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B crartbe BBe/IGHO MOHATHE YBOTIONMOHHOTO OTEPATOPa, PACCMOTPEHBI YCIOBUS Pa3pelInMOCTH OMepaTop-
HOTO YpaBHEHHs M IPUBEICHBI KIACCHUECKUC NPUEMBl HAXOXKACHUs pELIeHUs TaKuX ypaBHeHuil. PaspaGorana
CHCTEMa 3aJIaHMif, P PEIICHUH, KOTOPBIX BO3MOKHO MPUMEHEHHE 3BOJIOLHOHHOIO oreparopa. B Hayunom mc-
CIICIOBAaHUY BBIABICHB! (DAKTOPBHI, BIISIONINE Ha PELICHHE OINEPAaTOPHBIX ypaBHEHUI; yCTAHOBICHA 3aBUCHMOCTH
PCIIEHUs OT CBOICTB OIEPaTOPOB U MPOCTPAHCTB, B KOTOPBIX OHHM paccMaTpHBaloTcs. Pa3paboTaH MeXaHU3M HUC-
CIIC/IOBAaHMS HA YCTOMYMBOCTB CHCTEM AU((PEPEHINANBHBIX yPAaBHEHHII C NCIIOIb30BaHUEM (haz0BOrO MOPTpETA,
KOTOPBIH MO3BOJIAET HE TONBKO BH3YadbHO OOOCHOBATH MPOLECC MCCIIEOBAHNs, HO M YIIPOCTUTh ITOCTABICHHYIO
3amady. Ha npumepax 3ajad U3 pa3IuuHbIX pa3ienaoB (GU3HKU paccMaTpHBAIOTCS METOH PeIleHHs, Oa3upyronmiics
Ha 3HaHWM TEOPUM OIEPaTOPOB, U METOJ HCCIIEJIOBAHNUS ONIMCAHHAIX B 33/1a4aX IPOLECCOB HA YCTOMUHBOCTb.

USE OF THE EVOLUTIONARY OPERATOR FOR SOLVING AND STUDYING

NATURAL RESEARCH PROBLEMS

Melyakova O.Y.
Bunin Yelets State University, Yelets, e-mail: lesikx5@mail.ru

This article introduces the concept of the evolutionary operator, presents the solvability conditions for operator
equations and are gives classical approaches to finding solutions for such equations. A system of tasks, where
the evolutionary operator can be applied for their solving, has been developed. In the scientific study, the factors
affecting the solutions for operator equations have been revealed; The dependence of the solution on the properties of
operators and spaces, in which they are considered, has been established. A mechanism for investigating the stability
of differential equation systems using a phase portrait has been developed that allows not only to demonstrate the
research process visually, but also simplify the posed problem. A solution method based on the knowledge of the
operator theory and method for studying the stability processes described in problems are considered using problems

from various branches of physics as examples.
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B navasle XX Beka pa3BUBAOTCSI HOBBIE
METO/IbI MCCIIEOBaHNA, B OCHOBE KOTOPBIX TO-
JIO’KEHbI METONbI (PYHKIIMOHAIILHOTO aHallk3a.
B uyactHOCTH TpWIIOKEHHE TEOPHUM JIMHEHWHBIX
OIIEpaTopoB B Pa3IMYHBIX OaHAXOBBIX IPO-
CTpaHCTBAax K 33Ja4e MOJEIUPOBAHUS PEATbHBIX
MIPOLIECCOB C TMOMOLIbI0 ] depeHunanTbHbIX
YpaBHEHHH M MX CHUCTEM OCOOCHHO aKTyaJlbHO
B NIOCJIEJIHUE IECATHIIETHS TIPU U3yUEHHH SIBJIE-
HUI IPUPO/IBI, PEIICHUN MHOTHX 3214 (DH3HKH,
XUMUH, OMonoruu M Jpyrux Hayk. Omeparop-
HBIH METOZ IO3BOJISIET Peasu30BaTh (DYHKIIH-
OHAJIBHO-aHAIMTHYECKUH TIOIXOJ K PEIICHHUIO
i depeHInanbHBIX ypaBHEHHH B KOHKPETHOM
0aHaxOBOM IPOCTpPAaHCTBE. B OCHOBY crarbu
MOJIOKEHBl TEOPETUYECKHUE aCHEKThl PEIICHUS
OIlepaTopHbIX ypaBHeHul, Buna AX + XB=Y
, e A, B, Y — 3amanusie omnieparopbl. Bormpockl
pa3penmMoCTi TaKUX ypaBHEHUH B MaTeMaTH-
YecKoM JurTeparype ObUIM M3ydeHbl AJS pas-
JUYHBIX BUIOB onepatopoB A u B. Hanpumep,
B [2] mns omeparopoB Tuna PomaHOBCKOro
C YaCTHBIMHU MHTErpajlaMH B NIPOCTPAHCTBE He-
npepbIBHBIX (GyHKIWH, B [1] B o0mem ciaydae
JUI ONepaTopoB, JIEHCTBYIOUIMX B KOMILIEKC-
HOM 0aHAaXOBOM TIPOCTPAHCTBE.

Ilenp HalIEro UCCIEI0BaHUSA COCTOUT B U3-
YYEHUHU MOBEICHUS PEUIEHUN 3BOJIIOIMOHHBIX
ypaBHEHUH (T.€. ypaBHEHHWH, OMHCHIBAIOIINX
MPOIIECCHI, Pa3BUBAIOIIAECS BO BpPEMEHH),
NPUWIOKEHUE TEOPUH HBOJIOLHUOHHOIO OIle-
patopa st pewreHus 3agaun Komwm u 3anmau
13 pa3IMyHbIX 001acTel €CTEeCTBO3HAHUS.

OctaHoBuMCs Ha paccMoTpeHuu udde-
PEHLMAIBHOTO YPaBHEHUS

@:A(z)“f(t) (tela, b))

1
" (D)

C TIepeMEHHBIMH oreparop-pyHKuerd A(f)
u BekTop-QyHKIuMeH f(t), 3aBUCAIIUMH OT Be-
IIECTBEHHOTO TapaMeTpa f, 1 METOJIE ero pe-
meHus1, pazpadboranaom B [1]. Tam ke mpu-
BEJICHBI YCJIOBHS CYIIECTBOBAHUSA W IONy4YeH
oOmwmii Bua pemieHus 3anaun Komm B omnepa-
TOpHOI (hopme.

Crenyer OTMETUTb, YTO CYILIECTBOBaHHE
peuieHuit ogHOpoAHOro auddepeHIraTLHOr0
ypaBHEHUS
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C Ha4YaJbHBIM YCIIOBUEM x(to

) = X, B 0aHaXOBOM IIPOCTPAHCTBE UCCIIEAYETCs AJIs CIIydas, Koraa

byukiun f{f) u A(f) CHIbHO M3MEPUMBI M HHTETPUPYEMBbI TI0 bOXHEpY Ha KOHEUHBIX HHTEpBaJIaX.
3mech ke ToIy4YeHO pernieHue 3aaaqu Ko B orreparopHoii opme:

x(t) =U(t)x,,

rae U(f) — 3BONIOIIMOHHBIN OIIepaTop, UMEIOIIUI B OOIIEM Clydae BH/T

U(r) 1+jA NI

) n=21y1,

3necs A(1),
rpupoBaHue Beaercs mo boxuepy [1].

)+ [].. _[A

, A(t,) — byHKIME CHIIBHO HHTETpHpYEMBIe, fy, &)y ..,

Az, ). 4

(t,)dtdt,...dt,

t, €la,b], a unte-

Pemenne 3amaun Komm mns HeomHOpomHOTO ypaBHEHHS (1) ¢ HadalbHBIMH yCIOBHSIMH

X (10) = X, IpUBOAUT TaK k€ K HEOOXOAMMOCTH BBEJCHUS DBOIIOIMOHHOTO OINEPaTopa, HO YKe

B oneparopuoit popme U (l,‘t) =U(U (7).

CgoiictBa onepatopa U(t,T) paccCMOTpeHBI B [ 1] ¥ HEITOCPEICTBEHHO BRITEKAIOT U3 OIIpeIee-

HUs o1rieparopa:

a)U(t,t)=1,
b) U(t,s)U(s,1)=U(t,7),

[Urt:l ,

A(t)dr

d U, 1)=er

c)Utr

(rSt).

HpI/I IMOMOIIIHA 3BOJIFOLIUMOHHOTO OII€paTOpa pCUICHUC 3aa4n Komm AJIs HEOAHOPOAHOI'O ypaB-

Henws (1) umeer BUI

£(1) =U ()3 + [U (12) £ (2)d

[Ipumepsl HEKOTOPBHIX 3a/ad HAa HaXOXK-
JneHue peineHuil audhepeHnnaIbHbIX ypaB-
HEHUH, pemieHne 3amad  (U3NKHA, XUMHH,
OHMOJIOTHN W IPYTHX €CTECTBEHHBIX HAyK C HC-
MIOJTb30BAaHUEM  HBOJIIOIMOHHOTO  OIeparopa
NPUBOJIUINCH B cTaThe [3].

B kauecTBe mpumepa MCIOIB30BAHUS DBO-
JIIOIMOHHOTO OTlepaTropa pacCMOTPHUM 3ajlauy

3amaua 1. [unmuHnpudeckas KaTyIIka W3-
roToBJI€HA M3 MeAHOUM mpoBojoku. [Ipu npo-
XOKICHUH dYepe3 KaTymIKy O3JIeKTPUYecKOro
TOKa BhIessieTcs Tertora. [loctpoum matema-
THYECKYI0 MOJIEIh OMUCAHHOTO (hPU3UYECKOTO
Ipolecca U BhIBEEM (POPMYITy IUIsl TeMIlepa-
typel T =T (t) ycranoBuBLIErOCS pEeXKUMa KaK
(hyHKIIMH BpEeMEHU {.

Pemenue.

I[Tycte T — Temmeparypa Cpeibl, B KOTOpOr

HaXOJUTCS KaTyIIIKa; T (0) =T,:c— yIeIbHAs
TEIJIOEMKOCTh MENU; Y — €€ IUIOTHOCTh; V —
00BeM; S — MmIIomaas MOBEPXHOCTH KATYIIIKH;
¢ — KOJIMYECTBO TEIUIOTHI, BBIJICIISIEMOE Ha MPO-

)

TSDKEHHUH €IMHUIIBI BpeMeHH; k — ko3 duipenT
TETUIONPOBOHOCTH.

KonuyecTBo  TemsioTsl, BbLIEJSIOLICECS
3a BpeMs Af, paBHo gAf. Dra BenuuMHa CO-
CTOMT U3 JIBYyX YacCTEH: TEIUIOThI, KOTOpask UIET
Ha MOBBIIEHHE TeMIlepaTypsl AT, U TETJIOTHI,
yXomsiied B Cpely, OKPYKalollyr KaTyll-
Kxy. ITepsas wacts paHa CVYAT | a Bropas
kS(T —T))At (xonmu4ecTBO BTOH TEIIOTHI
MPOTNIOPLMOHAIBHO PAa3HOCTH TeMIiieparypsl 1’
u T, KaTylIKy ¥ CPEJIbl, a TAKKE BETUIUHAM §
u Af); orcrona AL = cVYAT + kS(T —T;)At |

PazgenuB 00e 9acTu IOCIEIHEr0 paBeH-
cTBa Ha At v iepexois K npeneny npu Af —> 0
noiay4uM auddepeHnranbHoe ypaBHEHUE

a’T
=—o(7T-T,)+
dt ( ) P
kS
e 0 =—, =L.
cVy cVy
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3nech A(t):—oc, f(t):aﬂ) +B.

Haiinem U(7):

T0)=U0x0n+hna+ﬁk“”wt:

=T, + T+ B) e =
o

au
dr

U
= A(t)UA ==
(NUa=

= —ocUAd—U: —adt
U

0

=e—at%+%+ﬁ_e—at%_ﬁe—at —
(04

a

=Q+E@—éwy

(0

[oacranss o u B, momyyum

restart :
f, = (xy)—y:
- & on(y) — K.
;= (x%y) ] sin(x) i
g=10:1l=1:k:=0:m:=1:

System = diff (x(1), 1) =f;(x(2),
_EnvAllSolutions = true :
res = solve( {f](x,y) =0,/,(xy) =

_ks,
T(t T ZLl1-e " | -
(0)- +kS( e J

ncKoMasi QyHKIHS.

PaccMOTpeHHBIIT METOJ, MOXKET HCIIONIB30-
BaTbCs B Ka4yecTBE JOMOJHEHHsS K Kilaccude-
CKUM TIpHEeMaM pelIeHus TUHEHHbIX auddepen-
LUAIIbHBIX YpaBHEHUI niepBoro nopsaka. bonee
o0mmit ciyvai, korna A(¢) SBiseTcst THHEHHBIM
OIIepaTopoM, TpeOyeT JOTOTHUTELHBIX 3HAHU I
13 00MacTu PyHKUMOHATIBHOTO aHAJIH3a.

[IpuBenem npumep 3a1auu, KOTOpas TaKKe
MOXeET OBITh pelleHa C MCIIOIb30BAaHHEM DBO-
JIIOLIMOHHOTO oreparopa. [loctaBum nemns npo-
BECTH HCCIIEIOBAaHNE HAa YCTOWYMBOCTH C HC-
MoTk30BaHueM (ha30BOTO TIOPTpeETa.

3agada 2. PaccMoTpuM MpOCTON MasiTHUK
B ciIyd4ae, Korja CHjia TPEHUS He YUUTHIBACTCS.
B aTom ciyuae ypaBHeHue MasTHHKa Oe3 yuera
CWJIBI TPEHUSI UMEET BUJL:

dx

dt
b__g
dt

W SIBJISIETCS. KOHCEPBAaTUBHOW B TOM CMBICIIE,
YTO, €CJIM MAasTHUKY COOOINEHO HavYalbHOE
YCKOPEHHE, TO OH TPOJOKUT OCCKOHCUHBIE
KoJIeOaHusl, 4TO HEPEaTUCTUIHO.

[MonokeHne paBHOBeCUs MasiTHUKA Oy-
ner HabOmomateess B Toukax (mm; 0), rme
n=0,+1,£2... ®a30BbIii MOPTPET STOI CUCTEMbI
s vactHoro ciydas g =10, /=1 nomyden
C TTOMOIIIBI0 KOMIIBIOTEPHOTO MOJICITHPOBAHUSL.

:y’

sin x

y(2)), diff (y(1), 1) = f5(x(2), (1))

0}, {x.1});

res ={x=mn_ZI~y=0}

with(DEtools) : with(plots) :

phaseportrait([ System], [x(t), y(t)],t=-5.5, [[x(0) =

) =-2,y(0) =-4], [x(0) =
=0], [x (0)
) =0], [x(0) =3.3,(0) =
,x=-8..10,y=-8 ..10,stepsize = .05, colour = blue, linecolor

t
[x(0) = 4y( ) =0], [x(0
[x ( ) (0)
[x( 0], [
[x (0) 45 y( ) 0]
= black);

= 0], [x(0) =3, (0)
x(0) =-6,y(0

0.3,y(0) =
2,y(0) =
3,y(0) =

0.3], [x(0) =-4, y(0) =0],
4], [x(0) =-2.5,(0) = 0],
0], [x(0) =-3.3, y(0) =0],

0], [x(0) =-4.5, (0) =0],
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T e N N =718
TN N =T
TN N T g

N\

AHanu3upys MOCTPOCHHBIN (a30BbIi MOP-
TPET, MOJKHO CJIeNaTh CIEAYIOIINE BHIBOABI:

* TPACKTOPUM B  OKPECTHOCTH TOYEK
pasaoBecus (0;0), (2m;0) u (-2m;0) u T.0. 1e-
MOHCTPHUPYIOT Ka9eCTBEHHOE TOBEICHUE, Xa-
pakTepHOe Ui TPACKTOPUH B OKPECTHOCTH
LEHTPA;

—A)

J =

\"

with(linalg) : ge = det(J);

-10cos(x) -A

NN NS S N N
N N T T LT N N e T
NN S NN S
NN NS SN N

J 77777 e\

NANAANN

OO —

* TPACKTOPUU B OKPECTHOCTH TOUYEK PABHO-
Becus (m;0) u (-m;0) U T.1. AEMOHCTPUPYIOT Ka-
YECTBCHHOE MOBEJICHUE, XapaKTEPHOE JUIs TPpa-
€KTOpHUI B OKPECTHOCTH CEJIJIOBOM TOUKH.

BrImosHIM TIPOBEPKY, BBITIONHHUB PACUETHI
U HaXOXKIEHUS COOCTBEHHBIX YHCEN IKOOMa-
Ha, BerauciaeHHoro B Toukax (0;0) u (m;0):

J = Matris(2,2, [diff (f,(6,9), ) = M diff (£, 06.9), 9), diff (f5(5, ), %), diff (f5(x ). )

-A 1

ge = Az + 10 cos(x)

0
0

by == (=110) ] {a= (A—-1/10)}

> x =0,y = 0;
X
y:
>k, = solve(ge(X) =0, {A});
> xi=my =0
X
y
> 7\,1’2 = solve(ge(L) =0, {A});
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Tak xak B Touke paBHOoBecus (0;0) sikoOu-

aH UMEET COOCTBEHHBIE YUCIA A , = ii\/m ,
TO 9Ta TOYKA ABISETCSH YCTOWUYMBBIM (POKYCOM.
B touke (m;0) coOcTBeHHBIE YMcla sSKOOHWaHa
PaBHBI A, , = +10.. [Mostomy (m;0) — cemo-
Bas TOUKA.

Takum 00pa3oM, KadecTBEHHOE HCCIie-
JIOBaHKME TOUEK PABHOBECHS MPOCTOTO MAasiT-
HUKa MOXET OBITh TMPOBEACHO C MOMOIIbIO
ocTpoeHus Pa30BOro MOPTPETA U C UCTIOIb-

30BaHUECM COOTBCTCTBYIOIHCﬁ JIMHCApU30BaH-
HOW MOJIEJIH.
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