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1. BBEAEHHUE

C BO3HUKHOBEHUEM r€OMETPUUECKOU TEOPUU TN -
dpakuu, cBOASIICH HaXOXIeHHE KOPOTKOBOJHO-
BOM aCHMMITOTHUKU pelIeHWi 3amad gudpakiiid Ha
Teax CJIOXHON (POPMBI K U3yUYEHUIO 00Jiee TPOCThIX
ATAJIOHHBIX 3a7a4, BO3HUKIIA IIOTPEOHOCTh B UX CHU-
cTeMaTU4eCcKoM ucciaenoBaHnu. OgHaKo 10 CUX ITOp
OCTalOTCSl OOIIMPHBIE MPOOEIbl B M3YyYEHUU KpyTra
3aJa4, B KOTOPHIX IpaHMUIIA MPEISITCTBUS oOJiagaeT
HEMpEePbIBHON UM KyCOYHO HEIIPEPbIBHOI KPUBU3-
HOI ¢ M30JIMPOBAaHHBIMU OCOOEHHOCTSIMU. 31I€Ch HE
IIPUMEHUMBI HU pa3aelieHue IIepeMeHHbIX, HU METO-
nel Tuma Bunepa—Xomnda, u moaydeHUe HaOeKHBIX
pe3yabTaTOB JOJKHO OIMPAaThCs Ha IOCTaTOYHO
M3O0ILIPEHHYIO aCUMIITOTUYECKYIO TeXHUKY. B HacTo-
sA1ei padoTe Mbl UCCIEAyeM OOHY U3 TaKMX 3a1ad4.

3agaun 1upakInd KOPOTKUX BOJIH HA CTPYKTY-
pax, Lae KpYMBU3HA TPaHULBI MEHSIETCS CKayKooOpas-
HO, TIPUBJIEKAIOT BHUMaHUe uccienopaTeneii ¢ 1960-x
romoB (cM., Harpumep, [1—12]). JloctaTo4yHO IIOJIHO
M3y4eH TOKa JIMIIb clydyaii HeKacaTeJIbHOro MajaeHuUs
(1 HeKacaTeIbHOTO HAOJIOAeHS ), KOLAA 3HAKU KpU-
BU3HBI 10 pa3Hble CTOPOHBI 0COOO0M TOUKU IPaHULIBI

HE NMEIOT OOJIBIIIOTO 3HAYCHMS, CM. HeJaBHHE pabo-
Tol [9—11] m nauTepaTypy B HuUX. 3amadu Ke C Kaca-
TeJIbHBIM TTaJICHUEM OITUCHIBAIOT JOBOJIbLHO pa3HOO0-
pasHbIe (pU3NIEeCKUE MPOIIeCChl, KApAMHATIHLHO 3aBH-
CSIIIME OT 3HAKOB KPUBU3HBI IO Pa3HbIE CTOPOHBI OT
TOYKHU COMPSTKEHUS TJIaJKUX y4aCTKOB rpaHUIIbl. OT-
METHUM, 9TO OOJIBIIIOe BHUMAaHME TIPUBJIeKaeT Ha ITep-
BBIN B3ISIT POICTBEHHAS, HO B MATEMAaTUIECKOM OT-
HOIIIEHWU Ka4eCTBEHHO Apyras 3agaya o Audpakiiu
BOJIHBI IIISIYYIIEH Tajleper Ha KOHTYpe, IIagKo Ie-
pPEXOIAIIEM OT BOTHYTOCTH K BBITTYKIJIOCTH (THITA KY-
Ouyeckoii mapaboJibl), BIIEPBbIE pPacCMOTPEHHasl B
[13], cBexmii 0030p 3TUX MCCIeaoBaHMii 1aH B [14].
Teopus nudpakiny Ha TIPETATCTBUSIX C HETIaI -
KO KpMBU3HOI1 ellle Aajeka OT 3aBeplueHusi. B Ha-
cTosiieil paboTe M3ydaeTcsl AByMepHasl 3agaya Jau-
(dpakIMy BEICOKOYACTOTHOM BOJHBI IIETTIYIIEH Ta-
Jiepey Ha TpaHMlie C pa3pblBOM KPUBU3HBI. [paHuiia
C mpencraBisieT cO00I0 AYry OKPYXKHOCTU paauyca
a > 0, nepexoasIyo B ToOuke comnpsixkeHust O B Kaca-
TEJILHYIO K Hell mpsmyio (cMm. puc. 1) Tak, 9o B O
KPYBHU3HA CKAYKOM MEHSIETCS C 1/ a Ha 0. Paccmortpe-
HUE BeIeTCSI B paMKax MeToaa ImapaboMmyecKoro
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Puc. 1. 'eomerpus 3agauu.

YpaBHCHUA, €CTCCTBECHHOIO IJId 3aJad C KacaTeyib-
HbIM IMagCHUEM.

Meton napaGoiauyeckoro ypaBHeHus [15, 16]
MO3BOJIMJI OTKPBHITh HOBBIE BOJHOBBIE SIBJICHMUSI.
Oxasajioch, 4TO B 3agade U pakiuy Ha IJTagKoM
BBIMIYKJIOM T€J€ MPUCYTCTBYIOT HE TOJBKO BOJIHBI,
OTBEUaloIe TeoMeTPUUECKON ONTHUKE, CIUSIHUE
KOTOPBIX OMMUCHIBaeTcsl MHTeTpaioM DpeHes, HO U
paHee He (UTYpHUPOBABIINE B TEOPETUUYECKUX MC-
clieIOBaHUSIX BOJHOBBIE IMOJIsI, OMKChIBaeMbIe CIIie-
nupuIecKMMM, He Be3de OONYCKAIOIIMMU aCHUMII-
TOTUYECKOE YIIPOIICHME CIIEIUATbHBIMU (PYHKIINSI-
MU — OHU Ha3bIBalOTCs Tenepb MHTerpajiamu Poka.
CoOOTBETCTBYIOIINE BOJHOBRIE I10JIs1, O0JIee caalkie,
YyeM TeOMeTpOaKyCTUIeCKMe U (ppeHeeBCcKoe, ObI-
JIn Ha3BaHbl (poHOM. [ToXOXMi1, HO aHATUTUYECKU
MHOM (POH BO3HMKAET M B, HEKOTOPBIM OOpa3oM
IBOMCTBeHHOM Hammei, 3agade A.B. ITornosa [3, 12] o
Iudpakiyd TUIOCKOW BOJHBI, HaOeraroiiei BIOJIb
MpsIMOi, mepexosdileid B BBHIIYKIYIO KpUBYIO (IIs1
ycaoBus Heiimana). I1pu ormucaHuy 1osst B OKpecT-
HOCTU OCO0OIi TOYKM METOIOM IapaboandyecKoro
YpaBHEHMSI 3IeCh BO3HMKAIOT CIIELIMAIbHBIC (DYHK-
UM, HATIOMUHAIOLIIME 0 CTPYKTYpe MHTerpajibl Po-
Ka [15, 16], a moyie B mIyOOKOM TEHW OMMUCHIBAETCS
BOJIHAMM COCKaJIb3bIBaHMsI. B paccmarpuBaeMoii Ha-
MU 3a1a4de, B paMKax MeToa NapadoJImyecKoro ypas-
HEHMsI BO3HUKAeT (POH C COBEPIICHHO APYToil aHaJIu-
TUYECKOM CTPYKTYPOI1, 1 IJISI €T0 UCCIIEIOBAHUS TPE-
OyeTcst COBCEM JIpYyTroii MaTeMaTUUeCKUid arrmnapar.

BricokouyacToTHBIE 331241, IlIe TPAaHMUIIA COCTOUT
U3 IPSIMOIA U IYTY BBIITYKJIOTO MJIA BOTHYTOIO KOHTY-
pa, CONPSKEHHBIX APYT C APYTOM TakK, YTO KPMBU3HA
rpaHULBl TEPOUT Pa3phIB, ObUIM IIPESAMETOM MHOIO-
YUCJIEHHBIX MCCIAEIOBAaHUM, CPpeard KOTOPBIX OTMeE-
™M [3, 6, 8, 12]. K paccmaTtpuBaeMoit Hamu 3agade
obpamanuck H.5l. Kupnuunvkosa n B.B. ®unun-
OB [6], KOTOPBIX IPEUMYIIIECTBEHHO NHTEPECOBAJIO
MOCTPOEHUE TOKA Ha FPaHULIe Ha OCHOBE CBOEOOpas3-
HOM KOMOWHAILIMM METOJAa MapabdoJIM4ecKOro ypaB-
Henusa n metoga Kupxroda. Ilone BOM3u rpaHUALIBI

JIeTaJlbHO HE M3y4alloCh, U AudparupoBaHHAsT TOY-
KOU HEenIaAKOCTU TpaHUIIbI KpaeBasi BOJIHA HE pac-
cMaTpuBanach. Mbl Xe MCCIIeayeM SICHO TIOCTaBIeH-
HYIO 3a7a4yy MaTeMaTU4eCcKoit (GU3nuKu, MpuIeM 1aemM
MOJTHOE aHAJMTUYECKOE OIMMUCAHUE BCEX BOJTHOBBIX
MnoJieid B OKPECTHOCTU TOUKU O. B yaCTHOCTH, MBI Ha-
XOOWM BBIpaXXeHUE IS pacxonsieiicsa us O KpaeBou
BOJHBI. [Ipr 3TOM MBI UICTIOJIB3YEM HEKOTOPbIE MPHU-
eMbI paboTHI [6].

2. [TIOCTAHOBKA 3AJAY A

Mpb1 uccienyeM CKajIsipHYIO AByMEpPHYIO 3aaauy,
ONMUCHIBAsI BOJIHOBOE IT1oJie ¥ Han rpaHulieii C (cMm.
puc. 1) ypaBHeHUeM I erbMrosbiia

uxx+uyy+k2u=0, (D

MIpHUYEeM BOJIHOBOE YMCJIO kK UTpaeT posib hopMaabHO-
ro 0OJIBLIOIO MapameTpa, k = 1; COOTBETCTBYIOIIUIMA
Oe3pa3MepHBI ITapaMeTp BBOOUTCS HILKe, cM. (12).
IIpennosaraercs rapMOHUYECKast 3aBUCUMOCTD MOJIs
OT BpeMeHU exp(—i®?). MBI OTAETbHO paccCMaTpuBa-
€M cJlydyaud rpaHUYHBIX ycitoBuii HelimaHa

e =0, (2

(3nech u, — NPOU3BOIHAs 10J1s1 110 HopMaiu K C), U
Hwvpuxie

. = 0. 3)

Ecnu TpakToBaTh # Kak aKyCTUYECKOe JaBJIeHUE, TO
yciaoBue (2) ONUCHIBAET XKECTKMIT KOHTAaKT, a (3) —
msarkuit [17]. Tlpu ynajieHuu oT rpaHULIbI TTOJIe CTpe-
MUTCS K HYJIIO.

bynem xapakTepu3oBaTb OJOXEHUE TOYKU (X, ),
Jexalieil Bonu3u O, pacCTOSIHUEM BIOJb HOpMaJIv
JIo KOHTYpa n = (0 ¥ JJIMHOM AYTH S, KOTOpasi OTCUM -
ThIBaeTcs OT TOYKM O (cM. puc. 1) U IIpUHUMAaETCS
orpuuarenbHo npu x < 0 M MOJOXUTEAbHOU MpPU
x>0 (tam s = x u n = y). OTMETUM, UTO TIEPEXO OT
AKYCTUYECKUMU KYPHAI Ne 2
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JIeKapTOBBIX KOOPAMHAT K (s,7) HE SIBISETCS TJai-
KHM.

MBI HaUHEeM C ITOAPOOHOTO paCCMOTPEHMUSI CIIydast
XecTKoit rpaHuibl (2). Ciydait MsArkoit rpaHuiisl (3)
GoJiee KpaTKO paccMaTpUBaeTCs B II. 6.

BnoJyib BOrHYTOI YacTU I'paHULIbI, IIPEACTABIISIIO-
1Iei co00ii Iyry OKpY>KHOCTHU paauyca a, Ha TOuky O

HaberaeT BOJIHA LIENJylueil ranepeun u' . B npurpa-
HUYHOM CJIOE

nja < (kay ", 4)

cM. [18], m1aBHBI WiEH ee ACUMIITOTUKU U UMEET
Bup [16, 18]:

u™ = exp(iks)U™,
U = exp(—it'(k/2a2)1/3 s)v((2k2/a)1/3 n— 1:'), (5)

3aech v — pyukumsa Ditpu—Doxka [15, 16], ynosie-
TBOpSIIOIasi ypaBHEHUIO Diipu

v'(t) = tv(t) (6)

n nMmerouasa aCUMIITOTUKY

532
v(r):M(Ho(#D, t— oo, (7)

2t1/4

a (—T') — oguH U3 TEePBBIX KOPHEUN ee MPOU3BOTHOMN
(OHU BElIEeCTBEHHBI, OTPULIATEABHBI U IIPOCTHI),

v'(=1') = 0. (8)

C poctoM ¢ pyHKLMS v(f) OBICTPO yOBIBAET CO BCEMU
MPOU3BOAHBIMU, cM. (7), TO3TOMY Iaaaroiias BoJHa
mreruyiieii rajgepeu (14) JokaauzoBaHa B y3KOii, O~

1/3/,2/3 .,
psoKa n < a / k™'~ , OKpeCTHOCTA BOTHYTOH 4acTU
rPaHUIIBL.

IIpeamnonaraeTcsi, YTo HOMEpP MOIbI Manamolleit
BOJIHBI HE BeJIUK, 1, CIEA0BaTEILHO, Mafaloliee rmoJje
He SIBJIsIeTCs OBICTPOOCUMLIMPYIOIINM B HallpaBJie-
HUM HOpMaJii. DTO BaXXHO IS JajbHEHIINX pac-
CMOTpEHHUII, NHAaYe B 3aJaye BO3HUK Okl elle OgUH
OOJTBIION TTapaMeTp, YTO 3aMETHO YCIIOXKHSIIO OBI ee
aHaaus.

Ilenblo HacTosIIe pabOTHI SIBSICTCS aCUMIITO-
THUYECKOE OIMCaHue BCeX BOJH, BO3HUKAIOIIUX B
paccMmaTpuBaemoii 3agade. Cpeay HUX, B YaCTHOCTH,
npeacka3biBaeMasi TeOMETPUUYECKOM Teopuen au-
dpakuuu (Hanpumep, [19]) kpaeBas BoiHa, pacxo-
ISIasicst U3 Touku O:

P A((p;k)%(l + €(o,r;k)), ©)
kr > 1. (10)

3aech ¥ U — KIaCCUYECKUE MOSIPHbIE KOOPAUHA-
TBI, CM. puc. 1,

x=rcosQ, y=rsing, 0sr, —n<s=so<m (11)
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A — mudpakuoHHBI K03 UIMEHT (muarpaMma
HAIPABJIEHHOCTH), a € — MOIPELIHOCTh, KOTOpasi He
npenrnoJjaraercss paBHoMepHoii 1o ¢. HaxoxneHue
I pakKLIMOHHBIX KO3(PGUILIMEHTOB IS pa3HbIX 3a1a4
mrdpakuuy Ha TpaHWLAX C HEeIIaAKOi KPUBU3HOMN
MpYBJIEKaJI0 BHUMaHUE MHOTMX UCCIeaoBaTesiei (Ha-
npumep [3—5, 7, 9—11]). OObYHO AUPPAKITUOHHBIIA
KO3(MPULMEHT U MIOIPELTHOCTD 6 HEOrPAHMYEHHO pac-
TYT TIPA NIPUOIIKEHU K OCOOOMY HaIIpaBJICHUIO —
npenejibHoMY Jiydy. [TonoOHbIe SIBJISHUSI pacCMaTpU-
BalOT KaK BO3HMKHOBEHME II€PEXOOHBIX 30H. TaMm
BOJIHOBBIE TTOJISI OMMCBHIBAIOTCSI MOAXOASIIMMHU CIIe-
HuaibHbIMU yHKUMSIMU. TlepelineM K ucciegoBa-
HUIO TMTOJIHOTO BOJIHOBOTO II0JISI B MajlIOil OKPECTHO-
ctu Touku O B paMKax MeToia MapadoIrMYecKOro
ypaBHeHus [ 15, 16] — morpaHcioitHOro noaxonaa, o6e-
pyliero Hadano B pabotax @oka. CHauaja MBI Gop-
MYJMpPyeM KOPPEKTHYIO 3adady paccesHus (UTO OT-
JIMYaeT Halry padory ot [6]), 3aTeM moapoOGHO Ucce-
JIyeM ee pellleHue I Cydast JKeCTKOM IpaHuIIbI (2).
HakoHel, B 11. 6 60jiee KpaTKO pacCMOTPUM CIIydait
MSITKOM rpaHuLBI (3).

3. 3BAIIAYA PACCEAAHUA
JIIA ITAPABOJIMYECKOTI'O YPABHEHNM A

Crenys kinaccudyeckomy noaxony [3, 15, 16], BBe-
JeM 6e3pa3MepHBIil OOJIBIION ITapaMeTp

M = (kaf2)”, M >1, (12)

U IIEpEeHIEM B OKPECTHOCTU TOUYKU O K paCTIHYTHIM
nepeMeHHBIM

(5=Ms/a, V:2M2n/a (13)

(HarmoMHUM, 4To s = x U n =y npu x > 0). [Nagato-

masi BosHa (5) IpuHUMAET BU
| U™ = exp(iks)U™, (14)
U™ (v,0) = exp(—iT o)v (v - T).

B nanbHelieM HamM OyAOyT TMOJIE3HBI (POPMYIIBI
IUISE TIOsIpHBbIX KoopauHat (11) crpaBa ot Touku O,
KOTODpBIE JIETKO NOJy4uTh 13 (13):

2 4 2 4
kr=kx+ky—+0[ky—3]=kx+v—+0( Y j

2.3
2x \ X 40 3 Mo (15)
Yy Y )Y \Y
=Yio|L =Y to| Y|
=5 (ﬁj 2Mc [M303j

HMcxons u3 ocHoBoTIONIaralonero IJisi MeToaa na-
paboJMYecKOoro ypaBHEHUS IIpedronoxeHus [15,
20], 9TO MOJTHOE BOJITHOBOE TT0JI€ UMEET B ITOrpaHNd -
HOM cJT0€ OOIIy10 OBICTPYIO OCHUJUISILIMIO B TPOJIOJb-
HOM HaIIpaBJICHWM, a B IOIIEPEYHOM HaIlpaBJICHUU
OCLIWJIIMPYET MeIjieHHee, OymeM MCKaTb acUMIITO-
TUKY IOJIHOTO MOJISI B BUIE, aHAJIOTUYHOM (14):

u = exp(iks)U (o, V). (16)
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Crenys pabortam [ 15, 16], Mbl HazbiBaeM U MHOXUTE-
JIeM ocyiabJIeHUsI.

MeTon mapaboJMyYecKoro ypaBHEHHSI IpeaHa-
3HAYEH JJIs1 ONTMCAHUS BOJIH ¢ hazaMu, OJIU3KUMU K
das3e nmagaronieit BoJHbLI. O01aCcTh €ro0 IPUMEHNMO -
CTH, KaK U B KJJacCU4eCcKoM ciydae [ 15, 16], orpaHu-
YMBAETCS MaJbIMM 3HAUYEHUSIMU n U § (COOTBET-
CTBEHHO, X U y), ONHAKO JOIYCKalOTCSd OOJbIlIne
3HaYeHUs1s Vv U G (OorpaHUYEeHUE Ha V HEmocpen-
CTBEHHO BbITeKaeT U3 (4)).

IMoncrasnsg (14) u (16) B ypaBHeHue [enbMronbia
(1) u rpaHnuHOE ycinoBue (2), cTaHIapTHBIM 00pa3om
(cM., HarpuMep [12]) monyyaeMm miist U nmapabosunye-
CKO€ ypaBHEHUE C HeTMaaKUM KO3 OUIIUEHTOM

iUy +U,, +VH(—O)U =0, (17)
1 OJHOPOOAHOC 'PaHNYHOC YCIIOBUE!:

(18)
0 mpu

UV|V:O =

3nece H — dyukuus Xesucaiina, H(c) =
c=<0uH@W)=1nmpuoc >0.

IMocraBuM mist U MaTeMaTUYeCKU KOPPEKTHYIO
3amady paccessHUsI, MoTpeOoBaB, YTOOBI U Tiepexoau-
JIO TIpU G — —oo B MHOXUTEIb OCIA0JIeHNS T1agato-

wieit BoHel U™, em. (14):

I|U —Ui“°|2dv — 0 npu © — —oo.
0

IIpocThiIMM CTaHAAPTHBIMU paCCyXIEHUSIMU (Ha-
npumep [13, 21]) ycraHaBIMBaeTCsl HE3aBUCUMOCTD

172
HOPMBIL J. lUI"dv ot O, OTKy#a cieayeT €eIUHCTBEH-
0

HOCTb B KJIacce pellleHUui, KBaapaTUIHO UHTETPUPY-
E€MBIX TIO V.

OueBunHO, Npu G < 0 peueHuem (17) saBasiercs
MHOXUTEIb OCJabJIeHWsT Tagalomeil BOJHBI, |

U = U™. ockonbKy U HempepbiBHO pu G = 0, TO
st 6 = (0 OHO COBNANAET C peleHueM 3agaun Ko-
1M, BO3HMKAaIoNe npu nodasieHuu K (17) u (18)
HAYaJIbHOTO YCIOBUS

U| — Uinc

=0

=v(v—1). (19)

Hanee Mbl paccMaTpuBaeM TOJIbKO obiacTb G = 0.
Pemienue 3amauu (17), (18), (19) MOXHO MOIYyYUTh,
CcBOpauuBasl HadaJibHOe ycioBre (19) ¢ COOTBETCTBY-
oueit pyHkuueit [‘puHa
_ exp(-im 4 —v)
expCin/A)( (0= o @)
40 406

(ee mocTpoeHMe NPUBEACHO, HATIpUMep, B [7]):

2no

3JIOBUHA,

KNCEJIEB

U =

(r—V) (p+V)
(exp( o j+exp( o de.

Bripaxenue (20) 6bu10 Hatineno H.S. Kuprmmunanko-
Boii u B.b. ®uiunnoBsiM [7] B paMKax 3BpUCTUYE-
CKOToO Toaxojaa, poacTBeHHoro Metony Kupxroda.

st ynoOcTBa aCMMIITOTUYECKOTO MCCIEAOBaHUS
MHOXKUTEJISI ociabaeHus (20) mpeacTaBuM ero B BUIE

U=1_+1,, (21)

— 4
exp( m/ ) I V(p
(20)

rae

_ et TEIRP
1, = 2% Iv(p ’c)exp[ 1o jdp. (22)

Xopolllo U3BECTHO, cM. [22], 4TO BKJIad B aCUMIITO-
TUKY MHTETPaJIOB OT INIAAKUX OBICTPOOCHMLIAPYIO-
mux GyHKIMN TaeTcs KPUTUUECKUMHU TouKaMu ¢a3
9KCHOHEHT (rae mpou3BomHast a3kl oOpallacTcs B
HYyJIb) ¥ KpaeM MHTepBajia MHTerpupoBaHusi. Eciu
KpUTHYECKasl TOuKa He MpUOIMXkKaeTcs K Kpalo, TO UX
MOXHO pacCcMaTpuBaTh I10 OTAEIILHOCTHU;, B IIPOTUB-
HOM CJIyyae acMMIITOTHKA WHTerpaja JaeTcs COOT-
BETCTBYIOIIEH crieliMaabHON (yHKIIMEH — y Hac OHa
OKaXXeTCsI OMHOI 13 (PyHKIIMI NapaboIM4ecKoro -
JIMHApA.

4. TIOJIE TP MAJIBIX BHAYEHUWAX
B CJIVYAE XECTKOU I'PAHHMIIBI

PaccMoTpum cHavana o06yiacTh, Iae

o<1, (23)

u 1/4(5 B (hazax 3KCMOHEHT MOXHO paccMaTpUBaTh
Kak OOJIBIION ITapaMeTp.

4.1. Obaacme, ede kpumuueckue mouku @paz He OAU3KU
K Kpaio unmepeana uHmeepuposanus

Eciu v He cauiikoM mMajio, TO KpUTUYECKHE TOY-
KU a3 p = v NOABIHTETPAIbHBIX SKCIIOHEHT B (22)
JIeXaT IaJeKo OT Kpasi MHTerpupoBaHusi. Kpuruye-
ckasg Ttouka dasel B /,, p = —v, HE BHOCUT BKJIAJA,
MOCKOJIbKY JIEXKUT BHE MHTEepBaJla UHTETPUPOBaHMUSI.
Acumnrotuka (20) naetcsi cyMmmoii BKJIagoB B /_u [,
KpaeBou Touku p = 0 ¥ BKJIaJa KPUTUIECKON TOUKHU
daspr p=vBI.

4.1.1. Bknan KpaeBoii Touku. Bxitan Touku p = 0
HaxXOJAUTCS TyTEM MHOTOKPATHOTO MHTETPUPOBaHUS
mo JactsM. IloctapaeMcsl M3JIOXKUTh 3TO BBEIYMCITEC-
HUeE, n3beras yepecuyp rpoMo3nKux Gopmy.

YeTrIpexKpaTHOE MHTETPUPOBaHME ITO YaCTSIM JTa-
eT IJTsI BKJIaJa KpaeBoOM TOYKM B aCUMIITOTUKY MHTE-
rpasia /_ BbIpaxeHue

AKYCTUUYECKMU XYPHAJI  Tom 69 Ne2 2023
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v(ip—T) N

Iend — exp(—m/4){ .
p—V

- 2
3

. 1 (d 1 i
+ (2i0) —p—v(dp—p—v) vip—1)}x

(p—V)
ol

VYuutbiBas, yto v'(-T') = 0, a Ha GECKOHEYHOCTHU V
CTPEMUTCS K HYJTIO CO BCEMU MTPOMU3BOTHBIMU, U BbI-
paxas ctapliiiye Ipou3BOAHbIE OT v Yepe3 v U v' C To-
MOIIIBIO YpaBHEHUST Diipw (6), TIprIeM K popMmyire

end_exp(z‘\/2/4($—z‘at/4)[ (=T
17 = s -2ic y —

( T) 3.7
o= 4{?‘\7}
67
$+\%j:|+0(05)

Bxknan touku p = 0 B aCUMITOTUKY UHTerpania /, oT-
JI4aeTcsl TUlllb 3aMeHoi v Ha —v. [lpu cioxeHuu

d d
I°" w I™ aneHbl, B KOTOPBIX CTEMEHb V HEYETHA,
cokpamalorca. B pesynbrare Bkiaag Touku p =0 B

ACUMIITOTUKY MHOXUTeNs1 ociadienus (20) maercs

+0(05).

p=0

(24)

+ 166" v(-1) (2 -
%

4
YIBOEHHBIM cJlaraéMbIM B (24) ¢ COMHOXUTEIEM 1/\/
1 UMeeT BU/I

Iend + ]end —

= (- T)(ZVG)“CXP(’V «//g_ln/4)(l+0(\%)j~ (25)

ITonmpaBoYHbBIE YWiIEHBI Majibl B 00J1aCTH, TAE

(26)

Bxnan kpas (25) cmmBaeTcss ¢ MHOXUTEIEM
ocyiabaeHus, OTBeYarolIM KpaeBoii BosHe (9), B 00-
JIaCTH, TJe BBIMOJHEeHBI HepaBeHcTBa (10) u

vi>o0, Te. kr(p2 > 1.

Vi< M6, te. krot <1, (27)

cMm. (15).

4.1.2. Bkiaag kputudeckoii Touku ¢aspl. I1pu yme-
PEHHBIX 3HAYEHUSIX V,

v=lI, (28)

KpUTHYECKas TouKa (aspl p = v uHTerpaia I_ Jexur
B 00J1aCTM MEMLJIEHHOTO U3MEHEHUs v(p —1T), U ee
BKJIaJ, HAaXOAUTCS CTAaHIAPTHBIM METONOM CTallvO-
HapHol ¢a3zsl [22], naroimm

17 =v(v-1)(1+0(cv) +O(’/v)).  (29)

OcrarouHble WIEHbI MaJIbl B 00JIACTH, [I€ BBIIOJIHSI -
I0TCsI HepaBeHcTBa (23), (26) u (28).
AKYCTUYECKHNU KYPHAJ
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C pocToM VvV KpUTHUY€ECKasi TOUKa MepeMelaeTcs B
0o0J1acTh OOJIBIIMX 3HAYEHU I apryMeHTa (1, COOTBET-
CTBEHHO, 9KCIOHEHIINAJbHOTO YOBIBaHUST ) DYHKIINN
v(p —T'), 4 BKJIaJ ee B MoJjie aejaeTcsl SKCIIOHEHIIM -
ajbHO MaJ. Bkiag kputudeckoit Touku B noje (16)
(c yyeTroM Toro, 4to exp(—it' ) = 1) MOXHO MHTEp-
MPETUPOBATh KaK MPOJOJXKEHUE Taatolieid BOJHbI
mernuyiieii raiepeu (14). IlpucyTcTBue 3Toi BOJHBI
OTMEYaJIoCh B [6], TIpaBaa, TOJBKO MPU OOJBIINUX O.
B obnactu, roe v He CIMIIKOM BEJIMKO, BKJIad Kpast
(25) nuMeeT MEHbBILINI MOPSITOK, YeM BKJIaI KpUTHUYE-
CKOM ToukH (29).

4.1.3. O0cyxkneHne BOJIHOBOTO mojs. B repeceue-

Huu obnacrteit I u II (cMm. puc. 2), rae BHIMOJHEHbI
HepaBeHcTBa (10), (23), (26) u

o<1, (30)

BOJIHOBOE T10J1€, cortacHo (16) u (21), maercs BbIpa-
KEHUEM

u = exp(ikx)v ((2k2/a)l/3 y - 'c') +
exp(lkr)‘

Tir

IlepBoe cmaraeMoe, oTBevalolliee BKJIady CTallMO-
HapHON TOYKHW, UHTEPIPETUPYETCS KaK IMPOIOJIKe-
HUe Tajalolieil BOJIHBI LIEMUYIei Tajepeu, a BTOpoe,
oTBevarolliee BKJIaay Kpas, — Kak KpaeBas BosiHa. He-
paBeHCTBO (26) 03HAYaeT, YTO Pa3HOCTH (pa3 KpaeBoit
Y TJIOCKOM BOJTH BelMKa, cM. (15). JudpakiimoHHbIA
Ko duLreHT A UMeeT BUl

52 v(—'c')exp(—irc/ 4)
A(p,k) = 2\/; i p .

(31)
+ A(Q; k)

(32)

OH JIMHEEH 10 CKa4YKy KPUBU3HEI 1/ a, Kak 3TO OBLIO
U B psifie ApYyTUX 3a1a4 CO CKaYKOM KPUBU3HHI [3—5,
9, 11]. OtmetumM, uto B 3agaue A.B. ITomosa [3, 12]
(koTopasi IBOMCTBEHHa Hallleil) MudpakMOHHBIN

KO3 GUIHUEHT TakKXKe IPOIIOPLUMOHAIEH (p_4
o<1

OOparumMmcs Ternepsb K Toid yactu obisactu I, roe @
HeJb3s CUMTaTh MajbIMU (BOJIM3UM OCH )y HEpaBeH-
c1BO (30) He BBHIITOJIHEHO). ACUMIITOTAKA BOJTHOBOIO
MOJIsi IPUHUMAET BU CYMMBbI TPOJOJIKEHUS TTaiato-
et BOJHBI, ONMCHIBAEMOM TIEPBBIM CJlaraeMbIM, U
¢oHa, ONMUCHIBAEMOTO BTOPBIM CJIaraeMbIM:

U=y ((2lcz/a)l/3 y- T') exp(ikx) +

k. ky” [2x —im/4
+2ﬁv(1:) 4exp(1x+l\/)li_x/x nt/)

Bropoii uieH MbI, ciemyst TepMuHojornu doka, Ha-
3pIBaeM (DOHOM, TTOCKOJIbKY OH, BO-TIEPBBIX, HE MH-
TepNpeTUupyeTcsl B paMKax reoMeTpuiyeCcKoil aKyCTH-
KM KaK KpaeBasi BOJIHa, TaK Kak paBeHcTBa (15) cripa-
BEIUIVBBI JIMILb I MaJibiX (. Bo-BTOpbIX, B TOI

pu
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3JIOBUHA,

KNCEJIEB

o<1

(0

x ~ J@*fk) X

\/

Puc. 2. Cxematudeckoe nzobpaxkeHue obyiacTeii ¢ pa3InIHbIMUA CTPYKTYpaMU BOJTHOBOTO MOJIs.

1/3/,2/3
yacTtu obsnactu I, tne y < a / /k / , OH cjabee IIpo-
JOJDKeHUS TTagatoneil BonHbl. Kak v KpaeBast BoJiHa,
dhoH umeet TaMm nopsinok O(1/ka).

4.2. Obaacmo, ede Kkpumuueckue mouku (pas 6Au3Ku
K Kparo unmepeana unmezpuposanus

Temreps paccmorpuM obacts 111 (Ha puc. 2 Beize-

JIEHA CEpOoii 3aJIMBKOI), TIe Majo’ He TOJIBKO G (23),
HOUV,

v<l, (33)

W KPUTUYECKWE TOYKU (a3 BKCIIOHEHT OJMU3KU K
Kpalo WHTepBaja WHTErpUpOBaHUS. ACUMIITOTHKA
uHTterpana (20) omnpenensieTcss IMO3TOMY MaJjloi
OKPECTHOCTHIO TOUKM p = (), Toe nMeeM

vip—1') =
= V(1) — TW(=T) p*[2 + v(=T) P’ [6 + O(p*).

3mech yUTEHO paBeHCTBO (8), a craplire Ipou3BOI-
HbIE BbIpaXkeHbI Yepe3 (GyHKIIUIO v C TIOMOIIIBIO YpaB-
HeHud Diipu (6). [TogcraBuM 310 pasnoxkeHue B (22)

(34)

U IIPOUHTETPUPYEM HOWIEHHO . WnTerpan ot KBaa-
PaTMYIHOTO MO p WieHa paccMaTpuBaeMOM 06IacTu
OKaXXeTCsI MCHBIIIE, YeM OT HYJIEBOTO, HO UMEET TY Ke
cTpykTypy. MHTETpan XXe OT KyOM4eCKOTo YjieHa eIle
MEHBIIIE, OJHAKO BBIPAXKaeTcsl 4epe3 HETUITHMYHYIO
JUIST Teopyu AU pakuuy CreluaaibHy0 (YHKIAIO U
ONMUCHIBAET IPYroii BOJJTHOBOM IIpoliecc.

PaCCMOTpI/IM CHavaJia MHTETpaJibl OT II€PBbIX IBYX

YJIEHOB, CHEJIaB B MHTErpajiax, oTBeyanmux [, , 3a-
MEHY IepeMeHHBIX p > —p. [Toab3ysich BeIpaXkeHU-
SIMU JIJISI UHTETPAJIOB OT rayCCOBCKUX (PyHKIIU

! Crenennbie PacXoIUMOCTU 3TUX MHTErpajoB YCTPAHSIIOTCS
CMELIEHUEM KOHTYPOB WHTEIPMPOBAHUS B KOMIUIEKCHYIO
TUIOCKOCTb: KBEPXY MPU p —> 400 U KHU3Y TIPU p —> —oo.

T o 1x3...x2n—1
[ P exp(-wp?)dp = m(" )\[
0

n=012,...,
(23], 861.7) wu

J'_sz"+l exp(—up’)dp = 0,

exp (—im/4) "

2ro

c[loaleE el 2 -

exp(—m/4)J- ( (p—-V) jd _1

exp(—m/ 4) y
pNL

= 2
X .([pz (exp(i—(p ;GV) J+exp( (p 4GV) de =

= SXPUTYR) (—m/4) I P exp( (p4 V) Jdp =2iG+V’.
. (6}

(Hampumep, paBeHCTBaMU

B 2NTo

Takum obpa3om, BKJIad NEepBBIX IBYX WieHOB (34) B
acUMNTOTUKY MHTerpaia (20) umeeT BU,
U = v(-t)(1+0(0) + 0(v*)). (35)
ITockoneky v(v—1) = v(-T') B paccMaTpuBaeMoil
obmactu (cM. (33)), To BeIpaxkeHue (35) COOTBETCTBY-
€T MHOXUTEJIO OcJIabJIeHus i1 TTPOAOJIKEHUS T1a-
Jaronieit BonHEI (14).
OOpaTtuMcsl K MHTETpUPOBAHUIO TPEThEro cia-
raemoro B (34). PaccmMoTpum cHauaja MHTeTpal,
otBevatomuit /. ChemaB 3aMeHy TIIepeMEHHBIX

p =26l exp (—im/4), nepenmiuem ero B Bue

AKYCTUUYECKMU XYPHAJI  Tom 69 Ne2 2023
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NG
203/2 RV
= €X l——l— X
Jz P 4

X TCS exp[—c—2+ C\/%Gexp(ig)jdc =
= —F(4) \/1_1 exp[ - g) D, (—ﬁexp (—if))a

rae I" — ramma-¢dynkuus, I'(4) = 6. 3mech MBI Boc-
MOJIb30BAIMCH UHTETPAILHBIM TIPEACTABIEHUEM LTSI
GyHKIIMU MapadoIMuyecKoro MWINHApPA (CM., HaTIpu-

Mep, [24]):
- ijp_“ “dp,

2/ 4\
exp (—Z / 4) p
=— I exp| —*—
r(—M) 0
n<0.
BeipaxxeHue s uHTErpaia, CoOoTBeTCTByloLero /.,
OTJIMYAETCS JIMIIb 3aMEHOI V Ha —V.
Taxum obpa3oM, BKJIaa KyOMYECKUX IO p YJIEHOB
B aCUMIITOTUKY U MMeeT BUI

T 2
——2‘:(/_1 )03/2 exp (iv— - i’—rj X

T 8¢ 4

[ulgelg) ol

U XapaKTepU3yeT MPOoIece CAUSHUS TrudparnpoBaH-
HO#l BOJHBI C TIPONOJKEHHEM ITamarolieil BOJIHBI
BOJIM3M MPSIMOJIMHETHOTO yJyacTKa TpaHUIIb.

C momomsio popmyi (35) u (36), yauteiBas (16),
MIPUXOINM K CIIETYIONIeil aCUMITOTIIECKOI (hopmy-
Jie mis monst u B ooiactu 111 (em. puc. 2), xapakTepu-
3yeMoii HepaBeHcTBamu (23) u (33):

u = exp(ikx)v(-t') + \/TC (_T)
T a

exp(—in/4j ((p— )j _
D exp dp =
40

u® =
(36)

X exp(ikx+i%2—i§j>< (37)
X [D_4 (x/ﬁz exp (—i i[)) + D, (—«Ez exp (—i g)ﬂ .
BenuunHa
o= (38)

(cM. (15)) TMTIMYHA [T OMMCAHUS TIEPEXOTHBIX 30H —
OKPECTHOCTEI IpeAeSIbHBIX Tydel — Te IPONCXOIUT
CIUSTHUE BOJIH passInuHoO# nipupoabl. B paccmarpu-
BaeMOM 3amayve TpeneIbHBIN JTyd COBITaIaeT ¢ TUTOC-
KoM 4YacTbhio rpaHuuibl. Ha npenensHoM Jsiyue z = 0.
B toii yactu obnactu 111, rue BBINIOJIHEHO HEpaBeH-
ctBO (30), BTopoe ciaraeMoe B (37) onmuchIBaeT CAus-
HHUE KpaeBOM 1 TJIOCKOM BOJIH BOJIM3M TIPEIeTbHOTO

AKYCTUYECKHNU KYPHAJ
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nyda. Tam xxe, roe (30) He BEINOJIHEHO, 3TOT WIEH He
MOIAETCSl TEOMETPOaKyCTUUECKOI MHTepIpeTaluu,
M €T0 CJIeAyeT pacCMaTpUBaTh KaK MaJylo ITOIPaBKYy K
IEPBOMY CJIaTaeMOMY — NPOIOJIKEHUIO Majarolieit
BOJIHBI. B I1punoxkenuu nmpoBepsieTcs, 4To GOPMYJIBI
(31) u (37) ciunBarTCSI MeXay co00ii B IepeceueHUN
objacTeil MX IMPUMEHUMOCTU, T.€. B IepeceueHUU
o6uacreit 11 u I11.

5. IIOJIE TP YMEPEHHDBIX 1 BOJIBIITMX
SBHAYEHHAX 6 B CJIVUAE
XKECTKOHM I'PAHNLIbI

PaccMotpumM Terniepn o6nactu IV u V (cM. puc. 2),
I1e HepaBeHCTBO (23) He BBIIIOJHEHO, T.€.
c=1, 39)

U1 COOTBETCTBEHHO 1/ 40 He SgBJsIETCS OOIBIINM ITapa-
MeTpoM B UHTerpanax /, (22). Coenaem 3aMeHy Te-

PEMEHHBIX p = «/GC, Torna B (pa3ax 3KCIIOHEHT IOSIB-
JISIETCS MHOKUTEb V/G:

x/;exp —m/ 4
- 2mo

Y IV(WC—I‘)exp(iI—G(Ci\/;)Z)d

PaCCMOTpI/IM CHayaJla TakKu¢€ 3Ha4Y€Hud V, 4YTO
OTOT ITIapaMeETpP BCJIIUK:

I, =
(40)

v>o0, te ¢ (ka) ', (41)
n uHTerpansl (40) momycKaloT acUMITOTUYECKMIA

aHanu3. Kputnueckue Touku ux a3 p = +Jv naje-
KU OT Kpasi UHTepBaJla UHTErPUPOBAHUSI.

Bxuianpl KpaeB MHTEPBAJIOB MHTErpUPOBAHUS B
uHTterpaisl (40) HaxooATCs Tak e, Kak B 11. 4.1. Mx
CyMMa CHOBa AaeTcs BeIpaxkeHueM (25), ¢ TOo JIUIb

o o 2
pasHULECH, YTO ITOIIPaBOYHLIN YJICH O(G/V ) 3aMe-

HAeTCd Ha O(G/V). OHO cIIMBaeTcs ¢ MHOXUTEIEM
ocltabJieHUs 11T KpaeBoil BOMHBI (9) B 06JacTu, rae
BBIITOJTHEHO (27).

Kpurideckast Touka { = —/v hasbl J1eXuT BHE
VHTEpBajla UHTETPUPOBAHUS AATIEKO OT Kpasl, a KpU-

THYecKas Touka dasel { = JV nexur B o61acTH, roe

v(\NC — ’C') SKCITOHEHIIMAJIbHO Majio, U MOTOMY MX

BKJIanbl B [, sKcrioHeHUuaibHO Manbl. H.A. Kup-
nmuuHuKoBa U B.B. ®ununmos B [6] oTMeuanu pon-

CTBO 3TOT0 MAaJIOTO YJieHa B aCUMIITOTUKE /_ ¢ Mpo-
JIOJKEHVEM BOJIHBI IIeYYIIeii rajaepen.

Takum o6pazom, comtacHo (21) u (16), B obmactu IV,
xapakTepusyemoii HepaBeHcTBaMu (39) u (41), Boj-
HOBOE IIOJIE i/ B INIAaBHOM ITOPSIIKE CBOOUTCS K Kpae-
BOI BOJTHE ¢ TUPPaKITMOHHBIM Ko3ddummeHToM (32).
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Tenepb oOpaTUMCst K OKPECTHOCTHU TIJIOCKOM YacTu
rpaHullbl V, rae HepaBeHCTBO (41) He BBIOIHSIETCS.
Tam unTerpassl (40), a BMecTe ¢ HUMU U MHOXUTEb
ocinabaenwus (20), He TOITyCKalOT aCUMIITOTUIECKOTO
yrpolieHusi. CooTBEeTCTBYIOIasi BOJIHA YOBIBaeT C
pPOCTOM X:

COIlSt const

Jo ka/2 1/6\/7.

C pocToM y yOBIBaHUE YCKOPSIETCS 3a CUET OCIIVILIS -
it 5KCroHeHT B (40).

(42)

|U exp(ikx)| <

6. CIVYAN MATKOW T'PAHULLEKI (3)

HccnenpoBanue moist mist MSATKoil rpaHunbl (3)
BITOJIHE aHAJIOTUYHO PACCMOTPEHUSIM MII. 4 11 5, 1 MBI
M3JIOXKUM eTo 0oJjiee KpaTKo.

INamarormas BoiHA MISTTIYIIEH TajJeper UMEeT Te-
repb Bun [ 18, 16]
inc

u = exp(iks —iotv(v — 1),

rae —T > 0 — omuH U3 IepPBbIX KOpHEe (PyHKIMU Dii-
pu, v(—t) = 0. BykBajibHOE TOBTOpPEHHE pacCyxlie-
HWU MyHKTa 3 MIpUBOIMT K 3agade Koimm s ypaBHe-
Hus (17) ipu ¢ > 0 ¢ ycIoBUSIMU

U|V:O = O’ U|6:0

C nomompio pyukumu I'puHa 3amaun Jdupnxire

_exp(=in/4) (p—V) (p+V)
G= Wro (eXp( 40 j eXp( 40 D

(cMm., HampuMep, [7]) oJIsE COOTBETCTBYIOIIETO MHO-
SKUTEJISI OCIabIeHUS TTOJTyJaeTcs:

=v(v—1).

U= exp(— 11't/4)'[(

(43)

X [exp[ (p;G) j exp( (p4GV) de =1 -1,.

3pecy 1, ornuyatorea ot [, B (22) 3aMeHOM T Ha T.
Bxiagel KpUTUYECKMX TOYEK B ACUMIITOTHKY WHTE-
rpana (43) HaxomsITCs COBEPIIEHHO aHAJIOTMYHO, a
BBIYUCJICHUE BKJIaJa OT KPaeBOl TOYKU HECKOJbKO
MoIuMUIMpyeTCs.

6. 1. Ilone npu manvix 3Ha4eHUsX G

Uccnenyem BuIpakenue (43) B obiacTu, rue BBI-
nojiHeHO (23) 1 B (pa3ax 3KCIIOHEHT CTOUT OOJIBIION

napamMeTp 1/ c.

6.1.1. Ob6aacTb, rae KpuTHYECKHEe TOYKH (a3 gae-
KH OT Kpasi HHTE€PBAJIa MHTEerpupoBanusa. PaccMorpum
BKiaa kpas B I_. Tenepb mist mojaydeHUsT TJIABHOTO
YyjieHa UHTETPUPOBATh MO YACTAM MPUXOIUTCS IISITh
pas. B pesynbTate 31eMEHTapHOTO, HO JJTMHHOTO BbI-
YUCJCHUSI, WCIOJb3YIOIIET0 BbIpaXXeHUE CTapIINX

KNCEJIEB

IIPOM3BOMHBIX V YEPE3 vV U V' M YIUTHIBAIOIIETO, YTO
v(—T) = 0, mpuxoauM K aHasiory opmyJibl (24):

ea CSXP(iV7/40 —im/4 "(—
s _ SXP(0 2/J_ /){—402%+

+ 2i6 L C )—864 (—‘E)(——%)—
v vy

— 64ic°V' —T)(L ——+ 69) + 0(66)}.
vV

d
Boipaxenue mis Bkiana I Touku p = 0 B MHTerpai

I, ommuaerca 3ameHoif V Ha —v. B mpaBbIX yacTax
Iend

(44)

u li”d cllaraemble, coliepxKalllie YeTHbIe CTETeH!
V, OIMHAKOBbI, ¥ TO3TOMY IPH MOACTAaHOBKE B (hOp-
myiy (43) cokpamarorcsa. CremnoBaTelbHO, BKJIAl
Touku p = 0 B U monyyaeTrcsl B pe3yibTare yIBOSHUS
€IMHCTBEHHOTO BbIMKMCaHHOTO B (44) ciaraemMoro c
HEYETHOI CTeTIeHbIO V 1 UMEET BUJL

end
- +

- v (276)5 exp (ivz\//jc_(;+ in/4)(1 N 0(%D

Y

ITonmpaBouHbIe YWieHBI Majbl B 00JIACTHU, IlI€ BBIMOJ-
HEHO HepaBeHCTBO (26).

Iend _

Kputnueckas Touka p = —v assl uHrterpana I,
JIEXUT BHE MHTEpBaJIa MHTETPUPOBAHUS U BKJIaaa He
nmaer. Ilpy He cIMImKOM OOJBIIMX 3HAYEHUSX V

BKJIaJl KDUTUUYECKOI TOUKU p = V (pa3bl uHTErpana I_
paBeH

I =v(v - 1:)(1+0 oV) ( /v))

ITormpaBouHEbIe YJIEHBI MaJibl B O0JIACTH, XapaKTepHu-
3yeMoit HepaBeHcTBamu (23), (26) u (28). I1pu 6Gonb-
IIMX 3HAYCHUSIX V KPUTHUYECKAsI TOUKA JAeT KCIIO-
HEHIIMaJIbHO MaJIbINA BKJIad B 1one. Kak n B . 4.1.2,
MbI MOJYYMJIM ONMCAaHWE NMPOHUKHOBEHMS IMajgalo-
1Iei BOJIHBI B 00J1acTh I.

BonHoBoe noste B nepeceuenuu oonacrteii 1 u 11,
[Ie BBITTOJHEeHBI HepaBeHcTBa (10), (23), (26) u (30),
CHOBa OKa3bIBaeTCsI CyMMOIl HIudparupoBaHHOMN
KpaeBoii BOJIHBI 1 MPOAOJIKEHUS Madalolleil BOJHBI:

. 1/3 ik
u = exp(ikx)v ((2k2/a) y— r) + A(g; k)%.(%)

JndpakimmoHHbIN KO3POUINESHT UMEET TeTIeph BUL
4/3 it/ 4
A(Q; k) = —2v' (=) \F (l) %’Sn/)‘
nt\ka

B ornnuue or 3amaum ¢ XeCTKOM TrpaHuleil (U OT
MHOTUX JApYyrux 3anad Audpakiiuy Ha CKayke Kpu-
BU3HHI [4, 5, 9—12]), B ciiyyae MSITKOI TpaHUIIbI TU-
dpakumnoHHbIT KoaddunueHT (46) MponopLUOHA-
JICH HElIeJI0M CTeTIeHU aMILJIUTY bl CKauKa KPUBU3HbBI

l/a. OTMeTUM, YTO I (PaKIMOHHBIN KO3 DUIIUEHT,

(46)
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TMOJIYIeHHBIN B [8] i 3amaunm o paccesTHUM BOJTHBI
COCKaJIb3bIBAHUSI HAa PACHPIMIISIONICHACS MSTKOM
TpaHULIE, CONEepXKall Te Xe CTeNeHu ¢ U ka (HO Apy-
ryio GyHKINIO DUpH).

B Toii yactu obnactu I, rae ¢ He Mano, aCUMITO-
THKa BOJTHOBOTO ITOJIA JA€TCSA BBIPA>KCHUEM

U= exp(ikx)v((2k2/a)l/3 y— 1:) —

¢ )\F( ) )4/3 ¥ exp(ikx + iky2/2x + in/4)
- 2v'(—),[==] = .
nt\ka y5 \/E

Kak u B 11. 4.1.3, poH, onMcbIBaeMbIii BTOPBIM cJjlara-
€MbIM, He MTHTEPIIPETUPYETCs KaK KpaeBasi BoiHa. B Toii

yactu obnactu I, rme y < a’ 3/ k", oH siBIsIeTCS MAUION
TTOTIPaBKOM K TIPOIOJIKEHUIO TIAIat0IIIeii BOTHBI.

6.1.2. O61acTh, rIe KpUTHIECKHE TOYKH (ha3 03K K
Kpalo MHTEpPBAJIa MHTErpupoBanusa. Terepb o6GpaTuM-
ca K oonactu 111, xapakTepusyemoit HepaBeHCTBaMU
(23) u (33), u KpuTHUYECKHE TOYKM (a3 CIMBAIOTCS C
KpaeBoit Toukoii. Pasmoxenue (34) 3ameHsIeTcs Ha

V(p-1) =v'(-Dp - '(-1) p’ 6 +
+v'(=1) p* 12+ 0(p’).

JeiicTBys, Kak B 1. 4.2, IpUXOOUM K CJIemyrouiei
dopmye st ToJIst:

U= v'(—‘c)(k2 / 2a)1/3 y exp(ikx) +
2/3 2
+ 4\Fv'(—r) (%j X2 exp [ikx + iz—j X (47)
i a 2

ool 0. (o))
3nech BelmunHa z omnpenencHa B (38). B mepeceue-
Huu oonacteit I1 u 111, rie omHOBpeMEeHHO BBHITOJIHE -
HBI HepaBeHcTBa (26) u (33), Beipaxkenust (47) u (45)
cimBaioTcs, cM. [Tpunoxenue.

6.2. Ilone npu ymepeHHbIX U 604bUUX 3HAUEHUSAX O

[Tycth Tenieps 6 He Majo. ToYHO Tak XKe, KaK B1I. 5,
MMOJy4rM, 4TO B objactu IV, xapakTepusyemMoiil He-
paBeHcTBaMu (30) u (41), BOJIHOBOE I10JI€ B IJTABHOM
MOPSIIKE SBJISIETCSI KPaeBoii BOJIHOIM (9) ¢ qudpakim-
OHHBIM KO3 duireHToM (46). B6au3u rpaHulbl, B
obJtactu V, BeIpaxkeHue (43) 11 MHOXUTEIS OCIa0-
JieHus He yrpouiaetcd. Kak v B cirydae XecTKoii rpa-
HULBI, IS WHTEHCUBHOCTU TOJSI CIpaBelIMBa
oleHKa (42).

7. BBIBOJIbI

B pamMkax KOppeKTHOTO MeTO/1a MapaboInYeCcKOro
ypaBHEHUsS MBI PacCMOTPEIU BOJHOBOE TIOJie B
OKpECTHOCTHU TOUKM O cripaBa oT Hee. [lomydeHHBIE
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BBIIIE PE3YIbTAThl MOXHO KAUYeCTBEHHO C(POPMYIIH-
pOBAaTh CJIEAYIOIIUM 00pa3oM.

YacTb BOJTHOBOTO MOJISI TOMYyCKAeT reOMETPOaKy-
CTUYECKYIO MHTEPIIPETAllUI0 — 3TO KpaeBasl BOJIHA,
n3nydaeMasd M3 ToYku O, ¥ NPOIOJLKEHHE BOJIHBI
LIeITYylleii rajiepey rpaBee Touku O, CIMBaIOLIAECs
BOJIM3U MPSIMOJIMHEITHOTO ydyacTKa rpaHulibl. Kpome
TOTO, BOJIM3M OCH y TIPUCYTCTBYET HE HOITYCKAIOIITHit
Takoil WHTEpIIpeTaluu caadblii (OH, WNMEIOIINI
MEHBIINI NOPSIA0K OTHOCUTEIHLHO OOJIBIIOro Iapa-
MEeTpa 3aJavyu.

IIpu x = 0 moJie coBIIagaeT ¢ Mamarolleil BOJIHO
menuyiieit ragepen. OHa mpoaosrKaeTcs ¢ (Pa30BBIM
MHOXUTEeNeM exp(ikx) B obmacth I, HaxomsIyrocs
HEMOCPENCTBEHHO IIpaBee TOYKU (O, SKCIOHEHIIM-
aJIbHO ocjabeBas IIpU yIaJIECHMH OT TpaHUIIbl. Beime-
JuBIIasics B oonactu I1 13 ¢poHa KpaeBast BoJIHA CTa-
HOBUTCS B 00jacTu IV IaBHBIM YI€HOM aCHUMIITO-
TUKM TIOJISL.

BOan3u miocKoil 4yacTu TpaHWIBI TTPOUCXOIUT
CJIUSIHUC KpaeBoﬁ BOJIHBI W IIPOAOJIKCHUSA I1agaro-
et BoaHbl. B o6nactu 111 BotHOBOE 1moJie BeIpaxka-
eTCsI 4epe3 HEOOBIYHBIC IJIsI Teopur IugpaKIIuu
¢byHk1Mu napadonnyeckoro uuauMHapa: D_, B ciydyae
JKECTKOM rpaHuubl U D_g B cilydae MATKOW I'PaHULIBI.
Ha 66np1mmx paccrostHusx oT O, B obiactu V, 1ose
CBOJIUTCS K YOBIBAIOIIEMY C POCTOM x (DOHY, HE JO-
IMyCKaIIEMY SICHOI T€OMETPOaKyCTUUECKOM MHTEP-
MpeTanuu.

Takum oO6pa3oM, Mbl AETAILHO ONMUCAINA KOPOT-
KOBOJIHOBYIO ACHUMIITOTUKY MOJSI MaJIOM3y4eHHOM
STAJIOHHOM TN(PaKIIMOHHON 3a1a4Yu B OKPECTHOCTH
0C000I TOUKY TPaHUIIBI.

BostHOBBIE OIS B APYTUX 00JIACTSIX, B YaCTHOCTH,
KPaeBYIO BOJIHY IPU HEMaJIbIX 3HAYEHUSIX (P, MOXKHO,
KaK 3TO HaMepeBaIMCh AeIaTh aBTOPHI [6], HAUTH C
roMoIbio hopMyibl IprHa.

PabGora BbINoMTHEHA MpU (PUHAHCOBOUM MOMIEPKKE
Poccuiickoro HayyHoro ¢oHna, rpadnt No 22-21-00557.

IIPH/IOKEHHE

CIIUBAHUE BBIPAXEHUM (31) U (37)

IMokaxem, 4TO IJIsl XKECTKOI IpaHUIIBI B TIepece-
yeHuu obnacteit I1 u 111, rme onHOBpeMeHHO BBIIOJ-
HeHbI HepaBeHcTBa (23), (33) u (26), acuMnToTnye-
ckue dopmynnl ms moas (31) u (37) cornacyrorces
Mexay coboit. Tam BenmumHa z Benmka, cM. (38) u
(26), u yHKLIMK TapaboIMIeCKOro IWINHAPA MOX-
HO 3aMEHUTb UX aCUMIITOTMKAMU (CM., Hampumep,
[24]) — tepBy10 IO (popmyie

D(Z)=Z“exp[—Z—2j(1+O( 1 D 1Z] = oo, (A1)
g 4 z[)) ’
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NpUMEHUMO [t 7, JieXaliuX B  CEKTOpe
—31/4 < arg Z < 3m/4, BrOpyIo — 110 hopmye

D(Z) = [Z” exp (_Zsz - Fﬁ) 7l

ool
xexp| Z-+iun ||| 1+ 0] — ||, 1Z] = oo,
(4 3 1z

npurogHou nmnga Z,
/4 < arg Z < 5m/4.
C nmomomipio (Al) u (A2) HaxoOUM aCUMIOTOTUKY

BTOporo ciaaraemoro B (37):

—\/z V1) X exp (ikx + iz—2 — iT—c] X
T a 2 4
X [D_4 (x/iz exp(—i f)) +D_ (—\/Ez exp(—i%))} =

7 v(—T')exp (ikx + ikr(p2/2 - i7'c/4)
i
T ka® Jkr

—V(_T )kzr3(p3 exp(ikx).
3a

da3za nepBOro cjiaracMoro B paccMaTpuBaeMoii 006-
Jlacty Om3Ka K (pase KpaeBoii BoiHbI, cM. (15), a ero
aMIUTUTYIHbBIA MHOXUTEb B TOUHOCTH TaKOB, YTO OHO
MepexXonuT B KpaeByIo BoOJIHY, cM. (32). Bropoe ciarae-
MO€ UMeET BUI MAJIOM TTOTTPaBKY K ITPOIODKEHUIO Ta-
Jaroleit BOJIHBI — MepBoMy ciiaraemMomy B (37).

Hrak, (37) npuHUMaeT BU

JIEKalmunux B CEKTOpE€

+

+

exp(ikr)
i
rae A okasbiBaeTcsl coBnagatoiuM ¢ (32). Takum obpa-
30M, Y4TsI, 4TO IpH ycaoBuH (33) v(v — T') = v(—T'), MBI
YCTaHOBWJIM, UTO BhIpaxkeHue (A3) ciuuBaetcs ¢ (31).
CiBaHVe BO3HHUKAIONINX B CIIydae MITKOM Tpa-

HULIBI BeIpaxkeHui (45) u (47) mpociiexXXnuBaeTcsl TOU-
HO TaK Xe.

u = exp(ikx)v(-1') + A(¢; k) (A3)

CIIMCOK JIMTEPATYPbI

1. Weston V.H. The effect of a discontinuity in curvature in
high-frequency scattering // IRE Trans. Antennas
Propag. 1962. V. 10 (6). P. 775—780.

2. Weston V.H. Effect of a discontinuity of curvature in
high-frequency scattering, Part Il // IRE Trans. Anten-
nas Propag. 1965. V. 13 (4). P. 611—613.

3. Ilonos A.B. O6paTHO€e paccessHUEe OT JIMHUU pa3pbiBa
kpuBusHbl // Tp. V Becec. cumnos. o audp. 1 pacnp.
BouiH. JI.: Hayka, 1971. C. 171-175.

4. Kaminetzky L., Keller J.B. Diffraction coefficients for
higher order edges and vertices // SIAM J. Appl. Math.
1972. V.22 (1). P. 109—134.

5. Rogoff Z.M., Kiselev A.P. Diffraction at jump of curva-

ture on an impedance boundary // Wave Motion. 2001.
V. 33. Ne 2. P. 183—208.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

AKYCTHUYECKHH XYPHAJ

3JIOBUHA, KUCEJIEB

Kupnuunuxosa H. 4., Quiunnoe B.b. IloBeneHue mno-
BEPXHOCTHBIX BOJIH MpPHU MEPexXoe yepe3 JUHUIO CO-
MPSKEHUST Ha TpaHUIE YIIPYToro OMHOPOTHOTO M30-
TpornHoro Teja // 3arm. HayyH. ceM. [IOMMU. 1995.
T. 230. C. 86—102.

Kupnuunuxosa H.A., Puaunnoe B.b. [ludpakiius Bos-
HBI LIEMYyLIEH Tajieper BOJU3U JIMHUU pa3pbiBa KpU-
BU3HbI // 3amn. HayuyH. cem. [IOMM. 1997. T. 239.
C. 95-109.

Quaunnos B.b., Kupnuunuxoea H.A. KpaeBasi BojHa B
3amaye TMdpakIMy Ha TpaHuLIEe C Pa3pbIBOM KPUBU3HBI //
3amn. HayyH. ceM. [IOMM. 1998. T. 250. C. 274—287.

Zlobina E.A., Kiselev A.P. Boundary-layer approach to
high-frequency diffraction by a jump of curvature //
Wave Motion. 2020. V. 96. 102571.

3nobuna E.A. KopoTKoBoIHOBAas AU paKiivs Ha KOH-
Type ¢ HemIagKo¥ KpUBU3HOI. [TorpaHcIoOiHEIM o -
xon // 3amn. Hay4dH. ceM. [IOMM. 2020. T. 493. C. 169—
185.

3nobuna E.A., Kucenes A.11. TlepexonHasi 30Ha B BBICO-
KOYAaCTOTHOM 3amadye Audpaklvy Ha UMIETaHCHOMN
rpaHulile co CKaukoM KpuBHU3HBI. MeTton Kupxroda u
METOJI MOrpaHUYHOTO cjiosl // PannorexHuka u anek-
TpoHuka. 2022. T. 67. C. 130—139.

Zlobina E.A., Kiselev A.P. A.V. Popov’s diffraction problem
revisited // arXiv preprint arXiv:2206.05444. — 2022.

Ilonoe M. M. K 3agaye o BoJIHaX IIEMYYIIEN rajiepeu B
OKPECTHOCTH ITPOCTOTO HYJIS 3(PHEeKTUBHON KPUBU3-
HBI TpaHUIIH // 3am. HaydH. ceM. JIOMMU. 1976. T. 62.
C. 197-206.

Smyshlyaev V.P., Kamotski I.V. Searchlight asymptotics
for high-frequency scattering by boundary inflection //
Anreopa n ananu3. 2021. T. 33. Ne 2. C. 275-297.

Dok B.A. [Ipob6nembl nudpakiiMy U pacipoCTpaHEeHUS
BoiH. M.: Hayka, 1975. 517 c.

babuu B.M., Kupnuunurxosa H.4. MeTon morpaHUIHO-
ro cjog B 3amadax audpakuun. JI.: Uzn. JIT'Y, 1974.
124 c.

Illenoepos E.JI. BonHOBbBIE 3a0a4y TUAPOAKYCTUKU. JI.:
Cynoctpoenue, 1972. 352 c.

babuu B.M., Byrodsipes B.C. ACUMIITOTUYECKHUE METO-
IbI B 3a1a4ax AU pakinyu KOpOTKUX BOJIH. MeToz aTa-
JIOHHBIX 3amad. M.: Hayka, 1972. 456 c.

boposuxos B.A., Kunbep b.E. 'eomeTpudecKasi TEOpUS
mudpakiuu. M.: Cesasb, 1978. 247 c.

Ilonoe A.B. MeTton nonepeuHoit nuddy3un B 3agade O
nudpakiMy 3ByKa Ha JieHTe // AKycT. XypH. 1973.
T. 19. Brim. 4. C. 594—600.

Jlanoay J1.J1., Jdupwuy E.M. KBaHTOBast MexaHMUKa.
M.: ®usmarrus, 1963. 702 c.

Bpoeiiu A. AcumnToTnyeckue pasioxeHus. M.: Pusz-
matimt, 1962. 130 c.

Jeatim I'5. Tabaulbl UHTETPAJIOB U APYrde MaTeMa-
tueckue hopmMysbel. M.: Hayka, 1966. 228 c.

beiimmen I, Bpoeiiu A. Boicuine TpaHCLIEHAEHTHbBIC
¢dynkuun. T. 2. M.: Hayka, 1973. 296 c.

TOM 69 Ne 2 2023



