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Annomayua. Onucvieaemcsa 603MOH*CHbINl NOOX00 K PeuleHuI0 3a0ayu NoayYeHUs NPO2HO3A EbIXOOHBIX napame-
mpoe A4eUCvIX CINPYKIMYp Npu mex CoYemaHuax sHayeHuil napamempos o0bexma, Konopvie Haxo0AMmMesa 6 3A0AHHbIX
paHee OUAnazoHax No yice NPoeedeHHbIM UCCTeO08AHUAM, HA OCHO8Ee UCNOTb308AHUA NOJIVUEHHIX PAHee Pe3yabinamoe
eapuaxHmHuvIx evryucienuil. Ilpusooames gpazmenmvt HAOOPa NPoOPamMm Ha ocHoee ucnoavzosanusi MATHCAD ons pe-
anuzayuu maxKoz2o nooxoodda. BvinoiHeHbl CPAGHEHUA CHOCOD08 YCMPAHeHUA 2emepoCcKedacmudHOCInU npU Pa3TU4HOM
8v100pe 8ecosbIX KOIPPUYUEHINO8 HA OCHOBE UCTIOTLIOBAHUSA B38CUIEHHO20 MEMO0OA HAUMEHBUIUX K8AOPAINOE.

Knroueesste cnoea: aueucnivie CInpyKniypol, 636eULeHHbII MO0 HAUMEHbULUX K8aOPaInoe, 2emepocKedacinidHoCms

BBenenne

B HacTosmee BpeMs IIPH IPOEKTHPOBAHHH BCEBO3-
MOJKHBIX H3/Ie/THH Bce Jallle IPHMEeHAI0TCS AIeHCThIe KOH-
CTPYKIHH. OT0 00BSICHACTCS TeM, YTO Ha NepeIHHH IITaH
BBIIBHTAIOTCS TpeOOBaHHS CHHDKEHHS MaTepHATOEMK CTH
H3JeTHH NPH COXPaHEHHH JXeCTKOCTHBIX, IPOYHOCTHBIX
H JIPYTHX XapaKTePHCTHK 3THX H3JEIHH B JOIyCKaeMBIX
IHanaz3oHax. IIpHMepaMH TakHX OOBEKTOB ABIAIOTCA IIO-
JIOIIBEI 06IIEr4eHHOr O THIIA CIOPTHBHOH 0OYBH, STI€HCTHIE
TIPOKTIAIKH A JIeTaTedbHBIX allapaToB H IpyTHe MalllH-
HOCTPOHTEIBHEIE KOHCTPYKIHH [1].

BuJ mo106HBIX H3IeIHH IIPeICTaBIeH Ha pHCYHKe 1

PucyHok 1. [IpaMepE! H30eTHH S9eHCTOH CTPYKTYPHI

HOCKO.TILKY CHH)XCHHE MaTE€pPHAJTOEMKOCTH H3Oe-
JIHJA NIPHEMJIEMO TOJBKO IIPDH COXPaHCHHH TpeGOBaHHﬁ
IIPOYHOCTH H XECTKOCTH, a BHECIIHHE HArpys3KH MOI'YT
H3MEHATBCA KaK B IIPOCTPAHCTBE, TAK H BO BpEMEHH, 0O
HOKPAaTHO€ BBIIIOJJHCHHE aHaJIH3a 3aHHMaeT MHOI'O Bpe-
MeHH. Ecin ke IIPH 35TOM IIpEAIIojaracTCsa H IPOBEACHHE

OIITHMH3AaIlHOHHBIX pacdYe€TOB, TO PEIICHHE MOA0OHBIX
3aaa4 CTAaHOBHTCA HpO6J’IeMaTH‘IHBIM.

B toMm ClIytae, Korga TakHe MaCCHPOBAaHHBIE BBI-
THCJICHHJ I10 BADHAHTHOMY M J€IHPOBAaHHIO YK€ IIPOBE-
JA€HBI, HMEET CMBICJI HCIIOJIb30BaTh IIOIYYE€HHEIE PE3YIIb
TaThl AJIA MOJYYCHHA IIPO HO3a BBIXOJHBIX IIapaME€TpPOB
IPpH T€X COYETaHHAX 3HaUYeHHH I paMeTpoB 00BeKTa,
KOTOpBIE€ HAaXOOATCA B 3aJaHHBIX paHe€€ JHala3o0Hax II0
YK€ IPOBEACHHBIM HCCIIEJOBaAHHIM.

OIHHM H3 BO3MOJXKHBEIX I0C0O0 B ABIAETCA IIpH
MeHEeHHe MOJEeITH MHOXECTBEHHOH PErpeccHH.

OCo0eHHOCTH NOCTPOECHHS JHHEHHOH MoxeIH
MHO’KeCTBeHHOH perpeccHH

JIHHeHHYI0 MOIenbh MHOJKECTBEHHOH perpeccHH
sanumeM B BHze (1):

Y =00+ P1x; +Boxy +  + Brxp + €, (1)

rae Bo,B1, -, Brx — K03 PHIIHEHTEI perpecCHOHHOH MO-
IeNH; € — CIy9aHHOe claraeMoe, Ha3sIBaeMoe OIMHGKOH
MOJIEITH HITH OCTaTKaMH.

OG6o03HaYHM /-TOe HAGIIONEeHHE 3aBHCHMOH Ilepe-
MEHHOH KaK y,, a He3aBHCHMbIE NIepeMeHHEIEe B 3TOM Ha-
OMIONEHHH — X, X,,, X, B 0003HaYeHHH X,; TepBBIH
HHJIEKC 7 OIpefeNsieT HOMep 3KCIIePHMEHTa, a BTOPOH j —
HOMep mep MeHHOH Torma HMeeT MecTO ClIeXyroImas Mo-

nens HabGmoneHHH (2)
Yi = Bo + Bixix + Baxiz + o+ Prxik + &,
i=12,..,n.

(2)

B MaTpHYHOM BHIE MOJENb HAOIIOJEHHH IpPHMET
BuZ (3):

y=XB+e. (3)
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OLeHKH HeH3BECTHBIX KO3((HITHEHTOB BEHIIOIHA-
I0TCS C HCIO/IB30BaHHEM METO/la HAaHMEHBIIHX KBaJpaToB
(MHK), Ha 0cHOBe KOTOPOTI'0 MHHHMH3HPYETCS CyMMa KBa-
ZIPaTOB OCTATKOB:
n
Z g — ming. (4)

n=1

TIpenmnockLIKH, KOTOPEIE JO/DKHEI BRITOIHATECS IPH
HCIIOJIF30BAaHHH JIHHEHHOH MOJeIH MHOJKeCTBEHHOH pe-
IpeccHH (JacTh H3 HHX CYINECTBEHHBI HMEHHO I MHOTO-
MepHOH MOJIETH):

- OOBSICHAIOIHE IepeMeHHEIe SABILIIOTCA JAeTePMH-
HHPOBaHHBIMH H JIHHEHHO He3aBHCHMBIMH;

- MaTeMaTHYeCKOe OXKHIAHHE CIy9IaHHBIX OIHOOK
PaBHO HYJIIO;

- IHCHEPCHS CIyJaiHOH OIMHOKH OJHHAKOBAa UIA
BCeX HaOIIOeHHH;

- ClITydJaiiHble OITHOKH, OTHOCSINHECS K pa3HBIM Ha-
OIIFOIeHHSAM, B3aHMHO HE3aBHCHMEI,

- cliTydaiiHble OIMHOKH HMEIOT HOpMaIbHOe pacmpe-
JIeJIeHHE.

TakuM 06pa3oM, IOCIEeIOBATENFHOCT 3TAlOB IPH
MIPOEKTHPOBAHHH TAKHX H3[EIHH MOKET OBITh CIIeoyIOMme:

- CO3[JaHHe IapaMeTPHYECKOH reOMeTPHIECKOH MO~
JeH o0BeKTa C HCIIOIIb30BaHHEM coBpeMeHHOH CAD-cH-
CTEMBI,

- (GOpMHpPOBaHHE TPAaHHYHBIX YCIOBHH, H3MEHSIO-
ITHXCS KaK B IIPOCTPAHCTBE, TaK H BO BpEMEHH;

- BBINTOJIHEHHE BAPHAHTHBIX PAacIeTOB H OTIaKa KO-
HEeTHO-3IeMEeHTHOH MOJIEITH C HCIIOJIF30BaHHEM COBPEMEH-
HOoH CAE-CHCTEMBEI,

- BBIITOJIHEHHE IPOrHO3a C IENTBI0 MOTydIeHHS BEI-
XOJHBIX IapaMeTPOB IPOeKTa C HCIIOIB30BaHHEM MOJIETH
MHOJKECTBEHHOH PEeIpecCHH.

PaccMOTPHM HEKOTOpBIE H3 HHX I MPeACTaBlIeH-
HOTO HHJKE IIPHMepa.

Hponepka TOMOCKeJACTHYTHOCTH MOJe . IH

Kak oTMedeHO BEIIIe, OMHHM H3 IIPeIIIOI0KEeHHH,
obecrneYHBaIOITHM aIeKBaTHOCTh MOJEIH, ABIIETCA YCIIo-
BHE O TOM, 9TO JHCIIEPCHS CITyJaiHOH OIMHOKH OJHHAKOBA
U BceX HabmroneHHH. B 3ToM cirydae Mozens oblamaeT
CBOHCTBOM IOMOCKEIACTHYHOCTH, B IIPOTHBHOM Ciydae
MojIeNb ABIAeTCA reTepOoCcKeTaCTHIHOH.

Jlna NpoBepKH HATHYHA TIeTePOCKeTacTHIHOCTH
HCIOTB3YIOT pPa3Hble NOAXOABl. PacCCMOTPHM IPHMEp MO-
IelH mpH HamudHH 150 skcmepHMeHTOB (HaGMroneHHIH),
H3 KOTOPBIX IIPeIBaPHTEIFHO HCKIIIOYEeHE! 7 IPOMaxoB H 3
Ha0II0NeHHA 3ape3epBHPOBAHEI UL JalbHeHIeH BamHa-
HH MozenH. TakuM o6pazom n=140.

B kauecTBe HHCTPyMeHTapHsi BbIOepeM cpexy
MATHCAD. 370 cBA3aHO C TeM, YTO IIPH TaKOM IOIX0/Ie
JOKYMEHT, pealH3yIOINHH BBIYHCIEHHS, 3alHCHIBaeTCA B
(hopMe IPHBEIMHOH HH)KEHEPY, a 3TO CYINECTBEHHO BIHIET
Ha ynoOcTBo paboTEI HCcle1oBaTeN .

Hcnomne3yeM BH3yalbHYI0 HPOBEPKY IHIIOTE3BI O
HAJIHYHH IreTepocKeqacTHIHOCTH. Ha pHCyHKe 2 ITOKa3aHbI
3HaYeHHS OCTAaTKOB. BHI rpadHueckoH 3aBHCHMOCTH II0-
3BOJIAET MPEIIONIOKHTh HAlTHIHE TeTePOCKeTaCTHIHOCTH.

Vcnonp3yeM aHATHTHYECKHE CIIOCOOBI IIPOBEPKH
THITOTe3BI O HAJTHYHH IeTePOCKEeJaCTHIHOCTH.

BEIMOTHEM TIpOBepKy IO KpHTepHIO Breushc-
Pagan. ®parmeHT JOKyMeHTa IpeACTaBlIeH Ha PHCYHKe 3
clieBa.

JI1s1 IpoBepKH ¢ HCIo/Ib30BaHHEM LM-CTaTHCTHKH
BBEIYHCIIIEM IpeJIBapHTENBHO OOBACHEHHYIO CYMMY KBa-
npatoB ESS mo BcrmoMoraTrebHOH perpeccHH:

& T
== Yotxiytv (5)
3aTeM 3HadYeHHe LM-CTaTHCTHKH KakK OJ0BHHY oT ESS.
®parMeHT JOKyMeHTa, PeaTH3yIoIero IpoBepKy,
IpefcTaBlIeH Ha PHCYHKe 3 cIpaBa.

OcTaTKII I BLIOOPOUHOE CpellHee
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PucyHok 2. OcTaTKH H BEIOOPOYHOE CpegHee
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x_knticeskoe = qchisg(l — o k) = 9.438

[ Habnwodaemoe sHaveHue | [ Kpumusveckoe sHaveHue

¥_nabl = 41.161 x_lriticeskoe = $.488

«_kriticeskoe = gchisg(l — oo k) = 9.488

I Habmodaemoe snavenue | [ Kpumuyeckoe 3HaveHue

x_nabl = 64.607 x_lniticeskoe = D.488

Ecnu Habnrodaemoe 3HaveHue > KpUMUYECKO20, MO Npucymcmeyem ‘
TETEPOCKEfACTHYHOCTD, unaye FTOMOCKEACTHYHOCTE

‘ Ecnu Habnrodaemoe 3HaYeHUe > KpUMUYECKO20, MO MpUCyMcmeyeimn
TETEPOCKESJACTHYHOCTD, unave FTOMOCKENACTHYHOCTD

Pucynoxk 3. [Iposepku o kpureputo Breushc-Pagan (ciea) u LM-craructuku (cripasa)

BBIMOMHUM MPOBEPKY HAa HaIM4YHe TE€TepOCKe-
JACTHYHOCTH Ui HECKOJIBKUX (DAKTOPOB MO KPUTEPHUIO
lonndenna-Keannra. Beidopka npu 3ToM pa3OuBaet-
Csl Ha TPHU YacTH, B KOTOPBIX KOJMYECTBO KOMIIOHEH-
TOB BBIUUCIsIeTCs 10 popmyse round(0.5%(n-CC)), rae

CC=4*n/15.

TexcT OCHOBHOW mMpoIenypsl JUIsl BBIIOIHEHUS
aHaIM3a MpPeCTaBICH Ha PUCYHKE 4.

PesynbpTaThl TECTUPOBAHUS ISl YPOBHS 3HAYUMO-
ctu 0,05 mpencTaBiaeHbl Ha PUCYHKE 5.

Getero_GOLFILD(Tab,a) =

cce 32
15

(o

v < Tab

n + rows( Tab)

m < cols(Tab)

n— CC

K « round[

for Le 1.m—1
Nbeg <+ 0, Nend «— K -1
Sl_kwL « L _K1 K3(Tab,n,m K Nbeg Nend, L)

Nbeg < n — K Nend «n -1
53_}:1.'\.'L +« L K1 K3(Tab,n,m K Nbeg Nend, L)

"Crpoum F-crammcrisy”

max [ S l_kwL , S3_kwL ]

2 ]

L

OTVET

mjn( S1_kw; , S3_kwy. }

"Kpuriaeckas Toura no Pumepy”

MM« 1 vl « K-MM—-1,+v2 « vl
Ferit < gqF (1 — o, vl v2)

RezL — rE‘LPL = Ferit, "Getero" , "HOMO ]

(DTVET}D 0 "Fstatistica "
(DTVET)O B "Ferit "
(DT\*‘ET}D , <" REZULT"
(DT\*‘ET}L 0 € PL
(DTVET)L | < Ferit

(OTVET), , ¢ Rez

Pucynox 4. [Ipouenypa nmpoBepKkH reTepockeiacTHIHOCTH 1o Kputepuio [onndenna-Ksanara
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I ﬂumepw” ocmamkoe 777 = Getero_GOLFH..D(Tab, 005’
IMepeod u3s m, yacmed -— —K — —
e ebﬂo‘:\"l(l Nbeg:=0 Nend=K-1 L:=1 X1 Bnepedu Pesynbmam mecmupoaHus.
Howmep cmpoku coomeemcmeyem Homepy
L_K1 K3(Tab,n,m,K, Nbeg, Nend,L) = 0.00139 Pakmopa
"Fstatistica " "Fert " " REZULT"
Hucnepcus ocmamkoe 25.7981 1.6073 "Getero"
Tpenbeae:l%rgpp;f vacmed Nbeg=n-K=80 Nend=n-1=139 z777_| 45406 16073  "Getero"
12718 16073  "HOMO"
L_K1 K3(Tab,n.m K, Nbeg,Nend,L) = 0.0357581 3.538 16073 "Getero®

PucyHoOK 5. Pe3ynnbTarTsl TeCTHPOBAHHS IeTePOCKETaCTHIHOCTH UL HECKOIIBKHX (PaKTOPOB IT0 KPHTEPHIO
Tonndenna-Keanara ans ypoBHa 3HaaHMOCTH 0,05

Bce BEIIOTHEHHBIE TECTHI CBHIECTEIBCTBYIOT O Ha-
JIHYHH I'€T€POCKEJaCTHIHOCTH.

Ychanelme reTepoCKeJACTHIHOCTH MOJe/IH

Jlns ycTpaHeHHS IeTepOCKeNaCTHIHOCTH HCIIONb-
3y1oT B3BemeHHEIH MHK TakuMm o6pazom, 91068 00ecte-
YHTH IIOCTOSHCTBO MHCIEPCHH CIIydaHHOH OIMHOKH It
BceX HaOmoneHHH

CTaHZapTHEIH IPHEM 3aKITIOYaeTCs B CIEIyIOMIEM.
CHavana OIEHHBAIOT HCXOJHYI0 MOJEIh IIPH IIOMOIIH
o6praHoro MHK H moIy9aroT OCTaTKH PerpeccHH 3areM
OIIEHHBAIOT 3Ty BCIIOMOTATelIbHYI0 MOJENb, B KOTOPOH
i-Toe HabmIroIeHHe 3aBHCHMOH IepeMEHHOM 3aMeHsIoT Ha
gf. ]I Hee TIOMy4alOT CBOH OCTAaTKH &;. VIX H HCIIONB3Y-

FOT, YTOOBI OIIEHHTH JHCIIEPCHIO CITydaiHoH omuOkH. [IpH
STOM BBINIOIHAIOT 3aMeHy IepeMeHHEIX, HCIIONIB3Ys OLleH-
Ky JTHCIEPCHH BCIIOMOTATeIFHOH MOIENH.

BEINOIHHB pacyeTsl, clIeqys PeKOMEeHIAlHAM 3T0-
ro MOIXOona, U1 pacCMaTPHBAaeMOIo IPHMepa MOIydIeHEI
CIIeyIOIIHE OCTATKH IIOCIIe BO3BpAIEHHA K HCXOIHBIM
IepeMeHHEIM (PHCYHOK 6, BBepxy). Kak BHIHO, pa3Max
octaTkoB npeBbimaeT 0.07, 94TO OKa3alnoch HeENpHeMIe-
MBIM 711 pacCMaTpPHBAaeMOH 3aqaqH.

BEIOTHEM BEIMHCIIEHHST Ha OCHOBE B3BEITHBAHHSA,
HCIIOTIB3YS OIEHKY JHCIIEPCHH HEMOCPEeICTBEHHO UIA HC-
XOITHOH MojenH 0e3 IPHBIIEYEHHS BCIIOMOTATeIFHOH MO-
nmenH. Pe3ynbpTaThl MpeCTaBlIeHsl Ha PHCYHKe 6, BHH3Y. B
ATOM ClIydae pa3MaX OCTaTKOB ocTaeTcs B mpepenax 0.02,
YTO 0KAa3aI0Ch JOIYCTHMEIM JUIS pacCMaTpHBaeMOH 3a/1ayH.

OCTATKH

0.04 T

o.02f

o

_real,, _gero 0.02~
oo

~ 0.0af~

- 0.00~

o 0

Homep sxcnepumenta

100 150

OCTATKH

«_veal
~realno_gero,

- 0.01

- 0.02

- 0.0,

Homep sxcriepimenta

100 150

i

PHcyHOK 6. Pe3ynbTaTsl yCTpaHEHHS reTePOCKEJACTHIHOCTH MOJIENIH HAa OCHOBE IIEPBOTO (BBEPXY) H BTOPOro (BHH3Y)
BEIOOpA BECOB
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(X b, = 0.169813) 15

[)Lb2 = 0.39956] 110
[XJ:3 = 0,079912]

(Xb, = 052417

<—- OCMaNbHble 3aMeHums Ha X1 X2 u m. 9.

B peieps TodkM 15 74 110

2197 2.206243 4.751908 0.19966 12.64346
74 2,167 0.89622
2,157 0.169813

Y= 2157)

0.94601 0.19916 5.705934
0.39956 0.079912 0.529417

<—-- [lo2pewnocmu

Y NO GETERO prosnoz = by }HOT,x_b

Mr\%: Y — Y_NO_GETERO_prognoz

Yo = 2157

Y_NO_GETERO_prognoz = 2.15728

(A_abs) = —0.00028

<---—- OmHocumenbHas 6 IPOLEHTAX!!

|YTabl — Y_NO_GETERO _prognoz

A Otnos =
AP Y.
Tabl

-100 (A_Otnos) = 0.012965

Pucynok 7. Pe3ynbraTsl BanuIalnuy MOAEIN C YCTPAHEHHON reTEPOCKEAACTUYHOCTHIO

®parMeHT JTOKyMEHTa JUIsl BAIMJAIIMH MOJIENN TO
TpeMm Toukam ¢ Homepamu 15, 74, 110 ¢ BbIYMCIEHHBIMU
MOTPENIHOCTSIMU PUMEHUTENBHO K Touke ¢ Homepom 110
MIPEICTABICH HA PUCYHKE 7.

B Toukax ¢ Homepamu 15 u 74 oTHOCUTEIbHBIE
MOTPEIIHOCTH B TPOIEHTAX COCTABWJIM COOTBETCTBEHHO
0,911977 u 0,090345, yTo mpuemMIeMo IJs paccMaTpuBa-
€eMOH 3a/1auu.

3akiaoueHue

[pu peanu3anuu JaHHOTO POCKTA TOJTYUICHBI CIIe-
JYIOIINE PE3yJIbTATHI:

- pellicHHEe 3aja4 MPU MOJCITUPOBAHUU CIIOKHBIX
SIYCUCTBIX KOHCTPYKIMA CTAHOBHUTCS IMPOOIEMATHIYHBIM
M3-32 TPOJIOJDKUTCIIEHOCTH OJHOKPATHOT'O BapHUAHTHOTO
pacuera;

- MPEIJIOKEH TTOIX0/1 K PEIICHUIO 3TOH POOIEMBI

Ha OCHOBE UCIIOJIb30BaHMs TOJyYEHHBIX paHee pe3ysbTa-
TOB BapUAHTHBIX BBIYMCIEHUH AJS MOJIY4YEeHHUs MPOTrHO3a
BBIXOJIHBIX TApaMETPOB INPH TEX COUCTAHUAX 3HAUCHUM
rapaMeTpoB 00BEKTA, KOTOPBIE HAXOASTCS B 33JaHHBIX pa-
Hee Juarna3oHax 10 yXKe MPOBEIEHHBIM HCCIIEJOBAHUSM;

- co3gaH HaOOp NPOrpaMM Ha OCHOBE UCIONIb30Ba-
Hus cpeactsa MATHCAD nns peanusanuu Takoro Hoj-
X071a;

- C HCIOJIb30BAHUEM CO3aHHOTO IPOrPaMMHOIO
obecrieueHHsl OCTPOEHBI COOTBETCTBYIONIME MOJEIH. B
YAaCTHOCTH, BBIIOJHEHBI TECTHl HA T€TEPOCKETACTUIHOCTD
U PeaIn30BaHbl CIOCOOBI €€ YyCTPaHEHHUS;

- BBIMOJIHEHBI CPAaBHEHHUSI CHOCOOOB YCTpaHEHUS
reTepOCKEaCTUYHOCTH TIPH PA3IMYHOM BBIOOpPE BECOBBIX
K03(h(PUIIMEHTOB Ha OCHOBE MCITOJIb30BAHMS B3BEILICHHOTO
METO/a HAaMEHBIIINX KBaIPaTOB;

- TIPE/ICTaBIICHBI PE3yJIbTAThI BaTUAAIIUN MOJICIHN C
YCTPaHEHHOM! reTepoCKeJaCTUUHOCTBIO.
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DETERMINATION AND ELIMINATION OF HETEROSCEDASTICITY
OF A MULTIVARIATE REGRESSION MODEL FOR PREDICTING THE PARAMETERS
OF HONEYCOMB STRUCTURES USING MATHCAD
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Abstract. Described is a possible approach to solving the problem of obtaining a forecast of output parameters of
cellular structures with those combinations of values of parameters of the object which are in previously given ranges based
on studies already carried out, based on use of previously obtained results of variant calculations. Provides portions of a suite
of programs that use MATHCAD to implement this approach. Comparisons of methods for eliminating heteroskedasticity
with different selection of weighting factors based on the use of the weighted least squares method were made.

Keywords: cellular structures, weighted least squares, heteroskedasticity
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