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OuopmpepeHumanbHbie ypasHeHUs

[l OcHOBHbIE NOHATUS

0 OuopgpepeHumanbHbIe ypasHeHUS Nepeoro
nopsaka -

0 OupopepeHumanbHbIe ypasHeHUs ¢
pasaenarowmUmMmncs nepemeHHbLIMU
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OCHOBHbIE NOHATUSA

I'Ip|/| peweHnn pa3riimiHblX 3agayvy MaTeMaTuku, CbI/I3I/IKI/I N Opyrmx Hayk
4acCTO MOonb3yrTCA MaTeMaTUu4eCKMMU MOOENdMN B BUae ypaBHeHMVI,

CBS3LIBAOLLIMX HE3ABMCUMYIO MEPEMEHHYIO X , UICKOMYIO (DYHKLIMIO
y = f(x) v ee npoussopHeie y', Yy, L y"

Takne ypaBHeEHUS Ha3blBalOTCA dughghepeHyuasribHbIMU
ypasHeHuemMm (1Y) (mepmuH npuHadnexum JletibrHuuy, 1676)

CumBonuyecku agnddepeHumansHoe ypaBHEHNE MOXHO Hanucarb:
F(x,y,y’,y”,...,y(”))z 0

lMopsiokom dughghepeHyuasibHO20 ypaeHEeHUsl Ha3blBaeTCs
NOpAL40K HamBbICLLIEW NPOU3BOAHON, BXOASLLEN B YypaBHEHNE.

Hanpumep, ypaBHeHue x3y” | 4xy’ — y3

eCTb YpaBHEHME BTOPOro nopsaka.
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OCHOBHbIE NOHATUSA

Ecnu uckomas goyHkumsa ) = f(X) ecTb dyHKUMSA 0QHOW HE3ABUCHMOW

nepemMeHHon, To auddepeHLmanbHoe ypaBHEHNE Ha3bIBAETCSH
06bIKHOBEHHbLIM, B NPOTUBHOM cny4vae — Y e YacmHbIx
npPou3800HbIX.

PeweHuem ondpdepeHumarnbHOro ypaBHeHUA Ha3blBaeTca PyHKUMA,
KoTopasi Npu NOACTaHOBKE B YpaBHEHME ODpallaeT ero B TOXOECTBO,
NnpoLecc OTbICKaHUSA peLleHns Ha3biBaeTCca UuHmeapuposaHuem [1Y

Hanpumep, paccmotpum ypasHenve: y" +4y =0
dOyHkums Y = SIN2X ABNSETCA pelieHneM ypaBHeHNs, TaK Kak:
y'=2cos2x, y"=-4sin2x

[Mpn nogcTaHoBKe OYHKLMM N ee NPON3BOAHbIX B YpaBHEHME
Nony4Mm TOXOECTBO:

—4sin2x+4sin2x =0



OupmpepeHumanbHbIe ypaBHeHUS
nepBoro nopaaka

OudpdepeHumanbHOe ypaBHEHWE NEPBOro Nopsaka MMeeT BUA:
F(x.y.y")=0
Ecnun ypaBHeHne MOXHO 3anucaTtb B BUAE:
y'=f(xy),
TO ero HasbiBatoT 1Y nepsoro nopsgka, paspeweHHbIM
OMHOCUMeEsIbHO rMPou3800HOU.

YpaBHeHWe nepBoro nopsgka MoXeT ObiTb 3anMcaHo Takke B
oughpepeHyuasribHOM sude:

P(x;y)dx +Q(x;y)dy =0
P(x; y) u Q(X; y) — nsBectHble dyHKLMN.

NHTerpupoBaHue 1Y B oOLwem crnyvae npmBoanT K 6eCKOHEYHOMY

MHO>XEeCTBY peLueHvu7|, OoTINnYyarLLnNXCA Apyr ot Apyra NnOCTOAHHbLIMUA
BEJTMYNHaAMM.
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OupmpepeHumanbHbIe ypaBHeHUS
NepBOro NopsaKa

Hanpumep, pelueHnem ypaBHEHUA
y'=2x
ABNAETCA PyHKUMNA Y = X% ,aTakke PyHKUMA Y = X+

1 BoOOLLe Niobas PyHKUNS Buga Y = x°+C

UToObI peweHne andpdepeHumnansHOro ypaBsHeHa npnobpeno «

KOHKPETHbIN CMbICI1, €f0 Ha[0 NOAYNHUTL AOMNONHUTENbHBIM
YCIOBUSIM.

Ycrnosue, 4to Npn X = X, dyHKUMA Y OormkHa ObITh paBHa

3alaHHOMY 4HNCI1Y yO’ Ha3blBaAlOT Ha4YaJIbHbIM yCJ/io8UEeM U
3aliMCblBalOT B BUOE.

Y(X0)=Yoi Y|, =Yo
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OupmpepeHumanbHbIe ypaBHeHUS
NepBOro NopsaKa

O6wum peweHuem Y nepeo2o nopsidka HasbiBaeTca PYHKLNS

y =o(x;C),
cogepxKallad O,El,Hy I'IpOVI3BOJ'IbHyI-O I'IOCTOFlHHyI-O n
yD,OBJ'IeTBOpFll-OIJJ,aFl yCJ'IOBI/IﬂMZ

» OyHkuma @(x;C) sasnsetca pewerHnem 1Y npu Kaxoom
drkcmpoBaHHoM 3HadeHun C.

» KakoBo 6bl HM BbI0 HavanbHoe ycrnosue (X, ) = )/, MOXHO HaiiTu
Takoe 3Ha4YeHue NoCTOSAHHOM Co’ yto dpyHkuma @(X;C,)
YAOBMNETBOPSAET AaHHOMY HauyarnbHOMY YCMOBUIO.

YacmHbim peweHuem []Y nepeo2o nopsidka Ha3biBaeTcs (PyHKUMS,
nosly4YeHHasa u3 obLero peLwweHnst NP KOHKPETHOM 3HAYEHUU

noctosHHon C = C, .
Ecnu obuiee pelueHve Y HangeHo B HesisHoM Buae: D(x; v, C) = 0,
TO TaKoe pelleHne HasbiBaeTcs 06w UM uHmezpasom, ypasHeHne @
(x; ¥, C,) = 0 HasbiBaeTca yacmHbIM UHMeEZPanom.
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OupmpepeHumanbHbIe ypaBHeHUS
NepBOro NopsaKa

[padouk pewieHna gudpdepeHumanbHOro ypaBHeHNS Ha3bliBaeTCA
UHMe2pasnbHOU Kpueou.

C reoMeTpuvecKom TOUKN 3peHns, obLlee pewieHne [1Y nepBoro
nopsiika eCTb CEMENCTBO UHTEerpanbHbIX KpuBbIX Ha nriockoctn XOY
YacTHoe pelueHune - ogHa KpuBasa U3 3TOro ceMencTBa, npoxoasilad

yepes Touky M(x; y,)
Hanpmmep, 06|_|_||ee peLleHne ﬂ'y y' — 2X €eCTb CEMENCTBO napa6on:
ST, 20

A YacTHoe pelleHune, yaoBNeTBopsIoLLEE
HavanbHomy ycnosuio: Y(1) = 2 - aT1o oagHa

y
napa6ona, npoxoasiias yepes touky M(71, 2)
C ypaBHEHVEeM:
- Vo=Xx%+1
)/ X

3agaya oTbickaHUs YacTHOro pellenus 1Y, yaoBneTBOPSIOLLIErO
3aJaHHOMY Ha4anbHOMY YCIOBUIO Ha3biBaeTcsa 3adavell Kowu.




YpasHeHUs ¢ pasaenarowmmmcs

nepemeHHbIMU
Haunbonee npocteim [1Y nepBoro nopsiaka siBNseTcs ypaBHEHUE

BMAa: i
| P(x)dx =Q(y)dy | (1)

Takoe ypaBHeHMe Ha3blBaeTCs ypaBHEHNEM C pa3desieHHbIMU
nepemMeHHbIMU.

[MponHTErpMpoBaB 3TO ypaBHEHNE MOYIIEHHO, MOMYYUM:

jP(X)dX - IQ(y)dy + C - obwwmn nuterpan ay.

Bonee obuwmn crnyyam onucbiBalOT ypaBHEHUS C pa3desisrouuMucs
nepeMeHHbIMU, KOTOPble UMEKT BUA;:

| P(x)-Q(y)dx + Py (x)-Qy(y)dy =0 | (2)

YpaBHeHue (2) coautca K ypasHeHuto (1) nytem nouneHHoro
nerneHns ero Ha

F(x)-Q(y)#0
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YpasHeHUs ¢ pasaenarowmmmcs

nepemeHHbIMU
[Tony4yaewm:

PO Q) 2 (P [ Q)
R T e’ =] 50 -G +C

3amMedaHue: npu nposeaeHun nodneHHoro genexHuns Y Ha
P,(x)Q,(y) moryT 6bITb NOTEPSHBI HEKOTOPbLIE PELIEHUS.

[NoaTomy cneayet otaenbHo pelwmnts ypaBHeHne P,(x)Q,(y)=0

N YCTAHOBUTb T€ PELLEHUS!, KOTOpble HEe MOTYT ObITb MoMy4YeHbl 13
obLLIero peLleHus — ocobblie peweHusl.

YpaBHeHue (}/':ﬁ(x)'fz(Y) ] (3)

TaKXXe CBOAUTCA K YpaBHEHNIKO C pa3eiieHHbIMU NepeMeHHbIMN.

dy

[ns aTOro 4OCTaTOYHO MONOXUTh Y = ——

adx

dy dy _
R ORARE T P [f0ax +C
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YpasHeHUs ¢ pasaenarowmmmcs
nepemeHHbIMU

(y +xy)dx+(x—xy)dy =0 = y(1+x)dx = x(y —1)dy

1+ x -1
Pasdenum obe 4acmu ypagHeHusi Ha Xy: ——dX = s dy =

X y

j(1+ljdx:j(1—yjdy — [x =y +Iy] +C |

SHL L J-S8AS0MCcs peweHusmMmu 0aHHozo Y, Ho
He exodﬂm 8 obuwee peweHue, 3Ha4um 3mo ocoboe peuweHue.

Pewume 3ada4y Kowu: y’ — _Y. y(4) =1

]

X

dy y dy ( dx o i€
== :47_j — =>Inly| = ~Inx|+InC = Injy| =In

C
| y = C J [Modcmasum HavarnbHble ycrnosus: 1= Z =C=4
X

( 4 )

Oti%d(ee p‘ELL{eHU(i? H¥cmHoe peweHue 1Y




YpasHeHUs ¢ pasaenarowmmmcs
nepemeHHbIMU

PaccmoTpum 3agady, npmsogsawlyto K [1Y nepsoro nopsigka c
pasgenarnWwmMmMnca nepeMeHHbIMN:

3adaya: maTepuanbHas TodKa Macchl /11 3amMeanseT cBoe ABUXeHue
oz BO3OeNCTBMEM CUMbl CONPOTUBMNEHUSA cpeabl,

nponopLuoHanbLHOM KBagparty CKOPOCTH V. HanTtu 3aBucMmocTb
CKOPOCTU OT BPEMEHW. HalTn ckopocTb TOUKM Yepes 3 ¢ nocne

Havana sameanenus, ecnn V(0) = 100 m/c, V(1) = 50 mlc.
PeweHue:

Mpnumem 3a nepemMeHHyto Bpems [, oTcunTbiBaemMoe oT Havana
3amenrneHus Touku. Toraa ckopocTs V 6ynet dyHkuven £V = V/(1).

Bocnonb3yemcsa BTOpbIM 3aKOHOM HbHOTOHA:
F=m-a = F=m-V'(t)

B Hawewm cnyyae F = —kV/?

k>0 -xoadbduumnmeHT nponopLmMoHanbHOCTY
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YpasHeHUs ¢ pasaenarowmmmcs
nepemeHHbIMU

[Monyuyum andpdepeHunanbHoe ypaBHEHME C pasgenarwmmmcd

nepeMeHHbIMN.
kVi=mv = D __Ky :jﬂ: [~ K at

dt m V? m

— —%:—EHC — V= " :
R EHC

W50 S0

C 100

V(1) = 1 =50:>k= L
k+ 1 m 100

\
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Mo ycnosuio sapaun:  V/(0) =
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m 100
CKOpOCTb TOYKN N3MEHSAETCA NO 3aKOHY: [V 1OOJ V(3)=




