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O cHMMETPHH M TOYHBIX PENIEHUSIX MHOIOMEPHbIX
HEJIMHEHHbIX BOJHOBBIX YpaBHEHHH

Memyap H. M. Kpsutosa 1 H. H. Boromo6osa [1] oTKpbIT IHPOKYIO MEpCieK-
THBY U1 KOHCTPYKTHBHOTO HCC/ENOBaHUA HeNHHEHHBIX OOGBIKHOBEHHBIX Iu-
(hepennmanpHEIX ypaBHeHHH. B 1955 r.Brimsia B CBET OCHOBOIIOJIATAIONIAS MOHO-
rpadua H. H. Boromo6ora u }0. A. Murpononsckoro [2], B KoTopo#i pasBuTEN
U MaTeMATHYECKM OGOCHOBAHBI ACHMIITOTHIECKHE METOJLI PEIIEHHS HeJHHEHHBIX
OBEIKHOBEHHEIX JuddepeHnnanbHex ypasHedu#. OGOOUIEHHIO H TPUMEHEHUIO
ACHMIITOTHYECKHX METONOB K HEeJIHMHeHHBIM AH(hepeHUHaNbHBM YPABHEHHAM B
gacTHBIX npousBonHbix (IYUII) mocesmena padora 0. A. MHTPOIONBECKOrO B
B. M. Moceenkoga [3]. Hneu u MeTOZBl, PasBHTHE B YKASAHHEIX pa60Tax, Hrpa-
IOT MEDBOCTENEHHYI0 pPOJNb B COBPEMEHHOH HEJHHEHHOH MaTeMaTHYeCKOoH
¢usuke.

B macrosme# craTbe IpHBEEHE HEKOTOPEIE Pe3YABTATHL 10 H3YUCHHIO CHM-
METPHHHBIX CBOHCTB H IIOCTPOEHHIO CEMEHCTB UYACTHBEIX PeINeHHH MHOTOMEPHLIX
HeJIMHeHHBIX BOJHOBLIX YPaBHEHHH,

B nanpmefimem Gyfem cilefoBaTh Takof cxeme [4, 5l: BBINeTHM H3 MHOXKe-
crBa BoatHOBBIX JIVUII Takue, KOTOpHE 06/a/diOT BLHICOKOH CHMMETpHef, a 3a-
TeM IIOCTPOHM HX pelleHHs (aﬂaemmqecxﬁmr HJTH NPHOIHIKEHHBIME METOHLAMH).
‘Hac 6yzyr uHTepecoBaTh HE OTJENbHbIE PEMIEHHsi TOTO HJIH HHOTO YDPaBHEHWS,
a cemefcTBO (Kyace, MHOroo6pasue) ero pereHui.

JIunefigrie u Henunefinre IYUII ¢ HerpuBHaAbHONR CHMMeTPHEH 00JaLalOT
BazKHBEIM CBOHCTBOM: €CJIM H3BECTHO XOTS OBl OOHO HX YaCTHOE PELIeHHE, TO C
IOMOIIBIO TPYIIIOBEIX IpeofpasoBaHii MOIKHO TIOCTPOHTD LeJIoe CeMeHCTBO T0Y-
HBEIX pemeHu#. FIMeHHO sTHM CBOHCTBOM HeNHHEHHBIX YDaBHeHHH OyAeM HoJb-
80BaThCA B JaJbHEHIIEM.

1. PaccMOTpHM ypaBHEHHE

: =Pt x‘f), xER (L,n), x= (%9, ..., %), t=u(x), = 0uldx,

u= (0ulox,, ..., Ouldxy). : (1y
1 . !

rne F — mpousBombHas roankas —Qymkmus. O6osmazmm  camBoaoM P (1, n)
pacumpenryio rpynny Ilyaskape — rpymny Bpameruii # cisuros B R (1, n),

HONOHERHYIO rpymnmoi MaciraGHbX npeoGpasoBaHH; AP (I, n) — anre6pa
JIu rpynnst P 1, n).
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Teopema 1. Ypasnenue (1) unsapuanmro omHOCUMENbHO ajzebpbL
AP (1, n) ¢ 6asucrbimu sremernmanu

Pp=18,50/0x5, J,p=x,pg—xpps A B=0,n41, D=x,p,=
= XoPo — XqPa— UPpyys Ppyy = —00/0u, X, =u, a= In
MoAbKo 8 Mom cay4ae, Koz20a

: 2 . T ou  du
F(x, u,zp:-;i:{uiuz%—l) , b= ,n,,ug;!:a—x;. e (3)

JoxasarenbeTBo 910k TeopeMsl [6] CBOIMTCH K DEIIEHHIO CHIBHO NMEPEONpe-
nenensolt cucrembr JIVUIL mnst dyukuuu F (x, u, u). Pemnienuem 5To#t cicTeMbl
ABnAoTes QyHKIHY (3). E .

Cunemcrsue 1. Vpaguenue Iamunrvmona

du Ou  ( du “_ du du
ox, Ox, 6)50) 0x, Ox;

=m?, m =1, (4)

uHsapuanmuo omrocumenso -arzebpor AP (1,n'+ 1).
2. PaccMOTpHM BOJIHOBOE YpDaBHEHHE BTOPOTO HOpSKa

Ou+ Fx, &) =0, [0%/0x2— 0%0x2 — ... — 302, (5)

Teopema 2. Vpasuenue (5) uUHBAPUAHMHO OMHAOCUIMENbHO . ar2ebpot

—~

AP (1,n) moasko 6 maxux 08Yx CAY4AAX:
Flx, o) =Fy () =%u'; r&1, (6)
F (%, u) = Fy (1) = Aexpu, - m

20e Ay, hy, r — RPOL3BOALHEIE KOHCIMAKMODL. » _—
~ JloxasareabcTBo TeopeMsl cM. B [7]. TlpuBesienHble TEOPEMBbI MOKASEIBAIOT,
9TO ECTECTBEHHEIM KPHTEpPHeM 0T6opa (BhIIETeHHs) AOBOJBHO YSKOTrO Kiacca He-
sunedippix JIYUIT s Bcero MHOMKecTBa ypaBHEHHH sABJISETCS NPHHIMII HHBa-
pHaHTHOCTH (cuMmerpun) [4—7]. : :
Samevanue 1. Ypasuenue (5) c HelHHEHHOCTBIO (7) B JBYMEDPHOM
npocrpascre R (1,1) HHBApHAHTHO OTHOCHTENLHO GECKOHEYHOMEPHOH aire6pnl

Jlu, cozepkamedr B KauecTse nofanreGpsl anre6py AP (1, 2). Ora cummerpus
Zajia BOSMOMKHOCTh HOCTPOHTL obmiee peumenue ypasrerus (5), (7) [4, 5, 7]

; — 8f (% + %1) 5 (% — %) }
(% %)) = In Mol (o + %) + o g — 21" )

tae fi, fa — npousBOMBHEIE INanKHe GYHKUHH, [ — NPOHSBOJHAS IIO COOTBET-
CTBYIOLIEMY apTyMEHTY. .

3ameuanue 2. Bce pemerus AsymepHoro ypassenus (5), (7) umeior
HenepTypOAUHOHHBI Xapakrep (pemeHHs (8) HMEIOT CHHTYJIAPHOCTh B TOYKeE
Ay = 0), HO3TOMY K yPABHEHHIO HEIPHMEHHMbI METOMBI MAJIOT0 IapaMerpa. Ils
BOJIHOBOTO YPaBHEHHSI CO CTeleHHOH Henuuelimocrsio (B) Takodl pesyibrar He
ofHapy:KeH. BoJjee TOro, MHOTHE YacTHEIE perleHus ypasHenus (0), (6) axaimi-
tHuHBl M0 Ay [4, 71 '

Sameuanue 3. IIpu r = (n + 3)/(n+ 1) ypasuenre (5), (6) HHBapHaHT-

HO OTHOCHTeJBHO KoH(opmuo# amre6pst AC (1, ) D AP (1, n) [8].
3. BrIACHHM, KaK{e YPaBHEHHS OMHCHIBAIOT HEJIMHEHHYIO TENJIONPOBOAHOCTE.
[IpHHATO CYHTATh; YTO .HeTHHEHHEIE [POLECCHL TeIVIONPOBOJXHOCTH H AH(D-
¢ysun onucwiBaroTess HequuedmbiMu [JYYII Buxa e o e :

(&)

Ou/dx, = a—i {C (w) Ou/0xy} —_!—_F._(u_), x,=t k=1,3. _ 9)
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B cayuae, korpa F (1) = 0, C (1) = const, ypasrenue (9), KaK Iokasan
emie C. JIu, HHBADHAHTHO OTHOCHTENbHO rpymmel [ammires. ['pynnoBol aHaius
HenuHeiiHoro ypaeuenus (9) (npu F (1) = 0) ocymecreua JI. B. OBcaHHHKOB
[9]. B [5] obpauieso BHMMAaHHE Ha CaeAyiolee CBOMCTBO ypaBHeHHH (9): HH OIHO
HeJHHeHHoe ypaBHeHHe H3 kiacca (9) He HHBAPHAHTHO OTHOCHTEJIBHO Ipeobpaso-
BaHuH T'ammines, T. e. nns ypasHenu#t (9) (F (u) = 0, C (u) = const) He BbI-
NOJIHSAETCH NPUHIKI OTHOCHTeTbHOCTH [amumes. [lostomy IS THOCTPOEHHA
MaTeMAaTHUECKOH MOJIENH HEJHHEHHLIX IPOLEeCCOE TENJIONPOBONHOCTH H Juddy-
SHH HeOOXOIUMO peIUHTh .CIAeAYIoNyio sanauy [B]: ommcare SBONIOUHOHHBIE
YpaBHEHHS

Uy + F(x, u,u, ) =0, uy=0u/dx,, x,=t (10)
12

HHBapHAHTHBIE OTHOCHTENBHO Tpynnst anunes G (1, #) u ee paciunpenuii. Eciu
JHCIO NPOCTDAHCTBEHHBIX [EPEMEHHEBIX 11 g 3, TO TaJdHJIeeBCKH-HHBADHAHTHEIE
ypaBHEHHS IIOJHOCTBIO ONMCHIBAGT CIIEAYIONIAs TeopeMa.

Teopema 3. ¥Vpasrenue (10) urnsapuanmuo OMHOCUMEABHO epyniel
MOABKO 8 MAKUX CAYHAAX:

) npu n=1
F =ty + Oy (0), v = Au = uy; (11)
2) npu n= |
i u
F == luiu: + (DZ (Uj_r ‘UZ)) Uz = uil uiZ —— uiluzz—' uizuig, Ui = Au:ul.l_"- u22;
12 22 (12)
3) npu n=3 .
F = Muijtt; + Dy (vy, 0y, Ug), vy =Au, v, = M Uis Uy Uyg +
Uy Upp| | Uss Uss (13)
+ u22 1!23 , Ua sy det ” Lﬂij “’
Ugs Uss

20e @y, ©,, Oy — npoussosstsie eradkue GyHIKYUL.

HoxasarexscTso TeopeMsl 3 noxyyeno Cepooit M. M. u asropowm [5]. Ecu
anre6py AG (1, n) nononHATEL omepaTopaMH, KOTOPHIE IIOPOXKAAIOT MACIITAGHEIE
H TPOEKTHBHbIE NpeobpasoBanusd, To dyaxmun @, O, @D, xoHkperusupyoTed,
T. €. KJACC MONYCTHMBIX TaJMJIEeBCKH-WHBADHAHTHEIX ypaBHenu# (10) cuabHO
Cy}KEiETE:‘ﬂ‘ Hanpumep, B IBymepucm ciyuae [5] F = Awu; + o (o, — 40)'/%,
=1 2

Taxum ofpasoM, HOYUIl BTOpOrO NOpSALKA, ONHCHIBAIOLUIME HEJHHEHHBIE
IPOCTPAHCTBEHHBIE NPONECCHl TEMIONPOBOAHOCTH M Auddysuu, umetor Buy (10),
(13). Hdanee, na npumMepe BOJHOBOro ypaBHeHHs (5), (6) noxaskeM, Kak CTPOMTh
HEKOTOpLIe KJIACChl TOYHLIX pelneHu# HenunefHbx JIYUII.

4. Jlnsa nocrpoeHus 9acTHBIX pemenuit 1Y UIT ncnonbsyem ansati

u(x)=f(x)o @)+ g (), (14)
npemoxeras# B [4]. C momompeio 5Toro aHsaTiia MOCTPOEHB IHPOKHE KIIACCHI
TOYHEIX PElIEHHH MHOIMX HEJHHEHHBIX ypaBHEHHH MaTeMaTHYeCKOH (HSHKH.
B (14) ¢ (®) — dysxmua, nomiexanas ONPEIEJeHHI0, SABUCHT OT HHBAapHAHT-
HEIX [IEPEMEHHBIX @ (x) = {®y, ..., ©,}. SIBHBN BHA QyHKUEA f (x), g (x) ompe-
JleJIsIeTcs] U3 YCJIOBHS «pasfeleHHA» [ePeMeHHbIX, T. &. U3 TPeOOBAHHS, YTOGEL B
ypaBHeHue L5 ¢ (©) He BXOXMJIH SIBHO NePeMeHHbIe (X,, ..., X,). FIHBapHaHTHLE
nepeMeHHble {Oy, ..., ®©,} SABJISOTCS NEPBHIME HHTErPAaJaMH COOTBETCTBYIOLIENO
ypaBrenus Siniepa—Jlarpamxka (4, 7]. Ilo anre6pe uusapuantHOcTH JLYUII
CTPOHTCS ypaBHeHHe Diinepa—Jlarpanma. UHCIO HEIKBUBAICHTHBEIX AH3ATIEB
8aBHCHT OT PasMEDHOCTH aJre6pbl HHBADHAHTHOCTH ypPABHEHHSI.

Popmyna (14), KoHeYHO, He HCUEPHBLIBAET BCe BOSMOKHEIE AHSATIHLI VIS
JaHHOTO ypaBHeHHs. Tak, MHPOKHE Kiacc YaCTHBIX pPelleHHH ypasHeHui ['a-
mubTORa (4), Momxa—Awmnepa [10, 11] MoxHO HaliTH B HesSBHOM BHIE, HC-
noJb3ys amsati [4, 5] .

W () =Fx) e @)+ g ), (15)
rae W (1) — npoussosibHas riiafikas QyHKIHS OT 4, © = @-(¥, u).
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Pacemorpum BosHOBOE ypaBHerue (5) ¢ HeMHHeHHOCTLIO (6) B IPOCTPaHCTRE
R (1, 3). Ecm peanmsoBars npuBefeHHBIH anroput™ s ypasrenus (5), (6),
TO OIMH M3 BOSMOXKHBLIX aH3aTHEB (14) HMeeT clefyom Uil ABHEIN BHA;

1 (x) = [(cx)® + (0770 (0, 0y, @), rEl, © = —;‘%, w0, = [(cx)® +

+ (@0°) (@) (0x)) ™, @, = In [(x)® + (d9?) + 2 arctg o, a* = — b2 =
=— = —d*=1, ab = ac = ad = bc = bd = cd = 0, @ =a—

—al—a}— a2, ab = ayby— a,b; — a,b, — agb;, ax==0, bx50, dx=~0.(16)

Amsarn (16) penyumpyer ypasmenue (5), (6) x JIYUIl c nepemeHHbIME
Ko3(UIHEHTaMH

62 6\2 a?. *
(1 + o?) amq% —4(1 + 0?7 am‘g 1 02 [0 (0! — o) — 4] a—mfg-_ 203 (1 + 03) X
Po. 2 0P 00 _ 1o o
= do00, O 0w, 0w, “Aogm; 9w, i %E =elepag e I
k= 2/(r—1). (17)

Hafitn wactHble pemeHus ypaBHeHHs (17) TPYAHO, IO3TOMY HYIKHO Pemy-
OHPOBATbL €0 K YPaBHEHHIO C IBYMSA HE3aBHCHMBLIMH IIEPEMEHHBIMH, & 3aTeM I10-
ayuesnoe Y UII penyuupoBats K o6bIKHOBeHHOMY Hu(depenunansuomy ypae-
menuo (OJ1Y). Ilepexox x OJIY MOXHO OCYUIECTBHTL H HEIOCPENCTBEHHO H3
ypasHenus (17), eclu NpPeANONOXKHThL, HaPHMeD, 9TO ¢ S8aBHCHT TOJBKO OT OJ-
HOH IlepeMeHHOH w,. B psame ciyuaer Henunelinsie OIY yraercs peluuTh aHaIH-
THYeCKH [4—7] MJIH NOCTPOHTD NPHONHIKEHHEIE DEIIeHHT -C IIOMOIIBIO MEeTONa
KprutoBa—DBaromo6osa—Murpononsckoro [12]. 3ameTnm, 4To HeKOTOpEE pe-
IyLUHPOBAHHLIE YpPaBHEHHS 061alaioT 3HAYMTENBHO BLICHEH cuMMmeTpuef, uem
HCXOAHOe ypaBHeHHe. ITOT (PAKT CBUIETENBCTBYET O HOBHIX BO3MOMKHOCTAX JJIA
KOHCTPYKTHBHOTO OCTPOEHHSA IIHPOKHUX KJIACCOB PEIIeHHH.

IlpuBeneM IBa MHOTOMapaMeTPHYECKHX CeMeHCTBa TOUHLIX pelleHHit ypas-
Hernusa Jlanam6epa (5) ¢ HenuneitHocThio (6), MOMYUEHHBIX IO YKasaHHOH .cXeme

= [(@x"? + b "¢ ¥, (18)
r7ie mapaMerpel @, b, ¢ YIOBJETBOPSIOT YCJIOBHAM
ab’=ac’=0bp"=cc’'=0, v=0,n—1, 200" =0p"=
=hr—12C—37", r#3, r#= L u=[@@x)+ 651777, (19
ppuueM @,a" = ab’ =0, bp' = ——%M(l— M+, r=—1, ©O—

IPOH3BOJIbHAA TJIazKas (QyHKIHA.

~ Qopwmyna (19) samaer pemenme ypasHesusa (5), (6) uepes HpPOUSBONBLHYIO
CIJYHKH,BIO CD, IOSTOMY €€ MOXKHO HCIOJBE30BATE JJIA H3YYEHHA COOTBETCTBYIOHLeﬁ
HayaJdbHON MJIM TPAHHYHON 3aJauH.

SdipertrBHas peanusanusa aHsatna (14) maa menumedHbix cucrem J[YUIIT
tuna J{upaka uw Makcseiasna—Jlupaka ocymectsireHa B padorax [13, 14].

5. IlpuBeneM HECKOJIBKO IPOCTEIX MPHEMOB, HOSBOJIAIOIIMX CTDOUTE Ce-
MEHCTBO YACTHBIX peIleHHH HeJHHeHHBIX nyaHkape-uaBapHanTHux IYUIIL. Pa-
IH KOHKDETHOCTH paccMoTpuM ypaBHenue JlanamGepa (b) ¢ Ky6uueckod Hemu-
pe#ocreio. [lepeiimem ot IAYUIIl x OJIY mocpencTBoM BEIUEDKHBAHHA ClIara-
emex 0%u/0x}, 0°u/0xZ, 0°u/0x% B ypapnenun (5). Torna mosyunM

0®u/0x2 + XF (u) =0, F(u) =u’. : (20)
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VYpapuenye (20) mmeer, MOMEMO XOPOIIO H3BECTHBIX PEINEHHH B KJacce SJIIHI-
THYEeCKHX (DYHKIHH, [POCTOE YacTHOE pelleHHe

U () =1i "/%x;{l, A5=0. (21)

BocnoussoBaBAch npeoGpasoBanusMy us rpymmb Jloperma x = a,.x", pas-

MHOMKHMM pemlensi (21) 10 peleHmfi, SaBHCSIIEX OT BCEX NEPEMEHHBIX (Xp
Xys Xgr Xg):

; ) —
g =i = (@) aat =1 (22)
HcnonsszoBas KoH(GOPMHEIE NPE0GPasOBaHMs
L= o (x,+ ¢, v'(x)=oux) o=1+2 X -k cat, (23)

pacilEpuM pelleHHs (22) Ao ceMHIapaMeTPHYecKOro CeMefCTBa pEMIEHHH Uz =
=0y, (¥, —x,). OueBrnHO, YTO YypaBHEHHIO (5) MOXHO CONOCTABHTE, Ha-
npumep, OL1Y Bupa 0°u/0x%4- AF (u) = 0, F(u) =u®. B sTom caygae nosyusm
Takue cemeficTBA pemleHHil KOH(QOPMHO-MHBAPHAHTHOrO ypasHeHHs (B):

RV I

g = 01, (x,—>x7). (25)

Crnenyer OTMETHTB, 4TO pasMHOXKaTh pemrenus Y UIT mMoxkHO He TONBKO C
IOMOIIBI0 IIpeobpasoBannii, ofpasyromux rpymnny Jlu. Hampumep, ypaBHeHHe

Ou+ M (xx9) 'u=0 (26)

HE MHBAPHAHTHO OTHOCHTEIHHO KOH(POPMHBIX IpeoCpasoBaHHi (23), HO HHBapHAHT-
HO OTHOCHTE/IbHO HHBEPCHH

X, > x, =x[x x*=0. (27)
Ipeo6pasoBanue (27) He obpasyer rpymmy JIn. Ecimu u, — pemenne ypaBHeHUs
(26), To HOBOE pEIEHHE U, CTPOHTCA IO (hopMyJIe

1 X
uz = -;CT ﬂi (xu‘“‘)- x—‘;) = (28)

dopmyny (28) MOXKHO paccMaTpHBATh Kak o0GOOMIeHHEe HSBECTHON TeOpeMsbl
KensBuna pnsi ypasHenusa Jlammaca Ha JIMHeHHBIE M HeJHHEHHBIE BOJHOBHE
ypaBHenus. ONHCAHHBIH IPHEM NIPHTOJEH TaKXKe H JJIS OTHICKAHHS YacTHHIX pe-
IeHHH rajHieeBo-nHBapHanTHEX ypasHerni (10) [15].

Hpyroit croco6 nocrpoenus gactHeix pemenu#t JITYUII coctout B 3amene
MHoromepHoro ypasHenus (5) cucremoit nsymepreix LY UII Buna

" 0Pu/oxg— 0*ufax? 4 F () =0, (29)
0u/0x2 + 0*uldx3 = 0. (30)

Heymepuyio cucremy (29), (30) serue pemsTs, 9eM HCXOAHOE MHOTOMEPHOE ypaB;
uenne (b). ITocTPOHB YacTHEIE PELIEHHS CHCTEMEB!, PASMHOMKHM HX JIO HEPasMHO-

2xaemplx otHocHTenbHO rpynn P (1,3) mimm C (1, 3). B cayuae, xorma F (1) =
= ) &Xp u, Bce pewenusn ypasHenus (29) umeror Bun (8). Iloxcrasus (8) B (30),
TIOJIYYHM yDaBHEHHE IJIA ONpeJeNeHHs JABYX I[POH3BOJBHEIX GQYHKLIHE f; H
fo. Eciu F (u) = sin u, ypaBHesHe (29) HMeeT, KaK XOPOIIO HSBECTHO, COJIUTOH-
HEIE pelleHHs. }
3ameuanue 4. Hepasmuokaemele pemenns ypasseHu#t (5)—(7) or-
HocHuTesabHO Tpynn G (1, 3), P (1, 3) u C (1, 3) MOXHO HCIONB30BAThL NS KBaH-
TOBaHHSI HEJIMHEHHLIX BOJMHOBLIX ypaBHeHuil. OOMH H3 BOSMOXHBIX myTed co-
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CTOHT B CJEAYIOIEM: PA3JIOXKHTh yaHKape-HHBapDHAHTHOE CEMEHCTBO pemeHH
ypapHenus (5) B maTerpan dypre, a sareM, KaK M B cIydae JHHEHHBIX YpaB-
HEHHH, BOCIOJIBSOBATHECA XOPOIIO H3BECTHEIMH IPHEMAMH.

6. B mpepmymux myHKTax JJIs OTHICKAHHS YACTHBIX PEIIEHHI CYeCTBEH-
HO Hcmosb3oBaHa cumMerpus JIYUIT. EcrecTBeHHO NOCTABHTH CJIEIYIOMHE BO-
npoc: BOSMOXKHA JIM PelyKuHs MHoromeproro JYUII B ciyuae, Korma ypas-
HEeHHe He o6iajaer cuMmeTpuei? JIJs MOJMOXKHUTENLHOrO OTBETA HA STOT BOIPOC
HYXKHO IOCTPOHTH YpaBHEHHE, KOTODOEe, HallpHMep, He HHBAaPHAHTHO OTHOCH-
TelbHO rpynmsl Jloperna O (1, 3), HO JomycKaeT PeAyKIHIO OTHOCHTEIBLHO JIO-
PEHI-HHBADHAHTHOrO apsarna. Takue ypaBHenusa mocrpoensl M. M. ITudpoit u
aBTopoM. OHO H3 HHX HMEET BHJL '

D14 (ho/%0)? (B/00)® + (Maf 1) (B1/051)> + (Mgfp)? (304/02) 4 (hglita)? (aufé‘xa();,l !

rae Ay, ..., Ay — IPOHSBOJNIBHBIE MapaMeTphl, X, = 0. Ypasuenne (31) me uu-
BapHAaHTHO OTHOCHTEJbHO Npeobpasopanuit us rpymmsl O (1, 3), HO HMeeT Jo-
PEHI-HHBADHAHTHEIE DEIIEHHUS .

Pemernsa (31) MmeM ¢ ICMOMIBIO JIOPEHI-HHBADHAHTHOrO AHSATHA

u=09(©), o=uxx" - (32)
Ypaprenue (31) noce moacranopku (32) pemymmpyerca k OJY
dod?p/dw® + 8 dp/do = 4A* (do/dw)?. (33)

YHacrroe pemenue ypasmenns (33) umeer BHR

p=— 2__5 arctg opu A = —a® <0,

®
a Va
i
1_ » Va*+o

T Ve Va@—o

Taxum ofpasoM, ypasHeHue (31), He oGrajaolnee JOpPEHI-CHMMETPHEH,
HMeeT JIOpEHI-HHBApHAHTHLIE perieHHs. ITOT (akT 0OYCIOBIEH TEM, YTO HEKO-
TOpBIEe NOAMHOXKECTBA B MHOXKECTBE BCEX peINeHH} ypaBHeHHs (31) mmeroT Go-
Jiee MHPOKYI0 CHMMETDHIO, YeM MHOXKEeCTBO BCeX pPemeHHH ypaBHeHHs (31).
B paccmarpuBaemMoM mpHEMepe JONOJHHTENIBHOE YCIOBHE, BBIIENSIONIEE JIOPEHI-
HHBapHAHTHBIE PElIeHHs, HMeeT BHI

Juvt (x) = 0, Jyy = x,0/0x, — x,0/0%, p =

opH A2 = —a?2>0.

0,3, (34)
Juy —rerepatop rpyonsl O (1, 3). Bmecto (34) MOXKHO HCIONB30BATE H MeHee

xectkHe yciosus, Hanpumep (Juvit) (Juvit) =0 mmm JyJ " u = 0.
YpaeHenue (31) COBMECTHO C AOMOJHUTENbHEIME YCIOBHAME (34) HHBapHaHT-
Ho oTHocHTenbHO O (1, 3), T. e. ypaBHeHHe (31) Ha MHOMKeCTBe pEIIEHHH JIH-

HeHHBIX ypaBHeHHH (34) JOopeHI-HHBapHAHTHO.
Bce usmoxkeHHOe BBINE OTHOCHTENIPHO KOHKDETHOro ypaBHeHHs (31)
obobmaerca u Ha caydail npoussoabroro Y UII

L(x, u, u, u)=0. (35)
1 2

Tlyers {é\ .} — COBOKYNHOCTb OIIEPATOPOB H3. aire6pbl HHBADHAHTHOCTH YpaBHE-
uus (35) [16], T. e. omepaTops! {é\ i A= I, N, nepesopar pememue B pelle-

A~
upe. B paccmorpennom nprmepe {Q,} = {/uv} — Habop wlecTH onepaTopoB, 3a-
naomux rpynny Jloperna. JIas mocTpoeHns anreGphl HHBAPHAHTHOGTH HEOOXO-
JHMO HCIOJB30OBATH 0606HJ,EHHOE YCJIOBHe HHB&pHaHTHOCTH

aAL (%80 vs) |rmg: =0, (36)
L 2 1 4ui=0
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rae {@ 4} = 0 — COBOKYIHOCTH CJIENYIOmHuX ypaBHEHHH:
Qu=0, DQu="0,..., D"Qu=0, (37)

D — oneparop noxHoro naddepennupopanns. Eciu B ypapHeHuu (36) He yu-
TBIBATH IONOJHUTENIbHEE YpaBHeHHA (37), TO 0000MEHHOe yCIOBHE HHBAPHAHT-
HOCTH COBIAJeT C KJACCHYECKHM ycIoBHeM HEBapHanTHOCTH C. JIH. YpaBHeHHS

DQ,u =0, D*Qu=0 (38)

el
TNPEJICTABASIOT cOB0H nubdeperHaNbEEe CIeICTBAS H3 ypaBHeHHA Qa u=0.
Ypasuenus (38) MOMKHO HHTEPIPETHPOBAThL Kak IH(QepeHIHaIbHEE CBASH,
HaJOXKEHHEIe Ha HcXoxHoe ypasHenue (35). Ilpumepom IYUII co casamu Mo-
3keT GBITH CHCTeMa

Ou==0, (39)
ou Odu
- =0. 40
6xu ax“~ ( )

B [17] ¢ yuerom o606imenRHOro yeIoBis HHBapHaHTHOCTH (36) HalizeHa GeckoHeu-
HOMepHasi ajre6pa uHBapHanTHOCTH cHcreMel (39), (40). McnonpsoBanue Kjac-
CHYECKOro ONpeJielIeHHs] HHBAPHAHTHOCTH K cHcTeMe (39), (40) maer KOHEYHO-
MEPHYIO aire6py HHBADHAHTHOCTH. MHOIOYHC/IEHHBlE OPHMEHEHHSI 060OIIeH-
HOTO YCJIOBHSI HHBAPHAHTHOCTH K JIHHEHHBIM yDaBHEHHSIM MaTeMaTHYecKo# (u-
8HKH paccmorpersl B [18].

B cayuae, xorna bneparopsl {?2.4} sapnsiiorest puddepeHHanpHLIME Oepa- |
TOpaMH IePBOrO: IOPsaKa @A = Eﬁ (x, u)a— +qt (x, u), p= 0, n, mnepsoe
[

ypaBHenue 3 (37) MOXHO HCIOJB30BATH IJS HaxoxaeHus GyHKmmd f(x), g (%)
B ausatne (14) mpu penyxumu OVYUII x OV, T. e.

Qu=14

9 00@ +e@) +1 @ 9@ +g (@) =0.
i

Bameuanne 5. Ilpusesem cucremsl nuddepeHNHATLHEX ypaBHEHHH
C HeJMHEHHBIMH CBSISAIMH, KOTOphIE MOTYT HMeTh (PHSHYUECKHe NDPHJIOXKEHHS:

T

dp dp dp 12 Tow oy
f — — m2 == 2 U g
ov¥ m*¥, ET T ox, +m ] yp=NM (‘P o ’1) —}—KJ"P‘,

oj : - o
OY¥ = —m*¥, axi =0, j,=F, (YY) ¥y, ¥ + F, (YY) Yy, ¥,

rae ¥ — ueThipeXKCMIOHEHTHBIH cruHOp, ¥ — conpsKeHHbIH couHOp, F; 0 Fy—
TIPOHBBOJIBHBIE TJIAJIKHE (DYHKIIHH.

Sameganue 6. YKaxeM eme ofuH crocob pelieHHs HeJdHEHHBIX CHCTEM
yPaBHEHHH, HaUpHMep, BHIA

du . o
[ g ’
uvav—O, p,v=0,1,235 T?uTau—O.

Ilono/sHuM STH ypaBHEHHS JMHEUHBIME BOJHOBHIMH YDAaBHEHHSAMH [ u, = 0,
B

["02TpoHB MHPOKHE KJacChl 9aCTHHIX PElIeHHE JHHEeHHLIX YPABHEHHH H TI0J-
CTaBMB HX B HEeJHHEHHBIE, MOXKHO HaHTH ceMefCTBAa TOUHBIX PEIIEHHE HCXOMHOH
HesnuHeHHOH cucTeMmbl. IIpH sTOM KesaresbHO, UTOGE CHCTEMA HEJHHEHHOTO H
JHHEHHOrO ypaBHEHHH HMesla HETPHBHAJIBHYIO CHMMETPHIO H, KOHEYHO, 6hlIa
COBMECTHa.
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