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1. Peweaae KHHeTII'l9CKoro ypasaeaasr 

nycTb none o6na.oaeT 8KCH8llbHOJI: CHMM9TpHeJI:. narp8H:lKH8H 'l8CTHUbl B UHliHH.ll­

pH'l9CKHX K00p.OHH8T8X ( t, (}, Z) HM99T BH.ll! 

L =-mc 2·J'1-1/c'i(f2+r2~2+j2) +e/c (iA +r OA
8
+zA) -e¢. 

r II 

06o6weHHbiEi- HMnynbCbi Tor.oa cyTb 

M8 =po r+e/c rA
8

, 

P =p +e/c A., z z z 
r.oe 

.. 
P = (p , p

8 
, p )- o6bl'lHbiA pensrTHBRCTCKHli: aMnynbC R raMKllbTOHRaa 

r z 

VIa ypasaeaall: .OBH:lK9HHSI 

dJ: =-·aH 
dt ar 

a llo =- __£!!__= o ' 
at a o 

(1) 

(2) 

(4) 

nerKo aaxo.osrTcsr .osa RHTerpana .OBH:lKeHRSI H R M 
8 

• 06wee peweaRe KIIH9TR'lecKo­

ro ypaBH9HHSI 6ea y'leTa CTOliKHOB9HRil 

I IH I =-0, (5) 

r.oe I - <PYHKURSI pacnpe.oeneHIISI1 ecTb npoR3BOllbH8SI <PYHKUIISI OT HHTerpanoB .oaH­

:lK9HHSI1 RHTerpRpyeMaSI no IIMnynbcaM. CaMocornacoeaaaoe none onpe.oensreTCsr aenH­

aell:aoll: CRCT9MOJI: ypaBH9HRJI: 

r.oe 

11¢ - -.th p 

rot rot 1' .. t,.!IL 
c -I ' 

p = efldV =p(i'; ¢, 4, ... ) , p 

J=e fvldVP=Tcr.¢,A, ... ), 

dV - 9119M9HT 06'b9M8 B npOCTp8HCTB9 IIMnynbCOB0 p 

(7) 
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Ba)t(Hbiil Knacc peweHHil (5) cocTasmnoT cpyHKUHH, aaaucswue Ton•Ko oT JlB~ 

uasecTHbiX HttM HHTerpanos JlBH)KeHHH. EyLJ.eM C'IHTaTb TBK*e• 'ITO 
l( } 

A HMeeT nuWb 

83HMyTanbHYIC KOMfiOHeHTY 

2. CocToHHHH c cpiiJtC!Iposalllll>IWI a11epraeA 11 o6oeiwa¥KWW WONe&TOM 

B aTOM cny'lae 

f = ell K B ( H - H ) 8 ( M -M ) , 
8 2 11 D f 0 

" e 
(I) 

c2 rLle ~ - HOpMHpOBO'IH8SI KOHCT8HT8o 
8rr e 

Bbt'IHCnHM nnoTHOCTb aapHLla H ToKa LlnSI ( 8). 3neMeHT cpaaeaero o6 ... eMa 

HMeeT BHLl: 

dO= dM(J dP dP dr dz dO =1/r dM6 clP dP dV , r r r z 
(9) 

rJle dV 
- aneMeHT o6..,eMa s o6bl'IHOM npocTpaacTBe. 0TCIOLla, cornacao (3), 

~. 

2 P = 
8

c: 
2 

K J B(H -H )8 (Mo-M J dMe «P, dP 
rre II o r • 

2 - ~ 
- .£.__!5_ f 8(H -H )p

1
dp1 = __ K_J8 (H -H )[H-e"'] dH = 

4rrer
0 

o 4rrer o 

ecp +vm2c4 +~(M -e/c r A1 / 
,2 0 

(10) 

= _K_ (H -ecp )u{(H -et/J )
2 

-m2 c 4
- c 2/r

2
(M -e/c r A9 )

2
1, 

4rr er o o o 

rLle 1 
a{x1=1 0 

x>O 
X< 0 

x) nocneLlaee npeLlnono*eHHe aecywecTseaao, nocKOnbKY OHO He MeHHeT ae 

TOnbKO nyTH peweHHSI, HO H peaynbT8T8o J].nSI yK838HHOrO Knacca peweHHil scerLla 

T =(0,)
6

, 0) u, KaK aeTpyLlHO BHLleTb, s cny'lae aKcuanbaoA CHMMeTpHH MO)KHO Ll0-

6asHTb nuwb seKTop-noTeauuan, oTse'laiOWHA MarHHTHOMY non10 suLJ.a H ==(0, conat 0), t r 

a TaKoe none, MeHHH TpaeKTOpHH 'IBCTHU, ae MeHHeT p 11 T LlnSI Hawero_Knacca pe­

weauil, 'ITO nerKO nposepHTbo npH'IHHY MO)KHO BHL19Tb B TOM, 'ITO LlnH H l BKnBLl 

B nopeHUOBY cuny LlBeT nHWb X80TII'IeCK8SI KOMllOH9HT8 CKOpOCTHa 

i 

npu B.biBO.lle ( 

CTH (pr ,pz) 

Aanee j 

c2K 

i,= s.,ee 

.. ll. =-..... 
eif> + 

0Tcto.a.a 

BHeWHHX 3apK. 

1/r _1_ 
iJr 

1/rL 
or 

YpasaeHHH .lliiR 

6onee y Ll06HOM 

caTb none cp 
nonS! cp

8 
H A 6 

B cny'lae aKcH 

rLle 

cp "' c 

A =· 
(Jc 

G =· cp 

G -=· 
A 
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(10) 

o, const O), 
r 

acca pe-

BK118Jl 

5 

npH B.b!BO,Ile ( 10) HCn01lb30B811CK nepeXOll K nOllSlpHOA CHCTeMe KOOp.llHHBT H8 nnocKo· 

CTH ( Pr , Pz ) • 

Aanee T = ( 0, i (} , 0 ) • AHanorH'IHO ( 10) 

j =~I (M
6

!r -e/c Ae> ell S(H -H
1
)B(M1 -M

1
) dJIIJ dP. tiP, 

9 s_.ae H-e.. r 

= c'I(J .. (&Vr-e/cA 6.'s(H-~)dTl ... , 
ef/1 + .j.,_lc4 + cf;r!i(Jt0 - e;c r A~)ll 

(11) 

0TCIOJl& CHCTeMa ( 8) B OU118CTH S 1 KOTOpyiO M.bl iy ,!1eM C'IHT8Tb CBOiOLJ.HOA OT 

BHeWHHX aapH.llOB H TOKOB 1 npHMeT BH.ll 

(12) 

YpaaHeHHH llllH caMocornacoaaHHoro non51 MoryT 6&ITb npe.l1cTaaneH&I B LJ.pyroM BHLJ.e, 

6onee y LJ.06HOM llllSI HeKOTOpblX '18CTHbiX CllY'IBeBo C STOlt uellbiO HMeeT CMb!Cll aanH-

A(} KBK cyMMY co6cTaeHHoro nonR cHcTeM&I cpc H Aoc H BH_:wHero 

y LJ.OBlleTaopHIOWero OllHOpOLJ.HbiM ypaaHeHHeM MaK<;:aenna a S 

caT& none ¢ H 

nonH 

cp=cpc+cpe 

Ae= Aec+A(}e' 

B cnyqae axcHan&HoA CHMMeTpHH 

cpc=I Gcp(r,r',z,z') p(r~z')r'dr' dz', 

I G ( , '). ( , ') , d , d , A(}c=1/c A r,r,z,z ·I(} r,·z · r · r · z ·, 

rLJ.e 
217 d (} 

G = I --===:;:;:;=~==::;::====;=;= cp 0 _ I '2 -.' (} ( ')2 v r2 +r -2rr cos t z -z · 

cos(} d(} 217 

G =I 
A 0 Vr2+r'2 -2rr'cos6 +(z-z')~ 

(13) 

(14) 

(15) 
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3aMeTHM Tenepb1 'ITO 
H 0 -ecp =E 

(16) 

Molt -e/c A9""P'e 

r,c:e E H 18 COOTBeTCTBeHHO peliSTHBHCTCK8S 9HeprHS (E •-mc 2y) H 83HMyTanbH8S 

KOMnOHeHT8 penSTHBHCTCKOrO HMnynbCSa 0603H8'1HM '18pe3 S o6naCTb H8 nnOCKOCTH 

(r, z )
1 

aaHaMaeMyiO 'ISCTHIISMH cacTeMbl (ecTeCTBeHH01 C'IHTaeTcs S CS ). Tor.c:a, 

cor nacHo ( 10) H ( 11 ) , S onpe.c:enseTcH ycnosaeM 

E2- p2c 2~m!lc•. 
8 

(17) 

TaKHM o6pa30M Mbl npHXO.C:HM X CHCTeMe HHTerpanbHblX ypaBHeHHI CSMOCornaCOBSH-

Horo nons: 

1£.,-,~f G,~.E dr'-dz' +H -ecp 
4" ~ o e 

8 (18) 

P
0

-=- _!!__ f G p
0 

dr' dz' + 11
0
/r -e/c A • 

4" 8 .A 8e 

YpaBHeHHS (18) npHBnexarenbHbl TeM 1 'ITO BHeWHBe nons B HRX BXO,C:ST SBHblM o6pa-

30Ma O,c:uaxo asa.c:y HenaHeiHOCTH cacT&Mbl ( 18) ee peweuae B o6weM cnyqae c 

3a,c:aHHblMH ¢
8 

a A
88 

conps>KeHHO_ c seCbMa cepbe3HblMH Tpy.c:HoCTSMH, Tor.c:a xax 

ypaBHSHHS nons B <l:>opMe ( 12) npe,c:OCTSBnSIOT CyW8CTB8HHbl8 B03MO>KHOCTH ,c:ns 

nocTpoeHas ax o6wero peweHas • .£lelcTBHTenbHO, cacTeMa ( 12) BHYTPH S Mo>KeT 

6b1Tb 38nHC8H8 B BH,C:e 
2 

1/r _a_ ( r a E ) - ..!£. E + ~ = 0 
a r a r r a z2 (19) 

a a2 

1/r 3._ (r~)-(...A.+l...)p + ~=0. a r a r r r2 8 a z2 

Bo3bMeM ·xaxoe-nH6o 'ISCTHoe peweHae naHeAKblx ypaaHeHaA (19). Vfcnonb3ys ( 14 ), 

HaA.c:eM rpaHauy o6nacTH S .c:ns &Toro peweHas • .llanee, .c:ns <Pa3H'Iecxoa cocTos­

TenbHOCTH peweHHS Tpe6yeTcs1 'IT06bl ¢
8 

a A86 y.c:oaneTaopsna o.c:Hopo,c:HbiM ypas­

HeHHHM Maxcaenna B HeKOTOpOI o6naCTH S T&Kol, 'ITO S C S H rpaHHilbl S S 
He aMeiOT o6wax TO'Iex. Kax BH.C:HO H3 npe,c:bl,c:ywero, aTo sxsaaaneHTHO ycnosaiO, 

'IT06bl cp H A 8 y .c:osneTBOpHnH O,C:HOpO.C:HblM ypaBHSHHSIM Maxcsenna B s - s • no­

CKOnbKY Tpe6yeTCS HenpepblBHOCTb HanpS>K8HHOCT81 B S' 1 TO H8 rpaHHUe S ,C:On>K· 

Ha BblnonHSTbCS HenpepblBHOCTb cp a AO a ax· HOpManbHbiX npoa3BO.C:H&Ix. TaxaM 

o6pa3oM B03HHxaeT Heo6&I'IH&H .c,ns <Pa3H'ISCK,HX 3a,c:a'l caTyauas - 3a,c:a'1a Kowx 

ewe 

HBe rpaHHDbl 

<l:>epeHuapyeM 

uo no (13) • 

ltCT8TB1 'ITO 

BBS 

HHA 

HBSI 

CBS38HO C ItS 

npo,c:neuae n 

.HOCTbiO onpe,c: 

coaoxynuocT& 

npaxTB'I8CitOM 

HHX ,C:8HHbiX tot' 

C BOilpOCOM It 

B xa11ec 

xor.c:a E • 

ce6s 

BblWe BTOpo 

.c:ns peweHHH 



(16) 

8311MyTMbH8H 

Tb 88 nnoeJtoeTII 

CS ). Tor.11a~ 

(17) 

aMocornaeosaa-

(18) 

,llHT HBHbiM o6pa-

lll8M enyqae e 

Mil, TOr .118 Jt8lt 

.11ns 

S MO>KeT 

(19) 

Henonb3yH ( 14), 

eoeToH-

,llHOpO.llHbiM ypas-

rpaHHilbl S S 

a B S- 5 • no-

rpaa11ue S non>~<· 

O,llHblXo T 8KHM 

38.118'18 KowH 

r 
' 

7 

.llnH ypa8HeHHI snnRDTH'IeeKOro THD8o XOTH BODpOC 0 CyiUeeT8088HHH H e..llHHeT8eHHO-

eTa peweaas B 9TOM enyqae nonaoeT&JO ae pewea. TaKoro pona 9K30THK8 ae se.lleT 

eiUe It HenpeO,llOniiMbiM Tpy .llHOCTSIMo 

Ill 
.lleleT8HTen&ao. eornaeao TeopeMe o6 oC5o6IUeaaoA 38.118'1e Kowa (eM. ) nns 

CyiUeeTB088HHSI peweHHH0 OTBe'I8JOIUero yen08HIO <f>H3H'IeCJtOI eaCTOHTenbHOCTH0 ,llO­

eT8TO'IHO 8H8nHTH'IHOeTH B3SITOrO H8MH peweHHSI CRCTeMbl ( 19) B HeKOTOpOI OKpeCT­

HOeTH rp8HHI1bl S ( OTMeTHM0 'ITO Kos<f><fJHUReHTbl B yp8BH8HHSIX M8KCBenn8 II yp8BHe­

HHe rp8HRI1bl ( 14) 8H8nHTB'IHbl) o 3TO peweHHe e..llHHCTBeHHO B Kn8ece ..llB8>K..llbl .llH<fJ­

<f>epeHUHpyeMbiX <f>yaKuaA. Hy>Kaoe BHewaee none onpe.aenseTeH TOr..ll8 aenocpe..llCTBea· 

HO no (13) II (14). TaJtHM o6p830M Mbl HMeeM y>Ke H8KHI Knace peweaal (oTM8TRM 

KeT8TH0 'ITO H8 9TOM nyTR HHr..lle He BCTpeqaeTCSI TeXHH'leeKR 6onee enO>KHOI 38.118-

'1110 'leM Kp8e8as 38..118'18 nns onaopo.llaoro yp8BHeHHs). K co>KaneaaJO, H3-38 oTeyTcr 

BHH eOOT8eTeT8YIOUlHX TeOpeM B M8T8M8TRKe Henb3H YK838Tb BeJO COBOJtynaoeTb pewe-

HHI ( 19), .llonyeKaJOlURx nponneaae nons 38 rp8HHUY o6n8CTH S no (12). 

C.11en8eM eiUe O..llHO 3&M&'I8HHe. 06bi~Ho C'IHTaeTCH, 'ITO <PH3H'lecKHe p8CCMOTpe­

HHH Be ..llOn>KHbl npH80..llHTb K 38..118'18 KOWII .llnB yp8BHeHHA snnHnTH'I8CKOro THna 

111 
88H.lly ee H8KOppeKTHOeTH (eM. ). 3TO p83YMH00 eenH 38,ll8HHe rp8HH'IHbiX ycn08HI 

eBH38HO e Jt8KHMH-nH60 H3Mep&HHSIMII0 aeer,ll8 HM8101UHMH onpenenelfHYIO norpeWHOeTbo 

B H8Wea.t: eny'l8e sTo He T8K. )leleTBHT&nbao, nycTb B3HTO KaKoe.~o .11onycK8 JOIUee 

npo.11neaxe nons 38 rp8HHUY S peweaae ( 19). Corn8cao H8WeMy nO.llXO..lly oao non­

.HOCTbiO onpe.11enseT eocTOKHHe eaeTeMblo Ho T8Jtoe peweHHe TO'IHO, H, ene.ll088Tenbao, 

TO'IHO peweHHe 38.118'111 KowH, onpe.llenstJOIUee TO'IHoe )Ke p8cnpe,lle.neaHe 8HewHHX 

38pB,llOB H TOKOBo nocne,llHHe BMeeTe e <f>yHKUHel p~enpeneneHHSI H COCT8BnSJJOT Ty 

COBOXynHOCTb BH8WHHX ,ll8HHbiX1 KOT0p8H onpe.llensteT COCTOSJHHe CHCT8Mbl DpH ero 

npaxTR'IeCKOM aocnpoH38e,lleHHHo Henpepb18H8H 38BHCHMOCTb peweHHSJ oT 9THX Baew-

HHX ,ll8HHbiX MO>K8T 6b1Tb nOK838H8 H3 HHTerpan&HbiX COOTHOWeHHI H He C8R38H8 

Ill 
e BOnpOCOM KOppeKTHOCTH 38.118'18 KOWH B TOM CMbiCne, K8K 9TO onpe,lleneHO B 

B Ka'leCT8e npaMep8 8HanHTH'Iecxax E x Po p8CCMOTpHM npocToA cny'l810 

XOr,ll8 E II p O p83n8r8JOTCR 8 OKpeCTHOCTH HeKOTOpol TO'IXH (ro, 0) 1 BKn10'18JOlllel B 

ee6s S , 8 H8CTOnbKo C5biCTpo CXO..llHIUHics pR..ll Telnop8, 'l!O Y*e 'lneH8MH nopH..llK8 

8b1W8 BTOporo MO>KHO npeHeC5pe'lb. ( ..llnR p8CCMOTpeHHR 8HyTpH o6naCTH $ 1 HO He 

.11ns peweHHSJ 38..118'111 Kowa ). Torn81 corn8CHo (19); 
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E •mc 11 y U+·p/r (r-r)+:Y.t uo-a-1' (r-r )11 +% a/r 11.z 11] 
0 0 rll 0 0 

0 (20) 

p =me v [l+jl /r (r-r) +% '"o +l-~ -JA.s (r-r )11+% (3/rll zll]. 
(} · o · t o rll o 

0 

CMbiCn KOHCT&HT a (20) He HJlK;.Q&eTCs B noscaeHBBo OnpeAenaM rpaaauy S 

onSITb-T8KH npeaeCSperas 'IIJeH8MH nopSllJUl Bb1W8 BTOpOt'Oo 113 ( 14) BM88M 

(21) 

r.lle II f II r II 
d= 00 >0, 

§+1 II 1 II II ·1 v'l 1-( f3 -a)+ a~ -a r .!.o.±..!... + I' ....YaL ~. 
o vii o v:l v:a va 

0 0 0 0 

II II II 
f= 'o'o >0, 

Jl11 [({3-a)-a~ ] 
0 II 

(22) 

0 .o 

£
2 "'r11 -·v'-·1, 

0 0 0 

2d H 2f - COOTBeTCTBeHHO TOIJWIIH8 R lliJBH8 H&Wel CHCT8Mbl 0 & TO'llt& r 0 B&lC5paH8 

:1 :1 
Tax, 'ITO y0 " = ~ " 1 

• B~o~nonaeue sepaaeacTB (22) aeotSxo.aKMO lliJB nony'le-

HBH 3/tMKHJTOll: KpBBOI H8 nnoCKOCTR (r, Z ) o t{To lKe ltllC88TCB TeX npe.QnOIJOlK8BHI, 

B KOTOpbiX nony'l'eBO pewesae, TO, K8K BeTpy.QHO yCSe.QRTbCB, npH p83JMH&IX 3H8'le­

HHSIX K03tPtPHUBeHTOB p831JOJK8HHH B (20) BC8 OHH CBOllBTCB K llBYM yCIJOBHSM: 

_!_o_<<1 (t )l (T.e. K TOMy, 'ITO CKOpOCTb Bp8WeHHB HM8eT yn&TpapemJTKBHCTCK08 
II 0 

3Hal\:eaae) H 
K.d d/r •K.d f /11 <<1. 

0 0 0 
(23) 

11HTepeCKO QU8Kif'l'b 'IHCIJO '18CTHU B CRCT8Me, npH KOTOpOM ewe cnpa&e.QIJHBO H8W8 

pewex••· Cornacxo ( 10) x ( 20 )1 nonHoe ucno 'lacuu 

N •2rr/• f prd• • ~ f me~ drd• • rr/2 -4. ~edf , 
2tll. 0 r: • 

(24) 

f 

r.ae 

HHUy 

aanpaMep, 

CHCTeMbl 

tho 

Toe6o&aHH411 

nocxon 

CBO.QHTCSI 



{20) 

s 

(21) 

(22) 

r
0 

B.b16paaa 

(24) 

' 9 

rae re - Xn8CCH~eCKHH paaHyc sneKTpOH8 0 H COOTBeTCTBeHH01 ~HCnO ~8CTHU H8 eaH~ 
2 

HHlly anHHbl saanH OT KOHUOB CHCTeMbl ( + <<1 

(25) 

TaxHM o6paaoM, cor nacHo (23 ), pe~b HaeT o 3Ha~HTenbHblx nnoTHocTax, Tpe6yeMblX1 

F I 121) HanpHMep, OT - cnoa B "AcTpoHe" (n>y
0 

re CM , rae co6cTseHilble nona 

CHCTeMbl OTHIOa• He M8nJoi ne cpaBHeHHIO C BHeWHHMHo 

\{To KacaeTCH aaaa~H C aaaaHHbiMH &HeWHHMH nonSIMH1 TO 3.D.8Cb MO:IKHO yxa-

38Tb HexoTopbie ~acTHble cny~aH, xoraa MO:lKeT 6b1Tb nony~eHo pew•••· 

1. ":YcxopHTenbHoe" npH6nHmeHHe - cny~aA, xoraa co6cTBeHHOI CHnol nopea­

ua MO:lKHO npeHe6pe~b no cpasHeHHIO c BHewHeA. HHTerpanbHbie oneJNTopw a ( 18) 

Manhi. CooTseTcTBYIOWHe oueHxH aonycTHMoro ~Hcna ~acTHU HeTpy a•• npoaeCTH no ( 17). 

2. CHcTeMa 6nH3K8SI K TOQOHA8nbHOA - o6nacT.. 5 Mane GTnll~88TCR OT xpyra, 

Toraa co6cTBeHHhie nons MoryT 6biT• paanomeHw • pan Telnepa 11 ypaaReHHSI ( 17) 

H (18) nerKO peW810TCH1 XOrA8 pS!A CXOAHTCSI aOCT8TO~HO 6biCTpO. lle4loKycHpyiOW8H 

co6cTBeHH8SI nopeHuosa cHna cpaBHHMa ~ !lJoxycHpyiOweA BHewReA. 

3. EecxoHe~Ho anHHHbiA E- cnoA. ( PaccMoTpeHHe Taxoro sapHaHTa c~HTaeTca ·:. 
/3/ 

HeKoTopbiMH aapy6e:lKHbiMH asTopaMH noneaHbiM .ans TeopHH "AcTpOHa" (eM. ). 3a-

aa~a OAHOpOaHa no Z • :YpasHeHHSI ( 19) ao Kp8HHOCTH ynpOIU810TCSI: 

_l__!!_(r dE )-~E=O 
r dr dr r 

(26) 

1 d ( r ~fl_ ) _ ( ~ + 1 ) p = 0 
r dr dr r 7 () 

Tpe60B8HHe OTCyTCTBHH BHeWHero sneKTpOCT8TH~eCKoro.nonsr CBOAHTCH K ycnOBHIO 

o6paLUeHHH B Hynb H8DpH:lKeHHOCTH sneKTpH~ecxoro nonH H8 BHyTpeHHeH rpaHHUe 

E- cnoa (r = r.) 

E, ( t) = - -.!!.!L I 
dr r=r_, 

= 1 dE 
e dr 

I = 0. (27) 
r=r 

nocxonbKY peweHHH ( 26) Bbip8:lK810TCH ~epe3 Ta6ynHpOB8HBble IPYHKUHH, 38Ll8~8 

CBOaHTCSI K CHCTeMe asyx 06biKHOBeHHbiX ypaBH9HHA (27) H (17) • .LlnH cny~aH, 
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K.1:>r.aa E a Po paana~aJOTca B 6&rcTpo ~xo.aH~HecH pHllbi TeAnopa, .aocTaTO'IHo a 

(20) nono>KHT.b a= f3 = 0 • nonara11 

ll = K d 
1 +.c!./r 0 

fllOBneTBOpHM (27). 0TbiCKSHHe HeOI5XOllHMOI'O BHeWHero MSI'HHTHOI'O non!l TpH-

BHanbHO. 

A&Top 6naro.aapeH B.l1. BeKcnepy aa nocTOHHH&IA HHTepec K aa.aaqe
1 

P • .Lleaqeay, 

11. He.aHnKoay H ToaapawaM no pa6oTe aa o6cy>K.aeHHH. 
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