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Yncrio crnoes

ITocTosiHHBIE BETUYUHBI:

-aneKTpunyeckad NoCTtoAHHaA

- CKOpPOCTb CBETa

PacueTrHble Be/IMYMHDBI
Linknnyeckas yactoTta

BonHoBoe u1cro ceoboaHoro
NPOCTpaHCTBa

KBagpaTHble KOpHM 13 oTpuLaTenbHbIX
3HaYEeHUN NPOHMLIAEMOCTEN Cpeabl

Mokasatenb nperomMmreHunsa ¢ y4eTtom
3HaKa NpoHnUaemMoCTu

BonHoBoe um1crno cpegpl ¢
YY4ETOM 3HaKa NPOHMLAEMOCTH

BonHoBoe conpaort ueneHne cpeabl
C y4eTOM 3Haka NpoHNLaeMOCTU

[nvHa BonHbI B cpene

A%\,Q»E»M) =

Ns:=3
12 -7
€0 := 8.8354-10 - MarHuTHas nocTosiHHas po = 4-1-10
¢:=3.10°
M\
. 1
Mepuoa konebaHwi Tp = .
kO := w+/€0- BonHosoe conporu
0:= w~/e0-p0 poTvBneHve WO = 120-

CcBOOOAHOMO N POCTpaHCTBa

epp(e) = if(e < O,—i-ﬂa—,\/g)
upp() = if(p < 0, ~i~/Tpl i)

ep(L,e) := if(eL < O,—i-\/_le_L[,\/?L)
up(L. ) = ity < 0.~ [Tu . [y

n(L,e,p) := ep(L,e) pp(L, p)

k(L,e,p) = kO-n(L,€e, p) kk(e, p) := k0-epp(€)- upp(p)

W(L.e,p) =i Re(eL)<O,i Re(}LL)<O,—WO-\/—|u_L[,—WO-m i Re(uL)<o,—Wo-—“_uL
‘L JTleL \/?L

, WO-

S

>

Ve Ve

WW(e,p) = if(Re(z—:) < O,i{Re(u) < o,—wo-m,—wo-ﬂ],i{m@ <0,-W0.-= e Wo-m]]
Vel V-Tel

€

2.7t
[k(1,e, )]



3aBUCKMMOCTL yIma NpenomMreH1s oT yrmna nageHust
- neprieHOUKYynsipHas rnonsapu3ayus (s)

KoadhdomumeHT oTpakeHus Ha /U rpaHuue (Mexoy I-m u H1-mcrnoem

Os(L,e, p,p) = i<|lm(n(L,s, w)| > 0,0,sign(n(L, e, u))-asin(sin(up)-ﬁn

W(l,e,p)
W(0,e,p)

= 75.962i

W(1,¢e, ) = 2.864i x 10°

W0 - W1
RI2(W1,W0) = ———— RI2(W(1,e,p),W(0,e,1)) = -1 — 0.026i
( ) WO+ W1 (W(l,e,p), W(0,g, 1))
W(0,e,n) = 376.991
. . 7
1w , gl , My -d1 =-2.388ix 10
. . 7
1w , & , M, -d2= —2.388i x 10
g1 .= V(e - W0,e,). L e 2L e wr{d, + 4

2
W(0.e,p) - W(le,w\ - .. '
W(0,e,p) + W(l,e,p)j expl-20-k(1, &) (d, + 4]

W(l,e,p) + W(0,e,p) (

4'W(1989 H)W(O,g,u) exp _i'k(l,E’ u)(dl + dz)i|

S21 .=

2 2
(W(0,e,p) + W(l,e,p)” . (W0,e,w-Wlepw) - . |
1 (W(O,a,u)+W(l,e,p)j expl-20-k(1, &) (d, + 4]

WW(e, ) — WO
WW(e, p) + WO (

sli(e, p,dl,d2) = 1 — exp[-2i-kk(e,p)-(dl + d2)]

WW(e,p) — WO

2
. —2i-kki .
WWE . WO) exp[—2i-kk(e, p)-(dl + d2)]

S11=0.988 + 0.111i

[S11] = 0.994 arg(S11)
deg
exp(—2i-k(1 €, u)-dl) = 0.853
S21 = 0.012 — 0.108i
S21
|s21] = 0.108 ag(52D) _ g3 504
deg



4-WW(e, p)-WO0

exp[—i-kk(e, p)-(d1 + d2)]

s21(e,p,d1,d2) = .
(WW(e, 1) + W0)* . (WW(&, 1) — WO

2
j -exp[-2i-kk(e, p)-(d1 + d2)]

WW(e,p) + WO
—4 -2 —4 [ ek—en
en:= -10 ek:=-10 se = —10 Ne := ceil Ne =99
se
([ mk — mn
mn = —0.5 mk := —60 sm:= —1 Nm := ceil| —— Nm = 60
sm
dl
ie:= 0..Ne im:= 0..Nm er. := en+ se-ie mr. = mn + im-sm /%y =er e2. = —er. -— ml. = -mr
1€ m c 1€ 1€ 1€ d2 m m
dl
mzim = mrim'_
d2
WO — WW(el,ml, | s maxwi2) |
rl2, . = wi2. . = WW(el. ,ml. ) max(wl2) = 2.932i x 100 ———2 =777.817i
ie,im WO+WW(€1. ,ml, ) ie,im ie im
1€ m 3
wi2 min(w12) = 2.666i x 10
wwl2 = ——— .
max(w12) min(wl2) _ - 0715

Hig im = sll(elie,mlim,dl,dz)

arg(ssl lie, im)

Msll., . = |ss11. . | fazll. . =
1€, 1m 1€, 1m 1€, 1m deg
arg(ss21ie im)
Ms21. . = |ss21. . | faz2l, . = ———2—~
1€,1m 1€, 1m 1€,1m deg

ss21. . = s21(e1.
1e,1m 1

o™iy

max(Msl11) = 0.999
min(Msl1) = 0.23

max(fazl1l) = 77.008 min(fazl1) = 2.011

minfll := min(fazl1) maxfll = max(fazll)

max(faz21) = —12.992 min(faz21) = —87.989
minf21 := min(faz21) maxf21 = max(faz21)

max(Ms21) = 0.973

min(Ms21) = 0.032

minlv

max)

minlv

max)



90
0.9
Lo
30 0.8 I
Ms1160.im e e e e e o fazl
Msl11g, im -0 fazllp im — 0.7 -
0.7 —-30
=30
o 0.6 o
' - 60
0560 50 40 30 20 10 o0
0.5 — 90 - - - - - -
Z60 -50 —40 -30 -20 —10 mr,
mrim

maxfll = 77.008



Msl1

fazl1

60




=70
0.2

1-75

Ms21g im - 80faz21g im

0.1~

1- 85

I I I
0 - 90
- 80 - 60 -40 -20 0

-

30

0 faz2ly im

-30

- 60

0
- 60 -50 - 40 -30 -20

mrj,

- 10

- 90

I
-20
0.8
—-40
0.6
Ms21¢0,im faz21
0.4 — 60
0.2
- 80
L
- 80 - 60 -40 -20 0
mrjy,
1 90
0.8 60
30
0.6
Ms2lgg jm [0 o faz2
0.4
-30
0.2 — 60
- = *
- 60 -50 —-40 -30 - 20 - 10 0
mrjy



Ms21 faz21

- WW(elie,mlim) Zm -

ie,im " ie,im |Zie,im| maz := max(Zm) maz = 2.932 x 105

Zm
Zm:= —
maz



Zm

KSV

ie,im "~

1+ Ms21,

| ||||||annmnummlmI

!

il

il
i

e,im

W

e,im

max(KSV) = 73.909

1 —
0.8 7] 0.8
Zmo, im 0.6 | ]
_Zilé.O,imo,4— | -ZTiE,SOOA_
0.2 | 1

N -0.01-8&

min(KSV) = 1.066 KSVma := max(KSV) KSVmi:= min(KSV)



KSv

Z1:=71.1+ 1425 Zv:=-125-1299 61 := 180-deg

0 := mfa-deg

2z := Z1 + exp(i-0)-Zv zz = 59.657 + 12.18i

Nz := last(zv) Nz=3 ip:=0..Nz zrip =71+ exp(i-e)-zvip

zrmip =71+ exp(l-el)-zvip

Zmie,im =71+ exp(l-arg(ssllie’i ))'ZV4 All%\ie,im = Re(Zmie’im)

ZvV =

ie,im’

73.1 + i-42.4 0
673 +i7.5 0.1
514 i-19.2 0.2
T | 293344 "=10a
6.2 - 375 0.4
125 - i29.9 0.5
142.667 + 87.439
138.095 + 52.357i
123.142 + 25.116i
71 101,589 + 9.149i
78.612 + 5.241i
59.657 + 12.18i
- Im(Zinie,im) max(R) = 109.034

hl:=0.5h

min(R) = 78.612



min(X) = 5.241

max(X) = 40.111

-’

150,

150

120

L
[=) [=3
(o)} N}
—_—
R= = ]
= =
N N ¢
z|=!
R P “

30

0.25

0.2

0.15

0.1

0.05

0.1 0.15 0.2 0.25

0.05

hlj,

hlj,



150
1100

730

~ 7150

60

40

20

100
Rg,im
Re0,im 50

&0

404
304

0
10

mlim



I
=



= 6.406



111 := min(Ms11) mfa := min(fazl1)
A11 := max(Msl1)
121 := min(Ms21)
/121 := max(Ms21)



mfa = 2.011

160, im



60,im

160, im



i L R

N\
-~

'
g -

-
-
--——__—

. . . —

A0 2 6x10 2 4x1072 2107 0

elie



zrm =

-2 +0.11
3.8 + 351
19.7 + 61.71
41.8 + 76.91
64.9 + 801
83.6 + 72.4i




T T T T
1001~ =100
Rie,O """"""""""""""""""""""""""""""""""" 7311 Xie,O
Sies0 sor 150 Zie.so
0 T [ ] [ 0

—0.01— 810 > 6x10 > 4x10 > 2x10° > 0

elie



