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MATEMATHYECKOE MOJAEJINPOBAHUE PEAJIBHBIX TIPOLHECCOB
METOJIOM JU®DEPEHIIMAJIBHBIX YPABHEHUH

PE3IOME

[Iporpamma Kypca BOIIPOCOB BBICIIEH MareMaTHKH Ha
Temy «uddepeHnnanbaple ypaBHEHUs» CUUTACTCS OC-
HOBHOH Temoit. Tema «/luddepeHnnansapie ypaBHCHUD)
yrmIyOnsieT MaTtepuan Kypca Hadan aHaimuza. OCHOBHas
LIeJIb U3YYEHHsI — OKa3aTh yJaluMcs, 4To auddepeHiu-
QJIbHBIC YPAaBHEHUS SIBISIOTCS OJHUM M3 OCHOBHBIX OpY-
JIMH MaTeMaTH4ecKoro eCTeCTBO3HAHMS, T.€. TO3HAKOMHUTD
X C MaTeMaTHYeCKUM MOJAEIHPOBAHUEM PEaJbHBIX IPO-
LIeCCOB METOOM Ju(hepeHnnanbHbIX YpaBHEHUI.

BaxHo pazo0parbcsi B reOMETpUYECKOil MHTepIpeTa-
LIUM YPaBHEHUH MIEpBOTO MOPSKA U IIOKa3aTh, KaK COCTaB-
astrorest iudepeHraibable ypaBHEHHs, OTIPABISISICh OT
€CTECTBEHHOHAYYHBIX TPUMEPOB.

Br100p 3aau [u1s penieHus Ha 3aHTHSIX TPEA0CTABIIA-
eTcsl MPEeToaBarelIio, KOTOPBI 3HAET YPOBEHb MOATOTOB-
KW ¥ HHTEPEChl YICHUKOB.

Bcerna MoXXHO ommcark mporece cocTaBiIeHUs -
(epeHIMaATBLHOTO ypaBHEHUs Ooinee moapoOHO. [Ipexne
BCEro HY)XHO YCTaHOBHTb, KAaKOMYy 3aKOHY HOIYHMHSIETCS
TIPOIIECC, OIMCHIBAEMBIN B YCIIOBUH 3a/1a49H, U OIIPE/CIINTD,
KaKyIo M3 BEJIMUMH, YIaCTBYIOHNX B mpouecce. [Torom me-
PEeXOIuUTh Ha cocTaBlieHHEe AN PEepeHIINATBHOTO yYpaBHe-
HUSI 9TOTO TIpoIiecca.

B a0l cTarbe mMoKa3aHbl, HA PEIICHHBIX 33ja4ax, pe-
QJIBHO IIPOTEKAIONIME IPOIECChl B OKPY)KAIOIIEM MHpE.
HenocpencrBeHHoe NmprMeHEHHE HOCTPOEHHBIX MaTeMa-
THYeCKUX Mozene. [IpuBenem ase 3amaqm.

Paccmorpum mpuMep cocraBieHust audQepeHnuaib-
HBIX ypaBHEHHH B 3aJa4ax JMHAMUKU.

MATHEMATICAL MODELING OF REAL
PROCESSES BY DIFFERENTIAL EQUATIONS

Neli Mkhitariani

RESUME

The course of higher mathematics questions on “Dif-
ferential Equations” is considered to be the main topic.
Subject “Differential Equations” deepens the course ma-
terial analysis began. The main purpose of the study - to
show students that the differential equations is one of the
basic tools of mathematical science to acquaint them with
the mathematical modeling of real processes by differential
equations.

It is important to understand the geometric interpreta-
tion of first-order equations and show how to write differ-
ential equations, starting from the natural science exam-
ples.
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The choice of tasks for solving in the classroom is giv-
en to the teacher, who knows the level of preparation and
interests of the students.

It is always possible to describe the process of draw-
ing up a differential equation in more detail. First of all
you need to determine which law is subject to the process
described in the problem and determine which of the vari-
ables involved in the process. Then move on to the prepa-
ration of a differential equation of the process.

This article shows, on the solution of the problem, real
processes occurring in the surrounding world. Direct ap-
plication of the constructed mathematical models. Here are
two tasks.

Let us consider an example of the formulation of dif-
ferential equations in problems of dynamics.
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3agaua 1.

CocraBuM auddepeHnaibHoe ypaBHCHUE TBUKCHUS
MapaIIoTUCTa, SCITH CHJIa COTPOTUBIICHUS BO3AyXa MPH-
HUMAETCS MIPOTMOPIIHOHATBHON CKOPOCTH BHIKCHHS.

Pewienue.

Cuna TsKeCTH paBHa Mg, a CuUIa CONPOTUBICHUS
Cpelbl MPOMOPIHOHANbHA HAMPABICHHIO CKOPOCTH, T.C.
paBHa —kv . [TosTomMy oOmias cuia F, nelcTByromias
Ha TapalroTrucTa, narra mg — k1. [lo BTopoMy 3aKoHY
= ME Takum 00pa3oM, IOIYYaeM:
ma =mg — k¥ yyyrpisas, 4To CKOPOCTH €CTh TepBas, 4
YCKOPEHUE — BTOpask MPOM3BOAHAS UCKOMOU (yHKuuu ¥,
BBIPAKAFOIICH PACCTOSIHIE OT MOJIOKEHHS MAPAIIIOTHCTA B
HaYaIIbHBIl MOMEHT BPEMEHH JI0 €r0 MOIOKCHHUSI B MOMEHT
BpeMeHH £ (MBI CUMTaEM, 4TO CITYCK HAPALIFOTHCTA POUC-
XOIUT IO MPSIMO¥T), MPUXOAUM K cienyromemy nuddepeH-
[[HATFHOMY YPaBHEHHIO IBIKCHHS:

Hrrorona umeem:

my" = mg — ky' 1

Pemenue.

HWckomast pyHKIHUS ¥ BBIPAKAET PACCTOSIHUE OT [OJIO-
JKEHUsI [IAPAIIOTUCTA B HAYAJIbHBIH MOMEHT BPEMEHHU 10
€ro IOJIOXKEHHs B MOMEHT BpeMern L. [Tonokum  y' = v
,Torda ¥ = v M ypaBHEHHE MOKHO IPeoOpa3oBarTh K
BULY .
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ITo ycnoBuio 3aaun HayanbHass CKOPOCThb JBUKECHHUS
paBHa HyNO, T.¢. ipu ¢ = [ umeeM v = [. [loncraBus

3TU 3HAYCHHUsI B PABEHCTBO (2), HAXOAUM, YTO { = — &
, M, CIIe[IOBaTENbHO, Ty (GOPMYITy MOXKHO Mepernucarh B
BUJIE )
H
1:'=E(1 —g‘ﬁf]. (3)
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OTcrona ciemyer, 4To C TEYEHHEM BPEMEHH CKO-
POCTb MAJCHMS NApaIlIOTUCTA CTPEMUTCS K 3HAUYEHUIO
_ Mg,

mpeR T

UroObl y3HATh 3aKOH JBIIKCHUS MapallioTUCTa, HaJ0
10 HalJICHHOMY 3HA4E€HHUIO CKOPOCTU HAWTHU IIyTb, HIPOM-
JIEHHBIH K MOMEHTY BpeMeHM #. U 3TOro mnepenuiieM
paBeHcTBO (3) B BUIE
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U pemuM monydeHHoe auddepeHIranIbHoe ypaBHe-
Hue. HyxxHo HaiiTu nepBooOpa3Hyto 1uist pyHKIUH

m, k

Tﬂ (1 - e?_i"nrJ.
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3HauuT, 001I1ee pelIeHNe YPaBHEHHS TAKOBO:
mg ( m _Ft_'rjl - -
r=—Ilt+—e ™|+ C.
Y= - ()
JI71st OThICKaHUs 3HAUEHUST (¢ 3aMeTuM, uTo ipu ¢ = [
[IPOMJCHHBIN IIyTh PABEH HYNIO, T.c. IpU £ = [} HMeeM
¥ = 0. IlogcTaBUB T 3HAYEHUS B PAaBEHCTBO (4), moiy-
qUM® .
m°k
k2
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Wrak, 3aK0H ABMKEHHS NApAIIIOTUCTA UMEET BHUI:
mg m _k
.‘}’:T(t—?(l—e mr]].

Juddepenunaibuble ypaBHeHHs B XMMHUH.

3amaua 2.

[Ipy HEKOTOPHIX XMMHYECKHX PEaKIMAX BO3HMKAIO-
Iiee B MpoIiecce peaklMy BEIlecTBO ACHCTBYeT Kak KaTa-
JIM3aTOp, YCKOPSIIOLIMM TeueHue peakuuu. B atom cirydae
CKOPOCTh PEaKIMU MPOMOPIHOHANbHA KaK KOHIICHTpAIHs
MCXOJIHOTO BEIIECTBA, TAK U HEKOTOPOH JMHEHHOU (yHK-
IIUHM OT KOHIIEHTPAIIMN BO3HUKAIOIIETO BEIIeCTBa (aBTOKa-
TaquThYeckas peakiusi). Hamuimem muddepeHnnaibHoe
ypaBHEHHE Ul KOJMYECTBA ¥ BEIECTBA, BO3HHUKIIETO B
MOMEHT BpEeMEHH &, eClIi HadaJIbHas KOHIICHTpallKs paBHa
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Pemrenue.
Onupasich Ha YCIOBHS U pacCykaas morydaeM audde-
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y' =k + my)la —y).

3nech & — ¥- KOHIICHTPAIMS NCXOIHOTO BEIIECTBa, a
k + my - nuHelHas QyHKIUS OT KOHIIEHTPAINY BO3HHUKA-
IOMIETO BeIecTBa ( k M #1- HEKOTOPBIE YHCIIOBBIE KOA(-
(UTIICHTHI).

3aMeTHM, 9TO eciii ObI B POJIM KaTajan3aTopa BEICTyIa-
JI0 HCXO/THOE BEIIECTBO, TO JINHEHHAsT (PyHKIIUS, O KOTOPOH
HICT peusb B 3a/1aue, mMena Obl BUI &k + mio — ), a mud-
(epeHnmanbHOe ypaBHEHHE BBIIIAACIO TaK:

y' =(k +mla - )@ -y.

3amgaua 3.

Cocyn obvemom 40 1 comepxutr 80% a3zora u
20%kocnmopona. B cocyn kaxmayro cexkynay Brekaer 0,2
JI a30Ta U BBITEKAET TAKOE e KOIMUYECTBO cMmecH. Uepes
CKOJILKO BpeMeHH B cocyze Oynet 99% azora?

Pemenue.

BribepeM B kadecTBe HE3aBHCHMOW TIEPEMEHHOM Bpe-
Ms t ¥ 0003HAYMM uepe3 ¥ (f) KOIMYECTBO JUTPOB a30Ta
B COCyle 4Yepe3 ¢ CEeKYH] Iocie Hayalo omelta. Torna
asoT OyieT COCTaBIATh |, YacTeil Beeil cmecH. 3a npome-
JKYTOK BpEeMCHH At COCYH MOCTYHnHT (J,2Af JI a3oTa, a
BbITEUET (,2Af J1 cMecu. Ecinu cuurarp, 4To 3a MpoMexy-
TOK BpeMeHHU [t,t 4+ Af] KOHILEHTpauus a3oTa B COCYyIE
0CTaBaJIOCh HEM3MEHHOM, TO B TOM 00BbeMe cMecH OyieT

-
oy 2
= 0.2At (1) a3ora, a MOTOMY MPHPOCT KOIMYECTBA
JIUTPOB a30Ta BBIPA3UTCA TaK:

Ay & 0,24 u,zyﬂ
pod D 2AF — —— AE.
) 10

Msl Hamucamu TPHOMIKEHHOE PaBEHCTBO, IIOTO-
My YTO Ha CaMOM JIeJIe 32 MAJbIA MPOMEKYTOK BPEMEHH
[t.t + At] KOHIEHTpAIMs a30Ta XOTh HEMHOTO, HO U3Me-
HseTcs. Ecim ske pa3nennuts 00e 9acTH 3TOTO PaBeHCTBA Ha
At ¥ TIEPEUTH K TMpeneny, Koraa Af —s (1, TO, YIUTHIBas,

. A
49T0  Jjm =X = y' , IOIYYUM TOYHOE PABEHCTBO

At—D At

y =02(1- i—nj

Ono sBnsercs AuddepeHUINANbHBIM YPaBHEHHEM
npouecca.

Pemum 310 ypaBuenue. /st aToro mpeodpasyem ero K
BUJTY

y' = —0,005(y — 40)

Ot1o AuddepeHunabHoe ypaBHeHHEe IPOLEcca Bbl-
paBHUBaHMs. Bocronbdyemcst hopMyInoi, momyanm:

y = 40 + (y, — 40)g 000

3nech ¥, — 3HAUCHNE NCKOMOW BEJIMYMHBI ¥ B MOMEHT
BpeMeHH ¢ = (j. Ho mo ycinoBuio B Ha4anmbHBIA MOMEHT
BpeMeHHu B 40-mutpoBoM cocyne Ob110 80% a3zora, T.e. 32
7 asora, 3Ha4uT, y, = 32. [looTomy

y = 40 — B~ 0005,

Tenepsp yxe JITKO HalTH, KOTJ[a KOHIIEHTpALUs a30Ta
B cMecH Oyzner 99%. B a1o Bpems B cocyae okaxercst 39,6
T a30Ta. 3HAUUT, HAJIO PEIINTh TTOKa3aTelIbHOE ypaBHEHHE

39,6 = 40 — 8¢ 000,

Pemmras €ro, IMoCJICa0BATCIbHO HAXO UM
E_g—D_DDE-I.‘ - U,‘]:'
g—D_L‘DE-I.‘ - U []5
—0,005¢ =1n0,05
t = 2001n 20 = 600 c.
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