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3,
B3AeMoffltl Kvnt a MATEPIAnbHQn roYffi

e qacrnHKa, Maca Rroi m i nry rpe6a po3.rnfiAaril frl

*"t*-piunr*y tot*y, i e.ognopigna Kynn Mackl M ' L{acrmHra

3HaXO,qnTo"" nott ryni tra tigcrani r ei.q 
'ii qeHrpa' Tpe6a

;;;;il, a) norenqianuny euepriro rpaairarlifr *:i ::1:Y:flt
r{acTr,lHKr4 i xyni; 6) cHn}, 3 tlKo}o B3aeMOAircru rynn Ta qac-

Tt IHK?;
Eygen,to BBaxaTh,

3yerbcn i PagiYcoM., fi:
r-Llo KynR, xPirur Macu M, xapalffepn-

e'KiHL{eaHil

fL.ynotur, fiK no6aqnlao, He sait'lAe)'
PogrnfiHeMo (nogyr"arra eNginuruo)y xyni rouxmfr cQe-

pfir-rHHfr

. ;
nprnoBepxneai4fi ruap paniycon'r p: M1:: 

::oto 
urapy -

dMr.:Toaulr4Ha Luapy g FlecKiHqeHF'to roHKoto criHxon - dp

VrdoaHo npoBegeMo ABi napanensni .urix -co6oro 
nno-

u{nH;;'tl{o tin.totrb oRHa sig gpyroT na aigcrani dh:i n'eP-

neHAHKynRpHr s; nispisq,OP' nxum a]11y:,:"ttp Kvnr ra

ruarepianr*y *lirrir*v. L-li nnou{raHqr efiAinnru ig np|/lnoBe-

pxHeForo urapy efleMeHrlf1l' norcoK y BHrnnAi rinsqn

pagiycy R, tuutpr now dp Ta nfloLLtep ds ' BennqrHa

d s  = Z n R ' d p  ,

A e R = P s i n l ,  a d P - P ' d ?
,TaxnM ql4Houl



4,
: :  ds -  27r(p.s in?)p ,d0 = 2op'  .s in? .d0

BigHor.ueHHfi Mach dM rcnt<oro c$epuqHoro
Macu dM' eneMeHTapHoro noncra (1oeu1nau dp
naroai) gopieHrce eignoutennrc Tx nnoq:

dM' ds- =
dM 4no2

1 * n 2
dM' = dM'""

.s in?  .d0

(6) -+ (a):

3aaxi lauJV Ha re,  lqo Bent lq l tHa L,  RK Bl4AHo 3 pvlc.6,

sruiFfloerucn aig (r - p) Ao (r + p), npoinrerpyeMo (7). tleta
inrerpan 6yRe o3Haqarn norenqianbHy eneprirc rpaaira-
qiftnoT B3aeMoAiT qacrrnKr 3 ToHKnru c$epilqHHM LIJapoM

( 1 )
urapy Ao
f iKNX OA-

(2)

4rp'
= gy.. sin d . de . (3)

2

Hepes re, ulo KoxHa roqKa eneMeHTapHoro noncra pi-
aHoaig4aneHa aig uarepianunoT qacrhHKr4, Anfl xapaKre-
pr4crr,1K1'1 Tx gaaeMooqil uoxHa cKopucrarncb Sopn*ynaun,
nxi eaognnilcb Anf, ToqKoBt4x uac. 3oxpeMa, norenqiaflbHa
eneprin rpasiraqir,rHoT asaeuogiT qacrnFrKn 3 eneMeHTap-
HUM NORCKOM

dtJ' -- -y^' !M' = -y^ =!M .sind .do , (4)' L ' 2 L

Ae L - eiAcraHu ei4 6ygu-nxoT roqxn noncKa go urarepia-
nunoT qacrllHKt4 (L = AP Ha pnc.6).

,[nn rpraryrHfiKa OAP reopeMa xbo,trycin Mae BhrnffA
I ]  =  p2  +  12  -  2p  . r . cosd  (5 )

l-lpoRm$epeHupeMo (5) (p ra r - crani):

zL .dL  -  2p . r .s in  e  de  :+  s in9 'd0  =  dL ' .  (6 )
L  p ' r

dtJ, = -r\fY at (7)

'iiit

lii



f-J

l ;

ii
i i

'  r+p
i i  w  .  d A t ld(r = !au'=-- tr# 'dL=

r-p (8)
m . d M t \ . m . d M= - Y - - . \ r + p - r + p ) = - f
z p ' r  r

lHrerpyroqr 3a BciMa roHKr4M14 r.lapaMr, 3HailAeMo u:y-

IaHy noTeHLlranbHy eHepnto rpaBraqruHor B3aeMoAil MaTe-
pianuHol vacrnHKr i ryni

i ,  ,  
' , ' ' r , l i  l ' ' ' i  U  -  

lau  
'

:ra ruacy'kyni [am = M :
'  t t -  ^ . M mv  = _ T  

,

(e)

( 1 0 )

BHcHoerH: a) noreHqianbHa eHeprin rpaeiraqif iHoT
B3aeMoAiI rvrarepianunoT qacrnHKtl i ryni TaKa x caMa, nx i y
BilnagKy, Konn 6 ecs Maca ryni 6yna 6 socepeAxeHa y oA-
nift rovqi - qenrpi ryni;

6) crana - qe rpagienr norenqianuHoT eHepriT ig sHa-

KOMt t - t ' :  F ,

qacTnHKy,

AU= - : . Torvry [UyKaHa cttna,3 RKoto Kynn 4ie na
0r

mM
F r = - /  ' ,  ;

r -
( 1  1 )

a) arpae (11) - 3aKoH Huprona Antl  B3aeuoAiT ABox
ToqKoBr4x uac, to6To, cilna, 3 RKoto B3aeMoAipru qacr6HKa

i xynR, TaKa x caMa, nr i y BilnagKy, Konn 6 ecn uaca ryni
6yna 6 socepegxeHa y oRHifi roqqi - qeHrpi ryni.

z) J.pl*ip yJ* * 4a.,-'"""A*'2.



HRnpyxeHrcru nonn rpnetrlutT ecepEnhHl.

l-lo6ygyeruo ABa
nogi6nnx KoHyct4 3 ManhM
KyroM po3Bopory Ta
BepulrHaM[, u]o
AonlKanrbcn B roqUi A
(pr,rc.).

Bncoru ronycie -  \Ta
rr. [1noqi ocHoa ronycie - dS, ra dSr. Tinecxi Kyrr po3-

BopoTy o6ox xOnycie piaHi: Qr = Qr. BpaxoBytoLlt4 B143Ha-
qeHHn rinecnoro Kyra, qto pianicrb MoxHa nepenncaril:

dS, = r,' ( 1 )
dSz rI

. dM, r,2
fO BnTlKae, UIO -:: - = -? -' dMz ri

dMt  . r |  : ,
dW , :  

- '

5-L

Bpaxoeyroltt4, l{o roBl{ilHa c$epr,rvnoro uapy - h, a
rycruHa ruarepiany, 3 FKoro cKflaAaer'bcn ulap,' p, AoM-
Hoxr4Mo i noAinranlo niay qacrhHy (1) na 4o6yrox h' p:

h '  p ' d S ,  -  r , 2
h . ;aE=  t '

Bpaxyeuo ,  l {o  h 'p '  dS ,  =  614 ,  ra  h 'p '  dSz  -  dMz ,

ge dM, ta dM, - Mach ai,qnoeiAHl4x ocHoB roHycia' 3 quo-

(2)

BnxoAnqH is arsHaqeHHfi cun dF, ta dF, ececaitFluoro

rf,xinHR, nri Aircru uix roqroBklMkl MacaMil - npo6nolo Ma-

lil"

lii
t l



colo
dM2,

J - :

m ra MacaMn aiAnoeiAHHX OCHOB KOHyC|B dMt Ta

- '3annueMo: :  
'

- , , -  .  ) r  m 'dMt  .  m 'dM2 -  dMr ' r ]  (3 )dn'. dF2 : - _z = ,.-:- 1
rf r; dMz' r; .

l

t ;

:

CniecraenBuu (2)ra (3) ,  uaeuo:
d F r : d F 2 ' = l  +  d n = - d F z '  ( 4 )

l a (4 )B t4AHo ,u {oc i l na rnx iHnndFr ,n *aA ie r ra i xnpo6 -
HOlo Macop m ra ginnHxotro csepnunoro uapy nnoll.leto

dS,, xouneHcyerbctl cilnolo dFr, nxa pie na npo6Hy M?clm

a 6ory ginnnrn cseprqHoro uapy nnou]erc dSz' Pogno-

BctoAxyloqu qefi pe3ynbrar Ha Bcto noBepxHto cSepnvHoro
uapy, MoxHa nptafirtl Ao Bl'1cHoBKy, tqo rpaairaqiftxoT esa-

euogil vrix npo6Holo Macon m ra c$epnqHuM uapoM He

icHVe. CnnatRxinHn, nra gie Ha npo6na Macy A acepegrHi

oa H o p in H o ro c6e p r,r''t H o ro ur a py, fl 9 p l9!lo-9l1vn rc'

3eePneuo Yeaey ua maxi o6cmaeuuu:
1. Toqrca A, e Axiit pumawoeyeanacb npo5ua Maca

oluptanaca doeinauo. IJe osHaqae, I4o Hanpyxeuicmb epa'

eim'atliiluoeo nonn ecepeduui cuuempuqHoeo ei)uocuo

i"iiipy oduopidnoeo cQepuqHoeo wapy dopieurce Hynrc I

Z BaxnueaM Onn cnpaeednueacmi ompuMaHoea

pesynbmamy 6 npunytueHHe npo cnienadauun qeHmpte
l i ' r t  ^, t^t^rv1r1t tuuinmx eidt-IOCUOYvvt '  n, ,) , , , r , - l , t  / ' tv r  s iduocuoxyii ma nopoxHuHu (ix cuMempuqHrcmb

{
b

ieumpy). BaxnueuM e maKolr odnopi)uicma wapy ma pt'

euouipuicmu loeo moewuHu' .maqi,uoao
3. Posensdato'ru HanpvKeuicma epaet

nonn ecepeduui odnopiduoao'cpepuunoeo wapy i doeie-

iii, wo ,or" Oopieune Hynn e 6yda-nxi0 m.oqqi nopoxuu-

;;,' ;; posenn\anu nuwe none epaeimaqii" sxe ymeopoe

,$rprirua wap, EesyuoeHo, ue He o3Haqae' I4o ecepe'

duui c$epuLtHoeo wapy HeM?e epaeimaqiuuux nonie eid

iiiiw dxePen, Han7uKnad, eid Seuni'
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