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YOK 539. 3

B3ANMOJIEMICTBME BOJIH HAIIPSKEHUI
C NEPNOINYECKON CUCTEMON
KPUBOJIMHENHBIX TPEIMH ITPOAOJBHOIO CABUTA

J. B. Boakosa, JI. A. Quaviumunckuii
(Cymu)

»

IIpm guEaMHYecKNX Harpyskax B MAcCHBHHIX JETAJNAX ¢ HAYaJbHHIME JedeKTta-
MHE THIIA TPeIliH BO3HUKAIOT BechbMa BRICOKNE I'DaJIieHTH Hanpskerni. Ecau tpemun
HECKOJIBKO I OHU PACIOJIOKeHBl OTHOCHTENBHO HeJaJeKO APYT OT APYTa, TO fiaske MPH
HA3KAX YPOBHAX BHEIOHUX BO3JeHCTBHA NIPONCXOJUT IOAPACTAHWE U B KOHEYHOM
|TOYe CINAHWEe NX B MArACTPAJbHYIO TpemuHYy. I1J03TOMY A4 apryMeHETHPOBAHHOTO
fIPOeKTHPOBAHAA MACCHBHHIX KOHCTPYKIHH, COAep/KaMUX Y3Kpe IOJIOCTH WU pas-
pe3H, Heo0X0qUMO MMeTh PeINeHUs CJOKHHX 3aJad O B3auMOJIeICTBIN YUPYIHX BOJH
¢ aedpextamm. B mepBoM npubIIKeHHN OOLIME BOJHOBHIE IOJS HANPsKEHHUI MOKHO
PAa3AeanTh HA COCTOSHES «ILNIOCKOM epOpMaLUU» U «IPORXOJILHOTO caBura». B mammoi
pabote mayuaercs mpocreiiimas 3ajada O B3aMMOMeCTBUH BOJH HANPSKEHHA C Ile-
PHOANYECKONX CHCTeMOH KDHBOJMHEHHHX TpeIlUH B YCJIOBHUAX IPOLOJHHOTO CIBHTA.
Takasa MOCTaHOBKA JaeT BO3MOJKHOCTb yUeCTh B3aHMOBIHSHNE TPEIWH, 4 TAKMKe HX
KPHBU3HY HAa JuUHAMAYECKHN K03POHUIMeHRT MATeHCHBHOCTH Hampsuxenui. Ilonyuen-
HEe pPe3yJbTaTH NPHOIMKEeEHO CIIPaBe/JIHBEH U B TOM Cllydae, KOTJa TpemuH KOHEY-
HOE YHCJIO.

Onucanne pasaudHHX CTAIMOHAPHEIX BOJHOBEIX IIPOIECCOB B YHOPYroil cpefe
¢ UpAMOJHMHEHHHIMH TpemHUHAME cojepkurcs B [1, 2], AuHaMudYecKas 3ajada s
KpEBoanHeHHO# Tpemunsl — B [3]. B [4—7] nmpuBemeHs! pe3yasTaThl HCCIE[0BAHIIL
gappaknuyd yopyrux H JIeKTPOMArHNTHHIX BOJH HA INePHOJUYECKHAX CTPYKTYpax.

1. PaccmoTpuM HeOrpaHmYeHHYI0 YIODPYIYI0 cpefxy, ociadaennyio 2L-
TMEePUOAEIECKOI CHCTEMON KPUBOINHEHHBIX TYHHEIBHEIX BIOIb ocu Oz paspe-
30 [; = [ (mod 2L).

Ilycrs m3 GecroHEYHOCTH MBIYIASTCA MOHOXPOMATHIECKAst BOJHA CIBHIa
(w — KOMIOHEeHTa BEKTOpa YLPYTOTO cMemenus BRoab ocu Oz, ® — KPYyro-
Basg dYacTOTa, Y, — BOJHOBOE YHCJO):

—1Ve¥Y

(1.1) we = Re {W,e Y, v, =r1e , T = const,

a Ha Geperax paspe3oB 3aJaHa OJUHAKOBasgA B KOHIDYIHTHBLIX TOYKAaX, rapmo-

HEYecKas Bo BpeMeH: Harpyska X, =Y, =0, o, = Re{Z-e "'}

B sTmx ycaoBmAX B cpefe BO3HHKAeT CHHTYJIApHoe 2L-mepmopmiaeckoe
BOJIHOBOE II0JIeé HANPAYKEHWHA HPOJOJBHOTO CABHUTA Ty, Ty,.

IMIycre D — o6nacts, 3amATas cpefoi, | — mpocras pazoMKHyTas Ayra
Jlamynosa ¢ mauajoM B TOYKe ¢ u KOoHIOM B b. Dymem mpepnosarars, dro
Z+ = —7Z- — Z — dynrnun kiacca H ma 3aMruytoit aununm [ [8], mpuuem
BHAK IJI0C OTHOCHTCA K JIeBOMY Oepery ! mpm ABmwxennu ot a K b (¢pur. 1).

Kax m3BecTHO, ompe/eleHne BO3HMKAIIIETO B ¢pele ¢ pPaszpesaMu BOJHO-
BOTO TOJA CBOAWTCA K KpaeBoil 3amade

02

(1.2) VW YW =0, V2= =+ T,

F W)l ==Z7 (=0, £1, £2, +...),

rfie L — MOJYJb CJBATAa BTOPOTO DPOJia, BEPXHUI 3HAK COOTBETCTBYET 3HaUe-
HEI0 CKOOKE Ha JeBoM Oepery l;, Auddepennmposanme mo HAIPABIESHUIO IOJ0-
JKHETETBHON HOpPMAnd K JesoMy Oepery ;.
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Jas mocTpoeHns o0mero mpejcTan-
JeHusi pemennii KpaeBoil samaum (1.2)
oupegenuM 2L-nepuognueckoe GynmaMen-
TajJbHOE pelleHWe ypaBHeHusa [exbMro-
asma. Mcxopgmm u3 ypaBHEHHA

(1.3) -
VE +viE= N 8(z—2kL, y), J

rae O(x, y) — AByMepHas JelnbTa-QyHK-
®ur., 1
nusa [wmpaxka.
Ncmonnsysa pasaoskenme 2L-nmepuopmaeckoil meabra-QyHKIEK

(1.4) (@)= X 8z—2kL)=5 X ¥ =2

R=—o00 R=—o00

pasnenssa B (1.3) mepemennble m mpmMeHsAs 3areM mnpeodpasosBamue Dypoe B
knacce D’ ¢yurumit Megaenmoro pocra [9], maxommm

(1.5)

h=—o0

br(y) = — 31, (k==1, 2, £...),

— Y V<l T

rae MTPHX HAJ CyMMoi o3Hadaer, 4To 4ieH nupw kK — , matommit orpanmden-
HOEe pemenHne ypapHeHHA I'eIbMroabna W He 3aTyXalommuil Ipm y —> oo, cie-
ayer oTOpOCHTH.

Hus BoienenwaA TIIaBHOH dYacTH (QYHIAMEHTAJILHOTO peMIeHNS 3anuIIeM
2L-uepumoguueckoe (QyHAaMeHTalbHOEe pemeHnme [, cTapmero omepaTopa B
(1.3). Iloxygaem, cCyMMEDPYA COOTBETCTBYIOIHE DAJEI:

1 ’ iy 1 . @z . Tz
(1.6) E,(x, y):;,—h;mak(y)e R :Hlnsmz%z smzﬂz-——%,
@ —a— P i—otiy (b1, 2, 4.0

C ygerom (1.5), (1.6) mpencraBuM ¢pyHmaMeHTadbHOE pemenue E B oKom-
qaTteabHOR ¢opMe

(17) E(x7 y):Eo(xv y)+E* ('7"7 y)$
E* (.Z', y) = — 41[4 2’
h=—2
) =T e L il
kR

Takum oGpasom, pyuaknus E(z, y), oupeaenennas B (1.7), ynosmeTrsopser
ogHopogHoMy ypaBHeHmio ['exbpMmroasna B aio6oit touke z == 2Lk (kK — 0,
+1, +...), obxagaer xapaKTepuCTHIECKAME OCOGEHHOCTAME B TOYKAX IIPHIO-
JKEHUSI COCPEIOTOYeHHOr0 (YHKIMOHANa W 3aTyXaeT MPH Y — oo.

Ilocne Boienennss raaBHoO#t dacTw (YHIaMEHTAJIbHOTO peIIEHUsA OO
qnen psga B (1.7) 3aTyxaeT B TOYKaX NPHJIOKCHUSA COCPEIOTOYEHHOTO (HyHE-
nuonana (2Lk, 0) wkak
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2. Pemenue kpaesoit samaun (1.2) 6ymem paswickuBarh B Buje [3]

(2.4) me=ijmo
l

Jz 0z

z=z+iy, =8+ in,zeD, =l
z=zx—iy, L =§ —in,

rie P() — wcromaa maorHocts; F(z — {) =Gz — &, y — 1) ompene-
asgotea no fopmyae (1.7).

IIpencrasmenune (2.1) paer 2L-mepuopuueckoe pemernne ypasuenus ['ennm-
roasna (1.2), saryxaiomee mpu y  oo. PackpriBas croamme B (2.1) omepa-
TOPHI, TOJyd9aeM IOcJe ImpeoOpasoBaHUHA

(2.2) W@ ) =57 (PO D +6 (e Dlds,

G(z,0) =22 [oapcosypsinay(z—E)fu(y—m)

Ik

— sinpeosay (x — &) fr (y — m) sign (y — m)] — sin P sign (y — ),

rae P(T) — mcxomas ¢ymruma; g(z, {) — cunryaspmoe, G(z, {) — orpamu-
9eHHOe AAPA; P — Yrod MeKIY HOMO/KATENHHOR HOPMAdbhI0 K JeBOMYy Oepery
! u ocvio Ozx.

ITepexoma B (2.2) K mpefeabHEIM 3HATEHHAM IOPH 3 —> L. & [, HaX0auM
CKAYOK CMemeHnsa w Ha [

(2.3)  Aw=wt—w-=2R — W-)} = Re{e-iot P(y)}.
Orcioma caegyer
(2.4) P(a) = P(b) = 0.

Ha ocuoBannum (2.4) 6ymem mpemmoaararb, 9ro P({) — dyurmua wmacca I7

[8] ma 3amxmyToii myre I, mcuesaromasn Ha ee Kommax. Hpaesoe ycaonue (1.2)
npefcTaBuM B gopme

(2.5) a2 W(,ﬂi re[Zawrwyl = 2
31ech BepXHUA 3HAK OTHOCHTCA K 3HATEHMUIO BEJIMYMHEL HA JeBoM Oepery [ mpm
RBICE@EUN OT @ K b.

Brrauncas# neobxomumere npoussogusie ot Gyurnua W - W,, peryunsapu-
8¥d pacxopfAmuecsd WHTErpaJsl WHTerpHpOBaHHEM IO dHacTAM (9Ta omepanus
BO3MOJKHA B cmay (2.4)) m mojicTaBisAsa 3aTeM IpeJieJbHbIE 3HAUEHUsI MPOU3BOJi-
HHX Opa z — §, &= I B KpaeBoe ycaosume (2.5), IpUXOAUM K CHHIYJIAPHOMY
mHTErpoAndPepeHInaILHOMY ypaBHEHN0 oTHOCUTENbHO Pynrman P(J)

(2.6) §P' ()R, L) ds + | P () H (Z, &) ds = N (&),
) = Im<ctg -:LZ“;—C) -Ho Lel,

H(, L) = 2};}-} [Pr (€, o) cos a, (Eg — &) +- 0k (T, o) sin oy (§ — E)I,

@p (C, Co) = a, c0s P cos Pofy (1 — M) — sin w sin Pofp (1}p — M),
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0% (€, Lo) = an sin (Y + o) fr (ng — m) sign (o — m), Yo = ¥ (5o),
N (L) = o7 Z (L) +8Lwvgsinye 70 P’ () = ——

3neck ds — »aement nyru I, smpo k cmurysaspuo, sagpo H orpanmueno, QyHk-
nmum }, sagamsi B (1.7).

Oyarousa P’(§) mMeer Ha KoHmax AYrd [ 0coOGEHHOCTH THIA KBafpPaTHOIO
KODHsA, MOo3TOMY JiA (urcanmum pemrenus meobxogumo mpucoenmuuts K (2.6)
JomomHHTeAbHOE ycioume. B cmay (2.4) omo mMeer BHR

b

2.7) { P (t)ds =o.

a

3. Ina umcaennoil peanmsanmu ypasuennit (2.6), (2.7) BBegeM mapamer-
pusanuio kKoutypa ! mo gopMmyram

@3.1) E=101P) Lo=21CFB0) —1<B, Bo<<1, a= (1), b= L)
B CcOOTBETCTBHM €O CKA3aHHBIM BHIIE IOJOYKHM
3.2 P(L) = Q(B), P'(E) = Q(B)s'(B),
Q'(B) = Qu(B)/VT — B, Q'(B) = dQ/dB, §'(B) =
rae Q,(p) — dyuxnusa wixacca H Ha l
C yuerom (3.1), (3.2) npencraBum ypasuenums (2.6), (2.7) B Bupe
1 1

63 | @ F)|— + K (B, Bo)| + L Q@ RE, By db =N, (o),

- -1

LY B)dp=0, KB, P)=Relsz 5 ctg——7

R, Bo) =15 (o) s () H (€ (B), T (Bo)s
(Bo) = 57 5" (Bo) N (€ (B)-

B (3.3) agpo K(B, Po) B cmay pomymenuit orHocHTe bHO [ Mosker ofmxa-
naTh He Goiee deM ciaaboit ocobennoctsio, siapo R(P, Py) orpammueno.
Ucnonsaya uponenypy tana Myasromna [10], cBommm ypasuenme (3.3)
K cHUCcTeMe JIHHEHHHX anrefpamTecKumX yPAaBHEHHWH OTHOCUTEILHO 3HATEHMI
mexoMoli pymrmam Qy(f) B ueOHIIEBCKHAX y3Iax
n

(3.4) Eakvgvz](k k=1,2,...,n),
v=1
1 8, +0
% = Sine, o8 .+ K (cos 0y, cos0y) —

2y sin 0, - 2 (cos 0y, c0s 0y) Sym,

m=1
N 05 j0. -sin j0
_ '\ cosjO,-sinj % n
évm#ﬁ#) fh:;N*(cosehL
i=
2y — 1
Q° = Qy(cosB,), By="""—n (v=1,2,...,n).

3pmecr Bepxauii 3HAK Oeperca B caydae, korga |k — v| HedeTHO, 2 HIKHUA —
opw |k — v| dernom.
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]
1
DOur. 3
<K5 N
[
Qur. 2 0,6 [/ ﬂ —
IIpu peanmsammum axropurma Heob- //
XOAWUMO OJHO W3 YPaBHEHHU CHCTEMEI 0,3 1t
(3.4) orOpocmTs W Ha ero MecTo BCTa-
BHUTH JOMOJHUTEIHHOE YCJIOBHE o \ |
*
S Q0 — 2 Vs ¢
v=1 -0,3
4. Hanpsorenus B cpefie onpenens-
01TCA mo GopMyIam
-0,6
(4.1) now/oz, t,, = pndw/dy. ' N\
Bramenss coOTBETCTBYIOMME MPO- ’
NS ]

n3BOjiEbIe, mcmoandyd (2.2), (3.2) =
XapakTep muTerpaios Ttuna Hommu B Our. 4
OKPECTHOCTH KOHI[OB IAHUY WHTETPHPO-
Bauma [8], momysaem acmmuToTHYecKme OPMYIH A HANPASKEHUH B OKpPECT-
HOCTH KOHT[A paspesa ¢

(4.2)

AVIA (=) Ve=c’

TJe BeDXHUI 3HaK COOTBETCTBYeT BepIImHe ¢ = b, HIKHAN — € =4,
Ha npopomxennn 3a BepmUHY TPeIWHE modyuaeM u3 (4.2)

 hecosp(+ 1) —iot
(4.3) Ve oT Im {e7"'Qy (&= 1))}

—i01
————Im {e7""Q, (= 1)},
4dy2rs’ (+1)
————————TIm {e7"'Q, (£ 1)} r=1z—cj
YA AT EY 0
4V 2rs" (£ 1) ’ ’
rfie BEDXHEUA 3HAK OTHOCHTCA K KOHIY b, HIGKHHN — K Hadaly a; T, — HaOps-
JKeHWe Ha IJIoIagKe, ABIAKNEHcA TPONOKeHWEeM TPEeIHHEL.
TaxkuM 00pasoMm, Tak Ke, KaK W B CTATHIECKOM 3ajade 0 MPOI0IbHOM CBH-
re, pacopocTpaHeHrWe TpPeImIuHBI BO3MOSKHO JHIIL BAOJIb I‘JIaI[ROﬁ TPaeKTopuur.
Junamuaecknit K03(UIMEeHT WHTEHCUBHOCTH HATPSKEHWH OIpeennM

m (4.3)
Ky =lim [V 2nrt,| = % ]/———— Im [e™*'Q, (&= 1)).
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Hmxe npusegentl pe3ynbTarsl pacieToB [Jsi CpeAbl, ocaabieHo# mepuo-
JAIEeCKOH CUCTEMOR TPemWH BIOJD AYT 3JJINICOB, TapaMeTpuiecKoe NpeacTaB-
JeHne KoTophix mmeer Bup (cM. ¢ur. 1)

z = Ry sin B, y = Ry cos B (—1 <P <.

1. Iycrp Gepera TpemumH CBOGOTHBI OT CWI, a U3 0ECKOHEYIHOCTH H3JY-
9aercsa MoHOXpoMaTtudecKas BoaHa (1.1), mpmuem

T = Texp(iy.Ry).

Ha ¢ur. 2 mpuBefeHsl KpHBble AHHAMHYIECKOT0 Kod(guiuenTa MHTEHCUB-
Hoctn Hanpmmenuit (Kg) = KgV/L/apt, B dynriun 0e3pa3MepHOTO Bpe-
MeHH t* = mcyt/L (¢, — CKOPOCTH PAcHpOCTPAHEHWs: BOJIHEI CIBUTA, I — Bpe-
Ms), Ge3pasMepHOro BOJXHOBOro dmcia o = Ly,/m = 0,9 m oTHOCHTENIBHOTO
pasmepa obmactu & = nl/L = 0,2; 0,4; 0,6 (xpusrie /—3 COOTBETCTBEHHO)
npu ri. =iR, = 0,5, ¢ = 45°, 1 = 0,392.

Ha ¢ur. 3 B ToM ske cooTBeTcTsME JHaHK Kpubhie (Kg)  mpi R, — 0,25,
R, = 0,5, ¢ = 60°, I = 0,390, o = 0,9, & = 0,2; 0,4; 0,6. 311(305 e MaHa
KpuBas 4, xapakrepusylomasa wusMmeHenue (K3)  as «OpAMOM» TPEMHHEI
(R, =1, R, = 0,001, I = 0,174) npn a = 0,5 u § = 0.2. lus cpaBHenus
TOYKAMEH HAHECEHH COOTBETCTBylomme pesyibratsl u3 [11].

2. Ilyers T = 0, a ma Oeperax TpemuWH OPHUIOKeHA IapMOHHYECKas BO
BPEMEHH CIBUTAIOH[As HATPy3Ka MOCTOSAHHOM HMHTEHCMBHOCTH IO JIJIMHE Tpe-
mueel. B oToM cayuae Z += —Z~— — q.

Ha ¢ur. 4 npusenenst rpadurn KodpPuUNHeHTa MHTEHCHBHOCTH HAUPHAKE-
unit  (K,) = Ky Y/Ling 8 ¢yuxnum t* mpu a = 0,9, & = 0,2; 0,4; 0,6
(kpuBEe /—3& cOOTBETCTBEHHO) JJIA TPEMUHKL BAOJb TYTH BIIUICA Rl = 0,25“,
R, = 0,5, ¢ = 60° I = 0,390; xpuBass 4 uzob6paskaer CTaTHYECKUU CIydau
a=0, Ry =1, R, = 0,001, I = 0,174, & = 0,2.

Hocmynuaa 6 II 1980
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