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PasznoxuTs B nHTepBase (0, 1) 10 KOCHHYCaM KPATHBIX AYT QYHKIIAN:
lopu 0 <x<h,

2689. f(0) = | g ypu b < x <.
l—i an0<x<2h,

2690. f(x) = 2h

0 npu 2h < x <T.

2691. f(x) = x sin x.

cosx mpu0<x< g,
2692. f(x) = —_cosxnpng <x <Tm.

., 2
2693. Ucnonbaysa pasioxeHue GyHKUHA x u x~ B uHTepBase (0, w)
110 KOCHHYcaM KpaTHhIX ayT (cM. NeNe 2681, 2682), nokasarh paBeHCTBO

o

2
=2 2 cosnx _ 3x° - 6nx+2n 0 < x<n.

2 12
n=1 e

2694**, [lokasaTb, uTo eciu QyHKuUA f(X) — 4YeTHAs W TPU ITOM
f(g + x) = —f(g - x) , To ee psajg Oypbe B uHTEpBaNe (—T, ) IPeACTABIAET
c060it pa3JIoMeHne II0 KOCHHYCaM HeYeTHBIX KPaTHBIX YT, & eCJIu QPYyHK-
nus f(x) — HeueTHas M f(g*") = f(g—x) , TO OHa pasjiaraeTcd B HH-
TepBase (-7, ) 10 CUHYCAM HeYeTHBIX KPATHBIX AYT.

B yKasaHHBIX MHTEPBAJaX PasyoXuTh B paj Pypbre GyHK1IMM:

2695. f(x) = x| (-1 < x < 1).

2696. f(x) = 2x (0 < x < 1).

2697. f(x) =" (-l < x < I).

2698. f(x) = 10 - x (5 < x < 15).

Pa3zno:KuTh B yKa3aHHBIX MHTEPBAaX B HEIIOJHbIe psagsl Pyphe: a) 1o cu-
HyCcaM KPATHBIX Ayr, 0) 10 KOCUHyCcaM KPAaTHBIX Ayr cClenyioliue byBKIUT:

2699. f(x) = 1(0 < x < 1).

2700. f(x) = x(0 < x < ).

2701. f(x) = x°(0 < x < 2m). ’

npu0<x <1,

2702. f(x) = 29— xmpul<x<2.

3
2703. PaznoxuTh IO KOCHMHYCAM KpPATHBIX XYyT B MHTEpBAJe (é’ 3)

GOYHKIUAIO
npu g <x<2,

f(x) =

3-x npu 2 <x<3.

Tnasa IX
AUPPEPEHIIVAJILHBIE YVPABHEHUS

§ 1. IIpoBepka pemennii. CocraBnenue g depeHINANIBHBIX
ypaBHeHMii cemeiicTs kpuBbix. Havyamsumie ycioBus

1°.OcHoBHB e DOHATHA. YpaBHeHUe BHIA ‘
Fe,y, ¢y s y™) =0, , oY)

TAe y = y(x) — CKOMas (QYHKIUUA, HASBIBAETCA OUPPEPEHUUALLHBLY ypashe
Huem n-zo nopadrxa. Jlwbas dynknua y = ¢(x), obpamanomas ypaBHenwue (1)
TOK/IECTRO, HA3bIBACTCA PeULeHUEM STOTO YDABHEHN, & TPad¥K 9TOH QYHKIUM
urmezpanvholl kpueoi. Ecnu perienne safano B HessBHOM Buze O(x, y) =0, To
OHO OGBLIYHO HA3LIBAETCA UHMEZDALOM.

IIpumep 1. Iposepurs, uro PyHxuus y =sin x ABNAETCS perueHueM ypas
HeHUuA

y'+y=0.
Pemrenue. Umeem
) y' =cosx, y’'=-sinx
¥, CJIEZOBATENHHO,
Yy’ +y=-sinx +sinx = 0.
HuTerpan
D(x, y, Cy, ..., C)) =0 (2)

auddepennuanbHoro ypaBeenns (1), coxepskaimuii n He3aBHCHMBIX OPOM3BOJL-
HBIX IIOCTOAHHBIX Cl’ ..., C, M 9KBUBAJEHTHBIH (B JaHHOI 061acTH) ypaBHEeHMIO
(1), HaspIBaeTCA O6UUM UHMEZPANOM DTOTO ypaBHeHHUH (B COOTBETCTBYOMIEH 06-
nactn). IlpupaBas B cooTHomenun (2) NMOCTOAHHBIM C,, ..., C, onpenenennmie
3HAYEHHUA, NONYYAEM YACMHbLL uHmezpan ypasrenus (1).

O6patHo, uMes cemelcTBO KPHBBIX (2) M HCKIIOUAs napamerpst C,, ..., C
U3 CHCTEeMBbI ypaBHeHHH

n

®=0 92 o  dO
dx dx"

1OTY9IUM, BOOGIIe ToBOpA, AuddepennnanpHoe ypasHenue suga (1), O6LUM W1
TerpasioM KOTOPOTO B COOTBETCTBYION(EH 06IaCTH SBISETCA COOTHOILEHHMe (2).
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IIpumep 2. Haiitn auddeperunansHoe ypasHEHIEe cemeiicTBa napa6O’
2 3
‘ v =Cyx - C° ®)

Peurenue. OubdepeHnupys A8a pasa ypaBHeHUE (3), 6ymem mMeThb .
y' =2C(x-Cy)muy” =2C,.
-
Hcxmiouas ua ypapHeruit (3) u (4) napamerpst C, u C,, IOIyYnM HCKOMOE ud
(epernmanLHOE yPAaBHEHNE ,
2y =y

Jlerko IpOBepHTH, uTO QyHKIMA (3) obpalaeT 9T0 ypaBHenue B TomzxecTBoI-{Ha
92°. HayaabHBIE YCAOBHUA.  -Ecnu Aad MCKOMOro 4acTHOro peuie

y = y(x) nuddepeHIuaNLHOr0 yPaBHeHUA
y(n) = (X, Yy Y's eer U
3aJaHbl HayaabHble ycaosua (3adava Kowu)

’ ’ (n—1) _ . (n
Y(xg) = Yo Y (X)) =Yg - U (EQ) =Yg

(n - 1)) (5)
= 1)

¥ U3BeCTHO 06ujee pewrenue ypaBHeHUs (5)

¥ = Cpy ey €,y
BO3MO>¥HO,
TO IPOHMBBOJMBHEIE HocToAHHEbIe C,, ..., C, ONpeAeNsIoTcs, eCly dTO
M3 CHCTEMBI ypaBHEHHUI
Yo =0(xg Cy -, C)s

Yo=9(x Cys ..., C,)
y0<"-1) =" Dixg, €y onr G-
Mpumep 3. Haittu kpuByio cemeiicTsa
x —2x . (6)
y=Ce +Cpe 7, .
s xoropoit y(0) = 1, y'(0) = —2.
Pemenue. HMmeem

Y = Ce" - 2C,e . 0

Tlonaras B dopmynax (6) u (7) x = 0, noxydnm
1=C, +C, —2=C, - 2C,

OTKyZHa

U, CJeJoBaTeJbHO,

§ 1. Iposepxa petnennii. Cocrapinense AuddepeHINANBHBIX ypPaBHEHHH 321

: i Cz 2
2706. (x + y)dx + xdy = 0, y = & =%,

2x
2707. y” +y =0,y = 3sin x — 4 cos x.
2
2708. £ 4 %y = 0, x = C,cos 0t + C,sin wrt.
de

2709.y" - 2y’ +y=0; a)y = xe*, 6) y = x%e”.
2710,y — (b + M)y’ + Ahyy = 0, y = Cre™™ + Cye

Apx

IToxasats, uTo A5 faHHBIX JuddepPeHINATBHBIX ypaBHeHUI yKa3aH-
Hble COOTHOLIEHHUSA ABJIAITCA UHTErPATAMU:
: 2

2711. (x - 2y)y’ = 2x — y, xz—xy+y2=C.
2712. (x —y + 1)y’ =1,y = x + Cé’.
2713. (xy — x)y”’ + xy’2 +yy’ — 2y’ =0, y = In (xy).

Cocrasuts nuddepenuanbHble ypaBHEHUS 3aJaHHBIX CeMeicTB KpU-

+ BeIX (C, Cy, C,, C; — TPOMBBOJIBLHEIE IOCTOSIHHEIE):

2714. y = Cx.
2715.y = c«t.
2716. y° = 2Cx.

2 2 2
2717. x" + y* = C".
2718. y = Ce”.

3 2 2
2719. x” = C(x" - y°).

2

¥
2720.y2+i =2+ Ce 2.
2721. In ; =1 + ay (a — mapamerp).
2722, (y —- yo)2 = 2px (y,, p — napaMeTpsl).
2723.y = Cje™ + Cye ™. -8

2724. y = C,cos 2x + C,sin 2x.
2725.y = (C, + C2x)ex + C,.
2726. Cocrasurh puddepeHIuaTEHOE yPaBHEHNE BCEX OpPAMBIX Ha

BIX
BBISACHUTD, ABIAIOTCA JIU PEMIeHUAMHU JaHHBIX nupdepesnuaneH nnockoct XOY.

ypaBHeHMIl yKasaHHble PyHKIWN:
2
2704. xy’ = 2y, y = 5x°.

2
2705.y" = x* + ¥,y =

R =

2727. CocraBuTs AudGepeHIUuATLHOE YPABHEHHE BCEX napaboui ¢ Bep-

| THKAJILHOM OCBhI0 Ha miockocTtu XOY.

2728. CocraButh juddepeHIIuaIbHOe ypaBHEHHE BCEX OKPYKHOCTEHR
Ha naockoctu XOY.

11 3apaun u ympamHeRHA




e
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§ 2. VpaBHeHnsa 1-ro nopsagxa . 323

JI7A faHHBIX CEeMEMCTB KPUBLIX HAHTY JIMHUH, YAOBIETBODSAIOUHE 3a-
JaHHBIM HAYaJIBHBIM YCJIOBUAM: '

2729. x* - y* = C, y(0) = 5. BTy

2730. y = (C, + C,x)e™, y(0) = 0, y'(0) = 1.

2731.y = C;sin(x — Cp), y(n) = 1, y’(w) = 0.

2732.y = Cle™ + C,e” + Cye™ y(0) = 0, y'(0) = 1, y(0) = -2.

§ 2. Inddepenumansusie ypapHeHus 1l-ro mopsiaka

1°.Buasl aupdpepeHnuanbHbIX ypaBHeHHU I l-ro nopsagKa.
HMuddepennnansroe ypaBHenue 1-ro nopsaxa ¢ HensBecTHOM PyHKUMEH Y, pas-
pellleHHOe OTHOCHTENIHHO [IPOM3BOJHOM ', UMeeT BHA

y' = f(x, y)s ‘ 1)

rae f(x, y) — nanHas QyHKIMA. B HEKOTOPBIX Cly4yasx BBIFOJHO 33 MCKOMYIO
DYHKIUIO CYNTATh HEePEMEHHYIO X ¥ 3aIIMCHIBATH ypasHeHue (1) B Buje

x’ = g(x, y), (03]
1
rae g(x, y) = —— .
f(x, y)
VYyursiBas, uro y’ = % ux = fi_]_% , autdepernuansubie ypasHenus (1) u
. Yy

(1’) MOKHO 3anuCaTh B CHMMETDPUYECKOH GopMe:

P(x, y) dx + Q(x, y) dy = 0, @)

rae P(x, y) u Q(x, y) — u3BecTHbIE QYHKIUHA.

ITox pemreHuamMyu ypapHeHMA (2) TOHMMAIOTCA PYHKLIMY BUAA ¥ = @(x) HMIn
x = Y(y), yAOBIeTBOPAWIIME 3TOMY ypaBHeHuI0. OOl MHTerpas ypaBHeHHMH
(1) u (1"), uau ypaBHeHus (2), umMmeer BUA

d(x, y, C) =0,

rge C — NpoM3BOJAbHAA IIOCTOAHHASA.
2°.Mlone HanpaBeHUiA. COBOKYIHOCTh HATIPABICHUH

tg o = f(x, y)

HA3BIBAETCH NoJdeM Hanpasaenuil nudpdepeHnuanisuoro ypasaenus (1) u o6nrq-
HO 1300pakaeTcd NPH NOMOLIY CHCTEMBl YePTOYEK MJIM CTPEJIOK € YIJIOM Ha- |
KJIOHA O. ;
Kpusste f(x, y) = k, B TOUKaX KOTOPHIX HAKJIOH IIOJIA UMEET IOCTOAHHOE 3HA-
YeHWe, paBHOe k, HA3bIBAIOTCH U30KAUHAMU. IIOCTPOMB M30KJIUHBI U IOJI€ Ha-
pPaBJIeHMH, B IPOCTEHIINX CAYyYaAX MOYKHO IPUGINIKEHHO HAPHUCOBATD 110JI€ UH-
TerpajbHbIX KPUBBIX, PACCMATPUBAaA IIOCIE€JHNE KaK KPUBBIE, KOTOPbIe B KAXKI0H |
CBOEH TOYKe WMEIOT 3aJaHHOe HalpaBJeHue I0Jd. 1

IIpumep 1. MeToxoM HM3OKAMH DOCTPO-
UTH II0JI€ MHTErpajbHbIX KPUBHIX YPAaBHEHUA

y' = x.

Pemenne. [TocTpous M3OKIUHEI X = & —+ Y
(IpAMBIe JIMHMM) U IOJIe HalpaBieHuil, npu- -1
OMMMEeHHO I[IoJIydaeM II0Jjleé HWHTerpajbHbBIX
kpuBbIX (prc. 105). O6mumM permenuem ABIIA-
ercd ceMeHCcTBO mapaGon

2
y=%+C. v 3 2N\ 0 i/ 2 X

MeTo/10M H30KJIMH HOCTPOUTH IPUGIH- 1“
JKEHHO II0JIE MHTErPaJbHbIX KPUBBIX JJS

YKasaHHbIX Humxe auddepeHnAalbHBIX Puc. 105.
YpPaBHEHUI: .
2733. y’ = —x. 2736.y" = XY
x-y
2734.y = —i . 2737.y’ = «+ yz.

2735.y" = 1 + 4~

3°. Teopema Kowmwu. Ectu pyuxnus f(x, y) HenpephIBHa B HEKOTOpOH 06-
nactu U{a < x <A, b <y < B} u uMeet B 9T0it 06:12CTH OrPAHMUCHHYIO IPOHS-
BOJOHYIO f’y(x, Y), TO 4epe3 KaxKAyIo TOYKY (x5 Yo)> npuHafIexamnyio U, npoxoaur
OH& M TOJIPKO OJIHA UHTETPajbHAA KpuBasd y = @(x) ypaBHenus (1) (@(xy) = Yo)-

4°. MerToxg noMaubx Ditnepa. 1A npubauxeHHOro HOCTPOEHUA
MHTErpajJbHON KpuBOH ypaBHenus (1), mpoxofsineidl uepes 3afaHHYIO TOYKY
M (x4, Yo)s @TY KPUBYIO 3aMEHSIOT JIOMAHOM! ¢ BEPUIIMHAMM M(x,, y,), rae

X=X FAX, Y =yt Ay
A x; = h (mar mponecca),

Ay, =hf(x,y) (i=0,1,2,..).
IDIpumep 2. Merogom Silnepa ANs ypaBHeHUA

= XY
Y=
naitu y(1), ecam y(0) =1 (h =0, 1).

CocraBasgeM Tabauiy:

i 0 1 2 3 4 5 6 7 8 9 10
x; 0101 02 103 (04 (0,5 |06 |07 (08 10,9 |1,0
y, 111 1,005 (1,015 1,030 {1,051 |1,077 |1,109 [1,148 1,194 |1,248

20

Ay, = RiLE ) 0,005 |0,010 0,015 |0,021 [0,026 |0,032 {0,039 |0,046 {0,054 ‘_l

Wrak, y(1) = 1,248. [lna cpaBHeHMA NIPUBOAMM TOMHOE 3HaueHuMe y(1) = et = 1,284,
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§ 3. Ypapuerusa 1-ro nopaaxa ¢ pasaenA0MMACA NePEeMEeHH My 325

Merogom Diiepa HalTH YaCTHBIE PellleHus JaHHbIX [uddepeHInalb-
HBIX YPaBHEHHH AJA YKa3aHHBIX 3HAYEHUH X:

2738.y’ = y, y(0) = 1; naittu y(1) (h = 0,1).

2739.y’ = x + y, y(1) = 1; naiitu y(2) (h = 0,1).

2740.y" = —f_y;;, y(0) = 2; maitru y(1) (b = 0,1).
2741.y' =y — 27x’ y(0) = 1; maiiru y(1) (A =0,2).

§ 3. Muddepenunanbueie ypasHeHus 1-ro mopsaaxa
¢ pa3gensIomUMHUCH MepeMeHHbIMM. OpPTOroHajJbHBIE TPAEKTOPHH

1°.Vpasuenus lro nopsA’fKa c pasfelsdOIUMUCHA mepe-
MeHHBIMHU. YPaBHEHHEM C pa30enaiouwjumucs nepemMeHHbiMU Ha3bIBAETCA
ypaBHeHHne 1-ro nopaaka Buzaa

y' = f(x) &) 1)
nin
X(x)Y(y) dx + X (x)Y,(y) dy = 0. 1)

Pagpenus obe dacTu ypapHerus (1) Ha g(y) ¥ ymMHOKUB Ha dx, OyneMm umerhb

éi(—y—) = f(x) dx. OTcrona, UHTErpUPys, OJYINM OOILINH MHTErPaN ypaBHeHUA (1)
Yy
B BUZE

ay _ ~
& _f f(x) dx + C. @

AmnanornuHo, pasnenus obe yacTu ypaBHenus (1°) na X (x)Y(y) u npounTer-
pUpoBaB, moyyyuM obmuil uHTerpan ypassenus (1°) B Buge

X(X) qx + Y,(y)
X;(x) Y(y)

dy =C. . (2%

Ecsu A1A HEKOTOPOTO 3HAYEHMA Y = Y, Mbl umeeM g(y,) = 0, T0 yHKIMA
Y = Y, ABIATCS TAKIKE, KAK HeIOCPEACTEEHHO JIeTKO ybeauThesL, PellleHueM yPaB-

nenud (1). AHaOTMYHO, IPAMBIE X = @ U Y = b OyAyT NHTErPATBHBIMU KPUBBIMU
ypaBHeHUdA (1), ecau a U b ABAAOTCA COOTBETCTBEHHO KODHAMH ypaBHeHUH
X (x)=0u Y(y) = 0, Ha seBble 4ACTH KOTOPLIX NPUXOAUJIOCEH 1eJIUTh UCXOQHOE

ypaBHeHHe.
IIpumep 1. Pemurs ypasHeHue

[
y=-L A ®)

B yacTHOCTH, HAiITH pelleHHe, YAOBACTBOPAKOIEEe HAUAIBHOMY YCJIOBHIO!
y(1) = 2.

Pemernune. YpasHeHMe (3) MOXKHO 3anucaTh B BUAE

dy __y.

dx x
Orcioga, pasjenss nepeMeHHble, OyAeM MUMETh

dy _ _dx

y x

U, ClIe[0BATENbHO,
Inlyl = -Inlx| + InC,,

rie MpOM3BONbHAH NocTosAHHAA In C, BaaTa B Jorapudmmuueckom suge. Ilocte
NOTEHLMPOBAHUA TOJyYuM 0flijee pemieHne
C

= =9 . 4)

rae C = +C,. . 2l
Ilpn nenenuu Ha y MBI MOTJIM HOTEPATH pemrenre y = 0, HO mociennee co-
gepxurca B dopmyae (4) npu C = 0.
Hcnonways sajaHHoe HauanpHOe yeaoBKe, ToayduM C = 2, U, ClieoBaTeTbHO
,
HCKOMO€e YaCTHOE PelleHue eCTh
2
x

y =

2°.HexoTopsie fAudphepeHunanbHble yPDaBHenys, opu-
BOAAMMUECHA K yPAaBHEHHUAM C PAa3/IeNANNUMHUCA NepeMe H-
H bl M . Juddepernuansebie ypaBHeHUs BUAA

y =flax+ by +c) (b#0)

OPUBOAATCA K ypaBHeHUAM Bua (1) npy momMouiu saMeHs! U = ax + by + ¢, roe
i — HOBaA MCKOMaA (DYyHKIUS.

3°OpTOroHajJbHbBIE TPAEKTOD M U — KPUBBIE, [IepeceKalonIie Ju-
HUM IaHHOTO cemeiictBa @®(x, y, a) = 0 (a — mapamerp) NOX UpsMbIM yriaom

s .

Ecnu F(x, y, y’) = 0 ects auddepeHunagbHoe ypaBHEHNE cemeiicrpa, ToO

1
F(x, ,——,) =0
v y

- puddepeHnNaNbHOe YPaBHEHNE OPTOrOHAJNBHBIX TPAEKTOPUH,
IIpumep 2. Haiitu opTOroHasbHbBlE TPDAEKTOPUH CeMEHCTBA 3 IIHIICOB.
2 2 2
x"+ 2y =a". )"
Peurenue. Mupdepennupys obe yactu ypasuenns (5), Haxogum nudde-
PeHIlMaJIbHOE yPaBHEHUE ceMeHcTBa
x + 2yy’ = 0.
o ’ L
TCIOZ|a, 3aMeHAA Y Ha —— , NoJyduM guddepen-
4
IlMaJIbHOe YpaBHEHHE OPTOTOHAIBHBIX TPAeKTOPHIA

x——2—¥ =O}mny'=ga.‘
y x

Wurerpupysa, 6yxneM uMeTh y = ol (cemeiicTBO mapa-
6our) (puc. 106).

Puc. 106.
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§ 4. OnuopoaHble ypaBHeHus 1-ro mopagka : 327

4°. CocraBnenue sudpdepeHnuanibubelx ypasueunuii. Ilpu
COoCTaBJI€EHUH and)d)epeﬂunanbnoro YPaBHeHUA B 'eOMETPUYECKHUX 3aJadyax 4acTo
MOXKeT OBITh MCHOJBb30BAH I‘eome'rpnqecxnﬁ CMBICJT HpOHSBOﬂHOﬁ KaK TaHI'€eHCca
yrJia, o0pa3oBaHHOTO KacaTeJbHOH K KPUBOI C IOJ0XKHUTEIbHBIM HallpaBJaeHUeM
ocH OX; 3TO II103BOJIAET BO MHOTUX CAydYasaX Cpaldy yCTaHOBUTH COOTHOINIEHNA
MesKIy OPAMHATOM i UCKOMOM KPUBOii, ee aGeruccoit x u y', T. e. HONYYUTH Aud-
depennuanpHoe ypasgenue. B npyrux ciayvaax (cm. NeNe 2783, 2890, 2895) uc-
oJB3yeTcAa I‘eOMeTpH‘IBCKHﬁ CMBICJI OIIpeJEeJIEHHOI0 MHTerpaja Kak IJaomany
KPHBOJIMHEINHOM Tpanenny Wi AAUHB! Ayru. IIpu 9TOM HemmocpeCTBEHHO M3 yC-
JIOBHIA 33844 NIOJIyYaeTcs npocTeiiliiee MHTerpalbHOe ypaBHeHHe (IIOCKOJIbKY HC-
KoMasa (PYHKIUSA COAEP’KUTCA IOJ 3HAKOM MHTerpaia), OfHAKO nyTeM audde-
PeHUuPOBaHKUA 00erX ero yacTeil MOYKHO JIETKO NepeiTH K AuddepeHIarTbHOMY
YPABHEHUIO.

IIpumep 3. Halitu KpuByio, IPOXOAALIYIO Yepe3d TOUKY (3; 2), AIA KOTO-
poii OTpe30K 106011 ee KacaTe bHOH, 3aKII0YEeHHBIH MeKY KOOPAUHATHBIMY OCA-
MH, JEAUTCA NOIO0JAM B TOYKE KaCaHUA.

Pemenue. IIycts M(x, y) ecTh cepeANHA KacaTeJbHOR AB, 0 yCIOBUIO
ABNAONAACA TOYKON Kacanus (Toyku A 1 B — 9T0 TOYKM IepeceuyeHHA Kaca-
tenpuo ¢ ocamu OY u OX). B cuny ycnosusa OA = 2y u OB = 2x. Yraosoi
KO3 PULMEeHT KacaTeJbHOH K KpMBOH B Touke M(x, y) paBeH

dy _ 04 _ y
dx OB x’

9T0 U ecTh AUB(epeHIMaIbHOe YpaBHeHNE NCKOMOM KpuBoii. IIpeoGpasosas,
TOJIYyYUM

Hu, cjJaenoBarejbHO,
Inx+Iny=InC unmu xy=C.

Wcnonb3ys HadanbpHOe yciaosue, onpenenum C = 3 -+ 2 = 6. Urax, uckomaa
KpuBasd ecTh runepbona xy = 6.

Pemuts auddepennuanbubie ypaBHEHUA:

2742, tg x sin’ ydx + cos” x ctgy dy = 0.

2743. xy' -y = y3.

2744. xyy’ = 1 - x°.

2745.y — xy’ = a(l + xy").

2746. 3¢* tgydx + (1 — &) sec’ ydy = 0.

2747. y'tgx = y.

Haiit yacTHBIe pellleHUus YPaBHEHWI, yIOBJIETBODAIOIIAE YKa3aH-
HBIM HAYANBHBIM YCJIOBUAM:

2748. 1+ €y -y =e';y=1npu x = 0. )

2749. (xi® + x)dx + ®y - y)dy = 0; y = 1 mpu x = 0.

2750. y’sinx = ylny; y = 1 npu x =

ul
2"

Pemurs nuddepeHnansHble ypaBHEHUS, UCIIONH30BAB 3aMEHY nepe-
MEHHBIX!

2751. y’ = (x + y)°.

2752. y’ = (8% + 2y + 1)%.

2753. (2x + 3y — 1)dx + (4x + 6y — 5) dy =
2754. (2x — y)dx + (4x — 2y + 3)dy = O.

B NeNe 2755 u 2756 nepeiiTu K IONSAPHBIM kboanHaTaM:

[z 2
2755. y' = x—+yy—:§ . 2756. (Jc2 + yZ) dx — xydy = 0.

2757*. HaiiTu KpUBYI0, ¥ KOTOPOM OTPE30K KacaTEJLHON paBeH pac-
CTOSHHMIO TOYKHM KacaHUs OT Hadajia KOODAUHAT.

2758. HaifTu KpUBYIO, Yy KOTOPO OTPE30K HOPMAJU B JIIO0OOH TOUKe
KPUBOH, 3aKJIIOUEHHBIA MEJKAY OCAMM KOODAMHAT, AEJIUTCA nononam B
3TOI TOUKe.

2759. HaiiTu KpUBYI0, Y KOTOPOH MOAKAcaTesbHAas UMeEET IIOCTOAH-
HYIO AJIUHY Q.

2760. Haittu KpuBy0, ¥ KOTOPOI TIOfKacaTeabHas BABoe Oosee abe-
IIUCCHI TOYKHN KACAHMSA.

2761%*. HaliTu KpUBYI0, Yy KOTOpDO¥ abciipcca HMeHTpa TAMKECTH IJIO-
CKO (pUTypBl, OTPAHUYEHHOM OCAMU KOOPAMHAT, 3TOM KPHUBOM M OpAM-
HaTOH 1000 ee TOuKH, paBHa 3/4 abcIUCCHl HTOH TOYKH.

2762, HaiiTu ypaBHEéHUE KPHUBOI, IPOXOAAIei uepesd Touky (3; 1),
JIJISA KOTOPOM OTPE30K KacaTeNbHOM MEXXJY TOUKOM KacaHus u ockio OX
JeJINTCA IIOII0JIaM B TOUKe mnepecedeHus ¢ ocbio OY.

2763. Haittn ypaBHeHMe KPUBOMH, npoxoasmel yepe3 Touky (2; 0),
€C/IM OTPEe30K KACATEJbHON K KPUBOH MEXKIY TOUKOH KAaCAHUA U OCHIY
OY uMeeT IIOCTOAHHYIO AJHHY 2.

HaiiTu opToroHajbHble TPA€KTOPHUY JAHHBIX CEMENCTB KPUBbIX (@ —
11apame1p) nocrpou'rb ceMelCTBa U UX OPTOrOHAJbHBIE TPAEKTOPHH.

: 2766. xy = a.

2764. x + y =a".
2765. y® = ax. 2767. (x —a)’ + ° =

§ 4. Onsoponnsie quddepeHuaIbHbIe YPaBHeHUA 1-ro mopsaaka

1°OxBopoausie ypaBHeHHd. AubdepennuansHoe ypaBHeHHUE
P(x, y)dx + @(x, y)dy =0 )

HagbIBaeTcs 00HopodnbiM, ecnu P(x, y) u Q(x, y) — oxHOpOAHEBIE QYHKIIM ONM-
HaKOBOTO M3MepeHusA. Y papHenue (1) Mosker GBITH IPHUBEJEHO K BHIY

ey
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¥ IIPY IIOMOIIM HNOACTAHOBKM Y = XU, I'lle U — HOBAaA HeM3BeCTHad QYHKI WA,

npeobpasyeTcs B ypaBHEHUE C PasAeJAILUMUCA epeMeHHbIMI. MOXKHO TaKiKe
TNPUMEHATH HOACTAHOBKY X = Yu.

IIpumep 1. Halitn obimee permesue ypaBHeHUS
y=e""+ ¥,
x
Pemenwue. INonaraem Yy =ux; Torga u + xu’ = e’ + u nin

e “du= da
x

Hurerpupys, nonyyum u = —In In ¢ s OTKyJa
x

y=—xlnlng.
x

2°.VpaBHeHU S, IPUBOAAIIUECH K OXHODOAHL M. Ecan

» .
y,:f[a1x+ 1y+c1} @

g ayx+byy+cy

§=1|% by ; )
ujd = » # 0, To, noyaras B ypaBHeHuK (2) x = u + o, y = v + B, rae
az 9y ‘
IOCTOSIHHBIE 0L K [} OIPefeNIAI0OTCA U3 CHCTeMBl YDaBHEHMH
. aot+bB+ec, =0, a0 +b,8+c,=0,

TOJYYHUM OZHOPOAHOe AuddepeHINANbHOE yPABHEHME OTHOCUTENbHO HepeMeH-
HbIX ¥ u v. Eciu 8 = 0, To, mosaras B ypaBHeHuu (2) a,x + by = u, noxrydum

YPaBHEHME C Pa3feNAIOLIUMUCA TePeMeHHbIMHU.

IIpounTerpupoBats suddepeHEaIbELIE YPABHEHHSA:
2768. y = g - 1. '

2769. y’ = ~X1Y¥,
x

2770. (x — y)y dx — x> dy = 0.

2 2 :

2771. Nna ypaBHenns (x° + y“)dx — 2xy dy = O mafiTm cemeiicTBO

VHTErpaJbHbIX KPUBBIX, & TAK)Ke BBIJEJIUTb KPHUBblE, IPOXOAAINNE CO-
OTBETCTBEHHO ueped Touku (4; 0) u (1; 1).

2772. y dx + (2J/xy — x)dy = O.

2773. xdy —ydx = A/x2+y2 dx.
2774. (42" + 3xy + yP) dx + (4y° + 3xy + x°) dy = 0.

2775. HajiTu 4acTHOe pellleHue YypaBHEeHUSA
(x2 & 3y2) dx + 2xydy =0

H3 YCJIOBHA, uTo y = 1 mpu x = 2.

PemuTs ypaBHEHUA:
2776. 2x — y + 4)dy + (x — 2y + 5)dx = 0.

2777,y = 123x-38y

l+x+y
s x+2y+1

2778y = S dyes”

2779. HaiiTn ypaBHeHHe KPHBOIi, IPOXOAsiiel yepes Touky (1; 0) u
0671a1a1011(eii TEM CBOMCTBOM, UTO OTPE30K, OTCEKaeMblil KacaTeJbHOU Ha
ocu OY, paBeH I0JIAPHOMY DafUyCy TOUYKH KaCaHUHA.

2780%*, Kaxyio popMy clexyeT NPHUAATH 3€PKAJy IPOKEKTOpa, UTOo-
6Bl JIyYM OT TOYEYHOTO MCTOYHHKA CBETa OTPA3HJIUCH IapallieJbHLEIM
nyuykom?

2781. HaiiTu ypaBHeHUEe KPHUBOH, y KOTOPOH IojKacaTesibHad paBHaA
cpenHemMy apubMeTHIECKOMY KOODAMHAT TOYKU KacaHud.

2782. HaiiTu ypaBHeH¥e KDUBOi, AJs KOTOPOK OTPEBOK, OTCEKABMBLH
HA OCH OPAMHAT HOPMAJBIO B JI000H TOUKe KPUBOH, PaBeH PACCTOAHMIO
3TOIl TOUKY OT Hayajla KOODAMHAT.

2783*, Haiitu ypasHeHue KDPUBOM, AJNA KOTOPOH IJIOLIAjb, 3aKJIIO-
yeHHasA MEMKJAY OCbi0 abcijuce, KpUBOH M JBYyMA OpAWHATAaMH, OJHA U3
KOTOPBIX IIOCTOAHHASA, & IPYTasA — IepeMeHHadA, paBHa OTHOLIEHHIO Ky6a
IepeMeHHOI OpAMHATEHI K COOTBETCTBYIOIeH abenucce.

2784. HaiiTu KpUBYIO, AJIA KOTOPOH OTPe30K HAa OCH OpAMHAT, OTCe-
KaeMoii JT060i1 KacaTenbHOi, paBeH abciucce TOUKY KacaHMA.

§ 5. JIuneitanre nuddepenunanpHbie ypaBHeHus 1-ro mopsanka.
Ypasuenne Bepryran

1°.JIuHeliHble ypaBHEHHXA. JubdepernuanbHoe ypaBHeHNe BULA
Yy’ + P(x)y = Q(x) 1)
OTHOCHUTENILHO Y U y’' HA3bIBaeTCH JUHEUHbLM.
Ecan dyuxnus @(x) = 0, To ypasnenwme (1) npuruMaeT BHA )
y' + P(x)y =0 (2)
¥ Ha3BIBAeTCA O00HOPOOHBLM JAuHelinbim AUdPepeHINaNbHEIM YPAaBHEHHEM. B
3TOM CJIyuae ITepeMeHHEIE DasfensioTca u oblee pellleHne ypaBHEHUSA (2) ecTn

~{P(x) ax

3)

% Ilna pemieHus HeOXHOPOAHOrO JKMHeHOro ypapHenus: (1) npuMeHAeM TaK Ha-
3bIBAEMBIH METOA 6ApUAYUL NPOU3EONbHOL NOCMOAHHOU; DTOT METOX COCTOUT B

y=_Ce
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TOM, 4YTO CHaYaJja HaxoJuM obIiiee peleHre COOTBETCTBYIOIEro 0HOPOAHOTO JIt-
HeWHOro ypaBHeHMs, T. €. COOTHOIIeHuUe (3).3aTeM, Io1aras B 9TOM COOTHOIIEHU T
BeauuuHy C QYHKIMeER OT X, MIeM pelleHue HeoJHOPOLHOro ypasHeHus (1) B
Buze (3). [ns atoro noscrasnseM B ypasHernwue (1) y u y’, onpenensemsie us (3),
¥ U3 IONYYeHHOro AuddepeHInaIbHOro ypaBHeHus onpeaeasem Gyuknuo C(x).
Taxum 06pasomM, obiiee penieHne HEOAHOPOAHOTO ypasHeHu (1) DosyuaeM B Bue

Y= C(x)e?zgp(x) dx
IIpumep 1. Pemuts ypasHenue
y =tgx-y+cosx. 4)

Pemenne. CooTBeTcTByiOIlee OAHOPOIHOE YPABHEHHE €CTDH
y —tgx-y=0.
Perftaa ero, monydum
1

cosx

y=0C

Cunrasa C pyHKuMe 0T x, AuddepeHuNpPYA, HAXOAUM
1 dC , sinx c.
cosx dx

y= 2
cos” x
E N

Ioxpcrasnag y u y’ B ypaBHenue (4), moayuyum

2

1 dc¢ + SiLxC=1;gx——C— + cos x, uau dc = cos” x,
cosx ' dx

cosx dx 2

cos” x
OTKyZa .

C(x) = fcoszxdx= %x+ isin2x+cl.

CuenoBaTensHo, ofluee pellleEue ypaBHeHHA (4) MMeeT BU

1. .1. 1
y= (§x+zsm2xfcl) e

Jlna pemieHns JMHeRHOro ypaBHeHusA (1) MOMKHO TaKke OPUMEHHTh IIOACTA-
HOBKY

' y<ub, ®)
;‘ixe u u v — dyuxuun or x. Torna ypasuerue (1) npumer Bux
[u’ + P(x)ulv + v'u = Q(x). ) (6)
Ecaun norpebosats, uTo6br '
u’ + P(x)u =0, ()

To u3 (7) naiigem u, satem us (6) HaiizeM v, a caeZoBaTeabHO, U3 (5) HalmeM Y.
2°. YpaBuenue BepHyunuau. VpasHenue 1-ro mopsaaka Bmza

o
Y+ P(x)y = Q(x)y
rge oo # 0 m o # 1, HaseiBaerca ypasHnenuem Beprnyaau. OHO mpuBOAMTCA K JIM-
= 1-
HefHOMY C HIOMOIIBIO HOACTAHOBKH 2 = ¥, MOMHO TaKKe HEIOCDPEACTBEHHO

HPUMEHSATH TIOACTAHOBKY J = UV, UM METOZ BAPHAIIMY IPOM3BOJIBHON MOCTOAH-
HOH.
IIpumep 2. Pemurs ypaBHeHHE

v=2y+xdy. .
x
1
Pemnienwune 910 — ypaBHeHHe BepHyniu | O = 3) ITonaras
Yy = uv,
IOJIYIUM
u'v+vu= éuv + xJuv um v(u’—%u) +v'u=xJuv. (8)
x )

Ilns onpeaeneHus GYHKIUN U MOTPefyeM BBINOJHEHUA COOTHOIIEHUS

u'~f1-u=0,
x

OTKYyZA
4
u=x.

Ioacrasnas 3To BHIpaykeHWe B ypaBHeHMe (8), HOayduM
;4 rt
v'x® = xAvx,
OTCIONIA HAXOLHM U:

i

1 2
v= (—1n|xl+C) ]

2
CJIeZ0BATEIBHO, OfIIlee pereHue MOJyIUM B BAZE

2
y= x4(%1n]x| +CJ .

HaiiTu ofuque HHTErpajbl ypaBHEHUIA:

2785. 44 — ¥ — & _
dx x L

2786. Y + 2U = 48
dx x

2787*. (1 + yz) dx = (J1+ yZ siny — xy) dy.

2788. y? dx — (2xy + 3) dy = 0.

HaiiT yacTHbIe pellleHHs ypPaBHEHUWH, yAOBJIETBODPSAIOINYE YKa3aH-
HBIM YCJIOBHSM:

2789. xy’ +y—e" =0; y=bnpu x = a.

2790.y" - 4~ -1-x=0;y=0npux =0,
1-x
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Haiitu o6iue pemmenns ypasHEeHumii:
2792, 4 1 ¥ - _ 2
792 i T xy

2793. 2xy%¥ - 2 1 x =0,
dx
2794. ydx + (x = %x:sy) dy = 0.

2795.3xdy = y(1 + xsinx — E'»y3 sin x) dx.
2796. [lanel TPH YACTHBIX PellleHHud y, Y» Y, TMHEHHOTO yPaBHEHU .

Y2~y

JloxasaTs, 4TO BhIpaXkeHUe COXpaHfAeT NOCTOAHHOE 3HAUEHUEe P

U1
m060M x. KakoB reoMeTpryeckuii CMEBIC 8TOro pesysibrara?

2797. Haiitu KpuBble, JJA KOTODPBHIX ILIOLIALD TpeyrojbHUKa, obpa-
30BaHHOro 0cb OX, KacaTeJbHOH M PajlyCOM-BEKTOPOM TOUKH Kaca-
HUA, IIOCTOSHHA.

2798. HaliTu ypaBHeHHe KPUBOH, Y KOTOPOH OTPE3OK, OTCEKaeMbIil
KacaTeJbHOH Ha ocu abcuiice, paBeH KBaJPATy OPAHMHATHI TOUKH Kaca-
HUA.

2799. Hafitu ypaBHeHUe KpPHBOil, y KOTOPOH OTPE3OK, OTCEKaeMbIil
KacaTeJbHOH Ha OCH OPJWHAT, PABEH IOZHOPMAJIH.

2800. HafiTu ypaBHeHMe KPHBOil, ¥ KOTOPOH OTPE3OK, OTCEKAaeMbIil
KacaTelbHOH Ha OCHM ODAMHAT, IPONOPIMOHANEH KBAADPATY OPAHUHATHI
TOYKH KACAHUS.

2801. Haiitu ypaBHeHMe KPUBOil, I KOTOPOIX OTPEe3OK KacaTeJIbHOU
PaBeH PacCTOSIHUIO TOUKHM NePeceueHus 3TOU KacaTenbHO ¢ ocbklo OX
ot Touxku M(0, a).

§ 6. YpaBuenua B moxmbix auddepeniuaiax.
HuTerpupyrommnii MHOKUTEH

1°.YVpaBHeHHA BUOONHBIX AUDPepeHMAaTaX. Ecnu pos pudp-
(epeHIMaIbHONO0 YPABHEHUSA

P(x, y) dx + Q(x, y) dy = 0, : 1)
dP _ 0Q
BBINTOJIHEHO TOXKAECTBO @ =’ TO ypaBHeHHe (1) MorkeT 6BITh 3aTMCAHO B BUE

dU(x, y) = 0 u Ha3LIBAGTCH YPAGHEHUEM 8 NOLHbLY Jugpepenyuarax. O6mmit
uHTerpat ypasuenus (1) ecrs U(x, y) = C. @yuknua U(x, y) onpegensercs coo-
cobom, ykasanubM B r. VI, § 8, unu no dopmyse

&3 v
U= J‘ P(x, y)dx + J' Qxy, y) dy
*o Yo

(cm. ra. VII, § 9).

IIpumep 1. Haittu obmiuit uaTerpan aud@depeHnnansbHOr0 ypapHeHus

(8%% + 6xyD) dx + (6x7y + 44y dy = 0.

Pemenue. 3T0 — ypaBHeHHe B IOJHBIX AuddepeHnuanax, Tak Kak
2 2 3
8(3x2 a0 y) P A6 g+ 4y - 12xy u, cieposarejbHO, ypaBHEHUE UMeeT BUJ
dy i x ;
dU = 0.
3neck
3
el =3x2+6xy2n U =6x2y+4y;
ox oy
OTCIOA

U= J (3Jc2 + nyz) dx + o(y) = &+ 3xzy2 + o(y).
. U _ .2 s 2 40 N
Ouddepenuupysa U no y, Haiinem Eli 6x"y + ¢'(y) = 6x"y + 4y (110 ycoBMIO);

, 3 _ .4 U ) = 2
orcroga ¢'(y) = 4y" m ¢(y) = y~ + C,. Oxonuarensuo noxyunm U(x, y
+ 3xzy2 + y4 = C,, cienoBaTeNbHO, © + 3x2y2 + y4 = C ecTh MCKOMBIi obmuit

MHTEerpasj AAaHHOTO yPaBHEHU.
2°. AETerpupyowO MUl MHOXKUTeNb. Eciau nesas yacts ypaBHenus (1)

He SBJIAeTCA TTOMHLIM AUGXDEPEeHIMANIOM U BBITIOJIHEHBI yCiIoBusa Teopembl Komu, To

cymecTByeT GyHKUUA U = WX, y) (UHrmMezpupyloujull MHOMUMENb) TAKadA, YTO

WP dx + Q dy) = dU. (2)
Orciofa moaydaeM, 4YTO PYHKIHA (L YJOBJIETBOPSET yPABHEHUIO
) _ 4
@(}LP) ﬂ(“Q)‘

VHTerpupyIomui MHOMKHUTENb [ JIEI'KO HAXOJUTCA B ABYX CJIydasax: =

1(3P_0Q) _ -
1) o (By ax) F(x), Toraa p = w(x);
1 (0P Q) _ N
21 (@ - _Bx) F (), Torza b = u(y)

3
2 2
IIpumep 2. Peumurs ypaBHeHUe (2xy+x2y+%] dx + (x" +y)dy = 0.

3
' 2 2 1(dP 9@\ _
Pemenue. 3gecs P = 2xy + xzy t —y—3-,Q=x +y' m a(g—a—x) =
2, 2
= MELLZ-—ZJC = 1, ciae0BaTeNbHO, | = W(X).
x“+y
AuP) _ A(uQ) P _ pdp | 0@
Tax xak P i unm May de uax,To
de _ L aj—a—Q) =d Inp=2xpn=e"
mn Q(E)y 3% dx xminu A
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YmuoXkas ypaBHeine Ha U = e*, mony4dum
3
eX(ny+x2y+ yg] dx + ex(.x2 + yz) dy =0

— YDaBHeHMe B NOJHBIX Anuddeperunanax. [IpounTerpuposas ero, 6ygemM uMeTs
o6IIMiT WHTerpas

2
ye"[x2 + %J =C.

Haiitu ofiue uuTerpansl ypaBHeHwMix:
2802. (x + y)dx + (x + 2y) dy = 0.

2803. (x2 + y2 + 2x)dx + 2xy dy = 0.
2804. (x° - 3xy” + 2) dx - (3x%y - y)) dy = 0.
2805. x dx + y dy = T4Y—pdx

2+t
2 2
2806, 22.0% 4 ¥ -8x 4, _

3
Yy y
2807. HaiiTi1 4acTHBI! MHTErpaJ ypaBHEHUS

) E: z
[x+e;) dx + ey(l—ij dy = 0,

YAOBJIETBOPAIOIIUI HAYATBHOMY ycuaoBuio y(0) = 2.

Pewmnts ypasHenus, J0ycKaONHe HHTErPUPYOIHI MHOMKUTEb BH-
Aa o= u(x) nam p = w(y):

2808. (x + yz) dx — 2xy dy = 0.

2809. y(1 + xy)dx — x dy = 0.

2810. i dx + (y3 —lnx)dy = 0.
2811. (xcos y — ysin y) dy + (xsiny + ycos y)dx = 0.

§ 7. Duddepenunancnsie ypagnenus 1-ro HopsaKa,
He pa3pelIeHHbIe OTHOCHUTENbHO IIPOU3BOTHOMN

°
1°.IndbepesunanbusieypasEenus l-ro NOpPAXKABBICIINX
creneneit. Ecau nano ypaseenmne

F(x, y,y) =0, 1)

HaNpuMep, BTOPOil CTENEHH OTHOCHTENBHO y’, TO, paspemias ypaBreHue (1) or-
,
HOCHTENBHO ¥y, TIOJIyYMM [Ba YPaBHEHUA:

y' = fl(xv yhy' = fz(x' y). (2)

Y

Taxum o6pasomM, yepes KaMAYIO TOURY M (x,, ¥,) HeKOoTOpoii obacTH 1Ioc-
KOCTH TPOXOJAT, BooOIle rOBOPA, ABE MHTErPasbHble KpuBble. OO HHTErpan
ypaBHeHHd (1) B 9TOM ciyyae MMeeT BUI

@(x, y, C) = ®,(x, y, C)Py(x, y, C) = 0, 3)
. s
rge @, u @, — obuiue HHTErpaNs! ypaBHEHUA (2).

Kpome Toro, aia ypasHenus (1) MOKeT CyIecTBOBATEL 0co0btil unmezpai. I'eo-
MeTpU4eCcKH 0cOObIN MHTErpas npejcrasifer coboi orubarmiyo cemeiicTBa KpH-
BbIX (3) M MOKeT OBITH NOJIYYeH B Pe3yabTaTe UCKIIOUeHUA C M3 CHCTEMBI ypasB-
HeHMH -

O(x, y, C) =0, &/ (x,y,C)=0 (4)

WJIH B PE3YJNbTATe UCKIIOUEHHUS p = Y’ U3 CUCTEMBI yDaBHEHUH
F(x, y,p) =0, F}’, (%, y, p) =0. o (5)
3aMeTHM, UTO KPUBLIE, ONpejeaeMble ypaBHeHusamu (4) uan (5), He Bcerga
ABIAIOTCA PelleHUAMM ypaBHeHMs (1); mosTomMy B KaXXJOM OTAEJIBHOM clydae

Heo6X0JMMa IIPOBEPKA.
Opumep 1. Haittu o6uuii u ocoGbiii MHTErpalel YPABHEHUA

acy'2 + 2xy’ —y=0.

PemeHne. Pemias OTHOCHTENBHO ', MMEEM ABA OAHOPOXHBIX YPABHEHHSA:
, ,
-1+ [1+% =-1- f1+¥
/ x Y x’

onpenejieHHbIX B obnacTu
x(x +y) >0,

o0mIye WHTerpajibl KOTOPhIX
2 2
( 1+¥—1) =<, Ul+¥+1) -€
x x x x
(2x+y-—C)~2«/x2+xy =0, (2x+y~C)+2A/x2+xy =0.

IlepemHuoO>as, oay4aeM OOUIMI MHTErpaj JaHHOTO ypaBHEHHA
(2x+y~C)2—4(x2+xy)=0

50,874

UK
(y - C)’ = 4Cx
(cemeiicTBO mapaour).
IMuddepennupys obuuit uurerpan no C u uckmoyvasa C, Haliem ocobblit nH-
Terpau
x+y=0.
(IIposepka moxassiBaeT, 4To x + y = 0 ecTb pelleHUe JAHHOTO YDABHEHUA.)

Oco0blil MHTErpaj MOXKHO TakyKe HaiTU, AuddepeBIupya xpz +2xp-y=20
110 p ¥ MCKJIIOYad p. o
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/

2°.Pemenve 1MOPepeHUUATHHOTO YPABHEHH A Me'ron/owr

BpejeHMNA mapamerpa. Ecau auddepennmanbuoe ypasHerEHe 1-10, 110-

PAAKa HMEEeT BHUJ §

0 : x =0y, y), ‘ !

TO nnepeMeHHbIE y ux MOI‘yT GLITL omnpenesieHbl U3 CHUCTEMbI ypaBHeHPII‘/'I
1 _d0 , dod ’
=9 L9008 oy, ), ;

p OJy dpds’

rxe p = y’ urpaeT poJb napamerpa. .
Anaynorn4so, eciu y = y(x, y’), TO X U y ONPEAEIAIOTCA U3 CHCTEMBI YDPAE-
HeHuH

99 , 09 dp
= 9@ 99 , Y= , D). .
P dy Opdx Yy = v(x, p) HiLl
IIpumep 2. Haiitn o6muil u 0cobbIif MHTErpanbl ypaBHeHAR
2
2 ’ x )
=y -xy+ X
y=y xy 2

Pemenwue. [lenas nofcTaHOBKY y’ = p, TepenMIneM ypaBHeHHe B BHIE
. 2
2 X
y=p —xp+ 5
o

Huddepennuupys o x, cuuras p byHKIUEH OT X, UMeeM

d d |
=2pCL —p— 482 4
N Pae P %ax 7F

MU %(Zp - x) = (2p — x), nau gl = 1. UnTerpupys, noxyuum p = x + C.
x

Ilopcrapnas B nepBoHauaNbHOE ypaBHEHHE, UMeeM oflee DeLIeHHe: .,

2 2
y=(x+C)2—x(x+C)+% I/Umy=% +Cx + C

Huddepennupys obmee pemenne o C u uckiaouas C, nosrygaeMm ocoboe permre-
2 2

x x
HHe: Yy = i (IlpoBepka mOKasbIBaET, YTO Yy = Y ecThb pellleHne SaHHOI'O yPaB-

HEHUd.)
Ecin npupaBHATE HyJII0 MHOXKHTENb 2D — X, Ha KOTOPBLi GBITIO IPOU3BEAEHO

x
COKpailleHre, TO IOJYyYuM p = 3 ¥, NOACTABUB P B JaHHOE yPaBHEHUE,IOTYUNM

y= -— TO YXe caMoe ocoboe pemenue.

w[%,

Haittu obuiue 1 ocobble nHTErpanbl ypasHeHuit (B8 NeNe 2812, 2813
IIOCTPOMTD I10JIe MHTEIDAIBHBIX KPUBBIX):

2812. y”* - Exﬂy' +1=0. 2814. yy”* - (xy + 1)y’ + x = 0.

2813. 4y”* - 9x = 0. 2815. yy? - 2xy" + y = 0.

2 2
2\816. Haiitu uHTerpajbHble KPUBLIE ypaBHeHMsa y'~ + y~ = 1, mpo-
XoAdAlnye yepes TOYKY M(O; %) R 4 . .

Beozasa nmapametp y’ = p, PelINTh yDABHEHMA: , \
2817. x =siny’ + Iny’, 2820. 4y = x" + y”".

i 2, 2
2818. y = y%e’. 2821, " = ZLyy

2819.y = y”* + 2Iny’".

§ 8. Ypannénnﬂ Jlarpanka u Kaepo

1°.YpasHenue Jlarpas xa. YpaBHeHHe BUJA
y = x¢(p) + ¥(p), (1)
rae p = y’, HasbiBaeTcs ypasHenuenm Jlazpanxca. Ilpu momoru uud{(})epenunpo-
BaHNA, YYUTEIBadA, 4To dy = p dx, ypaBuenue (1) cBoguTca K THHEHHOMY OTHO-
CUTEJIBHO X: ,
pdx = ¢(p) dx + [x¢'(p) + V'(p)] dp. (2)
Ecau p = ¢(p), To us ypasresnii (1) u (2) nonyyaem obuiee peierue B napamer-
PUYECKOM BULE:

x = Cf(p) + 8(0), y = [Cf(p) + g(P)lo(p) + w(p), ,
rae p — napamerp, f(p), §(p) — HexkoTopkle u3BecTHBIe (yHKIUH. Kpome ToTO,
MOJKeT CyI[eCTBOBAaThH 0c060e DeleHue, OTHICKMBAeMOe OOBIMHBIM IPUEMOM.

2°.YpaBsuenue Kunepo. Ecan B ypasuenun (1) ¢(p) = p, To noaydaem
ypasuenue Kaepo
S y = xp + y(p). :
O6mee pemrenue ero umeer Buf y = Cx + y(C) (cemeiicrro npameix). Kpome Toro,
cyuecTByeT ocoboe pemienne (orubaromnias), moaydarouieecs B pe3yibTaTe UCK-
JMIOYeHUA MapaMeTpa p U3 CHCTEMBI ypaBHEHMH

x=-y'(p),
@ y =px +v@).
IIpumep. Pemurs ypaBHeHNE * t
v=2y'x + yl 3)

1
Pemenue. Ilonaraem y’ = p, roraga y = 2px + 1—) ; auddepeHupya U 3a-
menss dy Ha p dx, Doayuum

pdx =2pdx + 2xdp - Q}g
P
nau
dx 1
70
dp P

x +

WSRIM

10
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Pemus arto suneitnoe ypasuenne, 6yzeM uMeTh

i

x = —1—2(lnp + Q). 2833.
p

A
§\9. Cmemannsie guddepeHnmuaIbabie ypaBHeHus 1-70 nmopagka

OnpeaenuTs TUIOH [uddepeHIHaNbHIX YPABHEHNH U YKa3aTh

[ETOABI UX PEUICHUHA:

CrenosarensHo, o6muit uHTerpay oyaer a)

3
(x + y)y’ = xarctg ¥ 3) (¥’ - 2xy) Sy = x5

’
x

' ’ 2-
x=Lanp+o) 6) (x - p)y’ = ¥’ my =(x+y);
1 B)y = 2xy + % K)xcosy’ + ysiny’ = 1;
Y= 2px+=, ‘ 3 2 "
P Ny =2xy+y% m) (x —xy)g*yyz -
2 —
, — i e + dy=0
Hns maxoxAeHNa 0C0GOTO UHTErpAa MO OBMIEMY IPABHMIY COCTABISEM CHC- m)xy’ +y=siny; M) (xs + 22y dx + (yz 3xy") dy=0;
Temy: . e)(y - xy’)z = .’/3; H) (x° - 3xy)dx + (x” + 3)dy = 0;
B 3 2
y=2px+ 1, 0=20-1, x)y = xe’; 0) (xy” + Inx)dx = y" dy.
P
Orcrona

H, CjleaoBaTeNbHO,
y=1+2./2x.

ITogcrasnss y B ypasrenue (3), y6exaaemcs, uto noNyyeHHAA QYHKIUA 110
ABJIAETCA PELIeHUEM U, CIel0BATENbHO, ypaBHeHue (3) He IMeeT 0co6Ooro MHTer-
pasa.

,xz 3
2835. x dx = (? -y )dy.

2836.

Peuuts ypaBHEHUA:
2834. a) (x~ycos E) dx + x cos i dy=0; 6)xln i dy-ydx =0,
X )

2837. xy' +y = xyzln x.

(2xy® - y)dx + xdy = 0. 2838.y=xy’ + y'lny’.
2839.y = xy’ + J-ay’.

2840. x*(y + 1)dx + (x° -~ 1)y — 1) dy = 0.
2 2 —
Pemnts ypasuenus Jlarpamxa: 2841. (1 + y"We dx — e’ dy) — (1 + y)dy = 0.
. o2x-1 _ N -
2&2y=%4y+§) 2824.y = (1 + y)x + y°. 2842,y -y = = 1. 2845. (1 - x)y’ +xy =a

2823.y =y’ + J1-y2.
Haiitu obmuii u oco6u1it muTErpann: ypasrenuit Knepo u nocrpours

noJsie MHTeI’paJIbHLIX KPHUBBIX:
2828.y = xy’ + 1+ (y)%.

2829.y = xy’ + &.

2825*.y==—§y12x4-y3.
2844

2848
2826.y = xy’ + y'2.
2827.y = xy’ + y'.

2850
2830. Haiitu xpusyo, ais KOTOPO# NIJIOIIafb TPeyroabHUKA, 06-

2843. ye¥ = (° + 2xe")y’.

2849.

‘L ¥ _x=o.
2846. xy ] x
.y’ + ycos x = sin x cos x. 2847.y'(x cosy + asin 2y) = 1.

.(xzy—x2+y—1)dx+(xy+2x—3y"6)d!/:0-

2
y = (1+y———2_ 1) . 2854. yy’ + y° = cos x.
x

2
X xy3 dx = (xzy +2)dy. -~ 28585.xdy + ydx =y dx.

2

o 3% LY'(x +siny) = 1.
Pa30BaHHOI'0 KacaTeJbHOI B JI0OO0HM TOYKe W OCAMU KOOpJAHWHAT, IO- 2851. y' = x3+y+ 1' 2856. y'( v)
CTOAHHA. \
2831. HaiiTi KDUBYIO, €CJIM PACCTOSHHIE JAHHON TOYKK o 110601 Ka- 2852. 2 dx + «/J:C dy — A/Q dx = 0.2857. ygﬂ =-p+p°. Y
CaTeJIbHOM K 3TOH KPHUBOI IOCTOSHHO. y x 4 1

2832. Haiitu Kpusyio, ais KOTOPOIi OTPE30K J1060ii ee KacaTeIbHOM,
3aKJIIOYEHHBIH MEX/JY OCAMHU KOODIAMHAT, HMEET [IOCTOAHHYIO AJIUHY .

2%&y=g+mﬂ

) 2858. x° dx — (x* + y¥) dy = 0. ’
X N g

11
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7
2 7 ’
2859. x’y"* + 3xyy’ + 2y° = 0. 2864. (26" + y") dy — ye” dx/: 0.
2860, *dx+ydy | &12& = 0. 2865.y = 2(.1!+_2_)2.
i yz v x+y-1 /

2861. e dx + (xe? — 2y)dy = 0. 2866. xy(xy2 + 1)dy — dx = 0.
2862.y = 2xy’ + N1+y”. 2867 a(xy’ + 2y) = xyy’.
2863.y" = L(1 +Iny~1Inx). . 2868.xdy—ydx =y’ dx.

2869. (x* -~ 1)*?dy + (2 + 3xyJx’—1)dx = 0.
2870. tg x W — - ‘
870. tg x o Ve

2871. Ja®+ x> dy + (x + y - Ja?+x%)dx = 0.
2872. chy'2 = (x2 + yz)y’ + xy = 0.

2873.y = xy’ + L.
2874. (3x2 + 2xy — y2) dx + (x2 - 2xy — 3y2) dy = 0.
2875. 2yp glyf = 3p% + 4%

HaiiTH pelenus ypaBHEHHH OPH YKA3RHHEIX HAYATHHBIX YCIIOBUAX:
2876.y’ = -'L;—l;y=0npnx= 1.

2877.¢" Yy ' =1;y=1npu x = 1.
2878. y'ctgx +y=2; y = 2 npu x = O.

2879.€¢'(y" +1)=1; y = 0 upu x = 0.
2880.y’+y=cosx;y=%npusz.

2881y -2y = 2%y = 1

2882.y' +y=2x;y=-1 upu x = 0.

2883. xy’=y;a)y =1npu x =1;6)y = 0 mpu x = 0.

2884. 2xy’ =y;a)y=1upu x = 1; 6) y = 0 mpu x = 0.

2885.2xyy’+x2~y2=0; a)y=0npux=0;6)y=1npu x=0;
B)y =0 npu x = 1.

2886. Haiitu kpusyio, mpoxogsamtyio depes Touky (0; 1), y KoTopoit
nojKacaTeJbHadA paBHA CyMMe KOODAMHAT TOYKU KACAHHUA.

2887. E‘Iaf[TﬂupoByIO, 3HasA, 4YTO CyMMAa OTPE3KOB, OTCEKAEMEBIX Ka-
CaTeJbHOU K HeH Ha OCAX KOODAMHAT, IIOCTOsIHHA ¥ paBHa 24.

2888. Cymma myimH HOpMAJIM U IOAHODMANHU PaBHA exuHune. Halitn
ypaBHEHUE KPUBOH, €C/IM M3BECTHO, YTO KPUBASA IIPOXO/UT Yepes3 HAUAIIO
KOOpPAMHAT.

2889%. HailiT KpUBYI0, y KOTOPOH yroJ, 06pasoBaHHbIH KacaTeJbHOi
U PajuyCcoM-BeKTOPOM TOYKH KACAHHMS, IOCTOSHEH.

npu x = 0.

2890. HaiiTu KpUBYIO, 3HAS, YTO IIJIOIAAL, 3aKJIIOUEHHAA MEXAY OCsI-
MU KOODAMHAT, 3TOH KPHUBOU M OpAMHATOI 10601 TOYKM Ha Heil, paBHA
KyOy 9TOH OpJUHATHL.

2891. HaiiTu KpuByIo, 3Hasi, UTO ILIOLIaJb CEKTOPa, OrPAHHUYEHHOTrQ
HOJIAPHOI OCBIO, BTOH KPHUBON U IOJIAPHLIM PaguycoM i06oii ee TOUKH,
NponopIMoHaabHa Ky0y 9TOro paguyca.

2892. HaliTu KpUBYIO, Y KOTOPOil OTPE30K, OTCEKaeMblil KacaTeJIbHOK
Ha ocu OX, paBeH AiuHe 3TOIl KacaTeJIbHOH.

2893. HaiiT KpUBY10, Y KOTOPOH OTPE30OK KacaTeJbHOM, 3aKJII0YeH-

HBIF MEXKJy OCAMM KOODAMUHAT, JEJIUTCH [10IojaM napaboJioi y2 = 2x.

2894. HaiiTu KpuBy10, y KOTOPON HOpMaib B JI000H ee TOUKe paBHA
pPACCTOAHUIO HTOM TOYKH OT Hayasa KOOPAUHATA.

2895%, [Tnoniags GUTyphl, OrPAHUYEHHOM KPHUBOH, OCAMHI KOOPAUHAT
U OPAMHATON KaKoM-1nb0 TOYKHU KPUBOI, paBHA JUIMHE COOTBETCTBYIO-
mieit ayru Kpusoii. HaiiTun ypasHeHMe 9TO# KPUBOI, €C/IM UBBECTHO, YTO
oHa mpoxoauT uyepes Toukry (0; 1).

2896. HaiiTi KpuByI0, Yy KOTOpPOH NJIOIAABL TPEYroJbHHMKA, 00pas3o-
BaHHOTO OChIO abcruce, KacaTeJbHOH U PaJUyCOM-BEKTOPOM TOUKY Ka-

caHusd, HOCTOSIHHA U PaBHA a’.

2897. HaiiTu KpUBYIO, €CJIM U3BECTHO, YTO CepejMHa OTpe3Ka, orce-
kaemoro Ha ocu OX KacaTeJbHOH W HOPDMaibi0o K KPHMBOM, €CTh IIOCTO;
suHaa touka (a; 0). '

IIpu cocrapienuu nudPpepeHnNANbHOrO ypaBHeHud 1-ro nopsaaka, ocobeHHO
B (pUBMYECKUX 3afauax, yacTo GhIBaeT 1e1ecoobpasHo NIPUMEHATH TaK HasbiBae-
Mblit Memod dudgepenyuanos, 3aKTIOYAIOMINNICSA B TOM, ITO IPUGTMKEHHBIE CO-
OTHOIIEHUA MeXJy GeCKOHEYHO MAaJbIMH NIPHUPAIEHNAMU HCKOMBIX BEJIUYHH,
CIIPaBE/JIMBEIE C TOYHOCTBIO 1O 6ECKOHEYHO MAJLIX BBICIIEro NOPAAKA, 3aMeHd-
JOTCHA COOTBETCTBYIOUIMMY COOTHOLIEHUSAMHU MeXIY MX AuddepeHnmnanaMu, 4re
He oTpakaeTcs Ha pesyJbTaTe. .

3anaua. Bpesepsyape nHaxogurca 100 J1 BOZHOTO pacTBOpa, COAEPIKALLIETO
10 kr conu. Boxa BiMBaeTCs B pe3epByap CO CKOpPocTbio 3 1 B 1 MMH, U cMeCh
BBITEKAET M3 HEro O CKOPOCTBIO 2 1 B 1 MUH, IpHUYeM KOHIIEHTDAIUA HOAAeD-
JKMBAETCH PABHOMEPHO ocpe/icTBOM nepeMermnrBannd. CKolbKo comu 6yaeT co:
nepakaTh pesepByap 10 ucredeHuu 1 u?

Pemenue. KoHuenrpauueil ¢ JaHHOro BellleCcTBa HA3bIBAETCA KOJIUYECTBO
ero, 3aKJIOYEHHOE B eAunuIe o6bema. Eciu KOHIeHTpauus paBHOMepPHA, TO KO;
JINYECTBO BelllecTBa B oObeme V paBHo cV.

IIyeTs KOMMYECTBO COJIM, Haxojsdllleeca B pe3epByape IO HMCTE4eHHUM Bpe-
menu t (B MHHYyTax), ecTh x. KoamuecTBo cMecu B pesepByape B 9TOT MOMEHT

i

i

x

oyzer (100 + ) 1 u, clefoBaTeNbHO, KOHIIEHTPALUA € = 10072 Kr/uI.
B reueHne npoMesxkyTka Bpemenu df U3 pesepByapa BbiTeKaeT 2dt THTPOB cMe-
cH, cogepkaniux coiu 2¢ df xr. [TosTomy u3MeHeHue dX KOJUUYECTBA COJIU B pe-
3epByape XapaKTepuayercs COOTHOIUeHUeM Y

dt ok

2x
—dx = t —dx = ——— dt.
dx = 2¢ d¢, mam —dx 1002 ,

12
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9TO M ecTh MCKOMOe AudepeHNHansHOe ypaBHeHne. Pasnenaa nepeMennsie u
HHTErpupys, MOJyuYMM

Inx=-2In(100 + ¢t) +InC
nau
_ C
x =
(100 +t)

Ilocroanuoe C onpegenuTCs M3 yCHOBUS, UTO npu t = 0 x = 10, T. e.
C =100 000. TIo ucTeueHUU waca B pesepByape 6ymeT comepKaTbCA COJIHU
x= 100000

7 KO = 3,9 kr.
160

2898*. JToxasaTs, 4TO AJIs TAMENOH SKUIKOCTH, BpAaIalonenca Koo
BePTHKANBbHOM OcH, cBOGOHAA IIOBEPXHOCTE HMeeT (hopMy mapaboaouna
BpAIlleHUs.

2899*. Haiity 3aBMCHMOCTD A2BJIE€HNS BO3AYXA OT BBICOTBI, €CJIA Hi3-

BECTHO, YTO 3TO JABJIEHUE PABHO 10°Ma na ypoBHe Mops u 9,2 - 10'Ia
Ha BbIicoTe 500 M.

2900%*. CornacHo saxkony I'yka, sIacTHYHbIH IIHYP AJIVHEI | TIoA meli-
CTBHEM pacTArusBamwmeil cunsl F nmosyuaer nmpupalmieHue Kivesl ELF
(k = const). Ha CKOJIBKO yBEJIMUUTCS MIMHA LIHYPa O] IeHCTBUEM €ero
Beca W, ecnu mozgsecuts mHyp 3a oaun kouen? (Havanpnas niuna mIHYy-
pal.)

2901. Pemuts Ty sKe 3a4a4y NPU YCIOBUH, UTO K KOHLY IIHYpa Moj-
BellleH rpys P.

IIpu pemrenun 3agay NeNe 2902— 2903 ucnonb3oBaTh 3akos HbioTo-
Ha, II0 KOTOPOMY CKOPOCTh OXJIAKJEHHU: TeJa IIPOTOPIMOHANIbLHA DPas-
HOCTY TE€MIEPATyp TejJa M OKPYKAaIoUlel ero cpefbl.

2902. Haittu 3aBuCHMOCTH Temneparypsl T OT BpeMeHH ¢, ecu TeJo,
Harperoe 0 Temneparypst T, BHeCeHO B IOMEIeHNE, TEMIEPATYPA KO-
TOPOTO HNOCTOAHHA W PaBHA Q.

2903. Yepes CKONbKO BPEMEHH TeMHepaTypa Teja, HATDETOTO 0
100°C, nonusurcs g0 30°C, ecqu TeMIepaTypa HOMEINeHHA paBHa 20°C
u 3a nepsbie 20 MUH Tes0 oxXJIaanIoch Ko 60°C?

2904. 3amennsioiee AeCTBUE TPEHUS HA [MCK, BPAIIAIOLIMICA B
KUAKOCTH, IPOHOPLIMOHANBHO YIVIOBOH cKopocTu Bpamenus. Halitu za-
BHCHMOCTh 3TOH YIJIOBOII CKOPOCTH OT BPEMEHH, eCJH H3BECTHO, UTO
ANCK, HAYABIUNKE BPAaaTheA co cKopocThio 100 06/MUH, DO MCTeueHUN
1 Mun Bpamaercs co ckopocTbio 60 06/MuE.

2905%. CropocTb pacnafia pafus IPOIOPIMOHATIBHA HaJIMYHOMY KO-
Jn4ecTBy ero. FsBecTHo, uTo no ncrevenun 1600 seT ocTaeTcs noJoBUHA
TlepBOHaYaIbHOrO 3anaca pagusa. Haiitu, Kakoii 1poueHT pagusa oKaker-
Ccs pacnaBmiuMcs 1o ucreuenuun 100 Jer.

§ 10. IuddeperuvaibEbie YPABHEHUA BHICIIMX NOPALKOB 343

2906*. CKOpOCTh HCTEUEHNs BOABI M3 OTBEPCTHUS HA PACCTOAHNN h 1o
BEPTHKAIKA OT CBOGOAHON IIOBEPXHOCTH ONpesesserca GopMyIon

v =c.J2gh, iy
rae ¢ =~ 0,6 — GespasMepHBIH KOd(P(UIMEHT, OIpe/eseMblil IKCIepH-
MEHTAJBHO, U § — YCKOpeHue CBOGOJHOIO MaJeHus. }

B KaKoe BpeMs BOJA, 3aIlOJIHAIONas MoTychepdecKuil KoTell AuaMeTpa
2 M, BbIT€YET U3 HEro Yepe3 KPyIJioe OTBEPCTHE HA JJHEe pajyca 0,1 M? .

2907*, IHTEeHCUBHOCTL CBETAa, IPOXOJAIEro 4Yepe3 TOHKUU CJIOM
BOJIbI, YMEHBIIIAETCSA POIIOPIMOHAIBHO HHTEHCHBHOCTH 1A/AI01IEr0 CBe-
Ta ¥ TONINUHEe c10d. Ecay IpH ITPOXOMIEHUA CI0A BOABI TONMMHOA 3 M
HHTEHCUBHOCTH CBETA BABOE YMEHBIIIAeTCs, TO KaKoBa Oy/ieT MHTEHCUBHOCTh
Ha rayGune 30 m?

2908*, Cuyia CONPOTUBIEHUS BO3JyXa IPHU NaJeHUH TeJa C Iapalniio-
TOM IIPONIOPIHOHANLHA KBaAPATy CKOPOCTH ABM:KeHusA. Haltu npesens-
HYI0 CKOPOCTh IaJeHUdA TeNa.

2909*, JTno pesepByapa, BMecTiMocTh Koroporo 300 11, HOKPBITO CMEChIo
COJIH M HepacTBOPHUMOro BeiecTsa. Jlomyckas, 4To CKOPOCTb PACTBODEHHMs
COIM TIPONIOPIMOHAIBHA PA3HOCTH MEXY KOHIEHTpauued B JAHHBIM MO-
MEHT ¥ KOHIIEHTpalieil HachlleHHoro pacreopa (1 Kr conu Ha 3 JI BOABI) s
4TO IAHHOE KOJIMYECTBO YHCTOH BOAB! pacTBopseT 1/3 kr comu B 1 MuH, Haii-
TH, CKOJIBKO COMH GyIeT CofepsKaTh PACTBOP II0 HCTEYeHNH 1u. 3

2910%. DneKTPOABMIKYINAA CHJIA € B LIeNd C TOKOM i, HMEIoleH CO-
nporusienne R v MHAYKTUBHOCTL L, CKIaabiBaeTCA U3 MajleHuA Hanps-

di
skeHuA Ri M 57eKTPOABHIKYIIEN CUIIbI CAMOUHAYKIIUYA Ld_i . OnpenenuTs

TOK i B MOMEHT BpeMeHH ¢, eciu e = E sin ot (B u 0 — MOCTOSIHHBIE) U
i=0mnput=0.

§ 10. IucddepeHuuanbuple YPABHEHHS BBHICUINX IOPANKOB

1°.Cny<aif HeNOCDEeACTBEHHOro HHTerpuposanuda Ecin
¥ = fx),

-1 -2
v=| da [ .. j fx)dx +Cax" T4+ O P4 C,
< - S
n pas
2°.Cnyuyan nouuxeununsa nopagka. 1)Ecau gupdepennnansroe

ypaBHeHUEe ABHO He COACPKHT Y, Halpumep

F(x,y’,y") =0,
10, n0Jaras y’ = p, MOJyYUM ypPaBHEHHE NOPAAKA HA eAMHHUIY HUXe

F(x, p, p’)=0.
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1

IHDpumep 1. Haiith gacTHOe pellleHNe ypaBHEHUS Mgl HOJIyYHIN ypaBHeHUe THIa BepHy/iu OTHOCHTENBHO p (y cuuTaeM ap-
\ . Pemas ero, Halizem
xy’ +y +x=0, I'YMEHTOM) ) yit

VAOBJIETBOPSIONIEE YCIOBUAM
y=0,y =0npu x =0.
Pemenue. Ifonarasa y’ = p, umeem y’* = p’, orkyzna
xp’+p+x=0.

Pemas nocnenuee ypaBHeHNe KaK IMHEHHOE OTHOCHTENTBHO GDYHKIMHE p, IOLYINM
2
£l

px=C, — 5

U3 ycnosua y’ =p = 0 npu x = 0 umeem 0 = C; -0, 1. e. C; = 0. CrreioBaTensHO,

g
p 3’
HiIn
dy _ x
dx 2’

OTKy/Ja, MHTErPUpPys ele pas, MOJyIUM
2

X
--L +c,

Honaras y = 0 npu x = 0, Haxoaum 02 = 0. CnegoBareyibHO, KCKOMOE YACTHOE
pellieBHe ecTh

L,

y=*4

2) Ecnn guddepennuanbHoe ypaBHEHME SBHO He COJEDIKHMT X, HanpuMep

F(x,y’,y")=0,

To, Honarag y’' =p, y’’ = pgﬂ , IOIYyYUM ypaBHEHVE NIOPAAKA Ha eAMHHUILY HUMKe
Yy

d
F( , P, —2) =0.

Y, p de

IIpumep 2. Haiitn yacTHOE pemenue ypaBHEHUA
’” 2 4
Yy -y =y
npu ycaoBuu y =1, y’ = 0 upu x = 0.

Pemenue. Ilonaraem y’ = p, rorga y”’ = pglyz ¥ Halle ypaBHeHUe Ipeol-

pasyeTcA B CJaeAyIoliee:

dp _ 2 _ 4
dey lP y.

p=iyA/01+y2-

U3 ycnopua y’ = p = 0 npu y = 1 umeem C, = —1. Crenosarensto,

p=tydy’-1
(dTE = iy«/yz—l.
x

I

Hnrerpupys, umeeMm

arccos L tx=C,.
y

Honaraa y = 1 u x = 0, moryuum C, = 0, orxyna 5 = COS X WJIH i = SecC X.

PeIIIPITL YPaBHEHUA:

2911. y’ j_c 2917. (1 + 2y +y*+ 1=0.

2912,y = - L. ‘ 2918. y’(1 + y'*) = ay”".
2y

2913.y" =1-y 2919. x%y” + xy’ = 1.
2914. xy”’ + y’ = 0. 2920. yy”’ = y’y’ + v’
2915. yy”’ =y 2921.yy” - y’(1 + y") = 0.
2916. yy'' + y” = 0. 2922.y" = - %,

if

2

2923. (x + 1)y’ —(x + 2y’ + x + 2= 0.
2924. xy”’ =y’ In -'é, 2926. xy’”’' +y’' =1+ «.
2925. y’ + i(y”)2 =xy”. 2927,y + y? = 1.

HaiiT yacTHBIE PelIeHus DU YKA3aHHBLIX HAYANbHBIX YCJIOBHAX:
2928. (1 + xz)y" ~2xy’=0;y=0,y =3 npux=0.

2929.1 + _1,1’2 =2yy’sy=1,y =1lupux=1.

2930. yy” + y'2 = y'3; y=1,y =1 npu x=0.

2931.xy”" =y’;y=0,y =0 mpu x = 0.

Haiiti ofliye MHTErpanabl ypaBHEHMH:
ey g o 2,
2932. yy’ = y2+y’2y”—yy . 2934.y2——yy =yy.
f , ' , 3 _
2933.yy"=y’2+y’ y2+y2. 2935. yy +y2—y Iny=0.

14
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Haiitn peireHuns, yAOBIETBOPAIOUINE YKA3AHHBIM YCIOBUAM:

2936.y”y3=1;y=1,y’:1npnx=%. -

2937.yy” +y? =1;y =1,y =1 npu x = 0.

T §Rr
2938. xy” = «/1+y’2;y=0npnx= 1;y=1npnx=e2.
2939.y”(1+1nx)+}c 'y'=2+lnx;y=é,y'=1npnx= 1.

2940.y"=%(1+1n%);y=%,y’=1npnx=1.

2941. 4" - y? + y(y-1)=0;y = 2, y’ = 2 upu x = 0.

2942. 3y’y"' =y + y'3 +1; y=-2; y =0 npu x = 0.

2943. y2 + y’z = 2y =0;y=1,y =1 upu x =0.
2944.yy’+y'2+yy”=0;y= lopu x=0ny =0 npu x = 1.
2945. 2y’ + (y’z ~-6x)-y’'=0;y =2mnpux=2

2946. y’y2 +yy’ - y’2 =0 y=1,y =2 n0pux = 0.

2947. 2yy”* - 3y =4y’ y =1,y = 1 npu x = 0.

2948. 2yy” + y2 = y’?‘ =0y=1,y " =1nupux = 0.

DI

2949.y"=y’2~y;y=—i,y’= npu x = 1.

2 .
2950. y” + lzey .l/'_z.T/y'2=0;.l/=l,y'=enp1/1x=—2l
y ' e

2951. 1 +yy”+y’2:0;y=0,y’= 1 nopux=1.
2952. (1 + yy)y”’ = (1 + y’z)y’; y=1,y =1 npu x = 0.
2953. (x + 1)y + xy’2 =yy=-2,y =4npux=1.

Pemurs ypasHeHuA:
2954. y' = xy’? + y't.
29558,y ' =xy”" +y’' -y
2956,y = 4y”.

2957. yy'y”’ = y’3 + y”2. Beiaenurs HHTErpaJbHYI0 KPUBYIO, IPOXO-
aamyo uepes Touky (0; 0) u kacaloyrocs B Hell npamoii y + x = 0.

2958. Haiit KpuUBBIE IIOCTOAHHOTO PAANyca KPHBU3HEI.

2959. HajiTu KpuBYI0, ¥ KOTOPOH PAAUyC KPUBU3HEI IPOIOPIMOHA-~
neH Ky0y HOpMaJiu.

2960. HaliTi KPHBYIO, y KOTOPOI PaAnyc KPUBU3HBLI PaBeH HODMAJIH.

2961. HaiiTn KpuBYyIO, Yy KOTOPOM DaJMyC KPUBHU3HBI BABOE GOJbBIIE
HOPMAJIM. it :

,2

2962. HaliTu KpuBble, Y KOTOPBIX IIPDOEKIUA PAJUyca KPUBU3HBI HA
ock OY nocrodHHA.

2963. Haiitu ypaBHeHue KaHaTa IIOJBECHOI'0O MOCTa, mpejnosiaras,
4YTO HArpy3Ka pacipejesieHa paBHOMEDPHO Mo NPOeKI U KaHaTa Ha FOpH-
30HTANbHYIO npamylo. Becom kaHaTa npeHebpeds.

2964*. HaiiTu mosoxxeHne paBHOBecHUs rMOKOH HePacTAXKUMOI HUTH,
VKPeIJIeHHOH KOHLIAMHU B IBYX TOYKaX U UMelolleii 10CTOAHHYIO HArpy3-
Ky ¢ (BKJIOYasi BeC HUTH) HA eJUHULY AJHHBI.

2965%. Tarxesnoe Teno 63 HAUAJIbLHOU CKOPOCTH CKOJb3UT 110 HAKJIOH-
HOH 1yockocTu., HaliT 3aKOH JBUYKEHUA, €CJIM YroJ HaKJIOHA paBeH O,
a Koa(hdunuenT TpeHUa U.

Vxasauue. Cuna rpesus passa UN, rge N — cuia peaknuH IJIOCKOCTH.

2966*. Cuyry COpOTUBIIEHISI BO3AYXA IPY NaJleH!H Tejla MOXKHO CUH-
TAaTh HPOIOPIIMOHANLHOM KBaJpaTy ckopoctu. HalitTu 3akoH ABMIkeHUs,
ec/IM HayaJbHAsl CKOPOCTh paBHA HYJIIO.

2967+*. MoTopHas nonka maccoit 300 Kr ABMIKETCA NPSIMOJIMHEHHO CO
ckopocThio 66 m/c. Ciuia CONPOTUBJIEHUA BOABI NPOIOPUMOHAIBHA CKO-
poctu oaku u pasaa 10 H npu ckopocTtu 1 m/c. Hepes CKONIBKO BpeMeHH!
1ocJie BBIKJIIOUEHUS MOTOPA CKOPOCTh JoAKU Gyxer paBHa 8 m/c?

§ 11. JIuneinsie gudrdepeHuNaIbHbIe YPABHEHUA

1°.OaHOpOAHBIEe ypaBHeEeHU A DYHKIUE Y, = @,(X), Yy = 0y(X), i1, Y, =
= (pn(x) Ha3BbIBAIOTCA JUHEHO 3asucumbimu Ha (a, b), ecau cymiecTBYIOT IIOCTO-
SAHHBbIE C1’ CZ, ..., C,, He BCE paBHbIE HYJIO, TAKHE, YTO

Cy, +Coy,+...Cy,=0mpua <x<b;

3

B IPOTMBHOM CJIydae JaHHble OYHKIMY HA3BIBAIOTCA JUHEIHO He3A6UCUMbLMU.
O6miee peuteHue 00HOPOOH020 AuHeliH0z0 nuddepeHnaaIbHOr0 yPaBHEHNA

"+ Py TV 4L+ Py =0 (1)
¢ HempepHIBHBIME Koadbduuuentamu P(x) (i = 1, 2, ..., n) ©UMeeT BUA
y=Cuy, +Cpy, +... +Cuy,,
TA€ Yys Yy -+-» Y, — JIMHEHHO HE3ABUCHMbIE DEIICHMA YPABHEHUS (1) (pyrda-

MEeHMAALHAA CUCMeMA peulenuil). t
2°.HeogHODOJHEIEe ypaBHeHHUs. OGwee pemenne HeodHopodHozo

AuHelinozo puddepeHnINaIbHOr0 ypaBHEHUA

-1
v+ Py TP+ L+ Py = (%) 2)
¢ HenpepsIBHLIME Koopunuentamu P(x) u npaBod 4acTbio f(x) umeer BuA
Y=y, +7, ‘

rzie y, — obiiee perrenne COOTBETCTBYIOLIETO OXHOPOAHOIC ypaBHEHNA (1), Y =

4aCTHOE pellleHue TaHHOTO HeOAHOPOXHOro ypaBHeHHs (2).
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