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BBenenue

9TO 1mOoCOOMEe OTHOCHTCSA K CEePUU METOJIMYEeCKHX I0COOUii, MOCBS-
IMIEHHBIX H3JI0XKEHHIO PA3JIMYHBIX CIEIUAJIbHBIX Pa3JIeJ0B MaTeMaTH-
KH, U IpeIHa3HATeHO s npenofapareneit u cryaearop MATH. Iloco-
Ome OTINYAeTCs OT UMEIONINXCS YIeOHUKOB U IPYTHUX TOCOOUi GOTbITei
JIOCTYITHOCTBIO U3JI0ZKEHHS U y4eToM crernudukn rexaundeckoro BY3a,
OHO MOXKeT ObITH MCHOJIB30BAHO MPENOIABATEISIMA TP TOATOTOBKE K
JIEKIIUSIM, TTPOBEJEHUIO 3aHITH, a CTYJIeHTaMI — MPU CAMOCTOSITE b
HOI paboTe W TMOATOTOBKE K K3aMEHAaM.

JlanHoe MeTOo/ImYecKoe IocoOHe IOCBAIIEHO HU3J/I02KEHHIO BOIIPOCOB,
OTHOCSAMINXCS K KYPCY YPaBHEHHUIl ¢ YACTHBIMU MPOU3BOIHBIME (ypaB-
HeHWI MarTeMaTudecKoil husnkn). PaccMaTpuBalOTCs OCHOBHBIE MOHSI-
THS M OIpEJIeJICHNS], CBSI3aHHbIe ¢ YPABHEHUAMH C YACTHBIMH IPOU3-
BOJIHBIMH M BOIIPOCHI IPUBEICHHUS K KAHOHHMIECKOMY BUJIY JHHEHHBIX
ypaBHEHHIT BTOPOrO HOPsijiKa. B MOC/Ieayonux BhIIYyCKaX MTPeIno/ia-
raeTcs M3JI0KUTHh BOIPOCHI, OTHOCATIINECS K aHAJUTUIECKIM METO/IaM
pellleHns OCHOBHBIX ypaBHeHH MareMaTiaecKoit (usuku (rumepbosin-
YeCKUX, MapaboInIecKUX W /THITHIECKHX ) H YHCTEHHBIM METOIAM UX
peleHnii.

Mziokenue BeJieTcsd Ha yPOBHE MaTeMAaTHIECKON CTPOTrOCTH, JI0CTa-
TOYHOM JIJIsI PellleHus] NPUKJIAIHBIX 337349 B yIOOHOM JIjIsI YCBOEHUSA
MaTepuaJia OYIyIIUMHA HH:KeHepaMHU-TeXHoJoraMu. VHorjga okasbiBa-
ercs yJ00HbIM He OroBapuBaTh LOAPOOHO ycjioBus juddepennupye-
MOCTH, HAKJIabIBAEMble HA UCIO/b3yembie pyHKImu. OObITHO cUnTa-
ercst, 9T0 (PYHKIUU UMEIOT CTOJBKO TTPOU3BOIHBIX, CKOJIBKO 9TO HEO0-
XOJMMO B paccMaTpuBaeMoM ciaydae (B Hambosiee BayKHBIX BOMPOCAX
yeaoBust auddepeHimpyeMocT Bee ¥Ke sIBHO yKasbiBarorcsi). Kpowme
TOro, Bce (PYHKIMH IPEIoIaraloTcsd 3aJJaHHBIMA B MX €CTECTBEHHON
obJ1acTH oIlpeeseHus, KOTopas gBHO He BCErJa OIOBAPHBAETC.



Tmasa 1

YPABHEHUA ITEPBOT'O ITIOPAJIKA

§1. OOmue nmoHATUSA

[IycTh umeercst GYHKIUS U HE3aBUCHUMBIX ITEPEMEHHBIX X1, L, . . .,
Tp. YpaBHEHHEM C YaCTHBIMH TPOU3BOJHBIMU HAa3bIBAETCA COOTHOIITE-
HHe, CBSI3BIBAIOINEEe TepeMeHHbIe T, Xs,...,~T,, (PYHKIUIO U U BCe ee
YaCTHBIE TTPOU3BOJHBIE JIO HEKOTOPOTO MOPSIKA

F(xy, oo Tny Uy Uy e ey Uy Uyy s Uy s - - -) = 0. (1.1)

Iopadkom ypasHenus HA3BIBACTCS IOPAIOK CTApIICH IIPOM3BOMHOIM,
BXOJAIIEH B 5TO ypaBHEHHE.

Oynkuus v = u(xy,...,T,) HABBIBACTCI DEUEHUEM YPABHEHUA
(1.1), ecm mpu TOJCTAHOBKE €€ B 3TO ypaBHEHHE OHO 0Opariaercs: B
TOXKAECTBO ITPpU AJOIIYCTHUMBIX 3HaYCHHAX apryMeHTOB. COBOKyHHOCTb
BCEX PENICHUil ypaBHEHUS HAZBIBACTCA 00ULUM PEULCHUEM.

PaccMOTpuM HEKOTOpBIE NPUMEphl YPABHEHHMH € YACTHLIME IPOU3-
BOJIHBIME J1JTs1 (DYHKITMH, 3aBUCSIIEH OT JBYX MepeMeHHbIX u = u(x,y).

IMpumep 1.1. Ilycrs gano ypasuenue u, = (. 1o ypaBaenue (pak-
THYeCKH O3HadaeT, 410 GyHKuus u(x,y) He 3apucut or x. Cregona-
TeJILHO, PelleHuAMH [ABIA0TCA, Hanpumep, bynkuud u(z, y) = y>+ 2y,
u(z,y) = e¥ + siny. O6mee pemenne: u(x,y) = C(y), tae C' — mpous-
BOJIbHAA DYHKIUS OJHOM ImepeMeHHoi ¥.

ITpumep 1.2. Paccmorpum ypasrenne u, = f(z,y). Juaa naxox-
JIEHUs PelleHns STOr0 ypaBHEHHs IPOMHTEIPUPYEM €TI0 110 IIePeMEeHHO
x

/umdx:/f(x,y)dx—l—a (1.2)

[Ipy WHTErpHpOBaHUU MO T MBI CUATAEM ¥ IMOCTOSHHBIM U IOITOMY
upousposibHas nocrosinaast C' B (1.2) Mozker 3aBucers or y. Tem cambim
ob1itee perieHne MMeeT BHI:

u(z,y) = /f(:v,y) dz + C(y).

IIpumep 1.3. Ilycts gamo ypasmenue u,, = 0. 13 mpumepa 1.1
caeayet, ato u, = C(y). Pemras 310 ypaBHeHne aHAJOTHIHO TOMY, KaK
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§2. BAJTAYA KOIIIT 4

pemajioch ypasuenue B npumepe 1.2, yjgaem umeTh

ule,y) = / Cly) dy + Cr(x).

O6osnaanm Cy(y) = [ C(y) dy. Torna ofmee permenus nupumer Bux
u(z,y) = Ci(x) + Co(y).

3amMeruM, 9T0 B OTJIHIHE OT ODIIEro pereHnst OObIKHOBEHHOTO ud)-
depeHImaIbHOTO yPaBHEHU, 3aBUCAIINETO OT MPOU3BOJIBHBIX MOCTOSH-
HBIX, O0ITlee pellleHne YpaBHEHUS ¢ YaCTHBIMU ITPOU3BOTHBIME 3aBUCHT
OT TIPOU3BOIBHBIX (DYHKITHIH.

§2. 3amaua Koru

Bynem paccmarpuBarh ciiydail, Korjga nckoMas (OyHKIUS U 3aBUCUT
OT JIBYX MEepEeMEeHHbIX ,y. 1orma ypaBHeHUe MepBOTO MOpsIka Oyaer
AMeTb BUJL

F(x,y,u,uy,u,) = 0. (2.1)

Besikoe pemenne ypashenus (2.1) u = u(x,y) Gynem Ha3blBaTh UH-
meepasvholi noseprrocmoio (rpaduk pelreHusi — MOBEPXHOCTH B IPO-
CTPAHCTBE ¢ KOODJMHATAMH X, Y, U).

st Toro, 9robbl U3 COBOKYNMHOCTH BCEX pellleHuii ypaBHenuii (2.1)
BBLJIEJIMTH HEKOTOPOE 4YacTHoe pelieHue, dpopmysupyercs 3ajada Ko-
mu: HafiTu perenne ypasaerust (2.1), ya1oBaeTBOPSIOINIEe yCIOBHIO

u(z,y)| . =ely),

r=x0

rae ¢(y) — Hekoropast 3ajaHHast QyHKITHS.
O6oznaunM 1epe3 | KPUBYIO B MPOCTPAHCTBE I, Y, U, 331aBAEMYIO
ypaBHEHUSIMHU

r=2xy, u=py). (2.2)

Tora 3amaga Komum umeer ciepyiomnuii reoMeTpruaecKuii CMbICI: Cpe/in
BCEX HHTETPAJIBHBIX [MOBEPXHOCTEH HANTH Ty, KOTOpas MPOXOIUT Yepe3
3a/IAHHYI0 KPUBYIO [.

MozkHO mocTaBUThH Oojiee obmyIo 3amady Koru, He orpaHuvunBas
KpuByIo [ Buziom (2.2), a 6epst IPOU3BOJIBHYIO IIPOCTPAHCTBEHHYIO KPH-
By10. Eciin 0603Ha9nTh 9epes A mpoekIiuio KpuBoil Ha MI0CKOCTD (2, y),
TO 3Ta 337a4a Komm MoxkeT ObITh C(OOPMYIUPOBAHA CJIEYIONUM 00-
pasoM: HaiiTu pererue ypasHeHusi (2.1), yA0BIeTBODSIIOIIEe YCIOBHIO

u<x7 y) | (zy)ex 90(I> y)



§3. JUHEMHBIE OJHOPO/IHBLIE YPABHEHIA TTEPBOI'O TIOPAIKA 5

§3. JlumeiiHble OTHOPOJAHBIE YPABHEHNUS MEPBOTO MOPSIAKA

YpaBHeHUe ¢ YaCTHBIMH ITPOU3BOHBIMU HA3bIBAETCA JIMHERHBIM, €C-
Jau uckoMas byHKnug u(x,y) W ee JaCTHBIE MTPOU3BOJHBIE BXOIST B
ypaBuenue jguHeiino. Takum obpa3om, JIHHEHHOe ypaBHEHHE IIEPBOIO
TTOPSIIKA UMeeT BU/I

A(z,y)ug + B(z,y)uy + Clz, y)u = f(z,y), (3.1)

rae A, B, C'u f — 3ananubie dyakuun. Ecan f(z,y) = 0, To ypaBHeHHe
Ha3BIBAETCS 00HOPOOHbIM.

OTmeTnM, 9TO OCHOBHBIE CBOWCTBA JMHEHHBIX ypaBHEHUH ¢ JaCT-
HBIMHI IIPOU3BOJIHBIME BO MHOI'OM QHAJOTHYIHBI CBOHCTBAM OOBIKHOBEH-
HBIX JIMHEHHBIX AuddepeHnna bHbIX ypaBHenuit. Tak, HampuMep, Jin-
HeifiHas KOMOMHAIHSI PelleHUil OJHOPOIHOIO YPaBHEHU TOKE SBJISETCS
pelrerreM 3Toro ypasHerus. OOInee pelreHne HEOIHOPOIHOTO ypaBHe-
HHUSI MOZXKET OBITH IPEJICTABICHO B BIIE HEKOTOPOIO YaCTHOTO PEIIeHUsT
1 OOIIEro perieHnsi COOTBETCTBYIOIIET0 OJIHOPOJIHOIO YPABHEHHS.

Bynem paccmarpuBarh cHadaJia OTHOPOIHOE JHHEHHOE ypaBHEHHE
BHIA

Az, y)uy + B(x,y)u, = 0. (3.2)

DTOMY ypaBHEHHIO MOCTABUM B COOTBETCTBUE CUCTEMY OOBIKHOBEHHBIX
nudepeHnuaabHbIX ypaBHEeHUI

dx

1 :A(I7 )7

% . ’ (3.3)
% - ($7y)7

KOTOPYIO 6y/IeM HA3BIBATD TAPAKMEPUCTIUECKOT CUCemot IS ypaB-
wenus (3.2), a Besikoe perrenne x(t),y(t) 910 cuCTEMBI HA30BEM Za-
PAKMEPUCTIUKOT].

Oynkuus @(x,y), He CBOJIAMIAICS TOXKICCTBEHHO K MOCTOSHHOM,
uin paBeHcTBO (2, y) = C Ha3BIBAETCH MEPBBIM HHTEIPAJIOM CHCTEMBI
(3.3), ecsin IpH TOJICTAHOBKE B Hee JIIOOTO PeIeHHsl CHCTEeMBbI TT0JTy da~
eTcsd MOCTOAHHAS BeJIHYNHA, 3aBUCAIIAS JIUITH OT BEIOOpA PEIICHHS.

TEOPEMA 3.1. ITycmo p(z,y) = C ecmv nepend unmezpan cu-
cmemws (3.3). Tozda dynryus u = o(x,y) ydosaemeopsem ypasHeH w0
(3.2).

JIOKABATEJBLCTBO. [lojgcraBum B 1epBblit MHTErpaj CUCTEMBI
(3.3) kakoe-ymbo permenue x(t),y(t) sroit cucremsr. [loxyanm

e(z(t),y(t)) = C.
BosbmeM mpousBogHyio 1o t or 0b6eux JacTeil ITOro paBeHCTBA

do(x(t),y(t))  dx dy
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[Mockombky z(t),y(t) — pemrenns xapakrepucTndeckoit cucreMs (3.3),
nMeeM

0 A(x,y) + oy B(x,y) = 0.
B cuty Toro, 4to mocjiejHee paBeHCTBO BBIOJIHEHO JJId JIOOOTO pe-
mennst cucreMsl (3.3), OHO COPaBEJIUBO JJIsl JIOObIX X, Y, BXOJSIIHX B

obsiacthb onpejesienust. TeM cambiM DYHKIHSL ¢ YIOBJIETBOPSET ypaB-
mernio (3.2). Teopema mokaszana. O

MozKHO T0Ka3aTh U 0OpaTHOE yTBEPXKICHUE.

TEOPEMA 3.2. Iycmov dynryus u = p(x,y) ydosaemsopaem ypas-
nenuto (3.2). Tozda p(z,y) = C ecmov nepswud unmezpas cucmemo

(3.3).

JTOKABATENBLCTBO. [oacrasum B byHKImO ¢(, y) Kakoe-HUOY/ b
perterne cucrembl (3.3) 1 BO3bMeM MOJTHYIO MPOU3BOIHYIO O ¢

do(x(t),yt)) _  da dy
i a
[TockoJIbKY (o — perienne ypapaenus (3.2), umeem

dp(x(t), (1))
dt

= . Az, y) + ¢, B(x,y).

= 0.

CiieroBaTenbho,

p(x(t),y(t) = C,
a 910 1 o3Havaer, 90 @(x,y) = C ecTh NEPBBI HHTErPAT CHCTEMBI
cucrembl (3.3). Teopema mokazaHa. O

JlokazaHHbIE JIBE TEOPEMbBI YCTAHABJIMBAIOT SKBUBAJEHTHOCTH MOHS-
THii IepBOro MHTErpaa cucreMbl (3.3) u pemenus ypaBaenust (3.2).

Ecmu ¢(z,y) = C — mepsbiii uarerpan cucrems (3.3), T0 mpomns-
BosthbHast byHKIMsT F(¢) gBiseTcss TakkKe MEPBHIM HHTETPATIOM TOM
cucrembl. CirreioBaresibao, o TeopeMe 3.1 F'(p) yaoBiIeTBOpsieT ypas-
HeHWO (3.2) mpu MPOM3BOJIBHON JOCTATOYHO TIajKo# dbyHKIun F.

MO2KHO OKa3aTh, YTO IPU BBHINOJHEHUH HEKOTOPBIX YCJIOBUI BCs-
KOe pelieHne ypapHeHHs1 (3.2) MoxkeT ObITH IMPEJICTABJIEHO B BUJIE
u = F(p). OTcroga BeITEKAET CJIEAYIONIee MTPABIIO: YTOOBI HAWTH 00-
mee perenne ypapaenust (3.2), HaJI0 COCTABUTH XapaKTePUCTHICCKYTO
cucremy (3.3) u HaiiTu mEpBbIi HHTErpa 31oi cucrembl. ObIee perre-
Hue ypaBHeHus (3.2) Oyaer

u=F(p),

riae F — npousBoJibHasg OYHKIUS.

ITpumep 3.1. Paccmorpum ypaBhenue

LUy + YU, = 0. (3.4)
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XapaKTepI/ICTI/ILIeCKaH CucTeMa AJId 9TOTO YpaBHEHUA:

dx
g " 3.5
dt '

Perienne 910l cucTeMbl (XapaKTePUCTHKN) UMEET BHT

x = Cé,

Yy = Cget.

[TepBbiM mHTErpasoM cucteMsl (3.5) sBiaserca byuxmus p(z,y) = v
x

CaenosarenbHo, obIee perenne ypaHenus (3.4) Oyaer

u(r,y) = F (%) :

T.€. IPOU3BOIbLHAL OMHOPOAHAS (DYHKIMS IEPEeMEHHBIX T, 1.

Jl1s1 HAXOXKIEHU IIePBOr0 HHTErPaJa XapaKTepPUCTHICCKOH cucre-
MBI (3.3) MOYKHO MCKJIIOUATH IEPEMEHHYIO ¢ U IOy YUTh OOBIKHOBEHHOE
nucdepeHmaIbHOe YpaBHEHHE

dy _ B(z,y)
= = —27 (3.6)
dr  A(z,y)

Eciau y = y(x, C') — obliee pelieHne 5T0ro ypaBHEHHsI, TO BbIPA3IM
HPOM3BOILHYIO NOCTOAHHYIO C' yepes x, i U IOy IUM II€PBBId HHTErpaJl
cucremsl (3.3) p(x,y) = C. AHATIOTHYHO MOCTYIINM, eCI OyIeT HaiileH
o6mmuit uarerpas ypasueunus (3.6) F(z,y,C) = 0.

IIpumep 3.2. PaccmoTpum ypaBHEeHHE

Y, — Uy = 0. (3.7)
XapaKkTepucTuieckas CHCTeMa OyaeT UMeTh BHI
dx
- =Y,
¢ 3.8
@ . (3-8)
dt '
Uckmoanm nepeMeHHyto ¢ U3 9T0i CHCTeMbl
dy  «x
de vy

Paznenssa nepemenubie, moiydum
ydy = —xdx.

[IpounTerpupoBas 3TO ypaBHEHUE, HAXOIUM €10 OOl HHTErPaJT
v? +yt = C.

DTO COOTHOIIEHUE OJHOBPEMEHHO SIB/ISIETCS MEPBBIM WHTEIPAJTIOM JIJTsi
cucrembl (3.8). 3ameTnM, 9TO XapaKTePHCTHKAMU B JAHHOM CJIydae
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OyIyT FABIATHCS OKPY’KHOCTH C IEHTPOM B HadaJie KoopjawHat. MTax,
obree perrienne ypaBHenus (3.7) uMeer BUJ

u(z,y) = F(a® + ). (3.9)

§4. KpasuauneiiHbie ypaBHeHUs NMEPBOT0 MOPdaKa

Ksasuaunetinvm ypaBHEHHEM TIEPBOTO TOPSAIKA HA3BIBAETCH ypaB-
HeHUe BHU/JIa

A(ZL‘, y?“)ul’ + B(ZL‘, y?“)uy - C(ZE, y?”) (41)

3aMeTuM, 4TO JUHEHHOe YpaBHEHUE (3.1) ABJIACTCS YaCTHBIM CJIyYaeM
KBa3UJIMHEHHOIO ypaBHEHUS, B KOTOPOe (DYHKIMS U MOXKET BXO/HUTh U
HEJIMHEHHO.

Bynem nckarh perienne ypaBHEHHS (4.1) B BHU/Ie HESIBHOW (DYHKIHH

o(z,y,u) = C,

rae C' — mpownsBoJibHas noctosgaHas. CoracHo npaBuiry anddepen-
IUPOBAHUA HESIBHOM (DYHKINNI HMEEM

Pz _ Py
Uy = ——, Uy = ——.
Pu Pu
[Moacrapisist 91U BeIpaxKkenus B (4.1), TOJYIUM JII ¢ YpaBHEHHE
Az, y, u)pe + Bz, y, u)p, + C(x,y,u)p, = 0. (4.2)

D10 ypaBHEHHE OTINYAETCS OT ypaBHEHUd (3.2) JUIIb TeM, 9TO KO-
dunuenTol n uckoMas GYHKIMS 0, BXOAAIINE B HEIO, 3aBUCAT OT TPEX
HepeMeHHbIX X, Yy, u. [losTomy ypasHeHue (4.2) perraercs aHATOTHIHO
ypasaenuto (3.2). Jlgst 917010 paccMarpuBaeTcsl XapaKTepHCTHYecKas
cucTeMa, COCTOSIAA YKe U3 TPEX ypaBHCHUIt

% - A(:'E7 y7 u)7
g—i = B(,y,u), (4.3)
u
E - C(I, y7u>
Ecan
Spl(xa y?“) = Cla 902(1’7:% U) - 02 (44)

— JBa Hezasucumobir (O] HE3ABUCHMOCTBIO MOHMMAETCS paspeniu-
MOCTh OTHOCHTEIHHO KaKUX-JIu00 IBYX U3 MEPEMEHHBIX I, 1, U PABEH-
crBa (4.4)) unTerpana cucremsl (4.3), TO 00Iee perleHne ypaBHEHUs
(4.2), a 3Ha4MT, U penieHne UCXOAHOro ypapHenus (4.1) B Buje HesiBHOI
dyukIuu, 6yJaeT nMeTb BUJ

¢ = F(p1,02), (4.5)

e F' — npousBosibHasg (DYyHKIUSA CBOUX apryMEHTOB.
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§5. 'eomeTpuueckaa mHTEpHpeTanud, 3axada Komm

[IycTh B HPOCTPAHCTBE € KOOPAWHATAMHE (X,%,U) 3aJaHO TOJe Ha-

paBJICHAN
(A(z,y,u), B(x,y,u), C(x, y,u)),

T.e. B KaXKXJO0H TOYKe MPOCTPAHCTBA MBI UMEEM HAIPaBJCHUE, Y KOTO-
POr0 HAIIPABJIAIONIHE KOCHHYCHI Hpomopiuona bisl A, B, C. 1o noJe
HallpaBJIeHHH olpeiesiseT ceMeiCTBO JUHUM, TAKUX, 9TO JH00as JTUHUI
CeMeUCcTBa UMeeT B KazKJIOH CBOEl TOUKe KacaTeJabHYI0, COBIAIAIOILY 0
¢ HAMPAaBJIEHUEM TIOJI B 3TOH TOYKe. ITO CeMelCTBO TUHUN Oy IaeTCs
B pe3yJ/ibrare MHTerPUPOBAHUS CUCTEMbI OObIKHOBEHHBIX Juddepeniiy-
aJIbHBIX YpaBHEHUN

dx dy du

A(z,y,u)  Blw,y,u)  Cla,y,u)

KOTOpasi, €CJu 0DO3HAYHUTDL 4epe3 dt OOIIYI0 BEJIUYMHY HAIUCAHHBIX
TpexX OTHOIIEHHH, HepexoauT B cucreMy (4.3).

Ecjin umeercss HeKoTopasi HOBEPXHOCTh U = u(x,y), TO BeJUIUHbI
Uz, Uy U —1 IPOLOPIUOHAIBHBI HAPABJISIONIUM KOCHHYCAM HOPMaJIH K
910ii moBepxHocTH. Takum o6pa3oM, ypabHenue (4.1) BbIpazkaer yciao-
BUe MepIeHINKYIIPHOCTH HOPMAJN U MOBepXHOCTH U = u(x,y) ¢ Ha-
HpaBJIeHneM noJist, T.e. ypasaenne (4.1) cBoguTcst K TpeGOBAHUIO, YTO-
Obl B KayKJIOU TOYKe HCKOMON TMOBEPXHOCTH U = u(Z,Yy) HAlpaBJeHue,
onpeaessiemoe moseM (A, B, C'), HaX0UJI0Ch B KACaTeJbHOM TIOCKOCTH
K IOBEPXHOCTH.

[IycTh HEKOTOpAs TOBEPXHOCTH U = u(X,y) COCTOUT M3 XapaKTe-
pucruk cucrembt (4.3). Torga B Kazk10il TOUYKe 9TON MOBEPXHOCTH Ka-
caTesJbHas K XapaKTePUCTHKE, MIPOXOAINeil uepes3 3Ty TOUKY, JEKHUT B
KaCaTeIbHOIl MIIOCKOCTH K MOBEPXHOCTH, H CJIEJI0BATEILHO, 3Ta MOBEPX-
HOCTh YJIOBJETBOpsieT ypaBHeHuio (4.1), T.e. gBASETCS MHTErPaNbHOMN
HOBEPXHOCTLIO ITOTO YPABHEHUSL.

MO2KHO II0Ka3aTh, YTO BEpHO U OOpaTHOE: €CJIHM HeKOTOpas 24a0-
KaA noseprHocms (MPeNOIATaeTCsl CYIIeCTBOBAHNE W HEPEPBIBHOCTH
IIPOU3BOIHBIX Uy, Uy) YAOBIETBOPsET ypapHeHHIO (4.1), TO ee MOXKHO
HOJHOCTBIO 3AMOJHATL XapAKTEPUCTUKAMU.

I3 (4.5) caemyer, 410 00IIee ypaBHEHHE HHTEIPAIBHBIX TOBEPXHO-
creit ayist ypasuenusi (4.1) Gyer umers BHI:

(mocrostaay0 C' MOXKHO He MUCATH B CHJIY MPOU3BOJIbHOCTH F').

Eciu BoiGparh HeKoTOpyto dbyHKIuo F, 10 noBepxHocTh (5.1) Oyaer
reOMEeTPHYECKUM MECTOM TeX XapaKTepucTuk cucrembl (4.3), y KOTO-
PBIX 3HAYEHUS TOCTOSHHBIX B paBeHCTBaX (4.4) CBsI3aHBI COOTHOIIEHH-
€M:

F(Cy, Cy) = 0. (5.2)
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Pernenne ypasuenust (4.1) craHoBuTCs1, BOOOIIE TOBOPS, OJHO3HAY-
HO OIpeJIeJIeHHBIM, eCJu TOoTpedoBaTh, YTOOB MCKOMasi MOBEPXHOCTH
MPOXOJIMJIa Yepe3 3aJaHHYI0 B IIPOCTPAHCTBE KPUBYIO [, T.e. ecju pe-
marh 3aj1a49y Komu. Mckomasi moBepxHocTh OyaerT oOpa3oBaHa TEeMH
XapaKTepUCTUKAMHU, KOTOPbIe BBIXOAAT M3 TOUYEK KPHBOIA [.

VcKMI0YnTeTbHBIM SIBJISIETCS TOT Caydail, Korma cama KpuBas [ sB-
JIZETCHA XapaKTepUuCTHKOi. B aroM ciydae depes3 JiMHHIO [ IPOXOIUT,
BOOOIIIE TOBOPs, OECUYNCIEHHOE MHOYKECTBO ITOBEPXHOCTEI.

ITpumep 5.1. Paccmorpum ypaBhenue
ruu, + yuu, = —(2% + y?). (5.3)
CooTBeTcTBYIOIAS XapaKTePUCTHIEeCKast CUCTeMa Oy/IeT TAaKOBA:

dx
— = u,
t
=y (5.4)
g
dt
3 mepBBIX ABYX YpaBHEHUN nMeeM

dv  dy

x )

Orciona In |y| = In |Chz|, 970 paBHOCHIBHO COOTHOTITEHHIO

= —(z? + ).

Lyen (5.5)

T

Yro6bl HafiTu BTOpoil WHTErpasa cucreMbl (5.4), pasmeauM TOCTIeHee
ee ypaBHeHUe Ha BTOPOE:

d_u B z? + y?
dy yu
[Tosb3ysics pasencrsoM (5.5), mosrydaem
du 214 CF)
Cidx Cizu

Otrcrona
udu = —z(1 + C})dx.
NuTerpupys 3T0 paBeHCTBO, UMeEM
u? + 2%(1 4+ C?) = O,.
[Moacrapus C; u3 (5.5), MOJYyIMM BTOPOH HHTErpAT
o2+t +u? = Co. (5.6)

Ypasaenust (5.5) onpesesioT MIOCKOCTH, TPOXOJSAIINe depe3 OCh
Ou, a ypasuenus (5.6) — cdepsl ¢ IeHTPOM B HadaJe KOOPAHHAT. Tem
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CaMBIM XapakTepucTuKu cucTeMbl (5.4) — 3T0 ceMeficTBO OKPYIKHO-
cTeilf, JIeXKAINX B YKA3AHHBIX IIOCKOCTSX N UMEIONUX IIEHTD B HAUAJIE
koopauuat. Obiee pemterue ypasaenus (5.3) Oyaer

F(g,x2+y2+u2> : (5.7)
T
rae F' — npousBoabHasg GYHKIMS IBYX apryMEHTOB.

IIpumep 5.2. Pemmnm 3anauy Kommu s ypasuenus (5.3). Cpeau
HHTErPAIBHBIX MOBEPXHOCTEH 9TOr0 YpaBHEHHS HaljeM Ty, KOTOpas
IPOXOUT Yepe3 MPMYIO

r=1 y=u. (5.8)

UckitiounM z, y u v u3 ypasuenwuit (5.5), (5.6) u (5.8). Ypasuenus (5.5)
u (5.8) maror

r=1, y=0Cy, u=C).
[Moxcrasass B ypasaerue (5.6), mosydaem

1+2C% - Cy=0.

Takum obpaszom,

F(Cy,Cy) =1+ 2CF — Cs.
Orcrojia uCKoMasi MHTErpajibHasi HOBEPXHOCTD UMEET BUJL

2
1+2(%) — (P4’ +u?) =0,

ITpumep 5.3. Bysem wuckath MHTErpajbHYIO MTOBEPXHOCTH JIJTs
ypastenust (3.7), NPOXOJISILYI0 Yepe3 OKPYKHOCTh 12 + y? B IIOCKO-
cru (z,y). 13 obimero pemenns (3.9) BHAHO 9TO TaKOBO# OyzeT obas
HOBEPXHOCTH

u=F(z* +y*) — F(1).
Hanpumep, napabosioun

u=az>+y* -1

U:m_L

HaKOHeIl, TPOCTO IJIOCKOCTh u = 1. HeoqHO3HATHOCTH pellieHus CBS3a-
Ha 37IeCh C TeM, UTO 33/laHHas KPUBas, depe3 KOTOPYIO JOJAKHA, ITPOXO-
JIUTHh WHTErPAJbHAS TOBEPXHOCTD, ABJISIETCS XapaKTePUCTUKOMN.

UJIM KOHYC
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JMHENHBIE YPABHEHUT A BTOPOTO
TTOPSITK A

§6. Kiaccudukanusa JUHEHHBIX YpaBHEHUIT BTOPOTO MOPAAKA

Bynem paccmarpuBaTh ypaBHEHUS C YACTHBIME TPOU3BOIHBIME BTO-
poro mnopsiika, JIMHelHble OTHOCUTEJbHO CTApIINX IMPOU3BO/HBIX, T.€.
AMEIne BUJL

A11Uzy + 26112U$y + a22uyy + F(Ia Y, u, Ug, uy) - 07 (61)

I 11, A12, Ao ABILAIOTCH DYHKIMSIMUA T U Y.
C noMoIpio mpeodbpa3oBaHus IePEMEHHBIX

E=p(z,y), n=v(y),

JOIYCKAOIIEro 06paTHoe mpeobpazoBanue (st STOT0 JT0CTATOYHO MO~
TpeboBaTh, YTOOBI (PYHKITMOHAJIBLHBII ONpEIe/ THTE b

Or Yo
D —
‘@y Py

ObLT OTJINYEH OT HyJIsl), MOXKHO MOJIYYUTh YPABHEHHE, SKBHBAJIEHTHOE
ucxogaomy. Hac Oyjer unrepecoBaTh BONPOC: KaK BHIOPATH HOBBIE IIe-
peMeHHbIe £ U 1), YTOOBI OTHOCHTEILHO HUX YPaBHEHHE UMeJI0 HauboJiee
IpocToil (KAHOHUIECKUit) BU/I.

[lepeiifst K HOBBIM MEepEeMEHHBIM, OY/IeM UMETh

Uy =Ue&y + UpyTe,
Uy =Ue&y + UyTy,
U = (e + Uil ) + (Uebe + U )yl = Uee€l + ue(En)ebe
+ UngNabo + Uy (Ne)eba + UenSalle + ue(Sa)ytle + Unnlly  (6.2)
+ Uy (N )y = Uggﬁi + 2ugn€ans + urmni
+ug((Ea)ebe + (Ea)nme) + tn((02)ea + (M )yi) = ueel?
+ 2y €ty + Upyly + Ul + UnTlia-

AHAJIOTMYIHO TOJIy YaeM

Ugy :uﬁéfmfy + Ugnp (5;5771 + €y771> + UnnNaTly + uffxy + UnTay;

2 2
Uyy :uﬁﬁgy + 2ug,&yny + Uy + Ugyy + UnTyy.
12

(6.3)
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[Tocsie mOMCTAHOBKY Oy Y€HHBIX TPOU3BOAHBIX B (6.1) mosrydunm ypas-
HEHNe

Qr1uge + 2a12Ugy + Aoty + F1(§, 1, ug, uy, u) = 0, (6.4)
rje
a1 = a1 &l + 201966, + a225§7
12 = anéeNe + a12(£x77y + 773:5@/) + a22£y77y7 (6-5)
o2 = anm; + 2a120.1y + a2277§-
3amMeTuM, 4TO ecJd HUCXOAHOe YypaBHEHHE JIHHEHO, T.e.
F(x,y,u,ug, uy) = byuy + bauy + cu + f,
10 F] nMeer BUI
Fi(&,m, u, ug, uy) = Prug + Pouy, +yu + 0.

Takum 0Opa3oM, ypaBHEHHE B 9TOM CJIydae CHOBA MOJIYJALTCS JTHHEl-
HBIM.

[TombiTaemcst BIGpaTh mepeMennyio { = (x,y) Tak, 4robbl KO3h-
dbunment @y B ypasuenun (6.4) 6b11 paBen Hyso. s 51010 HEOGXO-
MO, ITO0BI £ = (2, y) OBLIO pereHneM ypaBHeHuUsT

a11&2 + 20126,y + af, = 0. (6.6)

Ypasuenne (6.6) MOKHO 3aIUCATH B BUJE TPOU3BETEHHS

(&11&5 — (—CL12 + \/ a%g - 6L11a22> fy)
X (anf:c - (—a12 —\/ a%g - 6111&22) fy) = 0.

Takum o6pasoM, pererne ypapHerusi (6.6) ¢BeJOCh K PeIeHHO JBYX
JIMHENHBIX OJIHOPOIHBIX YPaBHEHUU MePBOTO MOPSIKA

anés — (—Clm + 4/ ady — a11a22> & = 0. (6.7)

U3 §3 coenyer, uro jyist perienust ypasueuunit (6.7) Hago naiitu obuumii
UHTErpaa KaxkJI0ro U3 ypaBHeHUT

@ Q12 ==RV. a%z - auazz' (6.8)

dx a1

Ha Buj pemnennii ypasaenuii (6.8) cyIecTBeHHO BJIUSET 3HAK MO/
KOPEHHOTO BBIPAYKEHUSA (39 — A11092. 110 3HAKY STOTO BBIPAZKCHUS OIpe-
nessiercst Tan ypapuenus (6.1).

Byuem naseiBarb ypasnenue (6.1) B Touke M

2unepbosuecko20 muna, ecan a%z — ai1a99 > 0,
SAAUNTNUMECKO20 TUNG, €CITH a%2 — a11a9 < 0,

napaboAuNecK020 MUNA, eI a3y — a11as = 0.
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MozxHo yoeauThesd B CIIPaBeJINBOCTH PABEHCTBA
-2 2 2
ayy — andae = (aj; — a1az)D”,

13 KOTOPOTrO CJIe/IyeT, YTO THII YPAaBHEHUs He MeHseTcs MpU npeodpa-
30BaHUU TEePEMEHHBIX.

Ciiejiyer OTMETHTD TAKZKe, 9TO THII YPABHEHUsI 3aBUCUT OT TOYKH
M u B pa3HbIX TOYKAX MOZKET ObITH Pa3HbIM.

ITpumep 6.1. Paccmorpum ypaBHenue
Uy + TUyy = 0, (6.9)
37ech a1 = 1, ajo = 0 1 ase = x, cIedoBaTEIbHO,
CL%Q — a11Q929 = —X.

Tem cambiM npu & < 0 ypasHenue (6.9) runepGoaHYIecKoro THIIA,
npu r = 0 — napaboyimdeckoro Tuna, a npu x > 0 — JLIMOTHIECKOTO
THUTIA.

§7. IlpuBeneHue JUHENHBIX ypaBHEHUII BTOPOTO MOPSAAKa K
KaHOHUYECKO# (popme

YpaBHeHUE
andy? — 2a1pdzdy + agedr® =0 (7.1)

OysieM HasbIBaTh Tapakmepucmuueckum s ypasaenus (6.1), a ero
HHTETPAJIbl — LaAPAKMEPUCTIUKAMU.

Ypasuenne (6.1) pacmagaercs ma jBa ypapuenus (6.8) u urpaer
OCHOBHYIO POJIb B 3aJade MPUBEIEHNUs K KAHOHWIECKOMY BHY ypaB-
werust (6.1). Bamerum, 9TO JIIS ypaBHEHUs TUIEPOOJUICCKOTO THUIA
XapaKTCPpUCTUKU ,ZLeI'?ICTBI/ITeJIbeIe n pa3JInvdHble, AJid ypaBHeHI/IfI JI-
JIMIITHYIECCKOI'O THUIla — KOMIIJIEKCHBIC U DAa3JIMYHbIE, a JAJId ypaBHeHI/Iﬁ
napadoJIMIecKoro Tuna 06e XapakKTepUCTUKU JAeHCTBUTEbHBIE U COB-
NaAI0T.

Pasbepem Kazkjplil U3 9TUX CIy9aeB B OTAEJTbHOCTH.

1. Jlnga ypasHeHuii runep6oIM4ecKoro THIIA a5, — G110y > 0 U Ipa-
Bble YacTw ypasHenuii (6.8) meiictBurenbHble U pasaudubie. OO1ue -
terpaisl ux o(z,y) = C u (z,y) = C onpenensior ceMeiicTBa Xapakx-
TEePUCTHK.

[HostoxkuMm

§=e(x,y), n=1vy),
torja Ko3bOUIMEHTs G171 U Gog (6.5) obparsitest B HyJb U yPaBHEHHE
(6.4) mocse nenenus Ha KOI(DMUIMEHT HPH Ug, TPUBEIETCH K BUILY

uf”] = ®(§7777uau§7un)a (72)

Fy
rae ® = ———. 910 — TaKk HazbIBaeMas KaHoHuveckan popMa ypapHe-

a2
HI#l TUTIEPOOINIECKOro THIta. JacTo MoJIb3yeTcs APYToil KAHOHUIEeCKO
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dopwmoii. [Tosoxxum

st/ 5= §—1
2 2 7
rje o u [ — HOBbIe nepemMeHHbie. Toraa
1 1 1
Ug = 5(“& +ug), uy= 5(“& —ug), Ugy = Z(uaa — Ugp)

u ypasaenue (7.2) mpuMmer BH
Uqa — UBs = (I)h

roe &; = 4.

2. Jlng ypapHeHuii 1apaboiideckKoro THIIA a3y — a110e = 0, 1 ypaB-
uenue (6.8) maer oxun obutuit uarerpan ¢(z,y) = C. [logoxkum B 3TOM
caydae

E=p(r,y), n=1v(x,y),

rae ¥(x,y) — awobast GyHKIWs, T0MycKaromas BMecTe ¢ o(x,y) obpat-
HOe TIpeoOpa3oBaHue MmepeMeHHbIX. Torga

2
a
an = an&l + 2a126,:€, + CL22§§ = am (&: + a—12§y) =0,
1

a a
a2 = an (fx + ﬁfy) <77x + ﬁny) =0,
a1 a1

T.K. a3y = ay1ag. [locne nenenwsa ypasuenns (6.4) ma xosbdunuent
IIPH Ug,, TOIYIHM KAaHOHHYECKYIO (POPMY JIIsl ypaBHEHHsI apabo e~
CKOTO THIIA

Upny = (I)(§7 n,u, ug, u'r])a

F1y
riae b = —_—.
a22 )
3. [Ina ypaBHEHHS 3/ UTUNTHIECKOTO THIA A1y — A11022 < (0 ¥ IpaBbIe

JacTu ypaBHeHus (6.8) KOMILIEKCHO CONPSIZKEHHBIE, HOITOMY OOIIHe HH-
TerpaJibl TUX yPaBHEHUU OYIYT TaKKe KOMILIEKCHO COIPSKeHHBIMHI

go(x,y) - C? @(ZL‘,y) =C.

Y100BI HE UMETDH JeJ1a ¢ KOMILIEKCHBIMU IIePEeMEHHBIMEI U (DYHKITHSMHU,
BBeJIeM HOBBIE, y7Ke BeIllleCTBEHHbBIE, TIepeMeHHbIe o U [3

_ Pty _ Py
a = ’ /6_ . )
2 21

T.e. o =a+ 183, p = a —if. Takum obpaszom,

0 = a11954201200 0y +a220% = a11 (0 +152)°+2a12(an+i6,) (00, +i3,)
+as(oy+if,)” = <a11&§+2a12&xC¥y+a22a5)_<a11ﬁ§+2a12ﬂxﬁy+a2255)
+ Qi(allax/gx + alQ(O[azﬁy + O‘yﬁx) + a22ay/8y)'
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Orciona creayer (em. (6.5)), 910 @11 = Qoo ¥ @12 = 0. Ypabuenue (6.4)
rnocJjie JieJieHust Ha KOdMMUIMEHT TPH Uy, TPUHUMAET BU/I
U + Ugg = (I)(Oé, B, u, Uy, uﬁ),
F

rme ® = ——.
11

UTak, B 3aBUCAMOCTH OT 3HaKa BbIPAyKEHUS G5y —a11dsy (T.€. OT THIIA
VDPABHEHHUsI) TOJYUYaeM CJIeIyioline KaHOHHYeCKre (DOPMbl yPaBHEHHsI
(6.1):

1. T'unepOoyueckuit THIL Ug, = ® WIn Ugq — ugg = P.
2. [lapabosmdeckuil Tum: u,, = ®.
3. DIMMNTHYECKUN THIL Uy + Ugs = P.

§8. Kanonuyeckue bopMbl JUHENHBIX ypaBHEHUI C
MOCTOSHHBIMU K03 PuifmeHTaMu

Jluneitnoe ypaBHeHue BTOPOIrO HOPsJIKA € MOCTOAHHBIMEH KO3 du-
IUEeHTAMI UMEeT B/,

11Uy + 2012Ugy + A22Uyy + Diuy + bouy + cu + f(z,y) =0.  (8.1)
Pemast ypabuenne (6.8) moydaeM XapakKTepHCTHKH, KOTODBIE OyIyT
MPAMBIMUA JTHHUSIMH

y=Mz+Ci, y=Xz+Cy,

rae A\ U Ay KOpDHH ypaBHeHHsl (ero yjoOGHO B JAHHOM CJIydae TOXKe
HA3BIBATH XaPAKTEPUCTUIECKUM )

an)\2 — 2@12)\ + aoo = 0. (82)

Tenepsb ¢ MOMOIIBIO COOTBETCTBYIOIIETO TPEOOPA30BAHNS TEPEMEH-
HBIX, & UMEHHO!:

1. Eciu A1 1 Ay BelmecTBeHHble W Pa3udHble (THIepOOJHIeCK i
THII)
AL+ Ao Ay — Ao
B

2. Ecm Ay = Ay = A\ (mapabosimueckuii Tum)

E=y— Mz, n=y— Xr wm §{=y—

{=y—Ar, n=u;
3. Ecm A5 = a+ib (b # 0) (ssnnnruaeckuit Tum)
§=y—axr, n=Dbx;
ypasHeHnue (8.1) IPHBOIUTCH K OJHOMY H3 CJIEIYIONINX BUIOB:

1. Ugn—F(I):OI/IJH/IU&—Unn—F(I):O;
2. Uy + D = 0;
3. U&—i-um]—i-q):o;
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3nech ® = Sue + Pouy, + cu+ f.

IIpumep 8.1. [IpuBecTn K KAaHOHUIECKOMY BHIY YpPaBHEHUE

Uy + gy + 2y, = 0. (8.3)
Hamnumem xapakTepuctuieckoe ypasuenue (8.2)
N —=3X2+2=0.
CnenoBarenbuo, Ay = 1, Ay = 2. YpaBuenue — runepOOJHIECKOrO

THUIIa, IIO3TOMY Ade€JIaeM 3aMEHny

3
E=y—z, n=y—2r um €=y—§% n=x.

I[Tocse 3aMeHBI IEPEMEHHBIX ypaBHEHHE HMeeT BHI Ug, = 0 win
Uge — Uy, = 0. 3aMeTHM, 9TO PEIIeHHe YPABHEHUS Ug, = 0 paccMaTpHBa-
J0ch B ipuMepe 1.3. TeM caMbiM MBI MOXKEM BBIITHCATD OOIIee PeleHne
ypapuenus (8.3)

u=p()+vn)=9ly—1z)+y—2).

ITpumep 8.2. [IpuBecTu K KAHOHUYECKOMY BUJLY yPaBHEHUE
Uy + 2Ugy + Uyy + Uy + 1wy = 0. (8.4)
Perras xapakTepucTuueckoe ypaBHEHHUE
M 20 +1=0,

nonydaeMm A\ = Ay = 1. CirefoBaresibHo, ypaBrenue (8.4) napaboimae-
ckoro tuma. Hemaem 3ameny & =y — x, 1 = x. lmeem

Uy = Ugly + UpT)y = Uy — Ug,
Uy = uey + uytly = Ug,
Uy = (Uy = g)elo + (tn — Ug)nte = —(tng — Uge) + (U — Ugy)
= Ugg — 2Ugy + Uy,
Uyy = (Ug)eby + (Uge)yny = Uege,
Uy = (uy — ug)eby + (Uy — Ug)yNy = Wpy — uge.

[Moxcrapss moaydeHHble BbIpakeHus: B ypabHenue (8.4) W mpuBoJs
MO/I00HBIE YIeHbI, Oy/IeM UMETh

Uy + Uy = 0.

3aMeTnmM, 4TO MbI MOJIYyYUIU YPABHEHNE, KOTOPOE MOYXKHO PACCMaTpPH-
BaTh 1 KaK 00bIKHOBeHHOE Audpepennuaibioe ypaBHeHIE, 3aBUCIIIEE
oT napamerpa . Permrag ero, nosydaem

u=C1(&) +Cy()e™ = Ci(y —x) + Coly — x)e™™.

ITpumep 8.3. [IpuBecTn K KAHOHUYECKOMY BUJLY yPaBHEHUE

Uy — 2Ugy + 2Uyy, + Uy + uy = 0. (8.5)
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g KopHell XapaKTepUCTUYECKOTO YPaBHEHU
M 4+2X24+2=0

nMeeM Ao = —1 + 4. YpaBHeHWe — 3/UIMNTHYECKOTO THIA, OITOMY
JiejaeM 3aMeHy

E=x+y, n=u.
[Moacrapisgs BblpasKeHUs
Uy = Uy + UpNy = Ug + Uy,
Uy = Ugy + UpThy = Ug,
Ugg = Uge + 2Ugy + Unpy,
Ugy = Uge + Ugy,  Uyy = Ugg,
B ypasuenue (8.5), mosydaem
Uge + Uy + 2ue + u,y = 0. (8.6)

JLng muHefiHbIX ypaBHEHUT BTOPOTO MOPSIKA C IOCTOSHHBIMEA KO-
durnumenTaMu BO3MOXKHBI JIAJIbHEHTITNE YITPOIeHUsT KAaHOHUYeCKoi (pop-
MBI ypaBHeHul. BBegem /i 3TOT0 BMECTO © HOBYIO (DYHKIIHIO 1:

U= @)‘£+“n19,
e A M [t — HEKOTOPbIe MOCTOSAHHbIE. Torna
ue = (g 1 \9),
u, = XTI, + ),
Uge = TN Pee + 200 + N*), (8.7)
Ugy = TPy + 200, + e + Apd),
Upy = TN, + 2000, + D).
[ogcraBisiem 3T BbhIpazKeHusi, HAIPUMep, B yPaBHEHNE
Uy + Prue + Pouy +cu+ f=0
U cOKpalas 3areM Ha e T jojydnm
ey + (4 B1)0 + (A + B2)0y + (Mt + Bid + Popr + )0 + f1 = 0.

Bribepem mapaMeTrpsl A ¥ 4 Tak, YTOOBI KOI(PMUIMEHTHI IPH HEPBBIX
[IPOU3BOIHBIX OOPATUINCH B HYJIb (A = —f5, u = —[31). B pesyabrare
HOJIY 9UM
19577+’719+f1 = 0,

vie ¥ = Mu+ BN+ fapp + ¢ = ¢ = 1Py, fr = feXTH.

AHaTOTTYIHO YIPOIIEHUS TPOBOIATCA U JIJIA APYIUX KAHOHUIECKIX
dopm. OKOHYATETHHO MPUXOIUM K CJAEAYIONUM KaHOHHYECKHM (DOp-
MaM [T yPaBHEHUI ¢ TOCTOSHHBIMEI KO3(DDUITHEHTAMMT:

1. T'unepbosindeckuit Tum

19577+’}/19+f1:0 nin 1955—197777—’}/194-][.1:0.
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2. Tlapaboanygeckuit T
197]77 + 61195 + f1=0.
3. DmnrTuYeckuil TAN

Vee + 0y + 79 + f1 = 0.

IIpumep 8.4. Yupocrum ypasterue (8.6), MoIydeHHOE B IPUME-
pe 8.3. TloacTanisig BIpaXKeHUs JJisl TPOU3BOAHBIX (8.7) u cokpaimas
Ha e T GyneM nmern

Dee + Oy + 200 + D)0 + 2+ 1), + (N + 1> — 20 + p)d = 0.
1
Boibepem A = —1, p = —5 Torna ypaBHenue OyIeT UMeTh BT

5
19554-197,77 — 119 =0.



CopepxkaHne

Bpenenne

[nasa 1. YPABHEHUS ITEPBOT'O ITOPAJKA
§1. OOmue nousiTust
§2. Bamaua Kormm
§3. Jlumeitnbie OMHOPOHBIE YPABHEHUS TEPBOTO MOPSIKA
§4. KpasuuHeitHbie ypaBHEHHS MEPBOTO TOPSTKA
§5. Teomerpuueckast waTEpIpeTaIus, 3a1a41a Korru

Inapa 2. JIMHENHBIE YPABHEHISI BTOPOI'O ITOPS KA
§6. Kiaccudukarus JinHeHHBIX ypaBHEHUIT BTOPOTO HOPSIIKA
§7. TlpuBenmenue JiMHEHHBIX ypaBHEHWIT BTOPOTO MOPSIKA K

KaHOHUYIeCKoit (popme
§8. Kanoumueckume (GoOpMbl JIMHEHHBIX YpaBHEHUI C
HMOCTOSIHHBIMU KO3 unuenraMm
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