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PED®EPAT
Pa3paboTka mamoraGapuTHOTO NMpPHEMHHKA HaBUTALMOHHBIX CHUTHANOB
dopmara ILS u VOR. TTanosn A.A. - Uensounck: OVpI'Y, 2016, - 81 c.,
47 un., 5 Tadn., 6ubnuorpadus 22 HauM., 6 yepTexell U 1akaTos (. Al.
Knrouespie cioBa: npuemHuKk ILS, VOR, aBroMaTuueckad cucTeMa
JE€THOI'0 KOHTPOJIS, JUCTaHLIMOHHO [IHJIOTHPYEMBIH eTaTeNIbHbIH alnapar.

BrinmyckHas kBanudukannonHas padora (BKP) nocssuiena pazpadbotke cxembl
MEKTpHIeCcKol MPUHIMNHANEHOM, KOHCTPYKLMH TI€YaTHOTO y37a U MPOorpaMMHOTO
obecrieueHusl IPUEMHHKa HaBUrallMOHHBIX curHanoB ¢opmara ILS u VOR wu
sBngetcs npuxnagHoii BKP.

B BKP wumeroTcd BBOAHBIN, CXeMOTEXHUYECKUH, KOHCTPYKTOPCKUH,
IIpOrpaMMHBII pa3fieNbl U pa3ael, MOCBALLEHHBIN oXpaHe TpyAa NpH H3rOTOBICHHUN
IpueMHHKa. B BBOAHOM pazfene 0O0OCHOBaHA aKTYalbHOCTh M MPHKIAIHAA
ueHHocTsh BKP. IlpoananusupoBaHbl KOHCTPYKUHMS M OCHOBHEIE MPHHLIUIBI
AeHCTBHS MPOTOTHUIIOB, MPOBEACH MOHCK (pyHKIMOHATBHBIX aHAIOrOB YCTPOICTBa,
BBIIIyCKA€MBIX B HAacTOAIee BpeMsl, M BBIOIHEH aHaN3 UX XapaKTepucTuk. B
CXEMOTEXHHYECKOM  pazjiele  IpOBeAeH  BpIOOp  3JAeMEeHTHOH  6a3bl
pa3padaTEIBaeéMOro NPHEMHHKA, pacyeT HOMHHAMIOB HEKOTOPBIX 3MEMEHTOB CXEMEI
3MEKTpHUECKOM NpUHIMNHaIbHONH. KOHCTpyKTOpCKHI pa3jien ocBelaeT Mnpolecc
pa3pabOTKH KOHCTPYKLMH IIEYaTHOro yijia IprueMHuka. IIporpaMMHbIi pa3zpen
TIOCBSIIEH MOJAENMPOBaHMIO TpakTa oOpaboTku curnana dopmara ILS B cpeae
Matlab. B paznene oxpanbl Tpyna pa3pa0OTaHbBI MEPONPHUATHS MO 3alHTe
IIPOM3BOJICTBEHHOTO IIEpCOHana OT BpeJHBIX BO3ACHCTBHII B  Ipolecce

H3TOTOBJECHHA ITPHEMHHKA.
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— (ball grid array) apukoBBIH MacCUB

— npaMoii unugpopoii cuHTe3

— JaNbHOMEPHEIHN pauoMasK;

— MexayHapoaHas OpraHu3aIis IpakaaHCKOI aBUallny;
— MHCTPYMEHTANbHas CUCTEMa ITOCAIKY;

— BCEHaIIpaBICHHBIH azuMyTanbHblll YKB paguomask.
— aAMILUTUTY/THAs MOJTY SIS,

— aBTOMATHYECKHII paguoIeeHraTop

— ananoro-iu¢poBoii npeodbpazoBaTeb

— aMIUTUTY/THO-4aCTOTHAs XapaKTepUCTHKA

— GoKoBas 4acTOTa;

— B3NETHO-NMOCaA0YHAS TI0JI0Ca

— BBICOKaA 4acToTa;

— IMHCCaaHBIN paguoMasK

— reHepaTop TAKTOBBIX YACTOT;

— IeHepaTop, YIPaBIsSeMBbIH HalpsSKEHUEM;

— JUCTAHIIHOHHO ITUIOTHPYEMBII TeTaTeNLHBIN anmnapar
— JUCTAHIMOHHOE YIIPaBIeHHE;

— UHTerpanbHas cxema

— KOMAaH/IHO-IUCIIETYEPCKHIl ITYHKT;

— KYPCOBOH paguoMasK

— JNeTaTeNbHBIN annapar

— MHOTOCJOHHAs IIeUaTHas IUIaTa

— HecylIlasg U OOKOBbIe YACTOTEI;

— HU3KadA 4acToTa;

— OMAacHBIC U BPEAHBIE IPOU3BOACTBEHHBIE (DaKTOPHI

— ONEPATHBHOE 3allTOMHHAIOLICE yC-TPOﬁCTBO;
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BBEJIEHHE

YnpapieHde  IOJETOM  COBpPEMEHHOro  JeTaTeqpHOoro  ammapara  (JIA)
OCYLIECTBAACTCA Ha OOpPTY W Ha 3emiie M TpebyeT pasHooOpazHoW HHpopmanuu o6
yenoBuax 1mosieta [1]. OCHOBHBIMH HMCTOYHMKAMH 3TOH WH(QOPMALUU  SBIAIOTCS
Ha3eMHbIe U OOPTOBBIE PAJHONIEKTPOHHBIE YCTPOMCTBA H CUCTEMBI, 00eCIIeurBaroIHe
noJieT. C NOMOILBIO PaAuOUIEKTPOHHBIX cHcTeM JIA akunaxk monydaeT HHpopMaLHo 00
OKpYXKarmlled BO3AYUIHOH OOCTAHOBKE, KOOPAMHATAX pAa3lIMYHbIX OOBEKTOB,
MeTe000pa30BaHMIX, TPACKTOPHAX IIOJIETOB, a TAKKE KOMaHIHY0 HHOOPMAIIHIO.

Pa3pabGarpiBaeMBIif B X04€ BBIMYCKHON KBaMH(UKALMOHHOH paboThl MPHEMHUK
IpeAHa3HaueH /U1 HCIONB30BaHUA B XOJE JIETHBIX MNPOBEPOK HA JIUCTAHIHOHHO
IHJIOTHPYEMOM JIeTaTeabHOM anmnapare. [I[preMHUK MOXeT HCIIONB30BaThCS IS JIETHBIX
HACTPOEK M MPOBEPOK HA3€MHBIX CPEICTB paJuoTeXHUYECKOro obecneyeHHs ONeTOB!

- paguoMadgiHeIX cucteM (PMC) ofecnedyeHHSA HHCTPYMEHTANBHOTO 3axoja
BO3AYIIHBIX CYJ0B Ha MOCA/IKY;

- paauoHaBUrauvoHHbIXx cHcereM (PHC): asuMyTanbHBIX paJuOMAasgKoOB CHCTEM
onxkHer Hapurauud (PMA/VOR).

VIOMSHYTBIE paJHOTEXHUYECKIE CHCTEMBI JUIS IIOATBEPXKIASHUS BBIXOHBIX
XapaKTepHUCTUK TMpH BBOJE B 3KCIUTyaTallMl0, MEPUOAUYECKH B Ipolecce UuX
IKCINIyaTallMd W B HEKOTOPBIX CHELUANBHBIX CHydasX MNOABEPraloTCA JIETHBIM
nposepkaM [1]. Tlpu 3ToM B KadecTBe METPOJOIHMYECKOTO MeETOAa I MPOBEPKU
PMC/ILS, PMC/CTI, ucnions3yercs METO/], BKIIOUAOIIHUIT B Ce0s Ha3€MHBIE YIIIOMEPHBIE
U3MEPEeHHA KOOPAUHAT TPASKTOPUH I10JI€Ta CAMOJIETa C BEICOKOH TOYHOCTBIO € MOMOILBIO
onTHueckux npubopos, a mis nposepku PMA/VOR ucnonszyercs MeToa OHNOPHBIX
TOYEK, T.€. METOJI, BKJIIOYAIOIINI B ce0s onpe/esieHue KOOPIMHAT BO3/IYIIIHOTO CY/IHA B
MOMEHTHl TIpoJieTa Hal 3aJaHHBIMH TOYKAMH C U3BECTHBIMH reorpadpruyecKHMH
KOOPAMHATAMU Ha 3eMHOH MOBepXHOCTU. [na Leneil MeTHBIX NPOBEPOK Ha3eMHBIX
CPEACTB PaqUOTEXHHYECKOro obOecrnedeHus MOJETOB MCIONb3YETCsl CIIeUaNbHBIN
camoJeT-1abopaTopus, Ha KOTOPOM YCTaHOBJIEHBI N3MepHUTeNbHbIe TpHeMHUKN 1 YKB

CBA3HAA paJgHOCTaHLHWA, B JuanasoHe koTopoil pabotaer APIL Ilpu 3toM m3MepsAioT
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KOOpAWHATHl BO3AYLIHOIO CyAHA OMNTHUYECKUM YCTPOHCTBOM M OJHOBPEMEHHO IIpH
paboTe paAHOTEXHHYECKUX cpeAcTB (GOPMHUPYIOT YCTAaHOBIACHHBIMH Ha Oopry
BO3AYIIHOIO Cy/[Ha OOPTOBHIMH IIPUEMHHKAMH paJHOHABUTALIMOHHBIE H3MEPHTENbHbIE
CHTHaNBl, 00pabaTBIBAlOT COBMECTHO CHUTHAJBI ¢ BBIXOJaA ONTHYECKOTO YCTpPOICTBa H
U3MEpHUTENbHbIE CHUTHAMBL, OTOOPaKAIOT W PETUCTPUPYIOT pPe3yibTaThl U3MepeHUH H
pe3yabTaThl COBMECTHOM 00paboTku curHanoB. MeToauKa JIETHRIX IIPOBEPOK, 00bEM U
UX MEePUOANYHOCTD H3J0XKEHBI B YIOMAHYTHIX PeaepanbHBIX aBUAUMOHHBIX MpaBHIaX.
HenoctaTkoM H3BeCTHOrO cnocoda JIETHBIX HAacTpOeK U IIPOBEPOK  ABJIAETCA
HeOOXOAUMOCTh NPUMEHEHHS CIHEIHAIU3HPOBAHHOTO CaMOJieTa-nadopaTopuH, 4YTO
o0ycnaBnuBaeT OOJBIINE 3aTPAThl U COOTBETCTBEHHO BEICOKYIO CTOUMOCTE 3THX paboT,
He MO3BOJIAECT ONEPATUBHO KOHTPOJIHUPOBATEH BEIXOAHBIE xapakTepuctuku PMC, PHC B
IEepHoA MeXAY ITaHOBHIMH MPOBEPKAMH, AENACT HEJAOCTYNHEBIM €ro IIPUMEHEHHE MpH
IIPOBEACHHUIN HAYYHO-HUCCIEA0BATENRCKIX paboT U B yueOHOM IIpoliecce.

CHIDKeHHe 3aTpaT Ha BBIIOJHEHHWE JIETHBIX HAacTpOeK M MPOBEPOK JAeNaeT UX
JIOCTYITHBIMHU MPU pa3paboTKe I JETHHIX UCIBITAHUIX HOBBIX 00pa3IloB CUCTEM MOCAAKH
U paJMOHABUTAIFIOHHBIX CHCTEM IS Tpa)/aHCKOH aBHAallMM Y BOCHHOH aBHAalUH
Ha3eMHOT0 W MOpPCKOro 6a3upoBaHUA, NPHU HEIUIAaHOBBIX MPOBEpPKAX PagUOCHUCTEM B
CBSI3H C 3aMEYaHUSIMM HIH Kajdo0amMM BOSHHBIX ITHJIOTOB WJIM IHJIOTOB peiicOBBIX
IPaXKJAHCKUX CaMOJIETOB, NPY BHIIOJHEHMH HAydHO-HCCIETOBATENBCKHX paboT B
o0nacTd  paAUOMasyHBIX  CHCTEM  TIOCAJAKM  JIETaTeJbHBIX  alMapaToB H
PaJlOHABUTALlMOHHBIX CHUCTEM U MpU OOYYEHHH CTYISHTOB W Ha Kypcax MOBBILIEHHS

KBaJ’IHCbHKaLlHH CIICIHAIHNCTOB Fpa}K,[[aHCKOﬁ W BOCHHOH aBHalHH.



1 AHanu3 cymecTBYIOLMX YCTPOMCTB IETHOU IPOBEPKU

B HacToswee BpeMda B Poccuy B LensaX NeTHON NMPoBepPKU BEIXOAHBIX [1apaMeTpoOB
CPeICTB paAlOTeXHUUecKoro obecredyeHus nonetoB NpuMeHsieTcsa cucteMa ACJIK-
75HY, cmoHTHpoBaHHas Ha Oase camosera-nabopatopun AH-26. Tak xe B
paclopsDKEHUH OpraHM3allui, IpOBOMINUX JETHBIE NPOBEPKM, HMEKOTCS CHUCTEMEI
Aerodata, cMoHTHpOBaHHBIE Ha 6a3e camoneta BeachCraft KingAir-350.

N3BecTHO yCTpOMCTBO NETHOM MPOBEPKH KYPCOBBIX, IIIHCCAIHBIX, MapKepHBIX,
palOMasKoB, COAEpKallee CaMONeT-Ta00paToOpHIO, NPHEMHUK CHTHANIOB KYpPCOBOTO
pagyomaska, IPHEMHHK  CHTCHAMOB  [IHCCAgHOTO  pajauoMmasika,  OopToBoH
IpUEMONEPEaTIHK PaJloAATbHOMEPa, IPUEMHIK CUTHAJIOB MapKepHOT'O pajloMasKa,
GapoMeTpUuecKMi  BBICOTOMEp,  yCTpOMCTBO  TPacKTOPHBIX  K3MEpeHMH U
perucTpupyooee yetpoiictso [2]. HemoctaTkoM ycTpolicTBa ABIAETCA TO, YTO 1A €0
peanuzanuM HeoOxodayMa camoneT-nabopaTopus, 4YTO OO0ycHaBIHBaeT OoJbLINE
3KCIUTyaTallHOHHBIE 3aTpaThl TAKOrO YCTPOHMCTBa, CHUXKaeT ONEpaTMBHOCTH JETHBIX
IIPOBEPOK KYPCOBBIX, INMTMCCAAHBIX, MAPKEPHBIX, pagloMasKoB.

PaspaGareiBaeMBIil ManoraGapuTHBEIM NpHEMHHMK MOXET OBITH HCIIONB30BaH B
crniocode JEeTHOM NpPOBEPKH HA3eMHBIX CPEJCTB PaJHOTEXHHUYECKOro oOecneyeHHs
II0JIETOB, KOTOPBIM pelllaeT 3a/{auy IIOBBIILICHHUS OIEPAaTHBHOCTH IIPOBEPOK YIIOMSIHYTBHIX
CPEACTB, CHH/KEHHs 3aTpaT Ha BBIIIOMHEHHE MPOBEPOK M 3aKMIOYaeTcsl B TOM, UTO B
Ka4yecTBEe BO3/YLIHOIO CyAHa JJIsl IETHOM MPOBEPKU YIIOMSHYTHIX CPEACTB MPUMEHSIOT
JIUCTAHUMOHHO MUIOTHpYyeMBIi netarenbHblil anmnapat (AI1JIA), u3zmeparoT ¢ BeIcOKO#M
TOYHOCTBIO KoopauHaThl AIIJIA onTHyeckMM YCTpOHCTBOM MM HHBIM BBICOKOTOYHBIM
YCTPOUCTBOM U OJHOBPEMEHHO Npu paboTe YIOMSHYTBIX paJHOTEXHUYECKUX CPEJICTB
$OpMHPYIOT YCTaHOBJIEHHBIMH Ha O0PTY BO3/YIIIHOTO CyAHa OOPTOBBIMU IIPHEMHHKAaMHU
pPaglOHAaBUTALIMOHHEIE H3MEPUTENBHBIE CHUTHAIBl, KOTOpPBIE KOAUPYIOT, H3NYYaloT B
cBOOOAHOE IPOCTPAHCTBO, MNPUHMMAIOT Ha 3eMyie Ha3eMHBIMH YCTpoiicTBaMH,
JNEKOJUPYIOT, 00pabaThIBalOT COBMECTHO € CHIHaJaMH ¢ BBIXOJla ONTHYECKOI'O
YCTpOHCTBa, OTOOPaXKalOT U PETUCTPUPYIOT DPE3YJbTAThl U3MEPEHUH U Ppe3yJbTaTHl

COBMECTHOH 06paboTKH CUTHAMOB.
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Ilpy neTHoll mnpoBepke KypCOBBIX, IMIHCCAJHBIX U MapKepHBIX pPaJUOMasKOB
u3MepsoT yriaoBole koopiauHaThl JIIUIA ¢ momomplo Ha3zeMHBIX  yCTPOHCTB
TpaeKTOpHBIX u3MepeHui. [Ipu neTHOH npoBepke a3UMyTalbHBIX PaJHOHABHTAIIHOHHBIX
MasKoB obecneynparoT nposeT ATUIA Hag sagaHHBIMH OpHEHTHpPaMH, reorpadudeckue
KOOPAMHATBl KOTOPBIX IIPeABApHTENBHO 3aHeceHbl B OJIOK IIaMATH Ha3eMHOIO
ycrpoiictBa. [lonyuyaempie Ha Oopry JIUVIA panuonaBHUrallMOHHBIE HM3MEPHUTENBHBIE
CHUTHaJBl KOAUPYIOTCA U NMepeJaloTcs Ha 3eMIIIo, TIe OHH IPMHHUMAIOTCS, AEKOIUPYIOTCA
M MOCTYNAloT Ha BXoJ BEIYHCAHMTeNs. B Momentrl nponeta AIIA Hazx opueHTHpaMy,
KoTopble onpeaemstoTces oneparopoM [IIUIA ¢ momomipio ycTaHOBIEHHOH Ha OOpTy
TEJAEBU3HOHHON Ilepedaiollell KaMepEel, OIepaTop JaeT KOMaHAy OMOKYy NaMATH ©
nepefaye reorpapuyecknx KOOPAHHAT COOTBETCTBYIOUINX OPHEHTHPOB Ha BTOPOH BXOA
BeluvcauTens. Ilpu noctynneHuu curHanoB Ha o0a BXOAa BBIUHCAUTENS MOCIEAHUN
BBIYHMCIISIET OLIMOKH paJHOHaBUTALMOHHOM CUCTEMBI U IIepeAacT UX Ha BXO/| YCTpOHCTBa
perucTpaumi.

Curnanel, wusnyuaemple KPM, [I'PM, npunumarorcs Ha Oopty JIUTA
pazpabaThIBa€MbIM IIPHEMHUKOM, IIpeobpa3yoTcsl B U3MEPUTENbHBIE CHTHANB], KOTOPBIE
MOCTYNAlOT Ha BXO4 OJ0Ka KOOVPOBaHWS H Jajnee H3IydaloTcss B CBOOOJHOE
npoctpaHcTBO. [IpHHATEIE Ha 3eMile CUTHaNbl AeKOAUPYIOTCA U NMepeJaloTcs Ha NepBelil
Bx0/] Boruuciaurens. Ha Bropoil Bxoa BBMUCINTENS NOCTYIAIOT CUTHANBI 00 yIIOBBIX
KOoOpANHATaX BO3AYLIHOro cyiHa. llo BenMYHMHAM TOKOB CHTHAJOB ¢ IIPUEMHOIO
YCTpOHCTBA U BEIMUWHAM TOKOB C YCTPOIiCTBa TPaeKTOPHBIX H3MEPEHHI M0 H3BECTHRIM
METOAMKaM oOIpeaeisioTcs BbixoAubsle napametpsl KPM u I'PM, onpenensiercs
COOTBETCTBHE M3MEPEHHBIX NapaMeTPoB TpeOOBaHUAM HOPMATUBHBIX JOKYMEHTOB.

Ha pucynke 1.1 mpeacraBneHa OJ0K-cXeMa yCTPOMHCTB A4 BBIMOMHEHHS JETHBIX

[IPOBEPOK HA3ZCMHEIX CPEACTB padAHOTEXHHYCCKOIO obecrnieyeHHus I10JETOB [3]
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OSopynosanne,
YCTAHOBISHHGE HA Hase
A obopynaoranme

1 — JlucTaHUMOHHO NIIOTUPYEMBIH AeTaTenbHbIi annapat (JITJIA)

2 — ObopydoBaHue, ycTaHOBJIeHHOe Ha 6opty AITJIA
3 — HazemHoe oGopyaoBaHue

PHCYHOK 1.1 — Biok cxema yCTpOﬁCTBa AJIA BEINTOJIHEHHA JE€THBIX IIPOBEPOK

Hnd ocyllecTBIeHUA JIETHBIX IPOBEPOK € MCIIOJIb30BaHHEM pa3pabaThbIBaeMOro
NpUEMHHUKA UCTIONB3YIOT OJIMH U3 H3BECTHBIX BAPHAHTOB JUCTAHIIHOHHO MILIOTHPYEMOTO
NETATENHHOrO anmapara POCCHHCKUX MM 3apyOekKHBIX MPOU3BOAUTENEH, CIIOCOOHBIX
HecTH Ha cebe Maccy mnojesHol Harpysku Gonee 10 kr: "I'PAHT" (rpaxmaHckuii
aBUaLMOHHBIH HaGmiogaTenpb TeneBU3uoHHEI), "JO30P", "Yamaha RMAX" u ap. Ouu
HUMEIOT AaJbHOCTh II0J€Ta B HECKOJIBKO JIECATKOB KILTOMETpoB. s peanu3auuu
MaJoradapHTHBIX, Mali0 3HeproeMkux O6y0koB OOpTOBOH M Ha3zeMHOH anmmapaTypsl
MPUMEHSAIOT MUKPOIPOLECCOPE], HCIOB3YIOLIME COBpPeMEHHBIE LU(POBEIE METOIBI
obpaboTku curHanoB. B kauecTBe ycTpoiicTBa /Ui M3MEpPEHHS YITIOBBIX KOODMHAT
MOXKeT OBITh MCIIONB30BAHO Haxodlleecsd B SKCIIyaTauuu "YerpolicTBo TpaekTopHeit
sanucy - YT3" man Goniee coBpeMeHHasd aBTOMaTHuUeckasd CHCTeMa TPaeKTOPHBIX

nusmepenuii (ACTH).
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2 Curnanel, o0padaTeiBaeMble MPUEMHHKOM

PazpabaThiBaeMbIi IPHEMHUK JOJDKEH BEIUUCIATh XapaKTEPHUCTUKH CHTHANOB IBYX
¢hopMaToB:

- opmMara ILS;

- opmara VOR.

2.1 Obuwme ceegenus o cucreme rocajaxy (ILS)

HaseMHoe o6opyaoBaHHe cHcTeMBl nocagku (Ha npuMepe CIT-200) paGotaeT mo
IPYHLKIY MeKAyHapoaHol cucteMbl ILS © mnpegHazHaueHo pans  obecnedeHus
uHpopMali Ha 6opTy camosneTa o ero Mectonosoxkenun otHocutensHo BIIII Bo Bpemst
3ax0Ja Ha MOCaAKy U MOCaAKH IO Mpudopam.

Cetka pabounx yactor PMK u PMI' cootetctByeT TpebGoBanusmM HMKAO wu

npuBeAeHa B Tabnuue 2.1.

Tabnuma 2.1

Homep| Yacrota, MI'm | Homep | Yactota, MI'y | Homep | Yactora, MI'y |Homep| Yactota, MI'mg

KaHalal ppy | pMr | FAHAR Y pvi | opMr | REHARL pvi | pMr |RAHATAL pMK | PMT
1 | 108.10 | 334,70 11 | 109,10 | 331,40 21 | 110,10 |334.40 31 ] 111,10 | 331,70
2 | 108.15 ] 334,55 12 ] 109,15 | 331,25 22 | 110,15 |334.25 32| 111,15 | 331,55
3 | 108,30 ] 334,10 13 ] 109,30 | 332,00 23 | 110,30 | 335,00 33| 111,36 | 332,30
4 | 108,35 ] 333,95 14 ] 109,35 | 331,85 24 | 110,35 | 334,85 34 | 111,35 | 332,15
5 | 108.50 | 329.90 15 | 109,50 | 332,60 25 | 110,50 |329.60 35 111,50 | 332,90
6 | 108,55 ] 329.75 16 | 109,55 | 332,45 26 | 110,55 |32945 30 | 111,55 | 332,75
7 | 108,70 | 330,50 17 | 109,70 | 333,20 27 | 110,70 | 330,20 37| 111,76 | 333,50
8 | 108,75 | 330,35 18 | 109,75 | 333,05 28 | 110,75 | 330,05 38 | 111,75 | 333,35
9 | 108.90 | 329.30 19 | 109,90 | 333,80 20 | 110,90 |330.80 39| 111,90 | 331,10
10 | 108,95 | 329,15 20 | 109,95 | 333,65 30 | 110,95 | 330,65 40 | 111,95 | 330,95

I[JIH OpHEHTAUHH CaMOJNIETOB OTHOCHTENBHO OCH BIIII so BpEMA 3ax0a Ha NoCankKy
H MocaagkH Ha3zcMHoe 060pyﬂ,OBaHHe CHCTEMEI TTOCAIKH 3aJacT B MPOCTPAaHCTBE JTHHHUIO
ILIAHHPOBAHHUA (.TIHHH}O CHMXKCHHA C-ElMOJ'IeTOB).

JIunuga ITaHHUPOBAaHHA 06p83yeTCH NEPECCUYCHHEM ILIOCKOCTH Kypca H IUNTOCKOCTH

IJIHCCAJIbI.
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ITnockocTh Kypca — BepTHKalbHas paBHOCUTIHasIbHas 1yockocTh (PTM, paBHbIX
HyJ10), npoxoadiuas uepes och BIII, dopmupyroimascs KypcoBbIM pailioMasKoM.

ITnockocTh rnuccaabl — HaKIOHHAs paBHOCUTHalbHas naockoctsh (PI'M, paBHbix
HyJI10), 00pa3yrolas ¢ rOpUu30HTaIbHOMN MJIOCKOCThIO YIroJi riuccaibl ®, yCcTaHOBJIEHHbIH
1715l TAHHOTO HarpaBlIeHUs MOCAIKH.

TunoBoe pasmelleHne CUCTEMbI TTIOCAJIKK Ha a3poApoMe NPUBEICHO Ha pucyHke 2.1.

Cucrema nocaaky COCTOUT U3 KYPCOBOI'O M IJIMCCAIHOTO paauoMaskos [4].

RAr Tpackropua CHHUACHIA

L
=

' ~RPMmm

2 o2 PMM(E)

Attapary pa JTY _-==" TIK A1 PMK

PMIT PMJT-HLT
Ocw BITI

Pucynok 2.1 — Pazmeluenue cucrems nocajaku CI1-200 na aspoapome

2.2 XapakTepucTuKu KypcoBoro paauomaska (PMK)

Kypcosoii ~ paguomasx  (PMK)  npennasnauen  ans  dopmupoBanus
3JIEKTPOMArHUTHOIO MoJisl, B KOTOPOM camoJieT obecrieunBaeTcsi MHopMaLueil 0 CBoem
MECTOHAX0XkKAeHUHU OTHOCHUTEIbHO BEPTHUKAlbHOH MiockocTu nponomxkenus ocu BIITI
BO BpeMsl 3axX0/1a Ha NocajaKy M nocaixu [5].

Hucno yactoTHbIX KanalloB — 40.

ITonsipuzanms uzayyeHus — ropu3OHTaNbHas.

30Hy ,ﬂ,CﬁCTBHﬂ paguoMaska KypCoBOro B l"OpH3OHTaIIbHOﬁ IMNIOCKOCTH TIOACHSCT

PUCYHOK 2.2, 30HYy ACHCTBUS paJiMOMasKa B BEPTUKaIbHOM IMJIOCKOCTH — PUCYHOK 2.3.
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PIM = 0.155

PI'M > (.18

10 .
PI'M=0_18
/ PI'M=0.155

IMoayvcekrop kypea

;‘"
‘
PMK éﬂ = ¥ PIM=0
\i‘i‘k = PIM=0.0775

% Cekrop Kypea

K “l Bospacranne PI'M

Pucynok 2.2 — 3ona aelicreusa asyxdacrotiioro PMK B ropusontansioi niockocTy

LleHTp aHTEHHON CHCTEMbI

He MeHee 7° é—\ :\

Pucynok 2.3 — 3ona geiicteus PMK B BepTHKanbioi niockocTu



2.3 Ilpun1iun AefcTBUA KypcOBOro paguoMaska

ITpuHupn paboTel paguoMasKa 3aK/IIOUaeTCs B TOM, YTO OH CO3/1a€T B 30HE CBOETO
AOeCTBUA 3NIEKTPOMArHUTHOE NoJjie, HHGOPMALHOHHBIM MapaMeTpOM KOTOPOTO SBISETCS
mnockocth PI'M, paBHbIX Hymo. Ilmockocte PI'M, paBHBIX Hymo (Oamkaiiag k
BEPTHKAIBHOM IUIOCcKOCTH, IHpoxoasaueii uepes ock BIIIT), npu nepeceuenuu c
IUTOCKOCTBIO ITHCCaAbl 00pa3yeT MIMHHUIO Kypca, OTHOCHTENBHO KOTOPOH OPHEHTHPYIOTCA
CaMOJIETHl B TOPU30HTAIBHOMN ITOCKOCTH.

Hecymas dactota paguoMaska MOIYJHPYETCS MO aMIIIUTYJE CYMMapHBIM U
Pa3HOCTHBIM CUTHadaMH TOHaMbHBIX yacToT 90 u 150 ',

HuarpaMmMa HanpaBiA€HHOCTH paguoMaska COCTOUT U3 CYMMBI JBYX AHarpaMm —
HBY u BY. HBY auarpamma nosydaercd npu Bo3OYKASHHHN aHT€HH B OIIpedeNeHHBIX
AMIUTUTY AHO-(a30BBIX COOTHOIICHUAX CUTHAIAMH HECYIIEH YacTOThI, MOy THPOBAHHOIM
CYMMapHBIM cHurHanoM, bY auarpamma — pa3HocTHBIM. IIpy 3ToM 60KOBBIE YaCTOTBI
oAHoll 4YacToThl Monyaiauun B curHame BY Haxoparca B ¢aze, a IOpyroii — B

npoTtuBodase ¢ COOTBETCTBYOLIMMHU 00KOBBIMH HacToTaMu B currane HbY (pucynok 2.

4).

I T I T
Lm0 f- £, furon  fH150
1
Fu-1s0 T r £, 130
fo-o0 , fyt oo

- 5o .
Jo-sn 1 3 1 £, 150

1 — Curnan HBY
2 — Curdan b4 B neBoM JieniecTKe AUarpaMMel

3 — Curdan b4 B mpaBoM JenecTke AuarpaMmabl
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Pucynok 2.4 — CrieKTphl CUTHAJIOB KypPCOBOIO pagHoMaska

B pesynerate cnoxenusa noneil HBY u bY curnanos B npocTpaHcTBe obpasyercs
noJie Hecyllled dYacToThl, IIyOMHA MOAYJIAUUH KoTopoii udacrotamu 90 u 150 I'g
M3MEHSETCS B IIpeJeiiax 30Hbl AelcTBUA. ClieBa OT JUHUH Kypcea NpeoliafaeT NIyOuHa
MOJAYIALMU Hecyllel uyactotoi 9011, cnpaBa — 150 I'u. Ha nuHuM Kypca TyOUHBI
MOAYIAUMN Hecywei yactotamMu 90 u 150 I'u paBHel, TO ecTh PI'M paeHa nymo. [lpu
yaaneHun oT JuHuM Kypca PI'™M Bozpactaer (pucyHok 2.5). Takum o0pasom, 1o
BenuuuHe PI'M skumaxy caMmolieTa MOXHO CYAUThH O BeNNYHHE OTKIIOHEHUS] OT THHUU
Kypca B TOPU3OHTANBHOHN IIIOCKOCTH, 4 MO TOMY, CHI'HANl TUIyOMHEI MOIYJALUNA KaKoM

HaCTOTHI ABIIAETCA HPEOGHa,[[a}OU_IHM, — O CTOPOHE OTKJIOHEHHNA [5]

Ipeobnaganne m 150 ' [Mpectnaganne m 90 I'y

[

o 15
|

5 ) f HecyIaA + DoKoBBIE YacTOTH 150 H 90 T

o

= 1= Enpy * Emy

-~ 1 s BoroBre wacToTs 90 I'ry
~ 's
Eupy * Epu / i, N Ery

]

GOKOBBIC YACTOTH! 150 'y \!’

—

m - rmyOHHA MOJYIAIHE
Epypy - HanpsokennocTs nond HEY curnama

Ery - Hanpmxennocts nosa bY curnana

Pucynok 2.5 — CTpyKTypa II0JI1 OTHOCUTEJIBHO JUHUHA Kypca

2.4 XapaKTepuCTHKH INIHccaHOTO pagHoMasika (PMI')

Imuccamueiii  paguomask  (PMI')  npenmHazHaueH i dhopMHpPOBAaHHA

MIEKTPOMArduTHOIO 110J14, B KOTOPOM CaMOJIET obecreunBaeTcs I/IH(bOpMEl]_[HeI\;I 0 CBOEM
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MeCTOHaxo0xaeHun oTHocuTesabHO BITTT B BepTukanbHOM MJI0CKOCTH BO BpeMsl 3axo/a Ha
MocajiKy ¥ mocaaku [6].

YUucno yacToTHbIX KaHanos — 40,

TTonsipuzanms u3nydeHus — ropru3oHTalIbHas.

30HYy AeHCTBUS IIMCCAHOTO pPaIMOMasika B FTOPU30HTaNbHOHN MJIOCKOCTH MOSCHSET

pHCYHOK 2.6, 30Hy AeiicTBUS paguoMasKa B BEPTUKalbHOM MIOCKOCTH — PUCYHOK 2.7.

80
—

Q_Cb‘ BH['[

.- TSR

18,5 km T

L

Pucynoxk 2.6 — 3ona aeiicteus PMI™ B ropusonTanbHON N10CKOCTH

PIM 2 0,22 PIM=0,0875

FI M=0
§ TDmMWA PTACCET

TIoaycexsop ccagn:

JMHRE rOpUIOHTA

PMT

Pucynok 2.7 — 3ona pelictBusg PMI™ B BepTUKanbHOMN MJI0CKOCTH



2.5 Tlpuniun AelcTBUSA INIKCCAJHOTO pajjuoMaska

IprHupn paboTsl paguoMaska 3aKIIOUAETCS B TOM, YTO OH CO3JacT B 30HE CBOEIO
AefiCTBHA 3NMEKTPOMArHUTHOE MoJie, HH(POPMALMOHHBIM MapaMeTPOM KOTOPOTO ABISIETCS
mnockocth PI'M, paBHbIX Hymo. Ilmockocte PI'M, paBHBIX Hymo (Oamkaiiag k
rOpPU3OHTANABLHON MIOCKOCTH), NMPH IIEPECEUEHUH C ILIOCKOCTBhIO Kypca 00pa3yeT IMHUIO
MIUccanbl, OTHOCUTENBHO KOTOPOH OpPHUEHTHPYIOTCA CcaMoJieThl B BEpPTUKAJIbHOMU
MIOCKOCTH.

Hecymas uwacrtota paguoMaska MOAYJIUpYeTCS IO aMIUIUTYAE CYMMAapHBIM U
Pa3HOCTHBIM CUTHadaMH TOHaMbHBIX yacToT 90 u 150 ',

HuarpaMma HanpaBAeHHOCTH pagyioMasika COCTOUT M3 CYMMBI IBYX AHArpaMM —
HbBY u bY.

HbY nuarpamma nosydaeTcs IIpU 3allUTKE aHTEHH B OIIPE/E/ICHHBIX aMILIUTYAHO-
(ba30BBIX COOTHOLUIEHMAX CHIHAJaMH HeCYIUEH 4acTOThl, MOAYJIHPOBAHHONH CYMMapHBIM
curnanoM, bY anarpamMma — pasHocTHEIM. [Ipy 2ToM GOKOBBIE YaCTOTEI OAHON YACTOTHI
Moaymsiuun B curHaine bU Haxomstcs B daze, a gpyroii — B npotuBodaze ¢

COOTBETCTBYIOIIMMH GOKOBEIMH YacToTaMu B curHane HBY (pucyHok 2.8).

[ 1 [ 1

fa—150 Fy-90 fa foroo f+150
1
oo o L i
1 fu—90 5 f,+90 1
T f"—90 fH+9[I T
f, - 150 ‘ 3 + fut 150

1 — curgan HbUY,
2 — curHan bY B BepxHeM JierecTKe AUArPaMMBIL,
3 —curnan bY B HUXHEM JernecTKe JUarpaMMBl.

PucyHnok 2.8 — CnekTphl CUrHaI0B IITUCCaJHOr0 pajuoMasika
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B pesynbrate cnoxenud noneid HBY u BY curnanos B npoctpaHcTBe obpazyeTcs
IoJie Hecyllled dYacToTbhl, MIyOMHa MOAYIAUUH KoTopoil udactotamu 90 u 150 I'y
U3MEHAETCS B MpeAesax 30HBI ACHCTBUA.

CBepxy OT JIMHUH IMHCca/1bl peobiafaeT rimyOuHa MOAYIS UMY HECYILEH 4acTOTOM
90 I't, cam3y — 150 I'm.

Ha nuHuM rauccagsl MyOWHBI MOAYMALMH HecylleH vactotamu 90m 150 T'n
paBHBI, TO €cTh PI' M paBHa Hymo.

ITpu yaanenuu ot auauu rauccagsl PI'M Bo3pactaeT (pucyHok 2.9).

=)
|
Ipeobiapanne m 160 Iy % Q [lpeobnaganue m 90 I'n
g =
1l ;
L Bepa
g ' = HecymLlag + GoxoBbie yacTaTh B0 K 9 '
14
é g Ergy * Epy
— ] Goxesnie wacToThl 90 I'n
Engy + Egy /N Epy
Goxobkie yactots 180 T \’ T Goxopne 4acToThl 150 u 90 'y

M - [IYyOHHA MOTYSLIA
Eypy - HAPMKEHHOCTD [0S CYMMAPHOIO CHrHAJZ
F gy - HAOPSOKEHMHOCTD IO Pa3HOCTHONO CHUTHAME

PucyHok 2.9 — CTpyKTypa nonst OTHOCUTENBHO JUHHY INTHCCAB]
Takum obpazom, 1o BenuuuHe PI'M MoxHO cyauTh 0 BelIUYHHE OTKIOHEHHUS OT

JIMHHH TIIHCCaaAbl B BepTHKﬂHBHOﬁ INIOCKOCTH, a o0 TOMY, CHT'Hall FJIY6HHBI MOIYIIAITHHI

KaKOH HacTOTHI ABIAETCA MpeodiajaloliuM, — O CTOpPOHE OTKJIOHEeHUS [6].
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2.6 Ob1ne cBedeHUA 00 asUMyTaNbHEIX paguoMagkax (VOR)

AzumyTtanpHblli  paguomask (PMA) npeaHasHadyeH miA4 (GOPMHpPOBaHHA B
MPOCTPAHCTBE HABHUTAIIMOHHBIX CHUTHAJIOB, COAEpXKAIIUX HH(OpPMAIIHIO o0
az3uMyTe 000 TOYKH 30HBI JeHCTBUSA OTHOCHUTENBHO TOYKH YCTAHOBKH paguoMaska, I
CUTHAJIOB ONO3HABaHUS pagHOMAsKa.

PaguoMadk sABIdeTCA Ha3zeMHBIM OOOpyAOBaHUEM Aa3UMYTaJbHON CHCTEMBI
HaBHUTAIlMH BO3AYIIHBIX CYA0B METPOBOTO Arana3oHa BoJH ¢ ¢opMaToM curHamoB VOR
U pekoMeHgoBaH ICAQO B KayecTBe OCHOBHOrO cpeAcTBa OJIMKHEH HaBUTalLMM Ha
aBUaTpaccax WIH B KadyecTBe AOMOJHHUTENBHOIO cpelcTBa obecneuyeHHA 3axoda Ha
MOCAAKY Y IIOCaKM CAMOJIETOB I'PaK/JaHCKOI aBHALHIL

A3uMyTaNbHas CUCTEMa HABUTaI[H COCTOUT U3 Ha3€MHOH YacTH — pajuoMaska U
yCTaHaBJIMBaeMOH Ha BO3AYLUHBIX cygaX OOpTOBOM annapaTypbl.

Papuomask VOR uznyuyaer B npeaenax 30HbI ASHCTBUA HABUTAIlMOHHBIE CUTHAIBI,
cofiepikaie HHPoOpMaLo 00 a3uMyTe, CHIHal OIO3HaBaHHS C OTIMYUTENIBHBIMI
NpHU3HAKaMH pagroMaska i MOXKeT U3My4aTh cMrHalbl paguotenedonHoii ceazu (PTC).

bopTtoBas anmapaTypa IpUHAMaeT 1 00pabaThIBaeT CUTHAIEI pailioMasika H BEAaeT
HHQOPMAIIHIO MIUIOTY HJIH B CHCTEMY aBTOMATHYECKOT'O YIIPaBICHHSI.

CucreMa obecneuyHBaeT NoJdy4YeHHe Ha OOpPTY BO3AYIIHOTO CYJHA Cleyroleif
HUH(bOpMaLIHY:

— 00 a3uMyTe BO3AYLIHOrO Cy[HA, T.e. YIJie MeXAy HamnpaBicHHeM Ha CeBep H
HaIpaBleHUEM «PagloMaigK — CaMOJIeT»;

— 00 OTKJIOHEHUU BO3AYLUHOTO CyJHAa OT 3aJaHHOW JIMHUU Kypca (JMHUH
MOJOKEHHUSA );

— O HalpaBleHUY N10JeTa OTHOCUTEIBHO PaAOMasKa, «Ha» WIN «OT» HEro;

— 00 OTJIHYMTENBHOM NMpH3HaKe paJuoMasiKa,

— peueBhIX COOOIIeHMUH.

IIpu oqHOBpeMeHHOM IIpHeMe OOpTOBOH anmapaTypoil curaanoB AByX PMA mMoxer
OBITH oMpenesieHO MOJOKeHHe BO3AYLIHOro cydHa. [ms 3Toro HeoOxoauMa kapTa H

3HaHHEC MECTOIIONOKCHHUA padHOMAAKOB.
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PMA MoxeT o0beIMHATBCS C JaNbHOMEPHBIM paanoMadakoMm tuna DME. B stom
cllydae MpH HaJU4UM Ha GOpTY BO3OYIIHOTO CYJAHA COOTBETCTBYIOLUEH AaJbHOMEPHOM
anmaparypel JOCTATOUHO OJHOTO COBMeLIeHHOro paanoMaska VOR/DME gna
ONpeAeNeHUsl MONOKEHUS BO3AYUIHONO CyJHAa B CHCTEME MOJPHBIX KOOpPJAUHAT

«a3uMYyT - NANBHOCTE [7].

2.7 IlpuHUMI NoayyeHHA a3UMYyTalIbHOH HHOPMaLuH

B cucreme asuMyTanbHOM HABUTAIlMM IIOAYYEHHE a3sMMyTanbHOH HH(OpPMaLUU
OCHOB3HO Ha HM3MepeHHH (pa30BOro CABHra MeXAy ABYMSA CHUTHANaMH — OIIOPHOH M
nepeMenHoll ¢a3el. Takwe curHamsl, (GopMHpyeMble B IIpelesnax 30HBI ACHCTBUA
pajiroMasKa, UMEIOT CIeAYOIIUE OCOOCHHOCTH:

— ¢aza nepBOro CUrHasna IOCTOAHHA (HEM3MEHHA) B NI000H TOUKE 30HBI JICHCTBUA;

— ¢daza BTOporo curHana B MO0 TOYKe 30HBI JEHCTBHSA 3aBHCHT OT
reorpapu4ecKkoro yria MeX[y HampaBleHueM Ha (CeBep M HaIpaBlIE€HUEM OT
pajiroMasKa Ha 3Ty TOUKY.

CuctemMa oTperynupoBaHa TaKMM o0pa3oM, 4YTO B TOYKaX 30HBI JeHCTBHA,
HaXOAAILMXCS Ha JIMHUY pajuoMadk — (CeBep, CUrHaJIbl IEPEMEHHOM U ONOPHOU (asbl
cvH(}a3HbL, a ¢a3a CUrHaIa IEpeMEHHOH (a3bl PSIMO CBSI3aHa C A3MMYTOM TOYKU IIpHEMa

(puc. 2.10).
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Pucynok 2.10 — ITpuHUun onpeaeneHusa a3uMyTa

2.8. OcobenHocTH curnanos ¢ ¢popmarom VOR

Hn4 nepegadyyl CUrHajJOB OMOPHOW W NEepeMEHHOH (a3bl, CUTHANMa ONO3HABaHUA U
curHanoB PTC ucnonesyrores Hecynne BY xonebanus ofHoM 4acTOTHI B JAUAIa30HE
108...118 MI'L.

Ha Bxoasl dasonsMepuTenbHOH 4acTu GopToBoil ammapatypel HY xonebanus

OHOpHOfI H HepeMeHHOﬁ CbaBBI O,[[HOﬁ HacTOThI AOGJIKHBI NIOAABATRCA pa3ACIbHO.
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Hna obecneueHHs BO3MOXKHOCTH pa3defieHUs CUTHAJIOB MepeMeHHOH M OIopHoi
¢ha3bl IepBBle nepejarotrca B Buje orudaromeil AM ¢ wactotoit 30 I'p Hecymux BY
KonebaHuii, BTOpple — B BuAe orubawomeit UM c¢ uacroroit 30 I't mogHecynmnx
konebaHuil co cpeaHell yactotoit 9960 I'u m aeBuauueh +480 I'u, KoTopkle, B CBOID
ouepels, ApagroTca orubaroweit AM Hecynx BY kone6anuit. [Tpu atom xosdgduumeHT
AM curnana nepeMeHHON U onopHo# ¢a3el paseH 30 %, a ocUUIOrpaMMa CyMMapHOTO
CUTHaja B J00OH TOouke 30HBI ACHCTBHA pagloMagka UMeeT BUJ, IOKa3aHHBIH Ha

pucyHke 2.11.

LRI
L A AAAAANAAAAN
9.9.9.9.0.0.0.¢.9.0.¢
IR

Pucynok 2.11

ITonHell curHan pagnoMasgka IIOMHMO CHUTHATOB OMOPHOW M MepeMeHHOH (a3bl
BK/IIOYAET B ce0s CUTHAM ONIO3HABAHMA U MOKET BKIO4aTh curaan PTC.

Curnan omnoszHaBaHus oOpasyerca nocpeacTBoM AM necymux BY xoneGanmii
TOHaJBHON moaHecyllel ¢ vactoror 1020 ', MaHUIYIUPOBAHHOW IO aMIUIUTYAE
noceuikaMy Mop3e, cOOTBETCTBYIOILIMMH OYKBEHHOMY Koy paguoMasika. HomuHaneHoe
3HaueHue kodhdunuerta AM curnana onosHaBanus — 5 % .

Curnan PTC oOpasyerca nocpeactBoMm AM Hecymux BY xonebanmit HY
konebaHuaMH B JuanazoHe oT 300 go 3000T'u, COOTBETCTBYIOLINMMH pedeBBIM
cooomeHuaM. Koapouiment AM curnana PTC me npessrmaet 30 %.

JInaeHHbI CIIEKTp NOMHOTO CUTHaNla pajuoMasKa NPeACTaBleH Ha pUCyHKe 2.12.
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f5-9960 fo-3000  fo-300  f, fo+300 fo +3000 f, +9960 f
fy-1020 fo-30  fy+30 f,+1020

Pucynok 2.12 — JIuHe#HBIH CEKTP MosiHOTO curHana popmara VOR

OH COOep)KUT CNedYIOILNE COCTABIAIOLINE:

— HecyluMe konebanus (10);

— nBe 6oxosbie yacToTH (f0 = 30);

— 1Be OOKOBBIE TONOCH YacTOT — Hecylllad, MOOYJHPOBAHHAA MO aMIUIHTYAE
pedeBbIMH cHrHajgaMu — go (fO = 3000);

— niBe 6oxosbie yacToThl (f0 = 1020);

— JiBe OOKOBBIE TIONOCH — HECYIIHE KoNeGaHna, MOAYJIMPOBAHHBIC 11O AMILTUTY/IE

nogHecymei 9960 I'u, koTopasd, B CBOIO ovepedb, MOAYJIHpPOBaHaA MO vacToTe - [f0 +
(9960 = 480)]. [7].

25



3 AmnHanu3 XapakTepUCTUK (DYHKLIMOHAIBHBIX AHAIOTOB

B xauecTBe ()yHKIMOHANbLHBIX aHAllOrOB pa3pabaThiBAEMOro YCTPONHCTBA aBTOPY
YJ1anoch OTbICKATh 3 YCTPOMCTBA, M3rOTOBJICHHBIX Pa3HBIMHU NTPOU3BOUTEISIMU:

- KCI1-80 npouszsoactea 3A0 «HUMUT-PTCy;

- ACTIH-1 npouszsoactea OOO «HIIO PTCy;

- EVS300 npoussoacrea Rohde&Schwarz AG.

BBISICHUTB MX METPONIOTHYECKHE XapaKTEPUCTUKH HE TIPEACTABNAETCS BO3MOKHBIM,
T.K. B OTKPBITOM JOCTYyINe OTCYTCTBYeT Takas MHQopmaims. OaHako, NIpuHUMas BO
BHMMaHHe, YTO KaX/Abli M3 NpUOOPOB BHECEH B IOCYIAapCTBEHHBIM peecTp CpelcTB
M3MEpEeHHUs, MOJKHO TIPEANOI0KUTh, YTO BCE ITH NMPUOOpPHI 00ECTIEYHBaIOT TOYHOCTD,
HeoOXoaumyto ans usmepenus curnanos popmara ILS u VOR. Tloatomy cpaBHuM 3TH

npubopbl Mo MaccorabapuTHLIM NnapaMeTpaM U BUAMMOMY (YHKLIMOHATY.

3.1 Xapakrepuctuku KCIT-80

ITpu6op KCII-80 npencraBnser coboH MeTaNAMYECKUH KOPHNYC C BXOAHBIMH
pazbemMaMu, pydyKaMM yrnpaBlieHUs W uHaukaTopamu. Macca npubopa 17 kr. Y npubopa
OTCYTCTBYIOT UHTEP(ENCHI CBSA3M ¢ BHEIIHUMHU ycTpoiicTBaMu. IloaToMy, HecMoOTps Ha
COOTBETCTBHE METPOJIOTHYECKUX XapPaKTEPUCTUK, TaHHOE YCTPOICTBO HE MOKET ObITh

UCIONb30BaHO B Lesax ycraHoBkH Ha JTTITA.

3.2 Xapaktepuctuku ACITH-1

N3o00paxenue npubopa ACITH-1 npuseneno na pucynke 3.1.

Pucynox 3.1 — Ilpu6op ACITH-1
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IIpubop ACITIH-1 IlpeanasnaueH JUIL U3MEpPEeHUs CUTHAlIOB KypCOBOIO,
IJIMCCAJHOTO PaJuOMAaigKoB ¢ opMaTOM curHanoB ILS u azuMyTanpHOro paguoMaska ¢
cdbopmaToM curnana VOR [8].

KitoueBbie 0cOOCHHOCTH:

- BHECEH B rOCY/IapCTBEHHBIH peecTp CPeACTB UIMEPEHHUH;

- BBICOKAA TOYHOCTH U3MEpPEHUs MapaMeTpoB CHTHada, Ojaarojaps HMCIIOIB30BaHHIO
L POBBIX METOJIOB 00paboTKH;

- KOMINAKTHBIN NepeHOoCcHOo# npubop;

- KypcoBoi pagroMask ot 108 MI'y go 112 MI'y;

- a3uMyTanbHbIH paguoMask ot 108 MI'y no 118 MI'1;

- rnuccagHblid paguoMask ot 328 MI'y no 336 MI'1;

- 3MeKTpoNUTaHHe OT oAHopa3zHOH ceTH IepeMeHHOro Toka HampsxeHueM 220 B,
yactoToh 50 I'L;

- notpebngeMas MOILHOCTE He Oonee 15 BA;

- BpeMs paboTHl OT BCTPOSHHOH OaTapen He MeHee 3 4acoB;

- macca 0e3 ynakoBKH He 6osee 1,5 Kr.

Texuuyecrue napamempui

CnycoK U3MepsIeMBIX apaMeTPOB!

- pa3HOCTh MyOUH MOAYIALMY, CYMMa MNTyOUH MOAYJIALMH, a3UMYT,
- YacTOTHI HECYIIEH M MOAYAHPYIOLIX COCTABIAIONUINX CUTHAIA;

- KO3(hUIIHEHTH MOy IALIMYL;

- k03 dHULIHEHTH FaPMOHHK;

- JIeBUAIUSA YaCTOTHI,

- CHTHaJ ONO3HABAHMS,

- YPOBEHB MOILLHOCTH CHTHaJA.

JaHHplii npudop no MaccoradapUTHBIM XapaKTepUCTHKaM MOT Obl NOAOWTH B
KadecTBE MPHEMHMKA s BBITOJHEHHs JeTHBIX npoBepok Ha JIIUJIA, HO y Hero
OTCYTCTBYIOT LUTaTHble MHTepdelickl ana cpasu ¢ Apyrumu yzmamu HITJIA. Tak xe y

HETO HMECETCA 2KPaH H KnaBHATYpPa, HTO ABJIACTCA H30BITOYHEIM JJIS LesIeH IIPHUMECHEHHA
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B coctase BITJIA. CroumocTts Takoro npubdopa naunnaercs or 700 000 py0., uto oueHs

A0pOro.

3.3 Xapakrepuctuku EVS300

N306paxenne npudbopa EVS300 npuseneno na pucynxe 3.2.

Pucynox 3.2 — Tlpu6op EVS300

EVS300 sBaseTcs npelin3MOHHBIM aHaIN3aTOPOM YPOBHS U MOAYSLMH, KOTOPbIH
CIieLlMAJIbHO CO3/1aH JUIsl TIPOBEPKHW M 0OCIIY)KMBaHMSI MHCTPYMEHTAJbHBIX CUCTEM
nocaaku (ILS) u BcenanpasnenHbix paarnoMaskos (VOR). braroaaps mmnpokomy Habopy
(yHKUMH, NpeaHa3HAYeHHBIX 7718 Ja0OpaTOPHBIX McCaeAOoBaHMM M pabOT B MOJIEBLIX
yenoBusax, EVS300 no3Bonser pewarh jaxe camble CJIOXKHbIE 3aj1auu 0e3 NpUMeHeHus
JOTOJIHUTENbHOTrO 0060pyaoBanus. ITpubop 3akiroueH B NPOYHbIA KOMIAKTHBIH KOpIyc
Ans paboThl B MoJNeBbIX ycnoBusx. Bpems pabotel oT 6arapeli B pekuMe HenpepbIBHBIX
n3MepeHuil He MeHee 8 yacos [9].

XapakTepHble 0COOEHHOCTH:

- BbICOKO KOoHTpacTHbIH uBeTHOM KK-aucnneii (16,4 cm);

- IIMPOKUI uana3oH pabounx temnepatyp ot munyc 10°C o +55°C;
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- HeGonblas Macca (5,7 kr);

- BBICOKasd MeXaHHWYecKas MPOYHOCTh B COOTBETCTBUU co craHmapTamu MILSTD-
810D u IEC 68;

- uaTepdeiic LAN 1 RS-232-C ans aucTaHLIHOHHOTO YIIpapiaeHHA BceMU (hyHKUUAMH
U 17151 BBIBOAA U3MEPHUTENBHBIX JaHHBIX;

- pazbeM USB u1a 3kcnopTa JaHHBIX ¥ OOHOBIEHUS NPOrPaMMHOr0 00eCIIeUeHus.
AHanu3 AByX4acTOTHBEIX cucteM ILS:

- COBMECTHHBI WX pa3AeabHbIN aHaJIN3 ABYX HEeCYLUUX ABYX YaCTOTHBIX cHcTeM ILS;

- TOYHBIE W3MEPEHHS OTHOIICHHS] YPOBHEH M OTHOCHUTENBHOIO cjiBuUra az Mexmay

CHTHaNnaMH Kypca U kupeHca cucteM ILS HenmocpeacTBeHHO BO BpeMA paboTEI.

['nbkuil BBIBOJ JAHHBIX U3MEPEHUH:

- Oonplol 00BeM BHYTpeHHEH HaMsITH s HeNpepHIBHOM 3aIlCH H3MEPEeHUU B

TedeHHe 36 YacoB;

- BO3MOKHOCTH OTOOpaK€HHUS JaHHBIX B Buje Tabmuil mwin rpaduxkoB Oe3

HCTIOIB30BaHMs BHEIIHEr0 KOMIBIOTEPA;

- HCMOJAb30BaHHe cTaHJapTHBIX HHTepdeiicor LAN u RS-232-C upaszvema USB an4
nepeaayu U XpaHeHUA U3MEPEHHBIX 3HAYEHUH.

[To GonbIIMHCTBY MEpEeYHUCACHHBIX ITapaMeTpPOB JAaHHBIH NPHEMHHK MOXET OBITh
UCMOJNB30BaH B KauyecTBe INPHEMHUMKA CHUCTEMBI JIETHOTO KOHTPONS C MpHUMEHEHHEM
BITJIA. OgHako oH MMeeT M3OBITOYHOCTh B BUAE AMCILIEA, KOTOPbINi He TpeOyeTcsa B
cllydae UCIOJMB30BaHUs B OESCIILTOTHOM KOMILIEKCE JIETHBIX MpoBepoK. HeManoBakHBIM
OTPHLATEABHBIM (GaKTOPOM JaHHOro Ipubopa ABngeTcd ero LeHa: ot 1 500 000 py6.

Taxum o6pasomM, mMpHHHMasi BO BHUIMaHHe Maccora0apuTHBIE MTOKa3aTeNH, a TaK Ke
CTOMMOCTh HMEIONXCA (QYHKIMOHAIBHBIX AHAIOrOB, IIeNIeCO00Pa3HBIM  SABISAETCS
pa3paboTka npuemnHuka curdanos ¢gopmarta [ILS u VOR ¢ nensto npumeHeHus ero Ha

6opty BILJIA.
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4 CxeMOTeXHHUYECKUH pazael

Crtporuiif pacueT HOMUHAJIOB CXEMBI EKTPUYECKON MPUHIMNUAILHON B JaHHOH
NOACHUTENBLHON 3allCKe He MNpPUBOJAUTCA, T.K. JAaHHAi IIOACHHUTENbHas 3alucKa
OTHOCHUTCA K BBIITYCKHOH KBaJH(pUKaIUOHHON Hay4yHO-UccaeaoBaTenbckoll paboTe, a He
K OUIUIOMHOMY MPOEKTY. TeM He MeHee, MpHU CO3JaHUH CXE€MBl YCTpPOHCTBa, aBTOp
pabOTBl MpOU3BOAUN TpeOyeMBbINl pacueT BCEX JNEMEHTOB CXEMBI 3JJIEKTPUUYECKOH

HpHHHHHHaﬂBHOﬁ H MOXKET MPEOJOCTABHTD €I'0 110 Tpeﬁ()BaHHIO.

4.1 BapuaHThl TOCTPOSHUS NPUEMHHUKA

B pazpabaTriBacMOM NMpHEMHHUKE IIpeofaracTcs M¢ppoBoil cnocod BHIYNCICHUS
napaMmeTpoB NIPUHHMaEMBIX CUTrHaNoB. [1o3ToMy aHanoroBoe AeTEKTHPOBaHME 34eCh He
paccMaTpUBaeTCsl.

IlpuemMHUK B OONBIIMHCTBE CHIy4yaeB IpPEACTaBIsIeT cCcoOOH MalOLIyMSAIIHIA
YCUINTENb, KOTOPHIA IIpeoOpa3yeT BXOJHOH CHrHal ¢ TMOHIKEHHUEM YacTOTHL
CnenopatenbHO, 0co00Oe 3HauYeHHE MMEET 4YYBCTBHUTEJIBHOCTE M H30OHMpaTenbHOCTH
NpHEMHHKA.

Ceroans, 6narogaps ycnexam B pa3paboTKe M IPOM3BOACTBE HHTEIPANBHEIX CXEM,
HEKOTOphIe TPaJULHMOHHBIE 3aJaul aHajoroBoil oOpabOTKH CHUTHaNa MPOMEXKYTOUHOMN
yacToTh!l (ITH) MoryT ObITh perueHsl ¢ noMmouplo HUPpoBBIX cxeM. Tak, Hanpumep,
(uIBTpaIus U Ipeodpa3oBaHUe YaCTOTHl CUIHalla MOTYT OBITh BBINOMHEHBI ITU(POBBIMU
(GHUABTpaMHU ¥ UUPPOBEIMH CHTHAJBHEIMI MPOLIECCOPAMHU.

BU-TpakT sBisieTcs Hanbomnee KPUTHYHON YaCThI0 CXEMBl PHEMHOT'O YCTPOHCTBA.
BxonHoU TpakT HNpHEeMHHKa ONpefenseT ONTUMAIbHOE COOTHOLICHHE MEXKIy oOleit
MPOU3BOAUTENBHOCTEIO CHCTEME], €€ HEPTrONOTPeOICHUEM U pa3sMepaMYL.

OCHOBHBIM HA3HA4YEHHEM paJUOIpHEMHIKA SABISIETCH JAETEKTHPOBaHUE U
00paboTKa paaloBOJIH, NepeaHHbIX Ha ONpeAeICHHON YacTOoTe TN B IHAIIa30HE YacTOT
H IMEIOLLNX H3BECTHBINM THII MOAYIAUUH. C TOMOLLIBIO MOAYAALMH [IepeJaeTcs [oe3Has
HHbOpMaLUA: ronoc, ayAuo-, BUASO- UMM Apyrue AaHHele. B mponecce obpaboTkn

CHI'Hajl10B IIpHEMHHKOM, OHH (bHJ]BprI-OTCH OT HCHYXHEBIX CHI'HAJIOB H IIOMCX, d 3aTCM
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yeunusatrores. llociie ycuieHMss TNPOMCXOAMT TPOLECC JAEMOAYJSLUMU, BO BpeMs
KOTOpPOTO CHUMaeTCH none3Has nHdopmanus c paaMocurHana.
Oru Tpu dTana — (QUALTPALUMSA, YCHIAEHHWE U AEMOIYIAlUUs —  SBIAIOTCH
cocTaBAsOLMMU o01ero npouecca. Crnocodbl peanu3aliu pa3iuyuHbix apxutektyp BU-
TpaKTa MEHSJIUCh B pa3Hble nepuojibl BpeMeHu. O1Hako OCHOBHbIe TpeboBaHus uisi BY-
TpakTa, TaKWe KaK 4YacTOTHBIM AWamna3oH M THUN NPUHUMAEMOI0 HECYUIero CUrHala,
sHepreTHueckuit OGananc xanana BYU-cBs3u, norpebnsemas MOILHOCTL W rabapuThbl
OCTAIOTCSl MPAKTUYECKH HEM3MEHHbIMU. PaccMOTpUM  OCHOBHbIE apXMUTEKTYphI

PaiHuONpHUEMHHKOB.

Jlemexmopnoiii AM-npuemmnux

Opnum u3 6azoBbix TUNOB BY-npuemHuka sBnseTcss AETEKTOPHBIM NMPUEMHUK C
aMMIUTyAHOH moaynsuuvedl (AM-npueMHMK), nNoka3aHHbIMi Ha pucyHke 4.1.
MNudopmanus, nogodHas peun 1M My3bike, MOKET ObITb NpeodpazoBaHa B aMIIMTYAHO-
MOJyJIMpOBaHHbIM CHUTHal, mnepeaaBaeMblii Ha Hecylle# uacrorte. Taxoit BY-curnan
MOKET ObITh AEMOIYJIMPOBAaH HA CTOPOHE MPUEMHHKA € TIOMOIIIBIO TPOCTOTO AHOAHOTO
netextopa. Bee, yTo HeoOxoauMo [uisi nocTpoeHus 6azoBoro AM-npuemMHMKa — 3TO

aHTeHHa, BY-QunbTp, AETEKTOp WM YCHIMTENb ISl YBEJIMUYEHUS YPOBHS TOJE3HOrO

curHana.
I AMTOMMA
% Dl_ I_Ij —) Beixon
Nonocoson Aerexrop ycunwurens
dnneTp

Pucynok 4.1 - biok-cxema npocreiiiiero AM-npuemMHuka

AHTGHHEL, KOTOpasa ABJACTCA ©MKOCTHOH Ha HacToTrax, UCIOJIb3YEMbIX IJIA AM-
paluoOBEllaHHuA, TIOCIACAO0BATE/ILHO COrjlacoBaHa ¢ KaTyHJKOﬁ HHAYKTHBHOCTH 1JIA

INOBBIIUCHHUA TOKa, YTO YBCIWHYUBACT HAIPAKCHHUEC Ha BTOpH‘]HOﬁ KaTyluKe Ao
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MaKCUMalbHOTr0 YpOBHS. MOKHO MCMONB30BaTh (PUALTP Ha NMEPEMEHHONH €MKOCTH s
BBLIOOPA HYKHOMH MOJIOCHI YACTOT (MM KaHasa) U OJIOKUPOBKH HEXKeNlaTebHbIX CUTHAJIOB,
Takux Kak wym. OThuibTpOBaHHBIH CUTHAI 3aTeM npeobpasyeTcs uis JeMOAYJIALMUH
AM-curnana u BOCCTaHOBNEHUS NOJIE3HON HH(pOpMALUK.

CnenyeT OTMETUTD, YTO U30MPATENBHOCTb U Uy BCTBUTEIbHOCTb AeTEeKTOpHOro AM-

INPUEMHHKA HEBbLICOKA.

lpuemnux npamozo yeuneHus
Bosee cil0KHYIO apXUTEKTYPY UMEET NPUEMHHUK NPSIMOr0 YCUIICHUS, COCTOSALLMHA U3
Heckonbkux BY-kackanoB, KOTOpble OJJHOBPEMEHHO HACTPaMBAIOTCS Ha MPUHUMAEMYIO

HacToTy nepen I€TEKTHPOBAHHUEM, H YCHUIIUTEIIA, Hpe,[lCTaBﬂeHHblﬁ Ha PUCYHKE 4.2.

AMTEHHA
2| — B o
HaCTpoeHHbie GrunbTpol ycunurens Aerexrop

C BHICOKUM C ycunurenem
x03$d. yermneHna

Pucynox 4.2 — IlpueMuux npsmoro ycunenus

Kax/ablii Kackaa COCTOMT U3 NOJIOCOBOro (GubLTpa, B KauecTBe KOTOPOro MOIyT
BoicTynarb LC-xonTtyp, ITAB-punbTp nnm auanextpuyeckuil pe30HaTOpHbINA (PUIBLTD, a
Tak/Ke yCHIUTens curHana. B ortnuume oT Apyrux apXMTeKTyp, B AaHHOH cXeMe HeT
npeoOpa3oBaHMs YaCTOThl BXOAHBIX CUTHANlOB, U OHM HE CMEILMBAIOTCS C CUrHalaMy
reteponHoB. McxonHblii BXOHON cUrHal 1eMOIyIUpyeTcs Ha AeTEKTOPHOM KacKaje.
C npyroil CTOpOHbI, B 3TOH NPOCTOH apXUTEKType HE TEHEPUPYIOTCS CHUTHAlNbI
3epKaJlbHOr0 KaHala, OObIuHbIe U APYTMX BUAOB MPUEMHHUKOB, KOTOPbIE HCTIONB3YIOT
YaCTOTHbIE CMECUTEIM, HATIPUMED, CyNepreTepOAMHHbIX PUEMHHKOB.

JlobaBnenue xaxnoro kackaga LC-GunbTpa — ycunurens B npMeMHUKE NPSMOTO

YCHJIGHUS YBEJIMYUBAET 0010 u30uparenbHocTh. OTpuLiaTebHas CTOPOHa — TO, YTO
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KaxaAbIi TakoM KacKaj JAOJDKEH OBITh MHAMBHAYAIbHO HACTPOCH Ha HYXKHYIO HaCTOTY.
JTO He TOJNBKO TPYAHO peanu30BaTh, HO TaKXKe O3HAYaeT, 4YTO MOJNOCa IpUEMa
yBeJINUMBaeTcA ¢ yacToTol. Hanpumep, ecnu nokasatens (Q cxeMrl paBeH 50 Ha HUKHEH
rpanule AM-nuanazoHa, ckaxeM 550 kI 11, To onoca nporycKaHUs IPUEMHUKA OyJEeT
550/50, umu 11 xl'm, T.e. 3T0 BroONHe IpHeMneMoe 3HadeHHe. OJHAKO Ha BepXHel
rpanuue AM-cnekTpa, Hanpumep, 1650 kI'L, monoca mponyckaHUsd yBeJIHYUBaeTCA OO
1650/50, unu 33 x['u. B pe3ynbraTe n30MpaTenbHOCTH IPUEMHHKA IIPAMOIO YCHIICHUS
HE SABISETCS MOCTOSHHON BENMYMHON: Ha HU3KHX YaCTOTAX OHa BBINIE, a8 Ha BBICOKUX
4acToTaX — HHXKe. Takhe OTKIOHEeHUA M30MpaTeNbHOCTH MOTYT — BBI3BIBAThH
HeXXenaTelbHbIe OCIWUIAIMHA H PEXHMBl B HACTPOSHHBIX Kackagax. Kpome Toro,
YCHIIEHUE He ABJSAETCA [IOCTOSIHHBIM B II0J0Ce HacTpoMku. M3-3a 3THX HEIOCTATKOB Ha
IIpaKkTHKe, B YaCTHOCTH, BO MHOTHX COBPEMEHHBIX O€CIIpOBOIHBIX ycTporicTBax Oonee
LIMPOKO NPUMEHSIOTCA APYrHe CXeMbl INPHEMHHKOB, TaKHe KaK MPUEMHHKU MPSMOTO

Hp806p330BaHHH H CYIICPIreTePOAHHHBIC IPHEMHHKH.

Hpuemnux npamozo npeobpazosarus

CnocoboM  npeofoNieHusd  HEOOXOJMMOCTH  WH/WBUJIYaJIbHOH  HACTPOMKH
HeckoNbkux BY-QuiabTpoB B nNpHEeMHHKE IPAMOIO YCHUAECHHMS SIBISETCA MPAMOE
npeobpazoBaHHe YacTOTHl HCXOAHOIO CHUrHajda B HaMHOro ©Oojee HU3KYIO OCHOBHYIO
yacToTy. B cxeMe npueMHUKa MpsAMOro NnpeoOpa3oBaHUs BBICOKad BXOJHAs 4acTOTa
CUTHaJIa, HECYILEr0 MOJYJIUpOBaHHYI NHpopMalyio, npeobpasyeTcs B 00Jiee HUZKYIO
YaCcTOTY, KOTOpad COOEPXKUT MOAYALUHIO, HO KOTOPYIO Jerde AeTeKTHPOBAThH M
JeMoaynupoBath. Takoe IpeoOpa3oBaHUE YaCTOTHl JOCTUIAETCs IIyTeM CMEIIMBaHUA
BxojHoro BY-curHana ¢ OIOpPHBIM CHTHAIOM WJSHTHYHOM WM MOYTH HASHTHYHOM

yacToTH. Biok-cxeMa npueMHHKa NpsAMOro npeodpa3zoBaHusA NMOKa3aHa Ha pUCYHKe 4.3.

HenubeliHoe CMeLIMBAHNE ABYX CHUTHAJIOB JIa€T CUTHAJ OCHOBHOM YAaCTOTEHI,
KOTOPHII 3aTeM OeTeKTHPYeTCs u OeMOIYJIUPYETCs IIPHEMHUKOM.

OnopHBIf curHan reHepupyetcd rerepoaunHoM. Koraa Bxoanoil BY-curnan
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CMELUMBAECTCS B HENMHEHHOM YCTpOHCTBE (AMOAHOM CMECUTENe MM CMecuTelle Ha
MOJIEBOM TPAH3UCTOPE) C CUTHATIOM IeTepOAMHA, TO B pe3ynbTaTe pOpMHUPYETCs CUTHAN
ITH, xoTopslii siBAsSeTCs cyMMOd Mnu pa3HocTbio BY-curnana u curnana retepoauHa.
Korna wactora rerepoanta BoiOMpaercs 0JMHaKoBOM ¢ yacToToi BxoaHoro BU-curnana,
TO FOBOPST, YTO NMPUEMHUK UMEET MOMOJIMHHYIO apXUTEKTYpPY (CHHXPOHHYIO) WM 3TO
npueMHuK ¢ HyneBod ITY. B mpoTuBHOM ciyuae, Koraa 4acToTa OMOPHOTO CHTHana
OTJMYAETCH OT YacTOThbl, KOTOPYI HYXKHO ACTEKTUPOBATb, NMPUEMHMUK Ha3blBaeTCH
reTepOJMHHBIM. TepMHMHBI «CYNEepreTepoJAMHHBLIN» M «IreTEPOJUHHBINY SABISIOTCS

CHHOHHUMaMH (_«cynep» 0O3HavacT «BbIIIE» UIH «CBEPX», 4 HE «nytuue»).

[ AMTCHMD Cmecntens

o Baixog wa ALIN
(ocHOBHAR wacTOTA)
BY-dnnnTp T Ounerp Yonnurens
HAIKAX Y4acTOT

A\

letepoanH
PucyHok 4.3 - biok-cxema npueMHHKa NPSIMOTo npeodpazoBaHus

Kak B roMOZIMHHOI, TaK U B F€TEPOJMHHON CXeMaxX HOBbIE 4aCTOThbl T€HEPUPYIOTCS
MyTeM CMEIIMBaHUSA JABYX WiIM Oosnee CUTHaJOB B HEIMHEHHOM yCTpOHCTBe
(TpaH3UCTOPHOM MM AMOAHOM cMecuTelne). CMelMBaHue ABYX TILATENbHO BbIOPaHHBIX
YacTOT NMPUBOJAUT K CO3/1aHUIO JABYX HOBbIX YACTOT, OZIHA U3 KOTOPbIX SIBJISETCS CyMMOMN
ABYX YacToOT, a Jipyrasg — pPa3sHOCTBbIO JIByX CMEIUMBaeMbiX cUrHanos. bosee Hu3kas
4acTOTa Ha3bIBAETCS 4AacTOTOM OMEHWH, T.K. MPU CMEIUMBAHUU ABYX OJIU3KMX 4HacTOT
oOpa3yeTcs 3BykoBas yactota. Hanpumep, ecinu cmemusats yactoty 2000 ' n 2100 I'ny
Oyner crenepupoBana 3BykoBas yactora 100 I'u. B pesynbraTe uactoTta ciBUraerTcs ot
Oonee BbicokO# k Gonee Hu3koH, B ciydyae BU-npuemHuka — K OCHOBHOH 4acToTe.
[IpueMHuku npsimoro npeodpa3zoBaHus, WU roMoauHHbIe (¢ HyneBoi 1TH) npuemnuku,
MCTONB3YIOT I'eTEPOAMHBI, TOYHO CHHXPOHU3UPOBAHHBIE C YACTOTON HECYILIEero CUrHana
JUIS TOTO, 4TOOBI MpSIMO NpeoOpa30BbIBaTh BXOJHOW CHUTHAN B OCHOBHbIE 4acTOThl. B
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TEOPUH 2TOT IPOCTON METOA HMCKIIOYaeT HeOOXOANMOCTE HCMOMB30BAHUA KacKaloB C
IOHIDKEHHUEM YacTOThl BMecTe ¢ (PUABTpaMI, CMECHTENIMH M TIeTepOAMHaMH. JTO
03HA4aeT, YTO II0C/Ie aHTEHHBI MOXET ObITh BKIoueH BYU-punntp ¢ ¢uxcupoBanHoil
YaCTOTOIl BMECTO HECKONBKMX HacTpaMBaeMBIX (QHIBTPOB, KaK B Clydae MpHEMHHKA
npamoro ycunenud. CnenoBaTebHO, MOXHO clipoekTHpoBats BY-dunstp ¢ Gonee
BBICOKUM IOoKazaTeneM Q. B cxeme c npsmbIM npeoOpa3oBaHHEM HYXHBIM CHUTHAT
BBIJENAETCS MyTeM HACTPOHKH reTepoiyHa Ha XelaeMylo dacToTy. HexenaTenbHble
YaCTOTEl, KOTOPBIE MOSBMIAIOTCS MOCHe INpeodpa3oBaHUs YaCTOTHl, OCTAIOTCA B IOJIOCE
Gonee BBICOKMX YaCcTOT M MOIYT OBITh OTQMIBTPOBAHBl (UILTPOM HHU3KUX HacToT,
BKJIOUEHHBIM I10CTIe CMECHTES.

K coxamenmo, MHOTMEe IIPHEMHMKH MPSIMOTO MpeoOpa3oBaHMA YyBCTBUTENBHBI K
Iapa3UTHBHIM YT€UKaM reTepo/IHa, T.K. YHepIrus reTepoiMHa [lepeaeTcs B AeMOAYIATOD
yepes aHTeHHY WJIN APYTuM nyTeM. JI1oOble CUTHaNbBl yTeUKU IeTepOANHa MOTrYT OBITH
CMEIIaHBl C OCHOBHBIM CHTHalOM TIeTepoiyHa M, TakuM oO0pa3oM, MOXeT OBITh
c(OPMUPOBAHO IIOCTOSIHHOE CMEIICHUE, KOTOPOe BHOCHT OLIYTHUMYIO MOIPELIHOCTH B
CUrHaJl OcHOBHOH wacToThl. [loaToMy HeoOxoauMo 06ecriedHTh XOPOLIYIO H3OJALIUIO
MEKIY reTepoaAHHOM cMecHTend U BU-nopTraMu A MEUHUMH3aALMH yTe4YeK reTepoIuHa.
Bo3moxxHO, caMbM OONBIIMM HEAOCTATKOM MPHEMHHMKOB IIPAMOro Mpeodpa3oBaHMA
ABJSIETCA UX BOCTIPUUMYUBOCTD K Pa3INYHBIM HCTOYHUKAM LIIYMa NPH NOCTOSHHOM TOKE,
YTO MPUBOAMT K (POPMHUPOBAHHUIO MOCTOAHHOTO cMewleHus. [IpuunHol BO3HUKHOBEHUA
HeXeNnaTeNbHbIX CUTHANOB OOBIYHO SBIAETCS PACCOTIACOBAHUE HMIEJAHCA YCHIIUTENA U
cMecuTens. JKecTKMM  KOHTpONb  TEXHOJNOTHYECKHX IPOLECCOB  H3TOTOBICHUS
MHTETPaNbHBIX MHKPOCX€M MO3BOJNAET CMATYUTH MHOTHE MpOONeMBbl, CBA3AHHBIE C
BO3HUKHOBEHHEM MOCTOAHHOIO CMEIICHHA H3-3a BO3MOJKHOIO pPaccOrIacOBaHUA

HMIICHaHCAd.

CynepeemepoOunHble NPUEMHUKY
B omnuunme OT CpaBHHTENBHO TMPOCTOH CXEMBl IPUEMHHKA IIPAMOTO

Hp806p330BaHHH, cynepreTepo,[[HHHBIﬁ I[IPpUEMHHK, KdK IIpaBHI0, COACPXKHUT HECKOIBKO
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KacKaZloB MpeoOpa3oBaHMsl YaCTOThl, KOTOpPbIe, B CBOIO OYepelb, COAEPKAT (PUILTPHI,
YCUJIUTENH, CMECUTENM U I'eTepo/IMHbl. Bllok cxema cynepreTepoAHMHHOIO NpueMHHUKa
nokazaHa Ha pucyHke 4.4. Takas apXuTeKTypa NpueMHUKa 00ecriednBaeT NPEeBOCXOAHY O
u30UpaTeNnbHOCTL M YYBCTBUTENBHOCTb. B OTiMYMEe OT TNpPUEMHHMKA TIPSIMOTO
npeoOpa3oBaHusi, B KOTOPOM HacTOThl FeTEPOAMHA CUHXPOHM3UPOBAHbI C YacCTOTOU
BXofiHOro BY-curnana, cynepreTepoiMHHbIH NPUEMHUK  MCMOJb3yeT 4acTOTy
reTepo/iMHa, KOTopas cMmellieHa Ha (PUKCUPOBAaHHYIO BENMYUHY OTHOCUTENBLHO YaCTOThI
NOJIe3HOrO curHana. Takoe cMelleH|e 4acTOThl MO3BOJSET MOTYHYHUTh TPOMEKYTOUHYIO
4acToTy, CreHEPUPOBAHHYIO NyTEM CMELIMBAHUS CUrHana rerepoauHa ¢ BU-curnanom ¢

MOMOILbIO HEJIMHEMHOIO yCTPOﬁCTBa — JHOJHOT'O UJIH FET-cmecurens.

Npeobpalosarens Npeobpazosarens
YACTOTH YacToTH
] L L) '
I AMTEHMD Cmecurens s Cmecurens

sy BN %_m ﬁ_><_,_ L

BY-dunwTp | T y N4-9mw1p  Yemaurens NY | T \  Bnox gemoaynaumm
levepoamm lFeTepopum oK
BY-xacxan NY-racxkan OCHOBHOM YaCTOTH

> »” P‘ »

Pucyxnok 4.4 - bnok-cxema cynepreTepoaMHHOrO NpUeMHUKa

B kauecTBe reTepoaMHa 4acTO HCMONbL3YETCS CHHXPOHHBIH TIeHepaTop,
ynpasngemblit  Hanpsbkenuem  (I'YH), paGorarommii B aAuanasoHe  4acToT
npeobpazoBaHus BxonHoro BY-curnana B curhan ITY. B nocnennee Bpems s
reHEepUpPOBaHUS CUTHAJIOB TeTEpOAMHA B NMPUEMHUKAX MCNOJNB3YEeTCd U PSAA JAPYTUX
METOJ0B CTaOWJIM3aLMKU 4acTOThl, BKJIOYas npsMoi uudposoi cuntes (direct-digital-
synthesis — DDS), a Takke NpuMeHEHHE aHAJOroBbIX CHHTE3aTOPOB C JPOOHBLIM
(fractional-N) u nenouncnennsim (integer-N) koapuumentom aenenus. Jlrobon meton
MOCTPOEHHUsl TeTepoJMHa JOKeH obecrieuuBaTh HEOOXOMMMBINH YACTOTHBIN aUana3zoH

CUI'HaJIOB € BO3MOXHOCTBHY CTYIIEHYATOI0 MNOBBLIILCHUA 4YacTOTbl B MOJOCE HaCTOT
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cucTeMHBIX KaHanoB. Hampumep, mns cucremsl ¢ 25-xl'1y kaHanamu He MOJXOIUT
reTepoayrH, KOTOPEIN MOKHO HacTpauBaTh JIUIIb ¢ MUHUMaJIBHBIM arom 1 MI'u. Kpome
TOr0, TeTepOAHH JOKEeH o00ecneyNBaTh MPHEMIEMBIH YpOBEHb OAHOIIOJIOCHOTO
(hazoBOro Iyma, cnelu(GUIPOBaHHBIN Ha 4acTOTe CMELICHHs, KOTOopas COBMAJacT ¢
YaCTOTHBIM HHTEPBAJIOM MEXKTY CUCTEMHBIMU KaHamami. CMeleHne yacToTsl Ha 1 Ml
OT Hecyllel He ofecmeunT AoctaTouHol MHpopMauueil o6 ypoBHe (ha3oBOro LIyMa,
Oonm3koro K Hecyllel wactore. ®azoBeIi 1IyM, OJMIKHII K HecyIeil, OObIMHO CIICIH-
¢dunupyerca Ha yactote cMellieHus He 6onee 1 kI'u. ['eTepoaun nomxen obecrneuusarthb
JOCTATOYHYIO MOLLIHOCTH CUTH&Ja, IOJaBaeMOI0 Ha CMECHTeNb. B HEeKOTOPBIX ciydasax
Ha BBIXOJI¢ reTepoArHa BKIo4yaloT OydepHBI ycunutenb, KOTOpHIM obecnednBaer
YPOBEHb BBIXOJIHOTO CHIHajla, JOCTaTOYHBIH /I KOMIEHCAlMH MOTeph Ha
npeobpaszopanue B cMecHuTene. Ilpu paspaboTke NOpPTaTUBHBIX YCTPOICTB cliegyeT
TIIATeJIbHO BBIOHpaTh HMCTOYHHMK IHMTAHMA U YYUTBHIBATH MOTpeOIsAeMyl0 MOILLIHOCTH

reTepoarHa.

Cumecumenu

CMmecuteny sBASIOTCS MHTerpaibHoH uacTbio BU-Tpakra moboro coBpeMeHHOTro
npreMHiKa. YacTOTHbIE CMECUTENN MOTYT ObITh OCHOBAHbI HA Pa3lIMYHBIX HEMMHEHHBIX
yeTpolicTBax, TakHX Kak OHOABI M TMoOJeBBleé TpaH3UCTOphl. M3-3a IpPOCTOTE H
BO3MOXHOCTH paGoThl €3 MOCTOSIHHOTO CMEIEHHUS! [IMOHBIE CMECHUTEIH IIPEBATUPYIOT
BO MHOTUX OeCHpoOBOJHBIX cHcTeMaX. CyIIeCTByeT HECKONBKO TOMONOTUH CMECHTENeHH,
BKTIOYAd HECHMMETPHIHEIH CMeCHTENb, OalaHCHBIH CMeCHUTEb H KOJIbLIeBoii OalaHCHBIH
cMecuTeh. BOZMOKHBI U JIpyrie BAPUAHTHI 3THX KOHGUTYpaliuii, HATPHMED, CMECUTEITH
C NOJIABIICHUEM 3ePKATLHOIO CUTHAJIA U CMECHTENH Ha FTapMOHHUKE IeTePOIUHA, KOTOPBIE
OOBIYHO HCMONB3YIOTCA Ha Oojlee BBICOKHX HYacTOTaX, YacTO B MHILTHMETPOBOM
Ouara3oHe JIUH BoJH. I IpocTe MM ZHOZHBIM CMECHTEIEM ABIIETCA HECHMMETPHYHEIMH
CMECHTEh, KOTOPBIii MOXKET COCTOSIT U3 BXOHOIO TpaHc(opMaTopa ¢ cOrnacoBaHUEM
HMIeJaHca, € IMHCTBeHHOr o anoaa, BU-apoccens u pHAbTpa HI3KUX 4acToT. BHOCHMBIE

MOTCPH TAKOTO CMCCHTEA COCTOAT U3 NOTEPD Ha npe06pa30133HHe, AHOOHBIX ITOTEPL H
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noreps B TpaHcopmarope. HomuHanbHble notepu Ha npeodpazoBaHyue 60KOBOH MOJIOCHI
paBubl 3 1b, norepu B Tpancgopmarope oxono 0,75 nb na kaxnyro cropony. Kpome
TOTO, €CTb AMOAHbIE MOTEPH U3-3a HANIMYMS NTOCIEI0BATEILHOIO CONPOTUBIECHUS IMO/A.
HecumMmeTpHuHBI  CMECHUTENlb  SIBASETCS TPOCTHIM  PEIIEHUEM, KOTOpOEe 4acTo
MCTONIL3YETCS B HENOPOTMX JETEKTOpax, TAKMX Kak JIeTEKTOPbl JBHKEHMs. BxoaHoi
TpaHcopmaTop s COINIAacCOBAaHUS MMIEJaHca JOJMKeH o0najaTtb Xopolueh
M30UpaTEeNbLHOCTBIO, UTOObI UCKIIOUNTBL W3YUYEHUE CUTHaNa reTepoauHa obpatHo B BU-
TEPMHUHANl U B AHTEHHY.
banaHcHbI cMeCHUTENb UCNOAbL3YET ABAa BCTPEYHO-BKIIOYEHHBIX Auona. B Takoin
KOHOQUrypalMy IIYMOBBIE KOMIIOHEHTbI OT rerepoaunHa wunu BY-nopra, koTtopbie
MOCTYNAlOT B MO/, FEHEPHPYIOTCS B IPOTUBONOJO0KHOM HalpaBlIEHUH B JIPYroM JIMojie
M TOYTH TMONHOCTBIO KommeHcupytorcss Ha Bbixoae [IY. Konbuesoii 6GanancHbii
CMECHTEJIb OOBIYHO CTPOUTCSI HA OCHOBE YEThIPEX AMOAOB, BKIIOYEHHBIX, KaK MOKa3aHO
Ha pucyHke 4.5. Taxas xoHdurypaums obOecneuuBaeT MpPEeKpacHOE TOAABICHUE
CllyyaliHbIX IOMEX M XOpOIIYH H30J581UI0 Mexay BceMu nopramu. M3-3a
CUMMETPUYHOTO BKIIOYEHUS HanpsKeHHWe reTepoanHa usonuposano ot BU-Bxoza, uto
npenoTepallaeT nossiaeHue Hanpsbkenus BY na Bbixoge rerepoauna. Ilorepu Ha
npeoOpa3oBaHHe KOJNbLEBOro OanaHCHOro cMmecuTenst ONM3KM K T1OoTepsM Ha
npeobpa3zoBaHue OanaHCHOrO CMECHUTENs, XOTS AMHAMMYECKMH AMana3oH KOJblEBOrO
OanaHcHOro cMecuTelss HAMHOTO OO0JIbILIE M3-3a YBEJIMYCHUS TOUKH NepexBaTa.
Fevepoanm
O

BY

ny

ANAAANAANAANAN

Pucynok 4.5 - Cxema Ko/blieBOro 6anaHCHOro CMECUTENS
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IlyteM o0BbeAMHEHNS IOJEBOTO N OHMOJIAPHOrO TPaH3UCTOpa ¢ MOHOJUTHOM
MIKPOCXEMOH CMECHTENII MOXKHO CO3JaTh aKTHUBHBIH CMECHTENb C YCIHJIGHHEM IpH
npeoOpazoBaHUM, a He ¢ MoTepsAMU. B o0IieM ciywae 3TOT THI CMeCHTENEH MOXKET
(bYyHKLIHOHHPOBATh ¢ MEHBLIUM YpPOBHEM BO30Y)KIAEHHUSA reTepoiuHa, YeM IIacCHBHBIE
CMECHUTEJI Ha OCHOBE ITIOJIEBBIX TPAH3UCTOPOB MIHM ANOAOB, XOTA B AaKTHUBHBIX
CMECHTENAX TakKe MOIYT BO3HHKHYTh HCK@XCHHUS TMpPH UYPE3IMEPHBIX YPOBHSIX
B030YyKIeHHA.

B BUY-TpakTax, HM3rOTOBJIEHHBIX ¢ HCIIOJB30BaHHEM MOHOMUTHBIX MC, Hacto
IIPYMEHAETCS aKTUBHBIH CMECHTENb, U3BECTHBIH Kak «sueiika I'mndepra». Taxoif Tun
CMECHUTENA COoYeTaeT Malylo MOTpeOadseMyld MOIIHOCTb, BBICOKHH KO3 HIHEHT
VCIWIEHUA W LIHPOKYI0 MoJocy IpomyckaHua. T.K. 3TOT cMecHuTenb Tpebyet
nud dhepeHIIMaTBHBIX CHTHAIOB, OH OOBIYHO Peanu3yeTcs C UCTONb30BaHIEM BXOAHBIX U
BBIXO/JHBIX TpaHCOPMATOPOB, KaK B KOJbLEBOM OanaHcHOM cMecutene [10].

B cBa3u ¢ TeM, uTo B pazpabaTbiBaeMoOM MpHeMHHKe TpedyeTca OGobLuoit
JIMHAMUYECKUM JUalla30H cMecuTens, ObLT NmpuMeHeH cMmecuTens SYM-30DLHW+

¢upmel MiniCircuits.
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4.2 CTpyKTypHas cxeMa CUTHAJIbHOT'O TPaKTa

CTpyKTypHas cXeMa CHTHalBHOIO TpakTa paspabaTbiBaeMOro IIpHEMHUKA

npe/cTaBlcHa Ha pUCYHKe 4.6.

tzmz A AgH Al

TUTUC
e LIATT}4—

[T [

PucyHok 4.6 — CTpyKTypHas cXeMa CUTHAJIbHOI'O TpaKTa IPUEMHHUKA

CurHanpHBIN TPakT COCTOMT W3 BXOJHOIO MONOCOBOro (GHIBTpa IIpecereKkTopa
(DPI1A1-113-9 nubdo @II3IT7-509-305 B 3aBUCHUMOCTH OT TOrO, Kakoil YacCTOTHBIM
auanasoH Tpebyercd oOpabaThiBaTh), MamolIyMmsilero ycunurend MGA-62563,
cMecutens SYM-30DHW, retepoaunHa, BEIMOMHEHHOTO Ha 6a3e reHepaTopa ¢ MpAMBIM
upoBeIM cuHTe30M AD9910, mnomocosoro ¢unsrpa IIY @II2114-520, 6nok
yeunureneil ¢ nepeMeHHbIM KoagduuuentoM yemnenus AD8330, ananoro-ungposoro
npeobpazopaTeNs ¢ pa3pagHOCThIO 14 OUT U yacToTOM B3aTUA BBIGOpOoK 80 MI'; AD9246,
I pO-aHATOroBOro Ipeodpa3oBareis [isd YIpaBleHUsA ycuieHHeM netnd APY
ADS5064, reHepaTtopa-pacnpeaennuTeNid TAaKTOBBIX 4acTOT AD9520-3, MHKpocXeMBbI

nporpaMMmupyemMoit moruku Altera EP4CE40F23C8.

4.3 OuAbTp-NpeceneKTop

Jn4 pa3sHBIX YaCTOTHBIX JUANIa30HOB BXOAHBIX CUTHANOB UCTIONB3YIOTCS pa3IUYHbIe
¢buneTpel. na mpHeMa cHrHaloB KypcoBoro paanomaska ILS M asuMyTanbHOroO
paguomasika VOR wucnonssyerca ¢unstp PIIA1-113-9 [11]. Ero ocHOBHEIE

XapaKTePUCTUKY MpeAcTaByieHbl B Tabnuue 4.1.
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Tabauna 4.1 — OcHoBHble napameTpbl GuiabTpa PITAT-113-9

[TapameTp 3HaueHue
[lenTpanbHas yactora 113 MI'u
ITonoca @-2 nb 9 MI'n
ITorepu 4 nb
[Tynscauuu 0,5 nb
ITonasnenue 60 nb

Jlns npuema curHanoB riuccaaHoro paavomMaska ILS npumenen gpuawtp PII3TI7-

509-305 [12], aMniMTyaHO-4acTOTHAs XapaKTepUCTHKA KOTOPOro NpeacTaBlieHa Ha

pucyHke 4.7.
dB

0

-20

-40

i -60

-80

-100
300 310 320 330 340 350 360 MHz

Pucynox 4.7 — AUX ¢unbsrpa OI13117-509-305

Ero ocHoBHbIe napamMeTpbl NpeAcTaBieHbl B Tabnuue 4.2.
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Tabnuua 4.2 — OcHoBHble napameTps! punbTpa GII3117-509-305

ITapameTp 3HaueHue
[lenTpanbHas yacToTa 334 MI'n
TTonoca @-3 nb 5MI'n
ITonoca @-50 nb 15 MI'u
ITotepu 8 n1b
ITonasnenue 70 nb

4.4 T'ereponnn AD9910. BoccTanaBnuBaromui GunbTp rerepoaHa

B paspabarbiBaemMOil nuate nNpUeMHMKAa B KayecTBE TIeTepoJMHAa TNpPUMEHeHa
MHUKpocxema npsMoro uudposoro cunresa (DDS) AD9910 [13]. Ee ¢yHnkunonansnas

ONo0K-cxeMma npeJcTaBleHa Ha pucyHke 4.8.

— —

AD9910 HIGH SPEED PARALLEL
DATA INTERFACE
LINEAR

RAMP
GENERATOR
1GSPS DDS CORE | 14-BIT DAC X

1024-
ELEMENT
RAM '

REFCLK
MULTIPLIER TIMING AND CONTROL

ﬁ

SERIAL CONTROL
DATA PORT

.5

Pucynok 4.8 — @ynkunonanbHas 610k-cxema Mukpocxembl AD9910

:
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OHa npegcTaBisieT coO0Oi B CHJIBHO YNPOIISHHOM BapHaHTe TabJMIy OTCUETOB
CHUHYCOMAANBHOINO CHUrHama, KOMbUEBOH cuHeTuMK aapeca U 14-paspanneiii LIAIL
CITOCOOHBIN reHepUpOBaTh 0TCUETHI ¢ YacToToi 1 I'Tw.

Muxkpocxema AD9910 sBnstercs nepsoil DDS koTopble AOCTUITIM CKOPOCTH OJHa
I'ura BeIOOpKa B CEKYH[Y, IIpH 3TOM HX 3HepronorpedieHue donee ueM Ha 50% Huxke
yeM y aHanoroB. Obnagas ckopocThbio 1 GSPS U HHTerpHpOBaHHBIM L(PO-aHaATOTOBBIM
npeodpa3oBaTeNeM ¢ pa3pagHOCTEIO 14-0uT, MuKkpocxema AD9910 no3songer nony4yuTh
BBICOKOYACTOTHbIe curHanel Jo 400 MI'y c Oonee XOpOIIMMH JUHAMUYECKUMIU
xXapakTepucTukamMy. Mukpocxema AD9910 nocTpoeHa ¢ HCMOJAB30BaHHEM
MaJIONIOTPebIAIONIEro A/jpa, KOTOPOe UCIIONB3YET B ACCATH pa3 MEHBIIE SHEPTHIL, YeM ¥
NpebIAYIIErO [IOKOJSHHS] MUKPOCXEeM. 3a OCHOBY si/ipa ObLIO B3ATO 3allaTeHTOBAaHHAsI
TeXHONOTHUA KoMmmaHuy Pentomics, koTopas cneLuHanusupyeTcsa B pa3paboTke cxXeM H
00paboTku curHanoB ana UudpoBoi cBs3u. HoBble BBICOKOCKOPOCTHBIE MHKPOCXEMBI
NpsAMOTro IIUGPOBOr0 CHHTE3a UMEIOT YIIyUIlICHHBIE JUHAMHYECKIE XapaKTePUCTHKU U
OpHUEHTHPOBaHbl Ha NPUMEHEHHE B BBICOKOTOYHEBIX CHCTEMAaX, CHCTEMaX CBA3U, M Ha
MCIIOJIb30BaHUE B BOSHHOMN TEXHUKE.

Mukpocxema AD9910 noszBonsieT pa3paboTurky OOHOBIATH 32-OMTHOE CJIOBO
NEepPECTPOIKY YACTOTHI KaXkK/ble 8 HC, YTO cXoke ¢ 1 0-OUTHRIM napaiebHBIM OPTOM CO
CKOpoCTBIO OOHOBIeHHA 250 MI'L. DTo Mo3BOMAET HCMOJb3OBATH MUKPOCXEMY B
cucTeMax TpeOyIoIMX KpaliHe OBICTpEIe H3MEHEHU TapaMeTpOB (a3bl WIH YaCTOTBL, UTO
CBOICTBEHHO BBICOKOCKOPOCTHBIM TI'€HEpaTOpaM CHUTHANOB, CHCTEMaM 3all[HIIEHHOM
nepeaayd JaHHBIX B MHOXECTBY pagapoB M ckaHepoB. K Tomy ke e€ notpebneHue Ha 70
MPOIICHTOB MEHBIIE HYeM Y CYIIECTBYIOIIMX aHanoroB u coctaBmsier 700 MBT B
NOJHOLEHHOM pexxuMe paboTel. Tak xke sapo DDS BkmtouaeT B ceds JONONHUTENBHBIM
AKKYMYJATOD AJIA MUHEHHOTo KonebaHusA YacTOThI, pa3bl WU aMIUTUTYAEL, OTIepaTHBHY IO
NaMATh U CXE€MY YIIPOIUEHHOH CHHXpoHU3aUuu [14].

Hanuune B coctaBe IL[AIl TpeOyeT ycTaHOBKM Ha BBIXOJIE MHKPOCXEMBI
BoccTaHapnuBatowero ®HY. IlpoextupoBanne (GpUABTpa NMPOBOAWIOCH B MporpaMme

Filter Solutions 2014. Pe3ynpTaThl NpoeKTHPOBAaHHA IPUBEAEHBI Ha pUCYHKax 4.9-4.11.
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ency Resp.

Add Tx Zeros

lti!tl!ﬁl!!t:

Topology | Nodeshleads |

Pucynok 4.9 — 3aganne xapakTepucTHK BOCCTaHaBIMBaroLlero Gpuibrpa

.Lumpedmterlm s ESREETT)

~ Print | MetList| Freeze [~ Balance |4 Digs W Fit
; 10% Standard
I'E-HP""' 2| 7th Order Low Pass Chebyshev | [10% Standerd |

Pass Band Freguency = 350.0 MHz
Pass Band Ripple = 0.02 dB

50.00 &2 33 00 nH 33 00 nH 33 00 nH

800 pF T‘TB 00 pF T 18.00 pF T?.BOO pF 50.00 &
c7 R&

Sun Jun 18 05:48 2016

o —— S — — 4

Pucynox 4.10 — CnpoekTupoBaHHas cxema BOCCTaHaBIMBAIOLIETO pUIbTpa
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E Lumped Filter 1 Frequency Response _ l =JLC li&-l
mcnl.

_Text | Freeze O v Base v Mag | Phase| GipDelay v dB v Deg
Lumped Circuit Frequency Response B

ceiit] Copy | Limits |

WMagnitude (dB)

00 W 600 M BOO M 16

Frequency (Hz)

Sun Jun 1205

Pucynox 4.11 — PezynbraT MoaenupoBanus (puibTpa B 4YaCTOTHON 00nacTu

Kax BMJHO M3 NpUBEJIEHHbLIX Bbillle PUCYHKOB, BOCCTaHaBIMBaOLIMK (QUILTD He
BHOCUT OILUYTHUMOIO 3aryxaHus Ha uvactorax a0 350 MIu, yro no3BosuT Ham

reHepupoBaTh N100y10 YacTOTy rerepoaoHa B auanazone 0...350 MI L.

4.5 YBenuuenue ocadneHms 3epKajibHOro KaHalla

O6paBOBaHMe 3€pKalibHOI'0 KaHalla TipuemMa Hen30eKHO npnu MUCNOJL30BaHHUH
H@HyﬂeBOﬁ ﬁpOMC}Ky’!’OLiHOﬁ HacTOTbl, HYTO o0BsicHsETCS TPHUIOHOMETPUHCCKHMHU
TOXACCTBaAMH TIpH TC€TCPOAUHHUPOBAHHH MNMOJIE3HOI0O CUrHaja C 4acTOTOM JIOKaJbHOI'O

renepaTtopa (rerepoauna) [15]. Ha pucynke 4.12 nokazano oGpa3zoBaHne 3epKalbHOTO

KaHalla npuema.
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PucyHok 4.12 — Ilpouecc o6pa3oBaHua 3epKalbHOrO KaHala B
CyIepreTepoJUHHOM MPHEMHHKE

Kak crneayet u3 pucyHka 4.12, eciu pa3MecTUTh YacTOTY FeTepOIUHA Ha YaCTOTHOM
OCH JieBee MOJOCH INPOMYyCKaHHs (PHABTpPa — MpeceeKTopa, TO 3epKaJbHBIH KaHa
pa3sMECTHTCS Je€Bee YacTOTHl I'eTepojnHa (HUXKHAS HacTpolika rerepoauna). Ecnu xe
Pa3sMECTHTh HacTOTY FeTepOAHHA MpaBee MONOChl MPOonyckaHUs QUIBTpa—IIpeceneKTopa,
TO 3€pKaJbHBIH KaHajl NpHeMa pPa3MecTUTCS NpaBee YacTOTHl reTepoiuHa (BepXHAS
HacTpolika rerepojauHa). T.e. B 3aBUCHMOCTH OT TOT0, KaKyl0 HACTPOHKY reTepOAHHA MBI
BeIOEpEM, 3epKalbHBIH KaHal ImomafeT JUb0 B MOJOCY YacTOT HHXKE IMOJOCH YacTOT
¢duneTpa-npecenekropa, Jub6o Beille. OTCIOAa MOXKHO CZeNaTh MONE3HBIH BBIBOZ,
KOTOPEI MOMOKET YIy4IIUTh ocnabieHne 3epKajJbHOro KaHana Onarofapsl MpaBUIBHO
BeIOpaHHON  HacTpoilike  rerepoauHa.  QOcnabnenue — ¢unpTpa-npecenexkropa
yBEJIMUUBaeTCs B MPOLECCe CMELUEHUS MO YacTOTHOH OCH OT TPaHHUL ero IOJIOCHI
npomyckaHui. YeM pganplle OT IpaHUl IOJOCH MPOMycKaHHsA OyIeT HaxOAMUTHCA
3epKajlbHBIH KaHal IpHeMa, TeM CcHIbHee OyJaerT ero ocnadneHue QGUIBTpOM.
PekoMeHaauuss mo BBHIOOPY THMA HACTPOMKH TeTepoAuMHa (BEpPXHAA MJIM HUMHSA)
3aKMI0YAEeTCA B TOM, YTO A KaHAJNOB MPUEMa, PacIoOKEHHBIX B IIpeAeiax OT HUKHeH
rpaHUIBl 0 CEepeJAUHBl IOJNOCH TNpPOMycKaHus (UIbTpa-mpecenekropa cieayer
BBIOMpPaTh HUKHIOIO HACTPONKY reTepoAnHa, KOTJa YacToTa reTepoJuHa pacnoaraercs
NeBee NeBOH paHULBI MOJOCH NMPONMyCKaHUs (HIBTpa-pecesnekTopa. A 1N KaHaloB
npueMa, paclofiOKEHHBIX B Mpejenax OT CepPeJUHBI 0 BepXHeH I'DaHULBI ITONOCHI
nporryckaHus QUIbBTpa-MpeceNekTopa, CcAeAyeT BBIOUpPATh BEPXHIOK HACTPOUKY
reTepoJuHa, KOrja 4acToTa reTepoAMHa pacrnojaraeTcsi Ha YacTOTHOH OCH TMpaBee

NpaBoil rpaHULIBI II00CH! IPOILyCKaHUs (PUNBTpa-IPEeCceNeKTopa.
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5 KoHceTpyKTOpCcKMH pazaen

5.1 PaspaboTka ne4aTHOrO y3ja NpUeMHHKa

PYHKLUMOHATBHO 3aKOHUYEHHBIH y3el NpUeMHUKa BRIMOJIHEH Ha BpYOHOH Adelike ¢
NpUMeHeHNeM MNeYaTHBIX MiaT TunopasMepa 270x310 mM. B kayecTBe OCHOBHOIO
ANEKTPUYECKOr0 COSAHHUTENS, Ha IIEYaTHOH ILTaTax, HCnonb3yeTcs pazseM Tumna CHII-
34C-135P-B na 135 KOHTaKTOB.

Mogaynpe npueMHHKa NpeacTapisaeT cobolt c6opky us MIII, ¢ yeTaHOBNIEHHBIMY Ha
Hell  DJIEKTpPOpajMo3NEeMEHTaMH,  META/UIMYECKHX  3KpaHOB,  3aKpPBIBAIOIIUX
YyBCTBUTENBHBIE K [IOMeXaM 00/1acTH MEYaTHOH MIATHI U KPEmnexa.

IIpu pa3zpaboTke npuemHuka 6si1a BeiOpaHa MIIT, mockonbKy CHOXKHOCTE CXEMEI,
NPUCYTCTBUE KOMIIOHEHTa B Kopnyce Tuna BGA v o6niue KOMIMOHEHTOB ¢ IITaHapHBIMU
KOHTAKTHBIMH IUIOI[aJKaMH HE IIO3BOJWIH MPOHM3BECTH TPACCHPOBKY IIPOBOJHHUKOB
TOJMBKO Mo ABYM ciosam. K ToMy ke, mpuMeHeHNe MHOTOCTONHON IIaTHl MO3BOJIMIIO
COEIUHUTE 3MEMEHTBI CXEMbl KOPOTKUMU TPOBOAHHKAMU ¢ He0OMbIION pacpeaeneHHO
€MKOCTBIO MEX/Ty MPOBOIHUKOM, COCEAHUMHU MPOBOAHIKAMH H 3eMIICH.

IInata copMHpoBaHa U3 6 COEB: 4 CUTHANBHEIX, 1| KopnycHoil 1 1 ¢lod MUTaHUA.

VYcTaHOBKaA 371eMEHTOB IIpou3BeAeHa ¢ 00eHX CTOPOH ILIATEL

CoenuHeHre IpUEMHHKA C PYTUMH (YHKIIMOHAABHBIMI y3JIaMH CUCTEMBI JIETHOTO
KOHTpons obecnieunBaeTcs npu nomomy paszseMa CHII-34C-135P-B. Pasmenienue
OAaHHOTO pa3beMa Ha mare OOYCJOBIEHO OCOOEHHOCTAMU KOMIIOHOBKH MOMYJIA

I[IPHEMHHKA.

5.2 KoHCTpYKTHB MHOTOCAOWHON NEYaTHON IJIaThI

PazpabaTbiBaeMasd IedaTHad TMJIaTa H3HAYaJbHO MPOECKTHPOBANAch IOA
TEXHOJOTHYECKHE TpeOOBaHU Mpon3BoANTENs neyaTHsIX 1aT «HoBocnbupckuii 3aBo
NEYATHBIX II1AT " DNeKTPOKOHHEKT". J[11s1 6-crioiiHol newaTHOM MIaThl TONIIKHOMN 1,5 MM,
U3rOTOBJIEHHON W3 cTekiIoTekcTonuta FR-4 co cpeaneli  OuaneKTpuueckoil

INPpOHHUIAEMOCTBIO 8=4_,5 IIpenjiaracTces CJIC,[[yIOH_lHﬁ KOHCTPYKTHB!
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Koa xoncrpyktuBa - 6/15/35/FR/.CEP/Cum/BH0.36 (THUIIOBOM, CUMMETPUYHbIH,
«Bapuanr 2»)

- ponbra - 0.035 mwm;

- npenper (3 x 1080) - 0.206 mm;

- onbra - 0.035 mwm;

-crek - 0.51 mm;

- osibra - 0.035 mm;

- npenper (3 x 1080) - 0.206 mm;

- onbra - 0.035 mwm;

-crek - 0.51 mm;

- osibra - 0.035 mwm;

- npenper (3 x 1080) - 0.206 mwm;

- (honbra - 0.035 mm.

OTO HalIO CBOE OTpPa)KeHME B HACTpPOMKaX KOHCTPYKTHMBA IEYATHOW IJiaThbl

nporpamMmMHoro nakera Altium Designer, npencraBieHHbIX Ha pucyHke 5.1.

e tose fretr | 430 9 o (4] ] [a] fmemtierar -
|age e Typa Maters iharkmess jrrg e :3:";;;,"; L il 18
# | Tep Cretlay Cverlay
2 Top Scider Soider Mask/Co. - | Surace Materlal |C.ILCLE Solder Sesist 3.5
- TRl Sigral Copper Ce ‘o
il (ol _rtz/'ﬁr’- ¥ 1 1 4 !
E{QB j: 4 4 4 7 Inetertricl [¥rlesdie Pregreg (s PREERET 1D 1k
FEy R B Under Teg Sigr.. | Sigral Copper 0.635 Hot Allowed
PSS = ] - = - .
o Distectrizs Deoelectrie Core ca R
L I | wgra tayer | sigral | . s Hat Az
R i A 2 _'?:_F,_ﬁ-_;q L sigral Lager | Sigral (appe ot Al e
e R | nueans et Pregieg [ AEFED SR
TR ,7} PAT.SIgras Layer | Sigral | Copper |c.038 Mot allzuea
Wl ot of /] | Distedtra Delectric Core e R4
[ B Under Battom 5. Sigral Cupper cade Nl Allwed
= Dielertris2 Delritric Prepreg c.o0e PREPRES 1020
Ectior Layer Slgnal Copper 035 Ecttar
Cetiom Szicer Soiger MaskCo, o | Sumace Materl2l  C.0101C aclder Resint 23

4 | Fotiom Ceetlay | Cverlay

Total Thidkners; LEGEIImm Addd Layer = | il Pais.. Impedanee Carailsiion,.
Agheaneed » 0 (3 Cameel |

Pucynok 5.1 — HacTpoiiku KOHCTpYKTHBa neyaTHOM MiaThl
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5.3 PacueT MuKpononockoBblX IMHUN Nepeay

ITocne TOro, KaxK OblIn 3a/laHbl BCE€ PacCTOAHNA MEXKY TOKOIIPOBOAALINMHU CIOSAMHA
rne4yaTHOM IJ1aTtbl, TIOABUWJIACh BO3MOXHOCTbL PacCCHUTATh MHUPHHBI TIPOBOJHHUKOB,
H606X0ﬂ,HMble JJ1s C06J'I}O,Il,eHH$I BOJIHOBOI'O COIPOTHBICHHA 50 OM B OTBETCTBEHHbIX
HENAX, KOTOPbI€ UCTIONB3YIOTCA [Jisd NIEPEHOCA BLICOKOYACTOTHLIX CUTHAJIOB.

I[.ﬂﬂ NPOBOJHHUKOB, PaclONOXKEHHBIX Ha HApPYXHBIX ClIOAX I n 6, KOTOpbIE
NnpeaACcTaBIAOT co0o¥ OTKPbLITbIE MHUKPOIIOJOCKOBbLIC HCCUMMETPHYHbIC JIMHUH TI€pEaay,

pacueT WMPUHBI TPUBE/IEH Ha pUCyHKe 5.2.

lofl Saturn PCB Design, Inc. - PCB Toolkit V6,1 - www.saturnpch.com — _Lg}' -!J
Eile ProgramFunction: Tools Help Centack Saturn PCE Design, Inc.

Via Properties | Conductor Properties l Bandwidth & Max Conductor Length i Differential Pairs | Padstack Calculator | Mechanical Irformation

Fusing Current I Embedded Resistors | PPM Calculator I Crosstalk Calculator l Wavelength Calculator
Conductor Spacing Corductor Impecance | Conversion Data ] Planar Inductors I PON Impedance | Thermal
Conductor Impedances Options

Conductor Width (W) Formula Restrncuons: — Basa Copper Weight - — Units

" Qum  Impenal

[0.33259 0.1 < WH < 3.0

9 mm TH < 0.25 S Jodin & Metric

Conduetor Height (H) o S.bstrate Opti
C Jostrate Options
]0.206 mim C ;gﬂm Materal Selaction
" 106um !“ d 8T0 I
¢ 149um FR-4 STD ot
¥

W/H - 1.615
T/H= 0.170 il = i
Mlating Thickress I“'ﬁ |':”'
& Rare PCR
 18um Tamp Rise (°C)
" 35um - -
' 53um 20 j
 70um -
" gsum
' 106um L )
e i Ambiznt Temp (?C) —

— Passive Circuits

[49.9999 Ohms e TI—

La —

© Micrustrp Embed
[2.8130 nH/cm

" Stripine
=0
fl 1555 pF/ ™ Stripiine Asym
; pF/cm
 Coplanar Wave Print Salve!
10-0563 ns/cm Infarmation
| | Tetal Copper Thickness ¥IA Thenral Resistance
25 um 179,260 Deg T/Watt
& SAI l lRN Cenductar |emperature
Temp in {7°C) = N/A
PCB DESIGN, INC in (oF) =
Turnkey Elactranic Engnaenng Solutons Temp in (°F) = Nia

PHC)’HOK 5.2 — Pacuer IIUPHHBI OTKPBITbIX MUKPOITOJOCKOBbLIX HCCUHMMETPHYHbIX

AUHUM niepenay A cnoes 1,6

H.TIH yﬂ,OﬁCTBa, NPpHHUMAEM 3HAYCHHE LLIHPHUHBLI OTKPLITOI'C MHUKPOIIOJIOCKAa PaBHOC

0.3326 mm.
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Jlns npoBOJHMKOB, pacnoJIOKEHHbIX Ha HapyXkKHbIX cloax 1 u 6, KOTOpble

NpeaACTaBIsAOT co00i OTKPBITLIE MHUKPOIIOJOCKOBbLIEC CUMMETPHUYHLIC JIMHUHK TIEpEaay

(nnddepeHumanbHble rnapbl), pacHeT LUMPHUHBI IPUBEACH Ha pUCYyHKe 5.3.

ﬂs.ﬂ.un: PCB Design, Inc. - PCB Toolkit V6.6 - werw.saturnpch.com
File  Program Function Tools Help Contact Saturn PCE Design, Inc,

Fusing Current ]
Conductor Spazing ]

Embedded Resistors
Conductor Impedance |
Yia Propertiss ] Conductor Propertias | Bandwidth & Mayw Corductor Langth  Nifferential Pairs I Padstack Calculatar I Meachanical Informatizsn

| PaM Calculator |
Conversion Data |

i Differentizl Pairs
Conductor Width (W)

Targot Zdiff

[0.3326 mm

Conductor Spacing (S)

60 mim

Conductor Height [(H)
0.206

mim
W/H = 1.615
S/H= 2.913

ESA

[100

URN

PCB DESIE’IN INC

Tumnkay Electronic Engingenng Solutions

Ohms

0.1 <W/H<3.0
0.1 =S/H < 3.0

Zdiffarential

[07.069 0hms M

20

I50.000 Ohms

+/= Tcleranca = 10%

T —

|106.776 Ohms

I87.362 Ohms

LN

- Information

Crosstalk Calculator ]
Planzar Irductars ]

PDN Impedance ]

=leix|

Wavelength Calculator
Thermal

- Opticns
- Base Copper Weight - (~ Units
" Sum € Imaetizl
™ i
o ;Eﬂm * Metric
" 53um ,
~ 70um Substrate Options -
r 88um Matenal Selection
~ 106um Iﬁ
 142um FR 4 5TD
r 178um Er Tqg (or
i~ Blafing Thickness il |""6 113’]
@ Bars FCB : .
 i8um [~ Temp Risz (°C)
" 35um q «
|_ 0
" 53um j
© 70um -
" 88um
" 106um

Diffarantial Layer

& Edge Cpld Ext

' Edge Cpld Int Sym
" Edge Cpld Int asym
 Edge Cpld Embad
" Broad Cpld sShid

" Broad Cpld NShid

Ambient Temp {®C) —

Total Copper Thickness
35 um

Conductor Temperature
Temp in (°C) = /4
Temp in (°F) = N/A

%14 Thermal Resistance
/&

Y14 Yoltage Drop
N/A

i.hyer ar passive c'Ircm seectior.

\
B

Pucynok 5.3 — PacueT LUMpPHUHBI OTKPbITBIX MUKPOTIOJOCKOBBIX CHMMETPUUYHbIX

auHui nepenay (auddepenumnanbHbix nap) A cioes 1,6

I[.TISI yﬂoﬁcma, NNPpUHUMAaEM 3HaA4YCHHUE LIUPHHBLI OTKPLITOIOC MHUKPOIIOJIOCKA PaBHOC

0.3326 MM, paccTosiHME MEKAY NMpoBoJHMKaMu aAuddepeHumanbHoi napsl pasHoe 0.6

MM.
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JIs NpOBOAHMKOB, PAcNOJOKEHHbIX Ha BHYTPEHHUX CJoiX 2 M 5, KOTOpble
NPEACTaBNIAIOT CO00H 3aKPbIThie MUKPOIIOIOCKOBbIE HECUMMETPUYHbIC IMHUY Tepeaay,

pacueT LIMPUHBI IPUBEJEH HAa PUCYHKe 5.4.

[ 5aturn PLB Design, Inc. - PCB Toolkit ¥6.1 - www.saturnpch.com -10] x|
Ells  Program Functicn Toos Help Contact Satum PCB Desicn, Inc.

Yia Properties | Conductor Properties l Bandwidth & Max Conductar Length ! Differential 2airs i Padstack Calculator | Mechanical Information

Fusing Current | Emoedded Resstors | FPM Calculator | Crosstalk Calculator I Wavelength Calculator
Conductor Soacing Conductor Impadance I Conversion Data | Planar Inductors | PON Impedance Thermal
~Conductor Impedances — — 1 Oplivns
Conductor Width (' i Base Copper Weight - — Units
" 9um " Imperial
03175  mm € 18um & Metri
: & Ttum etric
Conductot Height (H1) i -
© Sgiim [ Substrate Options —
|0.206 mm ; 88um Mater= Sele=tior
1 106um I_—_]
Conductor Height (H2) A0 FR-4 8TD b
0.51 mm " 178um Er TG (oc
Plazing Thickness — [4.6 [130
s e, i t .
g — Temp Rise (?C) ———
35 - ~
it I n j
Wide zalculation mode : ] -
c _:_ =

Z0

- Passive Circuits _  Ambient Temp (2C) —
[50.000 Ohms

" Microstrip |'-l j

Lo —
™ Microstrip Embed =
[4.9520 nH/cm _ =
" Etnpline
Co
|1 5808 pF/ ¥ Ctripline Asym
. pF/cm
" Coplanar YWave Print Solvel
i | P
[0.0715 ns/cm B

Total Copper Thickness YIa Thermal Rasistance
35 um 179.268 Deg C/Wat:

E SAI l lRN Conductor Temparaturs

PCEB DESIGN. INC et

Tunkey EBectronc Engmaenng Solvbons

| | &

PHC)/HOK 5.4 — Pacuer HIMPUHBI 3aKPBIThIX MUKPOMNOJOCKOBLIX HECUMMETPHUYHBLIX

JIMHUH niepeay ajs cioes 2,5

[IpyHuMaeM 3HaueHKEe LIMPHHBI OTKPBLITOrO MUKponosnocka pasHoe 0.3175 mm.
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JInsi NpOBOJHWKOB, PAacCIOJIOKEHHLIX Ha BHYTPEHHMX CJIOSX 2 M 5, KOTOpble
NPEACTaBsIIOT CO00H 3aKpbIThle MUKPOIOJIOCKOBbIE CUMMETPHUYHbIE JTMHUU Tepeay

(anddepenumanbuble Napbl), pacueT WIMPHUHBI IPUBEAEH Ha pUCyHKe 5.5.

Eimlurn PCB Design, Inc. - PCB Toolkit ¥6.6 - www.saturnpch.com 10 x|
Eile Program Function Tools Help Contact Saturn PCE Design, Inc.
Conductor Spacing ] Conductor Impedance I Conversion Data | Planar Inductors | FDN Impedance I Thearmal

Fusing Current | Embedded Resistors I FEM Calculator ¥ Crosstalk Calculator |
Via Properties | Conductor Properties ] Bandwidth & Max Conductor Length  Differential Pairs | Padstack Calculator j Mechanical Information

Wawelength Calculator

- Differential Pairs — Options

Conductor Width (W) Target Zdiff Eormula Restrictions: ~ Base Copper Weight = ~ Units
C 9um & i
[0.2045 mm [100 Ohms 0.1 < W/H < 3,0 S Imperial
U1l1<5MH<30 ¢ 35um & Metric
i w
e - -S,gﬂm Substrate Options
|2 mm  g8um Material Selaction
C 106um I—_|
FR-4 8TD -
i € 142um
Conductor Height (H1) e iz —
0.51 i =
| sl - Plating Thickness —— [+.6 [Lao
Conductor Height (H2) & bas OCE L
€ 1Bup — Temp Rise (°C) ——
|0.206 mm (o -
c = P 20 j
W/H=0.272 zZdifferential c -
e
S/H= 2.663 [99.986 Ohms W || |~ .o, ;
Zo Ambient Temp (°C) —

SATURN

PCB DESIGN. INC

Turnkeay Electronic Engnaenng Sclutions

E

|50.002 Ohms € Edge Cpld Ext

' Edge Cpld Int Sym
@ Edge Cpld Int Asym
" Edge Cpld Embed

 Broad Cpld Shid

+/- Tolerance = 5%

AN S

|104.986 Ohms

-~ Differential Layer ——

" Broad Cpld MShid

-

Print Salve!

Information

[94.987 Ohms

Total Copper Thickness
35 um

Conductor Temperature
Temp in (9C) = N/A
Temp in £9F; = M/A

R

VIA Thermal Resistance
/A

Y14 Yoltage Drop
N/A

PucyHok 5.5 — Pacuer lUMpPHUHBI 3aKPbIThIX MUKPOINOJOCKOBbIX CUMMETPUUHbBIX JIMHUH

nepenay (auddepenumanbHbIX nap) Ans cnoes 2,5

HJ]H yﬂﬁﬁcTBa, IIPUHUMaEM 3Ha4CHHUE LIHMPHUHBI 3aKpPbLITOIO MHUKPOIOJOCKa paBHOE

0.2045 MM, paccTosiHue MeXKy NpoBoJHMKaMU auddepeHumansHoi napel pasHoe 0.51

MM.
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6 Paspaborka nporpaMMHOro obecrieueHus

B pasznene paspaboTku mnporpaMMHOro oOecrnedeHMs pPacCMOTPUM BOMPOC
MOJIETMPOBaHUS ASMOAYIALUY paJuoCUrHaia B HUM(GPOBOM BHJE C MOMOLILIO CPEbl
Matlab. B xauecTtBe aeTekTOpa INpoOMOZEIMpPYeM paboTy KBaJApaTypHOH CXeMbl,

npejcTaBieHHOM Ha pucyHke 6.1 [16,17].

I~

E 0 e

K=

Pucynok 6.1 — KBaapatyphbiit AM netekrop

Jluctunr nporpammbl MmoaenupoBaHus B cpene Matlab npusenen B Ipunoxenun 1.

6.1 TouHoe coBnageHue 4acTOT

ITpomosenupyem pabGoTy JeTeKTOpa B HIeallbHbIX YCJIOBHSX, KOIJla 4acToTa
BXOJIHOTO CHTHaJla B TOYHOCTH paBHa pacuyeTHOH. Pe3ynbraThl MoaenupoBanus paboThl

JIETEKTOpa B 3TUX YCJOBUSX NpeICTaBIeHbl Ha pUcyHKax 6.2 — 6.7.
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Pagwocvrsan Ha exoge NPUEeMHHKA

R R Rt 1 1 1 1 ) I ]
os SRR
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< (AR : i
0.5 it L-?"""'ﬁ"'" FE R R R e
TN R LYot 5§ RNUY {14 1} Y LS

0 0.605 0.|01 0.015 O.IUZ 0.0|25 0.|03
Bpemn, ¢

PucyHnok 6.2 — Bup paanocurnana Ha BXoJie AETEKTOPa

CWrHan Ha BbIXxoge CMecuTens CHH@SHOFO KaHana

0.

L4

Amnnvtyaa, B
o —
__Z olool.

T T e e

——————————————————————————————————————————————————————————

| | | | | :
0 0.005 0.01 0.015 0.02 0.025 0.03
Bpemn, ¢

PucyHok 6.3 — Curnan Ha BeIXoJle cMecuTens B cuH¢a3HoM KaHaine (1)
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CwWrHan Ha Bbelxoge CMecHUTens KBagpaTyPpHOro KaHana

0.5

Amnnutyaa, B
[wr ]

0.5

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

| | | | | :
0 0.005 0.01 0.015 0.02 0.025 0.03
Bpemn, ¢

PucyHok 6.4 — Curnain Ha BBIXOJIe CMECUTENS B KBaJipaTypHOM KaHaue (Q)

Curdan nocne cdunbTpaumn 8 cMHasHOM KaHane
T T T

——————————————————————————————————————————————————————————

Amnnvtyaa, B

0.5

——————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————

| | | | | |
0 0.005 0.01 0.015 0.02 0.025 0.03
Bpemn, ¢

Pucynok 6.5 — Curnan B cuadassom karane (I) nocne ¢punprpanun

55



Cwvrtan nocne dwneTpauMn B KBagpaTypHOM KaHane

— e e —

— — — —— e — - —— - —— =

— e e e e e — —

g

dm—————

e e e oo — - -

g ‘erAlmruny

0.5F -

0.005

Bpems, ¢

PucyHok 6.6 — Curnan B kBagpaTypHOM KaHane (Q) nocne punpTpaiuu

JleMofynupoBaHHLIf CUMHAN HA BbiX0ae AeTeKTopa

q ‘erfruny

0214~

Bpems, ¢

PucyHnok 6.7 — JleMoaymupoBaHHBIN CUTHAN Ha BBIXO/IE ACTEKTOPA
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6.2 CMellleHHe YacTOThl BXOAHOTO CUTHAajIa

B peanbHBIX YCIOBUAX HeCyIllas YacTOTa IPUHUMaEMOrO CUTHANA IIOYTH HUKOTAa
He ObIBa€T B TOYHOCTH paBHa pacueTHoOW. [TosToMy, MBI JIOMKHBI yOEAUTHCS B
KOPPEKTHOCTH PalOTBI CXEMBbl B YCIOBHSX CMEINEHHUS HECYIIeH YacTOThl CUTHANA OT
pacueTHO! — CMOXeT JH AeMOAyNATop paboTaTh 6e3 mpumeHeHus cucteM @AITY mns
NMOJACTPOHKH YacTOThl. B AaHHOM mpHMepe 4acTOTa BXOOHOTO CHrHaMa JAEMOAYIATOpPA
MEHBIIIE PacueTHO! Ha | MpOIIEeHT.

Pe3ynbTaThl MOAeNUpOBaHUa paboThl ACTEKTOPa B 3TUX YCHOBUAX IPeACTaBJICHEI

Ha pUCYHKax 6.8 — 6.13.

Pagwocurnan Ha Bxoge npyeMHWKa

<k b

T
I
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os il

== ————+ ——————= 1 - - - - —
T

——
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AmnnuTyga, B
L]

0.5 LN L

PucyHox 6.8 — Bua paguocuraana Ha BXo/le A€TEKTOpa
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CurHan nocne mneTpauvy B cHGasHOM KaHane

M
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0.5~

0.5F------

q ‘erfuruny

-

Bpems, c

Pucynok 6.11 — Curnan B cuHdaszHoM kaHaine (1) nocne ¢puapTpauun

Curnan nocne ¢uneTpaunK B KBAZPaTy pHOM Kanane

M

—— T e — -

e Tt B

e

0.5F------

g ‘erAluuny

Bpems, c

PucyHnok 6.12 — Curxan B kBaapaTypHoM Kazaue (QQ) nocne ¢puiapTpaivu
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POBAHHBEIM CUrHAN Ha BBIXO4e JeTeKTOopa

Hemogynu

06-4---- - -\ - ——— -4

q ‘edAlaruny

Bpems, c

PucyHok 6.13 — JlemoayMIHMpoBaHHEBIN CUTHAM Ha BBIXOJE ASTEKTOPa

CXEMa

NpeanoxeHHan

qTOo

BHIHO,

MOACIIHPOBAHHA

pe3ylbTaTtaM

Ilo

ACTEKTHPOBAHHA paﬁo’rae’r KOPpPEKTHO BHE 3aBHCHMOCTH OT CMELUCHHA HYacTOThbI

reTepoArHa, 4TO MO3BOJAET NMpuU paboTe ¢ curHaiom dopmara ILS oboiituce Oe3

npumeHenns GATTY.
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7 Merponoruueckoe odecrieueHue

Jlns noarBepxkaeHus paboOTOCMOCOOHOCTH MakeTa IPUEMHUKA IPUMEHSIIOCH
clie/lylolliee MeTpooruieckoe 060pynoBaHue:

- renepatop curnasioB Rohde& Schwarz SMA100A;

- ananuzatop crniektpa Agilent EXA N9010A.

7.1 I'enepatop curnanos Rohde& Schwarz SMA100A

I"'eneparop curnanoB Rohde&Schwarz SMA100A, nokazaHHblii Ha pucyHke 7.1
WJieanbHO TOAXOAMUT s TeX obnacTel, B KOTOPbIX [Jisi TPOBEISHUS W3MEpeHUH
TpebyeTcsi BbICOKas CIHEKTpalbHas 4YHUCTOTa (HampuMep, W3MepeHue TMoMex o
COCe/IHEMY KaHally, u3MepeHue (Ga3zoBoOro 1iyma) U ONTHMAJIEH JJIs MCMOJIb30BaHUs B

KavecTBe MecTHoro rerepoaurta win I'YH (renepatopa, ynpaBiasieMoro HanpsikeHHeM).

— —_—

@munm SN V00 A - SIGHAL GENLRATOR 8 kM) . &GN

Pucynox 7.1 —T'eneparop curnanoB Rohde&Schwarz SMA100A

bnarogaps HOBOH KOHCTPYKLIMM CHHTE3aTOpa YacTOT, MCMONb3yeMOH Yyxke B
CTaHAApPTHOW BEpPCUM, TIeHepaTop obecrieunBacT OTIMYHbIE T10Ka3aTeId B YacTH
LLIMPOKOIOJIOCHOTO 11yma, (ha3oBoro yma B OAHOW OOKOBOHM rmosioce 4acToT M
NOJaBNIeHUs] HerapMOHMYeCcKuX cocTaBnsoiux. Mcnonbs3oBanue mopyns ocnabnenus
dazoBoro wmyma u UM/®M-moayastopa (onuus R&S SMA-B22) nonosiHutenbHO
yayyllaeT XapaKTepUCTHKH (a3oBoro wyma B OfHONW OOKOBOW I0JIOCEe YACTOT MpPH
CMELIEHHUSIX YaCTOTHI npuOAN3UTENBHO 70 100 Kl 11, a TaKxKe

NnojaBlieHNe HerapMOHUUECKUX cocTaBastommx [18].
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CHHTE3 4acTOTHI pealiM30BaH IIyTEM JENEeHHUS CHUrHala OCHOBHOIO YacTOTHOTO
auanaszoHa (750 — 1500 MI'u) go 6,6 MI'u. B auanazone dactoT Hmxke 6,6 MI'L 210
MO3BOJIACT MOJAYYUTE CIEKTPAJABHYIO YHUCTOTY HapaBHE ¢ KBApLUEBBIMU TIeHEpaTOpaMH
BBHICIIIETO Klacca.

TepmocratupoBanHsblil kBapueBslii reneparop (OCXO), Bxomdamuii yxe B
CTaHIApPTHYIO BEPCHIO YCTpolicTBa, o00eCIeYyMBaeT OYE€Hb BBICOKYIO TOYHOCTH H
CTAaOMJIBHOCTh YACTOTBHl. JTH XapaKTePUCTUKH JOIOJIHHUTENIBHO YIyYLIaroTCs MpH
UCnonb30BaHu  Moayns ocnabmenns dazoBoro myma u UM/OM-mogynsaropa
(omuua R&S SMA-B22).

W3mepeHHbIl ¢pazoBblii IIyM B OJHOH OOKOBOH II070CE€ 4YacTOT C BHYTPEHHUM
STASIOHHBIM 3a/Ial0IIIM reHepaTtopoM (c onmueit R&S SMA-B22)

TectoBoe oGopyaoBaHHe, HCMOAB3YeMOE B IIPOM3BOACTBEHHEBIX ITpoleccaX U
aBTOMATU3UPOBAHHBIX CHCTEMAX KOHTPOJA, JOMKHO UMETh MAloe BPEMs YCTaHOBKH,
4yTOOBl 00ECIIEYNTh BBICOKYIO NPOILYCKHYI CIIOCOOHOCTh HW3MEPUTEIBHOM CHUCTEMBI H
MaNyl CTOUMOCTH U3MEPEHHS.

I'enepatop R&S SMAI100A oTan4aeTcd OYeHb MaNbIM BpPEMEHEM YCTAHOBKH
YPOBHS M 4acTOTBI U IIOTOMY fIBIAETCS UeallbHBIM BBIOOPOM B TEX CUTYyalUAX, KOr/a K
BpPEMEHU H3MEPEHUs IIPeABABISIOTCA 0c000 xecTKue TpeboBaHUs. THUIIOBBIE 3HAYCHUS
BpeME€HU YCTAHOBKHM YacTOTBI/YPOBHA COCTaBIAIOT 1,3 Mc/1l MC mpU HOpMalbHBIX
YCIIOBUAX 3KCILTyaTaluu. lanbHellee cHkeHue (MeHble 450 MKC) focTuraeTcss npu
pabore B pexuMe CINCKa — KOIZla 3HaueHHs] 4YacTOT M ypOBHeH OepyTcs
U3 MpedBapUTENBHO COXPAHEHHOTO CMUCKA.

DNEKTPOHHBIA aTTEHI0ATOp 00ecIeYuBaeT OBICTPYIO M CTaOUNBHYIO BO BPEMEHH
YCTaHOBKY YPOBHSl reHepaTopa. /[nana3oH yCTaHOBKHM YpoOBHs: oT MHHyc 145 nbm no
+13 abm (+20 abM npu BeIX0AE 3a rpaHULB] JHANIA30HA HOMUHANBHBIX XapaKTepHUCTHUK)
ansa £ <3 I'T'u u ot munyc 145 abm no +9 abm (+16 abM npu BeIXoAe 3a TpaHMLEBI
JMana3oHa HOMMHaJBHBIX xapakTepucTuk) jius f > 3 T'Tn. bonee Bhicokue ypoBHH
BBIXOAHOH MmowHocty (A0 +28 AbM) MOXHO 00ecIeuduTh IyTeM HCMONb30BaHUA

MOILHOH Uenu ob6xoga ¢ peneriHol koMMyTalueH, peanuszoBanHoii B R&S SMA100A.
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CxeMa 3alIUTBHl OT IOBBILIEHUS HAalNpsKEHUA BO BCEM AMANa3OHe YacTOT BXOAUT B
CTaHJIAPTHYIO BEPCHIO TNpHOOpa.

B tex obnactix, rae JocTaTouHO AUana3zoHa yCTaHOBKH ypoBHel He Oonee 30 ab,
MO’KHO HCMOJB30BaTh MeHee JoporocTosdllee pelleHue Oe3 arTeHwaropa (omuus R&S
SMA-B103L).

Beicokas TOUHOCT H IIOBTOPAEMOCTh YCTAHOBKHM YpPOBHSI TreHepaTopa R&S
SMA100A obecneunBaioT HEMPEB3OHASHHYIO TOUHOCTD CepUIHBIX H3MEPEHUH.

I'enepatop R&S SMAI100A, obopyaopanHbiil onuuneit R&S SMA-K25, cnocobeH
reHepUpOBaTh CUTHAJNBl  aBHAlMOHHOH  Goprosoii  snextporukd (VOR/ILS)
B cooTBeTcTBUH ¢c0 cTaHzapToM [CAO. Bnarogaps MadbIM omMOkamM MOAYMSILHN H
O4YeHBb BBICOKON TOYHOCTH YCTAaHOBKM YPOBHA, YeTpoicTBO R&S SMA100A spngercsa
ONTHUMAaNbHBIM IIPElU3UOHHBIM HCTOUHHKOM VOR/ILS-curnanos ans tectupoBaHus
aBHAIJHOHHOM GOPTOBOH HNMEKTPOHIKH.

Kpome Toro, renepatrop R&S SMAIO00A ¢ onomeii R&S SMA-K26
MOJKHO HCIIONIB30BATh ISl FeHEepali CUTHAJIOB AanbHOMEpHOro obopyaosanus (DME-
curHanoB). Tak, MOXHO Jerko TreHEpHpOBaTh CHUIHAJI 3afpoca JadbHOMEpPHOro
o0opymoBaHus  (MOAeNUpyA  IepedaTYMK CHTHaja  3ampoca) HIM  CHCHal
OTBeTa Ha3eMHOI CTaHLUMWHU U TECTUPOBATH KOMMOHEHTH NMpUeMHUKOB DME-curuanos
1o rubKol mporpamme.

HipkHA4 rpaHyua auanasoHa yacToT reHepatopa R&S SMA100A, paBHas 9 kl'L,
NO3BOJIAET UCMONB30BaTh €ro ANd pelleHua 3ajad u3MepeHusa / obecnedyeHUA
3MEKTPOMAarHUTHOH COBMECTUMOCTH. BepXHAs rpaHulia iHana3oHa 4acToT paBHa 3 WiIH
6 I'Tw.

PeXUMBl aMIUTUTYJHOM M UMIYJIBCHON MOAYJIALMY BXOJAT B CTAHAAPTHYIO BEPCHIO
YCTpOHCTBa, & PEXUMBI YaCTOTHOH U (pa3oBOil MOAYIALIMY ¢ WIMpPHHOM nonockl 10 MI'y
MoryT ObITh JoGaBiennl kak onius (R&S SMA-B20/R&S SMA-B22).

BY-curHan MOXHO MNPOMOAYJHPOBATH CHICHATOM BHYTPEHHETO BCTPOSHHOTO
redepatopa HU unn mHorodyHkIMoHansHOrO reHeparopa (onnua R&S SMA-K24).

MEuoroyHKIMOHANBHEIN TFE€HEPATOP BBLAAET CUTHANBL Pa3iIM4HON (OPMBI, BKIOYAs
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CUHYCOM1aIbHbIH, NPSAMOYTOJIbHbIH, NporpaMMHUpyeMbli MoJIb30BaTeIeM
TpaneneuaanbHblii MUIM I1IYMOBOM C BbIOMpaemoil mupuHOl mnonocel. OTaenbHbIE
CUTHANlbl MOJYNSIUU MOTYT ObITh MPOCYMMHMPOBaHbI C YYETOM DPa3JMYHBIX BECOBBIX
ko3 puumenToB. Curnanbl Moaysauuu ais pexxuMoB AM/UM/®M u nns Beixoga HY

MOTI'yT ObITb 3a/laHbl HE3aBUCUMO APYT OT Apyra.

7.2 Anamuzarop crniektpa Agilent EXA N9010A

Bun ananuzaropa cnexkrpa Agilent EXA N9010A npencrasiieH Ha pucyHke 7.2

2
>

Pucynok 7.2 - Ananuzarop cnekrpa Agilent EXA N9010A

Ocobennoctu npubopa:
- nuara3on 4actot: oT 9 k' 1o 3,6 I'T1y;
- nnosioca ananusza 25 Ml
- BO3MOJKHOCTb paclIMPEeHHs HacTOTHOro auanaszona 10 325 ['Tu u

BbILLIE MTPU UCTOJIb30BAHUM BHELIHUX CMECHUTEeH;

- abcoNOTHas NOrpelHOCTb H3MepeHus yposHs +0,27 ab;
- YpOBEHb TOUKH nepecedeHus Tperbero nopsaaka (TOI): +15 abwm;
- CpeIHUH ypOBEHb COOCTBEHHBIX IIYMOB C MpeayCHJIMTENeM MeHbllle MUHYC 163
nbm (na yactore 2 I'Tn);

- onepauuonHas cuctema Windows XP [19].
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8 besonacHocTh AKHUIHCACATCIBHOCTH

(DaKTopBI OITIaCHOTO H BpPEAHOTO BO3JelicTBHA Ha YenoBcKa, CBA3AHHBIE C
MPpOU3BOACTEOM H 3Kcr[nyaTauHeﬁ IMPHEMHHKaA H€06X0,II,HMO pPasacouTb Ha Cl)ElKTOpr,
CBA3aHHBIE COOCTBEHHO C IIpoIeccoM IMpPOU3BOJCTBa ITIpUEMHHKa H Ha Ct)aK'l‘OpBI,

CBA3aHHBIE C €TI0 JANbHEUIIIEH 3KCIUTyaTaluei.

8.1. (Dam‘opm BpPCOHOTO BO3JelCTBUA Ha YEMOBEKA, CBA3AHHLBIC C TIPOU3BOACTBOM

MPHEMHHKA.

B cootBetrcTtBUH ¢ I'OCT 12.0.003-80 «KnaccudHxanys ONacHbIX W BpedHBIX
NpOU3BOACTBEHHBIX (haKTOPOB», H UCXOIA U3 XapakTepa TeXHOJOIMUeCKOro MpoLecca,
MOXHO BBIACIUTD cneayromue rpynisl OBIIM, aeiicTByronnx Ha nepcoHan:

Duzuuecrue

HeGnaronpuaTHble MapamMeTpbl MUKPOKIUMATA ONpPeeAlOTea AeiCTBYIOIIMMH Ha
OpraHU3M YeNIOBEKa COYETAHUAMH TEMIICpPaTyphl, BIAXHOCTH U CKOPOCTH JIBUKECHHS

BO3/yXd, a TAKXKE TCMIICPATYPhL OKPYXKAIOIIHX HOBerHOCTeﬁ

[Tosbrutennasn uni NOHUNCEHHAR MeMRepamypd 8030yxa paboyeti 30Hbl

Temneparypa B NOMeIIEHUH KoJIeONeTcs B 3aBUCUMOCTH OT BPEMEHH rofla 1 MOXKET
OBITb KaK TIIOBBILIEHHOH, TaK M NOHUAKEHHOU MO OTHOLIEHHID K ONTHMAJIBHOI
TeMIepaType, cosjaliell Haubonee KOMQOPTHBE YyclaoBuA paboTel. Bbicokas
TeMIepaTypa BO3/lyXa B MOMEILICHUH MPHBOJAUT K OBICTPOMY YTOMIEHHIO IIEPCOHANA,
MOKET BO3HUKHYTB NE€perpeB, TeIoBoil yaap. Huskas Temnepartypa ABAseTCS NPHUUHOIM

06H.Iel"0 WJIH MECTHOI'O IIEPCOXIAXKIACHHA, YTO MPHUBOAHWT K NMPOCTYAHBIM 3a00JIeBaHHSM.

[losbinieHras uny NORUNCERHAA BIANCHOCHb 6030VXA
N36bITO"HAA BMakHOCTD (Gonee 8§0%) 3aTpyAHAST HUCNapeHHe Baru ¢ IOBEPXHOCTU
KOXW, IPUBOJAUT K YXYAIICHHI) CaMOYYBCTBUS M CHHXEHHIO padOTOCNOCOOHOCTH.

IToHukeHHasi BAaXHOCTH (MeHee 18%) BBIZBIBACT OINYIIEHHE CYXOCTH CIIHM3UCTHIX

65



000n04eK BepXHUX /BIXATeNbHBIX MyTel, YXYAIIAaeT CAMOYYBCTBUE M TAKKE CHHUKACT
paboTOCNOCOOHOCTD.

IToBBILIEHHAA 3aNBITEHHOCTE U 3ara30BaHHOCTD BO3AyXa pabouell 30HBI CBA3aHa C
HCIIONBIOBAHMEM Pa3lIMYHBIX TKaHell, GyMaru Bo BpeMs NpOBe/IcHUsS COOpOUHBIX paboT
Ha yuacTtke. Hamnuue nbuUti U 3ara30BaHHOCTH BO3/[yXa MOXET BBI3BATh a/LIEPIHUYECKYIO
peakLHio, npodeccHoHaNbHble 3a00MeBaHNsI WIH OTKTOHEHUA B COCTOSHHUU 3JOPOBBA.
TTo3TOMY TOCTOSIHHOE HANMYHE MBLTH B BO3AYXE ABIACTCA OMACHBIM IIPOM3BOCTBEHHBIM

(haKTOpPOM.

Heoocmamounas oceewjennocms paboueti 30Hbl

Kax mpaBmuiio, ecTecCTBEeHHOE OCBEIIEHHE HE Bcerjia ObIBaeT HocTaToYHbIM. Pabora
NpH TaKOM YCJOBHH TNPHBOIUT K ITOCTOSHHOMY HAaMNpsyKeHHMIO I'Ta3 U UX OBICTPOMY
nepeyroMiaeHuo. HemocTaTOUHbI ypoBeHb OCBelLEHHA o©cJabnsgeT BHUMAaHHE,
BBI3BIBa€T pe3b B INa3aX M TALTIOLMHALUMH. Taioke HEraTHBHO BIMSIOT Ha 3peHUE
HecTaOMJIBHOCTh OCBELUEHHUA, MpAMas M OTpakeHHad OJeCTKOCTh, GoNbLINE Mepenabl

OCBCILICHHOCTH pa60t1eﬁ IMMOBCPXHOCTH.

IHosvnuennorii yposens uyyma

lymM, gaxe HeBeicokoro ypoBHs (50 - 60 gbA), co3maeT 3HAYUTENbHYID HArPY3KY
Ha HEPBHYIO CUCTEMY UYeIOBEKa, OKa3bIBasi Ha HETO MCHUXOoJornyeckoe Bo3zaeiicTaue. [pu
3TOM MOXET ITOBBIIIATHCA ApTEPHANbHOE M BHYTPHUEPEIIHOE /aBICHHE, CHIDKATBCA

aKTHBHOCTD cepneqﬁoﬁ JCATCNIBHOCTH.

Onacuwiil yposeHs HANPANCEHUs

J514 npon3BOACTBA W3S UCMIONB3YIOTCA pasHuyiHble MpHOOpEl U 000pyAOBaHuUE,
o4 (PYHKUHOHHPOBAHUA KOTOPEIX HeoOxoIuMa sieKTpudeckas 3Heprusa. Ilnoxas
H3OJIAIIHS POBO/IOB, HEHUCIIPABHOCTH MIEKTPOIIPUOOPOB MOXKET MPUBECTH K ITOPAKEHUIO
YeJIOBeKa MIEKTPUYECKHM TOKOM. ONEKTpUYeCKHil TOK IpH TPOXOKIASCHHU 4Yepes

YEMOBEKA BEIZBIBACT HAPYIICHHEC pa60TBI OTACJABHBIX OPranoB, Cy AOPOXKHOE COKpallCHNE
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MBIIIN, IIOTCPHy CO3IHAHHA. BOS,[[GI\:ICTBHC JICKTPHHCECKOI'0 TOKa MOXKET IIPHBCCTH K

CCPBE3HBIM TpaBMaM, SACKTPHYECKHM OXKOoram, vaapaM HIH JETANBHOMY HCXOOY.

Cmamuyeckoe Mexmpuyecmeo

Hanuume cTaTHUecKOro 3lEKTpHYECTBA CBA3aHO C HAKOIUIEHHEM 3apsIoB Ha
PasMUUYHBIX TOBEPXHOCTAX, B TOM HUC/E U Ha paboueM MecTe. OOpa3zoBaHUe CTATHUECKUX
3aps/I0B MOXKET BBI3BIBATH Pa3IMYHBIC TPY/THOCTH B IIPOU3BOJICTRE, Topyuy PDA, B3pEIBHI,
IoXapel, TpaBMBI U  MpodeccHOHANbHBIE 3aboneBaHMA  JMIOJEH, CHUXKATh
IIPOU3BOAUTENBHOCTE TPYyAa.

Hanuume ocTphIX KpOMOK, 3ayceHIIEB W IIepOXOBAaTOCTeH Ha MOBEPXHOCTIX
3arOTOBOK, MHCTPYMEHTOB M obopyaoBanus. [Ipu cOopke NIpUMEHSIOTCS pa3ianyHBIe
HHCTPYMEHTbl, MHOTHE€ H3 KOTOPBIX MOKHO oTHecTH K OBII® (ckanbmens, HOX,
OTBEPTKa), IOCKOJBKY MPU HEOCTOPOKHOM OOpallleHUH ¢ HUMH MOXHO MONYYHTb
pa3MHYHbIE TPaBMBI.

Ilcuxodusznoaoruieckue:

- HEPBHO - ICUXUYECKUE NTePErpy3Ky;

- HEIIpaBHUJIEBHaA paﬁoqaﬂ Io34.

Xunmuueckue

BrieneHne mapoB cleyIOMKX BELIECTB: 0J10Ba, CBIHIA, KaHU(OIH, Kies, IMaleH,
pacTtBoputeneii. Ilapsl Bpe/IHBIX BEIIECTB OKa3bIBAIOT CAMOE HETaTHBHOE BIHSIHHE Ha
OpraHu3M 4YeNoBeKa, CHOCcOOHBI BBI3BATh YXYALIEHUA COCTOAHHA  3A0POBbA,
npodeccHoHaNbHBIe 3a0oneBaHus. BpegHoe Bo3aelicTBHE NpUNoOeB U (UIIOCOB MPH
MOHTaX€ 1 HaJlaJIKe yCTPOICTBA 3aKII0HacTCs B CeAYIOLIEM: IIPUITO U QIrOC IIpH Malkike
HCTapAITCA, KOHASHCHPYIOTCS B BO3AyXe B MEJIKHE YacTHLBI. DTN 4acTHLUBI OCEAAIOT Ha
MOBEPXHOCTH KOXKH, MOMNaJaloT Ha CIH3HCTYIO 000JI04KY MOJNIOCTH PTa, IJ1a3, BEPXHUX
JBIXaTelbHBIX NyTed, B nerkue. QueHb 4YacTo 3TO IPUBOJAUT K BO3HUKHOBEHHIO

3aboneBanui pEBJ'[H‘lHOﬁ CTCIMCHH TAMKECTH.
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8.2. HopMupoBaHue onacHBIX IPOM3BOACTBEHHEIX (PAKTOPOB

Lonycmumbie ypoeru HanpasiceHuli RPUKOCHOBEHUS U MOKO8

OnacHpIM (hakTOpOM AJis 0OCIYXKUBAIOLIETO IEPCOHANa SIBIASETCH BO3MOKHOCTH
IOpaXKEeHUA 3IEKTpHYeCKUM ToKoM. [Ipoxofs uepes opraHusM, NIEKTPUYECKHH TOK
OKa3bpIBaeT TepMUYeckoe, IICKTPONHTHYeCKOe MW Ouojioruyeckoe neiicteue []. B
pe3ynbTaTe MOTYT BO3HHKHYTH pa3jM4Hble HapyLICHUS U JaXKe MONHOE MpeKpalleHue
JIESTENHEHOCTH OPraHoOB ABIXaHHs U KpoBooOpalleHus. BeanurnHa Toka, IPOTEKAIOLIETO
yepes TeJO YeNOBeKa, ABJIAETCA IIaBHEIM (DaKTOPOM, OT KOTOPOTO 3aBHUCUT HCXOH
nopaxceHUA: 4eM Ooblle TOK, TeM onacHee ero geiicteue. CormacHo 'OCT 12.1.038-82
CCBT M «3BnextpodesonacHocts. IlpeaenbHO AONYyCTUMBIE YPOBHU HaNpsKeHUH
IPUKOCHOBEHHS] UM  TOKOB» IpeAeAbHO JOIYCTUMBIE YPOBHH  HAIPSKEHHH
IIPUKOCHOBEHUS M TOKOB, MPOTEKAIOLIMX Yepe3 TeNo 4elOBeKa MpU HeaBapUIHOM
pekuMe padoThl MIEKTPOYCTAHOBKH HE AOJKHBI IIPEBBINIATH 3HAYeHHUIl, yKa3aHHBIX B

Tabauue 8.1.

Tabnuna 8.1 - JlonycTuMble YpOBHH HAIlIPAXKEHUH NPUKOCHOBEHHUS U TOKOB

ITepeMenHBI TOK, yacToTa 50 'y ITocTOSIHHBIN TOK

U(B) |[I(ma) |IIpomomxutensHocts | U(B) |I(mA) |IlpomomkHTeNbHOCTD

2 0.3 He Ooneel ) MUH 8 1 He 6onee 10 Mun

Muxpoxnumam

Bo Bcex NpOW3BOACTBEHHBIX IIOMELICHUSAX Ha MOCTOSHHBIX paboduux MecTax
IapaMeTpbl MUKPOKJIUMATA AOKHE COOTBETCTBOBATh TpeboBanmaM CanlluH 2.2.4.548-
96 «l'urneHudeckue TpeGOBaHUA K MHKPOKINMATY NPOU3BOACTBEHHBIX ITOMELLEHHUI»
COTNIaCHO KaTErOPHH TAXKECTH BRIMONHAeMOH padoTel. Pasrpannuenue paboT no TsaxecTH

IIPOHU3BOAUTCA Ha OCHOBE OﬁLlIHX JHEPro3aTpar opraHHuiMa.
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OnTUManbHBle BEJIHMYHMHEI ITOKa3aTeNneH MUKpPOKIHMATa Ha paﬁolmx MecTax
JOJKHBEI COOTBCTCTBOBATE BEIHUMHAM B T36J'[HI.Ie 82, MPHUHMEHHUTCABHO K BEIITOMTHCHHIO

pabot kateropuii la u Ila B xom0oAHBIN W TEIUIBIH NepHOIBI roOAa.

Tabnnna 8.2 - OnTuMansHBIE NapaMeTpbl MUKPOKIMMATA B IIOMELLICHHH

Ilepuoa Karero- Temnepaty- | Temnepatypa | OTHocutenpHas | CKOpPOCTh
roga pust pa BO3/7yxa, | IOBEPXHOCTEH, | BIAXKHOCTh JBUKEHUS
pabot, Bt | °C °C BO3/AyXxa, % BO3/yXa,
M/c
Xonoauslit | 10139 (Ia) | 22...24 21...25 60...40 0,1
140...174 | 19...21 18...22 60...40 0,2
(Ila)
Ternnerii nol39 (Ia) | 23...25 22...26 60...40 0,1
140...174 | 20...22 19...23 60...40 0,2
(Ila)

Oceeyennocme pabouezo mecma

HopMupoBaHHe  3Ha4e€HHMS  OCBELUEHHOCTHM  JAOKHO  COOTBETCTBOBAaTh
HopMatuBHOMY JokyMeHTy CHull 23-05-95 «EcrecTtBeHHOE M HCKYCCTBEHHOE
ocsereHne. HopMel npoektupoBanus». [ €CTECTBEHHOTO OCBELICHUS HOPMUpPYETCS
xko3¢gduuyeHT KEO. JInd HCKYCCTBEHHOTO OCBEILLEHNA HOPMUPYETCS OCBELICHHOCTD,
APKOCTh, KO PULHEHT OCTEMISHHOCTH U K02 ULHEHT MyabCaluu.

Texnonornueckuii npouecc cbopku otHeceH k [Il paznemy 3purensHbIX paboT
(HauMeHBIUMH paszMmep obbekTa pasnuyeHusa ot 0,3 go 0,5 MM) U K XapaKTepUCTHKE
3pUTENBHBIX PabOT BEICOKOH TOUHOCTH.

Yposens wyma

HcTouHMKOM IOymMa B INPOW3BOACTBEHHBIX IOMELICHUAX SBISIOTCA CHUCTEMBI
IIPUTOYHO-BBITSKHOH  BEHTWIALUMH, OTOINHTEIBHBEIE CHCTEMBI, TEXHOJOTHYECKOE

obopyAoBaHUE.
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B Hamrem ciyyae HMEIOT MECTO IIMPOKONOJSOCHBIE IIYMBI € HENpPEPBIBHBEIM
crnekTpoM Oonee oaHoil okTaBbl. [lo BpeMEeHHBIM XapaKTepHCTHKaM - MOCTOSAHHEIE
IIYMBI, YPOBEHB 3BYKa KOTOPBIX 3a 8-MH1 4acoBoll pabodnii AeHb H3MEHAESTCS BO BPEMEHH
He Donee ueM Ha 5 nbA.

I'OCT 12.1.003-83 CCBT «llIym. O6mme TpeboBaHHA ©O€30MaCHOCTH»
YCTAHABIMBAaeT OrpPaHHYEHHE HAa YPOBEHb ILIymMa A1 padouyuX MNPOHU3BOACTBEHHBIX

noMenieHui — 80 nbA.

8.3 Ilpon3BoacTBeHHAd caHUTapUA

Obecneuerue MUKpoKIUMama

TexHonoruueckue  mpoLEcchl  OKa3blBAKOT  OOJNBIIOE BIMSIHHE Ha
METEOPOJIOTHYECKIE YCIOBUA B MPOU3BOACTBEHHBIX TOMelIeHUAX. [lapaMeTprl
METEOPOJOTHYECKIX YCAOBHH JOMKHBI KOHTPOJIUPOBATECS Ha pabouyHx MecTax.

Temneparypy, OTHOCHUTENBHYIO BIQXKHOCTh M CKOPOCTh JIBUKCHUS BO3JyXa
U3MEPAIOT Ha BbicoTe 1,0 M oT mosna uiau pabouell mMoWIaAgkW NpH padoTax,
BBIIOJIHAEMBIX CHAA, U Ha BbicoTe 1,5 M — mpu paboTaX, BBIMOJHAEMBIX CTOS.
TeMneparypy U OTHOCHTENIBHYIO BIaKHOCTh KOHTPOIHPYIOT € IIOMOIIBIO TEPMOMETPa U
aCMUpalMOHHOrO  TNcuxpomeTpa. CKOpPOCTh  ABIDKEHUA  BO3OyXa  H3MEPAIOT
aHeMOMEeTpaMH POTALIMOHHOTO JeHCTBUA (KPBLTBYAThIE aHEMOMETPHI).

[Tomemenys rje NOPOUCXOAUT BBIACICHUE BPEAHBIX BEIIECTB JOKHBI OBITH
000opyAoBaHbl IIPUTOYHO-BEITAXKHOW BeHTUNALMed. B xomoaHoe BpeMs roga B LEMAX
5KOHOMHH TeIia, MPUMEHSETCS pPEeLMPKYIAUMA BO3JyXa B CHCTEMaxX CMELIaHHOM
BEHTIUIALIMY: YaCTh BO3JyXa, YAAISeMOro M3 MOMEIEHHs, MOCIe COOTBETCTBYHOIICH
OYHCTKE, CHOBa IOAA&Tcs B MOMelIeHHe. B MecTax, rjie IpPOM3BOJUTCH IalKa c
MCMOJB30BaHNEM (MIIOCOB U IIPUIIOEB, YCTAHABIWBAeTCS MECTHAasg BHITIKHAA

BCHTHJIALHA.
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Obecneyenue oceeuyjeniis

OcpemiéHHOCTS Ha pabodeM MecTe JOKHA COOTBETCTBOBATH XapaKTepy
3pUTENBHOH padOTEl M ITO3BOJATE paboTalollieMy Oe3 HanpsHKeHUS 3peHUs BEIIIOJIHATEH
CBOIO paboTy.

B npou3BO/JCTBEHHBIX IIOMEILEHUAX CO 3pUTeNbHOM pabotoii III paspsana cneayer
YCTpPaHUBaTh COBMELIEHHOE OCBELLEHME.

JIns MecTHOTo OcBellleHHs pabouux MecT cieyeT HUCHOIb30BaTh CBETHJIBHUKMU C
HEIPOCBEYNBAOIIUMHU OTpaxKareaaMu. CBETHIIBHUKHM JO/KHBI PaclofiaraTbCd TaKUM
00pazoM, YTOOHI MX CBETALIYE 3MEMEHTHI He MOMNaJall B MoJe 3peHus paGoTalIUX Ha
MecTe U Ha JpyTrux pabounx Mecrax. MectHoe ocBellleHNe pabounx MeCT AOJKHO ObITH
000pyJI0BaHO peryasaTopaMu ocsellieHus. CyMMapHas OCBEIIEHHOCTh B paboueill 30He

MpH MECTHOM OCBeLleHUN He MeHee 1250 nk.

Obecneuenue 3auiumsl OM UWYMA U 38YKA

B cootBetrcTBuM I'OCT 12.1.029 - 80 CCBT «CpenacTtBa U METOABI 3alUUTHI OT
wyma. Knaccudukauyga» B MOMELIEHUH NpeAyCMOTPEHO MPHMeHeHUEe KOJJIEKTHBHBIX
CpEe/ICTB U METOOB 3aIlIUTHI OT LIYMa.

B kadecTBe 3alIMTHI OT IIIyMa U 3ByKa ClIe/IyeT NPUMEeHATs HopMupoBaHue. [lommmo
3TOr0, CHIDKEHNE LIYMa OCYLIECTBIATCS IPUMEHEHHEM CIEeAYIOLIUX Mep:

- IpaBUJIbHad ILTAHHPOBKA M palIOHAIHHOE pa3MellieHHEe TEXHONOTHYEeCKOIo
000py1I0OBaHUS;

- palMOHAJIbHOE pa3MelleHue pabouHx MecT.

OpraHM3aIllHOHHO-TEXHIYECKUX METO/IOB:

- IpUMEHEHHE MAJOIIYMHBIX TEXHOJIOTHIECKHX IIPOIIECCOB;

- YCTAaHOBKE 3BYKOMOMIOIIAIOIIUX 00JIULOBOK H 0OBbEMHBIX 3BYKOIIOTJIOTUTENEI;

- HCMOJB30BaHNE BUOPOM3OIUPYIOLIUX IPOKIAJOK, YCTAHABIUBAEMBIX MEXKIY

OCHOBaHHUEM MAIlIMHBI U OIIOPOH;

- IPOTUBOLIYMHEBIE BKJIAABILLM;

- HAYIIHHKH.
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8.4 TexHuka 0€30MacHOCTH

3awpuma om cmamuiecKozo 3NeKmpu1ecmed

B nengx 3ampmThl OT CTaTHYECKOTO MISKTPUIECTBa, 000pyAOBaHUE, KOMMYHHKALIH
¥ TOKOTIPUEMHIIKH Ha y4acTKaX BO3MOXHOI0 00pa30BaHHUs CTATUYECKOT0 JIEKTPUIECTBa
JOJKHEI OBITh 3a3¢MIIE€Hb], OTHOCUTENBHAA BIAKHOCTD BO3AYXa B pabounX MOMeIIeHUAX
OOMkHA OBITh He HIKe 85%, AOMKHBI MPUMEHATHCA aHTUCTATUKH.

OnacHOCTB SIBA€HHI, CBI3aHHBIX €O CTATHYECKHUM 3IEKTPHUYECTBOM, 3aKII0YACTCA B
BO3MOXXHOCTH HCKPOBOTO pa3psia, T.€. MOKET BO3HUKHYTh OIIaCHOCTH B3phIBa, [TOKapa.
3apAApl CTATUHECKOIO IEKTPHUYECTBA YacTO BeAyT K Opaky MpOAYKLUMY, YXYAIIAIOT
YCIOBHS Tpy/a.

3apsa/ibl CTATUYECKOT0 3JIEKTPUYECTBa MOT'YT HAKAIUITUBATLCA Ha TeJle YeJIOBEKa MpH
HOCKe OOYBH C HENpPOBOAALICH IOAOLIBOH, MPH WCIOJAb30BaHUU OJEXKABl U3 ILIEPCTH,
KA, CHHTETHYECKNX BOJOKOH. J[s IpeloTBpallieHUs 0Opa30BaHUA CTATHYECKOro
3MEKTpUYECTBA B TMPOU3BOACTBEHHBIX IIOMELICHUAX HEOOXOAMMO HCIHOAB30BaTh
HeHTpaJN3aToOPhl U YBAAKHUTEIM, a MOJbI JOJKHEI HMETh AHTUCTATHYECKOE MOKPEITHE.

Bce paboThl, cBSA3aHHBIE C W3TOTOBIEHHEM, UCIMBITAHUEM M KOHTPOIEM H3ACIHil
JIOJDKHBI IIPOBOJIUTECH € aHTHCTATHYECKHMH OpacieTamMH, OJIETBIMH Ha 3allfCThe,
MOAK/IIOYAEMBIMH TIOCPEJCTBOM TFHOKOTO MHOIOMpPOBOJOYHOro, ceueHueM 0,5-1Mm>,
M30JIMPOBAHHOIO IIPOBOAHHUKA K 3a3€MIICHHOH LIMHE, Yepe3 pe3UCTOp ¢ CONPOTHBIECHIEM
IMOM£20%, pekoMeHAYEeTCS  COMPOTUBJICHHE  paclpeleniaTsb Mexay ABYMA
NOCHEeAOBATENBHEIMH PE3UCTOPaMU, OJUH U3 KOTOPBIX MOKeT OBITh BMOHTHPOBaH B
Opacrer.

JU1sl CHATHS DMIEKTPOCTATHYECKUX 3aPSA/A0B C TOTOBBIX M3AEHIA, [T0C/Ie MEKLEXO0BOI
TPAHCMOPTUPOBKY, NTepe NOAKIIOUESHUEM HeOOXOAUMO:

- OAs U3JeNHi, MMEIOIIUX KOpIlyc, OOecIeuHTh €ro 3a3eMJICHHE Ha IIHHY
3a3eMIICHHS] WM KOHTAakT 3a3eMJICHHS, MPH 3TOM BpeMs  KOHTAKTUPOBaHMUSA

JOKHO OBITh He MeHee 3 CEKYHI;
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- I W3MIENNA, He UMEIOIIMX KOPILyca, 00eCIIeUNTh CHATHUE SNEKTPOCTATHYECKUX
3apAJOB MyTeM YCTAHOBKU H3JeMs Ha MeTalUIM4ecKHuil 3a3eMJIeHHBIN MHUCT Ha
BpeMs He MeHee 3 CeKyHA.

IMepen HavyadbHBIM IIOAKIIOUEHHEM H3MEPHTENBHOrO INPUOOpa K CHIHANBHBIM

LeIsIM OJHUM M3 BBEIBOJOB NPUOOpa CHeAyeT KOCHYTHCS 3a3€MJICHHOM KIeMMEI, €ClU

HpHﬁOp 3a3¢MICH, €CITH HE 3a3€MIICH, TO ABYMA BBIBOJAMH.

InexmpobezonacHocme

OnacHoe U BpegHoe BO3ASHCTBYS Ha IoAeH 3MeKTpHUeCKOro TOKa, JIeKTpHYECKO
AyrH U DJJeKTPOMAarHUTHBIX [MOJiel NpOSIBIAIOTCA B BHAE JIEKTPOTpPaBM U
npo¢eccroHanbHBIX 3a001eBaHu.

ONeKTPOYCTAHOBKH M UX YACTH JOJDKHBI OBITH BBIITOJHEHBI TAKUM 00Pa30M, YTOOBI
nepcoHal He MoABepraics onacHBIM H BPEIHBIM BO3ASHCTBUAM /IEKTPHUUECKOT0 TOKA, U
COOTBETCTBOBAIH TPeOOBaHUAM EKTPOOE30MACHOCTH.

COopouHBIl ydJacTOK - 2TO MOMeELIeHHe oOco0OH OMacHOCTH MU COMIAcHO
'oCT12.1.019-79 CCBT M «2nekrpobezonacHocTh. OO0wpe TpeGoBaHHA H
HOMEHKJIaTypa BMJOB 3aILMTBI» JUIS 3alUTHl OT MOPaXXEHUS BIEKTPHYECKHM TOKOM
HEO0OXO/ MO IIPeayCMOTPET!

- 3alIUTHOE 3a3eMJICHHE;

- CpaBHUTENABLHO HEBBICOKOE HAIIPSDKEHHE [IMTaHUA 3IEKTPOYCTaHOBOK;

- IpUMEHEHHUE HAJe)KHON H30IALINY;

- HEJJOCTYIMHOE PacIoNoKeHe TOKOBEAYLIMX YacTe.

K pabore MOMAKHBI AONMYCKAThCS JMLA, IPOIIEAIINE HHCTPYKTaX H o0y4yeHUe
0e30I1aCHBIM METOAAM TPY/a, IPOBEPKY 3HAHUI IIpaBII 6€30IIaCHOCTH U MHCTPYKIIUI B
COOTBETCTBHH C 3aHNMaeMOli JOJKHOCTBIO IPUMEHUTENBHO K BEIMOMHAEMOH padoTe.

Tlooicapuas bezonacnocme

Cornacno T'OCT 12.1.004 - 91 «Iloxapnas 6e3onacaocts. O0Iue TpeboBaHUM»
noxkapHas 0e30MacHOCTh A0JDKHA O0ecrevyMBaThCA IIyTEM HCMONB30BAHHUA CHCTEMBI

npegynpexaeHus noxapa. CucteMa npegynpexkaeHus Noxapa BKIIOYaeT B ceb4:
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- o0yueHHe nepcoHana npaBUiIaM NMoXapHoi 6e30IacHOCTH;

- IPOBEICHHUE JIEKIIHIT;

- MpUMEHEHHE CpEJACTB HarfIAAHOW aruTauydd 10 OOECICUEeHHIO MOKapHOH
6e30IIacCHOCTH;

- pa3paboTKy M peanu3aldld MHCTPYKUMH © nopsAgke oOpalleHHd ¢
MOXKapOoONacHBIMH BEIIeCTBAMU Y MaTepuaiaMi, 0 COOMIOACHHM IIPOTHBOINOKAPHOIO
pekuMa U JeficTBUAX JioAell IpY BO3HUKHOBEHUH MOXKapa;

- YCTAHOBKY BCE€X 3ME€MEHTOB, HAXOIALIMXCA MOJ HaNpsXKEHHUEM, B KOpPMyc
000py1I0OBaHUS;

- HCIIONIb30BaHHE AN O0OrpeBa MOMEILEHUA TOJBKO LIEHTPAaJBHOTO IapoBOIO
OTOILIEHUA OTKPBITOTO TUMA;

- IpoBeJeHHE NPOPUIAKTUYECKMX OCMOTPOB OOOpY/IOBaHHS, [MpOBepKa
IEJIOCTHOCTH U3OJISAIINH;

- obecneyeHHe Ha BCeX MEKTPOYCTAHOBKAX 3allUThI OT KOPOTKOTO 3aMbIKAHUA.

OcHoBHBIE TpeOOBaHUA MPEIBABISAIOT K YCTPOHCTBY U pa3sMELCHUIO KaOembHBIX
KoMMyHHuKanuid. Bee Bupl kabeneil npokIaApIBalOT B METAILTHYECKHX ra30BBIX TpyOax
BIITOTH JO pacnpeAeIMTENbHBIX IIUTOB HIIH CTOSK MUTAHUA.

Ha caydali nokapa B NMOMELIEHNH NPeAyCMATPUBAIOTCH TEXHUYECKHE CpelCcTBa
MOXKapOTYLIEHHS:

neHHsle orHetywnuTenu suga OBII-10 gna o6opyaoBaHus, He HAXOAALLETOCA MOA
HanpsHKEeHUEM;

YIAEKUCIOTHBIE OTHeTyluTenu Buaa OV-5 i TyuieHus 3neKTpOyCTaHOBOK,
HaxoAALMXcAd MoAd HanpsxkeHueMm (00nagaloT BBICOKOH 3(¢eKTUBHOCTBIO TYLIESHHUSA
noxapa, COXPaHHOCTBIO 3JIEKTPOHHOIO o0OpYAOBaHMUA, AUMIEKTPUUYECKUE CBOWCTBA
YIAEKHCIOTO I'a3a IIO3BOJSIOT HCIIOIL30BATh 3TH OTHETYIIIUTENY B TOM CIydae, KOrja He
yJaeTcs 00eCTOYUTH FIEKTPOYCTaHOBKY Cpasy ).

OrdeTyliuTeny AODKHBI UMETh HEHCTEKLIMI CpPOK XpaHeHUAd U CBOEBPEMEHHO
NpOXOAUTH MPOBEpPKy. Bce mnpoxoasl M IIyTH 3BaKyallMd W3 IIPOHU3BOICTBEHHOIO

MOMEIIEHUS JOMKHEI OBITL CBOOO HBIMIL.
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8.5 (I)aKTOpBI BpPEAHOT'O BOBﬂeﬁCTBHH Ha 4YCJI0BCK4, CBA3AHHEIC C 3KCHﬂyaTaHHeﬁ

IIpHEMHHEKa

HpHeMHHK BXOJHUT B COCTaB aBTOHOMHOM annaparypbl JETHOT'O KOHTPOJA Oe3
MNPUCYTCTBUA UETOBEKA HA 60pTy OeCUIIOTHOIO JIETATEILHOIO anmapara. B cBa3u ¢ 3THM
Oﬁcﬂy}I{HBaIOI.HHﬁ INeEpcoHaAN 3allHIIEH OT IOPaXCHHA NICKTPHYECKHM TOKOM H
AMEKTPOMAronuTHOr0O H3My4Y€HHA, KpOME CIayHacB pPErMaMEHTHOTO Oﬁc-ﬂy}KHBaHHH H
IMPOHU3BOJICTBa PEMOHTHBIX paﬁoT, KOTOpBIE AOMAKHEI IIPOBOJUTH KB&J]HCDHLIHPOBE[HHBIC
CNCOHAaMuCTRl, HMEIOIIHE COOTBETCTBYIOLLICE MPAaBO AOCTYIIA K IIPOH3IBOACTBY HOI[OﬁHBIX
pa60T. HOBTOMy, MOXHO KOHCTAaTHPOBaTbh, YUTO B NCPHOO LITaTHOM JKCILTYaTaoHHy,
aBTOHOMHAasg CHCTEMa JIETHOTO KOHTPOJAA B NEAOM, U IMPHEMHUK HaBUTallMOHHBIX
CUTHAMTORB, KaK €ro HeOoTheMJileMasa YacCTh, HE HMEET BPEAHBIX q)aKTOPOB BO3JICHCTBHA Ha
Oﬁcﬂy}I{HBaIOI.HHﬁ nepcoHal, H, B 3TOT NEPHOA, €0 MOXKHO CHHTATDH Oe30macHBIM AT

HCIIOBCKA.
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SJAKTIOYEHUE

B pesynsTare BeinoaneHus BKP ey npoaHaan3upoBaHBl BApHAHTEI NOCTPOSHHA
yCTpOHCTB NMeTHOH mpoBepkH. OmnucaHsl ¢opMaTEl CHTHANOB, KOTOpHle TpebyeTcs
o0padaTpIBaTh € IIOMOIIBIO pa3pabaTbiBaeMOro IpHeMHUKa. [IpoaHaln3upoBaHBI
¢yHKIIMOHANBHBIE aHanoru paspabareiBaeMoro ycrpoiicTBa. (OO603Ha4ueHBl HX
HEJOCTATKH.

B cxeMOTeXHHYECKOM pa3zfelie IpHBEJCHBl KPHUTEPHH BBHIOOpa HEKOTOPBIX
3JMIEKTPOHHBIX KOMIOHEHTOB. CIPOEKTMPOBAHHBIM NpPHEMHHK MpeAcTaBadger coboii
YCTPOHCTBO ¢ OOMBIIEH CTENEHBI0 HHTETPALUY X MEKPOMHUHUATIOPHU3aL UL

B xone pabotnl Obl1 000CHOBaH BBIOOpP 3MEMEHTHOM 0a3bl, NPOU3BEAECH pacuyeT
HOMHUHAJIOB HEKOTOPBIX 3JIEMEHTOB cXeMbl. [laHa peKoMeHAalMs MO YBEIHYEHUIO
ocnabneHys 3epKalbHOrO KaHada MpHeMa ¢ [IOMOLUBIO MIAHHPOBAHHA YaCTOTEHI
reTepoAUHA B 3aBUCHMOCTH OT PAcIIOI0KEHHNA H3MEPISMOro KaHaaa Ha YaCcTOTHOM OCH.

Beuna paspaboTaHa KOHCTPYKIMSI BpyOHOH sf4elKM mneyaTHOro y3/a NMpPHEMHHUKa
TpeOyeMbIX rabapHTOB.

B  pasgene, noceAlleHHOM — pa3pabdoTke — mporpaMMHoro  ofecrnedeHyA
IIpoMoienupoBaHa paboTa AeTeKTopa curHaia gopmara ILS.

B nocneaHeM pasfene BBIMYCKHOM KBaXH(UKaIMOHHONH paboTHl MpOBecHa
pa3paboTKa MeEpONpHATHH IO OXpaHe TpyAa NPH IMPOU3BOACTBE M IKCILTyaTalUH

IIpUEMHHEKA.
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HpHJIO}KeHHe 1. JIucTunr InporpaMMbl MOJCTHPOBAHHA JEMOAOVIIALIHNH CHI'HAJIA

¢opmata ILS B cpee Matlab

tunction ILS_Signal

%®yHkuns remepupyet U gemoaynupyet ILS LOC curnan
%I Iycts Apost=1V,

close all,

cle;

clear all;

NoiseSNR = 50;

Fs=64500;

Fc=2300;

PeriodsNum = 1;

DDM = 0.00;

SDM = 0.40;
t=0:1/Fs:((PeriodsNum/30) - 1/Fs);
length(t)

A90 = (SDM-DDM)/2; A150=(SDM+DDM)/2;

NBCH=A90*sin(2*pi*90*t)+A150*sin(2*pi* 150*t) + 1;
figure(1);

plot(t, NBCH,'k','LineWidth',2);grid on;

axis([0 max(t) 0 1.4]);

xlabel('Bpewms, c');ylabel(' AMnnuryna, B');
title((Moaynupyrowui HY curnan'),

s AM = NBCH.*cos(2*pi*Fc*t);%
figure(2);
plot(t,s_ AM,'k','LineWidth',1);grid on;
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axis([0 max(t) -1.4 1.4]);
xlabel('Bpems, ¢');ylabel('AMnautyga, B');

title("(MmeanpHbIi pagnocurHan'),

%/lobaBnsieM K NpoMOgyIHPOBAHHOMY CUTHANY LIYM

s AM_ Noise = awgn(s_ AM,NoiseSNR,'measured'); % IlIpubapnaeM LWyM K CUTHAY

figure(3);

plot(t,s_ AM_Noise,'k','LineWidth',1);grid on;
axis([0 max(t) -1.4 1.4]);

xlabel('Bpems, ¢');ylabel('AMnautyga, B');

title('Pamuocurnan Ha Bxoze npueMHHUKa');

%---Co31aeM KOMIUIEKCHBEIH CMECHTENb
Fg=1.0*Fc;%be3 cMelieHNs 4acTOTHI

Phi_g = 45%*pi/180;

Gi = cos(2*pi*Fg*t+Phi_g); Gg=sin(2*pi*Fg*t+Phi_g);
s Mul i=s_AM Noise.*Gi;

s Mul q=s AM Noise.*Gq;%-s_AM_Noise.*(q;
figure(4);

plot(t,s_Mul i,’k','LineWidth',1);grid on;

axis([0 max(t) -1.4 1.4]);

xlabel('Bpewms, c');ylabel(' AMnnuryna, B');
title("Curnan Ha BbIXOJe CMECHTENS CUH(pa3HOTIO KaHana');
figure(5);

plot(t,s_Mul q,'k','LineWidth',1);grid on;
axis([0 max(t) -1.4 1.4]);

xlabel('Bpewms, c');ylabel(' AMnnuryna, B');

title('Curnan Ha BeIXOJIe CMECHTENS KBa/IpaTypHOTO KaHaNa'),

Yo ®unpTpaua
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IpFilt = designfilt('lowpassfir',' PassbandFrequency',(300/(Fs/2)), ...
'StopbandFrequency',(Fc/(Fs/2)),'PassbandRipple',0.5, ...
'StopbandAttenuation',65,'DesignMethod', 'kaiserwin');

%fvtool(IpFilt);

%freqz(lpFilt);

s_i_filtered = filter(IpFilt,s Mul i);

s_q_filtered = filter(IpFilt,s Mul q);

% Jo6uBKa UMNYJIBCHON XapaKTepUCTUKU GUNBTPa HYJIAMH AJIA BU3YaaN3alUul B OJHOM

%macintabe

Z=zeros(length(t));

Z(1:length(IpFilt.Coefficients))=IpFilt.Coefficients(1:length(lpFilt.Coefficients));

figure(6);

plot(t,s_i_filtered,'k','LineWidth',2);grid on;

axis([0 max(t) -1.4 1.4]);

xlabel('Bpewms, c');ylabel(' AMnnuryna, B');

title(‘Curnan mocne ¢punpTpanyu B cuH(pa3HOM KaHaie');

figure(7);

plot(t,s_q_filtered,'k','LineWidth',2);grid on;

axis([0 max(t) -1.4 1.4]);

xlabel('Bpems, ¢');ylabel('AMnautyga, B');

title("Curnan mocne GpUABTpaUUH B KBaApaTypHOM KaHaiue');

DemodAM = 2*sqrt(s_q_filtered.~2+s_i_filtered."2);

figure(8);

plot(t,DemodAM,'k','Line Width',2);grid on;

axis([0 max(t) 0 1.4]);

xlabel('Bpewms, c');ylabel(' AMnnuryna, B');

title(' leMoayarpoBaHHBIN CHrHAM Ha BBEIXOIE AETEKTOPA');

end
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