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Xoma ama cmambva 0viaG nanucana no 0py2omy noeody, A NOYMUMEND-
Ho noceawaro ee Baadumupy Heopesuuy Aproavdy. Kozda unmepsvioep odua-
2ACODL CIPOCUN, ECMY AU Y MEHA 6 MAMEMAMUKE 2€POU, A NOOYEPKHYA CHAYA-
AG, MO UMEHHO 2epou, G He bo2u, u nepevim Hadsan B.H. Apnoavda. Bpad au
KMOo-Hubydb U3 COBPEMEHHDLT MAMEMAMUKOE U3OENHCAN €20 BAUANUA (CM. U IMY
cmamuio). Eeo ynukaaviuas cnocobnocms omrAukamocs neoAcudannoimy cmu-
MYAUPYOUUMY UOEAMU HG BCE HCUBOE U HOBOE 8 MAMEMAMUKE U Pusuke, O€3-
ynpeunviti mamemamuueckutl 6Kyc, Heobvuatinas NnPoOHUKAOULLS CUAG , 3ACTNAG-
AAOULAA BCNOMHUMD KAACCUKOB, 3AMEYAMENDHOE YMEHUE UMb ME MOYKU, K
KOMOPbILM HYACHO TPUAG2ATNG YCUAUA, 4MOODL TOAYUUMD HAUDOADULUE PE3YN-
mamot, c0eaant €20 00HUM U3 NEPEVLT MUPOBLLT NUIEPOG 6 COBPEMENNOT Mame-
MAMAUKE.

DTO — cJIerka pacUIipeHHbI TeKCT JOKJIa 18, IIPOUYNTAHHOIO Ha KOH(MEepeH-
MU 1[I0 MaTeMaTHIeCKOi TUApoJMHAMUKe B yHuBepcurere r. Xaj, Anrus, 10
anpestsg 2001 r. Jloksia g 6601 Takeke noproped B Mucturyre Hpiorona, KemOpu ik,

23 anpeutsi 2001 r. HasBanue gokiaga npeyoxui B, A. BiraguMupos, npursiacus



MeHsT BBICTYTINTh Ha KoHpepennnn B Xajuie. “I[logemy 1177 — criipocua st ero. “Jla
TaK, — oTBeTHs oH. — ¥ ['mabbepra ObL10 20 mpobiem, y Cumeitna — 19, HO 9TO xKe
1o Bceit maremaruke. Hy, ecyim Bam He HpaBuTCs, MOXKHO 3aMEHUTH Ha3BaHUE.
Ho mue uncio 11 nonpasusioch. OHO BeTpedaeTcs He TaK 4acTo, Kak, CKaXKeM, 12
WU 7, ¥ BCIOMHIJIOCH, UTO Pa3HbIe U MPUTOM JIFOOUMbIE MHOKO aBTOPBI YIIOMUHA~
FOT €ro, TOBOPsI O CPAYKEHWsIX W aTakax (Ha JOKJaJje MHe elle HATIOMHUJIN, 9TO B
dbyrbonbroit Komange 11 urpokos. A HemasHO s nmpouuTal B ctathe A. Kasamie-
Ba, B xkypHaJie “Illaxmarnoe obozpenue”’, 2, 2001, aro “11 — no ucciepoBaHUsIM
cozgarensa aabdamerpuku B. U. ABunckoro — monyns Beenernoit, mpudaacTHbBIR
KO BCEM pasMepaM ¥ MUKPO-, 1 MaKpoMupoB”). Tax aTo 510 60eBoe IucIio, mycTh
OHO OCTAeTCsT B 3aT0JIOBKE, XOTsI HE CJIEJIyeT ero MPUHUMATh CJINIIKOM Beephes. Ha
caMoM JieJie, IpobJieM OoJIbIle, Ja U MOYTH KaxKjas U3 HUX Pa3BETBJISETCS H, 10
TE€M WJIM MHBIM aCCOIMAIMsIM, BbI3bIBAET K KU3HU HOBBIE TTPoOsieMbl. [1pn Buibope

HpO6JIeM AJIA CITUCKa 4 CTapaJiCd PYKOBOACTBOBATLCA CJIICAYHOIIMMUW IIPUHIUIIAMMU.

1. Pemenue npo0ieMbl BBIBOJUT HAC HAa HOBBIM YPOBEHDb MOHUMAHUS JTUHAMUKH
JKUJIKOCTH WJIM, BO BCAKOM CJlydae, JJOCTATOYHO HMIMPOKOI0 KJiacca I'MJIPOJiu-

HAMUYECKUX ABJEHUNA.

2. [Ipobiemy, 1o Bceit BUJUMOCTH, HEBO3MOXKHO PELINTh HU3BECTHBIMU METO-
Jlamu. Hy>kHbl HOBbIE MJIEM U IOJIXO/Ibl, KOTOPbIE, BEPOSATHO, JIa/lyT HA4YaJI0
HOBBIM MaTE€MAaTUYECKUM TEOPHUAM, MOMOTYT YCOBEPIIEHCTBOBATHL HAIlle WC-

KYCCTBO OIIMCaHH s ABJICHUIA MNpupoO/bl.

3. (C. Cwmeiin [1]) “Bepa, 910 BOMpOCHI, X pEIICHUE, YACTUIHBIC DPE3YJIHTATHI
WJIM JIazKe HOIBITKY UX PEUINTh OyJIyT, BEPOATHO, UMETH OIPOMHOE 3HAYCHUE

JUI MaTeMaTHKU ¥ €€ Pa3BUTHS B CJEJIYIONIEM CTOJCTUN .

4. ¢ cam npoBes JO0CTATOYHO MHOT'O BPEMEHH B IOMNBITKAX PEITUTh TpobjemMy u
KOE-4TO O Heil 3Har — MO0 KpailHeid Mepe, 3HaI HEeCKOJILKO IyTeil, KOTOpbIe

HE BEAYT K 2KEJIa€MbIM PE3YyJIbTaTaM.



B nrore B CcnucoK MOMaJH MOYTH UCKIIOUATENIHHO MPOOIEMbI, OTHOCSAIINECS
K HEC’KMMAaeMO# OJHOPOJIHON MAeaJbHON M BA3KON KUJIKOCTU. BripoueMm, HEKOTO-
pbie TTPOOJIEMbI HE BOIILINA B CIIMCOK M3-3a OIPAHUYEHHOTO 00'beMa, JIAHHON CTAThU.
DTO pasyimdHbIe IPOOJIeMbl, OTHOCIIIUECA K CXKUMAEMOM »KUJIKOCTH, HEOTHOPO/I-
HOI >KMJIKOCTH, Pa3JUUHbIE aCUMIITOTHYECKAE MOJEJH KOHBEKIINH, 33Ul Mar-
HUTHOW TWAPOAMHAMWKN, 338291 O MHOIOKOMITOHEHTHBIX, OCOOEHHO OECKOHETHO-
KOMIIOHEHTHBIX, cpejax, oOIue mpobjeMbl aHAJIUTHICCKON JuHaMUKN 1 jJudde-
PEeHIMAJIBHON IeOMEeTPHH, CILIONIHBIX CPEJI, PA3JIMTHbIE 3a/1a91 ¢ HEU3BECTHDIMHU,
B 4YaCTHOCTHU CBOOOJIHBIMM I'paHUIAMU U T. JI. HekoTopblie U3 HUX YJIOBJIETBOPSIIOT,
I0-MOEMY, BCEM YeThbIpEeM NMPUHITUIAM, U s1 HaJIel0Ch K HUM BEPHYThCS B IOCTIETY-
IOIINX MTYOJINKAIUSIX.

Koneuno, xoresnoch, 4Todbl mpobJeMa ObLia chopMyaupoBaHa MaTeMaTH-
YeCKM CTPOro. DTO, OJHAKO, BO MHOTHX CJIydasix He yjaercs. f jpymaro, 91o dpu-
3uveckas MpobsieMa He MOXKeT ObIThb IIOJIHOCTBIO chOpMYJIMPOBaHa, [IOKa OHa He
perieta. JIub KpacuBbIil OTBET OKOHYATEIHLHO MOATBEPXKIaeT MPaBUILHOCTD UC-
XOJITHOW MOCTAHOBKHU 3a/a4u.

Muorue 3ajauun, odCyXKJaeMble JIaJbllle, XOPOIIO W3BECTHLI, HEKOTOpPbIE —
HOBBI. B Tekyleit MmareMaTnyieckoil jJiureparype MOXKHO HalTHU pelieHue, moXxa-
JIyil, BCeX HM3BECTHBIX IpobOJIeM, OCOOEHHO TeX, B KOTOPBLIX IIPEJIoJiaracMblii C
OUeHb OOJIBIIOI BEPOSITHOCTHIO Pe3yabTaT HYXKHO JIMIIL CTPOro obocHOBaThH. Kax
ropoputr Ppancya Pabiie, “kaxk iblii JJ0OPONOPsIOUHBIN I'PaXKJaHUH JIOJIPKEH Be-
PUTH BCEMY, UTO €My IOBOPAT, X UTO HalledaTaHo . B maremarndeckoit rujpo-
JIMHAMUKE 9TOT BEJIMKWI MPUHIUIT CJIEyeT MPUMEHSITh ¢ OCMOTPUTEIHHOCTHIO —
MyOJUKyeTcst MHOTO OIMHUOOYHDBIX JIOKA3aTebCTB.

Hanee cienyer cnmcok mpobJieM ¢ HEKOTOPhIMU KoMMeHTapusiMmu. Ilepsbie
JIBe TTPOOJIEMBl OTHOCSITCS K OCHOBAM MaTeMaTHIecKoi (DU3WKU U HE BXOISAT B

YHUCJIO OJIMHHAIIIATH.
G. MaremaTu4deckue MOJEJIN THAPOINHAMUKN

IIpob6aema G1. Ilocmpoums mamemamuveckue MOJEAU CIAOUHBLL CPeED,



srA0UaOUUE Pa306vie neperodv (KUNAULaL 600a, Ce2HemoINeKMPUKR, KOMOopvle
MO2YM NPESPAULAMHCA 6 QUINEKMPUKY, HCUOKUE KPUCTNAAADL).

DTO B OCHOBHOM IIPOOJIEMa KOPPEKTHOW MaTeMaTHIECKOH ITOCTAHOBKH Ha-
YaJIbHO-KPAEBBIX 3aJlad B TaKUX CHUTYyallMsX, KOIJa CILJIOIIHAs Cpejia MOXKET B
HEM3BECTHOE 3apaHee BpeMsi U B HEM3BECTHBIX 3apaHee 00IaCTIX 3aHITOrO0 €0 MPOo-
CTpaHCTBa NperepreBarTh (a30Bbie MpeBpaiieHns. Hanpumep, HYy»KHO HAyIUTh-
Csl ONKCHIBATDL JBUXKEHUE BOJIbI B YCJIOBHSIX, KOIJIa B XOJIe M3yIaeMOI'O IIPOIECCa
TeMIIepaTypa BOJbI U3MEHSIETCsSI B MHTEPBAJIE, COAEPKAIIEM OJHY WJIM HECKOJbKO
To4eK (Ha30BOro nepexoja (3amMepsaHue — IUIABJICHAE, KACHIE — KOHJICHCATIUS,
TpoiiHas ocobast TOUKa ypPaBHEHUsT COCTOSIHUS, OKOJIO KOTOPO# MOTYT COCYIIECTBO-
BaTh Bce TpH basbl). Dra npobsema NMpUHaIeKUT GU3NKe He B MEHbIIeH Mepe,
yeM MaTeMaTHKe — TPAKTOBKa (pa30BBIX [IEPEX0JI0B — BCE elle HEeYCTOSBIIASIC 00-
jnactb usuku. Tekyime puzndeckue KypHaJibl PEryJsipHO MyOJIUKYIOT padoTh
110 9TOi Teopuu (M., Hapumep,|2]).

Nwmeroruecst (heHOMEHOTOTHIECKIE MOJETN ra30:KIIKOCTHBIX CMeceil, KUTIs-
et Bojibl — rpyboBaThl, & WHTEPECHO ObLIO Obl TOJYUNUTh HaJJIeyKallue ypaBHe-
HUsI, UCXOJIsl U3 “TIEPBBIX IIPUHIUAIIOB  CTATHCTUUECKON TepMoJunHaMuKu. K cloBy
CKa3aTh, BO3MOXKHOCTD TTPEBPAIEHUsT BOJIBI B JI€JI JIMIITHAN pa3 HAIOMUHAET HAM O
HEBO3MOXKHOCTH YCTAHOBUTD Pa3 U HABCEIJIA I'PAHUIILI MEXK /Ly HayKaMu O IIPUPOJIE,
pa3 TaKuX CPaHUI] HET B CAMON MPUPOJIE.

Obpagzyiommecst mpu (Pa30BBIX MEPEX0gax MOBEPXHOCTH pasjesa a3 To u Jie-
JIO OKa3bIBAIOTCsl HEYCTONYUBBLIME, U Ha HUX BO3HUKAIOT BOJTHBLI. C 3TUM CBSI3aHO
HEMaJIO MHTEPECHBIX MPO0JIeM, MHOTHE W3 KOTOPBIX JlaXKe He TPeOYIOT CO3JaHms
HOBBIX METOJIOB U BIIOJIHE JIOCTYIIHBI JIJIsI UCCIe0oBaHKs. BeoMuHAeT A SKCIIepH-
MEHT, POBeIeHHbIil pocToBckuMmu (usnkavu (Opuakun, ['pekos) [3] eme B 70-e
roznl. KOHIBI ¢TEepyKHSI, W3rOTOBJIEHHOTO M3 CErHETOIEKTPUIECKOTO MaTepuaJia
(Tuma TuTanaTa Gapus), MOJEPKUBAIUCH TIPH PA3TUIHBIX TOCTOSHHBIX TEMIIe-
parypax. [Ipu aToM Temneparypa OJHOTO KOHIIA ObLjIa HUXKE, & JIPYroro — BHIIIE
Toukn Kropu. MoxKHO ObLIO 0XKHUJIAThb, YTO YaCTh CTEP2KHs, OJIM3Kas K Iropsde-

My KOHILy, Oy/JeT HaXOIUTHhCS B JIMAJIEKTPUUIECKON ¢rase, a XoaoaHast JacTh — B



CerHeTOIeKTPUIEecKoit. B obmemM, Tak OHO M BBIXOANT B IKCIEPUMEHTE, HO TOY-
Ka paszena (a3 HaurHaeT COBEpPUIATL KoJaebaHus BAOIL crepxKis. Hamrexaras
TEOPHST ITOTO SIBJICHUST, HACKOJIBKO 5T 3HA0, TaK W He Obljia MOCTPOEHA.

Jpyroii mpuMep: HeT COMHEHH, UTO IJIOCKas TPAHUIa MEXKTy BOJION U JTbJIOM
B [IPOIIECCE 3aMep3aHnsl NN TasgHUs 3a9aCTYI0 OKA3bIBAETCS HEYCTOHInBoii. BoLio
OBl MHTEPECHO MCCIEI0BATH BO3HUKAIOIIME Ha HEil CAMOITPOM3BOILHO BOTHBI. VHTE-
PECHO TaKKe pacCMOTPETH U IapaMeTPUIECKH BO30YK1aeMble BOJI HbI, TOPOXKTae-
Mble KOJIEOAHUSIMKU BHEIIHEH TeMIepaTypbl U jaBjeHus. Pe3yibraTbl MOIyT OKa-
3aThCs NHTEPECHBIMHU, HAIIPUMED, IIPH KCCAeIOBAHUN JBUXKEHUS JITHIUKOB, (OpP-
MUPOBAHUS U TasHUsI aiicOepros, a TakyKe 3aMeps3anus BojoeMoB. llomydenmbie
JIaHHbIe, BO3MOXKHO, HAWIyT MTPUMEHEHHNE TP Pa3paboTKe MPaKTHIECKUX CITOCO-
OOB pas3pyIIeHns JeJ0BOr0 IOKPOBa PEK 1 03€p.

IIpobaema G2. Onpedesumsv 3a6UCUMOCTIU KUHEMUYECKUT KOIPPHUUUEH-
moe (6azkocmu, menionposodnocmu, JuPdyauu, noCEPTHOCTNHOZ0 HATNANCEHUA,
JUINEKMPUNECKOT NPOHULAEMOCTNU, ... ) O MEPMOOUHAMUYLECKUT NAPAMEMPOS (Mem-
nepamypu. T', dasaenus p, naomuocmu p, KOHUEHMPAUUY NPUMECU C, ... ).

OueHb MHTEPECHO BLIICHUTD, KAKHE OTPAHUYCHUSI Ha KHHETHIECKHE KO-
dgunmenTs HaKJaIbIBaeT TpeboBaHue rjodabHON pa3pelMMOCT OCHOBHBIX 9BO-
JIIOIMOHHBIX HAYAJbHO-KPAEBBIX 3aJad. Sl Bepio B BO3MOXKHOCTHL ODIIEil Teopum
1JI00AJbHO Ppa3peIIuMbIX CUCTeM OOBIKHOBEHHBIX AUd hepeHInaabHbIX ypaBHEeHM
M ypaBHEHWI B YACTHBIX MPOW3BOAHBIX. KoHeuHo, riiobabHOe CyIIecTBOBAHNE Pe-
[IeHNsT HAYaIbHO-KPaeBOii 33/Ia91 €CTh CIeIHAIbHOe (Pu3u1eckoe CBONCTBO CHCTE-
MbI — OBIBAIOT BEJb W B3PBIBAIOIINECS CIIONIHBIE CPEJIbl, KOTOPbIE MOTYT CYIIE-
CTBOBATD JIMIIb B T€UCHNE OTPAHMICHHOIO BpeMeH:. | 0BOpsI MaTeMaTuIeCKn, BO3-
MOKHOCTD KOJLJIAICA €CTh CBOWCTBO ODIIEro MOJOXKEHHsI, TOr/Ia Kak TJI00AILHA
pas3permmocTh — CBoero pojia Bhipoxaerue (TakoBa crpaHHOBaTas MaTeMaThe-
CKasl TEPMUHOJIOTHSI — HamboJiee MHTEPECHbIe M KPACHBLIE CHCTEMbI MMEHYIOTCs

BBIPOK JICHHBIMH ).

I. ExuacrBeHHOCTh. [7106a/1bHOE CyNIeCTBOBAHNE W HECYMIECTBOBAHUIE



peleHnii.

IIpobaema 1. I'robanrvras paspewsumocms u pe2ysapHocmsd peuleruti 0CHOG-
HOLE HAYAAOHO-KPGEGHIT 30004 Oaa Mmpermepnur ypasuenut disepa u Hasve-
Cmokca 6 cayuae 00nopodnoti necocumaemoti sHcudkocma.

OO0 3TuX 3HAMEHUTHIX MPODdJIEMaX HET CMBICIA 3/6Ch JIOJITO PACIPOCTPAHAT-
cs1, TeM DoJiee, UTO HEJABHO s1 HAIUCAJ O HUX NMPOCTPaHHYIO crarbio [4]. Bamedy
JIAIIb, YTO aHAJOIMYIHbIE TPODJIeMbl BOSHUKAIOT BO MHOI'MX O0JIACTSAX HEJIMHEHHOM
maremarudeckoit dpusukn. s ypasaenuit ditsiepa n Habe-Crokca B 1ByMepHOM
cjlydae CUTyallds JIOCTATOYHO XOPOIla — M3BECTHbBI IJI00aJbHbIE TEOPEMBbI CyIIe-
CTBOBaHMA ODODOIIEHHBIX M IJIAJKHUX PEIIeHUit, a TakKxKe U JOCTATOYHO CHJIbHbBIE
TEOPEMbI eJMHCTBEHHOCTHU. [109TOMY JIOBOJILHO HIMPOKO PaCHpOCTPaAHEH Mpejipac-
CYJIOK, YTO TPYJHBI JINIIL TPEXMEPHbIE 3aa4H, a JIJIs JBYMEPHBIX 3a/1a9 HET 0CO-
obix TpysHocreit. Ha camom jiesie, “2-D or not 2-D that is not the question”. Hesio
HE CTOJIbKO B JIBYMEPHOCTH, CKOJIbKO B CIIEIIU(DPUICCKIX CBOWCTBAX YpaBHEHHI Dii-
nepa n Hapre-CTokca, KOTOpbIE TIO3BOJIAIOT MOJYIUThH CUJIBHbBIE allpPUOPHBIE OICH-
KU perrennsi. B ciydae ypaBHeHuit Ditsiepa — 3TO CyIIECTBOBAHWE WHTEIPAJIOB
Buxpsi. B ciaydae ypaBuenusi Hapbe-CToKca perarolyio pojb UTPaOT CIIelrallb-
HbIE TEOPEMbI BJIOYKEHUST (DYHKIMOHAJIbHBIX TPOCTPAHCTB; KHHETHYECKAST SHEPTUs
B TPEXMEPHOM CJIydae MO-NPEexKHEeMYy KBajpaTUdHa, a JIjis TOro 9TOObI IPOC/Ie/10-
BaTh 110 TOMY »Ke IyTH, UTO U JJIs IJIOCKUX TeUeHMi, MoHaI00nIach Obl HOPMA
CKOpOCTH B nipocrpancTie L3 (a B m-meproM ciydae — Ly,).

Eciu paccmarpuBarh 0000IIE€HHBIE pellIeHNs] YpaBHEHMH Diljepa ¢ Hava Ib-
HBIMU TIOJISIMU CKOPOCTH, 00J1a/IaI0IIUMU JIMIIb KOHEUYHON KUHETUIYECKO sHeprueii,
0e3 JIOMOJHUTEbHBIX IIPEJIIOJIOKEHHI TV1aKOCTH, IPEUMYIIECTBO JIBYMEPHOCTH
TYT ke Tepsgercd. [Ipobiema riodanbHONE Pas3pelInMOCTH U €IMHCTBEHHOCTH pe-
IIeHNs] OCHOBHOI Ha4aJbHO-KPaeBO 3aJi1auM B JIByMEPHOI 00JIACTH OKa3bIBACTCS

€/1Ba JIn He TOI 2Ke TPYAHOCTH, YTO W aHaJIO'MYHad TpeXMEpPHad 3aJa4da.



PaccmoTpum ere ypaBHeHUs MjieaibHON KOHBEKIINH

dv

— = — 0k 1
q = VP ok (1)
dive = 0, (2)
db d 0 0

—Z 0 === — 3
a7 dt Ot +Ufascj’ )
U”‘aD =0, U‘t:O = Yo, ‘9|t:0 = 0. (4)

3/1ech v — TOJIe CKOPOCTH, p — JaBjienne, § — remmeparypa, k — opT, HalpaBJIeH-
HBI#l BePTHKAJILHO BBepX, [ — orpanudentas obsacth B R mmm R?; vy = vo(x),
0y = Oy(x), v € D — HavasibHbIe 110Jis1 CKOPOCTU U TEMIEPATYPbI.

Eciu 6y = const, To O(x,t) — nocrostHHast Jjis1 BeeX T, t, U Mbl TPUXOINAM
K 3aja4e Jjs ypaBHeHuii ditnepa. Jaxke B IByMepHOM ciIydae JIJIsT HEH30TEPMU-
YeCKMX TEUEHUH JOKA3aTeThCTBO TJI00aIhHOM TEOPEMBbI CYIIECTBOBAHUS B KJIacce
TJIAJKUX PeIIeHnii coBepireHHo HeaocTynno. CHOBa BCTAaeT BOIPOC O BO3MOXKHOCTH
KoJLTanca. JIByMepHOCTh MaJio MOMOIaeT, TaK KaK 3JIeCh YK€ HeT 3aKOHa COXPa-
HEHWST BUXPs B XKUJIKOM dacTuie.

[To-nacrosimeMy Bce 5T MpOOJIEMBI CIE0BaI0 Obl CTaBUTH HEMOPMATILHO:
HallTH TIpaBUIbHOE Onpeeerue (0000IEHHOr0) pelleHns TaK, YToObl ObLIN Cripa-
BEJIJINBBI KaK IJI00AIbHAS TEOPEeMa, CyIIeCTBOBAHUA, TAK U TEOPEMa eJUHCTBEHHO-
CTH.

IIpobaema 2. [aobasvhvie meopemvl CYuEecmeo8aHUs CMAUUOHAPHIT U
nepuoduveckur meveHud.

[Tocuie kiaccudeckux pabor 2K. Jlepe [7] u ero nociegoparesneit (cm., Hapu-
Mep, [5]) ocranmch Bee-Taku JiBe POOIEMBI, HE TOJIAIONIIECS YCUTHIM HCCITe0-
BaTEJICH.

IIpobnema 2a. Jloxazamv 2400a40HY10 Meopemy CYULLCTNBOBAHUA PEULE-
HuA 6 dsymeproti sadave 0OMeKaHUA MEEPI020 Meaa 6A3K0T HCUIKOCMDIO.

CkopocTh Ha OECKOHETHOCTH MPEJONATraeTCst 3aJaHHOM 1 PABHOW MOCTOSTH-
HOMY BEKTOPY U.

Ucropust sToit 3ajaumn HaunHaercs ¢ napajokca CTokca, KOTOPBIH yCTaHO-



N1

Puc. 1:

BUJI, 94TO B JIMHEHHON MoOcTaHOBKe, ¢ oTOpotieHHbiM wieHoMm (v, V)v, 3ajada He
UMEET peIleHusd. DTOT Pe3yJbTaT HAXOJIUTCS B PA3UTEJbHOM KOHTPACTE C CYIIe-
CTBOBAHUEM MPAKTUIECKH OUEHb BaXKHOT'O TPEXMEPHOT'O TEYEHUsi OKOJIO OTPaHU-
yeHHoro rteJsa. Pemenune Crtokca, oTHOCsIIEeCss K 00TEKaHUIO cepbl, UMeeT MHO-
IOYUCICHHBIE TPUMEHEHHST B €CTECTBO3ZHAHNM.

MoxkHo obpaTuTh 3aj1a4y U pacCcMaTPUBAThH MOCTYATE/IbLHbIE JBUXKEHUs Oec-
KOHEYHOT'O TBEP/IOTO IMUJINHJIPA ¢ MOCTOSHHONW CKOPOCTHIO ~U s YKUJIKOCTH, TIOKO-
siteiicst Ha 6eckonednocTu. Pesysbrar CTokca 03HAYAET, 9TO C TEUEHUEM BPEMEHU
(pu t — +00) BCs XKUJTKOCTD HATHET JIBUTATHCS € TOM K€ CKOPOCTHIO —Un yCJ10-
Bue Ha OeckoHedHocTH, OyjieT HapylieHo. Bonpoc cocTront B TOM, U3MEHUTCS JIN
9TOT BBIBOJI, €CJIM PaccMaTpuBaTh nosaHbie ypapuennsi Hapre-Crokca. Hao 3ame-
TUTH, YTO MO CYTHU, BCE OCHOBHBIE pe3ysbTaThl jiyisd HaBbe-CToKca mosydeHsl, Tak
cKazarTh, 60npeky HeJuHeiiHocTr. Pesysibrar, KoTopbiit Oosiee nji MeHee JIEI'KO 110-
JIy9aeTCs JIJisl JINHEAPU30BAHHbBIX YpaBHEHHI, 3aTeM (B 60pbhe ¢ HeJMHEHHOCTHIO! )
HEPEHOCUTCST Ha 10JIHbIe ypaBHeHus. B npobiieme JIByMepHOro obTeKkaHus UCKO-
MBIl Pe3yJIbTaT JOJIXKEH ObITh MoJyUueH O.aaz2odaps nenuneitnoctu. [Toka aTo 310
YIaJI0Ch CIeJaTh JIUIIb JJis MaJbix ducet Peitrosbca [6].

AHaJIoruaHbIe BOMPOCHI JIJIsi HEMTOCTYATEIbHBIX JABUXKEHUI TeJa, a Tak»Ke B
cirydae IepuoJuIecKnX 0 BpeMeHU JIBUKEHWH TaKxKe He HAILIU ellle Y0BJIeTBO-
PUTEJILHOI'O PEIeHHUs.

IIpo6aema 2b. Cmayuonaprvie u nepuoduveckue meuernus 6A3K0T0 HECHCU-

Maemoti srcudkocmu npu HasuvuUu BHYMPEHHUL UCTMOYHUKO6 U CINOKOG.



Paccmorpum cranmorapHyio KpaeByio 3aja4y s cucrembl Habe-Crokca B
orpanmyennoii obsactu D B R? win R? ¢ rpanumneit 0D, cocToseil n3 CBA3HBIX

KOMIIOHEeHT S1, S, ..., Sk Bygem caurarh cKOpocTh v 3a//aHHOM Ha IpaHUIIE:

U’@D =4 (5)

rae q — 3aJaHHO€ Ha I'PaHUII€ BEKTOPHOE II0JIE. YcnoBue HECKUMAEMOCTH KN JJKO-

CTHU HaKJIaJbIBa€T Ha I10JIE ¢ M3BECTHBLIC OT'PaHNYCHU A

3 / 4ndS = 0. (6)

CyMMapHBIi MOTOK CKOPOCTH CKBO3b Tpanuly 0D jomken ObITh PaBeH HYJIO.
Mexy Tem, B Kiaccuaeckoii pabore 2K. Jlepe [7| rimobanbras Teopema cyiie-

CTBOBaHMS CTAlITMOHAPHOI'O T€YE€HUSA JJOKa3aHa JIMIIb IIPDU boJiee OI'paHNYIUTECJILHOM

YCJIOBHN:
/qndS:...:/qndS:O, (7)
S1 Sk

KOTOPOE COBMAJAET ¢ HEOOXOJUMBIM ycyioBrueM (6) JIMiib B cIydae CBSI3HOM rpa-
autpl, 1p k = 1. Yesosue (7) o3Havaer, 9T0 KUJKOCTh HE MOCTYIAET B 00JIACT
Tedenuss [ JOMOJHUTENLHO U3HYTPU 00JAcTell, OrpaHuYeHHbIX ITOBEPXHOCTSIMU
S1, ..., Sk—1 (cumraem, 4To Sy — BHEIIHss I'PAHUIA), & TAKXKE U HE yjaJser-
cst U3 obsiactu D yepes 3Ty MoBepxXHOCTH. HeT HU BHYTpEHHUX MCTOYHUKOB, HU
BHYTPEHHUX CTOKOB (BepHee, UX CyMMapHasi OOUJIbHOCTH PABHA HYJIIO).

To xe ycnosue (7) MpUIILIOCH HAJOXKUTH Ha IpaHndHoe noe ¢(z,t) u npu
JIOKA3aTeILCTBE [J100a/IbHON TeOPEMbI CYIIIECTBOBAHMSI IEPUOJINIECKUX JIBUKEHIM
[8]. M1 ipuxojum K caiejytoleii npobeme.

Joxasamo (uau onposepenymo nymem nocmpoenus KOWmMpnpumepos) 2a0-
OaNbHYI0 MEOPEMY CYULLCTEOGANUA CINAUUOHAPHBLL U GOIHYHCOCHHDBIT NePUuodu-
weckur deustcenuti 643x01 HeCoHCUMaeMmotl Hcudkocmu 6 cayuae, K020a 02panu-

wennaa obaacms D 6 R® wau R? umeem epanuyy, cocmoauwyio us xomnonenm
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ceazmocmu Si, . .., Sk, npuvem k > 1, u 6vinosnsemcs suws neodbrodumoe ycao-
sue (6).
[Tpu srom spanubie 3aaun 0D, ¢, a Tak»Ke BHEIIHIOW MaccoByio cuiy F(x)
o0
B CTaliOHApHOM ciydae u F(x,t) — B MepHOAMIECKOM, MOXKHO cuutarh C°—
TJTAIKAMU.

Y MeHsI CKJIaJbIBACTCA BIEUATICHNE, YTO PE3YJbTaT OyJeT CKOpee OTPUIa-
TeIbHbIM. Ecau Tak, To HeoOXOAMMble KOHTPIPUMEPBLI MOIYT ObITh MOCTPOEHDI
y2Ke JJIsl IPOCTEeRNIero Cydas KOHIEHTPUIECKOTO KPYTOBOTIO KOJIbIA.

[IpecraBisior HHTEpEC U BHEIIHUE 33J1a9l ¢ BHYTPEHHUMHU HCTOYHUKAMU U
crokaMu. Hekoropble nHTepecHble sBjeHrs, HabIo1aeMble I BHEIIHUX Bpallla-
TEJIbHO CUMMETPUUHBIX TeueHudt, paccMoTpenbl B [9].

Hobagsto etre, 1o yeaosue (7) MO3BOJSAET JOKA3ATh TUCCUTATUBHOCTD HECTA-
unonaproii cucrembl Hasbe-Crokca [10]. Bepositro, u 9101 pesyibrar (McKiovast,
KOHETHO, CJIydali MeJICHHBIX TE€UCHUIl) TOXKE MAIAeT, KOT/Ia BBIIOJHACTCS JIUIIb
obee yerosue (6).

MHe KaKeTest BEpOSATHLIM, 9TO NPK YBEJIMUEHNN ducia Peiinonaca cranyuo-
HAPHDIH PEXKIM MOXKET UCUE3HYTh — YATH Ha 6eCKOHEUYHOCTD, Korjna R — R, npu-
4eM KpuTnieckoe snadenne R, koneuno. OHaKo, mepej TeM KaK HCUE3HYTh, 3TOT
CTAl[HOHAPHDIH PEXKUM TepsieT YCTORIMBOCTD, IIOPOKIas aBTOKOIebaTeIbHbIH 1e-
PUOJNIECKHH PeXUM (BO3SMOXKHO, KOHEUHO, UTO CHAYAJA MTPOUCKXOUT BETBJICHUE
B KJIACCE CTAIMOHAPHBIX peKUMOB). HTepecHo 6buI0 Obl IPOBEPUTH XOTs OBl B

YUCJIEHHOM 3KCIEPUMEHTE BO3MOXKHOCTH TAKOTO XOJIa COOBITHIA.
II. Obotas Teopus yCTOMYMBOCTU Te€YUEHUII BA3KOU KUJTKOCTHU

IIpobaema 3. Clyuecmeosanue Heycmotinusvlr cmayuoHaPHHLT U NEPUO-
Juneckur mevenuti 6 npPouscosbHotl 0bAaCMAL.

[Tycts a = a(x) — mojie CKOPOCTH CTAIIMOHAPHOIO TEYEHUs BSI3KOW HECXKU-
MaeMoil JKIJIKOCTH B 3ajlaHHO orpanmuennoil obimactu D B R? uan R?. Bynem

CHUTATb G pelleHneM KpaeBoﬁ 3a/Ja49U JJJ1d CUCTEMbI Hasbe-Crokca IIpn 3aaHHbIX
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BHEITHUX CHJIaX M IPAHUIHOM I10Jie cKopocTu. JIuneapusysi ypapaenune Habbe-
CTOKCa Ha 3TOM 0CHOGMOM Meuenuy 1 pa3biCKuBas perenne Buja e u(x), npu-

XOJIUM K CHEKTPaJIbHOU 3a/a4e

ou+ (u,V)a+ (a,V)u = —Vq + vAu, (8)
divu =0, (9)
ulyp = 0. (10)

MHO2KeCTBO KOMIITIEKCHBIX THCEIT 0, 1 KOTOPBIX 33/1a4a (8)—(10) nemyeBoe
pelleHne, HA30BEM CNEeKMpPoM Ycmotinu60cmu, OCHOBHOIO T€UYEHUs @ U 0DO3HAYUM
ero depes X,. MI3BecTHO, YTO CHEKTP YCTONIMBOCTH JIIOOOI0 TEYEHUsI 4 CUETEH, U
OTBEYAIOIIAs eMY CUCTeMa COOCTBEHHBIX U IIPUCOEINHEHHBIX BEKTOPOB TMoJTHA |14].

[Tonpobyem npejicraBuTh cede BEJMKYIO OYIYILYIO IMMAPOJMHAMUYECKYIO Te-
OpUI0 YCTOWIMBOCTH, KOTOpasl yrKe pas3pelIna Bce MPUHIUINAAILHBIE 3aa9d W
MOKET TIOPYYIUThL KOMIILIOTEPY MCCAEIOBAHNE KOHKPETHBIX TeUCHU, UX YCTONIN-
BOCTH M MepexofoB. Bo3MOXKHO, B 9T0i Teopun OYAyT UTPATh CYIIECTBEHHYIO POJIh

CJeIYIONIUe MOHATHUS.

Onpenenenne 1 Hazosem decmabunrusamopom D = D(D) mnoocecmeo ecex
enadkux corenoudasvnor (diva = 0) eexmopnvix noaet a na obaacmu D ma-
KUT, wmo cnekmpasvnas 3adava (8)—(10) umeem xoms 6ve 0dno cobemeenmnoe

BHAMEHUE O) HA MHUMOT 0CU:
D=D(D)={a: diva=0, 3oy € ¥, : Reoy=0}. (11)

Onpepenenne 2 bugpypramopom B = B(D) nazosem mmoorcecmso corenou-
dasvHolr eKmMopHuLT noaet a wa D, wet cnexmp yemotinusocmu X, codeparcum

moury 0:
B=B(D)={a: diva=0, 0€X,}. (12)
Onpexnenenne 3 Ocyuasamopom O = O(D) nasvisaemes MHONCECMEO 6CET

2AGOKUT coNEROUdasbrbLr noaet a wa D, et cnexmp ycmotivusocmu X, codep-

orcum xomas vl 00HY NaPy KOMNACKCHO CONPANCENHBIT wucen Fiw, w £ 0:

O=0D)={a: diva=0, Jwe R, w#0:iwe X,}. (13)
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unstable

stable ay,

ay D

Puc. 2:

[Tycrb renepb ay € a)(x) — CoNeHOMIAJIBLHOE BEKTOPHOE 1OJIE, 3aBUCHIIECE
OT BellecTBeHHOTO napamerpa A. Ipexanonoxkum, aro nmpu A = 0 310 Tedenwue,
ag = ao(T) ACUMITOTHIECKN YCTONIUBO, U €10 CIIEKTP YCTOHIUBOCTH PACIIONIOXKEH
BHYTPU JIEBOI 1OJIyIJIOCKOCTH. TOryia CBORCTBO aCUMIITOTUYECKONW YCTONIMBOCTH
COXpaHAETCA U JIJIs MaJbix A. Byjem teneps yBeaudauBarh A (MycTb, JJIs OMpejie-
gertocru, A > 0). BoamMoxHO, 4T0 TeueHue a) Npu HEKOTOPBIX A HEYCTONYMBO.
Kputnueckne 3HaveHusi \,, OTBeYalolIne TMEPexoay COOCTBEHHBIX 3HAUYCHUI W3
YCTOMYUBON TOMYIIJIOCKOCTH B HEYCTOMYUBYIO, B YaCTHOCTHU, T€, KOTOPbIC pa3Jie-
JISIIOT WHTEPBAJIbI YCTORIUBOCTH U HEYCTONIMBOCTH, OMPEIE/IAIOTCA TEM YCIOBH-
€M, UTO CIEeKTDP X, COAEP:KUT XOTs ObI OJHY TOUKY MHUMON ocu. MHade roBops,
KPUTHUECKUE 3HAYCHUST A\, olpejesisiiorcst yeaosueM: ay, € D(D) (em. Puc. 2).
KoneuHo, npu JBUXKEHUM 110 MMapaMeTpy A CEMefCTBO a) MOYXKeT HECKOJIbKO Pa3
nepecekaThb jgecrabusnnzarop D.

Ecim y»Ke mW3BeCTHO, 9TO TE€YEHUE @) TepsieT YCTONIMBOCTH, BOSHUKAET BO-
IpPOC O XapaKTepe COOTBETCTBYIOIIEro IMepexoya. B ycloBusx o0Iero mosoxke-
HUsL OTBET B OCHOBHOM 3aBUCUT OT TOIO, KAKOB HEiTpa/bHbIl clekrp (nepece-
deHre CIeKTPa ¢ MHUMOM OChI0) KPUTHUYECKOTO Tedenus ay,. BEcn ay, € B(D),
MOKHO OXKMJIATh, UTO TTPOUCXOJIUT BETBJIEHNE CTAITMOHAPHBIX PEXKUMOB. Ecn ke
ay, € O(D), 10 B yciaoBusix 00ILIEr0 MOJIOKEHUSI UMEET MeCTO OudypKarus OT-
BETBJICHU IUKJIA (ABTOKOJIEOATETLHOTO MEPUOTUICCKOTO DEXKIMA).

Ecin npejicraButh cebe, 1ro muoxkectsa D, B, O uMeroTcst B naMsTi Malliu-
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HBI, TO B Ka>K/IOM KOHKPETHOM CJIyYae OCTAETCs JIUIIb MPOCIEINTh 38 ToNa aHneM
Ha HUX CEMENCTBa a).

Cdhopmymupyem nmpobemy B CJIeLYIONEM BU/IE.

Jloxasamn, wmo das aoboti obaacmu D 6 R uau R? mmooscecmea D(D),
B(D), O(D) nuenycmuo.

[Toka 4TO TOT PE3yJIbTAT W3BECTEH JIMIIb i obsiacreil BpaiieHns B R3
[11]-[13]. Koneuno, Bees 3a 10KA3aTEILCTBOM [VIABHOTO CBONCTBA BCSKOTO MHO-
YKECTBA, — €0 HEeMyCTOThl — BO3ZHUKHYT W BOIIPOCHI O CTPYKType MHOXKecTB D, B,
O. BeposiTHO, OHE OKaXKyTCsl CTPATH(DUINPOBAHHBIME B COOTBETCTBUU C KOpa3-
MEepPHOCTIMHU OMdypKalnii, BOSHUKAMOIINX IPH UX IepecedeHrud CeMEeiHCTBOM ).

BriosiHe aHaJOrHYIHbBIE BOMPOCHI €CTECTBEHHO MOCTABUTH W JIJIST EPUONIE-
CKHX PEKHMOB, CKaxKeM, (PUKCHPOBaHHOTO Iepuosa p. Kpome muoxkecrs D, B,
O,, ecrecrsento obobmaromux D, B, O, nyxHo Oyaer BKIIOYUTD elle dybauka-
mop Db, — MHOXKECTBO P-IIePUOJIUIECKUX 110 T CONICHOUIANbHBIX BEKTOPHDIX 110J1eil
Ha obJjacTu D, 00agaolMuX TeM CBORCTBOM, UTO OTBEYAIOIINi UM OIepaTop MO-
HOJIDOMUM UMEET MYJILTAILIUKATOP —1.

B sakjodenne 3aMeTuM, 4TO B KOHEUHOMEDHOM CJlydae BBEJICHHBIE OIpe-
JlesieHust Heryioxo paborator. Hampumep, yaaercst mocTponTh MHOXKECTBA, aHAJIO-
ruaabie D, B, O, nis rajepKuHCKUX annpokcuManuii ypapaennit Happe-Crokca
(FOmosuu B. 1. O 6udypraTopax, oCIHULIATOPaX U JeCTaOUIN3aTOPAX CHCTEMBbI
Hagbe-Crokca, cTaThst TOTOBATCS K TI€YATH ).

IIpobaema 4. Iloanoma cucmemor peuwenuti Paoke 6 3adaue ycmolivueo-
cmu nepuoduneckur mevernutl 6aA3K0T AHCUIKOCMU.

Jluneapusanus ypasHennit Hapbe-Ctokca Ha u3BeCTHOM T -1IepHOIUICCKOM
TeUYCHUU a(a:,t) B OrpaHuYeHHO# objacTu D ¢ TBepjoil IpaHuIeil TPUBOIUT K
cucreMe ypapHeHuit ¢ T-nepuojunieckumu koddgdunmrerntamu. Ecin pasbicKkuBaTh

ee pemenus Buja e u(x,t), e BeKTop-pyHKIEA U T-IeprognIHa, TO 0Ny TUM



14

CIIEKTPAJIbHYIO 3aJa41y C KOMIIJIEKCHBIM ITapaME€TPOM O

ur +ou+ (a, V)u+ (u, V)a = =Vq + vAu, (14)
divu =0, (15)
u|,p, = 0. (16)

MHO0XKecTBO KOMIIJIEKCHBIX YUCe]l 0, JJs KOTOPBIX 9Ta 3aJavda MMeeT HEeHYJIEBOe
peleHue, Ha3bIBaeTCs Cnexmpom ycmotivusocmu uayu cnekmpom Paoxe mevenus
a(x,t). 3aMeTuM, 9TO BMECTE ¢ KaXKJI0ii TOUKO{l 0 9TOT CIEKTD COJEPIKUT TAKIKE

ot

CYeTHOE YUCI0 ToYeK o+inw, w = 27 /T, n € Z. Hapsuy ¢ pewenuem e u(x, t), K
n

perternam Doke OTHOCAT Taxxe permenne suja et > thul (z,t), m =0,1,...r
k=0

k , Ha3bIBA€MbIMH IIPUCOECIMHEHHBIMNA

¢ T-nepuojindecKnMn BeKTOp-pyHKIUAMA U,

pemenusamu Orioke, uan (Kpaiine Heypadno) o600meHHEbIME pernerusMu DJioke.

Onpejesum rusibbeproBo npocTpanctBo Sa( D) Kak 3aMblKAHUE MHOXKECTBA
C™>-rnagknx, GUHATHBIX B 00sacTu [ COIEHOMJAIBHBIX BEKTOPHBIX TOJIEH 110
Hopme Lo(D). Chopmynupyem ciieyontyo mpobaemy

oxazamo, wmo das aobozo T-nepuodureckozo peuwernus a cucmema peuie-
nuti Daoke noana — 6 Mom cMmulcie, 4mo uxr snavenus npu t = 0 obpasyrom
noanyto cucmemy 6 Sa(D).

Bgejiem oniepatop MoHOpoMUY Uy JIMHEAPU30BAHHONW CUCTEMbI, KOTOpast T0-
gyaaercs us (14)-(16) mpu o = 0. [To onpenenenuio, nist sroboro permenust u(x, t)
aroit cucrembl Upug = u(-,T), ecim 1y — HavaabHoe 3Hauenue: up(xr) = u(x,0).
DKBUBaJICHTHAs (DOPMYJMPOBKA IIPOOJIEMBL: doKaA3aMb, 4IMo 0Nepamop MoHoodpo-
MUy Up umeem noanyto cucmemy cobcmeennvlr U npucoeduHeHHbT 6eKmopos.

B ciydae cralimoHapHbIX TEYEHUI MOJHOTA CUCTEMBI HOPMAaJIbHBIX MO/ J1aB-
HO jokazana [14]. Permatoryo poib B 93TOM J0Ka3aTeIbCTBE UIPAET MPUMEHEHHE
u3BecTHOi Teopembl Kesjpima. esio B Tom, aro npu a = 0 1nojydaercs camMmoco-
Ipsi?KeHHasT CIeKTpaJibHasd 3a/a4a, JJIs KOTOPOi ITOJTHOTa CUCTEMbI COOCTBEHHBIX
BEKTOPOB BbIBOJIUTCsI cTaHiapTHO. CiraraeMble cojepKaliye TedeHue a, 00pasyror,

XOTsA U HE MaJIOE, HO caaboe BOSMYIIEHHUE I'NIaBHOT'O CaMOCOIIPA2KEHHOT'O U ITOJIO2KHN-
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TEJILHO OIPEJICJIEHHOI'O ONEepaTOpa, YTO U JaeT BO3MOYKHOCTH ITPUMEHUTH TEOPEMY
Kenapima.

JOBOJILHO YIMBUTEIbHBIM 00PA30M OKa3bIBAETCs, YTO B IEPUOIUIECKOM CJIY-
Jae Teopus Kespiiia nenpumMennMa. HekoTopbie pe3ynbTaTsl O MOJTHOTE pellennii
dyoke Obr moydensl B 70-x rogax mMomM acnupanToMm A. V. MumocaaBeckum
[15]. Emy upunuiocs npumenurs treopemy dandoppa u [MIsapua [16], koropast
TOXKe JIaeT COXpaHeHue MOJTHOTHI CUCTEMbI KOPHEBBIX BEKTOPOB TPU BO3MYIIEHNH,
HO OCHOBaHa& Ha COBCEM MHbIX NPUHIMIAX HexKeyin Teopema Kesbiiia. YcioBust
9TOH TeOpEeMbI 3aIIPeNIaioT COOCTBEHHBIM 3HAYEHUAM HEBO3MYIIIEHHOT'O OIepaTopa
HEOTPAHUYEHHO COMMXKATHCA. Takoe TMoBeJleHne XapaKTepHO, OJTHAKO, JIJIS CIEK-
TPaJIbHBIX KPAeBbIX 3aJlad Ha OTPE3Ke, a, HAaIpuMep, Jijis oreparopa Jlamniaca B

orpanmuueHHoil obutactn D C R coberBennbie ancia A pacTyT Kak n?/™

U 1pu
m = 3 conmxkalorcs, Korja n — 00. VIMeHHO u3-3a 9TOro orpaHuyeHus HY>KHbI
pe3yJIbTaT cieyeT u3 obux reopeM MuIoCIaBCKOro JIMIIb B TE€X CIyYasix, KOIJa
MMeeT MEeCTO TIOJIHOe pa3jieeHne MePEMEeHHbBIX, I B UTOI'e MbI IPUXOIUM K 11apabo-
JIMIECKOMY YPaBHEHUIO (MJIM CHCTEMe TaKUX yPaBHEHWH ) BTOPOro MOPsiJiKa ¢ lepH-
OIMYECKUMH 110 t KoadpuiimenTaMn U ¢ OJHON MPOCTPAHCTBEHHON epeMeHHOA.
Konedno, 3T0T KJIacC BKJIIOYAET MHOTO MHTEPECHBIX TEUECHUN — MapasiiebHbIe
TeUYeHHUsI B KPYIJVIOH TpyOe mJjid KaHaJie, IepuojmdecKue 1o ¢ BpaliarejbHble Te-
YeHUsT MEXKJIy COOCHBIMU HUIUHApaMu u T. J. O0Ias 3a1a1a oKa3ajgach, OJHAKO,
TPYAHOMN, TPUUIEM TPYIHOCTH HOCST TPUHIUITHAJIBHBI XapakTep.

Eciau npuHATH BO BHUMaHKE JIUIIL T€ CYIIECTBEHHbIE CBOWCTBA JIMHEAPU30-
BarHOi cucrembl HaBbe-CToKca, ¢ KOTOPbIMU MBI, JEHCTBUTEIHLHO, MOXKEM Pabo-
TaTh, IPUXOJIUM K CIeJyIoNeil abCTpaKTHOI IIOCTAHOBKE 3a/1a4Mu.

PaccMmorpum obbikHOBeHHOE JauddepeHnualbHoe ypaBHEHNe B I'MJILOEPTO-
BOM mipocTpaHncTe H
Cfi—z; + Au = B(t)u. (17)

3nech A — (MOCTOSTHHBI) caMOCONPSTKEHHBII omtepaTop (Tuma omneparopa, Jlarmia-

ca —A umu oneparopa Crokca —ITA), npudem ero obparubiit A~ = G (oneparop
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['puna) Brosse Henpepbier. Oneparop-dyukuus B(t) nepuojndna no t ¢ nepu-
omoMm 1T', s KaxkKJIoro t MOJUMHEHa OIepaTopy A B TOM CHILHOM CMBICIE, TTO
orepaTop-pyHKIUN Gl/zB(t) 1 BGY? cyrb orpanHmueHHble W HENPEpLIBHBIE [0
t B CMbICIe PABHOMEDHOI OIMepaTopHOii Tomosioruu (1o HopMme onepaTopos B H )
oneparop-gyuknun. Touree roBopsi, oneparop B(t) MOXKeT ObITh HEOIPAHUYEH
¥ He BCIOJLy OTpejiesieH, HO ero obJacth onpejenenns D(B(t)) momkua cojep-
KaTb 06pa3 omeparopa GV/2, 1 yrnoMsaHyTbe Bblle oneparop-hyHKIME TOTKHBI
JIOIYCKATD MPOJIOXKEHUE 110 HEIPEPBIBHOCTH JI0 OIPAHUYCHHBIX ¥ HEIIPEPHIBHDIX.

B cnydae nmocrosiniHoro B MOJHOTa BLIBOJIUTCA U3 TeopeMbl Kennbimra. Kaza-
JIOCH OB, 3TOT PE3YJILTAT JOJIKEH 0600IMAThHCsT U Ha nepuogundeckue B(t). OaHako
MustociiaBekuii mocrpousi npumep ypasrenus suga (17), gaxke ¢ orpaHudeHHBIM
koabdunuentom B(t), 1isi KOTOPOTO OMEPATOP MOHOAPOMUN KBA3HHUJIBIOHEH-
ten! Takoe ypaBuenne BoobIe He nmeer perrennii Oioke.

3aMmeuy, 4TO POJIb IIOJHOTHI HOPpMaJbHBLIX MOJ uju perieHuit Gyoke B mpo-
OJieMe yCTOMUIMBOCTH MHOMMU aBTOPaMU CHJILHO IpeyBeandena. OTCyTCTBHE pe-
mennit Quioke y ypashenust (17) TOBOPUT O €ro CBEPXYCTORIUBOCTH: KaXKJ0€ €ro
pelieHne 3aTyxaeT npu t — 400 ObicTpee J11000i SKCIOHEHTHI, 110 KpaiiHeil Mepe,
kak e * npu mekoropom k > 0, a To maxe n kak e M a > 1.

[Tpumep MwusiociaBCcKOro HOCHT adOCTpaKTHBIH XapakrTep. OdeHb HHTEpeEC-
HO BBISICHUTDH, BO3MOXKHA JIK TAKOT'O POJia CBEPXYCTONUIMBOCTL sl TMapabosmde-
CKUX yPaBHEHHUIl B YaCTHBIX NMPOMU3BOJHLIX U JIMHEAPU30BAHHON CHCTEMBI yPaB-
neruii HaBbe-Crokca. MHue KaxkeTcs, 9TO CKOpee HEBO3MOXKHO (6ojiee BEpOSITHO,
9TO CBEPXYCTONIMBOCTh HUMEET MECTO Ha HEKOTOPOM MHBAPUAHTHOM ITOITPOCTPAH-
cree). [eso B ToM, uro quddepeHimaibabie OnepaTophl ¢ MepeMeHHbIME KO-
dunmenTaMm, cKaxkeM, MOPSAKOB M U N “TIOUTH KOMMYTUPYIOT , IX KOMMYTATOD
“repsieT mopsiIoK”. D10 andhepeHIraibHbI ONepaTop MOpsijiKa MEHBIIEro, Yem
m + n. C Ipyroit ¢cTOpoHbI, JJisd KOMMYTHDPYIOIINX B €CTECTBEHHOM CMbIC/IE OIIe-
paropoB A u B(t) pe3ysbrar 0 HOJHOTE, KOHEYHO, CIIPABEJIJINB.

Comwiocs erre Ha pabory |18], riae mocTpoes mpuMep mapaboIuIecKoro ypas-

Henus Ha tope T°, Buga u; — Au = q(x,t)u ¢ orpannyeHHbIM 10 T, ¢ K03 dhu-
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42
IIMEHTOM, Y KOTOPOI'O MMEIOTCS PelleHus, 3aTyXalolye npu t — +00 Kak e

¢ > 0. Ho Bo3MOXHO Ji1 TaKoe ObICTpOE 3aTyxaHue, Koriga MyHKIUs ¢ TEPUOUIHA
o t7

CyuecrByer Kiace ypasHenuit (17) ¢ caMOCONpPsiKEHHBIM U CTPOIO T1OJIOK -
TeJILbHBIM ONEPATOPOM MOHOJIPOMHUHU. DTO YpPaBHEHUS, JIJI KOTOPHIX BBIIOJHEHO

yeaosue ([12; 13])
B*(—t) = B(t). (18)

B srom ciydae, KoHEUHO, onepaTop MOHOApoMHM ypasHenusi (17) wmeer opro-
HOPMAaJIbHBIN cOOCTBEHHBIN Oasuc. K coxkajeHuto, JIMIIbL HEeMHOI'HE BpalllaTe/b-
Hble [IepUO/IMYeCcKre TeUeHUs XKUJIKOCTHU, & TaKXKe 11epuojiniecKkue KOHBEKTUBHbIE
TeUeHUs CTPATH(MUIUPOBAHHOMN KUJKOCTH PUBOJAT K ypaBHeHnusaMm suja (17) ¢

BBITIOJTHEHHBIM yesoBreM (18).
III. YcroitunBoCcTh TeYEeHUII NAeaJTbHOI >KMJIKOCTHI

IIpobnema 5. Obocrosamsd 3ak0HHOCD AUHEAPUSAUUL 6 300a4E 0 HeYCMOTi-
YUBOCTU CMAUUOHAPHO20 MEYEHUA UJEANbHOT HECHCUMAEMOT HCUIKOCMU OMHO-
CUMENDHO CAALODIT HOPM.

[Toj HEyCTOWYMBOCTHIO MOHUMAETCS OTCYTCTBUE YCTOWIMBOCTH 110 JIsTTyHO-
By. B camo ompejenenre ycTORUUBOCTH MO JIAYHOBY BXOJWT HOpMa Ha, (DYHK-
ITIOHAJTHHOM MPOCTPAHCTBE COJCHOUIAJTHHBIX BEKTOPHBIX TIOJIeH, KacaTeJbHBIX K
rpanuie obsactu Tederust. OT BHIOOPA 3TOW HOPMbBI 3aBUCUT OTBET Ha BOTPOC 00
yeroitausoctu [14, 19, 20, 21, 22|. Ectb cepbesHble OCHOBaHUS JyMaTh, 9TO BCE
TEUEHUsI UJICAJbHON HECKMMAEMO KUJKOCTH HEYCTOWINBbI OTHOCUTEIBHO “CHJIb-
HbIX” HOPM: max |rot v(z,t)|+. .. B TpeXMEpHOM CIydae u max | grad rot v(z, t)|+
... — B IByMepHOM ciyuae. MHororouneM ob03HaueHb! OoJiee c1abble HOPMBI, Ha-
npumMep Lo-HOpMa. XOTs B 00IIEM CIydae 3TO yTBEPKJIEHUE OCTACTCSA I'MIIOTE30i,
B €ro CIPaBeJJINBOCTH yOexK1aeT OOJIbIIONH HAOOP MPUMEPOB U TEOPEM, OTHOCS-
IIUXCsT K Pa3/IMdHbIM Kjaccam Tedenuit. [lo-Bugmmomy, jaxe TBepjioe BpallieHue

KNJIKOCTH HE ABJdeTCdA MCKJIIOYCHUEM.
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Bce rosoput o ToM, 4TO y»Ke L,~-HODMBI BUXPs B TPEXMEPHOM CJIy4ae U ero
O)‘—HOprI B JIBYMEPHOM CJIy4ae TOXKE CO BpeMeHeM HEeOI'PAHUYCHHO BO3PACTAIOT
JUIsl OY€Hb MIMPOKUX KJIACCOB TEUEHUI. DTH KJACCHI, BEPOSTHO, CTOJb HINPOKH,
YTO HU OJIHO CTAllMOHAPHOE TeUYEHUE He MOXKET ObITh OTHOCUTEJIbHO TaKUX HOPM
yCTOWIWBO 10 JIATyHOBY.

B /ByMepHOM cilydae ecTeCTBEHHbI BHIOOD HOPMbI M0JICKA3bIBACTCs M3BECT-
HOII TJIODAJIbHON TEeopeMoii CYIIeCTBOBAHMS: 9TO HOPMa B IIpocTpaHcTBe V' coje-

HOWJIaJIbHBIX BEKTOPHBIX Tojieil Ha obaact D C R? ¢ orpanuyeHnbIM BUXPEM:
|v]|y = essmax |rotv(z)| + ... (19)
xeD

3/1€Cb MHOIOTOUYME CHOBA O3Ha4YaeT Mia iyt Hopmy. Hopma nosist ckopocru v(x, t)
B ipocTpancTBe V onernBaercst pasnomepno no t € R [26]. dro nanbosee cuibHast
HOPMa, KOTOpasl ellle OCTaeTCss paBHOMEPHO OorpaHUYeHHOI 1js Beex t € R.

Bo BcsikoM citydae, O9€BUIHO, UTO ONPeJesIeHne YCTORIUBOCTH W COOTBET-
CTBEHHO HEYCTONUMBOCTH IIPEJICTABJIACT MHTEPEC JIUIIbL B TOM CJIydae, KOIja Cy-
HIECTBYIOT YyCTONIUBbBIE TedeHus . JIErKO yCTAaHOBUTH, 4TO TEUEHUST ¢ TOCTOSIHHbIM
BUXpeM ycToituuBbl 110 JIsnyHoBy B mpocTpaHcTse V.

B TtpexmepHOM ciydae “TpaBUbHBIN BBIOOP HOPMBI HEsICEH, XOTs Obl IOTO-
My, 9TO HAM HEM3BECTHA HUKaKas 1yI0dabHas TEOPEeMa, CYIIECTBOBAHWS PEIICHU s
HavaJbHO-KpaeBoii 3aja4un. B To ke BpeMmsd, B ciydae ycroiiuupocTu 1o JIsimy-
HOBY, COIVIACHO ONPEEJICHUIO, JBUXKEHUST PU MaJIbIX HAYAJbHBIX BO3MYIICHUSIX
JIOJIKHBI ObITH ompejiesiennl juist Beex t > 0. [IpaBma, 970 B npuHIne He TPersiT-
CTBYeT IIOCTAHOBKE 3aJIa4U 0 Heycmotvusocmu, TaK KaK KOJIJIAIIC, VX0 JBUXKEHMS
Ha OECKOHETHOCTH 33 KOHETHOE BpPeMsi, CJEyeT OTHECTH K CIydal0 HEeYyCTONIMBO-
cti. MoxeT ObITh NPHUAETCS CMAMIUTD OIpeJieJIeHIe YCTORUNBOCTH 110 JISIIyHOBY,
HAIpUMep, JIOIYCKasl JIMIIb TJIaKUe BO3MYIICHUS M3 MHOXKECTBA, BCIO/Y IJIOT-
HOT'O B BbIOpAHHOM (DYHKIIMOHAJBLHOM TpOCTpaHcTBe. Tak mju mHade, MoKa 4uTo
Pa3yMHBIMHU KaHAUJIATaMU Ha POJIb “TPaBUJIbHOI HOPMBI MOI'YT ObITh C-HOPMA
u Lo-nopma. Ilpu pemrenun npobsiemMbl 5 BOBMOXKEH, KOHEUYHO, U JIPYrOil BHIOOD,

OJIHAKO, HOpMa JIOJKHA OBITH cyiabee, 1eM max | rot v| B ciaydae 3-D Tedenmuii.
X
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B macrosimee Bpemst U3BECTEH JIWITh OJWH OOIIUi pe3ysbTaT 1Mo 000CHOBaA~
HUIO JINHEAPU3AIUU B 3aJlaU€ YCTONUINBOCTH CTAIMOHAPHBLIX TEUCHUH U 1eaJbHON
HecKumaeMoii xxujkocru [23]. OHako, B 910it pabore HeyCTOHIMBOCTD B CJyUae,
KOI'JIa CIIEKTP COJEPKUT TOUKY IIPABOM IOIYILIOCKOCTH, JOKA3aHA, JIUIIL OTHOCH-
TEJILHO Yepecuyp CUILHLIX HOPM. pyroil HeJoCTaTOK 9TOo CTaThi — HAJUIHE JT0-
MOJTHUTEJILHOTO YCIOBHUST Ha, CIIEKTP, 8 WMEHHO — CYIIEeCTBOBAHNE CIIEKTPAJIHHOTO
MHOXKECTBA, TEJINKOM JIEXKAIIEr0 B TIPABOil MOTYTIJIOCKOCTH (HA CAMOM JIeJie, JaxKe
qayTh 00JIee CHIILHOIO). DTOT HEJOCTATOK, JyMalo, JIEMKO YCTPAHUTh, UCIOIb3Ys
nogaxon M. I'. Kpeiina [24|, cBasanublii ¢ “nourn — coOCTBEHHBIMI BeKTOpaMu’.

IIpobaema 6. Obochosanue memoda Aproavda 6 meopuu yecmotivusocmu
mevenuti udearvrot scudkocmu.

Hecmorps na 3HaUnTENbHBIE YCIEXH, JOCTUTHYTHIE IpAMeHeHneM MeToja B.
1. ApHosibjia, HaYKMHAs C €ro THOHEPCKUX paboT cepeuubl 60-x rojgos (cM. [25]),
MHOTH€ HMPUHINANNAAILHBIE BOIPOCHI TEOPUK OCTAJUCHL B TEHH U JO CHUX IIOpP OCTa-
IOTCSI HESICHBIM.

IIpobaema 6a. /loxazamv ycmotivusocmdsv no JLanyrnosy 6 npocmparncmee
V' 6 cayuae, koeda deymeprnoe cmayuonaproe mevenue yoosACMBEOPALM, KPUIMe-
puto Aproavda.

Hamowmuio, 9To B ciydae CTallMOHAPHOIO TedeHHUsI ¢ (DYHKIHeH ToKa 1) =

Y(x,y), YIOBIETBOPSIIONIEH YPABHEHUIO

9TOT KpUTEpuii TpedyeT, 4ToObl ObliIa MOJOXKHUTEILHO OIpeeaeH O, Jub0 OTpu-
HATEJIBHO ONPEJICJICHHON KBapaTudHas GpopMa
1 V)
H="Hp] = = Vo) + ——(Ap)?| dzdy, 21
(] 2/(90)+AW)(¢) y (21)

D
g0|aD =0. (22)

[Tpu ecrecrBernnom orpanndennsix B. W. ApHosbi joKa3aj anpropHyO OIEHKY

nns Lo-nopmbl Buxps Bosmymenns ||Ap(-,t)||r,py. Ho mna takux mavaabHbix
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JIAHHBIX, XOTsl U U3BECTHA IVIoDaJsibHAsl TeopeMa cylecTsoBanust [26], ner reope-
MbI €JIMHCTBEHHOCTH. [lJIsI e IMHCTBEHHOCTU JIOCTATOYHO IMPEJIOI0KUTh, UTO Ha-
dalibHast CKOpocTh npuHaiexkut V', 1o ectb Ap € Lo (D) (em. takxke [27], rie
€JIMHCTBEHHOCTD JIOKa3aHa ¥ JIJIsi HEKOTOPOI'O KJIacCa TeUeHU ¢ HeorpaHuIeHHbIM
prxpeM). Taknm 06pazoM, yeTORIUBOCTD B 9TOM MPOCTPAHCTBE JOKA3aHa JIUIIb B
HEKOTOPOM OCJIaDJICHHOM CMBIC/IE: €CJIU JIayKe BO3MYIIEHHBIX TE€YEHUH MHOTO, TO
BCE OHU MaJIO OTJINYAIOTCSA OT OCHOBHOI'O CTAI[MOHAPHOIO. ECcTecTBEHHO BOBHUKAET
ciejytoiias mpobJema.

IIpo6sema 6b. Joxasamo (uau onposepenyms) eduncmeennocms peuse-
HUA 0CHOBHOTI HAUANOHO-KPae6ot 3adayu OAA YpasHenuth Jiiepa 6 oepanuenrot
obaacmu D C R? das cayuan, xoeda nanarvhoiti euxpo npunadiesicum L,(D)
npu wexomopom p > 1.

[Toka npuxojurcst NpusHaTh, YTO yCTONIUBOCTHL 110 JIsiyHOBY B 1poCTpaH-
cre V' Jl0Ka3aHa MOJIHOCTHIO JIMIIL JIJI TeUEeHUH ¢ MOCTOsIHHBIM BuXpeM. K ciioBy
cKa3aTh, JJist Takux Tedenuit ¢popma (21) He onpenenena, a pe3yabrar 06 yCTOii-
YUBOCTH TOJIyIa€TCsi HEMOCPEJICTBEHHO.

[Topa 3aMeTuTh, 9TO JAJIEKO HE BCE CTAIIMOHAPHDbIE T€UCHUS YIOBIETBOPAIOT
ypasrenuto tuna (20) ¢ ogHo3HauHO U ruajkoil dynkiueii F. B camom ee,

BOOOIIE IOBOPS, CTAIIMOHAPHOE TeUYeHHE, OIPE/Ie/IsAeTCs YpaBHeHUEM

Dy, Ay)
=7, (23)
D(z,y)
TO ecTh TpeboBaHueM, 9TOOBI ¥ U At HaXOAWIUCh B (PYHKIMOHAJILHON 3aBUCH-
moctu. Hampumep, HCXOMHBIM MOCHITKAM ApPHOJIb/Ia HE YJIOBJICTBOPsET (DyHKITHA

TOKa, ollpejlesisieMasl KakK pelleHne KpaeBoi 3a1auu
CAY = 41, (24)
w‘aD = 0.

B stom ciayuae dyukius F cymecrByer: ¢ = /Ay + 1, HO oHa He sBJIsIETCHA

riajikoit. Jpyroit npumep, B KOTOpOM 0jiHO3HAYHON byHKIuu F') BoobIe roBopsi,
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He CcylIecTByeT: (DYHKIUS 1) YJIOBJIETBOPSIET YPaBHEHUIO
P+ (AY)° =1 (25)

1 KPAeBOMY YCJIOBUIO M ap = 0. Bonpoc 00 ycroitunsocTn Takux TeueHnit ocraercs
TOJTHOCTHIO OTKPBITHIM.

IIpobnema 6¢. Hccaedosamv yemotivusocms cmMayuonaproly meywenul
(24) u (25) u um nodobnwvix.

[To Bceit BEpOATHOCTH, BCe T€UEHUS, JJI KOTOPBIX HE CYIIECTBYET OJIHO3HAU-
HoOMt pyukuuu F', Heycroituusbl. B 9T0# cBsA3M X0uy 00paTuTh BHUMaHUE HA Pa-
6oThl |28, 29|, B KOTOPBIX JIOKA3aHO, UTO PEIICHUE 3349l O MAKCHMyMe KHHETH-
YeCKO# 9HEPrUM Ha MHOYKECTBE M303aBUXPEHHBIX TMOJIeH MPUBOIUT K TEUCHUAM C
OJIHO3HATHON 3aBUCUMOCTBIO MeX Ly Y 1 Ai.

Hajiee, NpUHIUIKAIBLHO BayKHO Pa3BUTh MeTO/ APHOJbIA, MPEICTABJISIO-
it coboit crenraibHyo (POpMy NPsIMOro MeTosa, JIsnyHoBa, IPUMEHUTEIBHO K
npobJieMe HeyCTONUNBOCTH.

IIpobnema 6d. /loxazams neycmotivusocmsp cmauuonaprnozo mevenua 6
cayuae, Koeda kpumeputi Aproavda 2pybo wapyuien.

Bce, Kak-0y/1TO, IOJTBEPXKIACT CIPaBeJIMBOCTH MHEHU S 3HAMEHUTOTO aBTO-
pa, 4To ero kpurepuii “6sin30K K Heobxogumomy” (cm., nanpumep, [30]). Onako B
TUIPOIMHAMUIKE BOOOIIE OU€HDb PEJIKO YIaeTCs IOKA3aTh HEYCTONINBOCTD MPSIMbIM
meTosoM JIamyroBa. HekoTopbIiM ucCKITIOUEHTEeM ABJAIOTCA pe3yabTaThl B. Bia-
JIMMUPOBA, MOJIyUeHHbIE ¢ UCTIOIb30BaHueM BupuaJos [31], B 3aja4e o aBukeHuu
TeJla B YKUJIKOCTH.

Ouenb 00UIHO, UTO KPACUBbBIN MPU3HAK YCTOWUUBOCTH TPEXMEPHOTO CTAIH-
OHApPHOT'O TE€UCHHUSA, MOJYyICHHBI APHOJIBIIOM, KaK U MPE/Ioarajl ero aBrop, OKa-
3aJICS HEPUMEHUMBIM HU K OJTHOMY TEUYEHWIO, UCKII0Yasi, ObITh MOXKET, TBEep10¢e
BpalleHne.

IIpobaema 6e. Cywecmeyem au ycmotivusoe mpermepnoe cCmayuoHapHoe
mevenue udeasvrnoti necocumaemoti scudkocmu?

BeposiTHOo, maxke TBepjoe BpallleHne HeYCTOMINBO OTHOCHTEJHHO CHUJIHHDLIX
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HOpPM, HAIpUMEpP, OTHOCHTEJLHO BUXPEBO# HOpMBI max |rotv| + . ... Takum 06-
pa3oM, eI YCTOWINBOE TeUeHHe CYIIECTBYET, HY>KHO ele 00bsICHUTD, B KAKOM

cMbIc/Ie (B KAKOM [POCTPAHCTBE, U T. 1. ) OHO YCTOHIMBO.

IV. ¥YcroiitunBocTh TpocTeImnX JaMUHAPHBIX T€YEHU W TMEPBBIA

mepexo.

IIpobaema 7. /lokazams, umo meuenue Iazena-Ilyaseting 6 kpyenroti mpy-
e, a makoice mevenue Kyomma 6 xanaae abcoarommno yemotduusv, (mo ecmo
yemotiuueo, npu aobom wucae Petinoavdea).

Ha ceit pas jmeno ujger o BHOJHE CTPOro (DOPMYJIUPYEMbBIX CIEKTPAJIbHBIX
KPaeBbIX 3a/a9ax JJist OObIKHOBEHHBIX jindepeHnaibHbiX ypaBHeHuii (CM., Ha-
npuMep, [32]). B ciyuae redenust [lyaseitsist, eciim orpaHuIuTHCS OCECHMMETPHYIH-
HBIMI BO3MYIIEHUSIMHU, HY>KHO JIOKa3aTh, 9TO BCE COOCTBEHHbBIE 3HAYCHUSI 0 CJIe-

JIyToTell CIeKTpaJbHON 3aJaur paclooXKeHbl B JIeBoil nmosymiockoctn Re o < 0:

{(L —a?) — [0 +iaR(1 —r*)]}L — )Y =0, (26)
=9 =0, r=1, (27)

e (v — BOJIHOBOE YUCJIO Bo3MylleHus, R — aucio Peitnonbica, o — KOMILUIEKCHBII
napamerp, a Gynkuus ¥ = ¥ (r) onpenenena na orpeske [0, 1]. Tuddepennmain-
HBII orepaTop L BTOPOro mopsijika OIPEIesIAeTcs PaBeHCTBOM

2
L:d__i_li_i:i i_i_l (28)
dr?2  rdr r?> dr \dr r
[Tpu r = 0 KpaeBoro yCjaOBUST HET, W MOHSITHO MOYEMY — TOYKU OCH TPYObBI 1JIsi
MCXOJIHOI KpaeBoil 3ajady B NUJNHJpE — BHYTPEHHHWE, U B HUX HET HUKAKHX
ocobenHocTeit. BMecTo Hero craBuTces “ycjioBre orpaHuueHHOCTH , BhITEKAIOIIEee U3
TpebOBaHKsT KOHEUHOCTH CKOPOCTH JIMCCUTIATINE SHEPTUH (TIPUHAJICKHOCTH OIS

CKOPOCTH KJIACCy WQ(I)). OHo umeer Buj

/ (|(L —a®))E+ |¢|2) rdr < o0o. (29)
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Ha camowm sene, Ha10 ele paccMOTPeTh COOTBETCTBYIONINE KPAeBhIe 3a1a9n J1JIsT
HEOCECUMMETPUIHBIX Bo3MyleHuii. He Oy1y ux 3/1ech BBIIUCHIBATD.

Tpebyemcea dokazamsb, umo npu A0 seuecmeennnr o, R 6ce cobcmeen-
Hole 3Havenus o cnexmparvioll sadawu (26)-(28) pacmonaraiorcs B JIEBOM 10
aymnockoct Reo < 0.

[Tpn R = 0 u MpOU3BONIBHBIX (v TIOJYIAETCsI CAMOCOTPS>KEeHHasT KpaeBasi 3a-
Jada, U Bce COOCTBEHHBIE UMCJIA 0 OTPHUIATENbHBI (COCTOSTHUE TTOKOs, KOHEYHO,
ACUMITOTUYECKK ycToRunBO). Onupasich Ha PE3yJIbTATbl TEOPUM BO3MYIIECHUIT U
IIPOCTBIE OIIEHKH O-CIIEKTPa, HETPYJIHO IOKa3aTh, UTO COOCTBEHHbIE YHC/Ia HE YXO-
AT Ha OECKOHEYHOCTH MPU KOHEUHBIX 3HAaUeHMAX uncia Peitnonbaca R. Orciona
CJIeJIyeT, UTO CBOMCTBO abCOJIIOTHON yCTONIMBOCTH SKBUBAJIEHTHO HECYIIECTBOBA-
HUIO KPUTUYIECKOIO 3HAUCHMs dncia PeitHosbca.

[Tox kpuruueckum mnonumaem Takoe 3HadeHue R = R,, npu KOTOpOM cCy-
IIECTBYET XOTs ObI OJIHO COOCTBEHHOE 3HAaUYEHME 0( Ha MHMMOI ocu. Ero ymobHO
3allCBIBATH B BUJE 0g = —itqCR, ¢ — HeW3BecTHasl BEIeCTBEHHAsl TMOCTOSHHAS
(dasoast ckopocTh HeiiTpaibHOro Bo3MmyleHus ). Vtak, npobiema abcomoTHOI
YCTOMIUBOCTH MOXKeT ObITh C(POPMYJIHUPOBAHA, B CJIEJIYIOINIEM BHU/IE.

oxazamov, wmo npu a0bvx o, R, ¢ cyujecmeyem Auwd HYyse60€ PeuLeHUue

Kkpaesoti 3adavwu OAA YPaGHEHUA

(L — )6 — Ag(r)(L — a?)p = 0 (30)
¢ yeaosusivu (27), (28). Buech 10J10KeH0

gr)=1—7r*—-¢ A=iaR. (31)

[TomuepkHy, 4TO (PU3BMUECKHIT CMBIC UMEIOT JIUIIb YUCTO MHUMBIE COOCTBEHHbIE
3HaueHus napamerpa A. Mexjy rem, ecin, BMECTO KpaeBbix ycioBuii (27), B3sTh

KPAeBbIE YCJIOBUS
Y=L =0, r=1, (32)

10 st pynkuun w = (L — o)1) momydaercs caMoconpsizKeHHas Kpaesas 3a1a4a

typma-JlmyBunnsg. Bece coOcTBennble 3HaUeHns apaMeTpa A B TAKOM CIydae
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BEIECTBEHHBI. DTO JIOKA3bIBAET aOCOIIOTHYIO YCTOHIMBOCTH B CIydae “MsrKuxX’
KPaeBbIX yeioBuii (32).

Bosuukaer wjest — NpociaejuTh 3a U3MEHeHHEeM COOCTBEHHBIX 3HAYEHWH A
IpH 3aMeHe KpaeBbIX yciosuil (27) — ma yenosus (32). Eciu Ob1 okazasocns, ato
BCE OHM OCTAIOTCs BEIIECTBEHHBIMHU, MpobJsieMa ObLia Obl perneHa. ¥BbI, 9TO TaK
ik ipu ¢ € (0,1), a pu ¢ € (0,1) Hapsijy ¢ BEHECTBEHHBIMEU, KpaeBast 3a-
mada (26), (28), (32) momyckaeT m KOMILTEKCHBIE COOCTBEHHbIC 3HAUeHUsa A |33].
Tor dakT, aro pazoBast CKOPOCTH HEATPAJIHLHOI'O BOBMYIIEHUS JOJXKHA JIEXKATH B
uHTepBaJe 3Hadenuii ckopocru Tedenns [lyazeiins (V = 1 —1?) MOXKHO HOJTYUUTD
1 60JIee HEMOCPEICTBEHHO, W3 MHTErPATbHBIX OmeHOK ([33]).

B cinyuae teuenusi Kysrra B Kanaje aHAJOIMYHBIM 0DPA30M TPUXOIUM K
pobJieme.

Jloxazamv abcorromnyro yecmotiuueocms naockozo mevenus Kysmma 6 xa-

Hane, 0N wez20 ycmarosumsv, 4ImMo kKpaesad s3adava

(D? — a®)*u = iaR(y — ¢)(D* — a*)u, D = di’ (33)
Y

u=Du=0 (y=FI) (34)

na ompesxe [0, 1] npu mobvr sewyecmeennur o, R umeem auwn nyresoe peue-
Hue.

Hajio ckazarh, 9TO abCcoMOTHAs YCTONIUBOCTL Tedenuil [lyaszeityist B Kpyr-
Joit TpyOe n KysTTa B KaHaJe He BBI3bIBACT HUKAKUX COMHEHUM, TTOCKOJIbKY TTOI-
TBEPKJIAETCST MHOTOKDATHBIME, OYeHb OOBEMHUCTHIMU BbIYMCICHUSIMU (BIPOYEM,
He pa3 OBIBAJIO, UTO “HECOMHEHHBIE  yTBEDPXKCHUS OKA3BIBAJICH OMUOOTHBIMHE).
Bosiee toro, jist redenus Kysrra u3BecTHO “IOYTH aHAJIUTHYECKOE JTOKA3aTe b
cTBO 34| (BbunCUTE bHAS TACTH B 9TOI paboTe CBeaach K IPOBEPKe HECTOKHOTO
HepaBeHCTBa st hyHKuuu Beccess).

XoTenoch Obl, OJHAKO, BEPUTH, IYTO CYIIECTBYET KPACHBOE ajredpo-aHauTH-
YecKoe JI0Ka3aTeabCTBO. 1 MMero B BHLy ODIIYIO TEOpEMY, U3 KOTOPOH HelpuHy-
JKJIEHHO CJIejoBaJia, Obl aOCOIIOTHAST yCTONIUBOCTH ODOMX TEYEHUi. DTa TeopeMa

He MOXKeT ObITh O4YeHb 00IIIell, TaK KaK JIOJ2KHA KCIIOJIb30BaTh JIOBOJILHO IJIyOOKHE
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croiicTBa JuHeapn3oBaHHbIX ypasHernit Hapbe-Crokca. [esio B Tom, 1T0 1151 1M~
paJIIeIbHBIX T€UEHUI B TPpyOax ¢ HEKPYTIOBBIM CeUeHHEM, aHAJOIUIHBIX T€UCHUIO
[Iyaseiiisi, ycTodMBOCTD, 110 BCEIl BUJAMMOCTHU, MOXKET TEPATbCs HPU KOHEUHBIX
3HaueHuAX 4dncia Peitnosnbjca. Hajo Obl 9T0 j10Ka3aTh CTPOro B Cjlydae BBITSHY-
TBIX JIMITHICCKUAX WA MPAMOYTOJIbHBIX CEUCHUIA.

urepecHo ere 3ameTuTh, 4To Ajsi Tedenus [lyazeiisa-Kysrra B kanage, ¢
npodusem U(y) = ay + b(1 — y?) abcomoTHAs YCTORIUBOCTD, COIACHO BBIYHC-

JIEHUSIM DsiJla ABTOPOB, UMeeT MecTo He TosbKO npu b = 0 (st qucroro Kysrra),
HO U JIJIs JIOCTATOTHO MAJIbIX 3HAUeHM nmapamerpa k = |—|, ckaxkeMm 1pu k < ky;
a

npu a = 0 nonydaerca Tedenue Ilyazeitnist B KaHaje, KOTOpoe HEyCTONYUBO NpH
oosibinx R. Ilo-nacrosiieMy xopoiiiasi Teopusi JI0J>KHA, Obl TaKKe OIUCATH U 3Ha-
yenne k,, pasjessoliee abCOIIOTHO YCTOWIUBBIE U HEYCTOHINBbIE TeueHusi. Pojib
KOMIIBIOTEPA JOJ>KHA, OBITH CBeJIeHa K BBIUMCJICHUIO KOHKPETHBIX 3HAYCHUI Iapa-
merpoB ky, = ki(a) u Ry = Ri(k,a) npu k > k.(«a).

VzBecTHbl 1 Apyrue abCOMIOTHO YCTOMUMBBLIE TEUEHHSI. DTO, HAIPUMED, Te-
genune Kysrra-Teitsopa B ciydae, Korja BpallaeTcs JIMIIb BHEITHUN UAJIAHJID.
Hpyroit mpumep MPOCTPAHCTBEHHO-TIEPUOINTECKOE CIIBUTOBOE Tedenre Koamoro-
POBa € CHHYCOUJAJILHBIM MPOQUIEM, B CIydae KOPOTKOIO MIPOJIOJLHOTO IIEPHOIA.
B stux npumepax abCOJIOTHasi yCTOWYUMBOCTH JOKa3aHa, HO JIJIsi HUX OCTAlOTCs
aKTyaJIbHBIMU MPOOJIEMbI HEJTUHEHHON YCTORUMBOCTU B OOJIBIIIOM M PA3BUTUA TYP-
OyJIEeHTHOCTH, 00CYy2K1aeMbie jlaJiee.

IIpobaema 8. I[Ipunuyun uzmernenus ycmotivusocmu.

Korna mapamerp, oT KOTOPOI'O 3aBUCUT OCHOBHON PEXKUM, JTOCTUTAET KPU-
TUYECKOT0 3HAYEHUST, BO3SMOYKHBI, B YCJIOBUsIX ODIIETO MOJIOXKEHHs, 1B OCHOBHBIX
BapuaHTa: JUOO HA MHUMO OCH IOSIBJISETCS Iapa KOMILIEKCHO-COIIPSKEHHBIX COO-
CTBEHHbIX 3HaUYeHUil, jub0 cobcTrBeHHoe 3Hadenue oy = 0. B nepBom ciydae roso-
pSAT O KojiebaTeIbHOW HEeyCTONINBOCTH, 8 BO BTOPOM — O MOHOTOHHOI.

Bo BTOpOM ciydae Tak»Ke IOBOPAT, UTO UMEET MECTO NPUHUUN MOHOMOH-

HoCcMuU NJIN NPUHUUTL USMEHEHUA ycmoﬁ%ueocmu. HOC.HG,ZLHI/II'/JI TEPMHWH OCTaJICA OT



26

TOro (HEJI0JIIOr0) BPEMEHH, KOT/[a UCCIeJI0BATEI BEPUJIH, YTO B IMHAMUKE BA3KOH
JKUJIKOCTU HEYCTOWIMBOCTD BCET/Ia MOHOTOHHA.

B psjie ciiydaeB NpUHIMIT MOHOTOHHOCTH YJIaJI0Ch CTPOro JlIoKasaTh. Hazony,
BO-TIEPBBIX, 3a/1a9y O CBOOOHON KOHBEKITUH, TJI€ PE3YJIbTAT JOCTUTAETCS CBEICHH-
€M K CIIeKTPAJIHLHOM 3aJate JIJI CAMOCOTIPSYKEHHOTO onlepaTopa. s mpocTpancTBeHHO-
nepuojinieckoro redenusi KosmMoropona ¢ npoduiem ckopoct U = siny npuH-
AT MOHOTOHHOCTH JIOKA3aH B 35| mpu MOMOIIHM SIBHBIX AHAJUTHIECKAX PACCMOT-
pPEHUil, CBABAHHBIX C BOBMOXXHOCTBHIO MPEJICTABUTL XapaKTePUCTUUECKOE ypaBHe-
HUe TOCPEJICTBOM allapaTa MeMHbIX JApodeit. [[jish HEKOTOPDBIX UCKIIOUUTETbHBIX
CTAIIMOHAPHBIX U MEPUOJAMIECKUX IO ¢ BPAIIATEJbHBIX TeYeHUN TPUHIIATT MOHO-
TOHHOCTH ycTaHosjeH B [12, 13]. Unorga yjgaercs npuMeHuTh jijist JIOKa3aTe b
CTBa, TPUHIUIA MOHOTOHHOCTH TEOPEMY O BEAYIIEM MOJOXKUTEJTHHOM COOCTBEH-
HoM umcsie nosoxkuresbHoro oneparopa ([leppon-®podennyc-Nenra-Pyrman-M.
I". Kpeiin).

OpHako, B MHTEPECHEHIeM THAPOIUHAMUIECKOM Caydae TedeHus Kysrra-
Teitopa MeXX 1y BPAIIAIOMIMMUCS 6 00HY CMOPOHY TBEPIABIMYA UJIUHIPAMI TTPUH-
U JI0 CUX Top He JokKazaH. He perena cieayromias MaTeMaTuueckast mpoosema.

Hoxasamv, wmo npu arwbom o € R naumenvwemy xpumuveckomy snave-

nuto wucaa Petinoavdca R cnexmpanvnot 3adayu

(L —a?)?u — o(L — a*)u = 20°Rw(r)v, (35)
L —a*)v—ov=—\g(r)u, (36)
u=u=v=0 (r=rymr) (37)

omeeuaem cobcmeennoe 3navernue o = 0.
Buech 0 < 71 < r9 — PaAMYChl MUJIXHIPOB, (v — OCEBOE BOJHOBOE UHCIIO,

(GYHKIINE w ¥ ¥ BBIPpAXKAITCA Uepe3 oCHOBHOI mpoduab KysTra

B
vo = vo(r) = Ar + — (38)
PaBEHCTBAME
UO(T) duvy Vo
w(r) = og(r) = - — (39)
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[Tocrostatbie A u B onpenessiiorcst KpaeBbiMu yesioBusivu vg(11) = Q477y,
vo(r2) = Qorg, Tae y, Qg — yryIoBBIE CKOPOCTH THUIUHAPOB. [Ipu 9TOM HyKHO
npejnojarark, 4ro w(r) = 0 upu r € [ry,rs], u 4ro BboaHeHO yciaosue Cunra
A <0 (mpn A > 0 uMeeT MeCTO yCTORIUBOCTD st JIIOOLIX RR).

BechbMa MHOTOUMCIEHHBIE BEITHCACHISA U HATYPHBIE SKCIIEPUMEHTBI HE OCTaB-
JISTFOT COMHEHHUI B TOM, 9TO 3TOT NMPUHIMI MOHOTOHHOCTH CIpaBeIInB. B Heko-
TOPBIX YACTHBIX CIydasax (y3Kuil 3a30p rs — 11, OJU3KHUE YIVIOBBIE CKOPOCTH {21 1
(29) ero ypaercs jokasarh. B obiem ciydae ¢rporoe JI0Ka3aTesbCcrBo OTCY TCTBY-
et. [loBTOpIo, 1eJ10 3/1eCh HE B CTPOTOCTH KaK TAKOBOI, & B TOM, UTO HEOOXOIUMO
MOHSATH TPUIWHBI sABJeHus. [lodemy aBToKoseOaHUsT He BO3HUKAIOT TIPU TEPBOM
nepexone? Korga pesynbrar OyaeT MoIydeH, HECOMHEHHO, OKaXKeTCsI, UTO BMeCTe
C JIAHHBIM YaCTHBIM CJIy9aeM TOJIyUaT PelleHre U MHOTHE JIpyTrue (JIJIs Hadaaa —
BpAIIATEJbHbIE TEUeHHsI ¢ TIPODUITIEM, OTJIMIHBIM OT Ky3TTOBCKOro (38)).

3amMedy, 9TO MOCTe CIeKTpaJabHol 3ajaun (35)(37) myzkuo Oymer erme pac-
CMOTPETDH ¥ CIIEKTPaJIbHBIE 33JIa91 JIJIsT He BPAIIATEbHO-CUMMETPUIHDBIX MO/, 3a-
BUCSIIINX OT MOJISIPHOTO YIvTa § mOoCpeacTBoM MHOXKuITesst e

CytecTBoBaare 6€CKOHETHO MOCIe0BATETHHOCTA KPUTUICCKUX 3HATCHUI
Ri(a) < Ry(a) < ..., yxopsiei Ha 6eCKOHETHOCTh, pu 0 = () JIOKA3aHO CBejIe-
HUEM K HHTErDAJbHOMY yPABHEHHIO ¢ OCIIILIAIMOHHBIM (110 [anTMaxepy-Kpeiiny)
sapoM [36]. Takum 0OpasoM, MONHOCTHIO 3aJlady MOYKHO OyJIeT CIUTATH PEIIeH-
HOIt, Korga Oyjier cTporo jlokasaHo, uro npu R < Ry Bech o-criekTp (BKJIOYas U
OTBEYAIONINI HECHMMETPHIHBIM MOjiaM, mpu m # () pacmooKeH B JIEBOii TOJTy-
IJIOCKOCTH.,

B ciydae pazHOBpaIaromuxcs MUJIXHIPOB CYIIECTBOBAHIE KPUTUICCKUX 3HA~
YeHN MOHOTOHHOI HEYCTONYMBOCTH, OTBEUAIONINX BOZHUKHOBEHUIO Buxpeil Teii-
JI0pa, jokazano B [37]. 3iech, ojHAKO, IPUHIMI MOHOTOHHOCTH HE BCETJa CIIpPa-
BEJIJTUB: MPU OOJIBIIUX YIJIOBBIX CKOPOCTSIX BHEIIHErO MUJINH/Pa TIePBBIi Tepexo/l
MOXKeT OBbITh CBSI3aH C BOBHUKHOBEHMEM HEYCTON4YMBON KoJiebaTe/JIbHOW MOJIbI, KO-
TOpast HECHMMETPHUIHA.

B coBerckue BpeMena HayIHBIM pabOTHUKAM HEPEIKO HY»KHO OBLIO OTBeYaTh
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/0N I”

Puc. 3:

Ha BOIIPOC 00 SKOHOMHUYECKOM 3PP eKTe MOoTyIeHHBIX pe3yibTaroB. OTBET MpuXo-
JINJIOCH BBICACHIBATH M3 TaJblla. Ho B caydae MpuHIMIIA MOHOTOHHOCTH STOT (-
dekT, 1eficTBUTEIbHO, MOYXKHO OIIEHUTH B PyOJIsix uin B pyHTax. lemo B Tom, uTo
UCCJIEJIOBATENH TO U JIeJIO OKA3bIBAETCA B TUIMTUIHOM TIOJIOYKEHWH, OonucannoM Kon-
dbytmem, Korja Hy»>KHO JIOBUTH Y€PHYIO KOIIKY B TEMHOM KOMHATE, a KOIIIKA eIlle 1
orcyrcrByeT. OrpoMHasi paboTa 3aTpaunBaeTCsA, YTOObl YCTAHOBUTH, UTO KoJjeha-
TeabHas HEYCTOWIMBOCTD B TOM WJIM MHOW CHUTyaIliyi HEBO3MOXKHA. A €JIHHCTBEH-
HBIM PE3yJIhTATOM OKa3bIBAETCsT CTaHAAPTHAST MeJaHxXoIrndecKkasi (ppasa B craThe:
“KonebarenbHas HEycTONINBOCTDL He obHapy:KeHa . K ToMy ke, TIOJTHON yBepeH-
HOCTH HE OCTAETCs, U CJIeJIYIONINE aBTOPhI CHOBA MEPENPOBEPSIOT 3TOT PE3YJIbTAT.
JIMIIb cTporoe JOKa3aTebCTBO MPUHIMIIA MOHOTOHHOCTH Pa3oM H30aBJdeT OT
9TO# cu3ndoBOit PabOTHI, IKOHOMS MaCCy KOMIBIOTEPHOTO W UETOBEYECKOTO Bpe-
MEHHU.

IIpobaema 9. HeycroituuBocTsb “B 6oabmiom” Tedenuii Ilyaseiias B
Tpybe nu Kysrrta — B kanase (acumnrorndeckasi Teopusi oudypkammii).

Kak coryiacoBaTh BBIBOJ, 00 abCOMIOTHOH ycToitauBocTu Tedenuii Ilyaszeiisis
B KpyTJioit Tpybe u KysrTta B Kanase ¢ pe3yJbraTaMu SKCIIEPUMEHTATOPOB, KOTO-
pble, HauuHas ¢ PeitHosbjica, JIOKIa/I6IBAIOT O HAOJIOaeMON HEYCTONUYMBOCTU U
pasBUTHH TYyPOYJIEHTHBIX pexkuMoB? OOII1e KOHTYPbI OTBETa Y2Ke BUIHBI, XOTs J0
HOJIHOW siCHOCTH erie jaJjieko. [1o Bcelt BuauMocTu, 9Tu TeIeHust, OCTaBasiCh yCTO-
YUBLIMU B MAJIOM IIPH JIIOOLIX unciax Peiinonbjca R, rioba bHO yCTORINBEI JTUIITH

Py MaJIbIX R, a HaunHasg ¢ HEKOTOPBIX 3HaYeHU R, CTAHOBATCA HeycmotiuueuiLmu
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Puc. 4:

6 O0ALUWLOM. DTO TTPOUCXOINT OTTOrO, ITO TP KR — 00 00J1aCTh YyCTOWINBOCTH B
(ha30BOM TPOCTPAHCTBE CTATHBACTCS K TOUKE (XOTst OBl B OJIHOM HAIPABJICHWN) —
KOTOpast COOTBETCTBYET CAMOMY TeueHUI0. Takoe MPOUCXO/IUT, HAITPUMEp, KOIjia, K
JAHHOMY aCHMOTOTHYeCKH ycrofituBoMy pasrosecuto O (cum. Puc. 3) mpubmka-
ercst neycroitunpoe pasuosecue O, n B npejgene onu campaiorcs. Moxer, Koneu-
HO, OKa3aThCst, 9TO K paBHOBecHio O MpuOINKaeTcss HeyCTONINBRIA MTPeIeIbHbBIN
IUKJ WA OoJiee CIOXKHOE WHBApUaHTHOE MHOXKeCTBO. /Ipyroit BapuwaHT — paBHO-
Becue B Ipejiesie BIMNAET B cenaparpuchyio Tpaekroputo (Puc. 4). Pesyabrarsi
KOMITLIOTEPHBIX 9KCIIEPUMEHTOB, KaK OyTO, CBUJIETEIHLCTBYIOT B TOJB3Y MTEPBOTrO
papuanta (Puc. 3), xorst curyanuio Puc. 4 tpyiHee o6HapyKuTh, 1 MOXKET ObITh,
OHa ellle ToXKe Oyer HaiiieHa.

IIpobaema 9a. Jlokazamsv, wmo mevenua Ilyasetiag 6 kpyenrotl mpybe u
Kysmma 6 xanane neycmotivusv, 6 60AbUOM.

OueHb BaXXHO BBISICHUTH, KAKOBa IIPUPO/Ia 3TOH HeycroitunpocTu. Ecnu, neii-
CTBUTEJILHO, peajusyercs curyalus Puc. 3, To KakoBa 1npupojia HeyCToM4IuBOIo
pexkuma O'7 TIpeonoses orpoMHbIe BBIUNCANTENLHBIE TPYAHOCTH, aBTOPhI pabO-
Tl [38] CMOTIM BBLIYUCIUTEH JIByMEpHBIE ¥ TPEXMEPHbIE COJTUTOHOMOIOOHBIE CTa-
[IMOHAPHBIE PEIIeHHs OKOJIO TedeHusi KysTTta B KaHaje (CM. B 9TO CTaTbe CCbLI-

KM Ha PE3YyJbTaTbl APYI'HX aBTOPOB O CYIIECTBOBAHWHN BOJIM3HU TedeHUsd KySTTa
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TPOCTPAHCTBEHHO-TIEPUOAMIECKAX PEXKWMOB, JIake TPW MEHbINX ducjiax Peii-
HOJTBJIcA ). O CYIIeCTBOBAHUY CONMUTOHONOMOOHBIX perenuii cuctembl HaBbe-Crokca
B Kpymioil Tpy6e (BO3MOXKHO, HECTAIIMOHAPHBIX) TOBOPST PE3YJIbTaThl O MepeMe-
YKaeMOCTH “TypOyJIeHTHBIX TPOOOK~ U 30H JIaMUHApHOTO Tedenus [lyazeitns B me-
pPexXoHOM MHTepBaJie uuces PeitHonbica.

IIpob6aema 9b. Jokxazams, umo npu docmamoyuro bosvwur wuciaxr Pet-
HOALOCA CYUWLECMBYIOM, CIMAUUONAPHBLE (NAOCKUE, 6 MAKACE NEPUOIUHECKUE 6 No-
nepewnom nanpasienun) pewenus cucmemvr Hasve-Cmorxca, komopuwe npu |x| —
o0 cmpemames x mevwenuro Kysmmea.

IIpobaema 9c. Jlokxazamsn, wmo cywecmsyrom pewenun cucmemv, Hasve-
Cmoxkca 6 kpyarotl mpybe muna be2yuux coAUMOH08, CMPEMAUUECS K MELEHUNO
ITyasetina npu z—ct — +00 (z — ocesaa nepemennan, ¢ — Pazo6as cKOpocmy ).

IIpobaema 9d. Jloxasamov cywecmsosanue npocmpaHcmeeHo-nepuoou-
YECKUT U CONUMOHONOOOOHBLT, CMAUUOHAPHOLT UAU NEPUOOUYECKUT 1O 8PEMENHU
be2ywur 6oan, cmpemawurcas npu B — oo x mevenuam I[lyaseting 6 kpyenrofi
mpybe u, coomeemcmeenno, Kyasmma 6 naockom kanane.

ITo Bceit BeposiTHOCTH, BCe TH IPpodeMbl 9a-9d OyayT pelieHbl BMecTe ¢ I0-
CTPOECHUEM ACUMNMOMUNECKOT meopuu budyprayud.  nmero BBUILY TOT CIydai,
KOI'JIa KpUTUUYECKOe 3HaUYeHue ducia PeiiHosbica beckoneuHo Bejuko: R, = +00.
eyo, KOHEUHO, B TOM, UTO TOUKa K = 00 — CYIIECTBEHHO 0cobasl JJisi CHCTe-
mbl HaBne-Crokca. [losromy Takast Teopusi JOKHA BKIJIIOYATH MOCTPOEHHUE IO~
TPAHCIONHON (MJIM WHO¥?) ACUMITOTHKY BTOPUUIHBIX DEKUMOB, CIUBAIOIIUXCS C
OCHOBHBIM T1pu R — 00.

Korya takas Teopusi 6y/ier nocTpoerna (HeT COMHEHHUI, 9T0 970 npou3oiiger!),
OHa, pa3zyMeeTcs, HaiijieT cebe u ApyTrue IPUJIOXKEeHNsS B THAPOINHAMUIKE, a TaK¥Ke

1 B UHBIX 00JIACTSAX MATEMaTUIYECKON (DUBUKH.
V. Ilepexoapl u XaoTU49eCKMe PEKUMBI .

IIpobaema 10. Hatdimu u cmpozo obocnosams cyu,ecmeosanue CmpaHHvlLL

ammparmopos 6 cucmeme Hasve-Cmoxca u ee bauskux podecmeennurar (3adaua
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KOMBEKUUU, MHO20KOMNOHEHMMHAA HCUIKOCTND, MALHUMMNAL 2U0POOUHAMUKAE U NP.
)

B psje rugpognHaMudecKuX 3a/1a9, ¢ IPUMEHEHHEM HATYPHBIX M KOMIILIO-
TEPHBIX SKCIEPUMEHTOB, Y2K€ OCBOEHBI IEINOYKH IIePEX0/I0B OT aCUMIITOTHYECKU
YCTOUYIMBOTO PABHOBECHsT (CTAIIMOHAPHOTO JIBUYKEHNUST) — Yepe3 BTOPUUHBIE DAB-
HOBECHUSI, IPEJIJIbHBIE IIUKJIbI U /UJIM MHBAPUAHTHDIE JIBYMEPHbIE TOPbI — K CJIOXK-
HBIM XaOTHYECKHM pexKuMaM. TpaKTOBKa SKCIEPUMEHTAJbHBIX PE3YJILTATOB I0-
JIy4aeTcsi B paMKax ujieil u npejcrapjienuit ooieir reopun oudypkaiiuii, ojiHaKo,
Jlaxke JijIst OObIKHOBEHHBIX JipepeHIua bHbIX YypaBHEeHU B HauboJjiee mHTepec-
HBIX CJIyYasX JIeJIO He JOBEeJeHO JI0 aKKypaTHOH MpPOBEPKM YCJIOBHI OOIIMX Te-
opeMm. B mociejinue jecaTuiieTuss HEKOTOPbIE BUJHBIE MaTEMaTUKU CTAJM JlayKe
3a4BJISITh, YTO B TAKOTO POJIa 3aJaUaX BO3MOXKHOCTU CTPOI'OIO MaTeMaTUIEeCKOrO
aHaJIM3a UCcUYeplaHbl U B JlaJbHENRIIEeM CJIe/IyeT MojaraThCst Ha KOMIIBIOTEPHbBIE BbI-
YUCICHUS, W JlaXKe [POBEJICHUE CTPOIUX JOKA3aTeJbCTB MOPYYUTh KOMIIBIOTEDY.
C Taxoit TOUKO 3peHnsi HUKaK HeJIb3s COTJIACUThCS.

Pazymeercsi, mpsiMble BBIYUCJICHWS, & TaK>Ke IKCIEPUMEHTbI BCErJia UrpaJsin
B Pa3BUTHN MaTEMaTHKN 3HAUUTEJLHYIO POib. ApXmMe s, OJHAKO, HA HA MUHYTY
HE MOoJjlyMaJi, 4TO JIOCTATOYHO ONPeJeuTh 00beM Ilapa U KOHyCa IyTeM B3Be-
IIMBaHUs, ¥ YIIOPHO Pa3BUBAJ CBOM METOJIbl BbIYKMC/IECHUA 00bEMOB JI0 110OEIHOIO
KoHIa. Jitep, ['aycc, Pamany»kan Ko MHOTEM CBOMM OTKPBITHUSIM, OCOOEHHO B Te-
OpHUM YuceJl, IPUIILIN B Pe3yJbTaTe OOIMIMPHBIX BbhIUUCAEHUN u Hab/wogaeHuit. Ho
JIOCTOSIHMEM MaTeMaTUKU MX OTKPBLITHS CTaJM TOJLKO IOCJIE PAa3BUTUSA COOTBET-
CTBYIOIINX CTPOrux teopuii. [IpuMenenne KOMIbIOTEPOB YPE3BBIYATHO PACITHPH-
JIO BO3MOKHOCTH YHCJICHHOI'O 9KCIIEPUMEHTA, CTAJIO PELIAIONUM B HUCCIe0BAHUN
CBOMCTB IIPOIIECCOB, ONMUCHIBaEMbIX Ju(depeHnnaJbHbIMUA YPABHEHUSIMHA.

[Toxkastyii, MaTeMaTUK HUKOTJIA U HE JIyMaJiu, 9TO Hy»KHO OyKBaJIbHO BCE Ha,
cBeTe 0DOCHOBBLIBATH C IOJIHON CTPOrocThbio. KEcin cMoTpeTh Ha MaTeMaTHKY Kak
HA MHCTPYMEHT UCCJIC/IOBAHUS IPUPOJBI (J1Jst MEHsI 9TO JIMIIb OjiHa, HO IJIaBHAsl,
CTOPOHA JIeJIa), TO €€ XapAKTEPHON UepTOil SBJISETCS CTPEMJICHUE MONyduTh ab-

COJIIOTHO JIOCTOBEPHBbIE Pe3yabTaThbl. MexXy TeM, 3a4acTyio JOCTATOYHO, UTOOLI
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pe3yJibTaT ObLI ostyueH ¢ BepositHocThio .99, a To u 0.6. Bricokas jjocToBepHOCTH
CTOUT OYEHb JOPOr0 — CKaxKeM, CTPOTOe JI0KA3aTeJIbCTBO OIEHOK IOI'PEIIHOCTe
Bhlanciaenns (“jokasaresnbibie Bbrancienus’ no K. . Babenko) Tpebyer sarpar
MAIIIMHHOIO BPEMEHU MHOI'O OOJIbIIEro, 4eM CaMO BbIYUCJICHHE.

He snnmne 3aMeTuTh, UTO CTPOTHE MaTeMaTHUYeCKHe J0Ka3aTe/bCTBa JIAloT,
KOHETHO, Pe3y/IbTaT ¢ abCOMIOTHON JOCTOBEPHOCTHIO, HO. . . JIUIIL pu t — +00.
CKo/IbKO pa3 ObIBAJIO, UTO OMIKOOTHOCTD JI0KA3aTEIbLCTB BasKHBIX PE3YJILTaTOB 00-
HaPYyKUBAJIACH CITyCTsI TOJIbI, & TO U JAeCATHIeTHS. [OBOPSIT |, MPOIIEHTOB TPUIATH
3 TeopeM, IMybsiMKyeMbix B KypHaJsiax Tuna “‘Comptes rendus” uiam “JIoKjiaibl
Axkagemun mayk CCCP”, 0Ka3bIBaIOTCS HEBEPHBIMIA.

Kaxxercst oueBuiHbIM, 4TO Hanbojiee pyHjaMeHTaIbHbIE PE3YJIbTaThl, Ha KO-
TOPBIX MHOI'O€ JEPXKHUTCsI, JTOJXKHBI OBITh 0O0CHOBAHBI MaTeMATUIECCKU COBEPIIIEH-
HO cTporo. Nnade apdekT KapTOUHOro JIOMUKa OBICTPO MPEBPATUT HAIIU YMO3a-
KJIIOUCHMs B rajlaHus Ha KodeiHoii ryiie.

Homyckaro, 4To B OyAyIIeM cTporue o00OCHOBAHUS PE3YJIbTaTOB BHYTPH KOM-
MHIOTEPOB, TPOBEPKA KOTOPHIX JOCTYITHA TAKXKe JINIITH KOMITbIOTepaM, Oy Iy T WMETh
3HAUCHUE, HAIIPUMED, IIPU paciueTe KOHCTPYKIUI, OT KOTOPBIX 3aBUCIT UeI0BeUe-
ckue xku3nu. Ho y maremarTuku ectb Bejib U “dejioBeveckasi cTopona’. Beriomuum
00 OIPOMHOI1 3CTETUYECKOI 1 ATUUECKOI IEHHOCTH MaTeMaTuku. [IpuMedaresibHoO,
YTO HEJABHO OHA MOCIYXKUJIA OJHUM U3 JOBOJOB Jijis yBeaudenus rpantos NSF
JUUTsT MATEeMaTHKOB.

Bosspaiiasich K Halieit mpobjeme, 3aMedy, 9T0 HaubOJIbIINE IIAHCHI €€ Pellle-
HUST CBSI3aHBI ¢ ACUMIITOTUYECKUMU METOJIAMU U METOJIaMu Teopun OndypKainii.
B uyacTHOCTH, IIpU KCCJIeIOBaHUN TepecedeHus oudypxamnuit B mpodaeme Kysrra-
Teitnopa (TequI/Ie BA3KON HECXKUMAEMOUN KUJIKOCTA MEXKY BPAaIaouMUuCcC [[1-
JIMHJIPAMK) 331848 MPUBOIUTCS K aMIUIUTY/IHBIM CHCTEMaM Ha [eHTPAJbHOM MHO-
roobpasun ([39]), ([40]). KomnbioTepmblit 9KCepuMenT ¢ 9STUME cucTeMaMu 00Ha-
PY>KHUBAET NOMOKJMHUIECKIE On(ypKalnm, KacKa bl YBOCHUS TTPEJICTIbHBIX TTHK-
JIOB, BOBMOXKHO, ¥ MHbBIE II€PEXO/Ibl, BEJyIe K 00pa30BaHUI0 pa3HOOOpA3HbIX Xa-

OTUUIECKUX pexKUMOB. [Ipobiema, mepBoHavaabHO IIOCTABACHHAS JJIsI YpaBHEHMIA
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Hasbe-Crokca, TPUBOIUTCS K MCCJIEIOBAHNIO OOBIKHOBEHHBIX JnuddepeHimalib-
HBIX YDABHEHUIl CPABHUTEHLHO HEBBICOKOTO MODsi/IKA (IIIECTOrO WK BOCBMOTO, a
MoCJIe PEJyKIUKA — JIaXKe 4eTBEPTOrO WJIK TIITOrO).

3Jiech cJiejlyeT BCIIOMHHUTDL, 9TO M JIjIs OOBIKHOBEHHBIX JTu(pepeHInabHbIX
ypaBHEHUIl B Teopun ecTh u3psijnbie nabipel. Hanpumvep, C. Cwmeitn [1] ctaBut mpo-
OJsieMy, KOTOpasi B HECKOJIbKO BOJILHOM M3JIOYKEHUU 3By4uT Tak: “/lokazarh, 4To B
cucreme Jlopenna cyiectsyer arTpakTop Jlopenma. ” Beab /10 cux mop sKciepu-
MEeHTaJIbHOEe HaDJIIo/IeHre arTpakTopa JlopeHia u obiue TeopeMbl CyIIeCTBOBA-
HUsI HE COCJMHUJIMCH: HUKTO HE IPOBEPUJI, UTO ODIIKE YCIOBUS BBIIOJHEHbI JIJIs
KOHKpeTHO# cucteMbl Jlopenna. [ymato, 9To majbHeiilee pa3BUTHE aCHMITOTH-
YECKUX METOJI0B MMO3BOJIAT PEIIATL U 9Ty npodsemy Cwmeitsa, n Hairy mpobJeMmy
10, ckaxkem, nsa Teuennsd Kysrra-Teitnopa. [IpaBaa, B mociegneM ciydae aHaans
YPE3aHHON aMILIUTYIHON CHCTEMBbI JIOJIZKEH ele ObITh JOIMOJHEH JOKA3aTebCTBOM
Toro pakTa, 9TO HailJIeHHbIE ATTPAKTOPbI BbIJICPXKHUBAIOT yUeT OTOPOIIEHHBIX UJIe-
HOB CTEIIeHHOro pas3yoKenus. Ho sTa Texuumueckas mpobJiema KaxKeTcsl BIIOJIHE
NPeoIoNMON (KOHETHO, HAJ0 OBITh TOTOBBIME K TOMY, YTO HEKOTODbIE M3 ITHX
ATTPAKTOPOB MCIE3HYT).

Herpyano ykasarh u jpyrue TugpoJnHAMAYECKIE CUTYAIUMU, CBI3QHHBIE C
BBIPDOXKJICHHBIMU OMypKalugMu, IIpeapacioaraloiiie K IOSBJICHUIO CTPAHHBIX
ATTPAKTOPOB U XaOTUIECKUX PEXKUMOB.

Konedno, pazanyunble aCUMITOTHICCKUE CJIyYad, W MPEXKJIE BCEro, CIydai
ncye3atoleil BA3KOCTH, OICKA3bIBAIOT UHBIE IIYTH ITIOUCKA, Xa0TUIECCKUX PEXKUMOB

TeYeHUs.
VI. AcumnroTnKa mncde3aronieil BA3KOCTA W TypOYJI€eHTHOCTD.

Her uu mageiiiiiero comHenus, 9To npobJema TedeHusl KIJIKOCTH IPU 0OUeHb
MaJIOil BA3KOCTH (HJH/I, TOUYHEe, NPU OOJIBIITUX YUCIAX PeﬁHOJIb,cha) — TJIaBHEeH-
mas B IUJApOJUHAMUKE. B ompejiesieHHOM CMbICIE BCE IPEebLIyIue MpobJieMbl

ABJISIOTCs ee Dojiee 1l MeHee Cym€CTBEHHBIMM YaCTAMMU.
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IIpobnema 11a. Bepro au, wmo npu v — 0 pewenue cucmemv, Hasve-
Cmoxca 6 oeparnudennot oonacmu D C R™ ¢ meepdoti nenodsuotcnoti eparuuedi
‘t:O = vg(x)) ecmpemum-
CA K PEWEHUIO YPasHEeHUT DTUAepa ¢ MeM HCE HAYANDHBM YCAOBUEM U 2PAHUYH LM

=07
lop = 0

[Tycts panuble 3agaun 0D, vy ¥ BHEIIHSS MaccoBasi CUJIA, €CIU OHA €CTh,

(U‘aD = 0), npu 3a0anHOM HALAAPHOM TLOAE CKOPOCTNU (U
YCAOBUECM Uy,

C'°°-ryaiKu.

Koneuno, 351ech Ha0 Obl 00bsICHUTD, B KAKOM CMbIC/IE TTIOHUMAETCsE 9TOT IIpPe-
JleJIbHBII 1iepexos. PaBHoMmepHO 110 Jit00oii BHYTpeHHel nojobiactu? B cpepnem,
no nopme L,(D)? Ilo mepe?. . IToka 9TO TPyJHO BLICKA3ATb 1O STOMY MOBOJY
KaKy[0-HUOYIb PA3yMHYIO THIIOTE3Y.

['1aBHasi TPYJHOCTDH 3/IeCh CBsI3aHa C MIPUCYTCTBUEM TBepjoil crenku. Jlake
B JIByMEPHOM CJIydae, TJle UMEIOTCs CUJIbHBIE TeOPEMbl CYIIECTBOBAHUS KaK JJIsi
ypasuenuii Hapbe-CToKca, Tak u Jijisd ypaBHeHU Diliepa, cuTyalus COBEPIIEHHO
HesicHa. Ecau rpaHniipl HeT, cKaxkeM, B CIydae IPOCTPAHCTBEHHO-TIEPUOINIECKIX
Teuennii (ypasnenus na tope T2), 6o Ha rpaHule NOCTABICHBI “Markue” Kpa-
= 0, rot U‘aD = 0, To Bce B mopsizke [41]: mpenenbHbIil

o
nepexoy, ipu ¥ — () 000CHOBBIBAETCs 1IPU TOMOIIU UHTEI'PAJBLHBIX OLEHOK BUXPSI.

€BbIC YCJIOBUA: Vp

Hpyroit TpynHBIH ciaydail — Korja HadaJbHOE I0Jie CKOPOCTH Ha HEKOTO-
PBIX KPUBBLIX IperepreBaeT pas3pbiB. Ciaydail caabozo paspviéa, KOTIa CKOPOCTD,
a Torja W JaBjieHue, HelPEPbIBHBI, 1 UMEET MECTO JIHWIIh CKad0K BUXPS, BIOJHE
nojiaercs ananusy |44, 42]. Bee geno B ToMm, uTo B G€3rpaHUUHON YKUKOCTH
IpU IVIQJIKUX JIAHHBIX BOOOIIE HET [OIPAHMYHOIO CJIOs, a HPH Ca1aboM paspbl-
Be WM “MAIKHX KpaeBbIX YCJOBHUAX YpaBHEHHUS MOI'PAHUYHOIO CJIOS JIMHEHHBI
1 JIONYCKAIOT siBHOE perrenue. MoxKeT ObITh, ellle BaKHee, 9TO 3apaHee U3BECT-
HO, I'Jle 00pa3yercst 9TOT MOrPaHUYHBIN /IO — Ha Bceil Tpanule, JubO Ha Bceit
JIMHUK cyiaboro paspbiBa. Ha JMHUSIX CUJIBHOIO pa3pbliBa M Ha TBEPJIbIX CTEHKAX
[OI'PAHUUIHbBIE CJIOUM OIKCHIBAIOTCS ypaBHeHUsiMuU [Ipanriisi, KoTopble HeJnHei-
HbI, a IJIABHOE, HE MOI'YT OINKCATh TeUeHHe BOJU3U 6cetli TBEPJOil I'DaHUIIbI WK

JIMHUN CUJIBHOI'O Pa3pbIBa. CDYH,Z[aMeHTaJIBHBIM MNPEIATCTBUEM SABJIACTCA 01Mpule
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NOZPAHUYH020 CAOA.

3ameuy, 4TO ¥ Ha CBODOOJHON I'paHUIE >KUJIKOCTU IIOIPAHCJION — CIadbIil,
smueiinbiii. (O pesyabrarax B. A. Baruuesa, B. B. Ilyxunauena, JI. C. Cpyburuka
1 Ipyrux aBropos cM. |44, 43|). Bupodewm, u 31ech 70 ¢TpOroit Teopun TAJIEKO u3-
32, MPUHIUIHAJLHLIX TPYIHOCTEH ¢ TeOpEMaMH CYIIECTBOBAHMNS.

IIpob6aema 11b. Hatimu npedea npu v — 0 cmayuonapnozo peuienus
cucmemnv, Hasve-Cmoxca. B wvacmnocmu, natimu acumnmomury cmatuoHapHo20
obmexarus meepdozo meaa 8a3k0Tl AHCUIKOCMBIO.

[Tomumo TpymHOCTEI, CBI3aHHBIX C OTPBIBOM MOIPAHIMIHOIO CJIOsI, B CTAIIAO-
HAPHBIX (M MEPUOJNIECKUX TI0 t) 3a/1a9aX BOSHUKAET ellle Cephe3Hasi TPYIHOCTD B
OTIpEIeJIEHUH TIPEIEIbHOIO pexknmMa, Tedenns. CrarmonapHbie ypaBHEHUsT Ditjiepa
00J1a1a10T OECKOHEUHBIM MHOXKECTBOM CTAIIMOHAPHBIX pEILIeHMii, U npobdiema co-
CTOUT B TOM, KAKO€ U3 HUX SIBJISETCS MPEJICJIbHBIM IPU 38 IaHHBIX YCJIOBHUSIX. JTa
TPYJIHOCTH yCyryOJIseTcs elle u TeM, UTO 3apaHee HeM3BECTHA, CTEIeHb IV KOCTH
IpeJIeIbHONO CTAIIMOHAPHOTO pexKuMa. Eciau oH pa3pblBeH, HYXKHO ellle omIpee-
JINTH MECTO M XapaKTep Pa3pPbhIBOB.

EcrecTBenHo BeTaeT u BOIPOC 00 YCTORIUBOCTH STUX CTAITMOHAPHBIX PEXKH-
moB. Ckopee Bcero, pu 0osbinux dnciax Peiinonbica onn Heycroitausbl. ['napo-
MEXaHUKHU, OJIHAKO, OOBIUHO IIPEJIIIOAraoT, YTO aCUMITOTHKA, ellle paboTaeT u JIJisd
TeX YMEepPEeHHBIX 3HaUYeHuil uncia PeitHonbaca, 11 KOTOPBIX YCTORINBOCTD COXPa-
astiercs. K aroMmy MOXKHO 100aBUTH, 9TO BO3HUKAIOIIME aBTOKOIEOATETIHHBIE PEXKH-
MBI IIPY MAJIbIX 3aKPUTUIHOCTSIX OCTAIOTCS OJM3KUMU K CTAIMOHAPHOMY TEUEHUIO
HACTOJILKO, 9TO WHTEIPAJbHBIE XapPAKTEPUCTUKK, CKAXKEeM, CHJia CONPOTUBJICHNUS,
MaJIO0 OTJIUYAIOTCS OT CTAIIMOHAPHBIX.

IIpo6aema 11c. Haiimu cpednee nose ckopocmu 6 pazsumoti mypoyserm-

nocmu, 6 npedese v — 0 (Re — 00), a maxoce suuucaums Koppessyuy
(@', t) @v(a" 1)),

mo ecmbdv cped%ue SHAYEHUA G6CEGOSMONCHIIT npou3eedenm’i KOMNOHEHT, TOAA

ckopocmu 6 dannwii momenm t 6 mouwkar ' u x” obaacmu mevenus. Hatimu
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MAKHCE KOPPEAAUUOHHDIE PYHKUUL, OMBEUAOULUE PASAULHDLM MOMEHMAM GPe-

menu t u t”
(o', ) ® o(a", "),

DToit mpobiieme TOCBSAIIEHa OrpOMHast JiuTeparypa |46], cM. Tak:Ke HelaBHEI
0630p [47]. OnHako Bece 663 UCKITIOUEHHsT CYIIECTBYOIINE TEOPUH TYPOYIEHTHOCTH
JIUITH B HEOOJIBINOH OTHOCUTE/IHHO Mepe OMMPAIOTCsT HA YPaBHEHUsT THIPOINHAMM-
K. Bo BCAKOM citydae, Bce OHU COJIEpXKaT Te WU WHBIE THIIOTE3bI, He BhIBEJCHHBIC
u3 ypaHenuit HaBbe-CTokca, a BOBMOXKHO, ¥ NMPOTHBOpPEYAIINAE UM. 3aMedy, 9TO
HEKOTOPBIE U3 ITUX TEOPHH JJOBOIHLHO HEILJIOXO MPEICKA3bIBAIOT CpeJiHee ToJIe CKO-
poctu. Hanmpumep, BpsiJi In MOXKET OBITH CIyYaiiHBIM COBIAJICHUE BBIUYNCICHHOTO
cpegrero mpoduss TypOyaeHTHOTO TeueHnsi KyarTa B KaHaje ¢ 9KCIepuMeHTa b
HBIMU JIaHHBIME, OOHapy:KeHHOe B pabore [49]. Ograko ¢ mpejckasanuem Oosee
CJIOXKHBIX XapaKTEPUCTUK TEUEHUsI, HAUMHAS C KOPPEISIUOHHBIX (DYHKIUH 2-T0
MOpsIJTKa, He TOBOPS YK€ O BDLICIINX, HE CIIPABJIAETCS, TOXKAJIYH, HU O/lHA U3 TeO-
puii.

Y MeHsI HeT sICHOIO OTBeTa Ha Hen30e>KHO BO3HMKAIOIINI BOIPOC O TOM, Ka-
KOe UMEHHO OCPeJIHeHNe UMEETCs B BUJY B MOCTaHOBKe 1pobsiembl 11c. Hanbosee
pacxoxkue BapuaHThl — OCPEJIHEHUE 10 BPEMEHHU U 110 MHBAPUAHTHON Mepe Ha, da-
30BOM IPOCTPAHCTBE CUCTEeMbl. B ciydae 3profgnvIHOCTH STU JBa BUJA CPETHUX
coBmaaoT. JloOuBasich COBNAJICHUS PE3YJIbTATOB TEOPUHU C SKCIEPUMEHTATHHBI-
MU JAHHBIME, BO3SMOXKHO, MPUIETCS TAK¥Ke yIeCTh, YTO U3MEPHUTEIbHBINH MPrdop
MPOU3BOIUT W CBOETO POJIa OCPETHEHUE MO0 MaJoi 00JIaCTH MPOCTPAHCTBA.

4 Bce-Takm BepIo, 9TO MOXKET ObITh CO3/IaHA MTOC/IEI0BATEIbHAS TEOPUs Pa3-
BUTON TYpOYJIEHTHOCTH, ONHUCKHIBAIONIAsS TeYeHUsl MMPHU BeCbMa, MaJioil BI3KOCTH.
MoxxHO TIpeBUIeTh, UTO Ta TEOPHs PA3BETBUTCA HA HECKOJIHKO PYyKaBOB. Bepo-
SITHO, TIPUJIETCST TO-PA3HOMY OINMUCHIBATH TypOyJIeHTHbIE TedeHusi B Tpybax, Typ-
OyJIeHTHbIe KOHBEKTHBHBIE TedeHWs W TedeHus Kysrta-Teitmopa, TypOyaenTHOE
obrekanue rTeja u 1. Ji. [IpaBga, orcyrcrBue oOuieit Teopun NPUBOJUT K KY/Ia

6OJIbHIeMy Pa3BE€TBJICHUIO, 9YTb JIK HE KazKJA0€ T€YCHHE IIPUXOJUTCA PpaCCMaATPHU-
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BaTh OTJEJbHO, TO 1 Je0 BBOjgsA ad hoc noBble Tumnoresnl. [loka aro nmpobiema
COCTOUT B TOM, UTOOBI CIIPABUTLCS ¢ IOCTPOEHUEM ACUMIITOTUKHI XOTs Obl B OJTHOM
cirydae.

B HEKOTOpPBIX CUTYaIUsIX SKCIEPUMEHTHI JIAI0T CTOJIbL KPACUBBIE U sICHBIE pe-
3YJILTATHI, UTO MPOCTO CTBIIHO JJIsT TEOPETUKOB HEe yMeTh UX ONUChIBaThL. Hampu-
Mep, st redennst Kysrra-Teiiopa Mex iy nuinagpaMu (KOrja BHEITHUH [11-
JIMHJIP HETOJIBUKEH ), JJIsl a3UMYTaJIbHOI cKopocTH vy ere Teitop (1923)momyamn
dbopmysy vg = ;, CHPABEJIMBYIO BCIOJLy, KPOME MOrpaHndHbIX cjoeB (cum. [48]).
Becbma nmpuMedaTe/ibHO, YTO IIPU OUYeHb OOJIbIINX YncIaxX PeitHosbica JaBHO yKe
HOTEPSBIINE YCTONINBOCTE BUXpu Teitjiopa BHOBL OXKHBAIOT U, TIO-BUJIUMOMY, CO-
XPaHSIOTCs MPU CKOJIb YTIOJIHO OosibinX yuciax Peitnosnbjca. [Ipekpacubiit 0630p
pe3yJIbTaToB 10 TypOyaeHTHBIM BuxpsiM Teiiopa cm. B [45]. Hemaso mpocrbix u
SIBHBIX 3aBUCHUMOCTEl OOHAPYKEHO TAaK>Ke B HKCIEPUMEHTaX 10 OEHAPOBCKON KOH-
BEKIIMK B TOPU30HTAJLHOM CJIOE YKUJIKOCTU. £ cumTaio Hebe3Ha eKHOi pobJieMy
CTPOroil MaTEeMaTUYCCKON TPAKTOBKU 3TUX ABJICHUN U 3aKOHOMEDPHOCTEIA.

B npobsiemax 11b u 11c HeT HUKAKUX OCHOBAHUI OXKUJATH €IMHCTBEHHOCTH.
BriosiHe BO3MOXKHO CyIIIECTBOBaHNE HECKOJbKUX CTAIMOHAPHBIX PEXKUMOB, UMEO-
IMX JIa’Ke PA3/IMIHBbIC ACUMIITOTHKK MCUE3aM0MIeH BA3KOCTH (TAKOBA CUTYyalsl B
redennu KyarTa Mexky TBepabiMu cdhepaMu 1 TedeHun Kapmana Mexx iy Bpaliia-
FOIIUMUCS TIIOCKOCTsIMT ). Hapsizy ¢ TypOyaeHTHBIME Buxpsivu Teiliopa, cyiie-
CTBYIOT MHBIE TYPOYJIEHTHBIE PEXKUMBI, Ja U CaMi TypOyJIeHTHBIE BUXPH Teiopa
IPU 3aJIaHHBIX BHEIIHUX YCJIOBUAX HE ONPEIeJIsA0TCS OJHO3HATHO, BAPbUPYET UX
0CEBOE BOJIHOBOE YHUCIIO.

B 3aksiioueHue nojguepKHy, 9To pedb 3JeCh UAET KMEHHO O Pa3BUTON TypOy-
JIEHTHOCTH, O IIpeJieie ncuesarolneil Ba3kocTu. Teopus mepexoioB Npy yMepeHHbIX
gncaax Peitnosnbica 1o/mKHA B UeaIe OIUCATEH BCE MBICIUMbBIE THITBI PEYKUMOB Te-
YeHUsl, YCJIOBHUSI UX BOBHUKHOBEHMS W I'MOEIW NpU JBUXKEHHUM 10 IapaMerpaM, a
TaK>Ke JIaTh CIOCOObI UX BbhluncaeHust. [lo-BuauMoMy, HEBOBMOXKHO 0€3 KOHKDPET-
HBIX KOMIILIOTEPHBIX PacUYeToB IIPEeJCKa3aTh, Kakas UMEHHO II0CJIEe0BATE/HLHOCTD

IIEPEXOJIOB PEATUIYETCs B KaxK 01 3aJaHHOM cuTyanun. Teopus Ho/IKHA HAYIUTh
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ncciejioBaTesist MpaBujiaM, M0 KOTOPbIM OJJHU PEXKUMbI TEUEHUST CMEHSIOTCS JPY-
I'UMU, A METOJ/IaM BBIUUCICHUS PA3JIMIHBIX TUIIOB peKUMOB. OUeHb BaxKHO, KOHEU-
HO, HAYYUThCs 3aJ/laBaTh ITPABUJILHbBIE BOIIPOCHI, BEPHO OIPEJIEJISATh, KAK1e UMEHHO
BEJIMIMHBI TIOJIJTEXKAT BBLIYUCIEHUIO B MEPBYIO odepesb. MoXKHO cKa3aTb, UYTO 9Ta,
TeOpHusi cKopee OyJeT HAIIOMUHATH IIPABUJIA YJIMIHOIO JIBUKEHUSI, UeM PACIIHCa-
HUe 110e3/10B. Bripouem, BIOJIHE MOXKHO HAJEATHCs, YTO ACUMITOTHICCKUE METOJIbI
MO3BOJIAT B PA3IUIHDLIX MPEJIELHBIX CIydasaX MPecKa3biBaTh W MOCIEI0BATEb-
HOCTH T1€PEX0/I0B.

UccnenoBanne, onucannoe B 3TON MyOJUKAIMN, CTAJIO0 BO3MOXKHDBIM OJ1aroia-
ps gacTuaHOl nojgepkke Amepukanckoro Qonga ['paxkganckux Mcenenopannii
u Pazsurtus rpant RMI-2084, a rakxke Poccuiickoro dgonja pyHmamMmeHTaIbHbIX
nceneposannii (rpant Ne 00-15-96188).

A nckpenne Osiaronapen Harasbe Tlonosoit 1 Mapky Baprony 3a ux 60J1b-
[IYIO IOMOIIb IIPU IIE€PEBOJIe 3TOM CTATbU Ha aHTJIMUCKUAN A3DIK.

4 6naromapen pereH3eHTy 3a MpeJIoKeHne BKIIOUNTH B CIIUCOK JTUTEPATYPBI
unrepecHbie coppementbie kKauru [50, 51, 52]. Hy»KHO TOJIBKO NOMHUTE, 4TO 1O-
IpexKHeMYy HAYTO He MOXKeT 3aMEeHUTh UYTeHHE TPY/IOB MMOHEPOB — TaKNUX aBTOPOB,
kak JIsnynos, Jlepe, Xond.

3aKoHTIy HEeOOJbINNM Ha3UJaHUeM MOJIOJIOMY HCCIE0OBATEINIO, YKeJIaIomeMy
B3ATHCS 3a pelleHre TOi WM MHON m3 obcy»KaaeMbIX 37ech npobsem. Bee mepe-
GUCIIEHHBIE ABTOPbI (BKIIIOUast, KOHETHO, 1 ABTOPA 9TON CTATHU) TAK U HE PEIINJII
MOCTaBJEHHBIX 3/IeCh (PYHIaMEHTAJbHBIX MpobyeM. [ToaToMy uxX Tpyanl ciemyer

YUTATh ¢ OCTOPOXKHOCTBIO, HE JlaBas yBJjieub ceOsi Ha OeCrepCreKTuBHbIN 1My Th.
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