[ThaH Kypca

1. AndpdepeHUManbHble YpaBHEHUA
2. OnepaunoHHOe ncuncaeHume

3. OcHOBHbIE MaTemaTuyeckKkue
CTPYKTYpbI



CakcoHckum dpunocod, norvk, matemaTuk,
MeXaHuK, PU3nK, PUCT, UICTOPUK, OUNsiomMar,
nsobpertaternb N sa3bikoBen. OcHoBaTENb U
nepsBbIv Npe3naeHT bepnmnHckon Akagemun
HayK.

BaxxHenLune Hay4Hble JOCTUXKEHUS:

 JlenbHuu, He3aBmncmmo oT HbtoToHa, co3nan
MaTeMaTu4eckum aHanma — gndodepeHum-
arbHOE U UHTerpanbHOe UCYNCIIEHNUS.

» Co3gan KoMOMHaATOPUKY KakK HayKy.
 3anoXun oCHOBbI MaTeEMaTUYECKOW JTOMUKM.
« Onncan OBOUYHYIO CUCTEMY CUHUCIIEHUS.

B mexaHuke BBEI NOHATUE KMHETUYECKON
9Heprnm n coopmynupoBarn 3akoH
COXPaHEHUS SHEPTUMN.,

» ChopmynumpoBan 0guH N3 BaXXHENLLNX
BapunaLUMOHHbIX MPUHUMNOB OU3NKN —
«MPUHLMN HAaUMEHbLLEro AeUCTBUAY.

[OTdpua Bunbrenbm
JléenoHuu
(1646 — 1716)



1. AnddepeHumanbHble ypaBHEHUSA

e flugppeperHyuanvHoe ypasHeHue (1Y) — 3to
yYpaBHEHUE, CBA3bIBAIOLLEE HE3aBUCUMYIO
NepemMeHHYH, MCKOMYIO PYHKLMIO U eé
NPOnN3BOAHbIE.

* PeweHue 1Y — nckomasa pyHKUUA, KOTOPaA
Npu NOACTAaHOBKEe B YpaBHEeHMe npeBpallaeT
ero B TOXAecCTBO.

Obwwuun sng AY: F (I,y:,y',y",. | 'jy(n)) —0



Ob6bikHoBgeHHbIe [1Y : ucKkomasa GYyHKUMUA 3aBUCUT
TO/IbKO OT OAHOWN NepeMeHHOMN.

YpaeHeHUA 8 YACMHbIX MPOU3B0OHbIX: NCKOMaS
bYHKLUMA 3aBUCUT OT HECKONIbKUX NEepPeMEHHbIX.

O6buwul uHmMeepan ypaBHeHUs — peweHue 1Y B
HessBHOM dopme.

[Mopsadok 1Y — HanBbICLLMNIN NOPAAOK
npon3BoaHOU, BxodaLwlen B 1Y.



* [lpouecc Nnoncka pelweHna — uHmezpuposaHue
ay.

* [paduK pewleHNA — uHMe2panbHAA Kpusas.

[lpumepbl:

1. ¥'=¥; - AY 1-ro nopagka. PeweHune y=C-e";

2. ¥'+¥=0; - 1V 2-ro nopsaka. PeweHue
y=C,sinx+ C, cosx;



3agaauun, npusopaawime K 21y

[NlapeHue Tena

Teno maccom m nagaeTt ¢ HEKOTOPOW BbICOTbI, MPUYEM
CMNa CONPOTUBAEHUNA BO3AYXa NPONOPLUOHANbHA

CKOpOCTM Tena. HanTm 3aBUCMMOCTb CKOPOCTU OT
BPEMEHMN.

Mcnonb3ya 3aKOH HbHOTOHA, NONYyYUM ‘ ‘ :

dv
— = kv;
m ” =mg —

—t mg
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 PapnoaKkTuBHbIN pacnag,

Macca paM0oaKTUBHOIO BelecTBa YMeHblLaeTcsa B
pes3ynbTaTe pacnaga NPonopLMOHasibHO MMetoLLLeCS
macce. HaiTn 3aBMCMMOCTb MaccCbl OT BPEMEHMU.

CornacHo yca0BUIO NOJIYYUM YPaBHEHME
dm
d?

—km:

?

Pewenne  py()=Ce™; (k>0)



* HanTu KPpMBYIO TaKyto, YTO OTPE30K KacaTenbHOMN,
3aK/IFOYEHHbIN MeXay OCAMU KOOPAMHAT, AeNNTCH
Nonos1Iam B TOYKe KacaHuA.

A N3 reomeTpuyecKoro cMblicsia NPOnU3BOAHOM

V' =tga=—;
- C
PelweHune y=—,
> X

y=t(x)




AnddepeHunanbHblie ypaBHEeHUA
nepBoro nopaaKa

B obwemsnge F(x;v,y)=0 wnnussuae,
paspeLueHHOM OTHOCUTE/NIbHO NponsBoaHoi ' = f(x; )

[eoMeTpUYeCcKn — 3TO Noae HanpasBAeHUIN Ha NAOCKOCTH.

V'=1(xy)

i

nose Hanpas/ieHUM UHTerpa/sibHble Kpusble
MN30KAUHG - KpUBan, BO BCeX TOYKAX KOTOPOW HanpasBaeHue

nona oanHaKoBO.



NMpumep: Y y'=2x y=x>+C

MHTerpanbHble KpuBble — napabobl.

M30KNMNHbI — BEPTMKANbHbIE NPAMbIE.
y' = const

\\ j)///
1¥_T /
_5\0_3;1

Y 1 nopsaaKa 8 dughgepeHyuanovHou
popme:  p(x;y)dx +Q(x;y)dy = 0.
rae P(x;y) u O(x;y) n3BectHble GyHKLMW.

HayanbHoe ycnosue: echnx =Xx,,T0Y = Vo ; UK

y(x¢) =¥y




e 3agava 1l (pna camocrToaTenbHOro peweHus)
[TocTpouTb NoAEe HaNpPaBAEHUN N N3OK/IUHDI
ANA ypaBHEHUM

a) xdx+ydy=0
6) ydx+xdy=0



Obuwee peweHue Y 1 nopaagka — dyHKuma ¥ = @(x;c)
Takas, uTo

- NPU KaxKaomM PUKCMPOBAHHOM 3HA4YEHUU NOCTOSAHHOM
C oHa aBnAaetca peweHunem AY;

- Ana Ntoboro Ha4anbHOTO YC/IOBUSA MOXKHO HAUTU
nogxogdulee 3Ha4YeHue ¢ =¢, 4to y =0(x;¢c,)
bynet peweHnem Y.

YacmHoe peweHue 1Y — ntobasa pyHKUMA ¥ = @(x:c,) ,

Nnoay4YeHHasa n3 obulero peweHna npu GUKCUPOBAHHOM
3HaYeHUU ¢ =c¢,.

3a0a4ya Kowu - 3aaa4a oTbicKaHMA peweHna 1Y 1 nopaaxa,
yAOBAETBOPAOLWEero 3a4aHHOMY Ha4Ya/lIbHOMY YCN10BUIO.



Teopema cyuwiectBOBaHMA U eAUHCTBEHHOCTU
peweHuna 3agaum Kowwu (Teopema Kosanesckoi)

Ecnu B ypaBHeHUMU V' :f(x;y) dyHKuma J(x;)) n eé
4acCTHaA NPOU3BOAHAA f;,'..(x;y) HenpepbIBHbl B HEKOTOPOW
obnactu D, cogepalieit Toury (Xg:),), To cywecTayert
edUHCTBEHHOe peweHne y = @(x) 3TOro ypaBHEHMs,
yAOB/IeTBOPAOLLEe HavyasibHOMY ycoBuio V(x,) =V, .

Naoeto AOKa3aTeNbCTBA UCMONb3YIOT YNC/IEHHbIE MeToAbl
peweHuna 1Y 1 nopaaka — metoq PyHre-KyTtTa, meTtoa,
dnnepa.



PYCCKNU MaTeMaTuK U MeXaHWUK, C
1889 roga NHOCTpaHHbIN YreH-
KoppecnoHAeHT lNetepbyprckon
AKagemMunmn Hayk.

[lepBas B Poccun n B Cesep-
HoW EBpone XeHLnHa-npogec-
COp U nepBasi B MUPE XEeHLUNHA -
npodeccop MmaremMaTuKN.

YyactHuua Napwmxkckon KoMMYHBL.

3Ha4YUTENbHbIN BKNaa B TEO-
PUIO BpaLLEeHNA TBeEpOOro Tena,
andodepeHumnanbHbIX ypaBHEHUN
MaTeMaTUYECKY0 (PU3UKY,

Codba BacunbeBHa HebecHyio mexaHuky. E€ nms

KOBaHeBCKaﬂ HOCUT acTepona, Kpartep Ha J'IyHe,
1850 - 1891 [Mpemua Poccumnckon Akagemmm Hayk.




MeToabl peweHuna 1Y 1 nopagkKa

¢ YpaBHEHUA ¢ pasaensaowmmmca nepemeHHbIMK

3710 ypaBHeHus suga Y = [1(x)- fL().

Ona pewieHna cneayet 3ameHnTb )’ Ha dy , pasgenuTb

dy
= f(x)dx
fz(y) S1()

N MHTErpupoBaTb obe 4yacTu

nepemeHHble

f (y) | A,

Monyymm obLWmm MHTErpan ypaBHEHUS:

F(yv)=G(x)+C



YpaBHeHMe ¢ pasgenaowmnmmca nepemeHHbimu (YPI) B
anpdepeHumanbHon dopme
R(x)-Q(»)dx+P,(x)-O,(y)dy = 0.
[na peweHna cneagyeT pasgenmtb NepemeHHble
P 00
Py(x) Q)

N MHTErPUPOBATb I Bl dx+IQ3(y) dy =C.
P,(x) (V)

Monyynm obWwmm MHTErpan ypaBHeHUs.

dy=0




[Tpumep. PelwunTb ypaBHEeHUE
(x—xyz)dx+(y—yx2)dy=0
PeweHue. Pasgenaem nepemeHHble:

x(l— yz)dx+ y(l—xz)dy =0 . 1)id))((2 +13:d§//2 -0

UHTerpupyem: —%In‘l— XZ‘ —%In ‘1— yz‘ = %In ‘C‘
OKOHYaTe/bHO: (1_)(2)(1_ y2) —C.

Umeem au smo ypasHeHue ocobbie pewieHUA?



¢ OaHopoaHble Y 1 nopsaaka
370 ypaBHEHWA BUaa V' = f(Z]

X

Takoe ypasHeHue npusoamutca K YPIN sameHon y = fx.

Mpuatom V' =fXx+1 v ypaBHEHWE NPUBOANTCA K BUAY

t'x+t=f(r) wwm %x:f(f)_f

cx
Pasnenan nepemeHHble, NoJAYy4nm

(-t x

OcTanocb NPONHTErpnUpPoBaTb 06€e YacTn ypaBHEHUA U

BEPHYTLCA K MCKOMOM QYHKLUMM 3aMEHOMR ¢ — =

X



OaHopoAHOe ypaBHEHME MOXKET bbITb B BUAE 3’ = f(x;_y)
ecnn dyHKumA f(x;y) - o4HOpOoAHaa nopagka 0, T.e.

f(kx;ky)=f(x;) Vk=0

Hanpumenp, ¢ty

!
Uin vy =
Xty Jr2+.3r.y+y2

MeTog, peLleHunsa TOT 3Ke, YTO U B NpeablayLlem c/yyae,
T.e.3aMeHa Y =[x ; V' =IX+1.
[lpumep. PelwnTb ypaBHeHUe

Bx* =2xy)-y' =x"+3xy—)°

[Mpeobpasyem: y' = x° + 3xy — J’2 .

)

3x7 —2xy



flenaem 3ameHy

, x? 43 — x” , 1+3r—1¢°
Ix+1t= 5 S ; Ix+71= :
3x° —2x°t 3-2¢
pasgensem nepemeHHble
dr  1+3t—1 1+¢° 3-2t , dx
— X = — 1= : —dt = —;
dx 3-2¢ 3-2¢ 1+17° X
MHTErpupyem
'[3_% df = J'@ Barctg/—In(1+#)=Inx+InC;
1+¢ x ] ]
4yt
ynpoLiaem oTseT 331‘Ctg£ — ln[x ,}y } = In Cx;
X bl
OKOHYATENbHO: C

3:511‘<:tg1—1n(.af2 +y3) =|i—"
X X



** JlnHenHblie Y 1 nopaaka
3TO YpaBHEHUA BUAA y'+p(x)-y=q(x) )

r,u,ep(x) " q(x) M3BECTHble PYHKUMM (M1 KOHCTAHTBI).

OcobeHHOCMb. nckomasa GyHKLMA Y 1 ed nponssoaHaa V'
BXOAAT B YpaBHEHWE B NEPBOM CTENEHU, HE MEPEMHOMKAACH
mMmeXxay cobomn.

PaccmoTpmm ABa meToaa pelleHna nnHenHbix VY.

meTtoq bepHynnn mn metopg JlarpaHxa.



* MeTtopg bepHynnu
Aenaem NoactaHoBrky V=U-V ,rae u=u(x) n v=v(x)
- HEN3BeCTHble PYHKLUMM, OJ4HA U3 KOTOPbIX BblbMpaeTca us
coobparkeHui yaoobcrea pewenuns. Toraa y' =u'-v+u-v'
Nonyyaem u'-v+u-v'+ p(x)-u-v=q(x)
unu U v+ z.{-(v'—l—p(x)-v) =q(x) =%

Buibepem dyHKUMIO v(x) Tak, ytobbl v+ p(x)-v=0

Toraa %+p(x)-v=0 = dv=—p(x)-dx =

— 1nv = —Ip(X)dX _ .- E_J.P(I)ait

[MoacTtaBMM HaNAEHHYIO PYHKUMIO V B ypaBHEHUE =k



—| p(x)dx
ok _ ) =

+Jp(x)dx

Nonyunm ypasHeHue (YPN) u'-e

di [ p(x)dx
—.e
dx

=qg(x) = du=q(x)-e dx

Ip(x)dx

— u:jq(x)-e dx +c

NTaK y:;M-v:(J.qr(_;[-),'EZ,.[‘I}("T)d:E

e—Ip(x)dx .

dx+c}-

Mpumep. Pewntsb 3agavy Kowun: ' + 2 =3y . () =2.

X

— . uv
PeweHune.3ameHa Y =Y — /. v+u-v +—=3x

X
T.e. -y +;w-(*|;Jr -I—E] = 3x. HaVI,EI,éM (I)yHKLI,VII'O v(x)
X



M3 ycnoBmMa '+ L — (. 310 YPN:

X
av dx 1
—=——: = lnv=-lnx; > v=—
L% X X
Tenepb, NOACTaBNAAA V B UCXOAQHOE YPAaBHEHUE, HAUAEM
dbyHKuMo u(X):
| dut ,

u -—+u-0=3x; = =3x"; = u=x+c

X
3 1 » €
NTak, oblee peweHne YV = (x +C)'— =X +—;
X X
[To HaYa/IbHOMY YCNOBUIO HAMAEM YacTHOE peLleHne

. 1
2=1+C;:>C=1; OTBeT: y=x +—.

X




