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Oobcyxcdaromess  Hedocmamku  memo0o8  npedsapumenvbHoll  JUHEAPU3AUUU
HeJUHelHbLX OMHOCUMeAbHO napamempos @yHKyuit pezpeccuil. Ilpednazaemcs
onpedenams napamempsv. HelUHeUHbLX pezpecCUOHHbLX Modeaell, HenocpedcmeerHHo
MUHUMUSUDPYA CYMMY KEaOPaANmoe OMKLOHEeHUI IKCNePUMEHMALbHLLY MOYeK Om JUHUU
peepeccuu  memodamu HelUuHellH0z0 npozpammuposarus. IIpusedenv. npumepbl,
OJemoHcmpupynuwiue npeumyuiecmsa npedaazaemozo nodxoda no CPaABHEHUID C
Memodamu, UCnoLb3yIWUMU JUHEAPUIAYLIO.

IIOCTAHOBEKA ITPOBJIEMEI

Ona omumcaHusi W NPOTHO3UPOBAHUSA TMPOIECCOB B OHKOHOMUKE YacCTO
MPUMEHSIOT perpeccuoHusie mMozenau. OpHOopaKTOPHOE ypaBHEHUE pPerpeccumu,
CBsSI3BIBAIOII[ee YCJOBHOE CpefHee ) IEepPeMeHHOI y ¢ IepeMeHHOH X, 3amaércs
B BuAe Y= f(x,by,b,...,b,), rae by,.., b, — mapamerprl, oIpefeiseMble
CTATUCTUUECKON 00pabOTKOI BBIOOPKM, COCTOAINel m3 n map uucea (X;, Y;)
(i=1,2,..,n). Kax mnpaBmio, OIEHKH IapaMeTPOB b; IOIydYalOT METOJOM
HamMmeHbnnx KBagpatoB (MHK), mus ycioBuii MHUHMMyMa CyMMBI KBaJpaTOB
OTKJIOHEeHUH e; (paKTUUeCKUX 3HAUEHUI J; OT BBIUUCJIEHHBIX II0 YPaBHEHUIO

perpeccun Y,

el =D W =) = D [Us — FXisbys by s b) [ = @By bysennsby,) > min (1)
i=1 i=1 i=1

IIpupaBHUMBaA HYJIO YaCTHBEIE TPOM3BOAHEIE QYHKIMHU € IO mapamerpam b,
IMOJYYalOT CHUCTEMY VpaBHEHWN A wux onpepenenusa. Cucrema 0yner
JIMHENHOM, ecan GyHKIUA [ IMHEHHa OTHOCUTEJILHO ImapameTpos. Hampumep,

A QYHKIUU y =a + bx moaydum:

na + bixi = Zn:yi nixiyi - ixiiyi n n
i-1 i-1 op = it il =, :% zyi _bzxi . (2)
i=1 i=1

n n n B n 9 n 9
ain + blez = inyi nzxi —(zxi)
i=1 i=1 i=1 i=1 i=1

O HeIWHEWHBIX OTHOCHUTEJNHHO IIapaMETPOB perpeccuil (HampuMmep,

TIOKAa3aTeJbHOH I = ae’® wnm cremenHoi y= axb) cucTeMa ypaBHEHUU TaKIKe

HesqmHelHadA. [Jua Toro UrtoObl m30eKaTh HEOOXOJUMOCTH  pPeIlleHuA
HEeJIUHEeNHBIX CHCTEeM, IIPUMEHAIOT Mpolenypy JuHeapusanuu [1-6].
TloxasaresnbHOE ¥ CTEIEHHOE YpaBHEHUS JOTapUPMUDPYIOT, HaIpPUMep,
MOKasaTeJbHOE ypaBHEHWe T1mocje JiorapudMUPOBAHUA  MIPUMET  BHU]

Y. =a, +bx, tme y.=Iny, a.=Ina. Ilapamerpsl a., b BBIUUCAAIOT II0
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dbopmynam (2), c 3amenoit y; Ha Iny;. @yukuuio y =1 /(a + bx) mpeoGpasyoT K
BULY Y. =a+bx, viae y. =1/y u oupeeasroT mapaMeTpsl a, b mo Gopmyniam
(2), samenuB y; Ha 1/y;. OmHako mpu 3ameHe y; Ha Iny; B dopmymnax (2)

MUHUMHu3Upyercsa He cymma (1), a cymma Y (Iny;-In gi)z. ITpu zamene y; Ha

1/y; MUHUMUBUDYETCSA CyMMa 2(1/yi—1/gi)2. B pesyinbTaTe Tarux

mpeobpasoBaHUil mcKaskaercsa npuHaATags B MHK mepa Oamsoctu GyHKIUN
perpeccuy K 9KCIEPUMEHTAJbHBIM TOYKAM, a OIeHKM I1apaMeTpoB
TMOJIyYaloTCsI CMEeMIEHHBIME [7].

I[eav cmamvu. IIpomnnrocTpupoBaTh HEKOPPEKTHOCTH ‘“‘JIMHeapu3anum”
HEJIMHENHBIX II0 ITapaMeTpaM PEerpeccuil M MPEJIOKUTh MHON CIOCO0 OIIeHKU!
IIapaMeTpOB.

HEKOPPEKTHOCTD JINUHEAPU3AIITMY HEJMHENHBIX PETPECCUI
U CIIOCOB EE IIPEOJAJIEHUS

Bocmonp3yemcsi Tem (aKTOM, UTO ecCaAM SKCIEePUMEHTaJbHBIE TOUKH
PAacCIoJIOKEeHbl CHUMMETPUYHO OTHOCUTEJIHbHO HEKOTOPOU JWMHUU, TO 9Ta JUHUSA
u Oyger jauHUel perpeccuu y Ha Xx. I[Jidg KayKIOro 3SHAUEHUSA X; PACIIOJOMKUM
Mo [Be “DKCHEPUMMEHTAJbHBIE” TOUKM Ha PaBHBIX paccTodHuax e;=+0,9
OTHOCUTEJLHO 3aJaHHOM “TeopeTUUecKOi” KPUBON M IO HTHUM JaHHBIM
TIOTBITAEMCA BOCCTAHOBUTH YPaBHEHUE “TEOPETUUECKOI” KPUBOM.

B xauecTBe mepBOil ‘“TeopeTHUECKOi” perpeccuu BbIOEpeM ITOKa3aTeIbHYIO
dbyekmMi0 y=aeb* c “reopermueckuMu’ mapamerpamMu a=b=1, 3aJaHHYIO B
Toukax x; = 0,4i (i = 0,1,...,5) orpesxka [0; 2]. Omenxu mapaMeTpoB

a =0,5805, ©b=1,3424, mnonyuennsie MHK 1mocie JorapudpmMmmuyecKoro
mpeobpasoBaHmd, 3HAUHUTEJIbHO OTJIMYAIOTCSA orT “reopeTudyecKux”.
CooTBeTCTByIOIME KPUBBIE IIPUBEAEHBI Ha puc. la. ITOT Ke pesyabTar
IMOJIy4YaeTcsA W I[IPU IIOCTPOEHUHM 9SKCIOHEHIIMAJBbHOM JIMHUKM TPEHAA B
TabauuHoM Iporeccope Excel.

9 30 /
) *
/ |
6 20
3 10
0 0 [ 3
0 1 2 1 2 3
¢ Vicx. AaHHble Teop. NuHUA ¢ lcx. gaHHble Teop. nuHns
== \HK = MHK
a) nokazameJnvHas 06) cmenenHnas

Pucynor 1 — Teopemuueckue nokasamenvhas y=e* u cmenennas y=x3 QyHKyuUL u
KpuagbLe pezpeccuu, Haitdennvie no MHK nocae nozapupmuposanus

299

B kauecTBe BTOpPOH ‘“‘TeopeTHUECKOH” perpeccum BbIOEPEM CTEIEeHHYIO
HKIMO y=ax? ¢ mapamerpamu a=1, b=3, 3amamHy0 B TOuKax Xx;=1+0,4i
y i
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(i=0,1,...,5) orpeska [1; 3]. Ilapamerpsl cremeHHOl (pyHKIHN a =0,57442,

b =3,64287, mnaiimennnie MHK mocie morapudmmueckoro mpeobpasoBaHUA,
COBIIAZAIOT C I[IapamMeTpaMu CTeIeHHO# JawHuM TpeHga B HExcel m Takixe
3HAUNTEJIBbHO OTJIMYAIOTCS OT “Teopermueckux” (cMm. puc. 16). Ha puc. 1a), 16)
BUIHO, UTO rpa)mKM MOKA3aTEJIbHON U CTEIEHHOU SMIONPUUECKUX PETPECCHUid,
MOJIlyYeHHBIX II0CJie JorapupMupoBaHUA, B KOHIIE WHTEPBaJa BBIXOAAT 3a
mpeneabl KOPHUOOpa, OOpPa3s0OBAHHOTO “DKCHEPUMEHTAJIbHBIMU®  TOUKAMU.
ITonp3oBaThCS TAKMMM PETrPECCHUSAMM [Jisi IIPOTHO3WMPOBAHUA IIOBEAEHUS
GYHKIOUHM 3a OIpelejiaMyU WHTepBaJa 3aJaHNUA NUCXONHBIX NAHHBIX HEJb3d.

Emé xyxe pesynbrar mosydaercsa Ipu 3aMeHe y Ha 1/y* B QyHKIUU
y=1/(a+bx). Ouna ¢pyurmuu y = 1/(1 + x), samamHO#l B Toukax x;=0,4i
(i = 0,1,...,5), pacuéTHble 3HAUEeHUS Hmapamerpos: a =1,63218, b= - 1,63863.
ITonyuennaa “smnupuueckasd” (QYHKIUA HWMeeT Pa3pblB 2-TO POJAa B TOUKE
x =~ 0,9961, pacmonoxkeHHo# Ha oTpedke [0; 2], Ha KoTopoM “Tepermueckas’
GyHKIUA MOHOTOHHA M HeIpephIBHA (puc. 2).
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& Vicx. gaHHble Teop. NMMHUS =—he=— MHK

Pucynox 2 — Teopemuueckas peepeccus y = 1/(1 + x) u amnupuveckas GyHKuus
peepeccuu y =1/(1,63218-1,63863x) , naiidennas no MHE nocare auneapuszayuu

ITpuBeneHHbIe TPUMEPHl CBUAETENLCTBYIOT O TOM, YTO Jiorapudmuueckoe
mpeoOpasoBaHME MTOKA3aTEIbHOMN U CTEIEHHON (DYHKINHA, a TaKiKe 3aMeHa J Ha
1/y* B dyurmuu y = 1/(a+bx) He MO3BOJAIOT JOCTUUYDL IPUEMJIEMON TOYHOCTH
K09 (PUIEeHTOB.

O 1mosyuyeHUs HECMEIEHHBIX OIEHOK IIapaMeTPOB HEJWHEHHBIX
perpeccuil MOYKHO MCHOJIF30BATh HEJIMHEMHBIN METOJ HAUMEHBIITNX KBaAPAaTOB
(HMHEK), sakarouaromuiici B HEIOCPEACTBEHHON MWHMMUIANuu cyMMbl (1)
MeTOoJaMU HeJWHENHOTO NOporpaMMmpoBaHusA. [Jid pacCcMOTPEHHBIX paHee
IIPUMEPOB IIPUBENEM OIEHKN KOI(MOMUIINEHTOB, IIOJYyYEeHHBIE IIPU IIOMOIIA

npoueccopa Excel. [lns moxasarenpHoN QyHKmuu: a =1,000003, b =0,999998
(rounble 3HaueHusi a=b=1), gua cremeHHoi G¢yuKmuu: a =1,000044,

b=2,999956  (Toumwle  sHauemms a=1, b=8), gma  QyHKUUHK
y=1/(a + bx): a =1, b= 0,999999 (Tounble 3HaueHUs a=b=1).
ITpumenum HMHEK K moabopy HauIydIien HeJIMHeHOU

ANIPOKCUMUDPYIOIIell (GYHKIUM [OJA HCXOAHBIX [TAHHBIX, IIPUBEJEHHBIX B
radaure 1 ([4]).
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Tab6nuya 1 — Kypc axyuii 3a 9 Hedenw

X 1 2 3 4 5 6 7 8 9

Y; 25 34 42 51 55 67 73 76 81

B rabaune 2 pesyabrarsl pacuéroB mo HMH y = x /(a + bx) K cpaBHuBatorcs

¢ pesyabraramu pacuéroB nmo MHK, nomyuernsiMu B pabote [4] B pe3yabrare
IpeoOpPa30BaHU MCXOAHBIX (MYHKIUN K JIUHEHHOMY BULY.

Tab6auya 2 — Buibop Hauayuwell QYHKUUL pezpeccul
no daHHwvim mabauyst 1

DyukmuA OLleHKM ITapaMeTpPoB Zeiz
MHEK HMHEK MHK |HMHEK
y=a-b" a=25,85; b=1,15 [a=29,1979; b=1,1289 |268 191
g=a-x" a=23,84; b=0,56 [a=22,9962; b=0,57725 |31 27,7
y =exp(a+b/x)|a=4,368; b=-1,301|a=4,5386; b=-2,0151 |524 335,2
y=1/(a+bx) |a=0,03593; b=-0,003|a=0,028713; b=-0,00192|1998 |389,6
y=1/(a+blnx) |a=0,0386; b=-0,0127|a=0,034752; b=-0,01044|223 73,6
a=0,0314; 5-0,0107 [~ 0+ P 304 [78,7
W3 Tabaumbl 2 ciaemyeT, UTO AJIA BCEX PACCMOTPEHHBIX THUIOB (PYHKITHMA
HeIIOCPeCTBEHHAA MUHUMHMBAIUA  CYMMBI z el.2 JAET  JIYUIIYIO

aNIpoOKCUMAaIUI0 10 CPaBHEHUIO C aIlIpoKCcUMaliyel, M[OJYyUYeHHON B
pesyJbrare JVHeapu3anuun UCXOLHOU byHKOUN. Hawnnyunryio

alIPOKCUMAaINI0 JTaéT CcTeleHHad QYHKIIUA gjzaxl7 npu a=22,9962,
b=0,57725.

BBIBO/IBI

ITpeobpasoBaHme pacCMOTPEHHBIX BBIINIE HEJIWHEHHBIX II0 IIapaMeTpam
perpeccuii K JUHENHOMY BUAY IPUBOAUT K HCKasKkeHWio mpuHAToir B MHK
Mephl OJIMB0CTH JIMHUM perpecCuy K 9KCIEPUMEHTAJBLHBIM TOYKAM U
HeBepPHBIM OlleHKaM nmapameTpoB. HemlocpeacTBeHHAaA MUHUMU3AINUA MeTOLaMU
HEJIMHEeITHOTO IIPOTrPaMMUPOBAHUA CYMMBI KBaapaToB OTKJIOHEHUH
9KCIEePUMEHTANbHBIX ToueK oT JuHuu perpeccun (HMHEK) mnossBossger
mojiydyaTh HeCMeNlEHHBble OIleHKU IapaMeTpoB perpeccuii. Ilpennaraemslit
TIOAXOJ IIPUTOJleH U AJdA OIleHKU IIapaMeTpPOB APYTMX ypaBHEHUI perpeccuu.

SUMMARY
TO QUESTION ABOUT CONSTRUCTION OF NONLINEAR
REGRESSIVE MODELS
Dolgih V.N., Shapovalov S.P.*
Academy of Banking of the NationalBbank of Ukraine
* Sumy State University

The methods preliminary linearisations of nonlinear functions of regresses are criticized. To
define the parametres of nonlinear equations it is suggested to minimize the sum of squares of
errors with the help of methods of nonlinear programming. The examples are given.
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