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PREFATA

Compatibilitatea Electromagnetica (CEM) este o ramura de datd mai
recentd a ingineriei electrice si electronice, integrand legi, concepte si
metode specifice domeniilor tradifionale. Importanta ei creste constant,
odata cu diversitatea si complexitatea echipamentelor moderne, fara de care
ar fi greu de imaginat viata noastra cotidiand. Cu cat aspectele de
compatibilitate electromagnetica vor fi considerate si integrate mai devreme
in dezvoltarea unui produs, cu atat pierderile economice cauzate de
eventualele imbunatatiri si modificari ale produsului vor fi mai mici.
Actualmente, in orice tard, punerea pe piata si utilizarea produselor electrice
si electronice este ferm conditionatd de asigurarea conformitdtii cu
reglementarile si standardele CEM aflate 1n vigoare.

In acest context, familiarizarea studentilor electrotehnisti si
electronisti cu problematica CEM trebuie sa reprezinte un punct cheie al
oricarui program de studiu. Tocmai acesta este si scopul lucrarii de fata, care
se adreseaza, In principal, studentilor Facultdtii de Inginerie Electrica,
Energetica si Informatica Aplicata din lasi, dar care, in acelasi timp, poate
constitui un material bibliografic util pentru orice specialist sau inginer
electrotehnist. Desi lucrarea este centratd pe problematica testelor si
masurdrilor de compatibilitate electromagnetica, ea se sprijind pe notiunile
si aspectele de baza specifice domeniului CEM, oferind, in final, o imagine
introductiva cuprinzatoare.

Prezentarea informatiilor este structuratd pe cinci capitole, fiecare
dintre acestea termindndu-se cu un set de exercitii §i probleme pentru
fixarea cunostintelor.

Capitolul 1 reprezintda o introducere in problematica generala a
CEM: se definesc notiuni de baza, se discutd modelul elementar de
interferentd si mecanismele de cuplaj, se prezintd un scurt istoric CEM si
exemple de probleme CEM reprezentative, se realizeaza o clasificare
sintetica a surselor de perturbatii electromagnetice, se prezintd tipurile de
standarde CEM si organismele de standardizare etc.

Capitolul 2 constituie o trecere in revista a principalelor marimi si
unitati de masura utilizate in tehnica CEM, evidentiind, in acelasi timp,
avantajele i modalitatile de reprezentare a acestor mdrimi sub forma
logaritmica, cu ajutorul decibelului.

Capitolul 3 este dedicat liniilor de transmisie §i conectorilor de
radiofrecventd pentru aplicatii de compatibilitate electromagnetica. O atentie
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speciala este acordata adaptarii de impedanta si pierderilor de putere pe linia
de transmisie, aspecte esentiale pentru implementarea si functionarea
corecta a oricarui sistem de testare CEM.

Capitolul 4 prezintd, in detaliu, instrumentele utilizate la masurarea
emisiilor electromagnetice perturbatoare: analizorul de spectru, receptorul
de perturbatii si osciloscopul. Tot in cadrul acestui capitol, se realizeaza si o
analiza teoretico-experimentala asupra continutului spectral al unor semnale
reprezentative pentru practica CEM: semnale digitale, semnale modulate in
amplitudine si semnale modulate in frecventa.

Capitolul 5, amplu, investigheazd — 1in stransd legdturd cu
recomandarile si prescriptiile existente in standardele internationale —
principalele tehnici si metode de masurare a emisiilor electromagnetice
perturbatoare (de radiofrecventd), transmise prin conductie si prin radiatie,
precum si de testare a imunitatii echipamentelor la astfel de perturbatii.

Recunostinta si multumirile mele cele mai sincere se indreapta catre
domnii profesori Alexandru Salceanu si Valeriu David, care — in calitatea
domniilor lor de referenti stiintifici ai lucrdrii — au facut posibild cresterea
calitatii acesteia. De asemenea, adresez multumiri tuturor colegilor care,
intr-un fel sau altul, au contribuit la aparitia in bune conditii a cartii, dar si
potentialilor cititori, care, prin sugestiile si observatiile lor, vor contribui la
imbunatatirea continutului unei viitoare editii.

Eduard Lunca

lasi, 2015
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ANEXA 1. FORMULE UTILE

1. Proprietati de baza ale logaritmilor

Daca A, B> 0, m> 0 si m# 1, atunci:
> log,(4-B)=log, A+log, B;

> logm( j log, A-log, B;
> logm(AB) Blog, A;

> log, ({4)= log'"

» log, m=1;
» log, 1=0.

2. Proprietati ale numerelor complexe

2.1. Forma algebricdi a unui numar complex: z=x+y-j, x,y€R si

j?=-1, unde x este partea reald, y este partea imaginard, iar j este

unitatea imaginarad.

Egalitatea a doud numere complexe:

P oz, =2, X =X81 Y=Y,
Conjugatul unui numar complex:

> z=x- y-j.
Modulul unui numar complex:

> r=qx"+y7.
Operatii cu numere complexe scrise in forma algebrica:
Z, + 1, =(xl +x2)+(y1 +J’z)'j;
Z,—2Z, = (x1 —x2)+(y1 —y2)~j;
22, = (xl BRI J)(xz ), J)= XXy = V1V, + j(’ﬂ)’z + xz)’1);
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>

4 X +n-J :(x1+y1‘j)(x2_y2'j):

2 2
Z, Xt),-J X, + ¥,

_ NN ENY, | j(ylxz _xlyz).
X, + 9, X5+,

Puterile naturale ale numarului j:

Ak 1 . 4k 4k+2 _1 . 4k+3
=1; = ; =

J JU =75 J

Corelarea operatiilor cu conjugatul si modulul numarului complex:

_j‘

—2
2|

3

- 2
Z'Z:|Z| =

2.2. Forma trigonometricd a unui numar complex: z = r(cosgo+ jsin go),

Y

unde r este modulul numarului complex, iar ¢ = arctg— este argumentul
X

numarului complex.

Daci z, =r,(cos ¢, + jsing,) si z, = r,(cos g, + jsing, ), atunci:

Zy "2y =hh [COS((/’1 +(/’2)+j5in(¢1 +¢2)];
Z = ny[eos(p, — @,)+ jsin(p, —0,)];

Z,

z!' =r"(cosng, + jsinng,) — Formula lui Moivre;

+2k . ¢ +2k
%:M(cos%ﬁjsm%n—ﬂj.
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ANEXA 2. TABELE DE CONVERSIE

Tabelul 1
Rapoarte de puteri si tensiuni (curenti) exprimate in decibeli
Nr. decibeli Raport de Raport de tensiuni
(dB) puteri (curenti)
-140 10 107
-120 102 10°
-100 10°1° 10”
-80 107 10
-60 10°° 10°
-40 10" 107
-30 10° 0,03
20 1072 0,10
-14 0,04 0,20
-12 0,05 0,25
-10 0,10 0,32
-6 0,25 0,50
-3 0,50 0,71
0 1,00 1,00
3 2,00 1,40
6 4,00 2,00
10 10,0 3,20
12 16,0 4,00
14 25,0 5,00
20 10 10,0
30 10° 32,0
40 10* 10?
60 10° 10°
80 108 10
100 10 10°
120 102 10°
140 10" 10
Tabelul 2
Conversii intre putere, tensiune i curent (Z =50 Q)
P(dBm) | P(dBW) | U(dBpV) U®v) I(dBpA) I(A) P(W)
-100 -130 6,9897 2,24E-06 -26,9897 4.47E-08 1E-13
-99 -129 7,9897 2,51E-06 -25,9897 5,02E-08 1,26E-13
-98 -128 8,9897 2,82E-06 -24,9897 5,63E-08 1,58E-13
-97 -127 9,9897 3,16E-06 -23,9897 6,32E-08 2E-13
-96 -126 10,9897 3,54E-06 -22,9897 7,09E-08 2,51E-13
-95 -125 11,9897 3,98E-06 -21,9897 7,95E-08 3,16E-13
-94 -124 12,9897 4,46E-06 -20,9897 8,92E-08 3,98E-13
-93 -123 13,9897 5,01E-06 -19,9897 1E-07 5,01E-13
-92 -122 14,9897 5,62E-06 -18,9897 1,12E-07 6,31E-13
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P(dBm) | P(dBW) | U(dBpV) U®v) I(dBpA) I(A) P(W)
91 -121 15,9897 6,3E-06 17,9897 | 126E-07 | 7,94E-13
90 -120 16,9897 | 7,07E-06 | -16,9897 | 141E-07 1E-12
-89 119 17,9897 | 7,93E-06 | -159897 | 1,59E-07 | 1,26E-12
-88 -118 18,9897 8,9E-06 14,9897 | 1,78E-07 | 1,58E-12
-87 117 19,9897 | 9,99E-06 | -13,9897 2E-07 2E-12
-86 -116 20,9897 1,I2E-05 | -12,9897 | 224E-07 | 2,51E-12
-85 115 21,9897 1,26E-05 | -11,9897 | 2,51E-07 | 3,16E-12
-84 -114 22,9897 141E-05 | -10,9897 | 2,82E-07 | 3,98E-12
-83 113 23,9897 1,58E-05 -9,9897 3,17E-07 | 5,01E-12
82 112 24,9897 1,78E-05 -8,9897 3,55E-07 | 6,31E-12
-81 -111 25,9897 1,99E-05 -7,9897 3,99E-07 | 7,94E-12
-80 -110 26,9897 | 2,24E-05 -6,9897 4,47E-07 1E-11
-79 -109 27,9897 2,51E-05 -5,9897 5,02E-07 | 126E-11
78 -108 28,9897 | 2,82E-05 -4,9897 5,63E-07 | 1,58E-11
77 -107 29,9897 | 3,16E-05 -3,9897 6,32E-07 2E-11
-76 -106 30,9897 3,54E-05 -2,9897 709E-07 | 2,51E-11
75 -105 31,9897 | 3,98E-05 -1,9897 795E-07 | 3,16E-11
74 -104 32,0897 | 4,46E-05 -0,9897 8,02E-07 | 3,98E-11
73 -103 33,9897 5,01E-05 0,0103 1E-06 5,01E-11
72 -102 34,9897 5,62E-05 1,0103 1LI2E-06 | 6,31E-11
71 -101 35,9897 6,3E-05 2,0103 1,26E-06 | 7,94E-11
-70 -100 36,9897 | 7,07E-05 3,0103 1,41E-06 1E-10
-69 99 37,9897 7,93E-05 4,0103 1,59E-06 | 1,26E-10
-68 98 38,9897 8,9E-05 5,0103 1,78E-06 | 1,58E-10
-67 97 39,9897 9,99E-05 6,0103 2E-06 2E-10
-66 96 40,9897 | 0,000112 7,0103 224E-06 | 2,51E-10
65 95 41,9897 | 0,000126 8,0103 2,51E-06 | 3,16E-10
64 94 429897 | 0,000141 9,0103 2,82E-06 | 3,98E-10
63 93 43,9897 | 0,000158 10,0103 3,17E-06 | 5,01E-10
-62 92 44,9897 | 0,000178 11,0103 3,55E-06 | 6,31E-10
-61 91 45,9897 | 0,000199 12,0103 3,99E-06 | 7,94E-10
-60 -90 46,9897 | 0,000224 13,0103 4,47E-06 1E-09
-59 -89 47,9897 | 0,000251 14,0103 5,02E-06 | 126E-09
58 -88 48,9897 | 0,000282 15,0103 5,63E-06 | 1,58E-09
57 -87 499897 | 0,000316 16,0103 6,32E-06 2E-09
-56 -86 50,9897 | 0,000354 17,0103 7,09E-06 | 2,51E-09
-55 -85 51,9897 | 0,000398 18,0103 7,95E-06 | 3,16E-09
54 -84 52,9897 | 0,000446 19,0103 8,92E-06 | 3,98E-09
53 -83 53,9897 | 0,000501 20,0103 1E-05 5,01E-09
52 -82 54,9897 | 0,000562 | 21,0103 1,I2E-05 | 6,31E-09
51 81 55,9897 0,00063 22,0103 1,26E-05 | 7,94E-09
-50 -80 56,9897 | 0,000707 | 23,0103 1,41E-05 1E-08
-49 79 57,9897 | 0,000793 24,0103 1,59E-05 | 1,26E-08
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P(dBm) | P(BW) | U@BpV) | UV) | IdBpA) I(A) P(W)
48 78 589897 | 000089 | 250103 | 1,78E-05 | 1,58E-08
47 77 509897 | 0,000999 | 26,0103 2E-05 2E-08
46 76 60,9897 | 0001121 | 27,0103 | 224E-05 | 2,51E-08
45 75 619897 | 0001257 | 28,0103 | 2,51E-05 | 3,16E-08
44 74 62,9897 | 0001411 | 29,0103 | 2,82E-05 | 3,98E-08
43 73 63,9897 | 0,001583 | 30,0103 | 3,17E-05 | 5,01E-08
42 7 64,9897 | 0001776 | 31,0103 | 3,55E-05 | 6,31E-08
41 71 659897 | 0001993 | 32,0103 | 399E-05 | 7,94E-08
40 70 66,9807 | 0002236 | 33,0103 | 4A47E-05 1E-07
39 69 67,9897 | 0002509 | 340103 | 502E-05 | 1,26E-07
38 63 68,9897 | 0,002815 | 350103 | 563E-05 | 1,58E-07
37 67 69,9897 | 0,003159 | 36,0103 | 632E-05 2E-07
36 66 709897 | 0,003544 | 37,0103 | 7.09E-05 | 2,51E-07
35 65 719897 | 0,003976 | 38,0103 | 7.95E-05 | 3,16E-07
34 64 729897 | 0004462 | 39,0103 | 8092E-05 | 3,98E-07
33 63 73,9897 | 0,005006 | 40,0103 0,0001 5,01E-07
32 62 749897 | 0005617 | 41,0103 | 0000112 | 6,31E-07
31 61 7598907 | 0006302 | 42,0103 | 0,000126 | 7,94E-07
30 60 76,9897 | 0,007071 | 43,0103 | 0,000141 | 0,000001
29 59 779897 | 0007934 | 44,0103 | 0,000159 | 1,26E-06
28 58 789897 | 0,008902 | 450103 | 0,000178 | 1,58E-06
27 57 799897 | 0,009988 | 46,0103 0,0002 2E-06
26 56 80,9897 | 0011207 | 47,0103 | 0,000224 | 2,51E-06
25 55 81,9897 | 0012574 | 48,0103 | 0,000251 | 3,16E-06
24 54 82,9807 | 0014109 | 49,0103 | 0,000282 | 3,98E-06
23 53 83,9897 | 001583 | 50,0103 | 0,000317 | 5,01E-06
22 52 849897 | 0017762 | 51,0103 | 0,000355 | 6,31E-06
21 51 859897 | 0019929 | 52,0103 | 0,000399 | 7,94E-06
20 50 86,9897 | 0022361 | 53,0103 | 0,000447 | 0,00001
19 49 87,9807 | 0025089 | 54,0103 | 0,000502 | 1,26E-05
18 48 889897 | 002815 | 550103 | 0,000563 | 1,58E-05
17 47 80,9897 | 0,031585 | 56,0103 | 0,000632 2E-05
16 46 90,9897 | 0,035439 | 57,0103 | 0,000709 | 2,51E-05
15 45 919897 | 0039764 | 58,0103 | 0,000795 | 3,16E-05
14 44 92,9807 | 0044615 | 59,0103 | 0,000892 | 3,98E-05
13 43 93,9897 | 0,050059 | 60,0103 | 0,001001 | 5,01E-05
12 12 949897 | 0,056167 | 61,0103 | 0,001123 | 6,31E-05
11 41 959897 | 0063021 | 62,0103 | 000126 | 7,94E-05
10 40 96,9897 | 0070711 | 63,0103 | 0001414 | 0,0001
9 39 97,9897 | 0,079339 | 64,0103 | 0,001587 | 0,000126
) 38 98,9897 | 0089019 | 650103 | 000178 | 0,000158
7 37 99,9897 | 0,099881 | 66,0103 | 0001998 | 0,0002
6 36 100,0897 | 0,112069 | 67,0103 | 0,002241 | 0,000251
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P(dBm) | P(BW) | U@BpV) | UV) | IdBpA) I(A) P(W)
5 35 101,087 | 0,125743 | 68,0103 | 0,002515 | 0,000316
4 34 102,0897 | 0,141086 | 69,0103 | 0,002822 | 0,000398
3 33 103,9897 | 0,158301 | 70,0103 | 0,003166 | 0,000501
2 32 1049897 | 0,177617 | 71,0103 | 0,003552 | 0,000631
| 31 1059897 | 0,19929 | 72,0103 | 0,003986 | 0,000794
0 30 106,087 | 0223607 | 73,0103 | 0,004472 0,001
1 29 1070897 | 0250891 | 74,0103 | 0,005018 | 0,001259
2 28 108,0807 | 0281504 | 75,0103 | 000563 | 0,001585
3 27 1099897 | 0315853 | 76,0103 | 0,006317 | 0,001995
4 26 110,0897 | 0354393 | 77,0103 | 0,007088 | 0,002512
5 25 111,9897 | 0397635 | 78,0103 | 0007953 | 0,003162
6 24 1120807 | 0446154 | 79,0103 | 0,008923 | 0,003981
7 23 113,9897 | 0,500593 | 80,0103 | 0,010012 | 0,005012
8 22 114,0897 | 0561675 | 81,0103 | 0011233 | 0,00631
9 21 1159897 | 0,63021 82,0103 | 0,012604 | 0,007943
10 20 1169897 | 0,707107 | 83,0103 | 0,014142 0,01
11 19 117,0897 | 0,793387 | 84,0103 | 0,015868 | 0,012589
12 18 1189897 | 0,890195 | 850103 | 0,017804 | 0,015849
13 17 119,0897 | 0998815 | 86,0103 | 0,019976 | 0,019953
14 16 1209897 | 1,120689 | 87,0103 | 0,022414 | 0,025119
15 15 1219897 | 1257433 | 88,0103 | 0025149 | 0,031623
16 14 12208907 | 1410864 | 89,0103 | 0,28217 | 0,039811
17 13 123,9897 | 1,583015 | 90,0103 | 0,03166 | 0,050119
18 12 1249897 | 1,776172 | 91,0103 | 0,035523 | 0,063096
19 11 1250807 | 10092898 | 92,0103 | 0,039858 | 0,079433
20 10 126,0807 | 2,236068 | 93,0103 | 0,044721 0,1
21 9 1270897 | 2,50891 940103 | 0,050178 | 0,125893
2 8 1289897 | 2,815043 | 95,0103 | 0,056301 | 0,158489
23 7 12908907 | 3,15853 | 96,0103 | 0,063171 | 0,199526
24 6 130,0807 | 3,543929 | 97,0103 | 0070879 | 0251189
25 5 131,0807 | 3976354 | 98,0103 | 0079527 | 0,316228
26 4 132,9897 | 4461542 | 99,0103 | 0,089231 | 0,398107
27 3 1339897 | 5005933 | 100,0103 | 0,100119 | 0,501187
28 2 1340897 | 5616749 | 101,0103 | 0,112335 | 0,630957
29 B 1359897 | 6302096 | 102,0103 | 0,126042 | 0,794328
30 0 136,0807 | 7,071068 | 103,0103 | 0,141421 1
31 1 137,9897 | 7933869 | 104,0103 | 0,158677 | 1,258925
32 2 138,08907 | 8001947 | 105,0103 | 0,178039 | 1,584893
33 3 139,0897 | 9988149 | 106,0103 | 0,199763 | 1,995262
34 4 1409897 | 11,0689 | 107,0103 | 0224138 | 2,511886
35 5 141,087 | 12,57433 | 108,0103 | 0251487 | 3,162278
36 6 142,9897 | 14,10864 | 109,0103 | 00282173 | 3,981072
37 7 1430807 | 1583015 | 110,0103 | 0316603 | 5011872
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P(dBm) | P(BW) | U@BpV) | UV) | IdBpA) I(A) P(W)
38 8 1449897 | 1776172 | 111,0103 | 0355234 | 6,309573
39 9 1450897 | 19,92898 | 112,0103 | 039858 | 7,943282
40 10 146,0807 | 2236068 | 113,0103 | 0447214 10
41 11 1479897 | 250891 | 114,0103 | 0501782 | 12,58925
2 12 148,0807 | 28,15043 | 115,0103 | 0,563009 | 15,84893
43 13 1499897 | 31,5853 | 116,0103 | 0631706 | 19,95262
44 14 150,0807 | 3543929 | 117,0103 | 0,708786 | 25,11886
45 15 151,9897 | 3976354 | 118,0103 | 0795271 | 31,62278
46 16 152,9807 | 4461542 | 119,0103 | 0,892308 | 39.81072
47 17 153,0897 | 50,05933 | 120,0103 | 1001187 | 50,11872
48 18 1549897 | 56,6749 | 121,0103 | 1,12335 | 63,09573
49 19 1550807 | 63,02096 | 122,0103 | 1260419 | 7943282
50 20 156,9897 | 7071068 | 123,0103 | 1414214 100
51 21 1570807 | 7933869 | 124,0103 | 1,586774 | 125,8925
52 2 158,0897 | 89,01947 | 1250103 | 1,780389 | 158,4893
53 23 1599807 | 99.88149 | 126,0103 | 1,99763 | 199,5262
54 24 160,087 | 112,0689 | 127,0103 | 2241377 | 251,1886
55 25 161,9897 | 1257433 | 128,0103 | 2,514867 | 316,278
56 26 162,0807 | 141,0864 | 129,0103 | 2,821727 | 398,1072
57 27 1639897 | 1583015 | 130,0103 | 3,16603 | 501,1872
58 28 1649897 | 177,6172 | 131,0103 | 3,552344 | 630,9573
59 29 1650897 | 1992898 | 132,0103 | 3985795 | 7943282
60 30 166,9897 | 223,6068 | 133,0103 | 4472136 1000
61 31 167,0807 | 250,891 | 134,0103 | 5017819 | 1258925
62 32 168,0807 | 281,5043 | 1350103 | 5,630086 | 1584,893
63 33 1690807 | 315853 | 136,0103 | 631706 | 1995262
64 34 170,087 | 3543929 | 137,0103 | 7,087858 | 2511,886
65 35 1719897 | 397,6354 | 138,0103 | 7952707 | 3162278
66 36 172,0807 | 446,1542 | 139,0103 | 8923084 | 3981072
67 37 173,9897 | 500,5933 | 140,0103 | 10,01187 | 5011,872
68 38 1740807 | 561,6749 | 141,0103 | 11,2335 | 6309573
69 39 1759897 | 6302096 | 142,0103 | 12,60419 | 7943282
70 40 1769897 | 707,1068 | 143,0103 | 14,14214 10000
71 41 1770897 | 7933869 | 144,0103 | 1586774 | 1258925
7 ) 1789897 | 890,1947 | 1450103 | 17,80389 | 15848,93
73 43 179.08907 | 9988149 | 146,0103 | 199763 | 19952.62
74 44 180,9897 | 1120,689 | 147,0103 | 2241377 | 25118,86
75 45 181,0807 | 1257,433 | 148,0103 | 2514867 | 31622,78
76 46 182,0807 | 1410,864 | 149,0103 | 2821727 | 39810,72
77 47 183,9807 | 1583,015 | 150,0103 | 31,6603 | 50118,72
78 48 184,0897 | 1776172 | 151,0103 | 3552344 | 6309573
79 49 1859897 | 1992,898 | 152,0103 | 39,85795 | 7943282
80 50 186,9807 | 2236,068 | 153,0103 | 4472136 | 100000
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P(dBm) | P(dBW) | U(dBpV) Uw) 1(dBpA) I(A) P(W)
81 51 187,9897 2508,91 154,0103 50,17819 125892,5
82 52 188,9897 2815,043 155,0103 56,30086 158489,3
83 53 189,9897 3158,53 156,0103 63,1706 199526,2
84 54 190,9897 3543,929 157,0103 70,87858 251188,6
85 55 191,9897 3976,354 158,0103 79,52707 316227,8
86 56 192,9897 4461,542 159,0103 89,23084 398107,2
87 57 193,9897 5005,933 160,0103 100,1187 501187,2
88 58 194,9897 5616,749 161,0103 112,335 630957,3
89 59 195,9897 6302,096 162,0103 126,0419 794328,2
90 60 196,9897 7071,068 163,0103 141,4214 1000000
91 61 197,9897 7933,869 164,0103 158,6774 1258925
92 62 198,9897 8901,947 165,0103 178,0389 1584893
93 63 199,9897 9988,149 166,0103 199,763 1995262
94 64 200,9897 11206,89 167,0103 224,1377 2511886
95 65 201,9897 12574,33 168,0103 251,4867 3162278
96 66 202,9897 14108,64 169,0103 282,1727 3981072
97 67 203,9897 15830,15 170,0103 316,603 5011872
98 68 204,9897 17761,72 171,0103 355,2344 6309573
99 69 205,9897 19928,98 172,0103 398,5795 7943282
100 70 206,9897 22360,68 173,0103 447,2136 10000000

Tabelul 3
Conversii factor de unda stationara — pierderi de intoarcere
s a, a,, |Fs | P, s a, a, |Fs | P,
O:1 | @B) | @B) | ™ (%) | O:1 | dB) | dB) | ™ (%)
1,00 — 0,000 0,00 0,0 1,64 12,3 0,263 0,24 5,9
1,01 46,1 0,000 0,00 0,0 1,66 12,1 0,276 0,25 6,2
1,02 40,1 0,000 0,01 0,0 1,68 11,9 0,289 0,25 6,4

1,03 36,6 0,001 0,01 0,0 1,70 11,7 0,302 0,26 6,7

1,04 34,2 0,002 0,02 0,0 1,72 11,5 0,315 0,26 7,0

1,05 32,3 0,003 0,02 0,1 1,74 11,4 0,329 0,27 7,3
1,06 30,7 0,004 0,03 0,1 1,76 11,2 0,342 0,28 7,6
1,07 29,4 0,005 0,03 0,1 1,78 11,0 0,356 0,28 7,9
1,08 28,3 0,006 0,04 0,1 1,80 10,9 0,370 0,29 8,2

1,09 27,3 0,008 0,04 0,2 1,82 10,7 0,384 0,29 8,5

1,10 26,4 0,010 0,05 0,2 1,84 10,6 0,398 0,30 8,7

1,11 25,7 0,012 0,05 0,3 1,86 10,4 0,412 0,30 9,0

1,12 24,9 0,014 0,06 0,3 1,88 10,3 0,426 0,31 9,3

1,13 24,3 0,016 0,06 0,4 1,90 10,2 0,440 0,31 9,6

1,14 23,7 0,019 0,07 0,4 1,92 10,0 0,454 0,32 9,9

1,15 23,1 0,021 0,07 0,5 1,94 9,9 0,468 0,32 10,2

1,16 22,6 0,024 0,07 0,5 1,96 9,8 0,483 0,32 10,5
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s a, a, |F | P. s a, a, |F | P.

O:1 | @B) | @B) | ** (%) | O:1 | (dB) | (dB) = (%)
1,17 22,1 0,027 0,08 0,6 1,98 9,7 0,497 0,33 10,8
1,18 21,7 0,030 0,08 0,7 2,00 9,5 0,512 0,33 11,1
1,19 21,2 0,033 0,09 0,8 2,50 7,4 0,881 0,43 18,4
1,20 20,8 0,036 0,09 0,8 3,00 6,0 1,249 0,50 25,0
1,21 20,4 0,039 0,10 0,9 3,50 5,1 1,603 0,56 30,9
1,22 20,1 0,043 0,10 1,0 4,00 4.4 1,938 0,60 36,0
1,23 19,7 0,046 0,10 1,1 4,50 3,9 2,255 0,64 40,5
1,24 19,4 0,050 0,11 1,1 5,00 3,5 2,553 0,67 44,4
1,25 19,1 0,054 0,11 1,2 5,50 3,2 2,834 0,69 47,9
1,26 18,8 0,058 0,12 1,3 6,00 29 3,100 0,71 51,0
1,27 18,5 0,062 0,12 1,4 6,50 2,7 3,351 0,73 53,8
1,28 18,2 0,066 0,12 1,5 7,00 2,5 3,590 0,75 56,2
1,29 17,9 0,070 0,13 1,6 7,50 23 3,817 0,76 58,5
1,30 17,7 0,075 0,13 1,7 8,00 2,2 4,033 0,78 60,5
1,32 17,2 0,083 0,14 1,9 8,50 2,1 4,240 0,79 62,3
1,34 16,8 0,093 0,15 2,1 9,00 1,9 4,437 0,80 64,0
1,36 16,3 0,102 0,15 2.3 9,50 1,8 4,626 0,81 65,5
1,38 15,9 0,112 0,16 2,5 10,00 1,7 4,807 0,82 66,9
1,40 15,8 0,122 0,17 2.8 11,00 1,6 5,149 0,83 69,4
1,42 15,2 0,133 0,17 3,0 12,00 1,5 5,466 0,85 71,6
1,44 14,9 0,144 0,18 3,3 13,00 1,3 5,762 0,86 73,5
1,46 14,6 0,155 0,19 3,5 14,00 1,2 6,040 0,87 75,1
1,48 14,3 0,166 0,19 3,7 15,00 1,2 6,301 0,88 76,6
1,50 14,0 0,177 0,20 4,0 16,00 1,1 6,547 0,88 77,9
1,52 13,7 0,189 0,21 43 17,00 1,0 6,780 0,89 79,0
1,54 13,4 0,201 0,21 4.5 18,00 1,0 7,002 0,89 80,1
1,56 13,2 0,213 0,22 4.8 19,00 0,9 7,212 0,90 81,0
1,58 13,0 0,225 0,22 5,1 20,00 0,9 7,413 0,90 81,9
1,60 12,7 0,238 0,23 5,3 25,00 0,7 8,299 0,92 85,2
1,62 12,5 0,250 0,24 5,6 30,00 0,6 9,035 0,94 87,5

s — factor de undd stationara, I’y — coeficient de reflexie, P, — putere reflectata,
a, — pierderi de intoarcere, a,, — pierderi de neadaptare

Tabelul 4
Conversii intensitate a campului electric — densitate de putere

E E S S S S S S S
v/ (dBpVv/ W/ (dBW/ W/ (dBW/ [ (mW/ | (dBm/ | (dBm/
m) m) m?) m?) cm’ cm’) cm’) cm?) m’
7000 197 130.000 | +51 13 +11 13.000 | +41 +81
5000 194 66.300 | +48 6,6 +8 6.630 +38 +78
3000 190 23.900 +44 2,4 +4 2.390 +34 +74
2000 186 10.600 +40 1,1 +0 1.060 +30 +70
1000 180 2650 +34 0,27 -6 265 +24 +64
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E E S S S S S S S
v/ dBnVv/ W/ dBW/ W/ dBW/ | (mW/ | (dBm/ | (dBm/
n

m) m) m’ m’ cm’ cm’) cm’) cm?) m?)
700 177 1300 +31 0,13 -9 130 21 +61
500 174 663 +28 0,066 -12 66 +18 +58
300 170 239 +24 0,024 -16 24 +14 +54
200 166 106 +20 0,011 20 11 +10 +50
100 160 27 +14 0,0027 26 2,7 +4 +44
70 157 13 11 1,3:107 29 1,3 +1 +41
50 154 6,6 8 6,6:10™ 32 0,66 2 +38
30 150 24 4 2,410 36 0,24 6 +34
20 146 1,1 0 1,1-10" -40 0,11 -10 +30
10 140 0,27 -6 2,7:10° -46 0,027 -16 +24

7 137 0,13 9 1,3-10° -49 0,013 -19 21

5 134 0,066 -12 6,6:10° -52 66:10™ 22 +18

3 130 0,024 -16 2,4:10° -56 2410 26 +14

2 126 0,011 -20 1,1-10° -60 11-10* 230 +10

1 120 0.0027 -26 2,7-107 -66 2,710 36 +4
0,7 117 1,3:107 29 1,3:107 -69 1,3:10* -39 +1
0,5 114 6,6:10™ 32 6,6:10% -72 6610 42 2
0,3 110 2.4:10% 36 24108 -76 24-10™* -46 -6
0,2 106 1,1-10* -40 1,1-10% -80 11-10* -50 -10
0,1 100 2,7-10° -46 2,7-10° -86 2,7:10°° -56 -16
70-107 97 1,3-10° -49 1,3:107 -89 1,3:10° -39 -19
50-107 94 6,6:10°° -52 6,6:1071° -92 66107 -62 22
30-10° 90 2,410 -56 2,410 96 24-10° -66 -26
201073 86 1,1-10° -60 1,1:10"° | -100 11-10°® -70 -30
10-10° 80 2,7-107 -66 2,7-101 [ -106 2,7:10% -76 -36
7-107 77 1,3:107 -69 1,310 [ -109 1,3:10° -79 -39
5107 74 6,6'10° -72 6,610 | -112 66:1071° -82 -42
3103 70 2,4-10° -76 2410 [ -116 2410710 -86 -46
2:103 66 1,1-10° -80 L1102 | -120 11-10"° -90 -50
1-10° 60 2,7:10° -80 2,710 | -126 | 2,7:10"° 96 -56
7-10* 57 1,3:107 -89 1,3-10% [ -129 1,3-107° -99 -59
510 54 6,6:1071° -92 6,610 | -132 66:10'2 | -102 -62
3-10™ 50 2,410 -96 2,410 [ -136 24102 | -106 -66
2:10™ 46 1,110 | -100 L1107 | -140 11-102 | -110 -70
1-10* 40 2,710 | 106 | 2,7710% | -146 | 2,7:102 | -116 -76
7-10° 37 1,310 | -109 1,310 | -149 1,310 [ -119 -79
5:107 34 6,6'10" | -112 | 6,6:10"° | -152 66:10% | -122 -82
3-10° 30 2,410 | -116 | 2410 | -156 24-10™ | -126 -86
2:107 26 1,1:102 | -120 1,1-10% | -160 1110 | -130 -90
1-107 20 2,7-108% | -126 | 2,7:10"7 | -166 | 2,7-10 | -136 -96
7-10°° 17 1,310 | -129 L3107 | -169 1,3-10 [ -139 -99
5-10°° 14 6,610 | -132 | 6,6:10% | -172 66:1071¢ | -142 -102
3-10°° 10 2410 | -136 | 2,410 | -176 2410 | -146 -106
2:10° 6 1,1-10 | -140 | 1,1-10" | -180 11-10"¢ | -150 -110
1-10°° 0 2,710 | -146 | 2,7710" | -186 | 2,7-107'° | -156 -116
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