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BBeneHve

HeoTbemnemol 4acTbio NPoLEecca NPOEKTUPOBAHNSA CUCTEM PaANO3IEKTPOHHON 60PLObLI

(POB) saBngeTcs (hOPMMPOBAHVE NCTBbITATENBbHBIX CUMHAOB, KOTOPBIE C BICOKON TOYHOCTBLIO U
MOBTOPAEMOCTBIO UMUTUPYIOT CUMHaIbHO-MOMEXOBYIO OBCTAHOBKY B YCNIOBUSAX BegeHns POB.

B wacTtHOCTN, Anst NpOBEeAeHNs peanMCTUYHbIX Y HArMAAHBIX UCMBbITaHWUI KPanHe BaXKHO MMETb
BO3SMOXXHOCTb (DOPMUPOBATL CIOXKHYIO CUrHANBHYIO OB6CTaHOBKY, MMUTUPYIOLLLYIO OLHOBPEMEHHOE
NPUCYTCTBUE B 3PMPE MHOXKECTBA NCTOYHNKOB 31EKTPOMArHUTHOIO N3MYy4eHNS.

B HacTosiLLEee BpeMst Takyto 06CTaHOBKY 3a4aCTyiO UMUTUPYIOT C MCMOSIb30BAHMEM FPOMO3OKMNX

1N CNOXXHbIX CUCTEM, pa3padaTbiBaeMbIX NOA, KOHKPETHbIE 334241 U MPUMEHSIEMbIX Ha 3Tane
KOHTPOJIbHBIX MCMbITAHWUM AN MOATBEPXKAEHMS COOTBETCTBUSA PaspaboTaHHOrO KOMMEKca

POB 3agaHHbIM TpeboBaHNSAM, MO3TOMY Takoe UCMbITaTelbHOE 060PYAOBAHME HE ABNSETCA
LIMPOKOAOCTYMHbBIM A5 MHXXEHEPOB-MPOEKTMPOBLLMKOB cpeacTB POB B xone HNOKP. MNoatomy
KOHCTPYKTOPbI, paboTaroLLme Had ONTUMU3aLIMEN N MPEABAPUTENBHON OLIEHKOW XapakTepUCTMK
pazpabaTbiBaeMbIX YCTPOUCTB, HAXOAATCS B HEBLIFOAHOM MOIOXKEHNUM MO CPABHEHWIO C
pagmnonHXXeHepamMu, peLlarLLM aHaNorYHble 3adaqn. VIHKeHepbl 3a4acTyrO y3HaKOT O XapakTepe
1 MacluTabax Npobem, CBSA3aHHbIX C AOCTVXKEHMEM OMPEAENEHHOMO NoKasaTens TOn U HON
TEXHUHECKOW XapaKTEPUCTUKM, YrKe Ha 3aKTIOUUTENBbHBIX 3Tanax NpoeKTUPOBaHWs. 3TO NPUBOOUT
K CpbIBam CPOKOB 1 HEOBXOANMOCTI NepepaboTKn MPOEKTA, a TaKXXe MPUHATUIO HEOMTUMASIbHBIX
KOHCTPYKTOPCKUX PELLEHWIN.

HacTosupme pekoMmeHgaumm no NPUMEHEHMIO COAEPXKAT CBOAHYIO NMHDOPMALIMIO OTHOCUTENBHO
OOCTYMHbIX TEXHNKO-METOAMHYECKUX NOAXOA0B K (DOPMUPOBAHNIO CUTHAMOB U MUTALAN CIIOXKHOW
CUrHasIbHO-MOMEXOBOW OOCTAHOBKM, COOTBETCTBYHIOLLEN peasibHbIM YCIOBMSM BeaeHnsa POB,

a TaKk>Xke nocnegHve HapaboTKW B CO3AaHNN MMOKMX 1 BbICOKOKAQYECTBEHHbBIX KOHTPOMBHO-
N3MePUTENBHbIX peLleHnii. K npuMepy, HegaBHWE NHHOBALMOHHbIE PaspaboTky B 061acTu undpo-
aHanorosbix Npeobpasosatenent (LIAlM) obecne4nnm BOSMOXXHOCTb MPaKTUHECKOrO MPUMEHEHNS
TEXHONOr K (POPMUPOBAHNSA CUIHANOB NOCPEACTBOM NPSMOro UmMdpoBoro cuHtesa (DDS) ans
3a4a4, CBsA3aHHbIX ¢ POb, 6narogaps paclUMpeHmno NOIOChl HaCTOT 1 MOBbILLEHWNIO KadecTBa
hopmMupyemMoro curHana. Peluerns, ocHoBaHHble Ha TexHonorum DDS, n gpyrue MHHOBaLMOHHbIE
paspaboTkM B 06/1aCTV ONepaTyBHOMO yNpaBieHst HaCTOTOM 1N MOLLHOCTBIO curHana 6yaoyT
06Cy>KOaTbCs B KOHTEKCTE MOBbILLEHNSA MPOUSBOANTENBHOCTN PabOThl MHXEHEPOB-PAa3paboTHMKOB
cpencts POB Ha aTane NpoekTUpoOBaHNS.
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PeanncTuyHoOCTb U JOCTOBEPHOCTL NMPY (HOPMUPOBAHIN CUTHAsbHOW
00CTaAHOBKM C MHOXECTBOM MCTOYHUKOB 3M1EKTPOMArHUTHOMO U3/1y4eHus

PesynbraTbl KOHTPOMbHBIX UCMbITAHWA, NPOBOAMMBIX C LIEMbIO ONPEAENeHIst 11 YCTAHOBNEHNS) COOTBETCTBIS
XapaKTepUCTIK CUCTEM M KOMMNEKCOB PIb 3aiaHHbIM 3HAYEHNAM, B 3HAUMTENBbHOM CTEMEH 3aBIUCAT OT TOF0, HACKOMBKO
BOCMPOW3BOAMMAst B XOAE UCMbITAHWI CUTHANBbHO-MOMEX0Bast 06CTaHOBKA COOTBETCTBYET PearbHbIM YCIOBUSM BEAEHNS
P3b. B ¢BOI 04epeab Pean cTMYHOCTb BO3PACTAET N0 Mepe TOro, Kak K 06LLen 06CTaHOBKE 100aBNsSeTCs BCe 60MbLIee
KOMMYECTBO MCTOYHWUKOB 3NEKTPOMArHUTHBIX 13NyyeHuid (M) ¢ napameTpamu, LOCTOBEPHO COOTBETCTBYHOLMMM
peanbHbIM Lensm PAb, thopmupys onpeaeneHHyto NNOTHOCTb CUrHaoB B admpe. MomM1Mo JOCTOBEPHOCTY NAPaMETPOB
CUTHasI0B OT OT/EMbHbIX 3MUTTEPOB, NEPEYEHb BO3MOXHOCTEN NPK UCMbITAHUAX cucTeM P3b B peanucTiyHbIX YCNOBUAX
PACLUNPSIETCS 32 CHET NPUMEHEHUS MOABVXHOM MNaTdopMbl, Pa3fnyHbIX MapaMETPOB 11 CXEM MOMCKA MCTOYHUKOB
ANEKTPOMArHUTHOO U3y4eHIs, MOIENEi MPUEMHBIX @HTEHH, YITIOB NPYUX0Aa CUTHAOB, & TakXKe BOCMPON3BENEHMS
YCNOBMIA MHOTONY4YEBOr0 PACNPOCTPAHEHUS CUTHATIOB W PA3NIMYHbIX MOJENEN MOBEAEHNS 1 COCTOSHIS aTMOCHEbI.
CoBpeMeHHbIE cucTeMbl PAB €030al0Tes 151 00HAPYXEHNS N UAEHTUDMUKALAN UCTOYHIKOB ANIEKTPOMArHUTHOMO
M3NYYeHNs MyTeM TOYHOrO ONPefeNeHis NeneHra n napameTpoB UMMYMbCHBIX CUFHANOB B YCNOBHSIX BbICOKOI MNOTHOCTY
3dmpa ¢ nokasarensgmu ot 8 1o 10 MUMNNOHOB UMMYNCOB B CEKYHY.

CTOMMOCTb UCMbITAHWUIA BAXKHA TaK X6, KaK W X PEan1CTUYHOCTb, MOCKOMbKY CTOMMOCTb U OCTOBEPHOCTb UCMbITAHNNA
CBS3aHbl MeXY COO0M 3KCMOHEHLMANBHOM 3aBUCUMOCTbHO. 110 Mepe NOBbILLEHNS 3KOHOMUYECKON 3(DHEKTUBHOCTM

11 (DYHKLMOHANBHOCTY UCMbITATENbHOMO 060PYA0BAHIS PACTET W YNACNO0 BUAOB UCMbITaHWA cpeacTs PIB, KoTopble

MOXHO BbIMOMHUTb Ha 3eMAe, Hanpumep B labopaTopun uni 6e33x0B0I Kamepe, a He B YCMOBMSX NETHBIX AN MPOYNX
PA3HOBUAHOCTEN HATYPHbIX UCMbITAHMIA. HECMOTPS Ha TO, YTO NIETHBIE UCMbITAHUS 3HAYMTESNBHO PACLLMPSIOT BO3MOXXHOCTY
BOCMPOW3BEAEHNS YCNOBUIA UCTbITAHWUIA, OHW [OPOrOCTOSLLM 11 0ObIMHO NPOBOASTCS Ha No3aHMX aTanax HAOKP, yto
MOBbILLIAET PUCKY U ianbHEALLINIA POCT CTOMMOCT PaboT B CBSA3M CO CPbIBOM CPOKOB B CNy4ae BbisBNEHUS CO0EB
ycnbiTbiBaeMolt cuctembl (C). fopasno BeiroaHee NpoBOAWTL MaKCUMAabHO PEANIMCTUYHBIE UCTIBITaHIS Ha PaHHKX 3Tanax
B 1a60PATOPHbIX YCMIOBMSIX, FAE UX MOXHO NETKO NOBTOPSATH 15 MOCTENEHHOTO BbIABNEHUS M YCTPAHEHNS NPO6EM.

CNOXHOCTK, C KOTOPLIMU CTASIKMBAOTCS VHXXEHEPbI MY MUTALLMN
CUrHaNbHO-NMOMEX0BOW 06CTAHOBKM CO MHOXECTBOM MUCTOYHMUKOB IMI

CurHanbHo-nomexoBas 06CTaHOBKa, XapakTepuaytoLLas COBPEMEHHbIE YCI0BUS BeAgHUs PIb, BKNOYaeT Thicsum
1cToYHMKoB AMU - paanonepeaaTynkos, 6eCNPOBOAHbIX YCTPOICTB, @ TAKXXe 0T AECATKOB 10 coTeH PIIC-uenei, -
(HOPMUPYIOLLMX MUNINOHBI PAANONOKALIMOHHBIX UMMNYALCOB B CEKYHAY Cpeam Apyrux (DOHOBLIX CUrHANOB U LLYMOB.
061wt 0630p CNEKTPa CUrHANOB LiENeit NpeAcTaBneH Ha puc. 1.
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PucyHok 1. 06Las KapTuHa pacnpegeneHns u NNoTHoCTY uenei P3b no 4acToTHLIM Anana3oHam B 06bI4HOI 0nepaTMBHON 06CTaHOBKeE. PeanbHas
CUrHanbHo-nomexosas o6¢ctaHoska B BY- u CBY-guanasoHax covetaet B cebe psf UCTOYHMKOB MU, COOTBETCTBYIOLLMX 06pasLam BOOPYXEHNS 1
BOEHHOI TexHUKM (BBT), a Takxxe rpaX JaHCKOro 1 KOMMEPYECKOr0 Ha3HaueHus.
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MopgenupoBaHiie Takoi CUrHaNbHO-NOMEXOBOI 0OCTAHOBKY NPEACTaBASET COBOM CAOXHYIO 3afady, 0COBEHHO Ha aTane
NPOEKTUPOBAHWS, MOCKONbKY Ha 3TOM 3Tare TPeBYeTcs A0BUTHCS MaKCUMabHONA TMOKOCTY 11 NPOU3BOAMTENBHOCTH
pa3pabarbiBaeMoi cucTeMbl. CUTYaLWs 3HAYNTENBHO OT/IMYAETCS OT TUMOBON 3a4a4M NPOEKTUPOBAHUS YCTPOCTB
6eCnpoBOAHOI CBSA3M, KOTAA OfVH reHepaTop CUrHAN0B MOXET (DOPMUPOBATH TPEOYEMbIN CUTHAN, HA KOTOPLIA, Npu
HEOOXOAMMOCTH, HAKNAAbIBAETCS CUMHAN BTOPOIO reHepatopa Ans UMUTaLMM NOMeX UK Lyma.

Mpy1 NPOEKTUPOBaHIM CUcTEM PAB CROXHOCTb U MAOTHOCTL CUMHANBHO-NOMEX0BOM 06CTAHOBKI ENAIOT HEMPAKTUYHbIM
ICMIONb30BaHNE OHOr0 reHepaTopa CUrHasIoB UK HEBOMBLLIOMO WX YMCNA AN UMIATALIW OBHOTO WA HECKOMbKMX
NCTOYHMKOB IMI. Vcnonb3oBaHmue Takux NOAX0A0B UCKMIOYABTCA MO COOGPAKEHUSAM CTOMMOCTM, CIIOXHOCTI 11 TPEBYeMOl
MAOTHOCTY CUTHAOB, KOTOPbIE JOMKEH CCHOPMIPOBATL OTAEGMbHbIA UCTOYHIK Ha KOHEYHOM BPEMEHHOM UHTEpBane.

EAMHCTBEHHBIM NPAKTUYHBIM PELLIEHNEM SBNISIETCS MOAENMPOBAHIE HECKOMbKIX MCTOYHMKOB MU ¢ MOMOLLIbIO OAHOTO
reHepaTopa CUrHanoB, a TakxKe VCMoNb30BaHNe HECKOMbKIIX FEHEPaTopOB, KXl 13 KOTOPbIX 00bIYHO MOAENMPYET
HECKOMbKO UCTOYHMKOB IMW, KOra HeobX0anMo 06eCneynTb TPEBYEMY0 MNOTHOCTb CUrHANMOB MK CMOAENNPOBATL
0co6ble BNsOLLME (haKTOPbI UK YCNOBS, HANPUMED Yron NPUX0AA BOfHbI HA NPUEMHNK.

B03MOXXHOCTb CMOAENMPOBATH PABOTY HECKOMBKIX UCTOUYHMKOB IMI Ha pasnuyHbIx YacToTax OnpedensieTcs YacToTomn
MOBTOPEHMS MMYNIbCOB, KOAMULIMEHTOM 3arONHEHNS N YUCIIOM IMMITEPOB B IMUTUPYEMOI 0OCTaHOBKE, a TaKKe
BO3MOXXHOCTbIO ObICTPOrO NEPEKIIOYEHIS TEHEPATOPA CUTHANOB MEX[Y 3HAYEHUAMM YACTOTbI, aMMAMTYAb! 1 MEXLY
Tnamn Moaynaunn.

®aKTopOM, OrpaHNYMBIOLLM BOSMOXXHOCTb NPUMEHEHUS OHOIO FEHEPATOPa CUTHAMOB A1t MOLENMPOBAHIS HECKOMBKIX
NCTOYHMKOB M, SABNSIOTCS KONAU3UM (HANOXEHMS) UMNY/bCOB. Ha puc. 2 1 3 NoKasaHo YMCno KOMNN3NiA UMNYNbCOB,
OXIIAEMOe B CMy4asix HIN3KOM 1 BbICOKOW 4acTOTbl MOBTOPEHNS MnynbcoB (PRF).

3aBMCMMOCTb MPOLIEHTA KOSUW3IA UMMYBCOB OT MIOTHOCTU
UCTOYHMKOB MU ¢ HU3KOI YacTOTOM NOBTOPEHNA UMNYNLCOB
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PucyHok 2. Mo mepe pocTa uncna ucTo4Hnkos IMU pacTeT 1 4o KONM3NA UMNYNbCOB, AaXe eCiyu BCe 3MUTTEpbl paboTaloT ¢
HW3KOI NNOTHOCTBIO MMNYNbCOB.
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3aBMCMMOCTb NPOLIEHTA KOMM3MIA MMNYSILCOB OT MAOTHOCTH
MCTOYHMKOB MU ¢ BbICOKOI YacTOTOM NOBTOPEHUA NMNYJIbCOB
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PucyHoK 3. Mpu BKNKYEHIM B MOAENb NCTOYHIKOB MU C BLICOKOW YaCTOTOI NOBTOPEHHS IMNYILCOB MPOLIEHT KONMM3II UMMYNbCOB PE3KO BO3PACTAET.

CKOpOCTb CMEHbBI PEXXMMOB FeHepaTopa SBNSETCS OfHNM 113 NOKa3aTenel, xapakTepuayoLnx ero cnocobHOCTb
VIMUTVPOBATb HECKOJIbKO MCTOYHIMKOB M. Bpems ycTaHOBKM 4aCTOThl M aMNNTY/bl reHepaTopa (B 3aBUCUMOCTY
0T TOr0, YTO 60fbLLE) OrPaHNYMBAET BPEMS Mepexofia 0T BOCNPOM3BEAEHUS 0HOr0 aeckpuntopa uMnynsca (PDW) K
BOCMPOW3BEAEHMIO CNEAYIOLLETO.

0611 NNOTHOCTb MMNYNbCOB A OAHOrO reHepaTopa OrpaHryeHa CyMMapHO BpeMeHeM NepecTpoiki n
LNUTENbHOCTAMU UMNYLCOB, T.8. NEPUOAOM 6NIOKMPOBKIA, KaK NokasaHo Ha puc. 4. QUeBUAHO, 4TO Nepuof,
GNIOKMPOBKM JOMKEH BbITh Kak MOXKHO 60168 KOPOTKUM, MO3TOMY 3Ha4eHWA BPEMEH YCTaHOBEHWA NapamMeTpoB
reHepaTopa TaKXe JOMKHbI ObITb MAHUMATbHBIM.

) JUTENbHOCTL UMNYAIbCa
Bpems Ha NepecTpoiiKy YacToTb

Bpewms Ha n3ameHeHve amnanTy sl

lNepexoaHblit NpoLecc

Mepuog, 610KMPOBKN

: >

Bpewms

JleckpunTtop BocnpousseaeHue

UMNYNbCOB NepefaH JeckpunTopa UMnynbLcoB
PI/IcyHOK 4. BO3MOXHOCTb MMUTALNN HECKOJTIbKMX NCTOYHNKOB IMI 3aBMCUT HE TOMLKO OT napameTpoB 3TNX NCTOYHNKOB (Hanpmmep, 4acToThl
NOBTOPEHNUSA UMMYNbCOB U ANUTENbHOCTI I/IMI'IyJ'Ibca), HO 1 OT CKOPOCTW NepeKsito4eHns n BpeMeHn CTaﬁVIJ'II/I3aLI,l/lVI YacTOTbl N aMNINTYabI
CurHana, KoTopblie onpeaendtTca UCnoab3yembiM reHepaTtopom CUrHasnoB. Ecnn reHepaTop HaxoAnTca B npouecce I'IepeCTpOVIKM, OH HE MOXEeT

BOCMPON3BOANTL MMNYALC. ECNI Xe BOCMPOU3BOANTCA 3aaHHbIA MMNYNLC IMUTTEPA, TO GIIOKUPYETCS NepeKntoyeHme. feHepaTop He B COCTOAHNM
NMUTUPOBATDL PA3NNYHbIE LIENW B Neprog 670KMPOBKN (BPeMs 0T N0AAYM [0 3aBEPLLIEHNS BLINONHEHNA YIPABASIOLLEN KOMaHfb).

NSt iMuTauMm CLEeHapreB ¢ BLICOKON MIOTHOCTbIO MMMYIbCOB M BO3MOXXHOCTI HANIOXKEHUS HEKOTOPbIX UMMYbCOB
JPYr Ha [ipyra 3a4acTyio HeobXoAMMo 06beANHSTE HECKOJIbKO reHepaTopos. 10 Mepe BKI0YeHUS B0MbLIEro Yucna
reHepaTopoB B KOHMUIypaLMIO UCMbITATENbHOr0 060PYA0BaHMS, MNOTHOCTL UMMYLCOB A0/KHA BO3PAcTaTh
NOCTENEHHO W HENPEPbIBHO, YTO6LI B UTOrE 6bI10 AOCTUTHYTO ONTUMATIbHOE COOTHOLLEHUE MEXY Peann3Mom
Moaenn n ee CTOMMOCTbIO.
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Kak ycoBepLLEHCTBOBaHIE TEXHONOr A yNpoLLaeT NpoLece CUCTEMHOI
NHTErpaLv U CHKaeT CTOMMOCTb pa3paboTok

MMuTaLms GobLUEro Y1cna LIeNeit Ans MoBbiLLIEHUS MIOTHOCTY UMNYSILCOB B UTOTE TPEGYET GOMbLLETO YNCIA KaHAOB
napannenbHoro MOAENNPOBAHIAS, JaXKe 8N KaHa MOAENMPOBAHUA 0GecnednBaeT GhiCTPOE NePEKYeHINe HacTOTbI 1
amnMTYabl curHana. NpudnHa 3akmiodasTcs B TOM, YTO M0 MEPE YBENNUYEHNA TakiiX NapameTpoB, Kak YnCso UCTOYHIKOB
MW, yacToTa NOBTOPEHIA UMMYNBCOB 1 KOS(DULIMEHT 3aMONHEHMS, UMNYSTbCh HAYMHAIOT HAKNAALIBATLCA APYT

Ha Jipyra BO BPEMeHHOI 061acTy’. MNyNbCbl, HAKNAbIBAIOLLMECA APYr Ha ApYra BO BPEMEHHOM 061aCTiA, JOMKHbI
BOCTPOW3BOAUTLCA NAPANNENbHO 3anyLLEHHbIMIA FeHEpaToOpaMu i BbIGOPOYHO YAANSTLCA HA OCHOBAHMN CXEMbI
MPUOPUTETA JECKPUNTOPOB UMMYIIHCOB. K COXAIEHMIO, NOBbILLIEHINE PEANN3Ma CHIOXKHON CUrHATLHO-TIOMEXOBOI 0GCTAHOBKY
C BbICOKOI MOTHOCTBIO CUTHANOB MPUBOAMT K 3HAYUTENBHOMY POCTY CTOUMOCTM CUCTEMBI, KaK MOKa3aHo Ha puc. 5.

LleHa >

Tpebyemas getanusaums

YcTapesLuue TexHonoruu
MMUTALNOHHOIO MOAENMPOBAHNA

CoBpeMeHHble TEXHONOMMK
MMUTALLMOHHOI0 MOJENMpPoBaHNA

JlocToBEpHOCTb

PucyHok 5. ToBbllLeHME JOCTOBEPHOCTY UMUTALMOHHOTO MOJEMPOBAHAS BAEYET 3a CO60I 3KCMOHEHLMANbBHBIA POCT CTOMMOCTI UCbITATENBHOMO
060py0BaHNs. CneynanucTsl B 061aCTH CUCTEMHON MHTErPALMM 1 CUCTEMHOrO aHanuaa AoMKHbI BbIGpaTb Takoe COOTHOLLEHNE CTOUMOCTY 1
[0CTOBEPHOCTH, KOTOPOE rapaHTUPYET peLUeHie 3a/1a4M OLEHKI XapakTepucTuK pa3padaTbiBaemol cucTeMbl. HoBbE TEXHONOT M MOAEAMPOBaHNS
N03BONAOT NOBBICUTb Pean3M MOAENN 1 e AOCTOBEPHOCTb NP MEHbLLEN CTOMMOCTH.

B npoLunom, 4ns uMuTaumn USMEHEHUS OHOM0 U3 NapamMeTpoB MOLENM, TaKWX KaK BHECEHUE [ONONHUTENbHbIX CUTHAOB,
JONONHUTENBHAA MOAYNSALMS/POPMUPOBaHIE UMMYLCOB, OCNABNEHNe UK YCUNeHWe, CABUT (hadbl, B CUCTEMY UMUTALMM
BBOAWN [ONOSHUTENBHbIE KOMMOHEHTBI U YCTPOACTBA. 151 (HOPMMUPOBAHUS KXKAOr0 MMMYIbCa aHANOMMYHbIA AECKPUMTOP
MMMYNBCA MOCHIIANCS HA KXAbIA (hYHKLUMOHANBHBI 3MIEMEHT CUCTEMbI. Hanpumep, cuHTe3aTop (opMUpoBaN CUrHa Ha
3a/1aHHOI BbIXOAHOM YaCTOTe, a OTAEMbHbI MOAYNISTOP 06€CNeYnBan UMMYMLCHYIO MOAYNSLMI W/uan Mogynsaumio AM/
YM/OM. Mocne 3Toro ANs PErYNNPOBKIA 1 YCTaHOBEHNS TPEGYEMOr0 YPOBHS BLIXOAHOM MOLLHOCTY MCMONb30BANIUCH
YCWAUTENN WA aTTeH0aTopbl. [prUMep TOMONOrmM Takol CUCTEMbI MPEACTABNEH Ha puc. 6.

leHepatop Yeunutens/ CYMYNALVS YCNOBMA
AMNYNCOB rexepartop aTTexi0aTop BefeHns P36

CUHXPOHM3aLMs

PucyHok 6. Mpu cnonbaoBaHnm TpaanLMOHHOM0 NoAXoAa Anst OPMUPOBAHMS 11 M3MEHEHUS TPEGYEMOro CUrHaNa napameTpsl ynpasnexus B
BM/IE ECKPUNTOPOB MMNYbCOB NOCHINAITCS NapanenbHo Ha HECKONbKO (YHKLMOHANbHbIX ANEMEHTOB ANA KAXAOT0 UMNYAbCa. Takol NoAX0A
NPUBOANT K CO3AAHMIO CTIOXKHbIX CUCTEM, TPEGYIOLLIX TOUHOI CUHXPOHU3ALMNA.

1. Philip Kazserman, “Frequency of pulse coincidence
given n radars of different pulse widths and PRFs,”
IEEE Trans. Aerospace and Electronic Systems, vol.
AES-6. p. 657-662, September 1970.
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MOCKOMbKY 19 (OPMUPOBAHMA CUrHANA KaXJ0r0 BbIXOAHOIO KaHana Tpe6yeTcs UCrnosib30BaTh HECKONbKO
(YHKLMOHASIbHbBIX 3/1EMEHTOB CUCTEMbI, HETPUBUANBHON CTAHOBUTCS 3aa4a X CUHXPOHU3ALIMM MO BPEMEHMU
NPU KOHUryPUPOBaHIK 1 fanbHelLLe aKennyaTauum cucTembl. Heo6xoaMMO NONHOCTbIO ONNUCATH OBLLMPHLIN
PSA, 3HAYEHNI BPEMEHM CTaBUNN3aLMM 11 3a8PXKEK, YTOGLI ONTUMU3MPOBATbL NNOTHOCTb UMMYNLCOB NYTEM
MaKCUMasbHOr0 YMEHbLUIEHWS AAUTENBHOCTY NePUO0B GIOKMPOBKA.

Mpy TakoM NoAXxoAe CUCTEMA MOXKET GbiTb HEMOCPEACTBEHHO MACLLTAGUPOBaHa ANst CO3aHNst HECKONbKIX
KOrepeHTHbIX KaHanoB, Kak NokasaHo Ha puc. 7. OJHaKo CKOHMUryprUpoBaHHbIe TakuM 06Pa3oM CUCTEMbI 3aHUMAIOT
60NbLLE NPOCTPAHCTBA 1 MECTa B CTOMKAX, @ UX CTOMMOCTb GbICTPO PacTeT.
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PucyHok 7. Toaxon K (hOPMUPOBAHNIO CUTHANOB C UCMONb30BAHNEM OTAEMbHBIX (PYHKLMOHANBHBIX 3/IEMEHTOB N03BONAET NPOCTO YBENNYMBATL
MacLiTab cucTembl AnS NOBBILIEHNS NIOTHOCTM UMAYNCOB M CO3AAHNUS 60Nee PEANMCTUYHOI CUTHANbHO-NOMEXOBO 06CTaHOBKM. K coxaneruio,
C pOCTOM MacluTaba CUCTEMbI TaKXKe pacTeT ee CTOMMOCTb 1 pa3mep.’

Cxema ynpasneHus 1 KOMMYTaLK, NOKa3aHHast Ha PUC. 7, MOXET pacnpefensThb AeCKPUNTOPbI UMMY/bCOB M0
KaHanam, OCHOBLIBAACb HA TPEOYEMbIX napamMeTpax MoAeIMPYEMbIX UCTOUHUKOB MU, HanpuMep 4acToTe HeCYLLEH,
aMMAUTYAe U 4acTOTe NOBTOPEHUS MMMYNBCOB, & TAKXKE C Y4ETOM [OCTYMHOCTY KaXA0ro KaHana Ans npuema
JECKPUNTOpa UMNysbca. MoCKONbKY KaHan He MOXET 0JHOBPEMEHHO IMTUPOBATh NapaMeTpbl, ONUCHIBAEMbIE
[ABYMS PA3SIMYHbIMI A8CKPUMTOPAMIA UMMYNILCOB, OfMH 113 HIUX MOXET GbiTb NepeHanpaseH B pe3epBHbIi KaHas unm
OTKJI0HEH (B 3aBUCMOCTY OT NPUOpUTETA).

B KOHEYHOM CyeTe NpUeMHMKM cucTeM PIb 10MKHbI UMETL BOSMOXXHOCTb 06padathiBaTb 8—10 MIH MMNYNbCOB B
CEKYH/Y, NPy 3TOM HaunbobLLas NIOTHOCTb UMMNYNbCOB JOMKHA HAONAATLCS B X-Anana3oHe. Kpome Toro, OHu
JOMKHbI UMETb BO3MOXHOCTb 00pabaTbiBaTh MMMYMbLChI, 0AHOBPEMEHHO NPUXOASLLME HA PA3HbIX YaCTOTaX Nof,
pasHbIMK yrnamu. opMUpoBaHIe UMMYNbCOB, HAKNAbIBAIOLMXCA APYT HA Apyra BO BPEMEHHOM 0611acTu, AOMXHO
ObITb OIHOW 113 OCHOBHbIX 3a/1a4 MOJENMPOBAHUS NS NOBbILIEHUS CTEMNEHU pean3ma Moaeni.

HecmoTps Ha TO, YTO Ha pucC. 7 NpuUBEAEHA 04eHb 3MMEKTMBHAS CUCTEMA, CTEMNEHb MHTErPALMN ANEMEHTOB TaKoW
CUCTEMbI J0CTATOYHO HM3Ka. HeaaBHWe pa3paboTky B 061aCTy DOPMUMPOBAHMS aHANOrOBbIX U CMHTE3a LMMPOBbIX
CWUrHANOB fianu BOSMOXHOCTb NOBBLICUTb CTEMNEHb MHTEMPALMK, @ TAKXE YBENUYNTL IPMEKTUBHOCTb CUCTEM C TOUKM
3PEHNS X CTOMMOCTY 1 3aHMMAEMON NNOLWAAW (MHpopMaLms 06 3TOM NpuBeaeHa B pa3aene «[oBbieHe CTENEHN
VHTErpaLmm peLeHnii ans ucnbiraHuin cuctem P3b»). CyLLecTByeT HECKONbKO CNOCO60B yNpaBeHns NpoLeccamm
MOZENMPOBAHNA B 3aBUCUMOCTM OT LiNe 1 3aay UCMbITAHWI.

1. BocnpousBeaeHo ¢ paspelenns 1asuaa daemu
(David Adamy), EW 101: A First Course in Electronic
Warfare ([epBblii Kypc N0 paAno3NeKTPOHHON
6opbbe), I. Hopsya, Maccayycertc: Artech House,
Inc., 2001 . © Artech House, Inc, 2001 .
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YnpasneHue ucnbiTaTeNbHbIM 060pyA0BaHNEM C 06PaTHON CBA3bIO

B 3aBMUCUMOCTI OT CTENEHM MHTErPaLN ANEMEHTOB MOAENM W €€ ANMHBI CLIEHAPN MOXHO BOCMPOM3BOAMTb 113 NaMSITH
M0 CNKCKY WA TPAHCAMPOBATb Yepe3 LMdpoBoi UHTePENC, HanprUMep C NOMOLLbIO NMPOTOKONA AnthepeHLMaNbHON
nepeaayun curdanos (LVDS). B pexxume cnivcka BOCNPOM3BOAATCS 6051ee KOPOTKME CLEHapWK, Mpu 3TOM AECKPUNTOPbI
VIMNYIbCOB BOCMPOU3BOASATCA 13 NAMSATI COMNACHO CNIUCKY. ITOT PEXUM A0MYCKAET BOSMOXHOCTb NEPEKNYEHIS
VIMNYIbCOB MEXY CrIMCKaMW AN aAanTUBHOIO (C 06PATHOM CBA3bHO) MOAENMPOBAHNS B OTBET Ha feicTaus C.

Hanpumep, 4acTo BO3HUKAET HEOOXOAMMOCTb NEPEKIIOUYEHINS MEXY PEXIMaMU MOLENMPOBAHNS B OTBET Ha 0OHAPYXXeHWe
1 naeHTUduKaumio VC uenen 1 nepexom, B peX M NOCTaHOBKYW NoMex. [ins peanuaaumn 601ee ANNHHbIX CLIEHApHEB,
TpeGyHoLLMX ONEpaTUBHOrO KOHTPONS 38 BCEMI U3MEHEHUSIMU B XOAE UX BbIMOMHEHWS, AECKPUMTOPLI MMMYTbCOB MOXHO
nepefaBaTh B MOTOYHOM pexkume nocpeactBom LVDS Ha nogcucTemy (opMUPOBaHNs CUrHaIoB, KoTopast paboTaeT B
pexuMe BbICTPOro KOHTPOMEPa. B aTom cnyyae nporpamMmmHoe 06ecrneyere ans Mofen1poBaHns (hopMUPYET NakeTbl
[JECKPUMTOPOB MMMYNbCOB B COOTBETCTBUM C KMHEMATIYECKON JeTanu3auyert MOLENu i TPAHCIMPYET UX B MOTOYHOM
PEXMME C ONEPEXEHNEM 3aaHHOr0 BDEMEHM X BOCTIPON3BEAEHNS.

Llenbto 06omx NOAXoa0B SBSETCS 06ecneyeHne Harpy3ki VIC ¢ pacTyLLel NNOTHOCTLI0 MMMYbCOB B 3aBUCKMOCTY OT Yncna
JOCTYMHbIX KaHaNoB MOAENMPOBAHNS U MOLENNPYEMbIX NAPaMETPOB Lieneii. Mo Mepe YBENMYEHNst NNOTHOCTM UMMY/LCOB,
HEKOTOPbIE AECKPUNTOPbI MOrYT ObITb OTKIOHEHbI COMMACHO CXeMe NPUOPKTETA, T.K. KONMYECTBO X CTONKHOBEHWIA BO
BPEMEHHOI 06/1aCTy PACTET, a UMEIOLLMXCS KaHANOB MOXET CTAHOBUTHCS HEAOCTATOYHO ANS VX BOCTPOU3BEAEHUS.

MMuTauwms yrna npuxofa BOMHbI

B fononHexmre K hopM1pOBaHII0 3aaHHOIA MOTHOCTM 1 JOCTOBEPHOCTY SMUTTEPOB CUTHATIOB, TAKXKE BAXKHO NPUBECTY
B COOTBETCTBYE NApaMeTPbl FEOMETPUI 1 KUHEMATUKU CLIEHApUes BeaeHNsa PIB, MOCKOMbKY Yron Npuxoda CUrHanos ot
PJIC-Lgnei M3MeHsIeTcst MeIeHHO OTHOCUTENbHO CUCTeMbI PIB N0 CpaBHEHMIO C APYrMI NapaMeTpaMiA, TaKUMU Kak
LieHTpaslbHas YacToTa 1 YacToTa NOBTOPEHMS! MMMYSTbCOB.

Cuctembl P3b n3mepsoT yron npuxofa BOMHbI U OLEHWBAKOT PACCTOSTHIE MYTEM CPaBHEHUS aMMUTYA, AUdhepeHLManbHOMO
[JION/IEPOBCKOr0 METoa, MHTEP(EPOMETPIM (Da3HOCTM (had) 1 pasHuLbl BO BpemeHi npuxoda curHana (TDOA). TouHble
13MEPEHIS yIma Nprxoaa BOMHbI 06ECMEUMBALOT TOYHOE 06HapyxeHne PIIC-Leneit. B HOBbIX CUCTEMAX yaaneHHO! NOCTaHOBKM
MOMEX, KOrJia CamoneT - MOCTAHOBLLMK MOMEX OCYLLECTBASET NPUKPLITAE LIENKW, HAXOAACH 32 NPEAeNnamm 30Hbl NOPaXKEHNS
MBO NpOTVBHMKA, UCTONb3YIOTCS aKTUBHbIE (DA3NPOBAHHbIE aHTEHHbIE PeLLETK (ADAP) ¢ aneKTPOHHbIM YNpaBneH1em
[JyarpamMMOoi HanpasneHHOCTH, CNoCoGHbIE 06ECTeYNTb (POPMUPOBAHIE ONTUMATIBHOV AMArpaMMbl HANPABAIEHHOCTY C LEMbIO
CHVDKEHWS NOTEPb MOLLHOCTI NEpeaTyiKka NoMex BCREACTBIE PACCEAHIS My4Ka ANEKTPOMArHUTHON 3HEPriW B CTOPOHBI
OT NMPYKPLIBAEMO LieNn. bonee Toro, npremMHuKI cucTem P36 ¢ NyuLuMin BO3MOXXHOCTAMI ONPESENeHIs yrma npuxoga
BOJTHbI CHUXKAIOT NOTPEBHOCTb B YCTPAHEHUN NEPEMEXEHUS UMMYNbCOB W COPTMPOBKE. CneaoBaTtesbHo, Yron npuxoaa
BOJIHbI CTAHOBMTCS BCE 00/1€€ BXKHBIM NMapameTpoM, MOAENMPYEMbIM MPK MPOBEAEHUN UCTIBITAHWIA.

MeToibl UMUTALIW YT MPUX0A BOJHbI

B npotunom napameTpsl CUrHana, CooTBETCTBYIOLLVE ONPEAENEHHOMY Yy NPUX0AA BOSHbI, 3a4aBaNNCh NyTeM
00bENHEHNS HECKOMbKIX TEHEPaTOPOB 11 aHaNOroBbIx PasoBpaLLlaTeneil, a Takke aTTeHIaToPoB 1 6/I0KOB YCUEHNS

B KabeNbHON NHMK, BeyLlen K VIC. AHanoroBble aNeMeHTbl B KAOEMbHOW NIMHIAN 3aHUManii MHOTO MeCTa, UMENu
OrpaH1YeHHyt0 TOYHOCTb U BbICOKYIO CTOMMOCTb. B KauecTBe aNbTepHaTUBbI reHepaTops! (B 3aBUCAMOCTH OT WX
APXUTEKTYPbI) MOXHO 06bEAVNHSTH AN CO3MaHNS KOrePEHTHOrO NO (hase BbIXOAHOrO CUrHana, KOTopbli 06ecneynBaeT
6onee TO4HOe ynpaBneHue PasoBbiM POHTOM, UayLLMM K VC. AHanoryHbiM 06pasom ynpasnieHne aMnanTynon curHana
Ha BbIX0/ie FeHepaTopoOB MOXHO MCMONb30BATH 151 CO3AAHUS HAANEXALLMX COOTHOLLIEHW aMnAUTyL, B kaHanax npuema WC.

B03MOXHOCTb KOHTPOMS YrNa MpUXoAa BOMHbI C LENbo COOTBETCTBUS COBPEMEHHbIM TPEGOBAHISIM K UCTIbITaHUAM 3aBUCUT
OT apXUTEKTYPbl reHepaTopoB. M0 MeHbLLE Mepe A0MKHa CYLLECTBOBATb BO3MOXHOCTb CUHXPOHWU3MPOBATL PaboTy
reTepoAMHOB PasfyHbIX reHepaTopoB TakMM 06pasoM, YTOOLI OHI BCE UMENW OAUHAKOBYIO (hasy. YacTo npu KanmbpoBke
HE0BX0AMMO TOYHO HACTPOUTH (DA3Y U BPEMEHHbIE COOTHOLLEHUA NSt PAsYHbIX FeHepaTopoB.

[anbHeilein 3ana4eil CTaHOBUTCS CO3[aHNe HEOOMbLUMX, TOYHbIX 11 BOCIPOU3BOAWUMbIX (D30BbIX M YACTOTHBIX CLABMIOB
MEX[y CUTHanammu B PasNnyHblx KaHanax. [eHepatopbl CUrHaoB, NOCTPOEHHbBIE HA OCHOBE apXUTEKTYPbI W MPUHLMIMOB
npsMoro Lucposoro cuHTesa (DDS), No3BOMSOT U3MEHSITL YoM NPUXOAA BOMHbI NOCPEACTBOM MPOrpaMMHbIX KOMaHL, ¢
MOMOLLBIO reHepaTopa ¢ LndpoBbIM ynpaeneHreM. Ga3oBast CUHXPOHN3ALMS FeHepaTopa CUrHaIoB C MPSIMbIM LMGPOBbIM
CWHTE30M 3aKT04aeTCs B NMOAKIOYEHUM €70 K 06LLEMY OMOPHOMY reHepatopy. KannbpoBoyHble KOMULIMEHTSI,
06eCneynBaloLLye TOYHOCTb 1 BOCIPOM3BOAMMOCTb, MOXXHO 3arpy3uTh B TabnuLy v MPUMEHSTL B PEASTBHOM BPEMEHH.
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0630p TEXHONOrMIA MOCTPOEHUS reHepPaToOPOB CUTHANMOB, UCMOMb3YEMbIX
Npu UCMbITaHUsSX Komnnekcos PIb

XapakTepucTUKM 1 OrpaHnyeHnst cuctem HOPMUPOBAHIAS CUTHAMOB, UCTONb3YEMbIX NPK UCTIBITAHNSX KOMMNIEKCOB
P3b, B 3HaUMTENbHO CTENEHM ONpeensioTcs TEXHONOrUAMM, NONOXKEHHBIMU B OCHOBY apXUTEKTYP CUHTE3aTOPOB
11 FeHepaTopOB, ABNAIOLMXCS CEPALEM TaKIX CUCTEM. YTOOLI HXEHEPbI-NPOEKTUPOBLLVKI KOMMNEKcoB PIB mornn
NPUHATb B3BELLEHHOE PeLLeHre npu BbiGope yHAaMeHTa s NOCTPOSHUA TaKIUX CUCTEM, B HACTOALLEM paszene
NpUBOANTCA 0606LLEHHAA MH(OPMALNS O TPEX JOCTYMHbIX B HACTOALWIA MOMEHT OCHOBHbIX TEXHONOTUSX:

— MPSMOI aHanoroBbli cuHTe3 (DAS);

- (has3oBas aBTONOACTPONKA YacTOTbl (PAIY) nnv HENPSMOI aHANOroBbIA CUHTE3 (HACTO TaKXe UCMOMb3YKTCS
JenuTeni ¢ Lpo6HO-NepeMEHHbIM KO3 MULIEHTOM AENEHUS);

- MpsMoi undposoi cuHTes (DDS).

O6Lve TpeboBaHUS K reHepaTopam CurHanos

[eHepaTopbl CUrHAMOB, UCMOMb3YEMbIE NPU UCTILITAHUAX KOMNNEKCOB PIB, A0MKHbI MMETb BO3MOXHOCTb
(hOpPMMUPOBAHMS LLIMPOKOMOMOCHBIX CUrHANO0B. TpaanLMOHHO Obin 3aA€ACTBOBAH Ananas3oH YacTtoT ot 0,5 fo 18 ITu,
Ho B nocneanue rofpl Tpebyemblil AManasoH 4acToT 3HAYNTENLHO PACLUMPUNCS, TENepb OH HAYMHAETCS NPAKTUYECKM
OT HYNS 1 3aKaH4MBaAeTCA YacToTamu BnnoTb A0 40 M. 3T0 N03BONSET MMUTMPOBATL PABOTY CUCTEM PAHHETO
0BHAPYXEHNS, LieNeHaBeaeHs 1 PaAMONIOKaToOPOB CNeLynanbHoro Ha3HaueHus NOCPEACTBOM (DOPMUPOBAHNSA
COOTBETCTBYIOLLMX CUTHAMOB Ha BbIXOAE OAHOM0 KaHana.

Kpome nepekpbITUs LMPOKOro AnanasoHa YacToT, reHepaTopbl CUrHa0B, UCMOMb3YeMble NPY UCTIbITAHNSIX
KoMnekcoB P3B, [OMKHbI UMETb BbICOKYHK) CKOPOCTH NEPECTPOMKM YaCTOThI 1 aMNIUTY b A1 MOLENMPOBaHMS
pa3NNYHbIX PaapoB, PaboTaLLMX B PA3HbIX PEXMMAX U HA Pa3HbIX [1anasoHax 4acTtor.

CnHTE3aTopbl YacToT C (Da30BOW aBTOMOACTPONKON YaCTOTbI U JeNIUTENSIMU C APOOHO-
NepemMeHHbIM KO3 MULIMEHTOM [eneHns

Henpsmoil cHTe3

BONbLIMHCTBO reHePaTOPOB 06LLET0 Ha3HAYeHNs paboTalT Ha 0CHOBE cucTeMbl GAMY, rae WPOKONONOCHbI
reHepaTop, HanpumMep reHepatop, ynpasnsemMblid HanpshxenneM, (TYH) unu Ha ocHoe XKUT, ¢Bs3aH Co CTabunbHbIM
OMopHbIM reHepaTopom yepe3 netno GAMY. GAMY noBbILLAeT KAYECTBO CUrHANA NYTEM CHUXKEHWS (Da30BOro Lwyma
11 NapasnTHbIX CUrHANOB Ha BbIXOAE. YT0ObI COBMECTUTD LWMPOKMIA jana3oH YacToT W BbICOKOE pa3peLleHie no
4acToTe, reHepaTopsbl CUrHanoB Ha ocHoBe MAMY HacTPanBaOTCS C NOMOLLbI0 COYETAHNS KOHTYPOB CYyMMUPOBAHUS
11 NOLIAr0BOM NEPECTPONKN UK C MOMOLLBIO OJHOr0 KOHTYPA C BO3MOXHOCTbI0 TOYHOr0 APOGHOr0 AeneHus. Takne
®AMMY ¢ fpo6HO-NepeMeHHbIM KO3MMUUMEHTOM feNeHns 00eCneynBatoT OTAIMYHOE KAYECTBO CUTHaNa 1 BbICOKOE
paspeLleHue No 4acToTe B IKOHOMUYECKU 3(MHEKTUBHOM OJHOKOHTYPHOM UCMONHEHWN, YTO AENaeT UX OTINYHBIM
BbI6OPOM B KQYECTBE FEHEPATOPOB CUrHANOB O6LLEr0 HAa3HAYEHUS.

K coxaneHuio, Heo6X0AMMOCTb (UNbTPALAN B KOHTYPE ynpaBnexnus B cuctemax GAMY npuBOAMT K 3HAYUTENBHOMY
BPEMEHN CTabUNN3aLN UK PEaKLIMK KOHTYPa. 3TO OrpaHNYMBAET CNOCOOHOCTb CMHTE3aTopa ObICTPO NepekyaTb
4acToTbl. B CBA3M C OTHOCUTENBHO BOMBLIMM BPEMEHEM CMEHBI COCTOSHUS TAKME reHePaTopbl OrpaHNyEHbl B
BO3MOXHOCTY MOJENNPOBAHUS HECKONbKMX PAAMONOKALMOHHBIX LENEN C MCMOMb30BAHNEM OLJHOTO KaHana, faxe
€C/I OHM 06ECMEYNBAIOT 0XBAT LWMPOKOTO ANanasoHa vyacToT W BbICOKOE paspeLleHie no yactote. Kpome Toro, OHu
NPEVMYLLECTBEHHO NINLLIEHBI BO3MOXHOCTI NEPEKIIOYEHNS C NOBTOPSEMbIM 3HAYEHMEM (Da3bl.
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[psIMOi1 @HANOroBbIN CUHTES

Mpy NpSIMOM aHaNoroBOM CUHTE3€ 00bI4YHO (HOPMMPYIOTCS HECKOSBKO OMOPHBIX CUTHANOB CTAOWIIbHON YaCTOTHI,
MONYYEHHbIX YMHOXXEHUEM UMM IENIEHNEM CUrHANA OT OHOMO M TOr0 XXe KBapLIeBOro reHepaTopa. 3T1 OnopHble
4acTOThl (11 UX FAPMOHIKM) MOXHO N0AaBaTh B BY-TPaKT 11 UCKNKOYATb U3 HErO, @ TaKXXe YMHOXaTb, AeNUTb,
CYMMUPOBATb MMM Bbl4KUTaTb A5 ObICTPON NEPECTPOMKN 11 MONYYEHUS BHICOKOrO pa3peLleHns no YacToTe. YacToTsl
3TUX OMOPHbIX CUTHAMOB BbIOBUPAIOTCS TaKMM 06pa30M, YTOObl yMEHbLIWTL HEOOXOAMMOE YNCIO KOHTYPOB YMHOMEHNS
1 100UTHCS YMEPEHHOr0 pocTa (ha3oBoro Lyma ¢ yBesmyeHneM 4acToThl. [leneHne B CTOPOHY 601ee HU3KIX 4acToT
CHUXaeT (ha30BbIA LLUYM.

MocKonbKy nepeknoyaTeny v apudmeTnyecKne onepaTopbl, MCNob3yeMble B CUCTEMAX NPSMOT0 aHanoroBoro
CUHTE3a, pPaboTarT 04eHb BLICTPO U He TPEOYIOT MUNbTPaLNN B KOHTYPE, TaKWe CUHTE3aTOPbl UMEIOT BOSMOXHOCTb
0YeHb ObICTPO NEPECTPOIKI YACcTOT. B CBA3M C 3TUM AaHHbIN TUN CUHTE3aTOPOB CTas YacTbio CTAHAAPTHON
APXMTEKTYPON, NCNONb3YEMON NPY KOHMUTYPUPOBAHWI UCTIbITATENBHOTO 060PYA0BAHUS AN KOMMNEKcoB PIb.

O[HaKO TEXHOMOTMs MPSIMOr0 aHalIoroBOro CUHTE3a UMEET CBOW HELOCTATKM. Bo-nepBbix, AN AOCTUKEHWsS TpebyemMoro
paspeLLeHns no YacToTe HEOGXOANMO 1CTONb30BAHNE 3HAYUTENBHOTO KOMMYECTBA CTYNeHen. Mepekmoyenne
napannenbHbIX U NOCNEA0BATENbHBIX KACKAZ0B YMHOXKEHNS, AENEHNS U CMELIMBAHUS TPEOYeT NpUMEHEHUS GOMbLUErO
4Mcna annaparHbIX KOMMOHEHTOB Mo cpaBHeHNto ¢ GAMY 1 B 06LLEM Cyyae NPUBOANT K CHMKEHMIO HAZEXHOCTU. Bo-
BTOPbIX, YPOBEHb LUyMa BO3paCTaET OT KACKafia K kackagy, a (ha30oBbli LyM — YMHOXAETCS. HaKoHew, Kbl Kackag,
NPEAnonaraeT HaIM4Me KOMMOHEHTOB, YTO YBENWYMBAET PA3MEP, BEC 1 CTOMMOCTb CUCTEMBI.

MpeumyLLeCTBOM SBASETCS TO, YTO NPU UCMONb30BAHWW B COCTABE UCMbITATEIbHOMO 060PYA0BAHNS ANt KOMMNIEKCOB
P3B, CMHTE3aTOPbI HA OCHOBE NPSIMOr0 aHANOrOBOr0 CUHTE3a NOTEHLIMANBHO CNOCOOHBI 06ECNEYNTb NOBTOPSEMOCTD
(hasbl cUrHana B orpaHuyeHHoM amanasore. OQHAKO HECMOTPS Ha TO, YTO BCE YACTOTbl 0ObIYHO MOAYYAKTCS U3
OZIHOVi OMOPHOM YaCTOTbl, NOrPELLHOCTY, BHOCUMbIE NPY AENEHINI, 3a4aCTYH UCKKYAKT BO3MOXHOCTb COXPAHEHNS
KOrepeHTHOCTW Mo (hase npu NepekYeHNN.

[PUMEHEHME TEXHONMOrMK NPSMOro LPOBOro CUHTE3a Npu paspaboTke cuctem PIb

MeToz NpAMOro LMgPoBOro CUHTE3A, OCHOBAHHbI HA UCMO/b30BAHUM LN(PO-aHanoroseix Npeobpasosareseil
(LLAIM), npekpacHo noaxoauT Ans MOAENNPOBaHUS CUrHAMOB NPU UCMbITaHUAX KomniekcoB PAB. Mpu aTom 1o
HeJaBHKX NOp He cyuiecTBoBano LIAM ¢ TpebyembiM COYETaHEM BbICOKOI YacTOThl AMCKPETM3ALNN 11 YACTOTbI
CMeKTpa BbIXO[HOI0 CUrHaNa.

Bbicokas yacToTa AMCKpeTM3aL i HeobxoauMa Ans Nony4YeHns BbIXOAHbIX CUrHANO0B B LUMPOKOM Ayana3oHe 4yacTor,
4TOObI B AANbHEMLLEM AN NONYYEHUS 3aaHHbIX CUTHANOB MOXHO Obl10 MCNOMb30BATb MUHUMASTbHOE YNCO0
KackaoB YMHOXeHUS. VIcnonb3oBaHme 60/bLIOr0 YACHA KacKa0B YMHOXEHUS Ui oTaenbHOro 61oka LLAM, He
06ecneynBatoLLero JOCTATOYHYIO YACTOTY CNEKTPa BbIXOAHOTO CUrHANA, OrpaHnynT SMHEKTUBHBIN JUHAMUYECKMI
[nanasoH CUHTe3aTopa, CBOGO/HbINA 0T NapasnTHbIX cocTasnstoLmx (SFDR).

B Teopuu reHepartop Ha 0CHOBE NPSMOTo L(POBOro CUHTE3a ABNAETCS OAHUM U3 NPOCTENLLIUX TUMOB
reHepaTopoB CUrHAMOB. B reHepaTope CMrHanoB Ha 0CHOBE MPSAMOro LIM(POBOro CUHTE3A NEPECTPONKA MO YacToTe
OCYLLECTBAAETCS NMyTEM NPeo6pas3oBaHus AaHHbIX, NOCTYNALLMX OT reHepaTopa ¢ LNMPOBLIM yNpaBieHneM, B
aHanorosyto opmy ¢ nomoubto LIAM, ¢ nocneayoLmm yaaneHmem 3epkanbHoro kaHana 1 rapMOHIK NOCPeCTBOM
(uNbTPa HUXKHKX YacToT (OHY). bnok-cxema B3auMOeNCTBINSA OCHOBHbIX ANIEMEHTOB reHepaTopa CUrHanos Ha
0CHOBE NPSAMOro LnhpoBOro CMHTE3a NpUBeeHa Ha puc. 8.

oy [ BoccTaHasnmBatoLLmi
CO 3HAYEHNEM ======p  LN(DPOBbIM == LIAM — OHY ==p AHAJIOrOBbIN BbIXO
4acToThI yNpaBneHnem

3apatowmi reHepatop Fon

PuCyHOK 8. ®YHKLMOHaNbHAA 6NI0K-CXeMa CUHTE3aTOpa Ha 0CHOBE NPAMOro LMGPOBOro CUHTE3A.
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[eHepaTop ¢ LMdpoBbLIM yNpaBieHUeM COCTOUT 13 IBYX aNeMeHTOB: Pa3oBoro akkymynatopa (PA) n da3oso-
amnnnTyaHoro npeobpasosatens (PAC), Kak nokasaHo Ha puc. 9. B COBpeMEHHbIX CXemax NpsiMoro LiMdpoBoro
CWHTE3a 3TV 6N0KM BbINONHAOTCS B BUAE NPOrpaMMUPYEMbIX NOrMYECKNX UHTerpanbHbix (MJAC) unm
CNewuuan3npoBaHHbIX UHTErPasbHbIX CXEM.

Briok - ®a3080-
t .
HacToTa ==p MHKpEMEHTUPOBaHNS aquzal\a;IOJ‘i;TO _—& aMIMIUTYAHbIN -’:)?Oﬂ, LA
(hase YMynATOP npeo6bpasoBaresb

PucyHok 9. ®yHKLMOHANbHAs 60K-CXeMa reHepartopa ¢ LpPoBbIM yNpaBneHnem.

B npouecce opmrnpoBaHns 3aaHHOM 4acTOThl YNPaBASIOLLIMIA NEPECTPONKON CUrHan (13 pasHocTm ¢has) B

BUJE KOZLA N0AAETCs Ha (ha30Bblil aKKYMYyNSTOP BMECTE C OMOPHOM TAaKTOBOW 4acTOTOM. [ns Kaxaoro neproaa
CVHXPOHM3ALMN NPOMCXOANT BbICOKOTOUYHOE NPUOABNEHME 3TOM PA3HOCTH (ha3 B (DA30BOM akKyMyNSTOPE.
CreHepupoBaHHOE akKyMyNsTOPOM 3HaueHne asbl 3aTem NpeobpasyeTcs B CUHYCOMAY B Da30B0-aMNaMTYAHOM
npeobpasosatene. [1ocne 3Toro UnpoBOit CUHYCOMAANbHbIA curHan nepegaetcs Ha LA n nosiBNSeTCs Ha BbIxoge
C 4acTOTOW, ONpefensemMoi ypaBHEHEM HACTPOVKI CUCTEMBI NPSMOTO LM(POBOro CuHTE3a, rae N — 4ucno 61uTos
B YNpaBnAoLLem Koge'.

£ oo Aphasef

out 2N clk

970 ypaBHEHUE AEMOHCTPUPYET, YTO 60NIEe BbICOKME 3HAYEHMS BLIXOLHOW Y4aCTOThl AOCTUrAtOTCS 3a CHET bonee
BbICOKMX 3HAYEHWII TaKTOBOM YacTOThl LIAl, a paspeLleHne onpeaenseTcs Yncnom 61T B ynpaBstoLLeM Koae Ans
NepecTPOKN 4acToTbl M Da30BbIM aKKyMyNATOPOM. [eHepaTop ¢ UM(MPOBLIM YNPABNEHNEM BbICTYNAET B KA4eCTBE
[enuTeNs onopHOM TakTOBOM YacTOThl ANs (DOPMUPOBAHUS CUTHAMOB C BbICOKUM paspeLlieHreM no 4acToTe,
onpeaensieMbliM PaspAAHOCTbLIO (ha30BOro PErucTpa u 3Ha4YeHNeM ynpaenstoLero cnosa. Cnefyet 0TMETUTD,

4TO NEPEXO/bl HA HOBYK) YaCTOTY NPOUCXOAAT 3@ OAMH NEPUoL CUHXPOHU3ALN.

David Buchanan, Choosing DACs for
direct digital synthesis, Analog Devices
Application Note 237, noctynHo: http:/
application-notes.digchip.com/013/13-
14876.pdf
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[pevimyLLecTBa NPSAMOro LMGPOBOro CUHTE3a

HoBblil reHepaTop CUrHaMOB C BbICTPON NEPECTPONKONA YacToThl cepumn UXG komnanum Keysight ncnosibayeT TEXHONMOr 1o
NPSMOro LPOBOro CUHTE3], Pean30BaHHYI0 C NCMNOb3oBaHnem cobeteeHHoro LIATT komnaHuu Keysight ang
(hOPMUPOBAHNS CUrHAMOB B CLIEHAPUSIX C MHOXXECTBOM 3MMUTEPOB. IPSMON LUMdPOBOI CUHTE3 0611aJAET HECKOMbKIMM
MPEeVMYyLLIECTBAMM OTHOCUTENBHO AAPYrMX TEXHONMOTWIA CUHTE3A CUTHANOB, CTIONb3YeMbIX AN1s Lienein PIb.

- Ype3BblyaiHO TOYHAs LMGPOBas NepecTpoiKa YacToThl 11 (Dasbl B paMKax 0AHOMO LKA CUHXPOHKU3ALIAN.
[ins reHepatopa curHanos cepun UXG komnanuy Keysight paspeLuerune no 4acToTe COCTaBNSET OAMWH repl,
a paspeLLeHne no hase — MeHee 0AHOro rpagyca. MeTofibl CMHTE3a C UCMONb30BAHNEM AENEHNS YaCTOThI
006€eCneynBatT PaspeLleHne ¢ TOYHOCTbIO 0 MUKPOrepLl, OfHAKO NepecTpoiika YacToTbl 3HAYNTENBHO
3amennserca cuctemon GAMY ¢ punsbTpaumen. MeTOAMKM NPAMOro aHaNoroBOro CUHTE3a 06eCneYnBarT
ObICTPYO NEPECTPONKY HACTOTbI, HO 3@ CYET CHUMKEHMS Pa3PeLLEeHNs Mo YacToTe.

— bbIcTpble ckauko06pa3Hble M3MEHEHIUS YaCTOThI C COXPAHEHWEM LIENOCTHOCTH U MOBTOPSEMOCTH (ha30BON
XapakTepUCTUKN NS MOAENNPOBAHIS MHOTOYUCIEHHBIX MMMYNbCHBIX ONNEpoBCKMX PIIC Ha pasnunyHbix
4acToTax B YCAOBUSX NOAAEPXKAHUS NCXOAHON (Dasbl. Takoe CoYeTaHue ynpaBneHns Gason u BpeMEHeM
NepecTPOKN ABASIETCS YHUKANbHBIM 0TAMYMEM reHepaTopa cepun UXG komnanum Keysight. MeToabl
NPSIMOr0 aHANOr0BOr0 CUHTE3a NPEANAraloT BbICOKYI0 CKOPOCTb CKAYKOOBPA3ZHOI NEPECTPOIIKN YACTOTbI U
BOCMPOW3BOAMMOCTM YaCTOTbI/(hasbl TONbKO B OFPAHUYEHHBIX YCIIOBMSIX.

— Mogynsiuns ocyLLecTBAAETCA B LINAPOBOM BUAE, 066CTeYMBas LM(DPOBYI0 TOYHOCTb U BOCMPOU3BOAUMOCTb.

CyLLECTBYIOT W Aipyrie NPeUMyLLECTBA UCMOb30BAHNS TEXHOMOM N NPSMOr0 LIMEPOBOro CUHTE3a, NPEACTaBNSHOLe
MHTEPEC ANS MHXXEeHepa cucTeM 1 Komniekcos PAb. MHorve reHepartopbl CUrHaNo0B Ha OCHOBE NPSIMOro LMPOBOro
CMHTE3a 00eCneymBatoT MOLYNALMIO N0 aMNAUTYLE, 4aCcTOTE 1 (Dase C MOMOLLLI0 LpoBOro MoAynaTopa Ang
CO3/1aHNs1 CUTHANOB C LM(POBOIA MOLYNALMEN B FEHEPATOPE C LU(MPOBLIM yNpaBieHnem. Mnymbebl C IMHERHO-
4acToTHON Mogynsuunen (JTIYM) n Koabl bapkepa MOXXHO TakXXe HanPSMY0 CUHTE3UPOBATH C MOMOLLbK reHepaTopa

C UmndposbIM ynpasneHnem. Monoca JIMM-umnynbca 3aBUCUT OT NOMOCHI NPOMNYCKaHNS (ULTPOB NOCHE KaX 0
CTYNEHM YMHOXEHNS, a TaKXe 0T TOro, NEePECEKAET I CUrHa rpaHnLbl NoAAMana3oHoB.

ApxnTekTypa reHepatopa CBY-curHanos Ha 0CHOBE MPSIMOro LiMhpoBOro CrUHTe3a

JInsi ucnbITaHWin COBPEMEHHbIX cucTeM PAb TpebyeTcs NCNOMb30BaHKE YaCTOTHOMO Auanasona Ao 40 i, Takxe
Heo6xo/MMa BbICOKAs CKOPOCTb NEPECTPONKM YACTOThI U BbICOKAS YACTOTA CNEKTPa curHana. TexHonorum L posoii
06paboTku curHanos (LLOC) ans hopMmupoBaHus CUrHanoB B LM(MPOBOM BIAE HEKOTOPOE BPEMS NONb30BANNCh
NonynspHOCTbI0, OIHAKO XapakTePUCTUKM LIMPOKONONOCHBIX LLAM He NoAXo4nnu Ans aTux 3agad. Mmetowmecs

LLAM ¢ 04eHb LUMPOKOW NMOMOCOV NPOMYCKaHWUS 1 BHICOKOW TAKTOBO YaCcTOTOM He 06eCneynBanit J0CTaTOUHYI0
4NCTOTY crekTpa curHana, a LAM ¢ xopoLuei YCTOTOM CUrHana u 60bLLION Pa3pSAHOCTbIO OblIY OrPaHUYEHbI
1CNONb30BaHNEM 60J1e€ HU3KUX TAKTOBLIX YAaCcTOT 1 60J1e€ Y3KOW NOMOCk! NPOMyCKaHus.

locneaHue MHHOBALMOHHbIE pa3paboTku komnaHuy Keysight B o6nactu LIAI no3sonuiv npeactasnTb 06pasLbl

LIAM v reHepaTopa CUrHanoB Ha OCHOBE MPAMOTO LIM(POBOro CUHTE3ATOPa, KOTOPbIE NOAXOAAT NS PeLeHus 3aaay,
BOSHVKAIOLLMX MPK UCTIbITaHKAX KomnnekcoB P3b. LA 6bin CrpoeKTMpOBaH /151 06paboTKM BbICOKWX YacTOoT, OH COYETaeT
6ONbLLYK Pa3pSAHOCTb 1 MPEBOCXOMHbIE NMOKA3ATENM MO YNCTOTE CMIEKTPA CUIrHana, BKoYash AMHAMUYECKIA A1anasoH,
CBOOO/HBIV OT NapasuTHbIX COCTABNAOLLMX, 1 Pa30BbIN LyM. Bbicokas yacToTa anckpetuaaummn LIAT o6ecneynBaeT
MPSMON LMCHPOBOI CUHTE3 B LUMPOKOI NOMOCE YACTOT. ITO N03BONSAET PopMmpoBaTh CBY-curHanbl ¢ MCnonb30BaHnem
Manoro Y1cna CTyneHein yMHoXeHnst. OrpaHndeHmre Ymecna CTyneHern YMHOXKeHIS No3BONSET OrpaHnymMTb (ha30Bblii LYM 1
napa3nTHble CUrHanbI, MPUCYTCTBYIOLLME B CNEKTPE BbIXOAHbIX CBY-CurHanos.

[ns nenbiTanuin KoMnnekcos P3b Takxxe TpebyeTcs 06eCneqnTb BO3MOXHOCTb TOYHOM YCTAHOBKM aMnIUTY ] CUrHaNoB
B LUMPOKOM Anana3oHe ypoBHEN MOLLHOCTU. YPOBHYM MOLLIHOCTM JOSKHbI NEPEKI0YATHCS Tak e ObICTPO, Kak
MPOUCXOANT NEPECTPOMKA M0 HaCTOTE, 683 UCKAKEHNS CUrHaNa 13-3a NEPEKII0YEHNS CTYNEHen aTTexHnaTopa. Kak u B
cnyyae ¢ LLAM, aTu Tpe6oBaHUs NpUBENM K paspadoTke koMnaHueit Keysight HOBOW cepum nepexsiioaTenen Ha noNeBblx
TpaH3ucTopax Ans NPoM3BoACTBA TBEPAOTENbHOrO aTTEHI0ATOPA C BO3MOXHOCTbIO ObICTPOM NEPECTPONMKIA, HUSKIM
YPOBHEM UCKaXXEHWN 11 Anana3oHoM ocnabneHns curdanos B 120 ab. JlnanasoH 6bICTPON NEPECTPONKM aTTeHI0ATOpa
cocTanseT 80 Ab BO BCEM Ananas3oHe 3HaYeHuid BbIxogHoM MowHocTh ot O abm g0 =120 abwm.

ApxutekTypa reHepatopa CBY-curHanoB ¢ 6bICTPO NepecTPOKoii nokasaHa Ha puc. 10. 3TOT reHepatop
MOMHOCTHKD OCHOBAH Ha TEXHOMOr MK NMPSIMOT0 LIMGPOBOIo CMHTE3a 1 BOOpan B cebs JOCTUXEHNS B 061aCTH
co3aanus LLAM n nepeknyatenei Ha noneBblx TPaH3UCTOpaXx.
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lonocoBble MULTPHI

i'""""""""". —_—
: i1 Kackagl \ | —
: 11 YIBOeHNA \ : Yennutenb
. 1 YacToThl :
i Texepatop ¢ [ . y \ INEKTPOHHbIE 1
' UMpoBbIM |:> LA e (0 —\ C= MexaHnyeckme
1 YTpaBneHEm : \ aTTEHI0aTOPbI
: . I\ —
A 1 . [ \|: —
Yactora AMNynbCHbIN pexum Amnnutyaa
OKM Mepvion cnefoBaHNs MMNyNbca
J4M [nuTenbHOCTb UMMYbCa

CnucoK napameTpoB MMMYNbCOB M BHELUHWN LndPoBOI MHTepdenc hopMUPOBaHNs AECKPUNTOPOB UMNY/bCOB

PucyHok 10. BbicokoypoBHeBas (hyHKLMOHaNbHas 6110K-CXeMa reHepaTopa CUrHanos ¢ ObICTPON NepecTPoOKOil YaCTOTbl Ha OCHOBE MPSMOT0
LMpOBOro CuHTE3a, paboTatoLlero B AnanasdoHe ot 0,01 go 40 My,

Mpouecc GopMUPOBaHUA CUrHANA HAYNHAETCS CO CXeMbl LMPOBOro CUHTE3a, 066CNeUNBaIOLLEN MUHUMAbHLIE
HErapMOHUYECKIE UCKAXEHUS, TaK KaK OHIN BO3PACTAIOT NOCE KaX/0r0 Kackaja yaBoeH!s 4acToThl. [lanee
pacnonaraeTca paa Kackazos YABOEHIs YacTOTbl, HEOGXOAUMbIX ANs (HOPMUPOBAHIS CUTHAMOB C YACTOTO 0
40 Il Kaxblit Kackag, YMHOXEH!S COMEePXMUT NON0COBbIE PUALTPLI ANS YAANEHUS HEXEeNaTeNbHbIX CUTHANOB,
BOSHUKAIOLLMX B PE3YNLTATE YMHOXKEHNS.

Mocne 3Toro UCNoMb3yeTCst aTTEHIATOP C BbICOKOW CKOPOCTbIO NEPEKMIOYEHUS Ha OCHOBE NONEBbIX TPAH3UCTOPOB
It NONYYEHNS HYXXHOIO YPOBHS BIXOAHOIO cUrHana. MepekntoyeHie aTTeHoaTopa 06ecneynBaeT 3afaHHy
CKOPOCTb NEPECTPONKM YacTOThl. B pe3ynbTaTe aTOr0 B reHepaTope CUrHanoB MoXeT ObiTb Peanu3oBaHa
Pa30MKHYTas NeTNs B TPAKTE BbICOKOTOYHOM PEMYAMPOBKIA MOLHOCTH, W MPU 3TOM He TPaTUTCS A0MONHUTENbHOE
BPEMS Ha e NEPECTPOIKY.

AHan0roBbIN BbIXOA,
o1 0,01 po 40 Iy,
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[M0BbILLEHWE CTENEHN MHTErpaLun peLleHnin Ans UCbITaH!A CUCTEM
1 KOMMNekcos P3b

06LLM HAanpaBNEHNEM PA3BUTHS PELLEHU ANS MOAENMPOBAHUS CUrHANbHO-NOMEXOBON 06CTAHOBKI ANS UCTIbITAHNIA
CUCTEM W KOMNEeKcoB PIb ABNSETCA pacluMpeHne BOSMOXHOCTEN U MYHKLMOHANbHBIX AN1EMEHTOB MOLENUPOBAHUS,
obecneyrnBaeMblX reHepaTopom curianos B BY-/CBY-ananasonax. Hanpumep, reHepatop CUrHanos ¢ 6bICTPON
NepecTPoONKom 4acToThl cepuit UXG komnanum Keysight 06beuHIET BHYTPY BbICTPOIO CUHTE3ATOPa YacTOoT Kackabl
BHY TPUUMMYAbCHON MOAYNALNN, UMIYNbCHON MOLYASLMN 11 YCuneHus/ocnabneHms.

Ames BbICOKMIA ypOBEHb (hYHKLIMOHANBHOM MHTErpaLn, reHepaTop CMrHanos ¢ 6bICTPON NEPECcTPONKON HacToT Ha
OCHOBE NPSMOro LhpOoBOro CMHTE3a, a TaKXKe COOTBETCTBYIOLLWIA ObICTPLIA aTTeHaTop, reHeparop UXG no coel
(DYHKLUMOHANBHOCTY 1 NPOM3BOANUTENBHOCTY UEaNbHO NOAXOANT AN TECTUPOBAHMS CUCTEM W KOMMNIEKCOB P3b.

— BbICTPOE NEepeKYeHNe YacTOThl, aMINATYALI U hadbl AN UMATALMM GONbLIONO KONNYECTBA AMUTTEPOB
C BbICOKOW AUHAMUKON U3MEHEHNS COCTOSIHIIA

- Lnpokunit auHaMUYeCcKmMin AnanasoH, COOTBETCTBYHOLLMA AUHAMWYECKUM Anana3oHam COBPEMEHHBIX
NPUEMHUKOB KOMNNEKCOoB PIb

— ToyHas 1 6biICTPas NepecTpoiKa No amnaUTYIE B LUMPOKOM A1anas3oHe 415 MOAENMPOBAHNS MHOTOUUCTIEHHbIX
LIeNIeN C KOHTPONMPYEMbBIMIA YPOBHAMM MOLLLHOCTU, & TaKXE A1 NEPEKII0YEHNS aMMINTY[, CO CKOPOCTbIO
NepecTPONKN 4acToThl

— HW3KWiA MUHUMATbHBIA YPOBEHD LLYMA 1S KOHTPONS YyBCTBUTENbHOCTY NPUEMHUKA NPI KOMGUHUPOBAHWUM
KaHanoB

— MmnynbcHas Moaynsauns ¢ BbICOKUM 3Ha4eHeM NOLABIEHUS B Nay3e U GbICTPON cTabunusaunen ans
CHVKEHNS! NCKAXKEHWIA

— OYHKUMA BHYTPUUMMYILCHOM MOAYNALMM NS UCTIBITAHWIA CXEM CO CBEPTKON UMMYNbCOB, HAaNpUMep, C
ncnonb3oBaHnem kogos bapkepa u JIYM

— BO3MOXHOCTIN HapalLMBaH!s reHepaTopoB B CUCTEME A UMUTALMY LIenei B MHOrOKaHanbHOM U
MHOTOMOPTOBOM PEXUMe 06eCcneynBaoT NPOCTO. MOBbILLEHUE NAOTHOCTY UMNYILCOB U Peannama cLeHapus

— LUnpoknit ananasoH yactoT Ao 40 ML, 0TBeYatoLLMiA COBPEMEHHBIM TPEGOBAHNAM K MOAENNPOBAHUIO Lienel

- WHTepdetic ynpasneHus yactotamu BCD s 06paTtHoOin COBMECTUMOCTM CO CTapbIMU CUCTEMAMU, KOTOPbLIE
CMONb30BANUCH B KAYECTBE reTEPOANHOB

- WnTtepderic LVDS no3BonsieT 0CyLIECTBASTL BbICOKOCKOPOCTHYIO Nepefady AeCKPUNTOPOB MMMYbCOB B
MOTOKOBOM PEXIME, & TAKXKE MMUTALMOHHOE MOAENMPOBaHINe C 06paTHO CBA3b0 B NPOLIECCE UCMbITAHWIA
KomnnekcoB P3b, rae TpebyeTcs 6bICTPbIA U NONHOMYHKLMOHANBHbBIA MHTEPMENC A5 BbICOKOCKOPOCTHO
NOTOKOBOW Nepeayn AeCKPUNTOPOB MMMYNbCOB LIENNKOM, @ HE TONbKO KOMaH ynpaBnexus 4acToTol.

B cucTemax ¢ TpaAuLMOHHON, PacnpeaeneHHOI apxXMTEKTYPOI (Kak NoKasaHo Ha puc. 7) CUHXPOHIU3ALS BbICTPOrO
reTepOAMHA C TAKUMU (YHKLUAMM, KaK MMMYNbCHAA MOAYNALMSA, 4aCTOTHAA/(Da30Bas MOLYNALMA U ynpaBneHne
aMNAUTYLOV NPeACTaBAAeT COBOM CNOXHYIO 3a4a4y. B TAKOM MHTErpUpOBAHHOM PELLEHUIA S UCTIbITAHNA CUCTEM
1 komnekcos PAB, kak renepatop UXG, 3Ta CUHXPOHN3ALMA BLINOHAETCS aBTOMATUYECKN HENOCPEACTBEHHO
CaMUM UCTIbITATESbHBIM 060PYA0BaHNEM. Bnarofaps CHUKEHUIO CNOXHOCTI 060PYAOBAHNS 1 CUCTEM, TAKOM
WHTErPUPOBAHHBII MOXO0Z, MO3BOSUT NOBLICUTb KAK NPOU3BOAUTESBHOCTD, TAK U HALAEXHOCTb U3MEPEHI.
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3aK/YeHne

[Ing noBbILEeHUS IMEKTUBHOCTI (OPMUPOBAHUSA CUTHANOB, NPUMEHSIEMbIX B X048 MOAEMMPOBAHIS CUrHANBHO-
nomMexoBOi 06CTAHOBKM NPU UCMbITAHUAX CUCTEM W KOMMNEKCOB PB, MOXET NCMONb30BAThCS MHOXECTBO
Pa3NNYHbIX TEXHONOUIA. Kax aast U3 HuX 061afaeT CBOMMM JOCTOUHCTBAMM W HeJocTaTKamu. PeteHns,
N03BOMAIOLLNE NOMYYUTL HAMBONbLLYI0 JOCTOBEPHOCTb, 06ECNEUNBAIOT 04EHb PEaNUCTUYHOE MOLENNPOBaHNe
CUTHaNbHO-NOMEX0BOIl 06CTAHOBKY B YCNOBUAX BefieHUa PIB, 0HAKO UX NPUMEHEHUE OrPaHNYEHO X CRIOXHOCTbIO
11 CTOUMOCTbIO.

HenaBHWe HHOBALMOHHbIE OTKPLITIS B 06/1aCTI NPOM3BOACTBA TAKMX KIHOYEBbIX KOMMOHEHTOB, KaK Lndpo-
aHanorosble npeobpasosartenu 1 MJIC, No3BonuIM co34aTh HOBbIE PELLEHNS C 60NEe NPOCTON U HAZlEXHON
annapaTHoli YacTbio N0 CPABHEHWIO C TPAANLMOHHBIM UCTbITATENbHBIM 000PY0BAHNEM. 3T PELLIEHUS NO3BONST
3HAYNTENbHO ONTUMI3MPOBATL CTOMMOCTb 1 PA3MEPbl UCMbITATENBHOrO 060PYA0BAHMS, A TAKXE AaTb BOSMOXHOCTb
MOAENMPOBaTh 06CTAHOBKY B YCNOBUSX BefeHNst PIB ¢ BbICOKOI TOYHOCTbIO HA 3HAYMTENLHO 60NEe paHHNX aTanax
npoLecca NPoeKTUPOBaHus. PeanucTuyHoe MogennupoBaHne 06CTaHOBKM B yCnoBusx BefeHns PIb Ha aTanax
ONTUMM3ALMN 11 NPEeBAPUTENBHOI OLIEHKM XapakTePUCTIK NO3BOANT NOBbICUTb MPOM3BOAUTENBHOCTb, YCKOPUTD
MPOLLECC NPOEKTUPOBAHMS W CHU3UTb 06LLLYKD CTOMMOCTb pas3paboTKi U NPOnN3BOACTBA cucTem PIb.
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