PRESENTATION ON
DIFFERENTIAL EQUATION

Kadeapa BuLWOI Ta npuknagHoi MateMaTUKu
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® A mathematical equation that relates a function |

with its derivatives is called differential equation,

® the function usually represent physical quantities,

® derivatives represent its rate of change

® differential equation defines a relationship

between the two.

Osmauenns. ugbepenyiarvsnn pigHARNKAM 120 NOPROXY BUIHOCHO GyHKI

v = v(¥) HASHBACTRHCA CIIBRUTHOMICHHA, AKE MOB A3VC HEIATCAHY IMIHHY X . WIVKAHY

GyHKIO () Ta il noxyiHi (ado AndeperIam).
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®OPMYBAHHA TH®PEPEHHIAIBHOI'O PIBHAHHA

differentiol equation  CIM'S DpAMEX
(derwaﬂve) y=
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Order Degree
The Order is the highest derivative The degree is the exponent of the highest derivative.

dy | dy
dxz B dx

The highest derivative is just dy/cx, and it has an exponent of 2, so this is "Sezond

ddy Degree”
This has a second derivative — |, so is "Order 2°
ax? In fact it isa First Order Second Degree Ordinary Differential Equation

Osnauenns. opaoxoyn ougepenyiarvHoce plansnia HAMBACTHCA HaftBrumf




Solution of a Differential Equation

The solution of a differential equation is the relation
between the variables, not taking the differential
coefficients, satisfying the given differential equation and
containing as many arbitrary constants as its order is.

For example: y = Acosx - Bsinx

2
d—21-4-4y=0 \
dx

ABTOMOBIfb pyxaeTbCs NO NPAMOSIIHIMHOMY LWOCe B HanpsAMKy Micta A i3 cTanor WBUAKICTIO v. Yepes sikuin yac BiH
npmnbyae go micta A?

S - WNAX, 9KMA Nporae aBToMobinb 3 NoYaTKy CNOCTEPEXEHHS;

t —yac;

s'(t)=v

s(t) = vt + C, C —O0BiNlbHa KOHCTaHTA;

C =BM3HaA4Ya€eTbCA Yepes No4aTkoBy BiAcTaHb aBToMObINSA Big A - S




General Solution

If the solution of a differential equation of nth order
contains n arbitrary constants, the solution is called
the general solution.

y = Acosx - Bsinx

is the general solution of the differential equation

Particular Solution

A solution obtained by giving particular values to
the arbitrary constants in general solution is
called particular solution.

y = 3C0SX —2SsinX

|
|
|




-
|
; SOLUTION OF
, DIFFERENTIAL EQUATION
1 Variable Separable Homogeneous Differential Equations jfm?
The first order differential equation A first order Differential Equation is Homogeneous when it can be in this form: ”3;‘
d-
— = f(xy) Y =f(1)
dx _ _ dx X
Suppose we can write the above equation as
dV We can solve it using Separation of Variables but first we create a new variable v = Y
= g(x)h(y) X
1 ~ v=' jsalso y=vx
X
; ——dy = g(x)dx
(Y) -~ And d % =V % + X — (by the Product Rule)
X X X
On Integrating, we get the solution as
=~ Which can be simplified to d_ =V+X %
X X
f h(y) dy f g (x)dx T Using y = vx and % =v+Xx ;ﬂ we can solve the Differential Equation.
X

= - B



Solving :

* We solve it when we discover the
function y (or set of functions y).

* There are many "tricks" to solving
Differential Equations (if they can be

solved!), but first: why? é(‘qy
e
- 4
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Why Are Differential Equations Useful?

* In our world things change, and describing how
they change often ends up as a Differential
Equation:
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- g ITPUKAAAU 3AAAY, 3BBEAEHUX AO
1t AHNOEPEHIIIAADPHIX PIBHAHD (3)

3 ypaxyBaHHAM MeXaHIYHOIO 3MiCTy APYTroi MOXIAHOI (MPHCKOpEHHS),
PIBHAHHS NPAMOAIHIHOTO PIBHOMPHCKOPEHOTO PYXY 3amucyeThes ¥ hopmi
X¥=a (roykamu OyaeMo HajaAl o3HAYATH MOXiAHi 3a YacoM). [locaiToBHE
IHTETPYBAHHS OCTAHHBOTO PIBHAHHSA B Mexax Bix 0 10 t Jae

2
x=at+vy (v =x(0)), x=%+v0t+x0 (xg = x(0)).

?ﬁiﬂ

ITPUKAAAM 3AAAY, BBEAEHHX AO
AVUP®EPEHIIIAABHUX PIBHAHD (2)

Uygosow BaacTuBicTio (yHKLi y=e" € Te, mo BoHa 36iracThed 3i
CBOEI0 MOXLIHOI0; 1A BAGCTHBICTD 3AIHCYETHCA V BHIAAAI 3BHYAMHOIO 1H-
(hepentiarbHOTO PIBHAHHA Y’ =Y, PO3B'AIKAMH AKOTO, pasoM i3 (yHKIL-

et y=e", ByayTh TaKOX yei vk cimi y = Ce” .




ANDOEPEHIIIAABHI MOAEAI

Y npouect nodya0BH 3BHYAHHUX AM(PEPEHUIATBHUX MOJECNCH BaKIMBOIrO

3HAYCHHA, @ 1HKOJIM W TrOJIOBHOro, HadyBa€e 3HAHHS 3aKOHIB TIET rajy3l Hayku, 3

AKOKO OB’ A3aHa NpUpPoJa A0CHIIKYBAHOI 3aa4l. Tak, HaNpUKIaA, y MeXaHiul ue

MOKYTb OyTH 3aKkonu Hoeiomona, B T€OP1i €ACKTPHUUHUX JIAHLIOTIB — 3akonu Oma

ma Kipxzogha, B Teopii WIBHAKOCTEH XIMIYHUX peaKiiii — 3aKoH Oii mac To1110.

mﬂ =
dt

K.(p.-M.H., Aonl. Muxarisenxo C.B.




ITPUKAAAU AUPEPEHIIIAABHUX MOAEAEU

[lpuknaa 1. 3 desaxoi eucomu ckunymo miio, maca sxkoco m. [lompiono

GCMANOBUMU, 3d SAKUM 3AKOHOM 3MINIOCMbCS WEUOKICMb NAOIHNA Yb0O2O M,
SAKWO HA HbO2CO, KPIM CWIU MANCIHHA, OIC 2dibMIGHA Cuia Onopy Noeimps,

NPOROPYITLHA WBUOKOCTI.
Po3rnsHeMo ounamiuny mooens nadinua mina.

dv

3riiHo ApYroro 3akoHy HeloToHy m; =F.

V nanomy Bunaaky F =mg —kv, ne k >0, To610

dv
m—=mg — k.
dt

P0O3B A3KOM LbOTO PIBHAHHS € (DYHKLISA

V=c-e™ + ., c=const




ITPUKAAAU AUDPEPEHIIIAABHUX MOAEAEM

[Ipuknan 2 [iro nmiowepime oo 100°, memnepamypd HAGKOINUINBO0

cepedosuya 20°, 3a 5 xewiun miao oxoirone 0o 60°, 3a cKiabku wacy miio

oxoaone oo 30°7

“The rate of cooling of a body is
proportional to the difference
between its temperature and the
temperature of the surrounding

alr

Sir Issac Newton




Po3rnauemo dunamiuny Mooean npouecy oXon00MCenHA.
Cropucraemocs sakonom Huwomona npo oxonrooxncenns mira. Ionaunmo
I Temmeparypy Tina, T —Hac Bij MovaTky oxonowkenus. Tom
dt

Z=k(1-1)),

ae I —temneparypa cepenosuma, k>0, OCKIIBKH MM PO3rIANAEMO

OXO0/LKe NS Tina, Tomy ynkuis 1(7) € cnaanoio i noxiana Bix'esua,

Hexaii f,—novarkosa Temneparypa Tina, [TiACTaBAf0M B OGHABI YACTHHN

Po38’ 230K piBHanua ( 2) Mac BHrasn
1=t +c-e', c=const. pistanng ( 3) 7=0, orpumacemo
h=t+c, C=l,~1.
TaKum UHHOM, PIBHAHHA OXO/IOUKCHHA TiIA NPHIMAE BHI/IAN

=1 +(t,~1 )€™,

3a ymosamu 3azaui £, = 20", 1, =100, kpim 1oro 1(5)=60" . Orxe
In0,5

5
[MiacTasumo k B piBHAHHS Ta 3HAHACMO Mac, 3a AKHI TI10 oxonoHe 10 30%:

Orxe. Ti10 oxonoue a0 30° 3a 15 XBHANH.

60=20+80-¢™, ¢* =05 k=




“Rabbits”

The more rabbits we have

AN®EPEHIIIAABHI PIBHAHHSA B EKOAOTITI (1)

Exoaoria BUB4Yae B3a€MOBIIIHOCHUHH AIOIUHU U JKUBUX OPTAHI3MIB y3araasl

3 HABKOAHIIHIM cepefoBHINeM. OCHOBHHUM 00'€KTOM JOCAIIZKEHHS B €KOAOTI

€ €BOAIOITS ITOIMYALINH (CYKYIITHOCTI OMHOTO BU/Y POCAWH, TBAPWUH, MIKPOOP-
raHI3MIB, 1110 HACEAdIOTh TPHUBAAWH Yac MMeBHY TEPUTOPIIO).

OmuireMo MATEMATHYHO TIPOIEC PO3MHOXKEHHd YH BUMHPAHHS TIOIY-

the agrriti. Hexa®i x(f) — KIABKICHHH CTaH MOMNVALGIll B MOMEHT [; A — KiAb-

more baby rabbits we get.Then  xicrr mapomxerux, B — yMHpaloOuyHx 3a OQHHHUIO dacy. Tomi IIBHUAKICTE
those rabbits grow up and have  sminm kKoopaunaTu X(t) 3amaeTbea POPMYACIO

grow faster and faster.

babies too! The population will dx
—=A-B. (1)
dt
Y piBagHHI (1 ) A 1 B MOXyTb 3aseskaTH Big X . Hanmpuraap,
A =ax, B =bx, (2)
ne a — koedlIIEHT HAPOAXKYBAHOCTI, b — CMepTHOCTI.
IlincraBagroun ( 2) B ( 1), orpuMmaemo
dx
— =(a—-Db)x.
o —la-b) (3)
Po3B'a3ok audepeHIiaabHOTO pIBHAHHY (  3) 3amUIleMo Y BHTALG/]
x(t) = xoe(a—b)(f—to), (4)

Ak

Ae X(tp) = Xp — KIABKICHHUM CTAH MONYALIlll B IOYATKOBUH MOMEHT [( .




o By AV®EPEHIIIAABHI PIBHSHHSA B EKOAOTTII (2)
ot e MoxHA JOCAUIKYBATH I CKAAAHIII PIBHAHHS TA CHCTEMH pimmu;).’

PosrasiHeMo JeTasbHIlIE JABOBHAOBY MOJIEAb XHIXKaK-XKepTBa, nobyno-
BAHY JIAS BUABACHHSA KOAMBAHB PHOHHX VAOBIB vV AApIaTHYHOMY MOPL.
Hexan x(f) = KIABKICTH pHO-XHIKAKIB, Y(!) — pHO-XKepTB Vv MOMEHT Hacy

t. KiapkicTh pHO-XmKaxkiB Oyjae spocTaTH AOTH, IMOKH B HHX Oyae ixa.
Ao 11 He Oye BHCTAYATH, TO KIABKICTh XHIKAKIB Oy/e 3MeHIIYBATHCA 1,
MOYHHAIOYH 3 JIESKOT0 MOMEHTY, OV/e 3pOCTATH KIABKICTE XepTB. Moaeab
TAKOIO TTPOLECY MA€ BHTAA

dx
— = —ax + bxy,
| dt
d1
J - ex dxy ,
| dt
Ae a,b,c,d - poaaTHI KOHCTAHTH.
Y cucremi AOAAHOK DXY BHpaXKae 3areKHICTh [IPHPOCTY KIABKOCTI
XIDKAKIB BlJl KIABKOCTI XKepTB, —dXlY — 3MEHIIEeHHS KIABKOCTI XKepTB BIJ

KIABKOCT] XHJKAKIB.




OCHOBHI OB’EKTU TEOPII
ANDPEPEHIIIAABHUX PIBHAHB

>3BUYANHI dy "

JAPEPEHIIAJIBHI PIBHSIHHS dx x——=y—1
Y ix

»CHUCTEMMU 3BUYANHHAX &X - _ax+bxy

! dt
dy _
| dt

JNO®EPEHIIIAJIBHUX PIBHSHDb
cx ~ dxy

» IJUO®EPEHIIIAJIBHI

PIBHSHHA 3 YACTHUHHUMMUAU dx ady a*u + *u ) du

MOXITHUMU 3y o o= ax2 T 9tz ‘ot







