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AHHOmMayus: PaccmaTpuBAOTCA HE/IMHENHbIE WCKaXKeHUs HEMOZY/IMPOBAHHOIO FAPMOHUYECKOTo CUrHana U
MOZYNMPYIOLLEro CUrHaNa aMnanTygHO-MOAY/IMPOBAHHOIO CUTHaNa C rapMOHWYECKOW Moayasaumuei npu npo-
XOXKAEHUN Yepe3 MOLLHbIN HEIMHEWHBIN YCUAUTENb ¢ 6e3bIHEPLUMOHHOM Harpy3Koin. XapakTepucTmka HesimHemn-
Horo anemeHTa (H3) 3agaHa Npu NomoLy annpoKkcumupytowein GyHKLMKM TpeTbero nopsaaka. 4na rapmoHuye-
CKOTO CUTHasla PacCMOTPEHbI AB8a pPexnma paboTbl HI: ¢ oTceukoit n 6e3 oTceyku. Monaranm, 4tTo gemoaynsaums
MOZY/IMPOBAHHOIO CUrHANA OCYLLECTB/IAETCA C MOMOLLbI CUHXPOHHOTO KBagpaTypHOro aMniUTyAHOrO AeTekK-
Topa. OuEeHKa BENNUYMHBI UCKAXKEHUI UCCIEAYEMbIX CUTHAIOB NPOM3BOAMIACE C MOMOLLbIO KO3adduLumeHTa He-
JINHENHBIX UCKaxeHWI. MpuBeseHbl paccyMTaHHble 3aBUCMMOCTU KO3IPDULMEHTA HENUHENHDBIX UCKAXKEHUA OT
yrna OTCEeYKM B C/ly4ae TrapMOHMYECKOro CUrHasfa M OT KoadpduuMeHTa mMoay auMUM  aMNAUTYAHO-
MOZYMPOBAHHOIO CUTHANA.

Knroyessle c108a: HENMHENHDBIA YCUANTE/b, HEIMHEMHbIE UCKAXKeHWUs, aMNANTYAHAA Moaynauma, KoapduumeHT
HENIMHEMHbIX UCKAXKEHUI, AeMoaynaums.

Beenenue JU1s1 OLleHKH BENWYMHBI UCKA)KEHUM HUCIIONb3Y-
OCHOBHBIM 3BEHOM IIEPEIAIONIEro TPaKTa paauo- eM K03 (DUIIMEHT HETMHEHHBIX UCKaKeHUH [9]:
CTaHIIMH, BIUSIONIMM Ha MCKaKEHHE CHTHAJa, SB- W
JIA€TCSl OKOHEUHbIA MOUIHBINA ycunurtenb. s K. = k=21%k -100% 2)
obecrieueHns BEICOKOTO KO3 (UIMEHTa TIONe3HO- H" A ’
ro ACHCTBUS ATOT Kackaj paboTaeT B HEJIMHCSHHOM e |(jk| — AMIUIATYIbl CIIEKTPANBHBIX COCTAB-
peKHUMe, 00YCIIOBIMBAIONIEM HCKAXXEHHS BBIXOJ- JISEOLIHX.
Horo curuana. HenuuelHbie HCKaXEHUSI CUTHAJIOB
B BBIXOJHBIX MOIIHBIX YCHJIMTEISIX HCCIICIOBAHBI TapMOHMYECKHIi CHIHAT
B [1-7]. CurHajl Ha BXOJ€ YCWINTEINS BhIpakaeTcs (hyHK-

Lenb paboThl — aHAIM3 BIMSHKS HEJTMHEHHOCTH et

BBIXOJIHOI'O MOIIHOIO YCHJIUTEIS Ha HCKaKCHHS u(t) = Uy + uc(b), (3)

HEMOAYJIMPOBAHHOI'O I'apMOHHWYCCKOI'0 CUrHaja u rie UO_ HAIpsHKEHUE CMEILECHHUS.

uc(t) = U cos(wt + @). (€))
OHeHKy BEIWYUHEI UCKA)KEHUM BBIIIOJIHSIEM B

TapMOHHYECKOT0 MOJYJIHPYIOUIEr0 CHIHajla aM-
IUIMTYTHO-MOAYIHupoBaHHOTO (AM) curnana.

Ycunutenb NpeACcTaBUM KaK HEJTMHEWHBIA ye- o

. JIBYX PeKUMax pabOThl HEIMHEHHOrO 3JEMEHTa

TBIPEXTIONIOCHUK C XapaKTEPUCTUKOM [§] (HD): 6e3 OTCEUKH 1 ¢ OTCEUKOi

1
fw) =u- §u3, (D Peowcum 6e3 omceuxu. Ilpu 3TOM BeMYMHA Ha-

. . npspxeHust cMernenusi cocrasiser Uy = 0,5. Tlo-
rie u€f0; 1], u Ge3pIHEPIIMOHHON HATPY3KOHA.

CKOJIbKY MI'HOBCHHBIC 3HAUCHHA U HaAXOOATCA B
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muamnaszone # € [0; 1], To mpu Uy = 0,5 umeem
Upax = 0,5.

Curnan Ha Beixone HO cormacuo (1), (3) u (4)
npeacTaBuM B BUIC:
U (§) = ag + aq cos & + a, cos 2E + a5 cos 3E,
rie

1 1
E:((Dt‘{'(p), a0=U0<1——U02——U2>;

3 3
1 1
a; = U(l— Uy? —ZU2>; a, = —EUOUZ;
1
=—-—U3
D)

Pesynbrath pacuéra koddduimenTa HemuHen-
HBIX MCKaXCHUH TMpeNCTaBICHbI Ha PHC.

orceuku 6, rie cos 0 = —Uy/U.
Pacuérpl noka3pIBarOT, 4TO MpHU YIJIE OTCEYKHU
90° enmunna Ky 10CTHTAEeT 39,61%.

AMIIMTYIHO-MO1Y/ M POBAHHBIH CUTHAJ

Curnain ¢ TapMOHHUYECKOH aMIUTHTYIHONW MOJYIIS-
1yeil Ha BXOJE YCWJIMTENS MpPEACTaBHM B BHJE
BBIpaXkeHUs (3), B KOTOPOM
u(t) = A1+ mcosQt)coswt, (5)

rie m = AA/A — k03 OUIHEHT MOTYIISIINH.

Benmurna HampspKeHUsT CMEIIEHUs! COCTaBIIsIET
Uy = 0,5. Curnan na Beixone HO cormacuo (1), (3)
1 (5) BeIpakaercs cIeIyIonHM 00pa3oM:

1. 18

Pacuérel mokaspIBarOT, 4TO IpU aM-
ITUTYyle BXoaHOro HampspkeHus U= 0,5
KO3((PUIIMCHT HEIUHEHHBIX HCKaXCHUU 14
npocrturaet 17,63%.

Peowcum ¢ omceukoi. ITOT pexum .
cymectByer npu Uy < 0,5. YroOsl wmc- °\-§ 10
MoJIb30BaTh Bech auamna3oH u € [0; 1] i
BenmurHy U Hallo BHIOMpATh U3 YCIIOBHS
U=1-"U,. :

s cnyuast peskuma padotel HO ¢ ot-
ceukoir pynkumsa f{u), B ormume ot (1),
UMeEeT B

f(u) = uBle(t) =

1 3 Puc. 1. 3aBucumoctb k03P uIIieHTa HETUHEHHBIX NCKaXKe-
—ju- §u ) nmpul<u<1; HHI OT aMIUTHTY/IbI CUTHAJIa B PEXXUME 0€3 OTCEUKH
0, npu —1<u<0. Ng ' ' | I
Criextp GyHKIUH f(u) = uy,x(¢) ompe-
JIEJIAM C TTIOMOIIEI0 psiga Pypre [9]: 35
K
() = ) 2| cos(kE + 05), s

k=1 = 5

rue =
b4 = ;
. 1 . 2
Cpe == f f(®) x e IR dE, o,
7T “v
-7
0, = argCy. = L
v - "O 7777777
KoadduumeHT HenmmHEWHBIX HCKaxe- R
O
HUll HaxomuM 1o hopmye (2). s - ‘ : PritieriTl | - ‘
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Pacuer Kuyy mnpousBeneH B cpene
Matlab g U, €[0; 0,5]. Ha puc. 2
IIPENCTaBIIEHAa 3aBUCUMOCTh Ky OT yria

1 L 1 1 L L

|
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Lf

0,
Puc. 2. 3aBucumocts kodpduimenTa
HEJTMHEHHBIX NCKKEHUH OT YIJ1a OTCEUKH
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CoexkTtp curHaiza Ha BbIxojge HO
1| mpu m = 1 mpeacraBneH Ha puc. 3.
1 | 3mecp wacrora Hecymiero KoieOaHUs
f = 10 xI'u, yacToTa MOAYJIUPYIOLIETO

koneOanus F = 1 kI'L.
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Puc. 3. Cnektp AM-cursaia Ha BBIXOZIe HETUHEWHOTO 2JIeMEeHTa

Ugerx(1)

X

L

4

*

Puc.4. CtpykTypHas cxeMa CHHXPOHHOT O KBaJApaTypHOTO

AMIUTUTYJHOT'O JCTCKTOpa

45 5
x10*

ITonaranu, 4To AEMOAYJSALMS CHUT-
Haja OCYIIECTBISETCd MPHU MOMOIIU
CHHXPOHHOT'O KBaJIpaTypHOTO aMILIH-
TynHoro gerekropa [10], ctpykTypHas
cXxeMa KOTOpOro TpeAcCTaBlieHa Ha

cos(wt) A1) AA(D) puc. 4. 3nech A(t) — orubaromas AM-

/2 —|_ > + —> curana, AA(t) — MOLYIMPYIOIIHI
*Sf”(a”) A * ) CHTHAJL

> X IIpu xBazmpaTypHOH AEMOIYJISLUU

4acToTa KaKJ0Ml CHEKTpaJbHOU Co-

CTaBIISIOIICH BXOAHOI'O CUT'HaJIa

Uk (£) = by + by cOsy + b, cos 2y + bs cos € +
+b4 cos(§ £ y) +bs cos(§ £ 2y) +
+bg cos(€ + 3y) + by cos 2E + bg cos(2E +v) +
+bgy cos(2€ + 2y) + by, cos 3E +
+by1 cos(3§ ty) + by cos(38 £ 2y) +
+by3 cos(38 £ 3y),

rae
1 1 1
b0=U0<1—§U02—EA2[1+E7712]>;
1
b1 = —U()Azm; b2 = —ZUOAZmZ;
1 3
2 2 2
bs A(1 U? -7 4] +2m]>,
b4=5Am<1—U02——A2[1+Zm2]>;
— _ 2 3,2 = A3m3;
bs = —1eA'm5  be=—gmAm
b =—1U A2<1+—m2)
7 2 0 2 )
1
bg = —_U()Azm, bg = —_U()A mz,
___A3<1 _A3 2)}
blO 12 +2 m
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yMeHbIIaeTcs Ha BennuuHy o. CriekTp

JNEMOAYIMPOBAHHOIO CHTHalda MpH
m = 1 mpeacTaBieH Ha puc. S.

B crexktpe nemoaynupoBaHHOTO CUTHAlIa Kpo-
M€ IIEPBOM M BTOPOH IapMOHUK MOZIYJIUPYIOLLErO
CHUTHaJa MPHUCYTCTBYIOT M BBICOKOYACTOTHBIE CO-
crapisitomnue. [lpu Hanmumuuu QUIBTpaly BBIXO-
HOT'0 CHTHaNa nepeaaTynka (Hampumep, ¢ UCIOIb-
30BaHMEM (UIBTPa HU3KHX YacTOT) BBICOKOYAC-
TOTHBIE COCTaBJISFOIMIE MOTYT OBITH IOJIABJICHBI,
MO3TOMY Pacy€rbl Kpyy MOIYIUPYIOIIEr0 CUTHAala
i AM-curHanma IpoM3BOAMINCH A JBYX CIy-
YyaeB: ¢ yuéroM M 0e3 y4éra BBICOKOYACTOTHBIX
COCTaBJISIOIINX.

Ha puc. 6 npezncraBiieHbl Tpa@uK 3aBHCUMO-
¢t Ky MOAYJIHPYIOIIEro CUrHajia ot ko3 duiim-
€HTa aMIUTUTYTHONW MOAYJISIUH M C y4ETOM (@) U
0e3 yuéra (6) BBICOKOYACTOTHBIX COCTaBJISIOIIMX.

Pacuérel moka3bIBaroT, 4yTo 0€3 yuéra BBICOKO-
YaCTOTHBIX COCTAaBJISAIOMIMX BeMU4YMHA Kpy Ha T0-
PSAIOK MeHbIIIE, YyeM ¢ yu€ToM. B nmepBoM ciyyae ¢
yBenmuueHneM K03 UIuenTa m MporucXoanuT pocT
BenuuuHbel Kyy. B cityqae ydéra BBICOKOYACTOT-
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HUCTIOJIb30BATHCA MPU IIPOCKTUPOBAHUH Puc. 5. Ciektn neMonvinnoBaHHOTO CUTHaa

[EpPENaIINX TPAKTOB PaAHOTEXHUYE-
CKHX CHCTEM Tiepeiadn HHPOPMAITHH.
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Abstract: The paper is dedicated to the study of the characteristic nonlinearity effect of the output power ampli-
fier on the signal distortion. There are considered the distortions of the unmodulated harmonic signal and the
harmonic modulating signal of the amplitude-modulated signal when passing through a powerful nonlinear
amplifier with the inertia-free load. The nonlinear component (NC) characteristic is preset by the cubic polyno-
mial. The distortion degree is estimated via the nonlinear distortion coefficient. NC two operation modes with
and without current cutoff are examined for the harmonic signal. It is demonstrated that distortions are propor-
tional to the input voltage amplitude and the coefficient nonlinear distortion comes to 17.63% with 0.5 voltage
value and without cutoff. In the cutoff mode, there is a significant dependence of distortion on the cutoff angle.
The nonlinear distortion coefficient value rises from 15% up to 40% with the cutoff angle decrease from 1400 to
900. The expressions are obtained and the spectral composition diagram of the amplifier output signal under
the influence of amplitude-modulated signal with harmonic modulation is presented. It was believed that the
signal demodulation is performed using the synchronous quadrature amplitude detector. The spectral composi-
tion is defined and the spectral diagram of the demodulated signal is given. It is demonstrated that besides the
first and second harmonics of the modulating signal in the demodulated signal spectrum there are high-
frequency components as two amplitude-modulated signals with the carrier frequency of the input modulated
signal and its second harmonic. The calculated dependences of the modulating signal nonlinear distortion coef-
ficient on the amplitude modulation coefficient are presented with and without consideration of the high-
frequency components of the demodulated signal spectrum.

Keywords: nonlinear amplifier, nonlinear distortions, amplitude modulation, nonlinear distortion coefficient,
demodulation.
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