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C./1.XoBucoH, /Ixkx. P. OkenmoH,
II.4.Kounna nu XeJjge-11loy B coBpeMeHHOIT MaTeMaTUKeE,
€CTECTBEHHBIX HayKaX U TEXHUKE

Kpartkwnit 00630p ucciaegoBanuii 11.4.Kounnoit mo 3amgauam co cBOOOTHOM
I'PaHUIel JJIsT TapMOHMYECKUX (DYHKIIN, OKa3aBIINX HAUOOJIbIIIEe BJIMSHUE
Ha PA3BUTHE HAYKH, BKJIOUAsi HAYKW O MaTepraJsiax, dKOJOIui0, MEIUINHY 1
dpuHAHCHI, 8 TaKXKe Pa3BUTHE CAMOW MaTEeMATHKH, I'Jle OHM CTUMYJIUPOBAJIN
MHOI'ME HOBbIE HAIIPABJIEHUsI B TAKUX O0JIACTSIX, KAK KOMILJIEKCHbBI aHAJIN3,
ACUMIITOTAYECKUM aHAJU3 U 33J[a4l CO CBOOOJIHOI rpaHuUIeil JJjisi ypaBHEHM
C YaCTHBIMH IIPOU3BOIHBIMHU.

OTa CTaThsl, IyCTh ¥ HE B IOJHON Mepe, BO3JaeT JOJ2KHOE MHOIDAHHOM
upupoje aesrenbrocru 1.4 . Kounnoit mo 3amagam co ¢cBOOOLHON IpaHUIIE.
B Heit ciesaHa MONBITKA MOAYEPKHYTh HEKOTODPBIE M3 MPUHIMITNAJIBHBIX Ma-
TEeMATUIECKUX HOBIIECTB, KOTOPhIE ObLIN CTUMYJIMPOBAHBI €€ HCCJIeI0BAHNU-
sIMH, U YKa3aTh HauboJiee siBHbIE IPOOEJIbl B HAIIMX CErOMHSIITHUX 3HAHUSIX.
deHOMEHAJBHBIA POCT MHTEPECA K BCEBO3MOXKHBIM 3aJ1a9aM CO CBOOOIHBI-
MU TPAHUIAMU TaPAHTUPYET, UTO IJIOJOTBOPHBIE Wen KoduHoit Oy1yT BJIuU-
sITh HA 00Pa3 MbICJIEHl MATEMATUKOB U €CTECTBOUCIILITATE/ICH Ha, IIPOTSXKEHUH
MHOI'MX HOCJIEAYIOIIMX JIECATUICTHUIA.

1. dueiika Xeme-IIloy 3a rog g0 poxnaenus II.4.Kouwnnoit Xee-
[Tloy [1] Buepsbie onucas cBow "sueifiKyKCIePUMEHTAIBHYIO YCTAHOBKY JIJIst
U3yYIeHUS KAPTUHBI TEUCHHS IIyTeM 3aKAUKW BSI3KOH >KMJIKOCTH B Y3KHUI 3a-
30P MEXJy JBYMSI CTEKJSHHBIMU IJIACTHHAMU. VCIonb3ys BH3yau3aIinio
KPAaCKOIi, OH CMOT' HaOJIIOJATh KAPTUHY TE€UEHUsI, KOIJa OHO BO3MYIIEHO pa3-
JIMYHBIMU pelsiTCTBUsiMu (Harpumep, B (opme KpblLiIoBoro npodwuiist), 1o-
MEIEHHbIMK B 3a30pe MeXJIy ILIaCTHHKaMu. Takum o0Opa3oM eMy yJaJjiocCh
¢ OOJIBIION TOYHOCTBIO MOATBEPUTH Hpejckazanue Crokca ( cresaHHOe B
npuwioxkennu K cratbe Xese-11loy), 410, B IpemosoKeHrn 0 TOM, 9TO THC-
J10 Peitnosibjica He CJIMIITKOM BEJIMKO, 110Jie CKOPOCTEH U B IIJIOCKOCTHU STUYeHKU
Oe3puxpenoe. JlapieHue urpaer poJib HOTEHIUAJIA, YI0BJIETBOPSAIOIIErO Ha, 10
BEPXHOCTHU TIPEISITCTBUS OJHOPOJIHBIM ycsioBusiv Helimana (Tperbero pojia)
TaK 4TO MPU COOTBETCTBYIOIEM BhIOOpe MaciiTabda,

u=-Vp, Ap=0 |, (1.1)



BHYTDPU YKUJIKOCTU 1
op
on

na npensircreur. ( Jlumb B 1968 [2| anasuz Crokca 6bii OblI BUjOU3MEHEH

0 . (1.2)

TaKuM 00pa30M, 4TOOBI y4ecTh TpexMepHbie IP@PEKThI, ¢ HEOOXOMUMOCTHIO
BOSHUKAIOIIUE TIPU yIeTe YCJIOBUS MPUIUIAHUS HA IPENSTCTBUM. )

Auqeiika Xene-IIloy craja 3HaMeHUTON KaK CBOErO pOja aHAJOTOBOE BbI-
YUCJUTEJbHOE YCTPOUCTBO JIJIs pellleHrsT ypaBHeHus Jlaliaca, ¥ B 9TOM Ka-
YecTBe OHa OKa3aJach OCOOEHHO TOJIE3HOW JIJIs BU3YAJU3AIUU JIBYMEPHDBIX
TEYEHU B MOPUCTHIX CPeJax B MPEANOJOKEHUN, ITO OHW JOCTATOYHO ME/I-
JIEHHBIE, YTOOBI cjieoBaTh 3akoHy apcu. OHaKo Ha MPOTSKEHUU TTOCTETy-
FOIUX MATHIECATH JIET TOJBKO B 9TOM U YCMATPUBAJIOCh (TTO0 KpaiiHeil mepe,
MHOTMMU 3aIIaIHBIMU YIeHbIME) Hay4IHOe 3HadeHue suaeiiku Xese-11loy.

2.Moaeiu KounHoii TeyeHnii co cCBOOOAHBIMY I'DAHUIIAMUA B TEO-
puu puabTpaIn

B 1930-e u 1940-¢e rojapt I1.4.Kounna nonsijia, 910 MHOTHE 3aJI1a9l TEOPUU
TEYEHUl IPYHTOBBIX BOJI, B OCOOEHHOCTH, CBsI3aHHBIE ¢ (pUIIbTPaAlneil depe3
IJIOTHHBI, TTPUBOJIAT K MOJIEJSIM, B KOTOPBIX HACBIINEHHAsT 00JIacTh JTOJXKHA
OBITH OTJIeJIEHA OT ODJIACTU CyXOTO TPYHTa cBoOOmHOM rpanureit I', koTopas
TIO/IJIEXKUT OTIPEJIEJIEHUIO B Xojie perienust 3agaqau |3, 4]. Ona, Tak x)e Kax
Macker [5| u JI.A.Tanun [6], nokazana, 910 Ha Takoil TpaHUIE pa3Jela JaB-
JIEHUE JIOJKHO OBITh MPUOJIM3UTELHO MMOCTOSTHHBIM U PAaBHBIM JIABJICHUIO B
CYyXOM TI'DPYHTE W 9TO COIJIACHO 3aKOHY COXPAHEHHUSI MAaCChl CKOPOCTH KW /I-
KOCTU B HallpaBjeHuu HOpMaym K [ Jo/KHA OBITH MPONOPIUOHAJIbHA Uy,
HOpMaJIbHO# cKopocTu rpanunibl I'. ITosTomy, He Tepsisi OOITHOCTH, IPHUHSIB
OCh ¥ HAIlPaBJEHHOW BEPTHKAJIbLHO BBEPX, NUMEEM

u=—-V(p+pgy), Ap=0 B xKUIKOCTH (2.1)

p=0, —-0(p+pgy)/On=v, nal (2.2)

(Mogeas (2.1), (2.2) ceituac gacro naszbiBator 3anadeii Xese-ITloy co cBobos-
HOU IpaHMUIE, HECMOTPsI HA SIBHYIO HEyMECTHOCTh TAKOIO HAMMEHOBAHUSI. )
Takum obpaszom, Hapsijly CO CBOEH TPAAUIIMOHHON POJIbIO aHAJOTOBOI'O BhI-
YUCJIUTEJIBHOT'O YCTPOUCTBA JJId JIMHEHHBIX 3a/1a4 TEOPUU ITIOTCHIINAIIA, AICH-
ka Xese-1lloy ¢ mosocThio (T.€. HE 3aMOIHEHHAS TIEJUKOM) TTO3BOJISIET JIETKO
BU3YaJIM3UPOBATh perrenus 3a1a4u (2.1), (2.2). U geiicrurensuo, [1.4.Kounma
(3, c. 243]) GbicTPO CMOTMIA IOy IUThH XOPOITIEE COTVIACHE MEXKIy HEKOTODbI-



MU U3 €e M3SIIHBIX TOYHBIX perrenuit 3agadu (2.1), (2.2) u cBoumu nabuio-
JEeHUAMU TEeUYEHUN B 9KCHEPUMEHTAJbHON sTYeiiKe.

Orkpsrtue [1.4.Kogunoit Toro dpakra, 910 110,100HbIE HEJIMHEHHBIE 33/ 1a9K
JIOIIYCKAIOT TAKOE IIPOCTOE MOJEJIMPOBAHKE, CAMO 110 cebe ObLIO OTKPOBEHUEM,
OJIHAKO OHO UMeJIO ¥ Kyjia 60Jiee 3HAUUTEIbHBIE [OCIIEICTBHS.

3. IIpunaoxumocts moqesu Xege-1lloy kK 3ajadaM coBpeMeHHOI
HayKu M TeXHUKu CIrCcoK HAyYIHBIX IPODJEM, MaTeMATHIECKUE MOJIENN
KOTOPBIX MOTYT OBITH CBeJeHbI K 3a1ate (2.1), (2.2), pacTeT ¢ KaxKabIM ro-
JIOM. 371€Ch HA30BEM TOJILKO HEKOTOPHIE U3 HUX, KOTOPHIE TOSABUJIUCH TTOCJIE
TOr0, KAK BIEPBbIE ObLIa PEJJIOKEHA MOJIE/Ib TEYEHUsI I'PYHTOBBIX BOJL; CIIK-
COK 3TOT IIPEJHAZHAYEH TOJBKO JJIsL TOIO, YTOObI JAaTh 00IIEe PEeCTABIEHUE
O LIKPOTE BOIPOCOB, KOTOPBIE 9Ta MOJIEJIb OXBATHIBAET.

[TepBoe u HarboOJIEE BHAYUMOE PA3BUTHE TEOPUU COCTOUT B HOSIBJICHUN MHO-
»kecTBa, HOBBIX "credanoBckux' Mojeeit. Mcexomuast mogesnn Credana orHO-
CHJIACH K TEOPUHK ajib0e10, OJIHAKO Telepb OHA BOZHMKAET BO MHOIMX 33/1a9aX
13 00JIaCTH HAYKHM O MaTepuaJsax, XUMUK 1 Omojorun. IIpOTOTUIIOM CITy>KHUT
3a,/1a494, O IJIABJICHUN UJIA 3aTBEPAEBAHUN MaTepPHaJia, KOTOPbII IIepBOHAYAJb-
HO HAXOJUTCS MpH TeMieparype (pa30BOro Mepexojia, B IMPEIIOJOKEHNH, ITO
TEIJIO MEePEeaeTcsl TOJbKO IyTeM TEeIJIONPOBOJHOCTH U UTO MMEETCsI HEKO-
TOpOE 3aJaHHOE 3HAYEHUE CKPBITOH TEIJIOTHI IUIaBJIeHMs. Toraa BeJMdunHa,
p B 3ajade (2.1), (2.2) juisi UpeJeJbHOrO Cilydasi HYJEBON CHUJIbI TSKECTH
(g = 0) MOXKeT HHTEPHPETUPOBATHCs KaK TeMieparypa (Miu KOHIEHTPAIHS )
B HOBO#l (paze Ipu TeMmIilepaType ILUIaBJIeHUs PaBHOM HyJI0, 1 6e3pa3MepHOil
CKDBITOW TEeIIOTe IUIABJICHUsT (MM CKAIKe KOHIEHTPAIUK), DABHOW €JINHU-
1le, IPA YCJOBHUM, UTO TEIJIOEMKOCTH MaTepHaJia MpeHeOPeXKUMO MaJia. ITa
MOJIeJIb JIEXKUT B OCHOBAQHUH HAYYHOI'O HCCJIEIOBAHUS PA3HOOOPA3HBIX TeX-
HOJIOTHYECKUX TIPOIECCOB (ITPOU3BOJICTBO CTaji [7|, M3roToBjIEHIE TSy IPO-
BOJHUKOB [8], 3aMOparkuBaHue IUIIEBBIX [IPOJYKTOB, Ja3epHas cBapka [9]).
C Apyroit CTOpOHbI, €C/IM 110/ BEJIMYMHON P HOHUMAETCS JJIEKTPUUECKUN 110~
TEHIHAJI, IPUXOJUM K MOJIEH 3JEKTPOXUMHUIECKONR 00pabOTKH Uu (pOPMO-
obpazoBanusi |10], Torga Kak OTOXKJIECTBIISAS P ¢ KOHIIEHTPAIUEH HEKOTOPOTO
orosiornueckoro arenra ( M BHOBb yuurbiBas juddysuio, kak B 3agade Cre-
daHna ), MOXKXHO MOJie/upoBarh Hekpo3 omyxosu [11]. [Ipumeuaresnbro, 40
BO MHOruX "credanopckux"obobienusix mojesnn (2.1), (2.2) 6espaszmepHbiii
mapaMeTp, XapaKTepU3YIOIMUiA COOTHOIIEHHE MEXKy CKOPOCTbIO M3MEHEHHsI
CBOICTB B 0ObeMe U CKOPOCTBIO M3MEHEHHsT CBOOOIHON rpaHutbl ', MaJr, Tak
9TO 3Ta MOJEJIb SIBJISIETCS PA3yMHBIM TPUOJIMKEHAEM.

Cuieiyst 10 COBEPIEHHO WHOMY HAIIPABJICHUIO, MOYKHO yOEIUThCs, 9TO, €C-



71 onpenesuTh w(x,y) KaK MOMEHT BPEMeHH, KOTyia ¢BOOOIHAsT TpaHuIba [
nocruraer Touku (z,y) B mrockocru siveiiku Xese-11loy, omuchiBaemoii Mo-
nenbio (2.1), (2.2) ¢ g =0, To dyHKIMA

u(z,y,t) = /tp(a:,y,T) dr (3.1)

yaoBeTBOpsieT ypaBHeHnio Ay = 1 u, TaKuM 00pa30M, ONMUCHIBAET IMOTIe-
pedHoe cMelTeHrne MeMOPaHbI 0T JIEHCTBUEM OJTHOPOJIHOTO JlaBjieHus. boJiee
TOrO, U3 yCJIoBuii Ha cBOOOIHON rpanuie (2.2) ciaemyer, yto u = Ju/dn =0
Ha ['. Takum oOpa3oM, B paMKax MEXaHUKHM KOHTAKTHBIX B3aUMOJIEHCTBUN U
MOXKET MHTEPIPETUPOBATHCS KAK CMEIEHNE HAIPYKEHHON JIaBJICHUEM MEM-
OpaHbl, IPUKUMAEMOI K IVIaKOH »KECTKOU IIJIOCKOCTH, IPUIEM C H3MEHEHH-
€M BPeMEHH I0JTyIaeM OJHOIAPAMETPUIECKOE CEMENCTBO TAKMX CTATUICCKIX
KOHTAKTHBIX 33J1a4.

( Bamerum, 4TO, €C/IM CHOBA BKJIIOYUTD uddy3Ui0, TO COOTBETCTBYIOMIAs]
3a/1a9a BOSHUKAET B TEOPWUH BHIOOPA ONTUMAJIBHOTO BPEMEHU PEaJU3aIUN OTI-
[[MOHA, TPUYEM BEJIMUNHA P OKA3bIBAETCS CBSI3AHHOM C IEHO OTIIMOHA, & POJIb
MPOCTPAHCTBEHHO! MepeMeHHOI urpaeT IeHa akiuii [12]. 3namenaresbHO,
4TO KOrjia BiepBbie B 1960-x 1.1 B OJTHOM U3 1EPBBIX IPUMEHEHNI T€Opun Ba-
pUAIMOHHBIX HepaBeHCTB (cM. [13]) ObLTo TpemIokeHo oTobpaKenue p — u,
00bI9HO Ha3bIBaeMoe "'ipeodpazoBannemM baiiokku'", 0HO OBLIO UCIIOJIB30BAHO
JUId JOKA3aTeJbCTBa CYIeCTBOBAHUA U €MHCTBEHHOCTHU PEIICHUsI TOU CAMOK
3aJ1a4u O IJIOTUHE, g KoTopoit [1. 4. Kouunna mosmyamia Kiiaccuieckoe ssBHOE
peleHune JBaIaThbio TOJAMU PaHbIIIe.

Crncok HOBBIX 33184 CO CBOOOIHON TI'paHUIEl MOXKHO OBLIO OBI IPOJIOJI-
YKaTh, OJTHAKO 3JIeCh OTPAHMYMMCS 3aMeYaHUeM, YTO UMEETCs TaK»Ke ODIIup-
HBI TTepedeHb NHTEHCUBHO MCCIEAYEMBIX MAaTEMATHIECKAX 33144, HE SIBJISTIO-
IMXCH 33/a4aMu cO CBOOOJHOI rpaHuIeil, 1yist KOTopbix 3a1a4a (2.1), (2.2)
CILy>KWT CHUHI'YJISIPHBIM IPEJIEIbHBIM CJIydaeM, Kak Oyjer yka3zaHno amke. [lo-
9TOMY JIJIsi MHOTHX HCCJIEJ0BATEeH, N3y IAOIINX TAKUe MOJIEN /IS YpaBHe-
HUI ¢ YaCTHBIMU [IPOU3BOIHBIMU, He0OX0 MO 3HATEL 00 uaesax I1. 4. Kouunnoii.
Hekoropbie u3 amux mMojieseit nMeioT 0oJibiee 3Ha9eHne JiJis (DUBUKHU, HEXKe-
JIX IPyTH€, HO BCE OHW CTUMYJIMPOBAJIU BEChMa MHTEPECHBIE HOBBIE MCCJIEI0-
BAHWSI B TEOPUU yPABHEHWI C YACTHBIMM MMPOU3BOJHBIMUA. DTO CJIELYIOIIHE
Mmojienin: ypasuenue Ajena-Kana,

7% =Aut+u—u® upn €17 —0

ot



ypasuenne Kana-Xwuauapa,

0

Ta_? = —A(Au+u—u®) npu €71 — 0;

ypaBHeHusi (pa30BOro IOJist
0 or o
53_1; = Au+u—u® + aT, TW—Fa—Q; =AT upu € 7— 0
ypaBHeHue (puIbTpaImn

0

Ta—?zv-(umVu) npu m — 00, T — 0

(IMocsieaee ypaBHeHUe ObLIO MPEJIOKEHO KAK MOJEJh PACIPOCTPAHEHHSI
rajakTuIeckoii nuBuaumsain  |14]. OHaKO OHO YACTO WCIOIB3YEeTCsT B TEO-
pUM Pa3IUIHOrO pOJia TeUEHWH T'PYHTOBBIX BOJ, KaK 3TO OBLIO XOPOIIO H3-
secrro [1.4.Kounwnoii.)

Bo Bcex cityuyasix Bce mapaMeTpbl MOCTOSTHHBI W TIPEIEIbI JOJPKHBI BhIUNC-
JSIThCsL COOTBETCTBYMOIUM 00pa3oM (cMm. [15] B oTHOmIEHUMM HEPBBIX Tpex
ciaydaes u [16] B oTHOIIEHMH TOCTIE/IHETO).

M sToT crincok MoxkeT ObITh 3HAYUTEIHLHO PACIITUPEH, OJHAKO ceifdac oopa-
TUMCsI K Hanbostee byHIAMEHTAILHOMY TEOPETHICCKOMY acieKTy 3amadn (2.1),
(2.2).

4. KOppeKTHOCTh M HEKOPPEKTHOCTDH. JHAMEHUTOE TOYHOE PEIeHUe
I1.4.Kounnroit 3agaan (2.1), (2.2), obcyxmaemoe gajee B pasjl.h, BbISBIIO
CKJIOHHOCTB 9TUX perieruii K "obocrpenunio' B cirydae HeyCTORIUBOCTH, KOIJA
IJIOIIA/ b BHYTPHU IpaHuiibl ', 3aHsITasi XKUJIKOCTHIO, CO BPEMEHEM yMeHbIlIa-
ercs (T.e. Ipu BeachiBauuu KukocTH ). 1 obparHo, Bee perrenust I1. 4. Kouunnoii
0bpeTaroT IJIaJIKOCTD, KOTJIa 3aHATasd KIJIKOCTHIO 00JIaCTh PACIIUPAETCS. DTO
coryacyercs ¢ uccienoanneM Xuta [17] ycroitauBocTr B JIMHEHHOM MpH-
Oixernun, u B 1958 r. Caddman u Teiiop [18] croskuynucsh ¢ ogHuM u3
Hanbosiee 3(pHEKTHBIX MPOSIBJICHUH 9TOi HeobpaTuMmocTu aBukeHusi. OroOu-
pas >KUJIKOCTH C OJHOIO KOHIA AUeHKH, UMeroleil (popMy JJIMHHOIO KaHAJa, C
apaJlJIeIbHBIMA CTEHKaMU, OHU ODHAPYKUJIA, 9TO " s13bIK " BO3 Ty Xa, KOTOPHIi
TIOCTENEeHHO TPOJBUTAETCST K KOHILy KaHaJja, 3aHMMaeT MPUMEPHO TOJOBHU-
Hy mUpuHbl KaHaja. OHAKO UX aHaJM3 PABHOMEPHO PACIPOCTPAHSIONIEHCsT
BOJIHBI B paMKax mogesu (2.1), (2.2), ucrnosp30BaBinuii ypomeHuyo GopMy
TexHUKKN KOHMOPMHBIX oTobpazkenuii [1. 4. KouuHoii, npuBes K ojiHONIapaMeT-
pudeckomy cemeiicTBy "si3bIKOB" | M BO3HUKIAS TaKUM 00pa3oM mpobJreMa OT-
6opa "mpaBuabHOI " KOH(MUIYpaIUl 10 CUX IIOP HE pellleHa. 31eCh CHOBA CTaJI-
KHBaeMCsl ¢ cuTyalueit, kormna pabors! [1.4. KounHoit cTumynupoBaJn pa3Bu-
Tre 00JIACTH UCCJIeIOBaHNUt, KOTOpasi OOCYXKIaeTCsl Tereph B COTHSIX CTaTEl U



kuur. JleiictBurensro, "Heycroitunsocts Caddmena-Teitnopa ( nmerno 310
BBIPAYKEHUE Ternepb OOBIYHO UCIOJIB3YIOTCS JIJIsi OMUCAHUST HEKOPPEKTHOCTH
sajaan (2.1), (2.2), korja 3aHsTast XKUKOCTBIO 00JIACTD CTSIMBACTCs ) 1100y~
JIAJIa MHOYKECTBO TOHKHX KMCCJIEJIOBAHU PErysisipu30BaHHbIX BEPCHI MOJIEJIH
(2.1), (2.2), 1mesb0 KOTOPBIX OBLIO MOHATH TAKWE SIBJICHUsI, KAK POCT JICH-
JIDATOB U pa3BuTHe JBYyxdasHoi 00JACTH NpPU 3aTBEPEBAHWN PACILIABOB.
Mopdouiorusi odbsracreit, KoTopasi HaOJIIOAAETCs IIPU TAKUX IIporieccax, obJia-
JIaeT HEIPeICKa3yeMOCThIO CXOHON ¢ MMeoIeil MecTo B TypOyJIeHTHOCTH, W
mogiesib  (2.1), (2.2) co Bceil ee MaTeMaTHYECKON CTPYKTYDOIl HAXOJUTCS B
caMOM IIEHTpE Hay4YHOro Oa3uca Takoil HenpejackaszyeMmoctr. Ilosromy nepeii-
JIEM K HEKOTOPbIM 00Jiee JIeTaJbHbIM 3aMeYaHUsiM 00 9TON MaTeMaTHIeCKO
CTPYKTYpe.

5. 3agaum co cBoboHOM rpaHuneil ajid tedenuii Xese-1lloy. AB-
HbIe peIllleHus, MoJIlydeHHble MeTOJaMi KOMILJIEKCHOTO ITepeMeHHO-
TO.

Kak yxe yrnomunajioch, [1.4.Kounna wamuia siBHOe perieHue 3HaMEHUTOM
KJIACCUYECKOH 381891 O TeYEHUN Yepes3 MPOHUIIAEMYIO IIJIOTHHY TPSMOYT0JIb-
HOT'O CeYEeHUsI O] JIEHCTBUEM CHUJIbI TSXKECTH. DTO pellleHue — Haubojee u3-
BECTHBI TIPUMeED METOJIa, Pa3pabOTaHHOrO e[ JJIs YaCTO BCTPEUYAIONIErOCs
KJIacca 3a7ad co CBOOOIHOM rpaHuleil mist ypasHenus Jlamaaca, B KOTOPOM
HA KaXKJIOM OTJIEJbHOM yYaCTKe IDAHMIbI ODJIACTH TeYEHHUs BbIIOJIHSIOTCS
JIBa HE3aBUCUMbBIX JIMHEHHBIX COOTHOIIIEHUSI MEXK Iy HE3aBUCUMbBIMU IIEPEMEH-
HbIMU (Z,Yy) U HOTeHnUaJIoOM —p u (yHKImed Toka 1. KirtoueBoit MoMeHT 3a-
KJTFOUaeTCs B TOM, 9TO KOIJia (pU3MIecKas MIOCKOCTh ¥ IJIOCKOCTh KOMILIEKC-
HOT'O IMOTEHIHaJa KOHMOPMHO OTOOPaskaloTCs Ha BCIIOMOTaTEIbHYIO TOJIY-
ILJIOCKOCTD, PeIlleHne BO3HUKAIoINei 3amaun Pumana—I ' manbepra MOXKHO BBI-
pa3uTh depe3 P-pyuknnn Pumana. 91a cBsI3h MEXIAY 3aJa9aMu cO CBOOO/I-
HOU rpanuneit u juddepeHiuajbHbiMi ypaBHeHusIMU Kiacca Dykca Oblia
ommmunTesbHoM 4deproit pabor I1.4.Kouwnnoit na nporskenun Bceit ee jiesi-
TEJILHOCTH |3]; ocTaeTcsi aKTUBHBIE UCCJIEIOBAHUS B 9TOM 0OIACTH BEyTCS U
noubiae [19].

Topasz o OoJibliiee BJMsiHEE, OJHAKO, OKa3aJl Ha MOCJEAYIOIIX UCCIeI0Ba-
TeJIeit MeTOT KOMILJIEKCHOTO riepeMentoro, kotopbiit [1. 4. Koanna n JI.A.Tanun
pasBUJIN JJIsI UCCJIEJOBaHUs HecTalnoHapHbix Tedernii Xeje-Iloy B oTcyT-
CTBHUE CHUJIbI TsI?KeCTH. BHOBB KJTI0UeBast UJesi COCTOUT B OTOOpakeHnn (DU3w-
9eCKO#t TIIIOCKOCTH (+ 1Y) U INIOCKOCTH KOMIIJIEKCHOT'O MOTeHIHaa (—p—+1t))
Ha BCIIOMOTATENLHYIO 00/1aCTh, 00bI9HO — ejuandHbiil KpyT |(| < 1. TTockosib-
Ky JefcTBATEIbHAS YaCTh KOMIIJIEKCHOTO MOTEHI[MAJIa ODpAIaeTcs B HyJIbh Ha



C¢BODOJIHOM T'paHUIle, OSHO U3 ITUX OTOOPaKeHUil TPUBUAIHLHO, OJTHAKO OTOO-
paxenue f((,t) obnacru |(| < 1 Ha 0bJACTD, BAHATYIO YKUJKOCTHIO, MPU-
BOJIUT K TIPOOJIEME HAXOXKJIEHUST OJITHO3HAYHOIO KOH(POPMHOTO OTOOPaKEHUSI,
YIOBJIETBOPSIIOIIErO HEJIMHEHHOMY ITPAHUYHOMY yCJIOBHIO

1050F _
R (Zé‘_cﬁ) — RW((, 1) (5.1)

B sT0oM yciioBuu mpaBasi 4acThb [pejicTaBIsieT coboii Ipeodpa30BaHHOE JaB-
JIEHHe, KOTOpoe, Oy 1ydu perieHneM ypaBHenus Jlamiaca B u3BecTHOl 0b1acTu
|| < 1, MONHOCTBIO OIPEJIESIEHO BHEIITHUMHU YCJIOBUSIMU, KOTOPBIE MOPOXK -
IOT JIBUXKEHUE, U T'paHuYHbIM ycsoBueM p = 0 Ha [,

SamedaTeibHOE CBOMCTBO Takoi (hOPMYJMPOBKU 3aJa9W COCTOUT B TOM,
YTO JIJIsT IBUKEHWH, 00yCJIOBJIEHHBIX MTPOCTHIMYU JIBUKYIINMIA MEXaHU3MAMH,
HAIPUMED MCTOYHUKAMHU WJIM CTOKAMHU, MOXKHO HAHTH TOYHBIC PEIIEHUS, WC-
110JIb3ysl MHOT'ME [POCTbie KOH(MOPMHBIE 0TOOpaXKeHUs ( [OJIMHOMUAIBHBIE,
PAIMOHAJIBHBIE U JIOTapU(DMUAIECKU-TONTHHOMUANbHBIE QyHKINK). [Ipu oTbic-
KAHUU PeIIeHnil COCTOMT B TOM, UTO IOCTYJIMPYETCS OIpejeseHHas GhopMma
byuakuun f((,t) ( B crarbe [1.4. Kounnoit 1945 r. mpuseen npumep yHKImu
f(¢,t) = a1(t)C + aa(t)(?), oreuaromeil KapJMOUJIE), U MOCHE TOJCTAHOBKY
B (5.1) obecrieunBaeTCsi B3aMMHOE YHUITOXKEHUE JIOTOJHUTETHHBIX YIEHOB,
TIOCJIE Y€r0 OCTAETCsI POBHO CTOJIBKO WJIEHOB, CKOJIBKO €CTh HEU3BECTHBIX KO-
s punmenToB. Mmeercst BecbMa 0OIMUpHAST IUTEPATYPa, MOCBSIIEHHAS Pele-
HUSIM 9TOTO TUTIA (M BO MHOTHX CJIy4asiX BIBOJLY 3aHOBO DeIleHui, Oy bmKo-
BaHHBIX B PYCCKOif jinTeparype B 1950-€ r1.); eq MoxHO Haiitu B UHTepHeTe
o ajpecy www.maths.ox.ac.uk/~howison/Hele-Shaw/ .

7. MomenThl OobjiacTu, 3aHATON >KXMAKOCTBIO. Teuenusi Xeje-Illoy
00J1a1a10T OOMAaHYUBO MTPOCTON T€OMETPUIECKON CTPYKTYPOil B TOM OTHOIIIE-
HUH, 9TO "'MOMEHTHI" 00JIACTH, 3aHITON XKUJIKOCTHIO, N3MEHSIIOTCSI CO BpeMe-
HEM TpejicKasyeMbiM 00pas3oM [20]. UTobbl yoequThest B 9TOM JJist TPOCTOTO
CJIydast, KOT/Jla TeUYeHWEe BhI3BAHO YEeJIMHEHHBIM TOYEIHBIM CTOKOM WHTEHCHB-
HOCTM () B Hadajie KOOPAWHAT, 3alWINeM yPaBHEHWE JJIsT MOJIsT JABJICHUS B
dopme

Ap=—Qi(@)(y) 1O
Hast moboit byuknun L(z), ananutudeckoit B obmactu €2(t), ucronpzosamue
TeopeMbl ['puHa mokasbiBaer, uro |21, 22]

d _ _ P 4 —
dt ./ /Q(t) Hz) dedy = ./m) He)onds = '/I“(t) Hgy 4 = QLO)



B wacTHOCTH, BEIOMpAsT B KATECTBE MOIBIHTErPAIHHOTO BhIpaskeHus L(z) =
2¥ 1Ipu 1esIBIX MONOKNTENBHBIX k, TOIydaeM 6ECKOHEUHOE MHOYKECTBO MOMEH-

toB My(t) (k=0,1,...), KOTOpbIE YIOBJETBOPSIOT COOTHOIIEHUSIM

d d
—M = — k = Nl
o k(1) 7 //Q(t)z dzr dy = Qg (6.1)

Takum 06pa3oMm, Bce MOMEHTbI, 33 UCKJOYeHueM HyJesoro (k = 0), pas-
HOT'O ILJIOIIA/ U ODJIACTH, KOTOPAsi U3MEHSIETCSI CO CKOPOCTHIO (), MOCTOSIHHBI.
JleiicTBUTEILHO, 9T BbhIPAXKEHUsI JJIsi MOMEHTOB JIAI0OT perieHne guddepeH-
IUAJBHBIX YPABHEHUIH, BOSHUKAIONUX [IPHU [OJ[CTAHOBKE B cOOTHOMICHUS (5.1)
U IPUPABHUBAHUK KOIMDDUIMEHTOB IpK CcTeneHsx (.

DTOT Pe3ysbTaT JJIT MOMEHTOB B CJIydae OJHOIO MCTOYHUKA WJIU CTOKA
JIEPKO 0000IIAaeTcst Ha, CjIydaii, Korjga BHYTpH 0bsacTh {2 MMEeTCsl CHCTeMa,
MCTOYHUKOB Wi CTOKOB [21] min ocobennocru Tuna mysbrunoseii [23]. Ou
TAK2Ke HEIIOCPEJICTBEHHO BEJIET K CBSI3U C 3a/a4eil onpejieneHust GopMbl I'pa-
BATHPYIOIIErO TeJia B CJIydae JBYX IPOCTPAHCTBEHHBLIX IIEPEMEHHBIX. Eciu
MBI OIIpeIeJINTh IpeodbpaszoBanue Komu obactu 2

_ 1 dz'dy’

TO JIETKO BUJETH, 9TO (DYHKIWST O MpOMOPIMOHAIbHA TTPOU3BOLHON MO 2 OT
I'PABUTALMOHHOI'O 1IOTEHIMAJIA, [TOPOXKJIAEMOI0 PABHOMEPHbIM paclipejelie-
HueM miorHocT B obstactu 2. Ero npejcrasienne psijgiom Jlopana mpu 00Jib-
nmmx |z| umeer sug My/z + Mi/2? + ..., u JeHCTBATENHLHO, STOT MOIXO/
JIE'KO MCIIOJIb30BaTh JJId IIOJIy4Y€HUA MYJIbTHUIIOJIbHBIX peIHeHI/Iﬁ 3a1a491 BOC-
CTAHOBJICHUsI OOJIACTH 110 ee MOMeHTaM |24].

6. IIpeobpazoBanue Baitokku, pynknua IlIBapiia nu BapuaimoH-
Hble HepaBeHCTBa. B pazj. 4 6bu10 BBejieHO NpeobpazoBanue bailokku
u(z,y,t) nusa nasiaenus coorHorenneM (4.1), KOTOpoe TOKA3BIBALT, YTO OHO
SIBJISIETCS] PEIIEHUEeM 334Ul CO CBOOOMHOM rpaHuiieit

Viu=1

(B obacTsix, mepeceKaeMbIX rpaHuieil I', 970 BepHO HEMOCpeICTBEHHO, & BHE
WX - B CHJIY aHAJUTHICCKOTO MPOIOJIKEHS )
MPY TPAHUIHBIX YCJIOBUSIX

u=0u/on=0 wnal

Mozkno Takxke Beectu (yukuuto [IBapia [25] miist aroit cBo6GOHOM TpaHUIbL
', sanucas ey ypaBHenue B Bujie Z = g(z,t). DT0 Beerja MOXKHO cleaTh Jist



(KyCcOYHO) aHAJIUTHIECKO} KpHUBOM, mpuueMm (yHKImsS ¢(z,t) OKa3bIBAETCS
AHAJIMTUYHOW B OKpecTHOCTH JI000i ruragkoit yactn I'. Tlockompky

0 ou Ou ou
=18 —=——1—,Z — t)=0 r
020z 8, T o Zay’z 9(=1) e

110JIy4aeM, Cjiejlysi OLMCAHHON panee npoueaype [26], ¢ nomomnpo anaauru-

4

YECKOT'O MTPOJOJIKEHUS, YTO

ou Ou 1,

— —i—==(2—g(2,t)) BQ

or Oy 2

[TockosibKy Takxke Ou/0t = p, BUJHO, 4TO0 OCOOEHHOCTH (DYHKIMU U, & CJIE0-
BaTeJIbHO U ¢( 2, t) BHYTpH 0bsiacTy (2 JI0XKHBI JIMOO HE MEHSITHCST CO BDEMEHEM,
JubO JOJKHBI OBITH HHTErPAJIAMHA 110 BPEMEHHU OT p. AHAJOTHIHBIM 00pa30oM,
cJieJTyst OMCAHHOMY panee noaxoay [20], MOKHO MpecTaBuTh MpeobpazoBa-
uue Kommu B popme

Oc(z, 1) BHE (2

O(z,z,t) =
( ) Z 4+ 0,(z,1) BHYTpH )

rie Gyaknun O, n ©; aHAJUTUIHBLI BHYTPU U BHE obsacTh {2, COOTBETCTBEH-
no. MeiictBurensuo, o onpexnenenuto dyuknuu ¢(z,t), nmeeMm O.(z,t) —
©;(z,t) = g(z,t), oTKysa sICHO, UTO J[Ba U3JTOKEHHDBIX MOXO/A IO CYIIECTBY
9KBUBAJEHTHBI (3aMETUM, OJJHAKO, YTO, €CJH 3aHsITas XKUJKOCThIO 0OJIACTD
MHOI'OCBSI3HA, MPUMEHUM TOJIBKO ITOJXOJ, OCHOBAHHBIA Ha NpeoOpa3OBAHWUM
Kommm [27]).

Ecinu 3agaTh IOMOJHUTENbHO orpanumderHue u > 0, TO, KaK OTMEYaJOCh
panee, QOYHKIUS U yIOBIETBOPSIET KOPPEKTHO CHOPMYIMPOBAHHOMY Bapu-
anmonnomy HepasercTBy [28]. Kosib ckopo HaiijieHo ojHOnapaMerpuieckoe
CeMeFiCTBO ero peleHuit pu 3a/1aHHbIX 0CODEHHOCTSX (MJIM TPAHUYHBIX yCJIO-
BUSIX ), U3MEHSIOIIUXCST CO BPEMEHEM t, €ro MPOM3BOJHASI 110 BPEMEHH PeJi-
craBJisieT coboit napjienue B redenun Xese-1loy. I obpatho, jiroboe perrenne
3aj1a4u 00 oTbope KugakocTn u3 sueiiku Xeje-Illoy, KoTopoe cyIecTByer J0
TOTO MOMEHTA, KOTJIa OTOOpaHa BCS YKUJKOCTD (WJIH, B CIydae OECKOHETHOM
00J1aCTH, TP BCEX t), ABJISIETCS IIPOU3BOAHON IO BPEMEHU OT PEIICHUST TAKOU
3aJIa4M O MPEISITCTBUM JIjisl BAPUAIMOHHOrO HepaseHcTBa [29]. YnowmsiyToe
paHee 0DOCTPEHME CBSI3aHO C Te€M, 4TO OOJIACTU OTPUIATE/bHBIX 3HAYEHMI
byukun u(x,y,t) gocturaror rpasuipl I') 1, (3a HEKOTOPBIMEU HCKJTIOUEHU-
SIMH, KOTOPbIE OyIyT 0OCYKIATHCS HUMKE) ITOTO HE MOXKET CJIyIUThCS, MTOKA
BBIMTOJIHsIETCsT orpaHudenue u > 0.



7.060cTpenune Mnbi yxxe ynomunasu, uro [1.4.Kouuna obnapykuia, aro
B "orcrynatomem'" reaennn Xese-I11loy 6€3 moBepXHOCTHOIO HATSIXKEHUST MO-
JKeT MPOSABJIATHCA 000CTPEHUE 38 KOHEYHOE BPeMsi, 3HAMEHUTHIM [TPUMEPOM
KOTOPOTO CJIyKUT Perenue Jijisi Kapauou sl [4]. JleiicTBuTeibHO, MOCKOJIbKY
JI00ast 381244 [IPY HYJEBOM [TOBEPXHOCTHOM HATSI)KEHUH 00pATUMA 110 BpeMe-
HE, MO’KHO CTPOUTDH PEIIeHus ¢ 00OCTPEHUEM, €CJIH PEInTh 3a/1a9y O HarHe-
TAHUU KUJKOCTU MPU HErJIAJKUX HAYAJbHBIX YCJIOBUAX, & 3aTeM OOpPaTHTh
MOCJIEIOBATEIHHOCTD TIOJIyYeHHBIX TaKUM oOpasoM perennii. Takast mporie-
Jlypa MOXKeT OOHAPYKHUTh HEKOTOPbIe HEOXKUIAHHbIE CBOMCTBA PEIeHW, Har
IpUMep, HAJIMIKe "'BpeMeHu 3al1a3/ibiBaHus" | KOr/1a HArHeTAHWE TPOUCXO/IUAT
B HAYaJIbHYIO 00OsiacThb ¢ yryoBoi Toukoii [30]. UccmenoBatue Takux curya-
Wi BHOBb CBSI3aHO C IPHMEHEHHeM MpeodbpasoBanusa BaifioKKu, mpudemM OHO
IOJIE3HO TaK»Ke MPHU aHaJu3e JOMYyCTUMOCTH TOYEeK BO3BpATa Ha IPAHUIE 00-
JIACTH B 33/1a9aX O HArHeTaHUW XKuaKocTh [31].

MoxHo nokazaTh [32], 4To B 3ajja4ue o npensTcrBun (jJisi Ipeobpa3oBaHust
Baiiokku) Ha CBOGOJIHON I'DAHUIIE MOI'YT CYyIIECTBOBATH TOJBLKO CTEIEHHbIE,
crenenu (4n + 1)/2, ocobeHHOCTH pelleHUs] 1 HUKAKUEe UHBIE, U B CUJLY [1PU-
BEJIEHHOT'O BBIIIE PACCYKJIEHUS TAKHe OCODEHHOCTH MOI'YT TAKXKe BO3ZHUKATD
B HEKOTOPBII MOMEHT Ha cBOOOJHONI rpanuie B 3ajade Xeje-Illoy, npuuem
I'PaHUIA, OCTAETCS IJIAIKOM JI0 ¥ 110CJe 3TOr0 MOMeHTa. [Ipumep TOUYKM BO3-
Bpara co crenenbio 5/2 npusejgen B [31]. Bamerum, 4To B 9TMX NpUMEpax
ycsiopue v > (0 BOJIM3U TOYKM BO3BpaTa Jjisi peodpasoBanusi Baliokku He
HAPYIIAeTCsl.

8. DKCHOHEeHINAJbHbIEe AaCUMIITOTUKU. HeycroituuBocTu, BHyTpeHHEe
npucytue permennsam [1.A.Kouwnnoit qina tevenwit Xene-Illoy B cTarmsaro-
IIMAXCsT 0OJIACTSIX, MOCHY KU HOBBIM CTUMYJIOM B TEOPUHM ACUMITOTHYECKUX
Pa3JIOXKEHU T, U B YACTHOCTH, B TEOPUHU "AaCUMIITOTHK BO BCEX MOPSIKAX ' UJIH
"skcronennmasbibix acumntoruk[33]. Kak yxe ormedasnocs, mojesn Xese-
[IToy ciykuT 6a30BOM MOJIENBIO JJIsT H3YUEHHsT TOHKOT'O SIBJIEHHS POCTa KPHU-
CTAJIJIOB, TIPHYEM COKDAIIAIIIAsics (COOTBETCTBEHHO, PACIIUPSIONIASICS) 00~
JTACTh COOTBETCTBYET IEPEOXJIAKICHHOMY (COOTBETCTBEHHO, HOPMAJIHHOMY )
pacILIaBy, U3 KOTOPOT'O PACTeT KPUCTaJLI. B Tedenue 10Jroro BpeMeHu 1ejibio
HAYKW O MaTepuajiax ObLJIO BhISICHEHUE TEPMOAMHAMUIECKUX U MEXAHUIECKIX
6aJ1aHCOB, KOTOPBIE OIPEJIEJISIIOT BHIOOP (POPMBI KPUCTAJLIIA, IPUYEM, KAK 1 B
yuomsinyToit panee pabore Caddmena u Teiisiopa [18] BosHukaer npobsiema
"Boi6Opa dopmbl pererus”. Cormacto Teopuu |18] B orcyreTBre 3hderToB
IOBEPXHOCTHOI'O HATSXKEHUsI Ha MexK(Da3HON IPAHUIE CYIIECTBYET OHOIAPa-
METPUYIECKOe ceMeicTBO "si3bIKOB" | IPOBUTAIONINXCST B KAHAJ, OJIHAKO JKC-
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IEPUMEHTBI, U YKCIIEPUMEHTHI MHOTUX JIDYTuX uccyaepoBareneii |18, 34| moka-
3BIBAIOT, 9TO MPW MAJIOM MOBEPXHOCTHOM HATSKEHUU PEAJTUIYeTCs ' SI3bIK ',
[IMPUHA, KOTOPOI'O aCUMIITOTHIECKN CTPEMUTCS K MOJIYIIAPUHE KaHAJIA.

3J1eCb BO3HUKAET BOIIPOC O TOM, KaKOBO mnoBejenue cucrembr (?77), (77),
Koryia yejoBue p = 0 Ha cBobojHOM rpanutie [’ 3aMensieTcs peryJsisipu3oBaH-
HBIM YCJIOBHEM, HAIIPUMED P = —€V,, WU P = €K, IJIe K ~KPUBU3HA KOHTYPA
I', B3ATast ¢ COOTBETCTBYIOIIUM 3HAKOM, € — MaJIblii TIOJIOXKUTEJILHBIH Mapa-
metp. ( IIpeobpazosamme Baitokkn mpu orpammdenun v > 0 u "crmaxken-
HbIe' MOJIE/N, TIePEednC/IeHHbIE B Pa3/l.3, TaKyKe MOT'YT PACCMATPUBATHCS KaK
PEryJisipU30BaHHbIE MOJIEJIU, HO B JIPYI'OM CMbICJIE).

JIBauarh Jjier Ha3a) 3TOT BOIPOC MOXKHO ObLIO Obl CYMTATH HEPEIIeH-
HOII IIpobJieMOli Teopuu CHUHIYJIsIpHBIX Bo3Mylenuii. Hampumep, B 3ajade
Caddpmena-Teittopa craggapTHOE Pas3JOKeHHE II0 CTEIEHsSIM € He BeIeT K
IPUHIUILY BBIOODA JIJIsT OIpejiesieHnsi (DOPMbI si3bIKa, ¥ (PAKTUIECKU HE yKa-
3bIBAET HA TO, UYTO BJIMSIHUE PEryJIsipU3AINN [TPOSBJISIETCSA B YEM-JI00, KPOME
MAJIOrO BO3MYIIEHWST HEPEry/Isipu30BaHHOrO permennsi. OHAKO HOBasi METO-
nosiorust (em. [33], rue cobpatbl panHue pe3ynbTarhi, u [36] B oTHOIIEHUH
HejaBuux pabor mo 3amade Cadbdddmena-Teiinopa) mokazamna, CKOIb Cyire-
CTBEHHBIM MOXKET OKa3aThCst 3(PPEKT peryssipusaliniu, 1Mo KpaiiHeit Mmepe, jjis
CTAIIMOHAPHBIX PEIEeHUH NI PABHOMEPHO PACITPOCTPAHSTIOIIMXCS BOJIH.

Ucnosib3yemMast yTOHIEHHAs! IPOIIe/lypa COCTOUT B TOM, 9TO 33/a49a CIIEPBa,
nepeopMyJTMpyeTCs KaK CMeIIaHHasi KpaeBas 3a/a4a JJisi [HOJIyIPOCTPaH-
CTBa, a 3aTeM KakK HeJmHelHoe MHTerpoauddepeHnuaabHoe YpaBHEHUE s
yryioBoro koaddurnuenta rpanuibl I'. ITocie sToro nHezaBucumasi nepemen-
Hasl S TPOJIOJI?KAETCSI B KOMILJIEKCHYIO TJIOCKOCTDb, ¥ TTPOBOJIUTCS PA3JIOKEHHUE
BKB mo majomy mapamerpy € Jjsi HaxoxKaeHus Junuii CTOKca pelleHus
KakK (DYHKIMHU S; 9T JIMHUKA BO3HUKAIOT HA OCOOEHHOCTSIX HEPEryJIsipU30BaH-
noro perienust. (Bblio nokazano [36], uro crpykrypa perenuit BOiu3u 911X
CUHI'YJISIPHOCTEH cama 1o cebe MOXKeT ObIThb HCIOJIb30BaHA JIJIsi OTHICKAHUSI
YCJIOBUS Pa3penmMocTd 3a1a49u). HakoHer, Kak JIOIMyCTUMbIE PACCMATPUBA-
IOTCSI TOJIBKO TaKWe PEIeHus, JIJisi KOTOPBIX moBejenue jguanii CToKca Tako-
BO, 9YTO MOYKHO YJIOBJIETBOPUTH COOTBETCTBYIOIIMM I'DAHUYHBIM YCJIOBUSIM U
YCJIOBUSIM CHUMMETPHUH; UMEHHO TaK OOCTOWT JIEJI0, KOTJa MapaMerp Perysisi-
pUBAIMY € TPUHUMAET OJIHO U3 JUCKPETHOro Habopa 3uadenuit. s 3amaum
Caddmena-Teitaopa 9T0 03HATAET, ITO UMEETCsI CIETHOE OECKOHEUHOE MHO-
JKECTBO 3HAUEHUI IMIUPUHBI A3bIKA, CXOISAIIMXCA K MPEIebHOMY 3HAYECHUIO
1/2 npu € — 0.

Takum 00pa3oM BBISBJISIETCS €IMY OJUH aCIeKT B3aWMOCBSI3U MEXIy pe-
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gyabratamu [1.4.Kounnoit u Teopueit pyHKIMIT KOMIIEKCHOTO TTEPEMEHHOTO.
D10 — Jipyrasi KCTOPHUsi, ¥ OHA JIAJIEKA OT 3aBEPIIEHMUs, TIOCKOJbKY HE CYIIe-
cTByeT OOIIENPUHSITOW TEOPUH DKCIOHEHIAJbHBIX ACHUMIITOTUK JIJISI IBOJIFO-
IMOHHDBIX 33184, OCODEHHO JJIst TEX, B KOTOPLIX 0DOCTPEHME Pa3BUBACTCA 34,
KoHeuHoe Bpewmsi t*. Eie ujyT criopbl O TOM, MOTYT WJIM HET PEeryJisipu3o-
BaHHBIE PEIeHUs JaTh MMOJE3HYI0 HHMOPMAIIMIO I BpeMeH, MeHbInux t*. B
OfiHO# u3 Teopuii [38] mpemmosaraeTcst, 9TO W3 CHHTYISIPHOCTEH aHATUTH-
YECKOTO TPOJIOJIKEHNUsT HEPETYISTPU30BAHHON 33891 MOTYT BO3HUKATH ' J0-
YepHUE CUHTYJISIPHOCTHU', KOTOpPBIE PACIPOCTPAHSAIOTCSH TaKUM 00pPa30M, 4UTO
B pE3yJIbTaTe PEry/isipu30BaAHHOE PEIICHUE OTJIMIAETCS OT HEPEeryJisipu30BaH-
noro Ha Besmanny O(1) as spemen O(1) 10 TOCTHKEHUST MOMEHTa BPEMEHH
t*, B [35] npuBeieHBI CBUIETEIBCTBA B TIOJIB3Y ITOTO, TTOJIYIEHHbBIE YUCIEHHO.

9./IByxdaznaa 3amada (3amada Mackera). Ouesngnoe 0bobmeHne
onucanHoi BeIme 3agadn Xeje-I1Iloy cocTtouT B TOM, 4TOOBI pacCMOTPETh
CJIy4ail, KOTJla 9aCTh A4YEeKU 3al0J/JIHEHA BTOPOH KUJKOCTHIO HEHYJIEBOU BS3-
KOCTH, IpUYeM CBODOIHAs Tpanuia [ Terepb OKa3bIBAETCsI IPAHUIEH pasiena,
MEXJIy JBYyMsi >KUJKOCTsiMUA. Takum 00pa3om, 00JIaCTh TEUYEHUsI COCTOUT U3
JIByx obsacreit )y u (o, pas3meneHHbIX MexKda3Hoi rpanunei I', mpuaem cko-
pocTh kugkocTu B obsactu ); (i = 1,2) maercs Boipaxenuem u; = —k;Vp,
rje k; — MOJBMXKHOCTH, OOPATHO MPONOPIMOHAJIBHbIE BI3KOCTSIM. BHOBB J1aB-
JIEHUSI P; TADMOHUYHBI B 00J1aCTsiX {);, HO TPaHUYHBbIE YCJIOBUsI Ha, CBODOIHOI
IpaHuUIle UMEIOT BU/L

P1 = P2, —k10p1/0n = —koOpa/On = vy, (9.1)

BBIPAXKAIOIINX HEMPEPBIBHOCTD JIABJIEHUS U HOPMAJbHON CKOPOCTH COOTBET-
CTBEHHO.

[TepBoe u3 3TUX ycJIOBUi ejiaeT 3a/1a9y ropas; o 0oJee CJI0XKHOM Mo cpaB-
HEHWIO ¢ OJHO(DA3HOM 3a/1a49eil, MOCKOJIbKY JaBjieHre Ha, rpanuie ' yxe He
SIBJISIETCS [IOCTOSTHHBIM. B 9aCcTHOCTH, METO/[bl KOMILJIEKCHOI'O IEPEMEHHOIO,
KOTOpbIE TaK XOPOIIO paboTaioT MPUMEHUTEJHLHO K Oojiee MPOCTOil 3ajade,
OKAa3bIBAIOTCS 3HAYUTEIHHO MeHee 3(bGhEeKTUBHBIMU ( KPATKOe 00CYKJEHUEe
TOro, 4TO MOXKeT ObITh CjlesiaHo, cM. B [37]), a jpyrue Teoperndeckue moj-
XOJIbI TIPEJICTABJISIIOTCS TPYAHbIMEU. Hampumep, onMcaHHbIH BbIIIIE METOJ MO-
MEHTOB IIPUBOJUT, KaK Mbl ceildac MOKaXkeM, K ODODIIEHUI0 KJIaCCUYeCKO
IpobJIeMbl MOMEHTOB, KOTPOE, MO-BUIUMOMY, HE M3yUIAJIOCh.

[TpemosioXKuM JiJis ONpeJIeSIEHHOCTH, YTO YKUJKOCTH 1 3aHUMAET OJTHOCBSI3-
HYy10 00J1acTh {1, COJIEPXKAIIYIO TOUYEUHbBIH UCTOYHWUK (CTOK) MHTEHCHMBHOCTH
(2, pacmoJIOXKEHHBIH B HaJaje KOOPAWHAT, TaK UTO >KUJIKOCTH 2 3aHUMAET
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KOJIBIIEBYIO 00J1aCTh (9, OrpAaHUYEHHYIO U3HYTPH T'paHuIeil pazaena I’ mex-
Jly JIByMSI >KMJIKOCTSIMU, 8 CHAPY>KHU — APyTroii rpanunei IV, npuuem obaacTs,
BHEIIHsIs 110 OTHOMICHUIO K (g, HAXOMUTCs [IPU MOCTOSHHOM (HYJIEBOM) JiaB-
sernu. (Lesb BbibOpa Takoi KOHMDUIYPAIMK COCTUT B TOM, YTOObI n36€XKaTh
TPYJHOCTEH, CBA3aHHBIX ¢ OECKOHEUHBbIMU ObJacTsiMu U (uim) GUKCHPOBaH-
HBIME TpaHunamu.) TakuM obpasom, B10oO6aBOK K ypasHeHusiM (9.1), BBIIOJ-
HSIOIUMCS Ha T'panuiie I', umeem

Apr = —Q4(z)é(y) B, Aps=0 BQy pr=0, —koOpy/On’ = U;
(9.2)
Hpe,ZLHOI[O}KI/IM Ternepb, 9To L(z) anasmTudna B {2, ¥ pACCMOTPHUM BBIDasKEHUE

Lv Lv Lv
— dzd —// da:d) / "ds—/ nds'—{—/ " ds
di (//Q P g b ok v ks

/Laplds+ 9P g _ Lap2
N

on on on

L L L
:QL(O)—i—/—pla—ds—i— a—ds + 8—ds
T

on 8 8
= QL(0);

3J1ech UCIoJb30BaHbI TeopeMa ['puHa u rpanudnbie yciaosus (9.2); ormernm,
9TO 3HAK M3MEHEH B CHUJIy TOrO, 9TO HOPMaJib N HAIPABJEHa BO BHEIIHOCTD
obnactu {2y u BHYyTpD ).

Orcrona caemayer, 970 0000IIEHHBIE MOMEHT

/ / — dzxdy — / / — dzxdy
Ql Q2

nocrosiner, ecin L(0) = 0 u u3MmeHsieTcst JIMHEHHO CO BpeMeHeM t, eciiu
L(0) # 0. Hackonbko HaM W3BECTHO, STOT BapUAHT HPOOJIEMBI MOMEHTOB
HUKOI'JIa, HE M3ydajiCsd, HO peIIeHUe ee MOIVIO Obl MMETh BajKHBIE IOCJIE/I-
cTBUsi. XOTS JIMHEHHBIN aHAJN3 YCTOWIMBOCTH ILJIOCKOW IDAHUILI Pa3fiea,
O-TIPEXKHEMY, IPEICKa3bIBAET KaTACTPOMPUUIECKYIO HEYCTONUUBOCTDH, KOIJIA,
OJBUXKHOCTD BBITECHSIIONIEH >KUIKOCTH MPEBOCXOIUT IOABUYKHOCTL BLITEC-
HSIEMOT >KUIKOCTH, HEN3BECTHO, KaK MPUCYTCTBUE BTOPOI YKUIKOCTH MTOBJIVSI-
er Ha "obocTpenue', KOTopoe OOBITHO MPOUCXOIUT B 3aa4e JJIsT OLHON KU -
KOCTH IIPY CTAMBaHUU. BO3MOXKHO, 4TO BJIMSIHKE BTOPOIL >KUJIKOCTH, CKAYKEM,
Ha 000CTPEHUE OCPEJICTBOM 00pa30Batusi TOUKHM BO3BpaTa Mopsijika 3/2, Oy-
JIET BEChbMa 3HAUYMTEJIbLHBIM, [TOCKOJbKY TAaKas MEOMETPHUSI MOXKET PeaJn30-
BATbCS B JIBYX>KHUJIKOCTHOM CJIydae TOJLKO, €CJIU BBITECHSIOMAS YKUIKOCTD
MOKET OBITh BBITECHEHA M3 Pa3BUBAIOIIETOCS "3a0CTPEHUs" JOCTATOUYHO Obl-
CTPO.
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