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4

BBenenue

AKTyaJIbHOCTB U CTelleHb pa3paboTaHHOCTU TeMBbI Hccie/loBaHudA. Pabora oTHOCHUT-
cd K MaTeMaTU4IeCKOil Teopun JudpakIuu 1 IMOCBIIeHa TOCTPOEHUIO (DOPMYJT BBICOKOYACTOTHOMN
ACUMIITOTUKY B 3aja4ax JUMPAKINI Ha HEIVIAJKUX IIPEIsTCTBUIX.

[Ipocreiiiiee ommcanre BOJHOBBIX IPOIECCOB JIAET U3BECTHAA C AHTUYHBIX BPEMEH IeOMeT-
puvecKas ONTHKA, KOTOpas He YUYUTHIBAET KOHEYHOCTDH JIIMHBI BOJIHBI, U MTOITOMY HE MOYKET 00b-
SICHUTH HAOJII0JIAeMYIO0 Pa3MbITOCTh I'DAHUIBI ¢cBeTa U TeHU. [[0X0/Ibl K TeOpeTuIecKOMy OIica-
HUIO IOJIyTEHEBOIO T0JIsI OBLTN BIIEPBBIE TpeJIoykeHbl B Hadasie XIX Beka B paborax T. FOura n
0.-2K. ®penesisi, paccMaTpUBaBIINX 3a/1a9y O MaJeHUN IJIOCKOH BOJHBI Ha IJIOCKHUH 9KpaH (CM.,
wanpumep, [1]). Jiauna BosiHbL Ipe/oarajiach Majoii 10 CPABHEHUIO ¢ PACCTOSHUEM JI0 KPOMKH
9KpaHa, HO HeHyJeBoil. B najbheiiiiiem BO3HUK/M 0oJiee MPOJBUHYTHIE aCHMITOTUYECKUE METO-
JIbI, TaKUe Kak JIydeBoil MeToj 2], Meros mapabosmaeckoro ypasaerus Jleonropnaa—®doka [3] u
reomerpuyeckasi Teopust audpaxiwu (I'TT) [4-6].

B I'TJ1, no-Bugumomy, BiiepBbie oTdeTinBo cdopmyaupoBannoii /Ixx. B. Kemiepom B cepe-
JIMHE MPOIIIOro Beka |4, HaMedeHa mporpaMma MOCTPOEHHUsT IVIABHBIX UJIEHOB BBICOKOYACTOTHBIX
ACUMIITOTHK DpeNIeHnil TuQPaKIMOHHbIX 38/1a9. BOTHBI, OTpaskKeHHble OT TVIAJKUX yYaCTKOB I'pa-
HUIIBI, OIMMCHIBAIOTCS JIyIEBBIM METOJIOM, & BKJIAJIbl OT TOYEK HErJIQJIKOCTH I'DAHUIIbI OepyTcsd u3
peleHnii MoJIe/IbHBIX (B PYCCKOi Tpaaumuu |2] — srajonHbIX) 3aad. Ecam KycodHo-TyiaKas rpa-
HUIA B OKPECTHOCTU OCOOEHHOCTH MOYKET OBITH CMOJICTMPOBAHA KJIUHOM WJIM KOHYCOM, TO JIEJIO
CBOJIUTCA K 3aJadaM, JIOIYCKAIOIINM, B CKAJSAPHOM Cjydae, TOYHOe perienue. J[js rpanunp! ¢
HEIJIaJKOH KPUBU3HOW TOYHO pelllaeMble STAJIOHHBIE 33/[a9l HE U3BECTHHI.

Bonee npomsunyteie Bepcun I'TJI, cm., manpumep, [5;6], yauTsBAIOT, 9TO OKOJO OCOOBIX
HAIIPABJICHUN — NPedesbHuT Ayuel, — TJe aMILTHTY/Ia JudparnpoBaHHON BOJIHLI CUHTY/ISIPHA, a
daza 6m3Ka K haze OTparKeHHON BOJIHDBI, BOJIHOBOE T10JI€ OIUCHIBAETCS CIEIUATHHBIMU (DYHKITHS-
MU (HAIIPUMED, B KJIACCUIECKON 3aja4e audpakiuu Ha MoJIyILJIOCKOCTH — HHTerpajioM Openeris).
[Tonobmble ABIEHNST €CTECTBEHHO XapaKTepU30BaTh KaK BOSHUKHOBEHUE TTOTPAHUYHBIX CJIOEB, WU
NEPETOOHBIT 30H, U UCCJIEJIOBATH C MOMOIIBIO IPUEMOB, B COBOKYITHOCTU M3BECTHBIX KaK METOJ
norpaHuvHoro cjos. [log 3TuM moHUMAIOT TEXHUKY, OCHOBAHHYIO Ha U3YUEHUU UCXOJHON 3aja4un
B MaJioii 06JIacTH, OKPYIKAaIeil 0coOYI0 TOUKY, OOBIYHO C HMCIOJIb30BAHUEM PACTSIHYTHIX (Mac-
mTabNpPOBAHHBIX) TIEPEMEHHBIX. 3aTeM MOJIyUYeHHOe BHYTPEHHee PA3JIOKEHUe CIIHBAETCs ¢ pelre-
HUEM BHE OKPECTHOCTH ocobeHHOCTHU. [lorpanc/ioitabie npueMbl, Ha9aa0 MPUMEHEHUIO KOTOPBIX B

3a/1a9aX BBICOKOIACTOTHON nudpakiun nojaoxeno B. A. @okowm [3] u P. Bagesom u [Ixx. B. Kese-



poMm [7], pa3BUTHI U CHCTEMATHYECKU U3JI0KEHBI B (DyHIaMeHTa bHO Monorpaduu B. M. Babuua
u H. f. Kupnunanukosoii [8]. st morpaHCIofHBIX 38,129 B BBICOKOYACTOTHOM CJIydae €IMHCTBEH-
HOCTH DeIeHns] MOYKeT OBITH obecriedeHa aHAJIOTOM YCJIOBUS HM3JIyU€HUs; IIPU 9TOM JeTaJIbHOTIO
[OCTPOEHMsI BHEIITHETO PA3JIOXKeHUs (dT0 ObIBAET HEOOXOIMMO IPU PACCMOTPEHUU JIPYTUX 3a7ad
MaTeMaTHIecKoii dbusuku, cM., Hanpumep, |9;10]) He Tpebyerca. Ilog perernenm (Takke MbI yIIO-
TpebisieM MPUHATHI B 9TON TeMaTHKe TEPMUH «I10JIe» ) Be3jie HOHnMaeTcst (hopMabHOe ACHMIITO-
THUeckoe perienue (cM., Hanpumep, [11]), T.e. BoIpazkeHue, yI0BIETBOPSIONIEe yPaBHEHUIO [ eibM-
roJbial
0? 0?

@—Fa—?ﬁ-i-kz u=0~0 (1)

U I'PAHUYHOMY YCJIOBUIO C HEBA3KOW, MaJIOil Ipu
k/»x — oc.

3Jiech k — BOJTHOBOE YHCJIO, a > — XapPaKTEePUCTUUIECKUI reOMEeTPUIECKUIl TapaMeTp 3a/IadH.

B nmccepranuu nocsiefoBarebHad morpancyoiinas rexauka B ryxe B. M. baduua u H. #. Kup-
UIHUKOBOM [8] pasBuBaercs ist IBYMEpPHBIX STAJOHHBIX 3a/a49 BBICOKOYACTOTHOI Tudpakinm Ha
KOHTYpaX, KPUBU3HA KOTOPBIX IMIaJIKasd BCIOLy, 3a nckiaodenneM Touku O. [lenbio paboTsr ABIsA-
eTCcsl TIOCTPOEHNUE TJIABHOT'O YJIeHa ACUMIITOTHKY, OITMCHIBAIONIETO BIIUSHAE HETVIAIKOCTH KPUBU3HBI

Ha YXOJIdIIee BOJTHOBOE ToJie. PaccMaTpuBaroTesd CJIeIyonie TUIIbI 0COOEHHOCTEN:

1. Cxauox xpususnwv. B srom ciyuae KpuBusHa KoHTypa & = &(s) B Majioii okpecraoctu O

UMeET BUJIL

(s) = &g + hé(s) (2)

B,ZLGCI) S — JIMHa JAyI' KOHTYpPa, OTCIUTbIBacMasd OT TOYKU O,

0, mpu s < 0,
0(s) = (3)

1, mpu s =2 0

— dyuknua Xeucaiijga, a &g u h — KOHCTaHTBI JIIOOOrO 3HaKa. B wacTHOCTH, 82 MOXKET

PaBHATHCs HYJIO, OHAKO h # 0.

2. F&/I,baepOGC%‘CLﬂ CUHZYNAAPHOCTD KPUBU3HDBL OITUCHIBACTCA BbIPpazKEHUEM

@(s) =g+ hst, 0< A< (4)

1 M1 mpe/iroiaraeM rapMOHHYECKYIO 3aBHCHMOCTE OT BpeMeHH ¢ Bujia e !, 3rech w — Kpyrosas JacToTa,
CBfI3aHHAsI ¢ BOJHOBBIM YHUCJIOM K COOTHOIIeHHEM w/c¢ = k, u ¢ = const — CKOPOCTb DPACIPOCTPAHEHUS BOJIH,

KOTOpas MIPUHNMAaETCS PaBHO eauHUIE: ¢ = 1.



3/1ech BBEJICHO cTaHapTHOe 0003HAUYeHHUe Jijist PYHKIMU «C IJTIIOCHKOM» [12]

0, mpu s < 0,
st = v>-—1, (5)

sV, mpu s =0
a & un h # 0 — Kak U mpexk/Jie, KOHCTAHTHI, HA 3HAK KOTOPBIX HE HAKJIA/IbIBACTCI HUKAKIX

OrpaHUYCHUMN.

3. Heznadrkocmv npouseodnotll xpususns.. B 9TOM cilydae CKav0K WM T'eJIbJIEPOBCKYIO CHHIY-

JIIPHOCTH MMeeT ITPOM3BO/IHAsl KPUBU3HBI TOPSIKa j, J = 1,2, .. .:

d7
@aa(s) =®; +hs}, 0< A<, (6)

rage &; — KOHCTaHTa JIIOOOTO 3HAKA.

KomncranTst &g, &; u h B bopmynax (2), (4) u (6) ze 3aBucar ot k. IIpegnonaraercs, aro maaromast
BOJIHA, IIPUXOIUT B 0cOOYI0 TOUYKY () BIIOJIb HEKACATEIHLHOI'O K KOHTYPY HallpaBJ/ICHUA.

Bagaun audpakiyun Ha KOHTYpaxX € HEMIAJKOH KpPUBHU3HON (0COOEHHO B Cilydae CKadKa)
IPUBJIEKAIN BHUMaHME MHOTUX HcciaenoBareseii ¢ 60-X ToJ0B MpoNuIoro Beka (CM., Hampumep,
[6; 13-22]) He TOJILKO CBOMME MOTEHIUAILHBIME IPUIOKEHUSIMU B a3POJIMHAMUKE U PaInOdU3KKe,
HO W TEM, UTO i/l HUX He CYMIECTBYET TOYHO PEIIAeMbIX TAJOHHBIX 3aJ1ad. PaboThl OCHOBBLIBA-
JINCh HA Pa3IMYHBIX BEPCHsIX 3BpHCcTHYecKoro Meroga Kupxroda [5|, mHorma B koMOuHAImu ¢
9JIEMEHTAMH METO/1a IIOrPAHUYIHOTO Cj1osd. B mpocreiineM ciiydae cKadka KPUBU3HBI U HICATHHBIX
rpaHrYIHbIX yeaosuii (T.e. yeaosuii Jupuxse nau Heitmana) [13-15], Obuin HaiijieHbl BbIpaskeHust
It parupoBaHHoil BosiHbl. B Monorpadmum [6] mocrpoeHa acuMITOTHKA IOJIA B HEPEXOTHOMN
30HE B BHJI€ CyMMBI JIBYX (PPEHEIEBCKUX WHTEIPAJIOB. 3aJIa9M JUMPAKINT Ha CKAYKe KPUBU3HBI
WA ee MMPOU3BOJHON mopsjaka j = 1,2,... obuin pacemorpensl JI. Kamunenkum u JIx. B. Kei-
JepoM [16] B cirydae HeKacaTeJBHOTO MAJEHWsT BOJHBI Ha KOHTYD C «IIACCHBHBIM» HMIICIAHCOM.
Onmpasick Ha €cBOEOOPA3HYIO BEPCHIO METOJIa ITOI'PAHC/IOS, OHU ITOCTPOUJIA BBIPAYKEHWE JJIsl JIi-
dparnpoBaHHOil BOJHBI, OJTHAKO IOJIE B IIEPEXO/IHOM 30HE OBLIO IMOJIyYeHO TOJIHLKO Ha MPEIe/IbHOM
JIyde U TOJIbKO Ha MaJIbIX PAcCTOsiHUsAX oT KouTypa. 3. Porodd u A. 1. Kuceses [18] obparuiucs
K Ka4YeCTBEHHO JIPYTOMY CIyYal0 «aKTUBHOTO» MMIIE/IAHCA, IPU HEKOTOPBIX 3HAUEHUSIX KOTOPOIO
BO3HHMKAaeT IOBEPXHOCTHAasi BoJiHa. B pamkax merona Kupxroda onnm moapobHO paccMoTpean co-
OTBETCTBYIOIIEE 110JIe B [IEPEXO/HON 30HE JIjisl CKavuka KpuBu3HbL. Py pabor (Hanpumep, [19-22])
MIOCBSINEH CJIyYasM KacaTe/JIbHOrO MaJeHus WIn HAOJIIOICHNS, TaJIeHII0 TTOBEPXHOCTHON BOJIHBI U
.. Ormernm erme crosimtyo ocobusakoM pabory A.@. Oumunmosa [17], rae ¢ momorpoo coBep-

IIeHHO ,Iprr‘OfI TEXHUKHN HMCCJIeJ0BaHbl HECTallMOHapPHbIC 3a/Ja91 ,ILI/ICI)paKH,I/II/I Ha CKa4Ke KPUBHU3HDI



WIN ee MPOU3BOJHON mopsjka J = 1,2,..., a Tak:Ke KPaTKO 3aTPOHYT CJydail Iejib/IepOBCKOit
cunryngproctu®. [osyuennsie B [17] Bbipaskenus Jjyig qudparupoBaHHBIX BOJH COIIACYIOTCH C
pesyabratamu [16| jyist cranmonapHoro cirydasi. BaxKHOTO Jjisi CTalMOHAPHBIX 33724 BOIpoca 00
OIMCAHUY TOJIsT BOJIU3U IIPEJIE/ILHOrO JIyda B HECTAIIMOHAPHON MOCTAHOBKE HE BO3ZHUKAET.

B nepedncieHHbIX BbIIE PA0OTAX B CIydae CKAUYKa KPUBU3HBI UJIM €€ TPOU3BOIHON HEKOTOPO-
r'o MOPsIKa HAMICHbI BhIPAXKEHU I UM PArupoBaHHbBIX BOJIH, OJHAKO 00/IACTH ITPUMEHUMOCTH
MOJIyYeHHBIX (hopMyJT He 00cyKpanuck. [lose B mepexo/inoit 30He UCCIIEI0BAJIOCH JIUIIID JIJIA CKat-
Ka KpuBu3HBbI. Borpoc o cimuBanuu (GpopMmys ¢ TeOMETPUYECKU OTPAXKEHHOI BOJIHOW HUKOIJIA He
paccMaTpuBaJIiCd, YTO He TIO3BOJIAET ONEHUTH Pa3Mepbl 00JIaCTH MPUTOHOCTHU TIOJIYY€HHOTI'O BbIpa-
kennst. Cirydail resib/IepOBCKON CUHTYISPHOCTH B CTAITMOHAPHOM CJIydae BOOOIIE He ObLIT 3aTPOHYT.

IHenan n 3amaunm aucceprannoHHoii paborsl. llenbio paboThl sB/IAETCS Pa3BUTHE MOCIIE-
JIOBATEILHOI'O METO/Ia MOTPAHUYHOIO CJIOF B JIBYMEPHBIX 33/1a4aX BBICOKOYACTOTHON T paKIium
Ha KOHTYypaxX C HerJIaJIKoil KpUBMU3HOU B C/Iydae HeKacaTe/IbHOTO MaJIeHNs W TTOCTPOEHNe aCuMIITO-
THYeCKUX (HPOPMYI JyIsd TudparupoBaHHON BOJHBI U JIJIsT YXOJISAIIEro MO B IEPEXOIHON 30He.

Bouin pertieHbl ciieiyronue 3a1atum:

1. IlocTpoenune BHYTpeHHErO pa3yI0KeHUs JJIs TOJd B MaJIoil OKPECTHOCTU TOYKHU HETJIaIKOCTH
KOHTYpa B CIydasdx CKadyKa KPUBUSHBI, IeJIbJICPOBCKON CUHTYIAPHOCTA KPUBU3HBI U HEIJIA -

KOCTHU HpOI/ISBOILHOﬁ KPUBU3HLI.

2. IlocTpoenue mpocThIX YA0OHBIX (POPMYIT /It ACUMIITOTUYECKOTO OIMMMCAHNS BHICOKOYACTOTHO-

r'o I0JIs B OOJIACTU CJINSAHUS ABYX HUJIMHIPUYIECKUX BOJIH.

3. CmmBaHme BHYTPEHHETO Pa3JI0KEHUsT C TOCTPOCHHBIMU aCHMITOTHIECKUMU (DOPMYyIaMu BOJTH

3U MIPEJICIBLHOIO JIyYda U € JIYIeBoi (hopMyJIoit Jijisd qudparupoBaHHOil BOJIHBI BJAJIH OT HETO.

4. Uccnenoanue Jiy4ueBoit (hOpMyJIbI JI/Isi OTPAXKEHHON BOJIHBI C IEJIBIO OIpejiesieHus obracTeit

IIPUTI'CHOCTHU II0JTYyYE€HHbIX Bblpa}KeHHﬁ.

[Ipur 3TOM OBLIM TIPEOIOIEHBI 3HAUNTE/IbHbIE aHATUTUIECKIE TPYAHOCTHA IIPU PEIIeHNH KPAEBBIX
3aja4 ¢ CUHTYJISPHBIMEA KO3(MMUIUEHTAMI U IIPU aHAIN3€e JIyIeBBIX (POPMY.I.

MeTtomosiorusi 1 MeToAbl UccJaeaoBaHusi. VccienoBanne BBIIOJIHEHO B paMKax METOI0-
JIOTUH TTOCJIEI0OBATEIHHOTO TIOMPAHCIONHOrO Toxoa [8]. B pabore ncnob30Batics acuMIToOTH e~
CKH€e METOJIbI, TeOPHUsi 00OOIEHHBIX (DYHKIIUN U TEOPHUs CIEeIUaJIbHBIX (DYHKITHIA.

Hayunas moBu3Ha. B mquccepramumonnoit paboTe moc/e10BaTe/IbHbI METO IIOrPAHUIHOTO

CJI0s1 BIIEPBBIE PAa3BUT B 3aJ@daX BBICOKOYACTOTHON JUMPAKIME Ha KOHTYypaX € HErJIaJ KON KpH-

2 IMo-BEAMMOMY, 3TO €JIMHCTBEHHAS PabOTa, I/le paHee PACCMATPHBAIACH TAKasd OCOGEHHOCTb.



Bu3noii. [locrpoens yobubIe TpocThie (hOPMYJIbI, TPUTOHBIE JIJisi O0IIEr0 aCUMITOTUYECKOTIO OIIH-
caHusg (ppeHeJIeBCKUX MPEXOAHbIX 30H. HalijieHbl gBHBIE TIPEJICTABICHUS JIJIsd UM PArupOBaHHBIX
BOJIH U BBIPA’KCHUA JJId II0JId B IIEPEXOMHBIX 30HAX HA MaJbIX I YMEPCHHBIX PACCTOAHAAX OT KOH-
typa. Oupesesiensl 00/1aCTU TPUTOTHOCTH BCEX MOy YeHHBIX BhIpazkeHuil. OCHOBHbBIE PE3YILTATEI
paboThI, BBLIHOCUMbIE Ha 3aIUTY, ABJIAIOTCSI HOBLIMU.

TeopeTrnyeckasi 1 mpakTUdeckKasd 3HAYNMOCTb. PaboTa nMmeer TeopeTudeckuii XapakTep.
MeTonbl U pe3yIbTaThl JJUCCEPTAIIMI MOT'YT OBITH UCHOJIHL30BAHBI TP U3YUYEHUN MATEMATUIECKIX
Mo/iesiell MIMPOKOTI'0 KPyra BOJHOBBIX IIPOIECCOB.

HOJ’IO)KGHI/IH, BbIHOCHUMBbI€ Ha 3allluTy:

1. IlocyieoBaTe/IbHBIN METOJI ITOI'PAHUYHOIO CJIOsi Pa3BHUT I 3aJlad BBICOKOYACTOTHOW JIM-
dpakium B ciiydae HEKacaTeILHOrO MaJIeHUd Ha KOHTYD, KPUBU3HA WUJIM ITPOU3BOJIHAS KPU-

BU3HBI NTOPsJIKa 7, § = 1,2, ..., KOTOPOI'O NUMeeT CKavd0K UJIN T'€JIbJIEPOBCKYIO CUHTYJISIPHOCTD.

2. IlocTpoenbl BHICOKOYACTOTHBIE aCUMIITOTUKU UM PArupOBaHHON BOJIHBI U II0JIs B IIEPEXO/I-

HOIT 30HE JJId KazKJI0T'0 THUIIa 0CODEHHOCTH KPHUBUS3HLI.

3. Ilocrpoensl yio0HBIE TPOCTHIE (POPMYIIBI JJIsd OOIIET0 ACKMIITOTUIECKOTO ONUCAHUS CIUSHUSA

JABYX BbICOKOY9aCTOTHBIX HUJIMH/IPUICCKUX BOJIH.

CrereHb JI0CTOBEPHOCTH U AITPOOAIvs pe3yJIbTaTOB. /[0CTOBEPHOCTH PE3yIbTATOB JIUC-
cepraiuu 00eCcIIednBaeTCs UCIOIb30BAHUEM ITPOBEPEHHBIX METOJIOB M CTPOIMMH MaTeMaTHIeCKU-
MU jokazaTebcTBaMu. OCHOBHBIE PE3Y/IBTATHI JIOK/IA/IBIBAINCH Ha ceMuHape KadeIpbl BBICIIEH
MaTeMaTuku n MaremMarudeckoil ¢pusukn CIIOIY, Ha ropoacKoM ceMuHApe 0 BOIPOCaM TEOPUN
pacipocrpanenus Boiar (IIOMU PAH), na Cankr-IlerepfyprckoM akycTUIeCKOM CEMUHADE UM.
J.IT. Koysosa (UIIMam PAH), Ha 06IeropojickoM ceMuHape 1o MaTeMaTUdecKOoil (DU3MKe WM.
B.U. Cmupnora (IIOMU PAH), na Bcepoccuiickom cemunape «MaremaTnaeckoe MojieInpOBaHue

BOJTHOBBIX 1porieccoB» (PocHOY, MockBa), a Tak:ke Ha CJIEYIONUX KOH(MDEPEHIIUSIX:
e MexryHapoaHbie KoHdepennun «Days on Diffractions (Cankr-ITerepoypr, 2018-2020, 2023);

e Cankr-IlerepOypreckue 3uMHIE MOJIOIEXKHBIE KOH(MDEPEHINH 110 TEOPUH BEPOSTHOCTEH 1 Ma-

remarudeckoii usuke (Cankr-Ilerepbypr, 2018, 2019, 2021);

e MexryHapoHble KoHbepermun «Advanced Problems in Mechanicsy» (Cankr-IlerepOypr,

2019, 2020):

e Conference on Spectral Theory and Mathematical Physics (Coun, 2020);



o Koudepenmus MexKIyHAPOIHBIX MAaTEMATHIECKUX [IEHTPOB MupoBoro yposus (Coun, 2021);
o III xoubepennus maremarnaeckux reHTpos Poccnn (Maiikon, 2023);

e Tpamurnmonnas ceccuss MUAH—ITOMU «/Tudbdepennmaibabie ypaBHEHNS U JTHHAMAIECKIE

cucrembl» (Cankr-IlerepGypr, 2023).

ITy6mmkaruu. OCHOBHBIE DE3YJIbTAThI JUCCEPTAIMN OIyOIMKOBaHbI B 7 cTaThax [23-29|, u3
HUX [IeCTh [24-29| B peneHsupyeMbIX HayuHBbIX U3JaHusiX, pekoMenyembix BAK, u oxna [23] B
JKypHAJIe, BXOJISAIIEM B MeXKIyHapojHbie 0a3bl jgaHabix Web of Science u Scopus. Kpome Toro,
onybmkoBano 3 3ametku [30-32] B cOOpHUKAX TPYJIOB MEXKIyHAPOJHBIX KOH(MDEPEHIHi, WHIeKCH-
pyeMbix Scopus. B jmccepranimio He BONUM pe3yabraThl pabor [33; 34|, mocBAIEHHBIX PA3BUTUIO
MeTO/Ia IMOIPAHUYHOTO CJIOd B 33/la9aX C KacaTeJbHbIM I1aJIEHUEM.

JImgHbIil BKJIaJa aBTOopa. Pesynbrare pazzenios 1.1, 1.2, 2.1, 2.2 u riaBbl 6 ormyOJTMKOBAHBI
B COBMeCTHBIX paborax jauccepranta ¢ A. I1. Kucenesbim [23; 25; 27|. Pesyabrarsl mpuHajieskar co-
aBropaM B PaBHOU crenenu. Pesyibrarel rias 3 u 4 omyGJUKOBAHBI B cTaThe 28], BHIIOIHEHHOI
B coaBTropcTBe ¢ A.Il. KucenesbiM, KoTOpBIit ocytecTBsti obiee pyKoBOACTBO paboToit. Pesyib-
TaThl pasjenos 1.3-1.5, 2.3 u TyIaBbl 5 MOJIYYEHBI COMCKATEJEM JIMTIHO U OMyOJIMKOBAHLI B Pado-
Tax [24;26;29).

CrpyKTypa un o6beM auccepranuu. /luccepraiiusi COCTOUT U3 BBeIeHU, 6 I/IaB, 3aK/II04Te-
Husl, Ipuyiozkennsi u 6ubmorpadun. OOt 00beM TUCCePTAIA COCTABJISIET 78 CTPAHUIL TEKCTA,
BKJIIOYasd 18 pucynkoB. Bubimorpadusa BraodaeT 58 HAMMEHOBAHHUIA.

B nepBoii riiaBe BOJTHOBOE 10JI€ UCC/IEIYETCs B MOIPAHUYHOM CJIO€, OKPYZKAIOIIEM TOYKY
O: paznensr 1.1, 1.2 u 1.3 mOCBSAIIEHBI CTydasiM CKadka KPUBU3HBI (2), TeJIbIEPOBCKOI CHHTYIAP-
HOCTH KPUBU3HBI (4) 1 HENIaIKOCTH TPOU3BOIHON KpUBHU3HBI (6), cOOTBETCTBEHHO. [1JIst TPOCTOTHI
BBIKJIAJIOK IIPEJIIIoJIaraeTcs, 9To najiaiolnas BoaHa — iockas. [losHoe BosiHOBOe 10J1e HAJT KOH-
TypoM omuchkiBaercs ypasHenuem [embMmrosibiia (1). B Masoit oKpecTHOCTH TOYKEM HErJIajiKoCTh
O 3ajada MMEPENnChIBACTCS B KOODJMHATAX <«JJIMHA JIyTH — HOPMaJb» S U M. PacTskeHne rre-
peMeHHBIX B K pa3 MPUBOJUT K 3ajade ¢ CUHTYIAPHBIMU KOdMDUIMenTaMu s JMHEHHOTO 110
h anena BosHOBOrO mOJIA. C HMOMOIIBIO MPUHIIUIA IIPEJIETBHOIO MOTVIONIEHUS BbIJIEISETCA OTBe-
Jaroriee yxoJdiieii BoiHe perrenne. /(19 Hero moJiydeHO SBHOE BbIPaXKeHHe 4Yepe3 WHTerpasl oT
OBICTPOOCIIMIIIUPYIONIEl (DYHKIUKA € CHUHTYJISIPHON aMILIUTY/I0i, 9TO TOTPe0OBAJIO MPEOI0IeHUs
BHAYUTETHHBIX aHAJTUTUIECKAX TPYJIHOCTEH. ACHMITOTHIECKUI aHA/M3 HHTErpasa jaeT GopmMmy-
JIy Jitst qucpparupoBaHHON BOJIHBI, & TaKKe OIMCAHUE I0Ji BOJU3U IIPEJIEIBHOIO JIyda Ha MaJIbIX
PACCTOSHUAX OT KOHTYPA.

B pasmneste 1.4 pesynabraThl 0600IIEHBI HA CTyYail MMIEJAHCHOTO T'PAHIIHOTO YCJIOBUS.
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B pazaene 1.5 kparko obcy:kmaercs gudpakiing MUJIXHIPAIecKoir BoHbL. [lokazaHo, 1To
IJIABHBIHN JIEH aCUMIITOTUKH, OIIMCHIBAIONINI BINsSIHIE HEIJIaIKOCTH KPUBU3HbI Ha YXO/IdIIee 10JIe,
OTJIMYAETCA OT HAHJIEHHOTO B CJIydae NMajeHus IJI0CKOH BOJIHBI JIUITh MOCTOSTHHBIM MHOYKUTEJIEM.

Bo BTOpOIi riiase 3agaun qudpakiui Ha KOHTYpaxX ¢ HErVIaIKOH KPUBU3HONW UCCIETYIOTCS
B paMKaX 3BPUCTUYIECKOro MeToqa Kupxroda. DTo 1mMo3BOJsieT yrajgaTh BUJ CIEIpyHKIN, OIu-
CBHIBAIOIIUX I10JI€ B IEPEXOHON 30HE HA YMEPEHHBIX PACCTOSHUAX OT TOYKHU HEIJIQJIKOCTU, YTO
HEIIPOCTO CJIe/IaTh B PaMKax ITOIPAHCIOWHOTO MTOIXO0/IA.

B TpeTbeii riiaBe uzyvaercs clennaibHOE CeMEHCTBO TOUHBIX pelleHuil ypaBHeHus | eabM-
roJIbIa, YIOOHBIX JIJIsi ONMCAHUS CJAUSHUS JBYX ITMJIMHApHIecKnX BoJH. [Ipn pasgenennn nepemen-
HBIX B 9JUTMIITHIECKUX KOOPMHATAX BOSHUKAET IIPOM3BeeHne 1ByX ¢yt Marbe. Acumnrorn-
Ky OJIHOM 13 HuX jiaeT Kiaaccuueckuii meron BKB [35]. MccieioBatue BTOpoil MeHee TPUBUATIBHO U
BBIHECEHO B TJIaBy 5. Tam ee acuMIITOTHKa BOJIM3H IIPEJIE/IBHOIO JIyda BbIpazkeHa depes3 pyHKIIUIO
apadoJIMIecKOro MUInHIpa [, T/ie V OlpeJie/isdeTcs mapaMeTpoM pazjiesenus. B pe3yibrare s
GYHKIMN ceMeficTBa MbI MTOJIy9aeM IIPOCTYIO YA00HYIO aIlllPOKCUMAIIUIO.

B derBepTOil Ty1aBe MBI BO3BpalllaeMCsi K PacCMOTPEHHI0 JAudpakini Ha KOHTypax ¢
HerJIaJIKoil KpuBu3HOM. BostHOBOE 110716 B II€PEXO0IHON 30HEe, T/e CANBAIOTCA MUINHIPUIeCKas Tu-
dparupoBannas BoJIHA U OTParKEHHAsT BOJIHA, UCCCIYETCA HA YMEPEHHDBIX PACCTOAHUAX OT TOUKHU
HEIJIQIKOCTH KOHTYpa. MBI alllpOKCHMUDPYEM OTPaKEHHYIO BOJIHY ITUJINHIPUICCKON BOJIM3H IIpe-
JIEJIBHOT'O JIyda, a 3aTeM OIHCHIBAEM YXOJISIIee 10Jie ¢ IIOMOIIbIO0 (PYHKIINI TOCTPOEHHOI'O B IlaBe
3 cemeiicTBa pemtennii ypapaenus ['ebmrosibiia. Beibop moaxoadanux byHKIUN T0ICKa3bIBACTC
pesyibTaraMu rJiaBbl 2. OIeHKa IUPUHBI IEPEXOIHOI 30HbI TPpeOyeT MOIPOOHOI0 aHAM3a, Ty 9eBOit
dOpPMYIIBI 711 OTPasKeHHOI BOJIHBI, KOTOPBIN IIpUBEJIeH B Iyiase 6.

B msToit ryiaBe mpuBOAMTCS JI0KA3aTEIbCTBO HUCIIOJB30BABIIECA B IlaBe 3 TEOPEMbI O
TOM, 4YTO pelenne ypasuenus Matbe ¢ KoadduimenraMu CreruabHOTO BUIA alllIPOKCUMUPYETCs
dyHKImMEl 1apadboINnIecKOro MUINHIPA.

B mrecToit ritaBe 11poBejieH JieTaJIbHbIM aHaIn3 JIydeBOil (pOpMYJIbI JIjIsi BOJIHBI, OTPaXKeHHO
OT KOHTYpa ¢ 0COOEHHOCTHIO KPUBU3HBI. B pe3y/brare JJIMHHBIX U TPOMO3JIKUX BBIKJIAJIOK ITOJTy e~
HBI YIPOIIEHHBIE BBIPAyKEHUsI B MAJIONH OKPECTHOCTH TOYKHU HEIVIQJIKOCTH M B Y3KOW OKPECTHOCTH
[IPE/IEJIBHOTO JIyda. DTO IMO3BOJISIET OIPEIEUTh 00IaCTH IIPUTOJIHOCTH BbIPAXKEHHI, ITOCTPOEHHBIX
B ryiaBax 1 u 4.

B zakroveHun KpaTKo M3JI0KEHBI OCHOBHBIE PE3Y/ILTATHI JINCCEPTAIIAN.

B npusio>keHun npuBeieHbl 9acTO UCIOJIb3YEeMbIe B JCcepTalii (DAKThl O (PYHKIUAX T1a-

pabOJIMIECKOTO TIAIUHIPA.
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I'maBa 1. Ilorpanu4nsblii cjoii BOJIM3U TOYKHN HEIJIAKOCTU

Bosogoe 1osie u B Geckoneunoit obnactu R? \ , orpannuennoit koutypom C (cm. Pucy-
HOK 1.1), onucwiBaercs ypasuenunem Lejibmrosibiia (1). Ha kourype C' BBIIOJHEHO, HAIPUMED, T'Da-
HUIHOE ycioBue upuxiie

ulo = 0. (1.1)

panugnoe ycinosue Hefimana u uMIeJaHCHOE TPAHUIHOE YCJIOBUE (YCIOBUE TPETHEro POJIA) Pac-

CMaTPHUBalOTCiA BIIOJIHE aHAJIOTMIHO.

Y
diffracted

rays

NN |
N

Pucynok 1.1 — /Iudpaknus Ha KOHTYpe ¢ HETJIAJIKON KPUBU3HOM

BBejieMm jiekapTOBbI KOOPUHATHI T W i C MEHTPOM B Touke O M OChIO T, HAIIPABJIEHHOI 110
KacaTeIbHOI K KOHTYpy. Hampasiienue orcaera JyinHbL yru KOHTYpa § B ¢hopmystax (2), (4) u (6)
COIJIACOBAHO € HalpaBjieHneM ocu x: x > 0 it Touek KoHTypa ¢ s > 0 (em. Pucynok 1.1).

Pemmenue sagaun (1), (1.1) mbl umem B Buje u = u'™ + u°, rie

Uit — pik(xcos po—ysin o) (1.2)

— HaJiaolast IWIoCKas BOJHA € YIJIOM CKOJIbKEHUs g (KoOpauHaThl (1, y) BBEJIEHBI KAK ITOKA3aHO
Ha Pucynke 1.1: mpudeMm HallpaBjeHHE OCH X COTJIACOBAHO C HAIIpABJIEHHEM OTCYeTa JJINHBI IyTH S
KOHTYDA), a u®" — yxogmas BoHa. [lajaiomnas BoJHA IIPUXOJUT B TOUKY HETJIaIKOCTH KOHTYDa
O BJI0JIb HEKACATEILHOIO HAIIPABJICHUs, TO €CTh g > £ > (0 ¢ (puKCUpoBaHHON U He 3aBUCIICH
oT k KOHCTaHTOM €.

CorytacHO reoMeTpraeckoil Teopun nudpakiuu |4; 5| yxo/dmmas BoJIHA B caMOM I'PyOOM Tpu-
OJIMZKEeHNN eCTh CyMMa JBYX BOJIH:

uO — e g g (1.3)

3ech v — BosiHA, reOMETPHYECKH OTpazkKeHHAd OT IVIAJIKUX dacTeil KoHTypa, a ull — BosHa,

JudparupoBaHHasg TOYKON €ro HerjaaJkocTu. B paccMaTpuBaeMOM HAMU CIydae HeKacaTeJIbHOIrO
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f apnoe BbIpazkenme!, TepsIomee IIAIKOCTL Ha npedes-

najieHusi JiydaeBoit Mmero 2| maer jyist u™
HOM AYve — JIyde, TeOMeTPUYECKH OTParkKeHHOM B 0coboil Touke KonTypa O, cm. Pucynok 1.1.
Hudparnposannas somma ulll, em. (1.3), Ha 60JBIIIX MO CPABHEHNTO C JTMHOM BOTHBI PACCTOSHN-

AX, T.€. IIpU

kr — oo, (1.4)

ABJIACTCA TUINHJIPUICCKON BOJIHOI:

elkr

ul = A(p; k) (14+&). (1.5)

5

31ech T 1 — KIacCU9eCKHue IOISpHbIE KOOPAUHATEI ¢ HeHTpoM B O:
r=rcosp, y=rsing, 0<r —7m<e<<m. (1.6)

Oyuximo A(p; k) HasbBaOT AudPAKIMOHHBIM KOI(DMUIMEHTOM, NI HArPAMMOl HAIIPDABJICHHO-
cru, M., Harpumep, [4;5]. HepaBromepHast 110 yruty morpermtocts £ 3aBUCHT, BOOOIIE TOBODS, OT

yovia MeKAy InpeaejibHbIM JIYI0OM U HalIpaBJICHUEM Ha TOYKY H&6J’[IO,H€HI/IH

re. £ = E(r,¢; k). na nudpaknun Ha HerJIaJIKuX MpernsarcTBuaxX (cM., Hanpumep, |5; 16;23-25])
xapakrepno obpamenne A u £ B 66CKOHEIHOCTb Ha IPEAEIHLHOM JIyde.

Takum o6pazom, npejicrasienue (1.3) IpuMEHNMO He BO BCeil paccMaTpuBaeMoil 00/1acTu: Bo-
KPYT IPEJIETLHOrO JIyda BOSHUKAET IMOIPAHUIHBIN CJI01, BbIJIeIeHHbINH Ha Pucynke 1.1 mTpuxoBKoit
— Tak HasbIBaeMas neperodnas 3o0na. Tam (pas3bl reOMeTPUIECKE OTPAXKEHHON U IudparnpoBaHHON
BOJIH OJIN3KH, & CAMU BOJIHBI CTAHOBATCA HEPA3IMYUMBI, UTO [O3BOJISIET TOBOPUTH 00 UX CJUSTHUU.
[Tockosbky BbIpazkerue (1.5) mMeer CMBICT TOJBKO Ha OOJBIIMX PACCTOSHUAX OT TOUKH O, CM.
(1.4), okoJio Hee BO3HUMKAeET JIPYIoii MOMpaHUYIHBIN cJioil (3akparnenHas 30Ha Ha Pucynke 1.1).

B mannoit riase BosHoBoe noJe, JudparupoBaHHoe KOHTYPOM C HEIrVIQIKOW KPUBU3HOM, HC-
ciielyeTcst B MaJioit okpectHocTr Touku Hersagkoctu O. CHavasa O6yaer paccMOTpeH ciydaii ckad-
Ka KPUBU3HBI, 3aTEM — IeJIbJIEPOBCKON CHHIYJISPHOCTH, U, HAKOHEI, CIydaii, KOraa 0COOEHHOCTh

numMeeT IpousBoJHad KPUBU3HLI HEKOTOPOI'O IIOPpAIKa.

! TIompobuEil anam3 aydeBoit hopMy/IBI /IS OTPAsKEeHHON BOJIHEI IPOBEICH B IaBe 6.
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1.1. Indpakiius Ha CKaYKe KPUBU3HBI

Paccmorpum judpakinio Ha KOHTYpe, KpUBU3HA KOTOPOTo B Touke () MMeeT CKavIoK, CM. (2).

B sTOoM ciryuae reoMeTpHYECKIX XapaKTEePUCTHYECKUIT ITapaMeTp BBOAUTCS 110 hOopMyIIe
2 = max{|aey|, |&y + h|}. (1.8)

Huke oH BOBHUKHET €CTECTBEHHBIM o6pa30M. OTMGTI/IM7 9TO ¢ He O6paHlaGTCH B HYJIb, IIOCKOJIbKY

nHave KPUBNU3HA KOHTypa ObLita Obl HenpepbiBHA B O.

1.1.1. JIokasbHBbIe KOOPJAMHATHI B OKPECTHOCTU TOUKu ()

[Iycts Touka nabmonenus M pacrosoxkena Bomsu Touku O. Bynem xapakTepusoBaTh ee
I0JIO?KEHUE OPTOrOHAILHBIMU KOOP/IMHATAMU S U N, TJIe N — JIJINHA OTPe3Ka HOPMAJIU, OIYIIEHHOI'O
w3 M na xoutyp C' (cMm. Pucynok 1.2). st Touex, jeKarmux Beie KOHTypa, 1 > 0. AHajorom

noJsisipHBIX KoopauHaatr (1.6) B Masoit okpectHOCTH ToUKH O SBISIOTCST KOODJAUHATHI 0 U 1¥:

s=pcos?, n=psind, 0<Lp, —7 <9I <. (1.9)
Y M
A

V @) S L

Pucynok 1.2 — Koopjunats s u n

C mOMOIIIBIO XOPOITO M3BeCTHHIX (hopMyt auddepenimaibaoil reomerpun 36| HETPYIHO BbI-

Pa3uTh JICKAPTOBBI KOOPJMHATHL & U Yy ToUuKH M depe3 s u n:

gj:5+330n8+hn8++0<%(n2+82))7
o (1.10)
ot o (e (4 ).

y=n-—

DyHKIWS «C UIIOCHKOM» ompejesieHa B (5).
N3 (1.10) MIHOBEHHO MHOJIyYAIOTCS COOTHOIIEHMSI, CBSI3BIBAIOIINAE MOJISIPHBIE KOOD/MHATHI

(1.6) u ux sokasnbHBI aHasor (1.9):

o=r[1+0 (1)),
U =¢[l+0 ()],

(1.11)
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TaK 4To 0 &~ r u ¥ & ¢ B objacrTu, re

»nr — 0.

(1.12)
Yeaosue (1.12) Besjie Jasee Mpe/IoraraeTcsi BbIOTHEHHBIM.

B mauioii okpectHoCcTH TOuKH O CTAHJAPTHBIM 00PA30M BBEJIEM DACTSIHYTbIE KOODJUHATHI S
u N (cMm., nanp., [16;37;38])

S=ks, N=kn

(1.13)
" paSﬂO)KHl\/I KOOp,Z[I/IHaTbI Tr n y 110 OTpI/IHaTeHbeIM CTeIICHAM 60.HBHIOFO HapaMeTpa k’:
S ®yNS hNS, (5% + N3)
N wS? hS2 Lo (SN '
Y= % 7 oz T ke 3 ‘

1.1.2. ITagarouiast BosHa (1.2) B pacTIHYTBIX KOOPAUHATAX

C momorpio (1.14) dasbl nagatormeii u yxo/gieil II0CKUX BOJH [EePeChIBAIOTCST CIIeTy o
M 00pa30oM:

1
k(x cos g £ ysingg) = S cos g + N sin g +

k

x0 <:Fs1n2<,00 S? + cos g NS) +
: 2 3 NS
+h (:Fsmfosi + cos @y NS+) +0 (%) .k — oo

B OKPECTHOCTU TOYKHN O IIpuHuMaecT BH/I:

[Tajaromaa Bona u™e

inc

uhe — ezk(wcoswo—ysmwo) _ ubnc + E (880u11nc + hullnc,h> T E— 00, (1‘15)
rje yHKIUN
u%)nc _ ei(Scosc,oostingoo)7
sin : .
ullnc — ( 2()00 SQ + €08 o NS) 61(Scostpo—Nsm<p0)’ (]_]_6)

inc,h . ( sin Y0 o2 (S cos po—N sin pg
Uy —z(TS++Cosg00NS+ el )

HE 3aBUCAT OT aMIIJIMTYAbl CKaYKa KPUBU3HDLI h.

AcuMITOTHKA OTpazKeHHOiT BOIHBI 1! (6.1) mmeet cxoxyto dopmy. Ee mosryuenne npuseieHo
B ri1aBe 6.

1.1.3. Ypasuenue l'esibmronbna (1) B pacTsiHyTHIX KOOPAMHATAX

B koopunarax § u n oneparop LejbMrosbiia umeer Buj (cM., Hanp., [36])

1 0 1 0 1 9 D)
52 T TF - s s 7, \U Pl I 1.1
o o tF 1+nae@s<1+nae83)+1+naean (( +n88)an>+k (1.17)
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PackaspiBast npaByio dactsb gopmysibl (1.17) 10 crenensM n u nepexojisi K pacTsiHy ThIM KOOP/IH-

Hatam S u N, oJIyInM

82 82 2 2 1 h

riie BBeIeHbl 0003HaICHI

2 »? 0
Ly = T4l L=-aN
°=gN: Tag T ! 952 " N’ (1.18)
o 9 9 |
Lt = —2NB(S) -2 1 () — —
: 0(S) 55 +0(S) 7 — NO(S) .

3aeck 0 — byuknusa Xesucaiiga (3), a § — nenbra-dynknus Jupaka.

1.1.4. BayTpeHHee pa3jioyKeHUEe

Byznem nckars perenue 3agaan (1), (1.1) B Buze
1
= U+ - (aeoUout AU h) U (1.19)

Harmreit [EJIbIO [ABJIACTCA aCUMIITOTHYECKOE OllMCaHne BJIMAHUA CKadYKa KPHUBU3HLI Ha YXOAdIIee

11oJie, 1103TOMY HaM HMHTEPECEH TOJIBKO JIMHENHBIA 110 AMIIJIATyle CKadKa h dseH.

3&,[{3.“11/1 IIOI'paHUIHOI'O CJIOA

[Mogcrasngs (1.19) B (1) u (1.1) u npupaBHuBas K HYJIO KO3(DOUIUEHTHI DU CTeeHgx k,

t,h
MBI TIOJTy9aeM 3a/1a91 MOTPAHIIHOTO CJI0sI. 3ajiada, JjIs Uf " pmeer Bun

LoUP™™" + LhUg™ = 0, (1.20a)
| ==t (1.20b)
a jyist US™.
LoUS™ =0, (1.21a)
U™ |y = — 0| vy (1.21b)
Oueparoper Ly u L eegenst B (1.18), a dyukuun 6 n " 5 (1.16). Mes B Buy crunsanue

C YXOJSIIel BOJIHOM, JOMOJHUM 3aJa91 MOTPAHUIHOTO CJIOd TUIMMUYHBIM JIJIS TEOPUHN BBICOKOYA-
CTOTHOMN Jqudpakiuu TpedboBaHUEM, ITOOBI UX PEIICHUs YIOBJICTBOPSIA TPUHIIUILY PEIETHHOTO
HorJIoNIeH sl, cM., Hanpumep, [8;38|. A umenno, 3amena 1 wa 1+ i, § > 0, B BbIpaskeHUn st
Lo, cm. (1.18), npuBojur K 3ajadaM, KaxKjas U3 KOTOPbIX MMeeT eJIMHCTBEHHOe YObIBAIOIIEe IpU
N — oo pemenne. [Ipenenbubrit mepexo 6 — 0 BbIe/IsieT HyKHbIE HAM PEIIeHNs NCXOIHBIX 3a/1at

IOIPAHIIHOTO CJ10 (cM., Hamp., [39]).



16

Hac ne unrepecyer dbyukius U™, OCKOIbKY OHa He ONUCHIBAET BIIUAHUE CKATKA KPUBU3HDL.

. inc,h i
Ora dyHKIMA penraer 3ajady, Kotopast ormmHaaerca ot (1.20) samenoit L w u)"" wa L m ul®,

cooTBeTCTBeHHO. MOXKHO TT0Ka3aTh, 9ro UL cmmBaeTcs ¢ OTpayKeHHON BOJIHOMN, HO MBI OILYCKAeM

J0Ka3aTeJIbCTBO 3TOI'O (baKTa.

UccnenoBanue JInHeHOrO 1O h 4jIeHa
Mpr MraoOBeHHO mosTydaeM perrerne 3agadu (1.21)

U(())ut _ _ei(S cos po+N sin o) (122)

B rimase 6 mokazano, uro (1.22) siBiasieTcst TIaBHBIM YJICHOM DPA3JIOXKEHUsI OTPAYKEHHOI BOJIHBL.

Yuurssas (1.16), (1.20) u (1.22), npuxoaum K 3aja4e Jiist Ufut’h;

([ 92 02
(s ) -

0582  ON?
= ((isin g + 2 cos” gy N)O(S) — i cos py N§(S)) g5 cospotNsinwo) (1.23a)
out, i 8in %0 iS cos
& “”LN:():— 5 S ¢ifcoseo, (1.23b)

t,h
Mbr npeposiaraem, aro U7 ya0BeTBOpsieT MPUHIUILY PEJETBHOTO MONIONIEHHUS.

t,h
Jlerko nposeputb, uto dyuxmus U™ npeacrasuMa B Buje

Ut =W +V, (1.24)
rie W u V' ynoBiieTBopdioT 3a/1auam
(0> &
— 1 pr—
(052 Tone > W
= ((isin g + 2 cos® g N)O(s) — i cos pg N3(S)) el cospotNsingo) (1.25a)
Wiy = 1s1n (’DOSi giS cos o (1.25b)
u
0? 0?
— +—+1 = 1.2
<852+8N2+ )V 0, (1.26a)
Vo = —isingg S7 e cosweo, (1.26b)

COOTBETCTBEHHO. [IpuHINI IIpeiesIbHOTO MOIVIOIEHNs 00eCIeINBAET €IMHCTBEHHOCTD PEIIeHN 3a-
maq (1.25) u (1.26).

Pas6uenue (1.24) yno6Ho 1o cieyromum npuansaM. Bo-niepsbix, 3ajada (1.25) sierko pera-
eTcs B 9JIeMEHTapHBIX (DYHKINAX, a perienue 3ajaqu (1.26) Beipazkaercs depe3 uarerpai Oypoe.
Bo-BTopnix, W cmuBaeTcs ¢ oTpazkKeHHO# BOJIHOI, B TO BpeMs KaK V OINHUCBHIBACT AU pParupoBaH-

HYIO BOJIHY.
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Pemenne (1.25) ouennb mpocroe:

W= <S1H2§00 S_2|_ — cos g NS+> ei(Scossoo-&-Nsingoo)‘ (127)

B rnaBe 6 mokasaHO, UTO 9TO BBIpaKeHUE CIINBAETCS C T€OMETPUYUECKH OTParKeHHOI BOJIHOM, a

IIOTOMY HE€ IIpeJcCTaBJ/IdCT AJid HAC MHTEPeCa.

UccnenoBanne pyukiuu V

Bynem uckars perenue 3amaun (1.26) B Bujie unrerpasa Oypoe

V(S,N) = % / w(o, N) e do (1.28)

¢ Hem3BecTHOH maoTHOCTEIO [i(0, N). IIpeobpasosanne Pyprbe dyHKIMHI Sieis COS¥0 maeTcsd BBIpa-

KeHHneM

F[S5es%0] (0) = F [S%] (0 — cos ) = 2i(o — cos py — i0) 2, (1.29)

cM. [12]. U3 (1.26) BeiTekaet, ato pu(o, N') yaoBaeTBopseT 06bIKHOBEHHOMY Aud depeHImaTbHOMy

YPaBHEHUIO
(8?\2[2 +1 —02> =0 (1.30)
1 I'PAHUIHOMY yCJIOBUIO
o = 2sin g (o0 — cos g — i0) 7> (1.31)

Bagada (1.30), (1.31) umeer JBa JUHEHHO HE3ABUCHMBIX DEIICHUS:

[t = 25sin g (0 — cos o — i0) 73 eFNVIZ*, (1.32)

BeTBb KBapaTHOTO KOPHS BhIOpaHa Tak, 9To Ipu —1 < ¢ < 1 oH noJyioxkurteseH. Pa3pesbr mokasa-
ubl Ha Pucynke 1.3 Bostaucrbivu juausiMu. 106w naTerpast B (1.28) cxouics: Ha 66CKOHEYHOCTH,
MBI JIOJIZKHBI B35Th perterne (1.32) ¢ 3HaKOM «+» B [OKa3aTesie S9KCIOHEHTRI. PerysgpusyeM nnre-
rpai (1.28) ¢ momorpio mokazanHoit Ha Pucynke 1.3 nedopmannu kouTypa unrerpupoanus (Re o
— BelleCTBeHHAs YaCTh 0 ). VICIIO/Ib3ysl JIOKAJIbHBIN aHAJIOT HOJIAPHBIX KoopauHat (1.9), npuxoaum
K CJICJIYIOIEeMY BBIpazkKeHuro jiist perenus V 3amaan (1.26):

sin @q
T

1% do. (1.33)

/ eikg(\/ 1—02 sin ¥+o cos 19)

(0 = cos po)?
5

Hanomuanwm, ato o = r u ¥ =~ ¢ B obstactu »r — 0.
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N\ COSPo T
— 74 cosdy ~ o/ Reo

Pucynok 1.3 — Konryp unrerpuposanus B (1.33)

B BoicokouacrorHOM TipubsmKennu kr — oo (1.4), cranjapTHas aCUMITOTHIECKAsT TEXHUKA
(em., Hanp., [40]) mosBosur HaMm onmcarh GYHKIMIO V' Kak CyMMy BKJIAJIOB MOJIOCA 0 = COS Qo U
KPUTHYIECKON Toukn (asbl 0 = cos . Besne nanee yemosue (1.4) mpe/mosaraercst BBIIOJTHEHHBIM.

Kpurnyeckasi Touka ¢a3bl He CIAUIITKOM OJm3Ka K moJrtocy. [lycts kpurudeckass To4-
Ka (hasbl HACTOJILKO yJIaJIeHa OT TOJI0ca, 9To acuMiToTrka (1.33) MoxkeT ObITh HalijleHa CTaHIapT-
HBIM METOJIOM TiepeBasia (cM., Hamp., [40;41]), T.e. Touka HaBGJIIOIEHUST PACIIOIOKEHA HE CJIUIITKOM
6M3KO K 1peiebHoro jtyay. Kontyp unrerpuposanus (cm. Pucynok 1.3) medopmupyercs B Kaca-
TeJIbHBIN K JIMHUK HauObICTpeiiiero ciycka (cM., Hanp., [40]) B Touke 0 = cos 1, rye ona obpasyer
C HOJIOKUTEJIbHBIM HAlIpaBjeHneM ocu aberce yrog 3w /4. B ciryuae cos g > cos ¥ moJIioc He Jlaet
BKJa T B mHTerpast (1.33), em. Pucynok 1.4. Ecim ke cos ¢y < cosd, cm. Pucynok 1.5, To BRI

OT IIOJIIOCa paBE€H BbBIYETY HOILBIHTeraHbHOfI beHKHI/H/I B TOYKE 0 = COS .

-1 cost COSPo 1 Reo

Pucynok 1.4 — Kontyp nnrerpuposanus B (1.33) tupu cos ¢ > cos v

\lL

-1 W‘ cosﬂ\ 1 Reo

Pucynok 1.5 — Konrtyp nnrerpuposanus B (1.33) mpu cos g < cos v

CyMMEpysl CKa3aHHOE, MOJIyIuM acUMITOTUKY dbyHKImu hV /k, uMeroreil cMbIc ajinTHB-
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HOII 9aCTU BOJIHOBOI'O IIOJI:

3 2
ﬂ _ he(@o _19) ( . _ik(ssm@o.—nCOS@O) )ez‘k(scos<po+nsim,oo)+
k Sin QOO SIHQOO
Ao e [0 (ot )] (134
+ i k)—— |1+ ], r— o0, (1.34
Vo ko(9 — ¢o)?
rie

LE}

AW k) = \ﬁ hsinvsingo iz (1.35)
T k (cos ) — cos ¢g)

[Tepsoe ciaraemoe B npasoii dactu (1.34) onucbiBaer BKJaJ osoca. OHO CITUBAETCSI ¢ OTParKeH-
HOi1 BOJTHOI, cM. TyiaBy (6). Bropoe ciiaraemoe siBjisieTcst BKJIaJIOM KPUTHYIECKOH TOYKU has3bl U
onmchBaeT MudparnpoBaHHyo BosiHy. AcuMnToTuka (1.34) Henpuroaa B 001aCTAX, T/ 3HAUCHHE
¥ 6mu3ko K O win 7, T.e. KpUTHIecKast TOYKa as3bl cos f OM3Ka K TOUYKaM BeTBIeHns das3bl £ 1.

[Morpemmnoctu B (1.34) MaJsbl IPU BHITIOJHEHUN YCJIOBUST
Vkr|g| — oo, (1.36)

O3HAYAIOIIEM, YTO TOYKA HAOJIIOJACHNS HAXOJAUTCS JOCTATOYHO JAJEKO OT MpejesbHoro syda. Ha-
IIOMHUM, 9TO @ — yIOJ MEXKJy HalpaBJIeHHEeM Ha TOYKY HaOJIOJIEHWs] U IIPEJETbHBIM JIyUOM,
em. (1.7).
CuiuBka Boipaxkenuii (1.5) u (1.34). I[Tokaxkem, aro npu ycrosun (1.36) Bropoe ciaraemoe
B ipaBoii wactu (1.34) cmBaercs ¢ mumHapuyaeckoit soaHoit udl (1.5). Us coornomennit (1.11)
BBITEKAET, ITO
e =™ (1+ 0 (kxr?)). (1.37)
U3 dbopmbl monpaBodHbX wieHoB B (1.37) cieyer, 9To pasMep HOrPAHIIHOTO CJI0sk BOKPYT TOUKH

O xapakTepusyeTcs yCJIOBUEM

kser? — 0. (1.38)

Cpasrusas (1.5) n (1.34) moayunm, aro A(p; k) = A(p; k), em. (1.35), u nudparuposanuast

uwlt = A(yp; k)j% (1 +0 (%@2)) . (1.39)

[MonpaBounbtii 4jen Mast npu BbinosiHerun yesosus (1.36). Boipaxenue (1.39) momyckaer pacipo-

postaa uf mveer Bu

cTpaHeHue Ha OOsIbINMe, He yIoBaeTBOpsone yeaosmuio (1.12), paccrosHus, HO HEIPUTOTHO JJIsT
HAIPaBJIeHNI, OJIM3KUX K KacaTeIbHbIM K KOHTYPY. OHO corytacyercs ¢ (hopMyIaMu, Moy 9eHHBIMI
panee B [14-17].

Kpurndeckast Touyka ¢asbl U 1moroc 6uausku. Paccmorpum cirydail, Korja ycaosue
(1.36) He BBIIOJIHSIETCsI, U TIOJTyYeHIe ACHMITOTHKE BbipazkeHust (1.33) Tpebyer Momudukamnum Me-

TOJda I1epeBaJia. HYCTB TOYKa H&6JHO,I];€HI/IH pacioJiozKeHa BOIN3HU Ipeae/IbHOro Jiyda, U BBIIIOJITHEHO
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yCJIOBUE

(kr)3g — 0, (1.40)

cM. (1.7). B Masioit OKpecTHOCTH KPUTHYECKON TOUYKH (ha3bl BBEJIEM [IEPEMEHHYIO HHTErPUPOBAHMUST
o = cos¥ + (sind, |¢| — 0. Cnexys, manpumep, dpgeitn (cm., wap., [40]), pasnoxum daszy
(1.33) 10 KBQIPATUIHDIX YJIEHOB U PACIPOCTPAHUM UHTErPUPOBAHKE U3 OKPECTHOCTU KPUTHIECKOM

TOYKHU (a3bl Ha BCIO OCh:

do =

hv B hsin ©o / eik(n\/1—02+80>

k Tk (o — cospg)?
o

7k sin g

h ik / 1+ 09— o)+ O (koC?)

TN e~ heCI2 e, (1.41)

—u

Beipaxenue (1.41) merpyaHo 3anucarh B repMuHax (byHKIMU napabomdeckoro nuimsapa D g,

cm. (A4):

ﬂ _ ]2 ho iko—iZ e s 1
T \/;sin 0 e D_; (\/éze ) [1 + O (kr(¥ — ¢0)®) + O T )l (1.42)

31ech BBejeHa IepeMeHHast

2= 22 (0 - g0, (1.43)

KOTOpas 9aCTO BOZHUKACT IIPU OIMMCAHUHU TIePEXOIHbIX 30H (2% NpUOINZKEeHHO PaBHACTCA PA3HOCTH
a3 rrocKoit U IMIMHAPUIECKO BOJIH, cM. ryiaBy 3 u |5, u obpaiaercsa B Hy/Ib Ha IIPEIEJTbHOM
Jyde).

MaJtocTh 0CTATOYHBIX WJIEHOB, IIPOIEyPa MOJIyIeHUsT KOTOPBIX OIMCaHa HUKe, 00ecievnBa-
erca yceaosueM (1.40) u (1.4).

OrmernM, 9T0 Bhipakenue (1.42) pacrer npu yJaajeHusi OT KOHTYpPa U IPUTOIHO JIJIsT OTIHCa-
HUsI BOJTHOBOTO IOJIA JIMITHL Ha MaJsibix (1.12) paccrosausx ot O.

Dopmysa (1.42) mpumMeHnMa st ONMUCAHKST BOJHOBOIO TI0Jis B morpanudHoM cioe (1.38).
Pacnpocrpanenue ee Ha 06/IbITNE PACCTOTHUS MBI OOCYIUM HEMHOT'O ITO3/IHEE.

ITony4denne morpemraoctu B (1.42). Pasbepem Gosiee 10APOOHO BBIYUCICHUST TIPEJIbIILY-
mero naparpada. Ilepexonst B (1.41) K nmepeMeHHOI WHTErPUPOBAHIS E = VEkr(¢ = (9 — @),

IOy UM

= X

(:3
X (1 + 00 — @) + O <<Z+ Vho(v = “’0))3>> dC. (1.44)

—ivEo(9—p0)C—iC?/2
ﬂ __he 6z‘kg—ik9(ﬁ—2¢’o>2/e ivVEe(9—po)¢—ic?/

k 7 Sin g
o

N7
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Baesiem oGosHateHue 11 Masioro napamerpa ¢ = (ko)3|9 — go| (em. (1.40)). B tepmunax € u ko

AMILIATY/Ia OjbIHTerpasbaoil dyHknun B (1.44) npuHIMaer BHI

%<1+O(19—900)+O<(C+\/_19 #0)) ))
:é(1+0<(k0)‘§5>+0(<+ kg)ic) ))

+0 (&%) 5—13 +0 ((kg)—%g> (é + 2_) +0 ((kg)

@\b—\
ml\'.)
N—

Qzl

O
VR
-
=)
~

i
(3
Unrerpan B (1.44) npeacrasiser coboit cymmy wrenos nopsaka O(1), O ((kr)’%>, @) ((kr)’%e),
O <(/€g)_é52> u O (£3). B obnactu, rae seimosneno yceaosue (1.40), obecrieunparoliee MajocTh €,
Boipazkenne (1.44) npunumaer suy (1.41).

CmmBka Bbipakenuii (1.34) u (1.42). [Tokaxkem, 9T0 NpH BBIIOJHEHUN 000UX YCIOBHI
(1.36) u (1.40) cdopmyser (1.34) u (1.42) acuMOTOTHYECKH COBIAIAIOT. B camom jere, ncmoss-
3ys acCUMOTOTUKY GyHKIWN napabosmdeckoro muamnaapa D_3 (em. (A.5) u (A.6)) un moxcrasiss
Beipazkenue s 2z (1.43) B (1.42), npu 2z — £00 mosyaum

hY hr _ L gikr-if
—_—~—— (2@229(—2)6”“" 4 2ﬁz3) =

r2(9 — )2 ikr(1—<”—“’0’2) \/5 he—i% ik
= —tkh——0(po — V)e : +1/ = . (145
S o o= 7 ksin o (w0 — V)% Vier (1.45)

Jlerxo BujeTn, uTo rasnble wiensl (1.34) u (1.45) coBmajaror.

Pacnpocrpanenue Boipakenusi (1.42) Ha 66JbIne pacCTostHUS. B OrpaHuTHOM CJI0e
(1.38) BOsm3M Touku O JOIyCTUMa 3aMeHa JIOKAJIbHBIX KoopiuHaT (9,1) Ha MOJFpHbIE KOOD/IH-
Hathl (1,¢). @opmyra (1.42) npu Takoil 3aMeHe HEPEXOJNUT B BbIpazKeHHE, KOTOPOE PACTET IIPH
yJaJ€HUH OT KOHTYpa U, CJIeJ0BATEIHLHO, IPUTOJHO JIMIIb Ha MaJjbix paccrogausax or O. CriBa-
HUE C JIy9eBOil (DOPMYIION Jiisi OTPasKeHHON BOJIHBI MIPH yJaJIeHUN OT TpejesbHoro Jjyda (1.40),
cM. IJIaBy 6, TIOKa3bIBAET, YTO 06JIACTH IPUMEHUMOCTH [10JIyI€HHOI'O BhIDAsKEHUsT XapaK TepU3yeTcst
yemousivu (1.12); (1.40) u

ks(rp)* — 0. (1.46)

1.2. /Indppakiius Ha TeJibIePOBCKOl CUHTYJISAPHOCTH KPUBU3HBI

B namnoM pa3zjiesie paccMaTrpuBaeTCs CJIydail IeJibJIePOBCKOI CHUHIYJIAPHOCTH KPUBU3BHBI,
cM. (4). Tlome ucenmemyercst mo Toit Ke cxeme, 9TO U B CJlydae CKadKa KPUBU3HBI B pasmese 1.1,

MIO9TOMY HEKOTOPBIE JeTan Oy/IyT OIyIIEHBI.
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B ciygae o61iero moJioxKeHust reOMeTpUIecKuil mapaMerp 3aJiad BBOJUTC KaK i = |a&eg),
cM. (4), a B ciiydae yIUIONIEHHsT KOHTYpa, Koraa @y = 0, mo dbopmyne »x = |h|. Hrobbl 06cyuTh
cpasy oba cjydasi, Mbl OyJieM BbIpaxkaTh OCTATOYHBbIC WIEHBI B (opMysax depes &g u h, 6e3

HCIIOJIB30BaHUA ir.

1.2.1. JlokajbHbIe KOOPAWHATHI B OKPECTHOCTU TOYKu ()

Kak u npexe, Touka Habogenus M, nexamast Bosim3u O, OyJIeT XapaKTepru30BaTbCs Op-
TOrOHAJLHBIME KOODJMHATAMA § U 1 (JJIMHA JIyT'H — HOPMaJIb), cM. PucyHok 1.2, u JIOKaJIbHBIM
AHAJIONOM TIOJISIPHBIX KoopauHat o u ¥, cm. (1.9)

C moMoIIBIO0 XOPOIO U3BECTHBIX (popmyst auddepeHInajIbHOl reOMETPUN, CM., HAIIPUMED,

[36], BbIpasuMm, Kak B paszjene 1.1, KoopauHaTel © 1 y Touku M depes s u n:

1+A
T =5+ &eons + hlns—+>\ + O (=3r*) + O (h2r3+A) ’
ot pes (1.47)
y=n— — — + + O (25r®) + O (R*r*).

2 24+ N1+ N)
DyukIws «c wnocnkoMy onpejenena B (5). 13 (1.47) MIHOBEHHO IOJIy4YAIOTC COOTHOIICHHUS,

CBs3BIBAIOIINE TOJIIpHBIEe KoopanHaThl (1.6) n nx sokanbHblil anasor (1.9):

o=7[1+0 (wor) + O ()],

(1.48)
0 =¢[1+0 (&) + O (hr'™)],
TaK 9T0 0 & r U ¥ & ¢ B 0bJacTH, I
agr — 0, hr'™ —0. (1.49)

Bamernm, uTo npu &g # 0 Bropoe coorHomenue B (1.49) ciemyer us mepBoro, T.e. 06JaCTh, Xapak-
TepusyeMas MEePBBIM COOTHOIIEHHEM, Y3Ke 00IacTh, XapaKTepu3yeMoii BTOPBIM.

Besjie sasee Mol nipejosiaraem yciaosus (1.49) BBIIOJIHEHHBIMU.

1.2.2. Ilaparomias BosiHA 1 oneparop l'eJbMroJibiia B pacTsHyThIX KOOPAMHATAX

BostHoBoe 110J1e B MaJioii okpectHOCTH ToYKr O CHOBa OyJIeM ONHUCHIBATH C TIOMOIIBIO CTAaH-
JApTHBIX pacTsayThix Koopaumaar S u N (1.13). ®aza magatomieit Boaubl (1.2) B KoOpAmHATAX

(1.13) npescrasssier coboit psij IO OTPUIATEIBHBIM CTENeHsIM 00JIbIIoro napamerpa k, eu. (1.47)

. Scospg— Nsingpg &g (sin ©o
T oS Py — Y sin g = —

? 12 TSQ+COS¢ONS)+

h sin g 9 COS g
G2 NSYM ) 4+ ..., &
+k2+A((1+A)(2+A) TN T e,
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a caMa IaJIaomasi BojiHa B MaJjioit okpectHoctu Touku O umeer Bu (cp. (1.15))

. . 20 ; h
ume = ubnc -+ ?Oullnc + Wulff/\ + ... y k — oo. (150)

inc __ ,inc inc __ ,,inc inc __ ,,inc
Bneck dbynxmmn uy'® = ug®(S, N), u = u**(S, N) u ui¥, = ul’f,(S, N) onpenensaiorca BbIpazke-
HUSME
inc 6i(S cos po—N sin pg)

’LLO — 5

- . { sin g . v
ullnc - < S2 + cos @ NS ez(Scosgpo Nsm<p0)’

2 (1.51)

inc __ sin o 2+, COS¥o 14X ) (S cos wo—N sin @)
_ g NS ®0 ®0
1 Z((1+>\)(2+>\) T )6

U He 3aBUCAT OT h.

AHaJIOrUYHO BBITISIUT BBITEKAIOIIAsT 13 JIydeBoit (popmyJibt (6.1) acuMIToTHKa OTpazkeHHOI

BOJIHBI, IIOJIy4eHHe KOTOPOil IPUBE/ICHO B Iiiase 6.
Oneparop lesbmrosbiia B pactstHy ThIX KoopauHatax S u N npunumaer suj (cp. (1.18)):

2 02 ® h
@Jra—yﬁk?:k? (L0+?0L1+WL1+)\+--->7 k — oo,

rJe BBEJIEHBI 0003HAYEHUS

_ 82 + 6_2 + 1 L —— 8_2 + i
T ON2 ' 9s2 te 082 " N’
Liiy= —2NSA8—2 + SAi — /\NS*HAE

t952 " TON + o 9S

Lo
(1.52)

1.2.3. BayTpeHHee pa3jioyKeHue

Byjiem uckarh BHyTpEHHEe pasJioxKeHue JJisd yXOJdiieil BoHbI B Bujie, anajoruaaoM (1.50):

X0

k

uout — U[t))ut + Ufut +

paE UM +..., k—oo. (1.53)

i ' out
Hac nHTepecyeT TOJIbLKO JIMHEUHBIN 110 aMIVINTY/1€ CUHTYJIAPHOCTHU h qJIeH U1+)\'

3agauy MOrpaHUYIHOIO CJIOS

[Moncrasnss (1.50) u (1.53) B ypasaenue ['esbmrosbia (1) u rpanmanoe yciaosue (1.1) u

NpUpaBHUBasg K HY/JII0 KOIMDMUIUEHTHI TPU CTENeHAX Kk, MOJYyIUM 3aJlaq9i MOTPAHUYHOIO CJIOL.

Banada aaa U™ umeer BU
1+

LU + Lip U™ = 0, (1.54a)

§vco = = uiial veo (1.54b)

a g US™, oueBuiHO, coBnajiaeT ¢ anagornanoii sagadeii (1.21). Oneparopsr Lo u Ly, BBeJIeHbI

ou
U1+

B (1.52), byukuun uf u v, oupenenenst B (1.51). ViMest B Bty ClIMBaHue ¢ yXOAIICH BOJIHOIL,
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JOIIOJIHUM 3aJa9U IIOI'PaHUYIHOI'O CJIOA TUIIMYHBIM JIJId T€OPpUUN BBICOKOYaCTOTHOI rZLI/ICleaKILI/H/I Tpe-
O6oBaHUEM, YTOOBI UX PEIIEHUs YAOBJIECTBOPSIA TPUHIIAITY TTPEJIETHHOrO MOTJIONIEHUS, TOIPo0Hee
cM. pazzen 1.1.4.

Ormernm, aro 3agada ayist UP™ ormmuaerces ot sagadn (1.54) 3amenoit Ly, y n uyly Ha Ly

inc

u u}", coorsercreento. Crumbanue dbynkuun U™ ¢ jryueBoit hopMysioit jis OTpaKeHHON BOJIHBI

obcyx)aercsd B riiase 6.

HNcciienoBanue pettenust 3aga4au (1.54)

Pemenne 3anaun (1.21) mis Uy naercs Boipazkennem (1.22).

C yuerom (1.51), (1.52) u (1.22), 3amaga (1.54) upuanmaer BuI:

( 62 82
(——+ +1)Uﬁ3:

0S5%  ON?

= ((isin gy + 2 cos® gy N)S} —iXcos gy NS;H’\) g5 cospotNsinpo) (1.55a)
ou i sin %0 24X iS cos

Ues = — + o, 1.55b
Wy =~ Tnes Tt ¢ (1.55b)

Texuudecku ynobuo npegcrasurs UPY, Kax cyMMmy ABYX byHKImit
t
U =W+7V,

rie W=W(S,N)uV =V(S,N) — COOTBETCTBEHHO DEIICHUs 3a1a4

( 2 2
G

05?  ON?
= ((isin g + 2 cos® g N)S? — iX cos g NST ) eilScoseotNsingo), (1.56a)
i sin %Yo 24X _iS cos
W = S wo 1.56b
| |N:0 (1+>\)(2+A) + € ) ( )
u
0? o?
(8_,32+8N2 +1) V =0, (1.57a)
Vg = — o 2tSP0 g2 iseosgo (1.57b)

M
1+ N)2+N) "
€/IMHCTBCHHOCTDb peIHeHI/Iﬁ KOTOprX O6€CH€‘IHB&€TCH HpI/IHIlI/IHOM Hpe,ILeJIbHOFO IIOI'JIOIIICHHA.

Herpyaso npoeputh, uto perernem 3ajaqu (1.56) sBisiercs dbyHKIUs

. sin ©o 24\ COS @Yo 1+A (.S cos po+N sin ¢q)
W = ST — NS s wo), 1.58
Z<(1+)\)(2+)\) L T s )e (1.58)

Kak mnokazano B riiase (6), OHa CIIMBAaeTCs C OTParKEHHOI BOJIHOI, a TI0TOMY He IPeJICTaABIIsIeT s

HAC UHTEPECA.
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WNccnenoBanue dbyuknum V

Pemmenne 3amaan (1.57) 6yaem nckarh B Buje naTerpasa Oypne
1
V(S,N) = by / p(o, N) e do (1.59)
T

¢ HemsBecTHOIT 1oTHOCTBIO 10, N). [eiicrByst kak B pazzerne 1.1.4 u noab3ysck dhopMynoit s

Dypbe-obpasza HyHKITIHI SJQFJFA u3 [12], mpuaeM K cieyromemMy BbIpazkKeHuo s V'

hV (0,9 .
—Zg ) =50+ )

B si ikg(\/lfaQSinﬁJracosﬁ)
S0 / ¢ do. (1.60)

km (o — cos pg)3+*

v

Kontyp unrerpupoanus v nmokaszan Ha Pucynke 1.6. 31ech BeTBb KBaJIpaTHOTO KOPHS BbIOpaHa
TakK, 4To pu —1 < 0 < 1 ero 3HaYeHUs MOJOKUTETbHBI, COOTBETCTBYIOIINE Pa3Pe3bl IIJIOCKOCTH
ormevenbl Ha Pucynke 1.6 Bosnucteivu jiuausivu. Cornacto Fenbdanay u [unosy [12], BoiGpana
riaBHas BeTBL GyHKIME (00 — cos ) >, paspes nokasan Ha Pucynke 1.6 mTpuXIyHKTHPHOlM
munueii. O6o3nadenus o u ¥ BBeensl B (1.9). HamomumnMm, uro B paccMaTpuBaeMoii obaactu g & 1

u v, cm. (1.48).

/R Cosgo; 1
— /4 cost -/ o/ Reo

Pucynok 1.6 — Konryp unrerpuposanus B (1.60)

B nanbueiiiem Mbl GyeM pacemarpusath dynknmio hV/k1A koropas, B ormune or V,
MIMeeT CMBICIT aJINTUBHON YacTH BOJTHOBOTO mojs. B obmactu kr — oo (1.4) Mbr Gyjaem uccieno-
BATh e, OIUPAasACh Ha CTAHJAPTHYIO ACUMITOTHIECKYIO TEXHUKY, CM., Hanpumep, [40;41]. Briabr
B acuMIToTUKY bynxmun hV/k1** naror kpurnueckas Touxa dasbl 0 = cos® U TOYKa BETBICHHUS
AMILTUTY/IBI 0 = COS (0g.

Besze nanee yenosue (1.4) mpeanosaraercsi BHITOJTHEHHBIM.

Kpurnyeckasi Touka a3bl He 6iM3Ka K TOYKE BeTBJIeHUsI aMIUTyAbl. [Ipenoo-
JKUM CHaYasIa, 9T0 KPUTUUIeCKas TOYKa (ha3bl JOCTATOTHO y/ajeHa OT TOYKU BETBJIEHUST AMILIU-
TYJIbI, TaK 970 acuMOToTrKa (1.60) MOXKeT ObITh Haifi/leHa CTAaHJAPTHBIM METOJIOM TepeBasa, CM.,
wanpumep, [41]. Jlunus HauObICTPERIIEro CIlyCKa B KPUTHUIECKON TouKe dasbl 0 = cos 1 obpasyer
C TIOJIOKUTETHLHBIM HallpaBjieHueM ocu abcrce yros 37 /4. B ciaydae cos pg > cost mbl jiedop-
MHUpPYeM KOHTYpP MHTerpupoBanusd, cM. Pucynok 1.6, kak nmokasano na Pucynke 1.7, a B ciydae

cos (py < cos V¥ — Kak nmokazano Ha Pucynke 1.8.
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3
4 e
cosz?\ CO5¥0 1 Reo

Pucynok 1.7 — Konryp unrerpuposanus B (1.60) tpu cos ¢y > cos )

—

cOS(p() cosﬁ\ 1 Reo

-1

Pucynok 1.8 — Konryp unrerpuposanus B (1.60) mpu cos py < cos

B pesymbrare mia dymrkmum hV/ kA momygaercs cieayiomas acHMITOTHKA!

ik(s cos wo+nsin o) +

hV [ 2ikh(ssingg —ncos ©g) 2+
kA (14 A)(2 + A)(sin pp) 1+

+ A(9:; k)j%) [1 +0 <m)} . (1.61)

~ 2T(1+X) hsindsingg T _An
A k) = \/; K (cosd — cos gg)° 0 etz (1.62)

re

[TepBoe ciaraemoe B KpyTIJIbIX CKOOKAX OIMMCHIBAET BKJIAJ] TOYKH BETBJICHUS ¥ CIIUBAETCS C OTPa-
JKEHHOM BOJIHOM, cM. TyiaBy 6. Bkiiaj Kpurudeckoit Toukn (asbl J1aeTCs BTOPBIM CJIAracMbIM U
onuchkiBaeT JudparupoBantyo Boiny. Acumnroruka (1.61) Henpumennma B 061aCTSIX, TJIe 3HAUE-
Hre ¢ 6sin3Ko K 0 wiin 7, T.e. KpUTHIecKast Touka (hbas3bl cos f 6JM3Ka K OJIHOI U3 TOUEK BEeTBIICHUSI
dasbr £1.

Kak u B ciyuae ckauka KpuBU3HBI, morpermHoctd B (1.61) MaJibl OpU yCIOBUH, YTO TOYKA
HaOJIIO/IEHNST PACIIOJIOXKEHA HE CJIUIIKOM OJIM3KO K MPEJIeJBHOrO JIydy, T.e. BBIIOJHEHO HepaBeH-
crBo (1.36).

CunBanue Boipakenuii (1.5) u (1.61). TTokazkem, aro npu yciosun (1.36) Bropoe ciara-
emoe B mpaBoit wactu (1.61) crmBaercs ¢ nuanHApHIEcKoi BosHO# (1.5).

Cpasuusas (1.5) u (1.61) ¢ yuerom (1.48), nmomyunm, aro A(p;k) = g(gp; k), em. (1.62),

£ = O (1/krg?), m qudparnposannas sosaa vl mveer Bu

wf = A(p: k;)% [1 +0 (%@,2)} . (1.63)
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Mautocts ocrarounoro 4ieHa B (1.63) obecrieansaercs coornorerneM (1.36). Beipaxkenue jyist nu-
dbparuposannoii BostHbr (1.63) omyckaeT pacnpocTpaHenue Ha GOJIBIINIE PACCTOSHUSA, HE YIOBIIE-
TBOpstiomue orparndernsaM (1.49), onxHaKO HEIPUMEHIMO B OKPECTHOCTH KACATEIbHBIX K KOHTYDY
Harpasienuii.. OHO coryacyeTcs ¢ mostydeHHoit panee B [17| dbopmysioit.

U3 (1.48) BeITEKAet, 9To
A0 k) = Al k)
( ) )\/k_g - ((p, )\/H

B obmactu, rjie He BBIOJTHAIOTCA YCIOBUS

[14 O (kaeor?) + O (khr*™)] .

kaegr? — 0,  khr*™ — 0, (1.64)

Bropoe ciaraemoe B (1.61) u Boipaxkenue (1.63) e ciuBatorest apyr ¢ apyrom. Takum obpazom,
pa3Mep OrPaHIUIHOrO €JI0st BOKpYT Toukn O xapakrepusyercs coornorenusivu (1.64) (cp. (1.38)).
OrmernM, uTo 1pu &y = 0 HOrpaHUIHBIN CJI0¥ mmpe, deM 1pu &y # 0, cp. (1.49).
Kpurtudeckasi Touka ¢aspl 6JiM3Ka K TOYKe BEeTBJIEHUS aMILIUTYAbI. Temnepb oOpa-
THMCH K cirydaro, Korja yesosue (1.36) He BinosHsercsa. Ananuns uarerpasa B (1.60) mpoBourest
BIIOJTHE aHAJIOTUYHO TOMY, KaK 9TO OBbLIO CIEJIAHO B CIydae CKadka KpuBU3HBI. Mbl mpemnoia-
raeM, 4TO TOYKa HaOJIIOJIEHUsT PACIIOJIOKEHA BOJIM3U TPEJIETBLHOTO JIyda, a UMEHHO BBIIOJTHEHBI
yeaoust (1.40) u (1.4). B masoii OKpecTHOCTH KPUTHYIECKOH TOUKN (asbl BBEJEM MEPEMEHHYIO
uHTErpupoBanus o = cos v + ¢ sind u pazioxum da3zy (1.60) 10 KBaJpaTuIHBIX YJICHOB, a 3aTeM

pacIpocTpaHuM UHTETPUPOBAHUE Ha BCIO OCh:

WV RL(1+ A)e 22 Jikr / 1+ 00 — o) + O (kr¢?)

—ikr¢?/2
Ex (K sin @) A (C = (0 — )3+ € dg. (1.65)

Acmmvrroruky npasoit gactu (1.65) HETPYIHO BhIpasuTh depe3 (byHKIHMIO HapabOJHIecKOro Iu-

mubapa D3y, em. (A.4):

hV 2 D(1+ NS hrita .2 .
— \/j ( + )6 4 T h 2 ezkr—zTD_S_)\ <\/§Z€_’LZ> %
m

E1+A (sin (;00)1+)\ k2

« [1 1O (kr(d — o)) + O <¢1/<;7)} - (1.66)

Ilepemennas z BBegena B (1.43).

Masocts ocrarounsix 4aeHoB B (1.66) obecrieunsaercs yemosusamu (1.4) u (1.40). Mbr omyc-
KaeM IIPOIEeLypy UX IOJTydeH s, OHa BIIOJIHE aHAJOIMYHA OIMMCAHHON B pasmeie 1.1.4.

Touno Tak ke, KaK 9TO CIEJAHO B CJIydae CKadKa KPUBH3HBI, YCTAHABIUBAECTCH, ITO ACHMII-
torudeckue poipazkenns (1.61) u (1.66) aias byuknuu hV/kY crmsatores apyr ¢ apyrom B

obsracTH, rjie BbIIOIHEHb! 00a yeaosud (1.36) u (1.40).
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Broipazkenue (1.66) pacrer npu yBeJMUeHUN T U TPUMEHUMO JIJIsl ONUCAHUSI BOJHOBOIO TIO-

Jg b B norpadnaHoM cioe (1.64) Bosmsu rouku O. Pacrpocrpanenne dopmyist (1.66) Ha

OOTIBINIE PACCTOSTHUSL MIyTEeM 3aMeHbl JIOKAJbHBIX KoopauHaT (0,1) Ha TOJSIpHBIE KOOP/IMHATHI

(r, ) TPUBOAUT K BBIPAYKEHWIO, MPUTOHOMY B OOJIACTH, KOTOPAsl XapaKTEePU3YeTCsl YCIOBHSIME
(1.49), (1.40),

kaeo(rg)? — 0. (1.67)

kh(r)*t = 0. (1.68)
Orpanndenusi Ha 00J1aCTh IPUTOTHOCTH BBITEKAIOT U3 TPEOOBAHUSI CITUBAHUS C JIy9€BO (hOPMYIOit

JIUTsl OTPAYKEHHOI BOJHBI IIPU yJaJIeHIH OT mpeeabaoro jayda (1.40), cm. raaBy 6. OrmernM, 91O

pu &y # 0 ycaosue (1.67) crpozxke yciopus (1.68).

1.3. JIudpakiiusg Ha HErJaJIKOCTA MPOU3BOJHON KPUBU3HBI

B sTom paszene KOpOTKO pacCMOTpeH cJiydail HErJIaJIKOCTU MTPOU3BOIHON KpUBU3HBL. 1Ipei-
[0JIaraeTcs, YTO MPOM3BOJHAs TOpsaKa j = 1,2,... KPUBU3HBI KOHTypa & mumeeT B Touke O
ocobeHHOCTh B (6), & KpUBU3HA U BCe ee MPOU3BOJIHbBIE MOPsIIKAa MEHbIIe j HelpepbiBHBL 13
(6) u (5) BumHo, yto mpu A = 0 OpousBOJAHAA KPUBU3HBI B Touke (O MMeeT CKadoK. B cirydae
0 < A < 1 MBI ©IMeeM JIeJIO € TeJIbIEPOBCKO CUHTYISIPHOCTHIO.

B mannom ciydae reoMeTpuyecKrii mapamMeTp 3aja4uu BBOJUTCH 110 (popMmyie
s = |eeg), (1.69)
rie &g = &(0) — 3navenne kpuBu3Hbl B Touke O. lasee Mbl paboTaeM B paMKax CJIydasi 0OIIero

moJioxKeHust &g # 0, a caydait ymomenns: s&8g = 0 Kpatko obcyaum B pazgene 1.3.4. [lapamerp

(1.69) ecrecrBenHbIM 06pa3oM Bo3HuKHET B (1.72).

1.3.1. JlokasbHbIe KOOPAWHATHI B OKpPEeCTHOCTH TO4Ku (O

Kak u B npenpiaymux pasjesiax, OyaeM XapaKTepu30BaTh ITOJIOXKEHNE TOYKN HAOJIIOICHUS
M w3 majoit okpecTHOCTH TOYKH () OPTOTOHAJIBHBIMU KOODNHATAMHI JIJTMHA S U N, JIyTH — HOPMaJIh
1 JIOKAJIbHBIMU HOJISIPHBIMU KoopuHaTamu (1.9).

Koopaunater x u y Touku M BbIpaXKAIOTCS U€pe3 S U N CJICLYIONUM 00Pa30M:

'x+1 - o
r=Ss-+ Xons + ...+ h#nsi+>‘+l + O (%]+2Tj+3) ’
L(j+A+2)
2 T(\ 1 (170)
y=n-— S - h—( +1) SO (542003 |

2 L(j+A+3)"
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B,ZLer MHOI'OTOYHMEM 3aMCEHCHbI HE 3aBUCANINE OT aMIIJIMTY/Abl CUHT'YJIAPDHOCTHU h IJIaJdK1e Y1JICHDI.

U3 (1.70) j1erko mostydnTh COOTHOIIEHHST
o=r[1+0(r)], V=¢[l+0 (sr)], (1.71)
TaK 970 0 & r U ¥ & ¢ B 00JIaCTH, T/1€ CIIPABE/JINBO YCIOBHUE
swr — 0. (1.72)
Bce janbHeiinme paccMOTPEHUsT OTHOCATCsT K 06J1aCTH, TJe BbinosHeHo (1.72).

1.3.2. Ilapgaromas BosiHA 1 oneparop l'eJibMroJibiia B pacTsHyThIX KOOPAMHATAX

B mauioit okpecraoctn Touku O majaormas BoJiHa B pacTsHyThix Koopauaarax S u N (1.13)

UMeET BUJT

inc inc h inc
u = Uy +...+Wuj+)\+1+..., k‘—)OO, (173)
rae

ubnc _ ez(S cos po—N sin ¢g)

Y

) (1.74)
ine . Sin g A2 COS Yo j+2+1 | i(S cos po—N sin

: T 1) | P o _ TPY0 NGl ( ) ©0)

Ui = i0(A + )(F(j+)\+3) RIS R )e ’

cp. (1.15) u (1.50). B (1.73) mepBbIM MHOrOTOYMEM MBI 3AMEHIJIN HE 3aBUCAINUE OT h Tiajgkne
wieHbl nopsiyika k1, ... k7771 a BTophIM — WiieHbI GOJIBIIEro MOPAIKa MAJIOCTH.

Omnepatop ['estbMroJibIla IEPENUCHIBACTCS B PACTAHYTHIX KoopauHatax S u N:

0? 0? 9 9 h
rie
92 52
SRR, (L.76)
TG+ 1) jir 0 jr O FA+1) o jia1 0 '
Lf““_r(jﬂﬂ)( NS e Y N r(;au)NS+ 98’

cp. (1.18) u (1.52). @ynxuun SY onpexesenst B (5)2.

B ckobkax B (1.75) mepBbIM MHOrOTOYHEM Mbl 3aMEHUJIM ONEPATOPBI ¢ HE 3aBUCAIIAMU OT
h rnagkumu kKosddunmentamu nopaaka kb, ..., k7771 a BTOpbIM — 4IeHbI GOJIBIIEr0 HOPSIKA

MaJIOCTH.

2 Qynkius Sf'/\_l/f‘(j + A) mpu j = 0 u A — 0 nepexoaur B jesbra dyaknuio dupaka §(5), cm. [12].
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1.3.3. 3agavyu MOrpaHUYHOrO CJIOS

Kak u mpexjie, Mbl WIleM BHYTpPEHHee pPa3JIOXKeHUe JJisd YXOJAIIeil BOJIHBI B BUJIE PHAJIA,

anajornanoro (1.73),

h
ut :Ugut+...+wU;iE\+1+-'~y k — oo (1.77)

out

n mHTepecyeMcda TOJIBKO JIMHEHAHBIM IO h 4JIeHOM Uj+)\+1' Saﬂa‘{a IIOI'PAHUYIHOI'O CJIOA JId HETro

UMEET BUJI
LOU](')it)\-l-l + Lipn U™ =0, (1.78a)

U;)it)\+l|N:0 = - uijrf)H»l N=0" (178b)
a Ug™ pemaer 3ajaay (1.21).

C yuerom (1.74), (1.76) u (1.22), 3amava (1.78) npurnmaer Bu:

( 82 82 .

(5 + 73+ 1) Uthos =T+ 1)

isingg+2cos® oo N j1n  1C0S¢o a1\ s Nsi
> o st ez( cos o+ smgoo)’ 1.79a
( LG+ A+1) + INVEDY ( )
ou . sin ®o i+A+2 _iScos

Uon =i A+1)rr777-=-5 “o, 1.79b

L J+)\+1|N:O l ( + )F(]+)\+3) + € ( )

o out —
HeficTBys Kak B IPeJIbULYIIMX pasjiesax, nouyanM, uro U7, = W + V', e

. COS Yo +A+1 sin ®o A2 (S cos N sin
W = —il’(\N+ 1 S7 _ <7 ( o+ o)
i+ >(F(j+>\+2) + TG+ A+3)°" )e

CITIUBAETCS C OTPaKEHHOI BOJIHOU M He MPeJICTaBIdeT JIjid HAC WHTepeca, a

hV(0,9)  hI'(A+1)singge 20N / Jito(VI=o sin o cos)

= , do. 1.80
(0 — cos )i TA+3 7 (1.80)

fit+A+1 ThitA+1
y

Konryp unTerpupoBanust v nokasan Ha Pucynke 1.9, obo3nauenus o u ¥ Beesiensl B (1.9). Bersu
MHOTO3HAUHBIX (byHKIMit (00 — cos ) 7273 (B cayuae A > 0) u /1 — 02 BeIOPaHBI Tak, YTO UX
3HAYEHUs TTOJIOKUTEJIBHBI IIPU 0 > CO0S Yo U —1 < 0 < 1, COOTBETCTBEHHO; PA3pPe3bl KOMILJICKCHOI

IJIOCKOCTH TTOKa3aHbl Ha Pucynke 1.9.

fn) cospo 19 JaR) oS 19—
— 1 cos?) o/ U Reo — /4 cos?) o/ U Reo

Pucynok 1.9 — Konryp unrerpuposanus B (1.80): ciera jyist A = 0, cipasa st 0 < A < 1
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Kak u npexje, mbl ucciepayem dyuknuio (1.80) npu kr — oo (1.4), onupasice Ha cra-
JIAPTHYIO aCUMIITOTUYECKYIO TEXHUKY. BKJIaJIbl B aCUMIITOTUKY JIAIOT KPUTUYIECKasd TOYKa (Da3bl
o = cos? u ocobasi TOUKa aMILIUTYJIbl 0 = cOS @y (mpu A = 0 — mouttoc, npu A # 0 — TouKa
BETBJICHNSI ).

Kpurnyeckas Touka ¢a3bl He 6M3Ka K 0c000i1 ToOuke aMIuTyabl. [Ipemoioxkum
cHaYasa, 9T0 TOYKH 0 = COSU U 0 = COS Qo JOCTATOYHO YJAJEHBI JIDYT OT JPyra, a UMEHHO,
BBIIIOJIHEHO yesoBue (1.36).

JudparupoBanuoii BoJiHE OTBEYAET BKJIAJ KPUTHIECKONW TOYKHU (Da3bl, KOTOPHI UMEET BHU/L

0075 1+ ()|
AW k) —— 1+ 0 ——— )], 1.81
W ko(l = ¢o)? sy
e
~ 2 hI'(1 4+ X) sin g sin ¥/ iz Gt
A(q‘};k):\/j AL+ ) sin g e (1.82)
T kIHAL (cos ¥ — cos )

Comrbem Boipazkenue (1.81) ¢ mumuHapurdeckoii Bosnoit (1.5) npu yeaosuu (1.36). YunTsBas
coorromenus o &~ r, ¥ ~ ¢ (em. (1.71) u (1.72)), nomyum, uto A(p; k) = A(p; k), £ = O (1/kr@?),

n ,ZLI/I(bpaI‘I/IpOBaHHaE{ BOJIHaA udif nMeeT BU

wdt = A(p; k)% {1 +0 (%@2)} , (1.83)

cp. (1.34) u (1.61). Masocts ocrarounoro wiena B (1.83) obecreunBaercs coornorernem (1.36).
Bripazkenue (1.83) pacrpocTpaHsiercsi Ha PaCCTOSTHUS, He yJIOBIETBOPsitolue orpanmdennto (1.72).

Cumska (1.81) u (1.83) mpoucxoaur B 06s1aCTH, TJie BBIIOJHEHO YCJIOBIE
kser® — 0, (1.84)

cm. (1.69), xapakTepusyioiiee pa3Mep MOrPaAaHUIHOTO CJIost BOKPYT Touku O.

Kpurndeckass Touka dasbl 6iin3ka K 0coboii TOuke aMIJIUTyAbl. Eciin Ke ToYka
HaOJIIO/IEHNsT PACIIOJIOzKeHa BOJIM3U TIPEJIeIbHOTO JIyda, a UMEeHHO BbInoJHeHo yeiaosue (1.40), o
KpUTHYecKas TouKa (basbl CMBACTCA ¢ 0COOOM TOUKOM aMILITY b, 1 dbynxuusa bV /kI AT (1.80)
BbIpaxKaeTcs 1uepe3 (hbyHKIUIO0 MapaboTuIecKOro MIInHIPA:

hV 2 A(A+1) o5 Gene o 2 i
i :\/;(sinwo)j““ e (\/526 4) %

1
x [ 140 (ko(¥ — ¢0)*) +O [ ——= 1.85
(1+0 ka0 +0 (1)) 089
cp. (1.42) u (1.66). ITomyrenesasi nepemennas z BBejena B (1.43). Masiocts norpemntaocTu obectre-

ynBaercs ycaosusamu (1.4) u (1.40).
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[Tosb3ysach acuMuToTHIeCKUME (hOpMyIaMu J1ist Dy HKIW napabomaeckoro nuymupa (A.5H)
u (A.6), merpynHo nokasars, 4ro (1.85) cmmBaercs ¢ (1.81).
C nomorpio 3amensl (o, ) Ha (7, ¢) Bbipaxkenue (1.85) pacrnpocTpaHsiercs: U3 HOrPAHUIHOTO

ciost (1.84) BOim3u O B 0bsacTb, xapakrepusyemyio Hepasencrsamu (1.72), (1.40) u (1.46).

1.3.4. Cayuaii ynjoiieHuss KOHTypa

Ecim O gaBnsercsa Toukoii ymromennst kontypa C, TO BBEJIEHHBIN BBIIIE IeOMEeTPUYECKUil
napamerp s (1.69) obparaercss B HyJsb, U OIEHKH Pa3MepOB 06JIacTell IPUTOIHOCTH PA3JIOKEHNUIT
(1.71), (1.81) u (1.85) Tpebytor momudukanuu. [ljist 9TOro BBeJIEM IeOMETPUIECKUii TapaMerp
3aja4n cyeyomum obpasom. U3 (6) sicro, 9To mpu MaJibix §

w_|s|74 ..., mupums <0,
e(s) =
AN upu s = 0
¢ HEKOTOPBIM (¢, yaoBIeTBopsaiomuM yeaosuio 0 < ¢ < j + A, npudeM XoTs Obl OHA U3 KOHCTAHT
2y He pasHa nymo. [lomoxum s = max{|s»_|,|2;|}. Teneps dbopmynsr (1.70), cBa3piBaomue
KOODJIMHATBI T U Y C KOODJMHATAMH S W 7, MOYKHO 3alucaTb B BHje T = s + O(sxrit?) y =

n + O(3r?*?). OTcrona HeTPyHO MOy IuTh, uTo onenku (1.72) u (1.84) samensiorcs Ha
2wr®™™ 50, kar?? =0,

COOTBETCTBEHHO. 3aMeruM, 9To ueM GoJibiine ¢ (dem KOHTYD C' JIOKAJILHO GJimzKe K HPSIMOIt), Tem

mupe 00JIACTU, XapaKTePU3yeMble STUMHU YCJIOBUSIMU.

1.4. NImnieiaHCHBIE TPAHUYHBIE YCJIOBUS

AHaJIOrTIHO MOTYT OBITH PACCMOTPEHBI CJIyYan IPAHUIHOTO ycaous Heiimana

ou

8_72, _0

C

1 UMIIeJaHCHbIC I'DaHUYHbIE YCJIOBUA (yCﬂOBI/IH TpeThLero pO,IL&)

ou .
<% + zkgu)

3yech 0/0On — NpousBoOHAS 110 HOPMAIM K KOHTYDY, HallpaB/IeHHON BHyTph obsactu R? \ © (cwm.

C

Pucynok 1.1), g = const € C — mocTosiHHBI TTOBEPXHOCTHBII NMIIeIAHC. VIMIIeJaHC pe/moiaraeT-

cd «ITACCUBHBIM», T.e. Re g > 0, 4T0 obecrieunBaeT OTCYyTCTBUE TOBEPXHOCTHBIX BOJH. [Ipeenbabre
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3HaveHus nMmieanca ¢ = 0 u ¢ = 00 COOTBETCTBYIOT UJI€ATLHBIM IPAHMIHBIM ycaoBusaM Heilimana
u Jlupuxie. Omyckasi Bce BBIKJIQIKH, IPUBEJIEM BbIpaXKeHUsT I IuPAKIINOHHOTO KO3 durmen-
Ta W JUIA T0JId BOJU3M MPeJIeTbHOTO JIyda B 3a/a9ax ¢ UMITEIAHCHBIM KOHTYpoM. MBI KocHeMcs
TOJIBKO CJIydasi, KOIJIa HETJIaKOCTh UMeEeT IPOU3BO/IHAsT KPUBU3HBI mopsika j, cM. (6). YTobsr me-
peiiTi K cirydasiMm cKadka (2) U rebJIepOBCKON CHHTYIAPHOCTH (4) KPUBU3HBI, CIE/yeT MOJOKHUTh
B dopmynax 7 = 0.

Beesiem crasjapTHbIii Ko3bUIUenT oTpazkeHust I0CKOi BoHbI (cM. [42])

singy — g
= — 1.
Rgo) = 0t (1.56)

Ecim BosiHa najiaer Ha KOHTYD HOJL KPUMUNECKUM Y2A0M, OTIPEIEJISIEMbIM PABEHCTBOM
sin g = ¢, (1.87)

(1o Bo3moxkHO mpu 0 < g < 1), To R = 0.
B obsiactu, rye soinosnseso (1.36), mudpakinnonnbiii KosdbduimenT 1aercs BhpaXKeHneMm

Al k) \/5 R (1 + \) sin g sin p(cos @ cos ¢ + g% — 1) e 41
$iR) =\ = , .
T kA1 (g + sin ) (g + sin @) (cos @ — cos @) T

G+ ™
2

(1.88)

OTMeTHM, 9TO ec/ii BOJIHA IPUXOAUT B TOUKY O M0j KpUTHIECKUM YoM sin ¢y = ¢ (em. (1.87)),

To audpakiuonHblii kKoaddurent (1.88) npuHuMaer B

ST G+N)™

1 hT'(A+ 1) cosppsinpe a7 2
V21 kI (sin g + sin @) (cos ¢ — cos ¢q

Alps k) = (1.89)

)j+>\+2’
¥ TIOPSIJIOK POCTa TIPU HPUOIMKEHUI K [IPEJIEJIBHOMY JIydy CTAHOBUTCS MEHBbIIE.
B caygae A = 0 dopmyser (1.88) u (1.89) cormacyiorces ¢ pesynbrarom Kesurepa n Kamumerr-
Koro [16], a mpu npeenbHbIX 3HaYeHNAX nMIenanca g = 0 (yeaosue Jupuxie) u g = 0o (yciaosue
Heiimana) — ¢ BbIpakeHHusIMH, HOJLydeHHbIME PuanninoBsiM [17] B HeCTAIOHADHOM CJIy4ae.
B6smsn npenensioro Jiyda, B obsactu, rie Bomosnensl yeiaosus (1.4) u (1.40), Biausnne
HETJIa/[KOCTH KPUBU3HBI HA BOJHOBOE II0JIE ONUCHIBACTCS BBIPAXKEHIEM

W2 BT H1) o e g, e
o T (singo)i ol g2 © € X

sin g cos o €'
(g +sinyg)? ko

Bemmanna z BBegena B (1.43), a kosddunnent orpaxkenuss R B (1.86). Ecau yrosn ckosbkennst

x [— R(¢0)D—jr_s (\/E ze—i%) + D_jas (\/5 ze—i%) } (1+0(1)). (1.90)

o He OJIM30K K KPUTHUECKOMY, & HMEHHO V kT'|g — sin¢g| — 00, TO IJIaBHBIN 4jI€H aCUMITOTHKH
mpaercst yuxrmeit D_;_y_5. Ecin xe Vkr|g — singg| — 0, T0 IIaBHBII WieH BLIpAXKaeTCs depes
D_;_»_o. IIpu Vkr|g — sin | ~ O(1) craraemere B KBapaTHBIX CKOOKax B mpasoii wacru (1.90)

PaBHOIIPABHBI.
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1.5. ITagenne muaMHIPUYIECKOl BOJTHBI

O6cyuM KpaTko, 4eM Cirydail majieHus I0CKON BoJIHbL (1.2) oTimdaercst OT cirydasi ma/ie-
HUS TUIAHIPUIECKOH BOTHBL. OTPaHUYINMCS CJIydaeM CKadKa KPUBU3HBI, CJIYUAW I'e/IbIePOBCKON
CUHTYJISIDHOCTU U HETJIAJIKOCTH ITPOW3BOTHOIN PAcCMaTPUBAIOTCI aHAJIOTUIHO.

HyCTb Ha KOHTYD IIaJdaeT BOJIHa OT TOYEYHOI'O MCTOYHUKa, PACIIOJIOZ?KEHHOI'O B TOYKe MO =

(w0, yo):

. i
W= HV (kL) L= /(o =20+ (y — w0)*.

3mech H(()l) — dyuknusa Xankess mepsoro poja [43|. Yrosa ckosbKeHusl, Mo KOTOPbIM BOJIHA TIPH-
xoyuT B Touky O, 6ysieM 0603HaIaTh (). Kak u panblite, majjeHne mpeoiaraeTcs HeKacaTe/IbHbIM,
T.e. o > 0.

[TostHOE BOJIHOBOE T10JI€ HaJl KOHTYPOM OIMCHLIBAETCS YPaBHEHUEM

2 2
(% + aa_y2 + k2) u=3d(x—1x0)0(y — o),

a yXoJisliiee ToJjie — Mo-TPesKHeMY, OJHOPOJIHBIM ypaBHeHueM [ebmrosbia (1).

B BBICOKOUACTOTHOM HPUOJIMZKEHUN PAcCTogHme rg = /&3 + y3 or O 0 TOUKH MCTOYHUKA
My MHOrO GOJIBINIE JITTMHHBL BOJIHBI, kTg — 00,1 Jijisd To4eK Habsroaenus M = (r,y), pacnoioxKeH-

HbIX 0/1m3K0 K O, pyHKINI0 XaHKe IsT MOKHO 3aMEHUTH ee aCUMITTOTUKOI:

] 61'71'/4 etkL ) o 1 Lol
ine _ _ -~ = + = ) )
" 227 kL ( (kL)> o

Beipaxenune (1.91) sierko nepenucbiBaercsi B pacTsiHyThIX KoopjuuaTax (S, N) ¢ HOMOIIBIO COOT-

womrenuit (1.70):

e _ _eiﬂ'/4 ko (S cosipo—Nsingo) | 1 _ S cos g — N sin 900+
V 81 vV k)’f’o krO
1 :
+ T (S'sin o + N cos @g)” + ? (%52 + SN cos g00> +
To

h (sinyy .o 1 1
— N — 1 — )
+k< 5 ST+ Sy COS%)—’—O((MO)?) ( +O(kr0))

OTcrona BUJIHO, YTO JIMHEHHBIA HO CKAYKy KPUBU3HBI 7 WjleH B Pa3/I0’KEHUH I[IUJIMHIPUIECKOI
BOJTHBI 1'™° TaKoii Ke, KaK M B PA3JIOKEHNH IIJI0CKOI BostHBL, cM. (1.16). CremnoBaresbHo, 3aada
JUTsl JIMHEHHOrO h “ieHa yxojsmieil BOJHBI B IVIABHOM Iopsijike coBragaer ¢ (1.23) ¢ TOYHOCTBIO

10 ITIOCTOAHHOI'O MHOXKHUTEJIA
6i7r/4 eikro

2\/ 2 vV k’?“o

(1.92)
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B IIpaBO#l 4YacTU U B I'PAHUYIHOM YCJIOBUM.

Takum o6pa30M, BbIpazKeHUsI, ONMUCHIBAIONINE JTU(PPArupoBaHHYIO BOJIHY M BJIMIHUE CKAYKA
KPUBHU3HBI Ha yXO/IsITee ToJie BOIU3M MPeJIeTbHOTO JIyda B CIydae MaJeHnus JIHHIPIIECKOl BOJI-
HBI, OTJIMYAIOTCH OT COOTBETCTBYIONUX (hOPMYJI, TIOJIyIEHHBIX B CJIydae MaJeHusl IJI0CKON BOJIHBI,

JIMIIIB TIOCTOSTHHBIM MHOKHTEsIeM (1.92).

1.6. HOJIy‘IeHHLIe pPeE3yJjabTaTbl 1 BOSHUKIINE 3aa49U

B sroit ritaBe mocsie0BaTeIBbHBI METO/] IOIPAHIYHOTO CJIOST PA3BUT B MaJIOii OKPECTHOCTH
ocoboit Toukn KoHTypa O B 3a/1a4ax JudpPaKIUn Ha CKadke KPUBU3HBI, I'€/IbJI€POBCKON CHHIY/IAD-
HOCTU KPHBU3HBI U HEIVIAJIKOCTH [IPOU3BOHON KPUBU3HBI HEKOTOPOTO HOpsiKa. Pasmepsr morpa-
HUYIHBIX CJI0€B Xapakrepu3yiorcs yeaosuamu (1.38), (1.64) u (1.84), coorBeTcTBEHHO.

[Tocrpoenst dhopmyiibt s TudpakInOHHBIX KO3hMUIUEeHToB MudparupoBaHHbIX BOJIH (CM.
(1.35), (1.62) u (1.82)), upurojHble KaK Ha MAJBIX, TaK U HA YMEPEHHBIX PACCTOSHUAX OT KOH-
Typa. [losis B mepexoiHbIX 30HAX OMKCAHBI B TepMHUHAX (DYHKIMI MapaboaimIecKoro MUInHIPA
(em. (1.42), (1.66) u (1.85)), HO JMIIb HA MAJbIX PACCTOAHUAX OT TOYKH HeriajakocTw. lossa ma
OOJIBIIX PACCTOSTHUAX UCCIIELYIOTCA HIZKE: CHAYAIa B PAMKAX 9BPUCTHIECKOTIO MTOJIXO0/IA, TO3BOJIS-
IOIIEro HaM yTajiaTh XapaKTepPU3YIOIIHe moJe crierdyHKINH, a 3aTeM B PAMKaX [MOCJIe[0BATEIbHOIT

HOIrPAHCJIONHON TEXHUKU.
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I'maBa 2. Ilone BO/m3u npesenbHOro Jyda. KupxrodgoBckas

9BPUCTUKA

B nannoit riaBe qudpaximsa Ha CKaYKe KPUBU3HBI U HA I'eJIbJIEPOBCKON CUHTYJIIPHOCTH KPU-
BHU3HBI OyJIeT PACCMOTPEHA B PAMKaxX 9BPUCTUYIECKOr0 MeToaa Kupxroda. 9To mo3BouT HAM OIpe-
JIeJINTH BUJT CHET(DYHKITUI, OIMUCHIBAIOIINX I10JI€ B IEPEXO/IHBIX 30HAX HA YMEPEHHBIX PACCTOSHUIX.

g cumMeTpun BBIKJIAI0K MBI CYUTaeM, UTO Ha KOHTYD ITaJ@aeT He IIockas BosHa (1.2), a

BOJIHa OT TOYCYHOI'O MCTOYHUKA

l

u™ = G(z,y; 20, Yo) = 4H(()1) (KL), L= +/(z—w0)®+ (y — y0)* (2.1)

1
3ech Hé ) dbyukiua Xankesns nepsoro poja [43]. Mbr npejmosaraem, 9To maJaionias BoJIHA
npuxoauT B TouKy O HekacareibHO, cM. Pucyrok 2.1.
[Tonroe BomHOBOE MoJe u = u™® + u®"" may kouTypom C' ommchbiBaeTcs ypasHeHHeM LebM-

roJIbIA
02 02
(— Pt k) w = 8( — 20)0(y — o), (2:2)

rie § — nenbra-gyakinus Jdupaka, My = (xg, yp) — TOUYKa HCTOIHUKA, k — BOJHOBOE IHCIIO (JI€Kap-
TOBA CHCTEMa, KOOPAMHAT BBeJCHA KaK IoKa3aHo Ha Pucynke 2.1: Ha9a10 KOOPIMHAT PACIOJIOKEHO
B TOYKE HErJIaJIKOCTH KpuBu3Hbl O, U 0Ch T Kacaercsa KoHTypa). Orverum, aro G(x, y; To, Yo) B~
JISIETCsI YJIOBJIETBOPSIFONIMM YCJIOBUIO U3JIyUeHUsl PellleHneM ypasHenus (2.2).

Ha konType mpe/mnosnaraercst BeIoHeHHBIM yesosue dupuxite (1.1), Ha GecKoHEIHOCTH U

VA0BJIETBOPAET YCJIOBUIO U3JIyICHUA.

M, Yy

70 A

%0 %)

(@] T
C \

Pucynok 2.1 — /Iudparnposannas BoJIHA U TIEPeXO/IHAs 30HA

O6o3naumnM 3a 1¢ u r paccroguus or Touku O 110 Tovuek ncrodnuka My = (zg, yo) 1 HaOIIO-
nerust M = (z,y), a3a @o U ¢ — yriabl Mexkty psmoii x u jrydamu O My u OM | cooTBETCTBEHHO
(cm. Pucynok 2.1). B mammx pacemorpenusix o > 0. [Ipeenbublii yd 3agaercss ypaBHEHHEM

© = @g. [Ipeanonaraercs, aro Touka uctounuka My u Touka Habmogerus M jgexxar Ha OOJIBITIX
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110 CPABHEHUIO C JIMHOI BOJIHBI paccTogHusX orT Touku O, T.e. BbIIOJIHEHb! ycsoBus (1.4) u
kro — oc. (2.3)

B obnactu ma rpanuneit u®* ygoBaeTBOPAET OJHOPOJHOMY ypaBHEHUIO [enbmrosbia (1).

out

®opwmyaa ['puna (cm., Hanpumep, [5]) mosBossier BeipasuTh mose ' B Touke M depes 3HaUeHUS

€ero m ero HOpMaJIbHOI TPOM3BO/IHON Ha T'PaAHUIIE:

dut oG
out _ . __ ,,out .
u (x,y)-/ds(G(x,y,X,Y)—an (X.Y) =™ (X Y) 5 @35 X, Y) ). (2.4)
C

31ech § — mIMHA JIyTH KOHTYpa, orcanTbiBaemast oT O, eM. Pucynok 2.1, X = X(s)u Y =Y (s) —
KoopymHaThl epemernoit roukn N (s) Ha korType C, J/0n — nponsBojHasi Mo BHYy TPEHHEH HopMar-
qu K rpanuie obaactu. Meron Kupxroda ocHoBan Ha mojctaHoBke B (2.4) reOMeTPOONTHIECKIX
arnmpokenmarumit u®* u Ju™t/On (em., nanpumep, [5]).

Hac unrepecyer yxoginee mnojie u°™ BOIU3M MPeIeIHLHOTO JIyda, TIE ¢ & (g, Ha YMEPEHHbIX

PacCTOAHUAX OT TOYKHN HEIJVIaJIKOCTH.

2.1. IIpeaBapurenbublii aHaJm3 nHTerpajia Kupxroda

CornacHO TPaUIHOHHOMY KUPXIOOBCKOMY HMOAXO/Y |5, 3HAUEHUS YXOMSIIEro MOJIsA 1 €ro

HOPMAaJIbHOY TTPOU3BOJHON Ha IpaHUlle IPUHUMAIOTCA PABHBIMU, COOTBETCTBEHHO,

auout auinc

u(s) = —u(s), S (s) = S (), (2.5)

rae u(s) = v (X (s),Y(s)).

O6o3HAINM PACCTOSHUE OT MPOU3BOJILHON TOUKN KOHTYpa N (s) 70 Toukm mcrounuka M

qepes lo(s), a g0 Toukn Habioaenus M gepes [(s) (em. Pucynok 2.2):

lo(s) == [NMo| = \/(X(s) — 20)? + (Y () — 0)?,

(2.6)
[(s) == INM| = /(X (s) — 2)2 + (Y(s) — y)2.

Ormernm, aro rg = lo(0) u r = [(0). IHosnb3yscs acumnrorukoii dbyuknnn Xaukess [43]

2 1
Hél)(A):@/W—Ae’A‘ZZ (HO(W))’ |A| = oo, (2.7)

nostyanm st bysrimn G(zg, yo; X, Y), em. (2.1), u ee HOpMaIbHO# TPOU3BOIHOl Ha TPAHUIIE TIPH

kly(s) — oo

. ‘y ciklo(s)+i% L0 1
(0,03 X, >—‘87TT0<5>< ’ (klo<s>>)’

oG Ol | eklols)+ig < < 1 ))
I (20, y0: X, V) = —ik 22 (s) e (10— ) ).
on (%0, 0 ) " on (5) 8mkly(s) klo(s)

(2.8)

IS
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To

Pucynok 2.2 — Bupryanbable jiyun

Ananornuneiit Bug umetor dyuknus G(x,y; X,Y) u ee HopmasibHas npousBoiHas npu kl(s) — oco.

[Mopprarerpasibhas Gyukiws B (2.4) npuHAMAET BUJ
1 /0l ol etk (s) 1 1
“8r (6’7(8) " %“)) o )I() (1 o (klo(s)> o (kl(s))) ’ (29

7(s) = lo(s) + 1(s) (2.10)

rIe

— muHa Jomanoit MoN (s)M.

Taxum o6pazom urTerpasn Kupxroda ((2.4) ¢ nogcranoskoii (2.5) u (2.8)) umeer B CyMMBI
BKJIQJIOB BUPTYyasbHbIX Jiyueit MoN (s)M. Tlosre B Touke HaOIIOIEHNS, JTeKaleil BOIM3M peiesh-
HOTO JIy4da, (pOpMHUpyeTcst B pe3yJibTaTe cHH(MA3HOIO CJIOXKEHUs BHPTYAIbHDIX JIydeil, ¥ KOTOPBIX
roukn N (s) mexar Bosusu O.

[lepeitnem k uccienoBanuio naTerpata Kupxroda B ciaydae ckadyka KPUBU3HBI KOHTYPA.

2.2. Cay4ait ckauyka KPpUBU3HBI

Pacecmorpum mudpaknuio Ha kouType C', KpuBH3HA KOTOPOro B Touke O MMeeT CKadoK (2).

Hawm ymobuo 110/105)KUTH 88 = a8p U &4 = &y + h, Torja

@_ caeBa or O,
o= (2.11)

&, cupasa or O.

Taxzke MbI Oy/IeM HCIIOJIB30BATH T€OMETPHUIECKUI apaMeTp KoHTypa » (1.8).
MpbI cunTaeM, 9TO UCTOYHUK TAJIAIONIEH BOJTHBI PACIIOIOXKEH He CJUIIKOM OJIM3KO K KOHTYPY,

r.e. xrg ~ O(1). Hac uarepecyer BoJIHOBOE T0JIE Ha YMEPEHHBIX PACCTOSHUAX OT KOHTYPA

sr ~ O(1). (2.12)
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2.2.1. PazjioxkeHusi Ipu MaJjibIxX S

Beipazkenne mist gy 3BenbeB N (s) My, N(s)M BEPTyaIbHOTO JIytda 3aBUCAT OT IIOJI0KEHNIST
touku N(s) ornocurensuo O. Obozuaunm ux [, [T B ciyuae s > 0 u Iy, [~ B caygae s < 0.

PacknagpiBast [o(s) (2.6) nmpu Majbix § clpaBa W cjieBa OT HyJisl JI0 KBAJIPaTHYHBIX YJEHOB, B

pe3yjabTaTe IIPAMOro BbIMUCJ/ICHUA HOJIy‘{I/IM1

2

.2 3
lgE(s) =19+ 5cospgy + % (aei sin g + sm?n g00> + O (j—Q (1 + %27“(2))) .
0 0

Bripazkenng m1d [T momygaroTes oTOpachiBanueM uHjekca 0 1 3aMeHoOi 3HaKa «-+» Iepejl JIIHei-

HBIM 110 § WIEHOM Ha «—». [{jist jaymusl Bupryasbhoro Jjyda (2.10) umeem

72(8) = 1E(s) + 1% (s) = 19 4+ 7 + s(cos py — cos @)+
2

) .9
S . . sin sin 1 1
+~—<&i@m¢0+$n@4— AL ¢)449(§(%”+3~k3>).
2 70 T Ty T

3/1eCh cileiyer B3ATh UHJEKC «+» (COOTBETCTBEHHO «—» ), e Touka N () JeKuT cupasa (CooT-

BercTBeHHO cytea) oT O. U3 (2.6) HeTPY/HO MOTyYUTh, 9TO

Aly(s) dl(s)

on

on

= —sin o, = —sinp. (2.13)

s=0

s=0
HO,ZLbIHTGFpaJIbHaH (byHKLLI/IH (29) 1IpU MaJIbIX S IIEPEIIMChIBACTCA B BUIEC

ismgoo—f_sm(peik&@) 1+0 L_Fi +0|s %—i—i—i-l . (2‘14)
S Jror kro  kr ro T

2.2.2. 3amena nepeMeHHoOIi B nHTerpaJsie Kupxroda

Mg rouku nabiogenust M, pacnosiozKeHHOH BOIM3H MpeIeJIbHOTO JIyda, ¢ & ¢y (em. Pucy-

HOK 2.2), 1 BbIpazkenue (2.15) MIHOBEHHO MEpPENUChIBACTCH B BHJIE

2

- : 2
T+(8) = ro+ 1+ ssinpep + ° sin? ©o < TP 1) + €(s), (2.15)
2p sin g

rae €(s) = O (s(p)2) + O (*@ (e + 15 +771)) + O (8% (3 + 15> + r72)). Bzech BBeseHO BazKHOe
TS JIA/TbHEHTIIEro U3/I07KeHusl 0003HaueH e

_ or (2.16)
o+ 7T

U TO-TIPEKHEMY © = ¢ — g, ¢M. (1.7). Beipakenue p dacTo BCTpedaeTcs IPU OMHCAHUH ITOJICH
B 00JIACTAX CJIUSHUSA JIBYX IUJIMHIPHICCKUX BOJH (CM., Hampumep, [44;45]). OdeBumnno, 4To npu

g ~ O 1 BEJIMYUHBI 7T U 30 OJIHOI'O IIOPpAdJ/ZIKa, 1 YTO YCJIOBUE
0 )

kp — oo,

! 3mech MCHOMB30BAHE! BHIpAXKeHH /IS KOOPAMHAT TOYKH KOHTYPA, KOTOPLIE JIEPKO HOJYYIHTH, HOJIOKHB

n=0s (1.10).
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paBHOCUIIBLHO Tape yesosuit (1.4) u (2.3)%

B unrerpase Kupxroda yiobno nepeiitu ot nepeMeHHoit § K 6e3pa3sMepHoil mepeMeHHOi

p = sv/k/psingee 1. (2.17)

[TockopKy majarormass BoJIHA TPUXOAUT B TOUKy () HeKacaTesbHO, sinpy > (. Paza mombiHTe-
rpajbHON (byHKIMH tkT4 TPUHUMAET BHJL

2

ikty =ik (ro+71) — ({p + Ji%> +0 ((p€+p°)p) + 0 ( (2.18)

bl
NIy
31ech BBeIeHbI 0003HATCHUS

€= VRnge (2.19)

24P

sin g’

Jr =1+ (2.20)

cM. (2.16). Besmumner Ji CBs3aHBI ¢ T€OMETPUYCCKUMHU DPACXOKICHUSIMA Jy IMIAHIPHICCKIX

BOJTH, OTPasKeHHBIX OT JIyT OKPYKHOCTel ¢ pamycamm & (. [2]):

21T
j:l::r(]‘i‘r‘i‘—.i 0 :<7’0+7’)J:|:.
sin g

B ciygae BBIyKJIOro KOHTYpa 2&4p/ singg > 0, u JL ~ O(1) kak npu s»p — 0, TaK u 0pu sxp ~
O(1). Eciiu 2Ke KOHTYD UMeeT BOIHYTHIH y4acTok, Hanpumep, &_ < 0, To J_ obpamaercsd B HyJb
npu p = —singg/2&_, 9T0 COOTBETCTBYeT KayCTHKe. TOrjia Mbl OPDAHUYUMCH PACCMOTPEHHEM

obmactu, Tae p + sin g /24 He Maso, u Jy ~ O(1).

2.2.3. Pa3buenne mHTErpajia m ynpoIlleHue MO/ IbIHTErPAIbHOTO BbIPAaXKEHUS

Crenyst crangapTHoil cxeme (cM., Hanpumep, [6;18;40]), npeacrasum unrerpan Kupxroda
B BHJIE CYMMBI JIByX HHTerpaJioB 10 ydacrkam p < 0 u p > 0, /e nojpiHTerpaibtas HOyHKIUs
ra/iKast. BOSHUKIINE MHTErPasbl UCCIIEIYIOTCS ¢ TIOMOIIBIO TPAJUIMOHHBIX [IPUEMOB: MbI YIIPO-
I[ACM TIOJILIHTEIPAIBHOE BBIPAXKEHUE [Tl MAJIBIX P, YAEPKUBasg KBaIPATHIHbIC WICHbl B dasze u
IJIABHBIE YIEHBI B AMILIUTY/IE, IEPEHOCHM MAaJIble WIEHBI 13 (a3bl B aMIUIUTY/LY U PACIPOCTPAHSIEM
MHTerprpoBaHue Ha npoMexyTku (—oo,0) u (0, +00), COOTBETCTBEHHO.

Taxkum obpaszom, yunteiBast (2.14), (2.17) u (2.18), mosydaem BbIpazKeHHe JJisl YXOJAIIETO

10JIg BOJIN3U Ipee/JIbHOTO JIy4da

(I_+1.), (2.21)

2 9ro BuHO W3 pasHOCHIBHOCTH yesosust 1/kp = 1/krg + 1/kr — 0 mape yemosuit 1/krg — 0 u 1/kr — 0.
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rje
0

2
L= / dpe=ErI= (1 + e(p))

npueM €(p) = O(2)+0 (1/kp)+0 (pvVkp $*) +0 (0*2)+0 (p*/v/kp). Orvmernm, uro MHOKUTEND

nepes I + I, B (2.21) onuchiBaeT BOJHY OT COOTBETCTBYIONIEIO MHUMOTO MCTOYHUKA.

2.2.4. Acumnroruka (2.21) B6/IM3U HpesebHOro Jyda.

[Tepeiiziem B unTerpasiax [y K nepeMeHHbIM P/ Jy /2FE/1/2J5, TIOCIE Yero MHTerpaJibl JIErkKo
MIEPENUCHIBAIOTCS B BU/IE

0

2 om £ &
+ +

— 00

rie ¢ — unrerpan @penens |5,

A
D(A) = \/E /dqeiQQ, (2.22)

ae=0 (VEkpg?®) + O (1/vVkp).

Baenem obosznauenue

¢ = \/ggz. (2.23)

Herpynno BuieTh, 9T0O BhIpakeHue, BXOIIee B apI'yMEHThI nHTerpasioB @penelis, epenuchbiBaioT-
ca B Tepmunax C: £ei™4/y/2 = ¢, em. (2.19). Benmunma ¢ xapakTepHa /s apryMEHTOB clerdbyHK-
M, ONUCBIBAIOIINX II0JIsT B OOJIACTAX CJIMSHUS JBYX NUJIXHIPUIECKHX BOJH. Korjga mcToIHmK
yAaJsiercst Ha, GeCKOHETHOCTh BJIOJIb (DHKCHPOBAHHOTO HAIIPABJICHNUS (T.€. Iy — 00, po = const),
¢ mepexonuT B Besqmuauny z = +/kr/2 @, cp. (1.43), tunugnyio s obgacTeil CAMsSHAS TUIHHPA-
YEeCKOI U IIJIOCKOI BOJIH.

Dopmyia (2.21) jist yXOMSIIIEro 1oJisi IPUHUMAET BHUI

on LT 6_“2@ ¢ e_iﬁq) ¢ | 2.24
T o ek (r 1) \ VT <\/T)+\/J—+ (—\/—J—J (1+e), (2.24)

re € onpezesnero nocie (2.22). Momobuyio dbopmyny nonyuniu Porodd n Kucenes (18|, me cire-

JIUBIIIHIE 38 OCTATOYHBIMU YJICHAMU.

B zamadax nudpakiun MUIMHIPAIECKOH BOJIHBI HA KJuHe [44] ¥ IUI0CKO# BOJIHBI Ha JIeH-
Te [45] nmepemennast ( BbICTyIAJIa KAK apryMeHT CIENUAIbHBIX (DYHKIH, OMUCHIBABINUX HOJIs B
nepexo/HbIx 30Hax. B [18], rae pacemarpuBanack audpaxiins MUIMHIPHIECKO BOJHBI HA U30-

THYTOW TDAHUIE C Pa3PbIBOM KPUBHU3HBI, apryMeHTaMu TakuxX (yHKImi Oblam, Kak u B (2.24),
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oraomenus /+/Ji. B ciaydae KiuHa M JIEHTHI KPUBU3HA [VIAJKUX yUACTKOB IPAHUIILI PABHACTCS
aysio, u J1 = 1. Ormernm, uro korja &y = 0, dopmyra (2.24) onucsiBaeT moje, OTpaxKeHHOe OT
COOTBETCTBYIOIIECH IIJIOCKOU I'DaHUIIbL.

B rmaBe 4 Oyzmer mokasano, 9To BbIpaxkenue (2.24) cornacyercsa ¢ dopmysoii (1.42), mosry-

YEHHOI B MaJIOil okpecTHOCTH TOUKU (.

2.3. Ciay4aiil rejibJepOBCKOil CUHTYJIAPHOCTH KPUBU3HBI

PaccmoTpenne ciaydast, Korja KpuBU3Ha KOHTypa uMeeT B Touke () TeslbJIePOBCKYIO CHHTY-
JIIPHOCTD (4), TIPOBOJUTCSI BIIOJIHE aHAI0rndHO. Hac nHTepecyer mojie Ha yMepeHHBIX PACCTOSTHUAX

OT KOHTYypa

aor ~ O(1), hr'™ ~ 0(1) (2.25)

B BbICOKOUacToTHOM npubsmkennn (1.4), (2.3). YesoBus Tuma (2.25) mpeanonaraioTcs BbITOTHEH-
HBIMU U JIJI PACCTOSIHUS T'g JI0 TOYETHOIO UCTOUHUKA.

HOHb3yHCb BbIpa2KCHUAMU JIJId KOOPpAMHAT TOYKHN KOHTYPa, KOTOPbIE IIOJIYyYIal0OTCA IIPU IIOI-
cranoBke n = 0 B (1.47), Bmecto (2.15) mosynm

52 252 sin g
7(s) = ro + 7 + ssiny @ + —J sin® g + h—— +€(s), 2.26

rae €(s) = O (s@?) + O (s*@J/p) + O (hs*™@) + O (s*J?/p?). Bnecy ¢ BBeseno B (1.7), p — B
(2.16), a
2a0p

J=1+4+ — )
S g

(2.27)

Benuunna J cBg3ana ¢ reoMeTpHIECKIM pacXoxKjieHueM J IUJIHHIPUIECKON BOJIHbBI, OTPaYKEHHO

OT JIyI'l OKPY?KHOCTH C PaJyCOM a2q U (em. [2]):

2eeqTor
T =ro+r+ —20 = (ro+r)J.
sin g

B nanbreiinmx paccMOTpEeHUAX MIPEIoaraeTcs, 9To J HmopsKa eJIMHUILbI.
[Tocsie mepexona K mepementoii (2.17) dasa mojpiHTErpaabHONl QYHKINE (KT B HHTErpase

Kupxroda (2.4) npuaumaer Bu/I

2 O plt 3 i3 2t
ikT:ik(r0+r)—<§p+Jp—)— p_7C ApJ‘r +
(24 A)(L+ Ak (sin ip) 1+

2
th% B PP
+0 +p*+ A +O( ) 2.28
((5}9 p PR )sf)) N(T: (2.28)
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rie € Beeeno B (2.19). U3 (2.28) Bugno, uTo JinHEHOE 110 h cjiaraeMoe MaJio IIPU yCJIOBUH
h p1+)\
(kp)>

[Tockonbky A > 0 u kp — 00, 3T0 HEPABEHCTBO BBIIOJIHEHO KakK 1pu Majbix (hp* — 0) Tax u mpu

— 0. (2.29)

ymepennbix (hp* ~ O(1)) snauenusx p.
YuaursBas (2.19) u (2.28) u nepenocs u3 dasbl B aMIIATYLY MAaJjble WICHBI, II0JIY9IacM

BbIpazKE€HUE JIJIAd YXOIAIIECrO 110JIA BOIU3HU IIpee/JIbHOTIO JIy4da

ik(ro+r)+ig 2% 142 42
Ot — e 4 Iy — 1% 2i 1 I, | (230)
A\/k(ro + 1) (24 N)(1 + X)k2 (sin )12

o0

I = / dpe 75 (14 e(p)), (2.31)

—00

rjie

o

v hp't2
I, = /dppme—ﬁp—% (1 Yelp)+O ( Z;A 2p2+)‘>> , (2.32)

0

npuaeM €(p) = O (1/kp) + O((1+&p+p*)@) + O (p*/v/kp). Huzke Mbr yBramu, 1o ciaaraemoe ¢ I
COOTBETCTBYET TJIABHOMY WIEHY JIy4eBOil (hOPMYJIbI [7Is1 BOJIHBI, OTPAZKEeHHO OT KOHTYpPa ¢ KPUBH3-
HOM &ep, a JmHeiiHoe 1o h caaraemoe ¢ I OIMKUCHIBACT B IVIABHOM IOPSJIKE BJIUSHUE CUHIYJISPHOCTH
KPUBHU3HBI Ha BOJHOBOE IIOJIE.

Unrerpan Iy B (2.30) sterko Gepercs:

[e.o]

—¢ _gp 2m &
In= | dpe™>P777z (1+¢€(p)) = —e¥ (1+¢p). (2.33)
Bnech €g = (\/ PP ) + O (1 /VE ) C MOMOIIBIO MHTErPAJIBLHOIO IIPEJICTaBIeHUS It (DYHKIINN

napabosmaeckoro muinHapa (A.3) unrerpas I, MepernucbBaeTCs B BUJIE

r 2 hp1+7
IA:/dpp2+>‘€§p‘]2 1+€( )+O p p2+/\ _
3

0
:%eiiag \ (%) (1+¢)), (2.34)

2

riae ey =g+ O (hp““%/k%).
[Moncrasiss (2.33) u (2.34) B bopmyay (2.30) mist yXOJISIIEro MOt U YIUTHIBAsT BEIPAKCHUE

(2.19) mos &, momyaum

. eik(m-‘r?“)—ig-i-i%
ut = 1+¢€9)—
o2\ /KT (1o + 1) (1<)

iM 1+% zk(m—&-r) 12 +17

(sin o)A k3 J1%% 2m\ /KT (ro + 1)
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Besmuuna ¢ Beesena B (2.23). OueBuno, uro dopmysia (2.35) cormacyercs ¢ BoipazkenueM (1.66),
cripaBeyiuBbIM BO 31 Touku O.

Ucnosb3oBanHble TPUEMbl MOYKHO PACIPOCTPAHUTD Ha 3aja4n JudpaKini Ha KOHTYPax ¢
HerIa IKOi mpom3Bo/iHoit Kpusu3Hbl (6). Ilo cymiecTBy, BhIpakenme, gaBaeMoe KUPXTOQOBCKOI
9BPUCTUKON HA YMEPEHHBIX PACCTOSHUAX, OyieT orindarbesa oT dopmysbl (1.85), momydenHoil B

paszzese 1.3 s MaJbIX PACCTOAHMIL, JIMINb 3aMeHoit ¢ Ha p/J u, coorBercrBenHo, 2z (1.43) Ha

¢V

2.4. Ob6cyxkeHne

Paccmorpes 3ajiaun jndppakiiun Ha KOHTYpax € HErVIaJKoil KPUBU3HOM C IOMOIIBIO KUPX-
roOBCKOI IBPUCTUKU, MBI OIPEJIC/IHIN BUJL CIEI(PYHKIINI JIJId OIMMCAHUs TI0JIe B MEPEXOTHBIX
30HAX HA YMEPEHHBIX PACCTOSHUAX. B ciieIyomnmx rinasax Mbl OKaXKeM, 9YTO HaliIeHHbIE 3/1eCh Bbl-
pakeHusd SBJISAIOTCA aCUMIITOTUKAMHU TOYHBIX pPelleHuil ypaBHEHUs [ ebMIoJIbIia, OIMUCHIBAIOIIIX

CJINdHNE IBYX HTUJIMHAPUYICCKUX BOJIH, U OIIPpEJICINM obJIacT UX IpUroJJHOCTHU.
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I'maBa 3. CiusgHne AByX HMUINHIPUIECKNX BOJIH

B nannoii ryraBe gaercs mpocToe BhIPAaXKEHHE JIJIsl MT0JIs B IEPEXOIHBIX 30HaX (DPEHEIEBCKOTO
tura. s 970oro crpouTes ceMeHcTBO TOUHBIX pemeHuii ypasHenusi [eibmrosbia (1), yimoOHbIX
JJIdd OIIMCaHUA CJIUAHUA ABYX PACXOIAININXCA HMUJINHIAPUYIECKHUX BOJIH, OJlHa M3 KOTOPbLIX IIPUCYT-
CTBYET JINIIIh C OHOI CTOPOHBI OT IIPEJIEIHLHOTO Jiyva, a Apyrad — ¢ obenx. [locTpoennsi, K KOTOpbIM
HAC [OJITOJIKHYTa paboTa JeHuHrpajckoro maremaruka H. B. Ienesesa [46], ocHoBaHb! Ha pasjeste-
HUU [IEPEMEHHBIX B SJIIMIITUIECKON CUCTEeMe KOOD/IMHAT, BBEIEHHON TaK, ITOObI IUINHIPHICCKIE

BOJIHBI PACXOUJINCH U3 ee (DOKYCOB.

3.1. ®peHesieBCcKUE NepPeXOHbIE 30HbI

[Tonstue o gudppaknun Ppenestsa, Bocxojdinee K Hadaay XIX Beka, BO3HUKJIO ITPU PACCMOT-
pPEHUN BOJIHOBOI'O TIOJIsI B 3aJiade O IaJIeHUH TIJIOCKON BOJIHBI Ha IIJIOCKUN SKPAH B BHICOKOYACTOT-
HOM TPUOJIMKEHUH, T.€. HA OOJIBIINX 10 CPABHEHUIO C JIIMHOM BOJIHBI PACCTOSHUSX I OT KPOMKU
kr — oo (1.4). Peup muta o6 onucanun CJAMsiHASL JIOCKOH BOJIHBI ¢ JudparnpoBaHHOM KPOMKOI
[UJITMH/IPUIECKOT BOJIHON B OKPECTHOCTH IpejiesibHoro Jyda (em. Pucynok 3.1 a) — Tam, rie oHu
uMeroT O/m3Kre asbl U PU3NIECKU Hepa3IMInMbl. MaTteMaTudeckoe omrcaHue Toro BOJTHOBOIO

pPOIecca JIByMEPHBIM ypaBHeHneM [esbmrodibia (1) npuBoauT K BbipazkeHuio [5; 35
u = e*P(7) (3.1)

co sHameHnTBIM HHTerpasoM Dpenerns (2.22). Boipaskenne (3.1) aBisieTcs TOYHBIM DEIICHEEM
ypasHeHus (1) u, COOTBETCTBEHHO, JaeT OIMCAHUE I0JIA, PABHOMEpPHOe 110 yruy'. AprymeHT uH-
rerpajia @Openesist B (3.1) paBer KOpHIO u3 pasHocTu a3 JudparupoBaHHON UIMHIPUIECKO

BOJIHBI k7, pacxosIeiicss n3 HadaJa KOOPAWMHAT, U MaJIaionieil BOJIHbI KT:

7 = kr —kz = \/2k’rsin§.

B nepexodroti 30ne BOKpYT NpeIeIbHOTO JIyda, OIMUCBIBAEMON yCIOBHEM

(kr)ig — 0, (3.2)

! B oTammanum o mpeapIyIux IaB, Terneph HaM yI00HO0 HAIPABUTH OCh 2 BOJIb IPEIEIbHOTO Iy4a, cM. Pucy-
HOK 3.1. IIocKOJIbKY yros MeXK/1y IpeliesIbHBIM JIyYIOM U HaIPaBJIEHHEM Ha TOYKY HaOJIIOJEHUS Bbllle 0003HAYAIICS

®, cM. (1.7), To ecrecTBeHHO BIpenb 0603HAYATH IIOJSIPHBIA Yol @: & = rcos P, y = 7 sin @.
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R TR R RERE

Pucynok 3.1 — Jludpaxiusi Ha KJnuHe a) IIOCKOH BOJHBL; 0) TUIMHAPAIECKOT BOJIHBI

STH BOJHBI ciBatoTcs. Tam jijist pasHocTn ux a3 cupapeiuBo Bhipaskenue k(r — ) ~ ky?/2z,

n JOIIYCTHUMO YaCTO HUCIIOJIb3yeMOE HpI/I6JH/I}KeHI/Ie

kr

=\5 ©, (3.3)

Z

Q
|

cp. (1.43), narormee y100Hy10 HEPABHOMEPHYIO aCHUMIITOTHKY 10/ BOIM3H [IPEIeIbHOTO Tyda. [Ipu
VAAICHIH OT HPEJIE/bHOro Jyda, B obactu, e |z| — oo, T.e. VEr|@| — oo (1.36), umrerpan
Dpeneist JOIMyCKAET aCHMIITOTHYECKOE IpejcTaBienne (cM., Hampumep, [5]). Huzke npegenbHoro
JIyda, TIpH OOJIBIINX OTPUNATEHHBIX 3HAYEHUAX 2, aCUMITOTHKA BbIpazkeHus (3.1) ommceiBaer
T parupoBaHHYIO IMJINHPUYIECKYIO BOJIHY, PACXOJAILYIOCH U3 HavYala KOOP/IMHAT,

eikr

N

Junarpamma HampaBieHHOCTH A IpU MaJIbIX  UMeeT BUJL

u e A3 k) (3.4)

s

e'a
N

Bhoiilie 1peJIesIbHOro Jiyda, IIpu OOJIBIINX HOJIOKUTEIbHBIX 2, (hopMysia (3.1) onuchBaer caoKeHne

Alp; k) =

JnpparupoBaHHON BOJIHBI € HaJaromieil mIockoil BoyiHoil (em. Pucynok 3.1 a):

otk i

NThr G

Huarpammva Bostabl (3.4) umeer ocobeHHOCTDL Tpu @ — 0, U3 4Yero cjeiyer ee HENPUTOJHOCTH

U A ezkx o

BOJIN3H [IPEJIEILHOTO JIyUua U HEOOXOIMMOCTD OIMCAHUS BOJTHOBOIO TOJIS CIIEIUAIbLHOM (DYyHKIIIEH.

JIndpaKIMOHHBII TTPOTIECC CIAMTHUSA IIJIOCKON BOJIHBI C IMUJIUHJIPUYECKON BOJIHOMN, MMeIOIei
JIMarpaMMy €O CTEIeHHOW 0COOEHHOCTHIO Buja A ~ ©¥ BOIM3M MPee/IbHOTO JIyda, Mbl Ha3bIBaeM
¢pperenescrum. Obriee onucanure takoro nporecca jano Iemnesesbim [46], KOTOpBIi, TyTeM pas-

JeJIEHUs IIE€PEMEHHbIX B Hapa60.HI/I‘IeCKI/IX KOOp,ZLI/IHaTaX2 IIOCTPOUJI CEeMENCTBO TOYHBIX pemeHHﬁ

2 [Tapabosmaeckne KOOPMHATHI TIOJIE3HBI B 9TUX BOIIPOCAX, MOCKOMBLKY B obmactu (1.4), (3.2) pasnocts das

kr — kz MOYKHO CUMTATh MOCTOSHHOIN Ha mapabonax x = Cy2.
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ypasaenus [esqbmrosbia (1):
uw=CD_,_4 <2\/ kr cos g e_iz> D, (2\/ kr sin g e_iz) ) (3.5)

3necy D, — dyukIius mapabomaeckoro nmuinHpa, a C' — npousBoJibHas mocTosinaast. [[ockombKy

HMEIOT MEeCTO COOTHoIeHus D (\/§Z e‘i%) = 22 g
Dy (V22emi%) = Vare i eniZ (- 2), (3.6)

cuM. [43], Beipazkenue (3.1) sBiigercs yacTHbIM citydaeM (3.5). Pemenne cemeiicrsa (3.5) co 3HaUKOM
V OIIMCBIBAET CJIMSIHKE PACIpoCcTpaHsiomeiics B obiactu y > 0 BosHbl ¢ dhas3oil kx 1 aMmTyoii,

IPOIOPIUOHAIBHON @Vt

, I IUJINHJPUYECKONl BOJIHBI ¢ JUarpaMMOil, UMeIoNeil Ha IIpeie/IbHOM
Jyde ocobeHHOCTh ¢”. KoHKpeTHbIe 3a/a4i, B KOTOPBIX TaKue JUMOPaKIIOHHbIE KOIMDPUIMEHTHI
BOBHUKAIOT — 9TO 3a/1a4a 0 6G0KOBOI (rosioBHOM) BoJHe (v = —3/2, eM. [46]), mudpaknus Ha KoHyce
(v = —=3/2, cm. [47]), a Takxke mudpaxims #Ha kamHe (v = —1, cm. [5;44;48|) u Ha rpanunax c
pasIMIHBIMUA 0COGEeHHOCTSIMU KpuBU3HBL (1 < —1, eM. [6; 16; 18;23-27]).

O/Hako B psijie 3a/1a4, B 9aCTHOCTH B 3aJ1a9aX IIOCJIEIHETO THUIIA, HUA OJHA W3 CJIUBAIOIINXCS
BOJIU3H TIPEJIEJIBHOTO JIyUa BOJIH — HU F€OMETPUYECKU OTParKeHHasd, HU judparnpoBanHas — He
MOZKET C JIOCTATOYHON TOYHOCTHIO PACCMATPUBATHCA KaK IIOCKas — HeoOXoauMo 6oJiee JeTaabHoe
olMcaHWe, yYUTHIBaloOlee KpUBNU3HY ee ¢dpoHTa. [Ipm 3TOM ecTecTBeHHBIM 00pPa30OM BO3HUKAET
BOIIPOC 00 aCMMITOTUYECKOM OIUCAHUH IIPOIECCA CJAUSHUS JABYX IUJINHIPUIECKUX BOJIH, IPUYEM
ojiHa u3 HUX (MudparnpoBaHHast) MPUCYTCTBYET 10 00€ CTOPOHBI OT IIPEJIEJILHOTO JIyda, O JpyTast
(oTpazkeHHast OT TVIAJKOIO y9IacTKa IPAHUIBI) — TOJBKO C OJJHON CTOPOHBIL.

s pacemoTpenHoit B psjie yaeOGHUKOB |5; 44; 48] 3a1aun qudpakiuu IUIMHJIPIYECKONR BOJI-
HbI Ha KPOMKE KJIMHA, ODOOIIAoIIeil yIIOMIHYTYIO BBIIIEe KJiaccudeckyto 3ajady Dpenesis, mpo-
CTOrO PABHOMEPHOTO IO YIJIy ONUCAHUS JU(PPAKIMOHHOTO TOJIA BOJIU3U TPEJIETLHOIO JIyda HeT.
[Ipu ecrecTtBennom it audpakin Openesis MpeIoIoKeHIH, YTO PACCTOSHUE 7' OT HCTOUHUKA
J1o0 BepiuHbl KinHa O BesmKo (2.3), paBHO Kak M PACCTOSTHHE T OT KPOMKHU JIO0 TOUKM HaBJII0Ie-
aust (1.4), causiHue NaIAoNe UIMHIPUYECKOl BOJHBI OT TOYEYHOIO UCTOUYHUKA C €MHUIHOMN
AMILTATYI0N ¥ udparnpoBaHHON ITUINHIPUIECKON BOJIHBI, pacxoisdimeiics n3 (), ONnchbIBaeTCs
BBIpazKEHIEM
eikroJri%

~ ikr—i¢2?
u R —2\/%\/]{:_%6 d((), (3.7)

rae ¢ = \kp/29 (2.23), p = ror/(ro + ) (2.16), cMm., Hanpumep, B [44], B MeHee yno6HOM BH/Ie
— B [48]. ®opmyta (3.7) mpuMeHHMa B OKPECTHOCTH IPEJIEIBHOIO JIyta, TJe BBIIOJIHEHO YCIOBHE
(3.2). IToxozkee BbIpazkeHHe BCTPEIAIOCH U B IPYTUX M PAKINOHHBIX 3aja4dax, cM. [18;26;27; 45|

u riaBy 2. MHTEpecHO, YTO TP yIaJeHUH UCTOYHHUKA Ha OECKOHEYHOCTH BJOJb OCH Z (T.€. TIpH
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p — 00), BeIpazkenue i ¢ (2.23) nepexoaur B z (3.3), a dopmyna (3.7) — B (3.1). Boipakenus
(3.1) (B mpubsmmzkennn (3.3)) u (3.7) MOryT OLITH MOJIYyYEHBI B PAMKAaX BPUCTHIECKOIO METOJA
napaboJImaeckoro ypasHenus [44;49|.

Ciriejtyer OTMETUTD, 9TO TepMuH dugparuyus Operess pacpoCTPAHUICT U Ha 3aJa49u C JIpy-
roif crpyKTypoii audpakIioOHHOrO M0JIst, B YaCTHOCTH, Ha CJydail TJIaJKOro BBIIYKJIONO MPEIsT-
crust (3|, rie He Bo3HWKaeT AudparupoOBaHHON IUIMHIPUIECKOH BOJHBI, OJHAKO BBIPAsKEHMUS,
anasiornunbie (3.1), B onmucaHuu MoJisi IPUCYTCTBYIOT. Boipaxkenusi ¢ unrerpasom Openesist (2.22)
IPHUCYTCTBYIOT U B 3aJ@4ax 00 yIJIOBbIX U KPaeBbIX KaracTpodax, e U3ydaloTcs Haaiolime 1mo-
Jist, boJtee CJIOXKHBIE, YeM IUIOCKUe W IMJIMHIPIHIeCcKre BOJHBI (CM., Hanpumep, [50| u sureparypy
B Heil). Mbl npujepkuBaemMcst 60J1ee KJIACCHYECKOro MOHUMAaHUsl TepMuHa dugparuus Ppeneas,
uMesi B BUJLY CJIMsIHUE IUJIMHIPUIECKUX BOJIH, OJIHA U3 KOTOPBIX UMeeT IVIaJKYIO JInarpaMMmy Ha-

MPABJIEHHOCTH, a Jpyrad — JHuarpamMMy CO CTEIIeHHON 0COOEHHOCTHIO Ha IPEJIeILHOM JTyde.

3.2. diumnTuyieckue KOOPIUHATHI

[Tomectu™M merounnkn mumaprndeckux BoaH B Toukn O = (0,0) u O' = (—2a,0) (cm.
Pucynok 3.2), npuuem Bosina u3 Touku O pacupocrpaHsieTcst ToJIbKO B obsacti y > 0, a 3HAYEHUSs
da3 Bosr B Touke O paBHbL. IIpejiesbHBIN JIyd, BOJU3M KOTOPOIO BOJIHBI CJAMBAIOTCH, B TaKOM
CJIydae COBIAJAET C MOJIOKHUTEJBHOI OJIyOChIO .

Paccrosinne 2a MexKJly HCTOUHUKAME CUUTAETCSA GOJIBIIUM 10 CPABHEHUIO C JUIMHON BOJIHBL:
ka — oo. (3.8)

Yeosue (3.8) oTBeUaeT TUIHTHOMY /IS KJIACCHIECKOH Teoprun ndPaKIUu IIPE/IIOTI0KEHUIO, ITO
pacCTodHrEe OT IIPEHATCTBUA JO UCTOYHUKA Ha,ZLaIOH_[eﬁ BOJIHbBI MHOI'O 60.HBH_[€‘ JJINHbI BOJIHBI.
Hac unTepecyer 1osie B neperodnoti 3one, OKPYKaIOIel 1pe/ie/IbHbL JIyd, Iie yroa @ Madl,
a paccrosiaue 7 or Toukn Habmogenus M 1o O seawko (1.4) (em. Pucynok 3.2). Ormernm, uro
= /
OTCIOfIa HEME/JIEHHO CJIEyeT MAJIOCTh ¢, a Takxke ycuaosue kr' — oo, em. (1.4), (3.8).

s onmcanust mosist Gy/1eM UCIOJIB30BATh SJITMITHYECKYIO cucTeMy KoopiauHat (€, 1),
x+a=ach&cosn, y=ashsinn, 0<¢ —m<n<m, (3.9)

¢ dokycamu B Toukax O u O' (em. Pucynok 3.2). Koopaunarheie suanu 1 = const — rumnepboJib ¢

dokycamu B O u O, 1 B6JIU3U Ocu & IPUMEPHO Tapasulesbibl eii’. 3nauenue 1 = 0 COOTBETCTBYeT

3 Byioatb 3TuX suHmil pasHocTh (a3 ABYX BOJH MOCTOSHHA, 17/ — 1 = const.
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Pucynoxk 3.2 — Chugnue ABYX MUJINHIPAICCKUAX BOJIH

ocn x. JIunum £ = const 0Opa3yOT ceMelCcTBO JLIAIICOB ¢ TeMu ke GoKycamu, u BOau3un Or uayT
HOIIEPEK Hee.

B npunoxkenusx mbl Oy/ieM momemaTrh (DOKYChI S/IUITHIECKON CUCTEMbI KOOP/IMHAT B HCTOU-
HUKW JIBYX IUJIUHJIPUYIECKUX BOJIH, KOTOPBIE OY/IyT CJAUBATHCA BOJIU3U MOJIOXKUTE/IHHON TOJIYOCH
X, T.e. B 00JIaCTH, TJIe 1) MaJIO, a & MOJOKUTEIBHO.

U3 (3.9) memesyienHo cieyer, 4to paccroguust r u r’ ot rouku M 10 dhorycos O u O (cm.

Pucynok 3.2) paBHBI, COOTBETCTBEHHO,
r=a(ch& —cosn), ' =a(ch&+ cosn). (3.10)

U3 (3.10) a1t MaJsIbIx 3HAYECHUI 1) TOJTyIaeM

2atr 1 2%+ — 7
nzw/¥ (1+0<$)). (3.11)

U3 pacemorpenust tpeyroiabiuka OMO’, cieayer, 4ro

e (3.12)

u (3.11) mepermcsiBaeTCs B BUJIE

F1+0(3) =157 1+ 0 (@) (3.13)

e
r+ 2a

’)’I:

Ormerum, 9To 7 + 20 u ' — 2a MOXKHO 3aMEHUTH Ha ' U T, COOTBETCTBEHHO, C TOYHOCTBLIO JIO

O(2ar@?/r"). Kpome Toro, ecth GoJiee cuMMeTpudHoe Boipazkenue 1~ \/rr’ (g — ¢')/2a.

3.3. CemeiicTBO TOYHBIX pelleHui

Banucas ypashenue [esqbmronbia (1) B ssumnrudeckux koopaunarax (3.9), cm. [35],

0? 0?
8—; + 8_7;; + k%a® (sh® & +sin’n) u = 0, (3.14)
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OyJIeM periaTh ero MeTojioM pasjiesierust nepeMenubix. [Tosoxum u (€, n) = P(£)Q(n), Toraa dbyHK-

1 P u () yI0BIeTBOPSIOT YPABHEHUSIM

P"(&) + (kK*a®sh® & — \) P(§) = 0, (3.15)

Q" (n) + (K*a®sin®n+ \) Q(n) =0, (3.16)

¢, BOOOIIE TOBOPsI, KOMILJIEKCHBIM [ApPaMeTPOM pa3e/IeHus A, KOTOPbIE 3JIEeMEHTapHBIMU ITpeodpa-
30BaHUSIMU MOTYT OBITH CBEJICHBI K ypaBHeHo Matbe 43|, Teopust KoToporo HaMm He OTpedyercs.
Hamra mers — onmcarh BBICOKOYACTOTHOE TIOJIE B OKPECTHOCTH IPEJIETHHOTO JIyda He CJIHII-

KoM 6sm3K0 K O, a IMEHHO B 00J1aCTH, IJIe BBIIOJIHEHBI ycaoBus (3.8) u @ — 0, r.e.
n—0, Vka&— oo, (3.17)

cM. (3.10). st 970ro mocTporM aCUMIITOTUKHY pellieHnit ypasHenus (3.15) npu moJIoxKuTe/IbHbIX He
CJIMIIKOM MaJieHbKuX & U ypasHenus (3.16) mpu Masibix 1) jr0boro 3Haka. Hac OyryT nHTepecoBaTh

TOJIHKO MAPAMETPBI Pa3JIe/IeHust BT
A= —ika(2v+1), v<O0. (3.18)

Nmenno OTpullaTeJIbHbIC V, KaK MbI YBUJAUM HH>K€, BOSHUKAIOT IIPHU OIIMCaHUUN CbpeHe.HeBCKI/IX IIe-

pexoubix 30H. CoorBercrByiomiee perterue (3.14) Gyaem obo3HAYATH

uy (&) = B, (§)Qu(n). (3.19)

3.3.1. AcumnroTruka perteHusi ypasaenus (3.15)

Haiinem acumnroruky pemternst (3.15), OTBedalomero yxoJdiieil BoJHe, B IPUOJIMZKEHUH
(3.8). C momorpio cragmapraoro meroga BKB (mampumep, [35]), ¢ TOYHOCTBIO 70 ITPOM3BOIBHOIO

IIOCTOAHHOI'O MHOXKUTEJIA IIOJIyIUM

£
exp (ikaf \/sh2t +i(2v+1)/ka dt) X
P, (&) = </Sh2f—|—i(21/—{— T <1+O <E>> (3.20)

3/1ech yuTeHO BbIpakeHue Jyisi mapamerpa pasjesenus (3.18). B obsmactu (3.17), oueBuHO, BbI-

nostHeHo yesosue kash? € — co. Ucmomb3ys ero, moryanm

13 '3
2v+1 2v+1 1
h2t+4 dt = ht +i—— —_— dt =
/V T /( “%ashtw((ka)?sh%))

2w+1 ché—1 ( 1

=ch&+1 Tha lnch§+1+ (ka)2(0h5—1)>' (3.21)
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[Moncrasiss (3.21) B (3.20), HaxoMUM

exp (ik:a ch¢é — % In Eﬁgi) 1
Py(g): 4Ch2§—1 (1+O(/{ZCL(Ch§—1))>:

[MonpaBounble WieHbI MaJIbl B 00J1aCTH, TJie BbinoHeHo yeiaosue (1.4); em. (3.8) u (3.10).

3.3.2. AcuMmnrToTuka pereHust ypasHenus (3.16)

[Ipeobpasyem ypasuenue (3.16) npu MasbIX 7, Pa3/I0KUB SiN7) 10 CTEIEHSIM 7):
Q"(n) + (K*a*n* —ika (2v +1))Q,(n) = O(K*a*n*Q,(n)). (3.23)

Crenas 3aMeHy HepeMeHHOn

H =V2kane 1, (3.24)
NPUJIEM K YPaBHEHUIO
" 1 H _ H*
Q,(H) + <V +t5 - T) Qu(H) =0 (E) Q. (H). (3.25)

Takum obpasom, B obsiactu, riae H (4, COOTBETCTBEHHO, 7)) JOCTATOYHO MAJO, OJHO M3 PeIleHui

ypaBHenust (3.25) aCHUMIITOTHIECKH COBIaaeT ¢ dbyHKImed napaboandeckoro muanHapa D,
Qu(H) = Dy,(—H)(1+o(1)). (3.26)

MozKHO MOKa3aTh, 9TO COOTBETCTBYIOINIAs 00IaCTh Xapakrepusyercs yciaosueM ka|n|* — 0, p =
2+ 4/(1 —3v) (g oTpuraTeIbHBIX 3HAYEHHN v, pacCMaTPUBAEMbIX HaMmu, (> 2). s yaobersa

IIOBECTBOBaHUA JOKa3aTE/JILCTBO BBIHECECHO B I'VIaBY 5.

3.4. l'eomeTpoonTuydecKasi HHTEPIIpeTaIus acuMnTOTuKu pyHkmu (3.19)

s oreeuatomnero yxomsiieit BosiHe perennst (3.19) ypasrernus (3.14) ¢ v < 0 u3 dopmy

(3.22) u (3.26) BbITEKAET CJIE/YIOIIEe ACHMIITOTHIECKOE BbIpazkKeHne BOIN3HU IPE/IeJBHOrO JIyva:

u, (£,¢) = C%eikacthy (—H) (1 +o(1)). (3.27)

Bnecy H ompegieneno B (3.24), C' — npousBosibHas mocrosinaas. [pegcrasienne (3.27) npuronao

B 00J1aCTH, IJie BbIIOJIHEHbI yeaoBus (1.4) u

kriglt =0, tme p=2+ (3.28)

1—3v
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Ormerum, 9ro yeMm GOJIbIlle MOJYJIb U, TeM yKe obsiacTb, onuchiBaeMas (3.28). Tem e meHee,
npu KaxkJioM v < 0 aprymeHT (pyHKIUU MapabOTUIecKoro MuaInHapa H MoXKeT TPUHUMATD TaMm
OOJIbIIIIE 3HAYCHUS.

O6cy M reoMeTpUIeCKIii CMBIC BeJnanH, BXoasdmuX B (3.27). C moMoIbio COOTHOIEHH
(3.10) u (3.13) MHOXKHUTEH TI€PE/] IKCIIOHEHTON BBIPAKACTCST depe3 paccTosHust 1 u 1’ 10 hoKycoB

O u O — UCTOYHUKOB IWJINHIPUIECKUX BOJIH:
v+1

wepr V() (o () -V () T (o (F55):

[Tokazarensb sKconeHTs! B (3.27) ¢ momonipio coornormennit (3.10) u (3.24) nepenucsiBaercs cire-

[SIN

JIYIOIIAM 00pa3oM:

H? H* H? H*
ikach§ = tka +ikr + — + O = —itka +ikr' — — + O (3.29)
4 ka 4 ka

Tenepb pacemMorpum apryMeHT GyHKIMH Tapaboandeckoro nuinHapa. U3 coornomennii (3.24) u

(3.11) BBITEKAET, YTO

H=+/2kQ2a+7r —1")e” (1+0(2a+—w)>, (3.30)

a

T.e. H BbIpazKa€TCd 9€epPeE3 Pa3HOCTDb 3HaYEeHU (1)&3 TUJIIMH/APUYIECKUX BOJIH, PACXOAINXCA U3 Omn

O’. C nomortpto coorHomenus (3.13) mosyauM ere JBa IpeiCcTaBIeHNUs:

2kar _ _ .« ro? 2kar’ _, _i=x ’(6’)2
H — i 1 — "% (1 . 31
r—|—2a90€ 4( +O(r+2a)> v —2q "¢ ( +O(r—2a (3:31)

B pesysbrare, MokHO 3amucath (3.27) B TeOMETPHYECKUX TEPMUHAX:

a(r+2a H ik(r+a—¢) 2kar _ .=
L = C. )= 2(r+2a) Du B i 1 1) —
B \/;( T ) ‘ r+2agpe ) (+o(l))

T il an (@)
. k‘( +2(r QG))DV (_ ?kar Sfb// Z) (1 + 0(1)) (332)

a r 2
— 0=
! (7” — 2a) ' —2a

B roit wactu nepexonnoii 30ubl (1.4), (3.28), e apryment dyHukimn D, BeJIUK, 3aMEHUM e
B (3.27) acumnroTukoii, cM. [43]. Huxke npemenbroro syda, npu ¢ < 0, uMeeM OJHY ATHHIPHIE-

CKYIO BOJIHY:
ikr
el

Vkr

uy, = Ay(@; k) —=(1 + o(1)), (3.33)

a BoIIe, pu » > 0 — 1aBe:

ikr ikr!
u, = A, (P k) \e/ﬁ + AL(F k)

(1+o(1)), (3.34)
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rie

AU(‘Z? k) = Q%C’(k;a) vl g’b’lleika—i%’/’
ﬁ (&’)*Vfl e_ika—l—i% (3_35)
(—v) (2ka)? :

Beipazkenue (3.33) u coBajiaioniee ¢ HUM epBoe ciaraemoe B (3.34) onuchIBAIOT IUINHPUIECKY IO

BOJIHY, pacxojrtytocs u3 Toukn O. Bropoe ciaraemoe B (3.34) oTBedaeT NUIMHIPHIECKON BOJIHE,
pacxojsineiicss u3 Toukn O'. 3aMeTuM, 4TO YeM CHHIYJIIpHEee JrarpamMMa IHITHIPHIeCKON BOJIHbBI

Ha TIPeJIeTIbHOM JIyde, TeM YrKe obracTb (3.28) npurognoctu Bbipaxkenus (3.27).

3.5. ObcyxkaeHne

[TocTpoeno ceMeificTBO TOYHBIX PelieHuil ypaBHeHus [ eJlbMrosibia, KOTopble UMEIOT TPOCThIe
ACUMIITOTHUKH, yﬂO6HbIe JJId OIIMCaHUA CAUAHUA ABYX BOJIH C HEIIJIOCKUMHU CprHTaMI/I. OTMeTI/IM,
YTO aHAJOTHIHbIE TPUOIMKEHHBIE (DOPMYJIBI MOYKHO TOJIYYUTh W B paMKax MeToja Hapabormde-
cKoro ypashenus [3;44|, He jaiommero, 0JHAKO, ABHBIX OIPAHUYEHUN HA 00JIACTH IIPUMEHUMOCTH.

B cnenytoreit riase 0y1eT MpoaeMOHCTPUPOBAHO, ITO (PYHKIIMHE U3 ITIOCTPOEHHOT'O ceMeicTBa

BCTpeYaIOTCsd B 3aiadax JudpaKiul Ha KOHTYyPax ¢ HerJiaJKoi KPUBU3HOII.



54

I'maBa 4. IlorpaHud4HbIil cji0li BOKPYT HpeaeJbHOTO Jiy4da

Tenepb MBI yOemuMes, 9TO TIOCTPOCHHBIE B TJIaBe 3 PEIIEHUs ONMUCHIBAIOT 1O/ B JIBYyMEPHBIX
3aja9aX BBICOKOYACTOTHON Ju(PaKIuu Ha KOHTypaX ¢ HerJiaJKoi KPUBU3HOM. YCJIOBUs, TO3BO-
JIAIOIIE HpI/I6JII/ISI/ITb B OKPECTHOCTHU IIPEAEJIbHOT'O Jiy4da OTPazKEHHYIO BOJIHY I_H/I.HI/IH,ZLPI/I‘—IQCKOI';I
BOJTHOI (3.4), HIPUBOAT K OPPAHUYEHUSIM HA [IUPUHY IT€PEXOIHOMN 30HBI.

I[IycTh maaromas BosHa u' — IUInHIprIecKas (2.1), pacxousinasicss u3 Touku My, pacto-
JIO?KEHHOM Ha paccTosdHuu 1o oT Touku O, npuxoanT B O HeKacaTe/JIbHO — 10/ YIJIOM CKOJIbXKEHUsT
@wo > 0 (cm. Pucynok 4.1). Hagano koopaunar nomecrum B ToUKy O, a 0Chb & HAIPaBUM BJOJIb
peJieIbHOro (reoMerpudecku orpazkentoro B O) syda. [lonoxkenne rouku Habonerus M Gynem
XapaKTepPU30BaTh PaccTogareM 1 j10 Touku O U YyIJIOM $ MEXK/Iy OCbIo X W HampaBjeHueM Ha M.

[IpesmonaraloTcst BBIIOJIHEHHBIME YCIOBHs BBICOKOYAcTOTHOrO mpubsmkenns (1.4) u (2.3).

M

Pucynok 4.1 — udpakius Ha KOHType ¢ HEIJIa KON KpUBU3HOM

Hauynem ¢ kagecTBEHHOIO O6cy}KﬂeHI/I5{ BOJIHOBOTI'O IIpOIecCcCa. Kak Y2Ke 0TMe4daJIOCh BBIIIIE,

out

yxogduiee BOJTHOBOE IIOJIE U BIOaJin OT IIPE/AC/JIbHOI'O JIy4da CKJIaJAbIBaCTCA U3 ,ILHCl)paFHpOBaHHOﬁ

TOYKON HerJIaJKOCTH BOJIHBI ud‘f 1 BOJIH uief, reoOMeTpUYIECKN OTPazKE€HHbIX OT IJIaJKNX qacTen

KOHTYpPa CJIEBa U CIIpaBa OT O:
ut (M) = u™ (M) + ul'(M).

3HaK «—» oTBedaeT ToukaM Hab/ioieHus M, JIezKamuM BhIIe, & «+» — HUXKe [PEJIeTBHOTO JIyda.
B obuacru, e BbinosHeHo ycaosue Vkr|@p| — oo (1.36), mudparupoBanHas BOJHA MPEJI-
craBigieT coboil uIMHIpuIecKyo BoHy (3.4), pacxoigntytocs uz rouku O. Ee auarpamma, Kak
[I0Ka3aHOo B IJIaBe 1, UMeeT Ha IpeeabHOM JIyde CTENeHHYIO CHHIY/ISPHOCTD 110 YIIY.
ref

Bblpa}KeHI/IH JJId TeOMETPUIECCKN OTPa2KCHHBIX OT IVIaJAKHUX qgacTei KOHTYpPa BOJIH U~ B CJy-

Jae HeKacaTeJIbHOIO MaJIeHus MOKHO HaWTH JTydeBbiM MeTosoM [2]. Ouu natorcs dhopmyioi

ikT* 40T 1 Q2e* [ [*
e © (140 (—)), =+ 20
sin 3

N A vz (4.1)
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3aech I m [* — paccrosHus OT TOYKHM HcTOYHUKA My m oT Toukm Hab/ogenus M 10 TOUKH
orpazkenust N*, cooTBeTCTBeHHO, T° = [§ + [* — 3HaueHune siikoHasa B Touke M (reomerpudeckoe
BpeMs Tpobera), J* — reoMerpruueckoe PacxoKJeHue, 3 — yroJ CKoJbKeHusl B Touke N*, &* —
3HaueHne KpuBu3Hbl B Touke N* (cMm. Pucynok 4.1).

Ha mtpenenbaom jtyde asbl reoMETpUYECKN OTPAXKEHHBIX BOJIH U JIMPPArupPOBAHHON BOJI-
HBI COBIAJIAIOT, UTO MTO3BOJIIET TOBOPUTH O CJMSIHUU STUX BOJIH M BOSHUKHOBEHUU (DPEHETIEBCKOiT
repexoHoit 30ubl. Ecim kpuBmsna kouTypa Teprut B O CKavoK, TO Bhipazkenue (4.1), oueBuHo,
TEPIUT Pa3PbIB Ha IIPEICJILHOM JIyUe, U IPUTO/HO JIUIIb Ha HEKOTOPOM yJIaJIeHUU OT Hero. Bom3u
IIPEJIEJIBHOTO JIy4da, B IIEPEXOJIHON 30He, T0JIe JIOJIZKHO OIMUCHIBATHCI COOTBETCTBYIOIIEH CIeIa b
HO# (DyHKIIMEH, CIIIasKUBAOIIEH U 9Ty 0COOEHHOCTh, ¥ CUHTYJIAPHOCTD U ParupoBaHHON BOIHBI.
[TockosbKy, Kak U B ciaydae Audpakiiuyd Ha KJIMHE, TeOMETPOOIITHIECKOE TT0JI€ TEPIUT Ha [IPEIe/Th-
HOM JIy"€e Pa3pbIB, €CTECTBEHHO, UTO 37ech Bo3Hukaer unrerpan Openess. OpnHako, B oTyindne
OT KJIACCUYECKON 3aJ[aui, TeOMeTPOOITHIECKOE TI0JIe HEHY/IEBOE ¢ 00EUX CTOPOH OT IPEJIEe/THHOTO
Jlyda, U OIICaHUE ero CAusHUuA ¢ JudparnpoBaHHONl BOJIHON TpebyeT aByX mHTerpajoB Ppeneis
OT pasHBIX aprymeHToB [6;18;27]. B cayuae ke 6osee 1yajikoit KpUBU3HBI KOHTYPa BBIPAKEHUE
(4.1) HEIpPEPBIBHO ¥ OMKCHIBAET ME€OMETPUIECKH OTPAYKEHHOE IOJIe B [VIABHOM IOpsijiKe, a (peHe-
JIEBCKOE TI0JI€ TIPEJICTaBIgeT cOOO MONpaBKy K HEMY U OIUCHIBACTCA (DYHKIHEH TapadoImIecKOro

IUJIMHJIPpa €O 3HAYKOM vV < —1 [24-26].

4.1. /Indppaknus Ha KOHTypPe CO CKAYKOM KPUBU3HBI

PacemorpumM KOHTYD, y KOTOporo KpuBmsHa & B Touke O mmeeT ckadok (2), cm. PucyHox
4.2. Kak u B miaBe 2, Ham yjio6HO nepemnucars (2) B Buge (2.11). Ham takke moHamobuTcst reo-

MeTpuUecKuil napamerp 3a1aun » (1.8)

M

Pucynok 4.2 — Iudpakxiius Ha KOHType CO CKAUYKOM KPUBU3HBI
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B rase 2 B pamkax Meroga Kupxroda [1s mojist B epexoiHoii 30He Ha YMEPEHHBIX PACCTO-
auuax sxr ~ O(1) (2.12) or O noaydeno Boipazkenue (2.24):

2 o2

tk(ro+r)+i eflﬂ C efzf C
U 3 <— ) L ( )
2 27Tk(7’0—|—7”) \/ J+ vV J_|_ vV J_ \ J_

Baecy ¢ — nnrerpan Openess (2.22), Benmunna ¢ oupejenena B (2.23), a Jy = 1+ 24 p/ sin ¢y,
cM. (2.20). Iokazkem, uro (2.24) mepenmcbiBaercst depe3 (QYHKIUE TOCTPOEHHOIO HAMH CeMeii-

crBa (3.27). Beegem Besmanny
7o

20, —
=7 + 2e110/ sin g’

(4.2)
reoMeTPHIECKYI0 MHTEPIPETAINIO KOTOPOil J1a M 1o3zke. Torma

¢? B krrop? B kayrp?
Jr  2(rg +r(l+2a;iry/singg))  r+2ay’

u ¢ yaeroM dopmyiiel (3.6) Beiparkenue (2.24) mpuHUMAaET BUJ CyMMBbI JABYX (DYHKIHI ceMeiicTBa
(327) cv=—1:
ut:U++U_, (43)

riae

’ eik(ro+r)—i<+i”D \/_C )
= Ar\/kJL(ro + 1) ! \/

r+ro 2(HQ%))HED i 2kayr _ _,
N B ALY st ) (44
27n/2kr0 r+ 2ai ! r+2a. T (4:4)

Taxum obpazom, HaiijienHnas B pamkax Mmerojia Kupxroda dopmyra ykiaaibBaeTcs B IOCTPOEHHYIO

INE]

TEOPHIO.

4.1.1. CommBka ¢ JudparupoBaHHON U OTPAXKEHHBIMU BOJIHAMU

[TosicHuM cHadasa reoMeTprIecKuit cMbIica Besmand (4.2). B obiacru, rjie BBIIOJIHEHO yCIo-
1 .-
sue (kr)s@g — 0 (1.40), BolpakeHus Jyist OTPayKeHHbIX BOJIH (4.1) ampoKCUMUPYIOTCS IIUJINHPU-
qeckuMu BostHaME (3.4), nexopgamumu u3 Touek (O, JiesKamyx Ha IIPOJIOJIKEHUH PEJIETbHOIO
Jayda Ha paccrosdHuax 2a4 or Toukn O (em. Pucynok 4.2). [leiicTBuresbHo, B riiaBe 6 mOKa3aHo,
4TO JTyueBble Bhipazkenus (4.1) /I reoMeTpUUecKH OTpaKeHHLIX BosiH u'el mpu yeaosun (1.40)
peobpa3yIoTcs K BHLY
. p2 ~2 -
ezk r+rofﬂ<p +i5

ref
L =

(140 (krg®)), (4.5)

2\/27Tkji(7” + 7”0)
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rje BesmanHa p = 1or/(r +19) BBegeHa B (2.16). Paccrosuus r/, or O, mo Toukn nabmonerns M

PaBHBI, COOTBETCTBEHHO

r;:\/r2+4ai+2aircosg5:2ai+7’—25 © —l—O(J 4) (4.6)
+ +

Jlerko BUiETDH, 9TO, C TOYHOCTHIO IO MAJIBIX WICHOB, BEJIMIUHDI k17, OTIMIAIOTCS OT (ha3 COOTBET-
CTBYIOIIUX SKCIOHEHT B (4.5), JIMIIIb Ha [IOCTOSTHHOE CJIaraeMoe T — 284, & BbIpDaKeHHe B 3HaMe-

narese (4.5) nepenuceiaerca B Buge Ji(rg + 1) = ror’./2a (1 + O(p@?/Jx)). Takum obpaszom,

B niepexostuoit 30ue (1.40) dbopmyster (4.5) 1Ia reoMeTPHYIECKH OTPayKeHHBIX BOIH u'Sl mpeobpasy-
fored K Buiy (3.4):
ikr’,
uief ~ Aref e Aref Y O+ eik(ron(zi)%»i%. (47)

k'’ -2/

[TepeiiieM K MOTyIEHHIO aCHMOTOTHKHA 1"

BJIQJIM OT IIPEJIEJBHOIO JIyda, IJle BbIIOJIHEHO
yeaosre (1.36). Bocnosbzosasimces dbopmynavu (A.5) n (A.6) mHerpyaHo 3amucaTh aCUMITOTHKH

byuxrmit Uy (4.4):

_ eikri eik(r—s—ro)—i-i% ei% r+2a z
Uy ~ Q(ZFQD)ASEf = == ( - ( :I:) )
v 2m2krg \V2kr@ ai(\/%cp)

Bnech § — dyukius Xesucaiiga (3), semmuunnt AT onpenenenst B (4.7). Tora

k ikr! ikr
+9( )Aref € —|—Adlf €

N

e’

kT,

uout ~ 9( )Aref

rje
. h eik:?“o
AN — — . 4.8
27k sin 5 @3 \/kry (4.8)

JlBa mepBBIX CIaraeMbIX OTBEYAIOT OTPAZKEHHBIM BOJHAM, & TPeTbe — JndparnpoBaHHON IHJIMH-
JIPUYIECKON BOJIHE, pacxosiieiics u3 Touku O. Buipaxkenue jiist judpakiimonHoro koadgdurmenta
(4.8) cormacyercst ¢ mostydeHHoit panee dopmyitoit (1.35).

Takum ob6pasom, obiactb npurogHoctu opmysibl (4.3), (4.4) onuceiBaercst yeaosusivu (1.4)
u (1.40) — onn obecneunsator cimBanne acumnroruku (4.3), (4.4) ¢ ayuebivn dopmynamu (4.1)
JJIsl BOJIH, FE€OMETPUIECKH OTPAYKEHHbBIX OT IVIAJKUX JacTell KOHTYpa, B 00JIACTH, IJIe BBIIOJIHEHO

yeaosre (1.36). 3amernm, aro ycosue (3.28) npu v = —1 cosnazaer ¢ (1.40).

4.1.2. CmuBka c (1.42)

[Tokaxkem Terepb, uTo BhIpakenue (4.3) coryacyercs ¢ GopMyIaMu, IOJTyIeHHBIMA B Ma-
Joit okpecraoctu Touku O. Pacemorpum obsiacrs, e kr — 0o, HO sr — 0 (1.12), a 3nauur u

xp — 0. Beenem mts yuobersa semmanmy € = v/2Ce /4, cp. (2.19), (2.23). Bocnombzosasimmcn



58

MHTErpaJIbHBIM IPeJICTaB/IeHneM [t (pyHKImu mapadbosmyeckoro muinaapa (A.3), npeobpasyem

BBIpasKeHNS B CKOOKax B (4.4):

2
is o

—igo 2 g too )

+ g + _p- 2

C p,(#¥Ee) - p, (i : ) ! / T g = / T g
0

Nan Nom Nom Vs V=

YunreiBast Beipakenns (2.20) juis Jo, 3amumeM ¢as3bl 9KCIOHEHT B BH/IE:

2 2
p p &
Fep— Ll =Fep - L - 22
2 2 singpg

[Ipu »p — 0 mocienee ciraraemoe mMasio. llepenocs ero B aMILImTy Ly, MOy IUM

2

€2 400

64Ji f _ﬁ %:I:p

——D_ (2= ]= [ P 1— —=p>+ 0(:>p*p") | dp.

Nom 1( \/Jj:) /e ( snpg? TOUPP) | dp
0

Cymma B ckoOKax B (4.4) npuruMaeT By (HONPaBOYHbIE UJICHBI OIIYIIEHbI)

+oo +oo
/ e (12 Zl ) gy 1P / e pPdp =
sin 3 sin 3
0

= V2re (1 + TP 9i¢2 - 1)) - ?h%ei”fpg (\/igeﬂ%) . (4.9)

sin 3 sin

3/1ech MBI BEPHYJ/INCH K TepeMeHHO# (, IBHO BBIJIEIUIN JIMHEHHBIN 110 aMILIATY/Ie CKadKa KPUBU3-

HBI h 4jIeH W BOCIOJIb30BaJIACh HHTETrPpaJIbHBIM IIPEJICTABJICHUEM JIJIL CbYHKLLI/II/I Hapa6OJH/I‘{eCKOFO
o0 _RA2
mrHApa (A.3), a repBble JABa HHTErpaJia BEIYUC/IIIIN, T0Ib3YsICh TE€M, UTO f_oo e P dq=+/7/p

(em. [43]). Toacrasmsis (4.9) B BbIpazkeHue Jist TOJHOTO 110Jist (4.3), oIy dIiM

~

. eikz(r—l—ro)-i-i1 (U U " ) (4 10)
uou — + + . .
2./ 27k(r + 19) R

3nech

Up=e S, U = =P (2i¢* — 1) e i,
sin ¢g

2 h 2 .
V= \/i - p e”%D,g <\/§C@’ZZ) )
7 8in g

[TonpaBo4nble wieHbl (KOTOPbIE MbI OIYCTH/INM) MaJjbl TpU BbIHOJHeHUn yeaosuit (1.4), (1.12),

(1.40) u (1.46). B riaBe 6 mokazano, 94T0 B 00JIACTH, YIOBIETBOPSIOIIECH STUM YCJIOBHM, IIEPBbIE
nBa ciaaraeMbix B (4.10) cOOTBETCTBYIOT MeOMETPUYECKH OTparkeHHOi BosHe. [aBHbI (0THOCH-
TeJIbHO MAaJIOro TapameTpa 1) dieH, oreedaroniuit Uy, OIMUChIBAET OTPazKeHHYO BOJHY B IJIABHOM
IPUOJIVZKEHNH U [PEJICTABIAET COOON BOJIHY OT MHUMOIO (OTPazKeHHOIO OTHOCHTEIBHO OCH )
ucTouHuKa. dienel, orBevatoniue Uy u Vi, 4B1410TCA IOIPABKAMU, YIUTHIBAIOIIUMY B/INAHIE KPU-

BU3HLI I'DaHUIIbI.
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Boipazkenue jjis JMHeiiHoro 1o h 4jieHal npu yaajenun ucTouHUKa Ha 6ECKOHEYHOCTH (T.e.
pu »ry — 00) coracyercs ¢ dhopmysoit (1.33), moaydeHHON B paMKaX MOIPAHCIONHON TeXHUKH

JJId cJiydad MaJdeHud IIJIOCKOII BOJIHBI.

4.2. JIludppaknusa Ha KOHTYpe C rejibJIePOBCKOIl CUHTYJISPHOCTBHIO

KPpHUBU3HBbI

Teneps paccMOTpUM KOHTYP, KPUBH3HA KOTOPOro B Touke () MMEET I'ejibJIEPOBCKYIO CHHIY-

nagpHOCTh (4), cm. Pucynok 4.3.

My

Pucynok 4.3 — Jludpakiius Ha KOHTYpPE C T'eJIbJIEPOBCKOI CUHTYISPHOCTHIO0 KPUBU3HBI

B rmaBe 2 ¢ momorpio Metona Kupxroda momydena acumnroruka (2.35) i yXOJAIIETo
1oJist BOJIM3K [IPEJIeJIbHOrO JIyda Ha YMepeHHbIX paccroguusax (2.25) or O. B riaBHOM mopsijike
noJie JlaeTcst Jiy4ueBoit popmyiioit (4.1) — HenpepbIBHOl, HO He IVIaJIKOI Ha IPEJebHOM JIyde — U
nMeeT BU/I

eik(r-‘rm)—ig-ﬂ%

ud™t = , 4.11
0 2rkJ(r +19) (4.11)

a 3pdeKT OT TeTb/IEPOBCKOI CUHTYIAPHOCTH HOCUT TOIPABOYHBINA XapaKTeP U ONUCHIBAETCHA BbI-

paKeHrueM

AT 2 etk(ro+r1)— <— z
o — A DL N)e?s plta eklotr)migt h \/>C€ 5. (4.12)
2 (sino)'™ k22 \/kJ(ro +11)

Baech J =14 a&gp/sin g, cMm. (2.27), a Bemuuanna ( onpejesnena B dopmyie (2.23).
[Tokaxkem uro dyukims (4.12) npunaaiexur cemeiicrsy (3.27). JleficTBuTe/IbHO, €CIM TI0JI0-
JKUTH
"o

20 = 4.13
“ 1+ 2%07"0/ sin (,007 ( )

L OrmeTnM, 9TO 1 OHO ABAAETCH YACTHBIM cTydaeM dbopMyast (3.27).



1o (4.12) mepenuchBacTCA B BUJIE

Lot A1+ A)eiw(lzxi) 1 2ar \ % eik(r+ro—#¢;)>D , | 2kar Ge-id
h 2T (\/Esjn gpo)lJF)‘ \/7“0_'1" r+ 2a A r+ 2a

[Tockosbky Ha Masbix paccrosuusax (1.49) 2a = ro(1 4+ O(a7rp)), OUEBUIHO, UTO ITO BBIPAYKEHUE

cormacyercs ¢ dopmyiaoit (1.66), mosyueHHO B MasIoi OKPECTHOCTH TOYKH HEIJIAKOCTH.

4.2.1. CamBKa c OoTpakeHHOl u JudparupoBaHHON BOJITHAMU

[Mosicuum cHavasa reoMeTpudeckuii eMbic Beanannbl (4.13). B riase 6 nposejieHo acumirmo-
TUYeCKOe yIpoIrenue JydeBoit hopmyssl (4.1) masa orpazkenHoit BosiHbl B obaactu (1.36), (1.40)
(1.68). YcTaHOBJIEHO, YTO B TJIABHOM TIOPSIKE OTParXKeHHOE T10JIe OIMChIBAaeTC s Bhipazkenuem (4.11),
a BJIMsIHUE Ha HETO I'eJIbJIEPOBCKOI CUHTYJIIPHOCTH SIBJISIETCS TIOMPaBKOiit. OHO MPOSIBIIAETCSA TOJIBKO

HUKE TIPEJIeTLHOrO JIyda, npu @ < 0, 1 uMeeT BH/L

ref khp2+)‘<—¢)2+>\ eik(r+r0—%§2)_i% »
Up = (24 M) (1 + N)J2HA(sin ) kI ) (4.14)

B obstactu cBoeii npuMeHUMOCTH Bbipazkernue (4.14) jomyckaer anmpoKCUMAIIUO [HJITHIPUIECKOIT
BOJIHO#1, KOTOpasi pacxoaurcst u3 Touku () pacroIoyKeHHON Ha IPOJIOJIZKEHUH TIPEJIeIBLHOIO JIyva
Ha paccrogann 2a ot Toukn O (cm. Pucynok 4.3). [eiicrBuresnbho, paccrosaue or O 10 TOUKH
HaOJIIOJIEHNsT 3AIMCHIBAETCS COBEPIIEHHO aHaJIorudHO (4.6) u oTyimdaercs oT (a3 SKCIOHEHTHI B

(4.14) yuib HA MOCTOSIHHOE CJIAraeMoe Ty — 2a, OTKYJIa HETPYHO IIOJIyIUTh, 4TO

uzef — Aref eikrl : Aref — _\/Zkh<_2a§5/)2+>\ Gik.(m_Qa)l_if .
VEr! o (24 A)(1+ A)(sin o)+
out

[Tosbsysics dopmynamu (A.5) u (A.6), HETPYAHO 3amucaTh ACUMITOTHKY US)

BJaJin OT IIpe-

JICJIHOTO JIyda, Ijie BhIoIHeHo yeaosue (1.36):

kr’

2 ikr
udt ~ (=) Arf S + Adif < 4.15
h ( @) Ly’ \/E ( )
3nech
) (1 —jAr ikro
Adlf —_ h ( + )\)6 ° € (416)

; THA(_3)3+ ’

2 (k sin o) A (=@)* A Vg

(=) = |3 o ~ A A —iAr

a (—p)" = |@|" mig orpunaTebHBIX 3HAYEHUI @, & €CIN @ MOJOKUTEIbHO, TO (—@)" = @re "\,

[TepBoe ciiaraemoe oTBeYaET OTPAYKEHHOI BOJIHE, & BTOPOe — JAu(PArupOBAHHON IUTMHPUIECKO

BOJTHE, pacxojsieiics u3 Toukn O. Beipaxkenne s qudpakinunonnoro kosddurmenta (4.16) co-
rjacyeTcst ¢ ImoJiydeHHoii panee dpopmyioit (1.62).

Taxkum obpasom, acumnroruka (4.11), (4.12) misa mois npuMeHnMa B 06JIACTH, TJI€ BBIIOJ-

nennl ycaosus (1.4), (1.40) u (1.68), obecrednBaromue CIMBaHAE € JIy9eBoil GOPMYIIOit 11t OTpa-

JKEHHOI BOJIHBI, a TakxkKe yciaosue (3.28) ¢ v = —3 — . OrMeTuM, 9T0 Ha YMEePEHHbBIX PACCTOSTHUSIX



61

(2.25) ycaosue (1.40) Boitekaer u3 (1.68), Torga Kak Ha MaJblx paccroguusx (1.49) onu HezaBH-
cumbl. [lpu He cmmkoM masbix A (gocrarodso atober A > 0,361) yeaosue (3.28) ¢ v = —3 — A
bostee xectkoe, deM (1.68).

Orpanuyenust, HaK/Ia/IbIBaeMble Ha IIUPUHY [IEPEXOHOI 30HbI B CJIyYae I'e/ibJIePOBCKOi CUH-
IYJISIPHOCTH KPUBU3HBI, 2KECTYE, 9eM COOTBETCTBYIOIIIE OTPAHUYEHIS B CIIydae CKaIKa KPUBU3HBI,

9TO O0bSACHAETCH DOJIee CJI0KHOI reoMeTpueil (hpoHTa OTPAXKEHHON OT KOHTYpa BOJIHBI.

4.3. Iudpaknusa Ha KOHType C HerJiaJAKoil MPOUW3BOAHON KPUBU3HBI

JIoTyCTHM Terephb, YTO MPOM3BOjHAA KpUBH3HBE KonTypa &V (s) = d/a/ds’ nopanka j > 1
B Touke () MMeeT CKadoK ¢ aMILTHTy/I0it h. Kak u B ciiydae rebaepoBCKON CHHIYIISIPHOCTH KPH-
BU3HBI, 3/1eCh YXOJsIee T0Jie B IVIABHOM IOPsiJIKe XapaKTepusyercs JrydeBoii dopmyitoit (4.1), a
3¢ deKT HernmaaKocTn KPUBU3HBI HMeeT XapakTep Masioif monpasku. CpaBHEHNE BBIPDAKEHUST J1JIst
mudparnpoBannoil Bosabl (1.83), (1.82) ¢ dopmymnamu (3.33)—(3.35) mokasbIBaeT, UTO BJIUSHIE
HErJIaKOCTH [POU3BOIHON KPUBU3HBI MOPSIJIKA j HA YXOJsIee ToJie B IMEePEXOHON 30HE OIUCHI-
Baercs dyHkmeil cemeiictsa (3.27), npudem v = —3 — j. B mOMSpHBIX KOOpJMHATAX OHA UMEET
B (4.12), rje A ciejyer 3aMEHUTh Ha j, 9TO COIVIACYETCH C PACCYKICHUAMHE, IPUBEICHHBIMA B
KoHIle yiaBbl 2. [lepexonnast 30na xapakrepusyercst yejiosuem (3.28) ¢ v = —3 — j (orMeTuM, 4TO
9TO OrpaiutveHue KecTdae, deM ycaosne tumna (1.68) ¢ A 3amenennoit Ha j, u gem ycmosue (1.40)).

Coy4ait, xorma nponssoanas =) (s), j > 1 umeer B Touke O TeIbIEPOBCKYIO CHHIYJIAD-
HOCTB (4), paccMaTpUBaeTCs aHAJIOIMIHO. BimsHue HErIaJKOCTH KPUBHU3HBI Ha YXOJSIEe T0JIe

ormchiBaeTcs dbyHKImeir cemeiictsa (3.27) co 3HAYKOM V = —3 — j — .

4.4. Ob6cyxeHme

MbI IPOJIEMOHCTPUPOBAJIH, YTO (PYHKITUU ITOCTPOEHHOT'O B TJIaBe 3 ceMeficTBa TOYHBIX pellle-
HU ypaBHeHUs [ eJIbMTO/IbIa OIMMCHIBAIOT IO/ B 3ada4aX JuPaKIul Ha KOHTYPax ¢ HErJIaIKoi
KPUBU3HON B EPEXO/IHON 30HE HA YMEPEHHOM PACCTOSHUHU OT TOYKHU HerjajarocTu. O6/1acTh mpu-
T'OJIHOCTH TTOCTPOEHHBIX BBIPAXKEHUII 3aBUCAT OT N€OMETPHUH KOHTYpPa, OOYCJIABIUBAIONIECH CHUHTY-
JIAPHOCTH JrarpamMMm JudparnpoBaHHBIX BOJH Ha IPEJIEJIHLHOM JIyde U TeOMeTpuio (hPOHTOB OTPa-

2KeHHBIX BOJIH. C yBesimdeHueM 1JjiaaKOCTU KPUBU3HbBI KOHTYPa II€pexXoJHasd 30Ha CYy2KacTCHd.
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I'maBa 5. Anmpokcumanug pelrieHnii ypaBHeHus Matbe

byHKIMIMI TapaboIMIecKoro MujJanHIpa

Pemenust ypapuennst MaTbe, TpaJUIMOHHO 3aIIUCHIBAEMOTO B BHJIE
w”(x) + (A — 2q cos 2x)w(x) =0

UMEIOT HNINPOKOE IIPpUMEHEHNE KaK B MaTEMaTUI€CKUX, TaK 1 B CbI/I3I/I“IeCKI/IX 3a/Ja49ax. ACI/H\/[HTOTI/I-
ki dyHKIWn MaTbe ncesieoBaInch B MHOIOYUCIEHHBIX paborax (Hampumep, [51-56], M. Takxke
qureparypy B [43]), riae posib GOJIBIIOro mapaMerpa Urpajii BeJIMIUHBL A\, ¢ Wik \/q, U Jjisi Bele-
CTBEHHBIX A U ¢ ObLIM MOCTPOEHBI pABHOMEPHbBIE 110 £ aCUMITOTHYECKHE (DOPMYJIbIL.

B nannoii rimaBe Mbl oOpainaeMcs K BOZHUKIIEMY B pasjese 3.3.2 U paHee He 00CYKJIaBIIIe-
MyCsl B JINTEpaType CIydaio, Koraa KodMMOUIUEHTH A U ¢ UMEIOT CIelraIbHbIi B, 1 ypPaBHEHNE

Marbe mepenuchBaeTcs CIeLyomuM 00pasoM:
w”(x) + (—iK (2v + 1) + K?sin? 2)w(z) = 0, (5.1)
cp. (3.16), rue
v< -1, K — +o0.

Hac unTepecyioT npocTbie anmpokcuMaryu perternii (5.1) npu BemecTBeHHbIX T, JJOCTATOYHO Ma-
JIBIX 110 cpaBHeHnio ¢ K. MbI cTpouM COOTBETCTBYIONINE TPUOINKEHNsT B TepMUHAX (DYHKIAI T1a-
pabosimdeckoro numHapa D,. OrmernM, 910 GYHKIUNA MapabOJINIecKoro MUJINH/IPa, JOMYyCKAIOT
YZ00HY 10 PABHOMEPHYIO AlIPOKCUMaIo GyHKIugaMu Ditpu [57], ojHAKO JIUITL Ha BEeCTBEHHON

ocu u ipu v > —1/2 — HaM Ke BazKeH TOJIbKO ciaydail v < —1.
Teopema 1. Vpasuenue Mamwe (5.1) umeem pewenue w(x), maxoe wmo 6 obaacmu
—CK 7 <2<0 (5.2)
0AsA He20 cnpasediuso NPedcmasieHue
w(z) = Dy (~V2Kee T) (140 (K7¥)), (5.3)

a 6 obaacmu

0<a<CK #ams* (5.4)

— mpedcmasaerue

w(z) =D, <—\/ﬁxe_i%> (1+0 (K_?’(l_”)a)) : (5.5)

3decv C' >0 u e >0 — xoncmanmor, ne 3asucaujue om K.
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Ormerum, 9To XOTsl ypaBHeHue Ha (GyHKIUU mapadbosmdeckoro muinaapa (A.1) BosHukaer

u3 ypasaenus (5.1) mpum 3ameHe sinx Ha x, HpemoJarareil MajgocTb x, acumnroruka (5.3),

(5.5) mpuroaHa B 0bsacTu, rje apryMenT GyHKimu D, MOXKeT MPUHUMATH OOJIbIINe 3HAYEHUS, U,

COOTBETCTBEHHO, W OCHUJIJIUDYET. Ob6sacTb IIPUTOJHOCTHU AIIIIPOKCHUMAIIUU IIPpU OTPpUIATE/IbHbBIX T

He 3aBucHT OT napamerpa v (cM. (5.2)), a Ipu MOJOKUTETBHBIX & OHA CY?KAeTCs C YBEJIUIeHIEM

lv] (em. (5.4)).
[lepeitem K J10Ka3aTEILCTBY TEOPEMBI.
JlokazareabcTBO

1. Caenaem B ypasueruu (5.1) 3aMeHy mepeMeHHOI
2= —V2Kze %,

1 IIOJIOZKUM

rje

- ;T
22 4K o [ ze'a
R(z) = —— — —sin :
4 2 VoK
BerecTBeHHBIM 3HAUEHUSIX X OTBEYAIOT Z, JeKallue Ha MPIMOil Re /4,

Hnga R, oueBuiHO, ipy Kazk oM u3 yeiaosuii (5.2) u (5.4) cupaBejyinBa OleHKA

[2[*

[R(:)] < O

Bnech u gamee C' — MOJIOKUTEIbHAST KOHCTAHTa, He 3aBUcAIas oT K.

2. VYpasuenue (5.7) crangapTabiM o6pasoM [58] coauTes K ypasHeruio Bobreppa

Ha, psvoit Re /4. 3riech

.mw(v+1)

M(z,t) = [D,(t)D_,_1(iz) — D,(2)D_,_1(it)] e 2,

(5.6)

(5.7)

(5.8)

(5.9)

(5.10)

aD,(z)u D_,_1(iz) — nBa iuHeiHO He3aBUCHMBIX perenus ypapaennst (A.1), cm. [43], Bporcknan

KOTOPBIX PaBeH

_»71'(1/+1)
2

WD, (z),D_,_1(iz)] ="
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[lpu v < —1 dyukuus D,(z) B nonymwiockoctu Re z < 0 umeer 6€CKOHETHO MHOIO HYyJIeid,
IPUOJINKAONINXCA Ha OECKOHEYHOCTH K JydaM arg z = =+37/4, HO He JieKalllix Ha HUX, a B

—im/4

nosryrtockoctu Re z > 0 He obpamaercs B myi1b [43]. Torma w(z) wa npamoit R e JIOITyCKAEeT

IpeacraBjacHue

w(z) = D,(2)v(2) (5.11)

¢ dyukIweit v(z), ya0BIeTBOPSIONEil YpABHEHIIO

4z

v(z) =1+ / (2, ) R(t)o(t)dt, (5.12)

rie

p(z,t) = M(z,t), (5.13)

em. (5.9) u (5.10).

im/4 —im/4

Mper Gysiem paccmarpusarh ypasaerue (5.12) orjesbho s 2 € Rie” uagz € Ree

(oTBEYAOIINX OTPUIATETBHBIM 1 ITOJOKHUTEIBHBIM T, COOTBETCTBEHHO, cM. (5.6)).
3. Ilycrs cnavana z € Rye /4,
Ornenum pi(z, t) B obmactn, e Boimosneno (5.2). B cekrope —37/4 < arg z < 3w/4 dyukuus

D, (z) mmeer acumnroruky (A.5), oTky/Ia, ¢ yaerom (A.2), ciemyer, ITO

ID,(2)] < C(A+ 12", DS ()l < COA+[2)7", [Doya(iz)] < C(1+ |27

Torma
D,(t) Dy (t)D_—1(iz) 2 —2v-1
M(z,t)| < | Dy ()D_, . (t 1+ t)* (1 vl < e,
g n)| < [P E D 0] < ca A+ <o
n CIIpaBe/JInBa OIICHKa
(0] < CO1+ (L4 |22 (5.14)

nupn z € ]RJF@*”/‘L, t e ]RJFG*”M u [t <zl

Pemmasi ypasnenue (5.12) ma momyocn z € R e /4

UTepalsaMi, ¢ IOMOIILIO HEPABEHCTB
(5.8) u 5.14 mosryunm, uro npu v # —5/2

4z |2|

1 + |Z| —l 21/ 4 | |4
lv(z) = 1] < | | p(z, t)R(t)dt| < C (14 s)"s"ds < C— 7 (5.15)
0 0
B cayuae v = —5/2 nesas wactb (5.15) onenupaercst yepes C|z|*In |z|/K, uro B cBoO 0vepens

e mpesocxoaut C|z[**9 /K| rie § > 0 MOXKHO BBIOPATh CKOJIb YTOAHO MAJBIM. SHAYNT, IIPU BCEX

v < —1 BbIIIOJIHEHA OIEHKA,
|4+5

K

|z

0(2) =1 < C—



65

OTKy/1a, ¢ yaeroM (5.11), BeITeKaeT crpaBeyinBOCTb npeacTtasienus (5.3) B obimacru (5.2).
4. Paccmorpum tenepsb ypasaenue (5.12) npu z € R_e~im/4,

Ornenum dyuximio p(z,t) (5.13) B obractu, riae somosneno (5.4). B cekrope 7/4 < arg z <
5m/4 dyukuus D, mveer acumnroruky (A.6), a acumnroruka B cekrope —bh7w/4 < argz < —mw/4

OTJIMYaeTcs JIUIIb 3aMeHoit e Ha e BO BTOpOoM cjraraeMom. Orciofia, ¢ yaerom (A.2), BbITe-

KaT HepaBeHCTBa
|D,(2)] < C(1+|2))7"7, |D_,_1(iz)| < O(1 + |z])™ % (5.16)

Omnenka ke D;!(z) ocnoxknserca tem, uto Kopun D, (z) npubamzKaiorcs Ha GECKOHEUHOCTH K

ayday arg z = 3w/4 [43]. Jys Gonbiimx 0o MOJYJIIO KOPHEl 2, CIPaBEIINBO ACHMIITOTHYECKOE

3im 1 v.n
R T (HO(L)),
Tu,n

o = @+ L40) +if0), )=t (2200

BbIpazkerue [43|

rie

VT

N — JIOCTATOYHO OOJIBITIOE HATYPAJIHHOE YUCTIO0, & MO/ KBQJIPATHBIM KOPHEM M JIOTAPU(MOM I0JIpa-

3yMeBalOTCS TJIABHBIE BETBH 9TUX byHKIWiT. OTEHUM PACCTOSHIe OT KOPHS 2, /0 jyda R_e /4,
[IycTh TOUKa 2 JIEIKUT Ha JIyte R_e /4 Grusko K Zyn- B rilaBHOM HOpsAIKe
1211+ 0(1)) = |zpn|* =420 + 1+ v)? +4f%(v),
n
= tunl = el a2 = 2| (1 0(0)) = o [ (14 o)
- |JT4IJ1(2>JC2<V) (1+0(1)) = %(1 +o(1)).
[ostomy D;'(2) ma mydqe R_e™"/* ynosrersopser onenke
DM (2)] < C(1+ |2]). (5.17)
U3 mepasencts (5.16) u (5.17) HEMeJIEHHO CJIeLyeT, YTO
(2, )] < CA+ )™ (1 +[2]) ™ (5.18)

npu 2 € R_e™™/4 t € R_e /4 u |t] < |2].

Pemras ypasnenue (5.12) na moayocn z € R_e /4

UTEPAIUSIMUA, C MOMOIIBIO HEPABEHCTE
(5.8) u (5.18) mosryunM OILEHKY

||

/(1 +5)" %5 ds < C

0

(14D
K

|Z|3(1—1/)

lv(z) = 1] < /u(z,t)R(t)dt <C
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Otcio/ia BBITEKAET CHPaBEUIMBOCTD npe/crasienus (5.5) B obmactu (5.4).

Takum 0O6pazoM, TeopeMa J0Ka3aHa.

3amMedaHme: UCIOJIb30BAHHBIE B JI0KA3aTEIHCTBE TeopeMbl MPOCThIe ONEHKH HE SIBJISIOTCS
PEeJIeJIbHO TOYHBIMHU, TIOITOMY 00J1aCTh npuroaocTu acuMmnToTuku (5.3), (5.5) MoxKeT oKa3aTbes
mupe, deM orpaHnmdeHHasi nepaBeHcTtBamu (5.2), (5.4). Ha 9Ty MbICIH HABOJUT pACCMOTPEHHE
[IEPEXOJIHON 30HBI B 3ajade Audpakiiy Ha KJnHe: BbipazkeHue (3.7) Jyist MOJs IPUTOHO TIPH

yeaosun (3.2), menee kectkoM, deM (5.4) mpu v = —1.
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I'maBa 6. AnHajm3 JydeBoii (popMYyJIbl JJIsI OTPaXKEHHOI

BOJIHbI

B monorpaduu 2| paccMorpeHo oTpazkeHne HeKacaTeIbHO NAIAIOIIell BOTHBI TOUETHOTO UC-
TounuKa (2.1) 0T MIaaKoro BLIIYK/IOro Tesa. C HOMOIIBIO JIyHIeBOrO MeToja Mosrydena (opmyia
(4.1) myst oTparkeHHOi BOJIHBI B BBICOKOUACTOTHOM npubsmkennn (1.4), (2.3). Beipaxkenue st
OTPayKEHHOI BOJIHBI B CJIydae MajeHns II0cKoi BoHbI (1.2) mosmywaercs u3s (4.1) npu yaarennn
TOYEYHOI'0 MCTOYHMUKA HA OECKOHEYHOCTHb BJOJIb (PUKCHPOBAHHOIO HAIIPABJIEHHS. DTa OIIEPAIlHsI

s

(bOPMYJIBHO COOTBETCTBYET JieJIeHnIO Ha —e'F0+iG /2v/27kry (cm. pasgen 1.5) u npenesbHOMY 11e-

f et (1 @) ( : )) (6.1)
U = — + . .
V14 2e**/sin 8 ki

3nech [* — paccrosHue OT TOYKHU HaOmomennst M 10 TOYKH TeOMeTPUIecKoro orparkenmst N,

pexoiy ro — 00:

7*(N*) — 3nadenne ¢aspl mI10cKoil BoaHbI (1.2) B Touke orpazkerns N*, [ — yros CKOJIbKEHUS

*

B Touke N*, &* — 3Hauenne kpuBm3Hel B Touke N*. OueBnino, Beipaxkenue (6.1), kak u (4.1),

TepseT IJIaJIKOCTh Ha IPeIe/IbHOM JIyde.

IIpoanamsupyeM JydeByio GOPMY/Iy I OTPAXKEHHOH BOJIHBI U, BO-IEPBBIX, Ha MaJbIX
PACCTOSTHUAX OT TOUYKH Her1aakocTu (O 1, BO-BTOPBIX, B OKPECTHOCTH IIPE/IE/IHHOTO JIyia Ha yMEpPEeH-
HBIX PACCTOSHHUAX. DTO MO3BOJIHUT OIPEIEJATH O0JIACTU IPUTOIHOCTH IOy I€HHBIX BBIIIE (POPMY.I.
Ha maubix paccrogHusx Jiid IpOCTOTHI BBIKJIAJIOK OYIET PAcCMOTPEH CJIydail, Korja Ha KOHTYP
najiaer miockad BojiHa (1.2). Ha yMepeHHBIX paccTOSTHUAX yJIOOHee HPEeNoIOKUTh, YTO MHajla-
omast BoJiHa — nujmHapudeckas (2.1) or toueunoro ucrounuka. Ciydail ckauyka KPUBU3HBI U

cirydail resbJIepOBCKON CHHIYJISIPHOCTH KPUBU3HBI PACCMOTPHUM IO OTAETHHOCTH (cirydail Herya-

KOCTHU [IPOM3BO/HOM KPUBU3HBI MOPsAJIKA j Pa3bupaecTcs aHAJOTUIHO, IIO9TOMY €TI0 MBI OIIYCKaeM).

6.1. Cay4ait ckauyka KpUBU3HBI

6.1.1. MaJjibie paccTossHUS

Yupocrum dhopmyity (6.1) muis Touek HabJ0IeHUs, JexKanux BOI3H TouKu Hervajakocru O.
OueBniHO, 9YTO paccrogHre OT ToYKN HabmoaeHust M = (x,y) 710 COOTBETCTBYIOMIEH TOUKH
orpaxenus N* = (X* Y*) naerca Bopazkennem [* = (x — X*) cosy+ (y —Y™*) sin~y (em. Pucynok

6.1). Suauenne siikoHasa 7° B Touke N* cBsizaHO O 3HaueHmeM Gasbl naaroreil Boaabl (1.2)
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CJIEIYIOIIM 0OPa30M:
X", Y™) = X" cos g — Y sin .
CrenoBaresibHo, siikonaa B Touke M pasen
™z, y) =7 (XY )+ 1" =(x — X")cosy+ (y — Y)siny + X" cos gy — Y™ sin py. (6.2)

BakoH reoMeTpUIEeCKOro OTpazK€Hugd IIaCuT

o+ YT =7—97, (6.3)

rje ¢* — yroJ HakJIOHA KacaresbHOI K KOHTYpy B Touke N* (cm. Pucynok 6.1). U3 (6.3) ¢

OYeBUIHOCTBIO cjiejtyeT, uro tg(po + 2¢*) = tg~y, wim

tg oo +tg(20*)  y-Y*

= ) 6.4
1 —tgpotg(2¢*) = — X~ &4)
Pucynok 6.1 — Orpazkenne oT riaJKux dacreil KOHTypa. Majible paccTosiHust
[Tycrs N* jeskur 65m3ko Kk O. VI3 GhopmMyJibl Jjisi KPUBU3HBL (2) BBITEKAET, ITO
Y= —’s” (6.5)

rje s* — JJmHa JyT'W, COOTBETCTBYIOIMad Touke N*, a &* — 3HadeHne KpUBU3HBI B TOUKe [N*.

Beipaxkenus jijist koopauaar N* nosyanm, osoxus n = 0 B (1.10):

39*(8*)2
2

X*=5"+0(2(s%)%), Yi=- + 0 (°(s")%). (6.6)

Ucnonssys mamocts s* u coornorrenus (6.6) u (6.5), n3 (6.4) maxomum

. rsing
5= o (14 O(ser)). (6.7)

31ech, Kak u mpex/e, ¢ = ¢ — ¢g, cM. (1.7). C nomormmsio (6.3) u (6.5) siikonan (6.2) nepenucoi-

BaeTCsd B CJIEIYIONEM BU/IE:

T (z,y) = (x — X™) cos(po + 2¢") + (y — Y¥) sin(@p + 2¢0") + X cospp — Y sin g =

= 208 po + ysin gy — 2" rsin @ — &*(s*)? sin g + O (371°) .
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Hakoner, npumensis (6.7) u yuanrbiBas (popmysty Jijisi KpUBU3HBI (2), Oy IUM

(rsin @)?

2.3
—~ +O(%r).

(2, y) = T cos po + ysingg + (a9 + hO(—p))

Packnaspiast B (6.1) 9KCIIOHEHTY JI0 KBAJPATHYHBIX YJIEHOB M AMILTUTY/LY JO JIMHEHHBIX, TTPUXO-

JIIM K bopMmyite

uref _ wref + 2)ref (1 + O(}ﬂ’) + 0 (k%T2§BQ)) , (68)
rje
wef — _ gik( cos potysin go) (6.9)
u
L2
v = (ao + hO(—)) ( vy lrsind) ) ety (6.10)
sin” g S111 ©g

Uz (6.9) u (6.10) BuHO, uTo W™ SIB/IAETCS TIABHBIM YJIEHOM ACHUMIITOTHKH B 0GJIACTH, IJie pac-
crosgmust Massl (1.12) n Beimosaeno ycmosue (1.46). Takum o6pasom, B riiaBHOM (OTHOCHTEIBHO
napamerpa sxr — () IpubInzKeHIN OTPayKeHHasi BOJIHA IPEJICTABIACT COOOil OTPArKEHHYIO OT OCH
x WI0cKy1o BosHy. OTMernM, aTo nocsegane yeaosus (1.12) u (1.46) BBIIOIHEHBI B TOMPAHIYIHOM
cioe BOm3u Toukn O, xapakrepusyeMom yciaosueM (1.38).

[Tepenmcas dopmyser (6.8)—(6.10) B pacranyThix Koopaunaarax (1.13) ¢ momorpio cooTHOIIe-
uuii (1.14), vHerpyauo yBuiers, uro dyukuun U™ (1.22) u W (1.27), a TakzKe 1epBoe cjaaracMoe

B (1.34) crumBaoTcst ¢ OTpaXKEHHON BOJIHOIL.

6.1.2. YMepeHHbIE PACCTOSHUS

Tenepb obpaTnMest K yMepeHHbIM paccrosausaM sr ~ O(1). Yupocrum dopmyiy (4.1) mis
OTpazKeHHOW BOJIHBI OT TOYEYHOro ucTovyHnka (2.1), nexaiero B touke My = (g, o), B OKpecT-
HOCTH TIPEJIeJILHOTO Jiyda. Mbl Oy1eM MCIIoJ/Ib30BaTh 0003HAYEHUsI, BBEJICHHBIE B IJlaBe 2.

CHadgajia TOJIy9UM BBIpayKeHWe JIJIsl JJTHHBI JIyTH S*, COOTBETCTBYIOIIEH TOUKE OTPAZKEHUSI
N* (em. Pucynok 6.2). flcHo, 9ro jijig ToUeK HaOJIIOJEHNs] U3 Y3KOH OKPECTHOCTH IIPeJIeLHOTO

=~ *
ayuda, rje @ — 0, em. (1.7), Touka orparkenus Jjexkut Bosm3u O, T.e. s MaJo.

CoriacHO 3aKOHY T'€OMETPHIECKOI0 OTPAKEHM
po Tt =" =Y, (6.11)

rjie p4 1 " — yriasl Mexkay ocbio x u gydamu N, My u N, M, 1" — yrona HakjaoHa KacaTeJIbHOI K
KOHTYpY B Touke N* (cm. Pucynok 6.2). Orciona ciepyer anamornanoe (6.4) paBeHCTBO

T(z,y) —tg2¢"
1+ T (z,y)tg 2"’

_:z:—X*

= 6.12
y_Y*7 ( )

—T({Eo, ?JO) =

T(z,y)



Pucynok 6.2 — Orpazkerue oT TJIaJIKUX JacTeil KOHTYpa. Y MEpeHHbIE PACCTOSHUS

rie X* u YY" — Kak u npexJe, JJeKapTOBbl KOOPJIAUHATHI TOUYKH N ™.
[Tocae mogcranoku (6.5) u (6.6) B (6.12) mpsiMoe BIMHCICHIE, HCIOIB3YIONIEE MATIOCTD S*,

JaeT
sin @ + s* <2ae* 4 Mo | SMP
To T

) + O (5¢(ro +1)(s%)%) = 0. (6.13)
YuureiBasi, 4T0 @ — 0, B pe3ysbrare HEKOTOPBIX BBIKJIQJIOK Hosydaem u3 (6.13):

oo _ PP (00 09
sinpg \ J- Ji

) (1+0(p)). (6.14)

3/1eCh UCIIOJIB30BAHO BbIpayKeHHe Jijisi KpUBU3HBI KOHTYpa (2.11) u mua Jy (2.20), Benuunna p =
ror/(r + 1o) BBemeHa B (2.16).
Tenepsb yupoctum hasy SKCIoHeHThI B jiydeBoii dhopmysie (4.1). Tlpu N* 6imskux K O siiko-

Hast 7° = [ 4+ I* B Touke M 3sammceiBaeTcsd aHagorndHo (2.18):

(57)*

2p

sin® o (6(—s")J_ +6(s7)J4) +
+0(s°(@)?) +0 <<522&) +0 ((523) .

[Moncrapiss ciona (6.14) u cHOBa yYUTHIBasg MaJOCTh @, TOJYUINM BbIpazkeHue Jisi hasbl IKCIO-

T =19+ 71+ 8" singyp +

HeHThl B (4.1):

ikT* =ik (r +10) — ikggEQ (@ 9(25)) + O (krg?) . (6.15)

[MonpaBovHbIii WwieH Maa npu BbinoaHernn ycjosus (1.40).
AnanornaabiM 06pa30M YIIPOCTUM BbIpazkeHre B 3HameHaTese dopmyis (4.1): J* = (r +
r0) (0(9)J_ + 8(—p)J1) (1 + O(@)). Iepenocs nocennee ciaraemoe B (6.15) B aMmmTyty, moJy-

UM YOPONIEHHBIN BU/T JiydeBoil popmysibl pu 27 ~ O(1) u ¢ — 0:

tk(rtro)t+ig (D) _ip_r 32 (=) _ipr_z2
ref € (80) ik & ( 90) ik 7 ) 3
Ue — e 2J_ + e 274 1+O ]{TT’ . 616
2./ 271k(r + 1¢) (\/ J_ Nan ( (kr(2)%)) (6.16)

Dopmyna (6.16) mosydueHa B IPEAOIOKEHIN, ITO BbIIOIHEHO yctosue (1.40).
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OrmeTnM, 9TO Ha MasbIX paccrogausax (1.12)

p p 2z p? 2 3
L =p— O
Jr 14 2e&ip/sinpg P sin ¢ + 00677,
u BbIpazkenue (6.16) mepenmncniBaeTcs B BH/IE:
ik(r+r0—852)+¢1 .~
e 2 1 .\ plik -1
ref (1 + (o + h@(—@)%) . (6.17)
2V 2m\/k(rg 4+ 11) sin ¢
HamomuuM, uto h = s, — s — ammuryla ckadka kKpususabl. Popmyna (6.17) cupaseminsa

B obsiactu, rye nomumo (1.40) Beimosnenst emme yeaosus (1.12) u (1.46). U3 (6.17) caeayer, uro
ciaraemble B (4.10), orseuatontue Uy u Uy, B 06j1acTu CBOE#i IIPUTOIHOCTH COOTBETCTBYIOT N€OMET-

pUYecKU OTParKeHHOIl BOJIHE.

6.2. Ciy4ail rejibJIepoOBCKOIl CHHTYJISAPHOCTU KPUBU3HBI

Teneps paccMoTpuM ciryvail TesbIepOBCKON CHHTYIISIPHOCTUH KPUBU3HBI (4).

6.2.1. MaJjibie paccTossHUS

ObpaTumcest cHadaa K MOJII0 HA MAJIbIX PACCTOSHUAX, KOTJa TOUKa HabmoaeHus M Oym3ka
K O, cm. (1.49), vo (1.4) Bee erre BbInOTHEHO. AHAIN3 JTIy94eBOii (DOPMYJIbI IIPOBOUTCS TI0 TOM JKe

cxeMe, UTO U B ciydae cKauka KpususHbl. Popmysia (6.6) 3amensiercs Ha

X*=s"+0 (x5(s")°) + O (h*(s")*"*),

« * 6.18)
2e0(s")” h(s*) 20 .%\3 2( *\3+2A (
Y*=— — O * O (h*(s*)*TY) .
> T Ernay TOEE))+O ()T
Suadenne s* B ToOUke oTpaxkeHus N* j1aeTcsi BbIpaXKeHUEM
* TSiIl(Z 1+A
= — 1 1
s — (1+ O (eor) + O (hr'™)) | (6.19)

1 SMKOHAJ OTPayKEHHOII BOJIHBI IPUHUMAET BUJ,

. ) r?sin® o rsin @)2A
(2, y) =  cos py + y sin @g + &y i 4,00%0 + h((sin (pf));;/\ +0 (aegr?’) + 0 (h2r3+2’\) .
Orcrosia mosryaaemM (GOpMyJIbI
w = w0 (1+ O (p (20 + b)) + O (kr*3” (a0 + b)) | (6.20)

rie w' naerca (6.9), a

e T2
. . T S1n
,U;rlef — ezk(mcosgooersmgoo) [%0 ( . ’Lk( ()0) ) +

sin? g sin g

+h<min@i( Y g (rsng) )] (6.21)

(sinpp)* \sin? ¢y (2+X)(1+ X)singg
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s (6.9) u (6.21) Bumno, uro w™ ABjIsgETCA IVIABHBIM YIEHOM ACUMITOTHKU B OOJIACTH, TJIE BbI-
nosiHenb! (1.49), (1.67) u (1.68).

Beipazkenns (1.22), (1.58) u nepsoe ciraraemoe B (1.61) crmBarorest ¢ dbopmyinoit (6.20).

6.2.2. YMepeHHbIEe PACCTOSTHUS

O6patruMcs Terepb K YMEPEeHHbIM PAcCTOAHUAM (2.25) U yIpOCTHM OTpazkaTesIbHY0 (hopMy-
ay (4.1) mrst corydast maJeHus IHHIPpUYIecKoil BorHbl. [10706HO TOMy, KaK 9TO C/IeJIAHO BBIIIIE

JJId CKa9Ka KPUBU3HDBI, IIOCJ/IE HEKOTOPLIX BBLIKJ/IAJAOK ITOJIYYIHUM BbIDa2K€HUE JIJIA s*:

* _pg thl—’—)\(_@)i 2 242N ~I2)\ —
= - h 22
i J sin ¢ ( (14 \)JH(sin o)A +O( PPl ) +0(9) ), (6.22)

sesmanta J onpesenena B (2.27). Iloabsysacs (6.22), Bmecto (6.15) mmeem:

7 2i0(3 + N kh(—pp) 2™

ke = ik iy
ik =k (r 4 70) =k 58 T 0T s o)1

+ 0 (kp(2)%) . (6.23)

AHajIornIHbIM 00pa30M YIIPOMIAETCS BhIpayKeHue s J

* ZhPHA(—@i ~ 2 242X <|2)
J —J(To—l—?‘) (1+W+O(¢)+O(hp |<,0| )) (6.24)

Ocrasisast B dase (6.23) sxcronenTs! B (4.1) TOIBKO KBaIPATUUIBIC U/ICHBI, TIOJLY UM

et eik(ro+r)—i§—§$2+i§ (1 . PH_)‘(—QZ)i (22T(3 + )\)/{:p@Q - 1)) (6 25)
2v2m\/kJ(ro + 1) (J singpp) '+ F1+A)J

U3z (6.23) u (6.24) Bugno, uro acumnroruka (6.25) s aydeBoit GopMy/Ibl CIpaBeinBa B 00-

nactu, rje uinosnenst yesiopus (1.40), (1.68) u hr'™|@]* — 0 (BbITekaromee uz mamocTu Q).
OTmeTnM, 4TO Ha yMepeHHBbIX paccroguusax khr™A @2 A ~ kr|p|*™ (em. (2.25)), u Torma ycio-
sre (1.40) Berrekaer u3 (1.68). Oxmako Ha Masbix paccrosuusx (1.49) orpanmdenus (1.68) u (1.40)
HE3aBHCUMBL.

Dopmyna (4.15) cormacyercs ¢ (6.25) B obsactn, rue BoimosHens! yeaosus (1.36) u (1.68).
Ormernm, 910 Ha MaJbIX paccrognuax (1.49) npu somosnenun yeiaosuit (1.67) dopmysa (6.25)
IIEPEIUCHIBACTCA B BUJIE

o ez‘k(m—i—n)—i%@ﬂg (1 N o“‘eop(ik:p@Q _ 1) N hp1+>\(_95)i ( 2i/€p@2 B ))
2:/2mk(ro +171) sin g (singo)! ™ \ (2+A)(1+A) ’

1, OYeBHIHO, coryacyercs ¢ (6.20)—(6.21).
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SaKJII0YeHue

CdhopmymupyeM OCHOBHBIE PE3Y/IbTATHI JMCCEPTAIMOHHON PabOTH:

1. TlocemoBaTenbHbI METOJ HOTPAHUYHOIO CJIOsi Pa3BHUT I 3ajiad BBICOKOYACTOTHOW JIM-
dpaknuu B ciiydae HEKacaTeIbHOrO MaJIeHUs Ha KOHTYD, KPUBU3HA WJIM ITPOU3BOJIHAS KPU-

BU3HBI [IOp4/JIKa J, 7 = 1,2, ..., KOTOPOIrO UMeET CKAYOK MJIM I'eJIbJEPOBCKYIO CUHTYJIAPHOCTbD.

2. IlocTpoenbl BHICOKOYACTOTHDBIE aCUMIITOTUKU JU(MPArupOBaHHON BOJIHBI U I10JIs B IIEPEXO/]I-
HOl 30HE I KasKJIoro THia ocobeHHOCTH KpubBu3HbI. OIlpejie/ieHbl 00JIaCTH TPUTOIHOCTH

BCEX MOJYYCHHBIX BBIPAXKCHUI.

3. Hoctpoens! ymobubie mpocTbie hOPMYJIbL JIjId ACUMIITOTHIECKOTO OIMMCAHUS CJAUSHUS JIBYX
BBICOKOYACTOTHBIX ITUJINHIPUIECKUX BOJIH. TeM caMbIM IIPEIOZKEHO O0ITee BbIpazkKeHue JiIsd

110J11 BO (PPEHEJIEBCKUX MEPEXOIHBIX 30HAX.

Pa3Buthblii 110/1X0/1 MOYKET OKa3aThCs MOJIE3CH U B JIPYTHUX 3a/la9aX BHICOKOYACTOTHON JTuPaKIUN.



74

IIpunoxenne A. @PyHkiuym napadboJImIecKoro MujJanHIpa

B laHHOM MPIJIOXKEHUH TIPUBEJIEHBI CBeJIeHNsT O (QYHKIUAX TapabOJINIeCKOTO IIMINHIPA (CM.,
Hanpumep, [43|), yacro ucroib3yeMble B OCHOBHOM TEKCTE JIUCCEPTAIIUH.

QyHKIUN 11apaboIndeckKoro MujiimHapa [, yJIOBJIETBOPSIOT YPaBHEHHUIO

1 22

DI(2) + (1/ +5- Z) Dy(2) =0 (A1)

C HaYaJIbHBIMU JaHHBIMUA

23 2“3
D0 = 2V Dy = -2 (__ff (4.2)
2
(3mecn I' — ramma-dynkus).

IIpu v < 0 gyt D, cripaBe/IMBbI HHTErPAJIbHBIE IPEICTABICHNSI, CM., Harpumep, [43],

6722/4 R |
DAZ) = Fmps [ S (A3)
0
I/I .
e’i(V+1)TI' 22 S »2
D2)= % [y (A4)
51
T —e+i00

/e BeiOpaHa riiaBHas BerBb GyHkiuu (-)” u € > 0. [Tpu 6obuux snavenuii | Z| u pukcnpoBanHOM

v dbyukiusg D, uMeeT aCUMITOTUKY

DJ(Z) = 2ve % (1 o) (ﬁ)) , (A.5)

upn —37/4 < argZ < 3w/4, n

D,(Z) = (Z”e—zf - r\(/E_Z) emz—”—lezf> (1 + O (|ZL|2)> : (A.6)

npu /4 < arg Z < b /4, cm. [43].
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