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E. I1. IYTATHH, n-p texu. nayk, T. I. JOJI)KEHKOBA

BONPOCHl HOPMAJIU3ALHU HEJNHHENHBIX MPEOBPA30BAHHUA
COOBILEHHE 2

JlaHHasi CTaTbsl SIBJSIETCS MPOJAOJIXKEHHeM paboTsl [1] ¢ coxpane
HHeM Tex ke oGosHaueHuil. Mcmosbsylores mMeromosmoruueckue npep-
MOCBLIKH, H3JIOXEHHBIe B paboTax [2—5]).

PaccMOTpUM Takoé HEJHHEHHOE Npeo6pasoBaHHE, MNPH KOTOPOM
Mex1y H300paxeHHsMH B (x,y) M sTaqoHHBIM By (x, y) cywectsyer
cJenyouasi 3aBHCHMOCTb!

B(x, y) = Bo(@1¥® + azt?, asx® +asy?), x,y>0. ()

Ipu oTeickaHHH TNapamerpoB aj (=1, 2, 3, 4) maHHoro mpeot-
pasoBaHHs BOCIOJIb3YeMCsl METOLMKOMH, H3/10:KEHHOH B pabore [l].
PaccMoTpuM QYHKIHOHAMBI

@, (B) =£)SB(x, 9 Ki(x, ydxdy, (i=1,2,...,n. (

CnenaeM 3aMeHy nepeMeHHHX aix2+ agy? = u, asx? + ay’=v,
npexnoJarasi 34eCb H jajiee, 4TO TaKHe NpPeoGpa30BaHMs HE BbIBOAT
H306paKeHHe 3a NpEeNesbl IoJsl SPEHHs.

Hmeem

x=Vnu+10 y=V 1+, @)
rae 1 (j =1, 2, 3, 4) onpenensioTcs yepes napameTpH aj.
flko6uaH npeobpa3oBaHus (3) paBeH

Ox A, dxad A
I o) =g2—2& = 0

TIe A = (1174 — T213)/4.

Uncsno ¢pyHKUHOHANOB (2) HOMXKHO OHITH. HE MeHee matH (n =5),
MOCKOJIbKY CEMEHCTBO HCXOAHBIX mpeobpa3oBaHuil (I) — uernipexna-
paMeTpHYECKoe,

dyukunn K;(x, y) (=1, 2, ..., 5) uMeloT caenyownit Bux;
Ki(x, y) =xy; Ka(x, y) =xy% Ks(x, y) =2%;
Ky (%, y) = x5 Ks(x, y) = xy. (5)

®ynkuuonananl @; (B) nociae 3ameHbl NEepeMEHHBIX (3) H B pe-
3yJbTaTe NOACTAHOBKH PaBEHCTB (5) MPHMYT BHA:

®,(B) =A g Bo (1, v) duduy;
®,(B) =A }; { Bo (1, v) (3 4 y4v) dudy;
@3 (B) =A i § Bo (4, v) (114 -+ 720) dudv; )
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@, (B)=A S;S Bo (4, v) (13u® + 2ys7auv + 1iv®) dudy;
@5 (B) = Ag Bo (u, v) (1iu® + 2y172u0 + 130°) dudo.

3agaguM 3TajJloOHHble (YHKLHOHAJBI CJIEAYIOUIUM o6pa3oM:
D1 (Bo) = {f Bo (x, y) dxdy; ®:(Bo) ={f Bo(x, y)ydxdy;

s (Bo) = {{ Bo (x, y) xdxdy; @4 (Bo) ={[ Bo(x, y) xydsdy; (1)
s (Bo) = {§ Bo (x, y) y*dxdy; @5 (Bo) = {§ Bo(x, y) ¥dxdy.

YyuteiBast BulpaxenHus (6) u (7), moJayunM ypaBHEHHS
@, (B) = AD; (Bg); @2 (B) = A[13D3(Bo) + 14P2 (Bo)l;
@3 (B) = A [11P3 (Bo) + 12P2 (Bo)];
@4 (B) = A [y3®s (Bo) + 74 ®s (Bo) + 273144 (Bo) ; ®)
@5 (B) = A [1i®s (Bo) + 12Ds (Bo) + 2117:@4 (Bo)]-
Pemasi cucreMy HesnHHefHBIX ypaBHeHHil (8), HaHaeM napameTphl:

— 2—.
T = Ril/Qg 4QT; 12=H—E11;

2
‘Zi” —40S . L —W—Eys,

©)

13 =
rae

_ 20, (Bo) @3 (By) , @3 (Bo) s (By).

Q=®B =05y T a (Bo)
R= %g;? [®4 (Bo) @2 (Bo) — @5 (Bo) D3 (Bo)l;
T— oF (B) @] (By) @5 (Bo) — @5 (B) @, (By) ¥, (B) 03 (Bo);

o} (B) 23 (B,)

_ ‘1’3 (B)21(Bo) . _ ®3(Bo), v, ‘Dz (B) @1 (Bo) |
= 2y (B) @2 (Bg)’ E= @, (By)’ V= 2, (B) @, (Bg) ’

20, (B)®, (By)
®, (B) ® (Bo)
@} (B) 2 (By) @5 (By) — @5 (B) @, (B,) @, (B) @3 (Bo).
o] (B) 3 (Bo)
3ameTHM, YTO NpPH BLIYHCJIEHMH KOHKPETHHIX 3HAaueHHH Tmapamer-
PHl 1 H 73 BbIOMpAIOTC H3 COOOPaKEHHH (H3HYECKOH [eanu3yeMo-

[®4 (Bo) D2 (Bo)— D5 (Bo) @3 (Bo)l;
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CTH omepaTopa HOpMaJH3alUWH. 3Has NapaMeTphHl 7j, HETPYAHO ompe-
nequTh mapametpel a; (j =1, 2, 3, 4).

Onepatop Hopma/u3auuu ans mpeoGpasoBanust (1) MoxHO 3ami:
catb B BHIE

F = FoF[B (x, y)] = FoF, [Bo (a1x? + apy?, asx? + au?)] =
2
= FoF, {Bo [A“A (zz)]} =F2[Bo (¥, y)]=Bo(r, y), (10

aas

rjae Marpuua A =( )— HEBLIPOXKAeHHAas.

Qasas

Hcnonbays BHIK/JIAIKH, PacCMOTPEHHbIE BHIILE, MOXHO ONpeneHTb
HOpMaJIH3aTOpHl Npeo0pa3oBaHHs H I/ 60jiee CJOXKHOTO BHAA HeJH-
HEHHBIX HCKaXXeHHH.

Ilyctb stasonHoe Bg(x, y) H NpoM3BOMBHOE H30GpaxeHHe B (x,
Y) CBSI3aHBI COOTHOLIEHHEM '
B(x, y) = Bo(a1x* + a4 + a3, asx® +asy® +ae), 1, y> 0. (11)

Kak u panee, HeusBecTHble mnapamerp aj(j=1, 2, ..., 6) no-
NBEITAEMCS ONMPENEeJHTb C NOMOMBI0 (QYyHKUHOHAJMOB (2).
BrinonnuM 3ameHy mepemeHHBIX B BhipameHHH (11): ayx? + a*+
+ a3 = u, ayx® + asy? + ag =v, Torma
x=Vnu+10+1s y=Vyu+1v+ 16 (19)
Slkobuan npeoGpasoBanus (11), oueBHaHO, paBeH
A
I(u, v)=
VisFrrt Vit +1e
rae A = (1115 — 7a74)/4.
Hcxonnoe cemefictBO mnpeoGpasoBaHU#l — IECTHIIaPaMeTPHYECKOe,
YHCJIO HE3aBHCHMBIX (YHKIIHOHAJOB paBHO ceMH (n=7).

Bri6upaeM caenyromnft Habop ¢yHkuuit K;(x, y) (i=1,2,...,7)
AN GYHKIHOHaJOB THHa (2):

Ki(x, y)==xy; Kao(x, y) =xy% Ks(x, y) =x%; Ki(x, y) =x5
Ks(x, y) = x5; Ko (x, y) =x4°% Ki(x, y) =x%. (14)

Torna mocne 3ameHsr nepemenubix (12), (13) u ¢ yuerom (14)
¢yukunoHaan ®; (B) npeobpasyrorcs caepyiomuM o6pa3oM:

@, (B) =A I‘;S Bo (u, v)dudw,

(13)

®; (B) = A {f Bo (4, 0) (yaut + 750 + 70) dud;
D3(B) =A 5)5 Bo (u, v) (114 + 120 + 73) dudy; (15)
Q,(B) =A SIS)I Bo (u, v) [13u® + 130" + 2 (415 uv +

+ 14768 + 1576V) + Tg] dudv;
118



;5 (B) =A fb( By (u, .v) [ffu? + 1302 + 2 (1172uv +

+ 1178t + Tov3v) + 73] dudo;
D (B) = A£§ By (4, v) [1:u4 + 7?504 + 4 (12151;30 +

+ 1avsuv’ + 1ived’ + v3ye0’) + 6 (virdu’o’ +

+ 2"{31516”20 -+ 2'{4'{%‘{51&}2 “+ T3T§u2 + Tngv2 +
+ 2y41575uv) + 4 (yavou + ys780) + 7o) dudo;
®; (B) = A {{ Bo (u, ) [1iu’ + 20" + 4 (rirau’v +

+ nivoun’ + yiyau’ + 13ya0®) + 6 (yivu’o® +
+ 2yivevat’y + 2yiyaysud’ + yiviu’ + 1oy’ +
+ 27172v3u0) + 4 (11732 + 12130) + 73] dudo.
st 3TaNOHHBIX (YHKLIHOHAMOB 1leJiecoo6pasHO B3ATh TaKHE Apa
Ke(x, )(k=1,2, ..., m; m=15):
Kix, =1, Ki(x, p) =95 K3(x, 9) =x;
Ki(x, o) =xy; Ks(x, y) =4" Ks(x, y) =x%
K (x, ) =xy% Ki(r, v) =xy; K3 (x, y) = %
Kh(x, 9) =¢% Kh(x, y) =x% Kh(x, 9) =2 (16)
Kis(x, ) =2’y Kis(x, 9) =4" Kis(x, y) ="

Csa3b Me¥Ay yHKIHOHA/NAMH JJISi 3TaJOHHBIX By H BXOAHLIX B
..300pax<eHuii ompeaeJsieTcs Ha ocHoBaHuWu ¢opmya (15), (16) ypas-
HEeHHSIMH:

D, (B).=A®,; (Bo); @2 (B) = A[14P3(Bo) + 15P2 (Bo) + 16P1 (Bo)];
@3 (B) = A[1:1P3(Bo) + 12D2 (Bo) + 1321 (Bo)1;
@4 (B) = A {1i® (Bo) + 13Ps (Bo) + 2 [1asPs (Bo) +
+ 1476®3 (Bo) + 15762 (Bo)] + 16@; (Bo)};
@5 (B) = A {1i®s (Bo) + 12Ds (Bo) + 2 [117:®s (Bo) +
+ 1173®3 (Bo) + 1273P2 (Bo)l + 13®; (Bo)}; ‘
D6 (B) = A {1i®15 (Bo) + 18®1s (Bo) + 4 [131sP13 (Bo) +  (17)
+ 1415®15 (Bo) + Ti"{sq’n (Bo) + '{2’{6‘1’10 (Bo)] +
+ 6 [y3130s (Bo) + 2yiys16®s (Bo) + 2741316®7 (Bo) +
+ 1476®s (Bo) + 1516®s (Ba) + 2747576®4 (Bo)] +
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+ 4[1473®5 (Bo) + 151:22 (Bo)] + 16 (Bo)};
®; (B) =A {T‘;CDIS (Bo) + “{g‘pn (Bo) + 4 [‘7?72‘1’13 (Bo) +
+ Tx“{g‘I’lz (Bo) + T?Ta‘pu (Bo) + Tg'raq’lo (Bo)] +
+ 6 [1113Do (Bo) + 27iy273®s (Bo) + 21175737 (Bo) +
+ 1173®6 (Bo) + 121305 (Bo) -+ 2117213®s (Bo)] +

+ 4 [1173®3 (Bo) + 12139; (Bo)] + 15®1 (Bo)}.

B 3THX COOTHOIIEHHSX O0O3HaueHHsI STAJOHHBIX (GYHKUHOHa/og
COOTBETCTBYIOT 0603HAYEHHSAM HHTET pa/lbHBIX MOMEHTOB C siApamH (16)

Hanpumep,
@, (Bo) = Ppg (Bo) = .S)S Bo (x, y) xPy‘dxdy.

Pemas cucremy ypaBHeHu# (17), ompenesisieM KOI(DHUUHEHTHI 7; (j =
=1,2, ..., 6). Hcnoipays 8saBHCHMOCTH MEXIYy 7 H @;, MOXHQ

HaliTh mapamerphl @; npeobpasosanus (11).
Torza omepatop HOpMa/H3auuH npeobpasoBanus (11) umeer Bup;

F= F2Fl [B (xs y)] = F2Fl [BO (alx2 + 02!/2 + as,
x2
asx? + asy® + ag)] = FoF, {Bo [T (y2>J} - (18)

2
= F, {Bo [T" T(;g)]} = Fy[Bo (x2, y?)]1= Bo (x, y).

3necy T— matpuiia adpdUHHBIX npeo6pasoBaHUA C dAE€MEHTaMH a
Gi=12...,6)
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