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r. A. IIEIIILPflKOB, tl. H. []OnflK, n. r. IEtltlLKA

O NPEACTABJI EHHI-I OYHKUHI,I
EHyTPti 3EMHOI-O 3J'IJIHnCOU.U.A

rtAcTHqHoH cyMMoljt o6o6t{EHHO|O PqAA OyPbE

npr peucHux pqAa reoAe3nqecKux, reoox3lrqec(xx u Apyr x
rir^irrr Bo3HrKaeT Heo6xoax\{ocrb nDx6nlrxeHHoro aHaJIITuqec(OrO
Ul)r'IcraB,reHIlr u3yqaeMoii QyHK( n BH!rpr 3eI{Horo 3"'I!t}incollaa.
llirI|puMep, npfi paccMorpeHIrn BHyrpeHH€ro crpoeH{t JeM,rlr o(oH_

'llrnlJrbHr,rM p$ynbraroM ao!'rxHo 6Hr6 Bblpaxesue pa3Hooopa3HbIX
rrl);rxreprrcruK 3eMHLIx He/1p ( x n,rorHocTn tj, lllyTpeHsero rpa_



:11::l:1,t"j9 noreHuHr,ra IZ, ycxopeHrrr cn,lbr 1,rr{ccrl g. r v,r..prrvpbl 1. ra3.t' H t P np.) q.pp3 KouptHt,ct6t to,le{ Benh.tr-
HbL loJ'\\aevb'e,no naHHbtv,ld6.tnr!eH,rii. Ecr,r.reeuHo.,, ro o{HHn
r13 HaHUO'Iee JoQFKT,JBHbtX .lnrlretc, ctoco6 nfelclrsrlcHrq QytrK-Uuri, ocHoBaHHbui Ha cnoJrL3oBaHuIl o6o6lrtenaoro p,lAa dipr,cnrr QyHKttHii MHornx nep_eMeHrrbrx. IIprlrrrIrrnrja.,l,Hrrc ocnoBH,ra
i:::-:,19::6, oqeBfiAnbr [],21. Oanal{o, yq,irbrBa, orcyrcrBfie B

l:]:llrlli" xoHKperHirx Qopuy,r arr pcruearr coorncrirryroqrx
3araq !a)xe B c,,ryqae flpocreiiunx o6"1:icreii, Mbr ou,"y".a""i, airiooq,v}o 4'opMyrry Ipn6rrtxeHHoro npelcra8"leHu; oyH(iHn
flx,g,z)eL: DHyrpn 3.{r}rncoHAa gparucuuq 1/c rro,.rqoHoir D r

\
)^Barop a,rorui a rol\oc.rvl n 

"*r,,"" . a-6l

,-a sin S cos r,, ,:a sin S sjn l, z:6cosO (1)

ll:lll:it-1 ?y"911 ee o6o6n{e'Ho'o p'^a ovpLe, nocrpoc'Horo nononHo,r opro,ropt\j poBr,rHoi, B rn"T,,t..o n,. tl) crc nirc OIHrrr l
Ha ocfioBp yc\onFo;,r t,leiitro-trc.itrlcl^,toii c,,c.reu,,r oano,.ii"n"

I'psqzrl, (p, q, t:0, |,2,...). (2)

Ha,ra,1-,lb.Nt J-arov ppu,. q ,t,,ii .!r.lir, t 6Lt.ro noctDoeHfieoplohonvr.lopaH,rot E r (.rI.r,.Mr., {l,y I( l,i{ Ojrrurn an 3irriq,. c.h vbr {zr BbrnoJlIq.rr.b fnr.I|crr, rjrji.M r 1,"rrc.c,, I pruua Lu,rra a(cPcre\rp QiH^u ra l?l- l. r !,?.xz .. h:-., rpyaoeur,ocrrr
nonyqeHnr oproHop[ltposarruo]i crrcrcMr,r {ynrrltii ri'o6,racTlr tfiCXa.|x He On tO"Oga,loHDlC ur,/, J . X!ir r'tOp tOfor{C,1bHbr,.r .lO"l]t.H,,-
Mr,r v, hofopNe 'lll!1ro6oM n- p q) | op.otoHajbHbJ Bccv

HbrM roy he cTe F . Pz r"roMeHr c fi no .r(oii , rrr.:,r. 1O1 crox
HO B BErqkc"{uTcrbrroM oTltolxcHxfi, rro B pe3yJb,ra,rc ,roro, qTo Mar
l:r1i,l', r" ." H. iiHLr\ lpjrB errql;. or n,,re-rro q.rx Koroe!,r.xeH_rb' (u!nr'. B !1oV cjy't,1,, I.sa r.tn,Ja-oqar'lb,ta. no,tyqar.11-re Brpa-xeHrrr nor'rfirrovoB l2i npH nax^oM m ctMMeTpfiqnbr ]tx BltI HeraBI(rr ' i BL6lrpa rupqn^z HiMnpa ryy ,!i. ,{uHil rLrorHoii .r.fe_vrr^{zl "tO. r..}...u8/O. OT.]].t .,et nht,_r(..,,,1rr.

JaaepruarcqtrM 3t.aroM qBtrrr.rlocL o,rHcKaHlte Ko3oonuHeH,foBpr:ra Ovp!e

rl{x, J'. :) _ I L deure{(x. y.,t rJ,

noA l]6brrrHLrM yc,rlonrreNt

I <, u"o.
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^ ,I4J-3a rDo^ro34xocrri Bb,0o!br 6jrjtlr Bt,noJlt,pH,l npd n .0, t,2,
.r, 4. tt peryr'Iura e Bbl'1HCre l nury'teho. Hr tp,M',p.

l,tx,y,zt - f.P^(r,y,rt, (5)

rAe P- - oaHopoaHo" 
""o.oulJo, 

c Ko3oolqreHraMu,3aBucr-
rlnMr'r oT napaMe,rpoB 3r'tJtHrrcotrAa a oT pa3MepHhrx cTeneHEbrx Mo_
MenroB r.rcc,'rcAyeMoii QyHtqv f(x,g,z), Koroplle, Kax trsBecrHo,
HME1oT BUA

I
r eq, 

(J): llr'Y1z'd'. (6)'J

.{,u yao6craa ncroJrlgosatrltr oKoHqarerrrH6rx OoDMvn B Bbr-
paxeHur rrna (5) 6!r,!n uleAeflH BMccro (6) 6eep?rsileprrue cre-
neHHEre MoMeHrbr Ql,Hrqlru f(r,9,2)

tp",tl)-1 
^^req.(ll. Ip+qJ r -ra) 17)

rne./000:Jldl - pa3vepuHi creneHHoii MoMeHT HyJreBoro noprAxa_

C gToii xe qeJrr,p 6br"i cAenau eue nepexo/{ or npqMoyroJlbHbrx Ko-
opAlrHar r, ,, z K KpfiBo,rufieiiHLrM p, O, i, no QopMy,raM

,:dp sin $ cos ),, y:4psin$sin?,, z:rpcos,9. (8)

BBeAeHHbre r(ooDAuHarL! lMeror c"lenvrcru ii cMbrc,q: L reo,
rpaQn.recKarr Ao,rrora; d - <nonrpHoe paccrorHne), cBrsaHfloe c
ooLFrHbIM noJttpl{blM paccTotHxer{ o, To ecTb c Aono!,IHerIgeM Ao

- I rouer rpr,-e.xon |rppolb.0opvy.roii

(e)

a 6e3paeMepHElii napaMerp p:const (0<p<l) BbrAerrer Brryrprr
19,!,rrllljco]ta

xoHqeHrpn'{ecK[ii rr noAo6Hlnii er,rHnco]rAy (l ).C yverou yxasauuux sanen u: (5) xoly,reHo o[oEqarelbHoe
rrpeacraBrieHre lea: uacruvuoii cynn6fi prAa Oypbel

tlfo : # {T..,-r+ (,,,,+ r,.. + }) +

( 10)

(,","+9+f)l)++ u 
[(r,,. 

+ r,,,+ $)+z
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*'T {f'r",-'(,,.. +,,- + f )l 
u + 

[r 
4,"-s (r"*+

+ n," + !y)l* + 
1, ? -'i';f .'; . 9;1 " l -

-,' H{[",,- "(",.+r.,.+ 4)+r r(sr,^+'",.*'# +

+ a r.,,,+a.:p' + z!)1"'r+l r"," -ra (r".. + : r., +

n4.,) I r r/r,. I s rooo, 
Io'.' I at,"o- 24 + o4) | c*. +x' a'/)

+ 
[2r.."- 

rs (r,,,+r,,"+, 4i 
) 

+ r r (r.,,+r"..+ s 4 +

+2r,",+a$ +e \)]",- efsr.,,-rr (r.,, +r,.. +

+ 4)].'rv-e(o t'' -r' (f + f + f)l*,-
-r[/l' rr (b-lr'"*'l)]**1+

+"f {[(},.-+',,"+ 4) -,,.,]",r+ [(!,..+,,,, +

.'. /-r-"' ) r", 1".r, I f l l.l, * /.' +'.'' ) - 
/*' 

l.' +
J L\J '' a "/ a I

+ 
[(r,. "+,," 

-, '])-,.,.1*r..11, L: . ": *)-
-f] *,* l'(f + ? + *) - !'J"',i' + (,,,,.+

+'+ +r,,") -r,.,] " 
a'"l-l(s'; +',""+ t 

"",) -
*r,,.]*v + (a ! +r,,.+'",") --.,,,1*.u +

++Iu uu l+



"ff {[,,,,-, (s,,,,+',,, + $) + (f; ,,* ",,. 
+

th,j,z(sr,,,-s /,:, +'+)lon r[n," z(n," -,,J \ r. a./t i \

-s,",.- 4-)1/r," *r.," 4). z(sr,.,at:y.
'"J \ r x-t \ x.

s4)]".r+ 
[,,,.-z(2"". 

+ r.,"+s $)+ (,,,,+r,,,*

+ f f ) 
+ z (,,,, + s'; +';)1. +,1' 

"., -, (r r,,*

+ 4)],,*r,+ r 
[r,", - z (aa*+a*+a ]) +

(sr.,"+ r"., + slry) + o (r,, +a $ + f )]",*r, 
+

+ 21"", - z (""" + sr",, +s') + (r,,, + sr.,., +

+ s 
Iy) 

+ a (,",+!+ a 4,)] can - ro f,,,-
- (i',,,+,,,,+ f)]",Fi - 16 

[!" - (3'f, + * +

?)1"* - ro 
[r,,"- (],,,"+a,, + *)] *" -

.', [? -(3* * ? + 4!1)]".,,-16141 -(; 64 +

+ ! + 
/"' 

1lt.u' - ro [i,' - /s {"" , t"' n,' xtJ tx \3c a

f 4!)l"ir- 16f+ - (sI- +I-+I+)ls"nr -

7-+31",+ t) + (b /'", + s1*" + *) +6 (3/,,.+

(ll)
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rae arr Kparr(ocrn
,t : sin

a:l- (12)

OopMy,ra (ll) llacr npt{6!qnxcfiHoc npeAcraBncH!le npon3BoJtL-
Hoii oyrxuun f(x, !1, z) e lj.florltr{oMoM 4-ri crencHx o.fHocirrelrr,Ho p
c Ko9ooriqrlcHraMr, 3aBUC'UIHMH or yr,loBtrx Koop^ B:rT 0 I 1",

l\poMc IrapaMcrpoB 3,rIq'III[coIiAa B (ll) co^epxarcq 6e3pa3Mep-
rrbrc cTcIlcHHr,rc MoMc Thr oyH(unll I, Ec,rr nocJc]'lHHe IaHr,r, To
QopMyrra (ll) nrrrprxacr peuelrxe yccqerHoii npo6rcMl,r MoMerrror,
KOHeqHo. npn RHtronrrclllIr ycrloBllii pa3pc tMoc,rrr ce, aJr ,acx

cIy'raeBr xol/lr frccMaTprRaeMar olHKunr Buy,rpn 9r!'rrrncor^a
rJParte'rIlr 3arIrcIf '1{)rbr{o or o/'lHo}t Koopallrrarbr p nJrrr or ll}yx
KoopluHa'f p r {1, rcrloJrh3oBarIlro OopMyrrr,r (ll) rpcArrorarac,
IrpcArlaPIrclrbr(xr ycpcl(rrL'nrrc cc ro cQcpc parnyca 0 rrlra rro oalroii
xooP/lr'rHaTc ;, coolllclclrrcrrllo xar(aoMy paccMa-|pIrraeMoMy cryqato.

OopMy,ra (ll) poaJor3ycr I|an!'ry\lxcc xBaAparllqccroc rrpn6nrr-
xclrlic 4)yflKIlfirr / Il)I cc aInpoKcrrMr'rfoRarrifi o6o6lr('rrrrhrM I|oJrn-
IIoMoM RrULa (3), flprr yncJrt,rc'uur lr cpeAfirr xRaApa'r'rllrccKar Io-
Ipcru|locfr) rprr6Jlrx(cIIr €2 rrc lro3p2lc,racT l], I(aK tr3ucc1.no Il],
'rMccT 

Mcclo prrnloMcl) ar cxo/l MocTL noc{'Ic^oaa1.cJhIIoc,tu
(1,(r,, u, r)) K f(r), tJ,l,).

llcJrrr arl)ropl rrlx'c'rrir lplr(t/Lrrcr(rocrr, r'3y,racMoii 4)yrrxqxn |{

xraccy flcrrpcpr,rIfl,rx rlryrrxrLrrii C (a uc K xJxccy l]), ro,r,ra 6o,'lr,-
rrrI|rrcr'Ba Ip1lKlrt'rccrflrx rrpIJr{)xcurii (x)l)MyJta (l l) npnro,r0r.r. K
rroJllrc y,r(oDJrcT Boprr.(!rhn(JMy p(i3yJrr,Ta,ry. licrrr xc no,Iy,racvarr
rrprr sloM lo,rroclr, rrc1ocllllo,rla lll r13tJccrlo,,rro (!ylKrlrfl I r{Me-
cl rrrryfprrurrJrrlrcoruLa l)a3l)l, rhr lcIpcprjl]nocffi cpsoro po^a, rc
HcoOxo/lrrMo rur6o rrocl?ot'1.t, OolMyJtLt Trna (ll) nprr 3ua, u.eJr,I]o
6(lrLurx rr,,r'ro, o/trraKo, rrc DcerAa 6yAc,t, pucM,rcMr,rM, raK Kar( trpI
sroM coxpanrrcr 3aNicHa pa3pL,rarroir OylrKUUrr (l yrrKrurcii rDHo rnaA-
(oii, "rn6.) pac,rpocrpaHnTr, rry dropMyrry Ha cryrraii pa3pr,rBHoir

QyfiKr(rrr.
PaccMorprM oArrl 13 saprar,fol lclloJrb3oBalur QopMynbr (11)

nPnMrHnr€,rrbno I{ c,rt)qaro, Korla or|ocrrreJrbrro (DylrKrU{H / uMce,rct
no roJ.rjIre,r-r,Hdr trt,lalvJ qr. cotnac o horopoii Hi pqnn 0(,pJ,.
McphLrr rr)6IH rl p,l veiolcq a cx",rxos 6r 4ryH{urIl /. T,rfaa.

Bsollr QyHKqrrc cKa,rKoB X ,ion

BIrM Henpepr,rrHyro OyBKqnrc

Ine o,: {o' 
€crrr P(0,, .o.,o,

I t, cciin 0>p/

i), c: cos $, A-sinl, l:cosI;

at 1", ::.- J"""(l\.'' 4 na,b --

I :f + s, ,9..

cTencHH6re MoMeHrbr KoTopofi npeacraBrTcr s Bune

m

( t3)



t4'(.) -r''F0) + (14)

noAcraB,rB l!]paxeHlrs (13) (14) R qJopMy'ly (ll), noryqtM
trocre ptna cJloxhblx ilpro6naroBaHll; oholl'ldl '1bH)lo Ooavln!
a,ra np 0.r,xennoro npe.!cfJo. crrqq r3"oi' l, pbrBlroi dJlHXr J:

L (q ti, r) : y" 10, *, r,; a

I n,o ' 1xny,7'4,

+lr,-'r])-{i,,,o,,

I"y r,"")""r +("",+sr,.,,,+1. r,,,)

rAe lX (p, O, i,) orucbrBaerct npaBoil qacrblo QopMynH (ll)
.rlirro suqerr, qro npn Lr:0 OopMy'rbl (11) rr (15) Aocras'rqtor

B6rpaxcH]lr qacTlrqHlrx cyMM ptaa Oypbc QyHKqnii, 3aaanHHx
B8yrpn cQcpbI, no.rlylieHHr,lx l{aMu paHee IIMcrIIlo antt 3roro cnyqat
I ncnor-l!3oBaHI]blx np ycTaHoBJIcltun pacnpe)'le!'IeHulI n!'roTgocrrl
fie,&p 3eM,Ilr, Jlyuu rr nJraucr [3 7].

Vqurl'lsag, qro rrHoraa AocTarorlIIo ltcllov'MoBa'fb pj{]t oypbc
rrpH McHr,rxrix ,?, npIrBeAeM e[le .Iacrnt]syo cyriMy 3Toro ptaa arlt
Qyaxuuii, :aaauxnx lHl'rp e,'r'tnncorAa, npfi n:2:

+p'TTfrr rlr-]rr-p;1o+l

ueir-) : i {5 
1.,. - z ( """ + r 

""" 
+ !) + z c l(:,,," 

i

+/0,. +

l- 4 (/I! s'?tl + 1i1]1s.l +

.* !,', {H[?,'-o:r-f tr-c:r +qf tr o:r] -

- e,9f [zfr-,ll-18(r-p:) 
+ r1(1-pj)]+

+,,,,',,rl) : 
fr !,,,Ip,'-"1 - 

a

a241,1-p1l -!j.i',o,.

(16)+ (r,," +r,, + 3l' -/,. ).'
(r - {,:) +

cf lI]col( J'lliTEPATvPbl

l. AanrnoB ts. Jl. {! npl.,{.reM.rnlcc(trii ara'u3,{ roc r3a3o
rr. !.r. rrfLPal\Frr, lrlj I

'-i i;rp.;,i'rr" o.or R. $" o.d ! ,cq".r+.Koi 4,.r(r \'\" 'r'
ll,lT'I"1, 1951. nep. c !eM.
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(aOeNon aeoPtrs

A, I'1. OCTPOBCKHN, 6. J'|. CKYAH, A. E, @H'IIHIIIIOB

ONbIT N POCTPAHCTBEH HOH OEPABOTKI,l
TEOIE3HIIECKOR CETI,| B I'OPHOM PAROHE

HrBccrrro, "ro lpytrHocrll y'lcrI BcPltlxr,'lbHofi peOpaK,l aB,lt-
rorcr oAHfiM ri3 ocHoBHbIx fipcnt'|c'rDxi l(Jlt npaKrHrrecKoro flp'
MeHeHHt (Aaxe B ropHlix pailoHax, tte roaopt yxe o paBHuHHbIx)

q cTo rcoMcrp qecKofo MeToIa on-

. pcl{cjrtrl t llpocrpaHcrB€llBoro n

'2,rox(.I trI reore3uqccKHx nlHXTo
KoropDE Irc rpc6yer PelYuHPoBa
I$A pC3ynbraroB rI3Mep-eHHl,{ Hi

oTcllcrrrylo nolepxHocTb, ApoMe ro
ro, ouk6KrI 3cHIrrH6Ix paccrotHlr
OXA3IlIAAIO'T BJJ 

'IHIIC 
T.[A BIIbIM

pa30M Ha fcoa€nqecKBe aHcor
nyHXToB tl B ropa3Ao MeHlruel]
IleHll IIa xx IIJaHOBbIe nor'lOI(eHtl
Ocfloluas qe,,rb, Koropylo Mlt n
c,reAyeM aaTb o(eHKy oT
Te,lr,HOrO A,{XtHHt Orn 60K 3eH

CleMa reoa*qqeckon ceir.
lrLrx paccrorHnfi Ha B br q}'I c,,r enH
3IIAIICH}I9 IITAHOBbIX XOOPATHAT
L reoae3fi.iec(Iix nyHKroB.

llpcacraB!'rcriHar a pucyHKc ccTb Tplrnarepaquu c u3McpeE
HtrMI lla r)HIrar BeprIKa!rbHbrvrl yrr2M fi acrpoHoM,rqec(IrM
xoopAxHaTaMu cocTaBrteT ocHoBHyro rracrb 3Ta,roHHoto teoae3u
qecKofo norriroHa. co3naHHoro B 1968-1970 rr. coBM€crHltM
yc'l,lvsv LlHHIZ f AH K x rponeJxqacKoir,ra6opa roprrh "rl bsoBcxo


