YpaBHeHUA matemaTtuueckoi ¢pusmnkn: C60pHUK npumepos
u ynpaxHenwii / Coct. A.A. Poros, E.E. CemeHoBa, B.U. Yep-
Heukun, J1.B. LLleronesa. — MeTposaBoack: M3a-so Metply,
2001.

18.09.2020
3aHatue Ne 3. YpaBHeHMA B YacTHbIX NPOU3BOAHbIX 1-ro nopagkKa.
MNocTpoeHue obLLero pelieHUA METOA0M XapaKTEPUCTUK.

n.2,83,c.64

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):

CeAa3b Memdy cmapbiMmu U HoebiIMU nepemeHHbIMU:

_ ot
&=lInx, X=¢€,

n:m@+4y2+ﬂ = y=91151:sm7

2
Bbipa)keHus 418 Nnpon3soaHbix dyHKkumm U(X, YY) = V(§(X, y), (X, y)) :

1
W=%§+Wm=;%’

1 |1+ y v

u,=v.& +vn, = )
y — Veoy Ty y+ﬁ:?_ ﬁ:?‘n




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 gudpdepeHumpyeman 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 ypaBHEHWA 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

11 as i
by b T by,
U NPOUIEAIEHBIE YUCAE A1, . .., Ap makue, wmo A1bi+. . 4+ Apby #
# 0, mo
a; _ ag an  Arap 4 ..o+ Anag
L1 ba by, Arby + o0+ Anby

Mpumep NocTpoeHNs NepBbiX MHTErPaaoB AN CUCTEMbIZ:

dz  dy  dz

r4+z y+z T4y

Ilo esoiicrey papab apobeil naveen

de—dz  dy—dz

= (z—2)d(xr —2)=(y— 2)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 L']i(}l“(:']‘[i}-’ PABHBLIX l.'[.p(}(}(}lnl COCTABHM e1lle OJIHO PAaBEeHCTBO

dr +dy+dz dr—dy - dlx+y+z)  2dix—y)

Nr+y+z) z—v z+y+tz T—y
HHTEIPHPOBAHHE KOTODROrS JaeT ellg OJHH ][(.‘p[ib[l“l HHTEI'DAJ
o | r+y+4+z
Polz,y,2) = 7’f}
[z —y)*

rn.2,§3,c.64: NeNe 14 (5, 6)

PekomeHgauma. NpUmMeHUTb METOZ PeLLEHUA KBasUANHENHbIX YPaBHEHU,

2 DuddepeHumanbHble U MHTErpaibHbie ypaBHeHUA: yuyebHoe nocobue Ans CTyAeHTOB
dU3MKO-TexHMYECKOro dakrynbTeTa: B 3 4. YacTb 2 / cocT.: H. 10. CeeTtoBa, E. E. CeméHoBa. —
MeTpo3aBoack: U3a-o MeTplyY, 2014, 76 c. (cTp. 61).



Ne 14(5). yu, +Xu, =X+’

1) CocrtaBnsem cucTemy ypaBHEHWUIN XapaKTEPUCTUK:
dx dy du
y X xi+y?
2) OpMH NepBbIft MHTEFPAN CUCTEMbI HAUAEM, peLlas YypaBHEHMUE:
dx dy
y X
3) AnAa HaxoKAeHUA elle OAHOro MepBoro MHTErpana, CoCTaBUM WHTErpu-
pyemyto KoMBUHaUMIO, UCNOb3yA NPABMAO PaBHbIX Apobeii:
ydx+xdy  du
y2+x>  X2+y
4) CocTaBuMm ypaBHeHME A1 HaxoxaeHna dyHKummM U(X,y):
CD(X2 —-y2,u —xy): 0.
5) M3 ypaBHEHUA MOXHO NOJyYnTb ABHOE BbipaxeHue ana u(x,y):
u—xy=F(x*-y?) = u(x,y)=xy+F(x*-y?).
3amemum, Ymo cnazaemoe XYy A879emcsa YaCMHbIM peweHuem HeoOHO-

POOHO20 YpaBHEeHUs, 0 emopoe crigzaemoe — obuUM pewieHuem coom-
eemcmayrouje2o 00HOPOOHO20 YPABHEHUA.

x* —y?=C,.

= du—-d(xy)=0 = u—-xy=C,.

2

Ne 14 (6). Xxyu, +(X—2u)u, = yu
1) CocrtaBnsem cucTemy ypaBHEHWI XapaKTEPUCTUK:
dx dy du
Xy X—-2u yu
2) OpMH NepBblit MHTErPaN CUCTEMbI HAWAEM, PeLLasn YpaBHEHME:

dx du dx du u
—=— = —=— = —=C,.
Xy yu X u X
3) BTopoit NepBblit UHTErpan MOXHO HaiTK, pellan cucTemy:

u=_Cpx, u==Cx,

u==Cyx,
dx_ dy = qdx_ dy =

=
(1-2C,)dx = ydy

Xy Cx-2u yX - X(1-2C))



u=Cx, )
) = 2x-4u-y°=C
21-2C)x-y°=C,

3amevaHue. nA HAXOXKAEHUSA elle O4HOro NepPBOro MHTErpasa MOMKHO
6bII0 COCTaBUTb WMHTETPUPYEMY0 KOMBWHAUMIO, WUCNO/b3ys MPaBWUIO
paBHbIX Apoben:

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

4) CocTaBuM ypaBHEHME A1 HaxoxaeHna dyHKLmMKM U(X,Y):

@(E,ZX —y? —4uj =0.
X

PeweHue 3a0aHH020 ypagHeHUs nosy4eHo e HeseHoli hopme.

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

25.09.2020
3aHATMe N2 4. YpaBHeHMA B YaCTHbIX NPOU3BOAHDbIX 1-ro nopAagkKa.
NocTpoeHue obuero peweHusa. 3agaua Kowun

rn.2, § 3, c. 64-65
Ne 14 (7). L1u, + %u u
2
y
1) CocTaBnsem cuctemy ypaBHEHWUN XapaKTePUCTUK:

xdx = ydy=-"—— y du

2) OAvH NepBblii MHTErpan cUCTEMbI HaAeMm, peLlan ypaBHeHue:

xdx=ydy = x’-y*=



3) BTopoit nepBbIii MHTErPan Hallem, peLlas ypaBHeHMe:
“du dy du u

ydau = dy_d = —=C,.
u y u y

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

CD(XZ - yz,%j =0 = u(x,y)=YyF(x* —y?).

ydy =

Ne 15(3). Xx°u, +y°u, +z°u, =u

1) CocrtaBnsem cucTeMy ypaBHEHWUIN XapaKTEPUCTUK:
dx dy dz du
X2 y2 2 u’

2) Haligem Tpu nepBbIX MHTErpana, pellasn ypaBHeHUs:

o _dy 11

- T_—-cC,
X2 y? X y
dx dz 1 1
&_% 2 _c,
x? 72 X z 2
d—)z(:% = u-e”*=C,.
X u

(D(l_i’l_l,u.elli:O,

X Yy X z
pa3pelwan KOTopoe OTHOCUTE/IbHO U, MOJIy4Ynm
1 111
u(x,y,z)=eF| = -=,=-=
X Yy X z

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

1) CocrtaBnsem cucTemy ypaBHEHWI XapaKTePUCTUK:
d du
dx= _ g,
2 xyz
2) Haligem Tpu nepBbIX MHTErpana, peLlan ypaBHEHUS:



2
dx=dz = x-z=C,.
u
3) U3 ypaBHeHna AX=——  UCKAOUMM NepeMeHHble Y Z, UCNO/b3yA ABa

Xyz
nepsbIX UHTerpana 8 n. 2. Noayunm
dx = du = x(2x-C,)(x~C,)dx = du.
X(ZX_Cl)(X_Cz)

MpounHTerpMpoBaB NosiyyeHHoe ypaBHeHue, byaem nmeTb
4 3 2

X X X
u—?+(2C2 +Cl)?—C1C2?=C3.

M3 nocnenHero paBeHCTBa, UCKAouMB C; n C;, HANAEM elle oauH nep-
BbI UHTErpan:

u _¢(X! Y, Z) = C3;
x* X3 x?
rae ¢(X,Y,2) :?—(4x— y—22)?+(x— z)(2x— y)?.
4) CocTaBuM ypaBHeHME gNa HaxoxaeHna dyHkumm U(Xx,y,2):
O(x—-z,y—-2z,u—p(x,y,2)) =0,
pa3pellaa KOToOpoe OTHOCUTE/IbHO U, MONYy4YnMm:

u(x,y,z) = F(x—zy—22)+o(x, y, 2).

DononHeHue K Ne 13(1). MocTpouTb obLiee pewieHUe ypaBHEHUA:
_of
V. +v, =e-shz.
MPUMEHUTb METOL, peLLeHUA KBAa3UINHENHbIX YPaBHEHUN:

1) nocTpouTb ABa HE3aBUCUMbIX MEPBbIX UHTErpana ANsA XapaKTepucTuye-
CKOW CUCTEeMbI:

d& =dn,
dyp=—2
egshn

eﬁf‘”(ez’?—zn)
Nepsbie uHterpansr: & —n=C;, ——45—~-v=C,.



2) cOCTaBUTb ypaBHEHME A8 HAXOMAEHUA V.
e‘f‘”(ez’?—znj
O(E-n,——7—>-V)=0 *)

3) paspewunTb ypaBHeHMe (*) oTHocUTeNbHO V.
et (%121
V(g =——5—"-F(E-n)
Ne 17 (1): xu,+yu, =1 u(x1)=x
Obuiee pelweHne NOCTPOEHO (AomaluHee 3agaHune, No14(2)).

Obuwee pewenune: U(X,Y) = F(%)"‘ In|y|

3agaua Kowm. Bbigensem yactHoe pelieHune ns obuiero, UCnosb3ya 3agaH-
Hble ycnosua.

Ans Haxowaenns dyHkumm F ncnonsayem ycnosme U(X,1) = X :
u(x,l) = F(x) = x
PeweHue 3agaumn Kown: U(X,Y) = % + In|y|.

é‘ JomalwiHee 3agaHue
L.J- C. 64-65: NeNe 14 (4), 15 (2),17 (2).

B No 14(7) nocTtpouTb obliiee pelleHne ypaBHEeHUS, NPUBEAS ero K
KaHOHWYECKOMY BUAY.

2.10.2020
3aHATMe N2 5. YpaBHeHuA B YacTHbIX NPOU3BOAHDbIX 1-ro nopaakKa.
NocTpoeHue obuwero peweHusa. 3agaua Kowwn

n.2,83,c.65

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



3agayva Kowu. Bbigensem yactHoe pelueHue us obLiero, MCcnosib3ysa 3agaH-
Hble ycnosua.

Obuwee peweHune: U(X,Y) = F(%)-i- Xy

Ans Haxowaenna oyHkumm F ncnonbayem ycnosme U(X, X) = X :
u(x,x)=F@Q+x*=x*> = F(1)=0.
PeweHue 3agaun Kown: U(X,Yy) = F(§)+ XY, rae F — npoussonbHas
andoepeHumpyemas GyHKuma, ana kotopoin F (1)=0.
2

Ne 17 (6): X°u, —Xyu, =—y?, u(x,x):1+§.

1) XapaKkTepucTuyeckasa cucTema:

dx dy du
X -xy -y
2) MepBble MHTErpasbl XapaKTEPUCTUYECKOW CUCTEMDbI:
xy=C,, u —y—2=C2.
3X
y2

3) O6uwee pewenne: U(X,Y) = ™ + F(xy).
X
4) YacTHoe pelueHue:
u(x, x) =§+ F(x?) =1+§ = F(t) =1

2

u(x, y)=%+l.

Ne 17 (7): Xu,+yu, =u—Xxy, Uu(x,2)=1+x".

1) XapakTepucTuyeckasa cucTema:
dx dy du
X y u — Xy
2) MNepBble UHTErPasIbl XapPaKTEPUCTUYECKOM CUCTEMDI:




a) %:ﬂ, E:Cl.
X 'y 'y

b) Pewas ypaBHeHue:

npu ycnosun X = YyC;:

du u
d_yzy_cly! u =C2y_C1y2 =C2y—xy,
Halgem elle oAuH NepBbIi HTEerpan:
U+xy _ c,
y

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

4) YacTHoe pelleHue:

u(x,2) =2F X -2x=1+x> = F X :_(X+1)2’ F(t):(2t+l)2_
2 2 T,

2 2
u(x,y): y.m_xyzw_

XYy.
2 2y y

Ne 18 (1): Xxu +yu,+2zu, =0, u(ly,z)=y*+z°
1) Obuiee peweHune ypasHeHuMA (cm. N 15(1)):
u(x,y.2) =F(%.%)

2) BblaeneHue YacTHOTO pelueHus (peweHune 3agaum Kowwm):

1 1
U(l, yl Z) = F(%,%): y2 +22 = F(y,Z) =7+

72

CnepoBaTenbHo,

u(x,y,z):(%) +(§j u(x,y,z)=y ;Z .




Pa3obpaTtb camocToATeNbHO:
Ne 18 (2): u +u,+u,=xyz, u(0y,z)=y-z.

1) Obuwee peweHune ypasHeHusa (cm. Ne 15(2)):
4

U(X, y’z):XT_(ZX—y; Z) X N (X—y)(;(—z)x

+F(X-Yy,x=12).

2) BblgeneHue 4acTHOrO pelueHus (peweHue 3agaum Kowwm):

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

CnepoBaTenbHo,
X 2x-y-2)°x®  (x—y)(x—2)x>
u(x,y,z):——( y—1) +( y)(X—2) fy-z.
4 3 2
—| [OomawHee 3apaHue
= C.65: NeNe17 (5), 18 (4), 19.

MoarotoBKa K camocTosiTenbHoM pabote (9.10.20) no Teme:
«MpocTeiiwmne ypaBHEHUA B YaCTHbIX NPOU3BOAHbIX. MeToa XapakK-
TEPUCTUKY.

Mpumep BapmaHra:

Haiigure obimee pemenne ypapHeHRN:
1) ruzy—uy,=r+y,

2) (1 —z%)u, —u, =2z

u

3apgaHue c nekumu. MoctpouTb obLuee pelweHne V(E,1) ypaBHeHUA

_1ly —
Vo =5 Vs =0.

CamocTosTesibHasA pabota Ne 1 (yacTb 2).
BapuWaHTbl 3a4aHNi
Cpok BbinonHeHua — 31.10.20



https://math-it.petrsu.ru/users/semenova/UMF/Praktika/Sam_Tasks/SR-1_part-2.pdf

