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MOHSATHUE YCTOHYUBOCTU JUHAMHUYECKUX CUCTEM

Ilon  ycmouuueocmvio  cucmemvl  TOHUMAETCI  CIOCOOHOCTH €€
BO3BpaIlaTbCd K COCTOSSHUIO  YCTAHOBHUBILIETOCSA  PABHOBECHUS  MOCIIE
CHATUS BO3MYILECHUS, HAPYLIMBINETO JTO paBHOBecue. HeycronuuBas
CACTEMA HEMNPEPBIBHO VYIAIAETCA OT PABHOBECHOTO COCTOSAHUS WIIU
COBEpIIIAECT BOKPYI HEro KoJIcOaHWsI C BO3pacTaOIIE aMIUIUTYI0U

YcroiunBoe paBHOBECUE

Heycroiuusoe paHoBecHe

Puc. 4.1. HarnsiHoe npezcTaBieHue yCTONYUBOCTH




MOHATUE YCTOMYNUBOCTU JUHAMUYECKUX CUCTEM

YCTOMYMBOCTh  JIMHEHHOM  CHUCTEMBI  ONPEACISAETCS HE  XapaKTepoMm
BO3MYIIEHUS, & CTPYKTYpOil camoii cucteMbl (puc. 4.1). 'oBopsaTr, 4T0 cucTeMa
ycToiunBa "B MalioM", €CIM ompeaeiieH (PakT HaJM4us YCTOWYUBOCTHU, HO HE
orpezenensl ee rpadulibl. CucrteMa ycToiyusa "B 00JbIIOM", KOT/Ia OMPE/ICIIEHbI
IPaHULIbl YCTOMYMBOCTH U TO, YTO PEAJIBHBIC OTKJIIOHEHMsI HE BBIXOAAT 3a ITU
IPaHULIbI.

B cooTBEeTCTBUM € KJIACCUYECKUM METOAOM pelleHue Au(epeHInaIbHOrO
yPaBHEHUS UILIETCS B BUJIE:

V() = Y,0, (1) + 3, (D).

3necb y,, (f) - oOmee penieHUue OJHOPOAHOrO AUPPepeHInaIbHOTO
YPaBHEHMNSA, TO €CTh YPABHEHUS C HYJIEBOU IIPABON YaCThIO:

ay" +ay"+.. . +a _y+ay=0.

n-1
YCTOMYMBOE paBHOBECHE

Heycroiiunsoe pasHoBecHe

Puc. 4.1. Harnsimnoe npeacraBieHue yCTORYUBOCTH



DuU3NYECKN 3TO 03HAYAET, YTO BCE BHEIIHWE BO3ACUCTBUS CHATHI M CUCTEMA
a0COJIOTHO CBOOOJIHA, €€ JIBIXKCHUS OMNpPEICNIAIOTCS JIMIIb COOCTBEHHOM
cTpykTypoil. [losTomMy perieHue MaHHOrO YpaBHEHHsS HA3bIBAETCA CBOOOHON
COCTaBJISAIONICH 00uiero pemenus. y, (f) - 4acTHOE pEUICHUE HEOHOPOIHOrO
nu(depeHnanbHOr0  YpaBHEHUs, MOJ KOTOPHIM TOHMMAETCS YPABHEHHE C
HEHYJIEBOM MpaBoi 4acTbr). PU3MYECKH 3TO 03HAYAET, YTO K CUCTEME MIPUIIOKEHO
BHeWIHee Bo3jaelicTBue u(f). IloaToMy BTOpas cocrapisitomas OOLMIET0 PELICHUS
Ha3bIBACTCA BBIHYK/ECHHBIN. OHA onpejenser BBIHYK/JICHHBIH YCTaHOBUBIIUICA
peXUM pabOThI CUCTEMBI MOCIE OKOHYAHUSI IEPEXOTHOTO MPOLECCa.




MoxkHo mpoBecTH aHanoruto Mexay CAY u npyxkuHoii, konedanus KOTOpoid
OTMUCHIBAIOTCA AHAOTUYHBIM AU depeHIHaTIbHBIM  ypaBHEHUEM (puc. 5.2).
OTTaHEM MPYKUHY, a 3aT€M OTIYCTUM, MPEaoCTaBuB €¢ camoii cebe. [IpyxunHa
Oyaer konedarbcsi B COOTBETCTBHM CO CBOOOJHOM COCTaBJIAKIICH pPELICHUA
YpaBHEHUSA, TO €CTh Xapakrep kojeOaHui OyIeT ONpenenaTbCs TOIBKO
CTPYKTYpOii camoii npy:kuHbl. Ecim B MomeHT Bpemenu [ = () mojaBeCHTh K
PYKUHE TPY3, TO HA CBOOOHBIC KoJeOaHus HaJI0kUTCs BHewHAA cuna P. [locne
3aTyXaHus KoJie0aHWi, OMMCBIBAEMBIX TOJIBKO CBOOOIHOM COCTABIIAIOIICH O0MIErO
PELIeHHs, CHCTEMa T[EPEeHIeT B  HOBBIH  YCTAHOBUBILUICH  PEKUM,
XapaKkTEPU3yEMbIid BBIHYKICHHOM COCTABJIAOMICH y,, =y(t »>»). ECIn BHEIIHEE

BO3/ICHCTBUE camM0 OyaeT M3MEHAThCA [0 CHHYCOMJAIbHOMY  3aKOHY
P =P sin(wt +¢), TO mocie 3aTyXxaHus MEPEXOJHOro Ipouecca cucreMa Oyzer

COBEpIIATh BBIHYK/ICHHBIC KOJIE€OaHNs C TOW K€ 4aCTOTOM, YTO M BBIHYKAAOIIas
cuna, T0 €CTh y,, =V, . SIn(@t + ).
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Kaxxmas cocrapnsionias o0Iiero pemeHus ypaBHEHHS AMHAMHKH HIIETCS
OTAENbHO. BEIHYKIEHHAA COCTABIAIOIIASA MILETCA HA OCHOBE PEIICHUS YPABHCHUS
CTATUKHU IS JaHHOM CHCTEMBI Jjis BpeMeHu [ —> . CBoOOgHAs COCTaBIAIOIIAs

n
MPEACTaBIACT COOONU CYMMY W3 7 OTAE/IBHBIX COCTABIAKIIMX: V. (/)= Z Ap™
i=1

rie p; KOPHH XapaKTepUCTUYECKOTO YPaBHEHMS
D(p)=a,p" +ap' +...4+a_p+a,=0. Kopum  wmoryr  ObTb 1100
BCIICCTBEHHBIMH p; = @;, MO0 TOMAapHO KOMILUIEKCHO COMPSIKEHHBIMH

p,=a t jo. llocTosHHBIE HHTETPUPOBAHMA A; ONPENENAOTCS MCXOAd U3

HA4YaJIbHBIX M KOHEYHBIX YCJIOBHH, MMOJACTaB/IAA B 00IIEE PELICHUE 3HAYCHUS U, ¥ U
WX MPOU3BOIHBIE B MOMEHTBI BpeMeHU [ =0 1 [ —> o0,
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Puc. 4.3. Bubl MOHOTOHHBIX TIPOLIECCOB

KaxxgoMmy  OTpMIIATEILHOMY  BEIIECTBEHHOMY  KOPHK)  COOTBETCTBYET
OKCIIOHCHIMAJILHO 3aTyXawllas BO BPEMEHH COCTaBiswowas y ()i, Kakaomy
MOJIOJKUATEJIBHOMY - SKCIIOHEHUMAILHO PACXOAAIIANACA, KQKAOMY HYJIEBOMY KOPHIO
COOTBETCTBYET y_ (f). = const (puc. 4.3). Ilapa KOMILIIEKCHO CONPSIKEHHBIX KOPHEIH
C OTPULIATEILHOM BEMIECTBEHHOUW YacThbI0 OMpEAEsIsieT 3aTyXarllne KojedaHus
4acTOTOM (,, TPH NOJOXKUTEIBHON BEILIECTBEHHON 4YacTH - pacxonsluecs

KonedaHus, Mpu HYJIEBOM - He3aTyxatwuue (puc. 4.4).
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Tak kak mocyie CHATUSA BO3MYUICHUS Voou(f) = 0, TO YCTOMYUBOCTH CHUCTEMBI
OIpezendaeTcs TOJbKO XapakTepoM CBOOOAHOHN cocrtasigromen y, (7). llostomy
YCJIOBUE YCTOMYMBOCTH CUCTEM MO JISTTyHOBY (hOpMYIHUPYETCS TaK: B YCTOMUMBOM
cucteme  CBOOOAHAsT  COCTABJAIOIIAS  PELICHUS  YPABHEHHUS  JAWHAMUKH,
3alMCAaHHOMY B OTKJIOHEHHAX, I0JIPKHA CTPEMUTHCA K HYIIHO, TO €CTh 3aTyXaTh.
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Puc. 4.5. Pacnipeaenenue KOpHEH HA KOMITUIEKCHOM MJIOCKOCTH

Mcxoms u3  pacmonokeHuss HAa KOMIUIEKCHOM IIJIOCKOCTH — KOPHH
OTPULATEIbHBIMH ~ BCLICCTBCHHBIMM  YacTAMH  HA3bIBAKOTCH  JIEBBIMH,
MOJIOKHUTENLHBIMH - paBLIMH (puc. 4.5).



[losTomy ycrnoBue ycroiunBoctu nuHeitHoit CAY MoxkHO chopMyaupoBaTh
CJICAVIOLIUM 00pa3oM: JiJif TOro, 4To0bl CHCTEMa ObLIa YCTOMYMBA, HEOOXOAUMO U
JIOCTATOYHO, 4YTOObI BCE KOPHM €€ XapakTEPUCTHUECKOr0 YpaBHEHUS ObLIH
neBeIMU. Eciu xoTs Obl OMH KOPEHB MpPaBbIi, TO CHCTEMA HEYCTOW4YMBA. Eciu
OIMH U3 KOPHEN paBeH Hynw (B cucteMax, rae @ = (), a OCTalbHbIE JIEBbIE, TO

CHCTEMa HAXOJMTCA HA TPAHMIIC anepUOIUYECKOW YCTOMYMBOCTH. ECiM paBHBI
HYJIK0 BEIICCTBEHHBIC YACTH OJHOM WJIM HECKOJbKMX TMap KOMIUIEKCHO
COMPSKEHHBIX KOPHEH, TO CHCTEMA HAXOIUTCA Ha TpaHHIE KojedaTenbHOi
YCTOMYUBOCTH.

lpaBuna, mo3Bossromme CyauTh O 3HAKAX KOPHEH XapakTEpPUCTHYECKOTO
ypaBHEHUS 0€3 €ro pelieHus, Ha3bIBAOTCA KPUTEPUAMH YCTOMYUBOCTH. MX MOMXKHO
pa3aenuTe Ha anredpauydeckue (OCHOBAaHbI HA COCTABJICHUM M0 JIaHHOMY
XapakTEePUCTUYECKOMY YPABHEHUIO IO OMPEACICHHBIM MPaBUaM alreOpanydecKux
BBIPQKEHHIA, 0 KOTOPBIM MOKHO CyauTh 00 ycToiuMBOCTH CAY) U 4acTOTHBIE
(OCHOBAHBI HA UCCJICI0BAHMH YaCTOTHBIX XaPAKTEPUCTHK).




Heobxooumoe ycnogue ycmoituueocmu

XapakTepUCTUYECKOEC YPAaBHEHHUE CHUCTEMbI C MOMOIIBK) Teopembl Buera
MOZKET OBITh 3aIIMCAHO B BHU/IE

D(p)=a,p" +a,p~ +...+a,,p+a,=a,(p-p)...(p-p,)=0,
rae p,,---p, - KOpPHHU ITOr0 ypaBHeHus. Eciu cucrema ycTOoM4YMBa, 3HAYUT BCE

KOPHH JIEBBIE, TO €CTh BEIIECTBEHHBIE HACTH BCEX KOPHEH OTPHULIATEIbHBI, HTO
MOJKHO 3anucaTh Kak aj = -|a;j| < 0. [loactaBum ux B ypaBHEHHE:

au(P‘*’l@‘)(P +|ﬂz —jfbﬁ]{p+|ﬂ2| + Jj@,)...=0.

[TepemMHOkast KOMIIEKCHO COMPSKEHHBIE BBIPAIKEHUS, MOTYUUM:

ay(p+|a|)(p +|a|)’ +(@,)7)...=0.

a,

Ilocne pPaCKpbITHA CKODOK JOJIZKHO MOJMYHYHUTBCA BBIPAKCHHC
a,p' +ap +...+a _ p+a,.

10



Tak xak B ckoOKkax HET HM OJHOTO OTPULATEILHOTO YHMCIA, TO HU OJIUH W3
KOS((ULUMEHTOB @ a,,...,a, HEe OyaeT orpuuarenbHeiM. [lo3ToMy HE0OXOAMMBIM

ycnoBueM yeroitunBocti CAY gBisieTcs moja0KUTeTbHOCTh BCEX KOI(P(PULIMEHTOB
XapakTePUCTHYECKOro ypaBHenus: a > 0,a, >0, ..., a > 0. B nanpneiimem Oynem
paccMaTpUBaTL TOJLKO ypaBHEHHs, rie ¢, > (. B mpoTHBHOM Ciyyae ypaBHEHHE

TOMHOXkaeTcs Ha -1.

PaccmoTpenHnoe ycinoBue SBISAETCS HEOOXOAMHBIM, HO HE J0CTATOYHBIM
yciaoBueM. HeoOxoaumeble M J0CTaTOYHBIE YCIAOBHSA JAIOT anreOpauveckue
kputepun Payca u | ypsuna.
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1.1.1. Kpumepuit Payca

Payc npennoxun kputepuit ycroitunBoctu CAY B Buae anroputma, IO
KOTOPOMY  3amloOJIHSAETCS  CHCUMaJbHas  TabJuma ¢ MCHOJIb30BAHHUEM
K03 GUIMEHTOB XapaKTePUCTHYECKOT0 YPAaBHEHUS

1) B mepBoOii CTPOKE 3aMUCHLIBAKTCS KOA(P(UUMEHTb YpaBHEHUS C YE€THBIMH
MHEKCAMHU B MMOPAAKE UX BO3pACTAHHUA,

2) BO BTOPOIi CTPOKE - C HEUYETHBIMU,

3) ocranbHBIC O3JIEMEHTBI  TaOnuiLl  ompeaensiercs mo  (opmyrne:
Chi = Croria-tiCpoy; pTHE i =C; /€, i23 - HOMEP CTPOKH, Kk - HOMEP
cTono1A.

4) UYwumcno crpoxk Tabmunel Payca Ha eguHuny Oonblle mOpsaKa
XapaKTePUCTUYECKOTO YPABHCHMS.

Tabmuua 2
Tabnuua Paycca
¥ ik 1 2 3 4
- I i1 ~ 4y €= €31 — 4y
- 2 c,=a Cp 4 Cyp = 4s
ry=C€/C 3 €3 Ty Gy T 6y Gy, Gy = Gyl
ry=C /ey A €T 0y €y T Oty Gy T CpplyCy



Kpurepuii Payca: ans toro, uyroder CAY Obuta ycToiiumBa, HEOOXOAUMO U
JIOCTATOYHO, YTOOBI KOI((DHIKMEHTEI nepBoro crondua Tadmmusl Payca ¢, ¢ ,,

Cy3,-.. OBUIM TIONOKHUTENbHBIMA. EciM 3TO HE BBHINONHAETCHA, TO CHCTEMA

HEYCTOMYMBA, @ KOJMYECTBO MPABBIX KOPHEH PABHO YUCIY IMEPEMEH 3HAKA B
TEPBOM CTOJIOLE.

JIOCTOMHCTBO - KPUTEPUH MPOCT B UCIOJIB30BAHUM HE3aBUCHMO OT MOPAAKA
XapaKkTepUCTHYECKOro ypaBHeHus. OH yao0eH s ucnonb3oBanus Ha DBM. Ero
HEI0CTATOK - Majad HarjJggHOCTb, TPYAHO CYIUThb O CTENEHH YCTOUYUBOCTH
CHCTEMBI, Ha CKOIIBKO JJICKO OTCTOMT OHA OT IPAaHMUIIbl YCTOMYUBOCTH.
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1.1.2. Kpumepuu I'ypeuna
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['ypBuIll mpeanoxkun ApyroM kputepuit ycroiuuBoctH. M3 kordduimeHToB
XapaKTepPUCTUYECKOrO0 YPaBHEHHA CTPOMTCA OINpenenurtens lypBuma A 10
AITOPUTMY

1) mo riaBHO# IMAaroHaIM CJIE€Ba HAMPABO BBICTABJISIOTCA BCE KOA(P(DUIIUEHTBI
XapPaKTEPUCTUYCCKOTO YPABHCHHUS OT d, 10 4

2) OT KaXa0ro 3JIEMEHTA AMArOHaJAW BBEPX M BHU3 JAOCTPAMBAIOTCS CTOJIOLIEI
ONPEICIUTENS TaK, YTOObl HHAEKCHI YOBIBAJIA CBEPXY BHHU3;

3) Ha MecTOo KO3(p(UIUEHTOB C WHACKCAMM MEHBIIE HYJA WIM OONBLIE N

CTaBATCS HYJIH.
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Kpurepuit ['ypeuna: ans toro, ytodsl CAY 0Oblna ycToiunBa, HEOOXOAUMO U
JI0CTaTOYHO, 4YTOOBI BCE 1 JMArOHAILHBIX MHUHOPOB onpeaenutens ['ypeuiia Obuin
MOJIOKUTENIBHBL. ITH MUHODPBI HA3bIBAKOTCS OnMpeaenuTensMu [ ypeuia.

PaccmoTpum npumepsl npuMeHeHus Kpurepus [ ypeuua:

1) n=1=>ypaBHenue 1uHaMuku: a,p +a, = 0.

Onpenemurens I'ypuua: A = A, = a, > 0 mpu a, > (), T0 ecTb yCIOBHHUE

1
YCTOMYUBOCTH:

a,>0,a,>0;
—_— — & 2 —_—
2) n =2 => ypaBHeHHE JUHAMUKN: a,p +a,p+a,= 0.
Onpenemurenu I'ypsuua: A, =a, > 0,D, = a,a, - a,a, = a,a, > 0, Tax Kax a,
= (), TO eCTb yCJI0BHE YCTOHYIMBOCTH: @, > (), a,> 0, ﬂj > ();

3) n =3 => ypaBHECHUE TUHAMUKH. p Ta p ta,pta, =

Onpenenutenu ['ypBuna:

A=a >0 A=aa,-aa,>0, Ay=a,A,>0, ycnoBue ycToi4nBoCTH : a, > 0,
a, }Uﬂ >0,a,>0,aa,-aa, >0.

OJI0KUTEILHOCTh KOI(DPUIIMEHTOB XapaKTEPUCTUYECKOTO YPABHEHUS SABJIACTCS
HEOOXOUMBIM M JIOCTaTOYHBIM ycaoBueM ycroiuuBoctd CAY. Ilpm n > 2

MOABJIAKOTCA JOMOJIHHUTCIBHBIC YCIIOBHA.



Kputepuii ['ypeunia npumensor npu n<4. llpm Oonmbmmx mopsakax
BO3PACTAET YHUCIIO ONPEACIUTENICH W MPOLECC CTAHOBUTCH TPYAOEMKUM. KMmeercs
psa MOAU(UKAIMI JAHHOTO KPUTEPHS, PACITUPAIONIUE €T0 BO3MOKHOCTH.

Henocrarok kputepus [ 'ypBuiia - Manas HarjisqHOCTb. JIOCTOMHCTBO - y100€H
nng peanu3anuun Ha DBM. Ero 4acto mcmone3yioT 1S ONpeneneHHus BIHSHHS

onHoro u3 nmapameTpoB CAY Ha ee ycToitunBoCcTh. Tak paBeHCTBO HYIIHO TIABHOTO

OMPCACIIHTCIIA ﬂn = Hnﬂ'n—l =0 ropoput 0 TOM, HTO CHCTCMd HAXOIHTCA HA4

rpasune ycrodyuBocTy. Ilpu 3tom mubo a = 0 - mpu BBINOJIHEHNH OCTAIBHBIX

YCIIOBHI CHCTEMa HaXOJIUTCA Ha TPAHULIE aneprOAMYECKOi YCTOMYUBOCTH, 1100

npeanocaeauuii MuHop A = 0 - mpu MONOKHMTENBLHOCTH BCEX OCTAIbHBIX

MHUHOPOB CUCTEMA HAXOJUTCA HA FPAHULE KOJICOATENbHOM YCTONYUBOCTH.
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[Tapamerper CAY onpenensitoT 3Ha4eHHs KOI(D(UIMEHTOB ypaBHEHUS
JIMHAMHKH, CIIE0BATEIBHO U3MEHEHHE JI000r0 napamerpa K; BIMAET Ha 3HA4YECHUE
OMpeNenuTeNs A .

HUccnenys 9T0 BAMSHUE MOXKHO HATH, MPH KaKOM 3HA4YeHUH K; ONIPEIC/IUTE b
A, CTAHET PABCH HYIIIO, @ MIOTOM - OTPULIATEILHEIM (PHC. 5.6).

A

=1

Puc. 5.6. 3aBHCHMOCTb YCTOIHYHMBOCTH OT NapaMeTpa CUCTEMBI

OT0 u OyaeT NpeaenbHOE 3HAUEHUE HCCIEAYeMOro mnapameTpa, Mocie
KOTOPOTO CUCTEMA CTAHOBUTCHA HEYCTOMYHUBOM.
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1.1.3. Kpumepuii ycmouivueocmu Muxaiinoea

Tak kak ana ycroiuuBoit CAY uucno npaeeix kopHeit m = 0, To yron
noBopoTa BekTopa D(j @ ) cocTaBUT

Aarg(D(jm))

fir=+an

T
=n—.
2

ar=0

To ects CAY Oyner ycroliuuBa, eciii BeKTOp D(j @) Nnpu W3MEHEHUH YaCTOTHI
@ 0T () 10 +o0 TIOBEpHETCS HA yrol nx/2.

a) 6)
| (o) j Im(D(j))
— n=1
n—3 Re(D(j)) ’ l
\*
n=4

Puc. 4.8. [IpoxoxkaeHue KpuBOii KBaAPAHTOB KOMILIEKCHOM MIOCKOCTH
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[Ipy sTOM KOHEI[ BEKTOpa OMMIIET KPHBYHK, Ha3bIBaEMyK Tomorpadom
MuxaiinoBa. OHa HAYMHAETCS HA MOJIOKUTENILHOM MOMTyOoCcH, Tak Kak D(0) = a , u

MOCIEA0BATENILHO TMPOXOJAUT TMPOTUB HACOBOM CTPEJIIKA N KBAJIPAHTOB
KOMIIJIEKCHOM TJIOCKOCTH, YXO0/ B OECKOHEYHOCTh B 1 - OM KBajipaHTe (puc. 4.8a).

Eciu 310 mpaBuno Hapyumaercs (HampUMep, YUCIO MNPOXOAUMBIX KPHUBOM
KBaJ[PAHTOB HE PABHO 7, WM HAPYLIAETCHA [OCJIEA0BATEIBHOCTE MPOXOHKICHUSA
KkBaApaHTOB (puc. 4.80)), To Takas CAY HeycToi4MBa - 3TO U €CTh HEOOXOUMOE U
JI0CTAaTO4YHOE yCclnoBHE Kputepusa Muxaiinosa.

JlocrouncTBa. ITOT KpuTepuil yao0eH cBoeit HarmsaHocTeio. Tak, eciu
KpuBas npoxoauT BOMM3M Hauvana koopauHaT, To CAY Haxomutcs BOIM3M
rpaHuIlbl YCTOYMBOCTH M HA000pOT. DTHM KpUTEpHEM YAOOHO MOJB30BaThCA,
€CJIH U3BECTHO ypaBHEeHHE 3aMKHYTOiT CAY.

Jlns obnerdenuss nmoctpoeHus rogorpada Muxaitnosa Beipaxkerue st D(jw )
MPEACTaBIAIOT CYMMON BEIIECTBEHHOH H MHUMOM COCTABIISAIOLIUX

D(jo) = a,(jo - p)jo- p,)...(jo- p,) = a,(jo) +a(jo) " +...+ a,=Re(D(jo) + jIm(D(jo)),

Re(D(jo))=a —a & +a .o +...
rﬂﬂ { {J’ )) an an—z an—-*l- 3
Im(D(jw))=a, w-a, 0 +a, @ +...

Mensass @ ot 0 10 +e0 mo 3TUM (hopmylIaM HAXOAAT KOOPAMHATHEI TOYEK
rogorpada, KOTOpbI€ COSIMHAIOT MJABHOM JTUHHUEH.



Cmacu60 3a sguMmanue!
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