Bectuuk KPAYHILI. ®us.-mat. nayku. 2014. Ne 2(9). C. 30-35. ISSN 2079-6641

DOI: 10.18454/2079-6641-2014-9-2-30-35

YIK 517.955

YUCJEHHBIN AHAJIU3 HEKOTOPBHIX OCIHUJJIIIIUOHHBIX
YPABHEHHUHU C [TIPOU3BOJHOUN NPOBHOIO IIOPIIKA *

P.HU. Maposux! 2

! MHcTutyT KocMO(H3HUeCKUX HCCAeI0BAHMA U pacnpocTpaHeHus paguosont JJBO PAH,
684034, Kamuarcku#t kpaii, n. Ilaparyska, yi1. Mupnas, 7

2 KaMyaTCKHi rOCylapCTBEeHHEI YHHBepCcHTeT uMeHH Butyca Bepunra, 683032,

r. [lerponaBnoBck-Kamuarckuii, ya. I[lorpanuunas, 4

E-mail: romanparovik@gmail.com

B pa60Te NpeasoKEeHbl MaTeMaTH4YeCKHe MOAEJH HEKJIACCHUYECKHX NHUHaAMHUYECKHX CHUCTEM. C
[TIOMOLIbIO YHUCJ/JIEHHOTO MeTOoda Pa3HOCTHBIX CXeM B 3aBUCHUMOCTH OT Pa3J/JIMHHBIX [MapaMeTpOB
CHCTEMBI ObIJIM HaWJeHbl YUCJIEHHbIE peleHns MojeJel. HOCTpOGHbI q.)a3OBbIe TPa€KTOPHUHU.

Karouesovie crosa: onepamop lepacumosa—Kanymo, uuciennoe peuierue, pasHocmuas
cxema, ¢aszosvie mpaekmopuu

© Maposux P.H., 2014

MSC 35C05

NUMERICAL ANALYSIS SOME OSCILLATION EQUATIONS
WITH FRACTIONAL ORDER DERIVATIVES

R.I. Parovik! 2

I Institute of Cosmophysical Researches and Radio Wave Propagation Far-Eastern Branch,
Russian Academy of Sciences, 684034, Kamchatskiy Kray, Paratunka, Mirnaya st., 7,
Russia

2 Vitus Bering Kamchatka State University, 683031, Petropavlovsk-Kamchatsky,

Pogranichnaya st., 4, Russia

E-mail: romanparovik@gmail.com

The paper presents a mathematical model of non-classical dynamic systems. A numerical
method of difference schemes, depending on various parameters of the system were found
numerical solutions of models. The phase trajectory.

Key words: operator Gerasimov-Caputo, numerical solution, finite difference scheme,
the phase trajectories

©) Parovik R.I., 2014

“Pabora BbimosiHeHa B pamkax npoekta Nel2-I-ODH-16 «DyHpameHTasnbHble Mpo6JeMbl BO3AEHCTBHUS
MOLIHBIMH PAJMOBOJIHAMM Ha aTMocdepy U mjasMocdepy 3eMau» W NpH nopaepxke MuHucTepcTBa 00-
pasoBanus U Hayku PP mno nporpamme crpaterudeckoro pazputus @IBOY BIIO «Kamuarckuii rocynap-
CTBEHHbIH yHHBepcuTeT MMeHH Buryca Bepunra» na 2012-2016 rr.

30



YuceHHBIH aHAMU3 HEKOTOPBIX OCLHUJ/IISALHUOHHBIX YPAaBHEHUH . . . ISSN 2079-6641

Beenenue

[TocTpoenne maTeMaTHueCKMX MojeJseHd, YYUTHIBAIOWIUX (PpaKTajbHble CBOHCTBA pas-
JIMUHBIX CpeJl, UMeeT OYeHb BaXKHOe TeopeTHYecKoe U MpakTHyeckoe 3HaueHHe. Hanpumep,
B MOPUCTOH T'e0JIOTHYECKOH cpefie (reocpelie) B CHJy HEONXHOPOMHOCTH H CJOXKHOH TOMO-
JIOTUH TIOp UHTepecC MpeacTaB/sieT (PpakTajbHas pa3MepHOCTb reocpesibl, KOTopasi BJHUSET
Ha WMHTEHCHBHOCTb IIPOLIECCOB. DTH TPOLECCH NMPUHATO HA3BIBATH HEJOKAJTbHBIMHU HJIH
npoueccamu ¢ namstbio [1].

OnucaHre HeJIOKaJbHBIX TIPOLECCOB OCYILIECTBJSIETCS C IOMOLIbI MaTeMaTHYecKoro
MOJeJMPOBaHusl — AU depeHIMaIbHBIX ypaBHEHUH ApoOHbIX nopsakoB. [lopsaku apo6-
HBIX MPOU3BOIHBIX TECHO CBSI3aHbl ¢ ()paKTasNbHOH pasMepHOCTbO cpenbl [2] u ux dyHk-
LIMOHAJIbHY!0 3aBUCHMOCTb MOXHO YCTaHOBUTb KCIIEPUMEHTAJBHO.

®dpakranbHas pa3MepPHOCTb CPebl MOXKeT U3MEeHSATbCS B 3aBUCHMOCTH OT BpeMeHH U
NPOCTPAHCTBEHHOU KoopAuHaThl. [loaTOMy mopsifok ApoOGHON MPOU3BOAHON B OOLIEM CJIy-
yae §IBJISeTCS HEKOTOPOM (PYHKLUHEH OT BPEMEHHM W NPOCTPAHCTBEHHOM KOOPAMHATHI H,
CJ1€[I0BATEJIbHO, 3TO 3HAYUTEJbHO YCJOXKHAET BUJ YPABHEHHUH, OMMUCBIBAIOLIMX HEJOKaJlb-
Hble Tpoliecchl. PelleHns TakUX ypaBHEHHUH HAXOAMTCS UUCJAEHHBIMH MeTOAaMHU, KOTOpbIe
MOYKHO peaJsii30BaTh B Pa3/JMYHBIX KOMIbIOTEPHBIX NMPOrpaMMHBIX cpeacTBax [3f.

dta paborta sBJSETCS JOTHUECKUM TpOAoKeHHeM paboTs [4].

[MocTaHoBKa 3aa4yu
Heo6xonumMo Ha#iTu ¢pyHKUMIO cMellleHust u (1) MicenenoBanue KoneGaHui Bo ppaKkTasib-
HOH cpefe OyfeM MPOBOAMUTBH COIVIACHO CJeflyHolleMy yPaBHEHHIO NepeMeHHOro APOOHOro

nopdaaka:

AL (n)+A ) u(t) =0, u(0) = up, ' (0) =0, 1<a(r)<2,0<t<T, (1)

- Ipou3BoAHas Apo6Horo nopsaka l'epacumoBa-

! "
e A8 u(m) = o | (t” (m)dn

r2—o()) _n)a(t)*l
0
Kanyro, A(t) - HeKoTOpasi (PyHKLHS, U - U3BECTHAsI BeJHUHHA.

JlvHamuyeckas cucrema B c/Iydae o (f) = @ — const MOKeT UMeThb, HallpUMep, OIHH
U3 CJIeAYIOIIHUX BUIOB :

1) YpaBHeHHe B cJydae, Korjga A (t) = @%* nepexoiuT B ypaBHeHHe (PpaKTaJbHOrO OC-
uuaisitopa [9] u B TepMuHax omepatopa npo6Horo nuddepenuuporanus [epacumona-
Kanyto [6].

2) B cayuae, Koria B ypaBHeHHH BBIMOJIHSIETCS COOTHOLIEeHHeA (1) = a+ bcos (@t), To
MbI TIPUXOJHUM K YpaBHEHHIO (pakTajbHOr0 mapamerpuueckoro ocuuistopa [7]-[8].

3) Ecau B ypaBuenuu (l)) mosoxuth A (t) =, TO Mbl IPUXOAUM K YPAaBHEHHIO PPaKTANbHBIX
Kosiebanuii ditpu [9].

B GoJsiee obuiem ciyuae, korna @ = o (t), ypaBHeHHe MOKHO DPEeLIUTb METOLOM KOHeu-
HBIX pasHocTell. BBeneM 7 - mar guUcCKpeTH3allUH, NpUUYeM tj=jt, j=12,.,N, Nt =T,
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u(jt) = ug. Torma mpousBoAHYO APOGHOTO MOpPsiAKa B ypaBHEHHH MOXHO amMpoKCH-
MHMPOBaTh CJeYIOMUM obpazom [3]

alt) % 2—0; 12—
Y ”(n)zmkgﬁ[(/“rl) T—k ’} (jprr —2uj g +uji ). (2)

Honcrasasist popmyny (2) B ypasrenue (I) 1 nocse HekoTOpBIX MpeoGpasoBaHHil B UTOTe
MBI T10JTy4aeM SIBHYI0 Da3HOCTHYIO CXeMY:

-1
ujpr = [2=A;/Bjluj—uji - k; Dic (jteyr = 2ujk +ttj k1), (3)
2—o; 2—q; T
rae by = (k+1)"" —k%, B; = W, up = Up.
— 0

YucneHHoe MopgennpoesaHue

[TosoxXuM st mpocTOTHl ug = 1. PaccMOTpUM HeKOTOpble NMHAMHYECKHE CHCTEMbI
corsiacHo (/1f).

. dpakranabHblil ocuuaaTop. Pacecmotpum cayuait a(t) = o —const u A(t) = A —
const. C momolubio cucrembl Maple nocrporm pacuetHble Kpusble peteHdi (3) u coot-
BETCTBYIOLIEe eMy TOYHOE pelLleHHe.

— - u'{r)
I ‘ll‘u H{r} ""/ \R\\
“ r' AN
n IIII|I I !!IL {-‘ \:-j 1 “Tﬂ
£ o L] 1 1
[] ,u" 1 i \\ /,. II
] = f‘l e —r .:’JPTH\“:«.H _ﬂ_.__._-' - \ b S ]
. ||| . )u' W 1 . = M ' |
* llll' \\ -] r '
as) \ AN yd
ey | ) B

Puc. 1. a) pacdyeTHble KpMBBLIE, MoJayueHHbIe 110 GopMyne (3) (KkpacHas JUHWSA) M TOYHOE
pelleHHe — (CHHSIS JIMHUS TIPH 3HaYeHHU mapameTpoB A =1, = 1.8, € [0,67]. 6)
(haszoBasi TpaeKTOpUS

W3 puc. la BuaHo, yto cxema (3)) Xoporuo anmpokCHMHUpPYeT TOYHOE elleHHe U Koseba-
HUS UMEIOT 3aTyXaloluil XapakTep. DTo MOATBepkKAAeT (pa3oBasi TPAeKTOPHUS, HMelolas
ycToHuuBBIH (okyc (puc. 16) .

2. PpaKTadbHbBIN OCHUJISTOP C IepeMEeHHBIM MapamMeTpoMm (. PaccmoTpum cayuai,

(1—8—6)005(;'m)+8_5+3 uA(t)=1,rne § u € onpene-

JISIIOT TPaHHUIbl U3MeHeHHs napamerpa o (f): 1+e <o <2—6, npuueM d+€<1,5,€ >0,
m - TPou3BoOJIbHOE Yncyo [6].

W3 puc. 2a BUAHO, UTO KoseOaTeJbHBIA MPOLECC UMeeT 3aTyXaloUlUH xapakTep, HO
(a3oBble TPaeKTOPUM B OTJIHYKME OT Hpelbiayliero caydas (puc. 16) medopMHpOBaHbI

Korza B petenuu (3) a (1) =
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Puc. 2. a) pacueTHas KkpuBasi peieHuss ypaBHenus (I) B caysae «a(t) =
(1—e—96)cos(t-m)+€—0+3
> ; 6) (asoBas TpaekTOpHS

(puc. 26). DTOT (pakT ykasblBaeT, YTO B 3TOM cJjydae KojebaTeJbHBIH Mpolece 3aTyxaer
MeJlJIeHHee.

3. @pakTajabHbIA ocuuaAgTOp Jiipu. PaccMoTpum cayuai, korga

o () = (1—8—6)cos(t2-m)+8—5+3,A(t):[.

[Tapamerpsl 3amaun BbiGHpauch: m =7, €=0.69, 6 =0.003, a=1.8, ® =3.

du(r)

it}

=

——

[ i

——————

=

Puc. 3. a) pacueTtHas kpuBas 6) ¢azoBas TpPaeKTOpHUs

Ha puc. 3a BuaHO, 4TO KOJe6aTe bHBIH MPOLECC UMeeT OBICTPO 3aTyXallIUi Xapak-
Tep, a (basoBasi TpaekTopus (puc. 36) MpencTaBJsieTCs U30THYTOH, HO OJIM3Ka MO (hopMme
K ycTouuBoMy (hokycy. Takoe moBefeHHe pellleHHsI XOPOLIO COTJacyeTcsi ¢ paHee TMOJY-
UeHHBIMH pesyJsibTaTamu [8]).

Yuer cBoiicTBa 3pefuTAPHOCTH B Moze/ibHOM ypasHeHuH (), mo-BumuMomy, mprBOIHT
K OBICTPOH AMCCHUMALMK SHEPTHH KoJeOaTebHOU CHUCTEMBI U YMEHbIIEHUIO BPEMEHH JI0 ee
MOJIHOM peJiaKCallkH.

4. PpakTaabHbIil NapaMeTpUdYecKuii ocuuasarop. PaccMorpum cayuai, korna  (t) =
(1—e—6)cos(t-m)+€—0+3
u

> A(t) =a+bcos(wt). [TapameTpsl 3afaud BbIOUPAJHCE:
m=7, €=0.69, 6§ =0.003, a=1.8, ®=3.
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Puc. 4. ®aszoBble Tpaektopuu a) - b=0.9;6) -b=1;8) -b=1.2

Heob6xonumo oTMeTUTh, 4T0 (ha3oBble TPAEKTOPHUHU PHUC. 4 MOATBEPKAAIOT BO3MOKHOCTD
UCMOJIb30BAHUS APOOHOr0 HCYUCJ/EHUS B ONUCAHUU HeNUHeRHbIX 3 deKToB. JledcTBUTENb-
HO Ha puc. 4a a3oBasi TpaeKTOPHSI 3aKPYUHUBAETCs 10 YaCOBOHM CTpeJsiKe, a ocobasi Touka
npeacTaBJ/sieT cOO0H YCTOHUUBBIA (POKYC.

Ha puc. 46 ¢aszoBblil mopTpeT MeHsieTCs: CHauasla TPAEKTOPUS 3aKPyuHWBaeTcs Mo ua-
COBOH CTpeJiKe, a IOTOM, HauhHasl ¢ HEKOTOPOrO MOMEHTA BPeMeHHU f, PACKPYUHUBATbHCS.

KynbmuHauueii tTakoro nepexona siBjisietcss aszoBasi TpaeKTopusi puc. 4B, Ha KOTOPOH
BHUJHO, 4YTO (pa3oBasi TPaeKTOPHUS PaCKPYUHUBaeTCs, T.e. Mbl BUIHUM HEYCTOHUYUBBIH (POKYC.

5. O600mEeHHbIN (hpaKTaIbHBINA MapamMeTpUdecKuil ocumaaTop. Paccmorpum ciy-
(1—e—0)cos(t-m)+e—38+3 ;

yaii, Korna o (t) = A(t) = a+bcosg (o), cosg (ot) =

= (—1)k(tw)P*

Eg, |- (o) | = C o)™
pr 00" = & Ty

nauyu Beibupamuce: m=7, €=0.69, 6 =0.003,a=1.8, 0 =3, B =1.2.

— ¢yukuusa tuna Murrar-Jledpdaepa. [lapamerperr 3a-

u'(?)

== u(t)

Puc. 5. ®azoBast TpaekTopus (caydai d)

Ha puc. 5 BugHo Kak MeHsieTcsi (a3oBbIH MOPTPET MO CPAaBHEHHIO C IPYTHMH CJIy-
yasiMu. PazoBasi TPaeKTOPUS TOMHUMO HeJUHEeHHbIX 3(P(PEeKTOB Kak B cjayuae 4, CHIbHO
CKHMAaeTcsl.

Heo6xonuMo oTMeTHTH, 9TO B OTJIMYMU OT paboThl [6] (asoBbie TpaekTOpHH B 3TOMH
cTaTbe MOCTPOeHBl B maockocTH [u(t),u’ (t)], a He B miockoetu [u(t),dd 'u(n)]. Hosto-
My Mbl He HabJswopnaeM 31ecb 3((eKTOB, CBA3aHHBIX C IOSIBJeHHEM B LeHTpe (ha3oBOU
MJI0OCKOCTH TOUKH MHOTOKPATHOTO BO3BpaTa.
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