AVNPEPEHLUIANDBHI PIBHAHHA BULLUX NOPAAKIB
1 3aranbHi NOHATTA Ta O3HAYEHHA
O3nauenHa. JudepenyiatoHuM PIEHAHHAM N —20 NOPAOKY HAIHBAETBCH
PIBHAHHSA BHIUIAIY
Flx.y.y.y"...y™)=0 (1.1)
a00. AKIIO BOHO PO3B f3aHEe BIAHOCHO CTAPIIOL MOXITHOL,
¥ =flxy.y. "), (12)

ne ¢yHKms [ BH3HAUeHa 1 HENEpepBHA B Aeski odmacti [) 3MIHH CBOIX
apryMeHTIB.

O3nauenHa. Poze’asxom pudepeHmaTbHOro piBHAHHA (1.2) Ha3HBAeTBCA
Oyap-sKa » pa3iB HenepepBHO-TH(epeHmiHoOBHA ¢QVHEKmMAE V=¢(X). gKa IpH
M1JCTAHOBI B II€ PIBHAHHA 00€pTac HOro B TOTOXHICTE:

o™ (x) = flx.0(x).0'(x).0"()....0" P ().

O3naueHHA. 3acatbHuMm po3e 'A3koM DHGEPEeHIIATEHOIO PIBHAHHA nN-TO
nopanky (1.2) HazmBaeTrbes ¢yEEmE V=0(x.C.C;....C,). ae G.G,....C, -
JOBUIBHI CTAM, SKa 33J0BOJIBHAE YMOBAM:

1) dyrxma o(x.G.C,.....C,) € pPo3B’A3KOM LBOTO PIBHAHHA I OVIAb-AKHX

3Hagens C.C;....C, :

2) ang OyIb-SKHX ITOYaTKOBHX YMOB

¥%0)=Yor ¥ (%) =¥ s ¥ (x0) =0 (13)
iCHYIOTH €QHHI 3HAYeHHA cTamX C;=C.. C; =C3. ... C, =C’ Taki. mo ¢yHKIiA

y=<p(x.C? c§ ..... C,? ) € pO3B'A3KOM WBOr0 PIBHAHHA 1 3aJOBOJBHAE ITOYATKOBIL

ymMoBH (1.3).
O3HaueHHA. Byab-AKHE pO3B A30K _\'=¢o(x,Cf,C§’....,Cf,’) piBHAHHA (1.2).
AKHH OTPHMAHO 13 3arajlbHOTO PO3B'S3KY NPH KOHKPETHHX 3HAYEHHSX CTAIHX

C = C‘°, &, =C9, e=c . HA3HBAETHCHA YACMUHHUM DO38 A3KOM.
1 1 2 2 n n



O3nauenHa. Po3B 30Kk audepeHmansHOrO piBHAHHA (1.2). 3anmHcaHHEE ¥

Barmax  P(x.).C.C,....C,)=0 abo <I>(x,y,Cf c§’ ..... C?)=0. wnamBacThCH

> b

2a2arbHUM a0D0 YACMUHHUM THIME2PanoM BIATIOBLIHO.

O3navennAa. I padik 6yab-AKOro po3B's3Ky JH(EPeHINATEHOrO PIBHAHHA N —TO
TIOPAIKY HA3HBAETLCH THMESPATBHOK KPUEOIO.
3araneHHE pO3B H30K AHdepeHmianpHOro piBHAHHA (1.2) 300pakye MHOKHHY
{HTErpaTbHHX KPHBHX, YacTHHHHH pO3B A30K — OAHY IHTETPaJbHY KPHBY Ii€i
MHOKHHH.

O3HauenHA. 3agada 3HAXOXKEHHA PO3B'A3KY AHQEPEHINANBHOTO PIBHAHHA
(1.2). axuit 33a00BOIBHAE 33JaHHM MOYAaTKOBHM yMOBaM (1.3). HazHBacThCA 3adayen
Kouwui.

Teopema Kowui (icHVeaHHA Ma €OHOCMT PO38 A3KY).

SAxmo B audepermiamsHoMy piBEaHEHI (1.2) dyarmia flx.y.3.3" ... »" ") 1a

) ... e of ef ) - ) )
il 9acTHHH1 NOXIAHI —. ey HEIIEpepBH! B JefKiH 00IacTi 3MIHH
" A =, (D)
cy ¢y cy
s y r " ‘(n—l) o o on oy - r '(n—-l) s
IMIHHHX X. ). V. V. ....y" 7. To ana Oyap-Koi TO4KH (Xp:Vo:Vp-----Vo <D

ICHVE €IHHHH PO3B 430K Y =@(X) UBOro PIBHAHHA. AKHH 3aJ0BOJBHAE IIOYATKOB1
yMoBH (1.3).

IeomeTpHuHHEE 3MIcT 3agaw Komm ana auepeHmaTbHOro piBHAHHA APYTOTO
OOpAZKY IOJASrae B TOMYy. INO NOpPH BHKOHAHHI YMOB TEOpeMH ICHVE €IHHA
{HTerpaTbHA KPHBAa. fKa IPOXOAHTE uepe3 Touky My(xpi)e) 1 Mae B IiH TO4I

DOTHYHY 13 3aJaHHM KYTOBHM KoedimerTOoM V' (X,) = V5.

¥ a

=Y



2 [leaki Tunu gudepeHuianbHUX PiBHAHb BULLMX NOPAAKIB,AKI AONYCKAKOTb
NOHUXXEHHA NOPAJKY

Po3B’si3yBaHHs Aeskux AudepeHiiaibHuX PIBHSAHb BUIIMX MOPSIKIB MOXKHA
3BECTH JI0 PO3B’si3yBaHHS AW(EpEHIiaIbHUX PIBHSAHb TMEPIIOrO TMOPSAIKY 3a
JIOTIOMOTOI0 ne8HOT 3aminu 3miHHUX. PO3TIssHEMO AEsKI TUMHU TaKUX PIBHSIHB, AKI
JOMYCKAaIOTh 3HWKEHHSI TIOPAJIKY

2.1 PiBHsHHS BUIY:
1'"7=f(x), (21)

ae f(x) —3azaHa HemepepBHA QVHKIIA, (HTETPYETECA B KBAApaTypax.

Cnpapai 3aIHCABINH € PIBHAHHA ¥ BHITIAdIL
T ST e (w1 ok

z(l )= r(x) abo a’(} v)=f(.1)d,\
Ta IHTETPYIOYH, OJePAHMO
Y =[f(x)ax+C,.

ae C, — cTajla \HTerpyBaHHA.
AHANOTIYHO 3HAHAEMO
d(y"™)=([f(x)dx+C, )ax.

3BUIKH

"'"'—HI f(x)dx)dx+Cx+C,:

{ o

a(y")=(J([ 7 (x)ax)a+ Cx+ v

¥y = |( _f(ff(x)dx)dr)dx+%r’ +Cx+C,.

ae C,.C,.C, — cram mHTerpyBaHHi. [IpofoBKyHOYH Zami. MmCAL p IHTETPYBaHb
3HAHIEMO 3ara/JbHHH PO3B'A30K pIBHAHHA (46):

C _R-l C: n=2 +. ¥C

y=[(-J(] 7 (x)ax)ax)... )a‘w( i o R 2 2.2)




Tenep sanamo mMo4aTKOBI YMOBM IIpH X = Xg:

— I N . ", . -1 -1
y_yﬂ*y_yﬂ' i :yﬂ1___1y{ﬂ }293’1 ]
YacTuHui po3B’ 30K AICTAaHEMO SKIIO B (2.2) MOKIaaEeMO

=98 ¢, = Ht{yn'ﬂi Gy = y[{;.”'s}; s Cy =y

flpukaad. 3ualiTH po3e'a3oK piBHAHHA 4" = sinky, WO 3200BOJALHSE MO4ATHOBI
ymosu: npu x=0; y=0; ¢ =1 (y(0)=0; y(0)=1).
Posg'asauun. [licas nepworo inTerpysanHs maemo

Y = +%coskx +Cj.

Bukopuctosyioun nouatkosy ymoby 1'(0) =1, anaxomumo C:

1=-deq; ¢ =42

Tenep pisHAHHA 3anuiweMo y BHTAAA

y' = ]E{k +1-coskx).

[HTerpyious we pas, picTaHeMo
1 L
Y= k[(k +1)x 5 smkx} + Ly,
[lizcrasnawyn coan noyaTeoBy ymoBy y[ﬂ] =0, sHaxoaumo Cy = 0, Tou
y=+ [(k +1)x  Sin k.'r] .

2.2 PiBHSIHHS BUAY:

(2.3)

AKE HE MICTHTh ABHO mMyKaHoi dyHKUiL [TopAaoK Takoro pIBHAHHA MOXHA MOHHIHTH.
AKIIO 33 HOBY HEBLIOMY QVHEKNO Z=Zz(X) B3TH HAHHHATY 13 IMOXLTHHX JAHOTO

: ~ ( . (&9 ) (k42 ) _n-
piBEAEEA. TobTO mokmactE ¥ =z: tomi Y=z y" =z"_ Y ="" Tomy
OIepAYEMO PIBHAHHA

F(x.:.:'.....:""’“;) =0.

TaxkmM 9HHOM. NMOPAJOK PIBHAHHA MOHHAYETBCA HAa & OZHHEDB. OKpeMEM



BUIAIKOM PIBHAHHS (2.3) € pIBHSIHHSA
F( X y“""l."?.‘,.‘.",' ) =0 ,

AKe 33 JOmOMOrolo HoBOi 3mimHOi z=y"" z'=y"' 3pogmThCcE DO piBHAHES
NepIIoro MOPAIKY:
F(x,z,z")=0.
SIKImmo A7 OBOrO PIBHAHHS BIAETBCA 3HAHTH 3arajbHHE po3e 130k Z=Z(X.C)). TO
(r-1)

OpPHXOZHEMO 10 piBHAHHA ) =2(x.C]) BHAy (2.1). AKe IHTEIPYETECA B
KBaJpaTypax.

s .- + . - R4 4
Mpuxaaa. JuaiiTn zaratsamil poss sok andepentiamioro pisasuaas Xy +y =0.
Poss gzanng. MaeMo piBHAHHS THIV:

F(x, ,v',y') =0, ¥V - He BXOAUT, SBHO B PIBHAHHS.

l}": Z: Z:z(x)
I y' =2z

x-2+z=0 - aadepenniananae piBHAHNA I-ro nOPSAKY 3 BIOKPEMIIOBAHHM H 3MIHHAMH.
/’

XZ =—=2Z
dz

x;z—z: xdz=—-zdx [:z-x#0

dz d
—=—I_—: = In|z|=—ln|x|+1n|q|.

C, &)
==z=—=, )
X X

’ .
Bpaxyvemo. mo ¥ = Z. [liacrasumo b (*).

In|z|=In

y'=ﬁ = J*=Iﬁdx=Clln|x|+Cl.
x x



Ipuknan 3HaliTH 3araneHEA o3k’ 420K piBHaHHg X V" = {.1-"' |

Posp’azanneA. BeegeMo HOBY QVHEIED

¥v" 1 OTpHMAEMO PIBHAHHA OEpIIOTO
MOPAIKY BUTHOCHO HeBiToMoi dyHEIT z(x):

xz'=z" abo xdz=z"dx

Ie pieHAHHA 3 BUIOKPEMIIOBAHHMHE IMIHHHMHE.

OgepamMo: tjr: =E: [ﬁ— FE

z x Jzr Jx°

Cx ., Cx
x+C, ! x+C,

B pesyneTaTi DOCTIIOBHOTO IHTETPYBAHHA OTPHMAEMO:

' Y
_].:'I= [ C]'I 1- C] Jii'ff= Cl{_'-l.-— C] ]ﬂ|I+ C|_|I}+ C:,
L x+ 0

dx=C |

" x+ 0

F:QHI—QMH+QU&+QJ$=C{%~C{xhh+ﬂ%{xiﬂmlk

(2
+C,x +C,| =C]l L—Cl[xh|1'+ C‘l|—.1'+ C‘l]n|x+C‘]|]|]+C,.x+ C,.
- I‘\ 1 -
Iosaawmemn C. +C,9epes C,. OCTATOTHO ONEPAHMO:

y= CI%— C; [x+C]‘_l]11|x+ C‘l|+ :':“:x+ C,.



2.3 PiBHSIHHSA BULY:

F(y.y..y")=0, (2.4)

AKe He MICTHTh ABHO HE3aJeXKHOI 3MIHHOI X .
PieEaHHEA (24) JONyCKAIOTh MOHEAEHHA NOPAIKY HAa ofuHHmK. Cmopaexi

3amina:

’ - -
y=p. p =p(y) - HeBlioMa vHK IS,
Tom

~ = ’ ’I e ’
y ""py'-"x —py 2
(noxizma p3gTa 9K NOXiAHa BU ckiazmol Gynkmi P = p(y) ay= y(x ) ).

-~ . ’ ’ ? R 2 ]
Y _p))' Yy ‘p+py °py "Jrx _p»' P +py ol /4

’
(y' BIATO AK BIJ JA0OVTKY: (u . v) =u v+u-v ),

B gar 8

(n)

. 4 » - -
Mncrasusom Y.y ..... ¥ ' B pisasand (1). orpaMacmo pisHsHHs ( n —l) -0 NOPAJKY

BIIHOCHO HeBLIOMOT dyuknil p = p(y)

F, (y. 2P p™ ) =0.

Porn siapmim e pIBHAHHS, MAC€MO 3araiaLiHil IHTerpai:

&(y.2.C,.C;.....C, 1) =0.
Aze p=y' . Tincrasumo:
®(y.y.C.C,.....C, ;) =0.
i pisnanna I-ro nopaaxy siocno vk y = y(x).
Pos smapmn HOro, O TPIMACMO:
d>(x. ».C.C,, .., C, ) =0 -saransumii inrerpan pinasnns (1).

Oxpesim eunaokom pinasung (1) ¢ pisasuns

F(».y.¥")=0.



V'=p. p=p(y)
.‘7'=p; .','; =p'.p

IBOIATESH 10 AHdepenniamuoro pisasnudg I-ro nopaaky sianocno dyusnii p = p(y)

d
F(J’,p,d—i'p)ﬂ-

Hpukaan. Pose szarn pispsnns

2
y-y' =2(y) =0.
Pone "sranug. Macsmo piBHSHIA BHEIY:

F(y.y.y")=0.

3amina
{3.'=p .p=p(y) —nesizoma dynxuis;
Y'=py-y:=p"p.

[TincTanamMo B 3a1ane piBHSHAN:

; d
y-pp-2p'=0= p{.v~;p-2p)=0

~

In|p|=2lay|+1n|¢;| = ln|p| =In|y|" +1nC;. m|p|=1n|3,z.cl|’ p=ChP.

. ; y dy 2y (ay
Ockinukn p=Yy .1 )’=C1’2.—=C ~. | == |Cdx.
cinn p=y' 0= ot [ =

1

£ 2 N
= Gx+C,

-1
J.'



OmKe anane pIBHAHAN Mac poIa d10K

1
Cx+C,

1

Poas’szox ¥y =C me nit'canyemes, 6o y=C=— OTPHMYETLCSH 1 3ar ILHOTO PR

2

C,=0.

Ipuxkaan | Po3p g3ats 3agavy Komi
V'+y-1=0. y0)=1. y(0)=1.
PIBHAHHA HE MICTHTH SBHO He3a71€KHOI 3MIHHOI X . 3HH3HTH HOI'0 MOPAJOK MOXKHA 22
JOTIOMOT OO 3aMIHH:
yVi=p(») = Y'=pbp.
V pe3yasTaTi MaeMo PIBHAHHA 1-r0 NopAaKy BigHOCHO dyHEKIIL p(y):
pp+y-1=0 = pp=1-y.

BigokpeMIr0eMO 3MIHHI 1 BHKOHYEMO IHTETPYBAHHA:
[pp=[a-nay = £=y-2 +% = p'=2y-y'+q.

Otxe pvrKIA p()) BH3HATAETECA BHPAOM

p(y)= :J 2y - y: =G .
TToBeprawTrCh 20 PVHKIIT (X). pobrMo obeprery 3aMiHy p(V)=)". Maemo

r . 2
¥ =:\[2}' -y +Q .
Ha mpoMy eTami MOKHA BH3HAYHTH JOBLTBHY CTalTy C). BHKOPHCTOBYIOUH [OYaTKOBI

yMoBH. Ockiteke y=11 y'=1npr x=0. 10

1=x2-1+C, = 1==/1+C,.

3B1IKH BHILTHBac.mo C) =0. 3ayBaxuMo. ockimeku V'(0)=1> 0. To mepex xopeHeM

DOTPiOHO OpaTH 3HAK «+%.



TaxkuM 9HHOM. 3HOBY MaeMo JH(EepeHNianbHE pPIBHAHHA 1-TO NOPAAKY 3

BIIOKPEMITIOBAHHMH 3MIHHHMH, aJI€ BXe BUTHOCHO IIyKaHOI dvEKIL y(X):

[HTErpyrO9H. 3HAXOJHMO:
|L=fdx = |' = =x+C;, = arcsm(y-D=x+0C,.

2y-»r TJ1-(y-17

3HOBY 3BepPTAXOYHCH J0 MOYATKOBHX YMOB. BH3Ha9HMO cTany C,. Bpaxopyroun. mo

y=1npu x=0, 10

arcsm(l-1)=0+C, = C,=0.
B pesyaeTaTi MaeMmo po3e 230K 3a0ayi Kowi:

arcsm(y—-1)=x = y-l=smx
ado y=smx-+1.

- - £ ° ~ 3 2 2
Ipuxian 3HaATH 3araIbHHH PO3B 430K piBHAHEA 21y —3()' ) =4)".
Po3p’'si3aHHA. 3ajaHe PIBHAHHA HE MICTHTH SBHO HE3aJEXKHOI 3IMIHHOI X . TOMY
e - G2

BBeZeMO HOBY QyHKmio z(y): y'=2z: ) =E_.

OTpHMaeMO PIBHAHHA NEPIIOro MOPAIKY:

23z % _322 ~4y* ago L - 3z a4y AK€ € OTHOPUIHHM PIBHAHHAM
T T T |

. . dz du 2
3po0OHMO MIACTAHOBKY: Z=uy. Tomi 5 = = y+u. OpgepxHM0 pIBHAHHA

2
-

u U + - -
; V+u= ~ . B AKOMY MOXHA BIIOKPEMHTH 3MIHHIC
; U

X 4 d : ? p
ﬂy=" +4; 2:1du =d;‘; f(u—ﬂl) f—d": ln(u:+4)=ln|y|+ln|C1|:
dy 2u uw+4 vy Y u+4 Iy

u'+4=Cy: u=i,f Wy —4: Z=i.1'\]CL}"“4-



z : . dy =
TToBepHEMOCA JO MOYATKOBOI HeBimoMoi dyHEml y(x): 3'—=-_*-_v,f01y—4 ado
X
dy =xy,/C,y —4dx.

3HOBY OTPHMATH pIBHAHHA NEPIIOr0 MOPAKY. DBiIOKpeMTIOITH 3MIHHL
OJEPAEHMO:
dv ot dv

3HAHIeMO IHTerpal. IO MICTHTBCE V /BIH YacTHH1 OTPHMAHOI PIBHOCTL

=+|dx.

3pobmMo 3aMiHy \/C'lxj =t; Cy—-4==t; y= r’g 4; dy =%rdt.
1 1
| y\/éﬁl’_d* =2It:d:4 = arctg—;-+é=arctg Cl’;—d' 4@
OCTaTO9HO OAEPKHMO: arctgllc";E =+(x+GC,).
CrpocTHMO LeH BHPa3: J@=ix‘g(x+ G C"‘j . =1g’(x+C,):
Ciy=4('rg2(x+ Cy)+1); Cy= a - y= G (TyT

cos’ (x+C,)

MO3HAYEHO: C‘z = i )
G

OTxe.3araibHHH PO3B 430K 33JaHOTO PIBHAHHA MA€ BHIIAL JV=—; :
cos” (x+C,)

BIIPABHU JIJISI CAMOCTIMHOI POBOTH

L -Xx .
1V =X&
1) -

2 0"+ =Ax;
3) V¥ +1=0: y()=-L y'(D)=-1:



MOCUJIAHHS 10 JIEKIII:
https://www.youtube.com/watch?v=hPsBd sapGl
https://www.youtube.com/watch?v=JA4HInjxmKY



https://www.youtube.com/watch?v=hPsBd_sapGI
https://www.youtube.com/watch?v=JA4HlnjxmKY

