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MEXAHIKA TA MATEMATHKA

O. . MEJbHHK

PYHINAMEHTAJIbHA MATPHUSA HBESAKUX CHCTEM
EJINTUYHOTO THNTY
JAJiA HEOBME)XEHOTO NMPOCTOPY

B naniit po6ori Gyne noBeaeHa TeopeMa icCHYBaHHA (yHua-
MeHTaJbHOI MaTpuui aas cucrem Eisepa, #ki Bignosinaiorsb
OCHOBHiH Bapiauifiuifi 3agayvi AAs AOAATHLO O3HAUYEHOTO (YHK-
LioHany 3 MIBHAKO 3pOCTalOYUMH Ha GeamexHocti Koedini-
€HTAMH.

Kpim nsoro, MoBa Gyze Ty 1npo TeOpeMH THIY Teopemu Jliy-
BiNsA AN NeAKHX eJinTHYHHX cHcreM. Juisi cTHCIOCTI BHKJIaAy
OGMEXHMOCh CHCTeMaMH APYroro MOpsAKY.

1. Hexaii
n
(@)= D G- Aulw ) - 4 o’ E A,(w) -+ u'du,
k= 1
ae ® = (x, ..., *,) — Touka Mm-MipHoro xificioro npocropy,

u’ () = (u, (a:) ey U, (®)), u(x)— Bianosigunit crosmens,
A,‘,(a:), A, (x), A(a:) — Kna,u.pa'mi marpuuni QyHkuil.

Cucrema Eftiepa papianifiHol 3afaui 15 cbyaxuiouanyg (D(x)dw
6yne MaTH BHIVAL:

n

2 (A () + A (®)) 555 0x kdx; [ 2 ( Mgffx) + Méi:‘) )+

kil=1 kil=1

+2 D (Miw)—Ay@)) | 2o+ (2 D itn
' k=1 <

0Xxy
k=1

~A@) — 4 (@)u= M
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Beeaemo Taki mossaueHHs:
n

S (4, (0) + @) = (0. )

k=1

[2 (Baid) ., M) g 2 (i (@) — 4,@)) | 52

kil=1

+22 aAk(x) wA(m—A’(m)_z_A, (x’%)

%

CucreMa (1) Habepe BHIVISILY:

At em [afa20) +ale )] e =0 0

0
dynaamenTaspHo MaTpuueio [1] onepatopa A( @, 5 ) 3
0COG/MHUBICTIO B TO4YL ¥ Ha3WBAETHCH MATPHUA © (a: ¥), IO Mae
BJACTHBOCTI:
1) nBa pasu HenepepBHO aAHdepeHUiiOBaHa B YCbOMY MpoO-
CTOpi, 32 BHHATKOM TOUKH Y;

7}
2) A (w, “EE") o@,y) =0 (x +9);
3) nas noBiabHOI HenepepBHo AudepenuifoBanol MaTpuui v(x)

lingSl (-n;n]) SZcos(v, x,) B,
; =1

@ (@) (¢ (=, 9))d.8 = v’ (9), )
ne S, chepa paniyca ¢ 3 ueurpom y TO4ui ¥, v — OPT 30BHiuUI-
Hbol HopMaai 10 S., B,(u, v) 6iainifini (bopuu AKi BH3HAYa-
10ThCA 32 Gopmyaoio:

0
'(a:)A( )u(a:) ( ( X 57 )v(a;)) u(@)= > T mBk(vu)
k:l
Ak Bigomo, uj GixiliHi ¢opMH BH3HAYAITHCA HEOAHO3HAYHO.
Bynemo BBaxkaTd iX BH3HAYEHHMH Tak, L0 B HHX BXOAATH MO-
XigHl JIHIIEe MepuIoro NOpPSAAKY.
Teopema. Hexali ichye Taka gosatHa B yCbOMY DPOCTOPi

bynkuis F(x), mo 5%'( © i 1o

det (A, (x, ia) — VE)
Fopape e =+ >0

ISl KOXKHOT [TOUKH @ npOCTOPY i a1 KOXHOT AilcHOI HEH)’JbO-
BO1 TOUKH o' = (A, @y, ..., @,), A€ A -— NOCTATHBO BEJHKE HHCJO.
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Axkmo npu uboMy koediunientu omeparopa 4, (a: —~‘—i—) Hemne-
pepBHO audepeHuifioBaHi TPpU pa3u, koedilieHTH NPH NMOXiAHHX
nopazaky J (j=0,1) B oneparopi 4, (m, B%) HenepepBHO Aude-
penuifoBani J pa3 B ycbpMmy NpPOCTOPi, NMPHUOMY xoefpiuien_'ru
onepatopa 4, (m, 6‘%) 6ynyTs nopaaky O (F(x)), a noxiani 10
JPyroro mopsaaky uux koediuieutiB i koediuienTH omneparopa '’
Az, 5‘1— poctyTh He wmBuauie, Hix F(x) npu @] > oo, TO NpH
yMOBi, H0 (PyHKUioHax é‘ ® (x)dx nomaTHO O3Ha4YEHHH, TOGTO

n
ou’ 0
i(b(m)dw»(?iga%a—% (C>0) 3)

icHye GyHAaMeHTaJbHa MAaTpHIA B yCbOMY MNPOCTOPi AAsA CH-
creMu (1).

JloBeneHHs. Kopﬁcrqumb merogoM E. Jlesi, ¢yHna-
MEHTAJBHY MaTPULIO o (x,y) 3 OCOOAMBICTIO B TOUWI ¥ AAA CH-
creMu (1) 6yaeMoO myKaTH y BHTARAIL:

o(@,y) =0 (€,9)+ {0 (@, 2) 1 (2, ) dz, (4)
ae o, (x, ¥) — pyHaamenTasbHa MaTPULA CHCTEMH
d 5 ..
(A (2, %) —2)u=0, )

fika icHye B npunyueHHax teopemu [3] i Mae Taky OUiHKY,
cnpaBeaauBy i npu |@ —y|—0, i npu | — y| - co:

dk1+ s +ky o, (x' y)

oxt . . dxﬁﬂ
[ g—helx—yl 1 - N
O F(x) :x el yln—2+k,+ e Ry (”_2+k1 —!“ e +kﬂ)0)
. —hejx—y| '
=130 (e_‘;‘(';)—(llg le—y|| + 1)) (’3_'“2+kz+ ootk =0)
e—hs]x-—y[ :
0 —W (”‘“2""1‘1""'... +kﬂ<0)
&+ ... +k,=0,1, 2), (A £>0), | (6)

a h(x, y) —nOKU WO HeBiZOMa MaTpuuHa QyHKUis, aKy Oyxne-
MO miag6upaTH Tak, mob A (a:, 6%) o(@y)=0 (x+9).
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Ha ocuoBi aemu 3 [4] B
4 (2, 2) o @)= 4o, 5o @,9) +
+S (2. 52 ) s @, 2) (2, 2 ) ds + b & ).
chi'ﬁh}cu o) (w ¥) — GyHAaMeHTaabHA MATPHIS cucremu (5), 10

4 ( ,06)mk(m y)——)@uo;t (x, ») (® + 9)
TakuM UYHHOM, TIHTAHHS PO MOXKJAUBICTL MiROOPY Takoi Ma-

tpuni h(x, y), mob 4 (a: %)m (@, y) =0 (x+y) piBHO3HAY-
HE NHTAHHIO TPO MOXJHBICTb PO3B’A3KY CHCTEMH iHTErpajbHHX
pPiBHAIHD:

h(x, y) + 12§ o (@, 2) b (2, 9) dz + Mo, (®,9) = 0. (7)
Ockiabku il 24po (m,'y) Mae ouiHky (6) i ¢

dx &

JFw <> i
TO, K BifoMO, A0 cucrteMd (7) MOXHa 3aCTOCYyBaTH TeOpil
PpearoabMa, ko 6 BUABMAOCH, O cHcTeMa (7) po3B’sa3yeTh-
CA He 3a mepwolo TeopeMoio ®PpeArosbMa, a 3a TPETHOW, TO
¢pyHpamenTaapbHy MmMatpuumio o (w, y) tpeba OGyna 6 wmykaTH y
BUrAAAI:

o (2, y) = o (@, y) +Q§ oy (@, 2) b (2, y) dz + R (x, y).
Cucrema Toli 6 BUrAsijana Tak:
bz, y) + 12 (o (@, 2) b (2, 9) dz + W2o, (2, y) +

+ 4 (2, %) R(@9)=0. 7

R (, y) norpiobno 6yao 6 migibparu Tak, 006 3a6€3mEYHTH
OPTOrOHaJbHICTb BiILHOTO useHa cucteMH (7') po JaiBHX Baac-
HuX QyHKUi# sapa. Moxausicte nigbopy rakoro R(x, y) Tpeba
Oyno 6 OOrpyHTOBYBATH.

TlokaxeMmo, ‘110 B HAlIOMY BHNAAKY cucTeMa (7) po3B’sa3y-
€ThCs 3a nepmolo Teopemoio Ppearoasma i, otke, R (2, y) =0.

PosrasHeMO ORHOPIAHY CHCTEMY PiBHSHB:

h (x) + )ﬁs‘ o, (2, 2) b (2)dz = 0, 9)
i MOKa)eMo, 10 BOHA Mae TiJIbKH HlebOBHﬁ p03B A30K. ,H.OBE'

HNeHHsi 6yieMO BEeCTH Bil CYNPOTHBHOrO.
Ipunyctumo, mo cucrema (9) Mae HEHYyJAbOBHH po3B ﬂ30K

g (x). Hexait w (x) = Sw;\ (@, z) g(2) dz.
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Ha ocHoBi oniuku (6), oueBnaHo,

dw(x) _ 1A |
o] (}—:[91_2)(;:(@). (10)

Kpim nporo, w (@) e poss’ssox cucremu (1). Cnpasai,
y: | (a:, 52—) w(x) = g (@) + 22 aSm;\ (®,2)9(2)dz=0

60 g (%) — po3p’a3ok cucremu (9).
[Tokaxemo Temep, mo w (x) = 0. Jlerko nepecBifYMUTHCH,

mo JAas oneparopa 4 (“”E}% Mae Mmicme Taka opmyaa:

Su A( 0)%(3@*

r

=1

~2fo @+ flu [ o ( 4 @) 2 )
k

+ 2w’ 2 v, Af () ud, S

k=1

(11)

aAe I, — wmap paniyca r, S, — HOro rpaHuus, v, — Hanpas-
AAI04i KOCHHYCH 30BHiWIHLOI a0 8, Hopmaai. [licaa 3acrocy-
BanHs (opmyau (11) a0 w (%), BPaxoBYIOUH NPH HbOMY OUIH-
ku (10) i (8) i mepexomauu A0 rpaHulli MPH 7 — co, AK HEBAK-
KO 06a4uTH, naHa Qopmysaa HaGepe BHIAAY:

0O=-—-2 059 D (x) dec.
Bepyuu no ysaru (3), MaEMO:
O s 5@ (@) de > GS

W k=1

~of| ST+ -+ (32|

o0

ow __
axk oxp

3pincu BUNAMBAE, WO W, (x), ..., W, (x) —nocuﬁm TOOTO
w () = const. (12)

Ha ocuosi (12), (10) i (8), oueBunno, w (x) = 0.
[Noxiemo Tenep onepatopom (5) Ha w (2)= fw;\ (@, 2) g(z)dz

Onepxumo: :
(A (a:, £—) --H) w (x)—= S (A (a:, 5%—) —A2 )m; (@,2)g(2)dz -+ g(cx).

Ockinbkun w () = 0, o) (x, y) — d}yu,&amemaabna MATPHIA
oneparopa (5), To, oueBHAHO, g () = '
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3siacH, 3a aabrepratHBoio ®Ppexroabma, cucrema. (7) pos-
B’A3yE€TbCA 3a Mepluoio TeopeMoio Ppexaroabma.

Ha ocuosi semu 1 n. 7 [1] k (2, y) HenepepBHO audepet-
1[iHOBHA NO @, NPH & #* y. HeBaxXKo mepecBiguUTHCD, 1O NPH MiH
yMOBi © (@, y), fika Bu3HauaeTbcs Gopmynowo (4), — Henepeps-
HO audepenuiiioBHa ABa pasu ¢yHkuis npu x #+ y. Kpim Toro,.
o (@, y) 3a10BOAbHAE i yMOBi (2), 32 pPaxyHOK MEPILOro JOKAH-
Ka o (a:, y)

Takum uuHOM, o(x,y) — (QyHAaAMEHTa/AbHA MATPUUA AJA
cucremu (1). Teopema pmoBeneHa.

Mu o6MexHAHCh CHCTEeMaMH [APYroro NOPSAKY JIHie /s
crucaocTi Bukaany. LlinkoM aHanoriuHuM WIAAXOM MoOXKHA [0O-
BECTH TakKy X TeopeMy nas cucreM Efinepa Bumoro nopsaky,,
AKi OAEepKYIOTbCA NPH pPO3B’si3yBaHHI OCHOBHOI BapialiliHol 3a-
navi ais QyHKUiOHaNy BHAY

S o @) de =
']
e ohttin y (x) vtk u (x)
= y: | @
bt dx{‘ B axf‘ﬂ kl---knll--.lﬂ( ) Oxft..dx:n

4 l:+...+l =5
y NpHUNyilieHHi, 1o

gttt By (x) gRrttRa y(yx)
S‘D i e S Z Oxp"...0xkn 9ux...0xkn (0 >0p

- @ k1+...+k“~/=S

2. ¥ pobori [6], BuXoAsiun 3 mapaGoJiiNHHX CHCTEM, JOBEAeHa
Teopema JIiyBinas Aas eiNTHYHUX CHCTEM 3 CTaJUMH Koedilien-
TaMH, WO MICTATH JHLUe MOXiAHi HAHBHUIOrO MOPSAKY, AKHM NpPH-
MyCKAETbCH MapHHM, i CHCTEM, KOJH, KPiM NOXiAHHX Ha#BHILO-
ro NOPAAKY, BXOASATH I H MOXiAHI HYJbLOBOro MOPAAKY, NPH-
YOMY KOe(illiEHTH TPH HHUX 3aJ0BOJNBHAIOTL NESKUM JOAATKO-
BHM YMOBaM.

- fAk BusBHJOCA, y3araJsbHeHy Teopemy JliyBidnsi pas Giabiu
3arajibHHX eJINTHYHHX CHCTEM i3 CTaJHMH KoedilieHTaMH MOX-
Ha JIOBECTH iHUIMM IUJASXOM, SIKHi TPYHTYETHCS JUIIE Ha eJill-
THYHOCTI CHCTEMH.

YsaraabHeHa teopeMa Jliysiaaa Hexain cucrema
3 CTaJUMH KoedillieHTaMH

_—‘ &kl"*‘---'}'kn u & :
1T ane R e ik e T
(-......l)k + + n Akx...kn axlkl“_dx:u n— 0 (13)'

Rit...tkpy <5
3a[0BOJIbHSIE YMOBI (A):
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ANS MaTpHIb

| E Ak ._;.;, | (Qtial)?f._.._._(ézt{a,,)“}z,

Ritotky <s

Z Ak ""k (2‘::2&1)”& ; (Qﬁian)kn . ,

k-L +kn =5

Fomii

Z dp.k, (21':2’0&1)"1...5(21:'50;”)’%, '

kit..tk,=5,

ne Sg-— HaWMeHUIHH nopﬂ,u',ox noxiguoi, fKa BXOAHTBL Yy (13)
-icHyloTh OGepHeHi MaTpHuUi HJg BCAKOro AificCHOro HeHYJIbOBOI‘O
g = (al, vie s

Toni, AKIo S pasis HemepepBHO nmpepeﬂmﬁonaunﬁ po3B 'q-
30Kk cucrtemu (13) Mae B ychbOMY NpOCTOpPi OuiHKY THNy #(2)=
= O (J«|’), To BiH sBAsie c060I0 MHOrouseH cremens [l].*

331;101»1 30KpeMa, BMIIHBae TeOpeMa JI:me.nﬂ ko
S pasiB HeNepepBHO nnq)epeﬂulﬂonaﬂuu pO3B’si30K #(X) CHCTEMH
(13), m(a 3a/loBoJIbHAe yMoBi (A), OﬁMe}KEHHH B y(:bordy npo-
CTOPI,
u(x)=const,

KpiM 11b0Oro, BHUSBHIOCH, 110 AJS AEAKHX €JINTHYHHX CHCTEM
i3 3MiHHAMH KoedilieHTaMH, a caMe, JJIs CHCTEM, DO3IISHYTHX
B .. 1, Mae micue Taka TeopemMa.

Teopewma. flkmo npiui HenepepBHO audepeHLifioBaHHR PO3-
B'A30K u#(x) cucremu (1), sika 3aA0BOABHSE yMOBaM TeopeMH
iCHyBaHHsA (]JYH;laMEHTaJlbl-IOl MaTpHulli, Mae OWiHKY THNY #4(Xx)=
O(l«}*) npu |2] - o, 10 Bin aBAsE C060I10 TOTOXHIA HYJb.

Ils Teopema cnpaBenJmBa i AJS TAaKUX CHCTeM BHUIHX IIO-
‘PAAKIB, npo #Ki Amsa Mosa B m. 1.
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* [} — wina vacruna uucaa l.

126


http://www.tcpdf.org

