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MOAENb OUIHKW NOANbHOCTI KIIEHTIB ABIAKOMIMAHII
MODEL OF ASSESSMENT OF LOYALTY OF AIRLINES ‘CLIENTS

Y cTaTTi po3rnAHYTO akTyanbHy npobrnemy gopmyBaHHA MoAeni OUiHKW NOANbHOCTI KMIEHTIB Ha
OCHOBI Teopii BWxuBaHHA. MeTa cTaTTi nonArae B po3pobneHHi MeToAoNOorii OUiHKN PiBHA NOANbLHOCTI
KMieHTIB aBiakoMnaHii. 3aanA aHani3y NpMYMH NOANbHOCTI KNiEHTIB aBiakoOMMaHii 4OCNiAXKY€ETbCA iX NoBe-
AiHKa, a came pM3KVK BIATOKY A0 iHWWX aBianepeBi3HMKIB Y/ BiAMOBM Big aBianocnyr 3aranom. IHCTpy-
MEHTOM OLiHIOBaHHA NOANBHOCTI KINIiEHTIB € aHani3 BMXXKMBaHHA, WO Aa€e 3MOry AOCNIANTN HacTaHHA NeB.-
HOI NoAii Ta OUiHNTY BNNUB iHWKX hakTopiB. 3a pe3ynbTaTaMmn po3paxyHKiB 3p06NeHo0 BUCHOBKN LWOAO0
KMo4yoBUX hakTopiB NOANBHOCTI NacaXXupiB aBiakoMMnaHii Ta pu3nky ix BTpaTu.

KniouoBi cnoBa: noAnbHICTb KMIEHTIB, aHani3 BMXXMBaHHA, MOAENb NPONOPLUIAHUX PU3MKIB, NOTIT,
npooir.

B ctatbe paccmoTpeHa akTyanbHaa npobnema hopMMpOBaHMA MOAENU OLLEHKW MOANbHOCTM KNun-
€HTOB Ha OCHOBe TeopuK BbkMBaHUA. Llenb cTaTbn 3aknioyaetcA B pa3apaboTke METOA0NOrMM OLEHKMN
YPOBHA NOANBHOCTUN KNNMEHTOB aBMakoMnaHun. [AnA aHannsa npu4YmH NOAMbHOCTU KNWEHTOB aBUakKoOM-
naHMn nccnenyeTca NX NoBeaeHne, a UMEHHO PUCK OTTOKa K APYrMM aBranepeBo3uynkam Mnum otkasa
oT aBMaycnyr B Lenom. /IHCTpyMeHTOM oLeHMBaHNA NOANBHOCTMU KIMEHTOB ABNAETCA aHanm3 BbKMBa-
HWA, YTO NO3BOMAET NCCNeaoBaTb HACTyMNNeHNe onpeaeneHHoro cobbiTuA N OUEHUTb BNNAHWE APYruX
thakTopos. [1o pe3ynbTaTamMm pacyeToB CAeNaHbl BbIBOAbI KacaTernbHO KNioYeBbiX (0akTOPOB NOANBHOCTU
naccaxvupoB aBuakoMnaHum n pucka nx notepu.

KnioueBble cnoBa: NoAnNbHOCTb KNMEHTOB, aHanm3 Bb>XXMBAHWA, MOAENb NPONOPLUNOHaNbHbIX PUCKOB,
norut, Nnpoéwur.

In the article the actual problem of forming a model of customer loyalty evaluation based on the theory
of survival is considered. The purpose of the work is to develop a methodology for assessing the level of
customer loyalty of the airline. There is no universal method for assessing consumer loyalty. There are
a number of techniques developed at different times by economists who have been studying loyalty.
In this article reviewed following methods of loyalty assessment: method of “needs separation”; tradi-
tional approach; conversion model; Aaker’s approach; NPS method; method of focus-groups; method of
Lamben; method of Servloyal. Due to the fact that the concept of loyalty is multifaceted, scientists have
developed several methods for its evaluation, which sometimes contradict each other. In order to analyze
the causes of loyalty of the airline’s customers, their behavior is investigated, namely the risk of outflow to
other air carriers or the refusal of air services in general. A tool to measure customer loyalty is a survival
analysis that allows you to investigate the onset of a particular event and evaluate the impact of other
factors. The well-known Cox model (proportional risk model) is used in various fields to assess the condi-
tional risk of an event occurring at given values of output characteristics. The model can be applied in any
case where it is expedient to use a survival analysis, that is, when it is necessary to investigate the onset
of a particular event and assess the impact of other factors. Cox’s regression is based on the assumption
that the attitude to risk remains constant for a long time. The Cox model is based on the assumption that
the function of risk (the function of the abnormality of the service of the airline) can be represented as a
product of two functions: the basic intensity function, which depends, for example, on the level of income
of the passenger, and the features of the characteristics being studied, such as age or sex. The function
of the signs and the same signs are chosen from the considerations of the object and research objec-
tives. Based on the results of calculations, conclusions were drawn about key factors of airline passenger

MATEMATHWYHI MET OZIH, MOZIE Al TA IH® OPMALIIMHI TEXHOAOT'T B EKOHOMILII



140

loyalty and the risk of their loss. To evaluate the parameters of a factorized model, we need not so many
observations, as was required for a non-factorized model. Important in this model is that the dependence
is multiplicative. This assumption is called the proportionality hypothesis. The linear probabilistic model
is easy to evaluate and use, but has some disadvantages. The two most important disadvantages are
that the estimated probability model may be less than zero or more than one and the partial effect of any
explanation of the variable (appearing as a level) is constant. These limitations of the linear probabilistic
model can be overcome using more complex models of binary selection. The regression model of binary
choice is a regression model in which the dependent variable is binary. The values of the factors in the
binary choice models should be measured on a quantitative scale. Also, in the binary choice model, cate-
gorical variables can be included as factors. Consequently, in models of binary choice, a regression model
is constructed of the dependence of the probability that the resultant dichotomous variable will accept a
value of 0 or 1 at a given value of the factors. As a special function in binary selection models, a logistic
function or a standard normal distribution function is usually used. Models of binary selection based on
logistic function are called logistic regression or logit model. Models of binary selection based on the
standard normal distribution function are called probity models. In the binary model of choice, the interest
is above all in the probability of the answer. It was analyzed data of logistical regression. It is worth noting
that not all values of the variables are significant. So, with 5% error, all payment systems, such as mé, m7,
and mT77, as well as this type of trip like Business. All other values of the variables are significant. It was
checked the significance of the variables in general using the anova function and the Xi-square method.
The logistic regression indicators are calculated using the function pR2. The boundary effects of the model
variables are calculated using the /ogitmifx function of the mfx library. As a result of the calculations, it can
be concluded that the larger the age of the user, the less probability of outflow. By the age of 40, the likeli-
hood that a person ceases to use the services of the airline increases by 2-4%, compared with a group of
people from 18 to 25 years. And after 40 years this probability decreases, that is, people after 40 years are
rarely 10-20% leave the company compared with a group of people from 18 to 25 years. By limiting effects,
changing of ticket type from Promo to Econom Plus by almost 20% reduces the risk that passenger refus-
ing to continue using the airline services. And when moving from Promo to Econom, this risk increases
by 2%. The constructed economic-mathematical model can be used to predict the loyalty of the airline’s
customers, provided that the system of factors is improved, on the basis of which it is possible to assess
the strategy of consumer behavior. It is proved that Cox regression is the best method for analyzing and
forecasting the risk of loss of clients, since it allows one to take into account not only the occurrence or not
occurrence of an event, but also the time when this loss may occur.
Key words: customer loyalty, survival analysis, proportional risk model, logit, probity.

[MPOBAEMH CUCTEMHOI'O TTIAXOZAY B EKOHOMILII

MocraHoBka npo6nemu. KepiBHMUTBO O6inb-
LIOCTi aBiakoMMaHi po3yMie HEOBOXiAHICTb OLiHIO-
BaHHA MOAMNbHOCTI CBOIX KMIEHTIB, OCKINbKN BOHA
€ MOKa3HWKOM YyCMiXy NiANpUEMCTBA Ha PWHKY
Ta OCHOBOIO AOBrOCTPOKOBMX i B3aEMOBUTIAHNX
BiHOCWMH 3i crnoxunBadamu. BumBuyeHHA cTyneHA
NOANbHOCTI KIEHTIB — Lle OCHOBa PO3pO6IeHHA
yNpaBniHCbKUX pilleHb B paMkax pob6oTu cuctemm
B3aEMOBIAHOCUKH 3 KnieHTamu. Kpim Toro, noansb-
HICTb BENMKOI KiNbKOCTI KNieHTiB pOpMy€e No3u-
TMBHY penyTauito aBiakomMnaHii, 3abeanedvytoun 3a
paxyHOK LbOro 3any4eHHA HOBMX Nacaxupi..

OnepaTVBHMIN MOHITOPUHI 3aranbHOroO pPiBHA
NOANbHOCTI KNIEHTIB Ta PIiBHIB NOANBHOCTI OKpe-
MMX KNIiEHTIB AacTb 3MOry eeKTMBHO yNnpaBnaTu
KnieHTcbkoto 6a30t0, TO6TO MakcMManbHO CKOpO-
TUTW BIATIK KMIEHTIB Ta 3any4yaTy HOBUX LUNIAXOM
opMyBaHHA KINiEHTOOPIEHTOBAHOTO iMiXKy aBia-
KOoMMaHii. ¥ 3B'A3KY 3 TUM, WO MNOKa3HWUK MOoANb-
HOCTI € BakNMBMM [ANA OUiIHIOBaHHA pe3ynbTarTiB
AiANbHOCTI aBiakoMnaHii, MoXyTb 6yTn BUKOpUC-
TaHi Pi3Hi METOAMKM ii OLLIHKW.

AHani3 octaHHiX pocnigkeHb i ny6nikauin.
Mepwnmm ocobnuey BaXkNUBICTb NOANBHOCTI Mia
yac ouiHoBaHHA edeKTUBHOCTI 6i3Hecy oxapak-
Tepuadysanu P. KannaH i . HopTtoH [1]. 3HauHui

BHECOK Y PO3BUTOK TEOPETUYHMX Ta MNPaKTUYHUX
METOAIB OUIHIOBAHHA NMOANBHOCTI Ta ynpaBniHHA
Helo 3pobunu Taki aBTopun, Ak O. Penxenba [2],
k. Xonep [3], M. OAnumuwwnu [4], k. Titomep [5],
[. Akcenbpog [6]. OgHak BapTo BiA3HAYMTK, LLO
[OCNIfKEHHA NOANBHOCTI CTOCYOTbHCA NEePEeBaXKHO
MapKeTUHroBoi chepu, apxe nobpe onpauboBaHa
Tema ynpaBniHHA NOAMbHICTIO, ane MeToAono-
riYHO NUTaHHA BU3HAYEHHA NOANbHOCTI KIEHTIB,
3acToCyBaHHA MOHATTA NOANBLHOCTI MiA Yac OUiHIo-
BaHHA eKOHOMiYyHOi echekTMBHOCTI Bi3Hecy 3anu-
LalTbCA BIAKPUTUMMU.

Mertolo cTaTTi € po3pobneHHA MeTomonorii
OUIHKM PIiBHA NOANBHOCTI KIIEHTIB aBiakOMNaHii.

Buknaa ocHOBHOro marepiany AOCRiAXKeHHA.
YHiBepcanbHOro MeToAy OLIHKW NOANbHOCTI cno-
>KMBaUiB He icHye. IcHye HM3Ka MeToaMK, po3po-
6neHnNx B Pi3HMI Yac BYUEHUMUN-EKOHOMICTaMU, AKi
3aMManunucb AOCNIMKEHHAMM NOANLHOCTI. Y 3B'A3KY
3 TUM, WO MOHATTA MOANbLHOCTI GaraTorpaHHo,
BYEHUMU Bynn po3pobneHi Kinbka MeToaiB ii oui-
HIOBaHHA, AKi iHOAI cyrnepeyaTb OAUH OAHOMY.

1) MeTtoa «noginy notpeb», 3a AKOro noAnb-
HICTb BMMIPIOETbLCA 3a MOKa3HMKaMW 4acToOTK Ta
3aranbHOi KiNbkKOCTi nepeBarn OfHIiei TOProeoi
MapKu rnepea ii KOHKypeHTamu.
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2) TpaanuinHui nigxia, wo nepenbayae BU3Ha-
YeHHA Yy NOKYNuUiB HaMipiB WoA0 npuabaHHA Npo-
AYKTY (AKLLO HaMip € BUCOKNM, TO BBa>KaeTbCA, LLLO
NoKyneub € NOAMbHUM).

3) KoHBepciliHa Mopenb, TOO6TO OUiHOBaHHA
PiBHA MPUXUIMbHOCTI 3a TaKNMW MOKa3HUKamu, AK
3a40BOMeHICTb 6peHaoM, HaABHICTb arnbTepHa-
TUBHMX BapiaHTiB, Ba>XNUBICTb BMOOpPY 6peHay,
piBEHb HeBMeBHEHOCTIi abo NOABINHOCTI BioHO-
CVHW MiA Yac yxBareHHA pilleHHA NPO MOKYynKy
(konuBaHHA).

4) Nipxin 0. Aakepa, wo 6a3yeTbcA Ha BUMIpPI
TaKMX MOKa3HWKIB, AK CMOCTEPEXXEHHA 3a Moae-
NAMM MOBEAIHKM MOKYNUiB (NOKa3HMKM MOBTOP-
HOI MOKynku), 06Mik BUTPaT Ha MNepeKioYeHHs,
3a[0BOMEHICTb, CTaBNEHHA OO TOProBOi Mapkwu,
NPUXUNBHICTb (KiNbKicTb B3aemoAii NPUXUINbHUX
NOKYMUIB 3 iHWIMMW NOKYNUAMN).

5) Metoa NPS, T06TO oOUiHIOBaHHA MoOKynuA
OO peKkoMeHaauii ToBapy CBOEMY OTOYEHHIO.
IHoekc NPS po3paxoByeTbcA 3a hopmMynoto:

NPS = BidcoTok npomoyTtepie — BiocoTok kpuTuKie.

MpunHATHMM BBaXkaeTbcA 3HaYeHHA Yy 40%.

6) Meton dokyc-rpynn, To6TO nNpoBeAEHHA
rMMBMHHOro (YOKYcOBaHOro iHTepB't0 y dopmi
Cepi rpynoBMX ANCKYCIN, WO Aa€ 3MOTY OUIHWUTK
CTaBMeHHA NoKynuA Ao 6peHAay.

7) Meton X.K. JlambeHa, 3a AKOro BW3Ha-
YEeHHA CTYMeHA JIOANbHOCTI MOKYMUIB BKIOYaE
[ocrnipKeHHA AKOCTI nepeBar MNpoaykLuii, aHanis
npouecy Ta AKOCTi O6GCNYyroByBaHHA, a TaKoOX
CNPVNHATTA LWiHHOCTI NpoAyKLii cnoXuBavyamu.

8) Mogenb SERVLOYAL, Aka KOMNNIEeKCHO oLi-
HIO€ CMiBBIAHOLWEHHA NOBEAIHKM MOKYNUIiB, CTaB-
NneHHA A0 6peHAy, KOrHITMBHMX Ta KOHATMBHUX
cKnagoBuMx, AOBiIpY NOKyNuUiB A0 6peHay Ta iHWmnX
NMOKa3HUKIB.

OnHak Bci BMwe3a3HayeHi metoam 6a3ytoTbeA
Ha eKCnepTHMX OUiHKax Ta He JaloTb 3MOry npu-
MMaTV pilleHHA WoAo ynpaBniHHA NOANbHICTIO
KNieHTiB 3aanA 30inblUEeHHA NacaXnupornoTokKy.
3aanA aHanisy NpuUYnH NOANbHOCTI KNiEHTIB aBia-
KOMMaHii JocnifpkyeTbcA iX NoBeAiHKa, a came
pV3VK BIATOKY A0 IHWWX aBianepeBi3HUKIB 4K
BiAMOBM Bin asianocnyr 3aranom. OgHMM 3 Baxk-
NNBMX IHCTPYMEHTIB AOCHIMKEHHA PU3NKY BTPaTH
KMiEHTIB € aHani3 BM>KMBaHHA.

Binoma moaenb Kokca (Moaenb nponopuinHnx
pY3KKiB) BUKOPUCTOBYETLCA B PI3HMX rany3ax AnA
OUiHIOBAHHA YMOBHOIO PUW3WKY HacTaHHA noaii
3a 3a4aHnX 3HauyeHb BUXiAHMX o3Hak [7]. Moaenb
Moxxe 6yTn 3acTocoBaHa B Oyab-AKUX BUNagkax,
KON [AOUINbHO BUKOPWUCTOBYBATWU aHani3a BUXKU-
BaHHA, TO6GTO KONV NOTPIGHO AOCNiIAVNTM HAacTaHHA
neBHOI NOAIi Ta OUIHNTW BANUB iHWKNX hakTopiB.

MNonaBa mopeni Kokca Ta 4yacTkoBOi nepcnek-
TMBM npaBoononibHOCTI BUKNWKana pPO3BUTOK
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CTAaTUCTUYHMX METOAIB, WO XapaKTepu3ylTbcA
perpeciiHuM MoAenioBaHHAM Mif4 4Yac aHanisy-
BaHHA BENWKUX MacuBiB AaHnx. OCHOBHUI BHECOK
B mopaeni Kokca 3 ornAaay Ha ii 34aTHICTb reHepy-
BaTW CMpPOLLUEHi Npoueaypun OUiHIOBaHHA Mia 4ac
aHanizyBaHHA paHuUX nonAarae B 3abe3neyeHHi
FHY4YKOro CTaTUCTMYHOro niaxoAy A0 MoAenio-
BaHHA CKNagHMX NpPOLECiB, MNOB'A3aHNX 3 BUMIp-
HMMW KoBapiaTamu [8]. AHani3 BMXMBAHHA AK
KpUTEpiA NOANbHOCTI KMNIEHTIB € YaCTUHOLO cTaTuUC-
TUKW, LLIO BMBYaEe yac noain [9].

Perpecia Kokca 3acHoBaHa Ha NpunNyLIEHHi, Wo
CTaBNEHHA 00 PU3NKIB 3anulIaeTbCA MOCTINHUM
NpPOTAroM AOBroro 4acy. Hespaxatoum Ha Te, WO
puM3nK Noaii MoXe 3MiHloBaTMCA 3 4YacoM, 3MiHU
NPOTAroM AOBroro nepiofy NoBUHHI 6yTn oaHaKo-
BUMW B yCix rpynax aHanidy. Lle npunyweHHA He
3aBXau BUMpaBaaHo, ane Mmoxe 6yt HabnuxeHo
ouiHeHo 3a ponomoroto kpmemx KannaHa-Meliepa
[10]. OTxe, perpecia Kokca nonArae B NporHosy-
BaHHi pU3nKy HacTaHHA noAii anA uboro o6’ekTa
Ta OUIHIOBaHHI BNNMBY 3as3ganerigb BU3HaYeHUX
He3ane>xHnx 3MiHHMX Ha uen puauk. Pnamk pos-
rnAnaeTbCA AK (PYHKUIA, WO 3anexuTb Big 4acy.
3ayBaXxnmo, o, OCKiNbkn pu3nkK — LLe He AMOBIp-
HiCTb, BiH MOXe NpMAMaTLX 3Ha4yeHHA BinbLue 1.

B ocHosi perpecii Kokca nonaraioTtb Tpn 6a30-
BMX NPUWMYLLEHHA:

— BCi NOACHIOOYi 3MiHHI He3anexxHi;

— BCi NOACHIOKOYiI 3MiHHI MiHIAHO BNNMBAIOTh Ha
PU3WK HacTaHHA noaii;

— PU3MKW HacTaHHA nogii anA 6yAb-AKUX
nBox 06’ekTiB B 6yAb-AKMIA BiAPi30K Yacy npo-
nopuinHi [11].

Mogaenb Kokca 3acHoBaHa Ha NpUNyLLEHHI, WO
dyHKUiO pnanka (pyHKLUiO iIHTEHCUBHOCTI BiAMOB
Bi4, Mocnyr aBiakOMMaHii) MOXXHa NpeacTaBuUTh Y
BUrNAAI LOOYTKY ABOX (PYHKLN:

h{t} = hﬂl{:t:l ' J"'{:le v Emd (1)

ne hu(t] —6a30Ba PyHKLUIA iIHTEHCUBHOCTI, AKa

3anexmnTb, Hanpwuknaa, Bi4 PiBHA AOXOAiB naca-

xupa; ¥{zy,.., Z,) — dyHKUIA 03HaK, AKi AoChioxKy-
I0TbCA, HaNpwuKnaa Bik abo cTaTb.

@OyHKUiA 03Hak Ta caMi o3Haku BMbGUparThCA
3 MipKyBaHb 06’ekTa Ta Uinen gocnipkeHHA. IHoAj
MoZernb 3anncyroTb Tak:

R[(8),(z1,.., 2] = ho(t) - explbyzy + -+ bpz,). (2)

ba3oBa oyHKUIA IHTEHCMBHOCTI hu(t] MOXKe
po3arnagaTnch AK PyHKLIA IHTEHCMBHOCTI Npu piB-
HOCTI HYIIO BCiX He3aneXHnx 3MiHHMX abo KoBa-
piaT. 3aranbHe 3aBoaHHA MoONArae B TOMy, LWO6
ouiHuTK Iy Ta Hesigomi koedpiuieHTn by, .., b, .
OcTaHHIO MOoAenb MOXKHa niHeapi3yBaTW LLMIAXOM
noainy o6ox 4acTuH CNiBBIAHOLWEHHA Ha Ta B3ATTA
HaTypanbHOro norapncpmy Big 060X YaCTUH:

log{h[(tl (le sz)]jhu{t)} = blzl + -+ bmzi"ﬂ . (3)
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[na ouiHloBaHHA NapamMeTpiB hakTOPU30BaHOI
Mozeni NoTpibHO He Tak 6Garato CNOCTEepeXKeHb,
AK ue O6yno noTtpibHo aAnA HedakTOopM3oBaHOI
mogaeni. BaxxnuBum B Wi Moaeni € Te, LLO 3anex-
HiCTb € MynbTMnnikatmeHot. Le npunyweHHA
Ha3WBaETbCA riNOTe3010 NponopLirHocTi [7].

JliHinHa MmoBIipHiICHA Mopaenb npocTa B oOui-
HIOBaHHI Ta BMKOPWUCTaHHI, ane mMae AeAki Heno-
nikn. Apa Hanbinbw BakNMBMX HeOONiKW Taki:
nopaxoBaHi 3a MOAENIO MMOBIPHOCTI MOKa3HUKN
MOXYTb 6yTK MeHLwe HynA abo 6inbwe oavHWULUI;
yacTKoBUI edekT 6yab-AKUX MOACHEHb 3MiHHOI,
o 3'ABNAETLCA Y BMIMAAI PiBHA, € NocTinHMM. Lli
06Me>XKeHHA MiHINHOI IMOBIPHICHOT MOAENi MOXHa
noaonaTu LWNAXOM BUKOPUCTaHHA 6inbLL ckNagHnx
mopaenen 6iHapHoro Bnbopy. PerpeciiHa moaenb
6iHapHOro Bubopy — uUe perpeciinHa moaenb, B
AKIN 3aneXkHa 3MiHHa 6iHapHa. 3HauyeHHA dakTo-
piB B MoaenAax 6iHapHOro BnM6opy NOBUHHI 6yTK
BUMIpPAHI KiNbKiCHOIO WKanoto. TakoX B MoAenb
6iHapHOro BMOOPY MOXXHa BKIo4yaTn KaTero-
pianbHi 3MmiHHI Ak cdakTopn. OTke, B Moaenax
6iHapHOro Bubopy 6yayeTbcA perpecinHa moaenb
3anexHOCTi MMOBIPHOCTI TOrO, L0 pe3ynbTaTuBHa
ANXOTOMiYHa 3MiHHa npuiiMe 3HadyeHHA 0 abo 13a
3a4aHOoro 3Ha4yeHHA hakTopiB.

Ak cneuianbHy dyHKLUiIO B Moaenax 6iHapHOro
BMOOpPY 3a3BU4Yali BMKOPMCTOBYIOTb JOMICTUYHY
dyHKUi0 abo hyHKLi0 CTaHAAPTHOro HOpManb-
HOro poasnoainy.

Mogenb 6iHapHOro BM60opy Ha OCHOBI NOTiCTNY-
HOi hyHKLUIi Ha3MBaETbCA NOTICTUYHOI perpecieto
abo norit-mogennto. Mogenb 6iHapHOro snbopy
Ha OCHOBI (PyHKUii cTaHAAapPTHOro HOPMAasbHOro
po3noainy HasneaeTbcA NpobiT-moaennio [12].

B 6GiHapHin mopeni Bn6opy iHTepec nonArae
nepL 3a Bce y MMOBIPHOCTI BiAMOBIAI:

P‘:} = llx} = P‘:.} = llxj_;ij "'Jxk) ’ (4)

[e X BUKOPUCTOBYETbCA AnA MNO3HA4YeHHA
NMOBHOTro Habopy MOACHKOBANbHUX 3MiHHUX

Xy Xy ey Xy

PosrnAaHemo knac mozene 6iHapHOro BiAryky:
P(y =1lx) = G(By + frxy + -+ Frxy) = G(Bp +x8), ()

Nie NOBMHHA BMKOHyBaTuch ymosa 0 < G(z) < 1
ANA BCiX AiCHNX Yyncen z.

HeobxigHo 3a3HaunTh, WO xf = fyxy) + -+ Frxy.

Pi3Hi HeniHinHI yHKUii 6ynn 3anponoHoBaHi anA
dyHKUii G, Wo6 MMOBIpPHOCTI BGynn Mi>X Hynem Ta
oavHuueto. 1o HMX HanexaTb NoriT- i NpobiT-moaeni.

Tak, y moaeni norit G € noricTuyHoto yHkK-
Lielo Ta 3anNNCyeTbcA Tak:

exp(z)

Glz) = = Alz). (6)

1+exp(=z) -

B mopeni npo6iT G € cTaHAapTHO HOpMarnb-
HOIO KYMYMATMBHOIO (PyHKLIiED po3noginy, Aka
BUpa>kaeTbCA Y BUrMALI iHTerpana:
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G(z2) = @(2) = [__¢()av, (7)
ne $(z) — ue ctaHaapTHa HOpPManbHa LWINbHICTb;
00 = o (Z) @

Mogaeni norit i Npo6iT NPakTUYHO iAEHTUYHI,
a BnbGip moaeni 3a3Bmyai AOBINbHWIA, X04a NOTiT-
MoZernb Ma€ NeBHi Nnepesaruv (npocToTa i nerkicTb
iHTepnpeTadii). OgHak napameTpu ABOX MoAaenen
mMaclwTabytoTbcA no-pisHomy. OuiHku napame-
Tpa B NOTICTUYHIN perpecii, AK NpaBuUno, BULLE Y
1,6-1,8 pasun, HiXX y BiANOBIAHIN Moaeni NpoobiT.

[na nobynosw noriT- Ta NpobiT-perpecii BUKo-
puUCTaHO nuwe MOMOBUHY AaHMX, Wo6u nepes.i-
pATM nobynoBaHy perpecito Ha OCHOBI ApYyroi
NMONOBUHW AAHUX.

Moaeni matoTb Takuii BUrnaa:

status ~ age + type + route + luggage.

Onpas3y HeobxigHO 3a3HaAYNTK, WO 3MiHHI age,
type Ta route € (hakTOPHNUMU 3MiHHMUMKU, TOBTO
iX nepwe 3Ha4eHHA He BMBOAUTBLCA B MiACYMOK,
a KoeqilieHT Npu IHWNX 3HAYEHHAX UMX 3MiH-
HMX MOKa3yloTb 3MiHY 3ane>xHoi 3MiHHOT Npu LKnx
3HAaYE€HHAX MOPIBHAHO 3 NEPLMMUN 3HAYEHHAMMU
3MiHHUX. Tak, AnA 3MiHHOT age NepLnuM 3HaYeH-
HAM, AKE He BMBOAUTbLCA B MiACYMOK, € iHTepBan
[18, 25] , anA 3miHHOI type — Promo, onAa route —
m1. 3miHHa luggage € 6ynesoto.

MoyHemo 3 norit-perpecii. Mogenb 6yna noby-
[loBaHa 3a ionomMoroto yHkUii g/m Ta aprymeHTy
family = binomial(link = “logit”), Akuih Bka3sye
came Ha Te, WO MoJernb € norictmyHoto. Pesynbrar
nobynoBaHOI MoAerni HaBeaeHo B Tabn. 1.

BapTo 3a3HaunTy, WO He BCi 3Ha4€HHA 3MiHHUX €
3Hauywumun. Tak, He3HauyLWumMn 3 noMmunkoto B 5%
€ BCi NnaTi>kKHi cuctemu, Taki MapwpyTty, Akmé6, m7,
Ta mT1, a TakoXX TakuUi TN Nois3aku, Ak Business.
Bci iHWI 3HaYeHHA 3MiHHMX € 3Hauywumun. Nepesi-
PVIMO 3HaYyLLICTb 3MiHHMX 3aranom 3a 0NOMOroto
dyHKUIT anova Ta meTony Xi-kBagpaty. Pe3ynbtatn
HaBedeHi B Tabn. 2. Tak, MaemMo, WO BCi 3MiHHi €
3HaYyLWUMK HaBiTb 3a nomunku B 1% [13].

HactynHum kpokom 6yno po3paxyBaHHA
NOKAa3HWKIB NOriCTUYHOI perpecii 3a AoONOMOroto
dyHKUii pR2 (Tabn. 3).

L/h - norapudmiyHa npaBAONOAIGHICTb;
BBaXXaeTbCA LLO YMM BOHa Oinblue, TUM Kpalle.
L/hNull — norapmndgmiyHa npaBoonoaibHicTe AnA
MoZeni nuwe 3 He3anexHot 3MiHHolo. G2 o3Ha-
Yyae MoABiMiHY Pi3HMLIO ABOX Nepuunx koediuieH-
TiB. McFadden — ncesnoR-kBagpaTt Mak-QeaeHa,
IO PO3PaxoBYETbCA AK OAWMHULA MiHYC BiAHO-
weHHA //h no /lhNull, a Takox BiAOMWI AK iHAEKC
BiAHOWeEHHA npaBaonodibHocTen. HalrimeHwmnm
NOro 3Ha4eHHAM € HyNb, NPOTE LEN MOKa3HMK
HiKONW He cArae oanHuui. B Hawomy Bnnaaky uen
KoeduiuieHT He € BUCOKMM Ta gopiBHioe 0,1544.
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Tabnuvua 1
Pesynbtart norictuuHoi perpecii
Coefficients Estimate Std. Error zZ-value Pr(>]z|)
(Intercept) 0,5667 0,0939 6,0380 0,0000
age[25,30] 0,5237 0,0533 9,8250 < 2e-16
age[30,35] 0,4287 0,0663 6,4630 0,0000
age[35,40] 0,2374 0,0716 3,3140 0,0009
age[40,45] -0,8791 0,0644 -13,6480 < 2e-16
age[45,50] -1,3908 0,0627 -22,1890 < 2e-16
age[50,Inf] -1,1008 0,0714 -15,4160 < 2e-16
Type Econom Plus -1,3744 0,1749 -7,8600 0,0000
Type Business 14,7700 226,1302 0,0650 0,9479
Type Econom 0,2249 0,0683 3,2940 0,0010
routem 10 0,7686 0,0989 7,7720 0,0000
routem 11 16,1585 356,7761 0,0450 0,9639
routem 12 3,0039 0,5051 5,9470 0,0000
routem 13 2,9517 0,2157 13,6820 < 2e-16
routem 14 2,2595 0,5825 3,8790 0,0001
routem 2 0,6120 0,0618 9,9020 < 2e-16
routem 3 0,8019 0,0917 8,7470 < 2e-16
routem 4 2,5764 0,0918 28,0660 < 2e-16
routem 5 3,0367 0,3680 8,2520 < 2e-16
routem 6 16,1133 192,1641 0,0840 0,9332
routem 7 16,4245 136,6763 0,1200 0,9043
routem 8 0,8771 0,1061 8,2660 < 2e-16
routem 9 0,3726 0,1249 2,9820 0,0029
luggage 0,1925 0,0534 3,6030 0,0003
LDieperno: pospaxosaHo agBTopom Ha 0CHoei 0aHux asiakomnaHii TOB «AK «bpagon»
Tabnuua 2
MepeBipka 3HauywocTi 3MiHHMX NOTiCTUYHOI perpecii
Variable Df Deviance Resid.Df Resid.Dev Pr(>Chi)
NULL - - 23 210 23 059
age 6 1274.71 23 204 21784 <2.2e-16
type 3 157.39 23 201 21627 <2.2e-16
route 13 2115.01 23188 19 512 <2.2e-16
luggage 1 12.81 23187 19 499 0.0003454
LDiceperno: pospaxosaHo aBTopomM Ha 0CHO8I 0aHux asiakomnaHii TOB «AK «bpagon»
Tabnwuua 3
Busin dyHkuii pR2 ana norictuuHoi perpecii
llh llhNull G2 McFadden
-9749.5320 -11529.4900 3559.9230 0.1544

LDbiceperno: pos3paxoeaHo agTopoM Ha 0CHo8l 0OaHux asiakomnaHii TOB «AK «bpago»»

Hapani 6ynn po3paxoBaHi rpaHu4yHi edektn
3MiHHUX MoAeni 3a AonoMoro QYyHKLUIT /ogitmifx
3 6ibniotekn mifx (tabn. 4).

3a pesynbTaTaMmy po3paxyHKiB MOXHa 3po-
61T BMCHOBKMW, WO 4YMM 6Ginblwe BiK Kopuc-
TyBaya, TMM MeHLWe WMMOBIipHicTb BiaTOKy. [oO
40 pokiB MMOBIpHICTb TOro, WO fOANHA NPUNn-
HWTb KOPWUCTYBaTUCb MOCIyramu aBiakoMnaHii,
36inbwyetbcA Ha 2-4% nNOpPIBHAHO 3 Tpynoto
niogen Bikom Big 18 oo 25 pokie. lMicna 40 pokis

MATEMATHWYHI MET OZIH, MOZIE Al TA IH® OPMALIIMHI TEXHOAOT'T B EKOHOMILII

uA MMOBIpPHICTb 3MeHLYyeTbcA, TOOTO nioaun
nicnAa 40 pokis pipwe Ha 10-20% 3anuwatoTb
KOMMaHilo NOPIBHAHO 3 rpynoto nioaen Bia 18 no
25 pocis..

3a rpaHu4YHUMUK epekTamMmm 3MiHa TMNY KBUTKA
3 Promo Ha Econom Plus manxe Ha 20% 3meH-
LWy€e PM3UK TOrO, O KOPUCTYBay BiAMOBUTLCA BiA
noJanbWoro KOPUCTyBaHHA NoOcnyraMmn KomMnaeii,
a nig yac nepexony Bia Promo Ha Econom uen
pn3ukK 36inbwyeTbeA Ha 2%.
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Tabnwuusa 4
I'paHunuHi echbexTn noricTuuHoi perpecii

Variable dF/dx Std. Err. z P>|z|
age[25,30] 0,0454 0,0894 0,5078 0,6116
age[30,35] 0,0365 0,0724 0,5041 0,6142
age|[35,40] 0,0212 0,0420 0,5058 0,6130
age[40,45] -0,1M14 0,1877 -0,56937 0,5527
age[45,50] -0,2060 0,3014 -0,6836 0,4942
age[50,Inf] -0,1527 0,2404 -0,6353 0,5252
Type Econom Plus -0,2144 0,3020 -0,7099 0,4777
Type Business 0,142 0,2280 0,5006 0,6166
Type Econom 0,0223 0,0429 0,5203 0,6029
routem 10 0,0561 0,1146 0,4894 0,6245
routem 11 0,1108 0,2328 0,4761 0,6340
routem 12 0,1055 0,2275 0,4636 0,6429
routem 13 0,1073 0,2306 0,4651 0,6419
routem 14 0,0958 0,2060 0,4649 0,6420
routem 2 0,0506 0,1007 0,5024 0,6154
routem 3 0,0612 0,1236 0,4946 0,6209
routem 4 0,1477 0,2973 0,4968 0,6193
routem 5 0,1062 0,2290 0,4639 0,6427
routem 6 0,1182 0,2215 0,5336 0,5936
routem 7 0,1307 0,1885 0,6935 0,4880
routem 8 0,0622 0,1275 0,4877 0,6258
routem 9 0,0312 0,0627 0,4974 0,6189
luggage 0,0196 0,0373 0,5256 0,5992

BucHOBKM 3 npoBeAeHOro AOCHIAXKEHHA.
Takmm 4mHOM, nobynoBaHa €eKOHOMiKO-MaTe-
MaTMyHa mMoAenb Moxe 6yTM BUKOpWUCTaHa AnA
NPOrHO3yBaHHA NOANbHOCTI KINIEHTIB aBiakoMna-
Hii 3@ YMOBW BOOCKOHaNEHHA CUCTEMU YMHHUKIB,
Ha OCHOBi AKMX MOXXHa OUIHUTW cTpaTerito noese-

AOiHKKn cnoxuneada. [loBeaeHo, wo perpecia Kokca
€ HalKkpaliMm MeToaoM aHanidyBaHHA Ta MNPOrHo-
3yBaHHA PU3MKY BTPaTU KIEHTIB, OCKiNbKM Aae
3MOTy BPpaxoByBaTh He Nnlle NOKa3HWK HacTaHHA
YW He HacTaHHA NoAii, ane 1 yac, KOnu uA BTpaTa
Moxke BinbyTuch.
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