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Pedepar/anoTanis:

1. Metonu no6yznoBy 6€3KOHQIIKTHOTO MOBITPSIHOTO PYXY MOBITPSIHUX CyJI€H 3 BAKOPUCTAHHSAM CUCTEMU TOYKOBOTO
37IUTTS». Jlucepralisi IPUCBSIYEHA PO3BSI3aHHIO aKTyaIbHOI HAYKOBO-TIPUKJIAAHOI 3a/1a4i OOIPYHTYBaHHIO Ta
1o6y0Bi MeTOLiB 6€3KOH(IIKTHOTO PyXy MOBITPSIHUX CYZI€H Y By3JIOBUX JUCIETYEPChKUX PAlOHAX 3
BMKOPVMCTaHHSIM CHUCTEM TOYKOBOTI'O 3JIUTTS. 3POCTaHHS iIHTEHCUBHOCTI IIOBITPSIHOTO PYXY Ta YCKJIQZHEHHS
CTPYKTYpH IOBITPSIHOTO IPOCTOPY NMPU3BOIATH A0 MiABUILEHOrO ONepaLiliHOro HaBaHTAKEHHS Ha aBiaJclleTyepiB
i BAHMKHEHHS] CUCTeMHUX 3aTpUMOK y TMA. TpaguuiiiHi MeToau oprasisanii npuoyTTs Ha OCHOBI TAKTUYHOTO
BEKTOPiHHS CY0'€KTHBHI, 301/IbIIYIOTh KOTHITYBHE HAaBAaHTa)KEHHS Ta YHEMOKJIUBJIIOIOTh MAaCOBE BUKOHAHHS
€KOJIOT{YHUX i EKOHOMIUHUX ITpoLenyp 6e3nepepBHOro 3HmxKeHHs. CtpareriuHi iHitjiatusu ICAO ta Eurocontrol
nepenoadvaroTh Nepexif, 10 TUMiI30BAaHUX €JIEMEHTIB MOBITPSIHOTO MPOCTOPY. [IpoTe 3a1MiaeThcs HEBUPILIEHOO
npo6JieMa BiicyTHOCTI yHi(piKOBaHMX METOZIB Ki/IbKiCHOI Basigalii, mopiBHJILHOTO aHami3y apxiTektyp Point Merge

Ta 06'€KTUBHOTO O]_IiHIOBaHHSI TaKTUYHOT'O BTPY4YaHHS OUCIIETYEDPA 3a PE€AJIbHMMU ITOJIbBOTHUMU NaHNMU. Lle



3YMOBJIIO€ AKTyaJIbHICTb PO3POOKU BiiMIOBIAHUX MAaTEMAaTUYHUX MOJIeJIeil, IPOKCi-MEeTPUK Ta IPOrPaMHO-
aHaJIITUYHOrO iHCTPyMEHTapio. MeTo1o pobOTH € OLiHIOBaHHS METOIiB TOGYOBU 6€3KOHQJIIIKTHOTO ITOBITPSIHOTO
pyxy IIC B yMOBax BUKOPUCTaHHS CUCTEMU TOYKOBOTO 3JIUTTS LIJISIXOM ITiBULLEHHS CTabiIbHOCTI TPAEKTOPIl Ta
ITPOTHO30BAHOCTI IOTOKY NIPUOYTTS. 3aBIaHHS NOCIiIKEeHHS: [JOCTiIUTH Ta CUCTEMATU3YBaTH iCHYIOUI MiAX0O 10O
OLIiHIOBaHHS €(PEKTUBHOCTI BIIOPSIKYBaHHSI [IOBITPSIHOTO PyXy, OOIPYHTYBaBIIM HEOOXiHICTb CTBOPEHHS
00'€KTMBHOIO MaTeMaTUYHOTO arapary 3aMicTb Cy0'€KTMBHUX Ta iMiTalliHUX MeToiB. PO3poduTy anroputm
iHTesIeKTyabHOI 0OpOOKU Ta (PinbTpallii MACUBIB eMIIIPUYHMX PaZioIOKALIIMHUAX JAHUX CIIOCTEPEKEHb i3
3aJIy4eHHSIM METEOPOJIOTiYHUX 3BeieHb. CPopMyBaTH Ta MAaTEMATUYHO OOIPYHTYBAaTU CUCTEMY KiHEMAaTUYHUX
IIPOKCi-MeTPUK, 3LATHUX KiIbKICHO BUpakaT piBeHb JUCIIETYEPCHKOrO BTPYYaHHS Ta CTA0I/IbHICTh IIOTOKY.
CTBOpUTU KOMILJIEKCHY TiOpUIHY MOZEJb 6araToOKpUTEPiaJbHOIO OLiHIOBaHHS [1J151 3B€I€HHSI Pi3HOPITHUX
eKCIUlyaTalilHMX NIOKa3HUKIB JJO €IMHOTO iHTErpajibHOTO KPUTEPIto SIKOCTI. [IpoBecTu anpooballio po3po6IeHoro
METO/y OLIIHIOBaHHS HA PEAJIbHUX ITOJILOTHMUX MACUBAX Ta NOBECTU MOr0 CTATUCTUYHY CTIMKICTb i JOCTOBIPHICTE.
OO6’eKT HOCIIIPKEHHS: [IpoLieCU OpraHizallii Ta BIIOPSIKyBaHHS [IOTOKIB IIOBITPSIHOTO PYXY B By3JIOBUX
IVCIIETYEPCHKUX PallOHaxX aepoJpOMiB 32 yMOB BUCOKOi iIHTEHCUBHOCTI IOJIbOTIB. [IpeMeT JOoCliKeHHS: METOU,
MaTeMaTU4Hi MOZEJIi Ta AITOPUTMU 6AraTOKPUTEPIaJbHOTO OLHIOBAHHS €(DEKTUBHOCTI MaHEBPIB BIOPSAKYBaHHS
IIOTOKIB MOBITPSIHOTO PyXy Ha OCHOBI 00'€KTUBHUX TPAEKTOPHUX JAaHWX. MeTOIY NOCiIpKEHHs: CUCTEMHUU aHali3
Ta TEOopis aBiallifHOTroO TPAHCIIOPTY; MaTeMaTHUYHE ¥ KiHeMaTU4HE MOJIeJII0BaHHsI; Teopis iHpopmaliii; Teopis
JIMOBIPHOCTEN i MaTeMaTU4HA CTaTUCTUKA; 6araTOKpUTEPiaJbHUAN aHaJIi3; OOYMCIIIOBAJIbHA MaTeMaTHKa Ta
IIporpamMHa imxeHepis. HaykoBa HOBU3HA ofiepKaHUX pe3yJbTaTiB: YIleplie 3alIpOIIOHOBAHO Habip MPOKCi-MeTPUK
L7151 06'€KTUBHOI OLIiIHKY PU3UKY BUHUKHEHHS KOHPIIKTHUX cuTyaliil y TMA ripy 3acTocyBaHHiI CUCTEMU TOUKOBOTO
3JIUTTS 32 YMOB KiHEMATU4HOI €HTPOIIii, 1110 3abe3I1euye KijbKiCHe BUMipIOBaHHS OllepallifHOi eHTpoii Ta
KiHEMAaTW4HOI BapiaTUBHOCTI MOTOKY (KYPCY Ta LIBUAKOCTI) 6€3 Cy0'€KTUBHUX €KCIIEPTHUX OL[iHOK. YJOCKOHAJIEHO
MOJeJIb IHTerpajbHOro OIiHIOBaHHS e(peKTUBHOCTI BIIOPSAKYBaHHS ITOTOKIB Ha 0cHOBI MeTony TOPSIS ns
IIPOBEJEHHS 6araTOKpUTEPialIbHOIO ayIUTY Y PESKUMI Iicisi-onepaliiiHoro aHasnizy. JlicTaB OJabIOro pO3BUTKY
IiAxin 4o OLiHKY BIUIMBY IPOCTOPOBOI CTPYKTYPH TOYKOBOTO 3/IUTTS HA €(PEKTUBHICTb BUKOHAHHS NPOPiliB
6e3repepBHOro 3HIDKEHHS; Ha OCHOBI KiHEMaTHYHOI OJJTHOPIIHOCTI IOTOKY JOBELEHO B3a€MO3B 130K MixXK
MiHiMi3alli€lo Yacy B FOPU30HTAJILHOMY I10JIbOTI Ta 3HKEHHSM KOTHITUBHOTO HAaBAHTAXXEHHS Ha aBiagucreTdepa.
TeopeTuyHe 3HaU€HHS N10J19ra€ B OOI'PYHTYBaHHI KOHIIENITYaJIbHOTO [1IEPEXOAY [0 TPAEKTOPHO-OPi€HTOBAHOTO
VIPaBJliHHS, 00'€KTUBI3allii OLIIHKM HAaBaHTKEHHS AUCIIeTYEPA Yepe3 KIHEMAaTUYHY €HTPOIIII0, IPEIUKTUBHOMY
MO/JIE€JIIOBaHHI PU3UKIB Ta MOJe€pHi3allii mopiBHANBHOrO ayauTty PMS 3a metogom TOPSIS. [IpakTryHe 3HaYEHHS:
CTBOPEHO NPOrpaMHO-aHaITUYHUH IHCTPYMEHTaPill 17151 pETPOCIEKTUBHOIO ayAuTy 6e31eKu i e(PeKTUBHOCTI
IIPOCTOPOBUX KOH(pirypauili, ineHTudikalii onepaniHux pU3MKiB Ta OLiHKM BTPAT BiJ, HEOINTUMAJIbHOTO
BIIOPSAJIKYBaHHA. Bepudikallito npoBefjeHO Ha peaylbHUX AaHuX aeponopTis Ociio, [y6iiH i [Tapuxk. PesynbraTu
BIIPOBaJ>)KeHO B HaBuasibHUM npouec KAI (nucuunmiinu «O6¢ayroByBaHHs MOBITPSIHOTO pyxy», «OpraHisariis
MOBITPSIHOTO PyXy», «/l13aiiH MOBITPSIHOTO NPOCTOPY», «CrenianpHa niarotoska 3 OBP», akr Big 02.04.2026) Ta
npaktuyHy gisibHicTe TOB «3JOPOB'A 24» (mosigka Big 11.03.2026).

2. Methods for Building Conflict-Free Air Traffic Movement of Aircraft Using the Point Merge System The
dissertation is dedicated to solving an urgent scientific and applied problem: substantiating and developing
methods for conflict-free aircraft traffic in terminal control areas (TMA) using Point Merge systems. Growing air
traffic intensity and increasing airspace complexity lead to higher operational workload on air traffic controllers
and systemic delays in TMAs. Traditional arrival management methods based on tactical vectoring are subjective,
increase cognitive load, and prevent widespread execution of environmentally and economically efficient
Continuous Descent Operations (CDO). Strategic initiatives of ICAO and Eurocontrol envisage a transition to
standardized airspace elements. However, the lack of unified quantitative validation methods, comparative analysis
of Point Merge architectures, and objective evaluation of tactical controller intervention based on real flight data
remains an unresolved problem. This determines the relevance of developing appropriate mathematical models,
proxy metrics, and software-analytical tools. The objective of the study is to evaluate methods for constructing
conflict-free aircraft traffic using the Point Merge system by increasing trajectory stability and arrival flow



predictability. Research tasks: Investigate and systematize existing approaches to evaluating air traffic sequencing
efficiency, substantiating the need for an objective mathematical framework instead of subjective and simulation
methods. Develop an algorithm for intelligent processing and filtering of empirical radar observation datasets
incorporating meteorological data. Formulate and mathematically substantiate a system of kinematic proxy
metrics capable of quantitatively expressing controller intervention levels and flow stability. Create a
comprehensive hybrid multi-criteria evaluation model to synthesize heterogeneous operational indicators into a
single integral quality criterion. Test and validate the developed evaluation method using real flight datasets,
proving its statistical stability and reliability. The object of the study: processes of organizing and sequencing air
traffic flows in terminal control areas of airfields under high flight intensity. The subject of the study: methods,
mathematical models, and algorithms for multi-criteria evaluation of air traffic flow sequencing efficiency based on
objective trajectory data. Research methods: system analysis and air transport theory; mathematical and kinematic
modeling; information theory; probability theory and mathematical statistics; multi-criteria analysis;
computational mathematics and software engineering. Scientific novelty of the obtained results: For the first time,
a set of proxy metrics has been proposed for objective assessment of conflict risk in TMAs when applying Point
Merge under kinematic entropy conditions, providing quantitative measurement of operational entropy and flow
kinematic variability (heading and speed) without subjective expert judgments. The integral evaluation model for
flow sequencing efficiency based on TOPSIS has been improved for multi-criteria audits in post-operational
analysis mode. The approach to evaluating Point Merge spatial structure impact on continuous descent profile
execution efficiency has been further developed; based on flow kinematic homogeneity, the relationship between
minimizing horizontal flight time and reducing controller cognitive load has been proven. Theoretical significance
lies in substantiating the conceptual transition to Trajectory-Based Operations (TBO), objectifying controller
workload evaluation via kinematic entropy, predictive risk modeling, and modernizing PMS comparative auditing
using TOPSIS. Practical significance: software-analytical tools were created for retrospective auditing of spatial
configuration safety and efficiency, operational risk identification, and loss estimation from non-optimal
sequencing. Verification was conducted on real data from Oslo, Dublin, and Paris airports. Results were
implemented into KAI educational process (courses: “Air Traffic Services”, “Air Traffic Management”, “Airspace
Design”, “Specialized Training in Air Navigation Safety”, act of April 2, 2026) and practical activities of LLC
“HEALTH 24 (certificate of March 11, 2026).
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. ABep’sHoBa lOmist AHaTosiiBHA

2. Yuliia Averianova

KBasigikamis: n.1.1., mpodecop, 05.22.13

Inentudgikarop ORCID ID: 0000-0002-9677-0805

JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT «KUiBChKUIA aBiallifiHmii iHCTUTYTS
Kopg 3a €IPIIOY: 45853942

Micue3Haxom KeHHs: npocr. ['yzapa Jlio6omupa, Kuis, 03058, Vkpaina

dopma BracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacue Ipizsumie Im'st [To-6aTbKOBI Jlapin Biraniit IOpifiosny

TOJIOBH pajgu



BaacHe IlpizBume Im's I10-6aTbKOBI Jlapin Bitanii FOpitioBuy
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigasbHUH 3a MiATOTOBKY Hopxenko OneHa AHzIpiiBHa

00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




