IkcnepuMeHTaNbHbIA QRP-Tpancusep "Iosmron"
IOpuii Mypames, RX3AEW

11 TexX, KTO HHTepecyeTcs NPUMEeHeHHeM MUKPOKOHTPOJJIEPOB B PAIHOCBS3H, IIpeAiaraercs
KCNepUMeHTATbHasA IIaT¢GopMa i1 0TPA0OTKH IM(PPOBBIX Y3J10B TPAHCHMBEPOB: M (PPOBBIX
(puabTpoB, IyMONoaaBuTe e, ABTOMATHYECKHUX TeJlerpagHbIX KJI0Yel u T.1.

JTa npocTasi KOHCTPYKIMSA MOCTYKHT XOPOUIUM MOJUTOHOM VI 0TPAOGOTKH COOCTBEHHBIX
uaei, a Tak:ke nocayxkut B QRP-pagnoskcnenumsx.

3adeM Bce J€J1aJ10Ch U 1€J1aJI0Ch HMEHHO TaK...

MecTa TBOpPYECTBY ISl paIHOTIOONTENICH CTAHOBUTCS BCE MEHBIIIE — OTO CTOMT MpHU3HATh. Bee
MEHbIIIE JIF0JICH MOTYT MOHATH POMAHTHUKY >KMBOTO OOIIEHHs CKBO3b Tpeck d¢upa. TeXHONIOornu cyxue
1 0€3)KaJIOCTHBIC, HO O0JIMYCHHBIE B ()OPMY OJHOU MIPOCTON KHOIKH, TIOPOKIAIOT JICHb, YOUBAIOIIY IO
TBOPYECTBO.

Ho nmouck nmpukitoyeHnit Ha CBOO TOJIOBY HE UCTPEOUTH B paMOIIOOMTEIBCKON Cpeie.

[TosiBUIOCHE MHOTO HOBOTO B PaJMOTEXHUKE 3a TIOCIIEIHEE BPEMS, U IIOCTEIIEHHO CXEMHBIE PELLEHUS
YXOJIAIT 32 PaMKH JIFOOUTEIhCKON KBATH(PHUKALNU B CTOPOHY NMPO(HECCHOHATEHON CXEMOTEXHUKH,
0c00eHHO B 00Js1acTH cBA3H. L{M(ppoBbIE TEXHONIOTUN HEYMOJIMMO TECHST aHAJIOTOBbIE BO MHOTHX
o0racTsx, ¥ HaJl0 CTapaThCs UATH B HOTY CO BPEMEHEM.

[Ipemmaraemas Bamemy BHUMaHUIO KOHCTPYKIMS HOCHUT SKCIIEPUMEHTAIBHBIN XapaKkTep U
IpeAHa3HaYeHa, IIPEXKIEe BCEro, s TEX, KTO HAYNHAET OCBAaUBAaTh COBPEMEHHBIE MUKPOKOHTPOJUIEPHI.

IIpu pa3paboTke 3TOro TpaHCUBEpA S MPUAEPKUBANICS CICAYIOIMX PUHIIUIIOB:

1. MakcumanbHasi MpOCTOTa KOHCTPYKIIHH;

2. [loBTOpsieMOCTb;

3. MuHUMYM HalaJlKi ¢ aHAJIOTOBBIMH MPUOOPaMH;

4. MuUHUMYM neTaneu;

5. HeBbICOKast CTOMMOCTb, IOCTYITHOCTh KOMIIOHEHTOB;

6. MakcuMaabHO BO3MOYKHOE HUCIIOIB30BAHUE Y3JI0B MUKPOKOHTPOJIIEPA.

B 0CHOBY KOHCTpYKIHH JIeTr MUKPOKOHTpoJutep Atmega 8535 mpousBoacTBa kommanuu Atmel. 3to
pacnpocTpaHeHHbIe, JCLIEeBbIE U MTPOCTHIE B TPOrPaMMHUPOBAHUU KOHTPOJIJIEPHI BIIOJIHE MOAXOAT JUIs
cTapTa U OTpabOTKH HUPPOBBIX (YHKIMOHATIBHBIX OJIOKOB.

TpaHCI/IBep MOKHO UCIIOJIB30BATh AJIA SKCIICPUMEHTOB € PA3JIMYHBIMUA aJITOPUTMUUYCCKUMU
peanuzanusiMu UpoBbIX y310B. OH HE 33 yMBIBAJICS KaK 3aKOHYEHHAss KOHCTPYKIIHS, TO3TOMY B
HEM MUHHUMYM q)YHKHI/II\/JI OcHoBHas LECJIb — HE NBITAaTHCS TOBTOPUTH BBIITY CKACMBIC
MIPOMBIIIIJICHHOCTHIO aHANIOTO-IIU(POBLIE anmaparkl, a CO3aTh MOAEIb JJI1 MOHUMAaHUs PaboThI
U(pPOBON TEXHUKH CBSI3U U 00pabOTKM cUrHAIOB. [103TOMY 37€Ch HE IPUBOISTCS TEXHUIECKUE
XapaKTePUCTHKU KOHCTPYKIUH (4yBCTBUTEIBHOCTh, N30MPATEIbHOCTh U T.J.) — B HUX HET HUYETO
BbIJAOIICTOCA. HpOFpaMMHBIfI KO IMPOCT U AOCTYICH JJIS1 TIOHUMAaHHW HAYNHAOIIUM
nporpammuctaMm. OH He TIpeIHa3HAYEH I ISHCTBUN «3alpoTrpaMMHUPOBa-3a0bl», a CKopee
«3amnporpaMmmMupoBaiI-pazoopaics-yryqmmwny. [loroMmy 1 Ha3BaH 3TOT MPOeKT TpaHcuBepa «Ilomurony.



YT0 HOBOI0 B KOHCTPYKIMHU?

He nmMest BO3MOXHOCTH MOCTPOUTH HA BBIOPAaHHOM MHKPOKOHTpOJIIEpE MOTHOPYHKINOHANBHBIN SDR
(Software-Designed Radio, momHoCTBIO IU(PPOBOI paTUOTPAKT) 371€CH UCIIOJIB30BAHO THOPHIHOE
peleHue — paMoCUrHaj npeodpaszyercss B CUTHaJ 3ByKOBOM YacTOTHI B T€TEPOIUHHOM IMPUEMHHUKE, a
nanee oOpabaTeIBaeTCs MUKPOKOHTpoIIepoM. [[iist mpuema paaroCUrHaaoB UCIIOIb30BaHa MPOCTast
cxema npueMHuKa npsamoro npeodpazosanus Ha UC K174XA2, npennoxennas Binagumupom
Tumodeenuem [lonskoBbMm («Pamgmoy», Nel12, 1997r., cTp.34). Texnuka npsMoro npeodpa3oBaHus
MPOCTa, HO IPU MPABUIBHOM HCIOJIb30BAHUHU O4Y€Hb dPPeKTHBHA. biarogaps UMEHHO MPOCTHIM
cXeMaM OHa CTajla CTapPTOBOM IIJIOMIAIKOM IS IIEJIOTO MTOKOJICHHS panuonroouTeneid. Ceiiuac ecTh
BO3MOKHOCTh CYIIECTBEHHO YCHIIUTh pa3padOTaHHbBIE KOT/1a-TO PEIICHUS] COBPEMEHHBIMU
TEXHOJIOTMUYECKUMHU JOCTHKEHHUSIMHU U BEpPHYTh TPaHCUBEpPaM MPSIMOro IpeoOpa3oBaHusi HOBU3HY U
MIPUBJICKATEIILHOCTD.

YTo HOBOT'O M OPUTHHAJIBLHOTO B KOHCTPYKIMH? BOT HECKOIBKO 0COOEHHOCTEH:

1. B TpaHCcHBepe BCero TpU MHUKPOCXEMbI — CTAOMIIM3aTOpa HAMPSKEHUS, TPUEMHHUKA U
MHKPOKOHTpoOJIIepa (a Bcero okoiio 60 aetaiei);

2. Ha MUKpOKOHTpOJIEpE peann3oBaHbl: y3kononocHbslidi ®HY, aBToMaTHYeCcKuil K04, Te€TepOIUH C
u(ppOBON NEePEeCTPONKOM YaCTOTHI (HE MyTaTh ¢ U(PPOBBIM CUHTE3aTOPOM YacToThl) 1 AITY.

3. I'eTepoIMHOM CITy>KUT TaKTOBBIN reHepaTOp MUKPOKOHTpOJUIEpa, padoTatomuii Ha yactote 14 MI.
DTO TJIaBHOE, y’KaCAIOIIEe-KOIIYHCTBEHHOE C TOUKH 3peHUs Iu(POBOI TeXHUKH pemenrne. Ho oHo
YIPOCTHIIO KOHCTPYKIIMIO B MIPeKpacHo padoraer! BcoMHuM, 4TO IIUQpOBasi TEXHUKA — 3TO TOJIBKO
YaCTHBIM CITy4yall aHaJIOrOBOM, TaK 4YTO u3MeHeHue B peaenax 0,5% 3agaroiieit 4acToThbl
MUKPOKOHTPOJIJIEpA BIOJIHE JOMYCTUMO. KpUTHYECKU-BaKHBIE TTPOLIECCHI, )KECTKO MPUBSI3aHHBIE KO
BpeMeHH (Takue, Kak oI poBKa 3ByKOBOI'O CUTHAJIA), TAKTUPYIOTCS OTAETbHBIM 32K] II-reHepaTopom,
peaIn30BaHHbBIM TYT K€, B MUKPOKOHTPOJLIEPE.

4. B TpaHCcHBepe HCIIOIBb30BaHO /IBa KOJIeOaTeNbHBIX KOHTYpa (0aAKH 13 HUX [I-KOHTYp BKIIIOUEH
BCET/Ia, a B peXKUME MpUeMa MOJKII0YaeTcs elle napaienbHblil KoebaTeabHblid KOHTYP), a
HCIOJIb30BaHUE TIEPECTPANBAEMOr0 KBApPIIEBOTO TeTEPOIMHA MMO3BOJISIET HACTPOUTH €To 0e3
ucnosibzoBanus BU-reneparopa.

5. JIy1st Halma K| yCTPOMCTBA M3 U3MEPUTEIBHBIX MPUOOPOB TpebyeTcs Tectep, BU-BombT™METD,
Harpy3ka 50 OM. KpaiiHe xenareneH Takke KOHTPOJIbHBIN IPUEMHHUK.

6. TpancuBep Jerko NPEeBPATUTH B OJHOTIOJIIOCHBIH Tele()OHHBIN TPAaHCUBED, a IPH HEKOTOPOM
YCJI0)KHEHHUH - CJIETaTh €r0 MHOTroIMana3oHHbIM. TakToBas yactora 14 MI'1, Tak 4TO TOIBKO
NEPEHACTPOUB BXOHbIE (PUIBTPBI MOYKHO JIETKO CO3/1aTh KOHCTPYKIMIO Ha Auamna3zonsl 20, 40, 80, 160
M HE MEHsIsl HOMHHAJIa KBapIIEBOTO pe30HaTopa (HO CIeAyeT y4ecTh, 4To Ha yacToTax Boime 10 Ml
xapakrepuctuku K174XA2 yxyamatorcs).

7. Taxoke JIerko MOYKHO 100aBUTh LIU(PPOBYIO PeryaupoBKy ycuienus no HY u nrymononasienue
(omsTh Ke 0e3 M3MEHEHHUS CXEMBI).

OmnpeneneHHo, 3T0T MUKPOTPAHCUBEP OTHOCUTCS K «KOHCTPYKIMSAM BBIXOJIHOTO JTHS», TPAKTUYECKH
He TpeOyIoIUM HaJaJKu U «OyaydH MPaBUIbHO COOpaHHBIM, pabOTAIOLIMM CPa3y MOCIE BKIOUYEHUN,

HO €ro Q)YHKHHOHaJIBHOCTI) IMO3BOJICT MPOBECTU MHOI'O MHTCPCCHBIX OKCIICPUMCHTOB.

KoHcTpykiuys nmo3BosisieT nepelTy Ha OJHOIOJIOCHBIN IIpUeM, TJie BblieneHHble BU-(a3oBpaiarenem



KBaJ[paTypHbIE CUTHAJIBI TOJat0Tcs Ha mudpoBoit HU-(hazoBparnarens, peann30BaHHBIN BCE B TOM K€
MHUKPOKOHTPOJUIEPE, a TAKXKE pean30BaTh (Mo4TH 0€3 N3MEHEHHS CXEeMbl!) pexXUM Iepeaadun
tene@oHoM. O6 3TOM — B OCIEAYIOIUX CTAThSIX.

Hudposas mkana u yrnpasieHne 4epe3 MeHI0 ycIoxHsoT [10, moaToMy OHH HE peaaTn30BhIBAINCE.
[ToBTOpIOCH — OCHOBHASI L1€JIb ITOM KOHCTPYKIUH — MPOCTast peanu3anust LU(pOBbIX Y3JI0B IPUEMHO-
MepearoIero TpakTa, 0TpadoTKa COOCTBEHHBIX AJITOPUTMOB U (parMeHToB Koja. To ecTs 3To -
MIOJIUTOH ¢ MUHUMAJIbHBIM HAa00pOoM (PyHKIIUI, OTKPBIBAIOLINI IIMPOKHE BO3ZMOKHOCTH JUIS
HKCIIEPUMEHTOB Ha MYTH K TIOHUMaHUIO paboTel SDR.

CrpykTypHas cxema
@yHKIMOHANBHAs OJOK-CXeMa TpaHCUBepa IpHUBeIeHa Ha puc. 1

B pexxumMe nmprema BXOJHON CUTHaJI paiio4acTOThl IOJAETCS C aHTEHHBI HA AHTEHHBIM KOMMYTaTOp
(pene), u nanee — Ha [I-KOHTYp ¥ OAHOKOHTYPHBIN TT0J1I0cOBOM GmibTp [1D. [Tocne 3Toro
OT(pUIBTPOBAHHBIN CUTHAII TPOXOJUT TPAKT MpeobpazoBanus Ha Mukpocxeme K174XA2,
BKJIIOYAIOIIUI YCUIIUTEND BICOKOH YyacToThl (YBY), 6anaHcHBIN cMecuTelnb, GUIbTP HU3KOM 4aCTOThI
(®HY) na npocreiimeit uaTerpupytomei RC-nenu, u ycunurens Huzkoi yactots! (YHY). Posb
reTepo/IMHA BBIMOIHSIET CUTHAJl TeHEpaTOpa TaKTOBOM YaCTOThl MUKPOKOHTPOJLIIEPA, TIPOIIEIIITHIA
yepes aenurenb. CUTHaI ¢ HEro NoJaeTcsl Ha CMECUTENb IPUEMHOIO TPAKTA.

ITocne YHY K174XA2 chopmupoBanHblii 1 ycunenHslid HU-curnan nopaeTcst Ha KOMMYTaTop,
OTKJIFOYAIOIIUI ITOCJIETYIOIINE Y376l OT IPUEMHOIO TPAKTa B peKUMeE nepenauu. [lanee,
MPUHUMAEMbI CUTHAJ [10/1aeTCsl Ha Y3KOIMOJOCHBIH (miibTp HU3KoM yactoTsl (YOHUY) ¢
BO3MO>KHOCTBIO I poBoro ycuieHus: curHana. Y ®HY npeacrasisier coOoi ABa mociieq0BaTeIbHBIX
¢bunbpTpa ¢ KOHeUHOM UMITyIbcHOM xapakTepuctukoil (FIR - Finite Impulse Response) 30-oro
nopsiika. 3areM, OTGUIBTPOBAHHBIA CUTHAJ MOCTYIAET Ha JAOMOJHUTENbHBIN TpocTtoit ®HY B Buze
RC-nenu, u, HakoHell, — Ha BHICOKOOMHBIE T'OJIOBHBIE TeJeQOHBI. cronb3yemMblii MUKPOKOHTPOJLIIEP
HE MMEET BCTPOSHHOTO I (PPO-aHATIOTOBOTO Mpeodpa3oBaTelsi, HO UMEET TPH HE3aBUCHMBIX TaiiMepa ¢
¢byHkuueit ynpasisembix reueparopos LLIMM, uto no3sosster co3nath LIAIL. Onun reneparop IHNUM
UCTIONB3YyeTCs U OPMUPOBAHHSI BEIXOHOTO 3BYKOBOTO CUTHANA, BTOPOH — /711 JOPMHUPOBAHUS
CUTHAaJIa IIEPECTPOMKH IO 4acTOTe U aBTonoAcTpoiiku yactotsl [ TI/1. Tperuit Talimep ucnosb3yercs
KaK TaKTOBBIN T'€HEepaTop BHIOOPKU CUTHAJA U JPYTUX NPUBS3aHHBIX KO BPEMEHU MPOILIECCOB.

TaxToBBII TeHEpaTOpP MUKPOKOHTpoIIepa padoTaet Ha yactote 14,308 MI'n (c yuerom caBura
gacToThl pezoHaTopa LC-nienoukoit, cam pe3oHarop Bo30yxaaercsa Ha 14,320 MI'n). BerpoeHHslit
MPOTpaMMHUPYEMBIN JTUTENb BBIIaeT curHai Tpedyemoit yactotsl (14,308/4=3,577 MI'y — gacToTa,
UCTONb3yeMasi ISl «KPYTJIbIX CTOJIOB» M MpOBeAeHus copeBHOBaHMH Ki1yoom RU-QRP). B kauecte
4acTOTO3a/1al0ILEr0 AIEMEHTA UCTIOIb3YETCs OAMH KEPAMUUECKHUI pe30HaTOp, Harpy KEHHbII
€MKOCTBIO BapuKaria ¥ JOMOJIHUTEIbHON MHIYKTUBHOCTBIO. [Ipy M3MEHEHNH BBIXOAHOTO CUTHAJIA
niepecTporiku 4actoTel oT 0 10 5B, yacTtoTa n3mensercs B npenenax 3,567-3,587 MI 1.

[IepecTpoliika 4acTOThI F€TEPOINHA OCYIIECTBIIAECTCS PU ITOMOIIH JBYX KHOIOK «4aCTOTa BBEPX» U
«4acTOTa BHU3Y - IIpH yAepxkaHuu ogHou yacrora ['TI]] miaBHO Bo3pacTaer, Apyroil - IiaBHO
ymenbinaercs. OrcytcTBue pyuku «HacTpoiikay no3Bossier emie 00Jie ynpocTUTh KOHCTPYKIUIO
TpaHCHUBEpa M yBeTUUUTh cTabunbHOCTh padoTsl I'TI/]. ABTOomoacrpoiika yactotel ['TI]] paboTaer
cienyromumM oopazom: Taitmep 32kl 11 oOecrieunBaeT MoACUYET UMITYJILCOB TAKTOBOTO T'eHEpAaTOpa
14MT'11 3a paBHbIe TPOMEXYTKH BpeMeHH (0ko10 0,2MC); €CIIM YMCII0 UMITYJIbCOB OTJINYAETCS OT
3aukcupoBaHHOTO TP TepecTpoiike, 610k AITY KoppeKTHpyeT CUTHAJ TePECTPONKH YaCTOTHI
COOTBETCTBEHHO ITpou3olienueMy cmemennto. Koppekuus npoucxoaut ¢ yactorou SkI'm, T.e.
npakTuuecku HenpepbiBHO. [Ipu nepectpoiike yactorsl I'TI/I, AITY He npensTcTByeT H3MEHEHUIO



4acTOThI, IOCKOJIbKY YCTaHaBIMBaeMasl 4aCTOTa CIIyKUT BHyTpeHHel ycraBkoil AITY u 3ToT 010K
OTCJIE)KUBAET TOJBKO CMEILIEHNE YaCTOThl OTHOCUTEIBHO YCTAHOBICHHOMN B PE3YJIbTaTe IEPECTPOUKH.

IIepexirroueHre peXUMOB IIPUEMA U TIEPEIaYu OCYLIECTBIIAETCA aBTOMAaTUYECKU IIPY HAXKaTUU Ha
TeserpadHbIi K04, 0OpaTHBIN MEPEX0] U3 PeKnUMa Mepeadn B MPUEM OCYIIECTBISIETCS TIPH
OTCYTCTBUM Ha)XaTUH Ha KJIIOY B TEUEHHE 33JaHHOTO BPEMEHH (B MPUBEIEHHON MporpaMmMe okoio 1
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ATMEGA

Puc. 1 ®ynknuonanasnasn 0jok-cxema QRP TIIII «Iloauron»

B pexxume nepenaun curnain I'TIJ] nomaercs ¢ nenurens 4acTOTbl MUKPOKOHTPOJUIEPA HA yCUIIUTEID
MOIIHOCTH Ha OAHOM I0JI€BOM TpaHsucrope. Manumnyssiius I'TIJ] ocymecTBisercs nporpaMMHbBIM
M10JTyaBTOMAaTHYECKUM TeJlerpa(HbIM KIII0OYOM, YIPaBIsieMbIM TelerpadHbIM MaHUITyIsTopoM. Ha
rOJIOBHBIE TeNe(OHBI B PEKUME NIEPEJaun MTOIaeTCsl CUTHAJ ¢ FeHepaTopa CAMOKOHTPOJIS. AHTEHHBIN
KOMMYTATOp KpOME MEPEKIIOYCHNS] aHTEHHBI KOMMYTHPYET TaK)K€ ¥ IUTaHUE BBIXOJHOTO Kackaja
nepenaTyrka. UtoObl HE MPOUCXOINIIO MOATOPaHUS KOHTAKTOB pelie, B alTOPUTME KOMMYTallUH
IIPEyCMOTPEH 3aIUTHBIM BPEMEHHONW MHTEPBAJI AJIUTEIBHOCTBIO B OJJHY «TOUYKY», KOTOPBIN
MO3BOJISIET CHAayYana cpaboTaTh pere, a yke 3areM nogars BY curnan Ha BXOJ yCHIIMTEINS MOLTHOCTH.

B pexxume nepenaun AL octanoBiEH.
IIpuHuMnuaabHas cxema

Ha puc.2 npuBeseHa snekTpuieckas NpUHIUINAIbHAA CXeMa MUKpOTpaHcuBepa. bosbmHCTBO
HOMMHAJIOB 3JIEMEHTOB HEKPUTUYHO (KpOME HOMUHAJIOB KojeOaTenbHbIX KOHTYpoB). [Iutanue
KOHCTPYKIIMHU MOJAETCS C aKKyMYJIITOpPA WM CETEBOI0 MCTOUHUKA MMUTAHUSI C BBIXOJHBIM
HanpspkeHueM 12...14B nva anon auoga VD1, ciyskamiero 3amuroil OT ciiy4aiiHOTO U3MEHEHUS
MOJIIPHOCTHU MUTAIOLIETO HANpPsKEHUs (OYEeHb aKTyalbHO JUIs MOJIEBBIX ycioBHit!). HanpsikeHnue ¢
KaTo/a 3alllUTHOrO 1o/ (ero TUIl HE KPUTUYEH, JIUIIb Obl OH MOT MPOITYCKaTh MaKCUMaIbHBIN TOK
okozo 1,5 A) nmonaetcst Ha MUKpocxeMy crabunuzatopa DA2, oGecrnieunBarollyo HalpsbKeHHE Ha
BoIxognie 5 B mist muranust DA2 u DA3, a Taxoke Ha apoccens L2 B nenu croka VT1 u Ha pene K1.



Tpanzucrop VT2 MOXHO UCKIIOUHUTD U3 CXEMBI, €CIIM UCTIOIB30BaTh peie K1, cpabaTeiBaroiiee mpu
HanpsDKeHUH Ha 0OMOTKe 5B, Toraa uM MOXHO YIpPaBiIsTh HEOCPEACTBEHHO C BBIXOJ1a
MHUKPOKOHTpOJIIEpa (IpaiiBephl €ro MOpTOB BbIIAIOT B HArpy3Ky TOK 110 30 MA), BHECSI HHBEPCHUIO B
JIOTMKY KOMMYTAllUU B IPOTrpaMMe.
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Puc. 2 llpunuunuanbuas cxema QRP TIII «IToauron»

daiia cxembl B hopmate PDF

Crnenyer oOpaTUTh BHUMaHHE, YTO MUKPOKOHTPOJUIEP UMEET JBa THUIA «3EMIIN» U «ITUTAHUSD» -
uugposyto napy (VCC, GND) u ananorosyto (AVCC, GND). Uem meHbliIe CBSA3aHbI 3TH Napbl, TEM
JydIle, MOCKOIbKY MOMEXH U(PPOBBIX LIENeH yepe3 Henu MUTAHUSA U «3eMIII0» IPOHUKAIOT Ha BXOJ
MIPUEMHOI'0 TPAKTA, CHUKAsl YyBCTBUTEIBHOCTD IPUEMHHKA. XOPOLUIUM BapUaHTOM, BUIUMO, OyJIeT
TpaHchopMaTopHas rajlbBaHUYecKas pa3BsA3Ka Lenel MoJjaun CUrHajia reTepoiuHa Ha CMECUTENb
npueMHuka DA1 u ycunurens moutHocta VT1, HO 3TOT BapuaHT noka He anpooupoBaiics. B
OTHOILICHUH Tpefieia YyBCTBUTEIILHOCTH MOXKHO CKa3aTh, YTO MUHUMAJIbHBIN YPOBEHb CIIBIIIMMOTO
curHazna coctasisietT okoiso 0,5 MxB. Coennnenus mexny BeiBogoM 4 DA3, DA1 u VT1 cnenyer
BBINOJIHATH SKPAaHUPOBAHHBIM KaOeneM JUIsi MUHUMU3ALUU HaBOJOK B CXeMe. AHAJIOroBast «3eMIIs»
0003HauYeHa Ha cxeMe OesTbIM 3HAYKOM, U(POBast — YEPHBIM.

B pexxume npremMa, ¢ aHTEHHBI CUTHAIT TIOCTyTaeT Ha [I-KOHTYp, ciry>karmmid A7ist GriIbTpaiii CUTHAIA
U COTJIACOBAHUS BBIXOIHOTO COIIPOTUBIICHHS YCUIIMTENS MOLTHOCTH C COIPOTUBICHUEM aHTEHHBI B
pexume niepenaun. Yepes npoccens L2 B riens [1-koHTypa nogaeTcs nutaromiee HanpsbkeHue 12B,
KOMMyTHpyemoe Ha cTok VT1 npu nepexintodernnn B pexxuM nepenadn. Kongencarop C4 cimyxut 1uist
M30JISIUM LIETIM aHTEHHBI OT IOCTOSIHHOTO MUTAIOUIET0 HanpshkeHus. [lanee CUrHai mocTymnaer yepes
nosocoBoit ¢puibTp L3C12 Ha Bxox 1 mukpocxemsl npuemHuka DA1. [TonpoOHO KOHCTPYKIHS
IIPUEMHOTO TpakTa paccmorpeHa B cratbe B.T.IlonskoBa «IIpueMHUK Ha OJTHOM MUKPOCXEME»
(«Pammo», Nel2, 1997r., ctp.34), mO3TOMY OCTaHABIUBATHCA HA HEll He OyieM. 3aMeTHM JIUIIIb, YTO B



OTJINYME OT OPUTHHAJIA, B JAHHOW CXe€Me OTCYTCTBYET Fe€TEpOJUHHBIN KOHTYp, a BU HanpskeHune
reTepoArHa (TaKToBasi YacTOTa MUKPOKOHTPOJIIEPA, IeJeHHas Ha 4) TocIie CriakuBaHUs LIENOYKOM
R5C17 nopaercs Ha BeiBog 5 DA2.

Pesuctop R2 perynupyer ycunenne mo BU DAI. ITogaya He60IBIIOT0 MOJIOKUATETLHOTO HATIPSIKEHUS
Ha BBIBOJ 3 WM OTCYTCTBUE R2 BeeT k pe3komy MajgeHuIo O0IIeTo YCUICHUS TPaKTa.

ITocne npeobpazosanus B DA1, HY curnan, Beienennsiit Ha C19R7 nocne npensaputensHOn
¢mbTpanmu R6C7, moctynaer Ha BeiBog 40 DA3 — kanan «0» AL mukpokxonTposuiepa. OcranbHbie
kaHanbl koMmmyTatopa AL 3a3emMiieHbl U1 CHUYKEHHSI ITyMOB.

[TuTaHue Ha aHAJIOTOBYIO YacTh TpaHCHUBepa nojaercs yepe3 Gpuiabtp L5C21.

Hemouka ZQ1L6VD2 3anaet TakTOBYIO YaCTOTYy MUKPOKOHTPOJIIJIEpa U TeTepOHa TPaHCHBEPA.
VYrpasmsitoliee HanpspKeHHE MOAaeTCs Ha KaTo/1 Bapukana yepes pesuctop R8 ¢ ¢punsTpa R9C26
rerepatopa [IIMM. DTOT renepatop UCIONb3YyeTCsl KaK JIJIs EPECTPOIKM 4acTOThI TeTepOIuHAa IPU
Ha)KaTUW HA KHOIIKH «4aCTOTa BBEPX» U «4acToTa BHU3Y (BbIBOABI 22, 23 DA3), Tak u ans
¢dbopmupoBanus curtana AITY. [Ipu nepexo/e B pexum nepeaadn, MUKPOKOHTPOJUIEP aBTOMaTHUECKH
MIPOU3BOIUT OTCTPOiKy dacToThl Ha 700 't (wactora CW-dmibTpa nmpueMHUKA).

TenerpadHsblil KiIt04 MOAKIIIOUEH K BbIBOJAM 14,15 MUKpOKOHTposiepa. AKTUBUPOBaHHbIE TIPU
IIPOrpaMMHUPOBAHUM BHYTPEHHHE «IIOATATMBAOLINE)» PE3UCTOPBl 00ECTIEeUNBAIOT BEICOKUI YPOBEHb
HaIpsDKEHUS HA 3TUX IUCKPETHBIX BXOJaX, T.€. HOpMaJIbHbBIN YPOBEHb Ha HUX — Jlorndeckas «1». [Tpu
3aMbIKaHUU Ha «3E€MIIIO», YPOBEHb Ha BXOJI€ MaJaeT 10 Jornyeckoro «0», yto odpadbareiBaeTcs
IIPOrpaMMOI COOTBETCTBYIOLIMM 00Pa30oM.

BrixonHo¥ curnan 3BykoBoi 4acToTsl Beiensercs puiastpom R11C27C28BA1 u3 LINMM BToporo
reHeparopa Taiimepal (BeiBoa 19 DA3).

72 no3BoJsieT UCnob30BaTh Taitmep2 DA3 B KauecTBE OMOPHOIO reHepaTopa sl KpUTHUECKU
BaXXHBIX MPOIIECCOB 0OPaOOTKH — BBIOOPKH U (DPMIIBTPALIMU BXOJIHOTO CUTHAIA.

Ceeromuon VD4 cnyuT Ui MHAMKAIUK pabOThI TP BKJIIOYEHUH TPAHCHBEPA U B PEKUME MEepejayuu.

Karymika L1 HamoTana Ha Kapkace JuaMeTpoM 5 M 6e3 cepiedHrKa U coaep kuT 30 BUTKOB MPoBOa
[15B0,3. KaTymkyn HHIYKTUBHOCTH BXOAHOTO KOHTYpa L3 u L4 HamoTaHbI Ha KapKace TUaMeTPOM S5
MM C MOACTPOEUYHBIM cepAeUHUKOM, L3 umeer 25 ButkoB, L4- 5 ButkoB nposoaa [19B 0,3. poccens
L6 namoTaH Ha Kapkace JUMETPOM 5 MM C JIATYHHBIM CEpJICYHUKOM U coAep>kuT 40 BUTKOB MPOBOIA
I19B 0,3. Ero uHAYKTUBHOCTH (CTAIO OBITh, U KOJTHMYECTBO BUTKOB) HE KPUTHYHA, HO HE JIOJDKHA
npesbimath 10 mxI'H, nHave renepatop DA3 He Bo30yxmaercs. Uem Oosbliie MHIYKTUBHOCTD LS, Tem
OoJbIe OyaeT Muana3zoH nepecTpoiiku. [lpy ykazaHHBIX TapaMeTpax U AUana3oHe YIPABJISIOIIECTO
HanpspkeHus 0...5B, nepectpoiika Ha 3,5 MI't coctaBisier 10 20 kI'11, HO OTJIMYAETCS CYIIECTBEHHO
HEJTMHENHOMN 3aBUCUMOCTBIO YaCTOThI T€HEpALIMU OT YIIPABJISAIOIIET0 HANPsKeHUs . B KOHCTpyKIMu
HCToJIb30BaHo pese tuna POC49 ¢ ogHol nepekinoyaroneil rpynmnoi KOHTaKTOB, pACCYMTAHHOE Ha
HalpspKeHue nepekioueHus 12B.

B pexxume nepenaun MEKPOKOHTPOIIEP (POPMHUPYET «I1ay3y», JaBasi BO3MOKHOCTh MEPEKITIOUUTHCS
perie, a 3aTeM M0JIaeT CUTHAJ reTepo/iHa Ha 3aTBOp TpaH3ucTopa VT1, paboTaromero kak yCHUJINTENb
MOIIHOCTH. YKa3aHHbBIN Ha CXEME TPAaH3UCTOp pa3BUBaET Ha Harpy3ke 50 OM MomHoOCTh 0Kouo 1,5 BT.
[Ipu 3TOM aMIIMTYy1a HANPSDKEHUS HAa Harpys3Ke, NOJKII0UEHHON K aHTEHHOMY BXOJY, COCTABIIsET
12B. IloaxiroueHne K aHTEHHE TUIA «UIMHHBIN IPOBO/ OCYLIECTBIIJIOCHh YEPE3 COITIACYIOIIEE
yctpoiictBo MFJ-941E.



IIporpammupoBanue

Jist TOro, yTOOBI 3aPOrpaMMHUpPOBATh MUKPOKOHTpoJuIep Atmega8536 16PU, HeoOxomum
nporpammarop (Harpumep, mpocTeimmmii «5 nmpoBoaoB» 11 LPT-nopra 9BM) u cpena
nporpammupoBanusi. Pekomennyro nHaunnats ¢ Code Vision AVR, npuBeeHHBIN HUXe KOJ UMEHHO
JUTst Hero. becrimaTHas Bepcus, KOTOPYIO MOXKHO CKavaTh 371ech http://www.hpinfotech.ro/cvavre.zip
MMEeT OTPaHNYEHUS], HE CYIIECTBEHHBIE ISl JAHHOTO MPOEeKTa. TeM, KTO MepBBIi pa3 CTAIKUBACTCS C
MHKPOKOHTPOJIIEpaMH, OY€Hb PEKOMEHIYI0 TpounTaTh HTEepHET-camoyuuTens http://123avr.nm.ru/.
OueHb JIerKo YUTaTh, Macca MoJe3HbIX cChlIoK! TeM, KTo 3HaKOM ¢ S3bIKOM IporpamMMupoBanus C u
o01elt apXUTeKTypoit MUKpOKOHTposutepoB (onrcanne MK ATmega8535 M0oxXHO HallTH 110 aapecy
http://www.atmel.com/dyn/resources/prod_documents/doc2502.pdf ), MO’kHO HauaTh C CEILMOM TTaBbI

http://avr123.nm.ru/07.htm, rie pacckasbpiBaeTCs, Kak 3a S MUHYT CAENATh MPOTPAMMATOP M HACTPOUTh
CodeVisionAVR.

Buumanue! Bynpte ocTopoxxssl ¢ ¢pprozamu! @bro3 — 310 6UT ((ar), mo3Bostomui
CKOH(HUTYPHPOBATH padOTy OTIEIBHBIX Y3JI0B MUKPOKOHTPOJUIEPA HA Tarie MPOrpaMMHPOBaHUSI.
[Tocne 3aBepieHUs: MPOrpaMMHUPOBAHUS B TIpoIiecce pabOThl MPOTrPAMMBI 3TH OUTHI HEJOCTYITHBI.
OnacHOCTh X UCTIOJIB30BaHUS KPOETCSI HAIIPUMEP B TOM, YTO MOKHO BHIOMPATh THUIT TAKTOBOTO
reHeparopa. Ecnu BeIOpaHHBIN THIT HE COOTBETCTBYET BOIUIOIIEHHOMY B CXE€ME, TO MUKPOKOHTPOJLIEP
HE CTapTyeT, IToKa He OYyJIeT peain30BaHa cXeMa, COOTBETCTBYIOIIAsl KOH(HUTyparuu (pr030B.
[IpounTaiite BHUMaTenbHO UX onucanue B datasheet u ynoMmsinyToMm Bblie yueOHuke. B mpoekre
«ITonmuroH» UCTOIB30BaHbI CIICAYIONINE HACTPOUKH (DBI030B (B IPAaBOM HIDKHEM YTy (GOPMBI,
YCTaHOBKH (PbIO30B COOTBETCTBYIOT KBapIIEBOMY TAaKTOBOMY I'€HEPATOPY):
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[TomHUTE — PBIO3BI CAMOCTOSATENBHO JyUIlIEe HE TPOTATh 10 TEX MOP, IMOKa ¢ HUMH MOJTHOCTHIO HE
pazbeperech!

Koxa mporpammbl B 0CHOBHOM HamucaH Ha si3bike C, HO mporeaypa uudpoBoii GpuiabTpalyuy HamrcaHa
Ha Accembiepe, TOCKOJIBKY TpeOyeT BBICOKOM CKOPOCTH PabOThl — OHA JTOJKHA YCIIEBATh
BBITIOJTHATHCSI MEXK]Ty BHIOOPKaMU BXOJHOTO CUT'HAJIA, KOTOPBIE MMPOUCXOMAT C yacToTol 3 kI



Huxe npuBoanuTCs MOMHBIN KOJ MUKPOIIPOIPaMMBbI, OH COAEPKUTCS B OAHOM (haiiie U rmocie
komnuisiuu CodeVisionA VR 3anumaet okoso 1700 GaifT B mamMsITH MUKPOKOHTPOJLIIEPA.

daiij apxuBa NPOEKTA MPOrPaMMbI.

OTOT KOJI MOXET ObITh CKOIMPOBAaH BO BHOBb co3faBaeMblil mpoekT CodeVisionAVR, ckomnunupoBaH
U 3arpy>keH B MUKpOKOHTposuiep «Ilomuronay. Ilanka ¢ mpoexkToM IOIKHA pa3MeEIaTbCs B TOM ke
nupekTopuH, Kyna ycranoBieH CodeVisionAVR. TIpu komnmisinun CVAVR BbiiaeT uetsipe
MpenynpexacHus (warnings), OHU CBSI3aHbI C TEM, YTO YaCTh IEPEMEHHBIX HAXOIUTCS B
acceMOJIEpHOM KOJIe ¥ He BUJTHA KOMIIWJISATOPY, @ 4acTh EPEMEHHBIX 3ape3epBUPOBaHA MO
JanpHelee pa3BuTHe poekTa. He Hy)kxHO oOpamaTs BHUMaHHS HA 3TH Py IPEKICHHS
KOMIMJISITOPA, Ha paboTe MpOorpaMMbl 3TO HE CKa3bIBACTCH.

Hananka

[Ipu nepBOM BKIIFOUEHUH PEKOMEHIYIO OTKIIOYUTH BBIXOJ DA2 OT OCTaIbHOW CXEMBI U YOSAUTHCH,
YTO Ha BBIXOJIE CTa0MIM3aTOpa MpUCYTCTBYET Hanpsikerue SB. [locie 3Toro MoxHO moiaBath
nutanue Ha DA1 u DA3. [lutanue BeixogHoro kackaaa Ha VT1 uepes L2 myyriie OTKIIOYUTH BO
BpeMs HACTPOUKH BO M30eKaHME CIy4YailHOTO BBIXO/a Ha Iepeady B OTCYTCTBHE aHTEHHOW HArpy3KH.

Buaumanue! Ilepen nporpaMMupoBaHueM MUKPOKOHTPOJLIEpA OTKIIIOYANTE MUTAaHUE TPAHCUBEPA,
II0CJIE ATOTO MOJICOEIMHANTE MpOorpaMmMaTop, U JIMIIb 3aTeM NojaBaiiTe nutanue cHopa! Ilocne
OKOHYAHMS IPOrPAMMHUPOBAHMS, CHA4YaJla CHUMUTE MTUTAHUE CO CXEMBbI, 3aT€M OTCOEIUHUTE
MPOrpamMMaTop, TOJBKO MOCJIE 3TOTO OMATh BKIIOUANTE TpaHcuBep. He JIeHUTeCh 3TO AenaTh KaX bl
pas3, eciu He UMeeTe MPOorpaMmaTopa ¢ TalbBAHUYECKOMN pa3BsA3KOM, HHAY€ MOYXHO BBIBECTH U3 CTPOS
LPT-mopt 9BM unu cOOTBETCTBYIOIINE TMHUNA MUKPOKOHTpOJIIEpa!

Ecnu Bce mpaBHiIbHO COOpaHO M CKOMIMIIMPOBAHO — KOHCTPYKIMS HAUuHET paboTaTh, HAJO JIUIIH
HaCTPOUTH BXOJHBIE KOHTYpA.

[Ipu BKIIOUEHUH TUTaHUS TpaHCHBeEpa cBeToanoa VD4 nomken MoprayTs. Eciu sToro He
MIPOU301LIO0, 3HAUYNUT, MUKPOKOHTPOJIIEP HE 3aIyCTHIICA. MOXHO OonpoOoBaTh BPEMEHHO HUCKIIOUUTh
W3 CXeMbI BapHKalm U Jipoccenb L6, 3aMKHYB Hayano u koHen 3Toi LC-nienu.

Jnis kouTposst paboTel DA3, MOKHO IPUKOCHYTHCS MMHILIETOM K BBIBOAY 40 MUKPOKOHTpOJUIEpa — B
TOJIOBHBIX TeJIeOHAX JIOJDKEH mpociymmBatbes GoH HaBoaku 50 ['m. Ecim Tak, 3Ha4wmT,
MHUKpOTporpamma padoTaeT 1 Bce B mopsaake. MoxKHO Takke, oTcoenHuB Bbixoa DA, u monas
HanpspkeHue Ha Bxoa 40 ALIII DA3 ¢ renepaTopa 3ByKoBOi yacToThl, cHATH AUX ¢punbTpa
MUKPOKOHTpOJLIEpA.

[Tocne Toro, kak pazodpanuck ¢ TpaktoM HY, MmoxkHO HacTpauBath TpakT BYU. Ha BriBoge 4 DA3 mpu
HOpMaJbHON paboTe MPUCYTCTBYET MeaHAp dacToTor okoso 3580 MI'n. Uyzec 3nech He ObIBaeT —
€CJIM MUKPOKOHTpOJIJIEp paboTaeT ¢ yKa3aHHBIM Ha CXeMe KBaplleM, 3HaUuT 4yacToTa Ha BbIBOJIE 4
TaK)K€ UMEET HY>KHbII HOMUHaJI. MOKHO HCII0JIb30BAaTh CUTHAJ T€TEPOIUHA JIIs1 HACTPOUKH BXOJHBIX
KOHTYPOB, IIOJaB €ro ¢ Bbixoja nenodyku R5C17 Ha aHTeHHBIN BXOJ NpUeMHHUKa U u3mepsis BU
Hanpspkenne Ha koHType L3C12. Ilepemenienrem cepaeunmka karymkn L3 wim nogdopom eMkocTr
koHzeHcaropa C12 HyHO 100UThCSI MaKCUMaJIbHOTO 3HaYeHus: BY HanpsikeHus: Ha 3TOM KOHTYpe.

Tenepp MOkHO MOAKIIOUUTE HAarpy3Ky 50 OM k aHTEHHOMY BXOJly, TOAKJIIOUNTH K HEW BY
BOJIbTMETP, NOAATh HAIIPSDKEHUE Ha BBIXOJHOM Kackaj uepe3 L2 u Haxath Ha kimtod. Ammiutya BY
HanpsDKeHUs JOJKHA ObITh OKoslo 12B, cooTBeTCTBEHHO NpU HaXkaTUX Ha «Tupe» BY BonmbT™METp
JIOJ’KEH IOKa3bIBaTh OKOJI0 8B.



He MEpeXOAUTE B PCIKUM IICpCAaIn 0e3 corracoBaHHOM aHTEHHBI MM aHTEHHOM Hal"py3KI/I!

KoncTpykuus

[IpennoxenHast cxema ObUIa BOILJIOUICHA B HEOOJBIION KOHCTPYKIIMK TOJIEBOIO MUKPOTPaHCHUBEPA.
Jlnst sxkcniepumMeHToB ynooHee ucnoiib3zoBath ATMega8535 B kopmyce DIP40 — on nMeeT ctaHgapTHOE
JUISl MAKETHBIX TUIAT PACIIONI0KEHUE BBIBOJIOB Uepes3 2,5 MM, 4TO y100HO U AT pyYHOU TaKH.
IleyaTtHas nara crenuanbHO HE Pa3BOAMIIACH, MEKITIEMEHTHBIE COCIMHEHNUS CCIIaHBbI
pacieTeHHBIMU JKWJIAMU U3 MHOTO>KMJIBHOTO MOHTXXHOTO TIPOBOJIA, a Takxke npoBojgoM MI'TO (B
OCHOBHOM pa3BO/IKa MUTAHUS U COSIMHEHHS C pa3beMaMt) M KOAaKCHAIbHBIM KabeneMm. It MoOHTaxa
UCIOJIb30BATIMCh KOMIIOHEHTHI JUIsl TOBEPXHOCTHOrO0 MOHTaxa (SMD), 3a uckitoueHuem
JIEKTPOJUTUYECKUX KOHJEHCATOPOB, MUKPOCXEM, KBAPLIEBBIX PE30HATOPOB. Bee ymecTmnocs Ha
MakeTHOH mate u3 Tekcronuta 75x60 mM. Ha oTo KHOIIKK ynpaBiieHUs! 4aCTOTOH €elle He BBIHECEHbI
Ha [IEPEAHIOI0 MTaHEIb, & PA3MEIIAI0TCS HA CAMOU IIJIaTe.

Puc.3 KoncrpykruBHoe ucnosHenue TIIT «Ilosuron».
Pe3yjbTaThl HCIIBITAHUH

[Tpu momomu «Ilonurona» ¢ aHTEeHHOHN TUNA «JTMHHBIN PoBOA» (60M), pacTSHYTOM Ha BbICOTE 6M
HaJ 3emiield, u3 MOCKBBI yCIIENTHO OCYIIEeCTBISUIACH cBs3U ¢ QRP-pannocranuusamu EBponelickoit
gactu Poccun. Koneuno, 1,5 BT — 310 oueHb HEOOIIBIIas MOITHOCTH, TAK YTO TPEOYETCS H3PSITHOE
TeprieHue 1 paboTsl Ha «[lonuroney.

Ilnansl Ha Oyayinee

UTo MOKHO pean30BaTh B JaHHOW KOHCTPYKIIMHU M KaK OBbI XOTEIOCh €€ N3MEHUTH? MOXKHO 100aBUTh
Takue QyHKIUU:

- cIenaTh KOHCTPYKIIMIO MHOTOTUAITa30HHOM;
- 100aBHUTh UHAUKATOD;
- HAy4YUTh TPAHCUBEP PadOTaTh NU(POBBIMU BUIAMHU CBSI3H;



- pean30BaTh OJHOMOJIOCHBIN MPUEMHBIH TPAKT ¢ HU(PPOBLIM MPEOOPa30BaHIEM KBAIPATYPHBIX
CHTHAJIOB;
- no6aBuTh SSB-pexum.

Hy, u xoHeuHo, mpoOoBaTh pa3nuyHbie criocoOb! GpuinbTpanmn (Hanpumep, [IR-GpunbTpel) n
QJITOPUTMBI LITyMOTIO/1aBICHHUS.

ABTOp OyzieT NPUBETCTBOBATH JII0ObIE N3MEHEHHS B KOHCTPYKLIUU U KOZIE IPOrPaMMHOTO
oOecneuenus «lloaurona, NOBBIIAIOIINE €TI0 XapaKTEPUCTUKH U (PYHKLIMOHATBLHOCTD. «Iloaurony -
3TO a0COJIIOTHO OTKPBITHIN MPOEKT, U €0 NPUBJIEKATEIbHOCTh KaK pa3 U 3aKJII0YAeTCsl B BO3MOXKHOCTH
Pa3BUTUHU TBOPUYECTBA B HOBBIX HAIPABJICHUSIX.

VY 1aun B KOHCTPYHPOBAHHUH U TI0JIEBOI padoTe!
73!

C yBaxxeHueM,
Opuii, RX3AEW



