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BBenenue
B Teopun cHHTYISIpHO BO3MYIIEHHBIX YpaBHEHUH (HOpPMYITHPOBKA YCIOBUH MPeNeIbHOTO
nepexoja SBISETCS OJHOW W3 OCHOBHBIX mipoOinem. Kparko 5Ty mnpoOiemy MOXHO
c(hOpMyIUPOBATH CIAEAYIOUTUM 00pa30M:
[IycTe paccmaTpuBaeTCsl CUHTYJISIPHO BO3MYILICHHOE YpaBHEHUE BUIA
ex'(t,e)=F(t,x(t,)) Q)
C HA4YAJIbHBIM yCHOBI/IeM
x(to,&)=xo, (2)
rae 0 < &— BeIIECTBEHHBbIH mapamerp; X(t,£)— Hew3BecTHas cKaispHas QyHkuus; tE€[to,T]—
OTPE30K JIEUCTBUTEIBHOM OCH Uiu tEACC— MHOKECTBO KOMIUIEKCHBIX YHCEN U A - OTHOCBSI3HAA,
OTKpBITast 00JIaCTh.



B (1) monaras €=0, monyuum ypaBHEHHE
F(t,y(t))=0 ©)
VYpaBuenue (3) mo ortHomeHuio K (1) Ha3pBalOT HEBO3MYyIIEHHOW, a (1) CHHTYISIpHO
BO3MYyIIeHHOH. HeBo3mytieHHOE ypaBHeHUE (3) He saBisercs quddepeHInaTbHbIM.

ITycts y(t)=yo(t) xakoe a1bO pemicHus ypaBuerus (3) u x(t,€)— pemicHue 3agaun
(1) - (2) ompenenennoe aist tE€[to,T] wu tEA.
3aiava npegenbHOro nepexosa. [Ipu Kakux yCcaoBUsX BO3MOKHO cooTHotieHue X(t,&)—yo(t)

1o &7

B nau6osee o01ieM Bue ganHas 3aaa4a st t€ [to,T] pemena A.H.Tuxonossim [1]; Korma
HEBO3MYILIEHHOE YPaBHEHHE HMEET HECKOJIbKO pelIeHUH paccMOTpeHbl B [2] i
JIEUCTBUTEIIbHBIX .
3agava npeaesbHOTO Mepexoaa sk KOMIUIEKCHBIX ¢t hcclieIoBaHbl B [3—6].

B [3] nmpeanonaraercsi, 4To0 HEBO3MYILIEHHOE YpPaBHEHHE UMEET OJHO penieHrue. BBeaeHbl
HOBBIC TIOHSITHS: TIOTPAHCIIONHAS IUHUS, PETYJISPHBIC U CHHTYJISIPHBIE 00JIaCTH.

B [4-6] HeBO3MYIIIEHHOE YpaBHEHUE UMEET HECKOJIBKO penieHui. s oqHoro pemeHus
HEBO3MYIIICHHOTO ypaBHEHWS BBEACHO TMOHITHE OO0JIACTH TMPUTSDKCHUS H  JIOKa3aHO
CylllecTBOBaHHe obOsiactedl mputskeHuil. [lpu 3ToM cymiecTBoBaHuE OOMIMX YacTed obnacTeit
MPUTSDKEHUS He OBUIN UCCIICIOBAHEI.

B nannoii pabote BBeaeHo Oomnee oOImiee omnpeaenceHUe OO0NACTH MPUTHKEHUS H
c(hOpMYyJIMPOBAHBI YCIIOBHS CYIICCTBOBAHUS OOMIMX OOJACTEH MPUTSHKCHUA WM OTCYTCTBUE
TaKOBBIX.

[IycTp BBIIOJIHSIETCS YCIOBUE:

PaccmatpuBaercs 3anava (1) — (2) u tEACC u A— ogHOCBSI3HASL OTKPHITast 001aCcTh U YpaBHEHHE
(3) umeer pemenns yj(t),...,yk(t).
BBenem nonsiTre 00611aCTh MPUTSKESHUS PEIICHUS.
Omnpenenenne. Ilycmo: 1. Cywecmeyem odnracmo AjCA.
2. x(t,&)— pewenue 3a0auu (1) — (2) onpedenennoe 6 A;.
3. VteA(x(t,e)—y;j(t) mo €).
IIpu évinonnenuu smux ycrosuti ooracms Aj Hazoeém obnacmoto npumsicenus pewenus x(t,€) K
pewenuio yj(t).
[TycTh BBITIOHSIOTCS YCIIOBUS:
V1. F(t,x)€Q(D), rme D— HEKOTOpBIE MHOXKECTBO MEPEMEHHBIX t,X;

Q(D)—mpocTpaHCTBO aHANMUTHYSCKUX (yHKIUH B D.

V2.  Tlycts yi(t),y2(t)— pemenust ypaBHeHus (3) YIOBICTBOPSIONINE YCIOBHIO:
y1(t)eQ(A),y2(t)eQ(A), (t,x—y1)ED, (t,.x—y2)ED, VLEA(t,(y1(t)—y2(t)))eD.

VtEA CyIIecTBYIOT HEKOTOPBIC MOJOXKHUTEIbHBIC Yrcha a1,a2 u a1<|y1(t)—y2(t)|<az.

Cuavana paccMoTpuM perienue yi(t). BBemem HoByio HeusBecTHyio ¢yHkimoo Ui(t,€)
CIEeIYIOIHUM 00pa3om

Ui(t,e)=x(t,e)— yu(t), x(t,&)=U1(t,&)+y(t) (4)
(4) moacrasnss B (1) momyuum
eU1'=F(t,U1(t,)+y1(t)). (5)
[TpaByto yacTts (5) paznoxum B Touke (t,0). Umeem
eU1=Fx'(t,y1(t))U1(t,e)+F1(t,UL(t,&))+epi(t), (6)

I'me
Fl(t,Ul)E%Fx’(t,yl(t))U12(t,£)+ s @1()=y1'(t).
Beenem obo3nauenue Fx'(t,y1(t))=a(t).
Toraa (6) MOKHO 3amucaTh B BUJIE
eUr=a1(t)Ur+F1(t,U1)+epa(t) @)
C HaYaJIbHBIM YCIIOBHEM
Ui(to,€)=U1"=x"—y1(to), |U1°|<M1e (8)



Jlanee Bce OCTOSIHHBIC HE3aBHUCALIME OT € Oyaem 0003HauaTh OykBamu M1,Mo,... .
PaccmatpuBas perienue y2(t) v BBes HOBYIO HEH3BECTHYIO (DYHKIIUIO
Ua(t,€)=x(t,e)—y2(t),

MOYKHO IMOJIYYHTh YPaBHCHUE
eU2'=a2(t)U2+F2(t,U2)+ep2(t) 9)

C HA4aJIbHBIM YCIIOBHUEM
Ua(to,€)=U2"=x2° —ya(to), |[U2"|<M2e

re Fo(t,Uz)= —Fx"(t.y2(t)) U2(t.£)+ ...; @a(ty=y2 (2).

[TycTh BBITIOMHSIETCS yCIOBHE:

V3. VteA(aj(t)#0,j=1,2).

Onpenenum QyHKIHH

Aj(t)= Sf,aj(w)dw,j=12.

Cornacuo Y1. pynkuus Aj(t)EQ(A) u ReAj(t), ImA;(t)— rapmonnueckre GyHKIUH B A.

CHauaJia ToKaxeM OOIIyr0 TeopeMy CyIIECTBOBaHMsI 00IacTH MPUTsDKEHHS. PaccMoTpuMm 3amauy

(7) - (8).

OrHocutensHo QyHKIUK F1(t,U1) NpeaonoxiuM BEITOTHIMOCTD YCIOBHS:

V4. Y((t,U1),(t,U1))ED(|F1(t,U1)—F1(t,U1)|<M1|U—U1|max{|U+, U}

Teopema (ocHoBHas). Ilycmb paccmampueaemces 3adaua (1)-(2) u evinoansaromes ycaogus Y 1.—

V4. Toeoa: 1. Cywecmsyem oonacme A1oCA u Ui(t,e)— pewenue 3adauu (7) — (8)

onpedenennoe 6 Ao u Ui(t,e)€EQ(A10).

2. VteA10(U1(t,£)—0).

N3 chopMymupoBaHHOI TEOPEMBI BBITEKAET, YTO A1o SBJISETCS 00JIACTHIO MPUTSIKCHUS PEIICHHS

K Ui(t,€) pemernio yi(t).

Jokaxem TeopemMy. [Ipex e onuieM TOmoNIoTruio 00JIacTH A ¢ TOMOIIBIO JINHUH YPOBHEH
dyukuu ReAi(t),ImAi(t). Cornacuo ¥Y3. nunum ypoBHs ReAi(t),ImAi(t) He UMEIOT KpaTHBIX
TOYEK (TOYEK BETBJICHHWI). JTO O3HA4aeT, 4epe3 MPOHM3BOJBHYIO TOYKY OOJIACTH A TPOXOAUT
€IMHCTBEHHAsS JIMHUS YPOBHS onpenensiemMbie QyHkuusmu ReAi(t),[mAi(t). Jinaun
ypoBHsi ReA1(t),ImAi(t) B3aumuo oproroHanbHbl [7]. Takum 06pazom, 061acTh A MOKPBIBACTCS
B3aUMHO OPTOTOHAJIBHBIMHU JIMHUSMH YPOBHEH.

[lepexonuM k 1okazaTenbCTBY TeopeMsbl. i aToro 3anady (7) - (8) 3aMeHUM CleTy0IIUM
ypaBHEHUEM

1(*

U, = Ulexp==— f [Eg)l(r} + F,(1,U,)] Elp—ﬂd’[ (11)

B (11) onpenenum myTh MHTErpupoBaHus. {1 3TOro paccCMOTPUM JTMHUM YPOBHS:
(po)={t€8,ReA1(t)=0},
(@)={t€d,ImA1(t)=q—const}.

3ameTuM, JIUHUS YPOBHS (Po) MPOXOIUT uepe3 ToUKy to. Jluaus ypoBas (p0) ob6macTs A neauT Ha
gacti A1,A2 (Puc. 1). B xaxmom u3 wacreit ¢ynkius ReAi(t) uMmeeT pa3IvuHbIC 3HAKH.
JleiicTBUTENEHO Ha JTHHHH (Po) BO3bMEM IPOM3BONBHYIO TOUKY ¢ M JIMHHIO YPOBHS (DYHKIIHH
ImA:(t) npoxoasIIyIo depes 3Ty TouKy oGosHaumM (q). M3BectHO [8] mo nuHMM ypoBHS (q)
dynkmms ReAi(t) crporo mosoTonHa. Ecrm ydects ReA1(t)=0, To VtEA1(ReA1(t)<0 nmm
ReA1(t)>0) u VteA2(ReA1(t)<0 umu (ReA1(t)>0). [TockonbKy BCe BO3MOXHOCTH PaBHO3HAYHBI,
JUTSL OIIPEJICIIEHHOCTH BO3bMEM:



VteA:L (ReA1(t)<0),YteA2(ReA1(t)>0) npu sToM Oyaem cuuTath, o0IIas rpaHuiia (po) obnacreit
A1,A2 He ipuHAATIEKUT HU K A1r HU K A2 (Puc. 1).

ReA,(t) <0

ReA,(t) =0

ReA,(t) >0
ImA,(t) =4

Puc.1. MereHue 001acTH

Omnpenenum myth uHTerpupoBanus. [Iyte cocrout u3: yactu (p0) coequHsIONIee TOUKU
t0 u t€(p0); wactu (q) coenmHsiomee Toukun t u t€(A1VAz). K (11) mpumenss MeTox
MOCJICIOBATENIbHBIX TPUOMMKEHUI U ClleAysl BBIYUCICHHSIM IPOBEACHHBIE B padoTax [3-4]
JIOKa3bIBaETCS: CyIliecTByeT 9acthb (po) ((po1)), o0macts Ao CA1 1 Ui(t,€)— pelieHre ypaBHEHHUSI
(11) onpenenennoe B A1o;aus UL(t,€) cipaBemnBa omeHKa
|U1(t,€)|<Mae ; (12)

B yactu Axo CAr— pemenue UL(t,€) He orpanuueHa.
U3 (12) BeiTekaet VtE(A1oU(po1))(U1(t,e)—0). Teopema nokazana. OCHOBHAs TeOpeMa YKa3bIBaCT
B oOuactsx, rae ReAj(t)<0 cymectBytot obnactu nputspkeHus. CynecTBoBaHUE 00OLIMX 00acTei
NPUTSDKCHAN OCHOBHOM TEOPEMOii He peraercsi. PaccMOTpUM ciiyyan, KOT/a CyIeCTBYIOT HITH HE
CYIIECTBYIOT 00IIHE 00IaCTH MIPUTSIKCHUS.

1. Tlycte HeBo3MyIeHHOe ypaBHeHue (3) mmeer pemerus Yyi(t),y2(t) u mms sTHX

pemenuii onpenenenst 3a1auu (7) — (8), (9) — (10). Onpenenum QyHKIHH

4(0) = [ qy(w)dw,j = 1,2

Paccmorpum munuun ypoBHst (poj)={tEA,Rea;(t)=0}.

VYC. Ilycts B o0nactu A nuHUM YPOBHS (Poj) HE UMEIOT OOIIMX TOYEK, KPOME TOUKH to U
A1(t)£-Ax(t).

[Ipu Bemonnenun YC W yclOBHS OCHOBHOM TEOpPEMBbI CYIIECTBYeT oOImas o00JacTh
npuTsbkeHui, rae ReA;(t)<0,(j=1,2).

ReA,(t) =0
ReA,(t) <0

ReA,(t) =0

ReA,(t) <0
ReA,(t) <0

Puc. 2. Oomasn gacTs 001aCTEH NPHTAKECHHH.



OnuH U3 BapuaHTOB 00IIeH YacTu n300paxeHo Ha Puc. 2.

YHC. Ecimu A1(t)=—A2(t), To 001Ieii YacThIO SBISIETCS TOABKO YaCTh JHHUU YPOBHS (Po)
(Puc. 3).

ReA,(t) <0

ReA,(t) > 0
ReA,(t) <0

Puc. 3. O0mas yacTs THHHA YPOBHA (Pg).
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