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Hpe;{ﬂaraeTCH MeTO/IuKa HpI/Ié]II/DKeHHOFO pelieHnsa cucTeMbl ypaBHeHHﬁ, OTBeYalolUX 3a reHepalunio BTOpOP’I
TapMOHUKH B HeJTMHEeITHBIX O/THOOCHBIX KpHUCTAJ/JIaX, AJTOPUTM KOTOpOﬁ CBOJUTCA, MO CYILIeCTBY, K YHUCJICHHOMY
BbITHCJ/IEHNUIO TPEXKPATHOTO HMHTErpaJa. Pa6ora cocrout u3 ABYX vacreii. B HepBOfI paccMOTpeHbI ABa HpI/Ié.YII/I}Ke*
HUA, ITO3BOJIAIONIIE B HanboJiee CJIOKHBIX U1 IPOBEIEHNA PACUETOB CUTYalluAX HpI/Iéd‘II/ISI/ITeJIbHO Ha [Ba IIOpSAJAKa
YMEHbIINUTh BpeMsA BbIUUCJIEHUA ABYKPATHBIX WHTETPaJOB IO IIOIEPEYHBIM KOOPAMHATAM. Bo BTOpOﬁ YacTu OéCy}IC’
JaeTrca HpI/I6JII/I>KeHHbII‘/JI crroco6 OIIEHKH MOIIHOCTeH BSaHMO[IefICTByIOIHHX BOJIH, KOTOprfI IIO3BOJIAET ellle Ha MOopPA-
JIOK YMEHbIINUTb BpeMsd paéOTbI IIpOTpaMMbl 3a CYET YMEHbUIEHUA MUHUMAJIbHO HeOéXOL[I/IMOFO YHUCJa OIaroB PEKYP-
PEHTHOTO IIpolecca. Pe3yJIbTaTI)I IIPOBEPOK, IIpeJcTaBJeHHbIe B paéoTe, IIOKa3bIBAaIOT, 4YTO HMCIIOJIb30BaHUE IIPpEIAJIO-
JKEeHHDBIX HpHéJII/DKeHI/Iﬁ XOTdA U yMeHbIllaeT TOYHOCTb pelieHu:da HeJTMHeHO 3a/layd, HO TeM He MeHee COXpaHdAeT

BEJIMYUHBI OIMNOOK Ha npueMJjaeMo He6OIbIIIOM YpoBHE.

Kntouesvie caosa: renepaliyiss BTopoil TapMOHUKH, CHCTeMa HeJHHEHHbIX ypaBHEHHH, UHCJIeHHbIe CXeMbI; se-
cond harmonic generation, system of nonlinear equations, numerical scheme.

BBeagenune

B Hacrosieit pa6ote paccMOTpeH Ipoliece reHepa-
mun Bropoil rapmonukn (I'BI) B KkBajgpaTH4HO He/H-
HEeHOM OJTHOOCHOM OJ/THOPO/IHOM OTPUI[ATETBHOM KpPU-
craie 6e3 norsomnienus. [Ipeamnosaraercs, 4To Jasep-
HOe Wu3JydeHue, PacIpOCTpaHSIoNeecss BIOJb OCH Z
JIEKapTOBOI CHCTEMbI KOOP/IIHAT, SIBJISIETCS MAPAKCUATb-
HBIM MIPOCTPAHCTBEHHO KOTE€PEHTHBIM U MOHOXPOMATHU-
YeCKUM IYYKOM. PeXIM TeHepanuu Ipernoaraercs
JI6O HETPEPBIBHBIM, JIHOO UMITYJIbCHO-TIEPUO/[ITYECKUM.
B nocsieeM ciydae popMa UMITYJIbCOB CUNTAETCS TIPS~
MOYTOJIbHOHN, € [JIUTEJIBHOCTBIO, [OCTATOYHO OOJIBIION
JUIST  YBEPEHHOTO WCIIOJIb30BAHUS KBa3UCTATHIECKOTO
npubsmkennsa [1]. OrpanuymBasgch paccMOTpeHUEM
CKAJSIPHOTO «00€»-B3aNMOJIENCTBUS, BBIPAKEHUST [IJIsI
noJiell Ha ocHOBHOIT 9acToTe («0»-BOJIHA) U BTOPOI rap-
monunke (BI') («e»-BojHa) A1 IIPOM3BOJIBHON ILJIOCKO-
ctu z = const BHYTPH HEJMHENHOTO KpHCTasia OyaeM
3aICHIBATD B BHJIE

E(x, y, 2) = eU,(x, y, 2)e’*mo?, (1)

E,(x, y, 2) = e;Us(x, y, 2)e’2F", (2)

r7ie HeJTMHEHHBbII KPUCTAJI — 3TO CJIOH, 3aKJII0UEHHbIN
MexIy MIockocTsiMu 2z = 0 u z = L (I — pimHa Kpu-
cTajlla); ONTHYECKYI0 OCh CYHMTaeM PacloJIOKeHHOM

* Bamepuit Bukroposuu Komocos (kvv@iao.ru); Buagu-
mup Outerosuy Tpoutkuii (qel@.iao.ru).
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B ILIOCKOCTU XZ [1eKapTOBOIl CUCTeMbl KOOPAUHAT, B CULY
vero e, = j, e; =1 (i m j — oprbr oceit X u Y); ny, = no);
n5 = n,2o)n, (20))/\/713 (20)cos?0 + n2(2w)sin?6; n, u n, —
TJIaBHBbIE TIOKA3aTeJN TPEJOMIeHNs OJHOOCHOH Cpesibl,
3aBucsAnMe oT 4acToT o (OCHOBHOE U3JydeHue) n 20
(4acrora BI'); 6 — yros Meskiy ONTHYECKON OChIO KPH-
CcTa/Ula W OCbl0 Z CHCTeMbl KoopauHart;, k = 2n/A =
=o0/c.

IIpu cresaHHBIX TPEANONOKEHNAX KOMILIEKCHbBIE
MeJIJIEHHO MEHSIONINecs aMILIUTY/Ibl B3anMO/IeiiCTBYIO-
IIUX BOJIH JIOJKHBI YA0BIETBOPATH (M., HampuMep, [1])
cucTeMe HeJUHEWHBIX BOJHOBBIX YKODOYEHHBIX ypPaB-
HeHUiH

au; au; , oy

oU, 1
oz 2ikm,| ox* oy’

= icUiU.™,  (3)

U, U, 1 [(3U, aU,

:i LTQe—iAlez, (4)
0z ox  4ikng\ ox® oy’ o

rae A, = 2k(n5 — ny,) — BOJIHOBAd paccTpoiiKa; p U G —

yTOJI [BYJIydelpesoMieHsT n Ko UIMeHT HeJauHell-
Holl cBsi3u [1]. YpaBHeHHs pemaoTcs ¢ IpaHUYHBIMHU
YCJIOBHSIMHU, OIpe/le/IeHHbIMU Ha ILIockocTu z = 0, Ha-
IpuUMep, [0 KPHCTALIA. 3alHlleM 3TH yCJIOBHS B BHJE

Ulx, y, z=0) = Vi(x, »), (5)
Us(x, y, z=0) = Vo(x, y). (6)

Ecmu g mpousBosbHON mmockoctn 0 <z < L
dyukrmun (1), (2) okasanuch U3BECTHBIME B Pe3yJibTaTe
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peuterust ypasuenuii (3), (4), HeTpYJIHO OIpeAeNUTD,
Kak OyJeT BBITJIAZETb pPe3yJbTaT JUHEIHOTO pacipo-
CTPaHEHUS 3TUX ToJell /10 MPOM3BOJIBHON TIIOCKOCTH
Ly =L + z5, pacroJio;keHHO#l Ha IPOM3BOJIBHOM pac-
CTOSTHUMU Z( OT BBIXO/JHOI TpaHu kpucrasia. [lnsg mpen-
craBjeHuss Takux noseil Bmecro (1) u (2) Gymem uc-
0JIb30BATHh BBIPAYKEHUST

E(x, y, z,Ly) = U (x, y, z; Ly)eRmol+2) — (7)

E,(x, y, 2, Ly) = e;Us(x, y, 2, Lo)e™ X270 (8)

rjle TpeAaroaraeTcs, 4TO HeJUHEIHbI KPUCTAJI pac-
HoJIoKeH B Bozayxe (BakyyMe).

O6patuBmmuch K [2], HaxoamMm, dYTO aMILIATY/IbI
noseit (7), (8) m (1), (2) cBasanbr Mexmay coboil ce-
JIYIONIUME COOTHOIIEHUSIMU:

Ui(xo, %o, 7 Lo) = —Tz IJU&x Y, 2)x

2 >
x exp{ik(x_xo)zz Y - o) }dxdy, €)
L

U,y (%o, Yo, 2, Ly) = —E—IJ.UQ(X Y, 2)x

2 2
X exp ik(x_xo +pL)” + (o) dxdy, (10)
ir

rne Th = 2n/(1+n) — koadpdpuIMEHT TpesoMIeHNs Ha
BBIXO/IHOI TpaHm Kpucrtaiana [3] B cuTyanugax, Korja
n5 ~ ny, =n (HeJuHelHOe B3aMMOJEHCTBIE OCYIIECTB-
JIIeTCs TIPU MaJIbIX BOJHOBBIX paccTpoiikax); t; = zg +
+ (L -2)/n.

[Tonxon, no3BoJistoNuil cpady cBecTH HeJMHeHHYI0
3ajlauy K orbickanuio noJseii (7), (8), noapo6uo o6ey-
sknaetceda B [4—8], m B maHHOM paboTe 3TH BOMPOCHI He
paccmarpuBaiotcs. B [4—8] 6b110 mMokaszaHo, 9To KOM-
[UIEKCHbIE aMILIUTY bl B3auMozelictByonmx moJeit (7),
(8) maxomATcs W3 pelleHNsl CHCTEMbI HMHTErPabHBIX
ypaBHEHNUH, KOTOPYIO MOKHO TIPeJICTaBUTb B BHUJE pe-
KYPPEHTHBIX ypaBHEeHUIt

Ui(xo, Yo, 2k+1; Lo) =

=U (%, Yo, 21; Lo)+iT%CD1(Xo, Yo, z1,A),  (11)
Uy (o, Yo, 2k1; Lo) =

= U2(x0’y0y2k;L0)+lT @, (x0, Yo, 25,0, (12)

rae k MokeT mpumHUMaTh 3HaueHus 1, 2, .., N;

A
@ (x, Yo, 2, A) = Iem’*(z’*”)INl(xO,yO,zk +1)dt;
0

A
Dy (X0, Yo, 24, A) = Jefmk(zk”)INz(xO:yoka +0)dt;

IN1(.7C0,]/0,Zk + t) = |:—lk:| X
Tlrp

><J.J.Uf(2x+xo,2y+y0,2k +1 L) %

—00 —0

x Uy + 20 + 7, ¥ + Yo, 2, +1; Lo)exp ] dxdy,
Lk
IN, (g, Yo, 2 +1) = {+ ik :|><
TCth
x I IU1(x6 - X, Yo — Y, 2 + ;L) x
x Up(xg + 2,40 + ¥, 2, + 15 Lo)exp ) S dxdy,
Lk
tip=20+U—-2z,-1)/n, x5 =12y-7,
y=p(L -2z, -1).
Cunraerca, uro (em. (5), (6) u (9), (10))
ik
U1(x0!y0’21 O LO) U1q(x07J07L0) = —T1T2
2TEtL0
+ oo 2 2
xjj%(x,y)exp ik(x_xo) + (Y~ o) dxdy,
J 2tr
ik
U, (%o, Yo, 21 = 0; Lg) = Uz, (X, Yo, Lo) = =T
Lo
+ © _ 2 _ 2
xjjvz(x,y)exp ik(x x0+p[£) + Y= y) dxdy,
L0

rae Ty = n/(1 + n) — koappUIUEHT TPETOMIEHU Ha
BXOJHOIT Tpanu kpuctaana (n ompemesneH Bbime); tro =
=2zyt+ L/n,

Zm=m-DA, m=1,2, ., N+1, A=L/N, (13)

Bepxunii mHIeKC <«*» 03HaYaeT KOMILIEKCHOE COTIPS-
JKeHWe, HIDKHWI WHAEKC <«JI» HCIOoJIb3yeTcs s 060-
3HauYeHUd JMHEHHDIX MOJeil.

Vpasuenusa (11), (12) mpeacraBisgior co6oii He-
CKOJIBKO MHYIO 3KBUBAJIEHTHYIO (POPMY HMCXOIHOIl CHC-
tembr (3), (4). TlockombKy /st O6IIETO Cydast aHaJIH-
THYECKUX PeIleH it 06eiX CUCTeM YpaBHEHUN He Cylile-
CTBY€T, TO BO3MOKHOCTb TEOPETUYECKOTO OIIUCAHIISI
paccMaTpUBaeMbIX HeJMHEWHBIX IPOIECCOB YIIPAETCS
B Pa3paboTKy MOAXO/SIIENl METOUKU TIPUOIIKEHHOTO
YIICTIEHHOTO MHTETPUPOBAHS TPUBEIEHHDIX CHCTEM YDPaB-
HeHuil. Bygem cuutath MeTOAUKY <«IOJAXO/slell», ecin
BBITIOJTHSIIOTCST IBA OCHOBHBIX TpeGoBaHust. Bo-TiepBbIX,
BbIGpaHHAsT METOJNKa J[0JIKHA 00eclednBaTh YIOBJIe-
TBOPUTEJIBHYIO TOUHOCTD PEIleHnsT HeIMHeTHO 3a1adi.
Bo-BTOpBIX, BpeMs MPOBEJEHUsT PACUETOB JOKHO ObITH
o0 BO3MOKHOCTH HeGosbimM. [lociientee TpeGoBaHie
uMeeT TPUHINNNATHHOE 3HAUYEHUe, MOCKOJDbKY TLJIaHU-
pyeMoe NPOIoJKEHIEe HCCTIe0BAHMIT TIPE/INOJIaTaeT Bbl-
ToJTHeHNe 6OJTBIITOT0 00beMa BbrancaeHnit. OAnH 13 BO3-
MOJKHBIX BapHUaHTOB <«IIOJXO/IATIEl» YNCJIEHHOI CXeMbI
obcy:kaaeTcs B HacTosmIel paboTe.
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AJITOPUTM TIpeJIJIaraeMoro MPHOIMKEHHOTO YHC-
nennoro pemenus cucreMmbl (11), (12) MakcuMaabHO
TIPOCT M CBOJINTCS BCETO JIMIIHh K YHCJICHHOMY BBIYHICJIE-
Huio (TpeGyeMoe KOIMIeCcTBO Pa3) JBOMHBIX MHTErPAJIOB
Buga INy o(xo, Yo, zx + ) JOGBIM CTAHAAPTHBIM CIIOCO-
6oM: dopMyTa TPSIMOYTOJBHUKOB, Tpamenuit u T.1.
Taxoil BapmaHT pellleHUs HeJIWHEHHOW 3ajaul paHee
y:ke ncnomb3oBasics [9]. PesysabTaTtsl mpoBeeHHBIX
MCCJIeIOBaHNH TTOKA3ajn, YTO OH TI03BOJIAET J0CTaTOd-
HO OBICTPO ¥ TOYHO TIOJIYYHUTH YHCJEHHbIE TIpe/ICTaBJIe-
HHSA I KOMIUIEKCHBIX AaMILIHTY]] B3amMojelicTByIo-
IIUX T0Jiell, HO TOJBKO B TOM cJiydae, KOTJa CHOCOM
sHepruu moyst BI' 3a cuer aBysydemnpesomienust [1]
MOKHO TpeHe6peyb. Ecm aTo ycjoBHe He BBITOJTHSIET-
csa, ammmutyga Bl cTaHoBHUTCS GBICTPO OCIHJLIHPYTO-
mieft (pyHKIMeN 10 OJHOI 13 MOMEePeYHBIX KOOPANHAT.
B pesysbrate Ha 3TOI KOOpAMHATHON OCH HEOOXOINMO
3a/1aBaTh JOCTATOYHO GOJBIIIOE KOJIMYECTBO Y3JI0B, UTO
YBEJMUNBAET BpeMsi PabOTbI IPOTPAMMbI B OT/IEbHBIX
ciayyasgx OoJiblile 4eM Ha /[Ba MOPSIAKA, U IIPaKTHYe-
CKasl I[eHHOCTb PAcCMaTpPUBAEMOTO TOAXO0/a CTAHOBUT-
cs1 BeCcbMa CIIOPHOI.

B nHacrogmeit pa6ote Moka3aHO, YTO OTMEYEHHYIO
mpobJsieMy MOKHO 06OIITH, BOCIIOIb30BABIINCH IBYMS
JTIOCTATOYHO OYEeBHUIHBIME NMPHOTIKeHUsAMEI. BpeMs pa-
6OTBI TPOTPAMMBI TIPU 3TOM YAAaeTCSI COXPAHNTD Ha MPH-
eMJIeMOM YPOBHe JJIT BCeX CIy4aeB, MPeCTaBJISIONINX
IpaKTHYEeCKIi NHTepec, HO 32 c4eT HEKOTOPOTO YMeHb-
IeHuss ToYHOCTH pacyetoB. OjHAKO OMIMOKH, K KOTO-
PBIM TIPUBOJUT HMCHOJIb30BAHUE IIPE/IaraeMoro, Telepb
yKe MPHOTIKEHHOTO, MOXO0/a, OKAa3bIBAIOTCS BIIOJIHE
COTIOCTABUMBIMHU C TeMH, KOTOpBIE JAI0T M 6e3yIpeyHo
CTpOTHE YICJIeHHbIe METO/IbI PEIIeH s crcTeMbl andde-
pennuaibibix ypasuenuii (3), (4) [10, 11]. Pesysbra-
TBI TAKOTO CPaBHEHNS TPHBOATCI HILKE.

W3 BBIMIECKAa3aHHOTO CJIeIyeT, 4TO TIpejsaraeMyio
YHICJEHHYIO CXeMYy MOXKHO pPaccMaTpHBaTh B KadecTBe
ellle O/IHOTO JIOCTATOYHO MTPAKTUYHOTO CII0Cc06a pelreHust
0003HAYEHHOIl HAMH HeJUHEHHOI 3a/Jaun: MmporpaMma,
peanusyioliasi  I[peJiaraeMblii  MOJAXOM, IIpe/leTbHO
mpocTa, a BpeMs ee paGoOTHI Ja’ke B CAMBIX CJIOKHBIX
CIy4asgxX OCTaeTcsl CPaBHUTeJbHO HebGoubimnM. Yrto kKa-
caeTcsl BpeMeHH, TO, Kak OyaeT MOKa3aHO jajee, €ro
MO’XHO YMEHBIIHUTD elle IPUGIN3UTeTbHO Ha TTOPSIOK.
[IpaBma, Takas BO3MOKHOCTD TOSBJISETCS TOJBKO B TeX
cJIyyasx, KOT/a M0 YCJIOBHAM 3a/laun TpeGyeTcsl HaiiT
TOJIBKO BeJMYMHBI MOIIHOCTell B3amMo/IefiCTBYIOMNX
moJieil Ha BBIXOJIe M3 HEeJUHENHOTO KPUCTAJLIA.

1. KonkpeTtuaamus UCXO/IHbIX
YCJIOBHI 3a/1a4mn

PacemoTpuM ciemytomyio 3agady. CumraeM, 4TO
JlazepHOe H3JydyeHHe ¢ JJUHOH BosHbL A = 510,6 HM,
nmajaforiee Ha (OKYCHPYOUIYIO CHCTEMY, MMeeT Tayc-
COBO paclipe/ieleHle aMILTHTY/IbI U TIJIOCKUH BOJTHOBOIT
¢poHT. ITO ToJe TpecTaBasgeM B BUIe

2 2
Ux,y) = Agexp —3?£§g7, (14)
0

e Ay =J16P /ca}; P, — nubo uMmuymbcHass, 60
CPEeJIHSST MOIIHOCTD JIA3€PHOTO M3JIyYeHUsI B 3aBUCHMO-
cTH OT BbIGpaHHOTO pexkuMa reHeparuu (cM. Bsege-
HIIE).

OnTuyeckyo cucreMy, (poKyCHPYIONLYIO JIa3ePHBIit
Iy4OK B HeJUHENHbI KpucTawt, OyjgeM cuutaTb Co-
cTosmIell U3 ABYX CKPEIIEHHBIX IUJIMHIPUYECKIX JIMH3
(JI, u JI). JI, umeer doxycHoe paccrosinue f, u ¢o-
KycupyeT Iy4ok B Iiockoctd XZ. JI, ¢ ¢okycHbM
paccrosuueM f, Gokycupyer Iy4ok B ILuockoctu YZ.
«7KectrocTp» oxycnpoBku 6yneM OIpeaesAThb, cie-
nys 3a [1], ¢ momotrbio mapaMeTpoB

L L
gz g, =

Ex (15)

knp;, '

rie k, n u L onpeeseHbl BbIE; py U P, — PaIUyChl
nepeTskeK, cosmaBaeMbix jmasamu JI, w JI,. Ilocren-
HIEe PacToaraioTcsd Ha TaKUX Pa3JIUIHBIX PACCTOTHUSIX
JI0 KPUCTAJLIA, YTOOBI TOJOKEeHTEe TepeTssKeK OT 00emX
JINH3 COBMAAAJIO C TEHTPATHHON MJIOCKOCTBIO KPHUCTAJ-
na (mwockoctb z = L/2). TloHsiITHO, 4TO 4eM GoJiblie
pesmuuHbl (15), TeM cuiibHee POKYCHPYETCS Ja3epHBIit
my4yok. B Hacrogmieil pa6ote GymeM IMpeanosaraTb, 4TO
mapaMeTpbl (POKYCHPOBKH BapbUPYIOTCS B IHATIa30HAX
0,0001 <&, <0,3; 0,0001 <&, < 4. Bonee cunbnas ¢o-
KYCHPOBKA BPSIJI JIU TIO3BOJIUT JOOUTHCS MaKCUMAJIbHON
3 (HeKTUBHOCTH JTHMHEIHOTO TIpeo6pa30BaHus.

Besne aiske GymeM cunutaTh, uto noje BT Ha BXO-
Jle B HeJIMHeliHYyIO cpeiy oTcyTcTByeT. Torja 1mpu cle-
JIAHHBIX TIPEJITIONIOKEHUSAX JJIs1 TPAHUYHBIX YCJIOBUI,
ucnoabsya (9) u (14), naxoxnm

U1(xv Y, z= Or LO) = Uln(xv Y, LO) =

2 2
= A, (x, y, Ly)exp ik exp ik% . (16)

2R, "
J,(x,y,2 = 0; L) = 0. 7)
rae
52 7).
A (x, y, L) = Aggexp Z eXp| — % e'’;
x y

BCe WMCIOJb30BAHHBIE KOHCTAHTBHI JIETKO OMpPelesaioTCs
(cMm., nampumep, [4]).

B kavecTBe HeJMHENHON cpeabl BBHIOGUpAEM KpPI-
crasut BBO ginnoit L = 1 cm. C ucnosnb3oBanueM [12]
JUIST BBEJICHHBIX BBIIIE XapaKTEPUCTUK CPeIbl ObLIH
TOJIYYeHBI cJefylolne 3HadeHus: n = 1,67625, p =
= -0,08483, o = 0,001359, T, = 0,74731, T, = 1,25629.
BesmmunHy BoJIHOBOH pacctpoiiku (Ay), cHOBa cieays
3a [1], BapbupyeM, 3amaBas Ge3pa3MepHbBIl TapaMeTp

AkO = AkL/Z (18)

B macrogmieit pa6oTe HanGoJBIINI UHTEPEC TPE-
CTaBJISIOT MOIITHOCTH B3auMo/leiicTByomux noseil. B cBs-
31 C 3THM PACCTOSIHUE Z( OT BBIXO/IHOI MJIOCKOCTH KPU-
cTajia /10 TUIOCKOCTH HaOJIo[eHnsT MOKHO BBIOPATH
CKOJBKO yrofHo GosbmmM. Ilyeth zo = 10% eMm. Dto

IIpu6iskenHas MeTOAMKA PellleHusl 3a/la4d O reHepaluy BTOPOii rapMOHUKH B HeauHeilnbix kpucrtaanax. Yacrs 1 1003



ITO3BOJIAET YTBEPK/AaTh, UYTO C 6OJIBIIOIT TOYHOCTHIO BbI-
IIOJTHAIOTCS HEPpAaBEHCTBa

lpL|/a, <1, |pL|/ 2y <1, (19)
rzae p, d, u L ompe/eseHbl BBIIIE.
I/IMeH B BU/y BC€ BblllI€eCKa3aHHOE, pellenne Cuc-

tembl (11), (12) npeacrasuM B Buze

U1(x7y72;l‘0) =

= A(x,y,z; Ly)ex ikx—2 ex iki (20)
= 44 U, 25 p 2R p R ’

x y

Uy(x,y,2;Ly) =

2 2
= Ay(x,y, Z;Lo)exp(ik(x;f])jexp(ik}ye], (21)

x y
rae R, u R, onpegessmiores u3 (16). Ioxcrasszem (20)
n (21) B (11), (12), nupene6peraeM MajbIMH BeJUYH-
Hamu u3 (19), memaem B (11) 3aMeHy TlepeMeHHBIX
x=2x+x0 y=y+ you smecro (11)—(12) nosyyaem

A1(x0vy0v2k+1;L0) =
= A1(xo,yo,2k§l4))+iqu%(?Coyyoka,A), (22)

2
Ay (0, Yo, 2pe1; Lo) =

= Az(xmyoik;l{))+iTg‘Dz(xo,yo)Zk,A)) (23)
2

rae z, n A onpezenenst B (13),

@ (x0, Yo, 2k, A) =
A
= J‘exp[iAk(zk + D ]IN; (%, Yo, 2, + Odt,  (24)
0
@, (x0, Yo, 24, A) =
A
- j exp[-iQy(zy, + D]IN, (o, Yo, 2 + Odt,  (25)
0

ik

INy (%0, Yo, 2 +1) = —
TCth

X

xJ-J.A{‘Qx - X0,2Y — Yo, 2 + t; L) A (2, 4, 2, + £ Ly) %

—

X exp{—2ikpx Z’k s

X

} ><exp[ik(5xx2 +S,y° )J dxdy, (26)

INy (o, Yo, 2, +1) =

+ ©

- +iJ.jA1(x = X0, Y = Yo, 2k + L) x
TCth

x Ay (2 + 20, Y + Yo, 2, + ; Ly) x

x exp[—ik(Sxx2 + Syyz)] dxdy, (27)

1 1 1 1
Y Sl LA L L T
D= M2y e R 'ty RS
ompezenensr B (11), (12).
Cucrema ypasrenuii (22), (23) pemaercs ¢ rpa-
HmaEbME yeaosusamu (em. (16), (17))

A(xo, Yo, 21 = 0; Lo) = Ay, (0, 405 L), (28)
Ay(x9, Yo, 21 = 0;Lg) = 0. (29)

KoHeuHas 1ieib pacueToB COCTOUT B OTBICKAHUI
dyukiuit Ay o(x9, Yo, zv+1=L; Lg), KOTOpbBIE, OTMe-
THM eIle pa3, ONpee/aioT IOJs Ha OCHOBHON yacToTe
u vactore BI', HaGiiofaeMble Ha TTPOU3BOJILHOI JHC-
TaHIUK Z( 03411 KPUCTaJLIA.

CpenaeM JBa 3aMevaHus o6uiero xapakrepa. Ilep-
Boe: cucrembl ypasrennii (11), (12) u (22), (23) mo-
3BOJIAIOT HaiiTH aMILIMTYAbI B3aMMOJEHCTBYIONINX TI0-
Jeii mocjie KpHCTadla Ha HEKOTOPOM PAaCCTOSHUH Z
ot Hero (1mockocTh L) IpH yCIOBUH, YTO Ha 3TOI TLI0C-
KocTHh usBecTHO (HaiileHo WM 3aJjaHo) pellleHne JHeli-
HOIl 3a/jauu /1T OCHOBHOTO M3JydeHuns. OTmmdame sTHX
ypasHenuii B Tom, uro (11), (12) cupaBeyiuBb 151 J10-
ObIX 3HaYeHUH 2o > 0, a (22), (23) 6yayT naBaTh acum-
[TOTHYECKH TOYHOE pellleHne Ipu Zy — . VM BTOpoe:
[IPe/INoNIoKEHEe, YTO Jla3epHOe H3JIYUYeHUe SIBJSETCS
rayCcOBBIM, TPHUHIMITHATILHOTO BJIMSHISA HA BUJ YPaB-
nenuii (22), (23) ne okaspiBaer. IlpeacraBieHue nuc-
komoro penterns B Buge (20), (21) Gyner cupaseanBo
U [T HerayccoBa Tpo(U/IsA aMILIMTYAbI B TTOMEPETHOM
ceuennn. Dosee TOro, B TOCTEIHEM CJIydae, TaK Ke
kak u g curyarun (14), Gyger BBINOJHATbCs: R, ~
~R,—>zy+L/2n npu zo—> . Pasymeercsa, Bux
dyukiun Aq,(xo, yo; Lo) mpu aToM OyAeT OTJIUYHLIM
or (16).

2. TIpuban:keHHoe peleHune
HeJMHEeHHOU 3aaadyu

ITockoabKy cTpOrOe pellieHne CUCTEMbI HeTuHeii-
HBIX YpaBHEHWH B 00IeM cJydae He IpeJCTaBJISeTCs
BO3MOJKHBIM, CJIelyeT TOBOPUTH O MPHOIIKEHHOM YNC-
JIeHHOM BbrumcIennn unTerpanos (24), (25). Caenarb
3TO MOKHO Pa3HBIMU cloco6aMu, HO 3/1eCh TpejJara-
eTCs NCTIOTh30BaTh METO/T MAJIBIX BO3MYIIEHWIT, THUPOKO
TIPUMeHeMbINl B TeopeTH4ecKol (hu3nke, B TOM UYUCTe
u s onucanus mpoieccoB BT [13].

PaccMoTpuM oTHOIIIEHUST

@ (X0, Yo, 24, 2)/ A, (30)

rmae
0<z<A, (31)

dyukimu @4 (X, Yo, 2k, ) OUPEAELIAIOTCA C MOMOIIHIO
(24), (25); Bemunna A ompegerena B (13); Ay, —
aMITATyZIa JUHEITHOTO 1oJid Ha OCH IydYKa B IleH-
TpaJbHOll IIocKocTH Kpuctaina (z = L/2), koropas
1T paccMaTpUBAaeMBIX B HacTosImell paboTe raycco-
BBIX TIOJIeil TIPOCTBIM 06Pa3oM CBsI3aHA C aMIUIATYOI
AOO u3 (16)
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Otnomennsa (30) crpemarca k Hymo, ecam Ag,, — 0,

U K HEKOTOPBIM KOHEUHBbIM BeaudyuHaM, ecau A — 0.

B cuy aToro HHYTO He 3ampeliaer IPeACTaBUTh ypaB-
Henns (22), (23) B cienyiolieM Buje:
A1(xo,yo,zk + Z?Lo) =

= A1(x0ry0r2k;L0) + iqu)1(x07y072k!2)/(AA0m), (32)
AQ(XO)yOVZk + ZVLO) =

= Ay (xg, Yo, 25 Lo) + i, o (X0, Yo, 2., 2)/ (AAyy,),  (33)

rie

Ha = ‘AGAOW/TZ; (34)

z onpezeniena (31); pu z = 2z, = A cUcTeMa ypaBHe-
nuii (32), (33) touno cosmagaer ¢ (22), (23).

N3 sameuanns k (30) caeayer, 4to B ciaydae, Ko-
rjla TapaMerp Ly CTPEMUTCS K HYyJI0, K HYJO CTPEMUT-
ca 1 o PEeKTUBHOCTD HEJINHEHHOTO B3auMozelcTBu.
B nameMm cirydae mocseHee 03HauaeT, YTO aMILTHTYIbI
Ay o(x0, Yo, zr T 2z; Lo) CTAaHOBIATCS HEOTIHYNMBIMHI OT
amiuty . Ay (X0, Yo, Zi; Lo). Tlpuuem crpasesiu-
BOCTb CKa3aHHOTO HE 3aBUCUT OT TOTO, 3a CYET yMEHb-
ImeHHd Kakoro u3 mapameTpos (o, A, Ay,) cTpeMurca
K HyJIO BeJMYHMHA (. VIMEHHO 3TO 06CTOSATENTHCTBO
u nosBojder, korjga napamerp (34) okasbiBaeTca Ma-
aeim (uy < 1), nckarp pemrenne (32), (33) B BuAE pas-
JloskeHui no cremensaM (34):

Az, +) =V, o(z, + 1) +

+ Vi 1z + O + 13V oG + O + oy (35)
Az +1) =V, (2, + 1) +

+ Vo, (2 + O + 13V 5 (2 + ) + e, (36)

IJle 3aBHCHMOCTb OT MOTIePEYHBIX KOOPAMHAT IMOpasy-
MeBaetcs; 0 < ¢ < A.

IToacraBmaem (35), (36) B (32), (33) u upu-
paBHUBaeM cJaraeMble IIPH |1, B OJMHAKOBBIX CTele-
Hax. B pesysibrare mosydaeM, u9to  (YHKIHH
(Vi 2Do(xo, Yo, 2z + 1) = Ay 20, Yo, 2k Ly) 1 oT me-
peMeHHOH ¢ He 3aBucAT. llpupaBHHBasg cJaraeMble
Opu [, B HepBOH cTemeHM, HaXoAuM BuUJ (yHKIHIL
(Vi 2)1(x0, Yo, zp +¢) 1 1.1, TIporecc MOKHO HPOIOJ-
JKaTh CKOJIBKO YTOIHO JOJITO.

B macrosmeii pa6ote mpejaraercss orpaHUYUTHCS
JBYMsI TIepBbIME cjaraeMbiMu (IlepBoe NpuGIMKeHue)
B (35), (36). Torma, y4uTbiBas BbIlIECKa3aHHOE, BMe-
cro (35), (36) nonyvaem amst z = A:

Ao, Yo, Zps 13 Lo) = Ao, Yo, 243 Lo) +
A
+iTgIeXp[+iAk(Zk + t)]li(xoyyoyzk,t)dt, (37)
2
0
A, 21 ) = Ao 0,235 +

A
+ iTEJ.eXPI:-FiQo(Zk + t):|12(x0,y0yzk7 Hdt, (38)
2
0

rae

” + o )
1%, Yo, 24, 1) = —LJ‘J‘& (2x = 20,2y = Yo, 245 Lo) x
Tty

x Ay(x, y, zk;Lo)exp{—Zikpx Z’}; t} x

X

x exp[ik(Sxx2 +S,y° )dedy, (39)

k + ©
I, (%o, Yo, 21, 1) = +Z—UA1(x — X0, ¥ — Yo, 2k Lo) x
TCth

x Aj(x + X9, Y + Yo, 2; Lo) %
x exp[—ik(é}x2 + Syyz)dedy, (40)

Jlerko yBu/eTh, 4TO BTOPbIE CJaraeMble B IPaBbIX Yac-
tax (37), (38) mpexacraBiaaoT coGOH TTPOM3BEAEHNS
AV, 1(zp + A) u p\ Vo, (2, + A) cOOTBETCTBEHHO.

B ormmune ot (22), (23) Boipaxkenua (37), (38)
ABJSAIOTCA TPUOIMKEHHBIM PellleHeM HeJuHelHol 3a-
JIa4H, 3aICAHHbBIM B BH/IE PEKYPPEHTHBIX (POPMYJI. DTO
CBS3aHO C TeM, 4YTO Temepb HoJj uHTerpasamu B (39),
(40) crosar ussecruble pyHkuun. TakuM o6pasoM, pe-
HeHre HeJMHEHHON 3a/aun yAaloch, Kak U ILJIaHUPO-
BaJOCh, CBECTH K 4YhcJIeHHOMY Bbiuucaenuio (N pas)
UHTErpaJoB 1o nonepedtbM (x, y) KoopaunataM. B Ha-
crosimieit pa6ore wHTerpaibl (39), (40) 6yayt BbIUMC-
Jaatbest 10 opMyJie Tpamelyii, a MHTerpajbl 1o dz
u3 (37), (38) — ¢ ucnoabsosanneM Han6oJjiee IPOCTOrO
BapuaHta — (OPMYJIbl MPAMOYTOJBHUKOB. YUUTHIBAS
nocsegtee, sMecto (37), (38) naxoaum

A1(xoyy072k+1;l4)) = A1(xo,yo,2k;Lo)+
.CA .
+ 1Texp[+zAk2k]I1(x0, Yo, 2, 0), (41)
2
Ay (X0, Yo, 2513 Lo) = Ay (X, Yo, 255 Lo) +
.CA .
+zTexp[HQozk]Iz(xo,yo,zk,O), (42)
2

rae s Iy o no-npexuemy ucnoabsyem (39) u (40);
k=1,2, .., N.

Pexyppenrubie (opmyant (41), (42) u npeacras-
10T co6oil nckoMoe npubankenHoe (IIepBOro Mopsi-
ka cormacHo (35), (36)) pemenne menmHeitHoll 3a1a4n,
KOTOpOe Ha Ka)kJOM IIare JOJOKHO YIOBJIETBOPATDH
NpUGIKEHHO 3aKOHY COXpaHeHHs SHepruu. BimoJ-
HeHle 2TOT0 3aKOHA MOKHO OLeHHTh, BBejld ceMeiicTBO
omn60K

Op p =— . . —, (43)

+00 +00

(Pl, Z)m(zm) = é.[ IA1, 2(950»907 Zm;LO) X

—00 —00

x A1 2(0, Yo, zm; Lo) dxod Yo, (44)

IIpu6iskenHas MeTOAMKA PellleHHsl 3a/la4d O reHepaluy BTOPOii rapMOHNKH B HeauHeilnbix kpucrtaanax. Yacrs 1 1005



ammutTy 161 A (X0, Yo, Zm; Lo) HaxomaTcsa B Xole pea-
nuzanun mponecca (41), (42),

Pi+P =P =P (45)

— MOIIHOCTH JIMHEHOTO 110151 Ha OCHOBHOH 4acToTe Mo-
cJIe KpUCTaJLIa.

[IOHATHO, YTO B PACCMATPUBAEMOM CJIydae OG-
kn (43) He MOTyT GBITH PaBHBIMH HYJIO B TPUHITHTIE,
HO MO’KHO TIOTpeGoBaTh, 4To6bl pe3yabTupyiomas (cyM-
MapHas) omu6Ka

N

Op =D Ok (46)
k=1

He TIpeBBINIaza HEKOTOPOTO AIPUOPHO 3aaHHOTO 3Ha-
yennd. [lokaxxeM, 4To 3TO TpeGoBaHUE TPeCTABISIETCS
JTIOCTaTOYHO PEATHCTHYHBIM.

C ucnoabzoBanueM (44) BUAHO, YTO COXPaHEHUE
B (35), (36) TOIBKO ABYX HEPBBIX CJIAraeMbIX NPHBO-
[T K TOMY, 4T0 Bce omm6kn (43) oKa3bIBalOTCA TTOPS/I-
ka (uy)?. Toraa, o4eBHIHO, MOJTYYAETCS, UTO

N N
‘OE‘ = Z‘OE,k‘ ~ Zui = Nuj =
k=1 k=1
= N|AcAy, /Ty = N|LoAy,/(NT)[" = u2/ N, (47)

rjae

n= ‘LGAOM/B‘ (48)

— <IIOJIHBII» MAJbBII apaMeTp.

Ornenka (47) mnossosister chopMyIHPOBATH MPUH-
IUTHAJbHO BaJKHBII BBIBOJ. Y BeJMYEHNE YIC/Ia IaroB
pekyppenTHoro mpouecca (41), (42) [OJKHO yMeHb-
marh omu6ky (46) 10 CKOJBKO YroJHO Majoro 3Haue-
nug. Vam, apyrumum caoBamu, pemenne (41), (42) as-
nseTca acuMnToTndeckn TounbiM npu N us (13), crpe-
MsieMcst Kk GeckoHeuHoctu. [loaToMy ecsm arnpuopHo
TpefyeMas BesuunHa omnlku (46) sABJIgeTCA PasyMHO
MaJoif, To MOXKHO OXKHU/ATh, YTO HailleTcs TaKkoe YHCIIO
maroB N, npu kotopoMm omubka Op(N,) oxaxkerca
6JIN3KOIT K 3aJJaHHOII.

Boubiioii uHTEpec TpejcTaBiseT caydaii, Korja
«IIOJIHBIIT» Masblil mapameTp p u3 (48) Majl HaCTOJIbKO,
yro omubka (46) okasbIBaeTCs MeHbINE WM TOPSAKA
Tpebyemoii y:xxe npu N = 1. Ecom Besmumnsl L u ©
CUMTAIOTCS TIOCTOSHHBIMHU, TO TIePeXo/l K 3TOMY YacT-
HOMY cJiydaio 00ecIieYnBAEeTCSI BBIMOJHEHNEM YCJIOBUS:
pemmuuHa P u3 (45) (a smHaunr, m Ag,) cTpeMurcs
K HyJi0. PellleHne HeJMHENHON 3a1a4n IpH 3TOM OyIeT
no-npeskHeMy onpegensTbes gopmytamn (41), (42),
rje, Kak yxe orMmedanoch, mojaraeM N =1 (A= L).
Ilpu sToM, y4uWTBIBag, 4YTO Jia3epHOe M3JIydeHUe SIBJIS-
eTCs TayCCOBBIM ITIy4KoM, a moJie BI' Ha BXozme B Kpu-
CTaJIJT OTCYTCTBYET, HAXOANM /ISt JTI0OBIX 0 < z < L

Ai(xo, Yo, 2 Lo) = Ay (X0, Yo, Lo), (49)

AZ(xoyyOyZ;LO) = iTEAl%'I(xO’yO’LO) X
2

z

xJexp[—iQot]Fz_r(t)I“}y(t)dt = A, (%0, 40,2, Ly),  (50)
0

rae yukimsa Qg onpezenena B (25),

T it 2
E. (@) = ’ij.exp —2% exp(—ikS xH)dx,
TCtL * ay

3 @ 2
F, ) = ij‘exp —2% exp(-ikS,y*)dy.
TEtL b a,

Asnbrit Bug unrerpanos F,(t) u Fy,(t), KoTOpPBIE BbI-
YHCIIIOTCS TOYHO, 3/1eCh He IPUBO/IIM.

IToxxoa, B paMKaX KOTOPOTO MOJIyd4aeTcsl pelie-
nue (49), (50), HazpIBaeTca MpUOIMKEHHEM 3aJaHHOTO
nosist (IT3T1) OCHOBHOTO M3JIy4eHus], a UHTerpa 1o dt
u3 (50) mHorza Ha3bIBalOT aneprypHoil dynkimei [1].
B mogasasionmeM GOBIIMHCTBE CAyYaeB BUJ allepTyp-
HOll (DYHKIIME MOKHO OIPEJeJUTh TOJBKO UYHCIEHHBIM
MHTErpHpOBaHUEM, 3ajlaBasi HOBYIO CHCTEMY Y3JOB Ha
ocu Z, KOTOpast MOJKeT He uMeTh Hudero obutero ¢ (13).
Pemenwue (50) mpe/mmoaraeTcst HCIOIb30BaTh HIKE IS
MIPOBEPKH MPUOIMKEHHOTO CII0co6a BBIYMCIECHNST HHTe-
rpana (40).

Tak ke [ MpOBepKH, HO yske mHTerpana (39),
PaccMOTpPHM ellle OJIMH YacTHBIN ciayvail. IIpeamosara-
eM, uto nose BI mo-mpesxHemy omnpegessiercsa B 11311,
T.e. ucnosbayercsa (50), a Bmecto (49) GyaeM ucob-
30BaTh CJeAyIollee BhIPasKeHNe:

A1(X0,y0,Z;L0) = Ain(x()ry()rLO) +

+ iTgIexp[JriAkt]Im(xo,yo,t)dt, (51)
2
0
rje
ik
I ) yt = -
1p(x0 Yo, ) e X

XJ.J.ATHQX - xo,2y - yo,Lo)Azp(x,y, f;Lo)X

—

x exp[—2ikpxt/Rx:|eXp[ik(sxe £ S, )dedy.

Unrerpan I, nomydaercs u3 (26) samenoit Ay Ha Aj,
1 Ay Ha Ay, 13 (50) ¢ yuerom Toro, uto A = L. Creso-
BaTesIbHO, (51) MO3BOJIAET OEHNTh BO3MYIIEHHE JTUHEl-
HOTO II0JIsI Ha IIPOU3BOJIbHON ITockocTn z < L B mpes-
MOJIOKEHMH, YTO Ha Bceil JUCTAHIUU 0 9TOH ILIOCKO-
CTH OCHOBHOE M3JyUYeHHe CYNTAETCS HEBO3MYIIEHHDBIM.
Pemenue Henuneiinoii 3agaun B Buge (50), (51) raxxe
SIBJISIETCS JIOCTATOYHO TPYOBIM TPHOJIISKEHNEM, HO st
MaJbIx BemmanH [ u3 (48) oHo GymeT Bce-TakH HECKOJIb-
ko tounee (ommnbka Op(z) Gyaer HECKONBKO MEHBIIE),
yem B I1311, T.e. yem pemrenne (49), (50).
PaccMoTperHoe TPUG/IMKEHNE I0JIe3HO TeM, 4YTO
piag I'BI' B rayccoBoM Iyuke HHTerpupoBaHUe IO IIO-
HepevYHbIM KOOpANHATaM, T.e. 1o dx, dy, B (51) MoKHO
mposectu TouHo. Iloacrasiagem (50) B (51) u nocie He-
CJIOKHBIX, HO TPOMO3/JKIUX PACUeTOB MOJydaeM:
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A(xo, 40,2, L) = A, (x9, Yo, Lo) +
o)
.G 43
+ [ZTZJ A()Oe
t

x je’iAkt'Bx(t')I*}y(t’)Ex(x, te)dt |dt,  (52)

0

i¢IeiAktEy(yr t) «
0

rie Fo (') u Fy,(t') onpenenenst B (50),

2
Fp(x, t,t) = |- 1k_[ G sz)
nt L ay

2
x exp —2% exp(i2k2p(t’—t)jexp(ikaxz)dx,
a

X X

[ik | 20 - o)’
F1y(.7/0vt): : jexp Qy 2y0)
ntheo dy

2
X exp —2% exp(ikS,y*) dy.

Y

Wnterpanbt Fy, u Fj, BBIYUCIAIOTCA TOYHO, HO B Ie-
JIIX H9KOHOMWM MecTa WX SBHbBII BUJ MPUBOJAUTDL 3/1eCh
ue GygeM. OTMETUM JIUITh OJUH HPUHIIUITHAIBHBIN MO-
MEHT, KOTODBIIl HaM MoTpeOyeTcs HIXKe.

Jlna Momysst xkomiutekcHolt ¢yukunu Fi(x, ¢, t')
BBITIOJTHSETCS CJIeIyIoNIasl 3aBUCUMOCTD!

|FieCa, t, )~ exp[ -W(E )P’ = 0)*],  (53)

rne W(&,) — mesaBucammii or x, t u t' Tapamerp,
y6bIBatonumit, HampuMep, oT ~27000 cM 2 mipu &, = 0,2
10 ~1000 cm~2 npu &, = 0,007. 9710 03HAUAET, YTO s
YIJIOB JByJydernpesnomienns p # 0, Han6ojiee MpakTH-
4YecKN WHTEPECHbIN ciay4ail, BeJanunHa uHTerpaia [y,
6yzeT 0o4eHb OBICTPO CTPEMHUTBHCS K HYJIO NP YBeJH-
JeHn# pasHocTH |t — t|.

3. IIpuban:KeHHOoe BbIYNCJICHHE
MHTErPaJioB 110 NONEePeYHbIM
KOOp/IMHATAM

O6parusumch k (41), (42), nerko yBujerb, uTO
peanu3aius npe/jiaraeMoil YucJaeHHO cXeMbl CBOUTCS
k MuorokpaTtHoMmy (N pas, rae unciao maroB N ompe-
aeneno B (13)) Bbruncennio ABoiHBIX nHTerpanos (39),
(40), m TOHATHO, YTO AT STOTO B IEPBYIO OUYEpe/b
Heo6XONMO KOHKPETH3UPOBATh 3HAUYEHNUS TOMEePETHbIX
KoopauHAT. B Hacrogmell pa6oTe IIpeIoJarajoch,
gro toukn (x, y) u (xg, Yo) Ha IIOCKOCTU HAGIIOAEHUA
COBMAMAIOT C y3JaMH JBYXMEPHOII CeTKH paszMepoM
~30 x 30. MakcumayibHble 3HAYEHUS IOTEePEYHbIX KO-
OpAMHAT NIPUBA3BIBAIICH K IOIEPEYHbIM pa3MepaM JIH-
ueiinoro nmosst (16): |Xpax| ~ 4ay, |Ymax| ~ 4a,. Boupoc
0 KOHKPETH3allUd IIONEePeYHbIX KOOPAMHAT SABJSCTCS
BayKHBIM, HO, TI0 HAIIIEMY MHEHUIO, YHCTO TEXHUYECKUM.

[ToaTOMYy B IeJIX 9KOHOMHH MeCTa OCTaHABJIUBATHCA
Ha 9TOM He GymeM. OTMeTHM JIMIIb, YTO B OOLIEM CJIy-
yae TOYHOCTh PelleHns HeJInHelHoN 3amaunm GyJeT TeM
BbIIIE, YeM IMpe [Malla30H H3MeHEHHsl MOMePeuHbIX
KoopAMHAT U 4YeM GoJbllie Y3J0B 3ajielicTByercs st
Bouncaenns unrerpajios (39). (40). Ilpu atoM Heo6-
XO/MMO YYHUTBIBATD, YTO YBeJINYEHHE KOJMYECTBA Y3JI0B
Ha J060H M3 KoopAuHATHBIX oceil X mau Y B n pas
NpUBEJeT K yBeJINYEHNIO BPeMeHN PaGoThl IPOrpaMMBbI
B 1° pas.

B 3aBHCHMOCTH OT MCXOJHBIX YCJIOBHH BO3MOKHBI
aBe curyanuu. [IpeAnosiosxKuM, 4To BbITOJHEHHBIM OKa-
3bIBAaeTCS XOTsL Gbl OJIHO U3 [BYX YCJIOBHIA:

p— 07 &x - 07 (54)

re p u &, olpe/eseHbl BbIIIe.

B aToM mpocTeiimeM ciy4ae HUKAKAX JOTOTHU-
TeNbHBIX TPUOIIKEHUI /I YNCTEHHOTO BBIYUCJEHIS
nurerpanos (Hampumep, 1o QopMyse Tpamenuii) Bu-
na (39), (40), Bxomgamux B (41), (42), He Tpebyercs.
[lns1 ykazanHoil Boie ceTku pazmepoM ~30 x 30 u npu
N ~ 1000 B (13) BpeMst paGOTbI MPOrPaMMbl OKa3bIBa-
eTcs BIOJIHE TIpUeMJieMbIM U cocTaBjisieT ~1—2 MuH.
TOYHOCTD PacyeToB NPU TaKoM <IpsamMoM» (T.e. Ge3
MPUBJIEYEHNST KAKUX-JHO0 [OMOJHUTETbHBIX TPUOIII-
SKEHUH W JIOMyIeHui) crnocobe BbIYHUCIEHUS MHTerpa-
JIOB TIO TIOIIEPEYHBIM KOODPJIMHATAM OKa3bIBaeTcs, Kak
6y/ZeT TOKa3aHOo Jajee, JOCTATOYHO BBICOKOM. VIMeHHO
TaKoil MPSIMOIl MeTOo/] NCTIOIB30BAJICS TIPU TTPOBEIEHNN
pacdetoB B [9].

Ecanu ycnosus (54) He BBINOJIHAIOTCA, TO, Kak Oy-
JleT TIoKa3aHo Hike, aMiuinTyaa BI' cranoBuTcs 661cTpo
ocIWLINpYyIoliell (yHKimeil, B HaIleM cJjydae Tepe-
MeHHOIl x. B pesyabrate KoamdecTBO y3J0B 1o ocu X
HaJI0 YBeJIWYHBATD MPUOJN3UTENBHO Ha TOPSIOK, UTO,
B CBOIO OYepe/lb, YBEJMYUT BpeMs PabOTHI MPOTPAMMBI
IO HECKOJIDKIX YaCcOB U CJIeJIaeT TPSIMOii cIIoco6 BBIYUC-
JIEHUH MaJjio MOIXO/SAIINM [IJISI TPOBEJEHUST IeTaTbHBIX
HccIeIOBaHIi HeIMHEHBIX MPOoIeccoB. B cmry ckasaH-
HOTO TIpe/IJIaraeTcsl BMECTO TIPSIMOTO BBIYHICJIEHUS WHTe-
rpaia 1o dx u3 (40) (a uMeHHO g 3TOro MHTErpaja
u TpeGyeTcsl YacTasd ceTKa Y3JI0B) HCIOJIb30BATh TIPH-
O6/IUKEHHDBINT BapUaHT, KOTOPBIA IS OIpeeleHHOCTI
Oy/leM Ha3bIBaTh «HMHTEPIIOISIIIOHHBIM .

CyTh WHTEPHOJAINNOHHOTO TPHUOIIKEHNS COBEpP-
I[IeHHO MOoHsATHA. Bbruncienne nurerpasia mo dx us (40)
mpoBoAUM B /iBa 3Tana. CHayala HaXOAWM 3HAYEHIS
nunrerpana (40) g HeGOIBIIOTO KOJUYeCTBa 3Hade-
nuit xo (Hampumep, ~ 30, Kak u B IpaMoM MeToje). Ha
BTOPOM 3Talle WCIOJIb3yeM Haii/[eHHble 3HaYeHUs B Ka-
YeCTBe Y3JI0B JIJISI TIOCTPOEHUST MHTEPIIOJISIIINOHHOTO 10~
sunoMa Jlarpamka [ 13], mopsi/jok KOTOpoOro B paccMat-
pHBaeMOM TIpuMepe He MoskeT OBITh 6osbiie 30. 3ateM,
UCTIOBb3YsT 3TOT WHTEPIIOJAIMOHHBII TIOJINHOM, IIPH-
GJIKEHHO HAaXO/UM BeJinunHy uHterpasia (40) pis Jio-
60TO pPa3yMHOTO KOJIMYECTBA 3HAYEHWI Xj, PacIoJio-
JKeHHBIX MeXay yaaamu. O6paiienne kK monnHomy Jla-
rpaHKa TPAKTHYeCKH He YBEJINYUBaeT BpeMsi PaloThl
MPOTPaMMBI TI0 CPaBHEHWIO C MPSIMBIM MeTO/IOM, i,
TaKUM 006pa3oM, HaM OCTAaeTcsl TOJBKO OIEHHUTb TOY-
HOCTH WHTEPIOJISIIIHOHHOTO WHTETPUPOBAHUSI.
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[TockombKy B HacTostell pa6oTe HAMOOJIBITHIT WH-
Tepec TIpe/icTaBigeT onpeaeaenne apdextusHoctn BT,
MIOCTOJIBKY 1 «Ka4ecTBO» MHTEPIOJISAINOHHOTO HHTETPU-
POBAHUS TPE/JIATAeTCs OIIEHUBATD C TIOMOIIBIO ONTHOKH

0, =100% - (Py - )/ Py, (55)

rae Py, u Py — 3nadenus momrHoctu BT, koTopseie mo-
JIYYAIOTCSI, COOTBETCTBEHHO, MPHU TOYHOM DEIIEHUN He-
nuHeliHol 3amaun u mpu ucnonbsoBanuu (41), (42)
C UHTEPIOJISAIHOHHBIM HHTETPUPOBAHIEM.

Jlist ocylecTBIeHNsT yKa3aHHOII TPOBEPKU B Ka-
YecTBe <«TOYHOTO» TIPE/IaraeTcsi HCI0Jb30BaTh pe-
menne (49), (50), monyuennoe B 113I1. B manuoMm ciy-
Yae TEPMUH <«TOYHOEe» pellleHue o3Hadaer, 4o B (50)
UHTErpaj 1o TONepedHbIM  KoopanHaTaM (KoTopbiii
U TIOJJIEKAT MPOBEPKe) BBIYUCJIAETCS TOUHO. Ilepexos
k TI31T B cxeme (41), (42) ocyuiecTBisieTcsi, OYeBU/I-
HO, mpu BoimosHenuu yeaous: A(xg, yo, zx; Lo) =
= A (x0, Yo, Lo) nnsa Beex 0 <z, < L. VMes B BUIY
3TO ycJoBHe, peaausyeM mpouecc (42) ¢ 9ncaoM maros
N =50, B Xo/1e KOTOpPOTO HHTerpan [, BbIYHCJSAETCS
IPOBEPSIEMbIM HTEPIIOJSAIINOHHBIM METO/IOM. B pesyiib-
Tare HaXOJUM MOIIHOCTb P, KOTOPYIO U HEOGXOANMO
noacrasuth B (55).

Pesy/ibraThl TPOBEPKHU MpPeCTaBJIeHbl Ha puc. 1
(xpusble 1 u 3) B Buge 3aBucumoctu oumbku (55) ot
In(¢,). Tlapamerp (POKyCHPOBKH &, M3MEHAICA B IIpe-
nemax 1074 < £, < 0,3. IIpu a1oM mapameTp (HOKYCHPOB-
Kn &, caydaifHpIM o6pa3oM BBIOWpAJICS W3 /JHala3oHa
1074 < &, < 4. Jlna xaxjoii mapbl napamerpos okycu-
POBKH TIOJIGUPAJIOCh ONTUMAJIbHOE 3HAYEHUE BOJHOBOIL
paccTpoiiku Apy = (AkO)opt- Bennunna mocaeHeil m3me-
Hsanach B amamasoHe oT 0 go —1,1. MoIHOCTh OCHOB-
Horo wusiaydenuss (Py u3 (14)) BapbupoBajach TaKuM
o6pa3oM, 4TOObI 3(P(HEKTUBHOCTh HEJTMHENHOTO MPeons-
pasoBaHus

n= 100%-% (56)
0

Bcerjga oCTaBaJaChb HpHéJII/ISI/ITeJIbHO Ha O/THOM ypOBHE.

0,10
0,09
0,08
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0,06
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0,00

~0.01 . I . I . I . I . I

"0 -8 -6 -4 -2 0
In(&,)

Puc. 1. 3aBucumocts onm6ok O; (61) (2, 4) u O, (55) (1, 3)

or mapamerpoB (OKycHpoBKu g caydaeB p =0 (1, 2)

up=0(Q,4)

O1, Oy, %

3aBUCUMOCTH TIPEACTABJIEHBI I JBYX CJIydaes:

1) p = 0. TIpu atom BbIuncIeHne uHTerpasa (40)
OCYIIECTBJISIETCS TIPSIMBIM CIIOCOGOM. DTOMY CJyYai0 Ha
puc. 1 cooTBeTCTBYyeT KpuBas /;

2) p # 0. IIpu atom unrerpa (40) BbIYUCIAICT UH-
TEPTOJISIIMOHHBIM CIIOCO60M. DTOMY ciIydaro Ha puc. 1
COOTBETCTBYeT KpuBas 3.

Ha puc. 2 (kpusble / u 2) mpeJcTaBjeHbl 3aBH-
CUMOCTH aMILIUTY A6l BT OT MOMEpevHBIX KOOPAMHAT
IpU ABYX PacCMOTPEHHBIX BbIIIE CHOCO0aX PelleHHs
sapaun: Ar(xg, yo, L; Ly) («Tounoe» pemenne (50))
u Ax(xg, yo, L; Ly) (ucnonbayercs (42) u uHTEpIONS-
uonHoe uHTerpuposanue (40)). B Tom macmrabe, ko-
TOPBI WCIOMB30BaH /I TOCTPOEHUS TpaduKOB Ha
puc. 2, yBHIETb HeGOJbINNE Pa3INIus MeKIY (PYHK-
M Ay m Ay HEBO3MOXKHO — KPHBBIE IIOJHOCTDIO
CIMBAIOTCA. DTH COBNAJAIONINE Tapbl KPUBBIX 0003Ha-
4yeHbl Ha puc. 2 mmdpamn / m 2. PacyeTsr mpoBoIi-
JICH TP CJEAYIONINX MCXOAHDBIX YCIOBHAX:

€ =02 &, =34 Ay =-09. (57)

MO3KHO MOKa3aTh, YTO UMEHHO TIpH ycaoBusix (57) pea-
Ju3yercss MakcuMasibHag addektuBHocTh Bl B kpu-
cramie BBO pmunoit L = 1 cm. [lpaBga, aTto cripasen-
mBo Tosbko B [I3I1.

1,0
0,8
0,6 -

0,4 -

Ay, Ay, HOpMUPOBaHHbIE HA MAKCUMYM

-3 -2 -1 0 1 2 3
(xo/ a, yn/tly)
Puc. 2. 3aBHCHMOCTH HOPMHUPOBAHHBIX Ha MaKCHMYM aMII-
JIUTY]T B3aMMOJAENHCTBYIONMX TI0JIeHl OT TONEepeuHbIX KOOpP/IU-
Hat:  As 2(xo/ax, 0, L; Lo) (1); Az 240, yo/ay, L; Lo) (2);
A1 140, yo/ay, L; Lo) (3); Ar 1Lxo/ay, 0, L; Lo) (4)

Oo6paruBimuch K puc. 2, ybesxkgaeMcsi, 4To B Hau-
6oJiee MHTEPECHOM /I TMIPaKTUKH ciaydae (57) aMmiuiu-
tyga BT (no nepeMeHHoil ) [elicTBUTEIbHO ABJIsAETCS
JIOBOJIBHO GBICTPO ocimunpyioneit pynkineii. Fimenxno
TI03TOMY /IS ee TIpe/icTaBIeHNs TpebyeTcs 6osiee dacTas
KOOp/IMHATHAS CeTKa, B CIJIy Yero BO3HHWKaeT Heo6Xo-
JIIMOCTD MCIOJIb30BaHMS TPUOGIIKEHHOTO €oco6a BbI-
uicennd unterpaia (40). Bosee Toro, Takoil ocLuLIn-
pyfotuit xapaktep ot BT cozmaet ete oamy mpobJie-
My, CBA3aHHYIO y’Ke C BblumcieHneM uHterpasa (39),
MO/IbIHTErpasibHast (BYHKIUS KOTOPOTO IPSIMO 3aBUCHT
ot Ax(x, y, zi; Ly). Tlocieanee IPUBOIUT K TOMY, YTO

1008 Kouocos B.B., Tpounkuii B.O.



KommuecTBo y310B (~30) sABasgeTca mpueMIeMBIM IS
KOPPEKTHOTO IPeJCTABIEHI CPAaBHUTEJIBHO <«MeJICH-
Hoit» dynkunu I(xg, yo, 2k, t), HO SBHO HeJOCTATOY-
HBIM /I BbIYKCJIeHHd uuTerpaia no dx 8 (39).
O6o3HavyeHHyI0 TIpo6JeMy peliaeM CJeAyIOmuM
o6pazoM. O6paruMca k pemternio (52), U3 KOTOPOro
cJIelyeT, Y4TO BeJMYMHA BO3MYIIEHUSA JUHEHHOTrO MoJIst
Ha OCHOBHOII 4acTOTe OKa3bIBAETCsl IIPONOPLHOHANBHOI
akcronente (53). Vcxons us 910ro, BBeJeM BeJTUYUHY

L, =-In(107%)/W(E)p* = L, (¢, p),  (58)

KOTOpast TIOKA3BIBAET, HA KaKoil juctanmun |t —t| =L,
BeJUYNHA  IKCIIOHEHTBI ~ yMEHbINaeTcs, HaIpuMep,
B 1000 pa3 mo cpaBHEHHMIO CO CBOUM MaKCUMaJbHBIM
3HaUYeHUEeM, HaOJI0aeMbIM TIPH \t’—t\ =0. IIpoBenen-
HbIe HCCJIeIOBAaHUS TOKa3ain, 4To ecau L, ompeses-
ercsi u3 (58), to mms Beex |[t'-t|>L, dynkmmo
|F.(x, t,t)| (a 3maunrt u Bce BTOpoe claraeMoe B IIpa-
Boil wactu (52)) MoskHO 6e3 GOJbIIOH OUHMOKH MOJIO0-
JKUTH paBHOU HYy 0. Besqnmunuy L, B Teopun reHepamun
rapMOHUK Ha3bIBAIOT arepTypHoil auHoii [1]. Ha atom
PACCTOSHNUNU YUKW HA OCHOBHOI 4YacToTe W Ha YacToTe
BI' nmpocTpaHCTBEHHO IOJIHOCTBIO PacXOAATCs U3-3a
cHoca suepruu BT, o6ycoBieHHOT0 aHN30TpOIHEil cpe-
npl. B pesysbrare HesmHeliHoe B3aumMojieiicTBHe IIpe-
kpamaerca (cormacuo (58), ymenbmaercs B 10° pas).
Ecim yron anusorponnu (p) dpukcuposan, 1o L, cra-
HOBUTCS (PYHKIHEH TONTBKO TapaMeTpa (POKYCHPOBKH &, .
Bup atoii 3aBucuMoctn, mosydenHoil u3 amammsa (52),
npezactaBjged Ha puc. 3. [lo Mepe ymeHbImeHus mapa-
Metpa &, BenmumHa L, pacter u npu &, = & ~ 0,007
CTaHOBUTCSI paBHOU L. MOKHO TOKa3aTb, YTO CJIydYal
L,= L u L,> L B njaHe NpoBe/leHUs] PacueTOB HIYEM
He oTimyaiotcst. [lostomy, ctpost 3aBucuMocTb L,(E,),
s Beex &, < &g, MbI mosraraau L, = L. OTMeTnM, 9TO
L, = L s mo6bixX &,, ecau cuntaercs, uto p = 0.

1,0 -

0,8 -

0,6 -

Ly, oM

0,4

0,2

0.0 s | s 1 L | L | s |
-10 -8 -6 4 -2 0

In(&,)

Puc. 3. 3aBucumocTh amepTypHOH [JJIMHBI OT HapaMeTpa
(hoxycupoBku &,

Pesysnbrathl, mpecTaBIeHHbIE Ha PHC. 3, UCIIOJb-
3ytoTcs caeyonmM obpasoM. [ToHATHO, YTO aMILTHTY-
na BT — Ax(xg, yo, 2; Lo), Beerzia ompejiesisieTcsl NHTe-

rpajioM 1o dt B mpefenax oT Hyjs go z (cM., Hanpu-
Mep, (50)). Torma mas mo6bIX z > L, BBIIOJHIETCS

z z-1,
A~ [Cade= [ Codes
0 0
+ J‘ (---)thA2A+A2E- (59)
z-L,

3 ompemenennsa (58) cieayer, UTO BeJMYMHA HMHTE-
rpana (39) U3MEHNTCA HeCYIeCTBEHHO, €CJH B €ro I1o-
JbIHTerpaibHoll pyHkuuu nonxoe nose Ax(x, y, zx; Lo)
samenntb pynrumeir Ay uz (59). Jpyrumu cioBamu,
s GyHRUIH Ay, crosuieil mox wHTerpasioM B (39),
6y/ieM HCIOJIb30BaTh CJIeAyIollee TPeCTaBIeHue:

Ay = I(...)dt, ecn z < L,
0

Ay ~ j (..)dt = Ay, econ z > L. (60)
L

Z=La

B mraHe peasmzanny 4ncJeHHOTO MHTETPHPOBAHN
B (39) ucnoabzosanne (60) uMeeT NpHHINMIHAIbLHOE
3HaueHNe B CBS3U C TeM, YTO aMILTHTya Ay sBIgeTcs
«Me/IJIeHHOI» (pyHKINell mepeMeHHol X M0 CpaBHEHUIO
¢ Ay. 310 MIOCTpUpPYET puc. 4, Tae As yeaosuii (57)
npejcraBiena 3aBucuMoctb Ays(xo/dy, 4o =0, L; Ly),
KOTOPYIO CJleflyeT CpPaBHUTL ¢ Tpacukom ! Ha puc. 2.
OrcyTcTBHE CHJIBHBIX OCIJLIAIN (pyHKIH A,y 10
TepeMeHHON X MO3BOJISIET BBIYUCINTh HHTETPAT 10 dx
u3 (39), onupasgch Ha CPaBHUTENBHO HEGOJBIIOE KOJIM-
YeCTBO Y3JI0B.

1,0 -
0,8
0,6 -
0,4
0,2

0,0

| L 1 L | L 1 L | L 1 L | .
-1,5 -1,0 -0,5 0,0 0,5 1,0 1,5
xO/aI

Puc. 4. 3aBucumoctp ammiutyapl BI' Ha aneprypHoil amune,
HOpMHpOBaHHOH Ha MakcuMyM, As5(xo/dy, yo = 0, L; Lo)

HcnonpsoBanue npubmnkennsa (60) go/mkHO, ode-
BU/IHO, OTPA3UThCS Ha TOYHOCTH PeIIeHHs HeJINnHeHHOH
3agayu. UTo6bl OLEHUTH CTelleHb 5TOrO BJIUSHUSA, BBe-
ZleM oIIoKy

O, =100% - (P, - P)/ Py, (61)
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rae Py u Py — BeJMYUHBI MOIIHOCTH OCHOBHOTO U3JIy-
YeHNsA, KOTOpPbIE II0JyYalOTCsl, COOTBETCTBEHHO, IIPU
TOYHOM BbIuMc/IeHnn uHTerpasia (39) m npn pemennu
no cxeme (41), (42) ¢ ucmonb30BaHNEM MHTEPITOJISAIH-
OHHOTO HHTerpupoBanus u npubmuxkerus (60).

B kauecTBe «TOYHOr0» BHIPAKEHUS /ISl AMILIATY bl
ocHoBHoro uaayuenns Ai(xg, yo, z; Lo) Gynem ncron-
3o0Batb (51), T.e. peub uger o 11311 B 0JIHOM U3 BO3MOK-
HBIX BapHaHTOB. 3JI€Ch OIATh TEPMHH «TOYHOE» Pelle-
HEE BCEro JIMMIb MoJ4epKuBaeT TOT (hakT, Y4TO IPH BbI-
Boje (51) unrerpasn (39) Bbruncisgercs TouHo. B pamMkax
yucaenHoit cxembr (41), (42) mepexox K aToMy Bapw-
auty 1311 obecneunBaeTcsl BLITIOTHEHNEM CJIeTyTOIIETO
YCJIOBUS: B TOAbIHTerpasibHbix (yHkmax (39), (40)
quis Beex 0 <z, < L cuuraercs, uro Ai(xq, Yo, 2; Lo) =
= A (x0, Yo, Lo). Tlomyyaemoe Tpu 5TOM pelleHne
o6osnaugaeM yepes A(xg, Yo, 2; Lo).

3asucnmocth ommbku (61) oT BesMyMH mapamer-
poB doxycuposkn &, u &, mokasaxa Ha puc. 1. Pac-
CMOTPEHBI Te Ke JiBa CJyvas, [ KOTOPhIX HCCIeI0Ba-
nach ommuobka (55): mpamoe unterpuposanue (p = 0) —
KpuBag 2 — W HHTErpUpOBaHNEe C HCIIOJIb30BaHUEM
npubmxkennit (p =2 0) — xpusag 4. Cosnagaioniue
(kax u arg noss BT) saBucumoctu amrmtys A; u Ay,
OT TONEPeYHbIX KOOPAWHAT TPHUBEAEHBI Ha pPHC. 2
(xpuBble 3 n 4) ansa ncxoAHbIX ycaopuit (57).

3akouenue

IToxBeneM mpeaBapUTeNbHbBIE HTOTH.

[Ipennoxena uncaennas cxema (41), (42) peme-
HUsI HeJMHEeHHON 3a/auu, alrOPUTM KOTOPOil CBOAUTCS
K MHOTOKPATHOMY BBIYHMCJEHUIO ABOWHBIX HHTETPAJIOB
(39), (40), manpumep, kKak B HacTosmell paGore, IO
opmyse Tpamermii. [Ipi BBIMOJIHEHNH OJHOTO W3 yC-
gosuit (54) ykasaHHOe YHCJIEHHOE WHTerpHpOBaHUE
peanusyercss 6e3 KaKMX-TMGO JOTOJHUTETbHBIX TIPH-
6/MKEHNH W JOMyIIeHUH — <«IpsMoe» WHTErpupoBa-
Hite. [Ipi 5TOM MOJKHO HCTOJIb30BATh JIOCTATOUHO Pejl-
Kylo ceTKy Tonepednbix koopauuat (~30x30), uro
o6ecriednBaeT BeCbMa BBICOKYIO TOYHOCTD MOJYIaeMOro
pelleHns 3a TpueMIeMo HeGoJIbInoe BpeMsi paGoThI
nporpamMbl. [Toc/ieiHEe TMOATBEPKAAETCA PE3yJIbTaTa-
Mu, mnokazauHbiMu Ha puc. 1 (kpusbie 7, 2). Ecin
yeiosusg (54) He BBINOJHSAIOTCS, TO U peaju3aiiu
pekyppenTHoro mpoiiecca (41), (42) Heo6xoaUMO TIpH-
BJIEKaTh [Ba NPUOINKEHUS: WHTEPIOJIANMOHHOE WH-
terpupoBanue u npezcrasiaerue (60). Ilpu ucmnosnb3o-
BaHWUN 3THX TPHUOJIIKEHIH BpeMsi paGoThI MPOrpaMMbl
(1o cpaBHEHNIO ¢ TPSIMBIM METOJIOM) TIPaKTHYECKH He
yBeslnYuBaeTcs, HO BesinuyuHbl omu6ok (55) u (61)
Bospacraior (puc. 1, kpusble 3, 4). [laa upoBeneHus
JNAJBHENTINX UCCTAeJOBaHI 06CY:KIaeMOTO HeJInHel-
HOTO TIpollecca, pajiil 4ero co6CTBEHHO U paspabaTbiBa-
eTcsl METO/IMKa PacuyeToB, IPOAEMOHCTPUPOBAHHAS TOY-
noctb (omubkn Of u O, okasamuch Menbire 0,1%)
mpejicTaBisieTcst GoJiee 4eM J0CTaTOYHOM.

CremaeM elie olHO 3aMevyaHe OGIIEro XapakTepa.
Ormnennth Besnmunubl omu6ok (55) u (61) B HacTOSIINX
UCCIEIOBAHUAX BO3MOMKHO OJlarojlapsi HaJUIHIo pelle-

uuit (50) u (51), KoTopbie GbLIM MONYIEHBI B TIPUGJIH-
SKeHUU 3a/1aHHOTO IoJi1. BosHUKaeT ecTeCTBeHHbIl BO-
npoc: GyayT Jiu npejaraeMbie IIPUGIMKeHHbIE CIIOCOGBI
BBIYHCJIEHIST WHTETPAJIOB 00eCTeYnBaTh COM3MEPUMYIO
TOYHOCTH U IPU <CYIIECTBEHHO HEJMHEHHOM pesKuMe
TeHepaluu TrapMoHUK» [1], T.e. B ToM cuydyae, Korja
peenue (41), (42) Gyaer NIPUHIUINAIBHO OTIHYATHCS
or (50), (51). Ha aty TeMy MOKHO pacCysKIaTh HCXO-
[ M3 Pa3JMYHbIX 00X COOOpasKeHUi, HO J0CTaToy-
HO yOeAUTebHYI0 apTyMEeHTAIUI0 MOKET MPeJOCTaBUTh
TOJIBKO CTIENNAIBHO OpPTaHN30BaHHAsI MPOBEPKa, KOTO-
pas GyJieT paccMOTpeHa BO BTOPOH 4acTh paboThl.
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V.V. Kolosov, V.O. Troitskii. Approximate technique for solution of the problem on second harmonic
generation in nonlinear crystals. Part 1.

A technique is proposed for approximate solution of the system of equations responsible for second har-
monic generation in nonlinear uniaxial crystals. The algorithm of this techniqueis is reduced to numerical calcu-
lation of a threefold integrated integral. The study consists of two parts. In the first part, two approximations
are considered. These approximations allow the time for computation of twofold integrated integrals with re-
spect to transverse coordinates to be shortened nearly two times in the situations most complicated for compu-
tations. The second part discusses an approximate technique for estimation of the power of interacting waves,
which also allows the computation time to be decreased by an order of magnitude by means of a decrease in the
minimal needed number of steps of the recurrent process. The results of the tests demonstrate that although
the use of the approximations proposed decreases the accuracy of solution of the nonlinear problem, but never-
theless keeps the errors at an acceptably low level.
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