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Jlekmusa 1

ILnan nekiun
o Kitaccudukalimst ypaBHeHUi ¢ JIByMsi HE3aBUCUMbBIME [T€PEMEHHBIMI
o TexHuKa 3aMeH HEePEMEHHBIX B YPaBHEHUAX BTOPOrO MOPsIKa B R>

BoabmmucTBO MareMaTuuecKux Mojesieil, BCTPEYalolNuXcad B MaTeMaThde-
CKOIl (pM3HKe, OIUCHIBAIOTCS YPABHEHUSIMU B YACTHBIX IIPOU3BOJIHBIX 2-I'0 MOPSII-
ka. Kiaccudukalmsi Takux ypaBHEHUH M MX KAHOHUYECKUE BUJIbI U sIBJISTIOTCSI
TEeMOW HaIlled CerOHANTHENA JICKIAN.

3ameuanue 1. B kypce YM® npuHSTO UCHOJB30BATH CJEAYIONNE 0003HA-
YeHUs JIJIsT JACTHBIX TPOU3BOJIHBIX

@—U' @—u ; Fu =u
ox " ox2 oxdy

DT 0003HAYCHUSA 3HAUUTEIHHO COKPalllalOT 3allMCh.

" T.JI.

Knaccudukanusa ypaBHeHHNiT ¢ AByMs He3aBUCUMBIMU
nmepeMeHHbIMU

Onpe,ueﬂeHI/Ie 1 Ypaenenue C dGQ.Mﬂ HE3ABUCUMBIMU NEPEMEHHVUIMU T U Y
A(.I', y)“’xm + QB(.%', y)umy + C(.T, y)uyy + F(JZ’, y? U, uﬂca uy) = Oa (1>

20e xoappuyuenmo, A(z,y), B(z,y), C(z,y) € C(R?), a pynryua F nenpepviena
no 6CeM CEOUM MEPEMENHBIM 6 COGOKYNHOCTIAUL, HA3VEAIOM AUNCTHLM OTNHOCU-
MEALHO CIAPUIUT NPOUSE0OHDIL.



Onpenenenne 2 Pewenuem ypasrenus (1) nazwearom gymnxyuio
u(z,y) € C*(R?),
YJOBAECMEOPAIOUWLYIO IMOMY YPAEHEHUIO.

B kaxoit Touke (xg,Yyp) JWHEHHBIE OTHOCHTEJHBHO CTAPIIUX TTPOU3BO/I-
HBbIX YPaBHEHUS NPUHSATO KJACCU(PUIMPOBATDL 110 YaCTH, COJIEPKAIIEH ITPOU3BO/I-
HbIE BTOPOTro HMopsiaKa. st 3T0ro uenoib3yor MaTpuIly KoadgGUIreHTOB BTOPLIX
JACTHBIX IPOU3BOJIHBIX

A(an yo) B(%, yo)

K p—
B(xo,yo) C('Clj()ay())

Onpenenenne 3

o Vpasuenue (1) umeem sanrunmuveckui mun, ecau mampuya K asaisemea
NONOHCUMENLHO ONPedeNeHHOT UAU OMPUUAMENLHO ONPEIENEHHOU.

o Vpasuenue (1) umeem zunepboruueckuis mun, ecau mampuya K asisemca
HEBVPOHCIEHHOT U NPU IMOM HE ABAAETNCA HU NOAOHCUMEALHO ONPedeneH-
HOT, HU OMPUUAMEALHO ONpedeserHoT.

o Vpasuenue (1) umeem napaboruveckuis mun, ecau mampuyae K asisemca
BHLPOHCOCHHOT.

Yreepxkaenue 1 (o knaccudukanum B R? 10 3HaKy JeTepMUHAHTA )

Tun ypasnenus (1) noanocmuvio onpedeasemes 0emepmMunaHmom Mampubl

7o — (A@o.p) Blzo,w)\ _ (A B
B(xo,yo) C(zo,y0) B C
1. IlIpu det K > 0 ypasnenue umeem sasunmuseckuts mun,

2. Ilpu det K =0 ypasuernue umeem napabosuveckuti mun,

3. IIpu det K <0 ypasuernue umeem z2unepbosuveckut mun.



Jloka3aTejabCTBO

1. Pacemorpum ciy4daii det K > 0.

[Tockonbky npu A = (0 BBIIOJHEHO HEPABEHCTBO
det K = AC — B*=—B? <0,

TO B paccMmarpuBaeMom ciaydae A #£ 0.

B coorserctBum ¢ kpurepuem CusbBectpa Marpuiia K SIBISETCS TTOJIOYXKU-
TEJILHO ONPEJIeJICHHON TOTa U TOJBKO TOrJIa, KOTJIa

A =A>0; Ay =det K >0
1 SIBJISIETCST OTPHUIATEILHO ONPEIeJeHHONE TOrIa U TOJIBLKO TOIJIA, KOT/Ia

A=A <O; Ay =det K >0

Takum obpazom, mpu det K > 0 ypasrenue (1) uMeeT sJIIUITHICCKATT THIL.

2. [lpu det K = 0 wmarpuna K sBisieTcsi BHIDOXK/JICHHON u ypaBHenue (1)
nMeeT TapabOJIMIeCKit THII.

3. [Ipu det K < 0 marpuna K sBisgeTcs HEBLIPOXKJICHHON U HE SABJISETCS HU
HOJIOXKUTEJILHO OIPEJICJIEHHO, HU OTPUIATEJbHO OlPEJIeJICHHO.

CuiestoBaresibo, ypastaenue (1) nmeer runepbosindeckuii Tuil.

Crenytoniiee yTBep:KieHne MbI IpUHUMAaEM 0€3 JI0Ka3aTeIhCTRA.

YT1BEepKaAeHUE 2

(0 coxpaHeHNU TUIA yYpPaBHEHUd IIPU 3aMeHE ITePEMEHHBIX )

Tun ypasnenus ne usmensemcsa npu obpamumot deastcdv, dudgdepenyupye-
MOTL 3AMEHE NEPEMEHHDLL.

Kak ™Mbl yBUUM jiajiee, THII YPaBHEHUSI OKA3bIBAET CYIIECTBEHHOE BJIMSTHUE
Ha CBOMCTBA €r0o PEeIeHuid.



Texanka 3aMeH mepeMeHHbIX B YPaBHEHUAX BTOPOTO
nopsaaka B R?

MerosioM, KOTOpBIi 103BOJIsieT mpuBecTu ypasrerne (1) k 6osee mpocToMy BULY,
SIBJISIETCST TTOJIXO/ISAIIIast JIBaK Jibl HElPEePbIBHO jud dhepeHiipyemast obparumast 3a-
MEHAa MePEeMEeHHBIX

§=wplz,y)

n=1(z,y)
[Tocko/TbKy TpW TPOBEJICHUN 3aMeH IepeMEeHHBIX B YpaBHEHUAX 2 MOpsIKa
PUXOJIUTCs TTPEOOPA30BHIBATH K HOBBIM [IEPEMEHHBIM £, 1) BTOPbIE YaCTHBIE TPOU3-
BOJIHbBIE UCKOMOU (pyHKIMU U(x, 1Y), TO 310 Tpedyer OOJIbIIUX BblYUCIACHUI. Y 1PO-

CTUTb M COKPATUTDL 3TOT IIPOLECC IIOMOIr'a€T CJIEJAYIoIEe MHEMOHNYIECKOE IIPaBUJIO
BBIYUCJICHUA BTOPbLIX 9aCTHBIX ITPOU3BO/JHBIX.

MHeMOHMYeCKOe ITPaBUJIO

Mycrs u = u(&(z,y),n(x,y)). Torna

Uy = Ug S:IZ + Upy 1)
Uy = Ug §y + Uy 1)y
2 2
Ugy = u§§<§1> + u{n : 261771 + um] (77:1;> + uf gx:r + un Nxx
Ugy = Ugg S:rgy + uéﬁ(’frny + 5@/771‘) + Uy ")y + Ug 6333/ + Up Ny
2 2
Uyy = Uge (&)™ + gy - 28my + Uy (1y)” + Ue Eyy + Uy Ny
Jloka3aTejabCTBO
DopMyJIBI 1J1s IEPBBIX TPOU3BOJHBIX Uy U Uy, IPEJICTABIIAIOT cO00I (DOPMYIIBI
JIJIST TPOM3BOJIHOM CJIOXKHOI (DYHKIIMU 1 ObLIN JOKA3aHbI B KypCe MaTeMaTHIecKO-
'O aHaJI13a.

Hokaxxem dopMmyny Ajs Ug,. JBe apyrue (popmysibl JTOKA3bIBAIOTCS AHAJIO-
TAYHO.

= (uee & + ey M) Eo + Uebon + (Une Ea + Uy M) N + Uplae =
= Ugg (gaz)2 + Ugy - 26,m, + Uy (%)2 + ug¢ Exa + Uy Nxx



[TpuBesennbie BoIe (POPMYJIBLI [IJIsT BTOPBIX TTPOU3BOIHBIX IO TIEPEMEHHBIM X
U ¥ JIETKO 3aTIOMUHAIOTCS, TOCKOJIBKY KO(D(DUITUEHTHI TPU BTOPBIX TTPOU3BOTHBIX
o & u 1o 1) B popMmyJie JJd U, TaKue XKe, KaK P BO3BEJIEHUU B KBaIpAT MPaBoil
vacr opMysIbl st U, ¢ 3amenoil (ug)? na uge m .. Ocrapmmnecs jpa ciarae-
MbIX [10JIy4aIOTCsl, €CJIM B IPABOil YacTu (POPMYJibl JJist U, TPOUdIEPEHITUMPOBATH
KO3 MUINEHTEI IPK Ug U Uy TO T,

st mostydenusi cjaraeMbIX €O BTOPBIME ITPOU3BOJIHBIMU 110 € 1 110 1) B (pop-
MyJIe ISl Uy, HY?KHO MBICJICHHO TIEPEMHOXKUTH MpaBble qacTu GOpMyJT [T U, 1
uy, ¢ 3aMeHoit (ug)? Ha uge n . OcraBiinecs JBa claraeMblX HOJLYHAI0TCsL, €CJu
B IIpaBoii 4acTu (POPMYJIbI JUI U, IPoanddepeHnupoBaTh KoM MUINEHTHI IpK
Ue W Uy TIO Y.

ITpumep 1
B ypasnenuu
T Uy — 42Y Uy + 3y*uy, + 6y u, = 0

mpebyemcs 6vINOAHUMD 3GMEHY NEPEMEHHDIT

¢ =2y
n=ay

Pemienne
SammmieM hOPMYIIbI JJIS HEPBLIX TPOU3BOJHBIX, CPA3y MOJICTABIAA B HUX Pe-
ByAbTATHI b pepeHImpoBannsl HOBBIX MEPEMEeHHbIX £ U 1) TI0 T U Y

u$:u5-3x2y+un-y

_ 3
Uy = Ug - T” + Uy - T
Tenepp 3anuiemM BTOPbIE TOM3BOIHbBIE, UCIIOJIb3YsA MHEMOHUYECKOE TTPABHIIO

Upy = Ugg - 9zty? + Ugy - 62%y> + Uy * y? + ug - 6y

Uge - 3T°Y + ugy - (32°Y + 2°Y) + wyy - Y + ug - 327 + )
2

u§§-x6+u§n-2x4+um-x

Honuiem cjieBa or Kaxxjio#t opmysibl KOdpDUIIMEHT, HA KOTOPBIH ee Hy»KHO
YMHOYXKUTH B COOTBETCTBUU C YPABHEHUEM.



0 ux:u§-3x2y+un-y

6y | uy =ue 2° +uy, -z

T | Ugy = Uge - 9zty? + Ugy 62%y? + Upy - y* + ug - 6y

—Azy Uy = uge - 377y + ugy - (37%y + 2%Y) 4wy - vy + ue - 307 4w,

3y Uyy = Uge * 2% + Ugy * 22t + Uy * 2

ByJieM npeoOpa3oBLIBATL ypaBHeHUe, Cpa3y IPUBOJA HOJ0OHDLIE YJICHb]
uee (92597 — 12259 + 32%%) + ug, (62'y* — 162'y* + 62'y*)+

(22 — 42%y? + 32°97) + ue(62°y + 62y — 122°y) + u, 62y — 4ay) = 0
Hamnee mosyaaem
—4:E4y2u5,7 + 2zyu, =0
—2:1:3yu§n +u, =0
28uey —uy =0
Orser. 28ug, — u, = 0.
Kax BuiHO U3 pa30bpaHHOrO NpuMepa, yjadHas 3aMeHa ePEeMEHHBIX MOXKET

PE3KO YIIPOCTUTHL YpaBHEHHUE B YaCTHLIX IIPOU3BOJHLIX, IIPHUBE/A €I'0 K KaHOHHWYC-

CKOMY BH/JLY
1

ufn_%

[Tonck Takux 3aMeH MEPEMEHHBIX SIBJSIETCS TEJbI0 CIEAYIONIEro Moapa3aesa.

u, =0



