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CTOXACTHYECKUE BOJIHOBLIE ﬂPOI.IECCI:\l*)

1. Ora n cienylomas JeknuMy OyoyT HOCBSimEeHbI CTOXac—
THYEeCKHM MpcHeccaM B TeX Cclydadx, Korga HenuHeitHOCTh

BOJNIH Be/inka, HexoTopnle AnHaMum4ecKde CEBOACTBA He/IMHON-
HEIX BCIIH Y€ PaCCMATPHBAIHCH B NpeAblAYIEX JIeKIASX
M.H.PaGnHOBHYa, a HEKOTOphle Apyru#e HX CBolicTBa GynyT
BBeleHs! Mo Mepe HamoSHoctd., Ham mopamoGUTCsl Takxke oOn-
penenensplt “493bIK”, C NOMOILIO KOTOPOro yAo6HO HCCleno-
BaTh CTOXACTAYeCKHEe dBJIeHHs. BBeneM NOHATHe HelIMHeHHO-
ro BOJHOBOI'O NOJS, YOOBIETBOPSIOWEro NepHOARNYECKHM rpa-
HAYHBIM yclopusM mO KoopauHatre X . Takoe noine ecrect-
BEHHO NPEACTABHATE C MOMOMBKX raMWiILTOHHAaHa. Hampamep,
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Koneuno, MoxHO 6pUl0 OBl 3anAcCaTh YPABHEHAS B YaCTHBIX
NPOKU3BOAHLIX, KOTOPLIM YNOBJIETBOpSET mNole

su,t) = % gqut)ﬁu'x.

Hac 6ynmer murepecoBarh nanee CnenpalbHLIR BAA pelleHAS
ypaBHeHHHE nond, xXOTOphif RashiBaeTCd NnepEOAnHYecKoft cra-
LHOHAPHOH BOMHOM:

génju-ut); 3(x,t)=\,(x+‘%‘a-: 't),

Benuwna U gBNgerca CKQPOCTHIO BONHH, a K ~ ee
ponHoBoe uacno. Taxoe pemenne MOXHGO PasJIOXMTL B psA

*)lpounrano Ha Pecny6/imEaHCKOf mKONe NO HeNMHBHAHEIM
Ko/neGaHMIM H BO/IHAM B pacHpenel@HHBIX CHCTeMax.
(Toprkorckas o6n., mapr 1972 r.).




@ypre Gonee ynoGHHIM CNOCOGOM, HOTOKEB (| = nk "

8aMeHHB CYMMEpPOBAHHe NO{ CyMMHpoBarmmeMm no # . Chne-

NuATEHEBIE BHA DaccMaTpEBaaMoi BONHEI 03HAUaeT TAaKKe,
YW

%%gz)= Yo () =€, ; w=ku

A BenmuuHy )  HasopeM wacToTOl BonmE., Temeps Mbi
BBeneM GespeaMepmrii mapamerp N, xoropuii ecrecTsen-
HniM ofpasom GyneT XApaKTEepH3QBATH CTeNedh HenmHeliHoC-
TA BONHE, /INg 9TOro pacCMOTPEM IABECHMOCThH e,,, orT
% .Ecomnpmp >N cmegrp £n ponms sdpexTurHO
obpecaeTcs, TO BONMHYKMHA
¥ onpenenser xapaxrep-
' C HOe WECIO rapMOHHAK B BOMI=-
n HOBOM MakKere, NPeACTAaRISio—
meM HelmHe#HyI0o BONHy., B
TeéX ypABHeHHWSIX, KOTOpEIe
OPHBOMENKCHL B NeKwusx Pa-

0 'Nra

OrHoBMuya, oGpesaHHe CHEKT—
pa NPOMCXOAHT SKCIOHEH-

maanbEe B waciio N cymecT-
pyer. Ecnm N~ { , To pon-

-HA GNMU3KAa.X CHHyCcOMnan.b -

Hol#l, B oTOT chyuall HasOoBEM

cnaSo nenmmefimniM. HaoGopor, cnyuat N »> COOTBETCTBY- -

o7 CANbLHOMY aHrapMoEE3My. Om 6yneT Ha3bIBATHCS CHILHO
He/IMBEQAMLM -7 GBHTCH NpPeAMETOM HOC/IeAOBAHAS B JIOKUHSX,

2. Henmmefinylo MepEOAMYECKYIO BONIHY MOXHO ONHCH =
PATh PASHHIME NePeMEHHLIMH, OQHAXO, CYWeCTBYOT “rywume”
NepeMeHHble, AHANOIAYHE® NOPeMEHHEIM AefiCTBHe-YIoNl /s
ocmannaropa. ORa3LIBAGTCH, YTO €C/IH PacCMOTpPeTb CHCTeMy
YPARHOHHI NBWKEHRS BOIRHN B HaMMILTOHOBCKOH ¢opme:
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10 ‘neficreue 1 BOJIHBI C/I@AyeT ONpeneNBTh C MOMOMKD
ypasHeRRA

d .
= W) =kulK).

TakuMm o6pasom, nepementse ( § , ¥ ) saeasmorca xamo—~
HH9ECKH CONPMKOHHELIME H-YAOKIETBOPSIOT YPABHOHMSM NBH-
XKeHud

i=0, d-ku=w.

lleppoe ¥3 sTEX ypaBHeHHH BLIp&XAET NPOCTO IAKOH coxpa-
HeHwsi aHeprzv M  HenAmHelinol BOMHLI,

OGpaTEmce Teneph K 3adase, B KOTOpPof Hemuefimad
NepHOAWYECKAas BONHA HAXOGUTCH Nof AedCTBEHEM BHOITAEIO
poaMymenud, [Jo-saneMoMy, NONEAHO MOAYEPKHYTH, WTO B
NEHeHOM ciTywae Mbl MOXEM I'OBOPHTH O TEODPHH BOSMyme-
HEit nns pamsoro ypasHemma {wnm omeparopa). Onusaxo, B
paccMaTpHBaeMOM cilyvae HelAHeHHAA BONHA SBIFdeTCH He
o6mMM, a YACTHBIM peilleHHeM, X NO3TOMY TeOpHsS BOIMYyme-
HANl, 0 KoTopoll GyneT uATH pedYb HWMKe, OTHOCATCH K HalT—
HOMy pewemmio. BosMymenWe TaKxKe yAQGHO BBECTH C HO =
MOLLI0 MaMAILTOHHAHA:

Ecie CoXpaHHTE ompenieNeHAs I , W ¢ momommio HeBo3~
MyiesHo# sactd H  ramminrommama ¥ , TO ypaBHemms
NBH)XEHASl BOJHEI NMPHMYT BHA:

dH,

e,
L KL}

=3 yee Bl

o K

(2)



Hanwncensble ypaBHReHHWS OBIKOHUS AHAIOI'AYHB ypaBHEeHWSAM °
OBIKEHUS HeIuEeABOro OCHH/NIATOPA NPH HallW4HK BO3MYylIe-—
HHSI, DTa aHAIOrNd MeXay HelmHefHOl Bo/HON H wacTHuel
HOCTHrHyTa Gnaronapsi BBeNeHH0 yHOGHLIX nepemeHHnix. Op-
HaAKO CTPYKTypa TOi uacTH ypapHeHmil, xoTopad cBs3aHa C
BO3MYIIEHACM, OyOeT HEeCKOIbKC OTIMUaThLCS [Ji8 HenuHefHol
BOJIHBEI OT Cilyyad OOBIYHOIO OoCmA/IATOpa. {lyCTh, HampEMep,
Ha sonuy nehcreyer cuna & @ (x,t) . Torna

He=E g0 0, B)= 2 cae P,

inkx
Pt)=3 0, ¢

H B mpapylo 49acTh ypasHemmit (2) Bxonat ®ypbe-aMmIUTyQsI
pelIenud, 3aBECAMOCTbL KOTOpbIX OT I H3BACTHE,
8. PaccmarpuBaeMeiff HHXKe ClIyqall MOXXEO HA3BaTh

H3O/IMPOBAHHEIM PE3OHAHCOM, [lycTh BHeliHee BOIMylIeHHe
AMeeT TO/bKO OfHY TAPMOHHMKY, TO €CTh

¢ (x,t)=Ppe Cos(mkx - LV1),

B BLIDQKEHHHR N8 u1 ocrapeTcd CRUH wWieH ¥ ypaBHeHMM
(2) npamyr BHEAO:

é=‘mw €)=+ 0.
Pesonanc Mexny BO3MYyWEHHEM M BOJIHOH IPOACXOMHMT, €Clth

o (Tue) = 0, @



roe |, @ - Hexoropoe 3HaueHme neicTBHS BONHbL. IloBeme- |
HAe BOJIHbI B OKPECTHOCTH pPe3OHAHCA Ipoule BCEro ONACAThb
C MOMOIBLIO NPHGJIMKEHHOrO HHTErpajla [BIKEeHHS:

i dw()
2" d% (I-Twef-€mc,, 9, Cos0=const.
DefictBuTensuo, nubdepeHmpys sTo Bhipaxenue no § -

HCIIONL3Ysl ypaBHeHHS [BHXeHud, yGexaaeMcs B TOM, 4TO Ipa-

Bad 4acCTh €CThb KOHCTAHTA C TOYHOCTHLIO A0 WIEHOB MOpdaaKa
£° . Mul nonyannu ypabHeHHS KoneGaHMs THIA MasATHHKA.

HUs mero cnenyer, 9ro n3MeHeHne AeficTBHSA §1= (I"Im! )

OpoMOAYJ/IMPOBAHO- BO BpeMeHu H B nmpocTpaHcTBe. [nyGuna

aToil Monynsiumu, KOoTopyio GyneM Ha3niBaTh WHMPHHOHK pe3oRaH-

ca, MMeeT NOopAnoK:

§1~ [ecmOme/ 52

H NpONOpUHOHAIILHA {E . OnuuM H3 nposBieHull MOAYMNSLMH
AB/dgercd Nnepuoanyeckoe H3MeHeHHe (OpMbl BOJIHOBOIO Nake-
Ta. OnHOBpeMeHHO C (IOpMON MOAYNSNMIO HCNLITHIBAET M CKO-
pocTb BoMHBL, B nanbeeffmieM Ram noHagoGHTCS BenAYMHA

d dw 1/
w=~d—? 0T ~[eCm Pime d—'}’ ] 2,

onpependiomas LIHPAHY pe3oHaHCA MO 4acToTe, TO €CTh MakK-—
CHMAa/IbHOe H3MeHeHHe YaCTOThl BOJIHLI BC/Ie[ICTBHE pe3OHaHca.

XoTd npEBeNeHHbIe PACCYXAEHHS SBAAIOTCS NpAG/KEH-
HBIMH I HOCHT INONYyKa4eCTBeHHbIl XapakTep, TeM He MeHee,
HX MOXHO ompasnarh 6onee CTPOrMMH METOOAMH, HCIOIL3YIo-—
HLIMMH OTBICK@HHE pellleHHs B BHAe psdaa NO CTeneHaAM napa-
MmeTpa &



4, OueBEnHO, 4TO CiTywali OQHOrO U3ONHPOBAHHOrO pe— °
30HAHCA SBIAETCH CIHIKOM YaCTHRIM AN TOro, 4robhl ne~
narh Kakod-nuGo o6mmil BEIBOA O NOBEAGHME HesimHeltHON BOI-
HBl non AeficTEBHeM Malbix Bo3Mymermit. B ofweM ciyuae
BHemMEGd cHiIa (K,t) COMEePKHT MIOrO IapMOHHK NIO ¥ X

t . 3to obcToaTenncTBO, KAK MBI cefiyac YBPHAOMM, MOXET
NPEEIMIMAILEO K3MEOHHTL ReChb XapaxTep 9BOJNIONMH BOJHLI.
IToCTPOEM CHCTEMY BOSMOXHBIX DO3OHAHCOB MEXAY KAKEME—ITH-~
60 rapMOEMKaM® BEeUHe# CWIbl ¥ HeIHHeHHOR BONHLI, drta
CHCTeMa 3aBHCHT, B H&CTEOCTH, OT napamerpa Re#icTeas Boi-
Het, onpenenswomero gactory W . B dopmyne (8) 6Gynem
npHEAaBaTE BellHYZHAM W |, NoCcNenoBaTe/IbHOCTL 3HaYe—
mmft 1,2,...'n nopbupaTh COOTBETCTBYIOWHME IHAYEHAS | .
Opy KOTOPLIX BHUTONHSETCS yc/lopne pesomanca. lampumep:

W) =05 0(Iy)=27;....
(Ig,)=9; 2(0(133)"’29; ve o

. . 4 .

2w
TaxuMm o6pasoM, MOXHO NoTywTL Matpumy Im{  peso-
HAHCHLL. SHavemmit neficTRES BONMHB, dTa MaTpHUua Henuaro-—
HanuHAas, & BCe ee AHAroRa/lLHLIe eMEeHTbl PaBHbI APYT APy~
ry. Ecir BCe aHayemmst maTpums! peoHancoB Ll y,{  pac-
NOJIOXKETL, BANPHMEp, B NOPSAAKe BOSPACTAHAS BENHYHHLI ee
SIIEMOHTOB, TO MOXHO BBeCTH MOHATHS PACCTOSHHS IO ARCT=
BHIC MEXAY ABYMS COCeAHMMHM pesoRaHcamu. B ofmem ciyvae
BHEA ©THX BHIpAXCHAR Heckonkko I'poMo3aok. [lpusenem npu~—
Mep B Gonee npocTOM CJIyuse, KOraa BHEIHEe BO3MyLeHHe
HMeeT 3ABECHMOCTb OT BPEeMEHH, ONpEaeNSeMyld TONbKO Of-
solt rapMoEHKOf. ¢ uacroroft {» , a saBmcmmocTs or X
CONePXHT MHOI'O .apMOHEK. B sTOM cllywae CHCTeMa pPe3o—
gancHuX aHewemui J|w@  EMmeer durcmpoBammoe { u
pasnmuHLie 3HAYEHES ™ B onpenensieTrcR H3 ypasuerms(3).
PacCTofHEe MEXAY Pe3OHARCAMZ O AefCTBAI PABHO

-

Blye =Twmt ~Twmare -
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AHaIOrEYHO MOXHO BBECTH HOHSTHE PACCTOSIHHS MeXay CO-
ceaAsuMH pPe30HaHCAMH IO JacToTe:

Aw U\ml) = “’(IV»E)"W (Tmat, ).

Ecne pocrnonsaoBarbes dopmymnofi (8), To 5T0 nacr

. 1 { e
8w (Iye)=10V (Tn- - m+1)= m(m+1)

[pr GonbuEx 3HAYEHASX W  NONydeHHOe BBLIPAKEHAE MOX-—
HO YNPOCTHTbL, BOCHONL3OBABMACL cCHOBa $opmynoft (8);

2
b (L g )= 80

Ecnr pacCTOSHEe MeXAY Pe3OHAHCAMH MaJQ, TO MOXHO TaK—
Xe HamEcarb B npuGnmxensyio dopmymy pna 01

dw (I me) ).1

Almg ”( Al me AU(I”‘Q).

Teneps, ME BBeAeM NapamMeTp

fw 2
K= ( P
Mw
onpenensionEfl OTHOIEHEE WHMPHH.I PESORAHCA K PACCTOSHHI
no Gnmxafuero pesomanca. Ecma K<< { , To ma hemxe—

HEe HeJMHeHHO# BONHLI B OKPECTHOCTR KAKOrO-~IEGD pPe3OHAH-
ca Malo CKaShBaeTcs BIHSHH@ COCeflHEX pe3OHAaHCOB. B

-7 -



3TOM cllyyae NpHONIKEHHas TeOopHsd, H3NIOXKEeHHasd B 1.3, oka-
3blBaercsd clpapeQ/IMBOH, NO kxpailHeil Mepe, B TeyeHHe NOC-
TaTO4YHO MJIATEJLHOrO BpeMeHH. KapTHHa NOIHOCTBIO MeHseT—
cs, ecm napametrp K>> { . Ilpexne Bcero, cienyer sa-
MEeTHTb, YTO TeopdAs BO3MYyUIeHH# B NIPHBEAeHHOH JopMme OKa-
3nIBaeTCHd HEeOpEMEeHHMOH, Tak Kak HejmHellHasd BOJIHA Haxo—
RATCH OAHOBPEMEHHO INOA BO3AEHCTBHEM HECKO/ILKHX pe3o-
HAHCOB. YXe OTMeua/loCh, YTO YPABHEHAS ABHXEHUS HellMHel-
HOU BO/IHBI IOA HelicTBHeM BO3MYyImeHHS, 3aNUCAaHHbIe B KaHO-
HM9YEeCKH CONPKEHHBIX IePeMeHHbIX (I ,19') OYeHL G/IN3KH
no cboell opMe x ypaBHeHHSIM [ABIXEHHS BO3MYIUGHHOTO He—
audefinoro ocmanndropa. HMcnonbsys aTo o6CTOATENbLCTBO, 06—
PaTHMCHl K yXe H3BeCTHbIM DPe3yiIbTAaram [6] Ol OCLHIIIATO—
pa opu K>» 1 . ABaluTRYeCKHe W WIC/IGHHbIE HCCIeNOBaHHS,
Ha H3JIOXEeHWH KOTOpLIX Mbl 31eCh OCTAHABIUBATBLCS He Oyaem,
NOKA3BLIBAIOT, YTO B C/ly4ae MepekpuiTHsi pedonancos (K>>{ )
BO3HHEKAET TaK Ha3biBaeMas CTOXacTHYecKas HeyCTOHYHBOCTb.
Ona nposmndeTcs B ToM, sroda3a BonHEI B  H3MeHseTCH
Co BpeMeHeM CilyuaiiHbiM o6pasom (HamoMHumM, uro B Cciyyae
K<< { dasa mensercs co Bpemenem nepmogmueckn). I'pa-
HEODY nepexoAa OT AHHAMHYECKOINO peXHMa NBHXEeHHS BOJHbI
K CTOXACTHYECKOMY MOXHO Haiti m3 ycnosus K~{ . Panee
roBOpA/IOCH, YTO OTOENbHLIN PE3OHAHC NPHBOANT K KBadH-—
nepuoanvecko moayisiuau (TaK HA3LIBAEMBIM (A30BbLIM KO-
neGaHEsiM) aMIVIATYABI, WHMPHHBI B CKOPOCTH HENMHEeHHOH BO/I—
Hel. B pexmMme CToxacTHYecKoli HeyCTOWYHBOCTH 3TH Koneba-
HES GymyT HOCHTHL CHAydYalHuIl xapaKTep: OANHAKOBble 3HAYe~-
HES aMIUVIATYyAb! BOJIHBI, HampHMep, GYRyT BO3HHMKATH B ClIy-—
qajigble MOMEHTH BpeMeEHd. B mesoMm aprxeHue HelMHeHHON
BOJIHEI 6ydeT aHaJOrE4HO GPOYHOBCKOMY ABIDKEHHIO HaCTHIAI.
Orciona ciegyer, 4ro neficTeBie BHemHel cuibi npu K>> 4
NpUBEeAeT X CTOX&CTHYeCKOMY YCKOPEHHIO BO/HbI, KOTOpOEe Mbl
ONHIIEM HECKONILKO Mo3Xe,

INockonpxy MexaHN3M CTOXaCTHYeCKON HeyCTOH9HBOCTH
CYIECTBEHHO ONpeaeNifeTcs HalHuHeM OO/acTH NepeKphIThIX
Pe30HAHCOB, TO CTOXACTHHUECKHMA DOXHM ABHXEHRA MOXeT
NPOHCXOOMTL /MAML B O6GMACTH TaKkWx 3HaweHmil neicreus |

-8 -



N
" pns xoropex K = {1 . lpanmma sTo#t obnacTu m onpepe-:
ngior, dakTHyecKd, 061acTh GPOYHOBCKOI'O OBHXEHHS BOJIHEL,

OnncasHbEl MexaHH3M HeyCTOHYHBOCTH, BO3MOXHO, pea-
nuayeTcd NpH pas3roHe BOMH HA NOBEPXHOCTH MOPS BETPOM.
Paanuunbie CNydan BO3HHKHOBEHAS CTOXACTHYECKOH HeycTOH-
YMBOCTH HeNHEeHHLIX BOnH Moxso#t mafit B [1,2] .

Yxe ormeuanoch, 4TO TEOPMIO BO3MymeHH# mpE K>> 4
CllenyeT ONpeNeneBHbLIM 06pa3oM MOaHGHIEPOBATB., JTO CBA-
3aHO CO chenylomsM ofcrodarenscTBoM. MiaMeHenme neiicrens

1 mo-npexnemy ocraercsi AOCTATOMHO Ma/biM, OHHAKO H3—
mesenne gasst ®  cramopETCS OweHb GONBIMM, YTO M NpA-
BOAHT K ee CiyqaiiHocTH, TakuM o6pas3oM, TeopHsl BOSMylue-
HE#i CTAHOBHTCSl INIOXHM HMHCTPYMEHTOM MJIsl ONHCAHHSA 3AaBH-—
camoctn ®(t) . Onmaxo sra TpynmocTs ycrpamserca mepe-
XONOM K COB@pUIEHHO ApYrofl opMe ONHCAHAS IBOIOLHH BOT-
Hel co BpemeHeM., Takoit dopMoll fBNISETCH KHHETHYECKO®
ypaBHeHHe, nojygamolieecs B pe3yibTaTe yCpeQHEeHHs IO CITy-

4ailHO MeHsomeitcsl dase H O KOTOpPOM peub GyAeT HATH
nosanHee, . )

5. [lo cux nop peuys Lula O B3ANMOAEHCTBHH MeXAy He-
nuHelHo# Bonno#t ¥ BHemHe# cmioll, Bonee cnoXHLEIM gBndeTr=-
cd ciywail, B KOTOpPOM pONb BHEIIHell CUBI MI'paloT ApyTrHe
HenuHelnele BonHpl. Kak Gbulo BMAHO paHee, HpH YCIOBHSX
[OCTATOYHO CNAGOro BOSMYLICHHS HE/IHHeHHYI0 BOJIHY MOXHO
paccMmatpuBaTh K&Kk HEKOTOpyl0 KBasH4acTHIy. DTO o3Hausadr
OOCTATOYHO BBLICOKYIO YCTOWYHBOCTH BOJIHOBOI'O IIaKeTa Kak
Oenoro OTHOCHTENBEO PAaCIVILIBAHHSA Nox AeHCTBHEM BO3MY -
mennsi, Cefinac Mul y6eammcd, 4YTO NMOAOGHYIO ke KOHIEMMHMIO
MOXHO NpPOBEeCTH B TeOpHH B3amMOHeHCTBHAS He/IMHeHHBIX BONH.
[lna sToro BCHOMHHM, 9TO B ypABHeHHs NBIDKOHHS HeHHof-
HOK BOJIHEI BXOQUT CBEpTKa MexXAy MOAAMH BOJHBI H MOAAaMH
BHelIHell cmiul, BeIpaXfajomasl 3aKOH COXpaHeHHsI IO BOJIHOBO-
My uHcny. Ecne BMmecTo BHemBe#f CANIN HOACTABATL ApyTHe
He/EHefiHble BONHL, B3AUMOAEHACTBYOmMHEe C QAHHOH, TO 3a-
KOH coXpaHeHnsl oTGepeT CQOTBET(TBYIOMHEEe WiIeHK, KOTOphle
YROBNIETBOPSIOT Pe3OHARCHEIM ycnosusMm mo § . Temeps

- -



HeTPyAHO HamucaTh yClIOBHe, HeOOXOQHMOe AJIS TOrO, YTOOBI
B3arMonelicTBae HeNHMHERHLIX BONH GbUIO CnabhiM:

roe N -~ XapakTepHOe HHC/IO MOA B CHEKTPEe BONHOBLIX
nakeros, M - uMcnO MOn, y4acTBYOMHMX OQHOBPEMEHHO B
PO3OHAHCHBIX B3aMMOAGACTBHSAX C APYrMMH nakerami. Oco-
6eHHOCTL BBedeHHOI'0 apaMeTpa MajloCTH B TOM, 9TO OH,
poofine ropopsl, MOXET He 3aBHCeThL OT aMIVIMTYOsl BONH,

Eonee Toro, HepapeHcTBO €<<= MOXeT OCYWeCTRIATL-
csi namb npe N >> , TO €CThb [VIfl CHW/ILHO HeNHHeMHBIX
BOJIH,

6. Yrobnl cnenasnoe yTBepxaeHHe crano Goiee oue-
BULHBIM, OGpaTMMCH K KOHKPETHOMY NpPHMEpY ¥ PAaCCMOTPHM
npocrefiulyio GOpMYy B3aNMOAEACTBHSA TpPeX HEeJMHEeNHbIX BOJIH.
PaccMarprBaeMyio CHCTeMy Npolle BCero 3afaTbh C NOMOLUKIO
raMiIbTOHAAHA:

3
3‘1-{:_.19.‘-@-\4[

L BITUBTIURE
T e gy 16

.5(%#@?%) + k.,

rne Wi - smeprms { -off menumeinoit monuey; My -wren,
yuuTbiRapomul B3auMonefcTeue Bonu; wumekcwt (v T,

) npunEMaOT BCEBOSMOXHLIE TPOHKH 3HaveHul uucen
(1,2,8). 3ameTuM, 4To xax B B ml,
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in, & - -
§(1)= Yy (1)= Cng @750, Tmmiie

KanoBHuecKknu conpsxeHHbIe YpABHEHHS NABWKEHHS HMEIOT BHL;:

T I
S [ T 7

y % oH
L0 s S Sy
[lepBoe U3 HanucaHHLIX ypaBHeHmA naer:

S |
1, ?Z‘nz, n, 1‘3n,‘in ‘Jn,ﬁ('”‘ UREN

. .V % -
S RE nnﬁ‘ljn#n,‘ﬂn}&(mkv ”k )“‘ .

"nZO 3

i=-'.12(-

» - 'P- )
) 15y Y Yoy 8 (P Ky= gk kg e,

n‘lv"’Z’"’i

Bxonsimue 3pech 6 -(QyHKIHK BLIPAXKAIOT YC/JIOBHE pPe3o—
HaHCa NO BOJHOBOMY YHCIY:

-kv - -
- n k had n k =

K, 272 3% 0

npH4YeM quciia niﬁ Ni . yCJIOBPle pe3oHaHca o yacrtore,
OYyeBHAHO, MMeeT BHA:

naky U= RakpUpm nyky Uy = 0.
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Te uneHs B ypaBHeHHSX NBIDKeHAS, /IS KOTOPHIX Pe30HAHC-
HLI@ YC/IOBES BLINONHAIOTCSH, AAJOT OCHOBHO# BKJan B H3Me-
HeHRMe HeNMHGHHLIX BOJIH, H B NepPBOM INOpSfIKe TCOPHH BO3-
MymeHmli MOXHO MMHA OrpaBERuHThCH. [lycTh Temeph pe3omaHc-
Hhle YC/IOBASL MOr'YyT GBITh BBLUIONHERH TOMLKO B @NHECTBEHHOM
cnysae ¢ wicnamm ( 4, Ny, Ny ). Torna cAcrema 3anm-
CaHHBIX ypaBHEHHA ynpomaeTcd:

11"‘ nCene

’

Iza-nzraue (4)
is" “ngfﬁnﬂ
"F=Y |°”,anc”3l

0=n,$-nad;-n,8,.
Cucrema ypassernit (4) amngercs o6ofmesHeM XOpomo H3—
BeCTHO! B HeIHHeAHOH ONTHKe H B TEOPHE INIABMEI CHCTEMI
CBSI3H Tpex BonH. B nmocnemmem cnygae Apmcrponr u Bnom-
GepreH HAUWA TOYHOE pelleRne. AHAJIOIAYHOE pelIeHAe MOX~—
Ho#t BafiTh M B ciywae (4). Heficrutennuo, n3a (4) cpasy
ClleflyeT MHTErPAIL ABIKOHHS:

n,l,+ nyI,=const
RyI,+ m I, = const
‘BY; - nyIa=const

H3 KOTOPHIX ABHCHMBLIME SIBJISIOTCSl TONBKO apa, C no-
MOMBIO STHX BHTETPAIOB [BIKCHHS OTBET MGXKET GHITh BhI-
paxeHs B kBagparypax. OrpasnuaMcsi aHANH3OM ABIKEHAS

BONIH B OKPeCTHOCTH pe3omanca. IlycTh pesoHaHCHhe ycio-
BEA N0 YACTOT® BALUIONHSIOTCS NpH SHavemEsx nefictmd I, ,
I,0: 130 . YMmmOXas ypaememms cucremnt (4) coorsercrmen-
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HO Ha W, , W,, W; u EHTErpHpys Mo 1 nosyyaem:

3 ds
Z, | wgdlg+ ;008 8=Const,
S0

rne [, = (1,1, I;0) . Bocnonsayemcs reneps
TeM, YTO Mbl HAXOAHMCH B OKPECTHOCTH DPEe3OHAHCA H pal3ilo-
xum @ (I) » pan. Mpocroe muTErpapoBaHMe MPHBOAMT HAC

K HHTErpajly, XapakTepuaywomeMmy (a3oBbie KoleGaHHS B CHCTe—
Me Tpex HeNHHeHHbIX BOJIH:

13 dwsg 2
745 a1, s le) * e Cos @ = const,

Orciona onpenenseTcst aMIVIATYAa MoOAy/sunu (WMPHHA pe3o—
HaHCa) Mo AelCTBHUIO:

1 - (2r,/ 49 1%

H NO 4acToTe

dw dw 72
5(&)=a‘f 6I=[2r°71—] .

flpousBenem Telnepb OLEHKY NOy4eHHbIX BbhipaxeHui. EcnH,
Hanpumep, HeliHefHble BOJHBI HMeKT (opMy 3IVIMITHYECKOr'o
CHHyYCa 4 KOCHHyCa, TO A/f HHX Cn—v A/N omian<L N .,
Orniayne wieHa C B3amMoaeiicTBHeM HI OT AaHA&IOI'M4HOIo
aneHa B ramuwibToHMaHe, Bxoasmero B Hi (To ecTs “cobeT-
BEHHOr0"” O/l Kakoi#-n1uGO BOMHbI) 38KNIOYAeTCH B TOM, 9TO B
-HI pH eOMHCTBEHHOM pEe30HAaHCEe Ha NBA CYMMHPOBaHHS
no R ; MeHblle, YeM B H{ B cooTBeTcTBEAH C 3THM “1 co-
nepxm-r MOPSIIOK MallOCTH { / Nz , A I/ Je< N .
Mo cy.ecTBy, onucaHHbi HamMM npoLecC NpencTrasiser
co6oil HeyCTOiuMBOCTbL pacnanHoro tuna. Ham ynanochb, onHako,
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NofiTH panbiie B NONYYHThL HACHIMEHAe HeyCTOHYHBOCTH
BC/IeACTBHe HenuHef#imOCTH.

7. Tenepr MOXHO chenars cleayiomuil mar. B nepefiTn
K PaccCMOTpPeHW0 GONLuUIOro 4YHcia cnabo B3aEMOfelCTBYomExX
HelmuHeRHLIX BONH, DHIREJIAM BCOBO3MOXHBIE@ TPOHKM BOMM, MeX-
By KOTODHIMH BOSMOMHO PE3OHABCHOe B3a#MojelcTBAe, NMpHYeM
onHa H3 BOMNH NMycTh Gyner ¢ukcuporamsofi, Beenem nomargme
PaCCTOSIHMS MEXAY DPe3OHAHCAMH: '
Ak

Aw’Tw ’

roe 8K  xapakrepuoe paccTosmme Mexy BONHOBBIME WHC—
namr “coceannx” BonH. HHRIMIr clloBaMH, B NOCNENOBATE/ILHOC-
TH 9acToT Wy, W2 ... PAAIHYHEIX BOIH MHTEPBAN MEXAY
cocenaPME wacTotamu mmeer nopsamok AW . Torna ycnoeme
NepeKphITA PEe30HAHCOB :

(bw/da) =1

NPHBOAAT K TOMY, 4TO (asnl BONIH ‘laa, 6ynyT chnydafiEniM Of-—
pa3soM MemSTbCA co BpemeHeM [4 ]. 3ro oznauaer, uro Ha
doHe HeMMHeHMHBIX BOMH HyneBoro npubnmxetHS BO3HMKHOT CIIy—
vaiinag pabb, CBA3aHHAA C PE3OHAHCHLIM B3aHMOAENCTBEEM
ponn, Ilpouecc o6MeHa 8He,rHelt MeXAYy HeIMHEHHHIMH BONHA-
MHE B STOM C/Iy4a@ €CTEeCTBEHHO ONHCHIBATH C IIOMOIMBIO KHHE-
THYECKOI'O YPapHeHMs, KoTopoe Gyner NpHBeNeHO NO3AHee,

8. B pasnHvYHBLIX CTyMeIX MH yXe CTOJKHYJINCh C HQOG-
XOAHMOCTRIO ONHCAHAS] SBOIIONHM HEMHHEABLIX BOJIH METOAOM
r'HHETHYECKOro ypanHemHs. OcTaplieecs BpeMs JNeKUEH GyneT
MOCBAMEHO 3TOMY BONpPOCY. YAoGHO HaygaTh C PACCMOTPERHES
ARMKEHNAS - He/HHeHHEIX BONH noa AefcTBEeM BHOUIHAX CIy4val-
Heix cwi, TaxumE ciiywalEHIME cHlaM# MOryT GHTL BeTpoBOe
BOSMYIIGHA@ A/ BOMIH HA NOBEPXHOCTH XVNKOCTH, TYpOyleBT—
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Hasl cpena, B KOTOPO# pacnpocTpaHsercs uennnenuaa BONHE,
B Aap.

Ilpr BHIBOe KAMOTHYECKOrO ypaBHeHHS AN HeEHeAHOR
BOJIHBI dwynnamem'anbxyxo PONbL HrpaloT KaHORHYECKH CONpDKESH=
Buie nepememzne ( 1 ," & ), Beonenmmie B m.2. Ecnu pBec-
T ¢yekmuo pacnpenenenna § (1,8, % ), ro oma ynomner-
BOpSeT CleayomeMy YpaBHEHHIO Hnybmma:

1}-*67}'*1%20 (5)

rge BhIpaXeHHs nnsg 19~ " I OODKHB!  ONpefensiTeCA H3
ypapHeHHR QBHMKEHAS:

i___'ax‘ .3 i3
T ¥eaT

[penacrasaM raMEnbLTOHEAH B BUAE:

® =Hy ~¢el,,
roe HeBO3MyMEHHAS YaCTb H o onmceBaer HeNuHelHy10 BOI-

my=yx-uty,a

o= 2oy 09 1),
kak ® B 1.2, Ha sTor pas, onmako, Mel 6yneM CHUHTaATBH CH-

ay ®(£,t) cnywaitmoit, m tvaem npeanonarars, aro P(x,t)
eCTb I'ayCCOBCKRH cilywailHulli npouecc, STO O3HadaeT, 4TO

<P (x,t)y>=0
<O )P (x4 t+T)>= R (% %)
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B BCe HeueTHble MOMeHTH OFr ¢ paBHEI Hymo, a yeTHble
COOTBETCTBYIOWEM OGPO3OM BhIPAXAIOTCA Yepe3 IapHmle Koppe-
nsumn R . Koppenaumonnas ¢ymxmmss R BBOmuT B 3anauy
HekoTOpoe Bpems yGnhipaumst koppensmm# T , koTopoe 6y-
OeM CYHMTAaTh A8 NPOCTOTHl MEHbUMM BCEX XApaKTEepHbIX Bpe—
men aanaun. IMpu T~ Benmmna R(} R e OIS

TO ecTb Kk Genomy mymy (nc Bpemenn). Ynobso nna nannHel~
IIero BBECTH CNEKTPA/IbHYIO IUIOTHOCTb: .

L
S@,)= tﬁm 5- IdEJdtR(g )gﬁnx—Vt{

O6b1unas npouenypa BLIBONA KAHETHYECKOT'O ypaBHEHBS s
4( !, . t ) sakmouaercs B mcnonbsoBanmu Teopun
Boamymeﬂnﬁ no napamMeTpy &€ M yCpenHeHWH NO 3agaHHOMY
cnyyvaiinomy npoueccy P (x,t) . OcoGennocrr BBenemms ka—
Hounueckux mepemennnix ( I , & ) saknouaercs B TOM, uTO

B STHX NepeMeHHbIX ypPaBHEHHe MMeeT CTaHIApTHbIA BUA:

ji%ﬁ ; *_DU)——‘L(L—J‘— ()

rae 2%

$U.t) = deuﬂt)
a koapuuueHT AudPy3nmn ) paBeH:
p = S(ATYS
t

u 0] usmeneHde melicTBAS BOIHLI K MOMEHTY BPEeMeHH 11
Mepeitnem Tenepn k Boluacienwmio ) . 3annuem:
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t L .
d1 . '
s1=] dt, @ Et’ tim Ez_dex,y (6 ut ) 90x, ).

C nomomplio aTOro BbIp&XXEeHHAS! MOXHO BBIYHC/IMTL BEeINYHAHY:
<CAL>=¢ [dt [dt, Jim_ o) [ds, [ dx, -
—oa =00 L - -

2= 1 2

g ub) Y (- ub) Rxg-xp B, - 1),

B npapoit wacTH 3neCh CTOUT HEBO3MYIneHHOe 3HaueHHe Y(%-uUt),
onmcChHIBaLee He/MuHelnyio BoaHy, Tenepn cneayer Y‘leC'li, 4TO
R npm ¥ = T, GricTpo yGuiBaer. 3To nO3BOIAET NPOBECTH

murerpupoBamua no t  mpu t>>- T,

D= Gafezfﬁ’. i it,I°§kn, knu).

Krueruueckoe ypapnenne (6) onpenenser 6poyHOBCKOe ABHXe-
HAe HeNMMHeNHOH BoMHL! ¢ Koa((pHuMeHTOM Au(GySHH ])'
[lockonebKy BHeWHAs CH/Ia B Cpe/lHEM YyBeHUYABAET 3JHEpPraio
BO/THBI, TO 4Yepe3 HeKOTOpoe BpeMsl AMIVIHTYda H/IA CKOPOCTh
BO/IHbI MOTYT AOCTHIHYTh KpPITKYECKHX AHA4YEHHH, NPH KOTOpPBIX
MPOHCXONUT ONPOKUALIBEEHE BOIHEL.

9. Mebi BoIDpann Taxkyw LOpMy BbLIBOAA H 3ANACH KHHeTH-
YyeCKOI'o ypaBHeHHsl, KOTopasi gonyckaer o0000.ueHMe U ANA ABYX
APYrUX CllyuaeB, O KOTOPhIX Yy:Ke YIOMIR&IOCh B JeKuusx.B n.4
paccMaTpHBA/IACE CTOXACTHYECKAA HEYCTONYHBOCTL HETHMHERHOR
BOJIHBI 1103 AeHUCTBHeM Pperyndpsioil BHeWHel CHIbI ¢ (x,%).
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"OnHako, BCEACTBAe CTOXacTHyecko#f HeycrofiumsocTu dasa
ponuet ¥  cTaHoBAnACh chayualimo# ¢ymknmelt BpeMenn. Kune-
THAYEeCKOe ypaBHEHHe, ONHChIBAOMEe SBOMIONHIO BOJIHEI B 3TOM
cyuae, nonpexsemy nmeer bua (6), Buamcnesmme mamo mpoma-
BOOATH 1O $opMmyne :

D= %—« (AI¥>,
rae NBolfHEIE YIVIOBbie@ CKOGKH O3HAYAIOT yCpPEeAHeHHe 10 CiTy-
watinim pasam & . DTo coxpamsieT Ty Xe CTPYKTYpy Kosd-
¢unmenta nuddysmm ) , a orTniHYHe CONEPKHATCH TONBLKO B
BLIDAXEHHA MMF CNeKTpankHolt mnorwocts S (& 7V ), -

Haxouen, ecnm cpena conepXuT CTyuafiHble HEONHOPOAHOC-
TH, Ma/ble IO BeNHYHHE, TO FAMIWILTOHMAH 380A4H CIEAyeT pas—
6HTL HA NBe WACTH: PEery/spHyi0, COOTBE@TCTBYIOMYIO ONEOPOMHO—
My Ciydalo, B BO3MYLICHHE, CBASAHHO® CO CNy4aiHhLIMH Heoa-
HopoasocTsamu, Jlng NOC/AEAHAX CleayeT ONpefelHTh CeKTpaib-
HYI0 IUIOTHOCTL KOPpeNSIME 9 M 9TO peliaeT NpHHIHNHAIL-
HO 3anauy.

10. B 3akmoueHne jexkmuii OCTAHOBHMCH KpPATKO HA KHHEe—
THYeCKOM ypaBHeHAH A/ aHcaMbisa HenuHelHbIX BonH. HMcxoa-
HbIM NYHKTOM H 3aeck GyaneT ypaBHeHue JlmyBunaa:

9 o 94 Y
.a{- 5619 2 5615 ’

rae *(t 19~1,t’2,,,,, 11,12,.-- - QYHKIMSI pacnpefeeHHs,
3aBEcsmas OT GOMBWOro uHC/E [ap KAHOHMYECKM CONPSKEHHBIX
nepemennnix ( Iy , ®g ). Ecnn dase sonn ¥y &,,... asnsior-
cfl cnyyaflHRIMH, TO KMHETHYECKOe ypaBHEHHE [0JIy4aeTcs H3
ypaBHenas JluyBANNS NyTeM HCHONL3OBAHHS TEOPHH BO3MYIUEHHMH
no cnaboMy B3anMOAEHCTBHIO BOJIH B YCPENHEHHIO 1O ClTydaflHbIM
tasam, BToT BLIBOA gBIfdeTCS O4yeHb rpoMo3akuMm. Ero moxso
HailTn B paGore {4] , a 3neck MLl NpHBeAEeM /ML KOHEYHBIH
peayneTar:



_@_E_ = Gm Z ‘2 A P

: 2
°|c'(.n‘m1')°mmz\c (n' ng)' 6(nm1wm-: "’mzwm m;dms

- - A
.6(~nmqkm“+ nmz 3 “‘3 ks) D mqmz MSF
A § g d
=nh, = * - -——
DMQM8W13 my ”"’4 nmz ] Imz my 1
£, 15000 05,8 )= (m) Sda .48 m,,...,u,a,,... 6,,;&)
rne Vm - Ma'rpnqubm aeMeHT B3anMolefCTBHHA BOIH,

3To ypa Baeune BMeeT paBHOBECHOe pelIeHHe, OnpeAensiomee
TepMOANHAMHYECKOe pasHOBECHe B aHcaMb/ie HEeNMHeHHBIX BOJIH:

b ad
___ = F(Z Wi-k W 1Y),
rne W - [IpOM3BONIbHAf KOHCTalTa, HMeouas CMbIC Makpo-
CKONH4YeCKO# CKOpPOCTH.

11. B sakiouenne nexuuii MHe GBI XOTE/NOCH OTMETHTh,
9YTO IOYTH BCe BOMPOCHI, KOTOpbie ObiAM 3aTPOHYTbI, NpencTab-
naoT coboit nMiup NepBble liarW B NONBITKAX MOHAThH (U3Hyec—
KHe IpOLeCcChl, NPHBOAHA (e K BOSHHKHOBEHHIO CTOXACTHYOCKHX
BOJIHOBBIX NPOLECCOB B YCIIOBHSIX Oonbiioit HeauHefHocTH. Her
COMHEHH#, 4TO Hepe3 ITOT Kpyr' BONPOCOB NEXHAT NyThb K MOHH-
MAaHHIO IPHPOAbl CH/ILHON TypOyNeHTHOCTH M NPOUECCOB, I'HOHCXO-
pammx B TypSyneHTHO# cpeane, .

Jlekmuu Gul/iH NMOCTPOEHB! TakMM o6pas3oM, 4ToGbl 0OparHTh
BHUMAaHHEe Ha HEKOTOphle HOEeH M MeTOdbl, KOTOpble B HACTOd -
Imee BpeMsl NPUBIEKAIOTCSA K HCCIeNOBAHHIC CTOXaCTHYECKHMX SIB—
JleHuit B CWIBLHO HeNnuHelHbix nonsx. [lo sToil npuunHe Mnl ACK-
TOYRAH NOonpPoGHOe HI/OXEHAe KaKMX~-IHO0 KOHKPeTHbIX MeTONOB
H ,ciaboHenuHefiHbie Cly4yaH, NOCKONLKY B MNOCIeAHKX Kpyr npeg-—
cTaBeHnll O (H3MYECKHX npoueccax, Gollee UNH MeHee YyCTaHO-
Bricd, [IpupoouMas HHXe fUTeparypa NOMOXeT YTOYHHTBL DS
néTaieil, CBISAHHBIX C COOCPXKAaHHEM JIeKIHH.
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