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' 'O KJACCHYECKOIl TEOPUM IUIACTUH .= .
' M TIIPEOFPA30BAHMHU KEJIbBUHA — TOTA
Bnaropapio peakosternio MTT aa npenocfannenuyxo'éoamo»mocrb Aath. léTBeT Ha KPUTUKY B MO
anpec, COREPKAILYIOCs B cTathe B. M. I[apeacxom [1], a Takxe B APYrMX AOWENMMX AO MEHS COOBIIEHMSX .
Koneqno, XoTenock - 6bl JaTh OTBET HA BCE 3aMEYaHMs, HO M3- 32 ' OnaceHus YCIOXKHHUTb AWCKYCCHIO
BTOPOCTENEHHBIMU  JETANISIMU B _nyﬁnuxyemou same'rx@ OrpaHUUYUMCH oﬁcy)KneHueM ABYX ITyHKTOB
'pasuomacuu, Hepaapbn;no CBA3AHHBIX MEXRY" 006014 H MMCEOHJ,HX anHuunMaJleoe 3Haqeune

’

- 1. Teopus Kupxroda u KJaccHueckas Teopua TLIACTHH. B crarbe [2 ], BEI3BABIICH
Heozmosnaunym peaKkuy, o0CYXNAIOTCId TPH DPAasjMYHHE BEPCHMH TEOPHMH IUIACTHH:
teopus Ilyaccona, reopus Kupxroda u reopus Kupxroda — Kenveuna — Tara, umen-
HO TIOCTEOHSAS B JIUTEPATYPE, HA3BIBACTCS - KJIACCHYECKOM TEOpHEH ILIACTHH. YT06br
- OTYETIIMBEE BHISBHUTDH cymecrno Pa3HOIJIACHi, HHUXE X TEOPHH Kupxnocba OymyT. -

* MPUIUCAHB HEKOTOPHIE CBOWCTBA, OPraHmYecKs, eil mpucymue, HO, HC OTMEYCHHELIE
camum Kupxropom. Urak, teopueit Knpxmd;a HUXe  Oyamer Haamsanca Teopus,
ONMCHBAOWASCS ypaBHeHUIME (2. 1)—(2 )R KDACBEIMH yCJIOBUSIMM Knpxmd)a “.1n
. M YCTOBUSIMHM Ha paspuBax (4.3). Baxwo, q-ro B teopun Kupxroda ycnosus (4.1)
TPakTYIOTCI B aCHMITOTHYECKOM CMBIC/IE, KaK 9T0 O0€3yC/IOBHO BHITEKAET M3
- pacCyXmeHnH caMoro Kupxroda u omucano '8 [2]. Knaccmueckas Teopus IUIacTHH
ONHMCHBAETCS TEMH Xe "ypaBHEHusMH, uTO - Teopus Kupxroda. Ecrecrsemmoe ee
orimyne or teopmu Kupxroda cocromr B TOM, uro kpaesbie yciosus -Kupxroda
TPAKTYIOTCS HE B ACHMIITOTHYECKOM. CMBIC/IE, 3 B CMBICJIE TIpeo0pasoBaHmMit Kenssuna —
Tara, xotopoe «cpenano 'HEBO3MOXHEM Kakue-mu00 COMHEHHS IO nosoz(y (kmaccu- -
'ueckoit) ' Teopum» mwiactud (A. JIsB). Bupmmo, mHemocraTku ‘m3ioxeHus B [2] HE.
THI03BQUIWJIM AOBECTH IO YMTATENS BaXHOCTh 3TOr0 obcTosiTeabcTsa. Kasanocs 61 kakas
' Pa3HHMIA, KaK. TPaKTOBaTh (MHTEPNPETHPOBATH) TE .WJIH HHEIE. ycnosus? OnHako
pas/Mume, M BECEMA CYMECTBEHHOE, - MMEETCS. OHO ' 3aK/IOuaeTcs B npenenax
OPUMEHMMOCTH Teopum IUiactuH. [lpeo6pasosarme Kemppmia — Tata, ecirm OHO
CIPaBEIUINBO, PE3KO pacuupsieT 00.1acTh MPUMEHMMOCTH KJIACCHYECKOM TEOPHH IUTACTHH.
“UTo6H; MOMYEPKHYTh ITO DPA3IMYUE, TOJNE3HO CONOCTABATD IpPEAEJH IIPUMEHUMOCTH °
teopur Kupxroda, kax onu omucanu B [2], ¥ MpeNeasl HPUMEHHMOCTH KJIaCCHYECKOA
. Teopud. B orHOmEHMH Teopum Knpxmq)a B [2] Bmcxasaﬂm cne.r.(ylomne TpH yT-'
BEPXACHUS. : ,
.+ T1;Ilpn cwxosmx rpamnmmx yc.rlonnsxx Teopus Knpxmq)a noano.rmeT IIPaBUJIBHO
BHYHC/ISTH HOPMAJIbHBE MPOruGH 1 m3rubaromue MOMEHTHI BO BCEH obnactu TUIACTHHEL
npn yc.nomm, UTO' MX ACHMIITOTHYECKHE NOPSAKH HMEIOT BHJI - P

WO, Me=OM), M,~0(), (o0 . b

‘T2." Ecna ycnoBusg paspemnmocm 3a;xaun [lyaccona e BbIHOJIHeHH, HO yCJIOBUS
(1 1) . CIPaBE/UHBH,  TO 'reopnx Knpxmd)a MO3BOJIIET npanmmno BEIYNCIISITD

! 3pecs u Huxe ccwl_xu Ha (bOpMlebl Gepyrca us [2].
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NEPEPE3HBAIOMME YCIOBHS W KPYTSIIAE MOMEHTH BO BHYTPCHHWX TOUKAX IUIACTHHHI,
OTCTOSMMX OT I'PAHHIE HA PAaCCTOIHMIX, TPEBHIIAIOMUX YABOCHHYIO TOJIIUHY.

T3. Ecmm ycmosms (1.1) He BumonHeHs, TO pemenue o teopum Kupxroda
CKOJIh YIOJZHO CHJIBHO OTJIMYAETCS OT pemieHuMs Ho teopmu Tuma PeliccHepa BO BCel
. 00IaCTH IUIACTHHBL. : oo , .

W3 paccyxpmeénmit camoro Kupxroda cdakTauecku BHTEKAET TOJHKO TNEPBOE M3
aTHX yTBEpXAeHuit. IlepepesnBaromue ciuiel Kupxrod HCKIOYaeT U3 pacCMOTPEHHS
HA OCHOBAHMM HMX ACHMIITOTHUECKOM Manoctd. [lo moBOAy KpyTSmMKMX MOMEHTOB
Kupxrod, cTporo rosopsi, AyMaj, YTO OHYM BRYMC/ASIOTCS IPABMJIBHO BO BCEH obnacTw.

~ Dro obwsacHgeTca TeM, uro Kupxrod BBOgmI sBHOE JONYIMCHHME O MEAJEHHOH HM3MeE-
HSEMOCTH TIO TPONOJBHEIM KOOPAWHATAM BCEX PACCMATPHBAEMEIX (yHkumit. DaxTu-
YECKW 9TO AOMYIIEHHE SKBHBAJICHTHO HPEANOJIOXEHUIO O Pa3pemmnMocTH 3agaun Ily- .
accona. ITosromy, xomeuno, y Kupxroda He OsU70 TOH TEOpHMHM ILIACTMH, KOTOpas
e Obuta HassaHa teopmeir Kupxroda. OTMmermMm JONOMHWTENIBHO, UTO YCIOBHS
(1.1Y  MCKMOYalOT  BO3MOXHOCTh — MNOSBJECHMS B  YKA33aHHBIX  BEJIUYMHAX
GHICTPOMEHSIOMMXCS B ACHMIITOTHYECKOM CMEICTE (yHKumiA. Yreepxaenus TI—T3
OTBEUAIOT Ha BONPOC, B Kakoi Mepe cnpasemiBa Teopust mwiactud Kupxroga. Ilo
MOEMY MHEHUIO, OrPaHMUCHNUS TOH TEOPHH TAKOBH, UTO HE IO3BOJISIOT PEKOMEHAOBATD
ee i IMPHKJAAHBIX PACUETOB, B- KOTOPHX ONPENE/SIONYI0 POJIb MIpaloT HAAEXKHOCTH
MOMYYAEMBIX PE3YJIHTATOB M OHO3HAUHOCTH M ICHOCTH B Mx uHTepnperamun. Orcrona
M BHEI3BABIIMA MHOIO HapeKaHmit BHBOX B [2] o ToM, uto «Teopuss Kupxroda ne
- Morzia 6Bl TpETEHAOBATh HA POJb BEXyIEH NPUKJI3AHOA TEOPHUM».

. A Temepb MOCMOTPYM, KaK YCTAaHABIMBAET MPEKE/TH IPUMEHIMOCTH TEODUH ILIACTHH
obmenpunaras (KJaccmueckad) TpaxkToBka. Ilpusenem ee B (opmynuposke B. B.
Hosoxwmnopa [3, c. 62], xax naubosnee 6am3koit x (opmymuposke Kenpeura n Tora
[4, n. 648, c. 192] u dopmyEpoBKaM B COBPEMEHHHX y4YeOHHKAX.

TK. 3ameHuB KpYyTSAE MOMEHTH CTATHUECKHM SKBHBAJECHTHHIMA YCHIAAMM, MBI
TEM CAMBIM HOIYCKAEM HEKOTOPOE IEPEPACIPENEHEHNe HANPSXEHWHA IO TOJIIMHE
o60Iouky BHOJIB €€ Kpas, He W3MEHSS PH 3TOM HM IJIABHOTO BEKTOPA, HHM INIABHOTO
MoMcHTa Hanpsoxenmil. Cornmacro npuauuny Cen — Benana snusHue 5TOro obcros-
TEJBCTBA HE MOXET OHTh CYIIECTBEHHHIM H JOJ/DKHO CKAa3HBATHCH TOJBKO B He-
MOCPEICTBEHHOM OJM30CTH OT Kpas (Ha PACCTOSHME TODPSAKA TOJIIIMHED.

Kax supummM, yrsepxuenus TI/—T3, ¢ ogmo# croponn, u yrBepxaeaus TK, c
OpYrol CTODOHH, PACXOASTCS CAMHM CyImIECTBEHHHIM ofpasom. Ilpexnpe Bcero, B
TI—T3 ropopurcs 06 MHTErpaJbHBIX XapaKTEPUCTHKAX, CMBIC KOTODHX YKA3aH B
[2]. B yrepxnenuu TX rOBOPHTCS, UTO MHTErpaJbHEIE XAPAKTCPHCTHKH HAXOHSTCS
NPaBUJIbHO, 4 OMMOKA BO3HMUKAET TOJIBKO B PACHPENEAECHMH HANPSXECHAN 110 TO/IIIHHE.
O BaxHOCTH aCHMITOTHYECKOIO MOPSAKA MCKOMHBIX BEJHYMH B TX WIn B KaKoM-iu00
ApPYroM MECTE B WM3BECTHOM MHE JMTEpaType BooOme He ymomuHaercs. Ecmm yr-
Bepxperne TK 6buto OBl NpABWIBHEM TO, IO KpaiiHed Mepe IS MeHs, HUKAKHAX
COMHEHMA B NPETCH3HSX KJIACCHYECKOH TEOPHM HA POJIb TPHKIATHOMN TEOPUH HE
~ BO3HHMKAJIO 6m. B camoM Hese, C HETOUHHIM 3HAHHEM XapaKTepa pacupeneenuit
- HANPSDKCHWA 10 TOJNIMHE TOHKOH TIACTMHEI JIErKO NPUMEPHATCS JI060H WMHXeHep,
HO OmwuOKAa B ONpDENENCHAM CTATHYECKHX (DAKTOPOB M BOOGMIE MHTETPaJIbHEX
XapaKTEPUCTAK YPEBATA CAMBIMY HENPUSTHEIMM U []aXe TPATHUECKAMH TIOCACACTBASIMH,
HE3aBACHMO OT TOTO, BOJIM3H WM BIAJIH OT IPAHMIIH 3Ta OMIMOKA JOMyIIEHa. 3amerum,
4TO, HampuMmep, Teopus 00OJOUEK, MpPEACTABAECHHAS B [5], TrapasTUPYET IPaBIIBHOE
BEIMHMC/ICHAE HHTETPATBHEIX XaPaKTEPUCTHK BO BCEX CIIYYasix, HE3aBMCHMO OT XapaxTepa
BHEIIHMX HArpy3oK X APyrux oGCTOSTE]BCTB. BepHEMCS, BIpoueM, K obcyxknaemomy |
Bonpocy. Ilo cymecrsy, pacxoxnenne mexay T/—T3 u TK SBASETCT TIABHON TEMOR
puckyccun. OcranbHele 06CTOSTENHCTBA MUCKYCCHH HOCAT GOJNEE MIM MeHee cybBbex-
TUBHEIM XapaKTep X HE CTOJb BaXHH B HAYYHOM OTHOIICHMH.

Hensio cratbm B. M. Jlapesckoro [1] sBiasercss «CMSruuTh KpuUTHKYy B [2]
CTATHYECKHX TPAHWYHHX yCaoBHH Kupxroda — Kempuna — Tortay. HacKomsKo
nonumaro, B. M. lapesckmii Gepercst onpasmath npeobpasosanue Kempeuua — Tota
M TeM caMbiM pacmuputb chepy neiictsus KKT-ycnosmit. 60 B [2] Her mEM coBa
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KDUTHKE B afpec ycmosus Kupxroga, a yCTaHABIMBAETCA JIMMIb OrPAaHHUCHHOCTD
5TOTO YCJIOBHS ACHMITOTHYECKAMH TPEOOBAHMSIMH, OTCYTCTBYIOMUMY B PAcCyXIECHUIX
Kenssuna — THTa ¥ TPaOWLHEOHHEIX BAPUALMOHHEX (POPMYJIMPOBKAX 38 MCKJIIOUCHHEM
dopmymaposku camoro Kupxroda. Kro xe mpas? B [2] & paccyxpaio HOCTaTOUHO
Gananpuo. Ecim T1—T3 npaBWibHBL, TO, CJIEKOBAaTENBHO, B 3a7auax, B KOTOPBIX
HOpMaJIBHHI mporu® Gyner mmeTs mopsaok 0 (A™2%) mpu BHEIIHMX HATPY3Kax NOpPSAKa
0 (1), pemenue o Teopuu Knpxrocda okaxeTcs HEBEPHHM BO BCEi 00/1aCTH IUTACTHHEL,
a He TOJpKO BOMmM3M Kpas. ECau Xe IpaBWIbHO yTBepxzenue TK,'TO M B 3THX
" 3ajayax 'BCE METETpaJIbHBIE XapaKTepucTHKH GyXyT HaimeHe mpaswibHO. B [2, m. 7]
HpEACTABICHA 3aaya TaKoro poja, pElIeHHe KOTOpOd HE HAaeT, KaK MHE KaXercd,
BO3MOXHOCTEH IS Kakux-aubo mosnetoB (aHtasum. Xouy TOABKO MPENOCTEPEYR
ynrarensa: B opmyaax (7.4) u (7.5) sxcroHeHTa exp (—Ax) HE ROKHA BOCTIPUHUMATHCS
KaK 3aryxaiolmee pEelIeHHE THIA NOTPAHC/IOS, 9TO IpOHHKaiomee pemeHnnue. Jlerko
| IPEeAJIOXUTh MORU(HKALKIO STOH 3aaaun (JOCTATOUHO B3STh IUIACTHHY OTPAHMYECHHEIX
pasMepoB), B KOTOPOi NPOHMKAKIIEE PEUICHWE HE 3aTyXaao Obl IpHM YAaJeHHH OT
Kpad. 3aryxapmpe pemeHus THOa, NOrpaHCI0S  ONHMCRIBAIOTCH SKCIIOHEHTOM
exp (—px), The p > o mpu A -0, BxouSmeHd B NOrpaHCJIOMHHA  MOTCHUMAJL
' TTocrpoeHroe B M. 7 pEWICHHE MOJHOCTBIO COOTBETCTBYET TI—T3, HO pPEMHTEIBLHO
nporusopeunt TK. Mue Henonsrtso, mouyemy B. M. lapesckuit WTHOPHPYET 3TOT
npuMep, N0 IPUMEPOB TAKOTO POAA MOXHO IPHBECTH CKOJBKO YrogHo. Bmecto artoro
B. M. IlapeBcknii (JaKTHUECKH HACTAMBAET HA CIPABEMIMBOCTY IIpeobpasosanus Kesp-
BuHa — Tota. ¥ ‘ :
2. O npeoGpazosanun KeabBuna — Toata. Ilpexne scero, HeoOXOmUMO YKasaTh,
_uyTo mpeobpasosanne KespBuna — Tara, BONPEKH yCTOSBIIEMYCS MHEHHMIO, HE OTHO-
cHTCA K KJACCy CTATMYECKM OKBUBAJIEHTHBHIX mpeobpasoBanmi. B camoM nerne,
PACCMOTPHM MPSIMOJHHERHYIO (IJIsSt IPOCTOTHI) YaCTbh KOHTYPA ILIACTHHBI HA HHTEPBAJIE
[s, s + 1], tme I — mpou3poasHO BeOupaeMeni orpe3ok 0 < [ < L, L — nosiHag JivHa
IJIOCKOX YacTH, S — OTCUMTHIBAETCH OT Hauaja NpAMOJMHENWHoi uactu, s + 1< L.
Cunraem, 4uTO Ha 3TOM YAaCTH TPAHMUEI ACHCTBYET IHepepesbiBaromad cuaa Ny, = ¢
¥ Kpy TSt MOMEHT M, = m. Ha paccMaTpuBacMOM MHTEPBAJIE '9Ta CHCTEMA HATPY30K
cosgaer TVIABHHIA BeKTOp Ci1 Q u I‘JIaBIHbIl?'I BEKTOD MOMEHTOB M, BBIUHC/ISIEMBIE MO
opmynam '

1

s+l : s+l

0= a(@dy, M=[I(x=9)q@®-m@ldr - a

B paccyxnenusx Kenpsuma u Tora cmwta N, ¥ MOMEHT M, 3aMEHSIOTCA

. DPUBEIEHHON NEPEePE3HBAOIEH CHIo ¢ + m' (S) M CUMTAETCH, UTO MOMEHT /M 3TUM:
' Kak Obl aHHYJMpOBaH. [IJIs IPHBENECHHON MOMEPEUHON CHIIBI TAKXKE MOXHO BBIMUCIUTD .
[JIABHBIA BEKTOp €W Q, U IVIABHBIA BEKTOP MOMEHTOB My! vt

2 os4l

Ov= [ ag@dt+tm(s+h—-m(s) . » A 2.2)

s+l

Me= | [(T—S)(J(T)—m(r)]vdr'%lm (s+0)

- Ilo onpepenennto, npe CHCTEMBI HATPY30K Ha3bIBAIOTCS CTATHUECKU SKBUBAICHTHBIMH
Ha WHTEpBaNe [s; s + l], €C/IM y HMX COBHAAAIOT IVIABHBEIE BEKTOPHI CHJI 1 MOMEHTOB.
B mannoM ciyuyae qBe pacCMaTpPUBAEMBIE CHCTEMBI HATPY30K CTATUYECKY SKBUBAJIEHTHHI,
ecau BepHH paBeHcTBa Q = Qy u M = M,. U3z cpasuenns (2.1) u (2.2) BugHO, 4TO

3TO HE TaK, T. €. npeobpasosanne Keapsuaa —-T3aTa HE OTHOCHTCA K KJIACCY CTATHUECKHU
SKBHBAJICHTHHIX. B TakoM CJyyae mepexox OT CHCTEMbl Harpy3ok {g, m} K cucreme
{g + m’', 0} BooGwe me ompaspaH. Otciona BeTekaer, uro npunuun Cen-Benana uu
K mpeobpasosanuio Kenpsuaa — Torta, HM K €ro ONPABRAHMSM HHKAKOTO OTHOIICHHUS

-
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He mMmeeT. g ysSCHEHMS HEKOTOPHIX oco6eHHocTen npeo6paaonamm Kennemaa —

TaTa MOXHO PacCMOTPETH, IIPOCTOM NPAMEP, KOTOPHIA B CBONX IIABHHX Yeprax BIIOJHE
aZieKBaTHO o'rpaxcae'r paccyxzxennsx Kenbmma — Ts'ra " BmTeKaromne ‘M3 HHMX cnen-.

" -, cTBHY.

Paccmorpmvl TOHKYIO IUIACTHHY B BHJE MOJOCH —a < X < @, , —® < Y= . BYI(CM
CUMTaTh, YTO OT KOODAWHATH y HHUYETO HE 3aBUCHT. IIycTh HA IUIACTHHY HEHCTBYET
HOPMAJIbHOE JABJICHHE P H nonepxnocmmn momeHT L. Ilocnenmee osHavaer, yro Ha
JMIEBEIE CTOPOHKI IOMOCH AEHCTBYIOT HE TOJBKO HOPMAJIbHOE JNABJICHHE, HO M Kaca-
‘TeNbHbie Hanpskenus. Crenyer o6paTeTs BHAMAHME, YTO B STOM CIy4ac ypaBHCHHS
1.3y u (1.4) noXHH OHTH HEMHOIO HOIIOTHEHH [5 1 Bemumem ypaBHeHmI paBHOBeCHﬂ -
TOJIOCH C yqe'mM CKa3aHHOIO ¥ ycnomm M, = O , |

(AN Jdx+p=0, dM/dx'.—M+L=0' S @3

HponeneM Tenepb paccyxcnennsx, B TOYHOCTH nomopmomne paccyxnerns Kens-
~..puHa — Tata. B PE3YNBTATE NONYYMM, YTO NCHCTBHE MOMCHTA L <«SKBUBAJIEHTHO»
ICHCTBHMIO IONEPEYHOH HArpyskd WHTEHCHBHOCTBIO dL/dx. Temeps cormacao Kes-
Bugy — Tary MOXHO BO BTOpoM ypasmenumu u3 (2.3) orOpocmte L, a B mepBoM
YDaBHEHHMH BMECTO p JXOJDKHH pACCMaTpPHBATh npnnezxermym TIOBEPXHOCTHYIO HATPY3KY
p+=p+dL/dx. B pesysbrare ot (2 3) anXOI(PIM K caCcTEME

\

dN,/dx + ps =0, dM/dx—‘ N,=0 - I e

IAe CHMBOJ BEIWUMH M, n N COIVIACHO KeJIbBHHy u T:—)Ty, TOT X€.CAMEI, UTO W .
- B cucreme (2.3). Ozmaxo €CIM HE HMCTIOIb30BATH TIPABROIOAOOHHIX paccymennn, a
IEeHCTBOBATH npoc'ro, TO CHCTEMa (2 3 axnnnanenma cnenyromen
- S .
N*/dx+p*—0 dM*/dx-—N*—O S R ¢ X.) |
A@ENx-L,~p*,=P+dL/dx S e - (2:6)
CpaBuauBasg (2.5) m (2.4), obmapyxmsaem, uro B (2.4) fAOJXHA BXONUTH HE
| mepepesmBalomas cwra N, a - semmumHEa  N¥, - aensiomascs KoMOmHanmen
N, u L, npauem N*  Hemb3s TPAaKTOBaThb KaK IEPEPE3HBAIOMYI0 Ccwiy. B
- paccyxpuenusx.  Kenpuna — Tara aror dakT CoBepmeHHO . mraopmpyercs u N, B
(2:4). paCCManMBaeTCS[ Kax nepepesmnalomasx cuna. IlocMoTpim Ha BEITEKaOmMuE U3
3TOrO  CIEACTBHS. HpmweM, ‘YTO IUIACTHHA INAPHUPHO ONOEPTa II0 CTOPOHAM
x=*xa:M,=0. 'KpomMe TOro, mnpumeMm, WYTO - IpHBEIXCHHAS . HATPY3Ka
Px =0, T.e. p=—dL/dx. Torma mocne MHTErpupoBaHug (2.5) momyuaem

M, =0, N*'=0=>N =L¢0

' . el 4}

Hepepesmaloman cnina N oxaaanacr: OT)'II/I‘IHOPI OT HYJI, YTO BIOJIHE ECTECTBEHHO,

u6o Ha IUIACTHHY AEHCTBYET MONEpEYHAs Harpyska. Ecim xe Beputh B IIpaBHIBHOCTD
paccyxpennit Kenmssuea m Tora, to m3 (2.4) nonyqaeM, uro. N.=0, 1. e.
TIIEPEPE3HIBAIOMAsS CHIA OTCYTCTBYET. TIoNOGHEIE «1apafOKCH» HE CTPAIIHEL [AJIS OMEIT-
HOTO WHXKEHepa, H00 OH HM B KOEM CJIyuyae W HE CMOTPS HM HA KAKHE BHBOMH
. TEOPHH HE 3a6BUT OB PACCUMTATH MIACTHHY HA CPE3, €C/IM Ha Hee HEHCTBYET molepeyHas
Harpyska. Ho mpeacrasmm ceGe, uTo BCe 5TM BHUMCICHMS AENdeT HE ONBITHEIA
MHXEHEP, 3 KOMIBIOTED, U HE B CTOJIb IPOCTOM CHTYAIMH, 3 B CIOXKHOM BbIYHMC/TATEIEHOM |

KOMILTEKCE, Tie PACCMATPUBAEMAS 3a7aua BXOZWIa OBl He3HAUMTETbHBIM TIPOMEXYTOUHHIM
_aranom. Herpynuo BooGpasuth cebe Bce mocmencTsus mogoGHOro moaxoaa. [MHAMEKA
PasBATAS COBPEMEHHOH HAYKHM U PACUETHOMN IPAKTAKH TaKOBA, YTO OPHEHTHPOBATHCS
rIpPIXOImTCSI HE Ha OIKITHEIX nnxenepon-pacqmmcon aHa cneuna.:mc'ron mo npnxnazmon

L
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‘Ma'remamxe, TIPEKPACHO BJIAACIOIMX BEUHCIHTE TBHEIME METONAMHM, HO OTHIOAb HE
HCKYIICHHHX B TOHKOCTSIX TeopuH 06osouek. Bor mouemy HeoOXOAMMO NDEXbSBJIATH
- BeCbMa CypoBHle TPeGOBAHMS K NPUKJIANHOMN teopun. O TOM, YTO HUCIOJB3OBATH
HCIPABIJIPHEIC PACCyXICHHS B yUeOHEIX Kypcax Hezxonycmmo, d yXe M HE TOBODIO.
3. O zapdue Jlemba. Tpynno monsts, mouemy B. M. Jlapesckmid pemmi, uto K
. 3amaue Jlem6a s mpuImes HA OCHOBAHMH Npeo0pa3oBaBMs Kespuna — TaTa oT 3amavuu
O YMCTOM KpPyYEHHHM IIACTHHH MOMeHTamu. Ha caMoM pmene s MMEio B BUAY UMEHHO
3amauy . JlemGa. m BuXy ee ciaemyommM obpasoM. K moOTOJKy Ha IOBYX HHTSX,
IPUCOCIMHEHHEX K KOHIAM OXHOM AMArOHAJIH, TOPH30HTAJIGHO IOABEIIECHA HEBECOMAS,
mwiactuaa. K KoHaM apyroi AMaroHa Iy 5Toil IVIACTHHE C IOMOIIBIO HUTEH IOABEMICHEl
ABA ONMHAKOBHIX TpPy3a BECOM 20 xaxpauit. HyxHo ompenesuTs - ned)opMHpOBaHHoe
COCTOSIHME, @ TAKXE YCWIMS M MOMEHTH B IUIACTHHE. DTO M ecTs 3agaua Jlemba u
npeoGpaaoBaHne Kenspura — Tata 3aech Hu npu ueM, XapakTep IEPEMEIICHUN B
9TO0i 3amave JIel'Ifo yBHfietb MBICJIEHHBIM B30POM, X OH IIOJHOCTDHIO COOTBETCTBYET
BO3MOXHOCTSIM Teopun Kupxroda. HoaTOMy s HHCKOJBKO HE COMHEBAJICS B TOM, YTO
teopuss Kupxroa macT MHE BEDHBIA OTBET B 9TOH 3ajaue B CMBICIE YTBEDXAECHUMN
TI1—T3. HOerasibHo 5Ta 3apava B [2] He paccMaTpMBaiach, a MPOCTO YKasBIBAJIOCh,
uro GasaHc TIOTIEPCUHBIX CHJT B 5TOM 3amaue Hapymaercs. IIpuBeneM IOJHOE pEUIeHNE
KJlaccmueckoi 3agaum Jlem6a. JIas 3Toro HEOOXOMMMO B YC/IOBHS Ha paspeiBax. (4.3)
BKJIIOUUTD COCPEMOTOUEHHBE CHIBL. IIOgUEPKHEM, YTO 3[ECh Peub MAET O PEAJbHO
HPUIOXEHHHX CUIaX, a He 00 MX (aHTOMAax, CBS3aHHHX ¢ mpeobpasoBaHueM Kesb-
BuHA — Tota | chymanmnxca B [2]. Urak, ¢ yueroM COCPENOTOYEHHBIX CHI P,
IIpHJIO)KCHHbIX B k-oii ymonon TOUKE, YCIOBHS Ha paameax 3aMMCBIBAIOTCS CICAY FOLMM

-. obpazoMm

Mt = unl o — WM =l o = 0Pyl (3.D

Ilycrts miactuHa 3aHMMaer obnacth —a < x < a, —b <y < b. Hymepauuio yr-
JIOBBIX TOuek GyHeM BecTH Tak, uTo yriy X = a, y = b npucsoum Homep 1. Ilycts k
5TOMy Yy IpPHCOETWHEHA HMTh, Waymag X mnortosnky: Torma P, =2Qn, Q>0. B
STOM 3afauye BHEIIHMX MOMEHTOB Her, T. ¢ m = 0. Yciuosue (3.1) npuHUMAEET BUAX

N

M, =20 . | (3.2)

Iponuxaromuit noreruuan O mmeer sug @ = Kxy, rae K — NpousBOJIbHAS IIO-
crosHHas, onpepeisemas mo (3.2). Herpynso yGemurtscs, UTO B OCTaJbHBIX YIJIOBBIX
Toukax ycaosua (3.1) smmonmszorcs asromarmuecku. ITo (1.15) m3 [2] xpyTammin
momenT pasen M, = (1 —v) DK, a (3.2) maer mns K dopmyny K = 6Q/(GhH).
Cornacao (2.2) [2] B 3T0i 3amaue mmeemr N = DAVO = (. Orcrooma u ciaenyer
HapymeHnue GanaHca THONEPEUHBIX CHJ, yKasaHHoe B [2]. YmouBngareca 3ToMy HE
npuxopurcst, u6o corsacHo T/—T3-nepepessiBalomue CHIBL ONPENEASIOTCH 10 TEOPHU
Kupxroda To6K0 HAa HEGOIBLIIOM YOAJICHUH OT rpaHUNbL. TOUHO TAKXE HE NPUXOTUTCS
YOUBAATHCS W TOMY, UTO KPYTSIIME MOMEHTHI, IOJIYyYECHHBIE HA OCHOBE TEOPUH
Kupxroda, He ymOBIETBOPSIOT KPAEBHIM YCIOBHIM, MO0 OHM HAXORSTCS TPABHJIBHO
TOJBKO HA PACCTOSHUSX, MPEBHINAIOMMX YOBOCHHYIO TOJIIMHY.

WimocTpauueit ckazaHHOTO B I. | gBAseTca 3ajgava, NPENJOXECHHAS B [6],
KPpyUCHHH HpSIMomeII:HOPI IUTACTHHBI, HABE IIPOTHUBOIIOIOXHBIC CTOPOHDBI KOTOpOI/I
HArpyXeHbl KDYTIIIMMA MOMEHTAMM NOCTOSHHOM WHTEHCHBHOCTH M, -a ABE APYTHE
CTOPOHBL CBOOOAHBI OT HANPSKEHUN., DTO MOCTATOYHO TPYAHAd 3ajgaya Adxe s
TPEXMEPHOI TEOPIH ympyroct, 100 B YTJIOBBIX TOUKAX HAPyWAETCA 3aKOH T1apHOCTH
KacaTeJbHHEX HanpsokeHni. TeM 6osiee MHTEPECHO MOCMOTPETh KaK CIIPABUTCH C BTOH
aanauen TEOPUA l’IJIaCTPIH._

Ilo Teopuu Kupxroda sra 3amaua pemaercd TOYHO B 9JIEMEHTAPHOM BHJIE. IlycTh
maacTiHa 3aHumaer obnacte 0 < x' < q, 0 <y < b, a KpaeBHE YC/IOBUS MMEKT BUJ

M,=0, M,=m, N,=0 (x=0,a); M,=M_,=0, N,=0 (y=0,8) (3.3
Kpaesrie ycnoBus Knpxrod;a (4.1) [2], oTBEuArIME ITUM YCJIOBUIM, OyRYT
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opHopomasl, [losTomMy mnpommkaommit noteHmuaa @ Oyner mmers Bux Kxy, rae
- K — mocroguras. OHa maxopurcd M3 ycnoswit Ha paspmBax (3.1), tme P, =0. B
pe3ysabTaTe MOJIYUaeM pEeUIeHHe ‘

~3m / m . ’
O=Gp» My=M, =%, M, <M,=0, N.=N,=0 (3.4)

/ . ~ -

Cornacro T/—T3 anecs Oy M, u M, HalineHH /BepHo'Bo BCE# 00JaCTH IUTACTHHEI,
a KPyTSIQ@e MOMEHTH M IIOIEPEYHBIE CHJIbl HAM/IEHB BEPHO TOJBKO HA YNAJEHUH OT
rpanunel. Kpaessie ycnosus (3.3), pasymeercd, He BHIIOJHSIOTCA. [IOKaXeMm, 4to
pemenune (3.4) sBASETCA NPaBAIBHBIM B CMBICAE yTBepxmenmd T/—T3.

. Iycrs @ u. F 03HauaioT TouHOe pemenne 3aaaun (3.3) mo Teopuu tumna Peliccuepa.
OrMmeTrM, YTO BOIPOC O CYHMIECTBOBAHMH 3TOTO TOYHOIO DEHIEHWS B JIATEpaType He
paspemicH HU B TEOPUM WJIACTMH, HA B TPEXMEPHON Teopud ympyroctu. UTo Kacaercs
OOCNERHEH, TO MHE IPHXONWJIOCH DEMATh YACTHHE 3aKa4d B TPEXMEPHOM TEOpHH,
KOIZ@a B YIVIOBHIX TOYKAX HAPYINAJICS 3aKOH NAPHOCTH KACATENbHBIX HATIPSKEHHH.
Tam Bce OKasmBaJOCh B NOPSAKE, PEMIEHME CYMECTBOBANO, XOTS YCTPOEHO ObLIO
JNOBOJILHO CJIOXHO. [103TOMy MHTYMTHBHO €CTH YBEDPEHHOCTH, UTO M B TEOPHHM ILIACTHH
‘B 3TOM CMBICJT€ HMYErO CTPAIIHOIO HET, XOTs cormacHo (3.3) B yIVIOBEIX TOUKax
M,, # M,,. Utak, yepe3a @ u F obosHaumM TouHOe pemenue 3anaun (3.3).-Paccmorpum

TOTEHI AR , > ‘

_3m . 6e2m [e(x)-i.;e(a’—x)_l_'e(Y)"‘.e(b_y)] (3.5)

Pe=Gp*» Fx=-—"gp [ +e( TTe®

v

I7IE HMCIOJIb30BAHE obo3HaueHns (6.1) us [2]. ,
INorerumanam (3.5) OTBEHAIOT yCHUIMS W MOMEHTHI, BEIYMCJIEHHHE 10 bopMysam
M, =M,=0): -

o _my »‘e(;cj+e(a—x) Ie(y)-f-‘e(b\—y) .
My=M. = [+ =@~ T+e - 0
N: =;r_n_e(y)—e(b—y)‘, N __me®—e(@a—-x » G.7)

o 2e 1+e(b) y 2e 1+e(a)

MOXKHO NMOKa3aTh, YTO /IS OAHOCJOMHBIX MIACTHH K03(MHIMEHT NOIEpEeyHOro CABMra
aexur B mHTEpBane n?/12 < I'< 1. Ilpumem 3peck suauenme I = n?/12, maiinennoe
P.  Munpmmaem B 1951 ropy. Torma é (x) = exp (—nix/h). Ilpm x = 2h wumeem
exp (—2m) = 1,87-10% 31y BeaMumHy BIOIHE AOYCTAMO CUATATH HYJIEM B CPABHEHAH
¢ camumueir. Tak m Oymem mnosnarate B pansHeidmem. Komeumo, yaepxaHuwe
e(a) u e(b) B (3.6), (3.7) HE UMEET HUKAKOTO IPAKTHYECKOTO CMBIC/A: OHH YAEPXKAHE
npocTo st kpacorsl. Takum obpasoM, (3.6), (3.7) ynosmersopsor ycaomsm (3.3)
BCIOAY, 33 HCKIIOYCHHEM 30H, NPMMBIKAIOMHUX K YIVIOBEIM: TOUKaM. KpOMeE TOro,
BUIHO, uto (3.5)—(3.7) mepexomar B pemenme Kupxroda (3.4) npm ymaseHmm or
IPaHMIEl Ha PacCTOAHMs, mpesnmanomue 2A. Bompoc, caemosaTenpHO, 3aKIIIOYaETCH
B TOM,  HACKONbKO moreHunans O, m F, OTIMYAXOTCS OT TOYHOIO PENICHHS 3aauu

: -((13;3), T. e or mnoreHumanos ® m F. BeemeM B. paccMOTpEeHME HNOTEHIIAAJEL
QO u F : ' : '
QV=O-®,, F\' =F - F, ‘ 3.8

I[JISI- NOTCHOMAIOB C raJIOUKaMM IIOJy4Yyaem CIEAYIOmMYO KPacByio 3amauvy:

Voo ay_meO)tedb—y o me®—eb-y . _
M= M =T e N T T daem ®=09 39
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L memte@—n y,_me@-e@=9 .
~My—03'My‘_f7 1+e(a) >y T e 1+ e(a) o O’bio
- (3.10)

'

Ha mnepsuiif B3IVISK KaXeTCs, 4YTO 3ajaya 3.9), (3.10) noxoxa Ha Momubu-
IMpOBaHHYIO 3afady Jlemba, pacCMOTPEHHYIO B m.6- [2]. Omuako Ha caMOM AENe MEXAY
JTAMHZ 33aJaUaMy CyMECTBYET GO/bLIOe pasnvume. A MMEHHO, B 3ajauc 3.9), 3.10) -
cymMMapHasi NOIEpeyHas CWja, AeHCTBYIOIas Ha KaXABil M3 yIVIOB, PaBHA HYJIO.

O6o3HaunMM uepe3 A YIIOBYIO TOYKY IUIACTHMHEL C KOOpAWHATAMM X = 4, Y = b.
UYepes B 0603HauMM TOYKY C KOOPAMHATAMHA X = 4, Y = b — 2n, a uepes C — TOUKY
x =a —2h, y=b. MBCIEHHO OTCEYEM TPEYTOIBHUK BAC or mracruss. ITo-kareram
HTOTO TPEYTOMBHAKA IEHCTBYIOT Harpy3ku (3.9), (3. 10). o HyM M3 yCIOBMA PaBHOBECHS
- Tpeyronpanka BAC cpasy HaxoauM BEKTOD MOMEPEUHEIX CHUI Q ¥ TJIaBHHM BEKTOP|
. ‘MOMEHTOB M, ACHCTBYIOMME HA TMNOTEHY3Y BC: ' '

0=0, My=ms(i+) &=hln | @I

TIpoxesiaeM aHAJIOTHYHYIO TPOLEXYPY € OCTATLHBIMKA YIIAMH ILIACTAHbL. B pesysbrarte
IIOJTyYMM: BOCBMHEYTOJIBHYIO IUIACTHHY, MMEIONIYI0 YETHPE JAMHHBX CTOPOHB M YeTHIpe
‘KOPOTKHX JuImHOE 2V2 h xaxpas. ITo JIMHHBIM CTOPOHAM 3TOM IUTACTHHE HUKAKHMX
HarpysoK COIVIACHO (3.9)," (3.10), me neitctByer. ITo KOPOTKMM .CTOPOHAM JAEHACTBYIOT
Harpy3KH C pasHoje#cTByomuMH N,y = 0O nu M.(v) = —M,. VlanIMM ClIOBaMH, TIOJTYIMIIH
IUIACTMHY, Ha KOTOPYK NCHCTBYIOT MaJhle KpYTsIIHE MOMCHTHI, BeJIMUMHA 'KOTOPBIX
IpONOPIMOHATsHA h.  VIRTYWTHBHO SICHO (BHAMMO, HETPYHO 9TO J0KA3aTh CTpOro), 4To
TaKHE MOMEHTH MOTYT TODOTMTD. B IUIACTHEHE mpornbsl mopsyka O (A™%) ¥ MOMEHTHI
nopsaka O (k). CremosaresibHO, COIIACHO (3.8), ' TOUHOE pEMICHME DPacCMATPHBAEMOR
3a/auyd [0 TeopuM THHa PeliccHEpPA MOXET OTJWYATHECS OT MOTCHLMAJIOB (3.5) ToMBKO B
C/IATaEMBIX MEHBHIETO aCHMITOTHYECKOrO NOpSaKa. Tak oﬁcron'r J{esio, eCJI paccMaTpuBaTh
00JIACTH BHE BBEHEHHEIX BHIIIE TPECYNOJBHMKOB. BHYTpHM 5THX TPEYIOJBHMKOB KPYTSIIUC
MOMEHTH ¥ TONEpeuHHEe CWIH NoTeHumanama (3.5) OMMCHBAIOTCS HEBEPHO. Omnako
31eck HE CTABMUIACH Hesb HaiTil TOYHOE pPemeHMe ITOM 3amaun. Peub mua o ToM, YTO6H
0Ka3aTh, UTO pemenue 1o teopmu Kupxroda - (3.4) aBngeTcd NPABANBHEIM B CMBIC/IE
yreepxaennit T/—T3, HO HE COOTBETCTBYET YTBCPXICHHIO TK. ,

Tlo moBomy [2] MHE IPUXONWIOCH BECTH JRUCKYCCHMM B CAMBIX pas/IAIHBIX
HANpaBJeHESX. XApaKTEpHO, YTO MOM OMNIOHEHTH, KakK IPaBHMIo, ofpamaioTcs X
OBIIMM pacCyXICHASIM, OHPOBEPIHYTh KOTOPHE AAJieKO HE BCETNA YAAETCHA HMPOCTHIMH
cpenctBaMu. VIMEHHO MOJTOMY OCHOBHEIMM apryMEHTaMH B [2] s’ cumrano
KOHTpIpuMepsl. MHE COBEPIICHHO HE IOHATHC, HA KaKUX OCHOBAHMSX KPUTHKH 2]
MrHOPUPYIOT 9TH KOHTPIPMMEDH M TPH ITOM IPOJO/IKAIOT HACTAMBATH HA CBOMX '
BHIBOAAX OOIIEro Xapakrepa.
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