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B naHHOI cTaThe paccMOTpeHa 3ajaya KIacCU(PUKALKKM M HEKOTOPbIE HHCTPYMEHTHI IS €
peLIeHus Ha IpuMepe MoJiesiell TMCKpeTHOro Bbibopa. Cpeiu npeyioxKeHHbIX MOJIeIel Ipe-
MOYTEHHE OTHAETCS JIOTHT- ¥ MPOOUT-MOEINSAM B CBSI3H C MX «HEHIPUXOTIUBOCTBHIO» K BXOJ-
HbIM (akropaM. [Ipu 3TOM BO3HHMKAaeT 3aKOHOMEPHBIH BOIPOC O BO3MOXKHOCTH BBEJICHHS HO-
BOIT MOJIENIH, B OCHOBE KOTOPO# Oy/eT j1exaTh HeKOTOpask (PyHKIMS, OTINYHAS OT JIOTUCTUYE-
CKOI1 — JUIsI JIOTHT-MOJIENN X HOPMaJIbHOH — JUIs IPOOUT-MOJIENH COOTBETCTBEHHO. B paszene
«ITocTaHOBKA 3a[ja4¥ U METO/IbI PELICHHUS TOAPOOHO OMHUCHIBACTCS MaTeMaTH4YecKas hopmy-
JIMPOBKA U IPUBOAATCS MOSCHEHHs, Kacaloluecs BO3MOXHOCTH BBEJICHHs HOBOH MOJENH, a
TaKoke 0003HAYCHBI CYIIECTBYIOIINE UL 9TOr0 orpaHndeHus. Kpome Toro, onuceBaeTcs pas-
paboTaHHbIH HOBBIA METO]] OILICHUBAHHS MapaMeTpOB KiacCHPUUIHUpyoiei QYHKINH, OCHO-
BaHHBIM Ha NIPUMEHEHHH HOBOTO paclpeieleHHs. B kauecTBe HOBOro pacmpereieHusl BBO-
nuTest 3akoH Jlammaca ¢ Hen3BecTHBIME napaMeTpamu. HoBast mporienypa Kiaccuukammm 3a-
KJTI0YAeTCs B PEIICHUM ABOMHOM 3a7audl ONTUMU3ALMU: MHHUMH3AIUH (QYHKIHU IIPaBIOIO-
n00ust TIpy MoAGOpe ONTHMATIBbHBIX KOIPOUIHEHTOB IS KiIacCHOUIUPYOMIeH GyHKIMN 1
MIHUMH3AIMH 3HAYSHNs BETUYMHBI OIIHOKH KJIacCH(HUKAINH IyTeM BapbUPOBAHHS ITapaMeT-
poB BBIOpaHHOTO pactpeseneHus. YToObI caenaTh UccieqoBaHus Oojee MOTHBIMYU, BEIYHUCIIH-
TeIbHbIE SKCIIEPUMEHTHI IPOBOAMINCH IIPU PA3IUYHBIX 00beMax BBIOOPOK U MEPEMEHHBIX UL
(haxkTOpOB, pacrpeseNIeHHBIX COIIACHO CTaHIAPTHOMY HOPMaJIbHOMY 3aKOHY, HECHMMETpPHU-
HOMY 3aKOHY Ha IIpUMepe 3KCIIOHEHIIHAIBHOTO paclpe/eNeHus], a Takke pacupeeleHusIM ¢
TSDKETIBIMH M JITKMMH XBOCTAMH Ha IIPUMepe JBYCTOPOHHETO DKCIIOHEHIUAIbHOTO 3aKOHA
TIPU Pa3NUYHBIX 3HAUYCHUSX IMapamerpa (opMsl. IlomydeHHbBIe pe3ynbTaThl CBUACTENBCTBYIOT
06 3¢ dexTrBHOCTH TIpeIoKeHHON mporeypsl. OCOOEHHO XOpOIIO 3TO MILTIOCTPHPYIOT Te-
CTBI Ha PACUIMPEHHOH MozenH (¢ GOIBIIMM KOIHYECTBOM IIepeMEHHBIX). B 3akmouenun yka-
3aHBI BO3MOXKHBIE TIEPCIICKTUBEI Pa3BUTHS PaOOTHL: B CBSI3H C TEM, YTO MPEJIOKEHHBIH METO
OKa3aJcs «OKU3HECIIOCOOHBIMY», B TAIBHEHIIIEM MOXKHO HCCIIEJOBATh BEIMYNHY OLIMOKH KIIac-
cuduKalmu, BEIOUpast I NOCTPOCHUSI MOJIENH JIOObIe IpYTrUe pachpeneneHus mpu coOIo-
JICHHU HEKOTOPBIX ycloBHil. HeMaIoBaXkHO, YTO yCOBEPIICHCTBOBAHHBIN METOM PEIICHUS 3a-
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J]a4 KJIaCCU(UKALUK [aeT 3HAUUTENIbHOE YJIy4IlIeHHEe KayecTBa KIIacCU(DHKALMU CyIIECTBYIO-
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BBEAEHUE

3amada kmaccupuKay (WIKH 3a1ada MPUHATHS PEIICHHUSI) BCTpedaeTcsl Mpak-
THYECKH BO BCeX cepax 4eloBeUECKOH NeaTeNpHOCTH. B HacTosmee BpeMs aist ee
pELICHUs MPUMEHSIOTCS MaTeMaTHIECKAEe MOJIENH JUCKPETHOTO BBIOOpA: JIOTHT- H
MpOOUT-MO/IENN, YAaCTHBIM CIIy4aeM KOTOPBIX BBICTYNAET MOJENb AMCKPHUMHHAHT-
Horo aHaymm3a [3, 5-13]. BrioyHe TOrH4HO, YTO B KaKOH-TO MOMEHT IIepe] HCCIen0-
BaTeJIeM BCTaHET 3aKOHOMEPHBIH BOIPOC: KAaKyI0 W3 MOAEJeH NpeanovecTb Jyis
peuienust 3anaun? [MaBHBIM KpuUTepHeM oTOOpa Mozeiau OyIeM CUHUTATh «HENpH-
XOTJIHUBOCTH» MOJECJIU K BXOAHBIM JJaHHBIM.

MOHCHL AUCKPUMHUHAHTHOT'O aHaJIM3a B 3TOM CJ1ydac, OUCBUIHO, IPOUTPBIBACT
[6-10]. TpeboBaHKe BBIMOIHEHNS OCHOBHBIX MPEANOI0KEHUN TUCKPUMUHAHTHOTO
aHaNM3a, TAKUX KaK HENPEpBIBHOCTH, HE3aBUCUMOCTh W HOPMAJIBHOE pacrperese-
HHe (aKTOPOB, JENAeT MOJCIb «HEKHU3HEHHOM» B pealIbHBIX ycoBusx [1, 2].

Jlorut- u nmpoOuT-MOAEIN MEeHee TpeOOBaTENbHBI K BXOJHBIM JaHHBIM, a Clie-
JoBaTenbHO, Oonee ruOkue [1, 2]. Kpome Toro, 3Hasi, 4TO B OCHOBE paccMaTpHBae-
MBIX MOJEJICil JIe)KaT JOTUCTUYECKOE W HOPMAJIBHOE pAacIpeAeleHHs] COOTBET-
CTBEHHO, Pa3yMHO 33JyMaThCs HaJl BO3MOXKHOCTBIO IIOCTPOCHHUSI MOJICIIH C KaKHM-
1100 PYrUM pacrpe/ielieHueM B OCHOBe. B manHOM paboTe mpoBOANTCS HCCIIENO-
BaHHE HOBOM MOJ€CJIN C TOYKU 3pECHUA Ka4E€CTBA KJ'IaCCI/I(bI/IKaI_[I/II/I " CpaBHCHHEC I10-
JIy4eHHBIX Pe3yJIbTaTOB ¢ Pa0OTON yXe N3BECTHBIX MOJIENIEH.

1. TIOCTAHOBKA 3AJJAYM 1 METO/IbI PEIIEHU A

[ycts z; = Bx;r =01Xj1 +...+ 0 Xj, — Mozenb JIMHEHHON perpeccuu, OnuckiBa-
omas i -e HaOIoieHHe U3 M, Ie X — BEKTOp 3HaueHHil BXOAHBIX (PaKTOPOB UL

i -ro HabmoAeHus, Xij € R - 3mnauenuwe j-ro ¢dakropa s i-ro HabOIOICHUS;
i:l,_m, j=1,_n, 9=(91, 0y, .., Gn) — K03()(PUIUEHTBI PErPECCHH.

3aBucumas nepeMEHHasl Y IPUHUMAET OJHO U3 IBYX 3Hauyenuii: 0 uiau 1 B 3a-

BUCHUMOCTHU HACTYIIJICHUA / HCHACTYIJICHUS HEKOTOPOTO COOBITHS.
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OcHOBHOE YpaBHCHUEC MOJCIIN 3alTUCBIBACTCA B BUJC
Ply=1I%}=F(),

rne F(z) — HekoTopas GyHKUHMsS pACIpEACNCHHUs, OMHMCHIBAIOLIAS BEPOSTHOCTD
BO3HHKHOBEHHUS YKa3aHHOTO COOBITHS OT BXOIHBIX (DaKTOPOB.

OuenuBanue napamerpos 0y, 0,,..., 0, mpoBoauTcs M0 HabGOpy 3HAYEHUH He-
3aBUCHMBIX TIEPEMEHHBIX U COOTBETCTBYIOIINX MM 3HAYEHUH 3aBUCUMOM IIepeMeH-
HOU Y . OOBIYHO IS STOTO HCHOJB3YETCS METO MAaKCHMAIIFHOTO IIPaBIOIIOI00uS,
COTJIACHO KOTOPOMY OIICHMBAIOTCSI MapaMeTphl 6, MaKCHMH3HPYIOIIUE 3HauCHHE

¢bynkuuu npasaonoaodus. OJHaKO Ha NMPAaKTUKE NPUHATO HCIOJIB30BATh YKBUBA-
JICHTHOE JIOTapU(PMHUPOBAHHOE BBIpaKEHHE JUTA QYHKIMU TPAaBIONOA00NS:

~3y T\ vy in(1- F (6x7
InL(e)_iéyI InF(exI )+(1 y,)ln(l F(Gx, ))

HecoxHO 3aMeTHTh, YTO TeOpeTHUecKH B KauecTBe (yHKumu F(z) moxer
ObITh B3siTa JI00ast PYHKUHUS paclpeiecHus, IPUHAMAOIIAS HCHYJICBbIE U HEeIH-
HUYHBIC 3HAYCHHS HAa BCEH 00JacTH OMpeAeieHus apryMenTa. TpaIuilHoHHO B Ka-
yectBe F(z) BbIOMpaeTcst JOTHCTHYECKOE WM HOPMAIBHOE PacIpenesieHue s
JIOTHT- U MPOOUT-MOJENell COOTBETCTBEHHO. B maHHOW paboTe mpeaaraercs aib-
TepHATHBHBIN BapHaHT — pacnpeneieHue Jlamnaca [4]:

lexp“(z’ﬁ), X<B,
F(2)=
1—%exp_°‘(z‘5), x> B,

rae a.>0, —0 <3 <o OyaeM CUUTATh HEM3BECTHBIMHU.

IMyctes Err — Bemuumua ommbku kiaccudukanuu (J0Jiss HEBEPHO KiacCU(pU-
IIUPOBAHHBIX HAOIIOACHUI) B pe3ysibTaTe MPUMEHEHHUS Kakon-mubo momenu. Tax
Kak (yHKIHS pacrpeieeHns 3aBICUT OT MapaMeTPoOB, HX MOXKHO HOJ00paTh 0CO-
O5IM 00pa3oM, MEHUMHU3UPYS TaHHYIO OIIHOKY:

Err =argmin| argmax(In L(0)) |. (D)
(a.B) 6
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CrnenyeT OTMETHTb, YTO BO3MOXKHBI CIydaH, KOIZla PACCMOTPEHHBIE B CTaThe
MoOJIeJId He OyAyT paboTaTh BOBCE B CBSI3H C TE€M, YTO IIPH ONpEAEICHHBIX 3Ha4e-
HUAX (akTOpoB U KO3DGDHULHEHTOB apryMeHT GyHKImMH F(z) MoxeT okaszaThbes

«CIAMOIKOM OONBIIMMY» WM HAo00poT. DYHKIUS HPUMET CBOM 3KCTPEMaJbHBIC
3HA4YCHUS, KOTOPBIE IPOCTO «CIOMAaroT» (GYHKIWIO TpaBmomnonobus. B stom
cllyyae PEeKOMEHyeTCs IPOBECTH MPEIBAPUTEIIEHYI0O HOPMUPOBKY BXOJHBIX (ak-
TOPOB.

Jlanee paccMOTpUM TOYHOCTH KJIACCU(HUKALIMH B PA3INYHBIX YCIOBHSX.

2. PE3YJIbTATBI DKCHEPUMEHTOB

[IpoBeneHHbIE BHIYUCIUTEIbHBIE IKCIICPUMEHTBI BBIMOJHSIIUCE [IPU CIIEIYO-
HIMX YCIOBHSIX: PAKTOPHI — HE3ABUCHMBbIE MIEPEMEHHBIC U PACTIPE/ICICHBI [0 HEeTpe-
PBIBHBIM 3aKOHaM (HOpManbHBIH — N, SKCMOHEHIMANBHBINH — EXP, IBYyCTOpOHHMIA
9KCIOHEHIMANBHBIN ¢ TsHKeIbIMH U jierkuMu xBocTamu: DE(0.5), DE(8)). Brixon-
Hasl TIepeMeHHas — OuWHapHas BennvrHa. KOMUuecTBO HAOJIOACHUH, COOTBETCTBY-
romiee 3HadeHuo Yy =0, paBHo Ny, Y =1 — cootBercTBeHHO N, (MY =N, ). Obmiee
KojuyecTBO HaOmoaenuit m = 50, 100, 200, 500.

B 1abn. 1 u 2 mpuBeneHbl 3Ha4YCHUsS Mokaszarens Err mpu perieHun 3amgadu
KJIacCU(UKAIMU 1O OLICHEHHBIM 3HAYCHHUSIM MapaMeTpoB O U mapaMeTpoB pacrpe-
nernenus Jlamnaca. O6o3HaueHUs, MPUHATHIC B Tabmunax: Logit — npu moctpoeHnn
MOJIeTIH UCTIONIb30BaHa JoruT-ynkuus; Probit — mpu nocTpoeHnu MoIeNn UCIIONb-
30BaHa (pyHKIMS HOpMaNbHOTO pactpenaeneHus; Laplasl — npu moctpoeHun moje-
JIM UCTIOJIb30BaHa (YHKIMS pacrpenencHus Jlamnaca npu GUKCUPOBAHHBIX 3HAUE-
Husx napamerpoB o =1, f=0; Laplas2 — pemenne 3agaqu (1).

Tabauya 1

3unaveHus: mokasarejs Err AJIsI MOJI€JIH € OI[HOﬁ nepeMeHHof/i

Laplas 1- | Laplas 2—

3akoH m Logit Probit Laplas1 | Laplas 2 Laplas 2 Logit

50 0.00232 | 0.00892 | 0.00056 | 0.00048 1.16667 0.00008

100 | 0.00388 | 0.00858 | 0.00158 | 0.00158 1.00000 0.00000

200 | 0.00353 | 0.00889 | 0.00179 | 0.00169 1.05917 0.00010

500 | 0.00308 | 0.00710 | 0.00188 | 0.00176 | 1.06576 | 0.00012
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Okonuanue maon. 1

. . Laplas 1- | Laplas 2—
3aKoH m Logit Probit Laplas1 | Laplas 2 Laplas 2 Logit
50 0.01160 | 0.05412 | 0.00428 | 0.00420 | 1.01905 | 0.00008
100 | 0.01570 | 0.06584 | 0.00656 | 0.00638 | 1.02821 | 0.00018
Exp
200 | 0.01811 | 0.07546 | 0.00716 | 0.00711 | 1.00703 | 0.00005
500 | 0.02647 | 0.08789 | 0.01058 | 0.01009 | 1.04917 | 0.00050
50 0.01676 | 0.12796 | 0.00856 | 0.00712 | 1.20225 | 0.00144
100 | 0.02894 | 0.16866 | 0.01428 | 0.01306 | 1.09342 | 0.00122
DE(0.5)
200 | 0.04441 | 0.19095 | 0.02049 | 0.01960 | 1.04541 | 0.00089
500 | 0.07328 | 0.22577 | 0.04029 | 0.03739 | 1.07767 | 0.00290
50 0.00228 | 0.00732 | 0.00048 | 0.00024 | 2.00000 | 0.00024
100 | 0.00374 | 0.00810 | 0.00128 | 0.00096 | 1.33333 | 0.00032
DE(8)
200 | 0.00305 | 0.00699 | 0.00152 | 0.00144 | 1.05556 | 0.00008
500 | 0.00270 | 0.00618 | 0.00165 | 0.00144 | 1.14444 | 0.00021
Tabauya 2

3navyenusn mokasareis Err AJI1 MOJAeJIN C NATHI0O NePpEeMEHHbIMU

. . Laplas 1- | Laplas 2—
3akoH m Logit Probit Laplas1 | Laplas 2 Laplas 2 Logit
50 0.00848 | 0.02480 | 0.00372 | 0.00128 2.90625 0.00244
N

100 | 0.01362 | 0.03116 | 0.00728 | 0.00394 1.84772 0.00334
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Oxonuarnue mabn. 2

3aKkoH m Logit Probit Laplas1 | Laplas?2 Lf;)plflasslg Laﬁéassit%

200 0.01789 0.03817 0.01114 | 0.00414 2.69082 0.00700

500 0.01931 0.04104 0.01429 | 0.00338 4.22840 0.01091

50 0.01904 0.04724 0.00752 | 0.00332 2.26506 0.00420

100 0.02378 | 0.05626 | 0.01452 | 0.00674 2.15430 0.00778

= 200 0.02751 | 0.06323 | 0.01700 | 0.00612 2.77778 0.01088

500 0.03171 | 0.07398 | 0.02371 | 0.00579 4.09323 0.01792

50 0.20836 | 0.22132 | 0.18424 | 0.07524 2.44870 0.10900

100 0.24240 | 0.26514 | 0.23080 | 0.09408 2.45323 0.13672

DE(0.5)

200 0.26507 | 0.28687 | 0.24737 | 0.10793 2.29195 0.13944

500 0.28299 0.31162 0.26536 | 0.12878 2.06060 0.13658

50 0.09716 | 0.09456 | 0.07984 | 0.02008 3.97610 0.05976

100 0.11168 | 0.10968 | 0.09786 | 0.01608 6.08582 0.08178

DE(8)
200 0.11165 0.11100 0.10889 | 0.01711 6.36411 0.09178
500 0.11548 0.11564 0.11378 | 0.01696 6.70738 0.09682

W3 obenx Tabiuil BHIHO, YTO C TOYKM 3PEHMS KadecTBa KiIacCH(UKAIMU Ha
BCeX HabOpax TECTOB XY/UIMH pe3yJbTaT MOKa3bIBaeT nMpoout-mozeins. [Ipu cpas-
HEHHMHU JIOTUT-MOJIENM U MOJENU CO CTaHAApPTHBIM pachpeneneHueM Jlamiaca He-
CJIOKHO 3aMETHUTh, YTO IPEJIOKEHHas MOJIENIb OKa3bIBAETCS CTAaOWIBHO JIydIIle.
JononnurensHas mpoueaypa mojadopa mapaMeTpoB CEMEWCTBAa paclpesiesieHUs
yiydmaeTr ¥ 6e3 Toro HeIuIoxue 3HaueHus rnokasarens Err go cemu pa3. OcoGenno
XOPOIIIO 3TO BHIHO B CIydYae paclpeleNeHus JaHHBIX IO 3aKOHY C TSDKEIBIMH U
JIETKAUMH XBOCTaMH. B IPOIIEHTHOM COOTHOIIEHHH 3TO cocTaBisteT a0 14 %.
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HpI/I «pacliupeHun MOoACIn» (yBeJ’II/ILIeHI/II/I KOJIMYCCTBAa HE3aBHUCHUMBIX IICpEC-
MEHHBIX C OJJHOM 10 HHTI/I) npeuMymeCTBO HOBOM npoueaypbl (1) CTaHOBHUTCA CIIC
bonee O4YCBUIHBIM, O YEM CBUACTCIILCTBYIOT 3HAYCHUS MMOKA3aTCJIA Err B Tabm. 2.

3AK/IIOYEHUE

IIpoBeneHHBIE HCCIIENOBAHUS MTOKA3aJIH, YTO MPEINIOKEHHBIN B CTaThE METOJ
SABISICTCS (OKU3HECTIOCOOHBIMY, TIO3TOMY JJISl TIOCTPOCHHS MOJETH [OIyCKAaeTCs
UCIIOJIb30BAaHHUE JIFOOOTO PACIpee/iCHHsI MPH COOIIIOJICHUN HEKOTOPBIX YCJIOBUH,
YTO AaeT BO3MOKHOCTh PACUIMPATH UCCIIEOBAHUS B STOM HaIPaBIICHUU.

Crnenyer Takke OTMETUTh, UTO YCOBEPIICHCTBOBAHHBIM METOJ pEeUICHHs 3a/1a4
KiIaccu(UKAI|K, 3aKIIOYAIONINICS B BaphbHPOBAHUU MAPaMETPOB paclpeeICHUS
MOJICNIH, aeT 3HAYUTEIbHOC YIYYIICHHE KadecTBa KIaCCH(HUKAIMKA CYIICCTBYIO-
MIUX MPOIEIYP ¥ MOKET YCIICITHO IPUMEHATHCS Ha TIPAKTHKE.
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In this article we consider a classification problem and some methods for its solving based on
the discrete choice models. Logit and Probit Models have been preferred to Discriminant
Function Model because they less depend on the input factors. So, the question arises is it pos-
sible to introduce a new model based on a function which differs from the logit function for
the Logit Model and the normal function for Probit Model respectively. In the "Problem
Statement and Solution Methods" section it is described the mathematical model and also il-
lustrated the possibility of introduction of a new model as it is presented existing restrictions
preventing this action. Moreover, it is also written about a new method for parameters estima-
tion for the classification function. The method is based on applying a new statistical distribu-
tion. The Laplace Law is introduced as a new distribution with unknown parameters. The new
classification procedure is to solve the dual optimization problem. They are minimization of
the likelihood function with the optimal coefficients fitting for a classification function and

* Received 23 Janvuary 2015.
The work was supported by the Ministry of education and science of the Russian Federation, pro-
ject 2.541.2014K.



Tosviwenue kawecmea Kiaccugurayuu... 31

minimization of the classification error magnitude by varying the parameters value of the se-
lected distribution. In order to make the study more comprehensive the computational experi-
ments were performed with different sample sizes and varied number of income variables and
the factors were distributed according to the standard normal law, asymmetric law based on
the exponential distribution, as well as the distributions with heavy and light tails based on the
double exponential law with the varied shape parameter value. The obtained results show the
effectiveness of the proposed procedure. This is particularly well seen from the tests with the
extended model (i.e., the model with many income variables). In "Conclusion" section, possi-
ble ways of further development the work have been noted. Due to the fact that the proposed
method works well it is possible to study the magnitude of the classification error by choosing
any other statistical distribution for creating the models with the certain conditions in the fu-
ture. It should be noted, that the new method for solving the classification problem significant-
ly improves the classification quality of existing procedures, so it can be successfully applied
in practice.

Keywords: Discriminant Function Analysis, Logit model, Probit Model, likelihood function,
classification problem, factors, two-valued dependent variable, optimization procedure
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