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1 Bsaenenue

3anaum pacceAHUA B ANEpHOH (BUINKe CBA3AHBI ¢ BHITHCICHHEM aMIIATYIBL pac-
CeAHHA, (a3OBBIX CIBUIOB H IAPAMETPOB CMEUIMBAHWA, BXONAIMX B ONpENeseHHe
acuMnToTRiecko#t BosiHOBOY bynKuMM ypasHenus [IIpemunrepa ¢ KopoTkomeHcTBY-
foluyM noTeHumatoM V. Jlna peuleHusa 3afadud pacceAHMs MCHOMb3YIOTCH Pas3JiHd-
Hple MeTombl. OZHEM M3 pacHpOCTPAHEHHBIX NONXONOB HABJIAETCH BApPHALMOHHBIH
merop, Isunrepa. B sToMm nomxozme mcnonb3ayerca cienyiolnee BEIpakeHHe JJIs Ba-

PHALMOHHOIO PyHKIHOHAA:

n_ 1 (KVipt) (0 Vik)
=2 P v Ve W

KOTOPO€ IO3BOJIAET BBIMUCIIATH aMIVINTY/bl U (i)aﬁbl paccesHuA C 6osibe#t TOYHO-

cTh10, YeM B GoproBcKOM npubiuxennt [1, 2]. 3mecs |n)— npobusie dbyskuun, Go—
cBoboHan ynkumsa ['puna. B paborax [3, 4] 6bu10 moKaszano, 4TO MOXHO HOCTa-
TOYHO 3 PEKTHBHO HAXOAUTH pelieHMA 3aa4l PACCEAHMA C IOMOIIBIO PAa3JIMIHBIX
MTEPAIMOHHBIX CXEM, IOCTPOEHHBIX Ha OCHOBE BapHalMoHHOro ¢pyHKimoHaa [1Isnn-
repa (1), ucnosb3ys cenapabesnbHoe npubiMKeHNe 1A KOPOTKOAERCTBYIOWEro 1o

TE€HIINaJIa:
N
VM = 5N Vig)dY (0;1V;

-1 (1. .
dij = (TIJVWJ)'
Tem He MeHee npobJsieMBl NOCTPOSHHA YCTONUMBEIX MTEPAUMOHHBIX CXEM, HO3BOJIA-

)

OWMX HOJIYYUTh DEelleHUA C 3aJaHHOM TOYHOCTBIO, ABJIAIOTCH AKTYaJbHBIMH H B
HacTosllee BpeMS.

B pabore {5] 6bL1a mocTpoena ycroftunBas HIEPALMOHHAA CXEMa DEIICHRS 331391
paccesanns 1uia ypasHenus lllpenunrepa Ha OCHOBe HeIIPEepHIBHOIO aHAJIOTa METONA
Herotona (HAMH) ¢ nomouspio HONOMHETENFHOIO BapHalMOHHOTO (bYHKIMOHAIA

 XionbTreHa. B manHOM pabore 3TOT METOX NMpPHMEHEH JJIA pelleHHA 3aJadd pacce-

AHHA C 33JaHHOM TOYHOCTHIO, B PAMKaX MHTETPaJIbHOIO ypaBHEHHA HCIOJIb3YeTCH
BapHanuoHHbIH dynKumonas [IIsunrepa (1).

Crpykrypa paboThl ciienyioutasn. Bo BropoM pa3szesie npencrasiensl obiue moJo-

JKEHUA, HeobXonuMble IJi HOCTPOCHUA yCTONUMBBIX UTEPAUMOHHBIX CXEM pEelIeHUA
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cnexkTpaJbabIX 3anad na ocioe HAMH. Ifoxasana Bo3sMOXHOCTE BBIBOJA PasJimy-
HBIX M3BECTHBIX MTEPAlMOHHBIX CXeM JUIA CIeKTPaJbHBIX 3allad Ha eOMHOH OCHOBE
HAMH.

B TpeTbeM pasziesne ¢ noMolipio Bapuanuontoro ¢yuknuonasa Illsunrepa sanaya
paccesnns chOpPMYJIMpOBaHa KaK 3a/ada Ha COOCTBEHHBIE 3HAYEHHWA OTHOCHTE/BHO
mapbl HEU3BECTHBIX: hasoBoro cisura u BosHOBOK ¢ynkumu. [locrpoeHa ycroltum-
Basi MTepanmoHHas cxeMa Ha ocHose HAMH n ero momudukaunutt B okpecraoctn
pelreHus.

B yersepToM pasiesie ahHeKTUBHOCTD NPENJIOKEHHON NTEPAIMOHHON CXEMBI IIPO-
[IEMOHCTPUPOBaHa HAa YMC/IEHHBIX PEUIEHHAX 3a[aud YIPYroro paccesHHs ¢ MOTEH-

muajioM Mopse u co cdepuueckot amolt.

2 HenpepsoiBabI# ananor meTona HeioTona

PaccMmorpuM cxemy pelreHns ceKTpasibHbIX 3a/lad Ha OCHOBE HETPEpPbIBHOTO aHa-
Jiora Merona HeloToHa, KoTopas 3aKi0o49aeTcsa B 3aMeHe HCXOIHOH Henuneltno#l cra-
nuoHapHO# 3adadu

ela,A,y) =0 3)
oTHOCUTeJIbHO HemsBecTHO# 2z = (N, y) € R* x Y, Y C B, npu dbuxcupopantom

nHabope GU3NTECKHUX BeKTOp-NapaMeTpoB a € R™ sposonuonnol sanavelt Komn [6]:

#(a ) = —p(a,2(1), (1)
z(0) = 2. (5)

3necs t (0 < t < 00) - HenpepHIBHBIA MapaMeTp, OT KOTOPOTO 3ABHCHT TPAEKTO-
pus z(t), ¢’ - npoussonnaa @peure, zp - 37TEMEHT B OKPECTHOCTH MCKOMOTO PElIeHHA
z* = (M,y") ypasHenus (3). [{oKasarenbcTBO CXONMMOCTH HENpPEpPHIBHON Tpaek-
topuu 2(t) npu ¢ — ©O K pPeleHHIO z* IPH yCJIOBHM HENPEpHIBHOCTH ¢ M ¢’ I
CylecTBOBAHMM OTpaHHYeHHOro omepartopa (¢')~! B okpecTHOCTH 2* OCHOBAHO Ha

CylIeCTBOBAHMY MHTerpasia 3anadu Kowm (4)-(5):

¢(a,2(t)) = e "¢(a, 20). (6)
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Huckpernas annpokcumanys no mapamerpy ¢ 3afaum (4)-(5) Ha ocnose meToxa

5ﬂnepa CBOIMT €€ K PELICHMIO II0C/IeNOBATEIbHOCTH JIMHERHBIX 3apay:

©'(a,2e)Az = —¢(a, zk), (7
k41 = 2k + Tz,
TpUYEM CIHEUMATBHBIM BbIGOPOM NapaMeTpa T; MOXHO ONTHMH3UPOBATh CKOPOCTD
H yCTORYMBOCTS cXomumocTH zx — z* [7, 8]. [na xnaccmueckoft creKTpaJibHOM
3ajlaun oTHOCHTENbHO Mapsl z = {A, W} € R" x Y nenuneftnoe ypapuenue (3)

MOXHO IIpeNCTaBUTh B BUIE

plarw) = | H@=ADT Y, (8)
Fla, ), ¥)

3necs H(a) - onepatop B rusibbeproBoM npocrpancTse, a F'(a, A, ¥) - nonoanurens-

HbIY pyHKUROHAJ, HallpUMep:

a) (U, ¥)-1=0 yCJIOBHE HOPMMPOBKH, (9)

6) (¥,(H(a)— AI)¥) =0 ycJioBHe OPTOrOHAJILHOCTH.

s pelrenua crekTpasnpHbIX 33434 (8) npuMennMa urepanuonnan cxema (7). Osyx-
KOMIIOHEHTHAf CTPYKTypa (YHKUHM © B BO3MOXHOCTb M3MEHEHHA BHAa (byHKIH-
onaja F B HTepalyax 103BOJAIOT NOAYYMUTH LIMPOKHHK HabOP MTEPAUMOHHBIX NPO-
LIECCOB € PErYJINPYEMbIMH CBOMCTBAME, B TOM YMCJIE M H3BECTHBIE METOLbI OGPATHBIX
urepanuil, obpaTHble NTEPALMA C PIJIEEBCKHM CABUIOM M JpyTHe.

Urepaumonnas cxema (7) mia ypasuenns (8) npu (pUKCHpOBAHHOM 3HaYeHHH
BEKTOp-llapaMeTpa a NpeACTaB/iAeT Ha KaXXIOM lIare MTepauMi CHCTEMY OTHOCH-

TeJbHO WTepanuonHolt monpabkn Azg = {Alg, A¥,}:

(H — )«k[)A\I’k =—(H -~ AeD)Wp + AT,
F O, V) AM + Fy(he, WA, = — F(Ay, ).

(10)

B saBucumoctn or cnocoba peienns 3To# cucTeMmbl ¥ BbiOOpa opmbr byHK-
1uoHaNa F MOXHO IOJIyYATb pa3Hble U3BECTHbIE MTEPAalMOHHbIE CXEMbl DelleHnA

creKTpaJibHBIX 3aja4. [Ipencrabaaa AV, B Bule

AV = —Wp + AXUy, (11)




rae Uy - pelsenue 3afgadn

(H = MD)Up = ¥y,

noJiyqaeM clielyiollee BhIpakKenne i Adg:

1+ (¥, ¥y)
A = ———————,
£ T Tk, Uk)

Tlpu 7, = 1 monydaem cieayoliee BblpaXkeHHe Ui HOBbIX IPHOIHKeHuiH:

\I’k+1 = A/\k(ﬂ — /\kl)_lq’k,

14 (W, ¥y

(12)
Aerr = M+ 5 e Te

O1cioga BHAHO, YTO HOJIy4YeHa M3BECTHAA cxeMa oOpaTHBIX urepauufl.
Ilpu ucnonbsoBarum Pyuxumonana F B ¢opme (96) nonydaem cieayomyo cu-

CTEMY OTHOCHTEJIbHO UTEpPAMOHHbBIX IIONPABOK:
(H = M)A, — ANy = —(H — \e D)y,
(AW, (H = MI)W) + (Y, (H = M D)AW) = (Wi, ANeBy) = —(Ug, (H — A I) T ).
Ucnonbsys nepBoe ypaBHEHHE 3TOH cUCTEMBbl, IOJydaeM U3 BTOPOTO ypaBHEHHA
(AW, (H — M )¥y) = 0.
Ecnu onepatop H camocoupsKeHHbIR, TO
Uk, {H — M)ATY) = 0. (13)
Tloacranoska Buipaxenus mis AWy:
ATy = U, + AN(H — M) 1y, (14)
B cooTHOweHue (12) naet
~( g, (H — MeI)WL) + AN (Pg, ¥p) = 0.
Orciona umeem nipu 7 = 1
AM( O, Ur) = (Wi, HUE) — Ak (T, i)

Wi
\Pk+1 = A/\k(H - /\kI).‘I\I’k)

(15)
(e, H )
Abtr = T
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dra ¢opmysa BMecre ¢ BolpakenmeM (12) ais npubimxenusa Ak41 TPUBOOAT K
U3BeCTHOH cxeMe oOpaTHBIX HTepalyll ¢ PaJIeeBCKUM CIBHIOM.

IloMnmo HempepsisHOro anajora MeTofia HbploTOHa MOXHO PaccMOTpeTh Helpe-
poIBHBLE anajtor MoxuduuuposanHoro Metofa Heorona. On npencrasiserca »so-

JIIOITMOHHBIM [IPOUECCOM:

?(020) 20 = _o(a, 200, (16)

z(0) = zo, (17)

e Z - HeKOTOPhIft PHKCUPOBAHHBIN 3JIEMEHT M3 OKPECTHOCTH HCKOMOTO PellleHUA z*.
ITOT MOAXOJ, AaeT MTepaluuoHHble cxeMnl Thna (7), B KoTOphIX oneparop ¢'(a, (1))
TpebyeTcs oOpaTHTh JIMIIG ONKMH pa3. B cnexTpasbHBIX 3ajJadax, KOT/la HEM3BECTHOE
Z COCTOMT M3 ABYX KOMIOHeHT A u W, MoxHO PukcupoBaTh Kak obe, TaK M OAHY
U3 3THX KOMIIOHEHT, B 3aBHCHMOCTH OT TOIO, HACKOJIBKO XOPOILO H3BECTHO COOTBET-
crByoiee npubinkenue K uckomoMmy pemermio. Hampumep, npu $pukcuposantoMm

snagenun A\, = A u3 cucrems! (10) ¢ pynkumonanom F 8 popme (9a) mosygaem
(H = ADAY, = —(H — M )Ty 4+ ANy, (18)

2Ty, AL) = 1 — (T, Uy). (19)

Pemenne ypaBHenns (18) MOXHO IpeACTaBATH B BUIE

AV = v + Adpwy. (20)
IIpw a1oM vi paBHO
vk = W — (H — X712 = M)Wy, (21)
a Wi paBHO
we = (H — X)), (22)

Honcrasnan soipaxenus (21) u (22) B (20), nonygaem

AV =~ + (Aeyy — AH = A1,
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Ipu 7 = 1 Emeem
Wir1 = (A = A H = M) 71Ty,

% 1+(s, i)
Aeyr = A+ 2Ty, (H-31)1y)°

9TO ABJIAETCA cxeMol oOpaTHBIX nTepaumit ¢ GUKCUPOBAHHBIM CABUIOM. DTY CXEMY

(23)

HellecoobpasHO HCIOJb30BaTh B COYETAHHMM C OpTOTroHaJjM3auue#t Haftnenxoro mpn-
6nmxernns Wiy, Ko BceM yiKe HalfleHHBIM cobcTBeHHBIM asiementaM {W), }, roe m -
HOMep COBCTBEHHOTO dJIEMEHTa, NPH YCJIOBHH, YTO 3TOT Habop NpencTaBjiAeT OpTO-

TOHaJbHYIO CHCTEMY C HEKOTODBIM BECOM.

3 @opmyaupoOBKa 3aa49¥ pacCceAHHA KaK 3a0adH Ha
coOGCcTBEeHHDbIE 3HAY€HUA HA OCHOBE BAPHAHOHHOI'O
dysxnumonasna IlIBrArepa u ycrofiumpan

HTepanHOHHaA cXema

1. PaccmorpumM 3anauy paccesHus 1A paguaibHoro ypasHenus [llpenunrepa Ha
HOJIYOCH 0 < r < co ¢ KOPOTKOLEHCTBYIOWMM noTeHumaoM V(r) npu sananHOM HM-
nymubee k:

dr? ' rdr

KOTOpasi 3aK/II04aeTca B HaXOXKIEHUN pery/ApHHIX peueru#t ¥(r) ¢ acuMnrormye-

( £ 2d_ .’ﬁi’gll + k2) U(r) = 2V (r)¥(r), (24)

CKUMH YCJIOBHAMM:

U(r) !, r =0, (25)

sin(kr — wl/2 + &) .
r b}

Y(r)~ A - 00, (26)

n Boraucytennu dassi §. 3neck | - opburansusit Moment. Tlosoxus A = (kcos &;)!

U paccMaTpuBas peryispHble pewenus ¥(r) ¢ acamrroruxoi :

_ sin(kr — ml/2) + cos(kr — ml/2)tgh

¥(r) . , T — 00, (27)
3aMeTHM, UTO OHM IpelcTaBuMbi B Buze (1, 2]
U(r) = ji(kr) — 2k fo % Gikr it (krs)V (' YU (r')r2dr, (28)



rie
hf(r) = —y(r) +i5(r), r< = min{r,'}, r5 = max{r,r'}, (29)

Ji(r) - cepuueckue dyuxuuu Beccens, yi(r) - dynkumsa Heltmana.

Acumnroruka pewenus ¥(r) npua r — oo uMeer BUI
W(r) —s ji(kr) — 2k /0 ke V() () dr B (k). (30)
Obosnauum
o<
yi (&) =2 L ke )V (YR (' )r2dr. (31)
C IOMOLUBIO ITOTO BBIPAXKEHHA MOXHO TIOJYYHTh CAENYIOUIEE TOXK/IECTBO:
¥(r) + Qkf Gilkr Rt (krs )V (P ¥ () e2dr = ji(kr)ey(6;)2 /00 Jlkr YV ()R () 2dr (32)
0 0
WK
¥(r) — Qk/; Gilkru(krs )V ()0 (r)r'2dr’ = A(Jg)?j;(kr]/ kA YV (Y (r)r'2dr’. (33)
0
3necn
/\(51) = —kcoté = I/[(é'g) — 1k (34)

olipefeJ/iAeT 3HaYEeHMe uckoMoro ¢asosoro cusura § = &(k) npn duxcupoBaHHOM
3HAYEHWH UMIYjbCa k.

BseneM nnTerpaJibHbie OEpaTOPHI

A(r,r)0(r) = W(r) — 2k [5° ikr<)u(krs )V (r') B (r)r2dr,

(35)
B(r, v Y¥(r) = 25(kr) [5° ju(kr" )V (r')¥(r')r"2dr'.
Torna (33) npumer sun
(A(r,7") = AB(r,7"))¥(+'} = 0, (36)
rme A = —kcot &; cnexrpassubift napamerp. Jononunm ypasHenue (36) yciobuem
OPTOTOHAJIbHOCTH
F(X, @) = (¥(r)V(r)r?, (A(r,r') = AB(r,m"))¥(r')) = 0. 37)
U3 yciioBusA OpTOroHabHOCTH CIIEAYET, YTO
)= (¥ (rYV{(r)r?, A(r,7")¥(r")) (38)
(‘I’(T)V(T)f‘g, B(Tv T')‘I’(‘I")) '

7




Ita opmysia aHAJOIHYHA PIJIEEBCKOMY YacTHOMY B 3afade AHCKPETHOIO CIEKTpa
oneparopa HEpPruM, OIHAKO, MMeET JHIUb CBOMCTBO CTAIMOHADHOCTH, a HE 3KCTpe-
MaJIbHOCTH. B OTJIMuMe OT CTaHapTHON MOCTAHOBKM 33/1a4dl PacCeAHUs ypaBHEHHA
(36), (37) no3posiAIOT cHOPMYIUPOBATH CHEKTPAJIBHYIO 33/lady OTHOCHTENBHO Haphl

z = {A, ¥}, npudem cobcrennnifl asement ¥ onpeesien ¢ TOYHOCTBIO KO KOHCTaH-

o | A-IBe e (59)
PEEY v a-amy) [

9Opomonnontoe ypasrenne (4) 14 3Tolt 3a4a4n nprobperaer dopmy

ar
di

TBI:

(A- ,\3)%;i — BUZZ = —(A - AB)V. (40)

Ecnu oneparop V(A — AB)¥ camoconpsKeHHBI# U BBIIOIHAETCA YCJIOBHE
(Ur®, V(A - AB)¥) = (¥Vr? (A — AB)¥),
TO UMEET MeCTO COOTHOLIEHHUE

(11»2, V(A- ,\3)%) + (w, v ((A - ,\B)f% - B\P%)) = -(\Irrf, V(A-AB)¥). (41)

Ucnmonnbsysa (40) us (41), umeem
(\I’rz, V(A- ).B)fg-) =0. (42)

Torna, ucnonssys npeacrasiienue
d¥ 0¥  09¥d

dt ~ Ot ' 9\dt

v __

5 =Y, (44)
(A-AB)2 = B¥
E2) *

Ioncranoska (43), (44) B coorHowenue (42) naer

d\ _ (BVr2, (A= AB)W)
dt ~ (¥Vr?, BY)

(43)

u3 (40), umeem

(45)

HJIA B MHTErpaJibHOM BHIE

a _ S W)V (r)ridr — 2k [ [° W(r)V (r)ii(kre)w(krs)V (7) ¥ (r)r'2r2dr'dr ~
de 2 (f5° ji(kr)V (r) W (r)r2dr)?

A (46)

8



Qynxumonas mpaso#t gactu (46) cobnanaer ¢ BapuanuonnbM GyrkuHoHasiom [IBua-
repa (1).

Ipn muckpernsanum puipaxenue (33) npuruMaeT BUI

N N
G(rs) =2k GV (rs)r2e;¥(r;) = X(8) 25 (krs) S alkr)V(ry)rig¥(r;), i=Tn,  (47)
j=1 i=1
rze §; - xoapbuuuenTH KBaApaTypHOl GOPMYJIBI ¥ T; - ee y3JIbi,

Gi; = ji(k min{r;, r; Pyi(k max{r;,r;}).

Hanee MoxHo 3anmcarh

A-XB)i(r) =0, (48)

rue
{Z},’j = (5,‘_,' had 2kG,’jV(Tj)1'?fj, (49)
{B}ij = 2ji(kri)gi(kr;)V (r;)rié;. (50)

B atom cnyyae nosrydaem clieyiolui HTepalMoORHbIR TIpoLecc:

.

Up = “‘I’n:
(7{ - ;\"n-B-)un = F‘I’na
(¥nVr?, AWy)
| Hn = v Bey) ~ A (51)

lI"n«l»l = ‘I’n + Tn(vn + un/in),-
L Xﬂ+l = :\-n + Taliny

n=0,1,2,...; {do, ¥o} 3amann], & Ans BHIOOPa HTEPALMOHHOIO LIAra T, MCHONIbB3Y-
eM crocob, ocHoBaHHbI Ha MuEMMEA3anuh Hesasku [8]. Ilpu wmcnenmom peuenuu,
Ha caMoM fede, miioxo obycnosnennolt (0.41 - 107 < cond < 0.30 - 10'°) cucremmt
(51) ucmoup3oBaHkl mporpamMmnl Hooro nakera JINRLINPACK [12].

2. OrzenbHO paccMOTPHUM 3aJady paccesHusA IJiA ogHomepHoro ypashenus [lpe-
IDuHrepa Ha Beelt ocu (—o00,00) ¢ KopoTKoneficTayomuM notennuatom V{(r) npu
33aHHOM EMIyJibee k:

(_‘f_. + k'*’) U(z) = 2V (z)¥(z), (52)

dz?
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KOTOpas 3aK/I0YaeTcA B HAXOMKJIEHUM PeryJIApHbiX pemennit ¥U(r) ¢ acumntornye-
CKUMH YCIIOBHAMH:

U(z)~0, z - —o0, (53)

U(z) = Asin(kz + §), z - oo, (54)

u Bbrumcienun daspl §. B aToM ciydae ci0kHO HamMcaTh PELIEHHE B MHTETDAJb-

HOM BUJi€ ¢ TOMOLIBIO NEPBOrO TpaHudHOTO ycioBuA (53). PacemorpuM crenyouiee

rpaHuvHOe ycjioBre BMecTO (53):
¥(z) =0, z > a, a <0. (55)

3aMeTHM, YTO pelieHUs PEJCTABUMO B BHE

¢

2@_@3 /00 sin(k(z< — a)) cos(kz )V (a")P(2"dx". (56)

k cos

U(z) = sin(k(z — a)) —

3neck < = min{z,z'}, r5 = max{r,z'}. Acumnroruknu pemenus ¥(z) nmeror Bua
¥(z) — 0, z = q; (57)

" a1 A ,____Qa___~ o e "~ / / ' '
¥(z) — sin(k(z — a)) Foos(ka) cos(kz)/a sin(k(z’ — a))V(2)¥(z')dz’, z = 00.  (58)

Obo3nauum

2
v(d) = —
©) k cos(ka)
Torma MoXkHO HamuCaTh CJIeYIOUEe TOXKIECTBO:

/a  sin(k(z' — a))V(2")¥(2')dz". (59)

2 0
U(z) + Foos(ka) fa sin(k(zc — a)) cos(kzs )V (2 ) ¥(a")dz' =
2 . Sl
= A(é)m;‘:a sin{k(z — a))[1 sin(k(z’ — )V (2" )¥(z")da'. (60)

3nech
-1

cos(ka) tan(é) + sin(ka)

olpesieliseT 3HadeHune MckoMoro ¢asosoro cusura 6 = &(k). Orcioma A = %’gg%l.

A(S) = —1/v(8) =

(61)

Hatee MBI MOXeM UCHOJIB30BATh MPENJIOKEHHBIH BbIIE METOJL.

4 YnciaeHHBbIe IPUMEPHI H O0CYyKIeHHE

Jnsg aHanu3sa TOIHOCTH BBIUMCIATEbHOM CXE€MbI YIOOHO paccMaTpuBath HpUMe-

Pbl ¢ U3BECTHBIMN aHATUTHYIECCKUMY DEIHCHUAMM.

10
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4.1 Tlorenuuan Mopse
Paccmorpum ypabrenue (52) ¢ norenumasom Mopse [10]:
V(z) = MD (e72(7e) _ ggmale=aa)) (62)

Ananuruyeckoe pemenne ¥(r), COOTBETCTBYIOlIEE HENPEPHIBHOMY cleKTpy k > 0,
umeer Buz [11]
£—0.5¢

Y(z) = 5 (€ F(—d+05—1is,1 - 2is,€) — e "€ F(—d + 0.5+ is, 1 + 2i5,£)), (63)

roe F' - BoipoxlieHHas runepreomerpudeckas QyHKUMA,

£= 9de=+=7a) g = 2MD

k
s = w= argl'(142is)+argl(—d+0.5—1is) (64)

u I' - ramma-dynkuus.
OcobennocTsio paccmarpyBaeMoll 3a/ladu ABIAETCA TO, YTO HE3AaBHCHMAsA Iepe-

MeHHas T M3MEHAETCHA Ha Beel ocu —00 < ¢ < 00, IpuieM
V(z) — 400, £ —= —00, V(z) — 0, z = o0, (65)
a pynknus ¥(z) BMeeT aCHMITOTHKY BHIR
U(z) — 0, z =+ ~o0, ¥(z) —> sin(kz + &), = = co. (66)
3necw § - nckomasn ¢asa paccesHUA - UMEET BUL
§ = —kzy — s1n(2d) - w. (67)

IlosTroMy HMXKe NpeACTaBJIEHBl PE3yNbTaTHl [BYX PacYeTOB ¢ TPAHHYHBIMU YCJ10-
suaMr (25) u (53), nossonAlMe OLEHWTh BKJaji NoTeHuwana V(r) Ha oTpeske
z € [—a,0] B pewenue.

B YHCJAECHHOM IIpHUMepe 3HaYeHNA nlapaMeTpoB
M =8.876, D =0.104, o = 0.67, z, = 2.09 (68)

COOTBETCTBYIOT 3HaYeHWAM NapameTpos B pabore [5]. Dror morenumnan uzobpaken
Ha puc. 1. TOYHOCTH YMC/IEHHBIX PE3y/IbTATOB 3ABMCHT OT IIapaMeTpPOB PasHOCTHOH

cetkd U = {Tmin = To; T; = To+ Jh; § = 1,N; Tn = Tmax}. B 1860, 1 1
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V(z)

¥(z)
30- 1.04
201 0.5
0.04
104
0.5
0-
r v r - z 1.0 T
°o 3 8 9 "5 0 5 10 15 20 25 30 35
Puc. 1,Bun norenunana Mopse V(z) ¢ Puc. 2,Bun dynknuu ¥(z) npu k=0.20.
napamerpamu M=8.876, D=0.104, CIVIOUIHAA IMHUA - pacdeT no Gopmye (63),
a=0.67, z,=2.09 NYHKTHPHaA JIMHUA - YUCIIEHHBI! pe3ysibTar
Tabauua 1: ®aspr pacceanus —4; ¢ € (0, 35)
k h=0.1 h/2 h/4 h—0 —&[5]
0.20 1.2599077 1.2618001 1.2622719 1.2624285 1.262287

0.14 0.9000893 0.9015871 0.9019605 0.9020844 0.9019789
0.10 0.6495453 0.6506877 0.6509724 0.6510669 0.6509868
0.08 0.5217001 0.5226381 0.5228720 0.5229496 0.5228852
1.LE~4 6.568483E —4 6.580794F —4 6.583863F —4 6.584882F —4 6.58407F —4

Tabauna 2: Pasw pacceanusn —4§; z € (—5, 35)

k h=0.1 h/2 h/4 A0 —ban
020  1.2557224 1.2576763 1.2581631 1.2583246 1.2583252
0.14  0.8968501 0.8983957 0.8987808 0.8989086 0.8989090
0.10  0.6471009 0.6482795 0.6485731 0.6486705 0.6486709
0.08 05197008 0.5206686 0.5209097 0.5209897 0.5209899
1.LE~4 6.542430E—4 6.555120E —4 6.558293E —4 6.559343E — 4 6.559345E — 4
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2 mpejcTaB/ieHbl YHC/IEHHBIE PE3YJbTaThl BEJHUYHAH —§, IJIA BRIYACAEHAA KOTOPHIX
ucnosnb3oBanuck ¢opmynst (28) u (56) coorsercrsenHo. Bkisaa mHTepBasia T €
[~5,0] B 8 cocraBnser BeauunHy mopanxa 1072,

CxomMMOCTb CeTOYHBIX pelleHH# J; coorBeTcTByeT Teoperudeckolt O(h?), Tak
KaK BeJIMYMHA

o= (5}: - 5;,/2)/(5;,/2 - 5;,/4) = 4. (69)

B Tabsn. 2 skcrpanosiMpoBaHHBIE 3HaYEHUA BEJHYMHBI —§ CPaBHMBAIOTCH C aHa-
JIMTHYECKHUMH 3HaYEHUAMHA —O0 4y, BBIYAC/IEHHBIMA No ¢opmye (67). Aunanus pe-
3yJIbTaTOB NOKa3bIBaeT, YTO IKCTpamosAuuA npu h — 0 obecmeyuBaeT TOYHOCTH
BhIuncienna ¢assl &~ 107° = 1078, Ha puc. 2 mpuBeseHB TOYHOE W YHC/IEHHOE

pewenns ¥(z), upu k = 0.2. OBy HaxoHATCA B XOPOIIEM COLJIACHH.

4.2 Tlorenuman cdhepndeckoh AMbI
Paccmorpum ypasuenue (24) npu | = 0 ¢ norenuuasoM cdepudeckoll AMbL

W <0, r<r,
Vir) = ° rere (70)
0 r>ro.

Ananutudeckoe peurenne U(r) npu k — 0 Ha urreppase r € (0,79) uMeer B

1 sin(v/2Vor)

. — 71
) e VEVer )
Besnmamna ag - AIMHA paccesHUs - onpeenseTca depes do no dopmyiie
. _ tan(v/2Voro) -
ap = —Ilcgr(l)(k cot(dp)) = — (( JVore) 1) ro) . (72)

B aToM npmMepe HaM IOCTATOYHO BBIYHCIHTH 4o Ha maTepBate (0 < r < rg).
Obosnaunm by = /2Vpro ¥ B pacuerax ucmodb3yeM ro = 1. B Tabm. 3 u 4 mpen-
CTaBJICHbBI YHCJCHHBIE PE3YJIbTAaThl BEJIHYIHHEBL dg, noJiy 9eHHo# IPH UCIIONB30BaHHU
dopmyunt (28). CxommMOCTh CeTOYHBIX pelneHuil 8, COOTBETCTBYET TeOpeTHYecKol

O(h?), Tak Kak BeJIHIMHA

o = (ép — 5},/2)/(5;‘/2 - 5},/4) 4, (73)
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%(r) )
0.0 0.0-
021 ys
041 0.4
061 06
0.8+ -0.81
"o 0z o4 os 08 1fo1r 1o 0z o4 s 08 1for
a 6

Puc. 3. Ban dynxunr ¥(r) npu by = 7 u a) k=1.E-2, 6) k=1.E-5. Cnyiomnan ausus - pacyer no

dbopmynie (T1), NyHKTHpHAA JHAKA -~ YHCICHHBIN Pe3ysibTaT

Tabnuua 3: Uncnennnie pesy/bTaTH NIpH do, T € (0,1); k=1.E-5

b h=0.02 hf2 h/4 h—0 aff
0.2r ~6.3966702 —6.3967619 —6.3967848 ~6.3967924 —6.3967925
0.4r —0.6899402 -0.6900324 —0.6900554 —0.6900630 —0.6900631
0.6r  0.3799557  0.3798608  0.3798371  0.3798292  (.3798292
0.8  0.7758865  0.7757809  0.7757545  0.7757457  0.7757457
1.0x  1.0002012  1.0000502  1.0000125  1.0000000  1.0000000

Tabnuna 4: Yuciennsle pesyibTarhl NpK dg, * € (0,1); k=1.E-2

bo h = 0.02 h/2 h/4 h—0 alH
027 —6.3968484 —6.3969401 —6.3969630 —6.3969706 —6.3967925
047 —0.6900041 —0.6900963 —0.6901193 —0.6901269 —0.6900631
0.6m  0.3799134  0.3798186  0.3797949  0.3797870  0.3798292
0.87  0.7758527  0.7757471  0.7757207  0.7757119  0.7757457
1L.O0r  1.0001730  1.0000220  0.9999843  0.9999717  1.0000000
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B tabn. 3 u 4. 3KcTpanmonMpoBaHHBIE 3HAYEHWS BEJHYMHBI dy CPaBHUBAIOTCA C
aHAJMTHIECKMMH 3Hadenuamu af ¥, purunciennsmu no dopmyite (72). AHanus pe-
3y/IbTATOB NOKAa3bIBAeT, YTO 3KcTpanoauuA upu A — 0 obecneunBaeT TOUYHOCTH
BbIUMCIeHHA ap ~ 1076+ 10" npu k = .LE-5u =~ 103 npu k = 1.E — 2. Ha
PHC. 3 JaHO CPaBHEHHE TOMHOTO M YHC/IEHHOTO PELIeHHH W(z) npu by = 7. Ounm

HaXOLATCA B XOpouIeM corviaChuM,

5 3akiodeHHe

B nauno#t paboTe muiA pelueHus 3aJadd pacCeAHMA C 3aNaHHON TOYHOCTBHIO MO-
cTpoeHa ycroyuBas wTepanuoHHas cxema Ha ocHose HAMH. 3apaya paccesnuns
dopmynupyeTca Kak 3ajada Ha CODCTBeHHbIE 3HAaYeHWA OTHOCHTENHHO Maphl He-
M3BECTHBIX: (Da30BOr0O CABMIa M BOJHOBOH (YHKIMH, ¢ IIOMOUIBIO BapMallMOHHOIO
dbynkimonasna lsunrepa. DddexTnsHOCTL Npensiox)eHHO! WTepalMOHHON CXeMBI
OPOLEMOHCTPHPOBaHa Ha TOYHO pPelIaeMbiX NpHMepax YHIPYroro paccesHus ¢ Io-
tennuaioM Mopse u co cepuueckoit amoli. Ilpemyoxennsit mogxon momyckaer
npsamoe obobuieHKe Ha MHOIMOMEPHble ¥ MHOIOKaHaJIbHbE 33Jadd PacCefsHHA TNPH
TOAXOALIEM BLIOOPE aNMpoKCHMAaluK pelileHul, HalpuMep ¢ IOMOLIbIO cenapabesb-
HBIX [IOTEHIMAJIOB, annpokcuMauun BeliTMena, a Takxe B Bule npobHbIX byHKIMH
¢ 33JaHHBIMM BapHAIMOHHBIMM [TapaMeTpaMH B obs1acTy melicTBUA noTennuasa. Brue
a7T0M 06JIACTH 3a/aloTcA aCHMITOTHYECKHE COCTOSHHMA ¢ HEU3BECTHOH aMIUIATYIOH
paccesHusA, NapaMeTpsl KOTOPOH HaXONATCA € MOMOLUIBIO NpenJicKeHHO! uTepan-

OHHOM CcXeMHI.
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Iinst peluenus 3anaum paccesHusl ¢ 3a0aHHOM TOYHOCTHIO HOCTPOEHA YCTOHYH-
Bad UTEPALIMOHHA] CXEMa HAa OCHOBE HETIPEPBIBHOIO aHaiora Merona Helorona. 3a-
nava paccesHus hOPMYTHpYeTCs KaK 3a1aya Ha COGCTBEHHbIC 3HAYEHHMS OTHOCH-
TEJIbHO Maphl HEM3BECTHBIX: (ha30BOTO CIOBHIA M BOJHOBOM (DYHKLIHH, C IIOMOLIBIO
BapHAlIHOHHOTO yHKuMOHaNa [1IBunrepa. Dhdek THBHOCTD MPELTOKEHHOH HTe-
PALMOHHOH CXeMBbI NPONEMOHCTPHPOBAHA HA TOYHO PEllIaeMBIX TIPUMepax 3aiadH
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