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Abstract
B pa6oTe npegiraraerca MeTOA JJIA HAXOXKJCHUA KOPOTKOBOJIHOBOM ACAMITOTHKH BOJIHOBOI'O IIOJIA, BO3-
Oy 2K JeHHOI'0 TOYEeIHBIM MUCTOYHUKOM, PACIIOJIOXKEHHBIM BOIM3HM BOHYTOHM HOBepxHOCTH. Meron uzinaraercs
Ha npuMepe TpexMepHou 3agadu Heumana s ypaBHenus Ienpmoabna. /s yKa3zsaHHOU 3a4a9U IOy 9€HBI
B ABHOHU (pOpMe INIABHBIE 4IEHBI ACHMITOTHKH. PaccMaTpuBaroTCa Ciaydau OQMHAKOBBIX U PA3HBIX IVIABHBIX
KPUBU3H, & TaKXKe BBIDOXK JCHHBIH CIyIal, KOr[a KPUBU3HA 00DAIIACTCA B HOIb.

Kamouesnvie caosa: KOPOTKOBOJIHOBAsA aCUMIITOTUKA, BOJTHOBOE II0OJIE, TOYEYIHBIA MCTOIHUK
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1. BBegenue

Bonbmoe xkomm4ecTBO NpakTUYeCKW BAaXKHBIX 33,1349 IPUBOLAT K HEOOXOIMMOCTHU ONPEIETICHUS BOJHOBOI'O
HOJISL, CO34aBAEMOI0 PABINIHOIO PO, JOKAILHBIMY MCTOYHUKAMA. Taxue 3aJa<u BO3ZHUKAIOT B aKyCTUKE,
DIEKTPOMArHeTU3MeE, CercMopasBefke u T.4. Kak mpapmio, B Takux 3aJadaX MUMEET MECTO BOJHOBOTHOE
PACIPOCTPAHEHNE, KOTOPOE OOyCJIOBIEHO HAJUMYMEM BOTHYTBHIX IIOBEPXHOCTEH WMJIA I'PATUEHTA CKOPOCTEM.
Ecnn ¢pusmaeckue pazMepel HCTOYHMKA MAJBL IO CPABHEHMIO C IPEOOJaNaomel [INHOU BOJIHBI, TO TAKHUE
UCTOYHUKM B IIEPBOM NPUOIMAKEHUN MOXKHO CIMTATH TOYEIHBIMEA. BOIPOCY MOLy9eHUs KOPOTKOBOJIHOBOI
ACHMIOTOTHKM 1 TAKOIO KJIACCA 3a4ad IOCBAIMIEHO P paboT [1, 2], HO B HUX PACCMATPUBAETCA TOIBKO
IBYMEDHBIN CIIyYall.

B macrosimen pabore n3y4aeTcs TPEXMEPHBIN CIydall, KOrQa TOYeYHBIN UCTOYHUK, PACIOIOKEH HA U Ie-
AJIBHO OTPAXKAOMIEN MPAHULE OO6IACTH, B KOTOPOU UMEET MECTO PACIPOCTPAHEHUE BOIH. JTO PACCMOTDPEHUE
MO2KHO CIATATHb MOIEJIbHBIM I IIUPOKOIO KJAACCA 3a,1aM.

Wrak paccMoTpuM cTanmoHApHYIO 3a1a4y Henmana 411 BOJTHOBOIO YpaBHEHUS C MCTOYHUKOM HA Ipa-
HUIIE.

(A+EHu=0, Peq )
guv = §(P,Py), P,PReT,

rae () 061acTb, OrpaHUIEHHAA BOPHYTOU mOBepxHOCThI0 [ (mpeamonaraem, aro ' ABiageTCA JOCTATOIHO
[VIAJKOU MTOBEPXHOCTHIO), () — nenbra-gyukuusa [lupaka.

Byxem uckaTh KOPOTKOBOMHOBYIO acUMITOTUKY (npu k — o0) dyuxuuu ['puna u. EcrecrBenno mpen-
HOJMOXKWUTh, 9TO B HEMOCPENCTBEHHON OKPECTHOCTU TOYKU UCTOYHUKA Py B IVIABHOM MPUOIMKEHUYN (PYHKIUN
I'puna u coBmagaeT ¢ pereHneM 3a1ady I CIydas, KOraa IPaHuna [ ABAsSETCA IIOCKOCTBIO. DTO PEelIeHue
U3BECTHO:

1 .
U=z exp(ikR), (2)

rae R paccTosHme OT TOYKU MCTOYHUKA, IO TOUKU HAOIIO JEHU.

Hamra 3agada: HAUTH aCHMOTOTUKY DELIEHNs ¢ BHE OKPECTHOCTU UCTOYHUKA, ePeXoiiee B pereHue ()
npu OPUOIMKEHUN K UCTOYHUKY. [OCTATOYHO HAUTK 5TO PEIIeHNe B OKPECTHOCTU MPAHULLI. BHE rpanuns
peleHne MOXeT ObITh HAUAEHO ¢ HOMOILIBIO KBALPATY].

IIycre k1 ©u Ko riaBuble KpuBu3HbL noBepxHocTu ' B Touke Py (k) - MUHUMAJIbHAS KPUBU3HA U Ko —
MaKCUMaJIbHAA KPUBU3HA). lIpencTaBiaseTcs Tpu Caydas:

1. kK1 = K2, chepa,

2. K1 < Kg, 2ILIUICONT,

3. k1 =0, nrauHIp.

PaceMoTpuM KasKIBIA U3 3TUX CIy9a€B OTIEJIBHO.

2. Coepa

Wrak, MBI npeqmonaraeM, 9TO B OKPECTHOCTU MCTOYHUKA IVIABHBIE KPMBHM3HBEI COoBnagaioT. Hac B mepsyio
ovYepens MHTEPECYeT PEIEHne B OKPECTHOCTU MCTOYHWKA, HO HE CJAMIIKOM OJM3KO K HEMY, & MMEHHO, B
obmactu: (kp~' < sp < kp~'/3, nie s paccTOAHME OT UCTOYHMKA BAOIb TEOIE3MICCKOM, k - BOIHOBOE MHCIO,
p paauyc chepsl. Beenem moiayreonesmdeckyio cucreMmy Koopausar (s,6,n), rae n - pacCTOAHME M0 HOPMAaJIK
OT TOYKHU MPUEMHUKA [0 TPAHULB ', § - pacCTOAHUE BAOJb I'e€OAE3UMIECKOU OT UCTOIHUKA 1O OCHOBAHUSI
HNEPIEHIUKYJAD, 1) - yrOJI MOBOPOTA I'€ONE3NIECKON OT HEKOTOPOro (PUKCHPOBAHHOTO HAIIPABJICHUA.



B nepBoM mpubanKeHn MOXHO CIATATH HAIILY HOBEPKHOCTD I cdepont. O4ueBUIHBI COOTHOIIECHIS MEX Iy
[IOIYyTe0Je3NnIeCKUUMY U CHepUIeCKUMY KOODAMHATAMU:

n=p-—r;
s =0 x*p;
Y=

Samumenm onepaTop Jlammaca B chepuueckon CUcTeMe KOOp IUHAT:

A —i g 23 +L gsingg +L8_2
T lor\" ar) Tsina \98°" 90 ) T st a2 | "

B cooTBercTBUE ¢ HOpPMYyJIAMA TEPEXOIa, SAMUIIEM YDPABHEHUE B MOIYTe€0Ie3UIeCKON CUCTEMEe KOODIU-
HAT, YYUTBHIBAs [IPUA 3TOM, YTO Benudusa 6 majua. [las 5TOro pasioxuM TPUDOHOMETPUIECKHUE (DYHKIIWN,
BXOJILIME B YpaBHEHUE B psiff Teopa U COXPAHUM HEOOXOAUMBIE IIEPBHIE WIEHBI. YUYTEM TAK¥Ke, 4TO WC-
TOYHUK U IPAHUNA CPEPUIECKU CUMMETPUIHBI, T.€. OTCYTCTBYET 3aBUCUMOCTH OT yria (. Torga morydunm
clIemylolee BhIpaXKeHre I YPaBHEHUA:

0? 2 0 1 0? 1 0

= 1 oAt wass t 2, _
o p(l-Byon T (I-EpEos T (1-E)sps | U0

Au + ku =

IIpeanonoxum, 9TO, KaK U B ILIOCKOM CJIydae, BOJIHBI OT UCTOYHUKA PACIPOCTPAHAIOTCA BIOJbL Me0Ie31-
YeCKNAX HA IIOBEPXHOCTHU, T.€. B PEIIEHUN MOXKeT OBITH BBIJEJEHA [VIABHAA OCIIUAJLIAIA:

u = exp(iks)U(s,n, k). (3)

IoacraBnsis 5T0 BEIpaXKeHUE B yDABHEHUE U COXPAHsIA [VIABHBIE WIEHHL, oy duM st dyakuuu U (s, n, k)
ciaemyloliee ypaBHEHUe:

2 20 1 , .0 0%\ ik .,
W_;a_n-l_@(_k +22k%+@>+?+k +... U=0.

W3 acuMOTOTHKU pELIeHUs AHAJIOTUIHOU ABYMEDHOU 3a0a4yM BULHO, 9TO 3aBUCUMOCTb GyHKumu U or
[MEPEMEHHBIX §, 7, IPOUCXOIUT UepPe3 MOCPEACTBO TaK-HA3BIBAEMBIX ~PACTAHYTHIX KOODIUHAT 0 U V

e
- (3)

IToxcrapiss BMECTO [IEPEMEHHBIX [IEPEMEHHBIE U COOMPAs CIaraeMble IPYU OIMHAKOBBIX CTEIeHX, [TOLy-
YUM CIeayomee ypaBaenue nis riaaaon dactu Up pernenus U:

0?2 [0 1
l:W+Z<a_U+%)_V:|UO_O' (5)

el
o lw

(4)

Wi
3

Ilocre 3aMeHEL:

YPaBHEHUE IIpeobpa3yeTcsa K BULY:



K ypaBuenuto Hano nob6aBuTh €I1e IPAHUYIHOE yCJIOBHE:

o0,
ov
v=0

Pemenue 3aga4au (5,6) MOXKeT OBITH MOMYYEHO C MIOMOIIBIO CYHIEPIO3ULUAN IACTHBIX DELICHAN BUIA:

exp(i¢o)w(C +v),

rge w() - O4HO U3 PELIeHUN ypaBHEHUs DUPU.
[l aHATOrMYIHON ABYMEPHOU 3a1a49u OBLTO MMOKA3AHO, 9TO PEIIeHne 331491 UMEET CJASTYIOMUN BUI:

5 [ enticon [2€ 7 wa(Ct0)
Go = [ explico) | "0 - 220D pgyac )

rae v()- uaTerpaa dupu, we() - Bropas GyHKIUA JUpu, KOHTYD uHTErpupoBanusa C' - IpAMasa MpoXo IAmas
nox yriaoM 7/3 ot —ooexp(im/3) xo ocoexp(in/3) (kouryp C orjenser JUHUIO KOPHEN WHTerpaa JUpu
arg(¢) = 7 u qunwmio KopHen Bropou Qpyuxuuu dupu arg(() = —n/3), f() - noka HeonpeneneHHAs QYHKIUA.

O6o3nauum 4depes R paccrosrme or ucrounuka Py = (0,0) go Toukwm HabmoogeHus P = (s,n). s
cdephl, OICBUIHO, MMEEM CJICAYIOMEee BEIPAKEHUE A PACCTOAHUA R:

R® = p* + (p—n)* = 2p(p — n) cos(s/p).

Hangem pasmoxenue mus paccrosaus R B 061acTh, Il BEIUYAHBL S U 1 MAJIBL ¥ BBIIOIHACTCS YCIOBUE
$ >> n. 3anuChIBas Pa3jokKeHue B psg Temnopa oist COS U COXPAHsS IVIABHBIE WIEHBI, [TOJLYIAM:

2 4
ns s
R2:s2+n2+———2+
p 12p
YUuTeIBasA, 9TO § >> 1, IMEEM:
n? ns 53

ITepexoas oT mepeMeHHBIX S,N K IEPEMEHHBIM O, V , IIOJLYIAM:

V2+ 2 %+
— +Vvo— -0
20 3

IIpu MaubIX 0, B IVIABHOM IPUOIMXKEHUN, UMEEM:

kR = ks +

1/2

40

T.e. PEIICHUe HAIIEH 339U B HEIOCPEICTBEHHON OKPECTHOCTH UCTOYHUKA, HO HE CIUIIKOM OIM3KO OT HErO
“MeeT BUI:

kR =ks+ — +...,

L exp(iks + v +) (10)
U = —=ec 1KS —
s *P 40

BepHeMcs K BBIpaXKEHUIO [IJIA DEMIEHHA BHE OKPECTHOCTH ucTounuka mpu o << l,v = O(1). Ilpum
TAKUX 3HAYECHUAX MEPEMEHHBIX HAYAJbHBIN KOHTYD WHTECPUPOBAHUA MOXKET OBITH 3aMEHEH Ha TAKOU, Ha
KOTOPOM BBINOJHAETCA ycaosue |(| >> 1. [[aa >TOro mHTErpal HALO Pa3bUTb Ha ABa B COOTBETCTBUU C
dopmyson. HavajbHBI KOHTYD MHTEIDUPOBAHUS B ePBOM mHTerpase (cogepxkaineMm uaTerpait dupu v())
HAJO0 3aMEHHUTH Ha KOHTYD ompegeiseMmbt yciaosuamu: arg(() = —2n/3, oo > (] > Z; n/3 > arg(() >



—2m/3,|¢| = Z; arg(¢) = 7/3, 0o > |(| > Z. KorTyp nHTErpupOBaHus BO BTOPOM HHTErpaie (ConepKaem
byrkmio duipu ws()) 3amenserca Ha KOHTYp: arg(() = —27/3, co > |¢| > Z; —27/3 > arg(() > —4n/3,
|| = Z; arg(¢) = —4n/3, 00 > |¢| > Z, rge xoHCcTanTa Z >> 1.

3aMeHsisi B 3TUX UHTErpatax PYHKIUY DUPU HA UX ACUMIITOTUKMY,

(@)  ~¢TRexp(-3(3),  —w <arg(() <7
wy(€) ~ ¢ rexp(3¢3),  —jm<arg(() <
()~ V()
wy(€)  ~ vCw2(C)

IOJIy1IUM B I'NTaBHOM HpI/I6JII/I}KeHI/II/I ciaenaymonmee BeIpaXeHUe 1A UHTEerpaJa:

wlot

™

0o = /C exp(z'ca—umf(oj—%,

rje peryJaapHas BETBb KOPHA onpeneaserca yciaosuem /¢ > 0 mpu ¢ > 0, paspes NpoBegeH II0 MHUMON
ocu arg( = m/2, kouTyp uHTerpuposanus Cy ompexnensercs ycaosuamu: arg(() = —4n/3, oo > |¢| > Z;
—21/3 > arg(() > 7/3, |(] = Z; arg(¢) = 1/3, 00 > (] > Z,

KouTyp mrTerpuposanus Cy MOXKHO CTAHYTL K KOHTyPY, orubaromemy paspes. Cremaem 3amery mepe-
MEHHBIX B MHTEIPAJIE:

¢ =ic,
TOr'Ja WHTerpasa npeobpa3yercsa K BUIY:
~ - - Al
Uo=Vi [ exp(—(o—v\il)fi¢)—>,
Coo \/?

kouTyp uHTerpuposanua Cpy orubaer paspes (' > 0 ¢ aByx cTOpoH (Ha HukHeMm Gepery paspesa \/( =
=<'

CruemaeM eme OqHY 3aMEHY [MEPEMEHHBIX B MHTErPAJIE:
C/ _ 52

Wurerpan sanumercs Toraa ciaenyomumM 06pa3oMm:

G =2vi [ " exp(— €0 — Vi) F(O)de.

BoigenuM MOIHBIA KBAAPAT B MOKA3ATENE DKCIOHEHTHI, MOy IHAM:
2 e ¢] 2
= - v -V ~
Up = 2Viexp <z—) / exp (—a [f + \/;—} ) f&)de.
40 ) J_o 20

Ecau B3aTe dynkumio f(£) = ¢, TO aerko HanTu, 9T0 UHTErpal OyLeT PABEH:

— 2 2
Uy = 2cq/ﬂexp (zy—> .
o 4o

Yuuresaa (7), BUAUM, 9TO PEIIEHNE BHE MUCTOYHUKA (HO NOCTATOYHO OJM3KO K HEMY), B TVIABHOM MPUO/IA-
KEHUU 330aeTCA (POPMYJION:

2
u=2 exp <iks + ZV—> . (11)
o 4o

CpasHausas 1y dpopmyiy ¢ dopmyqaon (10) nust pemeHus B HEIOCPEJCTBEHHOU OKPECTHOCTY UCTOYHUKA,
1 . o
HaXOAUM , ITO OHU OyIyT COBIALATH, €CIA U B3ATH €] = Cok3, C HEKOTOPOU KOHCTAHTOU Cy.



3. OJLIUIICOU I

PaccMoTpuM Temeps cayday, KOTAa MVIABHBIE KPUBU3HLI KOHEYHBI U OTJIMYAIOTCA IPYT OT Apyra. Beemem,
KaK U paHee, MOIyTre0Ie3nIecKy0 CUCTeMY KOOPAUHAT ($,t),n) C UEHTPOM B MCTOYHUKE. SAMUIIEM OIEepa-
Top Jlammaca B aTux xkoopamHaTax. B okpecTHOCTH MCTOUHUKA A1 KoaddunuenTos Jlame 6yzem umeTh
caenymomue (popMyJbl:

mn
hy=1— —— hy =8,hy =1,
p(y) Y

rae p = p(y) paguyC KpUBU3HLL I'€0I€3UIECKON, BEIXO QAN MOL YIVIAM ), B TOUYKE UCTOYHUKA.
Torpga npu manex s u n oneparop Jlamiaca 3anumercs ciaegyomuM 06pa3oM:

ot (0 D) (5[] 7)+ (5 [5130) -

PaCKpBIBaH CKOOKU 1 COXpPaHAA IJIABHBIEC WICHBI, IIOJAYYIUM I YPAaBHCHUA CJACIYIOIIEE BBIPDAXKECHUEC!:

. 0* 1 0 1 02 1 0 1 62
2 |90 L 0 4+ o Lo
Au—}—ku—l * +(1—%)565+s28¢2

- Y 2
on?  p(1— %) on  (1— %)2 D52 u+ k*u = 0.

+ ...

Kak u B Hpe;[bl/:[ymeﬁ IviIaB€ BBLACTINM INVIABHYIO OCHUJLJISAIIUIO:

u = exp(iks)U(s,n,v, k).

ITo gcraBmsiss 5TO BEIPAXKEHUE B yDABHEHUE U COXPAHSS [VIABHBIE WICHBL, HomyauM At Gyukuuu U (s, n, 1, k)
cliefyIolee ypaBHEHe:

9 10 1 , .0 1/ 02\ ik,

Kak u B mpegbigymen ruase, BBegeM pacTsaHyThle kKoopawHarel 10 dopmyrae (4): Temeps xpuBusna

K = ﬁ, Oyaer BeawumHou nepemenHon. [logcraBuM B ypaBHEHME BMECTO IEPEMEHHBIX S,7 IEPEMEHHBIE

. 4
0,V U cobepeM WIEHbI IIPU OJVHAKOBBIX CTENEHsX BOJIHOBOrO umcaa k. Crapumi wied (upu k3) , Oyzer
TAKOU K€ KaK U B CIy4ae IOCTOAHHON KPUBU3HEL

02 [0 1

5 tila-to=)—v|U=0,

ov do 20
rae Up() crapmmil 4ieH B pasnokeHuu 10 06paTHBIM CTEeHAM BOIHOBOro ducia k permenus U(). Ilosromy,
KAaK ¥ PaHee, PEHICHNe ero 3a1aeTca (POPMyYJIOn:

AW [ e [PCEY) waC )
o = 292 [ exptico) | M52 - 28D pigya (12)

dyukumu A() u f() HaXOAATCA M3 YCJIOBUS CIIMBAHWS C PEIIEHUEM B HEOCPEICTBEHHOM OKPECTHOCTH UC-
TouHuka. [Ipouenypa crumBaHUsA HOOOGHA TOU, KOTOPYIO MBI IIPOBOAWIN B IVIaBe 2 UL CJAydas MOCTOSHHOU
KPUBU3HBI, I09TOMY MBI Ha HEW OCTAaHABIMBATHCA He OygeM. CkaxkeM TONBKO, 9TO B PE3YJAbTATE DTOrO
noay4gaem s Gyakuui A() u f() caegyroume BeIpaKeHus:

Q) =1,
A(y) = ck3p~

U=0.

Wi

(¥)-



4. Hnauuaap

PaccmoTpum Temeps caydan, Korga rpaHuna obmactu [ ABIgeTCAa MUWIMHIPUIECKON MOBEPXHOCTHIO. Kak
U paHee, BBEIEM TOIYyTe0Je3UIECKYI0 CUCTEMY KOOPAUHAT S,1),n. [OCKOIbKY HAC MHTEPECYeT PEIleHue B
DJIABHOM MPUOINKEHUYN B MAJIOU OKPECTHOCTU MCTOUYHUKA, MOXKHO CIMTATH [IUIAHIP KPYTOBLIM.

Ocratorcs B cuiie Bce PACCMOTPEHUS, KOTOPLIE MBI IPOBOAWIM B IPEALIAYINEN IviaBe. B oraumdwmum or
Cirydasi, PACCMOTPEHHOI'O DAHEE, B HAIIEM CJIy4ae PACTAHYTHIE KOOPIUHATHL BEIPOXK qatorcst npu 1 — 0. Ilo-
KaXK€M, 9TO IIPU DTOM PEIIEHUE HE UCIOPTUTCsA. Ecau 0603HAIUTD I€pe3 G PAAuUyC CEIeHUsA STOrO NMINHIPA,
TO corvacHo GopMyJe DUnepa, KPUBU3HA MeONe3NIeCKON, BEIXOMAIMIEN IO YIVIOM 1) U3 UCTOYHUKA, OyAeT

paBHA: 1 1
— = — Zgin?
’9(1/’) - p('l/}) a S1 1/)7

PaCTAHYTBIE KOOPIUHATHL

b

g

v =

Brigensas, kak u paHee IVIaBHYIO OCHULIALINIO:

|
< <
ol

23 2w

u = exp(iks)U(s,n, v, k)

U 3aMEHAA B YPABHEHUU IIEPEMEHHEIE S,7) HA PACTAHYTHIE 0,V , HETPYIHO MOKA3aTh, ITO, KAK U B CIydae
KOHEYHOU MOJIOXKUTEILHOU KPUBU3HLL , IVIABHBIN WICH PA3JIOKEHUA (PYHKIUYU YIOBACTBOPACT YPABHEHUIO U
ero peuenue npegcrasisercs Gopmyaon (12) ¢ dyuaxuwmsavu A() u f() paBabIMu:

O =1,
A(y) = ckiyi.

Kaxk u crenoBaio 0xkugarTh u3 PU3NIECKUX COOOPAKEHUN, B CIYYIA€ UINHIPA HOPMAILHBIE MO b MIEMTyIIen

rajepen, KOTOpbIE MOXHO MOMyYuTh u3 uHTerpana (12) B xadecTsBe BeI4eTOB B momocax gyukumu v’ (),
6yayT uciesars npu ) — 0.
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