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CEKUIA 2

KOMITHOTEPHI METOAWU | 3BACOBU IHOOPMALIUHO-
KOMYHIKALUIMHUX TEXHOJOIA TA YMNPABJIHHA

KepiBHukmu cekuii: 1.1.H., mpod. 1. B. Pyban, XHYPE, Xapkis
n.T.H., ipod. A. A. KoBanenko, XHYPE, Xapkis
Cexperap cekuii: k.T.H., go1. O. C. JIamenko, XHYPE, Xapkis

MOBLIbHUAM 3ACTOCYHOK 3D TP HA OCHOBI PYIIISI UNITY

3akimauii K.C., Aanpycenko 0.0.
XapKiBChKUH HalliOHAJILHUH YHIBEPCUTET pajlioeleKTpOHiKH, XapKiB, YKpaiHa

CrBopenHs MoOinpHUX 3D irop Ha ocHoBi pymis Unity € akTyaJbHUM
HAMpsIMOM Y CyYacHii irpoBii iHAyCTpii. 3aBASKN NIMPOKUM MOXIJIMBOCTSIM IIHOTO
pyluis, pO3pOOHUKH MOXYTh CTBOPIOBATH CKJIaIHI IrpOBI CBITM 3 SKICHOIO
rpadikoro, pearicTHYHOK  (I3WKOI0 Ta  IHTEPAaKTUBHUM  CEPEHOBHUILEM.
OcobmuBocTi  MOOUTHPHHX  IIaTGOpPM BUMArarOTh ypaxyBaHHA OOMEXCHb
MIPOXYKTUBHOCTI, GHEPTOCIIOKHUBAHHSA Ta CYMICHOCTI 3 pi3HUMU npucTposiMu [1].

MeToro DONOBial € TOCIHiIKEHHS METOIIB Po3poOKu MoOimesHNX 3D irop Ha
Unity, mo BKIOYAalOTh MOICTIOBAaHHS ITPOBUX CIICH, aHIMAIil0 IIEPCOHAXIB,
poboty 3 pi3muHNM pyIIieM Ta iHTErpaIlifo KOPHCTYBANBKOTO iHTEpdeHCy.

VY [omoBini poO3IIsSAalOThCS aCHEeKTH CTBOPEHHS IMPOBOTO MPOLECY, Taki sK
noOysoBa ClLieH, HaJAIITYBaHHS KEpyBaHHs], MeXaHika B3aeMoJil 3 00'eKTamu.
Haeneni jaHi cBig4aTh, 110 Ha TMOBEIIHKY I'paBls Ta 3arajbHe CHPUHHATTS TPU
BIUIMBAIOTH Bi3yasbHi epeKTH, JUHAMIYHE OCBITIEHHS, CUCTEMa aHiMalliil, a TAKOXK
IHTeTpaIlisi 3ByKOBOTO CYIPOBOJY.

Bukopucrannsi cyuacHux iHcTpyMeHTiB Unity, Takux sK cHcTeMa
KOMIIOHEHTHOTO TIPOEKTYBAaHHS, MeXaHi3MH (i3myHOi cuMyIsmii Ta BOymoBaHI
3ac00M ISl CTBOPEHHS CIiee()eKTiB, J03BOJISE 3HAYHO PO3MIMPUTH MOXKIMBOCTI
MoOinpHEX 3D irop.

JocmimkeH s TaKoXK BKITFOYAE aHANi3 MIAXO0IB A0 TECTYBaHHS TPH HA Pi3HUX
MIPUCTPOSIX Ta ajanTallii KOHTeHTY ImiJ MoOiIbHI maTgopmu [2]. ¥V 3B’ 3Ky 3 UM
B)XJIMBUM € BUKOPHCTAaHHS THYYKHX METOHIB pO3pOOKH, IO 3a0e3NevuyloTh
AKICHUH KOPUCTYBAIbKUI JOCBiA 1 cTablIbHY poOOTYy TPpH B yMOBaX MOOIIBHOTO
cepeoBHILA.

Crucok Jirepatypu
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METO/JHU CAMOBIJHOBJIEHHS ITPOT'PAMHOI'O 3ABE3IIEYEHHS

Bonx M.O., Copobeii B.B., Camoiinos I.A., Bpecrosuupkuii P.M., Xunsko [.0.
XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET padioeIeKTPOHIKH, XapKiB, YKpaiHa

VY jomoBimi HaBemeHO pe3yNBTATH JOCHIPKEHHS mpolmemu 3abe3rmedeHHs
HaJIHHOCTI KPUTUYHMX MNPOTPAaMHHUX CHCTEM IIUIIXOM BIIPOBA/DKCHHS MEXaHi3MIB
camoBinHoBieHHst [1]. Hemoiikamu icHyro4MX pillleHb € 3aJeKHICTh Bill CHCTEM
LICHTPAJII30BAHOTO KEPYBAHHS, HA3bKA IIBUJIKICTh BIIHOBJICHHS, Bi/ICYTHICTh aIONTAIii
JI0 HOBUX HECTaHJAPTHUX MOMMUIIOK, 3HaUHI 00YMCITIOBAJIBHI ITOTY KHOCTI.

KriacuuHi fmocnmipkeHHs B Taily3i NpOrpamMHOI  IH)KeHepii  371e0iIbIioro
30ceperkeHi Ha TPOIeCi CTBOPEHHS MPOrPaMHOro 3abe3ledeHHs, TOAL SK IMUTAHHS
HOTO CYNPOBOMKEHHSI, OOCITYrOByBaHHS Ta IOAAIBLIOTO PO3BUTKY 3aIUIIAIOTHCS
MEHII JOCTIIKCHUMHU. BoHOYAC y CHUTBHOTI PO3POOHUKIB 3pOCTAa€ PO3YMIHHS TOTO,
II0 MporpaMHe 3a0e3NedeHHs Ma€ IOCTIMHO 3MIHIOBATHCS Ta BIOCKOHATIOBATHCS
BIANOBIIHO 1O AMHAMIYHMX BHMOT KOpHCTyBadiB. lle mpw3Beno m0 mommMpeHHS
ITEpaTHBHUX Ta CBOJIOMIHMX METOMIB PO3POOKH, SKi IIOCTYIIOBO BHTICHSIOTH
TpaJuLilHI IiIXOAW, 3aCHOBAaHI Ha TIOCHTIJOBHOMY IPOSKTYBaHHI, peanmi3awii Ta
TECTyBaHHI, XapakTepHi Uil «BojocnaaHo» mozeni [2]. [Ipore Taki kiacuuHi MeTOIU
HE BIANOBIJAIOTh CYYacHHM BHKJIMKaM, OCOOJMBO Yy cepi KPUTUYHO BaXKIUBHX
MPOrpaMHKX CUCTeM abo ckilaaHuX iHdpopMauiiHux miardopm. CydacHi po3noijieHi
CHCTEMH TOTPEOYIOTh THYYKOrO BHECCHHS 3MiH Yy BINIOBIIh HAa 3MiHY 30BHIIIHIX
YMOB, BHYTPILIHIX XapaKTEPUCTHK a00 IIJIbOBOTO MpU3HAYCHHs [3].

MeTor0 poOOTH € MABUINCHHS CTIHKOCTI KPUTHYHHUX MPOTPAMHHX CHCTEM
OULIXOM  pPO3pOOKM Ta 3aCTOCYBaHHS MEXaHi3MIB  CaMOBIJHOBJICHHS — iXHIX
KOMITOHEHTiB.  P0o3po0JiecHO  MeTOI  OLIHIOBAaHHA  HANIMHOCTI  MPOrPaMHOTO
3a0e3MeveH s, 3aCHOBAaHII HA aHANI3i HOTO apXIiTeKTypH i3 3aCTOCYBaHHSM JIaHIIFOTIB
MapkoBa. OcHOBHHMH Tinxim mependadac BHSBICHHS KIIOYOBAX KOMITOHEHTIB
CHCTEMH, 1[0 MAIOTh HAWOLIBIINI BIUTUB HA il CTIMKICT, TA BIOPOBADKEHHS U HUX
MEXaHi3MIB CaMOBIZHOBIICHHs. EKCIepUMEHTaNbHI JIOCIIPKEHHS MATBEPIIIN, 11O
BUKOPHCTAHHsI 3allPOIIOHOBAHOT METOJMKHM 3HAYHO MIJBHILYE CTIHKICTh MPOTrpaMHHX
cucteM 110 300iB 1 BimmoB. OTpuMaHi pe3yibTaTd MOXYTh OyTH 3aCTOCOBaHi s
CTBOPEHHSI BHCOKOHJIHOrO NpOrpaMHOro 3a0e3MeyeHHsl, MPHU3HAYEHOro IS
KPUTUYHO Ba)KJIMBUX TaITy3eH.
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METO/ M IIVIAHYBAHHS 3ABJIAHb
Y CUCTEMAX XMAPHUX OBYUCJIEHb

Byrpiit AM., Kosrys €.1., Bonk /.M., T'onoseneus M.1I., Koxxyxap 1./1.
XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET paJioeNieKTPOHIKH, XapKiB, YKpaiHa

JlomoBie  TpHCBSiMEHa BJIOCKOHAJICHHIO METOJIB IUIAHYBAaHHS 3aBIaHb Yy
XMapHUX OOYMCIeHHsSIX. 31 3pOCTaHHSM BHUKOPUCTaHHS XMapHHUX OOYHCIICHb
HEOOXIHICTh €()EKTUBHOTO YIpPABJiHHS PECYpCaMM CTa€ KPUTHYHO BaXIUBOKO [1].
HeedextnBHe TIaHyBaHHS 3aBAaHb NPH3BOAUTH OO BTPaTH OOYMCITIOBAIBLHOT
MOTY>KHOCTI, BHCOKHX BHTPAT Ta HU3bKOI MPOJYKTUBHOCTI cucTeMH. OnTumizaris
Tporiecy PO3IOUTY 3aBJaHb JO3BOJILE 3HAYHO TOKPAIIUTH SKICTH OOCITyrOBYBaHHS
KOpPHCTYBa4iB Ta 3a0e3neuynTH OLTBIN e(eKTHBHE BHUKOPHUCTAHHSA pecypciB[2].
Henmonikamu iCHyIOUMX pillIeHb € BHCOKA CKJIAIHICTh OOYHCIICHB: ICHYIOYH METOAU
po3paxoBaHi ab0 Ha 3aCTOCYBaHHS BEIMKHX pecypciB a0 HAa HEBHCOKY TOYHICTH;
BEJIMKHII Yac BHUKOHAHHS: TPaJMLilHI METOAM He 3a0e3IeuyroTh MIBHIKUNA PO3IOIIN
pecypciB Ta YCyHEHHS 3aTPHMOK; OOMEXeHa MAacIITaOOBaHICTh: MPH 3POCTaHHI
HAaBaHT)KCHHsI BUKOPHCTOBYIOTh 3aliBl peCypcH; HHU3bKa aJONTHBHICTH: He
BPaXOBYIOTBCS IMHAMIYHI 3MIHH Y XMapHOMY CEPEAOBHILII.

MeTtoi0 po6OTH € CKOPOYCHHS 4Yacy BHKOHAHHS 3aBJaHb, MOKpALICHHSI
OaslaHCyBaHHSI HABAaHTA)KEHHSI Ta 30LIBILEHHS IPOITYCKHOI 31aTHOCTI XMapHHUX CHCTEM
IULIXOM ONTHMI3allii TMpOIeCy PO3MOALTY 3aBAaHb, IO CHpPHUSE ITiBHUIICHHIO
e(eKTHBHOCTI YUPaBIiHHI pecypcaMH y XMapHHX OOUYHCICHHsAX. Y JIOTOBii
3aIPOTNIOHOBAHO JIBOCTAITHUM MIIXiJ, sAKHil Iependadac CTBOPSHHs BipTyaJbHHUX
MAIllH Ha OCHOBI KJIacTepw3alii iCTOPUYHHUX NaHUX Ta BUKOPHCTAHHS TiOPHIHOTO
TEHEeTHYHOTO AJITOPUTMY MYpALIMHUX KOJIOHIH Ul e()eKTHBHOTO IpH3HAYCHHS
3ap/aHb. [IpoBeeHO EKCIepUMEHTANIbHE MOJICITIOBAHHS JUIS OLIHKH e(eKTHBHOCTI
3aIPOTNIOHOBAHOTO  MiAXoAy. PesysipTaTét TOKa3aly 3HAauyHE CKOPOYCHHS dacy
BUKOHAHHS 3aBJaHb, IJBHUIIEHHS NPOIYCKHOI 3JaTHOCTI Ta  IOKPAIICHHS
MaciTaboBaHOCTI XMapHHX OOYMCIICHb. 3alpONOHOBaHMII MeEToJ MOoXe OyTH
KODHUCHUM JUIs TIOKpPAIl[eHHS NPOJYKTHBHOCTI Ta e(EeKTHBHOCTI YIpaBIiHHS
pecypcamy y BEJIMKUX PO3IOLIEHUX CHCTEMax. 3MEHIICHHS 4acy O4iKyBaHHs 3aB/IaHb
Ta 3HWKEHHsI BUTpAT Ha 00CIyroByBaHHs [3].
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METOJ] ACUMIITOTUYHOI OI[THKA MPOJAYKTUBHOCTI
KOMIT'FOTEPHUX CUCTEM

T'op6awos B.O., Denopor B.M.
XapKiBCHKHUIA HAITIOHAIEHUH YHIBEPCHUTET PaziOeNIeKTPOHIKH, XapKiB, YKpaiHa

PoGora npucssiueHa aHanizy nMpoJyKTUBHOCTI CKJIQJIHUX MEPEXKEBUX CHCTEM 3
BUKOPHCTAHHSIM METOJy aCHMIITOTMYHUX MeX. PO3BHTOK LIMX METOJIB Ja€ I[iHHY
iH(pOpMAIIif0 PO OCHOBHI (aKTOPH, 110 BILUIMBAIOTH Ha MPOIYKTUBHICTH CKJIATHUX
cucteM. 30KpeMa, MiIKPECTIOEThCSl KPUTUYHUHA BIUIMB BY3bKOTO MICHSI CUCTEMH.
Mexi MOXHA OOYHUCIUTH IIBUAKO, TOMY aHalli3 MiAXOAUTh SK TEXHIKa
MOJICITIOBAaHHS peanbHoro vacy [1].

Pobota mMae qoTupu OCHOBHI Liii, SIKi MOB'SI3aHI MK COOOIO 1 BUILIMBAIOTH
OJlHa Ha OJIHY:

1) aHamiz acUMOTOTHYHUX MIAXOMIB [UIs OLIHIOBAHHS MPOJYKTHBHOCTI
Mepexi,

2) onepauiiiHuii aHai3 IS OLIHKK TPOYKTHBHOCTI MEPEeKi,

3) aHami3 MeTONIB BHSBICHHS JUIS PO3MI3HABAHHS BY3bKHX MICIb Y
KOMI'IOTEPHHUX Mepekax,

4) ekcriepuMEHTalIbHA OIliHKA MiAXOMIB ISl PO3Mi3HABAHHS BY3bKHX MICIIb i
pO3paxyHKy, NPOTHO3YBaHHS IOKa3HHWKIB IPOJYKTUBHOCTI B KOMII'TOTEPHHUX
Mepexax.

AXTyanbHICTh BHKOPHCTaHHS AaCHMNTOTHYHHX METOMIB ITiJKPECIIOETHCS
IIBHUKICTIO PO3paxyHKiB, KOJIM Yac OLIHKM BIUIMBY "BY3bKOTO MicIsl" CHCTEMH €
KPUTHYHUM TIapaMeTpoM 1 Ja€ MOXJIMBICTh pO3IISIATH  pa3oM  KOPHCHY
iH(pOpMaIio PO YCi aTbTePHATHBH.

Y poboti Oyna mpoBemeHa eKCIIEpUMEHTaJIbHA OIIHKA MPOXYKTHBHOCTI
CHCTEMH 3 METOIO aHaJIi3y BY3bKHX MICIb y MEPEXi 3 BUKOPUCTAHHS aHAJIITHYHOTO
1 IMiTaniiHOTO MOJETIFOBaHHS.

AHaji3 aHaNITUYHHX MOJeNeil NMPOAYKTHBHOCTI 3aMKHYTHUX CHCTEM IIpU
eKCTpeMAJIbHUX HAaBaHT@XXCHHSIX II0Ka3aB 30HY TOYHHMX 3HAaueHb (akTHYHOT
MPOITYCKHOT 37IaTHOCTI Ta 4acy BIATYKY.

Pe3ynpraTv aHaJiTUYHOTrO 1 IMITaliHHOTO MPOAEMOHCTPYBAJIHM 3aJ0BUILHY
PO30IXKHICTH
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KOMIT'IOTEPU30BAHI METOAU YIIPABJITHHSA
CEPBOIIPUBOJAMMU Y CYYACHHUX ITPOTE3AX

onkia M.M., €pormrerko O.A.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

CepBonpHBig — II€ Cy4acHHI BUCOKOTEXHOJIOTIYHHI TPHCTPIi, 0 3a0e3reuye
KOHTPOJIbOBaHE TIO3HMILIIOHYBAHHS Ta 00EPTAIFHUM PyX 13 BUCOKOIO TOYHICTIO. 3aBIAKA
CBOIM  XapaKTepUCTHKAaM CEPBOIPHBOJM  MOCTYIIOBO  BHUTICHSIIOTH  3BHUYAlHi
€NIEKTPOJIBUTYHH Ta KPOKOBI MOTOpDM y pi3HMX cdepax aisubHOCTI. BoHn
BUPI3HAIOTHCS BUCOKOIO IBHAKICTIO PeaKIii, TOYHICTIO TO3UI[IOHYBaHHS, HOTYXHICTIO
Ta KOMIAKTHICTIO, 3HA4YHO IMEPEeBEpUIYIOYM TpaguiiiHi pimeHHs. OCHOBHOIO
CKJIaJHICTIO iX BHKOPHCTaHHS € HEOOXIIHICTh IPAaBWIBHOTO HAJAIITYBaHHS,
mapaMeTpyBaHHS Ta aJIanTUBHOTO KepyBaHHs [1-2].

HaiimommpeHimmM crnoco0oM YIPaBIiHHA € OIMPOTHO-IMITYJIBCHA MOIYJISIIiS
(PWM), sika BUKOPHCTOBYEThCS B IPOCTHX CEPBONPHUBOAAX, TAKHX K MOZAECIbHI. BoHN
3HAXOMATh 3aCTOCYBAaHHA B PalilOKCpPOBAaHUX MOEISIX aBTOMOOLIIB, YOBHIB, JHTAKiB, a
TaKOX y TMPOCTHX MaHimymsTopax. OHaK 1ei miaxin Mae 0OMEXeHHS 1 He MiIXOAUTb
JUIST BUCOKOTOYHHX CHCTeM. JIIs TIPOMHECIIOBHX CEPBONPHBOMIB 3aCTOCOBYETHCS
CKJIaJHIIIMHA MeToJ — TIo3ulliiiHe ympaeiiHHA Ha ocHOBI PID-peryssropa, skuii
JI03BOJISIE TOCSTTH BHILIOI TOYHOCTI, TUIABHOCTI PYXiB Ta MOXJIMBOCTI HEOOMEKEHOTO
obepraHHsi Baja. Taki CEpBOABUIYHH OCHAIIYIOTHCS BHCOKOTOYHHUMH JIATUYUKAMU,
30KpeMa abCOJIIOTHUMH €HKOJIepaMH, SIKi 3a0e31euyt0Th TOYHHI 3BOPOTHHIT 3B’ SI30K Ta
KODHTYIOTh TOJIOKEHHSI B peasbHOMy 4aci. llle Outbll JOCKOHANIUM MeETOJIOM
kepyBanHs € BektopHe kepyBanus (Field-Oriented Control, FOC), sxke
BUKOPHCTOBYETBCS JUIsl OE3KOJIEKTOPHNX CepBONPUBOAIB. Ll TexHooTis 3a0e3neuye
MaKCUMaJbHy MIBUIKICTh pEaKiii, ONTHMAIbHUN PO3MOALT CTPyMy B OOMOTKax
JIBUTYHA Ta BHCOKY €HeproeQekTHBHICTh. 3aBisku mpoMy FOC e HaiikpammmM
BHOOPOM TS 3aCTOCYBaHHS Y MPOTE3yBaHHI, OCKUIBKU 3a0e3eduye IUIaBHICTh PYXiB,
MHTTEBE pearyBaHHA Ha 3MiHy HABaHT@KEHHA Ta aJalTamilo 10 IPUPOIHOL
OioMexaHIKU KOPHUCTyBaya.

VY cydacHMX OIOHIYHMX IPOTE3aX CEPBOIPHMBOAM MOXYTh BHUKOHYBaTH Di3HI
(YHKLIT: BiJ MPOCTHX LIAPHIPHMX MEXaHI3MIB, 110 3a0e3MevyroTh 0a30Be 3THMHAHHS
KIiHITIBKH, JIO TIOBHOIIIHHMX MOTOPH30BAHMX CYIJIOOIB 3 aKTUBHUM KOHTPOJIEM
HAaBaHTAKEHHS Ta OajlaHCy. 3acTOCYBaHHS aIaNTHBHOTO YIIPABIIHHA Ha OCHOBI
IITYYHOTO IHTENIEKTy Ta HEHPOMEpPEeKEBHX AITOPUTMIB JIO3BOJISIE CEPBOIPHBOIAM
aHaJI3yBaTH PYXOBi MaTepHH KOPUCTyBaya Ta aBTOMATHUYHO MiJIAIITOBYBATHCS IO
Horo cruimo xos01. Lle 3HauHO mokpaiye QyHKIIOHAIBHICT IPOTE3iB Ta MiIBUIIYE
SIKICTB JKUTTS JIFOJIEH 13 BTPATOIO KiHIIiBOK.

Crucok JiTepaTypu

1. Firoozian R. Servo motors and industrial control theory. Cham : Springer International
Publishing, 2014. URL: https://doi.org/10.1007/978-3-319-07275-3.

2. Prasol 1., Yeroshenko O. Modeling and estimating the model adequacy in muscle tissue
electrical stimulator designing. Radioelectronic and Computer Systems. 2023. Ne 2(106). P. 18-
26. doi: https://doi.org/10.32620/reks.2023.2.02
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CUCTEMA CUMVYJIAIIL 30PY

SnakaeB A.A., Eporrerxo O.A.
XapKiBChKUI1 HAITIOHANBEHUH YHIBEPCUTET padioeNleKTPOHIKH, XapKiB, YKpaina

HocnimxeHHst B 001acTi HEHPOKOMIT IOTEPHUX 1HTepQeiiciB Ta OloMEeIUIHUX
NIPUJIAZIIB, CIIPSIMOBAHMX HA BiJIHOBJIEHHS 30pY, € aKTyalbHUM HaIpSIMKOM, 1110 Ma€e
BEJIMKE 3HAYECHHS U1l MOKpAIIEHHS SKOCTI XXHUTTS He3psuux jroneil. OpHuMm i3
MEPCIEKTUBHUX METOJIB € BHKOPUCTAHHS MIKPOEJIEKTPOJAHNX MAaCHUBIB JUIs
CTUMYJISILIT 30poBOi KOopH [1], 10 03BOJISIE CTBOPIOBATH CIPHUHSATTS CBITJIOBUX
BiTYYTTIB, BIIOMUX HaM 5K (hocheHH.

Came TOMy pO3poOKa cHCTeMH, sika O JO03BONMIA 3MOJEIIOBATH MPOIEC
30pOBOTO CHPUHHATTSA 4€pe3 ENEeKTPOCTHUMYIIIII0 MO3KY, € JOBOJII BaXIHBOIO Ta
L[IKaBOIO HAYKOBO-TEXHIYHOIO 337a4CIO.

MeTol0 [OMOBiNI € CTBOPEHHS AalrOPUTMIB, HIO 3MOXYTh JIO3BOJIUTH
BpaxoOBYBaTH OCOOJNMBOCTI CTUMYALii HedporHumx rpyn [2]. Lle mepenbauae
PO3pOOKY MiIXOMIB 0 MPOCTOPOBO-YACOBOT MOAYIIALIT €IIEKTPHYHIX CUTHAIIB, SKI
3[IaTHI TCHEPYBAaTH BIi3HaBaHi 30pOBi 00pa3u. ['0I0BHa i/1es MOJISIraE B TOCATHEHHI
TOro, o0 IUTY4YHUH 3ip He 0OMeXyBaBCcsi HaOOpPOM BHIAJKOBUX CHajaxiB, a
¢bopMyBaB OifbII 3p03yMidi Ta iH(GOPMATHBHI pUCH OO’€KTIB, SKi MOMOMOXYTh
He3ps4il JIOAWHI OPIEHTYBATHCS Y IIPOCTOPI.

Y J1omnoBiAi HAaBOAMTHCSA aHAN3 OCHOBHHX METONIB OOpOOKH 30pOBOI
iHpopmanii Ta MomerroBaHHsA (ocdeHiB. 3amporoHOBaHa CHUCTEMa BKIIOYAE TPHU
OCHOBHI eTarnmu:

- OTpUMaHHS 300paXEHHs 3 KaMepH;

- 00po0OKa MaHUX MiKPOEIEKTPOIHUM MaCHBOM;

- PEKOHCTPYKIIisl Bi3yalbHOTO 00pasy.

PesynpraTi mocmifKeHHS JEMOHCTPYIOTh, 110 BHKOPHCTaHHS aJalTHBHHUX
QITOPUTMIB  PEKOHCTPYKIII  300pa)KCHHS  JIO3BOJISIE  MOKPAIIUTH  SKICTh
CHMYJIbOBAHOTO  30py, HaOJIKalouu HWOro O pealbHOr0  CIPUHHSTTS.
3anpornoHoBaHui MiIXiJ MOXXe OyTH BHUKOPHUCTaHMH JJIs MOAAIBIIOT PO3pOOKH
IMIUTAHTOBaHUX MPHUCTPOIB, IO JO3BOJIMWIN O HE3PSIYUM JIIOJSIM OPIEHTYBAaTUCS Y
MIPOCTOPI Ta CIIpUMATH HABKOJUIIHIH CBIT.
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®I3NYHI ITPUHIAIIN ®YHKIIIOHYBAHHSI KBAHTOBOI'O
KOMIT’IOTEPA TA HOTI'O ITOPIBHSAHHA 3 KNIACUYHUMH
OBYNCJIIOBAJIBHUMHU CUCTEMAMHU

babwa M.T.
XapKiBChbKUH pagioTeXHIYHUH (axoBuil Konemk, XapkiB, YKpaina
Bonnapenxko 1.C.
XapKiBChKHUI HalliOHAILHUN YHIBEPCUTET PalioeIeKTpOHIKH, XapKiB, YKpaiHa

CyvacHa indopmaliiiiHa emoxa BHCYBa€ Je[aji BHINI BHMOTH JO
OOYHCITIOBAJIHUX TOTY)KHOCTEH. TpaauiiiiHi KOMITIOTEpH, IO MpalioloTh 3a
3aKOHAMH KJIACHYHOI MEXaHiKW, HaOMDKAloThes 10 (i3MUHEX  0OMekeHb
MiHiaTIopm3amii. KBaHTOBI KOMIT'IOTEpH, 3aCHOBaHI Ha MPHHIIUIAX KBAaHTOBOI
MEXaHIKH, OOIIMIOTh PEBONIONiI0 y cepli OOUHCICHp 3aBISKH CBOiM 3IaTHOCTI
BUKOHYBATH NICBHI 33/1a4i €KCIIOHSHITIHO IIBHIIE, HIK KJIACHYHI aHAJIOTH.

Meroro fomoBimi € aHami3 (I3MYHUX TOPUHIUINB pPOOOTH KBAaHTOBOTO
KOMIT'FOTEpa, JOCTI/DKCHHS HOro KJIIOYOBHMX BIAMIHHOCTCH BiJ KIACHYHHX
00YHCITIOBAJILHUX CHCTEM Ta OL[IHKA IIEPCIIEKTHB PO3BUTKY KBAHTOBHX TEXHOJIOTIH.

KBaHTOBI 004MCIIeHHS! 6a3yIOThCS Ha TaKUX (DyHIAMEHTAJIbHUX MPHHIIMIAX, SK
CYIEpIO3HIlisi, KBAHTOBA 3aIUTyTaHICTh i KBaHTOBI redTu. Cyneprosuiis J03BOJISIE
KBaHTOBUM OiTam (KyOitam) mepeOyBaTi 0JJHOYacHO y ctaHax 0, 1 abo IxHiil JiHIHHINA
KOMOIHallil, 110 ja€ 3Mory 00poOIIATH 6araTo MOXIIMBHUX CTaHIB ofHOYacHo. KBaHToBa
3aIUTyTaHICTh BUHUKAE, KOJM JBa a00 OLTbIIe KyOiTiB CTAIOTh B3a€MOIIOB’SI3aHUMH, 1
3MiHa CTaHy OJHOTO 3 HHX MUTTEBO BIUTMBAE HA IHIIHIA, HE3AISKHO BiJI BiZICTaHI MiXK
HuMu. Ormepariii Haj KyOiTaMH BHKOHYFOTBCS 33 JIONIOMOTOI0 KBAHTOBHX TEHTIB —
YHITapHHX OTIePaTopiB, 10 3MIHIOIOTH CTaH KBAaHTOBOI cucTeMu [1].

Jns peamizariii KBaHTOBUX OOYHCICHb 3aCTOCOBYIOTH Pi3HI (i3MUHI CHCTEMH,
cepel SIKAX 10HHI TACTKW, HAIIPOBIMHI KyOiTH Ta (POTOHHI KBAaHTOBI KOMIT FOTEPH.
IoHHI [ACTKM  BUKOPHCTOBYIOTH  OXOJIOJDKCHI  IOHH, 0  YTPHUMYIOTHCS
€JICKTPOMATHITHUMH TIOJISIMH, JIe KyOiTH peani3yloThCs 3a JIOMOMOTOI BHYTPIIIHIX
€HepreTHYHUX CTaHiB 1oHIB. HanmmpoBigni KyOiTH 0a3ylOThCS Ha BHKOPHCTaHHI
HAJNMPOBIIHUX KOHTYpiB 3 edexrom J[Dxosedcona, mo 3abe3rneuye KOHTPOIb
KBaHTOBHMX CTaHIB. (OTOHHI KBAHTOBI KOMII'IOTEpH 3aCTOCOBYIOTH BIIACTHUBOCTI
(OTOHIB 1S 3MifiCHEHHS KBaHTOBHMX OOYHCIICHB, IO HANa€ TepeBard y KOHTEKCTI
niepezayi inopmari.

Kiacnuni koMI’roTepH MpamioloTh Ha OCHOBI OITiB, SIKI MOXYyTh HaOyBaTH
3Ha4eHb 0 abo 1. Y KBaHTOBHMX KOMIT IOTEpaX BUKOPUCTOBYIOThCS KyOiTH, SIKi MOXYTb
nepeOyBaTH B CYIIEPIIO3HILl 000X CTaHIB OJHOYACHO, IO 3a0e3nedye eKCIOHCHIIIIHE
3pOCTaHHs OTYKHOCTI PH 301JIbIICHHI KIJIBKOCTI KyOiTiB.

Y KIacHYHUX KOMIT F0Tepax JaHi 0OpoOIIsSIOTECS TIOCIiIOBHO 200 3a IOTIOMOTOX0
rapajenbHUX OOYHCIIeHB, ajle B MeXax TpaJaumiiiHoi joriku. KBaHTOBI KoMm 1oTepu
MOXYTh OOpPOOIISTH BCi MOXKIIMBI CTaHW OJJHOYACHO 3aB/SIKM KBAaHTOBIH CyIepHo3HIIil,
10 poOUTH 1X 3HAYHO MIBHIIMMH B TIEBHUX 33/1a4aX, TAKUX sIK (DAaKTOpH3aIlisl YHCel
abo momyk y 6azax manux [2].

12



CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

Krnacu4Hi KOMIT'IOTEpH HE MalOTh MOMKIJIMBOCTI BHKOPHCTOBYBATH KBAHTOBY
3aIuTyTaHICTh, TOJMI K y KBAaHTOBHX KOMII'IOTepax Il e(eKT H03BOJSIE MUTTEBHM
3B’S130K MK KyOiTaMH, [0 TTOKPAIITye MIBUAKICTD i e(peKTHBHICTh OOYHCIICHB.

3 Toukm 30py (hi3muHOI peamizamii, KIACHYHI KOMIT FOTEPH CKJIANAIOTBCA 3
HaIlBIPOBITHUKOBHUX TPAH3HUCTOPIB, SIKI MOCTIHHO 3MEHIITYIOTECS y PO3Mipax, aje BKe
JIOCSITIIA MEXK TEXHOJIOTTYHOTO PO3BUTKY. KBaHTOBI KOMIT'IOTEPH BHUKOPHCTOBYIOTH
HAaJIPOBITHUKOBI KOHTYPH, iOHHI NacTKW abo ()OTOHHI TEXHOJIOTII, IO JIO3BOJISIE
orepyBaTH KBAaHTOBMMH CTaHaMH, aje Hapa3i BOHM MalOTh 3HauHI OOMEXEHH,
30KpeMa 010 CTaOLTBHOCTI CTaHIB 1 KOPEKIIii MOMUIIOK [3].

3acTocyBaHHS KBaHTOBUX KOMIT'IOTEpIB BKIIFOYAE Kpunrorpadito, onTuMisarito,
KBaHTOBY XiMiIO Ta MAaIlIMHHE HABYAHHS, TOJ SK KIACHYHI KOMIT FOTEPH 3aJTUIIAIOTHCS
VHIBEpCATFHIM 3aCO00M IUISI IIMPOKOTO CIIEKTPa 3aBIaHb, TAKUX K Oi3HEC-aHAi3,
PO3paxyHKH, Tpadika Ta IITYIHHHA IHTEIEKT.

[Nonpym 3HAa4HI TEXHIYHI BHUKIHMKH, 30KpeMa MpPOOJIeMH 3 JEKOTCPEHINE0 Ta
KOPEKI[I€I0 TIOMHJIOK, KBAaHTOBI KOMII'IOTEPH MAlOTh BEIMYE3HWH MOTCHINA.
OuiKyeThCs, MO IXHE TIMPOKE 3aCTOCYBAaHHS 3MIHUTH KpUOTOrpadito, ONTHUMI3aIlito,
MallMHHE HaBYaHHS Ta MOJEIIOBAaHHA CKIaAHMX (I3MYHUX CcHCTeM. Po3BHUTOK
TEXHOJIOTIH KOPEKIii KBAaHTOBHMX IOMWJIOK 1 CTBOPEHHS MacIITa0OBaHUX CHCTEM
MOXYTh 3a0€3MCUYMTH MEpPeXil BiJ TMPOTOTHUIMIB O TOBHOI[IHHMX KBAaHTOBUX
0OYHCITIOBAILHUX IPUCTPOIB.

KBaHTOBI  KOMITIOTEpM €  MEPCIEKTUBHHM  HANpPSMKOM  PO3BHTKY
00UHCITIOBAIIBHOI TEXHIKH, 110 0a3yeThCst Ha (DyHIaMEHTAIBHIX NPHHIUIIAX KBAHTOBOL
MeXaHIKH. Y TOpIBHSHHI 3 KIaCHYHAMH KOMIT IOTEpaMH BOHH MAlOTh YHIKallbHI
BJIACTUBOCTI, SIKi POOJATH IX OCOONMBO €(DEeKTHBHHME y BHUPIIICHHI NMEBHUX KIACiB
3amad. Xoya HUHIIIHIA PiBeHb TEXHOJOTIH e HE J03BOJIE CTBOPHUTH ITOBHOIIIHHIN
KBaHTOBHI KOMIT'IOTEp 3 BEJHMKOKO KUIBKICTIO KyOITiB, aKTHBHI IOCTI/DKCHHS B I
rajy3i BKa3yloTh Ha MOIIMBICTB 3/[IHICHEHHS TPOPHBIB Y HAWOIIKYI JECATIITITTSL.
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PO3POBKA BEB-CEPBICY JIUISI 'PH B IIAXHW

Benikos A.O., Spomesma P.O.
XapKiBChKHUI1 HAIIIOHANBHUH YHIBEPCUTET padioeIeKTpOHiKH, XapKiB, YKpaiHa

VY cy4yacHOMy CBITi aKTyaJIbHICTh IIaXiB MiJABUIMIACH 3aBJSKU BeO-cepBicaM i
MOOUIBHUM JlofiaTkaM, sKi HaJaloTh JOCTYyNl J0 TpU MUIbHOHaM TIpaBliiB.
HaiinormynsipHii 10AaTKy PONOHYIOTH PO3MIMPEeHUi (PyHKIIOHAN, TaKuil sSK aHawi3
MapTii i3 BAKOPUCTAHHSM IUTYYHOTO IHTENEKTY Ta Ipy HPOTH IIaxoBOro pyuis. Be6-
cepsicH, Yepe3 1X He3aJeXKHICTh BijJ amapaTHHX IUIaT(OpM, BHCOKY IOCTYIHICTH Ta
3pYYHICTh, KOPUCTYIOTBCS OCOOJIMBOIO YyBaror cepej IpaBLiB. MOXIMBICTD
JTBOHATIPABJICHOTO OOMiHY TIOBIIOMJICHHAMH MK KIII€EHTOM Ta CEpBEpOM y BeO-
J0JaTKax CTAJ0 MOXJIMBAM 32 JONIOMOTIOI0 CTaHIAPTH30BAaHOTO IPOTOKOIY
WebSocket [1]. Hdns opmHOWacHOi OOpOOKH KOPHCTYBAJbHHIBKHX CEAHCIB Ta
30epeKeHHs aKTHBHUX 3’€JHAHb IHPOKO BUKOPUCTOBYETHCS MOBA MporpamyBaHHst Go
[2]. BOynoBani Tumu njaHnx MoBH GO JI03BOJISIOTH CTBOPIOBATH YHCEIBHI HapasesbHi
TIOTOKH JJIsI 0OPOOKH XO/IiB Ta TaliMEpiB TPaBIIiB.

MeToro fgomoBini € omEc po3poOKH BEO-CEPBICY 3  KIEHT-CEPBEPHOIO
apXITEKTYpOIO, 10 JO3BOJISIE OaraTbOM KOPHCTYBayaM OJHOYACHO IpaTd B IIAXH Ta
OOMIHIOBATHCH TIOBIZIOMJICHHSMH B Yari.

B nonoBimi  HAaBOJATBCS  pe3yJbTATH  TECTyBaHHS Ta  BUMIPIOBaHHS
MPOIyKTHBHOCTI PO3pOO0JICHOr0 MporpaMHOro koxy. OTprMaHi TaHi BKa3yrOTh HA Te,
10 BUKOPUCTaHHS CTEIiali30BaHNX aJTOPUTMIB Ta CTPYKTYpP JaHUX IIiJ 9ac peaizaii
CEePBEPHOrO JOJATKY HO3BOJISIE 3MEHIUUTH CIIOXKUBAHHS PECypCiB Ta IiIBHILHUTH
MaKCUMAaJbHY KUIbKICTH OIHOYAaCHO OOCIyrOByBaHMX KOpHCTYyBadiB. OmHUM 3
HalleeKTUBHIIINX METOIIB IPEICTABICHHS MIAXOBOi MOIIKM B KOMIT FOTEPHHX
JoaTKax € OITOBI JOMIKK. 3a JOTIOMOTOIO allTOPUTMIB, IMOOYAOBaHHX HA MPOCTHUX
MOPO3PSATHAUX OMEPaIlisiX, BiOYBaeThCs TeHepaliss MOXKIIMBUX XOMIB UL BCIX THUIIIB
maxoBux (iryp. ABropu3aliisi Ta aBTEHTU]IKalis KOPHCTYBauiB BiJOyBaeThCsl 3a
JIOTIOMOTOK0 TOKEHIB, SIKi NEepelaloThCsi B 3aroJIOBKY 3alUTy. 3allOBHHBIIN (GopMy
peecTpallii, KOpHUCTyBau aBTOMAaTHYHO OTPUMYE TOKEH, II0 HAJa€ JIOCTYI JI0 PECypCiB
cepBepa. Token mae oOMexeHHMH 4ac Jii Ta OHOBIIOETHCS 3 KOXKHUM BI3UTOM JIO
CepBicCy, JIO3BOJISIIOUYM YHUKHYTH MOBTOPHOT peecTpariil.

Beb-inTepdeiic kopucryBaua Oysio po3poOIEHO Ha MOBI MPOrpaMyBaHHS
TypeScript, 3 Bukopucranusm 6i6mioteku React [3]. Ha erami nmpoexryBanHs Oyio
1oOyZI0BaHO CXEMy JiepeBa elIeMeHTIB rpadiuHoro iHTepgeicy.
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PO3POBKA CUCTEMHU JUCTAHIIMHOIO KEPYBAHHSA
ABTOMO/JEJUIIO HA BA3I ESP32 TA MOBLJIBHOT O
ANDROID-3ACTOCYHKY

Byrpumenko A 1O., SApomesud P.O.
XapKiBChKHUH HalliOHAJILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaiHa

AxtuBHUI po3BuToK IHTepHery peuern (IoT) Ta MOOIIBHUX TEXHOJIOTIH
BIZIKpUBAE MINPOKI MOXKIMBOCTI JJIsl CTBOPEHHSI IHTEPAaKTHBHUX CUCTEM KEepyBaHHS
pi3HOMaHITHUMH TpHUCTposiMU. JlucraHuiliHe KepyBaHHsS (i3UYHMMHU 00'€eKTamH,
30KpeMa aBTOMOJICISIMHU, € aKTYyalIbHOI 33J]aucio /U OCBITHHOI POOOTOTEXHIKH i
UL IHKCHEPHHUX MPOEKTIB Ta X00i. Tomy po3poOka MOCTYNMHWX, THYYKHX Ta
(YHKI[IOHATBHNX CHCTEM AWCTAHIIMHOTO KEPYBAaHHSA 3 BUKOPHCTAHHIM CYYaCHHX
MIKPOKOHTPOJIEpiB Ta MOOUTHHMX IDAaTGopM € BaXIUBUM NHTAaHHIM. [CHyIOdi
pIIIEHHS 9acTo MaroTh OOMEXeHY (PYHKIIOHANBHICTh, BUCOKY BapTicTh abo He
3a0e3Meuyr0Th 3pYYHOI iHTerpaii 3 MOMUPEHIMH MOOLTEHUMHE TIPHUCTPOSIMH.

MeToro [OTOBiI € TIPENCTaBICHHA IIPOLECY PO3POOKH Ta apXiTeKTypH
CHUCTEMH JIMCTAHLIHHOTO KEpyBaHHS  aBTOMOJEJUIIO, WI0 BHUKOPHCTOBYE
MikpokoHTposiep ESP32 sk OopToBuid 00UYMCIIOBaJbHUI MOJYJb Ta CHELiaTbLHO
po3pobneHnii MoOiNBbHUI nonmatok Ha rtwiatdopmi Android ans B3aemonii 3
KOpHUCTYBaveM.

B jomoBigi AeTanbHO pO3IIAAAEThCS BHOIp amapaTHOl 0a3u, 30Kpema
OOTpYHTOBY€THCSI BHKOPHUCTaHHA MikpokoHTpoiepa ESP32 3 ormany Ha #oro
00YHCTIOBAIEHI MOJKJIMBOCTi, BOYZOBaHI MOIyJi O€3ApOTOBOTO 3B'SI3KYy Ta
3HaYHHN TOTeHmian ans po3poOku loT-mpoekrie [1]. Omucyerbes apxiTekTypa
porpaMHOro  3a0e3medeHHs A MIKpOKOHTposepa,  po3polieHoro 3
BHKOpHUCTaHHAM cepenoBuina Arduino IDE [2], sike BinmoBimae 3a npuitoM KOMaH/
KepyBaHHS, OOpOOKy IaHMX Ta KEpyBaHHS BHKOHAaBUMMHM MEXaHi3MaMH
aBTOMOJICNI (JBUT'YHH, CEPBONMPUBOAM). TakoX MPEACTABICHO €Tald PO3POOKH
Mo0OipHOr0 Android-momgatky 3a momomororo Android Studio [3], BrIouarouu
NPOEKTYBaHHs 1HTYITHBHO 3p03yMijioro iHrepdeiicy kopucTyBaya Ta peanizalito
npoTokouiB 3Bs13Ky (Hanpukiaz, Bluetooth Low Energy ado Wi-Fi) mnst oOMiny
nanumu 3 ESP32. HaBonsaTecsl pe3ynbTaT TECTYBaHHS PO3POOJIEHOT CUCTEMH Ha
npeAMeT CTabiIbHOCTI 3B'I3KYy, Yacy BIATYKY Ta e(eKTHBHOCTI KepyBaHHS
ABTOMO/ICIITIO.
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IHTEJIEKTYAJIBHA CUCTEMA KOHTPOJIIO BOJIOT'OCTI
Y NPUMIINEHHI

bopuamoxk C.4., Kamuman O.€.
XapKiBChKHH HalliOHAJILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaiHa

[MurtaHHAM  KOHTPOJIO MHapaMeTpiB  MIKpOKIIMAary Yy  IPUMILIEHHSIX
IpUCBsYeHO Oe3J1iY HayKOBHX IyOuiKaliid, Harpukian [1], a Takox HagaHo OaraTo
KOHKPETHHX PEKOMCHJAI Creliali3oBaHUMK KOMIIaHIAMH 1  (aXiBIsIMH,
Hanpukian [2]. Y To#l ke "ac po3poOka HOBHX a00 YIOCKOHAJICHHX CHCTEM
KOHTPOJIIO BOJIOTOCTI Y TIPUMIIIEHHSX, K ONHI€] 31 CKIaIOBUX MIKpPOKJIIMATy, BCE
OJTHO € 33/1a9€I0 aKTYaIbHOIO 1 BAXKIIUBOIO.

MeTor0 10NOBi/i € aHATI3 BITOMIX HiIXOIB i CHCTEM KOHTPOJIIO ITapaMeTpiB
MIKPOKJIIMATy y TPHUMIMICHHAX, Ta po3poOKa NEpPCIEeKTHBHOTO MiAXOOy [0
peamizamii CHCTEMH BEHTWEALII JUII KOHTPOIIO BOJOTOCTI Y MOOYTOBHX
MPUMILICHHSIX IPUBATHOTO OYANHKY.

Po3risiHeMO OCHOBHI BUAM NMPUMILIEHB 1 33/1a4i IO CTOSTH Mepe]l CUCTEMaMHU
KOHTPOJIIO NapaMeTpiB MIKPOKJIIMaTy, OCKUIBKM BOHH MOXYTh IPUHIMIIOBO MiX
co00I0 BiAPI3HATUCH. 332 BUAOM IPHUMIIIEHHS MOXYTh OYTH NPOMHCIOBHMH 1
oOYTOBHMHU.

3a KUIBKICTIO KOHTPOJBOBaHMUX MapaMeTpiB — OararomapaMeTpUYHUMH Ta
ONHOIApaMETPUYHUMH. 32 3HAYCHHSAM  KOHTPOJbOBAaHMX  MapaMeTpiB  —
MATPAMAHHS BEPXHBOTO, HIDKHBROTO pIiBHA a0o0 miama3oHy. 3a BHAOM
BHKOPUCTAaHWX TEXHIYHHUX 3acO0IB peamizamii CHCTEMH — HAHMIPOCTIII CHCTEMH,
mo 1moOy/oBaHi 32 HMPUHIUIIOM >XOPCTKOI JIOTIKM (CHCTeMa JaTYMK-BUKOHABYHMN
€IIEMEHT), CHCTEMH KOHTPONIO TMapaMeTpiB Ha 0a3l MIKpOKOHTPOJIEpiB
(yHiBepcanpHHX abo0 CreliagizoBaHuX ), CHCTEMU KOHTPOJIIO Ha 0a3i KOMIT I0TepHOT
TEXHIKH.

VY 10moBiNi HABOAMTHCS PE3YJIbTATH aHaTi3y OJHONAPAMETPUYHHX CHCTEM
KepyBaHHs, 10 NPHU3HAYEHI Jyuisl peajizauii MATPUMKH KOMGOPTHOrO piBHA
BOJIOTOCTI MOBITPSl Y MOOYTOBHX MNPHUMIIIEHHAX (KyXHi, CaHBY3JH, IIiBalbHI
NPUMILIEHHS, TOIIO0). [IpakTHUHIM pe3yIbTaTOM € peaizallis peKOMeHalii o0
MPOEKTHOTO DIIICHHS CUCTEMH, sika O 3a0esledyBasia MIATPUMKY BOJIOTOCTI Y
MIPUMIIIEHH] 32 paXyHOK IHTEJIEKTyaJbHOTO BMHUKaHHS BeHTWLil. [IpomoHoBana
cHUCTEeMa MaTHME HEBEIMKY BapTiCTh, XOPOIIy HOBTOPIOBAHICTh, Ta HPOCTOTY
HaJIaro/PKEHHS M eKCIITyaTalil HelliJrTOTOBJICHUM MEPCOHAJIOM.
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IHTEJIEKTYAJIBHA CUCTEMA NIATPUMAHHSA
TEMIIEPATYPHOT O PEXXUMY HOIJIKA

boruamtox C.4., Ctanenko M.C.
XapKiBChKHH HalliOHAJILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaiHa

TemaTuii MATPUMKH CTanol TEMIEPAaTypH PIiJUHH Yy MPOMHUCIOBOCTI,
CUIBCHKOMY TOCIIOJAapCTBI Ta MOOYTi, NMPUCBSIYEHO 3HAYHY KIJIBKICTh HAYKOBHX
nyOnikamid. Y ToH ke Yac NMUTaHHAM peasi3auii Takoro JOCTaTHbO IMPOCTOTO
TEXHOJIOTIYHOTO IPOIecy Y ODKUTPHHULTBI IPUCBSYEHO BKpail Mano pobit. Cepen
HUX MOXHa 3rajaTe Hampukman [l]. Ane mms cremiamicTiB 3 OmKiTBHAIITBA
BiIOMO, II[0 Y PaHHBOBECHSIHHH IEPioj Bifpas3y Mmicis 00Ip0Ty OKIN (B yMOBax
VYkpaiHn me 3a3BU4all KiHEUp JIOTOTO, TOYATOK Oepe3Hs) OKONH BHMYIICHI
BIJITATH Yy TMOIIYKaxX BOIW HABITH MPH Ty>Ke HU3BKiM TeMIepaTypi Ha Bymdii. Y
el gac TeMmepaTtypa HoBiTpst Moxke OyTH B Mexkax 5-10°C, a BoaW JHIIe TPIilIKA
puie 0°C i, IK HACHIJOK, 3HAYHA KUIBKICTE OKIJI-BOJOHOCIB KIISIKHE 1 THHE, TaK i
HE BHMKOHABIIM CBOK Micito. HacmiikoM HBOrO € CIOBUIBHEHHS PO3BUTKY
0/PKOJIOKOJIOHIH HaBECHI, aK 10 BTpaTH HUMH T'OCIIOIAPCHKOT LIHHOCTI.

MeToro n0moBili € aHami3 iCHYIOYMX pillleHb 1 peai3alis iHTEJIEKTyaIbHOT
CHUCTEeMM MiJIrpiBy BOJY HAIyBaJKW Uil OJKIT y BECHSHMH Tmiepion, 3
ypaxyBaHHsAM CKJaJHOCTI 11 TeXHIYHOI peasi3alii, Bapialiii BapTOCTI eNEeKTPHUIHOT
eHeprii Ansd MiAirpiBy MpOTATOM A00H, Ta OCOONMBOCTEH pIiBHA IiATOTOBKH
00CITyTOBYI0Y0T0 IIEPCOHAITY.

VY nmomoBimi HaBOOUTHCS MOPIBHAIBHUHA aHAJNi3 peamizamii MigirpiBy BOIU y
JIEKLTBKOX MOYKJINBUX BapiaHTaX:

- BapiaHT peajizalii KJIACHYHOI CHCTEMH aBTOMAaTHYHOTO pETYJIOBAHHS
(CAP) Temmieparypu 3 1aTYUKOM TEMIIEPATypU BOH Ta HATPIBAIOYUM €IIEMEHTOM;

- peanmizariss CAP, mo BMHUKae MigirpiB 3a OIIHKOK OIMOCEPEIKOBAHOTO
napamerpy (Temreparypu HoBiTpsi);

- peadi3zailisi IHTENEKTYalIbHOI CUCTEMH, 1110 BMUKAE MiAIrpiB 3a iHpopmaliiero
CEepBICY CHOCTEPEKEHHsS 3a IOrOJHMMH YMOBaMH Ta YpaxyBaHHSIM BapTOCTI
€JIEKTPOCHEPTIT IPOTITroM J00H.

JaHi mpoBeeHOTO aHAali3y JO3BOJIAIOTH 3pOOUTH BUCHOBOK PO JOLUTBHICTH
pearizamii miairpiBy BOAW y HAITyBaJIlli caMe 3a OCTaHHIM BKa3aHUM BapiaHTOM
4yepe3 IMPOCTOTYy TEXHIYHMX 3aco0iB, TMPOCTOTY Y HaJaro/KeHHI CHCTEMH Ta
MOXJIMBICTH ii eKcIiTyaralii Ta 00CIyroByBaHHs 0€3110cepeIHbO TACIYHUKOM.
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CUCTEMA HIATPUMKH PIBHSI BOJH
Y BOOOHAIIIPHIN €EMHOCTI

Bbosuamox C.51., Komicuuk . /1.
XapKiBChKHH HalliOHAJILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaiHa

JlocniKeHHsIM TUTaHb aBTOMATH3allii HACOCHUX YCTAHOBOK Y CKJIaJli CHCTEM
Oe3nepeOifHOr0  BONONOCTAYaHHS, IPHUCBSIYEHO BEJHMKY KUIBKICTh HAyKOBHX
myOsikamii, METOAWYHOI Ta JOBIAHMKOBOI JITEpaTypH, FOTOBUX IHXKCHEPHUX 1
MIPOEKTHHUX PIlIeHh KOMIIaHiii BHPOOHMKIB OOJIATHAHHS Ta iHCTANATOPiB. Takoxk
Oynu cripobm peamizamii TakuMX cucTeM Ha 0a3i KOHTPOJIEpiB mapaieibHol mii. Y
SIKOCTI TIPUKIJIAiB MOXKHA HaBecTH [1, 2]. Ane y mepeBaxHild OUTBIIOCTI poOiT HE
BPaxOBYIOTBCS CHTyalii poOOTH CHCTEMH BOAOIOCTAYaHHI B yMOBaX OOMEXECHOTO
nebeTy BoaW y cBepIuioBHHI (a0 KPHWHUIN), 3MiHH y Tapu]i Ha €ICKTPOCHEPTio
MIPOTATOM T0OM, MOXKITUBICTh BUKOPHCTAHHS HAUIHAIIKIB TeHEPAILlii eJIeKTPOCHEePTil
no0yToBoi constyHoi enekrpocraniii (CEC) y coHsuHMi 1eHb.

Meror aomoBigi € a”ami3 BIZOMHUX IMIAXOMIB 1 CHUCTEM aBTOMATH3allii
HACOCHHMX YCTAHOBOK MOOYTOBOrO KJIACy y CKJaji Hacoc-OydepHa €MHICTh IS
BOIH, 1 po3poOKa MEpCIEeKTUBHOI CHCTEMH, siIKa BpaxoByBana O nediuuT BoaM y
KPUHUIII Ta J03BOJSAJIA 3MEHIIMTH OIUIaTy 3a CIHOXHUTY €JIeKTPOCHEprilo 3a
paxyHOK BUKOPHUCTaHHs HiYHOTO Tapudy i JeHHoi reHepauii romamHboi CEC.

B nomoBini HaBOAATHCA Pe3yNbTAaTH aHANI3y THIIOBHX DIlICHb Ta MPOEKTHI
peKoMeHmamil 3 aBToMaTu3alii aBTOHOMHOI CHCTEMH BOJONOCTA4aHHS y CKJIAI
3aHypIOBAJIBHOIO Hacocy Ta OydepHoi eMHOCTI /It BOJIH, 110 BUKOPUCTOBYETHCS Y
JITHIA TIepiof NPUBATHUM JOMOrocrnogapcTBoM. IIpm mpoMy OCHOBHY YyBary
TIPUAITIEHO TPHOM OCOOJIMBOCTSIM JJAHOTO IOMOTOCIIONAPCTBA:

- Manui geber BOAM Yy KpHMHMII, IO Hakiagae OOMEXKEHHs Ha 4Yac
0e3mepepBHOi POOOTH HACOCY 1 Yac HOTo 000B’SI3KOBOTO MPOCTOIO;

- HaSBHICTh y JIOMOTOCIIO/IaPCTBI TPU30HHOTO JIIYMJIbHUKA EJIEKTPOSHEepril,
IO JIO3BOJISIE EKOHOMUTH Ha PaxyHKax 3a CHOXKHUTY €JEKTPOSHEPrito, HaKady4n
BOJY 3 KpUHHUII y Oy(hepHY €eMHICTD JIMIIE y HIYHI TOIHHU;

- HasBHIiCTh goMmariHbol CEC, 110 y COHSYHHEH [IeHb TeHEpYy€e HaUIUIIOK
eJICKTPOCHEPrii, AKNi He Moke OyTH CHOXHTHH NIpHIaJaMH IOMOTOCIIONapcTBa
abo aKyMyJATOpHOIO OaTapeero CTAHII i SIKHMA MOXe OyTH BHKOPHUCTaHHN IS
HaroOBHEHHS EMHOCTI BOJIOIO.
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ABTOMATHU3AIIA BEJEHHSA NEPEJIIKIB BA’KAHb

Porossucekuii B.1O., Isamenko I'.C.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

VY cyuacHOMY CBITi JIFOJIM YaCTO CTHKAIOTBCS 3 HEOOXIAHICTIO IUIAaHYBaHHS PI3HUX
ACIEKTIB CBOTO XUTTS, TAKUX SIK MOKYIKH Ta MOJAPYHKU il Oim3bkux. OnHUM 13
MOIIMPEHNX IHCTPYMEHTIB UIsl OpraHi3alii LbOro Mpolecy € CIUCKU OakaHb, IO
JI03BOJISIIOTH 30epiraTi Ta CTPYKTYpyBaTé Ui MailOyTHHOTO BHKOPHCTAHHS ifel Ta
wianu. BenenHs cnmckiB OakaHb y (hOpManizoBaHOMY BIOPSIKOBAHOMY BHIJISII
HaJla€ MOXKJIMBICTH 30epertu motpiOHy iH(opMalliio, IIBUAKO TIOBEPHYTHUCS 10 Hel B
pa3i HeoOXiTHOCTI Ta HalaBaTH JOCTYI iHITMM KOPHCTYBadaM.

AKXTyaJbHOIO TIPOOJIEMOIO BEACHHS CITHCKIB Oa’kaHb € BIMYIICHHH X PO3MOILT
MK pi3HUMH 3aco0amu [1], TAKMMH SIK HOTATKH, MECCHIDKEPH, 3BUYaliHI 3aIIMCHUKH
abo crermianeHi cepBicu. lle MpH3BOMWMTE MO Je30praHizalii Ta yCKIAIHIOE IOIIYK
moTpiOHO1 iHpopMamii [2], cTBOpIOE PH3MKH IyOIrOBaHHA ab0 BTPATH BaKIMBHX
JAHWX 1 YCKIIAIHIOE KOOPIMHAIIIIO 3 1HIIMMH JFOABMH T1iJ] 9ac TUIAaHyBaHHS MOJapyHKIB
JUisl HUX. [CHyIOdWl TpOrpamHi pIIICHHS HE Tal0Th MOMJIMBOCTI BHUPIIIUTH HAsBHI
npobieMu 4epe3 OOMEKEeHHMH (YHKI[IOHAJ, CKIaAHICTh iHTepdeiicy KopucTyBaua,
HEMOJKJIMBICTh KOPEKTHOI po0OTH 3aco0y 0e3 peryJsipHOro oTpuMmaHHs iHdopmarii 3
cepaepa.

MeToro po6oTH € po3podka BeO3aCTOCYHKY JJIsl aBTOMATH3AIlil BEJICHHS CITUCKIB
OakaHp, IO 3a0e3nedye 3pYYHHA JOCTYNl Ta IIEHTpalli3oBaHe 30epiraHHsA BCi€l
HeoOXimHOi iH(popMamii. KoprucTyBad Mae MOXIHMBICT CTBOPIOBATH, peIaryBaTH,
BUIAJLITH CIUCKH Oa)kaHb Ta iX OKpeMi €JeMEeHTH, J0JaBaTH OIMCH, MOCHIIaHHS,
BCTAHOBJIOBATH MPIOPUTETH Ta JaTy IUI1 KOXXHOTO OakaHHS y IeperiKy.
3ampornoHoBaHa KIIEHT-CEpBEpHa CHCTeMa Iependadae (yHKIIOHAN aBTOpU3alii Ta
aBTeHTHU(]IKAIIT U1 OE3METHOT0 JOCTYITY JI0 TIEPCOHATBHUX JaHUX, a TAKOXK COIialIbHI
MOXJIMBOCTI JUIsl B3a€MOAIT MDK KOPHCTYBadamM, LIO 3a0e3nedye THYUKIiCTh
HaJIAIITyBaHHsI CIIIBHOTO JIOCTYITY /IO CIIMCKIB Ta 1X €JIEMEHTIB.

IMporpamuuii 3aci6 moOynoBaHo Ha ocHOBI ¢peiiMBopky Next.js Ta 6i0mioTeKH
React. BuxopucroBytoteest cepsic Shaden Ul Tta 6iGmiorexa Tailwind CSS. Illap
pobotu 3 nanumu peaiizoBanuii Ha ORM Prisma ta pessiiniii CKBJ] PostgreSQL.
3a3HaueHUid HaOIp TEXHOJIOTIYHMX PIlleHb J03BOJISIE 3a0€3MEeUYUTH MOXKIIMBICTH
MacITaOyBaHHS CHCTEMH 32 HEOOX1THOCTI.

Cnucok Jirepatypu

1. Geambasu R., Cheung C., Moshchuk A., Gribble S. D., Levy H. M. Organizing and
sharing distributed personal web-service data. Proceedings of the 17th international
conference on World Wide Web (WWW '08). Association for Computing Machinery. 2008.
P. 755-764. ISBN: 9781605580852. DOI: https://doi.org/10.1145/1367497.1367599

2. Todd P. M. How much information do we need? European Journal of Operational
Research. 2007. Ne 177(3). P. 1317-1332. DOI: https://doi.org/10.1016/j.ejor.2005.04.005

19



Current directions of development of information and communication technologies and control tools

ABTOMATHA3AIISA JOKYMEHTOOBITY JIIKAPHI

Cmotposa A.O., Iamenxo I'.C.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

VY Oaratbox cdepax KHUTTS 3HAYHY YaCTHHY 4acy JIOJM BHUTpPAyaroTh Ha
3allOBHEHHS PI3HOMaHITHHUX JOKyMeHTIB. Lleil mporec cipuymHsE 3aTpUMKHU Ta €
YyTJIMBUM 10 IOMHJIOK. YBary MHOTpeOylOTh OJaHKH CYBOpOi 3BITHOCTI, SIKi
nepen0avyaoTh YiTKe JOTPUMYBaHHS (pOpMaNbHUX BUMOT [1].

Oco0nnBO akTyallbHOIO NpoOJeMa BEJCHHS JOKYMEHTAalil 3aJIMIIacThCs B
JICp)KaBHUX YCTaHOBAaX, TaKMX SK MEAWYHI 3akiagu [2], ae MBHIKUHA TOCTYH 10
iHpopmanii € HeoOXimHMM TpW HagaHHI sAKicHOI momomoru. CydacHi CHCTEMH
€IIEKTPOHHOTO JOKyMeHTooOiry, Taki sk DocuWare ta OpenText, BUpINIyIOTh
3amadi ONTHUMI3alii Ta aBTOMATH3alii YHOpaBIiHHA TOKYMEHTaMH, 3a0e3IedylOTh
HafiifHe 30epiraHHsd Ta MBHIKWAN JOCTYH IO MOKYMEHTIB depe3 LEeHTpalli3oBaHi
0a3u maHUX. YBara IpUAUISETBCS NOTPHUMaHHAM BuMor craHmaprtiB HIPAA Ta
GDPR npwu 36epekeHHi 4y TIHBOi iHPopMarii. Alle iCHyrodi 3ac00U BiAPI3HAIOTHCS
BHCOKOIO I[IHOIO Ta CKJIaTHICTIO HAaBYaHHS KOPUCTYBauiB [3].

MeTtow poGoTH € BHpilICHHS NOpPOOJIEMH aBTOMATH3Allll BEICHHS
JIOKYMEHTOOOITy BIIJIUICHHs JIIKapHi, [0 mepeadavyae po3poOKy 3acTOCYHKY 3
TakuMH  (YHKIIOHaJIbHUMH ~ MOJMJIMBOCTSMH, sK 30epexxeHHs iHpopmarii
MAli€HTIB, TCHEPAIiI0 PI3HUX THIIIB MEAMYHUX JOKYMEHTIB, a TaKOX IMIOPT Ta
eKCIOPT HAKONMMYCHHUX JAHWX MiX 0a3aMu pi3HUX JikapiB. Jlikap MOBHHEH MaTH
3MOTY TIeperjisgaTH, 3MIiHIOBAaTH Ta J0JaBaTH HOBI 3alMCH 10 KapTH Malli€HTa.
Heo0xigHOIO € )XypHai3alis J0oJaHUX 3aIHCIB Ta 3TeHEPOBAHNX JOKYMCHTIB.

3arporoHOBaHN 3aCTOCYHOK EJIEKTPOHHOTO JOKyMEHTOO0Iry MEeIUYHOTO
3akiagy moOynoBaHo Ha ocHOBI TexHostorii WPF, sika € wacTuHOIO exocucTeMun
mwratpopmu NET. JIuzaitn iHTepdeiicy KopucTyBada CTBOPEHHH 3a JIOTIOMOTOIO
MoBu posMmitkn XAML. [lng peamizaiiss nporpamHOI JIOTIKM  3aCTOCYHKY
BUKOpPUCTaHa O0'€KTHO-OpieHTOBaHAa MoOBa mporpamyBands C#. IlpoGiema
30epekeHHs clabOCTPYKTYpOBaHUX BUXIIHHUX JAHUX BUPIIIYETHCS 3aCTOCYBaHHIM
uepessitinoi CKBJl MongoDB Ta intepdeiicy MongoDB Driver.
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BUKOPUCTAHHSA I'PA®IYHUX 30BPAKEHD V SIKOCTI HOCIA
JJISI IPUXOBAHOI HEPEJAYI JAHUX

Hecrepernko C.M., Isamenxko I'.C.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

3 po3BuTKOM LM(POBUX KOMYHIKaliil mpobiema KoHQineHuiiHOCTI HaOyBae
0cOOJMBOTO 3HaueHHS. Po3MmicTuTH KOHGIICHIIHY 1HDOPMAIII0 TAKUM YHHOM, 100
YHHUKHYTH Tifi0o3p 3 OOKY CTOPOHHIX CHOCTEpirayiB, MOKIJIMBO 3a JOTIOMOTOI0 METO/IiB
creranorpadii. Ha BiamiHy Bin xpunrorpadii, sika BUKOPUCTOBYETHCS y TOIIMPEHHX
MeceH/bkepax Ta 3ammudpoBye aHi, creraHorpadis NpuxoBye caMm (akT HasBHOCTI
koH¢imeHmiHOT iHpopMmamii [1]. IlpmxoByBamus iH(opmarii y 300paskeHHIX
BiZIOYBa€THCS 32 PaXyHOK BHKOPHCTAHHS 3aifBoi iH(popMmamii Ta He3HAYHWX 3MIH y
BUXITHMX JaHUX. Y SKOCTI CTETOKOHTCHHEpa MOXYyTb OYTH BHUKOPHCTaHHH 5K
3BHYAMHUNA TEKCT, Tak i MemiakoHTEeHT [2]. CydacHe mmpoBe CIIKyBaHHI MiX
KOpHUCTyBaYaMH TII00ATbHOI Mepeki [HTepHET XapaKkTepH3yeThCsl BEIMKOIO KiJIbKICTIO
rpaivHIX TOBIIOMIICHB, IO OOYMOBIIIOE JOLUTHHICTE BUKOPHCTAHHS 300pakeHb Y
SIKOCTI HOCIsI IprXoBaHoi iHpopmarii. doTtorpadii MiCTITh BEIHMKY KUIBKICTb MIKCEIIIB,
13MiHa He3HauHOT IX YaCTHHH JIMIIAETHCS] HEMOMITHORO JUISl JIFOACHKOTO OKa.

MeTtor podoTn € po3pobka BeO3ACTOCYHKY Ui Tepernadi MOBIIOMIICHb 3
BUKOPHCTaHHSIM  MeToJiB  creraHorpadii. Y  sKOCTI  CTeroKOHTeHHepa
BUKOPHCTOBYIOThCS rpadiuHi 300pakeHHs. 3alporioHOBaHO MiJXiJ| 3 BUKOPUCTAHHAM
Metoy HaiiMeHm 3Hadymmx Oitie (LSB) Ta mceBnoBHImankoBuX iHIEKCIB HA OCHOBI
Kiroya mmdpyBaHHA. [l 3a0e3nedeHHs CTIMKOCTI IO BHUSBICHHSA MOIUDiKarii
BUXIJTHMX JAQHUX IHICKCH IIKCENIiB BCTAHOBJIOIOTHCS BHUIIAJKOBO 3 yPaXyBaHHIM
KJIF04a, CTBOpeHoro aimroputMoMm SHA256 Ha Oormi kimieHTa Ta cepBepa. Lle crpusie
3amo0iraHHIO TIOCTIJOBHAM 3MiHAM Ha BHXITHOMY 300paKeHHi, sSKi Morim O OyTh
BUSIBIICHI 32 JOTIOMOT'OI0 MOLIMPEHUX METOIB cTeroaHaiizy [1].

Jnst peanizartii 3aCTOCYHKY 00paHo TexHojoriio ASP.Net, MOBy mporpaMyBaHHS
C# ta pensiiiny CKBJ] PostgreSQL.

Bzaemonist cepBepHOi yacTHHM 3 0a3010 JaHMX 3a0e3MeueHa 3a JOIOMOTOIO
Entity Framework. Biomioreka SignalR BukOpuCTOBYeThCsS it poOOTH B pexuMi
peansHOro dacy. Jlms peamizaiii KITi€eHTChKOTo iHTepdelicy oOpana JavaScript-
6i0moTteka React, 1o gae 3mMory croproBatu AuHamiuauii Ul, BaXIMBHiA 17151 3aC00IB
MHUTTEBOTO OOMiHY ITOBiTOMIICHHSIMIL
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ABTOMATH3AIIA MPOEKTYBAHHS TA CUMYJIALIT
CXEM JIOTTYHHUX BEHTWJIIB

OmbxoBuk J1.B., Ipamenko I'.C.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

VY cydacHMX yMOBax 3pocTae HEOOXIIHICTh y IIBHIKOMY Ta €(pEeKTHBHOMY
npoekTyBaHHi 1mudpoBux cxem. OcoONMBO aKTyalbHOK0 I MpodiaeMa € s
HaBYAJILHOTO MPOLECY, aKe CTYACHTaM TEeXHIYHUX HaNpsSMKIB HEOOXiaHI 3acoOu
MOJICTIFOBAHHS Ta TECTYBAaHHS JIOTIYHHUX CXEM, TOAI SK BHUKOPHUCTAHHS (Di3MYHHUX
KOMITOHEHTIB 200 3acTapilioro mporpaMHOro 3a0e3NeueHHs He 3aBKAu 3a0e3neuye
HEOOXigHWH piBeHb IHTEPAKTHBHOCTI Ta THy4kocTi. Came TOMYy CTBOpEHHS
Be03aCTOCYHKY U TPOEKTYBAHHS Ta CUMYJIALIL JOT1YHIX BEHTHIIB € aKTyaJlbHIM
3apmaHHsM [1-2].

MeToro po6oTu € po3pobka omnaiiH-cepenoBuina Logic Gates Lab, mio namae
MOXKJIUBICT KOPHCTYBadaM CTBODIOBATH, TECTYyBaTH Ta aHai3yBaTH LUQpOBi
JIOTIYHI CXEMH 3a JIOIIOMOTOI0 3PYYHOTO Bi3yalIbHOTO iHTepdercy. 3acTOCYHOK
MiATPUMY€E TPOEKTYBAHHS Pi3HUX THUIIIB JIOTIYHUX BEHTHWIIIB, CTBOPEHHS BJIACHUX
KOMITOHEHTIB Ta iX 30epeKeHHs AJIsl MOJaibIIoro BUKopucTaHHA. OcoOnuBicTIO
CHUCTEMH € MOXITUBICTB CITUIbHOI pOOOTH Ta 0OMIHY CXeMaMH MK KOPHCTYBauaMmH,
1o crpusie eheKTHUBHOMY HaBUAHHIO Ta JOCIIPKSHHIO UG POBUX TEXHOJIOTH.

IMpu peanizanii BeO3acTocyHKYy BHKOpUCTaHO (peiiMBopk React mis
CTBOpeHHs iHTepdeiicy KopucryBada. KoH¢irypamiiHi maHi aBTOMAaTHIHO
cuHXpOHI3yITECs 3 Google Drive 3a monomororo Google App Scripts. 3acTocyHOK
posropuyto Ha GitHub Pages, mo Hagae MOXIHMBICTE OE3KOIITOBHOIO XOCTUHTY Ta
3py4HOTO0 OHOBIEHHA 0e3 JonaTkoBUX BUTpaT. KpiMm Toro, mnepeabaueHo
MOXUJIMBICTh IMIOPTY Ta eKcrmopTy cxem y ¢opmari PNG mms momampiroro
BUKOPHUCTAaHHs y HaBYAJIbHUX Martepianax. 3anpornoHoBaHuil BeO3acTocyHOK Logic
Gates Lab € edexkruBHMM IHCTpyMEHTOM JUIs aBTOMAaTH3allil Tpouecy
MIPOEKTYBAHHSI JIOTIYHUX CXEM, 3a0€3MMeUy0Yr IHTePaKTUBHUHN 1 JOCTYITHUH ITiIXi.
JI0 HaBYaHHSA Ta JAOCIIHKEHHs Cy4acHUX HU(PPOBUX TEXHOJOTIH.
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FIRST PERSON VIEW TEXHOJIOT'Ti TA IX PO3BUTOK

Poxuosa T.I'., Manrrassip C.B.
XapKiBChKUI1 HAITIOHANBEHUH YHIBEPCUTET padioeNieKTPOHIKH, XapKiB, YKpaina

FPV (First Person View) TeXHOJOrII Aal0Th MOXJIMBICTH OTPHMYBAaTU BifICO Y
pealbHOMY Yaci 3 KaMepH, BCTAaHOBJICHOI, HANPHKJIa, Ha OE3MiIOTHOMY JIITAILHOMY
armapati (BITJIA). BoHn cranmm onHi€l0 3 TEXHOJOTIH, MO HAWOLIBII IIBUIKO
PO3BHBAIOTECS, B chepax pajioeNIeKTPOHIKH Ta aepOKOCMIYHOTO PO3BHTKY.

OcHoBHa koHuemniiss FPV nomsrae y mepenaui curHany Bing kamepu FPV-
CHCTEMHU JI0 TIPUCTPOIO KEPYBaHHS Ta BiIOOpPaKEHHs BiZeO MOTOKY (HamlpHKIa[,
OKyJIIpiB, cMapT(oHa ab0 MOHITOpa), JO3BOJLIIOUH JIFOIUHI-OTIEPaTOpy CIOCTEpiraTi
3a TUM, 110 ""0a4YnTh" IPOH y PEKIMI PEaTbHOTO Jacy 3 MiHIMAJIBHOIO 3aTPUMKOIO[ 1].

Meta gomnoBini — anamiz FPV texHomoriii mepenadi TaHUX, IX CHOTOACHHOTO
PO3BHUTKY Ta HENOMIKIB, a TAKOX OIS MEPCIEKTUB IXHBOTO PO3BUTKY B peaisx
TEeNepilIHbOro Yacy Ta moTped. 3amada — JOCTIIKEHHS TpoLecy Iepenadi JTaHux, a
caMe BCTaHOBJICHHSA 3B’SI3Ky MDK MNPHCTPOEM KEpyBaHHSA Ta JIPOHOM, 1 mepenada
300pakKeHHsI 3 KaMepH Ha MPUCTPIii BUBEICHHS BifI€O.

FPV cucremu 6a3y1oTbcsi Ha BUKOPHCTAHHI KUIBKOX OCHOBHUX KOMITOHEHTIB, IO
3a0e3neuyroTh X poOOTy Ta CTabUIbHY mepenauy aaHuX. OCHOBHUM KOMIIOHCHTOM €
BijieonepenaBay, SKMH Tepenae 300pakeHHs1 3 kamepu FPV-cucrtemu Ha mpuiimau
npuiiany KepyBaHHs y BUIJIsM curHaidy. CydacHi mepeiaBadi MPaIioOTh Ha Pi3HUX
gacToTax, Hanpuknan, 5.8 T abo 2.4 T, mo moTpiObHO s 3a0e3nedeHHs Oe3nekn
Trepeadi CHTHAIY i BiIeO y BICOKIH SKOCTI 3 MiHIMAJIBHOIO 9aCOBOIO 3aTPUMKOIO.

AHTEHM TakoXX BIIrpalOTh HE MEHII BAXIMBY pOJb Y TapaHTyBaHHI
BCTAHOBIICHHI CTAa0UIGHOTO CHTHATY 1 PO3MIMPECHHI  AWCTAHIIl 3aB’s3Ky [2].
BukopucTaHHs Cy4acHHX aHTEH 3 BHCOKHM KOE(ILiEHTOM MiJCHIECHHS JI03BOJISIE
30UTBIINTH JaJbHICTh ITIepeadi CHUTHAJY, 3MEHIIHUTH 3aTPHMKY, TTOKPAIIUTH SKICTh
BiJIeO, 3MEHLINTH Bary IO IiIBHIIY€E e(EeKTHBHICTh BUKOPHCTAHHS JPOHA Ta HOTo
aproHoMHicTh. Kamepu mis FPV cucreM mnoBuHHI OyTH KOMIIAKTHUMH, MaTH
MaJIeHbKY Bary, BOJIOTO- Ta MHJIO-3aXHUCT, 3a0e3MeuyBaTH BUCOKY SKICTh 300pakKeHHs
HABITh B YMOBaX HU3bKOI OCBITJICHOCTI, Ta OyTH YIapOCTIHKUMHU.

Tak, mpu po3poOii HazeMHO! MUCTAHIIWHO KepoBaHO! IUIATGOpMH OyJI0
Bukopucrano mwiatry ESP32-CAM, sika noeanye B co0i Mikpokontposiep ESP32-S (3
miarpumkoro  Wi-Fi ta  Bluetooth) 1 wmomyms  xamepu = OV2640[4].
BaratodyHKIIOHAJIEHICTS ILOTO MOTYJISI I03BOJISIE HOMY BUKOHYBAaTH OZIpa3y JIEKiIbKa
OCHOBHHMX (QyHKIiH, HeoOXximumx g1 pobotn FPV-cucremn. BOynosanmii
nporiecop[S] 103BoJIsiE BUKOHYBaTH KOMAaHIM KEpyBaHHS Ta OOpoOisiTH Bijeo, a
BOynoBaHa Wi-Fi anteHa J103BoJIsie BUKOHYBaTH (DYHKIIIIO BifieonepeiaBaya.

Takox KIFO4OBY (PYHKIIO BHKOHYE MOIYJIb KepyBaHHs nuryHamu. B BITJIA
BUKOPHCTOBYIOTh €JICKTPOHI ~ PEryJsiITOpU  IIBHAKOCTI, JpailBepu  KOJIEKTOPHHX
JBUTYHIB TOCTifHOTO CTpyMmy abo cepBonmpuBOIH. 7SI Ha3eMHUX AMCTAHIIIHO
KEepOBaHMX IUIATGOpM HaWJacTime BHUKOPUCTOBYIOTh ApaiBepH, KOMOiIHOBaHi
KOHTposIepu abo KOHTpOJIepH I KpokoBux ABWTYHIB. Tak mmsa BITJIA maitwactimme
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BUKOPHMCTOBYIOThCsS  peryisitopu mBuakocti T-Motor F45A, Hobbywing XRotor
Micro 45A BLHeli 32 a6o DJI ESC. [nsg HazeMHMX IUIaT(GOpPM HOIIUPCHUMH €
npaiisepu BTS7960B H-Bridge High-Power Motor Driver Ta L298N Motor Driver
Module. [paiisep L298N Motor Driver Module kopucTyeThcss HaHOUTBIION
TIOMYJIPHICTIO i3 32 MOXIIMBOCTI KEPYBaTH OApasy JEKUIbKOMA ABUTYHAMHU, IO HAJA€e
oMy mepeBary.

Buxopucranns miatu ESP32-CAM ta npaiisepy L298N nae moenHanHs, sike
MOXKE JIEMOHCTPYBaTH XOpOIIl MOKa3HHKH e(QEKTHBHOCTI TPH BHUKOPUCTAaHHI B
MPOCTHX JMCTAaHIIHHO KepoBaHUX muiardopmax. Lle moeHaHHS € TOCUTH MOMyJISIPHAM
SIK cepeJl TIOYaTKIBIIB TaK 1 cepel] JOCBITYEHUX iHkeHepiB. ToMy BHKOPHCTABILIM i
Moxyrni B HazemHit FPV-mmardopmi MokHa o9ikyBaTH rapHE 3’€THAHHSA 3 MOAYJIEM
KepyBaHHS Ta CTaOUTBFHY Iiepefady Bileo, MOJKIMBICTh KepyBaTH Bipa3y JeKUIbKoMa
IBUTYHAMH a00 3aJaTH IHCTPYKIUi A7 BUKOHAHHS KOXXKHOMY 3 HHUX, CTaOiLIbHEe
i1’ € THAHHS 10 MOIYIO KepyBaHHS depe3 Wi-Fi abo Bluetooth, a Takox edexTuBHy
poboTy yCi€l cCHCTEMIL.

Ommiero 3 KIOYOBHX TeHAEHMHiH po3Butky FPV cuctem € BopoBamkeHHS
uppoBUX CHCTeM mepeAadi BineosoOpakeHHs, Takux sk DJI Digital FPV, sxi
rapaHTyloTh Iepeady BiJe0 BHCOKOI SIKOCTI 3 MiHIMAJbHMMH 3aTpHMKaMH B 4aci.
[udposi cucremn Takoxx 3a0e3nedyroTh Nepenady AaHMX Ha OUIbII BiACTaHi Ta
rapaHTylOTh Kpaluii 3aXWMCT BiJ Iepemkoj abo NepexoIuieHb CHrHady. [HIoro
Ba)KJIMBOIO TEHJICHIIIEIO € IHTerpamis B MOJyJI KepyBaHHs Ta HaBeaeHHs FPV cucrem
mrygnoro iHtenekry (IHI), sikmii mo3BONsSE aBTOMATH3YBATH TPOLECH KEPYBAHHS,
aHam3ly 300pakeHp Ta iHIIE 0e3 ydacTi MiyioTa, Imo 3abe3medye poOOTy IpoHa B
YMOBAX IOTaHOTO ab0 IMOBHOI BTPATH 3B’s3KY, 32 HEOOXITHOCTI 3a0e3MeUnTH OS3MeKy
oriepaTopa abo Ha BENMKUX BiacTansx [3].

FPV  Ttexnonorii NpoIOBXYIOTh AKTUBHO PpO3BMBATHCS, CTBOPIOIOYH HOBI
MOXKIIMBOCTI JUTSl IPOMHUCIIOBHX Ta PO3BAKAIBHUX CREp.

BrpoBamkenHs nU(PPOBUX CHCTEM BIICO Mepeaadi Ta IHTErpailisi TeXHOJOTiH
HITYYHOTO IHTEJIEKTY JO3BOJISIOTH 3HAYHO MOKPAIIUTH (DYHKI[IOHAIBHICT Ta
e(EeKTHBHICTH X CHCTEM.
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MOHITOPIHI" AKOCTI ITIOBITPS B MIPUMIIIEHHI
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XKutinoBi Ta poboui mnpuMmilleHHs MaroTh 3a0e3neuyBaTH Oe3meuHi i
KOMGpOPTHI yMOBU Jis mepeOyBaHHs yroneil. OZHUM 13 KIIOYOBUX ACICKTIB
MIKpOKJIIMaTy BHUCTYIIA€ SIKICTh IOBITPS, IIO HAmpsMy BIUIMBA€ Ha 3J0pOB’S,
Mpare3aTHICTD 1 3arajibHe caMoINovyTTs JIoJUHA. KOHTpob mapaMeTpiB HOBITPs
B pealbHOMY 4aci € O0cOoOJMBO BaXJIMBUM 3 OIJSILYy Ha 3pOCTaHHS pIBHSA
3a0pyHEHOCTI SIK 30BHIIIHBOTO, TaK I BHYTPIIIHHOTO CEPEIOBHUINA.

Metor0 a0moBiai 0OTOBOpEHHS 3ampOMOHOBAHOI CHCTEMH MOHITOPHHTY
SIKOCTI TIOBITPS B NPUMIIIEHHI 3 BHUKOPHCTAaHHAM CEHCOPHHX TEXHOJOTIH Ta
IHTETIEKTYaIbHUX AITOPUTMIB 0OpPOOKH JaHUX.

OcHoBHa 3amaya cucTteMu — 3abe3mednTH OesmepepBHUM 30ip, aHAm3 Ta
Bi3yali3amilo JaHWX MPO OCHOBHI MapaMETPH IMOBITPS: PiBEHb BYTJIEKHUCIOTO ra3y
(CO?), BonoricTs, TeMIepaTypy, piBeHb JETKUX opraHiunux crnoayk (VOC), nuiy
(PM2.5/PM10) Tomo.

3anpornoHOBaHO BHUKOPHCTAHHS CEHCOPHOTO MOIYJsl, LIO CKJIAJAEThCS 3
JEKUIbKOX  JaTyukiB  (Hanpukiaa, MQI135, DHT22, PMS7003) rta
MikpokoHTposiepa (Arduino Uno R3), sikuii 3xiiicHioe 30ip Ta mepeaavy JaHUX Ha
cepeep. Jlis 3pydHOCTI KOpHUCTyBaua peainizoBaHo iHTepdeiic, ne y BHUIIISII
rpadikiB Ta IHAWKATOPIB BiZOOpaKa€TbCs TMOTOYHUM CTaH TOBITPS, a TaKOXK
HAJIAIOTBCSl PEKOMEHJAIl 100 MPOBITPIOBAHHS NPHMILIEHHS YM yBIMKHEHHS
cUCcTeM OdHMIIeHHs NoBiTps. Cucrema Moxe OyTH IHTerpoBaHa 3 pPO3YMHHM
OyAMHKOM JUIS aBTOMAaTH3allil YIpPaBIiHHA BEHTHLIIEI0 Ta KIIMAaTHIHUMHU
YCTaHOBKaMH.

PesynbraT MOpmeMIOBaHHA CBiYaTh IPO MOXKIMBICTH BHUKOPHUCTAHHS
PO3p0o0IEHOT CUCTEMH SIK €IEMEHTa €KOJIOTIYHOI'0 MOHITOPUHTY B NPUMILIEHHIX
PI3HOTO TpPHU3HAUYECHHS: JKUTIOBUX, O(ICHUX, HABYAILHUX, BUPOOHHYHX TOIIO.
OtpuMaHi JlaHi MOXXYTh OYTH TaKO)X IHTErpOBaHiI B MICbKi CHCTEMH "PO3yMHOTO
MicTa" ISt OI[IHKK €KOJIOTIYHOT CHTYaIlii Ha JIOKAJIbHOMY PiBHI.

3nilficHeHo BUOIp MOKAa3HMKIB SIKOCTI MOBITPS B NPUMILIEHHI AJIsl OOYA0BH
CHUCTEMH MOHITOPHHIY Ta MOJAJIBIIOT0 aHAII3Yy CTaHy MIKPOKJIiMAaTy, a caMe:

— piBens CO? Tak sk Il IOKA3HMK € KPUTHYHHM JUIS OLIHKH CBDKOCTI
MOBITPsl Ta €()EKTUBHOCTI BEHTWISLII; BUMIPIOBAaHHS NPOBOJUTHCS y ppm (parts
per million); Bucoki konuenTpanii CO? HEraTMBHO BIUIMBAKOTH HA CAMOTIOYYTTS Ta
MIPOIYKTUBHICTb JIFOJIEH y IPUMILICHH;

— BIJIHOCHA BOJIOTICTP — I[EH MapaMeTp BH3HAYa€ KOMQOPTHI YMOBH
nepeOyBaHHS Ta BIUIMBAIOTh Ha 3araJIbHUN CTaH MIKPOKJIIMATY;

— KOHIIEHTpaIlis TBepaux yactTuHOk PM2.5 ta PM10. [Toka3HuKH BKa3ylOTh
Ha HAasABHICTh MWy Ta JApiOHOMUCTIIEPCHHX YACTHHOK y MOBITPi, IO MOXYTh
BHKJIMKATH MTPpoOJeMHu 3 TuxaHHsIM. 711 BU3HAUEHHS PiBHSA 3a0pyIHEHOCTI MOBITPS
BHKOPHUCTOBYIOThCSI ceHCcopu PMSS5003 abo aHamorivHi;
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— netki opraniuni cronykd (VOC). J103BOJISIOTH OIIHUTH PiBEHb XIMI4HOTO
3a0pyIHEHHS TIOBITPS, 30KpeMa BUIIJICHHS Bif OyXiBeIbHUX MarepianiB, MeOiB Ta
mo0yToBOi XiMmii. JlaHi OTPUMYIOTECS 3a TOMTOMOTOI0 ceHcopiB Tury MQ-135;

— KIJIBKICTB 0ci0 y mpuMimmeHHi. BpaxoByeThCs K JOJATKOBHH IapaMmeTp, Mo
BIUIMBaE Ha piBeHb CO?, Temneparypy Ta IIBUIKICTh 3MiHM SKOCTi MOBiTps. 36ip
iHpopMarii MoxiiBHi 3a fonomMororo PIR-natyukiB abo qaT4unKiB IPUCYTHOCTI.

3i0paHi aHi 3 CEHCOPIB 0OPOOISFOTECS MIKPOKOHTpOJiepoM Tumy Arduino, 3
MOJAJBIION Iepeauelo 10 iHTepdelicy B peanbHOMYy 4aci. s 3pydHOCTI
MoHiTopuHry Ha OLED nucrteit BinoOpakatoTbCsl HIOTOYHI 3HAYESHHS Ta AWHAMiKa
3MiHH apaMeTpiB IMOBITPSL.

Ominka epeKTHBHOCTI poOOTH CHCTEMH 3iHCHIOBANIACS HUIIXOM MOPIBHAHHSA
BUMIpSIHAX 3HA4YCHb i3 HOPMATHBHHMH IIOKa3HWKaMH. Ha OCHOBI OTpMMaHHX
pe3yNbTaTiB HAJaHO PEKOMEHAAIl II0I0 ONTHMi3amii BEHTHIIAMI] Ta IiABHIICHHS
SIKOCTI TTOBITPS B 3aKPUTUX IPUMIIICHHSIX.
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TEXHOJIOT'Ti TIPOTPECUBHOI'O KOPITYCYBAHHS IMC:
OCHOBHI BUKJIMKHN

Uymauenxko C.B., [lemuenko O. L.
XapKiBChbKUI HAIIOHAJILHUHN YHIBEPCUTET PaJlioeNIeKTPOHIKHY, XapKiB, YKpaiHa

Po3Butok omgHOKpucTansHuX IMC nmemami OumbIIe TEMOHCTPY€E HAONIKEHHS
no oOmexeHp mii 3akoHy Mypa [1], ockimbku, 3 OFHOTO OOKY, ITOIAJNBIIE
3MEHIIECHHS! TE€OMETPUYHUX pO3MIpIB €JEeMEHTIB CTa€ BKpail BHUTpaTHHM, a 3
HIIOTO — BIIUPAETHCS y (Pi3MgHI 0OMEKESHHS.

Hanpuknan, oawH i3 Halicy4acHIMX 2-HM TEXMIpOIEC, SKUM JIHUIIe
BIIPOBAPKYeThesl KommaHielo TSMC, Bke Mae peajbHI T€OMETpPHYHI PO3MipH
TPAH3UCTOPHUX E€JEMEHTIB Yy JECATKM HAHOMETpIiB, MO0 HE TaK JaJeKo BiJ
IPaHUYHUX 3HAYCHB.

I[Ipy npoMy BapTiCTh KPEMHI€BOI IIIACTHHH JUII TAKOTO TEXIPOLECY
ouiHtoeTbest B aianazoni 25-30 tucsuy pomapie CLIA, a 30UIbIIeHHS ILUIOLII
kpuctana IMC HeMmuHy4Ye NPHU3BOAUTHME JIO0 3HWKEHHS BHXOJAY CIIPaBHUX
KpPHUCTaNiB, IO Yy TOEIHAHHI 3 BHCOKOIO BapTICTIO KPEMHIEBHX IUIACTHUH JIHIIE
MYJBTUIUIIKYe BHTpaTH. Kpim Toro, cydacHa ¢oromitorpadis CTHKaeTbcs 3
CepHO3HIMHU BUKJIMKAMHM, OCKIJIBKH 30Ha €KCIIOHYBaHHS KPHUCTAJIa 32 NIEBHUX YMOB
MoOXe 0OMexyBaTucs po3mipamu 26 x 16,5 mm [2].
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VYce me BHCTyHae MOTYXHUM YHHHHKOM PO3BHTKY TEXHOJOTIH Cy4acHOTO
nakeryBaHHs Ta KoprmycyBaHHS IMC Ha OCHOBI 3’€IHYBaJIbHOTO KpHCTalla
(iTeprio3epa) 1 ynmIeTiB. B OCHOBI IIHOTO MIAXOY JEKUTH BUPOOHHUIITBO MEHIITNX
KpHUCTaNiB (YUIUIETIB) i3 MOJANBIION0 IHTETPALi€l0 3a IOIIOMOTOI0 iHTEepIo3epa.
TakuM 4YHMHOM, YHIUIETHM MOXYTh BUIOTOBILITUCS 32  HalCy4yacHIIIMMHA
TEXIpoLecaMy Ta 3a0e3neyyBaTH BiITHOCHO BUCOKHUH BUXiJ] CIIPABHUX €K3EMILIAPIB
3aBJISIKM MEHIIUM PO3Mipam.

BonmHouac cepii03HMM BY3bKUM MICIEM 3QJIMINAETHCS JIarHOCTHKA Ta
Bepudikauis 3’ €AHaHb MK dnIuieTamu. Jins BUpilIeHHs 1iel ckiagHol npobiaemu
po3pobsietsest cranaapT IEEE P3405, skuii Mae Ha MeTi CTBOpPEHHS MEXaHI3MiB
TECTYBaHHSI Ta BIiNHOBICHHA 3'€MHAHb MDK YHIDIETAMH, IO JO3BOJHTH
3a0€3NeYNTH iXHIO CyMIiCHICTh Ta IHTETPAIIiO BiJl pi3HUX BUPOOHHUKIB.

MeTtoro gonoBiai € BuOip onTHMAaIbHOT MOJIEII ISl TECTYBaHHS M3’ €THAHb
YHUIUIETIB HA OCHOBI aHAJIITHYHOTO OTJIAAY CYy4aCHHX TEXHOJIOTIH KOPIyCyBaHHS Ta
MaKeTyBaHH 0araTOKPUCTAIBHAX MOIYJIIB 3 OLIHKOO iXHIX IepeBar Ta HeIOMiKiB.

Y po0OTi pO3TIAArOTHCSA TMapaMeTpu 3 €IHAHb, 30KpeMa IXHS KUTBKICTh,
LTBHICTh, OC3BIAMOBHICTh, a TAKOXX BIUIMB INKI[UIMBUX (akTopiB (mMapa3uTHa
€MHICTh, PE3UCTHBHICTb, TEIUIOBUH Ta MEXaHIYHUI CTpeC) Ha Mpale3AaTHICTh MK
YUIUIETAMU JUIs1 KOXKHOT 3 TEXHOJIOT1H.

[MpupineHo yBary BHKOPHCTOBYBaHHUM MaTepiajiaM, BIUIMBY BapTOCTi Ta
TPUBAJIOCTI BUPOOHMUYOTO LUKIY. Y 3B’S3KY 3 UM YMHHOCTI HaOyBalOThb METOAM
CHUMYJISIIIi, CHHTE3y, TECTyBaHHS, Bepudikamii Ta IIarHOCTUKHA 3 €IHaHb 3a
JOIIOMOTOI0 MOB aliapaTHOro omucy [3-5].
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CHUHTE3 JIOI'TYHOI'O BEKTOPA CXEMUA

Xaxanos B.I., Boponos A.O.
XapKiBCHKHMIA HALTIOHAIGHAN YHIBEPCHUTET PaIiOCIeKTPOHIKH, XapKiB, YKpaiHa

Posrmsinatorees aktyansHi Uit EDA-pHHKY NUTaHHS 3MEHIIEHHS BAPTOCTI Ta
Yyacy TecTyBaHHS Ta BepuQikalii nuppoBux npoekriB [1, 2] 3a paxXyHOK CHHTE3Y
JIOTIYHOTO BEKTOpa HU(POBOI CXEMH, 1110 J03BOJISIE CYTTEBO CIIPOCTUTH aJITOPUTMHU
good-value simulation, Ta 3BeCTH CHHTE3 KapTKH TECTYBaHHS 70 TPhOX MATPUYHHX
omepariiii [3-5].

MeTo10 nociiTzkeHHST € 3MCHIICHHS BapTOCTI Ta 4Yacy TECTYBaHHS 1
Bepudikamii TUPPOBUX NPOEKTIB 3a paxXyHOK CHHTE3y JIOTIYHOTO BEKTOpa
mappoBoi CXeMH, IO JO3BOJSE CIPOCTUTH AJITOPUTM HOOYNOBH KapTH
TECTYBaHHS.

[TponoHyrOThCA MEXaHi3MH ISl TOOYIOBH JIOTIYHOTO BEKTOpA MPOLECY YH
SBUIIA, GYHKLIT YM CTPYKTYPH Ha OCHOBI MATPHYHUX CTPYKTYP AEKapTOBOI JIOTiKH
st po3BszaHHa 3amad Modeling for Simulation. IIpomoHyeTscs iHKeHEpHHI
METOJI MPSIMOTrO MapaienbHOro good-value MoMENIOBaHHSA CXEMH Ha OCHOBI
BUKOPHCTAHHS JIOTTYHUX BEKTOPIB EJIEMEHTIB.

Jloriynuii BeKTOp — Lie MOJAHHS MPOLIECY YW SBUINA, QYHKLIT YU CTPYKTYpH
MOCTITOBHICTIO HYJIIB 1 OJUHMIG JOBKHAHH 2N, J€ N — YHUCIO OIT MBIHKOBHX
3MIHHUX It OpMyBaHHs ajapec OiTiB BekTopa. lle BU3HAUYCHHS POOUTH JIOTIUHUI
BEKTOp HE3aJIC)KHUM BiA TaOmumi icTHHHOCTI. JIoTiYHMH BekTOp € HaiOiLIbII
TEXHOJIOTTYHUM, KOMIIAKTHUM Ta BHYCPIIHAM ITOJAHHIM CXEMH JUIS EKOHOMIYHOTO
BUPIIICHHS 3aBaHb IPOCKTYBAHHS Ta TECTYBaHHSI.

[IpakTHyHa 3HAYYLIiCTh JOCII/DKCHHS Opi€HTOBaHa Ha BHpILICHHS 3aBIaHb
design and test Ha OCHOBI BHKOPHCTaHHS INPOCTHX MOJENEH BEKTOPHOI JIOTIKH,
OpIEHTOBAHOT HA EKOHOMIYHHI in-Memory KOMI'FOTHHT Ha OCHOBi read-write
TpaH3aKIiii, BUIbHUH BiJl IHCTPYKIii ITporecopa.

BekropHa Jorika — e TOJIaHHS JIOTIYHHMX OIepaliii BEeKTOpaMHu CTaHiB
TalbIMII ICTUHHOCTI.

Tabmuisd ICTHHHOCTI Ma€ CTaHAAPTH30BaHI ajpecu OITiB JIOTIYHOTO BEKTOpa
BUXIIHUX CTaHIiB, 10 JJO3BOJIIE BHUKOPUCTOBYBATH JIOTIYHHI BEKTOp, SK
CaMOCTIiiHY MOJIe/Ib, 110 PO3MINLY€eThCst B mam'siTi. [Ipu HEOOXigHOCTI At i€l
BEKTOPHOI MOJIETI MOYKHAa aBTOMAaTHYHO MOOYIyBaTH aJpecd KOXKHOro Oita abo
3TeHepyBaTH TAOJUIIO iCTUHHOCTI. ['eHepallis JIOTiYHOTO BeKTOpa mependayae
HOro po3MillleHHs y HaM'siTi, e € JOCTYH IO KOXXKHOTO OiTy BEKTOpa, SKHH
3a0e3neuyeThes apXiTeKTypoIO aipecHUX AemH(paTopis.
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MEXAHI3MH IHHKEHEPHOI'O COIITAJIBHOI'O KOMITI'IOTHUHI'Y

Xaxanos B.I., Makcumona H.I'., [TonomaproBa B.1.
XapKiBChbKUI HAIIOHAILHUH YHIBEPCUTET PaJlioeNIeKTPOHIKHY, XapKiB, YKpaiHa

JocmimkeHHs Opi€HTOBaHE Ha PO3POOKY IHKCHEPHHX BEKTOPHO-JIOTIYHHX
CXeM Ta apxiTtekTyp [l] MopambHOTO ympaBiiHHS COWIANBHHMHU IPOIECaMH Ha
OCHOBI iX BHYEPIHOTO METPUYHOIO MOHITOPHHTY 3 METOI0 CTBOPEHHS
KOM(OPTHUX YMOB il TBOPYOi poOOTH. [latoThCsl BU3HAYCHHS! OCHOBHUX ITTOHATH
Al-po3BUTKY Ha OCHOBI ()parMeHTiB icTopii BHHUKHCHHS KOMIITOTHHTY.
Po3rnsigaioTbcss MeXaHI3MM IHTEJIEKTYalbHOTO KOMMI'FOTHHTY, SIKI TOEJHYIOTh
QITOPUTMH Ta CTPYKTYpU JaHUX JCTEPMIHOBAHOIO Ta MMOBipHicHOrO Al-
KOMO'IOTHHTY.  Bynb-sike  I[IeCTIpAMOBaHE  BIJHOIICHHS €  KOMITOTHHT.
[HTENeKTyaIbHUM KOMITIOTHHT — II€ TApMOHIWHI BIIHOCHHH MIXK pecypcaMu Ta
METOI0, 110 BUKOPHCTOBYIOTh HaIMIPHICTh PO3YMHHX CTPYKTYp IaHHX. Mojelb
KOMIT'IOTHHTY Briepiie 3ampornonysas John von Neumann y 1945 poui [2]. Bona
MICTHJIa TIPUCTPOI YIPABIiHHA, BUKOHAHHS (apH(METHKO-JOTIYHI MPHUCTPOi) Ta
am'siTb. Y CbOTO TPH KOMIIOHEHTH, sIKi ITPAIIOIOTh Y TPOCTOPI IUIAHETH, 1 HE JIUIIE,
Bxke 80 pokiB. B3aemonis KOMIIOHEHTIB JAETEPMIHOBAHOTO Ta HMOBIpHICHOTO
KOMIT'IOTHHT'Y BU3HAYa€ThCS HACTYITHUMH YHHHUKAMHU:

1) CyKyNHICTb  BWIIQJIKOBHX  IIPOLECIB  CTBOPIOE  JIeTEpMiHOBaHi
3aKOHOMIPHOCTI;

2)  CYKYNHICTh  JETEpMIHOBAaHHMX  TIPOIECIB  CTBOPIOE  BHIMAJIKOBI
3aKOHOMIPHOCTI;

3) CyKyNHICTh BHUMNAJKOBHX €MOI[IMHMX BYWHKIB JIIOJWHU BHU3HAYAE
JICTepMIHOBaHUI1 XapaKTep JIIOANHH;

4) emorii — me BUMAJKOBHHA MiJCHIIOBAaY JIOTIKM JIIOAWHA MOPAIbHHAX UH
aMOpaJIbHUX BYMHKIB;
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5) morika — 1e JeTepMiHOBaHI MEXaHI3MHU JIIOAWHU JJI BUPIIIECHHS 3aBIaHb
YIIPaBJIiHHSA HA OCHOBI MOHITOPHHTY HABKOJHIIIHBOIT JIHCHOCTI;

6) CyKyIHICTh AETEpMIHOBAHWX JIOTIYHWX BYHMHKIB JFOIWHHU TOKa3ye HOro
mpodecioHai3M A1 BUPIIIEHHS BHMTAAKOBOT MHOKHHH ITOCTABJICHUX 3aBJAaHb;

7) BUIIAJIKOBI POLIECH PAHO YH MI3HO CTAIOTh AETEPMIHOBAHUMH;

8) nmpencraBHHUIIbKAa MHOXKMHA JIETEPMIHOBAHHX MpOIECiB Mexi Gopmye moie
BUIIaJJKOBUX 3aKOHOMIPHOCTEH UM SBUILL;

9) BUIIaIKOBICTh Y1 32aKOHOMIPHICTH (JIOTiKa) € IBi CTOPOHH NPUPOJIH;

10) norika Ta emouii — ABI CTOPOHW MOBEIIHKH JIIOAMHU Ha HABKOJMIIHIO
JIACHICTE;

11) HeBTpy4JaHHS — IIe HaWKpaIe YIPaBIiHAS COLIyMOM, [Ie BCE IPAIIOE.

[mxeHepHMA comiadbHAN KOMITIOTHHT — II€ TPAaKTHYHE BIPOBADKEHHS in1ei,
HAYKOBHX TeOpiil Ta GOpMysT BYEHOTO y MPAKTHUKY JKUTTS COLIANBHOI TPYIIH.

O0'exT mocmimpkeHHS — Kibep-(hi3uaHnil Ta Kibep-comiaaTbHI KOMITTOTHHT Ha
OCHOBI BEKTOPHO-JIOTIYHUX MoJelNell (i3MgHIX Ta COLiaTbHUX MPOIIECiB Ta SBHII.

IMpeamer mocnimKeHHS — IH)KCHEPHE METPHYHE YHPABIIHHS COLIaJbHUMH
MpoLecaMHu.

Meta pocaigkennsi — 3a0e3neueHHs: crtanoi KOM(OPTHOI SKOCTI KHUTTS 3a
paxyHOK BIIPOBAJUKEHHS TIEPEBIPEHHX IHXKCHEPHMX CXeM Ta apXiTeKTyp
YIOPaBIiHHS CYCHUJIbCTBOM HAa OCHOBI 3arajJbHOTO0 MOHITOPHMHTY COILiaJbHUX
MIPOLIECIB.

[MpakTryHa 3HAYNMICTH AOCIIKEHHS TOJISITa€ B TOMY, IO IIPOAHANIi30BaHO
Ta HAaJaHO PEKOMEHIALil YHIBEpCHUTETaM Ta KOMIIAHISIM, K ITOBOAUTHCS B €IOXY
MacoBOro BIpoBapkeHHS Al B iHxycTpito ruianeTH. OOroBOPIOETHCS EPCIICKTHBA
3HIDKCHHS KITBKOCTI TIPOTPAMICTIB, SIKi MOCTYIIOBO TIEPEXOIATH [0 PO3PSIY
¢axiBOiB 3 MPOMOT-IHXHHIPDHHTY PO3YMHHX Mojened [3], BITbHHX Bix
MIPOTPaMyBaHHS AJITOPUTMIB.

[mKeHepHU coliaNbHUN KOMITIOTHHT TOKJIMKAHWN CHOpUSTH T00YyI0Bi
MUPOJIIOOHHX, CIPAaBEJIUBHX 1 BIKPUTHUX CYCHINIBCTB 33/t JocsirHeHHs Llinei
cranoro po3Butky (L[YP 16).
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MOBLJIbHUAM 3ACTOCYHOK JIJIA IHTEPHET-MATASAHY

Haymos A.B., CeBoctrsiHOBa O.M., @inimonuyk T.B.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

EnextponHa KoMep1Iist — Iie TPOIiec KyMiBIi-TIPOoJaXKy TOBapiB Ta MOCIYT OHJIAlH,
SIKAH OXOTUTIOE BCI BUAW TOPTIBIIL, IO 3/iHICHIOIOTHCA 32 JOTIOMOTOIO TAKHX IPHCTPOIB,
SIK KOMIT FOTepH, cMapT(OHH, IUIAHIIeTH. BoHa 3MiHWIA TpaBWia PUHKY TOPTIBII,
HAJAf04YH HaBITh MAIMM ITiATIPHEMCTBAM MOYKIIMBICTH TIPAIFOBATH HA OUTBII ITHPOKHH
PHHOK, TIPOJIAIOYM TOBapHW Ta MOCIYTH depe3 IHTepHeT 3 Oyap-sKoi TOUKM CBiTy 0e3
HEoOXiJHOCTi OyIiBHHUIITBA 200 OpeHH (Pi3MYHUX Mara3uHiB.

Mertoio 10moBifi € IOCIIPKEHHSI KIIFOUOBHX aCIeKTIB PO3POOKH MOOLIBHOTO
3aCTOCYHKY [UIsl IHTEpHET-MarasuHy, pPO3IJITHYTO BHOIp TEXHOJIOTIH, 3aCTOCYBaHHS
ApXITEeKTYpHHMX MiJXOMIB Ta MAaTepHIB, a TAKOX MPHUHLMIIK MOOYIOBU 3PY4HOIO Ta
IHTYITHBHO 3pO3yMiIoro iHTepgeicy Juisi KOPHUCTYBadiB, MPEACTaBICHO CTPYKTYPY
IHTepHeT-MarasuHy Ta Hallp IHCTPyMEHTIB yIpaBJliHHs 3 00Ky aaMiHicTpaTopa.

Po3poOka 3aCTOCYHKy TMOYMHA€TbCS 3 BHOOPY MDK HAaTMBHHUM  Ta
OaratorratopMHUM — migxomoM.  HatmBHWIA — miaxim — 3a0e3medye  Kpamly
MIPOIYKTHBHICTh, OJHAK MOTpeOye Oimblie dacy Ta pecypciB. bararorumardopmumii
TIX17 TO3BOJISE IIBHUAIIC CTBOPHUTH 3aCTOCYHOK IS KUTBKOX IUIAT(OPM, OIHAK Mae
JesiKi 0OMEXKEHHSI B POIyKTUBHOCTI Ta (yHKIOHAIBHOCTI [1].

BuxopucTaHHs apXiTeKTypHUX MiaxoaiB, Takux sk MVVM, MVC ta MVP,
JI03BOJISIE  BLIUIMTH JIOTIKY 3aCTOCYHKY Bif iHTepdeiicy Ta aerayield peasisarii.
MVVM edexriBHO po3aisie 6izHec-yoriky Ta Ul, monermryroun TecTyBaHHS Ta
MATPUMKY, aje MOKe OyTH CKJIAJHUM JUIsl MPOCTUX MpPOeKTiB. MVC miaxomuTs s
MPOCTHX 3aCTOCYHKIB 3aBJSIKH CBOIll JIETKOCTI, ajie KOHTPOJIEp MOYKE CTAaTH BEJIMKUM Ta
BOXKMM I TecTyBaHHs. MVP 3a0e3neuye uiTke pO3ZUIEHHS MDK JIOTIKOIO Ta
iHTepdeticoM, aje BUMarae OUIbIIE 3yCHJIb HAa PEaNi3alilo Ta MOXKE MPHU3BECTH 0
po3poctanHs komy [2,3]. s CTBOpeHHS 3py4YHOrO Ta IHTYiTHBHOTO iHTepdeicy
BXJIMBO 3aCTOCOBYBATH MPUHIMITA MiHIMAII3MY, 3MCHITYIOYH KUTBKICTh KPOKIB UL
BUKOHAHHS 3aBJaHb, a TAKOX 3a0e3MeYMTH JIOTIYHY TIIOCIIJIOBHICTh €JIEMEHTIB
iHTepdeticy [4]. BuxopucranHs Takux craHmapTiB, sk Material Design ta Human
Interface Guidelines, cnpuse cTBOpeHHIO iHTepdeiciB, MO € Y3rO[KCHHMH Ta
NPUEMHUMH Ul KOPHUCTYBadiB, aJpKe BOHM IOTPUMYIOTHCS TPUHLMIIB B3a€EMOIL,
JOCTYITHOCTI Ta 3pO3yMLIOCTI.
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IIporpamHi MPOAYKTH, CHOPSIMOBAHI HA ONTUMI3allif0 (IHAHCOBOTO CTaHY
KOpHUCTyBaya, HaOyBalOTh BCE OUIBIIOI aKTyaJbHOCTI B Yac CTPIMKOTO PO3BHUTKY
TEXHOJIOTIH Ta NU(POBI3aIlil HOBCAKICHHOTO KUTTA [1]. YV cydyacHHX €KOHOMIYHHX
YMOBax, KOJW palioHaJbHE YIPaBIiHHS (QiHAHCAMH CTa€ BCe OLIBII BAXKIUBHM
¢dakTopoM U1 3abe3nedeHHS I0OpPOOYTYy CHOXHBA4iB, MOMIOHUI IHCTpyMEHT
MoOke OyTHM KOpHUCHHM sl mmpokoi aymuropii. Cdepa 3acToCyBaHHS TaKOTO
MIPOAYKTY OXOIUTIOE SIK IPUBAaTHE BUKOPUCTAHHSA, TaK 1 MOTEHLIHHY IHTETpamiio 3
OyXranTepchbKUMHU MIaTGOPMaMH IS 3pYIHOTO BUKOPHUCTAHHS KOMITAHIIMH.

ChOromHIIHI TEXHOJNOTii MPONMOHYIOTH pIIICHHSA, OUIBIIICTh 3 SKUX HE
BPaxOBYIOTh CIIOXKHMBayiB, SIKI BUKOPUCTOBYIOTH TOTiBKy. Came TOMY CTBOPEHHS
3aCTOCYHKIB [UIsS yIIPaBIiHHS OIO/PKETOM Ta HAKOMUYCHHIMH, SIKI OPIEHTOBAHO HA
TaKy ayIuTopilo, € MyXe aKTyaJlbHHM y Cy4acHy HUGPOBY €py, IO T03BOJHTH
KOXKHOMY JIETKO Ta e(EeKTHBHO pO3NOAUIATH JOXOJAW, YHUKATH (iHAHCOBUX
TPY/HOLIIIIB Ta AOCSTAaTH MTOCTABJICHUX IIJIEH.

MeTor K0onoBini € po3pobka iHTYITUBHOTO Ta (PYHKI[IOHATEHOTO MOOLITEHOTO
3aCTOCYHKY U1 CIIOKyBaHHA 3a O0COOHMCTHM OOkeToM 3 (pyHKIN€r
"ckapOHMUKA", 110 JO3BOJIHUTH KOPUCTyBayaM HE JIMIIE CIIIKYyBaTH 3a JOXOJaMH Ta
BUTpaTaMH, aje i e()eKTUBHO IUIaHyBaTH Ta HAKOITMIyBaTH KOIITH.

VY IomoBiAiI MpOaHANI30BAaHO OCOOJIHMBOCTI BHKOPHUCTAHHS 3aCTOCYHKIB LIS
ynpaBiiHHA (iHaHCaMu, 30KpemMa OONiK BUTpaT Ta IOXOMiB, Bi3yalbHE
opOpMIICHHA aHANITHKH Ta 3pYy4YHICTH iHTepdelicy. BusaBmeno, mo Ha
e(EeKTUBHICT, 1 MONAIBIIMI MOMUT UUPPOBHX (IHAHCOBHX IHCTPYMEHTIB
BIUIMBAIOTh JU3aliH, TOCTYIHICTb, MiATpUMKA poboTH Ha cydacHux OC, HasBHICTh
BizyaJi3auii Ta nepcoHaii30BaHMX HaialTyBaHb [2]. BukopucranHs MOOLIBHHX
TEXHOJIOTIH y 3B’S31[ 3 KOHICMIi€ reiMidikamii Ta aganTHBHOTO iHTepdeiicy
JI03BOJISIE CTBOPUTH NPOJYKT, 3JaTHUI JIONIOMOITH YHUKHYTH HEOOZyMaHUX
BUTpAT Ta HAKOIIMIYBATH KOIITH.

Jns po3poOKu 3acToCyHKY oOpaHO (peiimBopk Flutter, sskuii BUKOpHUCTOBYE
MOBY TporpaMmyBaHHs Dart 1 [03BoiIsiE CTBOPIOBAaTH Cy4acHi, Bi3yaJbHO
npuBaOIMBI Ta BHCOKONPOAYKTHBHI iHTepdercu. s 30epexeHHs maHUX
KOpHUCTYBaviB BUKOpHCTOBYeThcs SQLite — nerka BOymoBaHa 0asa JaHMX, sIKa HE
morpebye okpemoro cepBepy miast podoru. Lle poOuth ii imeanmpHIM BHOOPOM ISt
MOOITBHHX 3aCTOCYHKIB, OCKUIBKH JaHi 30€piraloThCs JOKAaJIbHO Ha MPUCTPOI, 10
3abe3meuye JOCTYyM 10 HAX HABITh 03 MiJKIIOYSHHS IO MEPEXKi.

Crucok Jirepatypu

1. Tyson E. Personal Finance For Dummies. Publisher: For Dummies; 10 Edition,
2023. 496 p.

2. MacCallum K., McDonald J. Non-functional Requirements in Systems Analysis
and Design. Publisher: Springer International Publishing AG, 2020. 264 p.

32



CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

ITPOBU OHJIAWH 3ACTOCYHOK "MOHOIOJIIA"
3 BUKOPUCTAHHSAM PYIIIS UNITY
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XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET pPadioeNieKTPOHIKH, XapKiB, YKpaiHa

VY cydacHOMY CBITI HEBiJl'€EMHOI YACTHHOKO JKUTTS KOXKHOI JIFOJIMHU € BMiHHS
e(eKTHBHO PO3NONUIATHA (DIHAHCH aJic NAICKO HE YCi BOJIOMIIOTH JaHOK HABHUYKOIO.
BMiHHS pO3yMHO pO3HOJUIATH KOIUTH, IUIAHYBaTH OFO/DKET Ta IPHUIMATH 3a37aJieTib
3BOKCHI Ta BHTiJHI €KOHOMIYHI DIllIeHHS € TapHUM (yHIaMEHTOM Ui 1oOyI0BH
(hiHaHCOBO-HE3aJIEKHOTO MaiOyTHEOr0. OHUM 3 HebaraTthbox crocodiB GopMyBaHHS
a00 BIOCKOHAJICHHS TaKOl HABHYKW € KJIACHYHI HACTUIRHI irpu. Hampukiman, mix gac
rpu "MoHomomis" MO)KHa HE TUTBKM TapHO IPOBECTH Yac TPAodd 3 KUMOCH ane i
3pO3YMITH OCHOBH POOOTH PUHKY, METOAN OOPOTHOM 3 KOHKYPEHIIIEFO Ta CTpATErii Ui
JOCATHEHHS (JiHAHCOBO BUTITHHX KOMIIPOMICIB.

MerToro g0omoBini € po3podka CTPYKTYpH OHJIAWH 3acTOCYHKY "MoHomomis" 3a
JOTIOMOTOI0 MOBH TiporpamyBanHs C# Ta irpoBoro pymris Unity [1]. Jaauit pymii
TOBHICTIO 3aJIOBOJILHUTH TOTpeOH 1mdpoBoi Bepcii rpu, ampke Mae yci HeoOXimHi
MOTYXKHOCTI JUIsl peamizauii 3ajavi: HalCy4acHIII IHCTPYMEHTH, IHTYITHBHO-
3PO3yMiNHii PeIaKToOp Ta IMPOKA T ATPUMKA 3 GOKY PO3pOOHHKIB JaHOro pyiis. Horo
BUOIp 3YMOBIECHHMI HasBHICTIO LIMPOKOIO CIeKTpa BOYJOBaHUX IHCTPYMEHTIB Ta
(GYHKLIM, sIKi JO3BOJSIIOTH CTBOPIOBAaTH TIPOEKTH DI3HOTO DIBHS  CKIIAJHOCTI,
MOYMHAIOYM Bifl TpocTux 2D-irop Ta 3aKiHUyIOUM CKIATHAMH 3D-CHMYIBISAMH 3
OaratomapoBoio rpadikoro. Moea C# [2] € TOTYXHOKO 00’€KTHO-OPIEHTOBAHOIO
MOBOIO, sika 100pe iHTerpyeThes 3 miatdopmoro Unity [3] Ta mo3Bomuts mpocto i
3py4HO HAIMCATH KO JUIS 3aCTOCYHKY Ta MiATPUMYBATH HOTO Haiali.

Barato yBaru npuisieHo po3poOili iHTep¢eiicy irpoBoro 3aCTOCYHKY, aJKe caMme
Yepe3 HhOTO KOPUCTYBad B3a€MOJI€ 3 HUM. ToMy OCHOBHI eleMeHTH iHTepdeiicy Oyno
PO3pO0JICHO Ta CTBOPEHO 3a JOMOMOTO0 OE3KOIITOBHUX OHIaiiH cepsiciB: Photopea,
Flaticon a6o Freepik.

Photopea — 1ie He3amiHHHI OHIANH CepBIC, KM iMiTye pOOOTY 3aCTOCYHKY
Adobe Photoshop ane Maibke HIYMM Bi HBOTO He BiApi3HsAEThCs. Flaticon —
OE3KOILTOBHUI CEPBIC, SIKMI JO3BOJISIE 3HAWTH IKOHKU Ha OyIb-sIKMI KOJIp Ta CMaK.
Came 1eli cepBic 3HAYHO NMPHCKOPIOE PO3POOKY 3aCTOCYHKY, 4Yepe3 HAsBHICTh BIKE
roroBux pimens. Freepik — cepBic, SKuWi MICTHTh KOpPHCHI 300paskeHHs.
BuxopucTanHs ycix IMX CepBICIB pa3oM, JIO3BOJISIE BHUPIIIHMTH IpodieMy Oyib-sKoi
CKJIaJIHOCTI IIBUJIKO Ta OE3KOIITOBHO.
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ITPOBUI BEB3ACTOCYHOK 3 BAKOPUCTAHHAM PYIIISA GODOT

Mopo3os K.I., Konryn F0.M., ®inimonuyk T.B.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

OcTaHHIMU POKaMH CIIOCTEPIraeThesl 3HAUHE 3pOCTaHHS HOMYJISIPHOCTI iHi-irop,
ocobimBo B skaHpi roguelike Ta iforo mimxaHpi survivor-like (HaTXHEHHOMY TpOIO
Vampire Survivors). Lli irpy npuBaOIIOOTH TpaBIiB JUHAMIYHAM TeHMIUICEM,
BHCOKOIO peirpabebHICTIO Ta MOXKIIMBICTIO CTBOPEHHSI YHIKaJILHUX OUIJIIB IIepcoHaxa.
Boganouac irposwuii pymiii Godot Engine HaOyBae Bce OLIbIIOT MO ISIPHOCTI 3aBAsSKH
CBOTH BIAKPUTOCTI, THYYKOCTI, IIOTY>)KHMM IHCTpyMeHTaMm i1 2D-po3poOku Ta
nibepanpHii minensii MIT [1]. Po3poOka rpu B TpeHIOBOMY JKaHpi Ha Cy4aCHOMY
pylIii € aKTyanpHOIO 3aJadelo, M0 JO3BOJLIE JOCHiAUTH MokimmBocti Godot mist
peamizamii crerudIYHIX IrPOBHX MeXaHIK Ta OTPHUMATH MPAKTHIHUHA JOCBII Y
CTBOPCHHI KOMEPIIIHHO PHBAOIMBOTO MPOIYKTY.

Merolo J0MOBiZi € Tpe3eHTalis CTPYKTYpH NPOrPaMHOTO MHPOIYKTY —
npototuity 2D rpu B xaHpi roguelike/survivor-like 3 BUKOpHCTaHHSAM irpOBOTO PYIIIist
Godot Engine, mo JeMOHCTpyE KIIIOUYOBI MeEXaHIKH >kaHpy. ['paBerb Kepye
MEPCOHaKEM, OCHOBHA MeTa SIKOTO BIKHMTHU MPOTH XBUIIb BOPOTIB HPOTSATOM SKOMOT'a
JIOBLIOTO 4Yacy. 3HMIIEHI BOPOTM MOXYTh 3aJMIIATH IUBILIEYKA 3 JOCBIIOM,
HaKOITMYEHHS JOCBIy NPU3BOANTH 10 MiJBUILECHHS PiBHS, 110 THMYACOBO 3YIIHHSIE TPY
Ta MPOIOHYE TPABLIEBI BUOPATH OJJHE 3 KUIBKOX BHIIAIKOBUX ITOKpPAIEHb: HOBY 30pO}0,
Moaupikamiro iCHyro4dol, a00 TIOKpaIleHHsS XapaKTepUCTUK TIepCoOHaxka. Ipa
3aBEPILYETHCS IOPA3KOFO MPH JIOCATHEHHI HYJIbOBOTO PiBHS 3[J0POB'SL.

TexHiuHa peaiizallis MPOEKTY 3MIilicHIOBaNack 3acobamu pymriss Godot Engine.
ApXITEeKTYpHOIO OCHOBOIO CITyTye cucTeMa cieH Ta By3miB (Nodes), mo 3a0e3medye
MOJIYJIBHICTB Ta THYYKICTh y pO3pOOIIi iIrpOBHX CyTHOCTEH (TIepCOHaX, BOPOTH, 30pos,
iHTepdetic kopuctyBada) [2,3]. OcHOBHA JIOTiKa IrPOBMX MEXaHiK 3alporpaMOBaHa 3
BUKOpHCTaHHsM BOynoBaHoi mMoBu GDScript [4]. [lnst opranizawii B3aemomii Mix
pi3HUMH irpoBUMH O00'€KTaMH Ta CHCTEMaMM AaKTHBHO 3aCTOCOBYBAJacsl CHCTEMa
curHaimiB  Godot, 1m0 703BONMIO TMOOYAyBaTH BIJJHOCHO HE3AJIOXKHI IPOrpamMHi
KOMIIOHEHTH Ta e()eKTHBHO KepyBaTH irpoBUMH MofisiMu [S]. Takum 4yMHOM, YCIIITHO
po3pobiiero mporpamuuii mpototun 2D-rpu roguelike/survivor-like, pymriii Godot
Engine miaTBepsuB CBOIO €()EKTHBHICTh Ta THYYKICTh, @ OTPUMAaHHUW NPOTOTHUII €
OCHOBOIO ISl TIOJIAJIBIIOTO PO3BUTKY Ta BIIOCKOHAJIEHHS IIPOEKTY.
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Ha ceoropHimHiii JeHp 1HOYCTpPIs MPOrpaMHOTO 3a0e3NeueHHs] € OJHIEI0 3
HaWOLTBII TPUOYTKOBHUX Ta CTPIMKO POCTYYHX rajy3eil. 3 KOXKHUM JTHEM KUIbKICTh
KOpUCTYBa4iB KOMIT'IOTEpIB CTPIMKO 3pOCTae, 0araTboM 3 HHX HOTPiOHO
OTpUMYyBaTH 1H(GOPMAIIIIO PO CBOE 3ai30 Ta SKICTh Horo podotu. lle mpu3BoIUTH
JI0 TIOSIBH "aHAJIITHYHOTO" IPOrpaMHOro 3a0e31eYeHHS.

CyyacHi mporpamMu BpaXaroTh KUIBKICTIO (YHKIIH uig onTuMmizamii Ta
MOHITOPHHTY, aji¢ depe3 Te¢ IO OUTBNIICTh 3 HUX € KOMEPUIHHIMH MPOEKTAMHU,
BOHHM BHMaraioTh abo KyMiBIi JIIEH3IMHUX KIIOYiB, a00 IUIATHOI MiIMUCKH IS
po3070KyBaHHA HEOOXimHMX (yHKIiH, abo MPOCTO TOCTYMy OO IMPOrPaMHOTO
3abe3nedeHHs. [IporpaMu Takoro THITy MPH3HAYEHI AJS TEPEBIPKH TEMIIEpaTypu
MEBHUX KOMIUIEKTYIOUHMX (IIPOLEcopa, BilCOKApTH TOIIO), BOJIBTAXY, NMEPEBIPKH
Bepcii IpaiiBepiB, 3aBaHTaAXKEHOCTI CHCTEMH Ta HAasBHOCTI HETOTPIOHOTO
nporpamMHoro 3abesnedeHHs. TakoX JAesKi MporpaMy MarTh BJIACHI AITOPUTMHU
TECTYyBaHHsSI CHCTEMH, SIKI JO3BOJISIOTH BIACITIJKOBYBAaTH i MOBEAIHKY B DPi3HUX
creHapisx BUKOpUcTaHHs [1].

MeTtoro momoBini € po3poOka CTPYKTypH 3aCTOCYHKY, SIKUil J03BOJISIE HE
TUIBKA TPOBOAWTH MOHITOPMHI amapaTHOrO Ta IIPOrpaMHOro 3abe3neueHHs
MIEPCOHATBHOTO KOMIT FOTepa, a i POBOJUTH TECTYBaHHS HOTO MPOIYKTUBHOCTI 3a
JIOTIOMOTOFO CITEI[iaTbHIX «OCHIMAPKIB.

s cTBOpEeHHS 3aCTOCYHKY Oyia oOpaHa cepena po3podku Microsoft Visual
Studio i3 BukopuctamaaMm Ul-¢ppetimBopky Windows Forms. i otpumanHS
JAaHUX BiJ| CHCTEMHM Ta IepellaBaHHS JaHUX JI0 KOPUCTyBada BHKOPUCTOBYIOTHCS
WMI (Windows Management Instrumentation) ta PowerShell. 3actocyHok
po3pobineHo 3a nonomoror MoBu C# Ta 1i 6i0nioTeK, it Opi€HTOBAHO AJIst 3pYYHOTO
MOJIaHHs JaHUX, SIKi OyJM OTpMMaHi BiJi KOMIOHEHTIB CHCTEMH Yy BHUIJISII
3py4YHOro iHTepdeiicy. 3aCTOCYHOK € aBTOHOMHHM Ta HE MOTPEOYE MiJKIFOUCHHS
JUIsl IHTEPHETY, TAKOXK HEMa€e HEOOXIIHOCTI y HOro MornepeaHii iHCTasLil.

BukopuctanHs i1 pO3pOOKH  OOpaHOTrO  IHCTPYMEHTapild  J103BOJISE
po3poOUTH TPOAYKT, SAKUH He Oyae 3aiimMatu 0arato MiCld Ta CHIBHO
HaBaHTAXXYBaTH CHCTEMY. BUKOPHCTaHHS 3aCTOCYHKY CIPHATHME IIJIBUIICHHIO
SIKOCTI pOOOTH NEpPCOHAJIBHOTO KOMII'IOTepa Ta EKOHOMIi pecypciB, a oro
XapaKTepPUCTUKU  3pOONATH  HOro OUIBIN  JOCTYITHMMH  JUIi  BJIACHUKIB
MAaJIOTIOTYXHUX TIEPCOHAIBHUX KOMII IOTEPIB.
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ITPOBUI 3ACTOCYHOK V¥ JKAHPI CUMYJIATOP-®EPMEPA
3 BUKOPUCTAHHSAM PYIIHUS UNITY

Myxin €.1., @irimorayk T.B.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

Y po3poOui irpoBUX 3acTOCYHKIB 3HauHy YacTHHY 4Yacy po3pOOHHMKH
BUTpaAyarOTh HA CTBOPEHHsS IrpOBHX MeXaHik, rpagidHoro oQopMIeHHS Ta
ONTHUMI3AIliI0 TPOAYKTUBHOCTI. Llel mporec Moxe OYTH CKIaIHUM Ta HOTPeOye
JOTpUMaHHA CyYacHHMX CTaHAapTiB reimamsaiiny. OcoOiauBy yBary ciij
NPUALIATA CUMYJIATOpaM, SIKi MalOTh pPEaNTiCTHYHI MEXaHIKM YIpaBiiHHSA Ta
ekoHOMiuHy Mojens [1]. Taki TPOEKTH YacTO BKIIOYAIOTH IIUPOKHH CIEKTP
(GYHKIIN, 0 B3a€MOIIOTH MiXK COOO0I0 B peabHOMY Yaci.

Oco0muBO  aKTyadbHHM € PO3pOOJICHHS CHUMYJSITOpiB-(hepMepiB,  sKi
JI03BOJISIFOTH TPABISIM 3aHYPUTHCS B YNPABIiHHSA BIACHHUM TOCIIONApCTBOM. Taki
iTpH TOMYJIpHI cepell KOPUCTYBadiB 3aBAAKH CBOIH OCBITHIH Ta po3BakKaJbHii
ckianoBiii [2]. BOHM TakoX CHPHSAIOTE PO3BUTKY CTPATETiYHOTO MHCJICHHS Ta
HaBUYOK IJIaHYBaHHs B irpoBiit ¢popmi.

Bukopucranns pymris Unity 3a0e3nedye THYYKICTh Yy CTBOPEHHI CKIJIAJIHUX
ITPOBUX CHCTEM, MiATPUMKY MYJBTHUMEIIHHNX EJNEMEHTIB Ta MOXKIIHBICTH
kpocmiatpopMHoro posropranss. Cy4acHi iHCTpyMeHTH po3po0OkH, Taki sik Unity
Asset Store Ta BOynoBaHI cucTeMH (i3UKH, CIPHAIOTh LIBHIKOMY CTBOPEHHIO
IHTEpaKTHBHOTO CEPEAOBHINA Ta €()EKTHBHOMY YIPABIIHHIO pecypcaMH TIpH.
Takox 1€ TO3BOJISIE CYTTEBO CKOPOTHTH Yac Ha peanmizamiro 0a30BUX (YHKIINA Ta
30cepeuTiCs Ha YHIKaIbHHX 0ocoOimBocTsX rpH. [IpoTe, ckiagHicTh OCBOEHHS
po¢eCIfHIX TEXHOJOTIH 3aIUIIA€THCS 3HAYHUM BHKITUKOM JUTS TIOYaTKiBIiB [3].

MeTo10 podoTH € po3poOKa CTPYKTYpH IrpOBOTO 3aCTOCYHKY B >KaHpi
cumyJsITopa-gepmepa 3 GYHKIIOHATIBHICTIO BEJICHHS BipTYaIBHOTO TOCIIOIAPCTBA.
Kitro4oBi MOKIJIMBOCTI TPU BKJIFOUYAIOTh TEHEPAIlif0 irpoBUX 00’€KTIB (HAIPUKIA,
pocnun, NPC, OyaiBens), a TaK0)K MOXIIMBICTh IPOJaXKy BPOXKAIO Ta MOJIIIIECHHS
BiacHOi ¢epmu. ['paBellb NMOBMHEH MaTH 3MOTY IEperjsjard, 3MIiHIOBaTH Ta
JI0JIaBaTH HOBI €JIEMEHTH JI0 CBO€T (hepMu.

IrpoBwuii 3acTocyHOK OOYA0BaHO 3 BUKOpHUCTaHHIM pyirist Unity, sikuit Hazae
LIMPOKI MOXIIMBOCTI JUIsi CTBOpPEHHS KpocruiaTrGopmuux iHTepakTuBHUX 2D ta 3D
noxatkiB. [HTepdeiic rpu peanizoBaHo i3 3actocyBanHsM Unity Ul-cucremu, s
peasizanii JIOTiKM TpH BUKOPHCTaHO MOBY nporpamyBaHHs C#, sika I ATPUMY€ThCS
Unity. 3D moneni Oyio ctBopeHo 3a nonomororo 3D penakropy Blender, a mesiki
eJleMeHTH Tpu Oynu B3sTi 3 MarazuHy Unity Asset Store.
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BEBIVIAT®OPMA JUIs1 MEPEXI BY IIBEJIbHUX MAT'ASUHIB

Hapenxo [1.0., @izimorayk T.B., Bonomyk O.b.
XapKiBChKUIT HAITIOHANBHUH YHIBEPCUTET padioelleKTpOHIKH, XapKiB, YKpaina

Iepexin moxacTBa B iH(opMaLiiiHy epy NpU3BIB JO CTPIMKOIO NPUCKOPEHHS
HOro TeXHIYHOTO PO3BUTKY. Takuii pO3BUTOK 3 POKY B PIK JIMIIIE HAOUpAE ITIOBOPOTIB i
MIEBHOIO MIpOIO, IIbOMY CIIPHUSIOTh CKJIaJHI YMOBH, Y SIKMX OIHHHJIOCS CYCIIJIGCTBO B
octaHHi poku. OnHi€ro 13 cdep, 0 MOCTYIOBO NMEPEXOAATh Y €IEeKTPOHHMIT (opMarT, €
Toprisis. YacTka omnepariiii 3 eeKTPOHHOT KOMepIil IOPOKY 3pOCTaE, HE3BAKAI0UN Ha
MOXJIMBI PH3UKH, IO TOSICHIOETECS THUMH TO3MTHBHUMHU CTOPOHAMH, IO I
MpUTAMaHHI: 3MCHIICHHS BHUTpPAT 9acy MOKYIII Ha TNpuaOaHHA ¢ BHOIp TOBapy,
MOXJIMBICTE OOpaTH HAWBUTINHINTY IIiHY, PO3MIMPEHHS PHHKIB 30yTy NPOIyKIii
NPOJIABIIEM, CKOPOYCHHSI HIM BHTPAT KOLITIB, yacy, mpari [1].

PosmmpenHs BUKOPUCTaHHS MOPTAaTHBHUX NPHUCTPOIB i MOCTYIIOBHI Iepexia 10
ENEKTPOHHHX TIOCIYT MPU3BIB 0 30UTBIICHHS MOMYIBIPHOCTI IHTEPHET-CEPBICIB, IO €
MOCTAYaJlbHUKaMU TakuX mociayr. Croci® iX BHKOPHCTaHHS TaKOX JIO3BOJISE
PO3LIMPUTH TOTEHIIAIBHY KUIBKICTh KOPUCTYBA4iB, SKUM TaKi CEPBICH MOXKYTh CTaTH
y mpurofi. OmHak He ciiifl 3a0yBaTH, 1110 PoOOTa EIEKTPOHHOr0 MarasuHy nepeadayae
HAasIBHICTh KOPHCTYBaua, sIKMH MOBUHEH 0aunTH rpadiuHe HagaHHs iHpopMalii pa3oM
31 croco6amu pobOTH 3 HErO.

Mertoro 1onoBini € po3poOka Ta CTBOPEHHsI Be0O3aCTOCYHKY, SIKMH OPIEHTOBAaHO
Ha poOOTy 3 TOBapaMH Ta iX IpojaxeM. 30KpeMa, 3aCTOCYHOK OyJi0 aJallTOBaHO came
JUTSL By3bKOI criemtiamizarii — OyaiBHuITBa. Ha naHmii vac MOOLIBHI 3aCTOCYHKH MAlOTh
Taki 000B’s3koBiI ckimanosi: Ul; Oi3Hec-norika, ska peanidye OCHOBHI (DYHKINi
KiHIIeBOTO TIpoAyKTy; B/I, sika BimmoBinae 3a 30epiraHHs Ta opraHizamito gaHux; APL,
SIKAH 3a0e31edye B3a€EMOJIF0 MK KIIIEHTCHKOIO Ta CepBepHOIO yactuHamu [2]. Jlis
CTBOPCHHSI 3aCTOCYHKY Oy1o oOpaHo Taki iHcTpymenTn: HTML (+ Tailwind), CSS, JS
(React.js) — mst kimienrcbkoi yactuau, PHP — st cepepy Gisnec-noriku, SQL — mist
omucy 0a3u MaHUX JMOAATKy Ta 3aluTiB J0 Hei. BUmiieHHS KIE€HTCHKOI YaCTHHU Y
BUIIISII BEOCTOPIHKM a00 BeO3aCTOCYHKY JIO3BOJISIE CTBOPHMTH TOBHICTIO MEPEXHE
PILICHHSI, SIKe BIAMOBiIA€ HABEICHOI BUIIC apXiTEKTypi, 10 i OyJI0 peanizoBaHO Ta
OIMMCAHO y XO/Ti BUKOHAHHS TOCITIUKCHHSL.

Y pgomoBii po3MISHYTO iCHYIOUl MNpOrpamMHi NPOAYKTH, Ha IX OCHOBI
MPOaHaJIi30BaHO iX IepeBark Ta HEIOJNIKH, & TAaKOXK OIMCAHO IPOIEC CTBOPEHHS Ta
HaJIaro/DKEHHS IIPOTPaMHOTO ITIPOJYKTY 3 HaBEJICHHSM IEBHHX JIOJIATKOBHX JIETAICH
roro po0oTH.
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MOEIJILHHPI 3ACTOCYHOK JJIs1 OTPUMAHHSA
I'EOJIOKAININHOI IH®@OPMAILII MICTA XAPKOBA

CrostroB J1.0., ®@imimoruyk T.B.
XapKiBChKUIT HAITIOHAIEHUH YHIBEPCUTET padioeIeKTPOHIKH, XapKiB, YKpaina

VY cydyacHOMy MICBKOMY CEpe/lOBHILI 3HAUHy YacTHHY 4Yacy MEIIKaHIl Ta rocTi
MiCTa BHTpayaloTh Ha IOIIYK HEOOXITHMX JIOKAaIlii Ta IUIaHyBaHHS ONTHMAaJbHHX
MapuipyTiB. Lle# mpouec yacto € Hee()eKTHBHMM Ta CXWJIBHUM JIO TOMHJIOK 4epes3
BIICYTHICTh akTyanbHOI iH(opmManii. OcobanBoi yBarm mnoTpeOyIOTh JaHi Ipo
iHdpacTpykTypHi 00'ekTH XapKoBa, sIKi MOCTIHHO OHOBIIFOIOTHCS Ta 3MIHIOIOThCS [1].

AKXTyaJIbHOIO TIPOOJIEMOIO UIS TYPHCTIB Ta HOBONPHOYJIMX MEIIKAHINB MicTa
XapKkoBa 3aJWIIAETHCS JOCTYIl O TEONOKAaIiiHOI iHpopMmamii [2], me ImBHAKA
Opi€HTAIlisI Ha MICIEBOCTI € HEOOXiTHOI YMOBOK KOM(OPTHOTO TIiepeOyBaHHS.
Cydvacui reoinopmamiiiHi cuctemu, Taki sk Google Maps T1a OpenStreetMap,
BHUPIIIYIOTh 33/1a4i HaBiramii Ta Opi€HTyBaHHSA y TPOCTOPi, 3a0e3MeuyoTh JOCTYII JI0
TeOaHNX Yepe3 IHTepaKTHBHI KapTH. YBara NPHIULIETHCS TOYHOCTI TeoJIOKamii Ta
aKTYaJIbHOCTI JIaHMX TIPO MICBKY 1HPPaCTPYKTypY, ajie iCHyro4i pillleHHs YacTo MaloTh
obmexeHy iH(popMaliro mTpo coemudiuni 00'ekT XapkoBa Ta HE BPaXOBYIOTh
JIOKAJIbHUH KOHTEKCT MicTa [3].

Metoio fgomoBini € BHpilIeHHS OpPOONEeMH  OTPUMAHHS  aKTyaJIbHOI
reoJioKariitHoi iH(opmarii micta XapkoBa, 1m0 mnependayae po3podKy MOOLIEHOTO
3aCTOCYHKY 3 TaKUMHU (DyHKIIOHATBHUMH MOXJIMBOCTSIMH, SIK BiOOpa)KeHHS KapTH
MicTa, monryK 00'eKTiB iHPPacTpyKTypH, MOOYI0Ba ONTHMAITBHIX MAPIIPYTIB, a TAKOXK
30epeeHHsT YIIOONEeHUK JIOKAIld Uil IIBHAKOTO NOCTyIy oduaitH. KopucryBau
MOBMHEH MaTH 3MOTY TMeperyimatd, (uIbTpyBaTH Ta [OAABATH HOBI MICIA IO
MEPCOHATBHNX 3aKNaoK. HeoOXiHOI0 € MOXKIMBICTH OTPHMAHHS —aKTyaJbHOL
iHdopMarii mpo TPaHCIOPTHY CHUTYAIIIFO Ta TOIT B MICTi.

3anponoHOBaHUii MOOUTPHHMI 3aCTOCYHOK [UIi POOOTH 3 TCOJIOKAI[HHOIO
iHpopmarriero Micta XapkoBa MOOYyZOBaHO Ha OCHOBI  KPOCILIAT(GOPMHOIO
¢petimBopky Flutter, sikuii 103BOJIsIE CTBOPIOBAaTH HaTHBHI iHTep(eiicu s Android.
Ul ctBOpeHHmii 3 BUKOPHCTaHHM BimkeTiB Material Design Ta BIaCHHUX KOMIIOHEHTIB.
Jnst peanmizariii mporpaMHoi JIOTIKK 3aCTOCYHKY BHUKOPUCTaHa 00'€KTHO-Opi€HTOBaHa
moBa Dart. TIpoGrmema poOOTH 3 T€ONPOCTOPOBUMH JAaHUMH  BHUPILIYETHCS
3acrocyBaHHsIM OpenStreetMap, a JuIsl JJOKaIbHOTO 30epeKEeHHS JaHUX PO 00'€KTH Ta
MapUIpyTH BUKOPHUCTOBYETHCS pelisiiiiiHa 6aza gannx SQLite.

Cnucok Jirepatypu

1. Munynin B.J. OcHOBHI MPUHIMITK reoiHGOpMAaLiifHUX CHCTEM: HaBY. MOCIOHHK.
XapkiBchKa HaIlioHATBLHA aKaaeMist Micbkoro rocmogapcersa. X.: XHAMI, 2010. 313 c.

2. Goodchild M.F. Geographic information systems and science: today and tomorrow.
Procedia Earth and Planetary Science 1 (2009), P. 1037-1043

3.Li S., Dragicevic S., Veenendaal B. Advances in Web-based GIS, Mapping
Services and Applications. Publisher: CRC Press; 1st Edition. 2011. 400 p. DOI:
https://doi.org/10.1201/b15452.

38


https://www.taylorfrancis.com/search?contributorName=Songnian%20Li&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Suzana%20Dragicevic&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Bert%20Veenendaal&contributorRole=editor&redirectFromPDP=true&context=ubx

CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

CMS VISl YITPABJTHHSA KOHTEHTOM BEBCAWTIB

Pu6kin /I.B., ®@inimoruyk T.B., Bomomryk O.b.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET padioeIeKTpOHIKH, XapKiB, YKpaina

IHTepHET-pECypc B CydacHOMY CBITI  BIOIIpalOTh MNPOBIOHY pOIb Y
NpeJCTaBlIeHHI iH(OpMallil, KOMYHIKallii Ta PO3BUTKY Oi3HEC-TIPOLECIB, CTAIOUH
HE3aMIHHHUM IHCTPYMEHTOM IS KOMMAaHiW, opraHisamiii Ta mnpuBaTHHX oci6 [1].
3pocTaHHsl TXHBOI MOMYJSIPHOCTI 3yMOBJICHE CTPIMKMM PO3BHTKOM IH(POBHX
TEXHOJIOTIH, y LEHTpI SKUX IepeOyBaroTh CHCTEMH KepyBaHHS KoHTeHTOM (CMS).
Taxki cuctemu 103BOJISIIOTH CTBOPIOBATH Ta peAaryBaTH BeOcaiiT 6e3 rIMOOKuX 3HaHb
IporpaMyBaHHS, IO POOUTSH iX 3aTpeOyBaHNMH cepe]] IHUPOKOTo KoJla KOPHUCTYBAdiB,
Bif moUaTKiBIiB A0 mpodecionanis [2]. [Ipote momymsaprai CMS, Taki sik WordPress un
Joomla, gacTo MarTh HaIMIpHY CKJIIHICTh, HU3bKY NPOAYKTUBHICTH IPU BHCOKHX
HABaHTAXKCHHAX Ta 0OMEXEeHY THYUKICTh JUIsl HECTAHIAPTHHX 33/1a4, [0 YCKIIAJHIOE iX
BUKOPUCTAHHS B MPOEKTAX i3 el iYHIMH BUMOramH [3].

Mertoro xonoBini € po3podka crpykrypu CMS Ha 6a3i JavaScript, React ta PHP,
o 3abe3neynTh 0a30BUI (YHKI[IOHAT: pelaryBaHHs TEKCTY, JOJABaHHs 300paXKeHb,
BCTaBKy IOCHJIaHb Ta HAJIALITYBaHHs MeTa-iHpopMaril Jisl MOIIyKOBOI onTUMi3arii
(SEO). Cucrema opieHTOBaHA Ha KOPUCTYBAYIB 13 MiHIMAJIbBHUM TEXHIYHUM JIOCBIIOM,
TaKHX SIK BJACHUKH MaJIoro Oi3Hecy, sKi MOTpeOyrOTh MIBHUIKOTO 3aIycKy caity 0e3
CKJIaJJHOTO a/IMiHICTPyBaHHS.

Bubip JavaScript 3yMOBIeHHII YHIBEpCANBHICTIO Ta 3IATHICTIO IIBHIKO
00poONATH MaHi HA CTOPOHI KITi€HTa, IO 3MCHIIYEe HABAHTA)XCHHS HA CepBEp Ta
TIBUIIYE TIPOIYKTHBHICTE iHTepdeticy [4]. DpeiimBopk React obpano depes iioro
KOMIIOHCHTHHH TiJXiJ, SKUH JIO3BOJSE CTBOPIOBATH IHTYITHBHHMI Ta MOIYJIBHUH
iHTepdelic KoprucTyBayda, CIPOIIYIOYH K pO3pOOKY, TaK 1 MoJablle MacITaOyBaHHS
cucteMu 3a iotpedbu. PHP BukopurcTaHo 11 cepBEepHOI JIOTIKH, 30KpeMa Uit 00pOoOKH
3amMTiB, 30€PEKEHHS JaHUX Ta 3a0e3MeUYeHHs CTaOUIbHOI B3aEMOIii 3 BeOCEpBEpOM,
IO pOOUTH OTO i/IeabHUM 3aB/ISKH IIMPOKIHM MATPUMILI Ta MPOCTOTI iHTerpaii [5].
Y nmnopiBusHHi 3 rToToBMMHM pimeHHsmu (WordPress) 3anpomoHoBaHa CMS
BUPI3HAETBCS MEHIIOI PECYPCOMICTKICTIO, LIBHJIINM PO3TOPTAHHSAM Ta OLIBIION
aJIANTUBHICTIO JI0 cHel(pivHUX OTped KOPHUCTYBaYiB.

Crucok Jirepatypu

1. Chaffey D., Ellis-Chadwick F. Digital Marketing. Publisher: Pearson; 6th Edition.
2022.728 p.

2. Suh P., Addey D., Thiemecke D., Ellis J. Content Management Systems. Publisher:
glasshaus, 2018. 198 p.

3. Williams B., Tadlock J., Jacoby J. Professional WordPress Plugin Development.
Publisher: Wrox; 2nd Edition. 2020.

4. Makarevich N. Advanced React: Deep Dives, Investigations, Performance Patterns
and Techniques. Independently published, 2023. 319 p.

5. Edmonds J. The Art of Modern PHP 8. Packt Publishing, 2021. 420 p.

39



Current directions of development of information and communication technologies and control tools

PO JOCBIA PO3POBKH TPOT'PAMHOI'O 3ACTOCYHKY
VIS OOTHKHU AKOCTI TABOPATOPHUX JOCJILI)KEHD
METOAOM KOHTPOJIBHUX KAPT

Hamok €.0., Maposriit £.C., Jamox O.M.
XapKiBChKUH HalliOHAJILHUH YHIBEPCUTET PalioeleKTPOHIKH, XapKiB, YKpaiHa

VY cydvacHili nmabopaTopHiil JiarHOCTHIN 3a0e3MedeHHs SIKOCTI Pe3yJIbTaTiB
JOCII/DKEHb € KIIOUYOBOIO YMOBOIO JUISi TNPUHHATTS OOIPYHTOBAHUX pIILICHB.
3Bakalo4M Ha 3pOCTaHHsA OOCATiB J1a0OpaTOpHMX MJaHUX 1 PI3HOMAHITTA
BUKOPHCTOBYBAaHOTO OOJIQJHAHHS, aKTyaJbHOIO € pO3poOKa aBTOMAaTH30BaHUX
IHCTpYMEHTIB, IO JO3BOJIIIOTH 3IIMCHIOBATH CTATHCTUYHHH MOHITOPHHT
aHATITHYHOTO eTamy mociikeHb [1]. KoHTpompHI KapTH, SK CKJIAZOBa METOJIB
CTaTHCTUYHOTO KOHTPOIIFO, 3aCTOCOBYIOTBCS Ul BUSIBJICHHS TEHICHILIH, 3CYBiB i
BHITIAIKOBUX BiIXWICHb y pe3yJbTaTaX BUMIPIOBaHb, 3a0€3MEUYIOUN Bi3yali3alliio
mporiecy B quHaMII [2].

Metoro po0OTH € OIliHKa MOXKJIMBOCTEH BHKOPHUCTAHHS pPO3POOJIECHOr0
MPOrPaMHOr0 3aCTOCYHKY JJIsl OILIHKK SIKOCTI pe3yJbTariB J1a0opaTOpPHUX
JOCITIKEHb Ta OOIPYHTYBaHHs 1X 3aCTOCYBaHHS y CKiaji iHpopMaliiHoi cuctemMu
CTaTUCTHYHOT'O KOHTPOJIIO MEAUYIHOI J1abopaTopil.

ITpoananizoBaHO MOKJIMBOCTI 3acTocyBaHHs X-kapT Ta R-kapt Illyxapra, six
0a30BHX IHCTPYMEHTIB KOHTPOJIO 3MIHHHMX MapaMeTpiB y MaiuxX BHOIpKax.
[IpoBeneHO MOJEITIOBAHHS TUIOBHX CUTYyaliil Ta M0OYZOBaHO KOHTPOJIBHI KapTH
Ha OCHOBI JJaDOPAaTOPHUX JIOCHI/DKEHb KPOBi Ta cedi, OTPUMaHNX 3 aBTOMaTHYHUX
anamizaropis (ABX Pentra 60 C+, Mindray BC-6000, EU-5600, HC-300).

[Iporpamua peamizamist 3miliCHEHa 3 BHUKOpHCTaHHAM Python, mo mo3Boisie
e(pEKTHBHO OOpOOIATH CTATHUCTUYHI JaHI 3aBISKH ITUPOKOMY HaOopy 0i0iioTek
(pandas, matplotlib, scipy). 30epiranssi Ta CTpyKTypH3aLis iHGopmallii BUKOHAHI
3a JonoMoror BOymoBaHoi 0azu manux SQLite, 1o 3abe3neuye aBTOHOMHICTbD 1
HIBUIKHAN TOCTYI 10 JaHUX 0e3 MoTpedu y CepBEpHOMY 3a0€3IeUCHHI.

Otpumani pe3ynbTaTh MiATBEPIKYIOTh e(EKTHBHICTb BHKOPHCTAHHS
KOHTPOJIbHMX  KapT SIK IHCTPYMEHTY Bamijanii JabOpaTopHHX  JaHHX.
3anpornoHOBaHMUN MiXiJ] JO3BOJISIE CBOEYACHO BHSBISATH CHCTEMHI MOMHUJIKH Ta
3HW)KYBATH MMOBIPHICTh KIJIIHIYHO 3HAUYLIMX TOXHOOK, IO CIPUSE MMiJBUIIECHHIO
HaJiHHOCTI MEIMYHUX pimeHb. Po3pobneHunit nmporpaMHuil MOAyJs Moxe OyTh
iHTerpoBaHuil y iHpopMauiliHy cHUcTeMH MEAWYHOI JlabopaTopii SIK KOMIIOHEHT
BHYTPIIIHBOTO KOHTPOJIIO SIKOCTI.
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METO/I 3ABE3NIEYEHHS HAIMHOCTI KOHTEWHEPU30BAHOT' O
3ACTOCYHKA B DOCKER

Pomanenko Bb.B., Uerrypna 1.C.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

VY cyyacHHX pPO3INOAUICHUX CHCTEMax, 30KpeMa B MIKPOCEpPBICHIN apXiTeKTypi,
KPUTUYHO BaXXJIMBO 3abe3reunTtH OesrepepBHE (PYHKIIOHYBaHHS CEPBICIB, OCKLIBKH
HaBITh KOPOTKOYACHI 3001 MOXKYTh NPU3BECTH JI0 3HAYHHX BTpPAT 1 MOPYLIEHHS Oi3Hec-
TIPOILIECIB.

Bucokuii piBeHb BIZIMOBOCTIMKOCTI MOKHA JIOCSIT'TH 4Yepe3 XMapHi IaThopMH,
Taki s;k AWS abo Azure, ane X BUKOPHCTaHHS MOXe OyTH €KOHOMIYHO HEJOIUIEHAM
JUIL MaJIoTO Ta CepemHbOro Oi3Hecy depe3 BHCOKI BUTpaTH [l]. ANbTepHaTHBHIM
piieHHsIM € KoHTeiHepr3aris Ha tiatgopmi Docker, sika 3a0esmedye i307sito,
THYYKICTh 1HQPacCTpyKTypu Ta aBTOMaTHYHE MacIITaOyBaHHS], ITiABUIIYIOYN
BiZIMOBOCTIHKICTh Ta ONTHMI3yFOUH BUKOPHCTAHHS pecypciB [2].

MeTtow paaHoi po6oTH € po3poOka Merony 3abesmedeHHS HATIHHOCTI
KOHTEWHEPU30BaHOTO J0JaTKy B cepemoBuini Docker, mo 3abe3mnedye ctabinbHY
po0OTY 32 yMOB OOMEXEHUX arapaTHUX pecypcCiB.

VY nomoBifi HABOAWTBHCS aHAI3 IHCTPYMEHTIB Ul aBTOMAaTH3allii yNpaBIiHHI
koHTeiHepamu 30kpema Kubernetes, Docker Compose Ta Docker Swarm. IIpote
posropraHHs Ta miaTpuMka Kubernetes motpeOyroTh 3HauHMX iH(PACTPYKTYpPHHX
pecypciB, a Docker Compose, Opi€HTOBaHWI Ha KepyBaHHS B JIOKAIHbHOMY
CepeNOBHIII, IO OOMEXye HOro BHKOPHCTaHHA B PO3MOIUICHMX CHCTeMax [3].
HagezeHi naHi noka3yotb, 1o Docker Swarm, Mae HU3Ky IepeBar, 30Kpema pocToTy
po3ropTaHHs Ta BOyOBaHY MATPHMKY OallaHCYBaHHS HABaHTaXKEHHS, IO 3abe3reuye
BHCOKY BiJ]MOBOCTIMKICTh 32 paxyHOK PIBHOMIPHOTO pO3IOZLTY HaBaHTAKCHHSI MiX
By3/1amMH Kiactepa [4].

Crucok Jirepatypu

1.1llo Take MikpocepBiCHa apXiTeKTypa: 3HA4YeHHs, CKJIAJOBi, IepeBary.
[Enexrponnuii pecypc] / Wezom. IT -kommanis moBHa po3poOka IpOrpaMHUX MPOIYKTIiB
Wezom - Kyiv, Ukraine. - 2024. - Pexum jgocTymy IO pecypcy
https://wezom.com.ua/ua/blog/scho-take-mikroservisna-arhitektura-znachennya-skladovi-
perevagi ([lara 3Bepuenns 31.03.2025).

2. Koshedran O, Tkachov V. Methods for Automating Development Processes and
Deployment of Microservice Applications. COMPUTER AND INFORMATION
SYSTEMS AND TECHNOLOGIES. 2021 May 30.

3. Jlokep Swarm sk imeambHUH cTapT Ui OpKecTpalii KoHTelHepiB. [EnexrpoHHmit
pecypc] / Terazus. — 2025. — Pexxum jmoctymy mo pecypey https://terazus.com/uk/3616-
docker-swarm-jak-idealnij-start-dlja-orkestratsii-kontejneriv ([Iata 3Beprennst 27.03.2025).

4. lleana, Marian, Maria loana Oproiu, and Constantin Viorel Marian. "Using docker
swarm to improve performance in distributed web systems." 2024 International Conference
on Development and Application Systems (DAS). IEEE, 2024.

41



Current directions of development of information and communication technologies and control tools

INEHTU®IKAIIA CHEHU®IYHUX 3EMEJBHUX JAIJISHOK
3 BUKOPUCTAHHSAM CYYACHHUX METO/IIB
MTYYHOI'O IHTEJEKTY

Csirenxo I'.M., Pomanenkos 10.0.
XapKiBChKUH HalliOHAILHUN YHIBEPCUTET pa/lioeleKTPOHIKH, XapKiB, YKpaiHa

[Mpouecu ynpaBimiHHA 3EMENBHHMH pecypcaMH B YMOBaxX BIHCHKOBUX
KOH(JIIKTIB XapaKTePU3YEThCSI BUCOKOIO HEBU3HAYCHICTIO Ta JWHAMIYHICTIO.
TpaauniiiHi METOAM KOHTPOJIO 3a CTaHOM CUILCHKOTOCHOIAPCHKUX TEPUTOPIH €
Masloe(peKTUBHIMHU a00 30BCIM HENPUAATHHUMHU B 30HAX, MO 3a3HAIN BIUIUBY
OoiioBux nii. BogHouac, Bu3HaueHHsS MacIuTaOiB 3aHen0aHHsA a00 IOIIKOKEHHS
3eMEJbHHX [JUITHOK € KPUTHYHO BaKIMBUM 3aBIAHHAM JUIS HOAAIBIIOTO
IUIAaHYBaHHS €KOHOMIYHOTO BiTHOBJICHHS TEPUTOPIH.

3 iHmoro OOKy, Cy4acHi AOCSATHEHHA y cdepi AUCTAHIIHHOTO 30HIYyBaHHSI
3emii (LULC) Ta TeXHOJOTIH IITYYHOTO iHTENEKTY BiIKPHUBAIOTh MOYKIIBOCTI JIJIS
aBTOMAaTH3aLil MPOIECiB MOHITOPHHTY Ta aHaNi3y 3eMIICKOpUCTYBaHHs. [yt mocrt-
KOH(JIIKTHUX TEPUTOPiH MEPCIEKTUBHUM € BUKOPHCTAHHS CYNyTHHUKOBUX 3HIMKIB
pisaux tumiB (SAR, LIDAR, temnoBiziiii)[l] y moeaHaHHi 3 KiNbKiCHUMHA
MOKa3HUKaMU IIOKPHBY 3eMHOI mnoBepxHi Takumu sk Normalized Difference
Vegetation Index (NDVI) ta Normalized Difference Built-up Index (NDBI)[2]. Ha
OCHOBI IIMX JQHMX MOJXJIMBE 3aCTOCYBaHHS METOJIIB MallMHHOTO HaBYaHHS JUIs
ABTOMATHYHOI 1IeHTH]IKAII{ TOMIKOKEHUX a00 3aHeN0AHNX 3eMEIbHUX JIIISTHOK.

Mertoro nomoBiai € dhopmaiizanisi 3aBJaHHSI aBTOMATH30BAHOTO BHSBIICHHS
Ta OI[IHIOBaHHS CTYICHS TOIIKOKEHb 3eMEIbHUX PECypcCiB Ta cropyn i OyaiBens
Y MOCT-KOH(IIKTHUX PErioHax 3 BUKOPUCTAHHIM CYITyTHHKOBHX JaHHX Ta METOJIB
MAalIMHHOTO HAaBYaHHS.

B mpomeci peamizamii MOCTaBIeHOI METH IUIAHYETHCS aJalTyBaTH BilOMi
mixoau 1o Kiacudikanii 3emMiekopucTyBaHHs, 30kpeMa mozeni Random Forest,
SVM Ta SegNet, i3 3actocyBanusM NDVI ta NDBI, 3 ypaxyBaHHsIM crienudiku
TEPUTOPIH, 1110 OYJIO MOIMIKOIKEHO B HACIIJOK OOMOBHX JIiH.

Takum 4rHOM, MOXe OYTH CTBOPEHO METOJMYHE Ta TEXHOJIOTIUHE MiAIPYHTS
JUIsl eEKTUBHOTO YIIPABIiHHS 3€MEJIbHUMHU PECYpPCaMHU, SIKE JIO3BOJIUTH MPUAMATH
pelieBaHTHI PILIeHHs MIOA0 IX BIAHOBJIECHHS B YMOBaxX BiHCHKOBHX KOH(QIIKTIB Ta
ITCIIIBOEHHOTO TIEPioy.
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BUKOPWCTAHHSA MPOTPAMHMX 3ACOBIB JIJISI ABTOMATH3AIIT
IMPOLECIB YIIPABJIIHHSI HA OCHOBI ITYYHOI'O IHTEJIEKTY

Txkauenko T.A., Muxaiinigenxo 1.B.
XapKiBChKUI1 HAITIOHANBHUH YHIBEPCUTET padioeNIeKTPOHIKH, XapKiB, YKpaiHa

B ymoBax cTpimMKkoi aupKkuTanizarii Ta pO3BUTKY HOBITHIX TEXHOJIOTIH, OJIHIEIO 3
skux € mryyHuid iHTesnext (ILI), muranHs aBromaruzanii ynpasiiHHS CTae Bce OLIBIT
aktyanbHuM. BnpoBamxenns LI B agMiHicTpyBaHHs 3a0e3nedye TOYHICTb 1
LIBUJIKICT TPUHHSTTS PillleHb, a TaKOX 3HAYHO MiABHMIIYE e(EeKTHBHICTh Oi3Hec-
TIPOIIECIB.

MeTo10 OMOBIAlI € TOCTIMKEHHS MOMIIMBOCTEH BHKOPHCTAHHS IIPOTPAMHHX
3aco0iB, sKi 0a3ytoThes Ha TexHoJorisax I, s aBroMaTH3amnii mpoIeciB ynpaBIiHAS
B CyYacHHX Oprafizalisx. ¥ po0oTi po3risiiaeTscs Te, K caMe 3aCTOCYBaHHS JTAHHX
METOJIB J03BOJISIE ONTHMI3YBaTH PI3HOMAaHITHI TPOIECH KepyBaHHS, 3a0e3reduyroun
OUTBIII TOYHE Ta IIBHIKE MPUHAHATTS pilleHb. 30KpeMa, WIEeThCS MPO BHUKOPHUCTAHHS
I st ynocKOHANEHHS 3BITHOCTI, POTHO3YBAaHHS PU3HKIB, a TaKOX IOKPAIICHHS
PpoOOTH KOMaHI 1 MiABULIEHHS €pEeKTUBHOCTI KOMYHiKaIlii.

Opnuiero 3 ronoBHuX 1utedi BukopucTanHs LI e aBTOMaTH3allis MNIOACHHHX
3aBJiaHb Ta JOPY4YeHb, SIKI MOTPEOYIOTh 3HAUHY YacCTHHY 4acy CHiBpOOiTHUKIB. Taki
3aja4i MOXKYTh BKJIIOYATH B ceOe IUIaHyBaHHs, ()OPMyBaHHs 3BiTiB, MOHITOPHHI
BUKOHAHHS 3aBJaHb Towo. [IporpamHi pimenns Ha 6a3i LI, nanpukian yar-6otu ado
CHCTEMH MAIlIMHHOTO HABYAHHS, IO3BOJIIOTH 3HU3UTH HABAaHTaKCHHS HA NPaliBHUKIB
1 JaTH MOXJIMBICTD IM 30CepeIDKyBaTHCS Ha OUIBII CTpaTETidHMX AacIeKTax
anMiHicTpyBaHH:A[ 1].

Takox BaXJIMBUM MOMEHTOM € 3actocyBaHHs LI y aHami3i Benmmkmx 00’eMiB
naHux. Y naHoMy Bumaixy LI 3moske BUSBUTH MOXIIMBI 3arpo3H 1 PU3HKH, HaJlaTH
TIeBHI peKOMEH/IAIIT IO/I0 X YHUKHEHHS, 0 CIPUATIME PUHHATTIO OUTBI CITYTITHIX
piLIeHb.

Ilpu 1mwomy BmpoBamkenHs LI moke npu3BecTH [0 TNEBHUX MPoOIieM,
HaIpHKIIaJ, 30epeKeHHs] KOHTPOIIO Hajl aBTOMAaTH30BaHUMHU CHCTEMaMH, OCOOJIMBO,
SIKIIIO BOHH 3a/IisHI Y NPUHAHATTI BAYKJIMBUX PillIeHb, SIKI MalOTh BEJIUKHUI1 BILIUB.

BHCHOBKHM: y WLITY4YHOTO IHTENEKTYy € BENUKHH MOTEHILia]l Ui TOro, IO
TpaHchopMyBaTH TporiecH ympasiiHasa. Brposamkenns LI mae 3mory koMmaHisim
OIITUMI3YBaTH BUTPATH, IMBUILUTH SKICTh YIPABIIHCHKUX pillleHb, aBTOMATU3YIOUH
3BUYaiiHI 3aBaaHHs. [Ipy IIbOMy Ba’KJIMBO BpaxOBYBaTH HE TUIBKHM ITI€peBart, a i
HEJIOJKH, SIKi MOXYTh BUHUKHYTH ITiJ] 4ac IPOLECY BIPOBAPKEHHS LIHX TEXHOJIOTIH.
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METO/] 3ABE3INIEYEHHSI
BIZMOBOCTIMKOCTI MIKPOCEPBICIB Y AWS

Txauernxo O.B., Uenypra I.C.
XapKiBCHKHIA HALlIOHAILHAN YHIBEPCHUTET PaIioeIeKTPOHIKH, XapKiB, YKpaiHa

BrpoBakeHHs cy4acHUX Oi3HEC-TIpoIieciB, 30kpemMa po3podku, loT-pinieHs
Ta (pIHAHCOBHUX CHCTEM, JIe/lalli YacTillle BUMarae BUKOPUCTaHHS MacIITa0OBaHUX i
THYYKHX TEXHOJIOTIYHHMX pilllecHb, IO 3a0e3MeUyIOThCsI  MIKPOCEPBiICHOO
apxitekTypoto. OmHuUM 3 e(EeKTHBHUX MiAXOIIB € PO3TOPTaHHS MiKPOCEpPBICHOI
apXiTeKTypu Yy XMapHUX  CEpeJOBHIIAaxX, M0 JO3BOJSE  CTBOPIOBATH
BHCOKOMAcIITabOBaHI Ta aJanTHUBHI CHCTEMH, SKi TapaHTyIOTh THYYKICTh
PO3TOpTaHHS, aBTOHOMHICTh OKPEMHX KOMIIOHEHTIB Ta MOXIIUBICTH OMIEPATHBHOTO
MacmtabyBanHs [1, 2]. B MacmraboBaHHX CHCTEMax 3pOCTAaHHS KUTBKOCTI
KOMIIOHCHTIB 1 3aIUTIB MOKE CIPHYMHHUTH CYTTEBE 30UIBIICHHS 3aTPUMOK IIPH
00po01IIi 3amuTIiB Ta JOCTYIIL A0 pecypciB. HakommueHHs 3arajabHOI TaTEHTHOCTI B
TaKUX CHUCTEMax He JIMIIe 3HIDKYE IIBHUIKICTh B3a€MOAIl MK KOMIIOHCHTaMH
MIKpOCEPBICHOI apXiTEeKTypH, ajie il HeraTMBHO BIUIMBA€E Ha 3arajibHy HaJiiHICTb
cucteMu, OOMEXylouu ii 34aTHICTH A0 e(QEKTHBHOIO MacIUTa0yBaHHS IpU
301IbIICHHI HABAHTAXKEHHSI.

Metoro poGoTm € po3poOka MeETOAy 3a0C3MCUCHHS —BIIMOBOCTIHKOCTI
MIKpOCEpBICHUX apXiTeKTyp Ha 0a3i xmMapHoi ruiatgopmu AWS.

VY momoBimi TPEeNCTaBICHO OIJIAA OCHOBHHX cepBiciB i ¢(yHkmiiH AWS, mo
CHpUSIOTh  (POPMYBAaHHIO  BiZIMOBOCTIMKOI Ta MacmTaboBaHOI —MIKPOCEpPBICHOI
apxiTektypu. 3okpema, BukopucTaHHi AWS Lambda 3a0e3medye aBTOMaTHIHE
MaciraOyBaHHS MikpocepBiciB [3], a inrerparis 3 API Gateway mo3Boisie eeKTHBHO
MapIIpyTU3yBaTH 3allUTH JIO PECYpciB, 3aCTOCOBYIOUM BOYIOBaHI MeEXaHi3MH
KOHTpOJIt0 JiocTymy. Lle migBuinrye piBeHb Oe€3NeKH Ta 3aXHUCTy JaHUX, & TaKOX
3a0e3nevye OaaHCyBaHHsI HABAHTAXKEHHs T1ijl 4ac JOCTYITy JI0 PECYpCiB, LIO CHpHsE
e(eKTUBHOMY BHKOPHCTaHHIO OOUYMCIIIOBAIBLHUX PECYpCiB Ta MIATPUMII CTaOUIBHOT
POoOOTH PO3MO/IiIeHOT IHPPACTPYKTYPH VISl PO3TOPTaHHSI MIKpOCepBiciB [4].
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USAGE OF THE TIME SERIES DATABASES
IN THE MODERN WEB APPLICATIONS

Vroukin K.M., Hi f1.C.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

In the contemporary landscape of web application development, scalability
inevitably leads systems to adopt well-established architectural paradigms such as
microservices, monolithic, or modular monolithic architectures. As systems grow in
complexity and size, a fundamental challenge arises: the need for continuous,
structured observation and performance evaluation of application behavior [1].

A prevalent solution to the problem involves embedding the required
functionality directly into the application, which results in expanding the codebase and
utilizing the application’'s data storage. The primary objective of this study is to promote
and integrate the software design component responsible for collecting application
metrics and logs [2], while also highlighting the advantages of using a time series
database [3] for specialized tasks. To this end, an application will be introduced with a
defined system architecture, followed by enhancements incorporating logging and
metrics collection capabilities using Prometheus [2], Grafana [2], and a time series
database as the data source. The proposed approach emphasizes modularity and
abstraction, enabling greater flexibility and maintainability for developers, while
supporting deployment in both cloud and local environments. This separation of
responsibility allows teams to scale monitoring infrastructure independently of core
application logic, improving long-term sustainability and operational resilience.

The significance of this overview is in enhancing the development and
operational lifecycle of software systems. It advocates for the systematic collection of
application metrics not only through traditional text logs but also via visualized data
and interactive dashboards [2].

Such dashboards empower technical users to pre-emptively address anomalies
through telemetry alerts, conduct historical data analysis for business insights, and
identify performance bottlenecks by analysing application operations with the highest
latency.
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3ACTOCYBAHHJI IIVIK M340 J1J151 KEPYBAHHSA
HABAHTAXKYBAJIBHUMHU ITPOLECAMHM

SIaxoBcrkuii O.A., KoBanenko A.A., IBannmpkuii P.O.
XapKiBChKHUI1 HAIIIOHANBHUH YHIBEPCUTET pagioeeKTpOHikH, XapKiB, YKpaiHa

ABroMaTH3amisi BUPOOHMYMX TMpOLECIB 3aBxau Oyna i Oyae akTyalbHUM
3aBIaHHAM. OCOONMBO aKTyaJbHOIO BOHA CTAa€ Ha BEJMKUX IIIPUEMCTBAX, [IE
BaHTaXXI MK LIEXaMH1 JJOBOJIUTHCS TPAHCHIOPTYBATH Ha BEJMKI BiZICTaHi, IHOJi KIJIOMETp
i OlbIle. ABTOMATH3YBATH YIIPABIIHHS BCIMa MEXaHI3MaMH [HOTO MPOIIECY 3PYYHO 32
JIOTIOMOT'OF0 POMHUCIIOBHX IPOrPaMOBaHKX JIOTYHUX KoHTposepiB. (IJIK).

MeTtoro nonoBiai € po3poOka KOMMI'IOTEPHOI cucTeMu 3 BUKopucTtaHHsIM [TJIK
M340 ¢ipmu Schneider-electric [1] mis kepyBaHHs CIECMIATBHAMHA MeEXaHI3MaMu
M Yac BHUKOHAHHS HABaHTAXyBaJbHUX poOiT. Ilepesaroro M340 (puc. 1) €
MOXJIMBICTD IMIAKIIOYEHHS Horo 1o Komm'torepa depe3 Ethernet, mo myske 3pydHO
Ha Benukux Biacransx. Kowmmanis  Schneider-electric mpomnoHye —Benukuid
ACOPTHMEHT PI3HUX MOJYJIB ISl IPUHMaHHS aHAJIOTOBHX 1 IMCKPETHUX CUTHAIIB, &
TaKO)X KEPyBaHHS pPI3HUMH MEXaHi3MaMd. MOy TpalioTh i3 CHCHAJaAMU
aMIUTiTyHor0 1o 24 B, mo agye BaXITHMBO NI IMIABHUIICHHS 3aBaJOCTIHKOCTI
cUCTeMH B yMoBax BHpOOHMITBA. IHIIa nepeBara M340 - MOXJIMBICTb «raps4oi»
3aMiHH HECTIPABHOTO MO a00 IMiJKITFOUCHHS TOJaTKOBUX MOMIYTIB.

Pucynok 1 — I[IJIK M340

Sk pesynbTat, Oyio 3alIpOIIOHOBAHO CTPYKTYPY CHCTEMH, IO CKJIQIAETHCS 3
komm'totepa i IIJIK M340, s sikoro oOpaHo cremiagbHi MOy AJIsl KepyBaHHS
BUKOHAaBUYMMH MEXaHI3MaMM HaBaHTa)XXyBayiB, JaT4YMKIB IXHBOTO IOJIOKEHHS.
Po3pobaeno nporpamuy Mozaens o0panoi koHdiryparii [TJIK.
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PO3IOAIVIEHI OBYNCJ/IEHHA B 3AJTAYAX AHAJII3Y
BEJIUKHUX JAHUX

Muponenko M.B., Jlsmenko B.O., Mopos A.B.
XapKiBChKUI1 HAITIOHANBHUH YHIBEPCUTET padioeNieKTPOHIKH, XapKiB, YKpaina

31 3poctaHHSAM OOCSTiB JaHMX, LIO TEHEPYIOThCS Y PpI3HUX cdepax,
TpaMuUiiiHi MeTonu OOpOOKH mepecTaroTb OyTH e(peKTHBHHUMH. BukopucraHHs
PO3MOAUICHUX OOYKMCICHb JO03BOJIIE CYTTEBO IMIJABHIIUTH INBUAKICTH aHAII3y
BEJNIMKUX JaHUX 3aBASKM NapaienbHid oOpoOri iHpopmalii Ha KiJbKOX BYy3Jax.
Taki TeXHOJOTIi € KPUTHYHO BaXKJIMBHMH JJIsI BUPILICHHS CKJIAJHUX 3aBAaHb Y
HAyYKOBHUX  JOCHIDKCHHSX,  Oi3Hec-aHawmiTUIl,  (inaHcoBiH  cdepi Ta
TPOMHCITOBOCTI. [1]

OmHUM i3 KIIOYOBHX MIOXOAIB Y  PO3MONUICHUX OOYUCICHHAX €
BUKOPHUCTAaHHS KJIACTEPHUX CHCTEM Ta OOYMCIIOBANIBHHX XMap, sKi 3a0e31e4yroTh
MaciTaboBaHICTh Ta BiIMOBOCTIHKicTh. Hanmpukmnan, texrnonorii Hadoop ta Spark
JO3BOJISIIOTE OOPOOIIATH BENUKI MACHBU HECTPYKTYPOBAHUX JAHUX, 3aCTOCOBYIOUH
JITOPUTMU PO3MOJIJIEHOr0 30epiraHHs Ta 00poOKH.

Ile 3abe3neuye edekTUBHUII aHami3 y peaJbHOMY 4Yaci, IO Ma€ BEJIHKE
3HAUEHHs JUIS NMPOTHO3YBaHHS PUHKOBHX TEHICHIH, BHUSBJICHHS IIaxpalcTBa Ta
onThMi3alii BUpOOHUYHX MpoIeciB. [2]

OKpeMuM HampsIMOM € BHKOPHCTaHHS TIOPUIHUX MiJXOJIB, IO MOEIHYIOThH
XMapHi Ta JOKajgbHI oOuucneHHa. Taki Mojenmi JO3BONSIIOTE  3HHU3HUTHU
HAaBaHTO)XCHHS Ha LEHTPaNi30BaHi CepBEpH, ONTHUMI3yBaTH BUTPAaTH Ha
IHPPaCTPYKTypy Ta 3a0€3MEeUNTH BUCOKY MPOAYKTHUBHICTH HABITh 32 HECTAOLTEHUX
00YHCITIOBAIEHUX PECypCiB.

Kpim Toro, mosiBa KBaHTOBHX OOYHCIICHB BIJIKPHUBAE HOBI MOXKIIHBOCTI IS
aHAN3y BEJMKUX IaHUX, HO3BOJITIOYM CYTTEBO CKOPOTHUTH 4Yac OOYHCIICHb Y
CKJIa[THUX 3aj[ayaX MAINTHHHOTO HAaBYaHHs Ta Kpunrorpadii. [3]

MeTow DOMOBIiAI € PO3MIIsA] CydyaCHHX METOJIB PO3MOIIICHHX OOYHCICHD
JUISL aHANTI3y BEJIMKHX JTAaHUX, 30KpeMa KIACTePHUX CHUCTEM, XMapHUX Iarhopm ta
MEepPCIEKTHB KBAaHTOBHX OOYHCIIEHb, a TaKOX aHali3 IXHbOTO IPAKTUYHOTO
3aCTOCYBaHHS Yy PI3HHUX rajy3sx.
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IHTEJIEKTYAJIBHI CUCTEMM YIIPABJITHHS
IOT-TIPUCTPOSIMU

Uywmak [1.C., [Tokasiit K.O., Tumommernko /1.0.
XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET paioeeKTpOHIKH, XapKiB, YKpaiHa

3 possutkom IHTepHery peueit (IoT) 3pocrac morpeba B edeKTHBHUX
METO/IaX YIPaBJIiHHA BEJIMKOIO KUTBKICTIO ITiAKIIOUEHUX MPUCTPOIB.

TpaaunidiHi ueHTpasi30BaHl MiAXOAM HE 3aBXKIU 3a0€3MEeUyIOTh HEOOXiIHY
THYYKICTh, MaclITa0OBaHICTh 1 MIBUAKICTH OOpPOOKHM JaHHMX, IO 3YMOBIIOE
HEOOXITHICTh BIPOBA/KEHHS IHTENEKTyaJbHUX CHUCTeM ynpasiiHHsA. OgHuM i3
MEPCIIEKTUBHNX HAMPSAMIB € BUKOPHCTAHHS MITyYHOTO IHTENEKTY Ta MAaIIMHHOTO
HaBYaHHS JJI aBTOMATH3allil IPUITHATTS pilleHb Ta aJanTallii CHCTeM 0 3MIHHHX
YMOB ekcruryarari. [1]

CyuacHi iHTeNeKTyaJbHI cHCTeMHU yrpaBiiHHA loT-mpuctposmu 6a3zyroThes
Ha TEXHOIOTISAX ACLEHTPAIi30BaHOTO aHaNi3y MAaHWX, O0YMCIIeHb Ha mepudepil
(edge computing) Ta HeHPOMEPEKEBHUX AITOPUTMIB.

Hanpukian, posmofinieHi  HeWpoMmepexi  MO3BOJSIOTH — MIiHIMi3yBaTH
HABaHTAKCHHS Ha LEHTPAJIbHI CepBEPH, MiJBHIIYIOUH LIBHIKICTH Peakiii cucteM
Ha NoJii B peaJlbHOMY Yaci.

KpiM TOro, Meroau caMOHaBYaHHsS CIPHUSIOTH TOKPAIEHHIO TOYHOCTI
MIPOTHO3YBaHHs Ta €()EKTUBHOCTI BUKOPUCTAHHS pecypciB. [2]

OxpemuMm HampsMoM € migBuiieHHsS Oesneku loT-cucrem mursixom
BIIPOBA/DKCHHS MEXaHI3MIB OJIOKYeHHy Ta Kpunrorpadignoro 3axwcry. Taki
IiIX0/IW O3BOJISIFOTH 3HU3UTH PU3UKH HECAHKI[IOHOBAHOTO JIOCTYITY, 3a0e3MeuuTn
LOUTICHICT TEepeJaHuX JaHUX 1 CTBOPUTH JOBIPEHE CEPENOBHINE I
¢yukmionyBanss loT-mepex.

Ile mae xmodoBe 3HaueHHA y cgepi PO3YMHOTO MICTa, IPOMHCIOBOI
ABTOMATH3allil Ta KPUTHYHO BaXKJIMBUX 1HPpacTpyKTyp. [3]

MeTo10 10MOBii € aHam3 Cy4yacHHX IHTENEKTyaJIbHHX CUCTEM YIpaBIIiHHS
l0T-npucTposiMK, pPO3MIISA METO/IB MAllMHHOTO HAaBYaHHS, JCLECHTPANIi30BaHUX
004YHCIIeHb 1 TEXHOJIOTIi1 Oe3MeKH, a TaKoX OI[IHKA IXHbOT e)EKTHBHOCTI y Pi3HUX
cepax 3acTocyBaHHs.
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) MYJbTHATEHTHI CUCTEMH
TA IX 3ACTOCYBAHHS B JIOTICTHIII TA EKOHOMIII

JIebins 1.C., CitaikoB B.I.
XapKiBChKHUIT HAITIOHAIEHUH YHIBEPCUTET paJioeIeKTPOHIKH, XapKiB, YKpaina

31 3pocTaHHAM 00CATIB iHpOpPMAIlii, [0 TeHEPYETHCS B Cy4acHUX IU(POBUX
cucTeMax, IMOCTae TpodieMa e(QEeKTHBHOIO YHpaBJiHHA iH(GOpPMaLHHUMHU
motokamu. TpanuiiiiHi MeToau aHami3y Ta OOpOOKM NMaHMX HE 3aBXKAM 3aTHI
3a0e3rneunTH HEOOXIJHWH piBEHb WIBHIKOCTI Ta aJanTHBHOCTI. Bukopucranss
ITOPUTMIB MarMHHOTO HaBuaHHs (ML) no3Bosisie MiABHIINTH €(QEKTUBHICTH
yOpaBIiHHA iHQOPMAIIfHUMH TIOTOKAMH 3aBISKA aBTOMAaTH3allii IpOIECiB
aHami3y, kinacudikamii Ta MapmpyTr3amii faHux. [1]

OpmHUM i3 KIIOYOBHX HampsAMiB 3acTocyBaHHA ML € omrtmMizariss oOpoOku
MIOTOKOBHX JAaHUX y pealbHOMY 4aci. AJITOPHTMH, Taki SK HEHPOHHI Mepexi Ta
rpafieHTHUH OYCTHHI, MOXYTh IIPOTHO3YBAaTH HABaHTAXEHHA Ha MEpexy,
aJanTyBaTH MaplIpyTH3aMlilo iHGOPMAIHHUX MOTOKIB 1 3MEHITYBaTH 3aTPUMKH y
nepenadi 1aHMX.

Hanpuknan, y Bemukux nara-ueHtpax ML-Mojeni BHKOPUCTOBYIOTHCS IS
JUHAMIYHOTO OajaHCyBaHHsS HABaHTAXKCHHS MDK CepBepaMM, M0 TOKpaILye
MPOJXYKTUBHICTh Ta 3HW)KY€E EHEPrOCIIOKUBaHHSL. [2]

[lle ogHUM Ba)XJTUBHM aCIIEKTOM € aHai3 Tpadiky Ta BUSBICHHS aHOMAJIiil y
Mepexax.

AJNTOPUTMH MAalIMHHOTO HAaBYaHHS JIOTIOMAaraloTh aBTOMAaTWYHO BH3HAYaTH
MiZ03pisli MAOIOHN Y TOTOKAaX JaHUX, IO Ja€ 3MOTy e(eKTHBHIiImIEe OOpOTHCS 3
kiOep3arpo3amu. Hanpukinan, MeToan riaumOOKOTo HaBUaHHS 3aCTOCOBYIOTBCS LIS
nereknii atak tumy DDoS, QIIMHrOBHX CXeM Ta IIKiJJIHBOTO IPOTPaMHOTO
3a0e3meueHHs. [3]

MeTow IOMOBiAI € aHami3 CydyaCHHX METOMIB MAIMHHOTO HABYAHHS IS
yIpaBiiHHS iHpOpMaLifHUMU NOTOKAMH, 30KpeMa ONTUMI3allil IOTOKOBUX JIaHUX,
Jerexiii aHomaniii Ta nepcoHaitizauii iHpopMmarii, a TAKOXK PO3IJIS] MPAKTUUHUX
MIPUKIIAIB iX 3aCTOCYBaHHS.
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AHAJII3 CEHCOPHHX TEXHOJIOTTH JJI51 PEAJII3AITIT
KOHOEITOII TAKTHJIBHOTI'O IHTEPHETY

SApomesnu P.O., KoBanenko A.A., TkagoB B.M.
XapKiBChKUI1 HAITIOHAIEHUH YHIBEPCUTET padioeIeKTPOHiKH, XapKiB, YKpaina

CyvacHuil pO3BHUTOK 1H(OPMALIfHO-KOMYHIKALIIfHUX TEXHOJOTIH CcrHpuse
BIIPOBAPKCHHIO KOHLEMIIT TAKTWILHOTO [HTEepHETY, 1o 3a0e3neuye B3aEMOJII0 3
0o0’ekTaMH B pealbHOMY 4aci 3a JOIOMOTOI0 TAKTHJIBHMX Ta KiHECTETHYHHUX
BiquyTTiB. Peamizaiis MaHOi KOHIIEMIi 3aJICKUTh BiJ MOKIHBOCTCH CEHCOPHHX
TEXHOJIOTiM, 3JaTHUX IMITYBaTH TakKTHJIbHI BiIYyTTs Ta 3a0e3nedyyBaTu
OTEpaTHBHUN  3BOPOTHHHA  3B’s30K. JIaTYMKH  BHCTYNMAIOTh  KIFOYOBHMHU
KOMITOHEHTAMH CHCTEM TAaKTHJIBHOTO IHTEpPHETY, OCKUIBKM BOHH JAETEKTYIOTh
¢izmuni B3aemonii, 30uparoTh iHPOPMAII0 TPO HABKOIHUIIHE CEPEIOBHIIC Ta
peecTtpytoTh  (izionoriuyHi curHamm. [HTErpamis CeHCOpiB 3 IPUCTPOSIMHU
KOpHUCTYBa4a JIO3BOJIE JOCSTTH BHCOKOi TOYHOCTI Ta OINEPATHBHOCTI Iepenadi
JaHUX.

MeToro nonoBiai € aHai3 Pi3HOBU/IIB CEHCOPHUX TEXHOJIOTIH, 1110 3HAXOISITh
3aCTOCYBaHHS B KOHLENIIi TakTWIbHOrO IHTepHeTy, i3 posrmsimoM  iX
KOHCTPYKTUBHHX OCOONMBOCTEH, (DYyHKLIOHAIBHUX XapaKTEPUCTUK Ta TEXHIYHUX
acmekTiB peanizarii. ITix gyac aHamizy BUIICHO IT°SITh OCHOBHUX IPYII CEHCOPIB:

- TanTHYHI CEHCOPH — 3a0e3MeuyIOTh Nepeiady TaKTHIBHUX BiT4yTTIB;

- CeHCOpH pyXy Ta IHEepHiiHI MpUCTPOI — BUKOPUCTOBYIOTHCA JUIS
BU3HAYCHHS MTOJIOXKEHHS Ta pyXy 00’ €KTiB,;

- OioMmeTpuyHi Ta (i310J0TIUHI CEHCOPH — JIJIsI MOHITOPHUHTY CTaHY JIFOIHH;

- CEHCOpHM HaBKOJIMIIHBOTO CEpPEOBHINA Ta HAOIIKEHHS — 3a0e3MedyroTh
B3a€EMOJIII0 3 00’ €KTaMHU TOBKIJIIA,

- OioiHTETpOBaHI Ta IMIUIAHTOBAHI CEHCOPU — CIPSAMOBaHI Ha 3a0€3IeYCHHS
e(heKTUBHOT B3aEMOII «JIFOIMHA—MAIIHHAY.

OcoOnuBa yBara NpUALISIETHCS TaKUM IapaMmeTpaM, SIK HU3bKa 3aTpUMKa,
HaIifHICTh, WIBHAKICTh Iepefavi JaHUX Ta TOYHICTH BHUMiptoBaHb. Lli
XapaKTEPUCTUKU € KPUTHYHO BAXKIJIMBUMHU ISl MIITPUMAHHS —peaslicCTUUHOI
B3a€EMOJIii 3 SK BIPTyaJlbHMM, Tak i (i3udHHM cepenoBuiieM. PoboTa Takox
OKPECIIIOE BUKIIMKH, TIOB’s3aH1 3 BIPOBA/KEHHSIM CEHCOPHUX TEXHOJIOTIH, 30KkpeMa
3abe3neueHHss 010CYMICHOCTI, MiHIMI3allii EHEeprocloKMBaHHS Ta IHTErpamii
LITYYHOT'O IHTEJEKTY Ul ONTHMi3alii poOOTH CEHCOpPHUX Mepe. Takum 4mHOM,
JaHUHA aHajl3 BH3HAYAa€ HANPSAMKH IOJANBIINX JOCI/DKEHb 1 PO3po0oK JuIs
CTBOPEHHSI CEHCOPHHMX TEXHOJIOTIH HACTYITHOTO IOKOJIHHS, IO BiIMOBIAATUMYTH
BHCOKMM BUMOTaM TaKTHJIBHOTO [HTEpHETY.
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ENGINEERING OF ADAPTIVE GRAPHICAL USER INTERFACES
FOR MODERN COMPUTER SYSTEMS

Ni O., Piskarev O.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

The design processes of graphical user interfaces (GUIs) in computer systems
represent a critical component in facilitating efficient human-computer interaction. In
the context of the rapid evolution of information technologies, the increasing
complexity of system architectures, and the exponential growth in data volumes, there
emerges a pronounced necessity for the advancement of interface design
methodologies that conform to contemporary standards of intuitiveness, adaptability,
and reliability [1].

Among the paramount applied challenges in this domain are the development of
interfaces capable of delivering a high degree of personalization for users with diverse
levels of digital literacy, the mitigation of cognitive overload through the
implementation of effective data visualization strategies, and the optimization of task
execution accuracy and efficiency across heterogeneous computational environments
[1, 2]. Additionally, the issue of interface universality becomes increasingly salient,
necessitating consideration of hardware constraints, operational contexts, and the broad
spectrum of user interaction scenarios. A critical review of current models,
methodologies, and technologies reveals a number of inherent limitations, including the
insufficient integration of automated design techniques, restricted capacity for real-time
user adaptation, and inadequate accommaodation of the inherent complexity of dynamic
informational ecosystems [2, 3]. These shortcomings underscore a persistent disparity
between the potentialities of contemporary scientific advancements and the practical
exigencies of efficient GUI development. Consequently, the imperative arises to refine
existing frameworks and design paradigms to enhance the efficacy of GUI
development within computer systems. Such advancements would foster greater
interface adaptability, usability, and operational effectiveness, thereby contributing to
improved user performance, reduced time and resource expenditures during the design
phase, and a significant elevation in the overall quality and resilience of interactive
software systems [3]. The presentation outlines these challenges and introduces initial
proposals for the development of a novel GUI design method based on adaptability,
personalization, and contextual data processing.
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NIABUINEHHSA CTABIVIBHOCTI POBOTHU OIITUYHUX MEPEX

Binenxo M.K., Kowapenko [J.C., ITaptuxa C.O.
XapKiBChKHUI1 HAIIIOHANBEHUH YHIBEPCUTET padioeieKTpoHiKH, XapKiB, YKpaiHa

CrilfikicTh ONTHYHOI MEpeXi Mae€ BHUpIMIATbHE 3HAYCHHS JUIS MiHiMi3arii
nepe0oiB y 0OCIyroByBaHHI KIHLIEBHX MPHCTPOIB, CIPUYMHEHUX 300MH MEpPEexi.
Onruuni TpancnoptHi Mepexi (OTN), 3 BUKOPHCTaHHSIM MYJBTUIUICKCYBaHHS 32
nowxuHoo xBwil (WDM), nepenatoTh Besnue3Hi 0OCSITH AaHUX, BOKIMBUX VIS
E€KOHOMIYHHMX 1 COLIaJIbHUX CHCTeM. 3001 B ONTHYHUX Mepexax, CIPHYMHEHI
HECIIPaBHOCTAMH OOJaHAHHS, CTUXIMHUMH JIMXaMH 4YM HAaBMHCHUMH aTakaMy,
MOXYTb MAaTH Cepio3HI HaCHigKH. TakuM YHHOM, MEXaHI3MH CTiHKOCTI €
KITIOYOBUMHE ISl 3a0e3medeHHsT Oe3lepepBHOTO OOCIYrOBYBaHHS Ta BUKOHAHHS
CYBOPHX YTOJ PO piBeHb 00CTyroBYBaHHA [1].

3abe3nedeHHs CTIHKOCTI ONTHYHHX MEPEXK BKIIOYaE HU3KY MeroniB. [lpm
3aXHCTi, TMOMEPEAHLO TPH3HAYEHI pecypcu Ui pe3epBYBaHHSA 3a0e3MedyloTh
IIBHJIKE BITHOBJICHHS 3a JONOMOTOIO TaKHX METOIIB, AK cxemu 3axucty 1+1, 1:1
Ta 1:N. [Ipu BiIHOBJICHHI BU3HAYAIOTHCS AJILTCPHATHBHI ILISXHU IMiJl YaC BiIMOBH,
aJie 3 HIDKYOI0 HIBHJKICTIO BiJJHOBJICHHSI MOPIBHSHO i3 MeTOAOM 3axucTy. OKpim
LBOrO, KEepyBaHHsS BiAMOBaMH mepenbadae  3amobiraHHs  (HampuKiam,
YIOCKOHAJICHHS allapaTHOrOo 3a0e3ledyeHHs1), BUABJICHHS (HANPUKIIAM, BUSBICHHA
HECTIPAaBHOCTEH 3a JOMOMOTOI0 MOHITOPDUHIY) Ta pearyBaHHsA (HANpHKIA,
IepeHanpaBieHHs Tpadiky Ta i30JsMisg HeCIIpaBHUX KOMITOHEHTIB). baraTtopiBHeBi
Mepexi, Taki sk I[P-over-OTN, morpeOyloTh MexaHI3MIB BiTHOBJICHHS $K Ha
BepxHbOMY (IP), Tak i Ha HIXKHROMY (OIITUYHOMY) PIBHSX [2].

Meroro monoBimi € aHali3 KIFOYOBHX MEXaHI3MIB IMABMINEHHSA CTIMKOCTI
ONTHYHMX MEpeX I MiHiMi3amii mepeboiB B 00CIyroByBaHHI Ta 3a0e3le4eHHS
iXHROi HafgiifHOT poOoTH B yMoBax 300iB. OcoOnmBa yBara mpHIUICHA
0araTopiBHEBMM CTpaTerisM BiJHOBJICHHs, ONITHMIi3allii pecypciB i BOPOBaIKEHHIO
IHTEJIEKTYaJIbHUX MEXaHi3MiB aJIaliTUBHOCTI. Y Mipy TOTO, SIK MEpexi CTaloTh BCe
OiIbLI CKIIAJHUMH, IHTErpaliss OaraTOpiBHEBMX MEXaHI3MIB BIIHOBJIEHHS Ta
BKJIFOUCHHS IHTEJIEKTYaJIbHUX PIBHIB YIIPaBJIiHHS 3 aAallTHBHUMU MOXJIMBOCTSIMU
B peaJIbHOMY 4aci 3a0e3neunTh HaJliiiHy Oe3nepepBHICTh 00CITyroByBaHH:.
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BOPOTbBBA 3 IEPEBAHTAKEHHSAM B IP-MEPEXKAX

Kpumos M.B., Immuyk M.I., Kocoros €.0., €pomenko O.A.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

B enoxy nm¢poBoi Tpanchopmanii miaTpuMka 6e3nepediifHoro gocTyiy 1o
KOMYHIKAI[IfHUX MOCIYr € KPUTUYHO BAXJIMBOIO ISl iH(QOpMamiiHHX CHUCTEM.
BanancyBaHHS HaBaHTa)XEHHSIM MEPEXKi BIIIrpae KIOYOBY POJIb Yy JIOCATHEHHI
BUCOKOI JIOCTYMHOCTI Ta HaAiiHOCTi. BOHO € Ba)kJIMBUM KOMIIOHEHTOM CY4acHOT
MEpEeXeBOi IHPPACTPYKTYpH, JIe PECYpCH PO3MOALIEHI MK BEJIMKOIO KUIBKICTIO
CUCTEM 1 MOBWHHI CIIIJIBHO BHKOPHCTOBYBATHCS BEJIMKOIO KIJIBKICTIO KiHIIEBUX
KOPHCTYBadviB. [HIIMMH cJI0BaMU — Iie CHOCIO po3moziry po6odoro HaBaHTa)KEHHS
MDK pecypcamMH 3 METOI OTPHMaHHS OINTHMAaJbHOTO BHKOPUCTaHHS PeCypcis,
MiHIMaJIBHOTO Yacy BiAryKy ab0 3MEHIICHHs epeBaHTaxeHHs [1].

BuxopucroBytoun OaJaHCyBaHHS HABaHTAKCHHS, MOXKHA IOM SIKITHTH
PHU3UKH, TIOB’s13aHi 3i 300IMHU cepBEpPIB 1 BENUKAMHU 0OCsTaMu TpadiKy, THM CaMUM
MIABUINYIOYH SKICTH POOOTH 1 30epiratoum Oe3mepepBHICTE 0OCIYTOBYBaHHS.
EdexruBHe OanaHCyBaHHS HaBaHTaXXEHHS HE TIJIBKH IMOKPAILIly€ BUKOPUCTAHHS
pecypciB, ane i 3a6e3neuye maciraboBaHicTs [2].

IcHye  mima  HuM3Ka  pI3HOMAHITHUX  aJrOPUTMIB  OaJlaHCYBaHHs
HaBaHTaXeHHsAM. Lli anropurMu (OpPMYIOTb OCHOBY CTpaTerii ymnpaBiiHHS
MEpEeXEBUM HAaBaHTAXXEHHSM, KOXHA 3 SKHX IPONOHYE IIEBHI IepeBard Ta
KoMmpomicd. Bubip BiNMOBITHOTO aNTrOpUTMY 3aJISKUTHh BiJ] KOHKPETHHX BHUMOT,
BKITIOYAFOYN XapakTep Tpadiky, MOXIMBOCTEH oONMamHaHHA Ta OakaHOTO PIBHSA
BiaMoBocTiiikocTi [3].

MeTtow pnomoBimi € aHami3 Ta TOPIBHAHHSA aITOPUTMIB OalaHCyBaHHS
MEpEeKEBUM  HABAHTAXKCHHSAM Uil 3a0e3MeYeHHS  BUCOKOI  JIOCTYIIHOCTI,
MPOAYKTUBHOCTI Ta MacmTaboBaHOCTI iHpOpMamiHHUX cHCTeM. Y IOMOBiIi
PO3TIISAIAI0THECS OCHOBHI METOIH po3mozity Tpadiky, Taki sk Round Robin, Least
Connections, IP Hash ta Weighted Round Robin, ixui nmepeBaru, Hemoiku Ta
ctepu 3actocyBaHHsA. OxpeMy yBary NpHUAUICHO BIUIMBY BHOOpPY aJrOpUTMY Ha
e(EeKTUBHICTh ~ BHKOPUCTaHHS  HasBHUX  pecypciB  Ta  3abe3neueHHs
BiIMOBOCTIHKOCTI MEpPEXi.
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YIPABJITHHS YHEPTAMUA MAPIIPYTU3ATOPIB

Kpan M.O., Hlamysskin K.A., ITaptuka C.O.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

AKTuBHE KepyBaHHSA 4eproro (AQM) BUKOPUCTOBY€ETHCS B MapIIPYTU3aTOPax
JUISl PAaHHBOTO BHSIBIICHHS IIEPEBAaHTaXEHb Y BY3bKHX MEpexeBuX Micipsix. ¥ AQM
MaKeTH MOXKYTh OYTH BIIKMHYTI JO TOTO, K Oydep NepernoBHUTHCS, HA OCHOBI
OaraTboX pi3HHX MapamerpiB abo ymMoB. byno 3anponoHoBaHo Oarato aaropuTMiB
JU1s1 epEeKTUBHOT'O KOHTPOJIIO IIepeBaHTakeHHs yepr [1].

inssmu 6yap-sikoro anroputMy AQM €: NOTTIMHAHHS ClIANaxXiB HaJIXOJKEHHS
MaKeTiB; 3amo0iraHHs TpHUBaJIOMY IepeOyBaHHIO MAKETiB y 4ep3i; MaTH COpaBy 3
arpecMBHUMH 200 HETPaBWIBHUMH IIOTOKAMH, a TaKOX IIATPUMYBaTH SBHE
crioBimeHHs mpo nepeBanTaxxeHHs (ECN). [Ipobnema mexanizMiB AQM, Takux sk
Taildrop abo Random Early Detection (RED), momsirae B HamamTyBaHHI ix
mapaMeTpiB B 3ale)KHOCTI Bill (haKTHUHOTO TpadiKy Ta MOTOYHOTO MEPEKEBOTO
crany [2].

AQM, TakuM YHHOM, MOTPEOyE MOMATKOBOI JOMOMOTH 3 OOKY KIHI[CBHX
By3JIiB 200 KOHTpoJIepa, 11100 3a0e31eYnTi HeoOXiAHY MPOJAYKTUBHICTh MEpPEkKi Ta
30eperTh  MepexeBl pecypcd  BiJ 3aiiBOro  BiJKHJIAHHS MakeTiB 4epes
po3BanTaxkeHHs Oydepa [3].

MeTo10 fomoBini € aHami3 Pi3HOMaHITHUX AacCMeKTiB YIpaBIiHHA Yepramu
MapIIpyTH3aTOPIB.

3rigHo 3 JOCHIIKEHHSAMH Ta eKCIepHUMEHTaMH Inoxo TpaaumidnHux AQM,
OyJlo BCTaHOBJIEHO, IO dYepe3 IMIOCTIHHI 3MIHM B Mepexi, a came,
HerepenoadyBaHUN MEpexeBUi Tpadik, pi3HOMAaHITHICT PO3TOPHYTHUX IIPOrpaM,
pizHOMaHITHICTH BapiaHTiB TCP, siki mMOCTiHHO pO3pOOIAIOTECS, 1 Pi3HI MEpeKeBi
CepeoBHIIa, XKoaeH i3 anroputMiB AQM He MoKe MOBHOLIHHO KOHTPOJIIOBATH
NepeBaHTAXKEHHS BY3bKOTO Miclsi Mepexi. [lomanpini qOCiiKeHHsl B Lil raiysi
MaloTh OyTH CHOPSIMOBaHI HAa aBTOMATH3Allil0 HanamTyBaHb AQM-aaropuTmis, a
TaKOXX Ha PO3pOOKY TiOpUAHUX MIAXOIIB, 10 MOEIHYBATUMYThH HAMKpAIi aClIeKTH
ICHYIOUYHX pIillICHb.
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BAJIAHCYBAHHS TPA®IKY IP-MEPEX

Bouxo B.O., Casuenko €.10., HImmos O.I'., AuxkoBcekuii O.A.
XapKiBChKUIT HAITIOHAIEHUH YHIBEPCUTET padioeIeKTPOHIKH, XapKiB, YKpaina

OOcsr InTepHeT-TpadiKy NpoJOBXKY€E 3pOCTATH BETUKHUMHU TEMIIAMH 3aBISKH
MOCTIHHOMY BIIPOBA/DKEHHIO HOBHMX CEpPBICIB, a TaKOX IOSBI PI3HOMaHITHUX
JIOIaTKIB peajbHOTO Yacy.

Jdnst  nposaiinepiB  iHQOKOMYHIKalliIHHAX —ITOCIYI BaXJIMBO  YHHUKATH
NepeBaHTaXKEHb B MEpeXax Ta 3a0be3redyBaTd BUKOHAHHS yroJ] Npo PiBeHb SKOCTI
oOciyroByBaHHs 31 cBoiMH KiieHTamu [1]. Lle o3Havae, mo oneparop Mepexi He
MOJKe TTOKJIaJaTHCS JIUIIE Ha JOBTOCTPOKOBE IUTAHYBAaHHS MEPEKi Ta BU3HAYCHHS 11
mmapaMeTpiB, SKi 331al0ThCS Tix ac po3ropTaHHs Mepexi [2, 3]. [TorpiOHi HamifiHI
MEXaHI3MH yTpaBIiHHA TpadikoMm, 3HaTHI aJanTyBaTHCA IO HOro 3MiH 3
MOJKIJIHBICTIO pO3MOLTY TpaiKy Ha iCHYFOUHMX MEPEKEBHX pecypcax.

Meta ©OamaHcyBaHHS Tpadiky Tmoissrae B TOMY, MO0 YHHKATH
MIEPEBaHTAKEHHS B MEPEXi Ta Kpalle BUKOPUCTOBYBATH HasiBHI PECypCH LUIIXOM
ajanTamii MapupyTH3aiii 0 MOTOYHOTO MEPEKEBOr0 CTaHy. TakuM YHHOM,
OCHOBHOIO IULTIO yrpaBiiHHs TpadikoMm B [P-mepexax € cBoeuacHe pearyBaHHs Ha
JUHAMIKY HOTO 3MiHU [4].

MeToro momoBini € ananiz merony L-30anmaHcoBaHol MapuIpyTH3alil, SIKUMA
JI03BOJISIE TIepelaBaTH Tpadik 3a HAWKOPOTIIMMH MOXJIMBHMH MUISIXaMH, aje
BOJHOYAC TapaHTye, IO XKOACH KaHal HE OyAe 3aBaHTAXEHUI IOHAJ 3amaHui
piBesp L. L-30amaHcoBana MapripyTu3zaiis 3abesmedye eQeKTHBHY Nepenady
Tpadiky Ta KOHTPOJIBOBAHWI 3amac TPOIYCKHOI 3JaTHOCTI i O0OpoOKH
Heriepea0dadyBaHUX 3MiH HABaHTa)KCHHS.

IMpencraBneno wmeron  L-30amancoBanoi  MapmpyTmsamii, a  Takox
eBPUCTUYHHUI QJITOPUTM MOUIYKY ONTHMAJBHHX Bar pedep rpadiB Mepex it
Tpamuiliitaux nporokoiie mapmpytusamii OSPF ta IS-IS. TlpoBencne imitariiine
MOJICIIFOBaHHS [10Ka3ajJo, L0 IMPEICTaBIEHUH METOJ| IMOLIYKYy Ta OTPUMYBaHi
HaJIAIITyBaHHA Bar JOOpE MPamo0Th y PI3HOMAHITHUX MEPEXEBHX CLIEHAPIAX.

Crucok Jireparypu

1. Y. Borghol, S. Mitra, S. Ardon, N. Carlsson, D. Eager, and A. Mahanti.
Characterizing andModeling Popularity of User-generated Videos. In Proceedings of IFIP
International Symposium on Computer Performance, Modeling, Measurements and
Evaluation (PERFORMANCE), 2011.

2. A. Gunnar, H. Abrahamsson, and M. S“oderqvist. Performance of Traffic
Engineering in Operational IP-Networks: An Experimental Study. In Proceedings of 5th
IEEE International Workshop on IP Operations and Management, Barcelona, Spain,
October 2005.

3. Anders Gunnar, Aspects of Proactive Traffic Engineering in IP Networks, 2011.

4. Ahmad Al-Shishtawy, Self-Management for Large-Scale Distributed Systems,
2012.

55



Current directions of development of information and communication technologies and control tools

HNIABUINEHHSA "KUBYYOCTI MEPEXKI
3A JOIIOMOTI'OIO PESEPBYBAHHSA

T'aBpan S1.M., Camoiinenko B.A., ITarenko /.b., SAaxoBceknii O.A.
XapKiBChKUIT HAITIOHAIEHUH YHIBEPCUTET padioeIeKTPOHIKH, XapKiB, YKpaina

XKuBydictb Mepexi € KPUTHYHO BAXKJIMBHM  AaCIEKTOM  Cy4acHOi
KOMYHIKaIiifHOT iHQpacTpyKTypH, HEOOXITHAM U MiATPUMKH Oe3lepepBHUX 1
HaJIHHUX MEPEKEBUX MOCIYT. 3pOCTaroda 3aJeKHICTh BiJl MEPEKEBHX CHUCTEM, SK
B ocobucTif, Tak 1 B mpodeciiiHii iSUTBHOCTI IiIKPECIIOE BaXIIUBICTh
3a0e3neueHH s Mpalne3aTHOCTI MepeX HaBiTh B yMOBax 300iB. 3001 B MepekeBUX
cUcTeMax, yepe3 MEepeBaHTAKECHHS MOXKYThb NPU3BECTH O 3HAYHHUX INepeboiB B
00CITyroByBaHHi, [0 BILIMBAIOTh HA MIILHOHU KOPUCTYBAYiB 1 omaTkis [1].

MeperxeBuil 3B’430K MOKe OyTH JIETKO MOPYIIEHHH depe3 301l MepeKeBoro
00JIa{HaHHS, MMOYMHAIOYH BiJl OJJHOTO BHIIAJKOBOTO OOpPUBY KaHAIy 3B’SI3Ky 10
BEJIMKOI KiJTBKOCTI BiIMOB BY3JiB [2].

[Io6 s3MeHmUTH BIUIMB 300iB y Mepexax, MOXHA BHKOPHUCTOBYBAaTH
pi3HOMaHITHI pilleHHS 1mox0 3a0e3meueHHs JKUBYYOCTi, IO BKIOYAIOThH
MorepeHb0 OOYHUCIICHI pe3epBHI HuAXu mepefadi mepexesoro Ttpadiky [3].
Takox, Mepeki 3 pe3epBHAMH KaHAJAaMH 3B’SI3Ky ITIOBHHHI MaTH Kpamry
MIPOAYKTUBHICTS [4].

MeTtow [0omOBiNi € KpPUTHYHMN aHAN3 Ta EMIIpUYHA MepeBipKa
e(eKTUBHOCTI pe3epByBaHHS JJIsI [T1IBUILCHHS )KUBYYOCTI MEPEKI.

IMpoBoauThCs peresibHE JOCHIIKEHHS IUIIXOM KOHUIENTyamizauii Ta
31CTaBJICHHS JIBOX PI3HMX MEPEKEBHX TOIOJOTIN: OJHIET, SiKa IHTErpy€e MeXaHi3MU
pe3epByBaHHs, Ta IHIIOT, T030aBICHOT TAKUX MOXJIUBOCTeH. Takuii MOPiBHAIBHUN
MiAXiA ~ [OJeTHIye — MOTMHONEHHEM — aHami3  MPOAYKTHBHOCTI  MEpexi  3a
HECIIPUATIMBHX YMOB, THM CaMHM 3'SICOBYIOUM BiJUyTHI II€peBard BKIFOUCHHS
HA/IMiPHOCTI.

B nonoBizi mpoeMOHCTPOBAHO, 110 MEPEXi 3 BUKOPHCTaHHSIM €()EeKTHBHUX
CXEM pe3epBYBaHHS, HE TUIBKM MIATPUMYIOTH YyIOBY INPOAYKTHBHICTB, aje M
3a0e3neuyroTh MiHIMaIbHY TIepEepBY B 0OCITYrOBYBaHHI ITiJl 9ac IMOAiN BiAMOBH.

Crucok Jirepatypu

1. Rodriguez-Martin, 1., Juan-Jose Salazar-Gonzalez and Yaman, H. Hierarchical
Survivable Network Design Problems. Electronic Notes in Discrete Mathematics, 52, 229-
236, 2016.

2. Xu, X., Chen, A., Jansuwan, S., Yang, C., & Ryu, S. Transportation Network
Redundancy: Complementary Measures and Computational Methods. Transportation
Research Part B; Methodological, 114, 68-85, 2018.

3. Nugraha, B., Fitrianto, B. and Bacharuddin, F. Mitigating Broadcast Storm on
Metro Ethernet Network Using Pvst+. TELKOMNIKA, 14(4): 1559-1564. 2016.

4. L. Chen and J. Wang, “Fault Management and Protection Schemes for Next-
Generation Optical Networks,” Optical Fiber Technology, 2021.

56



CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

OITUMIBALIA MPOAYKTUBHOCTI TA EGEKTUBHOCTI
OYHKIIOHYBAHHS KOMII'IOTEPHUX MEPEK

Crpinkoscerkwii €., 3s6mines K.O., [Taptuka C.O.
XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET pPadioeNieKTPOHIKH, XapKiB, YKpaiHa

B ymoBax mBHIKOTO PO3BHTKY iH(POPMAiHHNX TEXHOJIOTIH YTpaBIiHHIL
MEpexeBHUM TpadikoM CTa€ KPUTHYHO BAXIUBUM AacleKTOM (YHKIIOHYBaHHS
KOMII'FOTePHHAX MEpeX. 31 3pOCTaHHSAM OOCHTIB MEpeNaHuX ITaHWX Ta KUTBKOCTI
MIPUCTPOIB, MIAKIIOYCHUX 0 MEPEXKi, MiIBUILYETHCS HEOOXIMHICTh €(PEKTHBHOTO
PO3MOALTY pecypciB Ta 3abe3medyeHHs cTabuThHOCTI poboTn Mepexi. Lle, y cBoro
4Yepry, BHMara€ 3acTOCYBaHHS CY4YacCHHX METONIB Ta aJrOPUTMIB YNpPaBIiHHS
TpadikoM, SKi JO3BOJSIOTH 3a0e3meyuTH sKicTh obOciayroByBanHs (QoS) Ta
OanaHcyBaHHS HaBaHTaxeHHs [l]. HexopekTHe ympaBiiHHS MeEpeke Moxke
MPU3BECTHU 0 HEPaLliOHAIILHOTO BUKOPUCTaHHS MEPEKEBUX PECYPCIB Ta 3aTPUMOK
y mepeadi JaHux, 1o He € PiaKicTo [2].

OpHUME 3 HaMBaKIMBININX ACTEKTIiB YIPaBIiHHA MEPEKEBHUM TpadikoM €
BUKOPHCTaHHS MEXaHi3MiB KOHTpPOJIO 3aTPUMKH, INPOIYCKHOI 3MaTHOCTI Ta
mpiopure3arnii makeTiB maHWX. Jlo CyYacHMX METOMIB YIpaBiiHHA Tpadikom
Halexare: amroputMu depryBanHa mnakeriB (WFQ, PQ, RED), texnomorii
IporpamMHO-opieHTOBaHNX Mepex (SDN), a TakoX amanTHBHI MeXaHi3MHU
OanmaHCyBaHHA HaBaHTaXeHHsAM [3]. BukopucraHHI [UX METONIB Hajae
MOXJIBICTh ONTHUMI3yBaTH BUKOPHCTAHHS JOCTYITHHX PECypCiB Ta 3a0e3NeuuTd
OesrniepeOiiiHe QyHKI[IOHYBaHHS KPUTHYHO BAXKJIMBUX JIOJATKIB [4].

MeTor0 10NOBiNi € aHAII3 OCHOBHUX IMiJXOJIB Z0 YIPABIIHHSI MEPEKEBUM
TpadikoM, po3IIsil Cy4aCHUX TEXHOJIOTIH Ta METOIB ONTHMI3allii Horo po3mnoainy,
a TaKOX OIliHKa iX e()eKTUBHOCTI B KOHTEKCTI MiJIBHUILIEHHS IPOAYKTHBHOCTI Ta
0e3mmeKn Mepexi.

B nmomoBimi po3kpHTa BaXKIUBICTE €(EKTUBHOIO YIpaBIIHHA TpadikoM y
CyJaCHHX KOMITFOTEPHHX MepekaxX. BpaxoBylOYH TIOCTIHHHIA  PO3BHTOK
TEXHOJIOTiH Ta 30UIBIICHHA OOCSTIB TepelaHuX TaHWX, OCOOJHBY YBary CiiJ
MPUIUATH 1HHOBallifHUM TixxomaM g0 3abe3neueHHs QoS Ta TUHAMIYHOTO
aJlanTyBaHHs PO3MOALITY MEPEXXEBUX PECypCiB.
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YHPABJIIHHA MEPEKEBUM TPA®IKOM

poxumsaank J1.1., dynka JI.B., Fop6os B.O., [Taptuxa C.O.
XapKiBChKUI1 HAITIOHABHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

MepexeBi pecypcd PpO3MOAUIAIOTHCS BINMOBIMHO 10 MOTPEO CHIIBHOTH
KopucTyBauiB. be3 edexTHBHOrO ynpaBimiHHS TpadikoM Mepexi MOKYTh 3a3HaBaTH
NepeBaHTAXXCHHS, KOJIM 3alPONOHOBAHMHN 00CSTr TpadiKy NEepeBHILy€E MPOIMYCKHY
CIPOMOXKHICTH ~ MEpexi, [0 TNPHU3BOAUTH JO  3HAYHOTO  MOTIpIICHHS
MpOXyKTUBHOCTI [1].

OCHOBHUMH NMPEBEHTUBHUMH MEXaHI3MaMH YIIPaBIiHHS € KOHTPOJb JOIYCKY
Ta PEryiiOBaHHS JOCTYyIy. BOHHM crpsiMoBaHI Ha 3amoOiraHHsS NepeBaHTaXCHHIO
IUITXOM OOMEXeHHs 00csaTy Tpadiky, II0 HaIXOIUTh Y MEPEKY, i TAKUM YHHOM,
MiATPUMYETHCSI TIPUHHATHA TNPOAYKTHBHICTE MEpEXi 3a paxyHOK OJIOKyBaHHS
MIEBHOI KIJIBKOCTI BXiTHOTO Tpadiky [2].

YcepeanHi Mepexi MakeTH MOXYTh MaTH Pi3HI BUMOTH MIOA0 HaAiHHOCTI abo
CBO€YACHOCTI JIOCTaBKH. BW3HAaHHA IIMX BHMOT 37IMCHIOETHCS 32 JIOIIOMOTOIO
ITOPUTMIB IUIAaHYBaHHS MAKeTiB 1 KepyBaHHs Oy(epoM, II0 peasi3yloThCs y
KOMYTaTopax Ta Mapuipytuzaropax [3]. Ha TpancniopTHOMY piBHI Taki IpOTOKOIIH,
sk TCP, MOXyTh ajanTyBaTh IIBWAKICTb NepeAaBaHHS Tpadiky BiIIOBIIHO 1O
MOTOYHOTO PiBHS 3aBaHTAKEHOCTI MEPExKi.

MeTor0 fnomoBixi € aHai3 KIIOYOBUX AaCIEKTIB YNPABIIHHS MEPEKEBUM
TpaikoM, BHABICHHS OCHOBHMX NPHYMH IEPEBAHTAKCHHS Ta OLIHKA METOMIB
omtuMizamii  Tpadixy. PosrimsmaroTbecs  KIFOUOBI  METOOM  3amoOiraHHS
MepeBaHTAKCHHIO, MEXaHI3MH YIPaBIiHHSA TpadikoM BCepelrHI MEpexi Ta poib
npoTokoiiB TpancnoptHoro piBHA (TCP) B amamrarii mBHIKOCTI HAJXOIKEHHS
MAKETIB IO MEPEexi.

ITokazaHo, 1O BHKOPUCTAHHA TAKUX MEXaHI3MIB JO3BOJISIE 3MIHCHIOBATH
yIOpaBIiHHS TpaikoM Yy peXHUMi pealbHOro uacy, 3abesrneuyroddn Oe3nexy
KOMIT'FOTEPHUX MEpEeX, 1X CTaOUIBHICTh 1 MOCTYMHICTh BIAMOBIAHO 10 BUMOT
KOpPHUCTYBayiB.
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TH®OPMAIIMHA TEXHOJIOT'TSA OBPOBKH AYJIIOCUTHAJIIB

Tloporenko A L., KoBanenko A.A., bycnos I1.B.
XapKiBChKUIT HAITIOHANBEHUH YHIBEPCUTET padioeNieKTPOHIKH, XapKiB, YKpaina

Indopmaniiini TeXHONOTII € OCHOBOIO CydyacHOro Oi3HECY, OCKUIbKH
JI03BOJISIFOTH ~ aBTOMAaTHU3yBaTH  0araro  TpOLECiB, 3MEHIIYBAaTH  BHUTpAaTH,
MiABUINYBaTH e(EeKTHBHICTh Ta IIOKpallyBaTH KoMyHikauito. IHdopmauiiina
TEXHOJIOTiSt OOpOOKHM ayniocurHaiiB 00'elHye amapaTHe Ta IporpamMHe
3abe3nedeHHs st 300py, aHai3y Ta iHTepIpeTalii 3ByKOBHX JJaHUX Y MEPEKHOMY
cepenoBumi. lle mo3Boisie BupinryBatum pi3HiI 3aBmaHHs y cdepi Oesnekw,
MOHITOPHHTY, MEUIIMHH Ta IHIIHUX Traimy3sx [l], 3acTocoByrOUYHM Taki KOMIIOHEHTH,
SIK MIKpOo(OHH IS 300py aHWX, MEpEeKHE OOJIaTHAHHS A nepenadi iHopmarii,
cepBepH 3 IPOTrpaMHUM 3a0e3MEUCHHAM ISl aHaJli3y CHUTHANIB Ta iHTepdeic ams
Bisyaumizamii pe3ynpTariB. OcoOnrBe 3HAYCHHS Ma€ MPABWIBHUNA BHOIP TOIMOJOTIT
Mepexi Ta PO3MIIICHHS aHANITHYHHUX IHCTPYMEHTIB, IO CYTTE€BO BIUIMBAaE Ha
MPOAYKTUBHICTH Ta TOYHICTH poboTH cuctemu [2,3].

Metoro pomoBini € pocmipkeHHs (yHKUiN iHQOpMaLidHOT TEXHOJOTIT
00pOOKH ayMiOCUTHAJIIB Y MEPSIKHUX CUCTEMAaX ay/i0aHaTITHKH.

B nonoBizi HaBOAATBCS pe3yJbTaTH CTBOPEHHS KOHTEKCTHOI Jiiarpamu
iH(pOpMaIiHOT TEXHOJIOTII, II[0 HAOYHO JEMOHCTPY€E OCHOBHI MapaMeTpU CUCTEMU
Ta iX B3a€MO3B'si3ku. BukoHaHO (hyHKIIOHAIBHY IEKOMIIO3UIIIIO, SIKa J03BOJIMIA
JeTaTbHO BUAUTUTH Ta OMUCATH OCHOBHI (YHKHii 300py, mepemadi, oOpoOKw,
30epiranHs Ta Bi3yamizamii aymiomammx. OcoOnmBa yBara mpHIiUIeHA
HU3BKOPIBHEBIH JeKOMIO3uMii (YHKLIH iHpopMamiiHOI TEeXHONOTii 00poOKH
ayJIIOCUTHAIIB, y SIKii BUIUICHO TaKi KOMIOHEHTH SIK: HAJAIITYBaHHI MiKpO(]OHIB,
3amuc 3BYKY, (QUIBTpaIris IIyMmy, MaKeTH3allisl [OaHWX, Iepegada IaKeTiB Ta
3a0e3nedeH st SKOCTi 00CIyroByBaHHs TOIIO. [I0ZaTKOBO aKIEHTOBAHO yBary Ha
HEOOXITHOCTI BpaxyBaHHsS MAacIITa0OBAHOCTI Ta THYYKOCTI CHCTEMH IS
e(eKTUBHOTO pearyBaHHS Ha 3MIHM HaBaHTaXEHb Ta YMOB eKCIUTyaTallii.
OtpuMaHi pe3ysbTaTd MOXYTh OYTH KOPHUCHI MpPU IIPOEKTYBaHHI HOBHX
iHpopManifHUX TEXHOJIOTiH 0OPOOKH ayAiOCUTHAIIIB Ta yIOCKOHAICHHI iICHYIOUHX.
IMoganpuni  AoCHijKeHHsT mependavyaoTh PO3BUTOK AITOPUTMIB aHawizy Ta
MiABHUINCHHS OC3MeKH nepeaayl TaHuX.
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OBI'PYHTYBAHHSA 3ACTOCYBAHHSA ACY
B IYKPOBOMY BUPOBHHUITBI

JIssmenko C.0O., ®ecenko A.M., Kics B.M.
JepxaBHuii 010TEXHOJIOTIYHAHN YHIBepcUTET, XapKiB, YKpaiHa

Onrumizariisi CIOXKMBaHHS €Heprii i 3MEHIIeHHS MaTepiaibHUX BHUTPaT B
CUCTeMi aBTOMAaTH30BAHOTO YIPAaBIiHHS IyKPOBHM BHPOOHHLITBOM € HaiOUIBII
aKTyalbHOIO mpoOjeMoro. CTpaTeriYyHMHM I[UIIMH ~ BUPOOHUKIB  LYKPY €
3a0e3neueHHsT KOHKYPEHTOCIPOMOYKHOI MPOJYKIT 1 MiABUINEHHS peHTa0enbHICTI
LYKPOBOi MpPOAYKWiI 3a paxyHOK ONTHMi3alii aBTOMAaTH30BaHOI CHCTEMH
YOpaBIiHHA. ABTOMATH3aIlisl TPOLECY BUPOOHWITBA IYKPY TPH3BOOUTH IO
MiABUIEHHS €(QEeKTUBHOCTI BHPOOHUIITBA, PIBHOMIPHOI AKOCTI 3 MiHIMaJbHUMH
BTpaTaMH €HEPTii Ta BIUTMBOM Ha HaBKOJIMIIHE CEPEOBHILIE. [CHYIOTB, SIK IPABUIIO,
TPH THIM aBTOMAaTHU3alii: HarIAJOBUH KOHTPOJIb Ta 30ip AaHWX, MPOrpaMOBaHUH
JIOTIYHUA KOHTPOJIEp, CHCTeMa posmojinenoro ympasminas [1]. Jlns po3poOku
ABTOMATH30BAaHOTO iHTep(dEeHCYy MiX HiAMPHEMCTBAMHU Ta CHCTEMaMH YIIPaBIiHHA
sanpoBapkero cranaapt ANSI/ISA-95 a6o ISA-95, mo OyB BBeneHuil Ta
3aCTOCOBAHU y BCIX rajly3sX NPOMHCIIOBOCTI 1 B yCiX Pi3HOBHJAxX MPOIECiB, TAKUX
SIK TAKETHI, Oe3MepepBHi Ta IOBTOPIOBAHI.

MeTo10 po60oTH BIPOBaPKEHHS CUCTEMH YIIPABIIIHHS I[yKPOBHM BUPOOHHIITBOM
BiznoBizaHO ISA-95. B cucremi ynpasmiHHs I[yKPOBUM BHPOOHHUIITBOM 3aCTOCOBYIOTh
m'saTh piBHIB ISA-95 (piBens Bix 0 1o 4). [aHi B peabHOMY Yaci OOMiHIOIOTBCS MK
Pieaem 0 Ta PiBrem 1. Trm gacom, PiBeHb 3 opraHi3oBye Ta aHAII3ye JaHi, Ta MOAAE X
y ¢opMmari, 3aBISKH SKOMY JIETIIe TPHAMATH pilleHHA. PiBeHp 3 e MoIyibHA
chcTeMa, KON KOPUCTYBadi BHOMPAOTh MOMYJ, sKi MOTPIOHO peai3yBaTu.
Posmopineni mixx PiBHeM 3 Ta PiBHem 4 naHi 3a3BH4Aii € pecypcaMy Ta MOKIMBOCTSIMH
BUpOOHHUIITBA. bibmioTeka mporpaM Ui I[yKPOBOTO BHPOOHUIITBA SIBISIE COOOIO
TIOBHUH, TIOCITIIOBHUH 1 BCEOXOIUTIOIOUUI 0ajlaHC JaHWX MPOTPaMHOTO 3abe3neueHHs
yCIX TEXHOJIOTIH Ta 3BSI3KIB I0JI0 3aCTOCYBAHHS IyKPOBOI MPOIYKINi Ha BCIX eTamax
KepyBaHHS I[yKPOBUM BHPOOHHUIITBOM [1, 2].

BucHoBkn. B pesynbrari 3acTOCyBaHHS ~ 3alpONOHOBaHOI  CHUCTEMH
YIOPaBJIiHHS, MOXKHA BHpINIYBaTH TakKi Trany3eBl MOpoOieMH B IIyKPOBOMY
BUPOOHMITBI. K  ONTHMI3alis BHUTPAT EHeprii, 3HIKEHHS MaTepiajJbHOro
CIIO)KMBAaHHS Ta BUTPAT, 301IbIIEHHS BUKOPUCTAHHS PECyPCiB, MOMIIIICHHS SKOCTI,
KOHTPOIIb CHPOBMHHM Ta BHKOHAHHS BHMOT PETYyJIOBaHHS IyKpPOBOTO
BHUPOOHUIITBA.
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ANALYSIS OF KEYPOINT DETECTION METHODS
FOR IMAGES WITH HANDWRITTEN TEXT

Shupyliuk M., Martovytskyi V.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Many algorithms for computer vision rely on locating interest points, or
keypoints in each image, and calculating a feature description from the pixel region
surrounding the interest point [1]. Choosing a proper method depends on
application. Problems associated with detecting keypoints on image related but not
limited to image preprocessing, lightning and contrast.

The aim of the work is to analyse keypoint detection methods for images with
handwritten text.

The author [2] considers The Scale Invariant Feature Transform (SIFT) which
uses Difference of Gaussian (DoG) maxima interest points in scale space to create
scale-invariant keypoints.

The authors [3] consider The Speeded-up Robust Features (SURF) Method
which uses a fast Hessian detector based on the Hessian matrix determinant
maxima points and operates in scale space. SURF is considered faster to compute
than SIFT [1].

The authors [4] consider the Center Surround Extrema(CenSurE) method
which uses full spatial resolution at all scales in the pyramid to achieve a multi-
scale descriptor. CenSurE methods are memory efficient, computationally efficient
and high performant. Approach to find extrema uses Laplacian at all scales with
Harris method filtering step. Modified Upright SURF (MU-SURF) method is used
by CenSurE to apply filters.

As a result of the work, an analysis of keypoint detection methods was
conducted. Problems associated with keypoint detection that arise when working
with handwritten text images were also considered.
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METHODS FOR BOTTLENECKS IDENTIFICATION IN NETWORKS

Ponomarenko O., Gorbachov V.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Bottlenecks are system congestion points that slow down the entire chain of
work [1]. Bottlenecks need to be eliminated to improve the system performance.
Bottleneck identification can be difficult due to the system diversity. Therefore,
identification and elimination of bottlenecks is an important task.

The goal of the work is to study methods for bottlenecks identification in networks.
Research on congestion control for data networks is based on the principle that the
performance of a flow is determined by the state of its bottleneck link [2]. A link whose
bandwidth is fully utilized is always a bottleneck for at least one flow passing through
it [2].

In [1] authors consider different bottleneck detection methods. Measuring the
average waiting time method detects the machine with the longest waiting time as
the bottleneck. Measuring the average workload method detects the machine with
the largest utilization as a bottleneck. Measuring the average active duration
method detects the machine with the longest average active duration as a
bottleneck. Shift bottleneck detection method detects the machine with the longest
active period as a bottleneck and identifies it as shifting bottleneck [1].

In [3] authors consider metrics for detecting bottlenecks in a network. There are
metrics for determining the centrality of nodes such as degree centrality, betweenness
centrality and closeness centrality. These metrics help determine the importance of nodes
in a network [3]. In [4] authors consider the use of betweenness centrality in a
telecommunication network. More information can be transmitted through a node with a
higher betweenness centrality. Therefore, it is possible to find those nodes that have the
greatest influence on the network [4].

In this work methods for bottlenecks identification in networks such as measuring
the average waiting time, measuring the average workload, measuring the average active
duration and shift bottleneck detection were considered. Methods for bottleneck
identification in a network based on the use of node centrality measure were considered.
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OHJIAWH-MOHITOPUHT AKTUBHOCTI KOPUCTYBAYIB CAUTY
Y PEAJIBHOMY YACI

Macnos M.K., Ho6posonbscekuii O.0., ®inimoruyk T.B.
XapKiBChKUIT HAITIOHANBEHUH YHIBEPCUTET padioeNleKTPOHIKH, XapKiB, Ykpaina

Posnopineni iHpopmamiiiHi cucTeMH — 1€ KOMIUIGKC amapaTHUX Ta
MPOTrpaMHUX 3ac00iB, SKi OPraHi3yOTh CIHUTBHUN IOCTYN 1O OOYHCITIOBAIBHHUX
pecypciB Ta JaHHX 3a JOIOMOIOI0 MEpeXHHX NpoTokomiB. Ha nanumit wac taki
CHUCTEMH MIMPOKO BUKOPHCTOBYIOTBCS B Cy4YacHOMY CBITI B Traily3i OKpeMHX
KOMIIaHid, JiSUIBHICTH  SIKUX  pO3MOJUIEHa TMPOCTOpOBO. BrnpoBamkeHHs
iHpOpPMAaLiHHIX CHUCTEM 3 PO3MOAUICHOIO CTPYKTYPOIO BHKOPHUCTOBYETHCS, KOJH
HEOOXigHO 3a0e3MednTH IICHTPaTi30BaHWH KOHTPONB 3a 3MiHAMH JaHUX ¥
BiqmaneHuX migpo3ainax. Posmomimeni indopmarmiiiHi cucTteMu 3 BiAMOBITHIM
IHCTpYMEHTapieM CHpOIIYIOTh aHali3 JaHWUX Ta CTBOPEHHS 3BITIB i3 y3arajJbHEHOI
0a3u maHWX SK JJIS BCi€l KOMIIaHIl B MUIOMY, TakK i UIsI KOXKHOTO ii CTPYKTYypHOTO
MiAPO3 LY.

MeTo10 fmomoBini € HaBeJCHHS CTPYKTYpPH pO3MOjuIeHOi iHdopmaiiitHol
cUCTEeMM JUIs peajii3alii NPOEKTYy, OPIEHTOBAaHOrO Ha 30WpaHHs Ta aHaji3
AKTHBHOCTI KOPUCTYBad4iB CaliTy 3 MOJAJBIINM BiZJ0OpaKeHHSM ii B peasbHOMY
yaci. Po3ropranHs TAKOTo MPOEKTY BUMArae MpoAyMaHOI'0 TEXHOJOTTYHOTO CTEKY,
SKHM 3MOKE IIBUAKO OOpoONATHM IOTOKM JaHMX, MaciuTaOyBaTucs Ta
Bi3yalli3yBaTH pe3yJIbTaTH 0€3 3aTPHUMOK JUIsl KOPHCTyBaJa.

PoGora npoekTy opranizyeTbcs HaCTYnHUM YuHOM. KopucTyBad 3axoanTh Ha
caiit, e 3ailicHIOE BiMOBiMHI [Iil, siKi BifcTexytoThes JavaScript. Bei moii, siki
Oynu 3IiCHEHO KOPHCTyBadeM Ha caiTi, 3a momomoroto REST API npuitMatoTecs
Ta BiAnpaBisIOThCs y posmoxaineHe cxosuine Kafka [1] mns nopansimoro
36epiranns ta aHamizy. [licns uporo ¢peiimBopk Flink 3Bepraethes 10 cxowiia
(Kafka) 3umtye mami, arperye Biamosimui momii (Hampukman, IP a6o user ID, 3
TUMYACOBUMH BiKHaMH) Ta pedyibratu (Hanpuknaza, "100 kimikiB Ha XxBuiIMHY")
Hanpasjsie Ha 30epirands g0 Oasu manux ClickHouse [2], sika opieHroBana Ha
aHATITHYHY OHJIANH-00pOOKy. [lami JaHi IHTEPHPEeTYIOThCS 3a JIOMOMOTOI0
cuctemu Bisyamizamii Grafana [3] wuepes migkmiouennst mo ClickHouse Ta
BiZIOOpaXalThCsl y BHIIIAL rpadikiB akTUBHOCTI B peasibHOMY 4daci. Crin
3a3HAYNTH, [0 HA OJIHIH MaHeNi MOXKHA BIJICTE)KYBATH JIaHI 3 KITBKOX JHKEPEd, 10
pobuts marpopmy Grafana yHiBepcaqbHUM iHCTPYMEHTOM JAJIS MiANPHEMHHLITBA,
IT-po3poOKH Ta CTATUCTUYHOTO aHATII3Y.
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ANALYSIS OF REQUEST WAITING TIME IN POLLING SYSTEMS

Hunko M.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

The purpose of analyzing average system time indicators at any given
moment is to understand the system's performance comprehensively. Therefore, in
addition to the average time spent waiting in the queue for service equipment, it is
also necessary to determine the average remaining time in the queue.

The method of average analysis assumes that if the service discipline is
exhaustive, then the visit time Vi equals the sum of the switchover time Si of the
service equipment to the queue and the service time of all requests in the queue.
However, if the system uses a gated service discipline, then Vi equals the sum of
the time required to connect the service equipment to the next (i+1)-st queue Si+1
time and the time required to serve the requests present in that queue. From this
interpretation of the visit duration, it follows that the number of requests in the
queue is zero either at the start of the polling (in the case of gated service) or when
the service equipment leaves the queue (in the case of exhaustive service).

The purpose of the report is building a polling system operating under an
exhaustive service discipline. The focus is on analyzing the behavior of an
arbitrary request from the moment it enters the queue, assumed to be the i-th one.
Before receiving service, the request must wait for the completion of service for all
requests already present in the queue at the time of its arrival, as well as for the
residual time of the current service cycle. At the moment of arrival, the service
equipment may be servicing a request in i-th queue with probability P; in which
case the request must wait for the current service to finish. It may be switching to
the i-th queue with probability Si/C, where C is time delay in queue. This waiting
period equals the sum of the residual times from the (i+1)-st to to the (N-1)-st
period, where N is total number of queues. And the switchover time back to the i-
th queue. Since under exhaustive service the queue is emptied after each visit, the
number of requests in the i-th queue will be equal to zero.

Future research may focus on extending the analysis to gated or limited
service modes.
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METO/] 3ABE3INEYEHHSI ®YHKIIIOHYBAHHSI BEBXOCTHHI'Y
HA BA31 TEXHOJIOT'TA BKJIAJEHOI BIPTYAJII3BALIII MEPEKAX

Tlorgapenxko J1./1., Yenypna L.C.
XapKiBCHKHUIA HALTIOHAJIFHIN YHIBEPCHTET PaIiOeNeKTPOHIKH, XapKiB, YKpaina

3pocTaHHs KiIBKOCTI BeOpecypciB, 1o 3abe3neuyroTb (yHKIIOHYBaHHS
cy4yacHHX Oi3Hec-TIpoleciB, NPH3BOAWUTH [0 3pPOCTAIOYOr0 HAaBaHTAXKEHHS Ha
cepBepHi iH(GpacTpykTypu. Lle 3yMOBIICHO 301NBIICHHSM KUIBKOCTI 3alUTIB IO
BeOCepRBICiB, O0OCATIB 30EpPeIKCHUX [aHUX Ta OOMEKCHHUMH MOXIHUBOCTSIMH
armapaTHHX PecypciB.

Sk HACIHIZOK, MiABUIYIOTHCS BUMOTH A0 MPOAYKTUBHOCTI, MacIITaOOBaHOCTI
Ta BigMoOBoOcCTiliKoCcTi MepexHol iHpacTpykTypu [1]. OmbuMm i3 KIOUOBHX
MAXOMIB IO BHUPIMICHHSA wie€l TmpobimeMu € eQeKTHBHe OalaHCyBaHHS
HaBaHT@XXCHHSA Ta I30JALIsA CepBiciB 0e3 CyTTEBOro 3OUIBIICHHS BUTpPAT Ha
armapartHe 3a0e3IeueHHs.

3acTocyBaHHA KIACHYHHX CHCTEM BipTyami3amii € e(eKTHBHHM 3aco0oM
i30IsLii CepBiCiB, MPOTE BOHO Ma€ IEBHI OOMEXEHHS IIOJO0 MPOIYKTUBHOCTI,
3yMOBJICHI HAaKJIaJHAMH BHUTpaTaMHu TinepBi3opiB. BopHowac BHKOpHCTaHHS
oKkpeMHX (i3UYHHX CepBepiB AJIsi OaNaHCyBaHHS HaBaHTa)KCHHs 3HAYHO MiJBUIIYE
orepariiHi BUTpaTH.

Mertor0 IOCHIKEHHST € po3poOka MeToxy 3abesrneueHHs (DyHKLIOHYBaHHS
BeOXOCTHHTY INIIIXOM 3aCTOCYBaHHS TEXHOJOTIH BKIAAeHOI BipTyaiizamii B
MepexeBiit iHppacTpykTypi, Imo 3a0e3medynTh e(PEeKTHBHE BUKOPUCTAHHS
arnapaTHHX PecypciB.

VY momnoBii mpeAcTaBICHO OTIIA TEXHOJOTIH BipTyai3amii, o MOXYTh OyTH
BHKOPHUCTaHI JUII MacIITa0yBaHHS 1HPpPACTPYKTypu 0e3 HeoOXiTHOCTI (i3HIHOTO
PO3IIMPEHHS CEpBEpPHUX IMOTYx)HOCTeH. OKpeMy yBary NpHAUIEHO iHTerpauil
METONIB 0ajaHCyBaHHsS HABaHTAKEHHS, 10 CHpPUSE IIJBUILCHHIO PIBHSA
BIZIMOBOCTIHKOCTI CHCTEMHM 3a paxyHOK ONTHUMi3alii BUKOPHUCTAaHHS HasBHUX
obuncmoBansHuX pecypcis [2]. HaBeneni qaHi 1eMOHCTPYIOTh, 110 3aCTOCYBAHHS
NporpaMHuX 3aco0iB OajlaHCYBaHHS HaBaHTa)KEHHs, 30KpeMa MpPOKCi-CepBepiB,
3abe3nedye IMOKpAILEHHS! CTIMKOCTI CHCTEMH 3a YMOB OOMEXEHHX arapaTHUX

pecypciB.
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IMPACT OF LOSSY COMPRESSION ON SEMANTIC
SEGMENTATION OF DRONE IMAGES: AN EXPLORATION
OF PLATFORMS FOR THE STUDY

Kalchenko LY.
National Aerospace University "Kharkiv Aviation Institute”, Kharkiv, Ukraine

The use of drones (UAVSs) in urban planning, agriculture, ecology, and
defense requires the transmission of a large number of images in real-time. Due to
the limitations of communication channels, lossy compression algorithms (JPEG,
WebP, BPG etc.) are used, which can degrade the accuracy of semantic image
segmentation, especially in difficult shooting conditions — a topic that hasn’t been
well studied yet. The study aims to analyze the impact of different compression
levels on segmentation quality using modern neural networks (U-Net,
DeepLabV3+, PSPNet, ResUNet-a, Mask R-CNN) [1]. The study uses open
datasets (UAVid, Aeroscapes), includes evaluation by loU, PA, MSE metrics and
building a model for predicting optimal compression parameters. The results will
allow us to formulate recommendations on the choice of compression for efficient
image transmission without significant loss of analysis quality.

The purpose of the report is to select tools for research and training of deep
neural networks using the transfer learning approach, as well as for further
experiments with semantic segmentation of lossy compressed images from drones
and evaluation of the quality of the results obtained.

The report provides examples and a comparative analysis of three
approaches to organizing computing: using an existing PC or laptop with a
discrete graphics card, free cloud platforms with GPU/TPU support (Kaggle
Notebooks, Google Colab), and paid but accessible services with hourly
resource payments (Vast.ai, RunPod). These data show that while local
machines provide full control and flexibility, cloud platforms allow for rapid
scaling of experiments without initial hardware investment, and services like
RunPod provide the optimal price/performance ratio for long-term model
training. Solutions such as RunPod also allow you to run any containerized
application, making them particularly flexible for customizing your
environment. This approach will be used in the future research because of its
configuration flexibility and availability of different types of computing
resources.
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FLIGHT SIMULATION SYSTEM FOR TESTING
OF UAV VISUAL GUIDANCE ALGORITHMS

Dubinin V., Puhach D.
National Aerospace University
“Kharkiv Aviation Institute”, Kharkiv, Ukraine

Nowadays, UAVs play a crucial role in defense and are increasingly used in
civilian sectors such as agriculture, construction, geodesy, security, rescue, and
cartography.

Despite their benefits, developing automated UAV control systems is
resource-intensive in terms of both cost and time [1].

During development, iterative testing of guidance systems can damage or
destroy UAVs. Real-world testing requires specific environmental conditions—
lighting, fog, time of day—and becomes more complex when tracking another
UAV.

Even with professional operators, replicating identical flight paths is nearly
impossible, making algorithm evaluation inconsistent.

A practical solution is creating a simulation platform for flight testing and
performance evaluation [2].

The paper analyzes this alternative approach and presents developed methods
for software implementation [3].

It includes examples of existing platforms, their comparison, system
requirements, software architecture, and capabilities.

The development of tracking algorithms within the simulator is described and
compared to traditional methods, showing faster development and reduced
testing costs [4].

The paper concludes with future development plans for the system.
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PO3POBKA 3ACTOCYHKY 3 IIIIBOPY ABTO3AIIYACTHH
VIS CTAHIII TEXHIYHOT'O OBCJIYTOBYBAHHS ABTOMOBLJIIB

Mowmot M.O., JlauuneBcebkuii S1.B.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
«XapKiBChKUi aBianiiHUN IHCTUTYT», XapkiB, YKpaina

Po3poOka 3actocyHKy sl MminOopy aBTO3AIMYacCTHH € aKTyaJbHOIO 4Yepe3
3pOCTaHHS PHHKY aBTO3AIMYAaCTWH, 3arajbHUN pICT KUIBKOCTI aBTOMOOLIIB,
KOHKYPEHIII€I0 Ha PUHKY aBTO3aIYacTHH, MOTPeOOI0 B 3py4YHOCTI Ta HIBUIKOCTI iX
miza6opy [1]. MeToro 1onoBini € cTBOpeHHsI BeG-3aCTOCYHKY, SIKHil MOKPAIILYE MPOLIEC
MiI00py aBTO3AMIACTHH, CHPOIIYIOYH pOOOTY CTaHIIIH TEXHITHOTO 0OCIYyTOBYBAHHS Ta
TIIBUIIYIOUH iX e()eKTUBHICTH. B q0moBini HaBOIATHCS: aHaJi3 MOTPed Ta OUiKyBaHB
KOPHCTYBaYiB, BU3HAYCHUH HEOOXiMHMH (YHKIIOHAT BEO-3aCTOCYHKY Ta 3IIHCHEHO
Horo mporpamMHy peanmi3amilo; Onuc (YHKIIOHAA Ta AapXITEKTypH CHCTEMH IO
PO3pOOIIAEThCS HA OCHOBI TOPIBHSUIBHOTO aHANI3y TEXHOJOTIH pO3pOOKM NOIATKIB;
OIMMC TIPOEKTHUX PillleHb; BUKOPUCTaHI TEXHOJIOTII Ta MiIxomu 0 po3pookm; UML-
Jiarpamu JjIs OIKCY OKPEMHX €JIEMCHTIB J0JaTtKy; cxema Oasu manux (BJI). s
CTBOPEHHS 3aCTOCYHKY OyJi0 BHKOpHCTaHO kKommoHeHTH: 1) pponrenn (front-end) —
SIKHH BimoBizae 3a inTepdeiic kopucrysaua (Ul) Ta kopucTyBaipkuii gocsin (UX) —
BukopucroByetbest HTML, CSS i JavaScript [2]; 2) Gekenn (back-end) — cepepna
YacTHHA MPOrpaMH, sIka BIAMOBimae 3a 00OpoOKy JaHuX, B3aemomiro 3 BJl Ta iHmuMu
CHCTEMaMH — BUKOPHCTOBY€EThCsI MoBa mporpamyBanHs PHP ta ¢pefimBopk Laravel;
3) B/ 30epirae maHi mpo aBTOMOOLN, 3aMYACTHHHM, KOPUCTYBAYiB, 3aMOBICHHS —
BukopuctoByeTbest JSON; 4) cepBep, I PO3MIIIEHHS Be0-3aCTOCYHKY ((pi3MuHIIA
cepBep abo BipTyalbHHI cepBep B XMapi) — BUKOPUCTOBYETHCS OC3KOIITOBHUI TOMEH
st gomatky BlueHost. Po3poOnenuii Be0-3aCTOCYHOK Mae Taki OCHOBHI PEXKHUMHU
pobotu: 1) pexuM MOIIYKy HEOOXiJHMX 3aMYacTHH 3a PI3HUMH Kputepismu (3a
ApTUKYJIOM/MapKOK, MOJICJUTI0 Ta POKOM BHITYCKY aBTOMOOLIS 3 ypaxXyBaHHIM
CYMICHOCTI/3a KaTeropi€to (IBHTYH, XO0JI0Ba YacTHHA, Ky30B TOIIO)); 2) pPeXKUM
nepersiLy  JAeTanbHOi  iHdopMamii  mpo  3amuactuHy  ((poTo/apTHKyI/
Ha3Ba/BUPOOHUK/I[IHA/OIIMC/CYMICHICTh 3 MOJEIISIMH aBTOMOOLTIB/HASIBHICTh Ha CKJIai
Towo). JoAaTKOBI pPEKUMH Ui 3PYYHOCTI: PEXHUM TOPIBHSHHS XapaKTEPHCTUK
TOBApiB; PEXHM MiJ0OpY aHAJIOriB; PEKMM OHJIAWH-KOHCYJIbTalil (axiBus 00
miaoopy 3amyacTuH, miadip 3amuactiH 32 VIN-KoJOM aBTOMOOULI; JOMaBaHHS
0coOMCTOr0 KabiHeTy 3 ICTOPI€I0 3aMOBIIEHb Ta 30€PEKECHHSM YITIOOJIEHNX TOBApiB.
[Tnanyersest iHTErpalist 3 aBTOCEpBiCaMy, IO JO3BOJMTH KIIIEHTaM 3aIllCyBaTHCS Ha
PEMOHT.
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ABTOHOMHU PO3PAXYHOK IIPOCTOPOBUX KOOPIUHAT
OB’€EKTY METOJAMMU BI3YAJIBHOI HABIT'AIII BIIJIA

I'yprorwit O.0., deprauos K.1O.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
"XapkiBchKHii aBianiitauii iHCTUTYT" XapkiB, YkpaiHa

[Ipotsirom ocTaHHIX pOKIB TeMaTWKa JOCHiPKEHb aBTOHOMHOCTI Ta
aIanTUBHOCTI OE3MIOTHOT TEXHIKK Ha0yJa IMUPOKOT MOMmyIsIpHOCTi. Tenep rocTpo
MOCTAIOTh NMHUTAHHS aBTOMaru3auii poOOTH 1 TOYHOCTI aJTOPUTMIB y KOHTEKCTI
HaBiramii B cepeoBHIax 0e3 30BHINIHIX HABIraliiHUX CUTHAIIB.

[ormubnenwii ananiz matepiami [1], moka3aB, MO BUKOPUCTAHHSI KaMepH
IPOHY Ma€ KIIOYOBY pOJb SIK IS 3IiHICHEHHS MAaHEBpPIiB IONBOTY, TaK 1 UIA
MOHITOPHHTY, a TAKOK TOYHOTO MO3UIIOHYBaHHS TOUYOK YU KOPEJIALii 00’ €KTIB.

TakuMm YMHOM, KOKEH 3IIHCHEHHH KaIp MICTHTh HaOlp MIKCENPHUX NaHUX,
3HAYCHHS SKUX Y TOE€THAHHI 3 alTOpUTMaMH OOpOOKM Ta CIIBCTaBJICHHI i3
3aJaHUMH{ TIapaMeTpaMHy HaJaloTh PO3IIMPEHY iH(opMmamio mpo TOCHiIKyBaHy
JUISTHKY 1HTepecy Ul aBTOHOMHOT'O BUKOHAHHS CKJIQIHUX ITOJIbOTHUX 3aBIaHb.

Kpim Toro, npoBeeHO TpaHCAUCUUILTIHAPHUIT aHaITi3 TEXHOJIOTH, 1110 MAlOTh
YHIKaJbHI METOAM Ta MiIXOAU, BUKOPUCTAHHS SKHX Y KOHTEKCTI JAHOTO 3aBIaHHS
MICTUTh HayKOBY HOBU3HY IpHU pO3poOIl aIropuTMy BidyanbHoi HaBirauii. 3BiacH,
BIIPOBA/DKCHHS METOAOJIOTIA TpUiaTepallii, TPUAHTYJAIII Ta IPOCTOPOBOrO
MO3MIIOHYBaHHs 3a mormoMmoroi posropHytux Mepesxk BLUETOOTH ta UWB
HaJIa€ MOTJIMONICHEe PO3YMIiHHS MPO CTaH JOCIIIKYBAaHOTO 00’ €KTYy Y MPOCTOPI, 110
Ma€ CXOXKICTh Ta 3BOPOTHIO BiMOBIAHICTE JI0 MOTOYHOT 331aui [2, 3].

Po3paxyHok mpocropoBmx koopamHaT X Ta Y ansd o0’ekTy, mo Oyio
3a(ikcoBaHO 3 KaMepu OE3MIIOTHUKA BiOYBAE€THCS Y TOPH30HTAIBHIN IDIOMIMHI Ha
OCHOBI 3HaWJeHOi BiAcTaHi 10 00’€KTy Ta KyTa pHcKaHHs. lIpu mpomy, mporec
3HAXO/DKEHHsST KOOpDAMHAT TIOJISITa€ Yy BHPILIGHHI 3afa4l i3 MNPSIMOKYTHHM
TPUKYTHHKOM 3a Teopemoro Ilidaropa.

[MoniOHMM YWMHOM  BHUpINIYETHCS 3afadya i3 IOIIYKOM IPOCTOPOBOI
KOOpAUHATH Z.

Hacammnepen, s peanmizamii HEOOXigHI mapamMeTpu: KOHTYpP 3adiKCOBAHOIO
00'eKTy, JIOKaJIbHI KOOpAWHATH T'E€OMETPUYHOTO LEHTPY Yy T'OPU3OHTAIBHIN
IUTOLIMHI, BHCOTa IOJBOTY KBaJPOKONTEpa, BEIMYUHA JIIHIHOTO NPHUCKOPEHHS
JPOHY, KyT PUCKAaHHS, TAHTXY 1 IUCTAHIIIS BiJ OC3MIIOTHUKA 10 00'€KTY.

Buxopsun 3 Toro, mo 300paxkeHHsI KaMepu MOXKE HEe MICTHTH iH(popMalio
npo rMOuHy, mapameTpu 00’€KTiB 4M Biacradi, a iforo obpobka B OpenCV
BeJleThes sK 3 2D mnomuHoro.

[pu boMy, BCi 00’ €KTH IO TOMAAAIOTH Y KaAp € PIBHOBIANAICHUMH 1 X Bara
MOJK€ BH3HAYATHCS JIMIIE 32 3HAYCHHSM HACHYEHOCTI IMiKCeNiB. [HIMMHU cioBamu,
aHaimi3 00’eKkTiB Ha 300paKeHHI y NEpCHEeKTHBi, BiAOyBaeThCA, AK TPH iX
OpPTOrOHAILHOMY PO3TalllyBaHHI, Jie y IUIOLIMHH OTPUMAHOro ¢peiiMy 3 kamepu
JIPOHY € JIUIIIE JIBi OCi.
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[Tpu 3HAXO0KEHHS IPOCTOPOBHUX KOOPIUHAT 00’ €KTY BUKOPHUCTOBYIOTHCS JBI
HEePIeHANKYJSIPHI IUIOIIMHY, KOXHA 3 SKUX Ma€ CBOI JIOKaJIbHI KOOPIMHATH. Y
BUITAKy BU3Ha4YeHHS X Ta Y KOOpIMHAT, BOHU OAPa3y IPHCBOIOIOTHCS 00’€KTaM,
a y BHUINAAKY I3 BEPTHKAIBHOIO IUIOIIMHOKI ICHYIOTH €Talu JOAATKOBOTO
00UHCIeHHS.

Ha ocHOBI 3a3Ha4yeHUX BHIIEC HapaMeTpiB, BCTAHOBIIOIOTHCS JoKanbHi 2D
KOOPJMHATH y BEPTUKaJIbHIN IIIOMKHI. Buxoasuu 3 Toro, mo ApoH cTadinizyeTbes
y MOJBOTI Ui 3AidCHeHHs (ikcanii Ta MpopaxyHKy, y el Jac 3alucyeTbesi Horo
3HAYEHHS TETEPIIIHBOI BUCOTH, JIIHIHOIO MPUCKOPEHHS Ta TUCTaHLis, sIKa CIIyTye
JUISL CTBOPEHHsI TOYKH OpOiTambHOrO 3cyBy. Llst iHpopMamis BimoOpakaeTbes Ha
mucioiei y peambHOMy dYaci. TakuM YHHOM, CTBOPIOIOTBCS JIiHII Ta KyTH,
NPSMOKYTHOTO TPUKYTHHKA, 3aJada 3HAXOKCHHS HEBIIOMHX CTOpIH Ta KyTIB
SIKOT'O BUPIIIYETHCS TAK CaMo, 5K 1 A7 TonepeHpoi IIomuHr XY .

Hami BinOyBaeThCs pPO3PaxyHOK JOBKHHH MEPHCHIUKYISPHOTO BiIPi3KY,
SIKMHA TTOKa3y€e BiACTaHb BiJl TEOMETPHYHOTO IICHTY O0’€KTa IO JiHii TOPU30HTY
(Hy;16OBe 3HaueHHs akcenepomerpa). [licas mporo, 3AIHCHIOETHCS BCTAHOBICHHS
TMOJIOXKEHHS Li€T TOYKHM Y HaJ- YU MiArTOPU30HTAIBHOMY MPOCTOPI Ta 3HAXOAUTHCS
peasbHe 3HaUeHHs Z KOOPJHHATH 00 €KTY ONepallisiMy 10JaBaHHS YM BiHIMaHHS.

Bapro 3a3HaunMTH, IO KYyT TaHraxy CIyrye s IHTEPaKTHBHOTO
BiZIOOpa)KCHHS 3HAYCHHS TOPH30HTY Y Kajapi, KyT PUCKaHHS, ISl 3HAXOJKCHHS
mpoctopoBux X Ta Y KOOpIWHAT, a AWCTAHINSA J0 OO0 €KTY B OJHIM IUTONIUHI
CIIyIye TiMOTeHY3010, a B IHONKA KaTeToM. PesympTaT BHIpPOOOBYBaHHS Ha
Manoradaputaomy kBagpokomntepi DJI Tello EDU mokasami BHCOKY TOYHICTB
BU3HAUCHHS KOODAMHAT OO’€KTy 3a JONOMOIOK 300pa)KCHHS 3 KaMepH Ta
0OpTOBHX NAaTYMKIB y cepenosuii 6e3 GPS.

OTxe, Ha OCHOBI TPOBEICHOTO KpPOC-TAy3eBOTO aHaNi3y METOMiB OyIo
pO3po0JICHO ~ aNrOpuTM  BH3HAYECHHS IMPOCTOPOBHX  KOOPIHMHAT  00’€KTa,
3a(hikcOBaHOrO KaMepor Oe3MiIOTHHKA. BrpoaoBxk peamizailii 3aBmaHHS OyI10
BUPINICHO 3aJa4y JABOX IUIOLIMH, [0 HAJAIOTh JOCTOBIpHY IiH(OpMAILi0 PO
MOJIOKEHHSI TEOMETPUYHOT0 LEHTPY JOCHipKyBaHOro 00’ekty B 3D mpocropi.
OtpuMaHi pe3ysbTaTH MOJbOTHUX €KCIEPUMEHTIB, CBIYATh PO BUCOKY TOYHICTb
METOMy, 10 Ma€ MpaKkTHYHE 3HA4YeHHsS INPU 3aCTOCYBaHHI y cepefoBullax 0e3
30BHIIIHBOTO HABITAI[ITHOTO 3B’SI3KY.
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METO/] KIACH®IKALII OBEKTIB
JJIs1 ABTOHOMHOI ITIOCAJIKH BIIJIA

Aizanpkuii O.M., brukosa [.B., JIsmiko J1.B.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
"XapkiBchkui aBianiinuii incTuTyT" Xapkis, Ykpaina

Crpimkmii po3BuTok BITJIA CympoBOIKYETBCS TOSBOIO HOBUX CKIIATHIX
3a7a4, 30KpeMa aBTOMAaTUYHOI MTOCAJKH, KA € KIIOYOBUM EIEMEHTOM IiIBUIICHHS
aBTOHOMHOCTI. BomHouac kmacwmyHi MeTonm OOpOoOKH 300pa’keHb IOCTYTIOBO
JOTIOBHIOIOTBCS  TAMOOKMMH HEWpOHHUMH Mepexamu [1-3], ame ocrasHI
moTpeOyIOTh 3HAYHUX OOYMCIIOBAIBHUX PECYpCiB, MO € MPOOJIEMOIO IS MaJnX
BITJIA.

3pocrae morpeba y 30aNaHCOBAaHHX PIMICHHSX, SIKI MOETHYIOTh TOYHICTH 1
MOMIPHY pecypcoMicTKicTh. OnTuMizaiis OOYHMCICHbh 1 BHCOKA MIBHIKICTh
00poOKM KPUTHYHO BaXJMBi, ajpke kommakTHi BITJIA maioTh oOMexeHi pecypcw,
aJle IIMPOKUH (QyHKIIOHATI.

e ctumymnroe po3poOKy TIOPUIHUX MIAXOMIB, MO MOEAHYIOTh KIACHYHI
AITOPUTMH 1 HEWPOHHI Mepexki IUIA NOCATHEHHS KOMIIPOMICY MDXK TOYHICTIO,
IIBUJIKICTIO Ta CTa0LIBHICTIO.

MeTor0 [OTIOBiAI € TMPEOCTaBICHHA METOAY PO3Ii3HABaHHS 00 €KTIB I
aBToHOMHOI mocaaku BIUIA, sxuif moeaHye TOIIYK KOHTYPIiB i HEHpoMepeKeBy
knacugikamiro. 300pakeHHS TOMEPEAHBO 00POOISIETHCS, BHIAULIIOTECS KOHTYPH,
Uil SIKUX oOuMciooThest 15 mapamerpiB. Lli JnaHi MogaroThCsi B KOMITAKTHY
HEWPOHHY Mepexy Uil Kiacudikariii.

PesynbTatu BUIIPOOYBaHb MOPIBHIOKOTHECSA 3 Y0lo V8, sika TEMOHCTPY€E BUCOKY
TOYHICTh, ajJ€¢ € PEeCyPCOMICTKOI. 3amporOHOBAHMN METOJ y JCCATKHA pasiB
LIBUIIMN, MEHII BUMOTJMBUN N0 pecypciB, XOU 1 MOCTYNA€EThCS B TOYHOCTI Ta
oTpedy€e TOHKOTO HaTaITYBaHHS.

Taxuii TiOpUAHAHN MAXIA 1a€ 3MOTy peaizyBaTH 00poOKY Ha MaJOMOTYKHIX
mratdopmax, 30epiratodu MOTEHIIaM IS MOJAIBIIO0T ONTHMI3allii.
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PO3POBKA CUCTEMM OBJIIKY MPOXO/IKEHHS CEPTAU®IKALINA
CIIIBPOBITHUKIB IIIAITPHEMCTBA

I'yoka O.C., I'yoka C.O., Hocos /1.1O.
HarmionansHMi aepOKOCMIYHIHA YHIBEPCHTET
"XapkiBcbKHH aBianiitHuii incTuTyT", Xapkis, YKpaina

VY cyyacHHMX yMOBaxX PO3BUTKY IIJIIPUEMCTB Ta 3pOCTal0u0i KOHKypeHIii Ha
PHHKY BaXKJIMBHM aclleKTOM e()eKTHBHOI'O YIPAaBIiHHS IIEPCOHAIOM € KOHTPOJIb
piBHs kBamidikanii cniBpoOiTHUKIB. OZHUM 3 OCHOBHHX IHCTPYMEHTIB MiATBEpP.-
KeHHs npodeciiHuX 3HAHb 1| HABUYOK MpaliBHUKIB € ceprudikaris [1]. TIpoxoa-
KEHHs cepTH(ikamid IT03BOJSE KOMIIAHISAM IATPUMYBAaTH BHCOKI CTaHIApTH
SIKOCTI, 3a0e3medyBaTH BiATIOBIAHICTH 3aKOHOAABYMM BHUMOTAaM Ta IIiABHIYBATH
MPOAYKTUBHICTh Tpamni mepcoHany [2]. Kpim Toro, ue cmpusie mpodeciiHOMy
3pOCTaHHIO TPALBHUKIB, W0 MOTHBYE iX JO IOJAJbLIOTO PO3BHTKY Ta
BIOCKOHAJICHHS CBOTX HAaBHYOK.

MeTow A0MOBiAi € aBTOMAaTH3AIlisl BCIiX AacCMeKTiB OONIKY MPOXOKECHHS
ceprudikaiiii cmiBpOOITHUKIB MIANPUEMCTBA, a CaMe IPOICCIB HABYAHHSI Ta
arectanii mnepcoHaly, e(QEeKTUBHOIO aHali3y Ta YNPaBIiHHSA JaHUMH IIpO
ceprudikaliro.

OcHOBHUM (DYHKITIOHAJIOM PO3POOJICHOI CHCTEMH OOJIIKY €:

- BE/ICHHA peecTpy cepTH(dIKaTiB CHIBPOOITHUKIB;

- KOHTPOJIb TEPMiHIB Hii cepTh(ikaTiB;

- HaraJyBaHHs PO HEOOXiJHICTh OHOBJICHHS a00 MPOXOJHKCHHS HMOBTOPHOI
ceprudikarmii,

- 3a0e3leyeHHs BIAMOBIAHOCTI KBami(ikamii IepcoHaly HOPMATHBHIM
BUMOT'aM;

- (popMyBaHHS 3BITHOCTI ISl KEPIBHUIITBA Ta PETYJITOPHUX OPTaHIB.

VYnpapniHHs cepTUdiKalisaMu € 0COOINBO BAXIMBUM y chepax, e HeoOXiIHO
MiATBEPAXKYBATH MPOQeciiiHy KOMIETeHTHICTh, HAIPUKIIAA, Y MEIUIMHI, aBiamil,
iH(pOpMaLIHHUX TEXHOJOTISX, BUPOOHHUIITBI Ta IHIIMX TaTy3sAX 13 IMiIBUIICHAMH
BUMOTam# 710 KBamiikarii nepcoHamty.

Cuctema po3po0OiieHa y BUIIISIII Be0O-3aCTOCYHKY, IO TO3BOJISIE €PEKTHBHO,
LIBUJIKO Ta SKICHO OTPUMYBATH HeoOXinHy iH(popMarito 3 0y1b-1K01 TOUKH 3€MHOT
KyJli Ta 3 OyIb-5IKOT0 TIPUCTPOIO (HaBITh 3 MOOUIBHUX MPUCTPOIB).

Takox cyTTeBY yBary NpHIUICHO 3aXUCTy NMEPCOHAIBHUX JIAaHUX CIIiBpPOOIT-
HUKIB. {7151 IbOTO PO3pOOIEHO MiACUCTEMY KEpyBaHHS JOCTYIIOM JI0 IUX JaHUX.
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BHUMOI'X 10 CKJIAJJHUX BATATOPIBHEBUX
CUCTEM NPUKPUTTSA OB’E€EKTIB BIJI ATAK YAAPHHUX BIIJIA

Heprauos K.1O., Kymnaria O.K.
HarmionansHMi aepOKOCMIYHUH YHIBEPCHTET
"XapkiBchkui aBianiinuii inctuTyT" Xapkis, Ykpaina

[pakTHka 3acTocyBaHHs Oe3nioTHUX JiTanbHUX anapatiB (BIIJIA) mokazana
iX BHCOKY e(eKTHUBHICTb SIK 3ac00y ypa)KeHHsS BIHCHKOBHX 00’€KTIB Ta 00 €KTIB
KputuuHOi iHppacTpykrypu. CydacHi ynapHi BITJIA 3xaTHI BUKOHYBaTH TOJIT Y
CKJIaJIHUX YMOBaX, CaMOCTIHHO BHSIBJIATH 00’ €KTH JJIsl ypa)KeHHs, HABOAUTHCS Ha
Tb 3 BHUKOPHCTAHHSIM TEXHOJOTIH IITYYHOTO IHTENIEKTYy Ta MAIIMHHOTO 30Dy,
3aCTOCOBYIOYM CKJIAQJHy CHUCTEMY YIPABJIIHHA TIOJILOTOM, IIO KOMILIEKCY€
iHepuiliHy, CYIyTHHKOBY HaBiraIiiiHy Ta 30pOBO-CCHCOPHY CHCTEMH HaBEICHHS.
Tox, muTaHHsA 3a0e3lMedYeHHs NPUKPUTTS 00 €KkTiB Bim atak ymapaux BIUIA e
JOCHUTh aKTyaIbHIMH Ta MOTPEOYIOTh MOMIYKY IUIAXIB iX BUPIIICHHS.

MeTo10 10MOBil € BU3HAUEHHS 3araJIbHUX BHMOT' JIO CHCTEMH NPUKPHTTS
BaXJMBUX O0’€KTIB TaKTWYHOrO piBHA Bix ynapHux bBITJIA, BusHayeHHs ii
0araTopiBHEBOI CTPYKTYPH Ta OCHOBHHX TEXHIUHUX XapaKTCPUCTHUK ii CKITaJOBUX.

B nonoBimi  HaBOAATBCS — pe3yJbTaTh  JAOCHIUKEHb  ICHYIOYMX  Ta
MEePCIEKTUBHUX TEXHIYHUX DillleHb, 10 JO03BOJISIOTH CTBOPIOBATH OaraTopiBHEBI
CHCTEMH 3aXHCTy KpuTHuHHX 06’extiB [1, 2]. Jo ckmagy Takux cucteM Mae
BXOIWUTH IiJCHCTEMa BHUSBICHHA 1 CYNPOBOKCHHS MHOBITPSHUX ILined (Moxxe
BKITIOYATH PaIioNOKaIliiiHi, pamiOTeXHIYHI CHCTEMH, PaJiovacTOTHI aHaJi3aTopH,
ONTHYHI, aKyCTHUYHi, CEHCMIi4Hi, EJIEKTPOMATHITHI Ta iHII CEHCOpH), 31aTHA
MPAaIOBaTH aBTOHOMHO a00 CIUTBHO i3 CHCTEMaMH CHTYaliifHOi 00i3HaHOCTI
BHUILOTO PiBHS, aBTOMAaTHYHO NpHiHMaTH abo NMPONOHYBaTH pILIEHHS ONeparopy
mIof0 JIKBifamii BHUSBICHUX 3arpo3, a TakoX (opMyBaTH KOOPAWHATHY
iH(popMaIito s macucTeMu 3axucty. [ligcucremMa 3aXUCTy Ma€ MOEAHYBATH SIK
aKTHBHI, TaK 1 MacuBHI 3ac00M 3aXMCTy (HAIPHKJIIA], TPAAULIiiHI 32C00M BOTHEBOTO
ypaxkeHHsi,  pajiodacToTHi — mnopaBmoBaui, GNSS-cnydepu, mnepenasaui
cnpsiMoBaHoi eHeprii, cucremu kibepsaxorieHus BITJIA Tomio), ontUManbHO iX
3aCTOCOBYIOYH Ha PI3HUX BIJICTAHSIX 110 00’ €KTY IPUKPUTTS.

Crucok Jirepatypu

1. Monitor drone threats in real-time with drone detection radar that combines 360°
coverage with automatic classification. Specialist Anti-Drone Detection Radar Systems for
Defence and Security. Robin Radar Systems. URL: https://www.robinradar.com/drone-
detection-radar.

2. KpuBonic O.I. Cuctemu BHSBICHHS JAPOHIB 1 TPOTHAPOHHI CHCTEMH.
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EKCIIEPUMEHTAJIBHE BIAITPAITIOBAHHSA CUCTEMH
HABEJEHHS BIVIA 3 CACTEMOIO TEXHIYHOTI'O 30PY

SApemenxo A.C., lepradosa /1.K.
HarmionansHuit aepoOKOCMIYHUI YHIBEpCHTET
"XapkiBcbkHH aBialiiiHuii iHCTUTYT" XapkiB, YKpaiHa

CyuacHi 6e3ninoTHi jitansHi anapatu (BI1JIA) akTHBHO BHKOPUCTOBYIOTHCS
y BIiHCBKOBIH, LMBUIBHIA Ta POMUCIOBIH cdepax, Je aBTOHOMHICTb 1 3JIaTHICTb
opienTtyBatucs 6e3 GPS maroTh BupimansHe 3HaueHHs [1].

VY 1bOMy KOHTEKCTi TEXHIYHHMHU 3ip BUCTYIAE KIIOUYOBUM IHCTPYMEHTOM, IO
no3poisie  BIIJIA caMOCTiHHO BHSBIIATH, pO3MI3HABATH W CYNPOBOIKYBAaTH
00’ €KTH.

ExcnieprMeHTaIbHE TECTYBaHHS TAKUX CUCTEM € BaXKIMBHUM JUTS IEPEBIPKH iX
TOYHOCTI, CTIHKOCTI IO 30BHIIITHIX BIUIMBIB Ta aJalTHBHOCTI JI0 3MiH CEPEOBHIIA,
10 miABUIIye HaAiiHICTh podoTu BILJIA B ckamHuX yMOBax.

MeToro JOTIOBiZL € aHaNi3 MPUHIMIIB MOOYyI0BH cucTeM HaBeneHHs BITJIA
Ha OCHOBI TEXHIYHOTO 30py Ta BHUBUYECHHS aJTOPUTMIB aBTOHOMHOTO BHSBJICHHS i
CyMpoBOaY 00 €KTIB.

AJNTOPUTMHU JOCITIKYIOTBCSL 32 JIONIOMOTOI0 E€KCIEPHUMEHTAIBHOTO CTEHAY,
mo Bkirouae BITJIA Ha noBopoTHili miatdopmi Ta cumynaTop Bigeocuen [2].
[Tnatdopma imiTye 3MiHy opieHTauii ApoHax [4], a CUMYJISTOP CTBOPIOE Bi3yallbHi
YMOBH 3 pi3HuMH 00’ €KTaMu, (HOHOM 1 ocBiTIeHHsM [3].

OcHOBHa MeTa eKCIePUMEHTYy — IMepeBipKa CTIHKOCTI alrOpUTMIB IO 3MiH
pPaKypcy, OCBITICHHS ¥ AWHAMIKU clieHH. 3a()iKCOBAaHO KIFOYOBI XapaKTECPUCTHKH:
TOYHICTh PO3Ii3HABAHHS, MIBUAKICTH peakilii, CTAOLIEHICTh TPEKIHTY Ta KUTBKICTH
XHOHHX CIIPALFOBaHb.

[ToBTOpHI TECTH [O3BOJMIIM ONTHMI3yBaTd MapaMeTpu Ta IiATBEPIUTH
e(eKTUBHICTh BUKOPUCTAHHS CTEH/Y JJIsl BJOCKOHAJICHHS CUCTEM TEXHIYHOTO 30pY
BITJIA.

Crucok Jireparypu
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PO3POBKA BEB3ACTOCYHKY 3 PEKPYTHHI'Y
HA OCHOBI INTAT®OPMH INTERSYSTEMS IRIS
TA MYJBTHAT'EHTHOI TEXHOJIOT'TI

Jlemenko O.b., Anikin A.M.
HauioHanpHuii aepOKOCMIUYHHN YHIBEPCUTET
«XapKiBChKUi aBianifHUK 1HCTUTYT», XapkiB, YKpaina

B o6nacti IT Ta mTy4yHOro iHTENEKTYy MYJBTHATCHTHI TEXHOJIOTII MalOTh
IOy’K€ BENHKE 3acCTOCYBaHHSA B pI3HHX cdepax JKUTITI Ta € OIHUMH 3
HaBOXJIMBIMINX HAMpPSIMKIiB AOCHIIKEHh Ta PO3p00OK. MyJbTHAareHTHI CHCTEMHU
PO3MIIAAAIOTh TPOIECH B3a€MOJIl arcHTiB K NPUYNHH BUHUKHEHHS CHCTEM 3
HOBUMHM SIKOCTSIMH. ABTOMATH3allisi PEKPYTHHIY CTa€ AyKE€ aKTyaJbHHM depes3
3pocTaHHA 00’eMiB iHpOpMAILii 11 TepepoOKH Ta POOIT MOB’S3aHUX 3 MOITYKOM
Ta migdopy cremiamictiB. Taka poOoTa MoOXe BKIIOYATH Taki Jii: TMOIIYK
KaH/IW/aTIB B COLIaJIbHUX MEpekax, pPO3CWIIKA JIMCTIB, IPOBEAEHHs crmiBOecin 3
KaHIu/JaTaM{, MOTHBAlLlil0 HAa BHUKOHAHHSA TEXHIYHOTO 3aBIaHHs, BEICHHS
MIeperoBopiB i3 3aMOBHHUKOM 110 KaHJHaTax Tollo. B 3B’s13Ky 3 MM AaHa 3aja4a €
AKTyaJIbHOIO.

MeTor TOMOBINi € TOCTIKCHHS MYyJIbTHATCHTHOT TEXHOJIOTIH I PO3POOKH
Be03aCTOCYHKY 3 pEKpPyTHHTY. B /0moBini HaBOIATBCSA pe3yibTaTH aHATIZy
0coONMMBOCTEH MyJIBTHAr€HTHOI TEXHOJOTIi JUI1 pO3pOoOKH BeO3acTOCyHKa 3
pekpyTuHTy. Po3pobneHa MyJbTHareHTHa MOJICNIb BUKOPHCTOBYE IHTENICKTYalIbHi
areHTH, IIOBEJiHKAa SKUX BH3HAYA€ThCS HAKOIIEHOIO 0a3010 3HaHb. PiBeHB
IHTEJIEKTYaJIbHOCTI KOJKHOTO areHTa OLIHIOEThCS 37aTHICTIO BHKOPHUCTOBYBAaTH
30epexeHi 3HaAHHS B HOBHUX, 3a37aJIeTih HEBIJOMHUX CHTYaIisX, IC OLiHIOBaHUI
areHT TPUWHATHUA K AaKTUBHUM BHpINIyBay 3aBAaHb. BUKOpUCTaHHS
BUCOKONPOAYyKTHBHOI miardgopmu InterSystems IRIS [1] s po3poOku
Be03aCTOCYHKa [O3BOJISIE CKOPOTHUTH 3aTPHUMKH I Yac MiATOTOBKH JaHUX IS
aHalizy Ta J03BOJSIIOTH OTPHUMYBAaTH IiH(OpMalil0 B ONEPATHBHOMY PEXHMI.
Peanizauis Ha mardopmi InterSystems IRIS maciiTaOyeTbest ik TOPU3OHTAIIBHO,
Tak 1 BEPTHKAJIBHO, IO O3BOJSE CHCTEeMi e()eKTHBHO OOpOOIATH 3pocTardi
HaBaHTAKEHHS 3 BEJIMKUMM 00CSATaMHM [aHWX Ta NapajelbHUMH 3aluTaMH.
BukopucTaHHs MyIbTHAareHTHOI TexHoJorili Ha tuiatdopmi InterSystems IRIS
MO€/IHY€ HaWKpalli IHCTpyMEHTH Ta TEXHOJIOTIi aHalli3y JaHHX, Oi3Hec-aHaIiTHKH,
NIPOTHO3YBaHHS Ta BHOYAOBYBaTH e(EKTHUBHI AHATITHYHI MNPOLECH. 3aBASKA
AQHATITUYHUM MOJJIMBOCTSIM Be03aCTOCYHOK 3 PEKPYTHHIY J03BOJISE B pEabHOMY
4yaci OTpUMYBaTH KOPHCHY iH(OpMAIlifo Ta BHKOPHCTOBYBATH ii IS yXBaJCHHS
OTIEpPaTHBHUX PillleHb MI0A0 BHOOPY (haxiBIiB.

Crucok Jitepatypu
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MATEMATHYHA MOJIEJIb BUBHAYEHHS MAPIIPYTIB BIIJIA
3 TEXHIYHHUM 30POM JJISI MOHITOPHUHI'Y
JUHAMIYHHUX OB'€EKTIB

Mammamm @.A., Kucearos A.B.
HauioHanpHui aepOKOCMIYHHUI YHIBEPCHUTET
"XapkiBcbkHi aBianiiHui iHCTUTYT" XapkiB, YKpaina

Y cy4acHMX yMOBax IiJBUIIEHOrO TIONHUTY HAa TOYHUH MOHITOPUHT
JMHAMIYHUX 00’€KTiB Oe3minoTHi mitanbHi anapat (BIIJIA) BigirparoTs KIIIO4OBY
ponk. IX MOGiIBHICTS, ABTOHOMHICTB i 31aTHICTH MPAIIOBATH B CKIIAJHOAOCTYTHUX
30HaX pOOJATH IX HE3aMIHHUMHU JUTS CIOCTEPEKEHHS 32 PYXOMUMH UM,

EdexTuBHICTE Takoi CHCTEMH 3aJIe)KHUTh BiJ KOPEKTHOTO (OpPMyBaHHI
TpaekTopii moapoty [1]1, Mo T03BOJISE CBOEYACHO BUSBIATH Ta CYNPOBOKYBATH
00’€KTH 3 ONITUMANLHOTO pakypcy [2].

AKTyaJIbHIM € CTBOPEHHS MaTeMaTHYHOI MOJEII, sIKa BPaXOBY€ MOJIMBOCTI
texHiuHoro 3opy BIUTIA [3], xapakrepucTuku pyxy Il Ta OOMEXKEHHS
cepenopuina. lle 3a0e3medye aBTOMATH3allil0 MPOLECY CHOCTEPEXKEHHs W
Ii/IBUIIY€ TOYHICTh, HAJIMHICTD Ta IIBUJIKICTh PearyBaHHs CHCTEMHU B PEalbHOMY
qaci.

Mera ponoBigi — po3poOka MaremMaTuuHOi Mozeni ans  (opMyBaHHS
epektuBHuX MapuipyTiB BIIJIA 3 TexHiYHMM 30poM Uil JHHAMIYHOTO
CIoCTepeskeHHS. Y MOJelli BPaxOBaHO IOJIOKCHHSA Ta MIBUAKICTH IiNTi, TEXHIUHI
obmesxenHs BITJIA i xapakrepucTuku cucteMu 30py. Lle mo3Bomsie 3abe3medntn
Oe3repepBHE CIIOCTEPEKECHHS 3 MiHIMaTbHIMHU BUTPAaTaMH €HEpril.

Monens opieHTOBaHa Ha agamTaIlilo 0 3MiH: Bapialliif MBHIKOCTI 00'€KTa,
MOSIBU TIEpelIKo/ Tomo. BoHa 103BoJsie MpOrHO3YBaTH pyX LI Ta 3MiHIOBaTH
MapHIpyT y peXHMi peajbHOTO Jacy.

TeopeTnuHe MOAETIOBaHHS MiATBEPKYE €(EKTUBHICTh MIXOAY, SKUH MOXe
OyTH OCHOBOIO JUIA IpOrpamMHOi peamizaiii Ta NPaKTUYHOTO 3aCTOCYBaHHS B
ABTOHOMHHUX CHCTEMaX MOHITOPHHTY.

Crucok Jireparypu
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JUHAMIYHA MOJIEJIb BIPTYAJIBHUX 3'€/ITHAHD
MYJbTHUCEPBICHUX MEPEX

Mawmenos A.M., Miponamgenko I.A.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
"XapkiBcbkHH aBialiiiHuii iHCTUTYT" XapkiB, YKpaiHa

3 aKTMBHMM BIPOBAKEHHSM O€3MUIOTHHX JitTanbHuX amapatiB (BITJIA) y
cepy MOHITOPHMHTY, IOLIYKOBO-PATYBaJbHUX OINEpallid, OXOPOHU OO0’ €KTIB Ta
BUKOHAHHS 3aBJlaHb Yy CKJIaJHUX yMOBax, yce OUIbII aKTyalbHHM CTa€ MHUTaHHS
PalliOHAJBLHOTO YNIPABJIIHHA.

B ymoBax, ne KpUTHYHO Ba)KJIMBa IIBUAKA W OOIPYHTOBaHA PEAKIlisl, BAHUKAE
morpeda y CTBOpEHHI alrOpUTMIB, 3JaTHUX CAMOCTiiiHO mpuiiMaTu edeKTHBHI
pimenHs 6e3 MOCTIHHOTO BTpyYaHHs onepaTopa [1].

PamionanpHe ympaBiiHHA Tependadae HE MPOCTO aBTOHOMHICTB, a 3/1aTHICTh
JocAraTd uijieil 3 MiHIMaJbHUMH BUTPaTaMH 4acy, eHeprii Ta pecypcis,
30epiraroun mpH IBOMY TOYHICTH i Oe3meky. Y HbOMY KOHTEKCTI TEXHIUYHHUH 3ip
BUCTYMAE SIK KINIOYOBUI IHCTPYMEHT: BiH JI03BOJISIE APOHY BUSIBIISITH LTI, YHUKATH
MEepelkoy, aJanTyBaTd MapumpyTd [0 3MiH y CEpe’oBHIIl « MOCTIHHO
ONTHMI3yBaTH CBOIO MOBEXiHKY [2].

Meta pomoBini — po3poOka ajaroputMy PpamioHAJIBHOTO YNPaBJIiHHS
BIIJIA Ha OCHOBI CHCTEMH TEXHIYHOT'O 30py. Takwuii alrOPUTM HE MPOCTO BUKOHYE
Harepes 3aJaHy Iporpamy, a aHaJi3ye MOTOYHY CHTYallil0 B peajbHOMY 4aci,
o0upae HAMTOWINMBHINI Hii Ta THYYKO 3MIHIOE KypC, BPaXOBYIOUHM ITUTi Micii Ta
HaBKOJIMIIHI YMOBH.

3anpornoHoBaHa CTPYKTypa ajJrOpUTMY BKIIIOUa€ MEXaHI3MH ONTHMAJIBLHOTO
BHOOPY MapmpyTy, npiopuTH3anii 3aBIaHb Ta aJalTallii 0 3MiH CepeIOBHIIA.
TeopeTnyHe MOZETIOBAHHS IOKa3alo, IO APOH, KEPOBAHMWH TaKUM aJTOPUTMOM,
3/aTeH JiSTH He 32 KOPCTKUMHU iHCTPYKIisSIMH, a Ha OCHOBI JIOT1KH JOLIJIBHOCTI.
Le miaBuiye eeKTHBHICTD, HAAIHHICTD 1 THYYKICTh CUCTEMH.

BusHaueHi TexHIYHI BHUMOTH CTBOPIOIOTH OCHOBY JJIS  IOJAJIBIIOTO
BIPOBA/DKEHHSI PaliOHAJbHUX METOMAIB YNpaBJIiHHS B pealbHI Oe3MiIOTHI
I1aThOpMH.

Crucok Jirepatypu
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METO/ JIOKAJIbHOI POEBOI KOOPJIMHAILII BILJIA
JIJISI TOLTYKOBO-PSTYBAJIBHUX OITEPALIA

Pycramos X.®., Onimryxk P.
HarmionansHMi aepOKOCMIYHUH YHIBEPCHTET
"XapkiBcbkHH aBialiiiHuii iHCTUTYT" XapkiB, YKpaiHa

[TomrykoBo-paTyBanbHi omneparii 4acTo BigOyBalOTbCsS B YMOBaxX OOMEXKEHOI
BHUIMMOCTI, CKJIAJTHOTO penbedy ad0 HeOS3MEeKH, e TPAIUIIIHHI METOIN BUSBICHHS
MOTEPHIINX Masoe(eKTHBHI a00 PU3MKOBaHI. Y TaKUX CUTYyallisiX BHKOPUCTaHHS
OesminotHux mitaneHux anapatiB (BILJIA) migBuinye omepaTtuBHICTH i Oe3meky
TTOIITYKIB.

Oco0imBy TepCIeKTUBY Ma€ poeBa KOOpAWHAIS — Komu Kimbka BITJIA
JIIOTh  SIK  €AWHA CHCTEMa, pO3MONUITIOYM 30HH OINIAAY, OOMIHIOIOYHCH
iHpopMamier0 Ta aganTyruYuch M0 3MiH. JIoKambHI MeToAM KOOpAWHAMIL
JO3BOJITIOTH YHUKHYTH IIEHTPaTi30BaHOTO YIPABIiHHSA, 320€3M€UyI0YHN THYUKICTb 1
MacmTaboBaHICTh — KIIFOUOBI EPEBArd B HECTAOUIPHUX yMOBAX.

Mertoro [0MOBIfi € po3pobdKka METOAY JIOKaJIbHOI poeBoi koopauHailii BITJIA
st eekTHBHOI B3aeMopii JpOHIB y AnHaMmiuHOMy cepepoBuiui [1]. OcHoBHa
yBara MpPUAUISETbCS QITOPUTMY, SIKUM JIO3BOJISIE KOXKHOMY JIPOHY  JUSITH
CaMOCTIHHO Ha OCHOBI JIOKaJIbHOT iHpOpMaIllii — MOJIOKEHHS CYCi/IiB 1 BUSBICHUX
00'exTiB — 0€3 NoTpedr B 30BHILIHBOMY YIIpaBIIiHHI.

3anporoHOBaHO MaTeMaTH4YHy MOJIeib, anantoBaHy mius npouis Tello,
oOpannx sk mmiargopma ansg peamizamii. i IpoHM KOMIAKTHI, MPOTpPaMHO
KepoBaHI Ta OCHAmeHI 0a30BOI0 CHCTEMOIO TEXHIYHOTO 30py, MO POOHTH iX
NPUOATHEMH U eKCIIepHMeHTIB. PesyibTaToM cTaHe cTpareris pos3moniny 30H
nouryky [2], sika M03BOJHMTH YHUKHYTH AyOJNIOBaHHS MApIIPYTiB 1 MIBHIKO
BUSBIISITH IMHAMIYHI 00’ €KTH.

Po3pobnennit MeTon MacmraboBaHuii 1 Moke OyTH 3aCTOCOBaHHH SIK Y MaJIUX
rpymnax JpOHIB, TaKk 1 B BeNUKUX posix. OTpUMaHI pe3ysbTaTH CTaHyTb OCHOBOIO
JUIsL  TIOZIANIBIIOTO MOJIENIIOBAHHS, MPOTrpaMHOl  peaiizauii Ta NPakKTUYHOTO
BUKOpHCcTaHHs Ha ruiatdopmi Tello.
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PO3POBKA IIJICUCTEMM JJI1 KJIACU®IKAIIT POCJIUH

IBanuyk B.B., Jlemenko O.b.
HarmionansHuit aepOKOCMIYHIHA YHIBEPCUTET
«XapKiBChKHUI aBialliifHuA IHCTHTYT», XapKiB, YKpaiHa

CyuacHi iHdopmaniiiHi TeXHOJOTIi BiIrpaloTh BaXIIHBY POJb y Mpolecax
30epekeHHsT Ta  Kiacu@ikarii O0ioJOriYHMX 00’€KTiB, 30KpeMa POCIHH.
ABTOMATH3aIlisI [FOTO MPOIECY 3HAYHO MiABHUINYE e(EKTUBHICTH OOpPOOKH Ta
a”amizy iHdopmarii, o 0COOJMBO aKTyalnbHO Yy cdepi OOTaHIKM Ta EKOJIOTil.
BukopucranHs iHGOpMaIiHUX MiACUCTEM J03BOJISIE HE JIMIE CUCTEMaTH3YyBaTH
HasBHI 3HAHHA, a ¥ CTBOPIOBATH HOBI MOJEINi B3a€MO3B’S3KiB MK BHIAMH, IO
crpusie OUTBII TOYHOMY IIPOTHO3YBAaHHIO 3MiH y Oiocucremax. KpiM Toro, cydacHi
METOAM MAIIMHHOTO HAaBYaHHS Ta IITyYHOTO IHTEJICKTY BIAKPHBAIOTH HOBI
MOJKJIMBOCTI JJIs1 aBTOMAaTHYHOI ineHTH(iKamii Ta kiacugikamii pociIiH Ha OCHOBI
300pakeHb Ta 0i0NOTIYHHUX mapaMeTpis [1].

MerToro aonoBigi € po3podka iHpOpMaIHHOT MICUCTEMH JIJIA Kiaacu(ikarii
pOCIIUH, 10 JO03BOJSE aBTOMATHU3yBaTH MpOIEC 30epeeHHS Ta OOpOOKH JaHHX
PO POCIMHU Ta iX XapaKTEpUCTUKU. Y Mexax PpO3poOKH mincucTeMu Oyiu
BUKOPHCTaHI Cy4acHi TEXHOJIOTIi, Taki sik MoBa nporpamyBanHs PHP, ¢peiiMmBopk
Laravel, cucrema kepyBanHs 6azamu maanux MySQL, a Takoxx MeTomu 0OpoOKU
300pa)keHb Ta aJrOPUTMH MAIIMHHOTO HAaBYaHHS [2] Ul aHATi3y XapaKTepUCTUK
pociuH. [{ns B3aeMozil KOpHCTyBaya 3 MiJCHCTEMOIO 3aCTOCOBAHO BeO-iHTEepdeiic
i3 BukopuctanHaM HTML, CSS i JavaScript, a takoxx TexHonoris AJAX mis
JMHaMIYHOTO OHOBJICHHS JaHWX 0€3 Mepe3aBaHTaKEHHs CTOPIHKH.

OcHoBHUMH (PYyHKLISIMH TIJICHCTEMHU €: 30€pEeKEHHSI Ta KepyBaHHS TaHUMH
PO POCIHHY; MOMIYK Ta (iIbTpaIist POCIUH 3a KaTeropisaMu; 3py4uHuil iHTepdetic
JUISL BBEJIGHHSI Ta pelaryBaHHS JIaHWX; MOXJIMBICTh aAMIHICTpyBaHHsS 0a3W 3HaHb.
3anpornoHoBaHe pillleHHsT MO)ke OyTH BHMKODHCTaHE Yy HAayKOBHUX Ta OCBITHIX
yCTaHOBAaX JjIsl aBTOMATHU3AIIIT IPOIIECy KIACH(IKaIlil pOCIHH, & TAKOXK PO3IIUPEHE
JUIsL HIIMX TOpeAMeTHUX obnacteid. [loganplii JOCHIJDKEHHS MOXYTh OyTH
CHpSIMOBaHI Ha BJIOCKOHAJIEHHS METOJIB OOpOOKM 300pakeHb Ta IMOKpAILEHHS
TOYHOCTI KJTacU(piKaIlii Ha OCHOBI MTHOOKHUX HEHPOHHUX MEPEK.

Crucok Jitepatypu
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AHAJI3 BAKOPUCTAHHS TEXHOJIOTTH ITYYHOI'O IHTEJIEKTY
B C®EPI TEJJEKOMYHIKAIIA

CwMmigosny JI.C.
HarmionansHuit aepOKOCMITHI YHIBEPCHTET
«XapKiBChKUi aBiallifHU{ IHCTUTYT», XapKiB, YKpaina

B ocrani poku BinOyBaeTbhcs WIBHIAKMHA PO3BUTOK TEXHOJOTIH IITYYHOTO
intenekrty (L), siki Bce Oinblie BOPOBAKYIOTHCS B PI3HHUX Tally3sX €KOHOMIKH.
[HoycTpist TenekoMyHIKalil € BHCOKOTEXHOJIOTIYHOIO 1 mepeOyBae B mporeci
uudpoBoi Tpanchopmarii, o BKIOYAE 3MiHY TexHojorii, IT-apxitektypu Ta
6i3HEeC-MOzeTei. 3apa3 T BHKOPHUCTOBYETHCS mpoBaiinepaMu
TenekoMyHikamiiunx ~— mocnyr  (CSP)  Ha  pi3HEMX  eTamax — HaJaHHA
TEIeKOMYHIKaIlifHUX TOCIYT i B pi3HUX Oi3Hec-mpomecax, BuposamxkeHHs LI B
TEJIEeKOMI Ma€ Pi3HUH CTYMiHb 3pLTOCTI — BiJf MPOMHUCIIOBUX PillIeHb IO MJIOTHUX
MIPOEKTIB Ta JOCIiIKEHb.

MeToro a0onoBii € anamni3 croco0iB 3aCTOCYBaHHS Pi3HUX KJIACiB TEXHOJOTIH
LI B TenexoMyHiKallisix, 30KpeMa BUIICHHS NEPCIIEKTHBHUX HAIIPSIMKIB

Pospisustors mekinbka kiracie texuomorii L. Artificial Intelligence (Al) —
3arajpHa HazBa TexHousorii III, 30kpema TexHONOTii NPUHAHATTS pillieHb,
posmizHaBaHHs 00pa3iB. Machine learning (ML) 3a0e3neuye HaBUaHHS Ha BEIUKUX
oOcsirax JaHuX 3 METOI NPOTHO3YBaHHs, Kiacudikamii Ta MPUHHATTS pilleHb.
Generative Al (genAl) cTBOpIOE HOBHiI KOHTEHT Ta HaJa€ MOMKIHUBICTh
KOMyHiKkaiii Ha mnpupojHii MoBi. Business Intelligency (BI) amanizye Benwmki
o0csru maHuX Ta 3a0e3Medye MATPUMKY IPUHHATTS PIllICHb.

OcHoBHMMH HampsiMkamu 3actocyBanHs LI B TenekomyHikanisx [1] Ha skux
JOCSITHYTO 3HaYHUI POTPEC 1 OTPUMAHO NMPAKTHYHI PE3yIbTaTH, € HACTYIIHI.

MOoOHITOpHHT, YIpaBIiHHS Ta ONTHMI3alis Mepex: TtexHonorii Al/ML
BUKOPHCTOBYIOTbCSL IS BHSIBJICHHS Ta PO3III3HOBAHHS MEPEKEBHUX MPOOIEeM,
MIPOTHO3YBaHHs HABAHTAXXCHHSI Ta aBTOMATUYHOTO NEepEeHa ATy BaHHS MEPEexi.

IMokparieHHsT JOCBiAy KOPHCTYBauyiB Ta MEpPCOHATI3aIlisl. ABTOMAaTH3AIIS
B3a€MOJIii 13 KOPHCTyBauaMH 32 PaXyHOK BUKOPHUCTAHHS IHTEJIEKTYaJbHUX YaT-
0OTiB Ta TOMIYHHMKIB Ha OCHOBI genAl, pO3IIMpPEHHS MOXJIMBOCTEH IO
caMo00CIyroByBaHHIO a0OHEHTIB. AHali3 Ta NPOTHO3YBaHHS IOBEIIHKU
KopuctyBauiB Ta (opmyBanHs nepcoHansHux nponosumii (NBO - Next Best
Offer). Lle € 0coOMMBO aKTyalbHUM B KOHTEKCTI MEPEXOy TENeKOMYHiKalliiHUX
orneparopiB Ha OMHIKaHalbHY apXiTeKTypy [2].

Besnieka Ta 60poThba 3 MepekeBUM HaxpaiicTBoM (pponom). Bukopucranus
AI/ML 1o3BoJisie MPakTHYHO B PEANbHOMY Yaci BHSIBISATH aTaKd Ta aHOMAJbHY
TIOBE/IIHKY SIK HA PiBHI BUKOPHCTAHHS MepeXeBUX (YHKIIH, Tak 1 KOPUCTYBaHHS
A0OHEHTCHKUMH IIOCAYTaMH, 1 BIATOBIAHO 3amo0iraTM HECAHKIIOHOBAHOMY
JOCTYITY JI0 Mepexi, Gpoay Ta po3NOBCIOKEHHIO clIaMa.

[lepcriekTHBHIMH HaNpsIMKaMH € TIO€IHAHHA Pi3HUX METOJIIB Ta TEXHOJOTii
Al [3], a TakoX iHIIMX Cy9aCHUX TEXHOIOTiH, Takux sk Big Data, IoT/M2M, 5G,
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XMapHi Ta KBAaHTOBI OOYUCIICHHS Ta iH., IO JO3BOJIUTH JOCATTH 3HAYHOTO e(eKTy
3a paXyHOK CHHEpTii.

Buxopucranas genAl nmns reHeparmii mporpaMHOTO KOAa, CTaHJAPTHHX
KOMIOHeHT Ta iHTepdeiicis BSS/OSS ta VNF (Virtual Network Function)
JI03BOJIUTH MPHUIIBUIINTH BHYTPILIHIO pO3pOOKY Ta CTaHIATH3yBaTH iHTepdeicu.

[Moeaunanns Al/ML Ta genAl 3a6e3mneunts He TINBKHA MOHITOPHHT, BUABICHHS
Ta TNPOTHO3YBaHHS MpoOjeM 1 NepeHaBaHTAKEHHS MeEpeki, a 1 aBTOMaTUYHY
reHepallito KOH)Irypauii MepeKeBUX eJIeMEHTIB [UIsl iX yCyHeHHs. [HTenekTyanbHi
5G Mepexi — aJlanTUBHE YNPaBIiHHS MEpEeXEeBUMH pecypcamu 5G Ta qUHaMiYHE
posnopineHHsM 1X Mik KopucrtyBadamu. Ilepexim k Self-Optimizing Networks
(SON) six possutok Texnosoriit NVF/SDN.

B cdepi 6e3nexu nepcnektuBHNM € noexHaHHs 11 Ta TexHOMOTIH OGMOKUECITH
U1 ayTeHTU]iKalii, 30epekeHHs TIePCOHANPHUX Ta YYTINBUX NaHUX aOOHEHTIB,
aHawi3y OIOMETPUYHHX JaHWX Ta ITATEPHIB MOBEIIHKH.

BaxiuBUM HanpsAMKOM € HaJaHHA [OPUHIMIOBO HOBUX IIOCIYT, SKi
no3BosraTe CSP po3mmputé npogaxi. Cronn MOXKHA BITHECTH TOCIYTH Ha OCHOBI
BEJIMKHX MAaCHBIB JJaHUX, SKUMHU BoJoir0Th CSP, Ta ix aHami3y 3a momomororo 1111,
30KpeMa aHalli3 Ta MPOrHO3YBAaHHS MOBEIIHKKA KopucTyBadiB (Analytics-as-a-
service). Tloenmanus HasBHOT MepexxeBoi Ta IT iHbpacTpykTypu, XMapHHX
pecypciB Ta amroputmiB LI ta Hamanus ¢ynkuiid LIl sk xmapHoro cepsicy
(Al infrastructure-as-a-service), Tak i Cremiagi30BaHUX IHTENEKTYaJIbHUX MOCIYT,
TaKWX AK CIIeIiasli3oBaHi 4aT-00TH a00 aHali3 MOBEIiHKH KOPHCTYBAYiB B IEBHIN
JIOKaIii B pealbHOMY Yaci.

TakuM YHHOM, MOJAJBIINA HANPSIMOK PO3BUTKY OAuUThCS B IIO€IHAHHS
texroorii Il Ta iHmMX cydacHHX iH(POPMAIIHHUX TEXHOJOTIH, M0 MO3BOJHTH
CSP 3amponoHyBaTH HOBI KJIaCH ITOCIYT KOPUCTyBadaM, MiJABUIIUTH e(pEeKTUBHICTD
BIIACHUX TEXHOJIOTIYHHX 1 Oi3Hec-TpoIleciB Ta AKICTh MOCIHYT A aOOHEHTIB, a
Takox po30ymoBa Al exocucremu Ha 6a3i BiacHOi ruathopmu LT st peanizanii
HOBHMX Oi3Hec-Mozenei Ta 3a0e3meycHHs B3aeMOil 3 MapTHEpaMHu Ta
CHOXKMBauYaMHU 1HTEJIEKTYaJIbHUX MOCIYT.
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MOJEJIOBAHHA MPUVHATTSA PAIIIOHAJIbHAX PINIEHD B MICII
YAAPHUX IPOHIB 3 BUKOPUCTAHHSAM HEMPOMEPEX

I'pomenko A.lL., Jlemenko O.b.
HarmionansHMi aepOKOCMIYHUH YHIBEPCHTET
«XapKiBChKUi aBiallifHUI IHCTUTYT», XapKiB, YKpaiHa

JuHaMiuHi mpoumecu y OOHOBHX omepamisx 3 BHUKOPHCTaHHSIM YAapHUX
OesminotHux itaneHux anapariB  (BITJIA) wmaroTh 3HayHMH BIUIMB  Ha
e(CKTHBHICTh BUKOHAHHS MiCiil. Y Cy4YacHUX yMOBaX BEJCHHS OOHOBHX Iifi Ta
PO3BiyBILHHUX Ollepaliii KIH4YoBY poiib Bimirpae 3parHicte BITJIA mBuako i
TOYHO aHAJI3yBaTH HABKOJHIIHE CEPEIOBHUINE, BH3HAYATH OO'€KTH IHTEpeCy Ta
YXBaJIIOBAaTH ONTHMAaJbHI PIIIEHHS IIOAO0 MapmipyTy Ta Iiredl ataku. Bucoka
ABTOHOMHICTh TAaKMX CHCTEM [O3BOJII€ MIHIMI3yBaTH PHU3HMKH IS OIEPaTOpiB i
MiABUINUTH €(eKTUBHICThP BUKOHAHHSI OoifoBuX 3aBHaHb. OpHaK, OJHIEIO 3
TOJIOBHUX IPOOJIEM € SKICTh 300paKeHb, OTPUMAHHX 13 CEHCOPIB APOHA, IO MOXKE
3HAYHO IIOTIpPIIYBAaTHCh Yepe3 BIUIMB ILIyMy, CIIOTBOPEHHS CHTHANY I dYac
repenadi JaHUX 1 0OMEXEeHy PO3JIbHY 3[JaTHICTh KaMep. Brime myMoBux 3aBan
Ta CHOTBOPEHb, CIIPUYMHEHNUX CTUCHEHHSM 3 BTpaTaMH, MOXKE 3HAUHO 3HIIKYBATH
eeKTUBHICTh JIoKami3amii Ta knacudikamii 00’€KTIB, MO € KPUTHYHUM ISt
OoiioBux wMicid [1]. Tomy akTyaJpHMM 3aBIaHHSIM € po3poOka Mozesei
Heiiponnux Mepex (HM), 37aTHUX KOMIIEHCYBATH 1i HEIOJIKK Ta 3a0e3MmedyBaTi
BHCOKY TOYHICTb PO3IIi3HABaHHS Ta IPUHHATTS PIlICHb B yMOBaX PEaJlbHOTO Jacy.

MeTo10 goCTiTAKEHHS € pO3pOOKa MaTEMaTHIHUX MOJIENEH 1 AITOPUTMIB, IO
JI03BOJISIFOTH BPaxOBYBATH KOMIUIEKC BIUIMBOBHX (PAKTOPIB y Mpomeci NpUHHATTS
pillICHb IPOHAMH B PEXXHMI pEabHOTO Yacy.

Bpaznmusicte HM 10 arak, IIyMOBHX CIOTBOpPEHb 1 300iB y BaroBwX
KoedilieHTax 3HaYHO OOMEXye iXHIO (YHKIIOHANBHICTh Ta HAMIHHICTH [2].
3arnpornoHoBaHi METO/IM MiJABUIIEHHS CTIHKOCTI, TaKi SIK JUHAMIYHUAHN iH(pepeHc ta
ONTHUMI3AIlS CTPYKTYPH MOJEI, TO3BOJISIOTH 3MEHITUTH O0YUCITIOBAIbHI BUTPATH
Ta MOKPALIMTH TOYHICTh POOOTH ANTOPUTMIB B yMOBax pEaIbHOTO Hacy, IO
pOOHTh BUKOPUCTAHHS LMX TEXHOJIOTIH BaXIIMBUM JUIsi aBTOHOMHHX OOHOBHX
m1athopm.

OTpumaHi pe3y/bTaTH BiAKPHUBAIOTH BEJIUKI MOXKJIMBOCTI JUIi BUKOPUCTAHHS
HM rt1a wM™ammHHOrO HaBYaHHS Yy Cy4YaCHHMX BIHCHKOBHUX 3aCTOCYBaHHSX,
HacaMIiepe]] y CUCTEMax aBTOHOMHOIO kepyBaHHA posimu BITJIA.
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PO3POBKA CUCTEMU JIUISI KEPYIOUOI KOMITAHII
KHUTJIOBOI'O KOMILIEKCY

Bproxosenpkwuii O.C., Jlemenko FO.0.
HarmionansHM# aepOKOCMIYHIA YHIBEPCHTET
«XapKiBChKUi aBlallifHUN IHCTUTYT», XapKiB, YKpaiHa

Y cyyacHMX yMOBax BIPOBUKEHHsS 1H(QOPMAIIMHUX TEXHOJIOTIH Ui
yIpaBiiHHS 00'€IHAaHHSAMHU CHIBBJIaCHUKIB OaratokBaptupHux OynunkiB (OCBB) y
BUTJISII BeO- a00 MOOIIBHMX 3aCTOCYHKIB HaOyBae BCe OLIBIIOTO 3HAYECHHS, IO
CHpusie aKTHBHOMY 3aJy4€HHIO YYacHUKIB /O BHMKODHCTaHHS, OHOBJIEHHS Ta
MITPUMKH TaKWX PillleHs UL YIpaBIiHHS KUTIOBAM (ormoM [1]. 3pocranus
MOMYJISIPHOCTI  TaKUX CHCTEM IMOPODKYE HEOOXImHICTE y  eQeKTHBHUX
iHcTpyMenTax g yrnpasmiaas OCBB.

Be6-3acTocyHKH BimirpaloTh KIIOYOBY pOJb y CHpPOIIEHHI IpOIEciB,
3a0e3meuyroun 3pyYHICTh, MBHAKICT i epekTuBHiICTH B3aemonii 3 OCBB. Bonn
MOXYTh BKJIIOYAaTH PI3HOMAaHITHI MOAYJi, Taki SK aBTOMATH30BaHE BHECCHHS
3BITHOCTI, yNpaBiiHHS (piHAHCAMH, CHUIBHMW AOCTYN 10 AOKYMeHTiB Tomio. Lli
IHCTpyMEHTH J03BOJIsitoTh yuacHukam OCBDB edexTHBHO KepyBaTu >KHUTIOBHM
(GoHIOM, MiABHIIYIOYM NPONYKTUBHICTH 1 3a0e3Meuyroud BHCOKHIl piBEHb
00CIyroByBaHHS MCIIKAHIIB. ABTOMAaTH3aIlisi Yepe3 BEO-CUCTEMHU JI03BOJISE
ynenaM OCBDB omepatuBHO pearyBaTi Ha 3MiHM B YIIPaBJiHHI, ONTHUMi3yBaTu
MIPOLIECH Ta IPUCKOPIOBATH IIPUHHSATTS PillICHb.

Metoro nomoBiai € po3poOka cuCTeMH IS aBTOMAaTH3allil YHpaBJIiHHA
JISTIBHICTIO KepyIodoi KOMIaHil >KHTIOBOTO KOMIUIEKCY 3 METOI0 MiJIBHUILCHHS
e(EKTHUBHOCTI, IPO30POCTI Ta 3PYUHOCTI B3aEMO/IIT 3 MEIITKAHIISIMH.

B poboti Oynmo BHKOHaHO Taki 3aBIaHHSA: aHANi3 0COOIMBOCTEH
aBTOMAaTH3allil YNpaBliHHA OaraTOKBapTHPHUMH OYAWHKaMH; MPOEKTYBaHHS
CHUCTEMH JUIsi Kepy4oi KOMMaHii KUTIOBOIO KOMILIEKCY; po3pobka 0a3u JaHuX
cUCTeMH; pealizailis Be0-3aCTOCYHKY 3 BHKOPUCTAHHSM OOpaHMX TEXHOJIOTIH Ta
iHCTpyMeHTIB aiisi GpoHTeHN 1 OEKeHJ] YaCTHH CHCTEMH; ONHC PEXUMIB poOOTH
3aCTOCYHKY JJIsl MEIIKAaHIB JKUTJIOBHX KOMIUIEKCIB 1 MEHEKEepiB Kepyrodol
kommauii. JIyis BUKOHaHHS 3aBJaHb OyJM 3aCTOCOBaHI METOJM Ta TEXHOJOTI
po3pobku BeO-3actocynkis, PHP, MySQL.

Po3pobneHo mporpamHe 3a0e3leYeHHS BeO-3aCTOCYHKY CHCTEMH IS
Kepyrouoi KOMIaHil, 110 JO3BOJISIE ABTOMATH3YBaTH KIIIOYOBI HpOLECH, Taki SK
36epiranss iHdopmanii npo Bci OyIMHKH, KBapTHUPH, BIACHHKIB, OOJIK IJIAaTEXIB,
MI0Ka3aHb JIYMIHLHUAKIB TOIIO.
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PO3POBKA CUCTEMMU YIIPABJITHHA 3AMOBJIEHHSIMH
JJIs1 KA®E TA PECTOPAHIB

kypamner M.O., Jlemenko 10.0.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
«XapKiBChKUi aBlallifHUN IHCTUTYT», XapKiB, YKpaiHa

VY cy4acHHX yMOBax CTPIMKOTO PO3BHUTKY C(epH I'POMaJICbKOI0 XapuyBaHHS
3aKiIaau Ka)e Ta pecTOpPaHIB CTUKAIOTHCS 3 HEOOXINHICTIO onTuMizauii Oi3Hec-
npoueciB, MO0 3ajMIIaTHCS KOHKYPEHTOCHPOMOXXHMMH Ha pPHHKY KpaiHH.
3pocTarodi OYiKyBaHHsS KIIEHTIB W00 IIBUIKOCTI OOCIYroByBaHHS Ta SKOCTI
CepBicy BIMAraroTh BIPOBAKEHHS IHHOBAIIMHIX PillleHb s apToMaTtu3artii [1].

IcHytoui cucTremMum YIpaBIiHHS 3aMOBIICHHSAMH 4YacTO HE BiINOBIiZarOTh
morpebaM MalmX 1 CepemHiX 3akKialiB depe3 BHCOKY BapTICTh, OOMEKCHY
(¢yHKIiOHaNBHICTE a00 CKIAaMHICTH iHTErparii, IO CTBOPIOE 3HAUYHI Oap'eph st
MiABUICHAS e(eKTUBHOCTI poOOTH NEpPCOHANY Ta MOJNINIIECHHS KII€HTCHKOTO
JOCBITY.

MeTtorw monoBini € migBuineHHsT eheKTUBHOCTI Oi3HEC-TIPOLIECIB Y 3aKanax
IPOMAJICBKOTO  XapyyBaHHsS IUIAXOM  CTBOPEHHS  CHCTEMH  YIpaBIiHHS
3aMOBJICHHSIMH, sKa 3a0€3MeYUTh aBTOMAaTH3allil0 OOCIyroBYBaHHS KIIEHTIB Ta
ONTHUMI3AIII0 B3AEMOJIIT M)k ITEPCOHATIOM.

ITix yac mocmimkeHb Oyad BHKOHAHI HACTYIIHI 3aBJaHHS: MIPOBEICHO aHANI3
PHHKY TPOMAJCBKOTO Xap4yBaHHS B YKpaiHi, BU3Ha4YeHi OCHOBHI TeHJACHLIl Ta
poOieMu; MpoaHaTi30BaHi ICHYIOUI pillieHHS AJIs aBTOMaTu3aIii podoTu kade Ta
pecTopaHiB, BUSABIICHI iX IepeBard Ta HEJOIIKH; MPOBEICHO MOCTIOBaHHS Oi3HEC-
MpOIIeCiB  OOCIYTOBYBaHHSA KIIEHTIB Y PECTOpPaHi Uil PO3POOKH CHCTEMHU;
CIPOEKTOBaHO (YHKLIOHAIBHY CTPYKTYPY CHCTEMH YIPaBIiHHS 3aMOBJICHHSAMH,
BKITIOYAFOYH 3aCTOCYHKH U O(IIIaHTIB Ta KyXHi; pO3pOOJICHO CEpBEPHY YaCTHHY
CHUCTEMH 3 YpaxyBaHHSAM ii (QYHKIIOHaJbHMX MOMIIMBOCTEH; BIIPOBAIKEHO
IHCTpyMEHTaJIbHI 3ac00M JJ1s peajtizallii MporpaMHoro 3a0e3ne4eHHs CHCTEMH.

Jlns BUKOHAHHS JIOCHI[DKEHb OYJIM BHUKOPHCTaHI METOJM MOJEIIOBaHHS
0i3HEC-NPOLIECIB Ta METO/IN CTBOPEHHSI MOOIIBHUX 3aCTOCYHKIB.

[TpoBeneHe AOCIIKEHHsI CIPSIMOBAHE HAa BUPIIIEHHS LIUX MPOOJIEM IUIIXOM
pO3pOOKKM CydacHOI CHCTEMH YOpPABIiHHS 3aMOBJICHHSMH, 1[0 BpPaXOBY€
oco0mBOCTI pobOTH Kade Ta pecTOpaHiB B YKpaiHi, 3HWKYE BUTpaTH 4yacy Ha
00poOKy 3aMOBJIEHb Ta CIPOIIye€ KOMYHIKalil0o MK odiliaHTaMH Ta KyXHEIo, a
TaKOX I/IBUIY€E 3arajbHy IpPOJYKTUBHICTh 3aKialgy. BIipoBa/pkeHHS Taknx
CHUCTEM € BaXJIMBUM eranoM Im¢poBoi TpaHcdopmanii cdepu rpomancbkoro
XapuyBaHHS, [0 POOUTH JIOCII/PKEHHS aKTyaJIbHUM 1 IPAKTHYHO 3HAYYIIHM.
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INNOVATIVE INTEGRATION STRATEGIES FOR HYBRID
ACOUSTO-OPTICAL ATMOSPHERIC SENSING SYSTEMS

Guliev R.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan
Huseynov A.G.
Military Scientific Research Institute, Baku, Azerbaijan

This study introduces an advanced integration strategy for developing hybrid
acousto-optical systems designed for enhanced atmospheric monitoring [1]. The
proposed methodology synergizes acoustic and optical signal processing to achieve
rapid and precise detection of environmental changes. Emphasis is placed on
optimizing system architecture through novel synchronization techniques between
acoustic transducers and optical scanners, thereby improving resolution and noise
immunity [2]. Furthermore, advanced signal processing algorithms are applied to
effectively address the dynamic propagation of acoustic waves in complex
atmospheric conditions. Experimental validation demonstrates the system’s
potential for real-world applications, including environmental surveillance,
meteorological monitoring, and security operations [3]. The findings pave the way
for future innovations by incorporating adaptive control and machine learning
techniques into atmospheric sensing technologies.

Based on the research, the following conclusions can be drawn. Firstly, the
integration of acoustic and optical modalities in a hybrid system substantially
enhances both detection accuracy and response speed to atmospheric disturbances.
Secondly, the optimization of system architecture, particularly through improved
synchronization of acoustic and optical components, ensures reliable performance
even under variable environmental conditions and external noise. Thirdly, the
application of advanced signal processing algorithms significantly increases data
quality and system efficiency. Finally, further advancements are expected through
the integration of adaptive control systems and machine learning algorithms, which
will facilitate real-time environmental analysis and broaden the application
spectrum of hybrid acousto-optical atmospheric sensing systems.
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DESIGN SOLUTIONS AND PROSPECTS FOR THE DEVELOPMENT
OF AN ATMOSPHERIC ACOUSTO-OPTICAL LOCATOR
WITH AN ELECTRONIC SCANNER

Guliev R.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan
Huseynov A.G.
Military Scientific Research Institute, Baku, Azerbaijan

This article presents a comprehensive methodology for the development of an
atmospheric acousto-optical locator with an electronic scanner, designed for high-
precision detection of acoustic and optical signal sources under changing
atmospheric conditions. Special emphasis is placed on analyzing design solutions
that ensure effective synchronization between the acoustic transducer and the
electronic scanner, which significantly enhances both the system’s resolution and
its resilience against external interference [1]. The principles of signal formation,
propagation, and processing using modern algorithms are examined, along with
techniques for modeling the dynamics of acoustic waves in complex environments.
Experimental results confirm the practical applicability of the proposed
methodology for creating remote atmospheric sensing systems suitable for
environmental monitoring, meteorological control, and security applications [2-4].
This scientific work demonstrates the potential of innovative design solutions and
outlines directions for further research in acousto-optical diagnostics of
atmospheric processes. Integrating acousto-optical methods with electronic
scanning significantly increases the accuracy and speed of detecting atmospheric
disturbances. Optimizing the structural elements of the locator ensures its stable
operation under variable meteorological conditions and in the presence of external
noise. Employing modern signal processing algorithms enhances the system’s
information capacity and improves the quality of the acquired data. Further
technological advancement is achievable through the implementation of artificial
intelligence systems for automated signal analysis and adaptive control of the
device’s operating modes, opening new prospects in the field of remote monitoring
and environmental control.

References

1. Smith, J. “Acoustic and Optical Signal Processing in Remote Sensing.” IEEE Press,
2018.

2. Brown, A. “Modern Electronic Scanning Systems.” Springer, 2020.

3. Ibrahimov B. G. Research quality of functioning of the efficiency optical
telecommunication systems using spectral technologies / B. G. Ibrahimov, E. G. Hashimov
// TIpobnemu iHpopMaTH3alii : Te3u gom. 11-1 MixkHap. HayK.-TexH. KOH(]., 16-17 mucromana
2023 p., [y 3 1.]. T. 1. — Xapxkis : Impress, 2023. — C. 29-30.

4. lbrahimov, B.G., Hashimov, E.G., Hasanov, A.H., Mammadov, T.H. Research
throughput multiservice telecommunication networks // CyuacHi HampsiMu pO3BHTKY
indopmanmitno-koOMyHIKaifiHUX TexHONOrid Ta 3aco6iB ympasminms. Marepiamu 10- i
MiXKHapOIHOI HayKoBO-TexHiuHOI KoHpepenuii, 9-10 ksutHst 2020. Tom1. ¢.30

86



CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

DETECTION OF MOVING VEHICLES
USING SEISMOACOUSTIC METHODS

Hazarkhanov A., Babayev S.M.
Military Institute named after H.Aliyev, Baku, Azerbaijan

In modern warfare, the timely detection of invisible ground targets is crucial
for optimizing military strategies [1-2]. The proposed seismoacoustic detection
method is characterized by an innovative computational algorithm based on three-
dimensional coordinates and seismic positioning principles [3-4]. This approach
enables the high-precision determination of a target’s distance, direction, and other
critical parameters.

The study demonstrates that triangular sensor placement significantly
enhances the accuracy of signal direction estimation and computational reliability.
By applying spectral-time analysis, seismic-polarization processing, and bearing
determination techniques, the target’s coordinates were identified with high
precision. Experimental results indicate that this method achieves 85-95%
detection accuracy, even in complex terrain conditions [5-6].

The findings open new perspectives for the broader application of
seismoacoustic technologies in military and security fields. Key advantages such as
passive monitoring, low energy consumption, and reliable detection across diverse
terrain conditions make this method a promising solution for modern defense
systems. Future research could focus on advancing sensor technologies and
optimizing data processing algorithms to further improve detection capabilities.
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UAV-BASED TARGET DETECTION AND SMART STRIKE GUIDANCE
USING VIDEO ANALYTICS

Khaligov G.
Military Scientific Research Institute, Baku, Azerbaijan

This section focuses on the development of onboard intelligent visual
processing systems for target detection and guidance in UAV (Unmanned Aerial
Vehicle) operations. Specifically, it addresses the recognition of targets such as
enemy personnel silhouettes and combat-related indicators using real-time video
feed from UAV-mounted cameras. The objective is to design algorithms and
software modules that enable UAVs to autonomously detect, identify, and track
targets during missions. To achieve this, a comprehensive database of silhouette
templates observed from multiple angles must be created. The identification
module will apply artificial intelligence (Al) techniques, including pattern
recognition and neural networks, to detect potential targets based on live video
input. Moreover, a precise target guidance system must be developed to ensure
UAVs navigate directly toward detected targets. This system continuously analyzes
deviations between the target's image and the camera's visual center. The onboard
Al processor recalculates flight paths in real-time to minimize this deviation,
keeping the target fixed in the center of the frame until the UAV reaches the
optimal striking distance.

The integration of target recognition and dynamic guidance mechanisms
significantly enhances the UAV’s capability to execute autonomous strike missions
with high precision, reducing the need for operator intervention and increasing
mission success rates in complex battlefield environments.
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MATHEMATICAL MODELING IN SEISMOACOUSTIC DETECTION
SYSTEMS FOR GROUND TARGET LOCALIZATION

Karimov E.Y., Muradov T.
National Defense University, Baku, Azerbaijan

Effective ground target detection using seismoacoustic systems relies heavily
on the accurate analysis and processing of collected sensor signals. This study
outlines a multi-stage methodology for signal cleaning, spectral analysis,
classification, and geovisualization aimed at enhancing detection accuracy in
complex terrain conditions.

Initially, raw seismoacoustic signals captured by 3D piezoelectric sensors
undergo automated noise filtering to eliminate environmental interference such as
wind and rain.

Harmonic analysis isolates primary waveforms from random components.
Next, frequency-domain spectral analysis identifies characteristic features of the
signals—amplitude and frequency range—which help determine the type and
movement dynamics of the detected object. The processed signals are then
matched against a reference database of known seismic-acoustic profiles (e.g.,
tanks, armored vehicles), allowing accurate target classification.

Mathematical models are introduced to calculate the target's direction and
distance using geometrical triangulation based on sensor placement. By arranging
three 3D detectors at 120-degree intervals within a Seismic Localization Cell
(SWC), signal strength variations are used to determine the propagation vector.
Formulas for estimating angular direction and signal error margins are derived,
providing a precise method for localization even in noisy or mountainous
environments.

Furthermore, output data are visualized in GIS-based systems for operational
decision-making. The developed methodology provides a foundation for future
studies aimed at optimizing detection under variable environmental conditions and
integrating Al-driven analytics into real-time battlefield applications.
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SPECIAL PURPOSE MACHINE LEARNING
AND DATA MINING METHODS

Ibrahimov B.G., Hashimov E.G.
Azerbaijan Technical University; Baku, Azerbaijan
National Defense University; Baku, Azerbaijan

In today's secure telecommunication infrastructures, particularly in special-
purpose networks that support the transmission, processing, and storage of mixed-
type messages, the application of machine learning (ML) and data mining (DM)
techniques is becoming increasingly critical. These intelligent approaches ensure
proactive information security by enabling threat detection, behavior modeling,
and system optimization. Based on the nature of learning, DM problems are
classified into supervised and unsupervised learning. Supervised tasks, such as
classification and regression, involve labeled datasets to train models that predict
system parameters or categorize network elements. In contrast, unsupervised
methods like clustering, association rule discovery, sequence analysis, and
anomaly detection focus on uncovering hidden structures and irregularities within
data without predefined labels.

This paper systematically explores key data analysis tasks within special-
purpose telecommunication systems, including efficiency prediction, noise
immunity evaluation, and the discovery of performance patterns (QoS/QOE).
Furthermore, it reviews the use of clustering for network segmentation, sequence
analysis for failure prevention, and deviation detection from ITU-T/ITU-R
standards. The methodology is anchored on industry-recognized frameworks such
as Knowledge Discovery in Databases (KDD) and CRISP-DM, which structure the
analytical process from data preprocessing to model deployment.

Through a comprehensive review, this paper highlights practical applications
of ML techniques in enhancing the resilience, efficiency, and intelligence of secure
communication networks.
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COMPUTER-CONTROLLED PORTABLE OPTICAL
COMMUNICATION SYSTEMS

Huseynov A.G.
Military Scientific Research Institute, Baku, Azerbaijan

The development of science and technology requires lossless and accurate
transmission of information in many fields. The type of communication used for
data transmission is determined based on the volume of the transmitted data, the
frequency band it occupies, the requirement for its reproduction accuracy,
transmission distance and other characteristics. In a number of cases, high
requirements are placed on the confidentiality of the transmitted information. The
fulfillment of these requirements can be ensured with the help of various
cryptographic methods and (or) the application of technical ways that ensure that
the information reaches only the required user.

Technologies that create high-speed communication channels with means of
radiation operating in the optical range are the basis of wireless optical
communication systems. These technologies make it possible to transmit data (text,
voice, graphics, etc.) between objects through the air without using optical fiber
cables [1-6]. At the tactical level, the timely and secure delivery of large volumes
of information in various types of combat is a criterion for the successful outcome
of planned operations.

The investigated portable optical communication system belongs to a
complex of technical tools that includes all the factors mentioned above [7-
8].Thus, a semiconductor laser with sufficiently high coherence is used in a
portable atmospheric optical communication system. This, in turn, ensures high
spatial selectivity, where transmitted data stream is delivered only to the receiver.
As a result, the system ensures a high degree of security of confidential
information transmission over such short distances (5-10 km). In addition, the
application of acousto-optic means, mainly an acousto-optic modulator, plays a
major role in increasing the resistance and effectiveness of the system [9].

In the article, the possibility of building a computer-controlled portable
optical communication system is experimentally confirmed. A number of results of
experimental studies are presented in the form of tables and pictures. These results
clearly confirm the effectiveness of the proposed construction. The principle of
constructing an portable optical communication systems is analyzed, in which
signal fields are formed by a system of semitransparent and opaque mirrors, and
the signal delay is controlled by changing the frequency of a voltage-controlled
generator. The controlled delay of signals is one of frequently used functional
operations in systems for formation and processing of the information. It is applied,
for example, in radar systems .

The purpose of the present work is the synthesizing of computer-controlled
portable optical communication systems with short time for an establishment of a
necessary delay of signals.
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We can decrease step of the delay time adjustment by increasing of the
number of the light beams. The same experiment can be provided by using a range
of the laser diodes. The computer-controlled portable optical communication
systems with small size can be done by optimizing of the design of the individual
nodes.

ANALYSIS OF RELIABILITY INDICATORS HARDWARE
AND SOFTWARE COMPLEXES SPECIAL PURPOSE
COMMUNICATION NETWORKS

Hasanov A.H.
National Defense University, Baku, Azerbaijan

Ensuring the technical reliability of hardware and software systems in
complex military communication infrastructures remains a key research area in the
field of secure telecommunication networks.

One of the critical issues in this domain is the formulation of a systematic
methodology to assess essential reliability parameters—including failure-free
operation, durability, maintainability, and storability — as well as the derivation of
a generalized composite reliability indicator that reflects the overall security and
operational efficiency of the system.

In particular, the problem is compounded by the inherent uncertainty and
noise in the initial input data, which is characteristic of real-world
telecommunication environments such as public communication networks, mobile
wireless systems, and fiber-optic infrastructures. Conventional approaches often
rely on threshold-based integration of individual parameters, yet these methods
face limitations in handling high-dimensional probabilistic distributions and noisy
observations.

This study presents an advanced methodology based on vector reliability
modeling and statistical noise-filtering techniques.

A key contribution is the development of a reliability vector that captures the
deviation of actual system performance from required norms across time and
operational stages. Special attention is given to maintainability analysis, where
statistical deviations in parameters such as mean time to restore, restoration
coefficient, restoration intensity, and repair labor intensity are systematically
quantified. These are represented as sub-components of the overall reliability
model.

Furthermore, the paper introduces the use of multi-dimensional joint
probability distribution densities to model the reliability state space over time.
However, the associated computational burden due to the so-called “curse of
dimensionality” is addressed through a two-stage optimization and filtering
procedure.
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This allows for dimensionality reduction without compromising analytical
accuracy, making the approach more feasible for real-time or large-scale
application scenarios.

The methodology is supported by theoretical formulations and is intended to
serve as a foundation for robust and scalable assessment of technical reliability in
military telecommunication networks.

It also contributes to improved decision-making in systems engineering by
allowing more accurate risk prediction and maintenance planning under uncertain
data conditions.

Thus, the article comprehensively analyzes the challenges, proposes a noise-
resilient statistical model, and outlines a structured two-step reliability assessment
process for hardware-software complexes. These findings have the potential to
improve the overall resilience and operational sustainability of secure
telecommunication systems in military contexts.
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ANALYSIS OF THE QUALITY OF FUNCTIONING HARDWARE
AND SOFTWARE COMPLEXES AUTOMOBILE SERVICE SYSTEMS

Ibrahimov B.G.

Azerbaijan Technical University, Baku, Azerbaijan
National Defense University, Baku, Azerbaijan
Ismayilov L.1.

Azerbaijan Institute of Agriculture, Baku, Azerbaijan

In the work [1-3], for the criterion of the quality of functioning automobile
service systems using the logistic approach, complex indicators productivity and
reliability of functioning complex systems are selected. Based on the study of the
model, analytical expressions are obtained that allow estimating the indicators peak
throughput, stationary and limiting probabilities of states, as well as the probability
of failure-free operation of the system when providing information services.

In this case, the essence of the logistics approach to managing information
flows consists of integrating individual sections of the telecommunications and
logistics process into a single system of automobile services during maintenance
and mass servicing [3, 4].

The development and implementation of information and computer
technologies in the systems automobile services for processing information flows
of various traffic allows us to conduct research into the algorithms of operation and
analysis of the architecture complex transport and technological complexes at a
qualitatively new level, built in accordance with the concept of logistics systems.

Logistics is the science planning, organizing, managing and controlling the
movement of material and information flows in the system and in time from the
primary source to the final recipient. The term "logistics" comes from the Greek
word "logistike" - the art of calculating, reasoning, as well as distributing and
managing all available resources to provide various services, taking into account
numerous parameters [3].

To calculate the indicators of the hardware and software complexes of
logistics systems, it is necessary to create a scheme of the functioning of the
network models automobile service systems, which will most accurately take into
account the telecommunication processes and resource management occurring in
the system under consideration when providing service maintenance [1-4].

The development of network models of the quality of functioning automobile
service systems involves a quantitative assessment of the quality of technical
decisions made [3] and can be formulated as a search for a vector optimal
parameters of the logistics system:

Q(A) »extr, A< Ay ., @

G(;L) = Gaﬁ (ﬂ’) ’ Pr (l) < Pr. ain (/1) ' ’ (2)

where A —is the vector of parameters of hardware and software complexes of the
automobile service system based on the concept logistics systems in the provision
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n

of information services and is equal to A= Z/li , i=Ln;A4, —the set of
i=1

acceptable values of these parameters;

Q(A) —criterion of the quality of functioning of the network model of the systems

of automobile services of the decisions taken, the extremum of which must be
ensured by choosing the corresponding vector of parameters of the network
model 2 ; G(A)— performance criteria for hardware and software systems of

automobile service systems when processing various information flows based on a
logistic approach, taking into account the parameters of network
models 4 ; G, (1) —the set of acceptable values of these criteria; P, (1) — vector of

individual and complex reliability of the functioning complex hardware and
software systems that determine the quality of functioning of network models of
automobile service systems in the logistics system; P, . (1) — a set of acceptable

values of reliability indicators for the operation of complex hardware and software
systems.

Expression (1) and (2) characterizes the essence of the considered logistic
approach to the management of information services and defines a set of criteria
for the network model of the quality of functioning of the hardware and software
complexes automobile service systems with minimal economic costs.
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INTERVENTION METHODS IN CONTROL AND COMMUNICATION
SYSTEMS OF UNMANNED AERIAL VEHICLES, ANALYSIS
AND EVALUATION OF SIGNAL QUALITY
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National Aerospace Agency, Baku, Azerbaijan
Rustamov A.R.

National Defense University, Baku, Azerbaijan
Azerbaijan Technical University, Baku, Azerbaijan
Sahibcanov A.E.

National Aviation Academy Baku, Azerbaijan

UAVs have become a powerful supporting tool for commanders in making
decisions about the initiation of combat operations [1-5]. The main objective of the
study is to develop effective REW methods against UAVS, assess the potential
impact of these technologies, and propose strategic solutions for developing more
resilient control and communication systems in the future.

The methods of interfering with UAV communication and control systems
can generally be divided into three (4) main categories [6,7]:

-signal jamming - this technique disrupts the UAV’s control and
communication signals, rendering the drone functionally inoperable.

-GPS jamming — by blocking GNSS signals (GPS, GLONASS, Galileo,
BeiDou), it is possible to disrupt the UAV’s accurate positioning. This method
typically involves the transmission of high-power interference signals.

-communication jamming — this involves jamming control signals to sever the
UAV’s connection with the operator. Communication channels operating in the 2.4
GHz and 5.8 GHz frequency bands are particularly targeted.

-telemetry jamming — this method interferes with the telemetry channels of
UAVs to obstruct the transmission of data. It can significantly weaken real-time
communication between the UAV and the operator.

To ensure the efficient operation of communication systems, it is essential to
calculate and analyze two key parameters: Path Loss (PL) and Signal-to-Noise
Ratio (SNR). Path Loss describes the reduction in signal power as it travels from
the transmitter to the receiver, while SNR indicates the ratio of signal power to
noise power. The higher the SNR, the cleaner the signal with less noise. These two
parameters are closely related and together influence signal quality [8].

The Signal-to-Noise Ratio (SNR) is generally expressed as the ratio of signal
power to noise power as follows [8]:

Ps
SNR = Pn (1)

The more commonly used and practically analyzed form of SNR is expressed
in decibels (dB) and is given by the following formula (2) [8]:

P
SNRqp = 10l0g10(;,) @
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The Path Loss and SNR values presented in the tables were calculated based
on Equation (1) and Equation (2). Path Loss values were computed using the Friis
transmission equation according to the free space propagation model (Equation 1).
Signal-to-Noise Ratio (SNR) values were calculated based on the transmitted
signal power, noise power, and Path Loss using Equation (2).

Using these formulas, Path Loss and SNR values varying with distance were
calculated for the following telemetry modules: XBee PRO S2C (2.4 GHz),
RFD900+ (900 MHz), and TBS Crossfire (868 MHz).

Therefore, the distance-dependent changes in Path Loss (PL) and Signal-to-
Noise Ratio (SNR) in UAV communication systems were modeled using the
Python programming language.

The calculations showed that high-frequency telemetry modules (XBee PRO
S2C — 2.4 GHz) are more susceptible to Path Loss, leading to a rapid decline in
communication quality. In contrast, lower-frequency modules (RFD900+ — 900
MHz and TBS Crossfire — 868 MHz) maintain better signal quality and more stable
communication over long distances.
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ANALYSIS PROBABILISTIC-TIME CHARACTERISTICS
IN SOFTWARE-DEFINITIVE NETWORKS

Isayev Y.S.
National Defense University, Baku, Azerbaijan

This paper examines the problems probabilistic-temporal characteristics of
SDN networks and reveals that each switch, controller and OpenFlow SDN
protocol can manage a limited number network nodes, and the programming
language in which the network operating system is written has a significant impact
on the performance of the SDN controller as a hardware and software complex [1].

Within the framework of this concept, the role of the network control center is
performed by a software-defined network controller (SDN controller), which is a
standard server with an x86-compatible architecture, equipped with a network
operating system and managing network nodes using standardized protocols, the
most common of which is OpenFlow [1, 2].

Today, the concept software-defined networks has certain shortcomings
identified by various researchers, among which a special place is occupied by the
probabilistic-temporal characteristics networks SDN. In this regard, the problems
of the performance SDN controllers are also considered and it is revealed that each
SDN controller can control a limited number of network nodes, and the
programming language in which the SOS is written has a significant impact on the
performance of the SDN controller as a software and hardware complex.

To solve the problem, the concept of software-defined networks was analyzed
and recommendations of three organizations were considered - ITU-T Y.3300,
IRTF RFC 7426, ONF TR-502 - describing the SDN architecture [3]. The analysis
of the probabilistic and time characteristics SDN networks showed that the key
feature of the SDN architecture is a three-level structure, implying physical
separation of the data, control, and application planes. The presence of an
application plane in combination with the northern and southern interfaces makes it
possible to make the network programmable and flexible.

Within the control plane are three interfaces or APIs. Those are 1) the
southbound interface, 2) the northbound interface, and 3) the east-west bound
interface. Technically, these three interfaces represent standards in and of
themselves, yet, each of them are at various states of acceptance, development and
integration. We depict these interfaces in Fig. 1 with two controllers, both serving
as a network operating system NOS for their subnetwork. Within the control plane
are three interfaces or APIs. Those are:

1) the southbound interface,

2) the northbound interface,

3) the east-west bound interface [1-5].

Technically, these three interfaces represent standards in and of themselves,
yet, each of them are at various states of acceptance, development and integration.
We depict these interfaces in Fig. 1 with two controllers, both serving as a NOS for
their subnetwork.
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Fig. 1. General architecture, layers and interfaces of the network SDN

The northbound interface allows control programs to provide instructions to
the controller. Through the southbound interface, the controller sends instructions
and receives information from the data plane.
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THE PROBLEM SYNTHESIS ALGORITHMS FOR PREDICTING
CONGRESSIONS IN WIRELESS COMMUNICATION NETWORK

Ibrahimov B.G.
Azerbaijan Technical University; Baku, Azerbaijan
National Defense University, Baku, Azerbaijan
Javadova M.M.
Azerbaijan Construction and Architecture University, Baku, Azerbaijan

At the current level of development wireless communication systems, the
limited capacity of the radio channel acts as the main restraining factor. It is the
bottleneck in cellular technologies and, what is unpleasant, has no clear prospects
for resolution.

Measures have already been taken attempts to exploit the hitherto neglected
degrees of freedom associated with multiple-input multiple-output (MIMO) and
spatially selective reception technologies [1-6].

It should be noted that the prospects such methods, on the one hand, are quite
limited, and on the other hand, they require high labor intensity during
implementation. In such conditions, methods that allow optimal use of the
available resource in the wireless communication network system acquire an
important role. They are associated with a dynamic mode of adaptive adjustment to
changing circumstances [3].

Indeed, along with the stationary component of traffic distribution between
cells, as experience has shown, there is also a non-stationary component with a
rather noticeable relative level.

Different wireless network cells may have significantly different peak hours.

It remains to clarify only the question of the relationship between such
indicators as the number subscribers in a cell and the level of the requested load.
Here, a variety models can be considered.

But the most natural, at least in the first approximation, seems to be a linear
relationship between them.

In fact, a model is proposed that specifies the intensity of incoming subscriber
requests in wireless communication networks [2, 3]:

A=A(i—-n,), 1)

where A— intensity of subscriber request flow; A— ynenpHas WHTEHCHBHOCTB
abOHEHTCKUX 3ampocoB Ha paboTy B GECIPOBOIHON CETH CBSI3U, |— YHCIO
a0OHEHTOB B COTE B ,HaHHbIﬁ MOMCHT BPEMCHU; na — YHUCJIO0 aKTUBHBLIX a0OHEHTOB
B COTC.

Expression (1) defines the linear law relationship between the number free
subscribers and the intensity requests in wireless communication systems.

In this case, the proportionality coefficient of the linear communication model
is A . Active subscribers are excluded from the total number, since they, as a rule,
can no longer be active in terms of creating new connections until they are free.
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In the simplest case, the parameter 4 can be considered constant. However,
in the general case, it is appropriate to consider the situation when the behavior of
A is described by stochastic equations of "motion".

Taking into account all of the above, we can formulate the concept of
effective traffic management and define the tasks associated with this concept that
need to be solved in the work.

Let us introduce the concept of a functional P, which specifies the value of
the channel resource required to provide communication services under given
conditions for the main quality indicators, such as the probability of refusal of a
service request and the probability of a connection “break” [3]:

P=W[M,D,G, o], (2)

Such a functional and the channel resource value R determined by it — the
number of available channels in the system, depend on the analytical form of the

function W, which establishes a connection between the channel resource and
parameters of the form: p — total serviced traffic, M — number of subscribers in

the territory, G — acceptable probability of blocking a service request due to
overload, D — upper threshold for the number of connection “breaks”.

According to (2), effective traffic servicing should be called maintaining
quality indicators at a given level with the minimum possible channel resource.
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ANALYSIS OF THE PERFORMANCE INDICATORS
SOFTWARE DEFINED NETWORKS

Rafizade U.R.
Azerbaijan Technology University, Baku, Azerbaijan

Currently, the intensive development of multiservice communication
networks is the promotion of the results of the implementation of the concept of
"Future Networks" (FN), SDN and 5G/IMT-2020 networks, F5G technology, and
further development 6G networks. Within the framework of this approach, it is
supposed to implement the following technologies: fifth-generation
communication networks (5G), including such concepts as ultra-dense networks
and ultra-reliable networks with ultra-low delays, the industrial Internet of Things
(110T), tactile Internet, holographic copies.

Most of the listed concepts and technologies require improving the quality of
communication networks, especially ensuring QoS and QoE, including ensuring
delay, jitter and losses at a guaranteed level when using SDN, NFV and IMS.
These requirements require built-in network programmability.

The implementation of the above technologies will inevitably lead to a
significant increase in traffic in general, a change in its structure, and at the same
time it is necessary to comply with high requirements for the level QoS and QoE.
These trends lead to the need to assess the consequences meeting user and service
requirements, and to improve the quality of the functioning communication
network by planning and managing network traffic resources in accordance with
the conditions. Increased efficiency is possible due to a timely response to changes
in the network state. Today, this task can be solved by SDN technology. Modern
trends in the development of communication networks suggest the use SDN
technology to solve the problem of ensuring QoS and QoE.

Fig. 1 shows the multi-layer architecture of the SDN network. As shown in
Fig. 1, this logically centralized SDN controller system offer several fore deals.
Like it’s simpler, and less error prone to modify network policies through SDN
software.

It is worth noting that traditional network architectures are not suitable for
meeting the changing requirements multiservice networks and applications and the
requirements of the telecom operator.

So, the Open Networking Foundation is an industry that has made maximum
efforts to implement SDN, which can create a future era in the field of
communication networks.

It is worth noting that traditional network architectures are not suitable for
meeting the changing requirements multiservice networks and applications and the
requirements of the telecom operator.

So, the Open Networking Foundation is an industry that has made maximum
efforts to implement SDN, which can create a future era in the field of
communication networks.
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Fig. 1. Multi-layer architecture of the SDN network

The implementation of the SDN entails the need to develop adequate models
of the quality of functioning of the communication network, allowing for the rapid
receipt of accurate estimates of the QoS and QoOE parameters required at the
network design stage and later during operation to enable rapid response to
changes in the requirements for the multiservice network and modification of the
network topology.
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TH®OPMAIIMHA TEXHOJIOTIA IMTPOIECY HABYTTS
®AXOBUX KOMIETEHTHOCTEHN Y CEPEJIOBHIIII
EJIEKTPOHHO-HABYAJIBHOI'O METOAUYHOI'O
KOMILIEKCY IIJIAXOM ITOBYJ10BH OCBITHBOI TPAEKTOPII

CepnyxoB O.B., [lenucenko JI.B.

BilichKkOBHI IHCTUTYT TAHKOBHX BilichK HallloHAIbHOT'O TEXHIYHOTO YHIBEPCUTETY
«XapKiBCBKUH MONITEXHIYHUHA 1HCTUTYT», XapKiB, YKpaiHa
Boryupkuii C.M.

HauionaneHa akaziemist CyXOIyTHUX Biiicbk iMeHi retbMmana Ilerpa Caraiigagnoro,
JIbBiB, YKpainu

EnexkTpoHHO-HaBYaJIbHUHA METOAWYHHH KOMIUIEKC HaBYAIBHHUX IHUCLMIUIIH
TEXHIYHOTO TMpOoQUI0 y BUINI € iHPOPMALIHHOI TEXHOJOTiI, 10 3ade3meuye
pearnizamifo IHAWBIMYyadhbHOTO MIAXOLY IO HABYaHHS Ta IIOCTAllHE 3aCBOEHHS
HaBYAIBFHOTO MaTepiay 3a MPUHIUIIOM “BiJi IPOCTOTO 10 cKiIagHoro™[ 1.

MeTtor momnoBigi € po3poOka iH(opMaIliitHOI TeXHOIOril, sKa 3abe3mnedye
edexTHBHE BHKOpPHCTaHHS WeD-pecypciB 3 HaBUaNbHUX JHUCIMIUIIH TEXHIYHOTO
npo¢iTo y BUII s HAOYTTS (aXOBHUX KOMIIETCHTHOCTEH B CyYacHHX YMOBaXx.

IMpoec  HaOyTTs  (paxoBUX  KOMIETEHTHOCTeH y  Web-cepemoBwuii
€JIEKTPOHHO-HABYAJILHOTO METOJUYHOTO KOMIUIEKCY TOJAHMWH aBTOpaMH Y
CTPYKTYpi iHPOPMAIiHOT TEXHOJIOT 1.

Ha ocHOBi mpoBeneHOTO (YHKIIOHATHHOTO PO3IMOIUTY 3ac00iB HaBYAHHS
CTBOPEHO OJIOK-CXEMY €JEKTPOHHO-HABYAIBHOTO METOAWYHOTO KOMIUIEKCY Ta
ANTOPUTM JOCATHEHHS ChOPMOBAHOT KOMIIETEHTHOCTI SIK KiHIIEBOI METH OCBIiTHBOT
Tpa€eKTOPIi 3a TakcoHOMi€er0 biyma [2, 3].

3 METOr CTBOpEHHS YMOB Ui e(eKTUBHOI iH(GOpPMAIIHHOI B3a€EMOIi Mik
BHKJIAIaYaMU 1 CTyJICHTaMH, 1HTerpalii MPHUKIAJHAX IMPOTPaMHUX MPOAYKTIB, 0a3
JMAHWX, a TAaKOX IHIIMX IUAAKTHYHHUX 3aCO0IB 1 METOAMYHHMX MarepiajiB, IO
3a0e3neuyroTh 1 MIATPUMYIOTh OCBITHIM TIpOIEC, HOro MAOIMJIBHO MPOBOIUTH
LULIXOM  JICLEHTPAli30BaHOTO  PO3TAIlyBaHHA JUIAKTHYHUX MaTepiaiiB Ha
BiAmoBimHMX WeD pecypcax Ta opraizaiii IpPOMIXHOTO KOHTPOJIO y CIOCIO,
JIOCTaTHIHN JUIs BACHOBKY ITpo c(hopMOBaHicTh NpodeciiiHoi KOMIETEeHTHOCTI.
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JOCJIJIKEHHSA POJII IIA®POBUX TEXHOJIOTTH Y PO3BUTKY
IHO®OI'PA®IKH TA PR B CYYJACHHUX YMOBAX

Tpaua €.A., boromonos /1.0., I'aBpromenko JI.P., Icakos O.B., Maxoron O.A.
BiiicekoBUi1 iIHCTUTYT TAaHKOBHX Biiichk HallioHaJIEHOTO TEXHIYHOTO YHIBEPCHTETY
«XapKiBCBKUH NOMITEXHIYHUH 1HCTUTYT», XapKiB, YKpaiHa
JlaBpyT T.B.

HauionaneHa akaziemist CyXOIyTHHUX Biiicbk iMeHi reTbMana [letpa Caraiigaqnoro,
JIbBiB, YKpainn

udposi TexHOIOTIT BiAIrparoTh KIOYOBY pOJb B PO3BUTKY iH(Dorpadiku ta
PR mns migmpuemcTs pi3Hux ramyseii. CydacHi nn¢poBi miatgopMu, MONIIyKOBi
cucremu (Google) Ta [HTEpHET-pecypcH NO3BONAIOTH MiATIPHEMCTBAM HE TUTBKU
PO3LIMPIOBATH CBOI MOXKJIMBOCTI BIIPOBA/DKECHHS TOYKOBOI pEKIaMH, a W TOYHO
BAMIpIOBaTH €(PEKTUBHICTh PEKIAMHHUX KaMIIaHil, IO JO3BOJIAE ONTHUMIi3yBaTH
BUTpaTH Ta MOKpamryBaTu cTparterii. IligmpueMcTBa MOXYTh BiACTEXyBaTH
B3a€EMOJIi 3 KOHTEHTOM Yy pEaJbHOMY dYaci, a KOPHCTyBadi MOXYTh 3aJIUIIATH
BIZITYKH, CTABUTH NMUTAaHHS B PEabHOMY 4aci, OTPMMYBaTH MUTTEBI BIAIIOBII, 110
crpuse (POPMYBAaHHIO TMO3UTHBHOIO IMIJKy KOMMaHii. BUKOpHUCTaHHSA TaKHX
iHctpymenTiB, sk CRM-cucremu, e-mail-poscunku, dwarT-60TH, momoMarae
MAPUEMCTBAM O1IbII €()EKTUBHO B3aEMOJISATH 3 KIIEHTAMHM Ta aBTOMATH3YyBaTh
0arato mporecis.

MeTtor0 gomoBiai € qociimKeHHs TUPPOBUX TEXHONOTIH B iH(orpadimi i PR
TISUTEHOCTI MIATIPHEMCTBA B CYYaCHUX YMOBAaX. 3a BUCHOBKaMH aBTOPiB IMU(POBHIA
MapKeTHHT [03BOJIsiE €(EKTHBHO 3aly4aTH HOBI MOJMIJIMBOCTI JUIS PO3BUTKY,
B3a€EMOJIISITH 3 KJIIEHTAMHU Ta PO3BUBATH OpeHJl. 3aBASIKH IIMPOKUM MOXIHUBOCTSIM
Uil MaciTa0yBaHHS, BUMIPIOBAHOCTI pE3YNBTAaTiB 1 3JaTHOCTI aHANi3yBaTH
PUHKOBI TEHACHII, MUPPOBHIA MapKeTHHTI 3a0e3leduye 3Ha4yHi IIepeBard s
KOMIIaHiH, JOollOMararouu IM aJanTyBaTuCs [0 3MIHIOBaHMX YMOB Oi3Hec-
cepenoBuiiia. PO3BUTOK TEXHOJIOTIH 1 HOBI TEHACHII 3MIHIOKOTH MIIXOAU M0
MapKeTHUHTY, 30KpeMa CIPHUSIIOTh OUIBII MEePCOHATI30BAaHUM 1 C(PEKTHBHUM
METOJaM B3a€EMOJII 3 ayaUTOpi€r0. 30Kpema, 3MIIICHHS AaKICHTy Ha IU(PPOBI
IHCTpYMEHTH, Taki SIK TOIIYKOBI CHCTEMHM 1 COILIalbHI Mepexi, J03BOJIsIE
MANPUEMCTBAM HE TUIBKM aHaJi3yBaTH CIOXHBYI BINOAOOAHHS, a i ONTUMI3yBaTH
CBOI cTparTerii JuIs TOCATHEHHST HAHKpaInX pe3yJIbTaTiB.
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AHAJII3 CYYACHHUX HAITPAMKIB PO3POBKH ITPOI'PAMHOI'O
3ABE3IIEYEHHS — BIPTYAJIBHA PEAJIBHICTD
I MOAEJIOBAHHSA

IBarumxin MLIO.
HauionaneHuii TEXHIYHUI yHIBEPCUTET
«XapKiBCBKUI NONITEXHIYHUH THCTUTYT», XapKiB, YKpaiHa

Bipryanpna peanbHicte (VR) — 116 TEXHOJOTis, sKa CTBOPIOE IITY4YHE
uudpoBe cepenoBuIle, B SKE KOPHCTYBad MOXE IIOBHICTIO 3aHypUTHCS 3a
JIOTIOMOTOI0 CHelialbHUX MPHUCTPOiB. [i PO3BUTOK BifKpHBAE HOBI MOKIHBOCTI Y
pisHEX cdepax, 30KpeMa B OCBiTi, MEOUIHMHI, pO3Barax Ta IPOMHUCIOBOCTI.
3apmakn VR MOXIHBO HE JHIIE MOJEIIOBAHHS peaNbHUX TMPOIeciB, a #
CTBOPIOBATH a0CONIOTHO HOBI, PaHiIle HEMOXIINBI Y HEJIOCTYIHI JIFOACTBY (popMu
B3aemoii 3 uugpoBuM cBiToMm [1]. OAHUM 3 BOKIUBUX KPUTEPIiB € aIeKBATHICTh
Mozeneit y VR. Mopeni MaloTh BIIOBIZATH BHUCOKHM CTaHIApTaM peaTbHUM
(GI3MYHIM Ta TICHXOJIOTIYHIM XapakTePHCTUKaM Ui ¢(QEeKTHBHOI CHUMYJIALIi Ta
MIPUPOJTHOT B3a€MOZIT KOPUCTYBaya 3 BIpTyaJIbHUM CEPEAOBHILEM.

Meroto 1i€i JOMOBiAl € aHaNi3 CYy4acHOTO CTaHy TEXHOJIOTII BipTyasbHOI
peasbHOCTI, TI MOXKIIMBOCTEH Ta MEPCHEKTUB PO3BUTKY Y PI3HUX rally3sX, a TaKOX
BUSBJICHHS  OCHOBHMX mpoOjeM, 10 TMEepelKko/KalTh 1  MacoBOMY
BIpoBapkeHHI0. OKpeMy yBary INpHIUICHO NHUTAaHHAM MoJelioBaHHsI y VR,
OCKUTBKH TOYHICTH 1 pEaNliCTHYHICTh MOJETel BH3HAYAIOTH PIBCHb 3aHYPEHHS Ta
e(EKTHBHICTh BUKOPHCTAHHS TEXHOJIOTII B PI3HUX Cepax.

VY mpormeci MATOTOBKH AOMOBiAlI OYylIO BHKOPHCTAaHO METOIM aHAJi3y Ta
TIOPIBHSAHHSA, IO JO3BOJIMJIO BU3HAYMTH OCHOBHI HANpsIMM 3acTocyBaHHS VR, a
TaKOXX TMEepeBaru Ta HEHOMIKH i€l TexHoorii. JlocmimpkeHHs moka3ano, mo VR
BXE aKTHMBHO BHKOPHCTOBYETbCS Yy TpPEHYBalbHHX MpOrpamMax, MeEANYHHX
CHMYJIAISIX 1 HaBYAIbHUX cepenoBumiax [2]. [Ipu oMy BaXKJIHBUM KpPHUTEpieM €
He Jsinrie rpadidHa peasiCTUYHICTh, a W MOBEIIHKOBA BIAMOBIAHICTh BIPTyaJbHUX
00'exTiB. OCHOBHUMH BHKJIMKAMHU 3aJIUINAIOTHCS BHCOKA BapTICTh OOJaTHAHHS,
TeXHIUYHI OOMEeXEeHHs Ta MpoOJeMH 3 aJanTaiielo KopucryBadiB. CTBOpEHHs
peasicTHYHMX MoOjeNeil BUMarae 3HAauYHUX OOYMCIIOBAIBHUX PpECypciB  Ta
ITOPUTMIYHOT CKJIAHOCTI.

IIpore, MoXxHa 3poOMTM BHCHOBOK TIpO 3HA4YHMH moTeHmian VR y
MaiOyTHbOMY 3aBJSIKM IIBHIKOMY PO3BHTKY allapaTHUX Ta MPOTPAMHHX PilllCHb,
0cOOIMBO B KOHTEKCTI BJIOCKOHAJIECHHS MOJICIIOBAHHS Ta IIABUIIEHHS DPIBHA
anekBaTHOCTI HuppoBux cepemopui [3].
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PECULIARITIES OF THE METHODOLOGY FOR STUDYING THE
SAFETY OF UNMANNED AERIAL VEHICLES IN URBAN AREAS

Kolomiitsev O.V., Rudakov I.S., Liubchenko O.V.,
Biesova A.O., Kolomiitsev V.O.
National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Flight safety of a group of unmanned aerial vehicles (UAVS) in an urban
environment is a key challenge for modern air navigation.

Planning and controlling flights in conditions of limited airspace and high
density of obstacles requires the development of a comprehensive research
methodology.

Such a methodology should take into account not only existing approaches to
organizing the movement of a group of UAVS, but also the use of advanced
technologies, such as Dynamic Density Corridor Concept (D2-C2), deep neural
networks (LSTM) for risk prediction, and reinforcement learning (RL) algorithms
for adaptive adjustment of flight paths.

The aim of the report is to formulate a general methodology for studying the
safety of UAVs in urban areas and to identify its main components and their
relationship with the methods of flight path control.

The report reveals a multilevel approach of the methodology for studying
the safety issues of UAVs in the urban environment. The structure of the
methodology is presented.

The mathematical model of UAV flight control is based on a system of
equations describing the kinematics of movement, safety constraints and trajectory
adaptation algorithms.

A research methodology has been developed that provides an integrated
approach to improving the safety of UAVs in urban infrastructure. It includes
mathematical models, artificial intelligence technologies, and verification of the
results through simulation modeling.
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A METHOD FOR CONTROLLING A GROUP OF UNMANNED AERIAL
VEHICLES BASED ON THE USE OF AN ANT ALGORITHM
TO PROVIDE EMERGENCY ROOMS

Kolomiitsev O.V., Biesova A.O., Rudakov I.S., Liubchenko O.V.
National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

The modern stage of society development is the stage of informatization and
robotization. Therefore, a characteristic feature of the development of logistics is
the automated collection, processing, storage, transmission and use of information
based on information technology. Therefore, the key direction of improving the
logistics system in Ukraine is the development of logistics infrastructure using
various types of unmanned aerial vehicles (UAVS).

Thus, the development of a method for controlling a group of UAVs based on
the use of an ant algorithm to provide emergency rooms is an urgent scientific task.

The aim of the report is to present the developed method of UAV group
management based on the ant algorithm for providing emergency care centers.

The report reveals the general structure of the ant algorithm and the pseudo-
vocabulary of its implementation when using double Deninborg bridges. An
analysis of the implementation of ant algorithms is carried out. A method for
managing a group of UAVs based on the use of an ant algorithm to provide
emergency rooms is presented.

The structure of the algorithm is given. The essence of the method is
revealed. Analytical expressions for calculations are given. Using digital maps of
Google Maps of the coverage area, the implementation of the standard ant
algorithm in Python is shown, and the code of the ant algorithm for the emergency
system in Kharkiv and its visual display is presented.
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A METHOD FOR TRANSMITTING LARGE AMOUNTS OF DAT
OVER NETWORK COMMUNICATION CHANNELS
BASED ON LASER RADIATION

Kolomiitsev O.V., Liubchenko O.V.
National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Information in the modern world is a valuable resource that requires constant
attention and innovative approaches to its processing. At the same time,
information transfer is a key process that ensures communication and interaction in
various areas of human activity (effective management, cooperation, rapid
response to environmental changes, etc.) Modern technologies, such as: Internet,
mobile communications, social networks, etc. have significantly changed the way
information is transmitted.

They allow for instantaneous data transfer across the globe and provide high-
quality access and the necessary speed of exchange. Information technologies are
changing the ways and methods of data (information) transmission, creating new
channels and formats to increase the amount of data transmitted.

Thus, the rapid development of information technologies has led to the
improvement of methods of data (information) transmission and processing.

The aim of the report is to development of a method for transmitting large
amounts of data over network communication channels based on laser radiation.

The report reveals the The data transmission system is considered as a set of
means used to transmit information. The existing network communication channels
are analyzed.

Their disadvantages and advantages are noted. A method for transmitting
large amounts of data (information) over cable (fiber-optic) and wireless (optical)
network communication channels is proposed. A block diagram of a device for
multichannel data transmission is presented. The single-mode multifrequency laser
radiation of a single laser transmitter with synchronization of spurious modes is
used as a source.

The basis of each of the optical channels of the device is a narrowband Fabry-
Perot interferometer tuned to the signal of the selected longitudinal mode. The
method allows to transmit data (information) over long distances, including solving
the problem of the “last mile”.
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STUDY OF ISSUES OF INCREASING THE EFFICIENCY OF
SECONDARY PROCESSING OF RADAR INFORMATION IN
MULTICHANNEL RADIO SYSTEMS

Kuznietsov O.L., Karlov V.D.,
Ivan Kozhedub Kharkiv National Air Force University, Kharkiv, Ukraine,
Kolomiitsev O.V.
National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Secondary processing of radar information provides a solution to the problem
of tracking aerodynamic objects and obtaining their trajectories. That is, the
coordinate information on the location of radar surveillance objects is subject to
evaluation, taking into account the pre-history of their movement. The factors
limiting the efficiency of secondary processing of radar information are the
maneuvering of aerodynamic objects and the influence of the radio wave
propagation environment.

The first factor is significant at ranges where aerodynamic objects are directly
performing their intended tasks, and the second factor is significant at considerable
distances from radio systems.

The aim of the report is to provide a methodology for selecting fixed
parameters of algorithms of multichannel radio tracking systems provided that the
maximum stability of tracking aerodynamic objects is ensured and correlated phase
fluctuations of the signal are taken into account in the secondary processing of
radar information.

The report proposes a methodology for determining the fixed parameters of
tracking algorithms that ensure maximum tracking stability and presents the results
of solving the problem for the algorithm for tracking an air object by range. The
influence of co-referenced phase fluctuations of the received radio pulses on the
decrease in the efficiency of secondary processing of radar information is assessed
and proposals are made for their consideration in difficult conditions of performing
assigned tasks by multichannel radio systems.
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PROPOSALS FOR OPTIMIZING RESOURCE ALLOCATION IN
SIDECAR ARCHITECTURES FOR ENHANCED EFFICIENCY AND
COST-EFFECTIVENESS IN MICROSERVICES ENVIRONEMNTS

Nosko S.
National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

When deployed alongside microservices, the sidecar requires specific
resources, and it is crucial to allocate these resources accurately to ensure they are
used with maximum efficiency. In an architecture setup where each microservice
operates with its own sidecar—for example, in a system with 100 microservices—
this results in the creation of 100 separate sidecars. This scenario increases the
need for meticulous resource management to prevent inefficiencies and
redundancies that could lead to unnecessary costs.

Achieving optimal resource allocation means each megabyte of memory and
each CPU unit must be fully utilized. This involves careful planning and dynamic
resource management to adapt to the varying load and requirements of each
microservice and its associated sidecar. Furthermore, such precision in resource
allocation not only enhances the system's overall performance but also increases its
cost-effectiveness. This is the most important in environments where resource use
directly impacts financial costs and system responsiveness.

The aim of the report is to explore and demonstrate the effective allocation
of resources in sidecar architectures to ensure maximal efficiency and cost-
effectiveness in a microservices environment.

The report presents the results of a detailed investigation into the memory
parameters necessary for optimal sidecar performance. The study involved
initiating the sidecar both locally and in unrestricted memory containers, utilizing
sophisticated monitoring resources like jconsole and VisualVM to closely track
various components of JVM memory, including Java Heap and Metaspace.
Additionally, Docker stats and other advanced system tools were employed to
assess the overall memory consumption of the container. When using the Quarkus
framework for sidecars, it has been found important to assign a fixed amount of
CPU units. This helps to set up a connection pool that works well with the CPU
power given to the sidecar. By doing this, the sidecar runs smoothly and keeps
performing well, even when the workload changes.
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PO3POBKA BEB3ACTOCYHKY JJISI MOHITOPHHTY YACY
YUTAHHSA TA CHIVIBHOI'O OBI'OBOPEHHS KHUT'

Koctrouenko M.A., JIro6uenxo H.IO.
Hamionansuuit rexniganit yHiBepcutet "XIII", XapkiB, Ykpaina

Y cyyacHOMY CBITI YMTaHHS KHHT BiJirpa€c BaXKJIMBY pOJb y PO3BUTKY
ocobucrocTi Ta HaOyTTI HOBHMX 3HaHb. [IpoTe KOpHCTYBadi 4acTO CTHKAIOTHCS 3
npoOyeMoI0 opraHizauii mporecy 4YWTaHHsS, KOHTPOJIIO 4acy, BUTPAdeHOrO Ha
KHUTH, @ TAKOXK MOXJIMBOCTI OOTOBOPEHHS IIPOYUTAHOTO 3 IHIIMMHU.

MeTo0 1TaHOTO JOCHTIJPKEHHS € po3poOKa Be0-3aCTOCYHKY, IIO JI03BOJHTH
KOPHCTYyBa4aM BiJCTE)KyBaTH Yac YHTAHHA KHHUI Ta B3a€EMOMIATH 3 IHIIMMH
YUTaYaMHM Yepe3 COIialbHy MEPEXKY [UIs KHUromo6is [1].

VY pesymbTaTi MOCHIKEHHS OyIyTh PO3TIIHYTI ICHYIOYi aHAJOTH IOMIOHHMX
cucteM, ix ocoOmmBocTi Ta TexHouorii peamsamii. OcoOmuBy yBary Oyxe
MPUAITICHO pO3po0Ili apXiTeKTypH 3acToCyHKY Ha ocHOBI FastAPI [2], SQL Server
[3] Ta HTML/CSS, uio 3abe3neunth e(eKTHBHE YIpaBIiHHA MaHUMH Ta
IIBUAKOIIIO CUCTEMH.

ApXITeKTypa Be0-3aCTOCYHKY mepeabadae peaizallito MOIyIbHOI CTPYKTYpPH,
[0 J03BOJISIE PO3MIUPIOBATH (YHKIIOHAT Ta MiATPUMYBATH MAacIITaO0OBaHICTh.
Ki1r040BUMH KOMIIOHEHTaMU CUCTEMH €:

— MeXaHi3M O0JIIKYy Yacy YNTaHHs KHUTH KOPUCTYBaveM;

— 0a3a maHuX a1 30epiranas iHpopMarii Mpo KHATH Ta KOPHCTYBAYiB;

— (yHKIIOHAT COLiaNbHOI B3aEMO/Ii1 (KOMEHTapi, peleH3ii, 00roBopeHHs:);

— peCIOHCHBHUIT An3aiiH [4] st 3pydHOro BUKOPHCTaHHS.

3acTtocyBaHHS Cy4acHHX BEO-TEXHOJIOTIH TO3BOJHUTH 3a0C3MEUUTH CTaOLTEHY
poboTy cucTemu Ta KOMQOPTHY B3aeMOil0 KopuctyBauiB [5] y cepemoBuii
KHUTOJIOO01B.

Crucok Jitepatypu

1. Podorozhniak A., Oliinyk V., Liubchenko N. Strategies for Filtering Unwanted
Comments in Social Media. 2024 IEEE 5th KhPlI Week on Advanced Technology
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2. FastAPI Documentation. [Enexktponnuii pecypc] — Pexum mgoctymy:
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4. Responsive Web Design Basics. [Enextponnuit pecypc] — Pexum nmocrymy:
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PO3POBKA CEPBICY OHJIAMH-3AMOBJIEHB JIOCTABKH CVYIII

Hposn €.1., JIro6uenko H.IO.
Harmionansuuit rexniganit yHiBepcutet "XIII", XapkiB, Ykpaina

CyuacHi KoMmnaHii, 10 3aiMalOThCsl JOCTABKOIO iKi, CTUKAIOThCS 3 OaraTbMa
BUKIIUKAMHM, TIOB’SI3aHMMH 3 e(QCKTHBHICTIO Ta Oe3mepeliiiHicTio poboTu.
BripoBapkeHHsT CydacHMX Be0-3aCTOCYHKIB J03BOJISIE ONTHUMI3yBaTH HPOLECH
oQopMIIEHHSI 3aMOBJICHb 1 IOCTaBKH, MiJBUIIMUTH piBEHb OOCIYroBYBaHHS Ta
3pOOHTH KOPUCTYBAHHS CEPBICOM OLIbII 3pYYHUM ISl KIIIEHTIB.

BaxnuBuM acmekToM € aHali3 ICHYyIOUMX BE0-3aCTOCYHKIB Uil OHJIAWH-
3aMOBIeHHS TKi. BoHM MOXyTh OyTH Kiacu}pikoBaHI 3a PI3HAMH KPHUTEPisIMH,
TakKUMHU SK (yHKIIOHAJIBHICT, TEXHONOTii po3poOku Ta BpaszmmBocti [1]. Le
JIO3BOJISIE BUSIBUTH CIIA0KI MICIIS Ta MOYKJIMBOCTI JIJISL BIOCKOHAIICHHS [ 2].

Y Mexkax po3poOku cepBicy Oynme CTBOpEHO BeO-3aCTOCYHOK Ha OCHOBI
MOJYNbHOI  apxitektypu [3], mo 3abe3neunth e(EKTHBHY OpraHizamiro
(YHKIIOHATFHOCTI CHCTEMH, ii MAacIITa0OBaHICTh 1 MOJMJIMBICTH MOJANBIIOTO
posmupends. OmHUM 13 KIIOYOBHX CJICMEHTIB € 0a3a maHuX, ska 30epirae
iH(pOpMAIIi}0 TIPO KIIIEHTIB, 3aMOBJICHHS, MEHIO Ta 30HU JOCTaBKU. BukopucranHs
TEXHOJIOTIH 1HAeKcalil Ta ONTUMI3aLil 3aUTIB JonoMarae 3a0e3IeYuTH BUAKICTE
i 6e3meKy TaHuX.

Po3pobka Oyzie BUKOHaHa 3 ypaxyBaHHSIM NPUHIMUIIB aJIaTHBHOTO JTH3aliHY
[4] , w0 mo3BOIsIE 3a0€3MEUNTH KOPEKTHE BiMOOpaKeHHS Ha PI3HUX MPUCTPOSX i
PO3IIMPEHHAX eKpaHiB. Lle 0coOMMBO BaXIMBO 4epes Te, L0 BAXKIMBA YaCTHUHA
KOPHCTYBa4iB pOOUTH 3aMOBIICHHS 31 CBOTX MOOLTEHUX TPUCTPOIB.

VY 1poMy 3aCTOCYHKY IUIAaHYEThCS BHKOPHCTAHHS WITY4HOTO iHTenekTy (LLII)
JUIL ONITHMi3amii pi3HUX MpomeciB [5]: MpOrHO3YBaHHS MOMUTY HA TICBHI CTPaBU
JUI OTITHUMI3allil 3amaciB MPOIYKTy W MEHIO; aHaJi3 BEIMKHX OOCSATIB IaHWX MPO
roriepeIHi 3aMOBJICHHsI i 1MoOaKaHHs MOKYIILIB; TIEPCOHANI3AIIS MPOMO3ULIH 1Ist
KJIE€HTIB HIJSIXOM aHalli3y iXHiX MONepeHiX 3aMOBJICHD it BITOJJOOAHb.
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PO3POBKA BEB-JIOJATKY I JOTICTUYHOI KOMITAHII 3
BUKOPWCTAHHAM TEXHOJIOTITI T

Ocranenko O.C., JIro6yenxo H.IO.
Hamionansuuit rexniganit yHiBepcutet "XIII", XapkiB, Ykpaina

Y cy4acHOMy CBiTi JIOTICTHYHI KOMIIAHii CTHKAKOTBCS 3 YHCICHHUMHU
BUKJIMKAaMH, TOB'I3aHMMH 3 YNPaBIIHHAM IEPEBE3CHHSAMM, OINTHMI3aIli€l0
MapHIpyTiB 1 MNiABUINEHHAM e(EeKTHBHOCTI TNOcTadyaHHA. BrpoBa/pkeHHS BeO-
JIOAaTKIB Ha OCHOBI mTy4yHOro iHtesnekty (L) no3Bonsie 3HaYHO aBTOMATH3yBaTH
KJTIOYOBI Oi3HEC-TPOIIeCH Ta 3SMEHIINTH BUTPATH KoMnawii [1, 2].

MeTo0 [BOTO MJOCHIIKEHHS € po3poOKa BeO-AOAATKY IS JIOTiICTUYHOI
kommaHii, mo BukopuctoBye IIII mms onTuMisamii BaHTa)KOIIEPEBE3CHb Ta
HPOTHO3YBaHHS MOIHTY.

JocmimkeHHs BKIIOYA€E aHA3 iCHYIOUHX PIMICHb y cdepi iHTeNeKTyaTbHIX
TPAaHCHOPTHUX CHCTEM, BH3HAYCHHS X KIIOYOBHX IepeBar i HEIOJIKiB, a TaKoX
BIPOBAJDKCHHS HAWKpPAIUX MPAKTUK y BIacHy po3poOky [3].

ApxiTekTypa BeO-momaTKy 0a3yeTbcsi Ha MIKPOCEPBICHOMY MigXO[i, IO
3abe3nedye MacmTaboBaHICTh 1 THYYKICTh cHCTeMH. OJHUM i3 KIIIOYOBUX
KOMITIOHEHTIB € 0a3a JaHuX, W0 MICTUTh iH(GOPMAI[I0 TPO 3aMOBJICHHS,
TPaHCIOPTHI 3aCO0M, BOJIIB Ta KII€HTIB. BUKOpHCTaHHS aNroOpUTMIiB MalInHHOTO
HABYAHHSI [IO3BOJISIE ONTHMI3yBaTH PpO3MOIIT PECYpPCiB 1 CKOPOTHTH dYac
nocraBku [4].

Oco0muBy yBary NpUAUICHO NHUTAHHAM KiOepOeslekd Ta 3aXHCTy NaHWX,
OCKUTPKH JIOTICTHYHI CHCTEMH MICTATh BEJHKY KIJIBKICTh KOH(IAEHIiITHOT
inpopmarii. Peamizamis cucTeMu BiIIOBIAHO 10 NPHHIMIIB secure-by-design
JIO3BOJISIE MIiHIMI3yBaTH TOTCHIIWHI PH3UKK Ta MiABUIIUTH PiBEHb IOBIPH MO
cepsicy.
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1. Podorozhniak A., Oliinyk V., Liubchenko N. Strategies for Filtering Unwanted
Comments in Social Media. 2024 IEEE 5th KhPlI Week on Advanced Technology
(KhPIWeek), pp. 1-4. DOI: https://doi.org/10.1109/KHPIWEEK61434.2024.10877962.

2. International Transport Forum. Al and Logistics Innovations [EnektpoHuuii
pecype] - Pexxum JIOCTYIY:
https://www.researchgate.net/publication/385039143 Application_of Avrtificial_intelligence

in_Logistics_40 DHL _case study analysis.

3. Artificial Intelligence in Logistics Optimization with Sustainability Focus
[Enexrponnwuii pecypc] — Pexxum moctyry: https://www.mdpi.com/2071-1050/16/21/9145.

4. Application of Artificial Intelligence in Reverse Logistics [Enexrponnuii pecypc]
— Pexxum noctymy: https://www.sciencedirect.com/science/article/pii/S2949863524000190.

114


https://doi.org/10.1109/KHPIWEEK61434.2024.10877962
https://www.researchgate.net/publication/385039143_Application_of_Artificial_intelligence_in_Logistics_40_DHL_case_study_analysis
https://www.researchgate.net/publication/385039143_Application_of_Artificial_intelligence_in_Logistics_40_DHL_case_study_analysis
https://www.mdpi.com/2071-1050/16/21/9145
https://www.sciencedirect.com/science/article/pii/S2949863524000190

CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

PO3POBKA IHTEJIEKTYAJIBHOI CUCTEMHU
VIS PO3IIIBHABAHHA ABTOMOBIJIBHUX HOMEPIB

Jlicosa /I.B., [Tyrauos P.B., Jlto6uenko H.1O., [Tomopoxusx A.O.
Hamionansuuii rexniganit yHiBepcutet "XIII", XapkiB, Ykpaina

Mu KMBEMO Yy Yac BEIMKUX 3MIH 1 BUKJIMKIB, KOJM TEXHOJIOTII CTaiu
HEBIJI'’€MHOI0 YacTHHOIO HAIIOTO MOBCAKICHHOrO OKUTTI. Llndposizawis
TOpKa€eThCs Maibke KOXHOI cdepH: BiJf MEIUYHOT AIarHOCTHKH O aBTOMaTH3allii
BUPOOHHIITB, BiJl CHCTEM PO3YMHOTO JIOMY /IO YIIPABJIiHHS JIOPOXKHIM PYXOM.

Po3mizHaBaHHS aBTOMOOUIBHMX HOMEPIB — 1€ OJJHA 3 THUX TEXHOJIOTIH, sKa
Mae TpsAMHN BIUIMB Ha 0€3MeKy, ONTHMI3allil0 pecypciB Ta OpraHi3alliro
nopoxuboro pyxy [1]. Cucremun, 3maTHi aBTOMaTHYHO iAE€HTH(IKYBaTH
TPAHCIOPTHI 3aCO0H, O3BOJIAIOTH BUPILIYBATH MPOOJIEMH KOHTPOJIO AOCTYILY 10
3aKpUTHX 30H, 3MEHIIYBATH JIOACHKUNA (pakTop y poOOTi TpaHCHIOPTHUX CITykO, a
TaKOX CTBOPIOBATH YMOBH JUTS PO3BUTKY "po3ymuux" mict [2, 3].

Metow podoTu Oyiro Ii3HATHCSA PO METOAM PO3MI3ZHAHHS aBTOMOOLTBHUX
HOMEpIB 1 CTBOPUTH 3aCTOCYHOK, SIKHM 3MOXE pO3IMi3HABaTH aBTOMOOUTBHUI
HOMEp, BUKOPHCTOBYIOUH KaMepy cMapTdoHy.

Android gomatok po3poONSBCS 3  BHUKOPHCTaHHSAM — Oi0MIOTEK MOBH
nporpamyBanHs java, 6ibmioreka ML Kit 3a ngomomororo sikoi BigOyBasocst
MIEPETBOPCHHS aBTOMOOLIHLHOIO HOMEpa B TeKC. Takok 3abe3rmedyeHa MOKIHUBICTh
OTPUMYBATH JaHi PO aBTOMOOLITH 1 30epiraTu iCTOPIIO MOIIYKY.

Takoxx Oyiu OIMpaIfOBaHHI iHIII MOXIIMBOCTI PO3ITi3HABAaHHS aBTOMOOLTEHUX
HOMepiB, BuKOpHCTOBYOuu python. A came, 6ibmiorexky OpenCV, pytesseract,
aspose. I1ix yac po3poOKu anropuTMiB POOOTH CHCTEMH TaK0X OyJI0 BHKOPHCTAHO
mozem YOLOvV8 ta YOLOvV11 [4].
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INTELLIGENT CHATBOT FOR ONLINE ORDERS

Kiiko A., Podorozhniak A.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

In today's world, digitalization is permeating all areas of life, and nutrition is
no exception. Ordering food through online services is becoming not only a
fashion trend, but also a necessity in the fast-paced pace of life [1].

Telegram as a platform for ordering food is especially attractive because of its
popularity and ease of use. Telegram bots are an effective tool for automating
processes that allows users to quickly and intuitively interact with the system
through a familiar interface. The bot can work 24/7, ensuring uninterrupted service
[2]. Thus, orders through Telegram bots increase customer satisfaction and,
accordingly, contribute to business growth [3].

The purpose of the report is to describe the development of a Telegram bot
for ordering food, which creates a convenient and affordable solution for
automating the process of ordering food. The bot should provide the most
simplified and comfortable interaction between the user and the catering
establishment.

A number of different technologies were used during the development of the
chatbot: Python, as a powerful and versatile programming language used to create
the bot's backend; Aiogram as a Python framework for quickly creating Telegram
bots; PostgreSQL, which is ideal for the backend of the project; SQLite — for
developing a lightweight built-in database; as well as FastAPI and API for payment
systems.

Further development of the Telegram bot may include several important
areas: integration with other platforms, implementation of machine learning
algorithms to create personalized meal recommendations based on user order
history; Voice command support, database scaling.
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JUHAMIYHA MOJIEJIb CUCTEMM YIIPABJIIHHSA IBUTYHAMU
BHYTPIIIHBOI'O 3IOPSIHHSA

Buxos O.M., [lpunursik 1.B., Aumrox B.T.
Hamionaneuuii Texniganii yHiBepceuteT «XI1I», XapkiB, Yipaina

OcHOBHAa YacTMHA  MEXaHI30BaHHMX  3aco0iB, OCOOJMBO  1HO3EMHOTO
BUPOOHUIITBA, OOJIalHAHA EJIEKTPOHHOIO CHCTEMOIO YIPABIIHHS IBHUTyHa. Takuid
miaxig 3abesnedye MOXIIMBICTH ONTHMI3YBaTH poOOTYy JBHI'YHA 3 METOIO
30UIbLIEHHsT HOTr0 Koe(ilieHT KOpPUCHOI [ii, 30UIBIIMTH pecypc Ta MIKPEMOHTHI
IHTEpBaJl,  3acCTOCYBaTH  BHYTPIIIHI ~ QJTOPUTMH  CaMOJIarHOCTUKH  JUIS
MIONEPEAKEHHS BUTIAZIKIB BUXOY 3 JIa/ly, 3MEHIIUTH TEMIIEpaTypy BUXJIONHUX ra3iB
[1, 2]. OGcamyroByBaHHS TaKHX CHCTEM IOTPEOYye CIEMialbHUX HAaBUYOK, JOCBiTy
pobOTH Ta TEOPETHYHUX 3HAHb. s 3700yTTS TaKMX HABUYOK IIiJ Yac HaBYAHHS
HEOoOXiTHO HE TIJIFKM HAaOYHO BHBYATH OyIOBY Ta (DyHKIIOHYBAaHHS TAaKUX CHCTEM, a
W JOCHiKyBaTH anropuT™Md poOoTH, (OpMH Ta pPIiBHI CHTHANIB 3 JaTYWKIB Ta
CHTHAJIM  YNPABIIHHA CHCTEMH YIPaBIiHHA JBUTYHOM 32  JIONIOMOTOIO
CrienianizoBaHUX BUMIpPIOBaJbHUX MPUOOPIB [3], a Tako)K 0COOIMBOCTI PEMOHTY Ta
00CTyroByBaHHS KOHKPETHUX CUCTEM [2].

MeToro nmomoBixi € po3poOka JAWHAMIYHOI MOJENI CHCTEMHU YIpaBIiHHS
JIBUT'YHOM BHYTPILIIHBOT'O 3TOPSIHHSI.

B nmomoBini HaBOIATBCS pe3yJbTaTd PO3POOJICHHS MOJEINi eJIeKTPOHHOI
CHCTEMH YIPABIIHHA ABHTYHOM. Mogenb CKJIAQJA€ThCs 3 KUIBKOX YaCTHH:
€JIEKTPOHHOTO OJIOKa, 10 Ja€ 3MOTy 00poOsITH iH(QOpMAIliI0 Ta BUAABATH CHUTHAI
YOpaBiiHHA Ha BHMKOHABYI IPHUCTPOi, CHCTEMH MJATYUKIB IS BHUMIipIOBAaHHS
(Gi3MYHAUX MapaMeTpiB 3 MOAATBIINM IIEPETBOPIOBAHHAM B IH(POPMAIIIIO y BUTISAIL
CHUTHAJ BH3HAYCHOTO PiBHSA Ta (OPMH, BUKOHABUMX INPUCTPOIB POOOTOIO SKUX
Kepye eJISKTPOHHHHN OJIOK yIpaBIIiHHS.

OcHOBHa MeTa MOJIeJi — CIIOCTEPEKEHHsI Ta KOHTPOJIIO 32 BUMIPIOBAILHOIO Ta
BHKOHABYOIO0 YaCTHHOI CHCTEMH YIPABIIHHS JBUTYHOM.
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MOJEJIb BAKOPUCTAHHS BE3NIJIOTHUX 3ACOBIB
AJI JIOT'ICTHYHOI NIATPUMKH BIZTHOBJIEHHS TEXHIKHN

[Manosaxn JI.O., T'opbunsos C.C., Amutpenko B.B.
Hamionaneuuii Texnivanit yHiBepeutet «XI1I», Xapki, Yipaina

3actocyBanHsi OesminoTHux 3aco0iB (BII3) mpu BupilleHHI JIOTICTHYHUX
3ajga4 OesmepepBHO 3poctae [1]. BoHM BUKOPUCTOBYIOTHCS MJIsi MOHITOPHHIY
MIPOCTOPY, JOCTAaBICHHS BaHTaXiB, HaBiTh, Uil MeauuHoi eBakyauii [2]. IIpote
norenuian bII3 y cdepi peMOHTY Ta BiJHOBJEHHS TEXHIKHM II€ HEJIOCTaTHBO
JOCIIDKeHUH 1 c1abo peanizoBaHuid. BukopucranHs 0e3MiJOTHUKIB (MOBITPSHOTO
Ta HA36MHOTO BUKOPUCTAHHS) MOXE CYTTEBO CKOPOTHUTH Yac BiTHOBIICHHS TEXHIKH.
BII3 M0XXyTh BUKOHYBATH OTJISI MOIIKOKEHb TEXHIKM IPH aBapii, 1ormoMaraTa y
TPAHCMOPTYBaHHI iHCTPYMEHTIB 1 JpiOHMUX 3aIT9acTHH, OpaTH ydacTh y poOoTax 3a
JIOTIOMOTOXO CIIeIlialli30BaHUX MaHIMYJIATOPiB 400 TEXHIYHIX MOIYIB [3].

MeTtor nomoBigi € po3poOka moneni BukopuctaHas BII3 mms morictrmanOl
MiATPIMKH BiTHOBJICHHS TEXHIKH IS MOJICTIOBAHHS OCOOIHMBOCTEH BiTHOBICHHS.

B nomnoBizni HABOIATHCS pe3ybTaTH aHaNi3y BIPOBAKEHHS POOOTH30BAHUX
cucteM i1 BII3 y mporiecu BIJHOBJICHHS TEXHIKH JUIS: OTJIILY IMONIKOIKECHOT
TEXHIKH 1 300py MaHWX Mpo T TEXHIYHWW CTaH; MOCTABKM 3allaCHUX YaCTHH 1
IHCTPYMEHTIB; €BaKyallil JIerkol TeXHiKH a00 MONIKOKEHUX BY3JIiB 32 JIOMOMOTOI0
BaHTQ)KHUX arapariB; 3BaplOBAIBHUX 1 PEMOHTHHX pPOOIT Yy BaKKOJOCTYITHHUX
MICIIIX 3a JOTIOMOTOI0 MAHIITyIISATOPIB, SIKi KepyroThes depes BII3; moHiTOpHHTY
e(pCKTHBHOCTI BiTHOBJICHHSA TEXHIKM Ta KOOPIWHAIII PEMOHTHUX IiAPO3ILTIB.
Po3pobnera wMopmenms BKIIOYAaE ONOKH, sIKi BHPINIYIOTH Taki 3aBJaHHS:
BukopuctanHsa bII3 mis norictuuHOi MiATPUMKH; BH3HadeHHS TumiB BII3, ski
MOXYyTb OyTH e(eKTHBHO 3alisHi U1 JIOTICTHYHOI IITPUMKH; OIIHIOBAHHS
mepeBar 1 HemoiikiB BukopuctaHHs BII3 s BiTHOBICHHS TEXHIKH B Pi3HHX
YMOBaX; BU3HAYCHHS MOTEHIIHHUX 3arpo3 i 00OMexkeHb 111010 BUKopuctanus bIT3.
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INTELLIGENT MARKETPLACE OF EDUCATIONAL COURSES

Khoma D., Podorozhniak A.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

The marketplace collects a variety of educational courses in one place,
which makes it easier for users to search, but they have a number of problems
and shortcomings that affect students and teachers [1]. One of these problems is
the unpopularity and inexperience of Ukrainian enthusiasts who want to teach
their course, others are the difficulty of finding the right courses and providing
courses with high-quality practical tasks for the full assimilation of the
educational material [2, 3].

The purpose of the development is a user-friendly and intuitive marketplace
where users can discover, register, create, and complete courses on various topics.

Ensure access to high-quality courses and a flexible course creation tool. The
platform aims to provide a powerful learning tool for individuals who want to
accelerate their education with the help of an Al assistant.

The key technologies for the development of the proposed project are
planned: ASP.NET, Identity, Redis, Docker, PostgreSQL.

The advantage of the product offered is to provide a simple, intuitive search
and access to quality courses and a builder for creating your own courses.

Prospects for the development of the proposed product are: Commission
System for Course Creators: Monetization opportunities for course authors;
Expanded Course Constructor Features: Adding different types of tasks, lesson
planning, and certification options; User Behavior Analytics: Data-driven
improvements based on user interactions; Collaboration with Educational
Institutions: Partnering with universities and training centers for certified courses;
IT Company Partnerships: Offering professional development courses in
collaboration with tech companies.
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EXPLOSIVE OBJECTS DETECTION USING Al AND CV

Levchenko D., Podorozhniak A.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

This thesis examines relevant research essential for the effective application
of artificial intelligence (Al) and computer vision (CV) in detecting high-risk
explosive elements [1]. The process is divided into three key stages: data
collection, analysis methods, and real-time applications. Data collection can
integrate multiple approaches. Optical imaging is particularly useful for detecting
scatterable landmines, which are often deployed over large areas [2]. UAVs
equipped with optical sensors are most effective for identifying these surface
explosive ordnances [3]. Another method is dynamic thermography, which relies
on the thermal properties of landmines. By analyzing temperature gradients during
thermal transients, this technique to detect buried threats [4]. The analysis phase is
divided into two main categories: image-processing techniques and neural network-
based methods. Image-processing has been a fundamental approach in landmine
detection, employing two distinct subcategories: using data from metal detectors and
other sensors; processing raw sensor data. Neural networks have revolutionized
landmine detection by providing advanced capabilities for pattern recognition and
classification. Deep learning has become increasingly prominent in surface landmine
detection, enabling automatic learning of complex patterns from sensor data. Some
studies have leveraged deep learning architectures to improve detection accuracy and
efficiency, adopting a fusion approach that integrates fully connected neural
networks, recurrent neural networks, gated recurrent units (GRU), long short-term
memory models for analyzing signals from ultrawideband GPR antennas.

Although the research landscape is rich in various detection methods,
datasets, and Al models, relatively few studies emphasize real-time applicability.
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DEVELOPMENT OF AN INTELLIGENT ONLINE STORE
FOR EXOTIC ANIMALS

Zmiyevska |., Podorozhniak A.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Unfortunately, even today, in an age where information is available to almost
everyone, people still remain uninformed about the proper maintenance of exotic
animals.

Thus, unwittingly, they ruin their lives by not providing them with all the
basic needs for a quality life [1].

The development of an intelligent online store of goods for exotic animals
provides a partial solution to this problem due to its functionality. First, the site
will feature a blog with useful articles on proper care and other nuances of keeping
different types of animals.

In addition to improving the living conditions of animals, a blog also has the
advantage of being able to save posts and reduce the time it takes to find them
again.

Also, the blog is likely to have a steadily growing traffic, which will allow
you to add promotional offers, charity events, information about the adoption of
abandoned animals, and other things.

The main advantage will be a Telegram bot with built-in Al, which will play
the role of an assistant specializing in the proper care of exotic animals and can
give advice depending on the client's requests [2, 3].

Main project technologies: Figma, React JS, Node JS & Express JS,
PostgreSQL, telegram, api. OpenAl.

The development perspective of this system can be manifested in the
expansion of functionality, for example: adding new useful and partnership
sections, improving the work of the Al assistant, facilitating the work of site
administrators through Al integration.
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PE3YJIbTATH PO3POBJIEHHA ITPOI'PAMHOI'O 3ABE3IIEYEHHS
MOBUJIBHOI'O 3ACTOCYHKY JJIs1 ABTOMATU3ALII OBJIIKY
CIIJTIATH KOMYHAJIBHUX TOCJIYT

3amomoBcrkmit M., 3omoromymnos M.O.
HauionaneHuii TeXHIYHUI yHIBEpCUTET «XapKiBCHKUI MOTITEXHIYHUHA IHCTUTYTY,
XapkiB, YkpaiHa

MoO6ijbHI 3aCTOCYHKM B HAIll 9aC € HEBiI'€MHOI0 YacTHHOIO KuTTs [1, 2].
Bonn 3abesneuyroth JocTyn g0 iHopmamii, J03BOJSIOTH BHKOHYBAaTH
PI3HOMaHITHI 3aBAAaHHs Ta MMOJIETIIYIOTh B3aEMOIIO JIIOJEH Ta MIBUAKHUN TOCTYI JI0
CepBiciB, TAKUX SIK OHJIAH-OAHKIHT, €JICKTPOHHA KOMEPIIisl, HAaBYaJIbHi IIaTHOpMHU
Ta comiambHi Mepexi. KpiM  Toro, MOOLTBHI  3aCTOCYHKH  MOXYTb
BUKOPUCTOBYBATUCS I KEPyBaHHS pPI3HUMH NPHCTPOSIMH Ta CHCTeMaMH. Y
MTOEHAHHI 3 IHIIAMHU TEXHOJIOT1IMHU, MOOLIbHI 3aCTOCYHKH CIPHUSIOTH TTTOOABHIH
aBTOMATH3allii, [0 3HAYHO MiJBHUIIY€E PiBeHb 3PYYHOCTI Ta €PEKTUBHOCTI B JKHUTTI
JIFOJUHH.

MeTorw JOMOBiI € pe3yibTaTH PO3POOJICHHS MOOUIBHOTO 3aCTOCYHKY IS
aBTOMaTH3alii OOJIKY CIUIaTH KOMYHQJIBHHX IIOCIYyr TPOMAIsSH 3a pPaxyHOK
CTBOPEHHSI CyYaCHMX IHCTPYMEHTIB Ta iX peaizamii y BUNISAAI HPOrpamMHOTO
3abe3ncucHHs. B po0oTi Bupimeni 3amaui: anamiz i cucreMaTH3alis ICHYHOYHX
aHayloriB, a TakoX ocoOnuBoCTeW peanizalii MOOUIBHMX  3aCTOCYHKIB;
PO3po0IICHHST MOZEINIeli aBTOMaTU30BaHOI CHCTEMH OOJIKY CIUIATH KOMYHaJIbHUX
Mociayr Ta 0a3W NaHWX, anropuTMy (YHKIIOHYBaHHS MOOIUTBHOTO 3aCTOCYHKY;
nporpaMHa peaisalis Ta TECTyBaHHS aBTOMATHU30BaHOI CHCTEMH OOJIKY CIUIaTH
KOMYHQJIBHUX IIOCHYT. AHATI3 TEXHOIOTIH pPO3pOOKHM MOOUTEHUX 3aCTOCYHKIB
nepeabayae BUKOPUCTaHHS Pi3HUX IularhopM, MOB MpOrpaMyBaHHS —Ta
IHCTPYMEHTIB A1 CTBOPEHHS MOOUTBHHMX HoAartkiB. IIporpamMu po3poOiieHO 3a
normoMoror BOymoBanoi mporpamuoi miatdopmu (iI0S System Framework) Tta
MoBu mporpamysanus Objective-C. Apple namae Xcode cBoe iHTerposane
CcepeloBUIlle pO3pOOKHU, SKe J03BOJSIE PO3POOHWKAM CTBOPIOBATH, TECTyBaTH Ta
posropraru goaatku Ha npuctposix 3 OC i0S. Ha naiisumomy pieai i0S BucTymae
MOCEPETHUKOM MIXK arnapaTHOI apXiTeKTYpOlo Ta JoaaTkoM. JlojaTtok B3aemoie 3
arapaTHOI0 YaCTHHOIO 4Yepe3 Halip YiTKO BU3HAYEHUX CUCTEMHHUX iHTepdeiiciB.

B pesymbrarti po3poOieHHS MOOUTBHOTO 3aCTOCYHKY JOCSTHYTI 3Ha4HI
MOKpAlLIeHHs] B Taly3l CIUIaTH KOMYHAJIBHUX IMOCIYT, 3aBISKH BHKOPHUCTAHHIO
Cy4YacHHMX TEXHOJIOTiH, HOBUX aJI'OPUTMIB Ta ONTUMi30BaHOI 0a3u JaHUX.

Cnucok Jirepatypu

1.Tpersax B.®., [TamneBa A.A. OnTuMizalis CTPYKTYpH CXOBHIIA JAHUX y By3jax
iHpOKOMYHiKaliifHOT Mepexi XxMapHOTro cepenoBuiia / CHCTEMH yI paBJiHHsI, HaBiramii Ta
3B’s13Ky. 30ipHHK HayKOBHUX mpailb. — [lonrasa: [THTY, 2017. — T. 4 (44). — C. 122-128.

2. Xcode Documentation [emextpomuuit pecypc] - Pexum moctymy
https://developer.apple.com/xcode/.

122



CyyacHi HanpsMmn po3BUTKY iH(POpPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

JOCJIJKEHHA METO/IB PO3POBKH TPUBUMIPHOI MOJIEJII
IT'POBOI'O CEPEJOBHIIA 1JIs1 MOBIVIBHOI'O 3ACTOCYHKY

Boponens B.M., 3anonoscekuit M.U., XKentyxina A.1O.
HarmionansHuil TeXHIYHAN YHIBEpPCUTET «XapKiBCHKUH IMONITEXHIYHAN IHCTUTYTY,
XapkiB, YkpaiHa

Po3BuTOK Ta 30LIBLIEHHS TOTY)XKHOCTI OOYHMCIIOBAJbHOI TEXHIKH Ja€
MOXIJIMBICTh KHIIEHHKOBUM IIpHJIaJaM OOYHMCIIOBATH Ta OOpOOIATH CKIAIHI Ta
pecypc emHi mpouecu. Takor MOKIHMBICTIO 3apa3 KOPHCTYIOTbCS PO3POOHHMKH
irop. bararo cy4yacHux irop Bce Oinblle BUXOIATH Ha IIaTGopMax MOOIIBHOTO
TenedoHy, IO Aa€ 3MOTY BEJIHKIH KiJTbKOCTI KOPUCTYBAdiB TpaTH y 3pyYHHH Jac.

BaxxnneruMm mapamMeTpoM YCIIIIHOL TPH € SIKICTh TpadiqHOTO TU3aifHy irpOBHX
MEPCOHAXIB Ta IrpoBOTO OTOYCHHS, ajie HEOOXiJHO BPAaXOBYBaTH TEXHIUHI
BJIACTHBOCTI MPHUCTPOiB, 1100 YHUKHYTH 3aBHCAHHS Ta BAHUKHEHHIO IOMUJIOK. Jlyis
0araTb0oX 3aCTOCYHKIB NMPUHHATO CTBOPIOBATH TPUBHMIPHI MOJEINI, IO Ja€ 3MOTY
MOKPAILIUTH COPUIHATTS ePCOHaXy Ta ioro cepenosuia [1,, 2].

MeTtoro fomoBixi € pe3ynbTaTH JOCTIIKEHHS METOAIB PO3POOIEHHS
TPUBUMIPHOT MOJIENI irPOBOTO CEpPeIOBHUINA U MOOIJIBHOTO 3aCTOCYHKY.

BaxiuBuMm eranoM po3poOKd € MOJeNoBaHHS OO0'€KTIB 3a JIOMOMOTOI0
cnemianbaux 3D-pemakTopis, Takux sk Blender, Autodesk Maya a6o 3ds Max. 11i
IHCTPYMEHTH JI03BOJIAIOTH CTBOPIOBATH CKJIAJHI MOJENTI, IO MAaKOTh BCIUKY
KiJTBKICTh JeTalel, a TakoX HaJalITOBYBATH IX pYyXJWBICTh, aHAaTOMIIO Ta
B33a€EMOJIII0 3 IHIIUMHU eleMeHTaMHu CBiTy. OKpeMOI0 YacTHHOIO IIbOTO eTamly €
HaJlAIITYBaHHS TEKCTyp, SKi JOJAIOTh MOJET PENTICTHYHMH BUTIAL, 1 Ui
MOOLTBHUX irop OCOONHMBO BaKJIMBa ONTHMI3allisl IMX TEKCTyp, MO0 BOHH HE
mepeBaHTaXyBalll  rpadivHi pecypcu IpUCTPOIO.

[Ticns 3aBepIIeHHsT MOJEIIOBaHHS, MOZETI MOBHHHI OyTH ONTHMi30BaHi IS
MOOITBHUX TPUCTPOIB. Lle BKIIFOYa€E 3MEHIIICHHS KiJIbKOCTI MOJITOHIB, CIPOIICHHS
TekcTyp Ta 3actocyBanHs TexHik Level of Detail, siki 103BOJISIOTH 3MiHIOBATH
piBEHb JeTai3allil MOIesIeH B 3aIeXKHOCTI BiJl IXHROTO PO3TAIllyBaHHS Ha €KpaHi Ta
BIJICTaHI JI0 KAMEPH.

Ha mincraBi mpoBeneHHMX AOCIHIIKEHb METOIIB PO3POOJIEHHS TPUBHUMIpPHOT
MOJIeNll  IrpOBOTO  CepeioBHIIA sl MOOUILHOTO 3aCTOCYHKY, BPaxOBYIOYH
0COOJIMBOCTI 3aCTOCYHKIB Ta (DYHKIIOHAT 3ac00iB, IKi PO3TIISIAIUCS BCTAHOBIICHO,
oo s po3poOKH IMONIMOHANBHUX MOJENeH 3 3aJaHOK KiIbKICTIO IOJIITOHIB
MOXJIMBO 00paTH 3acTocyHok Autodesk 3ds Max.
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AOCIUKEHHA 3ACOBIB IPOEKTYBAHHSA TA BUBIP
OIITUMAJIBHOI IVIAT®OPMMU JJI5s1 PO3POBJIEHHSA
BEBCAWTY IHTEPHET MATA3SUHY

Boponens B.M., 3anonoscekuit M.U., HeisBectruii C.C.
HauioHaneHuii TeXHIYHUI yHIBEpCUTET «XapKiBCHKUH MOJITEXHIYHUI IHCTUTYTY,
XapkiB, YkpaiHa

Po3BuTok iH(GOpPMAIIMHUX TEXHOJOTIH NPHU3BOAUTH JO HEOOXITHOCTI
JeTaIbHO JOCIHI/DKYBaTH METOIM Ta 3acoOu, sKi J03BOJSIIOTH CTBOPIOBATH Ta
niaTpuMyBaty BeOcaiiTi. Ha choroaHimHii 1eHb iICHYIOTh Pi3HI BUAN apXiTEKTypH
Be03aCTOCYHKIB. 3a apxXiTeKTypOol0 BOHHM NOIUIIOTECS HA MOHONITHI Ta
pO3MOAiNIeHI  KIII€HT-CEpBEpHI CHCTeMH. MOHONMITHUH Tiaxin mnependadae
IHTETpAaIlil0 KITI€EHTCHKOI Ta CEpBEPHOI YaCTUHU B €IWHIN CTPYKTYpi, IO CIIPOIIyE
po3poOKy aye yckiamHioe MacmraOyBaHHA. KitieHT-cepBepHa apXiTeKTypa
nependavae po3moain (YHKIIOHATBHOCTI MK (QPOHTEHIOM 1 OCEKeHIOM, IO
JTO3BOJISAE TiIBUAIIATH MPOIYKTUBHICTD 1 THYYKICTh CHCTEMH.

MeTor0 fmomoBini € pe3ynbTaTH JOCITIIKEHHs 3aco0iB NPOEKTYBaHHA Ta
BUOIp onTUMaNbHOT TuIaTGOpMU AJIsE po3poOJIeHHsT BeOCAlTy IHTEpHET MarasuHy 3
MPOJIAXKY OJSTY.

3  pe3yibTariB  AOCHIDKEHHS CHligy€, LI0 Yy BUMNAAKY BHKOPUCTAHHS
MOHOJITHOI ~ apXiTeKTypd [JOLUILHO 3aCTOCOBYBAaTH  TpPaJMLidHI  3aco0u
MIPOEKTYBAHHSA 3aCTOCYHKY Ta Horo miatdopmy, cepBepHi (peiMBOPKH, TaKi SK
Laravel, Django a6o Spring Boot. Takwmii miaxix 3abe3nedye enuHy KOIOBY 0a3y,
CIIPOIIEHY B3a€MOJII0 KOMIIOHEHTIB 1 IICHTPAai30BaHE YIPABIIHHSI JTaHUMHU.
Po3pobka 3milicHIOETBCS 13 3acTOocyBaHHsAM OaratopiBHeBOi apxitektypu (MVC
a6o MVVM), mo po3Boisie CTPYKTYpyBaTH KON Ta MJBUIIATH HOTO
MiATPUMYBaHICTb.

Ilpu moOymOBI BEO3aCTOCYHKY 3a KIIIEHT-CEPBEPHOI0  apXiTEKTypOIO
HEeoOX1THO 00MpaTH 3aco0H, 10 MATPUMYIOTh YiTKE PO3MEKYBaHHSI (POHTEHIY Ta
OcekeHay. Y TakoMy pas3i KIIEHTChbKa YacTHHA pEaTi3yeThCs 3a JOMOMOTOI0
cyuacuux JavaScript-ppeiiMBopkiB, Takux sk React, Vue.js abo Angular, Toni six
cepBepHa YacThHA MOXKe OyTu mobynoBaHa Ha 0a3i Node.js, FastAPI, Express abo
IHIIUX TeXHOJIOTIH. J[isi po3pobiieHHs BeOcaiTy iHTEpHET Mara3uHy 3a 00paHOo
MOHOJITHOIO apXiTEKTYpOIO IPONOHYETHCS BUKOpHUCTOBYBaTH MoBy PHP Ta ii
opeiimBopku Laravel, Symfony, Codelgniter. [lns HanamTyBaHHS cepBepa -
wiatdopmy Apache.
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MOJIEJTIOBAHHA TATOBOI'O EJIEKTPOITPUBOJIA TA3EJIb-TIOI3IA
B ITPOLIECI BYKCYBAHHSI KOJIICHUX ITAP

3amonoscrkuit M., Mesennies M.B., Omidip M.B.
HarmionansHuil TeXHIYHAN YHIBEpCUTET «XapKiBCHKUI MOMITEXHIYHUH IHCTUTYTY,
XapkiB, YkpaiHa

VY mpoueci poboTH MeXaHIYHOTO OOJIaJHAHHS JH3€Jb-10i3]]a BUHUKAIOThH
JTUHAMIYHI HABAHTAXXCHHS, OCOOJMBO B MpOIleCi OYKCYBaHHs KOJICHHUX Map, IO
TIPU3BOJIATE JI0 BUXOJLY 3 JIa/ly JieTallell, By3JiB i MEXaHi3MiB.

Y 3B’SI3Ky 3 [UM 3HHXKYETbCS MHOTrO JOBIOBIYHICTH Ta EKCIDTyaTalliifHa
HafmikHIcTs [1, 2].

MeToro AONOBiIi € CTBOPEHHS MaTeMaTHYHOI MOJEINi eNeKTpoMeXaHIdHOI
CHUCTEMH MW3eNb-TI0I37]a 3 TATOBUMH acuHXpoHHUMH nBuryHamu (TAl) 3
ypaxyBaHHIM IMPYKHUX 3B’S3KiB Y HOTO elleMeHTaX B Iporieci OyKCyBaHHS.

Mogens 0moKy (OpMyBaHHI MOMEHTY 3YCIUICHHS KONICHHX TMap 3
ypaxyBaHHIM TMpPYKHUX 3B’A3KiB TOIAHO Yy BUIJIAAI ABOMACOBOI CHCTEMH, SKa
Npe/ICTaBIeHa NepeJaBajJbHOI (PYHKIIEI Y BUTIISI anepioAnYHOl JJaHKHU IPyTroro
TIOPSIIIKY.

Taxe npencraBieHHs JO3BOJISIE IPOBOIUTH JOCIIKEHHS B IEBHOMY CIEKTpi
MOXUIMBHX 3MIiH OCOOMCTHX 4YacTOT Ta IIBHAKOCTI iX 3aTyXaHHsS, IO Ja€
MOXUJIMBICTh B TEBHOMY CEHCI BH3HAUaTH CJICKTPUYHI IapaMeTpd TyMOBO-
KOPI0BOT My(hTH.

Mopeni mis  AOCTiIKEHHS TIPOILIECiB, IO TOB’s3aHi 3 OYKCYBaHHSM,
po3TIsiAMC B JABOX BapiaHTaxX: Oe3MOCepeqHbO depe3 MUCKPETHY 3MiHy
eJleKTpoMarHiTHOrOo MoMeHTy TAJ] Ha TIeBHY BeIHYHHY 3 Ta 0€3 BUKOPHCTAaHHS B
mporieci OyKCyBaHHS B 3aJIe’KHOCTI BiJI BILTHBY MOMEHTY 3YEIICHHS KOJIICHOI Tapu
3 peiikaMu Ta NDIIXOM BHKOpHCTaHHsA cnennbpiku ¢yHkionyBanHs TAJl mpu
3MiHI YaCTOTH KOB3aHHSI.

Ha migcraBi npoBeeHUX JOCTIHKEHb, BCTAHOBIICHO, 10 PO3pPO0OJICHa MOJIEIb
3 ypaxyBaHHSIM 3alpOIIOHOBAHOTO CIIOCOO0Y MOJIENIOBAHHS MPOLECIB OyKCyBaHHS
aJIEeKBaTHO BiJJOOpakae MpOLECH, 110 BiIOYBaIOTHCS B €JIEKTPOMEXaHIYHIN cucTeMi
MU3eb-Toi3la 1 MOXe OyTH BHUKOPUCTaHa JJs PO3POOKH KOMII FOTEPHOTO
KOMITOHEHTA JIJIsl CUCTEMH YINPAaBJIiHHS, IO 3a0e3neuye peXuM BeACHHS Ioizna 3
ypaxyBaHHSM YMOB 34EIUICHHS KOJICHUX Tap 3 peiikaMu.
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INTEGRATION OF MACHINE LEARNING METHODS FOR ADAPTIVE
CONTENT PERSONALIZATION IN MOBILE APPLICATION SERVICES

Borysov P., Hlavchev D.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

The proliferation of mobile applications has fostered a need for more efficient
and engaging user experiences, especially as users increasingly expect personalized
content recommendations. The growing demand for personalized content in mobile
applications requires a careful balance between on-device processing and large-
scale cloud analytics. Devices running on ARM or RISC-V architectures often
integrate specialized GPUs or NPUs for deep learning inference. These hardware
features rely on optimized software frameworks (e.g., TensorFlow Lite) to reduce
model size via pruning and quantization while maintaining energy efficiency [1].

Collecting user data — clicks, screen transitions, geolocation events, or push-
notification responses — is crucial for real-time personalization. Less complex
computations can run on the device to minimize latency, while more resource-
intensive processes (like neural network re-training) are offloaded to the cloud.
This federated or hybrid learning model preserves privacy, lowers bandwidth
usage [2], and combines hardware acceleration, software optimizations, and cloud
integration to deliver effective adaptive personalization in modern mobile systems.

The purpose of the report is to demonstrate how adopting machine learning
techniques can make data processing on mobile devices more efficient and thereby
enable real-time adaptive content personalization. Specifically, we focus on
methods and architectural choices that allow mobile applications to process user
data locally when possible, yet also leverage high-performance cloud environments
for complex model training and centralized analytics. The ultimate goal is to build
a robust, low-latency recommendation engine that enhances user engagement and
effectively aligns content with individual preferences.

A key aspect investigated here is achieving minimal latency and maximum
relevance through the combined use of on-device inference and high-performance
backend services. Locally optimized models interface with advanced backend tools
for continuous training and deployment, employing specialized inference engines
(e.g., Neural Networks API, Core ML) to balance CPU, GPU, and NPU resources
[3]. Hardware-aware techniques like quantization, pruning, and layer fusion
accelerate inference while reducing power consumption and heat. An essential
component is the MLOps framework for managing the full model lifecycle —
automated testing, version control, and performance monitoring. Collected user
logs, whether kept locally or partially uploaded, feed into a backend system that
retrains models when accuracy drops or user behaviors shift. A subset of users may
remain on older models to form control groups for A/B testing, enabling reliable
comparisons of new configurations [4]. This feedback loop allows continuous
refinement, adapting the application to seasonal, regional, or other contextual
factors. From an engineering perspective, this architecture tackles sudden load
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fluctuations via cloud microservices, applies data compression to prevent network
saturation, and relies on hardware accelerators only when doing so meaningfully
improves inference speed and recommendation quality [5]. By combining
federated learning, on-device inference, and automated model updates, developers
can build scalable solutions for millions of users while maintaining real-time,
personalized experiences.

As a conclusion, the integration of deep learning techniques, mobile-specific
inference optimizations, and a robust MLOps pipeline offers substantial benefits in
creating truly adaptive services.

Personalized content can boost user engagement and conversion rates [6].

By enabling devices to refine local recommendations in real time while still
leveraging cloud-based global models, developers can deliver more accurate,
context-aware content without overwhelming limited mobile resources. Ultimately,
this synergy illustrates how computer engineering propels innovation in mobile
applications — from specialized hardware acceleration to scalable backend
architectures.

Although deploying such solutions demands careful planning and
coordination, the resulting improvements in personalization quality, user
experience, and economic returns confirm the lasting value and potential of these
machine learning approaches for future-oriented mobile services.
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CLOUD PLATFORMS FOR CENTRALIZED TEST DATA PROCESSING
AND PREDICTIVE ANALYSIS

Vorozhko M., Hlavchev D.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Cloud platforms [1] are infrastructures and services that allow companies to
store, process, and analyze large volumes of data remotely in data centers. Their
core advantage is the ability to scale resources according to current business or
project needs, which is particularly relevant for automating the testing processes of
embedded software. By leveraging cloud infrastructure, organizations can more
easily access tools for telemetry processing, predictive analytics, and centralized
monitoring of test workflows. This approach significantly improves coordination
among developers, testers, and analysts, while also enhancing the overall
efficiency of the DevOps cycle [2]. In the modern environment, numerous
companies — such as Amazon, Microsoft, and Google — offer their own cloud
ecosystems for deploying applications, databases, storage, and machine learning
services. These platforms further integrate with various third-party tools, enabling
the creation of comprehensive solutions for testing embedded systems. In
particular, for 10T devices with thousands of sensors and log files, it is crucial to
quickly gather and address potential firmware defects [3].

The purpose of the report is to demonstrate how cloud platforms can
centralize all processes related to testing embedded software, ensuring transparent
collaboration across different teams, efficient storage of large volumes of logs and
telemetry, and the application of predictive analytics for proactive anomaly
detection and failure prevention. Special attention is given to how cloud
environments help scale computational resources, provide high availability, and
minimize infrastructure costs. Additionally, this work explores the automation of
test result collection and processing, including the use of CI/CD pipelines and
security tools [4].

A key aspect investigated here is the value of predictive analytics — namely
the use of machine learning techniques to forecast potential failures and uncover
hidden defects in embedded software. In a centralized cloud-based data repository,
logs, automated test results, and operational field data from various sources are
aggregated. By applying clustering, regression analysis, or neural networks to these
data sets, one can identify patterns that signal potential issues.

Within the scope of this review, practical aspects of setting up CI/CD
pipelines in the cloud are also highlighted. These pipelines ensure that tests are run
continuously at each stage of development — from code commits to deployment in
a production environment. As soon as a test uncovers a firmware anomaly or
inconsistent data, the system notifies the relevant specialists. After the bug is fixed,
a re-test can be automatically launched using the same data and environments. This
continuous testing approach strengthens overall reliability and security. In addition
to organizational benefits derived from flexible resource usage, cloud solutions
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improve transparency and teamwork. Instead of isolated log collections stored on
different devices or local networks, critical data is centralized in the cloud.
Developers, testers, and analysts can simultaneously access a shared database
while using their own tools for visualization and data investigation. This not only
boosts efficiency but also allows for swift comparisons of test results across
different firmware versions or even different company products. To ensure high
data quality and security, cloud providers offer a range of built-in services:
automated backup mechanisms, Identity and Access Management, data encryption
(both at rest and in transit), and vulnerability assessment tools. Nevertheless,
certain challenges arise.

Dependence on an external cloud provider can introduce risks related to
service outages or changes in pricing models. Moreover, rapid data growth
demands meticulous architectural planning to avoid network bottlenecks, and
compatibility among different tools can hinder the integration of new components.
Successful implementation of cloud solutions for testing requires clear guidelines,
careful prioritization, and a team of qualified experts. Overall, the analysis shows
that cloud platforms significantly simplify and optimize automated testing of
embedded software, especially when large data sets and proactive defect detection
are involved. By combining flexible infrastructure, machine learning tools, and
centralized monitoring, organizations can enhance the reliability of their systems
and shorten troubleshooting times.

As a conclusion, we can say that the use of cloud technologies opens up
wide-ranging opportunities for scalability and optimization in embedded software
testing processes.

Transitioning to a centralized approach allows testers and developers to focus
on creative and analytical tasks while routine operations — such as data collection,
processing, and storage — are automated. This approach fosters a corporate culture
geared toward continuous improvement and underlines the significance of cloud
platforms for achieving long-term competitiveness in the fast-paced field of
computer engineering.
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OPEN SOURCE: A STRATEGIC APPROACH FOR MARKETING, HR,
AND TECHNICAL INNOVATION IN MODERN IT COMPANIES

Hlavchev D.
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Open Source projects [1] are software solutions whose source code is freely
available for modification and distribution. Their distinguishing feature is the
collaborative development model, which involves communities of developers,
enthusiasts, and companies worldwide.

Beyond the purely technical aspect, this openness also acts as a powerful
branding tool. By encouraging external contributions and public discussions,
organizations can enhance their reputation and nurture a community of supporters
and future contributors [2].

In recent years, large tech enterprises (e.g., Google, Microsoft, and Red Hat)
have increasingly turned to Open Source, recognizing it as a strategic way to
accelerate innovation, discover talented professionals, and expand their market
presence. This model has also proven beneficial for smaller companies seeking to
establish a strong technological foundation and gain wider visibility in competitive
markets.

The purpose of the report is to examine how Open Source participation can
serve as both a marketing and HR instrument in modern IT companies.
Specifically, the report focuses on ways organizations can leverage transparency,
community engagement, and collaborative software development to create a
positive brand image, attract skilled developers, and encourage ongoing
innovation. It additionally explores some of the technical mechanisms that ensure
high code quality, including continuous integration (CI), automated testing, and
security scanning tools [3].

By highlighting the broader organizational value of Open Source, this report
aims to show that such initiatives transcend simple code sharing. They transform
corporate culture, foster relationships with external developers, and increase trust
among potential customers and partners.

The report analyzes how an effective Open Source strategy can align
technical accomplishments with broader organizational objectives. It first discusses
the role of repository transparency in fostering open communication, using
platforms like GitHub or GitLab. Such openness, combined with prompt
documentation, frequent updates, and speedy issue resolution, is shown to build
confidence among users and contributors. The discussion then explores marketing
and branding implications, emphasizing how active involvement in established
Open Source communities positions an organization as an innovator and raises its
profile.

Outreach methods such as blog posts, developer conferences, and social
media are examined to illustrate how new features, project milestones, and success
stories can be shared with a wide audience.
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In parallel, the report delves into the substantial HR benefits of this model,
focusing on the ease with which external contributors may transition into potential
employees.

Their skills and familiarity with the company’s technology stack can
considerably reduce recruitment cycles and onboarding time. The study also
presents the technical foundations of Open Source collaboration, highlighting how
continuous integration (CI) pipelines automate key aspects of the development
process, ensuring that each contribution maintains consistent code quality.
Additionally, tools for static code analysis (SonarQube, ESLint) and dependency
scanning are explored for their role in detecting vulnerabilities before they cause
significant issues [4].

Finally, potential challenges are addressed, such as licensing compatibility
when integrating code from multiple sources. The necessity of a governance model
to manage forks, contributions, and conflicts effectively is underscored,
emphasizing how clear guidelines can preserve community harmony.

Overall, the analysis underlines that Open Source has evolved into a versatile
strategy for cultivating product reliability, community participation, and sustained
innovation.

As a conclusion, we can say that Open Source is not solely about making
source code available; it is a holistic strategy that influences corporate identity,
product quality, and market perception. By embracing transparent collaboration
and community-driven development, companies can reinforce their brand, attract
top-tier talent, and foster long-term innovation. The integration of robust technical
practices — such as continuous integration, thorough testing, and security check —
ffurther solidifies trust in Open Source solutions and showcases organizational
commitment to excellence.

Ultimately, the openness and flexibility of this model empower IT businesses
to grow sustainably, remain competitive, and build meaningful relationships with
both customers and the broader developer community. Leveraging Open Source as
a marketing and HR tool can thus become a pivotal differentiator in today’s rapidly
evolving tech landscape.
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POJIb CYUYACHUX IT-TNIAT®OPM Y ®OPMYBAHHI 3PLJTIO1
CUCTEMMH YIIPABJIIHHSI PU3UKAMUA

Benpopin-Eppepa O.M.
HamionaneHiit Texniuamii yHiBepcuteT «XI1I», Xapkis, Ykpaina
Yenena C.IL.
XapKiBChKUH HalliOHAJILHUH YHIBEPCUTET pajlioelIeKTPOHIKH, XapKiB, YKpaiHa

PiBensb 3pinocti cucremu ynpasiinag puzukamu (CYP) BimoOpaxkae cTyninb
¢dopmamizanii, iHTerpamii Ta e(QEeKTUBHOCTI PHU3MK-TIPOLECIB Y CTPYKTYpi
mianpueMcTBa. BiH nokasye, HaCKiJIbKY ITMOOKO YIPaBIiHHS PU3MKAMU BKIIOYCHE
B CTpaTETivHE Ta oTepaliifHe yIpaBIiHHS.

IT-iHCTpyMEHTH BiirparoTh BaXUIUBY pOIb Yy (OpMyBaHHI, MIATPUMII Ta
OIIiIHIOBaHHI IBOTO piBHA. Ha NOYAaTKOBUX pIBHAX 3pLIOCTI MiANPHEMCTBA, SK
MPaBUJIO, MOKIJIANAIOTHECS Ha py4Hi abo (parmenrapHi mimxoxw: Excel-tabmwmi,
HedopMalizoBaHi 3BIiTH, €JIEKTpOHHY momTy. lle ycKiIagHioe MeHTpati3oBaHe
YOpaBIiHHA pU3UKaAMH Ta HE N03BOJsE€ eeKTHBHO arperyBatu iHpopmamito. I3
MIIBUILEHHSAM pIiBHS 3pUIOCTI 3pOCTae pojb CHELialli30BAHOIO HPOrPaMHOTO
3abesneueHHss — Hanpukiaang, cucreM tumy GRC  (Governance, Risk and
Compliance), siki 3a0e3Mme4yloTh IHTErpalilo MpPOLECIB PU3UK-MEHEIKMEHTY B
3arajbHy CHCTEMY YIpPAaBIiHHS IiANpHeMcTBOM. Taki miatdopmu, sik SAP,
LogicGate, MetricStream, J0O3BOJSIOTE aBTOMAaTHU3yBAaTH BHSBJICHHS, OILHKY,
MOHITOPHHI Ta pearyBaHHsS Ha pPH3HMKH, a TakoX (opMyBaTH Iambopau,
anamituuni 3BiTH Ta KPI (Key Performance Indicators). 3asasiku IT-incTpymeHTam
MOJKHA pealli3yBaTH IIOCTIHHHIA MOHITOPHHI PH3HKIB Yy peaJbHOMY 4aci, IO
MIpUTAMaHHE BUIIAM PiBHSIM 3PIOCTI.

Hanpukian, y 6aHKiBCBKi# cdepi MIMPOKO 3aCTOCOBYIOTHCS aBTOMATH30BaHI
CHUCTEMH BWSBJIICHHS ONCPAIlifHUX Ta (IHAHCOBHX DPH3HKIB i3 BHKOPHUCTAHHSIM
MaIlIMHHOTO HaB4yaHHs. [ T-pilleHHs TakoXK T03BOJISIIOTH (DiKCyBaTH iICTOPUYHI JlaHi,
BUSIBJISITH TPEHIM Ta 3a0e3MeuyBaT ayIUT YCiX /i, OB s3aHUX 13 pU3UKAMHU.

VY npoueci ouintoBanHs piBHs 3pinocti CYP HasiBHICTD 1 edekruBnicTh [T-
IHCTPYMEHTIB € OJHHMM 13 TOJIOBHHMX KpHUTEpiiB. 30Kpema, iX HasBHICTb MOXe
MiABMIUTH OLIHKY 3a TaKUMM TapaMeTpamMH, $SK IPO30piCTh yNpaBIiHH,
LIBUJKICTh pearyBaHHs Ha 3arpo3H, SIKICThb aHAIITHKM Ta CTYMiHb iHTerpauii y
CTpaTeriyHe IIaHyBaHHS.

Tomy Ui miANpUEMCTB, SIKI MParHyTh NEpeiTH Ha BUIIMI piBeHb 3piJIOCTi
CHCTEMH YTIPaBJIiHHS PH3MKAaMH, IHBECTYBaHHs B cydacHi [T-pimeHHs € He nuie
Oa)kaHNM, a CTPATETiYHO HEOOXITHUM KPOKOM.
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AHAJII3 TEXHOJIOT'TA ITYYHOI'O THTEJIEKTY

JIncuns J1.0.
HamionaneHiit Texniuamii yHiBepceuteT «XI1I», Xapkis, Ykpaina

Y cydacHOMy CBiTi cTpiMKOro po3BuUTKy TexHosorid IIII Ta marmmHHE
HaBYaHHS CTajJM KIIOYOBMMH JpaiiBepaMu 3MiH y w1udpoBid cdepi. Bin
aBTOMAaTH3allil PYTHHHUX TIPOIECIB 10 CTBOPEHHS HOBHMX IHCTPYMEHTIB JUIsl
aHaNi3y JaHMX, IITYYHUI IHTEJIEKT TpaHchopMye Oi3HECH Ta Halll TIOBCSIKACHHHUN
JOCBI.

Bxe cworomni LI nmo3Bossie xoMmaHisM TpuiMaTd OUIbII OOTPYHTOBaHI
piIIeHHs, TMOKpaIlyBaTH OOCIYTOBYBaHHS KITI€HTIB Ta CTBOPIOBATH iHHOBAILiWHI
MIPOIYKTH.

MamuHHEe HaBYaHHS, CBOEI0 UYEProlo, BiIKPHBAa€ HOBI TOPH30HTH JUIA
MIepCOHANI3aMI{ TOCTYT i MiABUIICHHS e(PEKTUBHOCTI POOOTH B Pi3HUX TaTy35X.

Y #omoBimi po3TISHYTO SK INTYYHHH IHTENEKT 1 MANOIMHHE HaBYAHHSI
3MiHIOIOTh cTparerii y digital-cBiTi, IPOMOHYOYHM HOBI MOKIIUBOCTI Ta BUKJIMKH.

B cywacHomy cBiTi BinOyBaeThcsi peBoironiss B ramysi I, Baxkiuso
MEPEOCMUCIIUTH, SIK MU OTpUMyeMo iH(popmanito npo ui 3MmiHu. Henocrarhiid
JOCTYII IO aKTyaJbHOI iH(pOpMAaIlii MOXke 0OMEKUTH Ballli i/1el Ta PilllCHHS.

Il mae cepiio3Huil i AOBrOCTPOKOBUH BIUIMB, KapJMHAIBHO 3MiHIOIOYN
TEXHOJOTIYHUI cBiT. UnM mBume BU mnovHeTe BukopuctoByBatu LI, THM
OinpIlle KOHKYPEHTHHX TiepeBar oTpuMaeTe. Al 3aMiHHTh THX CIICIIaNICTIB, SKi HE
BMIIOTb HUM KOPHCTYBaTHCS, TOMY Ba)KJIMBO aJaNTyBaTHCS IIBUAKO, SK KOJIUCH
mronu ocsoinu ITK.

OpHieto 3 ocHoBHux nepeBar LI e edekruBHicTh. [Iporpamm mry4HOTrO
IHTEeNIeKTy pOOJATH MIBHAKO OaraTo 3aBAaHb, SKi 3a3BUYall BUMaraim O BENHUKOT
KUTBKOCTI JIFOIICBKUAX pecypciB Ta dacy. Hampukimag, OpenAl po3po0isie
QITOPUTMH, SIKI 374aTHI aHai3yBaTh BEJNWKI OOCSITH JAaHUX Ta BHUIUISTH BaXIIUBY
iHdopMarito, 10 poOUTh HOr0 KOPUCHHUM JJIsl HAYKOBHX JIOCII/DKEHb, MEIUUYHHX
JIarHOCTHUK Ta 0araTboX IHINUX Taay3eH.

ITy4Huii IHTENEKT MOXKE BUKOHYBATH 3aBJaHHS 3 BHUCOKOIO TOYHICTIO Ta
KOHCUCTEHTHICTIO, YHUKAIOYM JIIOACBKUX IOMWIOK Ta BTOMH. Hampukian,
NporpamMH IITYYHOTO IHTENEKTy, po3pobieni OpenAl, MOXyTh aBTOMAaTH4HO
BUKOHYBATH 3aBIaHHS 3 OOpOOKM MOBH, BUSIBIECHHS 00pa3iB Ta NMPOTHO3YBaHHS,
3a0e3rnedyrour BUCOKY TOYHICTB 1 IIBHJKICTh Yy BHKOHaHHI 3aBIaHb. Kpim Toro,
IITYYHUH IHTENIEKT MOKE HABYMTHCS Bl HOBHX JAHHMX 1 BJOCKOHAIIOBAaTH CBOI
MOJKIJIBOCTI 3 4acOoM.
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BAJJAHCYBAHHSI HABAHTAKEHHSI TYMAHHOI'O CEPEJOBHUIIIA

Kyuayxk I'.A., Manoxgiii E.E.
HarmionaneHuil TeXHIYHAN YHIBEpPCUTET
«XapKiBChKHUII MONITEXHIYHUHN THCTUTYT», XapKiB, YKpaiHa

VY GaraThox cdepax BUPOOHMIITBA AKTHBHO BIPOBAJKYETHCS 1HAYCTpialbHUM
Inteprer peueit (Industrial Internet of Things, 110T), sxuit Gasyetbcs Ha
TEXHOJIOTIT XMapHuX oOumcieHb [1]. dns HaOmmxkeHHS OOpPOOKHM HaHUX [0
KIHIEBUX MPUCTPOIB MEPEk BHKOPUCTOBYIOTHCS TYMaHHI OOYHCIIEHHS, IO €
pO3BUTKOM  xMapHOl  koHuenmii [2]. Jlng  migBuineHHS — eQEKTUBHOCTI
(YHKIIOHYBaHHS TyMaHHOTO CEpEIOBHINA, HEOOXiTHO CKOPOTHUTH JaHi 3aTPUMKH,
TOOTO pO3B'A3aTH 3a4ady TIEpEHECEHHS OOYNCIIOBANLHOTO HaBaHTAXCHHSA 3a
MiHIManeHUHA 9ac. ToMy akTyani3yeTbcs TUTaHHS pO3POOKH METONY OalaHCyBaHHS
HaBaHTa)XCHHS TYMaHHOTO CEpeIOBHIIIA.

Meta JpocaiTxKeHHS: MPOBEICHHS PO3NOALTY HABAHTAXCHHS TYMaHHOTO
CepeloBHILA IS NOCATHEHHS OalaHCy 3aBaHTA)XXCHHS BIpTyalbHUX KJIACTEPIB.

Y nmonoBiai  BH3HAuUe€HO  HEOOXIOHICTH 1  MOXJIMBICTH  PO3POOKH
YHIBEpCAIBHOIO 1 BOAHOYAC HAYKOBO OOIPYHTOBAHOIO MiAXOMy JJis OaTaHCyBaHHS
HaBaHTa)XeHHs. MeTo]| GaaHCyBaHHS HaBaHTAXXEHHSI IO3BOJISIE 3HU3UTH 3aTPUMKHU
Ta 3MEHIINTH Yac BUKOHAHHS 3aBJlaHb Ha TYMaHHUX BY3JaX, 10 HAOJMIKa€e MpoLeC
00poOKK 3aBaaHb 10 pexuMmy peansHoro vacy [3]. Jlis BupilieHHS 3aBIaHHS
po3pobiieHa MareMaTH4Ha MoOJIeNb (YHKLUIOHYBaHHA OKPEMOro Kiacrepa
TYMaHHOTO CepeloBUINAa. B  pe3ynprari MOAENIOBaHHS OTpHMaHa 3agaya
3HAXO/KEHHS ONTHUMAIBHOTO PO3MOJIIY 3aBJaHb MO BY3JaX BipTyaJbHOIO
kmactepa. OOMeKeHHS 3aladi BPaxOBYIOTh XapaKTEPUCTHKH (I3HYHUX BY3IIB
HIITPUMKH BipTyalbHOIO Kilactepa. 3aBIaHHS PO3POOKH METOAY IEpEHECSHHS
HABAaHTOKCHHS MDK BIPTyalbHMMH KJAacTepaMH TYMaHHOIO CepelIOBHINa
BHUPINIYETHCS 32 JIONOMOTOI0 3aIPOIIOHOBAHOTO ITEPALiIIHOTO aITOPUTMY TOIIYKY
BIJIMOBITHOT'O KJIacTepa Ta PO3MIILLEHHS] HaBaHTa)KEHHsI. Pe3ylbTaT MO/IEIOBaHHS
MoKasanu, 1o 30aJaHCOBaHICTh TYMaHHOTO CEpPEeJOBMINA NPU BHKOPUCTAHHI
3alpOIIOHOBAHOTO METOJy CYTTEBO MiJIBUILYETHCS, SIKIIO 3aBaHTAXKEHHS MEpPEexi
nHeBenuke. Cdepa BHKOPUCTAaHHS OTPUMAHUX pE3YNbTATiB: TEPUTOPIAIBEHO
PO3MoJiNIeHi TyMaHHI cucteMu, 30kpema Tymanuuii map I1oT.
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OCOBJINBOCTI BUKOPUCTAHHSI ANGULAR Y BEB3ACTOCYHKAX

MartgeeB M.1., Kyuyk I'.A.
HarmionansHuil TeXHIYHAN YHIBEpPCUTET
«XapKiBChKHUII MONITEXHIYHNHN THCTUTYT», XapKiB, YKpaiHa

Angular wmae mnepeBary Haa iHWAMH (QpPEHMBOpPKAMH, SKi AWHAMIYHO
OHOBIIIOIOTH BMICT 0€3 Iepe3aBaHTaKeHHSI CTOPIHKH, 32 PaxyHOK 3pyYHOCTI Ta Ta
HAsBHOCTI iHCTpyMeHTa “Bce B ogHOMY” [1].

Angular wmicTuTe yce HeoOXimHe s po3poOku: poytep (mepexim Mix
cropinkamu); HT TP-xutienT, Gpopmu (peakTrBHI Ta ma0I0HHI); BajJigalilo; cepBicu
Ta IMKeKIio 3amexnocTell; TectyBaHHsA [2]. Y React abo Vue wacto Tpeba
30MpaTH Bce BPYUHY: MIIKITIOYaTH OKPEMO pOyTep, state-MeHemKep, GOpMH TOIIO.

Angular wnamucanmit Ha TypeScript Tobro Mae dWiTKy THMi3aLio,
aBrozonoBHeHHA B IDE Ta MOXIHMBIiCTh IMIBUAKOTO BUSBJICHHS MOMWIJIOK Ha €Tarll
po3pobku [3]. React takox moxe mparroBatu 3 TypeScript, aje He 000B'13k0BO. Y
Angular — e crangapr.

JIBOCTOpOHHE 3B’sI3yBaHHS JaHWX O3HAYae, IO JaHi B IIa0JIOHI Ta B JIOTIIl
KOMITOHEHTa aBTOMAaTU4YHO CHHXPOHI3YIOThCSI, 1€ TOJIETIIy€E CTBOPEHHS CKJIQJHUX
dopm abo Ul-kommonenTis [4].

CyBopa apXiTeKTypa € 3py4YHOI0 I BEJIMKHUX, JOBFOTPUBAIMX TMPOEKTIB 3
BEJIMKOI KOMaHJIO0 Ta HAJA€ YiTKUH MOALT Ha KOMIIOHEHTH, CEPBIiCH, MOJIYJIL.

Inrerparnist 3 RxJS (peakTHBHUM MPOTPaMyBaHHSAM) A€ FHYYKE YIPABIIHHS
ACHHXPOHHUMH TIOTOKaMH JaHWX Ta IOTY)XHY poOOTy 31 cTpiMamMu (IOIisIMHU,
HTTP-3anurtamu, taiimepamu Toio) [5].

Omxe BeOdpeitmBopk Angular moosicna BUKOPUCTOBYBATH y MPOEKTAX Pi3HUX
chep 3acrocyBaHHA. OJHOYACHO, MOXKHA BIIMITHUTH, IO OKPEMO 3a3HaYCHHI
BeO(peIMBOPK HE 3aCTOCOBYIOTH PO3POOKH, HABITH Malli, IO MAIOTh CTPYKTYpPY
KITIIEHT-CEPBEP.
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BUKOPUCTAHHS RATE OF CHANGE /IS IIVIAHYBAHHSA
HECTAIIOHAPHOI'O XMAPHOI'O CEPBICY

Anppycenko 10.0., Kyayk H.I'.
XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET paJioeNieKTpOHIKH, XapKiB, YKpaiHa

B nomoBingi  po3MISHYTO JAMHAMIYHUKA  JICHEHTPaTi30BaHUW  alrOpPUTM
PO3MOAUICHOTO 0OallaHCyBaHHS HABAHTAXKCHHS, SIKHI JOCIra€ METH MiHIMIi3alil
Yyacy MpOCTOI0 IIpolecopa Ta HENPHUIyCTUMO BHCOKHMX HAaKJIaJAHUX BHUTpaT Ha
nepe3aBaHTaXeHICTb. [lns  OalaHCyBaHHS  pPO3paxoBye€ IIBHIKICTb — 3MIiHU
HaBaHTaXeHHS MK aBoma TS. TS € aganTWBHMM mapamMeTpoMm i HOro JOBKHHA
Moske 3MiHIoBaTHCA. RoC 009mciIIOe pi3HUIIO B HABAHTA)KCHHI Ta BUKOPHCTOBYE 11
SK OIIIHKY HaBaHTAXEHHSA aiud Pl 1mo3Bonsie po3MOmiNATH I3BIHKHA OUTHII
epexTuBHO. BimbIr TOHKAa BHOIpKa Jae 3MOTY MOKPAIIWTH OallaHC CHCTEMH, ajie
30ipLIye HAKJIAOHI BHUTPAaTH. BHUKOPHUCTOBYEThCS MOHATTA A K MeXaHi3M
MIPOTHO3YBAHHS 3alHTIB HAa HOBI VM, ki MOXyTh OyTu Hamasi micis gacy StUp.
e no3Bounse iHimianizyBat VM 110 TOTO, SIK BUKIIMKH, IO HAJIXOMIATH, MOTipPIIATh
QoS.Hexaii ui(t) — Buxopucranns SNCi B momeHT uacy t, a Ki(t) — kimbkicts
mpamoynx  VMs, Tomi MIBHAKICTE 3MIiHM HaBaHTakeHHS 3a mepiog TS
BusHavaeThes gk Ai(t) = (ui(t) — ui(t —TS)) / ki(t).

Ha puc. 1 nokazaHo cuenapiii npornosyBanHs RoC, cyuiibHi JdiHIT SBISIOTH
c00010 peaslbHe BUKOPUCTAaHHS, a MyHKTHPHI JIiHIi — pO3paxyHKOBE BUKOPUCTAHHS.
MowmeHT 4acy i nependadeHHs BU3HaYaeThes sk 1i+1=Ti +TS.

Th o Ta Ta Ts Ts Tz Te To Tw Tu Te Tu T T

Pucynok 1 — IIporHo3yBanns RoC

Sxmo 3aBanTaxenHs nepesuiye UT, cucrema 3anutye HoBy VM. UT — ne
peryjboBaHUM IapameTp, SKHH 3aleXWTh BiJ TOPOTY BUKOPHUCTAHHS, 100
rapantyBatu QoS.
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APXITEKTYPA KOMIT'IOTEPHOI CUCTEMM NIITPUMKHA
MNPOHECY NEPEPO3MIIMIEHHSA BIPTYAJIBHUX MAILIMH
T'ETEPOI'EHHOTI'O IEHTPY OBPOBKH JAHUX

IMuposxenko C.C., Kyuyk H.T'.
XapKiBChKHUH HalliOHAILHUN YHIBEPCUTET PalioeIeKTpOHIKH, XapKiB, YKpaiHa

Y  npomoBimi OOIPYHTOBaHO TOJIOBHI aCNEKTH pO3POOKH  apXiTeKTypH
KOMITIOTEPHOI CHUCTEMH MIATPUMKH TPOLECY MNEePepO3MIIIEHHs BipTyalbHUX
Mall¥H.

[lin  po3momiNieHOI0  CHCTEMOIO  PO3YMIEThCS  Tpylna  aBTOHOMHHX
KOMI'IOTEPHHUX CHUCTEM, SKi (I3WYHO PO3IUIeHi, aje MiIKII0YeHi 10 €IHOI
KOMI'IOTEPHOT Mepexi Ta KepyIThCsa MPOrpaMHUM 3a0e3MeYeHHAM PO3IOAITICHOT
cucremMu. Lli HezamexHi KOMO'IOTEPH B3a€EMOJIIOTH MDK COO0OI0, UIATHCS
pecypcamu Ta QaillaMH, a TAKOXXK BUKOHYIOTh IPU3HAYCHI IM 3aBIaHHS.

MeTtow gomoBigi miABHINCHHS C(QEKTHBHOCTI BHUKOPHCTAaHHA pECypcCiB
rereporenHux L{O/] 3a paxyHOK po3pOOKH apXiTEKTypH KOMIITOTEPHOI CHCTEMH
MATPUMKH NPOLIECY MEPEepO3MILICHHS BipTyalbHUX MaIIWH.

I'IO/] nporoHyeTbest PO3TISAATH SIK PO3MOALTICHY CHUCTEMY, OCKUIBKH BiH
BIJINIOBIJ]a€ HACTYIHUM 11 XapaKTePUCTHKAM:

1) CnisibHEe BUKOPHUCTAHHSI PECYPCiB: MOMKIIUBICTh BUKOPUCTOBYBATH Oy 1b-sKi
amapaTHi 3aco0Ou, mporpamHe 3a0esmneucHHsS abo [aHi B Oyab-AKOMY MICII
CHCTEMH.

2) BimKpuTicTh: Il CTOCYETBCS TOTO, HACKIIBKH JIETKO CHCTEMa MOXKe OYTH
JOTIOBHEHA Ta TOKpamieHa (TOOTO HACKIIBKMA BIiTKPUTO pPO3POOIIETBCA Ta
NepelaeThCs MpOorpaMHe 3a0e3edeHHs).

3) Ilapaneni3aM: IPUPOJHO ICHYE B PO3IMOMUICHUX CHCTEMax, J¢ aHaJOTIdHI
3aBIaHHS MOXYTh BHKOHYBATHCS PI3HUMH KOPHCTYBauaMH, PO3TAallOBaHUMH B
pi3Hux Micipsix. KoskHa JIoKanbHa CHCTEMa BKJIIOYAE CBOI BIIACHI OTEpalliiHi
CHCTEMH Ta PECYPCH.

4) MacutaboBaHiCTh: J03BOJSIE 301JBIIYBaTH PO3MIp CHCTEMH, OCKIIBKH
KiJIbka TPOLECOpPiB  B3a€EMOJIIOTH 13 BEJIMKOIO KUIBKICTIO KOPHCTYBadiB,
30UIBIIYIOYH HIBUAKICTH PEAKIIiT CHCTEMH.

5) Crifixicte 10 BimMoB: 3abesneuye HajaiiiHe (QyHKI[IOHYBaHHS CHCTEMH
HaBiTh y pasi 3001B B anapaTtHOMY 3a0e3neueHHi abo MporpaMHOMy 3a0e3ledeHHi,
HE 3HIW)KYIOUH 3araJbHOi IPOJYKTHBHOCTI.

6) IlposopicTh: TPUXOBYE CKIAQIHICTh PO3MOJUICHHX CHCTEM  BiX
KOpPHUCTYBaviB Ta J0/1aTKiB, 3a0e3Meuyroun KOH(DIASHIIHHICTD Y KOKHIH cHCTEMI.

7) T'ereporeHHIiCTb: pi3HI KOMIIOHEHTH pO3IOJALIEHOI CHCTEMH MOXYTh
BIZIPI3HATHCS 3a THUIIOM MEpPEeXi, KOMI'IOTEpPHOrO OOJaJHAHHS, OINEepaifHuX
CHCTEM, MOB TIPOTPaMyBaHHS Ta peai3arii.

I'TIOA BpaxoBye IIi acleKTH, NPOMOHYIOYH DIICHHS, SKi 3a0€3MedyroTh
BHCOKHH piBEHb T'HYYKOCTi Ta epekTHBHOCTI. llo-mepie, criiibHe BUKOPUCTAHHSA
pecypciB J103BOJIIE KOMIIAHISIM ONTHMI3yBaTH BHUKOPUCTAHHS OOYHCITIOBAIBHOI
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MOTYXHOCTI, PO3MOAUIAIOUN poOoUe HABAaHTAKEHHS MK PI3HUMH CEpBEpaMU Ta
By3namHu. lle 3MeHIIye BUTpaTH Ha OONagHAHHS Ta MiABUILY€E HPOAYKTHBHICTD,
BUKOPHCTOBYIOUH BCI JOCTYIHI PECYPCH HAa MAKCUMyM. Y TaKMX CHCTEMaxX MOKHA
OUHAMIYHO JO0ZaBaTH a00 BHIAISATH PECYpPCH B 3aJIC)KHOCTI Bil IOTOYHHUX MOTPEO,
0 poOUTH iX BKpail epEeKTHUBHUMHU Ta CTIMKUMH 10 3MiH.

Binxputicts ['TIO/] rpae xito4oBy posib y 1X BIPOBADKEHHI Ta PO3BUTKY.
3aBAsKH MIATPUMIN BiTKPUTHUX CTAHIAPTIB I[i CHUCTEMHU JIETKO IHTETPYIOTHCS 3
pisHuMH mardpopMaMu 1 TeXHoOJOTiAMH. MoxiuBicTh  Momudikamii  Ta
MOKpalleHHss IporpamHoro 3a0e3medeHHs go3Boisie  omeparopam  LOJ]
BIIPOBAJPKYBaTH HOBITHI TEXHOJIOTI] Ta MiATPUMYBAaTH BUCOKI CTaHIAPTH Oe3MleKu
Ta IPOXYKTHBHOCTI. Binbmme Toro, KOpHCTyBadi Ta po3pOOHNKH MOXYTh BHOCHTH
CBOI MPOMO3HLIT 00 MOKPAIIEHHS CUCTEMH, IO CIIPHUSAE CTBOPEHHIO EKOCHCTEMH
IHHOBAII}1.

[Napanenmism 1 BIOZMOBOCTIHKICTh BKJIIOYAIOTh BAXKIMBI MEXaHI3MH, SKi
3a0e3meuyroTh IOCTIHHY MOCTymHICTh mociayr i pecypciB. TTHOJ MoxyTh
00po0IATH Oe311iY mapalleIbHUX 3aBJaHb BiJ PI3HUX KOPUCTYBAUiB, IO JO3BOJISE
BUKOHYBaTH KOMIUIEKCHI OOYMCIIOBalbHI TIpolecH 3HayHO mBuame. Lle
JIOCSITAa€ThC  3aBISIKM PO3MOJUTY HABaHTAKEHHS MDK pPI3HUMH CepBepaMu Ta
BUKOPHCTAHHSIM PE3EPBHUX BXOJiB. BiIMOBOCTIHKICTb OCATAETHCS 3a PaxyHOK
CTBOPCHHSI PE3CPBHUX KOMiil JaHMX Ta BHKOPHCTAHHs JyOJFOIOUUX CHUCTEM, SIKi
ABTOMAaTHYHO BKJIIOYAIOTBCS B POOOTYy mnpu BHsiBIEHHI 300iB. Lle 3abe3meuye
BHCOKHIA CTYIIHb HAAIHHOCTI Ta MiHIMi3y€e HMOBIPHICTH IIPOCTOIB.

IIpozopicte Ta rereporenHicte ['L[OJ] maroTh KOpUCTyBa4aM BigdyTTS
pobOTH 3 €OVHMM IJIMM, HE3BaKAalOUM Ha CKJIAJHy BHYTPIIIHIO CTPYKTYpY
cucreMu. [Ipo30picTh NPUXOBYE BCi CKIAJHONII PO3MOAUICHHX KOMIIOHEHTIB,
HaJIalou¥ KOPUCTyBadaM MPOCTHH Ta IHTYITMBHO 3po3yMinuii iHTepdeic nocrymy
JI0 pecypciB Ta JJaHUX.

VY TO# ke Yac MiATPUMKA I'eTepOreHHUX KOMIIOHEHTIB JI03BOJISIE IHTErpyBaTH
Pi3HI IPUCTPOT Ta IPOrpaMu B €AMHY CUCTEMY, 1110 3HAYHO PO3IIUPIOE MOMKIIUBOCTI
ta agantuBHicTh Takux LIOJl. lle no3Bois€ KOMIaHIsIM THYYKO pearyBaTH Ha
notpedu Oi3Hecy, 110 3MIHIOIOTHCS, 1 IIBUIKO BIPOBAPKYBAaTH HOBI TEXHOJIOTII.
Cucrema ninTpumku nepeposmimenHss BM y T'IOJ] Takoxx BigHOCHTBCS 0
PO3MOAUICHUX CHCTEM Y 3B'SI3Ky 3 HEOOXigHICTIO OOJKy JIOKadbHOI Ta
TEpUTOPiaANIbHOT po3noniieHocTi cepBepHuX utathopm I'LIO/, 3 skux HagXOIATH
napamerpu BM ta ©®M I'TTO.
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