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1. Beenenue. Pemenus ypasnenus MaTbe, TPaJUITMOHHO 3aITUCHLIBAGMOTO B BU/IE
u”(z) + (A — 2q cos 2z)u(z) = 0,

UMEIOT IMHUPOKOE MPUMEHEHHE KAK B MATEMATHYECKHUX, TaK U B (DU3NIECKUX 3a/ad9ax.
Acumuroruku dynknuit Marbe ucciie10Bagnuch B MHOIOYUCJIEHHBIX paboTax (CM. Halpu-
mep, [1]-[6], a Takske mureparypy B [7]), T/Ie posb GOIBIIOrO MapaMeTpa WrPajy BeJIu-
YUHBL A\, ¢ WX \/q, ¥ ]IS BEIIECTBEHHBIX A U ¢ ObUIM HOCTPOEHBI PABHOMEDHBIE IO
aCHUMIITOTUYECKHE (POPMYJIBIL.

Mgt obparmaeMcst K pamee He 00CY K IaBIIEMYCsT CIyIato, KOTaa KoM PUITHEHTH B ypaB-
nennu MaTbe, KOTOpOoe HaM yI00HO MepenucaTh CAeayIoNuM 00pa30M:

u” (x) + (a + bsin® z)u(x) = 0, (1.1)
NPUHAMAIOT 3HAYEHUSI
a=—ik(2v+1), b=k? (1.2)
e
vr< -1, k — +oc.

PaceMoTpenue 3TOro cirydasi MOTUBHPOBAHO U3y9IeHUEM 33189 JUDPAKINU HA KOHTYPAxX
¢ HErJIaJKOil KPUBH3HON. B 3THX 3a/1a9aX BOSHUKAIOT BHICOKOYACTOTHBIE MOIPAHUTHBLIC
cJjiod, Jisl OIUCAHUS KOTOPBIX YIOOHBI IIpocThle arnpokcuMaiuu pernrenuii (1.1)—(1.2)

Pabora semmosinena B Caskr-Ilerep6yprckoM MerKIyHAapOJHOM —MaTEMATUYECKOM HMHCTUTYTE
unM. JI. Ditnepa npu dunancosoit moamepkke Munncrepcrsa Hayku U BoIciiero obpasosanus Poccnii-
ckoii Peneparun (cormamenne Ne 075-15-2022-287 or 06.04.2022).
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UPU BEIIECTBEHHBbIX 3HAYEHUSX X, MAJbIX 10 cpaBHenuio ¢ k [8]. Mpbl crpoum coor-
BETCTBYIONIME IPUOIMZKeHns B TepMuHax GyHKuil napabosmdeckoro muiusaapa D, [9],
V/IOBJICTBOPAIONINX YPaBHEHHUIO

I 1 22
Dy (z) + V+§—Z D,(z)=0 (1.3)
C HaYaJIbHBIMU ﬂaHHBH\/H/I
2u/2ﬁ 2(V+1)/2ﬁ
D) =—= YT = po)y=-" VT 1.4
O = a=wm O==F=p (14)

(3mece T' — ramma-dynkiwmsi). Haieit 11es1b10 SIBJISIETCSI IOCTPOEHHE TIPOCTHIX HEPABHO-
MEPHBIX aCUMITOTUIECKUX (DOPMYJL.

OrmernM, 910 DYHKINN TAPaAdOTUIECKOTO UIMHIPA JOIMYCKAIOT yI00HYI0 PABHOMED-
HyIO annpokcuMaiuio Gynkiuayu Jiipu [10], oqHaKko Julb HA BEIECTBEHHON OCH U IIpU
v > —1/2 — Ham e BazKeH TOJBbKO ciaydail v < —1.

2. ®opmMyIMpOBKA U JOKA3aTEJIbLCTBO PE3yJIbTAaTA.

TEOPEMA 1. Vpasnenus Mamve (1.1) ¢ napamempamu (1.2) umeem pewenue u(x),
MAKoEe WMo NPU OMPUUATNENLHVLT X, 6 00AACTIU

—CE™ Y4 <2 <0, (2.1)
0na mez20 cnpasediuso npedcmasietue
u(z) = D, (—V 2kxe_i”/4) (1+0(k™")), (2.2)

a NPU NOAOHCUMENOBHDIT T, 6 obaacmu

0< < CkY/2YB0-v)— (2.3)
— npedcmasierue
w(x) = D, (—V2kze "™/ (1 4+ O(k—307))). (2.4)

3deco C' >0 u e >0 — korcmanmaol, ne 3asucawue om k.

3AMEYAHUE 1. Xora ypasuenue (1.3) Bosuukaer uz ypasuenus (1.1) npu samene
sin x Ha 2, npeanosarameil MajgocTh x, acumuroruka (2.2), (2.4) npuronna B obsacru,
rje aprymedT byHKimyr D, MOXKET IPUHUMATH OOJIbIINE 3HAYCHUS, ¥, COOTBETCTBEHHO, U
octusuupyer. OGJIACTD IPUTOJHOCTH ANIPOKCUMAIIMHI [IPH OTPUIIATEIBHDBIX & HE 3aBUCAT
or mapamerpa v (cM. (2.1)), a IpH HOJOKUTEILHBIX & OHA CYXKAeTCs C yBeJIUdeHueM |v|

(e (2.3)).
Ilepeitmem K T0Ka3aTEILCTBY TEOPEMBIL.

JIOKA3ATEJILCTBO TEOPEMHI 1. 1. Crenaem B ypasaernu (1.1) ¢ napamerpamu (1.2)
3aMeHy INepeMeHHOI

2= —V2kze /4, (2.5)



ATIIIPOKCUMALIMA ®YHKINN MATHBE ®YHKIUAMU MAPABOJIMYECKOTO IUJIMHIPA 349

7 TIOJTOYKIM
u(z) = w(z(z)).
Toryma w y1oB/I€TBOPSIET YPABHEHUIO

W' (2) + (1/ + % - Z:>w(z) — R(=)w(z), (2.6)

2 : im /4
R<z>=—z—““sin2(“ )
NG

BerniecTBeHHBIM 3HAUCHUAM T OTBEYAIOT z, JeKalllue Ha npsaMoii Re
Hast R, 01eBUIHO, IpH KaxK (oM 13 yeaosuii (2.1) u (2.3) crpaseinBa oneHKa

rie

—im/4

IR(2)| < c%. (2.7)

Bnech u gasiee C' — TOJIOXKUTEIbHAST KOHCTAHTA, HE 3aBUCAIIAs OT k.
2. VYpasuenwue (2.6) cranmaprabiM o6pasom [11] ceoguTest K ypasrenuo Bosbreppa

w(z) = Dy(2) + /OZ M(z,t)R(t)w(t) dt (2.8)
na, mpsivoit Re /4. 3yech
M(Za t) = [Du (t)D—l/—l(iZ) - DV(Z)D—U—l(it)] 6i7r(1/+1)/2’ (29)

a Dy,(z) u D_,_1(iz) — na juHeHHO He3aBUCHMBIX pemteHnst ypasHenust (1.3), em. [9),
BPOHCKHAH KOTOPBLIX PaBeH

WD, (2), D_y_1(iz)] = e FD/2,

ITpu v < —1 dbyuxua D, (z) B noaymiockoctu Rez < 0 umeer 6€CKOHEYHO MHOIO
HyJIelt, TPUOIMIKAIONIMXCsT HA GECKOHETHOCTH K JIydaM arg z = +37/4, HO He Jexaimmux
Ha HEX, a B nosyniockocrn Rez > 0 He obpamaercs B Hy1b [7]. Torga w(z) Ha npsivoit
Re~""/* nomyckaer mpe/cTaBieHme

w(z) = Dy (2)v(2) (2.10)

¢ dbyaxmen v(z), yI0BIETBOPAIONIEH YPABHEHUTO

v(z) =1+ /Z w(z, t)R(t)v(t) dt, (2.11)
0
e
lz,t) = g:((?)M(z,t), (2.12)

eM. (2.8) u (2.9).
Mebr Gynem paccmarpuBarh ypasaenue (2.11) ormensno s z € Rye u Ui
z € R_e /4 (oTBeYAIONIMX OTPUIATEJLHBIM ¥ HOJOXKUTEJIBHBIM Z, COOTBETCTBEHHO,

on. (2.5)).

—im/4
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3. Iycrs cragama z € Ry e /4,

Onennm pu(z,t) B obmactn, re Boinosneno (2.1). B cekrope —37w/4 < argz < 3mw/4
dyuxus D, (z) nmeer acummroTuky [9)

Dy(z) = 2/ /4 <1 +0 <Z1|2) > ,

orkyza, ¢ yaerom (1.4), ciemyer, aro

DU <O+, DI <CATENT, D)) < O+
Torna

D, (t) Dy (t)D—y—1(i2) 2 L)—2v—1
im0 < | PP i, D0 < O+ P+

[t < |1,

U CHpaBEIBA
JIEMMA 1. ITyems z € Rye /4 t € Rye /4 u |t| < |z|. Tozda dymwyus u(z,t),
em. (2.12), ydosaemesopaem ouerke
luz, )] < CA+[E)> (1 + [2)) 77"
Pemasi ypasuenue (2.11) na mosnyocn z € Rye /4
BeHCcTBa (2.7) 1 jieMMbl 1 mostydnm, 9To npu v # —5/2

urepanmusgaMu, C IIOMOIIBIO HEpa-

z 1 —2v—1 |z 4
() 1] < / (2 DR() dt' < c%/ (14 8)2stds < C%. (2.13)
0 0
B cayqae v = —5/2 nesast qactb (2.13) omemmsaercst wepes C|z|*In |z|/k, aTo B cBotO

ouepesp me npesocxomut C|z[H0 /k, rae § > 0 MOXKHO BHLIGPATH CKOJIb YTOIHO MAJBIM.
Bnauwt, npu Bcex v < —1 BBINOJHEHA OIEHKA

\z|4+6
k b

lv(z) =1 < C

orkyzna, ¢ yuerom (2.10), BbITeKaeT CIpaBeIMBOCTD npeiacraBienus (2.2) B objactu
(2.1).
4. Paccmorpum Teneps ypasaenue (2.11) npu z € R_e™
Onennm dyuxmmio pu(z,t) (2.12) B obmactu, rue Bomosneno (2.3). B cexrope w/4 <
arg z < 5m/4 dynknus D, mmeer acuMnToTuxy |9

Dy(z) = 2/ % /4 <1 + O<|Zl|2>> - r\(/%) i e /4 (1 + o<|21|2)> (2.14)

a aCHMIITOTHKA B ceKTope —b7/4 < argz < —m/4 ormmgaercs or (2.14) numb 3aMeHoil
e'™ Ha e "™ Bo Bropom ciaraemom. Otciofa, ¢ yaerom (1.4), BBITEKAIOT HEPABEHCTBA

imw/4

ID,(2)] < C(L+|2))™""Y,  |D_y_y(iz)| < C(1+ |2])~~. (2.15)
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Onenka xe D, 1(z) ocnoxnsercs Tem, uto xopun D, (2) nmpubimxkaiorcss na Geckoned-
HOCTH K Jydy argz = 3n/4 [7]. as Gonbmux 1o MO0 KODHEH Zz,, CHPABEIJINBO
ACUMIITOTUIECKOE BhIparkeHue [7]

Zup = 63”/4\/27',,},1 (1 + O(IHML)),

Tv,n
rue

v
= @+ 140 +if W), ) =in( ZZT(0))
N — JOCTATOIHO DOJIBIIIOE HATYPAJIBHOE TUCJIO, & ITOJT KBAIPATHBIM KOPHEM U JIOTapU(MMOM
HO/IPA3yMEBAIOTCsl TJIaBHbIE BeTBU TuX pyHkuuil. OIeHnM paccTosiHme OT KOPHSI 2,
1o ay4da R_e~ /4, Tlycrb Touka z jexkur Ha ayde R_e /% Gusko K Zyn. B raaBHOM
TOPSIJTKE
12|14 (1 4 0(1)) = |zun|* =420 + 1+ )2 + 4f%(v),

u

3 v,n

s = sl = ol tefore s = 2|14 0(0)) = o1 2222 1+ o)
|2]f () fv)
= (140(1) = 22 (1 + (1))
s (o) = B+ o(1)
[ostomy D' (z) na myue R_e~""/* yrosnersopsier orenke

D, (2)] < C(1+ |2]). (2.16)

W3 mepasencts (2.15) un (2.16) Heme IeHHO coieyer
JIEMMA 2. ITycmo z € R_e™ /4 t € R_e /4 o |t| < |2|. Tozda das dymwyuu
w(z,t), em. (2.12), cnpasedausa ouenka
u(z, )] < CA+ )2 (1 + |2)) "
Pemas ypasuenue (2.11) ma nosmyocn z € R_e~"7/4
BeHCTBa (2.7) 1 JIeMMBI 2 TI0JIyYUM OIEHKY

ureparnudgMmn, ¢ IMOMOIIBIO HEpa-

o) -1l <] [ nteoro
0
1 —v |z 3(1-v)
< 07( +12) / (1+ 3)72”7234 ds < 07|Z|
" . 2

Orcrona BBITEKAET CIPABEJINBOCTD npeacTasieHus (2.4) B obmacru (2.3).
Takum 06pa3oM, TeopeMa JOKA3aHA.

3AMEYAHME 2. B mokazareabcTBe TeopeMbl 1 UCIOIB30BAHBI IPOCTHIE OIEHKH, KOTO-
pble He SBJISIIOTCA [PEJIEJIbHO TOYHBIME, [I03TOMY IIOCTpOeHHAas acumnroruka (2.2), (2.4)
MOKET OBITH TIPUTOJIHA U B HECKOJIBKO 0OJIee MIUPOKOil 06IaCTH, 1eM OrpaHuIeHHas Hepa-
BercrBamu (2.1) u (2.3).
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Baarogapaoctu. Aprop 6uaromapur A.II. Kucenesa u A. B. IlBerkoBy 3a nnrepec
K paboTe U IOJIE3HbIE 3aMeTaHMts.
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