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Inanny LnapionoBuuy Angony — 85 pokis

Konekrus [HcTtuTyTy nporpamuux cucreM HAH Ykpainu uupocepiHo BiTae aka-
nemika HAH VYkpainu unena [Ipesunii HAH Ykpainu qokropa ¢i3uko-mareMaTHIHUX
HayK, 3aCJIy’)KEHOTO Jisua HayKd 1 TeXHIKM YKpaiHW, BUJATHOTO BUEHOTO, Jiaypeara
JIEp’KaBHUX MpeMiil YKpaiHu y rajiy3i HayKd 1 TEXHIKH, jJaypeara npeMii AH Ykpainu
imeni C.O. JleGenena, naypeara npemii AH Ykpainu imeni B.M. I'mymikosa 3 roBineii-
HOIO JIaTOIO - 85-pivyusM BiJ JHS HAPOJHKEHHs!

[Munun InapioHoBUY AHJIOH — BUAATHUN Y4Y€HUH y ranysi iHGOpMaTUKH, MPO-
rpaMyBaHHS Ta iHQOpPMAILiHEX cHCcTeM. oro HayKkoBi 3700yTKHM OTPHMAITH IIMPOKE
MDKHApOJHE BU3HAHHS 1 OMyOJ1ikoBaH1 0111 HiXK y 200 HayKOBHX CTaTTSAX Ta MOHO-
rpadisx. [Tig kepiBaunTBoM [Tununa InapionoBuya miarorosneno 12 kanauaaTiB Ta 8
JOKTOPIB HayK.

[Munun [napionosuy HaponuBcst 16 xoBTHS 1938 p. 1961 poky 3akiH4MB (i3UK0-Ma-
TeMaTnyHui (pakyabreT KUIMHIBCHKOro Aep>KaBHOTO YHIBEPCUTETY 1 [TOYaB MPAIlOBATH
y Kibepnernunomy nentpi HAH Vkpainu. 3 1969 no 1980-x pp. OyB KepiBHUKOM Bif-
nineHHst B CrieniaabHOMY KOHCTPYKTOPCbKOMY Oropo MaremMaTuyHuX MallliH 1 CUCTEM
[acrutyty kib6epHetuku AH YPCP, ne npaitoBaB HaJ po3poOJIEHHSIM Ta MPAaKTUYHUM
BITPOBADKEHHSM crcTeM 00poOnieHHs nanux Ha 6a3i EOM. 1986 poky 3axuctuB aucep-
TaIlil0 Ha 37100y TTs HAYKOBOI'O CTYIEHS JOKTOpa (P13MKO-MareMaTuyHUX HayK.

1992 poky Ilunun InapionoBuy 3acuyBaB IHctutyT nporpamuux cuctem HAH
VYkpainu Ta OyB IpU3HAYEHUI HOTr0o TUpeKTOpoM. OCHOBHUM HAalpsIMOM HOro HayKOBO1
TISUTBHOCTI € TIporpaMyBaHHs Ta 1H(opMalliiiHi cuctemu. Bin 3anmpornonyBaB MoJeib
KOHBEEPHUX MPOTPAMHUX CUCTEM, PO3POOMB METOIU iX CHUHTE3Y, aHAII3y, ONITUMI3aIlil
Ta OpraHi3arii KOHBEEpHUX OOUMCIIEHb HA 0a3axX TaHWX 1 3HaHb BEIMKUX OOCHTIB.



[Munmun LnapioHoBUY po3poOuB (opMaIbHO-JIOTIYHI OCHOBU MOOYJIOBH 1HTEJIEK-
TyaJlbHUX 1HQOpPMALIMHUX CHUCTEM, 30KpeMa, TEOPETHUYHE MIATPYHTS, METOIU 1 3a-
coOM KOHIIETITyaJIbHOTO MOJENIOBAHHS MPEAMETHUX oOnacTell B yMOBaX HEMOBHOI 1
HeviTKo1 1H(opMmaIlii, 3alporoHyBaB 1 JIOCIIIUB BIAMOBIIHI MOJEII JaHUX Ta aJre-
Opu, po3poOUB HU3KY METO/IB y3arajibHeHHs 1HGopMaIlii Ha 6a3ax JaHUX, PO3BUHYB
METOOJIOTII0 CTBOPEHHS 1H(OpMAIiHHO-aHATITHYHUX CUCTEM JUIS MiATPUMKHU TEXHO-
JIOT1H MPOBEEHHS KOHTCHT-aHANITUYHUX JIOCIIKEHb 3 METOI0 KIJIbKICHOTO aHaJi3y,
aHATITUYHOTO OIPAIFOBAHHS Ta y3arallbHEHHS 3MICTY TEKCTIB /IS BUSBICHHS TCH/ICH-
11ild, 3aKOHOMIPHOCTEH SBHUII Ta MOJIH, BiMoOpakeHNX y TeKcTax. B ocTanHi poku 3y-
cwuis [Tunuma [napioHoBHYA SIK y4EHOTO Ta OpraHi3aropa HayKd CKOHIIEHTPOBAaHI Ha
moOy/10BI BUCOKOIIBUKICHOT OMTOBOJIOKOHHOT aKaJeMI4HOI Mepexi OOMIHY JTaHUMHU
AMO/I, Ha po3poO1i Ta BIPOBAIKEHHI Cy4yaCHUX 1H(POpPMAIIHUX TEXHOJOT1H mif-
TPUMKH HAYKOBUX JOCIIJKEHb y MOBCAKACHHY MisibHICTh HAH VYkpainu, po3pooiri
3aCc001B Ta TEXHOJIOT1T CTBOPEHHSI €JIEKTPOHHUX HAyKOBUX 010110TEK, a TAKOXK Ha PO3-
BuTKy ['PI/I-cepenoBuia Ta po3po0iii Teopii CHHTE3y MPUKIATHUX IPOTPAMHUX CHUC-
TEM B CEMAaHTUYHOMY |HTE€pHET-Cepe10BUILIL.

[Munun [napioHoBuu mpaitoe Haa MOOYAOBOIO BETUKHUX CKIAJHHUX PO3IMOJisie-
HUX CHUCTEM 3arajibHOJICPKABHOTO Ta raly3eBOTO PiBHIB, sIKI BIPOBAIKEHO B CTPYK-
TypHi miapo3aim MiHictepctBa 000ponu, [lepxaBHoOi MpUKOPAOHHOT cllyk0u YKpa-
inn Ta MiHictepcTBa 3akopJoHHUX cnpaB Ykpainu (cucremu CTBOJI, T'APT, AP-
KAH, BI3A). Yuenuit noknagae 3ycuiib 10 po3poOKu Teopii CUHTE3y MPUKIATHUX
IPOTPaMHHUX CHUCTEM Yy CEMAaHTHYHOMY IHTEPHET-CEPEIOBUIII Ta 1HTEIEKTYaIbHUX
1H(popMaLiiTHUX TEXHOJOT1H aHami3y i onmpaioBaHHs BelukuX 0a3 nanux. i nocmi-
JDKEHHSI 3pOOHIIA CYTTEBUM BHECOK Y CTBOPEHHSI MIPHUKJIAAHUX MPOTPAMHHUX CHCTEM,
3a0e3medYeHHs iXHbO1 HaJliHOCTI Ta skocTi. [lix HaykoBuUM KepiBHUIITBOM [lnnuma
[napionoBu4ya AHAOHA PO3pOOJSIEHO CTAHIAPTU YKpAaiHU 3 NMUTaHb 1HXEHEepii mpo-
IPaMHHX CHCTEM.

Ax nepxaBauit aisd [Tunun napionoBrd AHJIOH € OJTHUM 3 1HILIATOPIB CTBOPEH-
Hs1 HamionaneHo1 porpamu iHgopmaru3aili Ykpainu Ta criBpoOITHULTBA YKpaiHU 3
KOHECKO, cni3zacHOBHMKOM MiXKXHApOIHOT acorialii nporpamMHoi iHxeHepii. Bin €
yieHoM MikHapoHoi KoMl torepHoi acomiarnii ACM 1 KOMII IOTEPHOTO TOBapHCTBA
IEEE, a Takox mporpaMHUX KOMITETIB psily MI)KHApOJHUX HAyKOBUX KOH(EpeHIii 13
MporpaMyBaHHs Ta PEAKOJIErii MPoQIbHUX HAYKOBUX KypHATIB.

HayxoBy nisnmbHicTh [Tunumna [nmapioHoBruYa BiI3HAYEHO JIEp)KaBHUMU, aKaaeMid-
HUMH Ta IHIIUMU Haropojamu.

Konextus Inctutyty nporpamuunx cucrem HAH Vkpainu Bitae Ilununa Inapi-
oHOBHYA AHJI0HA 3 85-pIUHUM IOBUIEEM, 0a)kae MIIHOTO 3/I0POB’s, IUIITHOI Tpalll Ta
MOJAIBIINX HAYKOBUX 3BEPILCHbD.
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YK 681.3.06 http://doi.org/10.15407/pp2023.03.005

LIl Ciniyun, I1.11. Ionamenxo, P.M. @edopenxo, O.b. Kumkesuu

MPOBJIEMU ABTOMATHU3AILIL AIMIHICTPATUBHO-
YINPABJIHCHKOI AISIJIBHOCTI HAYKOBUX YCTAHOB
HAH YKPATHH TA MIJIXOAU A0 X BUPIIIEHHS

[IpoanamnizoBaHO 0coOIMBOCTI iHpOpPMaTH3aMii agMiHICTPaTUBHO-YIIPABIiHCHKOI MiIbHOCTI (AY]l) HayKOBHX
ycranoB HamionansHoi akanemii Hayk (HAH) Ykpaian. 3anpomoHOBaHO CiM paMKOBUX iH(GOPMALIHHIX TEXHO-
soriit (IT) AY]] HaykoBO-OpraHi3aniiHUX, INIAHOBO-BUPOOHNYHX, KaJPOBHX 1 OyXranTepchKuX CIyXO0 yCTaHOB.
JHocnimkeno iHmycTpianbsHo ampoboBani 3acobu aBTomaru3oBanoi miaTpumku [T AV]l. ObrpyHTroBano BUOIp
JUTS TiepIroi 9epru indopmarn3zanii BiTYN3HAHOI mporpamuoi miardopmu UnityBase 3 nomatkom A5 SYSTEMS.
3amponoHOBaHO MiAXing M0 opradizamii iHdopmarusarmii HaykoBux ycranoB HAH Vkpainm Ha mratdopmi
UnityBase i3 3acTocyBaHHSIM HOBITHBOI METOJOJIOTI{ yIIpaBIiHHS 3MiHAMH — [ [03UTHBHO 30pi€HTOBAHOTO JTOCITi-
JOKEHHS — JJIS 3a1100ITaHHs OpraHi3aliifHOTO CIPOTUBY iH(pOpMaTH3allii Ta BUPOOIEHHS 11 e(heKTUBHOI CTpaTerii.
KimrouoBi cnoBa: iHpopMaTH3amis, aAMiHICTPaTHBHO-YIIPABIIHChKA AiSIBHICTD, HAYKOBAa yCTaHOBA, HAYKOBO-
opraizamniifHa JisSUIbHICTh, TUTAHOBO-EKOHOMIYHA JisUTbHICTh, TO3UTUBHO 30PI€HTOBAHE JIOCIIPKEHHS, TTIO3UTHB-
HO-CTBEP/KyBaJlbHa TeMa, IIO3UTHBHE SAPO 3MiH.

Beryn

VYOponoBk OCTaHHIX JIECSTH POKIB KO-
JeKTHB [HCTUTYTy MpOrpaMHUX CHUCTEM JOKJIa-
JaB 3yCWib 3 1H(opmaru3ailli aaMiHICTPaTHB-
HO-YIIPABITIHCHKOI TIsUThHOCTI HAYKOBUX YCTAHOB
HAH VYxpainu B nporpami inpopmarusanii HAH
VYkpainu. BianosigqHuil iHCTpyMeHTanbHHIN 3aci0
orpumaB Ha3py Tunosa AIC «YCTAHOBA» [1].
B 1i pamkax Oy’o 3amponoHOBaHO, peasti30BaHO
Ta BIPOBA/PKEHO OKpEeMi MPOrpaMHi KOMILIEK-
CH 3 aBTOMaTH3alliil iH(pOpMAaIIHHIX TEXHOJIOTIH
(IT) agmiHiCTpaTUBHO-YTIPABIIHCHKOI A1STTBHOCTI
(AVY]]) Ha miATPUMKY OCHOBHOI JIISUTBHOCTI yCTa-
HOB 3a iX BnacHuM BuOopom. [lepen konekTuBom
Inctutyty crosina (i cToith) 3amaya iH(oOpMaTH-
3yBaTy TaKy MISUTBHICTH (110 3a0e3reuye iHdop-
MaITiifHi MPOIECH) B yCIX HAyKOBHX YCTaHOBaX
BIZIOMCTBa, a iX HamiuyeTbes monan 170. Jlocsin
BrpoBakeHHst AIC «YcranoBa» B rporpami iH-
(hopmarH3zaliii mokasas, 110 MOTPIOHO BUPOOUTH
MIJIXi 10 pO3B’sI3aHHS i€l 3a/1aui, a ii ycrimHe
PO3B’sI3aHHS HEMOXJIMBE O€3 3aCTOCYBaHHS al-
MIHICTPaTHBHOTO PECYPCY BIJIOMCTRA.

VY crarTi onMcaHoO OCHOBHI MPoOIEeMU
PO3B’sI3aHHS 111€1 CKIIAHOT 3a4a4l Ta 3aIpoIio-
HOBAHO MIAXOH A0 iX BUPIIICHHS.

OcHoBHi npodJiemMu
Ha migcraBi oTpumaHOro I0CBimy
LIOI0 BOPOBAKEHHS aBTOoMaru3oBaHux [T
AV]l y naykoBux ycranoBax HAH Vkpainu
CJIi/1 3a3HAYUTH TaKi OCHOBHI MPOOIEMHU:

1) BiACyTHICTH  3aTBEpPKEHOI  #
000B’s13k0BOi 710 BUkopuctanHs B HAH Ykpa-
THM TUm3aIii Ta yHiikaiii aBTOMaTH30BaHUX
(yHKIIIH, TII0 CIPUYHMHSE 3HAYHY BapiaHTHICTh
nporpam ix peanizarii;

2) HeoOX1IHICTh BIIMOBHU BiJ] TTOIIHPE-
HUX HUHI 1aTdopM 1 3aco0iB pearizarlii, po3-
pobHukoM sikux € Pociliceka @enepartis (PD);

3) BIACYTHICTh Y HayKOBHX yCTaHOBaX
HAH VYkpaiaum gocTaTHIX KOIITIB Ha 3aKy-
MIiBJIIO Ta MIATPUMKY PO3BHHYTHX Yy CBITI ce-
penoBuny (GYHKI[IOHYBAaHHS aBTOMATH30BaHUX
iHQopMaIiHHUX TEXHOJOTIH aJIMiIHICTPAaTHUB-
HO-YTIPaBIIHCHKOT iSIIBHOCTI;

4) HenmocTaTHs KOMII IOTEpHA KBaJli-
(ikariiss mepcoHany HaykoBux yctaHoB HAH
VYkpaiHu, MOTEHIIMHUX KOPUCTYBadiB BiJMO-
BigHUX aBroMaru3zoBaHux IT.

Tunizauisa Ta ynidikamis
aBTOMATH30BaHMX PYHKUIH AY]]

Tumizamist Ta yHigikaiis aBTOMaTH30-
BaHUX (QYHKUIN y ckiaai 3abe3neuyrounx [T
AVY]l HayKOBHX yCTaHOB — BayKJIMBHI eTam 1H-
dhopmaruzarnii ycranoB HAH VYkpainu.

3a pesynbraramu aHaji3y OJIU3BKO Je-
CSITM TUTIOBMX HAyKOBMX YCTaHOB OyJio 3ampo-
IIOHOBaHO CIM paMkoBuX 3a0e3mneuyrounx [T
AV]l s nepuoi yepru ingopmarusaii. Ko-
puctyBadamu nux T € haxiBiii HayKoBO-opraHi-
3aIiiHOTO BILTY 3a0€3MEYCHHS JOCTIKEHb,

©LIL Cinimus, ILIT. Iraarenko, P.M. ®enopenko, O.b. XXurkesny, 2023
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TTAHOBO-€KOHOMIYHOTO BTy, BiAIiTy Ka-
npiB, Oyxrairepii, KEpIBHUKHA HayKOBHUX Ta 00-
CJIyTOBYIOUMX IMIAPO3AUIIB (B YacTHHI, IO iX
crocyetbesi). AIC «YCTAHOBA» aBromatuzye
BUKOHAHHS OCHOBHHX (DYHKIII BKa3aHHX IIiJI-
PO3ILTIB 32 JOTTOMOIO TakuX pamkoBux [T AV]I:

1) miaTpUMKa HayKOBO-OpraHi3amiiHoi
nistmeHOCTI HaykoBoi yctanoBu (HON);

2) aBTOMaTH30BaHa MiATPUMKA IUIAHO-
BO-€KOHOMIYHOI JIISTBHOCTI HAyKOBOi yCTaHO-

4) aBTOMAaTM30BaHUI PO3paxyHOK 3a-
poOITHOT TUIATH  CIIBPOOITHUKIB HAYKOBOT
ycranoBu (BAPITJIATA);

5) marepianbHHA 00JIIK HAYKOBOT yCTa-
HoBuw» (MATOBJIIK);

6) inaHCOBHUI 00K HAYKOBO1 YCTaHO-
Bu (PIHOBJIIK);

7) po3paxyHKH 3 HapaxyBaHHS 3a IO-
CIIyTM OpPEHJMU NPUMIIEHb OpPEHJapsAM ycTa-
HoBu («OPEH/IA»).

Bu (PIHEK); @ynkuioHansHl MokiauBocTi IT AV]]
3) aBrOMaru3arlis oOJiKy KaapiB Hay- MiJICyMOBaHO B Ta0m. 1.
koBoi ycranosu (KAIPH); Ta6muus 1
Cknan aBromMaTn3oBaHux (yHkuid pamxosux [T AY]]
PamkoBa DyHKUil
IT

I'pyna

Enement rpynu

HOJ 1. ®opmyBaHHS
TEMaTHUKH HayKo-

BUX JIOCIIKEHD JDKCHDY;

TEMATUKHN;

TOBOPIB

1.1 ®opMyBaHHS TOKYMEHTY «3allUT Ha BIIKPUTTS TEMH»;
1.2 ®opmyBaHHS TOKYMEHTY «JlOTOBip Ha BHKOHAHHSI HAayKOBUX JIOCITi-

1.3 ®opmyBanHsa mokyMeHTY «[Ipomo3uii Ha BIAKPUTTS TEM IMTOITYKOBOI

1.4 ®opmyBanHs 1oKyMeHTY «l ocnopapcbkuii 1OroBip»;
1.5 ®opmyBanHs TeMaTHYHOTO TIaHy 1HCTUTYTY 3a JAHHUMH 3alUTiB 1 10-

1.6 3a qaHuM¥U 3anUTIB 1 TOTOBOPIB popMyeThesi PoOounii mian 3a TeMoro

2. Peectpartis,
00JIIK 1 MOTOYHUI
KOHTPOJITb BUKO-
HaHHS TeM HayKo- | KapTKa,
BHUX JOCIIIKEHD

IiifHa KapTKa;

2.1 3a maHMMU TOKYMEHTIB 3aIlMTIB Ta JOroBopiB opmyeThcsi Peectpa-
2.2 3a naHMMH TOKYMEHTIB 3alUTIB Ta JOTOBOPIB GpopmyeThest OOIiKOBa

2.3 popmyBaHHS JOKyMEHTY «JlogaTkoBa yroja 7o 10rOBOPY».

3. [Ipuitmanus
3aBEpIICHUX TEM
HAyKOBHX JIOCITi-

pUiMaHHs

3.1 3aBepiieHHs1 pOOOTH HaJl TEMOIO 32 IEPKABHOIO Ta MPOrPAMHO-1I1IbO-
BOIO TEMATHKOIO O(OPMIISIETHCSI aKTOM 3J1a41/TIpUMaHHsI HAyKOBOT TEMHU;
3.2 Jlnst Bimomuoi Ta moIIykoBOi TeMaTuku ¢opmyeThes [Iporokon nmpu-
TUKCHD: HWMaHHS Ta OIIHKA HAyKOBO-TOCIIiTHOT pOOOTH;

3.3 Jlig AOTOBipHOT TEeMaTHKH PO3pOOIICHUH BIAMIOBIAHUN aKT 3/aBaHHS/

4. [TyOmikarii

VYkpainu.

4.1 ®opmyBaHHS CIIUCKY MyOiKaLlii;

4.2 ®opmyroTbest 3BiTH Mpo MyOikalii 1o pivyHOTO 3BiTY 3a (opMamu
VII 1, VIII 2, VIIL 3;

4.3 ®opMyroThCs 3BITH MPO MyOIiKamii 70 MeToauku oriHioBaHHS e(dek-
THBHOCTI JISUTPHOCTI HAyKOBUX ycTaHOB HarioHanmpHOi akazemii Hayk

5. Ilarentn

VIL 3, VII 4;

Vkpainu.

5.1 ®opmyBaHHS CIHUCKY MAaTEHTAX;
5.2 ®opMyI0ThCsI 3BITH ITPO MATEHTH 10 PIYHOTO 3BiTY 3a popmamu VII 1,

5.3 ®opMyrOThCs 3BITH PO MATEHTH 10 METOMUKH OI[IHIOBaHHS e(eK-
THBHOCTI TISJIBHOCTI HayKOBHUX ycTaHOB HarlioHanmbHOI akamemii Hayk
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PamkoBa DOyHKmii
IT
I'pyna Enement rpynu
6. Kondepenii, 6.1 ®opMyBaHHS CITUCKIB KOH()EPEHIIil, CEMIHAPIB, 3’ 13/1iB BUCTABOK;
cemiHapu, 3’13mu, | 6.2 ®opmyroThest 3BITH PO KOH(DepeHIii, ceMiHapu, 3’1311, BUCTaBKH 3a
BHUCTAaBKH oOpaHuit mepioa 10 PidTHOTO 3BITY.
7. Piunmii 3BiT iH- | Jlo pi4HOrO 3BiTYy HEOOXiJHO BBECTH AaHI OIMCOBOIO XapaKkTepy 3 KiaBia-
CTUTYTY TYpH, aHi KUTBKICHOTO XapakTepy GopMyroThcs 3 HasiBHUX B AIC
®IHEK | 1. [InanyBanHs 1.1 3anOBHEHHS THMYaCOBOT'O KOILITOPHCY;
KOLITOPHUCY 10X0- | 1.2 3amoBHEHHS piYHOIO KOLITOPHCY;
JIB 1 BUJIATKIB 1.3 3anoBHEHHS JIOBIZIOK PO 3MiHU JI0 KOIITOPUCY;
1.4 ®opmyBaHHS CKOPUTOBAHOTO KOIITOPHUCY;
1.5 ®opmyBaHHA 3BITY « AHAI3 KOIITOPUCY»;
1.6 ®opmyBaHHS 3BITY «3MiHU KOIITOPUCYY;
1.7 ®opmyBanHs 3BiTy «Peectp mpo 3MiHH KOIITOPHUCY»
2.DopmyBaHHS 2.1 3amoBHEHHS HEOOXIAHUX JAOBITHUKIB JUIs ITaTHOTO PO3INHUCY (BaKaH-
IITaTHOTO PO3MU- | Cii, miApO3Miim, ocaau Ta iHIi);
Cy oprasizaii 2.2 GopmyBaHHS Ta 3MiHa MITaTHOTO PO3MHCY;
2.3 I'pynoBe KOpUTyBaHHS MOCAJOBUX BHJIOK IITATHOTO PO3IHCY 3a KOe-
¢imienTom;
2.4 BHeCeHHS 3MiH JI0 MTAaTHOTO PO3MHCY Y KaIPOBUX JOKYMEHTAX;
2.5 I'pymnoBe KopUryBaHHS HapaxyBaHb CIIBPOOITHHKaM 3a KoedimieHToM
[IPY BBEIEHHI HOBOTO MITATHOTO PO3IHCY;
2.6 ®opmyBanns 3BiTy «[loiMeHHMI IITATHUI PO3MTUCH;
2.7 ®opmysanns 3BiTy «llTarauit posnuey» mist [pesunii HAH Vipainu
3a iX BUMOTaMH;
2.8 ®opmMyBaHHs 3BIiTY «P0o3paxyHOK 0 IMTaTHOTO po3mucy» s [Ipe3u-
nii HAH VYkpainuy;
2.9 ®opmyBanHs 3BiTy «KapTka criiBpoOiTHHKa»
3. MognemoBanns | 3.1 /logaBaHHS HOBOI MOJENIi IITATHOTO PO3IHUCY;
LITaTHOTO po3nu- | 3.2 dopMyBaHHS JOKYMEHTIB 3MiHH IITaTHOTO PO3IKCY B MOAEII;
Cy oprasizarii 3.3 ®opmyBaHHS 3BITIB LITATHOTO PO3ITUCY LIS MOAEII
4. Posmopin pak- | 4.1 @opmyBaHHS JOKYMEHTY «P0310/1i BUTPAT 10 3apIuiari Ha TEMMY,
THYHUX BUTPAT 4.2 ®opmyBaHHS TOKyMEHTY «I[ITaHOBUI PO3MOMLT 3apIUTaTH HA MICSIIhY;
IO 3apIuIaTi Ta 4.3 ®dopmyBanHs 3BiTy «BimoMicTs dakTuaHoTO po3noaury sutpar 311 3a
MiATOTOBKA IS TeMaMn»;
MIEPEHECEHHS 10 4.4 ®opmyBaHHS 3BiTYy «3BefeHa BiIOMICTh (PAKTUYHOTO PO3MOALTY BHU-
Oyxo0uTiKy Tpar Ha 3apIriaTy 3a TeMaMny,;
4.5 BinoOpaxkeHHS 3apIuiaTy B pErlIaMEHTHOMY OOJIIKY.
KAJIPU | 1. Benenns ta KopuryBaHHs 3arajibHoi iH(opMaLii mpo opraHizaiiro, Iocaan, HayKOBi 3BaHHS,

BYCHI CTYIICHI, KaTeropii moca, BIAMOBIAIbHUX OCIO Ta 1HIII JOBITHUKH JIJIsl BEICHHS KaJIpo-

Boi iH(opmarii

2. BemeHHst cTpyKTypH Oprasizaii mo migpo3aizax

3. O0nik npaliBHUKIB opraHi3arii i1 (pi3uIHNX 0Ci0, SKi MalOTh BiTHOCHHU 3 OpPTaHi3allielo

4. O6mik pyxy
KazpiB

4.1 IlpuiHATTS HA POOOTY;
4.2 KanpoBe mepeMilieHHs;
4.3 3BinbHEHHS 3 OpraHizaii

5. OOIiK BiICYTHO-
CTi TIPAITiBHUKIB HA
pobori

5.1 OdopMmieHHS BiIPSIHKESHHS;
5.2 OcopmieHHS BiITyCTKH;
5.3 OdopmienHs BiacyTHOCTI Ha poOOTi
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6. [nuni kaaposi go- | 6.1 OdopmieHHsT BCTaHOBIICHHS HaJJOABKU 110 OpraHi3arii;
KYMEHTH 6.2 OdopmiieHHST 320X04YCHHS (CTSATHEHHS) B OpraHi3ariii;
6.3 OdopmiieHHs 3Miau rpadiky poOoTH;
6.4 OdopmiieHHs 3aMillleHHS TpaIliBHUKA;
6.5 OdopmieHHS CyMiLLICHHS NpalliBHUKA
7. ®opMyBaHHS Ta APYK €IMHOTO KaJpoBOro Hakasy 3a nepiox y hopmari Word
8. Benenns xanenaaps ais 001Ky pododoro vacy, rpadiku podoTu.
9. ®opmyBanus Ta- | 9.1 GopMyBaHHS €IEKTPOHHOTO AOKyMeHTY «Tabenb 00Ky pobodoro
Oerst 0671iKy po60o- qacy»;
94OT0 Yacy 9.2. ®opmyBaHHS GOpPMHU IS APYKY TaOEIs
10.Benenus Biii- 10.1 ®opmyBaHHS TOBITHHUKIB
CbKOBOTO 061Ky 10.2 ®opmyBaHHS 3BiTiB:
— «JloHeceHHs PO KUIBKICTh TPOMAISH Y 3amaci;
— «YucenbHICTh MPALIOIOYNX Ta 3a0POHBOBAHNX IPOMAJISIH 3aIacy»;
— «IToBimoMaeHHS 10 BIHCHKKOMATIBY;
— «CHHCOK IMOYaTKOBOI IIOCTAHOBKH Ha BIHCHKOBHM OOJIIKY;
— «CrmcoK TpoMaIsH, SIKI IMiIATal0Th IIOCTAHOBII Ha BIHCHKOBHI OOMIK»;
— «Cnmcok roHakiB 15—-16 pokiy;
— «IIpuiiHATi Ta 3BiJIbHEH] BiIICEKOBO3000B’ sI3aH1».
— «IIpuitHATI Ta 3BiIbHEH] MPaLiBHUKH, SKi MiASATAIOTh IPU30BY»;
— «3BIT TIPO YMCEBHICTH MPAIIOIOYHX 1 3a0POHBOBAHHUX BiHICHKOBO30-
00B’s13aHUX ((hopma 6)»
11.®opmyBanHs ka- | — «OcoboBa kapTka hopma [1-2»;
JPOBUX 3BITIB — «Kanmpogi 3BiTn»;
— «3BIT PO BiAPSIKEHH;
— «YucenbHu# ckiaj (LOMICSYHO)»;
— «®opma Nel-Hayka (KBapTajibHa)»;
— «KoHTponpHMI CIMCOK HAyKOBUX POOITHHUKIB Ta CIIELIATICTIBY;
— «3Bit p1 K»;
— «llomoBHEHHS Ta 3BITbHEHHS MOJIOJIUX CIEIialicTiB y 20XX poIi»;
— «Monopai HaykoBi mpauiBHUKH (3BiT Ha 01.01.XX poKky)»;
— «CnmcoK HayKOBUX POOITHUKIB Ta CHELIaNICTIB 32 CyMiCHUIITBOM (Ha
01.01.xx)»;
— «JloBimauk must popmu Ne3 Hayka (s 1. 3.4)»;
— «®Dopma Ne 3 — Hayka ( pigHa)»;
— «®Dopwma 6 [IB-piunay;
«®opma IH (piuna) OOnik HayKOBUX MPaliBHUKIB 31 3BaHHIMI
3APII- | 1. [TigroroBka — Buau pospaxyHkis;
JIATA iHbopMarii s — Posmipu €aunux corianbHux BHeckiB(€ECB) Ta HapaxyBaHHS Ha

¢doun ormaru npari (DOIT);

— Po3mipu yTpumaHHS 13 3apIuiaTy;

— Buau noxoniB nogarky noxofiB ¢izuunux ocid (IIJDO);

— Twumnu Ta po3Mipu Mijbr NPaLiBHUKIB MOAATKY A0 (OHILY OMJIaTH.
— Po3mipu MiHIManbHOT OTUIATH Tpali;

Po3Mipu poXXUTKOBUX MiHIMYMIB;

Jlns impexcarii 3apruiaty;

[TnanoBi HapaxyBaHHS MPAIiBHUKIB i3 MTATHOTO PO3IHCY;
[1maHOBI yTpUMaHHS MPAaIliBHUKIB;

[InanoBwuit aBanc
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2. Ilepenecenns 3apriaTy 3 0a3u JaHHX, SIKy BUKOPHCTOBYBaJIa 10 BIPOBA/KEHHS HOBOI IPOrpamMu

3. CTBOpeHHS TIep-
BHHHUX JJOKYMEHTIB
JUTS. HapaxyBaHHS
3I1. Po3paxyHok
3apIUIaTH, MOJATKIB
Ta HapaxyBaHHs Ha
(honx oraTy mparti.
Posmonin 3apruratu
o temax. opmy-
BaHHS JIOKyMCHTIB
Ha BHIUIATY 3apIl-
Jatu

JloxymenTH 3 iHpopMariero Ha 1 MicsIb:

— Pa3oBi HapaxyBaHHS;

OmuiaTa 3a CBITKOBI Ta BUX1JHI JIHI1, 38 HIYHI TOJUHMU;

AKT Ha BUKOHAHHSI POOIT 32 IOrOBOPOM 3 (Pi3UYHOI0 0COO0I0;
Po3paxyHok komIeHcalil 3a HEBUKOPUCTAHY BiJIYCTKY NpH 3BiJb-
HEHHI;

— Piunmit nepepaxynok [1JIPO;

— HapaxyBaHHs 3apruiatu Ta po3paxyHOK MOJIATKIB;

— TlnarikHi TOKYMEHTH Ha BUILIATY 3apIljiaTH;

— 3aKkpuTTs Nepioay 3apIulaTh Ta peecTpallist OOpriB i3 3apIuiaTH.
JlokymenTu 3 iHopMaIli€ro Ha JCKIIbKa MiCAIIIB:

— BuxonaBchkuii nHCT (yTpUMaHHS aTiMEHTIB);

— 3asBa Ha BUKOPUCTAHHS MIBTH 13 TIOAATKY Ha JTOXII.

JlokymMeHTH [T pO3paxyHKY 110 CEpeHbOMY 3apO0iTKY:

— Omnara BifITyCTKHY;

— Jluctku Hempaue3aaTHOCTI;

— Orutara 3a cepeiHiM 3apO0iTKOM.

JlokyMeHTH ISl pO3IOJIUTY 3apIuiaTh 110 TeMax HayKOBOI JisUTbHOCTI:
— Po3momin BiAmpaboBaHOTO Yacy 3a TeMaMH HAyKOBOI MisLTEHOCTI;
— IlaHOBHIA PO3MOIIN 3aPILIATH 34 MICSIIb;

— Posnonin 3apmiaru 3a TeMaMu;

Po3moxin Hakma HUX BUTpAT

4. CTBOpEHHS 3BITiB
Ta JIOBIJIOK 13 3apIi-
JIaTH

3BiTH 13 3apIuiaTy;

3asBa-po3paxyHoOK 0 GOHAY COICTPAXY;

JIoBiKY PO TOXOM TIPAIliBHHUKA;

— BimomicTh po yTpuMaHHS aTiMEHTIB;

— BigomicTh mpo po3noii 3apIuiaTé 1Mo TeMax HayKOBOI JisTbHOCTI,

— BinomicTs amst knieHT-0aHKy AJsl epepaxyBaHHs 3apIulaTH Ha KapT-
KOBI PaxyHKH MPal[iBHHUKIB;

— [lnari>kHa BiIOMICTh JUIs OTPUMAaHHS 3apIUIaTH Yepe3 Kacy OopraHiza-
i1 TOTIBKOIO.

5. Peectpartis 3apruratu B OyxXo0mmiKy

6. BuBanTaxeHHs 3apruiaTy B iHII iHGOpMariiitai cuctemu. OO0’ eTHAHUA PO3PaXyHOK TSI 3a-
BanTaxkeHHs B MEJIOK

7. IligroroBka
iHpOpMaii s
MoYaTKy podoTH

3 MiICUCTEMOIO
«3aprutaray. dop-
MyBaHHS JIOBiI-
KOBOI iH(opMmartii
JUTSl HApaxyBaHHS
3apIuiaTu

— Buau pospaxyHkis;

— Posmipu €auHEx corianbHux BHeckiB(€CB) Ta HapaxyBaHHS Ha
¢dong onnaru npaui (OOIT);

— Po3mipu yrpumaHnHs 13 3apruiary;

— Bunn goxonis momarky poxomiB ¢izuaaux oci6 (ILJJDO);

— Twunu Ta po3MipH MUTBT MPAIiBHAKIB TTOAATKY 70 (DOHITY OTUIATH;
— PosMipu MiHIMaJIBHOI OIIJIATH Tpall;

— Po3mipH IpO’KUTKOBUX MiHIMYMiB;

— Jlns iHnexcanii 3apriaru;

— IlnanoBi HapaxyBaHHS MPALIBHUKIB 13 IITATHOTO PO3IHUCY;

— IlmaHOBi yTpUMaHHS MPaIiBHUKIB;

— IlmanoBwuii aBaHC

8. Ilepenecenns 3apmiary 3 0a3u JaHUX, SIKY BUKOPHUCTOBYBAJIU 10 BIIPOBAKEHHs HOBOT IPO-

rpamu
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9. CrBopenns nep- | JlokymeHTH 3 iHpopmaliieto Ha 1 Micsib:
BUHHHX JOKYMEHTIB | — Pa3oBi HapaxyBaHHS;
JUTS HapaxyBaHHS — Omara 3a CBITKOBI Ta BUXIHI JHI, 32 HIYHI FOIMHU;
3I1. Po3paxyHok — AKT Ha BUKOHaHHS poOiT 3a JOroBOpPOM 3 (hi3HIHOI0 0CO00I0;
3apIuiat, noAaTkiB | — Po3paxyHOK KoMIleHcallii 32 HEBUKOPHUCTAHY BIIMYCTKY HpPH 3BiJb-
Ta HaApaxyBaHHsS HA | HEHHI;
¢oun omnary npani. | — Piunuit nepepaxynok [11DO;
Po3nonin 3apmatn | — HapaxyBaHHs 3apruiaTu Ta po3paxyHOK IIOJATKiB;
o temax. @opmy- | — IlnarikHi JOKyMEHTH Ha BUIUIATy 3apIljiaTH;
BaHHSI JOKyMEHTIB — 3aKpuTTs Nepioay 3apIuiaTy Ta peecTpallist OOpriB i3 3apIuiaTy.
Ha BUIUIATY 3apIl- JokymeHTH 3 iHpOpMaIi€lo Ha JeKiIbKa MiCALIB:
natu — BuxonaBchKuii qHCT (yTpUMaHHS aTiMEHTIB);
— 3asiBa Ha BUKOPUCTAHHS MJIBTH JI0 TTOATKY HA TOXI].
JIoKyMeHTH TSI pO3paxyHKy 10 CEpeTHLOMY 3apOOiITKYy:
— Orutara BiJIyCTKH;
— Jluctku Hempane3aaTHOCTI,
— Omutata 3a cepeHiM 3apOOiTKOM.
JlokyMeHTH AJIsl pO3MO/UTY 3apIiaTh 110 TeMax HayKOBOI JisUTbHOCTI:
— Po3momin BiAmpaboBaHOTO Yacy 1Mo TeMaxX HayKOBOI MisTEHOCTI;
— IlasoBHIA PO3MOIIN 3aPIUIATH 3 MICSIIh;
— Posnopnin 3apmnaru 3a Temamu;
— Posnonin HaknagHUX BUTPAT
10. CtBopeHHs 3Bi- | — 3BITH IO 3apIuiarTi;
TiB Ta JOBIJOK i3 — 3asBa-po3paxyHoK 110 (poHIY COICTpaxy;
3apIiaTu — JloBiaKy npo J0XOAW MpaliBHUKA;
— BinomicTb mpo yTpuMaHHS amiMEHTIB.
— BimomicTb mpo po3mois 3apIuiaTy o TeMax HayKOBOI JisIbHOCTI.
— BigomicTs ans Kimi€HT-0aHKY IS TIepepaxyBaHHs 3apIlilaTé Ha KapT-
KOBI paxXyHKH TIPaIliBHUKIB;
— [lnari>kHa BiIOMICTh JUIS OTPUMAaHHS 3apIUIaTH Yepe3 Kacy opraHiza-
1111 TOTIBKOIO
11. Peectpartist 3apriatu B Oyxo0miky
12. BuBaHTa)XeHHS 3apIuiaTi B iHmi iHQopManiifHi cucteMu. O0’etHaHUN PO3PaXyHOK IS
3aBanTakenns B MEJIOK
MAT- 1. Beenenns nouatkoBux 3anuikis (HA, IHMA, TML(3anacu), BC3): penaryBanus pe3ynbra-
OBJIIK | TiB BBenenns nouarkoux 3anumkis (HA, IHMA, TMII(zanacu), 6C3)

2. @opmysanHs noroBopis Ha nocrayandss TML] — B IT1C 3anmymku.

3. oBipenicth Ha oTpumManns ToBapiB (HA, IHMA, TMII(3anacu), bC3).

4. Hanxomxkenns ToBapis i mocnyr (HA, IHMA, TML|(3amacu), BC3)

5. Beenenns B excrutyararito (HA, IHMA)

6. [ToBepuenns nocraganpaUKy (HA, IHMA, TML] (3anacu), BC3) — B II1C He BUKOPHUCTOBY-
€ThCS

7. Iosepuenns Bix nokynus (HA, IHMA, TMI (3anacu), BC3) — B IIIC He BUKOPHCTOBYETHCS

8. Baytpimne nepemimenus (HA, IHMA, TML] (3anacu), 5C3)

9. Peamizaris ToBapis i mocnyr (HA, IHMA, TML] (3amacu), TMII (mocmyru), 6C3)

10. Kommiekraris (posykomriekraitis) HA — B ITIC He BUKOPUCTOBYETHCSI.
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11. TTepeomninka ToBapiB (HA, IHMA, TMI](3amacu), bC3)
12. Po3paxynok 310cy HA, IHMA
13. ImBenTapm3artis Toapis ((HA, IHMA, TMI] (3anacu), TML (moporominui metau), bC3)
14.Criucanns toapis (HA, IHMA, TML] (3anacn), bC3)
dIH- 1.06mik omepartiit 1.1 HamxomkeHHS TPOIIOBHUX KOIITIB 710 OFO/DKETY;
OBJIIK | 3 6e3roTiBKOBUMHU

KomTamu (0aHK):

1.2 Omnara BiJi HOKYTIIIS;

1.3 TloBepHEHHS TPOMIOBHX KOIITIB IMTOCTAaYaIbHUKOM;
1.4 Po3paxyHKH 3a KpeAUTAMU Ta MO3UKAMU;

1.5 KymiBist npoaax BajroTu;

1.6 Ianre HaaXOMKEHHS TPOITOBUX KOIITIB;

1.7 Onnara nocradajabHUKY;

1.8 [ToBepHEHHSI KOINTIB TOKYIIIIIO;

1.9 IlepepaxyBanus 311;

1.10 ITepepaxyBaHHS CTHIICH]IIH;

1.11 IlepepaxyBaHHS ITOATKIB;

1.12 OrpumaHHsS BUOHMCOK JIopyueHb 3 KasHauelicTBa 31iHCHIOETBCS
gyepe3 CO. C1O — cucrema auctanuiiiHoro oocmyroByBanHs «KimieHT
KasnaueiictBa — KazHadeiicTBoy;

1.13 BignpaBieHHs TUIaTLKHUAX JOpYy4eHb g0 KasHaweicTBa 3milicHIO-
eTbest uepes3 CHO

2. O6nik onepauii 3
TOTIBKOIO (Kaca):

2.1 Omnara nokymnus;

2.2 Ilpuxin rpomoBux 3aco0iB, po3IpiOHa BUPYUKa;

2.3 IloBepHEHHS TPOIIOBHX KOIITIB IMiJI3BITHUIMHU 0CO0aMU;
2.4 TloBepHEHHS TPOIIOBHX KOIITIB MTOCTaYaIbHUKOM;

2.5 OTpumMaHHS TOTIBKOBUX I'POIIOBUX KOIITIB B OaHKY;

2.6 Po3paxyHKu 3a KpeAUTaMH 1 O3UKU KOHTPAareHTaMH;
2.7 Po3paxyHKu 3a KpeUTaMH i MO3UKaMH 3 IpalliBHUKAMH;
2.8 Ilpuxin rpomoBux 3aco0iB. [Hie;

2.9 Iam1i po3paxyHKH ¢ KOHTpareHTaMu;

2.10 IloBepHEHHS TPOIIOBHUX 3aCO0IB MPAIiBHUKOM;

2.11 Omnara nocrayajibHUKY;

2.12 [loBepHEHHSI KOIITIB MOKYIIITIO;

2.13 Bugaga rpomoBuX KOINTIB MiA3BITHIN 0c001i;

2.14 Tama BUTpara KOIITiB;

2.15 Bupgaua xomTiB y kacy KKM;

2.16 Bumuiara 3I1;

2.17 BHeceHHs TOTIBKOBUX KOIITIB A0 OaHKY;

2.18 Po3paxyHku 3a KpeIuTaMy Ta TTO3UKaMHA 3 KOHTPAareHTaMu;
2.19 Po3paxyHku 3a KpeIuTaMU Ta TTO3UKaMH 3 TIPaIliBHUKAMHU;
2.20 Iami po3paxyHKH 3 KOHTpareHTamu;

2.21 Burmiara 3apo0iTHOI IJIaTH 3a BiIOMOCTSIMHU;

2.22 Bumnara 311 mpamiBHUKY

11
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3. Benenns moroBo- | 3.1 Yci rocnofgapchbKi BITHOCHHH YCTAaHOBH 3 TTOCTa9aIbHIKaMH TOBApiB,
piB y OIOIKETHUX POOIT Ta MOCTYT 3 MOKYIIISIMH, 3aMOBHUKAMH Ta IHITUMH JIe0iTOpaMu
yCTaHOBax 0(hOPMIISIOTBCS JIOTOBOPAMH;

3.2 ®opmu AOTOBOPIB Ta MOPSIOK iX YKIIaJaHHS periaMeHTyoThes Ln-
BIJIBHUM KOJIEKCOM YKpaiHH;

3.3 Burparu 3a 1oroBopamu, yKJIaJIeHUMHU 0€3 BiAIOBITHIX OFOIKETHIX
3MIIACHIOBATHCS HE MOXKYTh;

3.4 IlepepaxoBaHi aBaHCOBI TUIATEXKI Ta MOTEPEIHS OILIaTa IIOBUHHI BiJI-
IIOB1JIaTH YMOBaM JIOTOBOPY;

3.5 loroBopwu, yKJia/ieHi yCTaHOBOIO 3 IOPUANIHUME Ta Hi3UIHUMH OCO-
Oamu B Oynb-sKiit hopmi (ycHiit aO0 MUCEMOBIi), peecTpytoThest B Kumsi
00JTiKy acUTHYBaHb;

3.6 oroBopHu, SKi B TOTOYHOMY po1li Oy/iH HE MpOTIadeHi, IepeHOCATh-
cs1 y Kaury oGmniky acurHyBaHb HACTYITHOTO POKY

4. O6mnik [11B: 4.1 Hacrpotika metomy oOniky I1/IB 3a Bugamu AisiIbHOCTI yCTaHOB,
JoKepenaMu (piHaHCYBaHHS Ta CTPYKTYpPHOTO MiAPO3/IiIY;

4.2 Burpy3ka MmoJJaTKOBUX HAKJIaJHUX Y BCI CUCTEMHU €JICKTPOHHOI 3BIT-
HOCTI

5. OO0k B3aemMo- 5.1 Bunucka axTiB 3BipKH B3aEMOPO3PaXyHKIB;

POSpaxyHKIB 5.2 TuBeHTapu3zais 3a00proBaHOCTI B TaKUX po3pizax: [kepena (inaH-

cyBanHs; KOKP; koHTpareHT; 10T0BIp; TOKYMEHT

6. dinancosa 3BIT- 6.1 bamanc;
HICTB: 6.2 3BiT nipo (piHaHCOBI pe3ynbTaTH;
6.3 3BiT PO PyX IPOLIOBUX KOUITIB;
6.4 3BiT IO BIACHUI KaITiTa,

6.5 IIpumiTku 10 pivHOI (PiIHAHCOBOT 3BITHOCTI

OPEH-
JA

1. Bectn o0mnik opeHaapiB Ta IOTOBOPIB 3 OPEHAAPAMHU

2. Bectu 00I1ik OpeHI0BaHUX MPUMILIICHb

3. ®opmyBaHHS AOTOBOPIB i3 KOHTPAreHTOM Ha OpEHIy: JOKYMEHT «/loToBip 13 HaJaHHs pery-
JIIPHUX TTOCITYT OPEHINY.

4. lomicsiuHO PO3paxoByBATH OILJIATY 32 HaJaHi OCIYTH

5. HlomicsyHo GopMyBaTH paxyHKH Ha OIUIATy 32 HaJlaHi MOCIYTH

6. lomicsiaHO (hopMyBaTH aKTH HAJTAHUX MTOCIYT.

7. llomicsaHO (hOopMyBaTH ITOIATKOBI HAKJIATIHI Ta Qailyl 11 IMITOPTY B ITiICHCTEMY ITOIaTKOBOI

8. dopMyBaTH 3BEICHY BiIOMICTH PO HAMIAHI TOCTYTH

9. 3a HeoOXigHOCTI (hOpMyBaTH aKTH 3BIPKH 3 OpEHIAPEM 3a JOBUIBHUI MEpiof

10. ®opmyBatu MemopiaiabHui opaep Ne 4.

11. ®opmyBaru OyxrantepchKi IPOBOIKU 3 OPEHAN
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VYHidikoBanwuii onuc HaBeaeHux IT 1 pi-
1IeHb 3 1X peanizaiii 3 BUKOPUCTAHHSAM IUIaT-
dhopmu 1C momano B JOKyMEHTAaIlii, mepeaaHii
JlepkaBHil cayk01 1HTENEKTyaJIbHOI BIIACHO-
cTl YKpaiHu mig 4yac o(pOpMIIEHHS 11010 HUX
CB1I0LITB PO PEECTPALIIIO0 aBTOPCHKOTO MpaBa
Ha TBip [1-7].

Posrsimaemo X ax tumnosi IT, mo Mo-
KyTb OyTH KOHKPETH30BaH1 B HAYKOBHUX YCTaHO-
Bax HAH VYkpainu 3a5exxHo BiJ 0coOMMBOCTEN
X aZIMIHICTPaTUBHO-YIPaBIIIHCHKOI CUCTEMH (32
HEOOXI1JHOCTI) B paMKaX MPOBEICHHS J0IATKO-
Boro fooocrexxkenHs ycranoB HAH Ykpainu.

Buoip niiargopmu ta 3acodiB
peanaizauii IT AY/[

IincraBm BuOopy. Hapasi mig uac
BUOOpY miaTdhopMu Ta 3aco0iB peasizallii Ha-
Benenux [T AVY]l 1)-7) HeoOXimHO BpaxoBy-
BaTH aKTyaJlbHI BUMOTH 110 ekcruryatanii AIC
«YcTaHOoBay, a caMe:

1) 3abopoHa BUKOpUCTaHHS TUIATHOPM
13ac001B, CTBOpEHUX B KpaiHi-arpecopy Pd;

2) HeoOximHicTh MiHIMIi3allii BapTOCTI
MIATPUMKH (PYHKI[IOHYBAaHHS 3arajbHOTO Mpo-
rpaMHOro 3a0e3nedyeHHsl (omiaTH JiLeH31H,
MIITPUMKH €KCIUTyaTallii ToIo);

3) HeoOxinHicTh MiHIMi3alii BapTOCTI
TEXHIYHOTO 3a0e3NeyeHHs JJIsl eKCIuTyaraiii
AIC «YcTanoBa» B HAyKOBUX YCTaHOBAX ;

4) MOXITUBICTh HABYAHHS KOPHCTYBa-
4iB AIC «YcTanoBu» (3a motpedn).

BpaxoBytoun Bumoru 1)-4), Oyio npo-
aHaJI130BaHO 1HCTPYMEHTH KOMILIEKCHOI aBTO-
Matu3zaiii AY/] nis OropKeTHUX opraHizaiii y
BIJIMOBITHOCTI JIO JEP>KaBHOTO 3aKOHOaBCTBA
VYkpainu, 1oCTynHi Juis BUOOpPY i 3aCTOCyBaH-
Hs. Pesynbratu nocnijpkeHHs W aHamizy BU-
CBITJIIOIOTH JIMILIE JIEKIJIbKA TaKUX 1HCTPYMEH-
TiB, SIKi 10 TOTO  MAalOTh OOMEXECHUN (QyHK-
[10HAJ 1 3aCTOCOBHI JIUIIE B TIEBHUX TaTy3sX
JISUTBHOCTI.

Po3rnsitHeMo Hapasi JOCTYIHI IUIaT-
(dbopmu Ta CTBOpEHi Ha TXHi OCHOBI 3aCTOCYH-
KH, SIKI MOXXYTb OyTH BUKOPHCTaHI JJIs peati-
3amii pynkuin [T AYl, nonanux y tadm. 1.

Buxopucranns mnuaargopmu SAP.
Kommnaniss SAP (https://a4.com.ua/scho-take-
sap-erp/) 3IIHCHIOE PO3pOOKY aBTOMAaTH30Ba-
HUX CUCTEM YMpPaBIIHHSA TaKUMH BHYTPILIHI-
MU TpolecaMy MiANPUEMCTBA, fK: Oyxrai-

TepChbKU OOJIK, TOPTiBiIs, BUPOOHULTBO, (¢i-
HAHCH, YIIPaBIIIHHS [1€PCOHAJIOM, YIPaBIiHHS
ckiaazamMu Tomo. JlogaTtku 3a3BUYail MOXKHA
aJanTyBaTd TMiJ MPABOBUI KOHTEKCT MEBHOI
nepkaBu. KpiM mocTaBok mporpamHOro 3a-
OesreueHHs, ¢hipMa IPOIOHYE MOCITYTH 3 HOTO
BIIPOB/KEHHS, OJIFOYaCHO BHUKOPHCTOBYIOUH
BJIACHY METOJIOJIOTIIO BITPOBAKCHHSI.

Monayni SAP ERP:

— VYnpaBmniHHS QiHaAHCAMH — 13€ 3MOTY
BECTH OOJIIK OCHOBHHX 3aC001B, KOHTPOJIOBA-
TH (iHAHCOBI OTeparlii, aBToMaTHU3yBaTH POOO-
Ty OyXxrairepii, BECTH HEOOXiHY 3BITHICTD;

— BupoOHHITBO — ympaBiiHHA BCiMa
acmeKTaMu BHUPOOHUIITBA: IJIAHYBaHHS, KOH-
TPOJIb Ta aHaii3 poOiT;

— 3aMOBJIEHHSI — PEryJsIlis B3aEMO-
BIIHOCUH 3 KOHTpareHTtamu. [linTpumka orme-
pamiii 3 mpoaaxy, oOCIyroByBaHHS, CEpBICY
KJII€HTIB TOIIIO;

— VYhpaBniHHS SKICTIO — IUIAHYBaHHS
Ta KOHTPOJIb SIKOCTI MPOJYKLIi Mif yac BUPOO-
HUIITBA Ta 3aKyiBEIb;

— PemoHT Ta 006cnmyroByBaHHSI OCHa-
IICHHSI — MJIAaHYBaHHS KOIITIB HAa TIPOBEACHHS
PEMOHTHHUX poOIT Ta OOJIIK BUTPAT;

— IndopmartiiiHi TOTOKH — 3’€THAHHS
MOJIYJIIB 3 IHCTPYMEHTaMM, TEXHOJOTISIMH 1
cepBicaMH, CIIUIBHUMH JJIs1 JoAaTKiB. MokHa
3aJlaTi paBUiIa, 3T1AHO 3 SKUMHU J1aHa YaCTHHA
CHCTEMH aBTOMATU3Yy€ TOCIONAPChKI onepartii;

— VYhpapiiHHS TEPCOHATIOM — IIJIaHYy-
BaHHs 3aWHSATOCTI CHIBPOOITHHKIB, pO3paxy-
HOK 3apO0iTHOI IUIaTH, BUTPAT HA BiJPsKEH-
HSI, TR TOI[O. MOIynb CIIpHsi€ BIOPSAKY-
BaHHIO HaliMy IMepcoHaiy, 3a0e3MYeHHI0 Mif-
BUIIIEHHS HOT0 KBamidikaiii.

Honatox SAP Business One — 11e 1ipo-
rpamMHe 3a0e3nedeHHs JUIsl yOpaBiIiHHS 0i3-
HecoM (anri. Enterprise Resource Planning —
ERP) B3aemoBiaHOCHHaMU 3 KII€HTaMH IS
MaJiuX 1 CEpemHiX MiAMPUEMCTB, IO Tpojaa-
€ThCsl HiMeIbKOIo kommaHiero SAP SE. SAP
Business One moxHa posropuytd Ha CYBJ]
SAP HANA Ta Microsoft SQL.

SAP HANA — ne mnardopma, sika
MIPOTIOHYE IN-memory TEXHOJIOTio i 30e-
pexeHHss ¥ 00poOku naHux. PobGora SAP
Business One na margpopmi SAP HANA
YMOJKJIUBJIIOE€ BHKOPUCTAHHS 1HCTPYMEHTIB
MIPOTHO3HOI aHATITUKH.
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Monyni SAP Busines One:

— AJIMIHICTpYBaHHS;

— ®dinaHncu;

— CRM (Customer Relationship
Management);

— Ilpomaxi,

— 3akymniBii;

— bi3nec-naprHepuy;

— Po3paxyHku;

— 3amacu;

— Pecypcu;

— BupoOHunrao;

— MRP (Material Requirements
Planning);

— Cepgic;

— Ilepconai;

— 3BiTH.

Iaardopma UnityBase — s [T AV]]
1ikaBa cBoiM nomatkoM A5 Systems (//aSerp.
solutions), 110 MIATPUMYE:

1) Byxranrepcbkuii 1 MOJaTKOBHIA
00JI1K;

2) YrpapiiHHS IEPCOHATIOM;

3) OGmik mparii Ta po3paxyHOK 3apo-
OITHOI IJ1aTH;

4) OcoOuctuii kaOiHET;

5) OOGmik 3amacis;

6) YnpasiniHHs 30yTOM;

7) ®1HaHCOBE IUIAHYBaHHS;

8) IaBenTapu3zaris;

9) Tapudixaris.

byxeanmepcokuii i nooamkogutl 001K
OXOILIIOE:

— Oo6mik OC 1 HMA;

— OO6nix I1IB mo po3paxyHKax 3 Io-
CcTadyaJIbHUKaMU / TAPSITHAKAMU;

— OOnik po3paxyHKIB 3 MOJATKy Ha
puOyTOK

Ynpaeninus nepconanom ninTpumye:

— IrarHui po3nuc

— Ilepconan

— Hakasu 3 nepconany

Obnik npayi ma po3paxyHox 3apoodim-
HOI niamu OXOILIIOE:

— Oco00Bi paxyHKH IMpaIliBHUKIB

— O6nix poboyoro yacy

— Po3paxyHkoBuii 1uCT

Ocobucmuii kabinem:

— IligBuieHHs 3pY4YHOCTI Ta omepa-
TUBHOCTI KOMYHIKAI[IFl MiX TpamiBHUKaMH i
(haxiBISIMU 3 YIPABIIIHHS MIEPCOHATIOM;
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— [ligBuIeHHs 3py4YHOCTI Ta SIKOCTI
1H(OpMyBaHHSI MPALIBHUKIB;

— IligBUIIEHHS OMEPATHUBHOCTI JOKY-
MEHTOO0ITy MIX MpaliBHUKAaMU Ta QaxiBLAMHU
3 YIPaBJIiHHS EPCOHAJIOM.

Oobnik 3anacis:

— OO0k 3amaciB CHpOBHMHU 1 Marepia-
JIB;

— HasBHICTB 1 pyX 3amaciB Mo MiCIIsIX
30epiraHHsi Ta MaTepiajJbHO BiAMOBITATHHUM
ocobam;

— OnpuOyTKyBaHHS, IEPEMIIICHHS.

Ynpaeninusa 36ymom:

— OOk peamizarii IPOIYKIIii MOKYII-
1AM, JIPYK HaKJIaJHUX, CYHNPOBOKYBaJIbHUX
JIUCTIB;

— ®opMyBaHHS MEPBUHHUX JTOKYMEH-
TiB Ha BIIBAHTQ)XCHHsI TOBApPiB 1 TOTOBOT MpO-
TOYKI1 MOKYMIISIM;

— OO0nik TOBEpHEHHS TOBApy 1 TOTOBOT
MPOAYKIIIT MOKYMIISIMH.

Dinancose niany8amHs

— ®opMyBaHHS OIOKETIB:

— bromxkeryBaHHS;

— AHaii3 Ta KOHTPOJIb BUKOHAHHS 010-
JKETIB.

Ineenmapusayis:

— @ikcaris, 36epexeHHs, Moaudika-
1li, KepyBaHHS, aHaJi3 1 B1IOOpa)KEHHs YCIX
dhopm reorpadivnoi iHpOpMAaIIii;

— Jonanus / aktyanisaiis opTohoTo;

— CTBOpEHHS MOJIBOTHOTO 3aBIAHHS.

Tapudghixayis:

— Tapudikaris;

PoGoui micris;

— 3BiTH;

— JIOBIHHKH.

Ilnargopma IT-Enterpise i ainiiika
npoaykTiB MASTER — niponyKT yKpaiHCBKOI
kommanii [T-Enterprise (https://www.it.ua/)
pO3po0OHUKA CydyacHHX HUGPPOBUX 1 XMapHUX
pIlIeHB TS YIIPaBIIHHS ITPUEMCTBOM, T10-
CTayaJbHUKA U TMOMyJspU3aTopa TEXHOJOTIH
kiacy Industry 4.0 IT-Enterprise, mo npaitoe
Ha puHKY YKpainu noHaza 30 pokis.

IT-Enterprise — ERP-mutardopma, mro
MNIATPUMYE YIpaBliHHSA O13HECOM, YIOCKOHa-
JIeHHs1 Oi3HEC-TIPOIIeCiB 1 3aCTOCYBaHHS Hai-
Kpalyx pilieHb JJs KIIEHTIB.

Jns peanizauii pamkosux IT AV/] 1)-
7) y miit tuiaropmi € mepcreKkTUBHA JTiHIHKa
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npoaykriB MASTER — ue mporpaMmHi mpo-
OyKTH A7 aBTOMaTu3allii OyXraaTepchKoro
Ta TOJATKOBOTO OOIIKY, OpraHizaiii KaapoBoi
po06oTH, yMpaBiiHHS 3apO0ITHOIO _IJIATORO,
EJIEKTPOHHOT0 JTI0OKyMeHToobiry Ta CRM. fk
CTBEP/UKYIOTH aBTOPH IUIATPOPMH, MPOAYK-
™M MASTER € OBHOIIIHHOIO 3aMIHOK TaKUM
cuctemaM, sk 1C, KBS, birpikc24, Flowlu,
RetailCRM, Tilda CRM, OneBox, MoiCknan,
Meramian To1o.

TunoBuil mnporpaMHuUN NPORYKT IS
OyXrajaTepchbKOro Ta IIOJAaTKOBOTO  OOJIIKY
MiIPUEMCTB MaJloTo i cepelHboro Oi3Hecy
MASTER: bByxeanmepia Mae OBHUM (QyHKIII-
OHAJI YCiX aCTEeKTIB OOJIKY:

bank 1 xaca — nokymeHnTu 6anky, Kii-
€HT-0aHK, JIOKYMCHTH KacH, 3BITHICTb.

Kymisimi Ta mpomax — TOKyMEHTH MOKY-
MOK, BX1JIHI MOJIATKOBI, JIOKYMEHTHU MPOJAXKIB,
BHITHCKA TIOATKOBUX, aKTH 3BIpKH, aHAJI3 3a-
OOproBaHOCTI.

Cknag — nokymentu ooniky TMLI, in-
BeHTapuzaiiss TMII, ob6opoTrHo-canbaoBa Bi-
nomicth moao TMII, 3anumky Ha ckiazdi, 00-
JK JOPOTOLIHHUX METalliB.

BupoOHUIITBO — TOKYMEHTH BHUPOOHH-
1ITBa, OOMIK BUITYCKY, lepepodka TMII, o6mik
TMII y nepepoOiii.

OcHOBHIi 3aco0u Ta HEMaTepiaibHI aK-
TUBU — NokyMeHTH pyxy O3 u HMA, kaprote-
ka O3, po3paxyHOK 3HOCy, iHBeHTapu3auis O3,
nepeoninka O3.

IToparkoBwuii 06k — o6k I1/]B, mona-
TOK Ha MPUOYTOK, TpaHC(EPTHE 1IHOYTBOPEH-
HsI, IMIIOPT/EKCTIOPT MOJIATKOBUX HAKIIATHUX;

Kaapu — Haka3zum, mrTaTtHuid po3muc,
0coboBa KapTKa,

3apmiata — po3paxyHOK BIJAIYCTOK 1
JIKapHSHUX, Pa30BI Ta YMOBHO-TIOCTIMHI Ha-
paxyBaHHsI, BIIOMOCTI Ha BUILIATY B Kacy, OaH-
KIBCBKY KapTKy, 3BITHICTb 13 3apILIaTH.

3BITHICTh — (piHAHCOBA 3BITHICTD, 3BIT-
HicTb 3a [1/IB, 3BiTHICTB 32 pHOYyTKOM, CTaH-
JApTHI 3BITH;

JloBimHUKM — oOprani3aiii, 0rOBOpH,
TOBapH, MPOAYKTHU, IOCTYTH, IIIHHUK, TIJIaH pa-
XYHKIB;

BapricTh nporpaMHHUX MPOIYKTIB 1 MO-

CIIyT;
Byxranrepchkuii 00511K — KOMIJIEKCHUI
OyxranTepchbkuii 00K 3a BCIMa HampsiMaMu;

3Be/IeHa OyXrajnTepchbKa 3BITHICTH; IOIATKO-
BHI 001K 3rimHo nirodomy ITKY; aBTomMaTny-
He ¢opmyBaHHS (PIHAHCOBOT 3BITHOCTI;

E-noxymeHTo06ir — 00MiH (OTpUMaHHS
Ta BIAIpaBKa) Ta oOMiK (peecTpaiisi) e-I10Ky-
menTiB 13 KEII; namamToBani 6i3Hec-mporie-
cl 00pOOKM BXiJHHMX, BHYTPIIIHIX, BUXIJIHUX
€-JIOKYMEHTIB; €/IMHE CEPEIOBHIIE 30epiraHHs
JIOKYMEHTIB.

Cucrema 0Oyxrajarepcbkoro o0Jiky
BOOKKEEPER (https://bookkeeper.kiev.ua)
— cy4acHa OHJIaliH OyXranTepis, 10 Aa€ 3MOTY
BECTH OOJIIK IisUILHOCTI, CKJIaJaTH Ta [OjaBa-
TH 3BITHICTH Tianpuemcts 1 POII ycix cuctem
OTO/IaTKyBaHHs Ta HEMpHOYTKOBUX OpraHiza-
it 3 Oyap-skoro npuctporo. BOOKKEEPER
PO3pOOTICHUI 3a MPUHIUIIOM IEPEBIPEHOTO
nocBiny kopuctyBadiB (UX) i3 raciom «llle
HikonM OyXraarepcbki mporpaMu B YKpaiHi
He Oynu Takumu 3pyuyHumul». B cepsici s
BEJICHHs OyxraiTepii OHJIAMH peasi30BaHUM
(GYHKLIOHAT U1 BUPILICHHS aKTyaJbHUX 3a-
Ja4 Majoro M cepeaHboro Oi3HECY, a TaKoX
HEKOMEpIIIHUX MiAIPUEMCTB. 3a JOMOMO-
rolo BijjianeHoi Oyxraiarepii KOKeH KOpUCTY-
Bau 3MOXKE CAMOCTIHHO CKJIaJaTh HEOOX1/IHI
orepariii Ta po3paxyHKH, BECTH ONEpPaTUBHUIA
o0k Toprieii, chopMyBaTH periiaMeHTOBaHi
3BITH Ta 3[aTU €JIEKTPOHHY 3BITHICTb.

HasBHi omeparii o0imiky: mpomaxy i
npuaOaHHs, YIpaBIiHHS 3amacaMy Ta BHPOO-
HUIITBOM, KaCOI0 ¥ 0aHKOM, MIATPUMKH pO3pa-
XYHKIB 3a 3apIuiaroro Ta 3a goropopamu LITX,
ynpaBiliHHS HeoOiroBumu aktuBamu, 3E/1.

[lepenbayena MOXIIMBICT BEIACHHS
00Ky JEKUTBKOX HOPHAMYHUX OCIO B OIHIN
6a3i Oyxranrepcbkoi nporpamu. [IpamiBHUKH
KOMITaHI MOXYTbh HaJIaIITyBaTH BJIACHUM Ha-
O1p mpaB AOCTYITy J0 €JIEMEHTIB 1 IOKYMEHTIB
6a3u. Lle, a Takox 6araTo iHIIUX IHCTPYMEHTIB,
3a0e3nevyoTh caMOCTIHE Be/IeHHs OyXraJire-
pii oHMaiiH KopucTyBadamu 6e3 mpodeciiHux
3HaHb y cdepax obmiky Ta IT. OcHoBHUII ne-
peik onepariiii OXOIUIIOE:

— Heo0iroBi akTuBu;

— Ilpunbanns;

— Peamizamis;

— 3amacu 1 BUpOOHHIITRBO;

— Kaca i 6aHk;

— 3apmuara i [Tepconadn;

- 3ELL;
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ITogarku;

3BitHicTh Ta ELII;
Immopt/Excniopr;

[HTerparis 3 KIi€HT-0aHKOM;
[TinnpuemMcTBa Ta KOpUCTYyBayi.

Cucrema yYHpaBJIiHHS Hebet
ILmroc  (https://debet.com.ua/) — yxpaincpka
Kpoc-TutaT()OpMHa aBTOMATH30BaHA CHUCTEMa
ynpasmiaasa mignpuemctBoMm (ACVYII) 1 mpo-
rpamHa ratgopma, Hanucana nosepx Eclipse
RCP. Mae Garati MOXXITUBOCTI KOH(IrypyBaH-
Ha. SIlk CYDB]J] MoxHa BUKOPHUCTOBYBaTH BOY-
nosany Apache Derby, Open Source SQL-cep-
Bepa PostgreSQL 1 MySQL, a6o, nnst mimaTHOT
KopriopatuBHOi Bepcii, komepiitHi Oracle,
MS SQL yu DB2.

Cucrema Jleber [lmtoc moOynoBaHa 3a
MOJIyJAbHUM TMPUHIUIOM: Ui BeAeHHS Oyx-
rajlTepChbKOro, YIpaBliHCHKOT0, OAaHKIBCHKOTO
001Ky BUKOPUCTOBYIOTbCS MOAYII (IM1JICUCTe-
MH), 1110 aBTOMATU3YIOTh BEACHHS BIIOBITHO-
ro po3niity obmiky. bazoBa apxiTekTypa cucre-
MU 3a0e3reuye 30epexeHHs Beiel iHpopmartii
y BUIVISA1 MIEPBUHHUX JTOKYMEHTIB, JTOBIIHH-
KiB 1 moyaTkoBUX 3anumikiB. Crannaptaa 6a3o-
Ba KoH(pirypauisa «ledet [lmtoc v12» noennye
11 miacuctem (IT):

— 3Bix OyXranTepchbKoro OasaHcy;

— OOk 0aHKIBCHKUX OTEPAIIiif;

— OO0k KacOBUX Omepartii;

— OO6nik TOBapHO-MaTepiaibHUX IIiH-
HOCTeH (CKJaj, mpoaaXK, BAPOOHUIITBO);
OO071K OCHOBHHX 3aC001B;

O06mik 3apo0iTHOT T1aTH;

OOk KapiB;

VYrpaBiaiHCBKHI OOIIK;

CRM (B3aemMOBIIHOCUHHU 3 KIIIE€H-

TaMHu);

— AstoTpancnopt (007K TpaHCIOPT-
HUX 3aco0iB, Butpar [IMM, BeneHHS TOpPOXK-
HIX JIUCTIB);

— AaMiHICTpaTOp KOMILIEKCY.

[TopiBHSHHS ~ pO3IISIHYTUX  1HCTPY-
MEHTIB CBIJUUTH, 110 NMPAKTUYHO BCl BOHU B
OCHOBHOMY OOMEXYIOThCSI aBTOMATHU3ALIIEI0
crpolieHoro (yHKLioHamy ais Oyxranrep-
CbKOi poOOTH, KaJpOBOTO OOJIIKY, HapaxyBaH-
Hs 3apoOITHOI TUTaTH Ta 00Ky MaTepiaTbHUX
uinHocreil. Cnenndika AY]l y HayKoBHX ycTa-
HoBax HAH Vkpainu mopiBHSHO 3 1HIIMMH
OIOIKETHUMHU OpTaHi3alissMu MoTpedye OUIbII
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po3mupeHoro (yHKIIOHaNly, aBTOMaTH3allis
SIKOTO HeZocTaTHs a00 BIJICYTHS B HasBHUX
MIPOrpPaMHUX PO3POOKaX.

Ha morns aBTopiB, HaBEJIEHUM BHIIE
BuMoram (1-4) Hapa3i 3a/10BOJIbHSIOTh BITUM3-
HsHa nporpamMHua matdopma UnityBase pipmu
CODTJIAMH [8] 3 mogarkom A5 SYSTEMS,
a takox miardopma 3 BuKopuctaHusMm Cep-
BiC-Opi€HTOBaHOI Ta MiKpOCEpPBICHOT apXiTeK-
TYpH, 10 30pPIEHTOBAHI Ha peaiizaliio QyHK-
uii pamkoBux IT AV, oxapakTepu3oBaHuX y
Tabn.1 [9].

Ha nam nornsia, nms moOy10BU Mozep-
Hi3oBaHoro CII3 sk monanbIIoro po3BUTKY
¢dysakionansHux MoxsmBoctedt AIC «Ycra-
HOBa», OPIEHTOBAHOTO HA aKTyaJbHI YMOBHU Ta
noTpeOu, HAaHOUIBII IEPCTIEKTUBHUM € TI1IX1]1
13 BUKOPUCTAHHIM y HOTO apXiTEeKTypl MpHH-
[UIIB TakuXx 0a3oBux miatdopm sik Cepaic-o-
pleHTOBaHa apxiTekrypa Ta MikpocepBicHa
apXiTeKTypa.

Taxuit maxia qae 3Mory:

— 3a0€e3IeYnTH CIIAAKOEMHICTH II[O0
MIATPUMKH JIJOBUX IPOIIECIB, OPIEHTOBAHUX
Ha y4yacTbh MiPO3/UIIB OpraHi3aiiiHol cTpyK-
TypH 00’ €KTY aBTOMAaTH3aIlli;

— TapMOHINMHO TO€aHYBaTH (YHKIIIT
BEJIEHHSI OCHOBHOI 0a3u JaHUX 13 MOXJIMBOC-
TAMH ii MOOLTHPHOTO TOIOBHEHHSI ONEpPaTHB-
HOIO iH(opMarri€ro;

— HaJaTh KOPUCTyBa4aM MOXKIIUBOCTI
Ta 3ac00M PO3MMPEHHS AHATITUIHOTO (YHK-
mionany CII3;

— PO3LIMPUTH B3AEMOJII0 3 KOPHCTY-
Bayamu iHImX AIC.

WEB-cepBep miaTpuMy€eThcs 3a J0-
nomoroto miaardpopmu Unity Base, mo 3a6e3-
nedye MmoBHUM nukiI po3podku WEB-opien-
TOBAaHUX JIOJIaTKIB Ta MOXJIMBICTBH 1HTETparii
KOMITOHEHTIB.

30kpema, 3a0e3MedyeThCS  MOXKIIH-
BICTh MIATPUMKH 1HGOPMAIIHHOI Oe3neKu
(BeeHHs1 KOpHCTYBauiB, ayTeHTU(DIKaIlis, ay-
JIAT TOIIIO).

Cepgicai kommnonentu CII3 moOymo-
BaHi 3riIHO apxiTekrypHoro mabnony MVC,
BHOKPEMITIOIOYH B CBOEMY CKJIQ/Ii €JIEMEHTH:

1) Monenb, sika IHKamNCy/lO€ JaHl Ta
OCHOBHUIU (yHKIIOHAT X 00poOku (3amobi-
TaHHS 3QJIEKHOCTI BiJl poOIIeCy BBEICHHS/BU-
BEJICHHS );
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2) Burnsn — dopma mogaHHs JaHUX HA
BUXO/I;

3) Kontponep — enmemeHT, 1o 3abes-
revyye OTpUMaHHS BXIJHUX JaHHUX Ta iX Te-
peTBOpeHHs Ha koMaHau aisg Moneni un Bu-
TS Y.

JlonaTkoBOIO MepeBaror0 BUKOPUCTAH-
Ha MVC € MOXITUBICTh CTBOPEHHSI KOHTPOJIE-
piB, SIKi MIATPUMYIOTH aIMIHICTPYBaHHS 00JIi-
KOBOTO 3aITUCy KOPHUCTYBaua.

BaximBoro  0COONMMBICTIO — apXiTek-
TypHux pimens moao WEB-cepsepy CII3 €
YaCTKOBE PO3MILICHHS O13HEC-JIOTIKH MiKpO-
cepBicHUX JaonmarkiB y ¢ponrtenni. Pazom i3
JIoCTyroM a0 0i0mioTex JavaScript 1ie Hamae
IIMPOKI MOKJIMBOCTI MIKPOCEpPBICHOTO pO3-
BHUTKY (PyHKIIOHATY 3a Oe3MmocepeaHpboi yJa-
CT1 KOpHCTyBaya.

PoGota 3 6a3010 JaHUX MiATPUMYETh-
cst 3acobamu CKBJ] MS SQL. Cepsicu Buko-
PUCTOBYIOTH 0a3y JaHHMX 3a JOMOMOIOIO CIie-
L1aJIbHOTO TPOTPAMHOTO TPOLIAPKY MK HUMHU
ta 3acobamu CKB/I.

ITporokonom B3aemonuii Mmixk WEB-cep-
BepoM Ta TOHKUMHU KiieHTamu € HTTPS — pos-
mpenHss nportokony HTTP mng miarpumku
mudpyBaHHS 3 METOIO 3aXHCTy iHOpMAIIii.
BiH 37iiicHIOE Iepeiauy JaHUX 3BEPX KPUIITO-
rpadiuanx npotoTumiB TLS.

MikpocepBicH BUKOPUCTOBYIOTh XMap-
HE cepeIoBUIIIe AJIs peaizallii CBo€i pyHKIIiO-
HAJBHOCTI Yepe3 MpOorpaMHO BU3HAUYEHUH Bip-
TyaJIbHHH IeHTp 00poOku nanux. Yepes WEB
API mikpocepBiciB MOXe 31HCHIOBATUCS B3a-
emonis 3 iHmmMEu AIC Ta WEB-cepsepom.

MikpocepsicHa opranizaiis CII3 pa-
30M 13 KJIacTepu3alli€lo, M0 3AINMCHIOETHCS
32 JOMOMOTOI0 BHUKOPHCTaHHS TUIaTopMu
Kubernetes, Hajjae HacTyIHI epeBaru:

— THYYKE CTBOPEHHS Ta PO3rOpTaHHS
JIOJIaTKIB;

— MOXJIMBICTBH Oprasizaiii ciabo3B’s-
3aHHUX, PO3MOMINCHUX, THYYKUX, BUILICHUX
MIKpPOCEPBICIB;

— TIABHUILEHHS CIIOCTEPEkKYBAHOCTI 3a
po0OTOIO AOAATKIB,;

— BIJIOKpEeMJICHHS JIOJIATKIB BiJ iH(]pa-
CTPYKTYP;

— TIOKpAIIEHHs YMPaBIiHHS Ta MacIll-
TaOyBaHHS MOTPIOHUX UIT POOOTH OOUHMCITIO-
BaJIbHUX PECYPCIB;

— e(eKTUBHE BUKOPUCTAHHS PECYPCIB:
BHCOKA MPOITYKTUBHICTH Ta KOMIIAKTHICTb.

Bl'[pOBaIl)KeHHH Ta HAJTAITYBAHHA
pamkoBux IT AY/l y HaykoBux
ycranoBax HAH Ykpainu

IIpononoBanuii miaxig. Bpaxosyro-
YW CKJIAJIHICTh 3aJladl — opraHizarlii mporecy
iHopmarmzanii AY]l y HayKOBHX YCTaHOBax
HAH VYxkpainu, 3anponoHoBaHO Mmiaxia g0 ii
PO3B’s3aHHA, MO Tiependadae TPH PaMKOBI
KPOKH.

Kpox 1. OnpuntonHeHHs Ha KopIo-
parusHomy mnoptaimi HAH Vkpainun (www.
nas.gov.ua) abo Ha CIeliaJIbHO CTBOPEHOMY
Beb6-pecypci indopmaruzanii AY/l nokmagHux
onucis IT AV]] 1)-7) Bki1to4HO 3 PyHKLIIOHYIO-
YUMH MaKeTHUMH 3pa3KkaMu iX MOTOYHOI pea-
mizanii (Ha mardopmi 1C) mist o3HalioOMIECHHS
3 HUMH BCIX 3allIKaBJICHUX CTOPIH.

Kpoxk 2. Po3po0iieHHsI aHKETH I He-
KUIBKICHOTO OIlHIOBaHHA ajekBarHocti [T
AVYJl 1)-7) ninoBum mnporiecaM KOHKpPETHOI
YCTAHOBH ¥ JOIIBHOCTI iX 06€3MmocepeHbOro
BIIPOBAKCHHSI a00 BU3HAUCHHS ACIEKTIB He-
BIAMOBIAHOCTI 1 moTped Moaudikamii [T AV]]
JUIS Hel Ta PO3CHIIKA aHKETH BIAMOBITATbHUM
BUKOHaBISIM AY]l HayKOBUX YCTaHOB ISl 3a-
TTOBHEHHS.

Kpok 3. PosropranHs cuctemu B3a-
€MOIIOB’SI3aHUX JIeN10epaTUBHUX MPOIIECIB
BUpOOIEeHHs €()EeKTUBHOI cTparTerii Joompa-
LIOBAaHHS, HAJNAlITyBaHHSA Il BIpPOBaIKEH-
Ha IT AVl na BuOpaniii nnatdopmi, yHi-
¢biKoBaHOI ¥ CHUTyaTHBHO HAJAIITOBAaHOI Ha
0COOTMBOCTI OKPEMHX YCTaHOB, Y (opmari
Ilo3umusno 30pieHMo8aH020 O00CNIONHCEHHS
[10-12].

[[TabG0H aHKETH Ma€ MICTUTH TPH 0OJ10-
KM IIUTaHb B YHi(hikoBaHOMY (popmari:

a) 11010 aJICKBAaTHOCTI CKJIaTy (PyHKIII-
oHanpHHX MoxkimBocTer IT AVl ocobiauBoc-
M AVY]] ycranoBu (30kpema, ki IT/gynkii
3aiiBi, SIKi HEOOX1HI JIOJTATKOBO);

0) 1010 ajekBaTHOCTI iH(OpMaIliiHO-
ro 3abe3neyeHHs i anropuTMmiB pamkoBux IT
AV]l, BU3HaHUX aJ€KBaTHUMU ISl YCTAaHOBH,
13 3a3HAYEHHSM aCIEeKTIB HEaIeKBaTHOCTI;

B) mono ¢yHKuii, iHdopmariifHoro
3a0e3nedyeHHst W anroputMmiB pojparkoBux [T
AVY]l, cnenudivyHUX 17151 yCTaHOBH.
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Bupobnenns gopmyiroBaHb MUTaHb Y
Omokax Ta ixX ampoOarlisi — MpeAMET MOoAaIb-
IUX JTOCTiHPKEHb aBTOPIB.

Pesynbratn aHkeTyBaHHs, po30UTI Ha
TICHI TPYNH 3a JIONIOMOTOI0 TEXHIK KJIacTepu-
3arii, CTAalOTh MATPYHTSIM JUIsl BHUPOOJICHHS
[1o3UTUBHO-CTBEPKYBAJIBHOI TEMH Ta CKJIa-
HUKOM 1H(QOPMAIITHOTO KOHTEKCTY JUIS pell-
Tu eTamiB [103UTHUBHO 30piEHTOBAHOIO AOCII-
JOKEHHS.

ITo3uTHBHO OpPi€eHTOBaHe T0C/IiIAKeH-
He. [lo3uTHMBHO Opi€HTOBaHE MOCIIIKEHHS
(ITO[), 3BaHe TakoXk 3a0XOUyBaJbHUM 3a-
nutoMm (Appreciative Inquiry, C.IpiBactsa,
J.Kynieppaiinep, P.®paii) [10-12] — meTomoimo-
Tist KEpyBaHHS 3MIHAMU HUISXOM CHCTEMaTHY-
HOTO, TIOBHOACIIEKTHOTO, CUTYaTUBHO 3aJIekK-
HOTO BUSIBIICHHS W BUKOPUCTaHHS YMHHUKIB.
30KkpemMa «HaMKpamux» aTpudyTiB CyO’€KTiB
W 00’€KTiB, JIIOAUHO-MAIIMHHOI CUCTEMH, SIKi
pazoMm cTano 3abe3meuyloTh «ieajbHe Mai-
OyTHe» — ii HalBUIY €(EKTHUBHICTh B €KOHO-
MIYHOMY, €KOJIOTIYHOMY ¥ COLIaJIbHOMY ac-
nekrax. Bubip came I1OJ] mist BupoOmeHHs
edexTuBHOI crparerii iHpopmaruzanii AY]I
HaykoBux ycranoB HAH Vkpainu 3amictb
TPaAUIIIHHAX METOJOJIOTIM KepyBaHHs 3MiHA-
mu (Hampuknan, mukry PDC(S)A E./Ipominra,
kepyBaHHs 3a mutsimu I1.JIpykepa, kepyBaHHS
Burogamu C.J[>keHHepa TOIIO) 3yMOBIICHHUM
OOMEKEHHSIMU OCTaHHIX, Jelail KpUTHYHI-
LIMMHU 32 IOTOYHUX YMOB 1H(pOpMaTHU3allii:

— PEaKTHBHOIO MPHUPOAOI0 — OIpaIto-
BaHHSM YHHHHKIB, aKTYaTbHUX «y40Pay;

— TpPyIHOIIAMHU HOBOTO OaueHHS;

— 30pIEHTOBAHICTIO HA BUSBJICHHSA M
OTIPAIIOBaHHSI HETAaTHBHUX «Ipo0iieM» 3a-
MICTh MO3UTHUBHUX ICTOPIN YCHIXy W MOXJIHU-
BOCTEH;

— HebaxaHHAM (1/a00 HECTIPOMOXKHi-
CTIO) MOTEHUINHUX areHTIB 3MiH BUPIIIYyBaTH
«4yXKi» IpoOIeMu, MParHeHHSIM «3aXUCTUTH-
Cs» Bij HHX.

Haromicte TIO/] peanizye nemnibepa-
TUBHUN TMPOIEC CTaBIEHHS CTPYKTYPOBAaHUX
MUTaHb W OTPUMAHHS BIAMOBIJEH, SKi AAalOTh
3MOTY CTaJIO MiJABUIILYBaTH CIIPOMOXHICTb JItO-
JTUHO-MAIIMHHOT CUCTEMH Ii3HABaTH, MEpe.-
0avyaTty ¥ MOCHIIIOBATH 11 TO3UTHBHUI MOTEH-
mian. Meronuune miarpyats [1O]] ckinagarothb
MIPUHITUIIN, TTICYMOBaHi B Ta01.2.

18

3rigHO 3 OKpECIECHUMH MPUHIUTIAMH,
[1O/] BuKOHYIOTH Y (hopmari aemibepaTHBHOTO
npouecy 3a moaemio «1+4 Dy, nmonaHoro Ha
puc. 1 [10, 11].

/ N CriinbHe KoHuenmyansHe i N\
(1. Definition \ iHgpopmaviLiHe cepedosuLse
BusHaueHHs dokycy
[LOCTIIKEHHS — BUCBIMIEHHS
110r0 NO3UTUBHO-
(:Tsepnmysaan0| Temu )

(2. Discovery \

Po3BifyBaHHA YiHHWKIB

KUTTE3NATHOCTI — BUSBITEHHS
NO3UTUBHOrO A0CBiAY LWOAO
\ Temn y.

(5. Destiny/Delivery A /3 Dream
CTBOPEHHS HaNEXHOTO MalbyTHL0ro }‘ MpisiHHA Npo MOXITUBe ‘

N

l03umueHe
A0PO 3MiH

- yMO)K_J'II/IBﬂe!'IHﬂ IHHOBaBaUIMHWX . Mal;lﬁyTHe — ySIBMIEHHS 06p33y
NPOEeKTIB ANA IAeanbHuX pesynbTaris, ©3yrbTaTy 3MiH 33 TeMoto
‘\|X YOOCKOHANEeHHs, HaB4aHHA 3a HI/IMI/I/ \ peay v
_ .

4. Design
Bu3HaueHHs HaNexXHoro
MaibyTHLOrO — CrifbHe
KOHCMpYH8aHHS ifieanbHIX

| pesynbaris sumiH 3a Temoto |
.

MpuHUMNK: KoHeTp KTUBi3MY, MOETUYHOCTI, OAHOYACHOCTI,
nepenoayveHocTl, NO3UTUBHOCTI, ONOBIAHOCTI

Puc.1. «1+4 D»-monens
npouecy [1OJ]

OpnHopa3oBuil nepBUHHUI eran Bu-
snauennsn (Definition) ¢okycy mocmimkeHHs
Ma€e HaJaTH BIANOBiAb Ha MUTAHHS, «4YOTO
TIOAMHO-MAaIlIMHHA CHUCTeMa Hapaszi moTpe-
Oye HaWOUIBIIE?», TOOTO MO0 HAWKPAIIOTO
MOXKJIMBOTO pPE3yJabTaTy B3aeMOJli MOTEH-
HIHHUX YYaCHUKIB 3MIiH 1, MOXJIMBO, 3ay-
yeHuX (acuiitaropiB mpoiecy, y dopmari
3-5 no3uTuBHUX (OPMYIIOBaHb, HA3BaHUX
Io3umueno-cmeepodicys8anbHuMu  memamu
(Affirmative Topic).

Hamni crano nmoBTOproeTbes «4 Dy muki
3 eraniamu Po3BinyBanns (Discovery), MpisiH-
Ha (Dream), [IpoexryBanns (Design) 1 mosne-
HocHOro CTBOpEHHS HAJIEKHOTO 17eaIbHOTO
MmaiiOytHsoro (Destiny/Delivery). Haseneni
eTany peayizyloThbcs B €IHHOMY IOTIOBHIO-
BaHOMY KOHIICTITyaJIbHOMY ¥ iH(MopMmariiitHo-
My cepemoBumi. Moro cTpykTypy BH3Hauae
Tak 3BaHe [lozumuene s10po 3MiH (Affrmative
Core), BUCOKOPIBHEBUMH CKJIQHUKAMH SKOTO
€ [10]:

— icmopii ycnixy, noB’si3ani 3 [lo3u-
THUBHO-CTBEPKYBaJIbHUMH TEMaMU;

— ONUCH YUHHUKIG YCNiX)y, BUIYYEHI 3
1cTOpIi;

— ONHCH KOHTEKCTIB BUKOPUCMAHHSA
YyuHHUKI@ — (PaKTUYHOTO (B MHUHYJIOMY) # Tie-
pendadyBaHoro (B MailOyTHHOMY) UIS 3IiHC-
HEHHS 3MiH.
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(Positive Principle)

TaHHSI TPU3BO-
IATH 10 3MIH HA
Kparie

Tabmuus 2.
[Mpunnunu [TO/]
Hpuauun Teza CyTtHicTb
KonctpykTusizmy CrnoBa PeanpHicTh, sIK M ii 3HAEMO, Ma€ Cy0’ €KTUBHUM Ta 00’ €KTHUB-
(Constructionist CTBOPIOIOTH HUU aCIIeKT 1 CTBOPIOETHCS COLIATIBHO 32 JIOTIOMOIOI0 MOBHU Ta
Principle) CBITH 00roBOpeHb
OnHovacHoOCTI 3anut cTBOpro€ | Y TOM MOMEHT, KOJI MU CTaBUMO 3alIUTAHHS, MU TIOUUHAEMO
(Principle of 3MiHU cTBOpIOBaTH 3MiHHU. «[IuTaHH:, IKi MH CTAaBUMO, JIOJIEHOCHI»
Simultaneity)
IToetnunoCTI MoxxHa Komannu ta opraHizariii, Ik BiIKpUTI KHATH, € HECKIHUCHHH-
(Poetic Principle) oOupary, o | MU JpKepelaMu BUBUEHHS Ta HaB4aHHs. Te, 1110 Mu BHOMpaeMo
JIOCTIKYBaTu | AJIsl BUBUCHHS, Mae 3Ha4eHHs. BiH omnucye — HaBiTh CTBOPIOE
— CBIT, IKUM MH HOI'0 3HAEMO
[epenbavyenocri Ob6pasu JIronchKi cCHCTEMH PYXaloThCsl B HAMPSIMKY CBOiX 00pa3iB Maid-
(Anticipatory Ha/INXaloTh HA | OyTHHOro. UMM MO3MTUBHIMIMUM 1 OOHAIIMIUBIIIUM € 00pa3
Principle) i MaiOyTHBOTO, TUM TTO3UTHUBHIIINMH € CHOTOIHITITHI il
[TosutuBHOCTI [TosutuBHI MU~ | IMITyIIBC 71 MaauX/MacIITAOHUX 3MiH BUMarae 3HaqHUX I10-

3WUTHBHOTO BIUIMBY ¥ comiajdbHUX 3B’si3KiB. Moro Haiikpamie
TeHEePYIOTh TIO3UTHUBHI TUTAHHS, SIKi TIOTIOBHIOIOThH ITO3UTUBHE

PO

OnoBigHOCTI
(Narrative Principle)

Ictopii — MmocTH
MK MUHYJIHUM 1
MaiOyTHIM

Icropii ycmixy € karanizaropom 3miH. Ciyxatouu icTopii iH-
[IMX, MH BCTAHOBJFOEMO 3B’SI3KM Ta BUMMOCS Ha aHAJIOTisX.
[Iparaemo BUSBUTH MOAIOHICTH O BIACHOTO TOCBiOY, a HE
ITyKaEMO BiIMiHHOCTeH. MuHyse, TerepintHe i MaiOyTHE —
HE OKpeMi eTarw, a MoYaTKoBi, CEpeMHHI i 3aBepIaibHi cTa-
Iii HenepepBHOI icTopii, CHiBaBTOPaMH SIKOT IIOAHS € WICHH
JIFOMHO-MAIIMHHOT CUCTEMHU

BucHoBku

VY pamkax BukoHaHHs [Iporpamu iH-
¢dopmaruzanii HAH VYkpainu npotsarom oc-
tauHboro necsatupiyus B I[[IC HAH Vkpa-
iHM po3poOisuch 1 BhpoBamxyBanuch [T
AV]l B pamkax tunosoi AIC «YcrtaHoBu» Ha
mnargopmi 1C. BpaxoByroun 3ampoBaiKeH-
Hs caHkuii npotu IT-kommanii «1Cy», nnar-
¢dopma 1C 3abopoHeHa ISl 3aCTOCOBYBaHHS
y JepKaBHUX OpraHax BJIagu Ta IHCTUTYTax
HAH VYxkpainu. BianoBigHo 10 mboro € Heo0-
xigHicTh nepeseneHHs 1T Ha iHmry matdop-
MY, @ TaKOK 1HIIY KOHIEMLI0 1HpopmaTh3awii
IT AV]l inctutytiB HAH VYkpainu. BogHouac
NOTPiOHO:

1) yrouautn (yHKIii Ta BUKOpHCTaH-
Ha [T AVY]l iHCTUTYTIB B paMKax MpOMOHOBa-
HOTO Je1i0epaTUBHOTO MPOLIECY;

2) 3uificauti pedaxropusr [12] npo-
rpamHoro 3a6e3nedeHus [T AY]] na BuOpaniii

nporpamHiid miardopmi i3 3aCTOCYBaHHIM 3a
noTpeOoro eIEMEHTIB peimKuHIpuHTY [13];

3) nobyayBaru cucremy (QyHKIIOHY-
BanHs AIC «YcraHoBa» mig 1HCTUTYTIB Ta
AIC Tlpe3unii HAH VYkpainu, mo MiHIMI3ye
BUTPATH I1HCTUTYTIB Ha peaiizaliio Ta M-
TpuMKy pyHKU10HYBaHHS iX AIC «YcTaHoBay.
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METHODS AND SOFTWARE FOR SIGNIFICANT INDICATORS
DETERMINATION OF THE NATURAL LANGUAGE TEXTS
AUTHOR PROFILE

Methods for the formation and optimization of author profiles are presented. The author profile is an image — a
vector in a multidimensional space, which components are author’s texts measurements by a number of methods
based on 4-grams, stemming, recurrence analysis and formal stochastic grammar. The author’s profile is a
model of his language, including vocabulary, sentence syntax features. A comparative analysis of each of the
methods effectiveness is carried out. By means of the genetic algorithm, a reduced profile of the author is formed.
Insignificant indicators are excluded, which allows to reduce their number by 20%. The reduced author’s profile
contains attributes that are significant for this author and is an effective attribution of a particular author.
Keywords: natural language texts, authorship determination, genetic algorithm, recurrent analysis, statistical
analysis, text classification, pattern recognition, formal grammars

Introduction

Attribution of authorship is the prob-
lem of identifying an anonymous text author or
a text whose authorship is in doubt [1]. There
are many examples in the literature of differ-
ent countries, when doubts arose in the work
authorship and authorship was not reliably es-
tablished.

To resolve such controversial issues, an
analysis of the other authors works is carried
out, during which it is required to determine
the significant characteristics of the text and
the author’s style as a whole. Subsequently, the
belonging of the text to one or another author’s
pen will be determined by the closeness of the
text under study writing style to one of them.
In most cases, such a task of determining the
text authorship refers to classification tasks.

There are various subtasks in text clas-
sification, and they can be divided into themat-
ic and non-thematic. The traditional classifica-
tion of texts is based on their subject matter.

However, over the past 20 years, areas
of non-thematic classification have also been
actively used, for example, in such subtasks as
genre classification [2,5], sentiment classifica-
tion, spam identification, language identifica-
tion, authorship identification, and plagiarism
detection [3].

Many algorithms have been developed
to evaluate text authorship. These algorithms
rely on the fact that the authors are character-
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ized by the linguistic features of their own lan-
guage at all levels — semantic, syntactic, lexico-
graphic, spelling and morphological [4], which
manifest themselves in the writing of texts.

As a rule, these features appear uncon-
sciously in the authors works and thus provide
a useful basis for determining authorship. The
most common approach to determining au-
thorship is to use stylistic analysis, which takes
place in two stages: first, certain style markers
are extracted, then, some classification proce-
dures are applied to the resulting model.

These methods are usually based on the
calculation of lexical measures representing
the author’s vocabulary richness and the com-
monly used words appear frequency [5].

The extraction of style markers is usual-
ly done using some form NLP analysis, such as
tagging, parsing, and morphological analysis.

However, this standard approach has
several drawbacks. First, the methods used to
extract style markers are language specific. For
example, the English parser is not applicable
to texts in German, Ukrainian, or Chinese.

Second, feature selection is not a trivial
process and usually involves setting thresholds
to exclude non-informative features [6].

These decisions can be extremely sub-
tle because although rare features contribute
less signal than common features, they can still
have an important cumulative effect [7].

©OV.1.Shynkarenko, I.M.Demydovych, 2023
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Thirdly, modern authorship attribu-
tion systems — determining the author of a
text — invariably analyze by words. However,
although word-level analysis seems intuitive,
it ignores the fact that morphological features
can also play an important role, and in addi-
tion, many Asian languages such as Chinese
and Japanese do not have well-defined word
boundaries in text.

When working with a small number of
authors and their works, the number of mea-
sures for comparison will also be small. How-
ever, if the number of authors or classes is
much larger, it is necessary to set a limit on the
amount of information about the author, i.e.
create an author profile that will include only
the most informative indicators from a large
list of them.

At present, approaches starting with
the theory of pattern recognition, mathemat-
ical statistics and probability theory, algo-
rithms of neural networks and cluster analy-
sis, and many others are used for text attribu-
tion.

This article solves the problem of deter-
mining the text authorship various attributions
effectiveness — from the set of text attributes
obtained by different methods, their subset is
distinguished, which is sufficient to identify
a specific author of the text. We will consider
these subsets as effective attribution of a par-
ticular author.

The work is carried out on Ukrainian lit-
erary texts and explores the features of speech
constructions and sentence construction that
are specific to the Ukrainian language.

The allocation of effective attribution
of the author is carried out on the basis of ex-
periments with texts of different Ukrainian au-
thors by means of a genetic algorithm.

Methods

Several methods are used to analyze the
texts of different authors, form their profiles,
highlight the most significant indicators, and
then reduce the data of each profile to reduce
the time and computational resources required
during the experiment.

Below is a general scheme for high-
lighting the effective attribution of authors

(Fig. 1).

vocabulary
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author works
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4-grams structure stems
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recurrent
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Figure 1 — General experiment scheme

In the selecting weights process for
each of the indicators using a genetic algorithm,
the following is performed: the initial weight
vector Wk of the first generation is randomly
formed, the fitness function is determined, and
the best ones are selected with a crossover and
mutation to form a new %eneration Wk.

Fitness function k12 Wk * Xi), where
Xk —is the profile of the k-th work author, Wi —
are the measurement weights corresponding to
this author, p — is a function that experimen-
tally determines whether the authorship of the
k-th work is established correctly.

The last two steps are repeated until the
improvement of the function result stops, af-
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ter which the process is considered completed,
and the weights are determined.

The last step is to reduce the number
of indicators. xj and wj are successively elim-
inated such that w; = min; (wy). If the result
remains the same or slightly deteriorates, the
profile reduction continues. As soon as the re-
sult begins to deteriorate significantly, the con-
traction stops and is considered complete.

Frequency analysis in creating
an author profile

Frequency analysis is one of the most
common text analysis methods. For many lan-
guages and a large number of authors, linguists
compiled an author’s language frequency dic-
tionary or for the individual author’s texts [8,
9]. The basis of such text processing is the cal-
culation of a single character occurrence fre-
quency for a particular text. Based on the data
obtained, it can be concluded that each text
will be characterized by its own individual fre-
quency structure.

This method is based on the fact that
there is a non-standard statistical distribution
of characters within the text.

Practical application of this approach
can be very different. A large number of works
have been devoted to this problem. Also, the
problems of frequency analysis occur when
the process of decoding is necessary, the nec-
essary set of data selection in large arrays, the
analysis of texts that were written in ancient
languages, and the conduct of categorization
processes. The implementation of frequency
analysis can be used in expert systems. At the
same time, the frequency component under-
lines the measure of texts proximity.

The method of text analysis using
N-grams is a relatively new method and in most
cases is used to search for plagiarism in various
text sources [10, 12]. This method also shows
the best results in determining the authorship of
texts using frequency analysis [12, 13].

In the current work, 4-grams are used
due to their greatest efficiency in determining
authorship in previous works [12, 13].

Based on the obtained frequencies of
4-grams, a recurrent analysis adapted for work-
ing with texts is carried out — a time series is
built based on the frequency of occurrence of
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each 4-gram in order (advance to the next cor-
responding element is taken as a unit of time),
on the basis of which a recursive diagram is
formed. According to the resulting diagram,
the following indicators are calculated: for re-
peating statistically similar symbols, DIV — is
a value, reverse maximum length of diagonal
structures; ENT — indicate the frequency dis-
tribution of the statistically similar characters
repetition, LAM — indicates the repetition of
statistically similar characters, TT — indicates
the average frequency of statistically similar
characters repetition. [12, 13].

An example of 4-grams from the work
“Ilons” by T. Shevchenko:

Ty He JTykaBuiIa 30 MHOIO,

Tu npyrom, 6paToM i1 cecTporo...

Obtained 4-grams: TUHE, WHEN, HEIY,
eNIyK, JIyKa, YKaB, KaBW, aBWJ, BWJA, HJa3,
71a30, a30M, 30MH, OMHO, MHOIO, HOIOT, OFOTH,
IOTHU/L,. ..

Using stems to form an author
profile

Stemming is the process of shortening
a word to its base by cutting off parts, such
as an ending or a suffix. The basic concept of
stemming is words with the same stem or root
that refer to the same concept.

The results of stemming are some-
times very similar to determining the root of
a word, but its algorithms are based on oth-
er principles. Therefore, the word after pro-
cessing by the stemming algorithm may dif-
fer from the morphological root of the word.
Stemming is used in linguistic morphology
and information retrieval [16]. Many search
systems use stemming to establish synon-
ymous relationships if they have the same
forms after stemming.

Martin Porter’s stemming algorithm
has become widespread and has become the
de facto standard stemming algorithm for the
English language.

In this work, Porter’s stemmer adapt-
ed to the Ukrainian language is also used and
studied from its effectiveness point of view for
determining authorship [14, 15]. It is used to
work directly with the texts of various authors
and also to build a various stems frequency
profile, specific to each author.
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An example of the same passage from
the work “JTonss” by T. Shevchenko after stem-
ming: T, TyKaB, MH, JApyT, Opat, cecTp.

Using dictionaries to create author
profile

To conduct an experiment in this paper,
we studied the effectiveness of using a dictio-
nary. In general, the dictionary was developed
on the basis of two approaches. The first, dic-
tionary was the public dictionary the Large
Electronic Dictionary of Ukrainian (VESUM)
[17]. And the second, one was formed on the
basis of Ukrainian text bank, including literacy
texts, messages, posts, etc.

Based on it, a complex dictionary was
built containing unique word stems, their end-
ings and prefixes. To reduce its size, a prelimi-
nary selection of unique endings lists was car-
ried out and only an index from it was assigned
to the stem of the word. Maintaining a list of
vowel alternations in words is also supported.

To create lists of prefixes for the bas-
es, the formed dictionary was analyzed for the
presence of bases that differ only in the pres-
ence of a prefix by simple enumeration. As a
result, the original dictionary of bases has de-
creased — all key bases have been assigned the
corresponding index from the list of prefixes,
and the extra bases with prefixes have been re-
moved.

The advantage of the resulting dictio-
nary is its support for taking into account all
word forms for stems, each of them will be as-
signed a unique index. Thus, all cases, differ-
ent forms of words, as well as words obtained
by adding a prefix, will unmistakably lead to a
single stem.

The process of dictionary formation
and its form is described in more detail in the
previous works of the authors [18].

Using formal stochastic grammar
to model sentence structure

Stochastic grammar is used to create
rules that describe the structure of sentences in
a text. For each rule, the probability of appli-
cation in a particular work is determined. The
probability of inferring the entire sentence is
defined as the probabilities of the speech parts
sequences product used in it. The resulting

rules will generate a language characteristic of
the processed and structurally similar a certain
author works [19].

To describe the structure of the text
under study, speech parts are used as a char-
acteristic of the word. Thus, each word in the
sentence is replaced by the part of speech that
it is. For more information about the structure
of sentences and the rules for their construc-
tion, characteristic of a particular author, read-
ing not only parts of speech, but also forms,
numbers, gender, etc. for the word under study
[19].

For each speech part, its occurrence
probability in a certain place of the sentence in
the given text is calculated. The certain speech
part appearance probability in the studied se-
quence will more accurately capture the each
of the authors under study individual writing
style characteristic. After receiving the text in
the form a speech parts sequences set in sen-
tences with the probability of their occurrence
in a particular place, rules are formed. The pro-
cess is described in more detail in the previous
work of the authors [19].

An example of the same passage from
the work “Jlons™ by T. Shevchenko in terms
of rules:

pl p2 p3
0 = prondy ;A1 > parthyq; Ay = VAzg;
p4 p5
Azq —prepAyy; Ay = prondsq;...
where ¢ — is the initial nonterminal,
Aij the J -th nonterminal in the rule of the i -th
level, Pi — is the probability of applying the
corresponding rule when parsing this work.

More details are given in the work of
the authors. [12].

Forming an author profile

To obtain the profile of a specific au-
thor, calculations are carried out to determine
each of the studied indicators groups for all the
works of the author in the training sample. Fur-
ther, they are all collected in one vector X — the
profile of the author.

For example, when working with
4-grams, based on the obtained indicators, a
vector is formed that contains the frequency
of each such 4-gram occurrence in the text. To
compile the author’s profile, such vectors are
taken into account for each texts in the train-
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ing sample and the average value for each of
them is found. A similar procedure is repeated
to form vectors based on the remaining groups
of indicators.

An example of a vector image of
T. Shevchenko based on 4-grams::

Y’ = [ABA3, ABAU, AFAP, ABAC,
ABAT, ABAY, ABEP, ABIK, ABIJI, ABJIA,
ABOI, ABOT, ABOIO, ABOSI, ABYl, ABY],
ABVIJI, ABYC, ABYT, ABAB, ABAB, ABAJI,
ol

In total, there are 8748 4-grams used in
the text in the vector. And their frequencies:

X' =[0.0001249,0.0001565,0.0001249,
0.0001565, 0.0001249, 0.0001249, 0.0001565,
0.0001565, 0.0001249, 0.0001249, 0.0004998,
0.0001249, 0.0001249, 0.0001249, 0.0004381,
0.0001249, 0.0001249, 0.0001249, 0.0001565,
0.0002499, 0.0001565, 0.0004696, ...].

As can be seen, there are a large num-
ber of obtained 4-grams and their frequencies,
which is time-consuming and computationally
expensive to work with. However, since each
author has his own style of writing, different
4-grams may be most informative for different
authors. In addition, often the least common
letter combinations can be of the greatest im-
portance, as they will be a characteristic fea-
ture of the author’s language. Thus, the list of
received frequencies requires additional anal-
ysis of their informativeness and subsequent
data reduction to work with only the most sig-
nificant indicators.

To optimize performance and obtain
best result, when working with different indi-
cators in the vectors, a genetic algorithm was
applied to determine the weights of each of
them in each group.

In this work, on the basis of all the
above indicators and further determination of
their weight, profiles of the authors were com-
piled. In total, the author’s profile included four
main groups according to the methods studied.
Each of the groups includes a list of indica-
tors with individual weights for each. Thus, for
each author, a list of indicators was determined
that most accurately reflect his author’s style
and allow you to identify similar elements in
the texts of the control sample.

An example of a T. Shevchenko profile
vector based on stems, created on the basis of
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the Large Electronic Dictionary of Ukrainian
(VESUM):

X' =[...a, aa, a0, abariB, abaTiBChHK,
abarcTB, abOarchk, aOeT, aberk, abu, aOu-
abm, abuzge, aOukonm, abukymu, abwu-HO,
aOMCKUIbKH, a0uCh, aOU-TO, abud, ...].

In total, there are 7239 stems used in
the text in the vector. As can be seen from the
data obtained, the number of topics for analy-
sis is as large as previous, which will also re-
quire subsequent reduction and selection the
most informative of them.

Their weights for the profile
T. Shevchenko:

Y' =1...091, 0.12, 0.55, 0.08, 0.18,
0.82, 0.9, 0.85, 0.99, 0.89, 0.17, 0.86, 0.38,
0.99, 0.42, 0.58, 0.98, 0.62, 0.43, 0.34, ...].

And working with the rules when cre-
ating a profile, all the rules obtained in the pro-
cess of analyzing the texts in the training sam-
ple were collected in a single database, and for
each of them was also found a weight. The to-
tal number of rules was 6946, the following is
an example of a vector with weights for them:

X' =1...0.35, 0.88, 0.25, 0.44, 0.21,
0.6, 0.41, 1, 0.08, 0.2, 0.72, 0.21, 0.86, 0.49,
0.62,0.12,0.54, 0.14, 0.12, 0.24, ...].

The number of rules is somewhat less,
but still requires the selection of the most im-
portant and informative ones for the correct
determination of authorship with the least ex-
penditure of resources.

For a repeat experiment, the profile
of each author was reduced for each group of
indicators. The indicators with the smallest
weights for each of the groups were discard-
ed in order to reduce the time and computing
power of the computer.

During the experiment, the authorship
of natural language texts was determined by
two samples. The sample included works of
art due to the presence of the author style char-
acteristic in them and confirmed information
about their authorship, which is not subject to
doubt.

For the first experiment, 40 texts of fic-
tion by 10 Ukrainian authors were selected in
the training sample. The control sample con-
sisted of 60 texts by the same authors.

The works of the following authors are
presented: IB — 1. Bahrianyi, AV — A. Vyshnia,
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MYV — M. Vovchok, AD — A. Dovzhenko, HK —
H. Kvitka-Osnovianenko, PM — P. Myrnyi,
VN — V. Nestaiko, VP — V. Pidmohylnyi, IF —
I. Franko, MK — M. Khvylovyi.

Attribution results

In working with a control sample, when
determining the authorship of a text based on
the author’s profile, the following results were
obtained.

Based on the data presented, working
with the author’s profile, the number of works
with correctly identified authorship in the con-
trol sample was 54 works out of 60. The meth-
od under study made it possible to determine
the authorship of most texts correctly, with
some exceptions. While when comparing the
profile of the following authors — Bahrianyi,
Vovchok, Kvitka-Osnovianenko, Franko and
Khvylovyi — one of the works was not correct-
ly identified and showed a great similarity with
the profile of another author in the sample.

During analyzing the result obtained,
some similarity of styles in the two works was
shown by Bahrianyi and Franko, and it can
also be argued that Khvylovyi’s style most
often echoes the styles of other authors: in 3
cases out of 6.

Table 1 — Authorship establishing result

with the full profiles
real defined real | defined
IB IB MV MV
IB 1B MV MK
IB IB MV MV
1B 1B AD AD
1B IB AD AD
1B IF AD AD
AV AV AD AD
AV AV AD AD
AV AV AD AD
AV AV HK HK
AV AV HK HK
AV AV HK MK
MV MV HK HK
MV MV HK HK
MV MV HK MK
PM PM VP VP
PM PM VP VP
PM PM VP VP

PM PM IF IF
PM PM IF IF
PM PM IF IF
VN VN IF 1B
VN VN IF IF
VN VN IF IF
VN VN MK MK
VN VN MK MK
VN VN MK MK
VP VP MK MK
VP VP MK MK
VP VP MK IF

When excluding from the list of indica-
tors the least significant for each author. Thus,
the number of 4-grams in the profile decreased
by 1750, stem by 1448 and rules by 1390,
which amounted to 20% in each of the classes.
When working with optimized vectors, the fol-
lowing results were obtained.

As a result of the experiment with a re-
duced author profile, the result was 53 works
with correctly established authorship out of 60.

Results and discussion
As a result of the experiment using a
genetic algorithm and obtaining the best solu-
tion, the following results were obtained: out
of 60 texts in the control sample, the author-
ship of 54 works was established correctly,
which amounted to a total 90%.

Table 2 — Authorship establishing result
with the reduced profiles

real elimi real elimin
IB IB MV MV
1B 1B MV MHK
1B 1B MV MV
IB 1B AD AD
1B 1B AD AD
1B IF AD AD
AV AV AD AD
AV AV AD AD
AV AV AD AD
AV AV HK HK
AV AV HK HK
AV AV HK MKH
MV MV HK HK
MV MV HK HK
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MV MV HK MKH
PM PM VP VP
PM PM VP VP
PM PM VP VP
PM PM IF IF
PM PM IF IF
PM PM IF IF
VN VN IF IB
VN VN IF IF
VN VN IF IF
VN VN MKH MKH
VN VN MKH MKH
VN VN MKH MKH
VP VP MKH MKH
VP VP MKH MKH
VP PM MKH IF

For comparison in previous works and
the application of these methods separately,
the following results were obtained. The best
indicator — 91% coincidence of the texts au-
thorship — was obtained when working with
4-grams. Working with the basics of words us-
ing dictionaries and stemming gave a result of
88%.

As you can see, the combination of
different approaches and methods did not sig-
nificantly improve the result, however, it made
it possible to take into account additional fea-
tures of the text due to working with grammars.

Based on the data obtained, the most
successful methods of working with text are
4-grams — working with them is average in
terms of resources and time, relative to other
methods, and gives the best result. As well as
work with stochastic grammars, due to the dis-
play the features of the phrases and sentences
construction by the author, however, this meth-
od requires significant computational and time
resources.

The result of working with stems and
dictionaries shows that they are less informa-
tive. Taking into account the high cost of these
methods in calculations and time, the methods
are the most expensive and the least informa-
tive among all those used.

With the exception of the least signifi-
cant indicators and, as a result, a reduction in
their number, the result obtained was 52 works
with correctly established authorship, which is
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a good result — 87% the accuracy of the defi-
nition.

This approach made it possible to sig-
nificantly reduce the complexity and time of
calculation, while the result did not decrease
significantly.

Conclusions

In the work, various approaches were
explored for the formation of the general au-
thor profile: work with 4-grams, stems, recur-
rent analysis and sentence structure formalized
by means of a formal stochastic grammar.

This approach made it possible to ob-
tain an effective profile of the author, taking
into account the various features of his personal
language, from the use of individual words to
the peculiarities of constructing sentences. The
results obtained demonstrate the effectiveness
of an integrated approach that provides better
results compared to approaches that take into
account individual aspects of the author’s style.
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MODULE-BASED SCIENTIFIC PHYSICS ENGINE
ARCHITECTURE

The ever-evolving landscape of digital simulations demands innovative frameworks to achieve both realism and
efficiency. The research highlights the issues of modern software architecture for physics simulation. The new
architecture was developed to mitigate scalability and flexibility issues. The essence of the proposed architecture
resides in the convergence of three pivotal concepts: the modular physics engine, the physics pipeline, and the
Entity Component System (ECS) pattern. The modular physics engine represents a paradigm shift in simulation
design. Compartmentalizing functionalities into modules, this approach fosters flexibility and reusability,
enabling efficient construction of specialized simulations. The physics pipeline orchestrates simulations through
structured stages, analogous to graphics pipelines. It guides dynamic forces, collisions, and interactions,
optimizing resource use and integrating custom systems for accuracy. Complementing these, the ECS pattern
decouples data and behavior, facilitating the construction of user defined physical pipeline comprised of loosely
coupled modules. Combined with the modular physics engine and physics pipeline, ECS forms a comprehensive

approach for complex physics simulations.

Keywords: Computer Simulation, Software Architecture, Physics Engine, Physics Pipeline.

Introduction

Physics simulation plays a pivotal
role in advancing scientific understanding
and exploration across various disciplines.
Its significance extends beyond mere com-
putational modeling, as it enables research-
ers to delve into complex physical phenom-
ena, unveiling insights that would otherwise
remain hidden. Many natural systems are
characterized by complex interdependen-
cies and behaviors that are challenging to
comprehend through traditional analytical
methods alone. Physics simulations allow
scientists to model these systems, provid-
ing a platform to observe emergent prop-
erties, intricate dynamics, and phenomena
that may be challenging to observe directly
in the real world.

Simulations offer a controlled envi-
ronment where scientists can rigorously test
hypotheses and validate theories. By accu-
rately reproducing experimental conditions,
simulations enable researchers to explore
the outcomes of diverse scenarios, aiding in
the confirmation or refinement of theoretical
frameworks. Furthermore, certain physical
phenomena that manifest in extreme envi-
ronments, such as outer space or subatomic
scales, are inaccessible for direct observation.
Physics simulations offer a virtual laboratory
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to study these conditions, enabling the inves-
tigation of phenomena beyond the limitations
of current technology.

The main problem of modern phys-
ics engines is the solidity of the system they
provide. In most cases, the user cannot ma-
nipulate parts of the engine. There are cases
when the user would benefit from turning on
and off some parts of the simulation pipe-
line, available in several engines. Still, none
of the popular engines allow to change sim-
ulation stages or implement a substitute for
them [1].

In some cases, only rigid body simula-
tion is needed, which allows the user to remove
every other part of the engine, effectively re-
ducing any additional computational or mem-
ory cost generated by unnecessary stages [2].
A more complex simulation is needed in other
cases, but only for one specific simulation part.
For example, the fluid simulation may be im-
plemented ‘outside’ the engine, still reusing all
other stages.

1. Physics model architecture
overview
Physics simulation works by employing
mathematical models and computational tech-
niques to replicate the behavior of real-world
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physical systems in a virtual environment. The
process involves several key steps that col-
lectively simulate the dynamics, interactions,
and behaviors of objects based on fundamental
physical principles.

The first step involves creating a math-
ematical representation of the physical system
to be simulated. This includes defining the ob-
jects, their properties (such as mass, size, and
material properties), and the forces or interac-
tions that affect them. Central to the simulation
are the equations of motion, encapsulating the
manner in which objects behave. These equa-
tions, often built on well-established principles
like Newton’s second law of motion (), delin-
eate how forces induce changes in an object’s
acceleration, velocity, and position over time.
Numerical integration comes into play next.
Equations of motion are numerically integrat-
ed over small time intervals, enabling projec-
tions of an object’s future position and veloc-
ity. Diverse numerical integration techniques,
including Euler integration, Runge-Kutta
methods, and Verlet integration, facilitate these
predictions.

Crucial in the simulation is collision
detection. Algorithms are deployed to discern
instances where objects intersect or closely
approach one another. This insight underpins
the subsequent calculation of collision effects
and assures the accuracy of the simulation.
Upon collision, algorithms ascertain alter-
ations in velocity, direction, and deformation
for objects involved. This computation con-
siders factors such as elasticity, mass, and im-
pact velocity. The presence of various forces,
like gravity, friction, and springs, necessi-
tates force calculation. These forces are de-
termined based on object attributes and their
interactions with both other objects and the
environment.

Progressing in discrete time steps is in-
trinsic to the simulation process. Each step en-
tails solving equations of motion to predict the
new state of objects at the forthcoming time
increment. The choice of time step magnitude
strikes a balance between simulation accuracy
and computational demands. In intricate sim-
ulations, multiple iterations often occur with-
in each time step. Rigid body simulations, for
instance, might require iterations to resolve

contact forces and constraints. The simulation
operates as a perpetual feedback loop, continu-
ously updating object states through calculated
forces, collisions, and interactions. With each
iteration, the simulation advances incremen-
tally, painting an evolving picture of dynamic
behavior.

In the end, the outcomes of the simu-
lation can be observed either in real-time vi-
sualization or through subsequent post-pro-
cessing, generating visual depictions of object
movement, interactions, and intricate dynamic
phenomena.

The proposed architecture of the Phys-
ics Engine allows users to create their simula-
tion stages and construct an engine that suits
the needs of developer or scientist the best.
Figure 1 represents the structure of the pro-
posed Physics Engine.

The main structural elements of
Physics Engine are Physics Models, which
represent the world with all entities in it,
and rules of physics simulation created by
the combination of simulation stages. The
modular architectural design has been fur-
ther developed to address the shortcomings
found in widely adopted layered and Ser-
vice-Oriented Architecture (SOA) frame-
works. By incorporating a more refined level
of granularity and emphasizing the division
of services, these architectural approaches
have effectively facilitated the creation and
enhancement of intricate software systems
that might have otherwise posed significant
challenges during design and development.
The use of it might provide such benefits as
scalability, extensibility by third-party, and
reusability and lead to the overall reduction
of core application size [3].

The Entity Component System (ECS)
pattern aligns seamlessly with the idea of
encapsulating specific functionalities within
individual modules. Instead of conventional
tightly-coupled module interdependencies,
ECS promotes the separation of concerns.
This separation is achieved through the enti-
ty-based structure, where components encap-
sulate specific attributes and behaviors while
systems orchestrate the behavior of entities
possessing certain combinations of compo-
nents [4].
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Fig. 1. Structure diagram of the proposed Physics Engine

In the ECS-based simulation environ-
ment, entities take center stage as the funda-
mental building blocks that compose the sim-
ulated environment. Each entity represents an
object or element within the world. By adopt-
ing this entity-centric perspective, the world
i1s broken down into discrete entities, allow-
ing for a more modular and intuitive repre-
sentation.

Components, another essential aspect
of ECS, define the attributes and behaviors of
these entities. In the context of world defini-
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tion, components encapsulate various aspects
of an entity’s identity and behavior. Proper-
ties such as position, orientation, mass, and
collision characteristics are captured within
components. This separation of data from be-
havior enhances clarity, maintainability, and
the ability to adapt the simulation to different
scenarios.

The systems in ECS orchestrate the
interaction and behavior of entities based on
their components. These systems are responsi-
ble for processing specific aspects of the simu-
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lation, such as physics calculations or collision
detection. They ensure that entities with cer-
tain combinations of components interact in a
meaningful and realistic manner, shaping the
dynamics of the simulated world.

1.1 Physics module

The Physics Module represents a dy-
namic and extensible class library, capable of
being loaded at runtime to enrich the func-
tionality and configurability of the Physics
Model. This innovative approach offers a
powerful way to introduce new components
and stages seamlessly without modifying the
core simulation code. The module acts as a re-
pository of reflection data [5], storing crucial
information about the various components
and simulation stages essential for configur-
ing the Physics Model.

With the ability to load the Physics
Module dynamically, researchers and devel-
opers can introduce custom components and
stages tailored to specific physics simulation
requirements. These components may include
specialized collision detection algorithms, ad-
vanced material properties, or sophisticated
force fields that address unique scenarios not
covered by the default simulation setup. Simi-
larly, the stages within the module can extend
the simulation pipeline, introducing additional
data processing steps that are required for di-
verse use cases.

Moreover, the reflection data stored
within the Physics Module provides a compre-
hensive overview of the available components
and stages, making it easier for developers to
query and configure the simulation program-
matically. The module acts as a knowledge
repository, allowing developers to discover
available options, examine their properties,
and dynamically assemble the Physics Model
to suit specific simulation scenarios.

1.2 Physics model simulation update

As there is no simple way of continu-
ous simulation of a physics system, the simu-
lation process is divided into small time steps
with fixed . The update flow of the model is
defined by a physics pipeline that configures
the order of execution for each computation
stage (Fig.2).

Begin Simulation
Step

Apply Contact i :

Friction {

Update Update Rigid Body Update Fluids |
HRRE Position ! {  Movement :
Movaar ositio - Vloveme |
UpdateRigidBody | | .| Update Soft Body |

Rotation ( Movement

Fig. 2. Diagram of Physics Processing
Pipeline

Termed the ‘Physics Pipeline’, this al-
ternative approach integrates physics simula-
tion seamlessly into the computational frame-
work, aligning it with the stages traditionally
found in the graphics pipeline [6]. While the
graphics pipeline focuses on rendering visu-
al elements, the Physics Pipeline extends this
concept to encompass the simulation of dy-
namic forces, collisions, and other physical
phenomena that unfold over time. The pipe-
line has a fixed entry point that determines the
start of the simulation step. Other stages are
chained to the entry point. Each stage com-
putes and updates the physical properties of
an entity. Stages are processing the entire set
of all entities based on the components that
they contain. For example, the “update of rigid
body position” stage will only update entities
with attached rigid body components.

Extending the concept further, the uti-
lization of physical pipelines introduces a pro-
found level of efficiency and resourcefulness
by enabling their preservation and subsequent
application across various Physics Models.
By encapsulating a specific set of simulation
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stages, configurations, and behaviors within a
pipeline, developers can effortlessly transport
this blueprint from one simulation context to
another. This affords a consistent and system-
atic means of orchestrating simulations, irre-
spective of the specific model being employed.
This flexibility proves especially impactful
when dealing with comparable or intercon-
nected physics phenomena across diverse
contexts. Consider scenarios in which the fun-
damental principles dictating motion, interac-
tions, and dynamics remain consistent, while
the simulation setting or parameters undergo
adjustments. In such instances, the ability to
employ a well-established and refined physi-
cal pipeline for various purposes significantly
speeds up the development process, reduces
unnecessary repetition, and maintains a coher-
ent framework for simulations.

Accelerating the physics pipeline is
a crucial endeavor to enhance the efficiency
and performance of simulations. This can be
achieved through a series of strategic optimi-
zations and advancements that target different
stages of the pipeline.

Utilizing a uniform and contiguous
collection of components holds the potential
to yield significant advantages, greatly en-
hancing cache locality and reducing memory
access times. By organizing components with-
in a contiguous layout, the memory footprint
aligns more closely with the access patterns of
the processing units. This coherence allows for
more efficient data retrieval, reducing the need
for costly memory fetch operations. As a result,
cache hits become more frequent, optimizing
the utilization of high-speed cache memory
and diminishing the latency associated with
memory access. The resulting reduction in
memory access times and enhanced cache lo-
cality synergistically contribute to an overall
enhancement in computational efficiency.

Furthermore, the utilization of parallel
computing architectures, particularly multi-
core CPUs, emerges as a formidable tech-
nique to accelerate the execution of physics
computations. By proficiently distributing
computational responsibilities across numer-
ous processing units, simulations are poised
to achieve substantial enhancements in speed
and responsiveness. Introducing asynchro-
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nous processing allows independent stages
of the physics pipeline to run concurrently.
For example, collision detection can be per-
formed in parallel with constraint solving,
minimizing idle time and optimizing resource
utilization.

Notably, the synergistic integration of
spatial partition algorithms with paralleliza-
tion yields an even greater leap in acceleration.
Through the implementation of spatial parti-
tioning techniques, such as octrees or grids,
the computational load associated with colli-
sion detection and interaction calculations can
be significantly alleviated. By excluding enti-
ties situated far apart in space from collision
evaluations, unnecessary computations are cir-
cumvented, yielding a marked enhancement in
overall performance.

2. Results

Proposed architecture of the physics
engine allows users to configure their simula-
tion more flexibly due to the following prin-
ciples:

— Incorporation of Additional
Processing Stages. Even in cases where certain
features may not be inherently present in the
default implementation, the modular nature of
the approach permits the incorporation of such
features as separate libraries that can be linked
and utilized at runtime.

— Selective Removal of Unnecessary
Stages. In the context of prototype models
aiming to substantiate hypotheses, streamlined
calculations might suffice. The modular setup
ensures that users are only charged for the
components they employ.

— Dynamic Replacement of Existing
Stages. In scenarios demanding more intricate
computational methodologies, the capability to
replace pre-existing processing stages proves
to be remarkably advantageous.

The adoption of the ECS pattern in-
troduces novel prospects for extending entity
attributes, a prospect that was previously con-
strained by the rigid definitions of simulated
objects.

The following sections describe the new
approaches of using physical engine, which
become possible due to new architectural
design.
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2.1 Fully customized physics model

With the architecture detailed in this
article, the concept of constructing custom
simulation pipelines becomes an achievable
and empowering prospect. This dynamic ar-
chitecture embraces the utilization of separate
simulation systems, allowing for the precise
tailoring of pipelines to match the specific re-
quirements of the Physics Model (Fig.3).

One of the important advantages of this
approach lies in its flexibility. By incorporating
separate simulation systems, developers gain
the ability to create simulation pipelines that
are finely tuned to their intended purposes. This
means that components of the simulation that
are not directly relevant to the current Phys-
ics Model can be selectively excluded from
the pipeline. This granularity enhances perfor-
mance by reducing unnecessary computations
and optimizing the simulation for efficiency.

Moreover, the modularity inherent in
this architecture empowers developers to ef-
fortlessly experiment with different combina-
tions of simulation systems. This experimenta-

=

World

tion can lead to the discovery of optimal pipe-
line configurations that produce accurate and
efficient results. It also simplifies the process
of incorporating new simulation systems or
improving existing ones, as modifications can
be made to individual systems without disrupt-
ing the entire pipeline.

Custom simulation pipelines craft-
ed using this architecture can be thought of
as carefully assembled toolsets. Each system
within the pipeline represents a specialized
tool designed to address a particular aspect of
the simulation. This modularity and adaptabili-
ty ensure that the simulation remains versatile,
accommodating a wide range of scenarios and
use cases. Furthermore, this approach aligns
seamlessly with the notion of data-driven de-
sign. Each simulation system processes data
in a data-oriented manner, promoting efficient
memory access patterns and enhancing over-
all performance. The data-driven nature of the
architecture also enables better parallelization,
harnessing the full potential of modern multi-
COr'e Processors.
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Fig. 3. Diagram of fully customized Physics Model
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2.2 Partial physics model override

The framework described in this article
provides a means to enhance existing physics
engines by employing separate custom simula-
tion systems [7]. As an example, it allows us to
modify or extend certain aspects of the physics
simulation within well-established engines to
better suit our needs.

To illustrate, consider physics engines
like PhysX, which come with their own built-
in capabilities for simulating rigid bodies and
fluids. By implementing the ideas from this
framework, we can potentially replace or en-
hance these default simulations using dedi-
cated custom simulation systems. This means
that instead of solely relying on the pre-ex-
isting rigid body and fluid simulations within
PhysX, we have the option to integrate our
custom systems that might offer improved
performance or more precise results, depend-
ing on the context.

To put this into action, we would cre-
ate wrapper classes that encompass the exist-
ing physics engines. These wrappers manage

the core operations of the engine while allow-
ing for the seamless integration of our custom
simulation systems. Additionally, each engine
could incorporate a component that handles
different types of simulations, excluding those
that we plan to customize (Fig.4).

In practice, when a simulation event oc-
curs, the customized engine takes precedence. If
there is a need to adjust a specific simulation, the
related entity is directed to the custom engine’s
simulation process. After that, the entity is then
passed to the custom simulation system that we
have designed for the targeted enhancements.

This approach ensures a cohesive and
integrated simulation process. By blending
the strengths of the native engine with the
adaptability of our custom systems, we can
fine-tune or expand specific simulation
behaviors to better align with specific
requirements. This framework effectively
offers a way to bridge the capabilities of
established engines and the flexibility of
custom systems to create physics simulations
that are more tailored and versatile.

Physics Model

World
Entity
Wrapped (PhysX) Rigid Body
Rigid Body Component
Component

Pipeline
Physics Engine | | :
Wrapper PhysX
Simulation System | | Rigid Body,
Qverride Fluid, etc. !

Fig. 4. Example of overriding Rigid Body and Fluid Simulation for PhysX
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2.3 Selective physics model

The concept of allowing diverse sys-
tems to perform identical simulations for
distinct Entities while employing varying
computational methods introduces a realm of
intriguing trade-offs between precision and
performance. This innovative approach ac-
knowledges that achieving the highest level of
precision might involve computationally in-
tensive methods, whereas opting for more ef-
ficient techniques could involve a certain level
of approximation.

For instance, consider a scenario
where a range of Entities exists within a
virtual environment, each with unique at-
tributes and behavior characteristics. This
approach allows for a deliberate selection
of simulation methods based on the specific
requirements of each Entity. Some Entities
might seamlessly integrate with Compo-
nents from Rigid Body Simulation System
1, which is renowned for its computational
precision but may entail higher computa-
tional costs. In contrast, other Entities could

opt for Components from Rigid Body Simu-
lation System 2, leveraging its more efficient
methods, albeit with a slight compromise on
precision (Fig.5).

This adaptive strategy offers a nu-
anced balance that developers can leverage to
optimize their simulations based on the intri-
cacies of the Entities involved. Entities with
complex physical behaviors that necessitate
accurate results might benefit from the more
precise simulation approach. Meanwhile, En-
tities with less intricate interactions could
benefit from the computational efficiency of
an alternative method.

3. Related works

The landscape of physics simulation
and computational modeling has seen a pleth-
ora of notable contributions that have enriched
our understanding of complex physical phe-
nomena. This section provides an overview of
pertinent works that have significantly impact-
ed the field, highlighting their methodologies
and insights.
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Fig. 5. Example of selective Rigid Body Simulation
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Prominent physics engines have
demonstrated innovative approaches to sim-
ulation. The Bullet Physics Engine [8] stands
out for its robust collision detection and rigid
body dynamics capabilities, establishing it as
a standard choice across various applications.
The NVIDIA PhysX engine [9] has gained rec-
ognition for real-time physics simulations and
GPU acceleration, empowering interactive
simulations in gaming and virtual environ-
ments.

The Entity Component System archi-
tecture has revolutionized entity management
in simulations. The Artemis Framework [10]
showcased ECS benefits in game develop-
ment, facilitating efficient entity composition
and behavior control. The EnTT library [11]
furthered this trend by offering a high-perfor-
mance ECS solution with a focus on usability
and extensibility.

Exploring physics laws-centric per-
spectives, the xPheve physics engine [12] pri-
oritizing a faithful replication of natural phys-
ics laws. This distinctive approach aims to
achieve simulations with heightened authen-
ticity, aligning more closely with real-world
phenomena. While the xPheve approach aims
to achieve authenticity through physics laws
replication, it might face performance trade-
offs due to the potentially computationally in-
tensive nature of directly simulating complex
physics equations. Achieving a high level of
precision might require significant compu-
tational resources, potentially impacting re-
al-time simulations. Computational-centric
approaches often allow developers to optimize
and fine-tune simulations for specific use cas-
es. The xPheve approach, focused on physics
laws, might provide less control over optimiz-
ing performance for specific scenarios, poten-
tially leading to suboptimal outcomes in cer-
tain situations.

Conclusions

In conclusion, the Physical Module
is a valuable addition to the physics simu-
lation toolkit, providing a flexible, scalable,
and dynamic means of expanding the func-
tionality and configurability of the Physical
Model. By loading the module at runtime
and leveraging its reflection data, develop-
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ers can introduce custom components and
stages, ensuring that the simulation system
remains adaptable, innovative, and on the
cutting edge of scientific and technological
advancements.

The Entity Component System pattern
revolutionizes how the world is defined in a
physics simulation. Through entities, compo-
nents, and systems, ECS offers a structured
and efficient framework for capturing the
essence of the simulated environment. This
data-driven approach enhances the realism,
adaptability, and complexity of the simulat-
ed world, making ECS an indispensable tool
for constructing sophisticated and immersive
physics simulations. Components play a vital
role in the functioning of physics simulation
modules by providing essential data represen-
tation, promoting modularity, enabling de-
coupling of logic, facilitating customization
and extensibility, supporting efficient data
processing, and fostering a component-based
architecture. By leveraging components ef-
fectively, physics simulation modules can
achieve high performance, flexibility, and
maintainability, making them essential tools
for exploring and understanding complex
physical phenomena in diverse research and
application domains.

Following the course set by the article,
the future steps in the research is to investigate
the practical application of this architecture in
different contexts, which could unveil chal-
lenges and the innovative solutions devised to
overcome them would offer valuable practical
wisdom. Furthermore, examining potential
limitations and trade-offs associated with this
architecture is essential for a well-rounded dis-
cussion. This might encompass considerations
related to computational overhead, memory
management, and the intricacies of coordi-
nating modular components within a dynam-
ic system. As this architecture benefits from
modularity, fostering an open-source commu-
nity for collaborative development could be
instrumental. Future research might focus on
creating platforms that facilitate sharing com-
ponents, best practices, and continuous im-
provement.
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B.O. I'auioykesuu, A.FO. JJopowenko

CTBOPEHHS [IU®POBOI'O JBIMHUKA
B METEOIIPOTHO3YBAHHI AJ14 PO3YMHOI'O MICTA
HA MOBLIbHIN NIAT®OPMI

B crarTi BUKOpHCTaHO MiIXix MUQPOBOTO MBIfHHIKA U MOKPAIIEHHS TOYHOCTI METEONPOTHO3IB Y KOHTEKCTI
po3yMHHX MicT. OTIFicaHO TIpoIIec PO3pOOKH Ta IMIUTEMeHTallii (POBOTO ABIHIKA HAa MOOLIBHIN TIaTdopmi 3
METOIO TIOKPAIIEHHS SKOCTI Ta JOCTYIMHOCTI METEOPOJIOTiHHOT iH(opMaIIii AT MEITKAHIIIB MICT.

JleTanmbHO PO3MISIIAIOTHCS OCHOBHI aCIIEKTH CTBOPCHHS III(POBOTO IBiitHHUKA: 30ip Ta aHAI3 METCOPOIOTITHIX
aHUX, 00poOKa iH(opMaIii 3 TaTINKIB, BAKOPUCTAHHS IITYYHHUX 1HTEIEKTyaJIhbHUX allTOPUTMIB IS TPOTHO3Y-
BaHH IMOTOJJHUX YMOB. TakoX pO3IIAIAI0THCS MOXKIMBOCTI MOOUTBHOT IIAT(HOPMHE IS 3pYYHOTO Ta eeKTHB-
HOT'O BUKOPUCTAHHS HU(POBOro IBiHHIKA METEONPOrHO3YBaHHS KOPUCTYBaYaMH.

PesysnbraTn JOCHiKEHHS MIATBEPIKYIOTh, 110 BUKOPHCTaHHS IU(POBOTO JIBIifHUKAa Y METEONPOTrHO3YBaHHI
JI03BOJISIE 3HAYHO MOKPAIIUTH TOYHICTH IPOTHO31B Ta 3a0€3IIeUNTH MBUIKUIA TOCTYII 10 aKTyaJbHOI iHpOpMaril
npo noroxay. Lls iHHOBaliliHAa TEXHONOTIS Ma€ BEJHMKUH MOTEHIIAN IS 3aCTOCYBAaHHS B Cy4aCHUX PO3YMHHX
MicTax, Jie TOYHHH Ta CBOEYACHUIl METEONPOTHO3 CTa€ BAXIIMBUM YHHHUKOM JUIS MiZABUINCHHS KOM(OPTY Ta
Oe3mneKn rpoMa/isH.

Kitrouosi ciioBa: mudpoBuii ABIHHAK, METEOIIPOTHO3YBaHH:I, CMApPT CiTi, MOOUTBHA TUTaTGOpMa, 30ip JaHUX, aHA-

i3 JaHUX, TPOTHO3YBAHHS TIOIH.

Beryn

Y cydacHOMY TEXHOJIOTIYHOMY Cy-
CIUIBCTBI, 110 CTPIMKO PO3BUBAETHCS, PO3YMHI
MiCTa CTalOTh HE MPOCTO METOI0, a HEBIMEM-
HOI0 YaCTHHOK 3a0e3nedyeHHss KOM(OPTHOTO
Ta e(h)eKTUBHOTO KHUTTS HOro MemkaHiiB. O-
HI€I0 3 HAWBaXIMBIMUX cdep iHHOBAIH y po-
3yMHHUX MICTax € IPOTHO3YBaHHs MOTOJH, SKa
Ma€ 3HAYHUH BIUTMB HAa TIOBCSAKICHHE )KUTTS Ta
0e3neKy rpoMajisiH.

OCKinbKM TIOTOAHI YMOBH € JWHAMIY-
HUMH Ta MIHJIMBHMH, HaJaHHS TOYHUX Ta
CBOE€YACHUX IPOTHO3IB TMOTOIU € CKIAJHUM
3aBJAHHSAM JJIsl CyYaCHMX CHUCTEM IPOTHO3Y-
BaHHs. TpaauIiiiHi MiaX0au A0 MPOrHO3YBaH-
HS IOTOAM YacTO MalOTh OOMEXEHHSI 1 MOKYTh
Oyt MeHII e(pEeKTUBHMMU B yMOBaX MiHJIHU-
BOTO KJIIMaTy. ¥ IIbOMY KOHTEKCTI CTBOPEHHS
nu(ppoBUX NBIMHUKIB CTAE EPCIICKTUBHUM Pi-
LIEHHSAM JUIS IJIBUILIEHHS TOYHOCTI Ta HaIi-
HOCTI MPOTHO3IB MOr0JId B PO3YMHHUX MICTax.
[udposuii 1BITHUK — 11 BipTyallbHa MOJCIb
peasibHOrO 00>€KTa, sIKa MOCTIHHO MOMOBHIO-
€TBCS JTAHWMU 3 PI3HHX JDKepel. 3a JOToMO-
roro u(poBOro IBIMHUKA MOXKHA BUKOPUCTO-
BYBAaTH BipTyaJbHE MPEICTABICHHS BUIIA 200
CUCTEMHM JJisi OUIBII TOYHOTO MPOTHO3YBAHHS
Ta aHaJIi3y HOTro MOBEIIHKH.

40

L1s cTarTs ommcye 3aCTOCYBaHHS LU}-
POBHX JIBIMHMKIB y NMPOTHO3YBaHHI IOTOJU B
PO3yMHOMY MICTi Ha MOOUTbHUX TIIaTGopMax.
MeToro JOCHIKEHHSI € TOKPALICHHS SIKOCTI
Ta JOCTYNHOCTI TOTrOAHOI 1H(opMaIli s
MEIIKaHIIB MiCTa, 3a0e3IeueHHsT iXHbOI 0e3-
MIEKU Ta MiJBUILEHHS KoMdopTy. Y 11iif cTarTi
PO3TISAAIOTHECS OCHOBHI aCIEKTH CTBOPEHHS
nudpoBoro JBIMHHWKA, BILIUB IIHOTO IAXOTY
Ha TOYHICTh MPOTHO3IB Ta MOXJIMBICTH HOro
BIIPOBA/DKCHHSI HAa MOOUTRHUX TuTaTopMax
JUTSl 3pYYHOCTI KOPHUCTYBAYiB.

Bukopucranns 1mmdpoBoro aBiiiHHKA
y IPOTHO3YBaHHI IOT0JIM MOX€E BIAKPUTU HOBI1
TOPU30HTH Y PO3BUTKY PO3YMHHUX MICT Ta IO-
KpalIUTH SKICTh KUTTA 1X MemKaHiiB. [lana
po0oTa € BayKIIMBUM BHECKOM Y JOCHIKSHHS
JTAaHOi TEMaTUKU Ta MPEACTABIISA€ MEPCIEKTUB-
HI IIJISIXH OMITUMI3AIlil MPOTHO3YBAaHHS TIOTOIH
B MICBKOMY CE€PEOBHILL.

1. Hudposi aBiliHUKH B
METEeOPOJIOriYHOMY IPOTrHO3YBAHHI
[{udposi ABIHHUKH BiIIrparoTh BaXKIIN-
By POJIb Yy MiJIBUIIEHHI SKOCTI Ta HaJilHOCTI
nporuo3iB noronu. ludposBuii nBiiHUK —
e BipTyajbHE MOJEIIOBaHHS arMochepHux
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HaHi n3epKasbHe BifobpaXeHHs

BipTyanbHuii npocTi
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IHpopmalin
/Mpouyecu

BipTyanbHuin OBINHUK

Puc. 1. CtBopenHs udpoBUX KoMl

YMOB 1 TIOTOJHUX SIBHII] Ha OCHOBI 310paHUX
MeTeoponoriyHux nanux. Lli gaHi HaAXOASTH
13 pI3HUX THCTPYMEHTIB, TAKUX K CYIMyTHUKH,
pazapu Ta METEOPOJIOTIYHI CTaHIIii, 1 BKJIIOYa-
I0Th TaKl MapaMeTpH, K TemrepaTrypa, BOJIO-
TiCTh, THCK 1 BITEP.

[udpoBi IBIMHUKHA BUKOPHUCTOBYIOTh-
Csl 111 MOJICNTIOBaHHS (hi3UYHUX MPOLECIB, IO
B1J10yBalOThCSl B aTtMocdepi, 1 MPOTHO3yBAHHS
MOTOJJTHUX YMOB Ha OCHOBI HAsBHHUX JaHUX.
Hudposi NBIHHUKKM MOXYTh aHai3yBaTH Be-
UKl o0csiru 1HGOpMAIIi Ta BCTaAaHOBIIOBATH
CKJIa/IHI B3a€MO3B)S3KH MIK PI3HUMHU METEO-
posoriuHuMH (akTopamu. Sk pesynbrart, nud-
POBI IBIMHUKHN MOKYTh Ha/laBaTH OLIbIII TOYH1
Ta KOMILUIEKCHI MPOTHO3M, NepedayaTu 3MiHUA
MIOTO/IHUX PEXKHUMIB Ta JIOMOMAraTH 3p03yMiTH
MIPUYMHHO-HACIIIKOB1 3B)SI3KA MK IOTOIHH-
MU SIBULIIAMH.

Bukopucranns 1u@poBHUX JBIHHUKIB
JUIS IPOTHO3YBaHHS TOTO/IM Ma€ HHU3KY Tepe-
Bar. [le Moke 3MEHIIUTH PU3UK JIIOACHKOI MO~
MUJIKH, K2 MO’K€ BUHUKHYTH 171 4ac 00poOKU
Ta IHTEepIIpeTallii MOroHNUX JTaHUX.

[HudpoBi NBIHHUKH TaKOXK MOXKYTh
e(eKTUBHO 00poOIIATH BeIHMKI 06caru iHpop-
Marlii i JaBaté OUTBII TOYHI MPOTHO3H, Oepydn
JI0 yBaru pizHi (akTopH, IO BIUIMBAIOTH HA
noroy. BoHu Tako MOXYTh BUKOPHCTOBYBA-
TUCS JUTsl Bi3yauli3allli MOTOHUX SIBUIII, JTOTIO-
Mararoyu CHHOINTHKAM 1 KOPUCTyBayaM Kparie
PO3YMITH 1 aHaJi3yBaTH MOTO/Y.

[TpukiagoM BUKOPUCTAHHS TU(DPOBUX
JNBIMHUKIB y TMPOTHO3YBaHHI TOTOAHM € TJIO-

OanpHE KIIMaTH4YHE MojaeatoBanHs. [{udposi
JBIHHUKM JIOTIOMararoTh CTBOPIOBATU BIpTY-
ajbHI TPEJCTaBIEHHS aTMocdepu, OKeaHIB
Ta IHIIUX KJIIMaTHYHUX KOMIIOHEHTIB 3€MHOI
cucteMu. L{i moxmeni q03BONISIIOTH BUBYATH
JIOBFOCTPOKOB1 KJIIMAaTH4HI TPEHIW Ta aHa-
Ji3yBaTH 3MIHM B PO3MOIITII TEMIIEPATypH,
OMajiB, PIBHSI MOps Ta IHIIUX KIIMaTHYHUX
napameTpiB. Bukopucransas nuppoBux aBiii-
HUKIB Yy KJIIMAaTHYHHUX JOCTIKEHHIX MOXKE
JIOTIOMOT'TH CIIPOTHO3YBaTH MailOyTHI 3MiHU
KJIIMaTy Ta iXHI{ BIUIMB Ha IUIaHeTy. [HIIUM
MPUKIIAJOM BUKOPHUCTaHHS LU(PPOBUX MBIH-
HUKIB € TOTOJIHI MOJEeNl AJii KOPOTKOCTPO-
KOBOTO TMporHo3yBanHs. LI momeni BuKko-
PUCTOBYIOTHCS JUIsl MPOTHO3YBaHHS MOTOIU
Ha KiJTbKa roguH a0o AHIB Hamepen. Mogeni
0a3yloTbCs Ha BUKOPUCTAHHI aTMOC(epHHUX
nu¢poBUX NBIHHUKIB, MOOYTOBAaHUX Ha OC-
HOBI ICHYIOUMX MOronHux naHux. L{i moxemi
MOXXYTh TPOTHO3YBAaTH TeMIIEpaTypy, BiTep,
omajy Ta IHII TOTOJHI MapaMeTpH 3 BHCO-
KOIO TOYHICTIO Ta YACOBOIO PO3JILIBLHOIO 3/1aT-
HicTiO. e mokpaiye sSKicTh KOPOTKOCTPOKO-
BHX MPOTHO31B 1 I0NIOMAarae JoAsaM IIaHyBa-
TH CBOI Jii BIMOBITHO 10 Maii0yTHIX MOTOM-
HUX YMOB.

[{udposi ABIMHUKU TaKOX BUKOPHUCTO-
BYIOTBCSI JUJIsl IPOTHO3YBAaHHS €KCTPEMAalbHUX
MOTOJTHUX SIBHII, TAKUX SK yparaHu, TOPHAJIO
1 3nuBH. LI Momeni 103BOJISIIOTH BUSIBUTH 3a-
KOHOMIPHOCTI Ta 0COOJIMBOCTI, 110 IEPEIYIOTh
TaKUM MOMIAM, 1 3 JOCTAaTHHOIO BIIEBHEHICTIO
BUITYCKaTH TOMNEpeIKeHHA. Bukopucranus
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U(pPOBUX JBIHHUKIB Y NMPOTHO3YBAaHHI €KC-
TpEeMaJbHHUX TOTOHUX YMOB MOXE BPSTYBaTH
KUTTS 1 MaHO Ta MIJBUILUTH 3arajbHy Ipo-
MaJICbKy Oe3IeKy.

Buxopuctanua nudpoBux JBIMHHKIB
y IPOrHO3yBaHHI ITOTOJY Ja€ HU3KY IEpeBar,
AKl CHPUSIOTh MiJABUIICHHIO SIKOCTI Ta TOY-
HOCTI NpPOTHO31B moroau. Jlesxi 3 mepesar
nu¢GpPOBUX ABIMHUKIB y TPOTHO3YBaHHI IOTO-
JIM BKJTFOUAIOTh:

— TIIBUIIEHHA TOYHOCTI MPOTHO3IB.
udposi IBIMHUKHA TO3BOJSIIOTE MOJETIOBA-
TH Ta BIATBOPIOBATH MOBEMIHKY arMmocdep-
HUX TporeciB Oubin TouHO. [{e mpuBoauTh 10
OLTBIII HATIWHUX TPOTHO3IB MOTOAHM, MEHIIIOI
KUTBKOCTI TOMMJIOK 1 TOYHIIIOI 1H(OpMarii
JUIsL KOPUCTYBAYiB;

— TOKpALIEHHS PO3AUIbHOI 31aTHOCTI
nporuo3iB. L{udposi ABIHHUKHK J03BOJSIOTH
¢bikcyBaTH TOTONIHI SIBHIA B OUIBII TOHKUX
IIPOCTOPOBUX 1 yacoBUX Macmiradax. Lle nos-
BOJISIE CKJIQJATH MPOTHO3U TOTOIU 3 BHILOO
PO3IUTBHOIO 3[AaTHICTIO Ta OTPUMYBATH Je-
TaJbHINTY 1H(GOPMAIIIO PO MOTOIHI YMOBHU B
KOHKPETHHX perioHax;

— MOJICTIOBAHHS CKJIAIHUX 3aJIEKHO-
creit. LludpoBuii ABIHHUK T03BOJISE 1ICHTH-
¢dikyBaTH Ta aHaNi3yBaTH CKIJIAJIHI 3aJI€KHO-
CTi aTMOC(EepHUX TPOIIECIB, SKI BILIUBAIOTH
Ha norony. Lle nae kpamie po3yMiHHS MeTe-
OpOJIOTIYHMX SIBHIIl Ta X B3a€MOJIi, a TAKOXK
JI03BOJISIE TIPOTHO3YBAaTH MailOyTHii po3BU-
TOK IOJ1M;

— e(eKTUBHE BHUKOPHCTAHHS HAasiB-
HUX JaHux. L{udpoBi IBITHUKM MOXYTh 1H-
TErpyBaTl BEJIMKI OOCSITM MOTOAHHMX JAHUX
3 PI3HUX JIKEpeN 1 BUKOPUCTOBYBATH X IS
CTBOpPEHHSI TOYHHX 1 BCEOIYHMX MPOTHO3IB.
3maTHICTh 0OPOOIISITH BEIHUKI OOCSATH JaHUX
y PeXHMIi peajbHOro 4acy, BKIIOUAIOUM JaHi
13 CYNyTHHUKIB 1 Ha3€eMHUX JaT4YUKIB, 3a0e3-
Me4yye akTyadbHy 1 MOBHY 1HGOpPMAIIO PO
arMoc(depHi yMOBH.

Bukopucranus nudpoBoro nBiiiHIKA B
IIPOrHO3YBaHHI MOTOAN O3BOJISIE IMiJIBUIIUTH
TOYHICTb, HAJIIHHICTh Ta €(EKTHBHICTH IPO-
THO31B NOrofy. BiH cTaB HEB1»EMHOIO YacTH-
HOIO CyYacCHHMX IOTOJIHUX CHUCTEM, JoIomara-
104K HaM Kpallle po3yMiTH Kiimar i 3abesre-
qyBaTH Oe3MeKy Ta KoM(pOPT JIOAeH, Ha SKUX
BIUIMBAIOTh MIOI'OJIHI YMOBH.
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2. MeTeoposioriuae NporH03yBaHHS
Ta e(peKTUBHE YIIPABJIIHHA
PO3YMHHMM MiCTOM

[udpoBi IBIHHUKKA BUKOPUCTOBYIOTh-
csl B po3po0Lil po3yMHOT 1HQPACTPYKTYpH IS
CTBOPCHHS BIPTyaJIbHUX MOACNeH (I3UIHUX
00>EKTIB, TaKUX K OymiBIIi, MiCTa, CHEPTeTHUY-
HI Mepek1 Ta TpaHcnopTHi cucteMu. Lli BipTy-
allbHI MOJEJl JO3BOJIAIOTH 3A1MCHIOBATU MO-
HITOPHHI, aHali3 Ta YNIpPaBIiHHS (i3UYHUMHU
00>€KTaMU B PEXKUMI peajbHOTO Yacy.

OpHi€lo 3 TOJOBHHUX TMepeBar BUKO-
pUCTaHHS LHU(PPOBOro [BIMHMKA € Te, IO
NeTaabHy iH(QOpMAIliI0 MPo cTaH (Hi3UIHOTO
00>eKTa MOXKHA OTPUMATH B PEXHUMI peab-
HOTO 4acy. /laHi 3 naT4mKiB, PO3MIIIEHUX HA
¢bi3muHuX 00>€KTaxX, MEPENalOThCs HAa IUQ-
pOBHIl JBIMHUK, aHATI3YIOThCSA 1 TMOPIBHIO-
I0TBbCSI 3 HOPMaJlbHUMH 3HAYeHHSMH. Y pasi
BUSIBIICHHS BIJXHJICHB, HCOOXIJIHI Jii, SK-OT
MOMEpeDKEHHsT omeparopa abo aKTUBAIlis
ABTOMATHU30BAHOI CHCTEMH YMPABIIHHS IS
yCyHEHHsI Tpo0eMu, MOXKYTh OyTH BUKOHAHI1
aBTOMAaTHUYHO.

Kpim Toro, nudpoBuii 1BiiHUK MOXKHA
BHKOPUCTOBYBATH JIJIsi MTPOTHO3YBaHHS ITOBE-
JTIHKH (PI3UIHUX 00Y>EKTIB HA OCHOBI 310paHUX
naHuX. AHamI3yro4uu AaHi 3 HudpoBOro ABiN-
HUKa, MO)KHA BUSIBUTH TEHJICHIIIT, PO3Mi3HATH
3aKOHOMIPHOCTI 1 TependadyuTH IOTEHITIHHI
npobieMu Ta HajaA3BUUaiHI curyauii. Lle 3a-
Oesrieuye nepeadavyBaHICTh 1 €PEKTUBHICTH B
yIpaBIiHHI 1HQPACTPYKTYPOIO MICTOM.

Tak, TO4YHI METEOpOJIOTiuHI MPOTHO3H
JI03BOJISIOTH!

e [lnamyBatu poOOTy TpaHCIOPTY
Mmicra. Hampuknaa, oxeneauisi Ta CHIromaj
MOXYTh TPU3BECTU 10 30UIBIIECHHS aBapiii-
HOCTI Ha IOpOTrax, CUJIbHUHN BITep MOXKE 3aTpH-
MaTtu peicu JitakiB. BomHowac ypaxyBaHHS
MTOTOJTHUX YMOB JIO3BOJIUThH YOE3ICUUTH Taca-
JKUPIB Ta ONITUMI3yBaTH pOOOTY TPAHCIIOPTY.

e 3anoOiratd CTUXIHHUM JHXaM.
TouyH1 MeTEeOpOIOTIYHI MPOTHO3U J103BOJIAIOTH
3a37aJIeTib MIATOTYBAaTUCSA JO CTUXIHHOTO
nuxa, SKIO0 BOHO HeMHHy4e. SIKIIO X MOBa
fize, HANpUKIAJ, PO 3eMIIETPYCH, TO MeTe-
OTNPOTHO3 JI03BOJINTH BYACHO 3/1MCHUTH €Ba-
Kyallil0 HaCeJIeHHS.

Takox BaXJIMBO, 11100 METEOPOJIOTIYH1
MPOTHO3U OYyJIM MPaBWJIBHUMH. AJKE HEBIpHI
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METEONPOTrHO3M MOXYTh HEIaTUBHO BIUIMHYTH
Ha pI3HI rajgy3l MICBKOTO TOCHOJAapCTBa, 30-
Kpema:

* Enepretmuna ramy3s. HesipHi
MIPOTHO3U MOXYTh HPU3BECTH 10 JehinuTy
a00 mpodinuTy 3amaciB eHeprii, Mo HeraTHuB-
HO MOXKE BIJTMHYTH Ha KiHIIEBOTO CIIOKHBAYA.

* Cinbebke rocnomapctBo. Hesip-
Hi MIPOrHO3U MOXYTh BIUIMHYTH Ha 3arudeib
BpOKat0 abo MOraHui BpoXaii, a y TBApUHHU-
LITB1 Ha 3aru0emb Xyao0u.

VY cdepi micbKoro maHyBaHHS HHUQ-
pOBI ABIMHUKKA MOXYTh JOIOMOTTH B IIja-
HYBaHHI Ta PO3BUTKY MICT. BOHUM MOXYTb
BimoOpaxkaTu iHQopMaIlito Mpo MiChbKe ce-
penoBuIle, HalpHUKIaA, MPO TPAHCHOPTHY
iH(ppacTpyKTypy 1 po3TamryBaHHs OyIiBeib.
Ile mo3Boisisie MomeIOBaTH Pi3HI cIlieHapii
PO3BUTKY MICT, aHaji3yBaTH BIUIUB HOBHX
OyxiBenb Ta iH(PACTPyKTYpHUX 3MiH Ha Ha-
BKOJIMIIIHE CEPEJOBUIIE Ta ONTUMI3YyBaTH Mi-
CTOOY/IiBHI POEKTH.

[TudpoBuii ABIHHUK TaKOXK MOXE OyTH
BUKOPMCTAaHUM A ONTHMI3alii eHepreThy-
HUX CHCTEM, B TOMY YHCJI1 eleKTpoMepex. Bin
MO’Ke B1JI0OpakaTu TakKl XapaKTEPUCTHKH, K
CTPYKTypa Mepexi, pPO3IMOJl1 HaBaHTaKCHHS
Ta cTtaH eHeproedexTuBHocT. L{udposi nBii-
HUKU MOXYTh OyTH BUKOPHCTaHI il po3po0-
KU CTpaTeridi ympaBiiHHS €HEeprocroXHBaH-
HSIM, BUSIBJIIGHHS [TPOOJIEM Y MEpEeKi Ta aHali3y
CUCTEMHM 3 METOIO IiJIBUILIEHHS €(PEeKTUBHOCTI
Ta HAIIWHOCTI CUCTEMHM.

[TudpoBuiil ABIMHUK TaKOXK MOXE OyTH
KOPUCHHAM Y TIPOEKTYBaHHI CHCTEM BOJIOTIO-
CTayaHHsA. BiH MO)Xke IOKa3aTh po3TallyBaH-
HSl JDKEpen BOJH, TPYOONPOBOIIB, HACOCHHUX
CTaHIN Ta IHIINX KOMIIOHEHTIB CHUCTEMHU. A
1Ie B CBOIO Y€pry MO)KE JONOMOITH BHUSBUTH
MOTEHIIKHI TpoOIeMH, Taki sIK BATOKH Ta Tie-
pPEBaHTaXEHHS, a TAKOK TOKPAIIUTH YIPaB-
JIHHSI CUCTEMOIO BOIOIIOCTAUaHHS.

[TudpoBi ABIMHUKM MalOTh 3HAYHHUH
MOTEHITIa] y PO3BUTKY PO3yMHOI 1HGPaACTPyK-
TYpH, HaJaroyd TOYHY BIPTyalbHYy MOJEIb
peasibHOi cucTeMu. BoHM HalalOTh TOUHI Bip-
TyaJibHI MOJIEJIl pealbHUX CHUCTEM, IO J103BO-
JIsi€ aHaNi3yBaTH, IPOTHO3YBAaTU Ta YIPABISTH
CHCTEMaMH 3 BUCOKOIO TOYHICTIO Ta €(heKTUB-
HicTIO. Bukopucranus nnppoBux ABIHHHKIB
3[]aTHA IOKPALIUTU SIKICTh XXHUTTS B MICTaXx,

3MEHIIUTH CHOXKMBAaHHS €HEprii Ta pecypciB i
CTIPUSITH CTAJIOMY PO3BHUTKY.

Buxopucranus nuudpoBux ABIHHUKIB y
PO3BHUTKY pO3YMHHX 1H()PACTPYKTYp Ma€ Kijlb-
Ka TiepeBar:

1. Iligumenus edpexkruBHOCTI: Lud-
POBI JIBIHHUKH J03BOJISIOTH BiACTEXKYBaTH Ta
aHaJI3yBaTH PI3HI ACMEKTH 1HTEJIEKTyaJlIbHOI
1HQPACTPYKTYypH B PEKHMI PEajIbHOTO 4Yacy.
Ile Moxe TOTTOMOTTH BU3HAYUTH OLIbII edek-
THBHE BUKOPHUCTAHHS PECYpCiB, ONTUMI3yBaTH
poOOTYy CHCTEMHU 1 MJABUIIUTH TPOTYKTHB-
HICTb.

2. IlepenbauyBaHIiCTh 1 JIameKOTIISAI-
HICTh: IU(GPOBI JBIMHUKH YMOXJIUBIIOIOTH
aHaji3 BEJIIMKUX OOCATiB JAaHUX 1 BUSBICHHS
tenneHui. lle mo3Bomsie mepenbauntu mai-
OyTHI MpoOJeMHU, BUSIBUTH PU3HKH Ta BKUTH
MIPEBEHTUBHMX 3aXO0/IiB JI0 TOTO, SIK BOHU Tepe-
TBOPSITHCSI HA CEPIO3HI MPOOIIEMH.

3. 3MEHIIEGHHS BUTpAaT Ta PHU3HUKIB.
[udposi ABIHHUKN MOXKYTh 3MEHILIUTH BUTPA-
TH Ta PU3HUKH BIIPOBAPKEHHS HOBUX TEXHOJIO-
Til, pillieHb Ta PO3YMHUX 3MiH B 1HQPaACTPyK-
Typi, 3a0e3mnedyioun BipTyalbHE TECTYBaHHS
Ta cumyssmio. Lle mo3Bossie mpoBoauTH BIp-
TyaJbHI EKCIEpUMEHTH Ta aHali3yBaTH pe-
3yABTaTH A0 (PI3UYHOTO BIIPOBAIKECHHS.

4. 3abe3neueHHs Oe3neku Ta HalliHOC-
Ti: [{udpoBi ABIHHUKE MOXYTh Oe3mepepBHO
KOHTPOJIIOBATH CTaH PI3HUX CHCTEM Ta 00>€K-
TiB po3ymHOI iH(pacTpykTypu. HecnpaBHo-
CTi, aHOMAJIii Ta MOTEHIIHHI MPOOIEMU MOYKHA
IIBUJIKO BUSIBUTHU Ta BiJipearyBaT Ha HUX, 3a-
mo0iraroun aBapisim Ta 3005M.

5. IligBumeHHs: e(eKTUBHOCTI yIpaB-
ninas. Ludposuii ABIMHUK € KOPHUCHUM 1H-
CTPYMEHTOM JUJIsl YIPaBIIHHS I1HTEJIEKTyalb-
HOIO iIH(pacTpyKkTyporo. Bin Hagae moctyn a0
BXUIMBHX JAHUX Ta AHANITHKH, SIKI MOXYTh
JIOTIOMOI'TH BaM TpuiiMatu OOIpyHTOBaHI pi-
IICHHSI Ta IUTAaHYBaTH MalOyTHI KPOKH.

L1i mepeBaru poONSATH BUKOPUCTAHHS
uM(ppoBUX JBIMHUKIB BUCOKOE(PEKTUBHUM Yy
po3po0I1ii Ta yHpaBIiHHI 1HTEIEKTYyaIBHOIO
1HPPACTPYKTYPOIO, CIIPHUAIOUH ii onTuMizalii,
e(heKTUBHOCTI Ta CTIHKOCTI.

Opnak Tpeba Oyt 00’ekTMBHUMU. |
miciis nepesar HuppoBUX ABIHHUKIB 3rajaeMo
1 IPO HEJTONIKU. 30KpeMa, J10 HE/I0JIIKIB MOXKHA
B1JIHECTU HACTYITHE:
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— BucoxomBuakicHa mepemadya Ja-
Hux. L{udposi IBIHHUKN TOTpeOyIOTh BUCO-
KOIIBUAKICHOI Mepeaayi JaHuX MK JaTduKa-
MH, CUCTeMaMH OOpPOOKH Ta KOPUCTYyBadaMHU.
[le BUMarae BUKOPUCTAHHS Cy4acHOI TEXHIKH,
BHUCOKOUIBUIKICHOTO IHTEPHETY TOIIIO;

— 30epiraHHsM BEJIUKHX OOCATIB Ja-
Hux. J{ns 30epiranns, 00poOKu, aHaATI3y BEJIH-
KHX 00CATiB JaHUX, a TAKOK 3a0e3MeueHHs iX-
HBOI Oe3meKH BiJ Kibeparak, MOTpiOHI Jopori
Cy4yacH1 TEXHOJOrIl Ta CBO€4acHe 00CIyTroBy-
BaHHs. Lle moTpelye 3HaUHUX BUTpAT;

— [aTerpaiiis 3 IHIIUMU CHCTEMaMHU.

Hapasi He icHye 3araJbHONMPUIHITHX
CTaHJAPTIB I NU(PPOBUX ABIHHUKIB, IO
MOXE YCKJIQJHIOBATH 1HTETPaIliio 3 IHITUMHU
cHCTeMaMH Ta OOMiH JaHUMHU MK Pi3HUMHU
JDKepeslaMy Ta KOPUCTyBayaMHu.

3. @yHKUil cTBOPEeHHA HU(PPOBUX
ABIHHMKIB J1JI1 METEONPOTrHO3YBAHHSA
Ta NMPUKJJIAIA BIIPOBA/’KCHHA

Sk Mu Bxe 3a3Hadasd, UUPPOBUI
JBIMHHUK Y METEOPOJIOTii — I1€ BIpTyaJibHE MO-
JICTIOBAaHHS aTMOC(EPHUX YMOB 1 MOTOJHHMX
SIBUILl HA OCHOBI 310paHUX METEOPOJIOTTYHUX
naHuX. 30KpemMa, BU3HAUEHUX METOJIB CTBO-
pPEHHS BipTyallbHUX MOJIETICH BKIFOUAIOTh:

— 30ip Ta aHaJi3 JaHUX PO METEOPO-
Jgoriudi mapamerpu. lle omnun 3 oc-
HOBHMX METOJIB, SKHH BKIItO4ae 30ip
JAaHUX 13 METEOCTaHL1M, CYIMyTHHUKIB,
JPOHIB TOIIO MPO TEeMIeparypy, BO-
JoricTh, aTMOC(EpHUI THCK, BITEp Ta
1HIIT TIOTO/THI TTapaMeTpPH.

— CTBOpeHHs JBOBUMIPHOI MojeJti Mi-
cra (kaptorpadisi). CTBOPIOETBCS MO-
JIeTTb MiCTa 3 ypaxyBaHHSM HOTO JIaH/I-
madTy, 3a0y/10BH, BOTHUX PECypCiB Ta
IHIIMX 00>EKTIB.

— MaremaTuyHe MoaearBaHHsA. Bu-
KOPUCTOBYIOTh Au(EpeHIliaibHl piB-
HSHHSA, CTATUCTHYHI METOOM Ta IHIII
IHCTPYMEHTH 71l MOJENIOBaHHS at-
MOC(hEepHUX TMPOIECIB Ta TOTOIHHUX
SIBUIII.

— IlopiBHAAHHA pe3yabTaTiB Mojese.
[TopiBHSHHS pe3yNIbTaTiB MOJEIIOBaH-
HS 3 pEaJbHHUMH METEOPOJIOTTYHUMU
JTAHWMH TSI BUSBJICHHS Ta BUTIPABJICH-
HS HEBIAIIOBIAHOCTEN MK HUMU.
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3a KOPJJOHOM YK€ € MPHUKJIAIN YCIIIIHOTO
BIIPOBAKEHHSI IM(PPOBUX IBINHUKIB y MeTe-
OpOJIOTIYHOMY TPOTHO3YBaHHI y MmicTax. Lle
Taki micra , sk lanxait (Kutait), Hero-Mopk
(CIA), Porrepnam (Hinepnanan), MensOypH
(ABctpamnis), micto-nepxkasa CuHramyp, Kpai-
Ha I'penana.

1) I'penaga.2021 poky kpaiHa cTana nep-
100, XTO CTBOPUB IU(PPOBY KOITIFO ITi-
70i kpainu, 3D-Mozensb, SKy ypsIoBIi
MOXYTh BUKOPHUCTOBYBATH IS TUIAHIB
CTaJIOTO PO3BUTKY. SK 1 6arato ocTpis-
HUX JIepKaB, [ peHasia CTUKaeThCs 3 He-
BU3HAUYCHUM MaiOyTHIM miepe/1 3MiHO0
kiimary. Crieka, 1o MmoCHITIOEThCS, 1H-
TEHCHBHI OIAaJM 1 IPOHUKHEHHS COJIO-
HOI BOJIM B CUCTEMY BOJIOTIOCTAYaHHS i
TPYHT TOYaJld 3arpoXKyBaTd JIBOM OC-
HOBHUM EKOHOMIKaM KpaiHu — CiJib-
CBKOMY T'OCIIO/IapCTBY 1 Typu3My (Kyp-
Han «Lidary, 30.04.2022 p).

2) Cunramyp. MicTto-gepxaBa po3Ta-
moBaHe Ha 63 OCTpoBax, B TOMY YHC-
a1 cTBOpeHHMX ITy4HO. KoHmeniis
mudpoBoro BiliHUKa Oyra yxBajieHa
Cunranypom me 2015 poky. Cucre-
Ma JOIMOMarae yrpaBJiTH pecypcamu,
IUTAHYBaTH TPAHCIIOPT, aHai3yBaTH
HACJIIJIKY T1IBUILEHHS PIBHS MOPSI.

3) Porrepnam, Hinepaanau. Porremam
— 1e mopToBe MicTo. BipryanbHa Ko-
ITis1 MiCTa JTO3BOJISIE BIJICTEKUTH 1HTEH-
CUBHICTh PyXy Ha BOJHHMX KaHallaX Ta
aBTOILISIXaX, ONTHMI3yBaTul BiAKPHUT-
TS1/3aKPUTTS MOCTIB Ta TIepeHAIpaBJIsi-
TH TPAHCIIOPTHI OTOKU B PEXKUMI pe-
anbHOrO yacy. IIporHo3yBaHHS MOroau
JIO3BOJISIE  CBOEYACHO JII3HATHCH TIPO
HITOPM, CHJIBHUN BITEp, L0 3aBa)Kae
PYXy CyJZEH.

4) MeabOypH, ABcTpaJis. MensOypH —
OJIUH 3 OCHOBHUX KOMEPLIHHUX Ta IPO-
MUCIIOBHX IIeHTpiB ABcTpainii — po3Ta-
moBaHo HaBKou1o 3aToku [TopT-Disim.
Tyt tudpoBuill IBIMHHUK BHKOPHCTO-
BYETBCS Ui MOJAETIOBAHHS MOTOJHUX
SIBUIII, 30KpEMa, TETUIOBUX XBHIIb.

5) Hplo-Mopk, CIIA. B Hsio-Mopky
OyI10 BIpOBaKEHO U (DPOBUIA 3 METOIO
MIPOTHO3YBaHHSI CHITOMAIB, IITOPMIB
Ta 1HIIUX EKCTPEMaJbHHUX MOTOJHUX
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SIBUIIL, 1110 JTO3BOJISIE KOOPAWHYBATH PO-

00Ty TpaHCHOpTy, 1HPpPACTPYKTypH, a

TakoX 1H(GOPMYBAaTH MEIIKAHIIB PO

MOTEHIIIHI HEOE3MEeKH.

OT:xe, KO’)KHE MICTO BUKOPUCTOBYE TEX-
HOJIOT'110 ITU(POBUX JABINHUKIB (METABCECBITY)
1A BaacHuX mined. OgHaK Ba)kIMBO, IO BCl
NBIMHUKHA € YyJOBUM CTpaTeriyHUM I1HCTpY-
MEHTOM JIsl PO3BUTKY MICT y peaJIbHOMY CBITI.

BpaxoByroun MO3UTUBHHIA JOCBi Me-
TEOPOJIOTIYHOTO TPOTHO3YBaHHS Ha OCHOBI
nupoBUX ABIWHUKIB, B MAaOyTHHOMY OYIKY-
€THhCSI 30UIBIICHHS KUTBKOCTI BIIPOBA[KCHHS
1M(ppOBUX JABIMHHUKIB OKPEMHMH MICTAaMHU Ta
KpaiHaMmH.

4. Po3po0Oka nu¢poBoro aBiniHuKa
AJIA METECOIMPOrHO3yBaHHA HA
MOOiTbHOMY TestedoHi

Jns peamizauii NpPOEKTYy CTBOPEHHS
nudpoBoro NBitHUKA B METEONMPOTHO3YBaHHI
JUIs. pPO3YMHOTO MicTa Ha MOOUIBHIN mardop-
Mi Oyro po3poOsieHO J0maToOK MOBOKO Swift
st 10S mathopmu, SIKUi BUKOPUCTOBYETHCS
B IHTEpHETI peueil ans peanizauii MpoBUX
JBIHUKIB.

ITpoekT cknafaeTbes 3 TPhOX OCHOBHUX
KJIACiB: J1BA KJIACH JIJIsl KOPUCTYBAIBKOTO IHTEp-
¢eiicy (UI) Ta ronosuuit kinac (Main Class).

ITepmmit Ul knac BiamoBimae 3a Bi-
nobpaxeHHs: kapTu KueBa 3 BUKOPHCTaHHSIM
¢dpeiimBopka MapKit. Ileii kimac 3abe3neuye
3aBaHTa)XEHHsS KapTH Ta MOXIIUBICTb pEeHJIe-
PHUHTY pi3HUX MapkepiB abo ImapiB HA HiH, SKi
MIPEJICTABIISIIOTh PAalOHW MOHITOPUHTY SIKOCTI
TOBITPAL.

Hpyruii Ul xnac Biamosigae 3a Bigo-
OpakeHHs 1HQOpMAIi TPO SKICTH TOBITPS
B KOHKpeTHHX paiioHax KueBa Ha kapti. Bin
MOXe BiJ0OpakaTH AaHi Mpo 3a0pyIHEHHS O~
BITpS1, MPOTHO3 MOT0O/IM Ta 1HIII METEOPOJIOT1Y-
Hi JaH1, He0OX1H1 KOPUCTYBavy.

TonoBuuii knac (Main Class) BUKOHY€E
OCHOBHI (yHKIIi 1ogarka, 30Kkpema, 30ip na-
HUX, B3aEMOJII0 3 IMU(GPOBUM JBIHHHUKOM Ta
00poOKky iHGopmarii ans BimoOpakeHHsS Ha
KapTi.

Jlis oTpuMaHHS AaHUX HPO HPOTHO3
MIOTO/IM 13 cepBepa BUKOPUCTOBYETHCS (perim-
Bopk Alamofire, sikuii 103BOJIsi€E BUKOHYBATH
HTTP-3anutu.

Ludposuii ABiitHUK sABIsIE COOOIO TIPO-
rpaMHE TPEICTABICHHS PEAIbHOTO MPOIECy
METeOonporHo3yBaHHs. BiH Hamae HeoOXiHI
JlaHi Mo CTaH arMocdepu Ta MPOTrHO3 MOrOIU
1t pi3HuX paiioHiB Kuesa. [Hpopmariis moxe
OyTtu orpuMana yepe3 API abo 306epiratucs Ha
BiJIJAJICHOMY CEpPBEpI.

B nipomy monmarky, mugpoBuil ABIHHUK
BUKOPUCTOBYETHCSI AJII CTBOPEHHSI IpOrpam-
HOTO TIPEJICTABJICHHS PEabHOTO MPOIECy Me-
TEONPOTHO3YBAHHSI Ta MOHITOPUHIY SIKOCTI
MOBITPsI HA MOOLTEHOMY TenedoHi. [{udpouii
nsiitnuk (Digital Twin) BigoOpaxae peanbHi
00>EKTH YH TIPOIIECH y BIPTYaJIbHOMY Cepei-
OBHII, B SKOMY MO)XHa aHai3yBaTH, MaHi-
MyJIFOBATH Ta 3/I1MCHIOBATH MIPOTHO3M OO 1X
TTOBEIHKH.

VY nanomy nonaTky nuQpoBHid ABIMHUK
BKJIFOYA€E TaKl KOMIIOHEHTH:

1. 36ip manmx: LmudpoBuii nBiHHUK 3a-
Oesreuye 301p JaHWX MPO TMOTOMY Ta
SKICTb MOBITPS 3 PI3HUX JUKEPET, TAKUX
SIK JaTYMKH, METEOPOJIOTIUHI CTaHIIIi,
meteoposoriyai API Ta inm. Li mani
BKJIFOYAIOTh 1HJIEKC SIKOCTI TOBITPS 3
PI3HUMHU MTOKa3HUKAMHU.

2. 30epiranns ganux: OTtpumani naHi
30epiratoTbcsi B LU(PPOBOMY JIBINHUKY,
110 /103BOJIsIE€ 30€epiraTy ICTOPUYHI J1aH1
Ta 341MCHIOBATH X aHaJi3.

3. Amnanmiz panux: LludpoBuil nBiHUK
aHaJjizye 310paHi JjaHl, 3aCTOCOBYE aJl-
TOPUTMU TIPOTHO3YBAaHHS Ta aHaIi3y,
mo6 mnepeadauuTH METEONorony Ha
MaiiOyTHI roguHu ab0 JH1, a TAKOX BU-
3HAYUTH SIKICTh TIOBITPS Y PI3HUX pa-
HoHax micTa.

4. Bzaemomis 3 momarkoM: [lomarox Ha
MOOUTPHOMY TeeOHI B3aEMOJIE 3
M(POBUM JBIHHUKOM, 3UUTYIOUH JIaH1
PO MIPOTHO3 MOTOU T SKICTh MOBITPS
JUTSL BiTOOpaskeHHs Ha rpadidyHOMY 1H-
tep¢eiici. KopuctyBad Moxke oTpumy-
BaTH aKTyaJibHI JaHl MpPO MOTOAY AJIS
PI3HUX MiCIlb, BAOMpATH paliOHU MOHi-
TOpUHTY Ha KapTi Kuesa ta nepersiga-
TH JIeTajbHy 1H(QOpMAIIO MPO SAKICThH
TOBITPAL.

5. Tlporno3yBaHHs: 3 AOMOMOror0 mud-
POBOTO JIBITHUKA, TOJJTATOK MOXKeE 31HiC-
HIOBATH MPOTHO3 MOTOU Ta SIKOCTI MO-
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BITPsl Ha OCHOBI aHaji3y ICTOPHUYHHUX
JaHWUX Ta aJTOPUTMIB IPOTHO3YBaHHS.
KopuctyBauam HaaeTbCsl MOKIMBICTh
3a3/ajeriib 3HaTH OYiKyBaHi MOTOJHI
YMOBH Ta piBEHb 3a0pyAHEHHS OBITPS
y BUOpaHuX paiioHaXx.

Otox, nonatok 3abe3mneuye Bizyaiiza-

IiI0 Ta JOCTYI 70 iH(opMmarlii mpo MeTeornpo-
THO3YBaHHS Ha MOOITEHOMY TeedoH1 A1 po-
3yMHOTO MiCTa, 1110 JOTIOMarae KOpUcTyBa4am
OyTH TTOIH(POPMOBAHUMH TIPO ITOTOYHI TTOTOTHI
YMOBH Ta SKICTh MOBITPSI y Pi3HUX YacTHHAX
KueBa. Huxkue HaBeneHO JeTajabHUM OIUC
KOJY:
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1. Immopr 6i6miorek: SwiftUI, MapKit ta
Alamofire.
import SwiftUI
import MapKit
import Alamofire

2. CrBopeHHs cTpyKTypu MapView,
110 peastizye MPOTOKOI
UlViewRepresentable. Lle inTerpye
MKMapView y SwiftUI.

struct MapView:
UlViewRepresentable { ... }

3. Macus Kyiv Points, sikuii MiCTUTb
KOpPTEeXIi 3 reorpadiyHUMH KOOpAHHA-
TaMH 1 Ha3BaMH paiioHiB Kuesa.
let kyivPoints: [(latitude: Double,

longitude: Double, street: String)] = [
(50.399373, 30.518903, «I'omnociiB-

CBKUU pailon»),

(50.431209, 30.516795, «Conom»siH-

CbKUH pailon»),

I rax mami...
(50.513401, 30.617103, «/lecHsH-

CBKHI pailon»), |

4. Metoan makeCoordinator(),
makeUIView(context:)
ta updateUIView(_:context:)
3 mpotokonry Ul'ViewRepresentable
JUISL CTBOPEHHS 1 HAJIAITYBaHHS
KapTH.
func makeCoordinator() ->
Coordinator {
Coordinator(self)

}

func makeUIView(context:
Context) -> MKMapView {

let mapView = MKMapView()

map View.delegate = context.
coordinator

map View.
register(CustomAnnotationView.self, for
AnnotationView WithReuseldentifier: MK
MapViewDefaultAnnotationViewReuseld
entifier)

return mapView

}

func updateUIView(_ uiView:
MKMapView, context: Context) {

fetchStations { result in

switch result {

case .success(let stations):

DispatchQueue.main.async {

displayStations(stations: stations,
mapView: uiView)

setMapRegionToKyiv(mapView:
uiView)

h

case .failure(let error):

print(“Error fetching stations: \
(error.localizedDescription)”) } } }

5. BusHaueHHs reorpadiyHUX KOOPIH-
Hat KueBa 11st BCTAHOBJICHHS PET10HY
(setMapRegionToKyiv(mapView:)),
BiJTOOpaXeHHsI pallOHIB SKOCTI IT0O-
BiTps Ha KapTi (displayStations(sta
tions:mapView:)), 1oaBaHHS Map-
kepiB (addMarker(at:title:subtitle:m
apView:)) Ta 3aBaHTa)XCHHSI TAaHUX
npo paiionu 3 OpenWeatherMap API
(fetchStations(completion:)).
func setMapRegionToKyiv(mapView:

MKMapView) {

let kyivLatitude = 50.450001
let kyivLongitude = 30.523333 ... }

func displayStations(stations:
[Station], mapView: MKMapView) {

for (index, station) in stations.
enumerated() {

let coordinate = CLLo
cationCoordinate2D(latitude:
kyivPoints[index].latitude, longitude:
kyivPoints[index].longitude)
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func addMarker(at coordinate:
CLLocationCoordinate2D, title:
String, subtitle: String, mapView:
MKMapView) {

let markerTintColor = UIColor.
systemBlue

let stationAnnotation =
StationAnnotation(coordinate:
coordinate }

func fetchStations(completion:
@escaping (Result<[Station], Error>)
->Void) {

let apiKey = Bundle.main.
onject(apikKey)

let group = DispatchGroup()

var fetchedStations: [Station]

for point in kyivPoints {

group.enter()

let searchUrl = https://api.
openweathermap.org/data/2.5/air
pollution?lat=\(point.latitude)&lon=\
(point.longitude)&appid=\(apiKey) ... }

6. CrBOpeHHs KJIacy
CustomAnnotationView, 1110 HacJi-
nye MKMarkerAnnotationView, i
kiacy StationAnnotation, 110 Haci-
nye NSObject 1 peastizye mpoTOKOI
MK Annotation. Bonu 3a6e3neuytorsb
HaJIAIITYBaHHS BUTJISIY aHOTAIIIM.

class CustomAnnotationView:
MKMarkerAnnotationView { ...

class StationAnnotation:
NSObject, MK Annotation { ... }

7. Crpykrypu ApiResponse, Coordinate,
Station, MainInfo Ta Components
Jutst nexoayBanHst JSON 3
OpenWeatherMap APIL
struct ApiResponse: Codable { ...
struct Coordinate: Codable { ...
struct Station: Codable { ...
struct MainInfo: Codable { ...
struct Components: Codable {
S
3aranom, KOI JEMOHCTPYE CTBOPCHHS
upoBOro JBIHUKA Ta NETATBLHUA OMUC TO-
BITpPsl y pEXKHMMI pEaJIbHOTO Yacy, B110OpaskeHHs
kapti Kuepa 3 palioHaMH MOHITOPHHTY SIKOCTI

MOBITPSI, & TAKOXK JTOTIOMIDKHHIA €KpaH 3 IeTalls-
MU PO KOJKHUI pailoH 1 CKJ1aJ] HOBITPSI B HBOMY.
3acTocyBaHHS IUPPOBOro IBIHHUKA Y JOAATKY
JI03BOJIsIE CTBOPUTH MPOTPaMHE MPEICTaBICHHS
PEaTbHOTO MPOIIECy METEONPOTHO3YBAaHHS, 10
30epirae Ta oOpoOisie iH(OpMAIlil0 MPO CTaH
armoc(epu Ta OroJJHI YMOBHU Y PI3HUX MICLISX
MicTa. 3aBAsSKH I[bOMY, JOAATOK MOXE orepa-
TUBHO HaJ]aBaTH aKTyaJlbH1 JaH1 KOPHCTyBayam,
0 poOUTH HOTO HAI3BUYANHO KOPUCHHUM JUIS
TIOBCSIKACHHOTO BUKOPUCTAHHS.

Fonociiscexwii paiion

AQI(RxicTs nosiTps): 1,
PM25 (pi6d wacTxw): 104,
PMI0 (Bewxi wacTw): 1.37,

NO2 (ioxcwa asory): 279,

SO2 (Qioxena cipen): 149,

CO (Mowoxcua syrewo): 185.25,
NH3 (Amiax): 111,

03 (030w): 5436

Puc. 3. Po3poOka MOO1IBHOTO A0ATKY
nporuo3yBanHs noroau Digital Twin

BucHoBKkH

CrBopeHHs 1u(ppoBOro ABiiiHUKA B Me-
TEOMPOrHO3YBaHHI JIi PO3YMHOIO MicTa Ha
MOO1UTBHIN M1aT(OpMi € BaXKITUBUM Ta TIEPCIICK-
TUBHMM HarpsMoM. B crarTti 3amponoHoBaHO
cTBOpeHHs udpoBoro AsiitHuka. [IpoekT Tako-
ro JI0JIaTKa JI03BOJISIE HAJAaBaTH KOPUCTYyBayaM
3pYYHHUI JOCTYN 10 aKTyanbHOi iH(opmarii
PO SIKICTH MOBITPSI TA MMPOTHO3 MOTOM IS Pi3-
HUX paiiOHIB MICTa, IO € 0COOIMBO BaKIMBUM
B YMOBax 3pOCTaHHS €KOJIOTTYHUX MPOOIeM Ta
KIIIMaTUYHUX 3MiH. 3aCTOCYBaHHS MOBH IPO-
rpamyBaHHs Swift Ta ¢peiimBopkis MapKit ta
Alamofire mo3Bosie 3py4HO Ta e(peKTUBHO pe-
ami3yBat QyHKIioHan nonarka. Mosa SwiftUI
cripusie MIBUIKIM po3poOii iHTepdeiicy Ta 3a-
Oe3neuye HOro rapHUi 30BHILIHIA BUITISA.

HudpoBuii ABIWHMUK, SKUK BigoOpa-
’Kae peasbHUI MPOIeC METEONPOrHO3yBaHHS,
€ KJIFOYOBOIO CKIIQJIOBOIO JTofaTka. BiH Hamae
JOCTYI JI0 aKTyallbHUX JaHUX PO TOTrOAHI
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YMOBH, JONOMAara€e mpuUHATH 00>EKTHUBHI pi-
LIEHHSI Ta MiJBUILY€E PIBEHb CBIJOMOCTI KO-
PUCTYyBauiB IIOAO BIUIMBY KJIiMary Ha iXHE
3JI0POB>S Ta HABKOJIMIITHE CEPEAOBUIIIE.

3acTrocyBaHHS LU(PPOBOrO JBIMHUKA Y
METEONPOTHO3YBaHHI € OJTHIEIO 3 IHHOBAIIHHUX
TEXHOJIOT1H, KA TIOKPAIILY€E SIKICTh )KUTTS B Mi-
cTax Ta Jomnomarae e(eKTHBHIIIEe BHKOPHCTO-
BYBaTH pecypcu. 3aBsIKU TAKUM MPOEKTaM, Mi-
CTa CTarOTh OUIBIN CTIHKUMH JI0 3MiH KJIIMaTy,
a MEILIKaHI[l MaloTh MOXIIUBICTb OyTH B Kypci
MOTOIHUX YMOB Ta MpUiMaTu cBoi 00rpyHTOBA-
Hi pIIIICHHS] HA OCHOBI HAJIiIHOT iH(OpMaITii.

VY MaiilOyTHbOMY, PO3BUTOK ITU(PPOBUX
JBIMHMKIB Ta iX 1HTErpallis B MOO1IBHI J01aT-
KM MOXYTh 3a0€3MEeUYHTH I1Ie TOUYHININN Ta 1H-
JTUBITyaTi30BaHUN METEOIPOTHO3 ISl KOPHC-
TyBa4iB. A IIe JOMOMOXXE MOKPALIUTH SIKICTb
KUTTS, 3SMEHIIUTH HETaTUBHUN BIUIMB KJiMa-
TUYHUX 3MiH Ta 3a0€3MeunTH OUTBII CTIHKY
PO3BUHEHY EKOJIOTIIO.
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YIIK 004.89 http://doi.org/10/15407/pp2023.03.49

A.€. Bimiok, A.FO. [lopowenxo

MOIIYK HOBU3HU Y METO/I HEUPOEBOJIIOLIT
JJA MO3ULIOHYBAHHSA POBOTU30BAHOI KIHI[IBKU

VY craTTi JOCTIIKEHO BUKOPUCTAHHS allTOPUTMY HEHPOEBOIIOMNIT [T TOMIYKY MOJITHK y GopMi HeHpoMepex
y TIpomeci CTBOPEHHS KOHTpoJiepa Ui yNPaBIiHHSA POOOTH30BAHOIO KiHIIBKOIO. OIMCAHO OCHOBHI ACTIEKTH
HEHPOEBOIOIIHOTO MiAXOIY /IS HAaBYAHHS HEHpOMepexi y 3ajadax, 0 He MAlOTh HAMKpamoro pillleHHs Ta
moTpeOyIOTh HaBYaHHS 3 MIAKPIIICHHAM. 3a/1aua MMO3UI[IOHyBaHHS Ma€e TaKui TaHAma(T HyHKIIH TPUCTOCOBA-
HOCTI, 10 pOOUTH ii CXMIIBHOIO MOTPAIUIATH Y ITACTKH JIOKAJILHOTO ONTHMYMY.

JocnimKeHo miaxXia miABUICHHS e()eKTUBHOCTI TONIYKY MOMITHKY Y (hopMi HeHpoMepeKi sl 3a1advi MO3HUIIio-
HYBaHHS po0040i KiHIIBKH. 30KpeMa, PO3NIITHY TO BUKOPHUCTAHHS ITOIITYKY HOBU3HHM JUTS TTOJIIMIIEHHS HEHPOEBO-
JIOIIITHOTO Tpoliecy HaBYaHHS 3a fnormoMoroto anroputmy NEAT. Ilel miaxin mokpamrye 30aTHICTh alTOPUTMY
3HAXOMUTH IHHOBAIINHI Ta e()EKTHBHI PIIICHHS, CIIPUSIIOUN PO3BUTKY OLIBII YHIBEPCANBHUX i MOTYKHUX apXi-
TEKTyp HEHPOHHHUX MEpPEK.

PesynbraTn HaBYaHHS TOJITHKN YIPABIIHHS JUIS JBOBUMIPHOT pOOOPYKH 3 JABOMA JIAHKAMH y CHUMYJIMIi ce-
peIoBHINa MOKA3aJIH, 110 BUKOPUCTAHHS MONTYKY HOBH3HHU JO3BOJISIE OTPUMATH €(DEeKTHBHY IOJITHKY B (hopmi
HelipoMepexi, ska Ma€ MiHIMaITbHY KOH(ITypaIiifo. A 1e JO3BOJUTH ITiIBUIIATH IIBUAKOIII0 KOHTPOJIEPa, SKa €
KPUTHYHOIO ISl pOOOTH peaybHOl cucTeMu. J{oCmiKeHH TaHOTO MiIX0AY IS BUPIIICHHS 3a/1a9i TO3HIIiOHY-
BaHHS B CHCTeMaX OLTBINOI PO3MIPHOCTI Ta CKIATHUX POOOTH30BAHUX CHCTEM CTAaHOBISTH OCOONMBHIL iHTEpEC
JUTS TIOKPAIICHHS [TPOTPaMHHX KOHTPOJIEPIB YIPaBIiHHSA POOOTH30BaHNMH KiHI[IBKAMU B TUHAMIYHUX YMOBaX
peanbHOTO CBITY.

KitrouoBi croBa: HelipoHHa Mepeka, HeHpOeBOIIOIisl, pOOOTH30BaHA pyKa, HABYAHHS 3 MigKpirieHHsM, NEAT,

MTOIITYK HOBH3HM, (DYHKIIiSI TIPUCTOCOBAHOCTI.

Beryn

Y cdepi poOOTOTEXHIKH JOCIIIKEHHS
IHTENeKTyalIbHUX KOHTPOJIEPIB Ul YIpPaBIIiH-
H poOOYMMHU KIHIIIBKAMH € aKTyaJbHHM Ha-
MIPSMKOM JIOCIiIKeHb 1 po3pobok. HaBiTe Bpa-
XOBYIOUM aKTUBHY POOOTY MPOBIAHMUX JOCIHIJI-
HHUIIBKHUX IICHTPIB IO BCbOMY CBITY, PIBE€Hb TOY-
HOCTI Ta €(EeKTHBHOCTI POOOTH30BAHOI PYyKH
BCE I HE MOXE JOCATHYTH PIBHS JIFOICHKOT
pyku. A 3 oy Ha Te, SIK IPOMHUCIIOBICTh
MIPOJIOBXKY€E BUKOPUCTOBYBATH aBTOMATH3AILIIO,
MONUT Ha pOOOTU30BaHI CUCTEMH, SIKI MOXKYTb
BUKOHYBATH CKJIaJHI Ta TOYHI 3aBAaHHS, 3piC.
Bin BUpOOHMIITBA 10 OXOPOHU 37I0POB’Sl, Bij
JIOTICTUKHM 10 a€pOKOCMIYHOI raiy3i, po3rop-
TaHHSA pOOOTU30BaHUX CUCTEM IS 3a7a4 MaHi-
MYJIIOBaHHS 00’ €KTaMu CTaJ0 MOBCIOTHUM, pe-
BOJTIOIIOHI3YI0UH TpaauIliifHI poOodi Tporecu
Ta BIJIKPMBAIOYM HOBI MOXKJIUBOCTI. Y IBOMY
KOHTEKCTI pO3po0Ka IHTEIEKTyaJbHUX KOHTP-
0JIepiB, OCOOIMBO THX, 110 BUKOPHUCTOBYIOTH
HEHPOEBOIOLII0, CTaja KPUTUYHO BAXKJIMBUM
(bakTopoM Ui oNTUMI3aIlii MPOAYKTHBHOCTI
Ta aJIaITUBHOCTI POOOTH30BAaHUX MAHIMYJISATO-
piB y pPI3HOMaHITHUX CEPEIOBHIIAX.

©OA.€. Bitrok, A.1O. JJopomenko, 2023

ISSN 1727-4907. IIpo06:iemu nporpamyBanHs. 2023. Ne3

CknaziHiCTh, TpPUTAMaHHA CyYaCHUM
poOoTaM, BUMarae KOHTPOJIEPIB, 5Kl BUXOJATh
3a MEXI1 TPATUIIHHUX METOJOJIOTIH, 3aCHOBA-
HUX Ha NpaBuiax. [HTeleKTyanbHI KOHTpOJIe-
PH, 3aCHOBAaHI Ha ME€PeIOBUX TEXHOJIOT1IX, Ta-
KHX SIK IUTYYHUH 1HTEJIEKT, MalllHHE HAaBYaHHS
Ta HEHPOHHI Mepeski, 00ILAIOTh MO0NATH PO3-
PUB MIXK MOXJIMBOCTSIMU POOOTHU30BAaHOI PYyKHU
Ta BUMOTaMH CKJIQJHUX CLIEHapiiB peaJbHOro
cBity. Cepel IIMX METO/IiB HEHPOEBOIOIIIS BH-
TUISIETHCS SIK TIOTYKHUN 1 aKTyaJIbHUM TIX1]1,
SKMH BUKOPUCTOBYE NMPUHLUIMN €BOJIIOLIT 115t
CTBOPEHHSI 1HTEJIEKTyaJbHUX KOHTPOJIEPIB,
a/IanTOBaHMX JI0 3a/1a4 pOOOTH30BaHOI PyKH.

Jana crarTs po3misiiae MeTox IiJIBU-
IICHHS1 €(EeKTUBHOCTI 3aCTOCYBaHHS HeWpoe-
BOJIFOLIIT JUIsl TIOLIYKY MOJITHK Yy Gopmi Hel-
pOMEpEeK, SKI MOXKYTh OyTH BUKOPUCTaHI IS
PI3HOMAHITHUX 3a/a4 YIpPaBIiHHSI POOOTH30-
BaHOIO KIHI[IBKOIO, 30Kpe€Ma, MMO3UI10HYBAHHS
Ta MaHIMYJAIIi MUTLOBUM 00’€KTOM. MeTtoro
JOCTI/KeHHSI € TiJBUIICHHS TOYHOCTI HEH-
poMepexi I MO3ULIOHYBaHHS PoOO0YOi KiH-
L[IBKH, sIKa MOXe OyTH HaBYEHA 3 JIOTIOMOIOIO
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HEHPOEBOIIOMIHOTO aJIrOPUTMY TiAXOAAMH
HaBYaHHS 3 MAKPITUICHHSM, SIK1 HE BUMararoTh
300py TpeHYBaJILHOTO HA0OPY JaHHX.

3amaya TMO3UI[IOHYBaHHS MAa€ TaKui
naaamadt QyHKIIH TPUCTOCOBAHOCTI, MIO
poOUTh i CXWJIBHOI TMOTPAIUIATH Yy TAaCTKH
JIOKaJIbHOTO ONTUMYyMY. Bupimenus naHoi
npoOJeMru CTAaHOBHUTh OCOONUBHI iHTEpec
JUIS TIOAAJIBIIOTO TOKPANICHHS MPOrpaMHUX
KOHTPOJIEPIB  yNpaBIiHHSA POOOTU30BAHUMHU
KIHI[IBKaMHU.

1. IoaiTuku B popMi HelipoMepek
JJIA 32/1a49i yIpaBJIiHHA
POOOTH30BAHOI0 KIHIIBKOIO

binbiicTe poO0OTH30BaHUX 3aBIaHb BU-
MararoTh BHUKOHAHHSI 0araTOKpOKOBUX IILJIEH,
JUTS SIKUX TIOTPi0EH MeXaHi3M I1aHyBaHHs. Tpa-
JMLIHHI poOOTHU30BaHI KOHTPOJIEPH 3a3BUYAl
PO3POOISIOTHCS BPYUHY, @ PO3MO/LT 3aBIaHb Ha
Mi3a/1a41 BUKOHYE JIIOIMHA-KOHCTPYKTOP.

OckinbKy 3aBIaHHs Ta poOoUi ceperio-
BHIIA JUTSI POOOTIB YCKIIAQIHIOIOTECS, 3pOCTAE
norpeba B METO/Iax HaBYaHHS Ta IMOIIYKY, SKi
MOXYTh IUIAHYBaTH BHUPIIIEHHS 33/a4i, HE TO-
KJIaJJAl0uUCh Ha BXKE ICHYIOUY CTPYKTypy MiJ-
3a1a4 ab0 CTaHiB, pO3pPOOJICHY JTIOIUHOIO.

Meroau HaBYaHHSA Ta EBOJIOLINHOIO
TIONIYKY PO3pOOJIeH! MJIsi ONTUMI3alii MIBUA-
KOl MOBENIHKH, SIKa MOTIM BUKOPHCTOBYETHCS
MIEBHUM KOHTpOJIEpOM BHUILOro piBHA. Heiipo-
€BOJIIOLSl — 1€ CIMEHCTBO METO/IB MAaIlIMHHO-
rO HaBYaHHS, SIKI BUKOPUCTOBYIOTH €BOJIOLIIN-
Hi aJIrOpUTMH JJISl TOJIETIIEHHS BUPIIICHHS
CKJIAJIHUX TIPOOJIEM, TaKHX SIK irpu, podoTOTEX-
HiKa Ta MOJENIOBaHHS MPUPOAHUX MPOIIECIB.
HeiipoeBomtoniiiHi aaropuTMu iMIiTyIOTh Mpo-
1ec mpupoHoro Binodopy. KinieBum pesynbra-
TOM HEHpPOEBOMIOLIT € ONTHUMabHa TOMOJIOTIS
MEpeKi, IKka poOUTh MOJIEIh OUIBII pecypcoe-
(hEeKTUBHOIO Ta JICTIIOO JIJISt aHATI3Y [4]

Jlst HaBYaHHSA 3 yuuTesneM noTpiOHi Ha-
Oopu cuTyaliif 3axBary Ta BiJIIOBiJHOI ONTH-
MajbHOI TMOBeMIHKH. OCKUIBKH ONTHMaIbHA
MOBE/IHKA YacTO HEBIJJOMa, MOKPUTH THUIOBI
cuTyalii — ckiaaHa 3aaada. HeiipoeBomroris —
1LI€ METOJl HABYAHHS 3 MIAKPIIUIEHHSM, 1 BIH HE
noTpedye HaBYAIBHMX MPHUKJIA/IB, JIE ieanbHa
MOBE/IIHKA 3aXBATHOTO MPHUCTPOIO BiJjOMA.

HeiipoeBomonis He MOKIaAa€ThCA Ha
MOBHY 1H(OpMAaIlil0 Mpo cTaH. [HII MeTonu
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3 MIAKPIMJICHHSIM YacTO MPUIYyCKAalOTh, IO
IMOTOYHHI CTaH CUCTEMHU ITOBHICTIO BIJTOMUH.
Opnnak, K10 KoH}Irypaiis cepeoBUIIa JTH-
HaMIYHO 3MIHIOETHCS, CIIOCTEPEKyBaH1 3Ha-
YEHHS peakiliil He MOXyTb OyTH IMOB’s3aHI 3
MpaBUJIBHUM OCHOBHUM cTaHoM. Heiipoeso-
JOLis BUPILIY€e MPOOIeMy, pO3BUBAIOYH TTOB-
TOPIOBaHI 3B’A3KH; NOBTOPEHHSI BCTAHOBIIIOE
naM>sATh, SKa JAa€ MOXIHUBICTH PO3PI3HATH
CTaHH.

Knacuunoto 3amavero it podoTH30Ba-
HOT KIHITIBKH 13 3aXBaTHUM IIPUCTPOEM € B3a€-
MO/IisI 3 IIIIBOBUM 00’ €KTOM, IO € IPOOIEMOIO
Ha CTHKYy pOOOTOTEXHIKH, KOMII IOTEPHOTO
30py Ta MTy4HOro iHTenekTy. CTifKui 3aXBaT
nepeadayae CKIaJHy KOOPJHHALIIO PyXiB po-
0O0TH30BaHOI PYKH 3 METOIO TOYHOTO MO3HIII0-
HYBaHHS PyKH Ta MaHIMYTIOBaHHS 00’ €KTaMu
B HaBKOJIMIIHbOMY cepenoBuiii. TooTo 1o 3a-
Jaqy MOKHA PO3IUTMTH Ha JB1 B3a€MO3aJIekK-
HI YaCTHHU: TMO3MIIIOHYBaHHS PyKH Ta MaHi-
MYJTIOBAHHS 00’ €KTOM.

HeoOxiHICTP BUKOPUCTAHHS  JBOX
KOHTpOJIEPIB JI1 LIbOTO 3aBJaHHS JEMOH-
CTpYE€, 110 HEHPOEBOIIOLI JIeTIIe PO3BUHYTH
PEaKTUBHY IIOBEIIHKY, HIXK JIOBIOCTPOKOBY
CTpaTeriuyHy MOBE/IIHKY.

Po3mistHeMo neraspHile nepury mias3a-
Jayy — O3UI[IOHYBaHHS KIHIIIBKH POOOTH30Ba-
HOT PYKH JIJIs1 TOCATHEHHSI LITOBOTO 00’ EKTY.

[To3uioHyBaHHS pPyKH O3HAya€ TOYHE
PO3MIIIIEHHsI KIHIIEBOTO €JieMeHTa PoOOTH30-
BaHOI PyKH (HAIpUKIIAJ, 3aXBaTy a0d0 1HCTPY-
MEHTY) y MEBHOMY Micli B cepemoBuii. Lle
nependavae BU3HAYCHHS BiJMOBIIHUX KYTiB
3’€THaHb 1 pyXiB, HCOOX1THUX JIJISl TOCATHEHHS
0a’kaHOT METH.

Pob6oTtuzoBana pyka 3a3Buuail ckiaja-
€ThCS 3 KUTBKOX IIAPHIPIB, 5K 3a0€3MeUyIOTh
pyky crynensmu cBoooau (DOF). DOF mpen-
CTaBJIsSIE KUIBKICTh HE3QJIEKHUX IapaMeTpiB,
HEOOXITHUX I OMHUCY KOHQIrypamii pykKw.
Koxen cyrino6 mo3Bossie pyii odeprarucs abo
MepeMIIIaTHCs B3IOBXK TIEBHOT OCI, JI03BOJISIO-
YH pyli pyxaTucs B KUIbKoX Hampsimkax. [lo-
3ULIOHYBaHHA POOOTH30BaHOI pyKu 0azyeThb-
Csl Ha BUKOPUCTAHHI CHUCTEM KOOPAMHAT JUIS
BU3HAYCHHSI MOJIOKEHHSI Ta OpieHTalll pyKH.
OpieHTanis pyku Moxke OyTy IpecTaBIeHa 32
nornomororo KyTtiB Eilnepa, kBaTtepHiOHIB a00
MaTpullb 00epTaHHS.
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2. Aaroptum NEAT

NEAT (NeuroEvolution of Augmenting
Topologies) € MOTy)KHUM HEUPOECBOIIOIIITHUM
aNTOPUTMOM, TPU3HAYCHUM JJISI PO3BHUTKY
WTYYHUX HelpoHHUX Mepex (ANN) 31 cknaf-
HUMU Ta aJalTUBHUMHU CTPYKTypamu. Pospo-
onennii Kennerom O. Crenni ta Picro Milik-
kynaitHeHoM 2002 poky, NEAT craB BijoMum
SIK 1HHOBalllMHWM MiAXi 10 PO3BUTKY HEH-
POHHUX MEPEX JJIsl PI3HUX 3aBJIaHb 13 KOHTP-
0JIEM, ONTUMI3alI€I0 Ta PO3MI3HABAHHSAM IIa-
OJIOHIB BKJIFOUHO.

NEAT O0yB cmeniansHO po3po0iie-
HUM AJ BUPIIIEHHS MPOOJIeM PO3BUTKY HEM-
POHHHUX MEPEX 13 PI3HUMHU TOIOJIOTISIMH, IO
Oy70 OOMEXEHHSIM y TPaTuIliiHUX MiIX0aax
Heripoesomonii. NEAT mnpencrasnse mexa-
HI3MH, SIKI JI03BOJISIFOTH HEHPOHHUM MepeKam
YCKJIQIHIOBATUCS 3 4YaCOM, JO3BOJISIOUH iM BU-
pilryBaTH JeAali CKIaAHIII 3aBJaHHS.

Po3rmisiHeMO KJ1H04OBI OCOOIMBOCTI Ta
koHmemnii anroputmy NEAT.

e [Tenorun 1 ¢penHorun: y NEAT in-
JTUBIIYYMH TPEICTAaBICHI SIK TEHOTUIIOM, TaK
1 ¢penorunom. ['eHOTHI KOJy€ CTPYKTYpY HEH-
POHHOT MepeX1, BKIIOUal0YH By3JIH1 (HEHPOHN)
1 3B’s13KM (CHHAIICH), TOMl K (DEHOTHN Tpe-
CTaBJISIE AKTHBHY MEPEeXY 3 (HaKTUYHHMH Ba-
raMu, MPU3HAYCHUMH 3B’ SI3KaM.

e [HHOBaIIi Ta iICTOpUYHI MapKyBaH-
Hs: NEAT BUKOpPHCTOBY€ ICTOPUYHY CXeMY
MapKyBaHHS IS BiJICTEKECHHS TIOXO/KCHHS
TeHiB (3’€IHaHb 1 BY3J1iB) MMPOTATOM TOKOJIIHb.
InHOBaMii B CTpyKTypi Mepexi 30epirarorh-
cs. Lle rapanrye, mo HOBI QyHKIIi HE OyITyTh
BTpaueHi ITiJ1 Yac €BOJIOIIHOTO MPOIIECY.

e VYCKJIIAJHEHHA Ta  CIPOLLCHHS:
NEAT no3Bosisie HEHPOHHHM MeEpekaM po3-
BUBATHCS Ta YCKIJIQJHIOBATHCh MPOTATOM Oa-
rarboX MOKoNiHb. HOBI By3nu Ta 3’€qHAHHS
MOKHA BBOJUTH ITOCTYIIOBO, TIOYMHAIOYU BiJI
MPOCTUX MEPEK 1 PO3BHBAIOYHCH IO OLIBII
cknagHux cTpykryp. Kpim toro, NEAT min-
TPUMY€ BUJAJIICHHA 3aiiBUX a00 HENoTpiOHUX
CTPYKTYp, CIPHUSIOUH CIPOIICHHIO MEpEX,
KOJTH 1€ BUIIPAB/IAHO.

e BunoyrBopenns: NEAT Bxitouae
BUJIOYTBOPEHHS, MpPOLEC MOAUTY MOMysLii
Ha BUAW Ha OCHOBI noaioHocTi. Lle 3amo0irae
JIOMiHYBaHHIO KJTBKOX 0COOHH 1 JJ03BOJIsIE 30¢e-
perTH pizHOMaHITHICTh. Crienmdikariisi 320X0-

qye JOCTIDKEHHS PI3HUX MEPEXKEBHUX CTPYK-
Typ 1 3amo0irae BTpaTi 0ararooOiIsIFOYNX i1H-
HOBAlliH.

e CninpHUH TOCTYI 10 MIPUCTOCOBA-
HocTl: NEAT BuKopHCcTOBY€E 0OMIH MPUCTOCO-
BaHICTIO cepell BUAiB. [ eHOMU 3 OII0HO0 Me-
PEXKEBOIO CTPYKTYPOIO MIIATHCS 3HAYCHHSIMU
¢iTHec-QyHKIIT, cpusioun criBIpar Bcepe-
JMHI BUTY, a HE IHTCHCUBHINM KOHKypeHItii. Lle
Jla€ 1HHOBALIMHUM CTPYKTypaM IIaHC PO3BU-
BaTHCS Ta BJJOCKOHAJIFOBATHUCS!.

e CxpemyBanHs 1 mytamis: NEAT
BHUKOPUCTOBYE OIEpaIlii CXpelryBaHHs Ta My-
tamii. CXpenryBaHHs MO€IHY€E TeHU ABOX 0aTh-
KiB JIJI1 CTBOPEHHS HAIAIKIB 13 CYyMIIIIIIO 1X-
HiX O3HaK. MyTallis BHOCUTh HEBEIUKI 3MIHH
B T€HH, IOJICTIIIYIOUN JTOCIIJDKSHHS TPOCTOPY
pIIIEHHS.

EBomtontiiinuii ukin anroputmy NEAT
nependavae CTBOPCHHSI HOBUX TIOKOJIIHb HEH-
POHHUX MEPEX NUISIXOM Bi100pY, BIITBOPEH-
HS, KpocuHroBepy Ta Mmytauii. [Ipunarnictsh
KOYKHOI OKpEMOi MepesKi OLIIHIOEThCS HA OCHO-
Bi il IPOAYKTUBHOCTI B KOHKPETHOMY 3aB/IaH-
Hi. [Ipotarom 6ararsox noxonins NEAT itepa-
THBHO PO3BHMBA€ MEPEXi, Kl JIEMOHCTPYIOTh
MOKpaIeHy TNPOAYKTHBHICTh 1 TiABUIICHY
CKJIQ/IHICTb, 110 IPUBOUTH JI0 PIIICHb, SIKi J10-
Ope MiIXOoAsITh AJis iXHIX 3aBJaHb.

3arasoM, iHHOBaLiMHui maxigq NEAT
70 PO3BUTKY HEHMPOHHUX MEpEX 13 pI3HUMHU
TOTIOJIOT1SIMU 3pOOUMB 3HAYHUN BHECOK Y PO3-
BUTOK HEHPOEBOIOLINHUX aJrOpUTMIB Ta iX
3aCTOCYBaHHS JJIsi ONTHUMI3alil pilleHb, IO
0a3yl0ThCsI HA BUKOPUCTAHHI HEUPOMEPEK.

3. OnTumizanisi MOUIYKOM HOBU3HH

Xoya MeToaM TPSAMOI ONTHUMI3AI]
(yHKIIIH TPUCTOCOBAHOCTI J0Ope MpaIoTh
y 0aratb0X MPOCTHX 3a7adax, Yy PO3B’s3KY
OUTBIN CKJIAIHUX 3aJ1a4 BOHU YaCTO MOTparuis-
I0Th y MACTKY JIOKAJIbHOTO ONITUMYMY.

[Tomyk HOBHM3HM HpEACTaBIsiE COOOIO
MIIX10, SIKUA MOXe OyTH 1HTErpOBaHUU B aj-
roput™ NEAT, mo06 HampaBisTH €BOJIOLIN-
HUH TIpolleC 10 3HAXOMKEHHS ONTHMAIbHUX
piteHs TaM, Ae JaHamadT QYHKIH MPUCTO-
COBAHOCTI HE MOXYTh OyTH YCIIIITHO IPOHIEH1
3a JIONOMOTOI0 Tpollecy ONTHMIi3allii, 3aCHO-
BaHOT'O BUKJIFOYHO HAa BUMIPIOBaHHI OJIM3bKOC-
Ti IOTOYHOTO pireHHs 10 1. [Tonryk HOBH-
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3HM Ma€ Ha METI YCYHYTH OOMEXEHHS Tpaju-
IIHHOT €BOJIIOIIT HA OCHOBI IUIBOBOT (DYHKIII1,
320XOYYIOYHM JIOCHIJDKEHHSI HOBUX o0OnacTeit
MIPOCTOPY PIllIEHh HA OCHOBI HOBU3HU PIllICHb,
a He JIMIIE X 3Ha4eHH UThoBO1 PpyHKIT [1].

V 3BuYaiiHii eBodrOLi HA OCHOBI Iii-
7160BO1 (yHKIIi 0COOMHM B MOMYJIALI 3a3BH-
yail OLIHIOIOTHCS HA OCHOBI iXHBOI MPOIYK-
TUBHOCTI Y BUKOHaHH1 KOHKPETHOTO 3aBJaHHS,
1 eBOIIOLIIMHUN TIPOLIeC HAJA€ TIepeBary 0co-
0aMm, sIKI MalOTh ycCIiX y LIboMy 3aBaaHHi. He-
3Ba)kKarouM Ha €(DEKTUBHICTb, IIEH T1IX11 MOXKE
MIPU3BECTHU JI0 301KHOCTI A0 JOKAJIbHUX OINTH-
MYMIB, JI€ PIIIEHHS MOXKYTh 3aCTPATHYTH B He-
ONTHUMAIBHUX 001aCTSIX MPOCTOPY PIIIEHB 1 HE
BIACTHCSI TOCIIITUTH allbTePHATHBHI PIIIICHHS.

[Tomryk HOBU3HHU BIIKpPUBAE 1HIIY TEp-
CIEKTHUBY. 3aMiCTh TOT0, 100 30CEPEHKYBaTH-
Csl BUKJIIOYHO Ha (YyHKIIT MPHCTOCOBAHOCTI,
BIH OI[IHIOE OCOOMHM Ha OCHOBI X HOBH3HH,
sIKa KIJTbKICHO BU3HAYA€, HACKUJILKH ITOBE/IIHKA
a00 XapaKTepUCTHKU OCOOWMHU BiIPI3HAIOTHCS
Bix 1HmMX. HoBHU3HA BU3HAYaETLCS BlIaaeHi-
CTIO 200 HECXOXKICTIO Y TIOBEIIHII YU MTPOCTOPI
O3HaK.

[HTErpamist MONMyKy HOBH3HU Yy allro-
putM NEAT mnepenbauae KigbKa KIIFOUOBUX
KPOKIB:

1. Busnauenns mnoseaiHku abo oco-
onuBocreii. IloBeninka abo 0COOJIMBOCTI OK-
pemMux ocib moBHHHI OyTH BU3HAuEHI TakK, 1100
iX MO)KHa OyJIO KIJIbKICHO OLIIHMTH Ta MOPIB-
HATHU. /1711 pOOOTOTEXHIYHUX 3aBaHb 11€ MOXKE
BKJIFOYaTH BU3HAYCHHS KOHKPETHUX ACIICKTiB
MOBEIHKH, TaKUX SK TPAEKTOpIi, cTaHU abo
CEHCOPHI MOJIEITI.

2. Po3paxyHoxk HoBu3HHM. HoBu3Ha
OCOOMHHM BH3HAYAETHCS MUIIXOM IOPiBHSIH-
HA i1 HOBEIIHKMA YU OCOOJMBOCTEN 3 1HIIMMHU
iHauBiAamMu B momynsiii. Mipa BifcTtani abo
HECXOXKOCTI, Taka SIK €BKJ1J0Ba BiJCTaHb a00
METpHUKa TOAIOHOCTI, BUKOPUCTOBYETHCS JJIS
004YHCIICHHSI TOKA3HUKIB HOBU3HHU.

3. ApxiB. «ApXiB HOBHHOK» MiJITpH-
MYEThCSI ISl 30epiraHHsi pi3HOMaHITHOTO Ha-
60py noBeAiHKHN a00 QYHKIIIH, SKi 3yCTpiyaIn-
csl paHiiie. ApXiB € €TaJJOHOM Il PO3PaxXyHKY
HOBHU3HH 1 J0TIOMArae 3aroO0irTi mepeadacHii
301KHOCTI MOMYJISIII].

4. Bin6ip. 3amicTh TOTO, 00 BiIOH-
paT OCOOMHM BUKJIFOUHO Ha OCHOBI (DyHKIIIT
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npuctocoBanocTi, anroput™ NEAT i3 Buko-
PUCTaHHSM TOIIYKY HOBU3HU BPaXOBYE OIliH-
Ki (yHKIT MPUCTOCOBAHOCTI Ta HOBHU3HH.
OcoOMHU 3 BUCOKMMH TIOKa3HUKAaMHU HOBH3HH
OTPUMYIOTh IIAHC BW)KHTH Ta PO3MHOXYBa-
THCS, HABITh SKIIO iXHI MOKAa3HUKH (YHKIIIT
IPUCTOCOBAHOCTI HIDKYI. Lle cmonykae 1o no-
CJIIJKEHHSI HOBHMX 1 HEOCIIJDKEHUX PErioHIB
MIPOCTOPY PIlICHb.

[Tomyk HOBH3HHU CIIpHSIE€ JTOCIIIKEH-
HIO, 320XO0UYIOYH TOMYJISLII0 3HAXOAUTH Pi3-
HOMAaHITHI pIIICHHS, SKI CIOYaTKy MOXYTb
OyTu mpomnylleHi TpaauliiiHuM BiZOOpoM Ha
OCHOBI (PyHKIIIi TPHECTOCOBAHOCTI.

Kpim Toro, 3aBasku TpiOPUTETHOCTI
HOBM3HM QJITOPUTM Ma€ MEHIIY HMOBIPHICTh
3aCTPATTH B JIOKAIBHUX omnThMymax. lle 3a-
no0irae nepeayacHOMY MepexoAy A0 HEOITH-
MaJIbHUX PillIeHb MOMYJIALII.

Pi3HOMaHITHICTh pillIEHb, BUSBIECHUX
3a IOMIOMOTOI0 MOUIYKY HOBU3HHU, MOXE MpH-
BECTH [0 OUIBII HAJIHHUX Ta aJallTOBAHUX
pillIeHb, OCKUTBKUA QJITOPUTM PO3IIsIae O1b-
IIUH POCTIp MOLIYKY.

[Tomyk HOBH3HM 3aCTOCOBYBaBCS B
3ajlauax, A€ JAOCIIIKEHHS PI3HOMaHITHUX pi-
IIeHb Ma€ BUpillajbHe 3HaueHHs. Bxiroua-
104K HOBU3HY sIK Kputepiil Binoopy, NEAT 3
MOIITYKOM HOBH3HU TIOKPAIIy€ 3AaTHICTD aJro-
PUTMY 3HAXOIWUTH 1HHOBAIlIMHI Ta €PEKTUBHI
pillIEHHS, CIIPUSIOYU PO3BUTKY O1IIBII YHiBEp-
CaJIbHUX 1 MOTYXXKHUX apXITEKTyp HEHPOHHUX
MEpEeK.

4. 3aga4yi NO3MIOHYBAHHSA KiHIIBKH
podoTa y HaBYAJIbHOMY CepeI0BHIILi
JJISl OIIYKY MOJITUKHU Y (popmi
HelipoMepexi

Jlns 3amadi HaBYaHHS MU PO3IIITHEMO
MOJieNIb POOOTH30BAHOI PYKH, MPEICTABICHY
SK 1HTEJIEKTYyaJbHUI areHT B 00MEeXEeHOMY Ta
CTIPOIIIEHOMY CEepEIOBHIII.

ATeHT — 11e Cy0’ €KT, 3AaTHHI cripriiMa-
TH CBO€ OTOYEHHS 3a JIOTIOMOTOI0 JaT4HKiB, a
TaKO)X BIUIMBaTH Ha CBOE OTOYEHHS 3a JIOTO-
MOTOI0 TPHBOJIB. ATEHTH 3a3BHYall MOXYTb
CTpUIIMaTH BIIACHI [Iii, ale He 00OB)SI3KOBO €
BIUIUB IIMX il HA HAaBKOJIMIIHE CEPEIOBHIIE.
AreHT MoOXe OyTH MaTeMaTU4HO OIHMCAHHN
(byHKIII€IO areHTa, sika BU3HAYA€ 10 areHTa Ha
OCHOBI BCI€1 1OTO MOCTIAOBHOCT1 CIIPUHAHSATTS.
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Tox, MoBe/IiHKAa areHTa MOXe OyTH TMOBHICTIO
OITMCaHAa IIIIXOM BU3HAYEHHS il IS KOXKHOI
MOXXJIUBOi TIOCHIIOBHOCTI cCHpuiHATTA [1].
Cxema B3aeMopii areHTa i cepeoBHINa Tpe-
cTaBjeHa Ha puc. 1.

Cepeposuuie

Puc. 1. B3aemonist KOMIIOHEHTIB HABYAJILHOIO
CepeIoBHINA

PosmisiHemMo 3amady TO3HIIIOHYBaHHS
KIHIIIBKA pOOOTH30BAHOI PYKH 3a JOITIOMOTOIO
cepenoBuma OpenAl Gym i3 ABOBUMIPHOIO
POOGOTH30BAHOIO PYKOIO 3 JIBOMA CYITIO0aMHU.
Ile cepemoBmIle MOIETIOBAHHS MpPHU3HAYCHE
JUTsl 3a0€31MeUeHHs BIpTyallbHOI aThopMu 3
METOI0 TE€CTYBaHHS Ta PO3POOKH alrOpUTMIB
KEpyBaHHS JBOBUMIPHOIO pOOOTH30BAHOIO PY-
koo [7]. Ilpukian cTaHy HaBKOJHUILHBOTO Ce-
penoBuIIa MPEICTABICHUI Ha puC. 2.

Po0oT ckiagaeTnest 3 IBOX 3’ €IHAHD,
KoxkHe moBxkuHOoI0 100 mikcenis, i MeTa — J0-
CSTTH YEPBOHOI KpAIKH, sIKa BUIIAJKOBO Te-
HEepyeThesl B KOKHOMY emizoxi. [Ipoctip miit
MPEACTABIISIE MOYKIIUBI 111, SIKi MOYKE BUKOHATH
areHT. Y JABOBHUMIPHOMY CEpEIOBHII MaHIiMy-
JSATOpA MPOCTIp il CKIANAEThCS 3 KEPyBaHHS
KyTaMU 3’ €JIHaHHSI MaHIMynaTopa podora:

 (: 3aTUIIATH TTOTOYHE 3HAYCHHS
KyTa 3’ €IHaHHS

* 1: mpupicT KyTa 3’eqHaHHA |

* 2:3MEHIIECHH KyTa 3’ €/IHaHHA |
: IPUPICT KyTa 3’ € THAHHS 2
: SMEHUIEHHS KyTa 3’ €HaHHS 2
: IpUPICT KyTiB 3’€aHaHb 1 12

* 6: 3MEHIICHHS KyTiB 3 €1HaHb 1 1 2

[IpocTip cmocrtepexenp aae iHGOP-
MalIIio MpPO MOTOYHUHN CTaH HABKOJMIIHHOTO
cepenoBumia. Y CepeIoBHUINI JTBOBUMIpPHOI
pPyKH poOOTa MPOCTIP CIOCTEPEKEHb € Oe3-
NEePEePBHUM 1 MICTUTH BIAMOBiAHY iHpOpMa-
110, HEOOXITHY JUISI KOHTPOJTIO Ta YXBaJICH-
Hsl PillICHB:

[V "RV )

* [IUTHOBA MO3HIIISI B HAPSMKY X, TIKCEII
* IUTHOBA MO3HMIIIsI B HATIPSMKY Y, TKCEI
* IIOTOYHE TOJIOKEHHS 3 €THAHHS 1, paj
* IIOTOYHE MOJIOXKCHHS 3’ €IHaHHA 2, paJl.

Puc. 2. Cepenosuiie OpenAl Gym 2D
Robot Arm

HaBkonumiae cepenoBuiie 3ade3neuye
BHHATOPOAY ISl YIPABIIHHS TPOIECOM HaB-
JyaHHs. BuHaroposa 3ai1euTh Bijl JOCATHEHHS
IIJI60BOT HO3ULIT:

* pobor orpumae mTpad -1, SKIIO
IOTOYHA BIJCTaHb MK KIHI[IBKOIO 1 I[1JIbOBOO
MO3UITIEI0 O1NIbIIA, HIXK TIOTIEPEIHS BiICTaHb;

* po0OOT OTpHMae BUHATOPOAY 1, IKIIIO
IOTOYHA BIJCTaHb MK KIHI[IBKOIO 1 I[1JIbOBOXO
no3uiiero > -€ < €, ne € = 10 mikcemiB.

KpiM TOTO, BU3HAYEHO YMOBH 3aBEp-
IICHHS TSI BA3HAYCHHS KIHIS eMTi30/Ty: MOTOY-
Ha BUHaropoja craHoButs -10 a6o +10.

[Tix gac eKCIeprUMEeHTIB i3 cepeloBH-
mem OpenAl Gym 2D Robot Arm Oyno Bu-
3HAUEHO HENOJIIK 0OOMEKEHOro Kyta obepraH-
HS 3’€HaHb, 1[0 CYTTEBO OOMEXKYE TPOCTIp
TMOIITYKY, IPOTE CTBOPIOE TOJATKOBI YMOBH JIJIs
JIeMOHCTpallii mepeBar HEeWPOEBOIOLIIHOIO
T TXO.TY.

5. Po3po0ka koHTpoOJIepa 1Jid
NMO3ULIOHYBAHHA P00040I KiIHUIBKH
CUMYJISITOpPA

JUis HaBuaHHS TOMITHKH Yy (dopmi
HEHpOMEpeKi JUTsl YIpaBIiHHSI POOOYOI0 KiH-
IIIBKOIO B cepenoBulll Oyna obpana 0i6mioTe-
ka NEAT-Python sk peamizamisi anroputmy
NEAT. Biomioreka NEAT-Python 3abe3neuye
peanizarnito cragaaptHux metoniB NEAT s
MOJICTFOBAHHSI T€HETHUYHOT €BOIOIi TeHOMIB
opraHiaMiB y momyJsmii. Bona MicTuth yTu-
JITH JUTSL TIEPETBOPEHHS! TEHOTHUITY OpPTraHi3My
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B 10oro (heHOTUN (IITY4YHY HEHPOHHY MEPEKY)
1 HaJae 3py4YHi METOAM ISl 3aBAaHTAXKCHHS Ta
30epexeHHsT KOH(DIrypariii reHoMy pas3oM i3
napamerpamu NEAT. Kpim Toro, BoHa Hajiae
KOPHCHI MPOIIeTypH, K1 TOTIOMararoTh 30upa-
TH CTAaTUCTHYHI JIaHI MPO XiJ[ €BOJIOLIHHOTO
nporecy Ta 30epiraTu/3aBaHTa)xyBaTH IpoO-
MIXKHI KOHTPOJIbHI TOYKU. KOHTpONIbHI TOUKH
JIO3BOJISIIOTH HAM NEpionyHO 30epirati cTan
€BOJIIOIIIHOTO MpOIleCy 1 Mi3HillIe BiJHOBIIO-
BaTW BUKOHAHHSA Tporiecy [1].

Jlnst mpuCcKOpeHHsl MpoIlecy HaBYaHHS
OyJ10 BUKOPHCTAHO pO3MapalieioBaHHs 00unc-
JeHb (DYHKIIIT IPUCTOCOBAHOCTI MiX MPOIECO-
pamu 3a gomnomororo kiacy ParallelEvaluator:
neat.ParallelEvaluator(mp.cpu_count(),
config.eval genome, timeout=2()

VY nporeci HeMpOeBOIOITIT BUKOPUCTO-
BY€TBHCSI IBOBUMIPHUNA CHUMYJSTOP POOOTH30-
BaHOI PyKHU JJisl peasi3allii MeToay HaBUYaHHS
METOJIOM crpo0 1 moMmiIoK. BiH miaTpumye
TIOTYJISILII0 TEHOMIB, SIKI PO3BHBAIOTHCS 3 TO-
KOJIIHHS B TTOKOJIIHHSI, TOKU He Oy/ie 3HaiIeHO
YCHIITHUHN PO3B’sI30K. Y MPOIECi eBOMIOIIT KO-
KEH OpraHi3M y THOMYJALii nepeBipseTbes Ha
MPUJATHICTh LUIIXOM IMITAlll pyKd 3 JIBOMa
cyrmobamu. HampukiHili cuMysisiii opraHizm
OTPUMY€E CUTHAJI BUHATOPOAM Y BUIIISAII KiJlb-
KOCT1 YaCOBUX KPOKIB, IIPOTATOM SIKUX BiH MIT
JOCSITTU LIJIOBOi YEPBOHOI TOUYKU Ta MAaKCH-
MajbHOI BUHaropoau. OTpHUMaHuNl CHUTHaI
BUHArOpOAM BHU3HAYA€ IMpale3JaTHICTh Opra-
HI3MY 1 BUPIIIYE HOTO JIOJT0 B MPOIIECI HEUpo-
€BOJIIOLII].

Crnepury po3missHEMO peati3allilo HaB-
YaHHS 3 BUKOPUCTAHHSM 3BHYAWHOTO alro-
putmy NEAT. YnpaBniHHS €BOTIOLIHHUM MPO-
1IeCOM BiJIOYBAETHCS 3 BUKOPUCTAHHSIM II1JIE0-
pienToBaHOI miIbOBOI (yHKIIi (goal-oriented
objective function). [[ns po3misiHyTOrO areHTa
(GYHKIIIST TIPUCTOCOBAHOCTI HA0yBa€ 3HAYCHHS
[-10, 10] 3anexHO BiJ YCHINIHOCTI JOCSATHEH-
HS [II6OBOT HO3UILI.

JlocATHEeHHST TBOBOI TOYKK POOOUOi
KIHI[IBKM Ma€ JIOKaJIbHI TMAaCTKU HaHKpamioi
MPUCTOCOBAHOCTI B 00J7acCTAX, 1€ 3HAYCHHS
¢bynkuii Oyne xonmuBatucs y mpomikky [-10,
10], mpoTe m1o6abHOTO HAOIMIKEHHS 10 KiH-
11eBOT MO3HIIii TOCATHYTO He Oyre.

Bubip rinepnapamerpis Oyio 3mailicHe-
HO 3 3aCTOCYBAHHSIM HIMPOKUX MEX IMOUIYKY,
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aJI’Ke MAaEMO BEITUKUI 00CAT KepyIOUnX CUTHA-
JiB Ut pobouoi kinmiBku. [loyaTkoBa KoH(DI-
rypamis (eHOTHITy HEHpOMepexi BKIoJae 4
BXI/IHUX BY3I]lM, 7 BUXIJHMX BYy31iB Ta 1 mpu-
XOBaHUIl By30i1. By3nu Bxomy BiANOBIAAIOTH
napameTpam, 10 ONHMCYIOTh HOTOYHUM CTaH
CHCTEMH, a BY3JIM BUXOJy BiJIIOBIIAIOTh Kepy-
oYUM curHaiiam. [IpuxoBaHuii By30J1 IpU3Ha-
YeHUN Ui BBEIEHHS HEIIHIMHOCTI 3 CaMoro
MoYaTKy eBofoliiiHoro npouecy. Ctpykrypa
HEepoMepexKi mpeicTaBlieHa Ha PUCYHKY 3:

| position_x | | position_y | | joint 1 | ] joint_2 |

()
ONONONORORORT

Puc. 3. Ctpykrypa mo4arkoBoi HeHpoMepexi

Jis  posmmmpeHHst 0067acTi  MOLIYKY
HEOOXiTHO IMOKPUTH BEIUKY BHJIOBY pi3HOMA-
HITHICTh TOMYJAIii, mo0 crpoOyBatu pi3HI
KoH(]irypaiii reHoOMy MpOTATOM OOMEKEHOT
KIJIBKOCTI MOKOJiHGL. [lporo MokHa JOCHT-
TH a00 3HWKEHHSIM TOPOTY CYMICHOCTI, a0o
3017BIICHHSM 3HAY€Hb KOC(IIIE€HTIB, 1[0 BU-
KOPUCTOBYIOTBCS JJII PO3PAXYHKY TTOKa3HUKIB
CyMiCHOCTI TeHoMy. BukopucraHi HacTymHi
3HAUEHHS MapaMeTpiB:

[NEAT]

compatibility disjoint coefficient = 1.1

[DefaultSpeciesSet]

compatibility threshold = 3.0

OCKiJbKM TOYaTKOBa CTPYKTypa Heil-
pOMepexi Ma€e TOCUTh BEJUKY KiTbKICTh BUXO-
JIiB Ha HEBEJIUKY KUIbKICTh BXO/IIB, ICHY€E MMO-
BIpHICTh TIEPEHABYAHHSI MEpEXi, KOJM TIEBHI
BXI1/IHI BY3JI1 HE BUKOPUCTOBYBAaTUMYThCS 1 1€
Oy/ie MPUBOIUTH 10 CyOOTITUMAIBHOTO PIIICH-
H$l, SIKEe 3HAXOUTHCS B JJOKAJIIbHOMY MIHIMYMI.
BonHowac Ha MeTi € CTBOPEHHS ONTHMAJIbHOT
KOoH(]Irypauii HelipoMepexi, Kka MaTUMe Mi-
HIMaJIbHY KUIBKICTh TPUXOBAaHUX BY3JIB Ta
3B’s3KiB. ToMy BIpOTiZTHOCTI JOIABaHHA Ta
BUJIAJICHHS BY3JIIB MalOTh OyTH HEBEIMKUMHU.
[IpyuomMy BpaxoBYIOYM I[IOYATKOBY TTOBHO-
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3B’sI3HY MOJIEIlb, BIPOTiHICTh BUIAJICHHS Ma€
OyTH OJJaTKOBO 3MECHIIICHA:

[DefaultGenome]
conn_add_prob =0.3
conn_delete _prob =02

3a pesynpraTaMH EKCIICPUMEHTY Ha-
BiTh micist 1000 mokostiHe eBouoLii yCIIIIHUI
KOHTpoJiep He OyB 3HaiaeHmii. [padik Bu-
JIOYTBOPEHHSI TIOKa3aB, IO TPOIEeC 3iHIIOBCS
JI0 OJTHOTO BUIY, IKMU Jlajli HE 3MII OTpUMAaTH
edexTrBHE pimeHHs. ToMmy mOpir crarsamii
OyJ10 3MEHIIICHO, a KIJIbKICTh BU/IIB 301IBITIICHO,
1100 eBOMIOLIMHUE NpoIleC MiATPUMYBABCS 3a
paxyHOK BHJIIB, SIKI HE ITOKA3aJy TOKPAICHHS
3HAYEeHHSI MPUCTOCOBAHOCTI 1 MiUIATAIOTh BU-

MUPAHHIO:
[DefaultStagnation]
species_fitness_func = max
max_stagnation =20
species_elitism =1

[DefaultReproduction]

survival_threshold = 0.2

min_species_size =2

Haiikpaniuii reHoM, OTpUMaHUi 3 BU-
KOPUCTAHHSAM aJrOPUTMY HEHpPOEBOIIOLI],
KOJIy€ HeTNpaKTU4YHy KOoH(irypamito HeHpo-
KOHTpOJIEpa, siKa BpPaxXoBye JIUIIE BXOAU 3 Ta
4, 0 BIAMOBIIAIOTH 33 IEPEMIIICHHS IPYToi
JlaHku. Takuil pe3ynapTar Mmokasye, 1o ajro-
PUTM MOTPANUB Yy MACTKY JOKAJIbHO ONTH-
MaJbHOTO pIMICHHS, KOJIU TMOBOPOT JIaHKH,
HaMOMMX401 MO LITbOBOI TOYKH, MOXE IaTH
JIOKAJIbHUHM TIpUpICT MinboBOi PyHKIi. [Tpu-
YoMy Teplia JlaHka He Oyjga BUKOpHCTaHa,
Xxo4a i1 HOBOPOT J103BOJIUTH HAOIU3UTHUCS 10
KIHIIEBOI TOYKH.

Haiikpaia npucTocoBaHICTh Oprasis-
My, sika OyJa OTpHMaHa, CTAHOBUTH BCHOTO 2,
10 HEJAOCTATHHO MOPIBHSHO 13 IIIOBUM 3Ha-
yeHHsM 10 (kputepiem 3akiHueHHs). CTPyKTY-
pa HelipoMepexi, O 3aKoJ0BaHa UM Opra-
HI3MOM, NIPE/ICTaBIeHa Ha PUCYHKY 4.

EEEE Q0000

Puc. 4. Ctpykrypa Helipomepexi, 1110
3aK0ZI0BaHa B HAHKPAIIOMy T€HOMI 3
BukopuctanHsM NEAT 6e3 nmoiryky HOBU3HH

Ha rpadi BuaHO, 1110 TOBOPOTH APYTO-
ro 3’€qHAaHHA 3aJ€XKaTh JINIIE Bil MMOJOKEHHS
10 OJIHIM OcCl Ta HOro MOTOYHOTO MOJIOKEHHS.
Taka cTpyKTypa NpU3BOAUTH /10 CIPOLICHUX
PYXiB, I€KIUTbKA 3 IKAX HANPABISIOTH KiHIIIBKY
y HanpsAMKy L1JIbOBOI TOUYKH, ajle BOHU € HEeJI0-
CTaTHIMH JUIS i1 TOCSTHEHHS.

I'padix BHIOYTBOpPEHHS, IMpEICTaBIIe-
HUI Ha PUCYHKY, TOKA3ye, SIK IPOTATOM IOKO-
JIHb MOMYJSALIT OpraHi3MiB pO3BUBABCS NPOLIEC
BUJIOYTBOPEHHS. AHAJII3 CepeHIX MOKAa3HUKIB
IIPUCTOCOBAHOCTI OKa3aB, 110 HEWPOEBOJIIO-
LIHHMI TpoLiec MOKPAIyBaB MOKa3HUKHU MpHU-
CTOCOBAHOCTI Ha MEPIINX TOKOJTIHHSAX, TIPOTE 3
4acoOM BiH 3yIIMHUBCS Ha IUIAaTO, HE IOKA3yIOuU
MOKPAIIICHb.

100 1
80 1

60 1

Size per Species

20 1

0 200 400 600
Generations

800 1000

Puc. 5. I'padik BUIOyTBOpEHHS
SBOJIIOLIITHOTO TPOLIECY 3 BUKOPHCTAHHIM
NEAT 6e3 noiryky HOBU3HU

OTxKe, 30UIBIIEHHS KIIBKOCTI ITOKO-
JiHp He Oyae pilleHHSM, HEOOX1JHO BHKO-
pPUCTOBYBAaTH MEXaHI3MHU IS TOKPAIICHHS
XapaKTePUCTHK HEHPOCBOIIOIINHOTO TpO-
necy. Tomy BBeAeMO BHUKOPUCTAHHS METO-
Ny TIONTYKYy HOBHW3HH, OIMHCAHOTO paHilIe.
3anyck 3AIHCHUMO 3 THMH X Timeprapa-
METpaMHU Ta Ha Til ke KUJIBKOCTI MOKOIiHb.
[Ticist 1000 moKoJIiHE €BOIONIT HAWKPATIIHIA
areHT-KOHTPOJIEP NOCAT 3HAYeHHs (QYHKIIIT
MIPUCTOCOBAHOCTI 6, 110 3HAYHO MEPEBUILYE
nonepenHii pesymnprar. Kpim Toro, anami3
KOH(iryparii HeiipoMepeki HalKpalioi 0co-
OuHM (TMpeacTaBlieHa HAa PUCYHKY 6) moOKa-
3y€, IO JaHa Mepeka HaaliHiIma, ajpke Mae
3B’SI3KM BIJI YCiX BXIJHUX BY3JIIB.
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] ()

position_y | I joint 1 I | joint 2 I

OXOXOXOR0X0

Puc. 6. Ctpykrypa Heiipomepexi,
1110 3aKO/I0BaHa B HAMKpAIIOMy TreHOMi
3 Bukopuctanusam NEAT
3 MOLIYKOM HOBU3HHU

301IbIIEHAS KUTBKOCTI TIOKOJIHB J103-
BOJIUTh MEPEK1 JOPO3BUHYTH MEPEMOXKII IS
OTpUMaHHS €(PEKTUBHOTO KOHTPOJIEPY 3 MiHi-
MaJbHOIO KOH(Irypali€eo Ta KepyBaHHSIM yCi-
Ma JIOCTYMHHUMH YIPABJISIOUUMH CUTHATAMHU.
30Kkpema, OIHOYACHUM HPUPOCTOM KYTIB 3’ €]1-
HaHb | 1 2 (BuxizHUHN By301 5), sIKHH HE Mae
PO3BHHYTHX 3B’s3KIB Y OTpUMaH1i KOH}irypa-
11ii 3 HAWKPAIIOro TEHOMY.

BucHoBku

Bupimienns 3anadi 3A1CHEHHS 3aXBa-
TiB pOOOTH30BAHOIO KIHI[IBKOIO BHMAarae Ha-
TIWHUX CTpaTerii KepyBaHHs, 1110 MalOTh Bpa-
XOBYBaTH BapiaTHBHICTb YMOB CEPEJOBHILA.
[To3umionyBanHs: poO0UYO0i KiHIIBKH Ma€ 3Ha-
YHUU MPOCTIP MOIIYKY, TOXK KIIACUIHI METOIH
IpOrpaMyBaHHS KOHTPOJIEPIB JAIOTh edek-
TUBHI PIMICHHS JUIIE JJIsI YITKO BU3HAYCHUX
00MEXeHUX BHPOOHUYMX YMOB. A B yMOBax
JOBIJTBHOTO CEpPEOBUIIA MAaIOTh OYyTH BUKO-
pUCTaHI KOHTPOJICPH, 110 BUKOPUCTOBYIOTH
3HAHHS, HAKOMMMYEHI MiJ Yac B3aeMOii 3 [UM
cepemoBuiieM. [HTerpaiiss TakuxX METOIB
MITYYHOTO 1HTENEKTY, K MallMHHE HaBYaH-
HS Ta HaBYaHHS 3 MJAKPIIUICHHSIM, CIpHUsIa
3HaYHOMY IPOTPecy y BUPIIIEHHI CKJIAJHO-
IIiB MO3ULIOHYBAaHHSA PYK 1 MaHIMYJIIOBaHHS
00’ eKTaMH.
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VYV crarti JOCHKEHO MiAXing A0 Io-
KpaieHHs e()EeKTUBHOCTI HaBYAHHS TOJITH-
KM YIOpaBITiHHSA POOOTH30BAHOIO KiHIIBKOIO
y (dopmi Helipomepexi 3 JOMOMOTOI0 BHKO-
pUCTaHHS TIONIYKY HOBU3HHM JUIsI HEHPOEBO-
mromiitHoro anroputMy NEAT. 3amava moswu-
IIIOHYBaHHA Mae€ Takuil jJaHamadT QyHKIiHR
MIPUCTOCOBAHOCTI, IO POOHTH ii CXMIBHOIO
MOTPAIUIATH Y TACTKHU JIOKAJILHOTO ONTUMYMY.
ExcrniepuMeHTH 3 MOZEIUTIO IBOBUMIPHOi pOOO-
PYKH 3 IBOMA JIaHKaM¥ MTOKa3aJId, 1[0 BUKOPH-
CTaHHS MOIIYKY HOBH3HU JI03BOJISIE OTPUMATH
e(eKTHBHY MOJITHKY B (opMi HelpoMepexi.
Amxe NEAT 3 momrykoM HOBHU3HU MOKpAILye
3MIaTHICTh AJTOPUTMY 3HAXOJIUTH 1HHOBAIlIKHI
Ta €()EeKTUBHI PIlICHHS, CIPUSIIOUYU PO3BUTKY
OUIBLI YHIBEpPCAJIIBHUX 1 TOTYKHUX apXITEKTYP
HEHPOHHUX MEPEK.

Po3poOka  ONTUMaJbHUX  TOJITHUK
yOpaBIiHHSA 13 3aCTOCYBaHHSM HEWpoeBo-
JIOIIHHOTO MIAX0MYy MOXe 3a0€3MeUnTH HE
JUIIEe BUCOKY TOYHICTH MO3UILIOHYBAaHHS, a
i MiHIMaJIBbHY KOH(}irypamiro. A 1e MiJgBu-
1ly€ IMBUAKOAIIO0 CUCTEMH, SKa € Ba)XJIIUBOIO
XapaKTEepPUCTUKOIO JJIsi pOOOTHU30BaHOI cHUC-
TeMu. MaiOyTHI 10CIII>KEHHS TaHOTO M1IX0-
Ny U1 BUPIIICHHS 3a7a4i MO3UIIOHYBaHHS B
cUCTeMax OUIbIIOT PO3MIPHOCTI Ta CKJIAJHUX
POOOTH30BaHUX CHCTEM CTAaHOBIATH OCOOIH-
BUM 1HTEpeC ISl MOKpAIleHHs MPOrpaMHUX
KOHTPOJIEPIB YIpPaBIiHHA POOOTH30BAHUMHU
KIHI[IBKAMU B JUHAMIYHUX YMOBaX peasibHO-
TO CBITY.
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VIIK 65.012:681.5 http://doi.org/10.15407/pp2023.03.58

A.JI. Anoseyw

MPOBJEMA ABTOMATHU3AILII IIJIAHYBAHHS CHLI,
3ACOBIB TA PECYPCIB AJIA YIIPABJIHHA ITPOTUAICIO
HAJI3BUYAMHUM CUTYALISAM

V cTaTTi pO3IISIHYTO MUTAHHS aBTOMATH3aLlil INIaHyBaHHS CHJI, 3aC00IB Ta PECypCiB, BAKOPUCTOBYBAHHX Y TIPO-
Ieci MpoTHU il Haa3BUYalHIN cuTyarlii. HaBenero gpopManbHUil omrc 3a/1adi I1aHyBaHHS CHII, 3ac001B Ta pecyp-
CiB Ta OOTPYHTOBAHO, IIO 11 3a71a9a BKITFOYAE JIBI B3a€EMOTIOB’ s13aHi 3a1a4i, sKi epe0adaroTh BHKOHAHHS OIiHKH
MOTEHIIIMHUX MOYKITMBOCTEH aHAI30BAHOTO PETiOHY MO0 JOCTYITHHUX CHII, 3ac00IB Ta pecypcCiB I MPOTUIL
HA/I3BUYANHIN CUTYyallii Ta TeHepyBaHHs BapiaHTIB yrpyIyBaHb CHII, 3aCO0IB Ta pecypciB, (PyHKIIOHATBHO IO~
CTaTHIX JUIs TIPOTHUIi aHATi30BaHIM HaI3BUYAWHINA CUTYyalii 3 YpaxyBaHHAM MHOXHWHH OOMekeHb. JleTampHo
PO3IIISIHYTO MHUTAHHS aBTOMATH3alil pilIeHHs 3a1ad OL[HKW IOTCHILIHHMX MOXJIMBOCTEH PErioHy Ta reHepa-
1ii BapiaHTIB yrpyIyBaHb cHI, 3ac00iB Ta pecypciB. Oxapakrepn3oBaHo ocHOBHI (yHkuii cuctem AHAJII3 ta
CHHTES3, 3acobamu SKuX 3a3Ha4eHi 3a7a9i BUPIMIYIOThCsa. OOTpyHTOBAHO, IO 3aBISKU BHPIMICHHIO IIMX 337139
3a0e31edy€eThCs aanTallis eJICKTPOHHOTO IIaHy il 10 peallbHUX MOXKIIMBOCTEH PETiOHY.

KutrouoBi ciioBa: Ha/3BUYaiiHa CHTYALlisl, €CKTPOHHUIT IUIaH Niif, ITaHyBaHHS, CHIIH, 3aCO0HU, PECYPCH, PETiOH.

Beryn

B cratTi [1] B pamkax onucy apxiTek-
typu CIIITP CITOP 6ynu kopoTKO po3MISHYT1
MUTaHHA aJanTalii TUTIOBOTO €JIEeKTPOHHOTO
mnany nii (EITJ]) mo peanbHUX MOXKIHBO-
creit Ta BiactuBocteit periony HC. Metoro
ma”Hol crarri € geraimizaiis LOUX IIUTAaHb 3
TOUYKHU 30py OCOOIMBOCTEH aBTOMAaTH3aIlil 1X
BUPIIIEHHS.

OpHiero 3 HalaKTyalbHIMINX 3a7a4, 110
BUPILIYETHCS B MPOLIEC] yXBAJICHHS PIllIeHb Ta
XapaKTepU3y€eThCs CKIAAHICTIO (popmaizarii,
€ MJIaHYBaHHA LIECIPAMOBAaHUX JiH, ynopsi-
KOBaHA CYKYMHICTh SIKUX JIO3BOJIIE OTPUMATH
OakxaHuM pe3yaprar. Y mpoueci yXBaJeHHS
pillieHb, CIIPSIMOBAHUX HA MPOTHUJIIIO Ha/3BU-
yaiiniil curyauii (HC), npo6iema miaHyBaHHS
I CTa€ LEHTPaJbHOIO, BU3HAYAE IIHOBICTDH
1 e(DeKTUBHICTh 3aXO[liB, IO BXKUBAIOTHCSA B
nporeci nporuaii HC, Ta ¢popmye crparerito
J{ cUJT Ta 3ac001B, 3ATyYEHUX IS JIIKBIIAIlii
HC. EnexkrponHumu mnpototurnamu Qikcarrii
takoi crparerii € EIT] [2].

®dopmyBaHHs cTparerii A1 cui Ta 3a-
co0iB, MO MOTPEOYIOTh BIAMOBITHUX peECyp-
CiB, 3aJIe)KHTh BiJ SIKOCTI PO3B’SI3aHHS 3a/adi
IUIaHyBaHHS cuil, 3aco0iB Ta pecypcis (C3P),
HeoOximHux s npotuaii HC. B cBoro yepry,
3anaua roranyBanHs C3P mepeOyBae y Gesmo-
CepeHbOMY 3B’SI3KY 13 3aJlaueio TIaHyBaHHS
3axoniB npotuaii HC.
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Y mimoMmy 3MICT 3ajadi TUIaHyBaHHS
C3P nonsirae y nactynHomy: muist 3aganoi HC,
sKa BU3HAYAETHCS KJIaCOM, BEKTOPOM TOTYXK-
HOCTeH poOIT (1iii), HEOOX1AHUX s 11 moao-
JIaHHS, 1 MiclieM (perioHOM) NMPOTIKaHHS, BU-
XOJ/ISIYM 3 HASIBHUX Y PETIOHI 1 TOCTYIHUX JJIS
BukopuctanHs C3P, HeoOXxiqHO moOyayBaTH i
OLIIHUTH MOBHY CYKYMNHICTh yrpynyBaHb C3P,
3MATHUX JOCSTTH MICLS MOMAINA Y BU3HAYCHHIA
yac 1 nogonaru HC, He nepeBuIy04H BOIHO-
4ac JIIMITY JOCTYITHUX PECYPCIB.

O3HaueHa CTPYKTypa 3a/1a4l IIaHyBaH-
Hsl Ma€ CKJIaJIHUM B3a€MO3aJIEKHUN XapaKTep,
SIKUH TOTpedye CIeriaTbHOTO aHali3y Ha Gop-
MaJIbHOMY PiBHI 3 YpaxyBaHHSM pe3yJbTaTiB,
BUKJIQJICHUX B [3].

1. ®opmanabHuii onMc 3aa4i
TUIAHYBAHHS CHJI, 32C00iB
Ta pecypciB

3amaua Pcsp tnanyBanHs C3P ¢op-
MaJIbHO MOXKe OyTH OIMCaHa 3a JIOTIOMOTOO
KOPTEXKY:

PC3P: <R, NS,PT">,

ne R — perioH, Mo po3mIsAaeThCs;

NS — HC, mo BuHHKIA B perioHi R;

Pr — npasuia ruianyBanss C3P, nops-
JIOK BUKOPUCTAHHS Ta 3MICT SKHX 3aJIeXkKaTh
B1JI 3MICTY 1 CTPYKTYpH eneMeHTiB R ta NS.

©A.JI. Anosenp, 2023
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Perion R mMoxxe OyTH onmmcaHuii 4eTBi-
PKO¥O:

R =<S,C,E,P >,
ne S — cucrema 3B’ 513KiB y perioHi R;

C — CYyKymHICTB CIJI Ta 3aC00IB PI3HHUX KJIACIB,
PO3TanIOBaHMX y perioHi R;

E — cykymHICTh pecypciB pi3HUX KJaciB, po3-
TAIIOBaHMX Y perioHi R;

P — CyKymHICTh IyHKTIB JIOKAJTi3alii el1eMeH-
TiB C Ta E y perioHi R.

VY cBoro uwepry, HC NS moxe Oyrtu
OIMCaHa TaK:

NS =< CL,MS >,
ne CL — xmac HC (Bignosimao no Knacudika-
topa HC [4]);

MS — kinbkicHi xapaktepuctuku HC.

[Tix mpaswiamu Pr GyaemMo po3ymitu
BIIOOpaXXEHHS PT':

pr:NS - EPD",
ne EPD™ — tumosmii EIIJ], mo y rpado-
MaTeMaTUYHOMY BHIJIAII MPEACTABIAE OCO0-
nuBocti anamizoBaHoi HC NS; n — KiIbKiCTh
anmprepHatus npotuaii HC NS, mo BpaxoBy-
I0Th MHOXXHHY JOLUIBHHX TEXHOJOTIH Mpo-
TUAI] Ta MHOXXHHY BapiaHTIB MOXKIIUBOTO BH-
kopuctanas C3P y ckmaai TeXHOIOTIH mpo-
tuaii NS; n € N, ne N xapakrepusye MOTEH-
1iiiHy OaraToansrepHatuBHiCTh mpotumdii HC,
BHUXOJ9M 13 BlactuBocTeld NS Ta mporHo30-
BaHUX MOJKJIMBOCTEH periony R.

HeoOxiaHO 3a3Ha4nTH, TIO 33/Ja4a Po-
3pobnenns tumosoro EIIJ] [2] Bixmosimae
MPAaKTHYHIA i1HTepnpeTanii HaBeIeHOro Bixo-
OpaxkeHHs.

Cucrema 3B’s3KIB S MiX IyHKTaMu
P onmcyeTbest ABIKOIO:

S =<D,SV >,
ne D — moka3HHUK MPOMYCKHOI CIIPOMOXKHOCTI
OKpPeMOTO 3B’sI3Ky 3 S JuIsi CHIT Ta 3aC00iB C B
perioHi R;

SV — BmactuBoCTI 3B’A3KY S, K1 BIUIMBAIOTh
Ha BUTpaTH pecypcis E mix yac oro BUKOpu-
CTaHHS.

CykymHicth cmnm Ta 3acobiB C €
00’€THAHHAM OKPEMHUX OIMHHUIb CHJI Ta 3aC0-
6iB C;:

C=UC-,

ne /| — MHOJKHMHA KJIaciB CHJI Ta 3aCO0IB.
C; onuCy€ThCS KOPTEHKOM:

C; =<M,Ep >,
ne M — mHOXMHA TOTy)HOCTEH M; y BCiX
BUJAX pOOIT, IS SKMX OAMHHUIIS CHJI Ta 3aCO-
6iB C; mpu3HaveHa;
Ep — MHOXWHaA pecypciB Ep]’-‘, HEOOX1JHUX
JUTS. BUKOPUCTAHHS OJIMHULICIO CIIT Ta 3aC001B
C;.

CykynHicth pecypciB E € 00’enHaH-
HSIM OKpeMHuX pecypcis E jk:

— k
E—UE]-,

KEK
j€J
ne K — MHOXKHMHA KJTaciB pecypcis.
K
V cBoto uepry, Ej° moxe Oyru mpen-
CTaBJI€HA IBI1IKOIO:

Ef =< CLE,KE >,
ne CLE — kiac pecypcy;
KE — K1TBKICTB pecypcy.

BonmHouac HeoOXximHO, mo0 BHKOHY-
BaJIaCh BUMOTA:

Ep} c Ef.

KinekicHi xapakrepuctuku MS HC
MOJKYTh OyTH OMHMCaHI HACTYITHUM YHHOM:

MS =< CLW,KW >,
ne CLW — knac Bungy poOiT, HEOOXITHUX st
noxoaanas HC NS;

KW — HeoOXigHa MOTYXHICT 13 TAHOTO BUIY
poOiT.

M; moxe Oyru omnmcaHa 3a JOTOMO-
TOI0 KOPTEXKY:

M; = < CLW;, KW; >,
ne CLW; — knac Buny poOiT, IKMA BHKOHY-
€ThCS OQUHHUIIEIO CHJI TA 3aC00iB C;;

KW, — noTyXHICTb 13 1aHOTO BHy POOIT, ska
BiINOBiAa€ OMHMIII CHJI Ta 3ac00iB C;.

OpnHak HeOOX1THO, MO0 BUKOHYBAJIACh
BUMOTA:

Pazom 3 tum, Bupinryroun 3agady Pesp
mianyBadHs C3P mma momomanns HC NS,
HEOOXIJHO BPaxOBYBaTH HACTYIHI OOMEXEH-
HS:

1) mas KOXHOI KOMIOHEHTH CLW}-
BekTOpy nortyxHocreili KW wmae Buxkonysa-
THCh YMOBA!

CLW CLW
Zng <KW,
jeI
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2) nmns koxHOi kommoneHTn CLE Be-
KTOpPY pecypciB E Mae BUKOHYBaTHCh YMOBA:

z Ep]g'LE < ECLE

jeJj
(mo oOmexenb (2) TakOkK MAKOTh BXOIWTH
BUTPATU Ha TMEPEMIIIEHHS CHUJ Ta 3ac00iB 110
MICIIS TTOAIi);

3) AnA KOXKHOI OAMHUII CHJI Ta 3aCO-
0iB (OpMyeTbCS TMOKA3HUK MPOXIAHOI CHpO-
MOXXHOCTI D, sikuii ¢dopMmamizye xapakTep
BIUIMBY CTaHy Ta BJIACTUBOCTEN 3B’SI3Ky S Ui
€IEMEHTIB MHOXKUHU C, IO TaKOXX BXOIUTH
10 CKJIaxy OOMeXeHb 3a1adi;

4) mo cucreMu OOMEKEHb TaKOXK
BXOIATh Teorpadiudi ymMoBH periony R, 3adi-
KCOBaHI y HOro OmepaTWBHIA eNEeKTPOHHII
kapti (OEK), a takox mani BJ] cw 1 3aco0iB
C ta pecypcis E periony R.

Po3B’s13anH:AM 3ana4i mianyBanas C3P
€ (opmyBanHs ocrarounoro EITJ| EPD;1 !
(EPD;; < Pep ), aJanToOBAaHOTO OO0 PEalbHUX
MOJKJIMBOCTEH PerioHy R MUIAXOM 3aay4eHHs
mia npotuaii HC HeoOXimHUX yrpymyBaHb
C3P, nasaux B perioni R. Ile 3a0e3meuyeTs-
Csi B pe3yabTaTli BUKOHAHHS Omepamii 7 Haj
EPD™ Ta BiamoBigae KOHKpeTU3alii 3MIiCTy i
ctpykrypu tunosoro EIIJ[ peanpHuM naHum
npo icayroui C3P periony R:

r: EPD™ —» EPDg?,
ne ny — Kuibkicte anprepHaTus npotuaii HC
NS 3 ypaxyBaHHAM pEaJbHUX BIACTHUBOCTEH
periony R (B ToMy umcai Mepexi Iopir, Ha
AKMX MAalTh BUKOHYBaTHCh TPAHCIIOPTHI
omepariii);n < n; < N.

3 inmoro Ooky, tunosi EITJ[ EPD"
MOXYTh OyTH MOHaHi SIK 00’€THAHHS AEIKOl
CYKyMHOCTI TexHomoriit T", Buau, KUTbKICTbh 1
3MICT sIKUX 3ayiexarp sk Big Bugy HC NS, tak
1 B1X 3HaHb Tpo icHyro4i 3axoau mpotuaii HC

NS:
EPD™ = U T".

nenN
V cBoto uepry, TexHosorii T" MOKYTb

Oyrn momani sk OO0 €THAHHS CEMAHTUYHO
VIIOPSIKOBAHOI CYKYITHOCTI TEXHOJIOTTYHHX
onepauiii T Oy, sKi € eNEMEHTaPHUMU CKIIa10-
Bumu tunosux EITJ[ EPD™ i MOXyTh BHKO-
PHUCTOBYBAaTUCS B CKJIafi 0aratb0X TEXHOJO-
riii T"™:
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fEF

[ToryxHIiCTh F MHOXWHHM TEXHOJIOT1Y-
HUX omepariii BU3Hauae HEOOXimHY iX KiJb-
KICTb, a €JIEeMEHTH MHOKHHH XapaKTePU3YIOTh
CEMaHTHKY TaKuX OIepawii, o0 y CyKyImHOC-
Ti opmye HeoOXimHUIT HAOIp TEXHOIOTTYHUX
ormepauiid [2], BUKOPHUCTOBYBaHMI1 ISl CTBO-
penns EINJ] 3aco6amu CIIIIP CITIOP.

TakuM 4MHOM, TPAH3UTUBHO OTPHMY-
€MO:

EPD" = U TOs.
fEF

OTtxe, BUKOHAHHS OTepamii r Ciij iH-
TEPIPETYBaTH K MPOBEACHHS aHATI3y MOX-
JMBOCTI BUKOHAHHS CYKYITHOCTI TEXHOJOT14-
Hux onepauid TO; y cknami tunosoro EILJ|

EPD™ 3 mpotuznii HC NS Ha 0CHOBI peaibHOT
iH(popmarii npo crar C3P periony R ta Bubip
cykymHocTi TexHomorii T", ski 3abe3meveHi
HeoOxiganmu C3P, 1 MOXyTh OyTH BHKOHaHI
3 ypaxyBaHHJIM HaBEACHUX BHIIE OOMEXeHb |
— 4, Ta, AK HaCIIOK, (JOPMYIOTh OCTATOYHUI
EITJT EPD}*. amantoBaHMii 10 peanbHUX MO-
JKJIMBOCTEH periony R.

Buxonasum 3 BUKIaIEHOro, y 3arajib-
HOMY BUNAAKy 3ajnadya mia"nyBaHHa C3P
CKJIAJA€ThCA 3 JBOX B3AEMOINOB’S3aHUX 3a-
1ad, Mo BKIOYAOTh J0 CBOTO CKIIALy:

1) OWIHKY MOTEHIIIHUX MOIIUBOC-
teit periony HC mono mocrymaux C3P mms
nporuxaii HC;

2) reHepyBaHHS BapiaHTIB YIpyIy-
BaHb C3P, (yHKIIOHAIBHO IOCTATHIX JUIA
npotunii HC 3 ypaxyBaHHAM MHOXWHH 00-
MEXEHb.

[TutanHsa aBTOMarHM3amii po3B’A3aHHA
3a3HAYEHHMX 337124 PO3TVIAHYTO BIATIOBIAHO B
n.2 Ta 1.3 cTarTi.

2. OniHKAa MOTeHIHHUX
Mo:xauBocTeii periony HC

OmiHka TOTEHIIMHUX MOKJIMBOCTEN
periony HC mono mocrynaux C3P BHKOHY-
erbes 3acobamu cuctemu AHAJII3. Cucremy
AHAJII3 peanizoBano mosoro PDC Visual
Prolog 5.2. Jlo ckmamy cucremun AHAJII3
Bxoauth 0a3a 3HaHb (b3) pasoMm 3 iHCTpyMeH-
TaTbHUMH 3aco0amu i CympoBOAYy, B SKId,
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30KpeMa, Ipe/ICTaBIeHI 3HaHHS PO MHOXHUHY
TeXHoJIoT1# nmpotuaii pisaum HC.

Crnig 3ayBa>kuTH, UI0 DPE3YJIbTaTUBHE
BUpILLICHHS 3a/1a4l aHaJli3y MOXIMBOCTEH pe-
riony 3acobamu cuctemu AHAJII3 notpebye
HassBHOCTI PO3BHHEHOTO iH(MOpMaIiiitHoro 3a-
6esneuenns (bl periony), sike 30epiraigo 6
aktyasbHy 1HGopMaiio npo C3P, po3wmimieni
y perioHi (HampuKiaz, y CKiIaal CEMaHTUIHUX
BJ1 OEK periony).

Cucrema AHAJII3 3abe3neuye BHKO-
HaHHS HaCTyIMHUX QYHKIIH [5]:

1) aHami3s  MOXIMBOCTEH  perioHy
oo npotuaii HC;

2) cunte3 BuniB HC, mo MoxyTh OyTH
nojioNaHi 3a paxyHok BiacHux C3P periony;

3) mporHo3 MOXKJIMBOCTEH perioHy
oo nmpotuaii HC.

Peanizanis 3a3HadeHux (QyHKIIH 3BO-
JUTHCS 10 BUKOHAHHS, 3 OTHOTO OOKY, aHaIi3y
MouBocTi mpotuaii Buny HC, mo posmis-
JIA€ThCS, 3 1HIIOr0 OOKY — CHHTE3Y CKJIaJHHUX
texHosorid nporuaii HC, 3abe3neyeHnx He-
ooxigaumu C3P. BonHouac, KO BUKOHAHHS
¢bynkuii (2) rpynryerses Ha aHanizi C3P, pos-
TallOBaHUX BUKJIIOUHO B PErioHI, 10 PO3MIs-
Ja€eThesl, TO BUkoHaHHs pyHkmii (1) 1 (3) — Ha
aHasi31 Bcboro komriekcy goctynaux C3P (y
TOMY YHCJI THX, IO 3HAXOIATHCS 32 MEKaMHU
periony). Y mpolieci aHamizy BiIMOBITHUX
noctynaux C3P 3piiicHioeThest (hopMyBaHHS
MHOXHHHU CKJIQJIHUX TEXHOJIOT1H, BUKOHAHHS
SKUX 3a0€3MeuyeThCsl 32 PaxXyHOK I1CHYIOUHX
cykynHocteit C3P.

TakuM YMHOM, BUKOHAHHS aHAIII3Y J10-
ctymaux C3P 103BosIsiE OOMEXUTH MHOXKHHY
MOTEHIIHHO MOXKITUBUX aJbTePHATUB MPOTUIIT
710 MHOKUHH 3T€HEPOBAHMX CKIIQJHUX TEXHO-
JIOT1H, 3a0e3reyeHuX HEOOXiMHUMH (OpMYy-
BanHsimMu C3P.

2.1. 3agaya aHaJji3y MOXKJIMBOCTE
periony momo mnporuaii HC. Ilpusznauen-
HSM IIi€1 3a7a4l € BUKOHAHHS TOMEPEIHbOTO
wanyBaHHsl C3P, sike mondrae y reHepyBaHHI
MHOKUHU CKJIaIHUX TEXHOJIOT1H, MOTEHUIHHO
3actocoBHUX s potuaii HC, mo posmisiaa-
€TbCsA, 3a0€3MeYeHNX HEeOoOXiTHUMHU (HopMy-
BanHsaMH C3P. V pesynbrari po3B’si3aHHS ITi€T
3aa4l TeHEpYyIOThCS BCl MOXIIMBI BapiaHTH
ckiaaHux texHozorii nporuaii HC, sxi mo-
KyTh OyTH TIIPO3ALJICHI HA IBA BUIM: CKJIAJIHI

TEXHOJIOT'11, BAKOHAHHS SKHX JIOCATA€THCS BU-
KIIIOYHO 3a paxyHok C3P, po3MminieHux y me-
JKax PerioHy, 1 CKJIaJIHI TEXHOJIOT1i, BUKOHAH-
HS SIKUX 320€3MeUy€eThCs 32 YMOBU CHUIBHOTO
BuxopucranHs C3P, po3MillleHUX SIK y perioHi,
TaK 1 32 HOro Mekamu. 3reHepoBaHi CKIIaJiHI
TEXHOJIOri Ta BiAMoBiAHI iM cykynHocTi C3P
(bopMyIOTh BUXITHY 1HPOPMAITIIO TSI CHCTEMH
CUHTE3 (quB. 1.3 crarTi).

Jlist po3B’si3aHHS 3a7a4i aHai3y BUKO-
PHUCTOBYIOTBCS QJITOPUTMH TOIIYKY Ha Oprpa-
¢dax. Sk oprpad Buctymae rpad TEXHOIOTIH
npotuaii HC. Sk Bepumau rpada BUCTYAIOTh
€JIEMEHTH TEXHOJIOT1H, IEKOMII030BaHI /10 PiB-
HS OKpeMHX omeparliii, 1 HalimenyBaHHs C3P,
10 BUKOPHCTOBYIOTbCS Ui BHUKOHYBAHOCTI
OKpeMHUX onepaiiid. 3B’d3Ha CyKYIHICTb Ta-
KHX BepuIMH (OpMYy€e CTPYKTYpPY TEXHOJIOT1i
npotuaii HC, mo posmisgaerscs. s oOpo-
OJeHHsT Takoro oprpady BHKOPUCTOBYETHCS
Mo (IKOBAaHUI aJTOPUTM TOIIYKY B TIHOH-
HY 13 MOBEpHEHHSIM. Y Tpoleci MOUIyKy BHU-
KOHYETBHCSI 31CTABJICHHS OKPEMHUX 3HAWJICHHUX
exzeMIuisipiB. C3P 1 BHUKOpHUCTOBYBAaHHMX ISt
BUKOHAHHS PO3MISTHYTOI TEXHOJIOTi MpoTHIil
HC, 3 xonkpernumu C3P, po3ranmoBaHuMu B
perioni. B pe3ynbrari 3aBepiieHHs MOITYKY B
IMOUHY (POPMYIOTBCS /1Bl pi3HI MHOXHHHU Ba-
plaHTIB:

1) MHOXXMHA BapiaHTIB yTrpPyHOBaHb
C3P, posramoBanux y perioni HC, neooxin-
Hux s nporunii HC;

2) MHOXHMHA JOJAaTKOBHX BapiaHTIB
yrpynoBanb C3P, HeoOXigHMX I TPOTHUIIT
HC, mo posramosani sk y perioni HC, tak 1
3a MOro MexaMu.

HaiimenyBanns exzemiuisipiB C3P, mo
CKJIa/1al0Th BapianTu yrpynyBanb C3P, posra-
moBaHux y mexax periony HC, dopmyerbes
13 3a3HAYEHHSIM MICLb X JUCIIOKALil Ta KIJIb-
KOCTI, 3 TIOCUJIAaHHSIMU Ha TEXHOJIOT1i MPOTHU i1
HC, nns 3miliCHEHHOCTI SIKMX JAaHUH €K3eMII-
nsp C3P HeoOxiguuii. HalimenyBaHHS ek3eMII-
nsipiB C3P, neoOximuux s npotuaii HC ta
po3TamoBaHux 3a mexxamu periony HC, ¢op-
MYIOTBCS JIMILE 13 3a3HAUYEHHSIM THX TEXHOJO-
riit nporunaii HC, i 311HCHEHHOCTI SIKUX J1a-
Huii exzeMiuisip C3P HeoOxigHui.

BonHouac, 3aranpHa KiJbKicTh cdop-
MOBaHHMX BapiaHTIB MPOTUAIl OyJe BU3HAYATH-
csl K 00’ €IHAHHA TOCTYIHUX Ta aJIbTEPHATHUB-
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HUX CyKymHocTteil TexHosoriid mporunii HC,
10 BIJMOBi/Ia€ BCbOMY BEKTOpPY TEXHOJIOT1H
npotunii anamizoBaniii HC, npeacraBneHux y
b3 cucremu AHAJII3.

2.2. 3agaua cunre3y BuaiB HC, mo
MOKYTh OyTH IOJ0JIaHi 32 PaxyHOK BJiac-
Hux C3P perioHy € 3BOopoTHOI0O 10 3ajaui,
po3msinyTii B 11.2.1. [IpusHauenHns 1iei 3ampaqi
MOJISATa€ Y BUKOHAHHI 3aBYacHOro (He omepa-
TUBHOTO) aHai3y AI€31aTHOCTI PETIOHY 3 Me-
TOI0 BU3HAaYeHHs MHOUHU BUiB HC, poTu-
Jisl SIKUM JTOCSDKHA 3a paxyHoOK BiaacHux C3P
periony, 1o, 3 OAHOTO OOKY, 3HAYHO 3HMKYE
HEBU3HAYCHICTh, BJIACTHBY ITOYAaTKOBHM €Ta-
1aM MPoILIeCy yXBaJIEHHS PillIeHb 1010 IPOTH-
nii HC, 3 iHmoro 60Ky — /103BOJIsSIE CBOEYACHO
1 MOTHMBOBAaHO BHMKOPUCTOBYBaTH BIIIMOBIIHI
noctymHi C3P ansa oneparusHoi npotuaii HC.

JList po3B’si3aHHS 3a/1a4i CHHTE3Y BUIIB
HC 3acrocoBano Meron mpsiMOro JIOT1YHOTO
BUBOJY, 3alpornoHOBaHui y [6]. Sk mouar-
KOBHI CTaH BUBOJY BUCTYIAIOTh E€K3EMILISIPH
C3P, posramosani B perioni HC. Jloriunmii
BHBIJI, IO MMOJISTAE Y BUCX1THOMY TIPOCYBaHHI
MEpPEKEBOIO CTPYKTYPOIO TEXHOJOTIH, mpen-
craBineHi y B3 cucremu AHAJII3, ycmimHo
BUKOHYETHCS 32 YMOBH, KOJIM KO)KHA CyOTEXHO-
JIOTis1, 1110 BXOJUTH JIO0 CKIIAY TEXHOJOTIi po-
tunii okpemiit HC, 3a6e3neuena HeoOXiTHUMHU
C3P perioHy; B iHIIOMY BHUIAJKy TEXHOJIOTIS
BuBe/icHa He Oyne. Po3B’si3aHHs 3a/1a4i cUHTe-
3y 3acobamu cuctemu AHAJII3 3xaiiicHIOEThCS
B pe3ynbrati Bubopy periony HC ta BukoHas-
HS TIPOIIECY MPSIMOTO JIOTIYHOTO BUBO/LY, BHAC-
JAOK sikoro popmyeThesi MHOXkMHA BUiB HC,
SIKUM CIIPOMOKHHM MPOTUJIISATHU LIEH PETioH 3a
paxyHok BinacHux C3P.

2.3. 3agaya NporHo3y MoKJIMBOCTEH
periony moao nporuaii HC. IIpusnauenusm
1i€i 3a/1a4i € BUKOHAHHS 3aBYacHOro (He orie-
PaTUBHOIO) aHaji3y MAI€3JaTHOCTI PETIOHY 3
METOI0 OTPUMAHHS MPOTHO3HOI OLIHKH 1010
MOXIHMBOCTI BUHHMKHEeHHsT BuiiB HC, mopo-
JOKEHHS SIKUX CIIPUYUHSETHCS KUTTEMISUTbHIC-
TIO Ta OCOOJIMBOCTSIMH PETIOHY, IO pO3IJIsiia-
€ThCS. A TaKOXK — 3aBYACHOTO TUIAHYBaHHS 3a-
xoniB npotuaii Takum HC, mo no3Bossie, 3 of-
HOro OOKYy, MOTHBOBaHO OI[IHIOBAaTH XapaKTep
BILTUBY 00’ €KTIB, 110 PO3MIIIYIOThCS (3BOMSATH-
Cs1) B perioHi, Ha HOro HOPMaJIbHY JKUTTEI1Sb-
HICTb, 3 IHIIIOTO OOKY — OTPUMYBATH BUUEPITHY
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iHpopMarliro mpo HeoOxiaH1 cykymHocTi C3P,
SIK1 BUMAraroTh CBOTO PO3MIIIEHHS Y PET10HI.

Po3B’si3aHHA 11i€1 3a1adi IPYHTYETHCS
gk Ha iHpopmauii b/l npo noreHuiiiHo HebOe3-
MIe4YHI BUPOOHUIITBA, PO3TAILLIOBaHI B PETiOHI,
TaK 1 Ha 3HaHHAX, npeacTaBneHux y b3 cucre-
mu AHAJII3, 1m0 onucyroTh Kay3ajibHi 3B’ s3-
KM MDK BUJAMU HEOE3NEeYHUX BUPOOHUIITB
1 Tumamu HC, ki MOXyTh OyTH CIIpUYMHEH]
HEOe3MeYHUMH BHUPOOHMYMMH  TPOLIECAMHU.
AnropuTmu po3B’si3aHHA III€] 3a/1adl IPyHTY-
I0ThCS Ha aJIropuTMax IMOIIyKy Ha oprpadax
(muB. m.2.1).

Po3B’s13aHHs 3a/1a4i MPOTHO3Y IEpe/l-
Oayae BHOIp TOCIIKYBAaHOTO PETIOHY Ta BH-
KOHaHHS 00cTexeHHs roToBHOCTI C3P periony
mpoTHIiATH MOKITHBUM HC, BAUHUKHEHHS SIKUX
MOTEHIIIMHO MOYKe OyTH BHMKJIHMKaHE (yHKIIi-
OHYBaHHSM BHUPOOHMIITB, PO3TAIIOBAHUX Y
JOCITIKYBaHOMY perioHi. Pesynbratu oOcTe-
YKCHHS PErioHy MOALUISIOTHCS Ha JBa BUMAIKU:
3aJI0BIJIbHE 320€3MCUeHHsI Ta HE3aJ0BIIbHE 3a-
Oe3redeHHs perioHy. Y BHIAJIKy, KOJIu 3a0e3-
MevYeHHs perioHny yrpynoBanHsmu C3P € 3a-
noBinbHUM, cuctema AHAJII3 nmpononye amst
OIISAY CKJIAJ] TEXHOJIOT1N MPOTUAIT MOKIMBUM
HC ra Bigmosinai C3P i3 3a3HadueHHAM MICIb
iX po3ramryBaHHA Ta KUIBKOCTI. Y BHUIAJKY,
KOJIM 3a0€3MEeYCHHS PErioHy € He3aI0BUTbHHM,
cUcTeMa MPOMOHYE AJsl OMISAY HE TUIbKH 1H-
dopmartiro ipo goctynni C3P, a if Bkaszye Ha
HeoOx17H1 fonarkoBi C3P, 3airyueHHs sSIKuX He-
oOximHe i mpotuaii anamizosanin HC.

OTxe, peanizoBaHe 3ac00aMu CUCTEMH
AHAJII3 koMITJIEKCHE BUpIMIEHHS MpoOIe-
MU OI[IHKH MOXJIMBOCTEH PETioHYy J03BOJISIE
IIBUJKO 1 TOYHO OILIIHIOBATH PiBEHb FOTOBHO-
cTi periony mo mporumli MHoxuHl HC, sxi
BXOZATh 10 ckiaanay Kmacudikaropa HC. Ot-
pUMYBaHi pe3ylbTaTH JO3BOJSIOTH a/IEKBATHO
OI[IHIOBATH CTYMiHb I€3MATHOCTI OKPEMOTO
perioHy Ta TUIaHyBaTH TEPENTiK HEOOXITHUX
3axXO/IB JUIS IIJABUINEHHS MOr0 TOTOBHOCTI 10
MOMOJIaHHS ITOTeHIIHO MoxknBux HC.

3. 'enepyBaHHA BapiaHTIB
yrpynyBanb C3P
['enepyBaHHS BapiaHTiB YrpyIyBaHb
C3P, yHKIIIOHAIBHO Ta KUIBKICHO AOCTaTHIX
g nporuali HC 3 ypaxyBaHHSIM MHOXHHU
0oOMeXeHb, BUKOHYETHCS 3ac00aMU CHCTEMH
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CHUHTE3. Cucremy CHUHTE3 peanizoBano
moBoto PDC Visual Prolog 5.2.

I'enepyBaHHsI BapiaHTIB YrpylyBaHb
C3P [7] nepenbauae Ha OCHOBI BpaxyBaHHS
BCiX OOCTaBUH MOTOYHOI CUTYaIlli BUPIIIEH-
Hs 3a7a4 ONEePaTUBHOIO0 KOMOIHYBaHHS, PO3-
MO/ALTY Ta JOCTaBKU Ha MicClle MOAINA yrpy-
nyBanb C3P, Bu3HaueHumx 3acobamm cCucC-
temMu AHAJII3, HeoOXimHHMX Ta HOCTAaTHIX
st nogonanus HC y mexax aHanizoBaHHX
CKJIaIHMX TexHoJsorid mporunii. [lix Bupi-
IICHHSM 3aBJaHb KOMOIHYBaHHS, PO3MOALITY
Ta aoctaBku yrpynyBaHb C3P maerbcs Ha
yBa3l mo0y/10Ba Ta OLlIHKA MOBHOI CYKYyITHOC-
Ti yrpymnyBaHb CHJI Ta 3aC001B, 3JaTHUX JIO-
CAI'THU B 3aJJaHUM Yac MicIs ITOaiN Ta moaoiia-
™1 HC, ogHOYacHO He NepeBUINYIOUHN JTIMITY
JOCTYTIHUX PECypCiB.

Ha Binminy Big cucremu AHAJII3, mio
3IIMCHIOE SIKICHMM aHajli3 MOXJIMBOCTI BH-
kopuctanHs C3P mns mporuaii HC, cucrema
CHUHTE3 3abe3neuye BapiaHTHE IJIaHYBaHHS
C3P na miacrasi kuibkicHoro anamizy C3P Tta
3MIMCHIOE TTOPIBHSHHS, ONTUMI3AIlIO Ta OCTa-
TOYHUH BUOIp yrpymyBaHb CHJI Ta 3ac0o0iB 3a
MOKAa3HUKaMU Koe(]iIieHTy 3amacy 3a BciMa
KOMIIOHEHTaMHM BEKTOPY IOTY>KHOCTEH st
HC Ta xoeinieHTy BUKOPUCTaHHS TOCTYITHUX
pecypciB 3a BCciMa KOMIIOHEHTaMH BEKTODPY
pecypciB perioHy. B mporeci onepaTuBHOTO
IUTaHYBaHHS (POPMY€ETHCS MHOXKMHA BapiaHTIB
KoMOIHaIi cua Ta 3aco0iB, IO 3a40BOJILHS-
I0Th YCIO CHCTeMY OOMekeHb. Y pasi, SKILIO
cucreMa AHAJII3 mopomxye pimieHHs, IO
noTpeOyroTh nofaTtkoBux yrpymyBaHb C3P,
3aco0amu cucremu CHUHTE?3 3nilicHroeTses
MOIITYK BapiaHTIB yrpymyBaHb CUJI Ta 3ac00iB,
po3TamoBaHux 3a Mexamu periony HC, i3
3HAXO/DKEHHAM HalKpallyx 13 HUX 3a KpUuTepi-
SIMHA HaMEHIIOTO Ae(iUTy NOTYKHOCTEH un
pecypcis.

BuxigaumMu pagumu Ui 3ajadl Ba-
pianTHoro muanyBaHHs C3P €: ymoBu perio-
Hy Ta TEpUTOpIi MICIs MOJIH, 3amacu pi3HUX
pecypciB; XapaKTepUCTHKM  TPAHCIOPTHUX
KOMYHIKallii{; TOCTYIHI CUJIM Ta 3aco0u 13 3a-
3HAYEHHSIM 1XHIX XapaKTepUCTHK Ta IYHKTIB
po3mimeHHs; onuc HC 3 KoHKpeTHu3aliero Kia-
CY, MicLisl TIO/1ii, TOTY>KHOCTI Ta PPOHTY POOIT
(oOMexeHb Ha MOYKJIMBY KUIBKICTh OJTHOYACHO
pPO3rOpHYTHX CHJI Ta 3aco0iB). Bapianthe ma-

HYBaHHS 31MCHIOETHCS 3 BUKOPUCTAHHSAM 1H-
dhopmartii mpo TopokHIO Mepexy periony HC,
110 HaIxXoauTh 3 KapTorpadiunoi b/ OEK.
PimieHHsIM BapiaHTHOTO TUIAHYBAHHS €
CHHTE3yBaHHS BIOPSIKOBAaHUX aJIbTEPHATHB-
HUX BapiaHTIB YIrPpyIyBaHb CHJI Ta 3aC0O0IB, 10
OIUCYIOTBCS CTPYKTYPOIO, CKIIAIOM 1 CXeMaMH
MepeMIILeHHs A0 MICI TOA1H, sKe BiANOBIAae
HACTYITHUM YMOBaM:
1) KoxkHe yrpymyBaHHs CHJI Ta 3aco-
01B Mae:
"  [OTYXKHOCTI, JOCTaTHI ISl TIOJI0-
nanas HC 3a Bcima BugamMu BUKO-
HYBaHMX POOIT;

*  HeoOXimHuU PpoHT poOIT HA MicIT
MIOIH;

" MOXKJIMBICTB JOCSITH MICI HOMIHA

3a TOPOKHIMU YMOBaMU;

=  yci HeoOXiJIHI pecypcH;

2) Burpatu CyKymHOCTI 3aJly4€HUX
yIpyIyBaHb CHJI Ta 3aC001B HE MEPEBUIIYIOThH
pecypcHUX OOMEeXeHb 3a OyIb-SKHM BHJIOM
pecypcis.

ITix yac BupilIeHHS 3a/1a4i CHHTE3y Ba-
pianTiB yrpymnysanb C3P 3ailicHIO€TBCS 00pO-
Onenns rpady TexHonorii nporunii HC, sxwii
3a CBOIMHM BJIACTUBOCTSIMH NOAIOHUI 10 oprpa-
¢y, BUKOPUCTOBYBAHOTO JUIsS aHAI3y MOXJIU-
BocTel periony (auB. 1.2.1). 3a BepmMHHU rpa-
(a BUCTYyNaIOTh €JIEMEHTH TEXHOJIOT'1H, JeKOM-
MI030BaHi JI0 piBHS OKPEMHUX OTepalliii, Ta Hai-
MenyBaHHs C3P, 1110 BUKOPHUCTOBYIOTHCS JIS
BHKOHaHHs ormepariid. [loB’si3Ha CyKyIHICTb
TaKUX BEPIUIMH POPMYE CTPYKTYPY TEXHOJOT1H
npotuaii nocnimkysanidi HC. s o6po6ieH-
HS Takoro oprpady BHKOPHCTOBYETHCS allro-
PUTM TOLIYKY B IIMOMHY i3 OBEPHEHHSM. Y
MPOIIECl TONIYKY BHUKOHYETHCS 31CTaBIICHHS
okpemux 3HaiaeHux ex3zeMiusipiB C3P i Bu-
KOPUCTOBYBaHMX Ul BUKOHAHHS PO3IVISIHYTOT
texHonorii nporuaii HC, 3 koukpetraumu C3P,
PO3TAIlIOBAaHUMU B PETIOHI, 3 ypaXyBaHHIM iX
KUTbKICHUX TTOKa3HUKIB. Y pe3yJabTaTi BUKO-
HaHHS HEAECTEPMIHOBAHOTO MOMIYKY (opMy-
€ThCS MHOKMHA BapiaHTiB yrpymnyBaHb C3P,
mo (YHKI[IOHATBFHO Ta KITBKICHO [IOCTaTHI
g nporuali HC 3 ypaxyBaHHSIM MHOXHHH
BU3HAYEHUX OOMEKEHb.

Takum 9MHOM, B pE3yJabTaTi BAKOHAHHS
AaBTOMAaTH30BAaHOTO OTIEPATHBHOTO IJIAHYBaHHS
MPOIIECIB MPOTHIIi T€HEPYIOThCS CYKYITHOCTI
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ckinamaux TexHonorii mportumii HC, 3miiic-
HEHHICTh SKHX 3a0e3MeuyeThCs 3a PaxyHOK
4iTKO BU3HaueHnx yrpynysanb C3P, 3a Bcima
MOKA3HUKAMHU 3JAaTHUX BHUKOHATHU BiIIOBIIHI
HeoOXxixH1 06caru pooiT 13 mporuaii HC.

4. ®opmyBanns ocratouHoro EINJ,
aganToBaHoro a0 periony HC

PesynmpTat onepaTHMBHOTO IUIAHYBaH-
Hf, IO BHKOHYIOTBCA 3aco0amMH CHUCTEM
AHAJII3 ta CHHTE3, BUKOPUCTOBYIOTHCA
s popmyBanas ocrarounoro EINJI, amamro-
BAHOTO SIK JIO BJIACTUBOCTEH 1 MOXKJIMBOCTEH
PerioHy, mI0 PO3TIIAETHCS, TaK 1 40 0CcO0IH-
Bocteit HC, mo BinOyBaetncs. [Ipomec amamn-
taii tumoBoro EIIJ] 3a0e3medyeThcs 3aco-
6amu CIIITP CITOP 3a paxyHOK:

1. 36epexenns y 1] numre Tux anb-
TepHaTHBHUX TexHONori mpotuaii HC, sxi
3a0e3nedeni HeoOxigaumu C3P;

2. OcTtaroyHOi aBTOMAaTU30BaHOI Ma-
pamerpu3anii omepariii, IO CTAHOBJIATH Ji€-
3matHi TexHojorii mpotuaii HC;

3. ABTOMAaTH30BAaHOTO JONABAaHHS 10
EIlJ] xaprorpadiunoi indopmanii 51 OEK
PO TPAHCMOPTHI KOMYHIKAIIi Ta aBTOMATH4-
Hy MapaMeTpH3amil0 TPAHCIOPTHUX Onepa-
L.

Y pes3ynbTari BHUKOHAHOI amgamTamii
tunoBoro EIIJl ¢opmyerbecs octarounuit
EIlJ], mo 3a CTpyKTypoOr Ta 3MICTOM BiAIO-
BiJae peatbHUM MOXUTMBOCTAM periony HC.

Irakme xkaxyun (muB. 1.1 crarTi), do-
pmyBaHHs octatoydHoro EINJ| EPD;11 BiIOY-
BA€ETHCS B PE3yJIbTAaTI BUKOHAHHSA Omepartii 1 3
anmanratii Tunosoro EII/1 EPD™ no peanbHuX
MO>KJIMBOCTEH periony R:

r: EPD™ > EPDg".

Sk BUMIIMBAE 3 BUKIAAEHOIO, Omepa-
isg 7 BKJIOYA€ BUKOHAHHS OLIHKU MOTEHIIN-
HUX MoximBoctel periony HC mono mocry-
maux C3P mns mporunii HC Ta Ha OCHOBI
OTPHMaHUX PE3yNbTaTiB TEHEPYBaHHS Bapia-
HTiB yrpynyBanb C3P, ¢yHKmioHampHO moc-
tatHiXx ana nporuaii HC 3 ypaxyBaHHAM
MHOKHHHA 0OMEXEHb.

VY pe3ynbrari BUKOHAHHS omepamii r
dopmyethess ocratounnii EITJI EPD,*, ne
inaexkc R o3nauvae, mo EITJl amantoBanwmii 10
MOKIHMBOCTEH periony R. [Hmekc n, xapakre-
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pu3ye KubKicTh amprepHatuB npotuaii HC
NS 3 ypaxyBaHHSIM MOJIMBOCTEH perioHy R.
Sk mokasano B m.1 crarti, n <n; < N. 3a-
3HAYMMO, 110, HE3BAXKAIOYM HA T, IO B pe-
3yIbTaTi BUKOHAHHA orepamii 7 KUIbKICTb
anmprepHaTus npotunaii HC NS 3meHmryeTbes
(B MOpIBHAHHI 3 1) 32 PaXyHOK BIIKHIAHHS
aIbTepHATHB, He 3a0e3meueHnX HeoOX1THUMI
yrpynyBanHaMu C3P, BoHa ogHOYacHO 3poc-
TAa€ 3a PaxyHOK JONaBaHHS albTEPHATUB,
MOB’SI3aHUX 3 MEPEKEI NOpIT, HA SKHUX BIJ-
OyBaTUMyTbCA TpPaHCHOPTHI omepamii. Sk
HACIIAOK, ()aKTHYHA KUIBKICTH AIbTEPHATHB
n, Oyne Outbme n, ane He Oimpmme N, ne N
XapakTepu3ye MOTEHLIHHy OaraToanbTepHa-
tuBHICTh mpotuaii HC Buxopsum 13 BiIacTu-
BocTeil NS Ta MpOrHo30BaHUX MOKJIMBOCTEH
periony R.

BucHoBxn

OpHi€ro 3 HAWOUTBII BIAMOBITATBHUX
3a7ad, 010 BUPIIIYIOTHCS HAa MOYATKOBHX €Ta-
nax BuHukHeHHA HC, € 3amava miaHyBaHHA
C3P, cyTHICTP SIKOi HOJATAE B ONEPATHBHOMY
1 TOYHOMY BU3HAYEHHI (3 ypaxyBaHHSIM CHC-
TeMn oomexxens) yrpynysanb C3P, ¢yrkmio-
HanbHO 3matHuX npotunistu HC. Bix sixocti
BUpIIIEHHS I1i€i 33734l 3HAYHOKO MIpPOKO 3a-
JIeKUTh €(EeKTHUBHICTh Ta Pe3yIbTaTUBHICTD
BUKOHaHHA nporecy mpotuaii HC.

VY crarTi BUKOHaHO ()OPMATTBHUIA OTIHIC
Ta 3aMpPOIIOHOBAHO TOCTAHOBKY 3ajadl Iuia-
HyBaHHsA C3P, Ha OCHOBI1 5KOi MOKAa3aHO, IO
BUpIIIEHHs i€l 3a7a4i nepeadavae mocmigo-
BHE pO3B'sA3aHHSA JBOX B3aEMOMOB’ SI3aHUX
3amad aHamizy moxuuBocreil periony HC ta
cuHTe3y mie3natHux yrpymyBanb C3P, cmpo-
MOXHUX pe3yiapratuBHO mpotuaiatn  HC.
JleTanbHO PO3TISHYTO NMHUTAaHHS aBTOMATH3a-
i pilIeHHs OUX 33a/1a49 Ta 0XapaKTePU30BaHO
ocHoBHi (yrkii cucrem AHAJII3 ta CUH-
TE3, 3acobamm sKHX 3a3Ha4YeHi 3amadl BHPI-
mytoTbess. OOTpyHTOBAHO, MO 3aBISKH BUPI-
IICHHIO 33/1a49 aHaI3y MOXKJIMBOCTEI periony
HC Ta cunresy mie3gataux yrpymysaab C3P,
3a0e3MevyeThCsl ONepaTHBHA aJamTalllsl eJIeK-
TPOHHOTO TUIaHY M1 IO PEeaTbHUX MOKIHBO-
CTell perioHy.
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PO3POBKA IHTEJEKTYAJIbHUX
IHOOPMALIAHO-AHAJITUYHUX BEBIIOPTAJIIB
HA OCHOBI CEMAHTUYHMUX BIKITEXHOJOTI'IN:

IMPOBJIEMHU TA NIEPCIIEKTUBHA

[IpoanamizoBaHO OCHOBHI (D)YHKIIii Cy4acHHX BEOIIOPTANiB Ta IXHi BIMIHHOCTI BiJl iHIIUX THIIB calTiB. Po3-
JSTHYTO TEHIICHITT PO3BUTKY iH(OpMAaIiifHO-aHATITHIHNX BEOMOPTAIB, IO CTOCYIOTHCS iXHBOI CEMaHTH3aIll,
Ta TEXHOJOTii 00pOOKH 3HAHB, SKi MOXKYTH JJIS ITHOTO 3aCTOCOBYBaTHCS. [IpoaHaTi3oBao TUIOBI MPOOIEMH, IO
BUHUKAIOTPH Y NPOLIECI CTBOPEHHS Ta PO3TOPTAHHS TaKHX NOpTaiiB. Ha mpukiani nopraiy, mo 0a3yeTbes Ha ce-
MaHTHYHHX BiKITEXHOJIOTISX, TOCIIIKEHO MPAaKTHIHI IPpOoOIeMH BIPOBaKEHHS Ta MacIiTaOyBaHHS 3aC00IB Ta
cepBiciB 00pOOKY 3HAHB Ha MTOPTAJIi, 3aPOMOHOBAHO MUIIXH iX 3aM00ITaHHS Ta PO3B’I3aHHS.

Kitrouosi cioBa: iHpOpMaIliitHO-aHATITHYHNH BeOMOPTA, OHTOJIOTIs, BIKITEXHOIIOTIS, CepBicH

Beryn

CroroaHi iHTENeKTYyami3aris iHpopma-
niianx Texnonorid (IIT) € omaum 13 6a30BUX
HanpsIMKIB iXHBOTO PO3BUTKY, SKHH Mae sK
LIIMPOKE TEOPETUYHE MIAIPYHTS, TaK 1 3HA4HI
MPaKTUYHI Pe3y/IbTaTh, MOB’s3aHi 13 pO3poo-
KOO 1HTEJIEKTyaJIbHUX 3aCTOCYBaHb y PI3HHUX
cepax. Came mi 3aco0u ceMaHTH3AIl ITH-
POKO 3aCTOCOBYIOTHCS IS BIOCKOHAJICHHS Ta
IHTEJIeKTyalli3amii TaKuX PO3MOBCIOIKEHUX
mwkepen iHpopmarii, sik Bebnopramm. IloTpe-
0a B IHTEJEKTyaJlbHUX 3aco0ax aHali3y iH-
(dopmarrii 0OyMOBIIOETBCS TUM, IO 3POCTAE
o0csT MaHuX, SIKi MOTPeOyITh 00pOOKH, CTa€e
OinpIlie iX 30BHINIHIX 1 BHYTPINIHIX JDKEPEN,
BOHHM CTalOTh CKIQJHIIIUMU 32 CTPYKTYPOIO
Ta PI3HOMAHITHIIIUMU 32 (popMaMu MOJaHHS,
BHKOPHUCTOBYIOTh Pi3HI cxeMH iHAeKcarii (pe-
nsiiHi, 6ararosumipai, noSQL Tomro). Kpim
TOTO, BCEe OUIbINA KIJIBKICTh 3aCTOCOBHUX CHC-
TEM MPU3HAYAIOTHCA 3apa3 uisd (YyHKIIFOBaH-
Hs y BigkpuroMy cepenosuiii (Web a6o ioro
TEBHUX YACTHHAX).

OpnHUM 13 HAMBIOMIIIMX MTPOEKTIB 3 1H-
tenekTyamizanii Web-cepenosuina € Semantic
Web, B pamkax sKOro po3poOJIEHO BEIHKY
KUTBKICTh CTaHAAPTIB Ta 3acO0IB MOJaHHS H
00poOku iHpopmalii Ha pPiBHI 3MICTY, OiJIb-
IICTh 3 SKUX O0a3y€eTbCsl Ha OHTOJOTIYHOMY
ananizi. Tomy 06poOky 3Hanb B IIC yce gacri-
11€ MOB’SI3YIOTh 31 CTBOPEHHSM, BUKOPHCTaH-
HSM Ta OOpOOKOIO OHTOJIOTIH, K1 MIATPUMY-
I0TbCSA TaKMMH cTaHaapramu Semantic Web,
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gk OWL ta RDF, a Takox pi3HOMaHITHUMHU
IHCTpYMEHTAJIbHUMHU 3aco0aMu. Ale, Mompu
e, I1HTeJeKTyamizalis Be03acToCyBaHb Be-
JIUKOTO 00CSTY Ta 31 CKJIAJHOI CTPYKTYPOIO,
710 SIKAX HaJleKaTh BeOMOPTaIU, 3aJIUIIAEThCS
CKJIaTHOIO Ta KOMIUIEKCHOIO MPOOIeMOI0, 1110
norpelye sIK PO3BUTKY MOJeNell KepyBaHHS
3HAHHSMHM, TaK 1 METOIB iX MPAKTUYHOIO 3a-
CTOCYBaHHSI.

CeMaHTHYHI CHCTEMH € MIJIKJIaCOM
IHTEJIEKTyallbHUX CHCTEM, B SIKMX 3ac00HU MO-
JIaHHS 3HaHb SIBHO BIJIOKPEMJICHI Bij 3ac00iB
00poOku. BoHM MOXYTh OTpUMYBaTH 3HAHHS,
noTpiOHI a7 YHKIIFOBaHHS CUCTEMH Ta 3a-
JIOBOJICHHS 1H(OPMaLifHUX MOTped Kopuc-
TyBadiB, 3 OyIb-SKHX 30BHIIIHIX JDKEpeN Ta
perno3uTtopiiB [1], Mo BiAMOBIAAIOTE yMOBaM
cucreMd. B Takomy migxoai JOBiIbHA 30B-
HILIHS OHTOJIOTIS PO3IVISAAETHCS K “UOpPHMIMA
SIIIUAK”, TIPO SIKUA HEeB1JIOMO HIYOT0, KPiM HOTO
MeTa/laHuX (K1 TAaKOXK MOXKYTh OyTH HEKOpEK-
THUMH — 3aCTaPLIAMH, TIOMHIIKOBUMH 200 OTTH-
CaHMMH Ha OCHOBI IHIIOI TEPMIHOCHCTEMH).
Came TOMy ceMaHTH3allisl CUCTEM, Opi€HOBa-
HUX Ha BiIKpUTE 1HOpMAIliiiHEe cepeIoBHIILE,
JI03BOJISIE€ 3HAUHO PO3MIUPUTH (DYHKI[IOHAT Ta-
KHX 3aCTOCYHKIB Ta MiJBUIIUTH €()EKTUBHICTD
iXx poOoTH, aje BOIHOYAC MPU3BOIUTH J10 Oa-
rarbOX CKJIAJHOIIIB Y MPOIeIypax aHami3y Ta
1HTerpauii OTpUMaHUX BiAOMOCTEH.

Croronni kopuctyBaui Web maroTsb J10-
CTYII JI0 BEJIMYE3HOI KITLKOCTI BEOCTOPIHOK 1
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CEpBICiB, alie 3 YChOTO I[LOTO PO3MAITTS OlTb-
IIiCTh 3 HUX 3a3BUYail BUKOPHCTOBYIOTH JIHIIIE
oOMexxeHni HaOip 1HPOpMAIIHHUX pPecypcCiB
(IP), mo BiAMOBIZAIOTH IXHIM IHTEpEecaMm Ta
norpebam. BogHouac KokeH 3 KOPUCTYBadiB
BUKOPHUCTOBYE Pi3HI MIIMHOKHHH CTOPIHOK Ta
CepBicCiB (X04a MOXKHA BU3HAYATH MEBHI IPyMH
13 momiOHUMH TOTpeOamMu, IO BHKOPUCTOBY-
I0Th OJJHAKOB1 a00 moAiOoH1 Habopu). Tomy m0-
IJTbHO BHOKPEMIIIOBATH Taki HaOopu morped
ta ctBoproBatH [IC, sixi 3a0e3neuyroTs A0CTyN
JI0 BIMIOBIAHUX PECYPCIB Ta MIATPUMYIOTh CEP-
BicH iX 00poOku. Came 0 Takoro (pyHKIiOHa-
ay IIC, mo opieHTOBaHI Ha (YHKIIIOBAaHHS Y
BeOcepeIoBHII, HAHOIMIKIE MOTI0HE TOHATTS
BeOmopTay.

BeOnopranu 103BOJISAIOTH KOPUCTYBA-
yaM OTPUMYBATH HIBHAKHI JOCTYN came [0
TUX HaOOpiB BeOCTOPIHOK, SIKUMHU BOHU 3a3BU-
yail KOpUCTYIOThCS, 1 CEPBICIB, OPIEHTOBAHUX
Ha 00pOOKYy came TaKUX CTOPIHOK. Ycs iHpop-
Mallisi Ta cepBicH, MPOIOHOBAHI Ha MOPTai,
MOXYTh PO3TIISIIATUCS K CIIPOOa aBTOMATH30-
BaHO c(opmyBaru Ta 3apikCyBaTH came TaKy
NiAMHOXKUHY 1HOpMalii, siky oOpaB 0u cam
KOpHUCTYBa4, SIKOM MaB JOCTaTHIN 4Yac 1 J1oc-
BiJl Uil CTBOPEHHS MEPCOHAIBHOTO HaOOpy
BeOcTopiHok [2]. Tomy BeOmopTanu JOLIIBHO
po3mIsIaTH K 3aci0 mepcoHi(ikoBaHOI Ta 3a-
Jladya-opi€HTOBAHOI 1HTErpalii BiJIOMOCTEH Ta
MOCITYT, JIOCTYT JI0 sIKUX 3a0e3rnedye BeOcepe-
nosuie. Came Takuil MiAXiJ A03BOJSE edek-
TUBHIIIIE aHAJi3yBaTH IMOTEHIIHHI HANPSIMKH
PO3BHUTKY BeONOpTaNiB, BH3HAYATH ICHYIOUl
po0JIeMH Ta MUIAXH X pO3B’sI3aHHS HA OCHOBI
Cy4YaCHHX TEXHOJIOTiH 00poOKu iH(opmarrii Ta
aHai3y JaHUX.

Cepen ychoro po3MaiTTsi BEOTIOPTAIiB
MOXXKHa BUIUIMTH IMJAMHOXHUHY 1HGOpMAIIii-
HO-aHAJIITUYHUX BeOmopraiiB, sAki 3abesmne-
YyIOTh IIUPIINA HaOlp aHAJIITUYHUX CEPBICIB
Ta 3aco0iB 3100yTTsI 3HaHb 3 HAsIBHOI CHUPOI
iHpopmarlii. Bouu nepenbdayaroTb MOXKIUBICTD
00pOoOKM KOHTEHTY Ha piBHI 3HaHb Ta BUKOPH-
ctaHHsa enemeHTiB Data Mining, MammmHHOTO
HABYAaHHS Ta JIOTIYHOrO BUBEAEHHS. Takl 1H-
(dbopmaniliHo-aHAITUYHI BeOMOpTaN TOTpe-
OyIOoTh OUTBII CKIIQJHUX MOJEICH KOHTCHTY
JUISL THTerpallii, MOPIBHSHHS, Y3TOUKCHHS Ta
Bi3yanizauii iHQopmallii, 1110 HAJA€TbCA KO-
pHUCTyBadaM.

SIK 1 iHII HamMpsIMKU PO3BUTKY iH(OP-
MalifHUX CHUCTEM, BEOTIOpPTaIM MOXYTh 3a-
CTOCOBYBaTH 3acoOM IHTEJIEKTyasi3aiii, Me-
HEJDKMEHTY 3HaHb Ta MAaIIMHHOTO HABYaHHS
Tt 3a0e3TeueHHsT KOPUCTYBadiB OiIbII po3-
HIMPEHUM (PYyHKIIIOHAJIOM, OJTHAK BOHU MaIOTh
BpaxoByBaTH crieludiky poOOTH y BiAKpUTO-
My CEpEeIOBHILI Ta MOTpedy B 1HTErparii pi3-
HUX Mozesel noganHs 3HaHb. [1oTpiGHO po3y-
MITH, 1110 IHTEJIEKTYaJIbHI BEOIOPTAJIH € JIUIIE
JOCUTH 0OMEXEHOO MIMHOKHHOIO BCIX 1CHY-
0YuX BEOMOpTaliB, 1 HE BCi 3 TAKMX MOPTAJIiB
MOXYTh OyTH B MailOyTHbOMY iHTEIEKTyali-
30BaHl (uepe3 oOpaHi TEXHOJIOTii PO3poOKH,
MOJIeJli KOHTEHTY a00 OCOOJIMBOCTI BHUKOPH-
crannsi). Kpim Ttoro, BuOip iHdopmamiiHux
TEXHOJIOTIM, 10 NPUITYCKAIOTh MOKJIHUBICTh
IHTEeJIeKTyai3allii, He 3a0e3rmeuye aBTOMaTH4-
Hy 0OpoOKy KOHTEHTy BeOmoprainy Ha piBHI
3HaHb, a JIMIIE HAJA€ BIANOBIIHI IHCTPYMEH-
TaJIbHI 3aCO0U IS X CTBOPECHHS.

OCHOBHI BJIaCTHBOCTI
BeOmopraJiB

AHaI3yI0ul TMEePCHEKTUBU PO3BUTKY
Ta MOXIIMBOCTI IHTEJeKTyami3amii iHdopMa-
IHHO-aHATITUYHUX BeOMOpTaliB, HEOOX1THO
CIIOYATKy BH3HAYUTH, SIKYy CaMe IiJIMHOXUHY
BeOpecCypciB MU PO3TIIAIAEMO SIK BEOMOpTan
Ta sIKI CITUIbHI BJIACTHUBOCTI Ta (PYHKINi Bij-
PI3HAIOTH 1X BiJ IHIIMX TUIIB calTiB. Hapasi
CTBOPEHO Ta PO3BHBAETHCS Oararo pi3HUX TH-
B MMOPTATIB, 1 TOMY B JITEpaTypi 3ycTpiva-
€Tbcsl Oarato pi3HMX BU3HAUeHb Ta HAOOPIB
TaKUX XapaKTEPUCTHUK, IO JO3BOJISIOTH HA3H-
BaTH NIEBHHUI BEOCANT MOPTAIOM.

Bebnopran — e caiit, opranizoBaHHii
K OaraTopiBHEBE 00’ €IHAHHS PI3HUX pecyp-
CiB 1 cepBiciB, 3aco0iB HaBiramii Ta iHdpopma-
HiHUX cayk0. BiH MOXe BUKOPHCTOBYBaTH-
Csl IK TOYKa BXOAY B MEPEXKY, IO MIATPUMYE
cnenudivni 1HGOPMAIIiiHI TOTPeOU OKpeMHX
KOpPHUCTYBaviB a0o iX rpy1.

MoskHa po3IIIIaTy OPTAN SIK IEBHUH
LUTI03 JAJIS1 IOCTYIY 10 PECypCiB MEpexi, ajie
3apa3 Maiike Oynb-sika BeOCTOpIHKA BiZIOBI-
nae npboMy Kputepiro. Y BeO mokHa 3HaiTH
BEJIMKY KUIbKICTh BU3HA4YCHb, HanpuKiamd, [3]
BHU3Ha4Yae BeOMoOpTan SK CIeliaJbHO PO3po-
OneHnii BeOCaiT, sikuil yHi(iKye HaTaHHS iH-
(dhopmariii 3 pi3HUX JHKEpe Ha OAHii miatdop-
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Mi, JorioMarae B HaBirailii Ta mepcoHamizamii
CTIOBIIICHD 13 PO3MIMPEHUMHU (PYHKIIISIMH, Ta-
KHMU SIK KepyBaHHsI 3aBJaHHSIMM, CIIBIpaL,
Oi3HEC-aHAIITHKA TOILIO.

OcHoBHI (pyHKILIT BeOnopTaiy:

— OHOBJICHHS KOHTEHTY CalTy: MopTal
Ma€ MICTUTH Habip IHCTPYMEHTIB, SIKi MOKpa-
LIYIOTh MOUIYK iH(opMalii, MiABUILYIOTh ii
SIKICTB;

— TOKpalleHHS B3aeMOii 3 KOpHC-
TyBa4aMU CaWTy: TOpTal HANa€ JOAATKOBI
MOXXJIUBOCT1 CHIJIKyBaHHS BJIACHHKIB CaWTy
3 KOPUCTYBa4aMH, JUIsI BJOCKOHAJICHHS 1XHIX
B3a€EMMH 3 KIIIEHTaMH, HaJal0ul BUCOKOSIKICHY
Ta BiAdUIBTpOBaHy iH(POpMaIliI0 HAa 3pyYHIH 1
KOMIUIEKCHiH mardopmi;

— OpieHTaIlisi Ha JOMEH: BeOmopran
II0B’13aHUH 3 NEBHOIO MPEIMETHOIO 00JacTIO 1
Mae 3a0e3MeuyBaTH pi3HOMaHITHI TOTpedu Ko-
pUCTYBadiB, sIKi ITyKalOTh BiAMOBIAHY iH(OP-
Mallilo Ta HOCIYTH;

Po3poOka Ta nu3aiin BeOmoprany €
CKJIQJIHUM TPOIIECOM, OCKUIBKH HOro (yHKIIi-
OHaJIbHI MOKJIMBOCTI JIOCUTh BAaXKKO 3a3jajie-
Tib BU3HAYMUTH, (popMai3yBaTu Ta peasilyBa-
Ti. B 1mijoMy mporec po3poOku BeOmopTamy
MICTHTh yC1 KpOKH, HEOOX1IHI ISl PO3POOKH
Oynb sikoro BebcaiTy. OHaK Pi3HULS TOJIATaE
B CKJIaJTHOCTI peati3allii KOXKHOIO 3 IIUX KPOKIB
Ta B HasBHOCTI JJOAATKOBUX €TaliB, 110 CTOCY-
IOTHCSI BU3HAYEHHS HOTO (DYHKIIIN, KOyBaHHS,
TecTyBaHHs Ta iHTerpauii. OTox, BeOnopraau
BIIPI3HSIOTHCS Bij 1HIIIMX TUITIB BEOCANUTIB 111€
i THMM aclieKTaMH, 110 OCTaHHI B OCHOBHOMY
30cepe/pKeH] Ha 3aiydeHHi Tpadika, TOmi sIK
BeOMOpTaNM MpU3HAYEH] U1 HOro CKOPOYEH-
HS 32 paXyHOK €()eKTUBHIIIOro Ta mepcoHidi-
KOBaHOTO aHami3y. ToMy MOBHU NporpaMyBaHHs
Ta (ppeiiMBOPKH, SIKI B OCHOBHOMY BUKOPUCTO-
BYIOTBHCS y PO3pO0I1i BeOIOpTaiB, MalOTh MEB-
Hy crienudiky Ta MOTpeOyrOTh 3HAYHO IIHP-
moro (yHKI[IOHaTY, a MOIIMPEHICTh IXHHOTO
3aCTOCYBAaHHSI PI3HUTHCS TOPIBHSIHO 3 BUKO-
PHUCTaHHSM Ul CTBOPSHHS 1HIINX BEOCAMNTIB.
VY [4] HaBo#sATH HAOIp HAWOUIBII MOITUPEHUX
(GpelMBOpKIB AJIi CTBOPEHHS BEOMOPTAiB:
Angular]JS, Laravel, React.JS, NodeJS, Ruby
on Rails.

Bebnopran 3abe3nedye JErkicTh Ha-
Biramii Ta MIABUIICHHS TPOAYKTHBHOCTI B
00po6mi indopmarii. Bin 3abe3neuye yHiBep-
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caJlbHUH BXiJ 1 32 moTpeOu 3abe3neuye iHTe-
rpaLito 3 IHIIMMH [IPOrpaMaMi Ta CHCTEMaMHU.

Xoya MOXHA 3HAWTH Oarato pi3HOMa-
HITHUX XapaKTepPUCTHK BeOmopraiiB, Oib-
IIICTh 13 HUX TEBHUM YMHOM BU3HAYAIOTHCA
caMe OpIEHTAIlIEI0 Ha JCSIKY OOMEXEHY ay/Iu-
TOPiI0 KOPUCTYBa4iB Ta MOXIIUBICTIO HaJaTH
IHTErpoBaHUN HaO1p HaAMOLIBII KOPUCHUX IO-
CIYT, K1 MIATPUMYIOTh OUIBIIICTh MOTPIOHUX
¢byHKLIH Ta HEe NOTPeOyIOTh BUKOPHUCTAHHS
30BHIIIHIX CEPBICIB Ta MKepen iHdopmarrii.

[Topranu MoOXKHA pO3MISIATH SK CH-
CTEeMHU YTIPaBIiHHS 3HAHHAMH, SIKi J03BOJIS-
I0Th CTBOPIOBATH, OOMIHIOBAaTHCS Ta IOBTOPHO
BUKOPUCTOBYBaTH 3HAHHA. BOHM MICTATH Be-
JIMYE3HYy KUIBKICTh iH(OpMaLlii, B TOMY YHUCIi
1 MyJIBTUME/IMHOI, 1110 peaji3yeTbes 3a paxy-
HOK 30epiraHHsi KOHTCHTY He B 0a3ax JaHuX, a
B CXOBUIIAX 1 BITPUHAX JIaHUX.

Bebnopran € okpeMuM BUTIAJIKOM BeO-
caity. [lopran, 3a3Bu4aii, 3HAYHOIO MipOIO
OpIEHTOBAHUH Ha KO)KHOTO OKPEMOTO KOpHC-
TyBaya, TO/I1 SIK BeOCalT MOXKe HE MICTUTH elle-
MeHTIB niepcoHidikarnii. KonTtenT Bednmopramy
€ JMHAMIYHUM 1 4acTO 3MIHIOEThCs. Bebmop-
Tall MICTUTh €JIEMEHTH 3aXHCTy BiJl BXOIY B
CUCTEMY 1 MOXKE IMIITPUMYBATH 1HPOPMALIIHHY
B3aEMO/III0, 1110 € CHEIU(IYHOIO TSI KOPUCTY-
Baua, a foro iHTepdelic Moxe OyTH 3araTbHAM
a6o mpuBatHuM. KoHTeHT mopTaity 30upaeTbes
3 PI3HUX JDKEpeT 1 MOXKe OyTH YHIKaJIbHUM /IS
KOpPHCTyBa4a Ha OCHOBI HOTO MEPCOHAJIBHHUX
HajamTyBaHb. [lopTanu cnpsMoBaHi Ha 3a6€3-
MIEUEHHSI PI3HUX THIIIB CEPBICIB, SKI MOXYTh
3HAZIO0MTHCST KOPUCTYyBa4aM JUIsl OTPHMaHHS
Ta 00poOKH Horo KoHTeHTy. Tomy BHOIp cepBi-
CiB, SIKl MITPUMYIOThCS IOPTAJIAMH, BEJTMKOIO
MIpOIO 3aJIEKUTh BiJl TEMATHUKUA TMOpPTaNy Ta
nmoTped HOTro KOPUCTYBAYiB.

VY [5] BeOmopran BU3HAYAIOTH SIK BEO-
CallT, sSKUl cleuiaJbHO PO3pOOIEHUM Tak,
11100 OyTH € JMHOIO TOYKOIO TOCTYMyY A0 1HDOP-
Maitii. Ioro Takosk MOKHa BBaXKaTu 0i0miore-
KOO TIEPCOHAJII30BaHOTO Ta KATETOPU30BaHOTO
KOHTEHTY. Bebnopranu nqornomaraiors y moury-
Ky Ta HaBiramii, 3a0e3meuyoTh MepcoHaiza-
1[I0 Ta 1HTETpallii CrOBINIEHb, & TAKOXK YaCTO
HAJal0Th CEPBICH, 110 CTOCYIOTHCS KEPYBaHHS
3aBJIaHHSIMU, CHIBIpalli, Oi3HEeC-aHATITUKHU Ta
1HTerpanii 3 1HIIUMHU 3acTOocyHKamu. Jlocuthb
4acTO BHPI3HAIOTH BiMIHHOCTI BeOIopra-
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JIB BiJ 1HIIMX THUIIB calTiB (Tabmums 1), mo
JIO3BOJISIIOTh BHU3HAYUTH, SIKI camMe J0JaTKOBI
¢dbyHK1IIT Ta 0OMEXEHHS TOTPiOHI A1 pO3p0O0-
KM TaKuX MOPTAJIiB Ta sIKi EpeBaru Ha/laloTh

111 TOJTaTKOB1 YCKJIaIHEHHS.

Tabmuus 1. BiamiHHOCTI BeOMOPTAIB Bij
IHIIUX THIIB CAWTIB

Beocaiit Be6nopran
Hoctyn yepe3 Tako BUKOPUCTOBYIOTh
VHIKaJIbHY JUISL IOCTYILy ITapoJib Ta
aapecy URL JIOTiH

Bci 6auarb Bech
KOHTEHT

TUIbKH WIEHH CHUILHOTH
KOPHUCTYBAYiB, 1[0 MalOTh
napoJi, OTPUMYIOTh
JIOCTYII JIO BCbOT'O
KOHTCHTY

Bci kopuctyBaui

KonTeHT BinpizHA€THCS

OTPUMYIOTh JUIS PI3HUX IPyIl
OJTHAKOBUI KOPHCTYBauiB
KOHTEHT

Caiftom kepye
€IMHa KOMaH/1a

Jist pi3HUX PiBHIB
poOOTH 3 KOHTEHTOM

aaMIHICTPaTOpiB | 3aCTOCOBYIOTH Pi3HI
KOMaH/IM aJMiHiCTpaTopiB

Kontent JlMHAMIYHUN KOHTEHT

€ IOCUTh 94acTO 3MIHIOETHCS, 1110

cTalblIbHUM notpedye crenianbHuX
IHCTPYMEHTIB

Po3zpaxoBanuit Ho3Bouste

Ha aHOHIMHHUX nepcoHigikyBaTu KOHTEHT

KOPHCTYBaYiB Ta cepBicH, MO JOCTYITHI

Ta myONIiYHAN KOpPHUCTYBadaM, MiITPUMY€

JIOCTYI pi3Hi piBHI ocTymy 10

iHpopMaIii 3 pi3HUX
JoKepen

3a3Buuaii, BeOnopranu 3abe3neuyroTh
JOCTYN 13 pI3HUX MIATQopM Ta BUAIB NpH-
CTpOIB, TAKUX SIK IIEPCOHATIBHI KOMIT IOTEPH Ta
cMapT(OHH.

BeOnopran MoxHa po3mIsAaTH  SK
CaiiT, mo Hajxae iHPOPMAIII0 Ta CEPBICH IS
BUKOPHUCTaHHS 11i€i iHpopmarii.

TenpeHiii po3BUTKY MOPTATIB TOB’si-
3aHi 13 BJOCKOHAJICHHSM YCIX ITUX THITIB Cep-
BICIB Ta 31 CTBOpEHHSIM iH(popMaliiHOl 1HO-
pPacTpyKTypH MopTaiy, sika 3a0e3rneuye OLTbIIn
e(heKTUBHE BUKOHAHHS IIMX CEPBICIB.

Kuaacugikanis BeOnoprasis

Icaye Gararo TumiB Kiacudikarii mop-
TaJIiB, HAUOIJIBII MOMUPEHUMHU 3 SIKUX €:

— 32 IITbOBOIO ayJIUTOPIEI0;

— 32 TUTIOM KOHTEHTY;

— 32 IPU3HAYCHHSIM;

— 32 TeXHIYHUMH O3HAKAMHU.

3a [UIBOBOIO ayJIUTOPIEI0 TOPTATIB:
myomiyHi 1 koprioparuBHi. [Tyomiuni mopranmm
OpiEHTOBAHI Ha BCIX KOPUCTYBauiB, a KOpIopa-
THBHI — TUIbKU Ha ME€BHY M1IMHOKUHY, Hallpu-
KJIaJl, CIIIBPOOITHHUKIB 1 MapTHEPIB Opraxizaiii.
KpiM 115010, mopTaay Takox MOAUISIOTH 32 1H-
LIIMMH TapaMeTpaMM Ha IHTEpHALllOHAIbHI Ta
perioHaybHI. [HTepHAaIlIOHATBHI TOPTAIHA Opi-
€HTOBAaHI Ha BCIX KOPUCTYBayiB, HE3aJIEKHO
B1J1 MiCLIA X TTPOYKUBAHHSI 1 MOBHOT ITPUHAJIEK-
HOCTI, TO/ SIK pETiOHaJIbHI OPIEHTOBaHI Ha KO-
PHUCTYBauiB 13 EBHOI MICIIEBOCTI a00 MOBHOT
rpynu. [Tpuknaan ropu30HTAIBHUX TOPTATIB
— Yahoo! (aarmomonwuit), Ukr.net.

3a TUIIOM KOHTEHTY BeOIopTaau Mmoi-
JISIOTh HAa TOPU30HTAJbHI 1 BEPTUKAJIBHI: Tep-
111 HAIIUJICH] HA BEJIMKI CIUIBHOTH KOPUCTYBa-
4iB, ApyTi K OiIbII crienudivHi 1010 BMICTY
Ta 00’ekTiB. BepTukanbHi mopramum MICTATh
KOHTEHT, LII0 CTOCY€ThCS O/IHI€T TeMU, a TOpH-
30HTAJIbHI MOPTAIU OXOIUIIOIOTH OJHOYACHO
0arato pi3HHUX TeM, aje HaJaloTh OJHAKOBUU
Halip cepBiciB 11t 00poOKkH iH(popMaIlii 3 piz-
HUX HampsMKiB. BepTukanbHuil mopran — 1e
TOYKa JIOCTYIly 10 MEBHOI Trajy3l, pUHKOBOI
Hili 9u cepu iHTEPECiB, MO0 CTOCYIOTHCS 00-
MEXEHOI TEMaTHKH, TOPKAIOYHCH JIUIIIEe OHIET
TeMH a00 OTHOTO THUITY TeM, TAaKUX SIK CTPaxy-
BaHHs, OCBiTa a00 0xopoHa 310poB’s. Hampu-
KJIaJl, BEPTUKAJIbHUI IIOpTall Www.contractor.
com MicTHTh iH(opMaIliro Ta cepsicu s Oy-
JBEILHOT TaITy3i.

TenaeHuii po3BUTKY
BeOmopraJiB

OCHOBHI HamnpsIMKKA PO3BUTKY BeOIOp-
TaJliB MO>KHA MOAUTUTH Ha KUJIbKAa HANPSIMKIB
(Xoua Ha MpaxkTHULl BOHU JOCUTh YAacCTO BUKO-
PHUCTOBYIOTBCS Pa30M Ta y Pi3HUX KOMOiHaIli-
SX): TepcoHi(iKalilo, BIOCKOHAJIEHHS CEpBi-
CiB Ta IHTEJIEKTyaTi3alio.

Tenaenuii po3pobku iHpopmariiiHO-a-
HaJITUYHUX BEOMOPTAIiB TEX CTOCYIOTHCS LIUX
TPHOX HANPSIMKIB, ajie Tiepen0adyaroTh OUTbITY
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yBary /10 BU3HaueHHs Habopy CepBicCiB, 110 Ha-
Jla€ IOPTaJl, Ta JOJATKOBI BUMOTH J0 TIOaHHS
KOHTEHTY, SIKl MIATPUMYIOTh BUKOHAHHS ITUX
CEpBICIB.

Bararo migxomiB Ta BW3HAYEHbL IIijI-
KpPECIIIOIOTh BAXKJIUBY PpOJIb TepcoHidikarii
iHpopmallii Ha BeOmopranax Ta MOXKIHUBICTH
3aCTOCYBaHHS 3HAHb 13 30BHIIIHIX JXKEPE Ta
JOCBiAy pobOTH camoro moprtany. Taka mep-
coHiikamiss mependavyae IHIUBITyadbHI Ha-
JAIITYBaHHS Ta HaJaHHs 1HAMBIAyali30BaHO-
ro Habopy mocayr. Y HalOUIbII PO3BUHYTHX
noprajgax — MOXJIMBICTh BpaxoBYBaTH J0C-
B1Jl B3a€MOJIIi 3 KOPUCTyBaue€M Ta HaBUaTHUCS
Ha IIbOMY JIOCBiAi. AJle 1ei mapaMeTp OiIbII
BOXJIUBUI /7151 BEPTUKAIBHUX IOPTANIIB, €
OCHOBHI BIAMIHHOCTI MK KOpPHUCTYBa4aMH
CTOCYIOThCSI came BUOOpY MIIMHOXHHH KOH-
TEHTY Ta 3ac00iB ioro oOpoOku. 1 ropru3oH-
TaJIbHUX MOPTAJIiB 1€ MEHII BaXJIMBO 1 0araro
B UOMY 3aJI€KUTh BiJl CIPSIMOBAHOCTI OPTAITY.
Hanpuxnan, nis iHpopMaIiitHiuX Ta eHIIMKIO-
MeANYHUX MOPTaIiB NepCoHi(iKallisg 3a3BuYaii
CTOCY€ETbCS BU3HAYEHHSI MMOBHOBAaXKEHb, CTBO-
PEHHS IIEPCOHAIBHOT CTOPIHKH Ta 30€pexeHHs
1CTOPIT 3aIUTIB.

Tomy muTaHHsa nepcoHidikarii 1moB’s-
3aHe 13 3axucToM iHQopMmarii BedmopTany, a
came — 3 BU3HAYCHHSM HA00Opy QYHKIIH, 110
JIO3BOJISIIOTHCSL TIEBHOMY KOPUCTYBAu€Bi, $IK
II0/10 MEPEerIsily KOHTEHTY, TaK 1 1010 MOX-
JIMBOCTEN MOTO pearyBaHHs.

CydacHi iH(pOpMaIiHHO-TIONTYKOBI CH-
cremu (30kpema, Google) Ta cepBicH MparHyTh
HAKOTIMYYBaTH i BAKOPUCTOBYBATH JOCBI B3a-
€Moii 3 KOHKpeTHUM KopucTyBadeM. [lepcrek-
THUBHI HAIIPSIMKU PO3BUTKY BEOIIOPTAIiB MalOTh
TaKOXX MiATPUMYBATH 11i MOKJIMBOCTI Ta 3a0e3-
MeYyBaTu JOCTYM SIK 10 30BHIIIHIX MOIIYKOBUX
CEpBICIB, TaK 1 HAJaBaTH PO3IIUPEHUH (HyHKIII-
OHAJI TIONTYKY B KOHTEHTI MOPTaJy 3 ypaxyBaH-
HSM 1HIWBITYaJbHUX MOTPEO KOpHCTyBaya Ta
JIOCBIy HOr0 B3aeMOii 3 HOPTAIOM.

Jlist Toro, o6 dopmaizyBatu iHGOp-
MalliifHi TOoTpeOu KOpHCTYBadiB Ta OIKMCATH
CTPYKTYpy M BIACTHBOCTI MOTPIOHHX HOMYy
iHpopMmaniiiHux 00’exTiB (10), Ha mopTani Mo-
XKYTh BHUKOPHCTOBYBaTH TakKi JpKepesia 3HAaHb
PO YYACHHUKIB MPOLECY MOLIYKY:

— nepcoHanbHull NPoPinbL Kopucmysea-
yq, y SKOMY MICTATBCS BIJIOMOCTI PO 1HIWBI-
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TyaJbHi 0COOJIMBOCTI Ta epeBaru KOpUCTyBa-
Ya y COKHMBaHHI iH(popMarii: 1aHi, oTpuMaHi
MIPH peecTpallii KOPUCTyBaua; pe3yabTaTu HOro
AQHKETYBaHHS; 3asBIICHUN KOPUCTyBaueM pi-
BEHb KOMIMETEHTHOCTI B pizHux [IpO, icTopito
Horo momepeaHix 3anuTiB, monens I1pO ioro
1HTEpeCiB TOILO;

— 3HaHHS WOJ0 NpeomMemuoi obracmi
nowyky (HampUKIaa, OHTOJIOTIS BiAMOBITHOL
[IpO, Te3zaypyc 3amadi, HOCUIAHHS HA 30BHIIII-
H1 b3);

— 00¢8i0 63a€MO0Ii KOPUCTYBava 3 Mop-
TAJIOM: ICTOPI{ 3aIUTIB I[LOTO TA IHIIUX KOPHUC-
TyBa4iB, YAMOCH TIOJIOHHX JIO0 HHOTO;

—  308HIWHI O0dcepena 3HaHb, OOpaHi
KOpHCTyBa4eM 1 1ocTynHi yepe3 Web (Hanpu-
kiaj, Bikinesito, cioauku, Web-caiitn).

3HaYHOIO MIPOIO0 MOXKJIMBOCTI CEMaH-
TH3allil TOpTaly BU3HAYAIOTHCS: 3arajbHOI0
KOHIICTIIIEI0 PO3POOKH TOpTATY, HOTO IiJIs-
MU Ta MNPU3HAYEHHSIM; OOpaHUM MpOorpam-
HUM 3a0e3MeYeHHSIM; MOJCIUII0 Ta CTPYKTY-
poro 0a3u 3HaHb MOPTay; BHPA3HOIO 3/aT-
HICTIO pealli30oBaHUX IONTYKOBUX CEPBICiB;
3acobamMu Ta MeETOAaMU CTPYKTYpYBaHHS
KOHTEHTY TOPTaIy, MOKIUBOCTSAMH €KCIIOP-
Ty 30BHIITHIX 0a3 3HAaHb.

Ane crnij 3a3HAYUTH, 10 BAAIMA BU-
01p Mozesi MOJJaHHs KOHTEHTY, Habopy cepBi-
CiB Ta iX IporpaMHoOi peanizallii He € aBTOMa-
TUYHOIO 3a[IOPYKOI0 CTBOPEHHS IHCHO edek-
TUBHOTO CEMaHTHYHOTO mopTaiy. HeoOxigHo
BpaxoBYyBaTH, 110 BeOmopTan (yHKI[IOHYE Yy
BIIKpUTOMY 1H(OpMaIiiiHOMY cepeaoBHUILi,
110 6e3nepepBHO 3MIHIOETHCS, 1 TOMY PO3p00-
Ka mopraiy norpedye MOCTIHHOrO OHOBJICH-
Hs Ta IHTerpauii K MOJell 3HaHb, 110 BHKO-
PUCTOBYIOTHCSI Ha OPTaJi, TaK 1 CAMOTO KOH-
TEHTY, 00 3a0e3MeUnTH HOTr0 aKTyalbHICTh
Ta HECYNEPEUHICTh.

Habip cepgiciB, 1110 HaJJa€ThCs BEOIOP-
TaJIoM, 3HAYHOIO0 MIpOI0 BU3HA4a€ oro QyHk-
1ioHaza Ta cepy 3acrocyBaHHs. Tomy TeH1eH-
1ii po3BUTKY BeONOpTaiB MarOTh BpPaxoBY-
BaTH PO3LIMPEHHS HaOOPYy TaKWX CEPBICIB Ta
BIIOCKOHAJICHHS SIKOCTI 1XHBO1 poboTu. Came
cepBicH BeOMOpTaJiB € OJHHUM 13 BAKIMUBHUX
KpUTEpiiB iX MOpIBHSAHHA. BaxxauBo Bimpis-
HSTH, IKI CepBICH IIHCHO MIATPUMYIOThCS Ha
TOpTai, a SKi JINIIe ACKIApYIOThes a00 HaJla-
IOThCS 3 00MEKEHUM (PYHKITIOHAJIOM .
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bararo n1ociiiHUKIB IPONOHYIOTH pi3-
HOMAaHITHI METOJH, 10 JO3BOJISIIOTH PAHKY-
BaTH BEOMOpPTaIM Ha OCHOBI iXHIX YMOB Ta
MOJIITHKY HaJaHHs nmocnyr. Hampuknan, B [6]
PO3IISIIAlOTECS METOAM, SIKi 3aCTOCOBYIOTH
MallMHHE HaBUaHHS Ta HEHUPOHHY MeEpexy
00poOKM TPUPOITHOT MOBH, JJisi MOPIBHSHHS
caiiTiB. J{7s 1bOro aHaji3ylTbCsl YMOBH Ha-
JaHHSl CEpBICIB Ta YroAW, 110 BHU3HAYAIOTh
HaO1p mpaBuJl, K1 TOBUHEH BUKOHATHU KOpPHUC-
TyBa4 JUIsl TOTO, MO0 BHUKOPHCTOBYBATH IIO-
CIIYTy, 110 HaJaeThcsl BeOcaiiTom abo moiry-
KOBOIO CHCTEMOIO.

Hanpsimku cemanTu3amii
BeOMopTAaJiB

OCHOBHI TeH/I€HLIIT PO3BUTKY MOPTAJIIB
CTOCYIOThCSl IXHBOI CEMaHTH3alIlll Ta MOXJIH-
BOCTI IOBTOPHOTO BUKOPHUCTAHHS iH(pOpMALlii.
OO6uzBi 1l TeHaeHLli Oe3nocepenHbo MOB’s-
3aHi 13 mpoekToM Semantic Web Ta mmpoxo
3aCTOCOBYIOTh CTaHAApPTU W MOBM TOAAHHS
3HaHb, CTBOPEHUX B PAMKAaX IIbOTO IPOEKTY.
Texnomorii Semantic Web (SW) [7] 1 Linked
Data [8] € 0araTtooOilsfOYUM MiAXOA0M JJIs
BUPILIEHHS IPOOJIEM CEMaHTUYHOI CyMICHOCTI
B CEpEIOBUIII CTBOPEHHS PO3MOALIEHOTO KOH-
TeHTy. Ha OCHOB1 KOMIT TOTEPHO «3PO3YyMITHX)»
3B’s3aHUX BEIIMKUX JIAaHUX MOJKHA CTBOPIOBATH
IHTEJICKTyaJIbHI TPOTpaMu I JOCIITHUKIB
nudpoBux rymaditapaux Hayk (DH) i rpoma-
CBKOCTI.

Hanpuknan, y [9] aBropu posmisana-
I0Th Hallp CEeMaHTHMYHHUX MOPTAJiB, IO MiJ-
TPUMY€ TIOEJTHAHHS MOPTATBHUX TEXHOJOTIN
3 3aco0amMu Ta CTaHjapTaMu OOPOOKH pO3-
MOJIVIEHNX 3HaHb Ta 3a0e3ledyye CTBOPEHHS
HAI[IOHAJIBHOI OHTOJOTIYHOI 1H(QPACTPYKTY-
pU KyJABTYpHOI CHAAIIMHU Ta CEMaHTHYHUX
nopraniB “Sampo” (takux sk BookSampo,
BiographySampo, AcademySampo) Ha oCHO-
Bi moB’s3anux aaHux (Linked Data), TexHo-
aorii Semantic Web Ta npuHIHMIIB BiAKPUTOT
Hayku FAIR [10]. Monmens Sampo MiCTUTH
TPU OCHOBHI KOMIIOHEHTH: 1. Gi3HEC-MOAeIb
JUIsS Y3TOJKEHHS, arperyBaHHs Ta myOsmikarii
PI3HOPIIHOTO, PO3MOALIEHOTO KOHTEHTY Ha
OCHOBI CITUJIBHOI 1HGPACTPYKTypH OHTOJIOTII;
2. nu3aitH inTepdeiicy, 1e 1aHi MOXKHA TOBTOP-
HO BUKOPHCTOBYBAaTH Ta OTPUMYBATH JIOCTYII
HEe3aJIe)KHO B1JI PI3HUX TOYOK MPOTPaMH, TOJI

SIK JTaHl 3HAXOAATHCS B OAHIN KIHIEBINA TOYIl
SPARQL; 3. nBoeranHy Mofenb it JOCTYITY
Ta aHaJli3y JaHuX, e (PoKyc iIHTepecy croyar-
Ky (UIBTpy€eThCS 3a JOMOMOTroI0 (haceTHOro
CEMaHTHYHOTO TONIYKY, a MOTIM BI3yaJli3y€Th-
Csl Ta aHAJI3Y€EThCA 3a JOMIOMOTOI0 IHCTPYMEH-
TiB MIOpTay.

VY [11] HaBogsThCsE 6a30B1 BUMOTH 10
TEXHOJIOT1 CTBOPEHHS CEMaHTUYHHX IMOpTa-
niB. baxaHi QyHKIIT CeMaHTUYHOTO MOPTATY
pa3oM 13 BUMOTramMH J10 IHCTPYMEHTIB Ui iX
CTBOPEHHS, SIKI MMOAUIAIOTHCS Ha Bl TPYIIH:

— guMo2U, AKUM NOBUHHI 8iONoGioamu
iHcmpymenmu 05 peanizayii inmepgericis Ko-
pUCmysaua cemMaHmu4Ho2o Nopmaiy :

— IIBUJIKE CTBOPEHHS 3aCTOCYHKIB st
KOHKPETHUX BUITAJIKIB BUKOPUCTAHHS,

— MOXJIMBICTH 3alIUTYyBaTH JaHi 6€3Mm0-
cepenubo 3 KinneBoi Touku SPARQL [12];

— JOCTIKEHHS 1€papXIYHUX JaHUX 3a
JOTIOMOT OO0 OHTOJIOTH;

— TMIATpUMKA MacmTaOyBaHHS st
0o0pobku Benukoi kinbkocTi 10 3a oOpanum
CIleHapieM, BUKOPUCTOBYIOUHM OOMEXEHY KiJib-
KICTb pecypciB;

— IHTYITUBHO 3pO3yMUINX 1 3pY4YHHX 1H-
TepdericiB KOPUCTyBaYa;

— MOXJIUBICTB Bi3yami3alliid, siKi aBTO-
MaTUYHO aJANTYIOThCS 10 AOCTYITHHUX pecyp-
CiB;

— 8UMO2U, AKI CMOCYIOMbCS CMPYKNY-
PU ma QyHKYIOHANbHUX MONCTUBOCEL IHMeED-
@eticie kopucmysaua ceManmuyHux NOPMaia:

— HAsBHICTh KUJIBKOX TOUOK 30Dy AJIS
JOCTyIy J0 rpadiB 3HaHL a00 OHTOJIOTIH, IO
B1I0OpaKAIOTh CTPYKTYPY O0a3u 3HaHB BEOIIOp-
Tamy;

— MOXIIMBICTh TIEpEIVIsiAy, MOIIYKY Ta
JOCIIDKEHHS CTPYKTYpYy 0a3u 3HaHb BeOIOp-
Tamy;

— NIATPUMKA PI3HUX MapajurM MouIy-
Ky B KOHTEHTI BeOnopTainy (HampHkiIam, IryKa-
TH €K3eMIUISIPY TEBHOTO KJIacy 3 MOMIOHHMH
3HAUYEHHSIMH BJIaCTUBOCTEN);

— HasABHICTH Pi3HUX (HOPM MOAAHHS Pe-
3yJbTaTiB MOIIYKY (SIK-OT, Ha reorpadiyHux
KapTax, Ha 4acoBii mkasai abo y BUIIISAL rpa-
(biuHO1 miarpamn);

— MOJJIMBICTh TMEPErvIsily Ta aHalizy
ctpykrypu 1O moprany Ta WOro KOHKPETHHX
€K3EMIUIAPIB;
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— KOPHUCTYBa4l MOXYTb JIOCIIKyBaTH
MOCUJIAaHHSAMH MK ek3eMIutsipamu 1O ;

— KOPUCTYBaul MOXXYTb €KCHOPTYBAaTH
pe3ynbTaTu MOLIyKy y pi3Hi (opmaru Biamo-
BIJTHO 10 TXHIX MOTpeO.

Texnouorii Semantic Web
JJIS. KePYBAHHS 3HAHHSIMM
BeOnopraJiB
[Tpoext Semantic Web po3BuBaeThcs
BKe 0araro poKiB Ta 3aJUIIAETHCS HA CHOTOMHI
JDKEpeJIOM HarOLIbIl €()EKTUBHUX TEXHOJIOT1H
KepyBaHHS 3HaHHSIMH y BeOcepenoBuii. OCHOB-
Ha 11es1 IIbOTO TIPOEKTY TTOB’sI3aHa 3 TPArHEHHAM
neperBoputd Web Ha mnoGanbHy 0azy 3HaHbB
Ta 3 pO3pOOKOI0 CTaHJAPTIB, MOB 1 MPOrPAMHHX
3aco01B JUIl CEMAaHTUYHOTO MOILITYKY 1H(pOpMAILIii
B 1ux pecypcax. Came 11i 3aco0u J03BONSIOTH
posimproBaty (PyHKITIOHaT BeONOpTANiB Ta 1H-
TErpyBaru ix 3 IHIIMMHU PECYpCaMH.
Semantic Web — 1ie moTy>xHHIA HaNpsiM
JUISL T IBHUIIEHHS €(DEeKTHBHOCTI PO3MOIiICHO-
ro i cymicHOro goctymy 1o iHopmamii Ta ii
BUKOPUCTAHHS MPUKIATHUMHU TporpamMam.
Ile nocuth edexruBHa crpoba iHTErparmii 3a-
CTOCOBHUX Web-TeXHOJIOT1# 3 HAyKOBUMH PO3-
pobkamu y chepi noganus 3HaHb (knowledge
representation, KR), mo € miaramyssio mryuy-
HOTO 1HTEJEKTy. B pamkax mpoekty Semantic
Web cTBOpIOIOTHCS 3aCO0M /1St KEpyBaHHS Be-
JIMKOIO KIIBKICTIO 1H(OpMaii Ta iHdopmartiii-
HUX TIOCTYT. YpaxXyBaHHS CEMaHTHKH iH(pOp-
MalllifHUX pecypciB 1a€e 3Mory 3pooutn iHhop-
Marfito OUIBII KOPHUCHOIO. Ale 1e moTpedye
CTBOPEHHS HOBHX 3aC001B MOJIAaHHS JJAHUX, K1
MOKPAIIYIOTh 3aTHICTh A0 30MpaHHs i CIiIb-
HOTO BUKOPHCTaHHS 3HaHb, & TaKOX HOBMX
KOHCTPYKI[IIl IporpaMyBaHHsI Ta IHCTPYMEH-
TiB, 110 YMOJIMBIIIOIOTH 0OpOOKY 11i€i iHDOP-
Marllii B IpUKJIaHUX MPOrpaMax.
BuxopucranHs enemeHTIB Semantic
Web 1103BoJIsI€ MATPUMYBATH BaXKITUBI IS 1H-
(dopmaniiHO-aHAITHYHUX TOPTAJIB (QYHKIII:
— iHzeKcalis Ta momyk indopmarii;
— po3poOka Ta MiATPUMKA METaJaHuX;
— po3pobOKa Ta MiATPUMKa METOJIB aHO-
TyBaHHS;
— TMOJAHHS KOHTEHTY Y BUIVISIL 1HTEPO-
nepabenbHOl 0a3u 1aHuX;
— oprasizaulis MalIMHHOTO  3700yTTs
JAaHUX;
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— BUSBIICHHS 1 HaJlaHHS BEOCEPBICiB;

— IHTerpauis Ta aHaji3 KOHTEHTY;

— JIOCTIDKCHHSI B Tally3l IHTEJIEKTyalb-
HUX MIPOTPAMHUX areHTIB;

— PO3BUTOK MiATPUMKH iHTEp(DEHCIB pi3-
HUX TIPUCTPOIB 1 BCEMPOHMKHI O0UYHC-
JICHHSL.

OCHOBHMMH KOMIIOHEHTaMH Semantic
Web, ski 6e3mocepeHbO CTOCYIOThCS PO3BHT-
Ky MOpPTaJIbHUX TEXHOJOTiH, € OHTOJOrii Ta
BeOcepsicu. Jlis Toro, 100 BUKOPUCTOBYBATH
iX y 3aCTOCOBHHX Mporpamax, y paMmkax mpo-
exTy Semantic Web po3po06ieHo Taki BiIKpHTi
CTaHJapTH, 110 AI0Th 3MOTY (OopMasi3yBaTu
ceMaHTuKy IP 1 mporpamMHamx 3aco0iB iX mormry-
Ky Ta 00po6ku: RDF —MoBa onucy metagaHux;
OWL — moBa noganns ontosorid; SPARQL —
moBa 3anuTiB 10 RDF ta OWL; SWRL — MoBa
BU3HaueHHs mpaBuil.Semantic Web mnpomos-
Ky€ aKTHBHO PO3BHBATHCS, MIPO IO CBiTYaTh
po3poOKa i yImOoCKOHAJICHHS MOB 1 CTaHIApTiB
po0OTH 3 PO3MOAIIICHUMHU 3HAHHSIMU.

Y konTekcti Semantic Web BeOmopran
pO3MIATAETHCS K BeOCalT, mo Hamae iHdop-
Maliro Ta 3abe3nedye MOXIMBOCTI OOMIHY
JUTSl TIEBHOI CIUJTBHOTH HAa OCHOBI TEXHOJIOT1H
Semantic Web [13]. ¥V Ttakomy mopraii BuUpi3-
HSIOTH TpU piBHI (puc.1):1. noctyn g0 inpop-
Marrii Juis KOpUCTyBadiB; 2. 3aco0m 00poOKH
iHdopmartii Ha mopTai; 3. 6a30Bi1 TEXHOJIOTI.

) Iarepeiic
Hocmyn 0o inghopmayii KODHCTYBaya

Ob6pobka ingopmayii

‘ CriBmparns

CTBOpEHHS |Hy6ni1<auiﬂ"Opraﬂisauiﬂ‘ Hoctyn

bazosi mexnonoeaii

. ‘OHTonorii" ’ Cepsicu ‘
Semantic Web

MeEHEKMEHT JaHuX ‘ ‘CI/ICTCMHi 3acobu

Puc.1. PiBui BeOnopTany Semantic Web

EnemenTH, M0 BUKOPUCTOBYIOTHCSI Ha
KO’)KHOMY PiBHI, MOXXYTh 3HAa4HO PI3HUTHUCS
3aJIe)KHO BiJ peanizauii. Hampuxian, MoxyTh
BUKOPUCTOBYBaTUCS PI3HI TUIU OHTOJIOTIH,
10 MOXKYTh MaTH Pi3HHM 00CST Ta BUPA3HICTh,
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ajie BOHM MAalOTh 3aCTOCOBYBATHUCS 3aMICTh
HedopMasizoBaHUX NMPUPOJTHOMOBHUX OIHCIB
nmpeaMeTHOi obOsacTi BeOmoprany. 3ajekKHO
BiJl THITY OHTOJIOTIT MOXYTh OyTH peani3oBaHi
PI3HI BUAM JIOTIYHOTO BUBEACHHS (IE€peBipKa
HAsBHOCTI €JIEMEHTIB  KJIacy, BHUSBJICHHS
CUMETPUYHUX a00 TPAH3UTHUBHUX BiIHOIICHb
Mmix 1O To1o0), ane nopran Mae MiATPUMYBATH
cepBicH ais 3700yTTS Ta aHaNi3y MOJaHUX B
OHTOJIOT1i 3HAHB.

@dyHnaMeHTabHA CEMaHTHYHA TIPO-
OnmeMa myOJTiKarlii, iHTerpaiii, aHadi3y Ta BH-
KOPUCTAaHHS Ha OCHOBI IMOPTAIIB IOJSTA€E B
TOMY, SIK 3pOOWTH PI3HOPIIHY iH(OPMAIIiFO
CEMaHTUYHO CYMICHOIO, III00 MOXKHA OyJ10 1Ty-
KaTH MOTPiOHI KOPUCTyBa4aM BiJJOMOCTI, 3’€]I-
HYBaTH iX M) CO0OIO Ta MPEACTaBIATH y3To-
JOKEHUM CITOCOOOM 13 pi3HUX HAOOPIB JaHUX.
[Ipob6aema moB’s3aHa 31 CHOCOOOM CTBOPEHHS
KOHTEHTY MOpPTaJIiB: JlaHl 30uparoThes, 30epi-
raloThCs Ta MyOJIIKYIOThCS PI3HUMU Cy0’ €KTa-
MU, Kl BUKOPUCTOBYIOTh BJIaCHI CTaHJapTH Ta
HaMKpalll NpakTUKH, 110 MOXYTb OyTH HecCy-
MICHHUMH MK c00010. BaximiBo po3ymiTH, 110
BUKOPHUCTAHHS JUISl IbOTO METO/IB CTBOPEHHS
IHTEJIEKTyaJIbHUX  1HQOpMaliifHO-aHaIITHY-
HUX CHUCTEM Ta BIPOBAIKEHHS BXKE ICHYIOUUX
CEMAaHTUYHUX BEOTEXHOJIOT1H, Ma€ BpaxoByBa-
TH TaKi BOKJIMBI acTieKTH (YyHKIIFOBaHHS BeO-
MOPTAiB, SIK AMHAMIYHICTh KOHTEHTY, MOXKJIU-
BICTh MacITaOyBaHHS SIK CEPBICIB, Tak 1 MOJIe-
JIed TIOJJaHHS 3HAHb.

VY cemaHTH3allil TOPTaTiB MOXKHA BH-
IIJIATH K1JbKa JOCHUTH TICHO IIOB’SI3aHUX ac-
MEeKTiB: 1. CeMaHTHMYHUN MOWIYK; 2. IMIOPT
3HaAHb 13 30BHINIHIX 1HGOPMAIIHHUX THKEPEIT,
3. excropt iH(opmalii 3 mopTany B CydacHUX
¢dbopmarax momanHs 3HaHb (Takux sk RDF Ta
OWL); 4. cTBOpeHHsI MeTaJaHUX, IO OIH-
CYIOTh KOHTEHT MOPTally Ha CEMAHTUYHOMY
piBHI.

Hapasi mBuake 3poctanHs 00csTy iH-
¢dopmariii, JocTyn 10 K0T 3a0€31euyIoTh Mop-
TaJIi, a TAKOXK YCKJIQJHEHHA 1i CTPYKTYypH 3y-
MOBJIIOIOTH MOTPeOy B PO3BUTKY PI3HOMAHIT-
HUX CEpBICIB ISl 3HAXOMKEHHS HEOOXiTHUX
kopuctyBadaMm Bijmomocted [14]. Lli cepsicu
MaloTh 1030aBUTH KOPHUCTYBauiB PyTHHHOTO
aHamizy iHpopmarlii, sika He CTOCY€ThCS iX-
HIX IHTEpECiB, Ta BHOKPEMJIIOBAaTH BIJIOMO-
cti moao 10, moTpiOHUX MM KOPUCTyBauaM.

Bukopucranns noprainiB mae 3a0e3nedyBaTé
O11b11 €()eKTUBHUH MOIIYK MOPIBHSHO 31 CIIPO-
Oamu 1mykatd iHGopMaIio Oe3mocepeaHbO
3a micueM ii 30epexeHHs — y 0azax JaHUX Ta
IHIIMX JPKepesiax CTPyKTYpoBaHOI iH(opMartii
(manpuxmnan, XML-10KyMeHTax 1 CXOBHUIIAX)
abo Ha Tux BeOcaiTax, IO 3aCTOCOBYIOTHCS
AK JpKepesa KOHTeHTa mopraiy. s KoKHOTO
TUIY 1HGOPMAIITHUX HKEPEIT 1 KOKHOTO THITY
10, ski mIykae KOpUCTyBay, JIOLIJIBHO MaTH
CBill Ha0ip MOITYKOBUX KOMITOHEHTIB 3 yHi(i-
KOBaHUM iHTep(ericoM B3aEMOIIi.

Sxmo B mpoueci momyky iHgopma-
11i BUKOPUCTOBYIOTh 30BHIIIHI 3HAHHS 100
MpeaMeTHOl 00J1acTi, sKa IIKaBUTh KOPHC-
TyBa4a, Ta 3aCO0M KepyBaHHsS 3HAHHAMH, TO
WneTbest mpo cemanmuynuti abo iHmenexmy-
anbHUL TIOIIYK.

CemanmuuHnutl nowtyx — 1€ OJIUH 3
nigkiaaciB 1HGOpMaLiHHOTO MOILIYKY, B SIKO-
My PEJIeBaHTHICTh 3HaWJeHoi iHdopmarii 10
3alUTy KOPHCTyBaya OIHIOETHCS 3a ONU3BKi-
CTIO 3MICTY JiJIs1 €(DEeKTHUBHINIOTO 3a0BOJICHHS
iHdopmariiiinux motped kopucryBada. Takuit
MOIIYK 1HOI pO3IIIAJAIOTh SIK IHTEJIEKTYaIbHY
Ha0yI0BY HaJ TPATUIIHHUM 1HQOpMAIIHHUM
nomrykoM. Tox MoO)KHA BBaXKaTH, IO CEpPBiCH
CEMAaHTUYHOTO TIOUIYKY Ha IMOPTai PO3LIHPIO-
I0Th HOro (yHKIIOHaJ Ta JIONOBHIOIOThH Tpa-
JUIIAHI TIOIIYKOB1 CepBicCH (3a KJIFOUOBUMH
CJIOBaMH, KaTeropisimu toino). Hanpuknan, y
MopTajiax Ha OCHOBI CEMaHTHUYHUX BIKITEXHO-
JIOT1 MIATPUMYIOTBCS PiHI BUAM MOIIYKY HA
OCHOBI CEMaHTHYHMX BJIACTUBOCTEH CTOPIHOK
Ta TXHIX 3HAaYCHb.

Jlnsi ceMaHTUYHOTO MOUIYKY Ha BeO-
nopTai, 0 BUKOHYETHCS y BIIKPUTOMY Ce-
PENOBUIII, XapaKTePHUM € Te, MO MOTPiOHI
JUIS TIONIYKY 3HAHHS TaKOX JAMHAMIYHO 3710-
OyBalOThCS 3 1ILOTO BIJIKPUTOTO CEpEIOBUILA,
a He 3aKJIaJjaloThCsl B CUCTEMY B Mpolieci ii
cTBopeHHs. Te, gKi caMe 3HaHHSI BUKOPUCTOBY-
F0THCSL IS IIbOTO, 3AJICIKUTH SIK BiJl CIICIU(IKH
Ta TUITy OPTaJly, TaK 1 BiJ KOHLEMNL1i, 00paHoi
HOro po3pOOHHUKAMH.

Pesynbrat momryky MOXYyTh aBTOMa-
TUYHO BOYIOBYBaTHCSl /10 BIJIOBIJIHUX CTO-
piHOK TopTaiy. 30KpeMa, MOopTaau Ha OCHOBI
CEMAaHTUYHUX BIKITEXHOJIOT1H MOXYTh MICTHU-
TH 3HAWIEH] JaHl I aBTOMAaTHYHOT'O OHOB-
JIEHHS KOHTEHTY (puc.2).
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CrarTi aBTOpa y APYKOBaHiii
Bepcii

CratTi aBTOpa Ha noprani

Lium aBTOpPOM NiAroToBAEeHi Taki cTaTTi
ANIA eNneKTPOHHOI Bepcii «Benukoi
YKPaiHCbKOI eHLmMKnoneiin:

Lium aBTOpPOM NiAroToBeHi Taki cTaTTi
ApyKoBaHoI «Benukoi ykpaiHCbKoi
eHuMKnoneaii»:
ABrypu
Ase Mapis

Ase Mapis
Aspaam

ABpaam
Apat

Apat
Ani i6H A6y Tanié

Ani i6H A6y Tanié
Annar
Puc. 2. Pesynpratu BUKOHaHHS BOYJOBaHOTO
3aMuTy JUIs TeHepallii KOHTEHTY

Cning BpaxoByBaTd, IO CEMAHTHUYHUI
MOUIyK Ha BeOmoprayi 3a3Buyail 3abesmneuye
3HaXO/DKEHHS ek3eMIuIpiB Tunosux 10, xapak-
TEPHUX JUIsl JaHOTO TMOPTally, a TaKOXK CIELH-
(bIYHUX CYKyNHOCTEH Takux 00 €KTiB (Harpu-
KJIaJl, TOpTaJI TPAHCHIOPTHHUX MOCIYT JI03BOJISIE
3HAXOJUTHU Y3rO/KEHY CYKYITHICTb EPEeMIIICHb
MK 0OpaHUMH IyHKTaMH, a IOPTajl OCBITHBOT
YCT@HOBH JI03BOJISIE 3HAXOMUTH HABYAIBHHUN
Kypc 3 00paHuM HAOOPOM KOMITETEHITIN).

ITix yac cTBOPEHHS TAKUX CUCTEM Bap-
TO BpaxoByBaTH, 3 SIKMX caMe 30BHILIHIX 0a3
3HaHb MOXYTh 300yBaTHCS BIJOMOCTI IIOZO
cTpykrypu Takux 1O, Ta peryisipHo nepesipsi-
TH, YU HE 3MIHIOETHCS KOHTEHT X 0a3.

b3 BeOmopramy MOXYTh 3MIHIOBATH
CTPYKTYpY ¥ JOCTYNHICTh HE3aJEXKHO BiJl pO3-
po6nukis IT1C. Tomy pesynbraru nomryky y Web
€ (pyHKITiERO 1M1 ¥ BiJ BMICTY 30BHIIIHIX b3.

Higrpumka nmapagurmu FAIR

Y KOHTEeHTi BeOnmopraJis

OnHUM 13 MEPCIEeKTUBHUX HANpPSMKIB
BIOCKOHAJICHHSI BeOMOpTANliB € MOXIIUBICTh
3a0e3Me4YeHHs] TOBTOPHOTO BUKOPUCTAHHS iX-
HBOTO KOHTEHTY Ha OCHOBI MapagurMu Bif-
kputux JaHux. lle morpebye po3B’s3aHHA
PI3HOMaHITHHX MPOOJIEM, 110 CTOCYIOThCS 30e-
PEXKEHHS BETUKUX MACHUBIB JaHUX, TOTPUMaH-
HS TIpaB BJIACHUKIB IIUX JaHUX, 3a0€3MeUeHHS
Oe3reyHoro iH(popMaIiiHOTO 1 MPAaBOBOTO Ce-
penoBuIa sl KopuctyBadiB Tomo. Li mpo-
01eMH MOXYTh OyTH JOCUTH €(PEKTUBHO BHPI-
meH1 i1 0OpoOKU pe3ysbTaTiB HAayKOBUX J0-
CJIIJDKEHb. AJIe TEXHOJIOTI, 0 MiATPUMYIOTh
TIOTITYK Ta IMTOBTOPHE BUKOPUCTAHHS crienndid-
HUX HAyKOBHX PECypcCiB, BUSBISIOTHCS MpH-
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JaTHUMU 1 JUIS BAOCKOHAJICHHS MOPTalbHUX
texHonori. Hampuxnan, FAIR nmani (FAIR
data) — 1ie maHi, K1 BiJIMOBIAAIOTh TPUHITATIAM
3HAXO/DKYBaHOCTI, JOCTYITHOCTI, 1HTEpomnepa-
OeBbHOCTI Ta MOBTOPHOTO BUKOpUCTaHHs [15].
Sxmo BeOmopran Hajgae AaHi Ta CEPBICH, IO
BIJIMOBIAAIOTH Il TAPaIUTMi, TO 1€ TAPAHTYE
KOpUCTyBayaM OUIbIINN (PYyHKI[IOHAT AJIs aHa-
JITHYHOT OOpOOKHM Ta MPAKTUYHOTO 3aCTOCY-
BaHHs 1H(popMmartii.

Taxi qaHi MarOTh HACTYITHI BJIACTUBOCTI:

— Findable: 1006 BUKOpUCTOBYBATH J1aHi,
iX HEOOX1THO CTIOYaTKy 3HAWTHU TaMm, Je
BOHM 30epiratoTbcs. Tomy naHi Ta ix
METAOMKUCHU MAIOTh OyTH JOCTYIMHUMH
SK Ui JIFOACH, Tak 1 JUIsl KOMIT FOTep-
HUX IIPOTPAM.

— Accessible: Konu xopucTyBad 3HaXO-
JUTH TOTPiOHI JaHi, BiH/BOHA MOBUHEH
3HATH, SK OTPUMATH JOCTYN 0 HUX
(MOXTHMBO, BKIJIIOUAlOYM ayTeHTHU(i-
Kallilo Ta aBropu3aiiro). | mani, 1 ixHi
METAONNCH MalTh OyTH 3pO3yMIUTUMU
JIONIMHI Ta MPUIATHUMH U1 aBTOMATH-
30BaHO1 0OPOOKH.

— Interoperable: nani matoTb OyTH HpUIaT-
HUMM JJIs1 IHTETpalii 3 iHIIMMU JaHUMHA
Ta 77151 0OPOOKHM 1HIIMMHU 3aCTOCYHKAMHU.

— Reusable: nanl Ta MeramaHi IOBHHHI
OyTH omucaHi 3 BIANOBIAHOIO BHpa3Hi-
CTIO, 1100 1X MOXHa OyJI0 B1ITBOPIOBA-
TH Ta/ab0 KOMOIHYBaTH B Pi3HUX HaJla-
HITYBaHHSX.
3rinno FAIR, cepBicu momryky, 310-

OyTT4 1 pEeACTaBIEHHS JaHUX PEali3yloTh HE
KOpHCTYyBadi, a iHpopMmalliiiHa cuctema. Boa-
HOYAC MOBA iJIe HE TIIBKU MPO BIACHE JaHi i
MeTajiaHi, a 1 Ipo AJITOPUTMU U IHCTPYMEHTH
KepyBaHHSI HUMHU.

Kepisui npunnunu FAIR He notpe0y-
10Th OyZib-SIKOi CTaHAapTHU3allll Y1 KOHKPETHOI
CHUTb HE3aJIeKHI B1Jl KOHKPETHUX IMPOTPaMHUX
PIIICHB, 1[0 MOXYTh 3aCTOCOBYBATHCS IS X-
HBOI peasi3aitii.

IIpakTuyHa peaJizanisa HOBUX
TeH/IeHIili Yy CTBOPEHHI BeOnmopTaJiB
CpOroziHi OJMH 13 MEPCIEKTUBHUX Ha-
MpSIMKIB CTBOPEHHSI CEMaHTHMYHUX BeOmop-
TaJliB 3 BUIKPUTHUMHU JTaHUMH 0a3yeThCs Ha
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BIKITEXHOJIOTISIX Ta IX CEMAaHTHYHOMY PO3IIHU-
penHi. [Ipukianom peamizaliii Takoro miaxomy
€ moprai Benukoi ykpaiHChKOI €HIIMKIIOE Tl
(vue.gov.ua). 3apa3 1eil mopran BiAMOBiTae
0arar,oM BHMOTaM, OB’ I3aHUM 3 T€HACHI-
MU PO3BHUTKY NOPTAiB, aje noTpedye moaab-
moi poOOTH Ta MIATPUMAHHS CTPYKTYpPH Ta
KOHTEHTY Yy BIJIIIOBIIHOCTI JI0 3MiH BIJKPUTOTO
cepeoBHINa Ta 3MiH B iHQOpMaIliiHUX pecyp-
cax, KOTpi € JpKepeaaMH HOro KOHTEHTY.

CemanrtmzoBani Wiki-pecypen, Taxi sk
Semantic MediaWiki, 1110 103BOJISIOTh CTBO-
plOBaTH CEMaHTH4YHI JaHi Ta 0a3yloThcs Ha
BUKOPHCTaHHI cTanmapTiB Semantic Web, na-
10T MOTYXHE PIlIEHHS AJIsl CUILHOTO peaary-
BaHHS JIaHUX Ta IXHIX METAOMHCIB, CTBOPEH-
HSl PI3HUX JOBUIBHUX HAOOPIB BJIACTUBOCTEM
y 11a0ioHaX LHUX METAOIMMUCIB, 3 OJHOYACHUM
MOJAHHAM iX SIK B MalIMHHO-0OpOOIIOBaHIMA
dopwmi, Tak i popMi, TpUAATHIHN I pOIYMIHHS
JIOIMHOIO, IO B PE3yJbTaTi A€ MOXKJIHUBICTh
orepyBaTd UMM JIA@HUMH, aBTOMAaTH30BAHO
KepyBaTH, 3/11HCHIOBATH aHaJI13, TyOIiKyBaTH.

BuxopucranHs BiKiTEXHOJOTII Ha OC-
HoBi MediaWiki [16] Ta iforo ceMaHTUYHOTO
po3mmpenHs Semantic MediaWiki [17], sike
ICTOPUYHO cebe MOoKa3allo AOCUTh MOTYKHUM
IHCTPYMEHTOM, Ma€ IIUPOKY CHUIBHOTY BUKO-
PUCTaHHS, BIAKPUTUNA KO Ta BIAKPUTI MPUH-
LIUTIA PO3POOKH 1 ATPUMKH, ITOCTIHHO PO3BH-
BA€THCS, 3a0€31euye BiIMOBIIHICTh CTBOPEHO-
ro iadopmariitnoro pecypcy Bumoram FAIR
[18] Ta Hamae mocTtaTHiN QyHKITIOHAN AJIs pO-
0ot 3 KoHTeHTOM [ 19].

Ane notpiOHO 3ayBa)XMTH, 10 yCKIIaJ-
HEHHSI CTPYKTYpPH TMOpTaly Ta PO3LIMPEHHS
fioro (pyHKIIOHAITY MOXEe BUKJIMKATH MOSABY Oa-
raTbOX J0aTKOBUX MpolieM: 00poOKka KOHTEH-
Ty Ha PiBHI CEMaHTHKHU € 3HAYHO CKJIQHIIIOO
3a TpaJulliiiHy, a Opi€HTALlis Ha BIIKPHUTE cepe-
JIOBHUIIIE BUMarae BpaxoByBaHHS PI3HOMaHITHUX
(dhopM nmonanHs iHGOpMaIIii, 3HAXOHKEHHS TSI
XiB PO3B’A3aHHS HEOTHO3HAYHOCTEH, BUSBIICH-
HSI TOMUJIOK Ta BU3HAYEHHS MPOLIEAYP 1HTETpa-
1T K TaHUX, Tak 1 ixHIX Moaenel [20], a Takox
O11b11I SIKICHO 0OMpaTy iH(popMalliiHi kepena,
sIK1 320€3Me4yI0Th SKICHI JIaH1 Ta 3aCTOCOBYIOTh
peneBaHTHI GOpMATH X MPEICTABICHHS.

SIk Gaummo, CydacHi TEHJEHIi moTpe-
OyIOTbh BiJl pO3POOHMKIB MOPTATY 3HAYHO BUIIIO]
KBasTi(hikallii Ta OUIBIIIOrO Yacy Ha TeHEepallito

KOHTEHTY, aJUKe JO/IaBaHHS HOBOI iHQopMaIlii
Ma€ CYINpOBOKYBAaTUCS II CEMAaHTUYHOI PO3-
MITKOIO, CTPYKTYpH3aLI€l0 Ta Y3TOLKEHHAM
3 y)Ke HasiBHUMM JJAHUMHU. AJie CTBOPEHUH Ta-
KAM YHHOM KOHTEHT € 3HAa4HO 3pPYYHIIIUM ISt
KOpUCTyBauiB, TOMY LIO 3a0e3leyye aBTOMa-
TH30BaHE BUKOHAHHS PI3HOMAHITHUX CEpPBICIB,
OB’ SI3aHKX 13 aHATITUIHOK 00pOOKOIO Ta y3a-
rajbHeHHAM JaHuX. KpiM Toro, Taki mopraiu
JI03BOJISAIOTH TEHEPYBaTH MepCoHi(ikoBaHi 6a3u
3HaHb 3a 3allUTaMM KOPUCTYBadiB, 1 came Iie
JI03BOJISIE KOPUCTYBa4aM €(hEKTUBHIIIIE peatizo-
BYBaTH CBOI iH(OpMalliiiHi TOTpedH y B3aeMoii
3 IHILIUMHU IHTEIEKTyaIbHUMH 3aCTOCYHKaMH.

Kpurepii oninkn MOAKJINBOCTEH
PO3BHUTKY BeOIOPTAJIiB

Sk mokaszye HaBEICHHWM BHWINE aHAI3
NEPCIEKTUBHUX HANPSIMKIB PO3BUTKY BeOIOp-
TaJliB, BJOCKOHAJICHHS BXXE ICHYIOUHMX MOpTa-
JIiB 0a3y€ThCsl HA HASBHOCTI:

— BIJIKPUTOTO MPOTrPaMHOro 3abe3nedeH-
HS, IO MiATPUMY€E MacIITa0OBaHICThH
KOHTEHTY Ta Ma€ JOCTATHIO BUPA3HICTh
JUTs ToaHHs iH(opmalii 31 CKIaIHOI0
CTPYKTYPOIO;

— MoOjeNl IpeACTaBIeHHS 3HaHb MOPTAaIY,
10 CYMICHA 13 TEXHOIOTiSIMU MEHEIK-
MEHTY 3HaHb y BIIKPUTOMY CEPEIOBUIII
Ta MATPUMYE IMIOPT Ta €KCIOPT 3HAHb
13 30BHIIIHIX 1H()OPMALIIIHUX pecypciB;

— CEMaHTHYHOTO CTPYKTYpYyBaHHS KOH-
TEHTY Ta CTBOPEHHS MeTa JaHuX, 110
XapaKTepHU3YIOTh 1€l KOHTEHT;

— 3ac00iB MEPEeBIPKU y3TOKEHOCTI KOH-
TEHTy Ta HOro aBTOMAaTHW30BaHOI IeHe-
patii Ha OCHOBI CEMAaHTUYHOI PO3MITKH;

— Halopy cepBICIB I MOLIYKY Ta HaBi-
raifii Ha TopTaJi, /Il aHaJli3y KOHTEH-
Ty Ta HOrO aBTOMAaTHU30BaHOI reHepartii
3a 3aIUTaMHu.

BaxnuBo po3pi3HATH MOTEHINIIHI TeX-
HOJIOT1YHI MOXIIMBOCTI Ta IXHIO MPAKTUYHY
peamizarnito. Hanpukiaa, BUKOpPHCTaHHS ce-
MaHTUYHUX PO3IIUPEHb BIKITEXHOJOTIH 3a-
Oe3neuye MOXKIIUBICTh CEMaHTHYHOI PO3MITKH
KOHTEHTY Ta SIBHOTO BU3HAYEHHS 3MiCTy TIOCH-
JIaHb MDDK OKPEMHMH CTOpiHKaMH. AJie 11l BU-
3HAYEeHHS MOTPIOHO CTBOPIOBATH (1 IF0 POOOTY
MalOTh BUKOHYBaTH €KCIEPTH MPEIMETHOI 00-
JIACTI, 110 PO3YMIIOTh 3MICT TaKHUX 3B’S3KiB, a
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He onepatopu). Came HasBHICTh TTOBHOI[IHHOT
CEMaHTHYHOI PO3MITKH € HEOOXIJHOI YMO-
BOIO €()eKTUBHOTO BUKOHAHHS PI3HOMAaHITHUX
MOIIIYKOBUX 3aITUTIB.

BaxxnuBo po3pi3HIATH MOTEHUINHI TeX-
HOJIOT1YHI MOXKJIMBOCT1 PO3BUTKY BEOTIOPTAIiB
Ta IXHIO MPAKTUYHY peatizaliio.

Posrnsinemo 1e Ha mpukiaal mopra-
ny Benukoi ykpaiHChkoi eHIuKIonenii (vue.
gov.ua). Y Tabnuii 2 HaBeCHO TEXHOJIOTI4HI
MOXJIUBOCTI CEMaHTHUYHOTO BiKICEpPEIOBHIIIA,
B SIKOMY pealli30BaHO 1€l mopraj, Ta CTYIMiHb
iXHBOTO MPAKTUYHOTO BUKOPHCTAHHS.

Tabmung 2. Peanizanis TeHAeHIIH

— tumoBux 10 JaCcTKOBO

— noButeHEX 1O Ta Memnmre 1%
IIOCHJIAaHb MIX CTO-

piHKamMu

CeMaHTUYHUIN MTOIIYK

— tunosux 10 YaCcTKOBO

— nosinpHuX 10 Menme 1%

[MinTpuMka napagur-
mu FAIR

3apa3 He BUKOPHUCTO-
BYETBCSA

[HTenekTyanbHi cepBi-
CHU aHaJi3y KOHTEHTY

Tinbku y TECTOBUX
BepCiax

PO3BUTKY BeOIOpTaTiB

Hanpsimox IIpakTHyHa
PO3BUTKY peaJizanisi
[lepconidikaris Tineku 11 po3po0o-

HUKIB KOHTCHTY

3axXuCT NMePCOHAIBHUX
HOAaHUX

— MOXJIUBICTh + (mpocTopu iMeH
MpONIs Y CTOPIHOK)

— MOXKJTUBICTh + (TimBKH TSI 3apee-
penaryBaHHs CTPOBaHHX KOPHUCTY-

BadiB, aie 0e3 rpaja-
11ii TOBHOBA)KCHB)

Excrnopr 3HaHb y
BIIKpUTI popMaru

[TotpibHO NMcaTu Ta
BHKOHYBATH 3aIlTUTH
CTOPIHOK, JIe TaKi 3a-
IMATH BOYIOBaHO

IMmopT 3HAHE 13
30BHIIIHIX JKEepe

3apa3 He maATpuMy-
eTbes (Oy10 y Torre-
PEIHIX BepCisix)

Po3ummpennii HaOip
cepBiciB HaBirarii

— crienianbpHi Jnia 3apeecTpoBaHUX
CTOPiHKH KOpHCTYBauiB

— inTepdeiic mopramy | oOMexeHO

CepBicu NOIIyKY

— crieniasbHi +

CTOPiHKH

— iHTepdeiic mopTany | 4acTKOBO

CeMaHTHYHA PO3MITKA
KOHTEHTY
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Toxx 6aynMo, 110 TaKMid MOPTa NOTEH-
MIAHO Ma€ BeJMKI MOMKJIMBOCTI JUIA BJIOCKOHA-
JICHHS, aJie Hapa3l 3Ha4YHa YacTUHA TaKUX MOXK-
JIMBOCTEH HE peasti3oBaHa MpakTUYHO (abo pea-
J30BaHa JIUIIIe 4acTKoBO). CITiJT BII3HAUYNTH, 1110
CEMAHTUYHE PO3IIMPEHHS BIKITEXHOJIOTIH Ha
ocHoBI mariny Semantic MediaWiki miarpu-
Mye€ OUTBIIICTh TEH/IEHIIIH PO3BUTKY BEOIIOpTa-
JIiB, aJie caMa TEXHIYHA MOJKIMBICTH HE 3a0€3-
reyye aBTOMAaTHYHO BiAMOBIIHUN (DyHKIIIOHAI.
HasBHICTD cEMaHTUUHO PO3MIYEHOTO KOHTEHTY
€ HEOOX1IHOI0 YMOBOIO PO3BUTKY MOpTaly Ta
MOXIIMBOCTI CTBOPEHHSI HAOOpy CEpBICIB, IO
3aI0BOJILHSIIOTH MTOTPEOU KOPHCTYBAYIB.

IIpo6ieMu y cTBOpeHHi
CEeMAHTHYHHMX BeONOPTAJIIB

Y CTBOpEeHH1 Ta PO3BUTKY CEMaHTHUY-
HUX BeONopTasiB BHHMKAE Lija HHU3KA IPO-
Onem, creruQiYHIX caMme I CHCTeM 00po0-
KM Ta aHaJli3y 3HaHb, Kl ONEPYIOTh 3 BEJIUKHU-
MU obcsramu iH(popmarlii Ta 3 reTepOreHHUMHU
momensmu 10. Tx YMOBHO MOYKHA TTOJITUTH Ha
Taki Kareropii: 1. mpobaeMu MOACITIOBaHHS Ta
MOJJaHHS CEMAaHTHUKH; 2. MPoOJIeMU MaciiTady-
BaHHS; 3. oprasi3auiiiHi IpooIemMHu.

3HayHa YacTWHA TNpoOIeM MOJaHHS
CEMAHTUYHOTO KOHTEHTY TOB’s3aHa 3 HEOO-
X1THICTIO 0OOpPOOKHM JaHWX, SKI € HETOYHHUMH,
PO3IIIMBYACTUMH, HEBU3HAUEHUMH, HEMOCIi-
JTIOBHUMH, HETTOBHUMH TOIIO 1 TOMY HE MOXKYTh
OyTH BiHECEHI 10 KJIacHMYHHMX gaHux. Llei
TepMiH ONMM3bKUIA 10 OPYIHHMX NaHUX, aje T
cucteM oOpoOKH 3HAHb BOHH JIOTIOBHIOKOTHCS
CEMAHTUYHO HEKOPEKTHUMH JAHUMH PI3HUX
tumiB. JlaHi BBaKaloTbCs OpPYTHMMH, SKIIO
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mporpama, 1o Mpairoe KOPeKTHO, HE B 3MO3i
OTpUMATH pe3yJIbTaT iXHbOT 00pOOKH, 200 OT-
puUMye HempaBWIbHMUN pe3ynbTar. BomHouac
noTpiOHO aHami3yBaTH JBa Pi3HI aCMEKTH — 3
SIKOT MPUYUHM JaHI CTalu OpyAHMMH Ta ILO
MOKHA 3pOOHTH, 11100 BOHU CTalld MPUIATHU-
MU JUTs aHanizy. Hampukian, mxepenamu Opy-
HUX JIAaHUX MOXYTh OyTH TIOMHUJIKU BBEICHHS
a00 OHOBIICHHS JAHUX, IOMUJIKU MEpPeJaBaHHs
JaHuX ab0 HEKOPEKTHO oOpaHa Gopma MoaaH-
Hs qaHuX. CEeMaHTHYHO HEKOPEKTHI JaH1 MOX-
Ha BUSBUTHU TUIBKM Ha €Tami iX IHTephpeTaii,
SKINO IXHI 3HAYEHHS HE BIAIIOBIJAIOTH OOMe-
KEHHAM Ta MpaBWIaM MpeIMeTHOi obiacTi
(HampuKIaj, y 3arallbHOMY BHUIIAJKy BIK JFOIH-
HU MOXe OyTH JIOBUTBHO TIO3UTUBHUM YHCIIOM,
ajie BIK IIpalliBHUKA HE MOYe OyTH MEHILIE T1eB-
HOTO 3Ha4eHHs). J[7151 CEeMaHTUYHUX JaHUX BU-
HUKA€ TaKOK HEOOX1/THICTh MEPEBIPKH 3MICTOB-
HOT Y3TOJKEHOCTI JaHuX o0 10, Mix skuMu
ICHYIOTh TICBHI CEMaHTUYHI 3B’S3KH (SIK-OT, PiK
HApOIKCHHS TUTHHH Ma€ OyTH MEHIIE POKY
HApOJKCHHS ii 0ATHKIB).

[IpyuurHM TIOSIBM HA TIOpPTai Takoi iH-
¢dopmariii MOXKyTh OyTH pi3HMMH. B neskux
BUINAAKaX 1H(OpMAIlsl MOXKE MEepPEeTBOPIOBATHU-
csl y KJIaCU4HI JIaHI aBTOMaTU4HO ab0 aBTOMa-
THU30BaHO, B 1HIIMX NOTpedy€e ydacTi eKcrepra
IpeaMeTHOI obnacTi abo 1HKeHepa 31 3HaHb
(Hampuknan, s iHTErparlii pi3HUX OHTOJIO-
TIYHMX MojeIel oHieTl oomacTi). B gesikux Bu-
najKax JlaHli He MOXYTh OyTH IEepeTBOPEHI Ha
KJIACHYH1 4epe3 BIJICYTHICTb, HEMOBHOTY a0o
HAJTMIIKOBICTH iH(popMmartii. Knacudikaris ta-
KHUX JaHWX JUIsl CEMAHTUIHOTO BEOTIOpTAly Ha
ocHoBi Wiki-TexHosmorii HaBoguThes y [19].

Y4acTh BeNUKOi KITBKOCTI cCriemiaic-
TIB y CTBOPEHHI BEONOPTaJiB BUKIUKAE PO3-
ODKHOCTI y pO3yMiHHI TIpaBWJI TIOJAHHS Ta
CTPYKTYpYBaHHS JaHUX. TOMy BHUHHKAaE HE
TITBKH HEOOX1IHICTh JOJATKOBOI Bepudikariii
KOHTEHTY, a i CTBOPEHHsI JE€TalbHOI METO/0-
Jorii cemMaHTH3alli Ta y3TO/PKEHHS 3 MOJel-
JTF0 TIpeaMeTHOT ooacTi. J{is 1poro moTpioHO
CTBOpIOBaTH (hopMasli30BaHi Ta MacIITa0OBaH1
pillleHHS U OIpAalOBAHHS PI3HOMAaHITHUX
THIIIB HEUITKOCT1, HEIIOBHOTH Ta CEMaHTHYHOT
HEKOPEKTHOCT1 KOHTeHTy. OJHaK HasBHICTb
TaKUX pillleHb Ta METOMOJOTIH € He J0CcTar-
HBOIO, a JINIIE HEOOX1THO0 YMOBOIO TIOOY/TOBU
CEMaHTHYHOTO BeOmopTaly.

SIK mokasye mpakTHKa pO3pOOKH ce-
MaHTUYHUX BeOMopTaiB, mpobiaeMu 00pooKu
3HAaHb 3HAYHO PI3HATHCS HA €Tarli CTBOPEHHS i
PO3ropTaHHs Ta Ha eTarli MaCOBOT'0 MOTIOBHEH-
HSl KOHTEHTY. SIKII0 B MepIIOMY BUIIAAKY O1Jib-
IIiCTh TPOOJIEM OB’ s13aH1 13 HEB1AOBIAHICTIO
MoJienli 00’ €KTaM peanbHOro CBITY Ta MOTpe-
OyIOTb BHECEHHS MPUHIUIIOBUX 3MiH (HaIlpH-
KJIaJ, TPUIYCKaTH KiIbKa 3HAUY€Hb IEBHOTO
napameTpy, 3MiHU CTPYKTYpH), TO y JPYroMy
BUIAJKy TakKl MOZAEJI MOTPeOyI0Th YTOUHEHHS
Ta PO3MIMPEHHS, MO0 KOPEKTHO 00pOoOIATH
O crenudivHi BUMAIKH, SKi HE BPaxoBY-
BaJIM I0YATKOB1 BapiaHTH.

[Tpobnemu maciTabyBaHHSI BUHUKAIOTh
y TpoLeci yCKIaJHeHHs 0a3u 3HaHb HOpTaly,
KOJTM 1H(OpMAITis TIPO B3AEMOJIIIO BEITUKOI KiJTh-
kocTi 1O pi3HUX THITIB Ma€e OyTH 1HTETPOBAHOIO
Ta Y3rO/PKeHO0. SIK MpaBuiIo, iICHYI04i OpTalb-
Hi TEXHOJOTii HE MATPUMYIOTH TaKi (QyHKIIT
0e3nocepeHbo, ajae MOMYCKAIOTh MOMIIUBICTD
3aCTOCYBaHHS 30BHIIIHIX CEpBICIB, MpU3HaYe-
HUX U MEHEKMEHTY 3HaHb. [HIma mpobnema
MaciuTaOyBaHHS TIOB’si3aHa 3 THM, 110 31 3poc-
TaHHAM KIIBKOCTI ckiIaguuX 1O KUIBKICTE 3B 53
KIB MK HUIMU MOXKE 3pOCTaTH HEJiHIMHO, 1 11e
MOKE TIPU3BECTH JI0 30UIBIICHHS 4Yacy aHaJli3y
iH(opMarIii Ta BUKOHAHHS MOIIYKOBUX 3aITUTIB.
VY Takux BUMaIKax MOTPIOHO 3HAXOIUTH TIEBHHIA
KOMITPOMIC MDK NMPUAHATHAM YacoM OOpOOKH
Ta HEOOX1HOO BUpa3HiCTIO Mozeni. Kpim Toro,
JesIKl CKJIaHI TSI BUKOHAHHS aHAJIITUYHI 3allu-
TH JIOLLTBHO BUHOCUTH Ha OKpPEMi CTOPIHKH, a
HE MPOIIOHYBATH YCIM KOPHCTYyBa4aM.

OprasxizamniidiHi mpoOsieMu OB’ s3aHi 3
TUM, II0 HA TIOYaTKy PO3POOKH CEMaHTUYHOIO
BeOIOpTaTy OCHOBHI pOOOTH, SIK MPABUJIO, BU-
KOHY€ KOMaH/1a KBaJTi(hiKOBAaHUX CHEHIaNICTIB 3
MEHE/DKMEHTY 3HaHb. Ane micis GopMyBaHHS
OCHOBHU CTPYKTYpH 0a3u 3HaHb MOPTay 00csAT
POOIT Ui TaKUX CHEIIaiCTIB 3MEHIIYEThCS, 1
1€ MOKE MPHU3BECTU 0 CIIPOO 3MEHIIEHHS Ta-
Kol KOMaHIHM 4Yepe3 MoeqHaHHs (yHKIiH abo
MIPUTIMHEHHST PO3BUTKY IEBHHUX HAMPSIMKIB ce-
ManTu3aiii. O0’eIHyIOUN J1aHl 3 PI3HUX JIKe-
pesn, MOKHA OTPUMYBATH HOBY 1H(OpMAIIio 3a
JIOTIOMOTOI0  PI3HOMAHITHHX 3aco01B aHaJi3y
naHuX. AJe sIKiCTh HOBOT 1H(OpMalIii 3a1eXuTh
HE JIUIIE BiJl alTOPUTMIB aHai3y, a i B KO-
CT1 JaHUX. BHaci10K 11boro uepes Aeskuii yac
CTpYyKTypa 0a3u 3HaHb HE OHOBIIIOETHCS Ta Te-
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pecTtae BiANOBIgaTH MOTpedaM J0IaHOTO KOH-
TEHTY, HOBI IPAaLlIBHUKU MOPTAly 3 HEAOCTar-
HBOIO KBaJTi(hiKaIli€l0 HEKOPEKTHO BHOCSTH Ce-
MaHTUYHY pO3MITKY (a00 He BHOCATS ii B3araii,
TOMY 1110 1I€ HE BIUIMBAE sIBHO HAa ()OpMaJIbHI Xa-
PaKTepUCTUKU TopTaiy). Uepes e ceMaHTHYH1
3aIMTH Ta aHAIITUYHI CEPBICH MPALIOIOTh HEKO-
PEKTHO (BOHU OOPOOJISIOTH HEKOPEKTHO 3a/1aHi
naHl a00 HE MaroTh MOTPIOHKUX BiIOMOCTEH). |
TOMY TOpTall, MO (OpPMaIbHO BBAKAETHCS Ce-
MaHTHYHHM, BTpada€e 3HAYHY YaCTKy CBOIX ITe-
peBar sSK aHamiTH4YHa iH(OpMalliiiHa cucTeMa,
ajyie Hajalll MPOAOBXKYE BUTpPAUaTH JIOJATKOBI
00YHCITIOBAJIbHI TIOTYXKHOCTI Ha MATPUMKY Ce-
MAaHTHUYHOI CKJIaJ0BOI.

IIpakTuuHi pexomMenaamii

3i CTBOPECHHA CCMAHTUIHUX
BeOmopTraJiiB

Ha ocHoBI HaBezeHOTO BHINE aHATI3y
MOXKHa C(HOPMYIIIOBATH HACTYITHI MPaKTHYHI
peKoMeH i 31 CTBOPEHHSI CEMAaHTHUYHHUX Be-
OmopTaiiB, CIpsIMOBAaHUX Ha 3amoOiraHHs Ta
pO3B’s13aHHs ITPo0IeM 0OPOOKH 3HAHB:

1) momens 0a3u 3HaHB BeONOpTAINY,
CTBOPEHY Ha OCHOBI IIOYATKOBOTO HAO0OpPy KOH-
TEHTY, MOTPIOHO TMOCTIHHO BIOCKOHAIIOBATH
Ta Y3rOJKYBaTH 3 yciMa 0COOJIMBMMHU BUIIA]I-
kamu 1HQopmauiiiaux 10, ski Mormu He 3y-
CTpivaThcs y TOYaTKOBOMY HaOOpi JaHUX;

2) moxen 1O GakaHO HE 3MIHIOBATH,
a JIOTIOBHIOBATH JIOATKOBHMH BJIACTHBOCTSI-
MH, a TUIH JaHUX, [0 BUKOPUCTOBYIOTHCS JUIS
OIHUCY iX 3HAYEHb, 3MIHIOBATH Ha LIMPIII, a He
Ha OLIbII crienngivyHi (HaPHUKIIa, 3aMiHIOBa-
1 “Uucno” Ha “Tekct”, ane He HaBMaKK) — I1€
Mae 3a0e3MeunTH Y3ro[KEHICTh MOJIENl 3 TOo-
MEPEAHBO ONPUITIOTHEHUM KOHTEHTOM;

3) HeoOX1THO MOCTIMHO TeHePYyBaTH Ce-
MaHTUYHY PO3MITKY KOHTEHTY, SIKa € OCHOBOIO
(GYHKIIIOBaHHS YCIX CEMaHTHYHUX CEpPBICIB:
MOTPiOHO SIBHO BHW3HAYaTH CEMAaHTHUKY BCIX
(a00 xoua O OIMBIIICTH) 3B SA3KIB MK €JIEMEH-
TaMU KOHTCHTY;

4) HaOip CeMaHTHYHUX BiJHOIICHb MIXK
€JIeMEHTaMU KOHTEHTY Ma€ MOCTIHHO MOMOB-
HIOBATHUCS, 100 KOPEKTHO BIJOOpa’kaTH Bce
PO3MaiTTA TakuX 3B’S3KiB, ajie pa3oM i3 3poc-
TAHHSAM KIIBKOCTI TAKAX BIJIHOIIEHD JOLIILHO
po3pobuTn cuctemy ix kinacudikamii (Harmpu-
KJIaJl, TAKCOHOMIIO abo0 Te3aypyc), HaJaBaTH
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4iTKi (pOpMasbHI ONMKUCH Ta HAMaraTucs 3aro-
Oiratu 1yOJIIOBaHHIO;

5) BUKOHAHHS CKJQJHUX aHATITHYHUX
Ta MOIIYKOBUX 3aMUTIB JIOIIBHO BHHOCUTH B
OKpeMi CTOpIHKH a00 IMyHKTH MEHIO, 00 BU-
KOHYBAaTH iX TIJIBKH TOJI, KOJH II€ IMOTPIOHO
KopucTyBauaM. Lle 703BOsIs€E €KOHOMHUTH 00-
YUCITIOBAIIbHI PECYPCH TTOPTAILY;

6) TOCTIHO MPOBOANUTH THCTPYKTYBaH-
HS [IEPCOHAITY, KU FOTy€ KOHTEHT, 1100 3a0e3-
MIEYUTH KOPEKTHICTh CTBOPIOBAHOI CEMAHTUYHOL
PO3MITKH, Ta YITKO pO3PI3HATH (PyHKIIIT 31 CTBO-
PEHHS MOJIeTIi TaKo1 PO3MITKH Ta i1 3aCTOCYBaH-
Hs (U1 CKJIAJTHUX MOPTANIIB 1€ MATPUMYEThCS
3a paXyHOK JETaJbHIIIOT0 BU3HAYEHHS [TOBHO-
B)XEHb PI3HUX TPYN PO3POOHHKIB);

7) 3OIMCHIOBATH peryisipHi orepa-
uii JJIs OHOBJIEHHS CTPYKTypu Oa3u 3HaHb,
CTBOPEHHS ii pe3epBHUX KOMiil Ta KOHTPOIIO
3MICTOBHOI LIJTICHOCTI (SIK 3 BUKOPUCTAHHSAM
BHYTPIIITHIX MOXJIMBOCTEH IMOpPTANy, TaK 1 3a
JIOTIOMOTOI0 30BHIIIHIX CHCTEM MEHEIKMEHTY
3HAHb), JUISl 3aIM00IraHHs MOSBU 3HAYHUX Ce-
MaHTHUYHUX HEKOPEKTHOCTEH TaHuX.

BucHoBku

OcHOBHa MeTa JaHO1 poOOTH MOJATae
B 3/11iICHEHH] HAYKOBHUX JOCIIIKEHb Ta €KCIIe-
PUMEHTAIILHUX MTEPEBIPOK OTPUMAHUX PE3YIIb-
TaTiB y CTBOPEHHI 1HTEJICKTyaIbHUX 1H(pOpMa-
LIHKUX CHCTEM, SIKI BAKOPUCTOBYIOTh Semantic
Web, OHTOJIONYHMH aHaN3 Ta BIKITEXHOIOTI
Ui 3a0€e3Me4eHHs] MOXKIIMBOCTI aHai3y Ta BU-
KOPUCTAHHS JI NMPAKTUYHUX I[N BETUKUX
00csriB 1 NOTOKIB 1H(pOpMaIlii pi3HUX TUMIB. Y
pOoOOTI aHATI3YIOTHCS BEOMOPTAIIH, SIKi € OTHUM
3 MEePCIEKTUBHUX 3ac00iB iHTerpallii Ta aHai-
3y BeNUKHX OOcCsTiB iH(OpMarii, mepepoOKu
MacHBIB T€TePOreHHUX «CHUPUX» JAaHUX y dop-
My, 110 3a0e3mneuye ix yHiikoBaHE MOJAHHS,
3M00yTTSI 3 HUX KOPUCHHX 3HAHb Ta TIOBTOPHE
BUKOPUCTAHHS. PoO3MIsgaroTbess MOMKIMBOCTI,
SK1 HaJlae ceMaHTu3alis BednoprainiB. Po3Bu-
TOK TaKUX CHCTEM TOTpeOye TOETHAHHS TOp-
TaJbHUX TEXHOJIOT1H 3 MOXJIUBOCTSIMH 3aC001B
aHaii3y Ta oOpoOKH 3HaHb y BIIKPUTOMY ce-
pEeNOBHUII, 1 TaKe MOEAHAHHS MPU3BOAUTH 10
MOSIBU CICIIU(IIHUX TTPOOIIEM.

HactynHuM KpoKOM pO3BHUTKY BeOIOp-
TaiB MOXXYTh CTaTH IOPTAIU BHUIIAKOBOTO
BUSBIICHHS 3HaHb, /1€ 1THCTPYMEHTU 0a3ylOTh-
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R.D. Grygoryan, A.G. Degoda, T.V. Lyudovyk, O.1. Yurchak

SIMULATING OF HUMAN PHYSIOLOGICAL SUPERSYSTEMS:
INTERACTIONS OF CARDIOVASCULAR, THERMOREGULATORY
AND RESPIRATORY SYSTEMS

A special quantitative model of the human thermoregulatory system (MT) functioning with cardiovascular and
lung systems is created. These systems form a physiological super-system (PSS). For a naked or cloth human,
algorithms provide designing of scenarios including simulation of either short-time or long-time (hours or days)
observations. Input data include different combinations of environmental variables (air or water temperature,
air humidity, wind or water flow speed, light intensity), as well as designing of dynamics for certain biological
characteristics (rate of heat production including its components associated with metabolism and ATP molecules
leasing during mental and physical activities). The human body consists of three compartments — core, blood,
and skin. Dynamic output data include blood, hypothalamic, and skin temperatures, hemodynamic parameters
(heart rate, cardiac output, regional blood flows, vascular resistances, blood pressures, and regional blood vol-
umes), and lung ventilation. Using associations of dynamics of day/night light intensity with concentrations of
serotonin and melatonin hormones, a model for biological heat production rate dynamics is proposed. Currently,
the PC-based simulator is autonomous C+ software. Its users can be both student-medics and physiologists in-
terested in providing theoretical research. Shortly, this simulator has to be widened by models of kidneys and
liver-pancreas interaction mechanism.

Key words: physical health, cell energy balance, control mechanisms,quantitative models, simulator.

Introduction

Human organs and certain anatomi-
cal-functional systems (AFS) form very com-
plex functional systems known as physiologi-
cal super-systems (PSS). The general concept
of human PSS [1-3] explained deep cellular
mechanisms that determine cells interaction
for dynamic providing of every AFS’s opti-
mal parameters. However, traditional empiric
physiology possesses not by research technol-
ogies capable of establishing the main quan-
titative laws ruling the functionalities of PSS.
Potentially, mathematical models could help in
solving of this problem. However, almost all
models were created for solving specific par-
tial problems therefore they not concern the
problem of PSS. To fill this methodological
gap in, we are consequentially creating proper
mathematical models and computer simulators
[4-7]. Their main novelty is in combining of
multi-level physiological mechanisms for ex-
plaining of organism-scale adaptive physio-
logical responses to environmental alterations.
In fact, this approach also creates potentials for
explaining mechanisms that determine the dy-
namic multi-parametric shape of human physi-
cal health (HPH). Such a theoretical fundament

is extreme necessary for the individualization
of the medical assessment of HPH.

The goal of this article is to present our
latest development that made possible theoret-
ical investigations of human thermoregulatory
system under unpredictable challenges from a
certain AFS namely, from the cardiovascular
system (CVS) and lung system.

Mathematical model
of thermoregulatory system

The model of CVS is presented in [6,7],
thus there is no necessity for its de-scription
in detail. Perhaps, it is sufficient to note that
our CVS-model currently is the most complex
model, including in it both mechanisms of cir-
culation’s acute control and mechanisms that
determine the long-term parameters of CVS.
As to our model of the thermoregulatory sys-
tem (MT), the main reason for its creation was
that despite a lot of such models (for example,
[8-14]), MT should be compatible with our
other models.

For solving our problems in the frame
of human PSS, it is sufficient to have an MT
containing three body compartments: a core
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(it represents muscle, subcutaneous tissue, and
bone), skin, and blood.

The most distinguishing sign of every
PSS is that it functionally integrates multiple
AFS. The extreme necessity in novel models is
conditioned with the practical impossibility to
provide quantitative empirical research of
complex and multi-level mechanisms govern-
ing the interaction of multiple HPSS in physi-
ological or pathological conditions. At the
same time, it is clear that often complex pathol-
ogies appear because of inadequate function-
ing one or more functional chains of PSS. So,
an alternative — simulative research of human
PSS is highly encouraged.

In parallel with the creating of novel
models, several models created in the frame of
the traditional methodology can be re-vised in
the light of the PSS concept. Our current pub-
lication presenting such an approach illustrates
both the modeling technology and the main
problems arising under its application to mod-
els published earlier [6,7]. These publications
were chosen because AFSs of this PSS repre-
sent organs and systems that are external pro-
viders of cellular metabolism. As to its intra-
cellular optimizers, briefly described in [1]
(only the energy aspect), we intend to create a
special model that has to include also those nu-
clear mechanisms that are under cytoplasm-re-
leased adaptation factors. In fact, namely,
these factors increase/decrease the expression
of genes in specific sites of DNA.

Special software does provide both
tunings of models and all procedures ac-com-
panying a wide range of their simulation re-
search. Such work is too big to be made within
a usual short-term research project and de-
scribed in a usual research article. Therefore,
we are publishing each interim developmental
result that can also be an autonomous unit-
software.

This publication represents MT inter-
action with models of CVS and LV.

Principles for modifying the earlier cre-
ated software in order to incorporate MT in it
are additionally described. The final purpose
of this multi-stage developmental project is to
provide physiologists-researchers with modern
computer-based information technology with
dual goals. The first goal is simulation research
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of human certain complex PSSs. The second
goal is to provide professors and medical stu-
dents with a modern specialized visualization
technology capable of helping future medics to
better understand the physiological basis of
non-trivial pathologies.

Short description of MT

A quantitative model pretending to
simulate certain biophysical and physiologi-
cal events concerned with human ther-moreg-
ulation, must deal with dynamics of heats both
generation and conduction (dissi-pation). In
the human body, immersed in a non-stable en-
vironment mean rates of heat generation

(v, (#) ) and heat transfer (v,(f) ) permanently
alter. So, dynamics of the body heat ( H(¢) ) is

commonly described by a differential equa-
tion:

dH
mc——=v_(t)—v.(1).
= (D)= (1)
where m is the body mas while a specific heat
ofc characterizes alteration velocity.

By solving this equation, one can see
that within every time interval of 7 :

t
H(z) = H(t,)+me [ v, ()=, (£))dt
-7
In statics, a mean value of body tem-
perature (7, ) is calculated as7,, = H /m . But

different structures of the human body have
their individual mas and parameterc .

A summary heat H,(f) of the human
body is formed of two independent sources —
biological H,(?), and external H,(¢).The last
one is proportional to air temperature, while
H,(¢) has its independent sources explained
further.

H,(t)1s resulted in four independent
heat generators: 1) exothermic chemical trans-
formations accompanying metabolism H,,(¢);
2) life events providing organism’s functional
integrity H,(7); 3) life events providing hu-
man mental activity H" (¢); and 4) life events
providing human physical activity Hy (7).
Three last heats resulted from the leasing of
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ATP molecules as the main energy source for
providing biological works. Their importance
in entire body thermodynamics becomes clear
when accentuating the following facts: 1) about
40-60 % of the energy released during one
ATP molecule is dissipated in the form of heat;
i1) the total amount of everyday synthesis
(leasing) of ATP 1is about 50-55 kg.
H,(t)=b-H, ()+b,-H, (t)+b,- H" (¢)
+b,-H, (1),

In the last equation, the three last com-
ponents depend on the power of every activity
thus coefficients b, —b,are approximated for
physiological rest conditions only.

Heat conduction between compart-
ments is provided by radiation, convection,
and evaporation (for lung and skin). MT oper-
ates with fourth temperatures: core —7;(¢),

blood -7} (¢) , skin — T{'(¢) , and environmen-
tal —7°4(¢).T2(¢)1is resulted of H,(¢f) and
heats taken from the neighbors (blood and skin
compartments). By analogy 7 (¢) is resulted of
TZ(t),T,(¢), and T (¢) . As toTy (t), its pro-
viders are77(¢),T;(t), and7°4(¢). So, to
model the dynamics of these variables, their re-

lationships should have been formalized. Be-
low the formalizations are presented:

d;c :/Ile _/ILHév +/12(Tco _TBO)

+A4,(T2 = T5)

drs
dt
— AT =T5) = A,(I5 - TI¥)

:/14Hc _Q_/is(Tc? _T;)

drye
dt
+/110(T1; _Tso)+/111(T; _TAO)

:ﬂch_ﬂs 'Hgv+/19(Tc? _Tso)

dHk

TEVzaLvL—HévY/X,
s

%ZQSQS_H;Y/)C

Ho(t)=H, ()~

where X - is the air humidity, Y - wind veloc-
ity, ¢, - skin flow.

So, our MT is the first model capable
of simulating the specific effects of body dif-
ferent energy sources. In this paper, this aspect
is not considered.

Under the modeling of the human ther-
moregulatory system, the human body usually
is approximated as a net of lumped parametric
compartments [1-4]. The net structure is con-
ditioned by research goals. Our MT is neces-
sary to investigate main aspects of human PSS
composed of different combinations of cardi-
ovascular, thermoregulatory, lungs, energy
providing systems. Therefore, specific details
of thermal patterns in peripheral segments
(legs, hands, torso, neck, and head) that had
been considered in [2, 7-11], are mainly omit-
ted. We have built the simplest model con-
taining of three body compartments (a core,
blood, and a skin). Additionally, MT is capa-
ble of imitating the isolative effects of cloth-
ing. Besides, in the final version of MT, either
air or water can be chosen to be an external
environment in which the body is immersed.
Each of these environments does have its tem-
perature and flow velocity given as input pa-
rameters.

This structure of MT is chosen for
solving practically all tasks planned in the
frame of the final version of the human physi-
ological super-systems’ model. As our MT
uses certain variables of the CVS model, it is
useful to note the following.

For the physiological interval of
EF . <F@{)<F_.F(t)is calculated as:

Fminﬂ iAEi(t)>Fa_Fmin

=

F) = I, +AF(T0)+;AF!' (t)—JZ:;,AF,-’(t),

Fmin SFV(ZL)SF'max
n2
Fmaxﬂ ZAF;+(t)+F;>Fmax

i=1

Here I, is the heart rate under normal
rest values of blood temperature 7,
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biochemical and biophysical characteristics of
cells of sinus node, AF'(7) is elevation of F,
with temperature increasing, AF," (¢)are accel-
erating effects of »nmechanisms (including
concentration of adrenalin 4, (¢) ), and AF; (¢)

are retarding effects of » mechanisms.

Each mechanism forming its part of
AF has its power and developmental inertia
that have been taken into account by means of
proper constants.

Inotropic states of ventricles are under
influences of local coronary flows ¢ (¢),

adrenalin 4,(¢), T, (¢), efferent sympathetic (
E, (1)), and parasympathetic ( £,,,(¢) ) impulse
patterns. Special version of the model includes

effects of exogenous cardio-active agents
C, (1) too:

k(6)=k0 *(1+d *(T°(1)=T°x) +
dy* (A, ()= Ay ) +ds*(q. (1) = q.) +

d4 * (Ecs(t) - EcSN) _ds * (ECV(t) - EcVN)
td,*C, (1)

Skin vascular resistance depends on vas-
cular volume (diameter). There is a biophysi-
cal reverse relation between temperature and
vascular resistance. The relation is described in
our CVS model. In particular, it means that the
independent (hemodynamic) alterations of
skin flow, which plays an important role in
body heat conduction, will have specific ther-
moregulatory effects.

Mathematical model
of environment

In our current model, environment is
presented by following dynamic characteris-
tics: air temperature 7, (¢) (7°4(t)), air hu-
midity (/,(?)), wind speed (v, (¢) ), and light
intensity (L, (¢)).

T°4(t) may be of any stable value 774
either may have any dynamics. For example,
under simulating of day/night 7°.4(r) its for-
mally is given as:
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Ty, t<t st >t
Ty + (T =T uy)(1=e 7)1 <t<t
TOA(Z)= AN ( 4D AN)( )s, s (*)
Tap,t St<t

T°up—(T"ap —TOAN)(I—eiﬂ(fil”)),tm Sty
where 7°4y- night minimal temperature,
T° 4p - day maximal temperature, ¢, - sunrise
start, ¢ - fully lit morning, 7 - sunset start

time, 7, - completely dark night.
By analogy dynamics of L, (¢) is given

as:
Ly, t<t ;t> t,
Ly+(Ly=Ly)(1-e7")t <t<t,
Li{t)= B (**)
D’ ts N4 < tsss

LD - (LD - LN)(1 - e’}’(f’f:r)), tsss < 4 < tfss
where L, - minimal night intensity of light, L,
- maximal day intensity of light, ¢, - sunrise

start, ¢, - full sunny morning time, ¢ - sunset
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start time, ¢, - completely dark night. Coeffi-

cient ¥ in (*) is to modulate air temperature

dynamics depended on air humidity X (7).
The hypothalamic control of blood

temperature (7 (¢) ) is based on afferent infor-

mation came from heat and cold receptors lo-
cated in core, blood, and skin compartments.
In a conventional scale of “0-1", the current ac-
tivity of every heat receptor field looks like:

0, I'(n<T",
iz 5,17 .
RI.“(t): (1-e* )/(1+9je 2 )’Tj’“min <T,- (f)<Tjth
j LI()> T

Jjmax

7,=T;0)-T;

jmin

where 17 is re-

Jjmin

is reception threshold, 77,

max

ceptors saturation temperature, s and 6, are

approximation constants. By analogy, cold
functions of cold receptors are modeled as:

07 Tjo(t)ST]cmm
7516' /c 4 "SJC j) c ] c
(I-e )1+ ") T, <T7 (1) < T

Rc(t) — >+ jmin jmax
J c c
LIS (0)> T
7= w170

Hypothalamic neurons modulate their
descending impulse activity depending on
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summary ascending impulses R, (¢)and R (¢)
calculated as:

RIt)=D_dIRI(t); Ri(t)=) dSR:(?)

where d_f, andd; are weight coefficients.

The main target for descending influ-
ence of hypothalamic neurons is the velocity of
heat generation (v, (¢) ). Its static value is:

Vi = Vi (O)1+ & (W =W O)(1-g,H)(1+
+ g3S)(l + g4R£ o gSRS)
where g, — g, are weight coefficients.

In the current model, v,, (¢) is presented

— =V -V
h hgs hg’
¢ dt

where 7, is time constant of heat generation al-

teration.
dH
L =bH,~v,,.
dt

Hypothalamic temperature 7,°(¢) is
calculated using 7,’(7)
I, (t)=T5 (t)— A, where A =const.

Heart rate, skin flow, and lung ventila-
tion velocity (v,(¢) ) are external modulators of
MT. Two first characteristics belong to CVS:

its model is described in [6-8]. Thus we give
here v,(¢):

% = bllClIf +blzCBCO2 +b13T5 ’

whereb, ,b,,,b,, are approximation constants,

CI and C$% represent blood concentrations
of H' ,and CO, .

Simulation algorithms

MT is integrated with CVS-model and can in-
teract with it for a wide range of special cardi-
ovascular test scenarios. In this publication we
cannot consider these oppor-tunities thus we il-
lustrate those scenarios only when the CVS is
under physiological norm (imitating an intact
organism). Under this constriction, a single
simulation algorithm (SA) can be illustrated by
means of Fig.1.

Fixed list of -
physiological Fixed list of input
models load models

| ||

Actualized list of Actualized list of
physiological input load
models models

Actualized Simulation
simulator duration

lv Generating graph
Simulation =—)| f‘;irnf:zlzft;ze
\ variables

New simulation preparing

Fig.1. Simulation algorithms

According to this algorithm, the user
should set the simulation duration, and the
state of the external environment (for example,
dynamics of light intensity, air temperature,
humidity, wind speed, cloth isolating parame-
ters, e.a.). Special window is pro-posed for set-
ting (actualizing) the model several constants:
after changing at least one value in MT char-
acteristics, the user can start a new simulation.

Simulation (when activated) will last
until the exposure time (observation duration)
is over. Special algorithm providing both
short-time and long-term (days and months)
simulations is created. So, the operative
memory of PC is no longer critical for deter-
mining the maximal simulation duration as it
was in previous simulator version [5].

After the simulation is over, the user
can analyze simulation graph results for more
than 35 biological and environmental varia-
bles.

Input loads

The complex simulator and its frag-
ment (described in the paper) is autonomous
software designed for IBM compatible com-
puters. Taking into account volume limits for
the paper, our main attempts were directed to
illustrate the new opportunities we can propose
to potential users. Best if the illustrations show
something not modeled yet in traditional ther-
moregulatory models. In our opinion,

85



Metonu Ta 3ac00M KOMII'IOTEPHOT0 MOJIETIOBAHHS

circadian effects look like a not bad example
for simulation. In this case, input loads are:

T°4(), h,(t), v, (t),and L,(¢). Changes of

L,(¢) and T°.4(¢t)were provided according to
formulas (*) and (**).

Special window of the user interface
(see Figure 2) provides the user by actualiza-
tion of such data like factors determining
day/night dynamics of light intensity, as well
as of constants determining dynamics of air
temperature.

@ Vser imtedace = X
Help Save ExperimentN2: 0 pe
& Experiment preparations
. TompSK WaterT [
Configuring the model % e et s
Observation duration leap€iocdd oL HestOnsashocho ¢
Simulation scenario Teap0ay » Atimdtyd £
Hypotheses of hypertension Tomphight 15 Gctho 02
Hypertension therapy TempHypothatamus0 (368 KCioth 1
Input TC SunRiseStart 65 Ughtintensity [10
Input Kidney Value FulSuntme 70 Ughtintensity0 01
Experiment simulation r r
SunSetStart (185 Secotonind 0.1
«View simulation results A
FulSunSet (190 MelatonnProdRated 2
WindSpoedd 1 SecotonnProdRate0 (4
| Experimeln’s passport
'\
[
\
|

Fig.2. User interface fragment: special window

for setting initial data for processing the

thermoregulatory model

Main simulation results
and discussion
As the reader can see in Fig.3, in this
simulation, both air humidity (50%) and the
wind speed (1 m/sec) are stable. It was as-

sumed that the durations of night and day times
are equal. Night time light intensity assumed
to be for 100 times less than it is during the day
time. Both for the sun rise time and for the sun
set time 1is set 0,5 hour.

© Darmccontrobystem

. foberD,
t

SkinP;

2

—— A termRate

——— A Humidy %

== WindSored msec
Ughtinensty

QAR

Fig.3. Environmental parameters day/night dynamics: Input data
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Core Temperature

= $i00d temperatuce
== Hypothalamus Temperature
—— S temperature

284

E B e et S st S ot (St S I S St A S st et S ot S Bt At S By
0s "5 x5 aRs 57%5 205 AS W05 1825 1255

Time, mnses
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Fig.4. Body temperatures day/night (circadian) dynamics: Output data
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Temp Dy SkinP: AirP; Cloth WaterP. Recep
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EvaporationSum =}
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Fig.6. Day/night (circadian) dynamics of thermal receptors, serotonin, and melatonin: Output data
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Q) Onaractenncs of central hemodynamics

Initial information Pressures Flows Volumes Resistances

40~

—— Gy3toic pressure
— Dstoic pressure

Fressres MMy

Q00 @ 0O Q@@

Save image

Fig.7. Day/night (circadian) dynamics of systolic and diastolic arterial pressures: Output data

Q Cardiceespratory charactenstics

Initial information Heart parameters Lung ventilation

120~

. lung ventiation
{Umb)

__Harnef
[1/win]

B @ @ @ @ @

|||||||

Time, minutes

Save image

Fig.8. Day/night (circadian) dynamics of heart rate and lung ventilation: Output data

Output data are presented by tempera-
tures in the core, blood, hypothalamus, and skin
(Fig.4), by 12 characteristics concerning heat,
and cooling (Fig.5), by dynamics of thermal
receptors (heat and cold), and blood concen-
trations of serotonin and melatonin hormones
(Fig.6), by dynamics of systolic and diastolic
pressures (Fig.7), and at last, by dynamics of
heart rate and lung ventilation (Fig.8).

Fig.4 illustrates day/night alterations of
temperatures in modeled body areas while the
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last two illustrations obviously show day/night
alterations of pressures and heart rate.
Certainly, our simulator yields much
more output data concerning blood circula-
tion parameters, baroreceptors, and chemo-
receptors activities, and dynamics of main
endocrine hormones modulating not only the
state of CVS but also the state of those body
structures that concern functionality of ther-
moregulatory sys-tem. We do not present this
additional data for two reasons. The first one is
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already mentioned above — the paper volume.
The second reason is concerned with the “raw”
state of the MT model. It is not able yet to re-
alistically simulate dynamics. Values of sever-
al constants and variables are included in the
model in conventional units only. We plan to
advance it when all component models will be
created and integrated into the complex simu-
lator of human PSS.

Conclusion

In order to extend the potentials of the
PC-based simulator of the human physiological
super-system (PSS), a special quantitative
model of the human thermoregulatory system
(MT) is created and previously tested for spe-
cific scenarios.

Currently, MT is functioning with mod-
els of cardiovascular and lung systems. MT
describes thermoregulatory responses to alter-
ations of both external environmental physical
characteristics and internal biological character-
istics. Algorithms provide designing of scenar-
ios including simulation of either short-time or
long-time (hours or days) observations. Input
data include different combinations of environ-
mental variables (air or water temperature, air
humidity, wind or water flow speed, light inten-
sity, infrared radiation) for a naked or wear hu-
man, as well as for given dynamics of biological
characteristics (rate of heat production including
its components associated with metabolism and
ATP molecules leasing during mental and phys-
ical activities). Human body is presented by a
core, blood, and a skin compartments. Skin and
lung evaporation are under hypothalamic control
based on afferent impulse patterns from internal,
and skin heat and cold receptors. Dynamic out-
put data include blood, hypothalamic, and skin
temperatures, hemodynamic parameters like
heart rate, cardiac output, regional blood flows,
vascular resistances, blood pressures, and re-
gional blood volumes. Serotonin and melatonin
concentrations modulating biological heat pro-
duction rate are associated with light’s day/night
intensity. Currently, the PC-based simulator is
autonomous soft-ware to be used both for edu-
cational purposes and for providing of special
computer research. In a near future, this simula-
tor has to be widened by models of kidneys, and
a mechanism of liver-pancreas interaction.
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A.1O. lopowenko, B.M. llInue, P.B. Kywnipenxo

YTOYHEHHSA YUCEJBHUX METEOPOJIOTTYHUX
ITPOI'HO3IB 3A 1O0IIOMOTI'OIO INMTMBOKOI'O HABYAHHA

3p0o06eHO KOPOTKHUIT OIVISIT PO3BUTKY YMCEIBHOTO ITPOTHO3YBAHHS Toroan. OnrcaHo mpooiemMH, siki MaroTh Mic-
IIe B MOJETIOBAaHHI aTMOC(epHUX HPOLECiB, iXHIO IPUPOAY Ta MOKINBI IUIIXH MOAOJIaHHS. 3apPOITOHOBAHO
apxXiTEeKTypy HEWpOHHOI Mepexi, sIKa JO3BOJISIE KOPUTYBATH TIOMUJIKHA IPOTHO3Y IPH3EMHOI TeMIeparypu I1o-
BITps umcenbHOi perionansHOi Mogeri COSMO. Iloka3zano, 1o 3anpoIIOHOBaHA apXiTEKTypa J1a€ MOMIINBICTH
MOKPAIIUTH TPOTHO3 y moHaa 50% BWIIAJKIB, IO MiAKPIIUIIOETHCS TAKOXK 3MEHIICHHSAM KOPEHS CepeIHbOTO

KBaJApaTu4HOTO Bi,I[XI/IJ'IeHHﬂ.

Kirowosi cioBa: “rmmbOoke HaBuaHHA, yncenbHui porao3, COSMO, Temneparypa moBiTpsl.

Beryn

ATMocdepHi mporecH Ta sIBUIA MO-
KYThb 3HAYHO BIUIMHYTH Ha pi3HI cdepu
JIOACHKOI  JKUTTEMISIIBHOCTI, ITOYHHAIOUU
BiJl CIICHKOTO TOCITOAAPCTBA 1 3aKIHUYIOUH
LIMBIIBHOIO Ta BilichbKOBOIO aBiamiero. Llo-
OliplIe, Taki OPUPOJHI ABHUIIA 5K MOBEHI,
CUJIbHI 3JIMBH, yparaHu TOIIO MOXYTb 3aB-
JaBaTH BEIUKHX 30UTKIB TOCIOAAPCTBY, Oa
HaBITh TIpIIE - CTAHOBUTH 3arpo3y KUTTIO
Oararbox Jrogeil. Tomy 1yxke BaXJIUBOIO
HayKOBOIO 3aJjau€l0 € Bce OlNblIe BIOCKO-
HaJICHHS SIKOCT1 METEOPOJIOTIHHOTO MPOTHO-
3yBaHHS, aJKe 11€ MOXKe JO3BOJIUTH MOMepe-
JUTH Ta 3MEHIIUTHA HEraTUBHI HACIIIKU Bij
HaJI3BUYAHUX CUTyallili NPUPOIHOIO 1 TeX-
HOTEHHOTO XapakTepy.

J1o OyIb-sIKOTO POTHO3YBAHHSI, 30Kpe-
Ma, 0 METEOpOJIOTIYHOI0, JIOTIYHO BUCYHYTH
JIBI OCHOBHI BUMOTH: TOYHICTH (IIPABIUBICTH)
MIPOTHO3Y 1 CBOEYACHICTh HOTO OTpUMaHHS. SIK
3a3Ha4eHo y [1], BigOynacs “Tuxa peBomroris”
YUCEIbHUX TiIPOJUHAMIYHUX METOIIB IPO-
THO3y TOTOAM, IO Majla HAa METi SKHaWIOB-
HIIIE 3aJ0BOJBHUTH OOMBI BKa3aHl BUMOTIH.
30kpema, po3poOka OUTBII JOBEPIISHUX 1 pe-
ATICTUYHUX MAaTeMaTUYHUX MOJeNeH, a Ta-
KO ICTOTHE 30UIbIIEHHS 00CATY MOYaTKOBUX
METEOPOJIOTIYHUX JTAHUX YMOXKJIHMBIIIOE BHKO-
HaHHA Iepioi BUMory. Jlpyra >k BuMora 3a-
0e3IeuyeThes MepeayciM MOsSBOI BCE OUIBII
MOTYKHUX OOYUCITIOBAIBHUX CUCTEM.

[Ipote nonpu BeIU4E3HUN IIPOrPeEC OC-
TaHHIX POKiB, MU HE MOXXEMO Ha3BaTH SIKICTb
OTPUMAaHMX MPOTHO31B abcomtoTHoW0. [Ipuun-

©A.10. Jopomenko, B.M. lInwr, P.B. Kymnriperko, 2023
ISSN 1727-4907. IIpo06:iemu nporpamyBanHs. 2023. Ne3

HOIO IIbOTO € CKJIAJIHICTh OyJI0BH arMocdepu
Il pI3HOMAHITTS MPOLIECIB Ta SIBUIL, HAIBHUX Y
Hil. 30KpeMa, OJIHI IpoLecH BiIOyBatOThCS Ha
BEJIMKINA TEpUTOPIl MPOTATOM TPUBAJIOTO Hacy,
1HII K MOXKYTh MaTH MICIle Ha HE3HAYHIN 3a
IUIOMICI0 TEPUTOPIl Ta BIPOJOBK KOPOTKOTO
4acOBOT'O MPOMIXKKY.

Haii0iip11 po3MOBCIOIKEHOI0 HA ChO-
TO/IHI € TIKaja MacimTadiB aTMOC(epHUX Mpo-
1eCiB Ta 00’ €KTIB, 3T1IHO 3 SKOK BOHH MOIIJIS-
I0ThCSL Ha TpH TUIH [2]: MikpomacinTabHi (110
200 m), mezomacmradui (Bix 200 M mo 2000
kM) Ta MakpomacmTabHi (rmoHaz 2000 km).
3p03yMiJio, IO MPOIECH BCIX MEePEPaxoBaHUX
BUIIIE MacHITa0iB BIUITMBAIOTH HA (hOPMYBaHHS
SIBUIII, 110 BUHUKAIOTh B aTMOC(epi B KOXKHIHI
KOHKpETHIN 0671acTi. TUM4YacoM poJib KOXHOTO
MIPOIIECY B PI3HUX YMOBAX Oy/ie HEOAHAKOBOIO.
Tak QopmyBanHS 3araabHOI LUPKYIAMIT Ha
TEPUTOPISIX, CIIIBCTABHUX 32 PO3MipamMH 3 KOH-
TUHEHTAMU, BUHHKA€E IEPEBAKHO I BILIHU-
BOM MakpoMacmTaOHUX mporueciB. BogHnouac
Me30MacIITa0bH1 MPOIeCH POOIATh MEHII BaXK-
JINBUM BHECOK.

TakuM YUHOM IIJKOM 3pO3yMUIHMU
€ TPYAHOIIi, 10 BUHHUKAIOTH MiJ Yac Crpood
MOJICJTIOBAHHS METEOPOJOTIYHUX  TpoIie-
CiB pi3HHUX MacmTabiB 3 €IUHHUX IO3HUIIIH,
OCKUJIBKM 3B’SI3KM MDK LMPKYJSIIE aT-
Mocdepu Ta 3aKOHOMIPHOCTSIMU OOMiHY 1M-
MyJIbCOM, TEIJIOM 1 BOJIOTOI0 Y IPU3EMHOMY
/ mpumMesxkoBoMy 1mapi armocdepu Ge3mnoce-
PEIHBO MPOSIBIAIOTHCS M1/ Yac pO3B’sI3aHHS
BIANOBITHUX 3a1ad.
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CknaiHICTh MaTeMaTHYHUX MOJIeNei,
10 OMUCYIOTh ITUPKYJISAIIHHI TPOIIECH B aTMOC-
(dhepi 00yMOBITIOE peaizaiiio MPOrHOCTHIHHUX
CHCTEM 3a JOIOMOTOI0 YHCEIbHUX METOJIIB.
PiBHSHHSA, 3 SKMX CKIIAJalOThCA TaKi MOJE,
€ TIEPEBAXHO HEJIIHIMHUMH TPUBUMIPHUMU
PIBHSHHSMU JPYTOTO TMOPSIKY 3 MajuM Ta-
pamMeTpoM y pasi MOXIAHUX JAPYTOro MOPSAKY.
HasiBHicTh Majioro mapamerpa Mpu CTapIIuX
MOXIIHUX MOXKE 3YMOBIIOBATH 3MiHY THILY
PIBHAHHA (0O NPUKIAAY, 3 EJIINTUYHOIO Ha
rinepOomiyanii 260 mapaboTIYHMI) 3aJIEKHO
BiJl peXXKUMY pYyXy B armocdepi, 1110 MOJIEIIO-
eTbesl. Hapasi HaBITh pecypcu qyxe NOTYKHUX
KOMIT FOTEPHHUX CUCTEM HE JIal0Th 3MOTH 3/I1HC-
HIOBaTH MPOCTOPOBY AMCKPETH3ALI0 MOAETI
arMocdepu 3 BUCOKUM po3AlIeHHsM. BonHo-
gac OuIbIn Tpyba MpoCTOpOBa TUCKPETH3ALIS
MPU3BOAUTH JI0 TOTO, IO Oarato mMe3oMacli-
TaOHUX METEOPOJIOTTUHUX MPOIIECIB HE OIUCY-
FOTHCSI 1I€F0 MOJICIUTIO, OCKUTBKH Y TAKOMY pasi
OIUHSIOTHCS Y KJIaci MPOLECiB MiJCITKOBOTO
Maciraoy.

OCKIJTbKH TIPOTHO3 TOTOAM TMOTPIOHO
OTPUMYBATHU 3aBYACHO, 3HAYHOIO MIPOOIEMOIO
y CTBOPEHHI NIpPOrHO3iB, 10 0a3ylOThCs Ha
peasizaiii MaTeMaTHYHUX MOJEIIeH, € oOMe-
KEHHS Ha 4Yac po3B’si3aHHA. SIK 3a3HAUYEHO
BMILIE, HaBITh Cy4YacHI HOTYXHI OOYHCIIO-
BaJIbHI CUCTEMHU HE JI03BOJISIIOTH BUKOPUCTO-
ByBaTu JIpiOHY MPOCTOPOBY CITKY B 00JacTi
pO3B’sI3aHHA 3a1ad4i, MO0 Jajo 0 MOXIUBICTH
M1 ABUIITUTH TOYHICTH TPOTHO3Y. OCOOIMBO aK-
TyaJbHOIO JaHa Mpobiema nocrae 1 Ykpa-
iHM, TOMYy IO TUTAHHS 3MEHIICHHS BUTPAT
MalIMHHOTO Yacy Yy pO3B’s3aHHI 3aj1ad Ju-
HaMI4HOi MeTeopoJIorii cTOITh 0COOIMBO TO-
CTPO Y 3B’SA3KY 3 BIICYTHICTIO B HaIlIOHAJIbHIN
TiIPOMETCIYKO01 MOTY>KHOI 00YHCITIOBAIBHOT
TEXHIKH, Ky BUKOPHCTOBYIOTH y CBITOBHX 1
HalllOHAJBHUX METEOPOJOTIYHUX LEHTpax
PO3BUHYTHUX JIEPHKaB.

Ha macrs, icHYIOTh ajbTe€pHATHBHI
CIOCOOM MOKPAIIUTHU AKICTh METEOPOJIOTTUHO-
ro nporuo3yBaHHsa. OUH 3 HUX BUKOPUCTOBYE
TOW (paKT, 10 3a/7a4a MOJEIIOBAHHS METEO-
POJIOTIYHHUX TIPOLECIB mepeadadae st CBOTO
PO3B’sI3aHHS PO3UICTUICHHS PIBHAHb 32 KOOp-
nuHaTtaMu [3], o CBO€IO 4eproro 3ade3mneuye
TaK 3BaHUW MPUPOHUN TapaesizM BUKOHAH-
Hs omepaitiii [4], ToOTO Takuii mapasneni3M BH-
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KOHAHHS OMepalliid, 0 3yMOBIEHUH crierudi-
Kalll€lo 3aj1ayl, a He BUIUIMBAE 3 aJITOPUTMY ii
pO3B’sI3aHHS.

OToX, OOHUM 13 MEpPCHEKTUBHUX Ha-
MPSIMIB MOKPAIIEHHS IKOCTI METEOPOJIOrTYHO-
r'O MPOTHO3YBaHHSI € PO3POOKa 1 JOCIIIKEHHS
CHCTEM NapajelbHUX 1 PO3MOJUICHUX 00unC-
JeHb. 30KpeMa, BaKIMBOIO METOIO € PO3BUTOK
apXITEeKTYPHO- 1 MOBHO-HE3aJIeKHUX 3aC00iB
NIpOrpaMyBaHHs MYJIBTUIIPOLIECOPHUX 00UH-
CITIOBAJIHUX CHCTEM, SIKOTO MO)KHA JOCSATTH
3a JIONOMOTOI0 IPOrpaMHuX a0CTpakKiii y Bu-
IJISLTL aNreOpo-aNropuTMIYHUX MOB 1 MOJIETICH.
3a3HaYnMo, 110 anreOpo-aNrOpUTMIYHUN Mij-
X1 10 mMOOy/I0BU CTPYKTYPOBAHUX aOCTpaKIIii
y MOJIEJISIX TIapajielIbHUX MPOrpaM Ma€ Ha METi
3a0e3MeYeHHs BICOKOI MPOXYKTHBHOCTI Mapa-
JIENIbHUX OOYUCIICHb.

[HIIUM ~ anbTepHAaTUBHUM  CHOCOOOM
MOKPAIIEHHSI SKOCTI METEOPOJIOTIUHOTO IPO-
THO3YBaHHS € BHUKOPUCTAaHHS TaK 3BaHOTO
“rmubokoro HaBuaHHs~ (deep learning, DL).
Bce O ycminiHe BUKOPUCTAHHS III€T TEX-
HIKH CTaJI0 MOXJIMBHUM 3aBISKU 301IBIICHHIO
OOUYHUCITIOBAJIBHOT TOTY)KHOCTI CHCTEM, JO-
CTYITHOCTI1 BEJIMKUX HAOOpIB JaHWUX 1 IIBUJ-
KOMY PO3BHUTKY HOBHUX apXiTEKTyp HEHPOHHUX
Mepex. Jleski 3 mMX HOBUX apXiTEKTyp MO-
KYTb BUKOHYBATH II€BHI 3aJja4l Habararo ede-
KTUBHIIIE, aHDK KJIACHYHI ITOBHO3B A3HI HEM-
POHHI MEpexi MPSIMOT0 MOLITUPEHHS.

OnHi€0 3 TaKUX OCOOJUBO YCHIIIHUX
KOHIICTILIIH, 1110 Ma€ NIMPOKE 3aCTOCOBYBaHHS,
€ KOHIEMIlis 3rOPTKOBOT HEHPOHHOI Mepexi
(convolutional neural network, CNN) [5]. La
apXiTeKTypa HEUPOHHOT MEPEXKi SBJIsIE COOOIO
CTeK (UIBTPIB MAJIOT0 PO3Mipy 3 HEBEIHMKOIO
KUIBKICTIO MapaMeTpiB, sIKI BJIacHE ‘‘HaBYaro-
Thes”. BoHa 3acTOCOBYETBHCS 70 300pakeHb
a0o0 IHIMX JaHUX Ha MPSMOKYTHIN CITI JUIs
OTpPHMaHHS y3arajJbHEHUX XapaKTEPHUX OCO-
ONMMBOCTEH JOCIIKYBaHOTO 00’ekTa. Y Ia-
PHHI METEOPOJIOTIYHOTO 1 KIIMAaTHYHOTO MPO-
THO3YBaHHSI 3TOPTKOBI MEpeXi MOXYTh OyTH
BUKOPUCTAH1 Ui BUSIBICHHS MPOCTOPOBUX
XapaKTEepPUCTHUK, SIK-OT, I1i]] 4ac aHali3y CymyT-
HUKOBHUX 300pakeHs [6].

[HIIOI0 KOPUCHOIO 1 HIMPOKO B)KUBA-
HOIO KOHIICTILIIEIO € PEeKYPEeHTHI HeMpOHHI Me-
pexi (recurrent neural network, RNN). Ilei
BUJI HEWPOMEPEKEBOI apXiTeKTypu OyB po3-
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poOyieHnid 17l BUBYEHHS 3aJIeKHUX Bif 4acy
0COOJIMBOCTEN NaHUX, N0 MPHUKIALy, TEKCTY
[7] Ta moBnenns [8]. PexkypeHTHICTH — 1I€
JIMIIE 3aralibHa 1]1es, siKa MOJISATae y TOMY, 10
TOTIOJIOTTUHO TaKa apXiTeKTypa HEHPOHHOI Me-
pexi Moxke OyTH TIpEICTaBICHA OPIEHTOBAHUM
y yaci rpadom. 3aBIsSKH IIbOMY YTBOPIOETH-
cs “nam’sTh’ Mepexi (BEKTOp BHYTPILIHBOTO
CTaHy), IO 1 JO3BOJISE BHUSBJIATH JUHAMIYHI
(y 4acoBoMy BHMIpi) XapaKTepUCTHKH JIOCITi-
JOKYBaHUX JaHUX. JIBOMa HaWMOMYJISPHIIIMMHU
BUJAMH DPEKYPEHTHHX HEHPOHHUX MEpexX €
Mepexa J0Broi KopoTkodacHoi mam’sti (long
short-term memory, LSTM) [9] Ta BeHTWUIIb-
HUW peKypeHTHHUH By301 (gated recurrent unit,
GRU) [10]. 3okpema, GRU-mapu 6ynyTh Bu-
KOpPHUCTaHI1 JUIsl pO3B’sI3aHHS I1OCTABJIEHOI B J1a-
HIN cTarTi 3a1a4i.

3aznauumo, mo GRU- ta LSTM-mapu
MOXyTbh OyTH BOyAOBaHI B CKJaJHILI apxi-
TEeKTypu HelipoHHUX Mepex. Hampukian, mo-
ennanns 3BuuarHoi CNN 3 LSTM pae Ttak
3BaHy Mepexy ConvLSTM [11].

KinpkicTe 3amad, 1 po3B’si3aHHS
SIKUX MOXYTh BUKOPHUCTOBYBATHCS HEUPOHHI
MEpEeXi, Ha/I3BUYANHO BEJIMKA, HABITH SIKIIO
Oparu 10 yBaru TiIbKH c(epy MEeTeoposori-
YHOro  mporHodyBaHHs. Ock  JeKiigbKa
npukianis. Kinacugikamis MeTeoponoriyHux
CYNyTHUKOBUX 3HIMKIB 3a moromororo CNN
Oyna 3miiicaena B [12]. V [13] nocnigHuku
BukopucToByBaiu LSTM nist nporHo3yBaHHs
300pakeHb xmap. bepyun 3a 0CHOBY pUHIH-
MM BUKOPUCTAHHS “TTTMOOKOTO HABUAHHS JJISI
MIPOTHO3YBaHHS B1J€0, AOCIHIIHUKHU 3pOOHIH
KOPOTKOCTPOKOBE MPOTHO3YBAaHHS 300pakeHb
Heba Ta pajaiojokamiifHux 300pakeHs [14].
Taxox 3aifiCHIOBaNIHCS A€sKi CIPOOH CTBOPH-
TH MPOTHO3 MOTOJM, BUKOPUCTOBYIOUM Oara-
TOLIAPOBUN TNEPCENTPOH, 30Kpema, y [15].
Hocnimxenuss [16] MoxHA pO3IIsSIaTH SK
MEepIINi KPOK 0 3aMiHU JUHAMIYHOTO siapa
YUCEIbHOT MOJIEJI MOTO/IN, OCKUIBKU Y HBOMY
“HaBuaHHS 0€3 BUMTENSI 3aCTOCOBYBAIOCS
no piBHsHb Haw’e-CTokca misi HECTHCKyBa-
HOT piAVHM.

[Ipore, six Oyno mokazano y [17], me
paHO TOBOPUTH MPO MOBHY 3aMiHY YHCEIbHUX
TIAPOIUHAMIYHUX METOMAIB MPOTHO3Y MOTOAH
Ha METOIH, 10 0a3yroThCs JIUIIE Ha “TIn0O-
KOMY HaBYaHHI” 1 CHOCTEpPEKYBaHUX JaHUX.

3

Xoua “rmOoOKe HaBYaHHS OCTAaHHIM YacoM
nokasye cebe yCIIIHO y Pi3HuX cdepax 1 mo-
IIpH Te, 10 POOIATHCS crpodu Horo 3acTocy-
BaHHS JI0 METEOPOJIOTIYHMX 3334, Taki J0-
CJIIJDKCHHSI BCE IIIE 3HAXOIATHCS B 3aPOJKOBO-
My cTtaHi. Lle moB’s3aHo nepeayciM 3 TUM, 110
XapakTepHi OCOOIMBOCTI METEOPOJIOTIYHUX
JAHUX BUMAararoTh pO3pOOKH HOBHX MiJIXOIIB
103a MeXaMU KJIIACHYHHUX KOHLEMIIH KOMIT T~
TEPHOTO 30Dy, PO3IMi3HABAaHHS MOBJICHHS Ta
IHIIMX TUIOBHX 3a7ad4, [0 CTaBJIATHCS Mepe]
“rmubokum HaB4aHHAM . [Tonpu Te, 1mo podo-
Ta HaJl IMMU HOBHMH ITiIX0JJaMH TIOCYBAEThCS
Ta Bke O6arato mpoOiieM yCHIIIHO pO3B’sI3aHO,
HE ICHY€ €JMHOTO METOAY, III0 BUPIIIyBaB Ou
yci npoOiemMu oHOYacHO. A caMe BiH 1 OTpi-
OCH ISl YCHIIIHOI MMOBHOIT 3aMiHM YHUCEIbHUX
METO/IIB METEOPOJIOTIYHOTO MPOTHO3YBAHHS.

Opnnak, BignoBigHo a0 [18], € TenaeH-
1115 10 PO3POOKH T1OPUAHUX IT1IXO1B MOJIEITIO-
BaHHsI, SIKI MOEHAIN O MoJiesi (i3UIHHUX MPO-
LIECIB 3 YHIBEPCAIbHICTIO IHCTPYMEHTIB “‘IJIU-
OOKOro HaB4YaHHS~ [JIsl TOCATHEHHS Kpaliux
pe3ynbTaTiB. 30KpeMa, ICHYIOTh JTOCIIHKCHHS
MOXJIMBOCTI YCITIIIIHOTO BUKOPUCTAHHS “‘IJIU-
OOKOro HaBYaHHS Ha PI3HUX CTAIISX YUCENb-
HOTO MPOTHO3Y: 00poOKa crmocrepexens [19],
acuminsmist ganux [20], mporHocTHYHA MO-
nenb [21] Ta HOCTIPOLIECUHT OTPUMAaHUX pe-
3ynbTaTiB [22].

Brnacue, maHa crarTs OpOMOHYE M-
X1 70 3aCTOCYBaHHS “TIIMOOKOTO HAaBYAHHS
70 TIOCTIPOLIECHHTY PE3yJbTaTiB MPOTHO3Y
MPU3EMHOI TeMIlepaTypu, OTPUMaHOTO 3a JI0-
MOMOTOK) YHCENbHUX TiIPOJUHAMIYHUX Me-
TOAIB  METEOPOJIOTIYHOTO  MPOrHO3YyBaHHS.
[loganeima po3poOka IOrO MiAXOLYy MOXKE
YMOXJIMBHTH JIOCATHCHHSI HAJICKHOTO CTYyIIe-
HSl TOYHOCTI METEOPOJIOTIYHUX MTPOTHO31B, BU-
KOPHCTOBYIOUH BiJJHOCHO HEBEJIUKY OOYHMCITIO-
BaJIbHY MOTY>KHICTb.

Onuc ganux

“I'mnboke HaBuaHHS” K TEXHIKA
BHOKPEMJICHHS ~ XapakKTepHUX  OCOOJIMBOC-
Tl JaHUX CYTTE€BO 3aJCKUTh BiJ SKOCTI,
PEeNpEe3eHTaTUBHOCTI Ta IUIICHOCTI BHKOPH-
CTOBYBaHMX JIaHMX. TOMYy NpaBUJIBHUH Big0ip
1 MIATOTOBKA JIAHUX € BAXXIUBUMU (pakTOopamu
JUTSE OTPUMAHHSI XOPOIIMX 1 y3araibHIOKUUX
pe3yIbTaTIB.
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3okpema, BimOip JaHUX Mae OyTH
CIIPSIMOBAHUN Ha OXOIUJICHHS SKHAWTIOBHIIMION
BapiaTMBHOCTI 3HA4Y€Hb 3MIHHUX, Ha SKHX
0a3yBaTHMMEThCSl BIIACHE HABYaHHS HEWpoMe-
pexeBoi Mozeni. XopoIi JaHl MalTh J103BO-
JIATA MOJIEJ OXOIUTIOBATH 3B’ A3KU MIX 3MIH-
HUMH, Ha OCHOB1 SKHUX POOHUTHCS MPOTHO3.
BogHouac BaXTMBUM € yHUKHCHHS HaTAII-
KOBOCTI Y JIaHHX.

Hwxye mnopganmii ommc AaHuX, BH-
KOPUCTAHUX JUIS JOCIIPKEHHS, OIMCAHO-
ro y manii crarti. L{i maHi cknamanucs 3 4o-
TUPUEJIIEMEHTHUX KOPTEXIB 1 MICTHIM Ha-
CTYyIHY iH(OpMAIIito:

e Jara,
e uyac 3a [ punBiuemMm,
® [IPOTHO30BAHE 3HAYCHHS TeMIIEpaTypH

(Fcst), 3aBuacHicTIO B OHY A00Y Bij

MOMEHTY iHiIianizamnii 9iuceabHoi pe-

riOHAJILHOI MOJEI,

®  CIIOCTEPEIKYBAHE 3HAYCHHS
temneparypu (Obs).

UucenpbHOI pErioHAIBHOK MOJICILITIO
MIPOTHO3Y MOTO/Y, 3raJIaHOI0 BHIILE, € MOJEINb
OJTHOWMEHHOTO  €BPOIENWCHKOr0  KOHCOPIIi-
ymy COSMO (Consortium for Small-scale
Modelling). Ll mMonmenb BUKOPHCTOBYETHCS
B YKpaiHCbKOMY T1JJpOMETEOPOJIOTIYHOMY 1H-
ctutyTti JICHC VYkpainu Ta HAH Ykpaiau ms
HAyKOBHIX Ta MPHUKIAJHUX 33734, MOYNHAIOYH
13 mumas 2011 p. [23].

COSMO € HeriapocTaTUIHOI MOJE-
J0, 37aTHOI0 e(EeKTHBHO BIJITBOPIOBATH
IUPOKHUH CIEKTP arMOC(EepHUX MPOIECIB y
MacmTabi me3o0- Ta mMe3o-y. B ocHOBy nu-
HaMIYHOTO sipa MOJENi MOKJIaJeHO PiBHSH-
HS TE€PMO- Ta T1APOAMHAMIKHU, IO OMHUCYIOThH
MOTIK y BoJjoriii armocdepi. PizHOMaHITHI
¢i3MuHI TPOIECH BPaXOBYIOTHCS CXEMaMH
napamerpuszauii [24].

Puc. 1 300paxye po3paxyHKOBY 00-
JACTh YHUCEIBHOI perioHadbHOI MOJeNi: Ki-
JBKICTBH BY3JIB 13 3axoAy Ha cxia — 209; ki-
JBKICTh BY3IIB 13 miBAHA Ha miBHIY — 101;
KUIBKICTB PiBHIB 1O BepTHKam — 50; KpoK ~
14 kM.

HasiBHI maHi OXOIUIIOIOTH TPOMIXKOK
gacy Bix 01.07.2012 mo 31.03.2014, a6o 639
nHIB. CHOCTEpEeKEHHS  MPOBOAMINCA KOX-
Hi Tpu roguHu, a came o 00:00, 03:00, 06:00,
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09:00, 12:00, 15:00, 18:00 1 21:00 3a I'punsi-
yeMm. JIns 1mux ke MOMEHTIB 4acy OOYMCITIO-
BaBCS 1 MPOTHO3 PeriOHATBHOT MOJIETI.

Taxkum ymuHOM, IS KOXKHOI JIaTH Mae-
MO TI0 BiciM KopTexiB. BigmoBigno 639 mHiB
naroTh 5112 KopTexiB.

N
(

Puc. 1. Po3paxyHnkoBa o061acTs Moaeni
nporuosy norogu COSMO

[Ifo cTocyeThCs MPOCTOPOBOI  MPH-
HAJIeKHOCTI, TO JaHl OXOIUIIIOTh CIIO-
CTEpEKyBaHl 3HAUEHHSI 1 MPOTHO3M JJIS CTaH-
mii “bima Ilepksa”, “bopucnins”, “Kuis”,
“MuponiBka”, “TerepiB”, “®Pactis”, “HopHo-
oune” Ta “Srotun”.

PexypeHTHI HelipOHHI Mepe:Ki

SIk 3a3Ha9aNOCs BUIIE, TOTOYHE JTOCITi-
JOKEHHS BUKOPUCTOBY€E KOHIICTILIIIO PEKYpPEHT-
HUX HEUpOHHUX Mepex. Lle 3ymoBieHO THM,
10 METEOPOJIOTIYHI IaHl MaroTh MPUPOIY Ya-
COBOTO PsiTy, TOOTO MICTATH 3aJICXkKHI Bij 4acy
0COOJIMBOCTI. A KOHIIETIis PEeKYPEHTHUX HEH-
POHHHX Mepex Oylia po3poOiieHa it poOOTH
came 3 JaHUMHU TaKoro POJy.

3-MoMiXK HasBHUX BUJIIB PEKYPEHTHUX
apxiTektyp Oyna oOpaHa apXiTE€KTypa BEHTH-
npHOTO pekypeHntHoro By3na (GRU), ockinb-
KM BOHAa MICTUTh HeOararo napameTpis, a
TOMY IIBHJIKO HaBYA€THCS. BomaHOowac By3on
GRU no03BoJisie YHUKHYTH OCHOBHHUX MpO-
OneM, 110 BUHUKAIOTH I11J1 Yac aHaJi3y JOBIO-
CTPOKOBHX 3aiexxHocTeil. [lumu mpobrema-
MH € e(peKT 3HUKHEHHS rpadieHTiB (vanishing
gradient effect) 1 6e3nocepenHbO MOB’A3aHMIMA
3 HUM edekT BUOyXy rpazieHTtiB (exploding
gradients effect).
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By3on GRU mpaimroe HacTynmHuM 4u-
HOM. Y KOXKHHII MOMEHT 4Yacy HOMy Ha BXiJ
MOJAIOTHCSA BXITHUN BEKTOP X, 1 BHUXITHUIA
BEKTOp 3 MONEPEIHBOr0 MOMEHTY 4acy M,_ .
Buxiguuit Bektop h, oGuucnroersest sk -
HiliHa iHTepmonsALis MiK R,_, 1 NOTOYHHUM
KauaugaroM

h,=(1-2z)0Oh,_,+z, Oh,

Ie Z, — BEKTOp By3lla yTOuHeHHs. BiH Bu-
3Ha4ae, sIK1 JOJ1 MEPIIOro 1 IPyroro BEKTOPIB
BIUIMBAaTUMYTh HAa MOTO4YHE 3HaueHHs. () mo-
3Ha4Ya€e JOOyTOK Anmamapa.

Bekrop By3ma yTOYHEHHsS OOUYHMCITIOE-
THCSl HACTYITHUM YHHOM:

z, =o,(Wx,+Uh,_, +b,).

IMotounmii xanampar A, oOumcmoe-
ThCS TOHIOHO IO CTaHAAPTHOI PEKYypPEHTHOI
HEIPOHHOT Mepexi:

k. =g, (W,x, + U, (r, @ h,_,) + b,),

Ie T, — BEKTOp By3Ja CKUIAHHS, IO 00YH-
CIIFOETBCA  TOHIOHO 1O BEKTOpa  BY3Ia
YTOYHCHHA:

r, =a,(Wx, +Uh,_, +b,).
W, U_ W, U, W. W. nosnagaroTs

(]
Marpuili mapamerpis, a b_, by, b, mosnauarots
BEKTOpH  mapamerpiB. Bekropm  By3miB
YTOYHEHHS 1 CKHJAaHHS aKTUBYIOTHCS CHIMOI-
THOIO (DYHKIIIE0, a BEKTOP MOTOYHOTO KaHAN-

nara — rinepOOoIIYHIM TAHTEHCOM.

Onuc ekcnepuMeHTy

OcHOBHa 17ed IOAHOTO JOCHIKEHHS
MOJISITae 'y TepeBIpIi MOKIUBOCTI 3aCTOCY-
BaHHS PEKYPEHTHHX HEWPOHHHX MEpEeK [0
YTOYHEHHsSI TMPOTHO3y TPHU3EMHOI TemIepa-
TypH, OTPUMAHOTO 33 JOMOMOTOK) YHCETbHOT
mozeni nmporHo3y norogu COSMO.

JUts KOYKHOi METEOPOJIOTIYHOT CTaHIil
TpEeHyBaJIacs BIIACHA HefipoMepeeBa MOJIENb,
AKa Masa 0 AKHaiKpaIie BUOKPeMUTH (Pi3mdaH1
0COONMMBOCTI KOHKPETHOTO MYHKTY  CIIO-
cTepekeHHs. ToxXK, ME MaeEMO 8 HaTPEHOBAHUX
MOJENEN.

HeiipomepexeBa TOMOJOTIS Ta IHIII
KOH(QIrypamniiiHi mapaMerpu OyiIu OJHAKOBH-
Mu I BCix wmopmeneid. [lepmum mapom
HEHPOHHOI Mepexi (micma BXimHOTO) Oyio

B34T0 GRU-map, mo ckmagaetecs 3 64
BY3JIiB, OCKIJTBKY MEHIIA 1 OLThIIA KiITBKICTh
nasaiu Tipuai pesyasraru. [licns Hporo Oymo
ONAaHO OAWH TPUXOBAHWN TOBHO3B SI3HUI
map 3 64 Bysmamu. OcraHHIN mmap 3a-
MPOMIOHOBAHOI  apXiTeKTypu OyB TaKOX
MOBHO3B S3HUM 1 MaB 8 BY3IiB, OCKIIBKH
BHX1THUI BEKTOP MTOBUHEH MaTH
PO3MIPHICTH 10O0OBOTr0 BEKTOpa MPOTHO3Y (8
3HAYEHB).

Puc. 2 300pakye ommcaHy TOTOJIOTIO
HEUPOMEPEKEBUX MOAEIEI.

8 ByaniB 64 By3nu 64 By3nu 8 By3nis

] vy vy pamy

Q Q
5 ) 0 »
2 T s TlE
< @ 3 3

Puc. 2. 3ampononoBaHa apxiTeKTypa HEHPOH-
HOI Mepexi

o x A0 maHux, TO AN KOXKHOI
METEOPOJIOTIYHOT CTaHLii ycs iX CYKYIHICTb
Oynma po30uTa HA TPU KJIacH: TPEHYBAJIbHI
(mepiox 3 01.07.2012 mo 30.06.2013; 365
nHiB), BamimauiitHi (mepiox 3 01.07.2013 mo
31.10.2013; 123 pmi) 1 TectyBampHI (3
01.11.2013 00 01.04.2014; 151 neHs).

VYci ekcriepuMeHTH POBOIMIINCS 3 BH-
KOPHCTAaHHSAM BIIKPUTOTO HEHPOMEPEIKEBOTO
iHTepdeiicy Keras [25] 1 BimkpuToi mpo-
rpaMHO1 010mioTeKH TS “TIMOOKOTO HAaBYaH-
H1” TensorFlow [26]. IIporpamumii kon Oys
HancaHuii MoBoro Python [27].

OTpumaHni pe3yjbTaTu

EdexTnBHICTS 3apPONOHOBAHOTO TiA-
XOOy OIIHIOBAJach 3a JBOMAa KPUTEPIAMU.
[Mepmuii 3 HUX — 1€ KOPIHb CEPEIHBOTO
KBaJAPAaTUIHOTO B1IXIICHHS (RMSE),
CTaHIAPTHHIA CrOCi0 OLIHIOBAHHS MOXUOOK y
MeTeoposoriyHiii Haymi. [Hma wmerpmka —
BIJICOTOK BUMAAKIB, B SIKAX MPOTHO3
nokpaieHo (abo, mpuHaliMH1, He TOTIPIIEHO)
MOPIBHAHO 3 uucenbHUM. Sk Oaummo 3
Ta0NUII, 3HAYEHHST HEMPOHHOT Mepeki Kparie
3a 3HAYEHHsI YNCETbHOI MOIeII.
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Tabmuis. [TopiBHAHHS HEHPOHHOT Mepexi
(NN) 1 gncensnoi mozeni (COSMO)

Cranris RMSE RMSE | Iloxkpa-
(COSMO), | (NN), ICHHS,
°C °C %
bina 1.9864 1.8865 5481
epkBa
Bopucninb 2.0007 1.9958 53.21
Kuis 2.1888 1.9824 53.97
MupoHniBka 2.0945 2.0099 57.48
Tetepis 2.0457 2.0215 52.29
®dacriB 1.9728 1.8565 54.68
YopHOoOMIb 1.9696 2.0094 50.59
SIrotun 2.2437 2.1157 52.21
BucHoBku
Ha nmpuxmani mporHosiB — mopeni

COSMO npuzeMHOi TeMIiepaTypy HOBITPS IS
BOCBMH METEOPOJIOTIYHUX cTaHIii KuiBchkoi
oOmacTi Ta BIAMOBIIHUX M JaHUX (hAaKTHUIHHX
CIIOCTEPEXEHb 3aIPOIIOHOBAHO  APXITEKTYpY
HEMPOHHOT MepeKi, SKa J03BOJISIE TTOKpAIIlyBa-
TH MPOTHO3 YUCEIbHOT PEriOHAILHOI MOJIENI.

[Toka3zaHo, 110 3amporoOHOBaHA apXi-
TEKTypa Ja€ MOXJIHUBICTh JOCATTH MOKpAIIEH-
HS1 IPOTHO3Y NMPU3EMHOT TEMIIepaTypH MOBITPs
oubie, Hik y 50% Bunaakis. Llei pesynbrar
MIIKPIIUTIOETHCS 3MEHIICHHSAM 3HaYeHb Kope-
HSl CEPETHBOTO KBAIPATUYHOTO BiIXHUICHHS.

OTpumMaHi pe3ybTaTH JAIOTh MiJICTaBH
JUTSI 3aCTOCYBaHHST HEHPOMEPEKEBOTO T1AXOTY
710 KOPUTYBaHHS MPOTHO31B 1HIINX HEMepepB-
HUX METEOPOJIOTIYHUX BEITUYHMH.
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LIl Ciniyun, B.JI. lllesuenko, A.1O. [lopowenxo, O.A. Ayenxo

JOCJIIKEHHS TPOT'PAMHUX 3ACOBIB
IMPOI'HO3YBAHHSA BUPOBJIEHHSA TA CIIOXKUBAHHSA
EJIEKTPOEHEPIII B YKPATHI HA OCHOBI METO/IB

MAIIMHHOI'O HABYAHHA

[Iporao3yBaHH: MOMUTY HA PUHKAX SIIEKTPOCHEPTIi € OMHIEIO 31 CKIIAJOBUX, Ky HEOOX1THO BTUTUTH IS YCIIiII-
HOTO BeJIeHHs Oi3Hecy Ta omTuMizallii Oi3HEeC-TIPOIECiB TOPTOBEIFHUX KOMMaHii. Y CTaTTi, HA OCHOBI Moje-
i, po3pobnenoi B [HcTuTyTi Ipobiiem MonemoBaHHS B eHepretuili HAHY, mocraBieHo 3amady 3 po3poOKu
IPOrpaMHOl CUCTEMH MPOTHO3YBAaHHS 3arpo3 B €HEpreTHLi YKpaiHW i3 BUKOPUCTAHHSAM METOMIB MAIIMHHOTO
HaBYaHHS. 3/IHICHEHO EKCIIEPUMEHTH i3 3aCTOCYBAaHHS METOMIIB perpecii Jyis BiIHOBICHHS KOJOHKHU 3 TaHHUMH
JBOCTOPOHHIX JIOTOBOPIB JUIsl 3a/1a4i NPOrHO3YBaHHS BUPOOJICHHS Ta CIIOKHBAHHS €JIEKTpOeHeprii. Pesynbraru
i3 3aCTOCYBaHHs alrOPUTMIB MAIIMHHOTO HABYaHHS HA JAHUX MHPHOTO Yacy ITOKa3aJH, [0 MOXKHA i3 TOCTAaT-
HBOIO TOYHICTIO TIPOTHO3YBaTH OOCATH pUHKY 1 Tapu(HI TUTAaHU Ha TOAWHY HAIlepeI i BUATH 3a MEKi OTHO/ICH-
HOTO TITaHYBaHHS.

Kutr040BI €l10Ba: €EKTPOCHEPTisl, aTOPHTM, MALLIMHHE HABYAHHSI, TPOTHO3YBaHHs, perpecis, pUHOK JBOCTOPOH-

HIX JJOTOBOPIB, pHHOK Ha 00y Hamepe, BHYTPIITHbO-T000BHIA PHHOK, OalaHCYIOUHI PHHOK.

Beryn

B IncTuTyTi TpOrpamMHUX CHCTEM
HAH VYkpaiuu TpuBanuii yac po3poOIisitoThCs
MOJIeNTl OpTaHi3alifHuX pIlIeHb, OS3MeKH Ta
CUCTEeMHM AaBTOMAaTH30BaHOI MIATPUMKH CHC-
TEM YIpaBIiHHS 030poeHHAM 30poiHuX Cui
Vkpainu [1-4].

Jlana poOota mpuCBsuYeHa MpodIeMi
0e3MeKH B eHePreTHYHOMY CEKTOPi, 1110 € BaXK-
JMBHUM aCTEKTOM Uil YKpaiHu, siKa MOTepIiae
BiJ arpecuBHEX aii Pocii. Ile 6e3mocepennpo
BIUIMBa€ Ha iH(popMaliiiny 6e3nexy, iHpopma-
I1iHI TEXHOJIOT1i Ta TeIEKOMYHIKAI[IHI rajy-
31. Enexrpuyna Mepeka — 11e 30Ha, J1e MOXKHa
KOHTPOJIIOBATH CTaH MEPEXKi, BUMIPIOBATH Pi3-
HI XapaKTepUCTUKHU Ta NEPEPO3NOIUISITH MOTIK
€JICKTPOCHEPrii 3aJIe)KHO BiJ BHYTPIINIHIX 1
30BHIIIHIX 3arpo3. Bysnu (abo enexkrpocraH-
11i) eTeKTPUYHOI MEpeXi MOXHa KiacuQiKy-
BaTH HACTYIHUM YMHOM: T'€HEPATOPHI CTaHIIii,
CTaHIII1 CIIOKMBAHHS, PO3MOALIBYI CTaHIIIT, Ha-
KOMHUYYBaJIbHI CTAHIIII.

MeTor0 KOHTPOJII0 Ta MOHITOPHHTY B
il cdepi € onTuMizallis MepeToKy eIeKTpoe-
Heprii MK yJYaCHUKaMH PUHKY, M1 €BpOIei-
CBKUMH MapTHepamMH Ta YkpaiHoro. Baxianso
HNiATPUMYBATH OajlaHC MIX BHUPOOHUKAMH Ta
criokuBadamMu eHeprii. Bunagku sk Haamip-
HOTO, TaK 1 HEIOCTaTHbOTO 3a0e3MeUYeHHS

EHEPTIEI0 € PU3MKAMU ISl 1HPPACTPYKTYPH.
[Ipupona Ta kiacudikaiiss 3arpo3 Ais enex-
TpoMepexi YKpaiHu € TEMOIO OKPEMOTO JI0CITi-
mokeHHs. OHaK Ha TTOYaTKOBOMY €Tarli MOXKHa
BUJIUTMTH HACTYIHI IPOOIEMHU:

— 3MiHa IOTOAHUX YMOB;

— amopTH3alis o0ia HaHHS;

— TIOIIKO/DKEHHS B Pe3yJbTaTi aBiaHa-
JBOTY;

— HEY3TOKEHUH 3amyck abo 3ymuHKa
o0JIaJHAHHS;

— CTUXIWHI JIUXa Ta 3MIHHU KJIIMaTYy;

— HEONTUMAaJbHUK  BUOIP  KOHTp-
areHTIB.

3a3HauMMoO, M0 Ha 3MIHYy MoJenll
ONTOBOTO PHUHKY €JEKTPOCHEPrii 3 €IUHUM
MOKYTIIEM NPUNIIIA PUHKOBA MOJEINb, IO
0a3yeThCsl Ha IBOCTOPOHHIX PHHKAX, pUHKAX
Ha 100y Hamepen 1 BHYTPIITHbOZOOOBUX
pUHKaX. A TakoXX pHUHKax OalaHCyrouux 1
JOTIOMKHHUX TIOCIHYT, /1€ YYaCHUKH MOXYTh
BUIBHO TOPTYBaTH €JIEKTPOCHEPTIEI0, a eHep-
TOKOMITIaHIi MOXXYTh HaJlaBaTH MOCIYTH, IO
3a0e3MevyoTh CTa0lIbHICTh €HEPrOCUCTEMHU
Ta MOCTA4YalOTh EJIEKTPOCHEPTil0 KiHIEBOMY
crioxuBauy [5].

SIK BiZIOMO, PUHOK €JIEKTPHYHOI eHep-
rii CKJIaJIa€ThCs 3 YOTUPHOX KOMIIOHEHT:

OLIL Cinimus, B.JI. llepuenko, A.1O. lopomrenko, O.A. fAuenko, 2023
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— PUHOK JBOCTOPOHHIX JIOTOBOPIB
(P, bilateral market);

— puHOK Ha 100y Hanepen (PIH, day-
ahead market);

— BHYTpILIHBO-1000BUI puHOK (B/IP,
intraday market);

— Oanancyrounii puHok (BP, balancing
market).

Jns peanizauii ToproBeiabHOI cTpare-
rii Ta yCHIIIHOTO BeJAEHHS Oi3Hecy, MakKCH-
Mi3alli eKOHOMIYHMX pe3yJbTaTiB Ha 3a3Ha-
YEHOMY CErMEHTI PUHKY Ba)XJIMBO PO3YMITH
PUHKOBY CHUTYaIlll0 Ta CTPYKTypy TMOIHUTY
1 mpomno3utii [6—8]. Toprisns na PJAH Bin-
OyBaeTbCAd 3a MPUHIMIIOM Map>KHHAJIBHOTO
[IHOYTBOPEHHsI — MPOAaBIi MOAAIOTh 3a-
SIBKM 32 MIHIMaJILHOIO I[1HOIO, 3a SIKOIO BOHU
TOTOBI MPOJATH, MOKYILI — 32 MaKCUMaJb-
HOIO I[1HOI0, 32 SIKOI0 BOHU TOTOBI KyIUTH. 3a
pe3ynapraTamu aykuioniB Ha PJ[H mpomasii
MPOJAIOTh 3a I[IHOI0 HE HMXKYE CBOET CTaBKH,
a MOKYTII KYIUISIOTh 32 LIHOK HE BUILOKO 3a
CBOIO CTaBKY.

[Toroguuuuii monut Ha PJIH — 1e mo-
TOJIMHHA KUIBKICTh €JEeKTPOEHEprii, sKy KIIi-
€HTH 3asBISAIOTH 1 XO4yTh KynyBatu Ha PJ[H
3a BIAMOBIIHMMH ITOTOJUHHMMU IiHAMH. Lls
cyMa 0e3mocepeIHhO BILTUBAE SIK HA TPaHUY-
Hy ILiHY, fika Oyae CTBOpeHa, TaK 1 Ha KiJb-
KICTh €JIEKTPOCHEPTii, iKa Oy/ie KymyBaTHCs Ta
nponaBarucs. BiAMoOBiAHO 10 3aKOHY MOMUTY
1 MPOMO3UIlli, YUM MEHIIHI TOMUT Ha TOBap,
TUM HIKYOIO Oylie 1iHa; YUM BUILUN MOMUT,
TUM 1iHa Oyne Bumoro. Lle Oesmocepennbo
BIJIUBAE Ha 0OCATH, sIKI OyIyThb NPUHUHATI J10
npogaxy st nponasiiB Ha P/IH. Bunukae
HEOoOXiHICTh TporHo3yBaru nonuT Ha PJIH.
Ane 3apa3 B YkpaiHi HEMae MeXaHI3MiB, aj-
TOPUTMIB UM MaTeMaTUYHUX MOJENeH, ki O
JI03BOJISITTM TIPOTHO3YBAaTH 3 HU3BKOKO MOXHO-
KOO TTPOTHO3YBaHHS.

[Tormut Ha P/IH 3amexuth BiJ BEIHKOL
KibKoCTi Qaxropis [9—-11]:

1) oOcsitm  yKITaJIeHUX JIBOCTOPOHHIX
JIOTOBOPIB;

2) Ce30HHICTB;

3) 3HECTpYMJICHHS BHACIHIJIOK PYyHHY-
BaHHsI 00’ €KTIB KPUTHUYHOI €HEPreTHYHO1 1H(]-
PacTpyKTypH;

4) neHb TUKHS;

5) iHm1i dakTopu.

100

JUiss oTpuMaHHS pe3yJbTaTiB MPOrHO-
3y, MAaKCUMaJIbHO HAOIMKEHHUX /0 PeajbHUX
JAHUX, CIIBpOOITHUKaMH [HCTUTYTY TIpoOiieM
MOJICJTIOBAaHHS B €HepreTuill Oysio 3anpornoHo-
BaHoO [12]:

1) BUKOPUCTOBYBAaTH pE3ylbTaTu TOp-
TiB 32 OCTaHHIN JOCTYITHUH JICHB;

2) BUKOPUCTOBYBAaTH 3MIHY IONHUTY
MDK JTHEM, Ha SIKMA JOCTymnHiI (hakTU4HI pe-
3yJbTaTH, 1 THEM, Ha KU 3p00JICHO TPOTHO3;

3) BpaxoByBaTu 3MiHYy MONUTY, HAIIPU-
KJIaJl, 3a mornepeaHi 4 THKHI MIXK OTHAKOBUMH
JTHSIMU THOKHS.

Po3pobneno crnenianizoBaHui alropuTM
IIPOTHO3YBAaHHS, B OCHOBI SIKOTO - MOJIUBICTh
po3nsiay copMyabOBaHOI 3ajadi B mapame-
TpUYHINA (opMmi, A€ SK THIUKATOPH BUKOPHUCTO-
BYIOTBCSI TPOTHO3HI Ta pealibHi JaHi IMOTOIUH-
Hoi notpebu Ha PJIH. BomHouac, amst 3Haxo-
JDKEHHS TIPOTHO3HOTO MTOTOIMHHOTO TIONHTY Ha
P/IH — 3Ha4YeHbh HEBITOMHUX ITOKA3HUKIB 3a/1a4i
— BUKOPHUCTOBYETHCS ITepallitHuii METOJ iX 11o-
LIyKY 332 CTaTUCTUYHUMU JIaHUMHU OOCSITIB 3aKy-
miBi enekTpoeHeprii Ha P/IH, BuxopucToByrO-
YU MPUHIMIT OaraToiTepariifHoro aHamizy 3MiHU
MONUTY 3a THonepenHi aHajoriyi a1 [13-15].
Po3paxyHku A71s1 3alIpONOHOBAHUX AJTOPUTMIB
npoBouimcs B naketi MS Excel. Lle 3a0e3mne-
Yy€ YHIBEPCAJIbHICTD 1 3pyYHICTh BUKOPUCTAHHS
3a3HAaYCHUX PO3PaxXyHKIB, € 3pO3YMLINM 1 CBif-
YUTh TMPO BUCOKY IIBHMJKICTh BHUPIIICHHS MO-
CTaBJICHUX 3aBJaHb 1 HU3bKI BUTPATH Ha peaji-
3arito anroput™y. HaBeaeHo hopmynbHUii onuc
HAMOUIBII TOYHOTO aJITOPUTMY.

V naniif cTaTTi pO3MISIHYTI OCHOBHI 3a-
Jadi po3poOKU MPOrpaMHOi CUCTEMH MPOTHO-
3yBaHHS 3arpo3 B €HEPreTulll. 3anpornoHoBaHi
3aco0u IPOTHO3YBaHHS 00’ €My PUHKY Ha 100y
HarepeJ 13 3aCTOCYBaHHSAM METOJIB MAllWH-
HOTO HaBYaHHS.

2. IIpo€KT MpoOorpaMHoOi CUCTEMU
inenTudikanii Ta NporHo3yBaHHs
3arpo3 eHepreTHYHin
iHppacTpykrypi

IcHye nekiibKa PUHKIB €JIEKTpOCHEp-
rii, 1 MO’KHA BUIJTUTH J[Ba 3 HUX: BHYTPIIITHBO-
1000BHIA Ta PUHOK HACTYITHOTO JIHS. 3a3BUYaid
KOHTPAreHTH OOMIHIOIOTHCS €IEKTPOCHEPTIEI0
NECATKA pa3iB Ha JIeHb. BaXIMBO TPOTHO-
3yBaTU TOMUT 1 MPOIO3UIII0 HA TMOTOYHUH 1
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HACTYIIHUN JI€Hb, OCKIJTHbKHA KOHTPAreHTHU MO-
KYTb MEPEHHATH CBOi TEXHOJIOTIUHI MPOLIECH
Ta JOCSTTU KpallMX EKOHOMIYHUX Iiel. 3
TOYKH 30py MAIIMHHOTO HABYAHHS 116 MOXHA
pO3MIISLIaTH SIK KOHBEEP, L0 BKJIKOYAE CEPIIO
3aBllaHb «BUJO0YTOK-IIEPETBOPEHHSI-3aBaHTAa-
xenns» (Extract-Transform-Load, ETL) [16],
KOTpI MepesaroTh pe3ynbTaTi B MOZEIi TIn00-
KOT0 MAIIMHHOTO HAaBYaHHA, fKi (OPMYIOThH
MIPOTHO3M Ta aHalli3 3arpo3.

Po3poGmoBana mporpamHa cucremMa
MIPOTHO3YBaHHSI Ma€ BPAXOBYBATH EKOHOMiY-
HI YMHHHUKHU 1 BOJHOYAC E€KOJOTIYHICTh. Bimo-
MO, IO YHCTA €HEPTis KOmTYye Topoxue. ToK,
nporpaMHe 3a0e3MnedyeHHs! A7 MOHITOPUHTY
Mae JIONOMOI'TH BHOpATH NMpaBUIbHUIN OaslaHC
1 320€3MeYUTH BUAUMICT HOBUX TEHACHIIHN Y
rajiysi, sSIK-0T 3eJeHHi BoneHb. [laHi, qocTyn-
Hi B CUCTEMI, MOBUHHI JIOTIOMOTTH TIEPEUTH Ha
BIIHOBJTIOBaHI1 JDKEpesia eHeprii Ta, 3peIToro,
JOCSITTU JOBTOCTPOKOBOI CTIMKOCTI B eHepre-
TUYHOMY CEKTOPi.

TexHosoriuHi mapameTpu raitysi 1o0pe
CTPYKTypoOBaHi. 3a3HaunMo, 110 3aBaanas ETL
BUMAararoTh MaKeTHOT OOPOOKHM BXITHUX JTaHUX
JUIsL arperyBaHHsl Ta IOINEpeIHbOI 00poOKH
BXITHAX HaHUX. Mozmenl DIMOOKOro MalllvH-
HOTO HaBYaHHS MOTPEOYIOTh MPUCKOPEHHS, 30-
Kpema, 3a JOTIOMOTO0I0 rpadiyHUX IPOLIECOPiB
NVIDIA.

JIOBrocTpokoBe 30epiraHHsi MOXKHa pe-
aTi3yBaTy 3a JIOTIOMOTOI0 peJsiiiiHoi 0a3u na-
HUX, Takoi sik PostgresSQL [17]. Lle mupoko
PO3MOBCIO/KEHA CUCTEMa KepyBaHHs Oa3zamMu
JAHUX 13 BIIKPUTHUM BHXIJTHUM KOJIOM, III0 Ma€
YUCJICHHI BapiaHTH PO3TOPTAHHSI, MIATPUMY-
€ThCSI OCHOBHMMHU XMapHUMHU CIyx0aMu Ta
MOCTa4aJIbHUKAMU 03€p TaHHX.

[IporpamMHuuii piBeHb CHCTEMH JOLLIb-
HO TMPEACTaBUTH KiJbKoma cepBicamu. Lle
JIOTIOMara€ YHUKHYTH TaKUX KPAaWHOIIIB, SK
MOHOJIITHICTh 1 MikpocepBicu. Ciyx0a 1o-
BunHa Matu ¢acag REST API [18], mo6 o6-
MIH 1HQOpMAaLI€I0 MIXK CITy:)KO0aMH HE 3aJIeKaB
BiJl MOBH Ta iargopmu. Kpim Toro, mpotokosn
REST cnpomrye po3poOky BeOG-101aTKIB 1 10-
JATKIB JIJI MOHITOPHUHTY.

Y noMeHHIM 005acTi MPOMOHYETHCS
po3po0Ka HACTYITHUX MOAYIIB (ciyx0):

1) 30epiranHs Ta MOIIYKY JaHUX;

2) aHani3y JaHHUX Ta MPOTHO3YBAHHS;

3) MOZIeNIOBaHHS Ta YNpPaBIIHHS CHC-
TEMOIO;

4) anMiHICTpyBaHHSI KOPHCTYBadiB 1
IpyIL.

Cucrema Moxe OyTH peasi3oBaHa
MoBamu C# a6o Java. L{i moBu 3a0e3medy-
I0Th BUCOKY MPOJYKTHUBHICTH 1 MAOTh MO3U-
TUBHUI pe3yibTar y cdepl po3poOKH Kop-
MOPAaTUBHUX JOJaTKiB. Mojeni MaumHHOTO
HABYAHHS TAKOXX MOXXHa PO3pOOJIATH MOBOIO
Python. IcHyioTh TexHosoOrii, MmO 103BOJIS-
I0Th TIEPEHECTH MOJIeIi, PO3POOJICHI MOBOIO
Python, Ha BeG-cepBicH, peasli3oBaHi MOBaMHU
C# abo Java.

[adopmartiitHi  maHeni MOHITOPHHTY
JOLITBHO PO3pOONATH sIK BeO-momarku. [H-
(dopmarriiina 6e3rnexa Moxke OyTH JOCSITHYTA 32
norniomororo npotokory HTTPS 1 Be6-TokeHiB
JSON nnist aBrenTudikanii Ta aBropusarii. [e-
SIK1 aCIIEKTH CUCTEMH 3aJIeKaTh BlJ 31aTHOCTI
MIPUBATHUX I'PaBIIiB OpaTH y4yacTh y IpOrpami.
3arajioM Ma€ CeHC OXOMUTHU HACTYITHI HaIPsIM-
KM MOHITOPHHTY:

— 3arposu, sKi MOXXYTh BigoOpakaTu-
csi reorpagivHo;

— CTaH EJICKTPOCTAHI[IN 1 KOMIIOHEH-
TiB MEPEXI;

— eNEeKTpPUYHA EeHepris, BHpoOJIeHa
€JICKTPOCTaHIIISIMH,

— EIIEKTpUYHA EHEpris, II0 BHKO-
PHUCTOBYETHCS CIIOKMBAIOUMMU CTAHIIISIMH;

— o0csr excriopTy eHeprii 3 Ykpainu;

— 00csr IMIIOPTOBaHOI B YKpaiHy
SHeprii;

— YacTKa BHUPOOJICHOI €KOJIOTIYHO YH-
CTOi eHeprii;

— YacTKa BHUPOOJEHOT  EKOJOTiuHO
OpyAHOI eHeprii;

— 3araJlbHUN po3Mip PUHKY €JeKTpoe-
Heprii B YkpaiHi;

— CepeHs BapTiCTh €JIEKTPOEHEPrii B
MeraBarax;

— PpO3Mip pUHKY OOMiHY €JIEeKTpOCHEp-
riero Mk Ykpainoto ta €C.

3. 3aga4i nporao3yBaHHs

CTOCOBHO HASIBHUX JJAHUX

Ha nanwmit yac mpoBeneHO eKchepu-
MEHTH 13 3aCTOCYBaHHS METO/1B MAIIUHHOTO
HaBUYaHHS JJISI TPOTHO3YBAHHS BUPOOJICHHS
Ta CIIOKUBAHHS €JIEKTPOEHEPTii 13 BUKOPHC-
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TaHHSM BIJKPUTOTO MpOTrpaMHOro 3abesme-
geHHs scikit-learn [19]. Jlo cknagy 1iei 6i-
OJIIOTEKHU BXOJATH Pi3HI aJITOPUTMH MaITHH-
HOTO HaBYaHHSA, Y TOMY YHCIJi HpHU3HAYEHI
s 3amad kiaacudikaili, perpeciiHoro Tta
KJIACTEPHOTO aHaJli3y JaHUX, METOJA OIop-
HUX BEKTOPiB, BUIIAJKOBOTO JICY, aJlTOPUTM
MOCUJICHHS TpaJl€eHTa, METOJl k-CepeaHIX Ta
DBSCAN.

O6’eM KOXHOTO 3 YOTHPHOX PHHKIB,
3ralaHuX y BCTYIi, OOJIIKOBYETHCS 32 KOXKHY
roauHy no0u y MmeraBarax 3a roguny. Ilpu-
KJIaJl, HaBeJeHUi Ha puc. 1, arperye yci naHi
[0 pUHKax eJEeKTPUYHOI eHeprii B YKpaiHi.
Jlst mopiBHSAHHSA, y €Bporni 00’€eMu pUHKY 00-
JKOBYIOTHCS KOJKHI 15 XBUIIMH.

4 A | B [ cl D | E | F

1 |TradeDate TradeHour Bilateral DayAhead Intraday Balancing
8775|2020-06-30 14 3509.7 654.7 -3202.1
8776/2020-06-30 15 3525.4 651.7 -2857
8777/2020-06-30 16 3472.4 668 -2871.5
8778|2020-06-30 17 3448.7 657.7 -2747.5
8779/2020-06-30 18 3418.1 6314 -2326.3
8780/2020-06-30 19 3420.3 625.4 -1435
8781/2020-06-30 20 3358.9 634.8 -1013
8782|2020-06-30 21 3162.4 637.8 -747.2
8783/2020-06-30 22 3377.9 659.1  -448.1
8784/2020-06-30 23 3430 714.1 -124.2
8785/2020-06-30 24 | 3277.3 441.9 d
8786/2020-07-01 1 11746.78' 2494 1018.2 -2101
8787/2020-07-01 2 11654.98 2697.1 660.3 -2249.5
8788|2020-07-01 3 11606.28 2606.8 624 -2398.8
8789|2020-07-01 4 11637.28 2507.7 614.7 -2681.5
8790/2020-07-01 5 11614.58 2487.2 607.7 -2666.2
8791/2020-07-01 6 11645.48 2629.3 605 -2832
8792|2020-07-01 7 11696.58 2937 610.6 -2455.8
8793/2020-07-01 8 12160.58 3110.5 690.3 -2275.5
8794/2020-07-01 9 12232.48 3399.6 761.4 -2542.5
8795/2020-07-01 10 12357.98 3560.6 770.7 -3038.6
8796/2020-07-01 11 12373.78 3554.5 782.2 -3104.2
8797/2020-07-01 12 12376.88 3505.4 777.1  -3606.8
8798/2020-07-01 13 12398.98 3504.7 809.2 -3770

Puc. 1. Jlani no puHKax eIeKTpUYHOI eHepril
B Ykpaini. YopHuUM BHUIJICHI KIITHHKH, 110
BUKOPHCTOBYBAJIUCS B IOYATKOBIH Bepcii
AITOPUTMY

MosxHa BUAUTATH HACTYIIHI 3a/1a4i JUIs
SIKUX € JOIUTBbHUM 3aCTOCYBaHHSI METO/IIB Ma-
IIMHHOIO HABYAHHS:

— BIATBOPEHHS BIJCYTHIX 3HAu€Hb Y
0a3i JaHux;

MOTOIMHHE TIPOTHO3YBAaHHS PHHKY Ha
24 roauHM Hanepes 3 BUKOPUCTaHHSAM IOIe-
penHIX NMaHWX 3a JEKUIbKa TOJUH Ta METOIY
KOB3ar04Oro BiKHA JJIs iX BUOIPKH;
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— TPOTHO3YBaHHS PUHKY 3 JIOTIOBHIOIO-
YUM BUKOPHUCTAHHSIM JIaHUX 3a TIOTIEPETHIN PIK.
BingHoBiiIeHHSI KOJIOHKHM 3 JaHUMHU
JABOCTOPOHHIX J0r0BOPiB. 3 ICTOPUYHUX MTPU-
YUH JaHl PO JBOCTOPOHHI JOTOBOPHU BIICYT-
Hi 3a nepiox 3 aumnHa 2019 mo yepBenn 2020
poky. Ilepmioro 3aauer0 MalIMHHOTO HaBYaH-
HS € BIATBOPEHHS 111€1 KOJIOHKH JTaHUX 3 BUKO-
PUCTaHHIM OHOTO 3 AITOPUTMIB perpecii.

CriouaTKy Bepcisi anrOpuTMy BUKOPHC-
TOByBaja KIITUHKH, BIJ3HAU€HI Ha PUCYHKY
YOPHUM KOJILOpOM. BuXingHe 3HaueHHsS Mae
OyTH 3amMcaHoO y KIIITHHKY, BUJUIEHY CipuM.
[Totim, BXKe CIIPOrHO30BaHE 3HAYESHHS KOJIOH-
ku Bilateral 3a 24-Ty roguny, momaBanocs sk
BXiJJHE 3HAYCHHS QJITOPUTMY ISl MPOTHO3Y-
BaHHS Ha 23-Ty rofuHy, 1 Tak jAani. [Hmmmu
cloBamMu, OyJ0 3aCTOCOBAHO KOB3al04ye BIKHO
JUIS IHTepHpeTalii BXiTHUX JaHHX, SIKE pyXa-
€THCS TI0 TAOJHUIII HABEPX — JUIsl 3aTIOBHEHHS
JaHUX Y MUHYJIOMY.

[TouarkoBuit HaOip BXIOHMX Tapa-
METpIB, MO iX OyJ0 BHKOPHUCTAHO, € TaKUM:
Bilaterall, DayAhead, Intraday Ta Balancing.
Tyt Bilaterall mo3nauae 3Ha4Ye€HHS KOJIOHKH
Bilateral na omny roquny Hamepes.

Tabmus 1
Pesynbraru 3acToCyBaHHS aITOPUTMIB
perpecii
Hassa Metpuka IToxuoxa
aJNropuTMYy R2 (y MAPE
perpecii CHaHOMY (%)
NOPSIAKY)

k-nearest 0,957113 1,830244
neighbors
Random forest 0,956206 1,809735
Extra trees 0,955950 1,799991
Gradient boosting | 0,955913 1,835777
NU support vector | 0,955321 1,838009
machine
3-layer perceptron | 0,953522 1,861381
Linear regression 0,952627 1,855467

AnroputmMu  perpecii 3 010710TeKH
scikit-learn, Bukopucrani nans 1i€i 3amaui,
npeacrasieni y tabn. 1. [nepmapamerpu an-
TOPUTMIB OyJH ONTHMI30BaHI BPYy4HY. 3acTo-
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coBaHa MeTpuKa R’ € aHamorom koedimieHTa
kopemsmii. Haiikpamuii pesynbTar I0OKa3aB
MeTon k-HalOmmx4uux cyciniB. BogHouac, He-
MOTaHWH Pe3yNbTaT Ja€ i anropuT™ JiHIHHOT
perpecii. Lle nemoHcTpyeE, 10 1151 3a7a4a MPo-
THO3YBaHHS Ma€ MePEeBaXKHO JiHIMHY PUPOY.
Jnist nanoro Habopy BXIJHUX MapamMeTpiB CIIij
BIJI3HAYUTH HU3BKY aOCOIOTHY MOXHOKY all-
ropuTMiB “‘extra trees” Ta “random forest”.

Jlnst hopMyBaHHS HaBYAJIBHOT TA TECTO-
BO1 BUOIPOK BUKOPUCTOBYBAJIUCS JaHl 3 JIUMHS
2020-ro no rpyaens 2021-ro poky. s 3amno-
BHEHHs1 KoJoHKHM Bilateral Gymno 3actocoBano
Meron k-HailOmmwkumx cycimiB. OnTuManbHi
rineprapaMeTpu: KUIbKICTh cycimiB — 14, me-
TPUKa — MaHXETCHChKa, aJlTOPUTM BPAXOBYE
BIJICTaHb JI0 KOKHOTO CycCifa. Y BUMAAKY YOTH-
pPBOX BXITHHX MapaMeTpiB, 3a3HAYECHUX BHIILIE,
OyJI0 eKCIIepUMEHTAIBHO JIOBE/ICHO, 110 3MEH-
LIEHHS IIbOTO HA0OPY TMOTIPIIYE PE3yIBTATH.

[Momyk onTUMAJIBbHOTO HA0OPY BXi/-
HHUX mapametpiB. HacTymHuM Kpokom ciij
crpoOyBaTh BUKOPHUCTATU OUIbIIY KUIBKICTD
nmapamMeTpiB, 30Kpema, 3 KojoHku Bilateral.
OntuManbHa KUTBKICTh BXITHHX IapaMeTpiB
IUIsL aJiTOPUTMY MAallMHHOTO HABYAaHHS 3aBK-
I € 0OMEKEHOW. MueThes npo Te, mo 3i
30UTBIICHHAM KUTBKOCTI BXIJTHUX IapaMeTpiB
AJITOPUTM TOYMHAE CIHIBBIIHOCUTH BHUMAJ-
KOBI (prykTyamii y BXIIHMX JaHUX 13 BUXIJ-
HUM 3HaueHHsAM. lleil edexT 3a3Buuail Ha-
3UBAIOTh HPOKJIATTSM po3MipHOCTI (curse of
dimensionality).

EmnipuunuM nuisxom OyJa0 OTpUMaHO
Ha0lp BXIJHMX NapaMeTpiB, 110 MOKa3aHI Ha
puc. 2 yopHUM KoJibopoM. 3HaueHHs Bilateral 1
ta Bilateral2 Gynu BukopucTaHi Ha BXOJI MO-
el MAIIMHHOTO HaBYaHHS OLIbII HIK OIUH
pa3, aeram € HasBHUMHU Yy Jlomarkax 1 1 2.
3MIHWJIOCS ONTUMAJIbHE 3HAYECHHS Tineprapa-
MeTpa II0/I0 ONTUMATbHOI KUIBKOCTI CYCIIIB,
Tenep Ie 3HaueHHs ckiagae 4. Pesynbratu
MIPOTHO3YBAaHHS JAHUX JJIS PI3HUX aJITOPUTMIB
HaBezeH1 y Ta0m. 2.

Ha pwuc. 3 mokasani BiAXuJI€HHS TIPO-
THO30BaHUX 3HAUYEHb BiJl PEaIbHUX JUIs TECTO-
BO1 BUOipKH. Sk BHIHO 3 Tpadika, IMOBIpHUI
PO3MOMLT MOXUOKKM MPOTHO3YBAaHHS HAOIMkKa-
€TbCS 10 HOPMAJIBHOTO.

Ha puc. 4 300paxeHi NpoMi>kHI pe3yJib-
TaTH MPOTHO3YBAaHHS 31 30UIBIICHHSIM KIJTBKO-

CTI KJIITHHOK y KonoHIi Bilateral. Ile mocni-
JUKEHHST JTOBOJUTH, IO JJIsl MPOTHO3YBaHHS
PUHKY JIBOCTOPOHHIX JIOTOBOPIB ONTHUMAaJIbHO
BUKOpHCTOBYBaTu aech 10—11 3HaueHs i3 Ha-
SIBHOT 1CTOPIi JaHUX.

4 A . B [Ecir| D E F

1 |TradeDate TradeHour Bilateral DayAhead Intraday Balancing
87752020-06-30 14 3509.7 654.7 -3202.1
8776/2020-06-30 15 3525.4 651.7 -2857
8777)2020-06-30 16 34724 668 -2871.5
8778/2020-06-30 17 3448.7 657.7 -2747.5
8779/2020-06-30 18 3418.1 6314 -2326.3
8780/2020-06-30 19 3420.3 625.4 -1435
8781/2020-06-30 20 3358.9 634.8 -1013
8782|2020-06-30 21 3162.4 637.8 -747.2
87832020-06-30 22 3377.9 659.1 -448.1
8784/2020-06-30 23 3430 714.1 -124.2

87852020-06-30
8786/2020-07-01
8787|2020-07-01
8788|2020-07-01
8789,2020-07-01
8790|2020-07-01
8791/2020-07-01
8792,2020-07-01
87932020-07-01
8794,2020-07-01
8795/2020-07-01
8796/2020-07-01
8797|2020-07-01
87982020-07-01

N
£

3277.3
2494 -2101
2697.1 -2249.5
2606.8 624 -2398.8
2507.7 614.7 -2681.5
2487.2 607.7 -2666.2
2629.3 605 -2832

2937 610.6 -2455.8
3110.5 690.3 -2275.5
3399.6 761.4 -2542.5
3560.6 770.7 -3038.6
3554.5 782.2 -3104.2
12376.88 3505.4 777.1  -3606.8
12398.98 3504.7 809.2 -3770

0
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=
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Puc. 2. JlaHi Mo puHKaM eJIeKTPUIHOI eHeprii
B Ykpaini. YoOpHUM BUALICHI KIITHHKH 3
napameTpamu, OTpUMaHUMU
EMITIPUYHUM IIJITXOM

Tabmurs 2
Pesynbraru 3acToCyBaHHS aITOPUTMIB
perpecii
Ha3sga Metpuxka R2 | IloxnOka
AJTOPUTMY (y cnagHomy MAPE
perpecii MOPSIIKY) (%)
k-nearest 0,986813 0,851226
neighbors
NU support 0,982378 1,058797
vector machine
Gradient boosting 0,982066 1,111225
Extra trees 0,981980 1,076558
Random forest 0,981101 1,113339
3-layer 0,977275 1,335506
perceptron
Linear regression 0,969278 1,509372
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Puc. 3. Bignosinennus xoinonku Bilateral
13 3aCTOCYBaHHAM MeTOAY K-HalOmmKInx
CyciiiB

Kinbkicte napamertpis

——R2Score —@— MAPE Error (%)

Puc. 4. 3anexxnicte MeTpuku R2 BiJ KiJIbKOCTI
napameTpiB 3 kosioHkH Bilateral

IIporHo3yBanHst 00’€My PHHKY Ha
100y Hamepen. € JeKiIbKa MUATaHb, K1 CIiJ
NIPOSICHUTH y paMKax jgociipkeHHs. [lo-nep-
e, Ky ONTHUMaJbHY NIHMOMHY I1CTOPUYHUX
naHuXx (y roauHax) CJIij BAKOPUCTOBYBATH IS
nporuo3yBanHs. s mubuna moxe OyTH pis-
HOIO /ISl pI3HUX PUHKIB eJIeKTpoeHeprii. [Hia
JUJIeMa CTOCYETbCS 1TEPaTUBHOTO MiAXO.MY.
MoskHa MPOrHo3yBaTH AaHi 24 pa3u Mo oxHik
TONIMHI Harlepes, aje i MO)KHa MPOTHO3YBATH
Bijpasy Ha BCi 24 TonuHH, Maro4du (iKCOBaHUM
CTaH BIKHA 3 BXIJHUMHU JAHUMH.

BpaxyBaHHsI mO4YacoBHX JaHHMX 3a
nonepeaHii pik. BukopuctanHs naHux 3a
MOTIEPEIHIN PiK y MPOTrHO3YBaHHI MOXKe OyTH
KOPHUCHHM 13 pi3HUX TOYOK 30py. Hampukmnan,
MOTYXHICTh COHSIYHO-, BITPO- Ta TiapO-TCHE-
PYIOUMX CTaHII CYTTE€BO 3aJICKUTh BiJl CE30-
HY. MOXJIMBOCTI COHSYHHUX CTaHLIN 3aJIeXkaTh
HaBiTh BiJ Yacy no6u. CrajaroBaHHS BYTLLIA
3 EKOJIOTIYHUX MIPKYBaHb MOXIIMBE JIMIIE Y
pasi, KOJM IHILI JpKepesa eHeprii Bxke Ipa-
LIOIOTh HAa TIOBHY MOTYXHICTh. [laHi 3a morme-
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penHiil pik y)ke BpaxoBYIOTh IEPETiKaHHS 00-
CSIT1B €JIEKTPOEHEPTii 3 OAHOTO PUHKY B 1HIIIIH.
[IpoTte, KOPUCHICTH TOPIIIHIX TaHUX Ma€ OyTH
3’5ICOBaHa EKCIIEPUMEHTAIIBHO.

BucHoBkH

[TporHo3yBaHHs TMONMHMTY Ha pPHUHKaX
€JIEKTPOCHEPrii € ONHICI0 31 CKJIAJ0BUX, SIKY
HEOOXiTHO BTUIMTH JJIsi YCHIITHOTO BEICH-
Hs Oi3Hecy Ta omTuMizalii OGi3Hec-poLeciB.
[TocraBneno 3amady 3 po3poOKH MPOTrpamMHOT
CHCTEMH IPOTHO3YBaHHs 3arpo3 B €HEPreTHI
VYkpaiHu i3 BUKOPUCTAHHSM METOJIB MAIlWH-
HOTO HaBYaHHS. 3/IMCHEH1 €KCHEPUMEHTH 13
3aCTOCYBaHHS METOIB perpecii s BiJIHOB-
JICHHS KOJIOHKH 3 JIAHUMH JBOCTOPOHHIX J10T0-
BOPIB JJIs 3a/1a4l MPOTHO3YBaHHS BUPOOJIEHHS
Ta CIIOKMBaHHs eyeKTpoeHeprii. Pesynbrarn
13 3aCTOCYBaHHS AJITOPUTMIB MAITUHHOTO HaB-
YaHHS Ha JAHUX MHUPHOTO Yacy IOKa3yloTh,
110 MOKHA 3 TOYHICTIO nopsiaky 1 % mporxHo-
3yBaTu 00CSATH PUHKY Ta Tapu(Hi JIaHU HA ro-
IMHY Harepes. Taka TOYHICTh Ma€ JJO3BOJUTH
BUHTH 3a MEXI OIHOACHHOIO IJIAHYyBaHHA Yy
MaiiOyTHBOMY.
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Honarok 1. ®parMeHT aJropuTmy
MAIIMHHOI0 HABYAHHS

output_names = [“Bilateral’]

feature_names = [ ‘Bilateralll’,
‘Bilaterall®’, ‘Bilateral9’, ‘Bilateral8’,
‘Bilateral7’, ‘Bilateral6’,
‘Bilateral5’, ‘Bilateral4’, ‘Bilateral3’,
‘Bilateral2’, ‘Bilateral2’, ¢‘Bilaterall’,
‘Bilaterall’, ‘Bilaterall’, ¢‘Bilaterall’,
‘Bilaterall’, ‘Bilaterall’, ‘Bilaterall’,
‘Bilaterall’, ‘DayAheadl’, €‘Intradayl’,
‘DayAhead’, ‘Intraday’]

print(F”Reading the datasets for bilateral
column forecasting”)
bilateral_dataset =
pandas.read_csv(‘datasets/bilateral-
available-dataset.csv’)
bilateral_training =
pandas.read_csv(‘datasets/bilateral-
available-training.csv’)
bilateral_testing =
pandas.read_csv(‘datasets/bilateral-
available-testing.csv’)

dataset_inputs =
bilateral_dataset[feature_names]

dataset_outputs =
bilateral_dataset[output_names]

training_inputs =
bilateral_training[feature_names]

training_outputs =
bilateral_training[output_names]

testing_inputs =
bilateral_ testing[feature_names]
testing_outputs =
bilateral_testing[output_names]

print(“Training the evaluation nearest
neighbors regression model”)

evaluation_regressor =

KNeighborsRegressor(n_neighbors = 4,
weights = ‘distance’,
algorithm = ‘auto’, p = 1,
metric = ‘minkowski’, n_jobs = 8)

evaluation_regressor.fit(training_inputs,
training_outputs)
predicted_training_outputs =

evaluation_regressor.predict(training_inputs)
predicted_testing_outputs =
evaluation_regressor.predict(testing_inputs)

print_evaluation_metrics(training_outputs,

testing_outputs, predicted_training_outputs,
predicted_testing_outputs)

Honarok 2. ®parMeHT aJropuTMy
KOB321090T0 BiKHA

print(“Populating the missing bilateral
market data®)

forecast_source_path = ‘datasets/bilateral-
forecast-source.csv’
print(F”Reading the dataset from file
{forecast_source_path}”)
forecast_data_frame =
pandas.read_csv(forecast_source_path)
forecast_data_frame_length =
forecast_data_frame.shape[0]

for i in reversed(range(forecast_data_frame_
length)):

if (i % 180 == 9): print(i)

if (i == forecast_data_frame_length - 1):
bilateralll =
forecast_data_frame.iloc[i][“Bilateralll”]
bilaterallo =
forecast_data_frame.iloc[i][“Bilaterallo”]
bilateral9 =
forecast_data_frame.iloc[i][“Bilateral9”]
bilateral8 =
forecast_data_frame.iloc[i][“Bilateral8”]
bilateral7 =
forecast_data_frame.iloc[i][“Bilateral?7”]
bilateral6 =
forecast_data_frame.iloc[i][“Bilateral6”]
bilateral5 =
forecast_data_frame.iloc[i][“Bilateral5”]
bilaterald =
forecast_data_frame.iloc[i][“Bilaterald”]
bilateral3 =
forecast_data_frame.iloc[i][“Bilateral3”]
bilateral2 =
forecast_data_frame.iloc[i][“Bilateral2”]
bilaterall = forecast_data_frame.
iloc[i][“Bilaterall”]

else:
bilateralll = bilaterall®
bilateralle = bilateral9
bilateral9 = bilateral8
bilateral8 = bilateral?
bilateral7 = bilateralé6
bilateral6é = bilateral5
bilateral5 = bilateral4
bilateral4 = bilateral3
bilateral3 = bilateral2
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bilateral2 = bilaterall
bilaterall bilateral

forecast_data_frame.loc[1i,
“Bilateralll”] = bilateralll
forecast_data_frame.loc[1i,
“Bilateralle”] = bilaterall®
forecast_data_frame.loc[i,
“Bilateral9”] = bilateral9
forecast_data_frame.loc[1i,
“Bilateral8”] = bilateral8
forecast_data_frame.loc[1i,
“Bilateral7”] = bilateral?
forecast_data_frame.loc[i,
“Bilateral6”] = bilateral6
forecast_data_frame.loc[i,
“Bilateral5”] = bilateral5
forecast_data_frame.loc[i,
“Bilateral4”] = bilaterald
forecast_data_frame.loc[i,
“Bilateral3”] = bilateral3
forecast_data_frame.loc[i,
“Bilateral2”] = bilateral2
forecast_data_frame.loc[i,
“Bilaterall”] = bilaterall

day_aheadl =
forecast_data_frame.iloc[i][“DayAheadl”]
intradayl =
forecast_data_frame.iloc[i][“Intradayl”]
day_ahead =
forecast_data_frame.iloc[i][“DayAhead”]
intraday =
forecast_data_frame.iloc[i][“Intraday”]

input_list = [bilateralll, bilateralle,
bilateral9, bilateral8, bilateral7,
bilateral6, bilateral5, bilateral4,
bilateral3, bilateral2, bilateral2,
bilaterall, bilaterall, bilaterall,
bilaterall, bilaterall, bilaterall,
bilaterall, bilaterall, day_aheadl,
intradayl, day_ahead, intraday]

numpy_input =
numpy.array(input_list).reshape(1, -1)
numpy_output =
production_regressor.predict(numpy_input)
bilateral = round(numpy_output[@][@], 2)

forecast_data_frame.loc[i, “Bilateral”] =
bilateral

forecast_target_path = ‘datasets/bilateral-
forecast-target.csv’
print(F”Writing the dataset to file

{forecast_target_path}”)
forecast_data_frame.to_csv(
forecast_target_path, index = False)

Onepxano: 11.09.2023
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IIpobGnemn aBroMaTmM3auii iHpopmaniiiHux
TeXHOJIOTiii  agMiHicTPaTMBHO-yNpPaBJIiH-
CbKOI AisiibHOCTI HaykoBuX ycranoB HAH
Ykpainu Ta miaxoau a0 iX BuUpimieHHs /
LII. Cinitun, ILII. Irnatenko, P.M. ®enopen-
ko, O.b. )KurkeBnuu

[IpoananizoBaHo 0cOOIMBOCTI iHpOpPMAaTH3AMii
aJIMiHICTPAaTHBHO-YIPABIIHCHKOI  TiSUTBHOCTI
(AY]l) naykoBux yctaHoB HamionampHOI aka-
nemii Hayk (HAH) Vkpainu. 3ampomnoHoBaHO
ciM paMKOBHX iH(OPMAILIHIX TEXHOIOTIH
(IT) AV nayxoBo-OpraHi3amiifHUX, IIJIaHO-
BO-BHPOOHMYNX, KaAPOBHUX 1 OyXraaTepChKUX
ciyx0 yctaHoB. JlOCHIKEHO iHIyCTpialbHO
ampoOoBaHi 3aco0M aBTOMATH30BaHOI Iif-
tpumku [T AVYJ[. O6rpyHToBaHO BHOIp AL
mepmioi yepru iHGopMmaTu3amii BITIN3HIHOL
nporpamuoi twatrpopmu UnityBase 3 momart-
koM A5 SYSTEMS. 3amponoHoBaHO TiIXix 10
opraHizarii iH(popMaTH3aIii HayKOBHX YCTa-
HoB HAH Vkpainn na miardopmi UnityBase i3
3aCTOCYBaHHSAM HOBITHBOI METOJOJIOTI{ yIIpaBs-
TiHHA 3MiHaMu — [103UTHBHO 30pi€HTOBAHOTO
JOCTIKSHHS — JUTS 3armo0iraHHs opraHizariii-
HOTO CIIPOTHBY iH(opMaTu3alii Ta BUpoOIIeH-
HA 11 €pEeKTUBHOI CTpaTerii .

KnrowoBi cnoBa: iHdopMmarusaiis, aaMiHi-
CTPaTUBHO-YNPABIIHChKA MiSUIBHICTh, Hay-
KOBa YCTaHOBA, HAayKOBOB-OpraHizaiiiHa i-
STBHICTD, TUIAHOBO-EKOHOMIYHA iSUTbHICTD,
MO3UTHUBHO 30PIEHTOBAHE OCIIKCHHS, IIO0-
3UTHBHO-CTBEP/PKYBajlbHa TEMa, IO3UTHUBHE
PO 3MiH.

2023 — Ne3

UDC 681.3.06

Problems of information technologies au-
tomation for the NAS of Ukraine scientif-
ic institutions’ administrative-manageri-
al activity and approaches to solve them /
I.P. Sinitsyn, P.P. Ignatenko, R.M. Fedorenko,
0.B. Gitkevich

Specific problems of the National Academy
of Sciences (NAS) of Ukraine Scientific In-
stitutions’ administrative-managerial activity
(AMA) informatization is analyzed. Seven ref-
erence AMA Information Technologies (IT) are
proposed for scientific-organizational, prog-
ress, staffing and accounting Institutions’ ser-
vices. Industrially tested tools are investigated
for AMA IT automated support. National soft-
ware platform UnityBase with A5 SYSTEMS
Application is substantiated as a tool for first
stage of informatization. Approach for man-
aging NAS of Ukraine Scientific Institutions’
informatization based on UnityBase platform
is proposed. It is based on innovative manage-
ment methodology, namely Appreciative In-
quiry, — to cope with organizational resistance
concerning informatization and elaborate its
effective strategy.

Keywords: informatization, administrative-
managerial activity, scientific institution, sci-
entific-organizational activity, planning and
economic activity, appreciative inquiry, affima-
tive topic, affimative core.
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Methods and software for significant indica-
tors determination of the natural language
texts author profile / V. Shynkarenko, I. De-
mydovych

110

Methods for the formation and optimization of
author profiles are presented. The author pro-
file is an image — a vector in a multidimension-
al space, which components are author’s texts
measurements by a number of methods based
on 4-grams, stemming, recurrence analysis
and formal stochastic grammar. The author’s
profile is a model of his language, including
vocabulary, sentence syntax features. A com-
parative analysis of the each of the methods
effectiveness is carried out. By means of the
genetic algorithm, a reduced profile of the au-
thor is formed. Insignificant indicators are ex-
cluded, which allows to reduce their number
by 20%. The reduced author’s profile contains
attributes that are significant for this author and
is an effective attribution of a particular author.

Keywords: natural language texts, authorship
determination, genetic algorithm, recurrent
analysis, statistical analysis, text classification,
pattern recognition, formal grammars.

YK 004.91

Metoau Ta 3aco0M BU3HAYEHHSI 3HAYHMMX
NMOKA3HUKIB mpogiao aBTopa nmpupoaHO-
MoBHUX TekcTiB / B. [llunkapenko, 1. Jlemu-

HaBeneno metomu QopMmMyBaHHS Ta ONTHMI-
3amii npo¢iniB aBropis. IIpodine aBropa me
00pa3 — BEeKTOp y 6araToBUMipHOMY IIPOCTOPI,
KOMITOHEHTH SIKOTO € BUMIpaMH TEKCTIiB aBTO-
pa pssoM METOMIB Ha OCHOBI 4-Tpam, cTemy-
BaHHSI, PEKypEHTHOTO aHaii3y Ta (hopManbHOi
CTOXacTHYHOI rpamatuku. [Ipodins aBTopa €
MOJIEJUTIO OTO MOBH, BKJTIOYAIO4H CIIOBHUKO-
BUIl 3amac, 0cOOIMBOCTI CHHTAKCUCY PEYEHb.
3nifCHIOETHCS TOPIBHSUTBHUN aHai3 e()eKTUB-
HOCTI KOKHOTO 13 MeTO/1iB. 3aco0amMu reHeTHY-
HOTO aITOPUTMY (POPMY€EThCS YCIUCHHH Ipo-
¢up aBTOpa. BHKITIOUAIOTECS HE3HAYHI ITOKA3-
HUKH, 110 JIO3BOJISIE CKOPOTHTH iXHIO KUTBKICTH
Ha 20%. Yciuenuii npodinb aBTOpa MICTHTH
3HAUYIly JJIsl JaHOTO aBTOpa aTpUOYTHKY 1 €
e(peKTUBHOIO aTpHOyIi€l0 KOHKPETHOTO aBTO-
pa. JlocimipkeHHS] BUKOHAHI Ha yKPAaTHOMOBHHUX
TeKcTax (MOBOIO 3 HU3BKOIO PECYPCOEMKICTIO).
Hagezneni pesynbraTi eKCIIEpUMEHTIB, BHKO-
HaHMX HA OCHOBI PO3POOJIEHHMX MPOTPaMHHUX
3aco0iB.

Knro4oBi crioBa — npUpoIOMOBHI TEKCTH, BH-
3HAQUEHHS! aBTOPCTBA, TCHETHYHUI alrOpHTM,
PEeKypEeHTHHUH aHalli3, CTaTHCTHYHMI aHai3,
Kiacudikamis TEKCTIB, PO3Mi3HABaHHS 00pa-
3iB, pOpMaIIbHI TPaMaTHKH.



VYIK 004.42+004.94

ApXiTeKTypa Mo1y/J1bHO-OPiEHTOBAHOIO (i-
3uyHoro pymis / A.A.bepnarosuu, I.B.Cre-
LIEHKO

[poctip nudpoBoro MopentOBaHHS, L0 I0-
CTIHHO PO3BHBAETHCS, MOTPEOy€e IHHOBAIIHHIX
IHPPACTPYKTYp UIS MOCSTHEHHS SK pealic-
TUYHOCTI, TaK i edekTuBHOCTI. JlocmimKkeHHsS
BHCBITIIIOE TIPOOJIIEMH CY4acHOI apXiTeKTypu
IpOTrpaMHOTO 3a0e3neueHHst s (i3UuYHOI CH-
mymsinii. HoBa apxitektypa pospoOiiena Juist
3MEHIICHHS MpoOIeMH MaclTaboBaHOCTI Ta
rHydkocTi. CyTh 3aIpOIIOHOBAHOI apXiTEKTy-
PH TIONATAaE B KOHBEPIEHIIT TPHOX KIIFOUOBHX
KOHIIETIIIH: MOYJIBHOTO (pi3udHOTO pyiis, (i-
3MYHOTO KOHBeepa Ta mabnony CytHicth Kom-
nonenra Cucrema (CKC). 3a nonomoroto cyT-
HocTel, komnoHeHTiB i cucteM CKC mpormonye
CTPYKTYPOBaHY Ta €(EKTUBHY CTPYKTYpYy UIs
OXOIUIEHHS CyTi CUMYJILOBAaHOTO CEPEAOBHIIIA.
et kepoBaHMI JTAHUMHU TIIX1]T I IBUIIYE pea-
JICTUYHICTD, 3/IalITUBHICTD 1 YMOXIIUBITIOE MO-
JICTIFOBaHHSI CKIIAJHININX CBITIB, pooisiun CKC
HE3aMiHHHM IHCTPYMEHTOM JUIS TOOYyIOBH
CKJIa[THUX 1 3aXOTUTIOIOYNX CHUMYJIISIIIN (Di3HKH.
KoMmoHeHTH BifirparoTh JKUTTEBO BAKIHUBY
posib Y (YHKIIOHYBaHHI MOJYJIB MOJIEIIO-
BaHHs (Di3MKH, 320€3MCUYIOUN BAKIUBE MIPE/I-
CTaBJIEGHHS JaHUX, CIPHUSIOUH MOJIYJIBHOCTI,
YMOXITUBITIOIOYH BiJIOKPEMJICHHS! JIOTIKH, I10-
JIETIIYIOYM HaJaITyBaHHS Ta PO3IIMPEHHS,
MATpUMYIOUN e(heKTHBHY OOpOoOKYy MaHUX i
CTIPHSIIOYM KOMIIOHEHTHIN apXiTeKkTypi. 3aB-
JSIKK  €(PEKTHBHOMY BHKOPHCTAHHIO KOMIIO-
HEHTIB MOyl (i3UYHOT cUMYISLIT MOXYTh
JIOCSITTH BUCOKOT MPOAYKTHBHOCTI, THYYKOCTI
Ta 3pYYHOCTI 0OCIYTOBYBaHHS, IO POOHTH iX
OCHOBHUMH IHCTPYMEHTAMH JJIS TOCITiIPKEHHS
Ta PO3YMIHHS CKJIaJHUX (I3UUHHX SBUII Y Pi3-
HOMAaHITHUX TOCIIDKCHHSX 1 chepax 3acTocy-
BaHHs. DI3MYHMI KOHBEEP OPraHi30BYE CHMY-
JISIIIO Yepe3 CTPYKTYPOBaHi eTam, aHaJIoT19Hi
rpadiyHIM KOHBeepaM. BiH kepye muHaMid-
HUMHU CHJIAMH, 3ITKHEHHSIMH Ta B3a€MOJIISIMH,
OIITHMI3YIOYM BHKOPHCTAaHHS PEecypciB Ta iH-
TErpyrOYH CIIeIialibHi CUCTEMHU JUISl TOUHOCTI.
Ha nonarok, ma6non CKC po3’ennye maHi Ta
TIOBE/IIHKY, ITOJIETIIYIOUN CTBOPEHHS BH3HAUe-
HOTO KOpHCTyBadeM (i3MIHOTO KOHBEEPA, 10
CKJIaaeThesl 31 caabo3B’s3aHUX MOAYIIB. Y
MO€/IHAHHI 3 MOAYJIBHUM (DI3UYHUM PYIIIEM i
¢isnunnm korBeepom CKC dopmye komIiek-
CHHI MIAX1I 0 CKJIAIHOT (PI3UYHOT CUMYIIAIIIT.

Kiro4oBi croBa: KoMI’10TepHa CUMYJIALIS, ap-
XITeKTypa IporpamMHOTO 3a0e3medeHHs, (hi3ud-
HUH pyIIii, Gpi3nIHAN KOHBEEP.

UDC 004.42+004.94

Module-based scientific physics en-
gine architecture / A.A. Bernatovych,
I. V. Stetsenko

The ever-evolving landscape of digital sim-
ulations demands innovative frameworks to
achieve both realism and efficiency. The re-
search highlights the issues of modern soft-
ware architecture for physics simulation. The
new architecture was developed to mitigate
scalability and flexibility issues. The essence
of the proposed architecture resides in the con-
vergence of three pivotal concepts: the mod-
ular physics engine, the physics pipeline, and
the Entity Component System (ECS) pattern.
Through entities, components, and systems,
ECS offers a structured and efficient framework
for capturing the essence of the simulated envi-
ronment. This data-driven approach enhances
the realism, adaptability, and complexity of the
simulated world, making ECS an indispensable
tool for constructing sophisticated and immer-
sive physics simulations. Components play a
vital role in the functioning of physics simu-
lation modules by providing essential data rep-
resentation, promoting modularity, enabling
decoupling of logic, facilitating customization
and extensibility, supporting efficient data
processing, and fostering a component-based
architecture. By leveraging components effec-
tively, physics simulation modules can achieve
high performance, flexibility, and maintainabil-
ity, making them essential tools for exploring
and understanding complex physical phenome-
na in diverse research and application domains.
The physics pipeline orchestrates simulations
through structured stages, analogous to graph-
ics pipelines. It guides dynamic forces, colli-
sions, and interactions, optimizing resource
use and integrating custom systems for accu-
racy. Complementing these, the ECS pattern
decouples data and behavior, facilitating the
construction of user defined physical pipeline
comprised of loosely coupled modules. Com-
bined with the modular physics engine and
physics pipeline, ECS forms a comprehensive
approach for complex physics simulations.

Keywords: Computer Simulation, Software Ar-
chitecture, Physics Engine, Physics Pipeline.

111



VJIK 681.3

CrBopennsi undpoBoro ABiliHMKAa B MeTe-
ONIPOrHO3YBAHHI VIS PO3YMHOI0 MicTa Ha
MoOinbHIN maardgopmi. / B.O. Taiinykesuy,
A.1O. lopoleHko.

VY crarTi po3IANAEThCS 3aCTOCYBAHHS KOH-
menmii nugpoBoro ABiHMKA y cdepi mere-
OIIPOTHO3YBAHHS Ul CTBOPEHHS PO3YMHOIO
micta. [udposuit nBiitHIK — 1e BipTyaibHa
pemtika peasbHOTo 00’€KTa YW TpOIecy, IO
BimoOpakae HOTO CTaH y peasbHOMY dHaci.
AHaNI3YyIOThCSI TEXHOJIOTii Ta METOIH CTBO-
peHHS II(POBOTO ABIHHNKA METEOPOIOTITHIX
YMOB [UISI KOHKPETHOTO MiCTa. 3a3Ha4aeThCs
BaXXJTUBICTh Ta TEPCIIEKTUBU CTBOPEHHS LU-
pOBOTO /BifHWKA B METEOMPOTHO3YBaHHI IS
PO3YyMHOTO MicTa Ha MOOUTBHINA TUTAaTGOpPMI.
B po0oTi po3misigaeTsCs MPOEKT I0AaTKa, IO
JI03BOJISIE 3a0€3IIEUUTH KOPHCTYBayaM JISTKHH
JOCTYTI IO aKTyaJibHOI iH(opMarii mpo sIKiCTh
MOBITPSL Ta MPOTHO3 TIOTOAM JJIS Pi3HHUX pa-
toniB micra. Lle crae 0coONMMBO BaXXIUBUM Yy
3B’A3KY 31 3pOCTaHHAM EKOJIOTIYHHX MPOoOIeM
Ta 3MiHaMH KJIiMaTy. Y I0JaTKy BHUCBITIIOETH-
Csl BUKOPUCTAHHS MOB TIporpaMyBaHHS Swift
Ta (peiimBopkiB MapKit Ta Alamofire mxs pe-
amizamii QpyHKIIOHATy T0JaTKa, a TAKOXK Tepe-
Baru MoBu SwiftUI mist mBuakoro po3pooieH-
HS 30BHIITHBOTO iHTEpdECy.

Taxum unHOM, UG POBUH ABIMHUK, SIKUH BiIO-
Opaxkae peaJbHUI POLIEeC METEOPOrHO3yBaH-
Hsl, BUKOHYE KJIIOYOBY POIIb y HOAATKY, HAJIAI0-
Y KOPHCTYBadaM JIOCTYII IO aKTyaJIbHUX I10-
TOJIHUX HaHHMX Ta JOIIOMAaraloud YXBaJIOBATH
00’ €KTHBHI pIIIEHHS OA0 BIUIUBY KIiMaTy Ha
37I0pOB’sI Ta HABKOJIMIIHE CEPELOBHILE.

KirouoBi crnoBa: mmdpoBuil IBIHHHUK, MeTe-
OTIPOTHO3YBaHHS, CMapT CiTi, MOOLTbHA TLTAT-
¢dopma, 30ip maHUX, aHAJI3 AAHUX, TPOTHO3Y-
BaHHSA ITOIA.
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UDC 681.3

Creating a digital twin in meteorological
forecasting for a smart city on a mobile plat-
form / V.O. Haidukevych, A.Y. Doroshenko.

The article discusses the application of the
concept of a digital twin in the field of weather
forecasting to create a smart city. A digital twin
is a virtual replica of a real object or process
that reflects its state in real time. The technol-
ogies and methods of creating a digital twin of
meteorological conditions for a particular city
are analyzed. The importance and prospects of
creating a digital twin in meteorological fore-
casting for a smart city on a mobile platform
are also presented. The paper discusses the de-
sign of an application that allows users to pro-
vide easy access to up-to-date information on
air quality and weather forecasts for different
areas of the city, which is becoming especial-
ly important due to the growing environmen-
tal problems and climate change. It highlights
the use of Swift programming languages and
the MapKit and Alamofire frameworks to im-
plement the application’s functionality, as well
as the advantages of the SwiftUI language for
rapid development of the front-end.

Thus, the digital twin, which reflects the real
weather forecasting process, plays a key role
in the application, providing users with access
to up-to-date weather data and helping them
make objective decisions about the impact of
climate on health and the environment.

Keywords: digital twin, meteorological fore-
casting, smart city, mobile platform, data col-
lection, data analysis, event forecasting.



YK 004.89

IHomyk HOBM3HU y MeTOAi HeilpoeBOTIOLIL
AJISl TIO3WLIOHYBAHHSI POOOTH30BAHOI KiH-
niBku / A.€. Bitiok, A.1O. [lopomenko.

VY crarti po3miAgaeThes BUKOPHCTAHS alro-
PUTMY HEHPOEBOIIOIIT I TIOIIYKY MOJITHK Y
(hopmi HEHPOHHUX MEPEX MPU CTBOPEHHI KOH-
TpoJepa Ui YIpaBIiHHA pOOOTH30BAHOIO PY-
KOI0, 30KpeMa, JUTS Ti3a1adi MO3HUIIiOHyBaHHS
po0oyoi kiHmiBKH. HefipoeBomromis SBIsI€ CO-
0010 CIMEMCTBO METO/IIB MAIIMHHOTO HAYaHHS,
SIKI BUKOPUCTOBYIOTH €BOJIOIIITHI alrOpUTMHU
IUIIXOM IMiTaIlii poIecy IprupoIHOTO Bigdo-
py. BeranoBneno, mo takuii miaxia € ocobmu-
BO e(eKTHUBHHUM JUTS 3a/adi TTO3UI[IOHyBaHHS,
Jie KiHIIeBE TTOJIOKEHHS MOXe OyTH TOCSITHYTO
OaraTbMa ONTHMAJIBHOMH CIIOCO0aMH, a OTIKE
moTpeOye HaBUAHHS 3 MiAKpirUIeHHIM. Bin3Ha-
Ya€eThCsl, IO KIHIIEBUM PE3yJIbTaToOM HeWpoe-
BOJTIOLIIT € OITUMAJTbHA TOTIOJIOTIST MEPEXi, sIKa
poOUTH MOmeNnb OUTBII pecypcoeeKTHBHOIO
Ta TPOCTINIOO /s aHamizy. B po0oti po3rs-
JTAE€THCS TPOIIEC HABUAHHS IOJITHKU B GOpMi
HelpoMepexki ISl YIpaBIiHHSA JBOBHUMIPHOIO
poOOpyKOIO 3 IBOMA JIAHKAMH. 3TiTHO Pe3yIib-
TaTiB EKCIEPUMEHTIB BiJI3HAYAETHCS IIi/IBU-
meHHs e()eKTUBHOCTI HAMKpAIIoro pilIeHHs,
3HAIICHOTO 13 3aCTOCYBaHHAM IOUIYKY HOBH3-
Hu as anroputMy NEAT mopiBHSHO 3 ainro-
putmom NEAT 6e3 momryky HOBH3HH. Bera-
HOBJICHO, II[0 3aIPOMOHOBAHUH TIIXiT JO3BO-
JI€ OTPUMAaTH e(PEKTHBHY IMOJITHKY B (hopmi
HelipoMepexi, ka Mae MiHIMAJIBHY KOHQITY-
partiro, o JO3BOJIUTH IMiABUIIUTH IIBUIKOIIIO
KOHTpPOJIEpa, 1 sIKa € KPUTHIHOIO IS PoOOTH
peanbHOI CUCTEMH.

TakuM 4MHOM, BUKOPUCTAHHS TTONIYKY HOBH3-
HU SIK METOY ONTHMIi3allii HeWPOEBOIIOIIiIHO-
TO MPOIIECY A BUPIMICHHS 331391 IO3UIIOHY-
BaHHS JTO3BOJISAE MiIBUIINTH €(pEKTUBHICTH Ha-
BYAJIBHOTO MIPOILECY Ta OTPUMATH ONTHMAIIBHY
TOTIOJIOTIO MEPEKi.

KitrouoBi cioBa: HelipoHHa Mepeka, HeHpoe-
BOJTIOLIis, pOOOTH30BaHAa pyKa, HABYAHHS 3 IiJ-
kpituteHHsM, NEAT, momryk HOBU3HH, (QyHKIIISA
MIPUCTOCOBAHOCTI.

UDC 004.89

Novelty search in neuroevolution for end
effector positioning / A.Y. Vitiuk, A.Y. Doro-
shenko.

The article considers the use of the neuroevo-
lution algorithm for neural network policies
search when creating a controller for a robotic
arm, in particular for the subtask of positioning
the end effector. Neuro-evolution is a family of
machine learning methods that use evolution-
ary algorithms by imitating the process of nat-
ural selection. This approach has been found
to be particularly effective for the positioning
task, where the final position can be achieved
in many optimal ways and therefore requires
reinforcement learning. It is noted that the fi-
nal result of neuroevolution is an optimal net-
work topology, which makes the model more
resource-efficient and easier to analyze. The
paper considers the process of neural network
policy search for controlling a two-dimension-
al robot with two links. According to the results
of the experiments, an increase in the efficiency
of the best solution found using novelty search
for the NEAT algorithm is noted compared to
the NEAT algorithm without novelty search.
It was established that the proposed approach
allows to obtain an effective neural network
policy, which has a minimal configuration,
which will allow to increase the speed of the
controller, that is critical for the operation of a
real system.

Thus, the use of novelty search as a method
of optimizing the neuroevolutionary process
to solve the positioning problem allows to in-
crease the efficiency of the learning process
and obtain the optimal network topology.

Keywords: neural network, neuroevolution,

robotic arm, reinforcement learning, NEAT,
novelty search, fitness function.
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YIK 65.012:681.5

IIpoGnema aBromMaTm3anii IUIAHYBAHHA
cWJI, 3ac00iB Ta pecypciB AJsi ynpasJiH-
HSl MPOTH/IiEI0 HAA3BUYANHUM CUTyallisiM /
AL Snosetib.

VY crarTi po3MISIHYTO NMUTAHHS aBTOMAaTH3allii
IUTAHYyBaHHS CHJI, 3aCO0IB Ta pecypciB, BUKO-
PHUCTOBYBaHMX y MpoLeci MPOTH/IIl Haa3BU-
yalHi# cutyanii. HaBeneHo Gopmanbauii onmc
3ajia4i IUTAaHYBaHHS CHJI, 3ac00iB Ta pecypciB
Ta OOIpyHTOBAHO, IIO 119 33j]a4a BKJIIOYAE JBi
B3a€MOIIOB’sI3aHI 3a/adi, SKi IepeadadaroTh
3MIMCHEHHS OI[IHKM TOTEHLIHHNX MOXIIHBO-
CTeH aHaJII30BaHOTO PETiOHY MO0 AOCTYITHUX
CHJI, 3ac00iB Ta pecypciB sl MPOTHIT Haj-
3BHYAlHIN CUTYyalli] Ta reHepyBaHHs BapiaHTIB
yrpynyBaHb CHII, 3aC00IB Ta pecypciB, (yHK-
[IOHATBHO JOCTATHIX JUIsl MPOTHUI aHai30-
BaHii HaJa3BUYAlHINA cHTyalii 3 ypaxyBaHHIM
MHOKMHH OOMEXeHb. J[eTalbHO PO3IISIHYTO
MMUTaHHS aBTOMATHU3aIlil PIlICHHS 3a]a4y OIliH-
KM MOTEHIIMHNX MOXKIIMBOCTEH perioHy Ta re-
Hepalii BapiaHTiB yrpyIyBaHb CHII, 3aC00iB Ta
pecypciB. OxapakTepru30BaHO OCHOBHI (DyHK-
mii cuctem AHAJII3 Ta CMHTE3, 3acobamu
SIKMX 3a3Ha4yeHi 3a/1a4i Bupinryrorscst. O0rpyH-
TOBAHO, 1110 3aBISIKM BUPILICHHIO WX 3a/1a4 3a-
Oe3reuyeThest aanTaiis eeKTPOHHOTO TUIAHY
i 10 peaTbHUX MOXKJINBOCTEH PErioHy.

Knro4oBi cioBa: Ha/i3BU4aiiHa CUTYAIlisl, eNeK-

TPOHHUU TUIAH JIilf, UIAHYBAHHS, CUJIU, 3aCO-
Owu, pecypcH, perioH.
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UDC 65.012:681.5

The problem of automating the planning
of forces, means and resources for manage-
ment of counteraction of emergency situa-
tions / A.L.Yalovets.

The article deals with the issue of automating
the planning of forces, means and resources
used in the process of countering an emergen-
cy situation. A formal description of the task of
planning forces, means and resources is pro-
vided, and it is justified that this task includes
two interrelated tasks, which involve the as-
sessment of the potential capabilities of the an-
alyzed region in terms of the available forces,
means and resources for countering an emer-
gency situation and the generation of options
for groupings of forces , means and resources
functionally sufficient to counteract the ana-
lyzed emergency situation, taking into account
the set of restrictions. The issue of automating
the solution of the problems of assessing the
potential opportunities of the region and gen-
erating variants of groupings of forces, means
and resources is considered in detail. The main
functions of the ANALYSIS and SYNTHESIS
systems, by means of which these tasks are
solved, are characterized. It is substantiated
that thanks to the solution of these problems,
the adaptation of the electronic action plan to
the real possibilities of the region is ensured.

Keywords: emergency situation, electronic ac-
tion plan, planning, forces, means, resources,
region.



VIIK 681.3

Po3pobka iHTesIeKTyaJbHUX iHpOpManiii-
HO-AHAJITHYHUX BeONOpPTAJiB HAa OCHOBI
CEeMAHTHMYHUX BIiKITEXHOJIOTIH: MPoOdIeMu
Ta nepcnexktusu / 10.B. Porymmuna

[IpoananizoBaHo OCHOBHI (yHKIIi cydacHHX
BeOMOpTANiB Ta iX BIAMIHHOCTI BiX IHIINX
THUITIB calTiB. Po3misinaeTscst CTBOpEHHS iH-
TENEKTyadbHUX IH(QOpMaLitHO-aHATITHIHUX
BEOTOPTATIB K CIICII(IYHOT MTiIMHOXKIHHA 1H-
TENEKTyadbHUX IH(QOpMaLitHO-aHATITHIHUX
CHUCTEM, iXHI OCOONMBOCTI Ta TEHJACHIII poO3-
BHTKY, IO CTOCYIOTBHCSI IXHBOI CEMaHTH3aIlil.
PosrstHyTo Mozmeni Ta TexHoiyorii oOpoOkn
3HaHb, SKi MOXYTb JUISI IIbOTO 3aCTOCOBYBa-
THCA. Bu3HaueHo, SIK came CTaHIapTH Ta iH-
CTpyMeHTaIllbHI 3acobm Semantic Web MOXyTh
3aCTOCOBYBATHCS ISl CEMaHTH3allii BeOmopTa-
JIB, PO3IISIHYTO TPAKTUYHI NPUKIAAN TaKUX
po3pobok. Po3mistHyTO 6a30Bi BUMOTH J0 TEX-
HOJIOTiH CTBOPEHHS CEMAaHTHYHHX TOPTANIB i
JI0 ITHCTPYMEHTIB JUIS iX CTBOPEHHSI.
[IpoanasizoBaHO THIIOBI MPOOJIEMH, IIIO CTOCY-
I0TbCS OOPOOKH, CTPYKTYypyBaHHS Ta aHAIi3y
JIAaHUX BEJIMKOTO 00CSTY, | BHHUKAIOTb y TIPOIIe-
Cl CTBOPEHHS Ta PO3rOPTaHHS TaKUX MOPTAIIB,
PO3IVISIHYTO KpHUTEpii OMIHKKM MOKJIMBOCTEH
PO3BHTKY icHyrounmx BeOmopranis. Ha mpwu-
KJaJi TopTaiy, mo 0a3yeTbhcss Ha CEMaHTHY-
HUX BIKITEXHOJIOTISX, JOCHIPKEHO MPAKTUIHI
po0JieMH BIPOBA/DKEHHS Ta MaclITaOyBaHHS
3aco0iB Ta cepBiciB 0OpOOKM 3HAHB HA TIOPTa-
JIi, 3aIPOIIOHOBAHO NIISIXM X 3aroOiraHHs Ta
pO3B’sI3aHHS.

KitouoBi crnoBa: iH(poOpManiiiHO-aHATITHY-
HUW BeOMOPTa, OHTOJIOTIsS, BIKITEXHOJOTI,
cepricH

UDC 681.3

Development of intelligent information an-
alytical webportals based on semantic Wiki
technologies: problems and challenges /
J.V. Rogushina

We analyse the main functions of modern web
portals that differ them from other types of
sites. In this work we consider intelligent in-
formation-analytical web portals as a specific
subset of intelligent information-analytical
systems, and their features and development
trends that have an influence on their semanti-
cization are analysed. As a part of such analysis
we considered knowledge models and technol-
ogies of their processing that can be used for
this aim. We determine standards and tools of
the Semantic Web that can be used for the se-
manticization of web portals and describe the
ways of such use on practical examples. Some
basic requirements for technologies and instru-
mental tools used for development of semantic
portals are considered.

We analyse and classify typical problems re-
lated to the processing, structuring, and anal-
ysis of large volumes of data that arise in the
process of creating and deploying such portals,
and the criteria for evaluating the development
opportunities of existing web portals are con-
sidered. On example of web portal based on
semantic Wiki technologies we investigate
practical problems of implementation and scal-
ing of portal knowledge processing tools and
services and propose some ways of their pre-
vention and solution.

Keywords: information and analytical web
portal, ontology, wiki technology, services
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YIK 517.958:57 +519.711.3 + 612.51.001

Simulating of human physiological supesys-
tems: interactions of cardiovascular, ther-
moregulatory and respiratory systems /
R.D. Grygoryan, A.G. Degoda, T.V. Lyudovyk,
O.I. Yurchak

Special quantitative model of the human ther-
moregulatory system (MTS) functioning with
cardiovascular and lung systems is created.
These systems form a human physiological su-
per-system (HPSS). MTS describes thermoreg-
ulatory responses to alterations of both exter-
nal environmental physical characteristics and
internal biological characteristics. Algorithms
provide designing of scenarios including sim-
ulation of either short-time or long-time (hours
or days) observations. Input data include dif-
ferent combinations of environmental variables
(air or water temperature, air humidity, wind or
water flow speed, light intensity, infrared radi-
ation) for a naked or wear human, as well as
for given dynamics of biological characteris-
tics (rate of heat production including its com-
ponents associated with metabolism and ATP
molecules leasing during mental and physical
activities). Human body is presented by a core,
blood, and a skin compartments. Skin and lung
evaporation are under hypothalamic control
based on afferent impulse patterns from inter-
nal, and skin heat and cold receptors. Dynamic
output data include blood, hypothalamic, and
skin temperatures, hemodynamic parameters
like heart rate, cardiac output, regional blood
flows, vascular resistances, blood pressures,
and regional blood volumes. Serotonin and
melatonin concentrations modulating biolog-
ical heat production rate are associated with
a day/night light intensity. Currently, the PC-
based simulator is autonomous software to
be used both for educational purposes and for
providing of special computer research. In a
near future, this simulator has to be widened
by models of kidneys, and a mechanism of liv-
er-pancreas interaction.

Key words: physical health, cell energy bal-

ance, control mechanisms,quantitative models,
simulator.
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Cumyasitop ¢iziosoriynnx HagcucTem Jio-
AUHH: B3a€EMOJisi CHCTEM KPOBOOOIry, Tep-
MoperyJasiii Ta 30BHIIIHLOTO JIUXAHHA /
PJI. I'puropsin, A.I. lerona, T.B. JltonoBuk,
O.1. FOpuak

CTBOpEHO crieniaigbHy KibKICHY MOJIENb B3a-
emonii Tepmoperyistopaoi cuctemu (MTC)
JIIOJIMHY 13 CEPLIEBO-CYJAMHHOIO Ta JIETCHEBOIO
cucremami. Lli cucremu yTBOpIOIOTH (hi3ioso-
riuny cynepcucremy monuan (GPCCC). MTC
OIUCYE peakiii TepMoperyisiiii Ha 3MiHN ¢i-
3MYHUX XapaKTEPUCTHK 30BHILIHBOTO CEPEo-
BUIIIA Ta BHYTPINIHIX OI0JOTIYHHMX Xapakre-
pUCTHK. ANTOpUTMH 3a0€3MevyloTh CleHapil
MOJICJTIOBaHHSI KOPOTKOYAaCHUX ab0 TpHBAIIUX
(romMHU YW JHI) CIOCTEpPEeKeHb. BXimHi naHi
BKJIIOYAIOTh pi3HI KOMOiHAI] 3MIHHUX HaBKO-
JIMIITHBOTO CEPeIOBHIIA (TeMIIeparypa MoBiTps
a0o BOAM, BOJIOTICTh MOBITPS, MBHU/IKICTH BIT-
PY, IHTEHCHBHICTb CBITJIa) JUIs roji0i abo ofsr-
HEHOT JIIO/INHHM, a TAKOX JUIsl 3a/IaHOT AMHAMIKA
010JIOTTYHMX XapaKTePUCTHK (IIBUJAKICTH Te-
TUTONIPOYKIIii, BKIJIOYAIOYM HOTro KOMITOHEH-
TH, OB ’sA3aHi 3 MeTabO0II3MOM 1 BHIAICHHIM
Mostekyn AT® i uac po3ymoBoi Ta (izuaHOT
JisutbHOCTI). OpraHi3m JIFOAMHH TIpEJCTaBlIe-
HUH BIJIUTaMU CEPIEBUHM, KPOBI Ta IIKIpH.
BunapoByBaHHsI IIKipH Ta JIEr€HiB KOHTPOIIIO-
€THCS TIMOTAIAMYCOM Ha OCHOBI ahepeHTHUX
IMITYJIbCIB BiJi BHYTPIIIHIX 1 HIKIPHUX TEIUIO-
BHX 1 XOJIOMOBHX perenTopiB. JluHamiuHi Bu-
XiHI JlaHl BKJIIOYAIOTH TEMIIeparypy KpoBi,
rimorajgamyca Ta UKipy, TeMOJUHaMIuHI rapa-
METPH, TaKi SIK 4acTOTa CEpPLEBUX CKOPOYCHb,
CepueBHi BHKHJ, pErioHajJbHI KPOBOTOKH,
CYIMHHUH oIlip, apTepiaibHUi THCK 1 perio-
HaJbHI 00 emMu KkpoBi. KoHIIEHTpallis cepoTo-
HIHY Ta MEJaTOHIHY, sSIKa PEryJO€ MIBHIKICTh
BUPOOHMIITBA OIOJIOTIYHOTO TEIUia, MOB’s3aHa
3 JICHHOIO/HIYHOIO IHTEHCUBHICTIO cBiTia. Ha
CBOTOJIHILIHIA JeHb cumyinsitop Ha 6aszi [IK
€ aBTOHOMHHUM IIPOTrpaMHHUM 3a0e3TeUeHHIM
(moBa C') 111 BUKOPHCTaHHS SIK Y HaBYajb-
HUX IIAX, TaK 1 U IPOBECHHS CICIliaTbHUX
KOMIT FOTEPHUX  JOCITIUKEeHb., HaiOnmmxamm
4acoM el CUMYISTOp Mae OyTH PO3LINPEHHH
MOJZIEJISIMH HUPOK Ta MEXaHi3My B3aeMOii Ie-
YiHKM Ta MiIILTYHKOBOT 3aJ103H.

KirouoBi cioBa: (i3uvHe 3710pOB’sl, eHepre-
TUYHUN OaNaHC KIITHHH, MEXaHI3MH YIpaB-
JIHHS, KUTBKICHI MOJIEI, CUMYJISITOP.
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YTouHEeHHSI YHMCEJIbHHX METeOpPOJIOTiYHUX
NMPOrHO3iB 3a J0NMOMOIroI0 IIHO0KOr0 Ha-
BuaHusu / A.1O. Jlopomenko, B.M. Ilmnwur,
P.B. Kymnipenxko

[Tomano KOPOTKMH OTJISIT PO3BUTKY YHCEIBHO-
TO NMPOrHO3yBaHHs roroan. Onucano npooie-
MU, SIKI MAIOTh MICIIe B MOJICJTIOBAaHHI aTMOC-
(epHUX Mpo1eciB, IXHIO MPUPOIY Ta MOXKIINBI
IUISIXW  TTOJIOJIaHHS. 3a3HAueHo aibTepHa-
THUBHI CHOCOOM TOKpAIIEHHS SKOCTI METeo-
pOJIOTIUYHUX TIPOTrHO3iB. HaBeneHo KOpoTKy
ICTOPIt0 PO3BUTKY “TIMOOKOTO HABYAHHS Ta
HOro 3aCTOCYBaHHS JI0 METEOPOJIOTIYHUX 3a-
nad. Onmcano gopmar, y sikomy 30epirarorbest
MIPOTHO3M TPHU3EMHOI TEeMIepaTypu TMOBITPs
yrcenbHOI perioHanbHOi Mozxeni COSMO.
3arponoHOBaHO APXITEKTYpy HEHPOHHOI Me-
peXi, sKa I03BOJIIE KOPHUTYBAaTH ITOMHUIIKH
MIPOTHO3Y YucenbHOi Moseni. [IpoBeneHo exc-
MIEPUMEHTH Ha JAaHWX BOCHMH METEOPOJIOTiU-
HuX cTaHmiii KuiBckkoi o0acTi Ta OTpUMaHO
BiCiM HaTPEHOBAaHMX HEHPOMEPEKEBUX MO-
neneil. ITokazano, 1m0 3ampornoHOBaHa apXxi-
TEKTYpa /1a€ MOXJIUBICTh JJOCATTH TOKPAICH-
HSl TIPOTHO3Y Oinbine, HIX y 50% BuDajakis.
Takox crioctepira€rbest 3MEHIICHHST 3HAYCHb
CEPeAHBOTO KBaPAaTHYHOTO BIAXWIICHHS, IO
y METEOpOJIOTIYHIH HayIli € 3araJbHOIPUITHS-
THUM KPUTEPIEM SIKOCTI IPOTHO3Y.

KitrouoBi ciioBa: “rimmboke HaBUAHHS", YUCEITb-
Huit nporuo3, COSMO, Temneparypa moBiTpsi.
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Deeplearning-based approach to improving
numerical weather forecasts / A.Yu. Doros-
henko, V.M. Shpyg, R.V. Kushnirenko

This paper briefly describes the history of nu-
merical weather prediction development. The
difficulties, which occur in the modelling of at-
mospheric processes, their nature and possible
ways of their mitigation, are described. It also
indicates alternative methods of improving the
quality of meteorological forecasts. A brief
history of deep learning and possible ways of
its application to meteorological problems are
given. Then, the paper describes the format
used to store the 2m temperature forecasts of
the COSMO numerical regional model. The
proposed neural network architecture enables
correcting the forecast errors of the numeri-
cal model. We conducted the experiments on
the data of eight meteorological stations of the
Kyiv region, so we obtained eight trained neu-
ral network models. The results showed that
the proposed architecture enables obtaining
better-quality forecasts in more than 50% of
cases. Root-mean-square errors of the result-
ing forecasts decreased, and it is a widespread
skill-score of improved-quality forecasts in
meteorological science.

Key words: deep learning, numerical weather
prediction, COSMO, 2m temperature.
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JociinKeHHs] NPOrpaMHMX 32C00iB IPOTrHO-
3yBaHHSI BUPOO/IEHHS Ta CMIOKMBAHHS €JIeK-
TpPoeHeprii B YKpaiHi Ha 0CHOBiI MeTO1iB Ma-
muHHoro Hapyauus / L.I1. Cininun, B.JI. [1les-
yeHko, A.1O. [lopomenko, O.A. SueHko.

[TpoGnema Ge3rnekn B eHEPreTHYHOMY CEKTOPI
€ HaJBaXXJIMBOIO [UIsl YKpaiHu. MeToro KOHTpo-
JIIO Ta MOHITOPHUHTY B 111 cdepi € onTUMIizaris
MIEPETOKY EJIEKTPOeHeprii MK yYaCHUKaMHU
PHHKY, MIDX €BpPONEHCHKUMH TMapTHEPaMHU Ta
Vkpainoto. BaxnuBo mniarpumyBaru OasiaHc
MK BHPOOHMKAMHU Ta CIIOXKHMBAa4aMU EHEprii.
SIK BUIIaJIKK HAJIMIPHOTO, TaK 1 HEIOCTAaTHLOTO
3a0e3MeUeHHs] CHEPri€l0 CTAHOBISATH PH3HUKU
i iHppacTpykTypu. Ha 3miny Momeni onTo-
BOTO PHMHKY €JIEKTPOEHEPTii 3 €IMHUM IOKYII-
[[eM TPUHIIIIIAa PUHKOBA MOJIEJIb, 1110 0a3y€eThCs
Ha JIBOCTOPOHHIX PUHKaX, pUHKaX Ha 0Oy Ha-
nepes i BHyTPIIIHROJOO0OBUX PUHKAX, & TAKOXK
pHHKaxX OallaHCYIOYMX 1 JOMOMIDKHHMX TIOCIYT,
JIe YYaCHUKH MOXXYTh BUIBHO TOPTYBaTH €JieK-
TPOEHEPTi€l0, a EHEPrOKOMITaHIT MOXKYTh HaJla-
BaTH MOCIIYTH, 1110 320e31e4yI0Th CTa0lIbHICTh
€HEeProCUCTEMHU Ta MOCTAYaI0Th €JICKTPOSHEP-
riro KiHneBoMmy croxkusady. [ITporHosyBaHHs
NONHUTY Ha PUHKaX EJIEKTPOEHEPTii € OIHIEI0
31 CKJIAQIOBHX, SKYy HEOOXIIHO BTIIMTH IS
YCHIIIHOTO BEACHHS Oi3HECY Ta ONTHMi3arii
0i3HEC-IIPOIICCIB TOPrOBUX KOMIaHii. Y crar-
Ti Ha OCHOBI Mogei, po3podiseHoi B [HcTUTYTI
npobnem MogzentoBanHsl B eHepretuii HAHY,
MOCTABJICHO 3aJiady 3 PO3POOKH IMPOrpamMHoOl
CHCTEMH ITPOTHO3YBaHHS 3arpo3 B CHEPIreTHI
VYkpaiuu i3 BUKOPUCTAHHSIM METOJIB MAaIlIUH-
HOTO HaBYaHHS. 3/1HCHEHO EKCIICPUMEHTH 13
3aCTOCYBaHHSI METOIB perpecii /uis BiJHOB-
JICHHS! KOJIOHKH 3 IAaHMMH JIBOCTOPOHHIX JIOTO-
BOPIB /ISl 3a/1a41 IPOTHO3YBaHHS BUPOOJICHHS
Ta CIIOKMBAHHS enekTpoeHeprii. Pesymprarn
13 3aCTOCYBaHHSI QJITOPUTMIB MAIIMHHOTO Ha-
BUAHHS Ha JIAHUX MUPHOTO Yacy MoKa3ajH, [0
MOXHA 13 JOCTaTHHOK TOYHICTIO IIPOTHO3YBa-
TH 00CSTH PUHKY Ta TapUQHI IJIaHU Ha TOAUHY
Hariepest i BUITH 32 MEXi OIHOACHHOTO TIJIaHy-
BaHHSI.

Knro4oBi cioBa: eNeKTpOCHEpris, alrOpHTM,
MallMHHE HaBYaHHS, IPOTHO3YBAaHHS, pe-
rpecis, pUHOK JIBOCTOPOHHIX JOTOBOpIB, pH-
HOK Ha J100y Harepes, BHYTPIIIHbO-I000BHI
PHUHOK, 0aTaHCYIOUUH PUHOK.

118

UDC 658.26, 004.421, 004.89

Research of software solutions for forecast-
ing electricity generation and consumption
in Ukraine that are based on machine learn-
ing methods / I. P. Sinitsyn, V.L. Shevchenko,
A.Yu. Doroshenko, O.A. Yatsenko.

The problem of security in energy sector is an
important aspect for Ukraine. The purpose of
monitoring in this area is to optimize the flow
of electricity between market participants,
between European partners and Ukraine. It
is critically important to maintain a balance
between producers and consumers of energy.
Both over and undersupply of energy represent
risks to infrastructure. The previously available
wholesale electricity market model with single
buyer has been replaced by a model based on
bilateral, day-ahead and intraday markets, as
well as balancing and ancillary services mar-
kets. Now the participants can freely trade
electricity and energy companies can provide
services that provide stability of the energy
system and supply electricity to the final con-
sumer. The demand forecasting in electricity
markets is one of the components that must
be implemented for successful business oper-
ations and optimization of business processes.
Based on the model of the Institute of problems
of modeling electricity engineering of NANU,
the paper sets out the task of developing a soft-
ware system for forecasting threats in the en-
ergy sector of Ukraine using machine learning
methods. Experiments were conducted on the
application of regression methods to restore a
column with data from bilateral contracts for
the task of forecasting electricity generation
and consumption. The results of the application
of machine learning algorithms on peacetime
data demonstrated that it is possible to predict
market volumes and tariff plans one hour in ad-
vance with a good accuracy which allows to go
beyond one-day planning in the future.

Keywords: electricity, algorithm, machine
learning, forecasting, regression, bilateral con-
tracts market, day-ahead market, intraday mar-
ket, balancing market.
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