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/1 2/ 
B pa6oTax • IlOKaaa:I:io, 'ITO npii JlBIOKeHRR 3apmKeHHOPO sneKTpOH-

HOPO Konbua c roKoM Kciai<cltanbHO c sKpaHRpyromefi Merazmnqeci<ofi rpy6ofi 

B03MOmHS: tjloKyCHpOBKa tiaCTHU BHYTPR KOnbUa B UanpaaneHRH JlBRmeHRSio 

nnn 9KpaHa C BHR30TpOllHOfi ripOBOJlRMOCTbl0 0 o6eCII9'1RBll!Olllefi_MaKCRManb-

HYIO 9KpaHRpOBKY sneKTpR'IeCKOl"'O nonn R CB060JlHOe npOHRKHOBeHRe MaPHRTHOPO 
/3/ 

nonn B cpeJly, tjloKycRpyromee JlefiCTBRe 9KpaHRpyromefi rpy6hl aoapacraer • 

3JleCb Mbl RccneJlyeM ycrofi'IRBOCTb Konbua B cnyqae cMemeHRn ePo ueaTpa 

OTHOCRTenbHO OCR Tpy6blo EyJleM. C'IRTaTb, 'ITO KOnbUO 119 MeHneT CBOefi 

tjlopMbl IlpR CMellleHRR, a OTKnOHeHRSI 'laCTRU OT paBHOBeCHOfi op6RTbl Manblo 

1. YpaaaeHRn JlBRmeuun 

naRmeHRe UeHTpa sneKTpOHHOPO KOnbUa OTHOCRTenbHO 9KpaHupy!Olllefi 

Tpy6bl CKnaJlbiBaeTCSI R3 npOJlOnbiiOPO JlBR)KeHRSI (napannenbHO OCR ~py6b!) 

R JlBRmeHRSI nepneHJlnKynnpao OCR Tpy6bi. DpoJlonbHOe JlBRmeHRe 6yJleM 

npeJliiOnal"'aTb paBHOMepHbiM; ePO nePKO RCKn!O'IRTb nepeXOJlOM B COOTBeT-
i 

CTByromyro RHepuRanbHYIO CRCTeMY KOOpJlnHaT I (X ). EyJleM C'IRTaTb, 'ITO 

OCb l -cRcTeMbl uanpaaneua no ocu Tpy6bi, a ueaTp Konbua coae pmaeT 

tjJRHRTHOe. JlBRmeHRe B. nnOCKOCTU l = 0 o 

P acc~oTpnM coriyTcTayiomyro CRCTeMy KoopJlnHaT S (xi) , onpeJlenne- . 

MY!O KaK RHepuuanbHan MPHOBeHHaSI CUCTeMa KOOpJlUHaT, B KOTOpOfi CKOpOCTb 

uearpa KOnbUa paaua uynro B o6meM cnyqae numb B OJlHH onpe)leneHHblfi 
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MOMeHT apeMeHII T0 • B cnyttae aepen.stTIIBIICTCKoro JlBII>KeHII.st IteHTpa MaTpii

Ita a: ' onpe)lell.IIIOIUa.st aaKOH npeo6paaoaaHII.II 4-BeKTopa OT s K I -CIICTe
. -i .. 

Me { A ' =a. A , IIHJleKcaMII l II s OTMetteHbi aenlittHHbi a l II S -ciicTe-1 .. . s 

MaX COOTBeTCTBeHHO) 1 IIMeeT OTlliitiHbie OT Hyll.st KOMnOHeHTbi: 

_o 
a 

0 a I 1; 
-o a 

J,l 

1 a"= a"· 
0 fJ c ' 

{3 J,l = 
c c 

dX" 
d'T c IT= T 

0 

I"Jle X " - KOOPJliiHaTbi ueaTpa KOllbita a I -ciicTeMe. 
c 

Ecnii IIaMeHeHIIe CKopoCTII ueaTpa aa ~epiio.r:t o'6parueHII.st ttaCTIIll 

· B KOllbite Mall01 TO ypaBHeHII.II .r:tBII>KeHII.II ttaCTIIll B S -CIIC1'9Me: 

m 

... 
d(yJ. v) 

dt 

...... ·e·-:+-+ ..... 

e E + - [ v H ] - m ·y.i ui 
c c 

v2 JA 

{1) 

{2) 

I".r:te ;; - CKOpOCTb ttaCTIIllbl B S -CIICl'eMe; y-1. = (1 - --;-;-) ; ·£II H ... - aa-

-> a2x 
w = c 

c 
np.st>KeHHOCTII SlleKl'piitteCKOI"O II Mai"HIITHOI"O noneit; a 

dt 2 

KOpeHIIe ll9HTpa KOllblla B S -CIICl'eMe, TIOCKOllbKY Mbl OI"paHIItiiiBaeMC.II 

lliiH9HHbiM npii6llii>KeHII9M no {3 1 TO ypaBH9HH.II {2) cnpaBe.r:tlliiBbl .r:tll.II 
c 

yc-

1'8KIIX npOMe>Kyl'KOB BpeMeHII fl t 1 aa KOTOpb!e II3MeHeHIIe CKOpOCTII ll9HT-
... ... 

pa KOllblla fl Vc "' W c fl t 1 Ol'HeCeHHOe K CKOpOCTII CB9T8 1 eCl'b BelliitiiiHa 
2 

nop.st.r:tKa {3c • B cnyttae ynbTpapen.stTIIBIICTCKoro .r:tBII>KeHII.st ttacTIIll sTo 

YCllOBIIe MO>KHO aaniiC8Tb KaK 

1 
a 2 2 
1-'c C 

llt ; cu 1; it I 
0 c 

x "' r 
0 {3) 

I".r:te CU - ttaCTOT8 06paiUeHII.II ti8CTIIll B KOllblle pa.r:tiiyca r II CtiiiT89TC.II1 0 0 

<ITO cu r "' 
0 0 -

c. TaK KaK Hac IIHTepecyiOT apeMeHa to,. t
1 

cpaBHIIMbie c nepiio-

.r:tOM o6paiUeHII.II ti8CTIIll B KOllbll9 1 TO YCKOpeHIIe IteHTpa KOllblla OI"p8HIItte-

HO ycnOBIIeM: 

4 

G 

... ... 
~~· .. 

2 c 

2 
{3 c.; . 

3aniiWeM pa.r:tiiYC-BeKTOp 

.. . 
X = (r

0 
+ U00 , t}) 

r.r:te g , . 1J 1 ( - Manhie n 

neHIISIX1 KOl'Opb!M COOTBe1 

nono>KeHII.st aeaoaMyrueaao 

H9HII.II {2) 1 . lliiHeapii30B8HI 

.. 
(g- (y2+.1)cu ~ 

0 0 
(r . 

0 

.. .. 
+ 'ez. 

... 
_e_E + e 
my my c 

0 0 

2 -~ 
r.r:te y = ( 1 - {3 ) 1 f3 0 0 • 0 

Bxo.r:t.stiUIIe a ypaaaeJ 

noneit KOllblla a cao6o.r:tHo 

HIIpyrorueit Tpy6oit. TiycTb 

poJlHOM B I -ciicTeMe Ma 

nyttiiM KOMnOHeHl'bl Sl'OI"O 



ro J:IBIOKeHHH UeHTpa MaTpH

BeKTOpa OT S K 1 -CHCTe-

3enJi'IHHbl B 1 H S -CHCTe-

KOMnOHeHTbi: 

(1) 

-· 
0):1 o6pameHHH '18CTHU 

B S -CHCTeMe: 

(2) 

'. (1 - Ha-

efi, a - yc-

'Y Mbl orpaHH'IHBaeMCH 

1 (2 )~ cnpaBeJ:lnHBbi ):lnH 

H3MeHeHHe CKOpOCTH UeHT-

0 ):IBH)I{eHHH 'IaCTHU STO 

(3) 

lJ:IHy~a r
0 

H C'IHTaeTCH1 

Ha !:;. t, .cpaBHHMble C nepHO

UeHTpa Konhua orpaHH'Ie-

... ... 
X W c 

c 2 

2 
"' f3 ; c 

X r 
0 

3anHIIIeM paJ:IHyC-BeKTOp npOH3BOnbHOH '18CTHUbl B S -CHCTeMe 

... 
X (r

0 
+ ((0

0 
, t)J ;', 

0 

(4) 

(5) 

I'lle ~ 1 T/ 1 ( - Manbie no CpaBHeHHIO C r
0 

OTKnOHeHHH 'IaCTHUbl B HanpaB-
... 

neHH.IIX1 KOTOpb!M COOTBeTCTByiOT ellHHH'IHbie BeKTOpbl e, 
0 

nonomeHHH HeB03Mymeaaofi qacTHUbi c KOOPilHHaTaMII r 
0 

HeHHH (2) 1 nHHeapH30B8HHb!e no ManbiM OTKnOH9HHHM 1 HM9IOT BHil: 

... 
e 

z 

0. YpaB-

2 • r e - r y +1 J w TJ 
2 2 ... 

(r + ·Y e) w )e 

. 
+ (y 2 ~· + ( y 2 + 1 ) w . e - w 2 TJ) e... + 

0 0 0 0 00 0 0 0 0 0 , 
0 

e 4 e ... -+ ... (6) 
--E+---[(i-w TJ)e +(~+a+r )w )e0 +(e ,H]-i:J 
m y

0 
m y 

0 
c o 'o o o 0 z c 

a 
TO'IKa oaHatiaeT _onepaTop a t 

BxollHmHe B ypaBHeHHH (6) nonH cKnallbiBaiOTCH H3 co6CTBeHHbiX 

nonefi KOnhUa B CB060ilHOM npOCTpaHCTB91 BHeiiiHIIX II H8B91l9HHblX SKpa

HHpyiOmefi Tpy6ofi. nycTb KOnbUO llBII)I{9TCH BO BH9IIIH9M noCTOHHHOM 0/lHO-
... 

POilHOM B 1 -.CHCTeMe MarHHTHOM none H = H e • 11cnonbayH ( 1), no-
1 z z 

ny'IHM KOMnOHeHTbl 9TOI'O nonH B S -CHCTeMe: 
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... ... y 
c ... 

E = - [H {3 ) .= (- e 
I c c " 

X 
c ... 

--e 
.c )I 

)H 
z 

... ... 
H = H 

I 
H 

z 

... 
e 

z 
(7) 

Co6cTaeHHbie nonst B S -cHcTeMe a nHHeti:HoM npH6nH>KeHnH no ManbiM 
/4/ 

OTKnoneuustM ~ 1 T/ 1 ( 1 cornacuo pa6oTe 1 paBHbi: 

Ec=Eo +!_E'; 
r rc r 

0 
rc 

c ' l E = -E · z r zc' 
Hc=_i_H.z 

'o rc 
. Hc-Ho ~HI 
I - +-

0 % zc r zc 
0 

npu"leM ~nst KOnbua Topou~anbuoro an~a (~opMa ceqennst - Kpyr pa~ny-

ca d ) HMeeM: 

E o Ne. 
L o Ne l . I Ne 1 1 Ne 

II ={J (L-1); E =E =--;II =-II ={3-rc 2rrr 2 

0 
zc o 217 ,2 zc zc 

17
d2 rc zc o

17
d2 1 

0 

Rr 
r~e L =ln ---0 

, N - qucno ·aneKTponoa a Konbue, 
d 

(8) 

Haae~eHHbie nonst uaxo~stTCst a npe~nonomeHHH1 'ITO KOnbuo ~Bn>KeTcst 

. BHyTpu u~eanbuo npoao~stmeii uunuunpuqecKoii Tpy6bi panuyca b > r 
0 

npn"leM ManbiMH paaMepaMH Konbua npene6peraeM, fpaun"'Hbie ycnoanst 

B l -cucTeMe cTaBstTcst nnst nepeMeuuoro aneKTpOMarnnTHoro nonst Ha no

aepxuocTn H)l98nbHOI'O npOBO)lHIIK8 H Bblp8>K8JOTCSI "lepe3 KOMnOHeHTbl noneti: 

S -CUCTeMbi, EcnH OTKnOHeHHSI a UeHTpa KOnbU8 OT OCII Tpy6bi M8nbi 

( .J!..... « 1 
'o 

) 1 TO B nHHeti:HOM npn6nH>KeHnn no napaMeTpy ( _!!:_) rpaHU"'Hbie 
. r 

0 
ycnOBHSI B S -CUCTeMe eCTb:. . . . 

Xc Yc 
E +(--sin(J+-cos(J)II 

z C c r 

XC y 
-(- cos (J + _c sin (J) 11

0 c c 
0; 

x r 
E +(....E.)sin({)-t/J)E +(-ccos(J+-csin())ll 

() b z c c z 
0 ; 

a Xc Yc 
11-(-}sin({)-t/J)II +{--sin()+-cos())E =0 

b () c c z 

6 

... ... 
rne E , II - cyMMa uaaeJ 

Ua Ha noaepXHOCTH Tpy6~ 

llHH8Tbl UeHTpa KOnbU8 B 

)l0CT8TO"'HO ·MenneHHbiM1 

CT8TII"l9CKOM npli6nH>K9HH: 

f!:8B9)l9HHbiX 38pSI)lOB p H( 

Tpyfibi B S -CIICTeMe. MO» 

H Ne · 
p =---.[a (z)o(r-l 

2rrb o. 

1 H Ne a · · 
- i = --- [ {3 (-)sin 1 
c r 2rrb 0 b · 

I . H Ne 
7 I() = - 2;b I {3 

0 
[[ 

0 
(z) 

Xc . Yc ', . 
+ (- - sin () + - cos ()) [ 

c c 

rne ~YIIKUUU a ( z) Hf(z) -

MeHTy. floncTaanml P H 1 j 
nony"'UM (r .<b): 

H 2Ne 00 

¢ = - --(.[a1Jk)K
0 

(k 
TT 0 

AH 2Ne (fa (.!!..)sin 
- -- tJo r TT . 

Xc Yc . [[ + (- cos () + - sm ()) 
c c 2 



... , 

H 
I 

... 
H e 

% % 
(7) 

HHOM npHOn!DKeHHH no ManbiM 

paBHbl! 

,1 ; H c"" H o + _i H z 
rc z zc r zc 

0 

~a ceqeHHH - Kpyr paaHy-

Ne 
<=--; 

TTd 
2 

IbUe. 

I Ne 
H <=-H <={3-

•c zc 0
71

d2' 

(8) 

KeHHH 1 qTo KOnbUO aBHmeTCH 

Tpy6I>I paaHyca b > r 
0 

:!eM, fpaHHqHble ycnOBHH 

~poMarHHTHoro nomt Ha no

reg qepea KOMnoaeHTbi nonefi 

oUB OT OCH Tpy6bl MBnbl 

napaMeTpy ( '...!:...) rpaHHqHhie 
r 
0 

% 
0 ; 

;(})E <=0; 
% 

;:l 
I 

... 
rae E -+ -+H -+ H 

H - cyMMa HaaeaeHHoro E , H H coocTBeHHoro nonefi Konb-

Ua Ha noaepXHOCTH TpyobJ r <= b- a • cos ( (}-1/J) (a 1 t/J - UHnHHapHqecKHe KOOp

aHHBTbl UeHTpa KOnbUB B [ -CHCTeMe), naHmeHHe KOnbUB Mbl CqHTaeM 

aoCTBTOqHo MeaneHHbiM, TBK qTo HaBeaeHHbie nonH BbJqHCnHIOTCH B KB83H-

, a 
cTaTHqecKoM npn6nnmeHHH, B nnHefiHoM npH6nHmeHHH no (-) nnoTHOCTH 

... ... r o 
HaBeaeHHbiX 38pHaOB p H(i') H TOKOB j H(r) HB noBepXHOCTH UHnHHapHqeCKOit 

TpyobJ B S -CHCTeMe MO;>KHO 3anHC8Tb KBK! 

H Ne 
p <=----6 [a (z)8(r-b)+ a•cos((}-t/J)a

1 
(z)8'(r-b)] 

2 TT 0 

1 . H _, Ne a . Xc Yc 
--6-[{3 (-6 )sm({}-1/J)f (z)+ (-cos(}+-sin(})(f (z)-a (z))]8(r-b) c 211 0 I c ' c 2 I 

1 H Ne 
-j <=---1{3 [[ (z}8(r-b) + a•cos({}-1/J)[ (z)B'(r-,b)] + 
C (} 211b 0 0 I 

Xc Yc 
+ ( - - sin (} + - cos (} )[ b • f ( z )8' ( r - b ) - a ( z ) 8 ( r - b)] I ; 

c c 2 1 

rae c!JyHKUHH a ( z) Hf(z) - qeTHble no z 1 a WTpHX - npOH3BOaHaH no apry

MeHTy, noacTaBnHH p H 1 f H B TBKOM BHae B BblpameHHe anH noTeHUHBnOB
1 

nonyqHM (r .<b): 

2Ne 00 

¢H<= ---([a (k)K (kb)l (kr)+ka•cos((}-1/J)a (k)l (kr}]cos(kz)dk; 
TT O 0 0 0 1 1 

2Ne 
- -- ( I {3 (..!!...) sin ( e - t/1) • f ( k ) I ( k r) + 

TT o r 1 1 

X c y c [ f k I ( k r) k I k ] I k dk + (- cos (} + - sin (}) ( ) - a ( ) ( r) , cos ( z) ; 
c c 2 kr I o 
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H 2Ne 00 
· 

A 0 =--- (1{3 f (k)K (kb)I (kr)+ka•cos(()-tjJ)f (k)l' (kr)]+ 
Tt. 00 1 1 1 1 

0 • (9) 
X y 

+(--csin()+-ccos())[{ (k)I' (kr)-a (k)I (kr}]lcos(kz)dk, 
c c 2 1 1 0. 

I'Jle In , K n - MOJlHqmunpoaaHHhie <jJyHKUHH BeccenSI nepaoro H TpeThero 
_, H _, H 

poJla cooTBeTCTBeHHo, Bhi'IHcnsm E , H , ucnonhaySI (9), H noJlCTaa-

nSISI HX B I'paHH'IHb!e ycnOBHSI1 Hail:JleM: 

1o (kro) 

a (k)= 1 (kb) 
0 0 

1 ao (k) 

a (k) = 'i:b · 1 (kb) 
1 1 . 

f (k) 
0 

I (kr
0

) f (k) = 1 . f (k) 
1 -· 0 k b . ; 

1 .___.:0:__ __ _ 

f2(k}=;;t;••I (kb)1~(kb) 
l'(kb) 
1 1 

1 (k r ) 
1 0 

1 (k b) 
1 

Tenepb HeTpyJlHO nonytiHTh cuny 1 JleHCTBYIOIUYIO Ha 'IaCTHUbl KOnhUa CO CTO

pOHbl HaBeJleHHblX 38pS!JlOB H TOKOB: 

... . ... 

-a- w 'f/) e () ] + 
0 0 

0 0 ... 

FH=e(E +{3 H )e 
rH 0 zH r

0 

e • ..., 
+ - H0 

[ ('II + w e) e 
c z H . o 'o 

e 1 1 ... 
+ -e(E +{3 H )e 

r rH zH r 
0 0 

(10) <: 1 1 ... ... c 
+-e(E -{3 H )e +F +ll.F 

r
0 

zH 0 tH z H H 

... c 
I'Jle FH - cuna, Jleil:cTayroruaSI Ha ueHTp KOnhua: 

1 ... c ... ... ... 
-- F = w

0
2 Q X - w 8. ( Y e - X e ) ; my H c c o c c x c y 

0 

(11) 

... 
/). F H - cuna, Jleil:CTBYIOIUaSI Ha 'IaCTHUbl KOnhUa CO CTOpOHbi HaBeJleHHbiX 

3apSIJlOB: 

8 

I ... 2 · 
-- 8. F = w Q [ (X Cc 
m y

0 
H o P c 

. . 
- w

0 
ll.P [(Yc cos ()

0 
...,. X, 

8binHIUeM B SIBHOM BHJle I 

IUeM: 

. 2 -2 
Q = 2 J.LP f3 (p ¢ (p)± < 

c 0 2 
p 

¢1 

oo 1
0 

(pu) 

r 1 (u) 
0 0 

1 z (pu) du 

I
1
(u) 

/). ~ = 2 Jl p 2( roo 11 (pu) . 1z n 
p • , [-

ol1(u} l( 
1 

Dpu paccMoTpeHnu JlBH:m~J 

TponHoil: npOBOJlHMOCThiO f. 

'Iae CB060JlHO npOHHKaeT I 

H ( 12) ll.c = 0 n B Bb!pa:m 

p 

LJ T06hi HaitTH ypaBHe 

TeM 1 'ITO I'eOMeTpH'IeCKHH 

Ua B S -CHCTeMe 1 H npOBE 

THU8M KOnhUa, 'ITO YJl06Hc 

TaTe ycpeaHeHuSI nonyqu~ 



0-ifi}{ (k)l' (kr)] + 
I · · I 

(9) 

l ·(kr)] lcos(kz)dk, 
0 . . . 

cenH nepso~o n TpeTbe~o 

cnonb3Y5I _(9), H nOACTaB-

f (k) 
0 

' (kb) 

l (k r ) 
I 0 

l (k b) 
1 

Ha '18CTHUhl KOnbU8 CO CTO-

0 

-+_c -+ 
)e ... + F + !J. F 

z H H 

( 10) 

( 11) 

CO CTOpOHbi HaBeAeHHhlX 

-
1
- !J.F-+ = w

2 
Q [(X cos 0 + Y 

H 0 p c 0 c 

... 
sin (} ) e 

0 , 

... 
- (Y coso -X sino ) e0 ] -

c 0 0 0 

( 12) 

BhlnJUJJeM B HBHOM BHAe 4JyHKUHH 1 KOTOpbie HaM nOTpe6yJOTCH B AanbHeii-

r 11 e 2 N 2 -2 2 
Q =2/lP {3 {p¢ (p)±¢ (p)-{3 P¢ (p}); 

c 0 2.1 0 3 
p = .:_g_; ll =-; v=--·--; 

b · y mc 2 2rrr
0 p 

oo l o (pu) r __;___ 
o l o (u) 

0 

I~ (pu) 
00 I1 (pu) I 1 (pu) 

---udu;¢ =( ---udu; 
I

1
(u) 3 

0 
I 1(u) I'I(u) 

( 13) oo I 1 (pu) I 1 (pu) I 0 (pu) du 00 I 1 (pu) I~ (pu) 
!J.~c2Jlp2lf [ +p--]-+f . dul. 

p 0. I' (u} I (u} I (u) pu -
0 

I (u) l' (u} 
1 1 0 1 1 

npH paCCMOTpeHHH JlBH)KeHHH KOIIbUa BHYTPH 9KpaHHPYJOIUeii Tpy6bJ C aHH30-

Tponno:fi npOBOAHMOCTbJO Hy:X<HO y'leCTb, 'ITO Ma~HHTHOe none B 9TOM cny -
-+ 

qae CB060AHO npOHHKaeT B CpeAy, 3TO 03Ha'iaeT, 'ITO B ( 10) lJ H = 0, B ( 11) 

p p· 
¢ (p) = 0. 

3 

t.{To6hi naiiTH ypasneHHH ABH)KeHHH uenTpa Konhua, socnonbayeMCH . 

TeM, 'ITO ~eOMeTpH'IeCKHH UeHTp KOIIbUa CosnaAaeT C Ue!ITpOM Mace KOnb

Ua s S -cncTeMe, H nposeAeM ycpeAHeHHe s ypasnennHx (6) no seeM qac

THUaM KOnhUa, 'ITO YA06Ho AenaTb B AeKapTOBhiX KOOpJlHHaTaX, 8 peaynb

TaTe ycpeAHeHHH nony'IHM: 
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X 
c 

2 
w QX-(w+wf).)Y 

0 c c 0 c c 

(14) 
2 Y = w Q Y + (w +w A )X; 

c 0 cc 0 c c 

e II z 
I"Jle w~----- 'IaCTOTa o6paiiieHIHI so BHeiiiHeM Mai"HHTHOM. none Hz • 

my c 
. 0 

If a ypanuemu1 (G) cneayeT, 'ITO: 

( 15) 
e o o I o 

"' = - -- (II + II + II + -. (Eo + E ) ) = w (.1 -f).). 
0 m )' c % z c z/1 /i rc r/1 

G 0 

Ypannei!IHI ( 14) HMeJoT pemeuue: 

.\' ~ [(cox -y )co8co t-(c,1 y 1 .-i: )sinCJJ t-(c,)
1

x -y )cos:w
2
r t + 

c (d • - (t) }. 0 0 1 }. . 0 0 1 0 0 
2 l 

+ ( cu y + -~ ) sin coJ t l ; 
I 0 0 2 

,,. I [ • . • . 
1 = --- (w2 x -y )smw t+(w y +x )cosw t-(CJJ x -y )sincu t-

c cu -w 0 0 1 2 . 0 0 1 I 0 0 2 
2 1 

- ( w r + x ) cos cu t ] • 
I . 0 0 2 

(16) 

I"Jle X ... II i - Ha'JanbHbie CMeiiieHIIH II CKOpOCTb UeHTpa; w II w - '18CTOTbl 
0 0 1 2 

Kone6aauii ueurpa 

w1.2 ~ ; (I + (I- f).) f). c ) [I + 
I 4 (I -f).) }. Q c 1 . 

/I-- f).J2 
(I+(l-f).) c 

( 17) 

Orcroaa BllllH01 'ITO ycTofitJIIBOe asn~eHHe ueHTpa aoaMo~Ho nHIIIb TOI"Jla, 

KOI"Jl8 BbJnOnUHeTCH HepaBeHCTBO 

4(1 - f).)2 Q 
c 

(18) 

10 

t 

~ 
i~ 

Ecnw 'IHcno tJaCTHU a KC 

BHeiiiHeM M8I"HHTHOM UOl 

To: 

w, = w Q c 

3aMeTHM 1 ~TO nepBaH '18 

CKOpOCTH UeHTpa, a BTO~ 

'18CTOTe 06paiiieHHH '18CT 

llBH~eHHe UeHTpa ~ 

Bb!UOn!IHeTCH, ecnH: 

1 ) '18CTOT8 W 
1 

MB. 

nonHHTbCH ycnoa11e (19); 

2) Ha'lan&Hbie CMen 

cpanaeauro c paaHycoM K 

3) uaqan&HaH CKopc 

Yo w1 x o 
nopHJlKa (- "'(-}(-)) c w r

0 

4, Asu~eHHe tJacn 

npeJlCT8BIIM 'B ypaBJ 

~=~1+~2 TJ = 

1 1 1 
I"Jle ~ 1 TJ 1 ( . - OTKnOHE 

38HUhle CO CMemeHHeM KC 



( 14) 

fleM MarHHTIIOM none Hz • 

= w{.l- /:!,.). ( 15) 

t-(w x·-y )sinctJ ·t-
1 · I . 0 0 .. 2 

(16) 

'b Uei!Tpaj w
1 

II w
2

- 'I8CTOTbl 

Tpa B03MOJKIIO nHWb TOI'.Ila, 

(18) 

Ecnn 'mcno 'IaCTHU B KOnbue Mano(IL << 1), llBHJKeuue nponcxo.llHT B cnnbHOM 

BHeWHeM Mai'HHTHOM none ( /),. << J} II BhlllOnHReTCH llepaBeiiCTBO 

4Q c .« 1 ' ( 19) 

To: 

w- wQ · 
c (20) 

3aMeTHM, 'ITO nepBaR 'IaCTOTa B (20) COOTBeTCTByeT .llpefi~OBOH 

CKOpOCTH UeiiTpa, a BTOpaH 'IaCTOTa w
2 

llpHMepuo paBUa UHKnOTpOIIHOil 

'IaCToTe o5pawennR 'IaCTHUhi BO BHewneM MarnnTIIOM none Hz • 

nBHIKeHHe Uei!Tpa llOnJKIIO YllOBneTBOpRTb ycnOBHID (4), KOTOpoe 

BhmonnReTcR, ecnn: 

1) 'IacToTa w 1 Mana no cpannenniD 

nonnHTbCH ycnonne (19); 

(J)I 
c w (- << I) T.e • .llOnJKIIO Bhi-co , 

2) Ua'IanbHhie CMeWeUHH UeHTpa KOnbUa OT OCH Tpy5b! Manhi no 

Xo Yo 
CpaBHeHHID C pa.llHYCOM KOnbUa (-,- « 1 i -,- « J ) i 

0 ov 
3) Ua'IanbHaH CKOpOCTb UeHTpa RBnHeTCR Manofi BenH'IHIIOH BTOpOI'O 

Yo wl xo 
nopR.IlKa (- "'(-}(-)), 

c w r
0 

. 
x

0 
w

1 
Y

0 -"' (-)(-)). c w r
0 

4. nBHIKeHHe 'IaCTHU B KOnbUe npH CMSWSHHII ero USHTpa 

Ope)lcTaBHM B ypanneHHAA (6) OTKnonennH ~ , 11 , ' KaK: 

I'.lle ~ 1
, T/ I, '

1 
- OTKnOHSHHH OT op5HTb! UeB03MYWSHHOH 'IaCTHUhi, He CBH-

2 2 
aaHHhie co CMeweuneM Konbua KaK uenoro oT ocn Tpy5hij. ~ ·, 71 - OTKno-

11 



H9HIHI1 CBH38HHbl9 C ABII>K9HII9M U9HTpa KOnhU8o Y'IIITbiB8H ( 14) II ( 15) 

II npeAnonarast1 'ITO ABH>K9HII9 npOHCXOAHT B CllnhHOM BH9WH9M M8I'HIITHOM 

2 2 
none, nony'IIIM Ami ~ , TJ ypasaeHIIH: 

rAe 

00

2 2 • 2 2 2 2 1 
~ + 'Y (L) TJ - (L) ( y - K ) ~ = - 11 F 

y 
0 

o o myo rH 

~· + y (L) e 
0 

1 
--11F 
my ()H 

0 

(21) 

e .1 l e . 1 1 
K = 1 - --- ( E + (3 H ) - · ( E + {3 H • ) = 1-n -n . (22) 

· 2 rc 0 zc 2 c H m.y r w m Y. r w r H z H 
00 0 00 0 

IToKaaaTenll cnaAa nonn nc 11 nH nerKo aafiTII, 11Cnonh3YH (8) 11 (9): 

n = 2 'o 2. 
c 11 2 2 r7 J • 

{3 0 y 0 

00 

K (u) 2 K1 (u} 2 . .3 -2 
n =41lp 3 (3-2f[-

1 
° · I (pu)l' (pu)-{3 I (pu}]u 2 du =4/LP {3 <IJ (p). 

H o · (u} o 1 0 I (u} 1 o 4 
0 0 1 

(23) 

.. 
ITOACT8BnHSI B Bblp8>K9Hii9 AnSI B03MYW8IOW9H Cllnbi 11FH peweHIISI X c 

II f 113 (16) 1 nei'KO nony'IHTh '18CTH09 p9W9HII9 CHCT9Mbl ypaBHSHIIH (21): 
c 

2 1 • • 
~ = I ~ [( w x - y ) cos ( w t - () ) - ( w y + x ) sin ( w t - () )] -

l 2 0 0 1 .o 2 0 0 J 0 w -w 
2 1 

- ~ [ ( w x 
0 

- y
0 

) cos ( w t - () )- ( w y + x · ) sin ( w t - () )] I 
21 2 0 10 0 2 0 

12 

j 

~: 

t 

. 
} 

i 
I 

I 
\~ 

2 1 • 
TJ = ·ITJ [(w x -r 

w2 -w 1 l 2 0 0 

- TJ [ ( w x - y Fsin ( w t -:- t 
2 10 0. 2 

rAe 

~~ 

(L)i 

(L). ' Qp - -(L)- 11 p 
(-')-----

(<) 

(1 _ _ w_i )[(1--w-i .;: 
(L) (L) 

5. Aaan11a nony'l 

C M8nbiM 'IIICJ 

cny'!ae ( f3o 

E cn11 '!Hcno 'laCTIIU B 1< 

( 19) 1 TO ~ i 1 TJ i Up116n11)1 

Q c Qp Qp- t 
~ = ; ~ =---

1 1-K-2Q 2 KQ 
c c 

Bbi6epeM T8KyiO CIICTeMy KO< 

Up5IMOH1 C09AIIHHI01U9H I'90M9' 

II CMelUeHHOI'O KOnhU8 B II8'1l 

ITpeAnono>KIIM cna'!ana, 'ITO t 

CSI napannenhHO oc11 Tpy6hi, · 



Y"'IIThiB8SI (14) II (15) 

>HOM BHeWHeM M8I'HIITHOM 

(21) 

+ f3 · H ~ } =·J-n -n .(22) 
zH c H 

:nonbayn (8) ·II (9): 

(23) 
2 ·. 3 -2 . 

u du = 4 /l p f3 <ll (p} . 
0 4 

peweHIISI X c 

cilcTeMbi ypaalteHIIfi (21,): 

r + .X )'sin ( w t - ·o Jl -
0, 0 J 0 

sin ( w t ;... 0 }] I ; · 
2 0 

2 1 
TJ = --- I TJ [( w X - i ) sin ( w t- 0 ) + ( w r + ~ )cos ( w t- 0 )] -

l 20 0 l 0 20 0 l 0 

(24) 

- TJ [ ( w X - y )sin ( w t - () ) + ( w r + X ) cos ( w t - ()0 )] I. 
2 IO 0 2 0 l 0 0 2 

w. 
Q --'11 

t> w t> 
Q _.!:!..J/j. 

t> w p w. 
(-'J----- 71. = __ I_ ~i + ------·. (25) 

w W; W. 2 
{J - -)[{1 --'-) ~K ) 

' cu. 2 cu. 2 

n--;;) yo ( 1- ~) 
w w 

5, Aaanii3 rronyqeHHhiX pe3vUbT8TOB nna Konbua 

C ManbiM "'IICnOM "18CTIIU (Jl « J) B ynbTPapenHTIIBIICTCKOM 

cnyqae ( f3o = 1 

E cnii "'Hcno "'aCTIIU B Konbue aeaenHKO II BhmonaaeTca aepaaeHCTBO 

(19) 1 TO ~. 
I 

TJ i ITpiionmKeHHO MOlliHO rrpellCT8BIITb B cnenyiOWeM BHJle: 

(26) 

BbiOepeM T8KYIO CIICTeMy KOOplliiH8T1 B KOTOpofi OCb x Hanpaaneaa BllOnb 

rrpaMofi, coeniiHHIOIUefi reoMeTpii"'eCKIIe ueHTphi aKpaaHpyiOwen Tpyohi 

II CMeiUeHHOI'O KOnbU8 B li8"18nbHblfi MOMeHT BpeMeHU, B 9TOM cnyqae Y. = 0, 
. 0 

TipennonOlliiiM CH8"1ana, "'TO KOnbUO B H8"18nbHhlfi MOMeHT apeMe!III llBIIllieT-

CH rrapannenbHO ocu rpyohi, r.e. x
0 

= y
0 

= o. Torna 1; 2 
II TJ 

2 
c y"'eToM 

13 



(26) npHMYT BH):I! 

QcQp 
2- X ( Q ~ - 0 1 - K -2 c 

Q -~ p p 
cos ( w t - (J ) + cos ( w t - (J ) ] ; 

I 0 K 2 0 

(27) 

Q c 1 Qp- ~ p 1 1 
7J 2 = x (( + -) Q sin ( w t - (J ) + (- - 2 ) sin ( w t - (J )] • 

0 1- K - 2Q y2 p I 0 Q K 2 0 
c 0 c y 0 

nnSI TOI'0
1 

'IT06bi q>opMy KOnbUS MOlKHO 6btn0 C'IHTSTb H9H3M9HHOfi npH 

CM91Il9HHH U9HTpa 1 OTKnOH9HHSI ):IOnlKHbl 6biTb ):IOCTSTO'IHO .ManbiMH! 

unu 

2 
I~ I « d; 

I 2 
I 11 I « r 0 

Qc 
X I Q I « d; 

0 p' 
1-K-2Qc 

Qp- ~p 
X I~---=-- « d; 

0 K 

Qc 

xoi(1-K-2Qc 

X I 
0 

QP-~P(_l 
Q K 

c 

1 +-JQ l«r 
2 p 0 

y 
0 

_1_) 1 « r . 
2 

Yo 

(28) 

(29 1) 

(29.2) 

( 30.1 ) 

( 30.2) 

rlpoaaanuaupyeM nepaBeHCTBO (29.1 ). B SIBHOM BHJ:Ie ( 1- K - 2Q }cornacno .. c 

(13) H (23) 1 paBHO! 

1-K-2Q =n +n -2Q c c H c 

. 2 -2 1 b 2 . 2 
4JLP f3 1-

2 
(-d) + (p (cp -cp }-cp + f3 p cp] I. 

0 2y 4 2 1 0 3 
0 

l1cnonb3YSI J:ISHHbie Ta6nHUbi 1 rge npHBe):leHhi qucneHHbie ana'leHHSI IPYHK-

14 

UHfi cp 
1 

(p} H HX KOM6nlla 

cnaraeMoe B. <jlurypHbiX c 
. . . 1 .. r 

pSIJ:IOK BenH'IHHbi -- ( _JJ_d 
' 2y2 

0 
paaoM, ecnu ucKn~'IHTb 

KOne6aHHfi 1 CBSI3SHHbiX C 

1 r 2 

"""2""2 r+ J =- P 3 (p·r ¢ 
Yo . 

' T01 KSK HeTpy):IHO BH):I9Tl 

TenbHO paBHO 9):1HHHUe •. 

B BH):Ie 

Ecnu Mbi XOTHM 1 'IT06bt 

6htnH 6onbwe Manoro pa; 

BbinOnHeHHSI HepaB9HCTBa 

p < 0,9 BenH'IHHbi I Q P I H 

nonHeHHH ycnOBHSI (19), 

OTnKOH9HHSI U9HTpa KOnb: 

rlepefigeM Tenepb 1 

npegnono>KeHHSIX BenH'IHE 

X 

KOT0p09 1 •. KaK BH):IHO H3 

H HepaBeHCTBO (29.1). 

0 

YcnoBHSI (30) MO>K 

BOnbHO cna6bi no cpaBne 



t - (} )] ;' 
2 . 0 

(27) 
- /). p 1 1 
-(---)sin(w t-(J )]. 
) K 2 2 0 

c Yo 

raTb HeH3MeHHOH npH 

·aTO'IHO .ManbiMH: 

(28) 

(29 1) 

(29,2) 

( 30,1 ) 

(30,2) 

u)le ( 1-:- K - 2Q )cornacao 
,, ' . c 

+[p(cf> -c/J )-cf> +f3
2

Pcf> ]1. 
. 4, .2 I 0 J. 

:neHHhle. 3H8'19HHSI tPYHK-

UHH cf> i (p) H HX KOMOHH8UHH 1 HeTpyJlHO BHJl9Tb 1 'tl'O npn P •> 0,6 BTOpOe 

cnaraeMoe B 4JnrypHhiX cKooKax no MOJlymo scer)la 6onbwe eJlHHHUhi, no-

1 r 2 
pstJlOK senn'tHHhi -- (-D....d ) MO:lKHO C'tHTaTb paBHhiM e)lnHnue. TaKHM o6....; 

2 2 
Yo 

p830M1 ecnn HCKn!O'IHTb cnyqaii 1 KOI'Jl8 B03MO:lKH8 pe30H8HCH8SI paCK8'1K8 

KOneoaHHH 1 CBSI38HHb!X C JlBH:lK9HH9M UeHTpa 

1 'o 2 J 2 
--(-) = - p [ p ( cf> - cf> ) - cf> + /3 p cf> J ], 
2y 2 d 4 2 1 0 

0 

(31) 

T01 K8K HeTpyJlHO BH)leTb H3 TaonHUb1 1 Bblpa:lKeHHe 

TenbHO paBHO e)lHHHUe •. TorJla aepaBeHCTBO (29.1) MO:lKHO npe)lCT8BHTb 

B BH)le 

X I Q I « d . ( 32 ) 
0 p 

Ecnn Mbl XOTHM 1 'ITOObl aonyCTHMbJe Ha'lanbHhle OTKnOHeHHSI UeHTpa X o · 

ohinH 6onbwe Manoro paaMepa KOnbua d , TO aeooXOJlHMO noTpe6osaTb 

BhmonaeHnst aepaBeHCTBa I Q I<< 1. Oaaaito, KaK BHJlHO ua Ta6nHUhi 1 Jlnst 
p . 

p < 0,9 Benn'tHHhi I Q P I n I Q c I OJlHoro nopstJlKa, Cne)loBarenbHO, npn Bhi-

nonaeann ycnoBnst ( 19), ncKnJO'IaSI cnyqaii BhmonHeHHst ( 31), JlonycTHMhie 

oTnKoHeHHst uearpa KOnbua MoryT ohiTb 6onbwe Manoro paal':iepa KOnbua. 

DepeiiaeM Tenepb K HepaBeHCTBY (29,2), DoCKOnbKY npn C)lenaHHb!X 

npeJlnOnO:lKeHHSIX BenH'IHH8 K ;: 1, TO HepaBeHCTBO (29,2) npHM9T BHJl 

X I Q - /). I << d' 0 p p 

KOTOpoe, .. KaK BHJlHO H3 Ta6nHUb1 1 npHBOJlHT .K TeM :IKe Tpe60B8HHSIM 1 'ITO 

H HepaBeHCTBO (29,1) • 

Y cnOBHSI ( 30) MO:lKHO He paCCM8TpHB8Tb )leTanbH01 T8K K8K 
d 

BOnbHO cnaOhl no cpaBHeHH!O C npeJlhlllYIUHMH 1 noCKOnbKY -.«1 
'o 

15 

OHH JlQ-

d 
H Q "'-. 

c r 
0 



PaCCMOTpHM Timepb JlBif)KeHiie tiaCTHU B KOnbUe, KOI'Jl8 B Ha'JanbHbiH 

MOMeHT BpeMeHi:I uel:!Tp ei'O COBrra)laeT c ueHTPOM ce'IeHHSI Tpy6bi, HO 

HMeeTC51.0JlH8 H3 KOMITOHeHT CKOpOCTH 1 rrepiieHJlHKYnSipH851 OCH Tpy6b! 1 

JlOrryCTifM y'
0 1 

He paBH851 aymo, TOI'Jl8 C yqeTOM (26) AnSI OTKnoaeHHH 

2 2 • t t 'f/ lfMeeM, 

r Q c Q p 
1:2_ o[- cos(w t-e 
\, -- 1 0 

W 1-K-2Qc 

Q -11 
!....-!.. cos r w t - e 

0 
Jl ; 

K Qc 2 
) -

(33) 

2 Yo Q c 1 1 1 . QP -11 p 

11 
=-[-( +-)Q sin(w t-e )-(.....:..--.) sin(w t-e)]. 

w 1 - K - 2 Q c ·Y 2 p l 0 K y2 Q 2 2 0 
0 0 c 

Aaanlf31fpy51 aepaBeHCTB8 (28) AnSI OTKnoaeHHH ( 33 ). TO'JHO T8K )Ke 1 K8K 

If B npeJlhiAY!lleM cnyqae, rrplfXOJllfM K ycnoBH!O: 

d 
8 f3aaq, « (-} • 

(34) 

'o 

I'Jle 8 {3. aa" = lJJ... YcnoBife (34) cna6ee Tex, KOTOpbie Mbi nony'IIfnlf rrplf 

~· c 
aaan!f3e JlBH)KeHHSI ueaTpa KOnbua. 

6, 3 a K n 10 q e a H e 
-~- . .. ·-·- ·- ... 

Dplf OTKnOHeHifll KOnbU8 OT OCH 9Kp8HHpy!O!lleii: Tpy6bi JlBH)KeHHe 

ueaTpa 6yJleT ycTofi'JIIBO npH BbmonaeHIIH aepaBeHCTBa ( 19). Ecn11 aTo 

aepaBeHCTBO BhmonaSieTcSI, TO qacTIIUhi B Konhue 6yJlyT cc>BepmaTb Kone-

6aHHSI OKOnO paBHOBeCHOH op6HTbl C 8MITnHTYJlOH 1 MeHbllleii: ManOI'O paaMe

pa KOnbU8. Ll.nSI aneKTpOHHOI'O KOnbU8 ·c rrapaMeTp8MII r O = 5 CM1 d"" 0,1 CM1 

.. 13 N = 10 11 y 
0 

= 30, JlBH*Ylllei'OCSI BHYTPH aanaoTponaoro aKpaaa, 

16 

Q (p=O,B)= 0,03 H Q (p=O.~ 
c c. 

JlOn)KHbl 6biTb X 
0

.<< 1 CM F. 

Q ,. p. 1 TO C yBenH'JeHIII 
c 

60B8HIIR K TO'JHOCTH npOBO 

lfCrrOnb30B8HHH ~OKYCHPY!OI 

TO'JHOCTb rrpOBOJlKH KOnbUa 

1. A.r, Eoaq-OcMonoBCKifil 

2, B.M. )i(a6HUKHii:, H.H. l1 
1972, 

3, r.B. Llon6nnoB H llPo D! 

4, 3,A, DepenbmTeii:a, 0,11 



>nbue, KorAa B aa"!anbHbifi 

IM ce"!eHHSI Tpy6bl 1 HO 

u\:ymipaaSI ocH Tpy6bi1 

roM (26) AnSI· OTKnoHeHHH 

cos ( (t) t - () .. )] ; 
; 2 0 . 

(33) 

1. 1 QP-f1P 
-- -.-) . sin(w t-0)]. 
I( l Q2 2 0 

0 c 

(33) TO"'HO TaK me, KaK 

(34) 

KOTOpble Mbl nony"!HnH npH 

H .H e 

IOIIIefi Tpy6bl llBHmeHHe 

aeHCTBa (19). EcnH aTo 

ue GyAyT coaeprnaTb KOne-

)H, MeHbrnefi Manoro pasMe

teTpaMH T ~ = 5 CM 1 d"' 0,1 CM 1 

., ' 

msoTponHoro aKpaaa, 

l 
j 
l 

I 

Q (p=0,8)"' 0,03 H Q (p=0,9)"' 0,14, H llOnyCTHMble OTKnoHeHHSI KOnbUa 
c c 

JlOmKHbl 6b!Tb X 
0

.<< 1 CM H x
0 

.<< 0,7 CM COOTB9TCTB9HHO, nocKOnbKY 

Q "' ~ 1 TO C yaenH"'9HH9M "'HCna "!aCTHU B KOnbUe B03pacTaiOT Tpe-
c 

6oaaHHSI K TO"'HOCTH npoBOllKH ero no ~CH Tpy6b!, TaKHM o6pa30M, npH 

HCnOnbSOBaHHH <i~oKyCHpyiOIIIHX CBOHCTB 9KpaHa Heo6XOllHMO Y"'HTb!BaTb 

TO"'HOCTb npOBOllKH KOnbUa no OCH Tpy6b!, 

n H T e p a T y p a 

1. A.r. 13oH"!-0CMOnOBCKHii H llP· npenpH.HT OI1.RI1, P9-4135, Dy6aa, 1968. 

2. B .M. )Ka6HUKHfi, H.H, I1aaaoa. Coo6meHHe OI1.RI1, P9-6421,. Dy6aa, 

1972. 

3. r.B. non6HnOB H llPo npenpHHT OI1.RI1, P9-4737, Dy6aa, 1969. 

4. 8.A. nepenbWTefiH, O.I1. HpKOBOfi. npenpHHT OI1HI1, 2351, Dy6aa, 19613. 

PyKonHCb nocTynHna a HSAaTenbCKHfi OTAen 
12 HIOHSI 1972 rOll8o 
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t 
~t ? 

0. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 • 

Ta.CSJIH~a. ¢yHK~Htt f ( p) 

I 

iHHaOTPOnHutt S!E8.H MeTS.JIJIHqeCRaR TPYda. --
t<f;_t'P,. t?:.-7: ~-p('f..-ce' ,(~-t)t~ ~-r£1?.-~ 

t>e.- Qe ~-1'(1; -?]+P,) 
2_}1 

3,0;j5 0,424 2,536 2,073 0,538 0,598 ' 1 ,989 

3,356 0,533 2,778 2,180 0,643 0,717 2 t 110 

3,735 0,674 3,053 2,291 0 ''?68 0,862 2,239 

4,183 0,858 3,380 2,405 0,9~0 1,036 2,377 

4 t 'i''?.9 1 t 101 3,767 2,524 1 '104 1,249 2,529 

6,408 1,429 4,239 2,649 1,330 1 ,511 2,692 

6,271 1,881 4,825 2,'r'N 1 ,611 1 ,837 2,8'15 

7,404 2,520 5,576 2,917 1,967 2,251 3,082 

8,944 3,463 6 ,5'?0 3,064 2,427 2, 't84 3,320 

11 t 13 .4,8'?5 7,950 3,221 3,035 3,489 3,604 

14,42 7 t 160 9,970 3,392 3,8'i0 4,452 3,953 

19,76 11 t 10 13,15 3,581 5,070 ::>,826 4,404 

29,32 18,62 18,70 3,795 6,911 7,912 5,033 

I 49,06 34,99 2G ,81 4,045 10,02 11 ,39 5,985 

I 98,02 '17 ,57 56,66 4,353 16' 10 18,08 7' 'i'O 7 

i 248,8 213,4 137,6 4,739 30,62 33,901 11 ,55 
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1. 3Kcnep 
2. TeopeT 
3. 3Kcnep 
4 •. . TeopeT 
5. MaTeM, 
6. .R.nepHa 
7. CI>H3HKB 
8. KpHore 
9. . ·yCKOpM 

10. ABTOMl 
11. Bbi'!HCJ 
12. XHMHSI 
13. TexHHI! 
14. HccnetJ 

MeTo.na 
15. I SKene}: 

npH HH· 
16. I ll03HMl 


