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nPE~rOBOP

JegHa 8pAO UlUpOKa U y UpaKCU 1Jeciiio cpeiiiaHa K/laCa He/lU-
HeapHUX KOHiiiuHya/lHUX CUCiiieMa ayiiioMaiilcKOi yupafJ/bOfba MOJKe
ce ouucaiiiu CUCiiieMOMguifjepeHll,uja/lHUX jegHU1JUHa,KOjU ce pa3/lU-
Kyje og ogi08apajyliei /lUHeapHOi xOMoieHOi CUCiiieMaguifjepeHll,uja/l-
HUX jegHa1JUHa ca KOHCiiiaHiiiHUMKoeifjuu,ujeHiiiuMa CaMO UO jegHoj,
iii.38., aguiiiu8HOj He/lUHeapHOciiiu. Ilpu iiiOMe KapaKiiiepuciiiuKa iiie
He/lUHeapHociiiu MOJKe ouiiiu ifjYHKu,uja og OU/lO Koje 8apujaO/le
cuciiieMa U/lU og fbuX08e /lUHeapHe KOMOUHau,uje. Ilpucyciii80 08e
He/lUHeapHociiiu MOJKe ga ce oi/lega, Ha upUMep, y uoja1JU8a1JY
ipeUlKe U/lU U38pUlHOMopiaHY peiY/laiiiopa, UOUliiio OHU, OU/lO ga cy
e/leKiiipOHcKU, MaiHeiiiHU, e/leKiiipOMeXaHU1JKU,UHeYMaiUcKU U C/l. Y
cYUliiiuHU uocegyjy He/lUHeapHU KapaKiiiep. 080 ce OgHOCU U Ha
pa3He iiiUU08e geiiieKiiiopa ipeUlKe Kao U Ha HeKe ge/l08e caMO!
oojeKiiia peiYAOlI,uje.

Ilopeg uOMeHyiiie K/laCe HeAUHeapHUXKOHiiiuHya/lHUXcuciUeMa
ayiiioMaiiicKoi yupa8/bOfbO uociiioju C/lU1JHaK/laCa He/lUHeapHUXUMUYIl-
CHUX cuciiieMa Koja, 300i U3Y3eiiiHoi upaKiiiu1JHOi3Ha1Jaja, y UOC/legfbe
8peMe UpU8Aa1JU C8e 8eliy ilaJKfbY ayiiiopa iiieopuje UMUY/lCHUX
cuciiieMa. Y 08Y K/lacy cuciUeMa, upe c8eia, cilagajy pa3HU peiY/la-
iiiopu 3a xeMujcKe U paguolloKau,UOHe cuciiieMe, UMUYIlCHUcuciUeMU
y upou,eCHoj uHgyciiipuju, HeKU gUiUiiiallHU cuciUeMU ayiiioMaiiicKoi
yupa8/bafbO U C/l. miiia 8UUle, y 8e1lUKOM opojy cAY1Jaje8a pa3HU
ifjU3UOAOUlKUupou,ecu Moiy ce ageK8uiiiHO ouucaiiiu ogi08apajyliuM
MogelloM HeIlUHeapHoi UMUY/lCHOicuciiieMa ayiiioMaiiicKoi yupa8/bafba.

Y 080M pagy ce, Ha OCH08Y ciiipoio geifjuHucaHoi upoo//eMa
aHa/lU3e CiiiaOU/lHOciiiu HellUHeapHUX KOHiiiuHya/lHUX U UMUYACHUX
cuciiieMa ayiiioMaiUcKoi yupa8/bafba, y C8PXY aHaAU3e U cUHiiie3e
uocMaiiipaHe KAace HeAUHeapHUX cuciiieMa upuMefbyje allieoapcKU
upUAa3. Ilpe C8eia, uOKa3aHo je ga u38egeHu a/lieoapCKU KpuiiiepujYMU
ciiia6U/lHOciiiu upou,eca U UO/lOJKaja pa8HOiiieJKe c80ge iiipaJKefbe
g080/bHUX YC/l08a 3a acuMuiiioiUcKY ciiiaOUAHociii He/lUHeapHoi KOH-
iiiUHYallHOiU UMUY/lCHOicuciiieMa Ha aHa/lU3Y uoiiipe6HUX U g080/bHUX
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YCJl06a cillaouJlllociiiu, pecueKiUu61l0, ogi06apajynei Jlulleaplloi KOO-
iUullyaJllloi U UMuYJlC1l0iCUCiUeMa.06U KpuiUepujYMU cy u36egellU
lla Oa3U upeiUxogllo youUliUellux ogi06apajynux rfipeK6elliUllux KpU-
iUepujYMa. 01lU cy jegUllCiU6ellU jep, 3a pa3JlUKY og rfipeK6elliUllux
KpuiUepujYMa, 6a)[(e Oe3 003Upa KaKa6 KapaKiUep ciUaouJlllociUu UMa
JlUlleapllU geo CUCiUeMa. miUa 6UUle, 3aK/bYl/aK y uoillegy eK6U6a--
Jlellu,uje g060/bllUX YCJl06a 3a ciUaouJlllociU lleJlUlleapHoi cuciUeMa U
uoiUpeollux U g060/bllUX YCJl06a 3a ciUaOUJlHOciUogi06apajynei JlUHe-
apHoi cuciUeMa upOUlUpell je U y CMUCJlYciUeuella U peJlaiUU61l0i
ciUeueHa acuMuwoiUcKe ciUaouJlllociUu.

IloMellYiUu aJlieOapCKU KpuiUepujYMU upegciUa6/bajy oa3Y lla
OC1l06Y Koje ce ga/be Moiy, y C6PXY a1lQJlU3eU cUHiUe3e uocMaiUpa-
HUX KJlaCa HeJlUHeapHUXcuciUeMa, upuMelluiUu U03HaiUe aJlieOapCKe
MeiUoge iUeopuje JlUlleOpHUX cuciUeMa ayiUoMoiUcKOi yupa6/bafba.
Hciiiulla, 06a upUMeHa Huje HeuocpegHa, 6en ce Mopa upuJlaioguiUu
caMoj upupogu UpOOJleMa. TaKo, Ha upUMep, MeiUogoM uapaMe-
iUapcKoi UpeCJlUKa6afba, Koja je y 060M pagy upUMefbella, upecJlU-
Ka6afba ce lle 6pUle, Kao KOg JlUHeapHUX cuciUeMa, y pa6all UPO-
Mell/bU6UX uapaMeiUopa cuciUeMa, 6en y p06all HeKUX UpOMeH/bU6UX
Koje UMUAUu,uiU1l0,aJlU jeg1l031la'lHO y ceou cogp)[(e KaKO Ullrfiop-
Mau,uje 0 KapaKiUepy U 6e.1U'lUHUgogaiUllux oipallU'lefba Ha KapaK-
iUepuciUuKY lleJlulleapllociUu, iUaKO U 0 6eJlU'lUllU UpOMell/bU6UX
UapaMeiUapo JlUHeapHoi geJla cuciiieMa. 3aX6a/byjynu iUOMe C60
iupu Moiyna 3agaiUKa U3 OK6upa iipOOJleMa aHaJlU3e ciUoOUJlllociUu
HeJlUlleapHOi cuciUeMa (KolliUullyaAlloi UJlU UMUJlyc1l0i) Moiyne je
peUluiUu upaKiUu'lllo jegH06peMe1l0, iUa'lllo U HO HO'lUllKOjU 3axiUeaa
peJlOiUU6HOupociiia pa'lY1l0fbO, Koja ce c6a u36ege UpeaJl1l0M gOMellY
y OK6UPY aJliopuiUMO iioiogHoi 30 yiioiUpeoy KaKO alloJlui1l0i iUaKO
U guiuiUaAlloi pa'lYHOpo.

Tpeoa llapo'luiUo uciUanu 'lUfbeHuu,y go je 060K06 iipUJl03
oMoiynuo go ce, iiocpegciU60M z-iUpallcrfiopMau,uje, aHOJlU30 U CUll-
iUe3a HeJlUHeOpHUXUMiiYJlCHUXcuciUeMO U36pUlU oe3 aiipoKcuMau,ujo
U Y60ljefba OUJlO KaK6UX gOgaiUHUX iipeiUiiociUa6KU. Hciiio iUaKo,
iipUMe1l0M Z-MogurfiuK06alle iUpaHcrfiopMau,uje, u,eo UPUJlO3je oe3
gOgaiUHUX iUeUlKona upUMefbell lla HeAUlleOpHe uMiiYJlCHe cuciUeMe
ca 'lUciUUM KaUlfbefbeM.

06a iiYOJlUKau,uja cagp)[(u 'leiUupu paga KOjU 3ajeg1l0 iipeg-
CiUa6/bajy 3HaiUllo CKanellY 6ep3ujy gOKiUopcKe gucepiUau,uje. JegaH
geo U3Jlo)[(elloi MaiUepujaJla 6en je iipegAO)[(eH 3a UliUoMiiy y 'laco-
iiucy "A6iUoMoiUuKa U iUeAeMexaHUKa" (H3gaiUe/bciii6o AHCCCP)
U olieKyje ce ga oyge iiYOJlUK06ally 6Ugy g6a pago (NQ 5 H 7, 1969).



AHAJIlI3 HEJIIIHEHHLlX CIICTEM ABTOMATHqECKOrO
YIIPABJIEHHR IIPHMEHEHHEM AJIrE6P AHqECKHX

KPHTEPHEB A6COJIIOTHOH YCTOHqHBOCTH

MU/lUlJ P. CmoulJ

1. AJIrE6PAIIQECKHE KPHTEPHH A6COJIIOTHOf!: YCTOf!:QHBOCTH
HEJIHHEHHblX HMIIY JIbCHbiX CHCTEM

BLlBe~eBLI ItJIreOpaH'IecKHe KpHTepHH OIiCOJlIOTHOii YCToii'lHBOCTH HeJlH-

HeiiBLIx BMnYJlbCHLIX aBTOMaTH'IeCKHX CBCTeM. 3TH KpHTepHH nOJlY'leHB HH

OCHOBe YCJlOBHii aOCoJlIOTBOii YCTOii'lHBOCTH H CTeneHH YCTOii'lHBOCTH nOJlOXl:eBHH

paBBOBecHH H npol\eCCOB SI. 3. l{LlnKHBa ~JlH HeJlHHeiiHLlX HMnYJlbCHLIX CHCTeM

aBTOMaTH'IeCKOrO perYJlHpoBaHHH. IIpe~JlaraeMLIe aJlreOpaH'IeCKHe KpHTepHH
n03BOJlHIOT pewaTb CMa'lH, CBH3aBLIe C HCCJle~OBaHHeM alicoJlIOTBOii YCToii'lH-

BOCTH H CTeneBH YCToii'lHBOCTH CTal\HOHapHLIX H O~Horo H3 KJlaCCOB HeCTa-

I\COHapHblX HeJlHBeiiHblX HMnYJlbCHLIX CHCTeM aBTOMaTH'leCKOrO peryJlHpOBaHHH.

BBe~eHHe

B nOCJIe~Hlle rO~bI 60JIbllIOe BHHMaHile y~eJI}leTCjI pa3pa6oTI<e MeTo~oB
HCCJIe~OBaHHjI a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIx HMnYJIbCHbIX aBTOMa-

TH'IeCXHX CHCTeM (HAC). Pa60TbI [1-14] nOCBjlIII.eHbI pa3BHTYIO pa3JIH'IHbIX
BapHaHToB BToporo MeTO,L:\a JbnYHoBa npHMeHHTeJIbHO x HeJIHHeHHbIM pa3-
HOCTHbIM ypaBHeHHjlM.

B nOCJIe,L:\Hee BpeMjI BHHMaHHe 6blJIO npHB.1Ie'leHO K pa60TaM [15-26],
B XOTOpbIX 3a,L:\a'la a6COJIIOTHOH YCTOH'IMBOCTI1 HeJIHHeHHbIx HAC pellIaeTCH Ha
OCHOBe pa3BHTHH MeTO,L:\a B. M. llonOBa.

<I>0PMYJIHpOBKH KpHTepHeB a6COJIIOTHOH YCTOH'IHBOCTH BeCbMa pa3HO-
06Pa3Hbl H cneU:H<}>H'IHH B 3aBHCHMOCTH OT XapaKTepa nepe,L:\aTO'lHOH Henpe-
pblBHOH 'IaCTH HeJIHHeHHOH HAC, KOTOpaji MO)KeT 6bITb YCTOH'II1Ba, HeHTpaJIbHa

HJIH HeYCTOH'IHBa. O,L:\HatCo, yxa)KeM Ha CTaTblO [22], B KOTOpOH npe,L:\JIaraeTCH
'IaCTOTHbIH xpHTepHH 06COJIIOTHOH YCTOH'IMBOCTH HeJIMHeHHbIX HAC, OXBaTbI-
BaIOIII.HH Bce ynoMjlHYTbIe CJIY'IaH. 3TOT KpHTepHH xapaKTepH3yeTCjI TeM, '�TO
ero aHaJIHTH'IeCKag <}>OPMYJIHppBKa H COOTBeTCTBYIOIII.ajl rpa<}>H'IeCXajl HHTep-
npeTaU:HjI nOJIY'IaeTCH He60JIbllIHM BH,L:\OH3MeHeHHeM <}>OPMYJIHPOBKH 06bI'IHOrO
aHaJIOra HaHXBHCTa H pO,L:\CTBeHbIX eMY xpHTepMeB ,L:\JIjIJIHHeHHbIx HAC.

MeTO,L:\ B. M. llonOBa TaK)Ke 6bIJI pacnpocTpaHeH H Ha HMnYJlbCHbIe
CHCTeMbI, CO,L:\ep)KaIII.He npOH3BOJIjlHOe '�I1CJIO HeJIHHeHHbIX 3JIeMeHTOB, xapaKTe-

pHcTHKa Ka)K,L:\Oro H3 KOTOpbIX 3aBHCHT OT O,L:\HOrO aprYMeHTa, T. e. Ha HMny-

JIbCHbIe CHCTeMbI co MHorHMH HeJIHHeHHOCTHMH [26]. llpH 3TOM nOJIY'IeHHbIH

KpHTepHH He ,L:\onYCKaeT Y)Ke HarJIH,L:\HOH rpa<}>H'IeCKOH HHTepnpeTau;HH.

IJ;eJIb HacTOHIII.eH pa60TbI COCTOHT B HaxO)K,L:\eHHH aJIre6paH'IecKHx KPH-

TepHeB a6COJIlOTHOH YCTOH'lHBOCTH H CTeneHH YCTOH'IHBOCTH nOJIO)KeHHjI paBHO-

BecHX H npou:eCCOB ,L:\JIX HeJIHHeHHbIx HAC. llpe,L:\JIaraeMbIe aJIre6paH'IeCKHe

KpHTepHH CBO,L:\jlT npo6JIeMY HaXO)K,L:\eHHjI ,L:\OCTaTO'lHbIX YCJIOBHH a6COJIlOTHOH

YCTOH'IHBOCTH nOJIO)KeHHX paBHOBeCI1j1 H npou:eCCOB ,[\JIjI HeJIHHeHHbIx HAC

K HCCJIe,L:\OBaHHIO Heo6xo,L:\HMbIX H ,L:\OCTaTO'lHbIX YCJIOBHH YCTOH'IHBOCTH COOT-

BeTCTBYIOIII.eH JIHHeHHOH HAC, KOTOpaji nOJIY'IaeTCjI 3aMeHOH HeJIHHeHHOro

3JIeMeHTa B HeJIHHeHHOH HAC COOTBeTCTBYIOIII.HM JIHHeHHbIM YCHJIHTeJIeM C

I<OMnJIeKCHblM xoe<}><}>HU:HeHToM YCHJIeHHjI.
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4 MHJIH'f P. CTOH'f

1.1. TIoCTaHOBKa 3a~a"H

bOJIblIIOH KJIaCC HemmeHHbIx MAC MO)l(eT 6bITb CBe~eH K CTpYKType
(pHC. 1), npe~CTaBJIillOru:eH C060H coe~HHeHHe HeJIHHeHHOro 3JIeMeHTa (H3) H
JIHHeHHOH HMnYJIbCHOH '�aCTH (JIMq).

XapaKTepHcTHKa HeJIHHeHHOro 3JIeMeHTa $ (x) MO)l(eT 6bITb npOH3BOJIbHOH

OM03Ha'iHOH KYCO'lHO-HenpepbIBHoH ~eHCTBHTeJIbHOH <lJYHK~HeH, onpe~eJIeHHOH
,II:JIiI Bcex ~eHCTBHTeJIbHbIX
3Ha'leHHH x, Y~OBJIeTBOpH-
lOru:eH YCJIOBHIO

H3
r- ,

!

W3 !
I :

(1) <II(0) = 0

H ~OnOJIHHTeJIbHOMY

BeHCTBY

(2) r < ~ (x) < k
x

Hepa-

PHC. 1. HemnreIDiag HMnYJIbCHag
aBTOMaTH'feCKag CHCTeMa

T. e. ~OJI)l(Ha npHHa~JIe)l(aTb ceKTOpy (r, k) (pHC. 2),
6bITb nOJIO)l(HTeJIbHbIM HJIH paBHbIM HYJIIO.

JIMq BKJIIO'IaeT B ce6i1 HMnYJIb-

CHbIH 3JIeMeHT (M3), <lJoPMHpyru:ee
YCTPOHCTBO ($ Y), ~HCKpeTHbIH <lJHJIbTp

CD:$) H JIHHeHHYIO HenpepbIBHYIO '�aCTb

CHCTeMbI (JIHq).

JIMq xapaKTepH3Y3TCii HMnYJIb-

CHOH xapaKTepHCTHKOH g [n], nepe~a-

TO'lHOH <lJYHK~HeH G* (q) HJIH'IaCTOT-

HOH xapaKTepHCTHKOH G* (j(;j). 3TH
xapaKTepHCTHKH CBH3aHbI Me)l(~Y co-
60H COOTHomeHHilMH TeopHH ~HCKpeT-
Horo npeo6pa30BaHHii JIanJIaca HJIH
z-npeo6pa30BaHHii [27].

(3,a) G* (q) = D {g [n]} = 2:
e-qn g [n]

n=O
(3,6)

r~e k>O, a r MO)l(eT

G* (j(;})
= G* (q)q=j(;,

It

r,II:e (;)
= (;) T - OTHOCHTeJIbHaii '�acToTa,

T - nepHO~ nOBTopeHHii.

Ha30BeM HeJIHHeHHYIO MAC, B KOTOpOH H3 3aMeHeH JIHHeHHbIM 3JIe-
MeHTOM (JI3), xapaKTepHCTHKa KOToporo HaXO~HTCii B ceKTope, (r, k), JIHHe-
apH30BaHHoH.

B pa60Te [22] 6bIJIO nOKa3aHO, '�TO ~OCTaTO'lHbIMH, a B HeKOTopbIX

cJIY'Iailx H Heo6xo~HMbIMH YCJIOBHSlMH a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIx
MAC co cTa~HoHapHoH HJIH HecTa~HoHapHoH xapaKTepHcTHKoH H3, npHHa~-
JIe)l(aIIJ:OH ceKTOpy (r, k), ilBJIileTCii BbIIIOJIHeHHe HepaBeHCTBa

(4) Re G* (j(;)
+~>O (0" (;)<7t)

1+ rG* (j(;) k-r

H Tpe6oBaHHe, '�To6bI JIHHeapH30BaHHii MAC 6bIJIa YCToii'lHBa npH K03<lJ<lJH~H-
eHTe YCHJIeHHHJI3, paBHOM r.

PHC. 2. XapaKTepHCTHKa HeJIHHettHoro 3JIeMeHTa.
npHHaAJIeJKa~ag ceKTopy (r, k)
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U:eJIblO ,[(aHHOH pa60TbI HBJIHeTCH <POPMYJIllpOBKa ,[(OCTaTO'lHOrO aJIre6pa-
H'IeCKOrO KpHTepHH a6COJIIOTHOH YCTOH'IHBOCTH paCCMaTpHBaeMOrO KJIaCCa HeJIH-
HeHHbIX MAC, OCHOBaHoro Ha HCnOJIb30BaHHH nepe,[(aTO'lHOH <PYH~HH JIMq

G* (q). IIpe,[(JIaraeMbIH KpHTepHH n03BOJIHeT HCCJIe,[(OBaTb a6COJIIOTHYIO YCTOH'IH-
BOCTb HeJIHHeHHOH MAC nYTeM HCCJIe,[(OBaHHH pacnpe,[(eJIeHHH KopHeH xapaKTe-
pHCTH'IeCKOrO ypaBHeHHH HeKoTopoH JIHHeHHOH MAC, nOJIY'IeHOH npH 3aMeHe H3
HeJIHHeHHOH MAC JIHHeHHbIM ::meMeHTOM C KOMnJIeKCHbIM Koe<p<PHD;HeHToM
YCHJIeHHH.

1.2. AJIreopaO'leCKOe KpOTepoo aOCOJIlOTHOnYCTOn'lOBOCTO

C D;eJIblO nOJIY'IeHHH aJIre6paH'IecKoro KpHTepHH a6COJIIOTHOH YCTOH'IH-
BOCTH HeJIHHeHHblx MAC, HapH,[(Y C npHBe,[(eHHbIMH BbIlne YCJIOBHHMH '�aCTOTHoro

KpHTepHH a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHblx MAC, ,[(a,[(HM elD;e H '�HCTO

reOMeTpH'IecKYIO HHTepnpeTaD;HIO HepaBeHcTBa (4).

B o6lD;eM cJIY'Iae, Kor,[(a r =F-0, npeo6pa3yeM HepaBeHcTBo (4), YMHo)J(aH

ero JIeBYIO qacTb Ha r> 0, B pe3YJIbTaTe nOJIY'IHM

R
BkG

*
(j (;j)

+
B

0e -:>,
1+BkG*(j(;j) I-B

r,[(e B=r/k (0<:B<:1), a

(6) kG* (jw) = U + jV.

(5) 'v' (UE (0, (0)

,[(aJIee HaH,[(eM Ha nJIO-

CKOCTH U, jV reOMeTpH'IeCKOe
MeCTO TO'leK, cooTBeTcTBY-
lOlD;ee 3aMeHe B (5) 3HaKa
HepaBeHcTBa Ha paBeHcTBo.
IIo,[(cTaBJIHH (6) B JIeBYIO
qaCTb (5), HaXO,[(H BelD;e-

cTBeHHYIO '�aCTb H npHpaB-
HHBaH ee HYJIIO, nOJIY'IHM
ypaBHeHHe HCKOMbIX KpHBbIX

(7) [u + 2~
(l + B)

r
+ V2 =

1
= - (I -B)2.

4B2

YpaBHeHHe (7) onpe-
,[(eJIHeT ceMeHcTBo OKPY)J(-

HocTeH, npoxo,[(HlD;HX '�epe3

TO'lKY (-1; j 0), HMelOlD;HX pa,[(HYc R = (l-B)/2B H pacnOJIo)J(eHHblx JIeBee

npHMoH U = -1 (pHC. 3). Ka)J(,[(oH H3 OKpY)J(HocTeH 6y,[(eT COOTBeTCTBOBaTb
CBoe 3Ha'leHHe B = r /k >-O.

ECJIH ypaBHeHHe (7) HanHmeM B napaMeTpH'IeCKOH <popMe, TO nOJIY'IHM

PHC. 3. K rpa<pH'ieCKOH IDITepnpeTaQHH .u;OCTaTO'iHbIX
'iaCTOTHbIX YCJIOBHH aOCOJIIOTHOH YCTOii'iHBOCTH

HeJIIDIeHHbIX MAC

(8) 1 1
U= --(1 +B)+-(1-B)cos~,

2B 2B
V=~(I-B)sin~.

2B

TaKHM o6pa30M, Ka)J(,[(aH H3 TO'leK Ha cooTBepcTBYIOlD;eH B - OKpY)J(HOCTH

onpe,[(eJIHeTCH H3BeCTHbIM 3Ha'leHHeM napaMeTpa ~, r,[(e 0 <: ~ <: 2n.
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HeTPY,lI,HO nOKa3aTb, qTO npH B= 1 B - OKPYXCHOCTb BbIpmK,lI,aeTcR
B TOqKY (-1; j 0), a npH B = 0 B OKPYXCHOCTb GecKoHeqHOrO pa,ll,Hyca, T. e.
B npRMYIO, npOXO,ll,RllI,YIO qepe3 TOqKY (-1; j 0) napaJIeJIbHO MHHMOH OCH Ha
nJIOCKOCTH kG* (jc;j) (pHC. 3).

HepaBeHcTBo (5) HJIH (4) GY,lI,eT BbIIIOJIHRTbCR, eCJIH KpHBaR Ha KOMnJIeK-
CHOH TIJIOCKOCTH kG* (jc;j), onHCbIBaeMaR BeKTOpOM (6) npH H3MeHeHHH c;j OT 0
,lI,O 7t, HaXO,ll,HTCR BHe cooTBeTcTBYJOllI,eH B - OKpyxcHOCTH. 3TO JIerKO YCTa-
HOBHTb, nOJIaraR qTO U = V = 0 B (5), npH k>O, r>O.

C n:eJIblO TIOJIyqeHHR aJIreGpaHqeCKOrO KpHTepHR a6COJIlOTHOH YCTOHqH-
BOCTH HeJIHHeHHbIx WAC, BBO,ll,HM CJIe,ll,yIOIIIYIO KOMnJIeKcHYIO pan:HoHaJIbHYIO

<PYHKn:HIO

(9) F* (q) ~ kG* (q)-(U + jV),

r,ll,e kG* (q) npe,ll,CTaBJIReT COGOHnepe,ll,aTOqHYIO <PYHKn:HlOpa30MKHYTOHJIHHea-
pH30BaHHoH WAC, nOJIyqeHHOH H3 HCXO,ll,HOH HeJIHHeHHOH WAC (pHC. 1) 3aMe-
HOH H3 JIHHeHHbIM YCHJIHTeJIeM C Koe<p<PHn:HeHToM YCHJIeHHR k, a U H V
Onpe,ll,eJIRIOTCR H3 (8).

KaK GY,lI,eT nOKa3aHO HHJKe, MOJKHO ,lI,aTb CJIe,ll,YlOllI,YIO <POPMYJIHpOBKY
KpHTepHR aGcOJIIOTHOH YCTOHqHBOCTH HeJIHHeHHbIx WAC:

,l],JIR TOro, qTo6bI HeJUiHeHHaR WAC (pHC. 1) GblJIa aGcOJIIOTHO YCTOHqHBOH,
,lI,OCTaTOqHO, qTOGbi xapaKTepHCTHKa H3 npHHa,ll,JIeJKaJIa ceKTopy (r, k) H qTOGbi
npH Bcex 3HaqeHHRX U H V onpe,ll,eJIReMbIX ypaBHeHHRMH (8), r,ll,e B = r / k H
~E[O, 27t], Bce KOpHH ypaBHeHHR F*(q)=O HJIH HYJIH (9) HMeJIH GbI cTpHn:a-
TeJIbHbIe Belll,ecTBeHHbIe qaCTH.

,l],JIR ,lI,OKa3aTeJIbCTBa :noro KpHTepHR YCTOHqHBOCTH MOJKHO BOCnOJIb30-

BaTCR TeMH JKe caMbIMH pacCYJK,lI,eHHRMH, Ha OCHOBe KOTOpbIX GbIJI nOJIyqeH
aHaJIOr KpHTepHR HaHKBHCTa ,lI,JIR aHaJUBa YCTOHqHBOCTH JIHHeHHbIx WAC [27].

KaK H3BeCTHO, 'iTo6I,I HeKOTopaR JIHHeHHaR WAC, HMewllI,aR xapaKTe-
pHCTH'ieCKOe ypaBHeHHe

(10) W* (q) = kK* (q)+ 1 = 0,

r,ll,e kK* (q) npe,ll,CTaBJIReT C060H nepe,rJ,aTO'iHYw <PYHKn:HIO pa30MKHYTOH

cHcTeMI,I, GbiJIa YCTOH'iHBa, HeoGxO,ll,HMO H ,lI,OCTaTO'iHO, qTOGbI Bce KOpHH
ypaBHeHHR (10) HJIH HYJIH W* (q) HMeJIH OTpl1n:aTeJIbHbJe Belll,eCTBeHHbIeqaCTH.

B COOTBeTCTBI1H C aHaJIOrOM KpHTepHR HaHKBHcTa rO,ll,orpa<p qaCTOTHoH

xapaKTepHCTHKH kK* (jc;j) npH B03pacTaHHH (;) OT 0 ,lI,O 7t, B oGllI,eM cJIY'iae,
KOr,ll,a npHBe,ll,eHHaR HenpepbIBHaR <mCTb paccMaTpHBaeMoH JIHHeHHOH WAC
HeYCTOHqHBa, OXBaTbIBaeT TO'iKY (-1; j 0) B nOJIOJKHTeJII,HOM HanpaBJIeHHH
(T.e. npoTHB ,lI,BHJKeHHR qaCOBOH CTpeJIKH) v/2 pa3, r,ll,e v - qHCJIO nOJIIOCOB

K* (q) HJIH W* (q) C nOJIOJKI1TeJIbHOH ,lI,eHCTBI1TeJIbHOH qaCTblO.

,l],JIR YCTOH'iHBOH JIHHeHHOH WAC, npHBe,ll,eHHaR HenpepblBHaR 'iaCTI, KOTO-

pOH HeHTpaJII,Ha HJIH YCTOHqHBa, rO,ll,orpa<p qaCTOTHoH xapaKTepHcTHKH kK* (.ic;j)
npH B03pacTaHHH c;j OT 0 ,lI,O7t He OXBaTblBaeT T01JKY (-1; j 0).

IIpe,ll,nOJIOJKHM Tenepb, qTO Bce KOpHH ypaBHeHHR F* (q) = 0 HJIH HYJIH (9)
I1MelOT oTpHn:aTeJIbHbIe Belll,eCTBeHHbIe qaCTH H qTO nepe,ll,aTO'IHaR <PYHKn:HR
JIWq G* (q) B oGllI,eM CJIyqae MOJKeT GbITb HeycTOHqHBa. WCnOJIb3YR Te JKe

caMI,Ie paccYJK,lI,eHHR, Ha OCHOBe KOTOpbIX nOJIY'ieH aHaJIOr KpHTepHR HaHKBHcTa
,lI,JIRJIHHeHHbIx WAC, HeTpY,lI,Ho nOKa3aTb, qTO npH 3TOM rO,ll,orpa<p qaCTOTHOH
xapaKTepHCTHKH kG* (jc;)) JIWq npH H3MeHeHHH c;j OT 0 ,lI,O7t OXBaTblBaeT
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TOqKY (U; jV) B nOJIO)KIlTeJII.HOM HanpaBJIeHHH fL/2 pa3 (pHC. 3), r):\e fL
paBHHeTCH qHCJIY nOJIlOCOB G* (q) HJIH F* (q) C nOJIO)KIlTeJII.HOR BeIll.eCTBeHHoR
qaCTI.lO. O):\HaKO, B TOM CJIyqae, eCJIH npHBe):\eHHaH JIl1q HeHTpaJII.Ha HJIH
YCTOHqHBa, T. e. fL= 0, TO ro):\orpa<l> qaCTOTHOH XapaKTepHCTHKH kG* (j(;j) npH

H3MeHeHlfM (;j OT 0 ):\0 1t He OXBaTI.lBaeT TOqKH (U; jV).
CJIe):\yeT, O):\HaKO, no):\qepKHYTI., qTO B COOTBeTCTBHHC npe):\JIO)KeHHI.IM

BbIllIe KpHTepHeM a6COJIIOTHOH YCTOHqHBOCTHHeJIHHeHHbIX I1AC, npH Bcex
3HaqeHHHX U H V onpe):\eJIHeMbIX ypaBHeHHHMH (8), r):\e B = r / k H ~ E [0, 21t]
BeIll.eCTBeHHbIe qaCTH BceX KopHeH ypaBHeHHH F* (q) = 0 ):\OJI)KHI.I 6I.ITI. OTPH-
IJ;aTeJII.HI.IMH. B eTOM CJIyqae npHBe):\eHHI.Ie BbIIUe paCCY)K):\eHHH, KacalOIlI.HeCH
qHCJIa 060pOTOB ro):\orpa<l>a qaCTOTHoH
xapaKTCpHCTHKH JIl1q kG

*
(j (;j) BOKPyr

TOqKH (U; jV) 6Y):\YT cnpaBe):\JIHBbI ):\JIH (a)

Bcex TOqeK, npHHa):\JIC)KaIll.HX COOTBCTCTBY-
IOIlI.CH B - OKPY)KHOCTH.

113 :noro CJIe):\YCT, qTO eCJIH ypaB-
HCHHe F* (q) = 0 npH BCeX 3HaqeHHHX U H V,
OnpC):\eJIHCMbIX ypaBHcHHHMH (8) r):\c B = r/k
H ~E[O, 21t], HMceT Bce KOpHH C CTpHIJ;a-
TeJII.HOH BeIll.eCTBeHHOH qaCTI.lO, TO ro):\o-

(<I)
rpa<l> qaCTOTHOH xapaKTepHCTHK kG *

(j (;j)
He ncpcceKaeT COOTBeTCTBYlOIlI.YlOB --
OKPY)KHOCTb.

B caMOM ):\eJIe, CCJIH JIl1q HeYCTOH-

'lIma H '{HCJIO nOJIIOCOB C nOJIO)KHTeJIbHOH
BeIll.eCTBeHHOH <l>YHKIJ;HHG* (q) paBHO fL,

TO ro):\orpa<l> qaCTOTHOH xapaKTepHCTHKH
kG * (j (;j) npH H3MeHeHHH (;) OT 0 ):\0 21t
OXBaTI.IBaJI 6I.I B nOJIO)KHTCJII.HOM HanpaB-
JIeHHH COOTBeTCTBYlOIlI.YlO B - OKPY)KHOCTI. (bJ

fL/2 pa3 (pHC. 4, a).

B qaCTHOCTH, ):\JIH YCTOHqHBI.IX HJIH
HeHTpaJII.HbIX JIl1q (fL = 0), ro):\orpa<l>

qaCTOTHoH xapaKTepHCTHKH He nepeceKaeT
H He OXBaTI.lBaeT COOTBeTCTBYlOIlI.YlO B -
OKPY)KHOCTb (pHC. 4,6). IIpH 3TOM ):\JIH
HeHTpaJII.HI.IX JIl1q, KaK nOKa3aHO B [27],
He06xo):\HMO ):\onOJIHHTb kG* (j(;) ):\yrOH

6eCKOHeqHO 60JII.IUOrO pa):\HYca (pHC. 4B).

TaKHM 06pa30M, MI.I npHxo):\HM K
CJIe):\YlOIlI.eMy 3aKJIlO'IeHHlO: KaKaH 6I.I HH
6I.lJIa JIl1q (YCTOH'IHBa, HeHTpaJIHa HJIH
HeycTOHqHBa), eCJIH ypaBHeHHe F* (q) = 0
npH Bcex 3HaqeHHHX U H V, onpe):\CJIHeMbIX
ypaBHeHHHMH (8) r):\e B=r/k H ~E[O, 21t],

HMeeT Bce KOpHH C OTpHIJ;aTCJII.HI.IMH BeIll.e-
CTBeHI.IMH '�aCTHMH, TO qaCTOTHaH xapaK-
TepHCTHKa JIl1q kG* (j(;j) npH H3MeHeHHH (;) OT 0 ):\0 1t 6y):\eT HaXO):\HTI.CH

.PIle COOTBeTCTBYlOIlI.eH B - OKPY)KHOCTH.

KG'(j;;;)
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PHC. 4. K cPOPMYJIHpOBKe ,lJ;OCTaTO'IHOrO
aJIre5paH'IeCKorO KpHTepHH a6comoTHoil:
YCTOil:'�HBOCTH HeJIHHeHm,IX MAC. qac-
TOTHble xapaKTCpHcTHKH: a-JIMq Heyc

TOil:'�HBa «(1. = 2), o-JIMq YCTOiI:'iHBa
«(1.= 0), B-JIMq HeiiTpaJIbHa «(1.= 0)

(acTaTH3M 3-oro nopH.z:\Ka)
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OTCIO~a BH~HO, 'ITO nepBOe YCJIOBHe 'IaCTOTHOrO KpHTepHR a6COJIlOTHOH

YCTOH'IHBOCTH HeJIHHeHHblx HAC [BbITIOJIHeHHe HepaBeHcTBa (4) HJIH (5)] co~ep-
)l(HTCR B c<POPMYJIHpOBaHoM BbIllie KpHTepHH.

npOH3BO~R nO~CTaHOBKY ~= 0 B (8), npH JIlO6bIX B B nOJIY'IHM U = -1,
V = 0 H, CJIe~OBaTeJIbHO, F* (q) = 0 npHBo~HTCR K ypaBHeHHIO

(11) kG * (q) + 1 = 0

KOTopoe RBJIReTCR xapaKTepHCTH'IeCKHM ypaBHeHHeM JIHHeapH30BaHHoH HAC

C K03<p<pHII;HeHToM ll3 paBHbIM k.

nO~CTaBJIRR ~=7t B (8), nOJIY'IHM U= -1/B=k/r, V=O H, CJIe~OBa-
TeJIbHO, ypaBHeHHe F* (q) = 0 npHBo~HTCR K BH~Y

(12) rG*(q)+I=O.

nOCJIe~Hee ypaBHeHHe RBJIReTCR xapaKTepHCTH'IeCKHM ypaBHeHHeM JIHHea-
pH30BaHHoH HAC C Koe<p<PHII;HeHToM YCMJIeHHR ll3 paBHbIM r, KOTOpag no

BTOPOMY YCJIOBHIO 'IaCTOTHoro KpHTepHR a6COJIlOTHOH YCTOH'IHBOCTH, npHBe-
~eHHOMY B npe~bmYllI,eM pa3~eJIe, ~OJI)I(Ha 6bITb YCTOH'IHBa, T. e. Bce KOpHH
ypaBHeHHR (12) ~OJI)I(HbI 6bITb C oTpHII;aTeJIbHOH BellI,ecTBeHHoH 'IaCTbIO.

3aMeTHM, TaK)I(e, 'ITO no C<POPMYJIHpOBaHoMY BbIllie KpHTepHIO Bce KOpHH
ypaBHeHHR F* (q) = 0 ~OJI)I(bI 6bITb C oTpHII;aTeJIbHOH BellI,ecTBeHHoH 'IaCTbIO
npH Bcex U H V, Y~OBJIeTBOpglOllIHX ypaBHeHHRM (8) T. e. H npH U = -1,

V=O H U=-kjr, V=O. KaK 6bIJIO nOKa3aHO, B 3THX CJIY'IaRX ypaBHeHHe
F* (q) = 0 npHBo~HTCR COOTBeTCTBeHO K ypaBHeHHgM (11) H (12) H, CJIe~OBa-
TeJIbHO, 3TH ypaBHeHMg ~OJI)I(HbI HMeTb Bce KOpHH C OTpHl~aTeJIbHOH BellI,e-
CTBCHHOH 'IaCTblO. H3 3TOlO CJIe~yeT, 'ITO eCJIH HMeeT MecTO C<POPMYJIHpOBaHbIH
BbIllie KpHTepHH, TO JIHHeapH30BaHHble HAC, nOJIY'IaeMbIe 3aMeHoH H3 B HeJIH-
HeHHOH MAC (pHC. 1) JIMHeHHbIM 3JIeMeHTOM C K03<p<pHII;HeHToM YCHJIeHHR k
HJIH r HMelOllI,He xapaKTepHCTH'IeCKHe ypaBHeHMR (11) HJIH (12), 6Y~YT YCTOH'IHBbI.

Ha OCHOBaHHH BbIllie H3JIO)l(eHOrO MO)l(HO 3aKJIIO'IHTb, 'ITO H BTopoe
YCJIOBHe 'IaCTOTHOIO KpHTepHR a6COJIlOTHOH YCTOH'IHBOCTH HeJIHHeHHblx HAC
CO~ep)l(HTCR B C<POPMYJIHpOBaHoM BbIllie KpHTepHH.

TaKHM o6pa30M nOKa3aHO, 'ITO 3TOT KpHTepHH RBJIReTCR ~OCTaTOqHHbIM
KpHTepHeM a6COJIlOTHOH YCTOH'IHBOCTH paccMaTpHBaeMoro KJIacca HeJIHHe-

HHbIX HAC.

,lJ,JIR nOJIY'IeHHR aJIre6paH'IeCKOrO KpHTepHR a6COJIlOTHOH YCTOH'IHBOCTH
HeJIHHeHHblx HAC, BMeCTO U H V B (9), BBO~HM:

(13) -uN-1- U2+V2
H

BOCnOJIb30BaBllIHCb Bblpa)l(eHHRMH (8) H (13), nOJIY'IaeM

(14) N - B
(l+B)-(l-B)cos~

1- ,
1 +B2-(1-B2)cos[3

HCKJIIO'IaR napaMeTap ~ H3 ypaBHeHHH (14), nOJIY'IHM ypaBHeHHe

(15)
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KOTopoe onpe.n:eJUIeT CeMeHCTBO OKpY)J:(HOCTeH,npOXO,IJ;SlTIIHXqepe3 TOqKY(1; 0)
Ha nJIOCKOCTHN1, Nz H HMelOrn;HX pa.n:HYC R = (1-B) /2 (pHC. 5). Ka)J:(.n:oHH3
OKPY)J:(HocTeH COOTBeTcTByeT CBoe 3HaqeHHeB = r /k;> o.

JIerKo nOKa3aTb, qTO npH B = 1 B -
OKpY)J:(HOCTbBbIpo)J:(.n:aeTcSIB TOqKY (1; 0), a
npH B = 0 B OKPY)J:(HOCTbC QeHTpoM B TOqKe
(1/2; 0) pa.n:Hyca R = 1/2 B nJIOCKOCTHNp Nz.

IIo.n:cTaBJISISI(13) B (9), nOCJIe 3JIeMeH-
TapHbIx npeo6pa30BaHHH, ypaBHeHHe F* (q) = 0
MO)J:(HO npHBeCTH K BH.n:y

(16)

C .n:pyroH CTOpOHbI, KaK H3BeCTHO 1f.3
TeOplf.H JIHHeHHbIx MAC, nepe.n:aTOqHaSi <PYHK-
QHSI JIMq G* (q) B Half.6oJIee 06rn;eM CJIyqae

MO)J:(eT 6bITb npe.n:cTaBJIeHa B BH.n:e .n:P06HO-

paQlf.OHaJIbHOH <PYHKQlf.H

(17) G* (q)=K
P*(q)

G* (q)

PHC. 5. B - OKpy)[(HOCTH Ha nJIOCKOCTH

Nt> N2(O<B,<B2<1)

r
.n:e K - K03<P<PHQHeHTYCHJIeHHSIJIMq, a Q* (q) H p* (q) - nOJIHHOMbI

OTHOCHTeJIbHO q, cooTBeTcTBeHHo cTeneHeH 1 H m <; I:

(18)
I

Q* (q) = 2 Ci eiq,

i~O

m
p* (q) = 2 hi eiq.

i~O

(19)

IIo.n:cTaBJISISI (17) B (16), nOJIyqHM

k (N! + jNz)KP* (q) + Q* (q)= o.

TaKHM o6pa30M, YCJIOBlf.e,qTo6bI Bce KOpHH ypaBHeHHSI F* (q) = 0 6bIJIH
C OTpHIJ,aTeJIbHOH Bern;ecTBeHHoH qaCTblO, npH Bcex 3HaqeHlf.SlX U H V onpe-
.n:eJISIeMbIXypaBHeHHSlMH (8) r.n:e B = r / k H ~ E [0, 27t], MO)J:(HO 3aMeHHTb
COOTBeTCTBeHHOYCJIOBHeM,qTo6bI Bce KOpHH aJIre6paHqeCKOrO ypaBHeHHSI (19),
npH Bcex 3HaqeHHSlX N! If. Nz, npHHa.n:JIe)J:(alOrn;HXcooTBeTcTBYIOrn;eH B -
OKPY)J:(HOCTIf.Ha nJIOCKOCTH N1, Nz, 6bIJIH C OTpHQaTeJIbHOH Bern;ecTBeHHoH
qaCTlO .

3aMeTHM, qTO ypaBHeHHe (19) SlBJISIeTCHxapaKTepHCTHqeCKHM ypaBHeHHeM
HeKoTopoH HMnYJIbCHOH CHCTeMbI (pHC. 6), KOTopaSi nOJIyqaeTCH 3aMeHoH H3
B HeJIlf.HeHHOH MAC (pHC. 1) cooTBeTcTBylOrn;HM JIHHeHHbIM YCHJIHTeJIeM C KOM-
nJIeKCHbIM K03<P<PHIJ,HeHTOM YCHJIeHHH k (N! + j Nz). Ha30BeM 3Ty JIHHeHHYlO
cHcTeMy, B KOTOpOH N! H Nz npHHHMalOT Bce 3Ha'leHHH, onpe.n:eJIHeMbIe ypaBHe-
HHeM cooTBeTcTBYlOrn;eH B - OKPY)J:(HOCTH (15), 3KBHBaJIeHTHOH JIHHeHHOH

HMnYJIbCHOH cHcTeMoH (3JIMC).

Tenepb MO)J:(HO ,IJ;aTb CJIe.n:ylO~YlO npocTYlO <POPMYJIHpOBKY aJIre6paH-
qeCKOrO KpHTepHH a6COJIlOTHOH YCTOHqHBOCTH HeJIHHeHHbIx MAC.

.IJ:JIH Toro, qTo6bI HeJIHHeHHaSi MAC (pHC. 1) 6bIJIa a6COJIlOTHO YCTOHqHBa,
.n:OCTaTOqHO, qTo6bI xapaKTepHcTHKa H3 npHHa.n:JIe)J:(aJIa ceKTopy (r, k) HqT06bI
Bce "KOPHH aJIre6paHqeCKOrO ypaBHeHHH (19) npH Bcex 3HaqeHHSlX N1 H Nz,
onpe.n:eJIeHHbIX ypaBHeHlf.eM cOOTBeTCTBYlOTIIeH B - OKPY)J:(HOCTH (15), r.n:e
B = r / k, 6bIJIH C oTpHQaTeJIbHOH Bern;ecTBeHHoH qaCTblO.
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TIpoH3Be,ll,eM B XapaKTepHCTH'lecKOM ypaBHeHHH (19) 3aMeHY nepeMeHbIx

(20)

Tor,ll,a nonY'lHM

q = Inz.

(21) k (Nt + jNz) KP(z) + Q (z) = 0.

TIO,ll,CTaHOBKa(20) npe06pa3yeT neBYlO nonynnocKoCTb KOMnJIeKCHOHnepe-
MeHoH q BO BHYTpeHocTb Kpyra e)J,HHH'lHOrO pa)J,Hyca Iz I.;;; 1 Ha nnOCKOCTH z.

KOpHH ypaBHeHHR (19), JIe)l(arn;He B JIeBOH nOJIynJIOCKOCTH,COOTBeTCTBYlOT
KOpHRM ypaBHeHHH (21), JIO)l(arn;HM BHYTPH e)J,HHH'lHOrOKpyra. TI03TOMY, HeJIH-
HeHHaH MAC (pHC. 1) 6Y,ll,eT a6COJIlOTHO YCTOH'lHBa,ecnH xapaKTepHCTHKa H3
npHHa,ll,JIe)l(HT ceKTopy (r, k) H
ecnH Bce HynH ypaBHeHHR (21),
npH Bcex 3Ha'leHHHX Nt H Nz,
onpe,ll,eJISIeMbIX ypaBHeHHH COOT-
BeTcTBYlOrn;eH B - OKpY)I(HOCTH
(15) r,ll,e B=r/k, JIe)l(aT BHYTpH
Kpyra e,ll,HHH'lHOrO pa)J,Hyca, T.e.

eCJIH Bce 3TH HynH MeHbrne PRC. 6. 3KBHBaJIeHTHaJlnHFIeHHaJlHMnynbcHaJl CHCTeMa
(3JII1C) C KOMnITeKCHbIMYCHnHTeneM

e,ll,HHHn;bI no MO,ll,YJIlO.

YCTaHOBJIeHHbIe BbIrne ycnoBHH aJIre6paH'leCKOrO KpHTepHR a6COJIlOTHOH

YCTOH'lHBOCTH HeJIHHeHHOH MAC HBJIHeTCR He06xo)J,HMbIMH H )J,OCTaTO'lHbIMH
ycnoBHRMH YCTOH'lHBOCTH 3llMC. TI03TOMY, npHxO,ll,bIM H CJIe,ll,YlOrn;eMY 3aKJIlO-

'leHHlO: ,lI,OCTaTO'lHbIMH YCJIOBHRMH a6conlOTHoH YCTOH'lHBOCTH HenHHeHHoH MAC
(pHC. 1) HBnReTCH BbrnOJIHeHHe HeOXO,ll,bIMbIX H ,lI,OCTaTO'lHbIX ycnoBHH YCTOH'lH-
BOCTH3llMC (pHC. 6).

((n]

1.3. CTeneHb YCToiilfHBOCTH

B pa60Te [21] nOJIY'leHO ,lI,OCTa'lO'lHOe YCJIOBHe, npH BbrnOJIHeHHH KOTO-
poro npOn;eccbI B HenHHeHHoH MAC (pHC. 1), BbI3BaHbIe BHelllHHMH B03,l1,eH-
CTBHRMH THna Ha'lanbHbIX ycnoBHH

(22)
00

Iimf[n] = IimfH [n]= °
HnH 2: IfH [n] 1=Mo< 00

n~oo n ~oo n=O

6Y,lI,YT a6conlOTHo YCTOH'lHBbIMH H CHCTeMa 6Y,lI,eT HMeTb CTeneHb YCTOH'lH-

BOCTH He MeHee 3a,ll,aHHOH cr

(23) Re
G*(-cr+j(;»

+~>o (0.;;; (;)< 7t),
1+rG* (-cr+j(;» k-r

r,ll,e G* (j(;)) - 'laCTOTHaR xapaKTepHCTHKa llMq (pHC. 1), cr - 3a,ll,aHHaR

CTeneHb YCTOH'lHBOCTH (,lI,OJI)I(Ha 6bITb BCer,ll,a MeHbrne CTeneHH YCTOii'lHBoCTH
nHHeHHoH MAC, nony'leHHOH 3aMeHoH H3 B HenHHeHHbIM 3JIeMeHTOM C K03~~H-
n;HeHTOM YCHneHHH paBHoM r). TIpH 3TO~ xapaKTepHcTHKa H3 ,lI,OJDKHa npH-
Ha)J,J1e)l(aTb ceKTopy (r, k).

KaK nOKa3aHO B [21], npH 06eCne'leHHH npHBe,ll,eHHbIx Bbirne ycnoBHH,
6Y,ll,eT BbIllonHHTbCR CJIe)J,ylOrn;ee YCJIOBHe OTHOCHTenbHO ornH6KH x [n] B HeJIH-
HejiHoH MAC (pHC. 1)

(24)

r,ll,e Mo=const.
I~[n]I= Ix [n]I.;;;Mo e-an



AHaJIH3 HeJIHHeHHbIX CHCTeM aBTOMaTHqeCKOrO ynpaBJIeHHR npHMeHeHHeM . . . 11

)J;mI nOJIY'IeHiHI ,lJ,OCTaTO'IHOrO aJIre6paH'IeCKOrO KpHTepmI CTenemr YCTOH-

'IHBOCTH HemmeHHbIx MAC, npOH3BO,lJ,HM no.z:;,CTaHOBKY

(25) q= -cr+w

B ypaBHeHHe (19).
Tor,lJ,a nOJIY'IHM

k (Nj + jNz)KP* (-cr+ w) + Q* (-cr+w) =0.(26)

IIo,lJ,cTaHOBKa (25) npe06pa3yeT 06JIaCTb JIeBee npjfMOH Re q = - cr Ha
nJIOCKOCTH q B .JIeBYIO nOJIynJIOCKOCTb nJIOCKOCTH w (pHC. 7).

IIpe,lJ,noJIo)J(HM Tenepb, 'ITO ypaBHeHHe (26) HMeeT Bce KOpHH C OTpH-

n;aTeJIbHOH Bem;ecTBeHHoH 'IaCTblO. KaK Y)J(e 6bIJIO nOKa3aHO B npe,lJ,bI,lJ,ym;eM
pa3,lJ,eJIe, B 3TOM CJIY'Iae 6Y,lJ,eT BbIIIOJIHjfTbCjf HepaBeHcTBo (23) H ypaBHeHHe

(28) rG*(-cr+w)+l=O

6Y,lJ,eT TaK)J(e HMeTb Bce KOpHH C OTpHn;aTeJIbHOH Bem;ecTBeHHoH 'IaCTblO H,
CJIe,lJ,OBaTeJIbHO, CTeneHb YCTOH'IHBOCTH JIHHeapH30BaHHoH MAC, HMelOm;eH
K03<p<PHD;HeHT YCHJIeHHjf JI3 r, 6Y,lJ,eT He
MeHee 3a):laHHOH cr;

KOpHH ypaBHeHHjf (26), JIe)J(aID;He B
JIeBOH nOJIynJIOCKOCTH Ha nJIOCKOCTH W,

COOTBeTcTBYIOT KOpHjfM ypaBHeHHjf (19),
JIe)J(am;HM JIeBee npjfMOH Re q = - cr Ha
nJIOCKOCTH q (pHC. 7).

TaKIfM 06pa30M, MO)J(HO ):IaTb CJIe-
):IYIOm;ylO <POPMYJIIfPOBKY ,lJ,OCTaTO'IHoro aJI-

re6palf'IeCKOrO KplfTepHjf CTeneHIf YCTOH'IH-
BOCTIf HeJIIfHeHHbIx MAC.

)J;JIjf Toro 'IT06bI HeJIHHeHHajf MAC PHC. 7. TIJIOCKOCTHnepeMeHbIX q H W
(pHC. 1) 6bIJIa a6COJIIOTHO YCTOH'IIfBa H

'IT06bI 3Ta CIfCTeMa IfMeJIa CTeneHb YCTOH'IIfBOCTIf He MeHee 3a,lJ,aHHOii cr, ,lJ,OCTa-
TO'IHO, 'IT06bI xapaKTepHCTHKa H3 npHHa):lJIe)J(aJIa ceKTOpy (r, k) If 'IT06bI
Bce KOpHH ypaBHeHHjf (19), nplf Bcex 3Ha'IeHHjfX Nj If Nz' onpe,lJ,eJIjfeMbIX
ypaBHeHHeM COOTBeTcTBYIOID;eHB - OKPY)J(HOCTH(15) r):le B = r / k, 6bIJIIf C
oTpHD;aTeJIbHOH Bem;eCTBeHHOH 'IaCTblO 60JIbilieH cr no MO,lJ,YJIIO.

)];ocTaTO'IHbIMH YCJIOBHjfMH CTeneHH YCTOH'IHBOCTIf HeJIHHeHHOH MAC
(pIfC. 1) jfBJIjfeTCjf BbIIIOJIHeHHe He06xo,lJ,IfMbIX H ,lJ,OCTOTO'IHbIX YCJIOBHH CTeneHU

YCTOH'IHBOCTH 3JIMC (pIfC. 6).

3aMeTHM '11'0 nO,lJ,CTaHOBKa (20) npe06pa3yeT 06JIacTb JIeBee npjfMOH
Re q = - cr (pHC. 7, a) Ha nJIOCKOCTH q BO BHYTpeHocTb Kpyra pa,lJ,lfyca Iz I= e-a

Ha nJIOCKOCTH z. IIpH 3TOM KOpHU ypaBHeHHjf (19), JIe)J(aID;ue JIeBee npjfMOH
Req= -cr, cooTBeTcTBYIOT KOpHjfM ypaBHeHUjf (21), JIe)J(aID;HM BHYTPU Kpyra
pa):lHYca Iz I=e-a. CJIe,lJ,OBaTeJIbHO, HeJIUHeHHajf MAC (pHC. 1) 6Y,lJ,eT a6COJIIOTHO

YCToii'IHBOii H ee CTeneHb YCToii'IUBOCTU 6Y,lJ,eT He MeHee 3a):laHHOH cr, eCJIH
xapaKTepHCTHKa H3 npHHa,lJ,JIe)J(HT ceKTOpy (r, k) H eCJIH Bce KOpHH ypaB-
HeHHjf (21), npH Bcex 3Ha'IeHHjfX Nj U Nz onpe,lJ,eJIjfeMbIX ypaBHeHHeM COOT-

BeTCTBYIOm;eii B - OKPY)J(HOCTH r,lJ,e B = r / k, JIe)J(aT BHYTPH Kpyra pa,lJ,uyca

Iz I= e-a, T. e. eCJIH Bce 3TH KOpHU no MO,lJ,yJIIO MeHbllie e -a .

j q
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1.4. 3aKJIIO'IHTeJIbHble 3aMe'leHHH

IIpHBep;eHHble Bbillie KpHTepHH 06COJIlOTHOH YCTOHqHBOCTH HeJIHHeHHbIx

HAC n03BOJIHlOT HCCJIep;OBaTb a6COJIlOTHYlO YCTOHqHBOCTb C nOMOlliblO H3Bec-
TbHbIX cnoco6oB onpep;eJIeHHH qRCJIa HYJIeH M'HorOqJIeHa, JIe)l(aIIlHX BHYTPH
ep;HHHqHOrO Kpyra.

J.J:JIH onpep;eJIeHHSI YCJIOBHH, KOTopbIe HY)I(HO HaJIO)l(HTb Ha K03<P<PRIIHeHTbl
ypaBHeHHH (21), qTo6bl cooTBeTcTBYlOIIIaH HeJIHHeHHaH HAC 6bIJIa a6COJIlOTHO
YCTOHqHBOH HJIH qTo6bl na CHCTeMa HMeJIa CTeneHb YCTOHqHBOCTH He MeHee
3ap;aHHOH, MO)l(HO HCnOJIb30BaTb MeTOp; KopHeBoro rop;orpa<pa p;JIH JIHHeHHblx
HAC, a TaK)I(e MeTop;bl, OCHOBaHbIe Ha oTo6pa)l(eHHH cooTBeTcTBYlOIIIHX KOH-
TypOB Ha nJIOCKOCTH nepeMeHHoH q HJIR Z B nJIOCKOCTb nepeMeHHbIx napaMeTpoB

CHCTeMbI. Op;HaKO, 3TH BonpOCbl He HBJIHIOTCH npep;MeTOM p;aHHOH pa60TbI.

Bbillie paCCMaTpHBaJIaCb a6COJIlOTHaH YCTOHqHBOCTb nOJIO)l(eHHH paBHO-
BeCHH HeJIHHeHHblx HAC. ECJIH HaJIO)l(HTb 60JIee )l(eCTKHe OrpaHHqeHHH Ha
xapaKTepHcTHKY H3, a HMeHHO, nOTpe6oBaTb, qTo6bl OHa 6bIJIa P;H<p<pepeH-
IIHPyeMoH II yp;OBJIeTBOpHJIa YCJIOBHHM

(28,a) r <
d <f.J(x)

< k
dx '

(28,6) <I>(0) = 0,

T. e. qTo6bI npoH3Bop;HaH xapaKTepHCTHKH H3 npHHaP;JIe)l(aJIa nOJIOce (r, k),
TO Ha OCHOBaHHH pe3YJIbTaTOB, I10JIyqeHHb1X B [19-21], MO)l(HO 3aKJIlOqHTb,

'�TO aJIre6paHqeCKHe KpHTepHH a6COJIlOTHOH YCTOHqHBOCTH 06ecneqHBalOT He
TOJIbKO a6COJIlOTHYlO YCTOHqllBOCTb H CTeneHb YCTOHqHBOCTH nOJIO)l(eHHH paBHO-
BeCHH HeJIHHeHHbx HAC, HO H a6COJIlOTHYlO YCTOHqHBOCTb H CTeneHb YCTOHqH-
BOCTH npoIleccoB.
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2. rPA~H~CKHH METO~ HCC~OBAHHB ABCO~THOfi YCTOfi4HBOCTH
HEJIHHEHHbIX HMllY JIbCHbIX ABTOMATH4ECKHX CHCTEM B

nAPAMETPH4ECKOfi llJIOCKOCTH

MeTOA aHIIJIJI3a JIHHeUHblX (HenpepblBHblX H AHCKpeTHblX) CHCTeM aBTO-
MaTHqecKoro perYJIHpOBaHHH B napaMeTpuqecKou nJIOCKOCTH pacnpocTpaHHeTcH

Ha CJIyqaii HeJIHHeUHblX HMnYJIbCHblX aHTOMaTHqecKHX CHCTeM. MeToA OCHOBaH

Ha npHMeHeHHH aJIreOpaHqeCKHX KpHTepHeB a5c0JIlO'fHou YCTOUqHBOCTH HeJIHBeUHbIx

HMnYJIbCHbiX aBTOMaTHqecKHX CHCTeM [1] H M01KeT 6b1Tb npHMeHeH He TOJIbKO

AJIH HCCJIeAOBaHHH AOCTaTOqHHblX YCJIOBuH, npH KOTOpblX CHCTeMa 6YAeT

a6COJIIOTHO YCTOUqHBa, HO H AJIH o!iecneqeHHH AOCTaTOqHblX YCJIOBHU, npH

KOTOpblX :na CHCTeMa HMeeT CTeneHb YCToiiqHBOCTH He Mt'Hee 3aAaHHOU. llOJIY-

qeHHble pe3YJIbTaTbi JIerKO MorYT 6blTb HCnOJIb30BaHbI npH CHHTe3e paCCMaTpH-

BaeMoro KJIaCca HeJIHHeUHblX HMnYJIbCHbiX aBTOMaTHqeCKblX CHCTeM. ~JIH

HJIJIIOCTpal\HH paCCMaTpHBalOTCH npHMepbl.

BBe,a:eHHe

IIo CYllI,eCTBY MeTO,lJ. aHaJIl13a mmeHHbIX CHCTeM aBTOMaTH'IeCKOrO pery-
JUipOBaHlUI B napaMeTpH'IecKOH nJIOCKOCTH npe,lJ.CTaBmleT C060H rpaljm'lecKHH
cnoc06 onpe,lJ.eJIeHHH YCJIOBHH, KOTopble Heo6xo,lJ.HMO HaJIOXHTb Ha K03cpqmU;HeHTbI
xapaKTepHCTH'IeCKOrO ypaBHeHHH CHCTeMbI, 'IT06bI na CHCTeMa 6bIJIa YCTOH-

'�HBOH HJIH '�T06bI OHa Y,lJ.OBJIeTBOpHJIa 3a,lJ.aHHOMY Ka'leCTBY npou;ecca perYJIH-
pOBaHHH. 3TOT MeTO,lJ. BnepBble 6bIJI pa3pa60TaH BbIIIlHerpa,lJ.CKHM [2].

PernaH 3a,D,a'lY 06 YCTOH'IHBOCTH pa60TbI perYJIHTOpOB npHMoro ,D,eHCTBHH,
11. A. BbIIliHerpa,D,CKHH ellIe BO BTOpOH nOJIOBHHe npOIllJIOro BeKa ccpOPMYJIH-
pOBaJI npocToH KpHTepHH YCTOH'IHBOCTH, KOTOpbIH npe,D,CTaBJIHeT He TOJIbKO

HCTOpH'IeCKHH HHTepec, HO, 6JIarO,D,apH npocToTe H Harml,D,HOCTH, HMeeT H
npaKTH'IeCKOe 3Ha'leHHe npH HCCJIe,D,OBaHHH JIHHeHHblx HenpepbIBHbIX cHcTeM,
onHCbIBaeMbIX ypaBHeHHHMH TpeTbero nopH,D,Ka.

TeopHH YCTOH'IHBOCTH JIHHeapH3BaHHblx CHCTeM C cOCpe,D,OTO'leHHbIMH
napaMeTpaMH nOJIY'IHJIa CBoe .uaJIbHeHllI,ee pa3BHTHe B pa60Tax A.A. COKOJIOBa

H 10. 11. HeHMapKa [3], pa3pa60TaBIIIHx MeTO,D, D-pa36HeHHH, KOTOpbIH
npe,D,CTaBJIHeT C060H 0606ll1,eHHe KpHTepHH BbIIllHerpa,D,CKorO ,a:JIH CHCTeM,
onHCbIBaeMblX ypaBHeHHHMH Bblcrnero nopH,D,Ka. EbIJI C03,D,aH MeTO,D, BbI,D,eJIeHHH
06JIaCTeH YCTOH'IHBOCTH no O,D,HOMY KOMJIeKCHOMY H ,D,ByM Belll,eCTBeHHbIM
napaMeTpaM, nOJIyqeH e,D,IiHbIH 0606ll1,aIOllI,HH no,D,XO,D, K cYllI,eCTByIOllI,IiM
KpHTepIiHM YCTOH'IHBOCTH, ,D,aHO HenOCpe,D,CTBeHHo 06ll1,ee peIlleHHe Bonpoca 0
BJIHHHHH Ii3MeHeHIiH napaMeTpOB Ha YCTOH'IHBOCTb CHCTeMbI H 06eCne'leHa
B03MOXHOCTb onpe,D,eJIeHHH pH,D,a Ka'leCTBeHHblX nOKa3aTeJIeH.

MeTO,D, IOrOCJIaBCKHX Y'IeHbIX ,l],. MHTpoBH'Ia [4] H ,l],. ,l],. lliHJIHKa [5],
KOTopble HCnOJIb30BaJIH nO,D,06HbIH xe nO)l:Xo,n: ,n:JIH BbI,n:eJIeHHH 06JIaCTeH

YCTOH'IHBOCTH Ii Ka'lecTBa npou;eccoB B nJIOCKOCTH napaMeTpoB, oco6eHHO

14
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Y,IJ;06eH He TOJIbKO ,lJ,JIH aHaJUi3a JUIHeapH30BaHHbIX HenpepbIBHbIX CHCTeM
C COCpe,lJ,OTO'IeHHbIMH napaMeTpaMH, HO H ,lJ,JIHaHaJIH3a JIHaeHHbIX HMnYJIbCHbIX
aBTOMaTH'IeCKHX CHCTeM (HAC). I1peHMYIlI.eCTBOM::noro MeTO,lJ,a HBJIHeTCHH
TO, 'ITO OH ,lJ,aH B BH,lJ,e HeCJIOX(Horo aJIrOpHTMa, npHrO,lJ,Horo ,lJ,JIH paC'IeTa Ha
aHaJIOrOBbIX HJIH ~H<pPOBbIX BbI'IHCJIHTeJIbHHbIX MaIllHHax. 3TOT )l(e MeTO,lJ,
MO)l(HO npHMeHHTb H ,lJ,JIHrpa<pH'IeCKOrO onpe,lJ,eJIeHHH KopHeH ypaBHeHHH JIlo6oro

nOpH,lJ,Ka. MeTO,lJ, 6bIJI pacnpOCTpaHeH Ha JIHHeHHbIe HMnYJIbCHbIe [6, 7] H Henpe-
pbIBHMbIe [8] CHCTeMbI C 3ana3,lJ,blBaHHeM.

B ,lJ,aHOH pa60Te MeTO,lJ, napaMeTpH'IeCKOH nJIOCKOCTH, llIHpOKO npHMeHH-
eMbIH ,lJ,JIH aHaJIH3a JIHHeHHbIx CHCTeM [2-8], pacnpocTpaHHeTcH Ha aHaJIH3
a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIX HAC. 3TOT )l(e MeTO,lJ, MO)l(HO npH-
MeHHTb H ,lJ;JIH o6eCne'IeHHH ,lJ,OCTaTO'IHbIX YCJIOBHH, npH KOTOpbIX CTeneHb
YCTOH'IHBOCTH nepeXO,lJ,Horo npo~ecca B HeJIHHeHHOH HAC, BbI3BaHOrO BHeIllHHMH
B03,lJ,eHCTBMHMH, 6Y,lJ,eT He MeHee 3a,lJ,aHHOH.

2.1. AHaJIH3 aOCOJIIOTHOH YCTOii'lHBOCTH npH nOMOIQH MeTO,lJ;a
napaMeTpH'IeCKOH nJIOCKOCTH

AJIre6paH'IecKHH KpHTepHH a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIx HAC
[1] npHMeHHeTcH ,lJ,JIH HCCJIe,lJ,OBaHHH 60JIbIllOrO KJIaCCa HeJIHHeHHbIx HAC,

KOTOpbIe MorYT 6bITb CBe,lJ,eHbI K CTpYKType, npe,lJ,CTaBJIHIOIlI,eH C060H COe,lJ,HHeHHe
HeJIHHeHHOro eJIeMeHTa (H3), xapaKTepHcTHKa KOToporo <I>(x) Y,lJ,OBJIeTBOpHeT
YCJIOBHIO

(1) <I>(x) = 0,

If JIIfHeHHOH IfMnYJIbCHOH 'IaCTIf (JIHq), KOTopaH xapaKTepIf3yeTcH nepe,lJ,aTO'I-
HOH <PYHK~HeH

(2) G* (q) = K ~~
(q)

Q* (q)

r,lJ,e K - K03<P<PH~HeHT YCIfJIeHHH JIHq, a Q* (q) If p* (q) - nOJIHHOMbI
OTHOCIfTeJIbHO eq, COOTBeTCTBeHHO cTeneHeH IIf m <; I:

(3)

(4)

KaK nOKa3aHO B [1], 3TOT KpHTepHH rJIaCHT, 'ITO ,lJ,JIH Toro 'ITo6bI
nOJIO)l(eHIfe paBHoBecHH HeJIIfHeHHOH HAC BblJIO a6COJIIOTHO YCTOH'IHBO, ,lJ;OCTa-

TO'IHO, 'ITo6bI xapaKTepHcTHKa H3, Y,lJ,OBJIeTBOpHIOIlI,aH YCJIOBIfIO (1) npIfHa,lJ,-
JIe)l(aJIa ceKTOpy (r, k) If 'ITo6bI Bce KOpHH ypaBHeHHH

(5) k (N1+ jNz) KP* (q) + Q* (q) = 0

6bIJIIf C oTpIf~aTeJIbHOH BeIll,ecTBeHHoH 'IaCTblO H TO npIf Bcex 3Ha'IeHHHX N1
H Nz, onpe,lJ,eJIeHHbIX ypaBHeHHeM B - OKPY)I(HOCTH

[N1-(1 +B)/2F+N~=~(1-B)2,
4

r,lJ,e B=r/k (O<B.;;;; 1).

(6).



16

O,lJ,HaKO, eCJIH nOTpe60BaTb, qT06bI XapaKTepHCTHKa H3 Y,lJ,OBJIeTBOp~JIa

YCJIOBHlO (1), 6bIJIa ,lJ,HcpcpepeHl~HPyeMoM H qT06bI ee npOH3BO,lJ,Ha~ npHHa,lJ,JIe-
)J(aJIa nOJIoce (r, k), TO BbIIlle CcpopMYJmpOBaHbIe aJIre6paHqeCCKl1e Kpl1Tepl1H

a6COJIlOTHOM YCTOMQHBOCTH HeJIHHeMHOM MAC 06eCneQHBalOT He TOJIbKO a6co-
JIlOTHYlO YCTOMQHBOCTb nOJIO)J(eHH~ paBHOBeCI1S1, HO H YCTOMQI-IBOCTb npo~ecoB [9] .

COrJIaCHO TeOpHI1 z-npeo6pa-
30BaHHSI, YCJIOBHlO, QT06bI Bce
KOpHH ypaBHeHHSI (5) 6bIJIH C OTPH-
~aTeJIbHOM BemecTBeHHoM QaCTblO,
T.e. QT06bI Bce 3Tl1 KOpHH 6bIJIH
pacnOJIo)J(eHbI B JIeBOM nOJIynJIoc-

KOCTH q (pHC. 1 a), cooTBeTcTByeT
YCJIOBHe, QT06bI Bce KOpHH ypaB-
HeHH~

(7) k (Nt + jNz) KP(z) + Q (z) = 0

(8)

B (5), 6bIJIH MeHbllle e,lJ,HHH~bI no
no MO,lJ,YJIlO, T.e. QT06bI Bce 3TH
KOpHH HaXO,lJ,HJIHCb BHYTPH Kpyra
e,lJ,I1HI1QHOrO pa,lJ,l1yca Ha nJIOCKC-

CTI1 z (Pl1c. 1, 6).

YpaBHeHl1e (7) MO)J(HO npe,lJ,-
CTaBI1Tb B 60JIee 0611IeM BI1,lJ,e

(9)
I

L ai Zi = 0,
i~O

(10)

(o)

jlmq

(0)

R<q

(2)

PRC. 1

- KOMnJIeKCHbIeQI1CJIa, a z - KOMnJIeKCHaSinepeMeHHa~ z - npe06pa30BaHHSI.

):(JISI I1CCJIe,lJ,BaHI1S1 a6COJIlOTHOM YCTOMQI1BOCTI1 H CTeneHH YCTOMQI1BOCTI1

HeJII1HeMHOM MAC B nJIOCKOCTI1 napaMeTpOB kKN[ 11 kKNz, np0l13Be,lJ,eM 3aMeHY
nepeMeHHoM

(11 )

OTClO,lJ,a nOJIYQI1M

(12)

r,lJ,e Tj (~z) 11 Vi (~z) SlBJISIlOTCSI cpYHK~l1S1Ml1 qe6bIII1eBa nepBoro 11 BToporo
IIOp~,lJ,Ka, COOTBeTCTBeHHO

(13)
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3TH <PYHK:U;HH Ta6YJIHpOBaHbI (10) H ,lI,ml HHX CnpaBe,ll,JIHBH cJJ:e,ll,YlOlII,He

peKypeHTHbIe <POPMY JIbl:

(14) Ti+I (~z) - 2 ~z Ti (~z) + Ti-! (~z) = 0, Ui+I(~z) - 2 ~zUi (~z) + Ui-! (~z) = 0

,lI,JIHi;;, 2, npH'IeM To (~z) = 1, TI (~z) = ~z' Uo (~z) = 0, UI (~z) = ~ 1-~;.

nO,ll,CTaBJIRH (10) H (12) B ypaBHeHHe (9), HaXO,ll,H BeI:u;eCTBeHYIO H MHHMylO

'IaCTb H npHpaBHHBaH HX HYJIRM, nOJIY'IHM

kKNJAJ(wz, ~z)-kKNzAz(wz' ~z)+DJ(wz' ~z)=O

kKNJ Az (wz, ~z)+ kKNZAJ (wz. ~z)+ Dz (wz, ~z)= 0
(15)

me, COrJIaCHO (10) H (12),

m m

A[(wp ~z)= L: biw~Ti(~Z)' Az(wz, ~z)= L: biw~Ui(~z),
;~o ;=0

(16)
I I

DJ(wz, ~z)== L: ciw~Ti(~Z)' Dz(wz. ~z)= L: CiW~Ui(~z)'
;=0 ;=0

PewaH ypaBHeHHH (15), ,lI,JIH kKNJ H kKNz, nOJIY'IHM

Al (6).. ~.)DI (6).. ~.)+A2(6).. ~.)D2 (6).. ~.)
kKNJ = - z 2

A 1 (6).. ~.)+ A2 (6).. ~.)

A2 (6).. ~.) DI (6).. ~.)-AI (6).. ~.) D2 (6).. ~.)
kKNz = 2 2 .

AI (6).. ~.) + A2 (6).. ~.)

(17)

QT06bI npHMeHHTb MeTO,ll, napaMeTpH'IeCKOH nJIOCKOCTH ,lI,JIR HCCJIe,ll,OBaHlIR
a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHOH MAC, H306pa3HM Ha nJIOCKOCTH napa-
MeTpoB kKNJ, kKNz KPHBYIO Wz = 1 npH H3MeHeHHH ~z OT 1 ,lI,0 - 1.

3Ta KpHBaR nOJIY'IaeTCR oT06pa)l(eHHeM e,ll,HHH'IHorO Kpyra Iz I= 1 (pHC. 1, 6)
npH nOMOllI,H ypaBHeHHH (16) H (17). B CHJIY cHMMeTpHH OTHOCHTeJIbHO

,lI,eHcTBHTeJIbHOH OCH, MR nOCTpoeHHR ee ,lI,OCTaTO'lHOH3MeHHTb ~z TOJIbKO
B,lI,OJIb BepXHeH nOJIYOKpY)I(HOCTH Ha pHC. 1, 6.

KpHBaR Wz = 1 pa3,l1,eJIReT nJIOCKOCTb napaMeTpoB Ha 06JIaCTH, BHYTPH
KOTOpbIX Bee ypaBHeHHR, nOJIY'IaeMbIe nO,ll,CTaHOBKOH COOTBeTcTBylOlII,HX 3Ha'leHHH

kKNJ H kKNz B (10), HMelOT O,ll,HaKOBOe KOJIH'IeCTBO KopHeH BHYTPH Kpyra

Izi = 1 (pHC. 1,6).
EY,lI,eM Ha3bIBaTb 06JIaCTbIO YCTOH'IHBOCTH Y'IaCTOK nJIOCKOCTH napaMeTpoB,

B KOTOpOM 'IHCJIO 3THX KopHeH paBHO I, r,ll,e I CTeneHb ypaBHeHHR (9).

IJOJIb3YRCb ypaBHeHHeM ceMeHcTBa B - OKPY)l(HocTeH (6), Ha nJIOCKOCTH

kKN1, kKNz MO)l(HO H306pa3HTb TaK)I(e H OKPY)I(HOCTH, Ka)l(,lI,OH H3 KOTOpbIX
6Y,lI,YT COOTBeTCTBOBaTb CBOH 3Ha'leHHR napaMeTpoB r, k H K.

B - OKPY)I(HOCb Ha nJIOCKOCTH N1, Nz onHCHBaeMaR ypaBHeHHeM (6),
nepeceKaeT OCb a6c:qHcc B TO'lKaX B = r/k H 1. Mcxo,ll,R H3 :noro, cooTBeTcTBY-
IOlII,aR OKPY)I(HOCTb Ha nJIOCKOCTH napaMeTpoB kKN1, kKNz nepeceKaeT OCb
a6c:U;Hcc B TO'lKaX rK H kK (pHC. 2). 3TY OKPY)I(HOCTb, KOTopaR 0,ll,H03Ha'iHO
onpe,ll,eJIReTCR cooTBeTcTBylOlII,HMH 3Ha'leHHRMH napaMeTpOB r, k, K 6ytl:eM
Ha3bIBaTb napaMeTpH'IeCKOH OKpY)I(HOCTblO.
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Ha OCHOBaHHH ,!!.aHHOrO BbIllie KpHTepHH a6COJIIOTHOH YCTOH1JHBOCTH
HeJIHHeHHOH HAC, JIeno YCTaHOBHTb, 1JTO HeJIHHeHHaH HAC C xapaKTepHCTHKOH
H3, nplma,!!.JIe)l(ameH ceKTOpy (r>O, k), nHq KOTOpOH xapaKTepH3yeTcH
nepe,!!.aT01JHOH 4>YHKII;HeH G* (q) =

= KP* (q)jQ* (q), 6y,!!.eT a6COJIIOTHO
YCTOH1JHBa Tor,!!.a, Kor,!!.a Ha nJIO-
CKOCTH kKN1, kKN2 COOTBeTCTBY-
IOmaH napaMeTpH1JeCKaH OKpY)I(-
HOCTb He nepeceKaeT KPHBYIO CUz= 1
H HaXO,!!.HTCH BHYTPH 06JIaCTH
YCTOH1JHBOCTH.

TaKHM 06pa30M, nopH,!!.oK
onpe,!!.eJIeHHH 3Ha1JeHHH napaMeT-
pOB r, k H K, npH KOTOpbIX
HCCJIe,!!.yeMaH CHCTeMa YCTOH1JHBa,
CBO,!!.HTCHK cJIe,!!.ylOmeMy:

a) H3 ypaBHeHHH (9) Haxo.n;HM
BbIpa)l(eHHH (16),

6) B BbIpa)l(eHHH (16) no,!!.-
CTaBJIHeM CUz= 1,

B) 3a,!!.aBaHCb pa3JIH'lHbIMH 3Ha1JeHHHMH ~z OT 1 ,!!.O -1 B (16) H

nOJIb3YHCb BbIpa)l(eHHHMH (17), CTpOHM KPHBYIO CUz= 1.

r) onpe.n;eJIHeM 06JIaCTb YCTOH1JHBOCTH,

,!!.) BnHCbIBaH napaMeTpH1JeCKHe OKPY)I(HOCTH BHYTpH 06JIaCTH YCTOH1JHBOCTH,
onpe,!!.eJIHeM HCKOMbIe 3Ha1JeHHH napaMeTpoB r, k H K, H Ha OCHOBe nOJIY1JeHHbIX
,!!.aHHbIX CTpOHM KPHBYIO (kK)max = S (rK).

HJlJllOcTpHpyeM H3JIO)l(eHHbIH MeTO,!!. npHMepoM.

PaccMoTpHM HeJIHHeHHYIO HAC, CTPYKTypHaH cxeMa KOTOpOH nOKa3aHa

Ha pHC. 3. TIYCTb xapaKTepHcTHKa H3 <II(x) eToH CHCTeMbI npHHa,!!.JIe)l(HT

r/(
kK

kKN,

PRc.2

f/i>J

PRc.3

Gs (s)

ceKTOpy (r, k), nepHo,!!. nOBTopeHHH HMnYJIbCOB T= 1 ceK. H nepe,!!.aT01JHbIe
4>YUKII;HH

l-e-.T K 1,404
G1 (s)=G3 (s) = , G2 (s) =-, G4(s)= , Gs(s)= 2,5 s.

s s+ 2,3 s (s+ 3,51)
(18)

TIOJIb3YHCb aJIre6paH1JeCKHM KpHTepHeM a6COJIIOTHOH YCTOH1JHBOCTH HeJIH-

HeHabIX HAC, onpe,!!.eJIHM npH nOMOmH MeTo,!!.a napaMeTpH1JeCKOH nJIOCKOCTH

MaKCHMaJIbHbIe 3Ha1JeHHH kK, COOTBeTcTBylOmHe pa3JIH1JHbIM 3Ha1JeHHHM rK,

npH KOTOpbIX BbllIOJIHHIOTCH ,!!.OCTaT01JHbIe YCJIOBHH a6cOJIIOTHOH YCTOH1JHBOCTH.



AJlaJIH3 JleJIHlleWrblx CHCTeM aBTOMaTH'IeCKOrO ynpaBJIeJlHR npHMeJleJl~CM . . . 19

Ha OCHOBaHHHaJIre6phI Z - npe06pa30BaHmi [11], z - m!pe.ll.aTO'lHaSi

4>YHK~HSI JUlq HCCJIe.ll.yeMoH CHCTeMhl nOJIY'IaeTCSI B BH.lI.e

(19) G (Z) =
G1 G2(Z) G3G.(Z)

,
1 +G3G.G5(Z)

r.ll.e
z-1

{

K

}
GjGj (z)=- & ,

z s(s+2,3)

(20) G3G4(Z)=z-1 &
{

1,404

}
,

z S2(S+ 3,51)

TIOJIh3YSlCh Ta6JIH~eH Z - npe06pa30BaHHSI [11] H Y'IHTHBaSl, '�TO nepHO.ll.
nOBTopeHHSI HMnYJIhCOB T= 1 ceK., nOJIY'lHM

G G (z ) = K
0,3913

j
2

z-O,1 '

(21 ) G3G4(z)=
0,2894z+0,0988

,
(z-l) (z-0,03)

G3G4GS (z) =
0,97 .

z-0,03

(22)

TIO.ll.CTaBJISISI(21) B (19), nOJIY'IHM

G (z) = K
0,1132z+ 0,0386 ,

(z-l) (z-O,I) (z-0,94)

HJIH

(23) G (z) =
KP (z)

= K
0,1132z+ 0,0386 .

Q(z) z3-0,16 z2-0,934 z+ 0,094

ECJIH nO.ll.CTaBHM nOJIHHOMhl P (z) H Q (z) B (7), TO nOJIYQHM ypaBHeHHe (9)
B BH.lI.e

(24)
z3-0,16 z2+(0,1132kKNj + jO,I132kKN2-O,934)+

+ 0,0386 kKNj + 0,0386 kKN2 + 0,094 = O.

OTClO,lI;a nOJIY'laeM cooTBeTcTBylO~He BhIpa)l(eHHSI (16)

(25)

Aj (coz, ~z)= 0,0386 + 0,1132 COzTj (~z)'

A2 (coz, ~z) = 0,1132 COzUj (~z),

( 2 3
Dj (coz, ~z) = 0,094-0,934 COzTj ~z)- 0,16 COZT2 (~z) + COZT3 (~z)'

2 3 Y
Dz (coz, ~z) = -0,934 COzUj (~z)-O, 16 COZU2 (~z) + COZU3 (~z).

2.
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.IJ:JUI aHaJIH3a a6COJIlOTHOH YCTOH1IHBOCTH HeJIHHeHHOH RAC (pHC. 3)
HCCJIep:yeM, JIe)l(aT JIH Bce KOpHH ypaBHeHH~ (24) BHYTPH OKPY)l(HOCTH pap:Hyca

(<.uz= 1) C I.J;eHTpOMB Ha1IaJIe Koopp:HHaT KOMIIJIeKCHOHIIJIOCKOCTHz. IIoJIara~
<.uz= 1 B ypaBHeHHxx (25) H 3ap:aBa~Cb pa3JIH1IHbIMH 3Ha1IeHH~MH IIapaMeTpa ~z
OT 1 p:o -1, IIO ypaBHeHH~M (17) IIOCTpOHM KPHBYlO <.uz= 1 (pHC. 4). .IJ:JI~
BbI1IHCJIeHH~ COCTaB~lOIII;HXAj (1, ~z)' A2 (1, ~z) Dj (1, ~z) H D2 (1, ~z) ypaBHeHHH
(17) IIO ypaBHeHH~M (25) MO)l(HO BOCIIOJIb30BaTbC~ TaK)I(e Ta6JI1fI.J;aMH <}>YHKI.J;HH
qe6bIllieBa [10].

IIoJIara~ Nj = 1 H Nz = 0 B ypaBHeHHH (24), IIOJIY1IHM

(26) Z3-0, 16z2 + (0,1132 kK-0,934) z+ 0,0386 kK + 0,094 = O.

YpaBHeHHe (26) ~BJI~eTC~ xapaKTepHCTH'IeCKHM ypaBHeHHeM JIHHeapH30B-

aHHoH RAC, IIOJIY1IaeMOH 3aMeHoH H3 B HCCJIep:yeMoH HeJIHHeHHOH RAC JIHHeH-
HbIM 3JIeMeHTOM C K03<}>If>HI.J;HeHTOM YCHJIeHH~ paBHblM k. IIoJIb3y~cb IIepep:a-
T01IHOH <}>YHKI.J;HeH(24) H IIpaBHJIaMH aHaJIOra MeTop:a KopHeBoro rop:orpa<}>a

P:JI~ JIHHeHHbIx RAC [ 11], HeIIocpep:cTBeHHo MO)l(HO 3aKJIlO1IHTb, 'ITO IIPH
IIOJIO)l(HTeJIbHbIX 3Ha1IeHH~X kK, p:OCTaT01IHO 6JIH3KHX HYJIlO, ypaBHeHHe (26)

HMeeT Bce KOpHH MeHbllle 1 IIO MOp:YJIlO. CJIep:oBaTeJIbHO, P:JI~ Bcex T01IeK

~z=-J

0,0

I

2

KKN,

0.8

-6

PRc.4

UOJIO)l(HTeJIbHOrO oTpe3Ka OCH a6CI.J;HCC, Haxop:~III;eroc~ JIeBee KpHBOH <.uz= 1
(pHC. 4), Bee KOpHH ypaBHeHH~ (24) 6YP:YT no MOP:YJIlO MeHbllie 1. TaKHM
06pa30M, Y1IaCTOK IIJIOCKOCTH kKNj, kKNz, HaxoP:~III;HHC~ cnpaBa OT OCH kKNz

H OrpaHH'IeHHbIH KpHBOH <.uz= 1 ~BJI~eTC~ 06JIaCTblO YCTOH'IHBOCTH.
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CJIe,D,yeT, O,D,HaKO, nO,D,'�epKHYTb, '�TO npOBepKY 06JIaCTH YCTOH'IHBOCTH
B HaH60JIee 06rn;eM CJIY'Iae MO)KHO ocyrn;ecTBHTb, BOCnOJIb30BaBWHCb KpHTepHeM
MHXaHJIOBa npHMeHHTeJIbHO K HCCJIe,D,OBaHHHM YCTOHlfHBOCTH, CTeneHH YCTOH-

'�HBOCTH H CTeneHH KOJIe6aTeJIbHOCTH JIHHeHHblx HAC [12], a TaK)Ke C nOMorn;blO
H3BeCTHblX cIIoco6oB OIIpe,D,eJIeHHH IfHCJIa HYJIeH MHOrO'lJIeHa, JIe)Karn;HX BHYTPH
e,D,HHH'IHOrO KPyra.

,n:JIH onpe,D,eJIeHHH MaKCHMaJIbHbIX 3HalfeHHH kK, cooTBeTcTBylOlIIHx pa3-
JIHlfHbIM 3Ha'leHHHM rK, IIPH KOTOpbIX BbIIIOJIHHIOTCH ,D,OCTaTO'lHble YCJIOBHH
a6COJIlOTHOH YCTOHlfHBCCTH, BIIHIneM BHYTPb 06JIaCTH YCTOHlfHBOCTH COOTBeT-
CTBYIOrn;He napaMeTpHlfecKHe OKPY)KHOCTH, KacalOrn;HeCH KpHBOH <Uz= 1. Ha pHC.4
H306pa)KeHbI ,D,Be TaKHe OKPY)KHOCTH,
,D,JIHrK = 0,5 H rk = 5. TIpH 3TOM MaKCH-
MaJIbHble 3Ha'leHHH kK paBHHIOTcH COOT-
BeTCTBeHHO a6CIJ;HcCaM TOlfeK A (9,8; 0)
H B (12; 0). ECJIH BnHcaTb 60JIblliOe
KOJIH'IeCTBO napaMeTpH'IeCKHX OKPY)KHOC-
TeH BHYTPb 06JIaCTH YCTOH'IHBOCTH,
Ka)K,D,aH H3 KOTOpbIX KacaeTCH KpHBOH

<Uz= 1, TO no IIpHBe,D,eHHoMy BbIllIe CIIO-
co6y onpe,D,eJIeHHH MaKCHMaJIbHbIX 3Ha-
lfeHHH kK, nocTpoHM KPHBYIO (kK)max =

= S (rk) (pMC. 5). 3HaH '�MCJIeHHOe 3H""-
'�eHMe K M r, C IIoMorn;blO KpMBOH Ha
pMC. 5 HeTpY,D,Ho onpe,D,eJIMTb 3HalfeHMe npe,D,eJIbHOrO K03<p<PMIJ;MeHTa YCHJIe-
HMH knp ceKTopa (r, k np).

JIeno nOKa3aTb '�TO npH r = k COOTBeTCTBYIOrn;aH napaMeTpM'IeCKaH
OKPY)KHOCTb BblpO)K,D,aeTCH B TO'lKY kK Ha OCM a6CIJ;HCC nJIOCKOCTM kKNt, kKNz.
B 3TOM CJIYlfae nOJIY'IeHHble ,D,OCTaTOlfHble YCJIOBHH a6COJIlOTHOH YCTOH'IHBOCTH
HeJIHHeHHOH HAC 6Y,D,YT COOTBeTCTBOBaTb Heo6xo,D,MMbIM M ,D,OCTaTO'lHbIM
YCJIOBHHM YCTOHlfMBOCTM JIMHeapM3::JBaHHoH MAC C K03<p<PMIJ;MeHTOM YCMJIeHMH
JIMHeHHoro 3JIeMeHTa paBHbIM k. TIpe,D,eJIbHOe 3HalfeHHe kK, npH KOTOpOM
JIMHeapM30BaHHaH MAC 6Y,D,eT YCToHlfMBa, onpe,D,eJIHeTCH TOlfKOH nepeCe'leHMH
KpMBOH <Uz= 1 C OCblO kKNt. ,n:JIH paccMaTpMBaeMoH HeJIMHeHHOHHAC 3TO
3Ha'leHHe onpe,D,eJIHeTCH TOlfKOH C (13; 0) (pMC. 4) M, CJIe,D,OBaTeJIbHO, JIMHeapH-
30BaHHaH MAC 6Y,D,eT YCTOH'IMBa npM Bcex 3HalfeHHHX 0<. kK <. 13.

_rK

PRc.5

2.2. AHaJIH3 ,a:OCTaTO'lHbIX YCJIOBHii, oOeCne'lHBaIOIQHX

CTeneHb YCToii'lHBOCTH He MeHee 3a,a:aHHoii.

KaK nOKa3aHO B [1], paccMaTpHBaeMaH HeJIMHeHHaH MAC 6y.n;eT a6COJIlOTHO
YCToHlfMBa M ee CTeneHb YCTOH'IMBOCTH 6Y,D,eT He MeHee 3a,D,aHHOH (1', eCJIM Bce
KOpHH COOTBeTCTBYIOrn;ero ypaBHeHHH (5) HaXO,D,HTCH JIeBee npHMoH Req=-(1

Ha nJIOCKOCTH q (pMC. 1, B), HJIM eCJIM Bce KOpHM ypaBHeHMH (7) JIe)KaT BHYTPM
KPyra pa.n;Myca e-a Ha nJIOCKOCTH Z (pMC. 1, r). TIpM noM xapaKTepHCTMKa H3,
y.n;OBJIeTBOpHIOrn;aH YCJIOBHIO (1), .n;OJI)KHa Haxo.n;MTCH BHYTPM ceKTopa (r> 0, k)

H .n;aHHble BbIwe YCJIOBHH, KacalOrn;MeCH pacnpe,D,eJIeHHH KopHeH ypaBHeHMH (5)
HJIM (7), ,D,OJI)KHH BbIIIOJIHHTCH npH Bcex 3HalfeHHHX Nt H Nz' onpe.n;eJIHeMbIX
ypaBHeHHeM cooTBeTcTBYIOrn;eH B - OKp~HOCTM (6), r,D,e B = r/k.
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Bemf1IHHa G Ha3bIBaeTCH CTeneHblO YCTOH'IUBOCTU U n03BOJIHeT npu6JIu-
x<eHHO On.eHHTb 6bICTPOTY 3aTyxaHHH nepeXO,ll,HOrO npon.ecca B HeJIHHeHHOH MAC,
BbI3BaHoro JII06bIM BHemHuM B03,l1,eHCTBUeM Tuna Ha'laJIbHbIX YCJIOBUH [1].
O,l(HaKO, eCJIU xapaKTepHCTUKa H3 <I>(x), Y,l(OB.ITeTBOpHIOm;aH YCJIOBUIO (1),
,l(u<p<pepeHn.HpyeMa H ee npOU3BO,ll,HaH d<l> (x)jdx npHHa,l(JIeX<HT nOJIoce (r>O, k)
TO C<POPMYJIUpOBaHbIe BbIme aJIre6paU1feCKUe KpHTepHH CTeneHH YCTOH'IHBOCTU
06eCne'lUBa1OT He TOJIbKO 3a,l(aHHYIO CTeneHb YCTOH1fUBOCTU npon.ecca B HeJIH-
HeHHoH MAC, BbI3BaHOrO BHemHHM B03,l(eHcTBUeM THna Ha1faJIbHbIX YCJIOBHH,
HO H 3a,l(aHHYIO CTeneHb YCTOH1fUBOCTU npon.ecca, BbI3BaHOrO HeHC'Ie3alOlII,UM
BHemHHM B03,l(eHCTBHeM, KOTopoe OrpaHH1feHO no MO,l(YJIIO [13].

TaKUM o6pa30M, ,l(JIH aHaJIU3a ,l(OCTaT01fHbIX YCJIOBUH, npu o6eCne1feHIIU
KOTOpbIX HeJIUHeHHaH MAC 6Y,l(eT a6COJIIOTHO YCTOH1fUBa U ee CTeneHb YCTOH-
1fUBOCTU 6Y,l(eT He MeHee 3a,l(aHHOH G, MOX<HO UCnOJIb30BaTb MeTO,l(UKY,

U3JIOx<eHHYIO B npe,l(bI,l(YlII,eM pa3,l(eJIe. O,l(HaKO, npu HCCJIe,l(OBaHUU CTeneHU.
YCTOH1fUBOCTU npu nOMOlIl,H MeT0,l(a napaMeTpU'IeCKOH nJIOCKOCTU nOJIb3YHCb
ypaBHeHUHMU (17), oTo6pax<aeTcH aepXHaHH nOJIYOKpYX<HOCTb Ha puc. 1, r,
B,l(OJIb KOTOpOH c.uz= e-o, B nJIOCKOCTbnapaMeTpOB kKNj

-
U kKNz. TaKUM

06pa30M Ha nJIOCKOCCTU kKNj, kKNz nOJIY1faeTCjf KpUBaH c.uz= rO, Ha OCHOBe

KOTOpOH MOX<HO onpe,l(eJIUTb 06JIaCTb CTeneHU YCTOH1fUBOCTU, T. e. Y1faCTOK
nJIOCKOCTU napaMeTpOB ,l(JIH KOToporo Bce KOpHU ypaBHeHUjf (7) 6Y,l(YT MeHbme
rO no MO,l(YJIIO.

IIocJIe onpe,l(eJIeHUjf 06JIaCTU CTeneHU YCTOH1fUBOCTU U BnUCbIBaHUH BHYTPbI
3TOH 06JIaCTU COOTBeTcTBYlOlII,UX napaMeTpU1feCKUX OKPYX<HOCTU, nOJIY1faeM

KPUBYIO (kK)max = S (rk).

fen]

PHC. 6

PaCCMOTpUM npHMep. IIycTb nepe,l(aT01fHaH <PYHKn.UjfJIHq HeJIUHeHHOH
HAC (puc. 6) HMeeT BU,l(

I-e-.T
G(s)-G (s)G (s)-K- h j - s2(1+0,ls) (1+0,05s)

,

r,l(e nepuo,l( nOBTopeHuH T = 0,1 ceK. XapaKTepucTuKa HeJIUHeHHOro 3JIeMeHTa

<I>(x} uCCJIe,l(yeMoH cucTeMbI npuHa,l(JIe)l(HT ceKTOPY (r>O, k). Onpe,ll,eJIUM
YCJIOBUjf, npu KOTOpbIX 3Ta CUCTeMa 6Y,l(eT a6COJIIOTHO YCTOH1fUBa U ee CTeneHb
YCTOH1fUBOCTU 6Y,l(eT He MeHee G = 1.

Z - nepe,l(aT01fHaH <PYHKn.U}I JIHq uCCJIe,l(yeMoH CHCTeMbI nOJIY1faeTCjf

(27)

B BU,l(e

(28) G (z) = GhGj (z),

(29) z-I
{

K
}

GhGj(z)=-& .
z S2 (I + 0,1 s) (I + 0,05 s)
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I1cnOJIb3YH n6JIHlJ,y z - npe06pa30BaHHH [11] H yqHTblBa", qTO nepHO~
nOBTopeHHH HMnYJIbCOB T= 0,1 ceK., H3 (28) H (29) nOJIyqHM

(30) G(z)=
O,OI64K(z2 + 2,05z+ 0,232)

,
(z-l) (z-O,368) (z-O,135)

T.e.

(31) G (z) =
KP (z)

= K
0,0164 Z2+ 0,0336 z + 0,0038 .

Q(z) zJ-l,503 Z2+ 0,553 z-0,0497

P(z) H H3 (31) B (7), nOJIyqHM

Z3 + (0,0164 kKN1 + jO,0164 kKNz-1,503)zz

+ (0,0336 kKNI + j 0,0336 kKNz + 0,553) z

+ 0,0038 kKNI + j 0,0038 kKNz-0,0947 = O.

TIo~cTaBJIHH

(32)

TIOJIb3YHCb ypaBHeHHeM (32), nOJIyqHM Bblpa)KeHHH (16) B BH~e

Al (<Oz, ~z) = 0,0038 + 0,0336 <OzTI (~z) + 0,0164 <0; Tz (~z)'

Az (<Oz, ~z) = 0,0336 <OzUI (~z) + 0,0164 <0;Uz (~z)'

DI (<Oz,~z) = - 0,0497 + 0,553 <OzTI (~z)-1,503 <0; Tz (~z) + <0;T3 (~z)'

Dz (<Oz,~z) = 0,553 <OzUI (~z)-1,503 <0;Uz (~z) + <0; U3 (~z)'

TIOJIaraR <Oz= 1 H <Oz = e-l =
= 0,905 B ypaBHeHHRx (33) H 3a-

~aBaH pa3JIHqHble 3HaqeHHH napa-
MeTpa ~z OT 1 ~o - 1, no ypaB-
HeHHRM (17) MO)KHO nOCTpoHTb,
COOTBeTCTBeHHO, KpHBble <Oz= 1 H

<Oz = 0,905 Ha nJIOCKOCTHkKNI,
kKNz.

Ha pHC. 7 CXeMaTHqeCKH
H306pa)KeHbl 3TH KpHBble. MO)KHO

nOKa3aTb, qTO 06JIaCTblO YCTOHqH-

BOCTH RBJIReTCR yqaCTOK nJIOCKOCTH

kKNI, kKNz HaXO~HllJ,HHCR cnpaBa
OT OCH kKNz H OrpaHHqeHHblH
KpHBOH <Oz= 1, a 06JIaCTblO 3a~aH-
HOH CTeneHH YCTOHqHBOCTH (cr = 1)
RBJIHeTCR yqaCTOK nJIOCKOCTH, Ha-
XO~RllJ,HHCH cnpaBa OT npRMoH

kKNl = 2,3 H OrpaHHqeHHblH KPH-
BOH <Oz= 0,905.

):(JIR Toro qT06bl nOJIyqHTb

~OCTaTO'lHble YCJIOBHH a6COJIIOTHOH
YCTOHqHBOCTH H 3a~aHHoH CTeneHH
YCTOHqHBOCTH, nocTpoeHbl HaqeJIbHble yqaCTKH

~JIR 3HaqeHHH ~z OT 1 H MeHblIIe (pHC. 8).

(33)

kKNt

---

\

kKNI

PHc.7

KpHBblX <Oz = 1 H <Oz = 0,905,
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IIOBTOpHH MeTO,lJ,HKY OlIpe,lJ,eJIeHHH MaKCHMaJIbHblX 3HaqeHblX kK, COOT-

BeTCTBYIO~HX pa3JIHqHblM 3HaqeHHjfM rK, KOTOpajf 6blJIa paCCMOTpeHa B

IIpe,lJ,bl,lJ,y~eM pa3,1J,eJIe, MJ)J(HO 1I0JIyqHTb Kpl.fBYIO (kK)max = S (rK) (pHC. 9, a)
rpaHH~bI a6cOJIIOTHOH YCTOH'IHBOCTH. IIo,lJ,06HYIO KPHBYIO MO)J(HO IIOJIyqHTb H

,lJ,JIjf 3a,lJ,aHHOH CTelIeHH YCTOH'IHBOCTH. )],JIjf 3Toro, BIIHllieM BHYTPH 06JIaCTH

3a,lJ,aHOH CTelIeHH YCTOHqHBOCTH ,lJ,JIjf pa3JIH'IHbIX 3HaqeHHH rK COOTBeTCTBYIO~He

lIapaMeTpH'IeCKHe OKPY)J(HOCTH, KacaIO~HeCjf KpHBOH CJ)z = 0,905. Ha pHC. 8
H306pa)J(eHbI ,lJ,Be TaKHe OKPY)J(HOCTH, IIPH rK = 3 H rk = 4,5. IIpH nOM MaKCH-
MaJIbHbIe 3Ha'leHHH kK paBHjfIOTCjf
COOTBeTCTBeHO a6C~HccaM TOqeK
A (4,8; 0) H B(6,1; 0). BnHcHBaR
60JIblliOe KOJIH'IeCTBO lIapaMeTpH-
qeCKHX OKpY)J(HocTeH BHYTPb 06-

JIaCTH 3a,lJ,aHHOH CTeneHH YCTOH'IH-
BOCTH, Ka)J(,IJ,aH H3 KOTOpblX Kaca-
eTCH KpHBOH CJ)z = 0,905, IIO npHBe-
,lJ,eHHOMY BbIllie cIIoc06y IIOCTpOHM

KPHBYIO (pHC. 9,6).

KaK Y)J(e IIOKa3aHO, KpHBbIe
Ha pHC. 9 ,lJ,aIOT B03MO)J(HOCTb npH
H3B~CTHbIX 3Ha'leHHHX K H r, olIpe-
,lJ,eJI~Tb 3HaqeHHH IIpe,lJ,eJIbHbIX KO-

34><l)H~HeHTOB YCHJIeHHH knp ceK-
Topa (r, kup), ,lJ,JIHKOTOpbIX pacc-
MOTpHBaeMaR CHCTeMa 6Y,IJ,eT COOT-

BeTCTBeHHO a6COJIIOTHO YCTOHqHBa

HJIH ee CTelIeHb YCTOHqHBOCTH 6Y,IJ,eT He MeHee 3a,lJ,aHHOH (j
= 1.

PaCCTOHHHe Me)J(,IJ,Y KpHBbIMH Ha pHC. 9 1I03BOJIReT OlIpe,lJ,eJIHTb, HaCKOJIbKO

06JIaCTb 3a,lJ,aHHOH CTeneHH YCTOH'IHBOCTH MeHbllie, qeM 06JIaCTb YCTOH'IHBOCTH.

B COOTBeTCTBHH C IIpHBe,lJ,eHHbIM B IIpe,lJ,bI,IJ,y~eM pa3,1J,eJIe cIIOC060M

OlIpe,lJ,eJIeHHH IIpe,lJ,eJIbHOrO 3Ha'leHHH kK, IIPH KOTOpOM JIHHeapH30BaHHaH MAC

6Y,lJ,eT YCTOH'IHBa, Ha OCHOBaHHH pHC. 8 3aKJIIOqaeM, qTO JIHHeapH30BaHHaH MAC

2

-2

7,.'
-2

/6 /8 rrKN,

PRC. 8

IZ

"
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E

"
,
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, . " IZ
-rK
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CHCTeMbI HapHc. 6 6Y,I:\eT YCTOH'IHBOH npH Bcex 3Ha'leHHgX 0.;; kK .;; 13,2.
TIOJIb3ygCb KpHBOH Ctlz = 0,905, TeM )l{e caMbIM cnoco6oM 3aKJIIO'IaeM, '�TO

'):To6bI 3Ta JIHHeapH30BaHHag MAC HMeJIa CTeneHb YCTOH'IHBOCTH He MeHee
3a,I:\aHHOH (J

= 1 npH Bcex 3Ha'leHHgX 2,3.;; kK.;; 7.

B 3aKJIIO'IeHHe nO,I:\'�epKHeM, '�TO H3JIO)l{eHHbIH BblIue cnoco6 npHMeHeHHg
aJIre6paH'IeCKOrO KpHTepHg a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIx MAC ,I:\JIg
HCCJIe,I:\OBaHHg a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIx MAC npH nOMOI.J.J:H
MeTO,I:\a napaMeTpH'IeCKOH nJIOCKOCTH M:J)I{HO HCnOJIb30BaTb ,I:\JISIHCCJIe,I:\OBIHHSI
HeJIHHeHHbIx MAC npH HaJIa'lHH 3aUa3,I:\blBaHHSI H Boo6I.J.J:e Tor,I:\a, KOr,I:\a
z - nepe,I:\aTO'lHYIO <PYHKIIHIO JIMq CHCTeMbI MO)l{HO ,I:\aTb B <popMe (2).

bJIarO,I:\apag npHMeHeHHIO <PYHKIIHH qe6bIllieBa, npHBe,I:\eHHblH BbIllIe MeTO,I:\
,I:\aH . B BH,I:\e HeCJIO)l{HOrO aJIrOpH1Ma, npHrO,I:\HOrO ,I:\JISIpaC'IOTa Ha IIH<PPOBbIX
BbI'IHCJIHTeJIbHbIX MalliHHax. no npHBe,I:\eHHoMy BbIllie cnoco6y, nocTpoeHHe
COOTBeTCTBYIOI.J.J:HX KpHBbIX Ctlz= 1 If Ctlz = e-a MO)l{HOBbIllOJIHHTb C nOMOI.J.J:bIO
MO,I:\eJIHpyIOI.J.J:HX YCTPOHCTB [14].
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3. AJlrEBPAMqE;CKMM KPMTEPMM ABCOJlIOTHOA YCTOAqMBOCm
npOQECCOB B HEJlMHEAHbIX HEnPEPbIBHbIX CMCTEMAX

ABTOMATMqECKOrO ynPABJlEHM»

cII0PMYJlHpyeTcR aJIre5paH'ieCKHii KpHTepHii a5coJilOTHOii YCToii'lHBOCTH npo-
l-eCCOB B HeJIHHeiiHblX HenpepblBUbiX aBTOMaTH'IecKHX CHCTeMaX. Ha OCHOBe
npe~JlaraeMOr anre5paH'IeCKOrO KpHTepHH paJpaOoTblBaeTcR MeTO~RKa np8Me--
ueUHR MeTo~a napaMeTpH'leCKOii nJlOCKOCTH ~JlR HCCJle~OBaHHR a5coJilOTUoii
YCToii'lHBOCTH H CTeneHH YCTOii'lHBOCTHueJlHHeiiubiX uenpepblBUbiX CHCTeM aBTO-
MaTH'leCKOrO ynpaBJIeHHR.

BBe~eHHe

B p;aHHoH pa60Te paccMaTpHBaeTcH 60JIblliOH KJIaCC HeJIHHeHHblx aBTO-
MaTH'IeCKHX CHCTeM (HAC), KOTOpbIH MO)l(eT 6bITb CBep;eHK CTpYKType (pHC. 1),
COCTOHIlI,eH H3 HeJIHHeHHOro 3JIeMeHTa (H3) H JIHHeHHOH 'IaCTH (JIq).

XapaKTepHCTHKa H3 MO)l(eT 6bITb npOH3BOJIbHOH 0P;H03Ha'iHOH KYCO'IHO-
-HenpepbIBHoH .rreHcTBHTeJIbHOH <PYHKIJ;HeH, YP;OBJIeTBOpHIOIlI,eH YCJIOBHIO <I>(0) = 0
H onpep;eJIeHHoMY p;OnOJIHHTeJIbHoMY HepaBeHcTBY. ECJIH npep;nOJIO)l(HTb 'ITO Ha
cHcTeMY, npHHap;JIe)l(aIll,YIO paccMaTpHBaeMoMY KJIaccy, B MoMeHT f = 0 p;eHcT-
BylOT BHellIHHe B03MYIlI,eHHH THna Ha'IaJIbHbIX YCJIOBHH, T.e. cTpeMHIlI,HeCH K

HYJIIO npH f-* 00, TO B 3TOM CJIY1fae MO)l(HO paCCMaTpHBaTb a6COJIlOTHYlO

YCTOH1fHBOCTb nOJIO)l(eHliH paBHOBeCHH CHCTeMbI, nop; KOTOpOH nop;pa3yMeBaeTCH
aCHMnTOTH'IeCKaH YCTOH1fHBOCTb nOJIO)l(eHHH paBHOBeCHH B CMbICJIe JIHnYHOBa.

3ap;a'Ia 06 a6COJIlOTHOH YCTOH'IHBOCTH nOJIO)l(eHHH paBHoBecHH HeJIHHeHHblx
CHCTeM 6blJIa nOCTaBJIeHa A. 11. JIypbe H B. H. I10CTHHKOBbIM [1] H BHa'IaJIe
pellIaJIaCb MHorHMH aBTopaMH Ha OCHOBe BToporo MeTop;a JIHnYHoBa.

B pa60Tax B. M. I1onoBa [2, 3] 6bIJI npep;JIO)l(eH 'IaCTOTHbIH KpHTepHH
a6COJIlOTHOH YCTOH'IHBOCTH nOJIO)l(eHHH paBHOBeCHH HAC, OCHOBaHbIH Ha
HCnOJIb30BaHHH 'IaCTOTHOH xapaKTepHCTHKH JIq. MeTop; B. M. I1onoBa,
HeKOTopble pe3YJIbTaTbI, nOJIY1feHHbI Ha OCHOBe pa3BHTHH 3Toro MeTop;a, H
CBH3b Me)l(P;Y 3THM MeTop;OM H npHMbIM MeTop;OM JIHnYHoBa H3JIO)l(eHbI B KHIire
M. A. AH3epMaHa Ii <1>. P. raHTMaxepa [4].

YKa)l(eM Ha CTaTbIO [5], B KOTOpOH Ha OCHOBe MeTop;a B. M. I1onoBa,

pe3YJIbTaTCB, nOJIY'IeHbIX B [6], Ii IiCnOJIb30BaHIiH JIOrapIi<pMH1feCKIiX 1faCTOTHbIX
xapaKTepIicTIiK p;aHa MeTop;IiKa CIiHTe3a KoppeKTIipYlOlllIiX YCTPOHCTB, 06ecne-
'�HBaIOIlI,IiX a6COJIlOTHYlO YCTOH'IHBOCTb nOJIO)l(eHIiH paBHoBecHH Ii Tpe6yeMbIH
nOKa3aTeJIb Ka'IeCTBa (cTeneHb YCTOH1fIiBOCTIi).

. KpoMe IiCCJIep;OBaHIiH a6COJIlOTHOH YCTOH'IHBOCTII nOJIO)l(eHIISl paBHoBecHH
HAC, BeCbMa Ba)l(HOH HBJIHeTCH 3ap;a1fa IiCCJIep;OBaHIiH a6COJIlOTHOH YCTOH'IIiBOCTII
npoIJ;eccoB B HAC, BbI3BaHblX pa3JIIi1fHbIMII 3ap;aIOIlI,HMH H B03MYIlI,alOIlI,HMH

26
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B03p;eHCTBHBMH. KaK nOKa3aHO [7], B :nOM CJIY'Iae YCJIOBHe a6COJIlOTHOH

YCTOH'IHBOCTH nOJIOJKeHHB paBHOBeCHB BBJIBeTCB Hep;OCTaTO'lHbIM P;JIB 06ecne'le-
HHB HOpMaJIbHOH pa60Tbl HAC. B pa60Te [7] c4>oPMYJIHpOBaH npocToH
'�aCTOTHbIH KpHTepHH a6COJIlOTHOH YCTOH'IHBOCTH npoQeccoB, 6JIHCKHH K 06bl'l-
HOMY '�aCTOTHOMY KpHTepHIO YCTOH'IHBOCTH JIHHeHHblx aBTOMaTH'IeCKHX CHCTeM,
H pa3pa60TaHa MeTop;HKa npHMeHeHHB JIOrapH4>MH'IeCKHX '�aCTOTHblX xapaKTepHc-
THK P;JIJI CHHTe3a KoppeKTHpYIOIQHX YCTPOHCTB, 06eCne'lHBalOIQHX BbIllOJIHeHHe
Tpe6yeMblx p;OCTaTO'lHbIX YCJIOBHH a6COJIlOTHOH YCTOH'IHBOCTH H CTeneHH

YCTOH'IHBOCTH npOQeCCOB, He MeHee 3ap;aHHOH.

lJ,eJIb p;aHHOH pa60Tbl COCTOHT B TOM, 'IT06bI, Ha OCHOBaHHH pe3YJIbTaTOB,

nOJIY'IeHbIX B [7], c4>oPMYJIHpOBaTb p;OCTaTO'lHbIH aJIre6paH'IeCKHH KpHTepHH
a6COJIlOTHOH YCTOH'IHBOCTH npOQeCCOB B HAC. 3TOT KpHTepHH n03BOJIBeT
CBeCTH np06JIeMy HCCJIe~OBaHHB p;OCTaTO'lHbIX YCJIOBHH a6COJIlOTHOH YCTOH'IHBOCTH
npoQeccoB B HAC K HCCJIep;OBaHHIO He06xop;HMb1X H p;OCTaTO'lHbIX YCJIOBHH

YCTOH'IHBOCTH JIHHeHHOH aBTOMaTH'IeCKOH CHCTeMbl, nOJIY'IaeMOH 3aMeHoH H3
B HAC cooTBeTcTBYIOIQHM JIHHeHHblM YCHJIHTeJIeM C KOMnJIeKCHblM K034>4>HQH-
eHTOM YCHJIeHHH.

IIpHMeHeHHe MeTop;a napaMeTpH'IeCKOH nJIOCKOCTH n03BOJIJleT BeCbMa
npocTo HCCJIep;OBaTb a6COJIlOTHYlO YCTOH'IHBOCTb H CTeneHb YCTOH'IHBOCTH, He
MeHee 3ap;aHHOH, npOQeCCOB B HeJIHHeHHOH aBTOMaTH'IeCKOH CHCTeMbI.

3.1. IIocTaHoBKa 3a,!).a'lH

IIpep;noJIOJKHM, '�TO K paccMaTpHBaeMoH HAC npn: t> to, rp;e B03MOJKHO
to<O, npHJIOJKeHO HeKOTopoe BHelllHee B03p;eHcTBHe f(t) (pHC. 1), OrpaHH'IeHHOe
no MOP;YJIIO,P;JIB Bcex t>to, T.e.
YP;OBJIeTBOpBIOIQee YCJIOBHIO

fll}

(1) SUp/f(t)!<A<OO.

Tor p;a HHTerpaJIbHOe ypaB-
HeHHe OTHOCHTeJIbHO01l1H6KH Mo-
JKeT 6bITb npep;CTaBJIeHO B BHp;e

PRC. 1

(2)

1

x(t)=f(t)- J g(t-T)~[x(t)]dT.
10

IIpHMeHHB P;BYCTopoHHee npe06pa30BaHHe JIanJIaca K ypaBHeHHIO (2),
nOJIY'IHM

(3) X(s) = P(s)-G (s) L {~[x (t)]),

rp;e g (t) npep;CTaBJIBeT C060H HMnYJIbcHYIO xapaKTepHcTHKY JIq, G (s) - ee
nepep;aTO'lHYIO 4>YHKQHIO. B 3aBHCHMOCTH OT xapaKTepa nOJIIOCOB nepep;aTO'lHOH
4>YHKQHH G (s), JIq MOJKeT 6bITb YCTOH'IHBa, HeHTpaJIbHa HJIH HeYCTOH'IHBa.

):(JIB aHaJIH3JIa a6COJIlOTHOH YCTOH'IHBOCTH npOQecCoB B HAC npep;nOJIO-

JKHM '�TO xapaKTepHCTHKa HemmeHHoro 3JIeMeHTa ct>(x), YP;OBJIeTBopBIOIQaB
YCJ10BHIO

(4) ct>(0) = 0,
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/J,H<P<PCpCHIUIPYCMa II Y/J,OBJICTBOp}lCT TaK)I(C /J,OIIOJIHHTCJIbHOMY HCpaBCHCTBY

(5)

T. C. cc IIpOII3BO/J,Ha}l IIpIIHa/J,JIC)I(HT IIOJIOCC (r, k).

I1HTcrpaJIbHOC ypaBHcHHc (2) OIIIICblBaCT IIpOIJ,CCC 1I3MCHCHlI}I OlllH6KH X (t),
BbI3BaHbIH OrpaHHqCHbIM BHCIlIHHM B03/J,ciicTBHCM, IIpIIJIO)I(CHbIM K CHCTCMC B
MOMCHT t = to. ,l],JI}I HCCJIC/J,OBaHH}I a6coJUoTHOii YCToiiqHBOCTH IIpOIJ,CCCOB

IIpC/J,IIOJIO)I(HM, qTO B MOMCHT t = 0 Ha JIHHCiiHYIOqaCTb CIICTCMbIB03/J,ciicTBYIOT
B03MYiliCHlI}I THIIa H~qaJIbHbIX YCJIOBlIii. B PC3YJIbTaTC /J,CiiCTBII}I 3THX B03MYIIJ,CHlIii

IIPH t;;. 0 npoIJ,ccc x (t) 1I3MCHlITC}IHa BeJIHqlIHY ~(t), T. C. 6Y/J,CTX (t) + ~ (t),
nplI qCM /J,JUI CIICTCMY, JIq KOTOpoii YCToiiqHBa

(6) ~ (t)-O t<O.

KaK H3BCCHO [7], IIpOIJ,CCC B HAC CqlITaCTC}I a6COJIlOTHO YCToiiqHBbIM,
CCJIII OTKJIOHCHIIC OT npOIJ,Ccca Y/J,OBJICTBOP}lCT YCJIOBIIIO

(7) lim ~ (t)= O.
(-He

Ha30BcM HAC, B KOTOpoii H3 3aMCHCH JIHHCiiHbIM 3JICMCHTOM, xapaK-
TCplICTHKa KOToporo HaXO/J,IITC}I B CCKTOpC (r, k), JIHHCapH30BaHoii HAC.

B pa60Tc [7] 6bIJIO IIOKa3aHO, qTO /J,OCTaTOqHbIMII YCJIOBH}lMII a6COJIlOTHOH
YCToiiqlIBOCTII IIpOIJ,CCCa B HAC (pHC. 1), C /J,H<P<PCpCHIJ,HPYCMOHxapaKTCplICTHKOii
H3, Y/J,OBJICTBOp}llOIIJ,cii YCJIOBHIO (4), II IIpOH3BO/J,Ha}l KOTOpoii IIpHHa/J,JIC)I(HTb
IIOJIOCC (r, k), }IBJI}lCTC}I BblllOJIHCHHC HcpaBCHCTBa

(8) Re~:iL+~;;.O
1 + rG(jw) k-r

(0 < <.u< 00),

npH YCJIOBHH, qTO JIHHCaplI30BaHHa}l CHCTCMa YCToiiqHBa IIPH K03<P<PHIJ,HCHTC

YCHJICHII}I JIHHCiiHOro 3JICMCHTa, paBHOM r.

IJ,CJIblO HaCTO}lIIlCH pa60Tb }IBJI}lCTC}I <POPMYJIlIpOBKa /J,OCTaTOqHOrO aJIrc6pa-

HqCCKOro KpHTCpH}I a6COJIlOTHOii YCToiiqlIBOCTH npOIJ,CCCOB B HAC, KOTOpblii

II03BOJI}lJI 6bI aHaJIH3lIpOBaTb a6COJIlOTHYlO YCToiiqHBOCTb IIpOIJ,CCCa IIYTCM

IICCJIC/J,OBaHH}I pacnpc/J,CJICHH}I KOpHCii xapaKTCpHCTHqCCKOrO ypaBHCHH}I HCKOTOpoii

JIIIHCiiHOii CHCTCMbI, nOJIY1JcHoii nplI 3aMCHC H3 B HAC JIHHCiiHbIM 3JICMCHTOM

C KOMIIJICKCHbIM K03<P<PHIJ,HCHTOM YCHJICHII}I.

3.2. AJIreOpaHlfecKHH KpHTepHH aOCOJIIOTHOH YCTOHlfHBOCTH npOl~eCCOB

,l],JI}I IIOJIyqCHlI}I aJIrC6paHqCCKOrO KpHTCpH}I a6COJIlOTHOii YCToiiqHBOCTH

npOIJ,CCCOB BOCIIOJIb3ycMC}I rpa<pHqCCKOii HHTCpIIpCTaIJ,HCii HcpaBcHcTBa (8).

Ilpco6pa3ycM HcpaBcHcTBO (8), YMHO)I(a}l cro JICBYIO qaCTb Ha r;;. O.
Tor/J,a IIOJIyqlIM

BkG(jw)
+~~;;.O

1+BkG (j <») I-B

r/J,c .B + r/k (0 < B < 1), a

(9) Re (O<<.u< 00),

(10) kG (j <.u)= U (<.u)+ jV(<.u).
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reOMeTpHqeCKOe MeCTO TOqeK, KOTOpOe COOTBeTcTByeT 3aMeHe B (9)
3HaKa HapaBeHCTBa Ha paBeHCTBO, onHCbIBaeTCH ypaBHeHHeM

(11) [U+ (1 + B)/2B)2 + V2= (I-B)2/4 B2.

3TO JIeno YCTaHOBHTb, nO,lJ,CTaBJIHH (10) B JIeBYlO qaCTb (9), HaXO,lJ,H BeIIl,eCTBeH-
HYlO qaCTb H npHpaBHHBaH ee HYJIlO.

YpaBHeHHe (II) MO:>KHOHanHCaTb TaK:>Ke B napaMeTpHqeCKOH <popMe

(12) U= -~(l +B)+~(l-B)cos~, V=~(I-B)sin~.
2B 2B 2B

r,lJ,e 0.;;; ~.;;; 2 71:. TaKHM 06pa30M, Ka:>K,lJ,aH H3 TO'leK Ha cooTBeTcTBYlOIII,eH
B - OKPY:>KHOCTH onpe,lJ,eJIHeTCH H3BeCTHHM 3Ha'leHlieM napaMeTpa ~ E [0,271:].

YpaBeHHe (II) HJIH (12) HBJIHeTCH ypaBHeHlieM CeMeHCTBa OKPY:>KHOCTeH,
Ka:>K,lJ,OHH3 KOTOpbIX COOTBeTcTByeT CBoe 3Haqemre napaMeTpa B. Bce 3TH

OKPY:>KHOCTH npOXO,lJ,SIlOT '�epe3 TOqKY (- 1; j 0) H HaXO,lJ,HTCSIJIeBee npSIMoH
U = -1 (pHC. 2). llpH B = 1 B - OKpY:>KHOCTbBblpO:>K,lJ,aeTcHB TOqKY ( -1; j 0),
a npH B = 0 B npSIMylO U = -1 Ha nJIOCKOCTH kG (j CJj).

KaK nOKa3aHO B [7], HepaBeHCTBO (8) HJIH (9) 6Y,lJ,eT BbIITOJIHHTCSI eCJIH
rO,lJ,orpa<p qaCTOTHoH xapaKTepHCHIKH kG (j CJj) npH H3MeHeHHH CJj OT 0 ,lJ,0 00
HaXO,lJ,HTCSIBHe cooTBeTcTBYlOIII,eH B - OKPY:>KHOCTH.

KaK 6Y,lJ,eT nOKa3aHO HH:>Ke, HepaBeHCTBO (8) HJIH (9) 6Y,lJ,eT TaK:>Ke
Y,lJ,OBJIeTBOpSITbCSI, eCJIH KOMnJIeKCHOe ypaBHeHHe

rypBHU;OBO npH Bcex 3HaqeHHSIX U, V. Onpe,lJ,eJISIeMblX ypaBHeHHeM COOTBeTCT-

BYlOIII,eH B - OKpY:>KHOCTH. kG (s) B ypaBHeHHH (13) npe,lJ,cTaBJISIeT C060H

nepe,lJ,aTo'lHYlO <PYHKU;HlO pa30M-

KHYTOH JIHHeapH30BaHHoH CH-

CTeMbI C K03<P<PHU;HeHToM YCH-

JIeBHSI JIHHeHHOro 3JIeMeHTa,

paBHoM k.

)J;JISI,lJ,OKa3aTeJIbCTBM npe,lJ,-
nOJIO:>KHM, qTO KOOp,lJ,HHaTbI U

H V (pHC. 2) HeKoTopHH TO'IKH
B - OKPY:>KHOCTH <pHKcHpoBaHbl.

B 3TOM cJIY'Iae, HCnOJIb3YSI Te
:>Ke caMble paccY:>K,lJ,eHHSI,Ha oc-
HOBe KOTOpbIX nOJIY'ieH 06bl'l-
HblH KpHTepHH HaHKBHcTa ,lJ,JISI
mmeHHblx cHcTeM, npHXO,lJ,HM K
BbIBO,lJ,YqTO 3CJIH ypaBHeHHe (13)
rypBHD;OBO, TO '�aCTOTHaSI xa-
paKTepHCTHKa kG (j CJj), npH H3-
MeHeHHH CJj OT 0 ,lJ,0 00, 6Y,lJ,eT
OXBaTblBaTb TOqKY (U; jV) B
nOJIO:>KHTeJIbHOM uanpaBJIeHHH (T. e. npOTHB ,lJ,BH:>KeHHSIqaCOBOH CTpeJIKH) IT /2
pa3, r,lJ,e IT paBHSIeTcSI qHCJIY nOJIlOCOB <PYHKU;HHG (s) C nOJIO:>KHTeJIbHOH BeIIl,e-

cTBeHHoH qaCTblO.

(13) kG (s)-(U+jV) = 0

JVM

.8..0

VI'"

PHc.2
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CJIe)].OBaTeJIbHO, eCJIH ypaBHeHHe (13) no npe)].nOJIO)J(eHHlO rypBHU;OBO npH

Bcex 3Ha'leHHBX U H V, onpe)].eJISleMbIX H3 (12) H eCJIH 'IHCJIO nOJIlOCOB nepe)].a-
TOqHOH <l>YHKU;HHG (s), HMelOllI,HX nOJIo)J(oTeJIbHYlO Belll,ecTBeHHYlO qaCTb, paBHo n,

TO qaCTOTHaB xapaKTepHCTHKa kG (j (0) npH H3MeHeHHH <0 OT 0 )].0 00 6y)].eT
OXBaTbIBaTb cooTBeTcTBYlOllI,YIO B - OKPY)J(HOCTb B nOJIO)J(HTeJIbHOM HanpaB-

JIeHHlO n/2 pa3, T.e. 6y)].eT HaXO)].HTbCB BHe :nOH B - OKPY)J(HOCTH. B qac-
HOCTH, Kor)].a JIq HeHTpaJIbHa HJIH YCTOHqHBa, T.e. Kor)].a n = 0, TO qaCTOTHaB
xapanepHCTHKa kG(j<o) He 6y)].eT OXBaTbIBaTb COOTBeTCTBYlOllI,YlO B - OK-
PyAKH°CTb.

TaKHM 06pa30M, ecJIH ypaBHeHHe (13) rYPBHU;OBO npH ocex 3Ha'leHUX

U H V, onpe)].eJIBeMbIX H3 (12), TO, KaKaB 6bI HH 6bIJIa JIq (YCTOH'IHBa,
HeHTpaJIbHa HJIH HeYCTOHqHBa), qaCTOTHaB xapaKTepHCTHKa kG (j (0) 6y)].eT
HaXO)].HTbCB BHe cooTBeTcTBYlOIlI,eH B - OKPY)J(HOCTH H, CJIe)].OBaTeJIbHO, nepBoe

YCJIOBHe qaCTOTHOro KpHTepHB a6cOJIlOTHOH YCTOHqHBOCTH - BblTIOJIHeHHe
HepaBeHcTBa (8) HJIH (9) - 6y)].eT Y)].OBJIeTBOpnbCB.

ECJIH nO)].CTaBHM ~=7t B (12), TO nOJIY'lHM U=-I/B=-k/r, V=O.
npH 3THX 3Ha'leHHBX U H V ypaBHeHHe (13) npHBO)].HTCB K BH)].Y

(14) rG (s) + 1= O.

YpaBHeHHe (14) BBJIBeTCB xapaKTepHCTHqeCKHM ypaBHeHHeM JIHHeapH30Ba-
HHOH CHCTeMbI C K03<l><l>HU;HeHToM YCHJIeHHB JIHHeHHOro 3JIeMeHTa, paBHOM r.
KaK BbIllie ynoMBHYTO, 3Ta CHCTeMa, no BTOPOMY YCJIOBHlO a6COJIlOTHOH
YCTOHqHBOCTH npou;eCCOB, )].OJI)J(Ha 6bITb YCTOHqHBa, T. e. ypaBHeHHe (14)
)].OJI)J(HO 6bITb rYPBHU;OBO.

O)].HaKo, eCJIH ypaBHeHHe (13) rypBHU;OBO, no npe)].nOJIo)J(eHHIO, npH Bcex
3HaqeHHBX U H V, onpe)].eJIBeMbIX H3 (12), TO OHO 6y)].eT rYPBHU;OBO H npH

~= 7t B (12), T, e. )].JIB U = -k/r H V = O. KaK Y)J(e nOKa3aHo, B :nOM CJIyqae
ypaBHeHHe (13) npHBO)].HTCB K BH)].Y (14) H, CJIe)].oBaTeJIbHO, ypaBHeHHe (14)
6y)].eT rypBHU;OBO, T. e. H BTopoe YCJIOBHe qaCTOTHoro KpHTepHB a6COJIlOTHOH

YCTOHqHBOCTH npou;eccoB 6y)].eT BblTIOJIHnbca.

AJIB nOJIyqeHHB aJIre6paHqeCKOrO KpHTepHB a6COJIlOTHOH YCTOj{qHBOCTH
npou;eCCOB B HAC, BMeCTO U H V B (13), BBO)].HM

(15) -uN-j - U2 + V2 '
N-

V
2- U2+V2

.

3aMeHHB U H V H3 (12) B (15), nOJIY'laeM

Nj=B
l+B-(l-B)cos~ , N2=B

(l-B)sin~ .
1+B2-(1-B2)cos~ 1+B2-(1-B2)cos~

(16)

(17)

MCKJIIO'IaB napaMeTp ~ H3 ypaBHeHHH (16), nOJIyqHM

[Nj-(1 + B)/2)2+ N~ = (I-B)2/4.

nOCJIe)].Hee ypaBHeHHe BBJIBeTCB ypaBHeHHeM ceMeHCTBa OKPY)J(HocTeH
pa)].Hyca R=(I-B)/2 (pHC. 3) H npoxo)].BIlI,HX qepe3 TOqKY (1; 0) nJIOCKOCTH
Nj', N2. Ka)J()].oH H3 3THX OKPY)J(HOCTeHCOOTBeTCTByeTCBoe 3HaqeHHe B = r/k;> O.
n pH B = 1 B - OKPY)J(HOCTbBbIpo)J()].aeTcBB TO'IKY(1; 0), a npH B = 0 B
OKPY)J(HOCTbC u;eHTpoM B TOqKe (1/2; 0) pa)].Hyca R -= 1/2.
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IIO.l(CTaBmUI (15) B (13), nOCJIe 3JIeMeHTapHbIx npe06pa30BaHHH, ypaBHeHHe
(13) npHBO.l(HTCHK BH.l(Y

(18) k (Nl + jN2) G (s) + 1 = o.

KaK H3BeCTHO H3 TeopHH JIHHeHHbIx

CHCTeM, nepe.l(aTO'lHaH <PYHKIJ;HH JIHHeHHOH

'�aCTH CHCTeMbI MO)KeT 6bITb npe.l(CTaBJIeHa

B BH.l(e .l(p06Ho-paIJ;HOHaJIbHOH Beru:eCTBeH-

HOH <PYHKIJ;HH

(19)

me K - K03<P<PHIJ;HeHTYCHJIeHHHJIq, a
Q (s) H P (s) - BeIIJ;eCTBeHHbIe nOJIHHOMbI

OTHOCHTeJIbHO s, COOTBeTCBeHHO cTeneHeH
1 H m <:. I:

Nz

o
HI

PIIC. 3

(20) Q(s)=Co+Cls+..' +ClSl, P(s)-bo+bls+... +bmsm.

IIo.l(cTaBHB (19) B (18), nOJIY'IHM

(21) k (Nl + jN2) KP(s) + Q(s) =0.

TaKHM 06pa30M, YCJIOBHe,'�T06bI ypaBHeHHe (13) 6bIJIO rypBHIJ;OBO npH
Bcex 3Ha'leHHHX U H V, onpe.l(eJIeHHbIX H3 (12), MO)KHO3aMeHHTb YCJIOBHeM,
'�T06bI ypaBHeHHe (21) 6bIJIO rypBHIJ;OBO npH Bcex 3Ha'leHHHX Nl H N2, onpe-
.l(eJIeHHbiX ypaBHeHHeM cooTBeTcTBYIOru:eH B - OKPY)KHOCTH(17) Ha nJIOCKOCTH
Nl, N2. II03ToMY, MO)KHO c<POPMYJIHpOBaTb CJIe.l(YIOIIJ;HHaJIre6paH'IecKHH
KpHTepHH a6COJIIOTHOH YCTOH'IHBOCTHnpOIJ;ecCOB B HAC.

,l];JIH Toro, '�T06bI npOIJ;eccbI B HAC (pHC. 1), xapaKTepHCTHKa H3 KOTOpOH
<1>(x) Y.l(OBJIeTBOpHeT YCJIOBHIO (1), .l(H<p<pepeHIJ;HPyeMa H ee npOH3BO.l(HaH d<1>(x)jdx
npHHa.l(JIe)KHT nOJIoce (r, k), 6bIJIH a6COJIIOTHO YCTOH'IHBbI, .l(OcTaTO'lHO, '�T06bJ
ypaBHeHHe (21) 6bIJIO rypBHIJ;OBO npH Bcex 3Ha'leHHHX Nl H N2, onpe.l(eJIeHHbIX
ypaBHeHHeM B - OKPY)KHOCTH (17) (r.l(e B = rjk).

3aMeTHM, '�TO C<POPMYJIHpOBaHbIH BbIIue .l(OCTaTO'lHbIH YCJIOBHH a6COJIIOTHOH
YCTOH'IHBOCTH npOIJ;eCCOB B HAC COBna.l(aeTCH C He06xo.l(HMbIM H .l(OCTaTO'lHbIM
YCJIOBHeM YCTOH'IHBOCTH HeKoTopoH JIHHeHHOH CHCTeMbI (pHC. 4), KOTopaH
nOJIY'IaeTCH 3aMeHoH H3 B HAC
(pHC. 1) JIHHeHHbIM YCHJIHTeJIeM

C KOMnJIeKCHbIM K03<P<PHIJ;HeH-
TOM YCHJIeHHH k (N1 + j Nl).
Ha30BeM :ny JIHHeHHYIO CHCTe-
MY, napaMeTpbI KOTOpOH N1
H N2 npHHHMaIOT Bce 3HaQeHHH,
onpe.l(eJIeHHbIe ypaBHeHHeM B - OKPY)KHOCTH (17), 3KBHBaJIeHTHOH JIHHeHHOH

cHcTeMoH (3JIC).

06paru:aH BHHMaHHe Ha xapaKTep onpe.l(eJIeHHH Nl H N2 3aMeTHM, '�TO
nOHRTHe "JIHHeHHbIH YCHJIHTeJIb C KoMnJIeKCHbIM K03<p<pHIJ;HeHTOM YCHJIeHHH
k (Nl + jN2) 3.l(eCb BBe.l(eHO '�HCTO <popMaJIbHO, TaK KaK OHO He HMeeT KaKoro
- JIH60 <pH3H'IeCKoro CMbICJIa.

f(t)

PIIC. 4
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CJIe,D,yeT nO,D,'�epKHYTb, '�TO C$OMYJIHpOBaHbIH BbIllie aJIre6paH'IeCKHH
KpHTepHH a6COJIIOTHOH YCTOH'IHBOCTH npOll,eCCOB B HeJIHHeHHbIX HenpepbIBHbIX

aBTOMaTH'IeCKHX CHCTeMax O'leHb nOXO)f( Ha COOTBeTCTBYIOllI,HH aJIre6paH'IeCKHH

KpHTepHH a6COJIIOTHOH YCTOH'IHBOCTH HeJIHHeHHbIX HMnYJIbCHbIX CHCTeM aBTO-

MaTH'IeCKOrO perYJIHpOBaHHx [8].

3.3. AHaJIH] aocoJlIOTHOii YCToii'lHBOCTH npOQeccoB npH nOMOIQH MeTO,D,a napa-
MeTpH'IeCKOii DJlOCKOCTH

3a,D,a'la aHaJIH3a JIHHeapH30BaHHblx CHCTeM aBTOMaTH'IeCKorO perYJIHpO-
BaHHX npH nOMOllIH MeTO,D,a napaMeTpH'IeCKOH nJIOCKOCTH paccMaTpHBaJIaCb
B pa60Tax 11. A. BbIlliHerpa,D,CKOrO [9], 10. 11. HeHMapKa [10], .n:. MHTpOBHqa
[ 11], .n:. .n:. llIHJIXKa [12] H ,D,p. MeTO,D, 6bIJI npHMeHeH H ,D,JIX HCCJIe,D,OBaHHX

a6COJIIOTHOH YCTOHqHBOCTH H CTeneHH YCTOHqHBOCTH (He MeHee 3a,D,aHHOH)
HeJIHHeHHbIX HMnYJIbCHbIX aBTOMaTH'IeCKHX CHCTeM.

.n:JIX aHaJIH3a a6COJIIOTHOH YCTOH'IHBOCTH npou;eCCOB B HAC npH nOMOllIH
MeTO,D,a napaMeTpH'IeCKOH nJIOCKOCTH, nO,D,CTaBHM S = j cu B ypaBHeHHe (21).
TIOTOM, BbI,D,eJIXX BellIecTBeHHYIO H MHHMyIO '�aCTb H npHpaBHHBax HX HYJIIO,
nOJIyqHM

(22)
kKNI PI (cu)-kKNz Pz (cu) + QI (cu)= 0,

kKNI Pz (cu) +kKNz PI (cu) + Qz (cu) = 0,

r,D,e

(23)

Pelliax ypaBHeHHx (22), ,D,JIXkKNI H kKNz, nOJIY'IaeM

(24)

kKNI = -
P, «(0» Q, «(o»+P2 «(0» Q2 «(0»

pi «(0»+ P~ «(0»
,

kKNz =
P2 «(0» Ql «(o»-P, «(0» Q2 «(0»

pi«(o»+p~«(o»

TIOJIb3YXCb ypaBHeHHxMH (24), B nJIOCKOCTH kKNI, kKNz MO)f(HO nOCTpOHTb

KPHBYIO D - pa36HeHHx npH H3MeHeHHH cu OT - 00 ,D,O 00. 3Ta KpHBax

pa3,D,eJIXeT nJIOCKOCTb napaMeTpOB kKNI, kKNz Ha 06JIaCTH, BHyTpH KOTOpbIX

Bce ypaBHeHHx (2l-) HMeIOT O,B;HHOKOBoe KOJIH'IeCTBO KopHeH, HaXO,D,XllIHXCX
CJIeBa OT MHHMOH OCH nJIOCKOCTH S.

TaK KaK ,B;JIX YCTOH'IHBOCTH npOll,eccoB ,D,OCTaTO'lHO, '�To6bI ypaBHeHHe (21)
6bIJIO rypBHlI,OBO, TO ,D,OCTaTO'lHO onpe,B;eJIHTb Y'IaCTOK nJIOCKOCTH napaMeTpOB,
B KOTOpOM Bce KOpHH ypaBHeHHx (21) JIe)f(HT CJIeBa OT MHHMOH OCH nJIOCKOCTH S.
3TOT Y'laCTOK llJIOCKOCTH napaMeTpOB 6Y,B;eT XBJIgeTbCX 06JIaCTbIO YCTOH'IHBOCTH.

BOCnOJIb30BaBllIHCb ypaBHeHHeM CeMeHCTBa B - OKpY)I(HOCTeH (17), MO)f(HO

H306pa3HTb OKPY)f(HOCTb H B nJIOCKOCTH kKNI, kKNz KOTOpOH 6Y,B;eTCOOTBeT-
CTBOBaTb CBOH3Ha'leHHX napaMeTpoB r, k H K. HeTpY,D,Ho nOKa3aTb, '�TO
B - OKPY)I(HOCTbB nJIOCKOCTHNI, Nz, onHCbIBaeMax ypaBHeHHeM (17), nepe-
ceKaeT OCb a6ClI,HCc B TO'IKaX B = r/k H 1. TI03TOMY, COOTBeTcTBYIOllIaxOKpY)f(-
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HOCTb B nJIOCKOCTll napaMeTpOB kKN1, kKN2 nepeCeKaeT OCb a6cIJ,llcc B TOqKaX
rK II kK (pHC. 5). Ha30BeM OKpYX<HOCTb, OL\H03HaqHO onpeL\emIeMYIO COOTBeT-

CTBYIOlIJ,llMll 3Ha1JeHllHMIf napaMeTpoB r, k H K
(pHC. 5) napaMeTpll1JeCKOH OKpY)J(HOCTbIO.

,K
f(t)

KK

PRC. 5 PRC. 6

Ha OCHOBaHHll CCPOPMYJIHpOBaHoro B npeL\bIL\YlIJ,eM pa3L\eJIe aJIre6pall1JeC-
Koro KpllTepHH, JIerxo YCTaHOBllTb, 1JTO npOIJ,eCCbI B HAC, C xapaKTepHcTllKOH
H3, npOll3BoL\HaH KOTOpOH npHHaL\JIe)J(HT nOJIoce (r, k), II JIq KOTOpOH
onHCbIBaeTCH nepeL\aT01JHOH CPYHKIJ,HeH G (s) = KP(s)/Q (s) 6YL\YT a6COJIlOTHO

YCTOHqllBhI B 3TOM CJIY1Jae, eCJIH B nJIOCKOCTll napaMeTpoB rKN1, kKN2 COOTBeT-
CTBYIOlIJ,aH napaMeTpH1JeCKaH OKpY)J(HOCTb HaXOL\llTCH BHYTPll 06JIaCTH YCTOH1JH-
BOCTH.

Pac~MoTpHM npHMep. [JOJIO)J(HM qTO nepeL\aTOqHbIe CPYHKIJ,llH 3JIeMeHTOB
CHCTeMbI, CTPyKTypHaH cxeMa KOTOpOH nOKa3aHa Ha pHC. 6, eCTb, COOTBeTCTBeHHO

s+2 2 s+1
G](s)=50K-, G2(s)= G3(s)=50K3s--.

s+28 s(s+ J) (s+0,5) s+ 28

XapaKTepllCTllKa HeJIHHeHHOro 3JIeMeHTa <I>(X) CllCTeMbI L\llcpcpepHIJ,llPye.Ma,

YL\OBJIeTBOpHeT YCJIOBlllO <I>(0) = 0 II ee npOll3BOL\HaH npllHaL\JIe)J(HT nococe (r, k).

llOJIb3YHCb aJIre6pallqeCKllM KpllTeplleM a6COJIlOTHOH YCTOHqllBOCTll npo-

IJ,ecCoB, HaHL\eM npll nOMolIJ,ll MeTOL\a napaMeTpll1JeCKOH nJIOCKOCTll MaKCllMaJIb-

HbIe 3HaqeHllH kK, cOOTBeTCTBYIOlIJ,lle pa3JIll1JHbIM 3Ha1JeHllHM rK, II onpeL\eJIllM
3aBllCllMOCTb (kK)max = S (rK).

,l],JIH npHMeHeHllH MeTOL\a napaMepH1JeCKOH nJIOCKOCTll, HaHL\eM nepeL\aT01J-

HYIO CPYHKIJ,HIOJIllHeHHOH 1JaCTll CllCTeMbI

(25)

(26) G (s) =
G, (s) G2(s) .

I+G20G3(s)

Y1JHTllBaH (25), nOJIY1JllM

G (s) = K
p (s]

= K
s+ 2 .

Q (s) s' + 29,5 S3+ (42,5 + 100 K3) S2 + (14 + 100 K3) s

llOL\CTaBllB nOJIllHOMbI pes) II Q (s) ll3 (27), nOJIyqllM

k (N1+ jN2) K(s+ 2) + S4+ 29,5 S3+ (42,5 + 100 K3) S2+ (14 + 100 K3) s= O.

OTCIOL\a nOJIy'mM, L\aJIee, Bblpa)J(eHHH, COOTBeTCTBYIOlIJ,lle (16), B BllL\e

002

kKN1 = - (0,275 CU2+ 0,71 + K3),
4+ 002

(27)

(28)

(29)

3 Publikaciie N. 246
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3a.L(aBaRCb pa3JIHqHbIMM IIOJIOiKMTeJIbHbIMM 3HaqeHMRMM CU M IIO.L(CTaBJIRR
MX B ypaBHeHMR (29), MOiKHO IIOCTpOMTb B IIJIOCKOCTM kKNI, kKN2 COOT-
BeTCTBYIOIlI,Me KpMBbIe D - pa36MeHMR .L(JIR pa3JIMqHbIX 3HaqeHMH K3 = 1, 2, 3

M 4 (pMC. 7).

30

20

10

-10

12

PRC. 7

TaK KaK kKNI M kKN2 RBJIRIOTCR, cooTBeTcTBeHHO, qeTHOH H HeqeTHOH
<PYHKU;HRMH cu, TO yqaCTOK KpMBOH D - pa36HeHHR .L(JIR OTpMu;aTeJIbHbIX
3HaqeHMH cu CMMMeTpMqeH OTHOCMTeJIbHO OCM a6CU;MCC yqaCTKY KpMBOH

D - paT6MeHMR, .L(JIR 0 <: cu< 00. n03TOMY, npM .L(aJIbHeUIHeM paCCMOTpeHMM

6Y.L(eM MMeTb B BH.L(y, qTO 3TOT yqaCTOK CYIll,eCTByeT .L(JIR CU< 0, XOTR OH H He

H306paiKeH pa.L(M YIIpOIll,eHMR qepTeiKa.

nOJIaraH NI = 1 H N2 = 0 B ypaBHeHHH (28), IIOJIyqMM

(30) S4+ 29,5 S3+ (42,5 + 100K3)s2 + (lOOkK+ 100 K3 + 14)s+ 200kK = O.

YpaBHeHMe (30) RBJIHeTCR xapaKTepHCTHqeCKHM ypaBHeHHeM JIHHeapH30BaH-
HOH CHCTeMbI, IIOJIyqaeMOH 3aMeHoH H3 B HCCJIe.L(yeMoH CHCTeMe JIHHeHHbIM
3JIeMeHTOM C K03<P<PHU;HeHToM YCHJIeHHR, paBHbI k. npH K3 = 4 M kK = 100,
ypaBHeHMe (30) IIpHBO.L(MTCR K BH.L(y

(31) s4+ 29,5 S3+442,5 S2+ 10414s+ 20 000 = O.

BOCIIOJIb30BaBiliMCb KpHTepHeM Payca -- rypBHu;a HJIH MHXaHJIOBa, JIerKO
YCTaHoBHTb qTO ypaBHeHHe (31) RBJIReTCR rYPBHU;OBbIM.

3Ha qeHHR NI = 1, N2 = 0 H kK = 100 ( IIpe.L(eJIRIOT TOqKY M (100; 0) Ha
nJIOCKOCTM kKNI, kKN2 (pHC. 7), KOTopaR HaXO.L(MTCR B 06JIaCTH, JIeiKaIll,eH
CJIeBa OT KpHBOH D - pa36HeHHR (.L(JIR K3 = 4) IIPH B03paCTaHHM cu. TaK KaK

npM .L(aHHbIX 3HaqeHHHX NI = 1, N2 = 0, kK = 100 H K3 = 4 ypaBHeHHe (28)
IIpeBpaIll,aeTcR B ypaBHeHHe (31), KOTopoe RBJIReTCR rypBHU;OBbIM, TO MOiKHO
3aKJIlOqHTb, qTO BbIllie YIIOMHHYTaR 06JIaCTb RBJIReTCR 06JIaCTblO YCTOHqHBOCTH.
TaKHM iKe CIIoco6oM MOiKHO IIOJIyqHTb aHaJIOrHqHbIe pe3YJIbTaTbI H .L(JIR.L(pyrHX
KpMBbIX D - pa36lieHliR, HaqepTeHHbIX .L(JIR K3 = 1, 2 Ii 3 (pHC. 7).
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.lJ.mI Onpe,lJ,eJIeHlHI MaKCHMaJIbHbIX 3HaqeHHH kK, COOTBeTCTBYIOIl.(HX 3Ha-
qeHlHIM rk H K3 = 4, npH KOTOpbIX BbIIIOJIH}JIOTC}J ,lJ,OCTaTOqHbIe YCJIOBH}J

a6COJIIOTHOH YCTOHqHBOCTH npOll,eCCOB, BnHllIeM BHYTPb 06JIaCTH YCTOHql1BOCTH
cooTBeTcTBYlOlliHe napaMeTpHqeCKHe OKpY)I(-
HOCTH, KacalOllIHeC}J KpHBOH D - pa36Me-
HH}J, nocTpoeHHoH ,lJ,JI}JK3 = 4. Ha pHC. 7
H306pa)KeHbI TaKHe OKpY)KHOCTH ,lJ,JI}J rK = 5,

rK = 30 H rK = 70. I1pH nOM MaKCHMaJIbHbIe ,
3UaqeHH}J kK paBH}JIOTC}J, COOTBeTCTBeHO, ~ 80

a6Cll,HCCaM TOqeK A (60; 0), B (81; 0) H ~
C(97; 0). ECJIH BnHcau 60JIbllIOe KOJIHqeC-

~

TBO napaMeTpMqeCKHX OKPY)I(HOCTeU BHYTPb
06JIaCTH YCTOHqHBOCTH, KacalOllIHXC}J KPH-
BOU D - pa36HeHH}J, TO, no npHBe,lJ,eHHOMY

BbIllie cnoc06y onpe,lJ,eJIeHH}J MaKCHMaJIbHbIX
3HaqeHHH kK, nOCTpOHM KPHBYIO (kK)max

= S (r K) (pHC. 8, a). 3Ha}J qHCJIeHbIe 3Ha-
qeHH}J r H K, C nOMOllilO KpMBOU Ha pHC. 8,a

JIerKO onpe,lJ,eJIMTb 3HaqeHHe npe,lJ,eJIbHOrO
K03cpcpHll,HeHTa knp nOJIOCbl (r, knp).

HeTpY,lJ,HO nOKa3aTb, qTO npH B = 1 (r = k) COOTBeTcTBYIOIl.(a}J napaMeT-
pHqeCKa}J OKPY)KHOCTb BbIpO)K,lJ,aeTc}J B TOqKY kK OCM a6Cll,HCC nJIOCKOCTH kKNl.

kKNz. B 3TOM cJIyqae nOJIyqeHHbIe ,lJ,OCTaToqHbIe YCJIOBH}J a6COJIIOTHOU YCTOU-
qMBOCTH npOll,ecCOB cooTBeTcTBylOT Heo6xo,lJ,MMbIM H ,lJ,OCTaTOqHbIM YCJIOBH}JM
YCTOUqHBOCTH JIHHeapH30BaHHou CHCTeMbI C K03cpcpHll,HeHTOM YCHJIeHM}J JIHHeU-
Horo 3JIeMeHTa, paBHblM k. I1pe,lJ,eJIbHOe 3HaqeHHe kK, npH KOTOpOM JIHHeapH-
30BaHHa}J CHCTeMa 6Y,lJ,eT YCTOUqHBa, onpe,lJ,eJI}JeTc}J a6cll,HCcOH TOqKH nepeCeqeHH}J
KpHBOU D - pa36HeHH}J C OCblO kKNj. .lJ.JI}J paccM.:npHBaeMou HeJIHHeUHOu

CHCTeMbI no 3HaqeHHe paBHaeTc}J a6cll,Hcce TOqKH D (109; 0) (pHC. 7) M,
CJIe,lJ,OBaTeJIbHO, JIHHeapH30BaHHa}J CHCTeMa 6Y,lJ,eT YCTOUqHBa npH Bcex 3HaqeHH}JX
0<., kK <., 109.

I1pHBe,lJ,eHHbIe BbIllie pe3YJIbTaTbI nOJIyqeHbI npH K3 = 4. I10BTOp}J}J H3JIO-
)KeHHYIO BbIIlle MeTO,lJ,HKY, C nOMOlliblO KpHBbIX D - pa36HeHH}J (pHC. 7), MO)l(HO
nOJIyqHTb cooTBeTcTBYlOlliHe pe3YJIbTaTbI H npH 3Ha'leHH}JX K3 = 1, 2 H 3.

120

100

.0

20

o
6.5 20 .0 60 80 100 120

.. rK

PHC. 8

3.4. AHaJIH3 ,lJ,OCTaTO'lHbIX YCJIOBHH oOeCne'lHBalO~HX CTeneHb
YCTOH'InBOCTH npOneCCOB He MeHee 3a,lJ,aHHOH

B pa60Te [7] BBe,lJ,eH qaCTOTHbIH KpHTepbIu, npH BbIIIOJIHeHHH KOToporo
npOll,eCCbI B HeJIHHeUHOu CHCTeMe (pHC. 1) 6Y,lJ,eT I1MeTb CTeneHb YCOU'IHBOCTH

He MeHee 3a,lJ,aHHOU, T. e. OTKJIOHeHHe OT npou;ecca 6Y,lJ,eT Y,lJ,OBJIeTBop}JTb
YCJIOBHIO

(32)

r,lJ,e. Mo-const, cr-3a,lJ,aHHa}J CTeneHb YCTOUqHBOCTI1.

3TOT Kpl1TepHU rJIaCI1T, 'ITO ,lJ,JI}JToro 'IT06bI npou;eCCbl B HeJIHHeUHOU

CHCTeMe (pHC. 1) HMeJIH CTeneHb YCTOUqHBOCTH He MeHee 3a,lJ,aHHOU cr, ,lJ,OCTa-

3.



36 MHJIH'I P. CTOH'l

TOqHO, qT06bI qaCTOTHa51 XapaKTepI1CTI1Ka JII1HeHHOH qaCTI1 CI1CTeMI1 y.r:r;OBJIeT-

BOp5lJ1a YCJIOBI1lO

(33) R
G(-cr+jw) 1

.0e +-;;>
1 +rG(-cr+jw) k-r

(0<;<0< 00).

npI1 3TOM CTeneHb YCTOHqI1BOCTH JII1HeapI130BaHHOH CI1CTeMbI C KOecPqm-
QI1eHTOM YCHJIeHH5I JIHHeHHOro 3JIeMeHTa r, .r:r;omKHa 6bITb He MeHee 3a.r:r;aHHOH a

11 npOH3Bo.r:r;Ha51 HeJIHHeHHOH xapaKTepHCTHKI1 d <I>(x)jdx .r:r;OJI)KHanpI1Ha.r:r;JIe)KaTb
nOJIoce (r, k).

,lJ,JI5I nOJIyqeHI151 aJIre6paI1QeCKOrO KpHTepH5I CTeneHI1 YCTOHQI1BOCTI1 npo-
QeCCOB, np0I13Bo.r:r;I1M IIo.r:r;CTaHOBKY

(34)

B ypaBHeHI1e (21).

Tor.r:r;a nOJIYQI1M

keN) I-jN2) KP(-a+ w) + Q(-a+w) = 0.

s= -a+ w

(35)

nO.r:r;CTaHOBKa (34) npeo6pa3yeT o6JIacTb JIeBee np5lMOH Re s = -a nJIOC-
KOCTI1 s B JIeBYlO nOJIynJIOCKOCTb nJ1O::KOCTIf w (pI1c. 9). npI1 nOM, KOpHI1
ypaBHeHH5I (35), JIe)KaIll,I1e B JIeBOH nOJIynJIOCKOCTI1 w, cooTBeTcTBYlOT KOpH5IM
ypaBHeHI1H (21), JIe)KaIl(I1M JIeBee np5lMOH Re s = -a nJIOCKOCTI1 s.

KaK y)Ke 6bIJIO nOKa3aHO B pa.r:r;eJIe 2, eCJII1 ypaBHeHI1e (35) rypBI1QOBO
npI1 Bcex 3HaQeHI151X N] 11 N2, onpe.r:r;eJIeHHbIX ypaBHeHI1elf cooTBeTcTBYlOIll,eH
B - OKPY)KHOCTI1 (17), TO 6YJIeT BbIIIOJIHHC5I HepaBeHcTBo (33) If ypaBHeHI1e

(36) rG(-a+w)+ 1 =0

6y.r:r;eT TaK)Ke rypBI1QOBO, T. e. CTeneHb YCTOHQI1BOCTI1J1I1HeapI130BaHHOH CI1CTeMbI
C K03cPcPI1QI1eHTOM YCIfJIeHI151JIHHeHHOro 3J1eMeHTa r 6y.r:r;eT He MeHee 3a.r:r;aHHOH a.

nonOMY, MO)KHO CcPOPMYJII1pOBaTb CJIe.r:r;YlOIl(I1HaJIre6paI1QeCKTH KplfTeplfH
CTeneHI1 YCTOHQI1BOCTI1npOQeCCOB.

,lJ,JI5IToro, QTo6bI npOQeCCbI B HeJIHHeHHOH CI1CTeMe (pI1c. 1) I1MeJ1I1 CTeneHb
YCTOHQflBOCTIf He MeHee 3a.r:r;aHHOH a, .r:r;OCTaTOQHO,QTo6bI Bce KOpHI1 ypaBHeHIf51
(21) nplf Bcex 3HaQeHlf5lX Nt If N2, onpe.r:r;eJIeHHbIX ypaBHeHI1eM cooTBeTcTBYlOIl(eH

B - OKPY)KHOCTIf (17), 6bIJIH C OTpHQaTeJIbHOH BeIl(eCTBeHHOH QaCTblO 60JIbllleH a
no MO.r:r;YJ1lO.

npI1 nOM HeJIHHeHHa51 xapaKTepHCTI1Ka <I>(x) .r:r;OJI)KHay.r:r;OBJIeTBOp5lTb
YCJIOBlflO <I>(0) = °

11 ee np0I13Bo.r:r;Ha51 d <I>(x)jdx .r:r;OJI)KHa npI1Ha.r:r;JIe)KaTb
nOJIoce (r, k).

CcPOPMYJIlfpOBaHbIH BblIIIe KplfTepI1H CTeneHIf YCTOHQHBOCTI1 npOQeCCOB B

HeJII1HeHHOH CIfCTeMe (pHC. 1) 5IBJI5IeTC5I Heo6xo.r:r;HMbIM If .r:r;OCTaTOQHbIM Kplf-

TepI1eM CTeneHIf YCTOHQIfBOCTIf 3flC (pI1c. 4).

,lJ,JI5I IfCCJIe.r:r;OBaHH5I CTeneHIf YCTOHQHBOCTIf npoQeccoB C nOMOIl(blO MeTo.r:r;a

napaMeTpI1QeCKOH nJIOCKOCTI1, npe.r:r;CTaBI1M ypaBHeHlfe (21) B 60JIee 06Il(eM BH.r:r;e

I

2: aisi=O,
;=0

(37)

r.r:r;eK03cPcPI1QHeHTbIai (i = 0, 1, . . ., m) - KOMnJIeKCHble QIfCJIa

(38)
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(39)

IIoTOM, npOH3Be,D,eM nO,D,CTaHOBKY

S= -0'+ j(j).

,l];JUI Si nOJIY'IHM:
Si = Xi (0',

(j) + jYi (0',
(j)

Yi (0',
(j) jiBJIjilOTCji <PYHKIJ,HjiMbI BH,D,a:

I
Xi (0', (j)=

i~

(_l)l-i C)O'H(j)iCOSi7t/2,

I
Yi (0',

(j)
= i~

(- 1)l-i C) O'H (j)i sin i 7t /2.

HeTpY,D,HO nOKa3aTb 'ITO ,D,JIji <PYHKIJ,HH Xi (0', (j)
H Yi (0', (j) OnpaBe,D,JIHBbI

CJIe,D,YIOIIJ,He peKypeHTHble <pOpMHJIbI:

Xi+\ (0',
(j) + 20' Xi (0',

(j) + (0'2 + (j)2)
Xi-! (0',

(j)
= 0,

Yi+\ (0',
(j) + 20' Yi (0',

(j) + (0'2 + (j)2)
Yi-! (0',

(j)
= 0,

npH i>2, npw.IeM Xo(O', (j)== 1, X\(O', (j)==-O', Yo (0', (j)==0, Y\(O', (j)==(j).

IIo,D,cTaBJIjiji (38) H (40) B ypaBHeHHe (37), HaXO,D,ji BeIIJ,eCTBeHHYIO H
MHHMylO 'IaCTb H npHpaBHHBaH HX HYJIIO, nOJIY'IHM

kKN\ Al (0', (j)-kKN2A2 (0', (j) + D\ (0',
(j)

= 0,

kKN\A2 (0', (j)+ kKN2A\ (0', (j)
+ D2 (0',

(j)
= 0,

(40)

r,D,e Xi (0', (j) H

(41 )

(42)

(43)

r,D,e

(44)

m

Al (0', (j)=
L: bi Xi (0', (j),

i=O

m
A2(0', (j)=

L: bi YdO', (j),

i~O

I

D\ (0',
(j)

= L: Ci Xi (0',
(j),

i~O

I
D2(0', (j)=

L: Ci Yt (0', (j).

i~O

Pemaji ypaBHeHHH (44), ,D,JIji kKN\ H kKN2 nOJIY'IHM

kKN =
A, (cr, W)Dl (cr, w)+A2(cr, w)D2(cr, w)

Ai (cr, w)+A~(o, w)
(45)

kKN=
A2 (cr, w) Dl (cr, W)-Al (cr, w) D2 (cr, w)

Ai (cr, w) + A~ (cr, w)

113MeHjiji (j) OT - 00 ,D,O + 00 npH
3a,D,aHHOH CTeneHH YCTOH'IHBOCTH 0', C
nOMOIIJ,blO ypaBHeHHH (45), MO:>KHO no-
CTpOHTb KPHBYIO D - pa36HeHHji B

nJIOCKOCTH napaMeTpOB kKN\, kKN2.

Ha caMOM ,D,eJIe, 3Ta KpHBaji nOJIY'Ia-
eTCji oT06pa:>KeHHeM npjiMOH Re s = - 0'

(pHC. 9, a) B nJIOCKOCTb napaMeTpOB.

KaK H3BeCTHO, nOJIb3YjiCb nOJIY-

'leHHOH KpHBOH D - pa36HeHHji, MO:>KHO
onpe,D,eJIHTb 06JIaCTb 3a,D,aHHOH CTeneHH YCTOH'IHBOCTH, T.e. Y'IaCTOK nJIOCKOCTH
napaMeTpOB, ,D,JIji KOToporo Bce KOpHH ypaBHeHHji (21) 6Y,D,YT HMeTb BeIIJ,e-

cTBeHHYIO 'IaCTb oTpHIJ,aTeJIbHYIO H 60JIbmyIO 0' no MO,D,YJIIO.

jlm JIm

o s d

R.

.,.

PRc.9
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nOCRe onpe~eReHHH 06RaCTH 3a~aHHOH CTeneHH YCTOH'IHBOCTH H BnHCb~
BaHHH BHYTPb :nOH 06RaCTH napaMeTpH'IeCKHX OKpY)I(HOCTeH, KaCalOIl(HXCH
KpHBOH D - pa36l1eHI1H, nORY'IaeM 3aBHCI1MOCTb (kK)max = S (rK).

.n;RH HRRlOCTpal(I1H paCCMOTpl1M CHOBa HeRHHeHHYlO CHCTeMY, CTpYKTypHaH

cxeMa KOTOpOH nOKa3aHa Ha pHC. 6. ,n:RH K3 = 4 onpe~eRHM ~OCTaTO'lHbIe
YCROBHH, o6eCne'lI1BalOIl(l1e CTeneHb YCTOH'IHBOCTHnpOl(eCCoB B paccMaTpH-
BaeMoH CI1CTeMe He MeHee 3a~aHHOH (J = 1.

nO~CTaBRHH K3 = 4 B YBaBHeHHe (28), nOCRe :meMeHTapHbIX npeo6pa30-
BaHHH nORY'IHM ypaBHeHHe (37) B BI1~e

(46) S4+ 29,5 S3+ 442,5 S2+ (100 kKNj + j 100 kKN2 + 414) S+

+ 200kKNj + j200kKN2=0.

npH (J= 1, C nOMOIl(blO peKypeHTHblx 4>OPMYR (42), Bbl'lHCRHM 4>YHKl(HH

Xi (1, (,) 11 Yd1, (,) 11 nOTOM, nORb3YHCb ypaBHeHHHMI1 (44) H (46), nORY'IHM
ypaBHeHHH (45) B BI1~e

(,)2

kKNj = - (0,244
(,)2 + 9,235),

1+ (,)2

(47)
(,)

kKN2 =- (0,01 (,)4-3,345 (,)2 + 5,635).
1 + (,)2

nO~CTaBmIH 3Ha'leHHH (,) OT 0 ~o 00 B ypaBHeHI1H (47), nocTpOHM

KPHBYlO D - pa36HeHHH ~RH 3a~aHHoH CTeneHH YCTOH'IHBOCTH(J = 1 (pHC.10).

20

10

II)) 120 JtKNI

1Q 12

PlfC. 10

CRe~YH MeTO~HKe, H3RO)l(eHHOH B npe~bI~YIITeM npHMepe, T.e. Haxo~H
06RaCTb 3a~aHHOHCTeneHH YCTOH'II1BOCTH H BnHCbIBaH BHYTPb nOH 06RaCTH
napaMeTpH'IeCKHe OKPY)l(HOCTH, KaCalOIl(HeCH KpHBOH D - pa36HeHHH, onpe-
~eRHM 3aBHCHMOCTb (kK)max= S(rK) npH 3a~aHHOH CTeneHH YCTOH'IHBOCTH
(PHC. 8, 6).

113 pRC. 10 BH~HO, 'ITO RHHeapl130BaHHaH CHCTeMa 6y~eT o6Ra~aTb CTe-
neBblO YCTOH'IHBOCTHHe MeHee 3a~aHHOH (J= 1 ~RHBcex 3Ha1feHHHX6,5.;;;;kK.;;;;90.

PacToHHRe Me)l(~Y KpRBbIMH (pRC. 8) nOKa3HBaeT HaCKORbKO o6RacTb
3a~aHHoH CTeneHH YCTOH'IRBOCTHMeHbIITe 1feM o6RacTb YCTOH1fHBOCTH.
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4. 01> AI>COJIIOTHOM: YCTOM:qMBOCTM TIOJIO)KEHMSI PABHOBECMSI B
HEJIMHEM:HhIX HETIPEPhIBHhIX CMCTEMAX ABTOMATMqECKOrO YTIPABJIEHMSI

Ha OCHOBe '�aCTOTHOrO KpHTepHH B. M. TIonoBa [1,2] H pe3YJIbTaTOB,
nOJIY'IeHblX B [3], c\JOPMYJIHPyeTcH aJIreOpaH'IeCKHH KpHTepHH aOCOJIIOTHOHYCTO-
H'IHBOCTH nOJIOJKeHHH paHHOBecHH HeJIHHeHHblx HenpepblBHblX CHCTeM aBTOMaTH-
'�e'lKOrO ynpaBJIeHHH. 3TOT KpHTepHH n03BOJIHeT HCCJIe~OBaTb aOCOJIIOTHYIO
YCTOH'IHBOCTb nOJIOJKeHHH paBHOBeCHH HeJIHHeHHOHCHCTeMbI nYTeM HCCJIe~OBaHHH
pacnpe~eJIeHHH KopHeH aJIreOpaH'IeCKOrO YPaBHeHHH, HBJIHIO~HMCH xapaKTe-
pHCTH'IeCKHM YPaBHeHHeM 3KBHBaJIeHTHOH JIHHeHHOH CHCTeMbI C KOMnJIeKCHblM
K03c\Jc\JHI1HeHTOMYCHJIeHHH. Onpe~eJIeHHe ~OCTaTO'lHbIX YCJIOBHH, oOeCne'lHBa-
IO~HX aOCOJIIOTHYIO YCTOH'IHBOCTb nOJIOJKeHHH paBHOBecHH, HJlJIIOCTpHpyeTcH
npHMepaMH.

4.1. nOCTaHaBKa 3a~a'lH. AJIreOpaH'IeCKHH KpHTepHH

PaCCMOTpHM HeJIHHeHHYlO CHCTeMY, KOTopaH MO)l(eT 6bITb CBe.n:eHa K CTPYK-
Type (pHC. 1), npe.n:CTaBJIHlOru;eH C060H coe.n:HHeHHe HeJIHHeHHOro 3JIeMeHTa H

JIHHeHHOH '�aCTH.

HeJIHHeHHblH 3JIeMeHT onHCbIBaeTCH npOH3BOJIbHOH o.n:Ho3Ha'iHOH KYCO'lHO-
HenpepbIBHoH <PYHKIlHeH <I>(x), xapaKTepHcTHKa KOToporo Haxo.n:HTCH BHYTPH
yrJIa, OrpaHH'IeHOrO OCblO a6cIlHcc H npHMoH y = kx (k> 0).

IIpe.n:noJIo)l(HM, '�TO JIHHeHHaH '�aCTb CHCTeMbl, JIOTOpaH xapaKTepH3yeTC}J

nepe.n:aTO'lHOH <PYHKIlHeH G (s) YCTOH'IHBa, T. e. Bce nOJIlOCbl <PYHKIlHH G (s)
HMelOT oTpHIlaTeJIbHYlO Beru;ecTBeHHYlO '�aCTb.

qacToTHblH KpHTepHH a6COJIlOTHOH YCTOH'IHBOCTH nOJIO)l(eHH}J paBHoBecH}J

B. M. IIonoBa [1, 2], npHMeHHTeJIbHO K HeJIHHeHHOHCHCTeMe(pHC. 1), rJIaCHT,
'�TO nOJIO)l(eHHe paBHOBeCH}J HeJIHHeHHOH CHCTeMbl a6COJIlOTHO YCTOH'IHBO (no.n:

3THM no.n:pa3YMeBaeTC}J aCHMnTOTH'IeCKa}J YCTOH'IHBOCTb B CMblCJIe JbnYHOBa)

eCJIH cyru;ecTByeT TaKoe .n:eHCTBHTeJIbHOe '�HCJIO q, npH KOTOpOM BbIITOJIH}JeTCH

HepaBeHCTBO

(1)

HJIH

(3) Re k (1 + qjCJ)) G(jCJ)) + 1>0

r.n:e G (jCJ)) - '�aCTOTHa}J xapaKTepHCTHKa JIHHeHHOH '�aCTH CHCTeMbl.

,n:JI}J nOJIyqeHH}J aJIre6palI'IeCKoro KpHTeplI}J a6COJIlOTHOH YCTOH'IIiBOCTIi
nOJIO)l(eHH}J paBHOBeCHH, 0603Ha'lHM B HepaBeHcTBe (2)

(3)

40
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Tor,LJ,a HepaBeHCTBO (2) MO:JKHO HanHcaTb B BH,LJ,e

(4)

BbIpa:JKeHbIe (4) COBna,LJ,aeT C cooTBeTcTBYlOlQHM HepaBeHcTBoM, nOJIyqeHbIM
B pa60Te [4], ,LJ,JIRa6COJIlOi HOH YCTOHqHBOCTH npOIIeccoB.

n03TOMY, KplnepHH nonoBa MO:JKHO

c<j>oPMY" HpO BaTb CRei\YlOU(HM o6pa30M' ~,LJ,JIRToro, qTo6bI nOJIO:JKeHHe paBHoBecHR

HeJIHHeHHOH CHCTeMbI (pHC. 1) 6HJIO a6co-
JIIOTHO YCTOHqHBbIM, ,LJ,OCTaTOqHO, qTo6bI PHC. 1
cYIlIecTBOBaJIO TaKoe ,LJ,eHCTBHTeJIbHOe qHCJIO
q (paBHoe HYJIIO, nOJIO:JKHTeJIbHOe HJIH oTpHIIaTeJIbHoe), npH KOTOpOM ,LJ,JIR

Bcex 3HaqeHHH 0.;; c.u<: 00, xapaKTepHcTHKa, onHCbIBaeMaR BeKTopoM

(5)

HaXO,LJ,HJIaCb 6bI npaBee npRMoH, napaJIeJIHOH OCH
qepe3 TOqKY (-1, j 0) (pHC. 2).

I1cnOJIb3YR pe3YJIbTaTbI, nOJIyqeHbI,
B pa60Te [3], HeTpY,LJ,HO BH,LJ,eTb,qTO c$op-
MYJIHpOBaHY BbIllie qaCTOTHoMY KpHTepHIO
cooTBeTcTByeT CJIe,LJ,YIOIlIHHaJIre6paHqeCKHH
KpHTepHH a6COJIlOTHOH YCTOHqHBOCTH nOJIO-
:JKeHHR paBHoBecHR

)];JIR TOro, qTo6bI nOJIO:JKeHHe paBHo-

BeCHH HeJIHHeHHOH CHCTeMbI (pHC. I) 6bIJIO
a6COJIlOTHO YCTOHqHBbIM, ,LJ,OCTaTOqHO, qTO-
6bI cYIlIecTBOBaJIO TaKoe p,eHCTBHTeJIbHOe
TaKoe qHCJIO q, npH KOTOpOM ypaBHeHHe

(6) k (N! + jN2) (1 + qs) G (s) + 1 = O. PHC. 2

HBJIReTCH rypBHIIOBbIM npH Bcex 3HaqeHHRX N! H N2, onpe,LJ,eJIeHHbIX ypaB-
HeHHeM oKPy:JKHOCTH

(7)

ECJIH BbIpa3HTb nepe,LJ,aTOqHYIO $YHKIIHjy G (s) KaK ,LJ,p06HO-paIlHOHaJIbHYIO
$YHKIIHIO BH,LJ,a

(8) G (s) =K
P(s)
Q (s)'

r,LJ,e K - K03$$HIIHeHT YCHJIeHHR JIHHeHHOH qaCTH, Q (s) H pes) - BeIlleCTBeHHbe
nOJIHHOMbI, COOTBeTCTBeHHO, cTeneHeH 1 H m <:I, TO ypaBHeHHe (6) MO:JKHO
HattHcaTb B BH,LJ,e

(9) k (N1 + jNz) (1 + qs) KP (s) + Q (s) = O.
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YpaBHeHHe (9) HJHI (6) RBJHleTCR xapanepHCTHqeCKHM ypaBHeHHeM JIHHeH-
HOH CHCTeMbI (pHC. 3), nOJIyqeHoH npH 3aMeHe HeJIHHeHHOro 3JIeMeHaTa HeJIH-
HeHHoH CHCTeMbI (pHC. I) JIHHeHHbIM
3JIeMeHTOM C nepe.IJ:aTOqHOH <PYHKIJ,HeH f(t)

k (N] + jNz) (I + qs).
ECJIH npe.IJ:nOJIOJKHTb, qTO Nj H Nz

H3MeHRlOTCR B.IJ:OJIb OKPYJKHOCTH, onH-
cblBaeMoH ypaBHeHHeM (7), TO Ha OCHO-
BaHHH C<POPMYJIHpOBaHOrO BbIllIe aJIre6paHqeCKOrO KpHTepHR 3aKJIlOqaeM, qTO
Heo6xo.IJ:HMbIe H .IJ:0CTaTOqHbIe YCJIOBHR YCTOHqHBOCTH JIHHeHHOH CHCTeMbI (pHC. 3)
cooTBeTcTBYlOT .IJ:0CTaTOqHbIM YCJIOBHRM a6COJIlOTHOH YCTOHqHBOCTH nOJIOJKeHHR
paBHoBecHR HeJIHHeHHOH CHCTeMbI (pHC. I).

PlfC. 3

4.2. AuaJIH3 ,a:OCTaTO'lHbIXYCJIOBbm, oOeCne'lHBaro~HX aOCOJIlOTuylO
YCToi'lHBOCTb DOJIo*eUHB paBuoBecHB

I1cnOJIb3YR .IJ:aHHbIH BbIllIe KpHTepHH, 3a.IJ:aqy HCCJIe.IJ:OBaHHR .IJ:OCTaTOqHbIX
YCJIOBHH a6COJIIOTHOH YCTOHqHBOCTH nOJIOJKeHHR paBHoBecHR MOJKHO c<POPMY-
JIHpOBaTb CJIe.IJ:YlOllIHM o6pa30M: Heo6xo.IJ:HMO Onpe.IJ:eJIHTb qHCJIO q = qo (noJIo-
JKHTeJIbHOe HJIH OTpHIJ,aTeJIbHoe), npH KOTOpOM ypaBHeHHe (9) He HMeeT KopHeH
B npaBOH nOJIynJIOCKOCTII npH Bcex 3HaqeHlIRX Nj H Nz, onpe.IJ:eJIeHHbIX ypaB-
HeHHeM (7), npH'IeM BbI6paHoe 3HaqeHHe q = qo .IJ:OJIJKHOCOOTBeTCTBOBaTb npe-
.IJ:eJIbHOMY 3HaqeHHlO (kK) = (kK)up. ,[];JIR pellIeHHR nOH 3a.IJ:aqH BOCnOJIb3yeMcR

MeTO.IJ:OM napaMeTpHqeCKOH nJIOCKOCTH [3].
ECJIH nO.IJ:CTaBHTb q = qo H S = jCiJ B ypaBHeHHe (9), TO nOJIyql1M

k (Nj + jNz) (1 + %jCiJ)KP(jCiJ) + Q (jCiJ)= O.
BMecTe Nj H Nz BBO.IJ:HM HOBbIe nepeMeHHbIe

(10)

(11)

r.IJ:e

YpaBHeHHe (13) jlBJIReTCR
ypaBHeHl1eM ceMeHcTBa OKpYJK-
HocTeH C IJ,eHTpOM B TOqKe (1/2;

qo CiJ/ 2) H IIMebIllIHX pa.IJ:HlOC R =

= 1/2 Vi + q~ CiJZ. Bce 3TH OKPYJK-

HOCTH npOXO.IJ:RT qepe3 HaqaJIO

KOop.IJ:I1HaT H TOqKY (1; 0) B nJIOCKOCTH N;, N; II KaJK.IJ:OH113 HIIX 6Y.IJ:eT COOT-
BeTCTBOBaTb CBoe 3HaqeHlle qo CiJ (pIlC. 4). IIpll qo CiJ= 00 cooTBeTcTBYlOllIaR

OKPYJKHOCTb BbIpOJK.IJ:aeTCR B OCb a6CIJ,Hcc OJIOCKOCTII N;, N;.

(12)

HeTpY.IJ:HO nOKa3aTb, qTO
eCJIII N1 II Nz CBR3aHbI COOTHOllIe-

Hl1eM (7), TO N; II N; 6Y.IJ:YT
Y.IJ:OBJIeTBOpRTb ypaBHeHlllO

(13) (N;-1/2)Z + (N;- % CiJ/2)2 =

1
= - (1 + q2CiJZ).

4 0
N"I

Plfc.4
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TIO,ll,CTaBJUUI (1) B (10), Bbl,ll,eJIHH Bew.eCTBeHHYIO H MHHMyIO 'faCT H IIpH-
paBHHBaH HX HYJIIO, 1I0JIY'IHM

(14)

. .
kKN I PI (cu)-kKN 2P2 (cu)+ QI (cu)= 0,

kKN; P2 (cu)+ kKN;PI (cu)+ Q2 (cu)= 0,
r,ll,e

(15)

PernaR ypaBHeHHR (14), ,ll,JIR kKN; H kKN;, 1I0JIY'IaeM

(16)

kKN; = -
PI (c.» QI (c.» +P2 (c.» Q2 (c.»

pi(c.»+p~(c.»
,

.L(JIR OlIpe,ll,eJIeHHH q = qo H COOTBeTCTBYlOlUero eMY IIpe,ll,eJIbHOrO 3Ha'le-
HHR (kK)np, C 1I0MOlll,blO ypaBHeHHH (16) B IIJIOCKOCTH kKN;, kKN; cJIe,ll,yeT

1I0CTpOHTb KPHBYIO rpaHHll,bI

YCTOH'IHBOCTH IIPH H3MeHeHHH

cu OT 0 ,11,0 00 (pHC. 5).

KpoMe nOH KpHBOH, Ha

IIJIOCKOCTH kKN;, kKN; HY:>KHO

1I0CTpOHTb TaK:>Ke H TaK Ha3blBae-

MYIO lIapaMeTpH'IecKYIO OKPY:>K-

HOCTb, I<aCalOlll,YlOcR rpaHHll,bI

06JIaCTH YCTOH'IHBOCTH. .L(JIR 110-

JIY'IeHHR nOH OKpY:>KHOCTH,

06paTHM BHHMaHbIe TO 'IT 0

,ll,JIR OlIpe,ll,eJIeHHOrO 3Ha'leHHR

qo cu OKpY:>KHOCTb, OIIHCblBaeMaR

ypaBHeHHeM (13), lIepecKaeT OCb

a6Cll,HCC B TO'lKaK 0 H 1. TI03-

TOMY, COOTBeTCTBIOlll,aR lIapa-

MeTpH'IeCKaR OKPY:>KHOCTb B IIJIOCKOCTH

B TO'lKaX 0 H (kK)np (pHC. 5). lJ,eHTap
C(ex; ~), r,ll,e

(17)
1

ex= - (kK)np,2

P 2 (c.» QI tc.»-P1 (c.» Q2 (c.»

pi (c.» + P~ (c.»

PRC. 5

kKN;, kKN; lIepecKaeT oCb a6Cll,HCC
nOM OKpY:>KHOCTH HaXO,ll,HTCR B TO'lKe

3Ha'leHHe cu = CUO, IIPH KOTOpOM lIapaMeTpH'IeCKaR OKPY:>KHOCTb KacaeTCR
rpaHHll,bI 06JIaCTH YCTOH'IHBOCTH OlIpe,ll,eJIReTCR IIYTeM HHTepIIOJIall,HH KpHBOH
rpaHHll,bI 06JIaCTH YCTOH'IHBOCTH B oKpecHocTH TO'fKH KacaHHR. TIoCJIe olIpe-
,ll,eJIeHHR 3Ha'leHHR cu = CUo H3 pHcYHKa 5. H ypaBHeHHR (17) IIPH H3BeCTHOM ~
OlIpe,ll,eJIHeTCR 3HaqeHHe qo H cooTBeTcTBylOllIee eMY IIpe,ll,eJIbHOe 3Ha'leHHe (kK)np.

Ha OCHOBaHHH pe3YJIbTaTOB, 1I0JIyqeHbx B [3], BH,II,HO, '�TO IIpH q = qo = 0

1I0JIY'IeHbIe ,ll,OCTO'lHbIe YCJIOBHR COOTBeTCBYIOT a6comOTHOM YCTOM'IHBOCTH IIpO-
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QecCOB. B 3TOM CJIyqae COOTBeTCTBYIOIQee MaKCHMaJIbHOe ,n;JISI kK paBHHeTCH
KOOp,n;HHaTe TOqKH nepeceqeHHH nepaMeTpHqeCKOH OKPY)l(HOCTH, nOJIyqeHHOH

npH q = qo = 0, C OCblO 06CQHCC nJIOCKOCTI1 kKN;, kKN; (pHC. 5).

IIpHMep 1. IIycTb nepe,n;aTOqHaSI «PYHKQHH JIHHeHHOH qaCTH CHCTeMbI
aBTOMaTHqeCKOrO perYJIHpOBaHHSI (pHC. 1) HMeeT BH,n;

(18)
K

G (s) = .(s + 1,5) (S2 + 4s + 5)

OnHcaHbIM BblIne cnoco6oM HCCJIe,n;oBaHHH ,n;ocTaTOqHbIX YCJIOBHH, o6ecne-
qHBalOmHX a6COJIIOTHYIO YCTOHqHBOCTb nOJIO)l(eHHH paBHoBecHH, onpe,n;eJIHM
3HaqeHHe qo=q~ H cooTBeTcTBYIOIQee eMY 3HaqeHHe (kK)op, q~ OTBeqaeT MaKCH-

MaJIbHoMY 3HaqeHHIO (kK)np MaKC'

.ll:JIH pacCMaTpHBaeMOH CHCTeMbI ypaBHeHHH (16) HMIOT BH,n;

(19)
.

kKN] = 5,5 c.u2- 7,5,

3a,n;aBaHCb nOJIO)l(HTeJIbHbIMH 3HaqeHHHMH c.u H no,n;CTaBJIHH HX B ypaB-

HCHHH (19), IIOCTpOHM COOTBeTCTBYIOWYIO KPHBYIO B IIJIOCKOCTH kKN~, kKN;
(pHC. 6).

r;(lf,J;U}

JII

..

...

Pllc.6

MaKCHMaJIbHOMY 3HaqeHHIO (kK)np MaKC COOTBeTcByeT IIapaMeTpHqeCKaH
OKPY)l(HOCTb, KacalOIQeaCH KpHBOH, IIpoxo,n;HIQaSI qepe3 HaqaJIO Koop,n;HHaT H
HMelOIQaSI HaH60JIbWHH B03MO)l(HbIH pa,n;HYC. Ha pHC. 6 eH COOTBeTcTByeT
OKpY)l(HOCTb C] C QeHTpoM B TOqKe C (26,5; 44). 3HaqeHHe c.u= c.uo MO)l(HO.
nOJIyqHTb nYTeM HHTepnOJIaQHH HJIH H3 ypaBHeHHSI kKN2 = O. TaKHMo6pa30M
nOJIyqaeM c.uo= y'TI. 3HaH qHCJIeHOe 3HaqeHHe c.uo H Koop,n;HHaTb QeHTpa napa-
MeTpHqeCKOH OKPY)l(H:OCTHH HCnOJIb3YH ypaBHeHJiSI (17), nOJIyqaeM (kK)np MaKC= 53
Ji q~=0,5.
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3HaqeHHe q~ MO)KHO onpe,!!,eJIHTb TaK)Ke aHaJIHTHqeCKH. 113 ypaBHeHHH (17)

H pHC. 6 BH,!!,HO, qTO q"=tg6/wo, r,!!,e
o

d(kKN;)fd(i)

I

tg 6
=" .

d(kKN2)fd(i)
"'="'0

ECJIH nO,!!,CTaBHTb q = q~ B Bbpa)KeHHe Gq(s) = (1 + qs) G (s), TO nOJIyqHM
nepe,!!,aTOqHYIO <l>YHJInHIO Gq: (s), KOTopaSi HCnOJIb3yeTcH ,!!,JISI CHHTe3a KopeK-

THPYIOInHX YCTPOHCTBb [5] (MeTo,!!,oM JIOrapH<I>MHqecKHx qaCTOTHbIX xapaKTe-
pHCTHX), o6eCneqHBaIOInHx a6COJIIOTHYlO YCTOHqHBOCTb nOJIO)KeHHH paBHoBecHH
npH Tpe6yeMoM 3HaqeHHH (kK)TP > (kK)np MaKe'

O,!!,HOBpeMeHO MH nOJIyqaeM MaKCHMaJIbHOe 3HaqeHHe (kK)M8Ke, npH KOTO-
pOM npOneCCbI 6Y,!!,YT a6COJIIOTHO YCTOHqHBbI. 3TO 3HaqeHHe, KaK H3BecTHO [3],
cOOTBeTCTByeT a6CnHcce TOqKH A (pHC. 6), paBHoH (kK)M8Ke = 28,5.

(20)

4.3. CTeneHL YCTOH'IHBOCTH

B pa60Te [6] nOKa3aHO, '�TO ,!!,JIH Toro, '�To6bI nponecc X (t) B HeJIH-
HeHHoH CHCTeMe (pHC. 1), BbI3BaHbIH BHernHHM B03,!!,eHcTBHeM THna Ha'laJIbHbIX

YCJIOBbIH IH (t), T. e. Y,!!,OBJIeTBOpHIOInHH YCJIOBHIO

co

(21) J I/H(t) I dt= Mo < 00,
o

Mo = const

6bIJI a6COJIIOTHO YCTOH'IHBbIM H CHCTeMa HMeJIa CTeneHb YCTOH'IHBOCTH He MeHee
3a,!!,aHHOH c, ,!!,OCTaTO'lHO, qTo6bI CYIneCTBOBaJIO TaKoe '�HCJIO q (paBHoe HYJIlO,
nOJIO)KHTeJIbHOe HJIH OTpHnaTeJIbHoe), npH KOTOpOM qaCTOTHaH xapaKTepHCTHKa
JIHHeHHOH '�acTH CHCTeMbI G (jw) Y,!!,OBJIeTBOpHJIH 6bI HepaBeHCTBY

(22) Re (1 + qjw) G (-c + jw) + l/k < 0
HJIH

(23) Rek(1 +qjw)G(-c+jw) + 1 >0 (0
"

w< 00 ),

npH 3TOM 3a,!!,aHHaH CTeneHb YCTOH'IHBOCTH c ,!!,OJI)KHa 6bITb BCer,!!,a MeHbrne
CTeneHH YCTOH'IHBOCTH JIHHeHHOH '�aCTH CHCTeMbI H xapaKTepHCTHKa HeJIHHeH-
HOro 3JIeMeHTa <I>(x) ,!!,OJI)KHa HaXO,!!,HTCHBHYTPH ceKTopa, OrpaHH'IeHHOro OCbIO
a6CnHCC H npHMOH Y = kx.

I1CXO,!!,H H3 pe3YJIbTaTOB, nOJIyqeHbIx B [3], JIeno YCTaHOBHTb, '�TO c<I>op-
MYJIHpOBaHbIM BHrne YCJIOBHHM OTBe'laeT CJIe,!!,YIOInHH KpHTepHH CTeneHH YCTOH-

'�HBOCTH. ,L(JIH Toro, 'lT06bI npon;ecc x (t) B HeJIHHeHHOH CHCTeMe (pHC. 1),
BbI3BaHbIH BHernHHM B03,!!,eHcTBHeM THna Ha'laJIbHbIX YCJIOBHH, 6bIJI a6COJIIOTHO

YCTOH'IHBbIM H CHCTeMa HMeJIa CTeneHb YCTOH'IHBOCTH He MeHee 3a,!!,aHHOH,
,!!,OCTaTO'lHO, '�To6bI CYInecTBOBaJIO TaKoe BerneCTBeHHoe '�HCJIO q npH KOTOpOM
ypaBHeHHe

(24) k (N1 + jNz) (1 + qw) G (- c + w) + 1= 0

HBJIHeTCH rypBHnOBbIM npH
HHeM OKPY)KHOCTH (7).

ECJIH nO,!!,CTaBHTb

Bcex 3Ha'leHHHX N1 H Nz, onpe,!!,eJIeHHbIX ypaBHe-

(25) s= -c+w
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B ypaBHeHlfe (24), TO nOJIY'IHM

(26)

me G (s) - nepe)J,aTO'lHag CPYHKQHg JIHHeHHOH '�aCTH CHCTeMbI. 3Ta CPYHKQHg

onpe)J,eJIeHa BbIpax<eHHeM (8), n03ToMY ypaBHeHHe (26) MOX<HO nepenHcaT B BH)J,e

(27) k (N! + jN2) (1 + qa+ qs) KP(s) + Q(s) = O.

llO)J,CTaHOBKa (25) npeo6pa3yeT o6JIacTb HaXO)J,gIQYlOCg JIeBee npgMOH

Re s = -a nJIaCKOCTH s B JIeBYlO nOJIynJIOCKoCTb KOMnJIeKCHOH nepeMeHHoH w.
llpH 3TOM, KOpHH ypaBHeHHg (24), JIex<aIQHe B JIeBOH nOJIYllJIOCKOCTH nJIOCKOCTH W

6Y)J,YT COOTBeTCTBOBaTb KOPHgM ypaBHeHHg (27), JIex<aIQHM JIeBee npgMOH
Re s = - a nJIaCKOCTH s. CJIe)J,oBaTeJIbHO, eCJIH ypaBHeHHe (24) gBJIgeTCj{ rypBH-
QOBbIM, TO BeIQeCTBeHHbIe '�aCTH Bcex KopHeH ypaBHeHHg (26) HJIH (27) 6Y)J,YT
oTpHQaTeJIbHbI H 60JIbllIe a no MO)J,YJIlO.

liICnOJIb3yg MeTO)J, napaMeTpH'IeCKOH nJIOCKOCTH, onpe)J,eJIHM qHCJIO q = qo,
npH KOTOpOM )J,AA Bcex 3HaqeHHH N! H N2, onpe)J,eJIeHHbIX (7), BeIQecTBeHHbIe

'�aCTH Bcex KopHeH ypaBHeHHg (27) oTpHQaTeJIbHbI H 60JIIlIe a no MO)J,YJIlO,
r)J,e a 3a)J,aHHag CTeneHb YCTOH'IHBOCTH.

llo)J,cTaBJIgg q = qo H S = - a + j co B ypaBHeHHe (27), BbI)J,eJIgg BeIQecTBeHHYlO

H MHHMYlO '�aCTb H npHpaBHHBaj{ HX HYJIlO, MOX<HO nOJIY'IHTb ypaBHeHHg

* *(28) kKN1=F1(a,co), kKN2=F2(a,co),

r)J,e N; H N; Y)J,OBJIeTBOpglOT ypaBHeHHlO YKPYX<HOCTH(13), a Fl (a, co) H F2 (a, co)
npe)J,cTaBJIglOT C060H, COOTBeTCTBeHHO, BeIQeCTBeHHYlO H MHHMYlO qaCTb

I/G (-a+ jco). O)J,HaKo, F! (a, co) H F2 (a, co) BeCbMa npocTO MOX<HOBbI'IHCJIHU
BOCnOJIb30BaBllIHCb MeTo)J,HKoH, H3JIOJKeHHOH B pa60Te [3], )J,JIg aHaJIH3a CTeneHH

YCTOH'IHBOCTH npOQeCCOB B HeJIHHeHHOH CHCTeMe, BbI3BaHbIX pa3JIH'IHbIMH HeHC-
'�e3alOIQHMH 3a)J,alOIQHMH HJIH B03MYIQalOIQHMH B03)J,eHcTBHgMH, OrpaHH'IeHbIMH
no MO)J,YJIlO.

ECJIH C nOMOIQblO ypaBHeHHH (28) nocTpoHTb KPHBYlO (rpaHHQY 06JIaCTH
*3a)J,aHHoH CTeneHH YCTOH'IHBOCT) B nJIOCKOCTH kKN/, kKN, TO BOCnOJIb30Ba-

BaBllIHCb MeTO)J,HKOH, H3JIOJKeHHOH B npe)J,bI)J,YIQeM pa3)J,eJIe, MOJKHO onpe)J,eJIHTb
q = q* H COOTBeTcTBylOIQee eMY 3Ha'leHHe (kK)np = (kK)np MaKC, npH KOTOpOM

o 0
npOn;eCCbI, BH3BaHbIe HC'Ie3alOIQHMH BHeIIIHHMH B03)J,eHCTBHgMH, 6Y)J,YT HMeTb
CTeneHb YCTOH'lHBOCTH He MeHee 3a)J,aHHOH.

llpHMep 2. PaccMoTpHM CHOBa HeJIHHeHHYIO cHcTeMy, JIHHeHHag '�aCTb

KOTOp OH xapaKTepH3yeTCg nepe)J,aTO'lHOH cpYHKQHeH(18) H onpe)J,eJIHM q = q*o 0
H (kK)np MaKC,npH KOTOpOM CTeneHb YCTOH'IHBOCTHCHCTeMbI 6Y)J,eT He MeHee
3a)J,aHHOH a = 1.

B paccMaTpHBaeMoM cJIY'Iae ypaBHeHl{g(28) HMelOTBH)J,

* *kKNI = 2,5co2-1, kKN2 = co3-3co.(29)

* *llOJIb3ygCb ypaBHeHH~H (29), CTpOHM KPHBYIO Ha nJIOCKOCTH kKN 1, kKN 2

H 3aTeM H306pa3HM napaMeTpH'IecKYIO OKPYJKHOCTb C1 (pHC. 7), npoxo)J,gIQYlO
'�epe3 Ha'leJIO Koop)J,HHaT, KaCalOIQylOcj{ KpHBOH H HMelOIQYIO HaH60JIbillHH
B03MOJKHbIH pa)J,HYc. Cnoco6oM, H3JIOJKeHHbIM B npe)J,bI)J,YIQeM npHMepe, HaXO)J,HM

COo= ..J3, qo = q~ = 5/6 H (kK)np MaKC= 6,5. Koop)J,HHaTa TO'lKH A B MeCTe nepe-
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ce'JeHlUI OKPYX(HOCTII C2 C OCblO a6Cl.(HCC paBHHeTCH MaKCHMaJIbHOMY 3Ha'Je-

HHIO kK, npH KOTOpOM npOl.(eCCbI B paCCMaTpHBaeMOH CHCTeMe, BbI3BaHbIe

HeHC'Je3alOmHMH BHemHHMH B03,l1,eHCTBHHMH, 6Y,lI,YT HMeTb CTeneHb YCTOH'IHBOCTH

He MeHee 3a,ll,aHHOH (1= 1 [4]. 3TO 3Ha'JeHHe paBHO (kK)Maxc=4.

C(J.U;U,)

PHC. 7

n pe,ll,JIO)l(eHHbIH MeTO,ll, HCCJIe,ll,OBaHHH a6COJIlOTHOH YCTOH'JHBBCTH nOJIO-
)l(eHHH paBpHoBecHH HeJIHHeHHbIx HenpepbIBHbIX CHCTeM aBTOMaTH'IeCKOrO ynpaB-

JIeHHH OTJIH'IaeTCH 60JIbmeH npOCTOTOH no cpaBHeHHIO C MeTO,ll,aMH pa3pa60-
TaHbIMH paHee. OnblT nOKa3HBaeT, 'ITO BpeMH nOTpe6Hoe ,lI,JIH aHaJIH3a, B
HeCKOJIbKO pa3 MeHbme, 'JeM HanpHMep, BpeMH KOTopoe He06xo,ll,HMO ,lI,JIH aHa-
JIH3a MeTO,ll,OM 'IaCTOTHbIX xapaKTepHcTHK [1, 2, 3]. B caMOM ,lI,eJIe, B HameM

CJIY'Iae He06xo,ll,HMO TOJIbKO BbI'JHCJIHTb KOOp,ll,HHaTbI HeCKOJIbKHX TOqeK KpHBOH
rpaHHl.(bI 06JIaCTH YCTOH'IHBOCTH H npOBeCTH napaMeTpH'JecKYIO OKPY)l(HOCTb
MaKCHMaJIbHOrO pa,ll,Hyca.
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