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AHanu3upyoOTCs aMIUIUTYIHO-(pa30Basi CTPYKTypa MOJsS M HPOCTPAHCTBEHHAs
JMHAMUKa KpUBHU3HBI ()a30BOro (poHTAa IapMOHUYECKOH BOJHBI B CHEpUUYECKH
pacxXoAsIIKXCs 3BYKOBBIX ITydKaX MPH Pa3InYHbIX paclpereeHUsIX aMIUTUTY bl [0
MOBEPXHOCTU M3iydatens. [[nsg ocecMMMETpUYHBIX MYYKOB C Y3KHUM YTJIOBBIM
CIIEKTPOM B paMKaX KBa3HONTHUYECKOTO MPHOIMKEHHUS PAaCCMOTPEHBI 0COOEHHOCTH
COBMECTHOI'O BJIMSHHUS TI'€OMETPUYECKOM pacxoiuMOCTH U AU(PAKIUHU BOJIHBI.
ConocraBieHsl IPOCTPAHCTBEHHBIE XAPAKTEPUCTUKU IIYYKOB C PE3KO BBIPaKEHHOMU
IpaHULIEN U MyYKOB C rayCCOBBIM M OJHOPOAHBIM PACHpPEEICHUSIMH AMIUIUTY JIbI

1o (hpoHTYy.
KitoueBbie cnoBa: audpakius, reoMeTpHUYecKas pacXOAUMOCTh, (Ha30BbIi
(dbpoHT, KpuBU3HA PpoHTA, 30HEI DpeHens, odpaiieHne POKyCHPOBKH.

BBE/IEHME

BosiHOBBIE Ty4KH, B MONEPEYHOM CEUCHHUU KOTOPHIX AMIUIMTYJa YMEHBIIAETCS OT OCH K
KpasiM, criafasi 10 HyJisd, PUHATO Ha3bIBaTh Iy4YKaMH C PE3KO BbIpaXEHHOW rpaHuueu [1].
Bobiienenne uX B OTAENBHYIO TPYIIY CBSI3aHO C HEOOXOJUMOCTBIO PacCMOTPEHHS
O0COOCHHOCTEH  mposiBieHUsT AUPpakIUOHHBIX d(PPEeKTOB B  MONAX, CO3AABACMBIX
U3JIy4aTeqssMd KOHEUHBIX pa3MmepoB. Jlns ynoOcTBa BBIYMCICHHA JTU(PPAKIMOHHBIX
MHTETPAJIOB YacTO UCHOJB3YIOT [ 1, 2] aMIIINTy IHBIE pacnpeleleHNsl, HE UMEIOILNE HYJIEBOTO
3HA4YeHHUs 3a MpejeiaMy amnepTypbl U3ydyaTens, Mmojiaras, yTo aMIUTUTyAa B OOJIACTH TEHH
aCHUMIITOTUYECKH CTpeMHuTcs K Hymo. llogoOHas anmpokcumarms ¢Gopmbl KoseOaHun
pEaIbHBIX M3JIy4aTeJIed CYLIECTBEHHO HE CKa3blBa€TCi HA OCHOBHBIX I1OKAa3aTessX,
XapaKTepU3YIOIMUX JajdbHIO o0nacTs. OnHako B OmkHEN 007acTH MOJ BIMSHUEM CHUIIBHOM
PacXoIUMOCTH Iy4Ka C pe3KO BbIpa)KEHHOW I'paHUIICH aMIUIUTYIHO-(a30Basi CTPYKTypa MO
MOXKET CYIIECTBEHHO OTJIHYaThCsS OT wucnonbdyemoir wmozpenu [1]. IlpeneOpexenue
OTMEUYEHHBIMU 0COOEHHOCTSIMH HEIIPUEMIJIEMO B 3a/1a4ax, 1€ BIUsSHUE Audpakiun (OimxHen
00J1aCTH) Ha MCCIIEeLyEeMbIi MPOIECC SABISETCS ONMPEACIAIOIINM: U3MEPEHUE CKOPOCTH 3BYKa U
3aryxaHus [3, 4], HENMHEWHOE pacIpOCTPaHEHUE HEOHOMEPHBIX 3BYKOBBIX BOJH [1, 2, 5, 6],
reoMeTpuyecKas AUCnepcust 1upparupyromux myykos [7-9] u ap.

Jlis cheprudeckn pacxosIIerocs my4ka ¢ paBHOMEPHBIM PacIpeeIeHUEM aMIUIUTY bl IO

dbponty BosHBI [10—12], sSBIAIOMIETOCS YAaCTHBIM CIIy4aeM ITydka C PE3KO BBIPAKCHHOU
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IpaHULIEHd, OTMEYAIOTCSl KaueCTBEHHbIE W3MEHEHMs CTPYKTYpbl MOJS B 3aBUCUMOCTH OT
KPUBH3HBI U3Tydarens. B ocHoBe u3MeHeHuil nexxut unreppepeHnus (pa3oBeix 30H Openens,
JIOCTUTraromias HauOOJIbIIEro MposiBIEHHUsT B IpuoceBoil obmactu. [Ipu cooTBeTCTBYROIINX
yCIOBHAX B JAajbHEeW oOjacTé moist (GOpMHUPYETCsl MAKCHUMYM MJIM MHHUMYM YTJIOBOM
3aBUCUMOCTH aMIUTUTYbl, OCEBOE PACIPECIICHHE aMILTUTYAbl MOKET MOHOTOHHO CIaAaTh C
kpytusHoir 20 wnu 40 0b Ha fAeKkagy W3MEHEHHsI pPacCTOSHHA, JHMOO0 HMMETh JIOKAJIbHBIN
MUHMMYM C HYJIEBOM aMIUIUTYJOW, KOOpJIMHATa KOTOPOIO OIPENENIIETCS] COOTHOIICHHEM
KPUBH3HBI M JUIMHBI 00J1aCTH TU(PPAKLINY ITyUKa.

B cdepuueckn pacxopsdmiemMcs My4yke C TayCCOBBIM pacHpeleiiCHUEM aMILIUTY/IbI,
KOTOpPBI HE HMMEET PEe3KOro Inepexojga B 00JacTh TEHHW M SBISIETCS OJHOW M3 Hamboee
IPOCTBIX MOJIENIEH B CMBICIIE aHAJTUTUYECKOTO OMUCAHMS IOJIS, MOJ00HBIE 3aKOHOMEPHOCTH
He HaOmonatotes [8]. Tak, B ganbpHel 06JacT aMIUIMTy/Ja Ha aKyCTHYECKOW OCH TIPH JII0O0OM
3HaYeHUU KPUBU3HBI H3Ty4yaTelss MOHOTOHHO YOBIBa€T C PACCTOSHHUEM CO CKOPOCTBIO

—20 05/0ex nono6Ho cheprudecKoii BOHE.

Llenbto paboTHI ABISETCA yCTPAHEHUE CYIIECTBYIOLIETO MPOTHUBOPEUYUS B TOM BIIUSHHH,
KOTOPOE OKa3bIBaeT '€OMETPHUECKasl pacXOJUMOCTh Ha MOBEACHHE AU(parupyromnei BOJIHbI
C TayCCOBBIM M PaBHOMEPHBIM pacHpelesICHUsIMU aMIUIMTYAbl. B cBs3u ¢ 3TUM uHTEpec
IpeJCTaBisieT 3a7a4a 00 HCCIICAOBAaHUHM MPOMEXKYTOUHBIX CIIy4aeB, pPELICHHE KOTOPOW Ha
npuMepe MYYKOB C PE3KO BBIPAKEHHOM TpaHUIEH MO3BOJUT 0OOOLIMTH 3aKOHOMEPHOCTH
dopmupoBaHus Mo chepUUeCKH BBITYKIBIMU H3ITydaTeNIIMU.

1. TEOPETUYECKAA MOIEJIb COEPUYECKHU PACXOJAIIMXCA ITYUKOB
[Ipu paccMOTpeHUH c]epHUUecKH PaCXOAALIMXCS IyYKOB C Y3KHM YTIJIOBBIM CHEKTPOM
BOCIIOJIb3YEMCSI PELICHHEM MapadoIMuecKoro ypaBHEHUs TUGPAKIUU JUIS TPUOIU3UTETBHO

TUTOCKOW BOJIHBI  P(x, y,z)exp[i(oat—kz)] C paguycoM KpUBHU3HBI (PPOHTA CYIIECCTBEHHO

OOJIBIINM JUTMHBI BOJHBI M MaJbIM M3MEHEHHUEM aMIUIUTY/IbI BAOIb (DPOHTA HA PACCTOSHHIX
nopsiika JauHbl BOJHBI [2, 13]. Torna xommiiekcHas amIUIMTyZla BOJIHBI B IPOM3BOJIBHOM
TOYKE TapaKCHATbHON 00JIACTH TMOJISI OCECUMMETPUYHOTO TTyYKa 3aluIIeTCsl BRIpaKeHUEM [7]

. .2 © .2
Pn (rn’Zn):j_leXp _ZZL J.f(rnO)eXp _M JO 2’/'”—07'” rnOdrnO H (1)
0

n n n n

e z, =z/I, =2zlka’; r,=r/a; §, =1,/R, :kaz/2R0 ; P(r,,z,)=P(r,,z,)]4,; r u z

— TOmepedHask W NPOJOJbHAs (OceBas) KOOPAMHATHL k =®/c,; R, W a — pamuyc
KPUBM3HBI M Dajdyc aneprypsl usiyuarens (R, >>a); [, =ka’ / 2 — pnuHa obnactu
mudpakuun Openens (OnmxHed obnacth) mydka; A, — aMIUIMTYJa B TOYKE {r,z}: 0; 9,

— HavanbHas (z, = 0) KpUBH3HA BOJIHOBOIO ()pOHTA, OTHECEHHAS K AM(PAKLUOHHOMN JUIMHE

my4Ka.
B pemennn (1) yuteH mepexo OT IeKapTOBBIX (X,)) K MOJAPHBIM (7,Y) KOOpIWHATaM

TOYKH Ha6JHOILCHI/I$I B IINIOCKOCTH, HepHCH,HI/IKYHHpHOﬁ OoCHh IIydYKa Ha pPAaCCTOSAHHUU Z .

@ynkuus f(r,) ONHUCHIBAECT PACHPEICIICHUE AMIUIMTYIbl BJOJb alepTypbl H3ITydaTells.

CoBmecTHOE BiIMsHUE AU(PAKIUM M T€OMETPUUYECKOW pPacXOJUMOCTH Ha CTPYKTYpy MOJIs
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paHee paccMaTpHBAIOCh Mg rayccoBoro [8] myuka, f (rn)z exp(-7’), W Tyuka c
paBHOMepHBIM [10] pacmpenenenuem aMmmuTyasl no ¢pouty, f(r,)=1 mpu r, <1 u
f(r,)=0 npu r, >1. Ilpenensl UHTErpUPOBAHUS AJsl TayCCOBOro Iydka ykasaHsl B (1), B
Iy4YKe C pABHOMEPHBIM BO30YK/IEHEM OHU OIPaHUYEHBI pa3MepaMu alepTypsl, 7,, € [0; IJ.

HHTepec Kk rayccoBoMy paclpeleeHUI0 aMIUTUTYAbl IPU PacCMOTPEHUH aKyCTHUECKUX
3amad [2,7,8] oOyciOBIEH BO3MOXHOCTBIO TMONYyYEHHS B paMKaX KBa3HONTHYECKOTO
HpI/I6HI/I)KeHI/IH TOYHBIX aHAJIUTHYCCKUX peHIeHI/Iﬁ MMpOoCTOro Buaa, 4To MmO3BOJIACT IMPOCICINUTD
PSA BOXKHBIX OCOOCHHOCTEH, MPUCYIIMX AU(pparupyromuM mydkam. HecMoTpst Ha 0oueBUIHYIO
YCIIOBHOCTb, 3Ta MOJENb Onaromaps MpOCTOTE aHANIM3a JaeT HarIsgHOE HpejAcTaBlIeHHEe 00
OCHOBHBIX 3aKOHOMCPHOCTAX IIOBCIACHUSA IlI/I(bpaFI/Ip}IIOHICf/i BOJIHBI, YTO BaXXHO JJId
MOHUMaHHS TaKUX e MPOIECCOB B 00JIee CIOKHBIX CUTYAIHSIX.

HNmes na IMPAKTHUKE JCJI0 C U3TYy4YaTCIIsIMU KOHCUYHBIX pasMCEpPoOB, B CJIy4aC BBICOKHMX YaCTOT
MOKHO CYHUTAaTh, YTO HA BXOAC CPCIAbl HCXOAHOC BOSMYIICHHUEC BHC PI3JIy‘-IaIOHIeﬁ IMOBEPXHOCTHU
OTCYTCTBYET, T.€. MPUCYTCTBYET sIBHasi rpaHuiia ¢ obmacteio TeHH [l]. YacTHBIM ciydaem
SABJIAIOTCA IMYYKH, CO3aBACMbIC N3JTy4YaTCIIIMU C PABHOMCPHBIM BO36Y)KII€HI/IGM. OIIHaKO ux
peaimn3anus CONPSKCHA C TCXHUUYCCKHMMU TPYAHOCTAMH H3-3a IOABJIICHHUA aMILUIATYAHOTO
pacIpeiesieHus] BIOJb M3JIydarolleld MOBEPXHOCTH, (hopMa KOTOPOTO 3aBUCHT OT CBOMCTB
HCIIOJIB3YCMbBIX IMbBE30MATCPaIOB, KOHCTPYKIHUW HU3ITydaTClIAd, YCJIOBI/II>'I OKCILTyaTalu1u,
MHOTOMOJIOBOTO XapakTepa KojeOaHui Mbe303JIeMeHTa Ha pabodeil yacToTe U Jp.

Pacnipenenenue f (rn) C HyJIEBBIMH 3HAYEHUSIMU BHE U3IIy4arolleil MoBepxHOoCcTH (7, > 1) n

MaKCUMYyMOM aMIUTUTY/bl B LIEHTpe Iyuka (7, = 0 ) MOXKHO onucaTh (pyHKIUEH

((=r¥), ro<t; AN, ml=1, 2, 3,.;

n

flr,)= )
0, r,>1,
dbopMa KOTOpOH 3a7aeTcss COOTBETCTBYIOMIMM Moa00poM BenmunH m u N . Kak moka3aHo B

[7], c yBenuuenuemM N 1npu m =1 ¢yHkuusa f (rn) CTpEMHTCS K BUJIY, COOTBETCTBYIOLIEMY

U3ITy4yaTeNl0 ¢ paBHOMEPHBIM B0O30yxkaeHueM. Hampotus, poct m npu N =1 OpUBOIUT K
CY’KEHUIO aMIUTUTYAHOTO paclpeaeNieH s, MPUOINKAs ero K rayCCouse.
BriOpaB cootBercTBytonme N W m, MPOBEAEM YHUCICHHBIA aHAJIM3 MO CHEepUUIECKU

pacxXodsIIMXCs MyYKOB C PE3KO BBIPA)KEHHOM TI'PAaHULENH W PA3NUYHBIMHU f (rn), nepexost

MOCJIEA0BATENBHO OT CiIydasi pABHOMEPHOIO BO30YKJIEHUS M3JIydaTessl K pacHpeeseHu0 B
BUJIE rayccouibl. B pamkax equHOro mojaxoja, UCKIFOYUB MOTPEIIHOCTH, COMTPOBOXK/IAIOIINE
UCIIOJIb30BAaHUE PA3HBIX METOJAOB PEIICHUs ITOW 3aJlauM, PaCCMOTPUM HU3MEHEHHUS IOJISI TIPU
pa3HBIX COYETAHMSIX BKJIAZ0B TUGPAKIMN U TEOMETPUUECKON pacX0JUMOCTH.

CoxpaHUM BO3MOXHOCTh COMOCTABJICHUS MOTyYaeMbIX PE3yJIbTaTOB C IIyYKaMU IJIOCKOTO
u3Iyqarens [ 7], mpoBeas maabHEUIUN aHAIN3 C IPUBJICYCHUEM PAaCCMOTPEHHBIX CITy4YaeB:

2¢. 2. 4, 6
ﬁ(rn):(l_rn)z’ ﬁ(n1):1_n1’ f;(l’n)zl—l’;1 > f;l(rn)zl_rn (3)
Touno B3sTh uHTErpan (1) Ans MPOU3BONBHON TOYKM TOJS MydkoB (2) He ymaercs. Jlms
OCEBBIX 3aBUCHUMOCTEH aMIUTUTY bl TAKHE PELIeHUs BO3MOXHBI. Tak, 11 (3) moinydaem:
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2
1438
P =0z )= — 1o % cos| 0% | _q |4
1+9,z, 1+93,z, z, 4)

+2i Z,,/(l + 60211)[1 - Zn/(l + 8ozn)Sin((l +8,2, )/Zn )]}9

1 1
P,(r,=0;z,)= L 5 g 9,2, —i—Zn | cos 9,2, —1|¢; (5)
1+93,z, 1+93,z, z, 1+93,z, z,

2
2 146
R13(rn :O;Zn): 1 1+2 Zn — Z” Z” coS + OZn +
1+93,z, 1+93,z, 1+3,z, | 1+9,z, z

n

. [14+90,z, .z, 1+96,z, z, . [1+8,z,
+sin —2i cos — sin ;
z, 1+9,z, z, 1+9,z, z,

2 1
P,(r, =0z, )= ! 1- 32, 1 cos 902, +
1+9,z, 1+08,z, | 1+9,z, z

n

| (1+8 3 ’ 1+8 (7)
4l1-of 2o sin 0% || _j 2 -2 —Zn cos| —0Zn |
1+93,z, z, 1+9,z, 1+93,z, z,

—2z, /(1+8,z, )sin((1+ 8,2, )/z, )+ 2(z, /(1+ 8,2, )} |}

IIpu ycnoBun O, =0 BbIpaxkeHus (4—7) mepexolsaT B U3BECTHBIC [7] pelIeHUs IUIOCKOTO

U3JIydaTessl ¢ COOTBETCTBYIOMMUMU pyHKUMAMu [ (7).

2. AMIIIMTY JHO-®A30BAA CTPYKTVYPA I1O0JIAA BAOJIb OCH ITYUKA

PesynbTathl pacyera aMmuTyAbl U Ga3bl HA OCH My4YKa C ucnonb3oBanueM (5) u (7) mus

8, =(0, 5, 20) nokazansl Ha puc. 1. 3aech NpUBEIECHBI XapaKTEPUCTUKU IayCCOBOTO ITy4Ka
f)n (rn = O;Zn): 1/(1_'_80271 _iZn)' (8)

Hannuue rpanuinbl ¢ 00JacTbio TEHU NPUBOJUT K MOSBJICHUIO B OunkHen obnactu (z, <1)

OCLWUIALIMNA 3aBUCUMOCTH |Pn (0;z,)|, pasMax KOTOPBIX pacTeT IO Mepe TOoro, kKak §, — 0 u

bynkus f(r,) mpuHEMaeT Bce Oosiee PEe3KHH Mepexox B 00JacTh HYJIEBBIX 3HAYCHUI Ha

kpasx uznyyarens. [Ippy N >>1 u m =1 ammuryaa B JOKaJIbHBIX MUHUMYMaxX CTPEMUTCS K
HYJIIO, TIPUBOJS PAacCMaTpUBAEMYIO0 XapaKTEPUCTUKY K BHIYy YyObIBaroulel myJbCUpyIOLIeit
(GyHKIIMH, YTO CBOMCTBEHHO M3JIy4aTeNI0 C paBHOMEPHBIM BO30yxaeHuem [10]:

R1 (rn = 0’ Zn ) = [1/(1 + 6OZn )]{1 - COS[(l + 6OZn )/Zn ]+ lSln[(l + 80211 )/Zn ]} (9)
KOOpIII/IHaTbI Hyneﬁ 1 MaKCUMYMOB aMIUIUTY bl Ha OCH CBS3aHBI C 80 COOTHOLICHUAMU
z = 1/(27m - 80); zl = 1/[(211 + l)n - 8], n=0,1, 2,.. (10)

Ecmu AJI1 U31y4daTceiisi ¢ PaBHOMCPHBIM B036Y)KI[€HI/IGM HYJICBBIC 3HAYCHUSA aMIUIMTYAbl B

Toukax z, Ha ocH (10) COXpaHSIOTCS NPH JIIOOBIX 3HAYCHUSX O,, TO B IOJHHOMHAIHHOM
Iy4Ke pa3Max OCLWIIALMNA ¢ yBEIMYEHUEM O, JOCTATOYHO OBICTPO OcliabeBaeT, KpUBbIe 3, 6

u 9 Ha puc. 1-a.
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2-.5.8-}.“‘”] =1- Fu

00
T [P (1 = 0; 2,)| 1,4,7./(rn) = expl—ri) T Qulry = 0; 2,), 2pao.
3.69. f(r)=1-r'

60 |- ’/
14,7, /(1) = exp(— r°)
‘:II..F;’HZ- 202 g 2-,5.8-\.]{'(-""] =1- f‘n? >/ |4213. 80 =
2330 Up = 3.(_]‘9_ : ,ﬂ f— l _ ‘"ﬁ ’f T _
: 7,8,9. 8,=20 oL Jra) ! , 4,56, 8,=5

7.8,9.8,=20

0.5 0 ARG AR o et

=30

0
0,01 0,1 1 T 10 00l 0,1 I Z 10

Puc. 1. OceBbie pacnpeseneHus: aMIUIATYIbI (2) U (a3sl () BOJHEI B TayCCOBOM

" MOJIMHOMHUAJIBHBIX ITyYKaXx IIPH Ppa3JIMYHbIX 3HAYCHUAX KPUBU3HBI U3J1YyUaTCIIA

Xapakrepuctuku |P, (0; zn] rayccoBoro myuka (8) mpu 8, = 0 BBIIOIHAIOT POJIb CPEAHEN
JUHHUH, BOKPYT KOTOPOH U3MEHSETCS aMIUTUTYa TOJTUHOMHUATIBHBIX MyYKOB. [IpOTsS)EHHOCTH
MOJIOTOTO YYacTKa B Hayalle OCEBOTO PAaCHpECICHHS, OrPaHHUYECHHOTO YPOBHEM 1/ N2 s

YCPEOHEHHOIO BIOJIb Z, 3HA4YE€HHUs 3BYKOBOI'O JAABJICHUSA, MOKHO OLICHUTH BEIMYMHOM [§]

z :1/(1/1+25§ +60).

Hudpakimonnsiii HaOer (as3pl BAOJIb OCH NMOJMHOMHAJIBHBIX IyYKOB TAKXKE HCIIBITHIBACT

OCIMJUIALMY B OJIVDKHEH 007acTH, ypOBEHb KOTOPBIX omperessercss O, U GyHKIuen f (rn ),
puc. 1-6. Eciu B rayccoBoM Iyuke OUana3oH WM3MEHEHUN BEIMYMHBI (p,, OCTaIOIIEHCS
HOJIOKUTEIbHON HA BCEM NPOTSIKEHUU OCH z,, YCTPEMIIETCA K HYJIO C POCTOM O, TO B
My4Kax C PE3KO BBIPAKEHHOM T'paHMIICH MoBeJeHue (pa3bl HE CTONH OJHO3HAUYHO. Hapsiay c
OTpaHMYEHUEM JMana3oHa U3MEHEHUH a(0; Zn) IpU yBEJIMYEHUH O, 3HAK (pa3bl B HanbHEH
obnactu @penens (z, > 1) MOXKeET ObITh Pa3IMYHBIM, YTO 3aBUCUT OT KPUBU3HBI U3ITyUyaTes.
Ponp reomerpuueckoil pacxoAMMOCTH B (OpPMHpPOBAHMM TOJS IYYKOB BHJAHA U3

3aBUCHMOCTEll aMIUTUTY/IBI, TIPMBE/ICHHON K emuHMYHOMY pacctosumio |P,(0, zn]-zn, "

JudpakiuoHHOro Hadera ¢aspl OT BEJIWYMHBI O,. OTINYMA OJHOUMEHHBIX XapaKTEPUCTUK
sz, =1 wm z,=10 ABIAIOTCA CIEACTBHEM HE 3aBEPIIMBINMXCS Ipu 2z, =1
TU(PPAKIUOHHBIX POLIECCOB.

B rayccoBom myuke |Pn (0, zn)|~zn U (, MOHOTOHHO YMEHBUIAIOTCS IPHU YBEJIUYEHUU O,
[8] ¢ coxpanenueMm 3Haka (asbl. I[Ipu manoil kpuBu3He uznydaTens (§, < m) aMIUIUTyAA U

,I[I/Iq)paKI_II/IOHHaH (1)8.38_ HUCIIBITHIBAKOT CHIIBHOC BJIMSAHHC FCOMeTqueCKOﬁ pacxoauMoOCTH,

OBICTPO YMEHBULIAACH C POCTOM §,. B TO e Bpems npu 3Ha4eHUSX O, > 2T peakius dTHX

napaMeTpoOB HA UBMCHCHUC KPHUBU3HBI 3aMETHO ocia0eBaer.

A. M. laspwusnos
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, 6 1. f(r) = exp(— o) .6 ./ j(’“n] = exp(— :"nf)
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f( J?) ( " ) 5 . H
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8. f(r) =1 8 flr) =1

b
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z.'i'
-

=0
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0 2n dn 8y b 0 2n 4n By 61
a) 0)
0z I-J{I(rﬂ] = e-"P(_ r.lrg,) S'J{.(r-'?) =1- r"ﬁ (Pu((l‘. Zq)s I-f-{.?"”] = ex[’(_ fnf) 5'.}(-(?!!) =1- i",.hl
T PAOLE) 2 ==Y 6f)=1-n" pao. 2.0 =(1=rY  6flr)=1-rn"
P 3 fey =1t TSy =18 3 =1-r'  Tfr)=1-r"
4_]'(?,"] =1- r.lr4 S'J{(r.'r} =1 4-./{-{"".'?] =]- r.lr-‘ 8'.}(-(?!!) =1

90

90

Iy

Puc. 2 . 3aBucuMoCcTH aMIUTATY ABI, TPUBEACHHON K €IMHUYHOMY PACCTOSHUIO (a, 0),

U (ba3sl (B, I') BOJHBI HA OCH Iy4Ka OT KPUBU3HBI M3lyvarens anst z, =1 u z, =10

.Zn

B myuke ¢ paBHOMEPHBIM pAaCHIpENEICHUEM AaMILIMTYAbl 3aBUCHUMOCTB [ (0,) = |P,

onuchiBaeTcs GyHKUMEH $inx/x, KOTOpas Ha PacCTOSHUAX z, >> | NPUHUMAET HYJEBBIE
3HayeHus npu O, =2mn, rae x=(1+8,z,)/2z, [10]. 3aBucumocts ©,(8,) B BHIE

MEePUOINYECKON THI000pa3HOW  (DYHKIIMH, TPUHUMAIOIICH HYJIEBbIE 3HAYCHUS TIPH
8, = m(2n+1), mnperepuesaer paspemel |-7/2;7/2] B ciyuae 8, =2mn. Bemmumma n
COOTBCTCTBYCT KOJIMUCCTBY (baSOBBIX 30H HAa MOBCPXHOCTH U3JTy4aTCJIA.

B nmonmHoMManbHBIX IMy4YKax M3-3a HCPABCHCTBA BKJIAJOB HCHTPAJIIbHBIX U 6OKOBBIX 30H

@DpeHens NoIHON KOMIIEHCALUY TI0JIsl HA OCH IIPU O, = 27Tn HE NMIPOUCXOJUT, U aMIUIUTya HE

AOCTUTACT HYJICBBIX 3HayeHui. COOTBETCTBEHHO nepecracT OBITh paSPLIBHOﬁ 3aBUCHUMOCTDB

(pa(So). Jlnana3oH M3MEHEHUH aMIUIUTYJbl M (a3bl HANPSIMYIO CBSI3aH C MOKa3aTesIMH

crenieHd N W m, ONpENeNsomMMUA Bua (QyHKIHH [ (rn). C yBenuuenuem N (m=1)
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OTIMYHS (Pa(50) u f(8,)= |Pn|'Zn OT aHaJOTMYHBIX 3aBUCHMOCTEN ITyYKa C PaBHOMEPHBIM

pacripesielleHueM aMIUIMTY bl TOCTENEHHO ucue3atoT. Poct m (N =1) HanmpoTUB yMeHbILAET
OCLMJUIALIMM, IIPH 71 > 2 OHU NPAKTHUYECKH Hcye3aroT. OQHAKO U3-3a HEPABEHCTBA BOJHOBBIX
pPa3MepoB HM3IIydaTeNled pPas3jInyus C TayCCOBBIM ITyYKOM OCTaroTcs. Jlamee Nokas3aHo, 4To
MaciTabupoBaHUEM KOOPJMHAT W TEOMETPHUUECKUX pa3MepoB H3NyyaTened mpu m >>1
JIOCTUTAETCS MPAKTUYECKH MOJHASI UAEHTUYHOCTD CTPYKTYPBI 3THUX ITy4YKOB.

[TomuMoO 001X 3aKOHOMEPHOCTEHN C T'ayCCOBBIM ITyUYKOM MOJIMHOMHAJIBHBIE MyYKH UMEIOT
NPU3HAKH, MPUCYIINE TMOJII0 BBIMTYKIIOTO M3JIy4aTessi C paBHOMEpPHBIM BO30OykaeHueMm. Ilpu

M00BIX O, MOCTPOECHHAs! B ABOMHOM JIOrapu(MUIECKOM MaciiTabe 3aBUCHMOCTh |Pn (O;Z,J

* V) v
rayCcOBOTO MydKa HMEET B 00JIACTH z, >z, JIMHEHHBIN y4acToK ¢ HaknmoHoM —200F/dex . B
NOJMHOMMATIBHBIX Iy4Kax ee (opma ompenensercss BeJIWYMHOM O, U BHUIAOM f (rn). s

P,(0;z,)

nanbreit obmacti myuxoB ¢ f(r)=1, f(r,)=1-r"u f(r,)=1-r" 3aBucumoctn
u o, (0; zn) nokasasbl Ha puc. 3. Ha y4gactke z, >1 oceBble pacnpeneneHuss aMIUIMTyAbl U
dassl pu 8, = 0 mpakTUYECKU HE 3aBUCAT OT QPyHKUUU [ (rn ) Haknon —200F5/dex kpuBbix
|Pn (O;zn)| M MOHOTOHHBIH pocT @,(0;z, ), KOTOpask ACHMIITOTHYECKH CTPEMHTCA K T/2 TpH

YBEJIMYEHUH Z, , IEMOHCTPUPYIOT XapaKTE€PHbIE IPU3HAKU C(HeprUECKON BOJIHBI.

|2, (=01 2,)| —— 147 fr)=1 ‘ 90 | Polrn = 0; 2,), 2pad.
1 o, p — 258 f(r)=1-r" == |
{1]
""" == 1 AT f(r) =1
| ] - L 30
0,1 | — 258 f(r)=1-r,
45 - 3,69:f(r) = 1 -1,
|
0,01 ! 1,2,3.5,=0
0Ff | 45,6.8,=2n
N 7.8,9. 8, =21 — 0,1
-1 |
10 123.8,=0 . 7 |
456.80=2m N\ ST H—e —45 :
4 789 8,201 / N ~ee !
].D V s |
1|| — 40 abider. />~ !
| LS
Y ~ N - L I
! 90 | -

1 10 — 100 1 10 = 100
a) 6)
Puc. 3. OceBble pacupeaeneHus aMIUIUTY bl (a) 1 (a3bl (6) BOJIHBI

IPU pa3iINyYHbIX | (rn ) Y 3HAYEHUAX KPUBU3HBI U3J1y4aTess

OcobennocTy B 3aBucuMocTaX ¢,(8,) u f(3,) =

Pﬂ

-z, TpU O, = 27n NPOSABIAIOTCA HA

OCEBBIX pacHpeeNeHUIX aMILTUTYAbl U (asbl. B ciaydae f (rn) =1 kpuBas

P, (O; znj JTUHEWHO
yObiBaeT (kpuBas 4 Ha puc. 3-a) ¢ HaknoHoM —400b/0ex, npu 3ToM pacnpenenenue (assl
IIPAKTUYECKH MOBTOPSIET @, (O; zn) B ToJie Tuiockoro m3nmyyatens [7, 10]. daxxe HeOosbmias

HEOJHOPOJHOCTh B PACHpPENCNICHUH AaMIUTUTYAbl, f (rn) =1-7", cyuecTBeHHO MeHsET
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CTpYKTypy moisi. B 3aBucumocTt |Pn (O;zn)| MOSIBJISIETCS JIOKAJIBHBI MUHUMYM C KOHEYHBIM
3HAYEHUEM aMIUIHTYbI (KpUBas 5), IpU yJAJIEHHH OT KOTOPOTO KPHBAsi MPHHUMAET HAKIOH
—200F/dex . ®a3a B 00NacTM MHHMMyMa aMIUIATYIbl HCIBITHIBAET DPE3KOE H3MEHEHHE
CBOET0 3HAYEHMSI, COITPOBOXKIAEMOE CMEHOM 3HaKa (KpuBasi 5 Ha puc. 3-0).

CrnaxuBanue (pyHKUMHN aMIUTUTYTHOTO pacIpeesieHUs] Ha TpaHuLIe y4Ka, f (rn) =1- rnl °

COIIPOBOKAACTCA HCUC3HOBCHHUEM JIOKAJIBHOTO MHUHHMYMaA Ha Pn (O;Zn] (KpI/IBaH 6) u

npuOIMKEHNEM ee K BHJLy, COOTBETCTBYIolIeMy chepuueckoi BonHe. Da3a BONHBI JaKe Ha

OOJIBIINX PACCTOSHUAX COXpaHsieT nHpopmanuio o popme f (rn) U BEJIMYUHE O, PUC. 2.
ManeiMu pacctpoiikamMu Ad, <0 OTHOCUTENBHO O, = 27n MOYKHO CYIIECTBEHHO BIMSTH

Ha CTPYKTYpY TOJs BOMU3M aKyCTHYECKOW OCH. DTH TPOSBICHHS HAWOOJee CHIIBHBI IS

f(r,)=1, xpusbie 7. B nanbheii obnactu 3asucumocts |P, (0; zn] pHOOPETAET JIOKAJIbHBIN

MHUHMMYM C HYJIEBOH aMIUIUTYAOH, rae (a3a HCIBIThIBAECT pa3pblB Ha 7. BennuuHoii |A80|

MOKHO 3aJaBaTh KoopAuHaty Hyns amruutyasl [10]. HaGmromaemble 0coOEHHOCTH B

INOBCACHHUH

P (O; zn) u (pa(O; zn) MOKHO paccMaTpuBaTh Kak «oOpaiieHue» (poKyCHpOBKH,
IJie pacupeeseHust aMIUTUTY bl U (ha3bl BIOJIb OCH IMPOTHUBOIMOJIOXKHBI TEM, UTO UMEIOT MECTO
B chokycupoBaHHBIX Tydkax [2]. B ocHOBe B3aMMHO NMPOTHBOIOJIOKHBIX (PPEKTOB JIexKaT
pa3nuuHble (pU3MYECKHE MEXAHU3MBL: JJIs peau3ald IEepBOro HEOOXOIUMO COBMECTHOE
BIMSHUE AU(PAKIMU U TEOMETPUUYECKON PACXOAUMOCTH, BTOPOM 00s13aH CBOMM IPOSIBICHUEM

reomeTpudeckor cxoaumocTu. Ilpu Ad, > 0 mMuHUMYM B |Pn (0; zn] Ha paccTosHusaX z, >1
HE BO3HUKACT M3-3a JOMUHHPOBAHHS HEUETHON (Da30BOI 30HBI HA KPAIO M3IIydyaTens, U JIaKe
TP MaJbIX AS, aMIUTUTy/a CHIaIaeT BOJb OCH ¢ HakinoHoM —2005/dex [10].

B nonuHOMHManbHBIX IydyKax BBEJCHHE PpAcCTPOMKH Ad, OTHOCUTEIBHO O, = 27n
COIPOBOXKJAETCS] HE3HAYUTEIbHBIMA M3MEHEHUSIMH OCEBBIX PACHpPEAETICHUI aMIUIUTYIbl U
Pl z

n

(a3sbl, kpuBble 8 1 9 Ha puc. 3. 31eCh MUHUMYM aMIUIMTY/Ibl B 3aBUCUMOCTH f(J,) =
*
U MHBEpCHs 3HaKa (a3bl B (pa(SO) UMEIOT MecTo mpu O, > 2mn, puc. 2. COOTBETCTBYIOILUE

* (V3
3HaueHust O, ompenessitorcs QyHkuuer f (rn). 3aBUCUMOCTH

P,(0;z,) B obmactu z, >1

HMEIOT Tpu O, = O, /Ba XapaKTEPHBIX ydyacTKa. ECIM HAaKIOH HavaJbHOTO y4acTKa PaBeH

—400b/0ex , T0 y cnemyromero 3a HUM cooTBeTcTBeHHO —2005/0ex . C yBennuennem N
(m=1) NOpPOTIKEHHOCTh TMEPBOrO0 yYacTKa pPaCTET, IMOCTENEHHO NPHUOIMKASACh K BUIY
KpHuBO# 4 Ha puc. 3-a. OTHOBPEMEHHO MPOUCXOIUT CONMKEHUE KPUBOU @, (O; zn) C OCEBBIM

pacripeaenenremM ¢asbl B TOJIC U3JIydaTessi ¢ f (rn) =1.

3. TOJJOI'PA®BI OCEBOI'O PACIIPEJIEJIEHIS KOMIUIEKCHOW AMITUIATY JIbI

'ogorpad oceBoro pacmpeseneHuss aMmILIUTYJbl BOJHBI HAa KOMIUIEKCHOM IIJIOCKOCTH
ABJIIETCS OJHOW M3 MHTErpalbHBIX XapaKTEPUCTUK aMIUTUTYAHO-(a30BOI CTPYKTYpHI IMOJIA,
puc. 4. AHaJOTUYHO TIJIOCKOMY M3JIy4aTento [7] mis cheprudecku pacXoAsIIuXxcs My4YKOB C

OpOM3BOJIBLHON (yHKIMEH f (rn) rogorpadsl JieXaT B IPaBOi MOITYIJIOCKOCTH OTHOCUTEIBHO

MHUMOW ocH. Ykazatenu z, - 0 M z, —> o0 NOKa3bIBAIOT HANPABICHHE CMEUICHWS TOYKH
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HaOMIOIeHUsT BAOJIb aKyCTUYECKOM ocu. J{is paccmaTpuBaeMbIx QyHKIMA f (rn) rofgorpadsl
HaunHatoTcd B Touke (1; 0), 4TO COOTBETCTBYEeT 3HaueHHI0 P, =1 B LIEHTpe aneprypsl

U3JIyqarels, {r ; zn} =0. 3akanuuBaroTcs oHU B Touke (0; 0), MOCKONbKY aMIUIMTyZJa NpU

n?’
z, —> 00 OECKOHEYHO MaJla u3-3a AU(PPAKIHOHHOIO PACX0XKIEHHs BOJHBL. [IpuBeneHHbIE Ha
puc. 1 oceBble pacrpeleneHusi aMIUIUTYIbl U (Da3bl OTpaXKaroT M3MEHEHHE JUIMHBI U yTia

HaKJIOHA BEKTOpa, BBIXOMSAIIETO0 M3 Hauaja KOOPAUHAT KOMIUIEKCHOM MJIOCKOCTHU K TOYKE
rogorpada, COOTBETCTBYIOIICH KOOpIMHATE TOYKU HAOTIOACHHUS, PHC. 4-a.

I P” " 01 n \.rl(r.’r) - (1 - .F'”f ]2 | 1
T m (7 Z ) e .Jr[-"u)_(l —;‘,.“‘)m‘ T Im Pﬁ(r" :0; Z,,) j(r”] _ (] —r)
1.2.3.59—0 - j(f‘n)_cxp(—rﬂ)
759, 00m2 T 0,001...10 -8 =0
9.8 ! £, 0,001...10 2, = 0,001... Yo,
7,89 6;=2n 2 80-x

0.5+
05—
or 5,6 89 Re P, (0;z)| of
| ¥’ | |e H( [} 21.' J 3 l | RC P” [0‘ Z,,)
0 0.5 1 — 0 0.5 1 -
0)
T Im P,.(.P‘n—(); Zy) f(i',,)={| _rJr&}
1 z,= 0,001...10
0.5
U -
-0,5+
I | | I Re P, (0: z,)
0 0.5 1 1.5 -

Puc. 4. T'omorpads! oceBbIX pacnpeneeHnid KOMIUIEKCHOM aMIUTATYAbI B ITyYKax

C pa3sHbIMM BUJaMH aMILIUTYIHOTO pacnpeneneHus npu 6, =0, © u 2w

['ogorpadsl rayccoBoro v MOJIMHOMUAIBHBIX MYYKOB (3) MOKa3aHbl IPU TPEX 3HAUYEHUSAX

kpuBm3HBL: 8, =0, 8, =1 u 8, = 27. C yBeIM4YEeHHEM O, COKPAIAETCI YYaCTOK ILUIOCKOCTH
0 > 0 0 0 >

OXBaThIBaeMbIi (PUTYpOH, TIpeBpaIas €e B 0Tpe3ok npsmoit mexay Toukamu (1; 0) u (0; 0).
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Tak xe, xak ¥ y miaockoro usnyuarens (6, = 0), rogorpads! cdhepudecku pacxoasAIuXcs

TrayCCOBOT'O U MOJMHOMHUAIIBHBIX ITYYKOB C N=1unmz=>1 ne BBIXOJT 3a IMPEACIIbI IIEPBOT'O

kBaapanTa. [Ipu &, >0 coxpaHSIOTCS NMpHCYyIIUe KaKAOMY M3 HUX 0COOEHHOCTH (OpPMBI B

BU/JIE XapaKTEPHBIX U3JIIOMOB KPUBOM, NETENb KOXJIEOUIAbl WM CIIUPAIH. DTa 3aKOHOMEPHOCTh
IPOCIEKUBACTCS I roforpadoB U3myyaresst ¢ paBHOMEPHBIM Bo30ysxaeHuem [7, 10].

B nonumHOMHANBHBIX My4yKaxX, QyHKOUSA f (rn) KOTOpPBIX Xapakrepuszyerca N >21u m=1,
nomoc cnupaiau npu §, > 0 He ocraercs B Touke (1; 0), xak y muockoro usiyuarens. C
pOCTOM z, OH cMemlaercs BAOdb JeiicTBuTenbHOM ocu k Touke (0;0). Ilox BausiHUEM
reoMETPUYECKON PacXoAUMOCTH MOJISIPHBIN paauyc BHa4aje pacTeT (kak B caydae 6, =0), a

C HEKOTOPOIrO pacCTOSIHMS Ha4yMHAEeT YMEHbIIAThCs, CTpeMsch K Hymo. B romorpade

pacxoasierocs my4ka ¢ f (rn) =1 HavanpHbIi 3Tan oTcyTcTBYyeT [10]: BONM3HM m3myuaTens

ero (popma umeeT BUJl OKPY>KHOCTH €AMHUYHOTO pagnyca ¢ HeHTpoM B Touke (1; 0).

OcoOeHHOCTH CTPYKTYphl JallbHEHl oOsiacTh mouns, HabmofaeMele BOIM3U O, = 27n,
HPOSIBJIAIOTCS HA 3aBEPILAIOIIEM ydacTKe rogorpada (z, — 0 ) 1 00yClIOBIE€Hbl H3MEHEHUEM

HAKJIOHa KacaTeabHOW, mpoBeldeHHOW K Hemy B Touke (0; 0). JlokanbHblii MMHMMYyM Ha
OCEBOM pacmlpe/ie]IeHUH aMIUIUTYAbl (KpuBas 5 Ha puC. 3-a) U CKadyoK (a3bl B 3aBUCUMOCTH

(pa(rn =0; zn), KpuBast 5 Ha puc. 3-0, SABIAIOTCS CIEACTBUEM OTPHLATEIBHOIO HAKIOHA

KacarenbHOU. ['ogorpadsl raycCoBoro M MOJMHOMHANBHBIX TydkoB mpu N =1 u m >1,
MpUBEICHHBIE Ha pHC. 4-a U puc. 4-0, HE BBIXOJAT 3a MPEENbl IEPBOro KBaIPaHTa, OITOMY
JUTSL HUX 00pa3oBaHue MOJOOHBIX OCOOCHHOCTE HEBO3MOXKHO.

4. TIOIIEPEYHBIE 1 YTJIOBBIE PACITPEJAEJIEHNA AMIUINTY IbI U ®A3bI BOJIHBI

[TpocTpaHcTBEHHasi U3MEHYMBOCTH MONEPEUHBIX paclpeleNeHuil aMIuIuTyasl U (as3bl B
IMy4YKax ¢ Pe3KO BBIPA)KEHHOW I'paHMLIEH pacCMOTpeHa Ha MpHUMepe IIOCKOro U chepudecku

BBIIYKJIOro (8, =5) msnyuareneid, puc. 5. IloBenenne 3aBucumocteit |Pn (rn )|/|Pn (0)| JUTS
9 2

u3iyuarens ¢ GyHKIUeH aMIuMTyaHOro pacmpenenenus f(r,)=(1—r) orpaxkaer oOuryro

TEHJEHLMIO “PacCIUIbIBAHUSA’ IIyYKOB IIPH YBEIMYEHHH paccTosiHus z,. CTelneHp U MeCTo

MPOSIBJICHUS. 3TUX M3MEHEHUIl OINpenesstoTcss KPUBU3HOM u3imydarens. BOmusu usnydarens

(z, =0,025) pacnpeneneHus aMIUIUTYAbl IPAKTUUECKH HE 3aBHCAT OT BEIMYHUHBI O, KDUBbIC

1 u 2 Ha puc. 5-a. Iy1g MJIOCKOTO HW3Iydaresiss W3MEHEHHE IMMPUHBI MydKa OOYCIIOBIEHO

JU(paKLIMOHHBIME HpPOLIECCAMU U B OmkHeH obOnactd (z, <1) CpaBHUTEIBHO HEBEIMKO
(kpuBas 3), B OJHON Mepe MposABIAACH B 30He nudpakunun OpayHrodepa (kpusas 5), z, > 1.

B GmkHel obmacTi chepruIecKu pacxXosaIIuXcs IMyYKOB TU(DPAKIIMOHHOE PACXOXKICHUE

BOJIHBl €lI€ Majlo, U IONEpEeYHble pa3Mepbl IydyKka pPacTyT COpPa3MEpHO BEJIMYHMHE O,

P, (0)| HE

(xpuBas 4). IlockoibKy B TayCCOBBIX Iydkax (opma pacrpeaesieHHi |Pn (rn)I /

MCHSCTCA C PAaCCTOAHUCM Z TO HX IMONCPCYHBIC Pa3MCPbl JISA BBIITYKIOTO W IJIOCKOI'O

n?o

A. M. laspwusnos
Cdepryeckn pacxomalumecs NyyYkn C pe3Ko BblIpaKeHHOW rpaHuuen



DNeKTPOHHbIN XypHan «TexHuyeckas akycTuka» 2008, 7 11 (21)

u3MydaTeneil B JanbHeil obnacTh cBssaHbl BenmuunHo K =./1+8] [8]. B myukax ¢ pesko

BBIPQXEHHOW T'paHUIEH CTOJIb OJHO3HAYHAsl B3aUMOCBSI3b HEBO3MOXKHA H3-332 3aBHCHUMOCTH
(dbopMbI MONIEPEYHOTr0 paclpeesieHUs] aMIUIUTY bl OT KPUBU3HBI U3JTydaTesl.

|2, ()] 1,2.2,= 0,025 @, (1) — @a(0). 2pad.
|2y (r,. = 0))] . X 34.z,=1 180 b
Jr)=(1-r) 5,6.z,=4 N flra) = (1=
1 U Oy = 0 — i
.. ToukH: Oy =5 | gg (M ;; e ?-023
' 5,6.2,= 4

0 m
0.5
—90 § .
1,3,5. 0, =0
2,4‘(12 an =5

-05 0 0.5 1 i

Puc. 5. lunaMuka nonepevHbIX pacupeeeHni aMIUIUTY bl U (pa3bl ¢ pacCTOSHUEM Z,

Ha mnomepeuHbIX paclnpelneneHusX aMIUIMTYyAbl BIUSHHE O, HOCHUT B OCHOBHOM

KOJIMYECTBEHHBIN XapakTep, pacliupsis 03ByUYMBaeMyl0 00JIaCTh U COKpallas pacCTOSHUE Z

n?

e 3TOT TPOLECC HAYMHAET MpOsBIAThCA. Ha 3aBucumoctsix ¢,(r,) reomerpumueckas
pPacxoauMOCTh TposiBiIsgeTcss uHavye. Ha puc. 5-0 mokasaHbl MONEpEeYHbIC paclpeaeseHUs
mmdpaxuuonnoit  dassl  A@,(r,) = 9,(r,)-¢,(0), TpuBencHHBIE K OceBOMY 3HAUEHWIO
0, (rn :0). Ha wmanbix paccrosuusx (z, =0,025) ¢asza BomHbI B mpenenax amneprypsl
(—=1<r, <1) noockoro u3myuatenss ocTaercs NocTosiHHON (kpuBast 1). C yBenndeHuem z,
N0/ BIMAHMEM JIU(PPAKUUH 3aBUCUMOCTb AQ, (rn) TpaHchopMHpyeTCs, NpUHHMas Ha
rpanuie OmmxHed obmactu (z, =1) Bua BbelmykiIod (yHKuuu (KpuBas 3), KoTopas Ipu

JaIbHENIIEM IIPOJBMKCHUM BOJIHBI HAaYMHAET pacHpsaMiIAThCs, KpuBas S. [locmennuit sran
pacnpocTpaHeHHsl IPOXOAUT B YCIOBUSIX 3aBEPILUBIINXCS JUPPAKLIUOHHBIX POLIECCOB.
B cdepuuecknu pacxopsuiemMcs Myyke 3aBUCHUMOCTb A(pa(rn) U3HAYaJIbHO HMMEET BHUJ

U30THYTOM KPUBOM, KOTOpask HENPEPBIBHO PACHPAMIIIETCS 10 MEPE POCTa z, IOJ BIUSHUEM

FEOMETPUUECKON  pacxoauMocTH  (kpuBble 2,4, 6). IIpoTHBOIIOJIOKHBIE  HANpPaBJICHUS

nedopmaruu  GpoHTAa KBA3MIUIOCKOW M KBa3UC(HEPUUYECKON BOJIH Ha HAYAJIBHOM JTare
IPUBOAAT K TOMY, YTO C HEKOTOPOTro paccTosHus (z, >1) HX 3aBUCHMOCTH A(pa(rn)

HAYMHAIOT NOBTOPATH APYT Apyra (kpusble 5, 6). Ecnu pacnpenenenus |P, (rn)| “coxpaHsor”’

UHPOPMALIMIO O HAYaJbHOW KpWBU3HE (PPOHTA, BBIPAKAEMYIO TONEPEYHBIMH pa3zMepaMu
IIy4Ka, TO 3aBUCUMOCTH A(pa(rn) C IEepexXo/IoM B JAlbHIOK 00JAaCTh CBOI B3aUMOCBSI3b C

BEJIMUMHOM J, yTpauuBaroT. PaHee 3Ta 0COOEHHOCTH OTMEUaIach AJsl rayCCOBBIX Iy4KOB [§].
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[Ipu paccMOTpeHHH TMOMEPEYHONW CTPYKTYpHI TOJIA B JalibHEW OOJACTH BOCIOJIB3YyeMCS
YIJIOBBIMHU 3aBUCUMOCTAMHU KOMILUIEKCHOM amIUIUTyAbl. [lepexoa oT JTMHENHON KOOpIWHATHI

¥, K yraoBoMy aprymeHTy 6 B (1) BBINONHUM, MCHONB3Ysl COOTHOLIEHHE 7, = Az, tg0 u

yuuThiBas Haler (a3bl B OOKOBOM JIyde OTHOCHTEIBHO LIEHTpanbHOro (0 =0 ):
Ag(z,,0)= 2znA(1/1 +1g%0 —1)z z, Atg 0. (11

[Tpubnuxennas 3anuck (11) cnpaBeanuBa B c1abo pacxoaduiuxcs myuykax (tg0 <1). 3amena

{rz,} = {0;z,} cBomures k hopmansroit 3amcu P, (0;z, )= P(r, — 0;z, )exp[irg(6;z, )]:

n><n

2i | o ir2(1+38,z,)
})n(e;zn)zz_ (l_rnO ) CXp _Z— JO(2rnOAtge) rnOdrnO : (12)
n 0 n
095 I~ . Py (9)4 ‘3}('{0“ ,Jf(ru) =(1-r, 2)
j(hr):(l_}’ul) 180— ? -
1 s TE s T
1 "_‘ : . 2 2. Su =7 ‘- .
E . * 3.8p=2n < ] ..' ]
1.8 =0 W NN 480=3n | /] /: :
A= kal2 =100 2.8 =n TV EN N 580=dn
3.8 =2m % IR | Nt
0,25 4.8,=3n 0 .
5. 8p=4mn
Ty - A
"""" -~ 180
0 = | | | | |
-4 -2 0 2 0, epao. -4 -2 0 2 0, epao.
a) 0)
P (e). -{"[Jﬂ'(}. _f.(}’") = “ - rnm]
180 . I y .
\ E 1.8=0
b - ". 2 50 =T
oot i hE Y - 2] 3 5,=2n
1R I 4.89=3n L
.'; 5. 8p=4mn N :
O N . o
4
—90 F k v
— 180 A=kat2=100
| | | | 1
-4 -2 0 2 0, epad.
r)

Puc. 6. YrnoBsle pacnpeneneHus aMILIUTY Abl, IPUBEJECHHOMN K pacCTOSIHUIO z, =1,
1 (a3bl BOJIHBI B TaTbHEH 00JIACTH OIS
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Jns 6onbmmx paccrosiHuit (8,z, >>1) BolpaxkeHue (12) umeeT BuA MPOU3BEACHUS, TIE
OZIMH cOMHOKHUTEN (1/2, ) OTpaskaeT yObIBaHME aMILIATY/Ibl B CHEPHYECKO BOJIHE, @ BTOPOH

B BUJIC MHTCIrpajia OIMCBIBACT YIJIOBYIO CTPYKTYPY I1OJIA B ,I[aHBHeﬁ o0nacTu:
2i 1

Pn (99 Z, ) = _lj(l - rnZONyn exp(_ iSOVnZO) JO (zrnOA tg e) rnOdrnO . (13)
Zn 0

B 3aBuUCHMOCTH OT BETHUMHBI 80 AMIUIUTYIa MOKCT [IPUHUMATDL ITPOU3BOJIBHBIC 3HAYCHU

Ha ocH my4ka (puc. 2 u puc. 3), yto nenaer npexacrasiaeHue (13) B popMe xapaKTepUCTUKU

nanpasnennoctn D(0) = P,(0;z, )/ P,(0;z,) neundopmarnsubiv [11]. Bonee y06Hb1 yriiossie

3aBUCUMOCTHU aMHHI/ITyI[BI, HpI/IBeILeHHOf/'I K e,Z[I/IHI/ILIHOMy paCCTOHHI/IIO (Zn = 1)
1

Pn (e) ’ Zn = 2lJ‘ (1 - rnz()N )m eXp(— i80r1120 ) JO (27"’1014 tg e) rn()drn() : (14)
0

Ha puc. 6 mokazansl yrioBeie 3aBHCHUMOCTH (14) mpuBeneHHON amrmuutyasl u (as3el (0e3
yuera mocTosHHOro craraemoro 1/2) myuxos ¢ f(r,)=1-r> u f(r,)=1-r" npu pasmeix
3HaueHmsIxX O,. HaOmomaeMble n3MEHEHUsS MOBTOPSIOT 3aKOHOMEPHOCTH B TIOJIE€ BBITYKJIOTO
U3JIy4yaTels C paBHOMEpPHBIM pacrpeaeneHueM aMmutyasl [10]. YrioBele 3aBucuMOCTH
aMIUIATYbI IPU ONM3KUX K 277 3HAYEHUSX O, MMEIOT Ha OCH MUHUMYM. [IposiBieHue 3toi

OCOOCHHOCTH C(EepUYEeCKH PACXOJSIIETocs] IMydka ocialbiseTcss Mo Mepe CriaXKHBaHHs
aMIUIUTYHOTO paclpeieNeH s y Kpasi u3iaydarens, puc. 6-a.

VYrnoBbie 3aBUCUMOCTH (Da3bl MIOCKOTO M3ITy4aTenss HMMEIOT BUJ CTYNEHYATON (yHKIUU
(kpuBast 1) ¢ pa3pplBaMM BEJIMYMHOM T BHE 3aBUCUMOCTH OT 3HaueHMd N u m B (2),
puc. 6-(6, T). OT0 yka3piBaeT Ha HaM4YUe (Pa30BOro IEHTPA, COBMEIICHHOTO C IEHTPATLHOU
TOYKOW W3Iydarolell MOBEepXHOCTH. B cdepudeckn pacxomsdmmxcss mydkax C pPe3Ko

BBIP)KEHHOM rpaHuLeH opma @, (6) CBHJIETEIBbCTBYET 00 OTCYTCTBUH (pazoBoro ueHtpa [10].

5. IIOJOBUE I'AYCCOBOI'O U ITOJIMHOMMAJIbHBIX ITYYKOB

B paGore [7] mokazaHo, 4TO CTPYKTypa MOJIs IUIOCKUX U3TydaTeneld ¢ HOIMHOMHAIBHBIM U

TayCCOBBIM pPAaCTIpCACICHUAMUA aMIIJIUTY bl IPAKTUYCCKU COBIIAAACT IMMPU YCIIOBUH, YTO

v, =r,JM@m); z,=z ,M(m); m—>wo; N=I1. (15)
Koopaunatsr rayccosoro (r,, z,) M NOIMHOMHAJIBHOrO (7,,, Z,,) Iy4KOB CBS3aHBI
MacIITabupyoumm koddduirentrom M (m), 3HaU€HUE KOTOPOTO OMpeesieTcss YPOBHEM, Ha
kotopoM dynkimu f,(r,,) =exp(-r>) u f,(r,,) =(—r’)" UMeIOT paBHble 3HaueHHUs. Eciu

3a1aTb 3TOT YPOBCHL BCIIMYMHAMU 871 HIJIN 1/2 , TO COOTBCTCTBCHHO MOJYy4YHUM

M(m)=1-exp(-1/m); M(@m)=(1-2"")/In2. (16)

Bormpoc 0 BO3MOXKHOCTH M YCIOBUAX MOI00MS CPEpHUECKH PACXOMSIIUXCS ITyYKOB C fl(rnl)
u f, (rnz), YUUTHIBas HAOJMIOJAaeMble Ha PHUC. 2 PA3IUYUS MEXKAY HUMH, MOXHO PEIIMTH B

pamkax BelpakeHus (1). CpaBHUBaeMble My4KH OyJeM CUMTATh MMOJOOHBIMHU, €CIH Haiinercs
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ko3 urment M (m), mpu KOTOpoM 3amuch (1) A1 HUX HEe U3MEHHUTCS C YYETOM BBOJIUMOTO

npeodpazoBanus KoopAauHat. O4eBUAHO, YTO 3TO TpeOOBAaHUE BBIMOJIHAETCS, €CIIU

rnzl/znl :rn22/zn2 ’ (17)
8012, =080Z,25 (18)
lim[£,(r,,)= £, )] = 0. (19)

U3 (17) cnenyert cBs3b koopauHat (15) uepe3 BBOAMMBIN MacIITaOUpy oy KoahduireHt
M(m): Z, /2, = rnZZ/rnzl .

[Tockonbky (hu3MUecKkre KOOPAUHATHI (T, z ) 00OUX MYYKOB OCTAFOTCS HEM3MEHHBIMH, TO
JUISL pa3MEPOB alepTyphbl M3JIydYaTellell CIpaBeuIMBO COOTHOLICHWE a,/a, = VM . Torma

3HaYeHUs] KPUBU3HBI H3iydareneil cormacHo (18) okas3bIBaloTCs CBSI3aHHBIMU BBIPAKEHUEM

8y, /8,, =M . CipaBermmBocTtb (19) HECTIOXKHO MPOBEPUTH, UCTIONB3Ys BbIpakeHue (16) mwis
Macmrtabupyomero koddgduiuenra [7]. AHAJTOTMYHO TUIOCKUM HW3NydaTensMm Bum M (m)

3aBHCHT OT yPOBHS, T/ie BhIIOJHsETCs paBenctBo f,(r, )= f,(r,, ), u comamaer c (16).

|Pr.- (rﬂ: :Ji'}| JITHHMWS [Py e Znhs apad. JIHHHA .
I B |IP” m:“—| .f{f'ﬂ) = EKP{_ F”]) ISG J{.(rﬂ} = txp(_ f‘:r;)
TOYKH: L TOUKH: .
1 .Jrﬂ{rrl:' = (1 - r”])]il _f.{'i'n] = (1 - rﬂl_.]m
90
- 20
0
05
-90
. | —180F
0 - I |
— 100 - 50 0 50 100 -5 0 5
a) 0)
[P (7w = 0z 251)] Polrn = 05 2i), epad.
11 90
1
. Puc. 7.
2 . JHHHA ,
4 .f-[}'r.'} = exp(— rﬂl-)
p TU("]K"'- . CpaBHeHHeE MOTnepevHbIX (a, 0)
r.lr} = - }'r_l_} ! o
sl 3 |45 M OCEBBIX (B) pacripeIcICHHI aMIUTUTY JIbI
1 (a3bl B rayCCOBOM U MOJIMHOMHUATBHOM
1.2, [Py (= 0; z0) ol (N =1, m=10) myuxax
314- LprJU'u - (} :J.']} SO
4
0 L 0

0,01 0.1 1 10 Zl

B)
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W3 u310:KEHHOTO BBIIIE CIEAYET, YTO C(HEpHUUECKU pPacXOASIINecs MOJIMHOMHUAIBHBIN U
rayccoB IMy4YKd MOJIOOHBI IpYT APYTY MPH COOJIIOICHUU CIIEAYIOMNUX COOTHOIICHUMN:

m—w©; N=1;, r,=r, M(m), Zu2 :anM(m); B¢ :601/M(m)-

Ha puc. 7 npuBeneHbl NPOCTPAHCTBEHHBIE pAaCHpeAeiIeHUss aMIUIMTYX U (a3 B rayccoBOM
(luHUS) ¥ TOJNMHOMHUANBHOM (TOYKHM) myukax npu M (m)zl—exp(— l/m) nu m=10 nus

8, =0 u 8, =5. bim3ocTe XapaKTEpUCTHK, a TaKkxke rogorpados Ha puc. 4-a, rae rogorpad

rayccoBOro Imy4ka moctpoeH ¢ yuetoMm (17) u (18), cBUAeTeNbCTBYIOT O MOJOOUH TyYKOB.

JlanHast 0cOOGHHOCTh MMEET MECTO BONPEKH (OPMAIBHOMY pa3IUYHI0 CPaBHUBAEMBIX
U3IydaTelled, OAWH U3 KOTOPbIX orpaHuueH pasMmepamu 0 <r <1, Torma kak Ipyrou He
UMEET SIBHOW TPaHMIBI. DTO HE MPOTUBOPEYHT MOJMYyUYECHHBIM PE3yJbTaTaM, MOCKOJIBKY IPHU
ycinoBuu m — o u N =1 dusndeckas rpaHulla MOTMHOMHUAIBHOTO My4YKa yTPAauyMBaeT CBOE
3HAUEHUE M3-3a JIOKATU3AI[UU BO3MYIIEHUS B IPUOCEBOM 0OIACTH.

6. [IPOCTPAHCTBEHHAA TMHAMUKA KPMBU3HbBI ®A30BOI'O ®POHTA

VYuuThIBas HaMVIAIHOCTb TPEJCTABICHUS IU(PAKIMOHHBIX MPOIECCOB MOCPEICTBOM
Tpanchopmaruu PopMbl BOJHBI, OOpaTUMCS K KOJMYECTBEHHOMY CIIOCOOY €ro aHaiu3a C
WCITOJIb30BaHWEM KpHUBU3HBI (hpoHTa. KprBU3HY HalijieM U3 cOOTHOIIEHUs [2]:

8(r,32,:80) = [0, (1, = 052,38)) = 05 (12,38, )/ - (20)
3nece O =1, /R=ka2/2R — KpuBU3Ha (pOHTA, HOPMHUpPOBaHHas Ha JUIMHY 00JacTu

mudpakuuu Openens. [pubnmwkenusii xapaktep (20) 00ycOBIEH UCHONIb3YEMON 3aMEHOM
cepruueckoro GppoHTa MapabOIMUECKUM, YTO CIPABEUIMBO ISl IPUOCEBOM O0IACTH MydYKa
(r/z <<1). Jlnst my4KoB ¢ PE3KO BHIPAKEHHOI TPAHUIIEH HE yIAeTCs HAWTH aHAIMTHIECKOE

BeIpakeHue O(r,;z,;0,), MOITOMY IIpU pacyeTax KpuBHM3HBI ¢©,(0;z,;6,) U ¢,(r,;2,:;9,)
HaxoJIMM Kak apryMeHT obOmiero pemrerus (1). OOume 3akoHOMEPHOCTH TTOBEICHNUS BOJIHBI B
rayCCOBOM ITyYKe U Iy4YKe C Pe3KO BBIPAKCHHOHN I'paHUIEH BUIHBI Ha NPOCTPAHCTBEHHBIX
pacrpeneneHusX KpuBu3Hbl ¢poHTa, puc. 8. 3aBucumoctu O(r, =0;z,) I8 U3IydaTens c
dynximeii f(r,) =(1—r")*, nnasHo mepexossueil B 001acTh TEHH, BO MHOTOM TOBTOPSIOT
W3MEHEHUs1 KpUBU3HBI B0JIb OCU TayCCOBOI0 Imyuka [8]:
. _ 2 2 2

8(z,:8,) =[5, +z, (1+ 82 )/ + (1+ 8,2, V. 1)

XapaKTepUCTUKU S(O;Zn) rayCcoOBOIO IIy4Ka BBICTYNAIOT B POJIM CPEIHEN JIMHUH, BOKPYT

KOTOPOU M3MEHSIOTCS aHAJIOTUYHBIE 3aBUCHUMOCTH ITOJIMHOMHUAJIBHOTO yuka. C yBelnuueHuemM
O, yCHIIEHHE BIMAHUSA F€OMETPUYECKOM PACXOAMMOCTU COKpalaeT pazMax ocuunsanui. Io

Mepe Toro, kak z, — 0, kpuBu3Ha (PpOHTA CTPEMUTCS K 3HAUEHHIO O,. 3a HpeAerIaMu
OsvokHER 001acTH U3MEHEHUsT O BJOJIb aKyCTHUECKOW OCH MPAKTUYECKU HE 3aBUCAT OT O, U

AMIUIMUTYIHOTO pPACHpCACIICHHUA Ha H3JIydaTelic, CJICAYysS IMOBCICHUIO C(i)epI/I‘-IeCKOI\/'I BOJIHBI.
JlanHoe 0000IIEeHIEe OTHOCUTCS TOJIBKO K TUIABHO MEPEXOJSIIMM B 00JACTh TEHU (DYHKIUSAM
aMIuTUTyAHOTO pacnpenenenus (N =1 u m > 2). VI3MeHeHUs: KpUBU3HBI B IalbHEH 00JacTh
MyYKOB, aMITUTYTHOE pacipenesieHne KOTOPBIX On3Kko K paBHOMEpHOMY (N >>1 u m =1),

a KpUBM3HA U3JIyuyaTess OJU3Ka K 3HaUEHUsIM O, = 271, pACCMOTPEHBI HUXKE.
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10

=)

— _]Ir-i‘l-.l::l = I:I - 'r"?::L:
W, F(r) = exp(—r,)

n
T

| | o

0.1 1 - 10

a)

Puc. 8. OceBsie (a) u monepeynsie (0) pacnpeaesieHuss KPUBU3HBI B TAyCCOBOM ITy4Ke

W MydKe C Pe3KO BhIpaxkeHHOi rpanuneit, f(r,)=(1-7r")

[Tpu ananuse pacnpeneneHuil 8(r,) ydreM, 4TO B rayCCOBBIX Iydkax (21) mis mro0bix §,
U z, BBINOIHsETCS ycinoBue O(r,) = const. OT BenuuuH O, U z, 3aBUCUT JHIIb a0COIIOTHOE
3HaYeHHWE KPUBU3HBI PpoHTA. B nanbHell 001acTi MyYKoOB € PE3KO BBIPAKEHHOHW I'paHUIICH, y
KOTOpbIX f(7,) MMeeT MOJIOTMH chaj K rpaHulle anepTrypbl usmaydarens (N =1, m=>2),
NoJOOHO TayccoBOMy IydKy cobOmromaercst O(r,) = const, puc. 8-6. CMbICa 3TOro yciaoBus

CBOJUTCS K TOMY, YTO IO 3aBEpIICHUN TU(pakiuu (HazoBblii GPOHT NPUHUMAET yCTONUUBBINA
BUJI, COOTBETCTBYIONIMIA chepruecku pacxojsmeiicss BomHe. OUeBUIHO, YTO B MOMEPEUYHOM
CEUEHHUH Y3KOTo Myyka paguyc (poHTa OCTAETCS HEM3MEHHBIM. 3aMETHM, UYTO a0CONIOTHBIC
3HayeHus O B TPUOCEBOM o0OJacTM myyka Ha pHC. 8-0 NPAaKTUYECKU COBMAJAIOT C

BEJIMYMHAMU, [10JIy4aeMbIMU U3 (21) U1 rayccoBOro Iydka ¢ COOTBETCTBYIOUIMMHU O, U Z,, .
Pa3peiBbl Ha nepudepuiiHepix yyacTkax O(r,) 0O0yCIIOBICHBI pa3pblBaAMU B PaCIpeeIeHUN

0, (r” ), BXoJsmeM B BblpaxkeHue (20). VX mnosBieHHe He CBA3aHO € (PU3MUYECKUMHU

IPOLIECCaMU, a BbI3BAHO HEOJHO3HAYHOCTBHIO HAXOXKACHUS ¢, (rn) B paMKax OOIIENPUHSATOTO

MOJIX0Ja, MPEINOJarampIlero HCIOoJIb30BaHUE TJIaBHOTO (M3MEHSIIOIIETOCSI B HWHTEpBajie
—M....T) 3HAYEHUs] aprymMeHTa BMECTO HUCTHHHOTO 3HadyeHus. BenuuumnHa mnocienHero B
dbuznyecKkux mporeccax HUYeM He orpanmueHa. Dusmdecku 0OyCIOBICHHBIC 3aBHCHMOCTH

0, (rn) u O(r,) SBIAIOTCA HENPEPbIBHBIMM (QyHKUOUAMH. I MX HaXOXKAEHUS CIEeayeT

NpU3HATh HETPHEMJIEMbIM HCIIOJIb30BAaHHE TJIABHOTO 3HAuYeHHs (as3bl, ONMPENENIIEMOro «II0
MOAYJIO0 27 », T.€. TyTeM OTOpachIBaHUS OT UCTUHHOM (Da3bl 1IEJIOTO YKciia 27 .

[anee Bocmonb3yeMcsi MeTOAOM Jorapudmuueckoil mnpousBogHou [14], KoTOpbIH
UCKJIIOYAeT HEOJHO3HAYHOCTh HaxoxJIeHus (aszpl. OTkaxeMcs OT IMpeACTaBICHUs

Pn (rn;Zn)eXp[icpa (rn;Zn )]a rac
0, (rn 32, ) = arctg{Im[Pn (rn 32, )]/Re[Pn (rn 32, )]} , 1 OTIpEACIIUM ln[Pn (rn 32, )] BBIPAKECHUEM

KOMILIEKCHOM AMIUIMTYAbl BOJIHBI B BHJC Pn (I"n 5Z, ) =
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o1 dP(r;z,)
l P — n n n d .
n[ n (rn > Zn )] !)‘ Pn (Vn : Zn ) d?' rn (22)

n

IMockomeky mas (22) cupasemmusa samuck In[P, (r,;z, )] = In|P

zn)|+1(p6 7,32,), TO I

UCKOMOM XapaKTEPUCTUKU @, (rn) NoJy4yaeM

F 1 dP (r iz )
; Imyl ; =1 ——redr, |
0alry:2,) = ImfinlF, (2, ) = I [-rm e o=, (23)

[Toriepeunble 3aBUCUMOCTH KPUBH3HBI BOJIHOBOTO (DPOHTA, pPaCCUUTAHHbIE cOrIacHo (23) ms
2 2

f (rn ) = (1 -, ) u §, =5, npuseleHsl Ha puc. 9. LleHTpanabHbIE YaCTH 3TUX XapaKTEPUCTUK

COBIIA/IalOT ¢ KPUBBIMU S(rn) Ha pUC. 8 B TOM MX YacTH, TJI€ UCHOIb3YEMOE ISl MOIyYECHHUS

S(rn) IJIaBHOE 3HAa4YeHHUe (a3bl He BBHIXOJAUT 3a Mpeieibl HHTEpBaja l— T, nJ. Taxk xe, Kak B

rayCcCOBOM ITy4Ke, Ha PAaCCTOSHUAX Zz, = 5 BBIIOIHAETCS YCIOBUE 8(1;,) = const . I3MeHenus

S(rn) B OMbkHEH 065acTu oTpakaoT popMUpOBaHUE cHepHUECKU PACXOISAIIECHCS BOTHBI.

e flra) = (1= ny 1O fr)= (1= 1)
N 1

lz=1

2.z,=2

3.z,=35

I 5 4.2,= 10
I L
4
0 ! I | " | | T
-2 -1 0 1 —/= 2 —10 -3 0 5 —=10
a) 6)

Puc. 9. [lonepeuHble 3aBUCMOCTH KPUBU3HBI (METO]1 JIOrapu(PMUUECKOH POU3BOAHOI)

Ha puc. 10 npuBeneHsl oceBble pacrlpeesieHns KPUBU3HBI (PpoHTA B ONMXKHEH 00macTu
(z,2>0,060) myuka c pe3ko MEPEXOISIIMM B O0JIACTb TE€HHM PACIPEEICHUEM aMILUIUTY/bL.
Jlaxxe HeOombIIasi HEPABHOMEPHOCTh AMILIUTY/BI BJIOJIb (DPOHTA KaueCTBEHHO MEHSIET BH]
S(O;zn), 4YTO BHUJHO Ha npumMepe f (rn)zl u f (rn)zl—rnw, puc. 10-a. beckoneuHsle
pa3pbIBbl B 3aBUCUMOCTSAX 8(0;2,1) npu f (rﬂ) =1 nepexolaT y NOJMHOMMAJIBHBIX ITy4YKOB B
CIA/IAI0IINE YYaCTKH, KPYTU3HA KOTOPBIX 3aBUCHUT OT MOKa3aTels CTeneHn N . YMeHbIIEeHUe
N cokpamaer auana3oH M3MEHEHHH MPOCTPAHCTBEHHBIX OCHUWJUIALMNA KPUBU3HBI, YTO
CBSI3aHO C ocialiIeHneM BKIaja OOKOBBIX 30H PpeHels B 1oJie Ha Ocu Mydka. PocT KpUBU3HBI

u3Iydarens O, CONPOBOXKIACTCA CMELICHUEM OCLMIUIILUNA O B 001acTh OOJBIIMX 3HAYCHUN
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z, TIPH MOGHIX (BYHKIHSAX aMILTHTYIHOTO pactpenenenus. Ecmi npu f(r,) =1 3aBucumoctn
8(0;z,) mns smauennmit 8, =2mn wm 8, = n(2n+1) npakruuecku cosmajaior [10], T0 B

NOJMHOMMAJIBHBIX ITyYKax 3TO yCJIOBHE He cobOitonaercs, puc. 10-6. YBenuuenue n 1 poct
HEOJHOPOJHOCTH aMIUTUTYABl TO (POHTY YCHWIMBAIOT DPA3IUUMs KPHUBBIX. AHAJIOTWYHAsS

TEHJICHLMS TP YBEJIMYEHUH O, IPOCIECKUBAETCS HA 3aBUCUMOCTAX pUC. 2.

s !
1.2.3.f(r) =1
! 456 f(r)=1-r"
100 - 2 100
P =0
0+ 0
1.4. 50— 0
25.8,= 1
~ 100+ 3,6, 8y =2 - 100
— 200 L] 200
0,1 1

a)

Puc. 10. OceBble pacnpeeneHus KpUBU3HbI (POHTA BOJIHBI B OuivokHEH obOnactu (z, > 0,06 )

3HaKONEpEMEHHBIX XapaKTep M3MEHEHUH KPUBU3HBI BOJHBI BJOJb AKyCTUYECKOH OCH
OTpa’kaeT MHOTOKpaTHbIE TpeoOpa3oBaHust ee (HOpMBI B LIEHTPE ITydYKa U3 BHITYKIOH (O > 0)
B I10CKY!0 (O = 0) u BorHyTyto (0 < 0) noBepxHocts. Paccrosnus z,, rae 6(zn) IPOXOIUT
HYJICBBIC 3HAYCHHUS, 3aBHCAT OT aMIUIUTYJHOTO PACIpEIeICHHUs, CMEIIAsACh K U3ITy4aTeNro 10

Mepe TOoro, Kak f(#,) CTaHOBHUTCsS Bce 0oJiee M0JIOroi BOJIN3U I'PaHULbl ¢ 00JIACThIO TEHHU.

T 3 — flr)=1-1"
weees f(r) = expl—r)
o2 r=0
3
! 3
1. 5“ =1 0 F Fa= ] l" ‘]
2.8,=2n 5. 0g=2m | - i .
3.8¢=2n-04 6.80=2m+0,1 A Sra) = exp(- 1)
4, 64=2n-0, 7. 8;=2n+04 " En = ——=flr) =11y
T z 0,51 3.2,=10 — _.ﬂ:ﬂl] =1 ".lii[l -
| - ’ ! , O
0.1 1 - 10 0 In 4n
Puc. 11. OceBble pacnpenieneHust KpUBU3HBI Puc. 12. 3aBucMMOCTb KpUBU3HBI (hPOHTA
(bpoHTa BOJTHBI B 1ajbHEN 00JIACTH MOJIS BOJIHBI OT KPUBU3HBI U3JIydaTess
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OcOGEHHOCTH U3MEHEHNH KPUBM3HBI BOJIHBI BIOJIb OcH Tyuka ¢ f(7,) =1—7"" nns ciaydas
8, #2n mnokasanbl Ha puc. 11. IlenrpanbHas uacte QpoHTa (kpuBble 3—6) HO Mepe

pacrpocTpaHeHUusT BOJIHBI TpaHcpopMupyercss u3 pacxojsmierocs (0>0) B cXomsuiuics

(8<0). C panpHeHmMM YyBEJIMYEHHEM z, KPUBU3HA BOCCTAHABIMBAET IOJOXKUTEIBLHOE

3HaueHue. «MHBepcus» (GOpMBI TPHUOCEBOTO ydYacTKa (pPOHTA CBONCTBEHHA ITyYKaMm C
JIOCTaTOYHO PE3KHM IEPEX0J0M aMIUIUTYIHOTO pachpeneneHus B obmacth TeHu (N >>1).

ITo mepe Toro, kak f(r,) mpu m >1 (N =1) cTrpeMuTCs K rayccoujie, 3aBUCUMOCTb 6(O;zn)
B JaJibHEN 001acTy MOJIsi CTAHOBUTCS MOHOTOHHO CHaJlarollel, Kkpusast 2.

BrnusiHre KpUBU3HBI U3TTydaTess Ha (OpPMY BOJIHBI B OKPECTHOCTH OCH ITyYKa ITOKa3aHO Ha
3aBUCUMOCTSIX 8(80) i pacctosHuil z, =(1; 5; 10), puc. 12. Toukamu nokasaHbl KpUBbIE
rayccoBOI0 Iy4Ka, K KOTOPBIM [0 MEPE POCTA Z, CTPEMATCS XapaKTEPUCTUKHU ITyYKOB C PE3KO
BbIpa)KEHHOU rpaHuLiel. B nansHel obnactu (z, > 1) 3aBUcuUMOCTH 8(80) IIy4YKOB C Pa3HBIMU

(GYHKUMSAME aMIUTMTYIHOTO DPACHpelesieHUs] COBMANAI0T, MCKIIOYash HEOOJbIINE YYaCTKU

U3MEHEHHs apryMeHTa B OKPECTHOCTH O,= 27mn. BHe 3THX y4acTKOB KpuBH3HA (PpOHTA mpHU

8,2, >> 1 yMEHBIIACTCSI C PACCTOSIHHUEM 110 3aKOHY & = 1/z, , KaK U B rayCCOBOM ITydKe.

Puc. 13. Ilonepeunsie paciipeiesieHus] KpUBU3HBI (PPOHTA MPH pa3HbIX 3HAYEHHUAX O,

[Toniepeynsle pacmpenesieHus KpUBU3HBI HA PacCTOAHUAX z, =1 U z, =10 mpuBeneHsl Ha
puc. 13 nns pa3HbIX 3HaueHu# O,. B oTimmuune ot rayccoBoro myuka [8], rae npu Jo0bIX z, U
O, BBINOJIHAETCS YCIOBUE S(rn) = const, B ITy4Kax ¢ PE3KO BBIPAKEHHON I'PaHULEH BEIIMUMHA

U 3HaK O B OymkHEW 00JacTH IMOJIs CYIECTBEHHO 3aBUCST OT IMONEPEYHONW KOOpAMHATHI U
KPUBHM3HBI HM3dydarens, puc. 12-a. M3menenus ¢opmbel ¢poHTa Hambosee 3HAUYMMBI B
IPUOCEBOH 00JacTH MyyKa.

A. M. laspwusnos
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Ha noctarouHo OoJbIIOM ynaleHMHM OT UCTOYHMKA (z, >10), rae audpakuuro MOXKHO

CUHUTAaTh 3aBepHIHBHI€I>'ICH, 1 BOJIHA CTAaHOBHTCHA C(i)epI/IT-IeCKI/I pacxonﬂmeix’lca, BBITIOJIHACTCA

yCJIOBHE 6(rn) = const (kpuBbie 1, 2, 6), puc. 13-6. OgHako naxe Ha OOJBIIUX PACCTOSTHUIX
npu §,~ 2nn ¢Gopma QpoHTa CYIIECTBEHHO OTIM4aeTca oT cpepudeckoi (kpusbie 3-5). C
pocTOM zZ, 9T OTJIIMYHA COXPAHAIOTCA, HECMOTPSA HAa YMCHBUIICHUC aGCOJHOTHOFO 3Ha4YCHUA
8. ComecTHbIi aHamu3 3aBucumocteil 8(5,) u &(r,) mo3Bomser oTMeTHTH OGUIYIO IS

MYYKOB C PE3KO BBIPAKEHHOM IPAHUIECH 3aKOHOMEPHOCTb, CBSI3bIBAIOLIYIO UX MEXIY COOOM.

B Toit oGnactu 3HaueHuit z, u J,, rae nopeaeHue GyHKIUU 8(80) MOJYUHSETCS YCIOBUIO

8(131) = const, CIIpaBeJIJIMBO U PAaBEHCTBO 8(1;1) = const .

h

Puc. 14.

o lid D e

]

.Jlrlt"-.ll}I =1- rJr-‘

) ~ HOHepCIIHHe pacnpeaciiCcHusl KpUBHU3HbI
b;;_zrl: + 0,125

— o e e e L B2
N o oy b e
Uh

=

(bpoHTa BOJIHBI Ha pa3HbIX PACCTOSIHUAX

05
OT MU3JIyHaTeIis

OcoOeHHOCTH TOBEAEHUS IMONEPEUHBIX pacHpeesieHuil KpUBU3HBI (PpOHTA B MydKax c

PE3KO BBIPAXKEHHOM IpaHULIEH NP 3HAYCHUAX O, ONMU3KUX K §,= 27n , IOKa3aHbI Ha puc. 14
s f (rn) =1-7" npu §,= (2nn + 0,125). HavanbHslii 3Tan pacnpocrtpanenus (kpusbie 1-3)
COIPOBOXKAAETCA «BBIPABHUBAHMEM» 3aBHCHUMOCTH S(rn ), UMeIoIel M30BITOYHYIO IO

OTHOIIEHHUIO K c(hepuueckor BOJHE MCKPUBICHHOCTh LIEHTPAIBHOM YacTu (PpoHTA, KOTOPHII

3aBepuiaercss npu z, = 3,625 (kpusas 4). [Ipu nanbHeilneM yBEJIUYEHHM pPACCTOSHUSA

MIPOUCXOAUT OOPATHBIN TpoOIecC: y4acTOK (poHTa BOJW3HM aKyCTHUYECKOW OCH YIUIOIIACTCS
(kpuBas 5) ¥ Ha ONpEAEJICHHOM 3Tale NPUHUMAET BHUJ BOTHYTOH moBepxHOCTH (O8<0),
kpuBas 6. [locnenyromas Tpancopmaiusi BOJHBI CBA3aHA C MOCTENEHHBIM BO3BPAaTOM €€ K
cepruueckoit dopme (kpuBast 7) ¢ MOCTOSHHOM KpuBH3HOW. OT BEIMYUHBI PACCTPOUKHU

A8, = (3, —27mn) 3aBHCHT MPOCTPAHCTBEHHOE MONOKEHHUE OONACTH, T/Ie MPOUCXOIUT CMEHA

dopmbl pazoBoro GppoHTa.

A. M. laspwusnos
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BbIBO/IbI

Ha npumepe ammumrtyaHo-(pa30BbIX paclpefeieHHi W MPOCTPAHCTBEHHOW JIMHAMUKH
KpUBU3HBI (h)a30BOro (ppoHTa rapMOHUYECKOW BOJHBI B paMKaX KBa3WONTHYECKOTO MOJAX0Ja
PacCMOTPEHBI OCOOEHHOCTH (OPMHUPOBAHUS CTPYKTYpPHl TOJIA CHEpUUECKH pPacXOIsIIUXCs
MyYKOB C PE3KO BBIpAKEHHOM rpanuiieil. [lokasana BakHas pojb UCXOJHOTO paCHpeIeICHUS
aMILTUTY Il TI0 (PPOHTY BOJIHBI MPHU CHEU(DUUESCKOM MPOSBICHUN UHTEPPEPEHIINU (Ha30BBIX
30H @peHens B manbHel oOnactu mons. Paccmorpen addekr, peannsyemblii B pe3ysabTaTe
COBMECTHOI'O JICHCTBUSI T€OMETPUUYECKON PACXOIUMOCTU U JU(paKUUK BOIHBI, KOTOPBIA 1O
CBOMM TIPOSIBIICHHSIM TPOTHBOIONIOXKEH (HOKycHpoBke myuka. [lokazaHo, 4TO B Imydkax c
PE3KO BBIPAXKEHHOW TpaHUIICH €ro MposBICHHE OBICTPO ociabeBaeT 1Mo Mepe TOro, Kak
byHKIUS pacnpeeNieHIs aMIUTUTY /bl CTIIaKUBACTCS BOJIM3U KPaeB U3TydaTels.
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