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MATEMATHUKA

PA3HOCTHAA 3AJAYA IMOJABJIEHUSA MTYMA
N IPYTUE 3ATAYYN AKTUBHOTO YIIPABJIEHUA
OJHOYACTOTHBIM 3BYKOM B COCTABHOM OBJACTH
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ITycTh omHOYACTOTHOE 3BYKOBOE IOJIE ONpefeie-
HO B 00J1acTH, COCTOSILIEH U3 JIBYX Mofo0iacrei, u
MOJIETUPYETCS KaK PEILIeHUEe JUHENHOW Pa3HOCTHOM
3agauu. [lo 3HaveHUsIM MOJST B TOYKAX TPAHUIIBI
MEXy 3TUMU MONO06IACTAMHA TOCTPOEHBI (POPMYITBI
TSI MOTIOJTHUTENILHBIX UCTOYHUKOB 3BYKa, B PE3Yib-
TaTe BKIIOYEHHS KOTOPBIX aKyCTHYECKOE MOJe B
MofI06IaCTAX M3MEHSETCs KelaTelNbHbIM 00pa3oM.
Hanpumep, He3aBUCUMO U OJHOBPEMEHHO B KaXK[ O
13 nopoOJiacTeil akyCTHUECKOe MOJe MOXKET ObITh
MIOJIHOCTBIO WM YACTUYHO 3KPAHUPOBAHO OT UCTOY-
HUKOB, JJOKAJIN30BAaHHBIX B JOMOJHUTEIHLHON TOI00-
JacTH.

PaCCMOTpI/IM Pa3HOCTHYIO KpaeByIO 3aiavdy

Z amnun = fm’

ne N,

me M, (1)

uye Uy 2)

OTHOCHUTEIBbHO (DYHKINKN (WM BEKTOP-(PYHKINH)
uy=1{u,},ne N.3pecbe M —1pou3BojibHOE (PUKCUPO-
BaHHOE AMCKPETHOE MHOXKECTBO TOYeK m, m € M.
Kaxpgoit Touke m € M COINOCTaBIICEHO YHCIIO (WA
BEKTOD) f,,, @ TaKXKe MHOXECTBO N,,, cocTosilee u3
HECKOJIBKUX TO4YeK n € N,,. Kaxpjoi Touke n € N,
CONOCTABJICH YUCIOBON WM MaTPUUHBIA KO3(puu-
eHT a,,,. Pemenne uy = {u,} 3agaum (1) onpepgeneHo Ha
MHOXecTBe N = UN,,, m € M, koTopoe 06pa30BaHO

m>

00 beIMHEHNEM IIIa0JIOHOB Pa3HOCTHOM CXEMBI N,,,.

Yepes Uy 0003HaUEHO HEKOTOPOE INHENHOE TTONT-
IIPOCTPAHCTBO Bcex (yHKUUHI Bupa uy. Ilpu atom
BKJITOUEHUE (2) UrpaeT pojb KpaeBoOro yciaoBus, 0-
noausmouero ypapuenue (1). bygem mpegnosnarats,

HHcmumym npukaaoHoii mamemamuxu

um. M.B. Keaovuua
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4yro 3agayva (1), (2) uMeeT OfHO U TOJABKO OHO peuie-
HUE Uy IPU TPON3BOIILHOM 3aflaHud fy, = { f,,}, m € M.

B cayuae, ecnu 3apgaya (1), (2) annpokcuMupyeT
nudepeHIaNnbHYI0 KpaeByIo 3aady aKyCTHKH, TO
pellleHne iy UMEeeT CMbICT aKyCTUYECKOro IO, a
npaBast 4acThb fy;, IMEET CMBICI UCTOYHHMKA 3BYKOBO-
IO TOJIS Uy

Koaddunuentsl a,,, xapakTepu3ytoT cpepy, B KO-
TOpPOHl paccMaTpUBaeM aKyCTHUECKoe Hoie. Ty
yAOOHYI0 TEPMHUHOJIOTHIO COXpPaHUM s 3apaun (1),
(2) maxke B ciydae, €clii OHa sBJsieTcs aGCTpaKTHON
KpaeBoMl 3a1aueil 1 He UMeeT (PU3NYECKOrO CMbICTIA.

ITycte M* € M — HekoTOpOe (puKcupoBaHHOE TIO/I-
MHOKecTBO M. O6o3nauum M~ = M\M*; N* = U N,,,
me M N =UN,, me M. OnpeaennuM CETOYHYIO
rpaHULy Y MEXJY CETOUHBIMU nofgo0nacTsiMu N* € N
u N~ N paBeHCTBOM

Yy=NANN.
3afaun akKTHBHOTO YIIPABJIEHHUS 3BYKOM B COCTABHOM
ceTouHoll oonactu N = N* U N, KoTopele OyieM pac-

CMaTpHBaTh, COCTOSIT B MMOCTPOEHUN TaKuX gy = {8},
m € M, 1JIsi KOTOPBIX peLlieHUE Vi 3afadn

N Vs = fut 8w mCM, 3)

vy Uy 4)

o6JagaeT TeMU WK UHBIMUA TpeOyeMbIMU CBOWICTBA-
mu. [Ipu atom pyHkuuio g, = {g,,}, 3agarnyo fo-

IIOJIHUTEJIbHBIE NUCTOYHUKH 3BYKaA, 6y,T_ICM Ha3bIBaTh
AKTHUBHBIM YIIPABJICHUEM 3BYKOBLIM IIOJIEM Uy B CO-

cTaBHOU ceToyHOU odnactu N = Nt U N~

IIpu nocTpoeHuy aKTUBHBIX YIPaBICHUA gy, = { g,, }
OypeM IpepmosiaraTb, 4TO 3HAYEHHUs PEIICHUN W,
n € 7, BCTpeyaromuxcs 37ech U fjajee 3afgay Buja

Y Wi = 0, me M, )
wy€ Uy (6)

U3BECTHBI B TOUKAX I'PAHULIbI Y MIIM MOTYT OBITH IO-
Jy4eHbl IPSIMBIMU U3MEPEHUSIMHU (C TIOMOIIBIO MUK-
PO(OHOB) WU MyTEM MaTeMaTUYECKOU 0OpabOTKU
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PA3BHOCTHAS 3AJAYA TIOJABJIEHNA IIYMA

Kakux-nubo [Apyrux paHHbIX. OTMeTUM, 4YTO
3amayva (1), (2), a Takxe 3amada (3), (4) oTHOCSTCS
k tuny (5), (6).

Bynem npepnonaraTh, 4TO BBEAECHHBIE BBILIE MO-
HATUS npocTtpaHcTBa Uy, pa3ouenue obnactu N Ha
ABe (mepecekaromyecst) ceTouHble nopodaacta N u
N~ m noHsiTHE TpaHULpl Y = N* M N~ COriacoBaHbI
MEXJ1y COOOH TaK, YTO BMECTE C KAXK/IbIM 3JIEMEHTOM

+ -
Zy € Uy 2lIeMEHTHI Zy U Zy,

. Z,, NE€ N',
Z, =

0, ne N\N',
_ 0, ne N\N,
Z, =

Z,, NE N,

TakKe NpuHamiiexaT npoctpanctBy Uy. OueBugHO,
YTO B 3TOM CIIydae 3JIEMEHT Zy, ONpPENlelICHHbBIN pa-
BEHCTBaMU

Iy, NEY,
2y = (7)
0, nev,

TOKE IPUHAMIIEXKUT IpOCcTPaHCTBY Uy,

+ -
O6o3HaunM f,, u f,, m € M, Be CETOYHbIE
(pyHKIIUH, ONpefieieHHbIe paBEeHCTBAMU

+ fm’ me M+9 - O, me M+,
fm = Sm = - ®
0, me M ; fm» me M,
¥ pacCMOTPHM CIIEAYIOIHE BE 3aaUn:
Zamnu; = f:r,l, meM, u;e Uy, 9)

Zamnu; = f;m me M, MI_VE UN'

Ou4eBUmHO, YTO IS

fu=Afuds fu=Afn}s fu=1{fu}, meM,

(10)

Uy = {un}’ l’l;,[ = {M:}, M;/I = {M;}, me Na
CHpaBeIUII/IBbI paBeHCTBa

fu = Fu+ fu

+ _
Uy = MN+MN,

+ _
IIpu aTOM uy ¥ u, AAFOT BKIIAAbI B PEIIEHNE Uy 3a-

+ -
nauu (1), (2) BNUsIHUS UCTOYHUKOB f,, U f,,, TOKa-
JTM30BaHHBIX HA M* 1 Ha M~ COOTBETCTBEHHO.

Bocnonb3yemcs crneayromnmm n3BecTHbIM [1] dax-
TOM, KOTODBIA YCTAHOBIIEH METOJIOM Pa3HOCTHBIX
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noteHuaaoB [2]. BeibepeM akTUBHOE ympaBiieHHE
8m 110 hopmyIe
0, me M",
Em = _ _
—Zamnun, me M,

rae Ijtn COBIIala€T CO 3HAYCHUAMU U, PCUICHUS 3a/la-

4u (1), (2) B Toukax n € yu obpamaercs B 0 B Toukax
n € N\y. Torpa pemenue vy = {v,} 3agaun (3), (4)

N
coBmajiaeT Ha nmofgobmactu N* C N ¢ pelieHneM u,y
3amauu (9), T.e. 9KpaHUPOBAHO OT BJIUSHUS UCTOYHU-

KOB f,,, JMOKanu30BaHHBIX Ha M~. 3Hag B cuiy
CMleJIaHHOT'O MPENNOJIOXKEHUS O 3aadax Bupaa (5), (6)

+
noJse v, B TOYKax n € 7Y, NOJIY4YUM U, , n € Y. B cuy
+ -
opmynbl uy = uy + Uy CTaHYT U3BECTHBI TaKKe
- +
3HAYEeHUs U, =U,— U, ,n € Y.

Bsenem ¢ynkiun

—+ +
Zamnun, me M,

gm(ity) = (11)
0, me M;
o 0, meM
gn(ily) = _ N (12)
Zamnun, me M,
a TakKe (PyHKIHIO
gu(k' K y) = K'g,(ay) +k g, (iy),  (13)

rae k* u kK~ — IBa He3aBUCHUMBIX JIPYT OT ApyTa Belle-
CTBEHHBIX IMapaMeTpa.

T eopewma. Peuerue 3adaqu

zaﬂmzn = fm + gm(k+’ ki’ aN)’ Iy € UN?

MONMCHO 3anuUcams 8 gpopme

u, +(1+k)u,, ne Ny,

u, + (1 +k"u, (14)

Z, = . neE NNy,

A+Du, +(1+k)u,, ney.

OO06cyanM pe3yabpTaT TeopeMbl. B ciiyvae k¥ =k =0
B cuny (14) zy = uy, T.e. pewenue 3agauu (1), (2) He
nopiBepraeTcst u3mMeHeHusiM. B ciydae k- =-1,k* =0
B cuily (popmyiibl (14) pemienue zy B Toukax n € N*\y

+
COBIAJa€T C PCIICHUEM Uy , T.€. UMEET MECTO IKpa-

HUPOBAHUE aKyCTUYICCKOTO ITOJIsSI OT UICTOYHUKOB f; ,

JIOKaJIN30BaHHBLIX Ha M. Ecim nonosxxkuts kt =k = —1,
TO akycTuueckue mojs Ha NYN\y u N \y OymyT oba
9KPAHUPOBAHBI OT BO3MIEMCTBHUS NCTOUYHUKOB, JIOKA-
JIN30BaHHBLIX Ha M~ unu Ha M* COOTBETCTBEHHO.
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W3mensia k-, MOSKHO yBeTnmunTh B 1 + k- pa3 BKIiIaf
UCTOYHUKOB f,, , TOKAJIN30BaHHBIX HA M~, B aKyCTH-
yeckoe mojie Ha N*\y. AHaJoruyHo, usMeHsisa k*,
MOYHO H3MEHHTH B | + k* pa3 BKJIaJi ICTOYHHKOB f, ,

JIOKAJIU30BaHHbIX Ha M*, B aKyCTHYECKOE IOJE B
Toukax n € N-\y. [loguepkHeM, YTO BKIIAbI HICTOYHH-

KOB [y M [y BTOJS B TOuKax n € NNy umu n € N\y

HE 3aBHUCIT OT BblOOpa 3HaueHUil k* u k- cOOTBET-
cTBeHHO. Takum oO6pas3oM, ynpasieHus suja (11) Ber-
3BIBAIOT N3MEHEHUS OIS TOJIBKO B TOUKaxn € N-, a
ynpasieHue Buja (12) BHOCHT BKJIaj B pelICHHE
TOJIBKO B TOUKax n € N*.

CrnenyeT Nog4epKHYTh BeCbMa Ba>kKHOE JIJIs CO3/1a-
HUSI TEXHUYECKUX YCTPOMHCTB OOCTOATEIBCTBO, CO-

cTosimee B ciefyromeM. s OTbICKAHUS u, W U, ,
n € ¥, u gy nonydenns popmyda (11)—(13) akTUBHBIX
yIIpaBJEHUI JOCTATOYHO YMETh HAXOAUTh 3HAUCHUS
pelrennit 3agad Buaa (5), (6) TOTbKO B TOUKAX 1 € Y
TCpaHUIIBI ¥, @ TAK>KE 3HATh TOJBKO Te KO3 PULINEH-
THI d,,,, 1751 KOTOpPbIX n € Y. He TpeGyercs 3Hanme

JOKIIAIBI AKAJEMWU HAYK

PIBEHBKHWU u np.

¢opmbl o6nacty, ceTok M u N, 3Havyenui f,,, m € M,
npaBbIX yYacTeil W 3HAYeHWN KO3(P(PUIHUEHTOB d,,,,
n & v, ypaBHeHud (1), a Takke npocrpancrBa Uy, 3a-
[aloIIero rpaHuvHoe ycaoBue (2).

Pe3ynbraT 0 B3aUMHOM 3KpaHUPOBaHUM IOHOO-
JacTeil OT UCTOYHUKOB B JIONMOJTHUTEIBHBIX UM TIOJI-
obnacrsx, T.e. cnyvaii k* = k- = —1, cogepXuTcst Kak
YyacTHbI ciayyail B paboTe [3], rie paccMaTpuBaroTCs
HEKOTOpbIE BOIPOCH! YIpaBJlIeHHUS 3BYKOM B O0Ona-
CTSIX, COCTOSIIIMX W3 MHOXECTBEHHBIX (IBYX WIH
Oolee) nofo0JIacTeN.

Pa6oTa BeImONHEHA TPU YACTUYHON (DMHAHCOBOM
nopiiepxkke Poccuiickoro onaa pyHgaMeHTaNIbHbIX
uccnepoanuit (rpant 08—01-00099).
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