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NOPIBHANbHWUIA AHANI3 IHCTPYMEHTIB NOACHIOBAHOIO MALLUUMHHOIO
HABYAHHA

Po6oTta npucBAYeHa A[OCAIAMKEHHIO MNOACHIOBAZbHOIO  MAaLUMHHOIO
HaBUYaHHA, Yy CTaTTi NpeAcTaB/lIeHO aHaAi3 iCHYUMX apXiTeKTyp Ta onuc
BiANOBiAHMX TEXHOAOriN, WO peani3oByloTb BianoBigHy apxiteKTypy. HaBeaeHo
0co6MBOCTI  3aCTOCYBaHHA OOpPaHMX TEXHOJOriA, a TaKOXX BUKOHAHWUA
nopiBHANbHUIA aHani3 nepesar. Ha nigcrasi aHanisy cdopmoBaHO NONOXKEHHA
CTOCOBHO YMOB 3aCTOCYBaHHA AaHUX TEXHO/ONIN i aKTYaNIbHOCTi iX BAKOPUCTAHHA
y chepi 06iKy gaHux.

Knrouyosi cnosa: maluMHHe HaBYaHHA; LUTYYHUN iIHTENEKT.

MawunHHe HaBYaHHA Ta WTy4YHU iHTenekT (WI) ctranm Hesig'emHolO
YACTMHOK CYYACHOro TEXHONOMYHOro naHAwadTy, 3HAXO4AYM 3aCTOCYBAHHA Y
PiI3HOMAHITHUX ranysax — Big mMeaAuuMHM Ta diHaHciB A0 aBTOMObGIiNbHOI
NPOMMUCNIOBOCTI Ta couianbHMX mepex. OgHaK, 3i 3pOCTaHHAM CKAagHOCTI Ta
noTy*KHocTi mogenen LLI, BUHMKae npobaema ix «HENPO30POCTi» — CUTyaL,i, KON
HaBiTb PO3POBHMKM HE MOXKYTb MNOBHICTIO 3PO3YMITU T MOACHUTU, AK CaMe MOAEe/b
NPUIMMAE pilLeHHA.

LUa npobnema nopoaKye pAg BaXKAMBUX MNUTAHb: AK MOXKHA [O0BIipATH
PILULEHHAM CUCTEMM, AKWO MW He PO3YMIEMO, fK BOHA iXx npurimae? Ak
3abe3neunTM eTUYHICTb Ta CnpaBeanMBiCTb BMKOpUCTaHHA LI B KpUTUYHMX
chepax? AK BUABNATU Ta BUNPABAATM NOMUIKM B pOOOTI mogenein?

Came pgnAa BMUpPIWEHHA UMX NMAUTaHb | BUMHMKAA KOHUENUiA MOACHIOBAHOrO
wTy4yHoro iHTenekTy (Explainable Al, XAl). MeTa XAl — 3pobuTtun cuctemu LI GinbLu
NPO30PUMMU, 3PO3YMIIMMMK Ta HALIMHUMMK, [,03BONAKOYN NOAAM iHTEPNPETYBATU Ta
NOACHIOBATM PillEHHA, NPURHATI anroputmamu. Y Ui poboTi mn nposegemo
AETaNIbHUM aHani3 cyy4acHWX iHCTPymeHTiB XAl, NOpiBHAEMO iX MOXKAMBOCTI Ta
OOMEeXKEeHHsA, a TaKOX HafJamo peKkomeHAauji woao iX 3acTOCyBaHHA B Pi3HUX
cueHapisx.

MoAcHOBaHMA WTYYHUI iHTenekT (XAl) — ue niaxia y po3pobui cucrem LI,
AKNIA POKYCYETbCA Ha CTBOPEHHI Moaenen, uui pilleHHs Ta BHYTPILWHIO NOTiKY
MOXHa 3pO3yMiTM Ta noAcHUTM nogam. XAl nparHe nogonatm npobnemy
«YOPHOrO AWMKA», KOAN MOAENb AAE TOYHI MPOrHO3W, ane NPOLEC NPUNHATTA
pilleHb 3aNMLWAETLCA HE3PO3YMIUM.



OcHoBHi uini XAl BrkatoyatoTb: lNpo3opicTb: 3abe3nevyeHHss PO3yMiHHA TOro,
AK MOogenb nNPUMMAE pilleHHA. |HTepnpeToBaHICTb: MOMIMBICTb MNOACHUTU
pilleHHA moaeni 3p0o3yminoto Ana NAMHKM MOBOD. BignoBiganbHICTb: 34aTHICTbL
BUABAATM Ta BUNPABAATU NOMUAKM abo ynepea)eHHs B mogensx. [fosipa:
niaBULLEHHA A0BIPU KOpUCTyBadiB Ao cuctem LUI.

IcHye ABa OCHOBHMX nMiAXoAM [0 CTBOPEHHS MNOACHIOBAHMUX Moaene
(pcyHOK): mo neple Le MNOACHEeHHA iCHYHUYMX CKnagHux mogenei (post-hoc
explanations), skt BKAOYAE B cebe BUKOPWUCTAHHA CNewujianbHUX MeToAiB ANns
aHani3y Ta iHTepnpeTauii B}e HaBYEHMX MOAENEelN, a TaKOoXK HEe BMMArae 3miHu
apXiTeKTYpU moaeni, ane moxe 6yt obmexkeHMm y rnmbuHi noscHeHb. Mo gpyre
ue po3pobka HOBUX apXiTeKTyp 3 BOyAoBaHOW noAcHloBaHicTio (intrinsically
interpretable models), Aaka 6a3yeTbcA Ha CTBOpPEeHHiI mogenel, fAKi 3a CBOEID
NPUPOAOIO € IHTEPNPETOBAHNUMM, 3@ TAKOXK MOXKe 0OMeXKyBaTM CKNAAHICTb Moaen,
npuv ubomy 3abesneuytoun 6inbll rMB6OKe Po3yMiHHA Ti poboTH.

CamoiHTepnpeToBaHi
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3aBOKOBaTH [0BipY KOPUCTYBauiB, Byayuu uecH1mMm aHI NOACHEHHIO.

PO3KpUTK MeXaHizm :
Ta eTUUHMMK (NepeBipUBLLK NPOrHO3)

NPUIAHATTA PilleHb

IuTepnpetauja /MoACHIOBaHICTL Ha wnaxy go
™ [OCTOBipHOCTI

: . o q . mogeni
PO3KpUTH BHYTpilWHIO Po3ymiTi BHYTpIlLHI BNacTMBOCTI Mopaeni

poBoty mogeni MoZeni, AKI NiABMLLYIOTE NPo3opicTb i Mogeni

ToAcHIoBaHiCTb

PucyHok. J/loriyHa cxema pob0oTu pisHuX Tnis moaenein LUI

Y uit poboTi MM 30cepeAMMOCb Ha Mepliomy nigxoAdi Ta pPO3rAsSHEMO
nonynApHi iHCTPYMEHTU ANS NOACHEHHA KHOPHUX ALMKIB» MALWMHHOIO HaBYaHHA.
PosrnaHemo pgeTanbHO TpW  MNONYAAPHI  IHCTPYMEHTUM MNOACHIOBAHOro
MALIWMHHOrO HaBYaHHA:
1) SHAP (SHapley Additive exPlanations);
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2) LIME (Local Interpretable Model-agnostic Explanations);
3) IHTerpoBaHi rpagieHTH (Integrated Gradients).
4) SHAP (SHapley Additive exPlanations).

SHAP — ue meToa, 3aCHOBaHMW Ha Teopii irop, AKWI 06YNCNIOE BHECOK
KOXHOI O3HaKW y nporHo3 mogeni. BiH BuKkopucrtosye 3HayeHHA Lenni 3 Teopii
KOOMepaTMBHUX irop A4aA pO3Noainy NPorHo3y miK Bcima o3Hakamu. OCHOBHMMM
nepesaramn SHAP € rnobanbHa Ta /ioKanbHa iHTepnpeToBaHicTb: SHAP more
NOACHIOBATU fAK OKpemi MNpPOrHo3M, TaK | 3aranbHy NOBEAiHKY MoAeni.
Y3rozsKeHicTb 3 Teopieto irop: 3abesneyye TeopeTUyHO OBIrPyHTOBAHMI Niaxia Ao
po3noAiny BRAAMBY 03HaK. [ligTpMMKa Ppi3HMX TUMIB  MoAenen: MoxKe
3acTocoByBaTMCA A0 OyAb-AKOI Mogeni MAWWHHOrO HaBYaHHA. AAUTUBHICTD:
BHECKM O3HAK CyMYIOTbCA A0 Pi3HULI MiXX GaKTMYHMM MPOrHO30M Ta cepefHim
nporHo3om. B cBoto yepry SHAP mae i cBoi obmexKeHHs, 10 AKUX MOXKHa BigHecTu
ob4ncntoBanbHy CKNA[HICTb: ANA TOYHOrO obuyMcneHHA 3HadveHb Lenni moke
3HapobuTnca 6arato Yacy, 0cob1MBO ANA MOAeNel 3 BEIMKOLO KiNbKiCTIO 03HaK, Ta
CKnagHictb  iHTepnpeTauii: xoya SHAP Hapae peTtanbHy iHbopmalito,
iHTepnpeTalis pe3ynbTaTiB MOXe 6yTU CKNaAHOI AN HETEXHIYHUX KOPUCTYBadiB.

LIME (Local Interpretable Model-agnostic Explanations) — ue metoa, sKkui
NOACHIOE OKPEMIi NPOrHO3N LWIAXOM anpOoKCUMaL,ii NOKaNbHOI NOBeAiHKM moaeni
NPOCTOIO iIHTEPNPETOBaHO Moaen o (Hanpuknag, NiHinHow perpecieto). OCHOBHI
nepesaru metoay LIME ue iHTYiTUBHO 3p0o3ymini noacHeHHA: LIME cTBopto€e npocrTi
NOKanbHi moaeni, AKi Nerko iHTepnpeTyBaTW; MOAENbHO-arHOCTUYHUI nigxia:
MOJKe 3aCTOCOBYyBaTMCA A0 OyAb-AKOT MoAeni MalMHHOrO HaBYaHHA; NiATPUMKaA
Pi3HUX TUNIB JaHUX: MNpaule 3 TabAMYHMMKM, TEKCTOBMMWM Ta HaBITb
300parKeHHAMW; NOKasibHa TOYHIiCTb: nosicHeHHA LIME TouyHo BigobparkatoTb
NnoBeAiHKY MmoJeni B OKONi KOHKPETHOro nNpuKaagy; FHYYKICTb: MOMIMBICTb
HaNawWTyBaHHA NapameTpiB AnAa 6anaHCy MiXK TOYHICTIO Ta iHTEPNPETOBAHICTIO
nosicHeHb. Cepen obmexeHb LIME moOKHa Bif3HAuYMTM noKanbHicTb: LIME Hagae
NOACHEHHA TiINbKW ONA OKPeMUX NPUKNAAIB, WO MOXe YCKAAOHUTU PO3YMIiHHA
rnobanbHOi noBefiHKM Mogaeni; HecTabiNbHICTb: Pi3Hi 3anycKM MOXKYTb AaBaTwu
Aewo pi3Hi NOACHEHHA ANA OAHOro i TOro K npuknaay; Bubip napametpis:
epekTnBHICTb LIME 3aneXutb Big, NpaBMAbHOIO HanawTyBaHHA MapameTpis, WO
MOXKe BYTM CKNaHMM 3aBAAHHAM.

IHTerpoBaHi rpagieHTn (Integrated Gradients). MeTog iHTerpoBaHux
rpadieHTiB 06UYMCNIOE BaXKAMBICTb BXiIHUX O3HAK, iHTErpytoun rpagieHTM mopaeni
B340BX NpsAMOI Big 6a30BOI TOYKM (3a3BMYal HY/NIbOBOrO BEKTOpa) A0 BXigHOro
3pa3ka. OcHOBHiI nepeBarn iHTErpoBaHUX TPALIEHTIB LEe TEOpPeTUYHa
ObrpyHTOBAHICTb: MeTOo/, 3a[0BOJIbHAE BaK/JMBi aKCiOMMU, TaKi K YYT/AMBICTb Ta
NOBHOTA; edeKTUBHICTb ANA FNNOOKMX HEMPOHHUX Mepex: ocobnmeo aobpe
NPaUlE 3 CKNAAHMMM MOAENAMM TAMBOKOro HaBYaHHA; YYTAMBICTb A0
HeniHinHocTel: 34aTHUW BUSABNATU CKAAAHI HENiHiIMHI 3aneXKHOoCTi B moaeni;
MOX/INBICTb Bi3yani3al,ii: pe3ynbTaTM MOKHa JIerko Bi3yanisysaTu, ocobamso ana
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3a4a4 Komn'toTepHoro 3opy. ObmeKeHHA iHTerpoBaHMX rPafieHTIB BKAKOYAOTL B
cebe obumcnioBanbHy CKNAAHICTb: MeToh, BMMmarae 6aratopa3oBoro ob4McieHHs
rPafieHTIB, LLLO MOXKe BYTU pecypCcoMICTKMM Ans BeAMKUX moaenei; Bubip 6a3oBoi
TOYKM: pe3ynbTaT¥ MOXKYTb 3anexaTtu Big BMbopy 6a30BOi TOUKK; iHTepnpeTaLis
pe3y/bTaTiB: Xo4a MeToh, HaZA€E AeTaNbHy iHPOPMALiD NPO BAXK/AMBICTb O3HAK,
iHTepnpeTauisa ujei iHpopmauii moxe OyTM CKAaAHOW ANA  HETeXHIYHMX
KOPUCTYBaUiB.

MopiBHANbHWI aHani3. [na 6inbll AeTaNbHOrO MNOPIBHAHHA IHCTPYMEHTIB
XAl, po3wwmpumo Hal aHani3 (Tabnuusa), BKAOUYMBLUM A0AATKOBI KpUTepii Ta BinbLu
AeTanbHi ouiHKM. OLUiHKKM BUCTaBAAIOTLCA 3a WKasiow Big 1 Ao 5, ae 1 — HalMHKUKYa
OUjHKa, a 5 — HaVBMLLUa.

Tabnunus
Po3swmnpeHe nopiBHAHHA iIHCTpymeHTIB XAl
KpuTtepiit SHAP|LIME lHTerpoBaHi rpagieHTu
IHTepnpeToBaHiCTb NOACHEHb 5 4 3
ObuncnioBanbHa ePpeKTUBHICTL, 3 4 5
YHiBEpPCaNnbHICTb 3aCTOCYBaHHA| 5 4 3
TeopeTnyHa obrpyHTOBaHIiCTL | 5 3 5
3pY4YHICTb BUKOPUCTAHHA 4 5 2
nobanbHa iHTEepnpeToBaHicTb | 5 2 4
JloKkanbHa iHTepNpeToBaHiCTb 5 5 4
CTabinbHiCTb NOACHEHDb 4 3 5
Bisyanisauia pe3ynbTaTis 5 4 4
MiaTpumKa pisHux TUNiB gaHnx| 4 5 3
3aranbHui 6an 45 | 39 38

MpoBenemo AeTanbHWUI aHANI3 33 KOXKHUM KPUTEPIEM.

IHTepnpeToBaHicTb nosicHeHb. SHAP Hapgae Hanbinbw nNoBHI Ta 3po3ymini
NOACHEHHA, BPAaxOBYOUM B3aEMOAI0 MiX 03Hakamu. LIME nponoHye iHTYiTMBHO
3pO3YMIiJli  NIOKA/IbHi  NOACHEHHA. |IHTerpoBaHi  TPaflieHTM MOXYyTb  byTn
CKNagHiWmMmm ana iHtepnpeTtay,ii HEeTEXHIYHMMUM KOPUCTYBaYamMu.

ObuncnioBanbHa edeKkTuBHicTb. SHAP  3a3Buuyalh  BuMarae binblie
064ncNoBaNbHUX PeCYPCiB AN OTPUMAHHSA noAcHeHb. LIME € 6inblw epekTMBHUM,
OCKiNbKM NpaLIOE 3 NOKANbHUMM anpPOKCMMaLIAMUN. IHTerpoBaHi rpadieHTU MOXKYTb
6yTM obuucneHi gocutb edeKkTUBHO, 0COBAMBO A8 HEUPOHHUX Mepex 3
BUMKOPUCTAHHSAM aBTOMATMYHOro andepeHLitoBaHHA.

YHiBepcanbHicTb 3actocyBaHHA. SHAP moxe OyTu 3actocoBaHui [0
WMPOKOTO  CMNEeKTpPy MoAenel MAWWMHHOrO Has4vaHHA. LIME T1akox €
YHIBEpPCANbHMM, ajie MOXe MaTu OOMeXKeHHs ANa AeAKMX TUNIB  AaHuX.
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IHTerpoBaHi rpagieHTM HalKpalwe NPauiooTb 3 ANdepeHLinoBaHMMKU MOAENAMM,
0C06/11MBO 3 HEMPOHHUMU MepeXRaAMMU.

TeopeTnyHa o6rpyHTOBaHicTb. SHAP mae cunbHe TeopeTUYHe MiArpyHTS,
6asytoumcb Ha Teopii irop Ta 3HadeHHAx LWenai. LIME meHWw TeopeTnyHo
O6rpYHTOBAHWUIM, ane Ma€ iHTYITUBHO 3PO3yMiny OCHOBY. IHTErpoBaHi rpagieHTu
MalTb CTPOre MaTemaTU4He 06r'pyHTYBaHHA Ta 3a40BO/IbHAIOTb BaXK/AMBi aKCiomMu.

3py4yHicTb BUKopuUcTaHHA. SHAP mae pobpe pospobneni b6ibniotekn 3
LUMPOKMMUM MOMKNMBOCTAMM Bi3yanisauii. LIME € HalnpocTiluMm y BUKOPUCTaHHI 3
iHTYiITMBHO 3po3yminum API. IHTerpoBaHi rpagieHTM MOMKYTb BMmaratM binbuie
3yCuUb ANa peanisauii Ta iHTepnpeTau,i.

FnobanbHa iHTepnpeToBaHicTb. SHAP Hagae BigAMiHHI MOXKAMBOCTI ANs
rnobanbHoi iHTepnpeTauii moaeni. LIME B ocHOBHOMY $pOKYCYETLCA Ha NOKaNbHUX
NOACHEHHAX, WO 0bMeXKye 1oro rnobanbHy iHTEpnpeToBaHicTb. |HTerpoBaHi
rPafi€eHTM MOXYTb ByTW arperoBaHi ANA OTPMMAHHA rNobanbHOI KapTUHKU, ane ue
MeHLW npsame, HixK y SHAP.

JNloKanbHa iHTepnpeToBaHicTb. SHAP 3abe3neyye TOUYHI 1I0Ka/IbHi MOACHEHHS.
LIME cneuianbHO po3pobneHnii Ana NoKanbHOI iHTepnpeTauii i BiAMIHHO
CNPaBAAETbLCA 3 UMM 3aBAAHHAM. IHTErpoBaHi rpafieHTU TaKoX HaAalTb AKICHI
NIOKANbHi NOACHEHHS.

CtabinbHicTb nosicHeHb. SHAP 3abes3nevye cTabinbHi NOACHEHHA 3aBAAKK
CBOiN TeopeTuyHii ocHoBi. LIME morke pasatm pewo HecTtabinbHi pe3ynbTaTu
yepes BUNAAKOBICTb ¥ NPOLLECI CTBOPEHHA JIOKANIbHUX anpoKcUMaLii. IHTerpoBaHi
rpafieHTM 3a3BUYal JalOTb AOCUTL CTAabiNbHI pe3ynbTaTy.

Bisyanisauia pe3synbtatie. SHAP Ma€e wWUpOKMIn Habip IHCTPyMeHTiB
Bi3yanisauii, BKAOYatoun rpadikm BaknAmsocTi o3Hak, force plots Ta iHwi. LIME
NPOMNOHYE 3pYyYHi Bidyanisauii ANA NOKaNAbHUX NOACHEHb. |HTerpoBaHi rpagieHTu
MOXYTb 6yTK Bi3yanizoBaHi, 0co61MBO epeKTUBHO ANA 33434 KOMN'OTEPHOro
3opy.

MigTpmMmKa pisHMxX TMNiB gaHux. SHAP gobpe npautoe 3 TabAMYHMMN AaHMMUK
Ta Mmoxe 6yTM agantoBaHui ans iHwux Tvnie. LIME mae BbyaoBaHy nigTpumky
ANA TabANYHUX [JAHUX, TEKCTY Ta 3006pakeHb. IHTerpoBaHi rpafieHTV HanKpalle
NpaLoTb 3 HEMEPEPBHUMWN JAHUMMU, a/ie TEOPETUYHO MOXKYTb BYyTU afanToBaHi
ANA IHWNX TMNiB.

PekomeHaauii wopno snbopy iHCTpymeHTiB. Ha OCHOBI NpoBeAeHOro aHanisy
MOXHa HafaTM HacCTyNHi pekomeHaalii woao BMbopy iHCTpymeHTiB XAl anAa
Pi3HUX CcUeHapiiB BMKOPUCTAHHA. [OnA KPUTUYHUX 3aCTOCYyBaHb 3 BUCOKUMM
BMMOraMM A0 TOYHOCTI Ta OBFPYHTOBAHOCTI MOACHEHb PEKOMEHAYETLCA
BMKopucToByBatM SHAP yepes Moro TeopeTMyHy ObOrpPYHTOBAHICTb Ta 34aTHICTb
HafaBaTu sAK rnobanvHi, Tak i NOKanbHi nosicHeHHA. MMpuKnagM 3acTocyBaHb:
MeANYHa AiarHocTuMka, ¢iHAaHCOBMIM aHani3, CUCTEMM MIATPUMKM MPUMHATTA
pillEHb Y KPUTUYHUX ranyssax. OnA WBMAKOro MNPOTOTMMAYBAHHA Ta MNOACHEHHA
oKkpemux nporHosie LIME € ontumanbHuUm BMBOpPOM 3aBAAKM CBOIM MPOCTOTI
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BUKOPUCTAHHA Ta iHTYITMBHO 3pO3YyMIIMM NOACHEeHHAM. [puMKnaan 3acTocyBaHb:
aHani3  HacTpoiB Yy TEeKCTaX, PEeKOMEHZAUiNHI  CUCTeMW, MAPKETUHTOBI
AOCNIAXEHHA.

Ona rnnbokux HeMpoHHMX mepexk, ocobamBo B 3agayvax Komn'toTepHOro
30py IHTErpoBaHi rpagieHTM € NOTYKHUM iHCTPYMEHTOM, AKMA A06pe npaltoe 3
CKNASHUMWU  HENPOHHUMMK apxiTeKTypamu. [puKNaaM 3acTocyBaHb: aHani3
MeANYHUX 300parKeHb, CUCTEMM  KOMM'IOTEPHOTO 30py B  ABTOHOMHMX
TPAHCNOPTHMX 3acobax.

[na KOMNNeKCHOro aHanisy mogenev pekomMeHAYETbCA BUKOPUCTOBYBATH
KombiHauilo metoais. Hanpuknag, SHAP ansa rnobanbHOro aHanisy BasK/MBOCTI
o3HaK, LIME gna noAacHeHHA OKpemux NPOrHosiB, Ta iHTErpoBaHi rpagieHTy Ana
AEeTaNIbHOro aHaNi3y HeMPOHHUX MepexK. NprnKNaan 3acTocyBaHb: AOCNIAKEHHA Ta
po3pobKa HOBUX MOZeNe MaWMHHOTO HAaBYaHHA, ayAuT iCHYtUNX cuctem LLI.

Ona 3aga4 3 obmexeHnmn obumcatoBaibHUMK pecypcamm LIME moske 6yTu
Kpawum BMOGOpOM 4Yepe3 MOro BigHOCHY o064McatOBaNbHY ePeKTUBHICTb.
Mpuknagm 3actocyBaHb: BOYAOBaAHI cucTeMn, MODINbHI A0AATKM 3 enemeHTamu
Lul.

[Ona 3apay, Wo BMMaratoTb iHTepnpeTaL,ii B3aeMoAin mix o3Hakamu SHAP €
HalKpawmm BMOOPOM, OCKINbKM BiH 343aTHUI BUABNATM Ta NOACHIOBATU CKNAAHI
B3aEMOAji MiXK O3HakKamu. [MpuKNagu 3acTocyBaHb: aHaNi3 reHeTUYHUX AaHuX,
CKNagHi eKOHOMIYHI mogeni.

BucHOBKK. [lpoBefeHMA aHaNi3 MNOKa3ye, WO KOXKEH 3 pPO3rNAHYTUX
IHCTPYMEHTIB MOACHIOBAHOrNo MALWWMHHOIO HaBYaHHA Ma€E CBOI nepeBarn Ta
obmeKeHHA. Bubip oONTMManbHOro IHCTPYMEHTY 3aneXuTb Bif, KOHKPETHOro
CUeHapito BUKOPUCTAHHA, TUNY [AaHWUX, CKAAgHOCTI moaeni Ta BMMOr A0
iHTepnpeTayii. SHAP 3abe3neyye Halbinbw NOBHI Ta TEOPETUYHO OOrPYHTOBaAHI
NOSAICHEHHA, ane MoXe O0yTn obuucnoBanbHO 3aTpaTtHMm. LIME nponoHye
iHTYITUBHO 3pO3YMiNi NIOKaNbHi NOACHEHHSA | NPOCTUMA Y BUKOPUCTAHHI, ane MeHwW
TEOPETUYHO OOrFPYHTOBAHMW. |HTErpoBaHi rpagieHT edeKTUBHI Ana rAnNbOoKMx
HEMPOHHUX MepeK, ane MOXyTb OyTM CKnagHiwmMmun B iHTepnpeTauii ana
HeTEeXHIYHMUX KOPUCTyBadiB. BaxknnBo 3a3HaunTh, Wo obnactb noacHosBaHoro LUI
aKTUBHO PO3BMBAETLCA, | HOBI METOAM Ta iIHCTPYMEHTWU 3'ABNAIOTLCA PerynapHo.
Tomy pocnigHMKamM Ta MpPakKTUKamM pPeKOMEeHAYETbCA CNiAKYyBaTU 33 OCTaHHIMMU
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COMPARATIVE ANALYSIS OF EXPLANATORY MACHINE LEARNING TOOLS

The paper is devoted to the study of explanatory machine learning, the
article presents an analysis of existing architectures and a description of the
relevant technologies that implement the corresponding architecture. The
features of the selected technologies are presented, as well as a comparative
analysis of their advantages. On the basis of the analysis, the article formulates
provisions regarding the conditions for the application of these technologies and
the relevance of their use in the field of data accounting.
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YAK 621.311.21

Nasnenko [A. C., acnipaHT; 2Cugop A. l., K.T.H., poueHT (HauioHanbHMN
YHIiBEPCUTET BOAHOrO rocnogapcTBa Ta MNPUPOAOKOPUCTYBaHHA, M. PiBHe,
1d.s.pavlenko@nuwm.edu.ua, %a.i.sydor@nuwm.edu.ua)

ornap 0CoOsUBOCTEA KOAYBAHHA B PI3HUX TEOPETUKO-YUCNIOBUX
BA3UCAX

MeTolo poboTM € HapaHHA OrnAAQy METOAIB KOAYBAHHA B TEOPETUKO-
uucnoBux 6asmucax, aHanisyBaHHA iX KAIOYOBUX BNACTUBOCTEM, nepesBar Ta
obmerKeHb, a TaKOXK AOCNIAUTU iX 3aCTOCYBAaHHA B Pi3HUX ranysnax, 30Kpema B
KpunTtorpadii, 06pobui gaHux Ta undpposux cucremax. Pobora cnpamosaHa Ha
BUCBIT/IEHHA TEOPETUYHMX AaCMNEKTiB TAKUX MeToAiB i 06roBopeHHA nepcneKkTus ix
NOAAaNbLUIOrO PO3BUTKY Ta NPAKTUYHOTO BNPOBaAXKEHHA.

Knroyoei cnoea: KopyBaHHA; TEOPETUUYHI Ta UYMCAOBIi OCHOBMU; MATpULA;
CXeMOTeXHiKa.

TeopeTuKo-ymncnoBuin 6asnc — ue pyHaameHTanbHA KOHLENMLiA, NoB'A3aHa 3
MaTeEMATUYHUMMKN TeopiAMKM 4Yucen Ta iX BAACTUBOCTAMMU. BiH OXONAIOE OCHOBHI
NPUHLUUNN Ta CTPYKTYPU YNCNOBUX CUCTEM, AKI CAY*KaTb OCHOBOK OAA PO3YMIHHA
yucen, iXx onepauin Ta B3aEMO3B'A3KIB Y PI3HUX MATEMATUYHUX AUCLUMNNIHAX.
Po3rnaHeMo 0CHOBHi KOMNOHEHTWN TeOPETUKO-YNCNOoBMX Basucie. Cuctema uncen —
Knacudikauia ymcen, TakMx AK HaATypanbHi, Lini, pauioHanbHi, ippauioHanbHi Ta

KOMMJEKCHi 4yncna. ApudmeTtnyHi onepauii — 6a3oBi onepauii (goaaBaHHS,
BiIHIMaHHA, MHOMEHHA, AineHHA) Ta iX BAacTMBOCTi  (acouiaTUBHICT,
KOMYTaTUBHICTb, AUCTPUBYTUBHICTb). Teopis NOAiNbHOCTI — npaBuna Ta

B/IaCTMBOCTI NOAINBbHOCTI YMcen, NPOCTi Yncna Ta ix posknad. Ymucnosi ¢yHKUiT Ta
NOCNiAOBHOCTI — BMBYEHHSA Pi3HUX PYHKLUiM, TakKuUX AK apuPmeTuyHa PyHKLia, Ta
3aKOHOMIPHOCTI YMC/IOBUMX NOCANIA0BHOCTEN (HanpuKknaa, umcna ®iboHayyi). MpocTi
Ta CKNAAEHI YMcna — OCHOBHI BNIAaCTMBOCTI MNPOCTUX YMCEN, METOAM iX NOLIYKY Ta
OOCNIoXKEeHHA po3MnoAiny NPOCTUX uYMcen cepes HaATypanbHuX yucen. Teopida
3a/IMLWKIB — BMBYEHHS MOPIBHAHb 32 MOAyNAeM i PO3B'A30K PiBHAHb Y KinbuAX
3a/IMLLKIB, Ba)KAMBUIK acneKkT y Kpuntorpadii Ta obuyncnioBasibHii maTemaTul,.
AnrebpaiyHi yncna — AOCNiAKEHHA KOPEHIB MHOTOYNEH B Ta iX BaCTUBOCTEN fAK Y
NoAi paLioHaNbHUX YnCen, TaK i B Binbl 3aranbHUX nonax. AiopaHToBi piBHAHHA —
e PiBHAHHA, PO3B'A3KM AKUX MalOTb OYTU LiAMMKM Ynucnamu. BUBYEHHA TaKux
PiBHAHb, AIK, HAaNPUKNaa, 3HaMeHUToro pisHAHHA MNidaropa x’+y?=z%, npusseno 4o
3HayHOro nporpecy B Teopii umicen. [iodpaHTOBI PiIBHAHHA BiAIrpalOTb BaXKAMBY
ponb y Kpuntorpadii Ta Yncnosmux obuncneHHsax. Teopia KOHFPYEeHLiN — BUBYEHHA
CUCTEM MOPIBHAHb, MOAYbHUX APUPMETUYHMX OnepaLii i iXx 3acTocyBaHHA. BoHa
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BMKOPWUCTOBYETLCA A/1A BUPIlLEHHA 33434, NOoB'A3aHMUX 3 NepioanYHICTIO Yncen, i €
OCHOBOI Ana 6araTbOx anropuTmie B iHGOPMATULI, BKIKOYAKOUYM XELYBAHHA i
wrodpyBaHHA. Teopia YMcnoBUX NoNiB — po3ain anrebpaiyHoi Teopii uncen, akmn
BMBYAE PO3LIMPEHHA NOANIB, HANPUKAAA, PO3LWMNPEHHA NOMA PALIOHANBHUX YUCEN.
BoHa onucye, AK 4ymMcna MOXKyTb OyTM npepctaBneHi B pisHMX anrebpaiyHmx
CTPYKTypax i AK 3MIiHIOOTbCA iXHi BAACTMBOCTI. AHaniTUYHa Teopia uucen — ue
po3A4in Teopii Yncen, AKUMIA BUKOPUCTOBYE METOAM MATEMATUYHOrO aHanisy Ans
BMPILLEHHA YMCNOBMX 334a4. BiH BKNOYAE BMBUYEHHA TaKNX BaKANBUX QYHKLIN, AK
A3eTa-PyHKLUiA PimaHa, AKa AoNOMarae [OCAiAXKYyBaTU PO3NOAiA NPOCTUX YMCen.
Teopia MMOBIpHOCTEN | CTAaTUCTMKA 4YMCEeNn — Xo4ya TpaguuiiHo Teopia uyucen
pPO3rNAfAETbCA AK OeTepMiHOBaHA rany3b MATEMATMKKM, MMOBIPHICHI mMeToaM
MOYTb BUKOPUCTOBYBATUCA ONA OLHKN PiI3HUX YUC/IOBMX BIACTUBOCTEMN, TAaKMX AK
4acToTa NOABKU NPOCTUX YMcen abo 3aKOHOMIPHOCTI B YMCNOBUX MOCAIAOBHOCTSAX.
ANropuTmMiyHa Teopia YyMcen — Le Cy4aCHUM HaNPSMOK, WO BKIKOYAE PO3POOKY
ebeKTUBHUX aNropuTMiB  ANA BUPilLEHHA 3a4ay, MoB'A3aHMX 3  4YMCAaMU,
Hanpuknag, ¢paktopumsauii Bennkux ymcen abo nowyky npoctux ymcen. BoHa mae
KNloyoBe 3HayeHHs B Kpunrtorpadii Ta 3axucTi gaHux. KBagpatuuHi Ta KybiyHi
dopmmn — Le BUBYEHHA BMUpa3is TUNy ax>+by? abo ax® + by, aki maloTb Baxamse
3HAaYeHHA ANA BUPIlLEHHA NEeBHWUX KnaciB AioPpaHTOBUX PiBHAHb i 3HAXOAXKEHHA
PO3B'A3KIB Y LiNX yncnax. Teopis rpyn i CUMeTPil y Uncnax — 4YUCNOBi 06'eKTU
MOXYTb OyTM noB'A3aHi i3 cMMeTpiAMKM i rpynamun, Hanpuknag, yepes cumeTtpii
KOpeHiB mHorouneHis. Fpynu [anya, Hanpuknag, BiAirpatOTb Ba*KAMBY poOJib B
anrebpaiynin Teopii umcen.

Po3rnsaHeMo OCHOBHi TeopeTuKo-4McioBi 6asuncu. LLlo BUKOPUCTOBYIOTL ANS
npeacTtaBieHHA  4YMCAOBMX  3HayeHb. [lpoBegemo  AOCAIAXEHHA  iXHiX
B/TaCTUBOCTEMN, MaTeEMATUYHNX 3aKOHOMIPHOCTEN Ha AKMX NobyaoBaHi Ui 6a3ucy, a
TAKO) OXapaKTepusyemo cepy IXHbOro 3aCTOCYBaHHA.

Po3snoyHemo Haw ornag 3 6a3ucy Mpes, WO XxapaKTepu3yeTbCA CKAAGHUMMU
MaTEMATUYHUMMN BJTACTMBOCTAMM, LLO MPAKTUYHO YHEMOKINUBYIOTb BUKOPUCTAHHA
OEAKUX MaTeMaTUYHUX onepauii, NpoTe ABASETbLCA NEPCNeKTUBHUM, 30Kpema B
Teopii po3nisHaBaHHA 06pas3iB, 3aBAAKM MIHIMaNbHOI Pi3HMLUi CcyciaHix u4ucen.
TeopeTuko-ymcnosuin 6asmcy pesa — e KoHLenuia, Aka BiAHOCUTbLCA A0 YNCNOBUX
CUCTEM, LLO BMKOPMUCTOBYIOTLCA ANA KOAYBaHHA AaHWX, 30Kpema, Kog pes. Kog
pes — ue cneuiafbHUA BUA ABIMKOBOro KoAy, B fIKOMY ABa MOCAIAOBHI 4Mcna
Bigpi3HAOTbCA Nnwe ogHMM b6iTom. Lla KoHuenuia 3Halwaa 3acToCyBaHHA B
KOMM'tOTEPHIl HayL,i, eNeKTPOoHiLli, Teopii 06pobKM curHanis i poboTi 3 uudposnmm
cuctemamun. KnroyoBmmn ocobamBoCcTAMM TeopeTMKo-Ynmcaosoro 6asucy pes €
0AHOb6ITOBA BiAMIHHICTb — KOXHE HACcTyrnHe YMC/I0 B NOCNiIAOBHOCTI Biapi3HAETbCA
Big, nonepeaHboro nvwe oaHUM b6iTom. Lle Ba)KAMBO, OCKiNbKM Aonomarae
3HU3UTU PU3NK NOMWUIOK NMPU NEPExXodi MiX ynmcnamm B LUPPOBUX CUCTEMAX,
30KpemMa B CUTyauisix, A€ KPUTUYHMM € NOCTYNOBUM NEpexig MiK 3HAYEeHHAMMU
(Hanpuknag, y ceHcopax, eHKoaepax abo aHanoroso-undpoBUX
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nepeTBoptoBayax). 3aBAAKM Ui ocobamBocTi Kog [pesa MiHIMI3ye MOMKAMBICTb
HEKOPEKTHOro 34MTyBaHHA 4Yepe3 OAHOYACHI 3MiHM Kinbkox 6iTiB; 3anobiraHHA
NOMWAOK — Kog, lpeA 3aCTOCOBYETLCA B rasy3ax, Ae NOTPiOHO 3MEHLWNTU KiNbKIiCTb
NOMWAOK Mif, Yac 3MiHM CTaHIB, HAaNPWUKNAg, B LMOPOBUX MPUCTPOAX, TaKUX fK
eHKoZepun. Y TakMx cMctemax NoOMMUAKM Mif, 4ac 3UMTYBAHHA MOXKYTb NPU3BECTU A0
HETOYHOrO BM3HAYEHHA MNOJIOMKEHHSA; BigobpaKeHHA B Ki/lbLEeBiM NOCNiAOBHOCTI —
Koa [pesa 3a3BMYall 3aCTOCOBYETbCA AAA CTBOPEHHA MNOCAILAOBHOCTEMN, AKi
dopmytoTb KoNo abo UMKA, WO € 3pYY4HMM ANA KOAYBAHHA CUrHaniB Ta pobotu 3
UMKNIYHUMW  Npouecamu; fierke nepeTtBopeHHs (puc. 1) — icHyoTb npocTi
MATEMATUYHI aATOPUTMM ONA NEPETBOPEHHA ABIMKOBUX Yncen y Kog pea i Hasag,
Lle pobuTb 1M0ro 3py4HMM AN1A 3aCTOCYBaHHA B LMPOBUX CUCTEMAX; 3aCTOCYBAHHA
B KOMN'tOTEPHIM TexHiui Ta 06pobui curHanis — Koa, Ipes WMPOKO 3aCTOCOBYETLCS
ONA 3MEHLLEHHA NepeLwKos i MOMUIOK Y CUCTEMAX, TAaKMUX AK aHANOroBO-LUUPOBI
nepeTBoptoBaydi, iHTepdpencn npucTpois, cuctemMn nepegadvi paHUX | B
poboToTexXHIL,.
BINARY BINARY BODE GRAY CODE GRADE
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Puc. 1. CxemoTexHiuyHe NpeAcTaBAEHHS NEPETBOPEHHA MiXK ABIMKOBMM KOA0M Ta KOAOM
Mpes

e oaHMM nepcnekTMBHMM 6A3NCOM, LLLO MAE NEPCNEKTUBU BUKOPUCTAHA B
chepi KopyBaHHs 4MCcen € TeopeTUKo-ymcnosui 6asmc lanya nos'AsaHuMin 3
anrebpaiyHolo Teopieto, AKy cTBOPMB dpaHLy3bKMIA MaTemaTuk EBapict Manya. Lis
Teopid, BigomMa AK Teopia [anya, BMBYAE B3AEMO3B'A3KM MK KOpeHAMM
MHOTOY/IEHIB | CUMETPIAMM, LLLO BUHUKAIOTb Nif, Yac ix po3B'A3aHHA. Teopisa Manya €
OJHIED 3 OCHOBHMX B anrebpaiyHiii Teopii YMcen i Mae Be/MKe 3HAYEHHA ANA
PO3yMiHHA anrebpaiyHmnx piBHAHb. OCHOBHI €NnemMeHTU TeopPeTUKO-YMCI0BOro
6asucy lanya e rpynu Manya — ye rpyna asTomopdiamis, aKi 36epiratoTb CTPYKTYypyY
Nnons Ta ONUCYIOTb, AK KOPEHi MHOro4YneHa MoXyTb ByTU B3aEMHO MepecTaBs/ieHi.
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Ui cumetpii gonomaratloTb BWM3HAYMTW, SAKi PIBHAHHA MOXKHA pPoO3B'A3aTM 3a
OONOMOro paguKanis; po3WMpPEHHA Nonis — TeopiAa [anya BMBYAE, AK MOXKHA
CTBOPUTWU HOBI NOAA, AOAAKOYMN A0 ICHYOHOro Nona KopeHi piBHAHb. Hanpuknag,
none pauioHaZbHUX YUCeN MOXKHA PO3WKUPUTM A0 MNOJA, WO BKAKOYAE
ippauioHanbHi abo KOMNAEKCHi u4ucna. Po3wupeHHA MOAiB € BaKIMBUM
iHCTPYMEHTOM A1 aHaNi3y KopeHiB anrebpaiyHmX piBHAHb; PO3B'A3HICTb PIBHAHb —
Teopida MNanya (puc. 2) aHanisye, AK MoXxHa GpopmMmyBaTU HOBI NONSA, AOAAI0YN KOPEHI
PiBHAHb A0 B)e iCHyK4Yoro nona. Hanpuknag, none pauioHasbHUX YMCEN MOXKe
6yTM poslimnpeHe A0 MNOAs, AKE MICTUTb ippalioHaNbHi abo KOMMJIEKCHI Yncna.
Po3WMpeHHA nNoAiB CAYrye BaXXAMBUM iHCTPYMEHTOM AAA BWBYEHHA KOpPEHIB
anrebpaiyHmx piBHAHb;, dyHAAMeHTaNbHA Teopema lanya — ogHa 3 OCHOBHMX
KOHUENLi Teopii Nnonarae B BCTAHOB/NEHHI 3B'A3KY MiX rpynamu aBTomopdiamis
(rpynamu Tanya) i poswmpeHHamn nonis. Lle no3BonAE 3po3ymiTh, AK cumeTpil
nons Nos'A3aHi 3 MOro anrebpaiyHUMM XapaKTePUCTUKAMK; 3aCTOCYBAHHA B Teopii
yncen — Teopia Nanya Mae WMPOKe 3acTocyBaHHA B anrebpaiuHiit Teopii umncen,
30Kpema B AO0CAigrKeHHi NoAiB 4yucen, PiBHAHb 3 LiAMMKU KoedilieHTamn Ta ix
KOpeHiB. BoHa TaKoOX CNYWUTb OCHOBOK ANA BMBYEHHA 6araTbOX KNACUYHUX
npobnem, Takmx AK Teopema Abena-PyddiHi npo HeposB'AsHiCTb 3aranbHOro
PIBHAHHA N'ATOro CTeneHs.
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Puc. 2. CxemoTexHiuHe npeacTaBiaeHHs apudmeTnku B noni Fanya GF(24)

HactynHum 6a3mcom, Lo AOCAIAKYETLCA B L CTATTi € TEOPETUKO-YNCNOBUI
6a3nc Yonwa nos'A3aHWi i3 BUKOPUCTAHHAM ¢YHKUiA Yonwa B Teopii ymcen i
undposin 06pobui curHanie. PyHKUii Yonwa npeactaBnsatoTb coboto Habip
OPTOroHaNbHUX PYHKLIM, AKI aKTUBHO BUKOPUCTOBYHOTLCA B Pi3HUX MaTEeMATUUYHUX
obnactax, 30Kpema B Teopii KoAyBaHHA, iHGOPMaLNHMX TeXHONOriAX Ta 06pOo6Li
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curHanis. OcHOBHi 0c06AMBOCTI TeopeTuKo-umcnosoro 6asumcy Yonwa (puc. 3) ue
byHKUii Yonwa — Habip 6iHapHMX YHKUINA, AKI MOXHA NpeacTaBUTU y BUTNALI
KBaZpaTHMX MaTpPULb. IXHA OPTOrOHaNbHICTb POBUTB iX KOPUCHUMM ANA NOAAHHA
CUTHaNIB i AAHWUX; OPTOrOHANIbHICTL — YHKUii Yoswa € OpTOroHasbHUMM, WO
O3Hayae, Wo iHTerpan AobyTky byab-aKnx ABOX Pi3HUX OYHKLIN AOPIBHIOE HYIO.
Ua BnactmeicTb [03BONAE pPO3KAaAaTU OYHKLUIT HAa OPTOroHasnbHi CKNaAoBi;
CUCTEMM KOAyBaHHA — PyHKUii Yoawa 3acTOCOBYOTbCA B TEOpii KogyBaHHA AnA
CTBOPEHHA KOAiB, WO 3abe3neyytoTb KOPEKLi0O MOMUIOK Mif Yac nepeaadi AaHuX,
WO pobuTb iX BaXKAMBUMU B TENEKOMYHIiKaL,isi; BUKOPUCTAHHSA B LNdpoBin 06pobui
cUrHanie — GyHKLii Yonlwa BUKOPUCTOBYOTLCA AN1A aHani3y Ta 06pobKu curHanis y
UMPPOBUX CUCTEMAX, WO [03BONAE CAPOCTUTU OBPOOKY CKAALHUX CUTHANIB;
aganTUBHI anropuTMM — Yy MNOEAHAHHI 3 afanTUBHUMM aNArOPUTMAMKU  DYHKLT
Yonwa cnpuaAoTb NOKPALLEHHIO AKOCTI nepeaadi CUrHaniB i SMEHLLEHHIO Wymy B
cuctemax 3B'A3Ky; 3acTocyBaHHA B Teopii iHGopmauii — ¢yHKuUii Yonuwa
BMKOPWUCTOBYIOTbCA ON1A KOAYBAHHA iHPOpmaLii, wWo nigsuwye edeKTUBHICTb
36epiraHHA Ta nepegadi AaHUX.

WALSH TRANSFORM .
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Puc. 3. CxemoTexHi4YHe NpeacTaBAeHHA 414 NepeTBOPEHHA YOLWa 3 BUKOPUCTAHHAM
maTpuui W2

XOR GATE THE WALSH TRANJTUR W2

Hanbinbw nonynspHum crnocobom npeacTtaBAeHHA u4ucen € [ABiMKOBa
CMUCTEMA YMC/IEHHSA, WO € OAHMM i3 pisHoBMAiIB 6asncy Pagemaxepa. TeopeTuko-
yncnosun 6asmc Papgemaxepa (puc. 4) CTOCYETbCA BWMKOPUCTAHHA YHKLIM
Papemaxepa B maTematumu,i, Teopii cMrHanis Ta ctatuctmui. PyHKUii Pagemaxepa €
H6iHAPHUMKW OPTOTrOHANbHUMMU  QYHKLIAMM, AKI AKTUBHO 3aCTOCOBYIOTLCA ANA
aHanisy paHux i posknagy ¢yHKuin. OCHOBHI XapaKTepPUCTUKM TeopeTUKo-
yucnoBoro 6asucy Pagemaxepa € ¢yHKUil Pagemaxepa — Habip ¢yHKUiM, Wwo
npMMMaloTb 3HadyeHHs +1 i -1, AKi MOXHa BMKOPUCTOBYBATU AnA MNobyAo0BU
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CKNagHUX GYHKUIM yepes ix NiHiNHI KombiHauii. Li GyHKLiT cnyrytoTb OCHOBOMO AN
CTBOPEHHA iHWWX MaTeMaTU4yHux OO6'eKTiB; OPTOroHaNbHICTb —  YHKUT
Pagemaxepa € opToroHanbHUMMK, TOOTO AOOYTOK BYAb-AKMX ABOX Pi3HUX PYHKLM
33 NEeBHUM iHTerpasom AOpiBHIOE HyAto. Lle pobuTb iX KOpUCHMMK ANa po3Knaay
dYHKLUiM Ha NpOCTi CKNaAoBi; aHani3 curHanie — ¢yHKLUIT Pagemaxepa 3Haxo4AaTb
3aCTOCYBaHHA B aHani3i curHanis, 3oKpema B uudpoBii o0b6pobui Ta
TeNIeKOMYHiKauiax, Ae iX BWKOPUCTOBYIOTb ANA KOAYBaHHA Ta nepegadi
iHbopmaLii; cnctemmn KoayBaHHA — Yy Teopii KoayBaHHA ¢yHKUiT Pagemaxepa
MOXYTb BMKOPUCTOBYBATUCA AN CTBOPEHHA KOAIB, WO 3abe3neyyioTb KOpeKLito
NMOMWAOK MiA 4Yyac nepegadvi AaHUX, MNiABULLYIOUYM HAAIMHICTL KOMYHIKaLiMmHUX
CUCTEM; 3aCTOCYyBaHHA B cTaTUCTULi — OYyHKUilT Pagemaxepa TaKox
BMKOPUCTOBYIOTbCA B CTaTUCTUUYHUX MOAENAX, A€ BOHM AOoNomaratoTb y nobyaosi
moaenen AnA aHanisy AaHuxX i BMABNEHHA NATEPHiB; FAPMOHIYHWI aHanis —
dYHKUiT Pagemaxepa 3aCcTOCOBYHOTbCS B FapMOHIYHOMY aHanisi gna posknaay
dYHKLiN HA OPTOrOHaIbHi KOMMOHEHTH.

RADEMASHER 2-| BIT COUNTER ®T nfe air BT RADEMASHER
BASIS FUNCTIONS q _ROx-1 BASILS FUNTION
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Puc. 4. CxemoTexHiuHe npeactaBneHHA GyHKLiM 6asuncy Pagemaxepa
Ha puc. 5 posnucaHi KogoBi maTpuui Habinbl MNOWMPEHUX TEOPETUKO-

yncnosmx 6asucis, a B Tabanui HaBeLeHO X XapaKTEPUCTUKKU Yy BUMNALI YMCna
e/leMeHTiB BigNoBiAHMX KOAOBMX MATPMLb Ta YMCNA aKTUBHMUX €N1EMEHTIB.
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Puc. 5. Kogosi maTpuui TeopeTnko-4unmcnosux basumcis
Tabnunus
XapaKTepuCTUKM TEOPETUKO-YMCIOBUX Da3uciB
basuc Koam N Vv
YHiTapHWiA YHiTapHi N=n V =n?
Xaapa PO3pAAHO - NO3ULiNHI N=n V =n?
y : . NZ
Kpeura Nibosa — Kpeitra N=2n V=—
2
Papgemaxepa [BinKoBi N=2n V=N-log, N
Pagemaxepa Mpesn N =2n V=N-logy N
Papgemaxepa Yonuwa N=2n V=N-logy N
m m
KpecteHcoHa C3K N = | | P; V= Z log, (P;)
i=1 i=1
lanya M-nocnigoBHi N=2n-1 V=N
lanya fanya N =2n V=N
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MNpoaHanisoBaHi AaHHI AalOTb PO3YMIHHA NPO Te, WO iAEeHTUYHMI KOAOOBI
MaTpuLi MatoTb H6asmncn Yonwa, Mpea, Pagemaxepa Ta KpecteHcoHa, a HanbinbL
KOMMNAKTHOI MATPULEID, AKA NepeTBOPIOTLCA Y BEKTOP, BOs1oAi€ 6asuc MNanya.

BUCHOBKKU. Y pe3ynbTaTi NpoOBeAEHOro Oornagy MeToZiB KoAyBaHHA B
TEOPETMKO-YMCNOBUX Basmcax BCTAHOB/IEHO, WO Ui NiAXo4u Bi4irpatoTb KAOYOBY
PONb Yy CYy4aCHUX HAYKOBMX i TEXHONOFIYHMX Npouecax. BoHn HagatoTb epeKTUBHI
pilleHHA ANA Pi3HMX 3ajla4y, TaKMX AK KpunTtorpadisa, Teopia iHdopmauii, obpobKa
UMPPOBUX CUTHANIB Ta AAHUX.

[Jo ocHOBHMX nepeBar BUMKOpUCTAHHA TYB MOXHa BigHECTU IXHKO
epeKTUBHICTb Y NpoLLecax KOAYBAHHA i AeKOAYyBaHHA, @ TAKOX BMCOKY CTINKICTb A0
NOMWOK. 3aBAAKM CBOIN MaTeMaTUYHIl cTPYKTypi, TYE gatoTb 3mory po3pobaaTm
anroputmu 3 nepeabadyyBaHMMM i YiTKUMUM pe3ybTaTamMu.

MpoTe icHYIOTb aKTyanbHi nNpobnemu, noB'A3aHi 3 ONTUMI3ALLED LUMUX
anroputTMiB i iIXHbOW apanTauield A0 CyvyaCHUX TexHosorin. [Moaanbui
OOCNIAXEHHA MOMYTb 30CepegmMTuca Ha CTBOPEHHI HOBUX MeToaiB AnA
niasuweHHA edektneHocTi TYB y cuctemax 3 BUCOKMMKU 06YMCAIOBANBHUMM
BMMOramm.

TakMM 4YMHOM, TEOPETUKO-YUCNOBI Ba3nMcKM MalTb 3HAYHWIA NOTeHUian Ans
noAanblmMX AOCAIAXKEHDb | MOXYTb 3HAaXOAMUTWU LWIMPLIE 3aCTOCYBaHHA B Pi3HUX
rany3ax Hayku 1 TeXHOOTIN.

1. Nityx |. P. Teopia Ta TexHonoria nobyaoBu cnelianisoBaHUX iHTEPAKTUBHUX
cuctem. CneuianizosaHi Komn’romepHi mexHonoeii 8 iHpopmamuuyi / 3a 3ar. pea.
A. M. Hukonanuyka, I. P. Nityx. TepHoninb : «becknan», 2017. C. 665—-694.
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mogeni knactepa obpas / lrop Mityx, NannHa Mpoutok, Bacunb Mpoutok, Slio6os
MwuKonanuyk. lepcriekmusHi mexHonoezii ma memoou npoekmysaHHa MEMC :
Martepianu Xl mixkHapoaHoi KoHpepeHuii. MEMSTECH’2017. C. 18-21.

3. baraToKaHa/lbHUIA NPUCTPiIN BU3HAYEHHA XEMMIHTOBOI BigAani CUrHaNy Mix
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Ne y 2021 05962; 3assn. 23.10.2021; ony6n. 05.05.2022, Bion. Ne 18 /
Hukonanuyk A. M., Mityx I. P., Tpura B. M., FpuHunwmn T. M., Yropuyk B. B.,
Cnpop A. I

4. Tityx |. P. MeTtoa Ta KpuTepii OLUIHKM eMeparKEHTHOCTI Ta XapPaKTEPUCTUKMK
APXITEKTYPU IHTEPAKTUBHUX PO3MNOAINEHUX KOMN'IOTEPHUX Ta KibepdiznyHux
cucteM. @i3uKo-mamemamuyHe MOoOenr8aHHA ma iHGopmMauiliHi mexHonoeaii :
HayKkoBuM 36ipHMK. 2021. Bun. 33. C. 115-121.
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Pavlenko D. S., Senior Student; Sydor A. I., Candidate of Engineering (Ph.D.),
Associate Professor (National University of Water and Environmental Engineering,
Rivne)

OVERVIEW OF CODING FEATURES IN DIFFERENT THEORETICAL AND
NUMERICAL BASES

The article is devoted to the study of coding methods in theoretical and
numerical bases, and also presents an analysis of their key properties,
advantages, and limitations. Then, the author examines these methods and
highlights the prospects for their further development and practical
implementation.

Keywords: coding; theoretical and numerical bases; matrix; circuitry.
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Irninuyk M. B., ctyaenT; 26oiuypa M. B., K.T.H. (HauioHanbHuUit yHisepcuTeT
BOAHOrO rocnogapcrea Ta NPUPOLOKOPUCTYBAHHSA, M. PisHe,
thlinchuk_ak23@nuwm.edu.ua, ?m.v.boichura@nuwm.edu.ua)

NPOCTOPOBUI MAHINYNATOP ANA CNPOLLEHHA POBOTU B CEPEAOBULLIAX
3D-PEOAKTOPIB

Po3pobneHo npoctopoBui  MaHinyaatop, npusHauyeHUn  gna
cnpoweHHA pobotu y cepeaosuwax 3D-pegakropis. Mpouec BUroToBAEHHA
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BiANOBIAHOro (PyHKLiOHANbHOrO NPOTOTUNY CK/AAaB NPOEKTYBAHHA, AU3aMH,
3D-mopentoBaHHA, 3D-apyK Ta nporpamyBaHHA  MIKPOKOHTpoJsepa.
OCHOBHMMM nepeBaramu po3pobaeHOro npPUCTPOlO, Yy MNOPIBHAHHI 3
iCHYIOUMMM aHaNoOramu, € HuXK4Ya Moro cobiBapTicTb Ta BMLA TOYHICTb 3a
PaXyHOK BMUKOPMUCTAHHA MarHitomerpa (3amicTb ONTUYHUX eNeMeHTIB) Yy
AXXOUCTUKY. BurotoBneHmit madinynatop mae 6 cryneHiB csBobogu pansa
HaBirauii y TpuBumipHomy npoctopi. TakoX Ha npuctpin gomaHo 10
Haubinbw BUKOPUCTOBYBAaHUX («rapaunx») Knasiw 06a8 eunadky CAD-
cucmemu Autodesk Fusion.

Knwovosi cnoea: npocTtopoBuii  MaHinynatop; ontumisauia; 3D-
mopgentoBaHHA; CAD; wBuaKe NnpoTtoTUNyBaHHA.

Bctyn. Manysb 3D-mopentoBaHHA NOCTIMHO PO3BMBAETLCA, 30KPEMa PUHOK
NMPOMMCNIOBOrO AM3aitHy, HanpuKAaa, OUiHIOETbCA Y NpnbansHo $46,91 minbapan
ctaHoM Ha 2023 pik, i3 nporHo3om 3poctaHHa Ao $73,62 minbapais — go 2032
poKy [1]. Mpun ubomy ans npouecy 3D-moaentoBaHHA B NepeBakHih GinbWOCTI
BUNAAKIB BCE LLe BUKOPUCTOBYIOTHCA KNACUYHI MeTOoAN B3aEMOAIT 3 TPUBUMIPHUM
NPOCTOPOM, a came: 3BMYaiiHa Komn’'toTepHa muLla B napi 3 KombiHalielo NeBHUX
KNnaBsiWw Ana opieHTauii No okpemux ocax. TakMi niaxia mae cyTTeBi oOMeXKeHHs.
OCHOBHE i3 HWUX — Le HEe3pPYy4YHiCTb 34iACHIOBAaTU PYXM CTOCOBHO YCiX TPbOX
HanpPAMKIB, ajrKe neplovyeproBo MuLLA MPM3HAYEeHa AN1A OpieEHTauil Kypcopa
e no ABoX KoopAuHaTax ekpaHy. OTxe, y cepeposuwax 3D-penaktopis gns
nepemiweHHA B TPUBMMIPHOMY NPOCTOPi, HaNPUKNAZ, MiX OPTOroHaNbHUMMU
NAOWMHaMM 3a3BMYaN HEODXiAHO BUKOHATU LWOHAMMEHLLE ABa PYXU: 3MIHUTU KyT
ornagy Ta 3MIiCTUTM Kamepy. Ha npakTuui K TaKi Nno4eproBoCTi Aih € ogHUMK 3
HaMbiNbll YacTO NOBTOPHOBAHMX.

OnucaHMit BUWEe npouec Moxe OyTM OnTUMI30OBaHMM, 30Kpema 3a
AOMNOMOrOH MPUCTPOIO ANA MaHinynauii 8 TpuBMMipHOMy npocTtopi [2]. B ocHOBI
TAKOrO TEXHIYHOTo PilUeHHS NeXUTb AMOUCTUK, AKUIA 34aTHUN 3A4iACHIOBATU
opieHTaLil0 moaeni no wectn ocsax (Nookpemo abo ogHOYACHO — 3a/eXKHO Big,
nporpamHo-anapaTHoi KoHgirypatii).

ICHYIOYi aHanorM TPUBUMIPHUX MaHINyNATOPIB BUPOBAAIOTLCA NLLIE OAHIEID
KomnaHielo y cBiTi [2]. BignosigHi AKOWCTMKM BcepeAuHi obnafiHaHIi TPbOMa
iHbpayepBOHMMHK cBiTNOAIOAAMM, AKI Yy Npoueci GYHKLIOHYBAHHS BMNAMBAIOTb Ha
TaKy X KinbKicTb GpOTOPE3UCTUBHUX AaT4YMKiB. 3a paxyHOK nepenadi Ta 06pobKu
UMX [A3aHMX B MIKPOKOHTpoOepi 3AiNCHIOETbCA HaBirauis y cepeaosuuwax 3D-
peaakTopiB. Yepes CKNagHY KOHCTPYKLIIO LiHM HAQ TAaKOro poAy NPUCTPOi € A0CUTb
BUCOKMMMW. TaKOX NpWM NOTPANAAHHI NWUAYy BCepeanHYy MOXKAUBI 3HUMKEHHA
TOYHOCTI «TPAKTYBaHHA» PYyXiB MIKPOKOHTPOAEPOM. TaKMM YNHOM, aKTya/IbHUM €
BMbip OiNbl HM3bKOBAPTICHUX Ta HAAIMHUX CKNALOBMX ANA KOHCTPYHOBAHHA
NPOCTOPOBOro  MaHinysnaTopa. 30Kpema Yy JAaHin  poboTi NpPOMOHYETbCS

23



BMKOPUCTOBYBAaTU HEOAMMOBI MArHiTM Ta MarHiTomeTp 3aMicTb iHPpaYepBOHMX
cBiThoaioaiB Ta GOTOPEINCTUBHUX AATUMKIB.

MeTtoto aaHoi poboTn € po3pobka TPMBUMIPHOTO MaHINyNATOPa Ha OCHOBI
MarHiTomeTpa, AKMN fo3sonaTMme binblw 3py4HO Ta ePeKTUBHO, Y NOPIBHAHHI 3
BUKOPUCTAHHAM ulle MULWI Ta KAnasiaTypu, npaulpsBatm y cepegosuwax 3D-
penaktopiB. na 3abe3nedyeHHA LbOro AoUiNbHO NepeabaynTi HacTynHi CKNaaoBi:
MaHinynaTop (AXOMCTUK), AeKinbka ¢YHKLUIOHANbHUX KAnasil Ana 3py4YHOCTI
poboTH, NiACBiTKA, €ProHOMIYHMIA Kopnyc Ta iHTepdelc AnA nigKkNoYeHHA A0
Komn’'toTepa. OCHOBHi enemeHTM, fKi BapToO A[0AATKOBO 3aKynuTu, — LUe
MIKPOKOHTPO/1IEp, MArHiTOMEeTpP Ta HEOAMMOBI MarHiTH.

AnapatHe 3ab6e3neuyeHHA. HalinonynapHiwnmm 6araTodyHKLiOHANbHUMM
nnatpopmamu i3 3py4HUMM NiHAMU ANA NiAKAIOYEHHS Ta Nepudepieto € Arduino i
Raspberry Pi [3]. AnA uinein npoeKkty BMbip BapTo 34iMCHIOBATU, OPIEHTYHOUYUCH Ha
BapTicTb Ta nepenik nepudepii. HagnMWKOBICTb OCTaHHBLOI HeBUNPaBAAHO
nigsuulysana 6 LiHY MIKPOKOHTpo/aepa. BaxkAuMBUMMKU KpUTeEpiAMM € HaABHICTb
HactynHoro: 12C iHTepdeinc ana nia’egHaHHA A0 marHitomeTpa, USB Buxig ans
NiAKAIOYEHHA A0 KOMN't0Tepa, AOCTaTHA Ki/IbKiCTb NiHIB ANA peani3auii «rapaymx»
KNaBill; O0A4HOYACHO MIKPOKOHTPO/JIep NOBWHEH MATM HeBe/nKi po3mipu (depes
obMmeKeHicTb NPOoCTOpYy Y KOpnyci) Ta NOTYXXHMI nNpouecop Ana 06pobku curHanis
BiL MarHitometrpa B peXMmi peanbHOro 4yacy i 6e3 BMAMMMKUX 3aTPMMOK. 3a
nepeniyeHMm nepenikom napameTpis fobpe niaxoamte QT Py RP2040 sig
Adafruit. TaKo Uel MIKPOKOHTPO/IEp MaWMKe He MICTUTb HaA/MLWKOBOI
nepudepii, Ha BigMmiHy Big, Hanpuknag, Arduino Nano RP2040, wo mae Takui xe
npouecop, Npu y NoHaa 3 pasu BULLiN BapTOCTI.

®PyHKLiOHYBAHHA OXKOMNCTMKA 3abe3neyyBaTUMETbCA MarHiTOMeTpoMm, AKWUN
AOLINBbHO YKOPCTKO 3aKPiNUTM, Ta MArHiTamu, AKi BapTO PO3MICTUTU Yy PYXOMil
4yacTuHi. Mpu ubomy, ANA TOYHOrO MO3ULIOHYBaHHA 060X CKNagoBMX, iIX BAapTO
PO34iANTN MixK cOBOIO TPbOMA MPYKMHAMM CTUCHEHHA Ta TaKOK ¥ Ki/lbKICTIO
NPYXWH po3TAryBaHHA. MepeabayaeTbesa, WO AaTYMK pO3ni3HaBaTUMeE MOJIOXKEHHA
MarHiTy i BignpaBAATMME Ui AaHi Ha MIKPOKOHTpO/Eep, AKUIN, B CBOK 4epry,
0bpobnatnme iHbopmauio i HagcunaTMMme pesysbTaT Ha KOMM'LOTEP; OCTaHHIN
po3nisHaBaTUMe AaHMN curHan Ak Big 3BuyakiHoro HID npucTtpoto. B sKkocTi
marHitomeTtpa 6ys obpaHuin TLV4A93D [4], ocKiNnbKM BiH 34aTHUIM AOCUTb TOYHO
BMMIPIOBAaTU MarHiTHe Mnojie NO TPbOX OCAX. TAKOX Len AaT4MK KOMMNAKTHUR,
eHeproepeKTUBHUN, L[OCTYMHWUI | NErKO IHTErPyeTbCA 3 MIKPOKOHTPOAEpPaMMU
3aBAaAKu iHTepdency 12C.

He 3meHwWyouM 3aranbHOCTi, KOHIrypauito KnasiaTypy Ha NPOCTOPOBOMY
MaHinynATopi popmyBaTMMemMo i3 HauineHicTio Ha noTpebu came CAD-cuctemm
Autodesk Fusion [5]. ¥ Takomy BuMNagKy AoOUiNbHO nepeabaynuTu HacTynHUM
nepenik «rapaynmx» Knasilw (3Bakatoum Ha BUCOKY YAcTOTy iX BUKOPUCTAHHA):
delete, escape, enter, control, home view, press-pull, move, revolve, mirror,
pattern.
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BurotoBneHHa  ¢QyHKUioHanbHOoro npototuny. O6paHe  anapaTHe
3abe3neyeHHA NOTPIOHO MOMICTUTM B 3PYYHUI KOPNyC, A0AATU KNABiWi, Pi3Hi
netani, Taki AK USB rHi3go, niaceiTka, a TaKOX CUMNIKOHOBI BCTaBKU ANA 3PYYHOCTI
BMKOpUCTaHHA. Kopnyc nosuHeH Byt po3pobnieHni 3 ypaxyBaHHAM AOCTYMHUX
MeToAiB BUPOOHMLTBA.

3Barkatoumn Ha Bigomi nepesarv GoTONONIMEPHOrO APYKY HaZ iHWumK [6],
30KpemMa BMCOKa JeTasi3alifs Ta BiAHOCHO HMU3bKa BaPTICTb O0b6/MaAHAHHA i
maTepianis, obpaHoO came uUel MeToh ANA BUrOTOBNEHHA 6inbliOCTi AeTanei
npoToTuny. 3a3Buyaii [7], moaentoBaHHA 3py4yHO 34iMCHIOBATU Big, rpybwimnx dopm
00 ApibHUX AeTanei, NPUCTOCOBYOYM KOHIrypaLito ocTaHHiIX g0 6ya0Bu nepLumx
(enekTpoHikM Ta naacTuKy). LLlo cTocyeTbcAa NPOTOTUNYBAHHA, TO BAPTO CNOYaTKy
BUrOTOBNATU HAMCKAAAHIWI, 3 MexaHi4YHOi TOYKM 30pYy, BY3/AM, MOCTYNOBO
nepexoasymn Ao po3pobku npocTiwmx. Takni Niaxia A03BONAE EKOHOMUTM Yac Ha
nignawToByBaHHi GOpM NpPU YTOYHEHHI CKNagoBUX nNpucTpoto. TaKox cnig
3BEPHYTM YyBary Ha €/IeMEeHTU, fKi KOHTAKTYIOTb 3 BEAMKOK KiJIbKICTIO iHLINX
[eTanei, HanpuMKnag, Ha Kopnyc. Moro BapTo BMrOTOBAATM OCTaHHIM, OCKiNbKM
HaABHA NPAMa 3aN€XXWUTb Bif PO3MILLEHHA KOXHOI CKAaA0BOI NMPUCTPOID. Takum
YMHOM, BAPTO CMOYATKY PO3POOUTM MOAYNb AXKOMCTMKA, NOTIM — enemMeHTU
KNaBiaTypwu, Nicna 4oro — KOPMNyCHi AeTani, i BKiHL — CUNIKOHOBY MigKNaAKY Ta iHWI
enemMeHTH, AIKi He MaloTb 0cob61MBOro BNAMBY Ha cyciaHi aetani (puc. 1).

a) 6) B) r)

Puc. 1. BubpaHi cknanosi npotoTuny: Bepx (a) Ta HU3 Kopnycy (6), moaynb AKONCTMKa (B),
cunikoHoBa nigknaaka (r)

Moaynb AXoMUcTMKa mae pagiyc 61m3bKko 40mm 3BepXy Ta PO3LUMPHOETLCA A0
50Mm 3HM3Yy, WoO6 BMICTUTM B COGI BHYTPIWHIA MexXaHi3M [AXKOWCTMKA Ta
3abe3neynT NeBHUI NPOCTIp ANA PYXiB, A0AATKOBO 3BEpXy A0AAHO a/IlOMiHIiEBY
BCTaBKY, BMIOTOB/IEHY 3 BMKOPUCTAHHAM YlY Bepcrata 4na nasepHoi pisku Ta
TEXHONOTii NpecyBaHHA AnMCTOBOro Mmetany y ¢dopmi. MeTaniyHu enemeHT
NPUXOBYE KPINUAbHI eNemeHTU Ta 3anobirae NoTepToCTAM, afXKe Lie MicLe 4acToro
KOHTaKTYy 3 pyKoto. [1nA YHUKHEHHA KOB3aHHA PYKM BUKOPUCTOBYETLCA CUIKOHOBA
nigKknagka. Ana uboro Ha GoTononimepHOMY NPUHTEPi BUTOTOBIEHO POpMY, Kyau
3a/IMTO CUJIIKOH. H13 Kopnycy TaKosK MIiCTUTb CUNIKOHOBI Hi*KKM AnA 36inblieHHA
pPiBHA HENOPYLHOCTI TPMBUMIPHOIO MaHinyasaTopa Ha CToAi.
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3a aHaNoryHMM NPUHLMMNOM 3MOAE/NbOBAaHO Ta PO3APYKOBAHO M HU3KY
iHLMX CKNAZ0BUX Ha GOTONONIMEPHOMY NPUHTEPI. A came: paMKy AN1A KnasiaTypw,
NoCaflodHi MicuAa ANA BCiX e/leMeHTIB Yy Kopnyci, B TOMYy 4ucni gna Tarapus
(maHinynaTop noBMHeH BYyTM AOCUTb BaXKKMM A/a 3abe3neyeHHAa HepyxoMOCTi Ha
cToJi) TOLO.

MporpamyBaHHA MiIKpPOKOHTponepa. [porpamHuii Kog po3buto Ha Tpwm
K/10YO0BI CKNaaoBi: iHiliani3auis, 06pobKka AaHUX Ta B3AEMOiA 3 KOPUCTYBaYEM.

Mip yac iHiujanisau,i BigbyBaeTbCA NiAroTOBKa YCiX HEOOXiAHUX KOMMOHEHTIB
ana pobotn nporpamu: nigkntoyatoTbca 6ibnioTekn, HapalTbCA MNOYATKOBI
3HaYeHHA rnobanbHUM 3MiHHMM, MOB’A3YOTbCA KOMAHAM 3 Kjasilamwu
MaHinynATopa, iHiuianisyeTbca mMulla Ta KAaBiaTypa, KanibpyeTbcA MarHitomeTp
Towo. 30Kpema BMKOPUCTOBYETbCA HaCTyNnHUM nepenik 6ibniotek [8; 9l
TinyUSB_Mouse_and_Keyboard (gna emynsuii muwi Ta knasiatypu), OneButton (3
MeTolo O0b6pPOOKM KHOMOK i3 Pi3HMMM TUNamu HaTuckaHb), TIv493d (3a i
O0MOMOrOH0 34iMCHIOETBCA KEPYBAHHA MarHiTOMETPOM 414 OTPUMAHHA AaHMX NPO
marHiTHe none) Ta SimpleKalmanFilter (no3sonse BuKoHyBaTK ¢inbTp KanmaHa
ANA 3rNa4KYBAHHA AaHUX).

Ha eTtani 06pobkn paHux BiabyBa€eTbCA UMKAIYHE 34YMUTYBaHHA Ta
KOPWUryBaHHA YMCNOBUX 3HAYEHb. 30Kpema 3acTocoBYETbCA QinbTp KanmaHa ans
3rnagKyBaHHA curHanis; nepeabayeHo nepesanyck MIKPOKOHTponepa y pasi
3aBMCaAHHA MPUCTPOIO.

Y BUNaaky BAanoi cnpobun obpobKkm AaHMX, OCTaHHI NepeaatoTbCA B YMOBM,
3riAHO AKMX BUKOHYETbCA 3MilLLeHHA Kamepu uum ii obepTaHHA. [ns uporo
NPOrpamMHO iMITYeETbCA HaTUCHeHHA Knasiwi Shift Ta (abo) aii muwi (i pyxw,
NMPOKPYYYBaHHA  CKpO/J/Jepa 4YM  HATUCKAHHA Ha  Hboro). [loaaTKoBO
«NPOCNYXOBYETbCA» NEBHWUIM HAbip Knasiw, WO PO3MILLEHUIN HA NPOCTOPOBOMY
MaHinynatopi.

Ona  HanawToBYBAaHHA 3B'A3KY MIKPOKOHTponepa 3 nepudepinHumm
NPUCTPOAMM BUKOPUCTOBYETbCA bibnioTeka Wirel;, ans KoHBepTauii «PisUHUX»
NMOKa3HUKIB Y KOOpAMHATN 3aCTOCOBYETLCA PyHKLiA map [10].

DemoHcTpauia npoayKty. Po3pobneHunin nNpocTopoBMIA MaHINynaTop Mae
po3’em ANA NiaKNOYEHHA 40 Komn'toTepa 3a gonomoroto USB Type-C Kabens. Ana
Opi€HTALIlT B TPMBMMIPHOMY NPOCTOPIi BUKOPUCTOBYETHCA  LUECTUOCHOBWUIA
[XKOMCTUK (puc. 2). MapanenbHWin 1oro 3cyB BAiBO/NPaBO € aHaNOMYHUM [0
3aTUCKaHHA CKpoaaepa MU Ta ii nepemilleHHA Y Ti K cami 60KU. BepTUKaibHi
HaTUCK YW HATAr OXKONCTUKA BiATBOPHOE 3aTUCHEHHA CKpoOAaepa Ta Pyx MU
Bnepea/Hasaga. MNapanenbHe nepemilleHHA AKONCTUMKA Bnepea/Hasas aHanoriyHe
[0 MNpPOKpPy4yyBaHHA cKponanepa. Haxun BniBo/BnpaBo uuM Bhepea/Hasapg,
npPM3BOAUTL A0 MNPOrPaMHOro 3aTUCKaHHA Knasiwum Shift Ta pyxy muwi
BNiBO/BNpaBo uM Bnepea/Hasapn BignosigHO. NMOBOPOT AKOMCTMKA 3a UM NPOTU
roAMHHUKOBOI CTPiNKM He mae aHanorie. Y CAD-nporpami Autodesk Fusion [5]
nepeniyeHi mMaHinynAuii cnpuaAloTb OPIEHTYBAHHIO Y MPOCTOPI, PyXarounm Kamepy
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abo Haxunawuu ii y 6 opTOroHa/bHUX HaNpPAMKIB NO BiAHOLWEHHIO A0 MOTOYHOI
nosuuii. 30Kkpema NOBOPOT AXKOMCTMKA 33 UYM NPOTM TOAUHHWUKOBOI CTPISIKK
np13BOAUTb A0 06epTaHHA KaMepu HaBKOJ10 10Ka/IbHOI oci Y.

Ba)knvBo, WO Ha MaHinynATopi pPo3MmilieHi Ti KnasiwwW, AKi HakyacTiwe
BMKOpUCTOBYIOTbCA Npu 3D-mopentoBaHHi y Autodesk Fusion. Takum 4YuMHOM,
E€AVHWNIA NPUCTPIN Y BENUKIN Mipi 34aTHUI 3aMiHUTM MULLY Ta KiaBiaTypy.

Puc. 2. [lemMoHCTpaU,is WwecTn cTyneHis ceoboamn maHinynatopa

[JopaTtKkoBO HaABHI  CUNIKOHOBI e1eMeHTU Ha AXOWUCTUKY, Y Micui
3HaxOo4KeHHA 3an’acTa Ta Mig MaHIiNynaTOPOM ANA 3HUMKEHHA PiBHA KOB3aHHA.
Takox 3 npaBoro 60Ky gopaHo LED niacsiTKy Ans cnpolweHHs poboTn npwu
NMOraHOMY OCBIT/IEHHI.

BucHoBKMU. [1p0aHani30BaHO iCHYIOUI HA PUHKY NMPOCTOPOBI MaHINyaaTopw,
BMABNEHO X HEAOCKOHANOCTI Ta 3aNPONOHOBAHO MEHL AOPOroBapTiCHUM i AeLuo
6inbw edeKkTMBHMN aHanor. BiH FPYHTYETbCA Ha AelWeBWMX CKAAZOBMX Ta
BUKOPMCTAHHI MarHiTomeTpa 3amMiCTb ONTUYHOrO NPUCTPOID. TaKa KoMMAeKTauia
0O03BONAE [Aewo nNigBUWKMTU TOYHICTb peaKkuii BikHa 3D-pegakTopa Ha Aii
KopucTtyBaya. CTBOPEHO MPOTOTUN MPUCTPOID, WO JPYHKLIOHANbHO MICTUTb
LWEeCTMOCbOBUN AMKOWUCTUK pAnA opieHTauii B8 3D-npoctopi Ta KnasiaTypy 3
HaHeobXiaHiWMMM ana poboTn («rapaunMmm») Knasiwamu.
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SPATIAL MANIPULATOR FOR SIMPLIFYING WORK IN 3D EDITING
ENVIRONMENTS

A spatial manipulator to simplify work in 3D editor environments is
developed. Creating the corresponding functional prototype involves design, 3D
modeling, 3D printing, and microcontroller programming. As the latter, the QT
Py RP2040 from Adafruit was chosen due to the presence of an 12C interface for
connecting to the magnetometer, USB output for connecting to a computer, a
sufficient number of pins for implementing hotkeys, small size, a small number
of peripherals, low price, and a powerful processor for processing signals from
the magnetometer in real-time and without visible delays. The TLV493D was
chosen as the magnetometer because it can accurately measure the magnetic
field in three axes, is compact, energy-efficient, affordable, and can be easily
integrated with microcontrollers via an 12C interface. The device body was
designed, modeled and printed on a photopolymer printer; keys, a USB socket, a
backlight, and a weight were added; a joystick module, aluminum insert, silicone
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inserts and a substrate for ease of use were manufactured The microcontroller is
programmed using the libraries TinyUSB_Mouse_and_Keyboard (for emulating a
mouse and keyboard), OneButton (for processing buttons), Tlv493d (used to
obtain magnetic field data) and SimpleKalmanfFilter (used to smooth data with a
Kalman filter). Compared to existing alternatives, the key advantages of the
developed device include lower cost and higher accuracy due to the use of a
magnetometer (instead of optical elements) in the joystick. The developed
manipulator features 6 degrees of freedom for navigation in three-dimensional
space. Also, the device has 10 most used (“hot”) keys for the AuTODESK
FusionCAD system.

Keywords: spatial manipulator; optimization; 3D modeling; CAD; rapid
prototyping.
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'prokopchuk.d_ak23@nuwm.edu.ua, ?m.v.boichura@nuwm.edu.ua)

IHGOPMALIMHA CUCTEMA ANA YNPABNIHHA TEXHIYHUM
OBC/IYTOBYBAHHAM ABTOMNAPKY

Po3pobneHo iHPoOpMmauiiHY cuctemy pAnAa  ynpaBAiHHA  TeXHIYHUM
obcnyrosyBaHHAM aBTonapKy. [lporpamHo ue peani3oBaHo Yy BUrAAgi
Be6aopaTKa i3 KNIEHTCbKOK Ta CepBepHO0 CTOpOHamu. |HTerpoBaHO cepsic
WwTy4yHoro iHTenekty OpenAl pana nporHosyBaHHA CTaHy aBTomobinis.
MpeacTaBneHo 3aranbHUii anroputm poboTH cucTtemu Ta BUCBITIEHO NPOrpamHy
CTOPOHY BebpopatKa. [loBeaeHO poO3LWMPIOBAHICTb Ta FHYYKicTb po3pobneHoi
iHpopmauinHoi cuctemu.

Knwouyosi cnoea: iHPopmauiiiHa cucTtema; ynpaBAiHHA aBTONAPKOM;
TexHiuHe 06cnyrosyBaHHA; Express; React; OpenAl.

Bctyn. B ymoBax cyyacHoi undposizauii Bce binbwa KinbKicTb ranysem
nocTynoBo no36aBnseTbca nanepoBoro ¢opmaty poboTtu. Lle obrpyHTOBYETLCS
HM3KOIO 06’EKTUBHUX YMHHUKIB. B nmepluy 4yepry, MOMK/IMUBICTIO €KOHOMIT KOLWTIiB
CTOCOBHO HaMMaHWX MpPaLiBHMKIB Ta YHWKHEHHA JIOACbKOro ¢akTopy npwm
PYTUHHIN 0OAHOMaHITHI poborTi.

Cy4yacHi aBTONapKM MOXYTb MICTUTU TUCAYI TPAHCMOPTHUX 3acobis, i 3aJauy
CNiaKyBaTK 3a iX TEXHIYHMM 06CNyroByBaHHAM 4YacTO MOKAAZalOTb Ha MiCLLEBUX
npauiBHUKIB. 3 METOK pPO3BaHTa)KeHHA AaHux ¢axiBuiB  AOUiINbHUM €
BMKOPUCTaHHA iHPpopMaLiiHOi cuctemu, sika 61 He nunwe 3anobirana HeraTUBHOMY
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noacokomy  Gaktopy npu cBOEMY (YHKLIOHYBaHHI, ane W 6Hyna 3aaTHOWO
cnporHo3ysaTtu notpeby B 06cnyrosyBaHHI, 6a3ytoumcb Ha «iCTOPUYHOMY A0CBIAiI».

OaHuUMM 3 HaMbinbw MNONYAAPHUX CUCTEM TaKOro PoAy MOHITOPUHIY €
Fleetio Ta Drivvo [1; 2]. Fleetio mae wwupokuii ¢yHKLioOHaN: obnik BUTpaT,
aBTOMATUYHE NNaHyBaHHA, AeTani3oBaHi 3BiTM, HAABHICTb BebAoAaTKa TOLLO.
MNpoTe cuctema He AyXKe FHy4YKa Ta MOPIBHAHO AOpoOra y KOpucTyBaHHi. ToAi AK
Drivwvo Ma€ CyTTEBO MEHLIY KifbKicTb (YHKUiOHANy, 30Kpema B Hih He
nepeabayeHo mexaHi3miB NPOrHO3yBaHHA Ha OCHOBI KiCTOPUYHUX AaHMX». O6uaBi
CUCTEMWU HE MaloTb iHTepdelcy iHTerpauii 3 iCHylO4MMKM cepBicaMKM TEXHIYHOro
obcnyroByBaHHA.

MeTtoto gaHoi pob6oTh € po3pobKa NPorpaMHOro NPOAYKTY AAs ynpaBaiHHA
TEXHIYHMM 06CNYroByBaHHAM aBTOMAPKY i3 BUMKOPMUCTAHHAM CUCTEMMU LUTYYHOTO
iHTeNeKTy ANs aHani3y Ta NPOrHO3yBaHHA CTaHy aBToMobinis.

Crek TexHonorii. CyyacHMM NiaAXo40M A0 CTBOPEHHA TaKOro poay CUCTEM €
BMKopUCTaHHA Front-End Ta Back-End cknagosux. Cepes nonynsapHUX TEXHONOTIN
DNA PO3pObOKM Ha KNIEHTCbKIA CTOPOHI BapTo BigmiTUTM 6ibnioTeky React [3],
OCKi/IbKM BOHA € BMCOKOMPOAYKTUBHOK, MNPOCTO B iHTerpauii 3 iHWummn
6ibnioTekamn Ta Hada€e 3pPy4YHi IHCTPYMEHTM B MNOAANbLIOMY NepeHeceHHi
iHbopMaLLiMHOT cncTtemun Ha MobinbHi nnatpopmu (3oKkpema React Native).

Back-End yactuHy gouinbHo 6yaysaTtu Ha ocHoBi ppenmBopKy Express [3; 4],
OCKiNnbKM, AK i React, gaHa TexHonoria 3acHoBaHa Ha MOBI JavaScript, i € THY4YKMMm,
NPOCTUM Ta ePEKTUBHUM iIHCTPYMEHTOM; NiATPUMYE BENUKY KiNbKicTb middleware.

Y sakocti ORM pana KepyBaHHA 6asot0 paaHux (PostgreSQL) obpaHo
Sequelize [4], wo 3abe3neyye 3py4yHicTb B3aemoAii 3 Express, niATPUMKY
36eperKeHHA CTPYKTYPOBAHUX JAHUX, CTabiNbHICTb Ta NOTYXKHICTb.

3 meTol peanizauii aBTOMaTM30BaHUX CNOBIWEHb AOLIJIbHO CKOPUCTATUCH
AOCUTb MNONYNAPHUM Ha CcborogHi B YKpaiHi Telegram API [5]. Baxnusoto
nepesaroto Takoro BMbopy € MOXAUBICTb HaNaWTyBaHHA 6oTiB.

Ona iHTeneKkTyanbHOro aHanisy AaHux, Wo, cepepn iHworo, nepeabadvae
aBTOMaTM3aLilo npouecy MNPUAHATTA pileHb, ¢GOpMyBaHHA peKomMeHAaLil,
NPOrHO3yBaHHA HA OCHOBI «iCTOPUYHMX JAHUX» i AKUIM 3araloM BUAINAETLCA
BMCOKMMMW NOKa3HMKaMK SIKOCTi poboTun, BapTo BigmiTnutn OpenAl API [6 ].

3aranbHuii anroputm pobotn cuctemu. TUNOBWUIA anNropuTm B3aAEMOA]I
KnieHTa nepenbayae aBToOpM3auito y cuctemi. licna 4yoro BiH MoXe KepyBaTu
nepenikom CBOIX TPaHCMOPTHUX 3acobiB Ta AOCAiAMKYyBaTU iX cTaH (30Kpema 3
BMKOPUCTAaHHAM 3acobi WTy4yHOro iHTeneKkty). [logaTKOBO € MOMK/AMBICTb
aBTopu3yBaTUCb Yepe3 Telegram, Hanpuknag, oNa OTPMMAHHA CNUCKY BAACHUX
aBTOMODINiB UM BaXKIMBUX OHOB/IEHb LWOA0 TEXHIYHOrO 06CNYroByBaHHA.

MeHeaKepu K MatoTb MOXKIMBICTb KEpYBaTU POBOUYMMM NpOLECaAMM CTaHLI.
30Kpema LUe CTOCYETbCA O3HAaMOMEHHs i3 3BiTaMM Ta [AeTanbHOro ix
OnpaLoBaHHA.
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I3 6inblWw AeTanbHOW iHGOPMALIED LWOAO MOXKAMBOCTEN KIIEHTIB Ha
MeHeKepiB MoXKHa 03HaMoOMUTUCH 33 Aonomoroto puc. 1.

MporpamHa cTpykTypa Bebaoaartka. CepBepHa 4acTuMHA po3pobneHa 3a
aornomoroto  ¢penmBopky Express [3; 4] Ta apxiTeKTypHO CKNagaeTbcs 3
HaBegeHUX Aani enemeHTis. Y ¢anni index.js iHiLiani3yeTbca NiaKNOYEHHA A0
6asn gaHuX, 34IMCHIOETBCA «MIAHATTA» CepBepa Ta PEECTPYHOTbCA MapLpyTH Ao
APl; nigKkno4aloTbCsl CTOPOHHI b6ibnioTeKn. POYTUHI BUKOPUCTOBYETbCA A/A
OOCTYNy A0 OKPeMUX KiHLUEeBMX TOYOK, 30Kkpema ao REST API. 3a HaacunaHHA
iHbopMaLiii Ha KNIEHTCbKY CTOPOHY, BMKOHaHHSA 3anuTiB A0 6a3u gaHux Ta ix
0b6po6KyY BiANOBIAAOTL KOHTPOIEPU.

Cxema 6a3u aaHux (puc. 2) po3pobaanacb 3 MipKyBaHb rHYYKOCTi, N€rKOCTi y
NiATPUMLI, YiTKOro CTPYKTYpYBaHHA iHGOPMaLLi Ta MOXKANBOCTI LLUBMAKOrO AOCTYNY
[0 Hel. 30Kkpema 3B’A30K Mix parts i maintenance_parts 3abe3neyye TOYHUI 06NIK
BUTPAT | [JeTaner pAas NOTOYHOro 3BiTy MO npoBeaeHWx poboTax Hag
TpaHcnopTHUM 3acobom. Toai AK HasBHiCTb Tabauui ai_records po3BonAE
36epiratu icTopito aHaNiTUKK, WO NOKPALLYE AKICTb 06CNyroByBaHHA. 3arasiom Taka
CTPYKTYypa Cnpuae BUCOKIN edeKTUBHOCTI, 3abe3neuytoun nposope 36epiraHHs,
LBUAKMIA AOCTYN | MOXKAMBICTb aBTOMaTM3aLii 6baraTbox bisHec-npouecis.

KnieHTcbka 4YacTMHa BebaonaTKka nobyaoBaHa Ha OCHOBI  6ibnioTeku
React [3]. OcHOBHMM dalnom, AKUIA BigNOBigaE 3a HanawTyBaHHA AOCTyny A0
CTOPIHOK, € App.jsx. Mpn LbOMY BiH BPax0OBYE HAABHICTb posiet owner, manager Ta
user 3 nepenbavyeHMMM Pi3HUMK PiIBHAMM A0CTYNY. TAKOXK HA KNIEHTCbKIN CTOPOHI
HaABHWUIN XyK uselogin.js, AKMI B3aemogie 3 APl ana astopu3sauii. Paiin userApi.js
MicTUTb pi3Hi APl 3anutn, nos’a3aHi be3nocepegHbO 3 KOpPUCTyBayamu Ta i3
B3aemogieto i3 Telegram; Bukopuctosye 6ibnioTeky axios.
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o TSE

IHthopMaLiiHa cTopiHKa
pecypcy

CropiHka Bxoay B
obnikoBWiA 3annc

CropiHka peecTpauii
ofnikoBoro sanucy

CropiHKa cucTeMu

CropiHka 3sBepHeHb o

mogenni LI

Yyatom

CropiHka 3 iHcpopmMaLieto
Npo KOp1CTyBaya

CropiHka 3i cnnckom
TpaHCNopTHUX 3acobiB

CropiHka nepernsagy
3BiTiB CTO

CropiHka iHTerpauii 3

CTopiHKa 3i CNCKOM
CTBOPEHWX 3BiTIB

QAHOro TPAHCMNOPTHOrO 3a¢0b!

CropiHka nepernagy 1a
penaryBaHHs

CropiHka nepernsigy t1a
peparyBaHHs
©0[JHOTO TPAHCMOPTHOIO
3acolby

CropiHKa 3BiTY

if manager = login CTopiHKka cucTemu ana
_ MeHafxepa CTopiHka MeHamxepiB
CTaHLi Tex 0BCyroByBaHHs cTaHui
Manager
CropiHka getanein
Telegram . s
CropiHka knieHTiB CTO Ta
User HaacunaHHA nosifgomMneHb
if user = login i
| /7 CropiHka npoinio
MeHaxepa
Puc. 1. UML-giarpama cueHapiiB BUKOPUCTaHHA
maintenance id £ 0 integer NN = D R e serial ——+ id& serial
partid 20 integer NN — lastNeme D varcharzss) NN T firstName £ varchar{255) NN license plate @  varchar(20) NN
quantity D int=ger NN email D varchar255) W secondName [ varchar{255) NN engine O varchar(150) NN
password B warchar(2ss) NN email O varchar{255) NN model ) varchar(150) NN
ieActivated Bl password O varchar(255) NN calor@ varchar(150) NN
crested stD timestamp role B varchar(50) NN year 0 integer NN
ido serial updated at D timestamp station_id integer =———« ownerid D integer
i e ) phone integer NN image_ref varchar(255)
e e < maintenance_id £ 0 integer NN updated_st B timestamp. updated_at & timestamp
7 work. id2 0 integer NN =
created atll)  timestamp Sl s 1
quantity @ integer NN
s = SHe—r id& serial 5=+ &2 serial
i LI iAo serial b ownerD  varchar(100) NN part_number &  varchar{50) NN
station_id O integer NN > desaription O verchar(255) NN license ) varchar(100) NN price 0 decimal(10,2) (NN
L S price varchar(50) location @ varchar(255) stock &) inceger
daeD timestamp station_id O integer NN »>—/ createq atQ  timestamp e anonid er [
copmplited works_image_ref  varchar(255) crested st apestamp! AR, e By Sty
updated_at 0 timestam|
copmplited_works_file_ref varchar(255) updated_at0) timestamp 1 T It

notes text
created at ) timestamp
updated at timestamp

Puc. 2. Cxema 6a3u aaHmnx
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BisyanbHa cknagoBa Bebcanty 6asyetbca Ha dpenmsopui Tailwind CSS [7],
O03BONIAIOYN Yy 3PYYHOMY BUIAAAI 34iIMCHIOBATM nepernag astomobinis Ta
OOCNIAXKYBaTN iX TEXHIYHMW CTaH, NPOXOAUTM PEECTpALito Ta aBTOpM3aLito, a
TAKOX B3AEMOAIATW i3 WTYYHUM iHTENEKTOM ANA OTPUMAHHA pPeKoMeHAauin 3
obcnyroByBaHHA aBTonapky. [ns 3A4iMCHEHHS OCTAaHHbLOrO pPO3P06/IEHO HU3KY
bYHKLUiM, aHaNoriYHMX A0 HaBeZEeHOI HUXKYeE (3 BUKOpUCTaHHAM gpt-3.5-turbo [6]):

async getTechStatus(vehicleld) {

const vehicle = await vehicleApi.getVehicleByld(vehicleld);

const maintenanceRecords = await

maintenceRecordApi.getRecordsByVehicleld(vehicleld);

const message ="

Analyze the following vehicle information and maintenance records.

Provide a summary of the car's condition and possible future issues.

Vehicle Info:

Model: S{vehicle.model}

License Plate: ${vehicle.licensePlate}

Engine: ${vehicle.engine}

Year: S{vehicle.year}

Maintenance Records:

S${maintenanceRecords.map(record => *- $S{record.workTypeld},

S{record.date}, S{record.cost}').join("\n")}
return await makeRequest(message, "technical status analysis");

}

OcHOBHe BiKHO, fiKke 3abe3neyvyye HOBU3HY po3pobneHoro BebaoaaTka, Mae
BUINs4, HaBeAeHWI Ha puc. 3.

Al vVenicie support
- Get smart Al suggestions for your vehicles” health, maintenance, and best purchase
options.

Chat
(-]

Integrated

O Profile

Select Vehicle:

-- Select a Vehicle --

> oS =

Check Technical Status Drive to Station? Best Car Choices

Let Al analyze your vehicle's technical Know the optimal time to take your Al recommends the best car models
health and predict future issues. vehicle to a service station based on your current vehicle.
prew e

Powered by GPT-3.5 Powered by GPT-3.5

Puc. 3. ®parmeHT Beb6CTOPIHKM 3 Nepenikom A0CTyMHUX
3anuTiB A0 WTYYHOrO iHTENEKTY
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BucHoBKK. Po3pobeHo iHpopmaLiiHy cucTemy oA yNnpasaiHHA TEXHIYHUM
obcnyrosyBaHHAM aBTOMApPKY, B AKY iHTErPOBaHO 3aCO6M WTYYHOrO iHTENEKTY ANA
NPOrHO3yBaHHA Ta aHani3dy CTaHy aBToMobiniB. BUKOHaHO Le 33 gonomoroto gpt-
3.5-turbo APl i3 BWKOpPWUCTAHHAM cneundiyHMX 3anuTiB, pe3ynbTaTh AKKUX,
OYiKYETbCA, BiAMNOBIAATUMYTb KAOYOBMM noTpebam B/IACHMKIB TPaAHCNOPTHUX
3acobis.

3aranom po3pobneHnin BebaoaaTok cknapaerbcsa 3 Front-End Ta Back-End
CKNapoBux, 3okpema ¢pelimBopKy Express Ta 6ibniotekn React, Wo y Komnaekci
3abe3neyye THYYKICTb Ta pPO3LIMPIOBAHICTL i3 NEpPCrneKkTUBOW  peanisauil
mobinbHOro AoAaTKy (3 BUKopucTaHHAM React Native).

1. Fleetio: Cloud-based Fleet Management Software. URL:
https://www.fleetio.com/ (accessed: 18.11.2024).

2. Drivwvo — Car management App. URL: https://www.drivvo.com/ (accessed:
18.11.2024).

3. Bugl D., Zronek M. Modern Full-Stack React Projects: Build, maintain, and
deploy modern web apps using MongoDB, Express, React, and Node.js.
Birmingham : Packt Publishing, 2024. 506 p.

4. Durante D., Depold S. Supercharging Node.js Applications with Sequelize:
Create high-quality Node.js apps effortlessly while interacting with your SQL
database. 1st ed. Birmingham : Packt Publishing, 2024. 266 p.

5. Telegram Bot APl Documentation. URL: https://core.telegram.org/bots/api
(accessed: 18.11.2024).

6. OpenAl APl Documentation. URL: https://platform.openai.com/docs/
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Prokopchuk D. l., Senior Student; Boichura M. V., Candidate of Engineering
(Ph.D.) (National University of Water and Environmental Engineering, Rivne)

AN INFORMATION SYSTEM FOR FLEET MAINTENANCE MANAGEMENT

An information system for managing vehicle fleet maintenance is
developed. It is implemented as a web application with client and server sides
based on the modern and powerful JavaScript programming language. Given its
well-known advantages, the Front-End is built using the React library. The Back-
End is based on the Express framework, as it is a flexible, simple and efficient
tool that supports many middleware. Sequelize was chosen as ORM for the
database management system PostgreSQL due to its ability to store structured
data, stability and power. We used the Telegram API to implement automated
notifications, which is quite popular in Ukraine today. An artificial intelligence

34



service is integrated to predict the condition of cars based on “historical data”,
automate the decision-making process, generate recommendations, etc; OpenAl
APl was chosen because it generally has high-quality indicators. The general
algorithm of the system is presented and the software side of the web
application is covered. In particular, the database scheme is developed in terms
of clear data structuring, ease of maintenance, flexibility, and quick access to the
necessary information. There are three user roles: owner, manager and user.
The first one is designed to organize general processes, e.g., adding new people
to the manager role. The second one is responsible for control reports and their
detailed processing. The user can manage the list of vehicles, investigate their
status (including using artificial intelligence tools), and set up notifications on
Telegram. The extensibility and flexibility of the developed information system
has been proven.

Keywords: information system; fleet management; maintenance; Express;
React; OpenAl.

V/IK 004.4

1Crosnoseup B. fl., ctyaeHT; 2boituypa M. B., K.T.H. (HauioHanbHUi1 yHiBepcuTeT
BOAHOro rocnogapcrea Ta NPUPOAOKOPUCTYBAHHA, M. PisHe,
Istovpovets_ak19@nuwm.edu.ua, >m.v.boichura@nuwm.edu.ua)

IHGOPMALLIMHA CUCTEMA ANA OPTAHI3ALIT OMUTYBAHDb TA IX AHANI3Y B
3AKNAAAX BULLOT OCBITH

Po3pobneHo iHpopmauiliHy cuctemy Ana opraHisauii onutyBaHb Ta iX
aHanisy, agantoBaHy nig notpebu 3aknagis BUWoOi ocBiTM. CNpoeKkToBaHo 6a3y
JaHuX BignosigHoro Bebgopatka. B ocHOBi iHpopmauiiiHOI cuctemu nexkartb
apxitektypa Clean Architecture i ¢peiimBopkn ASP.NET Core T1a Next.js.
PeanizoBaHO ¥ HM3KY iHWMKMX Cy4yaCHMX MigXoA4iB Ta TexHonorin pgnsa
3abe3neyeHHA TrHY4YKOCTI Ta po3wWMplOBaHOCTi Bebaopatka. IHTerpoBaHo
ChatGPT APl y Front-End cKknagoBy pgna oAHO4YaCHOro aHanisy BubGpaHOro
nepeniky pe3ynbTaTiB aHKEeTyBaHb.

Knawouosi cnoea: ASP.NET; Next.js; ChatGPT API; onuTtyBaHHS;
aHani3 gaHux.

Bcryn. MNpoBeaeHHsA onuTyBaHb, 0COHBIMBO aHOHIMHMX, IHAMBIAYAaNbHUX ANA
KOXKHOi OKpemoi rpynu CTyAEeHTiB Yy 3aKnafax BULLOI OCBITM, — Le 3a3BU4YaM
perynapHuin Ta CKNagHui npouec, AKMM NoTpebye BMCOKOrO PiBHA yBaXKHOCTI A0
netanei. Ha cborogHi, 4OCUTb BEIMKA KiNbKICTb TAKOFO poay aHKeTyBaHb No4vana
NPoOBOAUTUCL B E€NEKTPOHHOMY BUrnaai (Ha 3amiHy nanepoBomy), WO €
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NPaBUAbHUM KPOKOM B HanpAMKy UMdpoBi3auii Ta NiaBULWEHHA 3pyYHOCTI AnA
CTYAEHTIB i NpaLiBHUKIB. MpoTe pe3ynbTaTv TaKMX ONUTYBaHb BCe We noTpebytoTb
TpUBaNoOro Ta MNPUCKINAMBOro aHanisy. binbwe TOro, Takoro poay aHKETyBaHHA
3a4acTy NPOXOAATb B KiHLi HaBYa/JbHOro CemMecTpy, KOAM Ha MNPaLiBHUKIB nArae
HaMbinblwe HaBaHTAa)KeHHA. TOMy Ba*K/NMBO M Hagani po3pobnAatu Hosi, Binbw
3PYYHI, IHCTPYMEHTUN ANA NpoBeAeHHA ONUTYBaHb.

Mertoto aaHoi poboTh € po3pobKa iHGopMaLMHOT cucTemn AnA opraHisauii
OMWUTYBaHb Y 3aKNafAax BULLOI OCBITM Ta aHaNi3y OTPUMYBAHUX Pe3ynbTaTiB. TaKy
nnatpopmy AouinbHO 0GOPMAOBATM Y BUMAALI KNiEHT-cepBepHOro Beb640AaTKa,
[0 AKOro manu 6m aocTyn Auuwe 2 KaTteropii ocib-y4acHUKIB OCBITHbOroO npouecy:
pecnoHAeHTH (i3 iHAMBIAYani30BaHOO NOJIITUKOK Npas A0CTYNYy) Ta OpraHi3aTopu.

ApXiTeKTypa Ta CTeK TeXHONOrii. 3aa15 3abe3neyeHHA rHy4KOCTi, Cy4aCHOCTI
Ta PO3LWMPIOBAHOCTI iHGOpPMaLiMHOT cMcTemMM BapTO po3pobatoBaHMii Be6404aTOK
APXITEKTYPHO PO3AinnTN Ha 2 Yactuhu [1; 2]: Front-End Ta Back-End. [logaTtkoso
BaXK/IMBO iHTErpyBaT NaTepHU (OCKiNIbKK Lie BipHi NPaKTUKKN NpoeKTyBaHHA) [2]. 3
TOYKM 30py MaKCUMIi3aLii PiBHA 3axUCTy MEpPCOHANbHUX L[aHUX BapTO
BUKOPMCTOBYBATM BigOMI cuctemmn aBTeHTUIKaLIi i3 A0AaTKOBUM XellyBaHHAM
(aws., Hanp., [3]). Ons aHani3y pe3ynbTaTiB ONMTYBaHb AOLI/IbHO CKOpUcTaTUCh API
NonyiApHUX CePBICiB LUTYYHOrO iHTeNneKTy (Hanpuknaa, [4]).

TakMM 4YMHOM, NPUNHATO piweHHs Back-End 4yacTuHy po3pobnatn 3a
ponomoroto  ¢pperimBopKy  ASP.NET Core 3a paxyHOK WMOro BMCOKOI
NPOAYKTUBHOCTI, 6aratodyHKLIOHANbHOCTI Ta 3py4HOi iHTerpauii 3 iHWumMK
TexHonoriamn  [2]. 3apgna 3abe3nevyeHHA  PO3WMPIOBAHOCTI i THYYKOCTI
BukopuctosytoTbca Clean Architecture, a Takox natepHun MVC, Dependency
Injection Ta Repository, WO € cyd4aCHMMWU Ta HALIMHUMM PilLEHHAMMW Yy ranysi
Beb6p0o3pobKku [2; 5]. AnAa cnpoweHHA Ta 3abe3neyeHHA «MOAYNAbHOCTI» poboTu 3
6a3ot0 gaHux 3actocoByeTbca ppermBopk ORM Entity Framework, cneundikauii
Ta mapping [2; 6]. besneka nNpu «TpagmUilHiI» peecTpauii Ta aBTeHTUIKauii
3abe3neyyeTbcs 3a AONOMOroK cyyacHoi Ta edeKTuBHOI cuctemum ldentity [7] 3
BMKOPUCTaHHAM JWT-ToKeHiB [3]. [Ana ekoHOMmii TpadiKy Ta 3HUMKEHHA LWaHCy
BTPATU YYTANBUX AaHUX BUKOpUCTOBYIOTbCA DTO [2].

Bca cxema 6a3sn  pgaHMX, 3@ BUKAOYEHHAM QABTOMATUYHO CTBOPEHMX
3acobamu Identity Tabnuub, mae Burnag, HaBeaeHWit Ha puc. 1. IcHytoya
CTPYyKTYypa gaHux AspNetUsers gonoBHeHa nonsmu 3 aeTanisauieto iHbopmauii
npo KopwuctyBadiB. Tabanua Groups 3abe3neyye opraHisallilo PecrnoHAeHTiB B
OKpeMi rpynn 3 AOCTYNOM A0 TUX 4YM iHWKWX ONWUTYBaHb. [lapa cyTHoOCTeM
ResponseDetails Ta Responses BianosigatoTb 3a 36epeskeHHA pe3ynbTaTis. Toai AK
Tabnuui Surveys, Questions Ta AnswerOptions crTocytoTbcA 6e3nocepeaHix
HaNalWTyBaHHA YW MNPOXOAMKEHHA onuTyBaHb. Came Takui Habip cyTHocTeM
[03BOJIAE A0CUTb MOBHO Ta AKICHO BiATBOPUTU NOTPebM B ONUTYBAHHAX Y BUNAAKY
3aKNaAiB BMLOI OCBITH, HABITb Y BUNAAKY BUMOT aHOHIMHOCTI.
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AspNetUsers

Googleld

ProfilePicture

ResponseDetails Responses j ﬁ
g Id %l
Answer Submittedat ||
Responseld Surveyld ‘4 5!
Questionld P Userd
Rating SurveyAccesses GroupSurveyHubUser
g id 7 Groupsld
SelectedOptionlds i et
Userld
% Groupld ]
Questions
% d Surveys i %
Text 9 1
Type Title Groups
Surveyld Description g
MaxRating CreatedDate e
oo—Bs|  Erpiresat Description
& IsActive
AnswerOptions Userld
% d MaxAttempts.
Text
Questionld

Puc. 1. Cxema 6a3u gaHmnx

Halibinbw Ha cbOroAHi nonynAapHMM niaxonom Ao po3pobku Front-End
CKNafloBOi € BUKOpUCTaHHA JavaScript-pperimsopkis. O6paHo Next.js [1],
BPaxOBYIOYM HafABHICTb 3PY4YHUX iHCTPYMEHTIB y nos’A3aHoi TexHonorii React
Native [8] — oA NOTEHUiIMHO MOXKINBOIO PO3LIMPEHHSA iIHPOPMALLIMHOT CUCTEMM Ha
BMKOPUCTAaHHA MObinbHUX nnatdopm. 3 MmeTo oOpraHizoByBaTn 6He3sneyHy
B3aemogito mix Front-End Ta Back-End, a TakoxK ana 3abesneyeHHa Google-
aBTeHTUdIKaLii HanawToBaHo nonitnky CORS [9].

TakMm 4mHOM, po3pobneHo HU3KY meTogis APl Ha CTOpPOHi cepsepa Ta
byHKUioHany i3 KnieHTCbKoro 60Ky AN MNOBHOLIHHOI, 3py4HOi Ta 6e3nevyHoi
B3aemog,ii mix Front-End Ta Back-End.

Poni KopucrtyBauiB. Y po3pobneHit 6a3i gaHux nepepbayeHo 2 poni
KopucTyBayiB: admin Ta user.

Byab-xTo y poni admin mae npaso 3aiiicHioBat CRUD onepauii woao Bcix
ONUTYBaHb (AK 3arasiom, TaK i WOAO OKPEMMX 3aMUTaHb), HAABHWUX Yy AOAATKY.
OKpiM  UbOro AOCTYMHWUA GYHKLIOHAN ANA THYYKOrO KepyBaHHA rpynamu
KopucTyBayiB (aAMiHicTpaTopiB, CTYAEHTIB pPi3HMX rpyn, BMKNaaadis towo). Mpu
notpebi admin morke 34iNCHUTK 3aNUT Ha CYMICHWI aHanNi3 pe3yabTaTiB AEKiIbKOX
iCHylouMx onuTyBaHb. PeanisoBaHo ue 3a ponomoroto ChatGPT APl [4].
OTpumyBaHi BignoBiAi HABOAATbLCA, HANPUKAa4, Y BUrnagi puc. 2.
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AHaniz onUTYBaHHA

KopoTkuii ornaa

OI'IMT}I’EaHHﬂ npoecannocs 4na OL|,iHKIr'1 AKOCTI HEBUANEHOMC NPOLECy T3 BUKA343HHA JUCLWNAIH. 3arancm CTY4eHTH
NO3WTUMEHO OLLiHMJ'IM MOXCTHBOCTI Blr160p}' AWNCUANAIH, ane BK33anu Ha HeOﬁXI,D,HIC[I: NOKPaLeHe Y HAaBYaNEHOMY NAaHI.
AHaniz TEKCTOBMX BianoBiAeh

CTyasHTv ekasann 43 notpeBy B rnBLunK SHaHHAX 00'EKTHOORIEHTOEEHOTO NPOTPaMYESHHR, A0A3TKOEMX KyPCax 3
MPOTPEMYEEHHR T3 POSOTI 3 3NapaTHIM 230e3neYerHAM. HaronoWwyEany Ha noTpedi BiNbWol NPaKTHKK B HIBUSHHI,
SMEHLUEHHR TEOPETHYHIX 33HATE.

Poznoain 2anutaHb 3 BuBopom

BiNbLICTE CTYASHTIE 233H3UMAS, WO H3BUANEHMIA NpoLec M cnogoBaecs (5 Tak', 1°Hi, 1 'Cxnaano BianosicTi’). Ouikky 23
EMGip AMCLMMAIH KONMBANWCR, 3N B LINOMY EAINOCA OCATTI CEPEAHIX 2HaUeHE ¥ 6-8 Oanax

AHaniz peATHHry

Mpw CUIHL PIBHA OTPMMAHKX 3HaHb T3 HABWYOK, DIALILICTL BIANOBIASH 30CepelKeHa HABKoNO 5-7 Banie, Wo CBIA4YMTL
Mpo cepeawiil piesHs 23408008HHA, 12 TEHASHUIEH A0 NOIMTHEHUK OUIHOK ¥ BINBWOCTI BMNaaKIE.

MepeBarn Ta Hepgonikn

Mepesani: A0CTYNHE KEDIEHWLTED, TPAMOTHI BMKN3A34I, SKTUEHI CTYASHTH. H2A0MIKW: BP3K rANS0KMX 2HaHs N0 KIHUYOSMM
TEMaM T2 HAAMIPHE TEOPIA HA WKOLY NPaKTILIL

Pexomergauii

PEKGMEH;{WETI:(R BMpOB3AMTH Binble NPaKTUYHMX 38HATh, 3MEHLLMTA KINBKICTE 28rabHNK I'IPE;{I'ME‘TiE, BEECTH HOEI
AWMCUMTAIHK, T3k AK po2podKa irop 73 NPOTPaMYESHHE, | BAOCKOHANNTI METOAMUHE 2ade2neuaHHs.

BMKOHaTH aHaN3

Puc. 2. MpuKnag aHanisy pesynbTatiB 4eAKOro ONUTYBAHHA

@DyHKUiIOHAN e pPecnoHAEeHTIB CYTTEBO 3a/leXWUTb Big NpaB [ocTyny, AKi
HafaB agMiIHICTpaTop ANsA MOTOYHOI rpynu KopucTyBadis (puc. 3). 3a3Buyan ue
MO/IMBICTb Nepernagy AOCTYNHWUX ONuTyBaHb, 6e3nocepegHE NPOXOAMKEHHA
aHKeTyBaHb (AKLWO iX CTaTyC We aKTUBHUI), AOCTYN A0 YaT-MOMIYHWMKA, B AKOTO,
HanpWKNaa, MOXHA YTOYHUTK CYTb 3aNUTAHb B KOHKPETHOMY aHKETYBaHHI.

* Hazea rpynu

AamiHicTpaTopu

Onue rpynun

KepieHuky cality

KopucTyeaui

admin (admin@example.com) =

Admin1@example.com (Admin1@example.com) =

36eperTu 3MiHK

Puc. 3. ®parmeHT CTOPiHKM peaaryBaHHA rpynm
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He3apeecTpoBaHUit KOPUCTYBAY MOXKe HaunTn Aunwe 3aranbHy iHGOpMaLito
npo GyHKLIOHAN CauTy, yBIMTU Ta 3apeeCTPyBaTUCh. Lle 06rpyHTOBYETLCA TUM, LLLO
BebA0AATOK MNPM3HAYEHWM ANA 3aKiafdiB BULLOI OCBITM, a TOMY Y4YacHMKam
OCBITHbOrO MNpouecy LiKaBUM € Juwe 670K NpoBeAeHHA (NPOXOAXKeHHA)
OMUTYBaHb.

BucHoBKku. Po3pobneHo iHOpmauinHy cucTemy pna  NpoBeAEeHHA
ONWUTYBaHb, aganToBaHy nig noTpebu 3aKknafiB BULLOI OCBITU, AKa MICTUTb
bYHKLiOHAN gnA CymicHOro aHanisy pesynbTaTiB HU3KM BMOpPAHUX aHKEeTyBaHb
3acobamu WITy4HOro iHTenekTy. OcTaHHE 3AiMcHI0ETbCA 3a gonomoroo ChatGPT
APl, WO rapaHTYe MOPIBHAHO HW3bKUM pPiBEHb «rajlOUMHYBaHHA». B OCHOBI
iHbopmaLinHoi cnuctemun nexkutb Clean Architecture i dpertmsopkn ASP.NET Core
Ta Next.js. PeanisoBaHO 1 HWU3KY IHIWINX CYYaCHUX apPXiTEKTYPHUX niaxoAis Ta
MEeTOA00riN, Wo pobuTb po3pobieHnin Be640AaTOK THYYKMM Ta PO3LLUMPIOBAHMM.
Y nepcnekTuBsi: peanisauia mobinbHoro goaaTtky 3acobamm React Native.
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INFORMATION SYSTEM FOR ORGANIZING SURVEYS AND THEIR ANALYSIS IN
HIGHER EDUCATION INSTITUTIONS

An information system for organizing surveys and analyzing them adapted
to the needs of higher education institutions in the form of a website, is
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developed. For this purpose, the architecture and technology stack were
designed to make the application flexible and extensible. In particular, the
information system is divided into two parts: Front-End and Back-End; the
Next.js and ASP.NET Core frameworks were used, respectively. In the latter
case, MVC, Dependency Injection and Repository patterns are integrated; Clean
Architecture is also implemented. Additionally, ORM Entity Framework,
specifications and mapping (to simplify database queries in general), the
Identity system and JWT tokens (for efficient and secure registration and
authentication) are used. There is an API for working with artificial intelligence
(for data analysis) on the Back-End. The CORS policy is set up.

To ensure a sufficiently complete and high-quality reproduction of the
need for surveys in the case of higher education institutions, even in the case of
anonymity requirements, a database scheme is formed. It includes tables for
working with Identity, user groups, setting up and completing surveys, and
saving results.

The Front-End component provides access to many APIs: to Google (for
authentication) and to the Back-End. The CORS policy is configured to provide
full, convenient, and secure interaction between the client and the server.

There are two roles: user and admin. The latter has access to CRUD
operations for the policy of user groups, surveys, and questions; can analyze the
results of surveys (using artificial intelligence). The user can view the available
surveys, pass them directly, and use the chat assistant.

Keywords: ASP.NET; Next.js; ChatGPT API; survey; data analysis.
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LIKABI TOYKU TPUKYTHUKA

Y crarTi HaBegeHo pAeAKi Bigomi TBepAXKeHHA, AKi MOXyTb 6yTu
KOPUCHUMU ANA po3B’A3yBaHHA oOnimniagHUX 3agay 3 reomertpii. PosraaHyTto
BNACTUBOCTiI ABOX LiKaBMX TOYOK TPMKYTHMKA. Meplua uikaBa TOYKa — NepeTUH CTOPOHU
TPUKYTHUKA 3 AiaMeTPpOM ONMUCAHOr0 KOAa, WO NPOXOAUTb Yepes NPOTUJIEKHY BEPLUNHY
TPUKYTHUKA. [lpyra uLikaBa TOYKa — CMMeTpUYHe BipobparkeHHA IHWOro KiHuA uboro
AiameTtpa BigHOCHO nepwoi uikaBoi Touku. [OKAa3aHO AK BUKOPUCTATU Ui
BNIACTUBOCTI ANA po3B’A3aHHA onimniagHoi 3aaadi. HaBeaeHo nepenik cynyTHix
3a4a4, AKi MOXKyTb 6yTH 3anponNoHOBaHi YYHAM HA MaTeMaTUUHUX oJimniagax.

Knrwyoei cnoea: matemaTMuyHa ojaimniaga; reomeTpuyHa 3agada; uyaosi
TOUYKN TPUKYTHUKA; OPTOL,EHTP; ONUCAHE KONO.
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1. Bcmyn. TMpu po3s’A3yBaHHI onimniagHMX 3adad i3 reometpii 4acto
KOPUCHO BUKOPUCTOBYBATU aKTU, AKI BUXOAATb 32 MEXi LWKiNbHOI nporpamu 3
MmaTemaTukn. Ocb AesiKi 3 BAACTMBOCTENW OPTOLEHTPA (TOYKM MEepeTuHy BUCOT
TPUKYTHUKA):

LeHTp onucaHoOro Kosna € OPTOUEHTPOM TPUKYTHUKA 3 BeplIMHAMKW B
cepeAnHax CTOpiH AAaHOro TPUKYTHUKA.

TOUYKN, CUMETPUYHI OPTOLEHTPY TPMKYTHMKA LWOA0 MOro CTOPIH, NeXaTb Ha
OnMCcaHoOMY Koni.

TOYKM, CUMETPUYHI OPTOLLEHTPY TPUKYTHUKA LLOAO CEpPenUH CTOPIH, TAKOX
NieXXaTb  Ha OnUCaHOMy KoAni i 36iraloTbcA 3  TOYKaMW, JiaMeTpasibHO
NPOTUNEXHUMMU BiANOBIAHMM BeplunHam [1-3].

IHWi ujikasi BNacTMBOCTI Ma€ Koso Ennepa abo Kono aes’aTn Toyok [4], Ha
AKOMY NieXaTb CepeguHU CTOPIH TPUKYTHUKA, OCHOBW MOrO0 BWUCOT Ta CepenuHu
BiZlPi3KiB, L0 3'€HYIOTb OPTOLLEHTP 3 BepLUMHAMM TPUKYTHUKA [5; 6]. Ocb aeski 3
HUX:

LleHTp Kona [AeB'aATM TOYOK NEeXUTb Ha npamii Einepa TPUKYTHMKa
nocepeamHi Mixk OPTOLLEHTPOM i LEHTPOM ONMUCAHOro Kona.

TouKa NepeTUHyY meaiaH TaKOX NeXUTb Ha Uik npAMiA Ha BiacTaHi 2/3 Big
OpPTOLEHTPaA A0 LeHTpa onncaHoro Kona [7].

byab-AKMI BiApPI3OK, NPOBEAEHMI 3 OPTOLEHTPA 40 NEPETUHY 3 ONUCAHUM
KOJIOM 3aBXAW AinnTtbca Kosom Einepa Hasnin [1], To6To € romoTtetia Kona
Efinepa Ha onucaHe KO0 3 LLEHTPOM B OPTOLLEHTPI i3 KoedilieHTOM 2.

TakoX € romoTteTia Kosfa EMnepa Ha onucaHe KOMO 3 LEHTPOM Yy Touui
nepeTUHy megiaH 3 KoedilieHToM -2.

[JeAaki iHWi uikaBi BNACTUBOCTI TPUKYTHMKA Ta MOro 4y[o0Bi TOYKM MOXKHA
3HalTK B [8].

2. OcHosHa yacmuHa. Y AaHihi poboTi PO3rnAHYTO We oAWMH (aKT, AKUMK
BMKOPUCTaHUI ANA PO3B’A3aHHA 3aAadvi, 3anponoHoBaHOi Ha 3-my (obnacHomy)
eTani BceykpaiHCbKOT onimniagn 3 matematmkm 2024—-2025-ro HaB4asIbHOro POKY
(10-# Ta 11- Knac). Ocb ua 3agava.

3a0aua 3 [9]. LiameTp AD onucaHoro Kosna TPUKYTHUMKa ABC nepeTuHae
npamy BC y Touui K. Touky D cumeTpuyHO Bigobpasmnm BigHOCHO TOYKM K i
oTpuManum Touky L. Ha npamiit AB obpaHa Taka TouKa F, wo FL L AC. [loBegiTb, Wwo
FK 1 AD.

Mpu po3B’A3yBaHHI L€l 3a4a4i OTPUMAHO Lie AeAKi LiKaBi BNacTUBOCTI TOYOK
TPUKYTHUMKA.

Hexalt B onnucaHomy Koni TPUKyTHUKa ABC piameTp AD nepeTuHaE CTOPOHY
TPUKYTHUKA BC B Touui K (amnB. pucyHok). Came npo U Touyky K i nTume mosa.
MNposegemo 4yepes Touky K npamy, nepneHaMkynapHy no AD, [o nepeTuHiB 3
npamummnm AB Ta AC, B TOuKax F Ta S BignoBigHO. HeBa)kKo A0BeCTM TaKi
TBEPAKEHHA.

TeepOxceHHA 1. OnucaHe Koo TPUKYTHUKa AFS npoxoanTb Yepes ToUKy D.

41



TeepOxceHHA 2. TPUKYTHUK AFS € nogibHUM A0 TPUKYTHUKa ACB.
TeepOxceHHA 3. OpToueHTp L TPUKYTHUKaA AFS € cuMeTpuyHMm Touui D
BiAHOCHO TOYKM K.

PucyHoK

JlosedeHHA meepOxceHs.

1. YoTupuKyTHUK KFBD € onucaHum, 60 KyT K npamuii 3a nobyaosoio, B
TAKOX MPAMUMN, TaK AK CNMPAETbCA HA giameTp. Toai ogHakoBMMMK € KyTM KFD Ta
KBD. NMpoaoBKytoum iX CTOPOHU, OTPUMYEMO PIBHICTb KyTiB SFD Ta CBD. OcTaHHIn
KyT CBD € pisBHum Kyty CAD, Te K came, wo SAD. Tomy YOTUPUKYTHUK SAFD €
onucaHum, To6To onmncaHe KONOo TPUKYTHUKA AFS npoxoauTb Yepes TouKy D.

2. [ani, kytn CBA Ta CBD patoTb B CyMi NPAMMI KYT, TaK AK i Kyt SAK Ta KSA
(Te came, wo FSA), Tomy Kyt CBA Ta FSA € piBHUMM.

OTXKe, TPUKYTHUK AFS € noaibHMUM A0 TPUKYTHUKA ACB 3a ABOMA KyTamMu.

3. Teepa)eHHA 3 OTPMMYEMO AK HACNIAOK Nepworo TBepAXKEeHHA:
opToueHTp L TPUKYTHUKA AFS € cumeTpmyHUM TouLi D BiAHOCHO OCHOBWM BUCOTH,
TOYKM K (3 BiZLOMOT BNACTUBOCTI NPO NEPETUH NPOAOBKEHHS BUCOTU TPUKYTHUKA 3
OMMCaAHUM KOJIOM).

TeepOxceHHA 0osedeHi.

Tenep HeBaXKKO HaNMCaTK po38°A30K 0aiMniadHOI 3a0a4i 3.

[JobyaysaT TPUKYTHUK FSA, nposiswmn npamy FK go nepetuHy 3 npamoto AC
B Touli S. Toai FSA BifoOMUIA BXKe HaM TPUKYTHUK, ANA SKOro L € OpTOUEHTPOM, a
AK € Bucototo. OTxKe, AK nepneHAMKyAapHa A0 CTOPOHM FS, wo i Tpeba 6yno
00BecTu.

3. CynymmHi 3a0adyi.

1) B onucaHomy Koni TpuKyTHMKa ABC piameTp AD nepeTMHaE OCHOBY
TPUKYTHUKA, cTOopoHy BC, B Touui K. Yepe3 Touky K nposeseHo npsamy,
nepneHAMKynapHy ao AD, wo nepetuHae npami AB ta AC B TouKax F ta S
BignosigHo. loBecTy, Wo:
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a)AF/AS=AC/AB.

6) TPMKYTHUKM ASF Ta ABC nofi6bHi.

B) TPUKYTHUKK ASF Ta ABC nopibHi Ta 3HaliTK KoediuieHT noaibHoCTI, Yepes
CTOPOHU Ta KYTU TPUKYTHUKA ABC.

r) KD = KH, e H— opTOLEHTP TPUKYTHMKa AFS.

A1) TouKa D neXuTb Ha ONMCAHOMY KOJli TPUKYTHUKA AFS.

2) Oosectun, wo giameTp AD onncaHoOro Kona TPUKYTHUKa ABC Ta BucoTa AA;
TPUKYTHUKA YTBOPIOIOTb OAHAKOBI KyTH 3i cTopoHamu AB T1a AC BianosigHo (UiKkaBa
AOCUTb BigOMa BNaCTUBICTb, AKY TAaKOX BapTO Nam’aTaTw).

3) fiameTp AD onucaHoro Kona TPUKyTHUKa ABC nepetuHae npamy BC y
Touui K. Touyky D cumeTpuyHO Bigo6pasuam BigHOCHO ToYkM K i OTpMManu Touky L.
Ha npamin AB obpaHa Taka TouKa F, wo FL 1 AC. Josectu, wo Kytm ADF Ta ADC €
piBHUMMW.

4) Nosectn TBepAKeHHA 1, 2, 3 y BUNaAKy, KON NPAMa, LLLO MiCTUTb diameTp
AD, nepeTtnHae npamy BC 30BHi ONMCAaHOro Kosa TPpUKyTHUKa ABC.

4, BUCHOB0OK. TakKMM 4YMHOM MW OTPUMANM LiKaBy BAACTUBICTb TOYKM
nepeTuMHy AiameTpa OMMCAHOro Kosa, NPOBeAEeHOro 3 BEPLUIMHU TPUKYTHUKA, 3
NPOTUNEKHOK CTOPOHOM. Lla BAacTMBICTb NEPEeKNMKAETbCA i3 BiAOMOIO
B/IACTMBICTIO OCHOBWU BMCOTU TPUKYTHUKA. TOMY € JOCUTb NIETKOKD AN1A BMBYEHHSA,
3aMam’aTOBYBAHHA Ta BUKOPUCTAHHA ii yYHAMKU ANA PoO3B’A3yBaHHA ONimMniagHMX
3adau.

TaKOX MOXHa BUKOPUCTATK Ti A4NA CKAALAHHA CYNYTHIX onimniagHMX 3a4au.
[eski HaBegeHO B NyHKTI 3, a We oaHa byna Ha LbOropiyHii onimniaai.

TBepaXeHHA 1, 2, 3 He € CKnagHUMKU A BUBEAEHHA 1X YYHAMMU, TOMY iX
MOHa BUKOPUCTATK Ha 3aHATTAX MaTEMATUYHOIO rypTKa.

Ona nobynoBn pucyHKa paHoi ctatti 6yna BMKOpPWUCTAHA BillbHA Bepcis
3acTocyHKy GeoGebra 4.0.34 [10].
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INTERESTING POINTS OF A TRIANGLE

The article presents some well-known statements that can help to solve
olympiad geometry problems.

The properties of two interesting points of a triangle are considered. The
first interesting point is the intersection of a triangle side with the diameter of
the circumcircle that passes through the opposite vertex of the triangle. The
second interesting point is the reflection of the other endpoint of this diameter
with respect to the first interesting point.

Let us consider a triangle ABC. Let K be the intersection of the diameter AD
of the circumcircle and the side of the triangle BC. The point K is the first
interesting point. Let / be the line perpendicular to AD that passes through the
point K. Let F and S be the intersections of the line / with the lines AB and AC
respectively. The following statements can be easily proved.

Statement 1. The circumcircle of the triangle AFS passes through the point
D.

Statement 2. The two triangles AFS and ACB are similar.

Statement 3. The orthocenter L of the triangle AFS coincides with the
reflection of the point D with respect to the point K.

Using these properties to solve an olympiad geometry problem is
demonstrated.

A list of related problems that can be posed to students at mathematical
olympiads is presented.

Keywords: mathematical olympiad; geometry problem; triangle centers;
orthocenter; circumcircle.
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YAK 378.147:311.21:316.42

Babuu T. 0., K.e.H., goueHT; binbuyk 0. M., ctyaeHTKa 5 Kypcy (HauioHanbHMiA
YHiBEpCUTET BOAHOrO rocnogapcrea Ta  MNPUPOAOKOPUCTYBAHHA, M. PiBHe,
t.iu.babych@nuwm.edu.ua, bilchuk_ak20@nuwm.edu.ua)

BIIbHUM BUBIP ANCLMNAIH AK OAHA 3 CKNAAOBUX ®OPMYBAHHA
IHAMBIAYANBHOI OCBITHbOI TPAEKTOPIT (HA NPUKNAAI CNELIAIBHOCTEN
HABYA/IbHO-HAYKOBOIO IHCTUTYTY KIBEPHETUKU, IHOOPMALLIMHUX
TEXHO/IOTIN TA IHXKEHEPI()

DocnigxeHHA npucBAvYeHO (OpPMYBaHHIO iHAUBIAYANbHOI OCBITHbLOI
TPa€eKTOpii Yepe3 BiNbHUI BUBIP AgucuunaiH. OnAa BuABNeHHA MoOTUBAUii Npu
peanisauii Bubopy po3pobneHo aHKeTy «Yu 3a40BONIEHI BU MOMKAMBOCTAMM
dopmyBaHHA iHAMBIAYANbHOI OCBITHbOI TpaeKTopii?». MpoBeaeHO oNUTYBaHHA
cepepa, cTyaeHTiB HaBuyanbHO-HAaYKOBOro iHCTUTYTY KibepHeTuKku, iHbopmauiiiHux
TeXHONOrili Ta iHXeHepii. locniaKeHo pe3ynbTatm BinbHOro Bubopy 3po06ysauis
Ha NOTOYHMWA HABYANbHUMA PiK i3 BpaxyBaHHAM CNPAMYBaHb AUCLUNAIH.
BuasneHo XapaKTepHi ocobauBsocTi Bignosigen i BuboOpy 3p06yBauis
cneuianbHocti  «MpodecitHa oceiTa (undposi TexHonoriin) Ta IHWKX
cneuianbHocTen.

Kniou4osi cnoea: iHAauBiAyanbHa OCBITHA TPAEKTOPiA; BinbHUIK BUGIP;
MOTUBALifA; CNPAMYBaHHA AUCLUNAIH.

Y XXI cToniTTi OCBITHA Nporpama npusHavyeHa He Aunwe anAa 3406yTTa 3HAHb
BigNOBigHO A0 06paHOi cnewiaNbHOCTI, PO3KPUTTA YMiHb i 34iOHOCTEN, @ TAKOX
MA€E Ha MeTi MaKCMMaNbHO NiAroTyBaTM ManbyTHIX BUNYCKHUKIB [0 KOHKypeHLU,i
Ha pWHKY npaui. OgHUM i3 OCHOBHUX IHCTPYMEHTIB peanisauii OCBITHbOI Nporpamu
€ IHAMBiAyanbHA OCBITHA TpaekTopiA. 3riAHO 3aKOHYy NpoO OCBITY «lHAMBIAYyanbHa
OCBITHA TPAEKTOPIA — NEpPCOHaNIbHMUI WASAX peasisauii ocobucTicHoro noTteHuiany
3p06yBayva 0OCBiTH, WO GOPMYETLCA 3 ypaxyBaHHAM Moro 3aibHocTel, iHTepecis,
notpeb, MOTMBALi, MOXK/IMBOCTEN i JOCBIAY, 'PYHTYETbCA HA BMOOpI 3000yBavem
OCBiTU BMAiB, dopm i Temny 3806yTTA OCBITM, CyH’EKTIB OCBITHLOI AiANLHOCTI Ta
3aNpPONOHOBAHMX HUMM OCBITHIX MApOrpam, HaBYyaJbHUX AUCUMNANIH | piBHA iX
CKIaZIHOCTIi, MeToiB i 3acobiB HaBYaHHA» [1].

Cy4acHM PUHOK npaLi BUMarae Big 3406yBayiB OCBITU BifANOBIAHOI AKICHOT
npodeciHoi niarotoBkn. Hapasi akTyanbHO BMITM CaMOCTIMHO O0BOJIOAIBATU
3HaHHAMM | epeKTUBHO BUKOPUCTOBYBATH iX Yy NpodeciiiHin aianbHoCTi. 3a06yBavi
OCBiTM MalOTb OBOJIOAITM HOBMMM MiAxoAamMM A0 HaBYaHHA Ta npodecinHoi
niagroToBKM, BMIiTU CAMOCTIMHO NPUAMATU pPillEHHA | HecTM 3a HUX
BignoBiganbHicTb. OAHMM 3 NPOABIB CTYAEHTOLEHTPOBAHOrO Nigxo4y B OCBITI €
YNpoBaAXKeHHA  iHAMBIAYaNbHUX  OCBITHIX  TPAEKTOPIA, AKi  BPaxoBYHOTb
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iHAMBIAYaNbHO-TMMNONOrYHI 0co0bAMBOCTI, iHTepecK, 34iOHOCTI, KUTTEBI NAaHM Ta
noTpebun KoXKHoro 3a06yBaya OCBITU. Lle y3roarKyeTbca i3 CBITOBOK TeHAEHLUIED
no nibepanisauii Ta nepcoHanisauii BULWOI OCBITWM, KOAM CTYAEHT BUCTYNaE
aKTUBHMM Cy6’EKTOM TBOPEHHSA B/IACHOT OCBITHbOI TPAEKTOPII.
Yy HauioHanbHomy yHiBepcuTeTi BOAHOrO rocnogapcrea Ta
NPUPOAOKOPUCTYBAHHA BiIbHUI BUBip AMCUMNAIH peani3yeTbeca BiAnNoBigHo A0 [2]
cepes, 3HayHoOi KinbKocTi  (Binbwe 400) 3anponoHOBaHMX BUK/AaZa4yammu
YHIBEPCUTETY Pi3HOMAHITHUX CneuKypciB. KOXXHOro poKy iX KiNbKiCTb AMHAMIYHO
3MIHIOETbCA, OCKI/IbKM Nif, Yac BM3HAYEHOro TEPMiHY BMKNaAa4vi MaloTb NPaBO fK
noAaTu [0 «KOLWIMKY BiJIbHOTO BUOOPY» HOBY AUCUMNAIHY, TaK i BUIYYUTM 3BiATU
AVUCLMNAIHU, WO He KOPUCTYIOTbCA MONUTOM Y 34,006yBadyiB, 3acTapi/fi, HeaKkTya bHi,
TOLLO.
BinbHWiA BUBIp HOCUTb MiXAUCUMNAIHapHUIK XapakTep. TobTo, CTyaeHTU
MatoTb NPaBO He 06MeXKyBaTUCA B CBOEMY BMOOpI nepenikom AUCUMNAIH NeBHOI
Kadeapun 4m HaB4YanbHO-HayKosoro iHcTuTyTy (HHI). lo nepeBar TaKoi opraHisau,i
BMBOpPY MOXKHa BigHeCTH:
® CTyAEHTaM HaBYaHHA B 36ipHUX rpynax (CTyAeHTM pisHWUX cheuianbHocTen 3i
CNibHUMM  iHTepecamMu) Hafa€E MOMK/IMBICTb  OTPMMATU  A04ATKOBUM
HedopManbHWIA A0CBIA;

® BMK/aZayi, B CBOK Yepry, MOXKyTb NpaLoBaTh 3i CTyAEHTaMW, AKi 3pobuan cBin
cBigommMit BUBip, Ta € BMOTUBOBAHMMMW A8 HABYAHHS;

e HYBITI cTae 6inbw npusabansum ana abiTypieHTis.

BogHouac, BapTo 3a3Ha4YMUTH i MEBHI HEAONIKM, WO NOTPIOHO BpaxoByBaTu:

® 33 HaABHOCTIi TaKOi BE/IMKOI KiNbKOCTi MPOMO3ULIA  CTYAEHTY BarKKO
BM3HAYUTUCA, aaKe ANA 34iACHEHHA cBigomoro BuMbopy NoTpibHO AoKnacTu
3HAYHMX 3yCMAb | NPULINNUTM 404ATKOBUM Yac;

® BMK/IaZa4yaM e NOoTPIBHO AEeMOHCTPYBaATU FHYYKICTb NPU NOBYAOBI CTPYKTYpH
NPOMNOHOBAHOIO KYPCYy A4 BpaxyBaHHA NONepeaHboro piBHA 3HaHb CTYAEHTIB i
NiATPUMAaHHA iHTepecy A0 AUCUUNNIHU Binblu 06i3HaHUX CTYAEHTIB.

JO «KOWWKY BiNbHOro BMOOPY» BHECEHI AUCLUMAIHM Pi3HUX CMPAMYBAHb:
rymaHiTapHe; npaBoOBe; TEXHOJOriYHe; iIHO3EeMHMUX MOB; COLia/NIbHO-EKOHOMIYHE;
coujanbHo-ncmxonoriyHe. Ha puc. 1 NnpoaemMOHCTPOBAHO OPIEHTOBHY CTPYKTYpY
KKOLIMKY» B PO3pi3i cnpsamyBaHb. B 3anekHOCTi Big BnAacHUX BnogobaHb Ta
iHTepeciB, CTYAEHTM MOXYTb YAOCKOHANOBATUCA B Pi3HUX Hanpamax, abo
BMNpobyBaTu cebe B HOBUX.
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Puc. 1. CTpyKTypa «KOLUNKY BinbHOro BUG6OpY»

MoHa BiA3HaAYUTU, WO B «KOLWIMKY BiIbHOTO BMOOPY» NepeBarkatoTb
OAUCUMNNIHM TexHonoriyHoro (42%) Ta couiaNbHO-EKOHOMIYHOro CnpAMyBaHHA
(31%). 3aranom, ue cnisnagae 3 po3noAiNiom KifibKOCTi 3406yBaYiB B yHiBEpCUTETI
B pO3pi3i cneuiasbHocTel (HalMbinblua 4YacTMHA — TEXHIYHIi Ta EKOHOMIYHiI
cnewianbHOCTI).

[JaHe pocnigXeHHAa npoBeAeHO Ha OCHOBI aHanisy BifbHOro BMbGOpY
CTyAeHTiB  HaBYa/NbHO-HAayKOBOro  iHCTUTYTY  KibepHeTuKM, Komn'toTepHUX
TEeXHOoriN Ta iHXeHepii (aani HHI KITI). B cknagi HIHI KITI HaBYatoTbcA CTyAEHTH
Takux cneuianbHocter AK: «[podeciiHa ocsita (umMdpoBi TEXHOANOTIT)»;
«MpuKknagHa  matemaTuka»;  «lHKeHepis  nporpamHoro  3abe3neyeHHA»;
«Komn'toTepHi Hayku»; «Komn’toTepHa iHKeHepia»; «Kibepbesneka Ta 3axucTt
iHbopmaLii»; «IHGoOpMmaLiliHi cucTeMn Ta TexHOAOTIi». BapTo 3a3HA4MTH, WO
3ara/JibHa CNPAMOBAHICTb CMeLiaNibHOCTEN — TexHosoriYyHa. Pasom 3 Tum,
cneujanbHicTb «lMpodeciiHa ocsiTa (LMdpoBi TexHONOrIT)» BiAHOCUTLCA A0 ranysi
3HaHb «OcBiTa», TO6TO BUrNALAE AELLO BiLOKPEMIEHO Ha GOHI iHWMX.

Y Bubopi cneukrypcie 6akanaspis HHI KITI TpaguuinHo nepeBaKatoTb
OVNCLMNAIHM TEXHOMOTNYHOro cnpsimyBaHHA (puc. 2). Tak, Ha 2024-2025 H.p. Ha
HUX npunagae 56%, 3HayHO meHwe (20%) 6yno BMOBpaHO AMCUUNAIH
ryMaHiTapHoro cnpamysaHHA. Cepef iHWMX CNPAMYBaHb HaMMeHLle CTyAeHTH
6axkatoTb BUBYATM NPABOBI AUCLUMNIHM.

CoujanbHo- MNpaso
CoujanbHO-  NCUXONOTIYHMIA _ 1% |\ . TymaHitapHuit

EKOHOMIYHMNI 8% 20%
9%
IHo3emHi
Mmosu
6%

== — TexHonoriynni
56%

Puc. 2. CtpyKTypa Bubopy cneukypcis 6akanaspis HHIKITI
Ha 2024-2025 H.p.
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Xouya cneuianbHocti HHI KITI € 3aranom Komn’toTepHOro (TexHoJsorivyHoro)
CNPAMYBAHHA, PO3MoAin BUOOPY Ha pUC. 2 AEMOHCTPYE, WO CTyAeHTU HaxkaloTb
OEeAKOro po3maitrTa npu GopMyBaHHI iHAUBIAYaNbHOT OCBITHLOI TPAEKTOPII.

Ona BMABNEHHA MOTMBALii CTyAEHTIB Npu BMOOpPI NpeameTiB i3 «KOLIMKa
BiAbHOro BMHOPY» 6YyNn0 po3pobAeHO aHKeTy-ONUTYBANIbHUK «Y1 3340BONEHI BU
MOXANBOCTAMM GOPMYBaAHHA iHAMBIAYANbHOI OCBITHHOI TPAEKTOPII?» HA OCHOBI
pesynbTaTis gocnigxerHs [3]. [i 6yno peanisosaHo Ha ocHosi Google Forms.

MuTaHHA aHKeTM Byno nogineHo Ha Tpu 6a0KWU. Mepwa epyna mictuna Tpu
3aMWUTaHHA 3aranbHOro Xxapaktepy. [Apyruit 610K 3anuTaHb Oyno npu3HaYeHo
BUABJIEHHIO MOTMBALLT Npu BMOOpPI cneukypcis. TpeTiit 610K NUTaHb CTOCYBaBCH
opraHi3auiMHMX MOMeHTIB BMOOpPY npeameTiB | 3araibHUX BpParKeHb Bif,
dopmyBaHHA iHAMBIAYaNbHOT OCBITHLOT TPAEKTOPII.

MiarotoBneHy aHkeTy 6y/10 pO3MNOBCIOAXEHO cepe, 34060yBayis ocsiTn HHI
KITI HYBIT. Ha momeHT NpoBeAeHHS ONUTYBaHHA Ha OCBITHbO-KBasnidiKauiMmHUX
piBHAX «baKkanasBp» i «marictp» HaB4yanocA 620 cTyaeHTiB. Y pe3ynbrari
aHKeTyBaHHA Bianosiai Hagicnann 180 ctyaenTis (29,03%). TobTO, KinbkicTb THX,
XTO B3fB y4aCTb B aHKeTyBaHHiI € AOCTAaTHbOW Ana GopMyntoBaHHA BUCHOBKIB. B
ONMUTYBaHHI B3S/1M Y4acTb CTYAeHTU BCix cneujanbHocTtein HHI KITI (puc. 3).

015.39 MNpodeciiiHa oceita
126 IHdopmaLitHi cucTemu (1wmdipori TexHonorii)
[ERC GV 12%

20%

113 1purnzaHa
M2TEeMaTUHa

A%
121 IHxeHepia
HEIONPAMHO10 ZA08118USHHA
31%

Puc. 3. CTpyKTypa Bignosiaeii 3a006ysadis HHI KITI Ha onuTyBaHHSA

125 liiBepbesnska Ta 3axmcT
iHbopmauil
oY%

123 Komn'knspisa
iHKEHERIA
10%

122 Komn' ioTepHi Hay <4
18%

3aiiCHEHO NOPIBHANBHUIM CTAaTUCTMYHMIA aHani3 Bignosigei 3406yBauyis
ocBiTM cneujanbHocTi «MpodeciiHa ocsiTh (UMdposi TexHonorii)» (aani MOUT) Ta
CTYAEHTIB iHWMX cneujanbHocTen (Hagani «lHWI») Ha 3anNUTaHHA aHKeTWU. 3aBASAKK
TAaKOMY MOPIBHAHHIO MOHa No6aYUTU, YN BiAPISHAETLCA MOTUBALLIA CTYAEHTIB B
3aNEeXHOCTI Bif ranysi 3HaHb.

Ha ppyre 3anutaHHa (Yn Bu BXe Opanu ydyactb y BMOBOpPIi OCBITHBOI
KOMMOHEHTU 3 KOLWMKY BiNbHOro BMOBOPY) MO3UTMBHY Bignosigb ganu 82,6%
(MouT) i 54% («lHwi»); HeraTuBHy Bignosigb — 17,3% i 45,9% (BianosigHo).
MpUYNHOIO 3HAYHOI KiJIbKOCTI HeraTMBHUX pe3ynbTaTiB € Te, WO B OMNUTYyBaHHI
B3ANM aKTUBHY y4acCTb i CTYAEHTW MepLIoro Kypcy, AKi, BiANOBiAHO, We He manu
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3morun obmpaTtu BUbipKoBi ancumnaiHn. [laHy KaTeropito ctyaeHTiB 6yano gonyvyeHo
0,0 aHKeTyBaHHA 33419 BUABJIEHHA NepCrneKTUBHOI AYMKMU.
be3nocepeaHbO 3aNUTAHHA aHKeTU BIOKY 2 CTOCOBHO MOTUBaLi Npu Bubopi
Ta BiANOBIAI HA NUTAHHA y3arasbHeHOo y Tabauui 1.
Tabnumus 1
Pe3ynbTaTtv onuTyBaHHA cTyaeHTiB «lpodeciiiHa ocBiTa (LMdpoBi TexHoNOriT)» Ta
iHLWKMX cneujanbHocTen (610K 2 « MoTuBaUif»)

Kinbkictb 6anis

Binbwe

1 2 3 4 5 6 7 8 9 10 5

3. MeHe LjiKaBUTb KOHKPETHE CNPAMYBAHHA AUCLUNAIHK (%)

nour | 45,00 (45|00 | 91| 00 |136|227|182|273| 818

lHwi | 3,2|06|19|06|11,4]| 51 | 133|234 |190|215]| 823

4.  obupato ANCUMNANIHY, BABYEHHA AKOI NiACUAUTL MOT KOMNETEHTHOCTI Ta
HaBUYKK IK MalibyTHbOro ¢axisuA 3a HANPAMOM MOET OCBITHbOT Nporpamu (%)

noutr | 00{91(00|00| 00 |136|182| 182|227 |182]| 90,9

Hwi | 3,2|13|13|25| 95| 70 |127 139|190 29,7| 823

5. Al xo4uy PO3BUHYTM CBOT HABMUYKM B TOMY Hanpsimi, AKNIM ONOMOXKE MeHi
NigCcUANTM cnabki micusa B MOEMY PO3BUTKY AK ManbyTHboro daxisus (%)

mout | o [ 45|91 |45| 45 | 45 (182|136 | 182|227\ 77,3

lHwi | 4,406 |38|25|120|127 139|171 | 146 | 184 | 76,6

6. fl Xo4y PO3BMHYTU CBOI HAaBUYKWN B TOMY HanpAMi, B AKOMY
novyBsatoca BnesHeHo (%)

noutr | o (4514545 45|91 |182| 91 |136|31,8| 818

lHwi | 3,8 (3,2 (25|32 57| 82 |101)|165|17,7|291| 81,6

7. 1 Xouy pO3BMHYTM CBOT HABMYKM B TOMY HanpAMmi, AKUA MeHe LiKaBUTb, ane A0Ci
He 6yn10 MOXANBOCTI cnpobyBaTh cebe B HboMy (%)

nout 0 0 0 0 |136| 45| 00 | 227|227 |364]| 86,4

[HWwi 321196319 89| 38| 146 |165| 171|259 77,8
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NPOAOBXKEHHA Tabaunui

8. MeHe UiKaBnATb cneuKypcu, AKi CNPAMOBaHI Ha NPaKTUYHE BUKOPUCTAHHA B
YKUTTi HE3aNEKHO Bif, OCBITHLOI Nporpamm (%)

nourt 0 |[45|45|45|136]| O 45 | 45 | 31,8 | 31,8 72,7

lHwi | 191338191201 57 | 133|139 |133|329]| 79,1

9. A xouy cnpobysBaTn cebe B HaNpPAMI, LLLO KapAMHAbHO BiApPi3HAETbLCA Big,
obpaHoi cneuianbHOCTI (%)

nourt 45 | 45 (136|145 | 45 136 O 91 | 13,6 | 31,8 | 68,2

[HWi 120| 44| 70 | 3,2 |10,8| 10,1 | 13,3 | 10,8 | 95 | 19,0 | 62,7

10. Xouy MaKCMManbHO 3acBOITU Pi3Hi HABUYKM, OCKINbKM HE BNEBHEHUN Y
npaBubHOMY BUBOpPi MOET OCBITHBLOT Nporpamu (%)

nour | 45 (182 |45 | 0O 9,1 1227| 45 | 45 |227| 91| 63,6

[HLWwi 10,1} 5,7 | 82 |51 (139 51 | 12,0 | 13,3 | 12,7 | 13,9| 57,0

Ona ninseaeHHA nigcymky Oyno y3araibHEHO BiACOTOK CMiB3BYYHOCTI
3a4aHNX BUCNIOBNEHb. 3a pe3ynbTaTaMu KpalHboro npasoro crosnuA (binbwe 5)
cTyaeHTM cneuianbHocTi MOUT Ta iHWKX cneuianbHOCTEN NepeBarkHO LiKaBNAATbCA
KOHKPETHMM CMpPAMYBAHHAM AUCUMNAIHM Ha NpubAM3HO OAHAKOBOMY piBHI
(nuTanHsa 3; 81,8% Ta 82,3%). AK 3006yBayi ocsity NOUT, Tak i «lHWIi» AOCTaTHLO
YaCTO OpiEHTOBaHi Ha BMOIp AMCUMNAIH, BUBYEHHS AKMX  NiACUIUTL
KOMMETEHTHOCTI Ta iXHi HaBUYKK AK MalbyTHboro ¢daxisua (nutaHHA 4; 90,9% Ta
82,3%). MorHa BifA3Ha4MTK, wWo 3a06ysadi MOLUT Ha 8,6% b6inblue BUBUpPaAlOTb
(abo 6arkatoTb 06MpaTH) Taki AUCUMNNIHMN.

Takox ctyaeHTv MOLUT Ta «IHWi» maixke o4HAKOBO XO4YyTb PO3BUBATU CBOI
HaBUYKM ANA NigcuneHHAa cnabkux micup (nuTtaHHs 5; 77,3% i 76,6%). [Oyxe
6AM3bKMMKM MiXK coboto Bynm 1 BiANOBIAI, KON CTYAEHTU XOTiNIM PO3BMBATUCA Y
HanpAMKax, le BOHW MoYyBaloTbCA BneBHeEHO (NuTaHHA 6; NMOUT 81,8%; «lHwi»
81,6%).

Bignosiai Ha NnUTaHHA 7 NOKa3yoTb, Wo 3a06ysadi NOUT aewo 6inblie xo4yTb
cnpobyBaTn cBOi cMan B HoBOMY Ansa cebe Hanpamky (86,4%; «IHwi» 77,8%).
Cneukypcamm NpPaKTUYHOrO cnpamyBaHHA 3406ysadi MOLUT uikaBnatTbcA gewo
MeHLWe (nuTaHHA 8; 72,7% 1 79,1%).

YactuHa crygeHTie MOUT, aki xoTiam 6 cnpobysBatn cebe B KapauHanbHO
iHWOMY HanpsamMKy (NUTaHHA 9) NepeBULLYE BiAMNOBIAHY YACTUHY TAKWUX CTYAEHTIB
iHWKx cneuianbHocTel (68,2% i 62,7%, BignosigHo). 3a06yBadvis ocsitn MOUT, aki
He BNeBHEHi B MPaBW/bHOMY BMOOpPiI CBOEI OCBITHLOI MPOrpammu, i TOMy XO4yTb

50




BMBYATU MAKCUMa/IbHO Pi3HOMaHITHI aucumnniHn (nutaHHA 10), 3HOBY BUABUIOCH
6inblue (63,6%; «IHwWi» 57,0%).

CrocoBHO Bignosigeit 3406yBaviB HAa MUTAHHA TPeTboro 610Ky 3anWTaHb,
MO’KHa 3a3HauynTK, Wo binblwe 5 6anis Ha nuTaHHA 11 (OCBITHA TPaEKTOpPIA cnNpuse
MO€EMy npodecitHoOMy po3BUTKY) BUcTaBneHo 36,3% Ta 43,6% (MOUT Ta «IHWi»,
BignoBigHO). Y HacTynHoMy 12 nuTaHHi 3aZl0BOJIEHICTb OpraHisaljielo naaHyBaHHA
CBOEI OCBITHbOI TPAEKTOPIi Ha OLHKY BuLe 3a 5 6anis BiadvysatoTb 31,8% i 15,1%
(MOUT Ta «IHwWi», BianosiaHoO).

LikaBo 3a3HaumMtn, wo Ana ¢GopmMyBaHHA BAACHOI OCBITHbOI TPAEKTOPII
(nmMTaHHA 13: Yum KopucTyeTeca Bu KoHcynbTauismu BUKNagadis aAna popmyBaHHA
CBOEI OCBITHbOI TPAEKTOPIi?) [eAKol Mipolo  3406yBadi  KOPUCTYIOTbCA
KOHCynbTaljeto BMKNaaada 55% (MOUT) i 35% («lHwi»). Taki AaHi cBigyath, Lo
ctyaeHTM MOLUT 6inbw A0BipAOTL BUKAaAda4aM i AOCNYXOBYIOTbCS [0 iXHiX nopaj,
Ha BiAMIHY Bif CTYAEHTIB iHWWX CreLiaNbHOCTEN, AKI HE HAATO YaCTO KOPUCTYHOTLCA
KOHCyNbTalismMmu. B ocHoBHOMY BOHM 0b6MpatoTb crneuxypcu camocTinHo (NMOUT —
16,6%; «IHwWwi» —31,8%).

Y nuTtaHHi 14 3p06yBadiB NPOCMAM BKa3aTWM CNpAMYBaHHA AUCUMMNIH i3
KOLUUKY BiNbHOTO BUOOPY, IKi MOXYTb ByTH im LikaBUMMKU. MOXKHa Byno Bii3HAYNTK
oaHe abo KinbKa cnpAmyBaHb. KinbkicTb 3400yBayiB, AKi 30cepeaxeHi Auile Ha
OAHOMY CMPAMYBAHHI AUCLUUNAIH i3 KOWMKY BiNbHOro BMbOpPY, cTaHoBUTbL 13,6%
(mouT) i 17,7% («lHwi»). Ha npaBoBe, couUiaNbHO-NCUXONOTIYHE i TEXHONOTIYHE
cnpamyBaHHA cepef 3a06yBadis NMOLUT Bkaszanm no 1 CTyAeHTY Ha KOXHe 3 HUX
(4,5%). Cepep, «lHwWux» 3006yBayviB npaBoBe cnpsamyBaHHA obpana 1 AauHa
(4,5%), couianbHO-nNcuxonoriyHe — 2 cryaeHtn (9,1%), TexHonoriyHe — 17
cTyaeHTis (77,3%), iHo3emHi moBu — 4 cTyaeHTH (18,2%), a coujianbHO-eKOHOMIYHE
— 1 ctyneHT (4,5%). Big3HavaeTbecA, WO B OCHOBHOMY 3400yBadiB LiKaBAATbL ABa
(MOUT 27,2%; «IHwi» 37,9%) abo Tpu (MOUT 36,3%; «lHwWwi» 24,6%) cnpsamyBaHHS.
CTyaeHTiB, AKUX YiTKO HEe 3MOMU 3YNUHUTUCA | NO3HAYMAN YCi HANPAMKU, 3HAYHO
meHwe: 9,1% i 2,5% (MOUT Ta «lHwi», BignosigHo).

3a pesynbTaTaMu aHanily BignNoBiaen MoXKHa cPopmyntoBaTU y3arasbHeHi
BMCHOBKW. B 060X KaTeropin onuTaHMX CMOCTEPIraeTbCA AHANONYHUIN piBEHb
iHTEpecy A0 KOHKPETHOro CnpsiMyBaHHA AUCUUMNAIHW, NPAKTUYHO iAEHTUYHUNA —
CTOCOBHO pPO3BUTKY HABWUYOK AK AN1A Hanpsamis, Ae BigvyBaloTbCA AesKa
HeAOCTaTHICTb PO3YMIHHA, TaK i 4NA NPOAOBXEHHA CaMOBAOCKOHA/NEeHHA B
3HaMOMMX gUCUMNAIHaX.

3p06yBaui MNOUT 6inblwe cxmunbHi 0bupatv AUCUMNAIHW, WO NOB’A3aHi 3
HanPAMOM OCBiITHbOI nporpamu. BoaHoyac BUABNAOTL Oinblie OGarkaHHA
cnpobyBatn cBOi cMAM B HOBOMY ANa cebe HaNpAMKY, TaKOMy, WO KapauHalAbHO
BiApi3HAETbCA Bif, 06paHOi crneuianbHOCTI. Big Li€i KaTeropii aHKeToBaHUX € TaKOXK
curHan npo 6inblly HeBNeBHEHICTb Y NpaBWUIbHOMY BMBOPiI OCBITHBLOI NMporpamu.
CtynenTtn NOUT maike BABiYi binblue 3340B0/IEHI NNaHYBAaHHAM CBOEI OCBITHLOT
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TPAEKTOPIi, HiXK CTYAEHTU iHWKUX cneuiafbHOCTEN. binblw AOBIPAIOTL BUKIAZ4a4aM i
O0CNYXOBYHOTbCA A0 iXHIX Nopas npu BUbopi cneukypcis.

3006yBayi iHWMX chneuianbHOCTEN Oinble 3auikaBneHi B MNpPakKTUYHOMY
BMKOPUCTAHHI B XWUTTi HaBWYOK, WO iXx He nepeabayeHO B OCBiTHIM Nporpami.
MouyBatoTbca BinbWw camocTinHMMKM Npu GOPMyBaHHI IHAMBIAYaNbHOI OCBITHLOI
TpaekTopii. binbwe ycBiAOMANIOOTL PONb OCBITHLOI TPAEKTOPIi B NpodecintHomy
pPO3BMTKY. YiTKO CnpAMOBaHi Ha AUCUMMAIHM TEXHONOTYHOro CNPAMYBAHHA Ta
000aTKOBE BMBYEHHA iIHO3EMHUX MOB.

CTpyKTypy BinbHOro BMOOpPY Ha 2024-2025 H.p. NPOAEMOHCTPOBAHO Ha
puc.4 nna obox kateropint pocnigxkysaHux (MOUT (a) Ta IHWi cneujanbHocTi (6)).
MoO)KHa BiA3HAYUTM, WO CTPYKTYpa € CXOXOK 3a po3noginom Bubopy Mix
cnpamyBaHHAMM. [Mepwi gBa micuAa Hanexatb gucumnaiHam TexXHONOriYHOro Ta
l'ymaHiTapHoro cnpamyBaHb. Npu 6inbw AeTanbHoMy posrnagi 6esnocepeiHbo
AVCUMNAiH, AKi 6ynu BMbpaHi, 6yn0 BUABNEHO TaKi TeHAeHLl.

nour irapHmii IHwWi
lymaHiTapHuii
21% IHO3eMHi moBH
6%

TexHonoriuxui
57%
7% Mpaso
1%
CoujanbHo-
eKOHOMIUHMIA

TexHonoriynmit
38%

5%

CougianbHo- .
N . CoujanbHo-
neuxonoriyHuin

CoujanbHo-
1% EKOHOMIYHMI NCUXOAOTiHHMI

17% 8%

/ﬂpaao
9%

Puc. 4. CtpyKTypa Bubopy cneukrypcis Ha 20242025 H.p.
a) nour 6) IHWi cneujanbHOCTI

OpHOCTaHMM nigepom cepen, AUCUMMAIH TEXHONOFYHOIO CAPAMYBAHHA €
cneukypc «OcHoBu Photoshop». JaHa aucumnniHa 6yna i NpoaoB)Kye bOyTu
aKTYyaNbHOM Ha PiBHi BCbOro yHiBEPCUTETY NPOTArOM TpMBaaoro 4acy. o nepwoi
TPiNKKM cepen, iHWKX cneuianbHocten HHI KITI Takox BxogATb «OCHOBM
nporpamyBaHHs. Python» i «MoagentoBaHHA irPOBOro NepcoHa)ka B cepesoBuLi
Blender». BogHouac cTyaeHTn cneuianbHocTi MOLUT npakTMyHO nNpoirHopysBanu
Python, ane niaTpumanu snbip Blender. MoxHa 3pobutn BUCHOBOK, LWO ix Binble
LiKaBUTb irpoBa TemaTuKa i Komn'toTepHa rpadika. 3amunkae Tpinky «basn aaHux
MySQL» (MOUT), Aaky «IHWi» CTyAeHTN TaKoXK MaloTb HaMip BUBYATH, ane B AELLO
MeHwWin nponopuii. TobTo, 3aranom, nepeBarM B pPaMKax TEXHONOTIYHOro
CNpAMYBaHHA cniBNagatoTb.

Lloao rymaHiTapHOro cnpsimyBaHHsA, NepeBarkHa biNbLWiCTb 30cepeakeHa Ha
4 paucumnniHax. «lHWi» cTyaeHTM Hambinbwe 6axkaloTb BUBYATU «Pinocodito
Bigeoirop». Le nigTBeparKye iHPOPMALIMHO-TEXHONOrYHE CNPAMYBAHHA LUX
cneujanbHOCTEN 3 HAaroN0COM Ha NpPAKTUYHE 3acTOCyBaHHA Mpwu po3pobui irop.
Nnwe NOUT HapatoTb nepesary «Mwucteyrsy nybniyHoro mosneHHs». MoXHa
BBa)KaTu Ue 6Oa)kaHHAM pPoO3BMBATUCA Y BMIiHHI CRifKyBaTUCA sKpas 3a
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cneujanbHicTio «MpodeciiHa ocsiTa». To6TO, Ue TaKOXK € CUTHANOM NPO BaKaHHA
BMbMpaATK cneuKypcM neparoriyHoro cnpamyBaHHA. OAHaK, Ha anb, Ki/bKiCTb
TaKUX NPONO3uLiN (AK i KiNbKiCTb 6arkatoumx 0bmupaTu ix Ha PiBHI yHiBEpCUTETY) He
€ Hapasi goctatHbot. Lllle aBa cneukypcu («Akagemia macaxy» i «lctopis
YKPaiHCbKO-POCIMCbKOro NpoTUCTOSHHA Y XX—XXI CTONITTi») TakoXK npuBabatotoTb
ctypaeHTie MOUT. Cumnarii «lHWMX» cnpamoBaHi binblie Ha Taki AUCUUNAIHK AK
«®inocodia wacta», «dPinocodia XKutta». Ha Hawy AYMKY, Le CUrHan npo
6a)kaHHA BMBYATM OKpemi po3ainn ¢inocodii, WO CTaHYTb Y HAroAi y peasibHOMY
HKUTTI.

3arasiom aHanis BMOOpy Kopentoe 3 pesynbTaTaMW aHKeTyBaHHA. Bubip
cneukypcie y HYBITI € AilcHO BinbHMM, WO NiATBEPAKYETbCA PiISHOMAHITHICTIO
AUCLUUNAIH, AKI 06unpatoTbea. Y 3B'A3KY 3 HAABHICTIO 3HAYHOT KiNbKOCTI NPono3unLin
CMNeuKypcCiB NPaKTUYHOI CNPAMOBAHOCTI, CTYAEHTU iHWKUX cneuianbHocTe HHI KITI
MOXKYTb 3a 6akaHHs Nerko peanisyBaTu BUC/OBAEHY 3aLiKaB/AEHICTb Y BMBYEHHI
TaKkux gucumnnid. Toai AK cTyaeHTM cneuianbHocTi «lMpodeciinHa ocsita (undpposi
TEXHONOri)» BUABUAM  [IeAKY CXW/bHICTb [0 CMNeuKypciB  rymaHiTapHo-
negaroriyHoOro CNpAMyBaHHA, NPONO3ULiN e TaKoro njaHy ABHO HeAOCTaTHbO B
KOLWIUKY BinbHOro Bubopy. TakK AK cneuianisauito HYBITI mo»KHa YMOBHO BBa*KaTu
TEXHO/IOTYHO0, 3PO3YMiNo, WO i CTAHOM Ha NOTOYHWI HaBYaNbHUWN PiK, TaK i Ha
MaMBYTHE MOKM LLLO NepeBa*katoTb NPONO3MLLT TEXHONOTIYHOro CNPAMYBAHHS.

MoKHa 3po6MTKM BMCHOBOK MPO HeobXiAHiCTb A0AaTKOBOro 3aliKaB/ieHHS
3006yBaviB ocBiTM cneujanbHocTi «MpodeciitHa oceita (uMdposi TexHonori)» Ao
BMBYEHHA NPOQECiMHO-OpiEHTOBAHMUX AucumnaiH. MNMpu GopmyBaHHI BUKNaga4amm
ANCUMNANIH 00 «KOLWMWKA BiNbHOro BMH6OpPY» BAapTO 3BEPHYTWU yBary i NPONOHyBaTh
OVUCUMNNIHM  NeJaroriyHoro  CNpAMyBaHHS 3 yYpaxyBaHHAM  NEPCMNEKTUBHOIO
NPaKTUYHOTO BUKOPUCTAHHA LMPPOBUX TEXHONOTIN. Lle MoyKe cnpuATU NiABULLEHHIO
iHTepecy 3406yBayiB A0 3aCBOEHHA KOMMNETEHTHOCTEN Neaarora, AKUMM Ha BUCOKOMY
PiBHi BONOA€E Cy4aCHUMM iHTEPAKTUBHMMM 3acO0BaMm HaBYaHHA.
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FREE CHOICE IN DISCIPLINES AS A COMPONENT OF INDIVIDUAL EDUCATIONAL
TRAJECTORY FORMATION (BASED ON THE EXAMPLE OF SPECIALTIES OF THE
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TECHNOLOGIES, AND ENGINEERING)

The study is devoted to the formation of an individual educational
trajectory through the free choice of disciplines. The rules for selecting
disciplines at the National University of Water and Environmental Engineering
are presented. The advantages and disadvantages of such an organization of
choice are indicated. To identify the motivation behind making selections, a
questionnaire titled “Are you satisfied with the opportunities for forming an
individual educational trajectory?” was developed. A survey was conducted
among students of the Educational and Scientific Institute of Cybernetics,
Information Technologies, and Engineering. The responses were analysed,
highlighting the distinctive features of answers from students specializing in
"Vocational Education (Digital Technologies)" compared to other specialties. The
results of applicants’ free choice for the current academic year were studied,
taking into account the directions of disciplines. Recommendations for offering
specialized courses to students of these specialties were formulated.

Keywords: individual educational trajectory; free choice; motivation;
direction of disciplines.
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PO3POBKA IHTEFTPOBAHOI CUCTEMM YNPABJIIHHA LUBINIbHUM 3AXUCTOM

Po3pobneHo mopenb aBTOMaTM30BaHOI CUCTEMM YNPABAIHHA, WO BKAKOYAE
KNiMaT-KOHTPO/b, 6@3neKy Ta MOHITOPUHI cepenoBuLLa. BUKOHAHO po3paxyHKu
TennoHaaXxo4XeHb, nigibpaHo signosigHe 06/nagHaHHA Ta PEKOMEHAO0BAHO
BUCOKOE(EKTUBHI CUCTEMU ONaNeHHA W OXONOoAKEeHHA. BcTaHoBNAEHO paTuMKu
ANA NOCTINHOrO MOHITOPUHIY CTaHy npumiweHHA. CtBopeHo ¢YHKUIOHaNbHY
cXemy aBTOMAaTU3aLii ANA KepyBaHHA BEHTUALIEID, OCBITAEHHAM, ONANEHHAM i
KOHTponem poctyny. Po3pobneHo mopgenb TennoobmiHy, WO oNTUMI3ye
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€HeprocnoXX1MBaHHA Ta CNpUAE NiABULLEHHIO eHeproedeKTUBHOCTI. Mporpamy
KepyBaHHA ANa  «po3ymHoro 6ombocxoBuuwia» crBopeHO Ha  6asi
MiKpoKoHTponepa ESP8266 y cepeposuuwi Arduino IDE, wo 3abe3sneuye
BigAaneHe ynpasBniHHA napameTpamu 4Yepe3 BebiHTepdpeUc i CceHCoOpHUM
aucnnei.

Kntovoei cnoea: iHTerpoBaHa cucTema ynpasaiHHA; aBTOMATU3aLifA;
UMBINbHMIA 3axucT; imiTauiiHe mopgenioBaHHA; 6ombocxosuwia; Kaimar-
KOHTPO/Ib.

MoCTiNHI paKeTHi 11 apTUIepifCbKi 06CTPiINN B YKpPaAiHi CTBOPIOOTL NoTpeby vy
HadiMHUX YKpUTTAX, 0cobnMBO B 3aKnagax ocBiTMU. bombocxoBuLLa MatoTb
3abe3neyyBaty He auwe ¢isnyHy H6e3neKky, a 1 KOMPOPTHI yMoBM NepebyBaHHS.
baraTo yKpuTTiB He BigNOBIAAOTb Cy4acHUM CTaHZapPTaM 6e3neKu, WO YCKNaaHIoE
iX epeKTMBHE BMKOPUCTAHHA. Ba)knnMBO BNPOBAAXKYBATU CUCTEMM KAimMaT-
KOHTPO10, OYULLEHHA NOBITPA, aBBTOHOMHOIO OCBIT/IEHHA Ta aBapiliHOro 3B’A3KyY, a
TaKoX 3abe3neuynTy WBUAKUIM AOCTYN i TpMBaANy ekcnayaTauito. ABTomaTu3aLis
6ombocxoBULL, 3HAYHO nNiABULLYE iXHIO edeKTUBHiCTb. CydyacHi TexHonorii
003BONAIOTb  MOHITOPUTU  MIKPOKNIMAT, KOHTPO/OBATM AO0CTYN | KepyBaTu
cuctemamm 6esnekmu.

JocnigkeHHA cnpamoBaHe Ha PO3pPOOKY aBTOMATM30BaAHOI CcuCTEMU
yNpaBfiHHA YKpUTTAMKM ANA nigBuuweHHs 6e3nekn Ta KomdopTy, 30Kpema B
OCBITHIX 3aKnagax. HoBM3Ha OOCnigXeHHA MONAra€ B iHTerpaujii cuctem Kaimar-
KOHTPO/IO, OCBITNEHHA, MOHITOPUHIY 1 KOHTpOAO gocTyny. Lle niaBulLye piBeHb
3aXMCTYy Ta 3MEHLYE PU3MKKN, NOB’A3aHI 3 HECNPABHOCTAMM TPALULINHUX CUCTEM.
lMpaKTUYHe 3Ha4YeHHs — Ue po3pobKa peKomeHAaauih ans moaepHisaui
60mb0CX0BULL Y WKOMAX Ta YHiBEPCUTETAX, WO CNPUATUME NiABULLEHHIO 6e3neku
YYHIB i NepCoHaNy Ta MoXKe CTaTh OCHOBOIO A/19 OHOBJIEHHA CTAHAAPTIB 6e3neKku.

Onsa edeKTMBHOro ynpaBfiHHA Ta MNIATPMMAHHA KOMPOPTHUX i 6e3neyHmx
yMOB Yy nigsanbHomy 6ombocxoBuili  6yno  po3pobneHo  KOMNAEKCHY
aBTOMATM30BaHY CUCTEMY KOHTpont. OCHOBHa MeTa TaKoi cuctemum -—
3abe3neynT NOCTIMHMIN MOHITOPUHI MapameTpiB, aBTOMaTUYHE pearyBaHHA Ha
3MiHM YMOB, 3aXWUCT Bif, aBapiMHMUX CUTYaLi Ta KOHTPOb A0CTYNY.

Cuctema aBTomaTtu3auii [1; 2] BKAWOYAE HU3KY AOATUYMKIB Ta Kepyoumx
NPUCTPOIB, AKI KOHTPOAIOIOTb KPUTUYHI nNapameTpu, TaKi AK TemnepaTypa,
BO/1OTiCTb, piBeHb CO2, HaABHICTb NMPOTiIKAaHb, a TaKOXK iAeHTUPIKaALiO NPUCYTHIX
oci6. ABToMaTu30BaHe ynpas/iHHA NapameTpamm 3abe3nevyye eKoHOMItO eHeprii,
nokpalyye 6e3neky Ta Niasuwye epeKTUBHICTb BUKOPUCTAHHA BombocxosuLa.

Ha ocHoBi BMMOr pno cucTemm aBTOMaTu3auii H6ombocxoBuwa 6yna
po3pobaeHa cxema KOHTPO/IO Ta iAeHTUdiKaLii ocib. Y Tabnuui HuX4Ye HaBeaeHO
OCHOBHI NapameTpu, AKi NiaNAratoTb KOHTPOAIO, a TaKOXK QYHKLIi, WO peanisoBaHi
B aBTOMATM30BaHIl cUCTEMI.
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TemnepaTtypa NoBIiTPA B NPUMILLLEHHI + 0+ - -+ |- -

Bonorictb NOBiTPA B NPUMILLEHHI + |+ -1-1+|-]-

PiseHb CO2 B NpUMILLLEHHI + |+ -1-1+1-]-

MpoTikaHHA BOAU + |+ |+ - -1+ -

HasaBHicTb toaen y npuUMilLleHHi (Batumkm pyxy) | + | + | - | - | - | + | -

CtaH aBepeit (BiAKpUTO/3aKpUTO) + o+ |+ - -+ -
laeHTUdikauia 3a RFID-kapTkamum + 0+ - - -+

Ona nobynoBu aBTOMATM30BaHOI CUCTEMWM YMpPaBAiHHA MIKpOKAiMaTom i

6e3nekoto y nigsani-bombocxosulli bynn obpaHi HagiiHi AaTYMKM Ta BUKOHaBYI
€NeMeHTH, WO [A03BOMAKTb 34IMCHIOBATU KOHTPOAb KAKOYOBUX MNapameTpis.
BukopuctaHHA Raspberry Pi AK OCHOBHOro KoHTpoJsiepa 3abe3neyye 3pyyHicTb
06p0o6KM Ta BinobpaxkeHHA AaHWUX Yepe3 BebiHTepdenc y pexmmi peasbHOro yacy.
BesapoTtose 3'eaHaHHA Yepe3 NodeMCU ESP8266 003BONAE iHTErpPyBaTH AaTYMKU
y cuctemy 6e3 CKNagHUX MNiAKAO4YEeHb, WO CRAPOLLYE MOHTaX i noganblue
yNpaBAiHHA.

OCHOBHI QYHKLi aBTOMATU30BaHOI CUCTEMM BKAKOYAKOTb:
MOHITOPUHI i peryntoBaHHA TemnepaTypu Ta BOAOrocCTi: patuuk DHT22
BUMIPIOE TemnepaTypy Ta BOJIONICTb, WO A03BOJAE aBTOMATUYHO PEryaoBaTH
poboTy obirpisaya Protherm Ray 28 KE Ta KoHauuioHepa Daikin FVA100A ans
NiATPUMKN KOMPOPTHOFO MiKPOKiMmaTy;
KoHTponb AkocTi nositpA: aatiymk CO, MH-Z19 Bu3Ha4va€e piBeHb BYrNEKMUCAOro
rasy, i cucTema aKTUBYE BEHTUNALIKD ANA 3HMMXKEHHA KoHueHTpauii CO, i
NiATPUMKM CBIXKOCTI NOBITPA B NPUMILLLEHHI;
PearyBaHHA Ha MPUCYTHICTb i KOHTPOAb AOCTyny: gatunk pyxy Delux ST10A
pearye Ha pyx i aBTOMATM4YHO BK/AOYAE OCBITAEHHA Ta BeHTWAAUit0. JaTyumk
CTaHy ABepen (HanpuKaagh, MarHiTHUMMA repKoH) CRiaKye 3a BigKpuTTAM abo
3aKpPUTTAM [Bepen, a eNeKTPOMarHiTHi 3amKu 3abesnedytoTb 6e3neky i
KOHTPO/Ib A0CTYyNY;
laeHTUdiKauia ocib: moaynb 3untyBaHHA RFID-kapTok MFRC-522 po3Bsonse
BeCcTU 06niK 0cib, Wo BXoAATb i BMXOAATb 3 MPUMILLEHHA, HaZalouM A0CTyn
Nivile aBTOPU30BaHMM KOPUCTYBavaM i NigBuLLytoum piBeHb 6e3neku;
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e 3axMCT Bi4 3aTONNEHHA: AaTYMK npoTikaHHA Boan SW-007 MmoHiTOpuUTb
HAABHICTb BOAW Yy 30HAX i3 NiABULLEHUM PU3UKOM 3aTOMNNAEHHA, CUFHANI3YHO4N
NpOo NPOTIKAHHA ANA CBOEYACHOT peakKLiii.

TakMm 4YMHOM, cUCTemMa aBTOMATM3aUil, WO BKAKOYAE BCi Ui enemeHTH,
[03BONAE 34iMCHIOBAaTU KOMMJIEKCHE YNpPaB/iHHA HEe TiIbKM MiKpoOKnimaTom, a i
6e3neKkol y nigBanbHoMy H60M60CX0BULLI, CTBOPOIOYM KOMGOPTHI Ta 6e3neyHi
YMOBM ANA nepebyBaHHA NtoAel B eKCTPeMabHUX CUTYaLLifAX.

Ons mopentoBaHHA TenioBMX npouecis y nigBanbHoMy 6ombocxoBuLLi
obpaHo nporpamHe cepeposuuwe Simulink, Ake BxoguTb A0 cKnagy nakeTa
MATLAB [3]. BianosiaHo 6y/n0 cTBOPEHO MOJeNb, ika 0OUYMC/IOE HaAXOAMKEHHS
Tenna 3a gonomoroto 6s10kiB Simulink. MogenioBaHHA TepMmocTaTa 34iMCHIOETLCS
6€e3 BUKOPUCTAHHSA CKNAAHUX CUCTEMHUX PiBHAHD, 3 yPaxyBaHHAM TaKUX YMOB:

e Konu TemnepaTypa B NPUMILLEHHI HMUMKYa 3a BCTAaHOBEHY, 0birpisay npauloe, i
Kepyounin curHan gopisHioe 1. AKWO TemnepaTypa NEPEBULLYE BCTAaHOBAEHY
MeXY, CUrHan KepyBaHHs cTa€ 0, i 0birpisay BUMMUKAETbCA.

e LLlo6 YHMKHYTM 4acTUX BMWKAHb Ta BUMWKAHb, MOAE/Nb TEPMOCTaTa BPAxXOBYE
ricrepesunc y 2° C HaBKOJIO 3a4aHOI TemnepaTypu. AKLWO TePMOCTaT aKTUBHUMN,
Temnepatypa B NpuMMilleHHi mae 36inblwmntnca Ha 2° C BUlLe BCTAaHOBAEHOIO
3HAYeHHA, nepl HiK 0b6irpiBa4 BMMKHETbCA. Konn TepmocTaT BUMKHEHUN,
TemnepaTtypa MOBMHHA 3HM3UTUCA Ha 2° C HWMXKYe 3a[aHOro piBHA, LWoO
aKTMBYBaTK 0birpisau.

Ha puc. 1 nokasaHo mogenb TepmocTaTta, obirpiBaya Ta BHYTPILHbOrO
npoctopy 6ombocxoBula, WO A03BOJIAE HAOYHO OLIHUTU B3AEMOAIO BCiX
KOMMOHEHTIB CUCTEMMUN.

Heater (on/aff) Theater @ “oat Gain
I I S )
Room Temperature X

Set Room
Temperature

Heat Gain | Degres
. Healor Switch

| T =‘.‘.‘|..r] Troom

a ) Heater Temperaturs 6)

dQgain dTroom
............ R Troom

— iy dt s .
2 n\-l) m ok "t r F
Heat Gain - Room Temperature

el
&
Outsidie

Temperature B:l

Puc. 1. Cuctema a) Tepmocrarty, 6) obirpisava
Ta B) BHYTPILLHbOrO NPOCTOPY «PO3YMHOrOo niasany»

Ha puc. 2 nogaHo moaenb onaneHHa bombocxosuua.
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Puc. 2. Mogenb onaneHHAa bombocxosuLa

3 ponomoroto iHCTpymeHTy Linear Analysis Tool B cepegosuwi Simulink

BM3HAYaEMO MOKA3HUKM AKOCTI NepexigHoro npouecy HarpisaHHs (puc. 3).
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Puc. 3. JliHitHWI aHani3 cuctemm 3 Ml perynatopom

BinnoBigHO OTpUMaHi HaACTynHi XapaKTepUCTUKM nNepexigHoro npouecy

npotarom 30 roguH:

yac 3anisHeHHA T=0;

Yyac perytoBaHHA tpe.= 7 FOANH;

Be/MYMHa nepeperyntoBaHHA 0=(hmax-hycr)/hyer*100%=0%;

ANHaMiYHa (ycTaneHa) noxmbka Syem=(hycr-1)*100%=1-1=0;

KONMBAIbHICTb BigCyTHA.

BiacyTHiCTb KOnMBaHb, NepeperynoBaHHA Ta YycCTaneHa noxubka, wWo

[OPIBHIOE HY/NO, CBiAYaTb NMPO BUCOKWUIA CTYMiHb CTiMKOCTIi cuctemu. Lle o3Hauae,
Wwo cucrema byae HagiiHO npautoBaTU NPW 3MiHAX Y BXiAHOMY CUFHani Yn npwm
He3HayHux 36ypeHHAX. OCKiNbKM nepexigHWi  npouec MnoKasye Xopouli
XapaKTepuUCTUKM 6e3 KonmBaHb i NOXMOOK, cMcTeMa MoXKe ByTU NpuaaTHOW ANA
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aganTauii go 6inbw BUMOrAMBMX YymoB abo Ana  iHTerpauii 3 iHWKMMMK
nigcuctemamu. Hanpuknag, TaKy cucTeMy MOKHa BMKOpuUCTOBYBaTM B bBinbl
KOMMNNEKCHMX CXeMax aBTOMATUUYHOrO PerytoBaHHA, Ae BaXKAMBI LWUBMAKA peaKLin
i cTabinbHicTb. BignoBigHO A0 puC. 3 NPUCYTHA MOXAMBICTb ONTMMI3aLIl Yacy
PeryntoBaHHA: 30Kpema 4ac pPeryatoBaHHA CTaHOBUTb 7 TFOAWH, LEe MOoXe OyTu
AOBONI AOBrMM 3a/eXHO BiA BMMOr. 3a NoTpebu MOro MOMKHA 3MEHLIUTH,
3MEHLUMBLUM NiACMNEeHHA ab0o HaNALITYBaBLUM iHLIi NapameTpun CUCTEMMU.

OTe, cuctema Mae CcTabinbHy, TouyHy Ta nepeabauvyBaHy NOBEAiHKY, 3
HaNEeXHUM NiACUNEHHAM i MiHIManbHOI NOXMOKOID. AKLWO NoTpibHa LWe WwBMAaLa
cTabinisauis abo iHWe 3HayeHHA Ha BUXOAi, MapaMeTPU MOXKHa ONTUMI3yBaTU
Bi4MNOBIAHO A0 KOHKPETHUX BUMOT.

[na cTBOpeHHA aBTOMATM30BaHOI CUCTEMM YNPABAIHHA BUKOPUCTOBYBAINCA
KilbKa iHCTPYMEHTIB Ta TexXHOJIOrin, AKi 3abe3neuymnun iHTerpaLio anapaTHoOi Ta
nporpamHoi 4actuH. Arduino IDE cnyrysaso ocHOBHUM cepefloBULLEM PO3POOKU
ANA nporpamyBaHHA MiKpPOKOHTponepa ESP8266. Lle cepepgosue A03BOAMAO
edeKTMBHO PO3pPOOMTK Ta NPOTECTYBATU KOA, WO BUKOHYE GyHKUii 360py AaHuMX,
0bpobKKN curHaniB Bif, ceHcopiB i Nepedadi iHbopmaliii Ha cepBep. 30Kkpema, y
NPOEKTI BUKOPUCTOBYBANMCA CTaHAApPTHI 6ibnioTeku ESP8266WiFi,
ESP8266WebServer ana pobotn 3 Wi-Fi i HTTP-3anutamu, a Takox MFRC522 ans
B3aemogii 3 RFID-3untyBauem. OCHOBHMMWU 3afa4amMK, AKi  BUKOHYIOTbCA
nporpamHmMm 3abesnedyeHHAM Ha ESP8266, € HanawTtyBaHHA Wi-Fi-3'eqHaHHSA,
nepiognyHe 34MTYBaHHA OaHUX i3 NIAKAKOYEHUX CEHCopiB, Takmx Ak DHT22 ana
Temnepatypu 1 BonorocTi, MH-Z19 ans pisHa CO,, a TakoXK 06pobKa curHanis Big,
AaTyuuKa pyxy, AaTynKa npoTikaHb Ta RFID-3uMTyBava. 3unTaHi AaHi HaacuAaoTbeA
Ha cepsep yepe3 HTTP POST-3anutn. Kpim Toro, y Koai peanizoBaHo ¢yHKLiOHaN
0b6pob6KK Noaiit, HanpuKaaa, peecTpauia gocTyny 3a gonomoroto RFID-KapToK, wo
3aMnuCYETbCSA B /IO NoAilt y 6asi AaHuX.

Ona PO3p06KM CepBEPHOI  YacTUHMU Ha NOYaTKOBMX  eTanax
BMKOPUCTOBYBABCA NOKanbHMi cepsep XAMPP. BiH 3abe3neunB 3anyck
BebcepBepa Apache ta MySQL gns pobotn 3 6a3ol gaHux. Ha noKanbHomy
cepsepi 6byno crtsopeHo TectoBy 6a3y pgaHux u341552863_diplom, aka mictuTb
KilbKa  Kawo4voBux Tabauup: access_log ana  3anucy  noain  goctyny,
parameter_history ans 36epiraHHA NOKa3HMKIB cepeaoBuwa (Temnepatypa,
Bonorictb, CO,), devices ana 36eperKeHHA CTaHy KepoBaHUX NPUCTPOIB, TaKUX AK
obirpiBay 4M KoHAMLIOHEp, Ta users Ans AaHux npo RFID-kopuctyBadis.

[ns 3py4HOro HanawTyBaHHA CTPYKTYpu 6asm AaHMX BMKOPMCTOBYBANacs
BebctopiHka phpMyAdmin, ska BxoguTb A0 cknagy XAMPP. BoHa Hapana
iHTYITUBHO 3p0O3yMinuii iHTepdeiic ana cTBopeHHA Tabauupb, BU3HAaYEHHA 3B'A3KiB
MiXK HAMW Ta BUKOHaAHHA SQL-3anuTiB. BukopuctaHHa phpMyAdmin agossonnno
edeKTMBHO KepyBaTu 6a30i0 AaHMX, NepeBipATU KOPEKTHICTb AaHMX i TecTyBaTu
3anuTun 6e3 HeobxiaHoCTI NpautoBaTh 3 MySQL Yepe3 KoOMaHAHWA PALOK.
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Micna TecTyBaHHA Ha NOKanbHOMY cepBepi cuctema byna nepeHeceHa Ha
30BHilWHIN BebcepBep. [na 3abe3neyeHHs AocTyny 6y/s0 HanawToBaHe AOMEHHE
im’a, Hanpuknag, http://neruya.com/diplom, AKke [O03BONSE KOpUCTyBaYam
B3aEMOAIATK i3 cucTtemoto uyepe3 BebiHTepdenc. Ha cepBepi TakoxK 6Oyno
3abe3neyeHO 3axUCT Yyepes aBTopM3aLilo agmiHicTpaTopiB, AKI MaloTb A0CTyn A0
naHeni ynpasniHHA, PO3POBNEHOI ANA MOHITOPUHIY Ta HaNAWTYBAHHA CTaHy
cuctemun. BebcepBep BKAtoYae y cobi Ty camy ¢annoBy CTPYKTypy, WO M
JIOKanbHUI cepsep, ane 3 moandikosaHum dpannom KoHoirypauii config.php, wo
A03BOJIAE NiAKAOYaTUCA A0 6a3M AaHMX HA 30BHILLHbOMY XOCTUHTY.

KnoyoBnMm acnekTom iHTerpauii BCiX KOMMOHEHTIB CTaNo Y3roaxKeHHs
dopmaTiB AaHuX, WO nepepatoTbca Mix ESP8266 Ta cepsepom. 3oKpema,
BMKOPWUCTOBYBA/ZIMCA CTAHAAPTHI KAKOYI OnA nepejadi napameTpiB, Takux AK
temperature, humidity, rfid, a Tako MmexaHi3m 0BPOGKM MOMWANOK Yy BUNAAKY
BTpaTW 3'egHaHHA abo HeBipHOro ¢opmaTty AaHux. Takui nigxig 3abesneyumns
CTabinbHy Ta epeKkTUBHY POBOTY CMCTEMM HaBIiTb Mif Yac TPMBAIOrO TECTYBAHHS.
Yci enemeHTM Oynu iHTerpoBaHi 3a [A0NOMOrOK PErynApHOro TeCTyBaHHA,
BUKOPUCTOBYHOUM peasibHi AaHi, oTpumaHi Big ceHcopis i RFID-3uMTyBava, wWwo
[03BO/IN/I0 BUABUTU Ta BUNPABUTU NOMUIKM HA PaHHIX eTanax po3pobku.

BebiHTepdeic € Ba)KAMBMM KOMMOHEHTOM CUCTEMM, OCKIZIbKM  BiH
3abe3neyye KopuCTyBa4YaM Ta agMiHiCTpaTopam MOXAMUBICTb  MOHITOPUTU
napameTpu cepeaoBuLLa, yNPaBAATU NiIAKAYEHUMM NPUCTPOAMM Ta 34iACHIOBATH
A0CTYN A0 PisHUX GYHKLIN cucTeEMM.

fonoBHa CTOpiHKa BebiHTepdelicy BigobOpaXKae MNOTOYHI MOKa3HMKM
cepefoBula, Taki AK Temnepartypa, BoJsorictb, piBeHb CO,, a TaKoX CTaH
npuctpois (Hanpuknag, obirpisay, KoHauuUioHep). BoHa mae surnsg gawbopay, ae
3ibpaHa BcA ocHOBHa iHpopMmaL,is, AKa A03BOSAE WBUAKO OLIHUTM CTaH CUCTEMM.

Ha ronoBHilt cTopiHui (puc. 4) KopucTyBay mMoxe 6a4MTU NOTOYHI AaHi, Wo
OHOB/IOKOTBCA B peanbHomy 4aci 4yepe3 AJAX-zanutu p[o cepsepa. [aHi
nepepnatotbca Yepes API, oTpumytoTbes 3 6a3n gaHux i BigobpaxKaroTbea y BUrAai
Tabanub abo rpadikis (3anekHo Big NnoTpeob).

Cuctema aBTomaTH3auii

Puc. 4. NMaHenb aBTOpU3aLLil

Ona 3py4yHOCTi KOpUCTyBadiB Ta agmiHicTpaTopiB BebiHTepdenc moxe
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BKAOYATM rpadikm, AKi BigobparkaloTb iCTOPUYHI AaHi, TaKi AK Temnepatypa
(puc. 5), Bonorictb abo piseHb CO, 33 NeBHUI Nepiog, yacy.

Puc. 5. 3pasok rpadiky Temnepatyp

BucHOBOK. Po3pobsieHO mozenb aBTOMATM30BAHOI CUCTEMM YNpPAB/iHHA
Aana bomboCxoBMLLa, WO BK/OYAE YNPaBAiHHA KaimaToMm, 3abe3neyeHHsA be3neku
Ta MOHITOPWHI NnapameTpiB cepenosulLa. Po3pobneHo nporpamy KepyBaHHA AnA
«po3ymHoro 6ombocxosumwa» Ha 6asi mikpokoHTponepa ESP8266 y cepenoBuLLi
Arduino IDE, wo p[03BONAE BiAgaNeHO KepyBaTU NapameTpaMn CUCTeM 3a
aornomoroto  BebGiHTepdency. PesynbTaTM  AOCNIOKEHHS NiATBEPAUAM,  LWLO
iHTerpauia aBTOMAaTM30BaHMX CUCTEM YNpaBAiHHA B 60MO6OCXOBMLLA [03BONAE
3HAYHO MIABUWMTU iXHIO edeKTUBHICTb, 3HUNKYBATU EHEepProcnoXmBaHHA Ta
NOKpaLLyBaTM YMOBW AAa TpuBanoro nepebyBaHHA B HUX Awogen. Cuctema
3abe3neyye BMCOKUI piBeHb 6e3nekn Ta KomdopTy, Wo pobutb Taki yKpuTTA
ONTUMaNbHUMM JNA BUKOPUCTAHHA B HAA3BUYANHUX CUTYaLLIAX.

1. Ky3bmeHko b. B., /lnceHko B. 1. MaTtemaTnyHe mogentoBaHHA TEXHONOTIYHUX
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ynpasAniHHA TexHoAoriYHMMK npouecamm». K. : HAY, 2008. 94 c.
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Kirpichnikov A. V., Senior Student; Pryshchepa O. V., Candidate of Physical and
Mathematical Sciences (Ph.D.), Associate Professor (National University of Water
and Environmental Engineering, Rivne)

DEVELOPMENT OF AN INTEGRATED CIVIL PROTECTION CONTROL SYSTEM

A model of an automated control system has been developed, including
climate control, security and environmental monitoring. Heat flow calculations
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have been performed, appropriate equipment has been selected, and highly
efficient heating and cooling systems have been recommended. Sensors have
been installed to continuously monitor the condition of the premises. A
functional automation scheme has been developed to control ventilation,
lighting, heating and access control. A heat exchange model has been developed
to optimise energy consumption and improve energy efficiency. The control
programme for the ‘smart bomb shelter’ has been developed on the basis of the
ESP8266 microcontroller in the Arduino IDE environment, which provides
remote control of parameters via a web interface and touchscreen display.

Keywords: integrated control system; automation; civil protection;
simulation modeling; bomb shelters; climate control.
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Casuu [. B., acnipaHT (HauioHanbHWI yHiBEPCUMTET BOAHOrO rocnogapcrea Ta
NPUPOAOKOPUCTYBaHHA, M. PiBHe, d.v.savych@nuwm.edu.ua)

PO3BUTOK CUCTEM YMNPAB/IHHA NIANPMEMCTBAMU HA OCHOBI LLTYYHOTO
IHTENIEKTY: AOCBIA, NPOBNEMW, NEPCMNEKTUBU

Y pyKonuci po3rnsHyTo A0CBiA4 BNPOBaA}KeHHA WTY4YHOro iHTeneKry (LUI) B
6i3Hec-npouecn oaHi€El 3 NPOBIAHUX YKPATHCbKUX PO3AapibHMX meperK. 3o0Kpema,
aKLEeHTOBaHO yBary Ha npobnemax, 3 AKMMM CTMKanacb KOMMaHiA nig 4ac
iHTerpauii HOBMX TexXHONOrid, a TaKOX Ha nepesarax, AKI nNpuHecno
BMKOopucTaHHA LUI. OnucaHo, AK aBTOmMaTU3auia npouecis, NPOrHo3yBaHHA
NOCTABOK Ta onepaTuBHE NaHyBaHHA AOMNOMOIIN 3HU3UTU BUTPATU, NiABULLUTH
TOYHICTb NAAHYBaHHA Ta 36inbwnTM  TOBApoO6ir. PO3rNAHYTO TaKOX
iHHOBaLiMHWMI NigXia A0 HaBYaHHA NepPCOHany 3a AOMNOMOrol KOPOTKUX Bigeo.
BucsitneHo pe3ynbraTtu, AKi NiATBEPAKYIOTb ePeKTUBHICTb BUKOpUCTaHHA LI y
KOMnNaHii.

Knaroyosi cnoea: WTYYHUIA [HTENEKT; aBTOMATU3aLiA; NPOrHO3yBaHHA;
NAaHYBaHHA; ONTUMI3aLia; po3apibHa mepeka; ePpeKTUBHICTDb.

CyyaCHUM pPO3BUTOK TEXHOJOTN BiAKPUBAE HOBI MOXAMBOCTI ANSA
onTUMi3auy,ii 6i3Hec-NpoueciB y KOMNAHIAX pisHMX macwTabis. LUTy4HUI iHTeneKkT
(LL1) cTae KNOYOBMM IHCTPYMEHTOM, SKWA [03BONSE BUPiWYBATM CKNAAHI
3aBAaHHA, aBTOMATM3yBATM PYTUHHI onepaLiii Ta NPUMMMaT YNPaB/iHCbKI PilleHHA
3 BUCOKMM PiBHEM TOYHOCTI. Y AaHilt cTaTTi 4OCNiAKYETbCA AOCBIA BNPOBaAKEHHA
Wl B oAHY 3 MPOBIAHUX YKPAiHCbKUX pPOo3apibHUX Mepexk. Ocobausy ysary
NPUAINEHO BUKIWKAM, 3 AKMMM 3iTKHYNACA KOMMAHIA, a TaKOX nepesaram, AKi
npuHecna ua iHHoBaw,iA.
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Mpouec iHTerpauii WTy4yHOro iHTenekTy B bi3Hec-npouecu He € NPOCTUM.
OpHieto 3 Hanbinbwmx npobnem cTana HeobXigHICTb HAaBYaHHA NepcoHany HOBUM
meTogam poboTu. barato cniBpoOGITHUKIB 3BUMKAWM A0 TPaAMUIMHMX Niaxoais i
CNpPUMAMAnKN HOBI TEXHONOFIT AK BUKAMK. Mepexig Ha aBTOMATM30BaHi Npouecu
BMMaraB 3HayHUX 3ycunb 3 GOKy BigAainiB HaBYaHHA Ta aganTauii, WO BK/AOYaANO
PO3PO6KY TPEHIHFIB i MOCTINHY NIATPUMKY KOPMUCTyBa4diB HOBMX cuctem. byno
po3po6neHO HOBWMM MeTof, HaBYaHHA MepcoHany 3aBAAKM  KOPOTKUM
iHbopmaTUBHMM Bifleo He binbwe 1 xB, AKi gonomarae reHepysath LI, Takui
niaxia Aas NO3UTUBHWUIM pe3ynbTaTt, Tak A OinblWicTb NPaLiBHUKIB 3a3BUYall He
nepernaganu noBHICTIO A0BTi Biaeo, abo B3arasni He YMTaIM NanepoBi iHCTPYKLLT.

JopatkoBolo nNpobsiemolo CTasio NoAONaHHA iHepujii B KOpnopaTUBHIl
KyNbTypi: AKLWO CTapi meToaM 3abe3neyyBany NPUNHATHUIN pe3ynbTaT, binblwicTb
NpauiBHUKIB HE XOTifIM 3MiHIOBATK cBol niaxogn. OgHak aoseaeHHA nepesar LUI
yepes peasibHi KEMCKU J,03BOINA0 NOCTYNOBO 3HATU CNPOTUB.

BnpoBagKeHHA LWTYYHOrO iHTENEeKTY [Aafo 3MOry KOMMaHii CyTTEBO
3MEHLWNTU BUTPATM HA BUKOHAHHA PYTUHHUX 3aBAaHb. OAWH i3 KAKYOBMX
HanpAMKiB 3actocyBaHHA LWl — wue nporHo3yBaHHA NOCTAaBOK. Hanpwuknag,
CTBOPEHHA KOMEPLIMHOI MoAeni, sKka BPaxoBYE YMC/IEHHI GaKTOpU, TaKi AK NOroaHi
YMOBMW, CBATKOBI nepiogn, 3miHWM KNimaTy Ta iHWIi nogii, 4oNOMOrno 3 BMCOKOMO
TOYHICTIO NepenbayaTn obcArv ToBapoobiry.

PaHiwe nnaHyBaHHA 6a3yBanocs Ha pPy4HOMY aHani3i CTaTUCTUYHUX AAHUX,
AKi Bpy4YHy 3abusannca B Tabnmukax exel, wo 6yno HeepekTMBHMM y macwTabax
Be/IMKOI po3apibHoi mepexxi. Hapasi LUl aBTomaTtmM3ye uein npouec, aHanisywouum
Be/nMYesHi obcarn iHpopmauii, BKAYHO 3 AaHMMM MNPO Mirpauilo HaceneHHs,
WKINbHUM HaBYaNbHMM npouec Towo. Hanpuknag, y TpasHi 36inbweHHA nonuTy
NOACHIOETbCA CE30HHOK MIrpaLielo HaceneHHA, WO paHile 3anuwanoca nosa
yBarow aHaniTUKiIB.

OnepatMBHe nJiaHyBaHHA CcTano We oAHielo cdepowo, ae LWI
NPOAEMOHCTPYBaB cBO edeKTMBHICTb. 3a 10 micauis 2024 poky LI mae kpawmit
NMOKA3HWK MO NNAHYBAHHIO HiX CynepBak3epu Ta KepiBHUKW. BigxmuneHHa Big
¢dakTy 0,1% npu KNI He 6inbwe 2%. AKWO paHilwe OHOBNAEHHA NAaHIB 3aliMano 0
10 gHiB Yepe3 HeobXigHICTb py4yHOi 06POBKKM BennKMx 0bcAriB JaHUX, TO 3apas
Luei npouec TPMBAE NNLIE OAUH AE€Hb, TAKMM UYMHOM KOMMaHiA pPobuTb Ti cami
npouecn Ha 90% wenawe. 3 sBnpoBageHHAM LI B npouecy KomnaHii, ToBapoobir
36inbwMBCA Ha 2%, WO A9 KOMNaHii HaA3BUYaMHO XOPOLLUM pe3ynbTaT, AKUN
NMOBHICTHO BMMNPABAAB 3aTPAYeHi Ha HLOro pPecypcum Ta yac.
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OuHamika sigxuneHHA Bin dakry,%

Bapwasa

nonsLA

PYMBIHMA  °7F

PucyHoK. [luHamika BiaxuneHHsa Big, dakty, %

Harkanb LWI He BpaxoBye 30BHilWHI haKTOpK, TaKi AK 06CTpinAK, BiaKNOYEHHSA
enekTpoeHeprii abo nepeBipKN BINCbKOBO-061iIKOBUX AOKYMEHTIB, TOMY AaHi He
3aBXAM TOYHI | 4OBOAUTLCA NPOBOAUTM A04ATKOBI NepeBipKM NporHo3ysaHHA LLI.
3aBAAKM UMM Niaxoaam, KomnaHia 36epirae rHy4YKkicTb Y NPUMHATTI pilleHb HaBiTb y
HecTabinbHUX yMOBaX.

IHHOBAaU,ii Ha ocHoBI LI npuHecnn Taki nepesaru:

1. CKopoYeHHA BUTPAT Ha aHani3 AaHux.

2. TMiaBUWEHHA TOYHOCTI NAaHYBaHHA, WO A03BOASE YHMKATU AediuunTy um
Ha4/IMLLKIB TOBapY.

3. ExkoHOMmia yacy: npouecu, fAKi paHiwe 3alimann AHi abo TUXKHI, Tenep
BUKOHYIOTbCA 33 NiYEHi rOgMHN.

4. 3MeHLWeHHA nacbKoro @akTopy Ta KiNbKOCTI MOMUAOK Yy NPUAHATTI
pilleHb.

5. 3b6inblieHHs ToBapoobiry Ha TOProBmx TOYKax Ha 2% 3a OCTaHHIN piK.

OT)Ke, [OCBig BNPOBAAMEHHA LWTYYHOTO IHTENEKTY AEMOHCTPYE, LWO
aBTOMaTM3aLiA PYTUHHUX onepalilid, onNnTMMi3alia ToBapoobiry Ta MNoOKpalleHHA
OMepaTUBHOrO MNAAHYBaHHA [03BOAOTb CYTTEBO NiABUWMTM  ePeKTUBHICTb
6i3Hecy. He3Bakaloum Ha NOYATKOBI TPyAHOLW,, pe3ynbTaTu BMNPaABAOBYIOTb
BKNaAeHi pecypcu. Lleit AOCBig moXKe cTaTM OCHOBOM A/1A PO3POOKM NoAibHumX
pilleHb B iHWKXX ranysax.
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Savych D. V., Post-graduate Student (National University of Water and
Environmental Engineering, Rivne, d.v.savych@nuwm.edu.ua)

DEVELOPMENT OF ENTERPRISE MANAGEMENT SYSTEMS BASED ON ARTIFICIAL
INTELLIGENCE: EXPERIENCE, PROBLEMS, PROSPECTS

This article examines the experience of implementing artificial intelligence
(Al) in the business processes of one of Ukraine's leading retail chains. The focus
is on the challenges faced by the company during the integration of new
technologies, as well as the advantages brought by Al. It describes how process
automation, supply forecasting, and operational planning helped reduce costs,
increase planning accuracy, and boost sales. An innovative approach to training
staff using short videos is also discussed. The results demonstrate the
effectiveness of using Al within the company.

Keywords: Artificial Intelligence; automation; forecasting; planning;
optimization; retail chain; effectiveness.
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NPOEKTYBAHHA TA PO3POBKA BEBAO/OATKA ANA NOLLYKY CrI/IbHUX
Noi340K HA OCHOBI TEXHOOTIT ASP.NET MVC

Y cTatTi po3rnapaETbca metoponoria po3pobkn Beb6aopaTka ANA NOLYKY
ChiNbHUX NOiI3AOK. B ocHoBi po6otn nexutb TexHonoria ASP.NET 3
BMKOPUCTAaHHAM natepHy MVC. Mig yac BUKOHAHHA pob6oTu 6yno pos3rnaHyTo
npegmeTHy 06/1acTb Ta ONMUCAHO MOHATTA CNi/AIbHOI NOI3aKKU. MpoaHanizoBaHo
nopmibHi gopaTku, HaBegeHo iX NO3UTUBHI Ta HeraTUBHI CTOPOHU. CNPOEKTOBAHO
apxiTeKTypy Bebaopatka Ta Tabauui ao noro 6asu gaHux. OnucaHo TexHoiril,
LLLO BUKOPUCTOBYBA/INCA NiA 4ac pO3pO6KHU.

Knwouosi cnoea: BebpopaToK; cninbHi noispgku; asp.net mvc; .net;
dpenimBopK; 6a3a AaHMX; naTepH mvc.

Bctyn. YnpogoBK OCTaHHIX KiIbKOX POKIiB CMibHI NOI3AKM CTann XOpPOLUOHD
aNbTEpPHATMBOK MapLWPYTHUM Takci. [nA nacaxupa Taki noisgknm € bBinbw
THYYKMMM, MAIOTb BiIbHUI rpadik Ta MapLLPYT, CamM TPAHCNOPT € KOMPOPTHIWUM,
YMM Yy TPOMAACbKMX nepeBe3eHHAX. Boaii B CBOW 4epry MOXKyTb MOBEPHYTU
YacTMHy KowTiB abo B3arasi NOKPUTM BUTPATM Ha NanbHe.

3a pocnigkeHHam nposeaeHum blablacar B kBiTHi 2017 poKy, HAa NUTaHHA
Npo Te, YM BNJMBAE MPMUCYTHICTb MOMYTHWUKIB Ha OpraHisauilo CiAbHOI NOI34KMK,
GinbWicTb pecnoHAeHTIB BiANOBIAM cTBepAHO. bamsbko 72% Big3Haunau, wo 3
NOMNyTHMKAMM iXHA Moi3gKa CcTae Uuikasiwot. [na 75% BOAIIB NPUCYTHICTb
NOMYTHUKIB BN/AIMBAE Ha OpPraHi3oBaHICTb NOI3AKW, a came — Ha MNpPaBUbHY
NiAroToBKY aBTomobina Ao TpMBanoi NOi3gKM, BUI3A i Npuisa 3a rpadikom Ta iHWI
BAXK/IMBI UMHHUKMU. TaKOXK CnisibHa NOAOPOXK CTUMYNIOE BOAIIB KOHUEHTPYBaTUCA
Ha 40po3i Ta AOTPMMYBATMUCA MNpPaBuMA LOPOXKHBLOIMO pPyXy, BiAMOBAATUCA Big
WKigAMBUX 3BMYOK [1]. TOoMy MOLWYK CRiNIbHMX MOI340K CTAa€ BCE aKTyasbHillMMm
3aBAaHHAM. Y LbOMY KOHTEKCTI, Be6404aTOK, Ma€E BE/IMKMIN NOTEHLiaN Y CIPUAHHI
3PYYHOCTI opraHi3auii TakMx Noi3aoK, NOTPIGHO AL BIAKPUTU HEOOXiAHY CTOPIHKY
B 6pay3epi, W06 BCi MOXAMBI BapiaHTU NOAOPOXKEN npeacTaBUINCL nepej,
KOpUCTYBaYeM.

TaKi cepBicy BXe iCHYIOTb, afie B HUX € HeAONiKWU: BMCOKI cepBicHi 360pwu,
Be/IMKA KiNbKicTb LWaxpaiB, Nnpobsemu i3 NoBepHEHHAM rpollei B pasi BigMiHU
noi3aku. Tomy XOpOLUOK iAe€El0 € CTBOPEHHA A0AaTKa, AKMI byae no3basneHui
LMX HEeAONIKIB.
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CninbHi NOI3AKM — Ue cninbHe BMKOPWUCTAHHA NpPMBATHOro asTomobinA
AeKinbKkoma nogbmMK, 3as3BuMYal  ans eKoHomii  kowrTiB. LUe pgosBonse
BMKOPUCTOBYBATU BiNbHI MicuA B aBTOMObINi AnAa nepese3eHHA MOMYTHWKIB, LLO
3HUKYE BUTPATU Ha MpOi3h ONA NacaxKMpiB Ta BUTPaATW Ha nNasibHe ANA BOAiB.
TaKoX Ue Ccnpuae MeHLWIi KinbKocTi aBToMobiniB Ha Aoporax, OCKi/IbKU He
KOXXHOMY noTpibHO maTu aBTO, WO6 AicTaTMcAa Ao micua. B cBoto uepry, ue
[03BONAE 3MEHLMWTN 3aTopu Ta 3abpyaHeHHA nosiTpAa. [aHe AsBuwe Habyno
NONYAAPHOCTI 3aBAAKM CY4aCHUM TEXHOJIONIAM, WO A03BOMAIOTb IENKO 3HAX0AUTH
NOMNYTHUKIB Yepes cneuiasbHi Mob6iNbHI Ta BE6A0AATKM.

OpHum i3 Takmx popatkie € BlaBlaCar (puc. 1). BlaBlaCar — ue nnatdopma
AN CNiNbHMX NOI3A0K, AKa 3'€AHYE MIiNbMOHWM BOAIIB | nNacaxupis, WO
NoAOpPOXKYOTb B ogHOMY Hanpamky. BlaBlaCar 6ys 3acHoBaHui y 2006 poui y
®paHuii Ppeaepikom Massennoto. CnoyaTtKy cepsic Hazmsasca Covoiturage.fr, ane
y 2013 poui oTpumas Ha3sy BlaBlaCar, wo Bigobpa)kae piBeHb 6anaky4ocTi
naca*kupis (Bla, BlaBla, BlaBlaBla).

is BIaBIaCar 3 nonytHukamm  AetoGycom Q) Mowyk (—B OnyGnikyeaty nolzaky o .

L oY T, O Mpswyere o

& Ly by

Bubupaiite NolaaKku 3a HU3LKOIO LiHOIO Losipsiite cBoim nonyTHUKamM MpokpyTiTs, KnaywiTe, HaTUCHITS |

Kyau 6 au He Ixanu, aeToGycom un 2 Mu no6pe 3HAEMO BCiX CBOTX NAcaXMpiB | 3a6poHiofTe!

NONYyTHUKAMM, SHOWAITL iNeanbHy NoT3AKy 3 aeTobycHUX naprHepie. M1 ipsemo nol3AaKy e Hikonu He Gyno

Geanivi Hanpamkia | mapwpyTie — i Bifiryki Ta npodbini, o6 B4 nofopoXyBan TaK nerko! 3aBKAKI NOTYXHOMY QNrOPHTMY

NONCPOXYHTE 30 HM3LKMMM LHAMH. i3 BneBHeHicTIO. Halll 30CTOCYHOK 3HAMAE BOAIA NOpYY i3
BOMM BCBOTO 30 KiNbKA XBMIIMH.

Puc. 1. Burnag ronosHoi ctopiHku BlaBlaCar

MonusocrTi BlaBlaCar:

1. Peectpauia Ta ctBopeHHA npodinto. KopuctyBayi mMOXKyTb CTBOpOBATU
npodini, Ae BKasyTb 0ocobuUCTy iHPpopmauito, oTorpadii, piBeHb HanakyyocTi Ta
iHWi peTtani. Mpodini TaKoXK BKAOYAOTb PEUTUHIM Ta BIATYKM Bif, iHWMUX
KOPUCTYBauiB, L0 NiABULLYE piBEHb A0OBIpM.

2. Nowyk Ta 6poHIOBaHHA NOI3A0K. KopucTyBadi MOXKyYTb LIYKATM NOI3AKM 3a
PiSHUMM NapameTpamu: MapLpyT, AaTa i Yac BiANpPaBAEHHA, BAPTICTb, KiNbKiCTb
BiNbHMX Micub. [licnA 3Haxo4XeHHA BiANOBIAHOT NOI3AKM MaCaXXUpP MOXKe
3abpoHtoBaTK MicLie i 3B'A3aTHCA 3 BOAIEM.
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3. Onnara. BlaBlaCar nponoHye pi3Hi meToan OoniaTh, BKAKOYAOYM OHNANH-
nnatexi yepes nnatpopmy. Lle 403BONAE 3HU3UTU PU3MKKU, NOB'A3aHI 3 0OMiIHOM
roTiBKW MNig Yac Noi3aKu.

4. Cuctema pemnTurHriB Ta BiaryKis. Kopncrysayi MOXKyTb 3a/1MWATKM BiAryKM Ta
OLiHKM MiCNA KOXHOI NOi34KM, WO A[O0MNOMAra€ iHWMM KopucTyBadYam obpatu
Kpaworo Bogis abo nacaxupa.

MNepesaru BlaBlaCar:

— Be/IMKa 6a3a KopuUCTyBayiB;

— nepeBipeHn Yacom;

— CUCTeMma BiAryKis;

— 3PYYHWUIA Y BUKOPUCTAHHI;

— Ma€ A04aTKoBi nocnyrn (aBTOBYCHI cnoay4yeHHs).

Heponiku BlaBlaCar:

— BUCOKI cepBicHi 36opu;
— Npobaemu 3 NOBEPHEHHA KOLWTIB Y pa3i BiaAMiHM NOi3aKN.

e ogHnM cepBicom Ans NOLWYKY ChinbHUX Noi3gok € Monocar (puc. 2). Lie
BiZIHOCHO HOBWI MObBINbHMI JoaaToK, BunyweHuint B 2021 poui, AKWKA we
3HaXo4MTbCA Ha cTaaii 6eTa TecTyBaHHA.

monocar MOKAMBOCTI  MACAXMPY — BOAIO  AKUI  KOHTAKTH

e

Monocar - cepaic CninbHUX NOI3A0K. ?
Hoga epa pyxy!

3aBaHTax(yiiTe AOAATOK Ta 3HAXORLTE

0Ny THYKiE AKUM 110 AOPOI.

IABAHTAXUTIA S, SABAHTANHT o b
App Store P*  Google Play IES

Puc. 2. Burnag ronosHoi ctopiHkmM Monocar

Nepesarn Monocar:
— OPIEHTYBAHHA Ha YKPAiHCbKUIA PUHOK;
— BiACYTHICTb cepBicHUX 360piB.
Hepgonikn Monocar:
— Mana KiNbKiCTb KOPUCTYBaMIB;
— AOCTYyN nwe Yyepes MobiNbHUI A04ATOK;
— l0[,aTOK BCe e B po3pobui.
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Po3pobneHnit popatok 6yno peanisoBaHo 3a [AOMNOMOrOK TeXHOJOril
ASP.NET, ska € yactuHoto nnatdopmm .NET. Lle 6GeskowToBHa nnatdopma
PO3pO6KM 3 BIAKPUTUM BUXIAHMM KOAOM A8 CTBOPEHHS Pi3HOMAHITHUX Nporpam.

Mo>KHa BUAIANTM TaKi OCHOBHI nepesarun naatpopmm .NET:

1. NigTpumKa Kinbkox moB. OcHoBol nnatdopmu € 3arajibHOMOBHE
cepenosulLe BUKOHaHHA Common Language Runtime (CLR). 3aBaAku ubomy, npu
Komninayii kog 6yab-akoto 3 moB .NET Komnintoerbcs y npomixkHy mosy CIL
(Common Intermediate Language) JIT (Just-in-Time) komninatopom. Tomy 3a
NEBHMX YMOB MW MOXKEMO 3p0bUTU OKpeMi moayni ogHIEl Nporpamm oKpeMnmm
MOBaMM.

2. KpocnnatdpopmeHicte. .NET € nnatdopmoto, WO nNiaTPMMYETbCA Ha
6inbwocTi cyyacHmMx OC Windows, MacOS, Linux, Andoid, iOS.

3. Benuka 6ibnioteka knacie. .NET npeactaBnse WMPOKKUI cnekTp 6ibniotek
Knacis. Mpu po3pobui 6yab-akoro npoayKty Ha CH# — TEKCTOBOro peaaKkTopy, YaTty
abo cknagHoro BebcaliTy, TaK UM iHaKwe byae BMKOpUCTaHa bibnioTeka Knacis
.NET.

4. Pi3HOMaHITHiICTb TeXHO/OriN. 3araNbHOMOBHE CepefoBULLE BMKOHAHHSA
CLR Ta 6as3oBa 6ibnioTeka KnaciB € OCHOBOK LINOro CTEKYy TEXHO/OrIN, SKi
PO3POBHMKN MOXKYTb 3a4iaTM Npu NobyAoBI TUX UM iHWKX AoAaTKie. Hanpuknag,
aona pobotn 3 6asamu gaHux npusHadyeHo TexHonorito ADO.NET Tta Entity
Framework Core. Ana nobyposu rpadiyHnx poaaTkis 3 6aratTum HacM4yeHUM
iHTepdencom — TexHonoria WP, ana crtBopeHHA 6inbw npoctnx rpadivHnx
popatkis — Windows Forms. [na po3pobku KpocnnatdopmeHnx mobinbHUX Ta
AECKTONHUX nporpam — Xamarin/MAUI. [na cTBopeHHs BebcaiTiB Ta BebaoaaTKiB
— ASP.NET i T.4.

5. MpoayKktueHictb. [lporpamu Ha .NET Bigpi3HAOTbCA  BUCOKOIO
NPOAYKTUBHICTIO, 3rigHO 3 HU3KOO TecTiB Bebnporpamu Ha .NET y paai kateropin
CU/IbHO BUMEpeaKatloTb Nporpamu, NobyaoBaHi 3a 4ONOMOrOH iHLWKWX TEXHOJIOTIN
(puc. 3).

2.20M 7.02M

requests / sec requests / sec

0.60M

requests f sec

Java Servlet NET Node.js

Puc. 3. NMpoayktusHicTb .NET y NOPIBHAHHI 3 iHLWIMMW TEXHOrONOTAMMU
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6. ABTOMATMYHO Kepye nam’aTTio. 3ara/ilbHOMOBHE cepefioBULLE BUKOHAHHA
came BMKAMKAE 36Mpay cMiTTa Ko HeobxigHO Ta ounLLye Nam'aTb. A Lie O3HAuaE,
Lo PO3pPOb6HMKY He AoBeAeTbCA, HA BiAMIHY Big mosu C++, A6aTV NPO 3BiNbHEHHSA
nam'ari [2; 3].

Ockinbku Beb6ao0AaToK 6YB 3MPOEKTOBAHMI 3 BUKOPUCTAHHAM natepHy MVC,
BiH pO34ineHuit Ha TPU YacTUHU: MOAENI, BiAoOpaXKeHHs Ta KOHTPOEpPU.

PeanizoBaHO HacTynHi moaeni:

— City;

— DriverRequest;
— Report;

—Trip;

— TripRegistration;
— User.

Ona nocepeAHMUTBA MiX JAaHMMM Ta BiAoOOpaXKEHHAMU CTBOPEHi TaKi
KOHTpOepu:

— UserController — ana o6pobku 3anuTis, O NOB'A3aHi 3 KOPUCTYBAYEM,

noro npoginem, ayteHTUIKaLi€lO;

— TripController — gna 3anuTiB 6e3nocepeaHbo NO'BA3aHMX i3 NOIAKAMMU.
[ns BUCBITNEHHA AaHUX BUKOPUCTAHO pAj BisobparkeHb.
BinobpaskeHHa TripController:

— Create — gna cTBOpeHHA NOI340K;

— Index — ronoBHa CTOpiHKA, CTOPiIHKA NOLUYKY;

— MyTrips — cTOpiHKa NOI340K KOHKPETHOro KOPUCTYBaYa;

— Report — cTopiHKa AN 3anuWweHHA Bigrykis abo ckapr.

BigobpaxkeHHsa UserController:

— Index — cTopiHKa BXOAY B aKayHT Ta peecTpaL,ii HOBOro;
— AdminPanel — naHenb agmiHicTpaTtopa;
— Profile — npoginb KopucTysauya.

Ona novatky poboTM nOTPiBHO neperTM 3a MNOCUNAHHAM, NPU LbOMY
3’ABMUTbCA rONI0OBHA CTOPiHKA. Ha Hi MOXKHa 3HaWTK Noi3aKy, abo yBilTM B aKayHT
(puc. 4).

3HanTH noizaKky

3HaUTU NoiI3aKy

BiANpaBAEHHA

Puc. 4. TonosHa CTOpiHKa

CTOpiHKM BXO4y Ta peecTpauii 306pakeHi Ha puc. 5. Ha HUX po3milleHHi
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nonsa gnAa BBeAEeHHA AaHMX Ta KHOMKK AnAa niarsepaKeHHa gii. Mlicna HaTUCHeHHA
KHOMKKW BBeAeHi AaHi nepefaloTbCA Y KOHTpOAep, Ae BOHM BanigyTbea. llicna
LUbOro, oNA BXOAY MNEpPEBIPAOTbCA HACTYMHI YMOBMW: UM iCHYE TAKMM aKAyHT, YM
BBEAEHUIM Naposb nigxoautb. Ona peecTpauii NepeBipAETbCA YM € NOriH Ta
€/1eKTPOHHA MoWTa BiIbHUMU. AKLO YMOBU BUKOHYIOTbCA, TO KOPUCTyBaya
ayTeHTU}IKYE, BU3HAYAETbCA MOro posib ANs A0CTYNY A0 iHWMNX GYHKLIN.

Y KOXHOro ayTeHTM(IKOBAHOrO KOpMCTyBaya € npodinb, e KopucTysad
MOXe NepernaHyTU CBOi NepcoHasbHi AaHi, 3MiHMTK naponb (puc. 6). TaKox
MOXHa No6aumnTH, WO ANA BiANPaBAEHHA 3aABKN Ha BOAiA HEObXiAHO NPUKPINUTK
¢$0TO BOAIMCHKOro NOCBigYEHHA, BBECTU iM’'a Ta npissuwe, Homep TenedoHy. [na
nepeaavi UMx AaHUX Y KOHTpPONep CTBOPEHO MoAesnb BiaobparkeHHs Bogia. AnA
po60TN dyHKUiOHaNbHOCTI Npodinto 6yno cTBOPEHO MeToau AN 3MiHW Naponto,
CTBOPEHHA 3aABKW. TaKOX [Ana BMBOAY [JAHUX BUKOPUCTOBYETbCA MOAE/b
Big0bpaXkeHHA KopUCTysaya.

M3HaliTv noisgky

@®3HaiiTK noisaky ®  Enecrponna nowra
“ PeecTpauis & Norin
&  JloriH & Napone
& Mapons @ MosTopits napons

YBiidTi CTBOPMTA aKkKayHT

Puc. 5. Burnag ctopiHOK Bxoay Ta peectpau,ii

Mpodinb

Nori Enexrponna agpeca
admin email@gmail.com

Mapons MosTopits Mapons

3MmiHUTK Naponk

CraHbTe Bogiem

BubepiTe $oTO BOAIACEKOrO NOCEIAUEHHS!

Bubpatu dain  Qaiin He BnbpaHo
3anoBHiTL Balwe iM'A Ta Npissuaue:

Im's Mpizsnwe

3anoBHITL Bal Homep TenedoHy(bes koay kpainw):

Homep TenedoHy
Puc. 6. Burnag ctopiHku npodinto
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CropiHKa NowyKy NOi340K € rOJI0BHOO, HEIO MOXEe KOPUCTYBATUCA HaBIiTb HE
ayTeHTUIKOBaHNIM KOPUCTYBaY. Y BEPXHil YaCTUHI CTOPIHKM 3HaxoauTbca dopma
NOLUYKY, NicnA 34iMCHEHHA AKOro, pe3yabTaTh 6yayTb 306pakeHi B HUXKHIA YaCTUHI
CTOPiIHKK y BUrAsAi Tabaumui. NMpn HAaTUCHEHHI KHOMKKW AaHi dopmn nepeaatoTbes y
KoHTponep noi3gok (TripController). BiH nepeaae ix y metoa, WO 3BEPTAETLCA A0
6asn gaHMx Ta NoBepTaE Hasag Noi3aKK, AKi BiANOBIAAIOTb 3a4aHMM KpUTEpPIAM
(pnc. 7).

3HalTK Noi3aKy

m} 1

Pisre Kuis

3HanaeHi noi3aKu

Kinekicte micye
DeparturePoint ArrivalPoint DepartureTime (sanvwmnoce/zaranom) Price

PisHe Kuiis 21.05.2024 17:45:00 3/3 500 ST

Piste Kviia 21.05.2024 1800:00 3/3 350 F———

PisHe Kuie 22.05.2024 10:30:00 3/3 500 Bu BoOAli Lici noi3aku.
Puc. 7. Burnag nowyky cnifibHUX Noi3gokK

BucHoBKu. MMig 4ac BMKOHaHHA poboTu, B neply 4Yepry, 6yno posriaHyToO
npegmetHy o065nacTb Ta OMWCAHO MOHATTA  CMiINbHOI  MNOI3AKW.  TaKoMX,
npoaHanisoBaHo NoAibHi AoaaTKM, HaBeAEHO iX NO3UTUBHI Ta HEraTUBHI CTOPOHM.
Hani ornaHyTo TexHonorii, Aki 6ynn BUKOPUCTaHI Nig Yac po3pobKn BebaoaaTka.
ONna KOXHOI TexXHoNOorii HaBeAeHO KOPOTKUIM OMWUC Ta MepeBar BMKOPUCTAHHA.
BignoBiaHO 40 BMMOr, CNPOEKTOBAHO apXiTeKTypy BebaoaaTka. B ocTaHHIo yepry
6yno onucaHo poboTy KOMMNOHEHT AoAaTKa TaKux, fAK: ayTeHTMdiKauia, npodinb
KOpWUCTyBaya, CTBOPEHHSA MOI340K, NOLWYK Noi3aoK. [aHnit Be64oaaTok Mmoxe byTu
BMKOPUCTAHMM AK NOBHOLHHA NAaTPopMa A4 NOWYKY CNiNbHMUX NOI3A0K.

1. JocnigxeHHsa blablacar.

URL: https://blog.blablacar.com.ua/newsroom/novini/poputniki-spriiaiut-
dorozhnii-distciplini-rezultati-doslidzhennia-ta-infografika (pata  3BepHeHHs:
15.01.2024).

2. Introduction to .NET. URL:
https://learn.microsoft.com/en-us/dotnet/core/introduction (gata 3BepHeHHA:
17.02.2024).

3. Andrew Troelsen, Philip Japikse. Pro C# 7: With .NET and .NET Core. Apress,
2018. 1328 p.
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DESIGN AND DEVELOPMENT OF A WEB APPLICATION FOR SEARCHING SHARED
RIDE BASED ON ASP.NET MVC TECHNOLOGY

The article discusses the methodology for developing a web application for
finding shared rides. The work is based on ASP.NET technology using the MVC
pattern. Over the past few years, ride-sharing has become a good alternative to
fixed-route taxis. For the passenger, such trips are more flexible, have a free
schedule and route, and the transport itself is more comfortable than public
transportation. Drivers, in turn, can return part of the money or even cover the
cost of fuel.

Carpooling is the sharing of a private car by several people, usually to save
money. This allows the use of spare seats in the car to transport fellow travelers,
which reduces travel costs for passengers and fuel costs for drivers. It also
contributes to fewer cars on the road, as not everyone needs to have a car to get
to a place. In turn, this reduces congestion and air pollution. This phenomenon
has gained popularity thanks to modern technologies that make it easy to find
fellow travelers through special mobile and web applications.

The author analyzes such applications and outlines their positive and
negative aspects. Lastly, the work of application components such as
authentication, user profile, trip creation, trip search was described. The
architecture of the web application was designed. The technologies used during
the development are described. This web application can be used as a full-
fledged platform for finding rides.

Keywords: web application; ride sharing; asp.net mvc; .net, framework;
database; mvc pattern.

YK 004.42
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CYBERSECURITY IN SMART HOMES: THREAT ANALYSIS AND PROTECTION
STRATEGIES

The article analyzed the main cyber threats to smart home devices due to
weak authentication, attacks on network infrastructure (DDoS, Man-in-the-
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Middle, traffic interception), the use of malicious software to create botnets and
steal data, as well as social engineering methods that allow attackers to
manipulate users to obtain confidential information. Studied the effectiveness
of protection methods, including data encryption (AES-256, TLS 1.3, WPA3), two-
factor authentication, software updates, and the use of separate Wi-Fi networks
for loT devices. To confirm the existing threats, an attack scenario on a smart
lock system was analyzed, which demonstrated the risks of using unsecured Wi-
Fi connections, weak passwords, and unencrypted traffic. The results showed
that the most effective protection methods are the use of modern encryption
algorithms, multi-level authentication, and regular software updates, which
significantly reduce the risks of attacks and ensure the safe operation of a smart
home.

Keywords: cyber threats; data protection; encryption; network security;
vulnerabilities; access control; cloud security; I0T.

Main cybersecurity threats in smart homes. Unauthorized access to devices
- one of the most common threats to smart homes, which occurs due to
insufficient authentication security. Many smart devices come with default
passwords that users do not change after installation. This leads to significant
risks, as attackers can easily exploit known passwords to gain control of the
systems. Cameras, smart door locks, thermostats, and other home automation
components are particularly vulnerable. Once a hacker gains access to a camera,
they can observe residents and analyze their daily routines. For example, in some
cases, attackers have used access to cameras to determine when residents leave a
home and then carry out robberies.

Smart homes rely heavily on Wi-Fi networks and cloud services to connect
devices [1]. This makes these systems vulnerable to network-level attacks.
Attackers can exploit security vulnerabilities such as weak Wi-Fi security,
unencrypted data channels, or lack of proper authentication when devices
interact with cloud services. Examples of attacks on network infrastructure:

e DDoS attacks (Distributed Denial of Service). Such attacks are aimed at
overloading the network equipment or servers used in a smart home
with many requests. This leads to the failure of routers, servers or loT
devices, which can cause complete system unavailability (fig. 1);

e data interception (Man-in-the-Middle, MitM attacks). This type of
attack allows an attacker to intercept data transmitted between smart
home devices and cloud services. If the data transmission is not
encrypted, the hacker can obtain confidential information, including
passwords, device control commands or video streams from
surveillance cameras.
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Attacker

=

Targeted
Victim

DNS Resol
Bot S Resolver

@

DNS Resolver

DNS Resolver

Figure 1. DDoS-attack scheme

Smart devices connected to the Internet can also become victims of
malicious software (malware) [2], which attackers use for various purposes: from
data theft to massive cyberattacks. The most dangerous are viruses that turn loT
devices into part of a botnet - a network of infected devices that execute the

hacker's commands. Malware enters the smart home systems through:

e using default or weak passwords on loT devices, which allows hackers

to easily gain access;

e vulnerabilities in firmware or software that have not been updated in

a timely manner;

e downloading infected files or applications, for example, when

updating firmware from unofficial sources;

e phishing attacks, when a user accidentally enters their credentials on

fake websites, granting access to their devices.

Social engineering is a manipulation technique in which attackers force a
victim to voluntarily reveal confidential information, such as passwords or smart
home security credentials. Unlike traditional hacking attacks, this method does
not require the use of malware or network hacking - it only requires convincing
the person to take the necessary action. Examples of manipulation through social

engineering:

e vishing — an attacker calls the smart homeowner, pretending to be a
support representative from an IoT device manufacturer or internet
service provider. They report a "problem" with the security system or
the need for an "urgent update", then ask the user to provide access

to their account or reveal their password;

e phishing is the creation of fake websites or messages that mimic
official resources. The user, not suspecting fraud, enters their
username and password on such a website, after which the attacker

gains access to their account;
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e pretexting — in this case, the attacker poses as a technical support
representative, an Internet service provider employee, or even a
courier to gain access to a home or its network infrastructure.

Methods for protecting smart homes from cyberattacks. Data encryption
and secure communication protocols. One of the key aspects of smart home
cybersecurity is ensuring that data is securely protected as it travels between
devices, mobile apps, and cloud services. If the information is not encrypted or
uses outdated algorithms, attackers can intercept, modify, or use it for their own
purposes. Encryption ensures data confidentiality as well as its integrity,
preventing unauthorized access and modification. Key technologies used to secure
smart homes include [3]:

e symmetric encryption (AES-256);

e transport encryption (TLS 1.3, HTTPS);

e secure Wi-Fi protocols (WPA3, WPA2-AES).

AES (Advanced Encryption Standard) is a symmetric encryption algorithm
widely used to protect sensitive data in cloud services, storage devices, and
communication systems. AES-256 is the strongest option because it uses a 256-bit
key (fig. 2), making it impossible to crack using brute force. The AES algorithm
provides several advantages over older algorithms such as the Data Encryption
Standard:

e security - AES offers stronger security since it incorporates multiple
rounds of encryption, making it harder to break, and harder for threat
actors to intercept or steal the encrypted information using brute-
force attacks;

e Cost - AES is an open source and ubiquitously available solution,
making it cost-effective to adopt and implement;

e Implementation - AES is a flexible and simple algorithm, making it
suitable for both hardware and software implementation.

AES design

128 bit
192 bit
255 bit

Secret Plain
key text

Cipher

128 bit
152 bit Cipher text
256 bit

Figure 2. AES algorithm design
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TLS (Transport Layer Security) is a cryptographic protocol that provides
secure data exchange between devices and servers. The latest version, TLS 1.3,
provides improved speed and security over previous versions by eliminating
outdated encryption algorithms. It uses a combination of symmetric and
asymmetric cryptography because it provides a good compromise between
performance and security when transmitting data securely. The advantage of
asymmetric cryptography is that the encryption key exchange process does not
have to be secure, but the mathematical relationship between public and private
keys means that much larger key sizes are required. The recommended minimum
key length is 1024 bits, preferably 2048 bits, but this is a thousand times more
computationally demanding than symmetric keys of equivalent strength (for
example, a 2048-bit asymmetric key is roughly equivalent to a 112-bit symmetric
key) and makes asymmetric encryption too slow for many purposes [4].
Advantages of using Transport Layer Security:

e encryption of data — prevents unauthorized access by encrypting
transmitted data;

e data integrity — ensures data is not altered or tampered with during
transmission;

e protection against eavesdropping — prevents attackers from
intercepting sensitive information;

e secure web browsing (HTTPS) — Enables encrypted communication
between users and websites;

e resistance to Man-in-the-Middle (MITM) attacks — prevents attackers
from intercepting or modifying data;

e trust and compliance — helps organizations meet security standards
(e.g., GDPR, PCI-DSS, HIPAA).

Most loT devices connect to the Internet via Wi-Fi, making wireless network
security critical. WPA3 (Wi-Fi Protected Access 3) is the latest standard that
replaced WPA2 and provides better protection against password brute-force
attacks. A device that uses the outdated WEP or WPA encryption protocol can be
compromised using a "Handshake Capture" attack — a hacker intercepts the
handshake connection between the router and the device and then picks up the
password [5]. Key differences between WPA3 and WPA2:

e stronger encryption — WPA3 uses AES-GCM, offering better security
than WPA2’s AES-CCMP;

e improved authentication — WPAS3 replaces WPA2’s PSK method with
simultaneous authentication of Equals (SAE), preventing offline
password attacks;

e individual data encryption — each device gets a unique encryption key
in WPA3, unlike WPA2, where all devices share the same key;
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public network security — WPA3’s Enhanced Open Mode (OWE)
encrypts connections on open networks, which WPA2 lacks;

better attack protection — WPA3 fixes WPA2 vulnerabilities, including
the KRACK attack;

device compatibility — WPA3 isn’t fully compatible with older WPA2
devices, but modern routers support both in mixed mode.

Results. The Internet of Things is a key component of smart homes, but
these devices are often targeted by attackers due to wvulnerabilities in their
security systems. The lack of reliable authentication and data encryption
mechanisms can lead to unauthorized access and hacking of devices. Let's
simulate an attack scenario on a smart lock system, demonstrating potential risks
and methods for neutralizing them.

Consider a situation in which an attacker gains unauthorized access to a
smart door lock controlled via a mobile app (fig. 3):

preparation — the attacker scans the wireless network (Wireshark,
Kismet), detecting an unsecured Wi-Fi connection used to control the
lock;

traffic interception — if the data is transmitted without encryption or
over HTTP, the hacker can intercept the lock opening command and
user credentials;

reverse engineering the application — in case of weak protection of the
mobile application, the attacker decompiles it, obtains APl requests
and access keys, after which he can generate the lock opening
command;

hacking through weak passwords — if the password is simple or has
been used in other services, the hacker can pick it up by brute-force or
find it in databases of merged credentials.

As a result of this attack, the attacker gains the ability to remotely open
doors, access the house without the owner's knowledge, and use a compromised
device to attack other IoT systems in the house. Security recommendations:

use strong encryption algorithms (e.g. AES-256) for data transmission
between the mobile application and the device;

ensure a secure connection (HTTPS/TLS) for information exchange
between the server and the device;

mandatory implementation of two-factor authentication (2FA) to
confirm the user's identity;

regular software updates to eliminate known vulnerabilities;

restrict access to the device through a separate VLAN for loT devices,
which minimizes the risk of attacks from other network segments.
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The simulated attack scenario demonstrates the critical risks associated with
insufficient security of smart devices. Unencrypted traffic, weak passwords, and
the lack of multi-factor authentication create conditions for malicious actions that
can lead to physical access to the home. The implementation of modern
protection mechanisms is a necessary step to ensure the cybersecurity of the
smart home and preserve the privacy of users.

Remote target server Smoke detector: Vulnerable smart plug:
converted bot, also

converted bot [
Internet - ”,.. -. . launch attacks
Malicious traffic L -
l y i
|- A
Out of Resources X Home network
A SERVICE OFFLINE 4 > . - T
CCTV bots: compromise
security, also launch attacks . ¢ _0 Vulnerable smartwatch
2 . B % Smart meter can cause a blackout
‘,, ‘ o sipmm
- =
e IoT Network 1 M X: Attack cannot flow/spread
b X NS . A A: Flooding attack
oy e, . B: Slow request/response attack
i 3L X C: Convert into bot
X legitimate loT devices and users
. Compromise d device (bot)

B ﬂ. 1 5 . * Attacked
- victim
[T ] ; -

Smart bulb bot: can lights

Slow service for users down, also launch attacks

HVAC contraller bot: vents.
malfunction, also launch attacks Video doorbell stops watching door

Figure 3. Attack flow in a typical loT smart environment

One of the results of the study is a table summarizing the main cyber threats
that smart homeowners may face. It shows what risks exist for loT devices, what
consequences they can lead to, and what security methods can help minimize
these threats.

Table
Key threats to smart home cybersecurity
Threat Description Consequences Protection
method
Intercepting Unencrypted data Unauthorized Use encryption
network traffic | can be intercepted access to devices (TLS, WPA3)
Password Using simple or Full control over Two-factor
cracking compromised the device authentication,
passwords strong passwords
Software Using unsecured Seizing control Regular software
vulnerability firmware versions over the device updates
attack
Physical access Vulnerability in Modification or Physical access
to the device devices with open substitution of protection, VLANs
ports the device
DDoS attacks Massively Denial of access, Use firewall,
overloading the malfunction network
device with requests protection

The graph (fig. 4) also shows which security methods are most effective for
protecting a smart home.
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Effectiveness of Security Measures in Smart Homes

Use of Strong Passwords

Two-Factor Authentication

Firmware Updates

Security Measures

Data Encryption

Separate Wi-Fi for loT

4 6 8 10
Effectiveness (1-10)

Figure 4. Security Measure Effectiveness

0 2

Summarizing the tables and graphs created based on the results of the
study, the following results were obtained regarding the options for protecting
smart home control systems:

e complex passwords (5/10) — can make hacking more difficult, but do
not protect against brute-force attacks or password database leaks;

e two-factor authentication (8/10) — adds an additional layer of security,
making access more difficult for attackers;

e firmware updates (7/10) — are critical for eliminating known
vulnerabilities, but are not always implemented by users;

e data encryption (9/10) — significantly increases the level of security,
making data inaccessible to attackers, even if intercepted;

e using a separate Wi-Fi network (6/10) — reduces the risks of attacks on
loT devices, but does not exclude the possibility of compromising the
network itself.

Conclusion. Smart homes provide comfort and automation, but they remain
vulnerable to cyberthreats such as traffic interception, password cracking,
software vulnerabilities and DDoS attacks. Practical cases have shown that
hackers can gain access to devices through weak passwords, unsecured networks
and the lack of two-factor authentication. Analysis of the effectiveness of security
methods showed that data encryption, two-factor authentication (2FA) and
regular software updates are the most effective protection measures. Less
effective, but important, are complex passwords and the use of a separate Wi-Fi
network for loT devices. To increase the security of a smart home, you should use
unique, complex passwords, activate 2FA, ensure data encryption (HTTPS, TLS,
WPA3) and regularly update the software. It is also worth allocating a separate
Wi-Fi network for loT devices, restricting access to them and using VPN for remote
control.Smart home cybersecurity depends on both manufacturers and users.
Following basic security measures significantly reduces the risk of attacks and
ensures a secure ecosystem of l1oT devices.
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Ocranuyk O. M., K.T.H., goueHT; CamowmaioK A. C., acnipaHT (HauioHanbHWi
YHiBEPCUTET BOAHOrO rocnoAapcTea Ta NPUPOAOKOPUCTYBaHHA, M. PiBHe)

KIGEPBE3MEKA B PO3YMHUX BYAUHKAX: AHAJI3 3ArPO3 TA CTPATETIT
3AXUCTY

Y ctaTtTi npoaHanisoBaHO OCHOBHI Kibep3arposu gnsa npucTpoiB po3ymHOro
6yauHKY uepe3 cnabky ayteHTUdiKauilo, aTakKu Ha mepexkesy iHPPACTPYKTYpPY
(DDoS, Man-in-the-Middle, nepexonneHHsa Tpadiky), BUKOPUCTAHHA WKigANBOTO
nporpamHoro 3abesneyeHHA ONA CTBOPEHHA OOTHeTIB i KpagiXKu paHux, a
TAaKOX MeTogMu couianbHOI iHXeHepii, AKi A[03BOAAKOTbD 3/10BMUCHUKaM
MaHiNyaloBaTU KOPUCTyBaYamMu ANA OTPUMAHHA KOHQiaeHUiHOi iHpopmalii.
DocnipeHo epeKTUBHICTbD MeTOAiB 3aXUCTY, BKAOYalouM WKUpPYBaHHA AAHUX
(AES-256, TLS 1.3, WPA3), aBodakTOpHy ayTeHTUdiKaLilo, OHOBJIEHHA
nporpamHoro 3a6e3neyeHHA Ta BUKOPUCTAHHA OKpemux mepexx Wi-Fi gna
npuctpois loT. OAnAa nigTBepAXXeHHA HaABHUX 3arpo3 6ys0 npoaHani3oBaHO
cueHapin atakm Ha cuctemy Smart Lock, AKuiA nNpoaemMoOHCTPyBaB pPU3IUKMU
BMKOPUCTAHHA  He3daxuweHux Wi-Fi  3'egHaHb, cnabkux naponis i
He3awudpoBaHoro Tpagiky. Pe3ynbTaTtM NOKasanu, WO HailedeKTUBHIiWMMHU
MeToAaMM 3aXUCTY € BUKOPUCTAHHA CYYACHUX aAroputmis WKUPPYBaHHS,
6aratopiBHeBOi ayTeHTU(iKauii Ta perynsapHe OHOB/NEHHA MNPOrpamHoOro
3abe3neyeHHs, AKi 3HAYHO 3HUKYIOTb PU3UKM aTaK Ta 3abe3neuyoTb 6e3neuyHy
poboTy po3ymHoro gomy.

Knrwuosi cnoea: Kibep3arposu; 3axuct AaHux; wKUpyBaHHA; MeperkeBa
6e3neKa; Bpa3NAUBOCTi; KOHTPONb AOCTYNY; XMapHa 6e3neka; I0T.
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OPTIMIZATION OF STORING AND PROCESSING LARGE VOLUMES OF
DOCUMENTS IN CLOUD ENVIRONMENTS

This article presents an in-depth analysis of contemporary strategies and
technological advancements focused on optimizing the storage and processing
of extensive document collections in cloud environments. Key architectural
aspects of cloud storage are examined, encompassing object-based and
distributed storage systems, along with automated scaling techniques tailored
to dynamic workloads. Special emphasis is placed on security mechanisms,
including encryption techniques, robust authentication protocols, and advanced
access control methods. Furthermore, the study explores deduplication
strategies, data compression techniques, indexing methodologies, and
distributed data processing approaches to enhance efficiency and scalability.
Real-world optimization cases are evaluated, highlighting their impact and
potential advancements in cloud-based digital resource management.

Keywords: cloud storage; data optimization; deduplication; compression;
scalability; indexing; information security; automation.

Rapid data growth in the digital era. This expansion has led to increasing
challenges in storage and processing efficiency. Contemporary information
systems face the problem of rapidly accumulating large numbers of documents.
According to research, about 80% of corporate data consists of unstructured files
— text documents, spreadsheets, multimedia content, and more — leading to
inefficient storage practices [1]. Such inefficiency can increase IT infrastructure
maintenance costs by slowing down both information retrieval and system
performance. The rise of cloud services (e.g., Amazon Web Services, Microsoft
Azure, Google Cloud Platform) has addressed some issues of large-scale data
storage [2]. However, inadequate resource allocation may drive up expenses and
degrade performance. Data breaches and insufficient security measures in the
cloud can also have serious legal and financial ramifications. Meanwhile, on-
demand access to vital information remains a significant challenge: a lack of
proper indexing and classification can stall data processing, particularly for large
organizations and government institutions. Poor storage management can
negatively impact system responsiveness, scalability, and security. Large,
unstructured collections of documents often occupy substantial space, requiring
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extra resources for processing. Lacking a robust classification strategy further
prolongs the time needed to locate relevant information, slowing down
organizational workflows. Modern optimization solutions both relieve the load on
cloud storage systems and increase operational efficiency. In modern cloud
environments, optimization goes beyond cost control. Techniques such as
algorithmic analysis and artificial intelligence enable automated decision-making
regarding data storage and processing, ultimately boosting overall system
performance. Combining data analytics with classical optimization methods makes
it possible to tailor storage settings to real-time workloads [4]. This is crucial in
dynamic contexts, where data volumes consistently change, demanding flexible
infrastructure responses.

Table 1
Key challenges in managing large cloud data volumes
Challenge Cause Consequences
Large data volume Unchecked accumulation Increased storage
of documents expenses
Inefficient search Absence of indexing and Loss of time and
classification productivity
Security concerns Insufficient access control | Risk of confidential data
and encryption leakage
High load Limited resources Decreased system
performance

Poor storage management can negatively impact system responsiveness,
scalability, and security. Large, unstructured collections of documents often
occupy substantial space, requiring extra resources for processing. Lacking a
robust classification strategy further prolongs the time needed to locate relevant
information, slowing down organizational workflows. Modern optimization
solutions both relieve the load on cloud storage systems and increase operational
efficiency. In modern cloud environments, optimization goes beyond cost control.
Techniques such as algorithmic analysis and artificial intelligence enable
automated decision-making regarding data storage and processing, ultimately
boosting overall system performance. Combining data analytics with classical
optimization methods makes it possible to tailor storage settings to real-time
workloads [4]. This is crucial in dynamic contexts, where data volumes
consistently change, demanding flexible infrastructure responses.

Optimization of data storage and processing. This process is vital for
efficient resource utilization, helping reduce storage overhead and improve
system throughput Rising volumes of digital data underscore the necessity of
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rational storage practices. Optimizing how data is stored and processed not only
conserves resources but also enhances data accessibility, strengthens security,
and lowers latency throughout information systems. Modern cloud architectures
frequently adopt the following techniques:
1. Data compression — Minimizing file size with algorithms such as LZ77,
Huffman coding, Brotli, or Zstandard, which can yield up to 50% storage
savings [5].
2. Eliminating duplication and deduplication — Removing redundant files or
blocks, typically reducing storage loads by 50-70%;
3. Indexing and structuring information — Accelerating queries through
distributed search platforms such as Elasticsearch or Apache Solr.
4. Microservice architecture and containerization — Enabling dynamic
scaling and efficient resource distribution with Docker or Kubernetes.
5. Caching and preprocessing of requests — Deploying intermediate storage
layers that deliver more responsive access to frequently requested data.
It is also important to note that effective coordination among these
methods can amplify the overall impact on system performance. For instance,
combining compression with deduplication can free up storage resources more
efficiently, while integrating caching with well-structured indexing can significantly
reduce query times for critical documents

Table 2
Comparison of optimization methods for cloud data storage and processing
Technology Space Savings Reduced Additional
Processing Time Advantages
Compression 30-50% 20-35% Lower storage
costs
Password Using simple or Full control over Two-factor
cracking compromised the device authentication,
passwords strong passwords
Indexing — 20-40% Improves search
accuracy
Caching — 30-50% Speeds up data
access
Microservices — 15-30% Flexible scaling,
greater resilience

Practical implementation of optimization technologies. Real-world
adoption of optimization techniques in cloud environments confirms their
effectiveness in managing large document sets more efficiently and lowering
infrastructure costs. By combining data compression, deduplication, and indexing,
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organizations can significantly reduce storage overhead while maintaining rapid
access to critical information [6]. The process of deploying these solutions often
involves:

1. Initial Assessment and Planning. Enterprises begin by evaluating existing
storage usage, workload patterns, and performance bottlenecks. This
stage typically involves reviewing resource usage metrics and identifying
areas prone to data duplication [7];

2. Pilot Implementation. Before widespread rollout, a pilot project is
conducted on a subset of data or a single department’s repository. This
controlled approach minimizes risks, offers initial insights on
performance gains, and helps refine policies or settings [8];

3. Integration with Existing Systems. Successful deployment requires
harmonizing new components—such as compression algorithms,
deduplication tools, or indexing services—with legacy infrastructures and
applications. Ensuring compatibility through APIs, middleware, or custom
interfaces helps reduce downtime and guarantees seamless user
experiences [4].

4. Monitoring and Evaluation. Continuous tracking of storage usage, access
times, and network bandwidth helps detect anomalies or bottlenecks
early. Tools that visualize real-time and historical performance metrics
offer actionable insights, allowing for ongoing refinements to resource
allocation [1].

An illustrative example is the combination of microservices and container

orchestration (like Kubernetes), enabling incremental scaling of storage-related
services.
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Figure 1. Methods of system optimization and data analytics for cloud storage efficiency

Such an approach ensures that additional resources are allocated precisely
where needed, helping organizations adapt to sudden increases in traffic or data
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volume without impacting overall stability. Moreover, intelligent caching of
frequently accessed documents reduces latency for end users, further enhancing
productivity [5]. Ultimately, practical implementation hinges on striking a balance
between technical feasibility, cost efficiency, and user needs. When properly
executed, these optimization technologies yield not only performance benefits
but also heightened security and resilience, laying a foundation for more
advanced solutions such as predictive analytics and Al-driven resource
management.

Future trends in cloud storage optimization. As cloud technologies continue
to evolve, new approaches to storage and data management are emerging. These
advancements aim to enhance efficiency, security, and scalability, addressing the
challenges associated with large-scale document processing. Key future trends
include:

1. Al-driven automation. Machine learning algorithms are increasingly being
used to predict storage demands, optimize data placement, and
automate routine maintenance tasks. Al-powered storage systems can
dynamically adjust resource allocation based on real-time analytics,
improving overall system performance.

2. Edge computing integration. Traditional cloud storage solutions are often
centralized, leading to latency issues in data processing. Edge computing
allows critical data to be processed closer to the end user, reducing
reliance on central cloud servers and improving response times.

3. Quantum computing advancements. While still in the early stages,
quantum computing has the potential to revolutionize data encryption,
search algorithms, and storage efficiency. As research in this field
progresses, quantum-enhanced storage solutions may offer
unprecedented improvements in speed and security.

4. Green cloud storage. With sustainability becoming a global priority, cloud
providers are investing in energy-efficient data centers powered by
renewable energy sources. Storage optimization techniques that
minimize redundant data and lower energy consumption will play a
crucial role in reducing the environmental impact of cloud infrastructure.

These trends indicate a shift towards more intelligent, decentralized, and
sustainable storage solutions. Figure 3 illustrates the systematic approach to cloud
modeling and security assessment, demonstrating key components such as
firewall security, performance evaluation, and iterative optimization.
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Figure 2. Cloud modeling and security assessment framework

Conclusion. Optimizing the storage and processing of large document sets in
cloud environments is pivotal to modern information systems. Embracing
compression, deduplication, indexing, and microservices can trim infrastructure
costs, enhance responsiveness, and safeguard high data availability. Introducing
artificial intelligence and distributed computing unlocks advanced automation and
refinement of digital repository management. Exploring adaptive algorithms,
hybrid optimization models, and decentralized architectures can further elevate
both performance and security in cloud-centric technologies [3]. Moreover,
prioritizing strong security measures, including encryption and role-based access
control, ensures that data remains protected throughout its lifecycle [2]. As the
volume and complexity of data expand, adopting a holistic approach that balances
innovation with practical considerations becomes increasingly important. This
strategy not only supports efficient workload handling [4], but also addresses
sustainability concerns by leveraging energy-efficient data centers and resource
management practices [5]. In the long run, these efforts contribute to robust,
agile cloud ecosystems capable of meeting the evolving demands of businesses
and end users alike.
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Ocranuyk O. ., K.T.H., poueHT; KoBsepalok B. B., acnipaHT (HauioHanbHui
YHiBEPCUTET BOAHOrO rocnoAapcTea Ta NPUPOAOKOPUCTYBaHHA, M. PiBHe)

ONTUMI3ALIA 3BEPIFTAHHA TA OBPOBKU BEJTIMKUX MACUBIB AOKYMEHTIB Y
XMAPHUX CEPEAOBULLIAX

Y cTatTi npeacTtaBneHO pAeTasibHMM  aHaNi3 CyyaCHUX cTparterin Ta
TeXHOJIOMYHNUX JAOCATHEHb, CNPAMOBAHMX Ha oNTUmiI3auilo 36epiraHHA
06p06KM BeNUKUX MACUBIB AOKYMEHTIB Y XMapHUX cepegoBuliax. Pos3rnaHyto
K/AIOYOBi apXiTEKTYpPHi aCNeKTM XMapHOro CcxoBMuLWA, 30Kpema 06’eKTHO-
OpieHTOBaAHi Ta po3noAineHi cucremu 36epiraHHA, a TaKOXX aBTOMATM30BaHi
MeToAM MacwTabyBaHHA, aganToBaHi 40 AMHAMIYHUX HaBaHTaXeHb. Ocobausy
yBary npuaineHo mexaHisamam 6e3neKku, BKAOYAOUM MeTOoAM WUPPYBaHHS,
NPoOTOKOAM aBTeHTU@IKaLii Ta cuCTeMn KOHTPOAIO AocTyny. TaKoXK AocnigKeHo
CTparterii YCyHeHHSi NMOBTOPIOBAHUX fAAHUX, METOAM CTUCHEHHS, nigxoau Ao
iHAaeKcauii Ta po3nopgineHoi 06pobkn iHPopmauii pAA  nigBULLEHHA
BN/IMB Ta NepCcnekKTUMBU NOJANbLIOTO BAOCKOHA/IEHHA XMApPHUX TeXHoAorin y
cdepi undpposoro ynpasniHHA pecypcamum.

Kntouosi cnoea: xmapHe 36epiraHHA; ONTUMI3aLia [aHUX; CTUCHEHHS;
MacwTaboBaHicTb; iHAeKcauia; iHpopmauiiHa 6e3neka; asBTomaTusauis.
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CUCTEMA A8 ONTUMI3ALLIT FEO/TOKALJIMHOTO PO3TALLYBAHHSA
CEPBICHUX CNY}KB

Y poborTi po3rnagaerbca npobaema onTMMaNbHOrO PO3MILLEHHA MYHKTIB
TEXHIYHOI AO0NMOMOrM Ha Aoporax B ymoBax CTPiMKOro 3poCTaHHA TPAHCMOPTHOI
iHppaCTpyKTypUu. 3anponoHOBAHO CUCTEMY, WO BpaxoBye reorpadiuyHi AaHi,
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XapPaKTEepPUCTUKN AO0POKHbOI MepeXi Ta po3noAin BUKAUKIB, i3 BUKOPUCTAHHAM
anroputmy [enKctpm, piBHaHHA JlitTtha Ta mogeni Facility Location Problem.
PiweHHA peanisyetbcA y BUrNAAI NPOrpamHOro KOMMJIEKCY 3 CepBepHOoI
yactuHoto Ha Django Ta KnieHTcbkMM iHTepdencom Ha Next.js, wo 3abe3sneuye
BMCOKY MNPOAYKTUBHICTb i 3pyuyHicTb BUKOpUCTAHHA. Cuctema A03BONAE
3MEHLUMTM Yac pearyBaHHA, ONTUMi3yBaTU BUTPATU Ta NiABULLUTU ePEKTUBHICTb
poboTn cepBiCHUX CNy»K6, a TAaKOXX MoXKe 6yTU 3acTocoBaHa B iHWUX cdepax
po3noainy pecypcis.
Knroyosi cnosa: ontumisauifa; anroputm Aenkcrpu; dopmyna flittna.

Cy4acHMM CBIiT XapaKTEPU3YETbCA CTPIMKMM PO3BUTKOM TPAHCMOPTHOI
iHPPACTPYKTYpPU, WO CYNPOBOAMKYETLCA 36iNbLUEHHAM KiNbKOCTI TPAHCNOPTHUX
3acobiB Ha pgoporax. Y 3B’A3Ky 3 UMM NiABULLYETbCA MMOBIPHICTb BUHUKHEHHS
aBapifHUX CUTyalili, NONOMOK aBTOMODGiNiB i NOTPEebM y TEPMIHOBIN TEXHIYHIN
Aonomosi. BarknmBoto CcKNagoBok edeKkTUBHOI pPoboTM [OPOXKHBO-TEXHIYHMX
CNyK06 € ONTMMAaNbHEe PO3TallyBaHHA iXHiX MYHKTIB, WO [03BONAE CKOPOTUTU Yac
pearyBaHHA Ha BUK/IMKKU, MiHIMi3yBaTM BUTPATM Ha NIOMICTUKY Ta NiABULLUTHK PiBEHb
33/10BOJIEHOCTi K/ieHTIB. Ha cborofiHi 6araTto AOPOXKHIX CAyX6 BUMKOPUCTOBYIOTb
TPaAMUIMHI  MigXoAW [0 PO3MIlLEHHS CBOIX NYHKTIB, AKi 6a3yloTbcs Ha
€BPUCTMYHUX MeToaax abo K obmeeHUX CTaTUCTUYHMX AaHuX. Lle npussoauTb
00 paay npobaem, TakMX ik HEPIBHOMIPHE HaBaHTaXXEHHA Ha NYHKTWU, TPUBAINM
4yac OYiKyBaHHA AOMNOMOIM ANA KMIEHTIB Ta 36iNblEHHA eKCnayaTauiMHUX BUTpPAT.
I3 PO3BUTKOM TEXHOJOFiA aHanisy AaHWX i reosloKauiiHUX cepBiciB 3'ABASIOTbCS
HOBiI MOXNMBOCTI ANA BUPIWLEHHA UMX Npobaem 3a AOMNOMOro MaTeMaTUUHMUX
MoZenen i anropuTmis.

MeTolo AaHOro A0CNigXeHHA € CTBOPEHHA KOMMJIEKCHOI cucTtemun AnA
ONTUMI3aL,ii po3TallyBaHHA CePBICHMX CNYXKO TeXHIYHOI LONOMOrK Ha Aoporax, fKa
3a6e3neynTb 3MEHLWEeHHA 4Yacy pearyBaHHA Ha BUKAMKKM, NiABULLEHHA
epEeKTUBHOCTI BMKOPUCTAHHA pPecypcCiB Ta BAOCKOHAJNIEHHA OpraHisauyii iXHboi
pobotn. LUa meta nepeabayvae po3pobKy HayKoBO O6rpyHTOBaHOro nigxoay Ao
BUpiWWEHHA 3a4adi, 3aCHOBAHOrO0 Ha BWKOPUCTAHHI Cy4YaCHUX MaTeMaTUYHUX
Mmozenemn, anroputMiB i TEXHONOTiM, WO BPAxXOBYKTb AMHAMIYHWIA XapakTep
AOPOXKHbOI IHPPACTPYKTYPM Ta MONUTY HA TeXHiYHy gonomory. Ona fOCATHEHHA
MeTWN AocnigxKeHHa nepeabayaerbcs iHTerpauisa AeKiNbKOX KAYOBUX €N1eMEHTIB.
Mo-neplie, ue 3actocyBaHHA anroputmy Jenkctpu [1], [2] AnA BU3HAYEHHS
HaNKOPOTLUMX MAPLLPYTIB MiK MICUAMW BUKAUKIB i cepBiCHUMM cayxbamu, W0
[03BONUTb 3MEHLWMTM 4Yac i BUTPATM Ha NOFICTUKY. [o-gpyre, BMKOPUCTAHHA
piBHAHHA J1iTTNa ANA aHani3y Yepr 403BO/INTb BPaXyBaTM HAaBAHTAXKEHHSA Ha KOXKHY
CNyX0y, ONTUMI3ytouM IXHIO 34aTHICTb ONepaTUBHO pearyBath Ha 3anutu [3]. Mo-
TpeTe, 3actocyBaHHA Facility Location Problem 3abe3neuntb BUbGIp HaMKpalimx
Micub ANA pPO3TallyBaHHA CepBIiCHUX CAYyXO, BpaxoByluM reorpadiyHi AaHi,
iHTEHCUBHICTb 3anuTiB i 0bMeskeHicTb pecypcis [4].
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OnTMmisaLia po3TawyBaHHA CEPBICHUX CNYXKO € BaXKNMBUM 3aBAAHHAM ANA
epeKTMBHOro ynpasaiHHA MOBINbHUMKM pecypcamu Ta 3abes3neyeHHsAs BUCOKOI
AKOCTi 06CNyroByBaHHA KAi€HTIB. [lNA UbOro icHylTb PiSHOMaHITHI nigxoan, wo
BMKOPUCTOBYIOTb AK TPAAMUIMHI MeTOAM MaTeMATMUYHOT ONTUMI3aLii, TaK i cy4acHi
ANTOPUTMMU, WO FPYHTYIOTLCA HA aHaNi3i BEIMKUX JaHUX Ta MALUMHHOMY HaBYaHHI.
Y ubOMy PO3rAAHEMO OCHOBHI NigXo4m, WO 3aCTOCOBYIOTLCA A/1A BUPiLWEeHHA 3a4au
ONTMMI3aLii po3TallyBaHHA CepBiCHUX CcAyXKb. TpaauuilHMmM nigxogamu Ao
ONTUMI3aLii po3TallyBaHHA € MaTeMaTU4Hi Mmogeni, Taki AK moaeni Teopii vepr,
Mmopaeni NOKPUTTA Ta 3a4aya po3TallyBaHHA cepBicHMX cnyXb (Facility Location
Problem). Ui moaeni possonAwTs ¢opmanisyBatv 3agavyy ONTUMAZIbHOrO
PO3TallyBaHHA CAYKO TakKMM 4YMHOM, WO6 MiHIMi3yBaTM 3arasbHi BUTPaATU Ha
obcnyroByBaHHA NpuM  OAHOYACHOMY 3340BOJIEHHI  BMMOr  WOAO  AKOCTI
obcnyroByBaHHA.

Teopia yepr BMKOPWUCTOBYETHCA A4 BU3HAYEHHA ONTMMANbHOI KiNbKOCTI
pecypciB (cny»b) y cuctemax 3 obmexkeHnm obcArom obcnyroByBaHHA. Y LibOMy
BMMAAKYy 3aBAAHHA NOAATAa€ B TOMY, W06 ONTUMI3yBaTU KiNIbKICTb TEXHIYHWUX CNYKO
abo 6purag, wo obcnyroByoTb NEBHWUI CEKTOP YM 30HY HA OCHOBI cepeaHbOro
Yyacy pearyBaHHA Ta 3aBaHTaXEHOCTi. Taku Niaxia € akTyaNbHMM ANA CUTYyaLin,
KO/IM NOTPIBHO MiHIMi3yBaTK cepeaHili Yac o4iKyBaHHA abo yac obcnyroByBaHHS
KNIiEHTIB.

Mopgeni NOKPUTTA 3aCTOCOBYHOTbCA, KONM HEObXigHO NOKPUTM NEBHY
TEPUTOPItD, HANPUKNAA, AOPONKHIO MepeNXKy, TaKUM YMHOM, W06 KOXKHA TOYKA, WO
notpebye obcnyrosyBaHHA, 6yna AOCTYNHOK 3 MEBHOK rapaHTIED. 3aBAaHHA
nonarae B Tomy, Wo6 BMOPATM MiHIManbHY KiNbKICTb TOYOK ANS PO3MILLEHHS
cnyx6, 36epiraloum MaKkCMManbHE MNOKPUTTA TepuTOpii 3 ypaxyBaHHAM 4acy
pearysaHHs.

3agaya pos3TawyBaHHA cepBicHMX cayx6 (Facility Location Problem) e
KNacu4YHOLO 3aJa4eto, B AKil HeobXiAHO BU3HAUYMTN Micus A5 PO3MILLEHHA CAYXKO,
BPaXOBYIOUYMN He TiZIbKW BiACTaHb MiX TOYKaMM i KinbKicTb 06CNYroByBaHMX TOYOK,
ane i OBMENKEHHS, WO CTOCYHTbCA pecypciB (HaNpWKAag, KiNbKiCTb AOCTYNMHUX
CEPBICHMX TOUYOK UM KiNbKICTb TEXHIYHMUX Bpuraa). B pamkax Ui€l 3a4a4i 3a3BMYall
BMKOPUCTOBYIOTbCA METOAM MATEMATUYHOrO MPOrpamyBaHHA, 30Kpema NiHinHe
nporpamyBaHHA Ta 3MillaHi Uino4Yncnosi modeni, ANA NOLWYKY OMNTUMaNbHUX
NOKaLi 3 ypaxyBaHHAM MiHiMi3aLii BUTPAT Ha TPAHCMOPTYBAaHHA Ta MaKCUMi3aLii
NOKPUTTA.

3 pO3BUTKOM iHGOPMALLIMHMX TEXHOOTIN, HOBUX METOAiB 0OPO6KN BENUKNX
NaHUX Ta reo/oOKaliMHMX cepsiciB 3'ABMAMCA HOBI nigxoau A0 oONTUMI3aLl
PO3TallyBaHHA CNYXO, AKi BpaxoBYOTb peanbHi AnHaMi4yHi ymosu. OAHUM 3 TaKuX
nigxoAiB € BMKOPUCTAHHA reorpadiyHux iHdopmauinHux cuctem (GIS) Ta
reosIoKauUiMHMX TexHoNorin. leonoKauiliHi cepBicM [03BONAIOTbL BpPaxoBYBaTU
aKTyanbHy iHGOPMaLLilo NPO MicLe3HaxoAKeHHA cNyXb, TpadiK, noroaHi ymosu Ta
iHWIi PaKTopU, AKI MOXKYTb 3MIHIOBATUCA B peasibHOMY 4Yaci. BUKOpUCTaHHA TaKux
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AaHUX A03BOAE aAanTyBaTU CUCTEMY ANA NPUAHATTS ONTMMA/IbHUX PilleHb Woa0
PO3TallYBAaHHA TEXHIYHMX CY»KO B 3aN1€XHOCTI Bifg, iIHTEHCUMBHOCTI pyXxy, aBapilHuX
CUTYyaLiM Y HaBiTb NOrOAHUX YMOB.

MalwnHHe HaBYaHHA Ta MPOrHO3yBaHHA MNOMUTY CTaAM BaX/JIUBUMMU
iHCTpymMmeHTaMKn ansa nepeabayeHHA Mmicub BUMHUMKHEHHA aBapi abo 3anuTiB Ha
TeXHiYHYy gonomory. Lle Aa€e 3mory onTMMi3yBaTh po3TallyBaHHA CAYKO He TiNbKu
Ha OCHOBI NOTOYHMX AAHWX, ane 1 3 ypaxyBaHHAM ManbyTHix noTpeb. Hanpuknag,
Mmopaeni MOXyTb nepenbavyaT 36iNblIEHHA KiNbKOCTI BUKIUKIB Y NEBHUX pPalioHax
MiCTa Ha OCHOBI ICTOPUYHUX AaHUX, MOTOAHUX YMOB abo BENMKUX NOAjN.

ANrOpUTMKU HA OCHOBI BEAMKMX AQHMUX CTaAW Ba*KAUMBUMMWU iHCTPYMEHTAMMU
ANA CTBOPEHHA 6inbll TOYHUX Mogenen ANA NPOrHOo3yBaHHA Ta ONTUMI3aLii
JIoKauin. BoHM 003BONAIOTL 3i6paTu BeIUKY KiNbKICTb AaHUX MPO AOPOXKHIN pyX,
aBapinHi  cuTyauii Ta HaBiTb NOBEAIHKY KOPWUCTYBayiB, WO 3roAaom
BMKOPUCTOBYIOTbCA [AONA KOPMUIYBaHHA MaApLUPYTM3aLil Ta JIOKAUiM TeXHIYHMX
cnyK6. OnAa BUpilleHHA 3a4a4i oNTMMI3aLii B peanbHOMY 4Yaci, 0cob/1MBO B ymOBax
BUCOKOI ANHAMIKKM, 3aCTOCOBYIOTLCA METOAN LUTYYHOTO iHTeNEKTY. IHTeneKTyanbHi
CUCTEMM Ha OCHOBIi aNrOPUTMIB TIMOOKOrO HaBYaHHA [03BONAOTb OLIHIOBATH
CUTYyaLii Ta aBTOMATUYHO MPUIAMATK PillEHHA WOA0 NepeHanpPaB/ieHHA TEXHIYHUX
cnyx6 abo KopuryBaHHA iXHbOro po3TallyBaHHA Ha OCHOBI AaHWX Yy peasibHOMY
yaci.

[eHeTUYHi anropuTmMm Ta METAeBPUCTUYHI MEeToAM 3aCTOCOBYHOTbCA A4
ONTMMI3aLii po3TallyBaHHA CAYKOM Ha OCHOBI BEAMKOI KiNbKOCTi 3MiHHUX i
CKNagHMX obmexeHb. L meToan [03BOAAIOTb 3HAUTM  HabaukeHi Ao
ONTUMANbHUX PilLEHHA B 3a4a4ax 3 BE/IMKOIO KiNIbKICTIO MOXKAMUBUX BapiaHTIB.

MopiBHAHHA iCHYylOUMX NigxoAaiB NOKasye, WO TPaguuinHi meToan, TaKi AK
Facility Location Problem, € edektTnBHuUMM ana cTabinbHMX ymoB, Ae AaHi npo
NonuT Ta /IoKauito Bigomi 3a3ganeriab. OgHaK BOHU MOXKYTb OyTM HeedEKTUBHUMMU
B YMOBax BMCOKOi AuHamikm abo obmexkeHocTi gaHux. CydyacHi nigxoam, wo
BMKOPUCTOBYIOTb TEO0/IOKALiMHI CepBicM Ta MAWMHHE HaABYaHHA, A03BOAKTb
3abe3neuntn 6GinblWw TOYHY aJanTauil0 A0 peanbHUX yMoB, ane noTpebyioTb
BE/IMKMX 06UYMC/IOBANIbHUX NOTYKHOCTEN | TOYHUX AAHUX ANS NPOrHO3YBaHHA.

Ona  pocArHeHHA  HaWKpawMx pes3ynbTaTiB B 3adadi  onTumisauii
pO3TallyBaHHA CEPBICHUX CAYKO BakAMBO KOMDOIHyBaTM  pi3Hi  nigxoawm,
BPaXOBYIOUYM AK KNaCU4YHi MeToamM ONTMMI3aLii, TaK i HOBITHI TexHonoril Ana poboTu
3 BE/IMKMMW JaHUMM TA WTYYHUM iIHTENIEKTOM.

BaxknuBum acnektom poboTuM € peanisauis uux moaenem y BUrNAAj
NPorpamHoOro NpoAyKty. [1na uboro CTBOP CepBEPHY YacTUHY Ha 6asi ppenmBopKy
Django, AKa BignoBigae 3a 3b6epiraHHA [AaHUX, BUKOHaAHHA oOb6YUC/EHDb |
3abe3neyeHHa goctyny Ao APl. ®poHTeHA-A04aTOK, po3pobieHnit Ha nnaTdopmi
Next.js, 3abe3neuyye iHTepPaKTUMBHY B3AEMOAIID 3 KOPMUCTyBayaMu, Hagaroum
MOXUBICTb MNepernagatv ONTUMaNbHI MapLpPyTW, 3aBaHTAXKEHICTb CAYXKO i
CTAaTUCTUKY BUK/IUKIB.
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IHTerpauia anropnTmis onTMMI3aLii 3 cepBepHOIO YacTUHOW Ha Django Ta ix
noganblwe BigobpaxeHHA B MObINbHOMY [A04ATKY € K/AKOYOBMM eTanom y
CTBOPEHHI QYHKLIOHANbHOrO i 3py4HOro AnA8 KOpuUCTyBadiB cepsicy. Llei npouec
OXOMNJIOE KifibKa Ba*K/MBMX aCMekTiB: MiArOTOBKY AaHWX, peani3auito anroputmis
Ha cepBepHomy 6oui, opraHisauito APl ana obmiHy faHMMKM MiK cepBepom i
KNIEHTOM, a TAaKOXK iHTerpaLito pe3ynbTaTiB i3 GpoHTEHA-iHTepdencom.

Ha cepBepHii cTOpoHi 3acTocyHOK po3pobaeHunin Ha Django, wo 3abe3neuye
CTPYKTYpPOBaHy OpraHisauito Koy Ta Aerkictb y PpO3LWUPEHHI QYHKLioHany.
Anroputmun, Taki AK [elkctpa, piBHAHHA JlitTtha Ta Facility Location Problem,
peanisytoTbCA AK YACTMHA CEpPBEPHOI NOriKM. [NAa ubOoro CTBOPHOIOTLCA OKpemi
mopayni abo cepsicy, 1O BiANOBIAAOTb 33 BUKOHAHHS LIMX PO3PaXyHKiB.

Anroputm [JeMKCTPU BUKOPMUCTOBYETbCA AN PO3PAXYHKY HAMKOPOTLIMX
MapLpPYTIB MK TOYKAMWU NOJIOMOK i CEPBICHUMM LLEEHTPaMU. Y CEPBEPHIM YaCTUHI
e peanisyerbca y Burnagi GpyHkuii, aka otpumye rpad Ak BxigHi AaHi (Hanpuknag,
AOPOXKHIO Mepexy) | noBepTae onNTMManbHUMM MapuwpyT. Ui  mapwpytm
3bepiratotbca B 6a3i gaHux, Wob 3abe3neynTy WBUAKUIA AOCTYN [0 BXe
PO3paxoBaHMX JAHUX.

PiBHAHHA J1iTTha ,A03BOASE OUiIHIOBATU cepeaHin 4Yac O4ikyBaHHA AN
KNIEHTIB, WO 3a/eXUTb Bif, 3aBaHTa*KeHOCTi cepBicHMX UeHTpiB. La iHpopmauin
AOMNOMara€e BM3HA4YaTU NPiopUTETHICTb 0OPOOKM 3anNuTiB, LLO TAaKOXK BUMKOHYETHCS
cepsepHoto norikoto. CepBep aHani3ye BXiAHI AaHi, noB'A3aHi i3 3anuTamu, Ta
NoBepTaE OLLIHKM Yacy OYiKYBaHHA AN1A KOXHOIo KOPUCTYBaya.

Facility Location Problem BMKOpWUCTOBYETbCA AN BU3HAYEHHA ONTUMANbHUX
NOKaLi cepBiCHMX LLeHTPiB. Lleit anroputm iHTErpyeTbca AK OKPeMuin cepsic, Wwo
3aMyCcKaeTbCA Yy BiAMOBiAb Ha 3MiHW Yy BXIAHWX AaHWUX (HanpuKnag, HOBi TOYKM
NOSIOMOK). Pe3ynbTaT po3paxyHKis 36epiratoTbca B 6asi gaHWMX, @ TAKOXK MOXKYTb
6yTn nepeaaHi Ha GpoHTEHA ANA Bidyanisauii.

Ona po3pobku iHTepdency BUMKOPUCTOBYETbCA ¢dperimBopK Next.js, AKui
NoeaHye B CcobBi  MOX/IMBOCTI CEpPBEPHOro pPEeHAEPUHry Ta  KAIEHTCbKOI
iHTEPAKTMBHOCTI, 3abe3neyyrounm BUCOKY MNPOAYKTMBHICTb | aAanTUBHICTb.
IHTepderic mae byTM MaKCMMANbHO IHTYITUBHMM, WO6 KOPUCTyBa4vi MOrIM Nerko
3HalTM HeobxiaHy iHbopMmaLilo Ta BMKOHYBaTM Aii. [0N0BHA CTOpiHKa A0AaTKY
MICTUTb KapTy, AKa € OCHOBHWUM iHCTPYMeEHTOM B3aemogii. [na peanisauii Kaptn
BMKOpUCTOBYIOTbCA 6ibnioTekn, Taki Ak Leaflet abo Google Maps API, wo
[03BONAIOTb BiflobpaXKaT reosioKkauinHi AaHi, MaplwpyTU Ta TOYKU CEPBiICHUX
ueHTpis. KopucTtyBad MmoxKe nepernagaty CBOE MOTOYHE MiCLEe3HaXO4KeHHs,
6aunTN AOCTYNHI CepBicK Ta HAMKOPOTLLI MapLPYTH A0 HUX.

Ba)knAnBoo 4YacTMHOW iHTepdelicy € ¢yHKUiAa nowyKy. BoHa po3Bonse
KOpUCTyBayy BBOAUTM agpecy abo KoopAMHATK, LWOO 3HANTU HAUBAMNKYUMIA
cepBicHUIA uUeHTp. [loWyKoBUIA 3anuT HaACUNAETbCA A0 cepBepHoro AP,
po3pobneHoro Ha Django, SAKUIA MNOBEPTAE CMUCOK HaMBAMKUMX cepsiciB i3
A0AATKOBOK iHPOPMaALLiED, TaKOK AK 4Yac OYiKyBaHHA abo 3aBaHTaXeHiCTb
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ueHTpy. Jns nonerweHHA Hagsirauii iHTepdenc BKAOYAE NAaHEeNb YNPaB/iHHA, AKa
MICTUTb OCHOBHI PYHKUiT AoaaTKy. Lle moxe 6yTM MeHto 3 po3aifiamu, TaKUMK fK
«lonoBHa», «Moi 3anuTn», «lctopia BuKAKKIBY i «Mpodinb». Hanpuknaa, posain
«Moi 3anuTn» A03BONAE KOPUCTYBa4dy nepernagatM CTaTyc NOTOYHUX 3anuTiB i
OTPUMYBATU OHOBJIEHHA B peanbHOMY Yaci. IHTEePaKTUBHICTb | 3BOPOTHUI 3B’A30K
i3 KopucTyBayemM € KPUTUYHO Ba*KAMBUMWU. BUKOPUCTOBYIOTbCA CR/IMBatoYi
NOBIAOMANEHHA Ta iHTEPaAKTUBHI NiAKa3KM ana iHGopmMyBaHHA KOPUCTYBadiB Mpo
ycnilwHe CTBOPEHHA 3anuTy, 3MiHy cTaTycy abo nomunku. Taki NoBigoOMANEHHSA
MOXYTb BigobparkaTnca y BUrAAdi MmoAanbHUX BiKOH abo CNoBilleHb Y HUMKHIN
YACTUHI eKpaHy.

Next.js [003BONAE NErko I(HTerpyBatu iHCTPYMEHTM Ana aHimauii Ta
nokpaweHHa UX/Ul. Hanpuknag, niaceidyyBaHHA MapLlUpyTiB Ha KapTi, nnasBHa
nosea iHGOpPMaLiHUX NaHenelh abo iHTePaKTMBHI MapKepu Ha KapTi pobnaTtb
iHTepdenc npusabausiwmm i 3po3yminiwmm. Ocobnmsy yBary npuAaiNeHo
afanTUBHOCTI AM3anMHy. |HTepdenc po3pobnaeTbcs TakKMM YMHOM, WO6 BiH
KOpPeKTHO BigobpaxaBcas Ha pi3HMX MpUCTPOsAX: CMapTdOHaX, nAaHweTax i
necktonax. CSS-openmBopKM, Taki sk Tailwind CSS abo Material-Ul, cnpoulytoTb
CTBOPEHHA aAaNTUBHOIO AM3aliHYy.

Onsa niaTpMMKKM B3aEMOAIT 3 cepBepoOM BUKOPUCTOBYHOTbCA CydacHi migxoau
[0 YNpaBniHHA cTaHOM, Taki Ak React Context APl abo Redux. BoHu 3abe3neuyoTb
3py4YHe OTpUMaHHA Ta 06pobKy paHux i3 cepsepHoro API, po3sonstoun
oHOBANIOBATU iHTepdenc y peanbHOMY 4aci. Tomy, CTBOPEHHA iHTepdeicy
KopucTyBada Ha Next.js NOEAHYE TEXHONOrIUYHI MOXAMBOCTI 3 YBArok A0 3pYyYHOCTI
Ta ecTeTMKU. Le p[o03Bonse CTBOPUTM IHTYITUBHO 3PO3YMINUKA, LWWBUAKUNA i
npueabnmeuii iHTeppenc, Wo 3a[0BONbHAE NOTPebu KopucTyBadiB i pobuTtb
poboTy 3 A0AaTKOM KOMGDOPTHOLO Ta epeKTUBHOLO.

Mig, vac TectyBaHHA cucTeMm ByI0 CTBOPEHO KislbKa peasibHUX CLEeHapiiB ans
MOZEeNtoBaHHA poboTU cepBicy TexHiYHOi gonomorn. OCHOBHa MeTa nonsrana y
BM3HAYEHHI ONTUMa/IbHUX TOYOK PO3TallyBaHHS CTaHUiM Ans8 MiHimisauii vacy
ob6cnyroByBaHHA 3anuTiB. TeCTOBI AaHi BKAKOYAIN reosioKaLii MOXAMBUX NONOMOK
Ta XapaKTEePUCTUKM [O0POXKHbOI iIHGpPACTPpyKTypn micta PiBHe. Cuctema nokasana
3HaYyHe 3HMMKEHHA CepeAHbOro 4Yacy pearyBaHHA Ha 3anuTu, WO NiATBEpAMAO
ePeKTUBHICTb BUKOPUCTAHHA anropuTmis [erkctpu Ta Facility Location Problem.
Yac npubytta 3meHwuBcA B cepegHboMy Ha 40%, a BIigCOTOK YCMilWHO
0b6pobneHnx 3aABOK 3pic Ha 35%.

KopucTtyBaubkuii  iHTepdelic  pogatky OyB  KAOYOBMM  €/1€eMEHTOM
TecTyBaHHSA. BiH po3po6aeHniA 3 aKLLEHTOM Ha NPOCTOTY Ta WBKUAKICTb AOCTYNYy A0
OCHOBHMX OQYHKLIiN. |IHTEpaKTMBHA KapTa MOKA3ye BCi PO3TAllyBaHHA CEPBICHUX
CTaHL,iM | 4O3BOMAE BOLIAM WWBUAKO HAACUAATM 3aNUTU Ha gonomory, puc. 1.

93



< MalumHa y BorHi

CraTyc:

NepernsnyTa cratyc
Detani
Nosauia Hse 123, Avenue 8, victoria island,
Yac 13:00, Z3.08.24
Karerapia: Atn
onnc
2022 Mercedes Benz GLE 350 is powered by a

2.0-liter Turbo Infine-4 Gas engine that provides
255 horsepower and 273 Iofft of torque.

SEE MORE

MaTepninmi

Puc. 1. IHTepdeic ronoBHoro pyHKLioOHaNy Ana KOPUCTyBaya

IHTepdelc BUKOHAHWUI Y Cy4acHOMY CTUAI 3 BUKOPUCTAHHAM HEUTpanbHUX
Konbopis, puc. 2. TONOBHWIMN €eKpaH MICTUTb iHTEPAKTUBHY KapTy, Ha AKin
Big06paXKatoTbCA CTaHLii Ta NOTOYHE PO3TalyBaHHA KOpUCTyBava. MeHto HaBirauii
[0,03BOJIAE WBMAKO CTBOPUTM 3asABKY ab0 nepernaHyTv cTaTyc nonepeaHix 3anuTis.
dopma CTBOpPEHHA 3aABKM aABTOMATMYHO MIiATATYE TeO0/0KaLilo, A03BOJIAOYN
KOpUCTyBa4yam sivwe BMO6paTh TN TexHiYHOi npobnemu. MNicna HaacunaHHA 3aABKK
KOPUCTYBa4 OTPUMYE MUTTEBE MiATBEPAKEHHA Yepe3 CUCTEeMY CMOBilWeHb. Y pasi
3MiHM cTaTycy 3aABKM abo npubyTTa gomomoruM cuctema HaAcWNae BianoBigHi
NOBiAOMNEHHSA.

9:41 il - £ = - 2:41 T -

T -
m < Mawmma y sorsi H < Hatm H < Oner
Mawnana y sorwi

e - |

Mawuna y Borui
it

o

288 hormeponer ord 273 )M of o,

65 waoRE
[ . (7]
2

Puc. 2. EKpaHu 3acTocyHKy FixOnWay

94



byno nposefeHO CMMyAALIO NiABULLEHONO HaBAHTAXKEHHA HA CUCTeMy, LW,O
niagTeepamno ii 3g4aTHiCTb ogHo4YacHO 06pobaaT noHag 500 3aaBoK 6e3 BTpaTH
NPOAYKTUBHOCTI. TecTyBaHHA MOKa3ano CTabinbHy pobOTy cepBepHOi YaCTUHMW,
HaBiTb MPWU BMCOKUX OBYUCNIOBANIbHUX HABAHTAXKEHHAX. [N1A KPaLLoro po3ymiHHA
byae A0AaHO CKPIHLWOTU KOPUCTYBaLLbKOrO iHTepdency aoaaTKa. [AnsaH AoaaTKy
OpPIEHTOBAHMIM HA NPOCTOTY Ta PYHKLiIOHANbHICTb. IHTepdenc mae YiTKy HaBiray,ito:
roNI0OBHUIN eKpaH Bigobparkae KapTy 3 NOTOYHMM PO3TallyBaHHAM KOPUCTYBaya Ta
CepBiCHUX CAY»K6. 3anuUTM CTBOPIOIOTBCA B KilbKa KAiKiB Yepe3 iHTepaKTUBHY
dopmy.

Cuctema cnosiweHb iHGOPMYE BOAIA NPO CTaTyC 3anuTy: Bif, CTBOPEHHSN
3aABKM 00 NiATBEPAKEHHA Npuisgy cnyx6u. [u3ailH BMKOHAHO Yy CMOKIMHUX
Konbopax, Wo 3abe3nevyye NPMEMHMIA KOPUCTYBALLbKUA [0CBIA. AZanTUBHUN
iHTepdeinc po3sonae KOMGOPTHO NPALOBATM 3 AOAATKOM Ha Pi3HUX NPUCTPOAX —
BiA cMapTPOHiB [0 nAaHweTiB. TakKMM YMHOM, pPe3ynbTaTM TeCTyBaHHSA
niaTeepamMnm  edeKTUBHiICTb po3pobeHOi  CUCTEMM  AK  IHCTPYMEHTY AnA
ONTMMI3aL,ii reo/IoKaLiMHOro po3TallyBaHHA CePBICHUX CNYKO.

BUCHOBKK. Y pe3ynbTati 6yno po3pobneHo iHTeNeKTyanbHy CUCTEMy ANA
ONTMMI3aLii po3TallyBaHHA CEPBICHUX CAYXKO TexHiYHOI AONOMOrM Ha OCHOBI
mopenen Facility Location Problem, anroputmy [eiKkcTpu Ta piBHAHHA JliTTha.
Cuctema peanisoBaHa 3 BuKopuctaHHAM Django, Next.js i PostgreSQL, wo
3abe3neyye BMCOKY NPOAYKTUBHICTb, 3pY4HICTb KOPUCTYBaHHA Ta H6e3neKy AaHuX.
Pe3ynbTatv TecTyBaHHA NiaTBEPAMAM eDEeKTUBHICTL POOOTU HABITb 3@ BE/IMKOrO
obcary paHux. BogHouac BuABneHO noTpeby B NoAanblIOMYy BAOCKOHANEHHI
macwTaboBaHoCTi Ta aganTauii 40 3MIHHUX YMOB. Y MNepcneKkTUBi MOXK/MBE
po3wnpeHHs GYHKLiOHANy 3a paxyHOK iHTerpauii 3 MobinbHUMKM AoaaTKamu Ta
nnatpopmamm peanpHoro uyacy. Po3pobneHa cuctema cnpuse nNigBULLEHHIO
epeKTUBHOCTI TPAHCMOPTHOI  iHGpPACTPyKTYpH Ta AKOCTI TEeXHIYHOro
obcnyroByBaHHA Ha Aoporax.
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SYSTEM FOR GEOLOCATION-BASED OPTIMIZATION OF SERVICE UNITS

This research focuses on the development of an optimized system for the
spatial distribution of roadside assistance services in response to the rapid
growth of transportation infrastructure and the increasing number of vehicles
on the road. The proposed approach incorporates real-world geographical data,
road network characteristics, and the spatial-temporal distribution of service
requests, employing Dijkstra’s algorithm for shortest path computation, Little’s
Law for queueing analysis, and the Facility Location Problem model for
determining optimal service point locations. The system is implemented as an
integrated software solution, combining a Django-based backend with a high-
performance, user-oriented frontend developed using Next.js. The proposed
methodology enables a significant reduction in response time, enhances
resource allocation efficiency, and minimizes operational costs, offering
practical applicability in both the transportation sector and other domains
requiring optimal resource distribution.

Keywords: optimization; Dijkstra's algorithm; Little's formula.
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