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PaccMoTpeHbl aCUMIITOTMYECKKE pPEelleHUs] TUIIa GeccesieBbIX IyYKOB TPEXMEPHOTo ypaBHeHUsT [enbM-
TOJIblIA, T.C. PEIIeHUs, UMEIOIIe MAaKCUMYMBI B OKPECTHOCTU OCHU Z U OTMCBhIBaeMble HA HOPMaJIbHBIX K
Heii ruiockocTax pynkuusmu beccenst. [Tockoabky dyHKiMu beccenst MenyieHHO yObIBalOT Ha OECKOHEY -
HOCTH, TO DHEPTHS TaKUX PEIICHUM oKa3bIBaeTCcsl HeorpaHWdeHHOM. OTMcaHbl TOAXOAbI K JIOKATU3aLT
TaKUX pelleHnii, OCHOBaHHbIC Ha UX MPEACTAaBIICHUY B BUIe KAHOHUYECKOTO olepaTopa MacjioBa Ha IojI-
XOISIIMX JIATPaHXEBBIX MHOTOOOPA3UsIX C TIPOCTHIMM KayCTUKaMM, UMEIOIITUMU BUIT BEIPOXKIECHHBIX U He-
BBIPOXKIEHHBIX CKIaa0K. [TosydeHbl 3heKTUBHBIE (DOPMYJIBI IJIS1 YKa3aHHBIX pellIeHUI B BUAe (DYHKIIMIA

Beccensa u Diipu CJI0XXKHOTO apTyMeHTa.
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1. TIOCTAHOBKA 3AJAYN

B nmaHHOIT paGoTe pacCMOTpPUM 3agadu, Oompeae-
JISTIOLIE BOJIHOBBIE MYYKU, CBSI3aHHBIE ¢ (DYHKIIMSI -
mu beccenst. Ecau ot onrcaHusl BOTHOBBIX ITyYKOB
HWCIOJIb30BaTh ypaBHeHUE [eabMronbia

2 2 2
Au+ ku = 0, A :%+a—2+a—2,
X, Odx; 0%
TO pellIeHUs, OMUCHIBAIOIIME paguabHO CHUMMET-
pUYHbIE IIYYKM, JOKaJIM30BaHHbIE B OKPECTHOCTU
OCH 7 U Ha3biBaeMble Ityukamu beccenst, mpeacras-
JITIOTCS B BUJIE

u= e><p(i[’))7Z)JO (%), k* = Bzhjl, (2)

rae J, — dbynkuust beccens, p — MonsipHBI panuyc

Ha TJIOCKOCTHU Rim (te. p=+xi +x3), h>0, B —
rnapameTphbl, xapakrepusyonire nydyok. [TockonbKy
Mbl CUMTAaEM, UTO MY4YOK JOKAJIU30BaH B OKPECTHO-
¢t ocu z =0, TO 3TO O3HayaeT, YTO MmapameTrp h
npennosjaraercsd MajibiM. B 3ToM ciyyae yacrora k
OoKa3bIBaeTcsl OOJIbIION, U €€ YIOOHO IMPEICTaBUTh B
BUIe k = k'/h M UCIOJIb30BaTh k' BMeCTO k (manee
LITPUX HE TPUBOJIUM).

(1)

OTtMeTuM, 4TO KBaapar Moayasa (yHkumu (2)

N 3
(WU ee BELIECTBEHHOI yacTu) HeuHTerpupyeM B [R
1 HE MPUHAIIIEXKHUT €CTECTBEHHOMY SHEPTeTUIECKO-

2,3
My npoctpancTty, Hanpumep L (R’). D1o obcros-
TeJIbCTBO 3aTPYIHSIET MPaKTUUECKOe UCTIOIb30BaHE
BOJIHOBBIX ITYYKOB TaKOTO TUTIA.

PazymeeTtcs, aTa mpobiaemMa He sIBsieTCsl HOBOM B
BOJIHOBBIX 3amadyax. PaccMoTpum, Harpumep, pelie-
HIE OOTHOMEPHOIO BOJHOBOIO YpaBHEHMS C ITOCTO-
STHHOI CKOPOCTbIO

U, — czuxx =0
B BHJIC TNIOCKOI BOJIHBI
u= Aexp (L(z)(t - E))
h c
(MM BEILIECTBEHHYIO 4YacTh 3TO (QyHKLUU), TIe
A = const — aMILIUTYyAA, (D/ h xapakTepu3yeT 4acTo-

Ty. [IoHSTHO, 9YTO KBaApaT 3TO (PYHKIINHU TIPH KaXK-
IIOM { HEMHTETpUpYyeM, HO eCJI MBI YMHOXUM €€ Ha

dysxumio x (x —ct), toe x(x) — naakas GUHUTHAS
cpesaowmas QyHKUMSA, paBHasd | Ha HEKOTOPOM OT-
peske [a, b] ¥ paBHast HYJIIO BHE HEKOTOPOTO GOJIbILIe-
ro orpeska [a — 8,b + 8] (8 > 0), To mosy4nm pere-
Hue (BOJTHOBOI MAKeT)

u = Ay/(x —ct)exp (fl((ot - kx))

(k = 0)/ ¢ — BOJIHOBOE UMCJIO), KOTOPOE yKe 00J1amaeT
KOHEYHOU 3HEepruei.

B ToMm ciygae, Korma CKOpOCTb ¢(x) SIBIISIETCS TIe-
pPEMEHHOI, pellieHre BOJTHOBOTO YpaBHEHMS B BUIE
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IUIOCKOI BOJIHBI HAWTU, KaK IMPaBUJIO, YXKe HelIb3,
HO Yy HEro MOXHO HaWTH OBICTPO OCLIMJLIMPYIOLIHE
ACUMIITOTUYECKIE PELlICHUS BUIA

u=A(x) exp(i((nf - S(x)))a

S(x) = '([T(’;)dy, A(x) = e (x),

rae 4 > 0 — MaJblil TOJIOXKUTENIbHbBII MTapaMeTp, Xa-
PaKTEePU3YIOLINI YacTOTy OCUWUISIIMA. Jlokanu3o-
BaTh 3TO pPElLIeHUEe MOXHO, YMHOXMB Ha CPE3alolIyio
(YHKIIHIO 7, 9YTO maeT

=X () exo L (or - 5(x).
X (x,1) =8 (S(x) - wr),

e S~ (v) — dyHKuUMS 0OpaTHAs K S (x).

BepHeMcs K BoIlpocy O JIOKaau3aluM pelIeHUs
THIa (2). MoXHO MOMBITaThCSl YMHOXUTD €TI0 Ha HEKO-
TOpYIO IIaJKylo (GUHUTHYIO (Cpe3alolilyio) (hyHKIIUIO
% (X, X,,2), OIHAKO 3TOT CIOCO6 HEe IaeT HYKHOTO pe-
3yJIbTaTa — IojydaeMasi (OyHKIIMsI TIepecTaeT ObITh pe-
LIeHWEeM HcciieayeMoro ypaBHeHus. [IpuunHa cocrout
B TOM, 9TO C TOYKHU 3PEHUS KBA3UKIIACCUIECKOIO IIpK-
OJVDKEeHUsI M TEOMETPUYECKOM ONTUKU pelreHue (2)
CBSI3aHO C 3aJadyaMy C KayCTUKaMU U (POKaJIbHBIMU
TOYKaMU, U TOrAa cpesatoias QyHKIIMs, 00pa3HO To-
BOpSI, “IeperibiBacT” yepe3 0COOCHHOCTH TaKOIo TH-
a, TO3TOMY BBeIeHME cpe3alonieii (pyHKInm Tpedyer
0oJ1ee CITIOXHBIX PACCYKISHUIA.

MN3yuenne ocobeHHOCTEM THITa KAYCTUK U OCOOCH-
HOCTei1 0oJiee 00IIero TUIIa — JIarpaHXKeBbIX CUHTYJISIP-
HOCTEI — OTHOCHUTCSI K 00JIACTH HAyKU, U3BECTHOM KaK
Teopust kKaractpod. Eif mocBsieHo 0obIIoe Koanmde-
CTBO ny6m/u<aum71 KaK YMUCTO MaTEMAaTNYECKUX, TAK 1 C
MNPWIOXKEHUSIMA K KOHKPETHBIM (DM3MYECKUM 3aia-
yaM, CBSI3aHHBIM C pacrnpocTpaHeHueM BojH. Cpenu
HUX YKaxkeM pa0oThl [1—4], KoTopble coaepxkar oo1mp-
Hble 6ubamorpadum. PaccmaTprBaeMbie 3mech 3a1a4m C
OIHOI CTOPOHBI, AOCTATOYHO MPOCTHI — KAyCTUKU UME-
10T BUJ, CKJIAAKU, a C APYroii — HECTAHAAPTHBI, TIOCKOJIb-
Ky KayCTMKI OKa3bIBAIOTCSI BHIPOXIEHHBIMU TIPHU IIPO-
€KTUPOBaHUM Ha (pU3NIECKOE TTIPOCTPAHCTRO.

HamoMHuM, 4TO mpu HaAJIMYMU B 3a1a4e KayCTUK
U (hOKaITBHBIX TOUEK JJI1 IOCTPOCHUST AaCUMITTOTHUYES-
ckux pemeHuit meton Bentuens—Kpamepca—bpui-
mosHa (BKB) He paboTaeT, 1 mo3ToMy CleayeT Ipu-
MEHSITh Apyrue moaxojbl. Mbl IPUMEHUM OOWH U3
CaMbIX YHMBEPCAJIbHBIX M MOIIHBIX MHCTPYMEHTOB
MOCTPOEHUST KBA3UKJIACCUIYECKUX ACUMITTOTUK — Ka-
HOHMYeCKUi1 oneparop Macnosa [5, 6]. I[Ipu stom
OyIeM HCIIOIb30BaTh HEAABHO MPEIJIOXKEHHBIC €TI0
MoauUKanu, narminne 6osee 3dekTuBHBIE HOP-
MYJIbl B OKPECTHOCTHU KayCTUK U, KPOME TOTO, IMO3BO-
JISTIONIWE pacIIUPUTh KJIACC 3a1a4, B KOTOPbIX KaHO-
HUYECKHMI omeparop MOXET OBITb IIpuMeHeH [7].

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

JOBPOXOTOB u np.

Takxe OymeM HCITONB30BaTh IIPOCTHIE MTPUEMBI, KO-
TOpPBIE MO3BOJISIOT BHIPa3UTh KAHOHMYECKUIA orepa-
TOp B OKPECTHOCTM KAayCTHUK B BUIE CIIELIMAILHBIX
(GYHKIINI CIIOXKHOTO aprymMeHTa [8].

2. KAHOHUYECKHWH OTIEPATOP
HA JIATPAHXKEBOM MHOI'OOBPA3UU,
OTBEYAIOIIIEM ®YHKIIMUAM BECCEJIA,
N UX “JIOKAJIIU3ALONA”

Kanonunueckuii oneparop MacioBa CBsSI3aH C Teo-
METPUYECKUMHU OOBEKTaMU B (pa30BBIX MPOCTPaAH-
CTBax — JIarpaHKe€BbIMU MHOTOO0pa3UsIMU, KOTOPbIE
BO3HUMKAIOT TIPU HCCAEIOBAHUM 3aJadyu Kjaccuye-
CKOI raMUJIbTOHOBOM MEXaHUKH, COOTBETCTBYIOILEN
HWCXOMHOM 3a/1a4e B YaCTHBIX IIPOU3BOOHEIX. [IpuBe-
JIeM Takue MHOroob6pasus, oTBevawliie (hyHKIUU
beccensi, KpaTKo MOBTOPUB AJjisl MOJHOTHI U3JI0XKeE-
HUSI HEKOTOPhIE COOOpaxkeHus us [9].

P

Oynkuun beccenst J, (Z) SBJISIIOTCS PELlIeHUEM
0OBIKHOBEHHOTro nuhGepeHIINaIbLHOIO yYpaBHEHUS
beccensi, Ho Ham ymoOHee BBeCcTU (YHKIIUU

J, (%) exp (is(p) (¢ — NMOJIIPHBINA Yroy) U pacCCMOTPETh

X KaK C OBMECTHOE pellieHUe CIIEKTpaabHbIX 3a1a4
JIJIsI KOMMYTHUPYIOLIUX OTIEpaTOPOB C YACTHBIMHU MPO-
U3BOAHBIMU — orepartopa Jlariaca u oneparopa yr-
JIOBOTO MOMEHTa

’y 2 A2 y
OneparopaM H = p; + p; 1 M COOTBETCTBYIOT CUM-
2, 2
Boubl H = p; +p, U M = x,p, — X, p,, ONPENEIAIO-
1IMe Ba raMUJIbTOHMAaHa B YeTbIpEXMEPHOM ha3o-
4
BoM ripoctpaHcTse R | ¢ koopmuHaTamu p = (py, p,),
x = (x,x,). Kak ckobka Ilyaccona
{H, M} = 0 un, cornacHo Teopeme JIyBUILIST, MHOXE-
B 4,
crBo A”(y) = {(p,x) eR,:H=1LM-= y} orpere-
JISIeT IByMEPHOE JIarpaHXXeBO MHOTroobpasue, UHBapu-

BUIINM,

t
AHTHOE OTHOCHUTEJIBHO CABUIOB gy, g;l BIIOJTb TPAEKTO-
pUii raMUJIBTOHOBBIX CUCTEM C TaMUJIbTOHUaHaMU H
u M . 310 MHOrooOpa3ne HEKOMITAKTHO 1 TOIIOJIOTYE-

CKM TIPEICTAaBIIIeT COOOM IBYMEpPHBIN “IMyBHILIEB”

4
p.x?

A" ={p =P (0,y) =n(y),
x = X" (0, y) = om () — ' (y) o e R,e [0,2n)},

cosy
n(y) = siny )’

TWJINHAOP B R KOTOpLIfI MOZKHO 3arnucaTtb B BUIIC
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ACUMIITOTUKHU JTOKAJIM3OBAHHDBIX BECCEJIEBBIX [TYYKOB

[MapameTpsl O, OTIpenemnsTIoT KOOPAWMHATHI HA MHO-
rooo6pasuu A®. 3anamum Ha A® HEKOTOPYIO INIAAKYIO
(2m-niepronuueckyto mo ) pyHkuuio A (o, ). Kpo-
Me TOro, 3apuKcupyeM Ha A® (LIEHTpaJIbHYIO) TOUKY
X" (0, )
9 (o, y)

B
eKTUPOBaHUSI MHOrooOpasusi A~ Ha (GU3NUYECKYIO

(o0 =40, y = 0). Sko6uan J? =det npo-

2
mrockocth R, paBeH .. B ciyuae, korma y # 0, pa-
BEHCTBO 0, = () ONIpeaessioT OKPY>KHOCTb

I={p=n(y),x=-m'(y)}e A’ eR,,
u ee npoekuns Ty, ={x =—yn'(y)}e R} na nnoc-

KOCTb [Ri TaKXe SIBJIsieTCst OKpykHOoCThIo. KpuBas I'y, —
9TO TMpOocCTas KaycTukKa ThTia ckiaanku [1, 2]. Oorako
B ciyyae Y = 0 ocoboe MHOXECTBO BBIPOXIAETCS B
TOUKY X = 0 — “BBIPOXICHHYIO CKJIaOKYy .

B
IMpoeknuss MHOTOOOpasuss A~ Ha (DU3BUYECKYIO

2
wiockocTh R JBYJIMCTHO HAaKpbIBAeT IBYMEPHYIO
IUIOCKOCTh C YHAJCHHOW BHYTPEHHOCTBIO Kpyra

x| < . B manHoIi paboTe HaC MHTEPECyeT BHIPOXKICH-

o o B
HBIi1 ciyvaii ¥y = 0, Torna npoekuuss A~ B (usnye-
CKOE IIPOCTPAHCTBO — 3TO JIBE€ CKJICEHHBIE B TOYKE
x = (0 TUI0OCKOCTHU.
B
Ham notpebyetcst paza Ha A

(ow)
s= | @ ax? =«
(+0,0)
M uHIeKc MacnoBa m (o, ) TIYTH, COCIMHSIOLIETO
LIEHTPATLHYIO TOUKY (0. = +0, Y = 0) ¢ TouKoii (0L, ):

. (ow)
X —ieP
m= 1 lim argdet M
T e—>+0 a ((X, II[) (+()’())
1. . 0, >0
==1 o—ig) = .
paim arg (o~ 7e) {_1, <0

B cuny storo ¢gakra mHaekc MaciaoBa 3aMKHYTBIX

nyTeR Ha A® paBeH (: 3aMKHYTBII ITyTh MOXHO BBbI-
6pathb ¢ o # 0, Torma mpupalleHue apryMeHTa siKo-
6uaHa paBHO 0, UTO M O3HAyaeT, YTO MHAEKC paBeH
HYJTI0. Y KaXI0it TOUK! X # 0, Takoii 4To X = pn ()
(p>0, @€ [0,21) — mosnsipHBIE KOOPAMHATHI) Ha
R2

X

TIJIOCKOCTH CylIeCTBYET [OBa Hp006pa3a Ha

B
JlarpaHXXeBOM MHOTroo0pa3uu A~ ¢ KoopaAuHaTamMu
+ + - -
o =p Y =0 u o =-p, Y =0+T
3HaK “+" COOTBETCTBYET BEpXHEMY JIUCTY MHOT0OO0-

B
pasusg A, a 3HaK “—” — HUKHEMY.
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IMoctpouMm (YyHKIMIO w B BUIE KAaHOHUYECKOTO

h
orniepatopa Macnosa K 5 [A4]. Kmaccuueckast KOH-

CTPYKIIMSI KAHOHMYECKOIO oIlepaTopa Ipeariojaaraet
TMOKPBITHE JIarpaHXXeBa MHOTrooopa3ust Kaptamu (061a-
CTAMM) L2 ;, B KOTOPBIX HE 00pAIIAETCA B HOJIb OIIMH U3
SIKOOMAHOB IIPOEKTUPOBAHMSI Ha KAHOHUYECKIE TIOC-
KOCTH CO CMEIIaHHBIMUA KOOPAMHATHO-UMITYJIbCHBIMU
TepeMEHHBIMU, TOCJIEIYIOIIee ITOCTPOCHUE JIOKA/Ib-
HBIX “TIpeIKaHOHMYECKUX OIIepaTopoB” U UX CYMMM-
poBaHue. B ciydae ocoObIX KapT, T.€. KOrma IKooraH

ox?

9 ()

CTBE KapThl L2 ;, IPeIKaHOHUYECKUi1 oriepaTop onpe-
JIeNIsIeTCS B BUAE MHTErpajia 10 UMITYJIbCHBIM IIepe-
MeHHEIM. B paccmaTrpuBaeMoM IIpuMepe KapT, IIO
MEHbIIIeN Mepe, YeTbipe U Bce oHU ocobble [10]. B pa-
oorte [7] nmpenyioxkeHbl HOBbIE UHTETpaJIbHbIE ITPEICTaB-
JICHUST TSI TpeNKaHOHWYECKMX OTNIEpaTopoB, OCHOBAH-
HbIE Ha MHTETPUPOBAHUM Cpa3y MO YaCTU MOAXOMAIIINX
KOOpAMHAT Ha JarpaxkeBoM MHoOrooo6pasum. Takue
MIpeACTaBIIEHUSI, BO-IIEPBBIX, YACTO YIIPOIIAIOT BbI-
YuCJIEHIE MHTETPajioB, BO-BTOPbBIX, COKpAIlalOT YK C-
JIO KapT U, B-TPETbUX, MO3BOJISIIOT pACIIMPUTh KIacC
3a/la4, aCUMITOTUYECKUE PEIIEHUS] KOTOPBIX MOXXHO
HaMTU C MOMOIIBbIO KAHOHUYECKOTO ornepaTopa.

B
J7 =det oOpallaeTcs B HOJIb Ha TIOIMHOXKe-

ITpumeHeHne MOAUMUIIMPOBAHHBIX (hOPMYJT s
KaHOHUYECKOTO ollepaTopa B paccMaTpuBaeM IMpuU-
Mepe JaeT Takoe IpencraBieHue [9]:

exp (ic)
w= KA =——2x
2nth (3)
2n
X je xp(i(n(w),X>)A(<n(\v),X>,w)d\v-
0
Ecnu Be1OpaTh A = 1, TO, O4EBUIHO, MOTYIUM
,_me(F)
’ 4 (B @)

BMmecTe ¢ TeM 13 00X CBOMCTB KAHOHMYECKOTO OIle-
paropa ciemyer, 9yTo npu A << 1 HocuTelIb QYHKIIUU W
COBMAmacT ¢ MpOoeKIMeil Hochutels supp A (oc, \y) Ha

GU3NYECKYIO MIOCKOCTh [R,Z(. IToaTtomy, BeIOUpas A
(UHUTHOI MO MEPEeMEeHHON O, TIOJIYUYUM YXKe JIOKa-
JIM30BaHHYIO PYHKIINMIO. 3a7a9a COCTOUT B TOM, YTO-
Obl BBIpa3uTh (3) 4Yepe3 cleLMalbHble (QYHKIIWN.
HMmMeeTcst HECKOTBKO CIIOCOO0B BBIBOJIA COOTBETCTBY-
omux ¢opmyn [8, 11], Mbl HCIHOJIB3yeM MNPOCTOit
“HauBHBIN” cMoco0, OCHOBAaHHBIA Ha CpPaBHEHUU
acumnrotuk GyHkuuit beccens 1 BKb acumnrorn-
KM KAaHOHMNYECKOI0 orepaTopa BHE OKPECTHOCTHU (po-
KaJIbHOM TOYKM.
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530 JOBPOXOTOB u np.

MmeHHO, ¢ y4yeToM paBeHCTB Wi S, J B, m, uc-
moab3ys ctangaptHyto BKb-dopmyny (B Heocoboii
kapre) 1ist yHkimm (3), mpu [x| = § > 0 moxyunm

A(OC+,W+)

2 Wt v
) )
Alo,v) ("5 (“‘V)J _
X exp = 3)
2 (a7 y0)) h
m) +
4

= exp () [Mexp (fp-im

Jp
+ T+7t)exp(—ip +%t))

MC)KZ[Y TEM B MaJIOi OKPE€CTHOCTH Ha4dajla KOOpAu-

HaT ((POKaAIILHOM TOUKM) (PYHKIUIO (3) MOXHO IIpe/I-
CTaBUTHb B BUIle KoMOUHaluu GyHkimu beccens u,

BO3MOXHO, €€ IPOU3BOIHOM, T.e. dyHkuuu J, [11]. Ta-
KO€ MpeacTaBlIeHNE MOPOXKIAST aH3all IS aCUMIITO-
TUKU pEIIeHUs B BUIE

w=a (x,h)J, (P(x,h)) +ia, (x,h) ], (P(x,h)), (6)

rne D(x,h),a;(X,h) — HeKOTOpblE WMAAKUE MNPU
x| > 0 pynxmu, npuaem @ (x,4) > 0 mpu [x| > 0.

im((x+)ft

w =exp| —

JI1s1 TI0JTydeHHMsT TaKOTO aH3alla M ero JajbHeunIei
peaM3aliid MCHOJIb3yeM IOOXOM, alle/UIMPYIOIINA K
JIarpaHXeBy MHOIOOOpa3sydio M BO3MOXHOCTH IIpE-
CTaBJICHUSI KAHOHUYECKOTO OIleparopa B OKPECTHOCTU
KayCTHK B BUJIE HEKOTOPBIX CHIELMAIbHBIX (DYHKIIWIA, a
HE TaKue ITOAXOIbl, KaK METO 3TaJJOHHBIX YpaBHEHMUIA
WIM METOJ CpalllMBaHUSI aCUMIOTOTUYECKUX Pa3Jioxke-
Huii. MHaye roBopsi, Mbl YIPOILAEM OTBET, ITOJy4eH-
HBII B BUIe KAHOHMYECKOTO OIlepaTopa, MCIOIb3ysl 00-
LM TIOOX0M, HAXOMSIINICS B paMKax Teopruu (pyHK-
muii. KoHkperHble muddepeHIaabHbIe ypaBHEHUS
MPOSIBJISIIOTCS IIPY OCTPOSHUHN TTOAXOMSIINX JIarpaH-
JKEBBIX MHOTOOOpa3mii.

VkaxkeM ellle Ha HEKOTOPhIe BaXKHbIE (DAKThI. XO-

TS npencrasieHue (5) He paboTaeT B (DOKaIbHBIX
B +
TOouyKax, rme J a ),
+ o+ + o+

S (OL’,W’), A (oc’,\u*) omnpeesieHbl, Kak (pyHKIIMU OT
(X, x,), IpK 3TOM aH3a1l (6) paboTaeT B JOCTaTOYHO
IIMPOKON OKPECTHOCTH HyJel (GyHKIUU d)(x,h)
(mogpobHee cM. nanee 3amevyaHue 4). Takum obpa-
30M, CpaBHMBAasg acUMNTOTUKY (6) ¢ BKB-acummnro-
TUKOM (5) B Heocoboii obnactu (rae p # 0), MOXHO

=0, camMmm QPYHKINHA JB(OLi

NOJIyYuTh BbipaxeHust 1ist D, a,, yepes §, J ®u A.
HMmMeHHO, cuuTasi, 4YTO MpU OTXOAe OT TOYKMU X = 0
¢daza Bo3pacTaet, MOXXHO 3aMeHUTH (yHKIIMU becce-
JIsl HA X aCUMITOTUKHU, YTO IaeT

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

w = a (x,h) [@cos(@(x, h) —g) +

+ ia, (X, h) msin (D(x,h) —m/4) =

_ ) (al (x,h) + a, (x,h) o ™
D (x,h) 2
i‘) LG (x,h) —
4 2
. iT
X exp (—zd)(x,h) + Z))

a, (Xa h) X

X exp (id)(x, h) —

Yr1oobl onpenenuts ¢pyHkiuu O,a
(5), oTKyna Haxomoum

,a;, cpaBHuM (7) 1

exp (zn) Jn

_P - \4)
(I)—h : @ X
X (A(p,0) + A(—p, 0+ 7)),

exp(ﬂ)&

(P, @) —A(-p, 0+ 7).

Takum o6pa30M, MBI IPUIIUIU K CIEAYIOLIEMY YTBEp-
KOCHUIO.

Ymeepocoenue 1. CripaBenIMBO IpeICcTaBICHIE
ool
\2h
X |(A(p,9) + A (—p, 0+ 7))/, (%) + )

+i(A(p.9) - A(-p.@+m))J, (%))

3ameuanue 1. Ecim A =1, To (8) coBmamaer ¢
npencraBpiaeHueM (4).

w= KA = X

3ameuanue 2. Ecnu BoIOpaTh GyHKIIMIO A GUHUT-
Ho1, To 1 pyHKIMS (8) TakKe OymeT (PUHUTHOIA.

3ameuanue 3. OTMETUM, 4YTO MOJydYeHHasT (PyHK-
MS1 TIJKO 3aBUCHUT OT NEPEMEHHBIX (X, X,). DTOT
(bakT JIerKO yCTaHOBUTH B paaidaibHO CUMMETPUY-
HOM cJIy4dae, Korna A 3aBUCHUT TOJIBKO OT a. JleiicTBu-
TETBHO, B 9TOM Cllydae g, U a4, /p, a Takxke J, (p/h) u
pJ| (p/ h) — 4etHbIe IO p GyHKLIMHK. B ciyyae, Korna
A 3aBUCUT TaKKe U OT @, packianbiBasi B psig Dypbe,
HoJtyyaeM miankue 1o (X, x, ) GyHKIuu:

A(p, @)+ A(-p,p+m) = M
+ 30 (e () + (-1, (-9))cos(g) +

+ (d,(p) + (-1, (-p))sin (ng) ],
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¢ (P) = ¢ (=)
2

+ Y (6 (p) - (-1, (-p))cos(ng) +
+ (d, (p) - (~1)"d, (-p))sin (ng) |

3ameuanue 4. OTMETUM TakXKe, 4TOo hopmyay (8)
MOKHO OBUIO TOJY4YUTh, OIMUPASICh HA MOTU(MULINPO-
BaHHbIE MHTETpaibHble MPEICTABICHUS IS KAHOHM-
YeCKOro oreparopa 1 (popMyiIy KOMMYTAallMM KAHOHU -
YecKoro ormeparopa ¢ mnceBroanddepeHINATBHBIM
[10]. 3mech e Mbl, TI0 CYIIIECTBY, BOCIIOJIb30BAJIUCH TEM
(akToM, 4TO ypaBHeHuUsI p = n(Y), X = an (V) JIOKaIb-
HO 3aJal0T HOPMAaJIbHYIO (pOPMY B OKPECTHOCTHU BbI-
POXIEHHBIX OCOOEHHOCTE JIarpaHKeBbIX MHOT000-
pa3uii TuIa ckiaagku. B okpecTHOCTU TaKMX 0COOEH-
HOCTEM KaHOHWYECKUIA ONepaTop IpeacTaBsieTCd B
Buae ¢pyHKIUIT beccelnst, 4To ITO3BOSIET B pe3yJibTaTe
MIPOCTOrO CpaBHEHUSI aCUMIITOTUK (pyHKILIMI Beccens
n BKbB nonygats rmmobdansHbie (hopMyabl. Takoii mmom-
XOJI KaXeTcsI HaM 0oJjiee IMPOCTBIM U JIETKO aJITOPUT-
Mu3yeMbIM. [1oaTOoMy GyaeM MCHOJIB30BaTh €ro U a-
Jiee, YYUTBIBas COOOpakeHNe O HOPMAaJIbHBIX (hOpMax.

p(A(p,0) —A(—p,9+m)=p +

3. JOKAJIM3OBAHHDBIE BECCEJIEBbBI ITYYKHA
B TPEXMEPHOM CIJIVUHAE

OO6cynum Tenepb BOMPOC 0 OeccesieBbIX MyvYKax B
TpeXMEpHOM ciydae. B HEKOTOPBIX cIIydyasiX, YTOOBI
MOJIYYUTh (DOPMYJIBI TSI ITYYKOB, MOXKHO HCITOJIb30-
BaTbh KOMIUIeKCHBbII MeToa BKbB u ero mogudpukanumu
[12]. OnHako 3aech 06cynuM 6oJiee IpOCTOoii My Th, He
BITOJIHE aKKYpaTHbIM ¢ MaTeMaTu4ecKoil TOUKU 3pe-
HUS$, HO KOHCTPYKTUBHBIN U 3(h(EKTUBHBIN C TOUKU
3peHUSI KOHKPETHbIX BBIYUCIECHUI, KOTOPbI COCTO-
uT B caenytoiieM. ITyuku sBisiioTcs (acUMOTOTUYE-
CKUMM) pelieHUsIMU ypaBHeHust [enbmrombua (1),
YIOBJETBOPSIIOIIMMU MpU z = 0 yCI0BUIO

e = w = K\ [A()]. ©)
bynem cuurath, uto A(0) — duHMTHAS (yHKUMS,
MpUYEM JIJIs1 IPOCTOTHI OYJIEM CUUTATh, YUTO OHA HE 3a-
BUCUT OT . Peruenue 3anauu (1), (9) He enMHCTBEH-
HO: MOXKHO HAlATU IBa pELICHMS, ONTUCHIBAIOILINE Ty~
KW, YCJIOBHO TOBOPSI, PACIIPOCTPAHSIIOIINECS B pa3HbIE
CTOPOHBI BIOJIb OCHU Z, U HYXXKHO 100aBUTH €Ille OAHO
ycJioBMeE, Bblaesstollee onuH u3 mydkoB. Ho dop-
MaJIbHO MOXKHO TIPEACTaBUTb ypaBHEHUS [ €1bMTIOJb-
11a B BUJ€ (HAaIIOMHMM, 4YTO 3[I€Ch U J1ajiee€ B KaUyeCTBE
k Mbl 6epeM k' = hk v ormycKaem LITPUXH)

(iha@+ Vi + h%j(iha@ —Ni*+ thju =0. (10)
v4 Z
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Torna peliieHus, onMchIBalOIIMe BOJHBI, OETryiliue B
OIHY CTOpPOHY, OymyT YIOBJETBOPSTH OOHOMY W3
ncepnoauddepeHInanbHbIX YpaBHEHU
~ind% = 1k § A (11)
0z
IlepemMeHHast z UTpaeT POJIb BpeMEHH, IIPUUEM TIPO-
WU3BOAHAS TI0 Z BXOAUT B 3TU YpaBHEHUs B IMepBOit
CTeTIEHU U OHU B HEKOTOPOM CMbICJIE aHATOTUYHBI
ypaBHeHusM LlpenuHrepa. MHTepecymolllee Hac pe-
LIeHUe SBasieTcs pemenneM 3agaun Komm mrst (11) ¢
HavaIbHBIM ycinoBueM (9). OTu ypaBHEHUS SIBIISIIOT -
Csl HEKOPPEKTHBIMM, HO WX WCIIOJb30BaHUE Kak
BCIIOMOraTebHbIX IS BBIYMCJIEHUs] KBa3UKJIaCCU-
YEeCKMX aCUMNTOTUK ypaBHeHUs [enabMrosblia ¢ 3a-
JaHHBIMY IPAaHUYHBIMU YCJIIOBUSIMU MPEACTABISIETCS
OUYeHb YIOOHBIM: IIJISI TIOJYYeHUsI KBA3UKJIACCUYECKUX
aCUMIITOTUK peleHus 3agaun Koy nmeercs npo-
CTOM KOHCTPYKTUBHBIH anroput™ [6]. [Ipolie roBops,
HEKOPPEKTHOCTb HEe TPOSBISIETCSl Ha KJlacce KOH-
CTPyMPYEMBbIX aCUMINITOTUYECKUX PEIIEHUI U, oce
TOrO KaK aCUMIITOTUYECKOe pelleHue i 3agauu Ko-
mu (9), (11) Oyaet MocTpoeHo, ero mnpsiMasi oaAcTa-
HOBKa B ypaBHeHue [enibMrosiblia Ja€T Mayro HEBSI3-
Ky 1o mapametpy 4. To ectb nmoiaydaemasi yHKIIUS
SIBJISIETCS, MO KpaiiHeit Mepe, (popMaIbHBIM acUMII-
TOTUYECKUM pellleHreM ypaBHeHuUs [enbMroblia.

OrpaHu4uMcs B AajibHEMIIEM ypaBHECHUEM CO
3HaKOM “+", ypaBHEHHME CO 3HAKOM “—” paccMmarpu-
BaeTCs aHAJIOTMYHO. J1J151 TOCTPpOEHUSI aCUMITTOTUYE-
ckux pemeHuit 3amauu (11), (9) Bocmoab3yemcs
CTaHIAPTHOM cxeMoii [5, 6], cocTodllei U3 CaeayIo-

X maros. CUMBOJI onepaTopa —vV k> + h*A — xinac-

. 2 2
cideckuii rammiabtToHnan L = —k” —|p| — n Ha-
yanbHOe ycnoBue (9) mopoxnmatoT 3amauy Koium gis
FaMWIBTOHOBOM CUCTEMBI:

5 = 9P

).« p
= :0’ X =—-=
p 3z

2 2’
%Ko
B
C HaYaJIbLHBIMM YCJIOBUSIMU U3 A

plz:O = n(\lf), X|z=0 = on (\If).

(12)

Ee pemeHus onpenesitor ha3oBblii [IOTOK g; ¥ JAKOT

o o B Za B
CEMENCTBO JIarpaHXeBbIX MHOrooopasuit A; = g; A",
IMOJYYEHHBIX CABUIOM Ha4dYaJlbHOI'O MHOFOO6pa3I/IH

A® Ha BpeMS

A7 = {p =P (o, y) =n(v),x =X, (o,y) =
(13)

=| o+ ——=—In(y)

2
k" —1
B
Kax Buaum, MHOrooOpasus A, COBIAJaIOT, KaK reo-

B
METpUUYECKHEe OOBbEKTHI, T.¢. A~ MHBApPUAHTHO OTHO-
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(@)

JOBPOXOTOB u np.

(6) (B)

Re(u) Re(u) Re(u)

2.0 2.0 2.0

1.5+ 1.5+ 1.5+

1.0 - 1.0 - 1.0 |-

0.5F 0.5+ 0.5F
0 ANANNNN ANAANND O nnn ﬂnﬂ 0 AAAAANN A ANNNNANNA
NAAAAAA'AY \AAAAAAAS VUU UUV \AA'A'A'A'AY) UAAAAAAY

—0.5 1 0.5 —0.5F

—1.0 L —1.0 . . -1.0 . .

-5 0 X1

Puc. 1. IeiicTBUTenbHAs YacTh JOKaIM30BaHHOrO Iyuka beccenst (14) B 3aBUCHMOCTU OT X

u 1.5 (B).

CHUTEJIbHO CIOBUTOB g;. AMIUIUTYOa A COXpaHseTCs
BIOJIb TpaekTopuii cucrtemnl (12), mostToMy Ha

JIarpaH:KeBBIX MHOTOOOPa3MsIX Af aMIUIMTya paBHa
A(0). ITockombKy da3za, KaK pelIeHHe ypaBHEHUs
SHKOHaJa, OIpeaeisaeTCcs HEOOTHO3HAYHO, a C TOYHO-
CTBIO 10 HEKOTOPOI (DYHKIINM, 3aBUCSIIECH OT 7, He-
00X0aMMO OIpeneanuTh Habder (pa3bl B aCUMIOTOTHKE
paccMaTpuBaeMoro perreHus. OH orpeaessieTcss MH-
Terpajom

o=|(p,L,) - L)dz = z———.

K -1

KoopnuHaThl (0, ) MOXHO UCIIOJIb30BaTh Ha BCEX

© ey N

MHOTroo0pa3usx Af. Torma cormacHo o611ei Teopun
[5, 6] pemienue 3apaun Komu (11), (9) npeacrapisi-
i 2k

€TCYd B BUJIE
u = exp
(h 1- sz

. B
NpUYEM B KAUYECTBE LIEHTPAJIILHOM TOYKM HAa A BbI-
Oupaercst Touka ¢ koopauHatamu (0+,0), Kak U Ha

HavyaJbHOM MHoOroo6pasum. [lepeiimem B mociemaHeit
dopmye K KoopauHaTam

(o, ) = (oc +ﬁ wj-

ITockonbKy B cTapoii cucTeMe KOOpAWHAT LIEHTpaslb-
Hasi TOYKa uMesia KoopauHatel o = +0, y = +0, To B
HOBOU CHCTeMe KOOPIWHAT ILIeHTpaJbHasi TouKa Oy-

h
Ky 4

()],

%, Y = +0. Ha-
K -1 ]
JIEC BOCIIOJIB3YEMCA TEM, YTO CME€HaA OTMCUYCHHOMU
TOYKU JAET JONOJHUTEIbHbIN ¢)a3OBLIﬁ MHOXUTECIb,
T.€. KAHOHUYECKUI ori€paTtop Macnosa Ha JlarpaH-

€T UMETb KOOPANHATLI o' =+

B o o
JKEBOM MHOToo0Opasum A, C OTMEYEHHON TOYKOM
<

w5

: 1,+Oj paBeH KaHOHWYECKOMY OIlepaTopy

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

5 X -5 0 5 X

npu x, =0 niua z = —2 (a), 0 (0)

B
Macnosa Ha jlarpaHXeBOM MHOroo6pasuu A; ¢ oT-
Me4eHHOl Toukoil (+0,+0), YMHOXEHHOMY Ha

iz
exp (——J YuursiBast 3Tu cooOpakeHusl, T10-
mk* -1
i

)
h

JIydeHHBIN paHee (Pa30oBbII MHOXUTETb exp(

B
TaKXK€ TOT (baKT, qTO0 Az B HOBbLIX KOOpAMHAaTax COB-

B .
nagaet ¢ A°, IpUXOAUM K OKOHYATEIbHOM (hopmyJre

u =exp lz—“kz_l Kig {A(oc'—#ﬂ=
h k-1
h 2h (14)
Alo-—2 |44l o——2 1|7 [P
X(( (p \/kz—ljJr (p k2—1D O(h)+

K4 p

st afp-z jA[ __DJI( )
( [p k-1 P Vi -1 h
OHa onpenesseT aCUMITOTUYECKUE PEIlIeHUSsT, OTTUCHI -
BalolLMe JOKAJIM30BaHHbIE OeccesieBhl ITy4K ypaBHE-
Hus I'enbmronbua. I[ojlydeHHOE pelleHUe TIPOUJLIIO-
CTPUPOBaHO Ha puc. 1.

3ameuarnue 5. B Teoprt BOTHOBBIX ITYYKOB Y4acTO
WCIIOJIB3YEeTCSI MapakKcuanbHOoe mnpuommkeHue. Ha-
TTOMHHM IIPOCTOM BBIBOI COOTBETCTBYIOIIETO ypaB-
HEHMSI B paccMaTpuBaeMoM ciiyyae. MoOXHO HUCKaTh
PEIICHNE B BUIEC
Ky (2n.3,)
h
W CUMTaTh, YTO aMIUIUTyAHas (byHKLMS v MEHSIETCS
MEIJICHHO MO CPaBHEHMIO C OBICTPOOCLIMJUIAPYIOIISH
IUIOCKOM BoJIHOM. Toraa, moacTaBiisisl pellieHre TaKOro
Buaa B (1), MOXXHO IIpeHeOpedh BTOPOI ITPON3BOTHOMN

2

u=exp(

—‘2/, OTKy[Ia IIpUXOIUM K ypaBHeHUIo [llpennHrepa
0z
2
—ih 9y = Ay (15)
07 2k
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10
X1

Puc. 2. UHTeHCUBHOCTB JIoKaJlu30BaHHOrO nyyka beccenst (14) npu x, = 0 (a) u nmyuyka Jlareppa—TIaycca (39) npu x, = 0 (6):

yeM OoJblire MOIyJb 3HAYCHUA, TEM 0oJiee CBETJIBIN 1IBET.

(D10 Xe ypaBHEHHUE MOXHO MOJYyYUTh, IO Kpaii-
Heit Mepe ¢popmanbHO, 13 (11) B pe3yabraTe mpen-
craBieHus B (11) onepaTopa

K —iA=k-Lna+o(1/K)
2k
Y TOCJIEIYIOIIEeTO BBIICIICHUS U3 PelleHUs MHOXM-
TEJIS eXp (ikz/h) )

AcuMnToTHKa pemeHus v (z,x) 3agaun (15) ¢ Ha-
YaJibHBIM ycioBueM (9) ormpenesnsieTcsi KaHOHUYE-

h 1B
cKuM omnepatopoM K ;\BA, rae A, IMOJyYyeH CIBUIOM
z
B
A

= 1.2
MUJIBTOHUAHOM [ = ﬂ|p| W IIpUHUMAET BUI

BJOJIb TaMMWJIbTOHOBaA BEKTOPHOTO ITOJIsA C ra-

A :{x - (a+i)n(\|}), p= n(w)}.

Takum 00pa3oM, B ITapaKCHUaTbHOM ITPUOJIVDKEHU

o))
o34l )
cifal=g)-ale-E) 3
YyTO O6JIM3KO K perneHuto (14) mpu 6obIux k.
PAINOTEXHUKA U BJIEKTPOHUKA

TOM 68 Ne 6

4. “CHJIbHAA” IOKAJTU3ALO A
BECCEJIEBBIX ITYUYKOB 1 ACUMIITOTUKA
ITYYKOB JIATEPPA-TAYCCA
B PAAVAJIBHO-CUMMETPUYHOM CIIYYAE

Kak oTrMedeHO BBIIIE, MpOBeIeHHAs JIOKaaW3a-
U1 6ecceeBhIX ITYIYKOB MMEET TaKO€ CBOMCTBO, UTO
YeM CUJIbHEE UX JIOKaJIM3allysl, TeM Ha MEHbIIIEM OT-
pe3Ke OCH 7 MX aMIUIMTyda He oOpalaercsi B HOJIb.
BmecTe ¢ TeM XOpOIII0 M3BECTHO, YTO rayCCOBHI ITy4-
KM pacHpOCTPaHSIIOTCS Ha JajleKue pacCTOsSIHUS, He
CUJIBHO pacIuibIBasich. Ilpu 3TOM, eciau B HOpMaJjib-
HOI1 TUIOCKOCTHU K OCH PacCIIPOCTPAHEHUS Z UMEIOTCS
OCHWJUISILIMM, TO BO3HUKAIOT U3BECTHBIE TTydyKu Jla-
reppa—Iaycca (ImompoOHee, a TakXe MpO JOpyrue
KJIacChl ITy4koB cM. [13, 14]). MBI XOTUM mOKa3arh,
YTO TaKMe MYyYKM TaKKe MPEACTaBISIOT cCOO0I ToKa-
JIN3aLMIO OeCCeIeBBIX ITYYKOB, HO yXe IPYyroro TUIIA.
IIpu 5TOM, B OTJIMYME OT JIOKAJIM30BAHHBIX IMyYKOB
Beccens, koTopble Mpy IBUXKEHUU BAOJb OCU Z CHa-
yayia cooupaiorcsi, GpoKyCUpYIOTCs, a 3aTEM PaCILIbI-
Batotcs (puc. 2a, OCh z HallpaBJieHa BBEpX), ITyYKU
Jlareppa—TIaycca npakTU4eCKu He pacIlIbIBaIOTCS, a
pacIripocTpaHsIOTCs B KaHaje (puc. 20).

OTMeTHM, YTO MeIJIEHHOE 3aTyXaHue GecceleBhIX
MY4YKOB B HAaIlpaBJIeHUN, HOPMaJIbHOM K OCU Z, UMe-
€T TeOMETPUYECKYIO MPUPOY: JarpaHKeBO MHOTO-
obpasue A® He KOMITaKTHO, MO3TOMY (aCUMIITOTH-
YeCKMI1) HOCUTEIb KAHOHMYECKOro oneparopa K AET
5TO ABYMEpHas IJI0CKOCTh. HarmoMHUM, 4TO J1arpaH-

B .
XeBO MHoOrooo6pasue A~ MOpencraBisieT coO0O0il COB-
MECTHYIO ITOBEPXHOCTh YPOBHSI TaMMJILTOHMAHOB
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JOBPOXOTOB u np.

Puc. 3. JlarpanxxeBo MHOTOOOpasue AL (a) u ero ceueHue (0).

2 2
H=p +p, u M= px,— p,x; 1 HEKOMIIAKTHOCTb
CBs3aHa C TaMWIbTOHMAHOM H . 3aMEHUM IepBbIii
TaMWIbTOHAAH Ha I'aMWIBTOHUAH TapMOHUYECKOTO
2 2 2 2 2
ocummsitopa H = p; + p; + G, (xl + x2), TOIma 3a-

naBaeMast KOHCTaHTaMu é > 0,y > 0 IMMOBEpXHOCTh
YPOBHS

H=¢ M=y (16)

— 3TO OTPaHWYEHHOE MHOXKECTBO, TIPEACTABIISIONICe

npu Y # 0 aByMepHblid Top JInyBuiLIs (IByMEpHOE
L

JlarpaHxXeBo MHoroo6pasue) A~ (puc. 3). Bmecrto

sHepruu ‘é ynoOHO MCITONb30BaTh IPYroii ImapamMeTp

Jé

L
R, = —, Ttorma mpoekuus A~ Ha IBYMEPHYIO ILIOC-
Go
2
KocTh [}, IBYJIMCTHO HaKPBIBAET KOJIBIIO C TPAHMIIA-
MU-OKPYXHOCTSIME p = |x| = Y u |x| = Ry. B pannains-
HO CMMMETPUYHOM ciyyae Y =0, T.e. BHYTPEHHSIs
L
rpaHulia CTSATUBAETCS B TOUKY, A~ IIpeBpaliaeTcs B
o L
BBIPOXIEHHBIN TOp, MpoeKuus A~ Ha (HpU3UYECKYIO
2
10ckocTh R, CTaHOBUTCS KPYyroMm W, B OTJIMYKME OT
B
Mpoekuuu A°, SBISIETCS 02paHUYEHHbIM MHOXEe-
crBoM. Ilpu aTOM, 3aberast Briepend, CKaXkeM, 4TO €ro
rpaHuUIa — OKPY>KHOCTh |x| = R, —3To npocTas KaycTh-
B
Ka, a Touka x = (, KaK 1 B ciayyae MHOrooopasust A°,
3TO CUJIbHAsI (pOKaIbHAasl TOUKa, TPEACTABIISIIONIAsT CO-
001i BEIPOXIEHHYIO TIPOCTYIO KayCTUKY. MIMEHHO 3TOT
ciyyvaii ¢ y = 0 Oyaem paccmaTpuBaTh gajee.
Cxema pampHEWIINX pacCy:KIeHU aHaJOTWMYHa,

HUCIIOJIb3yeMoii B pasn. 3. CHavajaa CTpOMM KaHOHU-
yecKuii oniepatop MacjoBa, OTBeYaroIniit MHOT000-

L
pasuio A, mpu4yeM OrpaHMYMBAaeMCsl pPaavaibHO
CUMMETPUYHBIM CIIydaeM U MPEACTaBIIsSIEM €T0 B BUIE
dyuxumii beccens n Ditpu. I1pn KBaHTOBaHNM CUMBO-

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

JIOB TAMWJIBTOHUAHOB H 1 M Tiojy4aeM IBYMEpHBbIi

oneparop Ilpenunrepa # mist pamuaJbHO CUMMET-
PUYHOTO TAPMOHNYECKOTO OCIMJUISTOPA U IBYMEPHBIIA

orieparop M MoMeHTa. [ToaToMy nmocTpoeHHbIe (hyHK-
I TIPEACTABIISTIOT COO0M aCUMITTOTHUKM ITPH OOJTBIIIIX
HOMEpax paauaibHO CUMMETPUYHBIX COOCTBEHHBIX

dyHKuMit onepatopa #, KOTOpblE, KAK WM3BECTHO,
MpencTaBiisiioTes B Bune ¢pyHkuwmii l'aycca—Jlareppa.

3aTeM CTpOMM aCUMMTOTUYECKUE PEILIeHUS 3a1a-
yy Koum ¢ HavYaJabHBIMU YCJIIOBUSIMUA B BUJIE KaHO-
HUYECKOTO omnepaTopa, 3afaHHOro Ha MHOToo0pa3uu

L o
A”. JIng yIpolleHusT BEIYUCIIEHUIT BMECTO YpaBHe-
Hus (11) MBI MCIIOIB3YEM €ro IMmapakCcuaabHOE MPU-
ommxeHue. MMeHHo, OyneM ucKaTh pelieHue Tpex-
MEPHOIo ypaBHeHUS [ e1bMrobla B BUAE
ikz
u= exp(—T)v(z,x),

2

npeHeodperasi BTOpOii MpOU3BOAHOM %
4

3amauy Komwu mist ypaBHeHus [lpenunrepa

IMonyynm

., oV 1 ,2
—hZ =——hAv, vleeo=K_[1].
0z 2k 0 = Ky [1]

Torga acUMIITOTUKA pellleHUS TIPU IPOU3BOJILHOM Z
ONpelessieTCsl KAHOHUYECKUM orepatopoM K, 1],
z

A7)

L z L
e A; = g¢(A”) MOMY4EHO CABUTOM BIOJIb TAMUIIb-
TOHOBAa BEKTOPHOIO TIONSI C TaMWJIbTOHUAHOM

2
= _L|p| (pencTaBiaeHue ISl TOJY4EHHOTO Ka-

2k
HOHMYECKOIo oIreparopa B BHAC CIECIMAJIbHBIX

¢yHKLMIT OyneT mpuBeneHo Hmke). [TockonbKy HO-
CUTEJIb IIOJIYYEHHOI'0 aCUMIITOTUYECKOTO PEILICHUS B
TJIOCKOCTSX, HOPMAJIbHBIX K OCU Z, — OTPAHUYEHHOE
MHOXKECTBO, TO HUKAaKMX Cpe3amlnux (yHKIW B
3TOM KOHCTPYKLIUU UCIIOJIb30BATh HE HYXKHO.
Ne 6
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ACUMIITOTUKHU JTOKAJIM3OBAHHDBIX BECCEJIEBBIX [TYYKOB

3ameyanue 6. OTMETMM, YTO 30eCh, KaK W B
MpenbIAyLIEM pa3aesie, BMECTO MapaKCUaJIbHOIO TMpU-
OJIVDKeHUST MOXKHO MCIIOJIb30BaTh npeacrapieHue (11)
IUIs ypaBHeHUs [ebMrosiblia U cABUTaTh HaYajlbHOE

L o
MHoOroo6pasue A~ BOOJb TPAeKTOPUIA COOTBETCTBY-
FOIMX TAMWJIBTOHOBBIX ccTeM. [1pu aTOM mosrydeH-
HOe MHOroo6pasue OyIeT UMeTh OCOOEHHOCTU TOTO

>Ke TUTIA, UYTO U AZL , OTHAKO BbIYUCJIEHUST OKa3bIBAIOTCS
OoJiee CIOKHBIMM, YTO, BUIWMO, TIPUBOIUT K Golree
IrpoMO3IKUM ¢opMynaM. MBI TIaHUpPYEM ITOAPOOHO
HM3Y9IUTH 3TOT BOIPOC B TaTbHEUIINX paboTax.

4. 1. Jlaecpaniceso muocoobpasue
015 08yMepHO20 PAOUANbHO CUMMEMPUUHO20
2aPMOHUYECK020 OCUUANAMOPA

L
OnuieM moapoOHO MHOrooopasue A~ , 00bEKTHI
Ha HEM M MMOCTPOUM OTBEUAIOIINI UM KAHOHWYECKUI
oreparop.

Ymeeporcdenue 2 coctont U3 ceMu TE3UCOB.

L
1. MHoxecTBO A~ B 4YeTbIpexMepHOM (a30BOM

4
MPOCTPAHCTBE [Rp » 3a71aBaemMoe paBeHcTBamu (16), —

TI1agKo€ IByMCPHOC JIarpaH>KEBO MHOI‘OO6pa3I/IC, KO-
TOPOE MOXKET OBITh OTIMCAHO paBEHCTBaAMM

A" ={p=P"(0,B) = ~R,0, n (o +B)sin,
x = X" (0,8) =
= Ryn(o + B)cosP,a e (-m, x|, B e [0,7)},

T
IIe, Kak 1 paHsbire, n () = (cos y,sin ) — eqMHuY-
HBII BEKTOP.

(18)

2. B xauecTBe MHBapUaHTHOM (OTHOCUTEILHO I10-
TOKOB g U gy;) MEpbl MOXHO BHIOPATh do A dp.

o o t
HeiicTBUTeNbHO, IPU NeCTBUM (Da30BOro MOTOKA gy
rnmoJjiygaem

gx(A") = {p = —Ry0, n (ot +B)sin (B + 1),
x = Rn(o + B)cos(B + oy},

T.€. KOOpIWHaTa [} ciBUraeTcsi Ha Gyf, @ KOOpIUHATA
O, CIBUTAETCs HA —Gf .

Ipwu neiicTBum (ha30BOro MOTOKA g5, UMEEM
gu(A") ={p = —Ry0, n (0t + B +17)sinf,
x = Rn (o + B + 1)cospP},
T.C. KOOpaAuHaTa O CABUTacTCAd Ha T.
a(x!, X)) o(R".A)
d(oB) (o)

L
CKTUPOBaHUA MHOFOO6pa3I/IH A~ Ha COOTBETCTBEHHO

3. Marpuupl fxobu npo-

2 2
mnockocty Ry u R, nmeror Bun
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aXL = CoOS
ap) (Roo, m (0u+ B)cosp,

—R\0, (n(o+ B)sin —n, (o + B)cosP)),

S0 = R (o Bsing

—Ry0, (n(o+ B)cosP +n, (o + P)sinP)),
[—Sin yj
cosy )

2
U IKOOHaH IIPOCKTUPOBAaHMA HA IIJIOCKOCTDb Rx OIIpe-
OCIIACTCA BbIPpAXKEHUEM

(19)

n, (v) = (20)

JL = deti

2
= B gin (2B).
d(oB) 2
Takum oOpaszoM, (poKaabHbIE TOUKM Ha AF ornpene-
astI0TCst ypaBHeHusimu B = 0, Torna x = Ryn (o), win
B= n/2, toraa x = 0.

MHoxecTBO X = Ryn(0.) 06pa3yeT OKpyXHOCTb I

panuycoM R,. Ee mpoobpa3 Ha A" — Takxe OKpyX-
HOCTb B (p)a30BOM IMPOCTPAHCTBE, JieXallasi B IMI0C-
koctu p = 0. [Ipm aToM kKayctuka I' — mpocTast, paHT
Matpulisl SIKoOu Ha Hel paBeH 1.

Touka x = 0 — (okanbHast TOUKA — JIaTpaHXeBa
CUHTYJISIPHOCTb He OOIIIETro IOJIOKEHUS, ee Ipoobpas

L
Ha A” — OKPYXHOCTb |p| = Ry, B 11ockocty X = 0 B
YeTBIPEXMEPHOM (Da30BOM IIPOCTPAHCTBE.

4. TTpoekuus A" Ha KOH(MUTYypallMOHHYIO IJIOC-
KOCTb — 3T0 KpyT x| £ R,, a rpaHuLIa 3TOro Kpyra —
npoctasg kKayctuka I'. Ilpum stom A" HaKpbIBaeT
0 < Ixl < R, mByxpatHo. Touka x’ = Ron(oc0 + BO)COSBO
¥MeeT 1Ba 1pooGpasa Ha A Tquy(oc = OLO,B = BO) n

Tquy(oc =a’+2B8°,B = n—BO).

g omnpeneneHUss KaHOHUYECKOIO oOIeparopa
cienyeT 3apMKCUPOBATh EHTPAITBHYIO TOUKY. BEIOE-
peMm ee B Buze o = +0,3 = +0.

5. Beranciaym nHAeKchl MaciaoBa myTeil B HEOCOOBIX
Toukax. Paccmorpum myts {0 = +0, = 7|7 € [0, n)}. B
LIEHTPAIBHOM TOUYKe ¢ KooparHaTamu o = +0,3 = +0
siko6uaH J - MMOJIOXKUTEJIEH, U MBI BEIOEpEM MHJIEKC B
3TOM TouKe paBHBIM (. IToCKOIBKY SIKOOMAH B TOUKaX
¢ KoopauHartoit 3 € (+O, n/ 2 - O) TaKXe TTOJIOXUTE-

JICH, TO MHACKC B TaKMX TOYKaX TOXEC paBCH 0. Bri-
YUCJIMM HMHIACKC B TOYKax C KOOpAMHATaMM

2023
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Be (n/2+0,m—0). [lnst 5TOr0 HYXHO BBIYKCIUTH
npUpalieHne apryMeHTa GyHKIUK

o(x* —ieP") B
d(onB)
- %(sin (2B)(1+ oge”) - 2ic€ cos (2B))

J. =det

npu usmeHeHuu B ot = 1/2 —0 10 B = /2 + 0. 310
NpUpalleHue JIETKO ONPENENeTC U paBHO . Takum
oGpa3om, nHIeKe BTouKax P € (m/2 + 0,7 — 0) paBeH 1.

L
6. basucHble 3aMKHYTBIE ITyTH Ha A~ 3amaroTcs
paBeHCTBaMM

Y1t o= 0, 723[3:[307&0’%-

WNHnekc IIyTU Y, paBE€H 2, 4YTO OA€T YCIOBHUEC KBAHTO-
BaHUA

1 Rio, 1
L [pax)=2% 1, mez, 21
21th£<p ) 4h 1)

2

2
KOTOPOE BBIMOJHSCTCS ISt Ry = £(4m +2).
Oo
Wnzaexc myty 7y, paseH 0, 4TO JaeT yCIOBUE KBaH-
TOBaHMUSI

1
L [(p.ax) =0,
2nhi(v )

KOTOPOE€ BBIIMOJIHACTCA aBTOMAaTU4YCCKM.

7. B okpecTHOCTH KayCTUKU I (4TO COOTBETCTBYET
B = 0) cipaBemIMBO pas3yioXeHUe

Pt = —Rooon(oc)(B + 0(53)),
X" = Ryn () (1 —%Bz + 0([34)),

T.€. IO HOPMaJIu K KayCTUKE UMEEM HOPMAJIbHYIO
dopMy, COOTBETCTBYIONIYIO (YyHKOIMN DHpu U ee
TIPOU3BOHOM.

B okpectHOCTM (hoKanbHOI Touku X = 0 (4TO CO-

OTBETCTBYET 3 = g) UMeeM pasjioxKeHUe
P’ = —R,oon (o + m/2) (l - 0[([3 - g)zj ,
X" = —Ryn (ot + n/2)(([3 - g) + O((B - §)3D

JOBPOXOTOB u np.

TO €CTh B OKPECTHOCTHU 3TOM TOYKM UMEEM HOPMAJIb-
HYI0 (POpMYy, COOTBETCTBYIOLIYIO (GyHKIMU beccens
J, ¥ ee TPOU3BOIHOIA.

Ucnonb3ys coobOpaxeHUss M3 pas3d. 2, IPUBOIS-
II1e K MpeAcTaBIeHUI0 KAHOHMYECKOTo olepaTopa
yepes pyHk1Mu beccenst B okpecTHOCTH (hOKaTbHOM
TOYKHU, MOPOXAECHHOIN BBIPOXIAECHHOU CKIAAKOM, U
aHaJOTUYHbIE COOOpaXKeHMSsI, TMO3BOJSIOLINE Tpen-
CTaBUTh KaHOHWYECKUI ormeparop yepe3 (hyHKUIMU
DIpU B OKPECTHOCTH TIPOCTOI HEBBIPOXKIACHHOM Kay-
ctuku (ckyiaaku) [8], TpuUXomuM K TIO0ATBHOMY
npeacraBieHuto K AL [1] ¢ momompio dyHkIWMit Bec-
censt 1 Diipu. TTomHbINA BRIBOI 3TUX (pOPMYJT TIPUBE-
JIeH B 0oJ1ee oO1IeM cirydae B pasn. 4.2.

Ymeepucdenue 3. [Ins crapiieit yacTi KaHOHUYE-
A* B

oriepaTopa obnactu

CKOTo
4m+2
Il < (4m+2)h
Gy

Iee Io0ajbHOE TIpeacTaBlieHre B Buae (GyHKIIUU
beccend:

m j O
K,.[1] = (=1D)"exp (%‘) Wn /fx
\P[ %|X|,m
h

\/\/%m \/(4m #2)- %t " [W( %M’mD’

Ha

— & c MaJIbIM € > () uMeeTcs CJIEAYIO-

X
rae
Y (r,m)=(2m+ 1)(%E — arccos

+ 3\,(41’}1 +2)—r’

B oxpectHocTH |x| > € ms crapiuei yacTu KaHOHU-
YecKOoTo orepaTopa CIpaBeIMBO Clenyolee mpen-
CTaBJICHUE B BUIe (QYHKIIUN DIpU:

i p
K,.[1] = exp (l—) 2\/%‘/—0><
4 h
1/4
V2 ‘q{ %lxl,mj
X

\/ %le \/(4m +2)- %lez Ai(q{ %Xl’mD’

) n
dm+2 (22)

e

2/3
—(é((2m +1)arccos ——— —g (4m+2) - rz)) , r<<4m+2,
D(r,m) = am+2 23 (23)
(é((2m +1)arch ~LJr —(4m + 2))) , r>~Ndm+2.
2 m+2 2
PAINOTEXHUKA U BDJIEKTPOHUKA Tom 68 Ne 6 2023
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3ameuanue 7. IlpuBeneHHBIE (OPMYJIBI HAIOT
aCHMMIITOTHUKY ITyuykoB Jlareppa—Iaycca, onpenensie-

MBIX MoJuHOMOM Jlareppa L, (m € Z) cnenyooumm
obpazom [13], cm. Takke [15]:

o, IxI’ o, IxI’
vo(x) = CL, (TX] exp(—% :

C = (=1)"exp (%‘) 2&\/%.

HeiictButenbHo, GyHKIMS (24) paguaibHO-CUMMET -
pUYHa U SBJsieTCsl COOCTBEHHOH (hyHKIIMel omnepa-
topa IpenuHrepa s TapMOHUYECKOTO OCIIMIIIISI-

(24)

i (3

2 2,2, 2
Topa —h A + Gy(X; + X;) C COOCTBEHHBIM 3HAYEHUEM

€,, = Goh(4m +2) (cp. ¢ (21) ¢ yuetom € = R, ;).
CpaBHeHue TpadukoB GYHKILIMU, OIpeaesieMoi
¢dopmynoii (24), ¥ NMoJyYeHHOI aCUMNTOTUKY TPU-
BelIeHO Ha pucC. 4.

3ameuanue §. C ydeTOM IPEabIIYIIETO 3aMeYaH s
MoIy4YeHHbIE (DOPMYJIBI JAIOT ACUMIITOTUKY ITOJIMHO-
MoB Jlareppa mpu OONBIIMX 3HAYECHUSIX WHIOCKCA.

VMeHHO, 1py 60IbIIKX (LETbIX) 1 1 1> < b(4n+2),
b < 1, monyyaeM

Y (r,n)
dr@n+2-r

L) exp(—r’/2) = Jo (¥ (r,n)),

aB OerCTHOCTI/I r2 > a,a > O —
2 2
L~y exp(—r’[2) =
1/4
D(r,n
= (—1)”\/54/ |2 ( - )| 2
r |4n +2—r |
HpI/IBe,E[CHHaH aACUMIITOTHUKA COFJ'[aCYCTCf{ C U3BECT-

HBIMU pe3yabTaTaMu Ijisd noaumHoMoB Jlareppa, B
YaCTHOCTH, C aCUMIITOTUKOM B paborax [16, 17].

Ai(®(r,n)).

4.2. lunamuka aazpamniicesa MH02000pa3us
u acumnmomuka nyuxos Jlaceppa—laycca

Kak ynmomuHanmoch Bblllle, aCUMIOTOTHUKA pelle-
Hus 3aaa4yu (17) onpenensieTcsi KAHOHUYECKUM OTle-

patopoM K .1 Ha JarpaH:KeBOM MHOroo6pasun
2

L L L
A; = g5(A”), nonydyeHHOM cOBUroM A~ BIOJb ra-
MUWJIBTOHOBA BEKTOPHOTO TTOJSI ¢ TAaMUJIBTOHUAHOM

< = —L(pl2 + pzz) Ha BpeMs z. OTO MHOroobpasue

2k
MMeeT BULL

A; ={p =P (0.B.1) = P" (auB),

x = X (auB,#) = X" (o, B) - iPL (0B),  (25)
o€ (-mn], Be[0,m)}.
PAJIUOTEXHUKA U BJIEKTPOHUKA TOM 68 Ne 6

02 04 06 08 10 12 14

Puc. 4. I'padux monyns (24) npu z = 0 (CruIoLIHAsT KPU-
Basi) ¥ aCUMIITOTUKM U3 YTBEPXKAeHUS 3 (IUTpUXOBAast) IJIsI
h=01,m=5k=3,00=2.

L
HecnoxHo yb6enutbes, uro BeKTOp-GyHKUMu P, 1

L
X, OnpenendaIoTCcs BhIpakeHUAMU

X (o,B) = RO—W“(OHB)COS(B_S*)’ (26)
P; (0, B) = —RyGon (0t + B)sinf =

JoF
___ Rko, . o) | 9%
= —k2 e n(o + B)sin (B 6*) OF ,(27)
axZ X:XZL
S, = arccos#,
Jk* + 627 .
F= zkcg x12+x22‘ (28)

(K+oid) 2
3ameuanue 9. TlapameTpuszauus Af UMEET BUI,

o o L o
CcX0Xuit ¢ mapameTpuzanueint A~. JIeiiCTBUTENIBHO,

P/ = -Ron(o +B)sinB - %—F "

Z

Xf = Rn(a'+B)cos(B),
rae

a'=a+d,, B=B-3,
2 2
2 2 2 2 Ok

R =&;(k + 0z ), 0, =555 0 —.

k k™ + 0,z
B cuity mocienHero 3aMe4aHMsI CBOMCTBA JIarpaHKe-

L o L
Ba MHOroo6pasus A cxoxu co ceoiictBamu A~ Ile-
pEYMCINM OCHOBHBIE U3 HUX.
2
1. Ixo6uan npoektupoBanus Ha R, nmeer Bun
2

Jh= %sin(m’) = Wsm(z(ﬁ - 8*))

Z
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538 JOBPOXOTOB u np.

X2

X1

Puc. 5. IIpoekiyst 1arpaH:xeBa MHOrooopasusi Ha Iioc-
[R2
KOCTh [Ny — KpyT. BHeuHsst okpyxxHoCcTh I — mpocTast
KaycThka. B moctaToyHO GOJIBIIONW €e OKPECTHOCTU —
KOJIbLIe, OTPAaHNYEHHOM OKpYyXHOCTSIMU I 1 ¥, acuMrI-
TOTHKa TIpencTaBisieTcs B Buae ¢pyHKuuM Ai. B mocta-
TOYHO HIMPOKOIl OKPECTHOCTU 0co00i Touku x| =0 —
Kpyre, OrpaHMYeHHOM OKPYXHOCTBIO Y,, aCUMITOTUKA

npencrasisieTcs B Buae dynkuuu beccens J. B nepece-
YEHUU DTHX O0JIacTeil (KOJIblie, OTPAaHMUYEHHOM OKPYXK-

HOCTSIMM Y| U 7Y,) uMeeT Mectro BKb-acumnroruka, Ko-
TOPYI0O MOXHO TIPEICTaBUTh B BUIE TPUTOHOMETpHUYE-
ckux ¢yHkimii. [Tockonbky B 2TOi 0obGylacTh paboTaet
TakkKe aCMMMTOTHKA U 4yepe3 (hyHKIUIo Diipu, U dyepe3
dynkmio Beccens, To cpaBHUBas aCUMIITOTUKU 3TUX
dbyuxkumit ¢ BKb-acuMnToTrkoit, MOXHO MOJYYUTh BbI-

PaxkeHUA 011 UX apryMeHTOB.

2. ®okanbHas Touka 3 = §, (B' = 0) cooTBeTCTBY-
€T MpocToii KaycTuke I', KoTopas ABIsSIETCS OKPYXK-

HOCTBIO
x| = %\/kz +057 = R..

B noctatroyHO MIMpPOKO OKPECTHOCTH 3TOI KAyCTH-
ku (x| > € ¢ HEeKOTOPBIM € > 0) aCHMIITOTHKA OIpe-
JieNisieTcsl TMHEeHON KoMOuHaleil QyHKIuu Diipu
Ai u ee npousBoaHoii ([8] u puc. 5), T.e.

[KAle] = exp (}%ZA (X,z)) X

% (Al (x,2) Ai [‘123—53")] + 4, (x,2) Ai'(qj;zg())j. )

®dokaibHbIe TOUKM 3 = g +9, (B'= 7—2t) COOTBETCTBY-

10T 0co60ii Touke x| =0, B ZOCTAaTOYHO IIMPOKOIL
okpectHocTn Kotopoit (x| < R, —€) acumnrornka

onpenensieTcss TUHEHHONW KoMOWHaIe (QyHKIIWI
beccens Jyu J, [11], a uMeHHO

[KAle] ~ exp (leJ (x,z)) X

X (Bl (%,2)Jo (qIZT(X)j + B, (x,2)J, [lPZT(X)D (30)

3. JlarpaH:keBO MHOTroo0pasue IpOeKTUPYETCS B

KpPYr [x| < R,, Tpy 5TOM Kaxkas HeocoGasi TouKa

x’ = Rn (Oco + Bo)cos ([30 — 6*) MMeeT 1Ba poobpasa

i 0 | 0 2 0

=B, a=a u B =n+6,-p,
2 0 0
o =ao +2B —0,.
OmnpenenuM as3bl. 3a CYET CIBUTA I10 BPEMEHHU ITOSIB-
JsieTcss (a3oBBEIM MHOXUTENb, OINpEIesIsieMblii Ta-
1( 2 2
MuIbTOHUaHoOM ¥ = _E(pl + Pz) cllelyloluM 00-
pasom:

(<p9$p> - oc£)|oc:+0, dt =0,

B=+0

C— ~

TaK KaK B OTMEYeHHOI1 Touke § = +0 Ha MHOrooGpa-
L 2
3UM A, 3HaY€HMe p~ paBHO HyJI10. Jlajiee MOXHO pac-

L
cMaTpuBaTbh MHoroodopasue A, npu (pukcupoBaH-
HOM Z C OTMEYEHHOIi Toukoit o0 = +0, B = +0, Kak u
Ha HavyaJIbHOM JIarpaHXeBOM MHorooOpasuu. I1yThb

MHTETPUPOBAHUS \/ B TOUKY (oci,Bf) OIpeae/IuM Clie-
JIYIOLIUM 00pa3oM:

Y =7 U,
Y, = {0 = +0,8 = sls € [+0,8']},
Y, = {o = 5,B = Plse [+0,0'].
Torna neiicTBUSI UMEIOT BUL,

1

p
8" = [{p.dx) = Rjo, [ sin’ (B~ B, )dp -

R02 Gézk
2(k* + 052’

2
= —RO;O arccosM - —012|X| JR: - Ix +

F(x,x,)—
(31)

RZ
2 2 2
(] o,k
+R°°arccos zk 22—@ 20z22,
PAIMOTEXHUKA U DJIEKTPOHUKA  toMm 68 Ne 6 2023
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S’ = J-(p,dx) = %(n arccos| |j

2
O, X 2 O
+ ‘| |\/Rzz—|x| + & 0 arccos——K (32)
7 7 [ + 627
0
2
_ P opzk
2 (K +032%)
TakuM 00Opa3oM, BHE OKPECTHOCTH KayCTHK

(e<lIxl< R, — €) 111 KaHOHMYECKOTO OIeparopa pa-
ootaet BKb-nipencraBnenme, Koropoe MMeeT BT

K, [1]z¢x
Ixly R = IxI’
X(exp(é51)+exp(—%+252))=
NG
:ﬁexp(‘l‘z&60+h@—z)x (33)
f-2)-
) (=1)"2\2exp (i@ - 1‘) N ((f Z)

JxR =
:@(2 arccos ] |"|\/ K (4

2

2 2
0 = R% 4rccos - k - b Gozk

2 Jetoi2 2 (K+od)
CpasHuBas nipeacrasienue (30) ¢ BKb-acummnroTu-
Koit (33), mpu 3TOM YYMTHIBASI ACUMIITOTUKY (DyHK-
nuii beccens mpu 0OIBIIMX apTyMEHTax

. (35)

Jo(y) = %cos(y —g),
2

Jl(y)z—\/;t\/;cos(y+§), Yy = oo,

orpeneseM QYHKIIN

(36)

K . [1]=(=D)"exp (%) 2\/;\/%0 exp [i(2m + l)arccos k

S, =0+mhm, ¥, =%,

Wmexp (%E) (2 (37)
B] = ) B2 = 0
2 2
Jr R — I
OTMeTHM, 4TO C YIYETOM
=~ RO _ (412
h h

(cM. (21)) BrIpaxkeHnue (33) mpeodbpa3yeTcs: K BULY

22 exp (%t + 1@)
\/|x| JR -Ix

ROGO —2=0arccos I _go; le \/7|2

CpaBHI/IBaH npeacTaBieHe (29) ¢ (38) BHEe okpecT-
HOCTH KayCTUKW M MCIIOJIb3ysI aCUMITTOTUKHN (PYHK-
o DUpU U ee IPOU3BOIHOM MpU OOJIBIINX apry-
MeHTax (y — +oo0)

J*’n)

cos(
h 4

(38)

. 1 . (2 3/2 n)
Ai(-y) = ——=sin|= + =],
( y) \/1ty1/4 3y 4
yl/4 2 32
Ai'(—y) = ——cos( += ),
(-») cos|Zy Ty

MOXKHO OIpeneanTh QYHKINU
ZA — @’ b = _(29;)2/3 ’
2
2W2n exp (m) lpl'/*

/xR = IxP

OKOHYaTEeIbHO TIPUXOANUM K YTBEPXKACHUIO.
Ymeepucoenue 4. B okpecTHOCTHU

2 2 2
k”+o0o
|X| < (4m + 2)}12—0z—8
k*o,
(c ManbiM € > (0) crapmuii 4ieH KaHOHUYECKOTOo
orneparopa, OIIPEeAessIOIIero aCUMMITOTUKY ITydKa
Jlareppa—Taycca, nipeacrasisieTcs B BUIE

A =

_ ikogz |x|2 k
N 2h(z2<5(2) + kz) N

2
kcso

7o)
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540 JOBPOXOTOB u np.

0.5 1.0 1.5 2.0 2.5
o

Puc. 6. I'padpuk monynst (39) npu z = 2 (cruioiHas Ju-
HMSI) M MOJYJISI aCUMITTOTUKH U3 YTBEPXKIeHUs 4 (IITpH-

xoBasg MMHUA) Wt h=0.1,m =5,k =3, 65 = 2.

rae W (r,m) onpenesnsieTcst BBIpaxxeHueM (22).

B okpectHOCTH |X| > £ CcTapllIMii 4IeH TaKoro Ka-
HOHUYECKOTO oIlepaTopa MPeACTaBIsIeTCS B BUIE

K. [1] = exp (%E) 2\&\/% X

xexp| i(2m+1) arccos ——K— -

Jk* + 057
3 ikcgz|x|2 k »
2h(k* +042°) |k + 622

e @ omnpenensieTcs BeIpakeHueM (23).

3ameuanue 10. Ilpu mpon3BosbHOM Z mydku Jla-
reppa—TIaycca onpenensiorcs yepes moJanHoMoM Jla-

reppa L,, cneayroium odpasom [13]:

2 2
k ko, x|
+oit | (h(K+00d)

o2 _
% eXp[_lk|x| [(GOZ lk)GoJ_

2h \ oy + Kk

v(z,x) = C\/k2

(39)

ikz . GOZ)
— 22 +i(2m +1)arctg—2>],
h ( ) gk

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

rne C = (-1)" exp (%t) Wn %.

CpaBHeHHUE TOJIYYEHHBIX aCUMIITOTHK C Tpadu-
KoM (39) NponJUTIOCTPUPOBAHO Ha pHC. 6.

3AKJIIOYEHHME

B nanHo#1 paboTe mpeacTaBieH reOMeTpUIECKUIA
MOXO0/ K ITOCTPOEHUIO aCUMITTOTUK I'ayCCOBBIX My4-
KOB, OCHOBaHHBII Ha JJapaHXXeBbIX MHOTOOOpa3usIX U
Teopur KaHOHMYECKOro oreparopa Macnosa. Tun
0COOEHHOCTEH Ha COOTBETCTBYIOIIIEM MHOTOO0Opa3umn
3ajaeT CIelUuaJbHyl0 (QYHKILUIO, OMNpeaessolyio
ACHUMIITOTUKY B OKPECTHOCTH (IOCTAaTOYHO IIMPO-
Koit) 3T0it ocooeHHOocTHU. I[Ipu 3TOM apryMeHThI 3TUX
(GYHKIIMI MOTYT OBITh JIETKO OMpeeieHbl U3 coobpa-
XKEHHUSI CpaBHEHUSI aH3alla CHelMajJbHOTO BHIOA C
BKBb-acuMnToTnKo# B peryiasipHoii 00JacTH.

MBI nIpOMJUTIOCTPUPOBAIM 3TOT MOAXOA Ha IIpU-
Mmepe nmyukoB beccenst u Jlareppa—TIaycca. I1pu aTom
ACUMIITOTUKM O00OMX ITyYKOB B LIEHTPE IIy4Ka OIIpe-
nensrorcss yHKousaMu beccens. [TpumHIMmmanpHOe
OTJIMYME ITUX ITYYKOB CBSI3aHO C JIoKajauzanueil. Bo-
IIPOC JIOKAJIM3ALMU CBSI3aH C IIpOoeKIMell JarpaHkeBa
MHOTroo06pa3nss Ha (PU3NIECKYI0 TIIOCKOCTh. Ecim
MPOEKIIUS SIBJISIETCS OTpaHUYEHHOI 00JacThlO, TO
IMy4OK JIOKAJIM30BaH, B IIPOTUBHOM CJIydyae — HET.
Takas curyauust nmMeeT MecTo Wi nydka beccens.
OnmHako UCnojib30BaHUE cpe3arolleii GyHKIIUN 103~
BOJISIET €I0 JIOKaJIn30BaTh. [1pyr 3TOM npu IBMXXKECHUU
BIIOJIb OCHU 7 HOCHUTEJIb cpe3aloleil (pyHKIIMKN TaKKe
JIBVKETCSI, TIO3TOMY JUISI JIOKJIM30BAHHOTO Iy4YKa
beccenst umeer Mecto oKycHUpoBKa (CM. puc. 2a).
ITygok dokycupyercs npu z = 0, a manee, Ipu ABU-
KEHUU BJIOJIb OCH Z, €r0 HOCUTEIb Ha IJIOCKOCTU
(X, x,) HAUMHAETCS PACIION3AThCSL.

B cimygae myuka Jlareppa—Iaycca Takoii mmpo6ie-
Mbl HE BO3HUKAET, TIOCKOJIbKY MPU JI0OOOM Z €r0 HO-
CHUTeNb Ha TUIOCKOCTU (X;,X,) SIBISIETCSI KPYrOM C
LIECHTPOM B HyJie (cM. puc. 20). IIpu aToM acumMnTo-
THKA B OKPECTHOCTHU T'PAaHULILI HOCUTEJISI OIIPEIeasi-
ercd pyHKIMEN Diipn, U My4OK SKCIOHEHIIMAJIBHO
3aTyxaeT BHE 3TOTO Kpyra.

OTMETUM TaKKe, 4TO TTOJydeHHBIe (hOPMYITBI TS
aCUMIITOTUK B BUJIE CIeIIUATbHBIX (DYHKIMA HOCST
III00ATBLHBIN XapaKTep U JIETKO BU3YaJIU3UPYIOTCST Ha
KOMITBIOTEPE.

ABTOpBI 3asIBISTIOT 00 OTCYTCTBMM KOH(JIMKTA
WHTEPECOB.
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