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ANOPAKIINA KOPOTKNX BOJIH HA KOHTVYPE C
I'BJIbIEPOBCKOIN CUHI'YJIAPHOCTBHIO KPUBU3HbLI

© E. A. 3JIOBUHA, A. II. KUCEJIEB

Crposrcs GOpMyIbl KOPOTKOBOJHOBOM ACHMIITTOTUKY B 3aa4€ qud pakitnm
IIJIOCKOI BOJIHBI Ha KOHTY D€ C HelIPePBbIBHOI KPUBU3HOM’, I3 KO BCIOIY 3a
HCKJIIOYEHNeM TOUKY, BOJU3M KOTOPOIl NMeeT CTelleHHOe mmoBenenue. BoJ-
HOBOE II0JI€ OIMCAHO B IIOIPAHUYHBIX CJIOSX, OKPYKAIONINX OCODYIO TOYIKY
KOHTYyDAa u rpenebHblil ayd. Haiimeno Berpakenue i audparnpoBaHHOM
BOJIHBI.

§1. Beegenue

B reomerpuueckoii reopun qudpariun Ketepa (I'TA), cm. [1,2], kpynHbl-
MU Ma3KaM#H Ha6pocaHa nporpaMma IHOCTPOCHUA IVIaBHBIX 9JIEHOB KOPOTKOBOJI-
HOBBIX ACHUMIITOTHK perieHnit AnPaKIuOHHBIX 3aa9. BOJHBI, OTpasKeHHBIE
OT IIQAKUX Yy4YaCTKOB I'DaHUIIBI, OIIMCHIBAIOTCHA JIYIYEBbIM METOIA0M, a BKJIA/AbI
OT TOYEK HErJIaJIKOCTH I'PAHUIBI OEPYTCs M3 Perenuii MojeabHbIX (B PyCCKOii
TPaJMIMK — STAJOHHBIX) 33/1a49. EC/mM KyCOYHO-IIa/IKas TPAHUIA B OKPECTHO-
CTU OCOOEHHOCTU MOXKET ObITh CMOJE/IMPOBAHA KJIMHOM MJIM KOHYCOM, TO JI€JI0
CBOJIUTCH K 33/[@4aM, JIOIYCKAIOIIMM, B CKAJISIDHOM CJIy4ae, TOYHOE pEIleHHe.
it TpaHUIBI ¢ HETVIAAKOW KPUBUBHONW TOYHO PEIaeMble STAJTOHHBIE 331a91
He M3BECTHBI.

Bouee npoasunyteie Bepcun I'TJ1, cm., Hampumep, |2|, yIuThIBaiOT, 9T0 OKO-
JIO 0COOBIX HAIPABJEHUI — MpEJeIbHBIX Jydeli — rie (pa3bl OTpPayKeHHOH u
audparupoBaHHoil BOH O/IM3KU, BOJTHOBOE II0JI€ OIUCHIBAETCS CIEIUaIbHbI-
Mu (DYHKIUAME (HAPUMEp, B KJIACCHYIECKON 3ajade nudpakiuyd Ha KJITHE
— unarerpasom @peness). [logo0HbIE SBIEHISA €CTECTBEHHO XapAKTEPU30BAThH
KaK BO3HUKHOBEHUE IMOTPAHNIHBIX CJIOEB, WJIN IEPEXOTHBIX 30H, U UCCIEI0BATH

Kmouesvie caosa: nudpakiumsa KOPOTKUX BOJIH, HEIJIAQKUE IIPEIATCTBU, METOI I10rpa-
HWUYHOI'O CJIO4d.
Pabora mommepxana rpantom PODOU 20-01-00627.
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C IIOMOIIIBIO IPUEMOB, B COBOKYITHOCTU M3BECTHBIX KaK METO MOIPAHUYIHOIO
CJI04. HOA 9TUM IIOHUMQAIOT TEXHUKY, OCHOBAHHYIO Ha JIOKA/JIBHOM HU3YyYC€HUU
MCXOHOW 3334y B MaJjio#l 0bsiacTul, OKPY2KAOIIeil TOYKY HErIaKOCTH, 00bItd-
HO C UCIIOJIb30BAHUEM PACTSHYTHIX (MACIHITAOMPOBAHHBIX) [IEPEMEHHbBIX. 3aTeM
HOJIy YeHHOE BHYTPEHHEE PA3/I0KEHHE CIIMBACTCS (MU, KaK eIle TOBOPAT, Cpa-
HIMBAETCS) C PEleHreM BHE OKpecTHOCTH ocobernnoctu. [Torpancioiinas TexHu-
Ka JIABHO IIPUMEHSIeTCsI B 3a/1a4ax Audpakiun KOPOTKUX BoJH, cM. [3-5]. s
HOFpa.HCJ’[Of/'IHbIX 3a/la9 B KOPOTKOBOJ/JIHOBOM CJjiy4dae €JUHCTBEHHOCTH PEIICHUA
MOZKeT 6bITb O6eCHequa. AHAJIOTOM YCJIOBUA U3JIyHYEHUA; IPU 3TOM JETAJIBHOT'O
[OCTPOEHUSI BHEIIHETO PA3JI0KeHHs (dTO 9acTO HEOOXOMMMO IPU PaCCMOTPE-
HUW JIPYTHUX 3a7a9 MaTeMaTHIeckoil ¢pusuku, cM., Hanpumep, |6,7|) e Tpedy-
eTcs.

B nacrositieit pabore MbI IPOJOJIZKAEM CHCTEMATUYIECKOE MPUMEHEHUE Me-
TO/a TOFPAHUYHOTO CJIOS K 3aJadaM JudPaKIu KOPOTKUX BOJIH HA KyCOYHO-
DJIAJKAX KOHTYpax C OCOOEHHOCTSIME KpPUBH3HBI, Hadaroe B [8]. Hameit e-
JIBIO IBJISIETCsI TIOCTPOEHNE ACUMIITOTHYECKUX (POPMYJI, OMUCHIBAIOIINX BJINS-
HUe 3TuX ocobeHHOCTell Ha BoJiHOBOe moJie. [Ipocreiimieii 3a7a4ye Takoro poja
— 0 KOHTYp€ CO CKaYKOM KPHBHU3HBI — IOCBAIIEHO HEMAJIO UCCIeT0BaHuil (CM.,
Hanpumep, [9-20]), OCHOBBIBABIINXCS HA PA3JUIHBIX BEPCUSX IBPUCTHIECKOTO
meroza Kupxroda (cm., Hanpumep, [2]) 1 MeToma morpaHnaHOTO €105, & TaKZKe
Ha nx KoMOuHanuax. PaccMoTpers OKpecTHOCTh TOYKHU HErJIaIKOCTH KOHTYPa U
OKPECTHOCTD IIPEIeIbHOTO JIyda B PaMKaX ITOCIeT0BATEILHOIO MOTPAHCIONHO-
ro moaxoa (IpudeM TOJBKO Ha HEOOJIBINNX PACCTOSHUSIX OT TOYKH HEJIAKO-
CTH) yIA10Ch JIMIIb B HejasHeil pabore [8]. D1o He ObLIO cle/aH0 paHblie, 10~
BAJUMOMY, U3-33 QHAJIUTUICCKUX TPYJHOCTEH, BOSHUKAIOIIUX IIPU IIOCTPOCHUN
BHYTPEHHETO PaA3J/I0?KEHUA. HeTpI/IBI/IaJ[beIM OKa3aJICd " I[eTa..HbeII‘/JI aHaJIN3
[IPOIE/Iy Pl CIMUBAHUS PEMIEHU MTOIPAHCIONHBIX 33189 C JIydeBbIMU (DOPMY-
Jlamu [t qubparupoOBaAHHON U OTPAXKEHHON BOJIH.

31ech MBI paccMaTpUBaeM TEXHUIECKU DOJiee CJIOKHBIE W DaHee He M3ydaB-
mecsd 3aa49u JudPaKIUU MI0CKOM BOJIHBI HA, KOHTYPaX C HEIPEPBIBHOW Kpu-
BU3HOI, MMEIOmEl B OJHON TOYKE CHHTYIAPHOCTH BuAa (2.4), KOTOPYIO Mbl
Ha3blBaeM IEJibIepoBCcKoil. [lian ucciaeqoBanus npumMepHo Tor ke, 4ro B [§],
HO IIOYTHU HUYEM U3 MOJIYyYEHHBIX TaM PE3YyJ/IbTAaTOB BOCIIOJ/JIbB30BATHCA HE y/1a€T-
cst. CHavasa Mbl 00paIliaeMcst K BOJTHOBOMY TIOJIFO B MAJIO OKPECTHOCTH TOY-
KU1 HEIVIQJAKOCTU KOHTYDPa U CTPOUM BHYTPEHHEE DA3JI0O?KEHUE. Ha 60.HI)H_[I/IX II0
CPABHEHUIO C JJIMHOM BOJIHBI PACCTOSTHUAX OT CUHIYJASIPHON Toukm, cMm. (2.10),
MbI CHIMBAEM BHYTPEHHEE DA3J/I0KEHUE C JIYyIEeBbIMU (bOpMy.}'[a.MI/I7 moJjiyvasd BbI-
paxkenue it audparupoBaHHOl BOJIHBI. /lajiee Mbl OMUCHIBAEM IIOJIE B IIO-
TPAHUTIHOM CJI0e, OKPYZKAIONIeM TpeJebHBIN JIyd, OTTAaJKABAACH OT aH3aIla,
npesyioxkennoro B pabore H. B. Ilemenesa [21]. Iloctpoennas acmmmroruka
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BBIPAXKAETCA 1uepe3 DyHKINIO mapado/imdaeckoro muanuaapa D_g_y, riae mapa-
merp 0 < A < 1 xapakrepusyer 0COGEHHOCTh KPUBU3HBI KOHTYDa, cM. (2.4).
[Toapobubiit anau3 jgydeBbix GOPMYJI i OTPAKEHHONW BOJIHBI, KOTOPOMY
MbI yZejaideM MHOTO BHUMaHUA, ITOKA3bIBAET, 9TO BbI6paHHbII71 aH3all MOXKeT HC-
MMOJIb30BaThCAd JIMIIb Ha PACCTOAHUAX OT TOYKU HEIVIAJAKOCTU KOHTYDa, MaJIbIX
[0 CPABHEHWIO C €r0 NeOMETPUYEeCKUMHU apaMerpaMu. B TO »Ke BpeMmsi, BbIpa-
JKeHne st anpparnpoBaHHON BOJIHBI MIPUTOIHO W HA, OOIBINNX PACCTOSTHUAAX.

§2. lMocraHoBka 3agaqn

B 6eckomeunoit obractu, orpapmaentoi Koutypom C';, cM. pucyHOK 2.1, BOJI-
HOBOE mosie u = u(x,y) OMUCHIBAETCA ypaBHEHHEM [ebMrosbia

H? H?
g 2 k:2) —0. 2.1
<8x2+8y2+ w=0 2.1)
Bosnrosoe uuciao k Benuko:
k — oo, (2.2)

COOTBETCTBEHHO JIJIMHA, BOJIHBI MaJia, U Mbl UMEEM JIEJI0 C KOPOTKOBOJHOBBIM
caygaem. Ilpesnoraraercsi, 900 rapMOHUYECKAs] 3aBUCAMOCTb OT BpeMeHu t
umeer Buj e~ ! 3nech w — Kpyrosas 4acrora, CBS3aHHAS C k COOTHOIICHH-
eM w/c =k, u ¢ — CKOPOCTH PACIPOCTPAHEHUsST BOJIH, KOTOPAs IIPUHUMAELTCS
paBHOIT ejunule: ¢ = 1.

Ha xonrype C' BbINOJIHEHHO MpanudHOe ycjioBue upuxiie

ulo = 0. (2.3)

Kpususna kourypa & = ae(s) rJIajiKasi BCIOMY, 3a UCKjroueHueMm Touku O, B
MaJIo# OKPECTHOCTH KOTOPOi 8 OIUCHIBAETCH (POPMYJIOit

w(s) = a0+ hsy, 0<A<I1. (2.4)

31ech s — JUIMHA AyTU KOHTYPA, OTCIATEIBaeMast oT Toukn O, cM. pucyHoK 2.1,
U BBEJIEHO CTaHIApTHOe obo3Hadenue s HyHKImK “c mwmocukoMm” (cM. [22])

» 0, npu s < 0,

Sy = v

Rev > —1, (2.5)
s¥, mpm s > 0,

a &9 u h — He 3aBucsdme oT OOJBIIOrO HMapamMerpa k KOHCTAHTHI, Ha 3HAK
KOTOPBIX HE HAK/IAIBIBACTCS HUKAKUX OMPAHUYECHUI, B YACTHOCTH, 89 MOMKET
paBHATHCH Hy110, oaHako h # 0. Ocobennocrs Buga (2.4) mMbl OyjeM HA3BIBATDH
I'€J1bJIePOBCKOM CUHIY/ISPHOCTBIO.

Verpemsisist A — 0, Mbl IPHJEM K C/Iy4Yal0 CKayKa KPUBU3HBI, & YCTPEMJIsis
A — 1 — K cIy9ao CKadka ee mepBoit mpom3BoaHOM. Pesynbrarsr coorBeTcTBy-
IUX TIPEIETHHBIX TEPEXOI0B 00Cy K Iat0TCsT B §6.
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Y
\\: diffracted

limit ray

Puc. 2.1. dudparuposannas BOJHA U MOI'PAHUYIHBIE CJIOU.

Bsejiem fekapToBbl KOOPJAMHATHL & U Y ¢ eHTPoM B Touke O 1 0Cbi0 abCcIuce,
HAIIPaBJIEHHON 110 KaCATeJIbHON K KOHTYPY, Tak 4To & > 0 Ji/Ist TOYeK KOHTYpa C
s > 0, cm. pucynok 2.1. Ilycts p u ¢ — kaccudeckue moJisipHble KOOPIUHATHI:

r=pcos¢p, y=psing, 0<p, —7T<P<LT. (2.6)

BosHOBOE m071€ Oy/1EM MCKATH B BHIE

uw=u+u°, (2.7)

e vl = ul(x,y) — mamaomas (incident) TIOCKAs BOJHA C YIJIOM CKOJTbIKe-
Hus 3, M. PUCYHOK 2.1

ui — eik(rcosﬁ—ysinﬁ)’ (28)

a u® = u(x,y) — yxomamas (outgoing) BosHa. MBI paccMaTpuBaeM CoIydail
HEeKacaTeIbHOTO MaJeHusl, TO ecTb [ > € > 0 ¢ (pUKCHpOBAHHOI U He 3aBUCSIIEl
oT k KOHCTaHTOM €.

CortacHo reomerpudeckoit Teopun audpaknum, cM. |1,2], yxoagmas BoiHa
B CaMOM I'pyOOM HPHUOJIMKEHUH €CTh CyMMa JIBYX BOJIH:

u® = uf + uf. (2.9)
Baech u' = u'(x,y) — BOJIHA, FEOMETPUYECKU OTpaXKeHHAasi OT [VIAJKUX JacTei
koutypa, a ul = ud(z,y) — BoiHa, jAudparmpoBaHHAs TOUKON €ro Her/a-

kocru. B paccmarpuBaeMoM HaMU Cllydae HEKacaTeIbHOIO MaJICHUsl JIyIeBOit
MeTO/[, CM., Hampumep, [23|, maer qys u' gBHOE BBIpaXKeHUe, TEPSIIOIee IIajl-
KOCTb Ha MPEJEJbHOM (MeOMETPUYECKH OTPAKeHHOM OT CHHIYJISIPHONH TOYKI
kKouTypa) Jsyde. [logpobuoe umccmemoBanue JydeBoit hopMysbl fist u' MpUBe-
neno B Ipunozkennn A. Judparmposanmas sosHa ul, . (2.9), mHa GosbIIx
10 CPABHEHWIO C JIJINHOW BOJIHBI PACCTOSHUSAX, TO €CTh DU

kp — oo, (2.10)
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ABJIACTCA MUJINHIPUYICCKON BOJIHOMN:

eikp
ul = A(p)——=[1 + &], (2.11)
Vkp
rne € = E(p,») — mepasHOMepHas 10 yruy norpemnoctb. Pyuxmmio A(¢@)
HA3LIBAIOT MU(PAKIMOHHBIM KO3 duimenTom, M., Hanpumep, [1,2]. s mo-
TOOHBIX 3a/ad, CM., HampuMep, |2,8,18|, xapakrepro obpamenne A u £ B Hec-
KOHEYHOCTH HA TIPEIeThLHOM Jiyde. fBHBIE BhIpaxKenus g A mw £ B HaImeMm
caydae Oy/IyT moJiydeHbl B pa3zene 3.8.2.

[Ipencrapiaenune (2.9) mpuMeHHMO He BO BCEll pacCMaTpUBAEMON 00JIACTIL:
BOKDYT IIPEJEIHLHOrO JIy4ua BOSHUKAET IMOTPAHUYHBIN CJ/I0fl, — TaK Ha3bIBaeMas
IepexoHas 30HA — BBIAEIEHHBIN Ha pucyHKe 2.1 mrpuxoBKoit. [lockoIbKy BBI-
paxenue (2.11) umeeT CMBICT TOJBKO Ha GOJBIIAX PACCTOAHUAX OT TOUYKU O,
cM. (2.10), oKOJI0 Hee BO3HUKAET APYTOil MOPAHUIHBIN CJION (3aKpalleHHast
cepbiM 30Ha Ha pucyHke 2.1). Ero pasmep, kak Oyzer yCTAaHOBJIEHO B pa3je-
qe 3.8.2, xapakrepusyercs coorHorerusymu (3.31).

Harrreii niesibio gBJI€TCH TOCTPOEHNE ACUMITOTHIECKUX (POPMYJI, OMUCHIBA~
IOIUX BJINSHUE [EJIbJIEPOBCKOIl CUHTY/ISIDHOCTH KPUBU3HBI HA YXOJAIIEE BOJI-
uHoBoe mojie. IlocseoBare/ibHBIN METO/ MOTPAHUYHOIO CJIOA Oy/IeT pa3BUT B
MaJioit okpectHocTr ToUYKr O ¥ BOJIU3U MPEIEIbHOIO JIyda, CM. PUCYHOK 2.1.

§3. OkpectHocTb Toukn O. BHyTpeHHee pasnoxeHue

3.1. JlokanbHbIe KOOpAUHATHI B OKpecTHOCTH TOYKU O. Touky HabIIO-
npenust M, nmexarnryro Bosmsu Touku O, OyJIeM XapaKTepu30BaTh OPTOrOHAJb-
HBIMU KOOD/IMHATAMU S M M, IJie N — JIMHA OTPe3Ka HOPMaJIM, OIyIIeHHO
u3z M wa wxouryp C, cm. pucynok 3.1. B paccmarpuBaemoit Hamu 00JacTH
n > 0. Anasiorom 1noJsipabIX KoopuHar (2.6) B Masoii okpecraocT Touku O
SIBJISTIOTCSI KOOPAWHATHL T U ©:

s=rcosp, n=rsinp, 0<r —T<e<m. (3.1)

Y M

3

V O S v

Puc. 3.1. Koopauuarer s u n.
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C moMOIIBI0 XOPOIO W3BECTHBIX (hopMyst auddepeninaabHoi reoMeTpun,
cM., Haupumep, [24], nerpyaHo, Kak B [8], BbIpa3uTh KOOPAMHATHL T U Y TOY-
ku M depe3 s u n:

1+)\
T =5+ ®ons + 1+)\ + O(23r3) + O(h?r3+?),
2052 hetA (32)
y=n—""__ + + O(adr®) + O(h2r3 ).

2 24+ N1+
I3 (3.2) MIHOBEHHO I0JIy9alOTCsi COOTHOIIEHNUS], CBSI3bIBAIOIIE [OJISIPHBIE KO-
opauHarsl (2.6) u ux sokaabHbI anasor (3.1):
r=p[l+O(=op) + O(thA)], ¢ =¢[1+ O(xop) + O(thA)], (3.3)
TaK 9TO 7' R p U Y &2 ¢ B 00J1aCTH, T/
aop — 0, hp'™ = 0. (3.4)

BamernMm, uro npu sy # 0 BrOpoe coorHomenue B (3.4) ciaeayer u3 mepBo-
ro, TO ecTb 00J1aCTh, XapaKTepu3yeMasi [EPBBIM COOTHOIIIEHUEM, YKe 00/1acTu,
XapaKTepu3yeMOl BTOPBIM.

Besne nanee mbl npeanosaraem ycsiosust (3.4) BBINOJHEHHBIMU.

3.2. Tlagaomias BOJIHA B PACTAHYTBHIX KOOpAMHATaX. BosiHOBOE moje B
Masoit okpectHocTr TOYKKM O ya0O0HO ONUCHIBATH C MOMOIIBIO CTAHIAPTHBIX
pacrsiHyThix KoopausHar S u N, cM., naupumep, [25,26]:

S=ks, N =kn. (3.5)

Ouesuzno, uro daza nagaromeit Bosnb (2.8) B Koopaunarax (3.5) npeacrasiis-

er cobOoi Psiji 110 OTPUIATEIBHBIM CTEIeHsAM GOJILIIOro napamerpa k, cm. (3.2):

wcosﬁ—ysinﬁ—scosﬁ Nsin 3 <sm,8
h sin 3 " (]::()28,8 ’

+ kQH((lJFA)@JFA)Si“Jr 1+)\N5i“> +..., k- oo

CnemoBaTebHO, B MaJIOi OKpecTHOCTH TOUYKH O IaJarolias BOJHA HMeeT BHJ

S? 4+ cosﬁNS)
(3.6)

ul = ud) + b+ Ui+, k— oo, (3.7)

k
e dbyaknun vl = uh (S, N), ul = ul(S,N) u u1+>\ = uH)\(S N) onpenesns-
I0TCsl BBIPAsKEHUSAMU

kl—f-)\

Ub _ ei(Scos,B—Nsinﬁ)’ Ull _ (Slnﬁsg +COS,3NS) (Scos,B—Nsinﬁ)’

(3.8)

i . sin 8 24+ cos 3 1+)\) (S cos B—N sin j3)
—i(—2m2 NS
Uit Z((1+/\)(2+/\) T e
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U He 3aBuUCcAT oT h.
AHAJIOrMYHO BBIIVISIIUT BBITEKAIOLIAs U3 JIy 4eBoil (hopmysibl, cM. [23], acumi-
TOTUKA OTPAKEHHON BOJIHBI, TIOJIy YeHre KOTOPOii npuBenero B [lpuokennn A.

3.3. Oneparop lesibMmrosibiia B pacTaHYTbIX KOOPAMHATAX. DJIEMEH-
tapuble (Gopmysibl TuddepeHagabHOil TeOMeTpHH, CM., HanpuMep, [24], mos-
BOJIATOT 3aIUCATh OmepaTop [elbMIoibia B paCTAHYTHIX KoopauHaTax S u N:

82 82 0 h
W+a—y2+k2:k2<L0+?L1+WL1+)\+...), k — oo, (39)
IJIe BBEJIECHLI 0003HAYCHUST
02 92 02 )
Lo=—— 4+ —-+1, L =-2N—"r+ ——
=Nz a2t M 252 T aN” (3.10)
02 ) ) '
Liiy=—-2NSY—— + 6" — _\NS 't 2.
1) Siggz gy TS g

Oyukmun SY onpesesens! B (2.5).

3.4. BryTpeHHee pa3zJjioxkeHue. Mol OyjgeM uUCKaTh BHYTPEHHEE Pa3JIOZKe-
HUe JIJId yXOALAIIed BOJIHbL B BUJIe, aHAJIOIUYHOM (3.7):

h
%U{’JFWU{’HJF..., k — oo, (3.11)
rae U§ = Ug(S,N), Uy = UP(S,N) u Uy, = U, (S, N). Hac maTepecyer

TOJIBKO JIHHeNHeli 1o h 4ien Uy e

u® =Uj5 +

3.5. 3azauwm norpanun4vHOro cios. llogcrasnas (3.7) u (3.11) B ypaBuenue
Teapmrogbia (2.1) u rpanngnoe yeaosue (2.3) u npupaBHUBasE K HYJIIO KOI(]-
durpenTs! npu crenensx k, MOIYYUM 33/1a49l [IOTPAHUIHOTO CJI0d. 3ajada s
U?, \ nmeer Buj

LoUPyx + L14aUg =0, (3.12a)
Uf—i-)\‘N:() = uil—i-)\‘N:O ) (312b)
a g Uy —
LoUg = 0, (3.13a)
USly—o = — t|y_y - (3.13D)

Omnepatopsr Ly u Li1) BBemensl B (3.10), dyuknm u%) u u‘l 1) OIpee/IeHbI
B (3.8). lmest B Buty crnmBanue ¢ yXoAsAmieil BOJIHOM, JIOMOTHAM 331241 HOTPa-
HUYHOTO CJI0A TUITUYIHBIM JjId TEOPUH AM(PPAKIMU KOPOTKUX BOJIH TPEOOBaHM-
eM, 9ToObl UX PENIEHUs Y0BJIETBOPAIN NPUHINAIY [TPEAETHHOrO MOTJIOIEHWS,
cM., Haupumep, [5,26]. A umenno, 3amena 1 na 1+ 4, § > 0, B BbIpakeHun
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st Lo, em. (3.10), npuBoauT K 3aja49aM, KaxK/Jasg U3 KOTOPBIX MMEeT eJMH-
crBenHoe yObiBatomiee mpu N — oo pemenne. [lpegensubiii nepexog § — 0
BBIJIE/ISET HYKHBIE HAM PEIIeHUs UCXOHBIX 33/[a9 HOIPAHUYHOIO CJIOS.

Ormerum, uro 3aga4a st U ormyaercs or 3azaun (3.12) 3amenoit L)y
u uiH_)\ na L1 u u} coorsercrsenno. Cumpanue dynximpu UP ¢ j1yuesoit dbop-
MyJIOH JIJIst OTPaYKeHHOI BOJIHBI 00Cy ) gaercs B [lpuioxenun A.

3.6. Pemenwne 3amaun (3.13). Bajaua (3.13) pemraercss MTHOBEHHO:

U8 _ _ei(S cos B+N sin ,8) (314)

Bompoc o cummBanuu Beipakenus (3.14) ¢ oTpakeHHOI BOJIHOI Gy/1eT paccMoT-
per B [Ipmmoxennn A.

3.7. UccnenoBanue pernenns 3amaun (3.12). C yuerom dhopmyn (3.8),
(3.10) u (3.14), 3amaqa (3.12) npuaumaer Bu;:

0? 0?
(as an? 1) Ut
= ((2 sin 8 4 2 cos? 6]\7),5@‘r — A COSﬁNS;H_)\) ¢S cos B+ Nsin ) (3.15a)

o __ﬂ 2+ iS cos B 15b
U1+>\|N:O_ (1+N)(2+ N + € . (3.15b)

Texanueckn ynobno mpencrasutsh Uy, \ Kak cymmy nByX (byHKImit
Ul y=W4+YV, (3.16)
rie W=W(S,N)uV =V(S,N) — coorBercrBeHHO DellieHus 3a1a4
( 82 82
(5952 anz * 1) W
= <(z sin (3 4 2 cos? /BN)Si — A cos,BNS;H)‘) g9 cos BHNsinf) = (3 17,)

isin 3 iS cos
W|N=0 = m&i—"}‘e o 6, (317b)
' 0? 0?
<852 e +1> V=0, (3.18a)
Vigeg = — 2isin B opx iscoss (3.18b)

(I+M)2+ 2N

EanacTBEeHHOCTH pereHnii 3TuX 33439 00eCredInBaeTCsl MPUHIIATIOM TTPEIeh-
HOI'O HOLIVIOIIEHUS.
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Herpyamo nposepursb, uro pemenunem 3aaaun (3.17) asasiercs dynknus

. sin 8 247 COSB - 14n ) Li(S cos B+N sin B)
W_Z<<1+A)<2+A>S+ A e

Kax mokazano B Ilpuioxkennn A, oHa cImBaeTcs ¢ OTpPasKeHHONW BOJIHOM, a
[IOTOMY He IpeJicTaBjdeT Jjid HaC UHTepeca.

3.8. UccnenosBanue dyunkuun V. Pemenne 3amaan (3.18) Oymzem uckarth B
Buje nHTerpanta Pypoe

+00
V(S,N):% / u(o, N) e do (3.20)
—o0
¢ wemsBecTHOil morHOCTHIO (0, N). IlpeobpasoBanne @ypbe dyHKIIN

Si“‘eis s jaercs BbIpaXKeHHEM

(8% eiScosB)(g) = 1"N2T(3 + A) (0 — cos 8 —i0) 372, (3.21)

rae, cormacuo Lempdanny u [unosy (22|, Beibpana riaBHas BeTBb (DyHKIUN
(-)737* U3 (3.18) m (3.21) BBITeKaet, uto (o, N) yI0BIeTBOPAET OGBIKHOBEH-
HOMY JubpepeHImaibHOMY YPaBHEHUIO

82
(W +1- 02)u —0 (3.22)
¥ I'PAHUYHOMY YCJIOBUIO
(1 y—o = 2sin Be 2 T (1 + M) (0 — cos B — i0) 7> (3.23)
Bamaga (3.22), (3.23) mMeer 1Ba JUHEHHO HE3ABHCHMBIX DEIICHUSI:
1= 2sin Be 2 T (1 + A)(0 — cos f — i0) 3 eFINVI=o? (3.24)

BerBb kBajgparHOro KopHs BhiOepeM Tak, 4To npu —1 < o < 1 ero 3HavYeHUd
[I0JIOZKUTE/IbHBI, COOTBETCTBYIOIIKE Pa3pPe3bl IIJIOCKOCTH IIOKa3aHbl HA PHCYH-
ke 3.2 BosHuCcTBIME nuHAAME. s cxogumoctn naTerpasa B (3.20) ma Gecko-
HEYHOCTH BO3bMeM petrenue (3.24) co 3HAKOM IIIOC B IIOKA3aTesIe SKCIIOHEHTEL.
Perynsipusys uarerpas (3.20) ¢ momompio moka3anHoil Ha pucyske 3.2 nedop-
MAaIlIl KOHTYypa, IPUXOAUM K CJeIyIolleMy IpeACTaBAeHnI0 /g pemieHus V'
3amaan (3.18):

ikr(v/1—02 sin p+0 cos go)

(
(o — cos 3)3+A

Vi) = 301 + 0S8 / € do. (3.25)
™
v

O6o3navenust r u ¢ Beegennsr B (3.1). Paspes, coorsercrByiommuii dhyHnkiuu
(0 — cos B)737*, noxazan Ha puCyHKe 3.2 MITPHXITYHKTUPHOI JHHHEH.
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D cos B L
— cos ¢ J -/ Reo

Puc. 3.2. Konryp unrerpuposanus B (3.25).
B nasbHeiimen MblI 6ygem paccMarpusarh dynkmmio hV/k'A| koropas, B
owinyare oT V', UMEET CMBIC AJIIUTUBHOM YAaCTH BOJIHOBOTO ImoJis. B objactu
kp — o0, cm. (2.10), MbI OGyaeM HCCIeI0BATH ee, OMUPAsICh Ha CTAHIAPTHYTO
ACUMITOTHYECKYI0 TEXHUKY, CM., Hampumep, [27,28|. B coorsercrBum c¢ 06-
MIENPUHATON TEPMUHOJIOTUEH, MeJJIEHHO MEHSIOIIUIICST MHOXKUTEb O bIHTE-
rpasbHOil dyHKIwH B (3.25) MBI Oy/JeM Ha3bIBATH aMILIUTYIOMN, a MOKA3aTeb
BBICTPO MEHSIONIEiCs IKCIOHEHThl — (pas3oit. Briiajpl B acuMITOTUKY (DyHK-
nun AV /E nator kpurmueckas Touxa (asbl ¢ = COS @ U TOUKA BETBJICHHS
AMILIATYIB 0 = COS (.
Besne nanee ycnosue (2.10) npeanonaraercst BbIIIOJIHEHHBIM.

3.8.1. Kpumuueckas mouka pasve ne 6Au3KG K MOUKe 8EMBACHUA AMNAUMY-
Owi. Ilpeamonokum cHaga a, 970 KPUTHIECKA TOYKA (DA3BI TOCTATOIHO y/Ia-
JIeHa OT TOYKM BETBJEHMsI aMIUINTYJbl, TaK 4T0 acuMiroruka (3.25) moxer
ObITh Hali/leHa CTAHJIAPTHBIM METOJOM IIepeBaJia, cM., Hanpumep, [27]. JIunus
HauOBICTPEHIIErO CIIyCKa B KPUTUIECKOH TOUKe ha3bl 0 = COS (¢ 00pasdyer ¢ 1o-
JIOZKUTE/ILHBIM Hanpasieanem ocu abcruce yron 37 /4. B ciyuae cos 8 > cos
Mbl JieOpMUDYEM KOHTYD MHTEIPUPOBAHUsA, CM. PUCYHOK 3.2, KaK I10Ka3aHO
Ha pucyHke 3.3, a B ciydae cos [ < COS (p — Kak [MOKa3aHO Ha pucyske 3.4.

— 1% cos ¢ cos 3 1 Reo

Puc. 3.3. Kouryp unrerpuposanus B (3.25) npu cos 3 > cos ¢.

i
N
N 4

1% cos B\ COos 1 Réo

Puc. 3.4. Kouryp unrerpuposanus B (3.25) mpu cos f < cos ¢.
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B pesybrare st byskiun hV/E™ nomygaercs ciepyromas acaMuToTaKa;

hV _(_ 2ikh (ssin f — n cos ﬁ)?ﬁr}‘ ik(s cos f-+nsin §)
kA (14 A)(2+ X)(sin B)1+2

o (3.26)

#4607 ) 1+ 0 (50|

Z(gp) _ \/g L1+ A) hsin ¢ sin 8 e—i%—iA—J‘ (3.27)

JAED) (cos ¢ — cos 5)3+>\
IlepBoe ciiaraemoe B KPyIvibIX CKOOKaxX ONMCHIBAET BKJIAJ[ TOYKU BETBJIEHUS U
CIITMBAETCsI C OTPaXKeHHOM BoJHOM, cM. [Ipunoxkenune A. Briaj, kpurudeckoii
TO4YKH (Da3bl JJA€TCH BIOPHIM C/IAraeMbIM U OLUCHIBAET JUMPArnPOBAHHYIO BOJI-
HY.
[TorperHocru B (3.26) Masbl 1pu ycjaoBun

Voo — Bl = oo, (3:28)

KOTOpOe 03HAYAET, YTO TOYKA HADJIIOJEHUS PACIIOIOKEHA HE CIMIIKOM OJIM3KO
K [IPEIEeIbHOrO JIydy.

rue

3.8.2. Cwusanue svpasicenutd (2.11) u (3.26). ITokaxkem, 410 1pK BbIIOJIHE-
uuu yciosug (3.28) Bropoe ciaaraemoe B mpasoil wactu (3.26) cmmBaercs c
[UIAHIPUIECKOil BotHOM (2.11).

Cpasmusas (2.11) u (3.26) ¢ yuaerom (3.3), momyumm, uro A(¢) = A(¢),
em. (3.27),E=0 (1/k:p(gz5 — ﬁ)2), n nudparuposannas BostHa ud mMeer Bu

4 Al 140 ! 3.29
ut =40 1+ o —ap)] (329
Masocrs ocrarounoro wrena B (3.29) obecrnednBaercs coornomenuem (3.28).
Bripaxkenne g nudparupoBannoit BoHbL (3.29) Momyckaer pacmpocTpamHe-
HIte Ha OOJIBIIIE PACCTOSHUS, HE YIOBJIETBOPSIOIIIe orpanndeHusMm (3.4).
U3 (3.3) BoITekaer, 9TO

ikr ikp

~ e ~ e
A —A 1+ O (keegp?) + O (khp*t) | . 3.30
() = = A(0) T [140 (hwop?) + 0 ()] (3.30)
B objiactu, rie He BBIMOJHAIOTCH yC/IOBUS
kaeop? — 0, khp*™ =0, (3.31)

BrOpoe ciaaraemoe B (3.26) u Boipazkenue (3.29) He CHIMBAIOTCS APYT C JAPYTOM.

Takum 0bpazoM, pazMep MOrPAHUIHOIO CJI0d BOKPYD Touku O XapakTepu-
syercs coorHomenusvu (3.31). Ormerum, uro npu seg = 0 morpannvHbIi Ca0i
mmpe, uem pu &g # 0, cp. (3.4).
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3.8.3. Kpumuueckas mouka (pasvi 6AUSKG K MOYKE GEMBACHUS: AMNAUMYODL.
Tenepn 0bpaTuMCst K Corydaio, Korja ycaosue (3.28) He BBIIOJHAETCS, U aHAINS
unrerpasa B (3.25) Tpebyer moguduKanuu CTaHJIAPTHOTO METO/a IEePEBAIA.
[Tycrs Touka HABIIONEHUsS PACIIONIOKEHA BOJIM3H IPEJIEJBHOIO JIyda, 8 UMEHHO

(kp)3 (¢ — B) — 0, (3.32)

U 10-1pekHeMy BbinoHeHo ycaosue (2.10). B masoii okpecTHOCTH KpHTHYe-
CKOlf Touku (ha3bl BBEJAEM [EPEMEHHYIO0 MHTErPUPOBAaHUI 0 = COS (¢ + ( Sin .
Caenysi, Hanpumep, Dpueiin [28], pazaoxum bdazy (3.25) 10 KBaJparndHbIX
9JIEHOB U PACIPOCTPAHUM WHTEIPUPOBAHME HA BCIO OCh:

W s DA+,
k1t 7(k sin ﬁ)l—i—)\
1+ O(p — B) + O(kr¢?) iker (3.33)
| e e (=)

Acumnroruky npasoit wactu (3.33) HETPYAHO BbIpA3uTh Uepe3 (DyHKIUIO ma-
pabosmmaeckoro muanaApa D_3_y, cm. [Ipnnoxenne b:

AT A
hV 2 T(L+Nes hrlta .2 E:
— = tkr—i%spn 2 7
5 =\ e g O D (V) (3:3)
. )
;3
X [1+O<kr(gp B) )+0(—kr)].
3/ech BBEJEHA [IepEMEHHAs
kr
=[5 (o6, (335)

YACTO BOHUKAIOMAA IPH OMICAHIN MEePeXOIHbIX 30H: 22 MPUOIIKEHHO PaBHI-
ercsa paszHocTu (a3 IIOCKON ¥ IUINHIPIHIECKO BOJH, CM. |2|, u obparmaercs
B HYJIb Ha IIPEJEJBHOM JIyUe.

Masocrs ocrarodnsix 4aeHoB B (3.34) obecmeumsaercs yciosuamu (2.10)
u (3.32). Mbl omyckaeM OpOIEAypy WX MOJIY9eHHs, OHA BIOJHE aHAJOTHIHA
onucanuHoii B [§].

3.8.4. Cwusanue swpascenutds (3.26) u (3.34). INokaxkem, uro B obsacTu, riae
BbIIOJIHEHB! 002 ycsioBust (3.28) u (3.32), acumnroruyeckue Boipazkenus (3.26)
u (3.34) nrs bysknun hV/E'T cmmsarores apyr ¢ apyrom. B camom nee,
samensisd B (3.34) dyukuuio D_3_) ee acumurorukoii upu |z| — oo, cm. (B.2)
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u (B.3), u nogcrapnsta Beipazkenne st 2 (3.35), nosyanm
) 2+
hV :<_ 2ikh (T(ﬁ—go))+ eikr(l—(”’f)Q)
KA T\ (14A) (2+2) (sin )

ﬂ@ (kl;i(f;)zﬂ }EZLO}QA 3::7) (14009740 (0 5m) )

Jlerko Bugerh, 4o ruasable dieHs! (3.26) u (3.36) coBuajaror.

(3.36)

§4. OkpecTtHocTb npegensHoro nyda. Ansay H. B. Llenenesa

ObpaTuMcsd K OMMCAHUIO BOJHOBOI'O TIOJIsI B TIOIPAHUYHOM CJIO€, OKPYKA0-
MIeM TPEeeTbHbI JIyd (3alTPpUXOBAaHHAS 30HA HA pUCyHKe 2.1).

4.1. Tounusie pemnrenusi H. B. Ilenenesa. B pabore [21], koropast mocssi-
II[eHa OTTMCAHNIO KOPOTKOBOJTHOBOTO MOJIsI B OOIACTH CAUSTHAST BOJTH PA3JIMIHON
upupozsl, H. B. IlenesieB BBes1 cemeiicTBO TOYHBIX perneHuit ypasuenus L'eibM-
roJIbITA:

U&,n) = CD_%(@Ee_i%)D_HTq(\/%ne_i%). (4.1)

B1ech £ n— KaaccumaecKue napabo/ImaecKine KOOPANHATEI, CM., HapuMep, [29],
D, — dyukmma mapabosmaeckoro muauHapa, cM. [pumoxenne b, C € C —
aMmmnTyHasg Koucranta, ¢ € C — mapamerp pasnenenus. M3 acuMmnroru-
YeCKUX BbIpaxKeHuil i pyHKIuUil napaboudecKoro MuInHIpa CAeAYeT, UTO
[pU yJAJ€HUN OT MPEJebHOTO JIy4da KoHCTpyKius LlernereBa onuckiBaer cym-
MY ILJIOCKOI U IUJIMHIPHYIECKOi BOJH, cM. [21].

B mamreit 3aade B6/ 1131 mpeeIbHOTO JIyYa ITPOUCXOIUT CAUSHUE OTPAKEH-
HOil BOJIHBI ¥ IJWJIMHIPWYIECKOii midparupoBannoii Boiuer (3.29). Ilokaxkewm,
ITO BOJIHOBOE TIOJI€ B €r0 OKPECTHOCTH, TP HAJIEXKAIeM BeiOope Kouctant C
U ¢, OIIUCBIBAETCS OHOM u3 dyHKwmii cemeiicTa (4.1). Pasmep coorBercTByio-
II[Er0 MOTPAHUYIHOTO CJIOST OMPEIEIIeTCs U3 YCAOBUs, UYTO OTPAKEHHAS BOJIHA
Osm3Ka K 1I0CKOit, cM. [lpumoxkenne A.

Crenys [21], BBesiem napabosimyeckue KOOPAMHATHI CIEAYIONIM 00pa3oM:

e=vareos (U50), n=Epsn (250), “2)

cM. (2.6). Torma B y3KO0it OKPECTHOCTH MPEIEIBHOTO JIyda KOODAWHATHBIE JIH-
Huu £ UAyT NpUOIU3UTETHHO BJIOJIb HETO, 8 KOOPAUHATHBIE JIMHUU 1) — [TOTIEPEeK.
B mpenmosnoxennun, aro kp — oo, em. (2.10), dynkmmo .D_l;q B (4.1) MOxKHO

3aMEHHUTDH ee aCHMITOTHKOI, cM. (B.2):

U=CWEe) eikgp_%q (V2kne'5) [1+ o(k%)] (4.3)
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4.2. CmmBaHue BoIpakeHuii (3.34) u (4.3) B MaJIOif OKPECTHOCTH TOY-
ku O. Paccmorpum obractb BOM3M TPEJIEBHONO JIyda B MaJIOH OKPECTHOCTH
rouku O, rye BoinosiHeHbl coorHoienus (3.31) u (3.32), a BosiHOBOE 110JI€ 01K~
coiBaercst BoipazkenueM (3.34). Cpasuusast (3.34) ¢ (4.3) ¢ yuerowm (3.3) u (4.2),
HPUXOJUM K CJIEJAYIONMM 3HAYEHUsIM [1apaMeTpa pas/ie/eHust ¢

qg=>5+2A (4.4)
u koHcTanTel C' B hopryIe (4.3)

- T(1 4 \)e'
C = ﬁ(ﬁksinﬁ)mh' (4.5)

Teneps Boipazkenue (4.3) B obsacru |¢p — F| — 0 MOXKHO 1€Epenucarb B Buje

_ 2F(1+>\)€2% hp1+% ik 1_(¢—45)2 _ig
il—\/; (sin ) 12 € 7 )D—3—/\(\/k7p(¢_ﬁ)e ) (46)

1
x |1+0((6 = B)?) + Okl — B)*) +0(k—p)]
MaJsocTs mompaBodYHBIX WieHOB obecmednBaerca yciaoBuamu (2.10) u (3.32).
Ouesnzano, (4.6) acuvorormaeckn coBmagaer ¢ (3.34) B mOrpaHm<dHOM CJI0O€
0K0J10 ToYKH O, KOTOPBIil OMUCHIBAETCS CoOoTHOImeHuAMT (3.31).

4.3. CiunBaHue BbipakeHus (4.3) ¢ yXOZsIMM [10JIeM BHE MAJIO OKpe-
crHoctr Touku O. PaccMmorpum Teneps 00,1aCTh, I/ie He BBIIOJIHEHbI OrDAHI-
gernns (3.31). Ilycts |¢p— 3| — 0, HO B TOXKe BpeMsl BBINOJIHEHO ycrosue (3.28).
Barmrrem (4.3) B MOIAPHBIX KOOPANHATAX C IOMOIIBIO (4.2), MoACTaBIIsSAA BEIPa-
JKeHus Jiisl mapaMerpa pasesenns (4.4) u koucranter (4.5) u 3aMensis HyHK-
o D_3_y ee acumnrorukoii, cM. (B.2) u (B.3):

(p(¢—,8))3_+)\ eik(:c cos 4y sin )
(sin B)1HX

e S lis0-07) (i)

Bropoe craraemoe B KpyIJIbIX CKOOKAaX CIIHBAETCS C AUQPPATHPOBAHHON BOJ-
HOilt, cM. (3.29) m (3.27).

B Ilpunoxennn A mokazamo, 4ro mepBoe ciaaraemoe B (4.7) cmmBaercs c
OTpazKeHHOl BosiHOl, ecan momumo (2.10) u (3.28) BeimosHens! (He IPOTHBO-
pedantze (3.28)) ycmosus (3.4) u

kaeop®(¢ — B)* — 0, kh(plg — B)** — 0. (4.8)

$= (—z’kh
(4.7)
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Taxum 06pa3om, BiusiHre MéIbIEPOBCKON CUHTYITPHOCTH KPUBU3HBI HA YXO-
JISIlIlee BOJTHOBOE 110J1€ B Y3KOil OKPECTHOCTHU IIPEJIeJIbHOIO JIyda OIMCHIBACTCS
soipazkerneM (4.3) ¢ Beibpanabivu corytacHo (4.4) u (4.5) mapamerpom pas;e-

stenust ¢ u koucrauToit C. O0/1acTh NPUMEHUMOCTH ITOIO OMUCAHUS XapaKTe-
pusyercst coorromtennsivu (3.4) u (4.8).

§5. Cnyuali rpaHndHoro ycnosust Heiimana

Buosire amanormano wmcciemyercd 3ajgada audpakiud Ha T'E/IbIEPOBCKOiT
CUHTYJIIPHOCTH KPUBU3HBI B CIy9ae I'PAHUYHOrO ycjioBug Hefimana:

ou

—1 =0. (5.1)

on|q
Hudpaknuonnsiit Koaddunrent, cm. pasjiesn 2, Tenepb UMEeT BU/T

2T(1+ A) h(cosfcosp—1) _;n_an

Al9) = T kA (cos ¢ — cos B)3FA e, (52)

cp- (3.27), BO/m3u npempesbHOro Jryda coxpansiiorcs dopmyist (4.3) u (4.4), a
dopmyna (4.5) 3amensiercs Ha
G__ ra+ Ae' T
VT (V2ksin )T

CpasauBas (4.5) u (5.3), BUAMM, 9TO BBIDAYKEHHUsI, ONUCHIBAIOIINE BIUSHIE
HErVIaJIKOCTH KPUBU3HbBI Ha BOJTHOBOE I10JIE TIPY TPAHUYHBIX yCa0Busax Jupuxie
n Heiimana, 0T/IM9aioTcst TOIBKO 3HAKOM.

(5.3)

§6. 3aknto4MTENbHBIE 3aMeYaHus

MbI IpUMeHU/IH TTOCIe0BATEIbHBIN METO/] IOIPAHUYHOIO CJI0d B 33/1a4e JTU-
dpakiun KOPOTKUX BOJH HA KOHTYPE C I'éJIb/IEPOBCKOI CUHTYJISIPHOCTHIO KPH-
Bu3HbI. BOJTHOBOE 110jI€ OMKMCAHO B OKPECTHOCTH TOYKU HErJIaJIKOCTH, pa3Mep
KOTOPOIl XapakTepu3yeTcs coorTHolmeHusMu (3.31). DT0O MO3BOJIIIO MOy IUThH
BbIpaxKkenue Jjs 1udpakiinoHHoro KoaduimenTa, nMeroIee CTENeHHYI0 0CO-
OeHHOCTD Ha MIPEJIeTHHOM JIyUe, U [IPEJCTAaBIeHIE Jjis BOJTHOBOI'O MMOJis BOIU3H
[pPeJIeILHOTO JIy4da depe3 (DYHKITUIO mapado/imdeckoro muimaapa D_s_y, cupa-
BEJIINBOE 1IPU BbIOJIHeHUN yeaoBuit (3.4) n (4.8).

Ormerum, uTo npu ycrpemyenuu B (2.4) mapamerpa A K HyJII0, Té/IbJIEPOB-
CKasl CHHTYJISPHOCTh KPUBU3HBI MEPEXOUT B CKAYMOK, W, COOTBETCTBEHHO, BCE
[OCTPOEHHBbIE HaMu (DOPMyJIbl IEPEXO/AT B HosydeHHble B pabore [8]. Boipa-
xkenus s gaudpaknnorabix koaddunuentos (3.27) u (5.2) B 3TOM Ciyuae
COBIIAJAIOT C HaiijeHHbIMKM paHee B paborax [9-11,18,19]. Eciu ke A — 1,
TO MOXKHO mnpocsieautb nepexos (3.27) u (5.2) B dopmysibl, Koropble OblLin
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LOJIyYeHbl JJIsl CJlydasl CKadKa 11ePBOil 1pou3BOHON KpuBusHbl B [18]. Passu-
Tad B HACTOLAIIEH pabore TexHuka 00001IeHa HA Caydail HErJIQ KON TPOU3BO/I-
HOW KPUBU3HBI MOpsAKa j, 7 = 1,2,..., 1 UMIEJaHCHOIO KPAEBOI'0 yCJIOBUSA B
HejtasHeit 3amerke [30].

Asroper 6maromapsar B. M. Babuua, A. 4. Kazaxkosa, A. 1. Hazaposa u
B. 9. IlerpoBa 3a unrepec K pabore u mojie3HbIE 0OCYKICHUS.

Mpunoxenune §A. Vccnenosanune nydesoit hopMynbl ANt OTPAXKEHHO
BOJIHbI

IIpoBesem uccsiegoBanme KJIacCu4eckoi, cuM., Hapumep, [23], sy4aesoii dop-
MyJIbI I OTPA’KEHHONW BOJIHBI U’ HA MaJbIX paccTosgauax oT Touku O.

Haunem ¢ reomerpuveckux paccmorpenuii. Ilycts Touke nabitonennsa M =
(z,y) coorBercrByer Touka orpaxenus R = (X,Y), cm. pucynok A.l. 3akon
rEOMETPUIECKOTO OTPAYKEHUS TJIACUT, YTO

e ¥ — yroJi MeXxKJy KacaTe/JbHOW K KOHTYPY U IMOJIOXKHUTEIbHBIM HAIPaBJIe-
HreMm ocu abcumce B ToUke R, a7y — yros MexK/1y OChbI0 a0CITUCC U OTPAXKEHHBIM
sgyaom RM. Paccrosinue mex iy Toukamu M u R obo3maunm gepes (.

JlygeBas dopmysia g OTPaKEHHON BOJIHBI BO BBEIEHHBIX HAMU 0003HAYUE-
HUSX UMeeT BUJ

wem(1 ) R (140(4)), koo (A2

Bech 3Hauenne KpuBusHbL & Gepercs B Touke orpaxenus R, a 7 = 7(x,y) —
3HAUYEHNe 3MKOHAIa B ToOuke Habmogenns M :

T(z,y) =7(X,Y) + 1. (A.3)
OueBuiHO, 9TO

l

(
(

cM. pucyHok A.l. 3uadenue siikonana 7(X,Y) B Touke R paBHO 3HAYECHUIO
daszer magaromeit Bouer (2.8):

x—X)cosy+ (y—Y)siny
x— X)cos(B+2¢) + (y — Y)sin(B + 2¢),

(A4)

7(X,Y) = Xcos 8 — Ysing. (A.5)
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Puc. A.1. Orpaxkenne oT TJIaJIKO# 9aCTU KOHTYPA.

BamumeMm acuMnToTuKy Bbipaxkenus (A.2) B6iamsu touku O. 13 xoporro

ussecTHbIX opmyn X'(s) = cosv, Y'(s) = siny, u ¢/'(s) = —a&(s), cm.,
Hampumep, [24|, creayer, aro B Touke R
hsi ™ 2.3 2 342X
zp:—aeos—1+)\, X:8+O(aeos)+0(h5 ),
205> hs?tH (4.6)
y=-22 + + O(aegs?’) + O(h283+2)‘),

2 1+N2+N

s — 0. 3amernm, aro u3 (A.1) BerTekaer paBeHCTBO tg(/5+21) = tg~y, KoTOpoe
HaM y700HO 3amnucarb B BUJIE

tgf+tg2y  y-Y
1—tgftg2y - X'
[Moncrasus coornomenus (A.6) B (A.7) u yuursiBas 6im3octs Touku R k O,

HaligeM:
s - psin(8 —¢)

s (1 +0 (0p) + O (th)‘)) . (A.8)

[Ipu BeImOTHEHUN yCa0BHs (3.4) TOMPABOYHBIE UJIEHBI MAJIBL.
C momompio dopmya (A.4), (A.5), (A.6) u (A.8) mosyunm 3nadenne SiKo-
mana (A.3) B Touke Habmomenus M:

(zsin 8 — ycos B)?
sin 3

+0 (25p) + O(n*p*+?).

(A7)

7(z,y) = wcos f + ysin f + g
2(x sin B — y cos 3)2 (A.9)
(1 + \)(2 + \)(sin B)1+*

AHajlorngHbIM 00pa30M MBI IIEPENUIeM BbIPDAXKEHUE B 3HaMeHarese (opMmy-

abl (A.2):

2eel 2 in f— B
Sin(ﬁaew):smg,@ (%OM(mn@m%(ﬁs )+)+O(86302)+0(h2p2+2)‘). (A.10)
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ObparumMcst Ternepb K BOJHOBOMY 10JH0. JlJist MCIIOIB30BaHNST KOHCTPYKIIAN
Hemenena, cm. pasgen 4, rpebyercs, 4To0bI B COOTBETCTBYIOINIEH OKPECTHOCTH
PeIeIbHOTO JIyda OTpaskeHHas BOJIHa Oblia OmsKka K mi1ockoit. Orciona Bo3-
HUKAIOT OTPAHWYEHNS HA PACCTOSTHUS OT TOYKHW Habaomerust M 1o mpemesib-
HOT'O ﬂyqa. n 10 TOYKHU HEIJIa/JKOCTH O

Urax, mbl paccmarpuBaem Boipazkenne (A.2) st OTpazKeHHO BOJIHBI C yde-
tom (A.9) u (A.10). Ocrasusiszi B dasze sxcnoneHTsl B (A.2) TONBKO “IIOCKO-
BostHOBYIO bazy” ik(x cos 5 + ysin §), npuxoaum K CIeayIomei acuMITOTHKe:

u' = w4 (140 (p(wo+hp) ) +O (kp? (9= B) (wo+hlplo—B)") ) | (A.11)

3/1ech rIaBHBII YIeH aCUMITOTURY W' = W' (X, y) — yXO/sIIas MI0CKas BOJTHA:

Wt = —ik(zeos frysin) (A.12)

a v" = v"(x,y) — mompaBKa, yUYNTBHIBAIOIIA BIUSIHIE KPUBU3HBI:

o= 20q ( Y ik (z sin f—y cos 5)2) ¢ k(@ cos Btysin )

sin? 15} a sin 3 (A.13)
“h (;p sin S—y cos 5)i ( y ; (a: sin ,B—y CcOos ﬁ)2) eik(:{: cos By sin 3) .
(sin B)A sin® 3 (I4+A)(24+\) sin 8 '

ITonpasoumere wienst B (A.11) mass! npu BeimosHennn ycaosuii (3.4) u (4.8).
Ormernwm, uro ycaosus (3.4) u (4.8) BLIIOIHEHD! B HOTPAHUIHOM CJI0€ BOJII3H
toukn O, TO eCTh MpH TpeAnoaoxenuax (3.31).

Nmes B By crimBaHme perreHnii morpamciaoinex 3amad (3.12) u (3.13) ¢
JyueBoii popMysoit JTsi OTpazkKeHHOl BOJIHBI, mepenuieM Bbipazkenune (A.11)
B PaCTAHYTHIX Koopauaarax S u N, cm. (3.5):

r

X0
ut = wy + —

k

Baecy wy = wp(S, N), wi = wi(S,N), wi, , = wi (S, N), v = vi(S,N) un
Vi1y = V42 (S, N) sajiatorcs Boipaenusivu

r r h r r
(w1+'l)1)+W(w1+)\+vl+)\)+..., k—>OO (A14:)

w(r] — _ei(Scos,6’+Nsinﬁ)7
_.(sinf i(S cos f+N sin 8
wi—z( 5 S —cosﬁNS)eZ( cos sin ) (A.15)

. . sin 3 24\ cos 3 1+)\) (S cos B+ N sin )
S el — NS
Wi Z((1“)(2“) oA ) ’
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ro__ N (S sin 8 — N cos 5)2 (S cos B+N sin 3)
= (sin2 3 " sin 3 )e ’
. N(Ssin,B—Ncos,B)ﬁ‘r

: 2+
i (S sin § — N cos 5)4- )ei(Scos,B-l-N sin 3)
(14 X)(2 + A\)(sin B)1+2

Jlerko yBuiers, uro peutenue (3.14) 3agaan (3.13) coBmajaer ¢ wy, a pere-
nue (3.19) sagauu (3.17) — c wi, . [lepsoe ciaraemoe B aCUMITOTHYECKOM
Boipazkernn s dynxmun AV /B em. (3.26), comBaercs ¢ dbyukieit Uiy
Haxomer, moxxHO moKa3aTh, 4To dbyskmusg Uy (3amada s KOTOPOil Onnucana
B paszese 3.5) coBmamaer ¢ wi + vj.

Mpunoxenne §6. PyHkynm napabonuyeckoro unnuHapa

DOyuknun mapabosunveckoro muauaapa Dy, (Z) ¢ v < 0 3a1a10TCst METErpaib-
HBIM [IPEJICTABIEHUEM, CM., Haupumep, [31],

RICAS T _e_iOOZ e
Dy(Z) = —=—e7 /6 PrebpYdp, (B.1)
g
T —e+1i00

rje BoiOpana riaBHast BerBb pyHkuuu (-)” u € > 0. [Ipu Gonbmmx 3nauenu-
ax |Z| n dukcuposannom v dbyukiusa D, uMeer aCUMITOTHKY

DJ(2) = 2¥e 5 (1 + O(ﬁ)) (B.2)

npu —37/4 < argZ < 3n/4, u
72 \V2on . z2 1
D,(Z)=(2"e T — wrz—v=leT ) (1 — B.
(2)= (7775 EN ) +O<|z|2))’ (B-3)
upu /4 < arg Z < 5w /4, cMm., Haupumep, [32].
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