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CHUHTE3 CYBONTUMAJIbHBIX KOMIIEHCATOPOB BO3MYIIIEHUI B
®OPME HABJIIOJATEJISA PACIHUPEHHOI'O BEKTOPA COCTOSIHUA

Llenbio cTaThy SIBJISETCSI CHHTE3 KOMIICHCATOPOB BO3MYyIIEHHUIT B (popMe HabmonaTess paciiupeHHOrO BEK-
TOpa COCTOSIHUSI C Y4E€TOM BBIOPAHHOTO KPUTEPHs ONTHMAIBLHOCTH U OTPAaHUYCHH, 00ECIICYMBAIOIINX 3aaHHbIC
MOKa3aTei KauyecTBa MEePEeXOAHBIX MpoIeccoB. IIpemioxkeHpl HOBbIE MPOLEAYPhl CHHTE3a KOMIICHCATOPOB BO3-
MYIIEHHH, CyOONTUMATBHEIX 110 KPHUTEPHAM MUHAMyMa HopMbl H, mim H , ¢ yueTom orpannueHuii Ha pacmo-
JIO)KEHHE TIOJIFOCOB TIEPEAAaTOUHON (PYHKIINHM 3aMKHYTOM CHCTEMBI, ONIPEACISIOIINX TpeOyeMble MOKa3aTeIn Kade-
CTBa MEPEXOAHBIX MpoleccoB B Habmomarene. Takoil moaxon MO3BoJsIeT 00ECIEYUTh HEOOXOJUMYIO TOYHOCTh
OLICHVMBAHMS BO3MYLICHHIA NIPU HAIWYUHU TIOMEX M3MepUTeneil. PereHne 3a1aun HaXOXKICHUS CyOONTHMAIILHOTO
HaOIo/1aTesIs BBIIOIHEHO ¢ HCIOIb30BaHUEM MeTofooruu ontuMusanuu H, u H_ , a Taxke annapara auHeii-
HBIX MaTPUYHBIX HEpaBEeHCTB. IIpoBeleHBI MCCIIENOBAHHS CHHTE3UPOBAHHBIX KOMIICHCATOPOB BO BPEMEHHOW U
YACTOTHOM 00JACTSIX, WUTIOCTPUPYIOLIHE 0COOCHHOCTH HCHOJIb30BaHHS U 3()(PEKTUBHOCTh pa3pabOTaHHBIX MPO-
uenyp. Pe3ynbTaTsl cTaThbi MOTYT OBITH HPHMEHEHBI Ha MPAKTUKE ISl PELICHHs 3a7a4 YIPaBICHUs B YCIOBHIX
HEONPE/ICICHHOCTH TIPY HAIMYUK CYIICCTBEHHBIX MOMEX M3MEPHTENel C UCIOJIb30BaHUEM JBYXKOHTYPHOI cXe-
MBI, KOTJIa BHEIIHUN KOHTYP (PEryisiTop) peann3yer KpUTepHil CTaOWIN3alii, a BHYTPEHHUN (KOMIIEHCATOp) —
KpUTEpUil KOMIICHCAIIMU WJIM YMEHbBILICHUS BIMSHUS BO3MYIICHHH.

MeTor0 CTaTTi € CHHTE3 KOMIIEHCATOpiB 30ypeHb y (OpMi criocTepiraya po3IIHUPEHOr0 BEKTOpa CTaHy 3
ypaxyBaHHSIM OOpPaHOTrO0 KPHUTEPII0 ONTHMAIBHOCTI i OOMEXeHb, 0 3a0e3MevylOTh 3aJaHi MOKAa3HHKH SKOCTI
NIepPEXiTHNUX MPOLECciB. 3aPOIOHOBAHO HOBI NPOLEIYPH CHHTE3y KOMIICHCATOPiB 30ypeHsb, 0 CyOONTUMAIIbHI 3a

KpuTepismu MiHimymy HopMu H, a6o H_ , 3 ypaxyBaHHsAM OOMEXeHb Ha PO3TAlllyBaHHs HOJIOCIB IepeIaBab-

HOI (DYHKIIT 3aMKHYTOI CHCTEMH, SIKi BU3HAYAIOTh HEOOXIIHI MOKA3HHKHU SIKOCTI MEPEeXiTHUX MPOIIECIB y CIOCTe-
piraui. Takuii miaxin 103Bosisie 3a0€3MEYNTH HEOOX1IHY TOYHICTh OLIHIOBAHHS 30ypeHb ITPU HASIBHOCTI MEPEIIKOT
BUMIpHUKIB. P03B’s3aHHS 3aadvi 3HAXOMMKEHHs CYOONTHMAIIBHOTO CIOCTEpiraya BHKOHAHO 3 BUKOPHCTaHHIM

Meropodorii ontumizanii H, i H_ , a Takox amapara JiHIHHMX MaTpuYHHX HepiBHOcTed. IIpoBemeHo mocii-

w s
JOKEHHS B 4aCOBIH 1 4aCTOTHIH 00JIaCTAX CHHTE30BaHUX KOMIICHCATOPIB, L0 LIFOCTPYIOTh OCOOJIMBOCTI BHKOPHUC-
TaHHs Ta e)eKTHBHICTh PO3POOICHUX mpoLeayp. Pe3ynbTaTi CTATTi MOXKYTh OYTH BHKOPHCTAHI HA MPAKTHII IS
BUpILICHHS 3a/1a4 KEPYBaHHs B yMOBaX HEBH3HAYEHOCTI IIPU HASBHOCTI ICTOTHUX IEPEIIKO/ BUMIPHHKIB 3 BUKO-
PHCTaHHSIM JBOKOHTYPHOI CXEMH, KOJIH 30BHIIIHIH KOHTYp (PEryssTop) peanidye Kputepii crabimisaiii, a BHyT-
pimHii (KoMIIeHcaTop) — KpUTEepii KoMIIeHcallil a00 3MEHIICHHs! BIUIUBY 30ypEHb.

The purpose of this paper is to synthesize disturbance compensators in the form of an extended state-vector
observer, taking into account the chosen optimality criterion and restrictions to provide given quality indices for
transient processes. New procedures for synthesis of disturbance compensators, which are suboptimal according

to minimum-rate criteria H, or H_ , are proposed considering restrictions on locations of poles of the transfer

function of a closed system for the required quality indices of transient processes of the observer. This approach
allows a necessary accuracy of the disturbance estimation with noise of sensors. The problem for finding a subop-

timal observer is solved using the methodology of optimization for H, and H_ and a technique of linear matrix

inequalities. Investigations of the synthesized compensators in time and frequency domains are carried out to
illustrate special features and the efficiency of the procedures proposed. The results of the paper can be used in
practice for solving control problems under conditions of uncertainty and significant sensor noise, using the two-
loop approach. According to this approach an outer loop (controller) realizes the stabilization criterion and an
internal loop (compensator) provides a criterion for compensation or reduction of the effect of disturbances.

[Ipobnema ympaBieHUss TUHAMUYECKUMH OOBEKTAMH B YCIOBHSX allPpHOPHON
HEOTPEICICHHOCTH MOJCNIM O0OBEKTa W BHEIIHUX BO3MYIICHHH 3aHUMAaeT IICH-
TpaJIbHOC MECTO B COBpeMeHHOﬁ TCOPHUHU aBTOMATHYCCKOI'O YIPABJIICHUA U UMCCT
BaXHOE NpaKTUYecKoe 3HaueHwe. Ha mpakThke Bce OOBEKTHI YIpaBICHUS B TOW
WM MHOW CTENEHM SIBJISIFOTCS HEolpeneieHHbIMH. [lapameTpbl 00beKTa B psiae
ClIyda€B H3BCCTHBI HpI/I6HI/I)KeHHO, €ro mMareMarndeckas MOJACJIIb MOXKET OBITH
HaACTOJBKO CHO)KHOﬁ, YTO HE IIO3BOJIACT €€ MCIOJb30BaTh IMPU CHUHTE3C 3aKOHOB
YIpaBJICHUA, BHCITHUC BOSMYILICHUA TAKXKE 4aCTO HEU3BECTHBI.

OnuH n3 30 QeKTUBHBIX TOJXOJIOB PEUICHUS 3a]ad YIPABICHUS B YCIOBHSX
HEOIMPEACICHHOCTH OCHOBAH Ha BOCCTAHOBJICHUH C ITOMOLIBIO Ha6JHOZIaTe.H51 BCK-
TOpa CyMMapHOTO 3KBHUBAJICHTHOI'O BO3MYUICHU, KOTOpBIf/i KpOM€ BHCIIHUX BO3-
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JEHCTBUN TakK K€ BKJIIOYACT M BHYTPECHHUE BO3ICHCTBHUSA, 00YCIIOBICHHBIC HETOU-
HOCTSIMM MaTeMaTHYECKOro ONHCaHuA OOBEKTa ynpapieHHsA. Taxkoe ynpaBieHue
peanu3yercst 0 JIByXKOHTYPHOH CXe€Me C BO3MOKHOCTBIO Pa3/ieIEHUs] KOHTYpPOB
[0 LIEJSIM YIIPaBJICHUS: BHEIIHUI peannu3yeT KpUTepUil cTaOuiau3aluu, BHYTPEH-
HUW — KPUTEpUN KOMIIEHCAIIUU WM YMEHBIICHHS BIUSHUSA BO3MYIIEHUI. Ycnem-
HOCTh PELICHNUs 3a4a4 YIPaBJICHHUs B yCIOBUSIX HEOIIPEAEICHHOCTH C UCIONb30Ba-
HHEM TaKOT0 IOJX0Ja BO MHOTOM OIPEAEISIeTCs] Ka4eCTBOM BOCCTAHOBJICHUS BO3-
MYILICHUM.

Pemenuto axkTyanbHBIX HNPAKTHUECKUX 3a1ad C HCIOJIBb30BAHHEM Pa3IMYHBIX
KOMIIEHCAaTOPOB BO3MYILEHHUH IOCBSIIEHO AOCTaTOYHO MHOIO paloT, Hampumep
[1 —3]. KomnencaTropsl BO3MYIIEHNH 00OBIYHO CHHTE3UPYIOTCS B BHJE Habmrogare-
JIeH, KOTOpPBIE MOTYT UMETh IIOCTOSIHHBIE WM IepeMeHHbIe KO3(h(UIMEHTH! ycu-
JICHUS, TIPEJICTABIAITECA B (pOpMeE MepenaTouHbIX (yHKIMH WM IPOCTPAHCTBA CO-
CTOSIHWH, pa3Nu4aTbcs 00beMOM anpuopHOW WHpopMaIus 00 00BEeKTe yIpaBiie-
HUS M BHEITHUX BO3MYLIEHUAX, KOTOpasi He00X0AUMa JUISl UX OCTPOCHUSI.

B pabotax [4, 5] m1st BOCCTaHOBIIEHUS! 1 KOMITEHCAITMH BO3MYIIICHHIA HCIIONb-
3yeTcsl MOAYJb, TIOMYYHBIINN Ha3BaHHE HAONOMATENb BO3MylleHuH. KiroueBbIM
3JIEMEHTOM TAaKOro HaOmofaTens sBJseTcS (QUIBTP HIKHHX YacTOT, KOTOPBIH
0OBIYHO TIPE/ICTABISAETCS B BHJIE TIepeAaToqHol GyHKInU. I (HEKTHBHOCTH TAKOTO
KOMIIEHCATOpa BO3MYILEHUH NPU HATWYUK IIOMEX M3MEPHUTENeld BO MHOTOM 3aBU-
CUT OT BBIOpAaHHBIX XapaKTepUCTUK 3Toro ¢unbrpa. HecMoTpst Ha TO, 4TO Takoi
MOJXOJ C YCIEXOM NMPHUMEHSETCS BO MHOTHX paboTax, CHHTE3 TaKkoro Habmoaare-
7Sl IpeACTaBisieT co00 HempoCTYIO 3a1ady M TpeOyeT HaJu4us ONpeesieHHOTO
OTBITA U XOPOILEro 3HAHWS OCOOCHHOCTEH 00bEKTa yIpaBiICHUS U BO3MYIICHHUH.
310 00YCIOBIEHO OTCYTCTBHEM CTPOTHMX IMPOLEAyp BBIOOpa CTPYKTYpBl M mHapa-
METpPOB TaKoro (GprsTpa.

B pabGore [1] mis ympaBiieHus TUHAMHYECKUMH OOBEKTAMH HCIIOIH30BAHBI
KOMIICHCAaTOpbl BO3MYILUEHHH Ha OCHOBE HTEPALMOHHO-MHBEPCHBIX MOJEINeEH.
31ech MOKa3aHO, YTO OIIMOKa OLICHKH BO3MYIICHUIH OT M3MEPHUTEIbHBIX MOMEX
3aBUCUT OT NapaMeTpUYECKONM HACTOMKM HaOMoAaTenell COCTOSIHHMS M BO3MYILe-
HUS, a TaKXKe 4YHucia UTepauuid, KOTopble HE00X0IUMO, C OJHOH CTOPOHBI, YMEHb-
LIaTh AJsl CHIOKEHUsI YPOBHA IOMEX, a C APYrOil CTOPOHBI YBEIWYMBATH JUIS MPU-
OmKeHUsl K MHBEPCHOMY onepaTopy. OIHAaKO B CTaThe OTCYTCTBYET METOAMKA
BbI0Opa KOMIPOMHUCCHOTO PEILICHHS.

B psange paGor anst oneHMBaHMS BO3MYILLCHHMH Ipeajaraercs HMCIOJIb30BaTh
HabJr01aTeNb PaCIIMPEHHOTO BEKTOpa cocTosHUs. B pabdore [6] moka3aHbl 3Ha4H-
TeNbHBIE BO3MOKHOCTH TAaKOTO HaONIoIaTesNsl MO OLECHUBAHHWIO PA3IMYHBIX THUIO-
BBIX BO3MYILEHHMH, OHAKO KAa4eCTBO MOJIYYaeMbIX OLIEHOK MpPH HAJIMYUHM MOMEX
M3MEpHUTeNieil BO MHOTOM 3aBHCHUT OT HACTpoWku HaOmomatens. B cratee [7]
MPEUIOKEHO BbIOMpaTh KO3()(UIMEHTHl ycuJIeHHsl HaOJrogaTellss Ha OCHOBAaHUH
CTaHAAPTHHIX (OPM PACIIONOKEHHUS KOPHEH XapaKTepHUCTUUECKOro IOJUHOMA.
[Ipu TakoM moaxone €IMHCTBEHHBIM HAacTPauBaeMbIM MapaMeTPOM SIBISETCS HO-
Joca TpOIycKaHus HaOJromaTens, ONpeleNeHHbIH BBHIOOP KOTOPOTO IO3BOJISET
o0ecreynTs KOMIPOMHUCC MEXKIY TOYHOCTHIO OLICHUBAHMS BO3MYIICHHH U UyB-
CTBHUTEJILHOCTBIO K MToMexaM n3Mepureseil. HecMotps Ha To, 4TO 3 (EKTUBHOCTD
TaKOro IMOJX0/1a WIUTIOCTPUPYETCS YCIEIIHBIM pEeIIeHHEM psifa NPaKTUUYEeCKUX 3a-
nad [3, 8], Bompoc 00 ONTUMaIBLHOCTH BBIOOpa KO3()(UIMEHTOB HaOIIOATENs
0CTaeTcsi OTKPBHITBHIM. B CBA3M C 3TUM NpelcTaBiseT HHTEpEC 3aJa4a HaXO0KICHUs
napamMeTpoB TaKOro HaOI0aTeNs, ONTUMAIIBHBIX B TOM MJIM HHOM CMBICIIE, C y4e-
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TOM 0COOEHHOCTEH 3ajauyd OLICHWBAaHWSA W KOMIICHCAIUU BO3MYIICHHH. MIMEHHO
JTOMY 1 TIOCBSIIICHA CTATHS.

Ilenbro HacTOALIEH CTATbU ABJISIETCA CUHTE3 KOMIIEHCATOPOB BO3MYILIECHHUU B
(hopme HaOIFOAATENS PACIIMPEHHOTO BEKTOPA COCTOSHHUS C yYETOM BBIOPAHHOTO
KPUTEPHUS ONTUMAIBHOCTH W OTPaHHYCHUN, 00CCIICUMBAIOIINX 3aJaHHBIC TOKa3a-
TETTN KaueCTBa IIEPEXOTHBIX ITPOIIECCOB.

Hao0maoaaTeib paclIMpeHHOT0 BeKTOpa cocTosinus. PaccMoTpuM nuHaMH-
YECKYI0 CHCTEMY, KOTOpast OMMCHIBAETCS HEMMHEHHBIM MU dhepeHnnaIb-HbIM ypaB-
HEHHEM BTOPOTO MOPSIKa CIEAYIOMIETO BUIA!

y=f(t,y,y,w,)+bu, (1)

re Yy — M3MepseMBIil BBIXOX CHCTEMBI; U — BXOZ (yIpaBieHHe) cucTeMbl; f —
(yHKIES, ONMMCHIBAIOIIAs BHYTPEHHIOW JUHAMUKY OOBEKTA YIPABICHHS M BHELI-
Hee BosMymieHne W, ; D — HekoTopslii mapameTp, 3HaUYCHHE KOTOPOTO M3BECTHO
npuonmkeHHo b=l .

Bo MHOrHX MPakTHYECKHX CIydasX TOYHOS MaTeMaTHYecKoe ommcaHue f
IOJIYYUTh JOCTATOYHO CIIOXKHO. B CBSI3U C 9THM MOJIYYHII PasBUTHE MOAXOJ, OCHO-

A

BaHHBIN HA MOJyYEHUHU B peanbHOM Bpemenu oueHok f ~f u ux ucnonsszosanuu
npu GOPMHUPOBAHUHN YIPABJISIOMIUX BO3AEHCTBUH CelyomM 00pa3om:

u:(uo—fA)/bo. 2

C yueToMm 3TOro BBIpa)KeHHUS! ypaBHeHHE (1) MOKET OBITh MpEACTaBICHO B
clenyrolel npocToi Gpopme:

yzuo- (3)

OO0bekT ynpasieHus B Gopme (3) npeacrapiser co0ol ABOWHOE HUHTETPHUPY-
IOII[ee 3BEHO, YIPaBJICHUE KOTOPBIM HE MPEJCTABISET TPY/Aa, HAIPUMEP C MOMO-
HIBIO CIIEYIOMIETO MPONOPIHOHATBEHO-TU(P G EPEHIIHATBHOTO PETYIISITOpA!

l"'0 =k1(yp_y)_k2yv (4)
rae Ky, Ky — koo puumenTsl 3ak0Ha ynpasienus, Y, — IPOrPAMMHOE 3HAYECHHE

peryIupyeMoil BETMUHHBL; Y , Y — TeKyIIue OlCHKU BEMYUH Y , Y .

IToncraBuB BeIpaxkeHue (4) B (2), 3aKOH yNpaBIeHUs JUISI UCXOAHOM 3ajauu
(1) nomyuyum B BuzIe

u =k (y, ~9) k5 —f /. ©)

CrietyeT OTMETHTD, YTO OIEHKH Y , Y , KaK MPaBHIO, MOTYT OBITh TOJYYEHbI

IMYTEM HETIOCPEACTBEHHOTO UX U3MEPCHHA C IMOMOMIBIO COOTBETCTBYIOIINX AaTUH-
KOB, a CYMMAapHO€ BO3MYUICHHUE f B OOJIBIIIMHCTBE MPAKTUYCCKUX CJIydacB HE

MOKET OBITh HEMOCPEACTBEHHO u3MepeHo. Jliist moydenus oneHok f B pabore [7]
MIPEJUI0KEHO PACCMATPUBATh PACIIMPEHHBINA BEKTOP COCTOSIHHS:

X, =Y, X, =Y, Xy =f.
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C UCIob30BaHMEM TaKOTO MpEACTaBICHUS ypaBHeHHE (1) MOXKET OBIThH 3amu-
CaHO B ITPOCTPAHCTBE COCTOSIHUHN CIIEIYIOIIM 00pa3oM:

X, =Xy, X, =Xs +hu, X, =f, y=x,. (6)

[Monaras, uro ¢gynkius f HenpepriBHAa BO BpeMEHM M Ha OTHOCHTEJIBHO KO-
POTKHX MHTEpBaNax BPEMEHH €€ MOKHO CUMTaTh noctosuHoi f = const, na6iro-

JaTesb IS TAKOTO PACHIMPEHHOTO BEKTOPA COCTOSHHUS CHHTE3UPOBAH B CIEIYIO-
meMm Buze [7]:

)’él :XAz _ll()’(\l _Xl)v )éz :)23 _|2()21 _X1)+u/b0 , )’(13 :_Is(XAl _X1)' (7

rae X,, X,, X3 — OueHKM BenmwunH X,, X,, Xg; |y, |y, |; — kosppuumentsr
YCHIIEHUS HAOTFOaTesl.

Koaddummentsr ycunennst HaOMrOAaTe sl MpeuiaraeTcs BHIOMPATh CIETYTO-
M 00paszoM:

l, =30, 1, =303, |3 = oy, (8)

rJe ), — BEPXHsA IPaHHIA MOJIOCHI IPOITYCKaHUs HAOII01aTeNs.

Takoit BEIOOp KOI(QPHUIMEHTOB HAONIONATENS COOTBETCTBYET OMHOMHAIIEHO-
MYy pacHpesesIeHHI0 KOpHEeH XapaKTepUCTHIeCKOro noimHoma. B aTom ciydae Bce
KOPHH OJIMHAKOBBIE, PaBHBIC JCHCTBUTEIBHOMY OTPHLATEIHHOMY 3HAUEHHIO C MO-
ayleM g . Benmnuuna , BbIOMpaeTcs TakuM 00pa3oM, YTOOBI OOECIIEUHTh Tpe-

OyeMBIli KOMIIPOMECC MEXIy OBICTPOACHCTBHEM HAONIOAATENs] W €r0 UyBCTBH-
TENFHOCTBIO K TIOMeXaM u3Mepureneil. HecMoTpst Ha To, 4TO Takoe penieHue, 6e3-
YCIIOBHO, YAOOHO /IS MCIOJNB30BaHUS B WH)KCHEPHOW INPAKTHKE, BOIpPoc 00 ero
ONTHMAJIBHOCTH OCTAeTCSl OTKPHITHIM. B CBS3M ¢ 9THM IIpe/cTaBIIsieT HHTEPEC pe-
IIEHHE 3aJaddl CHHTE3a PAacCMOTPEHHOrO Kiacca HaOmoJaresieil ¢ y4eToM BBI-
OpaHHOTO KPUTEPHS ONTHMAIEHOCTH.

Kpurepun onTuMaabHOCTH. [[JIs ONMCAHUS Ka4eCTBA MHOTOMEPHBIX CHCTEM
YIIPABICHHUS IMUPOKO MCIOJIB3YIOTCS PA3jIMUHbIe HOPMBI MX IE€PENATOUHBIX (DYHK-
mnit H (jo). TIpu 5ToM HauGombIIee MPUMEHEHHE B COBPEMEHHO TEOPHH yIpaB-
JIeHMs TIOTYHHIIM HOPMBI | , m |, KOTOpBIE ONpeNeNAIoTes CleayromuM 06pa-
3oM [9]:

I, = | £ Juacd ™ (o oo o

”H "oo =sup c7ma><[H (J 0))]1 (10)

TI€ Gpax — MAKCUMAJIbHOE CHHTYJIIPHOE YHCIIO MAaTPUYHON IepeIaTOuHON (yHK-
1905044 H(j(o).

OnTUMaNbHEIA HAGITIONATENh MOYKHO HAWTH M3 YCIOBHS MHHHUMH3AIMM |
vy |, HOPMBI TIepeNaTOYHON MATPHILI 3aMKHYTOI cucTeMbl. Tak Kak 3TH HOp-

MBI UMCHOT PA3JIMYHBIC CBOICTBa B (I)I/ISI/ILIGCKI/Iﬁ CMBICJI, pE3YJIbTAThl, ITOJIYUCHHBLIC
npu paCCMOTPCHUU I3THUX KPUTCPUCB, TAKIKEC KAK MPAaBHUJIO OTJIMYAKOTCA. B cBs3u ¢
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STUM TIPHU CHHTE3€ ONTUMAIBHOTO KOMIIEHCATOpa BO3MYIICHUH OyaeM paccMaTpH-
BaTh 00a 3TH KPUTEPHSI, & 3aTEM CPABHUM IIOJTyIEHHBIEC PE3YIbTATHI.

Haomaronarens B npocTpaHcTBe coctosinmii. [IpencraBum ypaBHeHUS 00B-
eKTa yrpasieHus (6) u Habmo1aTens B MaTpuaHOi Gopme (7):

X = AX +Bu, (11)
X = AX +Bu +L(Y -cxX), (12)
Y =CX +DW . (13)
Martpuuel, Bxogsamue B (11) — (13), uMerot cnenyromui BUa:
010 X, 0 l,
A=|0 0 1|, X=[x,|, B=|b|, L=[l,|, C=[1 0 0],
0 0O X, 0 |5
W
D:[d 0 0], W =| 0 |, rze W, — momexa usmepurens; d — HEKOTOpBIii
0

apamerp.
Paccmorpum Bektop omubkn Habmomatens X, =X —X . Bbluuras us

ypaBHenus (11) ypaBaenue (12), mojyuyuMm ypaBHEHHE, OIUCHIBAIOIICE U3MECHEHUE
omnOKu HaOMroIaTeNs

X, =AX_+LCX_+LDW . (14)

[MpeacraBum ypaBHenue (14) B craHmapTHOW (opMe MPOCTPAHCTBA COCTOS-
HUN

X.=AX_+BL,, B, =1, L, =LY, (15)
Y, =CX_+DW, (16)
rac I — CIMHUYHAasA MaTpula COOTBGTCTByIOI].IefI Pa3MEPHOCTHU.

HUcnons3ys (15), (16), mporecc oneHUBaHKs PaclIMPEHHOTO BEKTOpPA COCTOSI-
HUSI MOXKHO PACCMATPUBATh B BHIE IUHAMHUYECCKON CHCTEMbI «OOBEKT YIIPABICHUS

G(S) — HaOIronaTeNb L(S)» (puc. 1). B atom cnyuae HaOIrOAaTENh BBHIOIHSIET
(YHKIUU peryisropa, KOTOPbIA OOECreunBaeT CTAOMIIM3AIUI0 BEKTOpPA BBIXOAA
Z (omuOKH OLECHMUBAHHS BEKTOpA COCTOSHHMS) IO pe3ysbTaTtaM HM3MepeHuil Y,

npu Hasmaun momex W .
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W— ] —7
Go(s)

N
I~

™

L(s)

Puc. 1

Hns cunTe3a HabmogaTens npeactaBuM ypasHenus (15), (16) B cnenyromeit
dhopme:

X, =AX_,+BW+B,L, .
Z=CX,+D,W+D,L, .

Y, =CX + Dy W +D,,L, ,
rae 81:O, BZZBe’ ClZI, Dll:O’ DlZZO, C:ZZC, DZl:D’
D,,=0.

CHHTe3UpyeMbIii HAOJIOIATENb L(S) MOXXET OBITh TAKXKe MPEJCTABIICH B
MPOCTPAHCTBE COCTOSHUI

X =AX_ +BY,, 17)

L, =C X, +D,Y,, (18)

rae X | — BEKTOp COCTOSIHUS HaOIIFOAATEIIsI.
B pesynbTate cuHTe3a HaONIOAATENS HEOOXOAMMO HAWTH 3HAUCHHUS MATPHII
A . B, C , D, xoropble MUHEMH3UPYIOT BEIOPAHHBII KPUTEPHil KauecTBa.

[loBenenne 3aMKHYTOH CHCTEMBI «OOBEKT G(S) — Ha0noaaTeNb L(S)» TaK-
e TIPEJICTaBUM B (JOpME MPOCTPAHCTBA COCTOSHUI

XCL = ACLXCL + BCLW ,
Z= CCLXCL + DCLW ,

rae

X A+B,D B B, +B,D,D
XCL{ E]ACL:{ DG, zCL]BCL:[ 1 +B,D, 21}’(19)
Xy B .G AL Bk Dy

CCL = [(C1 + D12DLCQ) D,,C ]’ DCL = [Dn +D,,D, Dzl]-

IMepenatounas GpyHKIMs 3aMKHyTOM cuctembl oT Bxoma W k Beixogy Z
MOJKET OBbITh PEACTABIICHA CICAYIOIIHM 00pa3oM:

Gy (S): CCL(IS - Aa )71 BeL + Dy -
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Hao6monareas H,. CuHTe3upyeM HaOIIOIATENb, YIOBICTBOPSIONINMA CIICIy-
IONIEMY KPUTEPHIO:

IGzw ||, = min. (20)

Jns ympomenust mpouenypsl HaxoxaeHus: matpur Hadmonatens (17), (18)
ONTHMHU3AINOHHYIO 3a7a49y (20) ynoO6HO 3aMeHUTh CyOOITHMAaIBHOM:

"GZW ”2 <Vmin» (21)

TZI€ Vpip — HEKOTOPOE BBIOPAaHHOE YHUCIIO.
B pabote [10] nokazano, 4to ycnoBue (21) BBITOTHIETCS B TOM CiIy4ae, eciu
1T
cymectBytoT cummerpuunsie Matpuisl Vo u Q=C, V "C,, , ans xotopsix Bep-
HBI CIIEAYIOIINE MaTPUYHbIC HEPABEHCTBA!
T T
A V+VA, VB vV  Cy

<0

, >0, (22)
BCLVT =1 CCL Q

trace(Q) < v, - (23)

AHanm3upys BEIpaXeHHs I MaTPHI] 3aMKHYyTOH cucTeMsl (19), MoxxHO cre-
JaTh BBIBOJI O HEJIMHEWHOCTH MATPUYHBIX HEpaBeHCTB (22). DTa 0COOCHHOCTH BBI-
3bIBAET CYIIECTBEHHBIC CIIOKHOCTH MPU HAXOXAECHUHM MaTpHL HaOII0JaTeNsl ¢ Huc-
MOJIE30BaHUEM HEpaBeHCTB (22).

Jns muHeapu3annu 3THX HEpaBEeHCTB B paboTe [12] mpemioeHo HCIOoIb30-
BaTh CJIEAYIOLINE HOBBIE IEPEMECHHBIE!

A =TA O +TB,CV+RB,CO" +R(A+B,DC N,  (24)
B, =TB_ +RB,D, , (25)

C. =C 0" +D,GV. (26)

Marpuust O, T, V, R, Bxoasmue B (24) — (26), CBsI3aHBI CIIEAYIONIAM 00-
pasom:

OT" =1 -VR.

Marpuipt O u T MoryTt ObITh HaliIECHBI TaKUM 0OPa3OM:
O=n,n,, T =m,n;, N, =diag (,/nd )

rjae S; — Marpuua, y KOTOpoi Ha IJIaBHOM JMaroHaIn pactoloKeHbl CHHT Y IpHbIE

COOCTBEHHBIC YHCIIa MATPHIIBI [I —VR], a BCE JJIEMEHTHI, HE JIe)KAIHe Ha IJIaB-
HOH JTMaroHaH, SBJISIFOTCS HYJIEBBIMHU.

Matpuna N, MOXKeT ObITh BBIYMCIEHA C HCIOJIb30BAHUEM CHHIYIISIPHOTO
pasnoxenus (svd)

svd(l —VR)=n,n,n7,
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rae N, , N, — yHUTapHBIC MATPHUIIBI, COCTOSIIME U3 JIEBBIX U MPABbIX COOCTBEHHBIX

CHHTYJISIPHBIX BEKTOPOB COOTBETCTBEHHO.

C moMoIIBI0 HOBBIX MepeMeHHBIX (24) — (26) HenMHEWHBIE HepaBeHCTBA (22)
MOTYT OBITh TIPE0OPa30BaHbI K CIEIYIONIEH CHCTeMe TMHEHHBIX MATPUYHBIX HEepa-
BeHcTB (JIMH):

sym(AV+BzéL) A, +A+B,D,C, B,+B,D, D,
(+) sym(RA+BLg RB,+B,D,, (<0, (27)

() () -

v I [evepg]
() R (G+D,D.G) [>0, (28)
) ) Q

rae 00o3HaYeHHe SYM HCIOJB30BAHO Ul COKPAIEHHOTO TPEICTABICHHS CIIELy-
. T U
IOIIEH OIepalnu: Ser(A)z A+ A ; cumBon (*) 0003HaYaeT TPaHCIOHHUPO-

BaHHBIN JIEMEHT MAaTpHULbl, KOTOPBIM pPaCMONOKEH CUMMETPUYHO OTHOCHUTEIBHO
TJIaBHOM JHaroHaliu.

A

Taxum o6pazom, pemas JIMH (23), (27), (28), MoxHO HallTH Matpuipl A,

B,, C.. D, V, R a1 munumanssoro 3Hauenust V =V, . ITocae storo uc-

KOMBIE MaTpHIBl HaOmogaTens, o0ecrevnBaye BHITONHEHUS ycinoBus (21),
OTIPEICIISAIOTCS CIIETYIOIINM 00pa3oM:

¢ -6 -pcvfor)*, (29)

B =T (B -RB,D, ), (30)

A =T_1(AL -TB, GV -RB,C O - R(A + BszC?)VXOT )71' (31)

Ha6moparens H.. CuntesupyeM HabII0AATENb C YYETOM CIIEIYIOLIETr0 KpH-
Tepus:

IG2w [, — min. (32)

3amauy HaxOXKACHHUS ONTUMAIILHBIX MapameTpoB Habmomarens (17), (18), co-
riacHo kpurepuro (32), Takxke I1eecooO0pa3HO 3aMEHHTH CIeayromeld cyOomnTH-
MaJIbHOM 3aJ1aueii:

IGzw ., < ¥min: (33)

IZI€ Ypmin — HEKOTOPOE BBIOPAHHOE YHUCIIO.

B cootBetrctBum ¢ pabotoit [10] ycmoBue (33) BeIMoONHSAETCS B TOM Cilydae,
€CJIM CYIECTBYET CHMMETPHYHASI TTOJIOKUTEIBHO ONpeseieHHas Matpuia V , s
KOTOPOH1 BHIMOJIHAETCS CIIEAYIOIIeEe MATPUYHOE HEPABEHCTBO:
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A-CrLV + VACL VBCL (-ZI—L

(=)' -yl D{ |<0, (34)
(x)' ()) -yl
Y <Ymin-

C HCIoIh30BaHUEM HOBBIX MEpeMEHHBIX (24) — (26) 3TO HEPaBEHCTBO MOYKET
OBITh JTMHEAPU30BAHO U TPEJICTABIICHO B CIEIYIONIEM BUJIC.
sym(Av + BZCL) Al +A+B,D,C, B,+B,D, D, VC +NDJ
(+)" symRA+B,C,] RB,+B. D, CJ+ND/+Dj,
T T T RT T
(+) (+) -7l Dy +DxD Dy

ol Ol Ol -

Pemras sto JIMH, MOXHO HAWTH MHHUMAJIBHOE 3HAYEHUE Y =7 iy, A1 KOTO-

<0. (35)

poro cymtectsytor marpuisl A, B, C, D, V, R, a3arem ¢ ncnons3osa-

HueM BbipakeHuid (29) — (31) BBIYHUCIUTD HCKOMbBIC MAaTPHIIBI HAaOIrOIATENS, 00ec-
MICYUBAIOIINE BBITOJIHEHUS ycioBus (33).

OrpannyeHnss Ha pacHoJIOKeHHe IOJI0OCOB MepeIaTOYHON (yHKIUH.
IIpencraBnenHas BbIIIE METOAOJOIHS MO3BOJISET HAUTH ONTHUMAIBHBIA B TOM WU
WHOM CMBbICJIe HaOJroaTelNb, OJHAKO HE MO3BOJISET 3a/1aBaTh TPeOOBAaHUS K Kade-
CTBY €ro HepeXOJHBIX IMPOILECCOB, B YACTHOCTH K HUX JJIUTENbHOCTH. [Ipu 3Tom
CIIEZIye€T OTMETUTh, YTO C Y4eTOM OCOOCHHOCTEH paccMaTrpuBaeMoOW 3aJauu IJTu-
TEIbHOCTh MEPEXOHBIX MPOIECCOB UMEET BaKHOE 3HAYEHHE, TaK KaK MpPeaIosio-
JKEHHUsI, ONPECISIONINEe BHIOPAHHYI0 MaTeMaTHUECKYI0 MOJIENIb BO3MYILIEHHS, MO-
T'YT BBIMOJHATHCS JIMIIb HA OTpaHUYEHHOM HHTepBaje BpeMeHu. HeynoBnerBope-
HHUE TPeOOBaHUSIM IO JUIMTEIFHOCTH MEPEXOHBIX MPOLECCOB MPUBOJNUT K 3HAYH-
TEJILHBIM OIIMOKAM OIICHUBAHHS BO3MYILICHHH.

XapakTep MepexoaHOTo Mpolecca ONPeAesaioT PacloilokKeHne U BUI KOpHeH
XapaKTEePHUCTHYECKOro MOJIMHOMA A, (IIOIIOCOB MEPENaTOYHON (YHKIHU 3aMKHY-

Toii cuctemsbl). [ToaTOMy TpeOoBaHUS K 3amacy YCTOHYHUBOCTH M OBICTPOACHCTBHIO
MOXHO c(HOpMYJIHPOBaTh, HAKIIAAbIBas O'PAaHUYCHUSI HA KOPHU XapaKTepHCTHYE-
ckoro nonuHoMa. Hampumep, OpicTposelicTBre HabIr0AaTeNsi MOXKET OBITH OlleHe-
HO 110 a0COJIFOTHO!M BEJIMYMHE IEHCTBUTEIBHON YaCcTH OJIMKAUIIIEro K MHUMOU OCH
KOpHSI, a 3arac yCTOMYMBOCTH — M0 MaKCUMaJIbHOMY OTHOILIEHHIO MHUMOM YacTH
KOPHS K €ro J€HCTBUTEIbHON YacTH.

OrpaHu4eHHYIO BBIMYKIYIO 00J1aCTh HAa KOMITJIEKCHOW TJIOCKOCTH, B KOTOPOH
HEOOXOJUMO Pa3MECTHUTh TOJII0CA MEePeAaTOuYHON (DYHKIIMU 3aMKHYTOW CHCTEMBI,
onuieM ¢ nomompro anmnapara JIMH. B cooTBeTCTBUUM ¢ 3TOH METONOIOTHEN JIIO-
Oast BBITyKJIasi 00JIaCTh KOMIIEKCHOW IUIOCKOCTH, CHMMETPHYHAS OTHOCHUTEIHHO
JIEHCTBUTEIHLHON OCH, MOXKET OBITh ammpokcumupoBana JIMH-obmacTeio ¢ 3a1an-
HOH TOYHOCTBIO.

Beimykinast 0671acTh A J1€BOiT KOMITUIEKCHOMW MOMTYIUIOCKOCTH ® MOKeET ObITh
npeacrasiena Tak [10]:

A={ze®:f,(z)<0},
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roe f, (Z) — xapakTepucTrueckas GpyHkmms obmactu A .

®ynxuws f, (Z) MIPEICTaBIISIETCS CIIEIYIONINM 00pa3oM:
f.(z)=N+Mz +M "z,

rae N, M — spmuToBbIe MaTpuIlbl; Z — KOMILIEKCHO CONPSKEHHAs TIEPEMEHHAs
s Z .

Omnpenenennsiii Beioop matpuir N , M 1mo3BoJisieT nmpeacTaBuTh 0CTATOYHO
MIHPOKOE MHOXKECTBO 00JacTeil /Ui pa3MeIIeH sl MOJI0COB, a MMEHHO MOJIYILIOC-
KOCTH, KPYTH, CEKTOPBI, BEpTHKAIbLHBIC W TOPU3OHTAIBHBIC TTOJIOCHI, & TaKXKe IO~
OBIC TTepeCeUCHIS TAKUX 00JIaCTEH.

C ydeToM 0coOEHHOCTEH pacCMOTPEHHOH 3a/1a4uyl MPENCTaBISIETCS IIeIec000-
pa3HBIM  HWCIIOJIB30BaHHE oOjacTeli B (GopMe  BEPTUKAIBHOW  ITOJIOCHI
h; <Re(r;)<h,

a TaK)Ke KOHMYECKOro CeKTopa ¢ yriom 20

()= sinB(z+2z) —cosb(z-Z

)= cosb(z-2z) sinB(z-2) (36)

H3BectHO [10], uTO BCe cOOCTBEHHBIE UnCaa MaTpULbl A~ OyayT HAXOAUTh-

csi B 00sacT A, €CITi CyIeCTBYeT CHMMETPUYHAS MTOJOKUTEIBHO ONpe/Ie/ICHHAst
Mmarpuiia V , 1751 KOTOPO# BBITIOIHSIETCS CIIEYIONIEe YCIOBHE:

N®V+M ®(A V)+MT (A, V) <0,

rae ® — cuMBOJI, 0003HAYAIONTHI KPOHEKEPOBO MIPOU3BEICHIE MATPHIL.
IMpumensist 3ameny nepeMeHHbIX (24) — (26), 3TO HEPABEHCTBO MOXKHO TPE-
ctaButh B Buje JIMH cnenyrommm obpazom:

NO¥PY+M QD+M'™ @D <0. (37)
3necn MaTpUILbl ¥Yud ONPEACISIIOTCS CACAYIOIUM 06pa30M:
vV 1] oo Avtszq A+B,D.G |
Il R A RA+B, G,

Takum 00pa3zoMm, MaTpuiibl HaOmonatens (17, 18) ¢ yyerom orpaHuueHuil Ha
pasMeleHne OTICOB 3aMKHYTON CHCTEMBI MOTYT OBITh HAliIEHBI ITyTEM pEHICHUS
JIMH (37). CoBmecTHOe perieHne HepaBeHCTBa (37) ¢ HEpaBEHCTBAMH, MOTYUYCH-
HBIMH BbIIIE, a UMeHHO (23), (27), (28), ans ciydas WCIOIB30BaHUS KPUTEPHS
H,, u (35) muas xputepus H_ 103BONSET CHHTE3HPOBAaTh CyOONTHMAJBHBIIL

HaOII0/IaTeNb C y4EeTOM OrpPaHUYEHUI Ha PACIOJIOXKEHHE TOJIIOCOB 3aMKHYTON CH-
CTEMBI.

AHaau3 XxapakTepucTHK KoMmeHcaTopos. Vccrenyem cBoiicTBa HaOmroma-
TeJle, CHHTE3UPOBAHHBIX C MCIOJIb30BAHUEM IIPEACTABIECHHON BBIIIE METOA0JIO0-
rud. Matpuiibpl HaOJroaTeNeld HalaeHbI myTeM ducieHHoro pemenus JIMH ¢ no-
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MOIIIbI0 METOJIa, W3JIOKCHHOT0 B pabore [12], misd ClIeAyIOmMUX HCXOMHBIX JTaH-
weix: [y =1, d =0,002. Ha puc. 2, 4, 6 npeacTaBIeHbI CHHIYISIPHBIC YHCIIA TTe-

penarounoit pynxun G, (S), a Ha puc. 3, 5, 7 300paKeHBI 3TH K€ TTOKa3aTeIn

IUTSL TIEpEAaTOYHON (YHKIINU G{f (S), BBIPYKAIOMIEH CBSI3b MEXIy BXOJHBIM BO3-

A

mymenneM f u ero onenkoii Ha Bbixome Habmomarens f . 3aBucumocts cunry-
JSIPHBIX YHCEN OT YaCTOTHl B MHOTOMEPHBIX CHCTEMaX SIBIAETCS 0000IIEHINEM aM-
TUTUTYAHO-YaCTOTHON XapaKTEepUCTUKU B OJHOMEpPHBIX cucteMax. Ha pue. 2 — 7
nmuHuAME 1 1 2 u300paxkensl xapakrepuctuku 111 H, u H  nabmonateneit co-

oTBeTcTBeHHO. Ha puc. 4 — 7 nunueit 3 moka3aHbl CHHTYJISIpHBIE YKcia HaOmrona-
Tess Ui ciay4dast Beibopa ero k03(h(GUIHEeHTOB YCUIICHHUSI B COOTBETCTBUU C OMHO-
MHHAJIBHBIM pacrpe/esicHieM KopHei (8).

Ha puc. 2, 3 npeacraBieHbl 4acTOTHBIE XapaKTEPUCTUKU CYOONTHMAIBbHBIX
HaOroaTeneil, CHHTE3UPOBaHHBIX 0€3 OrpaHMUYCHHH Ha pa3MelleHHe TOJIIOCOB
nepeaaToyHor QpyHKIHH.

o(Gzy ), 16

-100+

1201 - : ‘
107 10 10° o, paj/c 107 10° 10°  o,pan/c

Puc. 2 Puc. 3

W3 puc. 2 BunHo, uyTo 00a HaOr0AaTE s 00SCIIEUUBAIOT XOPOIIIee TOIaBICHUE
MOMeX BO BCEM Juarna3oHe 4acToT. [Ipu sTom Habmoaarens H ., obnamaer Heko-
TOPBIM MPEUMYIIIECTBOM C TOYKH 3PEHHS MTOJIABICHUS MIOMEXH JUIS HAUXY/IIIETO e¢
ciydas, a HabmoznaTenb H, omimuaercss aydmumu GUIBTPYIOIMMU CBOWCTBAMH
OTHOCUTENFHO TOMEXH B BBICOKOYACTOTHOH oOmactu. M3 puc. 3 BuaHO, 4YTO
Habmogarenb H, mo3Bomsier oOecreunTs NPHUEMIIEMYIO OIIMOKY OICHHBAHUS
BO3MYILICHUS B OoJiee MIMPOKOM JHANa30He YacTOT [0 CPaBHEHHUIO ¢ HAOIOaaTe-
aem H_ . HexoTopslii koHCepBaTH3M HaOmroaarenss H ¢ 3TOW TOUKH 3pEHUs 5B-
JSIeTCs TIIATOH 3a JiydIiee OoAaBIeHNe TIOMEX JUIsl HAaNXY/IIIIETro X CIydasl.

Ha puc. 4, 5 npecraBieHsl CHHTYJISIpHBIE YHCIa JJIsl HAOoaaTesei, CHaTe-
3UPOBAaHHBIX C YYE€TOM OTpaHMUYCHHS Ha PACIONIOKEHHE TOJIOCOB B BUJC MMOIY-
wiockocti Re(A;) <—2, a Ha puc. 6, 7 9TH K€ XapaKTEPUCTHKU IIPH OTPAaHHICHUH

Re();) <—10. Hcnonb3oBaHHE TaKUX OrpaHMYEHHI MO3BOJSET COKPATHTh HPO-

JOJDKUTETHFHOCTh IEPEXOJHBIX TIPOIIECCOB B HAOIIOAaTeNe, YTO JAET BOZMOKHOCTh
o0ecnevnTh MpUEeMIIEMYI0 OIMMOKY OIEHHUBAHH BO3MYIICHHH B TpeOyeMoM naua-
Ma3oHe 4acToT (puc. 5, 7), OJHAKO IUIATON 3a 3TO SBIACTCS YXYIIICHHE CBOMCTB
HaOroatens o GuibTpanuu nomex maMepurens (puc. 5, 7). IIpu oJMHAKOBBIX
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OTPaHWYCHISIX HAONIOATeNlb ¢ OMHOMHHAIBHBIM PacTpeIeICHHEM TOTI0COB 00-
NaiaeT HEKOTOPBIMH MTPEUMYIIECTBAMHE C TOYKH 3PEHHS MTOIABJICHUS IIIYMOB H3Me-
putens, HaOmonatenb H.  oOmagaer Jrydinei 4acTOTHOM XapaKTEepPUCTUKOH Tepe-

JIaTOYHOM q)yHKI_II/II/I fo (S), a UCIIOJIb30BAHUC KPUTCPUL H 2 IO3BOJIACT IIOJIYYHUTDH

HEKOTOPbIA KOMITPOMUCCHBIN BapUaHT.

209Gz ), 10

40+

-60+

-80+

-100+ A
-1205 0 L 2501 — =
10 10 10 o, paj/c 107 10 102 o, paj/c
Puc. 4 Puc. 5
(G ), 10 7o )1
0 (Gzw ). A ‘ " o'((rﬁ ) 16
20 0
-50
i -100
-150
-60F
=200
-80 2 ) 2 250 ) )
10 10 10 o, paj/c 107 10 100 o,pan/c
Puc. 6 Puc. 7

PesynbTarThl YMCIEHHOTO MOJEIMPOBAaHUS TpOllecca OICHUBAHMS BO3MYIIIE-
HuM Habmoparensmu H, n H_ , cuHTe3npoBaHHBIMU 0€3 OrpaHWYEHUIl Ha pac-
TIOJIO’KEHHE TIOJIFOCOB, MPEACTAaBICHBI COOTBETCTBEHHO Ha puc. 8 m 9. Ilpu moxe-
JUPOBAaHMY BO3MYIIIEHHE U MTOMeXa U3MEPUTEIS MPEICTABISUINCH CIESTYIOIUM 00-
pazom:

f =f,sin(0,1t), f, =0,01 I -i ; w. =w;,sin(100t), wiq =0,0017 pax.

Ha »tux pucynkax nuaued | mokasano Bosmymienwe f , muHmeit 2 — ero
OIICHKa, a IMHUEH 3 m300pakeHa OmmMOKa OIIEHNBaHUs BO3MyIleHus. Kak crnemayer
U3 pe3ysIbTaTOB MOJEIUPOBAHMS, Ul PACCMOTPEHHOTO citydast Habmoxatenb H,
o0ecreyrBaeT MEHBINYI0 TOTPENIHOCTh OIEHWBAaHUS BO3MYIIEHHS, OJHAKO Ha
HavYaJJbHOM HMHTEpBaJieé BPEMEHH NMPHUCYTCTBYET CYIIECTBEHHAs OIMMOKa, 00YyCIOB-
JIHHAsl 3HAYHUTENILHBIM IEPEeperyIMpOBaHUEM IEPEXOJHON XapaKTEePUCTHKH
HaOmroaTenss. YMEHbIINTh TepeperyIupoBaHue MOXKHO ITyTeM ydeTa orpaHuye-
HUI Ha pacIoioKeHHe TOIICOB B popMe KoHUUeckoro cextopa (32).
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0.01

0.005

-0.005

-0.01

00155 50 100 1.c 0 50 100 1.c

Puc. 8 Puc. 9

Pe3ynbTaThl MOJETUPOBAHUS YIPABISIEMOrO JBHKECHUST CUCTEMBI (1) ¢ KOM-
OMHHPOBAHHBIMU PETYIATOPAMH JUIS CIIy4aeB MCIONb30BaHuUs HaOmoarens H, u
H , mpencrasnensl coorBercTBeHHO Ha puc. 10 u puc. 11. 3gecs nmuaueit 1 moka-

3aHbl Pe3yJIbTAThl, NOIY4YEHHbIC IPU HCIIOJIB30BAaHUU HaOIronaTenei, CHHTE3UpO-
BaHHBIX 0€3 OrpaHWYCHHUN HA PACIIONIOKEHHUE ITONFOCOB, THHUAMH 2 U 3 TOKa3aHbI

ciydan ydera orpanmdeHnii Re(A,) <—-2 u Re();) <5 coorsercreenHo. [Ipu

MOJICIIMPOBAHUH HCIIOJIF30BaHbI CIEIYIOMNE 3HaYeHH KO3()(UINCHTOB BHEUIHE-
ro KOHTypa peryisaropa (4):

k,=0’, k, =20,, ®, =0,1 pan/.

X, Tpaj X, Tpaj

60

60

0 50 100 1.c

Puc. 10 Puc. 11

3akawdenune. B cTtatbe MMPOBEACHBI UCCIICAOBAHUA BO3MOKHOCTEH IIPpUMCHC-
HUA METOJOJIOTUU ONTUMU3AIUU 110 KPUTCPUIAM HZ n HOo IIpy CUHTE3€ KOMIICH-

CaToOpOB BO3MYILEHHH B (hopMe HaOMIOIaTeNs] PACHIMPEHHOT'O BEKTOPA COCTOSIHUSL.
Pemienue 3agaun HaXOXJeHUST CYOONITUMAILHOTO HAOIIOAATENS BBIOIHEHO C HC-
IIOJIB30BAHUEM annapara JIMHEHHBIX MAaTpPUYHBIX HepaBeHCTB. IIpu cuHTese
HAOIOaTeNsl YUUTHIBAIOTCS OTPAaHWYEHHS Ha DPACIONIOKEHHE IOJII0COB Iepesia-
TOYHON (QYHKIIMM 3aMKHYTOH cUcTeMbl. VcTonb30BaHie TaKUX OTpaHUYEHHI 103~
BOJISIET Y4ECTh TPEOOBaHMS K Ka4eCTBY IMEPEXOJIHBIX MPOIECCOB B HAOIIOAATENE U
o0ecneynTh HEOOXOIMMYI0 TOYHOCTh OIEHHBAHHUSA BO3MYIICHUN MPU HATWYUH TI0-
M€eX U3MEpUTENEH.
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