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IIOCTPOEHUE MHTETPAJILHOM MOJEJIN HA ITIPUMEPE
JINMHAMUIKI BETPOSHEPTETUYECKOI YCTAHOBKIU

C.B. Coaodywa, /1.0. I'epacumos, K.B. Cycaos

JlamHasa pabora MOCBSIIeHa MPUMEHEHNI0 HHTEIPO-CTENEHHbIX P 0B Boabreppa K onn-
CAHUIO HEJIMHEHHBIX THHAMUYECKUX CHCTEM THUIA <BXOJ — BBIXOI»>. ¥YHUBEPCATBHOCTD JAH-
HOTO MaTeMaTHYecKOro armmapara TO3BOJISIeT CO3/1aBaTh MPOTPAMMHOE obecredeHue st
IIPOBE/IEHUS HKCIIEPUMEHTOB Ha KOMITbioTepe. Pabora mpo/oszKaeT uccae 0Banus B 0b6IacTu
unenTudukanym sinep Bosbreppa, Hadarsie B UHcTuTyTe cucreM suepretuku um. JI.A. Me-
nearbeBa CO PAH. B nepBoit wact craTbu paccMaTpUBAETCS HOBBIH AJTOPUTM WJIEHTH-
dukarmmn ToauHOMOB BosibTeppa BTODO# CTEIEHH Il CUCTEM, JOIYCKAIOINX AKTHUBHBIN
9KCIIEPUMEHT € ITOMOIIBI0 TECTOBBIX HADOPOB BO3MYIIAOIINX BO3/elcTBuil. Bo BTOpoOi wa-
T PabOThI TPUBEIEHBI PE3YABTATHI YHUCIEHHBIX PACUYETOB /IS <3ITAJOHHON> JIUHAMUYE-
CKOI CHCTEMBI. JTAJOHOM MOCJIYKUJIA MOIEIb BETPOIHEPIETUIECKON YCTAHOBKHU C TOPU30OH-
TaabHOM OChbio BpaieHusd. [locTpoeHbl KBaApPATHIHBIE TIOJAUHOMBI Bonbreppa, omuchbBaro-
IMe HEJTMHEHHYI0 NUHAMUKY YIJIOBOM CKOPOCTU BPAIIEHUS YJIEMEHTOB BETPOYCTAHOBKH OT
yIJla HAKJOHA JIOmacTell m cKopocTu Berpa. IlpakTumueckas maeHTuduKammsa simep Bomb-
Teppa MPOU3BOAUIACH OTHOCHTEIHLHO HEKOTOPOTO BHIOPAHHOTO CTAIMOHAPHOTO COCTOSTHUS
MOJEJIUPYEMOIl CHCTEMBI.

Kuouesne caosa: nesunelinas JunaMuMecKas cucmema, nea@pamu"mbm NOAUHOM
Bom;meppa; GEIMPOIHEPETNUYECKAA YCTNAHOBKA C ZOPUSOHmG,JLbHOﬂ OCbl0 6PAUWLEHUSA.

BBenenue

B npuiiozkeHusIX HepeJIKO HeJIMHeiHbIe TUHAMAYEeCKHe CUCTeMbI (0ObeKThI) TUIIA <BXO/
— BBIXOJ[> OIUCBIBAIOTCS € OMOIIBIO ANIAPATA MHTETPOCTEIEHHBIX psiioB Bosbreppa. Ha-
30BeM JIHIITh HEKOTOPHIE HATIPABICHUS UCCIEIOBAHUI, IIe UCTIOIb3YeTCs TAHHBIH MaTeMa-
TUYECKHUil anmapar: MOJeJInPOBaHNe TeXHUIeCKuX cucreM [1,2] u 3/1eKTpoHHBIX yCTPOiicTB
[3], neuneitnas naenTndukanus Kanaaos ¢Bsa3u [4,5] u cucrem Busyanusanuu 6], amanins
HECTAIMOHAPHBIX BDEMEHHBIX PsijioB [7].

[IpumMenenune KOHEYHOTO OTpe3ka psina Bosbreppa [8], maiomero npejacrapienne otT-
kauka y(t) Ha BXOAHOE BO3MyIeHue (t)

m

y(t) =Y /.../Km(t,sl,...,sm)Ha:(si) ds;, t € 0,7, (1)

i=1

JIUISE MOJIC/THPOBAHNSA HEJTMHEHHBIX IMHAMUYECKIX O0bEKTOB CaMOil pa3HOil IPpUPOIB, Has3u-
pyercst Ha Teopeme Dperre [9] U pasaudHbIX ee 000BIIEHNAX — KOHTHHYAJbHBIX aHAIOTaX
KJIACCHYeCKOi Teopembl Beiiepmrpacca 006 annmpoKCHManud HeOpephbIBHON (DYHKIMH MHO-
TOYJICHOM.

[TocTpouth MHTErpaIbHYIO MOIeNb B Bude (1) — 3HAYMT BOCCTAHOBUTH MHOTOMEDHBIE
IepexXOIHbIe XapaKTePUCTHKN HeJIMHeHHOi nuHamMmmaeckoii cucteMbl K, CI02KHOCTD ITpaK-
THYECKOTo npuMenenus (1) COCTOUT B TOM, ITO It OAHOZHAYHOrO BoccTaHoBeHust (i+ 1)-
meproro saapa K;(t, si, ..., s;), i = 1, m, HEoOX0AUMO 3aaHue OTKIUKOB Y;(t, wy, ..., w;) HA
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i-I1IApAMETPUYECKOE CeMECTBO TECTOBBIX BO3MYIIEHUH Ty, . . (). D10 00bsicHseT 1pH-
cTaJbHOe BHUMaHHe MHOIMX aBTODPOB K IpobieMe uueHTHdUKAIUIE (CM., HAIPUMED, KPH-
traeckuii 0630p B [10]).

HawuGosiee pacmpoctpanen moixon [11], rae mpemiozkeHo JiJisi BOCCTAHOBJICHHUS sIjieD
Boabreppa 3a1aBaTh MHOTOTapaMeTpUIecKoe ceMefiCTBO TECTOBBIX CUT'HAJIOB, COCTOSTITIX
3 komOuHamun -pyuknuit Jnpaka. OgHaKko Takoit OAX0T UMeeT OrPAHIIeHHYIO 006/1aCTh
npumenenus [12].

Paborer NucturyTa cucrem snepretuku uMm. JI.A. Mementbesa (MCOM) CO PAH B
obactu unenTudukanuu aaep Boabreppa 6l HadaTsl B 90-X rogax (cM. 0630pHYIO ¢Ta-
toio [13]). Jaunas meroauka [10,14] ocnoBana na 3amanuu ceMeificTBa TECTOBBIX CUTHAJIOB
B BUJIE CHEIMUATbHBIX JHHEHHBIX KoMOuHAINI DyHKIUH XeBucaiiga ¢ OTKJIOHSIONIAMC ap-
IYMEHTOM C aMILIATYIAMHI o, i = 1,m. IIpu sToM 3a1ada maeHTH(UKAIIIN CBOAUTC K
PeIeHnio JINHEHHBIX HHTerPAIbHBIX ypaBuenuit Boabreppa [ pona, jmonyckamoninx sBHbIE
dbopmysibr obpamienus. B [15,16] B TepMuHAX aMIJIATYL TECTOBBIX CHTHAJIOB YCTAHOBJIEHBI
HEOOXOIMMbIE YCJIOBUS PAa3PENTUMOCTH COOTBETCTBYIONIUX MHOTOMEDHBIX WHTErPAJIbHBIX
ypaBHEHUI B OINpe/leIeHHOM Kiacce dyHKIui. B TO e BpeMs, 3a cUeT UCHOJIb30BAHUS
[OJIYY€HHBIX YCJAOBHIT BO3MOKHO YMEHBIIIEHUE YUC/IA TECTOBBIX CUTHAJIOB I/ Pa3/ e/ IeHIST
OTKJIMKA CHCTEMBI HA COCTABJISIIOIIHE.

[Hesib JaHHON CTATHU — HA MPUMEPE <ITAJOHHO> JIMHAMUYECKONH CUCTEMBI PaCCMOT-
peTh HOBBIH €IOCOO TMOCTPOEHWS WHTErPAJTBHBIX MOJeseill B BUIe MOJHHOMOB BoabTeppa
(1) B HauGoee BasKHOM JJIs MpUIOKeHuid ciaydae N = 2.

1. Hossrit ajgroput™M naeHTHGUKAIINNA KBaJIPATUIHOTO
nosuHoMa BoaepTreppa

OmnwiemM OCHOBHYIO MJICIO TIOJIYYeHHUsI JIMHEHHBIX MHOTOMEPHBIX HHTErPAJIbHBIX ypaB-
nennii Bosbreppa I poja, K permeHnio KOTOPBIX CBOAUTCS 3a1ava MAeHTH(MUKAIUA A1ep
Boabreppa. [Tosarast B (1) N = 2, 3anumemM KBaJpaTHIHYIO MOJENb

Youad(t) = / Kt 51)z(s1)dsy + / / Ko(t, 51, 52)a(s1)2(s2)ds1dss, £ € [0.T].  (2)

Bamerum, 4T0 u3 cKagspHocTH X (t) BRITEKAET CUMMETpHIHOCTD Ko(t, 1, S2) B (2) 10 nepe-
MEHHBIM S1, Sg. EC/IM OTKINK AuHAMHYIeCKON cucteMbl Y (t, wy,wy) (1 onpenenseHHOCTH
OymeM cauTarh, 910 v > ) HAa TECTOBbIE CHIHAJDI

s (1) = ale(t) —2e(t —wy) +e(t —wy —ws)), t,wi,we € [0,7T], (3)

w1, w2

TakoB, 4To IpH 0 < wy + wy < t < T BHIIOJIHSAETCS

w1 w1 +w2
% {yo‘(t,wl,c@) — a/Kl(z@sl)dsl +« / K (t, sl)dsl} = % {3ya(t,wl,0)_
0 w1
w1 w1+tw2
—3y“(t,0, w1 +wa) +y*(t, w1 +wa, —wy) — Tax / Ky (t, s1)ds; — ba / Ky (t, sl)dsl} , (4)
0 w1
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TO B 0003HaYCHUAX

w1twsa

1 T
fg(t,wl,WQ) = E |:ya(t,W1,U.J2) — Q/Kl(t, sl)dsl + « / K1<t, 81)d51:| (5)
0

w1

CIIPaBEJJINBO KJIIOYEBOE PABEHCTBO
fa(t,wi,wa) = 3fa(t,w1,0) — 3fa(t, 0, w1 + wa) + folt,wi + wa, —w2). (6)

Yeaosue (6) aBiasieTcst HEOOXOANMBIM JIJIsT CYTIECTBOBAHNSI DEIeHNsT Y PaBHEHHSI

w1 w1 w1 w1tw2

//KQ(t, 51,82)d81d82 — 2/ / Kz(t, 81,52)d51d82+
0 0 0

w1

w1 tw2 witwsz
+ / / Kg(t, 81,32)d31d52 = fg(t,wl,wg) (7)
w1 w1
B KJacce HenpepulBHBIX Ha (03 = {t,$1,59/0 < 51,80 <t < T} dbyuxnmii, CAMMETPUIHBIX
10 BTOPOMY U TpeTbemy aprymenty [17].
[Moxacrapass (3) B (2), IPUXOANM K WHTErPAJIbHOMY YDaBHEHHUIO

w1 w1+w2 w1 w1
Oé/Kl(t,Sl)dS1 —« / K (t, s1)ds; +a2//K2(t, 81, $2)ds1dss—
0 w1 0 0
w1 witws w1tw2 wi1tw2
—2042/ / Ky (t, s1, 89)ds1dss + a? / / Ks(t, s1,82)ds1dsy = y*(t,wi,wq). (8)
0 w1 w1 w1

3ameuanue 1. B ciyuae, Korja JuHaAMHUYECKas CHCTEMa CTAallMOHAPHA, T.e. sjapa Bojb-

reppa K, B (1) 3aBuCAT JUIL OT Pa3HOCTH t — S;, ¢ = 1,m, JJisl OMHO3HAYHOIO BOCCTa-
HoBienus K, Ky B Momenn

Jquad(t) = / Ki(s1)z(t — s1)ds; + / / Ks(s1, 52)2(t — 1) z(t — s2)dsyds, (9)

J0CTATOYHO YpPaBHEHUM

t t t
[0 / f(l(sl)dsl + 062 / / KQ(Sl, 82)d81d82 = Qa(t,wl).
t—w1

t—wi1 t—wy
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[Ipu srom B oueBHIHBIX 0003HAYeHMsIX cupasepuBo ycaosue [14]: fo(t,wi) = folt —
w1, —Ww1 ), HEOOXOIUMOE JJIst PA3PETUMOCTH

t t
/ / f(2(81,52)d51d52 :fz(t,wl)

t—wi t—w1
B KJIacce HenpepbiBHBIX Ha (dy = {$1,52/0 < 51, 80 < T'} cummerpuanbix (byHKIHIL.

Sameuanwue 2. B pabore [18] onucan anropurm Boccranoienus siaep K, Ko, ocHoBaH-
HBbI Ha CBEJCHUU UCXOJAHON 334l K PEIICHUIO CUCTEMbI, COCTOAINed U3 ABYX ypaBHEHUN
tuma (8) ¢ orkamkamu Yy (t,wi,ws) m Yy~ *(t,wi,ws) coorBercrBeHHo. [lomdepKHeM 3Ha-
IUMOCTH ycsioBus (6) MpH MOCTPOEHHH HHTerpasbHON Momenu B Buie (2). Tem cambim,
MHTErpajbHBIX ypaBHeHuit (4), (8) mocTarouHo s OMHO3HAUHON uaeHTHDUKAIMN siiep
Ky, K.

[IpomemMoHCTPUPYEM TY TEXHUKY HA TECTOBOM ITPHUMEDPE.

ITpumep 1. TlycTb OTKIMK HEKOTOPOil MATeMATHIECKOI CHCTEMbI Ha CHTHAJIAX (3) mveer
CJIC/IYIOLIUI BU:

2 3
Yer t, 51,82 = 51) = at (251 — 52) + %t2(281 —55)" + %t?’ (253 —s3)+  (10)

4

—l—gtd‘ (4s] — 53 sy + 65753 — Bs1s5 + 53) + at‘r’ (257 — s3),

e S1 = w1, So = Wy + wy. Torma

o2 o o5

Yer(t,w1,0) = atwy + 5 X 2y 2—1—5753 + 5 Yy 4_’_5755 5 (11)
o 20 3. 4 a’ 5,5

Yer(t,0,w1) = —atw; + Et - gt 3,2 ; LA at . (12)

[Monaras B (4) wy = 0 u yunteiBas (11), (12), npuxXoaUM K HHTEIPATBLHOMY YDABHEHHUTO
Boapreppa I pona

4

/Kl t Sl)dé’l twl + yt?) + aﬁwl,

nudepeHIIpyss KOTopoe Mo wy, MoayYaeM
Ki(t, 31)—t+§t3 +Et5sl, 0<s <t<T. (13)
Yuanrssasg (13), u3 (5) nmeem

2
a
fa(t, 1,80 — 1) = —

4
2 [0
5 (251 — s2)" + §t4 (457 — Bsisy + 6sis3 — Bsisy + s3)

H, COLJIACYSICh ¢ BHOI (opmysoii obparennust (7) [17]:

102 f5(t, 81,
Kusn o) =~ LT
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HaXOJIUM

1 o?
Kg(t, 81,82) = §t2 —+ Zt4(58% - 88182 + 58%), 0 S S1 S S9 S t S T.
Wrak, KBajpaTudHas MOJEIb NOJTHOCTHIO UAECHTU(MHUITTPOBAHA. J[erKo TPOBEPUTH, YTO
ang Bxonos xg, () orkmukm (2) m (10), yg,qq(t, w1, wa) 1 yg(t, w1, w2) cooTBETCTBEHHO,
TOXKJIECTBEHHO COBIAJIAIOT.

2. DTaJIOHHAd TUHAMHUYECKas CUCTEeMa

CoBpeMeHHBIE IHEPrEeTHIECKHE OOBEKTHI XapaKTePU3YIOTCS CJA0KHOCTBIO TEXHOJIOTH-
YECKMX CXeM U pa3Ho0o0pasmeM MPOIeccoB, MPOTEKAIONINX B X 3j1eMmentax. Co3nanme 6e3-
OTTACHBIX PEYKUMOB IKCILIyaTaIuu 000pyIoBaHus, pa3zpaboTka u npuMenenue 3pheKTuB-
HBIX MeTOJI0OB TPOTHO3UPOBAHUS JUHAMUYECKAX HArPY30K BO BpeMs HEMTATHBIX CUTYAIIWIT
— OJTHU M3 KJTIOUEBBIX 337184 ePCIeKTHBHBIX SHEPTeTHIECKUX TeXHOJIOTUi. B cBa3u ¢ 3TuM
AKTYaJIbHbBI UCCAEI0BAHUS B 00JIACTH MATEMATUIECKOTO OIMCAHUS JIUHAMUKHI JHEPreTHIe-
CKUX CHCTEM.

B kauecTBe 3TAJTOHHON THHAMUIECKON CHCTEMBI PACCMOTPUM MATEMATHIECKYTO MOIE/Th
BETPOYHEPTETHIECKON YCTAHOBKHU € TOPU30HTATIBHOM OCHIO BPAIeHNs, MPEICTABIEHHYIO C
IOMOIIIBI0 MeTouK [19-21] B coreyromem Buje:

_wr(HR B 1 0.035 \
20 =gy 2= (Z(t) 00808 B+ 1) ’ (14)
Cot) = 0.22 (% — 0.4b(t) + 5) exp (—%) | (15)
MT(t) _ psgzzfi)(;3<t>’ d;;T _ MT(t) (_]-]\40(15)7 wT(O) = wr, (16)

rie wr (paj/c) — yrioBasi CKOPOCTb BpAIeHusl 9JIEMEHTOB BETPOYCTAHOBKH, wr, (paj/c) —
HEKOTOPOE CTAMOHAPHOE 3HAUEHUE YIJIOBOl ckopocTn Bpamenus, My (H-m) — kpyTsimuii
MOMEHT, CO3/aHHbI asponuHaMuaeckoii cunoit, Mo (H-M) — MOMEHT COPOTHB/IEHHS Ha~
rpy3ku, J (Kr-M?) — MOMEHT HHepIUH JBUKYLIIUXCH YacTeil BeTpoBoil Typounbl, p (Kr/m?)
— mIOTHOCThL BO3AYyXa, S (M?) — omeraemas momab, R (M) — pajauyc BeTrpokoseca, b
(rpaj1) — yroJ HaKJIOHA JIONACTel 10 HOpMAJIU OT HallpaBieHust Berpa, V' (M/c¢) — cKopocTh
BeTpa; OGe3pa3MepHble BeTndnHbl: C), — KO3 UIHEHT NCTIOIBb30BAHUS SHEPTUY BeTpa, Z
— OBICTPOXO/IHOCTD, Z — TEeKyIllee 3HadeHne ObICTPOXOIHOCTH.

Yucsennoe pemrenne cucremst (14) — (16) Boimosneno ¢ momomuipio Meroga Pynre —
Kyrra werseproro nopsiaka. Orkankn Awr(t) = wp(t) — wy, Ha TeCTOBBIE BO3JEHCTBUS
Ab(t) = b(t)—bo Buma (3) u V() = Vo (AV(t) =V (t)—=Vou b(t) = bo) mas t € [0,20] (¢) na
paBHOMEpHOIi ceTke ¢ marom h = 1 (¢) UCIOIb30BATHCH JJIsl MOCTPOCHUST KBAIPATHIHBIX
nosinaoMoB Bosibreppa

t t 1
Awp(t) = /Kll(t,sl)Ab(sl)dsl +//K21(t, S1, 52)Ab(s1)Ab(sg)ds dss, (17)
0 00
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t t ot
Awr(t) = /Kf(t, sl)AV(sl)dsl+//K§(t, s1,52)AV (s1)AV (s2)ds1dsy (18)
0 00

coorsercTBeHHO. Takoil BLIOOD HIara CBS3aH ¢ SKCHEPUMEHTAILHBIMU JAHHLIMHU, 1101y YeH-
HbiMu ipu perennn (14) — (16).

Jnsa obecriedenns Jydmnieil TOYHOCTH aMILIATYIa MPOOHBIX CHTHAJIOB, MCITOJb3YeMbIX
npu Haxoxkjenuu sjep Boabreppa B (17), (18), GbL1a cormacoBana ¢ BEJUYUHON Jeii-
CTBYIOUIMX BO3MYINEHHHA. 3aMeTHM, YTO MOJAEIb, HOCTPOCHHYIO TOJLKO IO OJHOH IpyIIe
UPOOHBIX CUI'HAJIOB, HEJIb3d PACCMaTPUBATL KAK <BCEPEKUMHYIO>, T.€. OJUHAKOBO IIPU-
FOAHYIO JA4d PACYeTOB BO BCEM JMaNa30He AOMYCTUMbBIX U3MEHEHNI BXOAHBIX BO3JICACTBUIA.
[TpakTrueckas uaeHTHUKAIAA F1ep TPOBOANIACH OTHOCHTEIHHO HEKOTOPOTO BLIOPAHHO-
ro CTAIMOHAPHOIO COCTOAHHUA MOomeaupyeMoil cucreMmbl. C IIIbI0 IOBBLIIIEHHS TOYHOCTH
MOJEIUPOBAHUS OBLIM BBEICHBI OMOPHBIC HAYAIBHBIE PEXKHMBI, IS KOTOPBIX BBIIOIHEHO
IOCTPOEHNE MHTErPAJLHBIX Mogeaeil. [Ipm 3ToM Bee OTKIOHEHHS BXOIHBIX M BBIXOIJHBIX
napaMeTpoB, pUHEMaeMble B KaueCTBe BO3JelCTBYIOIIUX CHICHAJIOB U peakluil Ha HUX,
BBIMHCIAINCH OTHOCUTENIBHO N36PAHHOrO OMOPHOTO pexKuMa. PaboTa mpomoKaeT uecie-
noBanusd, Hadarsie B [22]. Pesynbraram uccaegosanus mofereit suga (17), (18) mocamen
CJICJIYIOUIUU pa3jiedl.

3. BpruncianrTeabHbII 3KCIIEPUMEHT

Tak Kak anpuopu HHGOPMAIUS O TOM, ABIACTCA JU MOJeIUpyeMas THHAMAYIeCKad
CHCTeMa CTalMOHAPHONH WJIM HeT, BOOOIIEe TOBODsI, HEH3BECTHA, HMPOBEIEM AlOCTEPUOP-
HbIil anaau3. [[ag 3TOoro paccMOTpUM JIBYMEPHBI OTKJIHUK CHCTEMbI Ha MPOOHBbIE CUTHA-
JBL T, () = e(t) — e(t — wy). Ecim okazkerca, aro Kj, = — K], , TO 9T0 03HaYaeT, 4TO
Ki(t,w;) = Ki(t — wy) 1, cJIeI0BATEIBHO, CHCTEMA CTAIMOHADHA.

/

Ha puc. 1 npusegenst rpadukn ¢ = K1, | — \Klllwl| upu t = wy. 'paduk &, monyden B

caydae, korga aapa Bosbreppa uz (17) mocrpoenst mist Vo = 8 (m/c¢), a g9 — masa Vo = 10
(m/c) mpu Ab = 10 (rpax). Ha puc. 2 npusenensr rpadukn ¢ = |K2/1t| — |K2/1w1| npu
t = wy. [paduk ¢, nonxyden B caydae, korja siapa Boabreppa u3 (18) mocTpoeHbl st

bo = 10 (rpan), €2 — mas by = 20 (rpan), €3 — mist by = 0 (rpax) mpu AV =5 (m/c).

25047

| | | |
[0S e P E T [ S o H
| | i |
| | | |
| | ! |

[\C)

Puc. 1. Tlorpemmnocts € as suep u3 (17) Puc. 2. Ilorpemmocts € ajs sauep u3 (18)
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OueBuHo (eM. puc. 1, 2), 4o u3yyaeMasi JHHAMIYECKAsS CHCTEMA B HCCJIEyeMOM JIHa-
1a30He BXOJHBIX ITAPAMETPOB sIBJsieTCHd HecTanuoHapHoii. [loaToMy npumeHnenue Mojen
BHUza (2) JUTst OMMCAHWST HEJMHEHHO JMHAMUKY B CKAJISPHOM CJIydae sIBJISIeTCsI TPUOPUTET-
HBIM B CDABHEHUH ¢ UCTIOJIb30BaHUEM yIpOIIeHHoit Mojesnu sua (9). Takum o6pazom, mpu-
MEeHEHHE JIAHHOT'O aJITOPUTMAa, IIO3BOJIAIONIETO BHIABUTH OCOOEHHOCTH JTMHAMUKHU YCTPOHCTB
JAHHOTO KJIacca, SIBAAeTCI 000CHOBAHHBIM.

3akKJII0YeHue

B nannO#l crarbe paccMOTPEH HOBBIH CITOCOD MOCTPOEHHS KBaIPATUYIHOIO MOJITHOMA
Boawreppa 11 onncanust HeCTaIMOHAPHON JMHAMUYIECKONH CUCTEMBI THIIA <BXO/-BBIXO>.
OcHoBHag ujied COCTOUT B MOJU(MUKAIME METO/IA Pa3/ieJIeHIs OTKJIUKA HHTerPaJIbHON MO-
JIJIM Ha COCTABJILMIONIHE, KOTOpas OCHOBAaHA HA HCIOJb30BAHUU HEOOXOIMMBIX YCJIOBHUI
Pa3peNIuMOCTH COOTBETCTBYIONIUX MHOTOMEPHBIX MHTErpaJbHbIX ypaBHeHuit Boabreppa I
poza. [IpuBesennl pe3yabraTbl YUCJAEHHBIX PACUYETOB I <ITAJOHHOWS> MO BETPO-
SHEPTETUYIECKON YCTAHOBKY C TOPU30HTAJIBHON OCHIO BPAITIEHN S, UTIOCTPUPYIOIIHNE HECTA-
IUOHAPHOCTH UCCIEyeMOro JUHAMUIeCKOTo o0beKTa. /laibueiiee pa3purue padoThl CBs-
3aHO € HCIIOJIB30BaHHEeM KyOudHOro nosjuHoma Bosbreppa.

Paboma nposoduracey npu vwacmuunot durarcosoti noddepacke eparnma PODPU, npo-
exm M 15-01-01425a.
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Construction of an Integral Model
by the Example of Wind Turbine Dynamics

S.V. Solodusha, Melentiev Energy Systems Institute Siberian Branch of the Russian
Academy of Sciences, Irkutsk, Russian Federation, solodusha@isem.irk.ru,

D.O. Gerasimow, Irkutsk National Research Technical University, Irkutsk,

Russian Federation, gerasimovdo@mail.ru,

K.V. Suslov, Irkutsk National Research Technical University, Irkutsk, Russian
Federation, souslov@istu.edu

This study addresses the application of Volterra integral-power series to describe the
nonlinear dynamic "input—output" systems. The universality of this mathematical tool
makes it possible to create a software for computer experiments. This study is a continuation
of the research on the identification of the Volterra kernels, which was started at the Energy
Systems Institute, Siberian Branch of the Russian Academy of Sciences. The first part of
the paper presents a new algorithm for the identification of the second-degree Volterra
polynomials for the systems which can be used for an experiment based on the test sets of
disturbances. In the second part the numerical calculation results for a "reference" dynamic
system are given. The reference system is represented by a model of a horizontal-axis
wind turbine. Quadratic Volterra polynomials are constructed. They describe the nonlinear
dynamics of the angular velocity of the wind turbine components, depending on a blade
lean angle and wind speed. The Volterra kernels were practically identified with respect to
some chosen stationary state of the simulated system.

Keywords: nonlinear dynamic system; quadratic Volterra polynomial; horizontal — axis

wind turbine.
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