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The equations of particle motion were analytically solved using model Levy flight for the probability density of finding a particle in
the given interval, the average particle residence time in this interval, and the particle probability to leave this interval by the given
moment. The solution is presented in an arbitrary orthogonal system of functions. This representation provides additional
opportunities for studies of systems with anomalous diffusion in a variety of practical applications.
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Hayionanvnuii Hayxoeuii Llenmp «Xapriecokuil ¢oizuxo-mexuiunuil iHcmumymy»

8yn. Axademiuna 1, m. Xapxie 61108, Vkpaina
VY Mozeni nonsoTiB JIeBi aHANITHYHO PO3B A3aHO PIBHSAHHS PyXY YaCTHHOK JUIS IUIBHOCTI HMOBIPHOCTI 3HAXO/PKEHHSI YaCTUHKH B
3a7aHOMY iHTEpBali, CepeTHbOro Yacy nepeOyBaHHs YaCTUHKHM B HBOMY Ta WMOBIPHOCTI MOKMHYTH IHTEpBajl 1O JAHOTO MOMEHTY.
PilieHHs HazaHO B TOBUNBHIM OPTOrOHANBHIH cucTteMi QyHKIIN. Take ysIBICHHs BiJKpUBA€E A0JATKOBI MOXJIMBOCTI JUIsl AOCTIKEHb
CHCTEM 3 aHOMAJILHOIO TU(Y3i€I0 B PI3HUX MPAKTUYHHUX T0JATKAX.
KJIFOYOBI CJIOBA: anomanbHa nudy3id, TeOpeTUYHA MOAENb, NONb0TH JIeBi, KiHIeBii [HTepBan, po3B s30K PiBHSAHB, APOoOOBa
MIPOCTOPOBA TOXiJHA, TOBIJIbHA OPTOTOHAIFHA CUCTeMa (DYHKIIH

O PENIEHUSX OTHOT'O KJIACCA YPABHEHMUI C JPOEHOM ITPOCTPAHCTBEHHOM ITPONU3BOTHOM
JI.B. TanaTtapos, B.1O. I'onuap, A.U. Kupaun
Hayuonanvnouil nayunwlii yenmp «Xapvkosckuil pusuko-mexHuyeckuil UHCmuniymy

ya. Axademuueckas 1, 2. Xapvros 61108, Yrpauna
B moznenu noneros JIeBH aHaMMTHYECKH PELIEHBI YPaBHEHHS ABMXKEHUS YACTHIL AT IUIOTHOCTH BEPOATHOCTH HAXO0XKJEHHS YaCTULIBI
B 3aJJaHHOM MHTEPBaJIe, CPEAHETO BPEMEHU NPEOBIBAHNS YACTHIBI B HEM M BEPOSTHOCTH MOKHHYTh HHTEPBAN K JAaHHOMY MOMEHTY.
Pemienne mpezactaBieHO B MPOU3BOJIBHON OPTOrOHANBHOM cucTeMe QyHKOuA. Takoe mpeacTaBleHHE OTKPHIBACT AOIOIHUTEIBHBIC
BO3MO>KHOCTH JJISI ICCIICIOBAHUH CHCTEM C aHOMalIbHOU 1uddy3ueil B pa3mTIHBIX MPAKTHIECKUX IPHI0KEHUSX.
K/JIIOUEBBIE CJIOBA: anomanbHas muddysus, TeopeTHdecKas MOJCHb, IOJeThl JIeBH, KOHEUHBI HHTEpBal, peIIeHHe
ypaBHEHUH, IpoOHast MPOCTPaHCTBEHHAS IIPONU3BO/IHAS, IIPOM3BOJIbHASL OPTOTOHAJIBHAS CHcTeMa (DYHKIHI

[Mpouecc ciyyaifHOrO ABMXKEHHUSI MaKpPOCKOINHMYECKOW dYacTHLbl B cpeae (OpOyHOBCKOTO JBMIKEHHS) JaBHO
SIBJISIETCSl OJTHOM W3 LIEHTPAIbHBIX TEM CTaTUCTHYECKOW (u3uku. B cBA3M C OTKpPBITHEM B TPHUPOJE CHCTEM C
aHOMaJIbHOU MUQQy3uell 1 HaCyIHOM MOTPEOHOCTHIO CO3JaHMUs TEOPETHYECKUX MOAENIEH JUIsl ONMHMCAHHs Takoro poja
CHCTEM, 3Ta TeMa IPOJ0IDKAET OCTaBaThCS aKTyaJlbHOW M B HacTosmee Bpems. OIHONW M3 TaKUX MOJENeil sBiseTcs
MoOJenb 1oyeToB JleBH, B KOTOpPOM MeXaHHM3M aHOMaIbHOW an(dy3nu peanusyercss MOjA AEHCTBHEM BHEIIHEH
CIlyJaliHOW CHJIBI C yCTOHYMBBIM 3aKOHOM pactpenenenus Jlesn [1]. DKkcrepuMeHTaIbHOE ETaNbHOE HCCIEI0BaHNE
nponecca cynepany3un OCYHMIECTBHTh HEMPOCTO, M YAAa4dHM CIIydaeTcss HedacTo. Kak IOJIOKHUTENBHBIN NpHuMep
oTMeTHM paboTy [2], B KOTOpOH AJIsl aHAJM3a MCIOIR30BaHA Mozenb moneroB Jlesn. Teopus anomamsHOU auddy3nu
OCHOBaHa Ha 0000uIeHMH ypaBHeHHH AuGQy3ud IMyTeM 3aMeHbl OOBIYHBIX OrnepaTopoB auddepeHunpoBanus
COOTBETCTBYIOIIMMH oOlepaTopamu JpoOHoro mopsiaka [3,4]. OObluHas cxema MOCTpoeHHs ypaBHeHHs anuddy3uu
cienyromias. JleBast ero 4acTh COJCPIKUT IPOU3BOIHYIO IO BPEMEHH OT IIOTHOCTH WJIM KOHIIEHTPAaLUK B OECKOHEYHO
MaJIoM IPOCTPaHCTBEHHOM HMHTEpBaJle PAacCMaTPUBAEMOIO BEIIECTBA, IPpaBas 4acTh — PAcXoi BEIIECTBA W3 ITOTO
o0beMa (MHTepBaja), paBHBIN Pa3HOCTH €ro I'PaJHeHTOB IUIOTHOCTH (KOHIIEHTpalMK) Ha 000MX KOHLAX MHTepBaja. B
cirydae oObrdHOM Muddy3un pacxon paBeH pazHHIE IUIOTHOCTH (KOHIEHTpaluu). B Gosee cloKHOM cilydae pacxo[
MIPOTIOPIIMOHAIIEH €ro JoJe, MAyIIel Ha MOCTPOSHHE HOBOTO BEIECTBA MM HAa JAPYroe B3aWMOJAEHCTBUE, TO €CTb,
CBEPTKE C HEKUM SAPOM, ONMCHIBAIOUIMM KOHKPETHBIH HpoIecc B3aMMOJCHCTBHS C paccMaTpHBAaeMbIM BEIECTBOM.
Ecnu ot cimydast mosryGecKOHETHOW TeOMETpHH 3a/1ada aHOMaNbHON An(dy3uu paccMOTpEHa JIOBOJIBHO MOAPOOHO, TO
penieHne ypaBHeHHsA cynepauddy3ur Ha KOHEYHOM HHTEpBajle C 3aJaHHBIMH T'PAHUYHBIMH YCIOBHAMH METOIIOM
paszeneHns IePEeMEHHBIX SIBISIETCS CYIIECTBEHHO 0O0JIee CIIOXKHBIM, M, HACKOIBKO HaM M3BECTHO, B OOIIEM BHIE TAaKOE
pemieHne moka He momydeHo. OtmernM, 4to B pabore [5] mpHBeIeHO pelieHHe APOOHO-ITWHEHHOTO ypaBHEHHUS
onHOMepHO# cynepauddy3un Ha KOHEYHOM HHTEepBaJle, HO, [0 HAIllEeMy MHEHHIO, OHO HE SIBJISETCS MaTeMaTH4YeCKH
KOPPEKTHBIM. DTH 0OCTOSATEIHCTBA U MOCTYKUJIN CTUMYJIOM JIJIsl IAHHOM paboThlI.
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Llenbto paboThl sIBJISETCS IOJIY4YE€HHE TOYHOIO PEIICHHs OIHOMepHOro ypaBHenus dokkepa-Ilnanka ¢ apoOHON
MIPOCTPaHCTBEHHOW MPOM3BOAHON /ISl OITyOECKOHEYHOr0 M KOHEYHOro MHTepBajia. HalineHHoe TouHOe pelieHue qaer
BO3MOXKHOCTH JIOCTOBEPHO BBIYHCIISITH (PM3MUYECKUE XapaKTEPUCTUKH TIpoliecca aHOMalbHOW An(dy3nu, B YaCTHOCTH,
TaKHe KaK IUIOTHOCTh BEPOSITHOCTH HAXOXKAEHHS YacTHIBI B JAHHOM MHTEpBale, CpeHee BpeMsl PeObIBAaHNS YaCTHIIBI
B 9TOM MHTEPBAJ€ U BEPOSITHOCTD JAJIS YACTHLbI HOKUHYTh UHTEPBAJl K JaHHOMY MOMEHTY BPEMEHHU.

PEIIEHHUE HA TOJTYBECKOHEYHOM UHTEPBAJIE
Peur Oyzner uaTu o penieHun ypaBHEHUNA THITA

aP x,t 82 K ' ’ ’
#):yjK(x—x)P(x,t)dx. (M

0

310 unTerpoarddepeHnanrHoe ypaBHEHUE, B KOTOPOM An( depeHIInaIbHbI 1 HHTETPAIbHBIN OIepaTopbl
NPUCYTCTBYIOT HE B BU/IE INHEHHOM KOMOMHAIIMY, a B BUJE Npou3BeieHus. [Ipexe Bcero, Tak Kak 3To
mddepeHnnansHOe ypaBHEHHE TIEPBOTO MOPSIIKA I10 BPEMEHH, HEOOX0ANMO 33/1aTh HA4alIbHOE YCIOBHE JJIsl NCKOMOM
(YHKIIMH pacrpeesieHns] IIIOTHOCTH BEIlecTBa:

P(x,1)|_, = B (x),
rae Po (x) - QyHKIMS, 3a/1aHHAs HA TIOJOKUTEIBHON MOIyoCH X > 0. Pemrenue ypaBHeHU (1) TakxKe HUIIEM Ha 3TOM

unTepBaie. Jloonpenenam nckomyro Gyrkmuto Hystem ipu X < 0. Toraa MokeM 3anucarh:

T K(x—x"P(x',t)dx'= ]EK(x —x")P(x',t)dx’.

3necy K(X), o npeanonoxenuio, yetHas GyHKIHS CBOEro apryMenTa. [1ockobKy mpaBasi 4acTh 3TOTO paBEHCTBA

MIPECTABISET COOOH CBEPTKY, €€ MOKHO MPEJCTaBUTh B BUJE:

j K(x—x")P(x',t)dx' = 2i j R(k)P(k,t)e ™ dk,
—© Tc—oo

TOT/Ia
o° 7 | B .
= j K(x—x")P(x',t)dx = —— J.sz(k)P(k,t)e"""dk.
ox” 2n Y
[oxcrasnsas B ypasaenue (1), 3anummem:

Py, 1 [ KR ()P, 0)e ™ dk =0, x>0.
ot 2z ¥,

[IpoBenem onaOCTOpOHHEE NMpeobdpa3zoBanue Jlamaca Mo BpeMeHH:
1%, ~ y
SP(x,8)+ -~ [ 2K (k) Pk, 5)e ™ dk = P (x).
7 —00

+ v v}
ITposenem 06061eHHOE Npeobpasopanue Pypre F'~ 0T 0benx yacteil paBeHcTBa Mo nepeMeHHOM X [6]. B pesynbrare
MOJTy4aeMm:

~ 1 % . o~ o~ L ~
sP(k,5)+—— j e ax j KK (KNP(K',s)e ™ dk' = P,(k). ?)

T 0 —o0
(DyHKLlI/II/I ﬁ(k,S), ﬁo(k) FOJ'IOMOp(i)HBI B BerHeﬁ NOJYIUIOCKOCTU KOMIUICKCHOTO MEPEMCHHOTO k,

CJIEAOBATEIIbHO, IIPEACTABUMBI B BUI€ MHTETPAJIOB Kormm:

~ 1 7dgP ~ 1 TdgP,
Pk,s)=— j—d" @5 py=—L1 j—d‘] oD ko, 3)
2mi ° q—k 2m . q—k
W3mennm nopsiiok nHTerpupoBanus B (2). CHauana npoBeeM UHTErPUPOBAHHUE 10 X :
1% o 1 1
—J.dxel(k_k )x =— ’ . (4)
27, 2mi k'—k

CootHomrenue (2), ¢ yaetom (3) u (4), MOKeM IiepenrcaTh B BUIE
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L[ HDY o s, )
2m Y q—k
rac
H(k)=[s +k*K(k)]P(k,s) - B, (k). (©)

Vcnosue (5), HEOOX0MMOE M 0CTaTOYHOE i Toro, 4To6bl Gpynkums H (k) 6bina ronmomopdna B HuKHEH

nonynnockoctu Im k < 0 [7]. dakTopusyeM MHOKHTETb Hepe] P(k ,8) [8]:

+

+ k2K (k)= —
s (k) N

®ynxums N romomopdra B Bepxueii monymiockoetn, a N - B HikHeit. [TogctaBiss B (6), monydaem:
N~ (k)H (k)= N"*(k)P(k,s)— B, (k)N" (k). %)
ITpencTaBuM MPOU3BEIEHUE 130(/{)N “(k) B Bume pasHOCTH MpenenbHBIX 3HAUYCHUH QYHKIMI TOTOMOPOHBIX B

BepXHeil M HIKHEH MOJTyIIIOCKOCTSX: fN)O (k)N (k)=S"-S", rzne

S*(k):L.TPO(C[)N_(Q)dq,Imk>O, S (k)= 1 IPO(")N_(Q)CZ‘],Imk<0.

2m =, q-k 2_711'_00 q-k

IojcTaBnss 3Ty pa3HOCTh B fN’O (k)N™ (k) Bypasuenue (7), monyuaem:

N (k)H(k)-S (k)= N+(k)ﬁ(k,s) -8"(k), Imk=0. (®)
Jleas u mpaBas uyacT paBeHCTBa (8) MNpPOJAOIKAIOT enuHyw ananuthdeckylo Qynkimio (k) uepes

JEHCTBUTENBHYIO OCh, TAaK KaK CJIeBa CTOMT (QYHKITUA roToMop(dHas B HIDKHEH, a ClIpaBa — B BEPXHEH MOIYIUIOCKOCTSIX,
TO €CTb,

N*(k)P(k,s)-S* (k)= O(k). ©
Ecin Qynkuus S + KK (k) umeer unnekc, pasHblil HymrO Ha neiictBuTeNbHOM ocH, To Gynkuus (k) , kotopas B

obIieM ciydae ABJISeTCS TMOJMHOMOM, CTENeHb KOTOPOTO 3aBHCHT OT HHJIEKCA, OKAa3bIBAETCS HE 3aBUcAlIel oT K.
Ionmpo6uee 06 3ToM cm. B [8]. 13 (9) monyyaem:

P(k,s)=[S"(k)+Q(k)]/ N* (k). (10)

Jlnst pyrxumic N, N~ monydaem BeIpakeHus:

0

N* (k)= exp[i j dq In(s +¢°K(q))], Imk >0, Imk = +0,
2ri ° qg—k

—00

o0

N (k)= exp[L I 9q In(s +¢°K(¢q))], Imk < 0, Imk = —0.
2ri° qg—k

—00

Opurunan gpynkimn  P(x, s) nonydaem no gpopmysie:
P(x,s)= 2L Idke_ikx[5+(k) +Q0(k)]/ N* (k).

Ecimn X <0, To KOHTYp MHTErpUpPOBaHHs MOXHO 3aMKHYTb MO Jyre 6ECKOHEYHO GOJIBLIOTO pajuyca B BEpXHeit
+ o o
TOJTyIJIOCKOCTH, M UHTErpasl Oy/IeT paBeH Hydo, nockoibky dynkuus N (k) ronomopdna u He umeer Hymneii B 9T0M

nosnymnockocty, a gyskmn S~ (k), Q(k) Taxxe ronmomopdub. Ecmu x> 0, To KOHTYp MOKHO 3aMKHYTB TIO JIyTe

0ECKOHEYHOT0 pajiiyca B HIKHEH MOJTYIUIOCKOCTH, HO MBI HE 3HAeM aHATUTHYECKOTO MPOJIOIDKCHUS OBIHTET PATbHOM
(GYyHKOMK B HIDKHIOKO TONYIDIOCKOCTh. OcTaeTcss OJHAa BO3MOXKHOCTB: YCTPEMHTh & K HYIIO W BOCIOJIB30BATHCS
dbopmynamu Coxonkoro [9] i mpeaeabHbIX 3HAYCHUH MOIBIHTETPAbHBIX (DYHKIIMN Ha JCHCTBUTCIHLHON OCH:

N* (k) =+/s +k*K (k) exp@L’f)} N (k)= (s +k*K (k)™ exp(%j,
V) V1)
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D(k)=VP j qu In(s +¢*K (), (11)

S (k)——N (k)P(k)+—j—kP(q)N (q), Imk > 0, Im k = +0,

S (k)= —EN (k)P(k)+—J—kP(q)N (¢), Imk <0, Imk = —0.

WnTerpansl mo nefiCTBUTENFHOW OCH TOHMMAIOTCS B CMBICIE TWaBHOTO 3HadeHus. B ¢dopmymny (10) Bxomut
dynxims Q. Mbl yke TOBOPWIH, UTO OT K OHa HE 3aBHCHT, TO €CTh, 3T0 (yHKIMs TOJNLKO S. [l ee omnpeseneHus
HEOOXOAMMO BHINIOJHUTH YCIIOBHE, BBITEKAIONIEE W3 IOCTAHOBKM 3a/laud. JTO MOXET OBbITh, HalpUMEp, YCIOBHE
obpamenus B Hyib wiothoctd P(x,¢) npu x =0 (ycnosue «npunmunanus» vactuipl). Ecin unaekc noauHoma V B
Gynkmun O otmden ot Hyns (cM. B [8]), TO MPOU3BOIBHBIMU QYHKIUAME S SBISIOTCS KO((HUIMEHTHI TTOITMHOMA
O(k,s), uncno xotopeix papuo V + 1.

VYpasuenue dokkepa-Ilnanka, onuceiBaromiee nonersl JleBu Ha Beeil ocu, 3anucsiBaoT B Buje [10]:

2 o
oP 138 IP(é,t)df
- 2 a-1"2
ot Kk Ox™ 7 |x_§|
W pemaroT ¢ momomsio mpeobpasoBanms @ypose. Pemenme 3to xopomo m3ectHO (cM. [10]). Ecim monetsr JleBn
MPOUCXOIAT TOJBKO HA IOJIOKUTENBHON IOJIyOCH, TO HIDKHUH IpEnesl HHTETPUPOBAHUS JIOTUYHO 3aMEHUTh Ha HYJIb.

Ecnu pemath 3TO ypaBHEHHE METOJOM HHTETPANbHBIX IPeoOpa3oBaHMid, TO HYKXHO JOONPENCIUTh (GYHKIUIO
pacnpenelieHus IIpU  OTPULIATENbHBIX 3HAYEHUsAX X. EcTecTBEHHO [oompelneinurh ee HyjleM. Eciou yactuna

= —2F(2—a)c0sa7ﬂ, l<a<2,

BIIPBICKUBACTCSA B TOUKY X = X, > 0 B HayaILHBI MOMEHT, TO HaYAIbHOE YCIOBHE: P(x,O) =0 (x —xo). B arom
clryJae

D ik 2 a

Bk)y=e", s+k’K(k)=s+|k".

Hac uHTEpecyeT BepOATHOCTh HaXOXKICHHS YaCTUIBI HA ITOJIOXKUTEIBHOH IMOITYyOCH B HPOU3BOJIBHBIH MOMEHT
BpEMEHH (BEpPOSATHOCTH BeDKMBaHU: ). OHA paBHA

[ P(x.0ydx = ?(k,t)‘
0 k=0
HJ'IOTHOCTI) BEPOATHOCTU TOI'O, UTO YaCTHULA NOKUHET MOJIOXKUTCIIbHYIO IIOJTYyOCh B MOMCHT BPEMCHU t .
d % oP(k,t
p)=- [ Plopde=-TE0
dtd ot

O6pa3 Jlamutaca (110 BpeMeHN) 3TOH (QyHKIUH:

I st GP(k )

p(S) dt = ﬁ(k’t)‘k:o =0 _Sﬁ(k’s)‘kzo

0 k=0
Ho ﬁ(k,t)‘kzo = [ P(x.0)dx =1, 10 ects, 5(s) =1—SIN’(k,s)‘k_0
b= 0 -

C nomousto (10), nonaras Q = 0, nonyuaewm:

(9)
Bk exp(-(k)/(2m) 1 T dg Ao 50)

P(k’s): a asi/2 2 —k 1/2 >
2s+k|)  (s+[K]) %, q (s+|gd*)
OTKyZa
p(s)—l+lj—dq sin[—1 db(qs”“)—qxos”“].
2 ﬂ'oq 1+q T

CosepiM 006paTHOE TTpeodpa3oBanHue, mepeias or S K [
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d o1
p(t) = J.dse”J.—qsm[—(I)(qs”“) —qx,s"“1.

27’ o 0 g1+ q“ 2z
Hockonsky @D(0) =0, BHyTpennuii unTerpan cxoaurcs. Ilepexoas K HOBOi TepeMeHHOH MHTerpupoBanus S/,
3aIUIIeM:

1 i 0 dq 1 Sl/a Sl/a

p(O)=—— | e'ds[——=—=sin[=—D(g=) —qx, ],
2ir’t - o gJ1+¢° 2z e 0 gl
l/a

(g 7z )=2VP. J’

11n(1+q'“ 9 g,

[Monp3ysice hopMyIol Ui CHHYCa pa3HOCTH, MOXKHO IIEpeNncaTh 3Ty GopMyJIy B BUJE:

l/a

1n(1+q”" g )] '[ e’ds cos(qxo —)—

p(t)zz'lzT dq sin[— VP_[

17Tt g1+q° . e
) Ve
- '1 5 j dq cos[—VPI ln(1+ wd” )] I e'ds sin(gx, SW)
217[ t 0 q\/1+q —joo

ITepBsIit mHTETpaN npu  —> o0 yOBIBaeT HE MEIJICHHEee deM [ -, OnennM nocienHee ciaaraeMoe. Bo-nepBbIx,
3aMEHUM KOCUHYC eJuHuIleH. byneM cHadana mHTerpupoBaTh 1o ¢, 3areM 1o s. Ilockonpky f —> 00, B HHTErpaie
o0

dq
0 g\1+4g"

/o
Sln(qx0 tlT] UTPAIOT poib Oombiime 3HadeHUs ¢q. Ho Torga MOXHO mox KOpHEM IpeHeOpedb
o e
—7. |- B crnpaBounuke [11] npusexeu

o (o4
CIVHUIICHU, TI0 CPABHCHUIO C (¢ , TO €CTh, BBIYUCIIATH j a2 sm(qxo P

0
HUHTCTpaI:

< I .
I “sinaxdx —(—’Lf)smﬂ.
0 a’ 2

Bocmnonas3oBaBmmch 9THUM, ITOJIy4aeM

o0 d ) 1/a al2 1/2
—J.Ti]/zsm qxoslT =T'(- a/2)sm0m %

) t 4 ¢

To ects,
e . S F(—a/Z)sin% "
al2 s 1/2
X = X e's ' “ds.

s g e e o

H3ornem KOHTYP MHTCTPUPOBAHMS HA IIJIOCKOCTH S BJICBO BOKPYT Hayaja KOOpJAMWHAT:

1 ' s 1/2 _ s 1/2 _ 1
2—721:1[06 S dS _2_721'-1.6 S dS = —m.

Taxum 06paszom, acumnroruka Gynkuuu  p(f) Takosa:

r(-a/2)sin®"

— 4 al2
p()= 3/2,3/2 Xo -
ar” "t
OTMeTnM, 9TO Takasi 3aBUCHMOCTH OT BPEMEHH COTJIACYeTCsl ¢ OOIIMM PE3yIbTaToM, IOJTYYeHHBIM B padote [12].
OTMeTHM, YTO MCTONL30BaHO yacTHoe pemnenue, cooterctytomee () =0. Ecmu ne monarats Q(s) =0, 1o Bee

-3/2

(12)

paBHo acumnrotuka p(t)~t¢"'°. JleiicTBuTeNbHO, GOMBIIMM [ COOTBETCTBYIOT Manble S. Eciu cymiecTByer
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limQ(s) =0(0) mpu s — 0, To, xak 370 cremyer u3 Buipakenus mis N u dopmyas (10), craraemoe B

BBIPAKCHUU UIS P(k,s)| nponopuuonansHoe (), OKa3bIBAaeTCs MPOTNOPIHOHATBHBIM /S, YTO COOTBETCTBYET

k=0’

-3/2

-5/2
t B Beipakennn mist pP(f). Cremyromue uieHbl PasioKeHHs M0 § JAalT [ U T.J. AcuMOTOTHYECKas

3aBHCUMOCTh t—s/z’ MO-BUJIMMOMY, CIIpaBeiuBa i Jiroboro sapa K, s xotoporo limsz(k,S)ZO npu

k—0.

Ecnmu B KkadecTBe AApa HWHTCTPAJIBbHOIO YpaBHCHUSA HCIOJIb30BaThb AHTUCUMMCTPHUYHYIO KOM6I/IHaL[I/IIO
1—

! ’
K(x,x" :|x—x

ypaBHeHHE MeToI0oM Bunepa-Xorda yxe HElb3sl.

a -
- |x +Xx | , TO yCJIOBHE P (x,t )|x_0 = () BBHIMONHSICTCS ABTOMATHUYCCKH. OnmHaxko, pemarb 3T0

Ecnu loonpesienuTh GyHKIMIO PaclpesielieHusl HEYETHBIM 00pa3oMm, T.e., nonoxuts P(—x,t) =—P(x,t), 1o B

YpaBHCHUUA (1) MOJKHO HIDKHUN npeaen MHTErpUpOBaHUS 3aMEHUThL Ha — OO, HpI/I 9TOM Ha4aJIbHOC YCJIOBUEC TAKXC
HYXHO CIACIaTb aHTUCUMMETPUYHBIM!

P(x,1)|_, = 6(x—x)) =5 (x+x,).
Hpu stom  P(x,t) = G(x,x,;t) — G(x,—x,;t), tne G - dynxums Ipuna ans seeit ocn. O6pas Jlamnaca-@ypbe

(YHKITH pacTpefeNIeHUs B 3TOM ClTydae paBeH

P(k,s)=2isinkx, - !

—_—
S+ |k|
Acumnroruka Gyrkiun  p(¢) npu GONTBIIMX BpEMEHAX HMEET BUIL:
2 X
~ 0
p(t) ~—F(1+1/a)—1+1/a , (13)
o t
T.C., €€ BpeMeHHOﬁ X0 3aBHUCUT OT BCIIMYHUHBI a. EOJ'H)HICFO ,Z[OBepI/Iﬂ 3aCHy)KI/IBaCT HOHy‘IeHHaﬂ BBIIIIC ACUMIITOTHKA,

-3/2
IpONOpLUUOHanbHas = ~.

CJIYYAN KOHEYHOI'O HTHTEPBAJIA
Nzyuenne moseroB JleBM Ha KOHEYHOM OTpe3Ke JCHCTBUTEIHLHOW OCH MPUBOAUT K HEOOXOIUMOCTH pellaTh

ypaBHEHHe U IoTHOCTH BepositHoctd  P(X,1) Buna
OP(x,t)  OP(x,t) _ 0"P(x,t 0“P_1 0 ¢ Pt
(), O _ [ 2PO) P12 PED .
ot ox ox ox K Ox 0|x—§

b

Cxopocts apeiipa U cuuraem HOCTOSHHOM. ITycTh B HayanbHBIH MOMEHT YaCTHIA BBOJAUTCA B TOYKE X = X, 4TO
MIPUBOANT K HAYAJIFHOMY YCIIOBHIO K ypaBHEHHIO (14):

P(x,0) =0(x—x,). (15)
[okazatens ¢ 3axmroueH B mpenenax wHTepBana (1,2). s omHO3HauHOTO pemeHus AudQepeHnnaTbHON 3a1aun

H€O6XOﬂI/IMO 3aaTb T'paHUYHBIC YCJIOBHSA Ha KOHLAX OTPC3Ka (0,1) Byz[eM CUNUTATb, YTO YCJOBHUEM IOTIJIOMICHUA
YaCTUIIbl Ha T'paHULIaX MHTCPBAJIa ABJIAKOTCA yCIOBUA:

P(0,) = P(L,t) =0. (16)
Ipexie Beero, mepeiiemM K Ge3pasMepHbIM mepeMeHHbIM, monoxus X =x/L,t' =1/ t,. XapakTepHoe Bpems
1, ompenenuM yCI0BHEM L = Dt,,. B GespasmepHbIX nepeMeHHbIX ypaBHeHue (14) mprobperaer Bua:
oP 0P 0°P oL
FF T =0, F=——.
ot ox'  oOx

B nanpreiimem mtpuxu MeI OyzeM omyckaTh. Ycimosue (15) coxpaHsieT cBoii Bun, a ycnosue (16) 3ammceiBaeTcs B
BUJIE:

amn

P(0,¢)= P(1,¢)=0. (18)
VYpaBuenue (14) Bemonasercss Tombko Ha uHTepBane (0,1), HO MBI OygeM cCYHWTaTh €TO CHpPaBEIUBBIM Ha Bcel
YHCIIOBOH OCH.
BoipasuM cpejHee Bpemsi I npeOblBaHus Onysxkaaronieit dactunsl B uaTeppane (0,1) B TepMUHAX MUIIOTHOCTH
BeposTHOCTH. PazoObem untepsan Bpemenn (0 <7 < 00) ma npomexytku amunoii Af, Torna
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1 1
T, = 2 41[ Px,t)dx— [ Px,,+ Atydx].
i 0 0

Ilpu At — 0 3Ta cymMa NepexoiuT B BHIPAKEHHE:

- fra P

19
Y 19
Beenem Benuunny p(f) - BeposTHOCTb yacTuie nokuHyTh uuTepBai (0,1) kK MoMenTy f. OYeBHHO, UTO
P
J‘@ (x, t) 20)
nnm
T= _[a’ttp(t). Q1)
0
ITpoBenst npeodpazoBanue ypre HasL 00EUMHU YaCTIMH ypaBHEHHS (25), HOIyduM:
OP(q.0) s n LT 00 PENAE
————igFP(q,t)—— | dxe" — = 22
KL 8x2'([|§_x| 1 ( )
1
jREnds
0 (&)
1 X
P(&,t)d Pt P(&,t)d
[PEDdE | PED_ FPEDE o )
) |€—x] 0 (x=9)" L (6—x)
_[ P(g’—t)ff, I<x<oo.
0 (x=2)
C ygetom (23) BEIpakeHHE
0 2 1
Idxeiqx 8 - J‘P(f,t):l_,?
X0 |§_x|
npuoOpeTaeT BU:
A@t)+ B(1)e" —|q|" P(q,1).
Ioacrasiss ero B (22), modydaeM ypaBHEHHE JUIs P (g,):
% —igFP(q,0)+|q|" P(q.t) = A(t)+€" B(?), (24)
C HA4aJIbHBIM yCIOBHEM
P(q,0)=e™". (25)
A(t), B(t) swipaxatotcs uepes P(x,t) cnemyrommm o6pasom:
P, t)d P, t)d
() =— I (&, )as‘]Z j (S, )alﬁ :
0 (E—0)] Cox |§ - |
(26)
P(&,t)d P(&,t)d
KB(1) = I (S, )a 15 J (S, )f
ox |x §| ox 0 (X=8)| .,

ITpoBoast mpeoOpazosanue Jlarutaca Hax ypaBHeHueM (24) m ucmons3ys (25), momydaem it obpasza Dypbe-
Jlannmaca BeIpakeHHE:
igxg iq
~ e + A(s)+ e B(s)
P(q,s)= P : 27)
s+|q| —iqF
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I'pannunsie ycnosus (16), mpeobpazoBanubie no Jlamnacy, npuHUMAIOT BHI:

_ 1 i — _ 1 T -iq p —
sy =5 j P(q.5)dg = P(x,5)| _, = EJ ¢ *P(g,5)dg = 0. (8)
Bocronb3yemes umu st onpesienienus HenssecTHbix Gynkuuiit A(s), B(s). Honyuaem cucteMy ypaBHeHUii 11st ITHX
BEJIMYMH:
Ay (5,0)+ B(s)y (s,]) = =y (s, x,), 29)
A@)y (s,=1)+ B(s)y (s5,0) = -y (s,~ 1+ x,),
e
Tdql(s+q”)cosgx— F sin gx
y/(s,x)zzj ql(s +4")cos gx —gF sin gx] 30)
(s+9%) +F’q
Omnpenenss A(s), B(s) u3z (29), nonyyaem:
A(s)+e"B(s) =[y (5,0) =y (s, (s,= D] [w (s, D (s,~ 1+ x,) — 1)
(5,00 (5.50) + € (0 (5~ D (5 50) — (50 5.1+ 3]
Moskuo nokazats, uto 14+ A(0) + B(0) = 0. Dro creayer u3 COOTHOLIEHNS JUTs MAIIBIX 3HAYECHHI §
. . . . _ iq
e + A(s)+ e B(s)=¢e"™ —l(l +e)+ Ize [x¢ —(1-x,)""]+
2 (32)

asinz/a
+ l /e
87

ecm monoxkuth Bem § =0, ¢g=0, F=0.

[B-e")(1-x)" +(1+e")(1+x57 )],

O6pas3 Jlaraca Gpyrxkimu p(f) npoauddepeHIHpyem Mo s U MOTYIUM:

_dp(s)
all j tp(t)dt =
Haiinem p(s) c nomompio (35).
. o © g% i
p(t )—— L SeS’dsI@(l—e_iq)e +A(Sa)+.B(s)e .
2m 2m 3, g s+|q| _iqF

Orcroma BUIHO, YTO

e + A(s) + B(s)e"

9

s [ dq —iq
p(s)z—z—m_jj(l—e )

s+ q|a —iglF
_dp(s)] _ 1 (1 o) e + 4+ Be"
ds $=0 2771 |q|a —qu
3necs A(0)= A, B(O) = B. Tonoxus F' =0, moxeM 3anucars:
1_2 =e 2smq/2 A+ Be =—1+2iBe"*sing/2.
i

JericTBUTENBHO,

1+ A+ Be" =1+ A+ B+ B(e’ -1), €“—1=2ie"""*sing/2.

Hanee
0 4 4+ Be"
c : € il singx, /2.
2i

B utore nonyuyaem:

4% ) ) . q(l-

Tz—j ‘fi sind . sin 220 gin 9( XO),
Ty q 2 2 2

Wik, 1MOCJIC UHTCTPUPOBAHNSA:
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T 1 [1- ¢ (1= x,)"].

2ol (@) sin%(a ~1)

1

J1n1s BeposATHOCTH MpelblBaHus YacTHIlbl Ha oTpeske (0,1) 1o momenta ¢t W () = I P(x,t)dx nonyuaem:
0

1 Tdg(l—e )5
W(t)=— yo= ,L dse jw TP(q,s),

rae P (q,s) ompeneneno dpopmymoit (27). s Gonsuux pemen P(q,S) onpenensercs ¢ noMouisio Gpopmyist (32).
Ilo onpenenenuto,

p(0) =

ioo ) g igxo iq
LAY L g A0 ¢ A0 B0 o

- 2 a .
dt 4r° 3, % 4 s+lg" —igF
Tlomoxnum F = 0. Kak YK€ TOBOPUJIIOCH, OOJIBIINM BpEMCHAM COOTBETCTBYIOT Ma/bIC S, IO3TOMY BOCHOJIb3YyEMCS

(32) m mpencTaBuUM NOABIHTETPATIBHOE BEIpaXkeHUE B (33) ciemyroniM oOpa3om:

S [F(q)+s “F(@l, Q=g
s+Q

o
b

l—e™ . 1+e9 1-€_ o
F(gq)= e - [y = (1=x)""1},
2 2
asinz/a i o i a-
Fz(Q)=T[(3—€q)(1—xo) "1+ e+ x0)]
IpoBeneM cHayana UHTErPUPOBAHKE TI0 S :
1 7, sds - _ 2-1
— | [F(q)+s “Fy(q)]=e{F(q)(-0) “-OF (q)}+
2m 5, s+Q

1 F(9) Tdssz—l/aes
2721 Qt3—l/a :

Ipu g >0 F, > const, F,~ q. Ouennm nepsbie 1Ba CllaraeMbix.

—io0

© o 2_l loo B 0 o 1 B Y
[e20 “dg==[e°0d0. [e?q0dQ=— —[e?0""d0.
0 t 0 0 t 0

(3-1/a) t—(3—1/a) " t—z

0

Kak BuauMm, HY)XHO CpaBHHBATh OBICTPOTY yObIBaHUS (yHKUMHA [ IMockonbky

2 (1420 -2
2>t ), 1 < o < 2, mennennee Beex yobiBaeT ! . DTO M €CTh HCKOMAsi ACUMITOTHKA.

Bepremcs k dopmyinie (26). Vike u3 ypaBHenus (14) ciemyer, uyTo mpaBbie yacTH (26) MPEICTaBISAIOT COOOMH
CKauKM MIoTHOCTH quddy3ronHoro notoka B Toukax X =0, x =1. ITokaxeM, 4To 5TH cKauku (X CAMHU IIIOTHOCTH)

KOHEYHBI TOJIbKO TIpH ycnoBusx (16) mwmm (17). IlpoBens npeoOpazosanue Jlamnaca 1mo BpeMeHH HaJl 00€MMHU 4acTsIMU
paBeHCTB (26), HOITydnM:

m<n=§]% ‘ij&s?ﬁ& ’
o (B0, axg e
‘- - x=+ (34)
KB =< [LEDE 2 [PEDE
ox %, |x—§| o x5 (x=¢) x=140

PaccMorpuM cnaraemble B TpaBOil yacTu mepBoil cTpoku. Bocmonb3yemcss @ypbe mpencraBieHreM (GYHKIUNA

- 1 o~ y
P(&s) =2 Plg,s)e " dg
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1 B 1-x
ij&% ZLJ.quB(q,S)i e*iqx J' %eﬂ‘qﬂ _
ox 4 (E—x) L 2m ox °nm
1 ~ o dn 1 e*iq
=—|\dqP(q,s)s —ige " e M+ -
27[ J- q (q ) q ’ ,rlot 1 (_x)a—l (1 _ x)(x—l
1 5 X i 1-x —i
P 1 ~ ) qm iq 1 )
O JPEIE = L[ Blg,sydgy-ige | [T [EET s e,
ox 5, |§—x| - 27 Rl 5 M X
|~
iJ-—P(&’S)dE J-P(é »8)dS :—quP(q,s) — 171 , x,x —0.
P ) (a_x)oc » ax ‘a % 1 p | |tx X'

!
31ech X, X CTpeMATCS K HyJIO HE3aBUCMMO JApYyr oT apyra. Jlns toro, uto6er A(S) ocraBanoch KoHeYHBIM

HEOOXO0IMMO, YTOOBI BBIOJNHAIOCH YCIOBHE IP (g,5)dg =0, wnu, uto To *e, npu P(x,t)|x_ o = 0. Ananormanbiv
obpasom noKkasbiBaeM, uto B(S) KOHeYHO TONBKO MpH ycIOBUH P()c,t)|x_1 =0, wm, 4r0 TO Xe, mpu
jP(q,s)e’qdq =0.

®opmyna s BpeMeHH npebbiBanus yacTulpbl Ha uHTeppane (0,1) nomyuyena npu ycnosuu F = 0. Ecnu 310 yenosue
HE BBIIIOJIHEHO, TO HE YAAeTCs MOJIY4UTh CTOJIb ITPO3PAavyHYI0 3aBUCHMOCTh JUIS 3TOM BeIM4YHMHBL. B npenensHOM ciydae
(F >>1)ana T nonyuaewm:

1-x,
i

O6mbsacHenye Takoi 3aBucuMoctu cienyiomee. Ilpu F >>1 nudpdysnonnoe craaraemoe, copepianiee JpoOHYIO
NPOU3BOJIHYIO, HE WIpaeT CYIIECTBEHHOH pOJH, U €ro, B HYJEBOM INPHOJIMKEHHH, MOXKHO OITyCTHUTB: «paboTaroT»
TOJILKO TEpBBIC MPOM3BOJHBIC. Torja mMogydYaeM BOJHOBOC YpPaBHCHHE IIEPBOTO TOPSIKA, PEIICHHEM KOTOPOTO

T ~

ABJSIETCS  BOJIHA, Oerymias BIPaBO co CKopocThio [, I'panndnoe ycnosue P(x,l)|x_1 =0 obecneunBaer
(MIPUITATIAHUEC) YaCTUIIbI K HpaBOﬁ TpaHune, rac oHa «rorudaer». BpeMﬂ CyII€CTBOBAaHUA €€ paBHO MJIMHE IMYTH,

paBHoii 1 — X, nenenHoii Ha ckopocts F. JlnddysnoHHOE caraeMoe IpoCcTo «Pa3MbIBACT» GETILYIO BOJIHY.

[IpuBeneHHoe paccyxaeHHe, KOHEYHO, HEJb3sl CYNTATh MaTeMaTH4ecKH CTporuM. BooOmie roBops, HEsCHO,
CYIIECTBYET JIM TOYHOE peIIeHHe 3amadn Jlupuxse Juis paccMaTpuBaeMoro ypaBHeHHMs Ha uHTepBaye (-1,1) mpm

F # 0. YroOs! BEIACHUTE 3TO, MONBITAEMCS el Pa3 PELIUTh Hallly 337a4y MeTOJOM pa3jieleHus epeMEeHHBIX.
3anumemM Haury 3anady B popme:
o _ 52
ot

if-F f, Fxn)

x==1 =0, f(x’t)L:o = f(x),

(35)

®yukuro f(X) cuuraem usBecTHOl. UieM pelieHue B BUIE CYNEPHIO3UIHH:
f(‘x’ t) = an (t)(Pn (x)9 (36)
n

rae @, (x) - monnas cucrema dynkuuii Ha unteppaie (-2,+2). [loacrapiss B ypapHenue (43), oqyyaeM Jisl KaskI0ro
n:

T .
£, 0,(x)| ox’ ox Ho. (37)

U3 ypasuenns (37) cnenyer, uro f, (t) = f,(0) eXp(— },lnt). 3necy £, (0) - xosdpduumentsr pasnoxenus

L0 _ 1 {az 0 (x)— 0 |

dyskumn  f(x) no momnnoit cucreme @, (x). Jua @, (X) BbImonHsETCS ypaBHEHHE:



36
EEJPVol.2 No.3 2015 L.V. Tanatarov, V.Yu. Gonchar, A.l. Kirdin

2

0
. — Lo, (x)- F@ 0,(x)+n1,0,(x)=0. (38)
pexcrasum @, (X) B Buge cymMmbl deTHOl n HewerHoii wactn: @, (x) =& (x)+1,(x). B arom kauectse mMoryt

2 1)
OBITH B3STHI fn( )Cosknx u f n( ) Slnknx, rjae 7\,’1 =n7/2. TockonbKy SApO HHTErPalbHOTO OIEpaTopa ecTh

yeTHas (QYHKIHS, OHO pacKJIabIBaeTcs o COS knx .

KQx|)=me COSA,x, b, =
m 0
[Mocnenuuit HHTETpaT MOKET OBITH BBIPAXKCH YePE3 BBIPOKICHHYIO TUIIEPTEOMETPHUCCKYIO (DYHKITHIO:

2-o
b

2

(39

Re{, F(2—o,3—a; 2k, )}

=
Torna

Lo, (x)= Zb Icosk (x—x)e, (x)+m, (x)x' =

-1

1 1
—Zb {Cosk X- J.cosk x"€, (x")dx"+sink, x - jsmk x"n,(x )dx}

—1 -1
Hoxcrasnsas B ypasHeHne (38), TmodydaeM 1Ba ypaBHEHWs: PaBEHCTBa Hymo Kod(QduumeHToB mpu COSA, X H

SINA, X i Kaxaoro m:

O, =22 b, )= Fr, [0 =0

kaf,,iz) + (Mm ) ngl) ~0. (40)
JUIsl HETPUBHAIBHOCTH PEIICHHS HEOOXOAUMO PABEHCTBO HYIIO ONPEIEIHTENS:
2
(w, —22b, ) +(F1, f =0. @)

W3 sT0r0 ypaBHeHHs HaXoauM L, . Il TOro, 4To0bl OHO OBIIO AEHCTBUTENBHBIM, HEOOXOAUMO YTOOBI F PaBHAIIOCH

nymo. Torma W, = =1 b 1, (@)= f,(00) eXp(— % bt ) U pellIeHHE, COOTBETCTBYIOIIEE HHIEKCY 71 .

m-m?

¥, (.0 = f, (), (x)= exp( kfnbmt)[ff) cosh,x+ £V sin kmx] (42)

(x)cosh, xdx, [ = (x)sinA, xdx. (43)

B

Ilpu uetHoM M oGpamaercs B Hyab SINA, X, a mpu HedeTHom - COSA, X mpu X =xl. Ilycts HauambHoe

o1
fn5)=ﬁjzf

pacnpenenenne f(X) = 8(x - X, ), Toraa f,gz) = %coskmxo, f”(ll) = %sin A, X,, W peleHne

JAEX: \/_Zexp( Ab t)cosk (x—x,) (44)

Io cyTtu, ato dhyukius ['prHa HEOAHOPOIHOTO YPABHEHHUS

o @
o o Y =g(x),

o !’
€Cld B Heli 3amenuTh { Ha [ — 1, a X Ha x'.

Ecm F#0, p, =Ab +iFA, u exp(- unt)zexp( Xb t) [cosh, Ft +sink, Ft]

n-n
OcraBnsieM BeHIECTBEHHYIO 4acTh. OHa MEPHOANYECKH BO BPEMEHH MEHSIET CBOM 3HAK M HENPUTOAHA AJS INIOTHOCTH
BeposTHOCTH. WTak, mycts /=0 .

Jlo cuX MOp Mbl HUI/IE HE MCIONb30BANM TPAHWYHbBIE YCIOBHS | ()C,IXY_+1 =(. B yacTHOCTH, OHO JOIKHO

Bemonusthes v npu £ =0, T.e., mia f(x)
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Z[fn(z) cosh, + £ Wsin Xn]

n

Z[fn(z) cosh, — £V sinkn]: 0,

n

0,

(45)

Wi Z P cosh, =0, Z FVgink, =0, o u3 (45) He CielyeT BHINOJHEHHE IPAHMUHBIX YCIOBHH MpH

n n

2
t # 0, mostroMy moTpeGyeM MX BBINOJNHEHUs NP KaXJIOM 7 © MPH YETHOM €ro 3HAYEHUH JIONKHO ObITh f n( ) = 0,

1
IIpu HCYCTHOM ( ) = O TloaTOMYy MOXXHO 3amucaTh PEIICHUE TaK:
n Y

£ (x,2 \/_Zexp[ (n+1/2Y 1%, ,t|f2) cos(n+1/2)mx +

(46)
+ —Zexp(— b, t)fy) sinnmx
Ecnu HavanbHas GpyHkius pacnpeneienus f(X) = S(x - xo) TO
JAEX: Zexp[ (n+1/2) 2b2,1+]t](:os (n+1/2)nx - cos(n +1/2)mx, +
n=0
(47)

I < . .
+ —Zexp(— nzﬂtzbznt)sm nmx - sin I’ZTDCO.
n=1

Temepsr 0 egMHCTBEHHOCTH pemeHus (46) Ha I/IHTCpBaJIe (-1,1). Kazamoce 681, uTo dopmyna (46) u ompenensiet
2
pelieHye, HO JeJ0 B TOM, YTO KO3 duumentsr f, °, f (2) onpenenstorcs uepes Gpynkuuto  f(X), u3BecTHYHO JHUIb

Ha uHTepBae (-1,1) mo ¢opmymam (45). Ha maTepBamax (-2,-1) u (1,2) ee HyxHO moompenenuThb. EcTecTBeHHO
JIOOTIPE/IENHUTH €€ HyJIEM, UTO MbI U cenaeM. Eciu oonpenenuts ee He HyneMm, T0 f (X) MOKHO MpENCTaBUTE B BUIIE

f(x)+ fi(x), tre f,(x)=0mpn xe(=11),a f(x)=0upn xe(-2,-1), xe(L,2).
Torga pewenue Gyzer pasHo Boipaxenuo (46) mpu x € (=L1) u  f,(x) mpn xe(-2,-1), xe(1,2),
TIOCKOJIbKY CBEPTKA C HyJIEM JaeT Hyllb, a POM3BOAHAS OT f, 10 BpEMeHH, B CWJIy ypaBHeHus (43), paBHa Hyo,

IIOCKOJIBK L :O TToatom emrenne (46) He 3aBUCHUT OT cCrocoba JoompeseeHus HKIIUH X).
y 1 y p p y

1
Koahpuumenrs f dmtls 2(n) OTIpeNIeNAI0TCs HHTErpajlaMy B Ipeaenax ot -1 go +1.

Ecrn navanbnas Gynxuus f(x) = S(x — x'), TO

f(x,t)= %iexp[— (n+1/2) nzbzmt]cos(n +1/2)mx -cos(n +1/2 ), +

| (48)
+ —Zexp(— nznzbZnt)sinnnx -sinnmx,.

v ! !
Ecnu 3amenuts B o1OM Qopmyne ¢ ma f—1f, a X, Ha X, To momyuuM ¢yHkuuio I'puHa HEomHOpPOIHOTO

ypaBHEHHUs, COOTBETCTBYIOIIEro 3a1aue J{upuxie. MoKHO ee Ha3BaTh «Ipoekuuei» GyHkimu ['prHa Ha IPOCTPaHCTBO
(YHKIMIHA, YOBIECTBOPSIOIINX JaHHBIM KPAeBbIM YCIIOBHUSIM.

Ione3ysacs popmyinoii (48) u BeIpakeHHEM I BpeMeHH [ mHpeObIBaHMA YacTULBI B mATEpBaIe (-1,1), MOXkeM
3aIHCaTh:

cosi(n + 1/2)x0
by (n+1/2)

T = [ p(tyedt = i(—l)"

Ecin orpaHYUTRCA TEPBBIM YICHOM psifia, TO

2 (2—a) X,

n31n20c+ 2
NMWh—a

Bocmonp3oBaBmcs (opmynoit (48) mns ¢yHknum [puHAa MOXHO TONYYHTh BBIPQKEHHE [UIS IUIOTHOCTH

T =
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BEPOATHOCTH p(x,r;xo) NEPBOTO MPOXOXKACHUA TOYKM X B MOMEHT T 4YaCTHULEH, BOPBICHYTOH B TOYKE X, B

moment T=0. Ecou G(X,t;x,) - dyuxkumus ['puna B Touke X B MOMEHT f, X, - TOYKA BIPBICKA B MOMEHT

t=0, To
G(x,t;x,) = Jdrp(x,r;xo) -G(x,t—1;x).
0

Cnpaga crout cBeptka. Jlenast npeoOpasoBanue Jlamnaca mo 7, momydaem:
G(x,s;x)) = p(x,8;x,) - G(x,5;x).

Ompenensiss p(X,S;X,) 1 coBepias 06paTHOE MPe0OGPA3OBAHME [0 S, MOTYydaeM:

1 % G(x,s:x 1% — G(x,is;x
p(x,‘l:;xo)z ‘ Idsest_ ( Liadt] O)Z_IRe els‘r_ ( ‘7 0) ,
2mi < G(x,s5x) my G(x,is;x)
. G(x,is;x G(x,is;x . G(x,is;x
Re o Glisix,) — 0) =cosst-Re—( - 0)—smst-Im—( - 0).
G(x,is;x) G(x,is;x) Gx,is; x)
_ COST n+5 X-COST n+5 Xo o . .
) sSin 7tz - Sin tax,
G(x,zs;xo)zz 5 +Z 2 2 —
n=0 n'n°b,, +is

. =1
| n+ | by, +is !
2

n+l

Bosspamasics k ciydaro [ # 0, crnemopano 661 yTOUHHTE YTBEDKIECHUE O TOM, YTO PEIlEHUe 3a1a4u J{upuxiie B
9TOM ClIydae He CYIIECTBYET, (ppa3oil: pemieHue He cymecTByeT npu Bcex [, [lpm moctaTodHo OGONBIIMX BpeMeHax

pEIlleHHE OMpPENENseTCs TEPBBIM CIaraeMbIM psaa Mo KocuHycam. OHO MPOMOPUMOHATBEHO COS—TF?, mostomy,

Korjga Ft CTaHOBUTCA MNOpAAKa C€IWMHHUIBLI, OHO CTAaHOBUTCA OTPULATCIILHBIM. HpI/I JOCTAaTOYHO OOJIBIINX F 9TO

o
BpEMCHaA IOopsaKa I/F I[OCTaTOLIHO 0OJIBIIHE F, 9TO TAaKHUE, [IPHU KOTOPBIX MOXKHO OIPaHUYUTHCA YJICHOM Fa— B
X

ypasrenuu juis [ . OGpaTHOe peoGpasoanmo Jlamnaca UMeeT B

f(x)= ﬁ Texp(xs) -(s)ds.

—10

[ycts O(x) nmeer npenen npu s —> 0, Torna

1 s
x)=——|dse’ -¢| — |,
&) 2nix-L ¢ x

2

Tdses‘(p 2= |(p(0)- 2sin Nx
’ x

[o3TOMY MOXHO YTBEPHkKIaTh, uto f (X) yObIBaeT ObicTpee yeM — mpu X —> 0. Cieys 3TOMY, MOKEM CKa3aTh, UTo

1

P(X,T;X,) ybbiBaeT ¢ pocToM T He MEJJICHHEl yeM —.
T

JInst HaXOXJIEHUs TPEJIENa (p(O) HeoOxoamMo mpocymmuposats pan wist G(X,is;x,) npu s = 0. Moxuo st

o0
3TOro BOCMONb30BaThes hopMynoii AGens-Tliana, M03BOJIAIOIIEH BRIPa3UTh CyMMY psa Z f(n) uepes xonTypHBIii
n=1
unrerpai ot pyukiuuu  f(Z) B komruiekcHoii miockoctu [13]. TTociie rpOMO3IKUX BBIKIATOK YOEKIAEMCS B TOM, 4TO
9TOT NpeEAEN OTINYEH OT HyJIs.
Ecmu Bce ke F' # (0, Ho Mas0, To MOKHO BOCIONB30BAThCS TeOpHeE BO3MYILEHUH, Hepenucas ypasHenue (35) B
BUJIC!
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0, o - 0,
S 9 g, 49)
ot Ox ox
rue f0 - pynkus ['puHa ypaBHEHHS
o 0
———|f,=0.
ot 0Ox

Benuunny ckopoctd apeiipa F cunraem mocrosmuoit. Ecin F Benuko, To B ypaBHeHuH s f  MOXHO

OCTaBHThH TOJIBKO IPEH(OBBINA WIIEH, MPU ITOM HAYAIBHOE PACIIPENENIEHHE MPOCTO MEPEHOCUTCS CO CKOPOCThIO [ .
Hocratouno Gonbluve [ - 3To Takue, IPH KOTOPBIX MOXHO OrPaHMYMTLCSA UWIEHOM C MEPBOH MPOM3BOJHON MO
KOOpJMHATE B ypaBHEHMH JUII MCKOMOHM (yHkumu. [Ipu stom ypaBHenue (17) mpeBpamaercsi B BOJIHOBOE ypaBHEHHE
NIEPBOro MOPSAIKA, PEIIEHUs KOTOPOIr'0 HUCCIIE0BaHbl B KHUTE [14].

3AK/IIOYEHUE

Kak yxe ycTaHOBIEHO, NpoOLECC ONHOMEPHONH aHOMambHOW AnGdy3uu mIs cirydas MOIyOSCKOHEYHOTO
MIPOCTPAHCTBA YAAETCS YCIEHIHO ONHUCATh APOOHO-THHEHHBIM ypaBHeHHEM. OTMETHM, OJHAKO, YTO JO HACTOSIIETO
BPEMEHH TIOKa HE CYIIECTBYET CTPOTOr0 JOKa3aTeIbCTBA, YTO TAKOE OMHCAHUE SIBIISIETCS] CIPABEIIMBBIM H IS CIIydast
KOHEYHOT'0 MHTEpBaJla C 33JlaHHBIMU TPaHUYHBIMU YCIOBUSMH. B Hacrosmeil paboTe B NpeANONI0KEHHH, YTO MOJIETHI
JleBu Ha KOHEYHOM HHTEpBAJIC, aJICKBATHO OIMMCHIBAIOTCS JPOOHO-TUHEHHBIM ypaBHCHUEM cyrnepauddy3uu, yaanoch
HOJIyYUTh €ro aHAINTHYecKoe peuienue. HalieHHoe pelieHre no3BoIsieT BEIYUCINTD Pl PU3NUECKUX XapaKTePHCTHK
rpoliecca aHOMalibHOW JU(dy3un, B YaCTHOCTH, CIEIYIOIIME: IJIOTHOCTh BEPOSTHOCTH HAXOXJCHUS YacTHIBI B
JTAHHOM MHTEpBajle, cpeHee BpeMs NpeObIBaHHs YacTHIBl B 9TOM MHTEPBaJe M BEPOATHOCTD JJISl YACTHULBI TIOKHHYThH
HWHTEpBAJI K JJAHHOMY MOMEHTY BpeMeHH. ClielyeT OTMETUTb, YTO pelleHHe ypaBHeHHs cynepauddys3nn Ha KOHEYHOM
UHTEpBAJIE SABSIETCS OUEHb HEMPOCTOH 3a7auel, KOPPEKTHOE PEIIEHUE KOTOPOH 0 HACTOSAIIEr0 BPEMEHU MOIY4YHUTh HE
yraBajmock. Ham momck permeHus ypaBHEHHs aHOManbHOH anp@Qy3nn Ha KOHEYHOM HHTEpBaJe B CHCTEME
COOCTBEHHBIX (DYHKLMH ONEpaTopoB HE INPHBEN K pPE3yJbTaTy, MMO3TOMY B HACTOSIIEH paboTe peaqn30BaH WHOH
monxoA. Pemenne ypaBHEHHsS yNamoch HMOJIYYHTh B TEPMHHAX IMPOM3BOJIBHON OPTOTOHANBHOW CHCTEMBI (DYHKITHIA.
Taxoe mpeacTaBiIeHUE PELICHUs, BO3MOXKHO, SIBIACTCSA yIAaYHbIM, TaK KaK OTKPBIBAET JONOJHUTEIbHBIE BO3MOKHOCTH
JUISL ICCIIEIOBAHUH CHCTEM C aHOMaIbHOW An(dy3nell B pa3INIHBIX MPAKTHUECKUX MPUIOKCHUSX.

ABTOpHI BEIpakatoT O1arogapHocTs A.B. Ueuknny 3a moje3Hoe 00CyXIeHUE CTaThH.
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