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OO0mue pemeHdsi HeJHHEHHOrO0 BOJHOBOIO YPaBHEHHS
H ypaBHeHHS SHKoHaJaA

Tlpennoxen KOHCTPYKTHBHEIR MeTON HATerPHDOBAHHA IlepeonpefeleHHOH CHCTeMBl HeTHHeHHELY
KOMILIEKCHBIX BOJHOBEIX ypaeuenui J1’Anambepa u sitkonana [(Ju= Fy (1), u " uﬁLt: Fy (u).
x

C IOMOLIEIO STOTO MeTofa NOJYHYeHO MOJHOe aHaJHTHYeCKOEe OIHcaHHe MHOMKeCTBa TVIaJKHX pe-
weHuH aTOoH CHCTEMEL.

3anponoHOBAHO KOHCTPYKTHBHHH METOA ifreIpyBaHHS NepeosHayeHnol cHCTeMH HeliniliHMX Kom-
IJIeKCHHX XBHAbOBHX piBHaub II'Anambepa i efixonama [Ju = Fy (u), @ u, = Fp(u). 3a

JOIIOMOroI0 IILOT0 METOLY OJepiKaHo NOBHHH aHaJiTHUHHH ONHC MHOMHHH TaagiKux pOBB’ﬂSKiE
niei cucreMu.

1. Bregenne. [Ipo6rema mocTpoeHHsI IMHPOKHUX KJIACCOB TOUHBIX pelIEHHH
HeJlUHEHHLIX NyaHKape-HHBADHAHTHBEIX CKAJfPHBIX YDAaBHEHHH IOCPENCTBOM
MeTOla PENVKIHH HX K OOBIKHOBEHHBIM IH(pGhepeHIHaNbHbIM yDABHEHHEM CBO-
JMETCA K CJeLYIOMEH 3ajaue: KOHCTPYKTHBHO ONHCATh BCE IVIAJKHE TOUHBIE pe-
IeHHA CBASKH ypaBHeHui Buza [1—3]

Ou= Fy(w), 0O=0%0x2— A, 1)y
du
Unylhe, = Fa (4),  try, = 0x, ] @

e & = u (%o %1, X %s) € C* (C4, CY); Fy, F, = C* (0, (*) — npomseonburre
(DYHKIHH. .

Cesasxka ypassenuit (1), (2) BosHHKaeT U B JPYTHX 3ajauax MaTeMaTHIeCKOH
busuxu [4].

3jech ¥ B JajbHEHIIeM II0 TNOBTOPSIONIHMCA HHIEKCAM INpeAno/araercs
CYMMHpOBaHHe B TICEBJIOEBKJHIOBOM TpocTpancTse R (1, 3) ¢ METpHYECKUM TeH-
gopoM guy = diag (1, —1, —1, —1), T. e.

3
— ol o8 B
Uelhn, = Y Guylbaylhny = U, — 5, — 8, — 1 .
W, y=0

B cayuae, korna F, = 0, cucrema (1), (2) coBMmecTHa TOrIA B TOJBLKO TOT/A,

gorna F; = 0 [4—5]. IlosTomy cucrema Au(pepeHIHaNbHBIX ypPaBHEHHH

Ou= O, 35453«:1_1.‘5‘2\:]_|r =0 (3)

6yzer paccMoTpeHa OTHEbHO. : . :
B ciyuae, korna Fy (1) 5= 0, cucrema ypaszenu#t (1), (2) ¢ momompro so-
KanbHOH 3aMeHEl 3aBHCHMOM TNepeMeHHOH :

u
u—s>u = g [F, ()] dv (4)
OPHBOJTHTCA K BHAY
Ou = F (v), (5)
uxuuxu = ]-- (6)

B macrosmeii pafoTe yCTaHOBJEHE HEOOXOAHMEIE H JOCTaTOYHBIE YCJIOBHA
COBMECTHOCTH TepeonpefieJeHHOH CHCTeMbl AH(depeRlralbHbIX ypaBHEHHH B
qacTaEx npomssopEbix (JIYUII) (5), (6) u mocrpoenst obIIHe peINEHHS CHCTEM
(3) = (5), (6) B Kuracce raaAKux QYHKIHH. _

2. DopmMynHpOBKa pesyabTartos. [Ipusesem OCHOBHBIE pe-
syABTaTH PaGoTHl B BHJE CNEAYIOIHX yTBEPKACHHH. =

0
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Teopewma 1 [6l. ¥Ypaserus (5), (6) cosmecrmus. mozda u moabKko moaday
Kozda

F(uy=N(@u+0Cy", (7)

2de C € C* — npoussoasras xoxcmanma, N — OuckpemHold napamemp, npuru-
marouguil 00Ho us sraderull 0, 1, 2, B:
Teopewma 2. Obwee peuerue YpasHerun sliKoHaNd

Unyltr, = b MECH (8)
sadaercs 00HOU U3 credyrouyiLs HEABHLLX POPMYN:
1) u(x) = Ay (0, vy, Ug) Xp + B (01, 0y, Us), ©)
20e v, =1, (x), a= 1, 3, — aaadkue ynkyuu, onpedersemsle POpMYIAML
04y aB EP

Xy, =0, a=1,3,
du, * T oo, 0

a Au, B—npoussosrie 2radxue Qyryul, -ydosremsoparouiue

ApAy =h, rank|| 04,/0va it ama =85

2) u(x) = Au(vy, vy) xp + B (vy, V), (10)
20e v, = v, (x), k=1, 2, —2nralxue Gynryuu, onpedersesvle GoPMY AAMUL
04, = OB

5o fu g =0, fire ;9

a A, B-—npouseonsusle eznradxue Qynryuy, y0osaemseop siousue
ARAIL = ?lr, Iarlk ” aApj a()h "u'._:io k-..2—..1 —— 2;

3) u(x) =A4,(2) xu+ B(2), (11)
ede z= 2z (x) — eradkas Qynryus, onpedessemas Gopmyaotl
dA, dB

& Bt =0

Ay, B— npouseorstibie eradkue Gynkyuu marue, 4mo eoinoatero AyA, =M.
Teopema 3. Obuee pewenue cucmembt Y9I

Ou=38(u+C)", uxoy, =1 (12)
onpedeasemcs popmyaol -
(4 C)F = (- Ay (¥)) (s + Ay (%), (13)
20e ¢hynxyus © =t (x) onpedensemca HeasHbM 00PASOM: :
(%p + 4 (7)) Bu() =0, (14)
pyuryun A, (t), By (T) ydosremseo patom coOMHOULEHUAM
BuA, =0, BuB,=0 (15)

(s0ece u Oanee mouxa nad Qyrkyuel 0dH020 apeymerma 03Ha4aem nPOUSBOOHYIO
" H%‘Mgz)-pema 4. Obuee pewenue cucmemot JYYII
Ou=2@+C) ", uoun=1 (16)
gadaemes odnotl us caedyrowux opmya:
1) (w4 C)* = (xu+ Ry (¥)) (3 + Ry (7)) + [Bu(7) (% + Ru (7PI% (17)

e de yrryus <= « (x) onpedersemcs Hessrolm obpasos: (xu -+ Ry (T)) B, (v)=
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=0, a R, (7), By () —npoussosvreie eradkue dynryuu, ydosaemsoparowue
coomHouenuas Ry = TB,, BB, =0, BB, — — 1 i »
o T b ws BubBy, wBu = npu npouseobHol. (ymk

2) @+ C)* = (a4 Ru(v) (tu+ Ry (0) + [du (5 + Ru ()12, (18)

ede Qyuryus ©=T(x) onpedersemen HescHbLM 06pPATOM: '

(s + Ru (1) Ry (%) + (3 + Ry (7)) dy (duRo (1)) = 0,
dy — const, dudy, = —1, R, (%) — npoussorsusie qbymcqud, ydosremasopsarowyue

COOIMHOLLEHILIO RHR‘U, -+ (duj%'fu)3 =0.

Teopema 5. Obuee pewenue cucmemss OYYI [COu= (u+ C)~,
Uy Uz, = 1 8adaemes Gopmyrod ' A

1+ C)? = (apxy + hy)* — (duxn + hy)?, (19)

ade by, =k, Buxy), k=1,2 < C*(C CY)— npoussorsnsie dynryuu, a,, d,,

By — npouseoasrsie KomniexcHoe napamempo, yOosremeoparowue coomuotue-
Husm_ apay, = —dudy =1, ayd, = a,0,=d,6, = 0,0, = 0.

Teopema 6. Obuwee pewenue cucmemor VY Ouw =0, uy u, =1 sa
daemesn opmyroil e ‘
u= Ay (v) x4 + Ry (9), (20)
2de Qynryua T = T (x) onpedersemcs HEABHbIM 06paAsOM: By (T) xp + Ry (v) =
0, a gynryuu Ay (v), Bu(v), Ry(v), Ry (v) censane coomuowenuany Ayd,=

=1, 4,B, =0, A,B,=0, B,B, =0. :
Teopewma 7. Obwee pewenue cucmemor IYYIT (3) sadaemes odroid us
dopryn
1) 4() = Au (%, %) 5+ Blwy ), | (21a)
2de gynryuu T, = 7y, (x), k=1, 2, onpedeasomes HeagHbiM 06pasoM:

0Ay (g, Ty) i 9B (71, )

3Ty, 9y, =0 &=54

a Ay (7, T,), B (T, Ty) — npoussosbrsie (GyHKyUL, CBABAHKbIE COOMHOUEHUAML

Autp=0, ZELE 0, kn=12
2) G (u, Ay (1) xy, Bu(u)xy) =0, (216)

ede GEC*(C® CY— npoussonsras pynryus, Ay (4), By () — npoussorstisie
enadkue ynkyuu, ceéasaunnvie coomuowenuamu AyA, = BuB, = AuB; = 0.

Taxum obpasom, TeopeMsl 3—7 COfepIKaT IOJIHOE AHAIHTHYECKOE OIHCA-
pue pemenuit cucremsl JYUIT (1), (2) Bo Bcex ciyyasx, KOrJa 5Ta CHCTeMA
COBEMECTHA.

- IlompobHoe jokasaTesbCTBO Teopemsl 1 IposefieHo B paGore [6), a moxasa-
TEJIbCTBa OCTAaJNbHBIX TEOpEM IPHBOAATCHA B CHAELYIOMEM INYHKTE.

3. JogkasarteabcTBO TeopewM 2—7. [IpuBenem nonpoGHbie [0-
KasaTenbCcTBa TeopeM 2, 3, a B OCTalbHBIX CIYYASX OTPAHHYAMCS HSJIOMEHHEM
CXeMBbl lOKa3aTesbCTBA. B OCHOBe Hamero Nofxofa K HHTerpHpoBanmio YUII
Bina (1), (2) u (8) nexur ofofmeHHe MeTONa HENOKANBHEIX IpeobpasoBaHHi
[7, 8] Ha cayuya#i MHOrOMEpDHBIX HEJIHHEHHBIX HU(DbEpPEeHNHATLHBIX YpaBHEHHEH,
npejyoxessoe B [6].

Onpenenenne 1. [Ipeobpasosariie SABUCUMbIX 1 HE3ABUCUMbLX nepe-
MEHHBLX ?

o — fu (x, u, t, . , ),
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W=fE .., >l (22)

20e fu, [ — r pas nenpepuisro Ougepenyupyemoie QyHKYUL, CUMBONOM U 0603Ha-

s
4en HabOp Npouseodubix om (YHKLUL U = U (x) S-20 nopadka, HasbLIBaemos He-
AOKARbHBIM Npeobpasosanues nopaoka r. '

OcHOBHas Hjes pasBHBAEMOIO METOJla HEJIOKaJbHBIX NpeofpasoBaHHE CO-
CTOMT B TOM, 4TOGEI 1 3afaHHoro Heauueinoro IIYUII ykasaTh B sIBHOM BHIE
HeJIOKaJabHOoe npeobpasoBanne (22), IpHBOAAIIEE ero K JTHHEHHOMY YpaBHEHHIO.
Eciu pasi npeo6pasoBaHHOTO YPaBHEHHST YIAETCS MOCTPOHTH OOlIee HIH YacT-
HOe pelleHHe, TO, ofpamas npeobpasoBaHHe (22), mosydaeM pellleHHe HCXOJ-
Horo HenmHeiHoro JIYUII.

Ocobas poas B Teoprn JIYYII nepeoro nopsAaka IpHHAJIEIKHT KOHTAKTHBIM
nIpeo6pasoBaHHAM — HEJIOKAJBHEIM NIpeo6pasoBaHHSIM BHIA

x;,, = fp, (x, U, Ii‘)i
u = f(x: U, If)r (23)

iy, =8, (% 1, 1),

KOTOpBIE COXPaHsIOT YCJIOBHA EKacCaHus IEpBOro MNOpAdKa, T. €.

3 ; 3
r ! f ,
du — Z uxpd,scpL = 0=>du’ — L uxudxu = 0.

=0 w=0
10T QarT CBS3aH C TeM, YTO BCAKHe fBa cRauapueix JIYUII mepeoro mopsamka
MoryT ObITh TepeBelieHbl APYT B APYTa MOAXOASIIUM KOHTAKTHEM Ipeobpasopa-
“gmrem [9]. - y

~ JloxasarteabcTBOo TeopeMu 2. Hs (8) croenyer, UTO BENHUMHE

Uy, Uy Uz, Uy, QYHKIHOHAJBHO B8aBHCHMEI, OTKYJA 3aKJI0UaeM, YTO

Otly
det B = det[| uxyz, [}, ymo =0-
=0
axv s =0 P e ¥
Cuepnosatenbno, parr marpunsr U = || Usyxy |f, y—o TPUHEMAET ONHO HS SHa-

uwernd 1, 2, 3. Kaxnbni s sTHX cayuaeB HeoOXOIHMO PaccMOTpETEL OTAENbHO.

Cnywai 1; rank U = 3. TIpH TaKOM YCJOBHH CYIIECTBYET HEHYJ/EBOH
MHHOp Matpuipl U Tperbero mopsiika. I[IpOHSBOAs, €ciH 5TO HEOGXOAMMO, 8a-
MEHBl IIEPEMEHHBIX Xy —>-iX,, X, —-iXg, JMHOO X, —Xp, X =%, | <<a<<3,
1<<b< 3, npu KoTOpHIX ypaBHeHHe (8) ocCTaercs HHBADHAHTHEM, MOKEM
CYHTATH, 4TO

det || txyx, |3,y 7= 0. (24)
Tpouseeniem B (8) crenyromee HeJOKaJbHOE NPeoGpasOBaHEE:

o= Xy Yo = Ugy,

3
Hy) =Y %pttz, — 1, (25)
a=]

H?n =—ty, Hy=x, a=1,3.

Herpynuo mposeprth, uro (25) — 5TO KOHTaKTHOE NpeoGpasoBaHHe, KO-
TOpoe fBJAeTCH OOOOMEHHEM KJACCHUECKOTo INpeoOpasoBaBus Ofiepa mis
JIBYX HesaBHCHMBIX nepemeHHSIX [7, 8]. Kpowme Toro, sto npeofpasoBaHHe ABJA-
€rcsi B3aHMHO-ONHOSHAYHLIM B cHIY (24). '

B HoBBIX mepemenHsIxX y,, H (y) ypasHenHe (8) npuHMMAET BHA

AR

a=]
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T. €. sameHa (25) mpusoxur JYUII (8) npu ycinosun (25) K auneliHOMY ypaBHe-
HHIO, ofllee pelleHHe KOTOPOTro 3afiaercs CAeRyiomel hopmyJIoi:

8
H=—y(d+ Y 2)” —B s vs 99, (26)
a=1

rie BeC (03, C') — nponssospnas Gymkmus. Tloxcrasass (26) B (25), npn;
XOHM K TAaKOMY BEIPAXeHHIO ANA U (x):

3 3 3
v =Y %ta—H=2(b+3 02)" + ¥ %ba + BW 243, ©7)
a=1 a=1 a=1 L
npuueM GYEKIHE Y, = Y, (¥) ONpefessioTcsl HESBHBIMH COOTHOIIEHHSAMH

3 —
%o =Hy = —xs(b+ Y 03] " —Byy a=1.3. (28)
b=1

O6osnauas B (28)
Ya (%) = Ug (),

3
A, (v, Uy, Ug) = (pv 4 Z ag)lﬂ ,
=1

An (UL‘ Uy Us) =—1U,; a= ms
nosyuaem Gopmyael (9).
Cunyuat 2, rank U = 2. B sToM ciyuae, He yManusas obUIHOCTH, MOMKHO
CUHTAaTE, 4YTO
det || U, I]ﬁ’ st 7= 0, (29)

H, KpoMme TOro, cymecrsyer dymkuug SEC (Ce, {Dl) TaKag, 4To S (L, Us,
Uz, Ux) = 0 u BoIpaKeHHa S (Ux, Uz, Ux, Ux), U U, — A, paccMmaTpusae-
MBle KaK QYHKIHE OT IEePEMEHHBIX Uggys () YHKIIHOHAJIbHO-HA3a BUCHMEL.

C yueroM ckasagHoro, ypasHenue (8) mpu ycmoBum (29) mpencrapisercs
B BHIE

My 7= (K = i_l u’ig)lﬂ ! S(u'xu’ Usy, Uz, uxl) =Y

HIIH
2
Uy = (b + ui—}-W’zl’"‘],
’ ( g—;r ’ ) . (30)
uxa = W (ux‘, uxz).
Copepiium B (30) crenyiomee KOHTaKTHOE HpeoBpasoBaHHe:

Xo=VYo Xp=DHy, x3=1ys

2
u:;kayka' I (31)
=1
Hxn=——Hyn; Uxy = Y, I&x3=—‘Hys> k= 1’2’
OTK YA
Hy =—0+3 4453+ W @Y y )"

Hy, = — W (41 4s)-
Hurerpupysa sty cucremy JVYUII, nmeem
H=—y, M+ + y2 4+ WH2 —yW — B(yy, 4,), - (32)
rae B €Ct (€2, C*) — nponsposbuas GyHKLEA.
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. Tlopcrapasis mosyyeHHBIH pesysbraT B (opmydst (31), moaydyaem ciefyio-
1ee Bhipaenue Juisi GyHKIEH U (x):

U= Xy + %oy — H = %y (A +4} + 4+ WHR 4 %W + B (yy, 45), (33)
npuyeM (QYHKIHH Y; (X), Y, (X) ompeenstoTcs HesSBHBIMH COOTHOILEHHSIMH

o — %y (Un + Wwvyk) A+ y? + yg -+ Wﬂ)—lﬂ —xswwg g= Byk, k= ];(234)
OGosnauas B (33), (34)
Yn (%) = 0y (%), k=1,2,

Ay (vy, 0g) = (M4 v} + 0%+ W2 (vy, 0,))72,
Ay (vg, v) = — 1y, k=1,2,
As (ﬂl! U'z) =—W (v1s ),
npuxoguM kK Gopmyaam (10).

Cnyuait 3; rankU = 1. B sTom ciiyuae, He yMmalss OOUIHOCTH, MOX-
HO CYHTATh, UTO ) Uy, 7= 0; 6) g W, =W, (us) €CL(C, CY: 4, =W, (tx,),

a= i, 3.
C yuerom sroro ctakTa ypaBHeHHe sHKoHasa (8) mpejcraBisercs B BUJE

Us, = (x -+ gl w2 (u,,n))‘ﬂ ,

(35)
Uy = Wo (uz), a= 1,3
CopepiunM B (35) cuepyomee KOHTAaKTHOE NpeobpasoBaHHe
Yo=tx, Yo=Xo H=xpx—u, Hy =x Hy,=—ts, a= 1,38,
(36)

KOTOpOe SfIBJISIeTCSl B3aHMHO-ONHOSHAUHBIM IIPH YCJOBHH Uy, 7= 0. B HOBBIX
nepemenHbIX Y, [ (y) mepeompejenennas cucTeMa JOYUITl (35) npuaEMaeT

BHI

)
Hyy=—Wa(y), a=T1,3, Y W)=4—H1
a=]
OTKYyIa 3
H=—Y W, (49— B (), (37)

a==1

re B (y,) €C* (C*, C*) — npoussosbras dynkmma.
INoxcrasus dopmyay (37) B (36), momyunm chemyiomee BHIpakeHHe IS
dyrEnun 4 = u (x):

3 3
u= x4y —H = x, [3‘ o E Wﬁ -yn))w + E W (40) X4 + B (Yo), (38)
a=]

a==1

RpudeM QYHKLOHA Y, = Yy, () ompenemsercs W3 COOTHOILEHHS

3 . 3 3 .
%y 3, Wa o) Wa (90) (A + bg] Wi @)+ Y Voo X+ B =0, (39

a==l a=]

3
H BBIIOJHEHO PaBEHCTBO Y2 — 2 W2 (yo) = A.

Beoxa B (38), (39) oﬁoaaa‘:;;mﬁ
3
Y =209, A@=(r+Y Vi@)", 4 @=—WV.@ a=T73,
TIPHXOJHM K cpo-pmy.uam (11). - '
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Kpome Toro, HaMm HEOOXOAHUMO PACCMOTPETH BHIPOKIECHHBIH Cayuail,' Kor-

na marpaua U = || iy ”u veo HYJWEBAS, T. €. Ug r, =0, W, v= 0,-3. Orcio-
JIa caenyer b Y o
u(x)=cx, + cs - (40)
npuueM KOMIJIEKCHBIE KOHCTAHTHI €, €; VAOBJIETBOPSIOT COOTHOUIEHHIO
c,c, = M - (41)

Jlerko Buperb, urto dopmyast (40), (41) momyuatorca us (11), ecim monoxuTH
Au, S C”,, B = 64

Takum oGpasom, obmiee pemenue Henuueitnoro AYUII samaercs ool u3
dopmya (9)—(11). Teopema moxasana.

JoxazaHHas TeopemMa HJIIOCTPHPYET OCHOBHBIE STAIbI NPHMEHEHHS METOJA
HEeJIOKaJbHEIX NpeobpasoBaHMil, NOCJENOBATENbHAS Pealu3alns KOTOpPOro I03-
BOJIMJIA TOJYYHTH TOJIHOE AHAJHTHUECKOE OINHCAHHE MHOXKECTBA IVIaJKHX pelle-
Hufl HeJIHHEHHOro ypaBHeHHs siikoHaka (8). OrMeruM, 9TO 5TO MHOKECTBO pas-
6uBaeTcs Ha TPH HEIEPecexalolluXcsl Kiacca, KajkAbii H3 KOTOPHIX XapaKTepH-
syercsi JUCKpeTHBIM MapameTpoM r = rank . IIpruem sT0 pasGHeHHe SBJIAET-
csl MyaHKape-HHBADMAHTHBIM, T. €. PA3JIMYHLIE KJACCHL He IIepeBOJATeA IOPYF
B Ipyra npeo6pasoBanuamu u3 rpynmnst [lyanxape P (1, 3).

HokasareasbctrBo Teopems 3. Muea pmoxasarempctBa co-
CTOHT B CJEAYIOMEM: COBepIIHB KOHTaKTHOe npeoGpasoBanue Buja (23),
JHHeapHsoBaTh W I[POHHTErPHPOBaTh BTOpOE ypaBHeHHe cucreMsl (12), a
8aTeM TIONCTABHTD MMOJYYEHHBIH pe3yJbTaT B NepBoe ypaBHEHWe, SalUCaHHOE B
HOBHIX mepemeHHBIX. [lomyuennsle cucremsl Y UYIl ¢ MeHBIIEM KOJHYECTBOM
He3aBHCHMBIX TEPEeMEeHHBIX HHTErpHPYIOTCH B 0OMeM BHIE.

Mguoxecrso pemeHuii cHcremsl (12) Takxke pasbuBaercd Ha TPH Heme-
peceKaomuxcsi  KJgacca B B8aBHCHMOCTH OT SHAUEHHs  BEJHUHHBI 7 =
= rank || 4z, I3 Mul paccmorpuMm  KaxJBH H3 ciaydaes r=1,2, 3 or-
JIeIbHO. :

Cayuaf 1; r = 3. He ymanas o6mHOCTH, MOMKHO CUHTATH, 9TO BBIIOJ-
HEHO (24) CoaepmHM B (12) npeo6pasosanue (25) IS Uero Heoﬁxonﬂmo npo-
JIOMKUTh €ro 0 MPOHSBOAHBIX BTOPOro nopsifka (cm., Hampamep, [8]). Ilocne
HECJIOXKHBEIX, HO JOBOJIbHO T'POMO3JIKHX, npeoﬁpaaoBaHHH moJtydaem

W, v=0"

Hn — Ugy Ugg ﬂ._'], le = Uiy Hgg A—'l,
Uyg Ugg Uyg Uag
Hy = ths sy [A—1 H, = Uiy Ui | A1
lyg Ugg g Usgg
;AT Uyy Uy g . oy .un Uys A~ (42)
Uiy Usg Uyg Ugg
Uyy gy Uog
Hy = —| ttyy, Uy Uy AT,
Uyg  Ugg  Usg
Uy Uy Ugg
Hy = —| uy Uy U A=,
Uy Usg  Ugg
_ Uy Uy g
Hyg=—| ty; Uy Uy A™,
Uoy gy  Uog
Hyo= —det || uyy H“ o A™L A= det || ugy [|a g
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B npuBenennblx (GOpMYJax HCIOAb30BaHH oGosHauenus Hyy = Hy 4., Upy =
p il dx) pMy w yp,.r'\r e

= Uyx,, W V=0, 3. Cuarenyer NmMogYepKHYTb, 9YTO NpH YycioBHH (24) samena
nepemeHHbIX (25), (42) ABnseTCs B3aHMHO-OJHOSHAYHOH.

Copepmiast TIpU HEOOXONMMOCTH 3aMeHy NepeMeHHBIX 4 —-u -+ C, MOXHO
no6uthest, urobst B (12) C = 0.

[lepexons B (12) k nepemenmblM y,, H (y) coraacHo dopmyaam (25),
(42), umeem

det (| Hy,pn I3 ymo + My () + 3 [T (H)1 det || Hyggy Iy 0y = 00 (43)
3
Hu=—(14Y &),
a=1

rpe T (H) = y,Hy, — H, camsoom M, (H) ofosnayena cyMMa TJIaBHEIX MH-
HOPOB MATPHUBL || Hy, 4, [}, y—o BTOPOTO MOPsiZiKa.

INoncrapnsisa oflnee pellleHde BTOPOrO ypaBHEHHS CHcTeMbl (43), sanapae-
moe (opmyuoif (26) mpu A = 1, B mepBoe ypaBHeHHEe M YMHOXKas NOJY4YeHHBIH
pesyabtar Ha [T (H)], samedaem, 4T0 mOJNyUeHHOE BBHIpAXKEHHE NEPENHCHIBAET-
csl B BHJE MOJMHOMA BTOPOH CTeNeHH IOoNepeMeHHO# Yy, T. . _

a2+ ayy+ a3 =0, (44)
ay = A3B + Y,4pBy 9+ 3T (B), _ '
ay = M, (B) + (AsB) Byayy Yoo — YaYsBuase Byps, — 31T (B)F,
a3 = (1 + yala) det || By, |12 ,—; + (T (B)P.

3zeck ¥ Jajzee IOJ NOBTOPSIOIUMHCS HHAEKCaMH, OCOSHAYEHHBIMH OYKBaMH
a, b, ¢, nogpasymeBaercs cymmHpoBanue ot 1 1o 3; &, [, n—or 1 g0 2.

Tak KaKk.BeJIHUHHBI @y, A, (3 He 3aBHCAT OT NMEPEMEHHOH Y,, TO H3 (44) me-
MEJJIEHHO ClIeIyer, uto 4y = a, = a; = 0. CielosaresbHO, CHCTEMA IBYX He-
mumetabx JIYUIT (12) npm yeosuu rask ||y, || =8 npaseiera K cHcTeme
tpex HeauHeHHBIXx JIYUII ¢ Tpems HesaBHCHMBIMH NeDeMEHHBLIMH

1) AsB +-'yabeﬂayb = —3T (B);
2) My (B) 4 YolsBygyy - AgB — Ya¥sByau, By_g,yc = 3T*(B); (45)
3) det|| Byl pmy =—T2(B) (1 + yala)~"

Cucrema (45) cyilecTBeHHO YIPOIIAeTCs, €CHH CHEaATh B Helf 3aMeHy me-
peMEHHBIX

%a = Ya (1 }e ybyb)_ugs (46)
p (21, 23 29) = (L + Yala) ™2 B (41, Yss Ys)-
CopepmuB B (45) sameny (46), mocie IOBOJBHO TPOMO3JKHX TNpeoGpasoBaHHH
6yneM HMETb = '
Agp — 2,24P2,2, = 0,

M, (p) — (Bsp) 2a2yPaszy, + 2aZoP2az, P2yze = 05 (47)
det || Pzyzg H?x.b=-l = 0,

rae, KaK W pamee, Agp = p; .., M,(p) —cymMma rJIaBHEIX MHHOPOB BTOPOTO
nopsnka MaTpunbl P = | pz.z, “i,b#l'
Hs tperbero ypasHeHHs cHcremsl (47) chenyer, uro MaTpHna P sBasiercs
ppIpozkIeHHol, [TosTomy ee paur paeeH mmGo 1, au6o 2. PaccMOTDHM OTHENBHO
KamIplH H3 3THX CJIydaeB.
Cnyuaail.l; rank P = 1. M3 sT0ro ycJIOBHA COIMIacCHO TEOPEMe O HesB-

golt (YyBKIHH CJEAyeT CyIIeCTBOBaHHe Takux dymkmuit R,, R,< C* (C*, CY),
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IV KOTOPHIX
Pz, = Ru (p2), k=12 (48)
Tloncrasasia (48) Bo BTopoe ypaBHeHHe cHcTeMbl (47), BHIHM, YTO OHO VAOBJET-

BOpsIeTCs] TOXKIECTBEHHO IIPH IIDOHSBOJBHBEIX Ry, R,. IlepBoe e ypaBHeHHe
NPUHEMAET BHI

(1 4+ RyRy — (24R5 + 2% 2z =0,
pz,z, T 0’ (49)

oTEyaa JaH60

aubo
1 + RyRy— (2pRr + 2 =0, (50)

rae :Qh = dRhldes, k=1,2.
[Tycrs cnpasepauso paseHcTBO (49), Toraa, nubdepennupys (48) mo zg,
HMEEM P, =D, = 0.
Iln@cpepeﬂuupyﬂ (48) mo z,, z,, OKOHYATEJNbHO S34KJIOYaeM, 4YTO p. .z =0,
a b= 1,3, OTKYa
P =CaZs+Cp €, € Cx. (51)

[Iycrb Tenepb p,,., 5= 0, Toraa BemosHeHO paBeHcrso (50). s Toro uToGm
TnporHTerpEpoBarh cHcremy HemmHedHpix [IYUIT mepeoro mopsaka (48), (50),
COBEpLINM KOHTAKTHOe IpeoGpasoBaHHe

th = Zp, tS = Pz,:_ G(t‘l.: tz’ fs) = zapza — P

Giy, = — Pz G, =2, k=1,2.

B pesyabrare aMmeem
-Gsz—"Rk(rs), k= 1; 2: \ (52)
1+ R—h‘ék = (fhjﬂ’h +G)? = 0.
Hererpupys nepsble IBa ypasHeHHs cucreMel (52), moiydaem
G=—R,(t)tn + Q) (53)
rie Q€ C* (02, €% — npomssonsnas ¢ymxmas. [loxcrasnsst (53) B Tpere
ypasHenue cucremsl (52), moaydaem
1 4 RyRp— @GRy —Ritn + Q@ =1+RR, —Q@=0. (59

CaeioBatesbHo, dhopmysa (53) mpH ycroBuu (54) samaer obmiee pelleHHe
cucrembt JIYUIT (52). BosBpamiasicb K HCXOLHBIM NepPeMeHHBIM 24, P (2), uMeeM
obmee pemrenne cueremsl (48), (50)

p = Ry (t5) 2 + 523 — Q (25),

1+ R.h}éh— Qa =0, (55)
e f, = f3 (2) — ruaggas GyHKHHA, oIpefesaseMasi H3 COOTHOLIEHHS
Rytye+2z—Q¢)=0. ' *(56)

N Toro grobsl hopmyas (55), (56) nmprobpesnu sipHO 0 (3)-wHBapHAHTHBIA
BHI, Nepeonpeiesny [apaMeTpHUecKyio GYHKIHIO CIeAyomuaM o0pasoM:

t,(2) = R, (v (2)) # BBelieM 06OSHAaUCHHS

Ru(t) = Ry (Ry (@), k=12, Q) =—Q(R, )
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C yuerom storo dopmyast (65), (56) mepenumyTcs B BRAE

p(@) =R, (¥) 2, + Q(1), (67)

~ ,.... .---d2
RuRQ e Q == 0! .
rie v = T (2) — Tiangas QyHKIHEs, olpejesseMas i3 COOTHOIIEHH

Ro ()24 + Q(¥) = 0. (88)

Taxum obpasom, ofimee pemenue cacrembl JIYUIT (47) sagaercs ofHOH.H3
dopmya (51) muco ((57), (58)). CoBepinast B aTHX (popMyJiaX 3aMEHY IlepeMeHHBIX
(45), momyuaem ofmue peuiends cucreMsr HenuHeEsx JIYUIT (44)

B (U1, Ya Ys) = Cafa + Co (1 + )", ~ (59)

B (Y1, Ys Ys) = Ra () Ya+ Q%) (1 + 4a)'”,  RoRo — Q*=0,  (60)
rie T = T (y) — raagras GYHKLESA, olpelenseMas HesiBHOM (opMyJsoi

Ry (9) Yo + Q) (1 + 429" = 0. (61)

OuepuyiEo, pemenne (59) comepskutes B kaacce (60), (61). Tloxcrasusisi popmyry
(60) B (26) mpu A = 1, mmeem

H (§) = — (1 + 9aa) " (o + Q) — 4uR, (3),

rfie QyHRUHA T = T (Y1, Ys, Ya) ONpenensiercs coorHouenreM (61).

Haxoner, mepenuceiBast NOJYYEHHOE BEIpAXKEHHE B HCXOJHEIX TEPEMEHHBIX
x, u (x) (cM. dopmydsr (25)), IPEXOXHM K CJEAYIOMEMY KJacCy peIleHHE CHCTe-
mer AYUIT (12) npu ¢ = 0:

4 () = Xolfa — H = (%3 + Ry (9) g + (1 + 0a)2 (to + Q (),  (62)

TAe Y, = Y, (X) ompenensierca H3 DaBeHCTB

%o=Hyy = — Ry () — s (1 + o) Pt +Q@®), a=T,3,
OTKyJa ' '
Yo =— (% + Ry) [(xy + Q2 — (¥ + Ry) (x, + R)I"2.

INoxcraBasis noJyyeHHBle COOTHOINEHHS B (opmyny (62), mosaydaem

© (%) = [(5o + Q () — (x4 + R, (@) (x, + R, ()17,

re T =T (x) OYHKIOHSA, ompeneiseMas W3 ypaBHEHHS

Ro® o+ Q@ (1 + 909)™ = (¥ + Q) Q () — (ro + Ry () R, (v) = 0,

a Q, R,—TpoHSBONbHEIE TIWAfK#e (YHKUEM, CBSSAHHLIE pPABEHCTBOM

—~ ~ ~
Q*— R,R, = 0. BBoxs B moJyueHHEIX COOTHONIEHHSX OCOsHaueHus A, = Q,
o~

A, = R,, nonydaem cdopmyusr (13) — (15) mpu By=A,, p=0, 3.
Cnyua#i 1.2; rankP=2. B stoM ciayuae, He yMajlsas OOIIHOCTH,
“-MOXHO II0JIaTaThb, 4TO

P 217 pzlzz
P 2.2 P 2,2,

det == 0.
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Curenioparenbio, cymecrsyer Takas ¢yukmas R €C3(C2, €Y, nas xoropoi
Pe, = R(p,, p,)- C yuerom storo coorHomenus cucrema LIYUII (47) nepe-
HCHBAETCS CIIeyIomEM 06pasom:

Pzpzp + (R — (Zh + 23Rp)) (R, — (25 4 23R})) P2z, = O- e
(1 e g zg) (1 4+ RyRy) + (2, — 2Ry)* = 0, - (63)
P, =R(p,, p,)-
31ech 06O3HAYEHO R, = BR}'é‘pzk » k=1,2. Cosepmum B (63) caeAyiomee
KOHTaKTHOE IpecOpasoBaHue:
b= Pz ty =125 G(ly, 1y, ts) = 24Pz, — P,
Gy=2 G,=—ps, k=12

Gut, = 8§ 'pray Gy, - 8 Dass,s
Gryt, = 8 ' Paz,s Gt =— 867" det || P2,z llas=s
Gt, = 87 (P2z,Priz, — PPz
Gety = 8 (Priz,Prizs — PziziPrzy)s
e d=p, . p,, — Pz, 70
B Hopeix mepeMeHHBIX f,, G(f) cucrema IIVUII (63) npurumaeT BuI
1) [1 4R} — (Gr, +-23R1)*"] Grit, — 2[Rz, — (Gr, + 4R4) (Gr, +45R1,) G, +
+ [1 + RE, — (G, + £5R1)?] Gry, = 0 (64)
2) (1 —#— Gy4,Gr,) (1 4+ Ry Ryy) + ((3 — R1,Gry)? = 0;
3) G, =R (4, 1,):
Hnrerpupys mochaepnee ypaBHenne #s (64), mosydaem

G=—tR (t, t) +1Q (s 1), - (69)

rae Qe C3(C?, (El) — TPOH3BOJIbHAS (QYHKIHA.

IToncraBnss Beipamenue (65) B meperie ABa ypaBHenus us (64) u pacmen-
JIsisl MOJIyYeHHBIE COOTHOLIEHHS 1O IepeMeHHOH f;, IPHXONUM K CHCTeMe JBY-
mepuex Y UII gia onpenenenusn dyukuuu R (fy, £,), Q (fy, fa):

1) (14 Qi,Qs,) (1 4+ Ry, Rt,) — (R1,Qt,)* =0,
2) (14 Q:,Q1, + Ry R1,) A,Q — (RepR1, + QuQty) Qeyt, = 0, (66)
3) (1 4 Q4,Qe, + RepR1p) AR — (Ry Ry, + Q1,Q1) Ry, = 0,
e A, =3 + 02 |

[NoxcraBasia oburee pemenue cucremst (66) B dopmynsr (65), (46), (26) (npu
A = 1) u mepenuceBas mOJMyYeHHEH pesysbrar B siBHO P (1, 3)-MHBapHAHTHOM
BHIe, NpuxoniuM K cdopmynam (13)—(15) npu C = 0 (omyckaem ROOTBETCTEYIO-
‘II[He BRIKJAJKH BBHIY OrpaHHUYEHHOCTH O0GBHEMa CTATHH).

Takum o6pasoM, HPOHSBOJBLHOE PELIEHHE CHCTEME Y4l (12) mpn yc-
aoBuy rank || dx,x, [} ,_, = 3 nprEamiexur raaccy Qymxumi (13) —(15).
Kak ycranosseno B [6] mpu wHcciaemoBaHHd coBMecTHocTH cucrembr JYUII
(1), (2), cucrema (12) me umeer pelleHHi B cryyae, Koraa rank || 4y, [} ,_o<<3.
Tem campmM TeopemMa 3 HOKasaHa.

Wpest noxasarenbcrBa TeopeM 4—7 aHAJNOrHYHA MCMOJIL30BAHHON BHIIE-
HmenHo: BHaYa/le, HCIIOJAB3YS KOHTAKTHOE npeobpasoBanue BHAa (23), nuHeapH-
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8yeM W HHTerpHpyeM ypaBHeHHe sfiKoHana (ofllee pelieHHE KOTOPOro Aaercs
onmo¥t us dopmys (26), (32), (37) npu coorsercTBylomeM BHOOpe Iapamerpa
A), a saTeM, KOMOMHHDPYS JOKAJbHble U HeJOKaJbHBIE IPEOOPASOBaHHS 3aBHCH-
MBIX ¥ HE34BHCHMBIX IepeMeHHBIX, npuBofum cHcremsl JLYUII mus onpeneie-
BaA QyHKIEE B (Y1, Yo, Ys), @ (Y1, Ya)y B (91, Ys), @, (o), B (4), Koropmre
TIOJTYYAIOTCA B pesyJbTare NOJCTAHOBKH (opmya (26), (32), (37) B cooTBeTCTBYIO-
mue HeJHHeHHbe BOJIHOBbIE YpaBHeHus, K Harerpapyemev Y UIT.

Hasee Mbl OrpaHWYHMCsl TeM, 4UYTO DpHBEJEM CXeMBl J0KasaTeslbCTB
Teopem 4—7.

Coraacao [6] cacrema nenupefpbix JYUII (16) coBmecTHa TOJBKO B
TOM cJayuae, xorga rank || uxu:w” = 2. [losToMy npuMeHseM K 3TOH CHCTEMe

KOHTaKTHOe mpeobpasoBanue (31), mpoposkas ero A0 IIPOMSBOJAHEIX BTOPORO
mopaiKa 2, s

—1 —1 1
Hyy =ty , Hypy=—upd ", Hy= und,

oy U —1 Uy Ugg | g1
Hy=— 0 18 15 Hyy = — 5§,
Ugy Upp Uz Uss
Uyg Ugp | o—1 ; Uy Ugp | g1
Hi,=— 6, Hyy=— 6, 67
Upg Uy Uypg Uy
Upy Uy Uy Upy Uy Ups
- —
Hyy = Ugy Uyy Uy |6, 08 =—| g Uy Uy |6,
Uyg Upy Uy Uyg Upy Ugg
Uy Uy Uyg
- —1 Uy Uy
Has = ulg .'J,” uza 6 3 ﬁ = 3& 0-
Uyg Ugy

lyg Uy Ugg

3peck H,y= astayﬂayv, U, = azufaxu‘a_;_c_v, p, v=20, 3.

O6uiee pelleHHe ypaBHEHHs SHKOHaIa, 34MHCAHHOTO B TNEPEMeHHBIX ,
H (y), umeer Bux (32) npu A = 1. IToacraeaas (32) B nepeoe ypaeHerue u3 (16)
H paclmemisis ero 1o NePeMeHHBIM Y,, Ys, DOJNydaeM CHCTeMY HeJHHEHHBIX o
HAYUYII goa onpepenerds w (Y1, Ya), B (Y1, Ys):

(As + YYnWyy,) (1 + wywg, + T* (@) — (T (@) yr + wyy) (T (@) Y +
+ wy) Wy, = — 2T (@) (1 4 wy,wy, + T2 (),
det || @y, [}, ey = T% (@) (1 + ©ywy, + T @) (1 + ot + 2%, (68)
(828 + YpynBysy,) (1 + wyp wy, + T* (@) — (T (@) g5 + wy,) X
X (T (@) Yn + @y,) By, = — 2T (B) (1 + wy,wy, + T* @),
det || Byyy, [} nmy = T2 (B) (1 + wy,wy, + T° (@) (1 + yayn + )~
(8,8) (Agw) — Byyy,Wyyy, = 2T () T (B) (1 + wy,wy, + T @) X

X (14 ypyp + @7

3pecy ucnonssosanst obosHavenus T (f) = yufy, —F Aof = fou, + Foute
Warerpupys ypaBHenus (68) m BosBpamasicb K HCXOIHBIM IepeMeHHBIM
coryacHo opmynam (31), mpuxonmm K BepaxeHuam (17), (18).
Hanee, corsacHo (6] cucrema memuneiinmix JAYUII (5), (6) mpu F (1) =
= (u + C)~' umeer pemenus, YIOBJIETBOPSIONIHE ONHOMY H3 ABYX YCJIOBHI:

a) tank [| gz, || = 2;
_ (69)
6) rank ||tz ., [| = 1.
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B ciyuae a) mpuMeHseM K STOM CHCTeMe KOHTAaKTHOE Npeo6GpasoBaHHE ¢
(31), (67). Obmee pemeHHe ypaBHeHHs 3HKOHA/A, 3aMUCAHHOrO B IepeMeHHBIX
y, H (y) mveer Bun (32) npu A = 1. Ilomcrasassa (32) B ypapuenuwe [lu =
= (u— C)—?!, sanucanHOe B nepeMeHHLIX Y, H (y), U pacmemiss ero Io Hepe-
MEHHBIM Yo, Y3, TMoJydaeM cucremy Henumedmnix OYUII pna oyEkmuit w (yq,

Ys), B (41, 9a):
14 wy,w,, + T* (w) = 0,
det || @y4p, I}, ney = O,
(1 + Yy + @®) det || Byyy, [} oy = T (B) X
X (T (@) yp + @y,) (T (@) Yo + wy,) Byy)s (70)
(I + yay + ©°) (ApBAW® — Wy Byyy,) =
=T (w) [(T (@) yp. + wyp) (T (@) 5 + wy,) By,

HleTerpupysa 5TH YpaBHEHHS H BOSBPAIAACH K HCXOJHBIM TEpEMEHHBIM
corsiacHo ¢dopmyaam (31), momyuaem (19).

B ciyuae 6) k crucreme (5), (6) mpu F (1) =(z 4 C)—* cliefyer NIpHMEHHTb
KOHTakTHOE Ipeobpasopanue (36), IPONOMKHE €ro No TIPOHSBOJHELX* BTOPOTO
HopANKa

Hm = ua}l: HOG e uﬂauaﬁlv Hab = (utla.uﬂb e uﬂﬂuab) u.ngl: (71)

rie Hyy=0%H/0y 0y, uuy=0"ul0x,0x,, a,b =T1,3, p,v=0, 3.

OGuiee pemieHHMe YypaBHEHHs B5HKOHAJla, SalHCaHHOTO B IIEePeMEHHHIX f,
H (y), samaerca dopmyioi (38) mpu A = 1. Hs tpeboBanusi, uyrobs (38) yzos-
JIETBOPSJNIO ¥ NEPBOMY YPaBHEHHIO HCC/IeAyeMOH CHCTeMBI, BBITEKAalOT TaKue
YPaBHEHHS LI OYHEUHE w, (4o), B (¥o):

0, = (1 — @) @ —wa), a=1,3,
B = (1 — wyw;) (4B — B),
ww, =32 — L.

Haterpupya 3Ty cHCTeMY OOBIKHOBEHHBIX AH(D(EpeHIHATbHEIX YpaBHeHHH H
BO3BpaIlasch K HCXOXHEIM IePEMEHHBIM X, & (X), yCTaHaBJHBAeM, ITO HOXYJeH-
HOe BBIPAMKEHHE SBJSETCS YacTHRIM caydaeM dopmyuast (19).

[Ipu F (u) = 0 cucrema OAVUYII (5), (6) Taxxke mMmeer JBa HemepeceKaro-
IEXCA KJacca pPerieHni, YIOBIETBOPAIOMMX ofHoMYy H3 ycioBu# (69). B cuy-
yae a) ee ofimee pellenre safaercsd popmyJon (32) npH A= 1, rre w (41, Ys),
B (41, Y2) VAOBJIETBOPSIOT CHCTEME ABYMEp HbIX HeJIHHEHHEIX ,Z[Y IT

1+ wywy, + (Ypwy, —w)? =0,
[y (ynwyn —©) + wye] [y, (ynwyn_ —w) + Wy,] Byky: = 0. N

Hurerpupys ypasneHHs (71), moixcraBigs HOJNYUeHHBIH pesyiabrar B (32) npu
A = 1 # BosBpamasch K HCXOJHBIM IepeMeHHBIM corjgacHo dopmyaam (31), no-
aydaeM Beipaxenue (20).

B cryuae 6) ofmee pemenue nccnenyemoli cucremsl LY UII samaerca ¢op-
myJiolt (38) npu A = 1, rne dyakunn w, (o), B (ify) YIOBIETBODAIOT COOTHOILIE-
HHAM BHIA

r

W, =1, ww, =142 — L. (72)
[lepenncas (38) n'pa A =1 B HCXONHBIX NepeMeHHBIX Io dopmyaam (36),
rmocje HeCJIOKHBIX NpeofpasoBaBEH moJdydaeM Bhlpaxense (20) npr B, = flu,
= R .
2 1
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Ham ocranock paccmorpers cucremy IYUIT (3). Obmee peedne sTof
CHCTEMSBI B 3aBHCHMOCTH OT 38HAYEHHs JTHCKDETHOro mapamerpa r = rank ||tz |

3ajiaeTcs: _
a) popmysot (26) mpu A = 0, ecnu 7 = 3 ¥ GYyHKRUEA B (Y1, Ya, Ys) YROB-
JIETBOPSIET mepeomnpezeneHHoi cucreme HenupeiHpx [LYUII ’

Bﬂaﬂb Yallp = 0} )
Byayc By:,ymé’ayb =0, a b= ﬁ;

6) dopmysoi (32) npr A =0, ecan r = 2 u dyHRuHA B (44, Y,), @ (Yy, Yo)
YOBJIETBOPAIOT CHCTEME YpaBHEHHH

Wy Y, —w =0,

Azw [ws + wykmykynyn . 2ww5’kyh] + YeYn@yryn -+

+2Ww Wy, Wy, — Wy, Wy @y, (hy)) = 0,
AyB [w? + Wy, Wy Ynlfn — 200y Y5 + Bygy Yuln +
+ 20By4y, Y1y, — Byyy, W@y, (119) =0, kon,L=1,2.
B) dopmymolt (37) mpu A==0, ecnu r=1 u Qysxuua B (y,), @, (Y,)
YIOBJETBODAIOT CHCTEME YpaBHEHHH

Jiors ﬂ;az;)a_ = 0!
Y —waw, = 0.

HHTerpupysl sanucagHble ypaBHEHHS, INOACTAaB/AA NOJYYeHHHIE Pe3yJIbTa-
Tol B (opmyiisl (26), (32), (38) mpr A = 0 ¥ Bo3Bpamafch K HCXOIHBIM INepe-
MeHHBIM X, i (x) corsmacHo dopmynam (25), (31), (36), mpuXoguM K BEIp2XKEHRAIM
21 a), (21 6).

4, {H Bﬁl){ble pemenns cucrtemse JVY UII (1), (2). B cayuae,
Koria i = u (x) — ato meHcrBHTeNbHAR (DYHKIHSA OT UeTHIPEX NeHCTBHTeJIbHEIX
TIepeMeHHbIX Xy, cHcreMa (1), (2) ¢ momompblo 3aMeHE! IMepeMeHHEIX (4) mpHBO-
JIETCS K BHIY

) . Ou= F (u): uxl.tuxj.l =] A‘r (73)
med=—1,0,1. [Tpu stoM corsacHo [6] cucrema (73) coBMecTHa, €CIH H TOIb-
KO eclH

F(u)=Ni(u-+0C)", (74)

meN=20,123 CERL

Hcenonbsyss monyueHHBIE BEINIE PE3YJIBTATH, MOCTPOHM MHOTONApaMeTpH-
JecKHe KJIAacChl TOYHBIX pemleHHi cueremsl (73), (74) B Kiacce AeHCTBHTENb-
HO-3HAYHBIX (QYHKIHE u (x): -

) F=3w+0~", r=1,
@+CP=x,+C)x, +C)
29) Fw=2w+0C™", r=1,
@+ C)* = (x4 Co)* — (6 + CY* — (x, + C)%
3) Fwy=@m+0C7" r=1,
@4 C)? = (x + Cp)® — (%, + CP%
Y Fw=0, r=1,
L u=x,+ Cy,
rne C, €RY, =0, 3.
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IlepeuncsieHHEIe BhINE pelleHHs Todyuaiorces s dopmya (12)—(20), ecan
cyHTath B-HEX QyHKIEA Ay (), By (t), R, (v) mocrosuEbiME. Bee omM Moryr
OBITH TIOJNYYEHB! C IIOMOIIBIO CHMMETPHHHON PeNyKIHH NyaHKape-HHBapHaHTHOH
crcremsl JYUII (73), (74) x oGbIKHOBEHHBIM AndbEpeHNHANbEBIM YpaBHEHHAM
[10]. Huzxe Mpl mpuBesiem pemenus cucrems! (73), (74) npu A = —I, Koropsie
B TPHHIHIE He MOTYT GBEITh NOJYYEHHl B paMKax KJACCHYECKOro MOxxoxa JIu.

3amernm, uro ypasHenus (73) mpu A = —I1 monyuarores us (5), (6) ¢ mo-.
MOINBIO 3aMeHBl & —- iw. C ydyeroM 3Toro (agra ofliee pelleHHe CHCTEMEL

M — =] —_—

Ouw=—3u ", ey = 1 _ (75)

B KJacce KOMIVIEKCHOSHAUHBIX (hYHKUHH NMPHHAMAET BHX

u2 =— (XM + Ap, (T)) (xu_ + Au (T))‘
(x,+4,@)B, () =0, : (76)

BA =BB, =0
Ionoxkum B (76) Ay==, A, = Csm—C— A, =C cos% , A3=0, CERY
By =A,, p=0, 3. Ilpu stom Q)opmy.um (76) TMPHHEMAIOT BHJ

Xg+T— xlcos —f—x,sm c =0,

.oT\? 2
u? = (x1 4G sm-C—) 4 (x2 +C cos%) + X2 — (%o + @)
ITocne HecnOXKHEIX ajirefpaduecKHX TmpeoOpasoBaHHH HaXoLuM SBHBIH BHJ
yHKEIHE s e w0
T (x, u) = £{32C (u® — )2 + x,x, — u?— C*}172,
OTKYJa sak/royaeM, 9To (HYHKIHA u(x) onpelensiercd (GopMyJon

T .
xlcosT_—xEmn?:xu-{-ﬂ:.

ITono6HBIM Ke 06pasoM TOAYYaeTcs elle OJMH KIacC TOYHBIX PElIeHHH CHCTEME]
(75)

xosh—g-—xlch%= C =4Vt —x2,
W-—--—xg:t{Xi}—-Jﬂ -+ (C + V2 —x) 3)"}1/2
5) F(u)=—2u_,_?h=——1,

T T
Ciu=x05hf—x1chﬁ(—.’.—,

T=—x, = V22— + (C )

LT T
C:l;u:xlsm—cf—l—xzcos?,

m=—x0:t'Vx2;+x§—(—Cd:w)3;
1
sht— x,chtT = —(Fux V— —xx o
*g 3 -V2 (

V= u”——xuxu—u .
T= arcsin —_———— — arcsin

X, 2
V22 + ) Vad +5°
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B npusesennnix ¢opmynax C € RY, C = 0.

5. 3axanoueHHe B cryuae, Korja KoJHYecTBO HE3aBHCHMBIX IIepe-
MeHHBIX B cHcreMe (1), (2) paBHO TpeM, ee ofmee pemedre nocrpoeno Komnuu-
soMm [11]. OpHako HCIONBBOBAHHBI HM IEOMETPHUYECKHH METOH, KaK OTMedal
caM aBTop, He ofofmiaercss Ha ciyuail 4erbipeXx HE3aBHCHMBIX HepeMeHHBIX.
ITomyueHHBIe WM pelIeHAs COepPIKATCcs B MPHBENSHHLIX BBIIE KJaccaX pelleHdH
cucremst (1), (2) mpu Ay = By = R; = 0. i

B 1914 r. I'appu Beifirmern B [12] noctpoun crenyiomuii Kjiace TOUHBIX pe-
el deThlpexMepHoH crcTeMsl (3): 4 (x) = Cp(t) xy + C (T), rHe T=7(x)—

$bynxous, onpegpensiemas Gopmyiol Cp(v)x,+C (1) =0, a Cu(x), C(v)—
MpOH3BOJbHEBE IJafkue (YHKUEW, CBssanHbe coorsomenusmu C C, =0,

C,C,=0. Oru dopmyusi, oUeBHAHO, moJydaioTcs H3 (21 a), ecan MONOXKHTH

8Cy/ot, =0, p =0, 3.
Ofmee pelregue TpeXMEpHOH cucTeMBl (3) NpH 4 = U (X, Xy, X,) B
1932 — 1933 rr. moctpouau B. F. Cvupsaos u C. JI. Cob6oses [13 — 15]:

Aq () xg — Ay (1) X, — Ay (W) %, + B (u) = 0,

rae Ay, 4,, A,, B— npousposabHEe Tyaikye (YHKIPH, CBSISaHHBE COOTHO-
mennem Aj (1) — A3 (w) — 43 (1) = 0. o

Oru (opMmyJiBEl, OueBHIHO, Mosywaiores u3 (21 6) mpu By, = 0, p = 0,3,
A; = 0. B 1944 r. H. I1. Epyrus [16] o6o6muna dopmyny Cuuprosa — Cobo-
JIeBa Ha YeThIpEXMEpHEIH ciydai.

W3 npuBeleHHBIX pPe3yJbTAaTOB BEITEKAeT TaKOoi oOMmMH KadecTBEHHBIH BEI-
Boz. Bce pemeHus JMHeNHBIX H HeTHHeHHBIX CKa/sSpHLIX IyaHKape-HHRapHAHT-
BEIX BOJIHOBBIX YPaBHEHHI! CJIE/lyeT XapaKTepH3OBaThb PAHIOM MAaTPHIB! || Uy,x, |
¥ 3HAYEHMAMH IapaMeTpa A, BXOISIIEro B ypaBHeHHe siiKoHaza (8). [Tapamerp
A MOMKeT IpHEHMaTb OJHO H3 Tpex sHaueHmi: — 1, 0, 1. Baxno noa4epksyTh,
YTO 5TH YHC/IA JAIOT IyaHKape-HHBADHAHTHYIO XapaKTEeDHCTHKY MHOXKECTBa pe-
LIeHHH BOJHOBBLIX YpaBHEHHH.
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