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I. A. MOHIH

npo oAl{H METoA OBT|HCflEHHt EJTEMEHTTB, 3OBH|ItlHbOrO rpABtTAqtnHoro noJrt 3EMJil

B [2] eanponoHoBaHa saMKHeHa Qoprrly.na AJrs Br,lsHaqeuHfl ano-
Ianblol'o rpaoirauifiHoro noreurriany T Ha rororpaeiuuifi noaepxui
3er*ni S i y sooHiluHboMy npocropi:-

, J+* -: j as {(r, . }) .". a * F ssin a cos e} as +

+ -l- [So (r,-!)as, (r)
4nJ dn \ zl

ae Ag - sl,riuaHq aHoua.nir cnJH rqxiHr.a:. 4'L,gldn - noxiAga
rqoAo 3oBHiusroi nopua.ni z noaepxui S (noaepxnn S oAepxaua
niAxnaAaHHqM HopMaflbHLIx Blrcor H sir, nonepxni peQepeHu-urin-
coiAa Ha HopMaJItx 4o Hroro); AM - pigHuqg uac 3enani ra eK-
sinoreHqiarbuoro 3eMHoro e.nincoiAa; f - rpauiraqifrHa craJla; o -Kyr HaxilJry eleMenra dS; p, z - pafiycn-BeKTopl{ suiuHoi rotIKI{
nonepxHi S i Qixcoeanoi, ni4crauu uix HHMr.r Bn3Hauaernca Qop-
Mynolo
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r1:22*P2-2zPcos{; (2)



Fr;'Fz, Jcs - siaot"i Qynruii;

F,: .1 p

-- ..cos9;11 z'
1 / -.r, r - r ^^^..,.r-d1-rr- pcos+\.Fz: -{p cos * * r, f p cos ,Ji ln
z.\ 

'JY-T-'t-rfLvDYrrr 
2" )'

F,: L/sin,llnz + r, - Pcos+ - 
pcosP - zcos2tl 

- 
cos 2:J\.

" z,\ 2z r,sin{ sing /'
' f tlvt:;J (,rs,.o. "+edff)as. (B)

@oprrry.na (l) oaepxana l2l 6ee nporrrixHnx MareMarr.rrrHnx Ao-

BeAeHb. Bupasu A.nr 
a / I \
;\;J i aiaxHneHHt Bt'IcKa I uatixe soscin

He AoBeAeHi, rouy BHHUKJTH .cyMHiBH npo aiftcHicrb po3Br.rHyroi reo-
pii [2] (npo qe csiA.rut roft Qarr, uqo po6ora [2] ne oAepxana
niao6paxeHn e [3]). Hnxue noAaHo AoBeAeHHfl easHaveHux Qop-
MyJr.

3acrocyeuo Qopuy.ny, oAepxaHy M. C. MoloAeuclrnu fi:
aF :{ ,.. q. - D(F, H) cos c, (4)
dn dp

Ae F - AosirsHa QyHruir rpbox oproroHarbHl'Ix KpI'IBo.niHifrHnr
KoopAHHar, rKa Mae neprui noxilHi; H:! (o, L) - piBH.flHHfl ro'
oepiui Si O - reoqeHrpurtHa IUHpora; L - AoBrora; D(F, Hl -oneparop, sseAeHHii M. C. Mo.noAeHcuKHM, 3oKpeMa

D 6, uy: D(F, H1a{tg, a;
Op

D(F,H):\.a!.Y+tr{g g + (6)
?2dodO'p2dLAL

Hexafi F:llr (sruto QixcoaaHa roqKa sHaxoAl'trbct Ha IIoBepx-
Hi 3eu.ni, To 11:f,":'po). ToAi

(5)

o (: , H): -r(*, # . ,', '#):{ sin 
'p 

tg a cos o,

(7',)

6" a;: 
-|sin ,f cos A',

OH

dx

o' - -& sin o sin A',dyr
ry :tg sin .A i,
dy

l0*

: tgacos/r,
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Ae s, g - Hanprr{Krr MepHAiaHy i nepuoi BeprHKani; A' - asnuy,t
rrarpflMKy aiA sMiHHoi roqKu noBepxHi 3euni 4o Sixcooauoi; 41'-
a3r.rMyr .niHii neperuHy nJrou{HHn pn 3 nopr,r3oHraJrbuoro nJrorql{Horo,
uro npoBeAeHa y grr,riHniri roqqi nosepxHi S; A'-Ar':9.

fli4craeuauu (7) n (5), eHafi4err,ro

a niAcraereuu (8) B (4), oAeplKr-{Mo

6! d!r-:- t r"a*-9o-sinotsacose iosadn 0p ri

- 
Po cosjl.--p 

cos o. - { rin 1, sin a cos o. (g)
. rs r.3

<Doprrly.ny (9) .nerxo oAep)Karr.r 3 reoMerpnuuux naipryeaHn. .{ific-

u (: H):es sin s tga cos u * * ( l) ,*,", (8)

- ? (1)tg'acosa-
dP\r /

Hot

( l0)

flpoaeAeuo (prac. l) vepes euiuny rorrKy B nonepxui S rpn na-
upnur4 n npocropi: n, p, r i c$epy 4oai.nruono paaiyca. V cQepnu-
lror{y rpnr(yrHnKy npr norasaHi xytH o, F, 0 i ro, sanexsicrl uix
Hri M H onHcyer,,ro $opiraynon

cos o:cos c cos pf sin c sin p cos 0.

3 prrc. 2 sHaxoAuruo sin p i cos p:

osp:"y, cosp:P#
Orxe, s $oprvryn (10), (ll) i (12) oaepxyerr,ro QopuyJry (9).

,,r Bl.rseAeMo Qoprr,ty"rry A.ns o6qncneHHg siAxaJreHb BHcKa B [ran-
peMKy iraepr.raiany I Ha nooepxui S. .{r.r$epeHqiro}oqu Qopruyny (l)
3a HanpsMKorvr ruepn4iaHa y QircoeaHifi roqqi soaHiuHroto npocro-
py ra nepexoAsqn Ha lroBepxHro S, douirr.rBrrrn, uro n (l) e onpas
noreuuia.ny npocroro ruapy rycrr.run Ag cos ul4n, 3a[HrrreMo

(,=- ! t,r !:lgcosacos (n,x)-, t' X
Eo z-.podx 28" 4n gu

X jae l* .1? t*a cos I * o, 
*(tga 

cos el 
] 
x
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Ai l\_ l0r_ cos(r,z)_ coso.
t t-

dn\r J r2 dn rz 12

(ll)

(t2)



, xcosar/.s- I frry.!!'-as,4rgu)'dn dx

noxiasi 3HaxoAsrb 6es safiBltx rpyAuourio, 3HaIoqH, uro

9 : ! .a:l--tot'. :,, cos(z,x):-sinacosA,,0x A+ dx po d'+'

d' 
- P-sin o cos A:

drr'

--t'.orl 
d l,U\:_P "o,Ad'H.po pd'| \ ds I p, dst

(13)

PHc. l. Ao ensuaqeBHr xyra o. Pnc. 2. ,[,o rnexauernur xyrr p-

A - asnuyr HanpsMxy ai4 Qixconauoi ror{Kn Ao sr{iHHoii Ar -asuMyr .niHii neperrrHy nJtorllunH pon 3 roplr3oHTarbHon nJIoIIIHHoIo,
uo npoxoAnrb qepe3 Sixcoeauy roqKy nonepxui S.

flpn nreuaqeHxi noxiA"oi I (tg c cos 0) y Sopuy.rri (13) rpe-
-ox

6a uarn Ha yeasi, ulo nic.ns 44QepeHuiloBauHfl sa .r gr'riHroe'rbcn
Haq?rMox .niuii r, a raxox xyr 0 y sMiHuirl roqqi. Tornry, gaMiHfle-
tun tg a cos 0 uepes dll/ds, 3HaxoAHMo

A.. d dH cosA d/AH\_{tgecostil:- . *l_l:
dx'" ' dx ds po dg\ds/

( l4)

ne dff/ds - HaxHJr eneMenra nonepxui S (ryr s - ualuir eiapi:or
B ropusonra.nrsift n.noqnHi) B HaltpeMKy eia,s[riHHoi roqKrr Ao
Qircoeauoi.

Oopuyry (14) MoxHa oAepxarn inaxrue: npu nepuoMy Hanpru-
xy eriHii r HaxrlJr eneMeHra dS 4opinHroe dHfds, npn ApyroMy Ha-

{Pfury r' naxnn eJeMegra eMiHurbcs i craHe dH'lds,'. Orxe, nqa-
qMg 

..

0

Pnc. 2. ,[,o rnexauernur xyrr P-
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"l
AHdH,

(uy I0s'-dH |0s):dx:#l.:-o: ro,effi

C.[iA sasHaqnrr.r, ulo noxi4Hy dA,gldn rpe6a Bupa3r.trr.r qepe3
-nepruxanrwy dLgldv ra ropu3oHraJrbHy dLgld^c cx,raAoei:

dLgldn:cos o,.dAgldvf sin a.lLglfu (15)

i untiprcnaru B ypaxyBaHHrM cornx erBeua. Tonay Sopruy"'la (l)
3apa3 uae rinrxu reopernqHe 3HaqeHHq, 6o e Aesronay posyuiHui
sniuae npo6leuy s6ixHocri pn4ie M. C. MonoaeHcbKoro. 36ix-
Hicrl pn4in Arfl aHoMaJlbHoto noreHqiany e reopii Mo.noAeuclnoro
Iue He AoBeAeHa. 3arop4ouni, po6ora ocraHsix poxie Ha rlro reMy
He npoecHrr.nlr npo6le,ray. 3acrocoByBarr.r Qoprrny.nn M. C. Mono-
AeHcbKoro a6o B. B. Eponapa MoxHa Jrurxe AJrs uaAxoi nosepxui
3elr,ri. Ha xanl, MeroAr.tKH lloAo niAroroBKu noeepxHi 3eu.ni, uro6
noHa 6y,ta npuAarua AJrs 3acrocyBaHHq Qopruyn, ule Heuae. Ha
Hauy AyMKy, 3a 3HaqeHHflM po3KJraay pe.rrreQy 3ena.ni y pflA cQe-
pDqHux $ynxuifi rpe6a no6yAyoaru MoAeJrb ronorpa0iuHoi nonepx-
ui, rqo6 BoHa 3aAoBoJrbHrJra yMoBaM A. M. ,Ilnnyuona, - siAno-
siArro suxouaru o6po6ry sonuiruHtoro rpanira[irlnoro norq Ha rliii

uoAeni. Ha rar<ir'r n,toae;riMoxHa 4oaecru's6ixsicrt pqais M. C. Mo,
r'roAeHcbKoro i sueqarn Qirypy 3euai.

.llesxi aBropu Br.rKoHaJrn i pexoueu4ytorb sacrocoByBaru pisni
anpoKclrMauii siaoMlrx posn'nsrin. Tpe6a 3ay-Baxllrll, _uo 6yAr-
exa anpoKcuuauis gtrriHpe saraJlbHe rpaniraqiftHe [oJIe 3eu.ni. !,y-
)xe HenpHeMHa nrouIHHHa anpoKcr.rtrraqis. Kpaura c$epnuHa, ane 'ii
rpe6a 3acrocoByBarra Ayx(e o6epexHo. Oco6nuso 6egneqHal,r e sa-
crocyBaHHs 3a,'rexHocrefi uix rapuoniuuulrrx OysruisuH ann e0e-
pu a6o nroutrlHn. flruro poBr'f3KH, o4epx<aHi na npnnyueuHi aua-
,riruqHoro npoAoBx{eHns noresuiaJry qepe3 Me>r(y noJrfl, cnisnaAa-
lorb 3 posB'RsKa'rau M. C. MonoAeruclxoro a6o B. B. Epoaapa, ro
3 ulrM Hisx ue Moxna noroAurncs. Tpe6a rxyKaru noMuJrKH. A eoHu
flo,'ttrarcTb B roMy, ulo 3acrocoByBaJl1ct Qoprvrynu 4.iln cQepu,rHoro
nong a6o Haeirt AJrr nJlouuHHoro noJit, qoro He MoxHa AonycKa-
'ru. Bci Qoptuyln nosHHHi 6yrfi er.reeAeur.rMH JrHure AJrr rononpaSiu-
lroi nosepxHi 3evri. flxuto pflAH M. C. Mo.noAeHcbKoro e p.qAaMrl
Tetl,ropa a6o 6nusuxuMll Ao HI{x, To raxa teopiR He ,uoxe 6yrn
ycniruuon. <Disilqgllfi suicr QyHxqifi, ulo e B qnx prAax, soeciri
pisHuit, ulo oqeBHAHo. . I
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