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TAPMOHHMYECKHWE U UMITYJbCHBIE BO3BY XKIEHUA
MHOTOCBA3HBIX NUWINHAPHYECKHUX TEJI

PaccMaTpuBaeTcs NpOCTPaHCTBEHHAs! 3a/jaya TEOPUHU YIIPYTOCTH O rapMOHHUYEC-
KX KONeOaHWSIX ITMHAPHUECKUX TeJ (CIOU ¢ HECKOIBKUMM TYHHEBHBIMU [IOJI0-
CTSIMH, IUIMH/P KOHEYHOH JUIMHBI) IPU OAHOPOAHBIX CMEIAHHBIX TPAHNYHbBIX yC-
JIOBUAX Ha ero ocHoBaHHAX. C MCIONB30BaHUEM MOCTPOEHHBIX B pabore P-pe-
LIEHMH CPaHUYHble 3afaud CBOAATCH K CHCTEME OJHOMEPHBIX CHHIYJISPHBIX
UHTETPANbHBIX YPABHEHMH XOpOLIO W3yYyeHHOro Tuma. Pemenue 3agaun 06 um-
MyJIbCHOM BO30YKIECHHM CIOS Ha MOBEPXHOCTH NOJOCTH “cobMpaeTcs’” U3 MmakeTa
COOTBETCTBYFOILMX FAPMOHHYECKUX KOJIEOaHUI IIPH MOMOLLM MHTETPAJILHOTO TIpe-
obpazoBanust Pypre no BpemeHu. ITpuBopasaTcs pe3ynbTaThl pacueTOB JMHAMITYEC-
KOM KOHLIEHTPALUH HAIIPSDKEHNH B coe (IUTUTE), OCnabIeHHOM OJHUM U AByMsl OT-
BEPCTUSIMM Pa3NMYHON KOH(UTypauuy, aMIUIUTYIHO-4YaCTOTHbIE XapaKTEPUCTHUKH
AN LIMIMHEAPAa KOHEYHOH JUTMHBI C MOTIEPEYHBIM CEYEHHEM B BHJIE KBajpaTta co
CKPYIJIEHHBIMH YTJIaMH Y IaHHbIE PAacyeTOB ISl TPANELMEBUAHOTO UMITYJIbCA, AeH-
CTBYIOLLETO Ha MIOBEPXHOCTb KPYTOBOH MOJIOCTH.

ITpu uccnegoBaHUM FapMOHUYECKUX KONEOAHUH KOHEYHOrO KPYroBOro UMJIMHApa JHOO clos C
NOJIOCTHIO 3(PPEKTHBHO NMPUMEHSIIOTCS METO/bI OJIHOPOHBIX petneHui [1] unu cynepnosuuuu [2, 3]
W HeKOoTopble aApyrue [4, 5]. Ecnu B cnoe uMeeTcs nmiockasi HEOQHOPONHOCTD THIIAa CKBO3HOM Tpelu-
HbI MM BKJIIOYEHHUS, TO PEIIEHHE MOXKET OBITh MONYYEHO (B MPUHLHIE) 10 METOAY OHOPOAHBIX pe-
LIEHHH B COUYETAaHUH ¢ MHTErpaNbHbIM NpeobpasoBanneM Dypee [6]. [I15 MHOXKECTBEHHBIX MIOCKUAX
TPEUIMH, MapallelbHblX OCHOBAHUSM €051, Oblla pa3BUTa COOTBETCTBYoUas Teopus [7, 8]. B cny-
yae KOH(Urypauyil, OTIMUYHBIX OT KPYrOBbIX, LENECOOOpPa3HO UCMONb30BAThL METO/l HUHTETPadbHbIX
ypaBueHuit. IIpy 3TOM BOo3HHKaeT MpobaeMa COOTBETCTBHS MEX/ly TPaHUUHBIMH YCIIOBUSIMM TEOPHH
YNPYrocTy U rpaHUYHbLIMH YCIOBUSIMH JI711 COBOKYITHOCTH METarapMOHU4ECKUX (PYHKIUMIA, HUrypu-
PYIOUIMX B COOTBETCTBYIOIIHMX OTHOPOAHBIX pelICHUsAX (cM. [9]).

WHpiM MeTOROM 6b1110 MonyyeHo [10] B3aMMHOOIHO3HAYHOE COOTBETCTBHE MEX/Y IFIOTHOCTSIMU
B MHTErpaibHbIX IPEACTABIECHUAX METarapMOHMYECKUX (PYHKLUUH U PUIHYECKUMHU BENIMUYUHAMHU —
CKayKaMHM KHHEMAaTHUYCCKUX BEJIMYHMH Ha MOBEPXHOCTH LIMIIMHAPHUYECKON HeonHOopoiHocTH. OHAKO
STOT NYTh BERET K HEOOXOAMMOCTH PEryJsipU3alliy PacXofsiuiuxcsi HHTErpanoB M, KakK CleACTBHE,
[NPUBOIUT K MHTErpo-audepeHInanbHbIM YPaBHEHHAM JOCTATOYHO CIOXHOM cTpyKTyphI [10, 11].

Huxe pa3suBaeTcst HOBbIH NMOAXOA K HCCICJOBAHUIO FADMOHHYECKHX KONECOAHUIH MHOTOCBSI3HbIX
LUMITHHAPHYECKHX TEJ JOCTATOYHO MPOU3BOJIBHBIX KOH(HUTypaLuil.

1. IlocranoBka 3agaud. B fekapToBoil NpsAMONuHEHHON cucTeMe KoopAnHaT Ox X,Xx; pac-
CMOTPHM YNPYTUil OJHOPOAHBIA M30TPOIHBIA CIOH —oo < X|, X, < oo, |x3] < h, ocnabneHHbI
CKBO3HBIMH TYHHEJIBHBIMH IIONOCTSIMU C 0OOLIEd rpaHHueil nonepeyHoro ceyenus ' = Ul
(NI, =, v=1,2, ..., N). ByneMm nonarats, 4ro I, — mpocTele 3aMKHYTEIE KOHTYpPBI 6€3 TO-
YeK CaMOIepeceyeHust ¢ HelpepbIBHBIMU 10 I'€nbaepy xpuBu3Hamu. Ha noBepxHOCTAX Mono-
creil S = US, 3aiaauM BeXTOp Hanpsokenui (X, X, X3,)(x, ), x = (x|, x5, X3) € S. Ha ocnona-
HUSIX CJI08 IPMMEM OTHOPOXHbIEC TPAaHUYHBIE YCIOBHUSI CMEUIAHHOTO THITA

U, = Uy, =033 =0, x3==xh >0 (1L.D

3agaya cOCTOUT B ONPEAETIEHNM BOIHOBBIX IIOJIEH BEKTOPA NEPEMELEHHH 1 = (U, Uy, U3) U
TEH30pa HANPSDKEHUA C KOMINOHEHTaMu Oy; (i, j = 1, 2, 3) IpM TrapMOHMYECKOM WX MMITYJIbC-
HOM BO30YX/ICHUH CITOS1.

5 IlpuknanHast MaTeMaTHKa M MeXaHuka, Ne 2
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[nst onpeneneHust BOJHOBOIO HOJISt IEPEMELLEHHI HCNOTb3yeM CHCTeMY ypaBHeHMi Jlame

X, pdu,
Au+odp+ = = REN o103
mo Mo (12)
0 1
ak = a—x;, A = akak, ‘8‘ = akuk, 0 = T—2v

e A — onepatop Jlarsiaca B R*, ¥ — 06beMHOE pacumMpenue, X; — MHTEHCUBHOCTb OOBEMHBIX
CHII, L U V — MORYJb caBATra U koadduimenT IMyaccona, p — mIOTHOCTE MaTepHana. 3Aech U
JaJiee 10 NOBTOPSIIOLLMMCS HHAIEKCaM i, k BE[IeTCsI CyMMUpOBaHue OT 1 1o 3.

BeeneM 0603HayeHust

A+2 Q) 2 2 42 2
Cle]T“’ CZ:A/%’ Y[:c_l’ Mlzm=’YlZ_7\'m’ Ay, =01+ + 1, =12

€ ¢; U ¢, — CKOPOCTH pacnpoCTpaHEHus IPOJOJILHON BOJIHBI U ITONIEPEYHON (CABUTOBOH) BOJI-
HbI B YIIPYTOM TeJI€, Y| U Y, — COOTBETCTBYIOLLIUE BOJHOBBIE YUCIIA.

PaccMoTpuM cHavasla rapMOHHYECKOE BO3OYKACHUE CIIOST; TOJIOXKIM

—iwt —iot —imt —iwt .

up=e U, B=e 0=e¢ U, X;=¢ Y, j=12.3 (1.3)
rae UJ = Uj(x), 0 =0(x), Yj = Yj(x) (x = (x, X5, X3)) — AMILTUTYABI COOTBETCTBYIOLIMX BEJIMYHH.

Hckmroyast BpeMs ¢t B ypaBHeHHX (1.2) B cOOTBeTCTBHH C npeficTaBneHusiMu (1.3), npuxo-
IuM K cucTeMe A ¢epEeHIMATBHbIX YPAaBHEHUH B aMIUTUTYAAX

Y.
AU;+069,0,U, +73U; = b i3 (1.4)

K cucreme (1.4) HeOOXORUMO NMPUCOBOKYMHUTH TPAHUYHBIE YCIIOBUS HA IIOBEPXHOCTSIX MOJIO-
crei

Syni =Y J=1,23 (1.5)

jn’
e S,-j, an — aMIUTHTY/IHbIC 3HAYCHUS BEJIMYHH Oy U Xjn COOTBETCTBEHHO.
HMes B BUIy CHMMETPHYHOE COCTOSTHUE OTHOCUTENHHO CPEMHHOM MIIOCKOCTH CIOST, IPENI-

CTaBUM AMIUIUTYABI IIEPEMELLIEHHUI H HHTEHCUBHOCTEH 0O bEMHBIX CHJI B BUJIE psifiloB Pypbe

{Ul’ UZ’ 0, Yl’ YZ} = 2 {Ulm’ U2m’ emYlm’ YZHI}COS}"mxS

m=1

{U,, Y3} = 2 {Us,, Y3, }sink, x;

m=1

Uy =U;(x,x), Y, =Y,(x,x) j=123

(1.6)

0, =90,U,,+d,U,,+N,U;,, A, =n2m-1)/(2h)

B atoM cnyyae rpannyHble yeioBus (1.1) Ha OCHOBaHMSX CIIOST OYAYT BBIMOJIHEHBI.

Hckmouus B ypaBHeHusiX (1.4) TONIIMHHYIO KOOPJIMHATY X3 MPH MOMOILH IIPE/ICTaBICHHI
(1.6), npUXonuM K CHCTEME YPaBHEHUA OTHOCATENBLHO Koo puimentoB Pypre U,

Y3m.

Y
A, U, + 69,8, = —f, I =1,2; Ay,Us, —0A,S0, = - m=1,2.. (17
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JInst MCKITFOYeHUs TONIIMHHON KOOPAMHATBI M3 paBeHCTB (1.5) BOCNONb3yeMcsl CIeyIOIIH-
MM IIPEACTaBICHMSIMU /IS aMILTATY KOMIIOHEHT TEH30pa HaIlPsDKEHUS M BEKTOpA NOBEPXHO-
CTHOW Harpy3KH, COrJIaCOBaHHBIMM ¢ ITpecTaBieHusIMH (1.6):

uv?’ un

m=1 (1.8)

oo

S5 Y3} = 3 (8%, i dsind,x;, j=1,2,3

n

{Sup Yurd = 3 {85, Y YcosA,xs, u,0=1,2

m=1

Torpa rpanuynbie ycnosud (1.5) pacnagyrcs Ha COBOKYIIHOCTb PABEHCTB BUia

(m) (m) : .
S,»j niij,l, J=1,23 m=12,.. (1.9)

2. @-pewenus nas cios. ITycts Tenepsb BRoub wHypa x; = 0, x, =0, |x3| < h pacnipenencHsl
YCUNUSI ¢ IOTOHHBIMU MHTEHCHMBHOCTAMH {P,, P,, P3}(x;). Torna durypupyromue B npasbix
qacTsix ypaBHeHu# (1.7) koadduumeHTs Pyphe HHTEHCUBHOCTEN OO BEMHBIX CHJI IIPUMYT BHJ

ij = ija(x)’ X = (xl’xz)’ j = 1a2’3 (21)

e 8(x) — iByMepHas HenbTa-pyHKIHMS.

Tlon ®-perueHusiMU IS CIIOSI, COOTBETCTBYIOLMMH CMEIUAHHBIM I'DaHIYHBIM YCIOBHSIM
(1.1), 6yaeM OHMMATEL KOMIIOHEHTBI MaTpULbl (PyHIAMEHTANBHBIX pellleHniA cucTeMsl (1.7) ¢
ITpaBbIMM YaCTSIMHU, ONIPEC/ICHHBIMH paBeHcTBaMu (2.1).

N3 ypaBHenuii (1.7) OOBIYHBIM MPUEMOM BBIBOMM

A8, = !

1mYm —m(})lmal + PZmaZ + P3m)\‘m)8(x) (2.2)

IToppobHo paccmoTpuM cnyvait Py # 0, P, = P, =0.
M3 ypasaenus (2.2) ansg paccMaTpHBaeMOro cliydasl IOJIy4aeM HEOTHOPOJHOE YpaBHEHUE
I'enpMronnna

O LA P Y8 23)
ImYm M(1_4_(.5) 1 .

Ilycts E — ¢dynnamenTansHoe peluenue onepatopa l'enbmronsua [12]. YuurbiBas, uTo
dyukiws 8(x) punuTHa U cBepTka E * 9,f = f* 9, E cymecrsyer, nonyyaem u3 ypaBHeHus (2.3)

1) ile
em = malem (24)

rae
Hypp = HyY (W), 7= Jxi+35, p=0,1,23 [=12

H;l) (x) — pynkuus ['aHKens NEpBOro pofia, NOpsAKa p.
dopmyina (2.4) gaet BO3MOXHOCTb Pa3feNuTh ypaBHeHUs B cucreme (1.7) ¥ IpeficTaBUTh €
B BUfE

(1) iGle 2 le
A = -7 __n
2mU1m 4“(1 +o.)alH01m m S(JC)
op P 2.5)
(1 108 (M 60 m
A, Uy = ———— H A, U, = —————— H
2m ™ 2m 4u(1+0)8182 0lm> 2m*™ 3m 4u(1+o.) mal Olm

5%
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Wurerpuposanue cuctemsl (2.5) B mpocTpaHcTBe 0000MEHHBIX (PYHKIMIH QD'(RZ) aeT

P,
4u

vl - Py,

iP
(—Y%a?mﬂozmj, Ul = B00H, U =
2

P HYz

AHanormryebIM 00pa3oM paccMaTpuBaroTes ciydan, korga P, #0, P =Py =0 P; 20, P, =
= P, = 0. BeirmmeM OKOHYATEIbHbIE PE3yJbTATh] 711 BEKTOPA NEPEMEHICHISA

W _ P YWim ()
= 2.6
Unm 4“ gnm ( )

BemrumHel gff,,)z — KOMIIOHEHTbI MaTpHIlbl D-permeHuit Ans Kaxkaoro (MKCMPOBAHHOTO 3Ha-
YEHUS in

)
gﬂlﬂ

g = | nj=1,23 m=12 ..

g = 22( 1! 'W2 (1)VH,,,, cos20+ Hyp) + Hopye D = 1,2

273,24
(1 2 .
g = o o 22( D'y H,y,, sin20; 27
21—]
(n (3) (2) (3) 2
g3m =_glm - gBm — ngm ='}in2(—1)l+]}l H
COsS O cosQ sin o sin o YZ Im* 4 1lm
21=1
2
(3)
83m = _';H+H02m
Y2

Hcrunapie 3HaUeHNs NepeMeIleH Al 00ILero cayydasi MOXKHO ONPENeIUThb 110 POopMy-
nam

u,=Re| e ’w’z 2 UPcoshyxs |, 1=1,2; uy=R “‘”’Z Z U sind, x, | (2.8)

j=lm=1 j=1lm=1

Bripaxkenus (2.6), (2.8) naroT npefcTaBleHie O BOJHOBOJIHBIX CBOMCTBax cnosi. BugHo, uto
IIPX JIFOOOM YacToTe BO30YXKEHHS BCETNla HaliieTcsl HOMEP 11, TPU KOTOPOM XapaKTepucTuye-
CKO€ YHCIIO (L), WX 00a XapaKTePUCTHYECKUX YHUCIIA CTAHYT YUCTO MHUMbBIMH, YTO IIPHBOJUT
K HEOJTHOPOJHAIM, 3KCIIOHEHIMANBHO 3aTyXaloWuM 1o » BonHam. [lpu n(2m — 1) < 2y,h nep-
BbI€ /M 4JIE€HOB B psifax (1.6) npefacTaBnsitoT co00i CyNeprno3uLMiO pacnpoCTPaHIOLIMXCS OT
MCTOYHUKA BONH. YiIeHb! psifia, yIOBIETBOPSIOIINE HEPABEHCTBY T(2m — 1) > 2Y,h, 9KCIIOHEeH-
LMAJILHO 3aTYXal0T C POCTOM F, a TAKXKE C YBENIMUYEHHEeM HoMepa . OTclofia ClefyeT, 4To YeM
TOJILLE BOJHOBOJ, TéM 00JIee IIHPOKUIL CIEKTP YacTOT OH NPOIYCKAET.

M3 cka3aHHOrO BUAHO, YTO OCTATKHU psfioB (1.6) cTpeMsaTCs K HYJIO, TaK KakK OOLIUA YiIeH
MO00TO M3 3TUX PSFIOB IKCIIOHEHIMANBLHO YOBIBAET C POCTOM HOMepa m. MOXHO NOKa3aTh,
YTO 3TH PsAbI AOCOTIOTHO cxonsiTcs npu r # 0.
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3. NnTerpansnsie npejcTapienus pewenuii rpannunoi 3agagu (1.7), (1.9). Ilycts f €

e CYG), rae G = RAT" — pusudeckoe mone ¢ muHueit paspwipa I'. 3amuiem ¢opMys! s
00OOIIEHHBIX MPOU3BOAHBIX [12]

A = O 18 @1+ads = (@ + D)+ [ Lo+ Latr13)

rae (-} — CoOOTBETCTBYIOINAS KIIAaCCHYECKast IPOU3BOAHAS, [-] — cka4ok yKaaaHHoﬁ (pYHKLIMK Ha
kouType I, n; — npoexiyst OpTa HOpManu K KOHTypy I' Ha ock xj; [- 1001 =— 3 ([ 16p) — cooTBeTCT-

BEHHO npOCTOﬁ 1 IBOMHOY CIOH.
BBogs 9T cooTHOWIEHUs B cucteMy (1.7) ¢ yueToM Beipaxkenuit (2.1), npepcrasuM ee B BHIE

A Ujy+008, = f,, j=123 m=12,..
3.1

U,
Fim = | 52280~ (10,180 - 010, I 8r, ny = 0

Hcnone3yst matpuny ®-pewennii (2.7), pemenue cucteMsl (3.1) MOXKHO NPEACTaBUTh B BH-
[ie CBEPTKHU

Um(x) = {Ulm’ U2m’ U3m} = gm * fm; X = (xl’x2)’ fm = {flm’ f?.m’ f3m}

B pa3BepHyTOM BHJIE NOJTY4aEM OTCIOa HHTEIPAJIbHbIE NIPEACTABIECHUS BOTHOBOTO MO
nepeMeleHui (BCIoy fanee, eCli He OrOBOPEHO HHOE, MHTETPHPOBAHKE BEIETCS MO KOHTY-

py D)

U () =j[Ukm]<y>a 8jm(x=9)dS, -
(3.2)

Uy, 0 .
_j[[ - } + o[em]nkj(y)g_,m(x —y)ds,, j=1,23; m=12,..
rjie dS, — aNleMeHT Xyru KoHTypa I', cymmupoBanue —no k=1, 2, 3.

B cayuae, xorga KOHTYp I' — COBOKYITHOCTH Pa30OMKHYTHIX AYT (MATEMATHYECKUX Pa3pe30B)
I', (v=1,2, ..., N) 1 BeKTOp HaNpsDKEHNUst HENPEPBIBHO NIPOIOJIXKMUM 4epes Bee I, nocraTo4yno
OCTaBUTh NIEPBOE CllaracéMoe B IPABOM 4acTH paBeHcTBa (3.2), T.e. pa3bICKUBAThH PELICHNE B
BUe OOOOIIEHHBIX TOTEHIMANIOB IBOMHOrO ci1od. [1s pelieHus: paccMaTpHUBaEMOH 3[€Ch 3a-
J1aYd OCTABUM TOJBKO BTOPOE ClIaraeMoe U OyIeM HCKaTh pellleHHE B Bijie 0OO0OILEHHBIX 10-
TEHIMAJIOB IIPOCTOTO CII0s], KOTOPBIE B Pa3BEPHYTOM BUIE BBIIVISNAT TaK:

1
Uin(z) = J[ m3E, H+pm'YZH02m}dS Upn(2) = J[ mE, H+quzHozm}dS
Yz 'Yz

1 as
U3m(z) = —zj[memH + rmngOZm]dS’ em(z) = _[DmHOlmm (3.3)
T2
0 d
Dm _pma_él_qma—gz-'-rm}\’m

DyHKLIUU

m = AP0, Ce Y g, = {a,0),5e T}, r, ={r),(eT,}
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NOMYIEXAT OIpefieenuto; { = EA + i&z e I' =uUIl,, dS — anemeHT gyru koHTypa I, {—z= re'®;
dyuxius H = H(r) onipepenena B pa3sg. 2.

4. Pazpemaromasi cucreMa AHTErpajibHBIX ypaBHeHHH. I'pannunsle ycnosus (1.9) Ha KoH-
Type I nenecoo6pa3Ho NpencTaBUTh B KOMIUIEKCHOH hopMme

S(]m)_eiZiwsi(m) - 2ei\u(Y(lm):FZ.Y(2m)) - 2(1\](m):Fl.T(m))
eVsi™M eI =2yl om o= 1,2, .. (4.1)

(m) (m) (m) +(m) (m) (m) - o(m) E(m) (m) (m)
ST =88y, Sy =8 -8 2218, S5 = 83 XiSy
e W — yrod MeXAy HOpMallbio K KOHTYpy I 1 ockio Ox|, N i T _ xoacbpuumenTtsr Pypre
AMIUIATY/l HOPMATbHBIX M KACATENIbHBIX HanpssKeHU Ha [
Hcnonb3ys 3akoH I'yka B aMILTATYAaX, NOMYYNM IPEACTaBIECHNS BBEIEHHBIX B (4.1) KOMOU-
HallMi yepe3 KOMIIOHEHThI BEKTOPa IEpeMEILICHUA

S = 2000, - A, Us,), S5 = 203, F i3V,
dz (4.2)
S+(m) = 1{(9, Fid,)U;,,— A,V }s v:ﬁ" = Uint iUz

BBelIEM (by'HKI_[I/lI/I yjm PpaBCHCTBAMHU
iy —iy . -y i
Pm = Yim€ +y2me l » Gy = l(y2€ ‘ _ylmelw)’ T = Yam (43)

ITopcraBuB npepenbHbie 3Ha4eHUs KOMOuHauui (4.2) B rpaHuyHble paBeHcTBa (4.1) ¢ Hc-
NOJIL30BaHUEM IpepcraBienuii (3.3) n npuHuMasi BO BHUMaHue opMyJibl (4.3), momyynm cuc-
TEMY CHHIYJISPHBIX HHTEIPAJIbHBIX YpaBHeHU! rpanwaHoi 3amayu (1.7), (1.9)

. 1 m) .
:Flyjm(co)"'z'[ykm(c)l{jkds = —Xj , j=1,273 (4.4)
3pecn

m m m m m Am iy m m
A = (M iriMye ™ = (W iy iMye™ i = 2y

! 2 0 2i(0g— o) iy —oyp)
Kll |:2(1 V)“lm I]m }\'mglm+{g4m+2u2mH12m}e 0 o:le N

1 2 2i(0p - wo)| (g - w)
K12 |:2(1 ulmHllm }\’mglm_g?&me ’ 0:|€ ’

2
1 0 0 Ao 2i(0g - yo)
K3 = }\'ml:mHOIm_HOLn__r;H —82m€ ’ o}
2
2i(yo - 0tg) 0 iy - o)
Ky = 2A,08,me o —8om— Hpymle ’

ie
]

202h7,81 1 + Mo H] €08 (01— W)

Coe T = T, w,=w(l), (- = ro“’lm0
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2
%Z("l)l“

2 .0

om = ulmHOIm’ 8jm = 22( 1) “‘lm _/lm’ =123

Yar=1 Yar=1

1 2

[+1 .3 .0 0 1 0

g4m = _22(_1) " l"l’lmHIlm’ lem = H(p )(“lmr0)7 H = H(rO)

Yar=1
p=01,23 [=12

Snpa Ky, K|, Ky3, K3, monyvarorca us K |, K, |, K|35, K3, 3aMeBO# 04, Yo, Y Ha —Clg, —Y, —Y
COOTBETCTBEHHO.

CyMMapHblii HHAEKC cucTeMbl (4.4) paBEH HYJIIO; CIEOBATENIFHO, OHA OTHO3HAYHO pa3pe-
mMMa i1t 1:000# YacTOThI (0, He pUHajiexalliei CiekTpy.

3ameuanue. CucreMy (4.4) MOXKHO UCNONB30BaTh KaK U1l MCCIENOBAHMS BONHOBBIX NOJEH B clioe
(ruMTe) ¢ MONOCTSAMH, OCTABIISASA NPY BHEMHTEIPAJIBHBIX WICHAX HIDKHUIA 3HAK, TaK M IIPH PACCMOTPEHHH
KoneOanui IMIMHAPOB KOHEYHO! NNIUHBI (BEpXHUH 3HAK).

Jlanee noHago6GUTCs TaKXKe BbIPaXKEHHE [JIsi HOPMAJIbHOT'O HAIPSDKEHHS Cgg HAa IPAHUYHBIX

nosepxHocTsx I,. Mcnone3ys cootHouienus (3.3) u (4.2), npefcTaBuM ero B BUfe

Q= —argSQG, See = z S(e'g)c()s}\,mx}

m=1

Ggg = |Sge|cOS (002 - Q);

l(ylm(QO) + y2m(C0))
1-

S(m) - S(]m)_N(m) —

4.5)
“’Im

i(y - o) (0t — )|
+J{(ylm(§)e v +y2m(§)e ¢ w)(mH?lrlz_)\'mglm)+

2

1 0
HOlm H02m

+ Y3, (EoA,, {2(1 V) Y
2

Hds N™, el

PaccmoTpuM Tenepb UMITYJIBCHOE BO3OYXKIAEHHE CIIOS C TYHHENBHOH CKBO3HOH IOJIOCTLIO.
Beens nnrerpansHoe npeodpazoBanue Pypbe 10 BpeMeHH

i du.
U(x,® u-x,t)em'dt, u;| = =0
i >r~J ( 0= 34
2 P —im?
u(x,1) = J%Rerj(x, o)e “do; j=1,2,3
0

IPUBOIAM IpaHIyHyo 3agayvy (1.7), (1.9) otHocuTENBHO TpaHcgopMaHT Pypbe COOTBETCTBY-
FOIIMX TUIOTHOCTEN K CUCTEME UHTErPaNbHbIX YpaBHeHuH (4.4), rae npaBble YacTH IpeacTaB-
JSIOT Teneph CIeKTpalbHble (PYHKIUM JeHCTBYIOLEH Ha MOBEPXHOCTH IOJOCTH HAarpy3Kw.
Pelenne uMIyIbCHON 3ajayyl sIBJSIETCSI CYTIEPNO3MLMEHN “3IeMEHTapHBIX PENICHII 10 BCEMY
CIIEKTPY 4acToT.
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5. Hekotopsie pe3ynbrarsl. [1ycTh cloi 0cnabiieH TYHHENBHOI NONOCTHIO C KOHTYPOM MO-
nepevyHOro ceyenus B Bupe aswmmnca ( = R,cosd + iR,sind) wiu KBagpara co CKpPYIICHHBIMH
yraamu ( = R(e™ + 0.14036¢7>%)). Ha noBepXHOCTb NOJIOCTH IEACTBYET rapMOHHYECKH H3Me-
HSIIOIIIEECS] BO BPEMEHH HOPMAJIbHOE IAaBJIEHUE C AMIUIUTYON

Xy
N = Nocosﬁ (N, = const) (5.1)

PacueTs1 npoBofuIn B cienyoei nocinenoBaTeabHocTH. CHavala HaXOMIN NPUOIIIKEH-
HO€ YKCJICHHOE PELIEHUE CUCTEMbI MHTErPAIbHBIX YpaBHEHUH (4.4) IO METONY MEXaHUUECKUX
kBazpaTyp [13], 3aTeM no cooTHOMIEHUsIM (4.5) BOCCTAHABIMBAJIM AMILIMUTYAHbIE 3HAYEHUS
MEXAHMYECKUX HANPSDKEHUH Ogg.

M3MeHeHne OTHOCHTEIBHON BETHYUHBI O = |Sge/Ny| B TOUKE A (X3 = 0) B 3aBUCHMOCTH OT OT-
HOCUTEJIbHOT'O BOJTHOBOI'O YHcia YR JIsi IONOCTH KPYroBoro (R, = R, = R = 1), sniuntudec-
koro (R, =3/2, R, = 1, R = (R, + R,)/2) u “xBagpaTHOro” (R = 1) ceyeHHs Ipe/ICTaBIEHO Ha
¢ur. 1. 3peck A =1, v =0.28. Kpussle 1,2 u 3 mocTpoeHb! At KpYTa, 3JUIMIICA U KBAApaTa co-
OTBETCTBEHHO. B mmpaBoM BepxHeM yriy ¢ur. 1 noka3aHo pacnpefeaeHre BeTMYNHbBI O BJOJIb
KPYTOBOT'O, 3JUIMIITHYECKOTO U KBaIPATHOI'O KOHTYPOB B CPEMHHOM IIIOCKOCTH CJIOS TIPH TEX
K€ IIapaMeTpax U B TOM K€ COOTBETCTBHH, UTO U BbIlIE, Ans VR = 0.5 (aT0 pacnpepenenue
CUMMETPHYHO OTHOCUTENBHO OCU O = Tt/2).

PaccMoTpuM Tenepn cnoi, ocinabieHHbIA ABYMsI TYHHENbHbIMH nonocTssMu. Kpusas 1 Ha
¢ur. 2 unnrocTpUpyeT pacupefeseHue BEIMYUHBI O BIOIb KOHTYPA OTBEPCTHSA (B CPEAUHHON
IIOCKOCTH CJI041) I CIydasi ABYX KPYrOBBIX NIOJOCTENR OIMHAKOBOTO pajuyca R = 1 npu nepe-
MbIuke Mexay HuMU d = 0.1. KpuBasi 2 cOOTBETCTBYET paclpefieIeHUIO BeIHYMHBI O BIOJb
KOHTYpa 3JUIMITHYECKOro oTBepcTus (R, = 3/2, R, = 1), B3auMOJEACTBYIOLIEIO ¢ KPYTOBBIM
orBepctueM (R = 1) npu d = 0.1. B 060ux ciryyasx Ha MOBEPXHOCTH NOJIOCTEN ACUCTBYET HOP-
MaJbHOE JaBiIeHue ¢ aMIuTynoi (5.1). OcranbpHble MapaMeTphl T€ XKe, YTO U BBILIE.

B npaBoit BepxHeil yacTu ¢ur. 2 mpeAcTaBIeHa AMIUTUTYHO-4aCTOTHAs XapaKTepHCTHKA
BEJIMUMHBI (L B TOYKE A IS LMIIMHPA KOHEUHOH JUTMHbI C TIONIEPEYHBIM CEUEHUEM B BHJIE KBa-
fipaTa CO CKpYIJIEHHBIMHU YTJIaMH 7Tl TEX K€ 3HAUECHUIT 1apaMeTpOB, YUTO U BBIIIIE.
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[TycTb Ha MOBEPXHOCTH KPYTOBOH NMOIOCTH MOAEACTBOBAJ TPANleUEBIIHBIA HMITYJIbC JaB-
nenust (7 — npOfOIXKUTENBHOCTD HMITYJIBCA)

1, 0<i1<1
TX, ~ - t
N=Nocosﬁ 1, I<t<n-1(n22), t=n7,
(n—;), n-1<t<n
PesynpTaThl pacyeToB 3BOJIIONMH OTHOCHTENILHOM BEIMUMHBI O = Ogg/ N, BO BPEMEHH [JIst
pa3HbIX 3HAUEHHMIt n IPeICTaBJIeHbI Ha ¢ur. 3 npu

T =01, h=100, x3=0, R=10, v =028
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Taxum 00pa3oM, pa3BUT OCTATOYHO 3(PPEKTUBHLIA METOJ PEUICHUS TPOCTPAHCTBEHHBIX

TPAaHWYHLIX 3a7a4 O rapMOHH4YE€CKUX KOJIEOAHUSIX MHOTOCBSIZHOTO ATTAHIPUYECKOTO TEJIa
IIpHA CMEUIAHHBIX TPAHUYHBIX YCIOBHMSIX Ha €0 OCHOBAaHMSAX.
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