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AHaIU3UPYOTCS MPOCTPAHCTBEHHBIE XAPAKTEPUCTUKH TaPMOHUYECKOM BOJIHBI B
3BYKOBBIX IIy4yKaX, CO3/1aBaéMbIX B OJHOpPOJHOW Oe3AMCIEpCHOHHON cpene
chepuueckd BBIIYKJIBIM OCECUMMETPHUYHBIM  HU3JIy4yaTelleM C TayCCOBBIM
pacrpesielleHueM aMIUIMTYbl. B pamkax KBa3MONTHYECKOrO NPHUOIMKEHHS IS
IIy4KOB C Y3KUM YIJIOBBIM CIEKTPOM pPacCMOTPEHO COBMECTHOE BIIHMSHHE
TreOMETPUUECKOM PacXoJUMOCTH U AU(PAKIUK BOJHBI Ha aMIUTUTYAHO-(Pa30BYIO
CTPYKTYpy IOJI, MPOCTPAHCTBEHHYIO IUHAMMKY AMCIIEPCHOHHOTO IMapameTrpa U
(ha30BBIX UCKAXKEHUH B CIIEKTPE Y3KOMOJIOCHON TPEX4aCTOTHOW BOJIHBI

KiroueBble cnoBa: audpakuus, TeoMeTpuyecKkas AUCHEepCHsi, TUCTIEPCHOHHBIN
napameTp, Ga3oBbIi MHBAPUAHT, XapPAKTCPUCTHKA HAIMPABICHHOCTH, (a30BbIC
UCKaXeHUs, (Pa30BbIi CHHXPOHU3M.

BBEJIEHUE

[Ton reomeTpuyeckol AUCIEPCHEN BOJHOBBIX IYYKOB IOHMMAETCS  4YacTOTHAs
3aBUCUMOCTh ()a30BOM CKOPOCTH MOHOXPOMATHUECKOW BOJHBI, PACIPOCTPAHSIONICHCS B
OJIHOPOJIHOM O€3/TMCIIEPCUOHHON Cpe/ie B BUE JIOKAIU30BAHHOTO B MPOCTPAHCTBE BOJTHOBOTO
Bo3MytieHus [1, 2]. He Oyayuu cBsi3aHHO# ¢ (PU3NUIECKUMH CBOWCTBAMHU CPEJbI, BHCITHUMU
TpaHUIIAMU WU HEOJHOPOIHOCTSIMH, €€ MPOSIBIICHUE OOYCIOBICHO AU(PAKIMEH M 3aBHCHT
WCKIIIOUUTENIbHO OT MCXOJHBIX TEOMETPUYECKUX XapaKTEPUCTUK BOJIHBI, M3ITy4aeMOM
HMCTOYHUKOM OTPAaHUYCHHBIX Pa3MEPOB.

B oTiimume ot onTukw, T/Ie W3-32 OOJIBIION Pa3HUIBI MEX/Ty TIOTIEPEUYHBIM Pa3MEPOM ITydKa
U JUTHHOW BOJIHBI JU(PPAKIIMOHHBIC MTPOIIECCHI MPOSIBIIIOTCS HA OOJBIINX PACCTOSHUSIX U BO
MHOTHX 3a/lauax WX MOKHO HE NMPUHHMATh BO BHUMAaHHE, B aKyCTHUKE HM3-32 MCIIOJIb30BAHUS
CYIIECTBEHHO MEHBIIUX YacCTOT 3TO COOTHOIIEHHE HE CTOJb BEJIMKO. Takoe MOJIOKEHHE
COXpaHsETCA, HECMOTpsl Ha CYHICCTBYIONIEE pa3iMude B 3HAYCHHUSIX CKOPOCTH
AJIEKTPOMATHUTHBIX W aKyCTUYECKUX BOJIH. [l0o3TOMy B 3BYKOBBIX Mydkax Jgudpakiius
HAYMHAET MPOSBIISITHCS MPAKTUYECKH CPa3y B MPOIECCE PACIPOCTPaHEHUS BOJIHBI, YTO JI€TIAET
HEOOXOJAMMBIM YYET €€ BIUSHHUSA C JIOCTATOYHO MAaJbIX yAAJEHUWA OT W3IydaTelisl Jaxe Ha
BBICOKHUX JIJIsI aKyCTUKH YacTOTaX.
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@®opMallbHBIM MOJTBEP)KICHUEM MTPABOMEPHOCTHU IMPEACTABIATh PE3YJIbTAaThl MPOSIBICHUS
TUGPAKIIMOHHBIX MPOIECCOB B TEPMUHAX AMCIIEPCHH MOXKET CIIy)KUTb B3aMMOCBS3b MEXIY

T paKkIMOHHBIM Haberom ¢asel @, (z,oa) MOHOXPOMAaTHUYECKOW BOJIHBI B ITyYKE U BETUYUHON

ee dasosoii ckopoctH ¢(z,0)

z = % ~ C_OM:l = z
clz,0)= 1-(c,/®)-00,(z,®)/0z ~ CO[H_ o Oz =+ adz0), D

CTIpaBE/UIMBOE TPM YCIOBHM MaJbIX W3MeHeHWii cKopoctd, T.e. c(z,0)>>zdc(z,0)/0z,

HMEIOIIEM MECTO B IU(PArupyrommx HOydkax. 3AeCh €, — CKOPOCTb IUIOCKOW BOJIHBI;
Ac<<cy; Ac(z,m) — nob6aBka K (a30BOM CKOPOCTH, KOTOpas CBs3aHa C MPOSIBICHUEM

mudpakui; z — MPOCTPAHCTBEHHAs! KOOPJIWHATA PACIIPOCTPAHEHUS BOJHBL. M3 BhIpaXkeHUS
(1) cemyeT mpocTpaHCTBEHHAs] 3aBUCUMOCTD ()a30BOM CKOPOCTH HEOJAHOMEPHOU BOJIHBI, YTO
SIBJISICTCSI OJTHOM M3 OCOOCHHOCTEH reOMEeTPHYECKOM TUCIIEPCUH B MydKaX. ITO Ka4ECTBEHHO
OTJIMYAET pacCMaTpUBAEMbIN clyyall OT JIUCHEPCHHM B OJHOMEPHBIX BOJHOBOAAX (MEIKOe
Mope, TpyObl, CTEpHH, MIIACTUHBI U Jp.), IPEANOIAraoIuX MOCTOSHCTBO JUCIEPCUOHHBIX
CBOICTB B0JIb aKyCTHYECKOTO 1oJis. [loaToMy M3BeCTHBIE MOIXO/IbI K U3YUYEHHUIO TUCIIEPCUH,
OCHOBaHHbIE Ha aOCOJIOTHBIX W OTHOCHUTEIBHBIX H3MEPEHUSX CKOPOCTH 3ByKa 3]1€Ch
HEMIPUMEHUMBI, UTO TpeOyeT pa3padOTKH CIIeUATIbHBIX METOJIOB €€ perucTparuu [2 — 6].

PaccmoTpeHue OMCIEPCHOHHBIX CBOMCTB IIy4KOB IIPEICTaBIIACT HHTEpPEC M psiaa
TPaJUIMOHHBIX 00JacTeli NPUMEHEHHs YJIbTPa3BYKa, HCHOIB3YIOIMX HWMIYJIbCHBIE H
MOAYJHUMPOBAHHLIC BOJIHBI, IIPpU PACCMOTPCHUU HEeJIMHENHBIX mponeccoB B HCOJHOMCPHBIX
BonHax [1, 7-9], B u3smepenusix ¢usuueckorr [10] u wenmueitnot [11] mucmepcuu. B
MoCJIeIHEE BpeMs HaOII0aeTCsl MHTEPEC K MCITOJIH30BAHUIO UCKYCCTBEHHO CO3/1aBaeMoit [12]
M eCTeCTBeHHOW (BONIHOBOJGI) [13] mucmepcuu ajii BPEMEHHOW KOMIIPECCUM HMITYJIBCOB.
OpHako B AaKyCTHKE PEAKO YJAeTcsi BOCIIOJIb30BATbCA ECTECTBEHHO CYIIECTBYIOLIEH
JUcriepcuel, a UCKyCCTBEHHOE CO3/aHHE YCIIOBHM ISl €€ MpPOSBIEHUS 4acTO OKa3bIBaeTCs
TEXHUYECKU TPYIHOPA3ZPEIIMMON MPOOIEMOiA.

B cBf3u ¢ oTUM BCTaeT BONPOC O BO3MOXKHOCTH MPAKTHUYECKOrO HCIOIb30BAHUS
FeOMETPUYECKON JUCIEPCUU BOJHOBBIX ITyYKOB, 4YTO IPEAINoyiaraeT HeoOXOAMUMOCTh €€
TEOPETUYECKOI0 M IKCHEPUMEHTAIbHOIO HccienoBaHus. MHoroobpasue npuMeHsieMbIX Ha
MPAKTHKE IMYyYKOB U BO3MOXKHBIX CIOCOOOB HCIIOJNIB30BAHHSI T'€OMETPUUYECKON IHUCTIEpCUU
BBIBOJIUT BOIPOC €€ U3YUEHHUS 3a PAMKH KaKoro-iu0o yacTHoro ciy4das. Panee Teopernuecku
[14] w okcnepuMmeHTaNbHO [2] OBIM  pacCMOTPEHBI  JAUCIEPCHOHHBIE  CBOMCTBA
OCECHUMMETPHUYHBIX MMyYKOB C TayCCOBBIM, MOJMHOMHUAIbHBIM W PaBHOMEPHBIM HaYaJIbHBIM
pacrpeielieHueM aMIUIUTY/Ibl, W3Jy4aeMbIX IUIOCKUM HUCTOYHUKOM. Cpeau XapaKTepHBIX
OCOOCHHOCTEH OTMEYAIOTCSA JIOKIM3AIUs JUCIIEPCUU TIpenesaMud o01acTu  Judpakiuu
@®peHensi, cuibHas 3aBUCHUMOCTh €€ MPOCTPAHCTBEHHOM CTPYKTYphl OT aMIUIUTYJAHOTO
pacrnpezieieHuss Ha U3Jlydaresne, MPOCTPAHCTBEHHbIE OCHWULSIMM  JUCIEPCUOHHOIO
napaMmerpa, COIPOBOXKIAIOIINECS U3MEHEHUSIMH HE TOJBKO €ro BEJIMYMHBI, HO U 3HaKa, 4TO
MOJTYYHJIO MOJATBEPK/ICHUE B DKCIIEPUMEHTE.
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st pacmpeHusi BO3MOKHOCTH BIIMSIHUSL HA IPOCTPAHCTBEHHYIO CTPYKTYpPY U BEJIIMUHHY
JUCTIEPCUN MHTEPEC MPEJICTaBIseT MCIOJb30BaHUE TaKoro (hakropa, Kak reoMeTpuyecKas
pacxoAMMOCTh BOJIHBI, 3aJlaBaeMasl KpUBM3HOW u3imyuaTensd. HarnsaHoe mpezacraBiieHuEe o
MPOSIBJICHUSX T€OMETPUYECKON TUCTIEPCUU IydKa P COBMECTHOM IPOSBICHUH TUpaKIUU
U TEOMETPUYECKON PacXOJAUMOCTH BOJHBI MOKHO MOJYYUTh Ha MPUMEPE IayCCOBOTO IyyKa,
JUISL KOTOPOTO MOTYT OBITh MTOJTyYeHBI aHAIMTUYECKHE perneHust [1].

Llenbto naHHOM pabOTHI SABISETCS PACCMOTPEHHE MPOCTPAHCTBEHHBIX M JTUCHEPCUOHHBIX
CBOMCTB  OCECHMMMETPUYHBIX TayCCOBBIX Iy4YKOB, CO3JaBa€MbIX B  OJHOPOJHOMN
0e31MCcepCHOHHON cpefie CPepHUUecKH BBITYKIBIMHE H3ITydaTeNs MU Pa3INdHOW KPUBU3HBI U
CpaBHEHHE UX C PaHEE PACCMOTPEHHBIM CIIy4aeM KBa3WIUIOCKOW BomHBI [14]. [lns Gosee
SICHOI'O IIOHHMAaHUS OCOOEHHOCTEN IMPOABJICHUA FCOMGTPHHCCKOI;'I JAUCTICPCHUU TIPCACTABIIACT
WHTEpPEC MPOBEJCHUE aHATN3a AMIUTUTYIHO-(Da30BOM CTPYKTYpPBHI IOJSI, MPOCTPAHCTBEHHAS
TUHAMHUKA KOTOPOH Takke OOyCIIOBIeHa TMpoleccaMu JUGPAKIUH W TeOMETPHUICCKON
PacxoauMOCTH.

1. AMIUIUTYJHO-®A30BAS CTPYKTYPA BOJIHOBOI'O I1OJIA

Jis paccMOTpeHHsST CBOWCTB YJBTPa3BYKOBBIX ITYYKOB C Y3KHM YIJIOBBIM CHEKTPOM
BOCIIOJIb3YEMCSI KBa3HMONTHYECKHM MPUOIMKEHUEM, TAe AU(paKius paccMaTpUBAETCS Kak
nornepeyHass AuGPy3us KOMITIEKCHOH aMrumatyasl [15] Bmomb ¢poHTa TpUOIU3UTENHEHO
IIJIOCKOW BOJIHBI P(x, y,z)exp[z'((ot—kz)], paauyc KpuBHU3HBI ()POHTA KOTOPOU CYIIIECTBEHHO

Oosblle JUIMHBI BOJIHBL, @ OTHOCUTEIbHOE M3MEHEHHE aMIUIMTY/Abl BIOJb (POHTA Mo Ha
paccTOSHUAX TOpsJIKa JUIMHBI BOJHBL. B Takoil IMOCTaHOBKE 3ajjaud XapaKTEpUCTUKU
MOHOXPOMAaTHYECKMX IIyYKOB B OJHOPOJHOM Cpele OIMUCHIBAIOTCS NapabondecKuM
ypaBHEHHEM AUDpaKIIH:

1 oP
AP-—"=0.
. D, oz )
rae A, =0/0x* +06/8y> — oneparop Jlamaca no momepeunsvM KoopauHatam; D, = 1/2ik

— MHUMBIA Ko>Guiment muddysun; k = ®/c, ; z — 0Cb, COBNAAIOMIAs ¢ HANPABIECHHEM
pacrnpocTpaHeHHs BOJIHBIL. JlJis MyYKOB ¢ 0CeBOM cuMMeTpueit ollee perieHrue ypaBHenus (2)
JUIsl KOMIUIEKCHOM aMIUIMTYZbl 3ByKOBOT'O JIaBJICHUSI BOJIHbI P(r,z) B MPOU3BOJIBHON TOYKE
napakCUaibHOM 00JIaCTH TIOJISI MOXKET OBITh TNPEACTABIICHO Yepe3 €€ 3HAUYCHHE P(r,O) B

mwiockoct z = (0 Ha BXoje cpensl [14]:
P(r,z)= (ik/z)exp(— ikr2/2z)'[P(r0,z = O)exp(— ikry /22)/0 (kryr | 2)rydr, (3)
0

2 2 2 . .
e x° +y>=r’; x=rcos0; y=rsin0; &> +n’=r); E=r,cosQ; n=r,sinQ.
3mecs (£,m) u (r,,) — MekapTOBBIC M MONAPHBIE KOOPAMHATHI IPOHM3BOIBHOIN TOUKH Ha
TMOBEPXHOCTH H3IyuaTels, COBMEUIGHHOro ¢ miockocthio z=0; (x,y) u (r,0) —

JICKapTOBbIC U MOJISIPHBIE KOOPAWHATHI TOYKH HAOIIONEHUS B INIOCKOCTH, MEPIEHINKYIISPHOM

OCH IIyYKa Ha paCCTOIHUUN Z .
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HcxonHoe Bo3MyleHHE A chepruecKd pacxXolsllerocs Iydka yAOOHO INpeICTaBUTh
NpoU3BeJCHUEM (QYHKIHMU [ (r): exp(—r2 / az), OTpakarollel pacrpeieieHue aMIUIUTY /bl
10 TTIOBEPXHOCTHU M3ITy4aTesi, U IKCIIOHEHTBHI, TOKa3aTellb KOTOPOil XapaKTepHU3yeT UCXOTHYIO
dopmy dazosoro ¢ponra [1]:

P(r,0) = 4, f(r)exp(-ikr* /2R, ), )
Ile a — Paguyc anepTypsl U3nydarens; A, — aMIUIUTyJa B TOUKE {r, z} =0; R, — panuyc
KPUBH3HBI M3Iydaress. AHAIU3 BIUAHUSA AU(PPAKIUK M T€OMETPUUYECKON PAcXOJUMOCTH Ha

XAPAKTCPUCTHUKHU ITYHUKa YIPOUIACTCA, €CJIIN BOCIIOJIb30BAThHCA 6e3p33MepHBIMI/I NEPpEMECHHBIMU
U napamMeTpamMu:

z, =z/l, =2z/ka®*; &,=1,/R, =ka’/2R,; r, =r/a; P,(r,,z,)=P(r,.z,)/ 4.

e [, =ka® / 2 — TmpoTsHKEHHOCTh obmactu audpakiuuu Openens (OMMKHEH 30HBI) MyUKa;
0, — HavanpHas (z, =0) KpuBH3HA BOJHOBOTO ()POHTA, OTHECEHHAs] K IUPPAKIHOHHOM
JuiiHe nyuka. [Tocne moacTaHoBKM rpaHMYHOrO ycinoBus (4) B pemenue (3) nosydaeM

iri120(1+802n) 2rnOrn

Jy

n Zn

2. . 2 o
])n(rn’zn):Z_leXp _ZZL J-f(rno)exp - rnOdrnO : (5)
n /0

n

B ontuke ycmoBusmm O, >>1, §,<<1 m J,=1 mpuniATO XapaxTepu3zOBaTH
COOTBETCTBEHHO CHJIBHO, CJ1a00 U YMEpPEHHO pacxoasmuecs noJjs [ 16]. Beipaxkenue aiis mosst
IUIOCKOTO M3nmyvarenst cienyer u3 (5) mpu 8, = 0. g pynkoun (rn) = exp(— rnz) WHTErpa

B (5) 6epeTcst TOUHO:

1 1+id
Pz B0) = —exgf 20| ©
1+0,z, —iz 1+0,z, —iz
0%n n 0%n n
brnarogapst skcroHeHIMATBEHOUW opMe 3aIiCH TPAHUYHOTO YCIIOBUS
2 .
Pn (rn b Zn = O) = exp[_ rn (1 + 180 )]’
pelieHrne napadoIuyecKoro ypaBHEHHS A chepruuecK pacXosIIerocs rayccoBoro myyka
(6) MOXHO MOTYYUTh, HE 0Oparasich K BeipaxkeHuto (5). Jloctatouno B pemieHud [ 1]

P,(r,.2,) =1/ =iz, Jexpl- 7 f(1=iz,) (7)
JUIS TUTOCKOT'O U3JTy4aTelis ¢ TayCCOBBIM paclpeeIeHUEM aMILTUTYAbI IPOU3BECTH 3aMEHY
a? > (1+i5,)/a’ . ®)
B Boipaxxenuu (7) 3amena (8) paBHOCHUIIbHA MPeoOpa30BaHUIO KOOPAUHAT:

r’ —)rn2(1+i80); z, —)Zn(l+i60). 9)

JeticTBuTeNbHAS aMIUIATYAa U TU(PPaKITMOHHBIA HaOer (ha3bl BOJHBI COTIacHO (6) paBHBI
1 r )
|Pn(rn,zn,80)|: \/(1"'802")2 +zj P _(1+802n)2 +z,f ’ (10)

n _l"2 Zn+80(1+802n)
148,z, ) " (1+8,z,) +z>

(Pa(rn’Zn’SO):arCtg (11)
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Ocesble (7, =0) pacnpeneneHuss aMIUIMTY/Ibl, MPEACTaBIECHHbIE HAa pHC. 1-a B JBOWHOM

JorapupMUUecKoM Maciuitabe, MMEIOT JBa XapaKTEepHbIX ydacTka. [lomormii ydacTok B

OmkHEeH o0JacTH Iydka CMEHseTcss [0 Mepe pocra 2z, o0JacTbio chepuyecKon
pPacXoAUMOCTH BOJIHBI (|Pn|~1/zn ), TIle TpPUBEICHHBbIC KPHUBBIC HMMEIOT JHHEHHBIN 3aKOH
cmaganus ¢ KpytusHoi munyc 20 nb Ha nekany namenenus paccrosuus. C yBennaeHueM 9,
MPOTSHKEHHOCTh OJIMKHEH 00MacTH z, COKPAIIAeTCsl IPH COXPAHEHHWH OOIIEro MOBEACHUS
paccmaTpuBaeMOi 3aBHCHMOCTH. ECiM z, ONpENeNuTh KaKk paccTOsIHKE, TI€ aMIUIUTYy/1a Ha

OCH YMEHBbILIACTCS B 1/ V2 pas, Toraa

z :1/(1/1+25§ +80).

B ornwume OT aMIDIUTYIhl OCHOBHBIC H3MEHEHHUS JTU(PAKIIMOHHOTO Habera ¢asbl
IPOUCXOAAT HA HA4YaJbHOM Y4YacTKE OCEBOIO paclpeleleHus z, e(O...z:), nanee
3aBHCHUMOCTD (pa(rn :O;Zn) BLIXOJUT Ha IIOJOTMH y4acTOK, TIA€ IMpH Z, —> 0
ACUMITTOTUYECKH CTPEMUTCS K BenuuuHe (cM. puc. 1-0)
©,(z, = o) = arctg(1/3,). (12)
VMeHbllieHHe z, W IudpakimoHHOro Habera ¢assl, HAOMIOAACMBbIC MPU YBEIHYCHUH O,

yKa3blBaeT Ha oOcCiallieHue IU(PPAKIUOHHBIX IPOILECCOB, BHI3BAHHOE POCTOM HAuyaIbHOM

TeOMETPHYECKON PAacXOAMMOCTH BOJHBL. B mpenensHOM citydae O,— 0 audpakmus He

MMPOSABIIACTCA, IMOCKOJIbKY H3JIy4YaTClIb U3HAYAJIBHO pa60TaeT KaK HCTOYHHK C(l)epI/I‘leCKOI\/'I

BOJIHBI.
|Pﬂ (zfl)l (P,;{:"}. c’pﬂd.
0 90 -
S, 0)=exp(= ")
r,=0
0,1
45
1.8=0 4.8,=10
2.8=1 5.8,=20
3.6;=5
0.01= " f(r,, 0) = exp(- r.))
P = “ “
- 5 -
1 | - I I 1 1 o
0,01 0,1 1 10 0 2 4 6 8 10
a) 0)

Puc. 1. OceBsie pacnipeneneHus: aMinuTy bl (a) u (assl (6) BOTHBI
NpY pa3HbIX 3HAUYCHUSAX KPHUBU3HBI U3ITydaTess O,

A. M. laspwusnos
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JluHamuka u3MEHEHUs MMONePEeYHbIX paclpeieeHU aMILTUTY bl U (a3bl B IOJIE TIOCKOTO

(8, =0) u Bemyxkoro (8, =5) nzmyuareneit cornacuo (10) u (11) nokaszana Ha puc. 2. Ha

P(r,)/

“pacIIbIBaHUIO” MydKa C YBEIMYEHHEM paccTosiHus z, . CTeneHb HaOI0AaeMbIX U3MEHEHUI

P (Ol MPOCIIEKUBACTCS  OOmas  TEHACHIUS K

n

IpuMepe  3aBUCUMOCTEN
U PACCTOSHUE OT HW3Iyyaressl AJs UX MPOSBICHUS CYILIECTBEHHO 3aBUCST OT KPUBHU3HBI
u3nydarensd. B OmwkHeidl obmactu (z, <1) mons IUIOCKOro H3MyyaTenass W3MEHEHUs
HONIEPEYHOT0 paclpeieIeHUus] HOPMUPOBAHHOM aMIUTUTYbl BECbMa HE3HAUUTENIbHBI (KpPUBBIE

1 ¥ 2) 1 HAYMHAIOT CYIIECTBEHHO MPOSIBIITHCS JUIIL B o0snactu audpakmun OpayHrodepa

(z,>1), xpuBas 3. Eciau cTpyKTypa TMOJIi IUIOCKOIO H3JIydarensl ompeaessercs

UCKITIOYUTENFHO TU(QPAKIIMOHHBIMH TPOIIECCaMi, TO Ha (DOPMHpPOBAHHE ITOJISI BBITYKJIOTO
M3JIydaress JONOJHHUTEIbHOE BIMSHHUE OKA3bIBAET I€OMETPUUYECKAs PACXOJIUMOCTb BOJIHBI,
ompezaensieMasl KpUBU3HOM M3Tydarolled MoBepXHOCTU. [log ee BIMSHUEM MOINEpPEYHbIE
pasMepsl Iydka HAYMHAIOT PacTH COpa3MepHO O, YK€ Ha MAJIbIX PACCTOSHUAX OT U3ITydaTess
(kpuBble 4 u 5), Toe IUPPAKIMOHHOE PACXOXKICHUE KBA3UIUIOCKON BOJIHBI eIle He
Habmomaercst (kpuBble 1 u 2). Tem He MeHee, 3a mpenenamu ONKHEH oOmacTu ¢

YBECIWYCHUCM Zz, COOTHOHICHHC MCXKAY IONCPCYHBIMU pasMEepaMu IO IIJIOCKOIO H

BBIITYKJIOTO M3JIy4arenell cTaOuiIn3upyercsi: Ha pacCTOSHUSX z, >>1 3Ta BelnunMHAa paBHA

K =4/1+8; , xpusbie 3 u 6. Takum 06pa3oM, KPMBU3HY M3IydaTessi MOXKHO PAacCMaTpHUBATh

KaK (hakTop, yCHIIMBAIOIINN TONEPEYHYIO PACXOAUMOCTh ITyuka B K pas.

[P () |£1P ,(0))] (. 0) = expl(— ',.;: o (Fe) — s (0, . 2
| fre 0) =exp(—r,) @ jpadr.h FUrn 0y = exp(—r,)

0

-30

0.5

— 60

0 —90 ' ' ' I
~20 ~10 0 10 20 - 0 | 2

a) 0)

Puc. 2. lunaMuka NONIEPEYHBIX pacnpeesieHH aMIUTUTY 6! M (pa3bl ¢ pacCTOSTHUEM

[}
|

Ecnu BnMsiHME KpPUBHM3HBI H3JIy4daTelis, OKa3blBAEMOE Ha IONEPEYHOE pPaCIpEICICHUE
aMIUTUTYIbI, CBOJMTCS TJABHBIM 00pa3oM K KOJMYECTBEHHBIM cOOTHOmeHusM (K) u
COXpaHsieTcss B JajbHEeW oOONacTH 1Mo, TO JUIS AHAJIOTHYHBIX  3aBUCHMOCTEH

TuQpakuoHHOro Habera dassl @, (rn ), IIPUBEJICHHOTO K €r0 OCEBOMY 3HAYEHUIO (, (rn = O),
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9TO BIMSHUE MMEET KaueCTBEHHO WHOM XapakTep, puc. 2-0. B moise miockoro mamydarens

UCXOJHBIN (a30BbIi GpoHT (MHUA 1), coBNagaromuil ¢ MIOCKOCThi0 z, = 0, UCKpUBISAETCA B
Ipoliecce pacnpoOCTPAHEHUs] BOJIHBI, NpUHUMas Ha paccrosHuax z, =0,2 m z, =4 Bug,
noKa3aHHbI KpuBbIMU 2 U 3. MHaue Tpanchopmupyercs GpopMa BOJHBI B 3BYKOBOM ITyuKe
BBIIIYKJIOrO M3JIydaTels, IAe€ HUCXOAHBIH (GPpoHT (kpuBas 4) CTPEMHUTICS C POCTOM Z,

YMEHBUIUTbH CBOIO KPUBU3HY (KpHBBIE 5 U 6). DT0 3HaUUT, 4TO Nedopmanus (HazoBoro GppoHTa
B MPOILECCE PaCIpOCTPAHEHHs KBA3HMIUIOCKOH M KBa3UC(epHYEeCKOH BOIH MPOHCXOAUT B
NPOTUBOIIOJOXKHBIX HampaBieHusX. [103ToMy BIOJHE 3aKOHOMEPHO, YTO HA PACCTOSHUU

z, =4 xpusble 3 u 6, coorBercTBytomme 0, =0 u O, =5, IPaKTHYECKH COBIAJAIOT U
IPOJOIDKAIOT MOBTOPATH APYT JIpyra NpH JalbHeHIneM yBeandeHun z,. CleqoBaTensbHO, C

NEepexo/IoM B JAJBHIOK 00JacTh Mois (ha30BBId (POHT YTPayMBAET CBOIO 3aBUCHMOCTH OT
KPUBH3HBI M3JIyYalOUIe MOBEPXHOCTH, NMPHHAMAS BHI CPEPUUECKHA PACXOMISIICHCS BOJIHBI,
dopma KOTOPO# ompeensieTcss UCKIIUUTENFHO U(paKIIuei.

OnHOI U3 XapaKTEPHBIX OCOOCHHOCTEH rayCCOBOTO My4Ka, OTIMYAIOIINX €T0 OT ITyYKOB C

PE3KO BBIPAKCHHOW TPAHHUIICH, SIBISETCS MOHOTOHHAs 3aBUCHMOCTh aMIUIMTYIBI OT O, Ha

BCEM MPOTSDKEHUM PpAcCHpOCTpPaHEHUs BOJHBL, puc. 3. [nmagkuii BuA aMIUIMTYAHOTO

pacnpeneneHus f (rn) B I'PAaHUYHOM YCJIOBUU U OTCYTCTBHE SIBHOM TPAHUIIBI C 00JIACThIO TEHU
VCKIIIOYAIOT IOSIBJIEHUE B 3aBUCUMOCTAX |Pn (80] JIOKQJIbHBIX 3KCTPEMYMOB, 00YCIOBIEHHBIX

uHTepdepeHiyeit 60koBbIX 30H OpeHens Ha MOBEPXHOCTU U3ITyUYaTes.

P (8NP .(0)] T =02 i
- Im P, (r, =0 z,) F) = expl— )
2 =01 0.5 z,=0..10
2.2,=0.5
3.2 =1 1.8=0
4.z,=10 2.8p=2
5. 2, = 100 (Touku) 3.6,=5
0,5 0.25F 4. 8,=10
5. lSr_] =20
» 0) = exp(— )
r,=10
4
! | | or L | ! | L —
0 5 10 15 8o 0 0,25 0.5 0,75 Re P, (0; z,)
Puc. 3. 3aBUCUMOCTb aMIUIUTY bl BOJIHBI Puc. 4. 'ogorpadbl oceBoro pacnpeneineHus
OT KPUBHU3HBI U3ITy4YaTEIIst KOMIUIEKCHOM aMIUIUTYAbl BOJIHbI

Harnsgnoe NpEeACTaBJICHHUE O BJIMAHUKU COOTHOLICHUS XAPAKTCPHBIX MacITaboB

mu¢pakoun (/,) U reomerpudeckoil pacxommmoctd (R,) Ha Ipolecc pacHpOCTPaHCHUS

BOJIHBI MOKHO TIOJIyUUTh U3 ro0rpadoB 0CEeBOro pacipeneaeH sl KOMIUIEKCHONW aMITIUTYIbl,

IMMOCTPOCHHBIX IS Pa3JIMYHBIX 3HAYCHHI 80 , pUc. 4. He3aBHCUMO OT KPUBU3HBI U3TTYyHaTCIIA

AJI1 IMYYKOB C rayCCOBBIM aMINIMTYAHBIM PpacClpCaAcICHUCM OHH pacriojiararorcda B IEPBOM
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KBaJ[paHTe KOMIUIEKCHON IutockocTH. Bee ronorpadsr Haunnatotest (z, =0) B Touke (1; 0),
COOTBETCTBYIOLIEH I'PaHUYHOMY YCJIOBUIO, U 3aKaH4YMBaroTcs (z, =00) B Touke (0; 0), rue
aMIUTUTYZa BOJHBI B pe3yibTare C(EPUUECKOro pPACXOXKIEHHUS BOJHBI CTAHOBHUTCS
O6eckoHeuHO Manoi. Ykazarensamu z, — 0 u z, —> 00 OTMeUEHBbI HaNpaBJICHUS NEPEMELICHUs
TOYKM HAOJIOAEHUS: K U3Iy4yaTelalo HIM OT Hero B OeckoHeuHocTh. Ha mpumepe
IPEJICTABICHHBIX 3aBUCHMOCTEH BUIHO, YTO C POCTOM O, KPHBBIC OCTEICHHO CTATHBAIOTCS
K JICHCTBHUTEIBHOM OCH, OCTaBasICh 3a(pUKCUPOBAHHBIMU CBOMMHU KOHIIaMH B Toukax (0; 0) u
(1; 0). B mpemensHOM ciydae O,— o0 romorpad BBIPOXKAACTCS B OTPE3OK NPSIMOU MEXKTy
ATUMU TOUKamMu (JInHUs 6).

Jlis cheprdecku BBIMYKIOrO M3Iy4aTess NpeaeibHbli ciaydail peanusyercs npu a = R,
KOT'Jla IIEHTpalIbHbBIN yron cerMenTa paseH 180°. B atom ciyuae u3 (6) cienyer
P(r,=0,z,)=1(1+38,z, —iz,)=1/[1 + 4z,(1—i/ A)]. (13)
e A=ka/2=kR,/2=8,. lpu ycnosuu &,>>1 wmu ka>>1 wu3 (13) nomyyaem

BBIpA)KEHUE
P(r,=0,z,)=1/(1+8,2,)=1/(1+ 4z,), (14)
KOTOpOG COBIIaacT C paI[I/IaJ'IbHBIM pacnpeﬂeneHI/IeM KOMHHCKCHOﬁ aMHJ’II/ITy,Z[BI JaBJICHUSA B

ToJIe MyJIbCUPYIOIIETo Mapa 0oJbIIOro BOJHOBOrO pasmepa (AR, >>1) [17]. Ilepexon ot

koMIiekcHoW — ¢yHkumu  (13) & BemecTBeHHOM  3aBucuMOcTH  (14)  0OBsACHsET
Tpanchopmaruio rogorpada M3 Gurypsl Ha IUIOCKOCTH B OTPE30K MPSIMOM, JeKaIIMi Ha

nericTBuTeNbHON ocu. Habmromaemoe ¢ poctoM O, yMEHBIIEHHE U MOCIeyomee o0palieHne

B HOJb MHHMOM YacTH KOMILICKCHOI AMIUIMTY OBl OTpaXaCT IMOCTCIICHHOC ocna0iieHHe U B

npegene (d,—>00) wHcYe3HOBEHHE AM(MPAKIMOHHBIX TpoueccoB. Ilpumepom, rme

TU(QPaKIHOHHBIE IPOIIECCHl OTCYTCTBYIOT, CIIY KUT PAaCIpOCTpaHEeHUE CPepruuecKOi BOJIHBI OT

IMyJIbCUPYIOIIETO Imapa pasmepoM kR, >>1, ¢da3za KoTOpoil ompenensercss TOIBKO

IPOCTPAHCTBEHHO-BPEMEHHBIM Haberom ((ot—kz), B pe3yJIbTaTe 4Yero amIuIMTyJa Ha BCEX

paccTosSHUSAX  OocTaercs  JAeHCTBUTENbHOM  (muHUA 6).  CrmemoBaTenbHO,  HAIMYHE
FeOMETPUUECKON pacXOAUMOCTH B IMyYKE MPUBOAUT K oOciabiaeHuIo nudpakuuyd BOJHBI C
OTPaHUYEHHBIM (POHTOM.

2. HATIPABJIEHHOCTD BbIITYKJIOI'O U3JIVUATEJIA
YrinoBoe pacnpeaeneHne aMIuIuTy bl

B(0.2,:8,)/B(0.2,.8,) = expl- (ka2 127 0/(3, +1/2, F +1) (15)
cnenyet u3 (10), ecnu mepelTH OT TMHEHHOW KOOPAMHATHI ¥, K YIJIOBOMY apryMeHTy 0 :

0 = arctg(r/z) = arctg(2r, /2, ka).

AMIUIUTYTHYIO XapaKTepUCTHKY HarpasieHHocTH (XH) D(G) nony4yaeM u3 (15) B3situem

npezena npu z, —>
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D(0) = exp|- (ka/2) tg>0/(5,> +1)| ~ exp|- (kat/2) /(5,> +1))- (16)
ITpubnmirkeHHOE PaBEHCTBO OTHOCHTCS K Y3KUM IyukaMm, rae tgO~0. Jlng miaockoro
u3yuarens (0,= 0) BeIpakeHHe s D(O), 3anucanHoe B Buje (16), panee ObLIO MONYYEHO B

[18]. I[To mepe ynaneHust OT U3JIydaTess YIJIOBOE pacHpeesIeHUe aMIUIUTYAbl PETepIeBaeT

HE3HAUUTENIbHOE CYXXEHHE, CTa0MIU3UpysCch Ha paccTosHusax z, =10 (16). Oto cBsA3aHO ¢

nepexonoM u3 obnactu audpakmauu Dpenens B obnacte mudpakuuun Dpayrrodepa u
NPOSIBIIACTCS KaK B C(EpPUUECKH paACXOIANIMXCS MydykaX, TaK M B IIy4YKe IUIOCKOTO
U3ITy4aTels.

B pamkax paccmotpenust XH cdepudecku BBITYKIIOTO M3JIydaTeliss HHTEPEC MPeCTaBIseT

B3aMMOCBSI3b MEXKTy €€ IIMPUHOM U YIIIOM PacKpbITHs (a3oBoro GpoHTa BOJHEI 0, KOTOPHIi
IPEJCTaBUM KaK 4acTh c(pepruecKoi MOBEPXHOCTU PaIUycoM R :

0, = arcsin(a/R, ) = arcsin(23, /ka). (17)
Orenupas mupuny XH 1o ypoBHIO e”' BeIMuMHOM yria 20,, mocne MoJCTaHOBKU 3HAUYEHHS

d, u3 (17) B popmyiy (16) momyuaem cooTHOIIEHHE

tg0, =/(2/ka)’ +sin” 0, = 2,1+5? /ka, (18)
CBSI3BIBAIOIIEE MEXIy co00i reomerprueckue (0, wmm O, ) u qudpakunoHHbI (0, ) yriaoBsie

napameTpsl nmydka. [Ipu ka >>1 yrinoBas muprHa My4yka MPAKTUYECKH COBIAAAET C YIJIOM

packpbiBa (a3oBoro ¢poHTra BOmHBI (0, =0,), YTO COOTBETCTBYET MNPUOIMKEHUIO
reomerpuueckoil akyctuku. C yBenuueHuem 0, Ul BBIONHEHHS yKa3aHHOTO PaBEHCTBA

TpeOOBaHUS K BEJIMUMHE ka CTAHOBSATCS MEHEE JKECTKHUMH, PUC. 5.

20
0. zpad.
15— ,f‘(]'r_l- “) - ﬁxp{— l'_.l.:}
Z, =00
10 - N ;
1 1. ka=25 -
2 2. ka =50 0 R
3. ka=100 R [
5k 4 ka—>x /s /
TouKH: ka = 200 ‘f; z 4
4
3 | I O, epad. E /"’
0 5 10 15
Puc. 5. 3aBucumocts mupunbsl XH Puc. 6. 'eomeTpust 3a1aun 0 HAXOKICHUU
cheprUeCKH BBIMYKIIOTO H3TydaTels OT ($ha30BOTO IICHTPA U3ITydaTels

HayaJbHOTO yrIjia packpbiBa (hazoBoro ppoHTa
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[Ipu Haxoxxnennn ¢azooit XH BcTaeT BOmpoc O CymliecTBOBaHUHU (Pa30BOTO IICHTpPA Y
paccMmatpuBaeMoro u3iaydatens. [Ipu 3ToM moa ¢Gpa3oBBIM IIEHTPOM MPUHSITO MOHUMATH [19]
TOUKY, BIOpaB KOTOPYIO B KauecTBe LeHTpa chepbl OOIBIIOro AMaMeTpa, MOXKHO MOTYyYUTh
COBIIAJICHUE TIOBEPXHOCTH cepbl ¢ (ha30BbIM (PpOHTOM BOJIHBI, HA KOTOPOM KOJIeOaHUsST BCEX
Touek cuH(a3Hbl WK npoTuBo(da3Hbl. MHaue roBops, XapakTepHUCTHUKa HAIPABIEHHOCTH,
SIBJISIFOITIASICSL B OOIIEM Ciydae KOMIUICKCHON (PyHKIMEH, Mpu BhIOOpE Hadaia KOOPJIWHAT B
Touke (ha30BOTO I1LIEHTpPa CTAaHOBUTCSA BEIIECTBEHHON (QyHKUMEH, B TOM 4HCIE U
3HakonepeMeHHou. Cam ¢dakT Hamuus (a3zoBOTO IIEHTPa YKa3bIBA€T HA TO, YTO (DPOHT BOJIHBI
B oOnactu HaxoxaeHus XH sBusercs chepuyeckum.

Y4uTBIBasE OCEBYI0O CHMMETPHUIO PacCMATPUBAEMBIX ITyYKOB, IPU HaXOXICHHH (ha3oBoi
XH nonoxum, yto (pa3oBbIii LEHTp uU3MyyaTens S HaxoauTcs Ha ero ocu NP u B obuiem
Clly4ae HE COBIMAJIaeT C MOBEPXHOCTHIO M3IIYUYECHHUS, CPEIHSs TOYKAa KOTOPOM COBMEIIEHA C
HavajoM koopauHaT O, puc. 6. B Touke N pacnosiokeH HEHTp chepruecKoil MOBEPXHOCTH
panuyca R,, cosmaparomeil ¢ ucxonusiM (z =0) ¢da3zoBeiM ppoHToM AB. [lpumem mmis
npuMepa, 4to (a3oBbIi HEHTP S HAXOAUTCS MEXAY F€OMETPUUYECKUM LIEHTpOoM N U TOUYKOI
O Ha paccTosiHuu Q OT Hee, TouKa HaOmoeHust M uMeeT KOOpAMHATHI (r,z).

Ha d¢ukcupoBanHoM paccrosaun z BbipakeHue (11) omuckiBaeT pacrpezeseHue
mudpakimoHHOTo Habera ¢aszbl B MOMEPEYHOM CeYeHHMU Mydka. (s mepexona K yriaoBoi
3aBHCHUMOCTH OTHOCHUTENIBHO (Pa30BOro IieHTpa S yuTeM €ro yJIajleHHOCTb OTHOCHUTEIbHO
Hauana koopauHar O Ha BenumuumHy (@ W pasHocTh xona jaywya (LM =A) wmexny

chepruyeckum GpoHTOM BOJIHBI FE ¥ MIIOCKOCTHIO MoriepedHoro ceuenust MP :

A= +z) +r2 —(0+2)=r?/20+2). (19)

[pubnmwkennoe pasencto (19), cipaseanusoe mpu 7/ (Q+z) << 1, sBngeTcs TOUHBIM AJS

pelmaeMoi  3aJadM, IIOCKOJBKY B HCIOJIB3YEMOM 3allUCH TpaHU4YHOro YycinoBus (5)
cheprueckuii ppoHT Takke ObLT 3aMeHeH napadonudyeckuM. Haber ¢a3bl, COOTBETCTBYIONIUI
pasHoctu xona A, paBeH

ko =r [0, +2,),

e 0, =0/I, = 2Q/ ka® . YrioByio 3aBuCHMOCTh Au(pPaKIMOHHOro Habera (asbl ym06HO

3aImcaTh Kak pPa3HOCTh OCEBOTO M TEKYILETo 3HAYCHHUN (a3bl:

0;(0.2,.8,) = [0, (1, = 0.2,.8,)~0,(r,.2,.8, )] - kA =

2z, +8,(148,2,) (@tgejz(gn +Zn)Qn[zn +8,(1+8,2,)]-1-8,z2, e
(1 +9,z, )2 +z

" (1482, ) +z2 O, +z, \2
( On) n

n

CorsacHo ompenesneHni0 (Ga30BOro LEHTpa BeMHYMHA (P, HE TOJDKHA 3aBHCETh OT yIja
HaOmoaeHus 0, T.e. (pa(e)zconst, YTO peau3yercsi MpH <pa(e)=o. C yuerom 3TOrO

ycnoBus 13 BoipaxeHus (20) cienyror ¢hopmyisl 1 6e3pa3MepHOil KOOpAUHATH (pa30BOro
LIeHTpa:

Q(Zn’so)/Ro = 80(1"'502;1 )/[Zn +60(1+802n )]’ 21)
Q;z(zn’80)2(1+602n)/[zn +60(l+602n)]- (22)

A. M. laspwusnos
FeomeTpuyeckas ancnepcms B chepuyeckn pacxoasLieMCs rayCcoBoM nyyke



DNeKTPOHHbIV XypHan «TexHuyeckas akycTuka» 2007, 23 11 (21)

Cornacno (21) monoxenue (a3oBoro HeHTpa chepuyecku BhITyKIOro uamydarers (0, # 0)

3aBUCUT OT PAcCTOSIHMA 10 TOYKHM HaOmroneHuss M M He COBHAJaeT C HayajoM KOOpIMHAT
(Touka O), pacroyoKEHHBIM B T€OMETPUUYECKOM LIEHTPE M3JTydarolield MOBEPXHOCTH, pUC. 7.

Cnenyromee u3 (21) u (22) paBenctBo Q =R, mnst z, =0 yHoBIEeTBOPSET I'PaHUIHOMY
ycioBHIO (4) B BUIE CPEpUUECKU PACXOASIICHCS BOJHBI C HAYaJIbHBIM PaguycoM R, H

neHTpoM B Touke N . Ha puc. 8 mokaszaHbl 3aBUCHMOCTM HOPMHPOBAaHHOM KOOpAMHATHI
(a3oBOro HEHTpa OT BETMYHUHBI O, JUIS PA3INYHBIX PACCTOSHUI JI0 TOYKH HAOIIOICHHS.

Q,;0/Ry
1.0
1
6 7
2 5
Q, O/Ry:
l.z,=1 5.z,=1
J 2.z,=15 6.z,=3
051 3.z,=3 Tzy=m
I 4 4: z” == ":rJ
I
I
I
l
Sy =exp(—ry) | Sra) = exp(—ry)
I
— : | 1 | —=
0 zg 0 I 2 3 4§
Puc. 7. 3aBUCUMOCTH KOOPAMHATHI Puc. 8. 3aBUCHUMOCTH KOOPAMHATEI
($ha30BOro MEHTPa OT KPUBU3HBI (ha30BOro MEHTpPa OT KOOPAUHATHI
U3JTydaTes TOYKU HAOIIOICHUS

[Toxaxem, 4TO A KOHEUHBIX 3HaueHWid O, Toukn N u O Ha puc. 6 He SBIAIOTCA

¢da3oBbIM IIEHTpOM cdepudecku pacxojsiierocss myuyka. s sroro moacraBum B (20)
coorBerctBenno Q, =1/8, u 0, =0:

2
ka 1/z, +8
~1/5, : 0,z .,5,)=| —tg0 0 0%
0, /0 (Pa( zZ, o) (250 g j (1/Zn+80)2+1
ka ' 1z, +8
=0: 0,z ,8,)=— —tgB n 0 (-67).
0, 0r(0.2,8) = §w0| TG (0)

[Tosydyennple  3aBUCUMOCTH, HMeOmme (opMmy napabonudecknx  (yHKIUH  yriia
0, (6)~ (i 0’ ), COXPAHSIOT IPOTUBOIOJIOXKHBIE 3HAKU Npu Mo0bIX z, # 0. DT0O yka3bIBaeT Ha

TO, YTO MECTOIOJIOKEHUE (ha30BOr0 IIEHTPA, OTHOCUTEIBHO KOTOPOTO BBHIMIOJIHSIETCS YCIOBHE
0, (9) =0, Haxoautcst Mexay Toukamu N u O. s ciydas z, — oo BeIipaxkeHus (20) — (22)

HpI/IHI/IMaIOT BHU/]

(Pa(eaSO) = (kath/Z)z [Qn(l + 83)_ 80]/(1 + 63);

0,(8,)=3,/(1+5}); (23)
0(5,)/R, =8 /(1+52). (24)
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Ha puc. 8 kpuBeiMu 4 u 7 mokaszaHbl cooTBeTCTByIomme (23) u (24) 3aBHCHMOCTH

HOPMHPOBAHHOH KOOpAMHATHI ()a30BOTO LIEHTPA OT HAa4aJIbHOM KpUBU3HBI O, . OUeBUAHO, YTO
st mockoro (0, =0) m3mydarens (a30BBI LEHTp pacHoiaracTcsi B Hadane KOOPAWHAT
r0z, mockoabky O, =0.

Ecnmu  wu3nyvaemass IJIOCKMM — MCTOYHMKOM BOJIHA [0  MEpe  paclpoCTpaHEHMs
TpaHC(OPMHUPYETC M3 KBAa3UILJIOCKOM B cepHuecKku pacxXoIsllyrocs, TO B cChepuyecKH
pacxXoJAIIMXCs rayCCOBBIX Iy4ykax (DPOHT COXpaHseT CBOIO cepuueckyro GopMmy Ha Bcex
paccrostauax. [lpu 3TOM cremyer 3aMeTuTb, 4TO paauyc (ponta R 31ech He CBSI3aH
JMHENHOMN 3aBUCUMOCTBIO C PACCTOSIHUEM Z , OTCYUTHIBAEMBIM OT Hauyaja KOOpAUHAT:

Rn(znvso):R(vaSo)/la = (Q"‘Z)/Za = lzj +(1+802n )2J/[Zn +80(l+802n)]'

Tonmpko Ha OoNBIIMX yHAIEHHAX OT u3my4arens (J,z, >>1) chpaBeIyHBO pPaBEHCTBO

3. IMCIIEPCUOHHBIE CBOMCTBA COEPUYECKU PACXOJIALINXCS
'’AYCCOBBIX ITYUKOB

Jnst y3KOIOJIOCHOTO curHaia (®, >> (), CIeKTp KOTOPOTO COCPE0TOUCH B OKPECTHOCTH
9aCTOTHl M = (,,, JOKAIBHOE ITOBEICHHUE 3aKOHA JUCIICPCUH 3aliChIBaeTCs B BUE psjaa [1]:
k(o) = k(w, )+ (dk/aloa)m0 (00, )+ O,S(a’zk/doo2 )wﬂ (0—0,) +..., (25)
rae k(w,)=o, [Co s Co — (asoBas CKOPOCTH BOJNHBI C YACTOTOH ®; (dk/d(o);i =c, —
TpYNIoBasi ~ CKOPOCTh  BOJHOBOI'O  MakeTa ¢  IOUPUHON  crmektpa  Ao~Q);
(d ’k/ dcoz)m0 = (afcg_l /do))m0 =D — JIMCIIEPCHOHHBIA  MapameTp, XapaKTepHU3YOIIHii
YAaCTOTHYIO 3aBHUCHMOCThb TPYIIOBON ckopocTd. IlepBeiMu aByms dimeHamu  (25),
COOTBETCTBYIONIMMH  JIMHEHOMY — npuOmmkeHuioo — ¢GyHkumu  k(w),  ommceiBaeTcs
HEUCKQKCHHOE PAaClpOCTPAHEHHE BOJHOBOIO IAKETa C TPYIIOBOH CKOPOCTBIO ¢,

JlucriepcuoHHBIC UCKAKEHUS B BUJIE M3MEHEHHH (PopMbI orrbaromieit u ¢ha3oBoi MOIYIISAIIAN
BBICOKOYACTOTHOT'O 3aIMOJIHEHUS YUUTHIBAIOTCS KBAJAPATHUHBIM U MOCIEAYIOIMMHU YICHAMHU.
[Ipu paccMOTpeHHMH Y3KOMOJIOCHBIX CUTHANOB (®, >>()) NOCTaTOYHO BOCIHOJIb30BATHCS
BTOPBIM MPUOIMKEHUEM TEOPUH JUCIIEPCHH, T.€. TPETHUM CIIaraeMbIM.

3HavYeHHE NUCIIEPCHOHHOTO TapameTrpa [ MoXKeT ObITh HaWIeHO MYTEeM PErHCTpPaluu
HapylieHui (pa3zoBoro CHHXpoHU3Ma Mexay Dypbe-KOMIIOHEHTaM MHOTOYaCTOTHON BOJIHBI.
Haubonee mnpocto 3T0 peanusyercs NOpHU HCHOJIb30BAHUU TPEXYACTOTHON BOJHBI C

CHUMMETPHYHBIM CHEKTPOM (®,, ®, , =®, FQ) B MOIYJISALHNOHHOM METOAE HM3MEPEHHs
nucniepcuu [10]:

p(t, r,z) =F, (r,z)cos[mot ~k,z+ @, (r, z)+ (p0]+

+P,(r,z)cos[o,t —k,z+ @, (r,z)+ @, |+ Py (r, z)cos|o,t —kyz+ @, (r,2)+ @, | = (26)
= P(t, r,z)cos[oaot —kyz+ (p(t, 7, z)+ 0, ],
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rIe Po(r,z), P, (r,z), PB(I",Z) Hu (po(r,z), (pH(r,z), O3 (r,z) — TMPOCTPAHCTBEHHbIE
U3MEHEHUs aMIUIMTYyJ U (a3 TapMOHUK; ©,, @,, ©z, — HadanbHele (z=0) d¢a3sl
komroHeHT. Toraa

D(w,,7,z) = d’k(w,,7,z)/do’ = =2[B(r,z) - B, ]/ 2Q* = —2AB(r,2)/2Q*, 27)
roe B, = [((p o T Pgo )/ 2 —(po] — HavaibHoe (z = 0) 3Hauenue ¢azoBoro nueapuanta (OU)
TPEXYaCTOTHOT'O CHUTHAJIA; B(r, z)z [((p H(r, z)+ [0) B(r,z))/ 2 —(po(r,z)] — BenuunHa OU B
OPOM3BOJBHOW TOYKE HAOMIOACHHUS C  KOOpAMHATAMH (r, z). Jlis  HaxoXAeHUS

IPOCTPAHCTBEHHOTO pacIpeeNIeHNs] AUCIEPCHOHHOTO MapaMeTpa JOCTaTOYHO OIPEICTHTh
TUQpaKkIMOHHBIA  Haber (a3oBOro HMHBAapHaHTA AB(r, z) TPEXYACTOTHONH  BOJIHBIL.
JlucriepcioHHbIe  MCKaKeHHsT OTCYTCTBYIOT (D =0) mnpu coxpaHeHuun (a3oBoro
CHHXPOHHU3Ma B MPOLECCe PACIPOCTPAHEHUSI TAPMOHUK C YaCTOTAMU ®, , ®, U ®,, T.€. IPA
AB(r,z)=0. B Ge3auCIIEpCHOHHBIX CpEaX 3Ta CUTYAIHsi BO3MOXKHA TONBKO y OJHOMEPHBIX

BOJTH.
Cornacno (11) nudpaximonnsiii Hader ¢a30BOro HHBApUAHTA PABEH

AB(r,,z,) = 0,5[arctg(x,® / (® —1))+ arctg(x, @ / (@ +1))]-arctg(x, )+

VaX, .[1+<D2(3x,f 1)) (1-8,%,) (28)
Lexl |02 (1+x2)+1] 2 -4
Irac

xn:Zn/(l+602n); yj:rn2 (l+802n)'
B Boipaxenud (28) W gmanee s HOPMHUPOBKM INPOJOJIBHOM KoopauHatsl (z, =z/l,)

ucronbsyercs [, = wya’ /200. Yacrorubiii mapamerp @ =®,/Q  ompexpenser monocy

4acToT, 3aHUMaeMylo curHaioM. I[lpu yBennuenuun @ mosioca 4acToT CyKaercs, IPUBOIS K
YMEHBUICHUIO TU(PPAKLIUOHHBIX pasinduil Mexny Dypbe-KOMIIOHEHTaMH C YacTOTaMH ©,, ,

®, U ®;. O4eBUIHO, YTO ITH PA3IUYUS NOTHOCTBIO HcUe3atoT mpu @ — oo.
OceBble pacnpeneneHus TUCIepcCuoHHON paccTpoitku O AB(rn =0, zn) MpU Pa3IMYHBIX

3HAYCHUSAX KPUBU3HBI U3TydaTess coriacHo (28) mpuseneHsl Ha puc. 9. Cieayer OTMETUTD,
YTO TIOBEJICHUE KPUBBIX NMPAKTUYECKU HE 3aBUCUT OT BEJIMYMHBI YACTOTHOI'O IapaMeTpa Mpu

YCIIOBHHM €ro U3MeHeHus B obnactu @ > 5. OTiMyaroTcs JUIIb a0COIIOTHBIE 3HAUCHUS AP .

[Tpu ycnoBum 8, = const u @, # @, crnpaBeTUBO COOTHOIICHHE

2
A["))(rn = O’Zn’CDl) = (CDZ/CDI) AB(’:: = O’Zn’q)Z)'
B kadecTBe mpuMepa TOYKaMH U CILIONIHBIMU JTMHIMU IMOKa3aHbl KPUBBIC, COOTBETCTBYIOIINE
®, =5 u O, =100. [TockonabKy HaxoXkJeHHE TUCIIEPCHOHHOrO mapamerpa B (25) u (27)

IperonaraeT UCIojb30BaHUe Y3KOIMOJIOCHOT0 u3MepuTesbHoro curnana (@ >>1), nosromy
paccMoTpenue 3HaueHui @ <5 mHTepeca He MpeaCTaBIseT.
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T ﬁl}. :.’ID{]'C]. {(D — 5) T z LT = 5.' ﬂlﬁﬂw;ﬁ -{’g?ﬂ(). T
400&[3. c",l_'){?d. [CD- =100} .Ji"{p'_,:) = exp(— }'_,..:} @ = 1) 40”'.—5[},,,#_.,1 .;’!_;Ia()_
0.8 - r, =0 8 | — 0.8
................................ .
1.8,=0 4.8,=5 | 2 2.AB )
0.6 2.8,-05 5.5-10| © | %6
3.8,=4y3 | auana: =35
..................... ToukH: =100
0.4 Lt 4 | 0.4
\\\\ |
| _ ,
Py T 5 | F(r) = exp(— 12) .
ToukH: =3 r, =10
mammg: = 100 NEY
| ! S ) ¥ ! | L —=1
0 2 4 6 8 10 o 2 4 6 8 8o

Puc. 9. OceBsble pacnpeneneHus
paccTpoiiku (ha30BOT0 HHBapUaHTa MpU
Pa3IMYHOIN KPUBHU3HE U3TydaTens

Puc. 10. Biusitnue KpuBU3HBI U3ITydaTeNs
Ha BelIU4uHbl z,“ u AP, .

[ToBenenue (yHKIMN AB(rn =0, zn) Ka4eCTBEHHO PA3JIMYHO TPH MU3MEHEHHH KPUBU3HBI

n3nnydarens B uHTepBanax 0<9, < V3 S, > JV3.B IIEPBOM CJIy4ae KpHUBBIE UMEIOT SIBHO

BBIPAKCHHBI MAKCUMYM Ha PaCCTOSHUH
: (29)
2
Z" = [w/s/h—l/cp i—SJ ,
BEJINYMHA KOTOPOTO YCTPEMIISieTCs] B OECKOHEYHOCTh MpU O, = \/E , puc. 10. lns miockoro
maydarens npu D >>1 nmeem z“ = 1/ V3. 3aBHCHMOCTD MAKCHMATBHON BENMUMHEL

JMCIIEPCHOHHON paccTpoiiku (azoBoro muBapuanta AP, ~— oT kpuBu3Hbl pu 0 <9, < V3 e

ydyeToM (29) umeer BUI

AB,.. = 1 arct ®z,” + arct ®z,” —arct B

e T s, Yo -1 | T (s, o+ 1) q1vs,2m ) (30)
ITpu 5, > V3, xorna z"" =00, COOTBETCTBEHHO HUMEEM
AB,,. = 0,5{arctg[®/5,(® —1)]+ arctg®/8,(® +1)]} — arctg(1/5, ). (31)

3asucumoctn AP, (8,) mms ®, =5 um @, =100 mnokasausl Ha puc.10. B obnactu

0<8, <+/3 emmunna AB,,,

1 / D +1 / d-1 [ 3
ABWO(ESO:O):E arctg 3((1)—_1)+arctg m —arctg| © o 1)’ (32)

a Ipu 60 > \/g MOHOTOHHO YMCHBIIACTCSA, CTPEMACH K HYJIIO.

MPAKTUYCCKU HCU3MCHHA U paBHA

IIpuBeneHHbIE 3aBUCUMOCTH AB(}’” ,Zn) OTpaXKaroT MPUCYLIYIO JUCIIEPCUU ACUHXPOHHOCTh

pacmpocTpaHEHUs BOJIH Pa3HBIX YacTOT, COIMNPOBOXAAIOIIYIOCS HapylleHHeM (ha30BbIX
COOTHONICHUH B MHOTOYAaCTOTHOM cHrHaje. OTIUYUTEIIBHOW OCOOCHHOCTBIO cepruecku
pacxopsierocs my4yka Mpu CpaBHEHUH C MOJIEM TUIOCKOTO M3TydaTess SBJISETCS COXpaHEHHE
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($a30BBIX MCKAKEHUH TMOCJe 3aBeplIeHus TudpakIHMOHHBIX TporeccoB. Kpuas 1 Ha puc. 9
JeMOHCTpUpyeT, uto mpu O, =0 Bbe3BaHHAas Iudpakmued pacasMpoBKa TapMOHHK B
TPEX4YacTOTHOHM BOJHE Ha PacCTOSHUAX z, >1 MOHOTOHHO YMEHBIIACTCS, CTPEMSCH K HYIIO C
poctom z,. Bmomp ocm Bemykioro (8, #0) wm3myuarens Ha paccTOSHHSX 0.z, >>1
BenmuunHa Af, 3aBHcAIIAs OT O,, COXpaHAET CBOE 3HAUCHHE HEM3MEHHBIM, pHc. 9 u puc. 11.
Ocratomuecs B BOIHE (a30Bble HCKAKEHUS XapaKTePHU3YIOTCs BEIMINHOM:
AB(r, =0)= 0,5{arctg[®/8,(® —1)] + arctg[d/5, (@ +1)]} — arctg(1/8, ). (33)
Hamuume »skcrtpemyma B AB(SO) NPUBOJUT K TOMY, YTO OIHOMY 3HaueHHio Af
COOTBETCTBYET [IB€ pA3HBIX BEJIWUYMHBI KPHBHM3HBI, HAXOMAIINECS COOTBETCTBEHHO B
uaTepBanmax 0< 9, < V3w S, > NE) , puc. 11-6. CornacHO TPHBEIACHHBIM pe3yJbTaTaM

ypOBEeHb (Da30BBIX HMCKaKCHHH, BHOCUMBIX TU(pakuueil u chepuyeckoil pacxoauMOCTBHIO
BOJIHBI, B TayCCOBOM ITy4YKE CPAaBHUTEIHHO HEBEJIMK M HE CIOCOOEH CYIIECTBEHHO TOBJIHSTH

Ha nepeaavy UH(GpOpMaluy ¢ TOMOIIbIO MOIYJIMPOBAHHBIX BOJH [2].

0.8 - T ®=35: AP. 2pao.
d =5 AP, epad. @® =100 400-Ap, zpad.
@ = 100: 400-AP, opad. 0.8 -
0.6 l.z,=5 _ | )
1 2.z,=10 0.6~ | %e Jra) =exp(=r,)
2 3.z, = 100; 1000 | =0
0.4+ |
3 muHuI; D=5 0.4+ | -~ 1000 e,
Touku: O =100 | o s
mHuua: @ =5 .
021 fr)=exp(~r,) N | Touku: @ =100 e
F,=0 0.2~ |
V3
| | —= [ | ! —
0 0.5 15 & 0 2 = 6 8 S
a) 0)

Puc. 11. 3aBUCHMOCTH TUCTIEPCHOHHOM paccTpOiku (a30BOro MHBAPHAHTA
OT KPUBH3HBI M3JIydaTelis Ha OOJBIINX PACCTOSHUAX

HaGmromaembie Ha OCEBBIX paclpeeICHHsIX AB(rn =0, zn) Ka4ueCTBEHHBIC OTIUYHS MEKITY

pacxonpsammMuca myukamu ¢ 0<9, < V3 ou o, > V3 NPOSABIAIOTCA M Ha IONEPEYHBIX
pacnpenenenusax ®U. B kauecTBe nmpumepa Ha puc. 12 nmpuBeaeHbl 3aBUCUMOCTH AB(rn) JUTS

kpuBu3Hbl 0, =0,5 n 8, =5 Ha pa3HbIX paccTosHUAX z,. B mmockoctu z, =0 ¢a3oBbie

UCKaXCHUSI B CIIEKTPE TPEXUACTOTHOU BOJIHBI OTCYTCTBYIOT (JIMHMS 1) Ipu Tr0OBIX 3HAUEHUSAX

d,, TIOCKOJBbKY BOJIHA eIle He HCObITada BiusHUE audpakmuu. HawampHbli sTan
pacnpoctpanenust (z, =0,01; 0,1; 0,4; 0,7) conpoBoXkAaeTcsi KayeCTBEHHO OJIMHAKOBBIM

nposiBieHrueM (pa3oBbIX HCKaxeHu (KpuBble 2 U 3). OOGIIHOCTh MPOUCXOASAIINX MPOIIECCOB
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BUJIHA HA IpUMeEpe MPOUCXOASIIEH TpaHChOpMALK HAYAJIbHOTO pacipeaeIeHUs AB(rn ) =0

B BBITYKIIYIO (DYHKIIUIO.
[To Mepe mpuOIMKEHUST BOJTHBI K PACCTOSHHIO

Z. :«/@2—1/(\@@—60\/@2—1) (34)

JaIbHEHIINE HM3MEHEHUS (YHKIUH AB(rn) npu 0<9, < NEI Oy > 3 cranossres
CYIIECTBEHHO Pa3IMYaroNMMUCs. B mepBoM ciryuae npoxox KOOPAUHATHI Z, = Z,. CONPSDKEH
¢ U3MEHEeHUeM (HOpMbI KPUBOH AB(rn ), rae pyHkuus npeoOpasyeTcs U3 BBITYKJION (KpuBas 3)
B BOTHYTY10 (KpuBas 5), puc. 12-a. Ha npumepe kpuBoii 4 BUIHO, YTO NIpU z, =z, (ha3oBbIE

WUCKQKECHMSI TPEX4YAaCTOTHOM BOJIHBI PAaBHOMEPHO pACHPENECICHbl B CEYEHUM IIydKa,

AB(rn ) =const. [Ipu ® >>1 sTa KOOpAUHATA paBHA!

ze =13 -8,). (35)
CoOTBETCTBEHHO AJIsl IJIOCKOTO WU3Iy4arens z,. =1/ NG} , 4TOo ObUIO MOKa3aHo B [14].

Cornacuo (35) npu §, — 3 «BBIPAaBHUBAHUE) UCKAKEHUI B CEUEHUM ITy4Ka HACTYyIAeT Ha
yaajieHuu z,. =oo. JlanbHeillee yBelIWYEHUE pacCTOsiHUA (Z, > Z,.) COMPOBOXKIACTCS
BHauaje pOCTOM COOCTBEHHOW KPUBU3HBI (DYHKIIHMH AB(rn) B IIPHOCEBOW OOJACTH ITydYKa,
KOTOpPBI CMEHSIETCS B TMOCJENYIOLEM €€ ‘“‘paclpsMiIeHHEM” Ha YpPOBHE, OIPEICISIEMOM
cornacHo (33). Bece oTMedeHHBIE HTaIbl U3MEHEHHs AB(rn) CBOMCTBEHHBI IOJIIO IIJIOCKOIO
U3JIy4aTeld ¢ TOM JMIUb PAa3sHUIIEH, 4TO NpU Z, —> O KpUBasg 7 CTPEMUTCSH K HYJIEBOMY

ypoBHiO [14]. Ctonp cnoxHash NPOCTPAHCTBEHHAs JMHAMUKAa (Da30BBIX HMCKaKEHHM
o0ycloBJIeHa  JOMUHHUpPOBaHHMEM  AM(PPAKIMOHHBIX  MPOLECCOB  HAajA  BIUSHUEM
reOMETPUYECKON PacXOJUMOCTH.

> [.Z,=0  5.2,-1
T_A‘Iil‘i::};ﬂ By = 0.5 T AR, apac. 2 ! ,ﬂ 5
2 2,= 0.0l 3. 2
I3 3.2,=07 4.
4.2,=0,789

-0,5

Puc. 12. Ilonepeunsie pacmpeeseHust pacCTpoiku (pa30BOro MHBapHUaHTa
IPU pa3INYHON KpUBU3HE U3ITydaTess
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Ilpu o, >3 HANpOTUB, BIMSHUE TU(PPAKIUU ociadeBaeT, a OCHOBHOM BKJIaJ BHOCHT
reoMeTpudeckasl pacxomumoctb. [losTomy TpaHcopMaiys MONEpPEeYHOro paclpeaeIeHHs
pacctpoiiku U AB(rn) 10 Mepe yIaJIeHHs OT M3JIydaTess IPOUCXOIUT Oe3 N3MEHEHHS 3HaKa

ee KpHUBHU3HBI, puc. 12-6. B crnpaBeannBOCTH JaHHOTO BBIBOJAA HECIOXKHO yOETUTHCS, €CIU
HNepelTn K MNPUOTMKEHUI0O TEeOMETPUYECKONM aKyCTHKH, T[J€ PpaclpOCTPAHEHUE BOJIHBI

OITMCHIBAETCS] HA OCHOBE JIy4€BBIX Mpe/cTaBieHui. [ storo npumem /, — oo, Torna u3 (11)
ist passel cnemyer

2
0,(r,z)=kr?/2(z + R,). (36)
CornacHo (36) nns Bcex 3HaueHuit (7,z) crnpaBeanuBo paBeHCTBO AP =0, T.e. B OTCYTCTBUE

mudpakuuu (a3oBble HUCKAXKEHHUS B CPEPUUYECKH paACXOIALIEMCs IyYKe TPEXYacTOTHOM
BOJIHBI He Habmonarotcs. CienoBarenbHO, ocnabieHue Tudpakiuu ¢ pocToM Oe3pa3mMepHOit

KPUBU3HBI H3IydaTens O, OOyCIOBICHO yBenwueHueM [, mpu ycinoum R, =const. [Jlus

rayCCOBOT'O aMIUIMUTYAHOTO paCIpPEaACICHUA CUTyalus C 80 = \/§ MOKCT pacCMaTpuBaThHCA,

KaK ycjoBHe cBoeoOpa3zHoro OajaHca JByX IPOLIECCOB C TOYKM 3pEHHUS MX BIUSHUS Ha
JTUCTIEPCUOHHBIC  CBOWMCTBa  myuka, puc. 11-6. CoOOTBETCTBEHHO  HU3MEHSETCA U
MIPOCTPAHCTBEHHAsI JIMHAMHMKA PAcCTpOWKH (ha30BOI0 MHBApHWAHTA, pUC. 12. YUHUTHIBAs, 4TO

KaxaoMy 3HadeHHnto OU cooTBETCTBYET CBOM 3aKOH aMIUIUTYJIHOM P(t) u (¢azoBoi (p(t)
MOJYJSLIMA  TPEXYAaCTOTHOM  BOJHBI  [2], HECIOXKHO U3 AB(rn,zn) paccuuTaTh

MNPOCTPAHCTBCHHOC HU3MCHCHUC BHJA MOAYJIAOHUHU IIOA  BJIUSIHHUCM FeOMeTqueCKOﬁ
AUCIICPCHUH.
BBIpa)I(eHI/IC AJIsL JUCIICPCUOHHOTO MMapaMeTpa C(l)CpI/I‘IeCKI/I pacxogdauIerocsa rayccoBoro

Iy4yKa Ha 4YacTOTe (), MOJy4YacM IOACTAaHOBKON (28) B (27) ¢ mocieaylolmMM B3sTHEM
npenena npu ycinosun @ — co:

Dn(rn’Zn’SO):mélﬁoD(rn’Zn’SO):

2(l+802 )3 r? 472 (37)
- u 1+ 1 & —-11¢, 0).
[(1+6()Zn)2 +Zj:|2 (1+802n)2 (1+602n )2 +Zj (pa )

B cmyuae 8, =0 wu3 (37) ciemyer M3BECTHOE pelLICHHE IJIs AUCICPCHOHHOTO Iapamerpa

IIOCKOTO rayccoBoro uamyyareins [14]. Ocessle 3aBucumoctu D, (r, =0,z,) 11s pa3nuuHbIX
BeMM4MH O, mpuBeAeHH Ha puc. 13. Ha wmambix paccrosamsax (z, <0,5) Haubombme
a0COJIOTHBIC 3HAYEHHS MMEET AUCIEPCHOHHBINA MapaMeTp IIocKoro uamydarens. C pocTom
O, ero BenMYMHA BOJW3M HM3Iy4aTens yMEHbINAeTcs. 3a IpeaenamMu o0iacTé AnpakIuu
(z, >L5) naubonpmme 3HaueHus D, HMeeT My4YOK C KPUBHM3HOM u3mdydatens 9, =43,
kpuBas 3. HanpoTus, ans miuockoro uznydatens QyHkuus D, (z,) UMeeT 31ech HAMMEHBIINE

3HaueHus. Takum 00pa3oM, B MPUOCEBON 00JACTH OJNMDKHEW 30HBI My4YKa T€OMETpUUYECKast
pPacxoIUMOCTh OCIIA0JSET IMCIIEPCUOHHBIC CBOWCTBA, TOT/Ia Kak B JalbHEH 00jacTu oHa
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crnocoOcTByeT ux “‘coxpaHeHuio”. Hambomnee 3¢dexTnBHO 3TO mocturaercs mpu 0, =43,
Tem He MeHee, HE3aBHCHUMO OT BEIMYMHBI O, C POCTOM PACCTOSIHUS JHCIIEPCHOHHBIN
napaMeTp MOHOTOHHO YOBIBAa€T, CTPEMSCH K HYJIIO IIPH Z, —> 00.

Ha puc. 14 mokaszaHbl 3aBHCHUMOCTH AUCIICPCHUOHHOT'O IMapaMeTpa, IMPUBCACHHOI'O K

CAUHUYIHOMY DPACCTOSHHUIO, OT KPHUBU3HBI NU3JIYUATCIIA. BI/II[HO, YTO M3MCHCHHECM 80 MOKHO

YOPaBIsATh MHTEHCUBHOCTHIO JUCIEPCUOHHBIX MPOLECCOB B MpUOceBoi obnactu myuka. Ha

paccrosHuax z, < 0,5 HanOombliee 3HAUCHUE TUCICPCHOHHOTO MapameTpa AOCTHraeTcs Mpu
d,=0. Hns paccrosHuii z, >0,5 wMakcumanbHoe 3HadeHume D obOecrieunBaeTcs

YBCIIMUCHUCM KPUBU3HBI U3J1Yy4aTCIIsd, BCIIMUUMHA KOTOpOﬁ JOCTHUTIacT 60 = \/g Ha yJaJICHUH

zZ =,

n

D10 "), pao. £(r,) = expl- 1) Dz, (Lo wp)). () =exp(-r0)
' 0 pad. DO =mw
L r,=0

- 02

-04

-0.6

| | 1 [ L | l I ——
0 1 2 3 4 5 0 2 4 6 8 8y
Puc. 13. OceBble pacnipeneneHus Puc. 14. 3aBucumoctu quCepcCUHOHHOTO
JUCIIEPCUOHHOIO NTapaMeTpa Mpu pa3InyHoON napameTpa, NpUBEACHHOI0 K EAMHUYHOMY
KPUBHU3HE U3ITyyaTems PacCTOSIHUIO, OT KPUBU3HBI U3ITyUyaTess

[TogoOHO TPOCTPAaHCTBEHHOW JMHAMHUKE 3aBUCHMOCTH AB(rn) XapakTep W3MEHEHHI

MOMNepeYHOro pacupCACJICHUA AUCICPCUOHHOI0 ImapaMeTrpa € YIAAJICHHUCM OT HU3JTydaTClid

CYIIECTBEHHO 3aBHCHT OT BelMYMHBI O,. KauecTBeHHBIC pasznuuus B moseaeHuu D, (rn) c

POCTOM Zz, 3/1€Ch TAKXKE COOTBETCTBYIOT ABYM OOJIACTSAM 3HAUEHHUM KPUBU3HBI U3JIydaTes:

0<9,< 3 u d, 2+/3. B xauectBe mpumepa Ha puc. 15 npuseneHs! 3aBucumocta D, (rn)
st O, =0,5 u 8, =5 Ha pa3HBIX PACCTOSHUAX Z,, .

Hecmotpss Ha OTMe4YeHHYIO OOIIHOCTb, IPOCTPAHCTBEHHBIM H3MEHEHUSIM AB(rn) u
D, (r ) NpUCYIIM M CYLIECTBEHHbIE paszauuus. Yke B camoM Hawane (z, =0), rame

n

AB(r ): 0, nucnepcHOHHBIN MapaMeTp UMeeT KOHEUHOE 3HaYeHHE U paclpeiesieH 10 3aKOHY

n

D(r,,z, =0)=-2(1-r? )0l , (pao), (38)
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KOTOpHﬁ OIPCACIIACTCA BEJIMYMHOM la U HC 3aBUCUT OT KPHBU3HBI H3JIYHATCIIA.

JudpakimmoHHBI MEXaHU3M T€OMETPHUYECKON TUCTIEPCHH TIOAUYEPKUBACTCS TeM (pakTom, 4To

npu nepexoze B (38) kK NpUOIIKEHUIO TeOMETPHYECKOM aKyCTHKH (/, —> 00 ) IUCIepCHOHHBINA
napamMeTp H3HA4YaJIbHO PaBCH HYJIO W OCTACTCA TAaKMM Ha BCEM IIYTU PaCIIPOCTPAHCHUA
BoiHbl. [lpu 0<39, <\/§ byHKIUS Dn(rn) [0 MEpEe YBEIMYECHHUS Z, MOCTEIICHHO
TpaHchOpMHUpPYETCS M3 BOTHYTOM KpuBOM coriacHo (38) B BBINYKIyIO, NMpPUHUMAas Ha

PacCTOSHUU Z, . = 1/ (ﬁ - 80) BHJI TOPU3OHTAJIBHOM MPSIMOM, TPOXOAIIEH Ha YPOBHE

Dn(zn’SO): _3\/5(\/3_ 60)/8 , (pao).

JIOCTUTHYB Ha pacCTOSIHUM z, > z, . HauOOJbIlEH KPUBU3HBI, BBIMyKJas 3aBUCUMOCTh D, (rn)
Ha4YMHACT “pacHpsAMIATBCA. WM IPU Z, —> O CTPEMHUTCA K HYJIEBOMY YPOBHIO. B ocHOBe
HaOJII0JaeMbIX M3MEHEHUH (opMbl KpuBoid D, (rn) JIS)KUT IIOCTENCHHOE 0 MEpPE pocTa Zz,

npeKpalieHie AuQpakIMoHHbBIX MporeccoB. CpaBHUBas 3aBHUCHUMOCTH Ha puc. 15-a ¢
aHAJIOTUYHBIMU pe3yJIbTaTaMu JUIsl TUIOCKOro u3nydatens [14], MoKHO BUaeTh ociabieHue
JUHAMUKH JUCTIEPCUOHHOTO MapamMeTpa U3-3a BIUSHUS T€OMETPUUECKON pacxoaumocTH. s

3HAUYeHHH O, > V3  Bumsmne pacXoJUMOCTH CTOJIb BEJIMKO, YTO XapakTepHas Majs
Iudparupyrouiero mydka ‘“uHeepcus’ Gopmsl y GyHkuu D, (rn) HE MPOUCXOJUT, puc. 15-0.
[Tonepeunoe pacnpeneneHne ITUCIEPCHOHHOIO MapaMeTpa Ha BCEX PACCTOSHUSX ZzZ, UMEET

BU/JI BOTHYTON KPUBOM, U3MEHSETCS JIMILIb €€ KPUBU3HA.

D'{!rrm UJ(J:]'. P(?ﬂ.
4

D-(19 w0y, pao.
4 |

S
1

arp: 5
D=
S(ra)=exp(—r,’)

0 1 2 3 4 5 0 1 2 3 4 5
a) 0)
Puc. 15. [lonepeunsie pacripeeneHns TUcepcuoHHoro napamerpa it 6, =0,5 u 6, =5

ComnocraBisiss IPOCTPAHCTBEHHBIE pacnpeneneHus D, u A, HECIOXKHO NPOCICIUTH

3ara3/ibIBalollee ¢ PacCTOSHUEM MOsBICHHE ()a30BbIX UCKAXKEHUN B MOAYJIMPOBAHHON BOJIHE
OTHOCUTEJIbHO W3MEHEHHUS JMCIEPCUOHHBIX YCIOBUH [UIsl ee pacrnpocTtpaHeHus. JlaHHBII
MPOIECC HarJIsJHO MPEACTaBIECH Ha OCEBBIX pacnpeaesieHusix, puc.9 u pwuc. 13. Ha
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HayaJbHOM JTare, e JUCIEPCUOHHBIM apaMeTp AOCTaTOYHO BEJHK, IPOMCXOJUT OBICTPOE
HapacTanue A, BbI3BaHHOE HAKAIUIMBAIOIIEHCS C paccTosHUEM pacda3zupoBkoir Dypbe-

KOMIIOHEHT. JTO MPOJO0JIKAETCS 0 TeX IMOp, MoKa YObUIb JAMCIEPCHOHHOTO MapameTpa He
3aMeJINT, a 3aTeM U OCTAHOBUT 3TOT POCT.

JlanpHeliiiee MOBeJEHUE BOJIHBI TMOJHOCTBIO 3aBUCUT OT KPUBU3HBI H3ITydaTels,
oTpeeNsoNnell UHTEHCUBHOCTh JUCIEPCUOHHBIX MporeccoB. [lockonbky reomerpuueckas
PacXoAMMOCTh BBIMOJIHSIET POJib CBOCOOPA3HOTO0 OrpaHUYMTENS AUPPAKINU, C YBEIUYCHHEM

O, YCKOpsieTCsi TpPOCTPaHCTBEHHas YyOBUIb JUCIEPCHOHHOTO MapamMeTrpa B Hadyaje

pacrpocTpaHeHHsl BOJHBL. B 3aBUCHMOCTH OT BEIWYMHBI O, 3TO MOXXET OTPAHHUYUTH POCT
($a30BBIX MCKKEHHH OMNpEACICHHBIM YPOBHEM €Ille Ha HadaJlbHOM YyYacTKe IU(paKkuuu

nydka (0, >3 ), MO0 3TO MPOU3OHAET Ha 3aBEpPIIAIONIEM OTpe3Ke 00MacTu MUpaKIUU

(0<9, <3 ). B mo0om H3 3THUX clydaeB H3-3a «HE3aBEPHICHHOCTH» JIU(PPAKITHMOHHBIX

IPOIIECCOB TPOMCXOANT (PUKcamusi W TOCIEayomee CoXpaHeHHe (Ha30BBIX HCKAKEHHM.

Tomeko B mome miockoro wm3mydarens (0, =0), rme QopmupoBanue chepudecku

pacxonameﬁca BOJIHBI TOPOUCXOAUT HUCKIKOUYUTCIIBHO T1IOA BJIHWIHHUCM nmbpalcuun, Ha

paccTosHUAX z, >>1 umeer mecto AR =0.
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€ro MCCTOIIOJIOXCHUA OT q)OpMBI I/ISJ'Iy‘-IaIOH_[eﬁ MMOBCPXHOCTH. I[J'Iﬂ c1a00 MU CHILHO
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