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MOJVOUIINPOBAHHBIA ®YHKIIMOHAJI S9HEPTUHN
B TEOPMU IIJIACTUH THUIIA PEMCCHEPA

MasecTHO, 91O pelleHMe 3ajauM marmba TUlacTMH Mo Teopuu Tima Peiicchepa comepxut B cele
GuicTpomensiomMecs GyHkumMM Tina norpaHcnos. ITOCKOJbKY TOYHbIE AHATMTHYCCKME PELICHUS B TEOPHH
[LTACTMH MOFYT GbITh NOCTPOEHBI TOJIBKO B MCKJIOUMTENbHBIX CiIyuasix, TO 60/bIOe 3HAUEHME MpUOGpETaIOT
YUC/ICHHBIE TIPOLEAYPBI, GOMBLIMHCTBO M3 KOTOPBIX OCHOBAHBI HA MCMOJIb30BAHMM BAPHUALMOHHBIX METONOB.
C wmcro POPMANBHOM TOUKM 3PEHMsSI NPMHLMI MMHMMYMA JHEPTMM B TEOpHM IUiacTuH TMna Peficchepa
BBIFSIAMT BECHbMA TNPHBJIEKATEBHO, TAK KAaK CBOAMTCH K MMHHMH3ALMH BBRIMYKJIOr0 (yHKLMOHANA, CO-
AEPKAIIEN0 TONBKO TEPBbIE TIPOMIBORHBIC OT MCKOMBIX (YHKUMA. ORHaKO 3TOT (YHKUMOHAX C TOUKH
3peHMs UMC/ICHHOM PEANM3ALIMM MMEET CEPhE3HbI HENOCTATOK, 3AKIIIOHAIOMMICS B TOM, 4TO B (PYHKUHOHAN
BXONST BEJMUMHBI PAZHOTO ACMMIITOTHYECKOrO mopsaka. (DakTHUECKH PEEHHE KPAeBOi 3ajauM YCTPOEHO
T4K, YTO ACHMIITOTMYECKM TIABHbIY WieH B (YHKLMOHAJE MCYE3AET, & MEXTY MCKOMbIMM (yHKUMSMM
BOSHMKAKOT CBA3M, KOTOPHIE B IVIABHBIX WIEHAX ACMMATOTHHUECKMX DPAMIOKEHMI JIOKHBI GbITh BLIMOJIHEHD!
Toun0. TIOCKO/MbKY TIPH UMCJIEHHOM PEATM3aLK 3T0, BOOOIIE roBOPS, HELOCTHXUMO, TO MOTYT BO3HMKHYTH
3HAUMTENbHBIE TIOTPEMIHOCTH HE TOILKO KOJMUYECTBEHHOTO, HO M KAYECTBEHHOTO XapakTepa. MiMenso nosromy
HA TIPAKTMKE YACTO OTAAIOT NpeAnourTeHue Teopuu maactuH Kupxroda. Ipu 2T0M HEKOTOPbIE BEIMUHHBI
BBIUMCISIOTCH C 3aBENOMBbIMM OIIMOKAMM, HE CTPEMSLIMMHCE K HYJIO IIPH CTPEMJIEHHM OTHOCHTEJbHON
TOAIMHBL TUTACTHHBI K Hymo. Hioke Gyser MOKasaHo, YTO MOXHO CHOPMYIMpOBaTb TAKON (PYHKLMOHAT,
KOTOpBILt coenmugeT B cebe pocromncrea dynxkumonana Kupxroda, HO no3sosisieT HAXONMTb BCE WCKOMBIE
dbyskumm ¢ omwmbroit O (4Y) B CpaBHECHMM C eIMHMLENL.

B OCHOBE NpPEIATAEMOT0 MOXXOAA JIEXKHUT TOT (HAKT, UTO MOJHOE PEUIEHHE KPAaeBOH 3alauM BKIHOUALT
B cefs MEMIEHHO MEHSIOLIMECS PelieHMs, npoHukaowue B ray6b ofmacty runacTuuel, M GyHKUMK THITA
NOTPAaHC/IOs, OBBICTPO 3aTyXaKOUME NPM YAANCHMM OT TPaHMibl. YPaBHEHME /IS MOTPAHCAOS JOIYCKAeT
RPOCTOE ACHMNITOTUYECKOE PEILEHHE, COAEPIKAIUEE METVIEHHO MEHSIOLIHECS (yHKUKH, KOTOPbIE ONPENENAIOTCT
TONBKO Ha KOHTYPE IUIaCTHHBL II03TOMY MCXOAMBI (YHKIMOHAT MOXHO TiepedOpMyIMpoBaTh (C y4ETOM
CTPOEHHMS TIOTPAHCJIONHOM YaCTH) TAK, YTO OKOHYATENHHO B HETO BXOMST TO/ILKO MELIEHHO MEHSIOMHECH
PyHxuMHM, 4TO pe3ko ofneruyaer MpOUERYPY UHUC/IEHHOTO PEIEHHS.

1. CBoixa OCHOBHBIX YPaBHEHHI TeOpHMH MJacTMH Tna PeiccHepa. Pac-
CMaTpHBAaeTCs 3a4aya M3ruba IIACTHHH IIOJ AECMCTBUEM PaCTpeRECHHOM IOIePeyHOU
Harpysk# p (x, y). OCHOBHHE ypaBHCHMS MCIONB3YIOTCS B (popme, NPUHATON B 1]
Ilnga onmcaHud HanpsXeHHO-AS(OPMHPOBAHHOIO COCTOSIHHS TIACTHHBL BBEACM CIICHY-
JOI[ME BEJMYAHH: IONCPEUHBIA NpPOrud w, BEKTOP YIVIOB IOBOpPOTa Y, BCKTOP MO-
mepeyHHx cua N, TeH3op MoMcHTOB M. BBeaeHHHE BEAMYMHBL CBSI3aHBL C
MEPEMCIICHHSIMM ¥ HANPSKEHMSMH B TPEXMEPHOM TEOPUH yNpYrocTd 1o ¢opMynam

Aw = (u-n), Ky =12(a'uz), N=(a-t'n) (1.D
hl2

M=(a-t-az), a=E—nn, {) = [fdz
~h/2

31ech U M T — BEKTOP NEPEMEIIECHMI ¥ TEH30P HANIPSKEHUH B TPEXMEPHOU TCOpHHY,
h — TOJNIIMHA IUIACTHHE, N — BEKTOP €AUHUYHONA HOPMAIH K IJIOCKOCTH IUIACTUHBI,
E — enunnuHsil TeHsop. ITonHAg CHCTEMa ypaBHEHMM BKJOUYacT B cels:
YPaBHCHHS DAaBHOBECHSA

VN+php=0, VM~-N=0 1.2)
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COOTHOWICHUS YNPYroCTH

N=Ghl'yy, M=D[(1 —-p)x+ptrxa] (1.3)
TCOMECTPHUYECCKHUEC COOTHOIUCHUS
y=Vw+1y, »=(12) (Vp + Vyp7) ' (1.4

3mecs y— BexTOp AedOpMALMM [ONEPEYHO. O CABHIra, » -— TEH30p u3ruba-
xpyuenud, D = (V12) ER*/(1 — p?) — xecTkocTs Ha n3rub, GhI' — XecTKOCTh Ha CBWT,
G=(A) E/(1 + p), I — xoacbduunent nonepeusoro casura, p — koaddumueHr ITy-
accoHa, p — O0bEMHas IUIOTHOCTh MAacChi.

KuHeMaTuuecKne IpaHHYHBIE YCJIOBHS MMEKOT BHJ

wl, = w*, vl =), ©pl, = ¢F (1.5
CwioBHEe TPaHMUHBIE YCJIOBMS TNPENCTAaBMM B opme
v-NI, = N, vM-vi_ =M}, vM-tl =M (1.6)

3necp Y m \l)f — yrJIbl IOBOPOTA BOKPYr KacaTeJbHOW M HOPMaJud K KOHTYpY,
NY¥ — nepepessiBaromas cuna, M,y — n3ru6arommii MOMEHT, M — KpyTSILIMil MOMEHT,
V M T — BEKTOPH €AMHAYHOM BHCIIHEH HOPMAJIN W CAMHUYHON KACAaTEJbHON K KOHTYDY
MIaCTHHH, NPUYEM BEKTOPH v, T, N 00pa3ylOT MPaByl0 TPOUKY.

BeeaenneM norenuuanos @ u F ypaBHeHus u3rula MIacTUHBI MPUBORATC K Oonec
yaobuoit dopme [11:

DAAD + php =0, RPAF - 12F =0 .7

BesmmuuHEBI, XapakTEpH3YIOIIME HAaNpsSXEHHO-Ae(OPMHUPOBAHHOEC COCTOSHME IIA-
CTHHH, BBIpaXxaloTcd uepe3 moreHumansl O u F no cdopmysam

w=—0O+ RAD/[6T (1 —p)], p=VO+ VFxn
M =D [(1 — p) VVOD + pAda + (12) (1 — p) (VVF X n — n x VVF)] (1.8)
N = DVA® + GAI'VF x n

Jlanee Bce BHCIIHME BO3ACHCTBHS NMPEANOIATAIOTCS MEAJICHHO MEHSIOUIMMUCS (PYH-
KuusaMu KoopauHat. Torma ¢yHkuusg O OnMCHBAET NPOHHMKAIOLUIME BO BCKO 00JacThb
pelIeHMS M ABJISETCS MENJIEHHO MEHdlomelcs (yHKIMed, T. €. €€ NPOU3BOTHHIE MO
JI000MY HAMpaBICHHMIO HMEIT TAKOHM XE€ ACHMITOTHYECKUN MOPSHOK, KaK M caMma
¢dynknus. QyHkuus F SBASETCd DEMICHHEM YPABHEHHS C Ma/biM MApaMeTpOM IIpu
crapmeit mpou3BORHON [2] M, CJIEgOBATENbHO, TpEACTaBadeT co0oit dyHKUMIO THNA
NOrpaHcaos, GHCTPO yOHBAWOWY NPH YAAJEHWH OT FPAHMUB BHYTPh 00JacTH M
MEJIEHHO MEHSIOMYIOCS BAOAR TpaHuusl ofOnactu. Takum obpaszoM, dyHkuus F
ONMCHBAET 3aTYXAWUIME NpPH YAAJACHHH OT IPaHHLB 00NACTH pewieHHs W IS Hee
CNpaBeN/IMBA ACHMMATOTHYECKAS OUEHKa: 0F/dv ~ H'F, 0F/3t ~ F, rae v, T — J0KaJb-
Hasg CHMCTEMa KOOPAMHAT, BBEACHHAd HA KOHType obaactu. QUEHHM acHMMIITOTHUYCCKHE
NOPAAKA TPOHHKAKOmEro noreBnuasa @ M NOrpaHC/JAOMHOrO moTeHuuana F, cuurad
BHEIIHAE HArpy3ku umeiomumu mopaaok O (1): @~ 43, F~ 1,

2. ®opMyaHpOBKA NPHOIMKEHHBIX YPABHEHHM W IPAHHYHBIX YCJIOBHMI B TEOPHH
mjactuH tuna PeiiccHepa. CpaBHeHue ¢ Teopueit Kupxroda. IIposenem acumnTo-
THYECKOC HCCJICAOBAHME YPABHCHUA /19 MOrPAHCIOMHOrO ToTeHUHMasaa. I[Tockoabpky
peuieHue BToporo ypaBHeHud u3 (1.7) GBICTPO 3aTyxaeT NMpW YAAJEHHM OT TPAHMLbI
M HAa pacCTOsHMM 2A OT Kpad ILIACTHHB NMPAKTHYECKH PABHO HYJIO, TO AId 3aMHCH
3TOr0 YpaBHEHMS NONYCTHMO HCIIOJb30BATh BBEACHHYIO HAa KOHTYpe IUIACTHHBI JIO-
KaJIbHYI0 CHCTEMY KOOPAMHAT, TIPH YCJAOBHM YTO PaguyC KPHUBH3HBI KOHTYypa R (T)
3ameTHO Gosbie 2A. Bropoe ypasHenne m3 (1.7) B JIOKaAbHOI CHCTEME KOOpPOMHAT
HMEET BHUA

0*F 1 oF A 9°F 12I

WERw e T F0 (<0 @D
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Beemem obosHauchme & = h/0 (0 = VI12I') m choenaem 3aMeHy NEPEMEHHBIX
v = gn. B HOBHX IepeMeHHHX ypaBHeHue (2.1) mpumer BuX

0*F/ ot + (e/R) 3F/om + e*9*F/9¢ — F=0 2.2
ByneM mckarh pemieHne ypaBHeHMs (2.2) B BHAC DsSfia TO CTEICHSM €
Fmvov=FMW9v+eF(n,)+... 2.3)

Ioacraeus Bupaxenue (2.3) B ypasuenue (2.2) ¥ npupaBHSB HyTO K03pdnunenTs
fpM PasHEIX CTEMECHAX €, MOJYyYHM

9*F,/ ot — F, = 0, 8*F,/on? — F, = — (1/R) 9F,/on 2.4)
8*F/on — F,= — (1/R) 9F,_,/on — 3*F_,/97 (i=2,3,...)

Pemenne cucremnl ypaBHeHui (2.4) MMeeT BMA

Fo(n, 9 =fo(mexp (), F,(m, 9 = (i () = (V2) o (Y W/ R) exp (n)

Fmvo=f(nhnexpm) (i=23,...) 2.5
Beena obosnauenme f (1) = f, (7) + &f, (1), cormacso dopmynam (2.3) u (2.5),
OymeM HUMEThH

F(n, D=1 (1 -12en/R) + O (¢%)]exp (n) (2.6)
Takum o06pasoM, NOTPaHCHIOWHHIN. INMOTEHIUaN F HMMeEET acuMIOTOTHYECKOE
TIPEACTABJICHHE

F(v,9=f(v)[1 — (V2)v/R]exp (8v/h) (v<0) Q.7

rae f(t) — HekoTopad QyHKuMS, 3aBHCAMAS OT KOOPAMHATH HA KOHTYypE obnactu u
ompefensemMas M3 TPAHHYHBIX YCJIOBHH. 3aBHCHMOCTH HOTPaHC/IONHOTO MOTECHIMAIA
OT KOOPAMHATH TI0 HOPMANHM K KOHTYpy obiacté B ¢opmyne (2.7) BHIpaXeHa SBHHIM
obpasom. Ucnonnzopanue Gopmyan (2.7) 114 MOrpaHCIOMHOrNO MOTEHUMAIA TIO3BOIICT
pemmTh 3a7ayy 00 W3rMe IIACTMHBL C aCHMIOTOTHYECKOM ommbkoi mopsmka O %)
B CpaBHEHMH C eauHMICH. [103TOMy He MMeeT CMBICIa YACPXHBATh WieHH OGosee
BHCOKOIO MOPSAKA MAJOCTH B BHIpAXCHHIX aag w, P, N, M.

TaxuM 00pazoM, TpubIHXEHHOE PEmEHME 3afaun 00 M3rnbe TUIACTMHHL CBOXMTCS
X MHTETPHPOBAHHMIO NEPBOrO ypaBHeHHs M3 (1.7) s NPOHHMKAIOIMETO NMOTEHOHAIA U
onpeaeaeRnio GyHKuuH f (T), XapaKTepA3YOLIeH, cornacHo gopmye (2.7), uaMenenue
TIOrPaHCJ/IONHOIO OTEHIMAIA BAOIb KOHTYPA IUTACTHHH. BeuuMHE, XxapakTepusyomue
HanpsXeHHO-IePOPMUPOBAHHOE COCTOSHUE IUIACTHHBI, MMEIOT ACHMMITOTHYCCKUC
TIpEACTaBICHUS

w=—Q, \p=V(D—-%f(1:)texp (%v)

N = DVAD + GAI [ ( (1 - 7%) (r)+%f(r))v- 2.8)

) v h d
5 (1-2r~2me) T F] e (3)
M=D [(1 - p) VO + pAda] + [D(l—p)%f’ () (v — 17) —

—Ghl"(l ——2—%—%) f (9 (vr+w)] exp (%v)

Kunematuueckue TFPAHHYHHC YyCJIOBUE HMCIOT BHI

oD x 90

6 .
—Ol =w | = S| -5 (9 =0 2.9
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CunoBsie rpaHUYHBIC YCJIOBHSA 3aNHIIEM TakK
IAD
av

D , p D XD L _
D(Fr*travthge)| +PU-myr@=»M

D | + GhI'f () = N _ (2.10)

PO 2h
D(1 - 1) 5vaz C—GhF[l——kg]f(t)=M:‘

3ameTM 4TO, Kak BugHO H3 Qopmysn (2.8), momepeuHsie CHABI M KPYTSIOUE
MOMEHTH B IVIABHHX WIEHAX 3aBMCAT OT MOrPaHCJIOMHOIO MOTEHIMAaska. JTO 03HAYACT,
yto no Teopuu Kmupxroda, rac INOTPAHCIOHEHHM MOTEHLHAA HE YUYMTHBAETCS, INO-
NEPEYHBIE CHIH M KPYTAIIME MOMEHTH BOIM3M TpaHMUB OOMACTH BHUMCISIOTCH C
omn6koit mopsaxa O (1). VICKJIIOUEHHE COCTABJASIOT TPH THIIA TPAHMYHBIX YCJIOBHIA,
MPH KOTOPHX IVIABHHI WIEH NMOTPAHCJIOMHOTO MOTEHIMA/IA TOXACCTBEHHO PABCH HYJIIO:

KMHEMATHYECKHE TPAHHYHBIE YCIOBHS, ecm Y = — dw*/dt; nepBoe M TpeThe yCIOBHUS
u3 (2.9) u Bropoe ycaosue u3 (2.10), ecim Y = — 9w*/3t; mepsoe M BTOPOE YCJIOBHS
uz (2.9) u Tpetve ycnosue u3  (2.10), ecnmu M¥ =D (1 —p) [op)/ot +

+ (1/R) aw*/otl.

TakuMm o6pa3oM, HECMOTPs HA TO, yTo Teopus Kupxroda mossonsieT onpenesth
[7IaBHBIE WICHH TNONEPEeYyHOro nporuba, yIJOB NMOBOPOTAa M M3rHOAIOIMMX MOMEHTOB,
MHEHHE O TOM, uTo Teopus Kupxroda mmeer acuMnrormyeckyro Tounocts O (h) B
CPaBHCHMH C TJIABHHM WIEHOM, Tpe0yeT yTOYHEHHs, TaK KaK MOMEPEUHHE CHIbI M
KpYTSIIME MOMEHTH B oOmeM ciyuac BOJM3M IPaHMIB OOMAcTH BBIYHCISIOTCS C
omuOKOM B I/IABHHX WICHaX.

IMonguepkHeM, 4TO mpeanaraeMas npuOMMXEHHas TOCTAHOBKA 3a4audl OT/IMYACTCH
ot teopun Kupxroda TeM, yTo B HEil YUHTHIBaeTCd AedopMaLust NONEPEYHOTO CABUTA
B6IM3M TpaHMUB 00J1acTH

= — (8/h) f (%) T exp (dv/h) (v<0) @.11)

YTO MO3BOASET B OOILIEM (JIyyae YAOBJCTBOPHTH BCEM TPEM TPAHMYHBIM YCIOBUSIM,
3. Bapuaumonnas opMyaMpoOBKa 3anaud 00 M3rube MJIacTHHBI B TEOPUM THMA
PejiccHepa. Dueprus uarnfa niaacTHHB B TeopHu Tuna PeliccHepa uMeeT BuA

Mw ) =f [%(M--x+N-y)—phpw] ds — 3.0

(as)
- J IM, + MIY, + Nyw]dC

31ech TEH30p MOMEHTOB M, BEKTOp MonepeyHHx ¢ N, TeH30p M3ruba-KpyucHus
®, BEKTOpP nAedOopMaUMH TMOMECPEYHOr0 CABHTa Y BHIPaXEHH UEpe3 BEKTOP YIVIOB
moBOpoTa P M monepeuHwi nporn6 w no ¢opmyaam (1.3), (1.4). DysxkumoHan
MOTEHUMANBHON 3Hepruu (3.1) NpUHUMAET MUHHMAJIBLHOE 3HAUYCHME HA PABHOBECHBIX
KOH(HIypaumsax, MPpU YCIOBHH, YTO W H P YAOBJICTBOPAIOT KHHEMATHUECKMM IPAHUYHBIM
ycaoBusiM (1.5), ecam TakOBHE MMEIOTCH.

HenocpeacTBeHHOe ucnoab3osanHue ¢yHKumoHana sSHeprun (3.1) B UMC/IEHHBIX
pacuetax MaJIONpPHIOAHO, TOCKOJBKY OH 3aBHMCHT OT (DyHKUMIL, OBICTPO MEHSIOIMXCH
pOMM3Y TpaHMUM 06MacTM. ANNPOKCHMMAIMS BEKTOPAa YIVIOB IIOBOPOTa P MENJICHHO
MCHAIOMIUMMCAS KOODAMHATHHMH (DYHKUHSAMH, KaK 3T0 OOBIYHO AEJAETCH B METOOE
KOHEYHHX JJIEMEHTOB M ADPYIMX YMCJICHHBIX METOAAX, NPHUBOOMT K 3HAUMTEIBHBIM
MOTPEIIHOCTIM, YMEHBUIMTh KOTOPHE MOXHO TOJMBKO IIyTEM CTYIICHHS KOOPAMHATHOM
cetku. Iloatomy addexTnBHOE MCmonb3oBaHue (yHKiMoHana sHepruu (3.1) B umc-
JCHHHX pacueTax TpefyeT BechbMa CNELMAJIBHOrO BHOOpPAa KOOPAMHATHHIX (DYHKUMI
VIS aNIpoOKCMMALMH BEKTOpPa YIJIOB NMOBOpoTa BOmM3u rpanmus obnacrti. M3bexatsb
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3aTPYAHEHMH, CBS3aHHHWX C BHOOPOM KOOPAMHATHBIX (DyHKUHi, MOXHO B TOM Ciyuae,
ecH morpaHcaonneiil oddekr Oyaer yuren B SBHOM Buje.

4. ®opMyAMPOBKa MOAHPHLIMPOBAHHOTO (PYHKLIHOHANA SHEPTHH B TEOPHH NJIACTHH
Thna PeliccHepa. Ilas Toro, urofn yuecTh TOTpaHCAOMHHI 3(PdEKT B SBHOM BHJE,
npepnaraercs npeoSpasosats (yrxuuonan sHeprum (3.1) crexyommm oGpasom:

chopmymuposate  ¢yHKumoHan sHeprum  (3.1) uepe3 NPOHMKAIOMMI M
HOrPaHCJIOMHBIA MOTEHUHAIH, YTO MO3BOJAMT DAa3NAENHTh OBICTPO M MEIJIEHHO MEHSIO-

- mEecs PYHKUMH;

MHTETpAJI NO JUIOIIAAM OT TOH 4YacTH (DYHKUMOHANA, KOTOpas COAEPXKHT
TIOrPAHCIOAHBA MOTEHUHAN, NPH NMOMOIIM TEOPEMH O JUBEPreHIMH MpPeo0pa3oBaTh B
KOHTYPHHH WHTETpaJ;

HONCTABUTh B (PyHKUMOHAN BHpaxeHue (2.7) JUId MOrPaHCJAOMHOTO MOTEHLMANA.
310 no3BOMHT CHOPMYNHAPOBAT (DYHKUMOHAN SHEPIMHM, B KOTOPOM M3MCHEHHE
TIOTPaHCJIOMHOIO MOTEHUMA/MA N0 HOPMAIH K KOHTYDPY 00/IacTH yUTEHO B SIBHOM BHMIE.

MoandunvposanHbit (QYHKUMOHAT JHEPIMM 3aJaH HA MHOXECTBE byHKUHH
@ (x,y), f(T), YROBNETBOPAIOWHMX CAEAYIOIIMM YCIOBHSM: (yHKUmEM O (x, )
ONPEAENEHN, HENDEPHBHBL M ABAXAK HEMPEPHBHO AH(dEPEHUHPYEMB B 3aMKHYTOM
obnactu S=S+C; ¢yHkunu f (1) onpemeseHs, HETNpPEPHBHE M HENpPEpPHBHO AU(-
¢epenunpyemu Ha Kpusoit C; dyHkuun O (x, ¥), f (T) yIOBJIETBOPSAIOT KHHEMATHUECKHUM
rpaHMYHHEM YCIOBHAM (2.9), €CnH TakoBHE HMMEITCH

Mm@, H={ [D (%(A(D)2+ (1—;1)[(%%)’—(%% (6;—,?)]) + php(D]dS +

(as)

d , 00 1 0@ 8 1
+{[D(1"P)z(%—vf (T)'*"E%T-f(t))+GhF(-2—E—E>f2(t)+
+N:"(D—M:"%‘VE—M:‘ (%%-%f(r))] dc 4.1

Ypasnenns Jiinepa mis MonuduumpoBanHoro (yHKUHOHANA 3Hepruu (4.1) coB-
nagamT C NEPBHM ypaBHCHHEM M3 (1.7) M CHIOBHMH rpaHHuHHMH ycaoBuamu (2.10),
Ha paBnoBecHHX KOHGMrypauusx MomupHUHMPOBAHHHEI (DyHKLHOHAA sHepruu (4.1)
NpUHUMAeT, B oOmEM Ciyyae, CTAMOHAPHOE 3HAayeHHE. ONHAKO B GOJBIIMHCTBE
«HOPMAJIbHBIX» 33la4 HA CaMOM [EJI€ MMEET MECTO MHHHMAJIBHOCTh (PYHKIMOHAJA.

Ha ocnosanuu Toro, uro ypasHeHus Jitnepa nns (yHKumoHana ssepruu (4.1)
MOMYyYaloTC M3 YPAaBHCHMA TEOPHMHM MIACTHH THNa PeliccHepa, nmpW yCJIOBMH, UTO
cnaraembie mopsaka O (h?) B CPaBHEHMH C TJIABHHIM WIEHOM OTOPOLICHBI, MOXHO
YTBEPXIaTh, 4r0 ¢ynHkuuonan sweprum (4.1) mnossonser pemuTh 3amauy H3ruba
IUIACTHHBL C ACAMNOTOTHYECKOH ommbko# mopsaka O (A?) B CPaBHCHHHM C IVIABHBIM
wreHoM. OnHako, ¢pyHKuMoHan 5Heprun (4.1) He SBAFETCS CTPOTMM ACHMIITOTHUECKHM
caencreueM ¢ynkumonana (3.1), mockoneky dynkummonan (4.1) 3aBHcHT OT craraeMoro
GhI'R™'f? (), KOTOpOE MMEET ACHMITOTHYECKHI MOPSIOK O (A2 B CPABHEHMH C IIABHBIM
YWICHOM, TOTZid KaK ApYIHe C1araéMue, MMEIOMNE TAKOM Xe ACHMNTOTHYECKH TIOPSIOK,
B (ynkuuonane (4.1) He yureHw.

5. A3ru6 xpyri0i n1aCTHHE PABHOMEPHO PACTIpeeNEHHBIM 110 KOHTYPY KPYTSLIAM
MOMeHTOM. PaccMoTpuM niacTHHy panmyca R, HarpyXeHHYIO 110 KOHTYPY PaBHOMEPHO

PacrpencaeHHHM KpPYTSIAM MOMEHTOM MY. T'DaHMYHHE ycnoBusa mpuMmeMm B opme
— . - S— . . — *
v:Ni_ =0, vM-vi_ =0, vM-tl_= M o.D
Iockonbky M:' = const, 3amaua OCECHMMETPHYHA, T. €. B IIOJSIPHOM CHCTEME
koopamHar @® =®(r), F=F (). Kpaesue 3amaum m1d INPOHMKAIOWEIO U
MOTPAHCAONHOTO MOTEHI[HAIOB MMEIOT BUN

2 2 2
(o) 005 (3 73 Ol (53 55) 0

d
or* " ror *or\orP T roar or e =062
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(02 1 6) F 12I (5.3)

6_I1+;;3—;' ————F=O,<F

B 1 9F M
R 68 7 or) |=s=

6l r or, ~ Gl

PemwrenueM 3apmaum (5.2) sBasercs GYHKUKA, TOXAECTBEHHO pABHAS HYJIIO:
® = 0. Pemenne 3agaum (5.3) ¢ acumnrToTHuecKoit omubkoi O (A2 B CPaBHEHHM C
IJIABHBIM WICHOM Onpeneasercd (opMy o

M? 1 — (1) (r - R)/R 3
a1 )2hr/(R6)) exp (3 (- = R))

PaccMoTpuM pemenne nanHOM 3amauM ¢ mOMOMIBIO dyakumonana sueprun (4.1).
B monsproit cucTeMe KOOPAMHAT 3TOT DYHKIMOHAN MMECT BHX

m* (@, ) =2 [_:’;D [% (@+ IQ)Z_I_‘_E (@) ((92_(1))] rdr +

F=-

5.9

o " ror r ar) \ar

+c;hr(‘S 1>fz+M*§f] (5.5)

2h R “h
U3 ycnosus craumoHapHoctu dynkumonana (5.5) CJEAyeT, YTO
%

— M“ 1

GhI' 1 — 2h/(Ré)

[TpunnmMas Bo BHUMaHUE dopMyy (2.7), a TAKXKeE TO 0BCTOATENBCTBO, UTO BBEACHHAS
Ha KOHType ILIACTUHH JIOKAJbHAsS KOOPAMHATA V PaBHA r— R, MOXHO yTBEpXIaTh,
uTO pemeHne, HAUACHHOE C moMowbio GyHKkumoHana (4.1), coBnagaer ¢ aHATUTHYCCKHM.

6. M3rud npsaMoyroabHoI1 LIAPHUPHO-ONEPTON MAACTHHB MNOJ AEHCTBUEM
nonepeyHoOi Harpyskd. PaccMOTpuM MpsIMOYrOMBHYIO TJIACTHHY, 33aHHMAOIIYIO 00-
nacte 0 < x<a, 0<y<5) Ha nnactuny AEUCTBYET IMONMEpeYHas HArpyska
p (x, y) = p, sin (nx/a) sin (ny/b). Ha KOHTYpe NNACTHHBI BHIIOJHEHB YC/TOBHS
IDapHUPHOTO onupauus. [lonuepkHeM, YTO BOIMOXHH 71BA THNA TPAHHYHBIX YCJIOBHI,

KOTOpHIE CJICAYET NMOHHMATh KAK YC/IOBUS INAPHUPHOTO OMMpPaHHS.
3adaua I:

O=0, f= 5.6)

wl,=0, vM-wvl =0, v-¢l_=0 6.1)
3adaua 2:
wl,=0, vM-vl =0, vM-tl_=0 6.2)

Huxe Gymyt paccMOTpeHn ofe 3ajaud W TIPOBENEHO MX CPABHEHHE.
3amava 1 MMEET TOYHOE AHANMTHYECKOE PELICHHE

_ Do sin (ntx/a) sin (sy/b)
D [(n/a)* + (/)P °
3anaua 2 He MMEET TOYHOIO AHAJIMTHYECKOro pemcHus. OAHAKO, MPEACTABUB

¢yHkuuM @ B F B BHAC PSNOB N0 CTEMEHSM A, MOXHO IOKA3aTh, YTO IS TIABHBIX

WICHOB 3TMX aCHMMNTOTMUYECKMX DA3JOXCHUI 337aua pacmajgaercs HAa ABE, IPHYEM

33a1aya I IJIaBHOTO WIEHA NPOHMKAIOIIETO NOTEHIMANA COBIAJAeT C 3ajaueit 1

@ = @,, a 3anaya A IVIABHOTO WIEHA NOTPAHCIONHONO MOTEHIHATA MMEET BH

o = Fx,»=0 (6.3

121 B 05
Af(zm_"‘;l'rl'go):()» F(ZO)I":BTWZT— . 6.4)

OueBHaHO, YTO IVIABHHN WIEH HMOTPAHCIONHOIO MOTEHUMANA F? He paBeH Hya0

H, CJICIOBATE/IbHO, pEICHMA 3a7a4 1 u 2 BOMM3HM IPaHHMOH TUIACTHHH OTAHYAKOTCS B
TIaBHEX 4iaeHaX. Paccmorpum pemenwe 3amay 1 m 2 ¢ nomompio (yHKIMOHANA
3Hepruu (4.1).
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3adaua 1. Bynem UCKaTh NPOHMKAIOWMIL OTEHUMAN B BUAE PSAA 110 KOOPAMHATHBIM
byHkumHam

O(x,y =2 JA,sin g_ﬁ_x sin -:% (6.5)
k=1 n=1

OueBuano, KoopnuHaTHHE (yHKUMH (6.5) yHOBRIETBOPSIOT MEPBOMY YCJIOBHIO W3
(2.9). Tperpe ycnoBue u3 (2.9) 6yHeT BHIIOJHEHO TOJABKO B TOM cIyyae, ecad
f = 0. Iloncrasus Bupaxenue (6.5) B dynxkunonan (4.1), TIONYYUM

NS S apl Tk, Amn2ab ab
nm* @, f) ;;A,"D[(a) +<b>] g+ Ao (6.6)
U3 ycnosus craumonapHoctn ¢ynkumonana (6.6) ciaeayer
Ay == (po/D) [(st/a)* + (n/b)*17%, A, =0 (kn= 1) 6.7

Ionyuennoe pemenne (6.5), (6.7) coBmamaer ¢ ananuTHueckuMm pemenueM (6.3).

3adaua 2. ByneM ucKaTs NPOHUMKAIOUIKAI MTOTECHIAAN B BHAE psAa 1o KOOpAMHATHBIM
¢dynkuusm (6.5). OyHKUMS f HE JOJXHA YHOBJICTBOPATh HUKAKMM KMHEMATHUECKUM
TPAHHYHBIM ycroBHsM. [lpencraBum f B BHAE PAROB MO KOOPAMHATHBIM (DYHKIIMSM

Jtkx

C 0
y=0: /() =3 +3 Coeos= =
k=1

S ©
y=b:f2(x)=7°+zskcos£§—x
B

x=0:f, (y)=—2—°+ZB,,cos-—— 6.8)

IToacraeus Beipaxcuus (6.5), (6.8) B dynxkumonan (4.1), monyumm

@n=033 (4 [ (%) + (3] L+

k=1 n=|
+ (1 =) (12) (8/h) A kn [(C, + (—1)"S)/b - 6.9
= (B, + (-1)!V,)/al) + (v4) 5GT i [(Ci+SHa+
k=0
+ (B} + V}) b] + (Va) A,p,ab

U3 ycnosus cranmonapHoctH dyskumonana (6.9) caenyer

Ay = = (po/ D) (I(zt/a)* + (/B F — 8 (h/8) (1 — p) n* (a + b) a=*b7%)""

B, =8 =—-C = -V = Axh/(6Tab) 6.1
A,=0 (kn#1), C,=5,=B,=V,=0(k=1)

[naBHbifl 4ieH NPOHHKAIOMErO NMOTEHUHANA, HAWAECHHOTO B PE3YJBTATE PCUICHMM
3agaumn 2 ¢ noMompio ¢pyHKuHOHANA (4.1), COBNAAET C MPOHHKAIOMKM IOTCHUMIAOM
B 3anave 1. ITorpaHcioiiHHI MOTEHUMA, HAWAECHHHWA B PE3yJbTATE PEHICHMS 3a/iun
2 ¢ nomompio yHkumoHana (4.1), HE paBeH HyJIO H, CJIEAOBATEJIBHO, OH B TJIABHOM
WICHE OTJIMYACTCd OT MOTPAHCIOMHOIO MOTEHLMaIa B 3amaue 1.
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7. VI3rud npsaMOyroibHON MAACTHHBI, TPH CTOPOHBI KOTOPOH LUAPHMPHO ONEpThi,
a HA 4eTBEPTOW NpUIOXEHA HArpyska. PacCMOTPHM NpSMOYIOJBHYIO IUTACTHHY,
sanuMaIomyo 061acTe 0 < x < g, 0 < y < b. Ha Tpex cTOpoHaX NIACTHHEI BEIIOJIHCHBI
YCIOBHS. IMAPHUPHOTO OMHUPAHHS

wl ,=0 v¢ |x=o=0, vMwv | =0 a.n
y=0,b y=0,6 ¥=0b

Ha yerBepTo#i CTOpOHE TIACTHHH TMPWIOXKEHA HArpys3ka

v-Nl ., = N sin (ny/b), v-M-tl __, = M? cos (ry/b), vM-vl,_,=0 (1.2)

npuuem N, — (n/b) MY = hp, roe senmumAH NY, MY, p MMEIOT aCHMMIITOTHYECKHIt

mopsaok O (1). I'naBHbie WIEHH ACHMITOTHYECKHMX Ppa3/OXEHHH MPOHHMKAIODIETO M
TIOrPaHCJIOWHOTO TOTCHIIMAIOB HAXOMATCS M3 DPEIICHUS CJeOyIOIMX KpaeBHIX 3amau:

ay

WAF — 12T°F = 0, 9F/dv| _, =0, GATFI,_, = = M cos & (1.3)
y=0,b
AAD =0, CDIFO =0, AQ| _, =0 .4
y=0.6 y=0,b
o0 _ _2 ny oD D
W-’—(z xa Sin 55 G TR 0y [x=a ™ - -W35 6x6y x=a

ITpoHuKaroUIMii MOTEHUHUAT HMEET aCUMITOTHYECKHIt nopaaok O (A B cpaBHeHUH
C CAHMHHIICH, NMOTPAHCIOMHBN IMOTCHIHAN MMEET ACHMIITOTHYECKHH mopsaok O (A™)
B CpaBHEHMH C eaivHuued. M3 ypaBHemmit (7.3), (7.4) BHAHO, YTO IVIABHHIM UJICH

TIOTPAHCJIOHHOIO MOTEHIHATa 3aBUCHT TOJIBKO OT M, a [IaBHBI WIEH NPOHMKAKLIETO

MOTEHUMANA 33BUCHT 4 OT p, U or MY, QOpMy/IHpOBKA PAacCMATPMBAEMON 3a1auM B
teopun Kupxroda npencraBaser coGoit cucreMmy ypasHenumit (7.4), B KOTOpOH
TIOTPAHC/IONHHH MOTCHUMAJN TOXAECTBEHHO paBeH Hyso. QueBMOHO, MPOHUKAKOLIUM
TOTEHHMAM B Teopuu Kupxroda Takxe MMeeT acMMNTOTHYECKHMH nopsgaok O (A B
CPAaBHECHMHM C ENMHHMUEH, OQHAKO OH 33aBHCAT TONBKO OT p WM HE 3aBHCAT OT M.
CnenoBatenbHo, pelleHHe NaHHON 3amaum mo Teopum Kupxroga comepxur ommbOky
B IITABHOM WICHE HE TOJbKO BOJIH3M rPaHHUB, HO M BHYTPH 00/MacTH.

PaccMoTpuM pemeHne 0o0CYXIaeMoil 3aJaud ¢ MOMOMIbI0 (DYHKIMOHAIA DHEPIUH
(4.1). BymeM mckath NpOHHMKAIOMMI NOTEHUMAN W (QYHKUHUIO f B BUAC

D (x, y) = u (x) sin (7y/b), x = a: f(y) = S cos (7y/b) (1.5

CornacHO KHHEMATHUECKHM TPAHMUHHM YCJIOBHSM (byHKUMS f Ha cropoHax x =0,
y=0, b ToXAeCTBEHHO paBHA Hy IO, a GYHKIME u (X) JOMXKHA YHOBJETBOPATH C/IE-
AYIOIMAM YCIOBHSAM

u@®=0, ' Q=0 (7.6)
IToncraBus Bupaxenns (7.5) B ¢yuxkumonan (4.1), nmomyuum

* — _b_ ° l Iy - {t_ 2 2
n (u(x),S)—z[D{(z[u (x) (b)u(x)] + (1.7

+ (1 —p (J'(/b)z'[(u' (X)) + u'’ (%) u(x) ]) dx - D (1 —p) (8/h) (n/b) X
X u' (@) S + (V2) OGTS? + hpu (a) + M* (8/h) s]

W3 ycnosus craumoHapHocTH ¢yHkuuoHana (7.7) ciaemyer

uv (x) = 2 (/b u'’ (x) + (/b)*u (x) =0

4™ (@) ~ (2 — p) (/) u' (@) = hp/D (1.8)
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u' (@) = p /by u(a)= (1 —p)(@/b) d/h) S

S = — M*/(GHT) + (V) (B/T) (n/b) v’ (a)

W3 dopmyn (7.6), (7.8) BumHO, uTO S B IJIABHOM WICHE 3aBHCHT TOJBKO OT
M?*, a u (x) B rJIaBHOM WIEHE 3aBMCHT W OT p, M OT M.

t?
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