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20.09.2018
3aHatue Ne 3. YpaBHeHMA B YacTHbIX NPOU3BOAHbIX 1-ro nopagkKa.
MNocTpoeHue obLLero pelieHUA METOA0M XapaKTEPUCTUK.

rn.2,§3,c 64: NeNe 10, 11,13 (1), 14 (1), 15 (1)

Ne 11:

3ameyaHue o BblMUCNEHUU NPOn3BOAHbIX d)yHKLI,VIM
u(x,y) =x+y+ f(xy),
rae f(z) — nponssonbHas HenpepbiBHO AnddepeHumpyeman GyHKLMA:
UX(X, y) =1+f I(Xy) : y!
U, (x,y) =1+ F'(xy) - x

Ne 13 (1):

CeA3b Mex 0y cmapbIMu U HOBbIMU repemMeHHbIMU:
— Q¢
&=lInx, X=¢€,
<~ n -1
e’ —¢€
n:ln(y+w/y2+1) yZT:Shn
Bbipa)keHus 418 Nnpon3soaHbix dyHKkumm U(X, YY) = v(§(x, y), (X, y)) :

1
u, =V.g, +V,17, :;vg,

1 1+y \Y;

u,=v.&, +vn, = . .
y — VeSy 7yy+\/1+7 Wﬂ




MocTpoeHue obuiero pewweHna ypaBHEHNIT Memodom xapaKkmepucmuk?®.
Ne 14(1). yu, —xu, =0

1) CocTaBnsem ypaBHEHWE XapaKTePUCTUK:
dx dy
y -x
2) Pelwas ypaBHeHUE XapaKTEPUCTUK METOLOM pPasAeNeHns nepemeHHbIX,
Hangem ero nepBblii MHTErpan:
x> +y?=C.
3) Obulee pelleHMe 3a1aHHOIO ypaBHEHMA 3anuLLEeM B BUAE:
u(x,y) = F(x* +y?),
rae F(t) — npoussonbHan guddepeHumpyemasn GyHKUMA.

Ne 15(1). xu, +Yyu, +zu, =0

1) CocTtaBnsiem CUCTEMY ypPaBHEHUI XapaKTEPUCTUK:

dx dy
dx dy dz X oy’
ax_dy_d y
X 'y z dx dz
X 7
2) Pelasn ypaBHEHUA XapaKTEPUCTUK, HAlAeM ABa NepPBbIX MHTErpana:
X X
~=C,, ==C,.

y z
3) Obuiee peleHMe 3a4aHHOMO ypaBHEHNA 3aMuLLIEM B BUAE:
X X
u(x,y,z) =F| —,— |
y Z
rae F(a,b) — nponssonbHas andodepeHumpyemas GyHKums.

! http://math-it.petrsu.ru/users/semenova/UMF/Lections/Urav_Pp.pdf (Teopema 2).



http://math-it.petrsu.ru/users/semenova/UMF/Lections/Urav_Pp.pdf

[na nocTpoeHna NepBbiX MHTErPasioB XapakTePUCTUYECKON CUCTEMbI MOXK-
HO MCNONb30BaTh MMPABUsIO PasHbIX Opobeli:

Eeau umerwmes pasuwe dpobiun

aq a2 iy
Tl T h,
U NPOUIEAIEHBIE YUCAE A1, . .., Ap makue, wmo A1bi+. . 4+ Apby #
# 0, mo
ap _ay _ _ an _ Ajar+...+ Agan
K_E__K_ )ﬁ]l!}]—‘----—"}-nbnl

Mpumep NocTpoeHNs NepBbiX MHTErPaaoB AN CUCTEMbIZ:

dz  dy  dz

r4+z y+z T4y

Ilo esoiicrey papab apobeil naveen

dz — dz dy —dz ) ) .
—— — = (r—z)dlr —z) = (y— z)d(y — z).

z—y z—
WMurerpupys nociegnes papeHcTBO, MOJIYVHHM HEPBBI HHTETrpas

2 2

iz, y.z)=(z—z) —(ly—=z)" = (z —y)z+y—22).
Ilo ceoiicTBY paBHBIX ApoOeil COCTABMM eHIe 0JTHO PABEHCTBRO

de +dy+dz  de —dy - dlx+y+z)  2dix—y)

Nr+y+z) z—v z+y+tz T—y
HHTEIPHPOBAHHE KOTODROrS JaeT ellg OJHH ][(.‘p[lb[l“l HHTEI'DAJ
o | rT+y+z
Palx, Y, z2) = 7)‘}
[z —y)°

rn.2,§3,c 64: NeNe 14 (1),15 (1)

2 DuddepeHumanbHble U MHTErpaibHbie ypaBHeHUA: yuyebHoe nocobue Ans CTyAeHTOB
dU3MKO-TexHMYECKOro dakrynbTeTa: B 3 4. YacTb 2 / cocT.: H. t0. CeeToBa, E. E. CeméHoBa. —
MeTpo3aBoack: U3a-o MeTplyY, 2014, 76 c. (cTp. 61).



rn.2,83,c.64: NeNe 14 (5, 6)

PekomeHgauma. NMpumeHUTb METOA PeLLeHUA KBasUANHENHbIX YPaBHEHMA.
2 2
Ne 14 (5). yu, +Xu, = X" +Y

1) CocrtaBasem cUCTEMY ypaBHEHWU XapaKTEPUCTHK:
dx dy du
y X x2+4y?
2) OAnH NepBbI MHTErPan CUCTEMbI Haliiem, peLlas ypaBHeHMUeE:
dx_dy = x*-y’=C,.
y X
3) [OnA HaxoXAeHMA elle OAHOro MepBOro MHTerpasna, CoCTaBUM UHTErpu-
pyemyto KoMBUHaLMIO, MCMOJIb3yA NPaBM/IO PaBHbIX Apobeit:
ydx+xdy  du
y24x:  xX2+y
4) CocTaBuM ypaBHEHME A8 HaxoxaeHna GyHKLmMM U(X,Y):
(I)(x2 -y%,u —xy): 0.
5) W3 ypaBHeHWs MOXHO NONYYUTb ABHOE BblpaxkeHue s u(x,y):
u—xy=F(x*=y?) = u(x,y)=xy+F(x*-y?).
3amemum, ymo caazaemoe Xy A879emca YaCMHbIM peweHuem HeooOHo-
POOHO20 ypaBHEHUS, 0 8Mopoe caaeaemoe — obwum peweHuem coom-
semcmayroue2o 00HOPOOHO20 YPaBHEHUS.

= du—-d(xy)=0 = u-xy=C,.

2

Ne 14 (6). xyu, +(X—2u)u, =yu

1) CocTtaBnsem cUCTEMY ypaBHEHUI XapaKTEPUCTUK:
dx dy du
Xy X—-2u yu
2) OAnH NepBbI MHTErPan CUCTEMbI Hallaem, pellas ypaBHEHME:
dx du dx du u
—=— = —=— = —=C,.
Xy yu X u X

3) AN HaxoKAeHWUA elle OAHOro NepBoro MHTerpasna, CoOCTaBUM UHTErpu-
pyemyto KOMBMHaLMIO, UCNONb3yA NPaBUIO PaBHbIX Apobei:



dx—ydy  2du
Xy—(xy—2yu) 2yu
dx—ydy—-2du=0 = 2x-y’—-4u=C,.

3ameyaHue. BTopoit NepBbl MHTErPaN MOMKHO HANTU, PELLAA CUCTEMY:

u=CXx, u=Cx,

dx dy = <dx dy = {u =G, =

— = — = 1-2C,)dx=yd

Xy X-—2u yx x(1-2C)) ( Jdx = ydy
u=_=Cx, )

= ) = 2x-4u-y°=C,.
2(1-2C)x-y° =C,

4) CocTaBuM ypaBHEHME A1 HaxoxaeHna dyHKLmMKM U(X,Y):
u
(D(— 2X—y%— 4uj =0.
X

PeweHue 300aHHO20 ypasHeHUs nosay4eHo 8 HeAgHoll ghopme.

ﬁé JomaluHee 3agaHue
LJ C. 64-65: NeNe 12,13 (2), 14 (2,3).

27.09.2018
3aHATMe N2 4. YpaBHeHMA B YaCTHbIX NPOU3BOAHDbIX 1-ro nopAagkKa.
NocTpoeHue obuero peweHusa. 3agaua Kowun

Fn.2,§3,c.64-65

Ne 14 (7). fu, +yu, =L
y2
1) CocTaBnsem cuctemy ypaBHEHWUN XapaKTePUCTUK:

2
xdx = ydy = y du.
u




2) OAnH NepBbI MHTErPan CUCTEMbI Haliiem, peLlas ypaBHeHMUeE:
xdx=ydy = x’-y®>=C,.
3) BTopoit nepBbIii MHTErPan Halllem, peLlas ypaBHeHue:
2d
u dy du u
yidu _ dy_du o
u y u y

4) CocTaBUM ypaBHEHMWE A1 HaxoxaeHna GyHKLmMM U(X,Y):

CD(XZ - yz,%j =0 = u(x,y)=yF(x* —y?).

ydy =

Ne 15 (3). X’u, +y’u, +z%u, =u

1) CoctaBnsem cucTeMy YPaBHEHWUIN XapaKTEPUCTUK:
dx dy dz du
X2 y? 22 u’

2) Haligem Tpu nepBbIX MHTErpana, pellan ypaBHeHUs:

o _dy 11

T_Z_¢C,
X2 y? X y
dx dz 1 1
@x_d o 2 l_c,
x> 72 X z °
d—)z(:% = u-e”*=C,.
X

3) CocTaBum ypaBHeEHWE A5 HaxoxaeHusa GyHKuum U(X,y,2):

q{z_z,z_z,u.em}:o,

X Yy X 2z

pa3peLlan KoTopoe OTHOCUTE/IbHO u, nony4ynm:
. 1 11 1
u(x,y,z)=eF|l =-=,=-=
X Yy X z

Ne 15 (4). U, +2uy +U, =Xyz

1) CocTaBnsem cucTemy ypaBHEHWU XapaKTePUCTHK:



du
z=—-1.
Xyz
2) Haltgem Tpu nepBbIX MHTErpana, pewasn ypaBHeHUs:
d
=" = 2x-y=C,
2
dx=dz = x-z=C,.
du
3) U3 ypaBHeHna X =—— UCKAOUMM NepemMeHHble Y Z, UCNO/b3yA ABa
Xyz
nepBsbiX MHTerpana B n. 2. Moayynm
du
dx = = X(2x-C)(x-C,)dx =du.
X(2x-C,)(x-C,)
MpounHTEerpnpoBaB Nojy4yeHHoe ypaBHeHNe, byaem nmeTb

4 3 2
X

X X
U—?+(2C2 +Cl)?—ClC2?:C3.

M3 nocneaHero paBeHCTBa, UcKkAounB C; n Cp, HaNngem elle oauH nep-
BbllA MHTErpan:

u _(D(X! y! Z) = CB;
x* X3 x?
rae (X, Y,2) :?—(4x— y—22)?+(x— 2)(2x— y)?.
4) CocTaBuMm ypaBHeHMe AnA HaxoxaeHna dyHkumm Uu(X,y,2):
d(x-2z,y—-2z,u—p(x,y,2)) =0,
pa3pelwan KOTopoe OTHOCUTENDBHO U, NOJTYyYUM:

u(x,y,z) = F(x—zy—22)+o(x, y, 2).

DononHeHue K Ne 13(1). MocTpoutb obLyee pelieHUe ypaBHEHUA:

_ o8
V. +v, =eshz.

MPUMEHUTb METOA, peLlieHUA KBa3UINHENHbIX YPaBHEHUNA:
1) nocTpouTb [Ba HE3aBMCUMbIX NEPBbIX MHTErpana Aasa XapakTepuctuye-
CKOW CUCTEMDbI:



dé =dn,

dyp =2
T eéshry
eg_”(eﬂ—Zn]
Nepsbie uHterpansi: & —1=C;, ——5——=-v=C,.

2) cocTaBWUTb ypaBHeHME A8 HaXOKaeHua V.
eég_”(e”—zn)
O —m,——7—-V)=0 *)

3) paspewunTb ypaBHeHMe (*) oTHoCUTENbHO V.
eg_”(en—zn)
v(ig.n)=——7——-F(&-n).
Ne 17 (1): xu,+yu, =1 u(x1)=x
Obuiee pelweHMe NOCTPOEHO (AomaluHee 3agaHune, No14(2)).

Obuee pewenune: U(X,Y) = F(%)"' In|y|

3apaua Kowwn. Bbigensiem YacTHoe pelleHune 13 obLLero, Mcnosb3ys 3agaH-
Hble YCN0BUA.

Ons Haxoxaenus dyHKumm F ncnonbsyem ycnosme U(X,1) = X :
u(x,l) = F(x) = x.
PeweHue 3agaumn Kown: U(X,Y) = % + In|y|.

%' ,D,OMaI.IJHee 3agaHue
“=| C.64-65: NoNe 14 (4), 15 (2), 17 (2,5).




4.10.2018
3aHATMe N2 5. YpaBHeHuA B YacTHbIX NPOM3BOAHDbIX 1-ro nopAaakKa.
NocTpoeHue obuwero peweHus. 3agaya Kowwn

n.2,83,c.65

Ne 17 (3): Xu,+yu, =2xy, u(x,x)=Xx".

38&3‘43 Kowwu. Boigenaem yactHoe peweHne n3 O6LLI,€I'O, Mcnonab3yA 3a4aH-
Hble yC/10BUA.

Obuwee pewenune: U(X,Y) = F(§)+ Xy

Ons HaxoxaeHus dyHKumm F ncnonbayem ycnosme U(X, X) = X
u(x,x)=F@Q+x*=x*> = F()=0.
PeweHue 3agaun Kown: U(X,Yy) = F(§)+ XY, rae F — npoussonbHas

anddepenumpyemas GpyHKuma, aaa kotopoin F (1)=0.

X
2 2
Ne 17(6): X°U, —Xyu, =-y~, u(x,x):1+§.
1) XapakTepuctuuyeckas cuctema:
dx dy du
x> —xy -—y?
2) MepBble UHTErpasibl XapaKTEPUCTUUYECKOM CUCTEMDI:

2

xy =C,, u—%:cz.

2

3) Obuwee peweHne: U(X,Y) = % + F(xy).

4) YacTHoe pelueHue:
u(x,x):§+ F(x2)=1+§ = F()=1,

2

u(x, y)=%+1.



Ne 17 (7): XU +Yyu,=u—xy, u(x,2)=1+x"

1) XapaKkTepucTuyeckasa cucTema:
dx dy du
X y u — Xy
2) MepBble MHTErpasibl XapaKTEPUCTUYECKOW CUCTEMBI:

a) %:ﬂ, 5:Cl.
X y 'y
b) Pewas ypaBHeHue:
dy  du
y u-xy’
npu ycnosun X =YyC;:
du u
d_yzy_cly! U=C2y—Cly2=C2y—Xy,
Hallgem elle 0AMH NepBblil HTerpan:
u+ Xy _c,
y

3) O6uwee pewenne: U(X,Y) = yF(l] — Xy.
y

4) YacTHoe pelueHue:

U(X’2)=2F(§]—2X=1+X2 = F(§j=—(x+l)2, F(t) =

2

u(xly):y.m_xy:M_

XYy.
2 2y y

Ne 18 (1): xu, +yu, +zu, =0, u@y,z)=y*+z>%

1) Obuwee peweHune ypasHeHua (cm. Ne 15(1)):
u(x,y,z) = F%%)

2) BblaeneHue 4acTHOro pelleHnn (peleHmre 3agaun Kowm):

(2t +1)°

2



1 1
u(l,y,z)=F(%,%) y® +2° :>F(y,z)—7 =z

CnepoBaTenbHo,

u(x,y,z)=(%) +(§j . u(x, y,z)—yxi

Ne 18(2): u, +u,+u,=xyz, u(0y,z)=y-z

1) Obuwee peweHue ypasHeHuMa (cm. Ne 15(2)):
4

X @x=y=2"X (x=y)(x-2)X’
4 3 2

u(x,y,z) = +F(X-Yy,x-2).

2) BblaeneHue 4acTHOTo pelueHus (peweHue 3agaum Kowwm):

u@,y,2)=F(-y,-2)=y-z = F(y,2) =2~y

CnepoBaTesnibHoO,
4 _ _ 2.3 B B )
ey, = YD NOEDE

— ﬂ,OMaLLIHee 3aAdHue
=] C.65: NeNe 17 (2,5), 18 (4), 19.

MoaroToBKa K camocTosaTeibHOM paboTe (11.10.18) no Teme:
«lMpocTelilne ypaBHEHMA B YAaCTHbIX NPOU3BOAHbIX. MeTo XapakK-
TEPUCTUKY.

Mpumep BapmaHra:

Haiigure obimee pemenne ypapHeHRN:

1) ruzy—uy,=r+y,

2) (1-z2%u, —u, =2r.

3apaHue c nekumu. MoctpouTb obLlee pelweHne V(E,1) ypaBHeEHUA

v,m—— =0.




