
/tJrr cropoH c|, ct, cf ..,), r:2 n t:1. anuHbt ptaoB non6upan{
ICCfAa raK, qTOObI nOCreAHstl IpOMeXyTOqHat C',rOpOBa nMeJIa
'flx'|rb'q !qpeKuhorrHbli yror. flonyTHo c ypaBHrBahueM psna ofl.
Ir()LCAr"'rH O6prlHde Beca c4BfiroB Bcex roqeK luafoBarn AD. 3ft1
Ii rlllcJteHnrl noxasarr, qTo Ha BeJITqHHbI o6palHblx BecoB TaK)Ke
|JlrrteT To{rbxo y.qa,leHte roqxfi 0T xpafl ceTu, 10 ecT! ollll tB!'It-
r(frcr QyHKuurMrl HoMepa &. AJujHa pr,qa npaKTxqecxll re Br''rnfieT
lll roqHocr! lloro)KeHllr nyHKToB, B Ta6,'r.2 npr.{BeAeHH 3saqeHllt
ltpoaorbHux l't noltepeqHStx caBnroB Bcex ToqeK ptAa, cocToqulero
It3 26 rpeyroJrlHr,rKoB, KaK noKa3brBaror gTn AaHHue, AupeKqnoH-
ltble yrJIbI npoMexyToqHllx cTopoH Toxe yMeI{bIuaIoT Be!'luqI,IHy
ltonepeqHoro caBura, flo Mefibrxe, qeM nr.rpeK]IljoIrHbre yrlrlbI cat-
3ylou{nx cToporl. llp}i 3TOM yBer'Inqeuue lyc roTbi npoMexy'fo'IHblx
cLopoH c xecTKi,rMr'r AnpeKqrloHrrbrM14 yrnaMlr 6oJrbrne_ r':6 npqK-
1 'tCCKl{ lre noBb,uaeT Io'rHo.rb nonoxeH/q nyHKl0B. A ecrh qa)K-

^ar 
uecTar npoMexyTorrHar cropoHa iMeer xecrKun aupeKqnor{-

Iblii yror'r, To nofiepeqH6li cABnr roqeK B cpellHeM B 4 paaa 6onb-
ruc npo{o,JlbHofo. r.1 yNreHbLxacr.e no cpiB 6dho co cBo6()rHbr\r
D']AOM lrl.

143 cpaBHeHufi naHHlrx ra6r. I n 2 Bfiaso, qro B prrax rpir-
Iarepaqur, B KoTopbrx Her rBepabrx nyH(roB, BnrolHee IlMeTb
'raepAbre -4HpeKquoHHbre yrrbr cBrr3yrou{rjx cropoH, qeM npoMe)(y-
TOqHlrX. llpu 3ToM TBepabre aupeKrlr,roHHbre yrJrbr cBrSyrorlux cro-
poH noqT! BbIpaBllt BaIoT BeJIIlquHbt apoaoJlbtlux u noltepeqHhtx
crBrroB: naxc B fqle { 2C Tpe)forlbHHxoB fionepoqHbl,r crsJf
TOJIbKO B IBa pa3a 6OJIhUre npOAOJIrrHOrO.
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|PABIITAUIIO H HbIX MYJIbTIINOJIEII 3EMJI14

b nocleaHee BpeMrr npn pa3roxeHrll BHeur{ero rpasnTaqhoH-
IIOrO noTeHJlriaJra B psa no uapoBHM QyHnqnrM
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!aptAy c _o6brqIbrM npeAcraBreHueM coepnqec(ofi noBepxHocrsoii
4y8Kqxl{ y,(S, ],) (HrpexoM Jlan,'raca> I

I
L) (cin cos rnl,+s,- sin rn2,)Pl (cos o), \2)

HaqqHaror noJlb3oBarbcr ee Ma(cBer,toBoir oopMofi 3anuct [lt]
d' /l\y.:(-l)n-M"--(:1, (3)4t onton2,,.onn\f I

B. p$ynbrare KaxAbrfi q,!eH prAa (1) Tpa(Tyercr xaK nofeHUfian
vn rlry bTrnonr n-ro-nopsllxa - ToqcqHoro o6leKTa B Haqare cfi-
creMbl KoopArHar lzl. U yqeroM noc,tcAHero B BHpaxeflsH (3)

M. * r,'tonrerrr, a ir -
qac|(ofi lpyuRunu Toro

ocx My,lbrunort n"ro noprAxa unx coepH-

xe nops.{(a (i:.1,2,..., n); ;il o"nu-

Hae'r luooepeHq poBafifie no HanpaBrer{firo 81. Touxy nepeceve-

HHr noroxlreJhroro HanpaBrerrr ocx /r] co c$epofi uasuaaror
norocoNr coeprqec{oi oyHXuyH r]Jx coorsetcrsyroqero ei Mynb.
TtnoJIt.
_.. Hcnorb30BaHfie MaKcBen,toaoi OopM6r ianllcu V" (c yqeror,,r
{rrl KaK noTcrruxaJIa MynbTHnorr, npellno,,tafacT tIalrc xoop-
4urar no!' ocoB li MoMcHTa rroc,rc4Hero, To ecfb (2n+l) xoHcraHT.
orae,raroulrx (2r1+l) croKcoBr,rv nocrorH brM 3eM,1x C-n, Sn.npr 0-6ucnpftHrToM npcacTaBJrcltlrI ee rpaBHTaUr,roHrroro DoTeHuu-
aJa..J1^ccrt fara'ra Haxoxnefl t ocet rpaBltrauBotjubrx [ty,thrtt_
no,lcii 3cMix yxc peui(Ha u s reopcruucixor,r [5.6]. rr e niaxru-qccxoM l/l flJarre! To Borrpoc 06 onpeAercHnr.r MoMeHfos Mv.rhr,4-
Io,rcii rp(6) eT cuLe IeKoTophrx r.tcc,'re!oBaHfi ji. I_le,ru uacrorutcil
pa60rbr - o6cyxIeIfic BoJMo)r(Hbtx nlrei pelxeH r yxa3aHnoji
3aAaqr u fix peanu3altflr Ha npaKru(e. OTMertM npy 3ToM, qro
r{cxot1n6rMr.r AarnbrMu 6yAeM cqurarb croKcoBbr nocroixssre 3eurr
l1 xoop,!IIaTbr. noL'IocoB ce rpashTautlopHbtx I{yIbTxno,,tefi ,

MoMpHT M, lcrxo sajiil cpaBHeHfieM ipencraB,teHfis (2)

coeprqecKoii QlHKUrn y, c coorHoueHreM y,:M^fi, rrc y^ no
maxcBe,t"'ty eclL QyHXur.lr KOCHHyCOB yrrOB Me)ItAy ocrMD c(pe-

puvecxoii rlyxxurl [, " roc""y"ou yrnoB Mexay paalrycoM-BeK-

ropoM ru ocrMr.i /rr Ill, ll. Tax, BH6paB reKyuryro roqxy, Harrpx.

I B dopvvr-\ (l) I 12) .,9. I - rcouets,psqe.qre rooDArHarb: f rDaBrraqro riJr no.roqHHar: /x _ vacca 3evrH, C,_, S,-. - ,. .B8aropranbHui panr)c: p.-(Los0) _np
ayHxur, Jrer{aHroa.

i6



uep, r cerepnoM (oJrloce (o:0'), no.'lyqxM c"Ieayroqee Bblpaxe_

IIre an9 onpcne lchlltl MOIVCnTa

.. IMa^C"o

)KaH,4pa, ro ecTL

Fj"1co. u1 P", ((os u):P- r.0.0i (,?:0);

Fi'(cos o) :Pf, icos 0)

C yqeroM coorHbruefillii (6) raxxe npeAno,r?ralorct HopMl,lpoBalr-

lrrrMrr rap\rolHq..K,rc r.ottlQuurer'r"l ,4,1 4,' r' r'epo nc"' '
J ooofi rbc,loqHhb ii EcK op c xoop4 Fr1a\l (t/. u. 'ol. a v -

td- d.. o-\
lrcKropHblli onaparop \o:il;il -k)' 1o Mo)\iro noKalarb

ll0l. "to
(".v) ['- rr'f. r,'t]cosml4Bl <in'r;!r^

t4-

XPd(co.0) I .-"'I rAI tcosm)-BT+tsinn)'1,/

(7)
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(4)

rae BenrlquHa-yn' npeanonarae,ci Bbilacr''IcllHoli B ceBepfloM no-

nroce ({= 0"). Coornoure'lH, lll arpo6lrpoBaIlo d npahl upchHx

fiDu,rlu/(crrrrqr 13, 4l, onll"ho l'Pc\'lolPq Ha llD!cfoly reopcrnrr'_

cioir ocrorsr, ero npr"rnrlel r.c nph,n>4 Tpy lo'NL{o u lPpaqqo

00nbro a.r,tn npH llcfo.rlbroBc'1h/ JutsM 3lo 06-Jlc 
'lercq 

fnaB

tir,rn oopa.'om i,olt.t'o.,oto ,,laKLBA l'qoBoro a'lloltt rNIa IlanxcaHra
i.r,""""""t.oii .b\H^ur, lll npu ,?>4 8 cBe3u c rr v qropM)rly

f,il ro*no ter,ouerraoriaru n,4ub l1!'rt qbl l cJeHflt vov"lroB
My,'rbTnno,leii HiI3 lfix nopta(oB' Pacc.rorDn14 rencpb c)urecrB.rrr uft pe-yrb'.ar 4'l'lnll:" J]91
nor''rvqeFHLl!l | \l nDh h ty'r, I'/H BOnpoca o nleooft roBal H'r cqep'r
,recirx rapvor. x.'n1..l" Vn =r' 'r l,(J 7) - LLanoBas 'ltlHK-
uug r,r

'' ,s- n "' nllFi rco" or - 15,Yn: L \An cus rr^+ljn srr

cLbeDflq.cxae noBenxHoclHaq EIH(u q npllq\M P- rro'0) --
xiairnopMrpoe"r,rran no Lll\aHAIy npHcocrr'heHllat l].)lldur'n Jle_

I tul

l
( I < 11<,1)112(n m)l

V 0"+*)l

XF['(cos s),



rAe Anq ,r:0, 1, 2, ,.., n+l
2Ai.1:ulrt.t-o-'rol ,,q?- . pl-,,4:-'l -

-, p 

"i*,s I-' + aT.,df''r qz,yi*,aT ;

z s[*, : u 1a[*, n i-' -B]*,rl*t +
+o[ (r+6.r) of+r.4;-'+p;i,Af+'] +2o,r,L'B;1,

nprqera ,4,1":0, KorAa m<0 r rn m>n; BJ:o, xoraa n<0
IIJI\I m:>'n, 6ft! - cr,rMso,'r Kpouexepa;

(2-6^) (n+m) (n+n+t)

F,+r: [(r*6-oJ (n m) (n-m+1)]

(8)

l;..t'r+
l._ (s)

\T+\:l(n n+t) (n+m+t)l

_ Cor,racno abrpa)KeHHro (7]', ecnv V"
ut \i:1, 2,3, ..., ft) - .1rc6oii na6op

u: (-r.v). (a.v) ...

uapoBarr QyHXr{i9, a
nocroinuux BexropoB, To

(u1".Y)V" (10)

-l_

TaKxe uapoBaq OyHrrtfirr (nopqAKa r+ft), npnqeM ee rapMoHr.t-
qecKre (ogrpofiuucHTbr nerxo rraxolrrr [10] rs rapuornvecrux xo-
3oonqneHroB y, c noMourbro coornolrenaii (8). 3aMeruv, uro

I
B rracrnou cryqacr xorAa y,:-:-:%, cneea r Qopvy,te (10)

noJryqaeM ruapoBylo QyriKqurc . A,ro nopsAKa, Ko3oorlqreH,rbr

At s BI Koropoii noc,,reaogarerrrHo BLlqncrrror c r]oMolqbro

peKyppeHrrrlrx OopMy,l (8). Ea'rnHaF c l0:1, 83:0.
rrprMeHr,rM renep6 sror anfopfi,rrr Inrr onpe:le/eHnfi MoMeHToB

Mv,rbrrrnoreri. C yverori auparrieuna onepaiopa auQQepeHqxpo-

uu"un no 
""npau,,r"uu,o 

f,r.

d d .d a'a":at 
dx +0t ds+cii, (11)

Be.!fiqnHbr di, ,i, ri c,rHTaeM HanpanrrrorqfiNrr.{ KocltsycaMfiaAe
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ocei ftj cOcpuiecxon qryHKr-Hv, HcxoAfl H3 l3). Y, eanropl''t
D B'AC

rn.t\ l-r a d d\lY.-( r), , .^4,1I \o' o +b.-'Lct-)-

fln].r B Be(ropHoii QopMe

+- I

Y, .{ l)' , /r'1"II rr',.v) 7.
Pacl<pbrBai{ npaBylo qacrb BHpaxesrtl (i3), corracHo

NMEEM

'. Mr sr -.-t.:;I Ai co\nt'+B:' .it' nr'rPl r"o,0r.

ra6 Ko3odrrltuelrrr'L4l' u Bl uoNso BLlqltcr''tllrb c noMorllblo
Ho eHnli (8), 3anlicaliHblx B cfleayloqefi QopMe

2,4i' :arLr l *d,.r) olA: :' -P: "13' l-

-b,1,,: B-]'+t): Bl;'l- 2.,1; .4: .:

zn!:a^1a? ai,'_.p,l B;:1'l +

+6,1(r+6-1)af .4l1'1 +pT tLI'I+zc,^t! nL
(,4J: I, to':o; l<i< r).

c apyroii cropoIIu, Y, Bo3bMeM lenepb B c,rleayloureM Buae

f,:r^ta" I (c-,, cos fll+sn- sin rnL) Pj'1cos $). (16)'Lt

rre 4Jra np coaltxHerrHblx 0)HXuxfi,rlexaH!pa,r cloKcoBb\x no-
crosnnurx 3ct'rrr BbrnonHcHo xBa3IrllopMllpoBallxe no LUM al)

f"o:c.o,m. or: I^ l {17)L_..I 
V_Ut,?'t {.^,- tr<,<nr. | .. ,

S,_ | t2(ll r)ttS"_ - - 
J

IlpupaBHuBas ant"t *ouqrQ"u""""o, npu oAttEaKoBbIx cQepH-

qecxlix rapMox!(ax Fj' (cos o) cos m)' untt P? (cos 0) sin tnl,

- 't 39
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(12)

( 13)

\7),

( 1s)
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B BbIpaxeHLIsx (la) u (16), !'IerKo noJlyriaeM * coorllouleHnt ,q!'It
HaXOXAeEItt MOMeHTOB apaBI{TaqUOI{HbIX MynbTtnOJIeH (Il,ln COOT'

BercrByroulix uM cQepn'recx[x OyriKUnii)

tMan.Sntu.nl

BHpaxeHfirr (18) yao6so sec(ongKo flpeo6pa3oBarb,
npH onpeleJleHrnli rap\roHfi( fpaBrlaurjoHllofo norr L,n,
HopMxpllor ne no IIIva!ry, a c"leA) oul,v o6paroM:

c-: j3 r-:oi,
t2n+l

(18)

TAK KAK
Sr- nx

-..11*l
2(2n+t) (n-m)l

(n+n)l
{."",1 r,=,,="y

H coeplrqec[yb (pyfiKqrro [peAcraB,trroT TaKl

O yverou noc,reauero no!'ryqtlMr HaKoueu, cr''reryrc!{te 86rpa-
xeHIrfi

f M,an Ctuh nl IM a" S" .nl

s-"- I

''l2n+l; Mn:

(1e)

.'l2tl+t, (21)
Bfr

no3Bo,rtpDlte Bblqucrsr6 MoMeHTBT cQep 'recKHx $yHiiqHii (urn
coorBercrByrouiux rpaBuraqronHLrx rr'ry,rsrtno,,r efi ) , npfiqeM c KoH-
rpo,leM (2t+l) pa3. KpoMe roro, coorHoureunr (21) u (15) an-
paxaror ' gteMer{TapHbrM o6pa3oM cBr3b Mexly cro(coBHMu no-
clorHHl,lMr JeM!'ru u napaMeTpaM!.{ ee rpaB{Tarllloriri6tx My!'r6Tr{-
TIOICH.

OopMy,r6r (2t) 'i (15) 6b,nJ.{ Hcnorrb3oBaHU npq Haxox(reA{rt
MoMeHToB rpaBrrarlHoHqbrx Mynbrrjflorefi. 3eM,1H, npuqeM croKco-

.BhI nocrordlrbre Cnm, S.d 6parri ts [8], a uanpan,rarcurte xocr-
i{ychl ocefi My,'rbrrlno,'refi - no Aaunur,r crarrll [7J. Moueurn,
ecrecrBedHo, onpeAeffrr'rr.rcb c yKa3aHHbrM llbrure (oHTponeM. Pe-

. * noao6sar 3aaaqa paccMa?pfiuaercr B
rrtra (18) rcnorh3yorcr Anr raxoxaetsHt
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3yjrL,T:Tbr Bbqt.rl. ufit !ore,t on tpaBr'2 trotrHL.{ vvlLt,r to.reir
3erv,r/ te " rr',qu ,. /nl a"1 nprre ci,. r rlrre:

2 1761266. r()i 7
3 r 1280. r05 8
4 5 t8l .105 I
5 3056.105 l0
6 2116.l(|6 ll

1.195,I05 )2
876.105 t3
463.los 14
411. tos t5
2!7 105

216.105
l!18.l0s
197.105
157.10.

BnepBbre 3^ecb Haii!eHfirre anaqeHur i\{o\1eI|,roB rpaBuraunorr-
HLIX i\{ynbrxno!,Ieii :JeMrrH !o l5 floprAKa. c o,tHoji c,ropoHr,r, 3a,
Bepurarcr onpe,rle,rclrxe Bccx (2n+1) IlapaMc.rpoB .r!rr{ riar(,lqro, a
c apyfot -- ocTaR.[rll),r B crne 3aKliltorrnTcrbxbre 3arcrtarrrt c-fa-
rbn [7] o Bo3noxHotr lrrepnpera(rH noJrvqer rbrx pcavrb.raroB.
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