PapuonpuémHukmn

AsTop: Administrator - O6HoBneHo 25.08.2016 23:03

PanvonpuémHukn — TecrT.

3necb paccMaTpuBatoTca paanontobuTenbckme KOHCTPYKLUM U MPOMBbILWEHHbIE 06pasLibl
PaanonNpPUEMHbIX YCTPOMCTB (BKNOYAs 3COUPHOE U CMYyTHUKOBOE TENEBULAEHNE).

I'IpaKTquCKme CXeMbl

PaspaboTka

HacTtporika

LopaboTka.

O6HoBNSAEMBIV (PANNOBLIV aPXMB MO TEME HAXOAMTCA 34eCh .

0630p HEKOTOPLIX MaTepuanoB U Ux Noaobopok us pannoBoro apxmea ""PagmonpuéMHm
ku” , NpUBEAEH
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HUXe.

YKB paguonpunémHuku c YIy3.

B aToii noabopke HECKONBbKO, MOKA3aBLWMXCSA MHE UHTEpPeCcHbIMU, cxeM YKB npnémMHmKos,
MNOCTPOEHHbIX C UCMONb30BAHNEM MOLY NS YCUNUTENS NPOMEXYTOYHOM YacToTbl 3Byka (YI143)
N Opyrux getanen oT cTapbiX TENEBU30POB U PaanonpuémMHNKoB. MNpennoxeHbl BapuaHThbI
CXEM C 0HMM 1 OBYMs NpeobpasoBaTensaMm YactoTbl. B kayectse YPY n cmecutens
NCnonb3ylTcs, Ha Bblbop, Mukpocxembl K174XA2, K174MNC1, K174XA8.

PAOVWONPUEMHUKU HA MUKPOCXEME CXA1191un C
XA1238
S
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[MprBeneHbl cxeMbl NPOCTbIX MOHOPOHMYeckux YKB (FM) paononpnéMHMKoB Ha MUKpOCXemax
CXA1191

(SONY) nnu eé aHanore - KA22425 (SAMSUNG) 1 nBe cxembl paguonpuémHukos YKB (FM)
Ha MUKpPOCXeMe

CXA

1238

S

(SONY), cooep>xaLuien B CBOEM CoCTaBe cTepeofekonep Ans CUrHanos ¢ NUIOT TOHOM
(ucnonb3yeTcs Ans cTepeoBelwanns B ananasoHe «FM» 88-108 MI'u). [atotcs noapobHble
pekoMeHaaumm no nepecTporike pagmoTpakTa ¢ «4M» (66-74 MI'u) Ha «FM». MNopobHas
nepecTpoiika 0COBEHHO MHTepecHa Anst 6t04XEeTHbIX MarHATON 1 UM NOLODOHbIX, YCTPONCTB C
paguonpuémHukamm, cogepxawmnmm coemelwénHbin UM + FM onanasoH paamonpuémHumka
MEeXaHN4eCKOW HAaCTPONKOM U CTepPeoyCUnnTENbL MOWHOCTU. B Taknx ycTponcTeax kpamHe
TPYOHO MPOM3BECTM TOYHYIO HACTPOWKY Ha CTaHLMIO — HA OOHWUX y4YacTKax lWKarnbl rycto, a Ha
LPYrux nycto, ocobeHHO B paiioHax ¢ BbICOKOM KoHUeHTpaunein YKB nepenatynkos. Kpome
TOro, 4aCTO KOHCTPYKTOPbI Taknx pagmonpuémHumkos. MNpuHyantensHo skntovarot MOHO
PEXWM, 3aMKHYB Ha 3eMJII0 YNPaBnsoWMin BXxo cTepeo gekogepa. [1ns MUKpocxembl
CXA1238S at0 BbIBOL 3.

N BOT elwwé, 4yTo MOXET NPUroanTbCs B 9TON noadbopke. 3ameHa ABYXBbIBOLHOrO pe3oHaTopa
CDA 10,7 MHz, npumeHseMoro B 4aCTOTHOM AeMooynsaTope, Ha napanfienbHbli
KonebaTenbHbln KOHTYP. 3TO Ha cTpaHuue 11. PesoHaTtopbl CDA 10,7 MIMy noctatoyHo
AePUUNTHBI, HO WWPOKO UCMONb3YIOTCS B NPOCTbIX paanonpnémnHunkax Ha IC. Ecnu Bel
rOTOBbl HAMOTATb KaTylWkKy 14 BUTKOB C noAcTpoeyHbIM BY cepaoeyHnkom. To nyywe
MNOCTaBUTb MMEHHO KonebaTenbHbI KOHTYP BMECTO Nbe3okepammyeckoro dpunobtpa CDA 10,7
MIu. Tak Bbl cMOXxeTe 60n1e TOYHO HacTpouTb AeMoaynsaTop Bawero npuémHuka, ¢ ornaakom
Ha pa3bpoc napamMeTpoB NoiocoBoro nbesodpunbtpa SFE 10,7 MHz. MNMbe3odunstpsl CDA
10,7 ncnonb3yloTCs, Cpean Npoynx, n B paamonpuémHmkax Ha mukpocxemax TEA 5711 / T
EA5710

(Philips) o0 koTopbIx pacckaabiBaeTcs B cneaytouein nonbopke.

BAXHO: NpumeHeHne aHanora nbe3ogunbtpa CDA, Ha ocHoBe KonebaTenbHOro KOHTypa,
NPUMEpPHO B NATb PA3 cHuxaeTt HeNUHENHbIE NCKAXEHNS Ha BbIxo4e geTektopa
(c 1,5 no 0,3%), npu aToM Ha 2-3ab noHM3nTCS YyBCTBUTENLHOCTL MO MY YM 1 cHM3uTCH
YPOBEHb BbIXOAHOro curHana YM, HO 9TO MOXHO KOMMEHCUPOBATb AOMNONHUTENbHbIM
ycunenuem YTY n YHY. MNoapo6bHo, Npo n3roTOBNEHNE U HACTPOIKY MHAYKTMBHOMO aHanora
Nbe30KepaMmyeckoro 4yactoTtHoro guckpmmmHatopa CDA, HanucaHo Ha cTp.9 gatawuta NC
paavonpuémHmka ILA 1238 N - 6enopycckoro aHanora
Mukpocxembl CXA1238S. Bam MoxeT ObiTb MUHTEPECHO NMOCMOTPETb STOT U ApYyrue faTtalwmnThbl
Ha aHanoru umnopTtHbix UG o1 OAO NHTerpan. B nokymeHTax, BaxHble 15 YCNewHoro
npumeHeHns IC MOMEHTbI, 06 bSICHEHBI PYCCKMM SI3bIKOM C BaXXKHbIMU YTOYHEHUSIMW, UHOT Aa
OTCYTCTBYIOWNMUN UNN HE 3aMe4YaeMbiM/ B «MHOCTPAHHbIX» AaTawmnTax.
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CrepeochoHnyeckmm FM-tioHep Ha TEA 5711 ¢
U poBOU LLKANIOU HA

LC7265 n 3neKTpPOHHOM peryimpoBKOv rPOMKOCTM,
TeMbpa, 6anaHca

Bot nonbopka cxem pagunonpuémHukos Ha IC TEA 5711 n TEA 5710 ot Philips. 91u
MUKPOCXEMbI MHTEPECHbI TeM, 4TO cogepxart asa cunbtpa MY SFE 10,7 MIMy, 4yto
CYLLECTBEHHO MNOBbIWAET N3bMpaTenbHOCTb MO COCELHEMY KaHany, 0COOEHHO NONE3HYIO NpW
paboTe B paiioHax, roe sewaet 6onbuwoe konndectso YKB paguoctaHuwmii,
611M3K0opacnonoXeHHbIX Mo YacToTe. Bce cxeMbl cobpaHbl HAa OCHOBE 4ATALWMWTOB,
NpakTUYyeckKn TOYHO Konumpys Takosble. [pocTo 1 co BkycoM. B kayectse uMdppoBoM WwKanbl
npYMeHeHa Wpoko nssectHas IC

LC

7265

(SANYO). lNpuBeneHbl HECKONbKO BapuaHToB LMcposoii wkanbl Ha aton NC, a Tak xe
HeKoTopble NoAPOOHOCTU MO NPUMEHEHUNIO Npeckanepa (NpeaBapuTenbHOro AeNNTens
yacTtoTbl) Ha MIC

LB

3500

(SANYO). ObpaTtute BHUMaHne — nutaHme LB3500 MoxeT HaxoamTbcs B aManasoHe 5 — 12B.
3ameyeHo, 4Tto nutas 3ty IC oT npocTeiwero perynmpyemMoro UCTOYHNKA NNTaHNS,
nepekpblBaOWero aManasoH 5 — 12B, MOXHO HaiTn HanpsXXeHne NUTaHus, Npyu KOTOPOM
nMeHHo Bauw ak3emnnsip LB3500 o6nagaet Hambonblein 4yBCTBUTENbHOCTbIO U/ UK
CKJIOHHOCTbIO K BO30YyX AeHUto (3BOHY). Tak Xe, 4yBcTBUTENbHOCTL LB3500 MOXHO
perynmpoBatb, U3MEHSS CONPOTMBEHNE AOMONHNTENBHOrO pe3nctopa (CoTHn KOm),
BK/O4aeMoro mexay sbisogamu 2 n 7 LB3500.
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Murata Filters guide

['Ma No kepamMmnyeckM BbICOKOYACTOTHbIM (punbTpam oT KoMmnaHun Murata. PaccMoTpeHbl
GounbTpbl MY onsg pagnonpuéMHbIX TPakToB U TeNeBm3opos (ounbTpbl Y 3ByKa).

Murata Filters guide NEW

OO6HOBNEHHBIN rnAa NO Kepammyeckum dounbTpam komnanum Murata. PaccmaTtpuatoTcs
GunbTpbl MY 1 AMCKPUMMHATOPBI YHACTOTHBIX ETEKTOPOB AN PaANONPUEMHBIX YCTPONCTB.

Teopus Pe3soHatopoB MypaTta

HacTtasneHve no npuMeHeHNo KepaMmmyecknx pe3oHaTopoB B aHaIoroBo (paanonpuémHble
YCTPOMCTBA) U LMPPOBOIA TEXHUKE.

MY dounbtpbl CDA Murata

ObpaTtunTe BHMMaHMe, B NINCTOBKE AaHa Tabnuua, npneBoaswas B COOTBETCTBME
anckpummnHatopbl CDA Murata n Mmukpocxembl FM paanonpméMHUKOB, pasnunyHbIX
npon3BoANTENEN, C KOTOPbIMU 3TU OAUCKPUMUHATOPBI UCNONb3YIOTCS. Tak BOT, 3Ty Tabnnuy
MO>XHO MCMONb30BaTh B Ka4ecTBe KpoccBeHaopHoro katanora IC FM paanonpmémMHKKOB,
ecnu Bawm, kak noktopy Jlektopy «Bcerga nHtepecHo npobosBaTb YTO HU Byb HOBOE».
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MY counbtpbl SFE Murata

CnpaBoYHbIN NUCTOK MO Kepamuyecknum nbvesodpunbtpam SFE (10,7 MMy v npuneratoowme
4yacToTbl) konaHun Murata npumeHsiembim B Y14 FM pagnonpreMHuKoB.

LiBeTOBasi MapKMpoBKa oTe4YeCTBeHHbIX BapukKanoB

— Tabnuua npsiMo 3a CChIfKOM.

LiBeTOBasi MApKUpoOBKa KepaMmnyeckux comnbTpos.

HeMmHoro pacwupeHHas Bepcus. — Tabnuua npsiMo 3a CCblNKOA.

LiBeToBass MAapKMpoBKa KOHTYPHbIX KaTyLleK UMMNOPTHbIX
paaunornpueMHnKoB

— 1abnmua c KOMMEHTaPMUSIMU N CXEMOW BKNIOYEHNS.

MpunéMHnkun Ha K174XA34 n K174XA42
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B nonbopke npuBeaeHbl HECKONbKO, NOKa3aBLMXCS MHE UHTEPECHBIMU, CXEM NMPUEMHUKOB,
BbiNONHeHbIX HAa 3TuUX NC. CoBepleHHO NOHATHO, 4To HM3Kas MY (okono 75 KlMu), He
no3BonsieT [obuTbCs n3bnpaTenbHOCTM N0 COCEOHEMY KaHany, COM3MEPUMOIA C NPOCTENWNMM
cynepretaguHHbiMn YKB npnémHrnkamm, B KOTOpPbIX MCMONb3oBaHa «ctaHgaptHas» MY 10,7
Ml 'y vnm MY, pasHas 6,5 nnu 5,5 MI'u, B cnyyae npuMeHeHUs B paanonpuémHmke y3nos 1B
NpuémMHKKa, Tenesnsopa, B YactHoctn, mogynen YIM4Y3-2 (MY = 6,5MIMy) nnn YIMY3-2E (MY =
5,5MI"u). OgHako, ons MHorux paguontobuteneit, ocobeHHo HaunHarowmx, K174XA34 nnu
K174XA42, ato npocTtas n goctynHas VC, 4tobbl nonpoboBaTtb cobpaTtb NPOCTOW
pPanVonprEMHIK, C ManbliM YUCIIOM OeTanen, n, nouTn, 6es katywek. B noabopky BKMOYEH
OOLWMPHBIA CMNCOK NMTEpPaTypbl N0 TEME, B TOM YACNE XYpPHalbHbIE CTaTbM HA ONUCaHNE
npocTenwmnx NPUEMHUKOB Ha aTo MIM. 4 xe xo4y obpaTtnTb Bawe BHUMaHME Ha CXeMy,
npuBeaéHHoro B nogbopke, paamonpuémHmnka «bapxaH», BepHee, Ha ero BXo4HOM Kackag,.
9710 ABYXTPaH3UCTOPHbIA YPY, ¢ paccTpoeHHbIM BXOAHbIM KonebaTenbHbIM KOHTYPOM,
nmetowmm cnabblii pesoHaHc Ha YactoTe 100 MIMy. Beixon atoro YPY — TpaHcchopMaTopHbIi
(12+4 BuTKa :-)). CoenaHo Tak NOTOMY, 4TO MUKpPOCXeMbl, K174XA34, K174XA42 n nx
3apybexHble aHanorn (TDA7000, TDA7021) nMetoT 04EHb HN3KOE BXOAHOE COMPOTUBIIEHME U
WYHTMPYIOT KaK BXOAHbIE KOHTYPa, TaK 1 BbIXxoAbl anepuoanyeckunx YPY, yto nobasnsiet
wyma, HO He NoBblWaeT YyBCTBUTENbHOCTU. CornacosaHve Harpy3ku YPY (MHOYKTMBHOCTb
nepeu4YHO 06MOTKM TpaHcopmaTopa co Bxonom R174XA34 (BbiBoabl 12 1 13, no cxeme),
NpoOn3BOANTCS NPV NOMOLLM 0OMOTKM CBSA3M (4 BUTKA, HO MOXHO YMEHbBLWMNTbL 1 [0 ABYX BUTKOB
— NOCMOTPUTE, HACKONbKO BO3pacTéT nsbmnpartenoHocTb). K ctatu, ecnu Bol xoTuTe
ncnonb3osatb K174XA34 nnn K174XA42, nna npnéma Ha HEKOTOPOM (OEeCATKN KUTOMETPOB)
yoaneHun oT nepepatyunka, BO3MOXHO, Bbl pewnte cobpatb YPY ¢ nepectpaeBblieMbIM BbIXO4
HbIM KOHTYPOM, Ans 60nee TOYHON OTCTPONKMN OT MOMEX W MOBbIWEHUS YYBCTBUTENBHOCTMH,
NCMONb3yinTe cornacyollyto 0OMOTKY ANs CBA3U KOHTYpa ¢ Bxoaom PrT.

Lnsa nepeknioyeHns gnanas3oHoB HacTporku YKB npnémHuka, Kak B KOHTYype retepoanHa tak
n B cenektope YPY, ynobHO ncnonb3oBaTth ANOLHbBIN KOMMYTATOpP, OMMUCAHHbLIA B CTaTbe
Onenunyes O. "[pyxamanas3oHHbiin YKB npnemnuk "Mukpon PI1-203", Paguo 012, 1995r .
34ecb peann3oBaHa U3BECTHAs Maes 3aMblkaHUS 4acTy BUTKOB KaTyLWKW, Hanpumep
reTepoANHHOrO KOHTYpPA, BbICPKOYACTOTHbIM Anoaom, tuna K407 n eMy nonobHbiM (eCTb B
6nokax CKM n CK/[ ctapbix TeNneBn3opoB), Koraa 4yepes aToT AMOoL NPOoTekaeT, B MPSMOM
HanpaBneHnn, Hebonblwoli ToK. BaxHO, 4TO NPUMEHUB ANOOHBI KOMMYTATOP KOHTYPHbIX
KaTywek, Bbl n3baBmtecb OT BANSHNS Ha NapameTpbl KOHTYpa, EMKOCTW NPOBOLHUKOB, OYLWNX
K nepeknoyaTento Amana3oHoB. BpeaoHOCHOCTb 9TX NPOBOAOB, KPOME AOMNONHUTENbHON
E&MKOCTW, MOXET NPOSBNAATLCA B TOM, 4TO OHM ByayT paboTaTb Kak aHTeHHbI, gocTasnsas PY
curHan 60nblWwol MoWwHoOCTK My nomexy, Ha Bxon NG PI1, MUHyst npenBapuTenbHbI CeNnekTop
nYPY.

Ing namepeHns 4acToTbl HACTPONKN NpUémHMKa ¢ Hu3koi (70 KIry) MY, yaobHo
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BOCMoNb3oBaTbcs creumanunamposaHHon MC — SC3610 — nameputenb YacTOTbl HACTPOWKN
PIT + yacbl. 91a IC no3songet n3amepsitb 4acToTy HACTPOMKN MPUEMHMKA MO YacToTe
reTepoauHa, ¢ Nonpaskoi Ha YacToTy MY, koTopas MoxeT ObiTb BoibpaHa pasHoi 70 KIw,
10,7 MI"y, (onga npuéma B ananasoHe YKB n 455 KI'u gna OB, CB, KB gnanasoHos. VIC
SC3610 paboTtaeT co cneunannanpoBaHHbiM XK MHANKATOPOM, UMEIOLNM COOCTBEHHbI
ynpaensaowWwmii KOHTPONNEP, paHblue, NpuobpeTeHne Napbl 3TUX KOMMOHEHTOB NpeacTaBnsna
onpenenéHHble TpyaHocTU. B yacTHocTu, MHOrMe paanontobuteny 6binm roToBbl KynuTb
NPOCTENNA PaONOMNPUEMHUK HA SC
1088

H)

C UundppoBoM WKanon, Ha

SC3610, 4Tobbl cnonb3osaTtb LI aToro pagnonprmémHuka, B Ka4ecTBe BbICOKOYACTOTHOIO
yactoToMepa.

Tenepb komnaHusa Mactep Kut npennaraeT Ham 3amedaTesnbHblii HA6op NT5002 npencrasns
owwnii cobon LMPOBYIO WKany, 4acTOTOMEP U1, «Ha cAady» CyTOYHbIN Tanmep (6yannbHIKK).
Kak yactoToMep ¢ npenyctaHoBkoi 4, ToT Habop NpekpacHo NOAXOAMT ANS NPUEMHUKOB C
Huskown MY. Ons npuémHukos c MY, pasHo 10,7 MI'W, npuMeHeHne 3ToN MUKPOCXEMbI UMeeT
HtoaHC. VI3BeCTHO, 4TO BO MHOMMX BbiCOKOKa4YecTBeHHbIX YKB UM npuémHukax, yacTtota
retrepoauHa NPEBDLIWAET yactoTy npuHMMaemoro curHana Ha senuyuny MNY. 910 nossonset
4yTb Cy3MTb OTHOCUTENbHbIA AMana3oH 4acToT, MePeKpPbIBAEMbIX FTETEPOANHOM, U, KakK
CNnefcTBue, YMEHbIWNTb HEPABHOMEPHOCTb aMNaNTyObl BbIXOAHOIO CUrHana v NoBbICUTb
cTabunbHocTb YacToTbl. Mukpocxema SC3610

ymeeT Tonbko npubaensatb MY 10,7 My k yactoTe reTepoaunHa, B To BpeMs kak yactota 70
KIMu BbluMTaEeTCa U3 YacToThl reTepoanHa, Kotopas, YactoTta, B npuémHukax Ha UG,
nonobHbix K174XA34, K174XA42 MmoxeT BblbnpaTbCS BbiWe YACTOThl MPUHMMAEMOro CUrHana.
Ecnun Bbl cobupaeTe BbICOKOKa4YeCTBEHHbIV paanonpuémMHuk ¢ Beicokoi MY (10,7 MIMu), n

LM POBOW WKanow, To Mukpocxema LiLL

LC7265

bynet 6bonee npeano4tTUTENbHA, NO cpaBHeHUt0 SC3610

TaK Kak No3BONSIET HE TONbKO «B Py4YHYl0» 3aaaBaTb yHKUMIO 06paboTku MY — cnoxeHune
NN BblYMTAHME N3 YACTOTbl reTEPOAMHA, HO 1 BbibMpaThb 3HaveHue MY, B 3aBnCcMMOCTM OT
NPUMEHSEMbIX MON0COBbIX PunbTpos MMY.

CoBpeMeHHbIn TIOHep cBomMu pykamu. B.FO. CeMéHoB .
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OueHb NonesHas Ons HayMHalWmx paanonobuTenein KHura, CoctToswas u3 Tpéx yacTei.

- Yactb  nepsas — OcHoBHble NpuHUMnbl YKB pagnosewaHuns. PaccMoTpeHbl OCHOBHblE

JoyHKUMOHanbHble y31bl coBpemeHHoro YKB pannonpunémHmka — BXogHble CeNeKkTopbl,
YPY, dounbTpsl MY, YT4Y, ctepeonekonepsi.

- Yactb  BTOpas — npaktmyeckne cxembl YKB pagnonprémMHUKOB, BbINOMHEHHbIE HA
ocHoBe  TunoBbIx cxeM BknoyeHns MIC P ot Toshiba, Philips, Sanyo, Sony Moapo6Ho
paccMOTPEHbI HECKONbKO BapuaHToB cTepeogekonepos.  OTtaenbHas rnasa yoeneHa
BOMNpOCam NofaBieHns HAATOHANbHbIX COCTABNSAIOWNX  3BYKOBOrO CUrHana Ha Bbixone
ctepeogekoaepa. Obpatnte BHUMAHME, B NPEeanoXeHHo aBTOpoM cxeme BbixoaHoro dHY
4ro nopspnka, UCNonb3oBaH  OTeyvecTBeHHbIn cyeTBepéHHbin OY k1401Y 26. 310 OY ¢
HWU3KOBO/NbTHbIM NMUTaHNEM  (OOHONONSAPHOE, +5B) HO KpaéHe nocpencTBEHHbIMU
XapakTepucTuKaMmm B YaCTU  YPOBHS WYMOB, KOS PULNEHTA HENNHENHBIX UCKaXEHUA 1
boicTponeinctemsa. Punbtpc  aTuM OY, C HEKOTOPBIM HEYLOBONbCTBMEM, MOXHO
ncnonb3oBaTb Npu fopaboTke  AEWEBON «KUTANCKON» MarHUTONbl UK
CTepeoOHNYECKOro NPUEMHMKA, HO ecnn Bol  cobpanuch caoenate YKB TioHep kayecTBoM
nonyywe, uMeeT cMmbicn 3ameHnTb OY K1401Y 02 Ha cyeTBepéHHbIN QY TLO74 (Luokon
€Bka coBnagaeT). HanpsxeHne nntaHnsa —  Takoro gounbTpa nydwe nogHAaATb 00 12 BonbT
(9 He npoBepsin 3T OY HA  paboTOCMOCOBHOCTb NPY MOHUXEHHOM HaMPSXEHUN MUTAHNS).
Tak Xxe, 04eHb  Xopowwue pe3dynbTaTbl MOXHO MOAYYNTb NCMOb30BAB B 3TOM (punbTpe
napy OY  K157Y 2. 311 OY coxpaHAoT OY4EHb BbICOKYIO TMHENHOCTb MPU CHUXEHUM
HanpsxeHns  nutaHnsa 0o SBonbT. M ewé. HanToHanbHble NOMEXun — HEMPEMEHHbIA CNYTHUK

60NbLMHCTBA LMPPOBLIX NCTOYHMKOB CUrHana, 0cobeHHO MaccoBOro NPon3BoACTBa.
MoTomy, onga ynydweHns 3syd4aHus Bawen, HanprMep OKONOKOMMbIOTEpPHON akTusHom AC,
MOXeT ObiTb MONE3HbIM  MCMONb30BaHMe Takoro gounbTpa B CH-BY 3BeHe. [NoapobHo o
HaOToOHanbHbIX  nomexax Bbl MOXeTe npoynTtath B CTaTbe
«MopaBneHne HapTOHaNbHbIX MOMEX B ObiToBOM 3ByKO3anucu» C. Arees. Paguo
07
]

08

1995ron,

. N nyctb Bac He cMywaeT pacCMOTpeHMEe HaATOHANbHbIX MOMEX Kak  NPUYMHA yXyAlWeHns
KayecTBa 3anuncy paguonporpamm. B 1o BpeMs CnblwnMbIi yiwepbd  MarHUTHbIM 3anucsm, oT
3TMX Nomex, 6bin HaMHOro 6onblueit NPobNeMOon, YHeM  MHTEPMOLYNALMOHbBIE NCKAXEHNS,
KOTOpble HaATOHaNbHbIE MOMEXN NOPOXA4anM B 3BYKOBOM AuanasoHe, nornanas B He
0COBEHHO NMHENHble, HO JOCTATOYHO  ObicTponeicTaytowme YM3Y, kakoBbix Tenepb
60nbWMHCTBO, Bnaroaaps wmpokoMy  pacnpocTtpaHeHmio MIC YM3Y B knacce «B».
MoapobHO 0  MHTEPMOAYNSLMOHHBIX MCKAXEHMUSIX 1 BOSMOXHOCTWN/ HEBO3MOXHOCTH
3aMackupoBaTtb  UX MONE3HbIM CUrHANOM (NPubaBmB rPOMKOCTb UM MOKPYTUB PErYNSTOPSI
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Tembpa, Bbl MOXeTe npounTaTtbh 34€Ch:
NMcuxoakycTuyeckue KpUTepum KayecTsa 3By4aHus u Bbibop napametpos YM3Y
AsTop: KoctuH B. Pagno (112 1987 .

- Yacte  TpeTbsa — MUKPOKOHTPONNEP, Kak CPeacTBo yrnpasneHns cospeMeHHbiM YKB
TIoHepoM.  PaccMoTpeH npumep NocTpoeHus 6noka ynpaBieHns TIOHEPOM, Ha OCHOBE
oTevyecTBeHHoro mukponpoueccopa KP1878BE1 n cnHtesartopa 4yactotel SAA1057. [aH
NUCTVHI yNpaBnsiowWwein Nporpammbl, 4ns NpaBky «non cebs».

Bo3MoxxHO Bbl 3ax0TTE NOCTPOUTL CBOW HOBbIV CTEPEOTBIOHEP Ha KakMx TO ApYyrux Habopax
netanei, He pacCMOTPEHHBIX B 3TOM KHUre, TEM HE MEHee, NepBas rnaesa 3710, Kak MHe
KaxeTtcs, obsa3aTenbHa K NPOYTEHMIO BCEMU MHTEPECYIOWNMINCS, €CNN KOHEYHO, Bbl He
npodbeccroHan no paanonpuémMHomy/ nepearouemMy o6opyaoBaHuto.

BcesonHoBbin YKB UM npunéMHuK

MNMonbopka matepuanos no BceBonHoBbIM YKB YM npuémHrkam (ckaHepam), NOCTPOEHHbIM, MO
cXeMme paavonpuémHuka ¢ ABoViHbIM MpeobpasoBaHNeM 4acToThl. B kayecTse nepeoro
npeobpasoBaTtens 4acToTbl UCMOMb3YETCH, Kak NPaBnio, BCEBOJIHOBbIA THOHEP OT
Tenesnsopa , C aHanorosbIiM
yrnpasneHvem. Y41, BTopoi retepoanH, 4eMoaynatop v npegsaputenbHbin YHY,
BbINONHAOTCA Ha AocTynHbix VIC PIT tmvna

TA2003

TDA7021

nnu nx aHanorax. lNMpennoXxeHHble peweHns MoryT ObiTb MHTEPECHDBI TaK Xe
pannonobuTensaM, MHTEPECYHOWNMCS BbICOKOKA4YeCTBEHHLIM MPUEMOM paanocTaHumii ¢ FM B
parioHax ¢ 60nbWO NNOTHOCTbIO paanocTaHuunin B acompe. [1BoitHoe npeobpasosaHue MY
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NO3BONSIET 3HAYNTENIbHO CHU3UTb NMOMEXM OT COCELHUX C BbIOpaHHON paanoCcTaHuuii
(3brpaTenbHOCTL MO COCENHEMY KaHany), KakoBble MOMEXWN O4YEHb TPYLAHO OTCTPOUTD
WTATHLIMU CeNekTopamMn paanonpuEMHNKOB HU3LEro 1 CpeaHero Knacca, naxe
OCHaLWEHHbIMN CUHTE3aTOPOM HYacToT. [loCMOTPUTE HA CXEMbl NPUEMHMKOB B BblLEYNOMSHYTOW
KHUre

«CoBpeMeHHbIN TIOHEP CBOUMM pyKaMu»

. ABTOp, He 0cob0 3aayMbIBAsiCb O KAYECTBE BbIXOAHOrO CUrHana , CoeanHseT aHTeHHy n YPY
NC PT1 yepes koHgeHcatop. M Bcé. Hukakmx nonocoBbix hunbTPOB, 0Cnabnsowmx
BHeAMana3oHHbIe MoMexu, H1, TeM bonee nepecTpanBaeMoro BXO4HOro CENeKTopa, Kak aTo
66110 NprHATO B 6onbwmHeTBe YKB paanonpnémHukos, nponssoanswmnxcs B COBETCKOM
Coto3e, Ha 3ape YKB BelaHus, korga B agompe 6bifio npakTU4ecku nycro.

Cenektopbl TB kaHanos cepuun TDC-3T-470

YXe He COBpEMEHHbIe, WMPOoKOAnana3oHHble, aHanorosbie cenektTopbl TB kaHanos, paHee
NPUMEHSBLIMECS ONS 3aMEHbI Napbl 0TedecTBeHHbIX TB cenektopos CK-M-24 + CK-[1-24 B
Tenesmadopax 3YCUT v um nonobHbix, ons npuéma nporpamMm kabenbHoOro TenesmaeHms,
Tenepb Haln CBOK BTOPYIO XMW3Hb B PaANONIOOUTENbCKNX BCEBONHOBBIX/ «CKaHUPYHOWMX>»
panmonpuémHmnkax. B nopbopke paccmatprBaloTCs TEXHNYECKNE XapakTEPUCTUKN, LLOKONEBKA
N 0cobeHHOCTN BHeOpeHnsi cenekTopos cemelictea TDC-3T-470 B 0TE4ECTBEHHbIE
TeneBm30pbl NpowWnbIX NeT. Tak Xe, 3TV AaHHble MOXHO UCNONb30BaTb NPW OMbiTax 1
NpakTUYeCcKon peanusaunm BCEBOTHOBbIX NMPUEMHUKOB C ABorHoM Y.

KoHBepTtopbl UHF

Monbopka cxeM KOHBEPTOPOB PaAMOYaCTOTHBIX AMana3oHOB NPOAOsIXaeT TeMy paavonpréma
C ABOMHbIM Npeobpa3oBaHNEM HaCTOTbl. PasnnyHbleBapmaHTbl CXEM KOHBEPTOPOB NPUBELEHDI
C OnucaHnsMu COMyTCTBYIOWEN CNPaBOYHOM MHpopMauVen, Kak To «daHTawmuHbl» (datasheet )
Ha Tak HasbiBaeMble Front End IC — MrkpocxeMbl BXOOHbIX TPaKTOB PaanonpuéMHUKOB,
copepxaine, kak npasmno, YPY, retepoaunH, cMecutenb 1, BO3MOXHO, BydoepHble kackabl.
dakTuyeckn Front End IC — 310 nonosmHa npnémHuka ¢ ABonHbIM MY, ecnn 3a Hell NnocTaBnTb
NC paanonpuémHuka, HaCTPOEHHOro Ha OOHY, €AUHCTBEHHYIO, HacTOTYy — YacToTy nepson M4,
Hy>xHo Tonbko ybeantbes, 4To retepoavH u cmecutens VIC Front End moxeT paboTaTb Ha
yacToTax, MPEBbIWAWNX BEPXHIOK YaCTOTY XenaeMmoro K Nnpuémy amanasoHa Ha BeNUYUHY
nepson MY.
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YKB npneMHuK ¢ ABOWHbIM Npeobpa3oBaHUEM YacToThl.

B ocHoBe nonbopku, cxema MoHoGoHNYeckoro YKB npnémHuka ¢ ABoviHbiM Npeobpa3oBaHmem
4acToTbl, onybnmkoBaHHas B 04HOM U3 HomepoB Paano Ne11 2001r. [Juana3oH npuHMMaeMbIx
npueMHNKoM yactoT 53... 108 MIMy . MNpréMHUK BbINONHEH Ha ABYx 6anaHcHbIx cMecuTensx K
174MC1

(YNYYWEHHbIA UMMAOPTHBIA aHanor

NE /

SA602

A

) n rmnbpuaoHom moayne YMN4Y3-2. MpomexyTouHble YacToThl 32 1 6,5 MIMu. B ctatbe aaHo
nonpobHoe onuncaHne npaeun BbIbopa U COOTHOLWEHNS YacTOT NepBoii 1 BTopow MY, ¢ uenbto
MUHUMM3ALUN KONIMYECTBA TOYEK HAaCTPOWKMN, rae NpMEM BO3MOXEH Ha 3epKanbHOM KaHane.
ObpaTtnTe BHUMaHNE Ha BXOAHON KOHTYp (kKaTtywku L1 n L2). MHOykKTBHAS CBA3b C aHTEHHO,
yepes kaTywky L1, obecneunBaeT nyywee cornacoBaHUe ¢ HEHACTPOEHHOM (KyCOoK npoBoaa
NN «Teneckon») aHTeHHon. KaTtywka L2 BxogMT B COCTaB NnepecTpanBaeMoro BXo4HOro
KOHTYpa 1 UMeeT ABa CUMMETPUYHbIX OTBOAA OT CepeaunHbl, 3TO He NOHoe
aBTOTpaHCGOpMaTopHoe BkNtoYeHme BxoaHoro kackana MIC K174MC1 (sBbiBoabl 7 1 8). Tak
cLenaHo, 4Tobbl HU3Koe BXxoAHoe conpoTmeneHne 6asosbix Lenen NC K174MNMC1 He
WYHTMPOBANO BXOAHOM KonebaTenbHbI KOHTYP, yMEHbLas ero AOOPOTHOCTb 1, Kak
cnencTeue, n3bmpatenbHyo cnocobHOCTh. Mo Takoi Xe cxeme (CMMMETPUYHOE,
aBTOTPaHCHOPMATOPHOE BKIOYEHNE KonebaTenbHOro KOHTypa) MOXHO NoAaTh CMrHan Ha
Bxon NC nHTerpanbHoro paguonpuémHuka Ha K174XA34 (sbiogbl 15,16, ong kopnyca
K174XA34 c 18 BbiBOgAMN) UK HA UMNOPTHOM NPOTOTUNE —

TDA7021

(BbiBOAbI 13 1 12). Ona NC FM npnémMHuka ¢ «aBTOHACTPOMKOW», Tuna

SC1088

, LeHTpanbHble 0TBOMbl BXOOHOro KOHTypa noaknaoyatoTcsa K sbisogam 11 n 12. Takas
nopaboTka No3BONUT 3HAYNTENBHO YNYHWNTb N3BMPATENBHOCTb MPOCTLIX MPUEMHNKOB C
Hn3kor MY. B Takux, NpocTbix paanonpuémHukax ¢ Boicokor MY, ona HacTponku, ynobHo
MCNONb30BaTb ABYXCEKUMOHHbIE KOHOEHCATOPbl NEPEMEHHO EMKOCTU, KOraa nepsbi
KOHAEeHcaTop UCMonb3yeTcs BO BXOLHOM CeflekTope, a BTOPOi — B retepoanHe.

CUHXpPOHU3NpYyeMmMbi reHepaTtop (retepoavH)
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MNMonbopka matepuanos No TeMe cTabunbHbIX FreTEPOANHOB A8 MPUEMHMKOB U NepenaTtynkoB.
Cenyac Ww1poko pacnpocTpaHuIncb LMgpoBbie CUHTE3aTopbl YACTOThl FeTEPOANHOB C
MVKPOMPOLIECCOPHbBIM YNPaBEHNEM, B TO X€ BPEMS €CTb PAL CXEMOTEXHUYECKUX YXULLPEHNIA
, MO3BONAWNX LOOUTHCA CTAbUNBbHOM YacTOTbl FETEPOAUHA aHaNoroBbiM1 MeTogamun. B Tom
yucne, ynomsiHyTbii CUHXPOHU3UPYEMbIV reHepaTop. Ecnu Ha cMHxpoBxon Takoro, nogasartb
CVrHan pasHblil Unn B uenoe Yncno pas (Hanpumep B 10) MeHbLe wara ceTkn 4acToT
NPUHMMaeMoro auanasoHa, retepoavH 6yaeT noaaepXunBaTb 4YacToOTy HACTPOWKN C
TOYHOCTbIO KBApPLIEBOro reHepatopa. bonblwoe KonnyecTBo KOMOMHALIMOHHbBIX 4acToT,
NosIBNAOLEECS HA BbIXOLE TAKOro CUHXPOHU3NPYEMOro reHeparopa, Korga yacrora
CUHXPOHU3aLMUN HE KpaTHA YacTOTe HACTPONKKN, MOXET BblTb HeENpuemnema ans
paguorepenarymka, Ho 4onyctuMa ang npuémHuka, rae war ceTkm 4acToT npenonpenenéH.
MHTepecHoe peleHne KBapLEBOro reHeparopa OnopHOM YacToThl NpeanoxeHo M.
O3onuHbiM B Pagmo [ 9, 2004r . Cxema Ha Tpéx umdposbix NC (K176VE12, K561/E10 1
K561J1A9) c kBapueBbIM pe30HATOPOM OT Yacos Ha 32768[ 1, bopMmpyeT BbIXOOHOW CUrHan,
yacTtoToin 1000l L, C TOYHOCTbIO, 4OCTATOYHOM ONS CUHXPOHU3auumn retepoamHa YKB
npuémHrka. Ecnm TakoBom ocHaWEéH LMGOPOBON WKANOW, NepecTpoika no ananasoHy py4komn
KME 6yneT otobpaxaTtbcs CTyneH4YaTbiM NOBbIWEHNEM/ MOHUXEHNEM YacTOTbl PACCTPONKM,
Kak npu paboTe MMKPOMPOLLECCOPHOrO CMHTE3aTopa YacToThbl, yNPaBnsemMoro BankoaepoM.
Kpome ynomsiHyTbIX Bbiwe, B Noa60pKe NpmMBeaeHbl CXEMbl U1 METOOMNKM PACYETOB OPYrux
aHanoroBbIX reTepoanHoB, 06naaarmx BbICOKON CTabuUnbHOCTbIO YACTOThbl M aMNINTYAbl
BbIXOLHOIr0 HanNps>XeHuns.

TepMoKOMNeHCUpoBaHHbIN cTabunn3aTop HanpsXeHus
Ha K157XI2.

OTa cTaTbhs NPO BbICOKOTOYHbLIN CTabunnsaTop HanpsXxeHns Ha mukpocxeme K157XMM2,
obnaparowmini HA3KMM YPOBHEM WYMOB U BbICOKO TEPMOCTabUNbHOCTbIO, LOMXHA HAXOANTbCS
B pasnene, NOCBSAWEHHOM CUCTEMaM ANEKTPONUTAHUS, HO S MoMewato eé nobnuxe K
retepoomHam Tak kak asTop - C.W/. MNMonoe (RA6CS) — npumenun aty NC, paspaboTaHHyto ons
nutanns ['Cl MarHMTopoHOB, Kak pas Ans YMeHblleHNs «yxoAa» 4acToTbl, CBA3AHHOIO C
TEMMNepaTypoHO HECTABUNbHOCTBIO TPAAMLMOHHbBIX UCTOYHMKOB NuTaHus Ha MIC (KPEH...
NTN) N ONCKPETHbIX 3NIEMEHTaXx.
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B.T. Nonskos. PaauoBewiatenbHbie npuéMHukn YM c
dba30B0OM aBTOMNOACTPONKOWN.

B kHure nonpobHo pasbpaHbl TeOpeTUYECKNE NPEANOCHINKM U NPaKTUYEeCKMe BONPOCHI
NOBbIWEHNs KavecTBa paanonpuéma Ha YKB, 4acTOTHbIX 0eTeKkTOpOB C 06paTHOW CBS3bIO MO
4acToTe U CUHXPOHHO — doazosbiMK getekTopamu (CP 1) YM, ymeHblwaowmmMm HeNnHenHbIe
NCKaXEeHNs 1 NapasuTHYO aMnanTyoHYO MOAY NAUNIO B PAAUONPUEMHOM TpakTe, YTo
0COOEHHO BaXHO B BbicokokayecTBeHHbIX YKB YM TioHepax. Mpu Wwmnpokon SOCTYNHOCTM CUH
Te3aTopoB YacToThbl, Hanpumep Ha UC

LM7001

N 0OCTaTOYHOM NPOCTOTE peanunsaumm ungposoro ynpasneHns YKB UM pagmonprémHukom,
NMEHHO paanonpuéMHbI TPakT, ero CXeMOoTEexXHMKa, OTBeYalowWwas 3a BbICOKOKa4eCTBEHHbIN —
6e3 nckaxeHuii 1 nomex — paanonpuém, npopabatbiBaeTcs o4eHb cnabo. Kak npasuno,
NCNONb3YTCA roTOBble 0gHOKpUCTanbHble G paanonpuémMHNKoB, BKIIOYEHHbBIE NO TUMOBOWA
cxeme. Nongkos npeanaraet NpocTble N 3 EKTUBHbIE CPEACTBA MOBbIWEHNS Ka4yecTBa
pPanMonprMEMHOro TpakTa, NPy NOMOLLM YaCTOTHOrO OETEKTUPOBAHUS C 0O6paTHON CBA3bIO NO
4aCcTOTe UMM CUHXPOHHO — (pa3oBoro aetektTuposaHua YUM. Tak Xxe, B KHUre pacCMOTpPEHbI
TeopeTu4eckune n npakTnyeckune sonpocol noctpoeHns YKB YM pagmonpuémHmkos ¢
¢ba30BOM aBTOMNOACTPOMKON YaCTOThl reTepoamnHa, B KOTOPbIX BbixogHOM curHan HY asnsetcs
curHanom ownbkm netnu ®AlMY, noactpansatowein retepoaunH. B rood HanncaHus KHUrm,
YKB paguvonpuémnunku ¢ @AMMY mornn npencrasnsatb MHTEPEC NMPOCTOTOM peanusauum u
OTCYTCTBMEM HEOOXOAMMOCTM MOTaTb MHOIO KaTylek BXOL4HbIX KOHTYPOB 1 ounbTpos MY. Mo
HbIHELWHNM BPEMEHAM, C WMPOKOW AOCTYMNHOCTbIO

opgHokpuctanbHbix UC YKB UM npuémHukos

7

Kepamuuyeckux connbtpos MY

, YKB UM npuémHnkun ¢ PATY MoryT npenctaensTb TONbKO akageMnyeckuii nHTepec ons
pannoniobutenei, xenawwmx rnyboko pazobpatbcs B pa3nnyHbix cnocobax pagmonpréma Ha
YKB.
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CnpaBo4YHUKK OPOTKOBOJIHOBUKA

CnapBOYHMK NOCBSWEH rNyboKoMy 1 TwaTenbHOMy pa3bopy Teopun 1 NPakTrkuM (No
cocTosiHMIo Ha 1984r) nocTpoeHuns npuémHon u nepepaowert KB annapartypsl.

YKB npueMHuK ¢ undbpoBbIM yripaBieHUeMm

Mopbopka cTaten n BbiIpe3ok 06CyXaeHun ¢ hopyMoB no Bonpocam noctpoeHns YKB YM/FM
paanornpuémMHNKOB, C CUHTE3aTOPOM HacToThl, NpenmyliecteeHHo LM7001 v ynpasneHuem Ha
mukponpoueccopax AVR nnm PIC.

YKB cuHte3aTtop yactotbl Ha LM7001

MoapobHbI pa3dbop NPakTMKM HANMCaHUs NPOrpamMM ANs yrnpasneHns CUHTE3aTOPOM YacToThl
LM7001, cxeM eé BKNIIOYEHNS U 3aKOHYEHHbIX KOHCTPYKUUIA pagmonpuéMHMKOB, C
ncnonb3oBaHnem atoii IC. ObpaTtnte BHUMaHUe Ha nebatbl BOKPYr MHTerparopa
Hanps>XXeHns HacTPorKK, noaknovaemoro K soisogy 14 LM7001. B wmpoko n3secTHOM
«TioHepe HacTtun», ycnewHo NOBTOPEHHOM MHOrMMU PaanoNtObUTENsaIMU, 3TOT UHTErpaTop
cLienaH, Msirko roBopsi, He coBcem 6e3ynpeyHo. MNocMoTpuTe Ha Apyrve PeweHns 1 3Toro
nHTEerpatopa Ha bunonsapHOM 1 NONEBOM TPAH3NCTOPAX U HAKAMNTE , XOTS Obl Napy OTINYWIA,
ecnm cepb&3Ho cobrpaeTechb AenaTtb PagnONPUEMHUK C CUHTE3ATOPOM 4YacToThl.

YKB MoHTtax Ha lNnsartoukax
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CkaH kHurm XyTseBa, NOCBAWEHHOM NPaKTUYECKOMY NMOCTPOEHMIO PaanocTaHumnuy,
paboTatoweit B Tpéx paanonobntenbckmx amanasoHax: 144 — 146, 430 — 440, 1215 - 1300
MI"u. Cpeau npo4ero, pasobpaHbl NPUEMBI 1 TEXHONOrMYEecKas OCHacTka ONs BbINONHEHUS
MOHTaXa pagmo4acTOTHbIX TPAKTOB Ha NATOYKAX GPOSbr, Bbipe3aeMblX Ha nucTe
PONbrMPOBAHHOI0 CTEKIOTEKCTONNTA. BaxXHO 0TMETUTb, 4TO B XYypHane Paononiobutens,
6b1N10 NPEeANOXEeHO MHTePECHOE pa3BMTME METOAA «MOHTaXa Ha NsTo4kax» MmeHn XyTtsesa.
ABTOp HOBLWECTBA, Npennaran NaTo4Yku He Bbipe3aTb B 0ONbre nnarthl, a genartb ux nu3
06pe3koB NnaTt OONbrMpoBaHHOr0 CTEKNOTeKcToNMTa (retnHakca). Ctapas nnata, co Croem
oonbru, cHavyana pexeTcs Ha NnosocChl WMPONHON 5 MM, a NOTOM, OT 3TUX MONOC, OTPEe3aKTCH
KyCO4YKW, ONIMHONW, Hanpumep, 5, 10 n 15 mMm. MNonockn knetoTcsa Ha nnaty, OONbron BBEPX,
WMEHHO TaM, rae Hy>XHO YyCTaHOBUTb AeTtann. Ecnn k 0gHOM MOHTaXXHOM naowanke
npvnavBaeTcs bonee, Hanpumep, TPEx aeTanen, Takas nnowanka 6epéTtcs He KBaapaTHOM
5x5mMMm, a npsmoyronbHoin — 5x10mMm ntn. Kak ykasbiBan cam XyTses, eCcrnv KOHCTPYKUNS
npefHasHayeHa ans paboTbl HA YacToTax Huxe 430 MITu, ocHoBa Ansi NATOYKOB MOXET ObITb
donbruposaHHom (y XyTtseBa — OBYXCTOPOHHUIA CTEKNOTEKCTONNT, U B HOBOM NOAX0AE —
OOHOCTOPOHHUIA, chonbroii Kk getansim). Ha 6onee BbICOKMX YacTOTax, HA4YHET CKa3blBATbCS
€MKOCTb MeX Ay MOHTaXHbIMU NSTOYKAMN 1 0OLWENR WNHOK (Cnoem doonbri).

DAY B paguonpueéMHuKax

9710 ctaTtbhs B.T. lNongkosa o npeumylwectesax cxem ¢ @AY B pagunosewartenbHbix YKB UM
panuornprnémHukax ( oparmeHTt n3 kHuru B.T. lNMonskoBa ) 1 Moa nepenuncka ¢ ToBapulem
AEN, Ha «PagokoTe», N0 npakTuyeckmm sonpocam rnpumeHeHms @AY B yactoTHOM
netekTope. B koHUe nonobopku npuBeaéH CNNCOK NUTepaTypbl N0 TEME NOCTPOEHNS
BbICOKOKa4eCcTBeHHbIX YKB YM npnémHukos.

Xutpas cXxemoTexHuKa.

Moabopka cxeMm, MoaeNMpPoBaHNe KOTOPbIX B KOMMbIOTEPHbIX CUMYNSITOPax NPUBOANT K
pPa30y4yapoBbLIBAOWMM pe3ynbTatam Tuna «HepaboTocnocobHas KOHCTPYKLMS», B TO X€ BPeMst
37K cxeMbl paboTatoT. MNpocTo U ah ek TMBHO. PaccMOTpeHbl paano4acToTHbIE YCUNUTENN,
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BK/IKOYAS KACKOLHbIE CXEMbI, FEHEepaTopbl HA TPaH3UCTOPax B TABUHHOM peXuMe,
cBepxpereHpaTtvBHble NPpUEMHNKKM, netektopol AM n ®M curHanos.
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