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MopentoBaHHs B KJIaci CUCTEM perpeciiHuX piBHSAHb
B YMOBaX CTPYKTYPHOI HEBU3HAYEHOCTI

JU1st MOZIenMpoBaHKs B KITacce CUCTEM PErpecCHOHHBIX YPaBHEHUIT MPEIoxKeH CUCTEMHBII KpUTepuii peryaspHOCTH ¢
pazOueHrieM BbIOOpOK HaOMONEHMH Ha oOydarole M MpOBEpOYHbIE MOIBBIOOPKH. J[OKa3aHO CyllecTBOBaHUE
ONTHMAJILHOTO MHOXECTBA PErpeccopoB. BhIABIEHO ycloBHe penyKLMHM ONTUMAIbHOM CHCTEMBbI PErpecCHOHHBIX
ypaBHEHUI, KOTOPOE 3aBUCHT OT NIAPaMETPOB CHCTEMbI PErPECCHOHHBIX YpaBHEHHI 1 00bEeMOB BBIOOPOK.
KuroueBble cjioBa: HEONPENEIEHHOCTh TIO COCTABY PErpeccopoB,

CHUCTEMHbII KpUTEPUN PETYISAPHOCTH.

For modeling in a class of regression equations systems the system criterion of regularity with dividing
of observation sample on training and testing subsamples is offered. It is proved, that the optimum set
of regressors exists. The condition of a reduction of optimum system of regression equations is obtained. This
condition depends on parameters of system regression equations and volumes of samples.
Key words: uncertainty on structure of regressors, system criterion of regulatory.

Jlnd MoIemoBaHHsA B KJIaci CHCTeM perpeciiiHiX piBHSIHb 3alporOHOBAHO CHCTEMHHUII KpUTepiit perymispHocTi 3
PO30OMTTAM BHOIpOK CHIOCTEPEKeHb Ha HaBYaJIbHI ¥ TepeBipHi migBrOipky. JloBeeHO iCHyBaHHS ONTUMAIEHOI MHO-
JKMHU perpecipiB. Bussineno yMoBy peayKuii oNTUMaJIbHOI CHCTEMH PerpeciiHiX piBHSHB, IO 3aI€KNUTh Bil
rapaMeTpiB CHCTEMH PErpeciitHMX PiBHAHD i 00CSTIB BHOIPOK.

KuarouoBi cjioBa: HEeBU3HAYEHICTh 32 CKJIAIOM PerpecipiB, CHCTEMHHI KPpUTEPili peryysipHOCTi.

BBenenue

3aaua MOCTPOEHUS] CUCTEMBI PETrPECCHOHHBIX YPaBHEHUU B YCIOBUSIX CTPYKTYPHOM
HEOIIPEJISIIEHHOCTH 0 KOJIMUYECTBY M COCTaBY BXOJHBIX NEPEMEHHBIX B YpaBHEHHSX SIB-
JSIETCSl OJTHUAM U3 OOBEKTOB MCCIIEIOBAHUS B METOJIE TPYMIIOBOTO yueta aprymenToB (MI'YA)
[1-8], koropsrii pazpadoran akanemuk HAH Vkpauner A.l'. Baxaenko. Meron ocHOBaH Ha
pa3OueHny BBHIOOPKH JaHHBIX Ha OOYYaroOIIylI0 W MPOBEPOYHYIO YacTH: Ha OOydJaromiei
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Mooenupoeanue 6 knacce cucmem pecpeccuoHHbIX YPAGHEHUIL. .

1C

BBIOOpPKE OIEHUBAIOTCS KO (UIIMEHTHI MOJIENH, a Ha IPOBEPOYHON OI[EHUBAETCS KayecT-
Bo Mozemu. O6braHO B MI'VA mpuMeHsITUCh pa3iuyHble CBEPTKH BHENTHUX KPUTEPHEB
OTJIENbHBIX PETPECCHOHHBIX ypaBHeHHMH. B paboTe pa3paboTaH CHCTEMHBIH KPUTEPH
CTPYKTYPHOM HJIeHTH(UKALNUU, TPU HOCTPOSCHUH KOTOPOro KOA(PQPHUIMEHTHl CHCTEMBI
PErpeCCUOHHBIX YPaBHEHUU OLIEHUBAIOTCS COBMECTHO.

W3BecTHBIM KpUTEpPHEM KadecTBa JUISI CUCTEM PETPECCUOHHBIX YPABHEHUH SIBIISIETCS
MHOTOMEPHBIH aHanor nHGopManoHHOTO KpuTepust Akauke [9]. Ero Hegoctatok cocTouT
B TOM, YTO OH IOCTPOEH B MPENIOJIOKEHUU, YTO BCE BBIXOJIHBIE NEepeMEeHHbIE 00BEKTa
OTIPEIETISIFOTCS OOIIMM MHO>KECTBOM BXOJHBIX NEPEMEHHBIX. B IpUKIaIHbIX 33/1a4ax MOTYT
BCTpeUYaTbCsi OOBEKTHI 0OJIe€ IMPOKOro Kilacca, KOIZa BBIXOJIHBIE IEPEMEHHBIE MOIYT
OIIPEEIIATHCS Pa3HbIMU MTOJAMHOMXKECTBAMM BXOJHBIX IepeMeHHBIX. [loaToMy akTyasbHOMI
3aaueil SIBISETCS TIOCTPOCHWE W 0OOCHOBAHWE KPUTEPHUSI CTPYKTYPHON HICHTH(DUKAITAU
JUISL CUCTEM PErpPEeCCUOHHBIX YPaBHEHUH TaKOro Kiacca.

ATNpUOpHBIE MIPEATONOKEHUS 00 00BEKTE

ITycTh cTaTHYeCKuii 0OBEKT OMUCHIBACTCS MHOXECTBOM /71 BXOJIHBIX MEPEMEHHBIX
X ={x,%5,....,X,,} 1 MHOKeCTBOM / BBIXOJHBIX TlepeMeHHbIX ¥ = {y(1), y(2),...,y(h)}.

[Iycth MOens 00BEKTa PEACTABIIAET COOOM CHCTEMY PETPECCHOHHBIX YpPaBHEHUMI

m(k)o

o (
y(k)=y(k)+E&(k) = .21 0,(k)x (k) +E(k), k=12,..h, )
j=

rae k — HOMep BBIXOJAHOW MEPEMEHHOMN; /1 — YHCIIO BBIXOJIHBIX IEPEMEHHBIX; V(k) —

0
nu3MepsieMasi ¢ OIMMOKOM k -5 BEIXOJHAS TiepeMeHHas; V(k) — HesaurymiieHHas (HeHaOIro1ae-
Masl) COCTaBJISIONIAsT k -ii BBIXOJIHON mepeMeHHOU; £(k) — HeHaOromaemMas aJIuTHBHAS
Clly4aiiHasl COCTaBJSIOLIAsl B k - BBIXOJHON NEPEMEHHOH; X j (k) — j-a1 BXomaHas mepe-
MEHHasT M3 MHOXKEeCTBa BXOJHBIX TepeMeHHbIX X (k)#O (O — mycTtoe MHOMXKECTBO),
yuacTByromux B (hopmupoBanuu y(k); m(k) — 9uCIO BXOJHBIX IEPEMEHHBIX, IIPHHA/IIC-

Kamux MHOXecTBy X (k); 8(k)=(81(k),82(k), ...,gm(k)(k))T — BEKTOp HEH3BECTHBIX
K03 pHUIEeHTOB.

[Iyctes B pesynpTaTe HaOMOACHHWS OOBEKTA IS KaKIOW BBIXOJHOW IMEepEeMEHHON
yv(k), k=12,..,h, monyuensr: 1) X(k) — (nxm(k))-marpunia n wnabmonenuii m(k)
BX0JIOB MHOKecTBa X (k), umeromnas moiaHbIA paHr, paBHbd m(k); 2) y(k) — (nx1)—
BEKTOp HAOJIIOJIaeMBIX 3HAUYEHHWI BBIXOJHOHM TepeMeHHOi )(k). B cooTBeTCTBHM C MOETHIO
(1) ntst HaOIOIEHUI BBITOTHSIETCS

y(k) = ;(k) +&(k) = X(k) B(k) +&(k), k=12,...h, 2)

(V)
rae y(k) — (nx1)-BekTop HeHAOMIOIaeMbIX HE3aITyMJICHHBIX 3HAUYSHUH & -1 BBIXO/I-
HO miepeMeHHOM; E(k) — (nx 1) -BekTOp HEHAOIIOAEMBIX ATTUTHBHBIX CITyYalHBIX COCTaB-

JISFOIIMX B HAONIOAEHUSX K -i BHIXOJHOI TTEpEMEHHOM.
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[IycTe BekTOpHas ciy4yaiiHas BEIHMYUHA &z(i(l),&(Z),...,é(h))T pacmpeieneHa 1o
h -MepHOMY HOpMasbHOMY 3aKkoHy: &~ N(0,,X), u otHocuTenbHO (7x1)-BekTopoB &(k)

BBITTIOJIHCHO
E{&(k)}=0,, EERE (O} =0y L, k=12 .h; 3)
EE&0E (@)} =04, L,. k.q=1.2...h, k=#q; 4
E{& il(k)&,.z(k)}=0, i,ip =12,...n, 1j #i,, %)

rae E{} — 3HaK MaTeMaTHYECKOTO OXXUIAHWS MO BCEM BO3MOXXHBIM pead3aIlisIM
cirydaiiHbeIX BekTopoB &(k) m &(q); 0, — (hx1)-BekTop, coCcTOAMMN W3 HYNIEH; Gy —
HCU3BECTHAs. KOHEYHAs BEIMYMHA, [JUCIEPCHs CIy4ailHON BenwduHbl E(K); O, — He-

U3BECTHAs KOHEYHas BEIMYMHA, KOBapHauus cilydalHelx BesmuuH &(k) u &(q); I, —
eauHuYHas (1 x n)-MaTpulia.

BriBoa (hopmyt 115t ouieHUBaHUs KO3(PHUIIMEHTOB

3anuieM (2) B 00beIMHEHHOM BUJIe. BBeieM 0003HaueHU:

() () o) 0]
y=[¥®)| y-[y@)| b-l0@)| -5 ©
o o) )
XD On2y | | Owsniy |
R=| Qwmn | XD 4 Oty | 7
Oty | Oy |1 X

rae 'y — ooveauneHHbI (N x1)-BeKTop HaOII0JaeMbIX 3alTyMJIEHHBIX 3HAUYEeHUH;

o (0]

y —(N x1)-Bektop HeHaOMIOIaeMbIX 3HaUeHu; O — (M x 1) -BeKTOp HEM3BECTHBIX KO3(-
¢unuentoB; § —(N x1) — BeKTOp HEHAOTIOIAEMBIX CITyYaifHBIX a/UTUTUBHBIX COCTABIISIOLINX;
R —ob0bemunennas (N x M) -marpuna perpeccopoB; N =nh ; M =m(l)+ m(2) +...+ m(h).

C yuetom (6), (7) cucteMy / perpecCHOHHBIX ypaBHEHUH (2) MOKHO 3amucaTh

(0] (0]
y=y+E=R0O+C. @
0
Heo6xoauMo HaliTH OIIEHKY HEM3BECTHBIX Koa(bq)HuHeHTOB 0 B BHUIE
d(1) d(k.D)
d(2) d(k.2)
d=Cy, d=|---"|. d(k)=|--="| k=12...h, 9)
d(h) d(k.h)

rae (M x N)-marpuny C, koTopas 3aBUCHT OT R, TpeGyeTcs onpenenurs.
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Bbynem uckate takyto matpuity C, mpu KOTOpo# Jorapudm onpenenuTens KoBapua-
IIUOHHOW MAaTpUIBI ONleHKHA Kod(dunueHToB (9) mMpUHEMaeT MHHAMAIBHOE 3HAYCHUE U
OIIEHKH K03(pPHUIIMEHTOB HECMEIICHBI.

Maremarnueckoe 0KuAaHNE U KOBAPUAITMOHHYIO MATPHILY OIEHKH (9) BEIYHCIAM T10
BCEM BO3MOJKHBIM peasi3aIiusM ciydaiHbix Benuund §(k), k =1,2,...,h . JInga maTtematu-

YECKOT0 OKHTaHUS ONEHKH (9) JOIKHO BBITOTHATHCS

E{d) = E(Cy} = E{C(y+£)} = E{CRO} + E{CE} =6. (10)
CupasemnmuBocTs (10) ciieyeT u3 yclnoBuid
CEZIMﬂ E{C§}=0M, (11)

e mepBoe — TpeboBaHuEe HECMEMEHHOCTH OIICHOK, a BTOpoe — TpeOOBaHUE HEe3aBH-
CUMOCTH 371eMeHTOB MaTpulbl R ot Benuuun &(k), k=1,2,...,h, c yueTom (3).

Ilycts X — KOBapHalMOHHAS MaTPUId BBEICHHOrO B (0) 0ObeauHeHHOro (N x1)-

BEeKTOpa HeHaOIIOMaeMbIX aJJIMTUBHBIX CIydaiHbIX cocTaBistonmx &. Torma anms kosa-
pUAMOHHON MaTPHIIBI BEKTOpaA OIIEHOK (9) BBITIOJIHSIETCS

Cov(d) = E{(d —((;)(d —B)T} = E{C&&TCT}: Ccxr.C', (12)

rae E{-} — omeparus MaTeMaTH4ecKoro OXKuJaHusl, BBeieHa mpu Beraucienun (10).
3anumem ¢yHKIUio Jlarpamka

L(C,A):ln(det[C)ZiCT])+tr[A(Cg—IM)], (13)
riae A — aumaronanbHas — (M x M) -maTpuIia HeONpeIeIeHHBIX MHOKHTEIIEH.
Toraa HeoOxoIMMBbIe YCIIOBUS ONITUMAILHOCTU UMEIOT BU:

oL _ 9 0

e %(ln(det[c x.C' ]))+ pre (tr [A(CCR-T), )])= Orns 14
oL _ o

A" A ( tr[A(CR - IM)]) CX-Iy =0y

[Tpumensist mpaBuia MmatpuuHoro auddepennnposanus, u3 (14) nomydaem
C=R'Z/'R)R'E. (15)
JIns MaTeMaTHyecKoro 0>KUAaHNs U KOBapUALMOHHOM MaTpHIIbI OLIEHKU BBITIOJIHSETCS

E{d} = E{Cy} = E{(R"Z'R)TRE; (RO+)) = 6. (16)

() [} T
Cov{(d—0)d-0) }=
=E(R'ZZR) IR IIRRIIIR) T =R ITR) . (17)
Brruncnum KoBapHallmoOHHYIO MaTpHUILY Ei , T.€. IUCIIEPCUHU U KOBApHaIlUU CIIydai-

HBIX BenmmuuH &;(k), i=1,2,...,n, k=12,...,h. Yuureas (3) — (5), norygaem

Efg(e’ (1)} | E{§(1)§ (2)} i E{€(1)§ ()}

T =E{gely=|T0000 2O (TRl O LT {_g_@&__(_h_)_} =[z®I1,].(18)

-l—_l_ -

E{é(h)é M} E{ﬁ(h)ﬁ @3- 'E{ﬁ(h)é ()}

rae I, —equnnunas (nxn)-marpuna; X ® I, — KpOHEKEPOBCKOE IPOU3BEACHUE MATPHIL.
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N3 (6) — (18) cnenyet, 9TO AJIs OIEHOK Koaq)(bHuHeHTOB BBITTOJTHSIETCSI:

d(k) = Cry= Zqu y(q) = Zqu (y(q)%(q)J

g=1

:f f[(R X; R)'l]kl[R X; R] 0(q) +

+sz2 'R)!] [RTx: Rhmm+zc@am mm+zc@am (19)
I'/I€ UCII0JI30BAHBI CBOMCTBA, KOTOPBIE CIIEAYIOT U3 paBeHcTBa Hx H™ l =1I:

h 1, k=gq;
meXm“m—{em” 1 (20)

I=1 0, ecru k=q.

CucreMHbIi KpuTepuii perynspaocty MI'Y A

Panee mpenmomnaranoch, 94To MOAMHOYKECTBA PETPECCOPOB, YUACTBYIOMIMX B POpPMH-
POBaHMM KaXkZ10il M3 BBIXOJIHBIX IIEPEMEHHBIX, 3a/aHbl. Jlanee OyaeM mpeamnosararb, 4To
OHM HEHM3BECTHBI, U UX TpeOyeTcs OINpeaeNuTh, T.€. PaCCMOTPUM 3aJady CTPYKTYpHOM
uneHTuuKanuu. s onucanus CTPYKTypbl CHCTEMBI PETPECCHOHHBIX YPaBHEHUH BBEJIEM
CTPYKTYpPHBIE MaTpPHIIbI, CMBICII KOTOPBIX MOSCHUM Ha KOHKpeTHOM mnpumepe. Ilycts Ha
3HAYCHHE BBIXOJIHON MEPEMEHHOW C HOMEPOM k BIHUSIOT MEPBBIA, BTOPOM W UYETBEPTHIH
perpeccopsl B UCXOJHOM 3a/IaHHOM MHOXECTBE pErpeccopoB X , YMCIIO KOTOPBIX m =35.
Torna marpuiy perpeccopoB X(k) B cucteme perpeccuoHHbIX ypaBHeHH# (1) — (20) MokHO

3anucarb BUAC MMPOU3BCACHUS

M@ PG i@ i a®| e [0 @) @]

X2 El), ,%2,(,2), 352,(,32 ,{2,(,4) 352,(,52 R RE El),,%z,@, sz,(f‘)
X(k)=XS(k)=| = IR N <0107 0[=|-—- BN (21)

fﬁbj@hjﬁhfﬁbjﬁl ool i@LH@LﬂQ

fffff SN S O S N TR [ S

n(l) X (2) X (3) X (4) | xn(S) - x> (1) | X (2) | X (4)

rre (5x3)-marpunia S(k) ¥ peAcTaBiIsieT COOO0H CTPYKTYPHYIO MaTPHILY, OTPaXKAFOIIYIO
BIIUSIHUE TIEPBOTO, BTOPOTO U YETBEPTOTO PETPECCOPOB HA k -0 BBHIXOHYIO IEPEMEHHYIO.

[Tycts napOpMAIHS 0 TOM, KaKHe IMEHHO PETPECCOPBI OMPEICISIOT 3HAYCHUS KKIOH
BBIXOJIHOW IEPEeMEHHBIX B 3aKOHE (QYHKIMOHUpoBaHUs oObekTa (1), (2), mpesacraBiieHa
HaOOPOM CTPYKTYPHBIX MATPHII

o 0 0
={S(1),S(2),...,S(h)}, (22)
KOTOpBIE MOT'YT OBITh Pa3IMYHBIMU JUI Pa3HbIX BBIXOAHBIX MepeMeHHbIX. C y4eToM BBEICH-
HBIX CTPYKTYPHBIX MAaTpHIL 3aKOH (PYHKITMOHUPOBAHUSI (2) MOXKHO 3alMCaTh

(o} (o} (o} (o} 0
y(k) =y(k) +&(k) = XS(k)0(k) + &(k) = R(S,k)0(k) +E(k), k=12....h, (23)
rie X — (mxm)-Marpuma perpeccopoB MHoOXkecTBa X ; y(k) — (mx1)-Bektop
Ha0JII0/JTaeMbIX 3HAYCHHUH BBIXOAHOU ITepeMeHHon ) (k) .
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Jlanee mpeamonaraeTcsl, 4YTo MHOKECTBO X © MaTpuiia X 3aJaHbl, a CTPYKTYpHbBIE

(0]
matpunbl S(k), k=1,2,...,h , HEU3BECTHBI U UX TpedyeTcs onpeAenuTs. [lycTh
S={8(1),S(2),....S(h)} — (24)
HaOOp CTPYKTYPHBIX MATPHIL, KOTOPBIE COOTBETCTBYIOT TEKYIIEH CTPYKTYPE MOJIEIN — OJTHOU
U3 CTPYKTYD, TepeOrpaeMbIX 0 aITOPUTMY TOJHOTO Tiepedbopa BceX CTpyKTyp; s(k)< p —

YHCJIO PErpeccopoB B Kk -OM PErpecCHOHHOM YypaBHeHmu, k =1,2,...h; p — 3amaHHOE

MaKCUMaJIbHO BO3MOKHOE YUCJIO PETPECCOPOB B PETPECCUOHHBIX YPABHEHUSIX.

[Iycte umeroTcsi nBe BBIOOPKHM HAOMIOJEHUNW m BXOAHBIX NEPEMEHHBIX U /4
BBIXOJIHBIX TEPEMEHHBIX: MEPBYIO BBIOOPKY ( A ) Oy/ieM Ha3bIBaTh 00ydaroliei, a BTOPYIO
( B) — mposepounoii. Ha oOyuaromeii BeIOOpKe OyZeM OIICHWBATH MapaMeTpPhl CHCTEMBI
PErpecCUOHHBIX YPAaBHEHUN C TEKYIIEW aHAIM3UPYEMOM CTPYKTYpOM, a Ha IIPOBEPOYHOMN
OyJileM OIIEeHUBATh Ka4eCTBO 3TOH MOCTPOECHHOMN MOJIETH.

Bregem a1 aTux BEIOOPOK 0003HAUEHUS

y(4D R(A.S:D) | Oppniay | | O |
() =| YD reas)=| Qe LRSI Qi | o5
D [ (S L________L_;_l____'____
¥(4.h) | O(umy | Oy | - | RAS:H) |
rie R(A,S:k) = X(A)S(k), k=1,2,...h;
¥(B.D R(B.S:1) | Owanzy | | Ogmeminy |
B =| YD reps)=| Qeman [ RES2V 1L Qv | )
D [ |_________L__'_| ________
v(B.h) Oty | Oz |+ | R(BLS:h) |

rae R(B,S:k)=X(B)S(k), k=1,2,....,h.
Wrax, Ha BeIOOpKE A OIleHHBaeM KO3 (HUITUEHTHI

A h 0 h
d(A4,8:k) =Cro(4.5)y(4) = Zlckq(A,S)Y(A,CI) =0(k) + Zlckq(A,S)i(A,Q), (27)
q= q=

IJIe UCIIOJIB30BaHO CBOUCTBO (19).
C yuetoM (19) u (23) nnsa (n(B) x 1) -BekTOpa OCTaTKOB Ha BEIOOPKE B nMeeM

u(B/A,S;k)=y(B,k) - ;I(B/A,S;k) =y(B,k)— R(B,S;k)(Al(A,S;k) , (28

rae y(B,k) — (n(B)x1) -BexTop HaOIIOIeHUI BBIXOIHOM MEPEMEHHON C HOMEPOM k

N
n(B) — o0beM HpPOBEpOUHOU BHIOOPKU; y(B/A,S;k) —
(n(B) x 1) -BeKTOp BBIXOJIOB k -ii PErpecCHOHHON MOJIETIH HA BBIOOPKE B, pacCUMTaHHBINA TIO

MOJICTIH, OIIEHKH KO3 GHUITUEHTOB KOTOPO# MOJTyUeHBI Ha 00yJaroInei BeIoopke A B (27).
B cootBerctBuu ¢ (19) u (23) nnst BekTopa ocTatkoB (28) BBINOTHSETCS

Ha TIPOBEpPOYHOU BEIOOpKE B ;

W(B/A,S:k)=8(B/A,S:k)+E&B,k)—R(B.,S;k) fckq (A,S)E(Aq).
gq=1

(29)
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e 8(B/A,S;k) — (nx1) -BekTOp OTKIIOHEHMIA (TaK HA3BIBAEMOE CMEIIEHHUE, O0YCIIOB-

(V)
JIEHHOE BBIOOPOM TEKYIIEH CTPYKTYphI S BMECTO HCTUHHOU S ):

0 h 0
d(B/A,S:k)=y(B.k)—R(B,S;k) 2. C,(4,5) y(4.q) . (30)
q=1
O6wenuaNM (1(B) x 1) -BekTOpBI OCTAaTKOB (29) B (1(B) X h) -MaTpuHILy:
U(B/A,S)=[u(B/A.S:1),u(B/ A,S;2).....u(B/ A4,S.h) . (31)
Brenem matpuity koBapuanwmii octatkoB (29)
W(B/A,8)=U"(B/A4,8)U(B/A4,S). (32)
Onpeodenenue 1. Cnyuaiinas BeJIMUnHA
ARS(S) = %m(det [W(B/4,9)]) (33)

Ha3bIBAETCSl CUCTEMHBIM KpuTepueM peryisipuoctd MI'VA 11 cucteMbl perpecCHOHHBIX
ypaBuennii [10], [11].

Onpeoenenue 2. ONTUMAIBHBIM MHOXXECTBOM PErPECCOPOB HA3BIBAETCS MHOXKECTBO
perpeccopoB, COOTBETCTBYIOIIEE HAOOPY CTPYKTYPHBIX MATpHUIL S :

So=arg min E{4ARS(S)}, (34)
ScS” (m.p)

*
rae S (m,p) — MHOXKECTBO BCEBO3MOXHBIX HA0OPOB CTPYKTYPHBIX MATPHI[ TIPU 3a-

JTAHHOM MHOXXECTBE 71 perpeccopoB X W 33aJaHHOM MaKCHMaJbHO BO3MOKHOM dYHCIIE
PErpeccopoB B perpeCCHOHHBIX MOJETIIX P .

Onpeoenenue 3. ONTUMANBHON IO KOJUYECTBY M COCTaBY PErPECCOPOB Ha3bIBACTCSA
CHCTeMa PErpecCHOHHBIX YPaBHEHUH, HOCTPOCHHAs HA MHOKECTBE PErpeccopoB, KOTOPoe
COOTBETCTBYET HaOOPY CTPYKTYpPHBIX MaTpuIl S, .

Brruucianm mMaremaTndeckoe 0XKHJAaHME MATpHUIlbl KoBapuanuii octatkoB (32). Jns
(k,q) -pnemenTa 3TOI MATPHUIIHI BBITTOTHSIETCS

Q,(B/4.8)= [E{UT(B/A,S)U(B/A,S)} ]kq =
=58'(B/A4,S:k) 8(B/ A,S;q) + E{[@T(B,k)g(B,q) ]}_

h
—E{[gT(B,k)(R(B,S,q) ZCqS(AvS)g(AaS)j}}_

s=1

r=1

i T
-E [(R(B,S;k)ZCkr(A,S)ﬁ(AJ)j %(B,q)] +

T
+E [(R(B,S;mfckxA,S)a(A,r)j (R(B,Smfcqsu,S)a(A,s)j] . (39)

r=1 s=1
Jlnst BTOpOro ciaaraemoro B (35) BBITOTHSIETCS

E" (B.0EB.g) [|=n(B)s,,. (36)

a TPEThE U YETBEPTOE CllaraéMble paBHbBI HYJIO, MOCKOJBKY &(A) u &(B) He3aBUCUMBI.
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VYuuteiBas
C,.(4,5)= l(gT(A,S)Eglg(A,S))_lgT(A,S)Egl o (37)
Cp(4.9)=|RT (4TI RAS) R (4.5)%] . (38)

HCIOJIb3YSl PABEHCTBO [Ckr(A,S)]T = [CT(A,S)]rk U CUMMETPUYHOCTh MATPULIbl X, JJIs
MSTOTO ciaraemMoro B (35) moiaydaem

E{[ f f &N (A[Ch, (4.8 R (B,S:k) R(B.S;q)C 1 (4.5) E(A.5) } } =

r=1 s=1

h h
S 3 tr[[Cy (4. RT(B.S:k)0,, R(B.S:q)C 0 (4.5) |-
r=1 s=1
- u[ RS0 [RT (492 RS RTB5:0 | =

:tr[R(B,S;k)[(gT(A,S)zglg(A,S))“]quT(B,S;q)J : (39)

[Toncrasmss B (35) Beipakenus (36) u (39), momydaem
Q,(B/4,8) = 8T (B/ A,S:k)8(B/ A.S:q) +

+n(B)G,, +1r [E(B,S)(ET(A,S) Z:'R(4.5) 'R (B.S) ] “ (40)

Bynem mpenmnonarare, 94To Mbl HAXOJUMCSI B YCIIOBUSIX aKTUBHOTO 3KCIEPUMEHTA U
MOYEM OpraHU30BaTh CXeMY MMOBTOPHBIX HaOmoaenuit [12], [13]: m1s 3ajaHHbIX 3HAUSHHI
BXOJHBIX MEPEMEHHBIX MPOBOJUTCS Mapa HAOIIOJECHUN BBIXOJHBIX NEPEMEHHBIX, IPUYEM
«TIepBbIe» HAOMIOMACHUS KaXI0H Mmapbl 00pa3yloT BEIOOPKY A, a «BTOpBIe» HAOIIOICHUS —
BBIOOpPKY B, T.€. B 3TOI cXeMe BBIIOJIHSETCS:

n(A4)=n(B)=n, R(4,5)=R(B,5)=R(S), (41)
R(A4,S:;k)=R(B,S;k)=R(S;k)=XS(k), k=1,2,....h. (42)
st (40) ¢ yaetom (41), (42) BeITTOTHSIETCS

Q,(B/4,5)= 81 (B/A,S;k)8(B/ A,8;q) + no, + tr[ R(S) (BT (S) Egl B(S))_l BT(S) } .(43)
WS = = ka
Berauciaum Tpetbe craraemoe B (43)

tr[ RSOR'(HZIRE) R (S) } =

ROGIEB R R v

—tr [R(S,k)[(RT(S)EglR(S))_lRT(S)Zgl)Za} } _
R R R “

h
—tr {R(S,k) /Zl [(5T(S) LR R SZ ] /q:| =

=tr [ f [(ET(S) z:'R(S)'R! (S)zgl] L R(S.k)o ,q} -
/=1

—tr [ [(ET(S)Eglg(S))‘lgT(5)2515(3) ]kkckq:| =

=y, tt [Lyy | =mk)oy,. (44)
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s (k,q) -onemeHTa KoBapuamoHHON MaTpuIlsl (43) ¢ yuetom (44) BBIIOTHSIETCS
Q,(B/A4,8)= 6T(B/A,S;k)6(B/A,S;q) +(n+ m(k))ckq . (45)
B nenom s koBapuarmonHoit matpuiisl Q(B/ A,S) monydaem
op(n+m)  opr+md) - op(n+ml))
+m(2 +m(2)) - +m(2
QBT 4.5)= ABI 4,5+ | PHOTD) onlnEm@) - oxnrm@)| o
op(m+m(h)) op(m+m(h)) - oy (n+mh))
W
Q(B/A,S)=A(B/A4,5)+n X + diag{m(1),m(2),...,m(h)}x X, (47)

rae [Al, (B/ A.S)=8" (B/ A,.S:k)8(B/ A,S5:q). k.q=1.2,....h.

(0]
Jlid ciydast coBafieHus TEKYIIEH CTPYKTYpsl S ¢ HICTHHHOHR S MOJIy4aeMm

qu(B/A,g’):(nﬂ:a(k))ckq, (48)
Q(B/ A.S)=n T + diag{m(1).m(2).....m(h)} <X (49)

HccnenoBanue CUCTEMHOTO KpuTepus peryiasspHoctd MI'YA

VYcTaHOBUM CBOMCTBA CUCTEMHOrO KpuTepus peryisipHoctd MI'V A, u ¢ 310 nensto
HCCIIelyeM, KaK HM3MEHsIETCS MaTeMaTH4yecKoe OXHJAHWE KPUTEpHUs B 3aBHCUMOCTU OT
cocTaBa MHOXKECTBa perpeccopoB. CHayana pacCMOTpPUM CiIydaid, KOrja Habop CTPYKTYPHBIX

0
Matpuil S COBMaNaeT ¢ UCTUHHBIM Habopom (S =.S). J[as MaTeMaTH4eCKOro 0KHJIaHUS

KpUTEpHsl PETYJISPHOCTHA JJII MOJEIH C UCTHHHOW CTPYKTYpOH B CXeMe MOBTOPHBIX
HaOII0/IeHUH, UCTIONB3Ys (49), moydaem

E{ARS&)} _ %E{ 1n[ det[ W(B/A,g)} j } - %ln[det {Q(B/A,g)} Tl —k)] _
k=1

=%ln(det {diag{n+1;)1(1),n-|?m(2),...,n+1:1(h)}}xdet [Z]- ﬁ(n—k)j =

k=1

1 h 0 h
=—ln[det[2]-]_[(n+m(k))-H(n—k)]. (50)
h k=1 k=1

JInst MaTeMaTu4eckoro OXUIAHUSI KPUTEpPUsl PEryJIpPHOCTH MOJETIH C TEKyIeWd CTpy-
KTypoil S B cXeMe OBTOPHBIX HAOMIOAEHUM, NCTIONB3YS (47), oTy4aeM

E{A4RS (S)}= %E{ln(det [WB/4,9])}=
h
=%ln(det[A(B/A,S)eriag{n+m(1),n+m(2),...,n+m(h)}x2‘.]~ ]_[(n—k)j. (51)
k=1
[Ipu Berumcnenun B (50) u (51) MaTeMaTHYECKOTO OKUAAHUS OMPEIEIUTEIe MaTpHIl

(V)
W(B/A,S) n W(B/A4,S), umeronmx pachpeieyicHie YUIapTa, MPUMEHEHbI Pe3yJIbTaThl
[14, c. 236, 237].

22 «cKyCCTBEHHBIN MHTEIIEKT 2014 Ne 4



Mooenupoeanue 6 knacce cucmem pecpeccuoHHbIX YPAGHEHUIL. . 1C

Cay4aii HemocTawmero perpeccopa. PaccMoTpuM ciydaid, Korja B MOJAETH IS
MEpEeMEHHON ¢ HOMEPOM /1 OIMMOOYHO HE BKIIFOYEH OJIMH PEerpeccop, W IS OIpeJeseH-
HOCTH OyZIeM CYHMTaTh, YTO 3TO perpeccop ¢ HomepoM m w3 MHOecTBa X . Torma s
TEKYIIUX U HCTUHHBIX CTPYKTYPHBIX MATPHII BBITIOHSIETCS COOTHOIICHHE

) o
S(k)=S(k), k=1.2,....h—1; S(h)=[S(h) | s]. (52)
6] (o]
rae S(h) — crpykrypHas (m x m(h))-MaTpuiia ICTHHHOW MOJIeTH (PerpecCuOHHOTO

[¢]
ypaBHEHHUsI) JJIsl TepeMeHHON ¢ HomepoM h; S(h) — crpykrypHas (mx(m(h)—1)) —
MaTrpula TeKyuiei moaenu; s — (mx1) — BEKTOP, JJIsl KOTOPOTO BBITIOJIHSIETCS

s=(0,0,...,0,1)". (53)
CHayvasa BEIYMCIIAM MaTeMaTHIECKOe OXKUIaHUEe KPUTEPHS PETYISIPHOCTH B CIydae
HEJIOCTAIOEro perpeccopa. Beraucium (4 x h) — matpuity A(B/ A,S) B (51)

O ity 1 04
A(B/ 4,5) :[__(f’(_)lf)_(f’_l_)_:__/’__l} , (54)

rae Ay, = 6T(B/A,S;h)6(B/A,S;h); 0(B/ A4,S;h) — BBenennoe B (30) Tak Ha3bIBac-

(0]
MO€ CMeIIleHHEe, 00YCIIOBIIEHHOE BHIOOPOM TEKYILeH CTPYKTYphI S BMECTO UCTUHHOH S .
B cxeme mOBTOPHBIX HAOIIOICHAHN JIJIST 0OBbEMHEHHOTO BEKTOpA CMEIICHUS IMEEM

8(B/4.5) = ¥(B) - R(S)C(S)¥(4) = R(S)8-R(S) C(S)R(S)8 =

—R(S)0-R(S)R ()= R(S) 'R (S) 22 R($)S. (55)

o
J1J1st MaTpuIl perpeccopoB, COOTBETCTBYIOMUX HA00OpaM CTPYKTYPHBIX MaTpull S u

S B (52), BBITOTHSIOTCS] COOTHOIIICHHUSI

o]
R(S.k)=R(S.k), k=12,....h—1, (56)

0 o
R(S.h) = XS(h)=X[S(h) | s]=[XS(h) | Xs]=[R(s.n) 'm] . (57)
rae m — (nx1) —BeKTOp HAOIIOIEHU MPOMYIIEHHOTO perpeccopa.

0
Host matpunr R(S) u R(S), ¢ yu€rom (56), (57), momysaem

R(S)=[R(S) | 85). 35 =(07.07, .m"). (58)

rae 0, — (N x1) —BekTop.
YuuteBas (58), (55) MoxHO 3anucath

8(B/ 4.5)=[R(S) | 35]0-R(SR" ()2 RS)'RT($)E:' [R(S) | 5,]0=

(0]
=0 lM(S)ﬁR 0, (59)
Nx(M-1) |

rae M(S) =[I, -R()R' ($)Z:'R(S)'R" ($)Z;'] - nnemmorentas Marpuma.
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YuuteBas (52), (59) u cooTHOIIEHUS
(o] 0
0] Ol
0 0 0 0
0=|02) |, o(m=|_ 02 | (60)
i o
0(h) Om(m) (h)
noJyrydyacMm
T (0] T O 0 (3]
Ay =8(B/A,S) 8(B/A4,8)=0"|__M-DN || O, | M(S)d|0=
S MI(S)|L Vx|
=(Omon (1) -m" Hyy,(S)m, (61)
rae
H(S)=M"(S)M(S) =T -Z;' RES)R' (H)Z:'R(S) 'R (5)]x
<[y —RSOR () E'RE) RN (HZ'. (62)
Urak, B (59) — (62) ycTaHOBIEHO
(0]
Ay, =8 (B/A,S;h)8(B/ A,8;h) = Omny(h))? -m' Hyy (S)m . (63)
Beenem (/Ax1) — Bexktop b :(O,O,...,O,(Ahh)l/2 )'  Takoii, wro BemOMHsETCS

bb' =A(B/ A,S), 1 BeMECIAM OIpEIENUTENb 0] 3HAKOM JTorapudma B (51), mpuMeHnB
npasuio det [A+bb' [=det [A] (1+ b'A™ b) :
c=det[A(B/ 4,5) +diag{n+m(1),n+m(2),...n+m(h)}x X | =
=det[ diag{n+m(1),n+m(2),...,n+m(h)} x £ x
><(1+bT[diag{n+m(1),n+m(2),...,n+m(h)}>< z]‘lb)=

—det[=]- 1T n+ mk) (14 r 4 mG) A > Zak A2 . (64)
k=1

rjae E;}l — (h,h) —>yeMeHT MaTpHUIIbI !
Takxum obpazom, i KOBapUAIMOHHONW MaTPHIIBI OCTATKOB B CIy4yae HEJIOCTAIOIIETO
perpeccopa BBITOTHSIETCS

det [Q,(B/4,8)|=det[£]- ﬁ(n+m(k))><(l +(n+mh)) (A P2 (A" 2), (65)
k=1

rne Ay, onpenenero B (63).
Teneps paccMOTPHM Pa3sHOCTh

A(S, S) = E{ARS(S)} — E{ARS(S)} =

det[=] [T (n+ m(k)) <1+ (n 4 m)y Q) 2 Z M) )
k=1

=—1In

P (66)

h 0
det[Z]- [T (n+m(k))
k=1
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o 0
N3 (52) cnenyer m(k)=m(k), k=12,....,h—1, u m(h) =m(h)—1, mosTomy

A((S.5) =%1n((<n+51(h)—1>+<Ahh>1/22;i<Ahh>“ j / <n+51<h))} 67)

0 0 0
Ecimm A(S,S)>0, to crpykrypa S myume cTpykTypsl S; ecimu A(S,S5)<0, o

0 0
CTpYKTypa S iydmie cTpyKTypsl S ; eca A(S,S) =0, To cTpykTypa S Iydine cTpyKTypsl

0
S 1o MOTIOTHUTETFHOMY TTPUHITUITY TIPOCTOTEI.
0
Bemonnenue A((S,S)<0 sBnsercs yciaoBUEM Tak Ha3blBaeMOW PENYKIIUU CHCTEMBbI

PerpecCHOHHBIX YpaBHEHUM, TSl KOTOPOTO U3 (67) moydaeM

o 1/2 -1 12 o 1y~
[ToncraBmss (63) B (68), moayyaeM yciioBUE peayKIUn

0
0 2 T —1\-1

Om(my (7)™ m” Hpym < (Xp) (69)
rne H,;, — (nxn) —marpuna sBisetcs (h,h) — 6ioxom marpuiiel H, BBeéHHOI B

(62); ZZ}Z — (h,h) —>reMeHT MaTpUIIbI 1
Penykmus Monenu, onTUMaIbHOM 1O COCTaBY PErpeccopoB, O3HAYAET, YTO MPH BBI-
IIOJTHEHUU COOTHOLIEHUSI MEKY ITapaMeTpaMu MoJiesH (69) cieyeT HCKIFOUUTE perpeccop m
W3 MOJeU Juisl A -t mepeMenHoi. PemyripoBanHas Mojienb OyAeT UMETh MEHBIIYIO OIIHMOKY
MIPOTHO3UPOBAHUS BBIXOJHBIX MEPEMEHHBIX Ha HOBBIX BHIOOpKAX HAOIIOJCHHI IO CpaBHE-

HUIO C MOJIEIIBIO C ICTUHHOW CTPYKTYPOA.
N3 (69) crenyeT, 4TO BO3MOXKHOCTh PEAYKIIMH MOJIEIN MOXET ObITh 00yCIIOBIIEHA

0
o
ISATHIO NIPUUMHAMHU: a) MAJIOCTBI0 HOPMBI Kod(duuuenta 0y,(x)(h); 06) MaJOCTbIO HOPMBI
BEKTOpa HAOJIOJIEHUN perpeccopa m; B) MaJbiM OOBEMOM BBIOOPOK HAOIIOJECHUU 7 ;
I') BBICOKOH CTENEHBIO JTMHEWHON 3aBUCHMOCTH peErpeccopa m ¢ JIpyIrMMH perpeccopamu B

matpuie R(S,4)=XS(/); a) 6oapmM 3HAUCHUEM BEINYNHBI (Z;},)_l .

Cayuaii u306ITOUHOrO perpeccopa. Paccmorpum citydaii, Korja B TEKYIIYIO CTPYK-
Typy BKJIIOYEH M3JIUIIHUNA perpeccop. 1Ipeanonoxum s mpocToThl, YTO 3TOT PErpeccop
SIBIISIETCS. TIOCTIEIHUM PETPECCOPOM B HCXOJIHOM MHOXECTBE BXOJHBIX NEPEMEHHBIX: OH
BKITIOYCH B MOJIENb JIUISI IEPEMEHHON ¢ HOMEpOM /1, XOTsI He y4acTByeT B (hopMUpOBaHUH
ee 3HaueHus. Torga Mexay TeKyIMMH U UCTUHHBIMU CTPYKTYPHBIMU MaTpPULIAMU BBIIIOJI-
HSIETCSl COOTHOLICHHE

S =S(k), k=12...h—1: S(h)=[S(h) | s]. (70)

0 0
rne S(h) — (pxm(h))-MaTpulia HCTUHHOM CTPYKTYPBI PETPECCHOHHOTO YpaBHEHUs

0
JUIs IepeMeHHoi ¢ HomepoM 43 S(h) — (px(m(h)+1)) — MaTpuna TeKyuel cTpyKTypsl;
s — (px1) — BeKTOP, 711 KOTOPOTO BHITOTHIETCS

s=(0,0,...,0,1)". (71)
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CHavana BBIUMCIMM MaTeMaTHYeCKOe OXHUJAHWE KpPUTEpUs PEryJIspHOCTH B pac-
CMaTpHBAEMOM CiIydae U30BITOUHOIO perpeccopa.

[}
Pazmmume (70), (71) B cTtpykrypHBIX MaTpumnax S(4) u S(4) TpUBOAMUT K TOMY, YTO

JUTSL MaTPHI] PETPECCOPOB B YCIOBUSIX CXEMbI TIOBTOPHBIX HAOIOICHHUH BBITOIHSIETCS:
o 0
R(S.k)=R(S.k), k=12,...h—1, R(S,h)=XS(h)=X[S(h) is]= (72)
0 0
=[XS(h) | Xs]=[R(S.h) i r], (73)
rae r — (nx1)-BekTop HaOIIOeHUN N30BITOUHOTO perpeccopa.

0
Host marpunr R(S) 1 R(S), ¢ yu€rom (72)—(73), momysaem

0]
R(S)=[R(S) | dz], 85 =(0,.0,,...r"), (74)
rae 0p — (N x1)-Bexrop.

Breruncnum mMaTtemaTrueckoe oKuJaHue KPUTEPHUs PETYIIPHOCTH B CiIydae H30BbITOU-
HOTO perpeccopa. B atom cimyuae (4 xh)-marpuma A(B/A,S) B (51) — Tak Ha3bBaemoe

CMeITeHre, O0O0YCIOBJIEHHOE BBIOOPOM OIMMOOYHON CTPYKTYpPHI S BMECTO HCTHHHOMN

0
CTPYKTYpHI S, SIBIIS€TCS HYJIeBON MaTpuIlei. Jloka3areabCTBO 3TOTO YTBEPKIACHHS MOKET
OBITH TpoBeJeHO aHaTOTHYHO (54) — (63). Jlng 0oOBEIMHEHHOTO BEKTOpa CMEIEHUS
0(B/ A,S) mnst cimydast H30BITOYHOTO PErpeccopa BITOTHICTCS

8(B/ A4.5) = y(B) - R(B.S)C(4.5)y(4) = R(B.S)0~ R(B.S)C(A S)R(A.5)0 =
ZE(B’E)B_[E(Bag) : 6R(B)]><
-1

[OIN¢) 0O 0 0 1 T 6] 1 1 T 1 o o0
~R(B.S)0-R(B,5)0 ~R(B,S)B' R ()L '8 /-3 5Z'R(S)0 +
PRSI T (A | 1 «Tv-lp/onn
+RB.SBR' ()5, £ 5RZ R(S)0 + (75)
1 T w—lp/ona 1 «T o, on e
+OR(B) 7 0 R(S)0-8x(B) -/ -dpxX: R(S)O=0y,
e
o sT -1 Tw-lpron T ons—l1 on—lpT /o1 T w—Ing, o

J(S)=8R X 3 ~8p T RIS)(R(S)L R(S)) R (S)XL: 8 =81 M(S) 8z (76)

[}
— TIOJIOKHUTENIbHAS] BETMYMHA, TTOCKOJIBKY MaTPHUIIBI Egl 1 M(S) moNoXUTENHHO OTpe/ie-

JeHsl; 8 — (N x1)-Bekrop, onpenenéHHslil B (74).

Takum oOpazom, Ui KOBapUAIMOHHON MaTpPHIIBI OCTATKOB B CiIy4ae M30BITOUYHOTO
perpeccopa BBIIOJIHSAETCS

det| @, (B/ 4.5)|=det[Z]- ey 77)
k=1
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Tenepb paccMOTpUM Pa3HOCTh
. . det[Z]- ﬁ (n+m(k))
Ay(S,S) = E{ARS(S)} — E{ARS(S)} =—In e . (78)
det[Z]- [T (n+m(k))
k=1

o 0
U3 (70) cnenyer, uto m(k) =m(k), k=12,....,h—1, m(h) =m(h)+1, mosTomy

0 h-1 0
. (n+m(h)+1) [T (n+m(k)) | |
AZ(S,S)=Zln k=l =—In| 1+

0 h-1 0 h 0
(n+m(h)) || (n+m(k)) n+m(h)
k=1

>0. (79

0
W3 (79) cnenyet, uto B ciaydae M30BITOYHOTO perpeccopa CTpyKTypa S Beeraa Jydiie

CTPYKTYpHI S, a perpeccop AeHCTBUTENLHO HE CIelyeT BKIIOYATh B MOJIENb.

IIpoBepka BbINOJHEHHS NPHHIUIA cOOTBeTcTBHA. [lokaxkeM, YTO MOJydeHHOE
YCIIOBUE PEAYKIIMH COBIAAAET C YCIOBUEM PENYKLHU OTIEIBHOIO PErPECCHOHHOIO ypaB-
HEHHUsI, €CITU TPEANOJI0XKUTH B (4), (5) IMaroHaJIbHBIA BUJI MAaTPUIBI X (HAIIOMHHUM, B 3TOM
cllydae OIICHHBaTh KOI(PQPHUIMECHTH Ui OTICIBHBIX PETPECCHOHHBIX YPABHEHUH MOXHO
HE3aBUCHMO, MOCJIEI0OBATENbHO OJHO 3a ApyruMm). Ecnu X auaroHanbHas, TO MaTpuila

»7! rtaxke nuaroHanbHas, a JUIS QMATOHAIBHBIX GIOKOB MaTpHIbI Egl B ITOM cCllydae
BBINOJIHSAETCSL:
(kb =[oy 1,1 =(op) 'L, k=12,..h. (80)
YuuTtsiBasg CTPYKTYypy MaTpHIIbI Zgl B (80) u crpykrypy marpunsl R(S) B (25),
(36), (41), oyt matpunisl H u3 (63) moydaem

H,,;,(S)= [ [y —Z' REOHR (HZZRE) 'R (8)]x
<[1y ~ROR"S)Z: RS 'R (=], -

=1, —R(S,/)(RT(S,)R(S,h) 'R (S, h). (81)
Vuuresas (69) u (81), Uit yCIOBHS PEAYKIMU B CIydae AUArOHAILHOM MATPUIIBI X
noJryyaem

2
[e,‘,’,(h)(h)J m' [I,, ~R(S, )RS, MRS, )R (S, h)|m <0, (82)

Izie Gy, — AUCIEepCus alITUTUBHON cocTaBistoIel Ui / -if BBIXOJAHOM NepeMeHHOH.

Bripaxenue (82) coBmajaer ¢ U3BECTHBIM YCJIOBHEM PEAYKIHMH JJIs OTAEIBHOIO
PErPECCUOHHOTIO YpaBHEHUS (cM. Hampumep, [12], [13]).

3aKIrYeHue

[lo mpuHIMIIaM MeTOAA T'PYNIIOBOTO ydeTa apryMEHTOB IIOCTPOEH M HMCCIENO0BAaH B
cXeMe MOBTOPHBIX HAOIOJICHUH KPUTEPUN CTPYKTYPHOU MICHTH(PUKAIMU JIUIsI MOJIEINPO-
BaHUS B KJIACCE CUCTEM PErPEeCCHOHHBIX ypaBHeHMH. [Tomydens! ycioBus penykiuu (ynpo-
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IIEHNs) CUCTEMBl PETPECCHOHHBIX YpaBHEHHH, ONTUMAJIbHON IO COCTaBy pPErpeccopos.
D1H pe3ynbTarhl 00001maoT pe3ynabrarsl aBropa [10], [11], rae npu mcciemoBaHuU KpH-
TepUsl TOMOJHUTENIBHO MPEIoJiaraiach OpTOrOHAIbHOCTh MPOMYIIEHHOTO (M30BITOYHOTO)
perpeccopa MCTUHHOMY MHOXECTBY perpeccopoB. Pa3paGoTaHHbINl Kputepuil sBisiercs
CHCTEMHBIM KPHTEPHEM CTPYKTYPHOW HUACHTU(DHUKAINH, TIPU TIOCTPOCHUU KOTOPOTO Tpei-
M0JIaraeTcsi COBMECTHOE OIIEHMBaHME KOA((UIMEHTOB B CHCTEME PErpecCHOHHBIX YypaBHe-
Huil. B "acTHOM cily4ae HE3aBHCHMOTO OIEHWBaHUs KOX(PQPUIIMEHTOB B pa3HBIX perpec-
CHOHHBIX YpaBHEHUSX MPEIIOKCHHBIA KPUTEPUH MPEACTABISIET COO0M CyMMY KpHUTEpHEB
PETYJISIPHOCTH OTAEJIbHBIX PETPECCHOHHBIX YpPAaBHEHHH, T.e. OH SIBJISETCS 0000IIEHHEM
CHUCTEMHOTO KPUTEPUS PETYJIIPHOCTH, TPAAUIIMOHHO ITPUMEHSIEMOTO B METOJIE TPYIIIIOBOTO
yu€Ta apryMeHTOB.

Jluteparypa

1. MBaxHeHko A. I'. UHIYKTHBHBI! METOl caMOOpraHM3aluy Mojeneil clokHbIX cucteM /A.T". IBaxHeHKO. —
K. : HaykoBa mymka, 1982. —296 c.

2. Self-organizing methods in modelling: GMDH type algorithms / Ed. By S. J. Farlow. — New York, Basel :
Marcel Decker Inc., 1984. —P. 350.

3. HBaxuenko A. I'. [TomexoycToitunBocts MonmenupoBanus / A.I'. MBaxuenko, B. C. Cremamko. — K. :
HaykoBa nymka, 1985. - 216 c.

4. Vpaxmenko A. I'. CamoopraHusalms TporHO3Mpyromux mMogeneii / A.I. Msaxnenko, M.A. Mionep. —
K. : Texnika, 1985. —223 c.

5. UBaxnwenko A. I'. MonenupoBaHie CIOXHBIX CHCTEM MO JKCIEPUMEHTAIbHBIM JaHHbIM / A.T.
HBaxnenko , 1O. I1. FOpaukoBckuii. — M. : Panuo u cBa3b, 1987. — 120 c.

6. Madala H. R. Inductive Learning Algorithms for Complex System Modeling / H. R. Madala, A. G.
Ivakhnenko. — London, Tokyo : CRC Press Inc., 1994. — 370 p.

7. Muller J.-A. Self-organizing Data Mining. Extracting Knowledge from Data / J.-A. Muller, F. Lemke. —
Hamburg : Libri, 2000. — 250 p.

8. CaporueB A. I1. HMpentndukanus cocTosHUN CTPYKTypHO-HeomnpeaeneHHsx cuctem / A. I1. Capbrues. —
Huenponerposck : HAH Vkpaunsl 1 HKA Vkpaunsl, MHCTHTYT TexHndeckoii mexanuku, 2008. — 268 c.

9. CoBpeMeHHbIE METOIbI NASHTU(DHUKALNK CUCTEM : Tiep. ¢ aHri. / Jitkxodd I1., Baneuek A., CaBaparu E.,
Coana T., Hakasumo T., Akauke X., Paitobman H., Iletepka B. / [Tox pen. I1. Ditkxodda. — M. : Mup,
1983.—-400 c.

10.CapsrueB A. II. TTorick oNTUMaJILHOrO MHO>KECTBA PETPECCOPOB B CHCTEME PETPECCHOHHBIX YPaBHEHHMIA:
cxema MOBTOpHbIX Habmonenuit / A. TI. CapblueB // MixHapoaHUWii ceMiHap 3 iHZYKTHBHOTO
monentoBanHs, 11-14 mumast 2005 p., KuiB : 30ipHuk npaus. — Kui : MHHLUTIC, 2005. — C. 270-277.

11.CapbiueB A.Il. CucTeMHbIi KpUTEpHii peryisipHOCTH B MeETOJe TIpYNIOBOro y4yera aprymMeHTOB /
A.TL. Capebrues // [Ipo6nemsl ynpaenenus u uHpopmariku. —2006. — Ne 6. — C. 25-37.

12.CapbrueB A.Il. Pemenune npoGiembl pa3dueHuss B MI'YA npu pacyere KpuTepusl peryispHOCTH B
YCIOBUSIX akKTHBHOTO dKkcriepuMmenTa / A.I1. Caperaes / ABTomaruka. — 1989. — Ne 4. — C. 19-27.

13.CapsrueB A.Il. OmpeneneHue J-oNTUMaTbHOTO MHOXKECTBA PErPecCOpPOB MO TOBTOPHBIM BBIOOpKaM
Habmonennii / A.I1. Caperaes // ABromaTtuka. — 1993. — Ne 3. — C. 58-66.

14. Aanepcon T. BBeneHne B MHOTOMEpHBIiT CTaTHCTHYECKHUI aHau3 : miep. ¢ aHr. / T. AHgepcon. — M. :
®usmatrus. — 1963. — 500 c.

References

1. Ivakhnenko A. G. Induktivnyj metod samoorganizacii modelej slozhnykh system / A.G Ivakhnenko. — K.
: Naukova dumka, 1982. — 296 s.

2. Self-organizing methods in modelling: GMDH type algorithms / Ed. By S. J. Farlow. — New York, Basel :
Marcel Decker Inc., 1984. —P. 350.

3. Ivakhnenko A. G. Pomekhoustojchivost’ modelirovanija / A.G Ivakhnenko, V. S. Stepashko. — K. :
Naukova dumka, 1985. —216s.

4. lIvakhnenko A. G. Samoorganizacija prognozirujuschikh modelej / A.G Ivakhnenko, J. A. Mjuller. — K. :
Tekhnika, 1985. — 223 s.

28 «CKyCCTBEHHBI UHTEIIIEKT 2014 Ne 4



Mooenupoeanue 6 knacce cucmem pecpeccuoHHbIX YPAGHEHUIL. . 1C

5. Ivakhnenko A. G. Modelirovanie slozhnykh system po eksperimental’nym dannym / A.G Ivakhnenko,
Uj. P. Ujrachkovskij. — M. : Radio I svjaz’, 1987. — 120 s.

6. Madala H. R. Inductive Learning Algorithms for Complex System Modeling / H. R. Madala , A. G.
Ivakhnenko. — London, Tokyo : CRC Press Inc., 1994. — 370 p.

7. Muller J.-A. Self-organizing Data Mining. Extracting Knowledge from Data

/J.-A. Muller, F. Lemke. — Hamburg : Libri, 2000. — 250 p.

8. Sarychev A. P. Identifikacija sostojanij strukturno-neopredelennykh system / A. P. Sarychev. —
Dnepropetrovs’k : NAN Ukrainy I NKA Ukrainy, Institut tekhnichnoj mekhaniki, 2008. — 268 s.

9. Sovremennye metody Identifikacii sistem : per. s angl. / Eikhoff P., Vanechek A., Savaragi E., Soeda T.,
Nakazimo T., Akaike H., Rajbman N., Peterka V. / Pod red. P. Eikhoff. — M. : Mir, 1983. — 400 s.

10.Sarychev A. P. Poisk optimal’nogo mnozhestva regressorov v sisteme regressionnykh uravnenij: schema
povtornykh nablyudenij / A. P. Sarychev // Mizhnarodnyj seminar z inductivnhogo modeljuvannja, 11-14
lypnja 2005 r., Kyiiv : zbirnyk prac’. — Kyiiv : MNNCITIS, 2005. — S. 270-277.

11.Sarychev A. P. Sistemnyj kriterij reguljarnosti v metode gruppovogo ucheta argumentov / A. P. Sarychev
// Problemy upravlenija i informatiki. — 2006. — Ne 6. — S. 25-37.

12.Sarychev A. P. Reshenie problemy razbienija v MGUA pri raschete kriterija reguljarnosti v uslovijakh
aktivnogo eksperimenta / A. P. Sarychev // Avtomatika. — 1989. — Ne 4. — S. 19-27.

13.Sarychev A. P. Opredelenie J-optimal’nogo mnozhestva regressorov po povtornym vyborkam
nabljudenij / A. P. Sarychev // Avtomatica. — 1993. — Ne 3. — S. 58-66.

14. Anderson T. Vvedenie v mnogomernyi statisticheskij analiz : per. s angl. / T. Andercon. — M. :
Fizmatgiz. — 1963. — 500 s.

RESUME
A.P. Sarychev

Modeling in the Class of Regression Equations Systems

in Structural Uncertainty Conditions

Background: The system of regression equations is traditional mathematical object
in the theory and practice GMDH. In 80-th years of the last century academician
0.G. Ivakhnenko often posed such tasks in connection with so-called “the objective system
analysis (OSA)” and then, as a rule, as system criterion of selection of models (a parameter
of quality of regression equations system) various convolutions of criteria GMDH of
separate regression equations were applied. The developed criterion is system criterion of
structural identification at which construction it is supposed joint estimation of coefficients
of regression equations. At construction of system criterion of GMDH joint estimation of
coefficients of regression equations is supposed.

Materials and methods: Object of research is process of modelling in a class of
systems of regression equations in conditions of uncertainty on structure of regressors.

In this theoretical article we used the multivariate statistical analysis, the regression
analysis, the theory of matrixes, the mathematical analysis and the group method of data
handling (GMDH).

Results: For modeling in a class of regression equations systems the system criterion
of regularity with dividing of observation sample on training and testing subsamples is
offered. It is proved, that the optimum set of regressors exists. The condition of a reduction
of optimum system of regression equations is obtained. This condition depends on
parameters of system regression equations and volumes of samples.

Conclusion: The developed system criterion of regularity allows solving a problem
of structural identification in a class of systems of regression equations and can be
recommended at the decision of various scientific and practical problems.

Cmamus nocmynuna 6 peoakyuio 09.04.2014.
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