d * * *
Dy, = X TN )+ Y T () + w0,V T (x);

dt

% =y3= X1 () +w ¥, X T (x) +u,¥; X T (x);
% =uy = X T (x)+ ¥y X T (x) +u, ¥y X 2T (x);
% = ys = X T () +w ¥ T (x) +u, 1, T (x);

% =Y = X*lez (x)+ MIYI*X*TIZ (x)+ ”2Y2*X*1T12 (x);
% —us = X TR () + Yy X T2 (%) + Yo X 2T (%),

rae Tl1 (x) n le (x) — HewsBecTHbIE (PYHKIIMH, KOTOPbIE MOTYT OBITH OIpe/IeICHBI

o xopomo paspaboraHHoi Mmeroguke [15]. Mmes maremaTtuueckyro MOJENb
1 2

nsuratens B ¢opme bpyHoBckoro u 3Has ¢ymkmuu T (x) u 777 (x) MOXHO

BBITIOJIHUTE CUHTE3 PETYJIATOpA IJIA JINTHEWHOT'O O6’BeKTa, a 3aTeM HCIIOJIb30BaTh €I0
JUI YIIpaBJICHUA O6’I)eKTOM, OITMCHIBAEMBIM CUCTEMOM HEITHHEHHBIX ypaBHeHHﬁ.

BblBO)]bI. Taxum o6pa30M, Ha OCHOB€ HWHBOJKOTHUBHBIX pacnpez[eneHI/H‘/i
FeOMeTpPI‘IeCKOﬁ TCOPUHN YHPABJICHHS BBINIOJHCHA AWHAMHWYCCKas JIMHCapu3alusa
MaTeMaTHYCCKOU MOJCIHN TATOBOI'0 aCMHXPOHHOI'O MPpUBOAA € MOMOLILIO O6paTHOI>i
CBA3H. HOJ'Iy‘IeHHyIO MOZCIb MPEANOoIaracrcsa B z[anBHeﬁmeM HCIIOJIBb30BaTh JId
CHUHTE3a CUCTCMBI YIIPABJICHUSA TATOBBIM IIPUBOJIOM.
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ympaBineHue // ABToMaTHka M TeleMexaHwka. — 1991. — Ne 3. — C. 15 — 22. 3. Zhukovskiy V..,
Salukvadze M.E. The Vector-Valued Maximin. — New York etc.: Academ. Press, 1994. — 404 p.
4. Zhou K., Doyle J.C., Clover K. Robust and optimal control // Englewood Cliffs, NJ: Prentice-Hall,
1995. — 596 p. 5. HeiiponHi Mepexi B cucreMax aproMmarusauil / B.l. Apxaneenvcuvkuil, 1.M. Boeacnko,
I.I". I'paboscokuii, M.O. Promwun. — K.: Texnika, 1999. — 364 c. 6. bawnskos O.M., I'apawenxo @.I.,
Iiykyp B.B. IlpakTHuHa CTIHKICTh Ta CTPYKTypHA ONTHMi3amis AuHamidHuX cucreM. — K.: KuiBcpkuit
yuiBepeuret, 2000. — 197 c. 7. I'abacos P., Kypumosa ®.M., barawesuy HU.B. CHHTE3 ONTUMAIBHBIX
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ympasnenus. — CII6.: ITommrexnuka, 2003. — 302 c. 10. Mupownux U.B. Teopus aBTOMaTHIECKOrO
ynpasnenus. Hemmnelinsie u ontiuMansasle cuctemsl. — CII16.: ITurep, 2006. — 272 ¢c. 11. Su R. On the
linear equivalents of nonlinear systems // Syst. and Cont. letter. — 1982. — Vol. 2. — Ne 1. — P. 48 — 52.
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KOHTPOJIb SHEPTETUUYECKHWX HEIENA JAU3EJIb-IOE3JA C
UCHOJIb30BAHUEM HEHPOHHBIX CETEM

Po3risparoThcss MUTAHHS KOHTPOJIIO CHCTEM KEPYBaHHS JH3ENb-IOTATIB y JHHAMIYHHX PEXHMax Ha
OCHOBI TAaKCOHOMIYHOrO IOKa3HUKA. [IpHBOAMTBCSA apxiTekTypa U airoput™M poOOTH po3podIeHol
HEHpPOHHOI Mepexi IJIsi BU3HAYEHHS TaKCOHOMIYHOrO ITOKAa3HHMKa B IPOLECi eKCIUTyaTalil pyXoMoro
CKJIaJly 3 BAKOPUCTaHHSM 3MIHHOTO BiKHa.

The questions of the checking diesel-train’s control systems in dynamic modes on base of the taxonomic
factor are considered. Architecture and algorithm of the modified neural network for determination of the
taxonomic factor in process of the usages of the rolling stock with partial account of the previous
condition are shown.

[octanoBka mpodaembl. OcymiecTBicHHEe 3(PQPEKTHBHOTO  KOHTPOJSA
YEJOBEKOM CJIOKHBIX TEXHHYECKUX OOBEKTOB B YCIOBUSIX W3MEHSIOIIEHCS BHEITHEH
Cpeibl M COCTOSHMHA OOBbEeKTa BO MHOIOM 3aBHCHUT HE TOJBKO OT BO3MOXKHOCTEH
N3MEpPUTENHFHO-UH(POPMAIIMOHHONH CHCTEMBI, HO M OT YMEHHUS OIepaTuBHO |
s¢pdekTuBHO 00pabaThBaTh OONbIIME HWHGOPMAIMOHHBIE IOTOKH, HPEICTaBIISsS
pe3ynbTatel  00pabOTKM B HMHTETPUPOBAHHOM BHIE, JIETKO BOCIPUHHMAEMOM
yenoBekoM. OIHMM M3 BO3MOXKHBIX MHCTPYMEHTOB JUIS PEIIeHHUs 3a7a4 MMoJ00HOro
Kjacca SIBISETCS MaTeMaTHYEeCKHH ammapar TaKCOHOMHYECKOro aHammsa. B
YaCTHOCTH, HMCIOJIBb30BaHUE TAKCOHOMHYECKOTO ITOKA3aTellsl MO3BOJISIET YUUTHIBATH
MHO)KECTBO PA3HOTHITHBIX IapaMEeTPOB B OJHOH HMHTErpajbHON OLEHKe. JTOT
MOAXOJ YacTO MCHONB3YETCs sl pelieHusl 3a7a4 KIacCu(HUKalUi B COIMAIIBHBIX,
SKOHOMMYECKUX U TEXHUYECKUX cuctemax [1 — 5].

AHanu3 guteparypbl. [IpoGiiemMam — ompeseneHHus TaKCOHOMHYECKOro
MoKa3artessl PUMEHUTENBHO K KOHTPOJIO SHEPreTHYECKUX Ierneil Mu3erb-moesna
MoCBsieHsl  pabotel  [6, 7]. Jlias pacyera TaKCOHOMHYECKOTO TOKa3aTews
COCTaBJISIETCS] MaTpHIla HaOmroeHnit A(f), cocTosIas u3 k CTOIO0IOB U [ CTPOK

a1(11) a2(11) ap(tl) ap+l(tl) ak(ll)
ai(ty) ay(t) - a,(ty) a,,(t) - aty)
O0=law) )~ a0 aue) - a6l M
ai(t) ay(t) - oay(t)  a,a) - at)
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Yucno cTond1oB onpenensercss KOIMIeCTBOM KOHTPOJIMPYEMBIX HapaMeTpoB,
a YNCII0 CTPOK — PaBHO YHCITY TAKTOB U3MEPEHUH MapaMeTpoB.
Konrtponupyemsle mapamerpbl a;(f), ..., a;(t) Matpunsl A(f) nensTcs Ha

TIOKa3aTENU-CTUMYNIATOPBL (&, ..., d,) W TIOKA3aTENU-IECTUMYIATOPBL (d .1, -+

a,). llpm yBenuyeHnM 3HA4YEHWH  MOKa3aTeNeH-CTUMYNATOPOB  OOBIYHO

VAYYIIAeTCS COCTOSHHE OOBEKTa, a MOKa3aTeNel-IeCTUMYISTOPOB — YXYIIIAeTCs.

OnHako, HE BCEr/a BO3MOXKHO BBIJICIUTH COOTBETCTBYIOIINE TPYIIIBI MTOKa3aTeNei.
BBugy TOro, 4ro BeIMYMHA PA3IMYHBIX MAPAMETPOB MOXKET CYIIECTBEHHO

pasmuuatbes, To Matpuiia A(f) mpeodpasyercs B CTaHAAPTHU3UPOBAHHYIO MATPUILY

HAOITIOICHUIA B(t)=||bﬁ (t]-)", jzm, i=Lk. DiemeHTbI Matpuiel  B(f)

PacCUNTHIBAIOTCS 11O OIIEHKaM MaTeMaTHYeCKHX OXuaaHui (2) u aucnepeuii (3) ms
Ka)JIOTO U3 MapaMeTPOB:

! _
@) =1 X)), i=Tk: @
=
1 _
c?(r,)%z(ai(z,-)—ai)z, i=1k; 3)
=
by = by ()= 0 )
i =b -

1

o *
OranonHas Martpuiia HaOmoneHuid B (f), COOTBETCTBYIOIIAs HEKOTOPOMY
HAWTYYIIEMY CIECHAPHIO MOBEACHUS HCCICAYeMOro OOBEKTa, 3a[JaeTCsl COTNIACHO
BEIpaxkeHUH (5):

B (t)=|pi| =|b (t),.... ()|, j=LI i=Lk;

b’ =maxb(t;), i=lp, j=LI; (5)
J

b, =minb,(t,), q=p+Lk, j=L1,
J ’

rie bl-*(t)z bl-*(tl),...,b:(t,) T izl,_k — cronbupl Matpuis! B (f); I;l.*, izﬁ —
MaKCHMAaJIbHBIE 3JIEMEHTBI CTOJNOIOB Matpuilsl B(f), ComepKaluX TaHHBIE IO

.
TI0Ka3aTeNsIM-CTUMYIISTopam; b, ,

cT0oJI0110B MaTpuIbl B(f), COmepKANMX JaHHBIC IO MOKA3ATEISIM-JCCTUMYIISITOPAM;
p, N—p — COOTBETCTBEHHO YHCIIO MOKa3aTeeii-CTUMYIISTOPOB U IOKa3aTenei-

g=p+Lk — MHUHUMaJbHBIE DIIEMEHTHI

JIECTUMYJISITOPOB, XapaKTEPU3YIOIINX OOBEKT.
bnuzocte MaTpun HaOIIONEHUS M ATAIOHHONW MaTPHIBI MOXKHO OLEHUTH TPH
TIOMOIIHU PaCCTOSTHUIA:
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k 1/2
re)=| DB )-6) | . j=L1 (6)
i=1

1
() =72r)), (7)
J=1
rae 7(f)) — pacCTOSHHE MEXIy HaONIFOIAaeMbIM H 3TaJOHHBIM OOBEKTOM B MOMEHT
Bpemenn ¢; (j=1/); 7(/) — cpenHee paccTosHHE MEXKAY HAONIOJAEMBIM H
STaJIOHHBIM 00BEKTAMU B MHTEpPBaJIC BPEMEHH [f1, #/].

Paccrostaus (6), (7) WCHONB3YIOTCS JUISL ONPEICICHUS TAKCOHOMHYECKOTO
HOKa3aTelst 00beKTa

r(t;)

dt;)=1- 0 (8)
rac
F(O) =F(0)+25(), 7(0)#0; ©)
L 12
S0 = 720(1_,-)—7(1))2 : (10)

J=1

Uem w™enbine paccrosaus (6), (7), Tem Ommke HaOMIOMAEeMBIH OOBEKT K
STAJIOHHOMY M TeM OJIMKE K HYJIIO OTHOWEHue r(f;) / 7(¢) B BIpaxenuu (8), U TeM

OnuKe K eIMHUIE TAKCOHOMUYECKHUH MOKa3aTenb 00beKTa d(t)).

B paGore [6] TakCOHOMUYECKHU TIOKa3aTelb HCIIONB3YETCI B CHCTEME
KOHTPOJISI JIOKOMOTHBA. Ero pacuer Bemercs ¢ MOMOIILI0 HEHPOHHON CeTH IO
PEKYPPEHTHBIM COOTHOIICHUSAM, KOTOPBIC YIUTHIBAIOT [UIMHHYIO MIPEBICTOPHIO, YTO
4acTo HE IO3BOJSICT  OOHAPY)KUBATh  KPATKOBPEMCHHBIC  pas3laikd B
KOHTPOJIMPYEMBIX CHUCTEMaX. B CBS3M € 3THM JUIsI pacdyera TaKCOHOMUYECKOTO
TIOKa3aTessl LeNIeco00pa3HO NCTIONIB30BATh CKOJIB3SIIIEE OKHO.

Heanlo cratbm sBisieTcs pa3paboTKa HEWPOHHOW CeTH ISl pacdera
TaKCOHOMHYECKOr0  IIOKa3aTelsst C  UCIIONb30BAHUEM  CKONB3SAIIETO  OKHA
OINITHUMAJbHON ITHPHHBI.

CymiecTBeHHYIO ponb B BeIpakeHUsX (2) — (10) urpaer uncio / yanTeIBaeMbIX
HaOmoieHuid. B ¢BA3M ¢ 3TUM 171 pacuera TAKCOHOMHUYECKOTO I10Ka3aTeNs C LeIbo
KOHTPOJISl pEaJIbHOTO CIIOKHOTO 0OBEKTa OUEHb BaYKHO BHIOPATh ONTHMAIILHOE OKHO
WIN YHCIIO HAOJIOAEHUN 71, MCIONB3YEMBIX JUISi OLEHKH TEXHHYECKOTO COCTOSTHUS
KOHTPOJIUPYEMOI'0 OOBEKTA.

Henocpencreennoe wucnons3oBanue Belpaxenuin (2) — (10) o pacuera
TaKCOHOMHYECKOI0 II0Ka3aTelsd C HUCIOJb30BAHMEM CKOIB3SAIIEI0 OKHAa TpedyeT
JIOCTaTOYHO OOJBIIMX BBIYUCIUTENBHBIX pecypcoB. C  y4eToM BBIpayKEHUH
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TIOYYEHHBIX B [6], a Taxke TOro, YTO IIMPUHA CKOJNB3SIIEro OKHA /7 (PUKCHPOBaHA
HOJIydeHbl CIEAYIOIHe PEKYypPPEHTHBIE COOTHOLICHHS OIpPENENCHUs 3JIE€MEHTOB
CTaHJapPTU30BAHHOM MaTPHIBI B MOMEHT BPEMEHH 1

al-(rh)=ai(rhfl)+%(al-(rh)—ai(rh,,,)), i=1E; (11)
02(t,) = 2 (t, 1) +ﬁ((al- ) - = (@) -T2 ) (12)

a;(t,)—a;(t,)

bi(ty) = o )
iy

; (13)
roe a;(t,), a;(t,_,), a;({,_,) — OUECHKM MaTeMaTUYECKOTrO OXHIAHMS JJIs
MOMEHTOB BpEMEHH t,, ¢, t,_,5 a,(t,), a;(t,_,) — 3Ha4eHUs TapaMeTpoB B
COOTBETCTBYIOIIIE MOMEHTHI BPEMEHU; 01.2 @), 61-2 (t,_,) — OLEHKN IMCIIEPCUM HA
TEKyIMi M Ha TpenplIyluii MOMEHT BpeMeHH; b;(f,) — 3HaueHHe >JIeMEeHTa
CTaHAapPTU30BAHHOM MaTPHIIBI B TEKYIINI MOMEHT; # — NIMPUHA CKOJIB3SIIEr0 OKHA.

Mo BeIpaxkenusm (11) — (13) mocTpoeHa YeTblpexypoBHEBasi HEMPOHHAS CETh,
JUIsL pacueTa cCraHAapTh3oBaHHOM Matpuuel. Ha puc. 1 mnpusenen Moxyis
HEWpOHHOW CETH, pPacCUMTHIBAIONIMH MaTeMaTHUECKOEe OXKUAAHWE, IHCIIEPCHIO U
3NEMEHT  b(¢,)  CTaHAapTU30BAaHHONM  MAaTpHUIBL. ~ AHAJOTHYHBIE  MOJIYJIH
UCIIONIB3YIOTCS Ul BBIYMCIEHHS OCTAJIbHBIX 3JIEMEHTOB Marpuipl B(f). BxomHoi
curHan a(t,) TOCTyNaeT Ha BXOJBI HeHpoHOB A4', A%, a TakKe Ha BXOJI IETIOUKH H3
1 2JIeMEHTOB €IMHUYHON 3ajepKKH. OJHOBPEMEHHO C CUTHANOM a,(f,) Ha BXO]
Heiipona A' TIOCTYNAKOT CHTHATBI &, (t,_1) n a(t,_,) . BeixogHoill curnan a,(z,)
Helipona A' MOCTymaeT Ha BXOJ SMEMEHTA eIMHIYHON 3aJIepXKKH U BXOJ HeiipoHa
A%, paccuMTHIBAIONIEr0 PA3HOCTH a,(t,)—a,(t,). Ilpu momomm HeifpoHa A
BIuHCIseTCs BhIpaxcenue (12). Ha mociennem ypoBHe HeiipoH A* 1o BEIpaeHHIO
(13) paccunTsiBaeT 3HaYEHUE TEMEHTA CTAHIAPTU30BAHHOM MaTpHIIbl b (1)) .

Bepaxkenust (6) — (10), mo3BossifolME BBIYHCIUTH DPACCTOSHUE MEXIY
STAaJOHHBIM W HAOJIONAaeMbIM OOBEKTaMHM, W TAaKCOHOMHYECKHH IIOKa3aTelb,
npeoOpasyroTes K CleIyIOeMY BULY:

B 12 o
r(th):(Z(bi(th)_bi*)z] » i=Lk; (14)

i=1

F(t,) = f(rhfl)+%(r(rh)—r(rhf,,)); (15)
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52(0) = S, )+ (G =702 =00, ) =P (16)
() =7(,)+28@,); (17)

r(ty)

d(t,)=1-L)
=1-5 (18)

by(ty)

o1 (1)) o1 (1)

Z*l —2 - — P Z*l

a(t)) ay(ty) ay(ty-2)
T > Zﬁl > Zfl > e —P Zfl

Puc. 1. HeﬁpOHHaH CETh I OINPCACIICHUS 3JIEMCHTOB CTaHHapTI/I?)OBaHHOﬁ MaTpHUIbL

ITo Bepaxkenusim (14) — (18) mocrtpoeHa HeWpOHHAs CETh, BBIYHCIISIONIAS
TaKCOHOMHMYECKUH Imokaszatens (puc. 2). Momynu M,, ..., M, paccCUUTBHIBAIOT

9JIEMEHTHI CTaHIAPTH30BaHHOW MATPHUIIBI M TPEICTABISIOT COO0H HEHPOHHBIE CETH,
paccMoTpeHHbIe Bble (puc. 1).
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Tal(th) T“z(fh) Tak(th)

Puc. 2. HeiiponHas ceTs 1 onpeieNieHust TAKCOHOMUYECKOT O TTOKa3aTelst
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Heiipons! mepBoro cios Bll, oo B,lc bopMupyroT pasHoctd BuAa b (1) —bl* ,
* . 2
..., b (t,)—b,, a HelipoH B~ BTOporo cios ompenenseT paccrosHue r(¢,) MO

BeIpaskeHHIO (14). JIns BBIYMCIIEHHS CPEJHEro 3HAYEHMs paccTOsiHUA 7 (f,) 1o
PEKYPPEHTHOMY cooTHoIIeHHo (15) ucmonb3yeTcs HEWpoH B IIpu nomomu
Helipona B! BbluMcisIOTCA pasHOCTH r(t,)—7(t,). Heiiponsl B u B° mo
BoIpakeHisIM (16) u (17) Bbruucistor 3Hadenuss S(¢,) U 7(f,) COOTBEICTBEHHO.
HaxoHerl, Heifpon B’ IOC/EIHEro CI0s ONpeAeNseT 3HAUeHHEe TAKCOHOMHYECKOTO
nokasarens d(t,) mo BeipaskeHuro (18).

MaremaTuueckoe MOJIENMPOBAHUE DJHEPreTHUECKHX IIeTeil Jan3enb-moesna
COBMECTHO C  pPa3pa0OTaHHOW  HEHPOHHOM  CEThIO  JUIS  ONPENCICHUS
TaKCOHOMHYECKOT'O TIOKa3aTelss Ha KaKIOH IO3UIMH KOHTPOJUIepa MAIIHMHUCTA
MoKa3zaiu paboTOCHOCOOHOCTh TPEUIOKEHHOH HEHpOHHOM CceTH, a TaKke
CYIIIECTBEHHYIO 3aBUCUMOCTh YYBCTBUTEIBHOCTA METO/Ia OT IMUPUHBI CKOJB3SIIETO
OKHa.

BruiBonbl. Pazpaborana HelipoHHAst CEThb ISl OIPE/IEIeHUs] TAKCOHOMHYECKOTO
ToKa3aTeasl C MWCIONb30BAaHMEM CKOJB3sero oOkHa. [lpm MonemmpoBaHuM
olpejieJieHa  ONTHUMajbHAsi  BEJIMYMHA  OKHA,  IIO3BOJISIOIIASl  BBISABITH
KpaTKOBpeMEHHbIe COOM W pa3iaJKh B dHEpreTHUecKol cucreme. PaspaboraHHas
HeWpoHHas ceTb oOecneynBaeT Oojiee KaueCTBEHHBIH KOHTPOJb SHEPreTHYECKHX
Lenen qu3enb-noes3aa.
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