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MATEMATHYECKASI MOJEJIb CMECHUTEJIS C @OPMUPOBAHUEM
IMPOTUBO®A3ZHOI'O CUT'HAJIA TETEPOJJUHA

Mup3saes 3.H., I'yceitnoe M.C., Aiicymoe T.I'.
Jlacecmanckuti 2ocyoapcmeeH bl MeXHUYeCcKUull yHugepcumem
367026, e. Maxauxana, np. Umama llamunsa, 70, Poccus

Pestome. Ilenv. B cmamve paccmampusaemcs npoyecc paciema u npoeKmuposanus cmecu-
meJisi ¢ OUNJIEKCOPOM C (hOPMUPOBAHUEM NPOMUBOPDAZHO2O CUSHANA 2eMEPOOUHA WeNEBbIM PE30OHAMO-
pom. Memoo. /[nsa pacuema u onmumusayuy Xapaxmepucmux u KOHCMPYKMUBHO-MONOIOSULECKUX
napamempos cmecumenell UCHOIb30BANUCH Pe3YIbMAmMbl NPOESKMUPOBAHUS NOT0COB020 PuUIbmpa
(II1®) u punompa nusrcrnux wacmom (PHY) cmecumeneii npoxoonoeo muna. Pacuem xapaxmepucmux
cmecumens U e20 KOHCIMPYKMUBHBIX dNEMEHMO8 NPOBEOeH ¢ NOMOWbIO NAKeMAa NPOSPAMM A8MOMA-
muzuposannoco paciema CBY ycmpoiicme «Serenade». OcobeHHOCmbI0 NPOEKMUpo8aHus cmecume-
Jiell OGHHOU KOHCMPYKYUU (¢ OunieKcepom) aeisemcs Heooxooumocms ONMuMu3ayuy monoaiocuu ou-
niekcepa npescoe, yem ONMUMUUPOBAMb Xapakmepucmuku cmecumens. Pezynomam. Xapaxkmepu-
CMUKU HETUHEUHbIX UCKANCEHUN NOKA3bIBAIOM, YMO MAKCUMATbHBIL YPOBEHb MOUWHOCMU HA 6X00e
cmecumens He 00Jicen npesvluiams -15 — -20 0bm 0na ocrabarenuss uHMepMoOYIAYUOHHBIX UCKAICE-
Hutl 3-20 nopsoka e menee 50 0bc. OmnocumenvHo Manvlil yposeHb KOMApeccuu u noOasieHus 2ap-
MOHUYECKUX U UHMEPMOOVIAYUOHHBIX UCKANCEHULL CEA3AH ¢ MUHUMU3AYUEll NPU pacuéme XapaKmepu-
cmux cmecumeinel mpebyemozo yposHs mowHocmu cemepoouna (P.~5 — 7 0bm), umo npoouxkmogaro
MUHUMATIbHBIMU 3AMPAMAMU NPU  Pearu3ayuu UCOYHUKOS 2emepOOUHHBIX CUCHANO08. 3aMemHoco
VAYMUEHUS. XAPAKMEPUCTIUK CMeCUmeneil no HeIUHEUHbIM UCKANCEHUSIM MONCHO 0O0CMUYb 3d CUEm
cmeujeHusi paboueti mouky Ha 60abm-amnepHol xapaxmepucmuxe (BAX) ouodos enewnum ucmoynu-
KOM Hanpsidicenus ¢ 00HO8peMeHHbIM yeenudenuem P, na ueckonvko ob (0o P.= 10 0bm). Bbioo.
IIpakmuyecku pexcum ¢ NOBbIUEHHBIM YPOBHEM NOOABNEHUS HENUHENIHBIX UCKANCEHUL MOodcem Obimb
peanu3o8an 3a C4ém BKIIOYEHUs OUOO08 Uepe3 Pe3UCMUBHO-eMKOCMHble Yenu (asmocmeujerue) uau
UCNONBL308aAHUE OUOO08 C NOBbIULEHHBIM NOMEHYUATbHLIM Oapbepom. Pacuém nokaszvieaem, umo 603-
MOJCHA peanu3ayus 00CMAamoyHo Maiblx nomeps npeobpasosanus 6,6 — 8,0 05 npu negvicokux ypos-
Hax Pe ~5—7 obm.

Knrwouesvie cnosa: cmecumens, 2emepoout, OUNIEKCOp, MUKPONOJIOCKOBbI
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COMPUTER SCIENCE, COMPUTER ENGINEERING AND MANAGEMENT

MATHEMATICAL MIXER MODEL WITH FORMATION
OF HETERODYNE ANTIPHASE SIGNAL

Z.N.Mirzaev, M.S.Guseynov, T.G.Aigumov
Daghestan State Technical University,
70 1. Shamilya Ave., Makhachkala 367026, Russia

Abstract Objectives To carry out calculations involved in the design of a microwave mixer with
a diplexer with the formation of the antiphase heterodyne signal using a slot resonator. Method In or-
der to calculate and optimise the characteristics, design and topological parameters of microwave
mixers, the results of the design bandpass filter PF and low-pass filter (LPF) mixers of through-feed
type were used. The characteristics of mixers and their structural elements were calculated using the
Serenade software package intended for the automated calculation of microwave devices. A distinct
feature of designing mixers (with a diplexer) involves the need to optimise the topology of the diplexer
before optimising the mixer characteristics. Results The characteristics of nonlinear distortions show
that the maximum power level at the mixer inlet should not exceed -15 — -20 dBm. In order to attenuate
the intermodulation distortions of the 3rd order, this level should be higher that 50 dBs. The relatively
low level of compression and suppression of harmonic and intermodulation distortions associated with
the minimisation of the heterodyne power level at the calculation of characteristics of mixers of the
required heterodyne power level (Ry ~ 5-7 dBm) is due to the minimum expenses at the realisation of
sources of heterodyne signals. A noticeable improvement in the characteristics of mixers by nonlinear
distortions can be achieved by shifting the operating point at the points on the current-voltage charac-
teristic (VAC) diodes by an external voltage source with a simultaneous increase in Py, by several dB
(up to Py = 10 dBm). Conclusion A mode of increased nonlinear distortion suppression can be practi-
cally realised by switching on diodes through resistive-capacitive circuits (auto-shift) or using diodes
with an increased potential barrier. The calculation shows that it is possible to realise sufficiently
small conversion losses of 6.6-8.0 dB at low levels of Rh ~ 5-7 dBm.

Keywords: mixer, heterodyne, diplexer, microstrip

Beenenne. C 11enp10 yMEHbIIEHUS TOTEPD NPeoOpa3oBaHMs B CMECUTENSX, CHUKEHUS TpeOye-
MOTr'0 ypOBHSI MOIIHOCTH I'€T€pOJWHA, YMEHBIIECHUS HEPABHOMEPHOCTH AMILIUTYTAHO-4aCTOTHOM Xa-
paktepuctuku (AUX) mpemiokeHo MpoeKTUPOBaTh OaTaHCHBIE CMECUTEIH Ha OECKOPITYCHBIX JTHOJIOB
¢ 6aprepom IHortku (ABI) mnm muogHbIXx cOOpKax Kak eIUHBIH CBepX BbICOKouacTOTHBIA (CBY)
y3€J1 COBMECTHO C BXOJHBIMH U BBIXOJHBbIME (ribTpamu| 1-6, 11-14].

ITocTanoBka 3axaun. AIropuT™M NPOEKTUPOBAHUS COCTOUT B CIIETYIOIIEM:

1. BeiOop 00111€# KOHCTPYKIIMA CMECHUTEIIS.

2. BeIOop CTPYKTYpBI U pacdeT KOHCTPYKTHBHO-TEXHOJIOTUYECKUX MapaMeTpoB (PHUIBTPOB HC-
X0/ U3 TpeOyEeMbIX XapaKTEPUCTHK.

3. OnTuMH3anus KOHCTPYKTUBHBIX JIEMEHTOB CMECUTEN IJI1 JOCTH)KEHHS 3aJaHHBIX Iapa-
METPOB.

KoHcTpykiust 6alaHCHOTO CMECUTENsl ¢ JUIIEKCEPOM B TPaKTe BXOJHOIO CHUTHANA MOKa3aHa
Ha puc. 1. Bxonnoit CBY curnan nmogaercst cuH(pa3zHo HA AUOJBI 0aTaHCHOTO CMECHUTENIS Yepe3 MoJI0-
COBOI MHOTO3BEHHBIN (PUIIBTP.

Curnan rerepoJMHa uYepe3 BOJHOBOJHO-IIENEBOM Mepexo]] Bo30yk AaeT KOPOTKO3aMKHYTYIO
meseByto JuHMIO. K ee Toukam, yaaaeHHbIM OT KOPOTKO3aMKHYTOT'O KOHIIA Ha A./4, IOAKIIIOYEHBI JH-
onbl. Bxoanoii monocoBoit puibtp (I1D) u BeixomHoit ®HY 00pa3yroT auruiekcep Ui pa3Bsi3Ku Ka-
HaJIOB CMECHUTEIIS.
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Puc. 1. Pa3pe3 KOHCTPYKIMHU CMECHTeJS € AUIIEKCEPOM
Fig. 1. Section of the design of the mixer with a diplexer

Metoasl uccaenoBanus. s pacuera U ONTUMHU3ALMM XAPAKTEPUCTUK M KOHCTPYKTHUBHO-
TOIOJIOTMYECKUX MTapaMeTPOB CMECHTEIICH HCIOIBb30BAUCH pe3ynbTarhl mpoekTupoBanus [1d u ®HY
cMmecuteneit mpoxoanoro Tuma [7-10]. OcCOOEHHOCTBIO TMPOEKTUPOBAHUS CMECUTENICH TaHHOW KOH-
CTPYKLUH (C AUTUIEKCEPOM) SIBIISICTCS HEOOXOJMMOCTh ONTHMHU3AIIMK TOIIOJIOTUH JUIUIEKCEepa TPEKIe,
YeM ONTHMHU3UPOBATh XapaKTEPUCTUKU cMmecuTelns. Ha puc. 2 mpencTaBiieHa TOTOJIOTHS JHUILIEKCepa

st cMecutens 18-26 I'T'm.

Bzon
D )
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I 3
/ 50 Ou
2_/ %
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Bux

e

Puc. 2 TonoJsiornst numiiexcepa aJst cmecurens 18-26 I'T'n
Fig. 2 Diplexer topology for the 18-26 GHz mixer

OntuMuzanust JUIUIEKCepa 3aKJIIYaeTcsl B OTHICKAHUU ONTHUMANIbHBIX MapaMeTpoOB JUIMHBI U
mupuHbl) oTpe3koB MIUI «1» u «2» nns obecrieueHns CIeAyIONUX XapaKTePUCTUK MIECTUTIOTIOCH -
Ka:
|S31| = 1 n1b B AMama3oHe 4acTOT BXOAHOIO CHTHAJIA,
|S23| = 1 n1b B nuamazone IT4;
|S21| > 40 nb B nuana3onax BxoaHoro curxama u [14;
|S13|, |S23] > 50 ab Ha yacrore reTepoauHa.
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[Tocne momydeHus: TpeOyeMbIX XapaKTEPHCTUK IUILIEKCEpa ONTUMHU3UPYETCsl MOJHAsi cxXxema
cMmecutens (puc. 3).

Bxog
CBY 3 ﬂ 50 Om

- _/ A n U Sin et

ne

Puc. 3 Cxema cMecuTes ¢ AUMLIEKCEPOM
Fig. 3 Mixe circuit with diplexer

B nponecce ontumusanuu BapbupyroTcs napamerpsl orpe3koB MILI «1», «2» u «3», a Takxke
napameTpsl! (AJIMHa U IUpPUHA) OIMDKaNHIINX K TOYKE MOJKIOYEHUs JUOA0B JIeMEHTOB BXxoHoro [1d
u BeixoaHoro ®HY, nins oGecriedeHuss MUHUMAIBHBIX MOTEPh MPEeoOpa3oBaHUsl CMECUTEINS B pabodemM
JUarna3oHe yacToT Mpu MUHUMaIbHOM (% 10 1bM) ypoBHE MOIIHOCTH T€TepOJMHA U C YY€TOM o0ecre-
YeHUs1 TpeOyeMbIX HETMHEWHBIX W KOMOMHAIMOHHBIX MCKAKEHUH, TpeOyeMoro ociabieHHs 1o 3ep-
KaJIbHOMY U MOOOYHBIM KaHaJaM IPUeMa 1 BBICOKOW CTEIICHH U30JISAIMU KaHAIoB cMecuTeds [16-18].
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Puc. 4. llotepu npeodpazoBanns Npu pa3JauIHbIXP,.
Fig. 4 Losses of conversion at different reg

Oo0cy:xnenne pesyiabraToB. Ha pric.4 npuBeneHbl pe3ysibTaThl pacyeTa BEIUYUHBI MOTEPH
npeoOpa3oBaHMsl OT YaCTOTHI MPHU Pa3TUIHBIX MOIIHOCTSIX rerepoauHa (P, =0 nbwm, Sabwm, 10abwMm,
15abm). Kak cnemyetr w3 HuxX, motepu mpeoOpa3zoBaHusi cocTaBisaoT: nmpu P. = O0nbm 5,4- 8§ nb;
npuP, = S5nbm 5,5- 7 ab; npuP. = 10nbm 5- 8,5 nb; npuP, = 151bm 4,4- 9,2 nb;

Takum 00pazoM, MUHUMaJIbHBIE U paBHOMEpPHBIE MOTEpU MpeoOpa3oBaHUs PEeaTH30BaHbI MPU
mouHocTH P.=51bm u cocraBustor He 6onee 7n1b. HepaBHOMEpHOCTh MOTEph NMpeoOpa3oBaHUs MPU
P.=5n1bwm ne npessimaet ~31b Bo Bcem nuamazone yactot (18-26 I'T').

YMeHbIlIeHHe HEpaBHOMEPHOCTH noTeph B quamnazonax CBY u [1TY curnanoB ObITO TOCTUTHYTO
3a cyer ynyuuieHus coriacoBanus no CBY Bxoxay [16]. [lomyueHHble 3HaueHUs IOTEPh Npeodpa3oBa-
HUS TIOKA3bIBAIOT, YTO pa3pabOTaHHBIC YCTPOCTBa B nuama3oHe 10 26 ['T He ycTymaroT Jydimm 3a-
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pyOexHbIM 0Opa3uaM. Ha puc. 5, mpuBefeHbl pe3yabTaThl pacuera, XapaKTepU3yIOUIe CTENeHb I0-
JIaBJICHUs Mapa3uTHOTO npoxoxaeHus BxogHoro CBY curnana na Beixojae [14 u curnana 14 na Bxo-
ne (mpu P=51bm).
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Puc. 5. YpoBenb ociiadiaenusi Bxognoro CBU curnagna na soixoae 1Y (npu P, =5 nbm)
Fig. 5. The attenuation level of the input microwave signal at the inverter output (at Rg =5 dBm)
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Puc. 6. Yposens ociiabaenus curnana II9 na CBY Bxope (npu P. =5 n1bm)
Fig. 6. The attenuation level of the IF signal at the microwave input (at Rg =5 dBm)

VYposens ocnabnenus: Bxognoro CBY curnana Bo BceM Auana3zoHe 4acTOT BXOJHOTO CHUTHaIa
(18-26 I'Tr) cocraBmsiet -55- -1001b. Yposens ocnabienus curnana [T wa CBY BXoje B Anana3oHe
ygactot curHana [1Y (6-141'T1) cocraBnsiet -45- -901b.

Takue 3HaUeHUs! YpOBHS OCIAa0JICHHS CUTHATA, IPUIIOKEHHOTO K KaKOMy MO0 BXOMY, Ha JpY-
TU€ BBIBOJIbI, CBA3aHbI C TEM, YTO JUOIbI MPEMATCTBYIOT npoxoxaeHno CBY curnana u3z ogHoro pa-
OoTarolero kaHana B JpPYrod 3a cueT COOCTBEHHOTO MOTEHIMAIBHOTO Oaphepa, MOCKOJIbKY JAHOIbI,
paboTaroniye Ipu HyJI€BOM CMEIIEHUN B paOOTAIONINX KaHATaX OTKPHIBAIOTCS HA KOPOTKUH MTPOMEKY-
TOK BpeMeHU cPOpMHUpPOBAHHBIM MUMIYJILCOM, a B OTCyTcTBHE MMMyibca CBY curnama, B BUAY €ro
MaJioi aMIUTUTY/IbI, HE B COCTOSTHUU OTKPBITh noA. [1o momydeHHOMY 3HaUEHHIO0 OCJIa0IeHUSI MOYKHO
CKa3aTh, YTO CMECHTEIb sIBIIsieTCs OanaHcHbIM [5-8]. Ha puc.7, mpuBeeHBI pe3ysibTaThl paciuera ypoB-
Hs TOJABJIEHUs MHTEPMOJIYJISALMOHHBIX cocTaBisomux 3-ro mopsaaka (mpu P.=5abm, P, =
—10xbwm) u 3aBucumocts IP3 ot gacToTHI.
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Puc.7. YI)OBeHb MmoAaBJCHUSA UHTEPMOAYISAIUOHHBIX COCTABJIAIOIINX 3-ro nmopsaka
(Hp“ Pr =5 I[BMa Pcl, 2= -10 HBM)
Fig. 7. Level of suppression of intermodulation components of the 3rd order
(atPr=5dBm, Pcl, ¢2 =-10 dBm)
Yposenb noaasnenus IP3 cocrasnsier 33-451b, npu 5TOM MOIIHOCTH HHTEPMOTYIISIIUOHHBIX COCTAB-
nsrouux IP3 m3mensiercs B npenenax 5,5-12,51bm. Bennunna IP3 onpenensercs npu HOMUHAIEHOM
ypoBHe P. = 51bm (puc. 8).

Ansoft Corporation - Harmonica @ v8.0 16:08:47 - 1 —o—]
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Puc. 8. 3aBucumocts [P;
Fig. 8. Dependence 1P

YpOBEHb COCTaBJISIOIINX TPETHEro MOpPSIKa PaBEH YPOBHIO OCHOBHOI'O BBIXOJHOTO CHTHala
npsIMOTO TIpeoOpazoBaHusl. BepxHuid mpenesn TUHAMAYECKOTO IHAra3oHa CMECHTENSl OIPEeNseTcs
YPOBHEM MHTEPMOAYIISALIMOHHBIX COCTABIISIOLIHX.

XapaKTEepUCTUKHU TTOKA3bIBAIOT, YTO MaKCHUMAIBHBI YPOBEHb MOITHOCTH Ha BXOJE CMECHTEIS
HE JIOJDKEH MpeBblath -15- -20abm ans ocnabiieHuss HHTEPMOTYIISIIMOHHBIX UCKQKEHUH TPeThero
nopsigka He menee S0abc.

Ha puc. 9, npuBeneHbl pe3yapTaThl pacueTa YpOBHs OCJIAa0IeHHs 3epKaIbHOTO U CYMMapHOTO
KaHaJIOB. 37€Ch BUJHO, YTO YPOBEHb OCJIa0JIEHUS 3€PKAIbHOTO KaHaNa fo,c = 2f. — fo, TI€ fiy = fox —
f. coctarmsier 75-100ab B nuamazone 38-411T, 30-40ab B nuanazone 42-43 I'T u 70-1801b B 1ma-
nasone 44-46I'T 1.
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Puc. 9. OTHOCHUTE/ILHBII YPOBEHDb 0c1a0eHns 3epKaabHoro kanana f, =2f - f, roe f=f,- T,
Fig. 9. The relative level of attenuation of the mirror channel fzk = 2fg-fs, where fpch = fzk-fg
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Puc. 10. Yposenn ociadiaenus cymmapHoro kanana fy = f+ f,, rne .= 2f- fs,
Fig. 10. The attenuation level of the total channel fZk = fg + fs, where fpch = 2fg-fSk

VYpoBeHb ocnabieHusi CyMMapHOTo KaHana fy, = f.+f., rae fo=f: — fxr cocraBnsger 65-95 nb
B nuamna3one 50-56IT u 55-651b B nuanazone 56-581'T1. HegocraTouHoe ocinabieHue 3epKaibHOTO
ka"asa 30-401b HaGmromaeTcs Ha TEX ydacTKax Jvarna3oHa 4acToT, rjae Bxoaueie MIIY BHecyT nmo-

nonHuTeNbHbIE moTepu He Menee 30ab (puc. 10).

Ha puc. 11 noka3ansl pe3yibTaThl pacuera ko3 uipenra npeodpazoBanus U KodppuueHTa

OTpakeHHUs B [uana3zoHe yactoT 18-26 I'T'.

Y1

Puc. 11. Koa¢ppunuent npeodpazoBanus u ko3pPpuumneHT oTpakeHus B quana3one yacror 18-26 I'l'y
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Fig. 11. The conversion coefficient and reflection coefficient in the frequency range 18-26 GHz
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Pe3ynbTaThl MOKa3bIBAOT, YTO HEPABHOMEPHOCTH Kod(duuuenta mnpeobpazosanus K, =

101g P,,,x/Psx B muanazone yactoT 18-26 I'T' ne npesbimaer +1a6. Kosdduuuent npeodpazoanus
CMECHUTEIIS MTPSIMO TIPOTIOPIIMOHAJICH ero KoddduimenTy nepeaadu. Ha puc. 12 u mokaszansl pe3ysbTa-
THI pacueTa ypoBHs komnpeccuu (11b) npuP. = 51bm.

Ansoft Corporation - Harmonica ® w80 120859

2 ¥l —O
dB(TGI <M1-M1 HD+H
P1<HO+H1 >=.20dBm

an.cht

aa Y1 —+
dB(TG3 <k H FO+H
P1<HD#H1>=.3 5dBm

ABTGI1<HI.HI, MO H12)

1200 19,00 20.00 100 22.00 2180 2400 25.00 26.00
Freq [GHz)

Puc. 12. YpoBens komnpeccuu (11b) npuP,=5abm.
Fig. 12. The level of compression (1dB) at Rg = 5dBm.

31ech YpOBEHb KOMIIPECCHH JIOCTUTAETCS IPU YpOBHE BXoAHOro curHana P, = —3,5abMm. Ilo-
3TOMY CMECUTENIM HCHOJb3YIOTCS MPH YPOBHSAX CUTHAIAa MEHBIIMX TOYKM KOMIPECCHM, TaK Kak J10-
MOJTHUTEIBHO K HCKAKCHHUIO BXOJHOTO CUTHAJIA YBEIMUUBACTCS aMIUIUTY 1A TOOOYHBIX CIIEKTPAIbHBIX
cocTaBysAoIMX. Takke BEpXHUM Ipesen TMHAMUYECKOro TUana3oHa CMECUTENsI ONpeNieNsIeTcsl ypoB-
HeM Komripeccud. OTHOCHTENBHO MaJlblii YPOBEHb KOMITPECCHH CBSI3aH ¢ MHHHMU3AIIUEH MPH pacdere
XapaKTePUCTUK CMECUTellel TpedyeMoro ypoBHs MomHocTH retepoanna (P, = 5nbwm), uto mpoaukro-
BAaHO MUHHMMAJIbHBIMH 3aTpaTaMH MPH pealu3allii UCTOYHUKOB reTepoAnHHbIX curHaios [19-20]. Ha
puc.13 mpuBeneHBI PE3yAbTaThl PAcUeTa YPOBHs IapMOHHMYECKHMX UCKAKEHMH fry(napas) = 2(fr — f¢)
pU HEMJECHTUYHOCTH IapaMeTpoB AH0/0B paBeH 5%. [1o pe3ynabpTaram pacueTa MOXKHO CKa3aTh, YTO
YpOBEHb TAPMOHUYECKHUX HCKaxeHUU B quanazone 18-23 I'T' cocrasnsier 140-180 b, a B nuamnasone
23-26 I'T1 cocraBnsier 50-140 nb. Ctonb Manblii ypoBeHb rapMOHUYECKHX HCKAXEHUN TOCTUTAETCS
cMmemeHneM padoueit Toukn Ha BAX 11010B BHENTHUM HCTOYHHKOM HAIPSDKEHUS C OJJHOBPEMEHHBIM
yBenudyeHueM P. Ha Heckoubko 1b.

Ansoft Corporation - Harmonica ® 8.0 13:26:24

aa.cha

AB(PO3<H2 H2>) PO3<H

10,00 19.00 20,00 2100 2200 2300 24,00 25.00 26.00
Froq [Gie)

Puc. 13. YpoBeHb rapMOHHYECKHX HCKAKEHMI Trymapas)= 2(fr—fc) (Ipn HemaenTHuHOCTH MapamMeTpoB
ano0B 5 %).
Fig. 13. The level of harmonic distortion fu (paras) = 2 (fg-fs)  (with non-identical parameters of the diodes 5%).
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Pacuér mokassiBaeT, 4TO BO3MOXKHA pean3alnus JOCTATOYHO MaJIbIX MOTEPh MPeoOpa3oBaHUs
6,6 — 8,0 nb (c yuérom ocnabnenus B I1d u ®HY) npu HeBbicOKUX ypoBHAX P~ 5 — 7 nbwm.

Pacuérnas nepaBHomepHocTh AUX B mosioce 40 mI't He npeseimaet 0,1 — 0,15 ab. Henocra-
TOYHOE ocyiabieHne noO0o4yHbIX KaHanoB npuéma 20 — 30 ab HabmogaeTcss TOIBKO B TEX ydacTKax
JMana3oHa 4acToT, rae Bxoaubie MIITY BHecyT nononnutenbHbie norepu He meHee 30 nb.

XapakTepUCTUKU HEJIMHEHWHBIX MCKaKCHUM IMTOKA3bIBAIOT, YTO MAKCUMAJIBHBIA YPOBEHb MOIL-
HOCTH Ha BXOJI€ CMECUTENS HE JOJDKEH mpeBbimath -15 — -20 nbm ms ocnabieHuss HHTEpMOIYISAIIH-
OHHBIX UCKaXeHMH 3-To mopsika He meHee S0 abc.

BbiBoa. OTHOCHUTENIBHO MaJiblii YPOBEHb KOMIIPECCUU U MOJIABJIICHUSI TADMOHUYECKUX U UHTEP-
MOAYJISALMOHHBIX UCKAKEHUN CBA3aH C MUHUMM3ALUEHN IIPU PAcUETe XapaKTEPUCTUK CMECUTEIIEH Tpe-
OyeMoro ypoBHs MOIIHOCTH TerepoanHa (P~ 5 — 7 nbwm), 4To npoauKkToBaHO MUHMMAJIBHBIMH 3aTpa-
TaMU IMPU peasii3aliid UICTOYHUKOB I'€T€POIMHHBIX CUTHAJIOB.

3aMETHOr0 YJIy4IlIeHUS] XapaKTEPUCTUK CMECUTEIICH TTO HEIMHEHHBIM UCKKEHUAM MOYKHO J10-
CTHYb 3a cu€T cMenieHus padoueid Toukn Ha BAX 1HO0B BHENTHHM UCTOYHUKOM HAIPSHKCHUS C O/1-
HOBpPEMEHHBIM yBenuueHueM P Ha Heckonbko ab (1o Pi= 10 nbm).

[IpakTruecku peKMM C MOBBIIICHHBIM YPOBHEM TOJIaBJICHUSI HEIMHEUHBIX MCKAXKEHUU MOXKET
OBITh peaM30BaH 3a CUET BKJIIOUYEHUS JUOIOB Yepe3 PE3UCTUBHO-EMKOCTHBIE MM (aBTOCMEIICHHUE)
WJIM MCTIOJIb30BaHUE JIMOJIOB C MOBBIIIEHHBIM MOTEHIIMAIBHBIM 0apbhepoM.
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