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3apgaHue 1. MeTopf nocnegoBaTelbHOMO
UHTErpMpoOBaHUS

HanuwwuTe nonb3oBaTenbckyo dyHkumio solveDelay([f_, T_, {t0_, tend_}, phi_], koTopas
peannsyeT METOA NOCNEROBATENBHOIO MHTErPUPOBAHNS (METOS WAroB) As YNCIEHHOTO
pelleHns HavyanbHOMN 3aAa4n AN OQHOTO UGB PEPEHLNA/IBHOIO YPABHEHNUS C 3311a34bIBAIOLUM
aprymeHTom

X(O) = At X0, (t-T), b<tsteng
X8 = ¢(0), t- TSt ty

rpe 7=const >0 onpegensieT BENNYMHY 3ana3fblBaHUs, Haya/ibHasa QyHkymsa ¢(f) nonaraetcs
3aflaHHOW Ha HaYa/IbHOM MHOXECTBE Iy := [ty — T, &].

PekoMeHaaLMn No BbINOMHEHMIO 3aganHusa 1

In[«]:=

out[]=

Wcnonb3ynTte yHkumio NDSolve ans pewerus 3agayun Kowm ans o6bIkHOBEHHOTO
pnddepeHuranbHOro ypaBHeHns 6e3 3ana3abiBaHUs Ha KaXAoM Lware MeToga
nocnegoBaTeIbHOro MHTErPUPOBAHMS.

Peanusauus nocnefoBaTelbHOCTM LAroB BO3MOXHA C MOMOLLbO ONepaTopa NOBTOPHbIX
pevicteuii NestList n dyHkUUK Piecewise g5 npeacTaBneHms KyCoOUHOW rnagkon yHKUUm
peweHus x(f) Ha uHTepBanax /=t +(k-1) 7, L+ k7], k=0,1, 2, ...

? NestList
Symbol

NestList[f, expr, n] gives a list of the results of applying 1 to expr 0 through n times.

v
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? Piecewise

Piecewise[{{val,, cond,}, {val,, condy}, ...}] represents a
piecewise function with values va/; in the regions defined by the conditions cond,.

Piecewise[{{val\, cond,}, ...}, val] uses default value val if none of the cond; apply. The default for val is 0. >

3apaHue 2. JInHenHoe anddepeHymanbHoe ypaBHEHNE
ypaBHEHME C 3ana3ablBalOLLNMM apryMeHTOM

PaccmMoTpum nnHeliHoe guddepeHumnanbHoe ypaBHEHNE € 3ana3ablBaloLMM apryMeHTOM BUAA
Tx(t-T)
27

X(f= (2)

3agaHue 2.1 (AHanUTUYeCKoe pelleHune)
MokaXuTe C NOMOLLbI CUMBOJbHBIX NPpeobpa3oBaHunii B Mathematica, 4To byHKUMA
Xt = Ccos(g—;) SIBNSETCS peeHneM ypaBHeHUS (2) 45 NPOM3BOIBHOTO 3HAYEHUSI KOHCTaHTbl C 1

3aflaHHOro 3Ha4YeHus NnapameTpa 3ana3gbiBaHus 7=const>0.

3apaHue 2.2 (M1cneHHoe pelueHue)

CchopmMynupyiiTe Npor3BO/bHYI0 Ha4abHYO 3a4a4y A1 ypaBHEHMS € 3ana3ablBalowmnm
aprymMeHToM (2).

PewmTe YyncneHHo cchopMynMpoBaHHYO HavasbHYH 3agayy C MOMOLLbIO NOb30BaTENIbCKOM
¢byHkumn solveDelay 13 3agaHus 1 1 ¢ noMolLLbto BCTpoeHHoW dyHKLMM NDSolve. CpaBHUTe Ba
YUCNEHHBIX peLleHUnst rpachMyecKn U YUCNEHHO.

PekoMeHpgaumm no BbINOJIHEHUIO 3agaHuns 2.2
Mpumep 13 cnpaBoYHOl cucTembl Mathematica npumMeHeHnst BCTpoeHHo M dyHKunn NDSolve gnsi
peweHus guddepeHLnanbHOro ypaBHEHMS € 3ana3ablBatoLyM apryMeHTOM

= T = 23

1= S0l =
NDSolve[ {x'[t] == x[t] » (x[t-Pi] -x[t-T]), x[t/; t<@] ==Cos[t]}, x, {t, @, 10T}];
mn/-}= Plot[Evaluate[x[t] /. FirsteFirstesol], {t, @, 5T}, PlotRange - All]
1.0
08}
oup - 08T

04}

0.2r
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3apgaHuve 3. HavyanbHad 3agava anid ypaBHeHuU
XaTYMHCOHA

MaTeMaTmnyeckas moaenb

PaccMoTpuM HavanbHYy 3aga4y A5 ypaBHEHMS XaT4MHCOHA B 6e3pa3MepHbIX MePEMEHHbIX

N@O=MH(L-ME-T), >0
MB = 9(2), ~Ts 50

rae HavanbHas pyHkums ¢(f) =1+ —;3ap,aHa Ha HavyanbHOM MHOXecCTBe f = [- 7, 0], napameTp

©)

3ana3gbiBaHus 7=const>0.

3apaHue 3.1 (M1cneHHoe pelleHune)

N306pa3uTte B 0gHON CMCTEME KOOPANHAT rpadmkn pelieHnin M mogenmn XaT4nHcoHa (3),
MOCTPOEHHbIE C MOMOLLbIO NOJIb30BaTeNIbckon pyHKUMM solveDelay 13 3agaHus 1 ans pasinyHbIxX
3HaYeHuit 7. PaccmoTpuTe ciydam 0< 7< ’—ZT, T= %r, 7> g

MpoBepbTe KOPPEKTHOCTb MOCTPOEHHbIX YAC/IEHHbIX PELIEHNI CPABHEHUEM C pELEHUAMUN
Mogenu XaT4nmHcoHa (3), nony4veHHbIMm ¢ nomowbto NDSolve.

3apaHue 3.2 (KayecTBeHHOe noBegeHme)

Ha oCHOBaHUKN NOCTPOEHHbIX rpacMKOB pelleHnl B 3agaHun 3.1 copMynupyiiTe BbiBOAbI O

XapaKkTepe yCTONYMBOCTU NONOXEHMSA paBHOBecus M f) = 1 mogenun XaT4ymHcoHa (3) ans cnyvyaes
T T T

0<7< > 7= o 7> >

3apgaHue 4. Mogenb perynsiumm KOHUEHTPaUnm KNeTokK
KPOBWU

MaTeMaTmnyeckas moaenb

Aa"qt-T)
c(B=————-gdd, >0

a’+(dt-1)) 4)
afn = @0, -7=t<0

roe df) 20 -- KOHUEeHTpaLKUs KNeToK KpoBu, 7= const > 0 -- BpeMeHHas 3aepKKa B
BOCMPOM3BOACTBE HOBbIX KNIETOK KPOBM U MOCTYMJIEHUUN NX B KPOBOTOK,

A=const>0, a=const>0, m=const>0, g=const>0--3agaHHble NnapameTpbl Mogenu. Mepsoe
cnaraemMoe B NpPaBol YaCTW ypaBHEHNS OTBEYAET 32 BOCMPOM3BOACTBO KETOK, BTOPOE Cllaraemoe
-- 32 rnbenb KNeTokK.

Mpun obe3pa3mMeprBaHnNM KOHLEHTPaLMM BUAA ¢ = ¢/ a ypaBHEHME Mogenu (4) 3anuweTcs B Buae
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de  Ac(t-1)
dt  1+(c(t=T)™

-gc(b. ()

MaTeMaTnyeckas Mogesnb (4) BnepBble NpegnoxeHa B [3].

3agaHue 4.1 (MMcneHHoe pelleHune)

PelunTe YMCNEHHO HavYanbHYIO 3ada4y A8 ypaBHeHMS (5) C MOMOLLbIO NMO/Ib30BaTE/IbCKOM
¢dyHKumm solveDelay ans cnegyolwmx 3HaYeHM NapaMeTpoB, COOTBETCTBYIOLLMX NpoLeccy
perynsuumn NenKkoumnTos,

(a)A=0.2pgeHb™t, m=10, g=0.1geHb™}, T=6 gHeil,
(b) A=0.2peHb™, m=10, g=0.1peHb™, T=20 gHen

1 415 HavanbHoW dyHKLMK ¢(f) = 0.1, 3agaHHON HA HaYalbHOM MHOXeCTBe /= [-T7, 0], npu
0< t<600 gHeN.

AHanusnpys ypaBHeHue (5), MoOKaXxuTe, 4TO OAHUM U3 MOJIOXKEHWI paBHOBECKS AJ1s1 NapaMeTpoB
(a) n (b) sBnseTcs peweHne Buga ¢(fH = 1.

CpaBHMUTE NOCTPOEHHbIE YACEHHbIE PELIEHME C MPUBEAEHHbBIMU HXE pelweHnsMu u3 [1, cTp. 27,
Puc. 1.15] pnsa cnyyaes (a) u (b), cOOTBETCTBEHHO.

c(t)/a| (a)
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Mo rpacdmKaM YMCNEHHbIX PeLLEHMI BULHO, YTO BeNMYMHA 3ana3fabliBaHns 7 B BOCMPOM3BOACTBE
NEeNKOLMTOB BMSAET Ha AUHAMUKY U3MEHEHMS KOHLLEHTPaLUn: NepUogNYECKOe N3MEHEHWE
KOHLUeHTpauuu npn 7= 6 nnn anepnogmveckoe naMeHeHue KoHueHTpauum npu 7= 20.
WecTngHeBHbIN Nepuog (7= 6) ABNSETCS HOPMOW AN USMEHEHMS KOHLLEeHTpaLun NenKounToB B
KpOBW YenoBeKa. YBesinyeHve nepmoaa NpMBoanT K anepruogmuyeCcKoMy N3MEHEHUIO
KOHLEHTPaLUKN N MOXET SIBASTLCS NPUUYNHON HApYyLIEHWI 300PpO0Bbs 1 3a60/1eBaHNI YenoBeKa.

3apaHue 4.2 (dPa3oBbI NOPTPET)

KauyecTBeHHOe NOBefeHMNE peLleHns ANa pacCMaTpMBaeMOo MOAENW PEryasLMN KOHLEHTpaLum
KNeTOK KpoBM (Neprogmnyeckoe noBefeHmne Uam anepruoamyeckoe noBeaeHNe) MOXHO onpeaennTb
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no TpaekTopusm B ha3oBol naockocTu (), dt- T)).

N306pasuTte ha3oBble TPAEKTOPMM PELLEHMIA HAaYalbHOM 3aa4M A ypaBHeHus (5) npu
(DUKCMPOBAHHbIX 3HAYEHUAX MapaMeTpoBA=2, g=1, T=2 1 pa3NnMyHbIX 3HAYEHUSIX NapamMeTpa
m={7,7.75, 8.5, 8.79, 9.65, 9.69715, 9.6975, 9.76, 10, 20}. HayanbHas cdyHKLMIO §(f) = 0.9 Ha
HayYyanbHOM MHOXecTBe f=[-7, 0] .

CpaBHUTE C aHa/IOrNYHbIMK (ha30BbIMU TPAEKTOPUSMU YNCAEHHDBIX pelleHnii us [1, cTp. 29, Puc.
1.16] u [3, Puc. 6].

c(t=T) c(t~T)! c(t~T) |

| e
i+ - 1+
P
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1 «(t)

o(t-T)

1 1
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Ha ocHOBaHUKM NOCTPOEHHbIX ha30BbiX TPaeKTOpuil chopMynMpyiTe BbIBOAbI O KAYECTBEHHOM
noBefeHNN pelleHns MaTeMaTUYECKOM Mofenu ans ypaBHeHUs (5) B OKPECTHOCTU NOJIOXKEHUS
paBHoBecus () =1 ans pa3NuyHbIX 3HAYEHWU NapameTpa m.

PekomeHpgauunm rno BbiNoaHeHMO 3agaHus 4.2

[ns nocTpoeHusi ha3oBOro NoOpTpeTa MOXHO BOCNONb30BaThCs NpumepoM Mackey-Glass delay
differential equation 13 cnpaBo4Holi cuctemsl Mathematica pns dpyHkunn NDSolve.
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