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ONTUMI3AIIA CKJAJIY HOBITPSTHOI'O ITAPKY ABIAKOMITAHII METOJIAMHA
KOMBIHATOPUKU TA PETPECIMHOI'O AHAJI3Y

Ilpeocmasnenuit nioxio 00 NpPocHO3Y8aAHHA egexmusHocmi onepayiunoi OiibHOCMI
ABIAKOMNAHII 3 BUKOPUCMAHHAM Memooi8 KOMOIHAMOPUKU Ma pecpecilinoco aHanizy 3 Memorio
3HAXOOJCEHH ONMUMANLHO20 CKIA0y NOBIMPAHO20 NApKy Ol 3a0e3nedenHs MIiHIMATbHOT
sapmocmi asianepege3ensb 3a YMOBU MAKCUMATbHO20 3A0080IeHHs NONUMY HA MPAHCNOPMYBAHHS 3
VPaxy8aHHAM 0OMeHCeHb HA KINbKICMb IIMAKI6 PI3HUX MUNIE.

Knrwowuosi cnosa. egpexmusnicme asianepesezenv, KilbKicmb JimMAakKie, mMemoo NOEOHAHHS,
MemoO  akmopianis, nacadxdcupomicmkicms, NONUM, pecpecituHa Mooelb, cobigapmicme
nepenbomy, mun iimaka.

IlocranoBka npodjemu. [Iporao3yerbes, M0 00CATH MACAKUPCHKUX aBialepeBe3eHb, SKI
pi3KO BIAJIM Yepe3 HeraTUBHUM BIUIMB MaHaeMii kopoHasipycy COVID-19, BinHOBIATECS O1M3bKO
2023 poky. 3a ominkamu ekcreptiB IATA, cBITOBHI MONUT Ha Macaxupcbki nepese3eHHs B 2021
pori 6yzne Ha 24% nuxue piBHA 2019 poky 1 Ha 32% HIKYE IPOrHO3Y, 3p0o0IeHoro B xoBTHI 2019
poky. lle 3acHoBaHO Ha OUIbII MOBUILHOMY BIJHOBJIEHHI €KOHOMIK KpaiH CBITY 1 HasBHOCTI
oOmexxeHb Ha moi3aku [1]. Ilpm opramizamii HOBUX MOBITpSHMX JIiHIA a00 TpHU 3MiHI MONMTY 3a
ICHYIOUMMH MapIIpyTaMyd TICTsI 3aBEpIICHHS TMaHIeMii aBlakKOMIMaHii MOXYTh 3IIITOBXHYTHUCH 3
npobaeMaMH ONTHUMI3ALLT CKJIaay MOBITPSHOTO MapKy Ta mepeposnoaity mnositpsaux cyaeH (IIC) 3a
BU3HAUEHUMH peiicaMu JJIsI MaKCUMaJIbHOTO 3aJ0BOJICHHS ICHYIOUOTO TONUTY Ha aBlallepeBE3EHHs 3a
YMOBH MiHIMi3allii BUTPAT aBiaTpaHCIIOPTHOTO MiANPHEMCTBA. MaTeMaTHYHUM arapaToM, sIKUil JOLUIBHO
BUKOPHCTOBYBAaTH JUISI PO3PaXyHKY ONTHUMAIGHOTO CKJIaIy TIOBITPSHOTO TApKy aBlaKOMIIaHIi, €
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koMmOiHaTtopHi Metonu [2; 3] Ta perpeciiiHmii aHamiz [4; 5], mis ontuManbHoro posmnoauty IIC 3a
BCTaHOBJICHHMH HAIPSIMKAMH aBiallepeBe3eHb — TPAHCIIOPTHA MOJIEb [6; 7].

AHai3 ocTaHHIX docjimkeHb Ta myoOJikanii. [Ipu mpoBeneHHI MOCHIKEHb HAYKOBIII
aKIICHTYIOTh yBary Ha ONTHMAJbHIA OpraHizamii MacaXwupo- Ta BaHTAKOMOTOKIB IS
MaKCHMAJIbHOTO 3a/{0BOJICHHS TMOIKTY Ha TPAHCIOPTYBaHHS 3 MiHIMaJbHUMH BHUTpaTamu [8-11],
ajyie He BPaxoOBYIOTh IPHU IIbOMY BIUIMB Ha COOIBapTICTh MEepeBe3eHh KOMOIHAIIIO TUIIIB aBlalliiHUX
TPAHCIIOPTHUX 3aC00iB.

B [12] npencraBiieHO TpaHCIOPTHY MOJIENb, IO JO3BOJIAE 3HAXOAUTH ONTUMAIbHUN
posnoain IIC 3a BualIeHMMH MapIipyTamMd 3 MIiHIMaJbHOIO BapTICTIO aBiallepeBe3eHb 32 YMOB
BUKOHAHHS HAKJIaJICHUX OOMEKEHb Ha 0OCSTH MacaKUPOIOTOKY, KITbKICTh Ta MACAXKUPOMICTKICTh
HasBHux [IC. IIpobGnema ¢dopMyBaHHS ONTHUMAILHOTO CKJaay MOBITPSHOTO MapKy aBlakOMMaHii
00roBOproBaach Ha MDKHAPOTHUX HAYKOBO-TIPAaKTUYHUX CeMiHapax Ta koH(pepeHuisx [13; 14].

Mera Ta 3aBAaHHsl cTaTTi. METOIO MOCHIIKEHHS € BHU3HAYEHHS OINTHMAJIbHOTO CKIIAay
HOBITPSIHOTO TTapKy aBiakOMITaHii Iyisi MiHiMi3alii BapTOCTI BUKOHAHHS aBiallepeBE3eHb 32 YMOBHU
MaKCHMAJILHOTO 33/I0BOJICHHSI MIOMUTY Ha TPAHCIOPTYBAHHS 3 YpaXyBaHHSAM KUTBKOCTI JITAKiB Pi3HUX
TUIIIB 32 JIOTIOMOTOX0 METO/1iB KOMOIHATOPHUKH Ta PErpeciiHoro aHai3y.

3aBHaHHs JOCHIIKEHHS:

— (opmanizyBaru 3amady BHU3HAYCHHS MaKCHMaJIbHOI €(DEeKTHBHOCTI aBiamepeBe3eHb y pasi
pizHoi komOinarii Tumis I1C;

— CIIPOTHO3YBAaTH €(QEKTHBHICTh BUKOHAHHS aBiallepeBE3CHb aBIAaKOMIIAHIEID 3 PI3HOIO
KOMOIHAIII€10 TUITIB JIITAKIB 32 JOIIOMOT'OI0 PETPECIHOrO aHali3y;

—Merofgamu  (haKTOpialliB Ta TOETHAHHS BHU3HAYUTH KUIBKICTP MOMKIIUBUX KOMOIHAIIIH
JiTaKiB pI3HUX THUIIB 32 YMOB J03BOJy Ta 3a00pPOHM Ha BIJIMIHHICTH MOPSJKY PO3TALIyBaHHS 1
nostopiB I1C y rpymi.

Buknan ocHoBHOro matepiany. Y BY3bKOMY CEHCl KOMOIHATOpHMKa IpEACTaBIsie cOOO0I0
HIJPaxyHOK Pi3HUX KOMOIHAIIIH, sIKI MOYKHA CKJIACTH 3 JESIKO1 0€3J114l AUCKpEeTHUX 00°eKTiB [2; 3], y
HamoMmy Bunaaky — IIC. IIpuHIMIOBO BaXJIMBO, IO IIi OO0 €KTH MiAAIOThCA MiJIPaxyBaHHIO
(IMCKpETHICTh), Ta 110 CEpe] HUX HeMae oJHaKoBUX. HalimommpeHimmMu BUJaMu KOMOIHAIN €
nepecTaHOBKU 00’ €KTIB, IX BUOIpKa 3 Oe3:miui (MOeAHAHHS) 1 pO3MOALT (PO3MIIIIEHHS).

dopmaitizyeMo 337auy BU3HAYEHHS MaKCUMallbHOI e(eKTHBHOCTI aBianepeBe3eHb E y pasi
pizHoi kinbkocTi I1C n; pisHux tunis m; (1):

E = maxmin (y;i-Yoi), 1)
ae 1uiapoBa GyHkis (2-3):
m |
yi = 22 2.C X, — min; (2)
j=1k=1
Yoi = f(Xj1); (3)
oomesxenns (4)—(7):
YiYoi < 0; (4)
Zixjkzaj,jzl,m; (5)
=
| _
> X =b, k=11; (6)
k=1 - o
XijO,j:].,m,k:l,I, (7)

1e Vi, Yoi — BIAMOBIAHO (paKTUYHA Ta OYiKyBaHA MiHIMaJIbHi BAPTOCTI aBiariepeBe3CHb;
Cjk — co01BapTICTh NepenboTy Ha J-My Tl IIC 1o k-ro myHKTY npu3HadeHHs, y.0.;

aj — 3aranpHa KibKicTs 11C n; Tumy mj, mr.;

bk — mOMUT Ha MacaXMPOIIEPEBE3CHHS 10 K-T0 MyHKTY MPU3HAYCHHS 3@ MICSI[b, YOJI./MIC.;
Xjk — KutbkicTb IIC N; Tumy mj, Ky HeoOX11HO BUALUTUTH Ha K-Ty MOBITPsHY JIHIIO, IIT.
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Posrnsinemo npukiiag BU3HAUEHHS ONTUMAJIBHOTO CKJIQAY MOBITPSHOTO MapKy aBiaKOMIIaHii,
sIKa Ma€ B HassBHOCTI JiTaku tuniB b-737-200, b-737-300, b-737-400, b-737-500 Ta BUKOHYE€ peiicu
3a mapmpyramu KuiB — Adinu, KuiB — Amxaban, Kuip — bynanemr, KuiB — Bapmaga. Ilpu
pO3paxyHKax BpaxOBaHO MACaXUPOMICTKICTh koxkHoro tuny [IC mpu HamaHHI MOCIYr €KOHOM-
KJacy, co0iBapTiCTh MEPENbOTY Ta MOMHMT Ha mepeBe3cHHs [12]. Buximni gaHi [is po3B’s3aHHS
3ama4i oTpuMaHi 3 MoHOTrpadii 3 eKOHOMIKM IUBUIBHOI aBiamii Ykpainu [15], caiitiB Jlep:xaBHOI
aBiamiitHoi ciy>xOu Ykpainu [16] ta Airlines Inform [17].

CrporHo3yeMo eQeKTUBHICTh BHKOHAHHS aBialiepEeBE3CHb AaBIAKOMITAHIEID 3 HAsSBHOIO
pisnoro kombinariero tumi I1C 3a gomomororo perpeciiinoro anamisy [18-20].

Js nouatky OyneMo BBaXKaTH, IO KUIBKICTh JITaKiB nj PI3HUX THUIIB m; OAHAKOBa (nj =
const, mj # const, I =1,m, j=1,n):

N14 = 1 (Maemo mo oxHOMYy Jtitaky THmiB b-737-200, b-737-300, b-737-400, b-737-500);

N1-4 = 2 (Maemo 1o jaBa jitaku i b-737-200, b-737-300, b-737-400, b-737-500);

N14 =3 (Maemo 1o Tpu Jitaku tumiB b-737-200, b-737-300, b-737-400, b-737-500);

N1-4 = 4 (Maemo 1o YoTupH Jitaku tumiB b-737-200, b-737-300, b-737-400, b-737-500).

Jia koxxHOi KoMOiHawii oTpumaHa (akTruHa (UiTboBa QYHKIIA yi) Ta OUiKyBaHa (perpecis
Yoi) MiHIMallbHa BapTICTh IMEPEBE3CHb 32 YMOB BHKOHAHHS HAKJIAJCHUX OOMEXEHb Ha 00CSTH
MacakKUPOIOTOKY Ta macakupoMictkictb HagBHUX [1C (Tabm. 1, puc. 1).

Tabnuys 1
PesyabTaTh perpeciiiHoro anajisy
y pa3i Kom0OiHalii 0IHAKOBOI KIJILKOCTI Pi3HUX THHIB JITAKIB
No 3/m1 Kinbxkicts [1C n; Tumy inpoBa QyHKIIIA Yi, Perpecis, y,;, Bigxunnenus
B mj, X TpH. TpH. (Yi-Yoi), TpH.
1 1111 42700 38335 4365
2 2222 77800 81745 -3945
3 3333 119950 125155 -5205
4 4444 173350 168565 4785
200000 -
@
150000 -
-
100000 -
>
= ¢y
50000 - & CMNepeabayeHe y
O I I T I |
0 1 2 3 4 5
X

Puc. 1 Perpeciiinnii anaJji3s y pa3i komOinamii
0JIHAKOBOI KUILKOCTI Pi3HUX THIIB JiTaKiB

Bunno, mo y pa3i koMmOiHaIii 0JHAKOBOI KiTBKOCTI PI3HUX THIIB JTaKiB MaKCHMalbHa
e(heKTUBHICTh BUKOHAHHS aBlaliepeBE3CHb aBIaKOMITAHIEIO OYIKY€ETHCS TIPU HAsIBHOCTI TPHOX JIITAKIB
YOTUPHOX PI3HUX THUIIIB!
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E = maxmin (Y;-Y,;) = maxmin (4365; -3945; -5205; 4785) = -5205 rpH.;
yi'yoi SO
PosrasiHeMo pe3ynbTaTtu perpeciiHoro aHamizy BUOIpKHU 3 11 MOKIMBUX KOMOIHAIIIH JIITaKiB

Ni pisHux THHIB m; (N; # const, m; # const, i=1m, j =1,Nn) 3a ymoBu no3Bony Ha BimMiHHICTH
HOPS/IKY pO3TAIlyBaHHS Ta MOBTOPEHHS €JIEMEHTIB y TpyIii (Tadi. 2; puc. 2).

VY pasi koMOiHamii pi3HOI KUIBKOCTI PI3HMX THIIB JIITaKiB MaKCHUMallbHa €(EKTHBHICTh
BUKOHAHHSI aBlaliepeBe3¢Hb aBIAKOMIIAHIEID OYIKYETHCS MPH HASBHOCTI JIBOX JIITAKiB YOTHPHOX
PI3HHX THIIIB:

E = maxmin (y;-Yoi) = maxmin (16398; 12959; 3520; -418; -9257; -20095; -21684; -25073;
6139; 150; 37661) = -25073 rpH.;

yi'yoi SO
Tabnuys 2
PesyabTaTh perpeciiiHoro anajisy
y pa3i komOiHawii pi3HOI KiJIbKOCTi Pi3HUX THIIIB JITaKiB
Ne Kinekicts T1C n; Trmy LlinpoBa GyHKIA Y;, Perpecis, yoi, Binxunenns
3/1 mj, X IPH. IPH. (Yi-Yoi), TpH.
1 1111 42700 26302 16398
2 2111 50200 37241 12959
3 1112 51700 48180 3520
4 2211 58700 59118 -418
5 1122 60800 70057 -9257
6 1113 60900 80995 -20095
7 1114 70250 91934 -21684
8 2222 77800 102873 -25073
9 3333 119950 113811 6139
10 4134 124600 124750 150
11 4444 173350 135689 37661
200000 -
180000 - R
160000 -
140000 - O
120000 - 8 L
> 100000 - . O
80000 O .
(] L
60000 - ) L L 4
40000 | ¢ E : *Y
20000 1 . O Mepegbayene y
0 | | | | |
0 2 4 b 8 10 12

Puc. 2 Perpeciiinnii anani3 y pasi komoinaunii
Pi3HOI KiJILKOCTI Pi3HUX THIIB JIITaKiB
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Meroaom dakropianiB (8) BU3HAUMMO KiJIBKICTh MOXKJIMBHX KOMOIHAIlIM JITAaKiB N pi3HUX

taniB m; (N # const, m; # const, i=1m, j =1,N) 3a ymoBHM 103BOJy Ha BiAMIHHICTH TOPSIKY
po3tauryBaHHs Ta 3a60ponu nosropis [1C y rpymi:

ni=n!=4! = 1x2x3x4 = 24. (8)

ToOt0, MoxHa chopmyBaT 24 TPyNH, B SKUX KUIBKICTH JITaKiB KOXKHOTO 3 YOTHPHOX THIIIB
MOJKE 3MIHIOBATHCH Bi/l OTHOTO JI0 YOTHPHOX.

Metonom noenHaHHg (9) BU3HAYMMO KUTBKICTh MOMJIMBHUX KOMOIHAIIN JITaKkiB N pi3HUX

TaIiB m; (N # const, m;j # const, i:1,_m, ] =1,_n) 3a YMOBU 3a00pOHHM Ha BIJMIHHICTH MOPSIKY
po3tamryBaHHs Ta moBTopiB I1C y rpymi:
. n! 4 24

C, = = = =1 9)
m(n—m)! 4(4—4) 24.1

B namoMy BUMaaKy MOJIMBUHM TUIBKM OJUH BapiaHT MOEJIHAHHSA JITAKiB YOTUPHOX PI3HUX
TUIIB Y TPYIY 3 YOTHPHOX €JIEMEHTIB.

BucHoBKM i mepcmeKTHBM NOAAJBINMX NOIIyKiB. MeTtoau KOMOIHATOPHKH —Ta
perpeciitHoro aHajizy AOLIIFHO BUKOPUCTOBYBATH ISl IPOTHO3YBaHHS €()EKTUBHOCTI OIepariitHoi
JISUTBHOCTI aBiaKOMIIaHii 3aBIsSKHM 1X 3aTHOCTI 3HAXOIUTH ONTHMalbHUN ckian napky IIC ms
3a0e3rmeueHHsT MiHIMAIBHOI BapTOCTI aBialepeBe3eHb 32 YMOBH MaKCHMAaJIbHOTO 3a/I0BOJICHHS
MOMUTY Ha TPAHCIIOPTYBAHHSA 3 YpaxyBaHHSIM 0OMEXEHb Ha KUIbKICTh JIiTaKiB pi3HUX TUMIB. Hanami
IUTAaHYETHCS PO3PAXYHOK MiHIMAIbHOI €(heKTUBHOCTI Yy pa3i pi3Hoi KibKocTi [1C pi3HuX THMIB.
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OPTIMIZATION OF THE AIRLINE'S AIR FLEET COMPOSITION BY THE
METHODS OF COMBINATORICS AND REGRESSION ANALYSIS

Abstract. When organizing new airways or when the demand for existing routes changes
after the end of the COVID-19 coronavirus pandemic, airlines may encounter problems with
optimization of the air fleet composition and redistribution of aircraft on certain flights to maximize
the existing demand for air transportation while minimizing the costs of the air transport company.
Mathematical apparatus, which should be used to calculate the optimal composition of the airline's
fleet, is combinatorial methods and regression analysis, for the optimal distribution of aircraft in
the established directions of air transportation — the transport model.
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In carrying out the research, scientists focus on the optimal organization of passenger and
cargo flows for maximum satisfaction of the demand for transportation with minimal costs, but do
not take into account the impact on the cost of transportation by the combination of aircraft types.

The purpose of the research is to determine the optimal composition of the airline's air fleet
to minimize the cost of air transportation, provided maximum demand for transportation with
taking into account the number of aircraft of different types using methods of combinatorics and
regression analysis.

The formalization of the problem of determining the maximum efficiency in the case of
different numbers of aircraft of different types is presented. An example of finding the optimal
composition of the air fleet of airline, which has aircraft types B-737-200, B-737-300, B-737-400,
B-737-500 and performs flights on routes Kyiv-Athens, Kyiv-Ashgabat, Kyiv-Budapest, Kyiv-
Warsaw, is considered.

The efficiency of air transportation with the different combination of aircraft types is
predicted by regression analysis. For each combination, the actual (target function) and expected
(regression) minimum cost of transportation is obtained. The maximum efficiency of air
transportation in the case of a combination of the same number of different types of aircraft is
expected in the presence of three aircraft of four different types and in the case of the combination
of the different numbers of different types of aircraft — two aircraft of four different types.

The number of possible combinations of aircraft of different types under the conditions of
permission and prohibition on the difference of the order of location and repetitions of aircraft in
the group is determined by the methods of factorials and combinations.

It is proved that the methods of combinatorics and regression analysis should be used to
predict the efficiency of the airline's operational activities due to their ability to find the optimal
composition of the aircraft fleet to ensure the minimum cost of air transportation provided
maximum satisfaction of transportation demand with restrictions on the number of aircraft of
different types.

Key words: air transportation efficiency, aircraft type, combination method, demand,
factorial method, first cost of flight, number of aircraft, passenger capacity, regression model.

Ooeporcano peoaryiero: 15.01.2021 p.
Ipuiinamo oo nyonikayii: 21.01.2021 p.

61



