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BCTYII

B po6oTi BUCBITIIEHO pe3ysbTaTH IMPOBEACHHS HAYKOBOTO OCIHIJIKEHHS
CTaHy MUTaHHS CyYaCHHX HAYKOBHUX OCHOB Oprasi3allii TpPaHCIOPTHHUX MPOIIECIB 1
CUCTEM TacaXKUPChKUX MepeBe3eHb. BuzHaueHo cydacHi 3ajadi il mpobiemMu mnpu
(GyHKIIOHYBaHHI CHUCTEM MACaXXUPChbKUX NepeBe3eHb. J(OCHiIHNKaMU BU3HAYEHO,
II0 OCHOBHMMHM 3aJjauaMU CHCTEM MAaCaXUPCHKUX IEPEBE3CHb € 3aJJOBOJICHHS
noTped macaXupiB M coliymMy B3arajigi. AKIEHTYETbCS yBara He JIMIIE Ha
NUTaHHIX OE3MeKH TepeBe3eHb, J€ MiJ Oe3MeKor0 MepeBe3eHb PO3TISTHYTO
MUTaHHS 30€pEKEHHS JKUTTS, 3/I0POB s, BAHTAXIB, €KOJIOTIT i COIIaTbHOTO TUCKY
(G1HaHCOBOTO HABAHTAXKEHHS HA MaCaXKUPIB Ta IUIATHUKIB moAaTkiB. KommiekcHO
TakKi MATaHHS PO3TJISIHYTO HAa HEJOCTaTHROMY PiBHI ¥ pO3BUTOK HAYKOBOI AYMKH
JI0 CUCTEMHOTO ypaxyBaHHSI BIUIMBIB (DYHKI[IOHYBaHHS CHUCTEM MaCaXUPCHKUX
NEPEeBE3CHb € aKTyaIbHUM MTUTaHHSIM.

AHaJi3 cy4acHOI HAyKOBOi JIITEpAaTypu 10 NUTAaHHS OCHOB OpraHi3arii
TPAHCIIOPTHUX TPOLIECIB 1 CUCTEM IMACAKUPCHKHUX IMEPEBE3CHb PI3HUMH BUIAMU
TPAHCIIOPTY JIEMOHCTPY€E aKTyaJlbHICTh TaKOro MHUTAHHSA y CYydYacHId Hayii i
npaktuili. Oprasizailiss TPaHCIOPTHUX TMPOIECIB 1 CHCTEM MaCaKUPCHKUX
NepeBe3eHb PI3HUMHU BHJIaMU TPAHCHOPTY € CKJIAJHUM 3aBJaHHAM U moTpelye
KOMIUIEKCHOTO  MiAXOAy. BcTaHOBIEHO  B3a€MOBIUIMB Ha  MapaMeTpH
GyHKIIOHYBaHHS CHUCTEM TACAXUPCHKUX  IEpPEBE3€Hb PI3HUMU  BHUJIAMU
TPAHCIIOPTY 13 OTOUyIOUMM cepeaoBuieM. [loganbimii pO3BUTOK HAYKOBUX
NIIXOMIB I[I0A0 OCOOJMBOCTEH ypaxyBaHHS B3a€EMHOTO BIUIMBY KUIBKICHUX
XapaKTEPUCTHK CUCTEM MACAKHUPCHKUX MEPEBE3€Hb PI3HUMHU BHJIAMU TPAHCIIOPTY
€ aKTyaJbHUM 1 MOXX€ TMO3UTHBHO BIUIMHYTH Ha PO3BUTOK CydYacHOi HAayKH i
MPAKTUKH.

JlociKeHHs! TPaHCHOPTHUX MPOLECIB 1 CUCTEM MacaKUPChKUX MEepEeBE3€Hb
PI3HUMH BHJAMH TPAHCHOPTY AOLIBHO MPOBOAMTH 13 ypaxyBaHHSM JIIOJACHKOTO
YUHHUKA Yy THUTaHHSIX BHOOPY MapHIpyTy i3KH, THUIy TPaHCIOPTHOTO 3acoly,
BUIy TPaHCIOPTY, KOMGOPTHOCTEH I3KM Ta TOMEPEIHBOTO OOCITyrOBYBaHHS.
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BianoBigHO 10 MpOBEAEHOrO aHaji3y Taki JOCTIHKEHHS aKTyaJdbHO IPOBOJUTH
3aco0aMyd  MaTeMaTUYHOTO MOJICNIIOBAaHHS 13 BUKOPUCTAaHHSM TIpaBITAllIHHUX
niaxoaiB. [IpoBeneHnii aHami3 METOIB BU3HAYEHHS HAYKOBHUX OCHOB OpTraHi3arlii
TPAaHCIOPTHUX TPOIECIB 1 CHCTEM MMACAKUPCHKUX IMEpPEeBE3€Hb CyYaCHUKaAMU
peami3yeThcs 13 BUKOPUCTAHHSIM IMIXOMIB KOMIT FOTEPHOTO Ta MAaTeMaTHYHOTO
monentoBaHHs. [luTaHHs opranizamii TpaHCHOPTHUX TMPOLECIB 1 CHUCTEM
MaCaXUPCHKUX MEPEBE3€Hb CIHUPAETHCA HAa OCHOBHI BXI1JIHI MapaMeTpu 0 TaKUX
cucreM. Jlo Takux ¢akTOpiB MOXHA BITHECTH: COI[IAJIBHUNA CTaH PO3BHUTKY
CYCIIJIbCTBA, KUIBKICTh MACaXHUPIB, BIUIMB AJbTEPHATUBHUX MAapIIPYTIB PI3HUX
BU/IIB TPAHCIIOPTY, COIllajibHI BUMOTH JI0 TaKMX TIE€PEBE3€Hb, JACP>KaBHI CTpaTerii
pPO3BUTKY W MIATPUMKH Ta 1HII. AHal3 METOAIB BHU3HAYEHHS NapameTpiB
TPAHCIIOPTHUX TMPOLECIB 1 CHUCTEM NACAKUPCHKUX TEPEBE3EHb JEMOHCTPYE
KOMILJICKCHICTh B3a€EMO3B’S3KIB IIDK IMJCUCTEMaMH JAaHUMX CHCTEM, IXHIA
B3a€EMOBIUIMB Ta 3aJ€XKHICTh MDK HapaMeTpaMud (PYHKI[IOHYBaHHS TaKUX
migcucteM.  Bu3HaueHO  METOAM  PO3paxyHKIB — MMapaMeTpiB  PO3MOJALTY
NAaCAKUPCHKUX TPAHCIOPTHUX KOPECTIOHAEHIIA MIXK MaplIpyTaMd B MEpexi
MEBHOTO BHUAY TPAHCIOPTY Ta MDK CaMUMU MeEpeXaMu TMPU HaIBHOCTI
KOHKYPYIOUMX MK cO00I0 HaOOpl MEepex pI3HUX BHJIB TPAHCIOPTY B CHCTEM
MacaXUPChKUX TIepeBe3eHb. Pe3ynbraraMu MPOBENEHOTO aHallizy Cy4YacHHUX
METO/IIB BHM3HAUCHHS HAYKOBUX OCHOB OpraHizaiii TpaHCIIOPTHHX IPOLECIB 1
CHUCTEM TMAaCaXUPChKUX TMEpPeBe3eHb JOBEIEHO, M0 TMacaXupu OOUPAIOTh
Halle(heKTUBHIII CrOCOOM peanizaiii moTped y mnepeMilieHHl B MacaKHUPChKUX

MepeKax.



1 AHAJII3 CTAHY CYYACHOI HAYKH 1IIOJ0 NUTAHHSA OCHOB
OPI'AHIBAIIIl TPAHCIIOPTHHUX ITPOLECIB I CUCTEM
HACAKUPCBKUX INEPEBE3EHD PI3BHUMU BUJIAMU TPAHCHOPTY

1.1 CyyacHi HaykoOBI /[JOCJHI/UKeHHA MACAXKUPCHBKUX IepeBe3eHb

aBialiifHUM TPaHCIIOPTOM

CydacHuil CcTaH HayKOBOi JIyMKH B NHUTaHHIX MJOCTIKEHHS IapameTpiB
NAaCaXUPChKUX IEPEBE3€Hb, BCTAHOBJICHHS B3a€EMHUX 3B S3KIB MK TaKUMHU
rnmapaMeTpaMu  JOBOASATh  HEOOXIJHICTh BHU3HAYEHHS MaHOyTHIX  KUIBKICHHUX
MOKa3HUKIB OOCSATIB NEpeBe3eHb NacaxupiB. Po3B’s3aHHA 3a1ad 13 BU3HAYEHHS
XapaKTePUCTHK MACaXUPONOTOKY € aKTyaJbHUM 3aBJaHHSAM Cy4acHOI HayKu W
MOJISITJI0O B METY 3HAYHOI KUIBKOCT1 AOCTIIKEeHb. Pe3ynbratu poOOTH AOBOIATH, IO
TaKl MUTaHHS € aKTyaJIbHHMMH JJis BCIX BHJIIB TPAHCIOPTY HPH PO3IJISAlL PI3HUX
MepEeBE3€Hb, BiJ MICHKUX J0 MDKKOHTUHEHTAJIbHUX.

B po6ori Bao, Y., Yi, D., Xiong, T., Hu, Z., & Zheng, S. (2011) [1] npoBeneHo
MOPIBHSUTBHE JOCIIKEHHS T10pHIHOT JIIHIMHOT Ta HEJIHIMHOT MOJIeN MOJICITIOBaHHS
JUTsl IPOTHO3YBaHHS aBlallifHUX mepeBe3eHb. B poOoTi aBTopamu Oyso 341HCHEHO
BUOIp Mojeni Juisi NPOBEIEHHS  BIANOBIAHUX  PO3PAaxyHKIB  MapaMeTpiB
MacaXUPOIOTOKIB. 3alpOMOHOBAHO O0OpaTh MOJEINb 13 HAMEHIIMMHU TMapaMeTpaMu
aUcnepcii MOMKJIMBUX BaplaHTIB po3paxyHKy. Pe3ynbTaTé AEMOHCTpPYIOTh, WIO
3HAYHOTO TOKPAIEHHS MOKHA JOCATTH 3a JOMOMOTOI TiOpUIHOT JHIAHOT Ta
HEJIHIAHOT ~ CTPYKTYypH, 30KpeMa, TiOpuIHOI CTPYKTypu 13  ypaxyBaHHS
0araro(akTOpHOCTI  BIAMNOBIAHOTO PO3PAaXyHKOBOTO MapaMeTpy. ABTOpamMu
Rodriguez-Doncel, V., Santos, C., & Casanovas, P. (2014) [2] B po60Ti BU3HAYAETHCSI
BAKJIUBICTh PETYJSIPHOCTI CHOJY4Y€Hb, HEAOIMYIICHHS HEBUKOHAHHS peuciB M
HACJIIJIKM TAaKUX HEBUKOHAHb JJIs MACAXKUPIB.

MaTteMaTnyHe MOJENTIOBaHHS MAaCaXUPOIIOTOKIB BUCBITIEHO B POOOTI aBTOPIB
Marie-Sainte, S. L., Saba, T., & Alotaibi, S. (2019) [3]. ABTopu oOpanu miaxiz i3

Mar€MaTu4HoOro MoOACIHOBaHHA 13 OJHOYaCHHUM BHKOPHCTAHHAM MCTOI[iB
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IIPOTHO3YBaHHA JIIHIMHOT perpecii 13 BUKOPUCTAHHSAM B 1[I MOJENl HEHPOHHUX
Mepexx. ABTOpM  3a3Ha4yalOTh, W1I0 NUTaHHSA  pO3pPaxyHKIB  IMapaMeTpiB
MAaCaXUPOIIOTOKY € 0a30BUM 3aBJaHHSIM IS IUIAHYBAaHHS [ISJIBHOCTI HE JIMIIE
aBianepeBi3HUWKA, a W B JISJIBHOCTI aeporopry. 3a3HauyeHo, W0 ypaxXyBaHHS
MOXJIUBUX BIJIXWJIEHb BiJl PO3PAaxXyHKOBHX TMapaMETPiB MaCaXUPOMOTOKIB MpH
po3po0eHHI  cTparerii  (QYHKIIIOHYBaHHS — aBialifHO Traiy3i TIEPEeBE3CHb €
00O0B’SI3KOBOI0 YAaCTUHOIO JJisi €(PEKTUBHOrO YIMPABIIHHA TNPOIECOM B YyMOBax
MOKJIUBUX PU3UKIB. JI0 aHANOTIYHUX Pe3yabTaTIB y JOCTIIKEHHI MPUUIILIN i aBTOpU
Dang, Y. Li, W. -. (2010) [4], skuMu B TOCIIPKEHHI OyJI0 BUKOPHCTAHO MEPEIKHUI
MIIX1A TpU  BUPIIIEHHI 3adad  JociipkeHHs. Ha 1aymKky aBTOpiB  MepekHe
MOJICJIIOBAHHSI 1 aHajl3 XapaKTEpUCTHK MepeX € (paKTOpOM BIUIMBY Ha HaIlpsMU
nepecyBaHb  TMacakUpiB  aBiallIfHOI MEpPEeke, a TaKoXX Ha  KUIBKICHI
XapaKTEPUCTHKHU TaKUX MIEPECyBaHb.

ABtopamu pob6otu Jing He, J., Xu, L., Ning Guo, X., & Hu, Y. (2021) [5]
PO3MIIIHYTO (DaKTOpU SIKOCTI CEpBICHOrO OOCITYyroBYBaHHSA, SIK Taki (haKTOpH IO
BIUIMBAIOTh Ha KIJIBKICTh BIAIIPaBIEHb MacaXUpPiB 3 a€ponopTy. ABTOpaMu OTPUMaHO
BHCHOBKH, III0 SIKICTh OOCIIyTOBYBaHHS MacaXHUpPIiB € (PaKTOPOM MPUUHSTTS PIIICHHS
npu BHOOPI crocoOy MepeMileHHsl macakupaMu. Takuil BUOIp, Ha TyMKY aBTOpIB,
NacaXupyu poOUSIM HE JUIIE MK aepornopramMu, a ¥ MK BHAAMH TPaHCIOPTY.
Busnaueno, 1mo yactka macakupiB MpUAMae pIllIeHHS MpU TUIAHYBaHHI TOI31KU
ONMMPAIOYHUCh MEBHOIO MIPOK HAa KOM(MOPTHICTH i3AKM, a 1HIII MapaMeTpu BBaXKae
IpyropsaHuMu. 3rajgaHe A0CTiHKeHHs mpoBeeHo B Kurtai Ta Mae Ha MeT1 BU3HAYUTH
BIUTMB TIJBUIIEHHS KOMMOPTHOCTI OOCIYyroByBaHHS B aeporopTax Ha KIJIbKICTh
MacaXupiB, fAKi CKOPUCTAIOTHCS IMOCIyraMu Takux THOpTiB. baratodakTopHicTh
MOJIeJiel 13 BU3HAUEHHS KUIBKOCTI MacaKUPIB aBlalliiHUX MEPEBE3EHb PO3TISHYTO B
pob6orti aBtopiB Liang, X., Guo, Z., Zhang, Q., Yang, M., & Wang, S. (2020) [6].
PesynpTaTom poboTH 00paHO EHTPOMIWHUNA MIAXiJ 10 MOJETIOBAHHS HACTaHHS
MPUIHATTS PillIeHb MAacaXUpamMu Mpu BUOOpi cnocoOy i3aku. ABTopamu Huang, F.,
Peng, J., You, M. (2016) [7] B poOoTi OTpMMaHO BHCHOBKH, II[0 Mepexa

aBlaKOMIMAaHI Mae OOMEXEHHS JJISl MAaCaXUPIB, K1 MOJOPOXKYIOTh, 110 MPU3BOIUTH
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70 TOTO, IO PO3MOJIT JIOBXHUHU TPYHOBOi MOJOPOXKI OUIBII Y3TOKYEThCA 3
PO3TATHYTUM E€KCIOHEHIIIMHUM pos3noAuioM. Yac iHTepBaly MOI3AKKA Naca)xupa
3aJI0BOJIbHSIE YCIYEHHI PO3MOILI IO CTEIEHEBOMY 3aKOHY, a HE pPO3MOAULY IO
CTENIEHEBOMY 3aKOHY. THM YacoM, CBsiTa MalOTh BEJIMKUM BIUIMB HA MACAXKUPIB, SKI
MOJIOPOKYIOTh. 30KpeMa, il 4ac CBATa BECHH, JIITHIX KaHIKyJ Ta HaIllOHAIHHOTO
CBSITA KUTBKICTh MacaxupiB HabaraTo Oiible, HiX B Oyab-sakuil iHIINK Yac. B po6oTi
Ida, Y. (1993) [8] po3kpuTO MUTAaHHS aBialiiHOT MOOLIBHOCTI HacaKupa 3aJIe)KHO Bijl
BIJICTaHI MDK aepoIropTOM Ta MICIEM >KHTTEIISIILHOCTI macaxkmpa. Reyna, O. S,
De La Mota, 1. F. (2018) B poGoTi [9] 3BepHyJIU yBary, 0 Ba)JIMBO BPaXxOBYBaTH
KUIBKICTh 1H(OpMAaIlii, sIKa CTBOPIOETHCS MOKE€ OYTH HEJIETKOW I aHalli3y
Oe3nocepeIHbO MacakupaMu. BuzHaueHo, MO CKJIaJAHO MOJaHa 1HQOpMaLis Mpo
XapaKTEePUCTUKU (YMOBH) TEPEIHOTY MOKE MPU3BECTU O NPUUHATTS PIIICHHS PO
CKAaCyBaHHsI HaMipiB Macakvpa B OTPUMAaHHI TaKUX MOCIYT.

Y meBHWI dYac HAyKOBII OTPUMAajId MOXMJIMBICTh BCTAaHOBJICHHS BILUIUBY
emijieMii Ha CTaH aBlalllfHUX MacaXupchkux mnepeBe3eHb. Afaq A., Gaur L.,
Singh G., Dhir A. (2021) B po6oti [10] BucmoBunu, mo COVID-19 enigemis
3aBaJiliia MOJO0POKaM 1 3MIHMJIA OYIKYBaHHS aBlanaca)XupiB, M0 CHIJIBHO BIUIMHYJIO
Ha aBlaKoMIMaHii, BIVIMHYBIIY Ha AiSUILHICTb, MOB'I13aHy 3 Typu3MoM. ABTopu Zuo, P.,
Li, H., Liu, W., & Liu, D. (2010) B po6oti [11] po3rasiHyau NUTaHHS OXOPOHU
3JI0pPOB’S TACAKUPIB MiJ Yac HaJaHHS TMOCIYT MEPEeBI3HUKAMHU, a CaMe BaXKJIMBICTh
AKICHOTO KOHJUI[IOHYBaHHS MOBITPSL.

baratodakTopHICTh BUMOT /0 SIKOCTI aBilallliHUX TEpPEeIbOTIB OMNHUCAHO B
po6oti Niu, W. (2019) [12]. ABTOpOM BHCIIOBIICHO, III0 1HTEICKTyabHI aBlalliiH1
TPAHCIOPTI CHUCTEMM 13 BHUKOPHUCTAHHSM IITYYHOTO IHTENEKTY € HalOIMXK4oro
MEPCIEKTUBOI0 Y PO3BUTKY raiy3l. Take KOMIUIGKCHE pIIIEeHHS aBTOPOM
3alpOINOHOBAHE [IJIi BUPIIMIEHHS HE JIMIIE TEXHIYHUX 3aBJaHb IIOB’SI3aHUX 13
Oe3nocepeIHIM  TMPOIECOM  EKCIUTyaTallli aBiallliHOrO TpaHCIOPTY, a W s
NPUAHATTS PIlICHb Yy TWTAHHAX PETYJIOBAaHHA TaKUX 3 YpaxyBaHHSIM BUMOT

nacaxupiB. KoMIIEKCHICT, 1 B3a€MOIOB’S3aHICTh MapamMeTpiB B CHUCTEMax



aBlaIliIfHOTO MACAKUPCHKOTO TPAHCIOPTY PO3KpUTO B poboTti aBTopiB Dang Y.,
Song S. (2013) [13].

Sharma H. K., Kumari K., Kar S. (2019) B pobGoti [14] 3poOumm
KOPOTKOCTPOKOBE MPOTHO3YBAaHHS aBialaca)KMpiB Ha OCHOBI T1OpUIHOTO TIpyOoro
Habopy Ta MOJeil TOJBIMHOTO EKCHMOHCHITIATBHOTO 3riapKyBaHHs [l 1boro
BUKOPHUCTaHO TpyOy TEOpil0 MHOXHH Y MOJIEIIOBaHHI MPOTHO3YBAHHSA YacCOBHX
psaaiB. Y 1 poOOTI MM BUKOPHCTOBYBAJIM ISl MPOTHO3YBAHHS MO/JIEIb MOJBIMHOIO
EKCIIOHEHIIIaIbHOTO 3rNakyBaHHA. Kiiacnyna wmonens Oyia BIOCKOHAjeHa 3a
JIOTIOMOTOI0  TeXHIKM TpyoOoro HaOopy. VYJIOCKOHaJleHWW METOJA MOJBIMHOIO
€KCIIOHEHIIIAJIbHOTO 3IJIaJKyBaHHS BUKOPUCTAHO JJIsi JAaHMX YacOBHX psiB 0e3
OyIb-sIKUX CTAaTUCTMYHUX MPUITYIICHb. 3alpOIOHOBAHUNA METO]| 3aCTOCOBAHO O
TYPUCTUYHOTO MOMUTY 3 HA0OPY JaHMX MaCaKUPIB aBlaliepeBe3eHb BCTAHOBIICHO, 1110
TOYHICTh TMPOTHO3YBAHHS 3alpPOINIOHOBAHOI MOJIENl € Kpallol, HDXK Y KIACUYHOI
monem. Valutyté, R. (2020) B pobori [15] 3a3Hauae nmpo HEOOXiTHICTH ypaxXyBaHHS
Ha0yTOro JOCBily TMpU HACTaHHI CTaHy TOTIPUIEHHS YMOB TIE€pEBE3€Hb 13
JOTPUMaHHSM I[IpaB NacaXUpiB Ta aslamepeBi3HUKIB.  ABTopamu Bravo, A,
Vieira, D. R., & Ferrer, G. (2021) B poGoti [16] Bu3HaueHo, 1m0 mpu BHOOPI
MAacaXXUPOM CIOCOOYy MepecyBaHHS Ma€ 3HAYEHHs BIUIMB (DaKTOpy IOBIPH MOEINI
3aco0y Tpancmopty. [l aBTOpa IMBHO, IO y HAmly Cy4YyacHy Ta HacHYCeHY
iH(dopMaIiero ernoxy 6araro Jiroaei Bce 1me OOSIThCs JIITaTH, a JAJIA TUX, XTO 00IThCA
JTaTH, BUOIp aBIaKBUTKA Ta BIAMOBIJAHOIO JIITAKa, IK OYIKYEThCS, OyJ€ BaKIUBUM
MATAHHAM. Y IIH CTaTTI aBTOPOM 3alPOIIOHOBAHO ¥ BHKOPHUCTaHA METOMOJIOTIS IS
MOJICIIIOBAHHS JIOCBiJly TOKYIKH aBIaKBUTKIB 0€3 MITOK, 100 3’sCyBaTd, Yd HE
MOXYTh JIFOAH, Kl OOSThCS JIITATH, HECBIIOMO 3MIHMTH CBIM BHOIp 3aJ€kKHO Bij
napamMeTpiB KBUTKA. Pe3ynbratu CBig4aTh ¥ MPO HASBHICTH HECBIIOMHUX (DAKTOPIB
BIUTMBY HA NPUUHSATTS PILLIEHb HE JIMILE B1Jl CAMOTO KBUTKA, a i BiJ] MapKH JIITaKa.

Astopu Raheja D., Zhong, Z. W. (2018) Bu3Hayanu 3anekKHICTh KUIBKOCTI
nepecyBaHb  MacaXHWpiB HA  aBlallifHOMY  TpPaHCHOPTI  Bil E€KOHOMIYHHUX
XapaKTEPUCTHK PO3BUTKY CYCIHiJIbCTBA Ta iHpacTpykTypu Mmicta [17]. Po3skpuro

3B'I30K TMPUYMHHOCTI M) BAJIOBUMH BHYTPIIIHIMH TPOIYKTaMH Ta TMOBITPSM
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NacaXUpOMOTOKOM. BHCIIOBIEHO, 0 €KOHOMIYHA ISJBHICTh KpaiHU J03BOJIMIIA
OararoHaIlOHAILHOMY O13HECY Ta JIIOASM MOJAOPOKYyBaTU. PO3KpuTHil NPUYUHHO-
HACNIJIKOBUM 3B 30K MIXK aBlallaCa)XHUpPChKUM TIEPEBE3CHHSIM Ta BHYTPIIIHIM
BAJIOBUM IPOJYKTOM BHMKOPHCTOBYIOUM METOMOJIOris KoinTerparii MoraHceHa-
IO3eniyca Ta TecT mpUYMHHO-HACTIIKOBOI 3B's3Ky [ 'peitHmkepa g aHami3y I[bOTO
3B'I3Ky. EmMmipudHi pe3ynbTaTé TOKa3ylOTh HE JIOBFOCTPOKOBUW I1HTETpaIliiHUAN
3B’s130K Takok HaJlaHO OOIPYHTOBAHI JOKA3HW Ha MIATPUMKY T1IIOTE3U 3pOCTAHHS MICT
IT1]] BIUTUBOM aBiailii. 3HaYCHHS TMOBITPSIHUX MaCAKUPCHKUX MTEPEBE3CHB MIATBEPIKYE
BOKJIMBICTb  PO3BUTKY a€poOMOpPTy Ta HEOOXIJHICTh MIATPUMKHA  MICIEBOI
iHppacTpykTypu aepomopty. Omxke, MO0 MicTa MIATPUMYBaId PEriOHATbHUMA
PO3BUTOK, (DiHAHCYBaHHS Ma€ CIPSIMOBYBATHUCS Oe3nocepeqHbo Ha aepornopT. [lpu
npoMy aBTopoMm Fassiaux, S. (2021) [18] ommcano pusukyd magiHHA OOCSTIB
00CITyrOBYBaHHS MMacaKUPIB MIPH TICBHUX YMOBaX.

Lukyanov S., Thyssen E., Kislyak N. (2007) [19] onucanyu HasBHICTh 3HAYHUX
CTPYKTYPHHUX, TEXHOJOTTYHHUX 1 IMOBEAIHKOBUX Tally3eBUX Oap'epiB, 10 CTaBUTH IiJ
CYMHIB aHaJli3 Trajxy3l 3 TOYKHM 30py Teopli KOHKYPEHTHHX (KBa31KOHKYPEHTHUX)
puHkiB. Ha OCHOBI eMmipH4YHOT OLIHKK BUCOTH BXITHUX Oap’€piB, MOKHA 3pOOUTH
BHCHOBOK, 110 HAMOLIBII 3HAYYIIUMHU 3 TOYKU 30py OOMEKEHHS! KOHKYPEHIIii B raty3i
€KCIIEpTH BBAXalOTh aJIMIHICTPAaTUBHI Oap'epu. VY psAl perioHiB ICHYe €JIMHA
CTPYKTypa BJaCHOCTI a00 TPUHAICKHICTh «aepONOpT-aBlaKOMMAaHIs», IO
MPU3BOJUTH A0 BUCOKOI KOHIIEHTpAllli Ta HasgsBHOCTI IUTYYHUX MOHOMOMIN. Y cTarTi
MOKa3aHo, M0 MDK BEPTUKAJIBHO IHTETPOBAHUMHU CTPYKTYpaMH TaKOTrO pPOJy Ta
COIIAIbBHUM  JI0OpOOYTOM  ICHY€ CyNepeuIuBUN  3B’SI30K. ABTOpPH  TaKOX
JTOCIKYIOTh IUTSIXM TTO0JIaHHs BXiqHUX O0ap’epiB. Saifei, N., & Renxu, G. (2021) B
poboti [20] HamaHo pekoMeHIAIl B MPUAHATTA pIIIEHh PO OHOBICHHS
iHppacTpykTypu Tanys3i. [lopiBHSHO 31 3MiHaAMU TJ100QJIbHOT €KOHOMIYHOI CHUTYaIlii,
CTYMiHb B3a€MOJIIi aBialliifHOT raily3i 3 perioHaIbHUM €KOHOMIYHUM PO3BUTKOM, TUM
HE MeHII, 30epiraB CWIbHIIIUN BIUIMB HA YMNOBUIBHEHHS BHYTPIUIHHOTO
€KOHOMIYHOTO 3pOCTaHHSA. ABTOpaMH 3alpOIOHOBAHO TIPOMOHYEMO HACTYITHI

peKoMeHaIlli: mpu OyiBHUIITBI HOBUX a€pOIOPTIB Y PETiOHI BPaxOBYBaTH HE JIHIIIEC
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IPUPOJIHI (PAKTOPH MOBITPSHOTO TPAHCIIOPTY Ta EKOHOMIUHI XapaKTEPUCTUKU MICTa,
7€ BIH pO3TAlllOBaHWUM, a W TO3UIIIOHYBATH 3 YpaxXyBaHHAM KOHTEKCTY BCHOIO
perioHy; BHOIp Mae HE MPOCTO MEPECiAyBaTH OLIHKY €KOHOMIYHOTO MPUOYTKY, a i
BCEOIYHO OIIIHIOBATH 3arajbHUM CYCHUIBHUM 100pOOYyT; MiABUIIEHHS 3arajJbHOL
e(eKTUBHOCTI aBlalliifHOI TPAHCMOPTHOI CHUCTEMH, CIPHUSHHSI CKOOPAUHOBAHOMY
PO3BUTKY Ta KpaIloro BUKOPUCTAHHS PET10HANBHUX TepeBar y PerioHi ciiff CTBOPUTH
CKOOpPJIMHOBaHY Ta BIOPSJIKOBAHY CHUCTEMY AaBIaKOMIIaHIM, fIKa XapaKTepU3Y€eThCA
IUQEepeHLIHOBaHUM Ta CIEIlaTbHUM 00CITyTrOBYBaHHSIM.

Zhang J., Sun Y., Zhang X., Wang S. (2020) B poGoti [21] Bu3Hauaiu
HEOOXIHICTh YypaxyBaHHs, IO CyYacHI MOJeJll BHU3HAYEHHS I1aca’kKUPOIOTOKIB
MalThb W CHUPAIOTbCA Ha KOPEryBajbHI KOE(DIIEHTH, $AKI CIJI OKPEMO
JOCIIKYBaTH. ABTOpaMU 3alpONOHOBAHO HA OCHOBI HEMapaMeTPUYHOI OIIHKH,
ONTUMAaJIbHI 3MIHHI B 4aci BaroBi KOeQIIIEHTH MJIA PI3HUX MOJENeH-KaHIUuIaTIB 13
3MIHHUMH Y dYaci TapamMeTpaMu B MOJCISIX-KaHAWAATaX OTPUMYBATH IILITXOM
MiHiMi3allii JokambHOro KpuTepito JIxek-Haiida B kokHIiM Toul yacy. Leixian G.,
Xiaoli W., Xiaofang G., Xuejun Z., Changcheng K. (2021) Ta Cai J.,
Zhang N. (2020) [22, 23] BBeaeHO MOJENb IS aHANI3y AAHAMIYHOI KOPEIISIii MikK
00CcAroM NacaXMpONOTOKY LMBUIBHOI aBiallii Ta KWOro BIUIMBOBUMH (PaKTOpaMH.
Pesynmbrati eMImipuyHMX JOCHIHKEHh 3 BUKOPUCTAHHSM CTAaTUCTUYHUX JaHUX
MOKa3yl0Th, IO BHYTPIIIHIM BaJOBHM MNPOAYKT 1 CEpPEeAHbOpIYHA TeMIeparypa
0e3rocepeIHbO BIUIMBAIOTh HA PO3BUTOK MACAKUPONOTOKY UMBUIBHOI aBiamii, 1
CTYMiHb KOPEJSAIIi M)XK HUIMHU PI3HUTHCS KpiM TOro, CriBBITHOIICHHS MK 00csSraMu
MACaXUPOIIOTOKY IMBIIBHOI aBialli Ta KUIBKICTIO MPUIKIKUX TYPUCTIB Ta PiBHEM
CTIO’KMBAHHS MEIIKAHI[IB TAKOXK 3 YaCOM CTa€ BCe OJIMKYE.

B po6oti [24] aBropiB Liang X., Qiao H., Wang S., Zhang X. (2017)
O3 1IN e(EeKTUBHICTh TPOTHO3YBAHHS MOJENl, HHUMH 3alpOIOHOBAHO
IHTeTpoBaHAa MOJIEb, 3aCHOBAHAa HAa aHalI31 CUHTYJSPHOIO CIEKTPY IS PIYHOTO
aBiarepeBe3eHHs. Y MPOIEC MOJICTIOBAHHS MOYaTKOBUN 4acOBUU psasl OyB CIIOYATKY
pPO30UTHII Ha KUIbKAa PI3HUX KOMIIOHEHTIB, @ OCHOBHI KOMIIOHEHTH OyJM BHITy4YEHI.

Pe3ynbTaTn mokazanM, W10 3ampolOHOBaHA MOJENb MOXKE JIOCATTA Kpalloi
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eheKTUBHOCTI mporuo3yBanHs, HiK iHmi. Neretin A. S. (2017) B poGoTti [25]
3alpONOHYBaB MPH TOMIOHMX  MOJCNTIOBAHHSIX  BpPaXxOBYBaTH  TPAHCIOPTHY

I[OCTyrIHiCTB TAKHX ITOCIYT.

1.2 AKTyajJbHi HayKOBi /[OCTiIKEHH MNACAKUPCHKUX IepeBe3eHb

aBialiifHUM TPaHCIIOPTOM

CydJacHi HayKOBI JOCHIJKCHHsSI 3aBJaHb I€PEBE3CHb MAaCAKUPIB 3HAUHOIO
MIpOI0 TOPKAIOThCS I aBTOMOOLIBLHOTO TPAHCIOPTY. Y TMPUBEICHOMY aHaji3i
OCTaHHIX HAyKOBUX JOCIIPKEHb BUCBITIIOETHCA AKTYaJbHICTh TAaKOrO MUTAaHHA WU
fioro OaratorpanHicte. B cBoiit po6oti Huang J., Mao B., Wu G. (2021) [26]
PO3KpUBAJIM TUTAaHHS SKOCTI OOCIYrOoBYBaHHS TAacCaXHUpIB JO TOYATKY i3/IKH.
OroBopeHuil CTaH NHUTAHHS BIUIMBY KOMQOPTHOCTI HAJaHHS CEPBICHUX MOCITYT
nacaxupam Ta BIUIMB SIKOCTI TAKOI'O CEPBICY Ha KUIbKICTh MacaxxupiB. BuzHaueHo,
10 po3poOJieHnu cepBic TpaHchepy MacakUpiB 10 aBTOCTAHIIT MOXKe 3a0€3MCUUTH
0e3nepeliiiHy MOJOPOXK M0 MOCIYr TPOMAJCHKOIO0 TPAHCHOPTY, 1€ 3yMOBJICHE
e(EeKTUBHICTIO PI3HUX PEXKHUMIB MOJIOPOXKI (HAPUKIIAA, TAKCl, CIIIJILHUNA BEJIOCHUIIE,
aBTOOyC) y ciyxk01 TpaHchepy. ABTOpamMu 3ampoNOHOBAHO OCHOBY Teopii
€BOJIIOLIIMHUX 1TOp AJISI BUPIIIECHHS MPOOJIeMH TUHAMIYHOT B3aEMOJIT MAcCaXUpiB Mij
gac 00CIyroByBaHHS. PosrismaroTbCs —clieHapii HECKIHYEHHOiI Ta  KIHIIEBO1
CYKYITHOCTI BiAMOBiAHO. Pe3ynbTaTu MOMAENIOBaHHS, TMPOBEJACHOTO aBTOPaMH,
BKa3yloTh Ha Te, IO Il MPOTYJSIHKKA € TMEepIIuM BUOOPOM Ji TAacaXHpiB 3a
KOM(OPTHOI MOroju, a Takci — MepIIuM BUOOPOM y HecHpusTIuBy moroay. [licms
BIPOBADKEHHSI €(QEKTUBHUX CTpaTerii eQeKTUBHICTh TMOJOPOKEH MaCAKUPIB
OJIHOYACHO 3pocTae. TakuM 4nHOM, e(PEeKTUBHI CTPATETIi, sIKI BKJIIFOYAIOTh 3arajbHUN
CJIEKTPUYHUNA BEJIOCUIIE], I1HAMBIAyallbHy TMOBEIIHKY Ha aBTOOycl Ta TakKci,
320X0UYIOThCS MPU TUIaHYBaHH1 0OCIYyroBYyBaHHS Ha €Tarll TpaHcdepy.

[luTaHHAMH BUBYEHHSI BMIHMBY MPUBAOIMBOCTI aBTOMOOUIHHOTO TPAHCHOPTY
JUTSL TTACAXKUPIB, 13 JOCSITHEHHSM METH 30UIBIICHHS KUIBKOCTI MacaKHUpiB 3aiMaIUCh

i iami Bueni. Tak, B po6oti aBTopie Kang H., Li M., Zhou P., Zhao Z. (2012) [27]
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pPO3IUIIHYTE€ TMUTAaHHA PO3PaXyHKY OOCATIB MACAKUPCHKUX  IEpPEeBE3eHb 13
3a3HAYEHHSM TEPIIOYEeProBOCTI BU3HAYECHHS TaKUX MapameTpiB IS TUIAHYyBaHHS
TISUTBHOCTI  BCHOTO  BHPOOHMYOTO TMPOLECY TaKWX TMepeBe3eHb. ABTOpaMu
3apONOHOBAHO 3/IMCHIOBATH MPOTHO3 00’€MYy MACaXUPOIMOTOKY 3a JOIMOMOTOIO
BEKTOPHOI perpecii V-MIATPUMKH, ONTHUMI30BaHOI 3a JOMOMOTOI0 aJanTHBHOTO
TEeHETUYHOTo anroputMmy xaocy. [Ipum 1poMy aBTOpaMu BH3HAUYEHO MOXIIHUBICTDH
3aCTOCYBaHHS 3alpPOIOHOBAHOT MOJIEJNl 3 HEBEJIUKUM 00'€éMOM MAaCaKUPOMOTOKY, 3
OIJISIIy HA KUIBKICTh MAacakUpiB, HEBEIMKUN 00'eM MacaxupomoToky. Perpecis
BEKTOPY ONOPH BBEACHA JUIsl IPOTHO3YBAaHHS OOCSTIB MACAKUPONOTOKY. [[i1s1 mouryky
ONTUMAJIbHOI TOYHOCTI IIPOTHO3Y Ta MPOIYKTUBHOCTI y3arajibHEHHS IJIs ONTUMi3alil
rapamMeTpa BHUKOPUCTOBYETHCA XaOC-aJallTUBHUN TE€HETUYHHUM AITOPUTM, SIKUU
0a3yeThCcs Ha BIJOOpaXEHHI XaoCy Ta aJanTHBHOMY MexaHi3Mmi. B poGoti [28]
aropiB Chen Y., Xu J. (2020) BuKIaA€HO pe3yJbTaTU AOCHIIKEHHS MOKIJIMBOCTI
3aJly4eHHs 10 poOOTH BOJIiB 3 MUTaHb IXHIX BJIACHUX XAPAKTEPUCTUK XapakTepy Ta
noBeiHKU. BcTaHoBIEHO, 110 BOJIIi MAatOTh MEBHI MCUXOJIOTTYHI TPO(d1Ii BIACTUBOCTI
SKUX BIUIMBAIOTh HAa CTHJIb KEPyBaHHS, IO y CBOIO YEPry Ma€ 3a/I0BOJIbHATH YMOBaM
BU3HAYCHUM IIPU TEPEBE3CHHI MacakupiB. BUBYEHHS OCOOIMBOCTEH MOBEIIHKH
BOJI1iB MICBKHMX BOJIIiB y TIPCHKUX MICTaX 3a JONOMOroro Merony orpuManus GPS Ta
MOPIBHSJIBHOIO aHali3y 3HAY€HHS IIBUIKOCTI PYXy IIECTH JIETKOBUX aBTOMOOLIIB.
PesynbraTty mokasyrooTh, I10: 3BUYKH PI3HUX BOJIIB Y MpOIIeCi BOJIHHS HE OJTHAKOBI,
€KCIIEPUMEHT 13 TPbOX MOZENEW TUNy «3aJUIIUTHCS MOCTiHHO», «lIpuckopeHHs
nepeBarn», «llIBUIKO Ta MOBUIBHO»; 3aBIASKH CBOIM BIIACTUBOCTSM, B IpOIleci
BOJIHHS, Jlama3oH IIBHUIKOCTEM JIECKOBOTO aBTOMOOUISL HeE BeJlIMKuU. To0To,
KEpyIOUu JIETKOBUM aBTOMOOLUIEM, Pi3HI BOJIi OyAyTh KOHTPOJIIOBATHM HIBUIKICTD
pyXy B OUTBbIII CTa0LILHOMY Jiamna3oHi; pi3HI BOIl MO-PI3HOMY CTaBISATHCA 10 TaK
3BaHUX 3HAKIB OOMEXEHHS IIBUIKOCTI IIPU NEPEXO/l OJIHIEI JOPOTH, EKCIIEPUMEHT 13
nBox THINB: «IloBHE cTexkeHH» Ta «BiamoBigHe A1 MIAINUCAHHS; BEJIMKa KUIBKICTh
TYHENIB 1 MOCTIB Ha MaCAKUPCHKUX MAPIIPyTaX pOOUTH BOJIITB OLTBII MMIHHUMU, HIK

1HII1 pIBHUHHI pailoOHU.
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ABtopamu pobotu [29] Pazoysky, Y., Kalikina, T., Saveliev, M.,
& Kurtikova, E. (2020) po3risiHyTO BIUIMB XapaKTEPUCTUK MapIIPYTHOI Mepexi Ha
npuBaOIMBICTE BUAY TPAHCIOPTY. 3ampOMOHOBAHO METOAMKY  PO3PaXyHKY
MapIIPyTHOI MEPEKI TAJIEKOr0 CIOJYYEHHSI B YMOBAX KOJIMBAHHS MACAXUPOIIOTOKIB.
Pobora oxommioe Taki NHUTaHHS, SK SKICHE BH3HAUYEHHA MApUIPYTHOI MeEpEexi
JAJIEKOTO CIOJMY4YeHHS, 3a/Jadl pOo3paxyHKy MapHIpyTHOI MEpeki MacakUpChbKUX.
MoxHa CTBepI)KyBaTH, IO 3a3BUYail MOJIOHI 3a/adl BUPINIYEThCA SK CTAaTHYHI,
TOOTO MPH PO3PaxyHKY HE BPaXOBYIOTHCS KOJMBAHHS MACAKUPOMOTOKY 3a MEBHUU
npoMixkok vacy. lle mpu3BoauTs ab0 10 301IbIIEHHS TPOOITY BUIBHUX MICIlb, 200 70
iX nediuuTy, OCKUIBKM MaCa)KUPOMOTIK PO3MOIUISETHCS HEPIBHOMIPHO IO JHSX
TKHA. SIKII0 3a7ady po3paxyHKy MapHIpyTHOI MeEpeki IMacaKUPChKHUX IOI3]IiB
chopMyIIOBaTH SK JMHAMIYHY, TOOTO 3MOJIETIOBATH ii 3 ypaxXyBaHHSM KOJUBaHb
MAacCaXUPOIOTOKY B 4Yacl Ta BpaxyBaTU HEPIBHOMIPHICTh [MACAKUPONOTOKY B
NpsIMOMY Ta 3BOPOTHOMY HaIlpsIMKax, L€ MPHU3Bele 1O MIJIBUILIECHHS €(PEKTUBHOCTI

BHUKOPHUCTAHHA PYXOMOI'O CKJIaay.

1.3 Ctan HayKOBOi IYMKH /10 UTAHb OPraHi3auii nepeBe3eHb Macakupis

3aJIi3HUYHUM TPAHCIIOPTOM

3aNi3HUYHUN TPAHCTIOPT MOXKE ¥ BIJITpae 3HAYHY pOJIb B TEPEBE3CHHSX
MacaKUPIB TMPU PI3HUX THUMAX CIOJYUYEHHS, IO € OCHOBOIO JJISI aKTYaJIbHOCTI
NUTaHHS JOCIIIKEHHsS Takux mepesBesenb. Poooru [30, 31] Li Q., Ji C,, Jia L.,
Qin Y. (2013) Ta Zhang C., Shi T., Lv X., Bai W., Liang B., Hu H. (2018)
BHUCBITJIIOIOTh TaKl MUTAHHS, SIK MOJICIFOBAHHS PO3IOIITY MacaXUpiB ONMUPAIOYNCh Ha
yac OYIKyBaHHS 3aJi3HUYHUX TACaXUPIB HA OCHOBI BiACTaHI pyxy mnoizmga. Yac
OUIKYBaHHSI MACAXKUPIB HA BOK3aJl MOKAa3y€ MO3UTHBHY KOPEJSLII0 MK CEepeaHIM
JacoM OYIKYBaHHS Ta BIJICTAHHIO pyXy moi3ga. Pe3ymbrath, mo BimoOpa)karoTh
BIIMIHHICTh BIJICTAHEW pPyXy MOi3/diB, MOXYTh CTaTH TECOPETUYHOI OCHOBOIO IS

onTUMi3auii mMapamMeTpiB MNpUOYTTS MNACAKUPIB 3ali3HUIECIO. TakoX, OMHCAHO
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NUTAHHS 3arajlbHOT CTPYKTYPH JUISl 1HTEJNEKTYaJIbHOI 3allI3HUYHOI IMaCca’KUPCHKOi
CTaHIIIi 1HTEJIEKTYyaJbHOI 3JII3HUYHOI MTaCAKUPCHKOT CTAHIII].

ABtopamu po0OiT [32, 33] Yuqiang H., Baohua M., Rong H. (2006) Tta
Bao Y. (2010) onrcano METOUKH PO3paxyHKy MaKCHUMalIbHOI KUIBKOCTI TAacaKUpiB
3aI3HUYHOI AacCaXKUPCHKO1 cTaHlli. BusHaueHo, 1o 3aii3HuYHa Mepeka He3yMUHHO
30UTBIITY€ETHCSI, & TOMY OyJe MoOyI0BaHO 6araTo HOBHUX 3ali3HMYHUX MACAKUPCHKUX
CTaHIIM W Ayke HeOOX1THO BUBYATH TeOpli MOOYIOBU 3aJII3HUYHUX MACAKUPCHKUX
CTaHIIH, IKUMU OOYMOBJICHO, III0 MaKCMMajlbHA KUIBKICTh MACaKUPIB € KIIOUYOBUM
napamMeTpoM JUIsl MPOEKTYBAaHHS MPOMYCKHOI 37aTHOCTI 3aI3HUYHOI MAaCaKUPCHKOI
CTaHIi. Y CTaTTI JOCHIJKYIOTHCA ICHYIOUl METOAM PO3PaxXyHKY, SIKI BKJIIOYAIOTh
MeTo/ 310paHuX KoeQilieHTIB, METOJ TpadiB 1 HOMEPIB MOI3IB OJHOCTOPOHHBOIO
METOJy, IMOBIpHICHHMH METOJ, METOJ HAWTIPIIOi CUTYyaIlli Ta METOJI MOJICIIFOBAHHSI,
KpIM TOTO, JIa€ 3alpOIIOHOBAHE 3HAYEHHS IXHIX MapamMerpiB. Monens KoopauHalli
MDK IIBUAKICHUMH 3aJ13HUYHUMH JIIHIIMHU Ta 3BUYAHHUMU 3Q113HUYHUMHU JHIIMH B
KOPHUAOP1 3aTI3HUYHOTO MaCaKUPCHKOTO TPAHCTIOPTY. BHCoBIeHO, 1110 palioHaibHa
CXeMa TpPAHCIOPTHOTO  CIIBPOOITHUIITBA MOXE MOKPAIIMTH BUKOPUCTAHHS
3QIII3HUYHUX TOTY>KHOCTEH, MIBHIKICTh PYXY IMOi3/IB, SKICTh OOCIyrOBYBaHHS Ta
oprasizamii 3ali3HMYHUX TMepeBe3eHb. llomepeaHe MOCHIKEHHS B OCHOBHOMY
30CEpE/KYBAJIOCST HA AacCHeKTl yOpaBiIiHHS 3alli3HUYHOIO a00 MacakUpPChKOIO
oprasizaili€ro, siki iIrHOpyBaiH iX B3aemojito. Ha oCHOBI TuiaHyBaHHS 3aJ1i3HHYHOTO
TPAHCIIOPTHOTO KOPUIOPY Ta CTPYKTYpH Ta PO3MOALTY IacaKUPOTOTOKIB
PO3MIISTHYTO MPOOJIEMY PaIlliOHAIBHOTO CHIBPOOITHUIITBA KOPHUAOPY 3a13HUIHOTO
MaCaXUPCHKOTO TIEPEBE3CHHS 3 METOI0 BH3HAYCHHS PI3HOBHJIB, KUIBKOCTI Ta
MapuIpyTiB pyxy IMOi37iB Ha MIBUIKICHIA 3ai3HUIN. JIiHII Ta ICHYIOUYl 3BHUYalHI
3aII3HUYHI JIiHIT B KOPUAOP1 3TI3HUYHOTO TPAHCHIOPTY. 3apONOHOBAHO JIBOPIBHEBY
MOJIeIb TIpOTpaMyBaHHs MiAPO3AUTY. BepxHs Monenb mpu3HaueHa Jjisg MiHIMi3alii
3arajJpHUX BUTpaT Ha TIEPEBE3CHHS, a HWXKHA — pPIBHOBaXHA MOJCIHb, IO
BU3HAYAETHCS MACAKUPAMHU.

JlocnikeHHs TUTaHHS MOJIEl OLIHKU pU3MKY Oe3neku Aid 1HGopManiiHux

TEXHOJIOTIM 3ali3HUYHOI CHCTEMH Ta ii 3aCTOCYBaHHS B CHCTEMI 3alliI3HUYHUX
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nacakKMpChbKUX KBUTKIB B pooOoti [34] Li H., Liu Y., He D. (2007). Ha ocHosi
METO/ly OIIIHKMA PHU3UKY O€3MeKu: Led JOKYMEHT, 3aCHOBAHUN Ha OIIHII PU3UKY
0e3mneKu, MPoIEMOHCTPOBAHNN Y HEBU3HAYCHOMY METO/I1 OTPUMATH METYy KUTbKICHOI
OIIIHKM PU3HKY Oe3reku. Pu3nk Oe3IeKu OILHIOEThCS MIJIIXOM CTBOPEHHS HEYITKOi
MaTpUIll ISl PU3UKY OE3MEeKH Ta aapecHOTo Habopy (akTopiB puU3HKY, HAOOpPIB
1HAMKATOPIB PU3UKY O€3IEeKH Ta BaroBoro koedimieHTta (GakTopiB pU3UKY OE3MEKH Ta
3aCTOCOBYETHCS /10 CHUCTEMHU 3aJI3HUYHHUX MACaXUPChbKUX KBUTKIB. L[l Oe3neku,
nependadeHi CHCTEMOIO 3aTI3HUYHUX MacCaXUPChKUX KBUTKIB, BKIIOYAIOTH O€3MEKy
CHUCTEMH, JTOCTYMHICTh, aBTCHTHUYHICTh 1AeHTU(]IKAIT Ta HaIIMHICTH TpaH3aKIIHA 3
METOI0 3axucTy GI3MYHMX aKTHBIB Ta 1H(OpMAIIHHUX aKTUBIB BIJ[ 3arpos, sKi
HaJIXOJSTh BiJl CaMOi CUCTEMH, TIEPCOHATY, €KOJIOTIYHUX Ta MPUPOJHUX KATaKII13MIB.
Astopamu pobotu [35] Stoilova S., Nikolova R. (2018) po3po6iieHo MeTOm0JIOTi0
BUOOPY TpPAHCHOPTHOIO IUIAHY MDKMICBKMX TMOI3AIB y MEpexl 3ali3HUIb 32
JIOTIOMOTOI0 METOJy aHaJITUYHOIOo mpolecy iepapxii. B pobdotax [36, 37] Wang J.,
Zhang J., Wang W., Lii, X. (2011) ta Li, J., Zhang C., Teng J. (2019) Oyno
3alPOMOHOBAHO MIAXOAW JI0 PO3PaXyHKY KIJBKOCTI TACaKUPIB MOJIMIICHHIM
HEHWPOHOI Mepexi Ta ii 3aCTOCYyBaHHSM B MPOTHO3YBaHHI KITBKOCTI MAaCAKUPIB HA
3aIII3HULI M1 4ac BecHAHoro (ecruBamo. [lokpaiieHa Moaenbs HEHPOHHOI Mepexi
OyJia cTBOpeHa HUIIXOM NOOYAOBH MOZEI Ta MOKa3y alrOpUTMIB, Ky MOPIBHIOBAIN
3 TPAAUIIIHHOIO HEHPOHHOIO MEPEkKEI0 IMUITXOM 3aCTOCYBaHHS MPHU MPOTHO3YBaHHI
MAacaXUPOIMOTOKY Ha 3ajli3HMIN MiJ 4ac BecHsHoro QectuBanto. [IpoananizoBaHo
BIUTMB (aKTOpPIiB Ta TEHJACHIII 3pOCTaHHA OO0CATY BIJANPaBICHb MICHKUMH
3QII3HUYHUMH  TaCaKUpPaMHU, BUSBJICHO PI3HI e(PEeKTH Ta KOpewsiii CoIiaabHO-
€KOHOMIYHMX 3MIHHMX 1 ()aKTOPIB MPOMO3HULIIi 3aJI3HUYHOTO TPAHCIIOPTY ISl PI3HUX
MICT.

AHaJli3 TIOBEIIHKU MAaCAXHUPIB HA 3aI3HUYHOMY TPAHCIOPTI MPOBEACHO Ha
TaKUX MapaMerpax, fK: CTaH TPAHCIOPTHUX 3acO0IB, SIKICTb MOCIYT, 110 HAAAIOThCA
CIO’KMBa4YaM, KOHKYPEHTOCTIPOMOXKHICTh IIiH 1 MBI MK MacaKUPOIOTOKOM, CTaH
1H(PpaCTPYKTYypH TPaHCIOPTHOTO 3aco0y Ta 3yMUHOK B poboTi [39]. 3actocyBaHHS

HEYITKOI Teopii 0 aNropuTMy ONTHUMI3Allll Baru 1HJIEKCY O€3MeKH 3ajJi3HUYHOTO
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HacakKUpPChbKOro TpaHcmopry B poboti [40] Bupimiye mpoOiieMy BH3HAYEHHS Baru
1HJEKCY TIpH OIHIIl OE3MeKH, I CTaTTsA MOo-TepIle IMOEAHYE HEUITKYy TEopilo 3
MPOIIECOM aHANITHYHOI i€papXxii, MO0 OTpUMaTH IHTEPBAJI 3MIHM Bard KOXKHOTO
inaekcy. Ilotim, pesynbrat mMonentoBaHHs Monte-Kapio BUKOPUCTOBYIOThCS AJIs
TCHEPYBaHHs pE3YyJbTaTIiB OINIHKH I PI3HUX BaroBWX IHIEKCIB, a JUCIEPCis
pE3yIbTaTIB OIIHKK OTPUMYIOTHCS KUTbKICHUM MeTosIoM. B po6oTi [41] 3acTocoBano
BJIOCKOHAJICHOI HEHUpPOHHOT Mepexi [JIsi MPOTHO3YBAaHHS KUIBKOCTI MacakKUpiB Ha
3ami3HUYHOMY TpaHcnopTi. CTBOPEHO YacOBY IMOCIHIIOBHY HEHpPOMEpPEkKOBY MOJEINb
IPOrHO3YBaHHS OOCATIB 3allI3HUYHUX MAacCaXUPChKUX IepeBe3eHb. Po3polieHo
napameTpu Mepexi. [IpoBeneHo iMiTaliiHui eKCIEPUMEHT MEPEKEBOI0 HaBUYaHHS Ta
HaB4yaHHs. [lOpiBHIOIOTBCSI Ta  AHAMI3YIOTBCS  pe3yJbTaTH  MPOTHO3YBaHHS
MOKPAIIEHOI Ta HOPMaJIbHOT HEHPOHHOT MEPEXi.

B poGotax aBTOpiB [42-45] pO3KpPUTO METOJ] KOPUTYBaHHS BUKOPHUCTAHHS
KOJIH mpuOyTTS Ta BIANPABICHHS Ha 3alI3HUYHUX MACAKUPCHKUX CTaHLISIX Ha
OCHOBI 4acOBO-IIPOCTOPOBUX pecypciB. MoJentoeTbes 3ajaua KOPUTYBaHHS CXEMU
BUKOPUCTaHHA IUIAX1B OpUOYTTS Ta BIANPABICHHS HA OCHOBI IMCKpPETU3ALlli YaCOBO-
MPOCTOPOBUX PECYPCiB TPEKIB MPUOYTTS Ta BIANPABICHHS 3 TOYKA 30Dy
MIKpPOCKOMIYHOTro onucy. OnucaHo Mojielb BUOOpPY pEeXKUMY PyXy MacakupiB 3a
MEeXaMHU 3aJlI3HUYHOTIO TPAaHCHOPTHOro By3na. IIpoaHanizoBaHO MeXaHI3M BUOOpY
BUI3HOTO PEXKUMY IMACAKUPIB, MO0 NpuOyBalOTh, 1 BU3HA4aIOThCsA. HamgaHa oriHka
CUCTEeMH 300py MPOi3Ay BEJIMKOMACHITAOHOT 3aTi3HUYHOI MACAKUPCHKOI CTaHIIII Ha
OCHOBI MIKPOCKOIIIYHOTO MOJICTIOBaHHSI TMOBEIIHKK MacaxupiB JlocmimkeHo
METO/IOJIOTII0 MIKPOCKOIIYHOTO MOJIENIIOBAaHHS MOBEIIHKM MAca)XUpPiB Ta CTBOPEHO
IMITalliHy MOJEiIb CHUCTeMH 300py MpOi3ay Ha BEJIMKOMACIITAOHINA 3aTi3HUYHIN
MaCaXUPCHKIA CTaHIII].

B po6orax aBtopiB [46-50] Oyio po3rissHYTO iHINI MUTaHHS AKTyaJlbHI JJIs
MAaCAXUPChKUX 3aJTI3HUYHUX T[epeBe3eHb. BHUCBITIEHO CTaH MNUTaHHS 3 BHOOPY
rmapaMeTpiB ISl TPUHHATTS PIIICHb MMOCAIKK ISl TACaKUPIB MIBUAKICHOT 3aII3HUII
Ha OCHOBI Teopii Je3arperaiii, KJacu(pikoBaHO 3aTI3HUYHUX IMACaXUPIB Ha OCHOBI

KJIACTEPHOTO aHajizy, MpOBEJAeHA ONTUMI3aIlisl KOMOIHAMIT JIsl PO3MOJLTY MICIb Y
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3QJII3HUYHOMY TACaXUPChbKOMY BaroHi Ha OCHOBI TMOKPAIEHOTO T'€HETUYHOIO
QITOPUTMY, MOJIEIb KOHTPOJIIO Ta MPUUHATTA PIIICHb ISl MONEPETHBOrO MPOAAXKY
3aIII3HUYHHX MTACAKUPCHKUX KBHUTKIB.

ABTopamu poOIiT [51-55] BHU3HAUEHO TMPIOPUTETHUMH JUIsI BHUBYEHHS U
PO3KpUTO HACTYMHI 3amadi B PoOOOTI 3ali3HUYHOTO TPAHCIOPTY, a came: 3
BUKOPHUCTAHHAM Cy4YacHOi Teopii IutaHyBaHHS OyJio MOOyJOBaHO KEPOBaHY MOJEIb
IUTAaHYBaHHS KOPUTYBAaHHS B peajbHOMY 4acl Ta MOEAHAHY MOJIEIb BUKOPUCTAHHS
KOJIii; MOJIETIOBaHHS, IUIaHyBaHHS 1 MOOyA0Ba aaTrOpUTy BHKOPUCTAHHS KOJii Ha
3AI3HUYHUX TACAKUPCHKUX CTAHINNAX; JOCTIHPKEHO JUHAMIYHI XapaKTePUCTUKHU
CUCTEMHU 3aJII3HUYHOTO MMaCaKUPCHKOT'O BaroHa Ha OCHOBI KEPYBaHHSI IeMII(pyBaHHSIM
YBIMKHEHO/BUMKHEHO, CTAHOBJIEHO CTYIIHb CBOOOJAM IACA)KUPCHKOTO BaroHy;
JOCIIJKEHO BIUTUB KOEQILIEHTIB aMOpTHU3allli Ta 4YacoBOi 3aTPUMKH CHUCTEMHU
HaIlIBAaKTUBHOI MIJIBICKM Ha JWHAMIYHI XapaKTEPUCTHUKU JIETKOBOTO aBTOMOOLIA;
JOCIIKEHO SIKOCTI OOCIyrOBYBaHHS MacaXWpIB Yy MACAKUPCHKOMY IMOI31l;
3MOJICJIIOBAHO Ta TMEPEBIPEHO KOHCTUTYIIO Ta PO3MIpU SKOCTI 0OCITyrOBYBaHHS
MacaXXUpiB Ta iX B3a€EMO3B’ 30K 13 BAPTICTIO CIIOKUBAHHS MACAKUPIB, 3310BOJIEHICTIO
MacaXupiB Ta  TOBEPHEHHSIM  TMACAKUPIB Ta  TMO3UTUBHUMH  HaMmipaMu
PO3IMOBCIO/IKYBAaTUCh 13 BYCT Yy BYCTA; OI[IHEHO €KOJOTIYHOCTI 3aJlI3HUYHUX
MAaCAXUPCHKUX CTAHIIH HAa OCHOBI BCHOTO IKHUTTEBOTO IHMKIY, BKIIOUYAIOUN
MJIaHyBaHHS, eTanmu OyMIBHUIITBA Ta eKCIUTyartallii. BukopucTOByrouM Teopito
eKCTeHIKM, OyJ0 CTBOPEHO MOJIeJib €JIEMEHTIB JJig OI[IHKM 3€JECHOTO PIBHS
MaCaXUPCHKUX CTAHI[IN Ta pO3paxOBaHO Baru 1HACKCIB 32 METOJIOM.

Oprasi3ailiiiHi MUTaHHS MPOIECY MacaKUPChKUX MepeBe3eHb B poborax [56-
60] Oyyiv BHBYEHI i 32 UM PEKOMEHIOBAHO IXHE ypaxyBaHHs. 3/1eOUIbII, aBTOpaMHU
OyJI0 JOCIIKEHO METOIM OI[IHKM Ta MOJIENI mepeadi pyxy Ha MIChKil 3a1i3HUYHIN
MacaXUpPChKik craHiii. Ha OCHOBI MHCIEHHS «BIJKPUTOTO 10 OO0’€KTa» Ta 3a
JIOTIOMOTOI0 TIPOTPAaMHOTO 3a0e3MeUYeHHs] MOJICIIOBAHHS PO3KUIYy byno mociimkeHo
METOJM BI3yaJIbHOTO MOJICTIOBaHHS OIIIHEHWX METOJIB Tepe/ayl TPaHCIOPTYy Ha
MICBKIA MacaxupchKii craniii. OI[IHEHO SKOCTI OOCTYroBYBaHHS 3ali3HUYHUX

MacaXUpPiB 3 BUKOPUCTAHHAM KOMIUIEKCHOI MOJIEIl HEUITKOI OI[IHKM Ta HEWPOHHOI
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Mepexl 3amporoHOBAaHO JiBa MIiAXOAW JO OI[IHKM Ha OCHOBI KOMILUIEKCHOI MOJEl
HEYITKOTO OI[IHIOBaHHS Ta HEMPOHHOT Mepexi. BuzHaueHno akTopu, 1110 BUKIUKAIOTh
HU3BKUI TOMUT Ha NPHUMICHKUN MacaXUpChKWili MOTAr. BcTaHoBIEHO MOaENb
YHOPSIKOBAHOI JIOTIT-perpecii. 3rifHO 3 pe3ysbTaTaMH, MNPUYUHAMHU 3HUKEHHS
MacaXUPOMOTOKY € pO3TalllyBaHHS IM0i3]a Ha MapuIpyTi, JETKWid JOCTyNm MO
aIbTEPHATUBHUX BHJIB TPAHCIOPTY, CHCTEMa I[IHOYTBOPEHHS Ta OOMekeHa
MPOIIO3UILIIS JIUIIE ABOX MOI3/OK.

BusznauennssMm  (axkTopiB mpuBaOIMBOCTI  3ali3HUYHMX T[E€pPEBE3C€Hb U
PEKOMEHIAIISIMU IO ONTHUMI3allii TaKMX IMEPEeBE3CHb 3aliMayMch aBTOpu [61-65].
[IpoBeneHMMH HUMH JOCHIKEHHSMU BHM3HAUY€HO, 10 NPOrHO3 Ta aHaJi3
MACaXXUPOIOTOKY Ha 3aJII3HULI HA OCHOBI MOJIENIl MHOKMHHOI PErpecii € MOKIMBUM
HIX0A0M JJIi PO3paxyHKy MAcaKUPOIMOTOKY MpU MEBHUX yMOBax. Po3risHyTo i
riOpuHy MOJI€NIb TETEPOreHHOCTI Il BUOOpPY pPEKUMY JOCTYITy MacaXHpiB, SKI
BUIMPABIISIOTHCS 3ATI3HUICIO, TIPU 1bOMY 30CEPEIKEHO YBary Ha BHOOpPI pexUMY
JOCTYIy MAacaXMpiB 3aJI3HUYHOTO BIJNPABIEHHS 3 OMIALYy Ha (JEHOMEH IepeBaru
aTpuOyTIB Ta HEOJHOPIAHOCTI aTpUOYyTHUBHOTO IMpolecy B 0araToarpuOyTHHX
pimenHsx. [IpoananizoBaHo TepeBard Ta HEOJAHOPIAHOCTI Tpollecy aTpulyTiB y
(GyHKIIIi KOPUCHOCTI Ta chopMyIbOBaHa rOpUAHA MOJENb HEOJHOPITHOCTI Logit.

[{iHoyTBOpeHHA ¥ BIUIMB (DIHAHCOBOI'O HABAaHTAXEHHS HaA Nacaxupa i
MepeBI3HUKA PO3KPUTO B poOOTI [66] HA OCHOBI Teopli MaKCHMMalabHOI YBITHYTOI
OOOJIOHKM JJisl 3aJi3HUYHMX TACAKUPCHKUX TMepeBe3eHb. HamaHo IUCKpETHY
0aratoBUMIpHY MOJIEIb PIIIEHHS, KA 3aCTOCOBYETHCS IS IIBUAKICHUX 3aJII3HUYHUX
MacaXUPChKUX mepeBe3eHb. ABTopamu [67-70] mpoaHami30BaHO XapaKTEPUCTUKH
nporiecy OpOHIOBaHHS KBHTKOBOiI KacH Ta IPOAHANI30BAHO XapaKTEPHUCTUKY
IMITaIiifHOI MOJeNi KBUTKOBOiI Kacu. Ha oCHOBi Teopii MacoBOTro 0OCITyroByBaHHS
OyJia po3pobJieHa cUCTEMa MacoOBOTO OOCITYTrOBYBaHHS 3 OJIOKYBaHHSIM 1 BIJICTYIIOM.
Ha ocHOBI 3ampornoHOBaHOTO TIOTOKY MOJIENIOBaHHS po3poliieHa edeKTuBHa
MIKPOCKOITIYHA IMITalliifHa MOJENbh 3aJTI3HAYHOI CTaHINl MIISXOM TIUIaHyBaHHS
HUISIXY, BUOOpY By3Ja Ta CHpUUHATTA pimieHHs. [1o0ynoBaHO MoOneNnb MITAaTHOTO

iaHy Opuragau. Mojens 3aCHOBaHa Ha OOMEXEHHSIX MapHIpyTiB MOi3iB 1 poO0Yoro
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yacy eKiMaxy. 3aBJaHHs ONTUMI3aIlli MOJENI IMOJsArae B TOMY, 1100 3MEHIIUTH
BUTpATH Ha KOMaHIy Ta EKIMax.

ABtopamu [71-75] po3risganuch NUTAHHS MOJEIIOBaHHS BHOOPY MapuIpyTy
nepecagky Ha 3alli3HUYHIA MacaXUpChKil cremianpHIA J1iHIl. MojentoBaHHS
3aTPUMOK MPUOYTTS MaCaKUPCHKUX TMOI3/IB 32 JOMOMOTOI0 y3aralbHEHUX JIIHIHHUX
Mozeneil Ta WOro MEepCHeKTHBH /Jis IUJIaHYBaHHS Ha TOJOBHHUX CTaHINSX.
[IpeacraBieHo nesKi MEPCrEeKTUBHI MEPCIEKTUBU YIPABIIHHS TOJOBHOIO CTaHIIIEIO.
3anpornoHOBaHO MOJIEb PO3TAIlyBaHHS TOYKH MOHITOPUHTY BiJ€OCHOCTEPEKEHHS B
By3J1aX 3aJI3HUYHOTO NacCaKUPChKOTO TpaHcnopTy. [lo0y10BaHO 1BOPIBHEBY MOJEINb
[IporpaMyBaHHS B MO€AHAHHI 3 METOI0M OOMEXKEHb.

B pobGorax [76-80] Oyno BHCBITIEHO METOJ NPOrHO3YBaHHS OCIAaHHS
MIJ36MHOTO IApy BUJIJIEHOT 3ali3HUYHOI MACaKUPChKOi JiHII Ta mo0yaoBa
BUJILJIEHOT JIiHII. 3ampolOHOBAaHO TPUTOUKOBHII METOJl, 3aCHOBAaHHUWA Ha MOJEII
rinepOoJid JjIsi TPOTHO3YBaHHS OCIJaHHS 3eMJISIHOTO MojioTHa. KoHKpeTHUil MeTon
[OJIATa€ B TOMY, IO TP BIJMOBIAHI TOYKU BUMIPSHOI KPUBOI PO3PaxyHKY, B3STOIL SIK
BUOIpKa TPOrHO3y, MIACTABISIOTH Y MOJEIb TinepOoan JyUisi MPOTrHO3yBaHHA
ocimanHs. YncenbHHI aHali3 HENMHIMHOT CTIHKOCTI ISl 3TI3HUYHUX MaCaKUPChKUX
BAaroHIB Ta PO3IMIIHYTO MAcCaXUPOIMOTOKM HAa KOPOTKUX MapuipyTax. BiamoBinHo 10
Teopii BHOOPY NOBEAIHKM, MPUKUMAaO4YM BUOIp MACAKUPOM IOI3JA SK 3aJEKHY
3MIHHY, IHIWBIIyaJdbHI OCOOJIMBOCTI TMACAXUPIB, XAPAKTEPUCTUKHU TMOJOPOXKI Ta
piBEHb OOCITYyroBYBaHHS MOI3/IB SIK HE3&JIEKHI 3MIHHI, 3MilaHa monenb Logit Oyna
moOy/IoBaHa Ha OCHOBI MYJIbTHHOMIAIBbHOI Mojeni Logit, mo0 BiAMOBIIATH JTaHUM
00CTeKEHHSI TMacaXUPOINoOTOKy. Pe3ynbratu MokasyroTh, IO SKICTh BIAMOBIAHOCTI
3mimanoi moxem Logit Bumia, HiK OaratoHomianbHa Mojenb Logit. Yac
BIJIMPABJICHHS € KIIOYOBUM (haKTOPOM, KMl BIUTMBAE HA TOBEAIHKY MACAXUPIB MPU
BUOODI. 77% macaxupiB BBaXKalOTh 3a Kpallle BAOUPATH MOTATH, SIK1 BIIPABISIOTHCS
3 6:00 mo 7:00, 1 ymume 10% BBaxaroTh 3a Kpalle BUOUpATH TOTITH, SKI
BianpasisitoThes 3 20:00 mo 21:00. Yac y nopo3i Ta 1iHa KBUTKA HETAaTUBHO KOPEIIOE
3 MOBEJIHKOI0 Macakupa npu BuOopi noizaa. XKinku crapiie 50 pokiB, CTyAEHTH,

Majo3abe3reyueHi, CaMoOoIJIadyBaH1 MacaKUPHU OUTBII YYTIUBI JI0 IIIHA HA KBUTKH.
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[Tigxing 70 OpU3HAYEHHS NACAKUPCHKUX TOTOKIB O MEPEeXi 3ali3HUYHHUX
MacCaKUPCHKUX TEPEBE3eHh Ha OCHOBI KOMOIHOBAHOI ONTHMI3allii, IO CTOCYEThCS
PO3MOUTY MAaCaXUPOMOTOKY MEPEX 3ali3HUYHUX MACaXUPCHKUX MEpeBe3eHb, TO
Mepexa 3aJI3HUYHUX MAcCaXUPChKUX TMEPEeBE3CHb HAa OCHOBI IUIAHY MACAKUPCHKHUX
MOT3/IIB  PO3BUBAETLCS OaraThmMa MaplIpyTamMH. 3arajbHUN OMIp MaCaKUPCHKUX
MapIIpyTiB BHUMIPIOETHCS  y3arajJbHEHOIO BAapTICTIO TPOI3Ay. 3ampONOHOBAHO
BpaxyBaHHs MPOITYCKHOT CIIPOMOKHOCT1 Ha PI3HMX IUISHKAX 3aJli3HUYHOI KOJIi Ta
CyMapHOTO OIOPY MapUmpPyTiB MPOI3Ay TMACaXUpPiB, CEHTPOMIi HACHUCHHS
MAaCaXUPOIOTOKY HA PI3HUX AUISHKAX 3aJ13HUYHOI KOJIi Ta CyMapHOI €HTpOIii
IMIIEJTAaHCY ~ MapUIpyTiB  Mpoi3gy mnacaxupiB. Takoxxk Oyna 3amporoHOBaHa
ONTHUMI3allifHa MOJIENIb MPU3HAYEHHS MMACAKUPOIIOTOKY .

AKTyallbHUMH TIUTaHHSIMU € ¥ TPOTHO3YBaHHS MapaMeTpiB B3a€MOJIii BUJIB
Tpancnopty. ABropamu B poGotax [81] Oyno BHUCBITIEHO METOJ MPOTHO3YBaHHS
MacmTaly aBTOOYCHOI 3yNMUHKH TEpe] 3ali3HUYHOIO MAacaXMPCHKOIO CTaHIIIEIO.
[IpoanainizoBaHO OCHOBHI (pakTOpH, IO BIUIMBAIOTh HA MAcIITaOW 3YNMUHKU TEpel
3QII3HUYHUM TAcaXUPChbKUM Bok3ajoM. Ha ocHOBI mpuOyTTsS Ta BiANpaBIEHHS
MACAXUPOIIOTOKY 3aTI3HUYHOTO MACAKUPCHKOTO BOK3aTY, TACAKUPOIIOTOKY 300py Ta
BIANpaBIEHHs, KoedilleHTa Tnepenadl B 3ali3HMYHIA CHUCTEMI Ta MICBKOIO
MIIIOXIAHOTO TMOTOKY MacaXUPChKOTO BOK3aly B TOAUHY IIIK, 3arajJibHOTO
MACaXUPOIOTOKY 3aJI3HUYHOTO Tacakupa CTaHIlis Oyna Bu3HaueHa. Dakropamu
PO3BUTKY 3aJlI3HUYHOI'O TPAHCIOPTY ¥ iXHIM BUBYEHHSM 3aliMaliCh aBTOPU POOTH
[82]. TlpomoHoBaHi aBTOpaMH 3MiHH MEPEAYCIM CTOCYIOThCS 3MIiHH ICHYHOUOI
CUCTEMHU 3a0e3MeUYeHHs] BIAKPUTOCTI 3aJi3HUYHOI KOJIi Ta BOK3aJIiB 3 METOIO
MIJIBUIIICHHS TEXHIYHOI TMOTY>KHOCTI 3aJi3HUYHOI KOJii Ta OE3MEeKH 3aTi3HUYHOTO
pyXy, 3aMiHM TapKy TPaHCIOPTHUX 3acO0IB Ta MOAATKOBUX 3aXOIB IIOJ0
MOKpAIIEHHS 3ali3HHYHOro pyxy. ABtopu [83-90] mnporHo3yBajgu IONHAT  Ha
3QJII3HUYHI MACAXUPU HAa OCHOBI 1HTErpauii XxaoTuyHoi (a3oBOi pecTpyKTypu3alii
MPOCTOPY Ta MpUHIUITY moAiOHOCTI. Ha ocHOBI Teopii pecTpykrypwu3ariiii ¢ha3oBoro
MPOCTOPY PECTPYKTYPU30BAHO (Pa30BHUMl MPOCTIp JAHUX YACOBUX Ps/IiB MOMMUTY Ha

3QII3HUYHI TACAXHPU, PO3PaXOBaHO iX JAPOOOBY PO3MIPHICTh KOpEMSAIii Ta
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MaKCUMaJIbHUIM Moka3HUK JIsmyHOBa Ta BHUBEJCHHM BUCHOBOK MPO XAOTHYHICTh
JaHUX YaCOBUX PSAJIB MOMUTY HA 3ali3HUYHI macaxkupu. OmnucaHo mporec poOoTH
3QBHUYHUX ~ TMACAKUPCHKUX  CTaHIA. 3ampomoHOBaHa TiOpUAHA  MOJENb
POrHO3yBaHHS MaCaKUPONOTOKY. JlochnipkeHHs 1HPPACTPYKTYpH TPAHCTIOPTY HpU
oprasizariii ioro B3aeMoii Mi>k aBTOMOOLIIFHIM Ta 3aJII3HUYHUM PO3KPUTO Y MIAX01
70 BU3HAYCHHS TapamTpiB aBTOMOOUIBHMX CTOSHOK OUIS 3adi3HMYHUX CTaHIIIi.
EdextuBHicTh ¥ TOBTOpHE BHUKOPUCTAHHS BUIBHMX MICIb, 3BUIBHEHUX BIiJ
MMOBEPHEHHS KBUTKIB, € TIEPETyMOBOIO TSI TIONIEPEAHBOTO TUTAHYBAHHS Ta PO3YMHOTO
YOPaBIIHHS IUMH MICISMHU, 1100 3a70BOJIBHUTH IOTPEOH Yy IOAOPOXK1 OiIBIIOT
KUIBKOCTI1 MacaKHUpiB.

Asropu  [91-99] 3MIACHWIN  JOCHIUKEHHS  METOAIB  PO3PaXyHKY
MaKCUMaJIbHOTO 30MpaHHA TMAaCaXUpPiB 3aJI3HUYHOI MACaXHUPCHbKOI CTaHIi Ta
3alpPOMOHOBAHO HOBY IMiTalliiHy Mojenb. Ha ocHOBI Mopeni Oylia CTBOpeHa
iMiTaliiiHa cucrema. Pe3ynbrat  JOCHIIKEHHS IOKa3ykoTh, IO CHUCTEMA
MOJICIIIOBAHHS MOJICNIOE pealbHUH cTaH. MOro 3acTOCyBaHHS MOXKE ITiABHIIUTH
e()EeKTUBHICTh, YHUKHYTU Oarato poOOTH 3 pO3CHIAyBaHHS Ta 3a0IIaJUTH BUILIATY.
Takox Oyno TpOBENEHO aHami3 Tpollecy 30MpaHHS MACAKUPIB HA 3aII3HUYHHUX
MAaCAKUPCHKUX CTaHINAX M PO3PaXyHKOBUX MOJENEH IUIONIl Ta KIIBKOCTI 3alliB
OUIKYBaHHS Ha CylepMacIiTad0HUX 3ali3HUYHUX MACAKUPCHKUX  CTAHIIISX.
[IpoexTyBaHHS MOKAKYUKIB CyNEpMACIITAOHUX 3aJII3HUYHUX MACAKUPCHKUX CTAHIIIN
HAJ(3BUYAHO BAXJIMBE 4Yepe3 BHCOKY BapTICTh OydIBHUITBAa Takux craHuid. Ha
IYMKY aBTOpPIB IUIOIIA Ta KUIBKICTh 3aliB OYIKYBaHHS € JBOMa BaKJIMBUMH
MOKa3HMKaMH B JU3aiiHi. [XHI pPO3paxXyHKOBi MOjeNi BCTaHOBIIOIOTHCA HA OCHOBI
PEe3YyJIbTATIB ICHYIOUHUX JOCHIKEHb JJI1 JOBIAKHU. JlOCTIKEHHS 1040 BU3HAYCHHS
MOJIeNII TIPOTHO3Y MAaKCUMAJIbHOTO 30WMpaHHS TacaXupiB Ha 3aTI3HUYHUX
MacaXUPCHKUX CTAHINAX IMiJl Yac MPOEKTyBaHH:, 3alIPOIIOHOBAaHA MPOTHO3HA MOJIETIb,
MOSICHIOETBCSI, SIK BU3HAYWTH 3HAYCHHS IMapaMeTpiB  MOMCIHI, IOSCHIOETHCS
3aCTOCYBaHHS MOl Ha TMPUKIagaX OOYHCICHb Ta TOPIBHIOIOTHCS PE3yJIbTaTh

IIPOTHO3Y.
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[IuTaHHA KOJIMBaHb MACaXUPOIMOTOKIB IXHE ypaxyBaHHS Ta BUBYEHHS OyiH
npejacTaBieHi, y Tomy uucii, aBropamu [100-108]. Ha ixHIO aIyMKy
BUKOPUCTOBYIOUH €(PEKT PYXJIMBUX BIAMYCTOK 1 TyMKy mpo mporeaypy IeHrona,
HoTepeH1 3HaHHS MPO Te, [0 PYyXOMl KaHIKyJId MalOTh PIBHOMIPHO 3MIHHHUH BILJIUB
Ha OOCATH 3aJI3HUYHUX MMACAKUPCHKUX TEPEBE3CHb. TaKOX OMHUCAHO W MOJENb
OIIHKU SKOCTI 00CITyrOBYBaHHS ISl MIBHIKICHOT 3aJTI3HUYHOT MACaKUPCHKOI CTaHITi1
Ha OCHOB1 rpyboro Habopy. [IpuuoMy BoHa 0a3yeThbcsl Ha aHaNi31 XapaKTEPUCTHUK
oOcnyroByBaHHs Ta (PaKTOpiB BIUIMBY Ha IMACAKUPCHKY CTAHINIO IIBUAKICHOI
3aII3HUIN. 33 TOMOMOTO0 METOJIy HEYITKOI OIIIHKK Ta Ipy0oi Teopil MHOXKHH y II1H
poOOTI TaKOXX TPOIMOHYETHCS MOJENb OIIHKH SKOCTI OOCITyrOoBYBaHHS JUIS
MAaCaXUPChKOI CTaHUIi MBHAKICHOI 3ami3Humi. Ilocimyrm Ha  3ami3HUYHOMY
MacaXUPChbKOMY TPAHCHOPTI Ta iX OIlHKA 3a JAUHAMIYHUMH MOJEISIMU Oyiin
peanizoBanl B YHiBepcuteTi JXumina B CroBaupkiii PecryOmini, mo gae 3Ha4H1
pesyabTrat s npakTuku. lleil BHecOk BH3Hauae NOTpeOU KIIIEHTIB, IO
3MIHIOIOTBCSl 3 4aCOM B YMOBAax OYpXJIUBOTO PO3BUTKY TPAHCIOPTHOTO pUHKY. [Ipu
bOMY MAa€ThCsl HEOOXIAHICTh ypaxyBaHHS M XapaKTEPUCTHKU IMOCEJIEHHS MOOIU3y
3aI3HUYHUX CTaHIIA Ta KOPOTKOCTPOKOBE MPOTHO3YBAHHS MJIsi IMACaKUPOIOTOKY
MIKMICBHKOT 3aJII3HMII 3 ypaxXyBaHHSAM aTpuOYTIB JAAaTH Ta MOrOJHUX (AKTOPIB, a HE
JIUIIIC CE30HHMX SIBHIIL.

Astopamu poOit [109-118] Oysio BU3ZHAYEHO aKTyaJdbHICTh TAKUX MHUTAHb, SIK:
MOJICTIOBAaHHS ~ yJApOCTIMKOCTI  Mmpu  JOOOBOMY  3ITKHEHH1  3aJi3HHUYHOIO
MacaXUPChKOTO TPAHCIIOPTHOTO 3acO0y; CTATUCTUYHHMI aHANI3 €Heprii Ta KOHTPOJIb
IIyMy CaJIOHY 3aJI3HMYHOTO MaCaKUPCHKOTO BaroHa; MpoOJieMHu CTaHy Ta CTparterii
KOIIIOBaHHS B KBUTKOBIM 30HI CaMOOOCITYTrOBYBaHHSI Ha 3aJIi3HUYHIN MAcCaX)UPChKIN
CTaHIlli; aHaIi3 MIIHOCTI pe3epByapa s BOAM B 3aI3HUYHOMY MACAKUPCHKOMY
TPAHCIIOPTHOMY 3ac001 Ha OCHOBI JIBOCTOPOHHBOI B3a€MOJIl piAMHA-TBEPJ]E T1JIO;
JOCJIDKEHHST MOJIEN1 1HJIEKCY 3aJI0BOJICHOCTI MacaXXUPiB 3aTI3HUYHUM TPAHCIIOPTOM;
JOCTIKEHHSI 1I0JA0 THYYKOTO 3HWXKEHHS BiOpamii Ky30oBa aBTOMOOUIS Jis
3QJII3HUYHOTO IMACAKUPCHKOTO0 BaroHa; JOCHTIDKEHHS IIO0JA0 METOAY TPUHHSATTS

pIllIeHb TIOJI0 TIEPEBE3CHHSI MACAXHUPIB Y 3aTI3HUYHOMY BY3Ii; JOCTIHKEHHS 010
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peXUMy IHTerpamii [jis MaHEeBPOBUX JIOKOMOTHBIB 1 BaroHiB 3BHYAHHUX
NacaXUPChKUX MOi3/1B BiJ Ta JI0 JETO.

HaykoBi inTepecu aBTtopiB poOiT [119-139] moxkHa ommcaté TaKUMWU:
NPOrHO3yBaHHSI OOCSTIB 3aJI3HUYHUX MaCaXUPCHKUX MEPEBE3€Hb; OCIHIJKEHHS
mom0 00oB'sI3k0BOI  nmedopmariii THYYKOi CHCTEMH 3aXUCTy IS BHUIUICHOI
3a1I3HUYHOI AaCaKUPCHKOT JIiHIT; apXITEKTypa CHCTEMU pOOOTH Ta AUCIEeTYepU3allii
BUJIUICHOI 3aJlI3HUYHOI TMMAaCaKUPCHhKOI JIIHII; OIHKAa SKOCTI 0OCIyroByBaHHS
3aI3HAYHUX TMACAXUPCHKUX TEPEBI3HUKIB HA MapuIpyTi; poyib JaHAmAaPTHUX
mepeBar y pilleHHSX Mpo TOJOPOXKI 3ali3HUYHMX [ACaXUPIB; METOHOJIOTIA
MEepEeBIPKU KBUTKIB 4acy BIJAMpPaBICHHS MOI3/IB HAa 3aJi3HUYHOMY MACaKUPCHKOMY
BOK3aJIl; KOpUTYBaHHS MPU3HAYCHHS KOJIii Ha CKIIQTHUX 3aJII3HUYHHUX MaCaKHPCHKUX
CTaHIIsAX; €(EeKTUBHICTb pPO3TAlIyBaHHS TPAHCIOPTY Ta IHTErpaliiHUN edeKT
BEJIMKOMACIITA0HOI 3a13HUYHOI MACAKUPCHKOI CTaHIli Ha TPAHCIOPTHI PECYPCH;
3HAQYEHHS Yacy B JOPO31 JJISI ACAXKHUPIB, sIK1 BIMPABIISIOTHCS 3a113HUIICIO, HA OCHOBI
Mojielield  BapialliiiHOi  CTPyKTypH; aHami3 BiOpamii cuUCTeM  3ali3HUYHUX
MAaCAXUPCHKUX BAaroHIB 3 ypaxyBaHHSIM €(EKTy THYYKOTO Ky30Ba; MPOTHO3YBAaHHS
IIBUJKICHOTO 3aJlI3HUYHOTO TACaXUPCHKOTO TMOTOKY Ta OOCSTY TEepeBE3CHb Y
CEepPEAHLOCTPOKOBOMY Ta JOBIMOCTPOKOBOMY IIJIaHI BHCOKOIIBUIAKICHOI 3aJi3HUYHOI
MEpeXi; MPOTHO3Y 3alTi3HUYHUX MaCaXUPCHKUX IEPEBE3eHb Ha OCHOBI CE30HHOI
JIEKOMITO3HIIII Ta MOJEI; MPOTHO3YBAHHS MACAXKUPOTIOTOKY MIXKMICHKOI 3aJIi3HUIIL;
MPOEKTYBaHHS CUCTEMU Oe3neku Ta KOM(OPTY 3ali3HUYHUX [ACAKHUPIB;
MPOTHO3YBaHHSA OOCATIB MACaXUPOMOTOKY JUIE HOBO30YJOBaHOI IIBUIKICHOI
3aJII3HUII B TPAHCTIOPTHOMY KOPHUIOPI.

Po6ortamu [140-173] oOpaHo akTyajbHI 3aBJaHHS MMaCaKUPCHKUX MEPEBE3CHb
1 BUKJIaJeHO OaueHHs CTaHy MHUTAaHb Ta 3aPOTIOHOBAHO TMEBHI PIMICHHS 32 TAaKUMH
HalpsiIMaM# JTOCJTI/DKCHb: BEHTHWIALS B CaJIOHI; BUKOPHCTAHHS CTATUCTUYHOTO
QITOPUTMY IS BU3HAUYCHHS TACAKUPOMOTOKY;  OIlIHEKa TIOBEIIHKKA BOJIS B
rpOMaJICbKOMY TPAHCIOPTi; BIUIMB BEHTWIALIMHUX YCTAHOBOK Ha IIBUIKICTb
MOBITPSHOTO MOTOKY Ta TEMIIEPATypHI IMOJs B CaJOHI; BIUIUB 3BOPOTHOTO 3B’A3KY B

peaJlbHOMY 4Yacli Ha MOBEAIHKY BOJIS;  IHTETPOBAaHOA OLIHKA Iaca)KUuPChbKOTOo
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TPAHCIIOPTY; OI[IHKAa CEepPEAHbOr0 Yacy OUIKYBAaHHS IMAaCaKUPiB; MPOTHO3YBAHHS
NacaXUPOIMOTOKY 3 BHUKOPHUCTAHHSM IPOCTOPOBO-YACOBOI TiOpUAHOI  MoOAei
rTMOOKOr0 HaBuaHHS; 30ip iHQOpMAIIl IpO MACAKHUPONOTIK Y TPOMAACHKOMY
TPAHCIIOPTI B PEXUMI PEAJIbHOTO Yacy Ha OCHOBI CHCTeMH Tapu@ikailii KapTok;
3MEHILEHHS 3a0pyAHEHHS TOBITPS BCEpEIWHI MNPHUMIIIEHb y CalloHI aBToOyca;
CKJIaZIaHHSl PAIIOHAILHOTO PO3KJIAAy PETiOHATBLHUX aBTOOYCIB Ha OCHOBI PI3HUII
NacaXUPOIMOTOKY; JOCTIPKEHHS 1HTEIEKTYyaIbHOTO aJIFTOPUTMY PO3PI3HEHHS 00’ €My
nmacaxupiB aBToOyca Ha OCHOBI ()OPMH CTOTIH; TOCIIKEHHS MPOITYCKHOI 3JaTHOCTI
TPAHCIIOPTHOTO 3ac00Y; KOPOTKOCTPOKOBUH MPOTHO3 MAacaXKUPOIMOTOKY aBToOyca Ha
OCHOB1 0araToyHKI[IHHOTO JepeBa pIlIeHb; KOPOTKOCTPOKOBE IPOTHO3YBAHHS
MaCaKUPOIIOTOKY Ha MapUIPyTaX HAa OCHOBI KOMOIHAIIMHUX MOJENEH KiiacTepu3allii;
KOPOTKOYAaCHE NPOrHO3YBaHHS MAacaKUPOIOTOKY aBTOOYCIB HUISIXOM BH3HAYEHHS
O0COOJIMBOCTE HEMOBHMX JaHUX, BHUPIIIEHHS 3a/ayl MOJEIOBAaHHS MAapUIPYTIB
MICBKOI ~ MAacCaXMpPChKOI  TPAHCIOPTHOI CHUCTEMH 3  YpaxyBaHHSIM  SIKOCTI
oOCITyroByBaHHS TACaXUpPiB Ta TEXHOJOTIYHOTO BIUIMBY HA HABKOJMIIHE
Cepe/IOBUIIE, VYIPABIIHHSI TPAHCIOPTHUM pPYyXOM, OpIEHTOBAaHE Ha TACaXKUPIB,
3aKOHOMIPHOCTI MICBKMX TACaXUPCHKUX TEpeBe3eHb Ha OCHOBI ICHYIOUYHX
MDKpAallOHHMX 3B S3KIB; JOCHIJDKEHHS MOJENl MPOTHO3YBaHHA MacaXXKMPChKUX
MEPEBE3€Hb; MOJCIIOBAHHSA BIJHOBJICHHS HAAIMHOCTI MEpEXi MNacaXUPChKUX
MepeBe3eHb B MICHKIM aryiomeparlii; MpOrHO3YBaHHS OOCSTY MAacaKUPOMOTOKY 3a
JIOTIOMOTOI0 HEHPOHHOI MEpeXki; eKOHOMIKO-MaTeMaThdHa MOJETb MPOTHO3YBAaHHS
MACAXUPCHKUX MEPEeBE3EHb Ha JIOBIOCTPOKOBIM OCHOBI; IUISIXU BUPIIICHHS MpoOsieM
NacaXUPChKUX MEPEBE3€Hb y MICHKUX TPAHCIOPTHUX CHCTEMAax; MOJENb YaCOBOTO
pSAy TPOTHO3YBaHHS  MACaXKUPOIOTOKY; OIlIHKa SKOCTI TPAHCIIOPTHOTO
00CITyroByBaHHS TACaXUPIB, MOJEJIl MHOKUHHOTO JIIHIMHOTO MpOorpamMyBaHHS Ta
MPOTHO3YBAHHS YacOBHX PsIIB Ta aHa3 KUIBKOCTI MAaCAKUPCHKUX IE€PEBE3CHb,
MIPOTHO3 MACaXXUPOIOTOKY Ha OCHOBI BEKTOPIB MIATPUMKH TOYKOBOI'O TMPOAYKTY;
JOCIIIKEHHST ONTUMI3AIlll €KOJIOT1YHOT CUCTEMH MIChKUX MacaKUPChKUX TEPEeBE3CHb

Ha OCHOBI TOTI3JIKH; JOCIIKEHHS MEePIOUIHOCTI CKIAJaHHs PO3KJIa/IiB aBTOIMOI3/IIB
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Ha CHeIliajJbHUX JIHIAX ISl TMACaKUPCHKUX IEPEeBE3CHb;  MOJACHI KOoe]illieHTIB

PO3MOILTY MaCaXKUPOMOTOKY PET10HATIBLHOTO TPAHCIIOPTHOTO KOPUIOPY .

1.4 BUCHOBKH IO po3ainy

1. Anami3z cydacHOl HayKOBOi JITEpaTypud A0 MHUTAaHHS OCHOB OpTraHi3aiii
TPAHCIOPTHUX TMPOLIECIB 1 CHUCTEM MACAKUPCHKUX IMEPEBE3CHb PI3HUMU BHUIAMHU
TPAHCIIOPTY JEMOHCTPYE aKTyalbHICTh TAaKOTO TNHTAHHS y CyYacHId Hayil W
MIPaKTHIIL.

2. Oprasi3zanisi TpaHCIIOPTHUX MPOLECIB 1 CUCTEM MACaXUPCHKUX MEPEBE3ECHb
PI3HMMHU BHJIaMU TPAHCIOPTY € CKIAAHUM 3aBIAaHHSAM W MOTpedye KOMILJIEKCHOTO
MJIXOY.

3. BcTaHOBIEHO B3a€EMOBIUIMB Ha NapaMmMeTpu (YHKIIOHYBAaHHS CHCTEM
MAaCAXUPCHKUX TEPEBE3CHb PI3HUMHU BHUAAMU TPAHCIOPTY 13  OTOUYYIOUHUM
CEpEIOBUILIEM.

4. Ilomanpmuii pO3BUTOK HAYKOBHUX IMIJIXO/IIB IIOAO0 OCOOIMBOCTEN ypaxyBaHHS
B3a€MHOT0 BIUIUBY KIJIbKICHUX XapaKTEPUCTUK CHUCTEM MACAKUPCHKUX IEPEBE3CHb
pPI3HHMH BHUJAMHU TPAHCIOPTY € aKTyaJlbHUM 1 MOXKE MO3WTHUBHO BIUIMHYTH Ha
PO3BUTOK CYy4acHO! HAYKH 1 MPAKTUKH.

5. JlocnimkeHHs TPaHCTIOPTHUX MPOIECIB 1 CUCTEM MaCaXUPCHKUX TIEPEBE3CHb
pPI3HMMH BHJaM{ TPAHCHOPTY JOIJIBHO MPOBOAMTU 13 YpaxyBaHHSM JFOJCHKOTO
YUHHUKA Y MUATAHHAX BHOOPY MapHIpyTy I3[IKH, TUITYy TPAHCHOPTHOTO 3aco0y, BUIY
TPAHCIIOPTY, KOM(POPTHOCTEHN I37IKU Ta MOMEPETHHOTO OOCIYroByBaHHA. BinmoBimHO
0 TPOBEICHOIO aHajizy Takl JOCHII)KEHHS AaKTyaJlbHO TMPOBOJUTH 3aco0aMU

MaTEeMaTUYHOTO MOJICTIOBAHHS 13 BUKOPUCTAHHSIM TPaBITAIIIHUX TT1XO/TIB.
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2 METOJIM BUBHAUYEHHSI HAYKOBHUX OCHOB OPTAHI3AIII
TPAHCIIOPTHHUX ITPOLIECIB I CUCTEM ITACAXKUPCBKHUX
INEPEBE3EHDb

2.1 Metoau pilleHHs1 3aJa4 3 OpraHizamii macaxupchbKHX NepeBe3eHb

aBialiiHMM TPAHCIIOPTOM

3pocTarouuii MOMUT Ha TMOCIYTH aepoIOPTIB IUBLIBHOI aBiallli CTBOPUB Y
CBITI aKTyaJbHUM IUTAHHS BU3HAYEHHS MapaMeTpiB AaHOro nonuty. Hakonuyexi
0a3u JaHUX MapaMeTpiB eKCIUTyaTallii MOpTIB Ta MaCaXUPCbKUX IEPEBE3EHb,
JIEMOHCTPYIOTh 3HA4YH1 BIJIMIHHOCTI M)XK OKPEMHMH aeporopTamMu B OAHIN U TOM
camuii yac. Ilum oOymoBieHO nmoTpeOy BU3HAYEHHS MapaMeTpiB €KCIUTyaTalli
aepornopTiB Ta 3aco0IB TPAHCIOPTY aBlallliHOI raimy3i y yaci. BusHaueHHs Takux
napaMeTpiB Ha INEBHUI NPOEKTHUN Yac 3a0e3MeuuTh NPOIECH IUIaHYBaHHS
JISTIBHOCTI OKPEMOTO MOPTY y NEBHOMY 4YacoBoMy iHTepBaii. lle € HeoOxiaHuM
JUIs CTBOPEHHSI CTparterii poOOTH aepomopTiB 13 3aJ0BUIBHUM PIBHEM SKOCTI
0oOCITyrOByBaHHSI TACaKUPIB Ta OpraHizailii eKCIUTyaTallliHUX 3aXOiB 3aco0iB
TpaHcnopty. IlomiOHI muTaHHS ¥ MIAXOAWM 10 iXHHOTO BHPIIIEHHS BXE OYJIO
BUCBITJICHO B po0OoTax cy4acHukiB [174-177]. Astopamu pobotu [177]
3aMpPONOHOBAHO TMIAX1J 10 BU3HAYEHHSI MPOMYCKHOI 3JaTHOCTI aepomnopry Ta
KOJIMBaHb MACaXUPOMOTOKY 3a JOMOMOIOK BBEACHOIO HHUMH  IHIEKCY
aBlanacaxupiB.

Innexc  amiamacaxupiB  (API): BcranoBienHss 3HaueHHs X; SK
MAcaXUPOIOTIK aepornopTy 3a oxuHuIio mnepiomxy, APl mns mporo mepiomy

BU3HAYAETHCS SIK X, :

X, =—+t——mn_ 2.1
s @Y

max min
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1€ Xmin Ta Xmax — MIHIMaJbHa Ta MaKCHMaJIbHa KIJIBKICTh aBlamacaKupiB 3a

OJIMHHUIIIO Yacy BIAMOBIIHO, TOMI AK X, KoJuBaeThes Big 0 10 1.

PiBens inzmekcy amiamacaxupiB (LAPI): Hab6ip {p,p,. p;..p,} 1e HaOip
nocigoBHOCTI API 3 kinpkox omunmib yacy. Ilicias kmactepu3zariii CTBOpEHHI
knacrep {N,} 1e cykynHicte 00'ekTiB nanux. Komm nepiox API cranoButh 1
Micslb, 1 Micsunuii APl aepomoprty ckiamae X, , piBeHb 1HACKCY aBiamacakupiB

(LAPI) BuBOIUTHCS SIK:

1 p, (0,i)
2,p (i, J)
NX:: 3, pte(j,k) (22)

N, p, € (6,1)

1e P1, P2, Pt € OMUHUISIMHE Yacy, TOAI 5K 1, |, K, 6 € TpaHUYHUME 3HAYCHHSIMH
KJ1acTepa.

[HpopmalliiiHy EHTpPOMil0 MOXHA BHKOPHUCTOBYBAaTH JUIsl BHUMIPIOBAHHS
CTYTICHSI HEBU3HAYEHOCTI cUCTeMU (200 CTYIEHsI BIOPAIKOBAHOCT1). BUBOIUTHCS

3a TaKo POPMYJIOLO:
H(X) =3 P(x)log, P(x) (2.3)

ne P(Xj) — iMOBipHICTb BUOIPKH X;, 1 72 — KIIIBKICTh 3pa3KiB.

Mo>Ha MOMITUTH, [0 YMM MEHIIE WMOBIPHICTh BUHMKHEHHS MOJii, TUM
BUII[l 3HAYEHHA 1H(OpPMAIIHHOI HEBU3HAYEHOCTI Ta CHTpomii. ABTOpaMu
3apPONOHOBAHO MPUUHATH CHUIBHUNA PO3MOAUT WMOBIPHOCTEH BHIIaJKOBOIO

BekTopy (X,Y) Oyze pij, MOTIM ABOBUMIpHA CIiJIbHA eHTpotis BekTopa (X,Y) €:

H(X’Y):_ii Pij log Pij (24)

i=1 j=1
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BBakaroun, 1mo cnuibHl po3noau HMmoBipHOcTe X 1 Y € Pij Ta Py,

BiI[l'IOBiI[HO, YMOBHY CHTPOHiIO MOJKHAa BU3HAYUTH AK:

(X /1Y) anzm: p; log s”

i=1 j=1

n m

(X/Y)==>>"p,log E”

i=1 j=1

(2.5)

Takum YMHOM, MOXHA BHUPA3UTHU 3HAYCHHA GHTPOHiI, JJI IKOT'O 3MiHHA X

(abo Y) 3MeHIyeThes Yepes mosiBy 3MiHHOI Y (abo X).

1(X;Y) = H(X) = H(X|Y)
=H(Y)=H(Y|X) (2.6)
= H(X)+H(Y)-H(X.Y)

KomGinyroun dopmynu (3)—(6), moBHMII BUpa3 MOKHA 3BECTH JI0 TaKOTO
BUTJISITY:

1(X;Y) =2 p, log, ppu (2.7)

ig Mgj

Perpecisi omopHoro BeKTOpa € IIHPOKO BHKOPUCTOBYBAHUM METOJIOM

MPOTHO3yBaHHs. 3arajJbHy MOJIEJb JIIHIMHOI perpecii MOXHa BUPA3UTHU TaK:

f(X)=w'x+b (2.8)

7e W — BEeKTOp HOpMaJi BXigHOro BekTopa API, i b— 3HaueHHS BiAXUICHHS

3HaYeHHs JOPIBHIOE HYNIO Jmire Tosi, kKoau f(X) € TouHo Takum ke, 5K

CIIPpABXXHE€ 3HAYCHHAI. Takum YHUHOM, KOHHGHHiIO MOJKHA BUPA3UTHU TaAK:
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min%w%Cile(f(xi)—yi),C >0 (2.9)

ne C € KOHCTaHTOIO peryispusanii s BUKOHAHHS KOMIIPOMICHOTO

pPO3paxyHKy Ha TIEpeIHIN Ta 3aHINA MTaHe.

0 if|Z|£g

|(z) = (2.10)

|z|-& otherwise

VY ¢aktnunux ganux APl neBHe 3Hau€HHS MOKE MMEPEBUIYBATH 3BUYANHY
TEHJEHLII0 4Yepe3 30BHIMIHI NpUYUHHU. ToMy B pa3l CepllO3HUX BIAXUIIEHb BIJ

daxkTHYHEe 3HA4YCHHS, CJIa0Ki 3MiHHI & Ta & BBOAATBCA SIK  1HTEPBAJIM

((HOM,HKHJGHHSI», 10 3BOAUTH CI)OpMyJ'IIOBaHHH A0 HACTYITHOI'O BUIJIAAY:

min %HWHZ + Ci(g‘i £

st f(x)-Vy<e+¢
- y_f(xi)35+§i*

(2.11)
i=12,.,.m&,E >0

BuxopuctoBytoun NOABIMHUNA TMPUHIMIT 1 BBOJASYM JIATPAHXKIB MYJIBTH-

HAKOHCYHHUKH 0; Ta ¢, , MOJBIMHY npodiiemy SVR MoxHa chopMyTroBaTH SK:

mex 3"y, (] )
> e -] +a)X X, (2.12)

S.t.Z(ai* -,)=0,0<0;,0,<C
i=1

Konu mepenbauene 3naucHas APl morpamuise B e-M'sikuii 30Ha, o; Ta o, ,

MOKe OyTH HEHYJIbOBHM 3HaueHHsIM. HaperTi, pyHKIIis mporHo3yBaHHs perpecii

SVR moxe OyTu BUpaxeHa sK:
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£(x)=> (@ — ) x+b (2.13)

i
i=1

b=yt e (a, XX (2.14)
j=1

Jns nanux gacoBoro psxy API 3 HemiHiiiHOO TeHueHiiero SVR moxke
BimoOpa3uT BHUOIPKY y TMPOCTOPI BHCOKOI PO3MIPHOCTI uepe3 (PyHKIIiO
HEJTIHIHHOTO BiMOOpaXeHHS ¢(X), a TOTIM 3aMIHUTH BHYTPIIIHINA BEKTOpPHUI
N00YTOK NPOCTOPY BHMCOKOI PO3MipHOCTI ¢(x)-¢(x;) 3 byHKuiero sapa K(Xi,X)).
HaiiOibil 4yacTo BUKOPUCTOBYBAHOIO (YHKIIE siapa € GYHKINA sapa 3

pamiansHOO 6a3010 ["ayca (RBF), axy Mo)Ha BUpa3UTU TAKUM YHHOM:

[ x|

K (%) =exp(- Ly (2.15)
20

e raMMma € mapaMmeTpoM (QYHKIT siipa raycoBOro paaiaibHOTO Oa3ucy

(ramma = 2—12) Ta o > () — IpoIyCKHa 3/IaTHICTH siapa ['ayca.
(o3

3penrtoro, GyHKIIA perpecii Ha0yBa€e TaKOTO BUTIISIY:

f(x):i(a;*—ai)K(x,xi)m (2.16)

106 npoaHnamizyBaTu pe3yJbTaTH MPOTHO3YBAHHS PI3HUX MoJeieH, y
bOMY JIOCJII/I>KEHHI BUKOPUCTOBYBAJIU CEPESIHIO A0CONIOTHY BiJICOTKOBY MOMUIIKY
(MAPE) 1 cepennrokBampatnuny nommiky (RMSE), ski moxHa orpumartu 3a

JIOTIOMOTOX0 TaKUX PIBHSHb:
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n

Yi — Yi*
e
MAPE =HT'><100% (2.17)

RMSE = |23 (y, - y)) (2.18)

ae yi1 y, — e (pakTHYHI Ta MPOTHO30BaHI 3HAYCHHSI.

3anponoHoBaHMl aBTOpaMH METO]] OOYUCIICHHS MPOTHO30BaHUX 3HAYEHbB, B
CBOIO UEpry, ONMUPAETHCS HA JOCSATHEHHS IMOIMEPEIHIX JOCTIKEHb Ta MOXE OyTH
BUKOPUCTAHUM MPH PIIICHHI 33]1a4 3 OpraHizailii IepeBe3eHb MacaKUpiB B YACTHUHI
CTaHI[IHHOTO 0OCTYroByBaHHA Ta IJIAHYBaHHS CTaHUIWHOI qisbHOCTI. [0 mepesar
3allpOIIOHOBAHOTO  METOAY  MOXHa  BIJIHECTH  MOXJIMBICTh  IUJITAaHYBaHHS
HABAHTAXKEHb Ha CTAHIIIMHI 321 OYIKYyBaHHS, MICIISI CTOSTHKH 3aC001B TPAaHCIIOPTY
Ta iXHIM pyX TEpUTOpi€r0 aBiamiiiHOro nopry. HemomikamMu 3amporoHOBaHOTO
METOJy €  KOPOTKOCTPOKOBE  IUIaHYBaHHs, HEBpaxyBaHHS  KOJIMBaHb
MAacaXUPOIOTOKY Ta BIJICYTHICTh B MOJIENI 1HIIMX BUJIB TpaHcnopTy. Bigomo, 1o
aBlalllfHUI TPAHCHOPT, y MEBHIN Mipi, MOXKE MIHATH PO3KJIAAU PYXy B PEKUMI
peaNbHOrO Yacy, IO 37e0UIbII MOB’SI3aHO 13 MEPEHOCOM PEHCIB 0 HACTaHHS
JHOTHUX TOTOoAHUX yMOB. O/HaK, Taki pU3MKM aBTOpaMU HE PO3TISHYTO U He
BBEJICHO 10 3alpOINIOHOBAHOI MOJIETI.

B yMoBax 3MiHM pO3KJIaJIB pyXy HacaXUp Mae MOXKIJIHUBICTh Y KOPUCTYBaHHI
HE JIMIIE 1HIIUMH aBlallifHUMU pelicaMu (aJIbTepHATUBHUMM MaplipyTamu), a u
Ma€e MOJIMBICTh OOpaTH 1HII BUAM TpaHCHOPTy. Taki aii macaxxupiB 00yMOBIICHI
M1JICBIIOMUM BUOOPOM MK BapiaHTOM OYIKYBaHHS HACTAHHS CIPUATIMBUX YMOB
JUIS 3MIMCHEHHS aBiapeiciB Ta peamsallielo moTpeOu B TMEPEeMIilleHHl 1HIITAM
BUJIOM TPAHCIOPTY 13 OuUTbIMM YacoMm i3aku. [lpm Takumx mporecax BUOOPY
nacaxup MIACBIAOMO oOOupae, SK s HHOTO KOMQOpTHIE U edeKTUBHIIIe
30IACHUTH 134y. 3 aHali3y JaHOrO MUTAHHS MOXHa CTBEPIKYBATH, IO y TaAKOMY

BUMAJIKY MHUTaHHS KOMQOPTY Ta €PEeKTUBHOCTI YacTO € MOXIJHOK BiJ Yacy, a
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BUOIp macaxupa € MiJCBIIOMUM Y BHUIIAJIKaX HAsSBHOCTI MOXJIMBOCTI Y TaKOMY
BHOODI.

ABtopamu po6ot [178-179] po3rissHyTO IMOBIPHICTH BHOOPY IMaca)KUpoOM
MapuIpyTy B MEKax OJHOTO BHAY TPaHCIOPTY. MOJETIOBaHHAM IMepeI0adeHo, 1110
MEepeBi3HI MOXJIMBOCTI MapUIpPyTiB TyId W Haszaa Maibke OJHAKOBi, MpPO IO
CBITYUTH TPO 30a7TaHCOBAHICTh PYyXY aBiamacakupis.

VY 3anporoHoBaHi1 aBTOpaMHu MOJIeJi BBEACHO OOMEKEHHsI, 1110 BipOTiIHICTh

NepeCcyBaHHs OJHUM MapHIpyToM 3 Micta 4 B MicTo B € ogHakoBowo (P, , =P, ,).

Mapupyt AB npuBabiiroe macaxupis 3 micta A 1 micta B, y Tomy uncii mapupyT
AB KOHKypy€e 3 THUMH MaplIpyTamH, $Kl BKIOUYalOTh Micta A 1 micto B.
Biporignicts BubGopy ™apuipyty (Psp) 3ampornoHoBaHO pPO3paxoByBaTH 3a

3aJIeKHICTIO 2.19:

C
Poe=PFsn= o

2.19
) ZiENA,i¢BCi,A+Z jeNB,j¢ACj,B ( )

ne Cap - MO3HAYEHHS KOHKYPEHTOCTIPOMOYKHOCTI.

UuM po3BHHEHIIIA EKOHOMIKAa JBOX MICT, THUM OUIBIIOK € IXHS
MPUBAOJIMBICTh 10 TACAKUPCHKUX KOPECHMOHJACHINN MDK HHUMH. ABTOpaMH
3a3HAYEHO, M0 KOHKYPEHTOCIIPOMOXKHICTh MAapIIPYyTy TIOB'i3aHa 13 pIBHEM
pPO3BUTKY KOHKpeTHOro Micta A Ta B. BBemeno mapametrpu Fa Ta Fg —
npuBabuBicTh MicT A Ta B, BiamoBigHO. 3anpornonoBaHo crocio Bu3HaueHHS Cap

- MIO3HAYEHHS KOHKYPEHTOCIIPOMOXHOCTI 32 I0MOMOr00 piBHAHHS 2.20:

Cas=Fa-Fs (220)

[IpuBaOAMBICTE OKPEMOIr0 MiICTa, Ha IyMKY aBTOpPIB, € TMOXiAHOIO BiJ
KUTBKOCTI OTO HACEJICHHS Ta PIBHS €KOHOMIYHOTO po3BUTKY. LluM 0OymMOBIEHO

OPUMYIIEHHS  TpO  MOXJIHMBICTh  BU3HAYEHHS  MOpUBAOIUBOCTI  MicCTa
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BUKOPHUCTOBYIOUM TapaMeTpU KIJIbKOCTI MEIIKAHIIB Ta PIBHS BHYTPIIIHHOTO
BasioBOro npoaykty (BBII) B KOHKpeTHOMY perioHi.

HemomikoM Takoro CTBEp/DKEHHS MOXKHA Ha3BaTH  HEBpaxyBaHHS
COITIaJIbHOTO PO3BUTKY B PEriOHI, MOIMEPEIHIM aHAII30M JIITEpaTypyd BU3HAYECHO,
0 JTaHWW TMapaMeTp BIUIMBA€ HA MapaMETPH MACAKUPCHKUX KOPECIOHJICHITIN
BITHOCHO OKPEMOTO perioHy. Bu3HaueHo, 10 Miclg 13 PO3BHHYTHM piBHEM
COITIaJILHOTO CTaHY CYCIUIBCTBA MalOTh OUIBIINY NMPUBAOJIMBICTH JIJII YTBOPEHHS
KyJbTYPHUX Ta TYPUCTHYHHUX 13/I0K JIO IIUX MICIIb.

Bu3HaueHHS NAacaKUPCHKUX KOPECHOHICHINH MK maporo Micitb (714, T5)

3aMpONOHOBAHO 3/IIMCHIOBATH 32 PIBHSIHHAM 2.21:

f(T,, Ty)=a+bT _ +cT . (2.21)

ne Tmax MO3HAYAE MPOITYCKHY 3/IaTHICTH MICTa 3 OUIBIIOI0 TPUBAOIUBICTIO;

Tmin MO3HAYAE IPOITYCKHY 3/IaTHICTh MICTa 3 MEHIIOIO MPUBAOJIUBICTIO.

ABTOpaMHU  3alpONOHOBAHO  BHUKOPHUCTOBYBAaTM  METOJ  HAWMMEHIIHMX
KBaJIpaTiB, 00 Ji3HATUCS 3HAYCHHS &, b i C.

Y 3amporoHoBaHUW cmoci0 aBTOpaMu  3alPONIOHOBAHO PO3PaXyHOK
MACAKUPCHKUX KOPECMOHJEHIIM MIXK MICTaMU OMNUPAIOYMCh Ha TEXHIYHI
napaMeTpu aepomopTiB 13 3aCTOCYBaHHSIM KOE(DIIIEHTIB 10 TaKUX IMapaMeTpiB.
Opnak, 3ampornoOHOBAaHUN MIXiJ HE TOBHOIO MIPOIO BIJIOOpa)ka€ CTBEPIKEHHS
caMuX aBTOPIB MPO BIUIMB CTaHy PO3BUTKY PEriOHY Ta KUIbKICTb HACEJICHHS Y
MEBHOMY IMyHKTI MpUOYTTS uu BianpasiaeHHs. [[um 3anpornoHoBaHO BBaXKaTH, 110
MacaXUPChKi KOPECTIOHACHITIT 3aJIe’KaTh BUKJIFOYHO BiJl XapaKTEPUCTUK TEXHIYHUX
MOXJIMBOCTEH CaMHX aepomopTiB. ABTOpaMH HE 3alpONOHOBAHO METOAU
BU3HAYCHHS BBEJICHUX Yy 3aJEXKHICTh 2.21, IXHbOTO KamiOpyBaHHS Ta MEPEBIPKHU HA
BIIXHUJICHHS.

3anponoHOBaHa AaBTOpPAMHM MOJIETb PO3PAXYHKY IMOBIPHOCTI BHOOpY

MEBHOT'O MapHIpyT M mMyHKTOM A Ta B <74 p> onmcana B 3anexxHocTi 2.22:
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<TA—B >= f(TA’TB)' PA—B (222)

3anponoHOBaHa MOJIENb BPAXOBYE, 10 KUIbKICTh MacakKMpiB HA MapUIPYTi
HE 3aJIeXKUTh BiJ XapaKTEpPUCTUK i3IKM Ha TMEBHOMY apiamiiHOMy peiici. He
ypaxyBaHHS TaKMX MEBHUX YMHHUKIB 13[IKH, HANPUKIAJ, 4ac, KOM(OPTHICTH Ta
BapTICTh Taki PO3PaXyHKH HE € KOPEKTHHMHM, 110 BHU3HAYCHO Y TIOMEPEIHbBO
OTMCAHMX JOCIIHKCHHSX.

3anporoHoBaHa MOJIelb BijoOpakae rmporec BUOOPY 1HAUBITyaTbHUX MICIb
MPU3HAYEHHS: SKIIO MICTO A € MpHUBaOJMBIIIMM 3a 1HIII MICTa, BOHO Ma€ OUIbIIY
nepeBary rnepej HMUMUA Mictamu. Konu mpuBabIMBOCTI IBOX MICT MapUIPYTY
O1JIbIII1, KOHKYPEHTOCITPOMOXKHICTh MapIIPYTy CHUJIBHIIIE 1 MPOIMYCKHA 3/IaTHICTh
MapuIpyTy CTa€ OUIBLIOLO.

OpnHouacHO, aBTOpaMM 3alPOIIOHOBAHO PO3PAaXOBYBATH MAaCaXKUPCHKI
KOPECTIOH ICHIIIi MiXk MicTamH | Ta | — Tjj 3a 3aIIpONOHOBAHOIO 3aJeXHICTIO 2.23 13

BUKOPUCTAaHHAM IpaBITallIiHOIO MOJETFOBAHHS:

T =TP =
P dG )

(2.23)
1e M;— HaceJIeHHs MicTa, JIe PO3TAIIOBaHUI aeporopT i;

Nj— HaceJICHHsI MICTa, Jie PO3TAllIOBAaHUH aepomoprT J;

dij — BiICTaHp MiX MICTOM, JI¢ PO3TAIIOBAHWI aeporopT I, Ta MIiCTOM, 1€

PO3TalIOBaHHK aepoIopT |;

b=-0,13.

3anponoHOBaHa aBTOpaMHU MOJENbh 2.23 BpaxoBY€ BIUIMB KIJIbKOCTI
MEIIKAHIIIB Y MICIIX | Ta | Ta HE BpaXxOBY€ aHi COMIAJLHOIO aHi €KOHOMIYHOTO
CTaHy PO3BHUTKY Takoi mapu Micipb. OJHOYACHO aBTOpaMH OOpaHO BIJCTaHb

nepenboTy  (pakTopom  omopy i peamizamii  TaKMX — MACaXUPCHKUX
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KOPECIIOH/ICHIIIM, a KOM(OPTHICTh, YaC Ta BapTICTh JAHOTO IEPEMIICHHS HE
BpPaxoBaHO, [0 HETTOBHOIO MIPOIO PO3KpHUBaE (HhaKTOPU MPOTUIIT KOPECTTIOH ICHII]].

MoskHa CcTBep/pKyBaTH, IO aBTOpaMHU B pPOOOTI HE MOBHOIO MIPOIO
BpPaxOBaHO BIUIMB Ha KUIBKICTh MaCaXHPIB OKPEMO PO3TISHYTOrO0 MapIIpyTy, K
4ac, BapTICTh KOM(OPT, IHTEPBAJ Ta 1HIIII.

ABtopu pobitr [180-183] Takoxx po3riasgand MHTAHHA PO3pPaxXyHKY
rapaMeTpiB MaCaKUPChKUX MepeBe3eHb aBlalliiiHuM TpaHcopToM. B po6oTi [183]
aBTOpamMu OyJi0 BUKIQJACHO CBIA MIAXIA A0 PO3paXxyHKIB MEBHUX MapaMmeTpiB 13
BUKOPHCTAaHHAM TEOpii IpaBiTailii.

Mopenb TpaBiTailii po3po0jieHa Ha OCHOBI BIJMOBIAHOTO 3aKOHY, J€ BOHA
o0UHCITIOE CUITy TSOKIHHS MK JBoMa 00’ektamu. Cuia 3aleXuTh BiJ TaKUX
dbakTopiB TSKIHHSA, K Maca 1 BijcTaHb. UuM Oiiabine 1 Onukde 00’ €KTH, TUM
OuIbllIe CHJIa MK HUMH. 3allpONIOHOBaHa TpaBiTalliiiHa MOJAEINb Il OOYHUCIECHHS
B3a€MO/IIi 200 TSKIHHS MK JIBOMa reorpadiuyHUMH MICUSAMH, TAKUMH SIK BaJOBHM
MPOJYKT Ta HacelieHHS. B exoHoMilll aBiakOMITIaHiM TpaBiTaliiiHa MOJEIb, SK
NOKa3aHo B 2.24, BUKOPUCTOBYETHCS MJIs MPOTHO3YBAaHHA KIIBKOCTI Maca)kKUpIB.
dakTopu MPUBAOIMBOCTI BIUIMBAIOTh HA TOMWUT Ha aBianepeBe3eHHs. [Ipuxmanu
(dakTopiB BIUIMBY 3 Miciisl po3rauryBaHHs (4) — e BBII 1 nacenenns. [lapamerpu,
0 CTOCYIOThCSI MapuipyTy (P), Taki sik BiJICTaHb, 4ac y J0po3i ab0 BapTiCTh,
MO>KHA BUKOPHUCTOBYBATH SIK (JaKTOPH, 110 BIUTMBAIOTh HA MapiIpyT. Uum OisbIie
BIUIMB BIUIMBAIOTH (PAKTOPIB, TUM OUIbIIE MACAKHUPIB MOJOPOXKYE MK LIHMHU

JIBOMa HYHKTaMI/I.
Pij :Cl | (Ai,kAj,k)ak | | Rij,kyk (2-24)
k=1 k=1

ne Pijj— KUTBKICTh macaXUpiB MiX MMyHKTaMH i Ta |,
Aixe k" pnnmBarounii pakTop Bifg MicUs pO3TalIyBaHHSI i

Rijx € k" BrimBaroumii GpaxTop Big MapLIpyTy Mik JIOKAIisIMES i Ta |;
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N 1 M BiAMOBIHO KIJIBKICTh (paKTOPIB, IO BIUIMBAIOTH HA PO3TAITyBaHHS Ta
MapuIpyT;

C € KOHCTaHTOO JUIsI BC1X MICIh 1 MapIIPyTiB;

Ok 1 Yk € BILIABOBUMHU BaraMu MiCIIEIOJIOKEHHS Ta (JaKTOPIB, 10 BILUTUBAIOTh
Ha MapuIpyT BiAMNOBIIHO.

daxTopu BIIIKMBY B 2.24 po3aisieHi, gk 1 B 2.25, Tak 1m0 (HakTopu BIUIUBY B

000X KIiHIIEBHX MICISIX [ Ta ] MAIOTh Pi3HY Bary BIUIMBY, TOOTO oy i fk.
R=c[TATTALT TR (2.25)
k=1 k=1 k=1

VY miit po6oti 2.24 1 2.25 BUKOPUCTOBYIOTHCS SIK TEPIl JBI MOAENI s

OLIIHKY MTOTOKY aBiamaca)kupis. 3apoIIOHOBaHa il MoJienb 2.26:

n m

P =c[JAAT IR (2.26)

k=1 k=1

3anponoHOBaHl aBTOpPAMHM MIAXOAM HE MICTATh PO3KPUTTSA 3HAUYEHb Ta
CMUCIHY JESKHX CKJIAJJOBUX B 3aIIPOINIOHOBAHUX MOJIEISAX.

Hocnigaukamu [183—190] po3kpuBasioch NMHUTaHHS BUBYEHHS TOBEAIHKU
NacaXupiB y MUTAHHAX MOBTOPHOIO BUOOPY MEBHOTO coco0y nepecyBaHHA. Tak,
B poboti [190] omucanHo WMOBIpHICTH TOTO, IO aBlamacaxup BUOepe MEBHY

aBiakomrmaHito Pro(t) i 3anmpornoHoBaHO 3aJieXkHICTh 2.26:

—At-to—t|

Pro(t):ZPro(t |ti):Ze T (2.26)

je t e nmoroyHa jara;
t—ty BUKOPUCTOBYEThCS MJI OMNHCY IMEPIOJy MIK OCTaHHBOIO JaTOIO
MOAO0POXK1 Ta TOTOYHOIO J1aTOI0;

T — mpecTaBIIsie MEePi0] MAKCUMAJILHOTO THTEPBATY Yacy;
37



ti— IpOMDKOK Yacy MiK HaHOIMKYMMU TIOABIMHUME AaTaMU MOJ0POXKI;
itai+l.

Pro(t) — iiMOBIpHICTH TOTO, III0 aBiamacakup BHOEPE IO aBIaKOMITAHIFO.

BinmoBigHO 10 3amponoHOBaHOi 2.26 3aJIeKHOCTI YUM OJIMKYE MIXK yacoM t
1 4acoM raps4yoro IMKIY, TUM OUIbIIa MMOBIPHICTH BUOOpPY 1€l aBiakOMIaHii.
Pro(tt;) BUKOpHUCTOBYETHCS JIs TO3HAYCHHS HMOBIPHOCTI BUOOPY aBiakOMIIaHIi B
MOMEHT 4acy t i1 BILIUBOM rapsiaoro muKiy t;.

Takoxx, aBTOpamMM 3allpOIIOHOBAHO aJTOPUTMY PO3PAaXYHKY [apaMeTpiB
aBlanepeBe3eHb nacaxupiB. llpunymeno, mo P,, — Marpuusg BHYTPIIIHBOI

PYIIHOI CHUJIM Taca)kKupa aBlalllfHOTO TPAHCHOPTY, TO BIAMOBIAHO MOXHA

Ll . .
OmMCaTH HUIX SIK P—A. 3anponOHOBaHO MATPUII0 PO3PaxyHKIB y BUIVIAIL

3aJIeKHOCTI 2.27, sika BpaXxOBY€ TakM MapaMeTpu BIUIMBY BHYTPILIHBOI pyIIIHHOI
CWIM TAacCa)Xupa, CWIM BIUIMBY IHIIMX MACAKHUPIB 1 MOAIOHOI CHUIM BIUIMBY

aBlaI[IfHOTO MacaXXupa, Kl MOXKYTh OYTH pO3paxoBaHi 3a JOTIOMOTOIO:
Rn-m = alpnm + aZCn-n Pn-m + (1_ o — az)sn-n Pn-m (227)

7€ @, O3HAYa€ BHYTPIIIHIO PYUIIHHY CHITY MOBITPSHOTO MMaCaKUPa;

«, TPEICTaBIsiE THUX aBlalmacaXupiB, sKI TMOCTPAXKAAIM B 1HIIUX
Macaxupis;

l-a,—a, OmUCYEThCS SK TACAXKUPH, HA SKUX MOCTPAXKIAIH MOAIOHI

aBlarmacaxupu.

KoedimienT  BiaAKIMKaHHSA P BUKOPUCTOBYETbCA  [JII  ONUCY
CHIBBIIHOIIEHHS, 110 TPOTHO3 aBiakoMmmaHii mnpaBwibHUN. [[ns HAOOPY
pe3ynbTaTiB mporHo3yBaHHA |, Poi BUKOpPHCTOBY€TbCS Ui TpPEACTABICHHS
NOTEHIIHUX HAa0OpIB aBlaKOMIIAHIN, SIKI MOXYTh BUOpaTH MACAXKUPH, 1 HAOOPY

aBlaKOMIIaHiM, sKi (paKTUYHO BUOUPAIOTH A; JUIs aBlamacakKupiB P; OTPUMAHO 3
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EKCIIEPUMEHTAJIbHUX JIaHUX, TO KOE(IIIEHT BIIKIMKAHHS MOXKHA PO3paxyBaTH 3a

onoMororo 2.28 ta 2.29:

_num(A =¢ and A eR, (2.28)
T (A~ 9) |

_num(A #¢ and A ePR; (2.29)
ree num(A = @) '

ne Prec — 1€ pIBEHh TOYHOCTI TPOTHO3YBAHHS CUCTEMHU;
Ac mpencraBisie Koe(illieHT TOYHOCTI CHCTEMHOTO MPOTHO3YBaHHS, KU
O3HAYa€, YN TOJOPOKYE aBiaracaXup 4d Hi, IpaBUIbHE MMPOTHO3YBAHHS 3aliMa€

3arajbHe MpOrHo3yBaHHs 3rigHo 3 2.30:

_num(A=#¢ and AeC and AcE
A = A % ) (2.30)

Axmo Fg — cepenHe rapMmoHiiiHE 4YWCIO KOE(ILIEHTA BIAKIMKAHHSA Ta
MIBUIKOCTI TOYHOCTI, 1 f 1Ie piBE€Hb BAXKIMBOCTI JJiA Koe(dillieHTa TOYHOCTI, IO
3aiimMae  KOe(IIIEHT BIAKIWKAHHSA, TOJI CIIBBIJHOIIEHHS 3alpONOHOBAHO

aBTOPAMH PO3IIISIHYTH y BUTIIsAAL 2.31:

_ 2 Precxp
Fﬂ _(1+ﬁ )ﬂzxprec+p (231)

[ToOynoBaHa aBTOpamMu MaTpullsl pe3yjabTaTy BUOOpY aBiakoMmnaHid Mym, ae
Mi; BUKOpUCTOBYETBCS ISl MPEACTABIEHHS TOrO, YA € aBlamacaxup Pi BUOMpae
aBIaKOMIIAHIIO @j, 1 3HAYEHHs JOPIBHIOE |, MOKM BOHO BIANOBIJAE AIMCHOCTI,
1HaKIIE 3HaYeHHs BCTaHOBMOEThCA Ha (0. O1iHKa cOpTyBaHHS Rscorei BU3HAUAETHCS

K 2.32:

m

Rscorei =M ij Z Rrankij (232)
j=1
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I TounicTh COPTYBAaHHA 7 MOXHA OTpHUMATH HUJIAXOM 3allpOIIOHOBAHHUM

aBTOpamu y piBHSHHI 2.33:

_ num(RS; #0)
" RS,

(2.33)
BrnuB KUIBKOCTI MacakMpiB Ha MapaMeTpu IMEpeBe3eHb € OUYEBUIHUM Ta
BIJIMBA€E HA JOLLUIBbHICTh (PYHKI[IOHYBaHHS BCI€i TPAHCHOPTHOI raiy3i. ABTOpamMu
poGit [190-203] oOumcaOBaNMCh THTAaHHS JOUIIBHOCTI (YHKI[IOHYBaHHS
aepomnopTiB 3 MIAXOAY BIAMOBIAHOCTI TPOIIOBUX TOTOKIB /10 €KOHOMIYHOI
JIOIIIBHOCTI YTPUMAHHS TAKOTO €JIEMEHTY 1HQPACTPYKTYpH Tally31 TPAHCTIOPTY.
ABropamu [203] o0OunciacHO 0€330MTKOBICTH MACAKHPOIOTOKY IS
perioHaIbHUX aepomnopTiB. be330MTKOBICTh, Ha AYMKY aBTOPIB 1€ KUIBKICTh
KOpPUCTYBauiB MOCIYT aBia MOpTy, sKa 3a0e3neuye (IHAHCOBI HAIXOMKECHHS
BIAMOBIAHI 111 (YHKIIOHYBaHHA TopTy. [l MojentoBaHHS —BiAMOBIIHOT
KUIBKOCTI ~ TMacaXXupiB — KOPUCTYBadiB IOCIAyraMd TIOPTY, aBTOpamMu
3aIpPONOHOBAHO MAaTeMAaTHYHE MOJICITIOBaHHsI. BHUCyHyTa aBTOpaMu MOJIETh IS

BIJINTOBITHOTO PO3paxyHKy 2.34 € JNiHINHOO:

TC, =FC, +VC, x Pax, + ¢ (2.34)

ne TC;— 3aranpHa eKcIUTyarailiifHa BapTiCTh aepOTOpTY;
FCi — mocTiiHUM KOMIIOHEHTOM €KCILTyaTaliifHuX BUTPAT;
VCi — 3MIHHOIO CKJIQJIOBOIO €KCIUTyaTalllMHUX BUTpPAT, 10 3aJIeKUTh BIJ

KUTBKOCTI OOCIIyrOByBaHUX Macaxupis Paxi.

ABTOopamMu  poOOTM HE  BH3HAUCHO 3HAYEHHS  BCIX  CKJIQJ0BHX
3aMpoONOHOBAaHOI (QYHKII, IO TPU3BOAWTH JO HEMOXKIHUBOCTI 1i TOBHOTO
posrisiny. BusHaueHo aBTopamu, 10 piBHSHHS 2.34 nae B3a€EMO3B'SI30K MiXK
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EKCIUTyaTallliHUMHA BUTpPATaMHM Ta KUIBKICTIO MACAKHUPIB Yy BUIIISAL 3aJIEKHOCTI

2.35:

TR, =P x Pax. +u, (2.35)

ne TR; — 3aranpHuil onepamiifHuii J0X11, OTpPUMaHUN KOMITaHI€I0 aepOIopT.

Bukopucranns Tteopii rpadiB Ta rpadoaHaITUYHUN aHaAII3 Cy4YaCHUMH
HAyKOBISIMUA OYyJI0O BUKOPUCTAHO MPU MOJIEIIOBAaHHI HAWKOPOTIINX BiJICTAaHEH MiXkK
aeporopToM Ta aJAMIHICTPATUBHUMU IIEHTPAMU MEBHOTO periony. B pobotax [204

—207]. B po6oti [207] aBTOpamu 3ariporioHOBaHO Mo;Ieib 2.36:

L, =Min(L;))(i=1..m; j=1,..n) (2.36)

1€ | € TEPUTOPIEIO0 OKPYTY;

] 1Ie aepormopT;

Lijj— reomeTpuyHa BiJicTaHb MiX i Ta J;
K € HaftOIMKIUM aepOIOPTOM 1O |;

a Lix 1e HallkopoTIlIa €BKJI1JI0BA BiJCTaHb.

KoxHOMY OKpyry MpUIIHMCYEThCS BHYTPIIIHIA pailoH HalOIMK4Oro
aeporopTy, HE3aJeKHO Bl TOrO, Y4 OOCITYTrOBYETHCS BIH a€pOMOPTOM Yy Mexkax
Horo BiIacHUX KOpAOHIB. OJHUM 13 MOKAa3HUKIB aB1aTPAHCIIOPTHOTO CIOMYYEHHS
MDK TMapO0 MICT 3 TOYKH 30py MACAKUPOMOTOKIB € a0COJIIOTHA 1HTEHCUBHICTD
criostyuerHs (7jj), sSIKy aBTOpaMy 3arporOHOBAHO PO3PaxOBYBaTH BIMIMOBITHO 0

piBHsHHS 2.37:

Ty =1+ 1,3, j=1..n) (2.37)

1
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ne lij 1 lj— moBiTpsiHI MacaXMpomoToKM 3 Micta | A0 wmicta | i 3 j jgo i,

BIIIIOBIIHO.
[lomo aBiamifHOTO MACaXKUPCHKOTO TPAaHCHOPTY, lij B OCHOBHOMY Mae
nopiBHoBaTH lji. AHami3 JOMIHAHTHOTO TOTOKY TakKoXX OyJIO BHKOPHUCTaHO

aBTOpaMH ISl PO3B’SI3aHHS MEBHUX 3a7ad 3 MOJIEITIOBAHHS MOTOKIB MAaCaKHUPIB.
Cepen ycix MOXIJIMBHUX MOTOKIB 3 OJTHOTO KOHKPETHOTO MiCTa Ta BCIX IHIIUX MICT
y Mepexi aHaii3 JAOMIHYIOYOTO TMOTOKY BHU3HAYA€E JIMINEC HAWOIIBIIMIA TMOTIK 13

ILOTO MicTa abo JI0 HbOTO, SIK HABEACHO y PIBHIHHI 2.38.
T.+T, )
L, =max:s—2>4 (j=123.,n ken) (2.38)

ne Tij 1 Tj— ue MOTOKH MOBITPSIHOTO PyXy 3 Micta | 10 | Ta 3 J 1o |
BIJIIIOB1AHO;
Oi 1 Dj 3aranpHa KiJIbKICTh aBiamaca)XupiB 3 MiCTa Ta B MICTO | BiIIOBIIHO;

Lik € «JToMiHYFOUYMM KOe(IIiEHTOM MOTOKY» MicTa I.

Cepen Oarathox 3B's3kiB Mk i Ta | (j=1, 2,..m), 3B'130k I—K €
«TPIOPUTETHUM 3B S3KOM», IO MICTUTh JOMiHytounid moTiK. [lpu 1pomy,
HaykoBili [208-228] BusBisin KpuTepii (GOpMyBaHHS TOTOKIB MMacaKUpaMu
BIJITIOBITHO JI0 KOPUCHOCTI KOYKHOTO 3 BapiaHTiB mepemMinieHHs. ABtopamu [215]
3apOIIOHOBAHO JIBI MOJEI JUCKPETHOrO BHOOPY, SIKI MPHIYCKAIOTh, IO ICHYE
IIKaja IepeBar Iepej adbTepHaTHBaMHU, 1 JIOAMHA BHOEpe albTepHATUBY 3
HalOUIBIIO KOpUCHICTIO. Monens 2.39 € HAWOPOCTIIIOW Ta IMIUPOKO
BUKOPHCTOBYBAHOIO MOJICJUTIO JTUCKPETHOTO BUOOPY IS PO3YMIHHS TMOBEIIHKH

JMIOEH:
U,=V,+&; (1ed,) (2.39)
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ne Vyj € cCocTepexKyBaHOI KOPUCHICTIO aJIbTEPHATHBH |,

€ — 1€ HEeCHOCTEepe)KyBaHa KOPUCHICTH (ad0 TEpMIH TMOMUIIKH)
ATbTCPHATHBH |;

J, € CYKYIHICTIO BCIX aJbTE€pPHATHUB, SIK1 IHAMBII N MOXKEe BUOpaTH.

Hpyra 3ampomnonoBana mojmenb 2.40 MOXKe JOMOMOTTH 3PO3YMITH, IIIO
BiJiZla€ TIepeBary pecroHACHTY cepell HECKIHUeHHUX aiabTepHaTHB. Monens 2.40
nepeadavyae, 10 YMOBH TOMIJIKM (HEOOCIyroByBaHa KOPHMCHICTH) MIX
allbTepHAaTUBAMHM OJHAKOBO Ta He3aJeKHO posmnoauieHi. [Ipumymienns o3nauae,
10 TIepeBara MiXK JIBOMa BapiaHTaMM HE 3aJIeKHUTh BiJl 1IHIIUX BapiaHTIB y HAOOPi
BUOOpPY. Y Momenm (yHKIlisS KOPUCHOCTI 1HIMBIAA N BUOIp albTEPHATUBH | cepen

yCIX aJIbTEpHATUB MOJAETHCS TAK:

U,=V,+e; (Je€d) (2.40)

ne Vyj € ciocTepexxyBaHOIO KOPUCHICTIO aJlbTePHATHBH |,

€j — 1€ HEeCHoCTepe)XyBaHa KOPHUCHICTh (ab0 TEpMIH MOMUIIKH)
ATbTCPHATHBH |;

J, € CYKYIHICTIO BCIX aJbTE€PHATUB, SIKI 1HJIMB1A N MOXKe BUOpaTH.

CrnocTtepexxyBaHa KOPHUCHICTh Vyj albTEpPHATHBU | BHPAKAETHCS TaKHM

YHUHOM:

K;
V,=a;+ Z B X (2.41)
k=1

7€ 0j € KOHCTAHTAa CIPUs€ aIbTEPHATHBI | CIOCTEPEXKYBaHA KOPUCHICTB;

Xnjk € aTprOyTamMu ab0 MOSICHIOBAIbHUMH 3MIHHUMH, SIKI MOXYTb BIUIMHYTH
Ha KOPHUCHICTh JIbTCPHATHBH |;

Pk € mapaMeTpoM MOSICHIOBAIbHUX 3MIHHUX;

Kj BIIHOCHTBCS 10 KUIBKOCTI TOSICHIOBAJbHUX 3MIHHHUX, IOB'S3aHUX 3

aIbTEPHATHBOIO |.
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Omxe, B Mogem 2.39 WMOBIPHICTH BHOOPY IHAWBIZOM N alIbTEPHATHUBH |

cepen YCiX AJIbTCPHATHUB Jn II0OKa3aHO TaKNM YHHOM:

exp(V,,;)
P = j 2.42
T ey (242)

[Tpunymenns 2.40, BukopuctaHe B Mojeni 2.41, #MoBipHO, Oyje
HepeaJiCTUUYHUM Yy psli yMoB. Y moneni 2.41 ¢yHKIS KOPUCHOCTI 1HAMBIAA N

BUOIp aJIbTEPHATHBH | T THI30M D 1aeThes sK:

Uy = 3V, + &y (2.45)

7€ Ujjb € TTApAMETPOM MaclITaly, OLIHEHUM 32 JAHUMU, 3HAUYEHHSI HETaTUBHO
BIJIMBAE HA AUCIEPCIIO TEPMIHY MOMUIIKY;

Vijjp € T€ came, 110 crocTepiraeTbest QyHKIISE KOPUCHOCTI B MOJEIIL;

Uilb"Vnjib € PAKTHYHOIO CIIOCTEPEKYBAHOIO KOPHCHICTIO albTEPHATHBHU | i
THi310M b B Mozeri.

®dyHKIlIA KOPUCHOCTI THi3Ia D 00YKCITIOETHCS HA OCHOBI CIOCTEPEKYBAHOT

KOPHUCHOCTI BCIX aJlbTEPHATUB yCEPEAUHI THI3/1a, 1110 OKa3aHo B 2.46:

1
V, =4 | —In z“exp(ﬂj‘bvm.‘b (2.46)

Hipp  \jeb

e Ap — mapaMeTp Maciutaly, MoB’s;3aHHUi 3 THI3I0M D,

OTxe, CHIBBIIHOWIEHHS Ap/ujp Oyne HOpMamizoBaHO 10 [/ujp, SIKUN
HA3WBAETHCS K MapaMeTp IHKIIO3UBHOTO 3HA4YeHHS a00 mapamerp logsum rHi3ga
b daxTruno orineno B moaem 2.40. Omke, IMOBIPHICTH TOTO, IO 1HIUBI BUOEpE
IbTEPHATHBY | MiJ THI3AOM D y mMozmeni 2.46 Oys0 po3paxoBaHO 3a HACTYITHOKO

dbopmyoro 2.47:
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eXp(ﬂj\anj\b)

P =P
> 1 EXP(£V )

nj njjb

Pnb =

1
exp ﬂln (Zjeb eXp(ﬂijnjb) (2.47)

ib

1
ZbeB EXp 7 In (Z jeb eXp('uj\anj\b )

jlb

ne Phpjjp — yMOBHa HMOBIpHICTB TOTO, 110 1HAMBII N BUOMpPAE aTbTEPHATHUBY |
B rHi3Al b;

Pnb 11e KIMOBIPHICTH TOTO, IO iHAMBIM N BHOpaB rHi3A0 b B Mexax Habopy
ra131 B.

CrnocrepexxyBaHa (yHKIIISI KOPUCHOCTI MOJEINI JAUCKPETHOTO BUOOPY st

OO JIOCIIPKEHHS 3alIPOIIOHOBaHa y BUTIIsAA1 2.48:

V,; =Constant + g TravelCost; + 3, AccessTime; + B,JourneyTime,

48
+ B, Frequency; + g SeatComfortMid; + S SeatComfortHigh, = )

ne TravelCost; e BapTicTe mpoi3ay (uWiHa KBHTKAa ab0 BapTiCTh BOJIHHS)
Ul BAKOPUCTAHHS AIbTEPHATUBHOTO PEXKUMY J;

AccessTimej— Jac 1oCTyIy 0 aBTOBOK3aJly YU aeporopTy;

JourneyTimej me wac y mopo3i Bil TYHKTY BiINpaBlI€HHS 10 IYHKTY
npu3HayeHHs (TOAUHM);

Frequency;— KUIbKiCTh J1r0YMX aBTOOYCIB 200 pENCIB HAa THXKJEHb;

SeatComfortMid; i1 SeatComfortHigh; e ¢ikTuBHUME 3MIHHEMU, IO
MIPEICTABIISIOTH CEPEIHIM 1 BUCOKHI piBEHh KOMMOPTY CUIIHHS BiIITOBITHO.

[Ilo6 kparie 3pO3yMITH KOHKYPEHIII0O MIX aBTOMOOLIEM, aBTOOycOM 1
MOBITPSAM MOJOPOXI B pPETiOHAJBHINA, aBTOpaMU pO3paxyBaHO TMpsAMY Ta
MepexpecHy €NacTUYHICTh JJISI BapTOCTI IMOJOPOXKI, Yacy IMOi3AKA Ta YacTOTH

00CITyroByBaHHS pe3yJibTaTiB Mojeli 2.47, BUKOPUCTOBYIOUH J1aH1 PECIIOHICHTIB
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aBlamacaXupiB Ta HE-TIOBITPSHUX MacaXupiB BiAmoBigHO. [Ipsma emacTUUYHICTH
MOX€ TIPEJACTaBIATH BIJCOTKOBY 3MIHY 3aJ€XKHOI 3MIHHOI (HAIpPUKJIIA,
AMOBIpHICTb BHOOpY OIIIOHY), BHUKJIMKaHy 3MIHOIO Ha OJHH BIJICOTOK
MOSICHIOBAJIBHOT 3MIHHOI (aTpuOyTy), 110 mpejacTaBise iHTepec. [Ipsama QyHKIis

npyXHOCTI Mojeni 2.47 mokas3aHa sK:

E;iik = [(1_ P|) + (U”b _1)(1_ Pnj‘b)]ﬂk Xi (249)

ne Xik MpeICTaBIIsie MOSCHIOBAIbHY 3MiHHY K aJIbTEpHATHRH I;

Pi 11e IMOBIpHICTB TOTO, IO 1HAWBI N BUOpAB aAITEPHATHBY I,

Pnjlo — YMOBHa WMOBIpHICTh TOTO, IO iHAWBIA N BHOIp aJbTEpPHATHBH | B
rHi3i b.

Jia mogem 2.46, pjp 3aMIicTh 11bOro Oyze 3agdikcoBaHo 3HaueHHA 1. Kpim
TOTO, TMEepPEeXpecHa EeTaCTUYHICTh MOXKE€ BKa3zyBaTW Ha 3MIHY MHMOBIPHOCTI Yy
BIJICOTKOBOMY CITIBBITHOIIIEHHI KOHKPETHOI aJbTEPHATHBH B CIIEHapili BUOOpY
yepe3 rpaHuyHy 3MiHY 3a3HAY€HOT MOSICHIOBAJIBLHOT 3MIHHOI 1HINIOI aJbTePHATUBH.
TakuM 4rMHOM, 1€ BaXJIUBHM MOKA3HUK, SKUHA MOXE MPEACTABIATH KOHKYPEHIIIIO

MDXK anbTepHaTuBamMu. OyHKIIIS NepeXpecHOl MPY>KHOCTI B1I0OPaKAETHCS SIK:

E>F<)iik =—R X (2.50)
E)Iziik = _[PI + (uj‘b _1) Pnj‘b]ﬂkxik (251)

PiBHsHHS (2.50) OOYMCIIIOE TMEpPEeXpecHy eJacTHYHICTh aabTepHATHUBU |
II0JI0 BiJICOTKOBOI 3MiHM IMOSCHIOBAJILHOI 3MiHHOT K, 32 YMOBH [ Ta | B pI3HHX
raizaax. PiBHsHHA (2.51) BIAHOCUTBCS 0 PO3paxyHKY MOMEPEYHOT MPYHKHOCTI 3a
YMOBH i Ta ] 3 TOr0 caMoro THi3aa. OyHkiis JorapuMigHOT MPaBIOMOAIOHOCTI €

BOKJIMBUM 1HIUKATOPOM JIJIS OIIIHKM MOJIEN, sIka € MMOBIPHICTIO, MOB'SI3aHOI0 3
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JAHUMH CIIOCTEpEXeHHs 3a BUOOpoM. DyHKIIis TorapruMidHOI MPaBaONo10HOCTI

OLIIHEHOT MOJIENI 3a1a€THCH SK:

N § J

LL(BIX.Y) =D > > Y., InP (X ) (2.52)

n=l s=1 j=1

ne [ mapameTp aTpuOyTa X OIIHIOETHCS 3a MOJACILIIO;

N KUTBKICTh PECTIOH/ICHTIB;

S e Habip cieHapiiB BUOOpY;

Ynsj TOpiBHIOE 1, SKIIO anbTepHaTHBA | OyNo 00paHo, iHakiie oyue 0;

Pnsj— OIliHEHA HMOBIPHICTD adbTEpPHATHBH | 0OpaHMil (i3UIHOIO 0COOO0I0 N

cepell yCixX anpTepHaTUB y Ha0opi BUOODY S.

ABTopamu poOoTu [229] BU3HAYEHO, IO BOHMU BHUPIIIYBAIM ITUTAHHS
IIPOTHO3YBAHHS IIONUTY Ha aBlallliHOMY MacaXKUPChbKOMY TpaHCIopTi. B cBoiit

poOOTI BOHM MPEICTABUIN 3aJICKHOCTI 2.53 — !

oot X) =F bt 0,00 X,) (2.53)
Cov(x,,x,) =Cov(X,,,, X..1) (2.54)

Yo=aY ta,Y ,+ta Y +é (2.55)

Yo=u+to (Y —w)+alY_,—w)++a,(Y_, —u)+e& (2.56)

e, op— KoeQilleHT aBTOperpecii;

Yo=6—-0¢&,-06 ,—— qutfq

(2.57)
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Yi=aY, ,+o,Y, ,+-+ ath_p + &,

(2.58)
—O8 =08, — -~ 05,
VY, =(1-B)Y, =Y, Y, (2.59)
V3, = (1- B)?Y, =(1— 2B + BY)Y, — 2Y. , +Y, (2.60)
@, (B°)¢(B)(1-B)"(L- B°)°Z, = 0,(B°)6,(B) < (2.61)
n .\ 2
RMSE = ZM (2.62)
=) n
MAPE =1002|y‘ ] (2.63)
n = Y,
MAD = Z—| hh (2.64)
i Y

[Tpu boMy aBTOpaMu HE PO3KPUTO MUTAHHS (HI3UYHOTO CMUCITY HaBEICHHUX
3QJIE)KHOCTEH Ta 3HAYEHb MPUBEACHUX B 3AJICKHOCTSIX CKJIQIHUKIB.

B poGorax aBropiB [230-232] mpoBeAcHO MOJEIIOBaHHS 0OOCSTIB
NMacaXUPChbKUX TIEpeBe3Hb 13 BukopuctanHsMm Microsoft Excel 1 Matlab.
ABTOpaMH 3alpONOHOBAHO MAaTEMAaTUYHI MOJIEl BIJMOBIAHOTO MapameTpy i
rinobanbHoi Mepexi aepomoptiB N (i=1,...,N) Ta mooamHokux aepomoptiB T
(t=1,...,7), 3arampHO cHcTEMa aepornopTiB mpuiimMae posmip N-T. 3arajabHa
MaTeMaTH4YHa MOJENb IacaKHUPOIOTOKY MK aepoIropTaMH 3amnpOolOHOBaHA

aBTOpaMHU HaBEAEHO Yy 2.65:

X, =o + B+ X +T,X o, + A X +
t ) *1 -1 2N,t-2 0%t (265)

+Ai1X|,t—1 + AiZXI,t—Z + giogit + eilgi,t—l + 9i2gi,t—2 + uit
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e X B piBHaHHI (1) mosHadae Kix1 BEeKTOp BHYTpIIIHIX 3MIHHHX JIJIs
aeporTopTy;

X, Kk x1 BEeKTOp 30BHINIHIX 3MIHHMX, CTICIU(IYHEX I AEPOIOPTY;

gi Bektop 1 x 1 (TOOTO cKamsip), MO CKIAAAETHCS 3 OMHIET TIIOOATBHOT
3MIHHOI — TJI00aIBHOT ITIHK Ha HaTY;

t mo3Hayvae JHIMHUN JeTepMIHOBAaHUN Yac TEHCHIIIS;

Uit TIe criermuiuHui 71T aepoTopTy MPOIEC 1IIOCHHKPATUIHOI TTOMIIKH,
KM, K TependavyaeThCs, € TMOCTiJOBHO HEKOPEIbOBAaHUM 1 c1abo 3aleKHUM 3
po3mipom ki x 1;

ai, pi, Ii, 4i, 1 0— Bektopu Koe(diIlieHTIB 1 MaTpHIll, SKI MalOTh OYyTH

OLIIHEHO.

AG0 13 JOMOMOTrOI0 KJIACMYHHMX OJHOBUMIPHUX €TAJIOHHUX MOJeNeH
PO3paxyHKY MMacaxupornoToky 2.66 (pi, di, 0i) MoJeIb JUIS aepONOPTY | YUTAETHCS

HACTYyITHUM YHHOM:

@ (L) pass, =¢; + 3 (L), (2.66)
ae ¢i(L)i 9i(L) mo3Ha4aroTh MOJIHOMH 3 BiZICTABaHHSIM MOPSIKY Pi 1 Ji.
[IpoOneMu ce30HHUX (YaCOBHMX) KOJHMBAHb MACaKUPOIOTOKIB OINKCAHO B

poOoTi [233], y Hili BBOJUTHCA CE30HHA MOJENb €KCTPEMAJIbHOTO TPai€HTHOTO
nigsuieHHs (SD-XGBoost), mo06 Bmoparucs 3 npo0JieMOI0 MPOTHO3YBAaHHS 1 B
i MOJENl TaK0XX BCTAHOBJICHO THMYACOBY KOPEISINIO IS 9acOBOTO PSIy

Y=yoV1,"* V1, S — CE30HHUH TEpioJl, a CE30HHY PI3HUIO MEPIIOTO TMOPSIAKY

BU3HAYEHO HACTYITHUM YMHOM 2.67:

V(S)Yt =Y~ Yis (2-67)
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ne V € pi3HULEBUN ONIEpaTop;
V(S)yt — 3BOPOTHA PI3HUIIA MEPIIOro MOPSIAKY 3 IepiogaMu S IS 3CYyBY
JJ1s OOUMCIICHHS PI3HHUIII.

Pi3HuIIeBY MOCHIOBHICT 3 PO3MIPOM KOB3HOTO KpOKYy | 1 CE30HHHM

nepioioM S aBTOpaMH BUKJIAACHO y 2.68:

VEY = (¥, = Yo) (Vso1 = Yo)ieon (Y = Vis) (2.68)

3a gomomoror Habopy 13 N 3pa3kiB 1 M HaBEIGHUX O3HAK,
D :{(xi,V(S)yi)}(\D\ =n,x, €l™,V®y el]), mo6 supuutu HaGip GyHKUiH, SKi

BUKOPHCTOBYIOTHCS B MOJIEJI1, aBTOPaMH MIHIMI30BaHO HACTYITHY PETYJISIPU30BaAHY

MeTy Bupas3om 2.69:

L (@)= Y IVE9,.59y) + > (f,) (2.69)

ne | e mudepenIiiioBaHo OMyKI0K (YHKIEW BTpaT, sKa BUMIPIOE
PI3HUIIO M1 MPOTHO30BAHUM 3HAUYEHHSIM CE30HHOT Pi3HUIII V(S))?i 1 LJIb V(S)yi ,
f« B k-th.

Ha BigMiHy Big 3BHYaWHUX METOJIB ONTHUMI3allii, KOXHaA ITeparris
HABYAETHCS IUIAXOM J0aBaHHs HA OCHOBI Tonepennix itepamiit. V®Y. nossonse

Oyt mepeabadyeHHAM | iHCTaHIis t iTeparifo, 1 Tl MOXKHA Mepea0aYnTH Ha OCHOBI
(t-1)-ro unena, f;i mo3Bossie 3BECTH A0 MIHIMYyMY BIAMOBITHI TOMMJIKH, IO

HaBezieHo y 2.70:

LO=YH(VOy, VO, + £,(x))+Q(f) (2.70)

i=1
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3aBasku po3kiagaHHio B psjg Teitnopa npyroro nopsiaky, piBHsHHs 2.70

ABTOpPaMM 3aIIpOIIOHOBAHA 3aIIMCATH K 2.71:

& 1
LO=>"[g,f(x;) +Ehi f2(x)]+Q(f,)

i=t
where @, = av(s)ym)l(v<3>yi,v<5>y“-1>), (2.71)
h = 0? (V(S)y_’v(s)y(tfl))

w(8)g(t-1)

ne Qi 1 hi— rpamieHTHa CTATHUCTHKa MEPIIOT0 Ta APYTrOro IMOPSJKY MO0
¢dbyHKIii BTpaT, 1 MOCTIMHI YMOBH, SKI MOTPIOHO BHIAIUTH, OO OTpUMATU
CIIPOIIIEHY METY Ha Kpolii 1.

PiBusiHHS 2.71 MOXHA BUpA3UTH y BUTIISAL 2.72:

& 1 1,<
L= 309 f,06) + S 2001 +T + 223 0]
i=1 =1
’ 2.72)

j=1 iel

Sz

Jlns HepyxoMoi KoHCTpykii ((X), onTMManbHa Bara @; j 3anpONOHOBAHO

oOuucauTH piBHSIHHAM 2.73 Ta 2.74:

* Zielj 9i

a)j:—m (273)
T (D 9
) _ iel;
L®(g) = ZZ h+/1 +9T (2.74)

PiBusinaa 2.74 MoO)XXHa BUKOPUCTOBYBAaTH SIK (DYHKIIIO OIIHKA A

BUMIPIOBAaHHA $KOCTI CTpykTypu (. KoHcTpykuii ( mnepepaxoByroThcs 3a
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JOTIOMOTO10 KaJl1I0HOro anroputMmy. Kito4oBoro npoOaeMor0 HaBUaHHS € 3HAWTH
ONTUMAJbHY CXEMY CETrMEHTAllll Ha OCHOBI (OpMYyJM Ta MNPUUHATH TOYHHM
anroput™. [Ipumymeno, mo I 1 Iz € ex3eMruisipy HaOOpiB JIIBOTO Ta MPaBOTO

BY3JIIB TICIIs PO30UTTS PO3IICTUICHHS 33/1a€ThCs PIBHSAHHAM 2.75:

1 (Ziengi)z n (ZiE'Rgi)z _ (Zia 9)°

L -

e 2 ZiaL hi +A ZielR hi +A Zia hi +A (2.75)

Iicns 2.75 3nauenns pisauni V©®Y, | IporHo3yeThes depes MOCIiTOBHICTH

cesomHnx pisEnms  V®Y | MaiibyTHe mnporHo3oBaHe 3HAYEHHA ABTOPAMH
OTPUMAHO 3a JOMOMOTOI0 O00epHEHO1 (PYHKII CE30HHOI PI3HUIll, IO MICTUTH
CIOCTEpPEXKYBaHl 3HAYEHHS Ta 3HA4YeHHs pi3HuLl. OOepHeHa (YHKIS CE30HHOI

pi3HUII HaBeaeHa y 2.76:

t+1
V(S)yl :V(S)y +V(S)y . + ._.+V(S)y+
iZS: S s+1 t+1 (2.76)

:(yS - y0)+(ys _y1)+"'+(yt+1_ yt+175)

3 piBHSIHHA 2.76, MPOrHO30BaHE 3HAYCHHS Jt+1 MACAKUPOIIOTOKY 3a yac t+1

€2.77:

t
yt+1 :( V(S)yi + V(S)ym—l] + (yo Y et ys_l) - (yt+2—s + Yig gt t yt)
= (2.77)

S-1 t

t
:( V(s)yi"'v(S)ym]"'zyi_ Z Yi
i=S

i=0 i=t+2-S

Komu mnepionu 3MimyroThCs s OOYMCIACHHS PI3HUIN Hazad, ToOTO

o . t . . . .
ce30HHuM nepiog S=1, Z:i:SV(S)yi — PI3HHUILA MACAKUPOMIOTOKY MIXK t-m MICALb 1
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Hepmp[f/'[ Micsllb, TOOTO V(l) Y. =Y.~ Yig :zlv(l) Y=Y, — Y- PiBusiaus  2.77

aBTOpaMU 3MEHIIICHO /10 pIBHAHHA 2.78:

t
yt+l = sz(l) yi + v(l) yt+1j + yO (278)

i=1

Jlns omepartiii N BUBEICHHS M MOENCH Ha MEpIIoMYy €Talll 3 HaBEICHUMH

n R I TV
i MOJCIIb MHO>XHHHO1 JIIHIMHO1 PCrpecil, sAK ITOKa3aHO

spaskamu, D ={(x;,V;)}

aBTopamu B 2.79:
f(x)=wX,+w,X,+ o X +b (2.79)
Iie Xi 1ie BX1QH1 JaHi;

(m;b) — koedimienT perpecii.

Merta onrtumizailii Moz HaBeIeHa aBTOpaMH, sik Bupas 2.80:

(@;b")=arg minE, = arg(w:br)nin(y — X(w;b)) (2.80)

ne X — MaTpHIls 3 po3MipoM n % (m+1)
[Tpu 11bOMy 3HaYEHHSI B OCTAHHBOMY CTOBTIIII 3aBKIH BCTAHOBJIIOETHCS 5K 1,

TOOTO:

Xy X, Xy, 1

Xor Xon o0 X 1
X=|"2 = (2.81)

1

_an Xn2 Xnm 1 ]

B poGoti Tsui W., Ozer Balli H., Gilbey A., Gow, H. (2014) [234]

aBTOpaMH  3allpONIOHOBAHO  MATeMaTU4YHYy  MOJENb Uil  PO3PaxyHKy
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NacaXUPOMOTOKY MEBHOTO aeporopTy 13 ypaxyBaHHS CE30HHOTO KOJIMBAHHS
BU3HAUCHOTO MapaMeTpy. Moenb [Jisi po3paxyHKy MacaXUpONOTOKY LIS EPioTy
gacy — ARIMA (p, d, ), m0 He XapaKTepU3yeThCs TEBHUMU CE30HHUMHU

KOJIMBAHHAMMU 9aCy aBTOpAaMHU 3alIPpOIIOHOBAHO Y BI/II‘JI}IIIi:

D(p)V'Y, = a + B(q)s, (2.81)

JUist po3paxyHKy MacaKUpONOTOKY y TMEBHI MPOMIKKMA Yacy, IO Mae

ce3onHI ocobnuBocti — SARIMA (p, d, ) 3anponionoBano Mojemb 2.82:

D(p)o(P)VIVY, =a+B(9)0(Q)¢, (2.82)

ne @(p) noniHOMIiaILHUI HECE30HHUH MPOLIEC YIOPSAKYBAHHS p);

o(P) nmo3nauae nosiHoMiaabHUN CE30HHUHN TIpoliec mopsiaky P;

B(q) no3Havyae moaiHOMIaATBHUN HECE30HHHI TPOIIEC TOPSAKY J;

©(Q) no3Havae MOJIIHOMIATBLHUM CE30HHUMN MPOIeC 3aMOBJICHHS Q;

VIVP — nosnauae piBeHb pi3HHIA 1N HECE30HHUX i CE30HHHX MPOIIECIB,
BIAMOBIAHO, Y; MO3HAYa€e 3ajekHy 3MIHHY, $IKy MOTPIOHO MPOTHO3YBATH, &
N03HAYa€ 4ac MOMMIIKH, 1 o TO3HAYAE KOHCTAHTY.

ABTOpamu, piBHSHHAM 2.83 3a/laHO IHIUKATOPHY 3MIiHHY — S;, SKa MOXE

MaTH NOCTiitHUH edekT abo OyTH 3MIHHOIO B YacCi:

S - 1, sxmo t > T (i gac 1 micis BTpy4YaHHs]) (2.83)
10, sxmot<T (10 BTpy4aHHS:) '

a60, Pi IHIMKaTOpHOIO 3MIHHOIO, SIKa MOKE MAaTH TUMYAcoBHUU epekT abo

IMITYJIbCHY (DYHKIIIIO:
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P 1, sxmot =T (mpu BTpy4aHHi1)

) (2.84)
0, sxmot # T(m0 BTpyuaHH:)

Konu BTpy4yanns BctaBieno B mojenb SARIMA B piBasHHI (2.82), Moenb

BTPYUYaHHS MOXHA 3aIllMCAaTU TaK, IK MTOKa3aHO B PIBHSAHHI 2.85:
D(p)o(P)VVLY, =a+®(0)O(Q)s, + X, (2.85)

7€ X¢ MOo3Hadae (YHKIII0 pearyBaHHA (TOOTO MOCTIMHY (QYHKIO abo
TUMYACOBY (PYHKI1}0) 200 cyMy (yHKIII pearyBaHHs.

Ce30HHI 3MIHM MACAKHUPOMOTOKY Ta HOTO KOJWUBAHHSA YIIPOJOBXK THXKHS
posrsinanu  aBTopu [235-238]. 3ampornoHOBaHO BHUKOPUCTAHHA MIAXOAY 13
MOJICJIIOBAaHHSI MapaMeTpy KUIBKOCTI MacaKupiB MpH BUKOPUCTAaHI METOIY
perpecii uwacoBux psfaiB. I[lpu BUKOpPUCTaHHI BH3HAYEHOTO TMIAXOAY JO
MOJICJIIOBAHHSI MACaXUPONOTOKY Yy IEBHOMY AaepornopTi aBTOPAMH OTPUMAaHO

Mozenb 2.86:
M G G G
Yo =6t+ D BSmi+ D7V T8V + D IV N, (2.86)
m=1 g=1 g=1 g=1

7€ O € MapaMeTPOM JIIHIMHOTO TPEHY;

[ ce30HHMI mapaMeTp;

Sm.t € Ce30HHOIO (DIKTUBHOIO 3MIHHOIO.

BusnaueHuM pIBHSHHSM mepen0avyeHo, M0 SKIIO JaHi IIOMICS4YHI, TO
M=12, xBapTanibHUMU — M=4 1 TaKk gaii.

Vg1 € PIKTUBHOIO 3MIHHOIO €(EeKTIB KaJleHAapH1 Bapiallii;

Vg1 € ((GIKTUBHOIO 3MIHHOIO 32 MICALb JO BHHHUKHEHHS €(EeKTH
KaJICHJapHUX Bapialliif;

Vgi+1 € (IKTUBHOIO 3MIHHOIO Y€pe3 MICALb MIC/sd BUHUKHEHHS e(eKTH

KaJICHIapHUX Bapiallii.
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Axmo edekTy KajdeHAApHUX Bapialliid 3poOiieHi moTwxkHs, To G=4. fkmio
e(eKTH KaJICHIapHUX Bapialliii BHeceH1 B moAeHH1, To G=30 1 Tak maJi.

3aranpHU BIUIMB KaJCHAAPHUX 3MiH MOXKHA BHU3HAYUTH Ha OCHOBI
JaCOBOTO PSTY CIOXKETY;

N: 11e mommika O1710TO IIyMYy.

Mopenp 2.86 3anmpONOHOBAaHO [UJIsl BKIIOUEHHS 3HAUYYyLIIMX E€K30T€HHHX

(bakTopiB, SKI BpaXOBYIOThCS B Mozeni 2.87:

0,(B)0, (B®)
¢,(B)® (B®)

M G G G
Yo =6t+D B.Smi+ D7V + D 0N+ DO NV + N, (2.87)
m=1 g=1 g=1 g=1

[lepmumu eranamu 1moOynoBu mojeii 2.87 € CTBOPEHHS perpeciiHux
MOJIEJIEll 4YacoBOrO psAIy 3 TEHACHIIWHUMHU, CE30HHUMHM Ta KaJICHIapHUMH
BapiallisiMi 3 METOI0 OTPUMAHHS MTOXUOKH.

tyyna HellpoHHa Mepexa abo BiloMa SIK HEMpPOHHA Mepexa, CIoYaTKy
po3poOJieHa i iMiTallli poOOTH JIIOJACBKOTO MO3KY, CKJIQJA€ThCA 3 HU3KHU
B32€EMOIIOB ’3aHUX TMPOCTUX EJIEMEHTIB OOpOOKH, SIKI HA3MBAIOTHCS HEWPOHAMHU
ab0 By3J1aMHU MOIEPETHbO MPOJAEMOHCTPYBaia ceOe y SIKOCTI Cy4acHOIO CIoCco0y
13 MOJIETIOBaHHS TOBEMIHKKA TmacaxupiB. lle mpusBeno [0 MOXKIHBOCTI
ypaxyBaHHS TMOBEIIHKOBUX HACTPOIB MPH MEBHOMY MOJIEIIOBaHHI. ApXITEKTypa
JAHOTO MOJIETIOBAHHS ONMCYE BHUXIOHE 3Ha4eHHA () 1 BXoau (Yi1, Ye2,...,Ytp) 3

MaTeMaTHIHOIO (POPMYII0FO:

q p
o= 8| 25 | 20 +B] b (2.89)

=

ae Wi? € Bara I-r0 HEWPOHHOTO BXIJHOTO IIApy JO | NMPUXOBaHUH IIap
HEWpOHa;

h . - o v - .
b;' € ynmepemkenictio j- ro Helipory B npuxosanui map (j=1,2,...,9) ;

56



0 . o . o .
Wj € Bara j-ro HeWpoHa BiJl NPUXOBAHOIO WIAPY JI0 HEUPOHA y BUXIAHOMY
mapi;
b® € 3mimeHHsAM HelipoHa y BUXiIHOMY IIapi;

fjh € (QyHKISA akTHBalii B TPUXOBAHOMY IIapl 3a JIOIMOMOI'OKO

curmoBHaHOT (ynkwii, To6To f (X) = (1+exp( —X))™?;

f 0 € akTuBawis y BUXigHOMY HIapi 3 niHiliHO0 QyHKHiewo f (X) = X.

Mopenb OMOpHOI BEKTOPHOI perpecii moiiae mpobieMy perpecii, ska
HAMaraeThbCsi OTPUMATU HAWKpaIly TINepPIUIONIUHY, BUKOPUCTOBYIOUYM MPHUHIIMIT
MIHIMi3alli CTPYKTYPHOTO PU3UKY, HUIAXOM MOJLIY JaHUX 1 MIHIMI3alli BiJICTaHI
MDXK TIIEPIUIOMMHOK Ta faHuMu. DyHKIIA perpecii MeToAiB aBTOpaMu HaJ0OHO y

BUrIAAl 2.89:
f(x)=w'é(x)+b (2.89)

Jie W - BarOBUM BEKTOD;

#(X) € dyHKIi€w, siKka BiqoOpa)kae HENHIHHO X 3 BXIJHOTO MPOCTOPY Y
BHUCOKOPO3MIpHi (DyHKIIIi MPOCTOPY;

b € ynepemxeHicTio;

W i b — koedimienTr MiHiMiI3alil GYHKIT PU3HKY, OMIMCAHOT B HACTYITHOMY

piBHsHHI 2.90:

R(F () =C XL, (1, (X)) + 5 (2:90)
0, ifly, — f(x)|<e

where L_(y,, f(x))=
g(yl ( )) ‘yl _ f(Xi)‘_g’ 1HAKIIIE

ne L, € e — HeuyTnuBa QyHKIIIS BTpaT;
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C 1 ¢ € mapameTpu, Akl Oyl BU3HAYEHI JJIsI OTPUMAHHS ONTUMAIbHUX
1JI00aJbHUX PE3YIIbTaTIB.

Konnentrist ¢pyHKIIT BTpat nojsirae B MiHiMi3allii 3Ha4eHHA 3r1aHO 13 2.91:

RWE,E) =minZfwlf +CY (& +4) (2.91)

3 oOMexeHHaME: Y, —W' (X)) —b<e+¢&,
W a(x)-b<e+&,

Wa(x)+b-y <e+& i

E.E >0, i=12,...n.

Ontumizaiiss 3a TaKUMU OOMEXKEHHSAMH MOXKe OyTH BHUpileHa 3a

JIONIOMOTOI0 BUKOPUCTAaHHS MeToAy Jlarpanxa 2.92:

L, 6.8, B ) =S| +C[i; +§rj

—Zn:ai [ng(xi)+b—yi +g+cfi*} (2.92)

i=1

Sy -bre £ ]85+ AE)

i=1

3 BHKOpUCTaHHAM Metony Kapyma-Kyna 2.92 MoxkHa mHpencTtaBuTH Yy
Burisial 2.93:

8(Ofi’OCi*):iyi(ai _ai*)_gi(ai +ai*)
‘11n i = (2.93)
_EZZ(ai _ai*)(aj _a;)K(Xi’Xj)

i=1 j=1
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®yukuis sapa K(Xi,Xj)) Moxke OyTH BUPQKEHO K BHYTPIiLIHiK poayKT A(Xi)
#(X). Omniero 3 QyHKIH supa, sika HaWvacTille BUKOPHCTOBYEThCs, € ['aycoBa

panianpHa 0a3ucHa (YHKIIIS, Ky MOXKHA BU3HAUUTH Y JAHOMY BHUIIAJKy BHPA30M

2.94:

2
X — X
M&@:wp—L—ﬂ— (2.94)
o
Jie 6% € mapaMeTpoM Spa.
Ium oOyMoBIieHO Bupas 2.95:
f(x) =D (o — e )K(X%,X) +b (2.95)
i=1

[Ipy TmporHO3yBaHHI JaHWX YacOBOTO PsAY BXiTHUMH TapaMeTpamMH €
BiZICTaBaHHS TaHUX CIIOCTEPEKEHD X = [Vi—1, Vi-2,- > Vi-p)-
Asropu [238] 3ampomnoHyBasii TiOpUIHY MOJC/Ib MPOTHO3YBAHHS, IO

CKJIQJIAETHCH 3 JIIHIWHOT Ta HENHIMHOT MojieNiel, chOpMyITLOBaHUX Y BUpasi 2.96:

Y, =L +N,+¢ (2.96)

ne L — miHiiiHa ckiagoBa 1 Nt ckiraioBa riOpuIHoT MOJICTI.

B pob6orax [239-240] po3riasHyTO MOMUT Ha MACAKUPCHKI Ta BaHTaXKHI
NEPEeBE3CHHs aBlalliiHUM TPAHCHOPTOM Y MIKKOHTHHEHTAJIbHOMY CHOJYYEHHI
Opu PI3HUX YMOBax TaKWX IMEpeBe3eHb. ABTOpaMHU POTOM 3aIPONOHOBAHO
HEHPOHHMI METOJ] MATEMAaTUYHOTO MOJIETIOBAHHS TapaMeTPiB MOMUTY. ABTOpAMHU
3a3HAYEHO, 1[I0 y JAaHOMY BHUIIAJKy BHUKOPHCTOBYIOTbCSI HEUPOHHI Mepexi 3
3BOPOTHUM TMOIIMPEHHSIM JJisl MOKPAIlEHHS TOYHOCTI MPOTHO3YBaHHS IIOIHUTY.
Heliponna Mmepexa CkiIaJaeTbesi 3 BXIIHOTO IIapy, BUXIIHOTO IIapy 1 3a3BUYaid

OJTHOTO a00 KITBKOX MPpUXOBaHMWX ImapiB. KoxeH 3 IUX mIapiB MICTUTh BY3IH, 1
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BOHHU 3’€JIHaHI 3 1HIIMMH BYy3JaMU Ha CyCIJTHIX Imapax. Buxina 13 maHoro HelpoHa
OOYHCITIOETHCS IIJIAXOM 3aCTOCYBaHHS IepenaTHOi (YHKINI 0 3BaKCHOTO
MiCYMOBYBaHHS HOro BXIIHUX JaHUX, MHI00 OTpUMATH BUXIA, (YHKIIIEO

MiJICyMOBYBaHHs € 2.97:

=2 W, x X, (2.97)

OyHKIIST aKTUBHOCTI MPEICTaBIsie pe3ynbTaT (YHKIT MiCYMOBYBaHHS i

HaBeJIeHo B 2.98:

net, =1, (2.98)

j
Heniniitna nepegatHa QyHKIISE Ma€ CUTMOBUIHY GopMy 3rigHo 13 2.99:

1

Y=
l+exp

]

(2.99)

OcCKUIbKY BUXIAHHM J1ara30H CUTMOIAHOI (DYHKIIT 3HAXOIUTHCA B MEXKax
Bim 0 mo 1, BimoOpakeHHS JMaHMX € OUIBIN TPHAATHUM JJIi BUKOPHCTaHHS 13
MEHIIUMU BIIXWICHHSAMHU. OCKUIBKM HE MOTPIOHO KOPUTYBAaTH IIA0JOH JaHUX

MO>KHA 3aIPONIOHYBAaTH HACTYIHY (YHKIIIIO:

= (Xold - Xmin) % (Dmax _ Dmin) + Dmin (2100)
(Xmax - Xmin)

1€ Xmax 1 Xmin— 11€ MAKCUMYM 1 MIHIMYM 3MIHHHX;
Dmax (-0,8) 1 Dpin (-0,1) € 3a3HaYeHUMH MAKCHMYMOM 1 MiHIMYMOM.
Bysmu y BXigHOMYy miapi NpeACTaBiSIOTh HE3aJeKHI 3MIHHI MpoOJeMH,

BKJIFOYAIOYM BIJIMOBIIHI COIIabHI Ta €KOHOMIYHI mapameTpu. [IpuxoBanuii map
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BUKOPUCTOBYETHCS [IJISl JIOJaBaHHSA BHYTPIIIHBOTO MPEICTABICHHS HETIHIHHUX
JAHUX.

Y  nmocmimxenHi  [238]  gumcimoBi  3HAYCHHS ~— BHXIIHHX ~ BY3JIB
BUKOPUCTOBYBAJIMCS JIJISl IPEJICTABIICHHS MOMUTY Ha aBlanepeBe3eHHs, a QyHKIIIs
eHeprii — me QyHKIS TePEeBIpKH, sKa BU3HAYAE, UM 30JIM3MIIACS SHEPTiS MEPExKi
710 CBOTO MIHIMYMY.

Beskuit pa3, xonmu (yHKIS eHeprii HaOIMXKaeTbCsa 10 HYJS, Mepexa
HAOMIKAETHCS IO CBOTO ONTUMAJILHOTO PINICHHS, SIK BU3HAYEHO aBTOpamu [238]y
Bupasi 2.101:

Ezlzn:(l' -Y,)? (2.101)
2470 '

=L

ne 7j ue (pakTUYHE CIIOCTEPEKECHHS;

Yj — IpOTHO30BaHa BEJINYMHA,;

N — KUIBKICTh MPOTHO31B.

Jiist 3HaxoKeHH MiHIMYyMY (GYHKIIT €Heprii aBTopaMu 0yJI0 BUKOPUCTAHO
METOJ HAMKpPYTIIIOTO TPAJi€EHTHOTO CIyCKy. B mbomy mocmimkenHi [238]
OIIIHOYHUMU KpHUTepisiMmuoOpaHi cepeansi adcomoTHa nomuika (MAE [=MAD)),
cepenns abconoTHa BifcoTkoBa nommika (MAPE), cyma kBaapaTiB MOMUIIKA
(SSE), cepennrokBaaparnuna nommika (MSE), cepenHbokBaipaTuyHa MOMUIIKA
(RMSE), cepennrokBagpatnuna nomuika (RMSPE) 1 HopmoBanmii koeditieHt
kopemsiii (r). Iumu mapamerpamu Oysno 3a0e3Me4eHO OLIHKY e(pEeKTUBHOCTI
MPOTHO3YBaHHS HEHUPOHHUX MEpEeXK, a IMOKA3HUKH TOYHOCTI MPOTHO3YBAHHS

nepepaxoBani y Bupazax 2.102 — 2.108:

MAE = MAD:EZ T, =Y (2.102)
n4s
n T, =Y.

MAPE = = 3|51} 100% (2.103)

61



SSE = i(Tj -Y,)? (2.104)

MSE=%ZSSE =%Z(Tj -Y;)? (2.105)
: e

RSME=+/MSE \/Z(T -Y,)? (2.106)

=

2
0 (T, -V
RMSPE = 1 Z( = '] <100% (2.107)
n

Zn:TJ. ><YJ.

r=-—2 (2.108)

\/Z”:sz X Z”:sz
j=1 j=1

ABTtopamu [239-241] BUKIIaICHO MOJIeIb OOpaHHS CIIOCOOY IOCTYMy JI0
aeporopTy, BUCIOBIECHO MPUMYIIEHHS PO BILIUB TaKOTO JOCTYIY Ta IMapaMeTpiB
KOM(OPTHOCTI TaKOTO JIOCTYITy Ha BUOIp CaMOro aepomnopry Ta crnocoly i3aku. B
poGoTi [241] BBeaeHo monens 2.109 manoro Bubopy — MIMIC, sika € okpemum
BUITAJIKOM MOJIeNIel 3arajlbHUX CTPYKTYpPHHUX PIiBHSHb 1 Ma€ JHIIE OJHY
npuxoBaHy 3MmiHHy. Ha nymky aBtopiB [241] Ha mnpuxoBaHy 3MIHHY
OesrmocepeIHbO BIUIMBAIOTh OJIHA a00 KUIbKAa HE3aJICKHUX 3MIHHHX, IO
CIIOCTEPIraloThCsl, 1 BOHA BKAa3Y€ThbCS OJHUM a00 KUIbKOMA 1HIUKATOPaMHU.

Crpykryphe piBHsHHS Mojaeni MIMIC npencrasnserses y Burisai 2.109:

n=yX +¢ (2.109)
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Jie /) — JaTeHTHA 3MIHHA "3a/10BOJICHHS";

X € BEKTOPOM CIOCTEpPEKYBAaHUX MOSICHIOBAJIbHUX 3MIHHUX, BKIIOYAIOUU
XapaKTePUCTHKHU PEXKUMIB TIOJJOPOKI Ta MaHIPIBHUKA;

¥ — BEKTOP HEBIJIOMUX TTapaMeTpiB X B # ;

{ € YIEHOM BHITaIKOBOTO ITOPYIIIECHHS.

Opnovacuo 2.109, Ha gymMKky aBTopiB [241] mosxHa BimoOpa3uTH, sk 2.110:

| =An+35 (2.110)

1e | € BEKTOpOM CIIOCTEPEKYBAHUX MOKA3HUKIB 77;

A — BEKTOp HEBIJOMHX MapaMeTpiB AJiA 7,

0 BEKTOP BHUITaIKOBUX WICHIB 30ypeHHS.

EneMeHTn B 0 MOJIEMIOIOTBCS K KOpPENIbOBaHI, TOJI K { 1 0 BBaXalOThCs
B3a€EMHO HeKopenboBaHuMHU. Crij 3a3HAYUTH, 110 I1HAUKATOPU HE MAKOTh
MPUYUHHO-HACTIIKOBOTO 3B'sI3KY, SKHUM BIUIMBAa€ Ha PIIICHHS II0J0 BUOOPY
pexuMy i31ku. BoHM 300pakyI0ThCs SIK IPOSIBU JIATEHTHOI 3MIHHOI, IO JIEKUTH B
OCHOBI «33JI0BOJIEHOCT1», 1 3a3BMYail BUKOPUCTOBYETHCS JIMILE JUIsl OLIIHKU
MPUXOBAHOI 3MIHHOI. TakuM YMHOM, MOKAa3HUKHU HE BXOIATHh O€3MOCEepPEeaHBO 0
Mozei BHOOpY, aje BOHHM BIUTMBAIOTh Ha MpoOILeC BUOOPY uepe3 MNPUXOBaHY
3MIHHY «3aJI0BOJICHHS.

VY nmocmimkenHi [241] 4OTHUpHM CIIOCTEpEKyBaHI TMOSICHIOBAIBbHI 3MiHHI,
BKJIIOYAIOYM OJIHY XapaKTEPUCTHKY pPEXUMIB (TOOTO Yac y J0po3i) 1 TpH
XapaKTEPUCTHUKXW MaHJpiBHUKA (TOOTO CTaTh, BIK Ta pIBEHb OCBITH), OYIHU
BHU3HAYEHI K NpuuuHU. [IprxoBaHa 3MiIHHA «3a/10BOJICHHS MOTIM BKJIFOYAETHCS B
MOJIeb TUCKPETHOTO BUOOPY, SIKa BUKOPUCTOBYETHCS IIJISI MOJICIIOBAaHHS BHOOPY
HA3eMHOTO PEXHUMY JIOCTYMY MAacCaKUpIB TMOBITPSHOTO TpaHCHOPTY. Y Moemi
JUCKPETHOTO BHOOpY MependadaeThesi, M0 KOKEH MacaXup MparHe BUOpaTu 3
JOCTYITHOTO [IJIi HHOTO BHUOOPY PEXKUM IMOJOPOXKi, SKHM Ma€ MaKCUMAaIbHY

I[IHHICTh KOPHUCHOCTI.
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CTpyKTypHE pIBHSHHSI MOJENI JUCKPETHOrO BUOOPY NPEICTABISETHCA Y

Bursgm 2.111:

U, = X+an+e¢, (2.111)

ne U, € KOPUCHICTIO allbTepHATUBH N,

[n Ta 0y € BEKTOpAMH HEBIJIOMHUX TTapaMeTpiB;

&n — BUIMAJIKOBI YMOBHU 30ypeHHSI.

PiBHSIHHSA BUMIpIOBaHHS MOJIENI JTUCKPETHOTO BHOOPY MPEACTABISETHCS Y

Burisial 2.112:

1, sxmo U, =max{U,_}
Yo = " (2.112)

0, 1HakIe

1€ Vn € 1HIUKATOpOM BHOOpY, BIH JIOpIBHIOE 1, SIKIO ajbTepHATHBA N
BuOHMpaeTres 1 0 B IHIIOMY BUMAJIKY.

ABtopamu [241] BuzHadeHo, mo napametp yacy — VOT nmns cioyx060BUX i
HEJIJIOBUX TAaCaXUpiB, K1 BUIITAIOTh, Ma€ PI3HUNA BIUIMB Ha BUOIP PEXHUMIB Ta
croco0iB nepecyBaHHA. ToMy B MOJENI JAMCKPETHOrO BUOOpY 3MiHHA «OI3HECH
B3a€eMOJIi€ 31 3MiHHOIO «4acy. VOT st macaxupis, 10 BUIITAIOTh (| BU3HAYAETHCS

K HaBeneHo B 2.113:

ou, /oT
VOT, = — 1 (2.113)
ou, /aoC,
ne T € Miporo yacy B 10pO3i;
C e Miporo BapTOCTI IOJOPOXKI.
[Ipu nopiBHSHHI 310paHUX JAaHUX ONMUTYBAHHS 3 HIOPIYHOIO CTATHCTHKOIO

100 IIJIeH MOJOPOXKI aBlamacakKupiB Ta CTAaTyCy MPOKHUBAHHA OyJO BHUSBJICHO,
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10 ICHY€E PI3HUI MDK IpodijieM pecrnoHAeHTIB 1 HaceneHHsM. 106 orpumartu
y3TO/UKEHI OI[IHKKA B MOJIEISIX BUOOPY PEKHUMY, KOXKHE OKpEME CIIOCTEPEIKEHHS
3BKYETHCS YAaCTKOIO HACEJICHHs, M0 HalexuTh 0 cermenta S, (Fs/F), monan
BianoBiaHy dactuny pecrnonaeHtiB (fi/f). Bara mis pecnoHaeHTIB HalIeKUTh

cermeHty S, Ws, aBropamu BupakeHo B 2.114:

W, = % (2.114)
S

MaremaTuyHl METOJM MOJICTIOBAHHS MPOLIECIB TPAHCIOPTY MalOTh CBOE
MIClIe W Y MUTaHHAX JOCIIKEHHS BUOOPY MaCaXUPOM CIOcoO0y IMpH 3/1HCHEHHI
TYPUCTUYHUX Togopokeit [242-249]. Amtopamu [249] BukopucTaHo maHi
AHKETHOTO OMWUTYBAHHA JJIsl aHali3y BUOOPY CIOCOOY IMepeBe3eHb MACaAXKHUPIB, a
MOTIM Ha MPUKIAJI aBianmacakHpiB BCTAHOBJICHO (HaKTOpH, IO BIUIMBAIOTH Ha
MOJIEIb BUOOpY MacaXHpamu TMOJOPOXKI. 3anpornoHOBaHO (QopMmyny  JuIst
BU3HAUCHHS Koe(dillleHTa TOMIOHOCTI i37KkM, SKa € HaWOUIbII  YacTo

BUKOPHCTOBYBAHOIO MOJICIIITIIO BUMIPIOBAHHS CTPYKTYpHOI noaioHocTi 2.115:

4
i=1 X AiYBi

SAB =
4 4
IR EOIN

(2.115)

ne A mnpeacTaBisie SKONOCh MaHApPIBHUKA B MATpPULl CTPYKTYpH, JaHI
OTpUMaHi B pe3yJIbTaTi aHKETHOTO OMTUTYBAaHHS;

B nmnpencraBmse CTpyKTypy TMOCTayaHHS MATPHUI IS KOHKPETHHX
JIOPOKHIX CHUTYaIlll, aHl, KpPIM CTyTeHs KOM(GOPTHOCTI 3 aHKETHOTO OTIMTYBaHHS,
pemTy oTpuMaHo 3 iH(OopMaIiiHOT TIaTPOopMU TOPOKHBOTO Pyxy B IHTEpHETI
MIPOTPpaMHUM 3a0€3MEYCHHSIM;

Sis sABHSE CO0OIO KOE(DIIEHT TMOAIOHOCTI CTPYKTYpH MONHUTY Ta

MPOTIO3HUIIIT;
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Xai TIPEICTABIISIE BXKIIUBICTD 1-I'0 TIOMUTY I1I0/I0 METH TMOA0POXKi 4;

Xgi ABJIsIE COOOO MEpeBary TpaHCIOPTHUX 3ac00iB B Ha I-if momuT.

Takox B po6oTi [249] mpeacTaBieHO MaTeMAaTUYHY MOPSAKOBO-JIOTITHUHY
MOJIE/Ib, CYTh MOJIEJI MOJIATa€ B TOMY, 1100 MO 4ep31 PO3AIIMTH 3MIHHI BiJIMOBIII
Ha J[Ba PiBHI BIAMOBIJHO JO PI3HUX DPIBHIB 3HAYEHb 1 BCTAHOBUTH JIOTICTHUYHY
perpeciiiny monens OiHapHoi kimacudikarii. KoedimienT gactkoBoi perpecii fi
HE3aJCKHUX 3MIHHHUX Y BIANOBIAHMX Mojeiasx K-1 3aBkau 3aIMIIAIOTHCS
HE3MIHHUMH, II€ € OJHIEI0 3 TEPEAYMOB IS MiATOHKH MOPSAKOBOI JOTICTUYHOL
perpecii. Skmo X € He3aJIeKHOI 3MIHHOI, Y € 3MIHHOIO BIJIMOBIJII MOPSIKOBOI
kinacudikarii, Homep piBHsA K 10 mi=P, (Y=i|X), i=1,2,..., k, norictu4uHa perpecis
OUTBII BIOPSAKOBAaHUX 3MIHHUX Kiacu@ikailii MOBUHHA BIAMOBIZATH MOJEISM

OiHapHOT JioricTHYHOT perpecii K — 1, sik HaBeIeHO y
i
In Z;zi/ 1—Z7ri =a, + B X (2.116)

7€ aj IPeJICTaBIISA€ OLIHKY MapaMeTpa MepeXoIIeHHS;

[i IpeacTaBisie BEKTOP TpadieHTa. 3a3BUYail BUKOPUCTOBYIOTh KOC(IIIEHT
manciB (OR).

MopentoBaHHsT MEpeX aBlallifHOTO TPAHCHOPTY 13 BUKOPUCTAHHSIM
rpadoaHaTITHYHOTO aHaM3y Majio Micie B pobotax [250-253]. 3ampomoHoBaHi
MEpeXi Maju CBOIMH By3JaMHU aepoIOPTH W MapIIpyTH — JaHKaMH. ABTOpaMHU
[253] ™epexa BHU3HauEHA SK CYKYNHICTh BY3JIIB 1 3B'SI3KIB, JI€ BY3JIHU
MIPEICTABIISIOTh ACPOIOPTH, a 3B'SI3KM NPEICTABISAIOTH MAPUIPYTH TOJBOTIB MiX
aeporioptamu. HaBeneHa aBTOpaMu CYKYIHICTh E€MIIPUYHHMX  JIOCHIIKEHb
MOKa3ye, M0 KUTBKICTh aBiamacakupiB MPOMOPIIiiHA YHCEIBHOCTI HACEIEHHS MICT
BIJIIPABJICHHS Ta MPU3HAYEHHS Ta 00EPHEHO MpOoMopIliiiHa reorpadiuHii BiCTaH1
MDK MICTaMH BIANPAaBIEHHS Ta MPU3HAYEHHS, MOAIOHO /10 3aKOHY TpaBiTaIliitHOI
B3aemojii. TakuM YWHOM, TpaBiTalliifHA MOJEIh aBTOPAMHU BHKOPHUCTAHA IS

OIIIHKK 00’€My TOBITPSHOTO MACAXXHUPOIOTOKY MDK OYyIb-SKOK Tapor BY3JIB.
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Mogens [253] posrisgae KUIbKICTh MacaXUpiB SK pPe3yJbTaT MPOCTOPOBUX
B3aEMOJII MIX IMapor0 aepomNopTiB BIAMpaBICHHS Ta MPU3HAYCHHS, SKI MOXXHA
copMyITIIOBATH K MYJIbTHUILTIKAIINHY (QYHKIIIIO XapaKTePUCTHK By31a Ta 3B’ A3KY,

K TIOKa3aHo B piBHsAHHI 2.117:
P, =S(t)] [ Node, , ()] [ Node, ()] [Route;, ()" (2.117)
k=1 k=1 1=1

ne Pj(t) mo3Hayae KimbKICTh aBiamacaKUpiB 3 acporopTy | 10 j IpOTAToM
micsus t (t=1, 2,... 12);

S(t) € KOHCTAHTOIO MacIITa0yBaHHS;

Nodejk(t) i Nodejk(t) mpencraBisirorh K-Ty XapaKTEpHCTHKY MPOTITOM
Micsalsg t 100 aepomopTy BIANpPABICHHSA | Ta aeporopT NpHU3HAYCHHS |
BIJIIIOB1IHO;

Routejj,(t) € BiacTanb CrIOIyYeHHS MiX aepOTIOPTOM I 1 ] mpoTsArom mics t.

[Ilo6 BU3HAYNTH MOJIENh, iIKa HAWKpaIlle MIX0AUTh, 3arajibHa rpaBiTalliiina

mozenb 2.117 aBropamu Oyiia mepeTBOpEeHa Ha TpU TUNU crerudikarii
mozeni. [lepma moaens Oyia gorapuMUIHO-HOPMAJIBHOKO MOACIUIIO, PUITYCKAE,
0 HATypaJIbHUA S>KypHAJI MICIYHOTO OOCSTY aBiamacakupiB BIIMOBIIAE
HOpPMaJIbHOMY po3mnoauty. s miarpuMku koH}iryparii rpaBiTaimiiiHoi Mozen
JUIST  KOXKHOI YHCJIOBOI 3MIHHOI aBTOpamMu OyJ0 BHUKOHAHO Jjorapudmone
MEPETBOPEHHS, MOJEIb TaKOXX BpPaxoBy€ YMOBH B3a€MOJII MK BY3JIaMH
BIATIpaBICHHS Ta MPU3HAYCHHs, MO3HaueHi sk Interaction;, Hanpukian, 1o0yTOK
MIXK 3arajJbHUMH CYKYIHOCTSMHU BY3JIB BIAMNpaBICHHS Ta mpusHaueHHs. [lepria

MOJIeNIb aBTOpaMu HaBeJieHO GopMoto piBHAHHS (2.118):
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In[R; ()] =5, (1) + Zn:ak (t) - In[Node, , (t)] + Zn:ﬂk (t) - In[Node; , (1)]
#> 7 (0)- In[Route,, (1)] 2118)
+Zq: 6, (t)[Interaction;  (t)] + &;

ne In[ pjj (t)] ~ Normal

Jlpyra Mojenb 3arnponoHoBaHa aBTopaMu [253] mpumyckae, o MiCIYHUR
oOcAr aBiamacakupiB cliaye 3a po3nojiaoMm IlyaccoHa, ocKiIbKH 1€ MiIPaXyHOK
piBHsaHHS 2.117 aBTOopamu OyJi0 MNEPETBOPEHO B NPOCTY MOJENb perpecii
[Tyaccona # otpumano mojnenb 2.119. Sk chopmynboBano piBHsHHI (2.119),
JOJaBaHHs TapaMeTpa Jucrepcii ¢ J03BOJIAE€ JUCHEpPCii 3MIHIOBATUCS Bijl
CEpEIHbOT0 3HAUEHHS K, 110 MOKE 3a0e3MeUUuTH Kpally BiAMOBIIHICTH. SIKIO
OlliHKa ¢ 6nu3bka 110 1, IMOBIpHO, HEMA€E MPOOJIEMU 3 HAIMIPHOIO AUCIEPCI€I0, 1

HaBITaKH.

IN[ECR, (1)} = /,(¢) + In[Capacity, (V] + Y. e, () - IN[Node, , (1)]

3 5, (1) In[Node, , (t)]
. (2.119)
+Z 7,(t) - In[Route; , (1)]

+Zq: 6,(t) - In[Interaction; (t)]

p=1

Ya=H

ne Pij(t) ~ Poisson(y, &), i.e., Pr{Pij(t)=y}= : ;' ,

y=0, 1, 2,...

E{Pij(t)}=x ta Var{Pi(t) }=gu

TpeTst Mozienib — 11e HeraTuBHA O1HOMIiaJIbHA HOpMajbHA MOJICIb, IKY 4acTo
BUOMparoTh, konu perpecisa [lyaccona morano migxoauTs. Monens HaOyBae TOTO

K BHUIIIAY, mo i piBHaHHA (3) KpiM Toro, mo Pj(t) cumimye HeraTmBHOMY
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OiHOMIaJIbHOMY PO3MOALTY 3aMicTh po3noauty Ilyaccona. I{s Moens Takox MoxKe
BpaxyBaTH MpoOJieMy HaJMIPHOI AMCHEpCli JUIsl NaHUX MiAPaxXyHKYy 3a JEIKuX
oOcTaBUH.

B pobGorax [254-256] MopjenoBalioch MaTeMaTHUYHUMH  METOJaMH
BU3HAUEHHS Yacy BUTPAYCHOrO MacakupaM Ha OOCIYyroByBaHHS J0 MOYaTKy
3aku. B [256] 3anmpomoHOBaHO pO3paxXyHOK wYacy MpUOYTTS Macaxupa B
aepornopTy. Monenb npeactanieHo i3 ckinagoBumu A(t) i S(t), ski € GyHKIIl Big
yacy ans npuOyTrTss Ta  oOciayroByBaHHa — BimmosimHo. Ui dyHKmii
BUKOPUCTOBYIOTBCSI I CTBOpPEeHHs mpodimo  Biampammenus D(t), o
MIPE/ICTABIIAE BIJIIPaBICHHS MacakupiB 3 cepBepa. KoxkeH macaxkup uekae B uepsi
NEBHUM Yac BiA Hyds A0 MeBHOro 3HadeHHsA. CyMa BCiX 4YaciB OYIKYBaHHS

aBTOpPaMH pO3paxoBaHa SK ILIOIIa, oOMexeHa Mix coboro A(t) i D(t) dymkii

2.120:
Toe = [ (A() - D(D))dt (2.120)

CymapHa KipKicTh nacaxkupiB Ha 4ac t mpencrasiaero N(t). Toxi aBTopu

BU3HAYMIIA CEPE/IHIN Yac OUiKyBaHHS Ha OJIHOTO Maca)xupa M0 yacy ty piBHSIHHI

2.121:

wait I(A(t) — D(t))dt

t T
wait _avg N (t) N (t)

(2.121)

AHanoriyHo, cepeHs AOBXKHHA Yepru K 00J1acTh, OOMEXeHa MK COOO0I0
A(t) i D(t) mominena aBTOopaMH Ha Yac, II0 MHHYB MDK MNPHOYTTSIM IEPIIOrO

nacaxupa (to) 1 yac 3akputts 3aknany (teose) (HanpukiIam, peectparii) — 2.122:

T. J(A®-D@)dt
n . = =
Hel-a (tO - 1:(:Iose) (tO —t

(2.122)

close)
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ABTOpaMHM MPUIMYIIEHO, II0 Ha cepBep NPUOYBAIOTh JBI Pi3HI TPYyNH
nacaxupiB. Oxna rpyna Oyjae npejictaBieHa OykBowo A, a npyra — B. Yacrora
npuOyTTs macaxxupiB 3 rpyn A i B mpencraBneno ¢pynkmismu a(t) i b(t). podimi
npuOyTTS i1 000X TPyl aBTOpaMHU MPUMHATO I1HTErpajamMu (DYHKIIH YacTOTH

npuoyTTs 2.123 ta 2.124:

A = a(r)de (2.123)

B(t) = jt:b(r)dr (2.124)

i mpodini mpubyTTs 06’ €1HAHI B OAUH Npodiias mpuldyTTs — 2.125:
C(t) = A(t) + B(t) (2.125)

[Tpodine cinyx0u cepBepy aBropamu mnpeactaBieHuit ¢ynkiieo S(t). Bix
C(t) 1 S(t) aBropam BIAIOCh PO3paxyBaTH 3MiHHI MPOJXYKTUBHOCTI JJIs 3MIIIaHOT
rpymy, MO CKJIaIaeThes 3 macaxupiB 4 1 B. ABTopamu nojineHo npodiias ciykou
S(t) ma aBa mpodim SA(t) i SB(t) tak, mo S(t) =SA(t)+SB(t). SA(t) i SB(t). 3a
KOPOTKHI MPOMIXKOK dacy At mounnaroum 3 tj cepsep i3 cepBicHuM mpodinem S(t)
MOKe 00poOIISITH AN MacakupiB, K1 CTOATH 3a no3uiliero N B uepsi. Koedimient
0OCITyrOByBaHHs, 3a SKHM OOpOOJSIOTHCA Tacakupu, mo3HadaeTbes S(U) e
s(t)=dS(t)/dt. 11z HOpMa OOCIyroByBaHHS MPOMOPIIiHHO po3mnoziieHa Mix A 1 B
nacaxupu: S(t)=s,(t)+ss(t). Yactka 4 abo B mnacaxupiB y mamiid rpym An
nacaxupiB mo3HadaeTbecsi pna(Ni). An 1 png(Ni). An tomi gk pna(ni) 1 pns(Ni)

MPEICTABIISIOTH TIporopilito A abo B macaxupiB y An. Takum ynHOM:

Sa(t) = pya(n)-s(t) (2.126)

S (t) = pna (M) - S(t;) (2.127)

70



3a KOPOTKUI MPOMIXKOK Hacy At mounHawouu 3 tj € An npudyTTa macaxupis
Ha JiHiIf0 ouikyBaHHS. I[lpomopuiss 3 A4 abo B macaxupiB 3alIeKUTh BIJ

CHIBBITHOIIEHHS MIX iX CTaBKaMU NPUOYTTS TAKUM YHHOM, II0:

a(t)
t)=————— 2.128
Pra(t) a(t) + b(t) ( )
b(t)
t)=————— 2.129
3a KOXHY MUTh Yacy t icHye mo3utiis N B psaky 3riguo 3 C(t) ne sx:
n=C(t) (2.130)

[Ilo6 orpumaTtu MoMeHT yacy aBTopamu t 3 2.130 3acTocoBaHO 0OepHEHY

¢ynrkuiro Big C(t) mosnagaerses sk C1(n) Tak mo:

t=C*(n) (2.131)

Bukopucrano 2.131 sk Bxigai gani pra(t) 1 pre(t) yskuii # orpumano

PIBHSHHSI pO3MOLTY ACAXKUPIB Y Uep3i:

pNA(n) = Pra (t)= Pra (C_l(n)) (2.132)

Pre(N) = prs(t) = s (C™(n)) (2.133)

[TizHimme, Ha MOMEHT moYaTKy oOciyroByBanHs N=S(t), ski MoOXKHa

nomictutH 2.132 1 2.133, mo6 orpumatu 2.13412.135:
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Pra(n) = pr (CT(S (1)) (2.134)

Pra() = P (CH(S D)) (2.135)

o6 otpumaru Tapud Ha oOcimyroByBaHHsA ansi rpynu A 1 B aBTopamm

nmoemquanuo 2.13632.13412.127 3 2.135:
So(t) = Pra(CT(S(1))) - s(t) (2.136)

5o (1) = pra (C(S () -5V (2.137)

[Ipodini  mocayr €  mapamMeTpUYHUMHU  1HTerpajamu  Tapudis

00CITyroByBaHHS:

S, (1) = jt S, (r)dr (2.138)

S, (1) = j: S, (r)dz (2.139)

Sxmo dyac 00CITyroByBaHHS BITHOCHO MAaJHil TOPIBHSHO 3 YacoM
OUIKYBaHHS, 3allpPOIIOHOBAHO BUKOPHCTOBYBATH MpPOQiiab OOCIyroByBaHHS SK
npodias BignpaeieHHs. Ilotim BukopucroByroun A(t), B(t), Si(t) i Sg(t)
3aMpPONOHOBAHO OOYUCIUTH 3MIHHI MPOIYKTUBHOCTI ISl KOKHOI TPYIU OKPEMO
TaK camo, 5K 1 111 0OCIYTrOBYBaHHS JIUIIIE 3 OJJHIEIO TPYIIOI0 MPUOYTTH.

ABTopamu pobot [257-258] po3risHyTO ¥ 3alpONOHOBAHO MOJEN1
MPOTHO3YBAaHHS  MMACAKUPOMOTOKIB.  HemiHiiiHY  MoOAenb  MPOTHO3YBAHHS
MAaCaKUPOIMOTOKY B MEPEXkI1 3alpONOHOBAHO aBTOpaMu poouTu [258]. ABTOopamu
3alpONOHOBAHO BHUKOPUCTATH MOjeNTb BekTopHOi aBroperpecii (VAR), ska

IIUPOKO 3aCTOCOBYETHCA IJIsI IMPOTHO3YBAHHA KOPCJIBOBAHUX CHUCTCM YaCOBHUX
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psAniB. 3aBASKH XapaKTEPUCTHKAM THYYKOCTI Ta TMPAaKTUYHOCTI BHUKOpPHCTaHA
aBTOpaMHM MOJICIb PO3IJISHYJAa KOXHY CHJIOTCHHY 3MIiHHY SK (YHKIIiO
BIJICTAIOUMX 3HAYCHb YCIX CEHJOTCHHWX 3MIHHHUX, IO BIAPIZHAETHCS Bif

CTPYKTYpHHX Mojeneit 2.140.

Yo =AY +AY L+ +AY  +BX +¢ (2.140)

ne Yt e K-it BeKTop po3MipHOCTI EHAOTCHHUX 3MIHHHUX;

X e d-it BEKTOp PO3MIPHOCTI €K30TCHHHUX 3MIHHHX;

A4; (=1, 2,...,p) i B—marpuns xoedimieHTiB, M0 M IATAIOTH OIIHIII;

&t e K-fi BEKTOp pO3MIpHOCTI WieHa 30ypeHHs.

JIIs TIpOTrHO3YBaHHS 4YacOBHX psiB aBTopamu [258] 3acTOCOBYIOTBCS
MEpexXi 3 NPSIMHUM 3B’3KOM 13 IBOMA PIBHAMU (OJIMH NPUXOBAaHUW PIBEHb 1 OJIUH
Buxinuuit). Takox aBTopamu [258] mpeacraBiacHi MiAXOAW IS HEIIHIHHOTO
MOJICJIFOBAHHSI YaCOBUX PSAIIB.

VY kjnacMYHMX Mepekax IPOTHO3YBAaHHS YAaCOBHX PSJIIB 3B'SI30K MIXK

BUXOJIOM Jt, 1 BXOAH Vt-1, Vt-2,. - ., Vi-p BATTIATAE K 2.141:
A d P
Jo=cty+ 2 a;-9| foj + DBV (2.141)
=1 i=1

ne oo 1 Poj MO3HAYAIOTh Barv 3B'SA3Ky MK MOCTIMHUN BX1J (3MILIEHHS) 1
BHX1/I, & TAKOK MK 3MIIICHHSIM 1 IPUXOBAHUMH BY3JIaMU BIATIOBITHO;

0j 1 fij— Bary, 1MoB’s3aH1 3 KOXXHUM BY3JIOM;

P — KUIBKICTh BXO/IIB,;

( — KUIbKICTh MPUXOBAaHUX BY3JiB;

g mo3Hayae nepenaTHy (QYHKIIIIO, iIKa BUKOPUCTOBYETHCS B MPUXOBAHOMY
mapi.

@dyukiii nepenaui, Taki sk JorictuuHa ¢yHkmis g(X)=1/[1+exp(-X)]
3a3BUYail BUKOPUCTOBYIOTHCS IS JAHUX YaCOBUX PAJIB, OCKUIBKH BOHM HEIHIIHI
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Ta OesnepepBHO AudepeHiiioBaHl, MO € OaXaHWMH BIJIACTUBOCTSIMH JIS
HaBYaHHS Mepexki. Y poboti [258] mepexa iHTerpoBaHa 3 MOJICIUIIO, YTBOPIOKOUH
HEHpOHHY MepexXy HemiHiiHOi aBToperpecii. DyHKIIA mnepenadi, 1o
BUKOPUCTOBYEThCA B TMPUXOBAHOMY Iapi, € JOTiCTUYHOW dyHKIew. s
MOJICJIIOBAHHS Ta MPOTHO3YBAHHS HEHMPOHOI Mepeki HENiHIMHOT aBToperpecii Mu
BUKOPHCTAHO MEPEXKy 3 JIBOMA IapaMy 3BOPOTHOTO 3B 53Ky Kp xomu, Q By3nu B
NPUXOBAHUX Mapax i K BUXiTHUX BY3JiB, BIAMOBIIHUX TPOTHO3Y Y., Y, 7,

@ (2) (k)
A

3ayBaxkTe, 110 BX1/IH1 1aH1 BUKOPUCTOBYIOTHCS SIK JITATOBUM MOPSAIO0K, TOOTO:

{Yt'l’ Yt-z, ceey Yt_
=1(yY, yE k ) (2 k ) 02 k
=0 YYD Y YYD o (Y YY)

Icnye mocTiliHui BXiTHUN OJIOK, SIKWUHA HA3UBAETHCSA BY3JIOM 3MIIICHHS, 1110
MIIKITI0OYAETHCS 10 KOYKHOTO BY3JIa B MPUXOBAHOTO APy, a TAKOXK JI0 BHXITHUX

BY3IIiB, II€ I03BOJISIE jj 1 @) OyTH K-BekTopu po3mipHOCTi 2.142 Ta 2.143:

@ ] RO
(pu a)j
(2) (2)
(P ;
@ = " |Ta w; =, : (2.142)
(k) (k)
Kz @5
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90 ] g (€0(1) + Zipzl(%' )TY_

t

~(2) (2) p T
¢ + Q;: Y
:t =w, + E cj1=1 g( Zi:l.( 'J) -

s
I

(7 (K)

LIt g((o(k)‘FZ-p, (¢ij)TY7 i
E DN IR SR aRE Ll CRR L))

(2)+Z a)(Z) g((oéf)_i_z ((Du(l) (12_|_ (2) (2)+ +¢|§k) (k)))

-(2.143)

(k) q (k) (k) @ (1) ) (2) Ok
_a)() +Zj:1a)j . g(¢0] +Z ((DI = —|—¢I “ + .. +<0|( )y )))

1€ ¢ TI03HAYAE MOIIYK 3B'sI3KIB MI’K BXOJIaMU Ta IPUXOBAHUMH BY3JIaAMH;
@ TI03HAYA€E Baru MK MPUXOBAHUMU BYy3JIaMU Ta BUX1THUMH BY3JIaMHU.
Takum 4uHOM, UUILOBA (YHKIiE HEHPOHHY MEpPEXKy HEIIHIMHOI

aBTOperpecii BU3HA4YA€ThCA PIBHIHHAM 2.144:

MSE = — ZZ(y(J) yi(j))Z (2.144)

i=1 j=1

ne N no3Havae KUTbKICTb MEpioIiB Yy BUOIPIIL;

y i 99 e paxTruni i nporHo3Hi 3HAUEHHS BiMOBIAHO.

[TapameTpu HEHPOHHOI Mepexi HETIHIMNHOT aBTOperpecii TPEeHYIThCs 3a
JOTIOMOT'OI0  aJITOPUTMY KOHKYpEHIIi 3a pecypcd 3 TOYKM 30py MiHIMI3alii
noMwiok y BuOipii. [[{o6 HaBuMTH HEHPOHHY MEpeXy HENIHIMHOI aBToperpecii,
HEOOXITHO TMOSACHUTH (PYHKI[II0O MNPUAATHOCTI Ta CTpaTeriro  KOIyBaHHS.

BignoBigHo g0 piBHsHHA (2.145), 3HaYeHHS OPHOATHOCTI -0  3paska

PO3paxOBY€ETHCS TaK:

Fitness(Y;) = MSE(Y,) (2.145)
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Jlns HaBYaHHS TMapaMeTpiB HEHPOHHOI MEpeki BUOMPAETHCS CTpaTeris
MaTPUYHOTO KOAYBaHHSA, 100 YMOPSAKYBaTH Bard Ta 3MIIIEHHS IJS KOXKHOTO

cyciga. Matpuiist KotyBaHHS BUPAXKAETHCSI TAKUM YUHOM 2.146:

Agent(i) =[p, ] (2.146)
e
@ @ ()] M .a 1 k)]
Por Poz " Poq a)é) a)é) a)é)
® Q) (k) @ 0 (k)
¢ ¢ Y ¢ a) a) “ee a)
p="" "7 , Lo=| 1T L (2.147)
W W . 0 @ L0 ... o
_(Dpl ¢p2 gopq J(p+1)xkg _C()q ¢q ¢q J(gq+1)xk

[Tinxin KOHKYpeHIii 3a pecypcu 3HAXOJIUTh ONTHUMAaJIbHUM BEKTOp Baru
B3/I0BX TOTOYHOTO TPAJi€HTAa HUIAXOM TMOIIYKY psaKa. M-KPOK s OIIHKH
e(PEeKTHUBHOCTI 3alpOMOHOBAHOTO IMIJXOJy BHU3HAYEHHS HEUPOHHOI Mepexi
HEJTIHINHOT aBTOperpecii BUKOPUCTOBYIOTHCS TOPU30OHTH MPOTHO3YBAHHS HA KPOK

BIIEpE]] 3TAHO 13 3aIIPOIIOHOBAHUM aBTOpaMu y 2148:

)/Zt+m = f (Xt’xt—l""’ Xt—(p—l)) (2148)

7€ Xt+m € M-TIPOTHO3HE 3HAYEHHS HA KPOK BIepe]] Ha mepiof t;

Xt € paKTHYHUM 3HAUYCHHSM 3a Tepiof t;

1 P mo3HAYa€ TMOPSIOK BIACTaBaHHS, KU BUOMPAETHCS 32 JOMOMOTOIO
aBTOKOPEJIALINHOTO Ta YaCTKOBOT'O KOPEJISIIIIHHOTO aHAITi3y .

JIst  OIIHKM TOYHOCTI TPOTHO3yBaHHs piBHA 2.148 BuUOUparoThCA
HOpMOBaHa cepennbokBaapatnyHa moMuiaka NRMSE 1 cepemnst abGcomrotHa

BijicoTkoBa nomuika MAPE BianoBigHo 10 piBHsIHB 2.149:
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T _ A
NRMSE :@\/-%—Z(Xt — )A(t)z, MAPE :%Z:—lu x100% (2.149)
t=1 X

ae T KUTbKICTh CIIOCTEPEKEHb;

Xt 1 )?t IIO3Ha4Yar0Thb (l)aKTI/I‘{HC 3HAYCHHS 1 IIPOTrHO3HC 3HAYCHHA.

EdextuBHicTh mporHo3yBaHHS HamnpsMKy pyxy — DS aBropamu
3alPOIIOHOBAHO BUMIPSATH 3a JIOTIOMOTOIO0 CIPSIMOBAaHOI CHMETPii BiAMOBIAHO 10

piBHsiHHS 2.150:

1 sixmo (X — X )(% —%4) =0

1HAKIIIE

]
DS = %Zdt x100%, ne d, = { (2.150)
t=1

Po3paxyHok mMapaMeTpiB MacakKUPCKUX MOTEHIIMHUX KOPECIOHJEHIIN B
pobotax [259-269] Bu3HaueHO B SIKOCTI 0a30BOro MOKa3HHMKA (PYHKI1OHYBaHHS
MaCcaXXUPCHKUX MEPEBE3CHb I OCHOBU PO3PaXyHKIB KOPUCHOCTI Trajy3l aBialiitHoOro
TpaHcnopTty. B [269] TpaHCmOpTHUI MOTIK MiXK MicTaMH | 1 | 3ampOIIOHOBaHO
po3paxyBaTH 13 BHUKOPHUCTAHHSIM TpaBITAIlIMHOTO IMAXOAY BIiAMOBIIHO JIO

HaBeI[eHOI MOI[CJ'Ii 2.151:
_ B
G, =kRPP.d; (2.151)

ne Gijj e TpaHCHOPTHUI MOTIK MiXK MicTamH 1 1 J;

Pi 1 Pj uncenbHICTh MENIKAHIIIB MICTa;

dij — BizicTaHp (Yac) Mi>k HUMU;

[ KOe(iIieHT CYyNIPOTHBY;

Kk € koHCTaHTOIO.
B [269] po3pobneno Tpu MiAXOAW 1Jisi OIIHKKA 3HAYEHb BY3JIOBOTO

OPUTSATaHHS B MOJENl 3BOPOTHOI TIpaBiTalii: JiHidHA perpecis, LP Ta
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anreOpaiunuii  meton (AM). Perpecivinmii, 1 LP migxig 3acHoBaHi Ha

JorapugmMIYHOMY TIEPETBOPEHH1 PIBHIHHS, 3alTUCAHOMY Y BUTJISIII:

InG; =Ink+InB +InP, — BInd, (2.152)
JUIS BCIX | # |

3anporoHOBaH1 aBTOpaMU TpaBiTallliHI MOJACNI JJISI BU3HAYEHHS TS KIHHS

NEBHOTO By3Ja aBialliiHOI MeEpeXi € ONUCAaHUMU U po3AiIeHo y cdepi

BUKOPHUCTaHHI y BIANOBIAHOCTI O YMOB CIIOJIyYEHHS.

2.2 Metoau pilleHHs1 3a4a4 3 opraHizamii macakupchbKuX nepeBe3eHb

aBTOMOOLIBHUM TPAHCIOPTOM

[lutanHs BHU3HAUEHHS TMMAapaMETPiB EJIEMEHTIB CHCTEeMH II€pEBE3CHb
Maca)XXUpiB € aKTyaJIbHUM U JJI1 aBTOMOOUTIHLHOTO TpaHcopTy. B poGoTax aBTOpiB
[270-299] posriisiHyTO MUTAaHHS CHOXHWBAHHS IMaJIMBa 3aC00aMU TPAHCHOPTY TPH
ypaxyBaHHI BUKOHAHOI1 TPAHCIOPTHOI poOoTH. ABTOopamu [299] nmpoaHai3oBaHO
OarlaHC MK CIIOKMBAHHSIM €HEPrii Ta MacaXKHUPOMICTKOCTI JIJIi aBTOMOO1IIB,
aBTOOYCIB, IIBUJIKICHUX MOi3/11B Ta JiTakiB. HOpMyBaHHS AaHUX 3 BUKOPUCTAHHSAM
KUIBKOCT1 TIACaXUPIB HAJAI0 aBTOPaM MOXKJIMBICTH PIBHOMIPHO TMOPIBHATH IIi
BUJIM TpaHcHopTy. Ha oCHOBI bOTO aHaiizy 3alpONOHOBAHO YHIKAJIbHUN 1HIEKC
Macu aBToMOOUIS |, sikuif aBTOpamM HaJaB MOKJIMBICTh TIJIOOATBHOI OIlIHKH
eHeproe)eKTUBHOCTI BCIX TUIIB TPAHCIIOPTHUX 3aC001B. ABTOpamMu MpeICTaBICHA
3arajibHa Bara TPaHCIOPTHOTO 3aco0y Ha OJHOTO TEPEeBE3CHOr0 Macakwpa Ta
HOPMOBaHa €Hepris (TOOTO eHepris, IO BUKOPUCTOBYETHCS I TIEPEBE3CHHS
nacaxupa Ha 1 kM) st aBToOyca, aBTOMOOUTS, JTiTaka Ta MIBUAKICHOTO TOi3/a.
3aranpHa Maca TPAHCIIOPTHOTO 3ac00y Ha OJTHOTO MACAKUPA aBTOPAMH BH3HAYECHO

BIJIMOBIHO JI0 3aIPOITOHOBAHOI 3a1ekHOCTI 2.153:
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W, +aN-W
W, /(aN) = : aN :

(2.153)

ne W, — 3aragpHa Maca TPaHCIOPTHOTO 3aco0y, BKIIOYAIOYM Macy
CHOPSIKEHOTO TPAHCTIOPTHOTO 3aC00Y;

W, — 3aranpHa Bara nacaxwupa;

W},. — 3aranpHa Bara nacaxupa € 100yTKOM CepeHbOI Bard Macaxxupa;

W,, — HOMep macaxwupa, 110 IepeBO3UTHCS;

oN — 11e 0. — cepeliHii piBeHb 3aBaHTAXXEHOCT1 TPAHCIIOPTHOTO 3ac00Y;

N — po3paxoBaHa MICTKICTb CU/1Hb.

HopmoBana enepris — E, B po6oti [299] BU3HAYaeThCs BiNMOBIIHO [0

piBHsIHHS 2.154:

E =t (2.154)

ne Ei— 3arajabpHa BUTpaTa eHeprii TpaHCIIOPTHUM 3ac000M Ha mpoizz 1 km;

0N — KUTBbKICTh IEPEBE3CHUX MACaXKHUPIB.

HopmaiizoBana enepris (En) B [299] mns 1iectd BUAIB TPaHCIOPTY 3a
CEepPEeAHBOTO PiBHS 3aMHATOCTI MicIlb — a, To0TO 0 =1, 1, 0,68, 0,32, 0,72 1 0,44 ns
MIIIOX1THUX, BEJIOCUIIEIHUX, aBTOOYCHUX 1 aBTOOYCHHX, aBTOMOOLIIB, JIITAKIB 1
IIBUJIKICHUX TIO13/11B BIAMOBIAHO. 3a3HA4YCHO, 110 CIIOKMBAHHS CHEPTil MOB’sI3aHE
13 3arajbHOIO Baroto aBTomMoOUIs [299], crokuBaHHS CHEPTii BHU3HAYAETHCS SIK
byHKIIIS 3arajJbHOI Bard TPAHCIIOPTHOTO 3ac00y, 3arajibHOI MICTKOCTI CHIIHb Ta
pIBHS  3aMHATOCTI, SIKI € TpbOMa JIETKO BUMIPSHUMH  KJIOYOBUMU
XapaKTEPUCTHUKAMU HAa OCHOBI KOHCTPYKIIIT Ta BAKOPUCTAHHS aBTOMOOLJIS.

HopmoBana Bara — R, sika BU3HA4aeThCs SK BITHOIICHHS 3arajibHOi Macu
aBToMo0111 Wy, oZI7IEHA Ha 3arayibHy Bary nacaxupa — Wy onncaHo piBHSIHHSIM

2.155:
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W, W, +aN-Ww,
W,  aN-Ww,

tp

R (2.155)

1e oo = 1 03Hayae cTaH MOBHICTIO 3alIOBHEHOTO 3aCO0y TPAHCIIOPTY.

OpnovacHo aBropamu [299] po3po06iieHO MeTOA BHU3HAYCHHS CIIOKMBAHHS
eHeprii A MIHIMaJIBHO MOXJIMBOI Bardl peaJibHOTO aBTOMOO1JIS.

ABTOMOOUIBHI TIACAXUPCHKI TIEPEBE3CHHs TepeadadaroTh MOXKIUBICTh
KOPUCTYBaHHS MacaXupaMu W MOCAyraMu TakcCl, K TaKUM, 10 € 3araJlbHUM
BUJIOM TPAHCIIOPTY ¥ TAKOX MPUKUMAIOTh Y4YacTh B peanizauii mnoTped rpoMaisH 3
nepeMimenas. ABropamu [300] 3armpornoHOBaHO MiAXia 10 BU3HAYEHHSI TIOTTUTY Ha
TaKl MEpPEeBE3€HHs aBTOMOOUIBHMM TPAHCIOPTOM. 3alpolHOBaHa MaTeMaTU4yHa

MOJIeJIb BUKJIa/I€HA y piBHSAHHI 2.156:
W=(RA +R,A)P (2.156)

ne W — monuT MiChbKHX KHUTEJI1B Ha MPOi3]] TaKci,

Ri1 — 3arajpHe NMOCTIMHE HACEJICHHS MICTa;

R, — 3arajbpHe MIChKE IJIaBy4Y€ HACEJICHHS;

A1 — KUIBKICTB HOI3J0K B J€Hb MOCTIHHOTO HACEIICHHS;

Ay — KUIBKICTB MOI3I0K 3a JICHb IIJIAaBaHHS HACEJICHHS,

P — wacTky Takci B CTPYKTypi IUISXY TOJTOPOKI.

dopmyna 1 po3paxyHKy JT0O0BOTO MACaXUPONOTOKY M 6e3 CIOaydeHHS

aBToMoOLI1B aBTopamu [300] BU3HaueHo, sk 2.157:

m
Z(nil MELT R nilO)

M = N,z = Nfj, =L o (2.157)

ne N, o3Havae MOACHHY CYKYIHY KUTbKICTh MacaKUpiB;

Ni1, Ni2,...Nj1p O3HAYAE HOMEPH MACAKUPIB KOKHOI'O TAKCi IPYIH I.
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Jist  po3paxyHKy 1000OBOro MacaXMponoToKy M 3 aBTOMAPKOM aBTOpaMU

[300] Hamano y Bursiai 2.158:

Znil + Ny e Nyp)
M = Nm,z(1+ p) = Nn,(L+ p)-= 0 (2.158)
m

BinmoBigHO 10 MpOBENEHUX aBTOpPaMH JOCHIIKEHb i 3ampOMOHOBAHOTO
MOJICJIIOBAHHS 3a3HAYEHHUX MapaMeTpiB MaCaKUPOIMOTOKIB MOKHA CTBEPJKYBaTH
PO MOKJIUBICTh BUKOPUCTAHHS ONMKUCAHUX MiXO/IIB 10 MOJEIIOBaHHS MMapaMeTpiB
NACaXUPOIOTOKIB B IEBHOMY CIIOCOO1 CIIOJTyYEHHS.

BuxopuctanHs peKypeHTHHX HEHpOHHMX Mepex Oylo BHKIAICHO B
poborax [301-302]. 3ampoBajKEHHS JAHOTO METOJy MaTeMaTUYHOTO
MOJICJIIOBAaHHSI HAJAI0 MOXJIUBICTH aBTOopaM [302] BUCYHYTHM NUpPHUMIYIIECHHS 3
MOJICJIIOBAaHHSI KUIBKICHMX IapaMeTpiB IMOTOKY MAacaXUpiB B 4Yacli y BHIJISAL

nuHaMmiyHoro uucina Yy, ae te [0, T/ 1 naBenene y ¢pynkiii 2.159:

Y, =U,+V,+E +Z, +7, (2.159)

ne Ui — TeHaeHIis IWHAMIYHOTO psay, 3aKOHOMIpHA CKJIajoBa, IO
XapaKTEePHU3y€e 3arajibHy TECHACHIIIIO;

Vi — ce30HHA CKJIa/I0Ba, Y 3araJIbHOMY BUIAAKY — HMKIIIYHA;

Et € BUIIaIKoBOIO CKJ1a/10BOIO;

Z; € KOMIIOHEHTOM, 110 3a0e3Meuye napajiebHICTh €JIEMEHTIB JUHAMIYHOTO
psany;

Yt € KEPYIOUUM KOMIIOHEHTOM, 3a JIOTIOMOTOI0 SIKOTO BiJIOYBA€THCS BILJIMB
Ha WICHU psay, o0 chopMyBaTH HOro OakaHy TPAEKTOPII0 B MAHOYTHHOMY.

Mopens HEHpPOHHOI Mepexi, ska Oyma pospobrmena B [302] mnsa
MPOTHO3YBAHHS MMAaCaKUPOIMOTOKIB, BKIIIOYAE IITYYHI HEHpOHHI Mepexi. Ha gymky

aBTOpIB, KIJIbKICTh HEHUPOHHHUX MEPEX BIANOBIIA€ MPOTHO30BAHOMY PIBHIO
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MacCaKUPOIOTOKY, a JIaH1 YaCOBUX PSI/IIB MAIOTh BEJIMKUN 00CST, BUCOKOPO3MIpHI

Ta MOCTIMHO OHOBJIIOIOTHCS, 1110 BUCBITIECHO PiBHAHHAM 2.160:

1
l+e™”

f(x)= (2.160)

VY [302] BuUKOpHUCTAaHO METOJ 3BOPOTHOTO IMOUIMPEHHS Ta BPaxOBAHO
MMOMUJIKY HaBYaHHS y BUOIPIIl K CyMy KBaJIpaTHUX BXIJTHUX OJMHHIIb 1 PI3HUIIIO
MDK OakKaHMM BUXIJTHUM 3HAa4eHHSM tx MaeThcs BUMTENEeM 1 (GaKTUIHHN BUXIT Z,

10 BUCBITJICHO PiBHSHHSM 2.161:
1 < 2 1 2
Jw)==> "t —z)" ==|t— 4| (2.161)
243 2

ne 112z — miapoBHM Ta MEPEKEBUN BUXIJTHI BEKTOPH 3 JOBXHHAMHU C 1 W,
SKUH TIONePEHBO BU3ZHAUMB YC1 MACIITA0H B MEPEKI.

[3 ypaxyBaHHSM MpaBujia HaBYaHHS 3BOPOTHOTO MONTUPEHHS MacIITaOu HE
1HIIIHOBAHO BUIMAJKOBUMH 3HAUCHHIMH, 0O MOTIM BOHHU 3MIHIOIOTHCS B HAINIPSMKY,

KWW 3MEHILIUTh MOXUOKY, YUM 00yMOBIIEHO Bupas 2.162:

0]
AW = —n 2= 2.162
Urw ( )

Jie # — MIBUAKICTh HAaBYAHHS, 110 BKa3y€ Ha BIHOCHY BEJIWYUHY 3MIH Y
Macimradax.
OpnHak, el MOBTOPIOBAHWM aJNTOPUTM BHUMAara€ MNPUIHATTSA BaroBOro

BEKTOPY Ha iTepallii OHOBUBIIK HOT0 BiAMOBIIHO A0 2.163:

w(m+1) = w(m) + Aw(m) (2.163)
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7€ M 1HAEKCY€E YaCTKOBY MOJIEIb MTPEICTABIICHHS.

JIjist BUpiIIeHHS 3a/1a41 MPOTHO3YBaHHS MacaKUpornoToky Mu oopanu RNN,
a came pmomrorpuBany mnam’ saTh (LSTM), OCKiIbKM BXiIHUMH JaHUMH IS
3aBJIAHHS € YACOBUU PsiI.

OO0csTr  TacaXUPOITOTOKIB  3allPOIIOHOBAHO po3paxoByBaTd B [306] i3
BUKOpHCTaHHAM Mojeni ['pes-MapkoBa, sika € ofHi€r0 3 Mojeneil moaidHOTro
MIPOTHO3YBAaHHA ¥ IIMPOKO 3aCTOCOBYEThCS B Oarathox cdepax. B [300]
npunymeno, mo X0 ={x@ ()t =1, 2, .., n} aBmge coboro HaGip BUXiTHHMX
CUCTEeMHUX JaHuX. BignoBigHe audepeniianbae piBHsAHHA Mojeni ['pes-Mapkosa

HaBEJICHO Y :

(6
o0 - (2.164)

ne 0, 4 € HEBU3HAYCHUMH MapaMeTpaMy, Ha YUCIIO CIPOro po3poOKu Ta cipe
YUCJIO BHYTPIIIHBOIO KOHTPOJIO BIJIMOBIIHO, Kl MOKHa OTPUMATH METOJIOM

HaMEHIINX KBAJIPaTiB.

Ile no3Bossie aBTopam [306] BipoBaguTH piBHSHHS 2.165 Ta 2.166:

—%[x‘” M) +x¥(2) 1

—%[x(l)(Z) 0@ 1

X = (2.165)
1w &)
_E[X (n=-D)+x"(n) 1
O
VLR C] B:F} (2.166)
: U
_X(O)(n)_
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3a Y = XB, BusHaueno, mo B = (X'™X)?* (X"Y). 3amina, 0, u B (2.164) i
PO3B’SIKITH 11e U epeHIliaibHe PiBHIHHSA, 00 oTpuMatu Mojeii I'pes-MapkoBa

y Burisiai 2.167:
RO (t +1) = (xO(1) - g)e-at + % (2.167)

ABtopamu [306] 3acTocoBaHO ormeparlifo OOCPHEHOr0 HAKOIMMYECHHS [0

2.168:
RO) =8P (t+1) - kP (t) (2.168)

BignoBimHO A0 MOJIENIOBAHHS JaHUX TMPO KUIBKICTh MACaKUPChKUX
IepeBe3eHh 13 BUKOPHUCTaHHSAM Mojeli I'pes-MapkoBa 103BOJIMIIO aBTOpam
NOJUIATA BCIO TMOCTIJOBHICTh HAa TPU CTATyCHU: CTaTyC 3aBHILEHOI OLIHKH
(IporHo3HE 3HAYECHHS BUINE, HDK (PaKTHUYHE 3HAYCHHS); HOPMAJIbBHHM CTaH
(TporHO3HE 3HAYCHHS 3HAXOJIUTHCS B MEKaX JAIMCHOTO 3HAYCHHS); HEJOOIIHEHUN

cTaTyc (MpOTrHO3HE 3HAYEHHS HIDKYE 3a (DaKTUYHE 3HAUCHHS).

JocnipkeHHs: Mojiell BUOOPY PEXHUMY MOI3IKM MIKMICBKMX MacaKUpiB Ha
OCHOBI METOJy KJIaCTEpHOTO aHami3y BHKJIaAeHO B pobotri [307] ABTopamu
«KOPHUCHICTB» JUIsl IITYYHOTO BUMIPIOBAHHS JCSKUX OUIBII BAKIUBUX 3MIHHUX,
Kl MOXYTh ONHMCATH XAapaKTEPUCTUKH BAPIAHTIB 1 BUPA3ZUTH XapAKTEPUCTHKHU
BIUITUBY Ha PyX MaHJPIBHUKIB. YCl BHIIE3raJiaHi XapaKTEPUCTUKH aBTOPAMH
HA3BaHO «XapPaKTEPHUMHU 3MIHHUMI.

[lepmi YMHHMKY, HA AYMKY aBTOpIB, 3a3BMYail € 4ac 1 BapTICTh MOJAOPOXKI,
koM(dopT 1 6e3MeKy ToIo; y TOM Yac sIK OCTaHHIM BKJIFOYA€E BIK MaHJIPIBHUKA, Pij
3aHATh, JOXIM Tomo. [ 1mie € IIb MOJOpOXi, Yac TMOAOpOXKI Ta 1HII

XapaKTEPUCTHKHU TTOI0POXK1. DYHKITISE KOPUCHOCTI BUTIISAAAE SK 2.167:
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Vi = ﬁo + ﬁlxil + IBZXiZ +-- ':anin (2-167)

ne: Vi € KOPUCHICTIO PEXXUMY TI0JI0POXKi;

I, fo, P1, P2... Pn € HCBU3HAYCHUMH ITapaMETPaAMU;

Xi1, Xi2, Xi3... Xin € TOKa3HUKaAMHU XapaKTePHUX 3MIHHUX B1MOBIIHO.

ABTOpamMu poOOTH BUKOPUCTAHO METOT KJIACTEPHOTO aHami3y, Kiacudikarlii
MacakupiB 4epe3 aHaji3 XapaKTePUCTHK MIKMICHKUX MACAKUPIB MPUHHATO METY
MOJAOPOXKI Ta MICAYHUN JIOX1J MDKMICBKMX macaxupiB. Ha ocHOBI Metomy
KJIACTEPHOT'0 aHaJli3y aBTOpPaMHU 3aMpPONOHOBAHO JIHINMHY (DYHKIIII0O KOPUCHOCTI

II0JI0 Yacy Ta BapTOCTI MOJA0POXK1, KoMpopTy Ta 6e3neku 2.168:

Vi =, +a T+, C +ag S + oy A (2.168)

ne: Vige QpyHKII€0 KOPUCHOCTI IEBHOTO KIIACy TYpPHUCTIB;

g macaKupH, siki OOMParOTh ILISIX I;

T e yac y n10pos3i;

Ci e BapTICTh MPOI3Iy B 10PO3i;

Si 11e KoM(OpT ILISIXY I;

Aj e 6e3mneka nuIsxy I;

Oog, O1g, O2g, 03y, Olag € HEBU3HAYEHUMH IapaMEeTpaMu, yacy 1 BapTOCTI B
J0pO3i.

Ha nyMKy aBTOpiB, 3 TOUKM 30py BCHOT'O MPOLECY MOJOPOKI MIKMICHKHX
MacaXUpIB, TMOi3AKa MOAUISETHCSA HA JIBI YaCTUHH, MICBKY Ta MDKMICBKY. Takum
YUHOM, 3arajibHUi 4ac y JI0po31 MIKMICBKUX MAca)KMpiB € CYMOIO 4acy B J0pO3i

MICTa BiJITPABJICHHS Ta MPU3HAYCHHS, a CaMe:

T =t +t, +t, (2.169)

ne: Ti — 3araibHuil yac y 10po3i i;

tiy — yac y mopo3i B MicTi 1;
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ti — 4ac y nmopos3i 2;
tiz — yac y 1opo3i MiXK MiCTaMH |.
Amnanoriuno, aBropamu [307] 3arasibHa BapTICTh MPOI3AY MIKMICHKUX

MacaXXupiB € CyMOIO BapTOCTI MPOi3Ay B MICTax BIJAMpPABICHHS Ta MPU3HAYECHHS Ta

BapTOCTI MPOI3y MIXK MiCTaMH, K BU3HAYEHO piBHAHHIM 2.170:

F=f+f, (2.170)

ne: Fi — 3aranpHa BapTicTh MpOI3ay B 10pO3i i;

fi1 11e MicbKa BapTICTh IOJOPOKI ;

fi2 11e BapTICTh MDKMICBKOTO MPOI3Y I.

@yukuis kopucHocTi B [307] micas aHami3zy 4acy MOi3AKH, BapTOCTI,

koMdopTy Ta 6e3neku HaBegeHo B Mojeni Logit 2.171:

Vi =, tag (b +t, +4) o (f + f,) + a5 S+ A (2.171)

[Tpumnymeno [307], mo KiapKicTh macaxupiB € N Ta BOHO MOIIISETHCS Ha
kinacu G, 1 Homep knacy g € Ng, a moTiMm HMOBIpPHICTh Kjacy ( MaHIpPIBHUKHU

OOMpAIOTh NUISIX | €, SIK CJIiJ] IMOBIPHICTh HAOYBa€ BUTJIST HaBeAeHUH y 2.172:

iiig’(@) ; (2.172)

ne: C 1e CyKynHICTh yCiX aJbTepHATUBHUX BHU/IIB TPAHCIIOPTY.
Wmosipuicte numaxy | B [307] aBropamMu 3ampOIOHOBAHO Y BHUIJISAII

bynkuii 2.173:

iN— P (2.173)



B [308] BuknageHO OOCHIHKEHHS, IO Ma€ Ha METI OIIHUTU BILIWB
HABAHTAKEHHA Ha TMAaCaXupiB, e(EKTUBHICTb IMOPOMHHUX MAapUIPYTIB IS
JIOCATHEHHSI Kpamioro oOcCIyroByBaHHs s macaxupiB. Astopamu [309]
JOCIIIJIPKEHO BU3HAYEHHS TMapaMeTpiB MACAKUPONOTOKY TPH  MIKMICBKUX
MacaXKUPChKUX aBTOOYCHUX TMEPEBE3CHHIX METOJOM KIacTepu3alii TpaeKTopii
XapaKTepHUX TOYOK JJIs OILIHKK macaxupomoToky. Ilim wac MoaemoBaHHS
3reHepoBaHl TpaekTopii BUKOpHUCTaHO dopmyiy (2.174) nias oOUMCICHHS TOYOK

O3HaK HaMpsSMOK PyXy MIX CYCIAHIMH KaJpaMu:

arctan| Y~ X, —X >0
Xig =%
arctan| Y2 =1 |_ 4 Yiu— ¥, <0
Xiyg =X
6, = & X,,, — %<0 (2.174)
arctan| Yt =i |y 7 Yiy—Y;>0
Xiyg =X
& X, — %<0

ae: T = {(X, Y1), (X2, ¥2),....,(Xn, Yn)} € KOOpAMHATHA IOCIiIOBHICTh
TPaEKTOPIi;

0; € KyTOM HampsIMOK PyXy B I-My Kajpi.

TpaekTopii, CTBOPEHI OJHUM 1 TUM K€ MACaAKUPOM, MAKOTH AYKE CXOXI
TUMYacoBi Ta mMpocTopoBi BiactuBocTi. Y [309] BUKOpHCTAHO PI3HMIIO B Yaci
MOYaTKy Il BUMIPIOBAHHS THMYACOBOI MOMIOHOCTI MK TpaekTtopismu. s
OOYMCIIEHHS TUMYacoBOl pi3HULI MDK Tpaektopismu T; 1 T BukopucTaHO

piBHsHHS (2.175):
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0 o [T, () ~T, () < Ty

|Ts(|) _Ts(j)|_Tmin

ds(i’ J) = Tmax _Tmin (2175)
SKIIO0 Tmin < |Ts(|) _Ts(.l)| < Tmax

1 sxwo [T,(1) = To()]> T

ne: Ts(i) 1 Ts(j) gac mouatky (ab0 HOMEp Kaapy) TPAEKTOPIi;

Ti 1 7j BigmoBinHo 1 dy(i, j) — TMMuacoBa Bigcranb Mix 7 i 7j.

Woro 3nadenns 3Haxoxutbes Mix 0 1 1. To6TO, SAKIIO Pi3HULS YaCy IOYATKY
Mix 7;1 Tj MeHIIe HIXK Tmin, TOAL IX MOKHA BBA)XKAaTU JBOMA TPAEKTOPI B1J OJHOIO
Macaxupa; 1HaKIle, AKII0 IHTEPBaJ OUIbIIE HIX Tmax TO BOHU 3 1HIIUX MacaXupiB.

MopentoBaHHs TACaXUPOMOTOKY B YAaCTHHI BHU3HAYEHHS KUIBKOCTI
MacaXUpiB B CaJoOHI aBTOOyCy po3kputo B pobotax [309-313]. B [313] mus
MPOTHO3YBaHHS MACaXUPOIIOTOKY B aBTOOYCI MPOIMOHYETHCS MiJX1J TIMOOKOTro
3MuTTA 3 OaraTthMa madiaoHamu. HaGip gaHMX KOPOTKOCTPOKOBOTO aBTOOYCHOTO
MacCaXKUPOIMOTOKY CIIOYATKy CErMEHTYEThCS Ha PI3HI KJIACTEpPH 3a JOMOMOTOI0
QITOPUTMY TOMIMPEHHS CHOPIAHEHOCTI. Po3mojil  MmacaXXuporoToKy —IUX
KJIACTEPIB 3rOJIOM aHATI3YEThCS IS BUSBJICHHS PI3HUX 3aKOHOMIpHOCTEH. Y
Ko)kHOMY  mmabsioni  [313] po3poOneHo Ak TAMOOKEe  MPEeACTaBIICHHS
MACaXXUPOIIOTOKY.

Jlis cepii macakMpomoToky X = [Xi1, X2, ..., Xn] (N — 1oBxuHa 9yacoBoro
psiny), moaiOHicTh KoxHOT BUOIpKH (X;, Xj) (I, ] € [1, N]) BcTaHOBITIOETHCS BUpa3oM
2.176:

2 ..
—X i H 1# ]

Jx

(i, ))=1 1" 7
p i =

(2.176)

1e: P O3HAYae mapaMeTpu.
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ABTOpaMHM BHU3HA4Y€HO BiAmoBigaidbHICTh (2177) 1 mocrymHicth (2.178)

(YHKITIOHYIOTh HACTYITHUM YHHOM:

r(i, ) =s(, i) - max{adi, j') + (i, )} (1.177)

min{o,r(j,j)+ Zmax{O,r(i’,j)}} i #
e, ] (2.178)
> max{0,r(i", j)} i= ]

il

a(l, ])=

[Ticns xinpkox itepamiii (M), rm(i, J) 1 am(i, J) mpeacTaBiIeHo 3a TOIOMOTOO

piBHsHHS 2.179:

{rm(i, ==, @, )+ A, (0, )) (2.179)

a,(1, 1) =(1-A)a, (i, )) + Aa, (i, J)

ne A € [0, 1] € koediienToOM nemMiyBaHHs.

ABtopamu [314] 3anporoHOBaHO HEIIHIWHY MOJENb JJIS TMPOTHO3yBaHHS
IIBUKOCTI TACaXUPOMOTOKY B TPAH3WUTHIM CHCTEMI Ta BKa3aHO i1 XaOTHUYHICTb.
OCHOBHI KpOKM METOJTy aHaji3y TOJIOBHUX KOMIIOHEHT y3arajJbHEeHO.

OnHOBUMIpPHUN YacoBHUM psx {Xi, X2, .., Xn} 3aJaHo, a IHTEpBal dYacy
BUOIpKH JOpiBHIOE 7. Da3z0BHil MPOCTIP PEKOHCTPYHOBAHO 13 BOYAOBaHUM
po3mipom d. Marpuiis Tpaektopii X;xg (I=N—(d—1)) sikuii yTBOpeHHi yacoBUM

psAaoM 3aaeTbest Bupazom 2.180:

X% X4
X X X
X g :il 2 o (2.180)
Bl
_XI XI+1 XN _l

Jlani BapiaiiitHa MaTpuus 4 00UUCTIOETHCS BIMOBIAHO 110 2.181:
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1
Adxd ZI_XITdede (2-181)

Toni BiacHi 3Hauenns 4; (i =1, 2, ..., d) i Bracui Bektopu U; (i=1, 2, ..., d)
BapialiiHoi MaTpuill A TpaipoTh. BilacHl 3HaYeHHS pPO3TaIllOBaHI B MOPSAKY

CHamaHHs: A1 > A > -+ > g, CyMa SIKUX OOYHCITIOETHCS K BU3HA4YeHO B 2.182:

y= izl (2.182)

ABtopamu [314] npunyiieHo, 1mo iHaeke | ¢popmyiote X Bick 1 In(4ify)
dbopmytorh Y Bich. Uepe3 3Ha4yHI BIAMIHHOCTI MDK XAOTHYHHM CHUTHAJIOM 1
IIYMOBHUM CUTHAJIOM OCHOBHHM CHEKTP KOMITOHEHTIB IIyMYy SIBJISIE COOOIO MPSIMY
JiHI0, apaienbHy X Bick. OJIHAK OCHOBHUM CIIEKTPOM KOMITIOHEHTIB XaOTUYHOTO
CUTHAITY € MpsiMa JIiH1s 4yepe3 (IKCOBaHYy TOUKY 3 HETaTUBHUM HaXHIIOM.

B po6t1 Xiao, R., Zhu, J., Zhao, Z., Yu, H., & Du, Y. (2021) [315] onucano
OCHOBHI (DaKTOpH, SIK1 BIUIMBAIOTh HA MACAKUPOMOTIK TPOMAJICBKOTO TPaHCIIOPTY,
BUKJIAJICHO TIPOCTUN Ta €QPEKTUBHUM METOJ [IJIi TOYHOTO MPOTHO3YBAHHS
MacaKUPOMOTOKY TPOMAJICHKOTO TPAHCIOPTY, MO0 3a0e3MeUnTH OCHOBY IS
pPO3BUTKY aBTOOYCHOTO TpaHCHOPTy. YucenbHl TMOKa3HUKU TMO-PI3HOMY
BIJIMBAIOTh HA MACAKUPOMOTIK aBTOOYCIB. SIKIIO 111 MOKa3HUKHA BUKOPUCTOBYBATH
K HEe3aJIeXKH1 3MIHHI JJI1 pEerpeciiiHoro aHaiizy, TO 00'€KTUBHICTb 1 TOUYHICTh 1€
MOX€ BIUIMHYTM Ha pE3yJbTaTH aHalizy. ABTOpamMH 3a3HA4Y€HO, IO Taki
MMOKA3HUKK HeoOXigHO BUIIIUTH. Iloka3HWMKHM, SIKI MalOTh OLIBIIMM BIUIUB Ha
MACaXUPOIOTIK aBTOOYCIB (TOOTO OCHOBHI (PaKTOpU KOHTPOJIO), 1100 MiABUIIUTH
TOYHICTh MPOTHO3yBaHHS. CIIBBITHONIICHHS Mk KOXHOK XapaKTEPUCTUKOIO Ta
MacaKUPOMOTOKOM aBTOOyCa OLIIHEHO 3a JOTMIOMOT0I0 OJTHO(AKTOPHOTO aHali3y, a
JUTs BU3HAYEHHS KOPEJAIi BUKOPHCTOBYBaBCs KoedimieHT kopessmii [lipcona.

dopmyna 3amporoHoBaHa aBTopamu [315] Burisgae BIAMOBIAHO JO PIBHSHHS

2.183:
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ry = DREVEDRIN (2.183)
\/nzxi2 - (in)z\/nz yi2 - (Z yi)2

ne: Fxy koeditieHT kopensiii [lipcona 3minHi X 1 C;

N - KUTbKICTh CIIOCTEPEKYBAHUX O0'€KTIB;

Xj I-T€ CrocTepeKyBaHe 3HAYCHHS X

yi I-Te crocTepeskyBaHe 3HaYCHHS Y.

BiAmoBimHO 10 MPUHIAITY CTATHCTHKH, KOS(IIIEHT KOPETALii, IK MPaBUiIo,
ctaHoBUTH Bifg -1 1o 1. UuM Oamrkde aOCOJIIOTHE 3HAYEHHSA A0 1, TUM CHJIBHIIIE
JIHIMHUN 3B'130K MDK 3MIHHUMH, 1 YUM OJIrbK4e aOCooTHE 3HadeHHS 10 0, TUM
cnalire JiHIMHUK 3B'S30K MDK 3MIHHUMH. BIiIMmoBiaHO A0 aHaii3zy 3BEpHEHHS
BCTAHOBJICHO  MOJIeJIbHE  pIBHSHHSA  (akTopiB  BIUIMBY Ha  (QYHKIIIIO

MacaKUPOIMOTOKY aBToOyca (2.184):
= Al_[:1 X/ (2.184)

7ie: ¥ — MPOTHO30BaHa BEIMYMHA NMAaCAKUPOTIOTOKY aBTOOYyCa;

A 1 f mapameTpu, SIKi TIATal0Th OIIHIIL;

Xj € IMIaKT-(haKTOpOM;

1 N 11e KUIBKICTh (paKTOPIB.

st BupimeHHs: 3amadi [315] BUKOpUCTOBYEThCS JorapudMiuyHa (QyHKITIS
JUIsL TIEPETBOPEHHS MYJIbTUIUTIKATUBHOTO BijHOIIEHHs. Ilicns jorapudmiunoi
OOpOOKM BHUXIIHHUX JaHUX JUIsI OLIHKM MOXHA BHMKOPHUCTOBYBAaTHM HACTYIHY

MOk JIHIHHOT perpecii (2.185):
Ing=5,+>" BIn(x) (2.185)

VY nminiiHIA perpecii 3amporoHoBaHii [315] mera momjsirae B ToMy, 1100
BUOpaTH MapaMeTp, SKI MIHIMI3YIOTb CyMy KBaJpaTHOI MOMWIKH MK
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MIPOTHO30BAaHUM 1 ICTUHHUM 3HauYeHHSAMHU. [[[00 yHUKHYTH HaaMIpHOI MiATOHKH,
110 GYHKIIT BapTOCTI JOAAETHCSA TEPMIH PETyJIsIpU3allii Ta mapameTp perysspusarii
A, SKUH BUKOPUCTOBYETHCA ISl 30alaHCYBaHHsS (PYHKIli BapTOCTI 3 TEPMIHOM
peryJsipu3ariii.

ABtopamu  [316] BUKIAAEHO MiAPaXyHOK IMMACAKUPOMOTOKY Ha OCHOBI
TEXHOJOT1l 00poOKH 300pakeHb. BpaxoByroun BHUMOTH JI0 pEaibHOTO 4acy Ta
TOYHOCTI, BUKOPHUCTAaHO METOJ, 3aCHOBaHUN Ha MAIIMHHOMY HaBYaHHI, JJIs
BUSIBJICHHS Ta 1JACHTH(]IKAIII TOJOBH IMMIIOXOJA. Merton ramMma-KOpPeKITii
OPUIHATO I CTaHIApPTHU3allil KOJIPHOTO MPOCTOPY BXITHOTO 300pa’keHHS, 1100
HaJAIITyBaTU KOHTPACT 300paKeHHs, 3MEHIIUTH YaCTKOBY TiHb 300pa’KCHHS 1
OJTHOYACHO MO)KHa 3MCHIIUTH BIUIMB 3MIHM  OCBITJICHHS Ta TMIEPEIIKOJIH.
BukopuctanHs OJHOBUMIPHOTO JTUCKPETHOTO AU(EPEHINabHOrO MIAa0JIOHY B
TOPU30HTATLHOMY Ta BEPTHUKAILHOMY HaIpsSIMKaxX, MO0 OTPUMATH aMILIITYIy
MIKCEJIBLHOTO IPajiieHTa Ta HAMPSIMOK I'PaJIIEHTA.

Po3paxyHok rpanienTa Bu3Ha4eHO piBHSIHHAIMU 2.186 Ta 2.187:

G, =HX+Ly)-H(x-1y) (2.186)

G, =H(Xy+)-H(x,y-1) (2.187)

ne: Gy — TOpU30OHTAJIBHUM TPAIIEHT MOT0KEHHS (X,Y);

Gy — BepTUKaIbHUMN TPAIIEHT MOJOXKEHHS (X,Y);

H(X,y) — cipe 3HaueHHS MO3UIIT (X,Y).

Po3paxyHOK amIunTyau 1 HampsIMKy TIpajlieHTa BU3HAYEHO PIBHSHHSAMU

2.188 ta 2.189:

G(X,y) =[G, (x,Y)* + G, (%, y)’ (2.188)
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G,(xY)

a(x, y) =arctan _l(G )

) (2.189)

ne: G(X,y) — aMILIiTyaa rpajieHTa;

a(X,y) — HampsMOK Ipaji€HTa.

Po3paxoBani rpaiieHTHa BEJIMYUHA Ta OPIEHTAIlIS] KOXKHOI OJIMHHMII KIIITUHA
Ta OTpPUMaH1 XapakTEPUCTHKU ocepeaky. HaBuanbHa BHOIpKa MOJijeHa Ha Psf
OJIMHUIIp KIITHHKU. PoO3paxyHOK 3BaKCHOI TICTOTpaMU HampsMy Tpaai€eHTa
KOKHOI KiTUHKH. [{ianma3zon Hanpsmy rpaaierTa 0-180 rpagycis.

ABtop [317] BuHaHIIOB 0araTOCEHCOPHHN MAaCHB IAaCaKUPOIOTOKY
aBTOOYCY, BIJICTEKEHO BEKTOpP PYXY, III0 BU3HAUEHO SIK MPOIIEC MOIIYKYy Habopy
BEKTOPIB pyXy MK IMOTOYHUM KaJpPOM 1 OMOPHHUM KaJpOM Y MEBHOMY Jlana3oHi
nepeadayeHHsl 3a JIONOMOTOI0 TIEBHOI CTpaTerii MOIIyKy, OTPUMaHHS €JIMHOTO
BEKTOPHOTO PIIIEHHS TOTOYHOTO BEKTOPY pyXy, HAO0Opy BIAMOBIIHO [0
noai0HOCTI BeKTOpiB pyXy. Kpurepii, 3BaskyBaHHsI BEKTOPHOTO PIillIEHHS 1 BEKTOpa
pyXy 00'€eKTa CTEKEHHSI, BIICTEKEHHSI Ta OMKCY PyXYy LI Y€PE3 BEKTOP PYXY.

[ToniGHicTh BekTOpa pyxy Moxe omucaHa [317] ¢yHkuiero momibHOCTI

kocunyca. Moro dgopmyia nokasana pisHsHHsM 2.190:
S(X.Y) = (XY 7 (X% IV ]) (2.190)

BcTanoBiTh HibOBY (YHKIIIIO BEKTOPHOI MOJIEN1 pyXy, sk 2.191 a6o 2.192:

d(x,y)=(x"=x,y'=y) (2.191)
dXN=EXX- 3K Yy - D) (2.192)

Je: M — KUIbKICTh YaCTUHOK Y KOHTYpax Halpy>KeHHsS CTONU MOTOYHHUX

JIaHUX KaJIpy;
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N — YKMCII0O YaCTUHO Yy KOHTYpax HAMpy>XeHHS CTOMM JaHUX CHUCTEMU
BIJIJTIKY;

Mi 11e SIKiCTh YaCTUHKH I

(X,y) € koopaMHATAMH LIEHTP Mac KOHTYpY HAIPYXXCHHS CTONU B
MOTOYHOMY KaJipi;

(X' ,') — KoOpIWHATH IEHTPY Mac CTONH KOHTYp HAIpPyrd B CHCTEMI
BIJIJTIKY;

(Xi, i) e 1Ba-po3MipHI KOOPIUHATH YACTHHKH I.

B [318] mnpomoHyeTbcs METOJ Ha OCHOBI HEHWPOHHOI Mepexki s
MPOTHO3YBaHHA MaWOYTHIX MACaXXUPOIOTOKIB BIJMPABICHHS TEpMIHAIY Ha
HacTynHuil nepiof. Pobotu [319-328] BU3HA4arOTh MOJENIOBAHHSA IIOJEHHOTO
MacaKUPOIMOTOKY aBTOOYCIB IIiJT 4Yac emigeMii 4u MaHaeMii METOJOM BEIHUKOi
KUTBKOCTI JJAHUX YaCOBUX PSIIB.

B [329] npencraBieHo aHaimi3 HEWPOHHMX MEpEX, SAKI MOXKHA
BUKOPUCTOBYBATH JJIsI IPOTHO3YBAaHHS MAaCaKUPOIMOTOKY M MicTamu. [laHi mpo
KUIBKICTh TMACaXUPIB YEepe3 PEryJsipHi MPOMIKKH 4Yacy BUPAXKEHO Y BUIJISAL

nuHamiunoro uncia Yy, ae t € [0, 7] 1 mpeacraBieHo B aquTuBHIN dopmi 2.193:

Y,=U,+V,+E +Z +7, (2.193)

ne Ui — TeHaeHuis IWHAMIYHOTO psay, 3aKOHOMIpHA CKJIajoBa, IO
XapaKTepU3ye 3arajbHy TeHACHLIO;

Vi — ce30HHa CKJIaJI0Ba, y 3arajJlbHOMY BUIA/IKy — [IMKJIIYHA;

Et € BUIIagKoBOIO CKJIaJ0BOIO;

Z; € KOMIIOHEHTOM, 110 3a0e3Meuye napajieiabHICTh €IEMEHTIB JUHAMIYHOTO
psany;

Yt € KEPYIOUUM KOMIIOHEHTOM, 3a JOMOMOIOI0 SIKOTO BiIOYBAa€ThCs BIUIMB
Ha YJICHU psay, o0 chopMyBaT HOTO OakaHy TPAEKTOPIIO B MAaHOYTHHOMY.

B sxocTi QyHKIIi akTHBaLii B JAHOMY BHIIaJIKy BUKOPUCTOBYETHCS MPOCTA
pi3HHIIeBa HEMiHIMHA oricTiuHa PyHKIis OBHA 2.194:
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1

— (2.194)
l1+e

f(x)=

B [331] mnpencraBmeHo opHE PpIMICHHS MOAO0 JIiHIA TpHOYTTS Ta
BIIMPABJICHHS CHEIIaIbHUX JIHIA MacaXupchkoro pyxy, a B [348] craTuctuka
MACaXUPOITOTOKY Ha OCHOBI BiZIe0300paKeHb.

B [350] onmcano mMeToauKy MPOBEACHHS MOCTIHKCHHS MACaXKUPOIIOTOKY.
JJ1s OIIHKY MO>KJIMBOTO MMACAKUPOTIOTOKY MPHU MPOEKTYBAaHHI MiCTa BUKOPUCTAHO
rpaBiTaliiiHi Ta eHTpomiiHi MeToau. [lpuHIMI mepmoro cmnoco0y MoJsrae B
HacTynmHoMy. MichKa TepUTOPis MOJiIeHa Ha N MIKPOPAHOHIB, KOKEH 3 KX Ma€
BUXIIHUM 1 KIHIEBUN BY3JIHM. 3alIe)KHO BiJ OOCATY MICIb 3aJy4€HHS: MICIS
MPOKMBAHHS, 3aMHATOCTI, KyJIbTYpPHO-MOOYTOBHX IIEHTPIB, TOPrOBUX LEHTPIB Ta
IHIIUX MICIlb, JUISI KOKHOTO MIKPOpailOHy BH3HAYA€THCA KUIBKICTh MACa)KHUPIB.
Meton mosisirae B MOJICNIIOBAHHI MAacaKUPOMOTOKIB MK KOXXHOIO Taporo

MikpopaiioniB. [10Tik TpaHCTIOPTY MOKHA BU3HAYEHO 32 TAaKUM PIBHSIHHM 2.195:

X =& 'bj Y

Z X; = a;, (2.195)

1€ @i € KUTbKICTh MacCaXUpiB, 110 BUIKDKAIOTH 3 MIKPOPAHOHY, TACaXKUPIB;

bj € KIBKICTh MAacaXXupiB, 110 MPUOYBAIOTh Y MIKPOPAHOH, MACAKUPIB;

M — KUIBKICTb OOJAcTed TSKIHHS, IO XapaKTepU3YIOThCS BiAMOBIIHO
BUXIJIHUMH BY3JIaMH | 1 BY3JId IPU3HAYCHHS |, IIIT.;

Vij € PYHKIII€I0 TTepeBaru nacaxupa.

@DyHKIIT TepeBaru MOKyTh MaTH TaKUW BUTJISI:
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kit
i =¢€ ’

y; =k 'tiITz

ne K — mocriiiHe 3HaYeHHS, BU3HAYCHE HA OCHOBI (PAKTUYHUX JaHUX;

tj — y3arajgpbHEHa BapTICTh IEpPEeBE3CHb MiXK paioHamu | Ta | (Wac,
BUTpauCHUI HA MOI3JKY, BIICTaHb TOLIO).

Uepes HEBHU3HAYEHICTH BHUOOPY MPIOPUTETIB, 3pOOJICHOTO IMAacaKUpOM 3a
JIOTIOMOTOI0 TPaBITALlIMHOTO METOAy, OyJI0o 3acCTOCOBAaHO EHTPOMIMHHMI METO/I.

VY3aranpHeHa Moielb IHPOpMaIIHHOT eHTPOITIT Ma€e Takuil BUTIIsi 2.196:
i N
H(x) =2 %;-In} (2.196)
1

Ilefi ™Meron xapakTepus3ye HeECHaJHa CEHTPOMII0 3aMKHYTOI CHCTEMH,
BU3HAYAIOYM €KCTpeMyM. /[l po3B’sd3aHHs 3aJadyl BHKOPUCTOBYETHCS METOJ
Jlarpanxa. PesynbraTomM po3B’si3yBaHHsS piBHSAHHA (2.197) € pIBHSHHSA TakKoro

BUTJISIY:

X, =a b, -e™" (2.197)

i ™Momem JgocuTh e(EKTUBHI Ha €Tamnax NPOEKTYBAHHS MICBKHX
MapHIpyTHUX MEPEK. 3arajibHa KUIbKICTh MACAXUPIB, L0 IAYTh Y TPAHCIIOPTHOMY
3aco0i BiJl MyHKTY | B MyHKT | 3aJICKUTh BiJ KITbKOCTI MMACaXUPIiB, SIKi BUXOIAThH 3

aBTOMOO1IS B MTyHKTI MPU3HAYCHHS | 1 MOXe OyTH OMMCAHO TAKUMH PIBHIHHSIMH:

b, —min(b;;(Q,; —&;))
o 1 Sijzb;
. b b (2.198)

a;;
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1€ ajj — KUIbKICTh Maca)XHpiB, IO igyTh Yy TPaHCHOPTHOMY 3aco0l BiA

IYHKTY | B IYHKT |, TaCaKHUPH;

bj — KUTBKiCTh TTACAXKUPIB, SIKI BUHIILTH 3 TPAHCIIOPTHOTO 3ac00Y B IYHKTI |,
HacaXKupHu;

Qj-1 — 00cAT MacaXMPOMOTOKY HA MIAXOi 10 MMyHKTY |, TACAKHUPH.

Po3nozin iimMoBipHOCTEH BUMAIKOBOTO 3HAYEHHS Ajj BUIVIAJA€ HACTYIHUM

yuHOM 2.199:

cli~hi L ol

P = aij - (Qj—l_aij ) (2. 199)
bj ij

Qj1

ne C — KUIBKICTh KOMOIHAIl MOAOPOXKEH, MPEACTaBICHUX HIDKHIMHU 1
BEPXHIMU 1HICKCAMHU.
HaiiOinpia MWMOBIPHICTh MOSIBU MACaXUPIB y TPyIl THX, XTO BUUILIOB 3

aBTOOYCa, cepell TUX, XTO BUHUIIIOB 3 HHOTO Ha 3YIHHII, a 1] ONMUCAHO PIBHIHHIMHU

2.200:

ij (ﬂ,u _1) ﬂ'ij (Qj—l _aij _bj +ﬂ‘1j)
Ru(l)  (@y=2+D)-(,—4,+D)
R (4) :(Z’|j+1)'(Qj—1_aij_bj+ﬂ1j+1) 51

ij (Z’IJ +1) (aij _Zij)'(bj _Z’U)

(2.200)

Po3p’s3ytoun cuctemy HepiBHocTel (2.200) BiTHOCHO Ajj 31 3HaUeHHAMHU Qj—

1 1 b; HabaraTo OinbIe 3a OJMHHMITIO, MATEMAaTHYHE OYiKyBaHHS Ajj BU3HAUCHO SIK

2.201:

Jo= 0 (2.201)
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B poGorax [351-422] aBTOopamm OyJi0 HaBEACHO MOJCITIOBAHHS
MaCcaXUPOIOTOKIB Ta iXHIA BIUIMB HA CHUCTEMY MAaCAKUPCHKUX MEPEBE3CHb 13
BUKOPHCTAHHSM BiJIOMHX METO/IiB.

B poGorax [351, 388, 406] BUKOpUCTAaHO METOJl HEMPOHHHUX Mepexk, [352,
353, 386, 389, 405] — TexHooriii MamMHHOTO HaByaHHs, [359, 361, 369, 382,
391, 401, 402, 416] — merox 300py Ta 00poOKH naHuX, [358, 363, 365, 375, 369] —
MeToJ mpoekTyBaHHsA, [367, 392, 385, 395, 413, 371] — wmerox Teopii
HMOBIpHOCTEH 1 MaTeMaTn4yHOi ctatuctukw, [370, 383, 403] — Teopis rpasiTarii,
[397] — Teopist MakcuManbHOT KoprcHOCTI, [409] - reorpadiuHi MeTOIH, TaKi sK

MOJIeJIb TPOCTOPOBOI B3aEMO/IIT Ta MOJIENb TOCTYITHOCTI.
2.3 MeToau BupilleHHs 32124 HA 3aJi3HUYHOMY TPAHCHOPTi

ABtopamu [410-423] BUCBITJIEHO WIAXOAM A0 PO3B’sA3aHHS 3a/Jady Ha
3aI3HUYHOMY — TpaHcnopTi. B poGoti  aBTopiB [423] 3amporoHOBaHO
KOPOTKOCTPOKOBY MOJIEh TPOTHO3YBaHHS TOMHTY 3alli3HUYHUX TacCaXUPIB Ha
OCHOBI1 1HTErpaii XaoTuyHoi mnepelOynoBu (Pa3zoBOTO NPOCTOPY Ta MNPUHIIHITY
MOPIBHSIHHOCTI.  Mojiellb MPOrHO3yBaHHS XAOTUYHOTO (Pa30BOr0 MPOCTOPY

BIJIMOBIHO /10 BU3HAYEHHSI MaKCUMAaJILHOTO Moka3Huka JIsmynosa 2.202:

v _ Y (M+d) =Y, (t+d)

2.202
N V) Y., O] (2209

1€ A1 MaKCUMaJIbHUM MOKa3HUK JIsSTyHOBA;

d — KpOK MPOTHO3YyBaHHS,

Y(M) — da3oBa Touka IICHTPAILHOTO MPOTHO3YBAHHS;
Y(M+d) — das3oBa Touka uepe3 d qHiB;

Ynot(t) — HafOmmK4a Touka Y(M);

Ynot(t+d) — Ynui(t) uepes d anis.
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Mojens MporHo3y MONMUTY Ha 3alli3HWYHI TepeBe3eHHs depe3 O JHIB Ha

JIYMKY aBTOPIB MOKHa BU3HAYMUTH 5K 2.203:

X(N+d)=X({t+m-1+d)+

224 (M) =Y, O ~[X (M +d) = X (t +d)J —--- (2.203)
[X(N-1+d)= X(t+m=2+d)J

7€ M € ONITUMAJIBHUM PO3MIPOM BOYJOBYBAHHS.

B [423] aBTrOpamMu BUKOPUCTaHO y TOM YHUCJI ¥ IPHUHLMI 1HTErpyBaHHS
MOPIBHSIHHOCTI, M0 3a0e3nedmwno ¢GOpMyBaHHS 3 TMOKPAIIEHOK TOYHICTIO
IPOrHO3y B IIKOBOMY HABaHTaXEHHI LIOPOKY. [HTErpoBaHO TEHIEHLIIO 3MIiHU
NacaXupornoToky ictopii B 2.203, a moTiM mNoOyAOBaHO €TaJOHHY MOJEINb

nporuo3sy 2.204:

X (N+d)=X(N+d-2)+[X(N+d-y-365)—X(N+d—y-365-1)] (2.204)

B 2.204 mapametp Yy, po3paxoBaHMIl 3a HAWOUIbII MOJIOHUM iICTOPUYHUM
pokom, motim 10 X(N+d) y piBasiHHI 2.204 BUKOHAHO IHTEIEKTyalIbHY MOMEPEIHIO
moaupikariiro 3a 1ormoMororo Xref(N+d) y piBusani 2.204 MoaudikoBaHa MOJACIH €

2.205:

-

EI’(—:‘2
X, N+d)=a-X(N+d)+(@-a) X, (N +d), “:ngr;
E=>05X(N+d-i)- X, (N+d-i) (2.205)
i=1
Eref :ZO'S(iil)‘xref (N +d _i)_ Xreal(l\I +d _I)‘
i=1

B 2.205 E 1 Eret € NOXMOKO HAaKOMUWYEHHS HallliB3aracaHHs, epeaoadeHoro

PIBHSIHHSIMHU, BOHU MOXYTh B1IOOpaKaTu 37aTHICTh TUHAMIYHOTO MPOTHO3YBaHHS
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piBHsiHB 2.204 1 piBHsSHHS 2.205 1 BUSBIATH TEHCHIIIIO, 110 BIUIMB IOB’SI3aHUX
JAaHUX Ha TOTOYHY 1H(OPMAIIiI0 MOCTYIOBO clIalIae 3 4ac; Xreal — IMOIMEPEIHE
dakTUyHe 3HAYEHHS, SKE BXKE BimoMe; X € KIHIIEBUM pPE3yJIbTaToM,
nepeadayeHuM MUIIXOM 1HTErpallii Moje MPOrHO3yBaHHS.

Po6otu [424-444] posrasaany nutaHHs GOpMyBaHHS MAaCaKUPOTOTOKIB Ha
3aJI3HUYHOMY TpAHCIOpTi, aBTopamu [444] Oyma 3amponoHOBaHA MOJIEIb
pPO3paxyHKy MaKCUMaJIbHOI KUIBKOCTI TTaca)KHpiB, 10 MPUOYBalOTh Ha 3a13HUYHI
BOK3aJIM ISl 3[IMCHEHHS i3KU. ABTOpaMH 3a3HAu€HO, 10 NMPUOYTTS MacaKupiB
OlsIbIlIe TIOB’si3aHE 3 OCOOMCTUM PO3KJIIAJOM, HIXK 3 4acOM BIJIPABICHHS IMOI3/IIB.
Ha gymky aBTOpiB y LIbOMY BHUIAJKy TPUOYTTS MacakXUpiB B OCHOBHOMY CIIITY€E

3a po3noauioM [lyaccoHa, BIAMOBIAHO /10 3aMpONOHOBAHOI 3a1eXHOCTI 2.206.

k

A
p(k) = He (2.206)

ne p(k) — iiMoBipHICTh PUOYTTS K MacakupiB 3a XBUIIMHY;

A — 11e mpulyTTS CTaBKa.

[HIMI BUIIAJOK PO3IMVIAHYTH aBTOPAaMM IIOJSATa€ B TOMY, IO 4YacToTa
BIJIMIpaBIEHHS JiHII HU3bKa (3a3Buvail menme 10 peiciB Ha J€HB) 1 TOHlI Ha
npUOYTTS MAacaKUpiB 3HAYHO BIUIMBAE PO3KIaA. Y LbOMY BHIAJIKY MNpPUOYTTS
MacaXupiB Ta iX CYNyTHUKIB aBTOpPAMH OIKMCAHO 13 BUKOPHUCTAHHSIM TamMMa-

po3noauty. DyHKINS MUIBHOCTI HMOBIPHOCTI TaKoro mNpuOyTTs HaBeJCHA B

piBHsHHI 2.207:
_1 x“ e’ x>0
f(X)=< I (a) (2.207)
0 ,X<0
ABTopamu  [445-462] PO3TIIIHYTO  €KCIUTyaTalliiHl ~ TOKa3HUKHU

e(eKTUBHOCTI MpU 3MIHI MApaMeTPiB MAaCaAKUPONOTOKIB. B [462] aHami3yroThcs
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3MIHM €HEPrOEMHOCTI TATOBOI eHeprii Ta e(QEKTUBHOCTI MacaKUPChKUX
MepeBe3eHb I0i37a MpU 3MiHI KOe(IIll€eHT BUKOPUCTaHHS MACaKUPOMICTKOCTI.
Komu pyx moizga € pyxomum, TOOTO HOro TAroBa Cuia, IO BU3HAYAETHCS
MOJIOKEHHSIM MOTro pob040i PyKOATKH, BIIMIHHA BiJl HYJIs, TATOBE 3yCUILIA MOi3/a
1 BIIMOBIIHO CHJIa CTPYMY HOTO JBHUTYHIB 3MIHIOIOTHCSI HE TIIBKHU 3 HOTO TATOBOIO
CHJIOIO, ajie 1 3 Horo mBuAKICTIO. B [463] Oyno 30cepemxeHo yBary Ha BHOODI
MOI3/IB, sIKI POOJATH TMacaKWpU 3ali3HuIl. TpaHcpepHa Mepexka Ha JTYMKY
aBTOPIB MPECTABIISIE MOXKITUBI IIUISIXH MMACAXKUPIB 3'€THAHI CIIOTYUCHHSIM.

B poGotax [464-469] nocnimkeHo GhakTopH, K1 BIUIMBAIOTh HA TPAHCIIOPT.
B [469] aBrOopamu 3a3Ha4ye€HO, IO HAa TPAHCHOPT Ta MOr0 PO3BUTOK BILIMBAE
0arato ¢aktopiB. CTBEpIKY€EThCS, 110 3arajoM ICHYIOTh JIBl XapaKTePUCTUKHU, SIKi
MOXXYTb BHUpa@XaTW PO3BUTOK 3aI3HUYHUX TMACAKUPCHKUX  IEPEBE3CHb:
MAaCAKUPOMICTKICTh Ta 00CsT macaxxuponotoky. B [470-499] aBropu po3risganu
MaCaKUPOIOTIK, a B [481] 3anpornoHOBaHO BUKOPUCTAHHS HEUPOHHUX MEPEK IS
PO3pOOKH KOPOTKOCTPOKOBHUX MOJIENEN MPOrHO3YBaHHs MONUTY Ha Macaxkupis. B
po6oTi [498] 3anpornoHOBaHO MOJETh JUHAMIYHOI MEPEXKI.

PoGora [500] gemoHCTpye  CTPYKTypy TNPOTHO3YBaHHS  OOCSTIB
NacaXUPChKUX  TIEPEeBE3€Hb, IO  IHTETPy€  EKCIOHEHIAIIbHY  MOJEIb
3rIaKyBaHHA. MoJienb eKCTIOHEHIIIATbHOTO 3TIaKYBaHHS € OJHIEI0 3 MOJETeH
eKCIIOHEHIIIMHOTO MPOTHO3YBAaHHS, B KUl B OCHOBHOMY BHKOPUCTOBYETHCS IS
y3TOJIKEHHS YaCOBOTO PSIIY 3 TOPU3OHTAIBHUM TEPMIHOM, TEPMIHOM TEHJIEHIIIT Ta
CEe30HHMM e(eKTOM. I[HTerpoBaHa MeTOJMKAa NPOrHO3YBaHHS BHKOpUCTaHa
aBTOpaMH B poOOTI — I1€ METO/, IKUI TOEIHY€E KIJIbKa METOIB MPOTHO3YBAHHS 3a
JIOTIOMOTOI0 TeBHMX cTparerid. ABtopu [501-518] 3acrocoByBamu Mojeib
HEHPOHHOTO JiepeBa JJIsi MPOrHO3yBaHHS 00’ €My MacaXUPOMOTOKY Ha 3aJII3HMIII.
ABTOopamu pob6otu [513] 3ampornoHOBAaHO BUKOPUCTOBYBATH BEO-MOIIYK SIK
HaBYaJbHI JaHl O TPOTHO3YBaHHS KUIBKOCTI MACAKUPIB HA 3aJI3HULI TpU
YTOYHEHHI Pe3yibTaTiB MojeNtoBaHHSA. KpiM TOTo, MPOMOHYIOTHCS 3MarajibHi
MEpEeXi ISl IPOTHO3YBAaHHS MACaXUPOIOTOKY Ha 3ai3HMII, [0 MA€ MOJAIIbIIe

BUKOPUCTAHHA TaKWX METOJIB Ha TpaHcmopti. B mocmimkenni [519]
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PO3KPUBAETHCS  TUTAHHS Mozeni BUOOPY PpEXKHUMIB pyxXy B MICBKOMY
3QJII3HUYHOMY TIACaKUPCHKOMY BY3J11 Ha OCHOBI KOMOIHOBaHMX JaHuX PoGoTu
[520-524] mnpucBsueHO MOAETIOBAHHIO MACAKUPOIOTOKIB 13 ypaxXyBaHHIM

CE30HHOTO KOJMBAHHA 13 BHUKOPUCTAHHAM MATCMATUYHOT'O l'IiI[XOI[y.

2.4 Mertoau BuUpilmleHHs 3aAa4y 3 ¢opMmajizanii napamertpis
eKcIuIyaramii  3aco0iB  TPAHCHMOPTY HA MNACAKMPCHKHUX TPAHCHOPTHHUX

MapupyTax

Hocmigaukamu  [12] posriasgaivch METOAM PO3PAXYHKY IMapaMeTpiB
eKCILTyaTarlii 3ac001B TPAaHCHIOPTY MPU MIKMICHKUX MACAKUPCHKUX MIEPEBE3CHHSX.
VY po60Ti BU3HAYEHO MOJIETh PO3pPaxXyHKY KUIBKOCTI MOTEHIIIMHUX MacakKUpiB, K1

IPOIYKY€ MIEBHA 30HA I

P 2 = PT + PK.n.’ (2'51)

3a.
ne P, — 3aranbHa pyXJIMBICTB;

P, — TpynoBa pyXJiuBiCTb;

Py — KyIbTYypHO-TIOOYTOBA PYXJIMBICTD;

2.5 BUCHOBKHM 110 pO31iiy

1. IlpoBenenuit aHasai3 METO/IB BU3HAYEHHS HAYKOBUX OCHOB OpraHi3arii
TPAHCTIOPTHUX TMPOIIECIB 1 CHUCTEM MACAKUPCHKUX IMEPEeBE3eHb CyYyaCHUKaMU
peai3yeThcsl 13 BUKOPUCTAHHSM IMIJAXOAIB KOMIT IOTEPHOTO Ta MAaTeMaTUYHOTO
MOJICTIOBaHHSI.

2. IluranHs opranizaiii TPaHCIIOPTHUX MPOIECIB 1 CUCTEM MAaCAKUPCHKHUX
NepeBe3eHb CHUPAETHCS HA OCHOBHI BXIJIHI MapaMeTpu A0 Takux cucreM. [lo
TakuxX (aKTOpiB MOKHA BIJTHECTH: COIAJIBHUA CTaH PO3BHUTKY CYCHUIbCTBA,
KUIBKICTh MMACaKUpIB, BIUIUB aJbTEPHATUBHUX MApUIPYTIB PI3HUX BHUIIB
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TPAHCIIOPTY, COIllajibHI BUMOTHU JO TaKUX II€PEeBE3CHb, JEp>KaBHI CTpaTerii
PO3BUTKY 1 MIATPUMKH Ta 1HIIII.

3. AHami3 MeTOJiB BHM3HAUEHHS MapaMeTpiB TPAaHCIOPTHUX IMPOIECIB 1
CUCTEM MAaCaXUPCHKUX IEPEBE3CHb JEMOHCTPYE KOMILJIEKCHICTh B3a€MO3B’SI3KiB
MK IJACUCTEMAMH JaHMX CHCTEM, IXHIH B3a€EMOBIUIMB Ta 3aJIEKHICTH MIXK
napameTpaMu (PyHKITIOHYBaHHS TaKUX ITiJCUCTEM.

4. BU3HaueHO METOJU PO3paxyHKIB MapaMeTpiB PO3MOALTY MacaKUPChKUX
TPAHCTIOPTHUX KOPECMOHACHIIH MDK MapupyTaMd B MeEpexi IEBHOTO BHIY
TPAHCIIOPTY Ta MK CAMUMH MEpPEKaMHu MPU HASIBHOCTI KOHKYPYIOUUX MIX CO00I0
HaOOpP1 MepeX PI3HUX BUJIB TPAHCIIOPTY B CUCTEM MACAKUPCHKUX NIEPEBE3CHb.

5. Pe3ynpraraMu MNpOBEACHOrO AaHANI3ZY CYYaCHUX METOAIB BHU3HAUYCHHS
HAyKOBHMX OCHOB OpraHi3amii TPaHCIIOPTHHUX IPOLECIB 1 CUCTEM NaCaKUPChKUX
NEPEBE3CHb JOBEACHO, IO MacaXupu OOUparoTh Hale(dEeKTHBHINI CIOCOOH

peanizallii moTped y nepeMiiieHHi B MacaKUPChbKUX MEpEexkKax.
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BUCHOBKH

AHami3 cy4acHOi HAyKOBOi JliTepaTypu OO0 TNHUTAHHS OCHOB OpraHizarlii
TPAHCIOPTHUX MPOLIECIB 1 CUCTEM MACAKUPCHKHUX IMEPEBE3CHb PI3HUMH BUIAMU
TPAHCIIOPTY JIEMOHCTPYE aKTYyaJIbHICTh TAKOTO THUTAHHS Yy Cy4YacHIM HayIil i
MIPAKTHIII.

Opranizaiiiss TPaHCIIOPTHUX IPOILIECIB 1 CUCTEM MACAKUPCHKUX MEPEBE3CHb
PI3HHMH BHJIaMH TPAHCTIOPTY € CKJIQJHHUM 3aBIAaHHSIM i MOTpeOy€e KOMIUIEKCHOTO
MIIXO0Y.

BcraHoBiieHO B3a€EMOBIUIMB Ha TapamMeTpu (PYHKI[IOHYBaHHS CHUCTEM
MAaCAXUPCHKUX TEPEBE3€Hb PI3HUMU BUJIAMH TPAHCIOPTY 13 OTOUYYHOYHM
CEPEIOBULLIEM.

[Toganpmuii  pO3BUTOK HAYKOBUX MIAXOAIB OO0  OCOOJMBOCTEH
ypaxyBaHHS  B3a€EMHOTO  BIUIMBY  KUIBKICHUX  XapaKTEPUCTHK  CHCTEM
MACaXUPCHKUX TMEPEBE3CHb PI3HUMHU BUIAMHU TPAHCIIOPTY € aKTyaJIbHUM 1 MOXKE
MO3WTHUBHO BIUTMHYTH HAa PO3BUTOK CYYacHOI HAyKH 1 MTPAKTHKH.

JlocmimKeHHsT TPAaHCTIOPTHUX MPOIIECIB 1 CUCTEM MacaKUPChKUX MEepeBe3eHb
PI3HMMH BHJIaMU TPAHCIIOPTY JAOULIBHO MPOBOJUTHU 13 YpaXyBaHHSIM JIFOJICHKOTO
YUHHUKA Yy THUTaHHSIX BHOOPY MapmIpyTy i31KH, THITy TPaHCIIOPTHOTO 3acoly,
BUJIy TPAHCIOPTY, KOM(pOPTHOCTEH i37KM Ta MOMEPEAHHOTO0 OOCIYrOBYBaHHS.
BianoBigHO A0 MPOBEACHOTO aHali3y Taki JOCTIHKEHHS aKTyaJdbHO MPOBOJUTH
3aco0aMyd  MaTeMaTUYHOTO MOJICNIIOBAHHS 13 BUKOPUCTAaHHSM TpaBITAIlIHHUAX
T1IXO/TIB.

[IpoBenenuii aHaai3 METOAIB BU3HAUYEHHS HAyKOBUX OCHOB OpraHi3alii
TPAHCIIOPTHUX TIPOIECIB 1 CHCTEM MMACAKUPCHKUX TMEPEBE3CHh CyYaCHUKAMU
peai3yeThcsl 13 BUKOPUCTAHHSM IMIJIXOAIB KOMIT IOTEPHOTO Ta MAaTeMaTUYHOTO
MOJIEIIFOBAHHS.

[lutanHs opraHizallii TPaHCIOPTHUX MPOIECIB 1 CHUCTEM MaCaKUPCHKHUX
NEepPeBE3eHb CIUPAETHCS HA OCHOBHI BXIJIHI MapaMeTpu A0 Takux cucreM. [lo

TakuxX (aKTOpiB MOKHA BIJTHECTH: COIAJIBHUA CTaH PO3BHUTKY CYCHUIbCTBA,
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KUIBKICTh MAaCaXHWPIB, BIUIMB aJIbTEPHATUBHUX MAapUIPyTIB PI3HUX BUJIIB
TPaHCIOPTY, COILaJbHI BUMOTH JO TakKWX T[epeBe3eHb, JEp)KaBHI CTpaTerii
PO3BUTKY ¥ MIATPUMKH Ta 1HIII.

AHaJli3 METO/I1B BU3HAYCHHS MapaMeTPIB TPAHCIIOPTHUX MPOIIECIB 1 CUCTEM
NacaXKUPChKUX TEPEBE3EHb JEMOHCTPYE KOMILJIEKCHICTh B3a€EMO3B’SI3KIB MK
MiJICUCTEMaMH JTaHUX CHUCTEM, IXHIH B3a€EMOBIIJIMB Ta 3aJCKHICTh MIXK
napaMmeTpaMmu (GyHKIIIOHYBaHHS TaKUX I1JCUCTEM.

BusnaueHo MeToaM po3paxyHKIB MapaMeTpiB PO3MOIUTY MaCaKUPCHKUX
TPAHCIIOPTHUX KOPECTOHACHIIM MDK MapuIpyTaMd B MEpPEXl IEBHOIO BHUIY
TPAHCIIOPTY Ta MK CAMUMH MEpPEKaMHU IPU HASIBHOCTI KOHKYPYIOUUX MIX CO0O0I0
Ha0Op1 MEpEX PI3HUX BHUJIIB TPAHCIIOPTY B CUCTEM MACAKUPCHKUX MIEPEBE3CHb.

PesynapTaramu mpoBENEHOr0 aHaii3y Cy4acHUX METOAIB BU3HAYCHHS
HAayKOBUX OCHOB OpraHi3auii TPaHCIOPTHHUX IMPOLECIB 1 CUCTEM NaCaXKUPCHhKUX
NEPEBE3CHb JOBEACHO, IO MacaXupu OOUparoTh Hale(EeKTHBHINI CIOCOOH

peanizaiii moTped y NepeMilieHH] B MaCaKUPChKUX MEpPexkKax.

105



CIIMCOK BUKOPUCTAHUX /I’KEPEJI

1. Bao, Y. Yi, D, Xiong, T., Hu, Z., & Zheng, S. (2011). A comparative
study on hybrid linear and nonlinear modeling framework for air passenger traffic
forecasting. Advances in Information Sciences and Service Sciences, 3(5), 243-
254. doi:10.4156/aiss.vol3.issue5.28.

2. Rodriguez-Doncel, V., Santos, C., & Casanovas, P. (2014). A model of
air transport passenger incidents and rights doi:10.3233/978-1-61499-468-8-55

3. Marie-Sainte, S. L., Saba, T., & Alotaibi, S. (2019). Air passenger
demand forecasting using particle swarm optimization and firefly algorithm.
Journal of Computational and Theoretical Nanoscience, 16(9), 3735-3743.
d0i:10.1166/jctn.2019.8242

4. Dang, Y. -, & Li, W. -. (2010). Air passenger flow structure analysis
with network view. Jiaotong Yunshu Xitong Gongcheng Yu Xinxi/Journal of
Transportation Systems Engineering and Information Technology, 10(5), 167-174.

5. Jing He, J., Xu, L., Ning Guo, X., & Hu, Y. (2021). Air passengers'
purchasing behavior of specialty products at airport: An empirical study. Paper
presented at the ACM International Conference Proceeding Series, 13-17.
d0i:10.1145/3503491.3503494

6. Liang, X., Guo, Z., Zhang, Q., Yang, M., & Wang, S. (2020). An
analysis and decomposition ensemble prediction model for air passenger demand
based on singular spectrum analysis. Xitong Gongcheng Lilun Yu Shijian/System
Engineering Theory and Practice, 40(7), 1844-1855. doi:10.12011/1000-6788-
2019-1010-12

7. Huang, F. -., Peng, J., & You, M. -. (2016). Analyses of characetristics
of air passenger group mobility behaviors. Wuli Xuebao/Acta Physica Sinica,
65(22) doi:10.7498/aps.65.228901.

8. Ida, Y. (1993). Changes of air passenger distribution patterns in japan.
Japanese Journal of Human Geography, 45(3), 221-243.
d0i:10.4200/jjhg1948.45.221.

106



9. Reyna, O.S.S., & De La Mota, I. F. (2018). Complex networks of the
air passenger traffic in Culiacan’s airport. Paper presented at the 30th European
Modeling and Simulation Symposium, EMSS 2018, 123-128.

10. Afagq, A., Gaur, L., Singh, G., & Dhir, A. (2021). COVID-19:
Transforming air passengers’ behaviour and reshaping their expectations towards
the airline industry. Tourism Recreation Research,
d0i:10.1080/02508281.2021.200821.

11. Zuo, P., Li, H., Liu, W., & Liu, D. (2010). Development of 8 kW
charging generator for railway air-conditioned passenger car. Zhongguo Tiedao
Kexue/China Railway Science, 31(2), 137-140.

12. Niu, W. (2019). Intelligent air passenger transportation system utilizing

integrated space-ground information network.
[RTFXR— K LIEEMBNEBEMZEEIZRL] Hangkong  Xuebao/Acta

Aeronautica Et Astronautica Sinica, 40(1) doi:10.7527/S1000-6893.2018.22415.

13. Dang, Y. -., & Song, S. -. (2013). Invulnerability analysis of chinese
air passenger flow network based on centrality. Complex Systems and Complexity
Science, 10(1), 75-82.

14. Sharma, H. K., Kumari, K., & Kar, S. (2019). Short-term forecasting of
air passengers based on the hybrid rough set and the double exponential
smoothing model. Intelligent Automation and Soft Computing, 25(1), 1-14.
d0i:10.31209/2018.100000036.

15. Valutyte, R. (2020). Striking a healthier balance between air passenger
rights and air carriers’ vital interests in the light of COVID-19. Entrepreneurship
and Sustainability Issues, 8(2), 546-558. doi:10.9770/jesi.2020.8.2(33)

16. Bravo, A., Vieira, D. R., & Ferrer, G. (2021). The boeing 737
maxreturn to service and competition: How passengers' preferences would change
due to the latent fear of flying. Journal of Modern Project Management, 8(3), 113-
123. d0i:10.19255/JMPM02510

107



17. Raheja, D., & Zhong, Z. W. (2018). The causal relationship between
GDP and air passenger traffic: Evidence from singapore. International Journal of
Transport Economics, 45(1), 83-95. doi:10.19272/201806701005.

18. Fassiaux, S. (2021). The difficult balance between the crisis of the
aviation sector and air passenger rights in the era of covid-19. [Le difficile
equilibre entre la crise du secteur de 1’aviation et les droits des passagers aeriens a
I’ere du covid-19; El dificil equilibrio entre la crisis del sector aéreo y los derechos
de los pasajeros en la era de la covid-19] Revista De Derecho Comunitario
Europeo, 2021(68), 185-225. doi:10.18042/cepc/rdce.68.06.

19. Lukyanov, S., Thyssen, E., & Kislyak, N. (2007). The market of
passenger air transportation in russia: Quasi-competition or...? Voprosy
Ekonomiki, 2007(11), 120-138. doi:10.32609/0042-8736-2007-11-120-138.

20. Saifei, N., & Renxu, G. (2021). The spatial and temporal dimensions of
the interdependence between the air passenger industry and regional economy in
the vyangtze river delta.  Tropical Geography, 41(2), 340-350.
doi:10.13284/j.cnki.rddl.003324.

21. Zhang, J., Sun, Y., Zhang, X., & Wang, S. (2020). Time-varying
forecast averaging for air passengers in china. Xitong Gongcheng Lilun Yu
Shijian/System  Engineering Theory and Practice, 40(6), 1509-1519.
d0i:10.12011/1000-6788-2020-0443-11.

22. Leixian, G., Xiaoli, W., Xiaofang, G., Xuejun, Z., & Changcheng, K.
(2021). Urban functions of guangzhou and shenzhen focusing on the city network
relationship: A comparative analysis on the original places of air passenger flow.
Tropical Geography, 41(2), 229-242. doi:10.13284/j.cnki.rddl.003323.

23. Cai, J., & Zhang, N. (2020). The dynamic correlation between civil
aviation passenger traffic volume and its influential factors based on DCC-
GARCH model doi:10.1007/978-981-13-9406-5_76.

108



24. Liang, X., Qiao, H., Wang, S., & Zhang, X. (2017). An integrated
forecasting model for air passenger traffic in china based on singular spectrum
analysis. Xitong Gongcheng Lilun Yu Shijian/System Engineering Theory and
Practice, 37(6), 1479-1488. doi:10.12011/1000-6788(2017)06-1479-10.

25. Neretin, A. S. (2017). Spatial structure of air passenger transport in
european russia. lzvestiya Rossiiskoi Akademii Nauk.Seriya Geograficheskaya,
(6), 19-38. doi:10.7868/S0373244417060032.

26. Huang, J., Mao, B., & Wu, G. (2021). Improvement of the first-mile
service based on passengers' choice of travel mode. Proceedings of the Institution
of Civil Engineers: Transport, doi:10.1680/jtran.21.00059.

27. Kang, H. -, Li, M. -, Zhou, P. -., & Zhao, Z. -. (2012). Prediction of
passenger traffic volume using v-support vector regression optimized by chaos
adaptive genetic algorithm. Dalian Ligong Daxue Xuebao/Journal of Dalian
University of Technology, 52(2), 227-232.

28. Chen, Y., & Xu, J. (2020). Research on driving behavior of mountain
city passenger car drivers based on GPS data doi:10.1007/978-981-15-0644-
4 113.

29. Pazoysky, Y., Kalikina, T., Saveliev, M., & Kurtikova, E. (2020). The
methodology of calculating route network of long-distance passenger trains in the
conditions of fluctuating passenger flows doi:10.1007/978-3-030-37919-3 101.

30. Li, Q. Ji, C.-,Jia, L. -, & Qin, Y. (2013). A distribution model on
railway passengers waiting time based on train operation distance. Beijing Ligong
Daxue Xuebao/Transaction of Beijing Institute of Technology, 33(SUUPPL.1),
22-25.

31. Zhang, C. -, Shi, T. -, Lv, X. -., Bai, W.,, Liang, B., & Hu, H. (2018).
A general framework for intelligent railway passenger station. Jiaotong Yunshu
Xitong Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information Technology, 18(2), 40-44 and 59. do0i:10.16097/j.cnki.1009-
6744.2018.02.007.

109



32. Yugiang, H., Baohua, M., & Rong, H. (2006). A method for
calculating the maximum passenger assembling number of railway passenger
station. Paper presented at the Proceedings of the Conference on Traffic and
Transportation Studies, ICTTS, 949-958.

33. Bao, Y. (2010). A model for the coordination between high-speed
railway lines and conventional rail lines in a railway passenger transportation
corridor. Paper presented at the WIT Transactions on the Built Environment, , 114
453-465. doi:10.2495/CR100421.

34. Li, H., Liu, Y., & He, D. (2007). A security risk evaluation model for
IT system and its application on railway passenger ticket system. Zhongguo
Tiedao Kexue/China Railway Science, 28(1), 127-130.

35. Stoilova, S., & Nikolova, R. (2018). An application of ahp method for
examining the transport plan of passenger trains in bulgarian railway network.
Transport Problems, 13(1), 37-48. doi:10.21307/tp.2018.13.1.4.

36. Wang, J. -., Zhang, J. -., Wang, W. -, & Li, X. -. (2011). An improved
neural network and its' application in prediction of railway passenger volume
during spring festival. Zhongnan Daxue Xuebao (Ziran Kexue Ban)/Journal of
Central South University (Science and Technology), 42(SUPPL. 1), 1020-1025.

37. Li, J., Zhang, C., & Teng, J. (2019). Analysis of influencing factors
and growth trend of urban railway passenger departures volume. Paper presented
at the Proceedings of the 24th International Conference of Hong Kong Society for
Transportation Studies, HKSTS 2019: Transport and Smart Cities, 221-228

38. Kasimova, M., & Ziyaeva, M. (2020). Analysis of passenger
behaviour in railway transportation. Journal of Advanced Research in Dynamical
and Control Systems, 12(2), 2882-2892. doi:10.5373/JARDCS/V1212/S20201356.

39. Liy, L, Pan, Y., Han, T., & Liu, H. (2007). Analysis on the design
and application of the pantograph-catenary current collection of passenger and
freight 200 km-h-1 electrified railway line in mountainous area. Zhongguo Tiedao
Kexue/China Railway Science, 28(1), 93-98.

110



40. Wu, J,, Chen, Z., Jia, Y., & Sun, D. (2018). Application of fuzzy
theory to weight optimization algorithm of railway passenger transport safety
index.  [EOMIELIRAESR R IZ 2R N EET RN ] Beijing
Jiaotong Daxue Xuebao/Journal of Beijing Jiaotong University, 42(3), 37-43 and
52. doi:10.11860/j.issn.1673-0291.2018.03.006.

41. Wang, Z.,, Wang, Y. -, Jia, L. -.,, & Li, P. (2005). Application of
improved BP neural network in the prediction of railway passenger volume time
serial. Zhongguo Tiedao Kexue/China Railway Science, 26(2), 127-131.

42. Peng, Q., Zhang, Y., Lu, G., Li, W., & Shi, T. (2019). Arrival and
departure tracks utilization adjustment method in railway passenger stations based
on time-space resources. [J& T 22 BT 1148k 2% 75 iz ik 21 & 2812 B 1 #2] Tongji
Daxue  Xuebao/Journal of  Tongji  University, 47(7), 1011-1021.
d0i:10.11908/j.issn.0253-374x.2019.07.013.

43. Dolia K., Dolia O., Lyfenko S., Botsman A.. Management of Freight
Transport Projects in Cities in Assessing Their Effectiveness. Software
Engineering. Vol. 6, No. 2, 2018, pp. 63-68. doi: 10.11648/j.se.20180602.15.

44, Li,D.-.,Yu,D.-, Zhang, Y., & Liu, Q. -. (2013). Assessment of fare
collection system of large-scale railway passenger station based on microscopic
simulation of passenger behavior. Tiedao Xuebao/Journal of the China Railway
Society, 35(2), 1-7. doi:10.3969/j.issn.1001-8360.2013.02.001.

45. K. Jonsa. Geovirtual Urban Environments as Media for the
Communication of Information Related to Managing Urban Land [Conference] //
Martepianu HayKOBO—TIpaKTUYHOI KOH(EpEeH1i, TPUCBAYEHOT MIKHAPOJHOMY JTHIO
reoindopmanitaux cucrem / K. Jloms, O. Homs. — Xapkis : [0.H.], 2016. — C. 57—
59.

46. Wang, W. -., Ni, S. -, Lv, H. -., & Guo, J. -. (2015). Boarding choice
for high-speed railway passengers based on disaggregate theory. Jiaotong Yunshu
Xitong Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information Technology, 15(3), 13-18 and 43.

111



47. Lv, H. -, Wang, W. -, Pu, S., & Yv, D. -. (2016). Classification of
railway passengers based on cluster analysis. Jiaotong Yunshu Xitong Gongcheng
Yu Xinxi/Journal of Transportation Systems Engineering and Information
Technology, 16(1), 129-134.

48. Liu, H., Cheng, W., & Zhang, M. (2016). Combination optimization
for seat allocation of railway passenger car based on improved genetic algorithm.
Zhongguo Tiedao Kexue/China Railway Science, 37(6), 113-120.
doi:10.3969/j.issn.1001-4632.2016.06.15.

49. Gao, X. -, Li, Y. -, & Yue, Y. (2012). Continuation method and its
application in bifurcation of a railway passenger car system with simple rails.
Zhendong Yu Chongji/Journal of Vibration and Shock, 31(20), 177-182.

50. Liu, F., Peng, Q., Liang, H., & Yang, K. (2018). Control and decision
model for railway passenger ticket pre-sale. Tiedao Xuebao/Journal of the China
Railway Society, 40(1), 17-23. d0i:10.3969/j.issn.1001-8360.2018.01.03.

51. Zhang, Y. -, Lei, D. -.,, & Wang, J. (2011). Decision support system
of track utilization with CTC at railway passenger station. Jiaotong Yunshu
Gongcheng Xuebao/Journal of Traffic and Transportation Engineering, 11(4), 89-
96.

52. Dolya C., Dolya O., Methods of Establishing and Implementing the
Optimal Fares for Passenger Transport. American Journal of Traffic and
Transportation Engineering. Vol. 1, No. 4, 2016, pp. 60-67. doi:
10.11648/j.ajtte.20160104.14.

53. Zeng, J., Dai, H. -., & Wu, P. -. (2004). Dynamics performance study
of railway passenger car system based on on/off damping control. Zhongguo
Tiedao Kexue/China Railway Science, 25(6), 27-31.

54. Wen, B. -, Qin, Q. -., & Zhou, S. -. (2012). Empirical study on
passenger perceived service quality in a passenger train. Tiedao Xuebao/Journal of
the China Railway Society, 34(9), 7-14. doi:10.3969/j.issn.1001-
8360.2012.09.002.

112



55. Wang, H. -, Wu, F., & Gong, L. (2012). Evaluating the green-grade
of railway passenger stations based on whole lifecycle. Tiedao Xuebao/Journal of
the China Railway Society, 34(3), 14-21. doi:10.3969/}.issn.1001-
8360.2012.03.003.

56. Jloms K. B. State regulation and legal support for entrepreneurial
activities of business entities, which provided services for the carriage of
passengers onpublic bus routes in Ukraine / K. B. o, O. €. Hons.

57.  Jona K. B. 31 monentoBaHHS TeTepOreHHOI MPOCTOPOBOi 1H(OopMaltii
B ['IC, sx 3aci0 ympaBiiHHS 3eMeIbHUMH pecypcamu [30ipka J1OMOBIACH |
//Marepianu  Bceykp. Hayk.—Tmpakt. KoH(., mpucsy. 70-piudto kadeapu
yOpaBIiHHA 3eMenbHUMU pecypcamu Ta kaaactpy / K. B. Joma, O. €. Jons. —
XapkiB : 2016. — C. 167.

58. Alimo, P. K., Agyeman, S., Zankawah, S. M., Yu, C., Cheng, L., &
Ma, W. (2022). Factors causing low demand for a suburban passenger train in
sekondi-takoradi. Journal of Transport Geography, 98
doi:10.1016/j.jtrange0.2021.103268.

59. Ren,J. -, Xu,J. -, Tian, G. -., Zhao, H. -., & Pu, J. -. (2018). Field
test and statistical characteristics of wheel-rail force for slab track with passenger
and freight traffic. Gongcheng Lixue/Engineering Mechanics, 35(2), 239-248.
d0i:10.6052/j.issn.1000-4750.2016.10.0826.

60. Wang, X. -,, Wang, W. -, Li, M., Wei, Y. -,, Yang, Y. -, &Qu, Y. -.
(2013). Field test research on treatment effect of embankment foundation in class
IV dead-weight collapsible loess zone along railway passenger dedicated line.
Yantu Lixue/Rock and Soil Mechanics, 34(SUPPL.2), 318-324+362.

61. Yang, C., & Zhang, C. (2020). Finite element analysis of contact
stress for crowned cylindrical roller bearings of railway passenger cars. Paper
presented at the Advances in Transdisciplinary Engineering, , 14 281-288.
d0i:10.3233/ATDE200241.

113



62. Gyulyev N., Dolia K., Dolia O. Engineering Patterns of Changes in
the Parameters of Functioning of Intercity Passenger Transportation System.
International Journal of Intelligent Information Systems. 2019. T. 7. Ne. 6. P. 48.

63. Zhu, H., Luo, X., Liu, Y. -., & Chen, X. (2018). Hybrid heterogeneity
model for access mode choice of railway departure passengers.
[kt R iR 2 A 77 e N 2 & R PR AY]  Jiaotong  Yunshu  Xitong
Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information ~ Technology,  18(5), 184-190.  d0i:10.16097/j.cnki.1009-
6744.2018.05.027.

64. Dolya C. Math modeling of influence environment at the
development of passenger transport systems // International scientific-practical
conference / C. Dolya, O. Dolya. - 2016. - P. 292.

65. Wang, W. -, & Zhao, H. -. (2004). Lightweight design of
crashworthy carbody structure for high-speed passenger train based on
optimization. Tongji Daxue Xuebao/Journal of Tongji University, 32(11), 1499-
1503.

66. Zhang, X. -., Li, Y., Huang, S. -., & Zhang, H. (2016). Maximum
concave envelope theory based dynamic pricing for railway passenger
transportation. Jiaotong Yunshu Xitong Gongcheng Yu Xinxi/Journal of
Transportation Systems Engineering and Information Technology, 16(6), 1-8.

67. Li, J, & Sun, Q. (2011). Microscopic simulation analysis on the
deployment of TVM terminal device in railway passenger station. Zhongguo
Tiedao Kexue/China Railway Science, 32(3), 117-122.

68. Olena, D., & Konstantin, D. (2022). Determination of Promising
Directions for the Development of Geographic Information Systems in the
Operation of Vehicles. Communications, 10(1), 1-4.

69. Li, D., Han, B., & Li, H. (2009). Microscopic simulation on large
scale railway station of passenger mustering and evacuation. Zhongguo Tiedao
Kexue/China Railway Science, 30(3), 119-124.

114



70. Yang, G. -, Shi, T. -, & Zhang, Q. -. (2016). Model and algorithm
for railway passenger crew rostering plan. Jiaotong Yunshu Xitong Gongcheng Yu
Xinxi/Journal of Transportation Systems Engineering and Information
Technology, 16(4), 159-164.

71. Jia, W. -, Mao, B. -,, Ho, T. -., & Liu, H. -. (2010). Model and
algorithm for track allocation at large-scale railway passenger stations. Tiedao
Xuebao/Journal of the China  Railway  Society, 32(2), 8-13.
doi:10.3969/j.issn.1001-8360.2010.02.002.

72.  Hona, K. B., & Homus, O. €. (2017). Ilogo MOAKIUBOCTI MPAKTUYHOT
peaizaiiii 3ac001B pO3BUTKY MapIIPYTHUX MACAKUPCHKUX TPAHCTIOPTHUX CHUCTEM.
Momnonuii Buenui, (1), 41-44.

73. De Faverges, M. M., Russolillo, G., Picouleau, C., Merabet, B., &
Houzel, B. (2018). Modelling passenger train arrival delays with generalized
linear models and its perspective for scheduling at main stations. Paper presented
at the IET Conference Publications, , 2018(CP742).

74. Xie, Z., Jia, L., Qin, Y., Wang, L., & Yu, G. (2013). Monitor point
layout model of video surveillance in railway passenger transport hub. Zhongnan
Daxue Xuebao (Ziran Kexue Ban)/Journal of Central South University (Science
and Technology), 44(SUPPL.2), 254-257.

75. Li, X. -., & Cao, H. -. (2020). Multi-objective pricing of high-speed
railway  passenger  tickets based on  epsilon-constraint  method.
[55 T-EpsilonZ) 902 1 s 2R B 5 55 2 H b g /i 7] Jiaotong Yunshu Xitong
Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information Technology, 20(1), 6-11 and 26. doi:10.16097/j.cnki.1009-
6744.2020.01.002.

76. Niu, X., & Zhang, J. (2019). Network structure of urban
agglomeration in the middle reaches of the yangtze river from the perspective of
railway passenger flow. Journal of Geomatics, 44(3), 99-102.
doi:10.14188/1.2095-6045.2019024.

115



77. Chen, S. -, Wang, X. -, Xu, X. -.,, & Wang, X. -. (2010). New
method for forecasting subgrade settlement of railway passenger dedicated line.
Yantu Lixue/Rock and Soil Mechanics, 31(2), 478-482+488.

78. Jing, Z. (2001). Numerical analysis of nonlinear stability for railway
passenger cars. Chinese Journal of Mechanical Engineering (English Edition),
14(2), 97-101. doi:10.3901/cjme.2001.02.097.

79. Cheng, Q., Yang, G., & Hu, Q. (2021). Passenger choice behaviors
for  short-haul HSR trains based on  mixed logit  model.
[ TR B Logith Ry i) ik 28 6] i s v iR B B 91 AR #4741 Zhongguo  Tiedao
Kexue/China Railway Science, 42(2), 183-192. doi:10.3969/}.issn.1001-
4632.2021.02.20.

80. Dou, F., Jia, L., Xu, J., Wang, L., & Huang, Y. (2014). Passenger
flow assignment approach to railway passenger transportation network based on
combined entropy optimization. Dongnan Daxue Xuebao (Ziran Kexue
Ban)/Journal of Southeast University (Natural Science Edition), 44(1), 216-221.
doi:10.3969/j.issn.1001-0505.2014.01.039.

81. Brumercikova, E., Bukova, B., & Brumercik, F. (2016). Possibilities
of NFC technology implementation in railway passenger transport. Paper
presented at the Transport Means - Proceedings of the International Conference, ,
2016-October 745-750.

82. Li, C., Zhou, X., & Yang, Y. (2015). Prediction method for scale of
bus-stop in front of railway passenger station. Zhongguo Tiedao Kexue/China
Railway Science, 36(5), 122-130. doi:10.3969/j.issn.1001-4632.2015.05.18.

83. Haramina, H., Radonjic, D., & Mihaljevic, B. (2018). Proposal and
simulation analysis of measures for advancment of railway passanger traffic on
relation koprivnica - virovitica. [Prijedlog i simulacijska analiza mjera za
unapredenje zeljeznickog putnickog prometa na relaciji koprivnica - virovitica]
Podravina, 17(33), 74-90.

116



84. Peng, C. (2007). Railway passenger demand forecasting based on
integrating chaotic phase space restructuring and principle of similarity. Wuhan
Ligong Daxue Xuebao (Jiaotong Kexue Yu Gongcheng Ban)/Journal of Wuhan
University of Technology (Transportation Science and Engineering), 31(4), 684-
687.

85. Dolia V.K., Dolia K.V., Dolia O.E. Determining Parameters of
Functioning of Passenger Transport Routes by Means of Computer Simulation of
Processes. Science &  Technique. 2021;20(6):514-521. (In  Russ.)
https://doi.org/10.21122/2227-1031-2021-20-6-514-521

86. Chen, X., & Zhu, S. (2012). Relaxed hybrid forecasting and its
application to railway passenger turnover doi:10.1007/978-1-4471-2467-2_137

87. Shi, H., Lei, X., Zhao, Y., Gu, L., Wang, D., & Cai, J. (2011).
Research and development of intelligent cleaning-sterilizing equipments for
central air conditioning ventilation duct of railway passenger car. Zhongguo
Tiedao Kexue/China Railway Science, 32(5), 140-144.

88. Nedeliakova, E., Sekulova, J., & Blinova, E. (2015). Research of
application raymond fisk's dynamic model in condition of railway passenger
transport. Paper presented at the Transport Means - Proceedings of the
International Conference, , 2015-January 527-531.

89. Zhu, C., & Li, H. (2013). Research on operation arrangement for
parking lines in railway passenger technology station. Journal of Information and
Computational Science, 10(3), 761-771.

90. Kostiantyn, D., & Olena, D. (2019). UDK 510.67
GENERALIZATION OF 3 D CITY MODELS TO SIMPLIFY SIMILATION OF
URBAN TERRITORIES. BBK 79, 273.

91. He, Y. -, Mao, B. -., Ding, Y., Zhang, H. -, & Yang, J. (2006).
Research on simulative calculation of maximum assembling of railway passenger
station. Xitong Fangzhen Xuebao / Journal of System Simulation, 18(1), 213-
216+224.

117


https://doi.org/10.21122/2227-1031-2021-20-6-514-521

92. Zhang, T. -. (2009). Research on the assembling rule of passengers at
railway passenger stations. Tiedao Xuebao/Journal of the China Railway Society,
31(1), 31-34.

93. Ye, N. -. (2006). Research on the automatic gate system of the
passenger dedicated line. Zhongguo Tiedao Kexue/China Railway Science, 27(3),
101-105.

94. Jloms, O. €., & Jous, K. B. BUSHAUEHH I BAKOHOMIPHOCTEN
3MIH I[TAPAMETPIB CUCTEMMU IIEPEBE3EHb. KomyHanbHe rocrnoaapcTBO
Mmict, (154), 138-142.

95. Gong, W. (2019). Research on the comprehensive pipeline design of
railway passenger station. [4k & ik 25 i 5 45 & B 26 WA 78] Journal of Railway
Engineering Society, 36(10), 102-106.

96. Dolia O. (2022). Analysis of the state of modern scientific thought on
the use of vehicles in passenger transport. International Science Journal of
Engineering & Agriculture, 1(1), 1-9.

97. He, Y. -, Mao, B. -., Chen, S. -., & Guo, J. -. (2006). Research on the
methods of calculating the maximum assembling at railway passenger stations.
Tiedao Xuebao/Journal of the China Railway Society, 28(1), 6-11.

98. Mamonov, K., Nesterenko, S., Radzinskaya, Y., & Dolia, O. City
lands investment attractiveness calculation / Geodesy and Cartography. Vol. 68,
No. 1, 2019, pp. 211-223. Accepted: 18 April 2019. DOI:
https://doi.org/10.24425/gac.2019.126097

99. Liu, L., & Xu, N. (2010). Route optimization for railway passengers
transportation under emergency conditions. Zhongguo Tiedao Kexue/China
Railway Science, 31(4), 125-130.

100. Wang, Z. -., & Wang, Q. -. (2013). Seasonal adjustment model of
china railway monthly passenger traffic volume based on spring festival factors.
Tiedao Xuebao/Journal of the China Railway Society, 35(7), 9-13.
d0i:10.3969/j.issn.1001-8360.2013.07.002.

118



101. Lv, X, Liu, S, Li, C., & Xing, J. (2016). Seismic fragility analysis of
steel latticed roof-concrete frame structure of small and medium sized railway
passenger station. Jianzhu Jiegou Xuebao/Journal of Building Structures, 37, 85-
92. doi:10.14006/j.jzjgxb.2016.51.012.

102. Xu, C. -, Shi, T. -, & Wang, X. -. (2014). Service quality evaluation
model for high-speed railway passenger station based on rough set. Jiaotong
Yunshu Xitong Gongcheng Yu Xinxi/Journal of Transportation Systems
Engineering and Information Technology, 14(2), 132-137.

103. Homsa, O. €. Illogo mnporHo3yBaHHsS BIPOTITHOCTI peanizaiii
IHBECTHIIIITHOTO MPOEKTY 3 3aKyIMiBJl aBTOMOOUIRHUX TPAHCIOPTHUX 3aCO0IB Ha
MapuIpyTu 3arajibHoro kopuctyBanHs [Tekct] / O. €. Jlons // Bicauk JloHenbkoi
akasieMii aBToMo01IbHOTO Tpaucmopty. — 2011. — Ne 1. — C. 17-24.

104. Homsa, O. €., Hasimiu, 0. O. (2016). IIlogo BCcTaHOBIEHHS BILIUBY
CTOXaCTUYHHUX KOJIUBaHb 00’€MIB NEPEBE3CHb MACaXUPIB HA OCHOBHI MOKAa3HUKU
eheKTUBHOCTI (DYHKIIIOHYBaHHSI MICHKOTO aBTOOYCHOTO MapHIpyTy. 30IpHUK
HAayKOBUX Tpalb YKPAiHCBKOrO JEp>KaBHOIO YHIBEPCHUTETY 3aI3HUYHOTO
TpaHcmnopty, (160), 80-87.

105. Teng, J., & Li, J. (2020). Short-term forecast method for intercity
railway passenger flow considering date attributes and weather factors.
[5 F& H 1A J& P A0 R AR 2R 2k B b 8 & it Tl 75 7%]  Zhongguo  Tiedao
Kexue/China Railway Science, 41(5), 136-144. doi:10.3969/}.issn.1001-
4632.2020.05.16.

106. Bazaras, Z., & Leonavi¢ius, M. (2005). Simulating the lateral
vibrations of passenger wagons. [Simulacija bocnega nihanja potniSkih vagonov]
Strojniski Vestnik/Journal of Mechanical Engineering, 51(6), 346-355.

107. Haneka B.X., Jloma O.€. IIUIAHYBAHHA IIPOLIECiB
VIIPABJIIHHA BAPTiCTHO TIIPOEKTiB MiCbKUX [TACAXHWPCBKUX
IIEPEBE3EHD // SR. 2015. N2 (13).

119



108. Hu, T., Liu, M., Chang, H. -.,, & Wang, J. (2011). Simulation on
along-railway oxygen demand of the ginghai-tibet railway passenger cars. Tiedao
Xuebao/Journal of the China Railway  Society, 33(5), 20-25.
d0i:10.3969/j.issn.1001-8360.2011.05.004.

109. Hu, T., Liu, M., Chang, H. -., & Wang, J. (2011). Simulation on
along-railway oxygen demand of the ginghai-tibet railway passenger cars. Tiedao
Xuebao/Journal of the China Railway  Society, 33(5), 20-25.
d0i:10.3969/j.issn.1001-8360.2011.05.004

110. Xie, S. -., Chen, W., Zhao, W. -., & Tong, W. (2010). Statistical
energy analysis and control for railway passenger car interior noise. Jisuan Lixue
Xuebao/Chinese Journal of Computational Mechanics, 27(3), 517-521+562.

111. Wang, B., Duan, J., & Wang, S. (2020). Status problems and copying
strategies in self-service ticket space of railway passenger station.
[ 6 i 25 2t ] B ) S 2 ) ) B i) A B B2 5K ieg ] Bejing Gongye Daxue
Xuebao/Journal of Beijing University of Technology, 46(8), 971-978.
d0i:10.11936/bjutxb2018070019

112. Qiao, R. -., Zhu, X. -., Cao, X. -., & Zheng, K. -. (2010). Stochastic
chance constrained objective programming model of railway passengers selecting
trains. Jiaotong Yunshu Xitong Gongcheng Yu Xinxi/Journal of Transportation
Systems Engineering and Information Technology, 10(5), 98-103.

113. Wang, L., Zhao, Z., Li, G., & Ding, W. (2021). Strength analysis of
railway passenger vehicle water tank based on two-way fluid-solid interaction.
[ TR m i E RS Rk 2 4K FE 9 0 #r]  Jixie  Qiangdu/Journal — of
Mechanical Strength, 43(2), 464-469. doi:10.16579/j.issn.1001.9669.2021.02.031

114. Zeng, Q., & Yan, X. (2011). Study on a railway passenger satisfaction
index model. Wuhan Ligong Daxue Xuebao (Jiaotong Kexue Yu Gongcheng
Ban)/Journal of Wuhan University of Technology (Transportation Science and
Engineering), 35(6), 1265-1268+1272. doi:10.3963/j.issn.1006-2823.2011.06.039

120



115. Huang, C. -., Zeng, J., Wu, P. -., & Luo, R. (2010). Study on car body
flexible vibration reduction for railway passenger carriage. Gongcheng
Lixue/Engineering Mechanics, 27(12), 250-256.

116. Zhuang, H., Bai, Y., Ming, X., Li, J., & Guo, H. (2020). Study on
collaborative optimization of subway train departure time and current limiting
scheme considering railway transfer passenger flow.
[ RS BRI T 25 T Y Ak S 42 2Rk 20 S BRI T SR I RO IT 5] Wuhan
Ligong Daxue Xuebao (Jiaotong Kexue Yu Gongcheng Ban)/Journal of Wuhan
University of Technology (Transportation Science and Engineering), 44(5), 779-
784. d0i:10.3963/j.issn.2095-3844.2020.05.002

117. Peng, Q., & Xu, L. (2013). Study on decision-making method of
passenger transfer in railway hub. Wuhan Ligong Daxue Xuebao (Jiaotong Kexue
Yu Gongcheng Ban)/Journal of Wuhan University of Technology (Transportation
Science and Engineering), 37(1), 192-195+200. do0i:10.3963/j.issn.2095-
3844.2013.01.045

118. Ma, Z., Lian, W., Liu, M., & Li, B. (2017). Study on integration mode
for shunting of locomotives and coaches of ordinary passenger trains from and to
depots. Tiedao Xuebao/Journal of the China Railway Society, 39(10), 10-18.
d0i:10.3969/j.issn.1001-8360.2017.10.002.

119. Wang, Y. -, Jia, L. -, Wang, Z., & Qin, Y. (2005). Study on
prediction of railway passenger traffic volume based on time-space serial.
Zhongguo Tiedao Kexue/China Railway Science, 26(4), 130-135.

120. Hou, F., Wang, J., & Yu, Z. (2007). Study on the obligate
deformation of flexible protection system for railway passenger dedicated line
paralleled the highway. Zhongguo Tiedao Kexue/China Railway Science, 28(3),
23-26.

121. Zhi-Hong, N., Zhi-Min, X., & Yi-Feng, H. (2008). Subgrade-filled
material properties of fully weathered gravelly sandstone for railway passenger
dedicated line. Journal of Traffic and Transportation Engineering, 8(6), 49-52.

121



122. Shi, Y., & Yang, H. (2007). System architecture of railway passenger
dedicated line operation and dispatching system. Zhongguo Tiedao Kexue/China
Railway Science, 28(1), 106-112.

123. Chocholéa¢, J., TrpiSovsky, M., & Kudlackova, N. (2018). The
evaluation of the service quality performed by the rail passenger transport carriers
on the prague — ostrava region route: Primary marketing research. Paper presented
at the Transport Means - Proceedings of the International Conference, , 2018-
October 246-251.

124, Somogyi, B., & Csap6, J. (2018). The role of landscape preferences in
the travel decisions of railway passengers: Evidence from hungary. Moravian
Geographical Reports, 26(4), 298-309. doi:10.2478/mgr-2018-0024

125. Li, J. -, Wang, Z. -.,, & Wang, Y. F. J. (2014). Ticket checking time
methodology of departure trains in railway passenger station. Jiaotong Yunshu
Xitong Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information Technology, 14(5), 133-139.

126. Zhang, Y., An, M., & Wang, L. (2018). Track assignment adjustment
problem in complex railway passenger stations doi:10.1007/978-981-10-7989-
4 57

127. Huang, Z. -., & Rong, C. -. (2011). Transport location performance
and the integration effect of the large-scale railway passenger station on transport
resources. Tiedao Xuebao/Journal of the China Railway Society, 33(6), 8-13.
d0i:10.3969/j.issn.1001-8360.2011.06.002

128. Li, M., Guo, W., Guo, R., He, B,, Li, Z, Li, X, ... Fan, Y. (2022).
Urban network spatial connection and structure in china based on railway
passenger flow big data. Land, 11(2) doi:10.3390/1and11020225

129. Huang, W., Zhang, Y., Yin, D., Zuo, B., Xu, M., & Zhang, R. (2021).
Using improved group 2 and linguistic Z-numbers combined approach to analyze
the causes of railway passenger train derailment accident. Information Sciences,
576, 694-707. doi:10.1016/}.ins.2021.07.067

122



130. Zhu, H., Luo, X., Chen, X., & Liu, Y. -. (2018). Value of access
travel time for railway departure passengers based on variation structure models.
(A T BB R ks 1R iR A #2741 {5]  Jiaotong  Yunshu  Xitong
Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information Technology, 18(6), 95-101. doi:10.16097/j.cnki.1009-
6744.2018.06.014

131. Zeng, J., & Luo, R. (2007). Vibration analysis of railway passenger
car systems by considering flexible carbody effect. Tiedao Xuebao/Journal of the
China Railway Society, 29(6), 19-25.

132. Wang, L. (2020). Prediction method of high-speed rail passenger OD
flow and traffic volume in medium and long-term high-speed railway network
plan. [H K H & 2k % I 2 L OD K il & 5B = Pl /5] Beijing Jiaotong Daxue
Xuebao/Journal of Beijing Jiaotong University, 44(4), 76-85 and 93.
d0i:10.11860/j.issn.1673-0291.20190110

133. Qian, M., Li, Y., & E, R. (2020). Method on monthly railway
passenger traffic forecast based on seasonal decomposition and SARIMA-
GARCH model. [E£ T2 fEFISARIMA-
GARCHIEBI 8 % H i % iz & il J77%] Tiedao Xuebao/Journal of the China
Railway Society, 42(6), 25-34. doi:10.3969/j.issn.1001-8360.2020.06.004

134. Li, H. -, Lin, M. -., & Wang, Q. -. (2020). Passenger flow prediction
model of intercity railway based on G-BP network doi:10.1007/978-981-15-0644-
4 67

135. Primachenko, G. (2015). Development of proposals for increasing the
profitability of passenger rail transportation in ukraine. Eastern-European Journal
of Enterprise Technologies, 6(3), 33-39. doi:10.15587/1729-4061.2015.56580

136. Galuszka, A., Swierniak, A., Hejczyk, T., Wszolek, B., & Mlynczak,
J. (2015). Design of rail passengers safety and comfort system as three-objective
discrete static optimization problem. Paper presented at the 13th International
Industrial Simulation Conference 2015, ISC 2015, 89-94.

123



137. llic, M., Kefer, P., Milanovic, D. D., Misita, M., & Milanovic, D. L.
(2013). Web-oriented information systems in domestic passenger traffic on
serbian railways. Metalurgia International, 18(SPEC.4), 177-181.

138. Sun, G. -., & Ma, L. -. (2006). Post-evaluation of impact of SARS in
2003 on railway passenger traffic volumes. Tiedao Xuebao/Journal of the China
Railway Society, 28(6), 28-34.

139. Peng, H., & Wang, J. (2005). MD forecasting model of passenger
traffic volume for newly-built high-speed railway in transport corridor. [MD
forecasting model of passenger traffic volume for newly-built high-speed railway
in transport corridor] Journal of Traffic and Transportation Engineering, 5(3), 93-
97.

140. Ahmad Shafie, N. E., Mohamed Kamar, H., & Kamsah, N. (2015). A
CFD simulation of PM1 and CO air contaminants in a bus passenger
compartment. Jurnal Teknologi, 77(30), 35-39. d0i:10.11113/jt.v77.6863

141. Jonsa, O. €. (2012) Ilomo mnporHo3zyBaHHS J000BOTO 00’€My
NEPEBE3ECHb MAaCaXUPIB HA MICBKMX aBTOOYCHHMX MapuipyTtax. In: TpaHcnopTHbie
POOIEMBI KPYITHEHIITNX TOPOIOB.

142. Ma, F. C., Tong, S. H., Cheang, T. S., & Cordeiro, J. (2018).
Assessing driving behavior in macau public transportation through mobile crowd
sensing: A study of the macau bus passenger profile doi:10.1007/978-3-319-
93710-6_4

143. Ahmad Shafie, N. E., Mohamed Kamar, H., & Kamsah, N. (2015).
Effects of ventilation setups on air flow velocity and temperature fields in bus
passenger compartment. Jurnal Teknologi, 77(30), 49-53.
doi:10.11113/jt.v77.6867

144. Rolim, C., Baptista, P., Duarte, G., Farias, T., & Pereira, J. (2017).
Impacts of real-time feedback on driving behaviour: A case-study of bus
passenger drivers. European Journal of Transport and Infrastructure Research,
17(3), 346-359. doi:10.18757/ejtir.2017.17.3.3201

124



145. Stopka, O., Luptdk, V., & Jetabek, K. (2018). Model proposal
regarding the integrated passenger transport assessment: A case study. Paper
presented at the Transport Means - Proceedings of the International Conference, ,
2018-October 719-723.

146. Dolia O. (2022). Analysis of the state of modern scientific opinion on
the issue of organizing passenger transportation by various modes of transport.
International Science Journal of Engineering & Agriculture, 1(2), 23-39.

147. [Hasimiy 0. O. BB xonmBaHb 00’ €MiB MEPEBE3EHUX MACAKUPIB Y
MICBKOMY CIIOJTy4YeHH1 Ha nmokazHuku nii mapmpytis / FO.O. Hasiaiy, O.€. Homns //
TexHomornyeckuii ayAuT U pe3epBbl MpousBojicTBa. - 2016. - Ne 2(3). - C. 34-37.

148. Jiang, G. -., Liu, B., & Sui, X. -. (2016). Real time information
collection of passenger flow in public transportation based on bus IC card
charging system. Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University
(Engineering and Technology Edition), 46(4), 1076-1082.
d0i:10.13229/j.cnki.jdxbgxb201604010

149. Shafie, N. E. A., Kamar, H. M., & Kamsah, N. (2015). Reducing
indoor air contaminants inside a bus passenger compartment. International Journal
of Mechanical and Mechatronics Engineering, 15(3), 81-87. Retrieved from
WWW.SCOpPUS.com

150. Dolya K., Dolya O. Economic-mathematical modeling influence of
environment at the development of systems passenger transport // HaykoBuii
BICHHK XE€PCOHCHKOTO JIEPKABHOTO yHIBepcuTeTy. - 2016. - Ne 16. - C. 152-154.

151. Dolia O. (2022). Analysis of modern scientific approaches to
calculating the number of passengers on air transport. International Science
Journal of Engineering & Agriculture, 1(3), 247-272.

152. Ho, C. -.,, & Chiu, 1. -. (2019). Research on passenger carrying
capacity of taichung city bus with big data of electronic ticket transactions: A case
study of route 151 doi:10.1007/978-981-13-9190-3_25

125



153. Xu, Z., Zhu, R,, Yang, Q., Wang, L., Wang, R., & Li, T. (2020).
Short-term bus passenger flow forecast based on the multi-feature gradient
boosting decision tree doi:10.1007/978-3-030-32456-8 73

154. Chen, W., Pan, X., & Fang, X. (2019). Short-term prediction of
passenger flow on bus routes based on K-means clustering combination models.
[ T K-meansZR R AH & 15 BB /A AZ e i 22y I 5] Huanan Ligong Daxue
Xuebao/Journal of South China University of Technology (Natural Science),
47(4), 83-89 and 113. doi:10.12141/j.issn.1000-565X.180489

155. Fang, X., Lin, M., Chen, W., & Pan, X. (2020). Short-time bus
passenger flow prediction by identifying features of incomplete data.
R A e N AT RAE R AT Kk N ] Huanan  Ligong  Daxue
Xuebao/Journal of South China University of Technology (Natural Science),
48(4), 114-122. doi:10.12141/j.issn.1000-565X.190465

156. Sokulskyi, O. E., Hilevska, E. Y., Vasiltzova, N. N., & Panchenko, D.
L. (2017). Solving the problem of the route modeling of the urban passenger
transport system with considering quality of passenger service and technological
impact on environment. Journal of Automation and Information Sciences, 49(12),
45-56. doi:10.1615/JAutomatinfScien.v49.i112.50

157. Chen, S., Fu, H., Wu, N., Wang, Y., & Qiao, Y. (2022). Passenger-
oriented traffic management integrating perimeter control and regional bus service
frequency setting using 3D-pMFD. Transportation Research Part C. Emerging
Technologies, 135 doi:10.1016/j.trc.2021.103529

158. Stepanchuk, O., Bieliatynskyi, A., & Pylypenko, O. (2021).
Regularities of city passenger traffic based on existing inter-district links
d0i:10.1007/978-3-030-57450-5_8

159. Chen, Y. -., Chen, S. -., Chen, S. -., & Chien-Ku, L. (2020). A
research on the taipei MRT passenger traffic prediction model. Paper presented at
the Proceedings - 2020 International Symposium on Computer, Consumer and
Control, 1S3C 2020, 65-67. doi:10.1109/1S3C50286.2020.00024

126



160. Li, C., Li, F., & Wang, L. (2019). Simulation of passenger traffic
network reliability restoration in urban agglomeration.
[k T A 235 3 @ M 4% F SE 45 R 1/ ] Xinan Jiaotong Daxue Xuebao/Journal
of  Southwest Jiaotong  University, 54(2), 388-394 and  401.
d0i:10.3969/j.issn.0258-2724.20170813

161. Wang, X., Yang, L., An, Y., & Huo, Y. (2019). Passenger traffic
volume prediction with LSTM neural network doi:10.3233/978-1-61499-939-3-
107

162. Sinitsyn, E., Vikharev, S., & Brusyanin, D. (2019). Economic and
mathematical model for forecasting passenger traffic on a long term basis case of
study russia. Journal of Engineering and Applied Sciences, 14(3), 773-779.
d0i:10.3923/jeasci.2019.773.779

163. Morchadze, T., & Rusadze, N. (2018). Ways to address the
challenges in passenger traffic within the urban transport systems. Transport
Problems, 13(3), 65-77. doi:10.20858/tp.2018.13.3.6

164. Grafeeva, N., Mikhailova, E., Nogova, E., & Tretyakov, I. (2017).
Passenger traffic analysis based on st. petersburg public transport. Paper presented
at the International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, , 17(21) 509-516.
d0i:10.5593/sgem2017/21/S07.065

165. Cyxonoc M. K. Hlono ¢opmyBaHHS CTPYKTYpH MPOEKTIB MICHKHX
nacaxupcbkux nepeeseHb / M. K. Cyxonoc, O. €. Jlons // Bicauk JloHerbkoi
akajziemii aBTOMOO1UTbHOTO TpaHcHopTy. - 2014. - Ne 2. - C. 5-10.

166. Pogotovkina, N. S., & Maksimovich Ugay, S. (2013). Quality
assessment of transport service of the passengers in vladivostok (russia). World
Applied Sciences Journal, 24(6), 809-813.
doi:10.5829/idosi.wasj.2013.24.06.13240

167. Yue, M. X., & Na, J. J. (2013). The site selection and optimization of
tangshan passenger west station. Journal of Theoretical and Applied Information
Technology, 47(2), 580-585.

127



168. Zhang, A., & Wang, Z. (2013). The multiple linear programming and
time series prediction model foundation and analysis of passenger transport
quantity doi:10.1007/978-3-642-31698-2 140

169. Shen, R. -., & Peli, Y. -. (2012). Passenger traffic forecast based on
dot product-translation support vectors machine. Dalian Haishi Daxue
Xuebao/Journal of Dalian Maritime University, 38(4), 99-102.

170. Liu, H., Guo, H., Yu, Y., Wang, Z., & Liu, T. (2010). Study on
optimization of urban passenger traffic environmental system based on trip.
Beijing Daxue Xuebao (Ziran Kexue Ban)/Acta Scientiarum Naturalium
Universitatis Pekinensis, 46(1), 121-128.

171. Zeng, M., Huang, J., & Peng, Q. (2006). Research on assignment of
passenger train plan for dedicated passenger traffic lines. Xinan Jiaotong Daxue
Xuebao/Journal of Southwest Jiaotong University, 41(5), 571-574.

172. Geng, J. -., Xiao, R. -., Ni, S. -, & Niu, H. -. (2006). Research on
periodicity of motor train set scheduling for special lines for passenger traffic.
Tiedao Xuebao/Journal of the China Railway Society, 28(4), 17-21.

173. Zhu, C. -., Wang, J., & Feng, H. -. (2005). Models of passenger traffic
sharing rates of regional transport corridor. Journal of Traffic and Transportation
Engineering, 5(4), 111-115.

174. Chi, J., & Baek, J. (2012). A dynamic demand analysis of the united
states air-passenger service. Transportation Research Part E: Logistics and
Transportation Review, 48(4), 755-761. doi:10.1016/j.tre.2011.12.005

175. Cooper, M. R., Boltwood, C. E., & Wherry, R. J. (1974). A factor
analysis of air passenger reactions to skyjacking and airport security measures as
related to personal characteristics and alternatives to flying. Journal of Applied
Psychology, 59(3), 365-368. doi:10.1037/h0036609

128



176. Cheng, S., Mu, Q., Zhang, H., & Zhang, Y. (2014). A fuzzy decision
tree model for airport terminal departure passenger traffic forecasting. Paper
presented at the CICTP 2014: Safe, Smart, and Sustainable Multimodal
Transportation Systems - Proceedings of the 14th COTA International Conference
of Transportation Professionals, 11-17. doi:10.1061/9780784413623.002

177. Xiong, H., Fan, C., Chen, H., Yang, Y., ANTWI, C. O., & Fan, X.
(2022). A novel approach to air passenger index prediction: Based on mutual
information principle and support vector regression blended model. SAGE Open,
12(1) doi:10.1177/21582440211071102

178. Wang, Y., Wang, J. -, Dang, Y. -, & Wang, Z. -. (2011). A
prediction model of china's air passenger demand. Paper presented at the
Proceedings of 2011 IEEE International Conference on Grey Systems and
Intelligent Services, GSIS'11 - Joint with the 15th WOSC International Congress
on Cybernetics and Systems, 347-350. doi:10.1109/GSI1S.2011.6044120

179. Huang, F., Xiong, X., Peng, J., Guo, B., & Tong, B. (2018). RCA: A
route city attraction model for air passengers. Physica A: Statistical Mechanics
and its Applications, 491, 887-897. doi:10.1016/j.physa.2017.08.081

180. Ahmad Shafie, N. E., Mohamed Kamar, H., & Kamsah, N. (2015). A
CFD simulation of PM1 and CO air contaminants in a bus passenger
compartment. Jurnal Teknologi, 77(30), 35-39. doi:10.11113/jt.v77.6863

181. Alvarez-Albelo, C. D., Hernandez-Martin, R., & Padréon-Fumero, N.
(2017). Air passenger duties as strategic tourism taxation. Tourism Management,
60, 442-453. doi:10.1016/j.tourman.2016.12.002

182. Seetaram, N., Song, H., & Page, S. J. (2014). Air passenger duty and
outbound tourism demand from the united kingdom. Journal of Travel Research,
53(4), 476-487. d0i:10.1177/0047287513500389

129



183. Erjongmanee, S., & Kongsamutr, N. (2018). Air passenger estimation
using gravity model and learning approaches: Case study of thailand. Paper
presented at the ICAICTA 2018 - 5th International Conference on Advanced
Informatics: Concepts Theory and Applications, 36-41.
doi:10.1109/ICAICTA.2018.8541335

184. Li Long, C., Guleria, Y., & Alam, S. (2021). Air passenger
forecasting using neural granger causal google trend queries. Journal of Air
Transport Management, 95 doi:10.1016/j.jairtraman.2021.102083

185. Xiong, H. -., Zhu, R. -, Ji, H., Fan, C. -., & Xu, P. (2021). Air
passenger index prediction method based on MI-SVR mode. [A:TMI-
SVRAETRIFIfIZE ik & AT FE Bl 7735 7] Kongzhi Yu Juece/Control and
Decision, 36(7), 1619-1626. doi:10.13195/j.kzyjc.2019.1446

186. Chang, Y. -., & Liao, M. -. (2008). Air passenger perceptions on exit
row seating and flight safety education. Safety Science, 46(10), 1459-1468.
doi:10.1016/j.ssci.2007.11.006

187. Ozcan, 1. C. (2013). Air passenger traffic and local employment:
Evidence from turkey. European Journal of Transport and Infrastructure Research,
13(4), 336-356. doi:10.18757/ejtir.2013.13.4.3008

188. Profillidis, V., & Botzoris, G. (2015). Air passenger transport and
economic activity. Journal of Air Transport Management, 49, 23-27.
doi:10.1016/j.jairtraman.2015.07.002

189. Van de Vijver, E., Derudder, B., & Witlox, F. (2016). Air passenger
transport and regional development: Cause and effect in europe. Promet - Traffic -
Traffico, 28(2), 143-154. doi:10.7307/ptt.v28i2.1756

190. Wang, J., Liu, X., & Ding, J. (2019). Air passenger travel forecasting
model based on both dynamical individual behavior and social influence force.
Journal of Algorithms and Computational Technology, 13
d0i:10.1177/1748302619881392

130



191. Lee, C. -, Wang, S. W,, Hsu, M. K., & Jan, S. -. (2018). Air
passenger's perception toward pre-flight safety briefing videos: Does it matter?
Journal of Air Transport Management, 72, 20-31.
doi:10.1016/j.jairtraman.2018.07.004

192. Majid, M. A. A,, Pardi, F., Amer, A., Kamdari, N. A. M., & Selamat,
S. M. (2019). Air passengers vertex curve theorem - evidence from asean
countries. Asian Economic and Financial Review, 9(3), 329-338.
doi:10.18488/journal.aefr.2019.93.329.338

193. Zhang, Y., & Findlay, C. (2014). Air transport policy and its impacts
on passenger traffic and tourist flows. Journal of Air Transport Management, 34,
42-48. doi:10.1016/j.jairtraman.2013.07.010

194. Wei, W., & Hansen, M. (2006). An aggregate demand model for air
passenger traffic in the hub-and-spoke network. Transportation Research Part A:
Policy and Practice, 40(10), 841-851. doi:10.1016/j.tra.2005.12.012

195. Van De Vijver, E., Derudder, B., & Witlox, F. (2014). An assessment
of the causal relationship between air passenger traffic and trade in asia-pacific
d0i:10.1108/S2212-160920140000004008

196. Liang, X., Qiao, H., Wang, S., & Zhang, X. (2017). An integrated
forecasting model for air passenger traffic in china based on singular spectrum
analysis. Xitong Gongcheng Lilun Yu Shijian/System Engineering Theory and
Practice, 37(6), 1479-1488. doi:10.12011/1000-6788(2017)06-1479-10

197. Bacena, A. L. B., Bihasa, A. M. B., Cadayong, L. J. A., Romulo, P.
M. A., & De Guzman, A. B. (2020). An intergenerational investigation of air
passengers’ emotions during tarmac delay. Anatolia, 31(1), 19-30.
d0i:10.1080/13032917.2019.1684960

198. Tsui, W. H. K., & Fung, M. K. Y. (2016). Analysing passenger
network changes: The case of hong kong. Journal of Air Transport Management,
50, 1-11. doi:10.1016/j.jairtraman.2015.09.001

131



199. Blinova, T. O. (2007). Analysis of possibility of using neural network
to forecast passenger traffic flows in russia. Aviation, 11(1), 28-34.
d0i:10.1080/16487788.2007.9635952

200. Kalakou, S., & Moura, F. (2021). Analyzing passenger behavior in
airport terminals based on activity preferences. Journal of Air Transport
Management, 96 doi:10.1016/j.jairtraman.2021.102110

201. Hoyos, D. T., & Olariaga, O. D. (2020). Behavior of air passenger
demand in a liberalized market. Transport and Telecommunication, 21(1), 1-14.
d0i:10.2478/ttj-2020-0001

202. Carmona-Benitez, R. B., & Nieto-Delfin, M. R. (2015). Bootstrap
estimation intervals using bias corrected accelerated method to forecast air
passenger demand doi:10.1007/978-3-319-24264-4 22

203. lyer, K. C., & Jain, S. (2020). Breakeven passenger traffic for
regional indian airports. Paper presented at the Transportation Research Procedia, ,
48 1805-1814. doi:10.1016/j.trpro.2020.08.215

204. Qiu, R., Xu, J., & Zeng, Z. (2017). Carbon emission allowance
allocation with a mixed mechanism in air passenger transport. Journal of
Environmental Management, 200, 204-216. doi:10.1016/j.jenvman.2017.05.036

205. Xu, J., Qiu, R.,, & Lv, C. (2016). Carbon emission allowance
allocation with cap and trade mechanism in air passenger transport. Journal of
Cleaner Production, 131, 308-320. doi:10.1016/j.jclepro.2016.05.029

206. Qiu, R., Xu, J., Xie, H., Zeng, Z., & Lv, C. (2020). Carbon tax
incentive policy towards air passenger transport carbon emissions reduction.
Transportation Research Part D: Transport and Environment, 85
d0i:10.1016/j.trd.2020.102441

207. Wang, J. E., & Jin, F. J. (2007). China's air passenger transport: An
analysis of recent trends. Eurasian Geography and Economics, 48(4), 469-480.
doi:10.2747/1538-7216.48.4.469

132



208. Meng, J., & Yang, Z. (2006). Civil aviation passenger traffic volume
forecasting based on fuzzy diagonal regression neural networks. Paper presented
at the IMACS Multiconference on "Computational Engineering in Systems
Applications”, CESA, 1771-1775. doi:10.1109/CESA.2006.313600

209. Dang, Y. -., & Li, W. -. (2011). Comparative analysis on weighted
network structure of air passenger flow of china and US. Jiaotong Yunshu Xitong
Gongcheng Yu Xinxi/Journal of Transportation Systems Engineering and
Information Technology, 11(3), 156-162. doi:10.1016/s1570-6672(10)60127-4

210. Carmona-Benitez, R. B., & Nieto, M. R. (2017). Comparison of
bootstrap estimation intervals to forecast arithmetic mean and median air
passenger demand. Journal of Applied Statistics, 44(7), 1211-1224.
d0i:10.1080/02664763.2016.1201794

211. Shirai Reyna, O. S., & De La Mota, I. F. (2020). Complex networks
of the air passenger traffic in monterreys airport. Paper presented at the
Transportation Research Procedia, , 48 23-31. doi:10.1016/j.trpro.2020.08.003

212. Drake, S. (2020). Delays, cancellations and compensation: Why are
air passengers still finding it difficult to enforce their EU rights under regulation
261/2004? Maastricht Journal of European and Comparative Law, 27(2), 230-249.
d0i:10.1177/1023263X20904235

213. Leandro, F., Andrade, A. R., & Kalakou, S. (2021). Designing
aviation networks under public service obligations (PSO): A case study in greece.
Journal of Air Transport Management, 93 doi:10.1016/j.jairtraman.2021.102042

214. Kovynyov, l., & Mikut, R. (2019). Digital technologies in airport
ground operations. NETNOMICS: Economic Research and Electronic
Networking, doi:10.1007/s11066-019-09132-5

215. Zhou, H., Xia, J., Norman, R., Hughes, B., Nikolova, G., Kelobonye,
K., ... Falkmer, T. (2019). Do air passengers behave differently to other regional
travellers?: A travel mode choice model investigation. Journal of Air Transport
Management, 79 doi:10.1016/j.jairtraman.2019.101682

133



216. Hu, Y., Xiao, J., Deng, Y., Xiao, Y., & Wang, S. (2015). Domestic air
passenger traffic and economic growth in china: Evidence from heterogeneous
panel models. Journal of Air Transport Management, 42, 95-100.
doi:10.1016/j.jairtraman.2014.09.003

217. Amaliah, B., Zeinita, A., & Suryani, E. (2017). Dynamics simulation
of air passenger forecasting and passenger terminal capacity expansion scenario in
yogyakarta airport. Paper presented at the Proceedings of 2016 International
Conference on Information and Communication Technology and Systems, ICTS
2016, 187-192. d0i:10.1109/1CTS.2016.7910296

218. Shafie, N. E. A., Kamar, H. M., & Kamsah, N. (2016). Effects of air
supply diffusers and air return grilles layout on contaminants concentration in bus
passenger compartment. International Journal of Automotive Technology, 17(5),
751-762. doi:10.1007/s12239-016-0074-1

219. Ahmad Shafie, N. E., Mohamed Kamar, H., & Kamsah, N. (2015).
Effects of ventilation setups on air flow velocity and temperature fields in bus
passenger compartment. Jurnal Teknologi, 77(30), 49-53.
d0i:10.11113/jt.v77.6867

220. Suresh, S., Balachandran, T. G., & Sendilvelan, S. (2017). Empirical
investigation of airline service quality and passenger satisfaction in india.
International Journal of Performability Engineering, 13(2), 109-118.

221. Santos, C. (2014). Enhancing the decision making process through
relevant legal information in consumer law disputes - A case study in air transport
passenger rights. Paper presented at the CEUR Workshop Proceedings, , 1296

222. Chiang, W. -. (2011). Establishment and application of fuzzy decision
rules: An empirical case of the air passenger market in taiwan. International
Journal of Tourism Research, 13(5), 447-456. doi:10.1002/jtr.819

223. lacus, S. M., Natale, F., Santamaria, C., Spyratos, S., & Vespe, M.
(2020). Estimating and projecting air passenger traffic during the COVID-19
coronavirus outbreak and its socio-economic impact. Safety Science, 129
doi:10.1016/j.ssci.2020.104791

134



224. Seetaram, N., Song, H., Ye, S., & Page, S. (2018). Estimating
willingness to pay air passenger duty. Annals of Tourism Research, 72, 85-97.
doi:10.1016/j.annals.2018.07.001

225. Lv, Z. (2014). Evaluation the quality of air passenger services
doi:10.4028/www.scientific.net/ AMR.971-973.2329

226. Van De Vijver, E., Derudder, B., & Witlox, F. (2014). Exploring
causality in trade and air passenger travel relationships: The case of asia-pacific,
1980-2010. Journal of Transport Geography, 34, 142-150.
doi:10.1016/j.jtrange0.2013.12.001

227. Lyu, Z., Zhu, Y., Li, J., Xu, Y., Li, Z., & Wang, X. (2020). Exploring
spatiooral characteristics of air passenger flow in the beijing-tianjin-hebei region
based on ticket data. Paper presented at the Proceedings of 2020 IEEE 2nd
International Conference on Civil Aviation Safety and Information Technology,
ICCASIT 2020, 925-930. doi:10.1109/ICCASIT50869.2020.9368855

228. Lin, X. -., Chiang, C. -., Shih, T. -., Jiang, Y. -., & Chou, C. -. (2009).
Foot-and-mouth disease entrance assessment model through air passenger
violations. Risk Analysis, 29(4), 601-611. doi:10.1111/j.1539-6924.2008.01183.x

229. Do, Q. H,, Lo, S. -,, Chen, J. -, Le, C. -.,, & Anh, L. H. (2020).
Forecasting air passenger demand: A comparison of LSTM and SARIMA. Journal
of Computer Science, 16(7), 1063-1084. doi:10.3844/JCSSP.2020.1063.1084

230. Jin, F., Li, Y., Sun, S., & Li, H. (2020). Forecasting air passenger
demand with a new hybrid ensemble approach. Journal of Air Transport
Management, 83 doi:10.1016/j.jairtraman.2019.101744

231. Cakir, V., & Oguz, S. (2018). Forecasting air passenger demand with
system dynamics under terrorism threat. Paper presented at the Proceedings of the
International Conference on Industrial Engineering and Operations Management, ,
2018(JUL) 2676-2677.

232. Gunter, U., & Zekan, B. (2021). Forecasting air passenger numbers
with- a GVAR model. Annals of Tourism  Research, 89
doi:10.1016/j.annals.2021.103252

135



233. Wu, X., Xiang, Y., Mao, G., Du, M., Yang, X., & Zhou, X. (2021).
Forecasting air passenger traffic flow based on the two-phase learning model.
Journal of Supercomputing, 77(5), 4221-4243. doi:10.1007/511227-020-03428-2

234, Tsui, W. H. K., Ozer Balli, H., Gilbey, A., & Gow, H. (2014).
Forecasting of hong kong airport's passenger throughput. Tourism Management,
42, 62-76. doi:10.1016/j.tourman.2013.10.008

235. Kim, S., & Shin, D. H. (2016). Forecasting short-term air passenger
demand using big data from search engine queries. Automation in Construction,
70, 98-108. d0i:10.1016/j.autcon.2016.06.009

236. Nourzadeh, F., Ebrahimnejad, S., Khalili-Damghani, K., &
Hafezalkotob, A. (2020). Forecasting the international air passengers of iran using
an artificial neural network. International Journal of Industrial and Systems
Engineering, 34(4), 562-581. doi:10.1504/1JISE.2020.106089

237. Janic, M. (2003). High-speed rail and air passenger transport: A
comparison of the operational environmental performance. Proceedings of the
Institution of Mechanical Engineers, Part F: Journal of Rail and Rapid Transit,
217(4), 259-269. doi:10.1243/095440903322712865

238. Sulistyowati, R., Suhartono, Kuswanto, H., Setiawan, & Astuti, E. T.
(2018). Hybrid forecasting model to predict air passenger and cargo in indonesia.
Paper presented at the 2018 International Conference on Information and
Communications Technology, ICOIACT 2018, , 2018-January 442-447.
d0i:10.1109/1COIACT.2018.8350816

239. Hsu, C. -., & Wen, Y. -. (1998). Improved grey prediction models for
the trans-pacific air passenger market. Transportation Planning and Technology,
22(2), 87-107. doi:10.1080/03081069808717622

240. Chen, S. -., Kuo, S. -., Chang, K. -., & Wang, Y. -. (2012). Improving
the forecasting accuracy of air passenger and air cargo demand: The application of
back-propagation neural networks. Transportation Planning and Technology,
35(3), 373-392. doi:10.1080/03081060.2012.673272

136



241. Tam, M. L., Lam, W. H. K., & Lo, H. P. (2010). Incorporating
passenger perceived service quality in airport ground access mode choice model.
Transportmetrica, 6(1), 3-17. doi:10.1080/18128600902929583

242. Ma, W., Li, L., He, S., Cheng, J., Huang, G., & Zhou, C. Q. (2012).
Influencing factors on energy consumption of air conditioning system in railway
passenger station based on orthogonal experiment. Paper presented at the
Proceedings - 2012 International Conference on Intelligent Systems Design and
Engineering Applications, ISDEA 2012, 841-847. doi:10.1109/1Sdea.2012.703

243. Pacheco, R. R., & Fernandes, E. (2017). International air passenger
traffic, trade openness and exchange rate in brazil: A granger causality test.
Transportation Research Part A: Policy and Practice, 101, 22-29.
d0i:10.1016/j.tra.2017.04.026

244. Chung, Y. -., & Lu, K. -. (2020). Investigating passenger behavior in
airport terminals with multisource data: Recall bias and time budget effects.
Transportation Research Part A: Policy and Practice, 141, 410-4209.
d0i:10.1016/j.tra.2020.09.010

245. Liu, Z. -., Debbage, K., & Blackburn, B. (2006). Locational
determinants of major US air passenger markets by metropolitan area. Journal of
Air Transport Management, 12(6), 331-341. doi:10.1016/j.jairtraman.2006.08.001

246. Dupuis, C., Gamache, M., & Pagé, J. -. (2012). Logical analysis of
data for estimating passenger show rates at air canada. Journal of Air Transport
Management, 18(1), 78-81. doi:10.1016/j.jairtraman.2011.10.004

247. Zhang, Y., & Lu, Z. (2013). Low cost carriers in china and its
contribution to passenger traffic flow. Journal of China Tourism Research, 9(2),
207-217. doi:10.1080/19388160.2013.781972

248. Merkert, R., & Alexander, D. W. (2016). Managing freight operations
chains of passenger airlines at international airports doi:10.1108/S2212-
160920160000005009

137



249. Yan, M., Huang, J., & Zhao, M. (2014). Mechanism analysis and
modelling of passengers' travel choice. Paper presented at the Proceedings - 2014
6th International Conference on Measuring Technology and Mechatronics
Automation, ICMTMA 2014, 406-409. doi:10.1109/ICMTMA.2014.100

250. Tam, M. L., Lam, W. H. K., & Lo, H. P. (2008). Modeling air
passenger travel behavior on airport ground access mode choices.
Transportmetrica, 4(2), 135-153. doi:10.1080/18128600808685685

251. Liu, X., & Usher, J. M. (2016). Modeling air passengers’
rescheduling strategies for airport service lines based on an empirical study with
the aid of a virtual 3-D computer graphic environment. Public Transport, 8(1), 57-
84. d0i:10.1007/s12469-016-0120-4

252. Lai, J. -., Hwang, Y. -., & Chou, C. -. (2012). Modeling exotic highly
pathogenic avian influenza virus entrance risk through air passenger violations.
Risk Analysis, 32(6), 1093-1103. d0i:10.1111/j.1539-6924.2011.01740.x

253. Mao, L., Wu, X., Huang, Z., & Tatem, A. J. (2015). Modeling
monthly flows of global air travel passengers: An open-access data resource.
Journal of Transport Geography, 48, 52-60. doi:10.1016/j.jtrange0.2015.08.017

254. Sefrus, T., Priyanto, S., Dewanti, & Irawan, M. Z. (2020). Modeling
of domestic air passenger demand in the papua islands. Songklanakarin Journal of
Science and Technology, 42(5), 1071-1076.

255. Lin, Y., Wang, K., Zhou, C., Wan, H., & Wu, Z. (2014). Modeling
the preference of air passengers based on social networks. Beijing Jiaotong Daxue
Xuebao/Journal ~ of  Beijing  Jiaotong  University, 38(6), 33-39.
d0i:10.11860/j.issn.1673-0291.2014.06.006

256. Matas, M., & Novak, A. (2008). Models of processes as components
of air passenger flow model. Komunikacie, 10(2), 50-54.

257. Shih, T. -, Chou, C. -.,, & Morley, R. S. (2005). Monte carlo
simulation of animal-product violations incurred by air passengers at an
international airport in taiwan. Preventive Veterinary Medicine, 68(2-4), 115-122.
doi:10.1016/j.prevetmed.2004.11.010

138



258. Sun, S., Lu, H., Tsui, K. -., & Wang, S. (2019). Nonlinear vector
auto-regression neural network for forecasting air passenger flow. Journal of Air
Transport Management, 78, 54-62. doi:10.1016/j.jairtraman.2019.04.005

259. Rodriguez-Doncel, V., Santos, C., & Casanovas, P. (2014). Ontology-
driven legal support-system in the air transport passenger domain. Paper presented
at the CEUR Workshop Proceedings, , 1296

260. Zhu, X., Lei, L., Han, J., Wang, P., Liang, F., & Wang, X. (2020).
Passenger comfort and ozone pollution exposure in an air-conditioned bus
microenvironment. Environmental Monitoring and Assessment, 192(8)
d0i:10.1007/s10661-020-08471-3

261. Bolonkin, A. (2007). Passenger life-saving in a badly damaged
aircraft scenario. Paper presented at the Collection of Technical Papers - 43rd
AIAA/ASME/SAE/ASEE Joint Propulsion Conference, , 8 8289-8298.

262. Pirie, G. (2004). Passenger traffic in the 1930s on british imperial air
routes: Refinement and revision. Journal of Transport History, 25(1), 63-83.
doi:10.7227/TJTH.25.1.4

263. Kim, M., & Sohn, J. (2022). Passenger, airline, and policy responses
to the COVID-19 crisis: The case of south korea. Journal of Air Transport
Management, 98 doi:10.1016/j.jairtraman.2021.102144

264. Liu, W., & Tan, Q. (2009). Passenger-flow characteristics and scale
of departure curbside in airport landside. Paper presented at the Proceedings of the
2nd International Conference on Transportation Engineering, ICTE 2009, 3236-
3241. doi:10.1061/41039(345)533

265. Chittaro, L. (2012). Passengers' safety in aircraft evacuations:
Employing serious games to educate and persuade doi:10.1007/978-3-642-31037-
9 19

139



266. Deetchiga, S., Harini, U. K., Marimuthu, M., & Radhika, J. (2018).
Prediction of passenger traffic for global airport using holt's winter method in time
series analysis. Paper presented at the Proceedings of IEEE International
Conference on Intelligent Computing and Communication for Smart World,
12C2SW 2018, 165-169. d0i:10.1109/12C2SW45816.2018.8997519

267. Budd, L., Warren, A., & Bell, M. (2011). Promoting passenger
comfort and wellbeing in the air: An examination of the in-flight health advice
provided by international airlines. Journal of Air Transport Management, 17(5),
320-322. doi:10.1016/j.jairtraman.2011.02.015

268. Bilotkach, V., Kawata, K., Kim, T. S., Park, J., Purwandono, P., &
Yoshida, Y. (2019). Quantifying the impact of low-cost carriers on international
air passenger movements to and from major airports in asia. International Journal
of Industrial Organization, 62, 28-57. doi:10.1016/j.ijindorg.2018.03.012

269. Xiao, Y., Wang, F., Liu, Y., & Wang, J. (2013). Reconstructing
gravitational attractions of major cities in china from air passenger flow data,
2001-2008: A particle swarm optimization approach. Professional Geographer,
65(2), 265-282. d0i:10.1080/00330124.2012.679445

270. Chakamera, C., & Pisa, N. M. (2021). Relationship between air
passenger transport, tourism and real gross domestic product in africa: A
longitudinal mediation analysis. African Journal of Hospitality, Tourism and
Leisure, 10(4), 1200-1214. doi:10.46222/ajhtl.19770720-157

271. Banks, S. (1951). Relative severity of air line passenger complaints.
Journal of Applied Psychology, 35(4), 260-264. doi:10.1037/h0061891

272. Lukyanov S. A., Ruzhanskaya L. S., Avramenko E. S., Stroev V. V.
Restraints on competi-tion in the Russian air passenger market. St Petersburg
University Journal of Economic Studies, 2018, vol. 34, issue 1, pp. 134-148.
https://doi.org/10.21638/11701/spbu05.2018.107

273. Liu, X., & Xia, H. (2008). Reverse gravity model based on OD traffic
flow of air passengers. Xinan Jiaotong Daxue Xuebao/Journal of Southwest
Jiaotong University, 43(3), 409-414.

140



274. Xie, G., Wang, S., & Lai, K. K. (2014). Short-term forecasting of air
passenger by using hybrid seasonal decomposition and least squares support
vector regression approaches. Journal of Air Transport Management, 37, 20-26.
doi:10.1016/j.jairtraman.2014.01.009

275. Hofer, C., Kali, R., & Mendez, F. (2018). Socio-economic mobility
and air passenger demand in the U.S. Transportation Research Part A: Policy and
Practice, 112, 85-94. doi:10.1016/j.tra.2018.01.009

276. Margaretic, P., Thomas-Agnan, C., & Doucet, R. (2017). Spatial
dependence in (origin-destination) air passenger flows. Papers in Regional
Science, 96(2), 357-380. doi:10.1111/pirs.12189

277. Neretin, A. S. (2017). Spatial structure of air passenger transport in
european russia. lzvestiya Rossiiskoi Akademii Nauk.Seriya Geograficheskaya,
(6), 19-38. doi:10.7868/S0373244417060032

278. Kim, K., Kim, V., & Kim, H. (2019). Spatiotemporal auto-regressive
model for origin—destination air passenger flows. Journal of the Royal Statistical
Society.Series A: Statistics in Society, 182(3), 1003-1016. doi:10.1111/rssa.12427

279. Zhang, X., & Hou, Z. (2010). Study on energy conservation schemes
of air-conditioned passenger train based on sustainable development strategy.
Paper presented at the 2010 International Conference on Logistics Engineering
and Intelligent Transportation Systems, LEITS2010 - Proceedings, 336-339.
d0i:10.1109/LEITS.2010.5664963

280. Yan, K. -. (2009). Study on the forecast of air passenger flow based
on SVM regression algorithm. Paper presented at the Proceedings - 2009 1st
International Workshop on Database Technology and Applications, DBTA 2009,
325-328. doi:10.1109/DBTA.2009.33

281. Baikgaki, O. A., & Daw, O. D. (2013). The determinants of domestic
air passenger demand in the republic of south africa. Mediterranean Journal of
Social Sciences, 4(13), 389-396. doi:10.5901/mjss.2013.v4n13p389

141



282. Muweis, J., & Lamasz, B. (2019). The development of the aviation
fuel market in poland and changes in civil passenger traffic. Polityka
Energetyczna, 22(1), 153-168. doi:10.33223/epj/105527

283. Li, Y., Yang, B., & Cui, Q. (2019). The effects of high-speed rail on
air passenger transport in china. Applied Economics Letters, 26(9), 745-749.
d0i:10.1080/13504851.2018.1494798

284. Zhang, F., Ning, Y., & Lou, X. (2021). The evolutionary mechanism
of china's urban network from 1997 to 2015: An analysis of air passenger flows.
Cities, 109 doi:10.1016/j.cities.2020.103005

285. Korkmaz, E., & Akgiingor, A. P. (2021). The forecasting of air
transport passenger demands in turkey by using novel meta-heuristic algorithms.
Concurrency and  Computation:  Practice and  Experience, 33(16)
d0i:10.1002/cpe.6263

286. Danchev, S., Paratsiokas, N., & Vettas, N. (2022). The impact of the
concession of 14 regional greek airports on passenger traffic. Journal of Industry,
Competition and Trade, 22(1), 51-67. doi:10.1007/s10842-021-00378-0

287. Al-Saad, S., Ababneh, A., & Alazaizeh, M. M. (2019). The influence
of airport security procedures on the intention to re-travel. European Journal of
Tourism Research, 23, 127-141.

288. Lee, H. -. (2009). The networkability of cities in the international air
passenger flows 1992-2004. Journal of Transport Geography, 17(3), 166-175.
doi:10.1016/j.jtrange0.2008.07.011

289. Ida, Y. (1993). The pattern of air passenger flows in japan.
Geographical Review of  Japan, Series B, 66(1), 18-34.
doi:10.4157/grj1984b.66.18

290. Correnti, V., Capri, S., Ignaccolo, M., & Inturri, G. (2007). The
potential of rotorcraft for intercity passenger transport. Journal of Air Transport
Management, 13(2), 53-60. doi:10.1016/j.jairtraman.2006.11.009

142



291. Burns, M. C., Roca Cladera, J., & Moix Bergada, M. (2008). The
spatial implications of the functional proximity deriving from air passenger flows
between european metropolitan urban regions. GeoJournal, 71(1), 37-52.
d0i:10.1007/s10708-008-9144-x

292. Li, H., Wang, H., Bai, M., & Duan, B. (2019). The structure and
periodicity of the chinese air passenger network. Sustainability (Switzerland),
11(1) doi:10.3390/su11010054

293. Elwakil, O. S., Windle, R. J., & Dresner, M. E. (2013). Transborder
demand leakage and the US-canadian air passenger market. Transportation
Research Part E: Logistics and Transportation Review, 57, 45-57.
d0i:10.1016/j.tre.2013.01.005

294. Xu, J., Qiu, R., Tao, Z., & Xie, H. (2018). Tripartite equilibrium
strategy for a carbon tax setting problem in air passenger transport. Environmental
Science and Pollution Research, 25(9), 8512-8531. doi:10.1007/s11356-017-1163-
Z

295. Valutyté, R. (2020). Striking a healthier balance between air
passenger rights and air carriers’ vital interests in the light of COVID-19.
Entrepreneurship and Sustainability Issues, 8(2), 546-558.
d0i:10.9770/jesi.2020.8.2(33)

296. Kuo, S. -., & Chen, S. -. (2013). What drives business and leisure air
passenger transport demand. Transactions of Nanjing University of Aeronautics
and Astronautics, 30(1), 88-95.

297. Leung, A., Yen, B. T. H., & Lohmann, G. (2017). Why passengers’
geo-demographic characteristics matter to airport marketing. Journal of Travel and
Tourism Marketing, 34(6), 833-850. doi:10.1080/10548408.2016.1250698

298. Liu, H., Xu, Y. “., Stockwell, N., Rodgers, M. O., & Guensler, R.
(2016). A comparative life-cycle energy and emissions analysis for intercity
passenger transportation in the U.S. by aviation, intercity bus, and automobile.
Transportation Research Part D: Transport and Environment, 48, 267-283.
d0i:10.1016/j.trd.2016.08.027

143



299. Zheng, J. -, Lin, J., Allwood, J. M., & Dean, T. (2021). A universal
mass-based index defining energy efficiency of different modes of passenger
transport. International Journal of Lightweight Materials and Manufacture, 4(4),
423-433. doi:10.1016/j.ijlmm.2021.06.004

300. Wang, Z. Z., & Liu, X. Y. (2014). Analysis on difference between
supply and demand of urban taxi passenger in the case of carpooling
doi:10.4028/www.scientific.net/AMM.543-547.4378

301. Karplus, V. J., Paltsev, S., Babiker, M., & Reilly, J. M. (2013).
Applying engineering and fleet detail to represent passenger vehicle transport in a
computable general equilibrium model. Economic Modelling, 30(1), 295-305.
doi:10.1016/j.econmod.2012.08.019

302. Hu, Z., Dychka, I., Oleshchenko, L., & Kukharyev, S. (2020).
Applying recurrent neural network for passenger traffic forecasting
d0i:10.1007/978-3-030-16621-2_7

303. Kiing, L., Biitler, T., Georges, G., & Boulouchos, K. (2018).
Decarbonizing passenger cars using different powertrain technologies: Optimal
fleet composition under evolving electricity supply. Transportation Research Part
C: Emerging Technologies, 95, 785-801. doi:10.1016/j.trc.2018.09.003

304. Sun, S., & Wen, W. -. (2008). Development scale of urban passenger
traffic vehicle considering the variety of population structure. Paper presented at
the Proceedings of the 8th International Conference of Chinese Logistics and
Transportation Professionals - Logistics: The Emerging Frontiers of
Transportation and Development in China, 4189-4197.
d0i:10.1061/40996(330)612

305. Zhang, L., & Liu, B. (2010). Highway passenger traffic volume
correlation analysis based on gray relational grade. ICETC 2010 - 2010 2nd
International Conference on Education Technology and Computer, 4, V4199-
V4202. doi:10.1109/ICETC.2010.5529701

144



306. Li, Z., & Bo, L. (2010). Highway passenger traffic volume research
based on gray - markov prediction model. Paper presented at the 2010
International Conference on Networking and Digital Society, ICNDS 2010, , 2
229-232. d0i:10.1109/ICNDS.2010.5479353

307. Peng, H., & Xu, M. (2012). Study on the model of intercity
passengers' trip mode choice based on cluster analysis method
doi:10.4028/www.scientific.net/AMM.178-181.1934

308. Pham, T. Q. M., Lee, G., & Kim, H. (2020). Toward sustainable ferry
routes in korea: Analysis of operational efficiency considering passenger mobility
burdens. Sustainability (Switzerland), 12(21), 1-22. doi:10.3390/su12218819

309. Hejin, Y. (2010). A bus passenger flow estimation method based on
feature point's trajectory clustering. Paper presented at the Proceedings - 2010
IEEE International Conference on Intelligent Computing and Intelligent Systems,
ICIS 2010, , 1 426-430. doi:10.1109/ICICISYS.2010.5658589

310. Guo, J., Xue, Y., Cali, J., Gao, Z., Xu, G., & Zhang, H. (2021). A bus
passenger re-identification dataset and a deep learning baseline using triplet
embedding. Multimedia Tools and Applications, 80(11), 16425-16440.
d0i:10.1007/s11042-020-08944-0

311. Maternini, G., & Cadei, M. (2014). A comfort scale for standing bus
passengers in relation to certain road characteristics. Transportation Letters, 6(3),
136-141. d0i:10.1179/1942787514Y.0000000020

312. Fontes, T., Correia, R., Ribeiro, J., & Borges, J. L. (2020). A deep
learning approach for predicting bus passenger demand based on weather
conditions. Transport and Telecommunication, 21(4), 255-264. doi:10.2478/1tj-
2020-0020

313. Bai, Y., Sun, Z.,, Zeng, B., Deng, J., & Li, C. (2017). A multi-pattern
deep fusion model for short-term bus passenger flow forecasting. Applied Soft
Computing Journal, 58, 669-680. doi:10.1016/j.as0c.2017.05.011

145



314. Zhao, S.-., Ni, T.-,, Wang, Y., & Gao, X. -. (2011). A new approach
to the prediction of passenger flow in a transit system. Computers and
Mathematics with Applications, 61(8), 1968-1974.
d0i:10.1016/j.camwa.2010.08.023

315. Xiao, R., Zhu, J., Zhao, Z., Yu, H., & Du, Y. (2021). A passenger
flow prediction method for bus lines based on multiple stepwise regression
analysis. Paper presented at the 2021 11th International Conference on
Information Science and  Technology, ICIST 2021, 452-455.
d0i:10.1109/1CIST52614.2021.9440559

316. Wang, X., Chen, S., & Wei, H. (2018). A passenger flow statistic
algorithm based on machine learning. Paper presented at the Proceedings - 2017
10th International Congress on Image and Signal Processing, BioMedical
Engineering and Informatics, CISP-BMEI 2017, , 2018-January 1-5.
doi:10.1109/CISP-BMEI.2017.8302042

317. Xiang, H. -., & Ming, A. -. (2014). A study of the city bus passenger
flow intelligent statistical algorithm based on motion vector tracking. Paper
presented at the ICIST 2014 - Proceedings of 2014 4th IEEE International
Conference  on Information  Science  and  Technology, 41-44.
doi:10.1109/1CIST.2014.6920327

318. Cheng, S., Xu, J., Mu, Q., & Zhang, Y. (2014). A terminal departure
passenger traffic prediction method based on the RBF neural network. Paper
presented at the CICTP 2014: Safe, Smart, and Sustainable Multimodal
Transportation Systems - Proceedings of the 14th COTA International Conference
of Transportation Professionals, 31-38. doi:10.1061/9780784413623.004

319. Xie, X. -.,, Feng, X. -., & Ren, Q. -. (2008). Adjustment plan of
passenger traffic special line optimization study. Paper presented at the
Proceedings of the 8th International Conference of Chinese Logistics and
Transportation  Professionals - Logistics: The Emerging Frontiers of
Transportation and Development in China, 3791-3796.
d0i:10.1061/40996(330)556

146



320. Pells, S. R. (1989). An approach to the simulation of bus passenger
journey times for the journey to work. Transportation Planning and Technology,
14(1), 19-35. doi:10.1080/03081068908717411

321. Jiao, F., Huang, L., Song, R., & Huang, H. (2021). An improved stl-
Istm model for daily bus passenger flow prediction during the covid-19 pandemic.
Sensors, 21(17) doi:10.3390/s21175950

322. Aceves-Gonzilez, C., May, A., & Cook, S. (2016). An observational
comparison of the older and younger bus passenger experience in a developing
world city. Ergonomics, 59(6), 840-850. doi:10.1080/00140139.2015.1091513

323. Tsui, W. H. K., & Fung, M. K. Y. (2016). Analysing passenger
network changes: The case of hong kong. Journal of Air Transport Management,
50, 1-11. doi:10.1016/j.jairtraman.2015.09.001

324. Tu, Y., & Yang, J. (2017). Analysis and forecast of passenger flow
based on public transportation IC card and GPS data. Paper presented at the
Proceedings of 2016 5th International Conference on Computer Science and
Network Technology, ICCSNT 2016, 281-285.
d0i:10.1109/ICCSNT.2016.8070164

325. Blinova, T. O. (2007). Analysis of possibility of using neural network
to forecast passenger traffic flows in russia. Aviation, 11(1), 28-34.
d0i:10.1080/16487788.2007.9635952

326. Antonova, V. M., Grechishkina, N. A., & Kuznetsov, N. A. (2020).
Analysis of the modeling results for passenger traffic at an underground station
using AnyLogic. Journal of Communications Technology and Electronics, 65(6),
712-715. do0i:10.1134/S1064226920060029

327. Wang, P. -, Hsu, Y. -., & Hsu, C. -. (2021). Analysis of waiting time
perception of bus passengers provided with mobile service. Transportation
Research Part A: Policy and Practice, 145, 319-336. doi:10.1016/j.tra.2021.01.011

147



328. Rahmatulloh, A., Nursuwars, F. M. S., Darmawan, 1., & Febrizki, G.
(2020). Applied internet of things (10T): The prototype bus passenger monitoring
system using PIR sensor. Paper presented at the 2020 8th International Conference
on Information and Communication  Technology, IColCT 2020,
d0i:10.1109/1C01CT49345.2020.9166420

329. Hu, Z., Dychka, 1., Oleshchenko, L., & Kukharyev, S. (2020).
Applying recurrent neural network for passenger traffic forecasting
d0i:10.1007/978-3-030-16621-2_7

330. Chang, H. -., & Wu, S. -. (2010). Applying the rasch measurement to
explore elderly passengers' abilities and difficulties when using buses in taipei.
Journal of Advanced Transportation, 44(3), 134-149. doi:10.1002/atr.127

331. Xie, X., Ren, Q., & Zhou, Y. (2007). Arrival and departure lines of
passenger traffic special line optimization study. Paper presented at the
Proceedings of the IEEE International Conference on Automation and Logistics,
ICAL 2007, 3070-3073. d0i:10.1109/ICAL.2007.4339109

332. Azman, A. H., Abdullah, S., Singh, S. S. K., Yazid, M. R. M., Ghopa,
W. A. W., Hisamuddin, H., . . . Solah, M. S. (2020). Assessing the safety of
express bus from passengers' perspective. Paper presented at the IOP Conference
Series: Materials Science and Engineering, , 932(1) doi:10.1088/1757-
899X/932/1/012129

333. Kuftinova, N. G., Ostroukh, A. V., & Vorobieva, A. V. (2015).
Automated control system for survey passenger traffics. International Journal of
Applied Engineering Research, 10(7), 16419-16427.

334. Tian, S., Guo, B., Sun, J., & Sun, C. (2020). Brief analysis of urban
passenger transport development in china. Paper presented at the Proceedings -
2020 5th International Conference on Electromechanical Control Technology and
Transportation, ICECTT 2020, 465-468. doi:10.1109/ICECTT50890.2020.00107

335. Prato, C. G., & Kaplan, S. (2014). Bus accident severity and
passenger injury: Evidence from denmark. European Transport Research Review,
6(1), 17-30. doi:10.1007/s12544-013-0107-z

148



336. Zhang, W., Zhu, F., Chen, Y., & Li, Y. (2021). Bus passenger flow
forecast based on attention and time-sharing graph convolutional network.
[ TR DHLHIF 3 B EE IR ASE 2 ill] Moshi Shibie Yu Rengong
Zhineng/Pattern Recognition and Artificial Intelligence, 34(2), 167-175.
d0i:10.16451/j.cnki.issn1003-6059.202102008

337. Zhang, Y., Tu, W., Chen, K., Wu, C. H., Li, L., Ip, W. H., & Chan, C.
Y. (2020). Bus passenger flow statistics algorithm based on deep learning.
Multimedia Tools and Applications, 79(39-40), 28785-28806.
d0i:10.1007/s11042-020-09487-0

338. Chen, S. P., & Liu, D. Z. (2013). Bus passenger origin-destination
matrix estimation using available information from automatic data collection
systems in chongging, china doi:10.4028/www.scientific.net/AMR.779-780.878

339. Shafie, N. M. A., Kamar, H. M., & Kamsah, N. (2015). CFD
simulation of particulate matters inside a bus passenger compartment.
International Journal of Mechanical and Mechatronics Engineering, 15(3), 28-36.

340. Wang, Z., Chen, F., & Fujiyama, T. (2015). Carbon emission from
urban passenger transportation in beijing. Transportation Research Part D:
Transport and Environment, 41, 217-227. doi:10.1016/j.trd.2015.10.001

341. Zhang, Y. P., Guo, Y. Y., Wei, Y., Cheng, S. W., & Xing, Z. W.
(2013). Chaotic characteristics identification on terminal departing passenger
traffic time series doi:10.4028/www.scientific.net/AMM.409-410.1303

342. Vlasov, V. (2017). Concept for developing digital infrastructure for
regional passenger transportation control systems. Paper presented at the
Transportation Research Procedia, , 20 683-689. doi:10.1016/j.trpro.2017.01.111

343. Tan, C. F., Liew, K. F., Rosley, M. N., Khalil, S. N., Tan, B. L., Lim,
T. L., ...Said, M. R. (2013). Conceptual design of an integrated bus passenger
seat. World Applied Sciences Journal, 28(5), 722-725.
doi:10.5829/idosi.wasj.2013.28.05.1169

149



344. Sam, E. F., Brijs, K., Daniels, S., Brijs, T., & Wets, G. (2019).
Construction and validation of a public bus passenger safety scale. Transportation
Research Part F: Traffic Psychology and Behaviour, 66, 47-62.
d0i:10.1016/j.trf.2019.08.017

345. Schelenz, T., Suescun, T., Karlsson, M., & Wikstrom, L. (2013).
Decision making algorithm for bus passenger simulation during the vehicle design
process. Transport Policy, 25, 178-185. doi:10.1016/j.tranpol.2012.11.010

346. Wahab, R. A., Borhan, M. N., & Rahmat, R. A. A. O. K. (2017).
Design of optimum wait time for random arrival of passengers at bus stop: A case
study from putrajaya, malaysia. Pertanika Journal of Science and Technology,
25(S5), 225-234.

347. Wang, J. (2019). Design of passenger transport modes between cities
with environmental sustainability. Paper presented at the Proceedings - 2019 4th
International Conference on Electromechanical Control Technology and
Transportation, ICECTT 2019, 323-327. doi:10.1109/ICECTT.2019.00080

348. Zhao, J., Li, C., Xu, Z., Jiao, L., Zhao, Z., & Wang, Z. (2022).
Detection of passenger flow on and off buses based on video images and YOLO
algorithm.  Multimedia Tools and  Applications, 81(4), 4669-4692.
doi:10.1007/s11042-021-10747-w

349. Fitzova, H., Matulova, M., & Tomes, Z. (2018). Determinants of
urban public transport efficiency: Case study of the czech republic. European
Transport Research Review, 10(2) doi:10.1186/s12544-018-0311-y

350. Belokurov, V., Spodarev, R., & Belokurov, S. (2020). Determining
passenger traffic as important factor in urban public transport system. Paper
presented at the Transportation Research Procedia, , 50 52-58.
doi:10.1016/j.trpro.2020.10.007

351. Matseliukh, Y., Bublyk, M., & Vysotska, V. (2021). Development of
intelligent system for visual passenger flows simulation of public transport in
smart city based on neural network. Paper presented at the CEUR Workshop
Proceedings, , 2870 1087-1138.

150



352. Boreiko, O., Teslyuk, V., Zelinskyy, A., & Berezsky, O. (2017).
Development of models and means of the server part of the system for passenger
traffic registration of public transport in the "smart" city. Eastern-European
Journal of Enterprise Technologies, 1(2-85), 40-47. doi:10.15587/1729-
4061.2017.92831

353. Mo, S. M., Zeng, K. F., & Liu, C. (2014). Early warning mechanism
of huangshan world geopark  to divert passenger traffic
doi:10.4028/www.scientific.net/ AMR.1030-1032.2014

354. Ci, Y., Ling, X., & Wu, L. (2010). Ecological adaptability evaluation
for urban passenger traffic structure. Paper presented at the IET Conference
Publications, , 2010(573 CP) 138-141. doi:10.1049/cp.2010.1117

355. Allard, R. F., & Moura, F. (2018). Effect of transport transfer quality
on intercity passenger mode choice. Transportation Research Part A: Policy and
Practice, 109, 89-107. doi:10.1016/j.tra.2018.01.018

356. Shafie, N. E. A., Kamar, H. M., & Kamsah, N. (2016). Effects of air
supply diffusers and air return grilles layout on contaminants concentration in bus
passenger compartment. International Journal of Automotive Technology, 17(5),
751-762. doi:10.1007/s12239-016-0074-1

357. Ahmad Shafie, N. E., Mohamed Kamar, H., & Kamsah, N. (2015).
Effects of ventilation setups on air flow velocity and temperature fields in bus
passenger compartment. Jurnal Teknologi, 77(30), 49-53.
d0i:10.11113/jt.v77.6867

358. Feng, X., Wang, Q., Liu, Y., Xu, B., Liu, H., & Sun, Q. (2014).
Ensuring a reasonable passenger capacity utilization rate of a train for its
sustainably efficient transport. Journal of Applied Research and Technology,
12(2), 279-288. doi:10.1016/51665-6423(14)72344-2

359. Hidayat, A., Terabe, S., & Yaginuma, H. (2020). Estimating bus
passenger volume based on a wi-fi scanner survey. Transportation Research
Interdisciplinary Perspectives, 6 doi:10.1016/j.trip.2020.100142

151



360. Politis, 1., Papaioannou, P., Basbas, S., & Dimitriadis, N. (2010).
Evaluation of a bus passenger information system from the users' point of view in
the city of thessaloniki, greece. Research in Transportation Economics, 29(1),
249-255. doi:10.1016/j.retrec.2010.07.031

361. Alimo, P. K., Agyeman, S., Zankawah, S. M., Yu, C., Cheng, L., &
Ma, W. (2022). Factors causing low demand for a suburban passenger train in
sekondi-takoradi. Journal of Transport Geography, 98
doi:10.1016/j.jtrange0.2021.103268

362. Ahmad Shafie, N. E., Mohamed Kamar, H., & Kamsah, N. (2015).
Field measurement of particulate matter inside a bus passenger compartment.
Jurnal Teknologi, 77(30), 69-73. doi:10.11113/jt.v77.6870

363. Ge, S. Y., Zheng, C. J.,, & Hou, M. M. (2013). Forecast of bus
passenger traffic based on exponential smoothing and trend moving average
method doi:10.4028/www.scientific.net/AMM.433-435.1374

364. Uimonen, S., Tukia, T., Siikonen, M. -., & Lehtonen, M. (2017).
Impact of daily passenger traffic on energy consumption of intermittent-operating
escalators. Energy and Buildings, 140, 348-358.
doi:10.1016/j.enbuild.2017.02.026

365. Sun, L., Cui, L., Qiu, S., Yao, L. -., & Rong, J. (2018). Impact on
pedestrian flow of bends in passenger access tunnels. Proceedings of the
Institution of Civil Engineers: Transport, 171(6), 339-348.
d0i:10.1680/jtran.16.00090

366. Rathman, D., Tijan, E., & Jugovi¢, A. (2016). Improving the coastal
line passenger traffic management system by applying information technologies.
Pomorstvo, 30(1), 12-18. doi:10.31217/p.30.1.2

367. Kurganov, V., Gryaznov, M., Davydov, K., & Polyakova, L. (2020).
Increased efficiency and reliability of maintanance of mass passenger flow with
the regular route network of city transport. Scientific Journal of Silesian
University of Technology.Series Transport, 108, 107-1109.
doi:10.20858/sjsutst.2020.108.10

152



368. Sidorchuk, R., Lukina, A., Markin, I., Korobkov, S., Ivashkova, N.,
Mkhitaryan, S., & Skorobogatykh, 1. (2020). Influence of passenger flow at the
station entrances on passenger satisfaction amid covid-19. Journal of Open
Innovation:  Technology, @ Market, and  Complexity, 6(4), 1-26.
doi:10.3390/joitmc6040150

369. Boreiko, O., & Teslyuk, V. (2017). Information model of the control
system for passenger traffic registration of public transport in the 'smart' city.
Paper presented at the Proceedings of the 12th International Scientific and
Technical Conference on Computer Sciences and Information Technologies, CSIT
2017,,1113-116. doi:10.1109/STC-CSIT.2017.8098749

370. hang, Y., & Lu, Z. (2013). Low cost carriers in china and its
contribution to passenger traffic flow. Journal of China Tourism Research, 9(2),
207-217. doi:10.1080/19388160.2013.781972

371. Yan, M., Huang, J., & Zhao, M. (2014). Mechanism analysis and
modelling of passengers' travel choice. Paper presented at the Proceedings - 2014
6th International Conference on Measuring Technology and Mechatronics
Automation, ICMTMA 2014, 406-409. doi:10.1109/ICMTMA.2014.100

372. Boreiko, O., & Teslyuk, V. (2017). Model of data collection
controller of automated processing systems for passenger traffic public transport
smart city based on petri nets. Paper presented at the 2nd International Conference
on Advanced Information and Communication Technologies, AICT 2017 -
Proceedings, 62-65. doi:10.1109/AIACT.2017.8020066

373. Glumov, I., & Yakubovskiy, Y. (2017). Model of requirements to a
resource providing system to maintain buses and train drivers in the motor
transport companies engaged in passenger transportation. Paper presented at the
Transportation Research Procedia, , 20 219-224. doi:10.1016/j.trpro.2017.01.055

374. Silvano, A. P., & Ohlin, M. (2019). Non-collision incidents on buses
due to acceleration and braking manoeuvres leading to falling events among
standing  passengers.  Journal of  Transport and  Health, 14
d0i:10.1016/j.jth.2019.04.006

153



375. Dakic, 1., Ambiihl, L., Schiimperlin, O., & Menendez, M. (2018). On
the modeling of passenger mobility for stochastic bi-modal urban corridors. Paper
presented at the Transportation Research Procedia, , 38 263-283.
d0i:10.1016/j.trpro.2019.05.015

376. Wang, J. -, Pan, S. -., Ho, C. -,, Lien, Y. -,, Liao, S. -., & Nurmandi,
A. (2020). Online web query system for various frequency distributions of bus
passengers in taichung city of taiwan. IET Smart Cities, 2(3), 135-145.
doi:10.1049/iet-smc.2020.0017

377. Petrov, A. |., & Petrova, D. A. (2021). Open business model of
COVID-19 transformation of an urban public transport system: The experience of
a large russian city. Journal of Open Innovation: Technology, Market, and
Complexity, 7(3) doi:10.3390/joitmc7030171

378. Mo, W, Liu, Y., Ge, L., & Xiao, G. (2019). Optimization of bus
departure headway based on fuzzy clustering of operation period considering
congestion and passenger flow. Paper presented at the ICTIS 2019 - 5th
International Conference on Transportation Information and Safety, 963-968.
doi:10.1109/1CTI1S.2019.8883816

379. Hensher, D. A., Mulley, C., & Yahya, N. (2010). Passenger
experience with quality-enhanced bus service: The tyne and wear 'superoute'
services. Transportation, 37(2), 239-256. doi:10.1007/s11116-009-9240-x

380. Stradling, S., Carreno, M., Rye, T., & Noble, A. (2007). Passenger
perceptions and the ideal urban bus journey experience. Transport Policy, 14(4),
283-292. doi:10.1016/j.tranpol.2007.02.003

381. Mtynczak, J., Hejczyk, T., Wszotek, B., Gatuszka, A., Surma, D.,
Ogaza, R., & Burdzik, R. (2015). Passenger safety and information module in
intelligent integrated traffic management system. Paper presented at the

Vibroengineering Procedia, , 6 234-237.

154



382. Grafeeva, N., Mikhailova, E., Nogova, E., & Tretyakov, I. (2017).
Passenger traffic analysis based on st. petersburg public transport. Paper presented
at the International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, , 17(21) 509-516.
doi:10.5593/sgem2017/21/S07.065

383. Shen, H., Ma, C., Ren, Z., & Zeng, J. (2010). Passenger transportation
system of central city - satellite city. Paper presented at the IET Conference
Publications, , 2010(573 CP) 36-39. doi:10.1049/cp.2010.1098

384. Shen, H., Ma, C., Ren, Z., & Zeng, J. (2010). Passenger transportation
system of central city - satellite city. Paper presented at the IET Conference
Publications, , 2010(573 CP) 36-39. doi:10.1049/cp.2010.1098

385. Novikov, A., & Eremin, S. (2020). Patterns of passenger traffic
formation in urban public transport. Paper presented at the Transportation
Research Procedia, , 50 483-490. doi:10.1016/j.trpro.2020.10.057

386. Shimada, Y., Takagi, M., & Taniguchi, Y. (2019). Person re-
identification for estimating bus passenger flow. Paper presented at the
Proceedings - 2nd International Conference on Multimedia Information
Processing and Retrieval, MIPR 2019, 169-174. doi:10.1109/MIPR.2019.00037

387. Yuan, W., & Frey, H. C. (2020). Potential for metro rail energy
savings and emissions reduction via eco-driving. Applied Energy, 268
doi:10.1016/j.apenergy.2020.114944

388. Yu, S, Shang, C., Yu, Y., Zhang, S., & Yu, W. (2016). Prediction of
bus passenger trip flow based on artificial neural network. Advances in
Mechanical Engineering, 8(10), 1-7. doi:10.1177/1687814016675999

389. Chen, P., Chen, H., Zhang, C., & Tang, Z. (2016). Real-time bus
passenger flow statistics scheme based on light-sensitive wireless sensor network.
Paper presented at the Chinese Control Conference, CCC, , 2016-August 8490-
8494. doi:10.1109/ChiCC.2016.7554712

155



390. Lei, P.,, & Che, W. (2008). Research on china's passenger transport
demand and its influential factors based on MTV model. Paper presented at the
Proceedings of the 8th International Conference of Chinese Logistics and
Transportation Professionals - Logistics: The Emerging Frontiers of
Transportation and Development in China, 777-783. doi:10.1061/40996(330)111

391. Zhu, F., Song, J., Yang, R., & Gu, J. (2008). Research on counting
method of bus passenger flow based on kinematics of human body. Paper
presented at the Proceedings - International Conference on Computer Science and
Software Engineering, CSSE 2008, , 1 201-204. doi:10.1109/CSSE.2008.611

392. Yang, G., Shu, H., & Zhou, Y. (2016). Research on intracity OD
patterns of rail and bus passengers in a second-tier city: A case study of suzhou,
china. International Conference on  Geoinformatics, 2016-September
doi:10.1109/GEOINFORMATICS.2016.7578964

393. Surjandy, Fernando, E., Meyliana, Santoso, T. M., Wardhana, A. K.,
Widjaja, W., & Anindra, F. (2019). Security concern of financial technology for
online transportation passenger in indonesia. Paper presented at the 2019
International Conference on Information and Communications Technology,
ICOIACT 2019, 70-73. doi:10.1109/ICOIACT46704.2019.8938539

394. Li, X., Chen, Z., Zhu, F., Chang, W., Tan, C., & Xiong, G. (2018).
Short-term bus passenger flow forecast based on deep learning. Paper presented at
the 2018 International Conference on Security, Pattern Analysis, and Cybernetics,
SPAC 2018, 372-376. doi:10.1109/SPAC46244.2018.8965619

395. Zhang, J., Chen, Z., Liu, Y., Du, M., Yang, W., & Guo, L. (2018).
Space-time visualization analysis of bus passenger big data in beijing. Cluster
Computing, 21(1), 813-825. doi:10.1007/s10586-017-0890-8

396. Baltyzhakova, T., & Romanchikov, A. (2021). Spatial analysis of
subway passenger traffic in saint petersburg. Geodesy and Cartography (Vilnius),
47(1), 10-20. doi:10.3846/gac.2021.11980

156



397. Guo, H., & Shi, H. (2007). Study on traveler's behavior value in city
passenger traffic system. Paper presented at the International Conference on
Transportation Engineering 2007, ICTE 2007, 564-569.
d0i:10.1061/40932(246)93

398. Tang, B. -, Li, X. -, Yu, B., & Wei, Y. -. (2019). Sustainable
development pathway for intercity passenger transport: A case study of china.
Applied Energy, 254 doi:10.1016/j.apenergy.2019.113632

399. Nambulee, W., Jomnonkwao, S., Siridhara, S., Ratanavaraha, V.,
Karoonsoontawong, A., & Beeharry, R. (2018). The intercity bus passenger's
locus of control with regard to seat belt use intention. Suranaree Journal of
Science and Technology, 25(3), 235-246.

400. Sokulskyi, O., Hilevska, K., Chumakevych, V., Ptashnyk, V.,
Tryhuba, A., & Sachenko, A. (2020). The internet of things solutions in the
investigation of urban passenger traffic and passenger service quality. Paper
presented at the 2020 IEEE European Technology and Engineering Management
Summit, E-TEMS 2020, doi:10.1109/E-TEMS46250.2020.9111658

401. Chen, K., Guo, Z., & Zhu, L. (2009). The optimization method of bus
passenger flow peak. Paper presented at the Proceedings of the 2nd International
Conference on Transportation Engineering, ICTE 2009, 2207-2212.
d0i:10.1061/41039(345)365

402. Correnti, V., Capri, S., Ignaccolo, M., & Inturri, G. (2007). The
potential of rotorcraft for intercity passenger transport. Journal of Air Transport
Management, 13(2), 53-60. doi:10.1016/j.jairtraman.2006.11.009

403. Ding, D., & Zhou, Y. (2011). The prediction model of intercity
passenger train volume based on grey system theory. Paper presented at the ICTE
2011 - Proceedings of the 3rd International Conference on Transportation
Engineering, 1234-1238. doi:10.1061/41184(419)204

157



404. Zhao, Y., & Du, W. (2007). The self-organization mechanism of
urban passenger traffic system evolving. Paper presented at the International
Conference on Transportation Engineering 2007, ICTE 2007, 2924-2929.
d0i:10.1061/40932(246)480

405. Zhu, F., & Wei, J. F. (2013). The SVM based on reduction strategy
applied in bus passenger flow counting
doi:10.4028/www.scientific.net/AMM.421.701

406. Xie, B., Sun, Y., Huang, X., Yu, L., & Xu, G. (2020). Travel
characteristics analysis and passenger flow prediction of intercity shuttles in the
pearl river delta on holidays. Sustainability (Switzerland), 12(18)
d0i:10.3390/SU12187249

407. Mendiluce, M., & Schipper, L. (2011). Trends in passenger transport
and freight energy wuse in spain. Energy Policy, 39(10), 6466-6475.
doi:10.1016/j.enpol.2011.07.048

408. Makarov, V. V. (2018). Island megalopolises: Tunnel systems as a
critical alternative in solving transport problems. Engineering, 4(1), 138-142.
d0i:10.1016/j.eng.2018.02.001

409. Li, M., Guo, W., Guo, R., He, B,, Li, Z, Li, X, ... Fan, Y. (2022).
Urban network spatial connection and structure in china based on railway
passenger flow big data. Land, 11(2) doi:10.3390/1and11020225

410. Petrov, A. |, & Petrova, D. A. (2021). Open business model of
COVID-19 transformation of an urban public transport system: The experience of
a large russian city. Journal of Open Innovation: Technology, Market, and
Complexity, 7(3) doi:10.3390/joitmc7030171

411. Nykyforak, I., Duhanets, N., & Kobrusieva, Y. (2018). Organization
of responsibility accounting of city electric transport enterprises' activity. Eastern-
European Journal of Enterprise Technologies, 2(3-92), 31-36. doi:10.15587/1729-
4061.2018.126178

158



412. Makarova, I., Shubenkova, K., & Pashkevich, A. (2021). Efficiency
assessment of measures to increase sustainability of the transport system.
Transport, 36(2), 123-133. doi:10.3846/transport.2021.14996

413. Kurganov, V., Gryaznov, M., Davydov, K., & Polyakova, L. (2020).
Increased efficiency and reliability of maintanance of mass passenger flow with
the regular route network of city transport. Scientific Journal of Silesian
University of Technology.Series Transport, 108, 107-119.
doi:10.20858/sjsutst.2020.108.10

414. Rokicki, T., Koszela, G., Ochnio, L., Wojtczuk, K., Ratajczak, M.,
Szczepaniuk, H., . . . Beldycka-Borawska, A. (2021). Diversity and changes in
energy consumption by transport in eu countries. Energies, 14(17)
d0i:10.3390/en14175414

415. Businge, C. N., Viani, S., Pepe, N., Borgarello, M., Caruso, C.,
Tripodi, G., & Soresinetti, S. (2019). Energy efficiency solutions for sustainable
urban mobility: Case study of the milan metropolitan area. Paper presented at the
WIT  Transactions on the Built Environment, , 182 151-163.
d0i:10.2495/UT180151

416. Mochalin, S., Kasper, M., Nikiforov, O., Levkin, G., & Kurshakova,
N. (2019). Development of provisions for evaluating the effectiveness of urban
public passenger transport system. Transport Problems, 14(1), 45-58.
doi:10.21307/tp.2019.14.1.5

417. Saxena, P. (2019). A benchmarking strategy for delhi transport
corporation: An application of data envelopment analysis. International Journal of
Mathematical, Engineering and Management Sciences, 4(1), 232-244.
doi:10.33889/ijmems.2019.4.1-020

418. Mochalin, S., Kasper, M., Nikiforov, O., & Levkin, G. (2017).
Condition for application of logistic principles in practice of urban public
passenger transport in the city of omsk. Transport Problems, 12(SpecialEdition),
71-86. doi:10.20858/tp.2017.12.se.6

159



419. Vdovychenko, V., & Nagornyy, Y. (2016). Formation of
methodological levels of assessing city public passenger transport efficiency.
Eastern-European Journal of Enterprise Technologies, 3(3-81), 44-51.
d0i:10.15587/1729-4061.2016.71687

420. Morchadze, T., & Rusadze, N. (2018). Ways to address the
challenges in passenger traffic within the urban transport systems. Transport
Problems, 13(3), 65-77. d0i:10.20858/tp.2018.13.3.6

421. Xi, Y., Li, Z. -, Long, C. -,, Shu, K., Yue, G., & Jing, L. (2013). A
comparative study on predict effects of railway passenger travel choice based on
two soft computing methods. Paper presented at the LISS 2012 - Proceedings of
2nd International Conference on Logistics, Informatics and Service Science, 543-
552. doi:10.1007/978-3-642-32054-5 77

422. Li, D., Yang, X., & Xu, X. (2020). A framework of smart railway
passenger station based on digital twin. Paper presented at the CICTP 2020:
Advanced Transportation Technologies and Development-Enhancing Connections
- Proceedings of the 20th COTA International Conference of Transportation
Professionals, 2623-2634. doi:10.1061/9780784482933.22

423. Peng, C. (2007). A hybrid method based on chaotic phase space
restructuring and comparability principle for railway passenger demand
forecasting. Paper presented at the International Conference on Transportation
Engineering 2007, ICTE 2007, 3536-3541. doi:10.1061/40932(246)580

424. He, B., Chen, P., D'Ariano, A., Chen, L., Zhang, H., & Lu, G. (2020).
A microscopic agent-based simulation for real-time dispatching problem of a busy
railway passenger station. Paper presented at the 2020 IEEE 23rd International
Conference  on Intelligent  Transportation  Systems, ITSC 2020,
doi:10.1109/ITSC45102.2020.9294651

425. Liu, W., & Li, J. (2011). A simulation model and algorithm for
turning-back capacity of intercity dedicated passenger railway station. Paper
presented at the ICTE 2011 - Proceedings of the 3rd International Conference on
Transportation Engineering, 948-953. doi:10.1061/41184(419)157

160



426. Elhamshary, M., Youssef, M., Uchiyama, A., Yamaguchi, H., &
Higashino, T. (2015). Activity recognition of railway passengers by fusion of low-
power sensors in mobile phones. Paper presented at the GIS: Proceedings of the
ACM International Symposium on Advances in Geographic Information Systems,
, 03-06-November-2015 doi:10.1145/2820783.2820847

427. Chen, D., Li, Y., & Zhang, Y. (2011). Adjustment of intercity
passenger dedicated line operation. Paper presented at the ICTE 2011 -
Proceedings of the 3rd International Conference on Transportation Engineering,
1168-1173. doi:10.1061/41184(419)193

428. Xie, X. -., Feng, X. -., & Ren, Q. -. (2008). Adjustment plan of
passenger traffic special line optimization study. Paper presented at the
Proceedings of the 8th International Conference of Chinese Logistics and
Transportation Professionals - Logistics: The Emerging Frontiers of
Transportation and Development in China, 3791-3796.
d0i:10.1061/40996(330)556

429. Li, T.-.,Bai,Y.-,Liu, Z. -, Liu, J. -, Zhang, G. -., & Li, J. -. (2006).
Air quality in passenger cars of the ground railway transit system in beijing, china.
Science of the Total Environment, 367(1), 89-95.
doi:10.1016/j.scitotenv.2006.01.007

430. Haramina, H., Ljubaj, 1., & Tos, 1. (2017). An analysis of passenger
train driver’s cognitive workload in relation to croatian national train control
system. [Analiza kognitivnog opterecenja strojovode putnickog vlaka s obzirom
na hrvatski nacionalni sustav vodenja vlakova] Sigurnost, 59(2), 99-108.
d0i:10.31306/5.59.2.1

431. Balalaev, A. N., Korkina, S. V., Plokhov, E. M., & Polovinkina, A.Y.
(2020). An energy-efficiency assessment of a railroad passenger-car power-supply
system wusing wind generators and photovoltaic panels. Russian Electrical
Engineering, 91(3), 195-198. d0i:10.3103/S1068371220030062

161



432. Bao, Y., Liu, J., & Ma, M. (2012). Analysis and simulation of
passengers' ticket booking request arrival process in a ticket booking period.
Beijing Jiaotong Daxue Xuebao/Journal of Beijing Jiaotong University, 36(6), 27-
32.

433. Gu, S., & Lu, X. (2015). Analysis of china railway passenger
volume's influence factors based on principal component regression. Paper
presented at the 2015 International Conference on Logistics, Informatics and
Service Science, LISS 2015, doi:10.1109/L1SS.2015.7369737

434. Xi, Y., & Jing, L. (2014). Analysis on predict model of railway
passenger travel factors judgment with soft-computing methods. Journal of
Industrial Engineering and Management, 7(1), 100-114. doi:10.3926/jiem.940

435. Deng, P., & Chuansheng, Z. (2010). Analytic hierarchy process and
fuzzy evaluation of passengers' satisfactory degree for QoS of railway passenger
transportation. Paper presented at the Proceedings of the World Congress on
Intelligent Control and Automation (WCICA), 5215-5220.
d0i:10.1109/WCICA.2010.5554881

436. Zhong, M., Yue, Y., & Li, D. (2019). Analyzing and evaluating
infrastructure capacity of railway passenger station by mesoscopic simulation
method. Paper presented at the 2018 International Conference on Intelligent Rail
Transportation, ICIRT 2018, doi:10.1109/ICIRT.2018.8641593

437. Zheng, D., Wang, Y., Tang, P. Z., & Wu, Y. P. (2013). Application of
data mining in the forecasting of railway passenger flow
doi:10.4028/www.scientific.net/AMR.834-836.958

438. Brumercikova, E., Bukova, B., Kondek, P., & Drozdziel, P. (2017).
Application of nfc technology in railway passenger transport by introducing new
products. Communications - Scientific Letters of the University of Zilina, 19(2),
32-35.

162



439. Zhang, C., & Xu, L. (2009). Application of TOPSIS in evaluating
transfer efficiency at urban railway passenger station. Paper presented at the
Proceedings of the 2nd International Conference on Transportation Engineering,
ICTE 2009, 1866-1871. d0i:10.1061/41039(345)309

440. Liu, Y., Yang, B., Zhang, X. P., & Xing, S. M. (2011). Application
research of vibration and noise test and analysis system in high speed railway
passenger car. Paper presented at the Proceedings - 3rd International Conference
on Measuring Technology and Mechatronics Automation, ICMTMA 2011, , 1
573-576. doi:10.1109/ICMTMA.2011.146

441. Xia, S. L., Wei, J. F.,, & Yang, H. (2014). Architectural space
evolution of railway passenger station
doi:10.4028/www.scientific.net/AMM.507.65

442. Lee, Y., Lu, L. -, Wu, M. -., & Lin, D. -. (2017). Balance of
efficiency and robustness in passenger railway timetables. Transportation
Research Part B: Methodological, 97, 142-156. doi:10.1016/j.trb.2016.12.004

443. Zeng, X., Xie, Y., Deng, D., Zheng, K., & He, Z. (2009). CA mortar
construction of the trial section of wuhan-guangzhou railway passenger dedicated
line. Paper presented at the Proceedings of the 2nd International Conference on
Transportation Engineering, ICTE 2009, 4019-4024. doi:10.1061/41039(345)662

444, Zhang, T. -., Gao, G. -, Luo, Y. -., & Nie, L. (2011). Calculation
model of maximum number for gathering passenger at railway passenger station.
Jiaotong Yunshu Gongcheng Xuebao/Journal of Traffic and Transportation
Engineering, 11(2), 79-83.

445. Jia, H. -, & Cao, X. -. (2014). Calculation model on maximum
number of assembling passengers in railway passenger hub based on queuing
theory. Paper presented at the CICTP 2014: Safe, Smart, and Sustainable
Multimodal Transportation Systems - Proceedings of the 14th COTA International
Conference of Transportation Professionals, 1526-1537.
doi:10.1061/9780784413623.147

163



446. Guihéry, L. (2014). Competition in regional passenger rail transport
in germany (leipzig) and lessons to be drawn for france. Research in
Transportation Economics, 48, 298-304. doi:10.1016/j.retrec.2014.09.056

447. Gutiérrez-Hita, C., & Ruiz-Rua, A. (2019). Competition in the
railway passenger market: The challenge of liberalization. Competition and
Regulation in Network Industries, 20(2), 164-183.
d0i:10.1177/1783591719858737

448. Jiang, W., Mao, B., Chen, T., Yang, L., & Yang, Y. (2010).
Complexity analysis of railway passenger transport service network. Paper
presented at the IET Conference Publications, , 2010(573 CP) 90-93.
doi:10.1049/cp.2010.1108

449. Shi, F., Chen, Y., Qin, J.,, & Zhou, W. (2009). Comprehensive
optimization of arrival-departure track utilization and inbound-outbound route
assignment in railway passenger station. Zhongguo Tiedao Kexue/China Railway
Science, 30(6), 108-113.

450. Xia, S., & Yang, H. (2011). Construction features & existing
problems of high speed railway passenger stations in  china
doi:10.4028/www.scientific.net/ AMM.97-98.445

451. Zhang, Y. -., Zhang, Y. -., & Lei, D. -. (2009). Decision support
system of track application in railway passenger station under condition of CTC.
Paper presented at the 2009 2nd International Conference on Intelligent
Computing Technology and Automation, ICICTA 2009, , 3 542-545.
d0i:10.1109/ICICTA.2009.596

452. Xu, J., Wang, Y., & Li, J. (2019). Design and implementation of the
key issues prompt system for railway passenger transport production. Paper
presented at the ICTE 2019 - Proceedings of the 6th International Conference on
Transportation Engineering, 973-980. doi:10.1061/9780784482742.112

164



453. Zeng, J., & He, J. Q. (2004). Design, analysis and test of high speed
railway passenger car bogie with semi-active suspensions. Paper presented at the
Proceedings of the ASME Design Engineering Technical Conference, , 3 57-64.
d0i:10.1115/detc2004-57217

454. Dedik, M., Kendra, M., Cechovi¢, T., & Vojtek, M. (2019).
Determining traffic potential as an important part of sustainable railway passenger
transport. Paper presented at the IOP Conference Series: Materials Science and
Engineering, , 664(1) doi:10.1088/1757-899X/664/1/012030

455. Primachenko, G. (2015). Development of proposals for increasing the
profitability of passenger rail transportation in ukraine. Eastern-European Journal
of Enterprise Technologies, 6(3), 33-39. doi:10.15587/1729-4061.2015.56580

456. Sun, J.,, Wang, Y., & Wang, S. (2010). Distributed hierarchical
control for railway passenger-dedicated line intelligent transportation system
based on multi-agent doi:10.1007/978-3-642-13498-2_ 33

457. Oh, Y., Byon, Y. -., Song, J. Y., Kwak, H. -., & Kang, S. (2020).
Dwell time estimation using real-time train operation and smart card-based
passenger data: A case study in seoul, south korea. Applied Sciences
(Switzerland), 10(2) doi:10.3390/app10020476

458. Wang, C. (2014). Dynamic mechanism of effect factors for railway
passenger volume doi:10.4028/www.scientific.net/ AMM.644-650.5848

459. Von Rozycki, C., Koeser, H., & Schwarz, H. (2003). Ecology profile
of the german high-speed rail passenger transport system, ICE. International
Journal of Life Cycle Assessment, 8(2), 83-91. doi:10.1007/bf02978431

460. Song, L., Wang, Y., & Li, X. (2018). Energy performance and
environmental quality of typical railway passenger stations in northern china.
Indoor and Built Environment, 27(3), 296-307. doi:10.1177/1420326X16672509

461. Yin, J.,, Tang, T., Yang, L., Gao, Z., & Ran, B. (2016). Energy-
efficient metro train rescheduling with uncertain time-variant passenger demands:
An approximate dynamic programming approach. Transportation Research Part B:
Methodological, 91, 178-210. doi:10.1016/j.trb.2016.05.009

165



462. Feng, X., Wang, Q., Liu, Y., Xu, B., Liu, H., & Sun, Q. (2014).
Ensuring a reasonable passenger capacity utilization rate of a train for its
sustainably efficient transport. Journal of Applied Research and Technology,
12(2), 279-288. d0i:10.1016/S1665-6423(14)72344-2

463. Kusakabe, T., Iryo, T., & Asakura, Y. (2010). Estimation method for
railway passengers' train choice behavior with smart card transaction data.
Transportation, 37(5), 731-749. doi:10.1007/s11116-010-9290-0

464. Asakura, Y., Iryo, T., Nakajima, Y., & Kusakabe, T. (2012).
Estimation of behavioural change of railway passengers using smart card data.
Public Transport, 4(1), 1-16. doi:10.1007/s12469-011-0050-0

465. Zhu, H., & Luo, X. (2011). Evaluation of comprehensive traffic hub
of railway passenger station based on entropy weight and set pair analysis. Paper
presented at the ICTE 2011 - Proceedings of the 3rd International Conference on
Transportation Engineering, 931-936. doi:10.1061/41184(419)154

466. Lu, M., Ding, H., Luo, X., & Zhou, G. (2011). Evaluation of railway
passenger station service level based on artificial fish-BP ANN. Paper presented at
the ICTE 2011 - Proceedings of the 3rd International Conference on
Transportation Engineering, 1045-1051. doi:10.1061/41184(419)173

467. Li, M. -, Ji, X. -, Zhang, J.,, & Ran, B. (2014). FA-BP neural
network-based forecast for railway passenger volume
doi:10.4028/www.scientific.net/ AMM.641-642.673

468. Dollevoet, T., & Huisman, D. (2014). Fast heuristics for delay
management with passenger rerouting. Public Transport, 6(1-2), 67-84.
d0i:10.1007/s12469-013-0076-6

469. Guo, H., & Zhao, P. (2007). Forecast of railway passenger
transportation on economy's influence. Paper presented at the International
Conference on Transportation Engineering 2007, ICTE 2007, 3323-3328.
d0i:10.1061/40932(246)545

166



470. Lai, Z., Zhou, G., & Peng, L. (2009). Fuzzy comprehensive
evaluation of railway passenger's satisfaction degree based on entropy weight.
Paper presented at the Proceedings of the 2nd International Conference on
Transportation Engineering, ICTE 2009, 1607-1612. doi:10.1061/41039(345)266

471. Sun,D., Jia, Y., Yang, Y., Li, H., & Zhao, L. (2018). Fuzzy-bayesian-
network-based safety risk analysis in railway passenger transport. Periodica
Polytechnica Transportation Engineering, 46(3), 135-141. doi:10.3311/PPtr.11489

472. Myneni, M. B., & Dandamudi, R. (2020). Harvesting railway
passenger opinions on multi themes by using social graph clustering. Journal of
Rail Transport Planning and Management, 13 doi:10.1016/j.jrtpm.2019.100151

473. Huang, W. -., Shuai, B., & Li, M. -. (2018). Improved railway
passenger comfort benefit quantitative calculation approach: Based on candidate
time value set. Paper presented at the CICTP 2017: Transportation Reform and
Change - Equity, Inclusiveness, Sharing, and Innovation - Proceedings of the 17th
COTA International Conference of Transportation Professionals, , 2018-January
1622-1631. doi:10.1061/9780784480915.172

474. Xia, G., Jin, W., & Zhang, G. (2007). Improved support vector
regression and its application to prediction of railway passenger traffic volume.
Xinan Jiaotong Daxue Xuebao/Journal of Southwest Jiaotong University, 42(4),
494-498.

475. Sidorchuk, R., Lukina, A., Markin, |., Korobkov, S., lvashkova, N.,
Mkhitaryan, S., & Skorobogatykh, 1. (2020). Influence of passenger flow at the
station entrances on passenger satisfaction amid covid-19. Journal of Open
Innovation:  Technology, @ Market, and  Complexity, 6(4), 1-26.
doi:10.3390/joitmc6040150

476. Ma, W., Li, L., He, S., Cheng, J., Huang, G., & Zhou, C. Q. (2012).
Influencing factors on energy consumption of air conditioning system in railway
passenger station based on orthogonal experiment. Paper presented at the
Proceedings - 2012 International Conference on Intelligent Systems Design and
Engineering Applications, ISDEA 2012, 841-847. doi:10.1109/1Sdea.2012.703

167



477. Hong, X., Meng, L., D'Ariano, A., Veelenturf, L. P., Long, S., &
Corman, F. (2021). Integrated optimization of capacitated train rescheduling and
passenger reassignment under disruptions. Transportation Research Part C:
Emerging Technologies, 125 doi:10.1016/j.trc.2021.103025

478. Kasu, B. B., & Chi, G. (2018). Intercity passenger rails: Facilitating
the spatial spillover effects of population and employment growth in the united
states, 2000-2010. Journal of Urban Planning and Development, 144(4)
doi:10.1061/(ASCE)UP.1943-5444.0000477

479. Zhang, Y., & Lei, D. (2013). Key technologies for development of
track utilization decision support system in railway passenger stations
doi:10.4028/www.scientific.net/ AMR.655-657.2375

480. Gao, X, Li, Y., & Gao, Q. (2010). Lateral bifurcation behavior of a
four-axle railway passenger car. Journal of Applied Mechanics, Transactions
ASME, 77(6) doi:10.1115/1.4001544

481. Celebi, D., Bolat, B., & Bayraktar, D. (2009). Light rail passenger
demand forecasting by artificial neural networks. Paper presented at the 2009
International Conference on Computers and Industrial Engineering, CIE 2009,
239-243. doi:10.1109/iccie.2009.5223851

482. Xiao, J., Liu, C., Mo, Y., & Xie, J. (2009). Lighting control and its
power management in railway passenger station. Paper presented at the Asia-
Pacific  Power and Energy  Engineering  Conference, @ APPEEC,
d0i:10.1109/APPEEC.2009.4918464

483. Zhang, T. -., Nie, L., & Gao, G. -. (2011). Location model of railway
passenger station. Jiaotong Yunshu Gongcheng Xuebao/Journal of Traffic and
Transportation Engineering, 11(5), 83-87+92.

484. Cheng, G., Xu, W., & Rong, Y. (2014). Managing seasonable
differences in passengers' traffic volume by Ilhasa railway station
doi:10.4028/www.scientific.net/AMM.505-506.592

168



485. Démény, 1., Dolinayova, A., & carny, S. (2021). Methodology
proposal of monitoring economic indicators in a railway passenger transport
company using controlling tools. Paper presented at the Transportation Research
Procedia, , 55 141-151. doi:10.1016/j.trpro.2021.06.015

486. Li, J., & Wang, L. (2011). Microscopic simulation on ticket office of
large scale railway passenger station. Paper presented at the IET Conference
Publications, , 2011(587 CP) 41-47. doi:10.1049/cp.2011.1374

487. Tsai, T. -, Lee, C. -, & Wei, C. -. (2009). Neural network based
temporal feature models for short-term railway passenger demand forecasting.
Expert Systems with  Applications, 36(2 PART 2), 3728-3736.
d0i:10.1016/j.eswa.2008.02.071

488. Caputo, F., Lamanna, G., & Soprano, A. (2012). On the evaluation of
the overloads coming from the use of seat-belts on a passenger railway seat.
International Journal of Mechanics and Materials in Design, 8(4), 335-348.
d0i:10.1007/s10999-012-9199-1

489. Deng, P., & Chuansheng, Z. (2010). Optimization of basic train
diagram data for railway passenger dedicated line network based on ant colony
algorithms. Paper presented at the Proceedings of the World Congress on
Intelligent Control and Automation (WCICA), 2366-2371.
d0i:10.1109/WCICA.2010.5554339

490. Liao, Y., Wang, T., & Yang, Y. (2011). Optimization of suspension
parameters on ride quality of railway passenger vehicles. Paper presented at the
2011 International Conference on Electrical and Control Engineering, ICECE
2011 - Proceedings, 4001-4004. doi:10.1109/ICECENG.2011.6057600

491. Teng, J., Han, B., & Wong, W. (2008). Optimizing passenger train
services: A model and a genetic algorithm solution. Paper presented at the
Proceedings of the 7th International Conference of Chinese Transportation
Professionals Congress 2007: Plan, Build, and Manage Transportation
Infrastructures in China, 476-491. doi:10.1061/40952(317)47

169



492. Wang, Y., D'Ariano, A., Yin, J.,, Meng, L., Tang, T., & Ning, B.
(2018). Passenger demand oriented train scheduling and rolling stock circulation
planning for an urban rail transit line. Transportation Research Part B:
Methodological, 118, 193-227. d0i:10.1016/j.trb.2018.10.006

493. Peng, K., Bai, W., & Wu, L. (2020). Passenger flow forecast of
railway station based on improved LSTM. Paper presented at the Proceedings -
2020 2nd International Conference on Advances in Computer Technology,
Information  Science and Communications, CTISC 2020, 166-170.
d0i:10.1109/CTI1SC49998.2020.00033

494. Gao, J.,, Xu, R., & Zou, X. (2011). Passenger flow simulation of
large-scale railway passenger station. Paper presented at the ICTE 2011 -
Proceedings of the 3rd International Conference on Transportation Engineering,
1354-1359. doi:10.1061/41184(419)224

495. Parbo, J., Nielsen, O. A, & Prato, C. G. (2016). Passenger
perspectives in railway timetabling: A literature review. Transport Reviews, 36(4),
500-526. doi:10.1080/01441647.2015.1113574

496. Miynczak, J., Hejezyk, T., Wszotek, B., Galuszka, A., Surma, D.,
Ogaza, R., & Burdzik, R. (2015). Passenger safety and information module in
intelligent integrated traffic management system. Paper presented at the
Vibroengineering Procedia, , 6 234-237.

497. Szymula, C., & BeSinovi¢, N. (2020). Passenger-centered
vulnerability assessment of railway networks. Transportation Research Part B:
Methodological, 136, 30-61. doi:10.1016/j.trb.2020.03.008

498. Bai, X., Jin, Z., & Chiu, Y. -. (2021). Performance evaluation of
china's railway passenger transportation sector. Research in Transportation
Economics, 90 doi:10.1016/j.retrec.2020.100859

499. Bo, Y., Wan, Y., & Xinjun, M. (2008). Postal delivery system for
railway passenger tickets in guangzhou. Paper presented at the Proceedings of the
27th Chinese Control Conference, CCC, 799-802.
d0i:10.1109/CHICC.2008.4605741

170



500. Li, H., & Xu, C. (2019). Prediction of high-speed railway passenger
traffic volume based on integrated method. Paper presented at the ICTE 2019 -
Proceedings of the 6th International Conference on Transportation Engineering,
643-650. doi:10.1061/9780784482742.072

501. Qi, F., Liu, X., & Ma, Y. (2009). Prediction of railway passenger
traffic volume based on neural tree model. Paper presented at the 2009 2nd
International Conference on Intelligent Computing Technology and Automation,
ICICTA 2009, , 1 370-373. doi:10.1109/ICICTA.2009.97

502. Schwanitz, S., Wittkowski, M., Rolny, V., & Basner, M. (2013).
Pressure variations on a train - where is the threshold to railway passenger
discomfort? Applied Ergonomics, 44(2), 200-209.
doi:10.1016/j.apergo.2012.07.003

503. Li, Y., Chen, D., & Zhang, Y. (2011). Principles and processes of
dedicated passenger railways' train running scheme. Paper presented at the ICTE
2011 - Proceedings of the 3rd International Conference on Transportation
Engineering, 1107-1112. doi:10.1061/41184(419)183

504. Makhatova, N., Bakirbekova, A., Dogalov, A., Khassenova, K.,
Shamisheva, N., & Zayed, N. M. (2021). Problems and prospects of railway
passenger transport development in kazakhstan. Academy of Strategic
Management Journal, 20(2), 1-5.

505. Yang, J., Liu, L., & Chen, G. (2021). QoS based deliver model of the
packages transportation by the passenger train and solution algorithm.
Evolutionary Intelligence, doi:10.1007/s12065-020-00543-0

506. Maruvada, D. P., & Bellamkonda, R. S. (2017). RAILQUAL: A
multiple item scale for evaluating railway passenger service quality and
satisfaction. International Journal of Services and Operations Management, 27(2),
145-166. doi:10.1504/1JSOM.2017.083761

507. Taylor, Z. (2006). Railway closures to passenger traffic in poland and
their social consequences. Journal of Transport Geography, 14(2), 135-151.
doi:10.1016/j.jtrange0.2005.05.003

171



508. Hao, Z. (2014). Railway passenger customer segmentation method
based on user preferences doi:10.4028/www.scientific.net/AMR.850-851.1028

509. Zhu, R., & Zhou, H. (2020). Railway passenger flow forecast based
on hybrid PVAR-NN model. Paper presented at the 2020 IEEE 5th International
Conference on Intelligent Transportation Engineering, ICITE 2020, 190-194.
d0i:10.1109/1CITE50838.2020.9231346

510. Liu, Y., Jia, J., & Li, K. (2021). Railway passenger inbound
streamline design and programme evaluation for temporary waiting based on the
linear weighted sum method. Paper presented at the Proceedings - 2021 2nd
International Conference on Urban Engineering and Management Science,
ICUEMS 2021, 140-145. doi:10.1109/ICUEMS52408.2021.00036

511. Chen, T., Zhou, Z. -., Zhang, J. -.,, & Ni, S. -. (2018). Railway
passenger service mode on “Internet+” doi:10.1007/978-3-319-70730-3_9

512. Chen, Q., Li, C., & Guo, W. (2009). Railway passenger volume
forecast based on IPSO-BP neural network. Paper presented at the Proceedings -
2009 International Conference on Information Technology and Computer Science,
ITCS 2009, , 2 255-258. d0i:10.1109/ITCS.2009.187

513. Li, W., & Feng, F. (2018). Railway passenger volume forecast based
on web search terms and adversarial nets doi:10.1007/978-3-030-00009-7_2

514. Chen, Q., Guo, W., & Li, C. (2009). Railway passenger volume
forecast by GA-SA-BP neural network. Paper presented at the 2009 International
Workshop on Intelligent Systems and  Applications, ISA 2009,
d0i:10.1109/IWISA.2009.5073021

515. Chen, X. (2009). Railway passenger volume forecasting based on
support vector machine and genetic algorithm. Paper presented at the 2009
International Conference on Future Computer and Communication, FCC 2009,
282-284. doi:10.1109/FCC.2009.81

516. Jiang, Y. N., & Zhao, Y. (2014). Research on hainan east ring railway
passenger market segmentation based on customer loyalty
doi:10.4028/www.scientific.net/AMM.505-506.794

172



517. Zhang, B., Guo, W., & Wang, Y. (2011). Research on harmony of
interior system of railway passenger cars
doi:10.4028/www.scientific.net/ AMM.44-47.1554

518. Yang, G., Shu, H., & Zhou, Y. (2016). Research on intracity OD
patterns of rail and bus passengers in a second-tier city: A case study of suzhou,
china. International Conference on  Geoinformatics, 2016-September
d0i:10.1109/GEOINFORMATICS.2016.7578964

519. Xu, L. -., He, D., & Zhao, Y. -. (2008). Research on model of traffic
mode choices in urban railway passenger hub based on combined RP/SP data.
Paper presented at the 2008 International Conference on Wireless
Communications, Networking and Mobile Computing, WiIiCOM 2008,
d0i:10.1109/WiCom.2008.2904

520. Jiang, L. C., & Chen, J. T. (2014). Research on safety evacuation of
large-scale railway passenger transport hub
doi:10.4028/www.scientific.net/ AMR.1030-1032.2095

521. Zhang, B., & Wang, Y. (2009). Research on the characters of interior
system of railway passenger car. Paper presented at the ISCID 2009 - 2009
International Symposium on Computational Intelligence and Design, , 1 253-255.
d0i:10.1109/1SCID.2009.70

522. Zhang, B. C., Guo, W. M., & Wang, Y. Q. (2011). Research on the
semantics encoding of interior system of railway passenger car
doi:10.4028/www.scientific.net/ AMM.52-54.144

523. Jiang, P., Wang, D., & Xing, Y. (2015). Risk analysis of general
accidents in china railway passenger transportation. Paper presented at the
Proceedings - 2015 7th International Conference on Measuring Technology and
Mechatronics Automation, ICMTMA 2015, 950-953.
doi:10.1109/ICMTMA.2015.232

524. Milenkovié, M., Svadlenka, L., Melichar, V., Bojovi¢, N., &
Avramovi¢, Z. (2018). SARIMA modelling approach for railway passenger flow
forecasting. Transport, 33(5), 1113-1120. doi:10.3846/16484142.2016.1139623

173



525. Adachi, E., Ohshima, S., & Higashi, M. (1990). Satisfactory design of
railway passenger cars using sensitivity analysis and empirical knowledge.
Transactions of the Japan Society of Mechanical Engineers Series C, 56(528),
2158-2163. d0i:10.1299/kikaic.56.2158

526. Yu, Z., Wu, H., Wu, M., & Chen, G. (2012). Speech corpus script
design for TTS system applied on railway passenger service information
broadcasting. Paper presented at the Proceedings of the 2012 International
Conference on Speech Database and Assessments, Oriental COCOSDA 2012, 97-
100. doi:10.1109/ICSDA.2012.6422455

527. Yi, C., & Lin, J. (2011). Study on car body vibration transmissibility
analysis approach for railway passenger carriage. Paper presented at the 2011 2nd
International Conference on Mechanic Automation and Control Engineering,
MACE 2011 - Proceedings, 5281-5284. doi:10.1109/MACE.2011.5988183

528. Deng, J., Geng, W., Liu, G., Kang, F., & Song, J. (2019). Study on
natural smoke exhaust characteristics of railway passenger station under the
influence of environmental wind. Paper presented at the 2019 9th International
Conference on Fire Science and Fire Protection Engineering, ICFSFPE 2019,
d0i:10.1109/ICFSFPE48751.2019.9055877

529. Pan, D., & Zheng, Y. (2010). Study on technology of reusing the
seats and its selling strategy in railway passenger transportation. Paper presented
at the 2010 Chinese Control and Decision Conference, CCDC 2010, 3359-3364.
d0i:10.1109/CCDC.2010.5498575

530. Huang, L., Lv, Y., & Ren, Y. (2013). Study on the assembling
regularity of passengers at large-scale railway station
doi:10.4028/www.scientific.net/AMM.253-255.1231

531. Chen, D., Ni, S., Li, C., & Liu, B. (2009). Study on the optimization
model of utilization scheme of railway passenger station tracks based on an
improved ACO algorithm. Paper presented at the 2009 2nd International
Conference on Intelligent Computing Technology and Automation, ICICTA 2009,
, 1415-418. doi:10.1109/ICICTA.2009.108

174



532. Wang, S., He, N., & Lv, X. (2011). System model of railway
passenger transport customer relationship management based on SOA. Paper
presented at the Proceedings - 2011 International Conference of Information
Technology, Computer Engineering and Management Sciences, ICM 2011, , 4
191-193. d0i:10.1109/ICM.2011.142

533. Feng, Y. S., Jing, D., Wei, S., Liang, K., & Shi, X. Y. (2013). The
compilation and study of design case for railway passenger car
doi:10.4028/www.scientific.net/ AMR.779-780.506

534. Chochola¢, J., TrpiSovsky, M., & Kudlackova, N. (2018). The
evaluation of the service quality performed by the rail passenger transport carriers
on the prague — ostrava region route: Primary marketing research. Paper presented
at the Transport Means - Proceedings of the International Conference, , 2018-
October 246-251.

535. Woodburn, A. (2017). The impacts on freight train operational
performance of new rail infrastructure to segregate passenger and freight traffic.
Journal of Transport Geography, 58, 176-185. doi:10.1016/j.jtrange0.2016.12.006

536. Yao, J., Liao, H., & Qin, G. (2010). The influence of urban traffic
reliability to railway passenger station maximum assembling passengers. Paper
presented at the 2010 International Conference on Intelligent Computation
Technology and  Automation, ICICTA 2010, , 3  844-847.
doi:10.1109/ICICTA.2010.750

537. Zhang, C., Shi, T., Yang, J., & Lv, X. (2019). The intelligent brain of
the passenger station for china railway high-speed (CRH). Paper presented at the
Chinese  Control Conference, CCC, : 2019-July  3733-3737.
d0i:10.23919/ChiCC.2019.8866259

538. Wang, Y., Zheng, D., Luo, S., Zhan, D., & Nie, P. (2013). The
research of railway passenger flow prediction model based on BP neural network
doi:10.4028/www.scientific.net/AMR.605-607.2366

175



539. Bukova, B., Brumercikova, E., Kondek, P., & Groma, P. (2017). The
usage of cognitive maps in the comparison of marketing mix of railway passenger
transport. Paper presented at the Procedia Engineering, , 187 498-5083.
doi:10.1016/j.proeng.2017.04.406

540. Jurkowski, W., & Smolarski, M. (2021). The influence of transport
offer on passenger traffic in the railway transport system in a post-socialist
country: Case study of poland. Bulletin of Geography.Socio-Economic Series,
53(53), 33-42. doi:10.2478/bog-2021-0021

541. Lewen, B., Chengyuan, M., Jun, Q., Shengde, Y., & Qin, W. (2020).
Traffic connection simulation evaluation of high speed railway passenger hub
based on VISSIM. Paper presented at the 2020 IEEE 5th International Conference
on Intelligent  Transportation Engineering, ICITE 2020, 427-433.
d0i:10.1109/1CITE50838.2020.9231359

542. Huang, J., & Peng, Q. (2007). Train stopping plan of dedicated
passenger traffic line. Paper presented at the International Conference on
Transportation Engineering 2007, ICTE 2007, 723-728.
d0i:10.1061/40932(246)119

543. Xu, X., Li, C. -., & Xu, Z. (2021). Train timetabling with stop-
skipping, passenger flow, and platform choice considerations. Transportation
Research Part B: Methodological, 150, 52-74. doi:10.1016/j.trb.2021.06.001

544. Zhao, W., & Yang, F. (2009). Users based land-use pattern on railway
passenger station area. Paper presented at the Proceedings of the 2nd International
Conference on Transportation Engineering, ICTE 2009, 4116-4121.
d0i:10.1061/41039(345)678

545. Averinskaya, S. A. (2009). Victimological characteristics of theft
victims on railway passenger transport. Criminology Journal of Baikal National
University of Economics and Law, (3), 11-16.

546. Borodin, A., & Prokofieva, E. (2017). Methods of substantiation of
specialization of railway lines. Transport Problems, 12(SpecialEdition), 35-44.
doi:10.20858/tp.2017.12.se.3

176



