IIpakTuuyeckas padora
Yacrs 1
HcciienoBanne MeTo10B MOJACJINPOBAHUS JUHAMUYECKHX CHCTEM
Ha 0a3e aHAJIOTOBBIX CTPYKTYPHBIX MojieJieil

Ilens paboThl — 3aKperieHWE 3HAHWW TI0 WCIOJIh30BAHUIO METOJIOB
aHAJIOTOBOTO0 CTPYKTYPHOTO MOJCJIMPOBAHUS HA MpPUMEPE JTUHAMUYECKHUX
00BEKTOB MEPBOTO U BTOPOTO MOPSIIKOB.

3aoanue

1. HUccnenoBanue CTPYKTYpHOHM MOJEIM AMHAMUYECKOTO 3BEHA MEPBOTO

MopsiJiKa C ypaBHEHUEM CBSI3U
Ly+y=k(Tu+u),

rae Y(t) u u(t) — curHaasl Ha BBIXOE U BXOJE 00bEKTa COOTBETCTBEHHO.
JIns 3aJaHHOTO BapuaHTa IApaMETPOB OOBEKTa MOJYYHUTh CTPYKTYPHYIO
aHAJIOTOBYIO MOJICTTh TMHAMHYECKOTO 3BCHA.
[TomyunTh ¥ 3amucaTh aHATUTHYECKOE BBIPAKEHHUE IS TIEPEXOMHOU (PYHKITHH,
TTOCTPOUTH €€.

2. UccnenoBanne  CTPYKTYpHOM  MOJENM  KOJeOaTelbHOrO  3BEHA,
3aJlaHHOTO B (hopme nuddepeHITnanbHOr0 ypaBHEHUS CBSI3U
¥ +ay + by =ku.
Jlnst 3amaHHOTO BapuaHTa NapaMeTpoB KOJeOATENbHONW CHUCTEMBI COCTABHUTH
aHaJ'IOI"OBy}O CXCMy MOI[CJ'II/IpOBaHI/ISI.
[ToyunTh W 3amucaTh aHATUTHYECKOE BBIPAKEHUE ISl TIEPEXOAHONU (PYHKITUH,
IIOCTPOUTE €€.

3. MonenupoBanue cuctemsl ¢ quddepeHInaIbHBIM OIIepaTopoM BTOPOTO

MOPSAKA IO BBIXOJAHOW U BXOJHOM NTEPEMEHHBIM
y +ay + by =cli +du +eu.

[lo 3amaHHOMY BapHaHTy MapaMeTPOB OOBEKTa MOCTPOUTH CTPYKTYPHYIO
aHAJIOTOBYIO MOJIETb.
3anucaTh MaTEMaTUYECKYI0 MOJIETh JUHAMUYECKON CHCTEMBbl BTOPOIO MOPsJIKa
B CTaHZapTHOM ¢opMe ypaBHEHMHl cocTosHusA. Onpenenutb U 3amucarhb
matpuiiel A, B, C u D wuccnegyemoll cuCTeMbl C Y4YETOM 3aJlaHHBIX TIO
BapuaHTaM MapaMeTpOB OOBEKTA.

Memoouueckue YKa3anusa no 6blNOJIHERUIO paﬁombt

AHanoeogvimu  CMpPYKmMypHbIMU MOOeAMYU JTUHEHHBIX JIUHAMHUYECKUX



O0OBEKTOB MPUHATO Ha3bIBaTh MOJIEIN, COCTABIECHHBIE C UCIOJIb30BAHUEM BCETO
TpeX THUIOB  CTPYKTYpPHBIX  KOMIIOHEHTOB: HMHTETPUPYIOIIETO  3BEHA,
MaclITaOMPYIOIIEr0  YCUJUTENsl W cyMmaropa. Vctopuyecku MeTOJIbI
MOCTPOEHUSI AHAJOTOBBIX MOJENIEH ObUIM NPENJIOKEHBl B MEPUOJ  PA3BUTHSA
AaHAJIOrOBOM BBIYUCIUTENBHOM TEXHUKM KakK HWHCTPYMEHTa sl pEelIeHUs
OOBIKHOBEHHBIX Tu((depeHINaNbHBIX ypaBHEeHUH. DyHKIHMKU CyMMHpOBaHHUS,
YCWICHHSI U WHTEIPUPOBAHUS PEANTHU3YIOTCS B AHAJIOIOBBIX BBIUYHCIUTENSX B
BUJIC CXEMOTEXHUYECKHUX peIIeHni Ha 06a3e onepanroHHOro ycuiurtens. Bmecte
C TEM METOJbI COCTABIICHUSI CTPYKTYPHBIX CXeM B (popMe aHaJOTOBBIX MOJIEICH
IpU PacCMOTPEHHUU OOBEKTOB, HMMEIOUIUX OJUH BXOJI M OJMH BBIXOJ U
O CHIBAEMBIX OOBIKHOBEHHBIM b epeHnanbHbIM ypaBHEHUEM,
OKa3bIBAIOTCSl TIOJIE3HBIMU TPU peaU3allii BBIYMCIUTEIBHBIX MOJCNICH, B
YaCTHOCTH, TpHU TEpeXoJie¢ K OINHUCAHUIO JIMHAMUYECKHMX OOBEKTOB B
IIPOCTPAHCTBE COCTOSTHUM.

JUIsl AMHAMUYECKUX CUCTEM, HUMEIOIINX HEBBICOKUU MOPSIIOK IPOU3BOIHON
IO BBIXOJY U 1O BXoAy (HE BBIIIE BTOPOTO U IMEPBOTO MOPSIAKOB
COOTBETCTBEHHO) MOXET OBITh MPEMJIOKEH MPOCTOM crnocod (HOpMHUPOBAHUS
CTPYKTYpPHOW aHaJOrOBOM MOJENHN, pacCMaTpUBAEMbId Jajle€ Ha MPUMEPE
00BbEKTa C ypaBHEHUEM CBSI3U BUJIA

Y +ay+by=du+eu. (1.1)

OcHoBHasi ujes TMOJTY4YEHHUs aHaJoroBoM wmonenu s cucrembl (1.1)
COCTOMT B IOCJIEOBAaTEIbHOM HCIIOJIb30BAHUM ONEPALMM HHTETPUPOBAHMS C
LEIbI0 MTOHMW)KEHUS TOpPSAKA MPOU3BOAHOM IO BBIXOAHOW IepeMeHHOou. [lpu
TOM B Ka4e€CTBE BXOJAa MOJENIA MOXKET pacCMaTpUBAETCA TOJBKO MEPEMEHHAs
u(t) u uckirovaroTCs onepanuu AU HEpPEHINPOBAHNS BXOIHOTO CUTHAIA.

[TeperpynnupoBaB B ”HOM MOPSIJIKE CllaraeéMbI€ B HCXOJHOM YPaBHEHHUH (B
JIEBOM YacTW — CTaplliMe MPOM3BOAHBIE IO BXOAY M BBIXOAY, B MpPaBOd —
OCTaJIbHBIC YJICHBI YpPaBHEHUS ), TpeACTaBUM ypaBHeHue (1.1) B Buae

y —du =eu—ay —hy. (1.2)

[lonyyeHHOE€ ypaBHEHUE MPUHATO 33 OCHOBY IIpH (POPMUPOBAHUU

aHaAJIOrOBOM CTPYKTYpPHOM CXeMbl, IpuBeAEHHOM Ha puc. 1.1.
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Puc. 1.1



WNurerpupyss neByro 4acTth ypaBHeHust (1.2), monydaem Ha BBIXOJE
WHTErpaTopa JUHEHHYI0 KOMOMHAIMIO TMEPBOM MPOU3BOJIHON MO BBIXOAY U
BXOJHOTrO curHaiga y—du. OuYeBHIHO, YTO W3 MOJYYCHHOTO CHUTHATa MOYHO

BbIeUTh Y(t), n00aBMB B MpOTHBOGA3e BXOJHOW CHUTHAI C HEOOXOIUMBIM

BecoM. [IOBTOpHO HHTErpupysi MOJYyYEHHBIH CHUTHaJ, MOJyYaeM Ha BBIXOJE
uHTerparopa nepemennyto Y(t). B coorBercTBuuM ¢ ypaBHeHueM (1.2) curHain,

IIOJABAaEMbId Ha BXOJ IIEPBOI0 HMHTErpaTopa, ABISETCS CyMMOM CIIaraéMbIX,
BXOJSIIMX B IIPaByl0 YacTh ypaBHeHusA. Omnepanus CyMMHUPOBAaHHUS TpeEX
COCTABJIIIOLIMX PEAIM30BaHa HA BXOJHOM CyMMaTope.

[IpennoxkenHass MeToauka (HOPMHUPOBAHMSI CTPYKTYPHOM CXEMBI MOXKET
OBITh IPUMEHEHA [IPU COCTABIEHUU MOJIENIEN 0OBEKTOB, PEATM3YEMBIX B III. 1 U
2 3a/1aHUA. 3aMETUM, YTO OTCYTCTBHE ITPOU3BOIHBIX IO BXOJHON NIEPEMEHHOM B
YPABHEHUU CBS3U B OIIPEICIICHHON CTENEHU YIPOUIAET IPOLENYPY COCTABICHHUS
CTPYKTYPHOM CXEMbI, TOCKOJIbKY TIPU 3TOM ypasHeHue 3amvixanus (1.2) Moxer
ObITh 3alMCaHO OTHOCHUTEJIbHO CTaplieid MPOU3BOAHOM 1O  BBIXOJHOM
nepeMeHHo. Kak crnexnctBue ATOrO  CTPyKTypHass cXeMma JIMHEWHOU
JTUHAMUYECKON CHCTEMBI JTI000r0 Mopsiika N MpU OTCYTCTBUM MPOU3BOAHBIX IO
BXOJAY INPEICTABISIETCS B BUAE IOCIEAOBATENBHOM LENMW N HHTETPATOPOB, HA
BXOJl TIEPBOr0 M3 KOTOPBIX YEpPE3 CyMMATOp MOJAETCS JIMHEWHAas KOMOWHALIMA
IIPOU3BO/IHBIX IO BBIXOJHOM MepeMeHHOM mnopsanka oT N-1 mo 0 (c BbIXOJOB
COOTBETCTBYIOIIMX  MHTErPaTOpOB) U  BXOJHOM CHTHal1 C  BECOM,
COOTBETCTBYIOIINUM KOA(P(UIUEHTY YCUIICHUS] CUCTEMBI.

IIpp MoOnenuMpoBaHWM JUHAMUYECKOHM CHCTEMBI, OIHCAaHHE KOTOPOH
peJCcTaBiIeHO AU PepeHnanbHbIM YpaBHEHUEM OOIIETO BUA

y®+a v+ +ay=bu® +b u"P+. . +byu, (1.3)
NPUMEHSETCS aHAJIOTOBas CTPYKTYpHAs CXema, peicTaBJIeHHas Ha puc. 1.2.
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Puc. 1.2
OCHOBHOI OTIMYUTENTHEHON OCOOCHHOCTHIO MPUMEHSIEMOU CXEMBI SBIISICTCS
crioco0 (GopMUpOBaHUS YpPAaBHEHHsI 3aMBIKAaHWs, KOTJAa CUTHAJIBI OOpaTHOU
CBSI3U, MPUXOAIIME HAa BXOJHON cyMMaTop, OepyTCsl C BHIXOJ0B HHTETPATOPOB.



CooTBeTcTBUE CTPYKTYpHOUW cXembl ypaBHeHHIO (1.3) mocturaercss B ciyuae
3ajaHus KOO(PPUIIMEHTOB MOENN ¢; U f; uepe3 KO3(PPUIMEHTb UCXOIHOTO

muddepeHIMaTBEHOTO YPABHEHUS

o, =9, 1=0,n-1,
ﬂo :bn’
ﬁl :bn—l _an—lﬂO’ (14)
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PekyppentHbie  dopMmynbl s ompeaeneHus  koddduuueHtoB [,

3aIlMChIBAIOTCS 00Jiee KOMIIAKTHO B MAaTPUYHOMN (opMe:
Bl = ACxBE,

rne Bl =[b,b,...0]; BE=[f, ... 5] ; AC=

---------------------

8, a a, ... 1 |
Ha ctpykrypHoii cxeme, n3o0pakeHHON Ha puc 1.2, CUTHAJIBI Ha BXOJaxX U
BBIXO/IaX HHTErpaTopoB O000O3HAYEHbl COOTBETCTBEHHO Kak X, u X (mns

UHTErparopa ¢ HomepoM I). C ydeToM NpUHATHIX 0003HAYCHUI MaTeMaTH4IecKas
MOJIeIb PACCMATPUBAEMON TNHAMUYECKOW CHCTEMBI MOKET OBITh IPEICTaBICHA
B (opMe CUCTEMBbI OOBIKHOBEHHBIX IU(PPEpeHIIMANbHBIX YPABHEHUN MEPBOTO
nopsiKa;

X =X,+p6U, 1=1n-1,

X, ==, X, = X  —...— 0% + BU, (1.5)

y =X+ Su.
[IpencraBnennas popma onucanus (1.5) TMHaAMHUYECKON CUCTEMBI SIBIISICTCS
MOOenbl0 8 NPOCMPAHCmMEe COCMOAHUL, A TIEPEMEHHBIE X, O00pa3ylT Gexkmop

= T
NepemeHnHblX COCMOAHUA X = (X1 X2 .. 'Xn) . Onucanune JUHAMHU4YCCKHUX CUCTEM B

dbopmMe ypaBHEHUI COCTOSIHUSI — TIPEJCTaBIIIET cOO0M Hanbosee oOmmii criocod
3QTaHUS MaTEMaTUYECKOM MOJEIM IIMPOKOTO Kjacca OOBEKTOB, BKJIIOUAs
HEJIMHEWMHBIC MHOTOCBSA3HBIE CHCTEMbl. YPABHEHUS COCTOSTHUSI JIMHEWHOMU
JTUHAMUYECKON CHCTEMBI YJI00HO 3alMChIBaTh B MaTpUuHON hopme

d—X:A7<+BU,
dt (1.6)
y=CX+ Du,



— T _ T o
rae Y=(¥, ¥,-..Y,) u U=(UU,...u;) — COOTBETCTBEHHO BEKTOPHBIH BBIXOJI

U BeKkTopHbIH Bxoa cuctembl;, A, B, C u D — mampuyst cocmosnus,
ynpaenenus, HaOM0O0eHUs W CBA3U 6X00-8biX00, PAa3MEPHOCTH KaXIOou U3
KOTOPBIX OMPEAEIIIOTCS pa3MEPHOCThIO BEKTOPOB X, Y u U.

Jlns oobekTa (1.3) co ckansipHBIMU BXOJOM U BBIXOJIOM, IIPEACTABICHHOIO
VPABHEHUAMU COCMOAHUL 8 cmanoapmuol gopme (1.5), MaTpUIBI CUCTEMbI
(1.6) 3armuchIBalOTCS B BUJE

0 1 0..0
0O 0 1...0 T

A= , B=[BB,...5] , C=[10...0], D=5, =h,. (L7)
_—ao —051... _an—l_

[Ipu BeIMOMHEHWUM 1. 3 3aJaHusd TpeOyeTcs COCTaBUTh aHAJOTOBYIO
CTPYKTYPHYIO MOJIEJIb CUCTEMBbI BTOPOrO MOpSAJIKAa HA OCHOBE OOIIEH CXEMBI,
npezncrasiaeHHoil Ha puc. 1.2. Koaddunuentsl Macmtabupyromux 0JI0KOB ¢,

U [ T[pUHUMAIOTCS B COOTBETCTBUU C pacyeTHbIMU (opmynamu (1.4) u

3aIaHHBIMU TTapaMeTpaMU CUCTEMBI (110 BapraHTaM).
B kauecTtBe 3TanoHHbIX 3HaueHWH N(l;) mpUHUMArOTCS pacCYMTaHHBIE IS

MOMCHTOB ti 3HA4YCHMUA HGpGXOI[HOﬁ q)YHKHHH, IIOJIYYCHHBIC Ha OCHOBC
AHAJIMTHUYCCKOI'O BBIPAKCHM A

. 1
h(t)=L"|W(p)=|,
P
rie L' — omepatop o6patHoro mpeoGpaszosanms Jlammaca, W(p) -
1
nepeaaToyHas GyHKINS JMHAMUYECKOTO 3B€Ha, — — H300pakeHHe eTUHIIHOTO

ckauka. [[ns 3BEHbEB MEPBOrO U BTOPOTO MOPSAKOB, UCCIAEAYEMBIX B M.l 1 2
3amanus, GopMyIibl it onpenenenus h(t) MoryTt ObITh HaWJCHBI 1O TAOIUIIAM

npeodpa3oBanuii Jlammaca.



Hcxoonvie oannvie 0151 npoeedeHus uccied08anuil

Taomuna 1.1.
Ne n. 1 3aganus . 2 3a7aHus 1. 3 3a7aHus
PP T T, a b | k| al|b | c|d e
aHTa
1 20 /101 |04 |11 39 |50 04 |11 |20 |60 2,5
2 25105110 |05 |15 25 /08 |14 |15 |4,0 2,8
3 30 /02 05 06 |20 (40 (05 |16 [0,25] 0,5 1,2
4 35101 (025,06 |12 {30 (12 |25 |22 |50 1,8
5 20 (10 |25 (02505 (12 |15 |45 |30 |75 | 12,0
6 40 {01 (05 |12 (100|250 (05 |12 (06 | 1,2 3,0
7 50 |10 |50 |50 |100 | 200 0,3 |0,85 (0,28 |0,45 | 1,2
8 25104 |10 |01 |0,07 0,25 |06 |1,7 (0,25 |0,5 1,2
9 20 120 {04 028 |045/1,2 |14 |3,2 (055083 | 25
10 [ 40 {40 |15 |0551(083 |25 |20 (58 |04 |0,7 15
11 50 /08 (02501 (04 |25 |25 |80 |1,2 [10,0 | 25,0
12 20 (10 |0,15/08 |30 |60 |18 |50 |11 |39 4,0




