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OZITHOSHAYHA{ PASPEHNINMOCTD 3AJJAYN OB YIAPE C OTPLIBOM
TBEPJIOI'O TEJIA O HEOJTHOPOJIHVYIO YKNJIKOCTb!

B. 1. IOagoBuu

Imy cmamwvro 2 nocsawar FOpurw @edoposuuy Kopobetinuky —
3AMEHATEADHOMY MATMEMAMUKY U Moemy Opyey. Xoma Mol dac-
HO Yokce 00UWAEMCA KAK DPOBECHUKU, A CHUMAIO €20 00HUM U3 CE0-
UT Yyuumenetl u TOPoULo NOMHIO Mo, YeMy OH MeHA Hayuur. Ox
npenodasan mue AHaiu3, a NOMOM Mbl YHUAUCS BMECTE HA MHO-
eur cemunapar. Odnascov, A desas 00KAad 0 CUMNAUUUGALHOLT
pasbuenusx. [onadobusoch npumeHums semmy o npoexmope Ha
sunyrsoe mroocecmeo. FOputi Pedoposuy npudupasca K moemy
00Ka3aMeALCNEY, TAPAKMEPHDBIM UPOHUMECKUM HCECTOM TOTNPAG-
AAA 0UKU. B KOHUE KOHUOG OH NPEOAOICUN CNOP HA KPYIHCKY NUEA,
wmo A HuKo20a He cmo2y doxazams amy aemmy. He nommro, xmo
BHLUZPAN CNOP, HO 00KAZAMEALCTNEO ObLAO NOAYUEHO, G «CUMNAU-
yuasvroe nueos pacnumo. Hedasho mme cAyuusocs npumenums
MY AEMMY 8 CO8CeM OPY20T Cumyauuy, — 06 IMom u udem peys 6
cmamoe. Tlockoavky cmapoe doxazamenvcmeo A 3a0vla, NPUULAOCD
npusecmU HOGoe.

PaccmarpuBaercsa 3amada 0 ABMKEHUN KUJKOCTH, BOSHUKAIOIIEM B PE3y/IbTATE yIapa MO MOrPYKEHHOMY
B Hee TBepAoMy Teiy. 2KHIKOCTh IpeJIosiaraeTcss HeCXKMMaeMoit u HeofHopoaHoit. /leso cBomuTca K
HeJINHEWHON CMEIIaHHOU KpaeBOH 3aJade ISl JIJIMITUIECKOIO ypaBHEHUS div(% gradyp) = 0, te p =
p(x) — 3amaHHAsT IIOTHOCTB, & ¢ — WMMITYJIBCUBHOE JABJICHUE B KUAKOCTH. C NMPUMEHEHMEM TEXHUKU
BapUAIMOHHBIX HEPABEHCTB JIOKA3aHbI CYIIECTBOBAHUE U €UHCTBEHHOCTH OOOOIIEHHOIO PENIeHNs.

Bsenenune

B sToit crarhe n3okeHa MOCTAHOBKA 3aJadu 00 yjgape TBEPIOro Teja O HEOJHOPOIHYIO
HECXKMMAEMYIO YKIUJIKOCTh. PaccMoTpeHsl caydan yaapa 0e3 oTpbiBa U ¢ OTpPhIBOM. JlokasaHa
OJJHO3HaYHaA paBpeHlI/IMOCTb COOTBGTCTByIOH_LI/IX CMENIaHHBbIX KpaeBbIX 3aJda4 B Cﬂyqae orpa—
HUYEHHOH 00JIacTH.

B § 1 uzjorkeHa IOCTAHOBKA KPAaeBBIX 3aad W IOKA3aHO, YTO Ha HEMOIBUKHON TBEPIOi
[TOBEPXHOCTU OTPHIB HEBO3MOKEH.
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B § 2 npuBeaensl ¢ 10Ka3aTeIbCTBOM HEKOTOPBIE M3BECTHBIE PE3YJIbTaThl TEOPUU BapHa-
IIMOHHBIX HEPABEHCTB B TOi popMe, B KOTOPOIl OHU UCIOJIB3YIOTCS B padoTe.

B § 3 mokazambl cylecTBOBaHNE W €MHCTBEHHOCTD PEITEHUs 3318491 B CIydae Oe30TPhIB-
HOT'O yJapa.

B § 4 ussoxkena mocraHoBKa 3aa4u 00 yaape ¢ OTpuIBOM. JJTst 9TO# HEeTMHEIHOW KPaeBoi
3aJ1a49n JIOKA3aHbl CYIIECTBOBAHNUE U €IMHCTBEHHOCTH PEIICHUS.

§ 1. IlocTaHoBKa 3371a49M O TUJIPOAMHAMUYECKOM yOdape

PaccmarpuBaercs 3ajada 0 T€UEHUHN KUJIKOCTH, BBI3BAHHOM YJIAPOM II0 IUIABAIOIIEMY B
Heil TBepoMy Teury. [IpesnonoKum, 4To KUJIKOCTh 3allojIHsIeT OrpaHnveHHyoo obiaacte D B
R? (cm. puc. 1).

Puc. 1.

Ppanuna 0D obmactu D coctonT m3 moBepxHOCTH S, (IHO KOHTeliHepa), CBOOOIHON MO
BepxXHOCTH Sy M CMOYEHHON MOBEPXHOCTH TBepAoro rena Sy, Tak uro 0D = S, U S, U Sy;
MHOKeCTBa Sy, Sy, Sy cumTaeM 3aMKHYTHIMH. OOLIMHO B IPHIOKEHHAX Sy — IJIOCKAs II0-
BEPXHOCTH, HO JIJIs JIAJBHEHRINErO 9TO MPEJIIONOKEHNE HE HYXKHO. XapaKTepHO, 4TO JlaXKe B
caydae, Korga Sy, Sy u Sy — INIajKue MOBepXHOCTH, rpannna 0D fBIfeTca JUIb KyCOIHO-
IJIaJIKO# ¢ 0COOEHHOCTAMH THUIIa JABYTPAHHOIO yIjla B TOYKaX Hepecedenud Sy M S, u Sy NS,
CBOOOTHOI T'PAHUIILI C JTHOM U COOTBETCTBEHHO C MOBEPXHOCTHIO TBEPIOrO Teja. BO3MOXKHEL,
KOHEYHO, 1 OCODEHHOCTH CaMMX IoBepxHocTeil Sy u S.. ByaeM ux cuuTaTh KyCOUHO IJIAIKH-
mu. JlajbIie, TOBOpst O FPAHUYHBIX YCIOBUIX, OyJAeM IIOIpa3yMeBaTh, ITO OHH BBLIIOJTHAIOTCS
B PErYJISPHBLIX TOYKAX IIOBEPXHOCTEl, IPUYEM BBIIIOJIHEHbI TAKKEe COOTBETCTBYIOLINE YCIOBUS
HEIIPEPbIBHOCTHU BIIJIOTH 1O I'DaAHUIIBI.

IIpe/romoyKnM, ¥To 3aaHa MIOTHOCTh JKIUIKOCTH p(x) mpru x € D, mputeM p — IIajKas
dbyHKIMSI, KOTOPasi BCIOJLY TIOJIOKUTE/bHA: BBIOJIHSIETC HEpaBeHCTBO p(x) > po > 0 npu Beex
x € D c m3BecTHOI MocToAHHOM po. Kax mokasano B [1], IIOTHOCTH YKHUAKOCTH He ycIeBaeT
U3MEHUTBCS B XOJIE y/apa, Tak YTO p — U3BECTHAsl (DYHKIUSI, TJIOTHOCTh YKUJKOCTH JI0 YAPA.

[Ipenmoaraercsi, 970 B pe3yJIbTare yaapa TBep/Ioe TeJI0 MTHOBEHHO IIPUXOINUT B JIBUKEHNE,
npuobperast CKOPOCTD

V=U+wAuz. (1)

3nech U — mocTynarenbHasi, a w — yIyIoBas cKopocTn gsmxkenns. Ha camom nese Bexktop U n
[ICEBJ/IOBEKTOP w 3apaHee Hem3BecTHbI. OIHAKO HA TIEPBOM IAre PEIeHus 3aa9i OHU CIUTA-
IOTCS U3BECTHBIMU U OIPEESISIOTCS MIOCe TOrO, KaK pellleHa 3aJa49a O JIBUXKEHUHU KUJIKOCTH
rocje yjapa, 1o 3aJaHHOMY yJAapHOMY UMILYJIbCY, [10JleliCTBOBaBIIEMY Ha TeJIo.
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Kak mokazano B [1|, Tedenue KuKoCcTH TOCTIE yapa p-IIOTEHIMAIBHO, €ro MoJIe CKOPOCTH
€CThb

1
u = ——grad ¢. (2)
p

IIpaBast 4acTh 3/1eCh — I'PAJNEHT B p-MeTpuke pds?, rie ds® — eBKJnI0Ba MeTpuKa. OyHKIMsT
(0 — MOTEHITUAJT TeUEHUsI, KOTOPBI nMeeT (PU3MIECKUN CMBIC] UMITYJIbCUBHOTO JTABJIEHUSI. 3a-
Medy, UTO B CIydae IMOCTOSTHHON IJIOTHOCTH 3aa4a 00 yaape Oblia chopMyIupoBaHa KIACCH-
kamu erie B XIX Beke [2-4|. Ciyuail ke HEOTHOPO/IHOIH YKUJIKOCTH, KAK HU CTPAHHO, pa3obpaH
B [1], no-BujmMoOMy, BIIepBble. YCIOBHE HECZKMMAEMOCTH [IPUBOJUT K yPABHEHUIO

1
div (— grad gp) =0. (3)
)

JleBast gacThb 371eCh €CTh JamIacual A,, OTBEYAIONIH p-MeTPHKe.

Eciiu mpeimonokuth, 9To B pe3ysibraTe yiapa KUJIKOCTb He OTPBIBAETCI OT TBEPJIbIX I'Pa-
HUII, TO JIJTsT OIIPEJIETICHNST TIOTEHITUATIA (© TTOTYIaeTCsT CMEIaHHasT KpaeBas 3a/1a9a ¢ TPAHNI-
HBIMU YCJIOBUSIME

Sy
Dy
a. = 07 (5)
on s,
10¢
- ==V, (6)
ponig
Yenosue (4) osHaudaer, 4TO CBOOOJHASI IPAHUIA HE IIOJBEPraeTCsl YJAPHBIM BO3ZEHCTBUSAM.
Yemosue (5) ciaemyer u3 HEMPOHWUIAEMOCTH JIHA IS YKHUJIKOCTH; g—i = gradp - n, rue n —

e/IMHUYIHBIA BekTOp HOpMaJin. Hakoner, yciosue (6) Tpebyer, 4roObl HA CMOYEHHON IpaHuUIle
TBEPJIOTO TeJIa, HOPMAJJIbHBIE CKOPOCTH KUIKOM IaCTHUILI M IPUMBIKAIONIEH K Heifl TOUKU I'pa-
HULBL S, coBIIajaIn; upu 3roM Vy, = V - n. Konedno, 570 o3Ha4aer, 94T0 U IpaHUIA TBEPIOTIO
TeJsia Sy JIsT XKUJIKOCTH HEIIPOHUIIAeMa.

Pemenne snneiinoit kpaesoii 3amaun (3)—(6) o 6e30TPHIBHOM yiape UMeeT, OJHAKO, aJleK-
BaTHBIH (DU3MHYECKIIl CMBICIT JIMIIH IPH JIOTIOMHATEIBHOM yetosun: ¢(x) = 0 npu Beex z € D.
Jlesio B TOM, 9TO >KHJIKOCTH HE MOXKET IIPOTUBOCTOSATH PACTSIXKEHUIO, KOTOPOE UMEJIO Obl MECTO
[P OTPUIATEIBHOM UMITYJIbCUBHOM JIABJICHUE . BMecTe ¢ TeM HEIPOHHUIIAEMOCTH TBEPJIBIX
IPaHUIL €CTh JINIID OJIHOCTOPOHHSIS CBA3L: YKUJIKOCTh HE MOXKET IIPOHUKHYTH BHYTPb TBEPIOrO
Tesla, HO BIIOJTHE MOYKET OT HEr0 OTOPBAaThCs. B pe3ysbrare IpaHUMIHbIE YCIOBUST HA TBEPJIBIX
[IOBEPXHOCTSIX Sp U S NPUXOAUTCS N3MEHUTH U IepeiiTh K HOBOI IOCTAHOBKE 3aa4Md.

Bamada 06 ygape ¢ orpbiBom. Haunem ¢ yciioBusi Ha HEIIOBUZKHOIT TBEP/IO# rpanuiie Sp.

o do _ _ Op
B kaxnoii ee Touke x mbo ¢(x) > 0 n 52 (x) = 0, mbo p(r) =0, 52 (x) > 0. OkaspBaercs,
OJIHAKO, YTO BTODOIl Cilydaii, orBedaomuil oTpbiBy, HeBo3MOxKeH. ClpaBeyInBo ClIe/Iyrolee

YTBEPK/ICHUE.
IIpennoxxxenmne 1. Ha nenoqBu>KHOIH TBEpAOIH CTeHKe OTPHIB HEBO3MOXKEH.

< HomycTtum, 910 B HEKOTOPO# TOUKe Xy € Sp OTPBIB MPOMCXOAUT, TaK 9T0 () = 0, n
KOMIIOHEHTaA CKOpOCTI/I KNIAKOCTHU BIOJIb BHyTpeHHefI HOpMaJII/I IIOJIOZKHUTEJIbHA.:
Oy

o 0. (7)
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Torma 3TO CcTpOroe HEPaBEHCTBO OCTAETCA BEPHLIM M B HEKOTOPOI OKPECTHOCTH TOYKHU I( Ha
Sp. Opaako u3 Hero mocienoBaso 6bl, 4To @(x) < 0 B Toukax obmactu D 6iamM3KuX K Tg
(n — Buemmnss Hopmasn!). Takum obpasom, mepasencTBo (7) HECOBMECTHMO € TpebOBaHUEM
HEOTPUIIATEILHOCTH TTOTeHIHaa . MTak, OTPhIB HEBOBMOXKEH, U IPEJIIOKEHNE T0Ka3aHo. >

Taxum obpaszom, yeiosue (5) Ha Sp cOXpaHsAeT IPexKHIO GOpMY U B 33/1a9e 06 OTPHIBHOM
yjape.

Kpaepoe ycioBue Ha MOABMXKHON TBEPIOH IIOBEPXHOCTH S, Tenepb (pOPMYIUPYETCA ClIe-
aytormum obpaszom. Pyuknus ¢ Ha S, HeorpurareabHa: ¢(r) = 0 mis Becex © € Sy, u ecin

¢(x) > 0 B TOuKe T € Sy, TO B 9TOi1 TOUKE %g—ﬁ = —V,,. B urore nosepxHocrsb S, pasiessieTcs

Ha wacti SC m S, Ha KOTOPBHIX (BCIOMY, 3a MCKTIOYEHHeM TOUeK mepecederns SO N Sy —
MHOKECTBA JIBYMEPHOI MepbI HyJIb) COOTBETCTBEHHO BBILIOJHEHBI YCJIOBHS

19
ol =0, 24w, >o, (8)
S0 pon 50
19
S vl =0, ¢ >o. (9)
pon Sz Sz
Yacts SY mosepxmocTn S, HA30BeM 30101 0OMpPHIEa, a 9acThb S, — 6e30MPyieHoT 3010,

U3 crpororo mpuHIUIIA MAKCUMyMa-MUHUMYMAa JIJIsI SJUIMIITUYIEeCKOTro ypaBHeHust (3) cie-
JIyeT, 9TO yCJIOBUE HeoTpuareabHocTu Ha rpanune (¢(x) > 0 npu x € dD), Bieder crpo-
I'YIO MOJIOKUTEJILHOCTD BHYTpH obsactu: ¢(z) > 0 upu x € D. [Tosromy kasumayus, T. e.
«BHYTPEHHHI OTPBIB» ¢ 00pa30BaHUEM Iy3bIpeil, HEBO3ZMOXKHA Y2K€ B CHJIY IIPUHATHIX KPACBBIX
yesouii. Orcroza ciejyer, 4To ypaBHeHue (3) Tak:Ke COXPaHSIeT CHILY.

Tenepnb MBI MOXKeM cOPMYIUPOBATH MMOCTAHOBKY 3aJa9u 06 yape ¢ oTpuiBoM. Tpebyercst
HAATH P-rapMOHNYECKYIO (DYHKIMIO ¢ — PeIleHue ypaBHeHUs

Ayp =0, (10)

HEIIPEPBIBHYIO BILJIOTH JI0 TPAHUILI 0, yI0BIETBOPSIIONLY IO IPEXKHUM YCIOBHUSIM Ha, CBOOOTHOM
rpanune Sy u Ha JHe Sp:

p| =0, (11)
Sy

op|

n N =0. (12)

Kpowme Toro, byHKIMA (o J0IKHA OBITH HeoTpUIaTenbHoi (p(x) > 0 npu € D) u yuosie-
TBOPATH KpaeBbIM yciaoBuaM (8), (9) ma S,.

[TockobKy 30Ha OTphIBa SO 3apanee HemsBecTHa, ChOPMYIIMPOBAHHAS 33/1a9a HeJTHHeHHa.
Jlaxke B c1ydae OJHOPOIHON »KUIKOCTH U JIBYMEpHOIl obtactu D oHa pelleHa JIMIb B OTACIb-
HBIX YacTHBIX ciaydasx. JI. V. Cemnos [4] mocrasui 3amady 06 yjape ¢ OTPIBOM B JIByMEPHOM
Caydae W HAIIEJI PEIleHre B CIydae NOPU3OHTAJIBHOIO yiapa IO OTPE3KY, IMOrPyKEeHHOMY B
KUJKYIO TOJMYIIJIOCKOCTh, IIPU IIOMOIIKA BUPTYO3HOT'O TPUMEHEHUSI METOIOB T€OpUU (PYHKIINN
KOMILIEKCHOTO TiepeMeHHoro. CCBUIKH Ha IOC/EIyIoNe paboThl 10 JIBYyMEPHON 3ajade 00
orpeisaOM yrape H. A. Kynapssresoit, B. C. Kopuarnna, M. B. Hopkuna moxuo HaiiTn B pa-
6ore [1]. B TpexMepHOM cityuae, BMECTO OTJIEIBHBIX TOUEK, PA3/IE/ISIONIINX 30Hbl OTPHIBHOIO U
6e30TPBIBHOTO y/apa, HEN3BECTHBIMU OKA3BbIBAIOTCH PA3/IEISIONINe 3TH 30HbI KPUBBIE. 3a/1ada
Ccpa3y U3 CKAJIAPHON MpPEeBpAIaeTcs B OeCKOHETHOMEPHYIO. Bo3HUKalomue TpyIHOCTH 10 CUX
[0 He IIPEOIOEHbI HU B OJHOM KOHKDPETHOM CJIyYae.
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§ 2. Jlemma o mmpoekTope. BapuarnimoHHoe HepaBeHCTBO

371ech B Ie/IIX 3aMKHYTOCTH U3JI0YKEHUS sl IPUBOXKY C JTOKA3aTeILCTBAMU U3BECTHBIE Pe-
3yJIBTATHI O MMPOEKTOPE Ha BBIMYKJIOC MHOXKECTBO M BAPHAIMOHHBIX HEpaBeHCTBaX [5—§|.

Jlemma 1 (o npoekrope). Ilycrs K — BBIIYKJI0€ 3aMKHYTOE MHOYKECTBO B I'HJIBOEPTOBOM
npocrpaucree H. Torma mist jroboit Touku x € H cymecTByer, U NPpUTOM €IHHCTBEHHAS,
rouka Yy € K takasi, 4To

pla, K) = |z =yl (13)

Tem cambim ompesgesieH npoerTop Px : H — K npocrpancrBa H Ha BbITyK/I0€ MHOXKE-
crBOo K:

y = Pgux. (14)

< IMomozkum inlf( lx — y|| = d, Tak aro d = p(x, K). B wacraocru, d =0 u y = = B TOM 1
ye

TOJILKO TOM CJIydae, Korja x € K.
[Mycrs {yn}, yn € K, n=1,2,... — MUHUMHU3UDYIOIIAs TIOCTIEIOBATEIHLHOCTD. JloKaXKeM,
aT0 oHa cxoauTcsi. CorylacHO PaBeHCTBY MapaJuie/iorpaMMa, UMeeM

Y+ Ya | | gm—wa | _ 1
= T | =g U el el (15)

Hockombky ||z —yn|? — d? u ||z —ym|* — d? npu n,m — oo, To u3 (15) cieyer HepaBeHCTEO

2

. +
Tm |z — I < g2, (16)
m,n— 00 2
C o ym + yn
Apyroit cTopoHbl, ———— € K, BBUJYy BBIIYKJIOCTHU, & COIJIACHO OIPEICJICHUIO BEJIUINHbI
. 2 (ym + yn)
d, 3TOT BepxHUil mpeges dombire aubo paper d°. Takum obpazom, s MUHUMUBHAPY-
OIasl OCIeI0BATE/ILHOCTD:
Ym + Un ||
lim |z — ") =d. (17)
m,n— 00 2

Teneps u3 (15) ciaenyer, 910 ||Ym — yn|| — 0 pu m, n — oo. [ockonbky H 1mosHO, CyIecTByer

npenes lim y, = ¥y, a Tak Kak MmHOXkKecTtBO K 3amkuyTo, y € K. Ilpm sTom, odeBmmmO,
n—oo
[z —yll = d.

B npeapiayineM joka3aTesibCTBe CyNIeCTBOBaHUsST (DAKTUIECKH YCTAHABINBAETCS U €J[HH-
cTBeHHOCTH. Bostee popMaiibHO, eciin y U § — MUHUMAJIbHBIE JIEMEHTHI, Tak 4To ||z — y|| =
lx — || = d, To nocaemoBareabHOCTD Y, Y, Y, Y, ... — MEUHHMH3UpYyIomasd. [lo qokazannomy,
ona cxonutcd. [Tostomy y = y. >

Henumae mogyepkuyTh, 9TO B 9TOi JjiemMe He Tpebyercs, 4ToObl MHOXKecTBO K OBbLIO
orpanuyeHHbIM. Jlaibine jeMMa npuMeHsieTcs: B ciydae, Korjga K — KoHyC.

Bapuanmonnoe HepaBeHcTBO. [lycte @ € H u y = Pgx. FEoam v € K, 1o, BBUIY
BBIMTYKJIOCTH MHOXKeCTBa K, OHO COJIEPXKHUT M BECH OTPE30K, COEIUHSIIOINIMI TOYKA Y U U. DTO
o3Hadaet, 410 Y + t(u — y) € K aua moboro ¢ € [0, 1]. I3 (13) crenyer HepaBeHCTBO

lz = ylI* < llz -y — tlu—y)|I*. (18)
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EFO MOZKHO HepeHI/IC&Tb B BUJE
2t(z —y,u—y) < lu—y|* (19)
Pasznenus Ha t 1 ycrpeMuB ¢ K HYJIIO, IPUJIEM K HEPABEHCTBY
(& —y.u—1) <0 (20)

st Jioboro u € K.
OuesnyiHo, uro u obparHo, u3 Hepasencrsa (20) ciemyer (18). Ilomoxkus B Hem t = 1,
MOKEM HAIUCATh
2 =yl < |z —ul®. (21)

U3 npeapiaymeit JJeMMbl CJIeIyeT, 9TO PaBeHCTBO B (21) MOXKeT JOCTHraThCs MOoAbKO MPH
u =1y = Pgx. Mbl npumnuim K ciieyoleil xapaKkrepusannun npoekropa Py .

Jlemma 2 (o pemiennu BapuaroHHoro nepasencrsa). Ilycrs ¢ € H, u K — Bbliryk/ioe
3aMKHyTOEe MHOXKecTBO B H. Torna cymecrByer u npuTOM €IHHCTBEHHBIH 9JIEMEHT 1y, VOBJIE-
rBopstomuii HepasercTBy (20) mpu Jirobom u € K. Ilpu stom y = Prx.

[TousiTue mpoekTOpa Ha BBITYKJIOE 3aMKHYTOE MHOXKECTBO K sIBJISIETCSI €CTECTBEHHDLIM
06001IeHIeM TIpoeKTOpa Ha (JmHeliHoe) nojanpocrpancTBo L B H. B sToM ciryvae HepaBeHCTBO
(20) MOKHO 3aMEHUTH PDABEHCTBOM, & BMECTO U — Y HAIMCATH IIPOU3BOJIBHBIN 3jieMeHT v € L.

3ameTnm erre, 9TO oneparop Px HempepbiBeH, bojiee TOTo, JUIIIATIEB, U, elle 0o/iee Toro —
HEPACMAUBAIOUUT: CIIPABEIIJINBO CIEIYIONIEE YTBEPXKICHUE.

Jlemma 3. s mobbix @' wx” € H BbIionHsSeTcss HepaBeHCTBO
[Pra’ — Pga”| < [|l2" — 2"|. (22)

< HMonoxkum 3y’ = P, ' = Pxx’ nx’ =y +, 2" = 9" +v”. Unmeem

2" = 2"[* = Iy = y"[I* + [l = o"|* + 2y — /", 0") + 2(y" — 3/, 2"). (23)
Ilocnenuue mBa caraeMbIX HEOTPUNATEIbHBI. JlelicTBUTENbHO, ToJaras B BapUaIlOHHOM
uepasercrse (20) cuavanma x = 2’ y = ¢, w = y’, a zarem z = 2", y = ¢, uw = ¢/,
HalaeM
(Ul,y/l _ y/) < 0’ (7)//, y/ o y//) < O (24)
[Mosromy uz (23) ciefryer HEPABEHCTBO
" = 2"* = |ly" =" [I” + [[o" = "%, (25)

KOTOPOE BJI€YET HEPABEHCTBO (22). >

§ 3. BapuanuoHHBIII TPUHIKII B 33j/ia4e O DE€30TPHIBHOM y/iape

CuauaJia pacCMOTPUM BAPUAIMOHHBIN TIPUHITUIL B 3a/1a1€ O O€30TPHIBHOM yIape. DTO O3HA-
YaeT, 4YTO MbI OTOPACHIBAEM YCJIOBUE TIOJIOYKUTEJIHLHOCTH TOTEHIHAJIA (0 U PACCMATPUBaEM KJlac-
CHUYECKYIO CMEINTaHHYIo 3a/1a9y Teopun rnorennuaja. CoOCTBEHHO rOBOPsi, €CJIU OKAXKETCS, ITO
JyIsi pereHust 31oii 3aga4un ¢(x) = 0 B D, 10 Gosbllle HUYEro U He HY»KHO — YJap [IPOHUCXO-
aut 6e3 orpbiBa. Hampumep, ectu yaap HAHOCUTCS 110 JIEXKAIEMY Ha IIOBEPXHOCTU JIUCKY, TO
OH TIPOUCXOJIUT 0Oe3 OTPhIBA, KOIA TOUYKA IPUJIOKEHUS BEPTUKAJIBLHOIO UMITYJILCA HAXOIUT-
¢ B Kpyre € TeM Ke IIEHTPOM, Pajuyca % pajanyca JucKa. AHAJTOTUYHBIA Pe3yIbTAT, C TeM



OnHO3HAYHAST PA3PENTHMOCTD 3a1a49d 00 yjape ¢ OTPBIBOM TBEPJOIO TeJa 3-85

ke Ko3hdunmeHToM %, CIIDABEJJINB U B CJIydae 3JUIMIICOU/JIA, IIOI'PYKEHHOI'0 HAIIOJIOBUHY B
JKHJKOe 1ostyipocTpancTso [9]. Bo MHOrmx paborax HaiijieHbl yCJa0BHs 6E30TPBIBHOCTH y1apa
B CJIydae OTHOPOJHON KUAKOCTH. Kor/ia OKaspIBaeTcs, ITO MOTEHITNAT ©, B ITPEIIOJIOKEHITN
OTCYTCTBUS OTPBIBa, MEHsET 3HAK B 00JIACTH TE€UEHUS, TO 3TO U €CTH CUT'HAJ O HEOOXOIMMOCTHU
[epexo/ia K pPereHnio 3a1a4u 00 yjiape ¢ OTPBIBOM.

Paccmorpum dyHKIMOHAT

1

J(p) = 5/%(Vg0)2dﬂc+/ngnds. (26)

D Sr

Bynem cunrtars, 9TO OH 3a/IaH IEPBOHAYAIBLHO HA MHOYXKECTBE (DYHKITUH, JTBAXK bl HEIIPEPBIBHO
muddepennupyeMbix B obsiact D, yI0BIETBOPSIONINX KPAEBOMY YCJIOBUIO HA CBODOJIHOM I'pa-
HUIIE: np’ s = 0, ¥ UMEIOITUX [IEPBbIE ITPOU3BOIHBIE HEIIPEPBIBHBIE BILIOTH JI0 TPAHUIIBI 00JIACTH
D Bcrofty, Kpome, ObITh MOXKET, KPUBOil, OTJE/ISIOINIEH TBEP/I0€e TeJI0 OT CBOoOOIHOI rpanuIsl. Ha
caMoM Jiejie, KaK U3BECTHO, Ha 3TOW KPUBOI IepBble MPOU3BOIHBIE MOI'YT 00PaIaThCs B Oec-
KOHEYHOCTb, U HEOOXOJIMMO BBECTH HEKOTOPOE OTpAaHUYEHHUE HA BO3ZMOXKHYIO CHHIYJISIPHOCTD.
[TosTomy Oyjem Bceryia mpemioaaraTb, 4To @ € Wz(l)(D). 9TO O3HAYAET, YTO KUHETUIECKAS
SHEPIUs, epelaHHast XKUJIKOCTH IIPH yIape, JTOJIZKHA ObITh KOHEUHA. B naipHeliem perenne
KpaeBoii 3a/1a41, 00JIa/aIoNee IepedanCIeHHbBIMU CBOMCTBAME PEryJIsspHOCTH, Oy/IeM HA3BIBATH
KAQCCUMECKUM.

[Iycrs rpanuna 0D — KycodHO-TJIagKast, a (DYHKIWMS p HEIpepbIBHO IuddepeHimpyema
B D n orpanmdena CHH3Y TOJOKHUTETLHBIM umcioM: p(z) > po > 0. Ipednoaosicum, GTo
CYIIECTBYET KJIACCUYECKOE PellleHUe KPaeBoil 3a/1a4u 0 6e30TPHIBHOM Y/Iape:

div (v ) = o, (27)
p
o =0, (28)
Sy
dp
| = 2
877, Sb 07 ( 9)
1 Oy
S S 30
p(x) dn|g (30)

ITpennoxxkenue 2. OyHKIHS (p SIBJISETCS TOYKOH SKCTPpEMyMa, JjaXKe CTPOroro MUHUMYMa,
¢yuarnuonasma J. ObparHo, ecin pyHKIHS @ 00/IaJaeT HAIeKAITUIMU CBOHCTBaAMU DEryJIsp-
HOCTH U HpHJAaeT (DyHKIHOHATY J MHUHHMAJBHOE 3HAYEHHE, TO OHA SIBJISIETCS KJIACCHIECKHM
petrierneM KpaeBoii 3agadn (27)—(30).

CranIapTHOE J0KA3aTEIHCTBO 3TOT0 MPEJJIOKEHIS OIYCKAEM. XOTsI HeJIOCTATKH ITOT00HBIX
«HAMBHBIX» AHAJIOrOB BapuaruoHHoro npunmnuna lupuxie, chopmysmpoBanubix «Ha (HU3M-
YECKOM YPOBHE CTPOTOCTH», ODIIEN3BECTHBI, IPEJJIOYKEHNE 2 YKAa3bIBAET HaM, KaK [IPABUJIBHO
OIIPENIETIUTD 0000ULEHHOE PEULEHUE.

O6o06mientoe perienne. CyiiiecTBoBaHue, € IMHCTBEHHOCTb. [lycte D — orpann-
qeHHast 00J1acTh ¢ rpaHureil 01 HACTOJBKO PEryJisipHOM, 9TOOBI OBLIM MPUMEHUMbI TEOPEMBI
Bioxkenust C. JI. CobosreBa; KyCOYHOMI TVIAJIKOCTH JJIsT 9TOTO JOCTATOYIHO.
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OmpenenuM ruwb0epTOBO MpoCTpaHcTBO H Kak 3aMbIkanme MHOXKecTBa C'°°-rimaakux
dbynximit, onpenenenneIx B obmacT D n ncvesaomux Ha CBOOOIHOM rpanure Sy, M0 HOP-
Me, TTOPOXKIAeMOil CKAJISIPHBIM ITPOU3BEIeHUEM

1
(¢1,02) :/;wl-vm dz. (31)
D

IIpoctparncteo H BIOXKeHO B Wz(l)(D), Korga D — orpanumdeHHasi o0JIaCTb WM ITAJIUHID,
ITOCKOJIbKY JIJIsT TAKUX 0bJiacTeil cripaBe iuBo HepaBeHCTBO Ppuapuxca.

Oyuximonan J (), onpeieieHHbI paBeHCTBOM (26), MOXKHO CYMTATH 33JJAHHBIM HAa, [IPO-
crpancrBe H. JleficTBuTesibHO, IO TeOpeMe BJIOXKeHUs, i PYHKIUUA @ € Wz(l) ompeiesieH
cael Ha IMOBEPXHOCTH S, IPUIEM CY>KEHUe <p’ s € L4(S,) (obmasi dopmyrna B ciydae mpo-

CTpaHCTBa ngl)(D), D C R™, 1 s-MepHOro NOJAMHOI000pasus: ¢ = —L— uro upun = 3, p = 2,

n—pl
l=1, s=2u naer ¢ = 4). [JosTOMy MOBEpPXHOCTHBIII HHTErPAJT B (26§ orpejiensieT TUHENHBIN
orpaHMYeHHBIN (byHKIMOHA Ha npocrpancTree H, ecomu V, € Ly /3(Sr). B mammux yciioBusix
V,, — naxke orpaHnvueHHas QYHKIU Ha S,

ONPEJEJIEHUE 1. O6obwernvim peweruem Kpaepoit 3agaqn (27)—(30) HazoeM (byHKIUIO
¢ € H u naronryo muanmyM byHKImonany J (o).

OKBUBAJIEHTHOE OLpE/Ie/ICHIe: HA30BeM 0000IeHHbIM pemterneM 3agaau (27)-(30) ynk-
o ¢ € H, ynoBieTBopsiontyio npu joboit dbyuknun 1 € H naTerpajbHOMY TOXKIECTBY

(. = — / NVp dS. (32)
Sr

Cy1ecTBoBaHIE W €IUHCTBEHHOCTD TAKOM (DYHKIUK (0 HEIIOCPEICTBEHHO CJIEAYIOT U3 TEO-
pembl Pucca o6 obiieM Bujie JIMHEHTHOTO OTPAHUYIEHHOrO (PYHKITMOHAJIA HA THJILOEPTOBOM IIPO-
CTpaHCTBe.

JlokaxkeM 9KBUBAJIEHTHOCTDb JBYX OIPEIEJIEHUI — YCTAHOBUM, 4TO HaiijeHHas (DyHKIIMsI
¢ naet MmuHIMyM dyHKnonary J (¢). JefictBuresnbHO, 09eBUHAs BBIKIA/IKA, C HCIOTb30Ba-
HEUEM paBeHCTBa (32), MOKa3bIBaeT, YTo /s Jit060i 1) € H crpaBejinBo PaBEHCTBO

1

T(p+n) = T(p) = 5m,m) =0, (33)

npuieM paBE€HCTBO BO3MOXKHO JIMIIb IIPpUA 1) = 0. I/ITaK, JIOKa3aHa cjIeyronlasd TeopemMa.

Teopema 1. ITycrs D — orpanudennast obacTb ¢ KycodHo-raaakoii rpauuieit D. Torna
CYINECTBYET, H MPUTOM €JIHHCTBEHHOe, obobienHoe perienne 3aaaqn (27)—(30).

Samedy, 4To PpaKTHIECKU He ObLIa UCIOJIb30BaHa CleluabHast popMa PYHKIUU Vi, U ee
MOKHO 3aMeHHTD JToboit dynxmmeit g € Ly 3(Sy).

s kmaccudeckoit 3amadn 06 ynape 6e3 oTpbiBa, Pa3yMeeTcCs, XOPOIIO U3BECTHBI PE3YJIb-
TATBI O PEryJSIPHOCTH peleHnsi. B gacTHOCTH, BIIOHE CTAHIAPTHO JOKA3BIBACTCS, IYTO BHYT-
pu obsact D dbyHKIMs ¢ yJIOBIETBOPsieT YpaBHEHUIO (27) B KJIACCUIECKOM CMBICIIE, & eCJIH
GYHKIUS p JOCTATOYHO IV Kasi, TO MOXKHO 00ECIIeINTD CYIECTBOBAHME JIIOOOTO UHC/Ia, IPO-
u3BOJIHBIX DyHKIME @; eyt p € C° 1o u ¢ ectb C*°-rnajikas GyHKIU SHYMPU 0bIaCTH
D. Tlpu mamiexareil ria KoCTH IPAHUIBI ODODIIEHHOE PEIeHne ¢ VIOBJIETBOPSET B KJIAC-
CHYIECKOM CMBICJIE U KPaeBbIM YCJIOBHSIM — BCIOAY, KPOME JIMHUI pasjiejia TBEPIOro Tejia u
CBODOJIHOM IpaHUIIbI, a TaKKe JIHa U cBOOOIHON rpaHuiibl. OCOOEHHOCTH PEIIeHNs, BO3HUKAIO-
IUe Ha THUX JIMHUSIX, TAKyKe XOPOIIO U3yUeHbl; BeChbMa, 00Iasi Teopust nsJyioxena B kuure [10].
Bo BcsikOM citydae M3BeCTHBI ACUMIITOTUKHI PeTeHus BOJIN3U BT PAHHBIX YIVIOB U KOHIIECKUAX
TOYEK.
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§ 4. Yaap c oTpbiBOM

Cradasa OIPENENM KAACCUMECKOE pewerue ITOH 3a/atiu. Pazymeercs, OHO JIOJIZKHO Y10~
BJIETBOPSTH ypaBHEHUIO (27) B OOBIYHOM CMBICJIE, T. €., BO BCSKOM CJydae, MMeTb BTODbIE
HEIIPEPBIBHBIE TPOU3BOJIHbIE. YpaBHeHue (27) /UIMNITHYHO, TaK YTO IVIaJKOCTh PEIeHUs @
BHYTpU obstactu D 3aBucuT jimib oT miaakocTu GyHkimu p. Ecin p € C°° (HanoMHIO Tak-
K€, YTO MBI MPEJIOJIaraeM BBHIIOMHEHHBIM HepaBeHcTBo: p(x) = po > 0 mia Beex x € D,
C M3BECTHOI IOJIOKUTEJIbHOII KOHCTAHTON pg), TO U ¢ ectb C°-riajkas GYHKIUS BHYTPH
obnactu D.

Teneps pazbepemcst ¢ KpaeBbIMu ycaopusmu. Ha csobonnoit rpamune Sy yenosue ¢ = 0
JIOJIZKHO BBIIOIHATBCS B KJIACCUYECKOM CMbICTIe: (DYHKIUA (0 B TOUKaX IIOBEPXHOCTH S ¢, U JaxKe
Ha ee 3aMbIKaHuu S ¢, HelpepblBHA U IpUHUMaeT 3Hauenue ¢ = 0. [lajee, rpanuma TBepIoro
Tena Sy, Kak GBLIO y¥Ke CKazaHo, JeiuTcs Ha dacté S, n SY, mpuuem na S BBIIOTHEHO
crporoe HepaseHCTBO ¢(x) > 0 u Kpaesoe ycioBue Broporo poga (9). Ha nononaurensHoi
qactn SY (B 30He OTPBIBA) BHIOMHEHO paBeHCTBO (1) = 0, a TaKk:Ke CTPOrOe HEePABEHCTBO
(8) 1yisi HOPMAJIBHOW KOMIIOHEHTBI CKOPOCTH. [IPeJIIooKuM ere, 4To TPAHUYHBIE KPHUBBIE
Mexay Sp um Sy, MexiIy SY u S

", a TakxKe MexkaIy Sp m Sp COCTOAT M3 KOHEYHOTO UHC/Ia

KYCOYHO-TJIQJIKNX KPUBBIX.

Hy>kHo elre mocTaBUTh JOMOJHUTEILHOE YCIIOBAE PErYJIIPHOCTH BOJIU3H IIepeceIeHuil CBO-
0OIHON I'PAHUIBI ¢ TBEPALIMU ITOBEPXHOCTAMU S, U Sp — CelyeT CINTaTh IPABUJIOM, 9TO B
TOYKaX 3TUX MOBEPXHOCTeH rpanniia obsactu D TepsieT TIaIKoCTh. Jlayke ecian MOBepXHOCTH
Sy u Sp tiaJIK1e, BOOOIIE TOBOPsT, UMEET MECTO OCOOEHHOCTD THUIIA JBYTPAHHOIO yTJa (OOBITHO-
ro yrjia B JIByMEPHOM ciy4ae). Pazymeercs, He UCKJIFOYEHO, UTO UMEIOTCsI pebpa U KOHUYeCKue
TOYKHN Ha CAMUX IIOBEPXHOCTSIX TBEPIOTO TeJa U JHA — HAIPUMED, TBEPIOE TEJI0 MOYKET MMETh
dopMy napaJuiesenuiesa win Konyca. JocraToddbiM 1 pU3MYECKU OIPABIaHHBIM OrPaHAYe-
HIEM sIBJIsteTcsl TpeboBaHNe KOHETHOCTU SHEPTHN:

2
% do = %/%(w)?dl« < co. (34)
D D
Dro ycroBne o3Hadaet, 4ro ¢ € H, em. (31).
Tenepb nepeiijieM K M3JI07KEHUIO BAPUAIMOHHOIO [IPUHIIAIIA JIJIs 331841 00 yJiape ¢ OTphl-
oM. CHOBa HAYHEM C «HAMBHOIO, Ha (DU3MUIECKOM YPOBHE CTPOTOCTH», PAcCMOTpeHHst. Bep-
HEMCsl K TIpeskHeMY (DyHKIMOHAILY

J = %/%(V@)Z da:+/g0Vn as (35)
D Sr

Ha npocrpancrse H. B mpocrpanctse H ompeesnm (BBITYKJIBIA, 3aMKHYTBIH) KoHyc K, co-
crostiiuii 3 (YHKIUH o, TPUHUMAIONIX MMOYTH BCIOAY B [ HeoTpHUIATEIbHbIE 3HAYCHUS:
o(x) > 0 mourn muist Beex x € D.

Ilpennoxkenne 3. IlpeamosroxKuM, 9T0 Yo — KJIACCHIECKOE PEIIeHHe 3aa9u 00 yaape ¢
orpbsiBoM. Torna pyHKIMOHAT [J JIOCTHIAET CBOEIO CTPOIOro MUHAMYMa Ha KoHyce K B Todke
QOO. B JaCTHOCTH, 3TO O3Ha4vaeT, YTO TakKasd TOIKa MI/IHI/IMyMa C€JINHCTBCHHA.

< Ilycts ¢ — npousBonbhas dyunkiusa u3 konyca K. [lonoxum ¢ = oo+ n u paccMorpum
pasuoctb J (w0 + 1) — J (¢o). Ilocie narerpupoBatust Mo 9acTsM HOIydaeM

1 1
J(¢o+n)—7(<po):/ ;%ds—i-i/(vnydw-i-/ﬁvnds. (36)
oD D Sr
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Hpyroit 06beMHBIl HHTErpaJsl IpomaJ, MOCKOIbKY ¢o — pelnenue ypasuenus (27). C yuerom
KDaeBBIX yCI0BUil Ha S, u Sp, HoIydaeM

J(p) = T (po) = /n (;% +Vn> dS+%/%(V17)2dw. (37)
D

T

[TogepkHy, 9TO MHTErPaJI 110 TOBEPXHOCTH S, UCUe3 TIOTOMY, YTO OTPBIB Ha Heil HEBO3MO-
»KeH, COIJIACHO IIPeJJIOXKEeHUIO 1.

Iosepxnocruwiit unrerpan B (37) meorpunarenen. B camom nese, o(r) = 0 na SY | a tak
KaK BCIONY @o + 1 = 0, m3 aToro HepaseHcTBa caexayet, uto n(x) > 0 ma SO. Bropoit mmHo-
JKUTEJIb B 9TOM HHTEerpajie HeoTpuraresieH, Beuiy yeiaosuit (8)—(9). U3 meorpunareasHocTn
[IOBEPXHOCTHOIO MHTerpasa B (37) cieiyer HepaBeHCTBO

T(0) = Tlen) > 5 [ (TP de (39)

D

Kpome Toro, oueBuiHo, uTo mpu ¢ # o uHTerpas cupasa B (38) mosmoxkuresnen. [Tosromy
(o — TOYKA cmpoeozo MuHuMyMa GyHKIMOHAMa J Ha KoHyce K. >

IIpensoxxenne 4. Ilpennonoxkum, 910 pyHKIHOHAT J AOCTUIAa€T CBOErO MHHHUMYMa HAa
K B Touke pg € K:
inf J(x) = J (¢o)- (39)

xeK
Lonycrum, aro Gynkmus pg Jocrarodno peryssipaa. Torga ona siBIsieTcs: pelenneM KPaeBoit
sajaqn st ypapaernsi (27) ¢ o6braHbIME KpaeBbiMu yeaoBusvu (28) u (29) Ha cBO6OLHOIH
rpaHuIfe 0 Ha HEIIOABHKHOM JIHe, a TaKKe U YCJIOBHSIMH Ha MOABUXKHON TBep/joii rpanmte Sy

(car. (8)~(9)):

wo(r) 20, z€S,US,, (40)

1 8(700

it >

> on +V,=20, z€b5,, (41)
920 _o zes, (42)
on ’

IIpu srom Besikmii pas, korga p(x) > 0 B Touke x € Sy, B 3T0if TOYKe COOTBETCTBYIOIIECE
HepaBeHcTBO B (41) npespaiaercsi B paBeHCTBO. HTaK, (g — KJIaCCHIECKOE DEIeHHE.

< Ilycre n € H u objiajgaeT TeM CBOWCTBOM, 4TO (o +£n € K 1pm Bcex J0CTATOYHO MaJIbIX
HOJIOZKUTEIBHBIX €, TAKyI0 MYHKINIO 1) Ha30BeM donycmumoti. Torna u3 ycjaoBus MUHIMYyMa
(39) cieyer HepaBeHCTBO

d+
—|  J(po+en) =0, (43)
de |._g
d+
rie = npapas IPOU3BOIHALA. DTO HEPABEHCTBO IIEPEIUCHIBACTC B BHJIE
e
1
/—cho -Vndr + /nVn ds >0 (44)
P
D Sr

7 JTOJIZKHO BBITIOJTHSTHCS M1 BCEX JIOIMYCTUMBIX 7). 1Iociie maTerpmposanus mo acTaM, KOTOpoe
3aKOHHO, BBU/LY IIPEIoaraeMoil riaakocTu QyHKIINKI (g, IOIyIaeM HEePaBEHCTBO

1 1 1
—/ndiv —Vo dx+/n~—%ds+/n —%—FVH s > 0. (45)
P p on p on
D

b T
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U3 (45) cpasy ciemyer, uro dbyHKIus ¢ B obaacru D yaosiersopsier quddepeHuagibHOMyY
HEPABEHCTBY

1
div (;VQO0> < 0. (46)

JeficTBuTebHO, eciau Obl B KaKOW-HUOYIb TOUKe Tg € [) BBINOJHSIOCH ITPOTUBOIIOJIOXKHOE
HEPABEHCTBO, TO, 10 HEIIPEPBIBHOCTU, OHO COXPAHSAJIOCH ObI U B HEKOTOPON OKPECTHOCTH STOM
toukn. Ho Torna, Buibupasi HEOTPUIIATEIHHYIO (PYHKITUIO 7) C HOCUTEJIEM B 3TOH OKPECTHOCTHU
U COBIAJAIONILYIO C JIeBOil JacThio (46) B HECKOIBKO Gojiee y3KOH OKPECTHOCTH, MPHJEM K
IPOTUBOPEYHIO ¢ HepaBeHCTBOM (45) (KOHEYHO, OKPECTHOCTH BBIOUPAETCsI CTOJIb MAJIOi, 4TO
OHa, IEJINKOM JIEXKUT B obstacTi D, TaK 9TO HOBEPXHOCTHBIE HHTETPAJIBI NCIE3AI0T).

U3 (46), Kak U3BECTHO, CIIEJYET, YTO Yo HE MOYKET JIOCTUIaTh MUHUMYMa BHYTPU 00J1acTi
D. Tlostomy @o(x) > 0 aust Bcex © € D, MOCKOIBKY MHHHMYM JIOCTHIAeTCsl Ha Sy U paBeH
HyJ110. MBI IpUMeHseM 3/1eCh CUIIbHBIN IPUHITAII MAKCUMYMa, JIJIS JUINIITHYECKOTO OIIepaTopa
(cMm., nanpumep, (6, 7]).

Ho ecim pg(x) > 0 B HekoTOpOIt TOUKe = € D, a 3HAYUT U B €€ JOCTATOYHO MAaJIOi OKPeCT-
HOCTU, TO B STOH OKPECTHOCTU Ha JOIYCTUMYIO (DYHKIIUIO 1) YK€ HET OrpaHUYeHU! 3HaKa.
[TosToMy MOKHO BBIOPATH €€ B 3TOI OKPECTHOCTU (DUHUTHOMN U HEIIOJOXKUTEJILHOM, JTayKe COB-

najratomeit ¢ div (%Vgpo) B HECKOJIbKO MeHbIeit okpectHoctu. Ilomydyaemoe Takum myTem

nporuBopeune ¢ (45) mokasbiBaeT, YTO BCIOLY B obsiacTu [ BBINOJIHSIETCS] HE TPOCTO HEpa-
BeHcTBO (46), a ypasuenue (27): A,p = 0. Teneps B HepaBerncTse (45) 0ObeMHBINH HHTErpPA
nCYe3aeT, U OHO MPUHUMAET BH/L

1 1
/n.—%dSJr/n L% ) as >0 (47)
p on p on

Sy

JUUIsl BCEX JIOMYCTUMBIX (byHKIuit n € H.
Cravasia JIOKakKeM, 9TO BBIIOJIHSETCS KpaeBoe ycioBre (42) Ha HEHOJIBHKHOM JHE Sp.
IIycrs zg € Sp. Pacemorpnm asa BapuanTa: 1) po(xg) = 0, 2) @o(xg) > 0. B mepsom ciryuae

Do
OEBHIHO, HTO — < 0. (Bosee toro, coriacHo jemme o rpaHudHoil Touke ([6, c. 41],
n

o

Do
npunaexanieii 9. Xondgy n O. OJeiiHuky, UMeeM HEPABEHCTBO o < 0). Unaue B 06-
n
o
sgactu D BOMU3W TOUKM T HAILIUCH OBl TOYKU, B KOTOPBIX (0 MPUHAMAET OTPUIATETHHBIE

3HauYeHUs1 (HAIOMHUM, 9TO N — OPT 6HewHel HopMasn). Ho 910 NpuBouT K IPOTUBOPEIHIO C
nepaseHcTBoM (47). [elicTBuresibHo, BoiGupasi GyHKIuo 1) GUHUTHON, HEHYJIEBOIl 1 HEOTPHU-
[ATEJIbHOMN, ¢ HOCUTEJIEM B MaJIOH OKPECTHOCTU TOYKHU X, YBUJIUM, 9TO BTOPOii nHTerpas (47)
HCUe3aeT, a MepBhIit — orpunareneH. Urak, ciayqail 1) HeBo3mozken. Mbl MOBTOPUIIN 3/1€Ch, 110
CYIIECTBY, JOKA3aTEIbCTBO IPEIJIOXKEHHST 1.

B cayuae 2), korgma ¢o(zg) > 0, B OKPECTHOCTH TOYKHU T( OTHAIACT OIDAHUYECHHUE 3HA-
Ka Ha GYHKIUO 7). Beibupas ee Tax, 9T00bI B MaJIOfl OKPECTHOCTU TOYKHU X( OHA MMeEJIa 3HAK

[IPOTUBOIIOJIOXKHBIH %, a BHE HECKOJIBKO DOJIBIIENl OKPECTHOCTHU MCYe3a1a, MbI IIPUIEM K IIPO-

TUBOPEYUIO C TIPEITIOJIOKEHUEM, YTO % 2 0. Takum 06pa3oM, PYHKIS g HA HEIIOIBIKHOM
JiHE S}, yJIOBJIETBOPSIET KPAEBOMY YCI0BHUIO (42).

Teneps HepaBeHCTBO (47) IpUHUMAET BUJ

/n %%an dS > 0. (48)

T
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[Iycts zg € S,. [lockonbky Besikasi HeoTpuIlaTesbHasi yHKIus 17 € H gomycruma, u3 Hepa-
BeHCTBa (48) cpasy cieiyer, 9TO BbIpaXKeHHE B KPYIJIBIX CKOOKAX HEOTPUIATEJbHO. TakuM
obpasom, HepaBeHCTBO (41) BBIMOTHEHO BCIOLY HA S;.

Hausee, eciu ¢(x) > 0, TO B OKPECTHOCTH TOUKY X (DYHKIHIO 1) MOXKHO BBIOPATH 3HAKOIIO-
CTOSTHHOI, ¥ IPUTOM IPOTHBOIOJIOXKHOIO 3HAKA C BBIPDAKEHUEM B KPYTJIBIX CKOOKax. (CHOBa
HOJIb3YEMCsl TeM, 4TO OlpaHUYeHre 3HaKa oTiajio.) Torma us (47) BBIBOIMM, UTO B TAKON TOUKe

BBITIOJIHEHO KPAEBOE yCJIOBHE
1 8900
-——— +V,=0. (49)
p on
DT0 3aKaAHINBAET JOKA3aTEJIHCTBO MIPEIOKEHUsT 4. >
BameTuM, 4TO B KaxKJI0i Touke x € S, rye HepaseHcTBO (41) crporoe, ¢o(x) = 0. Bmecte
C TeM, B HEKOTOPBIX TOYKAX MMOBEPXHOCTHU S, MOTYT OJHOBPEMEHHO BBIMTOJHSITHCST PABEHCTBA
_ 1 9¢0 _ 0
wo=0m Son T Ve, = 9 910, HAIPUMED, IIPOUCXOJUT B TOYKAX pa3jesia 30Hbl OTPbIBA S,
u 6e30TpBIBHOI 30HBI S, . HeTpy/Ho Takrke yBUIETH, UTO B KaK/0il TOYKe I'DAHUIBI Sy, B
KOTOPOIi HepaBeHCTBO (41) — cTporoe, BBIIOJIHEHO KpaeBoe yciaosue ¢ = 0.
[Tpenmoxenns: 3 u 4 ONPaBABIBAIOT CJIEIYIONIEE OIpEiesieHIe ODOOIIIEHHOTO PEIIeHus 3a-

naan 00 yJape ¢ OTPBIBOM.

ONPEJEJEHUE 2. O60011eHHbIM perienneM Kpaepoii 3aga4u (8)—(12) nazoBem byHKIMIO
w € H, koropasi peanuzyer MUHUMyM dyHKIMOHaJIa J Ha Kouyce K.

Teopema 2. ObobieHHOE pelieHne KpaeBoii 3ajadu o6 ygape ¢ OTPhIBOM CYIECTBYET U
€THHCTBEHHO.

< Iyers ¢, — perenue 3a1a4u 0 6€30TPLIBHOM yJape, TouHee, 0600IIEHHOE PelleHne Kpa-
eBoit 3aza4n (27)—(30) ¢ oTOGPOIIEHHBIM YCIOBHEM HOJIOKHUTEIBHOCTH IoTeHnmasa. [lomaras
© = @« + 1, npeodbpazyem J (¢« + n):

1
T(pu+n) = T(0a) + / Vo Vndz + / WadS + / (V)2 da. (50)
D Sy D

3aMeTuM, 9TO CyMMa, BTOPOTO U TPETHETO CJIATaeMbIX PABHA HYJIIO, IOCKOJIBKY (s — KPUTH-
Jeckas Touka pyukmuonaaa J Ha npoctpancTse H. IlosTtomy cripaBeiinBo paBeHCTBO

T(0) = 3o~ ol + T (), (51)

rie J(¢«) — HecymecTBenHast KoncranTta. COryIacHO JieMMe 0 MMPOEKTOpe, MUHUMYM (DYHKITH-
oHaJia J Ha KoHyce K CyIlecTByeT W eIMHCTBEHEH, a IIOTOMY 3TO CTPOTrMil MUHUMYM. Takmm
obpa3om, 0600IIIeHHOEe pelllenre 331249 00 yaape ¢ OTPHIBOM €CTb IPOEKIsT 6€30TPBIBHOTO
PeIeHnst (p, Ha KOHYC HeoTpurarebHbix (pyukiuit K B H:

0o = Prs. > (52)

B BapuanmoHHOM UCYUC/IEHUN UMEETCS IBPUCTUYECKUN TPUHITUIL, COIJIACHO KOTOPOMY Ha
TO MHOZKECTBO, II0 KOTOPOMY 6epeTC${ MWHUMYM (byHKH‘I/IOHaJIa7 MO>KHO HaKJIaJIbIBaThb JIIO6bIe
OTpaHUYEHUS, KOTOPhIE 3aBEJIOMO BBIIOJIHEHBI JIjId MUHUMHU3UDYyomeil dpyukinuu. B Haiem
caydae HeTPYIHO YCTAHOBUTH, IYTO 000OIIEHHOE PEIIEHNE (g YIOBACTBOPAET JLTUITHICCKOMY
ypasuenuio (27) Bciony B obaactu D. [osTomy cripaBeiyins u Takoil BApUAIMOHHBIN TTIPHHITHIL:
06061IIeHHOE pellieHne @y 3ajadu 00 yJaape ¢ OTPHIBOM JaeT CTPOrUil MUHUMYM (DYHKITHOHAJIY

1

Tile) =5 [ (Vo= V) ds (53)

D



OnHO3HAYHAST PA3PENTHMOCTD 3a1a49d 00 yjape ¢ OTPBIBOM TBEPJOIO TeJa 3-91

Ha MHOXKEeCTBE p-TapMOHHYECKHX (DYyHKIUIH, IPHHAJJIEXKAIIHX THIH0ePTOBY IpocTpaHcTBy H.
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