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A.AJHTYH, A A IIYMEHKO, C.B. THMYEHKO

[AHenpoa3epRKUHCKUHA TOCYNAPCTBEHHBIH TEX HMUECKUH YHHBEPCHUTET

M3 npeacrasienns nponspoasHOM BHINYKIOH IOBEPXHOCTH BBIBOAHMTCS OGWHHE BUA
fIOBEPXHOCTH PABHOH WIHPHHBI.

B paGote pmaerca meo6xoaumoe u go-
CTaTO4YHOE YyCJIOBHE 3aMKHYTOH IGBEPXHOCTH
PaBHOH UIMDHHBI HA OCHOBE MPEeACTABIEHHS
BBIMYKJIO# TOBEPXHOCTH, HAHHOTO B paGoTe
(1l

ITosepxnocts I1(6,p,y) HasbiBaeTca
T1afgKod, ecaM ee rayccosa KDUBM3HA eCTh
HENpepbiBHass (GYHKUHUS; CTPOTO BBINMYKJOIH,
€CaIM B KaXAOH TOYKe IIOBEPXHOCTH Cy-
LeCTBY€T OAHA M TOJDBKO OJHa KacaTeabHas
(omopHas) naockocTs.

B panabpueitmenm, He oroBapusas oco6o,
6yZeM NpPeANoJarars, YTO MOBEPXHOCTD npo-
cras (ABycropoHHss), orpasvvYeHHas, rJajf-
Kasi ¥ CTPOTO BHINYK.JIaA.

B paGore [1] poxasano ciaegyouiee
YTBepKIeHHE: -

Teopema A. 1. [dns toro, uroéer II
6bli1a 3aMKHYTOH, TJagKoH CTPOTO BBIYKJIOHR

NMOBEPXHOCTbI, HEO6XO0ANMO M JOCTATOYHO,
9TOGBI OHA GBIIA MPEeACTaBHMA B BUJE

rO(qJ, w)sinwcos ¢ + O'W (@ w) x

X COS Y/ COS ¢ —6' ((p W) fine
x(B, @, w) LA siny’
10(6, 9, w) = { (6,9, w) = 165, y)sin y sing + By (@ w) x
6,9, '
#0,0.v) xcosysing + 8¢ (@, y) :io:z,

8(w, w)cosw - 0y (@, w)sin v,
, (1)
roe 9(<P, \ll) NPOMU3BOJIDHAA (QYHKUUS HeEINpephIB-

Has BMECTE CO BCEMU CBOHMHU YaCTHBIMH npo-
H3BOAHBIMH JI0 BTOPOro mnopsiAKa BKJIKOYH-

TEAIbHO Ha mpaMoyroabpHuke D = [0,2n] x (O, 7:),

TaKadg, 4YTO BEJUYHHA




[image: image2.jpg]A.A.Jluryn, A A lllymeftko, C.B.TumuaeHko

(9(‘0’ y)+ e"'w, (o, \v)) (G(q), v) sin? W+ G‘W(cp, w)cosysiny +

G ; 5 N2
+ ew(q), ly)) —(G(P(tp, \p)—ew) ¥))
He MeHdeT 3HAK Ha D.

2. Yrael @ M y dAsagworcs IJ#Hiepo-

BBIMH  YIJIaMM  KacaTelbHOH  ILTOCKOCTH,
T.e. HODMAaJbHBI!t Bekp, MpOBeXEHHBIH K
TOBEPXHOCTH 16, ¢, v) B TOUKe

TOYHOCTDBIO a0

(eow) oo deay) c

MHOXHTENS UMeeT BHJI
(cos @ sin , sin @ sin y, cos \y) ’

8. )
dyuxuns nosepxwoctu IB) B Touke (9, V),

T.e. IPH KaXIOM (cp, \y) €D cosnajgaer ¢ pac-

3. OyHKuua ecTb OIIOpHas

CTOSSHHEM OT Hayajaa KOOPAMHAT A0 KacaTesb-
HOW MJOCKOCTH K ITOBEPXHOCTH H(e,(p,\u) B

TOuKe (x(e, ® ), 16,9, ), 2(6,, \y)) .

OTtMeTuM, ciaepywomuit $axkT, KoTo-
pBIf JIETKO MPOBEPHTb C NOMOUIBIO HeNocpei-
CTBEHHBIX BBIYMCJIEHUH.

Ilpennoxenue 1. Ecau

8((p, y) = 04(o, v) + X( cos @ sin y +

+Ygsin@siny + zg cosy,

(3)

TC

P

ix(el,(p, w) = x(6,9,w) - xo,

y(el,qa, w) =y(6, 0.9} - vy,
2(91,¢,W)=Z(9,<p,\u)—zo.

Hon e-cmoem mnosepxHoctu [I Gyaem
MOHHMATh OObeJMHEHHe MHOXKeCTBAa BCeX Mia-
POB pagMyca € ¢ IeHTpaMu, jJexawuMu Ha [I.
BremHwo®©0 Oru6aouyo £-cj04 ODOBEPXHOCTH I1
6ymeM Ha3bIBaTb BHEWHEH ¢-9KBUAMCTAHTOH
nosepxHocTH IT M o6osHavary [Tf, a BHYT-

PEHHIOI0, COOTBETCTBEHHO, BHYTpeHHe# ¢&-
9KBHAMCTAHTOH moBepxHocTH II M o603HayaTh

Iz .

2[1]. oo, v)
NMpou3BOAbHAA PYHKIUUS HelpepbiBHAS BMECTE
€O BCEMHW CBOMMH HPOH3BOAHBIMH JO BTOPOTO
TOpAAKA BKJIOYUTEIBHO Ha INPAMOYIOJbHHKE
D, Takas, uto senmuuHa (2) He MeHseT 3HAK
Ha D, 1o sxBuancrautst I1* u [I- momepx-
HocTu Il onmpegensiiorca paBencrBaMmu (1), rae

B kavecTse yHkuuit &9, y) Gepyrcs yHk-

unu &@,y)+ € u 6, y)—e cooTReTCTBEHHO.

Tak Kak moBepxHocTh [I 3aMKHyTas u
CTPOTO BRIIYKJAas, TO KaxAOMY HallpPaBJIEHHIO

Ipennoxenne Ecan

(sextopy I) B npocTpaHCTBE COOTBETCTBYIOT
[iBe H TOJbKO ABe ONOpHBIE NJocKocTH IIy #
IT,, HopMaabHble BEXTOPHI KOTOPHX ecTb * [.

Paccrosine MeXAy 3TUMH ILIOCKOCTAMH
o6oanaunm d; (IT). Ecau aua mo6oro Hampapstesus |
CHpaBeZIJI}{BO PaBEHCTBO

d/(I1) = d = const,

TO TakKasd INOBEPXHOCTh Ha3bIBaeTcs IMOBepX-
HOCTbIO DABHOYU WIHPUHBI d.

OcHoBHO# pe3yabTaT AaHHO# paboTH
COCTAaBJAET cAelylollee yTBEPKIEHHE:

Teopema 1. Juaa Toro, 4To6BI raag-
Kafl, CTPOTO BBIMykKJas nopepxHocTs [I Golaa
NOBEPXHOCTbIO paBHO# wWHUPHHBI d HEO6XORHU-
MO M JOCTATOYHO, YTOOBl OHA NIPEICTABJILAACH

» suge (1), rae &, y)- npoussorbHas GyHK-
UM, HENMpepBIBHAA BMECTe CO BCEMM CBOMMH
YACTHBIMH NMPOM3IBOAHBIMH [0 BTOPOrO MOpPAA-
Ka  BKJIIOYMTEIbHO Ha  IIPAMOYTOJbHUKE
D={0,2n]x(0,7), Buzga:

d = .
8(p,w) = 5% i§1a2i —t1cos(2i - 1)y +

o0 €D e
+ 2 1.2 Aj2k-1cosiy = & A2v,2k—1j cos(2k ~1)o +
k=1\\i=} v=i

€0 x
+( ZBjk-1cosiy ~ T B2v,2k—1) sin(2k ~ 1)@)
i=1 v=1

Takas, 4To BeaMuyuHa (2) He MeHSer 3HaK Ha
D.

3ameyanue 1. Ucnouabsyd mnpenenb-
HBIA TEePEX0], MOMXHO PACHpPOCTPAHUTD Teope-
My 1 Ha G6ojee WHPOKUH KITacc TOBEPXHO-
CTel, B YaCTHOCTH HA NOBEPXHOCTH C peSpaMH
H yrjiaMu. Hp}i 3TOM, €CTeCTBE€HHO, HU3MEHAT-
¢4 M TPeGOBaHMA K TJAAKOCTH (YHKIHH

e v).-
dameganue 2. Y3 mnpeamoxeHus 2
cjaelyer, 4YTO BHEWHSAS &'-3KBUAMCTAHTA JIO-
60#f TIOBEPXHOCTH DABHOM IMMDHMHB ecTh TO-
BEPXHOCTb paBHOI wupuusl d+2e.
Hoxasateancrso teopemnl 1: Tax kak
MOBEPXHOCTD I'MajgKkas Bosje noswocos (y= 0

HyYy== ), To

Bow) _®ew)| _,
9 l\y:() a ’w:n

Kaxnas onopHas ¢yHkuud, 3agaHHas
Ha npsaMoyroabHuke D=[0,2n]x(0,x) gomycka-
eT 4eTHOe, 2m-nepHoguveckoe (mo W) npo-
AoJIKeHUe OMNOpHOoH (GyHKkHH. ITO mNpojoJI-
XeHHe CHOBA 6yneM 0G03Hauath uepes O(q,y).

M3 ycnoBuA TAAAKOCTH M YETHOCTH
dyuxunn &g, y)caenyer, uTo oHa uMmeeT cie-

aywoulee pasiaoxeHue B psaixg Dypse:
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= o] a0

9(cp, w) = 2l + Zajcosiy +

Z (ak coske + Bk sin k(p) +

k=1

(Av,u cos vy cos up + By, |, sin pecos vw)

(6)

o« oC
+Z Z
=1 p=1

fAcHo,yTO

Mow) _ 2

=¥ -3

op k=1
® ©
z Z
v=1ip=1
H, CJIeJOBATEJBHO, 4YTOOK BBIMOJHAJUCE CO-

otHomeHuss (35), kospouuuentsr Dypbe
NOJXKHB yXOBJIETBODSITh YCIOBUAM:

(—ka.k sinke +kp), cos kcp) +

(-—uAv’“ sin g cos vy + uBy |, cos upcos V\y)

[0 o]
“Thegkeg = E0 T HAvy R

v
~Tpetkog = I T 4 (-1) HAv,
ak = —Z%‘;l AV,k’

= © v
ok _Zv::l (—1) Av,k :

‘2_.?—_—1 kBy = ¥y 2;?:1 P‘Bv,p
=
~TiikBy = T2 TP (-1) kB,
Bk = _Zii—‘i Bv,k’
=

Bk ‘E::t (_1)va,k1

ChnejgoBaTeabHO,

TO €CThb

0
ay = -~ ZA2v,k'
v=1 ’

AHaJOTHYHO nojgyvyaem

o
Bk == ZBZV,k'

v=1
Takum o6pasoM, a06as 3aMKHyTas,
CTPOTO BBINYKJIad, MOBEPXHOCTD, IIpeacTaBUMa
suge (1), raze HempepbiBHas QYHKIHA

B
&, w) uMeer BUL

o o}

%9
8o, y) = — + Ta, cosiy +
2

i=1

D w0 @
+3 A;x cosiy - T Ay, k) cosko +
k=1 \\i=t v=t

[« 4] X [+ ¢} .
+[i§1 Bi,k cosiy - \Ei B2v,k) sinkg

H Takoga,
3”ak Ha D.

s nn.2 u 3 reopemnr A u onpejeie-
HHMSA MOBEPXHOCTH DaBHON IMMUPHHBI Clefgyer,

uTo BhipaxeHue (2) He Meuser

4YTO ecau 1oBepxHOcTh (1) ecTp MOBEPXHOCTD

paBHO LIMPDUHBI d, TO a
(o. W) € D nMeeT MeCTO TOXZECTBO

e BCEeX

6(p,w)+6(¢ +m - y) =d

Orciopa u u3 (7) cpaay nonayuaem
XL

Ao, w)+0(+mm—y)=ay+ Z(“(*)
i=1

1) aicosi\u +

X0 .
(1+(-1)' **Ja, | cosiy -
@® (=1 ’
+ ¥ t= coske +
k=1 x v+k
= (=) Ay,
v =1
[20]
Z(l +(—1)1 +k)B. K Cosiy —)[
gy 2= sinkp{ =d
g v+k
=1
HJIM, YTO TOXKE
o
Qg + 23 cy; cos 2y +
i=t
© {’ =< ©
+23 L[2A2i2k cos 21y — EAZV‘ZkJ cos 2k +
k=1 \\i=] ’ vl

& \
2‘ B2\‘ 2kJ sin 2k

v=1

w0
+( 2 By oi cos2iy —
i=1

o) =
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A A Jluryn, A A llymeiixo, C.B.TumueHKO

Takum o06pasoM, A8 TOro  4TOGH
noBepxHOCTh (1) 6bL1a MOBEPXHOCTHIO DPaBHOH
wupunsl d, HEO6XOAMMO M JOCTATOHHO, YTOGBI
xoadduumentsr @Dypbe ONOPHOH  PyHKUMH
yAOBIETBOPSANM PaBEHCTBAM

ag =d, api = Aok = Bk =0
(i,k =1,2,X),
yTo BMecTe ¢ coorHouwreHuem (7) M 3aBepluaer
JOK23aTeNbCTBO TEODEMBL.

Ha pucynke 1
[OBEPXHOCTeH PaBHOW LIMPHHEI,
0=18+07cos5¢ u 0 =10+ cos3¢p
BEHHO.

NpUBeJEHDbl [TPHMEDPSI
y KOTOPBIX
COOTBETCT-
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