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B B e ,ll e H H e 

IloTennaanbl, o6n8.llBIOil!H8 Bb!Cmell CHMM8TpHell, HrpaIOT cymecTB8HHyJO ponb B pa3-

/ 1/ 
nH'lllblX MO.llem1x su:ipa II MoryT 6bITb none3Hb1MII B K8'10CTBe ,llHH8MH'l8CKHX MO,llenell B 

Teopnn aneMeHTapHblX 'IBCTHn. 

Bo3HIIK88T 38.ll8'18 0 H8XOJK,ll811ll_lI KOMMYTIIpyromnx. C raMIInbTOHIIBHOM onepaTOpoB, on-

/2/ 
pe,lleneHHblX B KBJK.llOll 113 CIICT8M KOOp,lllIHBT, B KOTOpoll p83,ll8nHIOTCSI nepeM8HHbl8 , II 

nocne.llyromero nocTpoeanH 113 BTHX onepaTopoB anre6pbl nn. B aToll pa6oTe npH noMomn 

o6mero M8TO.ll8 nony'!eHbl B SIBHOM BH,ll8 nonHbl8 aa6opbl KOMMYTIIPYIOI!!HX onepaTOpoB, 'IIICnO 

KOTOpbtX, 0'18BII,llHO, paBHO paary rpyIIIIbl ,llnH KBJK,llOll H3 CHCT8M KOOP.llHHBT, B KOTOpblX pa3-

,ll8mlJOTCSI r.epeM8HHble B ypaBHeHHII lllpe,llHHrepa II B BOnHOBOM ypaBH8HIIH penHTIIBIICTCKoro 

npocTpancTea cKopocTell. ITocKonbKY ypaeaeuae lllpe,llnnrepa .llOnycKaeT paa,llenenae nepe

M8HHbtX B Tex JKe CIICT8M8X KOOp.llHHaT, 'ITO II BOnHOBOe ypaenenae B 3BKnll,llOBOM IIpOCT-

/3/ 
paHCTBe . , TO Mbl paccMOTpHM nocne,llHHll cny'lail. Ilepexo.ll K onepaTopaM, COOTB8TCTBy10-

Il!HM p83,lleneHHIO nepeMeHHblX B ypaBH8HIIH lllpe,llHHrepa, npocT. 

Mb! paCCMOTpHM T~KJKe nonHb!8 aa60pbl KOMMYTHpyromnx onepaTopOB B 3-MepHOM 

npocTp8HCTB8 IlOCTOSIHHOll KpHBH3Hbl, nonOJKHT8IlbHOll H OTPHllBTenbHOll, ,llnSI CB060.llHoro ,llBH

lK8HHSI ( BOnHOB08 ypaeueane). 3TH onepaTopbl MoryT 6btTb npHMeHCHbl IIpH pemeHHH q>H3H

'ICCKOl! 30,llB'IH KynoHOBCKOI'O B38HMO,ll0l!CTBHSI .llBYX Ten COOTB8TCTB0HIIO ,llllSI ,llHCKpCTHOro 

/4/ 
n aenpepueaoro cneKTpa. Cornacao OneecKoMy , e 3-MepuoM npocTpaucTBe P11Maaa noc-

TOHIIIIOll nonoJKHT0IlbHOll KpHBH3Hbl cymecTBYIOT 6 CHCT0M KOOP.llHIIBT, B KOTOpb!X BOnHOBoe 

ypaeaeuae .llOIIycKaeT nonaoe pa3nene1me nepeMeHHbrx. IToaToMy .llnH aToMa Bo,llopo.lla, rpyn

na CHMM0TpHH KOTOporo eCTb rpynna ,llBHJK8HHil IlpOCTp8HCTB8 IIOCTOSIHHOil nonOJKHT8nbHOil 

. /5/ 
KpHBH3HbI, peanH30B8HHOr.o Ha Tp8XM8pHOM mape D '18Tblp8XM8pHOM npocTp8HCTB8 ¢>oK8 0 

B03MOlKHbl lll8CTb paanH'IHbIX nonHblX Ha6opoD KDBHTOBbIX 'IHCen, SIBnSIJOil!HXCSI co6cTeeH

HblMH 3H8'18HHSIMH onepaTopOD 1, 3, 10, 17, 18, 28, Ta6nHUbl 2. 

B cny-rne uenpCpblBHOro cneKTpa rpynna CHMM8TpHH 38.llB'IH ecTb 0.llHOpO,llHBSI rpynna 

. /5/ 
nopeuna (rpynna .llDHJKeual! TpexMepuoro npocTpancTna no6a'!eDcKoro) • CymecTnyroT 

34 cHCTeMbI Koop.llHHaT, n ·KoTOpbIX paa.llenS110T:c~S1:,_;n~eEp~e~M~e;H~H,!:bI!J8~1l,12.tUl~~;,e,...,.1"!!,H8HHS1 D 3TOM 
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/4/ 
11pocTp8HCTB8 • TaKHM ot5paaoM, B !IpOCTpaaCTBe <l>oxa 8CTh 34 aat5opa KB8HTOBblX 'IHC81I, 

SIBIISIIOlllHXCH CO0CTB8HHhIMH 3H8'18HHHMH onepaTopoB 1-34 T80IIIUlbl 2. 

/6/ 
B pat50T8 HCIIOIIh30B81IHCh 4 H3 34 CHCT8M KOOpilHHaT OneBCKOro, B KOTOpbIX BOIIBO-

B08 ypaaaeaae nonycxaeT paaneneaae nepeM8BHhIX. TTonHhle aat5ophl KOMMYTHpytolllHX onepaT0-
/7 / 

poB, orrpeneneHBhIX B 3THX CHCT8Max, Il8Hbl B paooTe • HHJK8 IlpHBOilHTCH IlOIIHbl8 nat5ophl 

KOMMYTHpytolllHX orrepaTOpoB, onpeneneHHbIX B 34 CHCT8Max KOOpilHBaT B npocTp8BCTB8 penH

THBHCTCKHX CKOpOCTel! noo8'18BCKOr0o 

2. Paaneneane nepeMeBHhIX B ypaaaeana l!.2u _+A U=O H aat50,Phl 

KOMMYTHPYK>IllHX onepaTopoB 

PacCMOTpHM ot5oolll8HHOe, He 38BHCS1Ill88 OT BpeMeHH ypaBH8HH8 lllpennarepa npH IIIO0OM 

'IHCII8 n ~2 H838BHCHMbIX rrepeM8HHbIX 

F[u]el!. 2u +(E-V)u=O. ( 1) 

I!,. 2 - BTOpol! JlH¢<1,epeauaanhHhlll napaMeTp BenhTpaMH OTHOCHT81IhHO OCHOBHOII ij,opMbI 

pHMaHoBa npocTp8HCTBa R 
n 

ds 2 = g 11 (dx1 )
2 

/!,. 2U = _J _ _.!. 
V g ax1 

g=det(g
11

) ,/0 

(y,g gll~). 

ax1 

Ypaaneane (1) ecTh ypaaaenne cot5cTBenablx aaa'teaal! onepaTopa saeprHH 

H u ., ( -I!. 2 + V ) u = E u • 

(2) 

I:i 

( 1) 

Cj,opMynapyeM ycnOBHH pa3)l81I8HHH. nepeM8HHblX B ypaaaennn ( 1) B CHCT8M8 KoopnHHaT 

( x 1 , x 2 ... x n ) npocTpaHCTBa Rn • Ypaaaeaae ( 1) JlonycKaeT nonaoe paaJleneaae 

11epeM8HHhIX, ecnH OHO HM88T pemeHHH B ij,opMe npoaaaeneHHH 
n 

u=Ilu
1
(x 1 ), 

l=I 
(3) 

npH'l8M K8lKJl8H H3 ij,yHKnHli u,(x 1) HBIIH8TCH pemeHH8M 00bIKHOB8HHOro ypaBH8HHH 2-ro 

nopHJlK8 H ~ COJl8plKHT no xpal!aell Mepe JlB8 H838BHCIIMbIX napaMeTpa. 
u, 

YpaBH8HH8 ( 1) JlOIIYCK88T B CHCT8M8. KOOpJlHH8T ( XI t X 
2 

t x n ) nonaoe paa-

Jl81I8HH8 rrepeM8HHhlX, B TOM H TOIIbKO B TOM cny,me, ecnH cymecTBYIOT D 2 

cf,
11 

= cplJ (x I):~ .. 2~. ~yHKUHil - ~('}s~ XI), 

Bopsnomnx ycn~BHsr~M -~), { 

x, =xi (x
1
), i,j = 1,2, ••• n 

'• ,: ~t•~;l:~~• 
• t ; ~. ::; (j '~- y 

4 

ij,yHKIIHH 

YJlOMeT-

I 

'! 

1 

g II 

= ( 9•1) 
II 

V g det ¢· 1~ fl 
I= 1 

f I 

= 1,2, ... n, 

rne 
/3/ 

cf, - onpenenHT81Ih lllTeKK81ISI • 

TToTeanaan V nonJKea HM8Th BHJl 

V = I 
I= I 

(¢" 1
) X (x 1 ), 
II I 

H ypaBB8HH8 (1) MOlKHO rrpencTaBHTh K8K 

n •1 

F[u]=I cf, F
1
[u]=0, 

I= I !I 

rne :F 1 -naael!Hhlll JlH#epeanaanhHhlli oneparop nToporo nop11nxa no 

nepeMeaaoli, COOTB8TCTBYIOI118ll pa3Jl81I8HHhlM ypaBH8HHHM 

F
1 

[ u] 1 a au = - _[£ 1 _] +Ca cf, +x )u=O 
£

1 
o.xl axl I lj I 

j, i = 1,2, ... n, 

(4) 

(5) 

(8) 

-Toil H838BHCHMOil 

(7) 

a 1= E. a 2 ... a D - KOHCT8HThl paanenenHH. licxonH H3 q,opMhl, ( 6). nocTpOHM B Kall{Jloli CHCTe

Me xoopnnnaT, B xoropoli ypaaaenne (1) nonycxaeT paanenenne rrepeMeHHhIX, nonnhll! nat5op 

K0MMyTnpytolllHX orrepaTopoB. CnpaaennnBa TeopeMa: 

TTycTh B CHCTeMe xoopnnHaT ( X 1 t x2 xn) npocTpaHCTBa R 
O 

ypaanenne 

( 1) A0IIycKaeT nonnoe paaAen:enne nepeMeHHhIX. Torna cyl!leCT!yeT ( n - 1 ) nnaeliao ae-

38BHCHMb''., JlH#epeaunanhHhIX 011e11aT0p0B BTOporo nopHJlKa 

MyTnpyromnx C raMHIIhT0HHBHOM H n Jlpyr C JlpyroM 
A D 2 

X • k 
k = 2,3, ••• , n KOM-

-1 a xk = - I (¢ ) [ __ + 
1=1 lk (axk)2 

a(log fk) 

a X k 

a 
axk +xk L (8() 

npn'leM K0HCT8HThl p83Jl81I8HHSI 

HHHMB 

a 2 • 

Xku=aku, 

k = 2,3, ••• n, 

a 
3 

, ••• a BDng10TCSI BX co6cTB8HHblMH 3Ha11e-

k = 2,3, ••• n (9) 

BBe)leM npncoennneHBhlli K onpeAennTenro lllTeKKenst I ¢ 11 I onpenennTenh I A 
11 I 

I 

B K0T0pOM K8lKJlbll! sneMeHT <plJ 
38M8H8H CB0HM anret5p8H'l8CKHM Jl0il0IIH8HH8M All 
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nuuel!Hall ae3anucHMOCl'b onepa1·opon (9) cner:tyeT B3 Toro, 'lTO 
l D• t 

A= det I A 11 I = ( det I ct, 1 lcJ )] = ¢ n- 1 npu cf, ,/ 0 OTnB'l8H OT uym1, Qqenunuo, 'ITO 

IJ II I I• I 1+1 
A =A (x ... x , x X n ) • ( IO) 

nnll !lOKS3ST0llbCTB8 T80p0Mbl BOCil0Ilb3y01\iCll H3B8CTHbIM B3 llHHOl!ROil anreopu COOTHOllle

HH0M 

Alk Alf 

rne 
I I• I d=d(x, ••• x 

1£ lk 
-A A 

I+ Jll-f+k 
(-1 ) 

1+1 J-1 J+1 
X n ) , X ... x· 1 X 

I I k f 
¢ d 

MHHOp 

( 11) 

( 12) 

( n-2) nopRnKa, nony'leHIThlll H3 onpenenuTenll ¢ Bhl'10pKHBaHH0M 

u k<f ). 

-TOI! H j -TOIi 

CTpOK, k -ro u f -ro CTOJ10l!OB (npH'IOM i < j 

PaccMoTpHM onpepaTOPhI X k , COOTB0TCTnyromue ypaBH0HHllM 

Alk 

Xk [u 1 = I 
l=I 

-¢-- Fl[u]=O, k = 1,2 ••• n , (13) 

(npu k = .I HMeeM, oqennnno, onepaTop F 

CTllHOBO'!Hbl npyT' C npyroM, T.e. 

IleilcTB'<Tenbuo, 

lxk,Xcl=I 
l,J= I 

lk 
A 

[_ 
¢ 

1£ 
A 

F1'¢ 

[ Xk,Xfl=O 

F l = I 
I l,j=I 

l=J 

lk 
[_A_:F 

9 I 

) • IToKaJKeM, 'ITC onepaTophl Xk nepe-

1£ n 

A F] +I •-;-·I 1,J=I 

1/ I 

(14) 

Alk Alf 
-F ,-:Fl 

cf, I <p j 

BcnencTnne ( 10) nopnag cyMMa panua aynro. ITeperpynnuponaa '1110Hhl no nTopol! cyMMe, 

IIOllY'<HM 

[xk,xeJ,.I 
l=I, J>I 

lk 

A!k 

![_ ·F 
<p I 

1£ 
A 

,-~:F 
cf, I 

~ [(_A_ 

l=l,J>I <p 

;f 1f 
Fl _A_ Fl - _A_ :Fl 

¢ ¢ ¢ 

lk 
A :FI 

6 

jk 1£ 
l+[~F .~F ]l= 

<p j cf, I 

1f 
)-(~ F 

ef, I 

lk 
A 

¢ 

Alk. A1f_ 
F -- F -.F )]= 

I 'P I '? I 

'I 

fl 
'!} 

iH' 
11,~ 

'1 
I 

Alk Alf 1f Al• Alk Alf - Alf. Al• .F = I ( _1_ :F 
-A 

:F _ _!_ F 
¢ I ¢ I ¢ I cf, I 

1=1.i;:u 

n inf I I kf • l+J+ f + k 
I ( _l_ :F d :F __ 1_:F d :F

1
) (-1) =0. 

lol >1 ¢ I I ¢ I 

(15) 

HeTpynno nuneTb, 'ITO yp·anuemrn X k [ u] = 0 ecTh ypannemrn co6c-rnenahIX 3Ha'leaull one-

paTopoa (8) I npH'l0M B K8'10CTB8 co6CTBCHHhIX 3HS'l0HHil BhlCTynaIOT KOHCTSHThl pa3neneHHll 

ak. 

B Ta6nuue 1 npuneneHhI ua6opb1 onepaTopon, cooTneTcTayromux paaneneHHro nepeMea-

/3/ 
HhIX ypaBH0HHSI ( I ) npu V = 0 B 3BKilHAOBOM npocTpBHCTBe 3-x H3Mepeaull • Ecnu B 

ypan!Ieauu llOT0HllHSil V ,/ 0 ynonneTnopsreT ycnoBHIO (5)' TO COOTB0TCTBYIOlllH0 onepaTOpbI 

naIOTCll q,opMynoll (8) npu -q,yHK!IllllX X H3 (5). CncT0Mbl 1 - 34 Ta6nHilhl 2 naroT ua-

·6ophl KOMMyTnpyromux nepOM0HHhIX B npocTpaHCTBe no6a'18BCKoro (npocTpBHCTBO pem1THBHCT-

CKHX CKopocTeil, nenpepbIBIIblll cnexTp STOMS nonopona). CncT8Mbl 1,3,10,17,18,28 OTIIOCllTCll 

TaKJKe K npccTpSIICTBY llOCTOlllIHOll nonoJKHT01IbHOll KpHBH31Ibl (aTOM nonopona). 

B Ta6nu11e 3 onepaTOpbI Ta6nnnhl 1 BhlpSlK0Hbl 'j'{lpea reaepaTOpbl rpynnhI !lBHlK0HHll 

anKmrnona npocTpauCTna. PeaynhTaT aToro cnenyromuil: TpnopTorouanbHhIM cncTeMaM xoop

nuaaT, COCTOlllllHM H3 coq,oKyCHbIX nonepxHocTell BToporo nopsrnKa II !IX Bb!pOlK/l0Hlll!, COOT

B0TCTBYIOT onepaTophI, KBSJlpaTH'IHbl8 no reuepaTopaM rpyllllbl JlBUlK0HHII aBKilll)lOBa npocT

paHCTBa, 

3. 3 a K n IO 'I e a u e 

ITocne nocTpoeHBSI nonabIX ua6opon KOMMyTupyromux onepaTopon noauuKaeT nonpoc o 

HSXOlK)l0HHH co6CTB0HHbIX q,yHKilHII aTHX onepaTopon H RX HOpMHpOBKH. 
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Taonuna 

Haoopbl KOMMyT11py10mux_ _onepaTOJ)OB B 3BKmUlOBOM npocTpaHCTB0 E3-

1 • IlpnMoyronbHbl0 KOOP!lBHSTbl 

a 2 

X2= - --, 
ay2 

x/y, z 

X = 3 

a 2 a2 
-+--, 

ax2 ay2 

2. KpyrOBbl0 nunuanpB'l0CKB0 KOOPJ:tBH8Tbl (apameausr) ( r 1 </, 1 z) 

X = f COS cp y=rsin¢ Z= Z 

X,=- a
2 

• "a¢2 
a2 t a 1 a2 

X a = -- +- - + - -- • at 2 f at r 2 a cp 2 

3. 3nnnllTH'l0CKB0 nnnBH!lPB'l0CKB0 koopi:tBH8Tbl ( 71 • "' . z ) 

x = a ch 71 cos ,f, , y=ash71sirit{, , z= z 

X cos
2 ,f, a2 ch 2

71 a2 
= - - --2 

ch 271 -cos 2,f, ar;-2 ch 271 - cos 2,f, a "'2 

X s= 
i a2 a2 

<-- + - ) 
a 2'ch 271 -cos 2rt, > a 71

2 av, 2 

4, fiapaoonB'l0CKH0 JlHnBH!tpH'l0CKB0 KOOp!tBHBTbl ( µ • V • z ) 

2 
X = ½ ( µ -v 2) , y= µv , z= z 

,, 2 a 2 µ2 a 2 
X = --- -- - ------, 

2 µ 2 + ,, 2 a µ 2 µ 2+ ,, 2 a ,, 2 

X a= 
µ 2+,, 2 

a2 
--+ a µ 2 

a 2 

__ a __ ), 
,,2 

5. Cq,epH'l0CKH0 KOOP!lHHSTbl ( Bpalll0HHH) ( r , 0 

x = r sin 0 cos ¢ , y = r sin 0 sin ¢ , 

a2 cos 0 a 1 
a2 

X =--- - --- -- - --- ___ ._, 
2 a 0 2 sin 0 a 0 sin 2 0 a ¢ 2 

8 

• ¢ 

z = r cos 0 

X = 
3 

2 
a 

a ¢ 2 

,. 8. Bb1TRH)'Tb10 c4'epounanbable xoopJ:tHHSTbl (apameaua) ( 71 , 0 ¢ 

x = a sh n sin 0 .cos ¢ , y = sh 71 sin 0 sin ¢ 

z = a ch 71 cos 0 

X 2= 
sin 2 0 a2 a 

( __ + cth 71 -- ) sh 
2

71 a 2 a -----<-- + stg0-)L-
sh 2 71 +·sin 2 0 a 71'2 a71 sh 271 +sin 2 0 a0 2 a0 

sh 
2

71 -.sin 2 0 

sh
2

71 sin 2 6 

2 
a 
a¢2 

a 2 
X =- - • 

s a¢ 2 

7, Cnn10meaable cqiepounam,Hb1e xoopnuaaTbl (apameaua) ( 71 0 ¢ 

x = acir 71 sin 0 cos ¢ y = ach 71 sin 0 sin ¢ , z = a sh 71 cos 0 

X = 
2 

sin 
2 

0 

sin 
2
0 -ch 2 71 

ch 
2

11 + sin 26 

sin 2 0 ch 271 

a
2 

a ch 2 11 
-- + th 71 --)+ ---
a 71

2 a 71 sin 20-ch 271 

a2 

T:0' X =a 
a2 

a¢ 2 

8, napaoonu-qecxue xoopnuaaTbl (apamenm1) ( µ , ,, , ¢ 

X = µ V COS cp Y =ft V sin cp , z=½(ft2_,,2) 

a2 a ( __ + ctg 0 -) -
ao 2 a 0 

X = 
2 

2 
V _2 ___ 2 

µ + V 

2 a µ 2 (_a_ +_1 ___ >---
a µ 2 ft Kll/L ft 2+ ,, 2 

a 2 

a V 2 

+ ..!.. _£__ ) 
V av 

µ 2_ V 2 a 2 

-2-- --
µ v2 a¢2 

2 

X a= -
a 

a¢ 2 

9, Koau-qecxue xoopnuaaTbl 

X 2 = ( ~) 2 

be 

( r, 0 , A 

,,2= r
2
(c 2 -e:f(c 2 -,\2) 

c~c2-b2) 

9 

y2= 
2 2 2 

r 2 ( 0 - b )( b -,\ 2) 

b 1'. c 2
- b 2

) 



npa e 2 > 0 2 >. b 2> ,\ 2> 0 • 

X 2 
,\2 -0 2 

a 2 2 2 
[(02-b1(e 2-02) __ - 0[20 -(b +e~] _a_+ 

ao 2 ao 

2 2 a2 2 2 2 a 
+ ( b - ,\ 2 )( e - ,\ 2 

) -- + ,\ [ 2 ,\ - ( b + e ) ] -- ] , 
a.\2 a.\ 

2 

X a= 
,\ t. 0 2 

.\ 
2c o 2 

-b 2)( e 2 - o 2> _a_ - o .\2 
[ 2 o 2 

- c b 
2 

,.. e 
2 > l 

a o 2 

+ 0 2 ( b 2 -,\ 1 ( .e 2 - ,\ 2 ) ~ 
a.\ 2 

+ 02.\ [2A2- (b2+e 2)].~ l. 
a.\ 

JO. 3nnanconnanbHbl0 K00PJlHHSTbl ( t/ , 0 , ,\ 

x2 = ( 11 0 ,\ 2 
~). y 

( 11 2.;. b 1( 0 ?.. b 2 )( b 2- ,\ 2) 

b'e 2-b 2) 

z 2 = 
( 11 2 - e ~ e 2 - 0 2) ( e 2 -A 2) 

- e2(e2-b 2) 

112>e2 >02 >b2>.\~0 ,. 

a 
-+ 
ao 

2 

o\ 2 [ 2 2- . 2 2 a . 2 2 2 a 1 X = -· ----- ( 11 -b J( 11 - c) (-- +11 ( 211 - b - e ) -- -
2 < 11 2-0)'< 11 2_.\ 2) a 11 2 a 11 

11 2,\ 2 2 ll- 2 2. a 2 2 2 2 - . c < o - b , c e -o , _ - o c 20 - b - e > _a_ 1 -
< 11

2 -02)(0 2 -.\ 2
) ao 2 ao 

112 0 2 
2 2 • • a2 2 • 2 a 

[(b-.\ He-.\ )_+.\(2,\-b -e) _] 
<11•-,\2)(02-,\2) a .\ 2 a.\ 

2 

Xa= ,\ +02 
(11 2 -0 2 )( 2 2 [(11 

2
-b

2
)( 

2 

2 a 

2 

11 -.\ ) 11 -e ) 
+ 11 • + ,\. a;;-2 + 11 

2 2 2 a 
(211 -b -e )_] + 

a ,1 

<11 2 -0~(0 2-,\2) [(0
2

-b
2
Xe

2
- 0 2) a

2 

a"? 
0 ( 2 0 

2
- b 2 

- e 
2 

) ..!!_ l + 
ao 

11 2 + o 2 
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··2 4 
x =. -- ( µ - b )( b -v )( b -,\ ) 

b-e · 

/l • V • ,\ ) 

y 2 = _4_( p. - e ) ( C -v ) ( A -e ) , 
b-e 
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X .\v a
2 a 
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,, ,\ 
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+ p.v [(b-,\)(,\-e) ~ -¼(2.\-b-e) ..!!_] 
(/µ-,\)' { .\-v) a,\ 2 a.\ 

a2 
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( µ-v Xµ-,\) 

V +.'A 
[ ( µ -b )( µ - e) -- + ¼ ( 2µ - b - e ) .!_ ] + 
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[(b-v)(e•·-v .) 

a• . a 
- + ¼ ( 2v - b - e ) -- ] + 
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a.\ < µ-.\) < .\- v > a .\ • 

Ha6op_bl K0MMY_Tnpy10mnx aa61110naeMblX B npoc:TpancTne no6a'lencxorox/ 

1, C - cHcTeMa 
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2 
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x/ CHCT0Mbl 1,3, 10; 17, 18,28 0TB0CSITCSI TllK:lKe K npocTpaBCTBY ll0CT0!IJ7i~ ll0II0:lKHT81Ib.-

H0H KpHBH3Hbl. O6o3Bll'18HHSI 1-34 C00TBeTCTBYIOT KII8CCM~HKllUHH OneBCK0ro TpH0pToro-

HlllibHbIX CHCT8M K00pJlHHllT B npocTpllBCTB8X ll0CTOSIHH0ll KpHBH3Bbll cny'lllH 1, 10, 11, 1'1 
p8CCM0TP8HbI B pa6oTe

17 / •C • ·s .H H 0 CHCT8Mbl C00TB8TCTB8HB0. 
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a2 
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-X =+ --+ ctg --, 2 a o 2 a0 sin 20 a<t,2 
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11. H - cuCTeMa 
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a 2 a 1 a2 
-- cthb-- --- - . 
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X =- --- - th p -- --- --, 2 a P 2 • a P ch 2p a P 2 
1 1 1· 2 
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x·= - --
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13. 
a2 2 

a 2p a X 
2 = -· -- + --- -e 1 --, 

ap 2 ap. a P· ~ 
1 2 

a2 
X =---

a ap 2 
2 

14. 0 - CHCT8M8 
2 

x =- a _ 1 a 1 a 
2 -- -- -- --- -- • 

ap2 P ap p2 ap2 
1 1x =- 1a2 1 2 

8 · a P 2 

x/ ·4· .2 5-8 
CucTeMht -8 061,enuaeahl, nocxon1,xy Mst cucTeM cooTB8TCTBYJOIIXHe BhlpBlK8HHst 

nHt5o COBnanaJOT C TBKOBhlMH B 4, xax B CHCT8Max 5,8, nHt5o npencTaBnHJOT HX 'l8CTBh18 cny
qau. · ::lTo 38M8'18BH8 OTBOCHTCH K 17-27,28-34. ---·-

12 
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28-34, 
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I 2 8 2 

ap 2 + • · 
2 a P 

2 
(p-p)(p-p 

2 a 1 a 
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2 p. p -p) 
8 8 I 

a J;----, a 
- ( Q(p )_); 
ap a ap 

a a 
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