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Mbl paccMaTpHBaeM ypaaaeaae Allli pacnpocTpauenH>t carnana 'I' aaaa 

(I) 

•C CYTb Cl!y'lallllble rjlyHKUHH nepeMellllbiX XJ (j •1 121314). 

npeanonaraeTCH, 'ITO B o15naCTH B03MO:>KHblX 3H8'1eHHll A lk ypaaneaae ( 1) OCTaeTCH ranep-

OOliH'IeCKHM ( .net A Jk > 0 ) • nono:>KHM Aanee: . 

(2) 

rae qepTa 03naqaeT ycpeaneaae no B03MO:>KllbiM 3aaqeaHHM cnyqatlHbiX aenH'IHH A
1
k , Bk , 

•C • 3To ycpeaneHHe HMeeT CMb!Cli <l'yHKUHOH81lbHOro HHTerpHpOBBHliH no B03MO:>Kllb!M 3118-

qeHHHM cnyqatlaotl aenH'IHllbi a(JI): 

~ = f ·~ I a( x) l d w I a(x) l , (3) 

rae ~ -4YHKUIIOH81l OT ,a( x) dwla(x)l - BepOHTIIOCTb TOr0 1 'ITO a = a (X) • 

Mb! 15yaeM aonycKaTb, 'ITO cnyqafinyro aenli'IIIHY a( x) MO:>KHo npeacTaBHTb B BHae pHaa 

(4) 

rae cp
11 

(X 
1 

a
11 

) - ae~OTOpaH CliCTeMa OpTOHOpMHpOB8HIIblX rjlyHKUHI'l 1 an -cnyqal\llble 

rjla3bi, ~- cnyqatlHbie aMnnnTyahi. B CHllY (4) dwla(x)l MO:>KliO paccMaTpHBSTb 

KSK BepOHTHOCTb TOll IIliH HHO!l COBOKYllliOCTH 3H~'IeHHfi Belli!'IHH 8 11 

HOCTH, ecnH 8D 

Peweaae 

a ae38BHCHMb1 1 TO .. 
dwla(x)l ~ ·~ dw(a

11 
)d0(a

11
) • 

Mbl 15yaeM HCK8Tb B Bllae: 

'I' = AeiB 

3 

a , B ttaCT-
n 

(5) 

(B) 



rAe 'IIICTOTA Cl.l 3BA'IHT9HbHO np9BOCXOAHT 'l8CTOTbl1 XapartT9pHb19 Ami cne:s:Tpa Cny'lal!

Bb!X nenH'IBB A lit , 8 11: , C • B STOM cnyqae AMnnHTYAY ·A H cjla30BYIO cjlyartnRIO S 

UOJKBO C'IHT&Tb MeAn9BHO M9HRIOII!HMHCSI cjlyHKitHS!MH nepeM9HHb!X 

pH'I9CKOI! OUTHrtH). nonaraSI S •·S +·u II llOACTBBnsiS! (6) B ( 1), 

A as as _ 0 lit _____ 

a x1 a, 

-- as - -
A It- .J!a._ + ·A ~ ..d.S._ + '\ .Q..L ~ 1 a "i a x.: 111: a x1 a xk • a x

1 
a '"k 

x1 (npn5nnJKeaue reoMeT-

npl!" ..., .... nony'IHMt 

(7) 

0 • (8) 

113 nocneAaero ypanaeaan aaxoAHTCSI cnyqal!aaSI cjla3a u , KOTopaS! 5yAeT nuael!abrM cjlyart-

nnoaanoM oT cnyqallahrx nenu'lua a
1
k { x) • noaToMy u { x) HMeeT BHA 

u( x) ~ I a u ( x , a ) , 
Ill D D D (9) 

rAe u;. (x , a .. ) cooTneTCTByeT pemeauro CHCTGMbr (7), (8), ecnu B (4) nonoJKHTb nee 

am e:;.Q , KpoMe aD • 

CpeAaee 3Ha'leane curaana 

iii 

iii 5yAeT panao: 
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Ae • e 
l<UO" 

Ecnn pacnpeneneaue dw { a
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) S!BnS!eTcn HOpMSnbHbiM! 

_<· .. -~>2 
t;'r-

b dw( an ) 1 
--e ~ 
Yn bD 

TO Ha OCHOBSHHH (9) nony'IHM! 

l<US 
'I'= Ae 

b2 ...,2 2 
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0
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OrtOH.'IaTenbHblll pe3ynbT8T 38BHCHT OT BHna (7 (X. an ) • 

PaccMoTpHM aertoTopbre npuMeaeaug: 

A. PacceSIHHe 3ByKa B Typ5yneaTHOM noTorte 

(IO) 

( 11) 

( 12) 

B npocTellmeM cnyqae 
n2 

cTanuoaapaoro, 5e3BHxpenoro noToKa npu npeae5peJKeanu nenu-
'IHHBMH ITOpSinKa 

~ 
u -crtopocTb noTorta, c 

111 AnSI llOTeanuana CKOpOCTel! 3BYKOBOII BOnHbl ¢ rnacuT : 
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~ + 2u_£J_ 
at a xdt 

a2¢ 
2 =· 0 ' c -2 ax (13) 

Tart 'ITO %l=·z' 

Tenepb BHA 

X = t 
4 

H 2 
A 44 = 1, A41 =a41 =2u 1 A

11
=-c • YpanaeHHS! (7) H (8) HM910T 

{~)2 
at 

c 2 (a...s._)2 = 0 
ax (7) 

as au· 
at at 2c2 as~ + 2u as s1S_ = o. 

ax ax ax at (8) 

113 (7) AnSI nnOCKOII BOnHbl HM99M s = t ;!: X 

c 
, TBK 'ITO. 

nnSI CTBHHOHapaoro llOTOKa 

nonaraSI Tenepb 

·E.!z:_ 

at 
2c ~ + 2..!L = 0. 

+ ax c 

~=0 
at 

H MOlKHO nonOlKHTb au 
at 

u(x)=±f 
0 

u( x'·) dx'· 
c2 

u(x) =: un ·Cos(qnx + an), 

nnSI aopManbaoro 3aKoaa pacnpeneneaHSI un npu u 
n 

0 

rAe 

·e 

2 2 
..., b 2 

----/--:;- F 4 C x' an ) d 
4q0 c ~ n fe 

n 217 

Fn (X, an ) = Sin ( q
0 

x + an ) - "Sn an 

(]4) 

0 Torna nony'laeM: 

(15) 

(16) 

nony'IHM: 

( 17) 

(18) 
Tart rtax F

2 
( x , a )>"0 a orpaHH'Ieao, To &Ty .. 

HHTb acjlcjleKTHBHb!M cpenHHM ·F: (X, () n a n ) 

nony'IHM: 

Be~H'IHHy B ITOK83BTene.(17) MOlKHO 3aMe-

0 < (}D < • Torna BMecTO (17) 
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rne 

I CUC7 
e e 

ell ( x) = l: 

"'2 <llc x) --2-
(19) 

b2 
D 

2q:c' 
2 

F. (x, .o. a. ) • (20) 

TaKHM o6paaoM, cpenaaa cnna aayKoBoro cnraana (10) peaKo nanaaT c pocToM qacTOT~ 

"' (no KpnaoA faycca). 

B, PacnpocTpaaaana cBeTa B cpane c Typ6ynaHTHofi MaTpHKOA 

/2/ 
Bonaoaoa ypaaaeaae B aTOM cnyqae rnacHT 

1: "v ~ - ·r" .iL = o , 
ax, a xv ax, 

I' ·r =- 1 a _ - (-1 I'V 
_c: -a- v-g g > v~g X,., ' 

rna g , KaK o6hlqao, aCTb Det(g I'V ) • 

~~ 6ynaM paCCMaTpHBaTb 
I'V 

g KaK cnyqaliHbia <jlyHKllHH nepeMaHHblX 

/3/ 
<l>HaaqacKH9 npaqHHhi nna TaKofi 

06paTHMCH K cnyqaro, xorna 

I'V 
g 

B03MOlKHOCTH paCCMOTp9Hbl B 

I'V 
go 

,,., 
+ < 

Ma (21) (22) (7) n (il) nonyqaaM ypaaaaaae nna u 

+ gi'V (as !.!!.__ + as ~) = o. 
o ax,. a xv ax,., a x, 

lv _ft.L as 
ax, a xv 

(21) 

(22) 

:xt,:x2,xa,x,=t 

(23) 

(24) 

B qacTHOCTH, nn11 nnocKoii aonHhi 

H9HH9 (24) npHHHMa9T BHil: 

S = t- X (cKopocTb caeTa c nonaraaM • 1) ypaa-

~+au l2r(x,t), ·•=•" +r11
- 2£1( • (25) 

at ax 

Oao nMaaT pawaaae: 

6 

,-" 

X 

u{x,t) =· lol Jr(t'-·(, t'·)dt' +I' f r (x'·, (+ x' )dx' , 
"o 

(26) 
'o 

rne (=· t -x • Aaanornqaoe pemeaHe nonyqnTCH nna BOnHhi S = t +·x • Ecnn r ( x 1 t ) 

MO~O npencTaBHTb B BHil9 

r(x 1 t) =.~'•• Sin(qn x+·a. )Sin(c.J.t+f3m) 1 (27) 

rne , f3 - cnyqafiHbra aennqnabr, TO npn H;>pManbHOM aaKoae pacnpenenaHHH 
• a • .. a. 

• ... t f IUD = 0 ..-,.::., =~ bnm H paanoMapnoM pacnpananeann a. , f3.. Mbl nonyqHM: 

u ( X , t ) = l: £
110 

m :F nm ( X , t ) , .... (28) 

rna HBHbiA BHil :F nm ( x, t ) H9TpyllHO nonyqHTb H3 (26) H (27), npHMaH!I!I Te lKa pac-

CYlKil9HH!I, qTo B nyHKT9 A , nonyqnM, qTo CB9TOBOii CHrHan HM99T BHn ( 19), npHqQM 

~(x) > 0 H Tenapb paano: 

2 2 
ell ( x) = 12 l: b • ., F,.., ( x, t o. a,. 0., 1 {3., ) • .... 
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