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[NonHas n3MepuTesibHaa CnctemMma

Ecnu Mbl TOBOPYIM O NPMBOPax Ana U3MepeHns NapamMeTpOB anek-
TPOHHOrO 0O0PYAOBAHYS, TO NEPBOE, YTO NPUXOAWT B FONOBY, 3TO,
Kak npaswnio, ocumnnorpad uiv nornyeckmii aHanndatop. OgHako
3TV NPYOOPEI CNOCOOHBI BLIMOMHATE 3MEPEHNS NINLLL B TOM Cly4ae,
€C/IN Ha HYX NOCTYNaeT curHan. 1 MOXHO NPUBECTY MHOXECTBO
NPVMEPOB, KOrLa Takom CUrHan OTCYTCTBYET, NMOKa Ha UCCNeayemMoe
YCTPOWCTBO He OyaeT NoAaH BHELWHWIA CUrHan.

Hanprmep, TEH30METPUHECKNI YCUIUTEND HE CO3OaET CUrHan — OH
NPOCTO YCUAMBAET CUrHAN, NOCTYNaOWMA OT AaTymka. AHanOrn4HbIM
006pa3oM, MynbTUMNEKCOP, NOOKMOYEHHDIN K LPPOBOI WWHE aape-
Ca, He ABNSETCS UCTOYHUKOM CUIHaNO0B; OH Wb NepeHanpaBnaeT
CUrHaNbHBIM TPAMWK, MOCTYNAIOLLMI OT CHETHUKOB, PETUCTPOB 1 APY-
rvx anemeHToB. OHaKko YCHMaMTENV U MyNbTUMNNEKCOPE! 00S3aTeNbHO
JOMKHbI TECTMPOBATHLCS A0 TOFO, Kak OHW HayHyT paboTaTh B COCTaBe
COOTBETCTBYIOLLEN CUCTEMBI. HTOOBI MCNONB30BATH PEMMCTRUPYIOLLNIA
NpVOOP A5 OLEHKW NOBEAEHWS TakmX YCTPOWCTB, HYXHO NOAATh 1M
Ha BXOA, BO3OENCTBYIOLWMIA CUTHAN.

MpviBEOEM eLle OMH NpUMEp. VIHXeHepam HyXHO N3MEPWTL Xxapak-
TEPUCTUKK padpabaTbiBAeMON CXeMbl U YOEANTLCA, YTO OHa COOT-
BETCTBYET TPEOOBAHMAM TEXHNYECKOr0 3aaHusi BO BCEM paboyem
[I1anasoHe 1 3a ero npeaenamu. Takoe sMepeHne Ha3biBaeTCH
VCMbITaHMEM B NPeaenbHO A0MYCTUMBIX pexvmax. Takas namepm-
TenbHada 3apaqa TpebyeT 3aKOHYEHHOMO pelleHns — peLlenuns, o6ec-
NEYVBAIOLLErO HE TONKO U3MEPEHNE, HO 1 CO3AaHne HeOOXOaMMbIX
CUrHanoB. Habop MHCTPYMEHTOB [/151 USMEPEHVISt XapakTepUCTUK
LMOPOBBIX CXEM OTAMYAETCA OT CBOEro cobpara B chepe aHano-
FOBbIX ¥ CMELLAaHHbIX CUrHaNoB, HO B IIOOOM Cyqae Takol Habop
JOJKEH BKIOYaTb MCTOYHMKIM BO3AEVCTBYIOLLErO CurHana U peruct-
puypyioLLye nprbopsl.

[eHepaTop curHana, vav NCTOYHIK CurHana, NpeacTaBnaeT cobon
VCTOYHMK BO3OEMCTBYIOLLErO CUrHana, KOTOPHLIN B Nape C pervic-
TPUPYIOLWMM NPMOOPOM NO3BOASET CO3AATb 3aKOHYEHHOE M3ME-
puUTENbHOE pelleHne. 3T ABa Nnprbopa OKpyXxaloT UCCNeayemoe
YCTPOMCTBO (MY) C BYX CTOPOH — CO CTOPOHbI BXOJA ¥ CO CTOPOHBI
BbIXO/a, KaK NOKa3aHo Ha puc. 1. B 3aBUCHMOCTI OT KOHOUrypauwmu,
reHepaTop CUrHanoB MOXET CO3aBaTb BO3AENCTBYIOLLME CUrHANbI
B BMAE aHa0rOBbIX CUrHANOB, UM(MPOBbIX NOCNEN0BATENBHOCTEN,
MOZYIMPOBAHHbIX CUIHAN0B, NPeAHAMEPEHHbIX CKaXEHWIA, Lyma
¥ MHOTOro opyroro. ns BeinonHeHns 3OOEKTUBHEIX M3SMEPEHWIA B
xoae pa3pabOoTki, ONPeaeNeHNs XapakTepUCTIK N ONarHOCTUKM,
BaXHO NPaBWbHO BbIOPaTh 00a 3NEMEHTa 3TOr0 PeLLeHNs.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

Puc. 1. ina 6onbwmHCTBA 13MepeHunid TpebyeTcs peLleHmne, COCTOSLIEe 13 reHepaTopa cur-
HanoB 1 perycTpupyioLLlero nprobopa. Lienb sanycka obneryaeT 3axeat BEIXOAHOMO curHana
1CCNesyeMoro yCTpoicTsa.
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Llenblo HaCToALLEro N0COOMA SBASETCA NOCHEHWUE POV FreHepa-
TOPOB CUrHaNa, UX BKNaga B M3MEpUTENbHOE PELUEHME B LIESIOM U
CNOCOOO0B WX NPUMEHEHMS. OHMaHe 0COOEHHOCTEN PA3NNYHBIX
TVNOB FEHEPATOPOB U 1X BO3MOXHOCTEN O4EHb BaXHO N9 MCCneno-
BaTeNen, MHXEHEePOB ¥ TEXHNKOB. BbIOOp NpaBmnbHOr0 MHCTPYMEHTa
obneryaet paboTy 1 No3BOAAET OICTPO NONYYNUTL JOCTOBEPHLIE
pesynbTaThl.

[03HaKOMMBLLWCH C 9TUM I'IOCO6I/I6M, Bbl CMOXETE:!
m onvicatb padoTy reHepaTopa CUrHasos;
® ONUCATH TUMbI BIEKTPUYECKUX CHUMHATIOB;

m OnvcaTh PasHULY Mex[y reHepaTopamyt CMeLLaHHbIX CUrHanoB 1
reHepaTopami 0rMYECKUX CUrHANOB;

B [OHATb OCHOBHbIE OPraHbl ynpaBieHUA reHepaTtopoM;
B CO34aTtb NPOCTble CUrHanbI.

Ecnn Bam NOHaa00buTbCA AONOAHUTENBHAS NOMOLLb, WX Y Bac
BO3HUKHYT BOMPOCHI 1 KOMMEHTapuK, 00paTnTeCh K NpeacTaBuTe-
IO KoMnaHuy Tektronix nan nocetnte cant
www.tektronix.com/signal_generators.
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['eHepaTop cuUrHanos

['eHepaTop CUrHanoB QYHKUMOHUPYET B MOJIHOM COOTBETCTBIM CO
CBOWM Ha3BaHMEM: FEHEPUPYET CUrHAMbI, MCMONb3YEMbBIE B Kade-
CTBE BO3JEMCTBYIOLLIMX CMIHANOB B XOAE M3MEPEHUIn NapaMeTpoB
3NEKTPOHHbIX YCTPOMCTB. BONBLIMHCTBY CxeM TPebyeTcst BXOAHOM
CUTHaN C U3MEHSAIOWENCS BO BPEMEHW aMMUTYAON. Takowm curHan
MOXET OblTb UCTUHHBEIM OMMNOASPHEIM CUrHANOM NePEeMEHHOrO ToKa'
(NKOBBIE 3HAYEHNS KOTOPOrO MONEPEMEHHO NMOAHVMMAIOTCS BhilE
NN OMYCKAIOTCS HUXE HYNEBOr0 YPOBHS), MM OH MOXET KonebaTsbes
OTHOCWTENBbHO HEKOTOPOrO YPOBHS MOCTOSIHHOIO HANPSKEHVs (Nono-
XWUTENBHOIO MAW OTpuLaTensHOro). dopma curHana MOXeT Npea-
CTaBAATb COOOW CUHYCOMOY WAV APYTYIO NEPUOONYECKYIO (DYHKLUMIO,
UMOPOBOV UMNYNBC, ABOUYHYIO MOCNEO0BATENbHOCTb UM NOMHO-
CTbIO MPON3BOSBHYIO GOPMY.

['eHepaTop CUrHanoB MOXET CO3aBaTh «MaealbHbIe» CUrHANbI U
N006aBNATb K CUrHaNY M3BECTHBIE UCKAXEHMS (MW OLUMOKI) HYXHOW
BEMHMHBI V1 TUNA (CM. PUC. 2). 3Ta BOSMOXHOCTb SBASETCA OQHUM 13
rNaBHbIX AOCTOVHCTB reHepaTopa CUrHanoB, NOCKObKY YaCTO HEBO3-
MOXHO CO34aTb NPEACKA3YEMbIE UCKAXEHNHA B HYXHOM MECTE U B
HYXXHOE BPEMA C MOMOLLbIO CAMOW NCCNeayemMon Cxembl. Peakums
NCCNeayemMoro yCTPOMCTBA Ha 3TU NCKAXEHUA OEMOHCTPVPYET ero
CNOCOOHOCTL paboTaTh B HEOAArONPUATHBIX YCAOBHSIX, BbIXOASALLMX
3a Npeaensl HOPManbHOro pexvma.

T O6bIYHO NOZ CUTHANOM <TIEPEMEHHON0 TOKa» NOHUMAETCS CUTHaJ, MPUHUMAIOLLMIT NONOXUTENbHBIE U OTPULATENbHbIE
3HaYeHvs OTHOCKTENbHO YPoBHS 0 B 1, CresioBaTenbHo, 3MeRsoLLMi HanpaseHue Toka OANH pas 3a Nephog.
OpHaKo B JAHHOM JIOKYMEHTE NOZ NepeMeHHbIM TOKOM NOHUMAETCS M1060i1 M3MEHSIOLLMIACA CUTHaN, HE3ABICUMO OT
€0 NPYBAI3KN K HYNEBOMY YPOBHIO. HanpuMep, curHan, konebniowumiics Mexzy yposHsmu +1 B u +3 B, cuutaetcs
CMrHaNOM NepeMeHHoro Toka, HeCMOTPA Ha TO, YTO TOK BCerja Te4eT B OLHOM 1 TOM Xe HanpasaeHWN. BonblunHCTBO
TeHepatopoB MOTYT reHepupoBaTb CHrHabI, KONEONIOILMECS OTHOCUTENLHO HYNEBOTO YPOBHA (CTUHHbIE CUTHANbI
NepeMERHOr0 TOKa), UAK CUrHafbl CO CMELLEHIEM (C NOCTOSHHO COCTaBASIOLLEN).



AHanorosblin nnmn umdpoBou

BOMbWMHCTBO COBPEMEHHBIX TEHEPATOPOB ONUPAETCA Ha LMbPO-
Bble TEXHONOrMK. MHOMVe 13 HUX YAOBNETBOPSIOT W LGPOBLIM, 1
aHaoroBsIM TpeboBaHVsAM, XOTS Hanbonee aOOEKTUBHBIM OObIYHO
SBNAETCA PELIEHNe, BO3MOXHOCTM KOTOPOrO ONTUMU3UPOBAHb! 11
peLlaeMon 3aaaqn — aHanoroBOn Nnm LMGPOBON.

eHepaTopbl CUrHanoB NPoM3BONLHOM GopMbl (AWG) 1 CTaHOAPTHbIX
OYHKUMI NpeaHa3Ha4eHbl B NEPBYIO OYEPEb AN1S CO3AAHUS aHano-
FOBbIX 1 CMELLIAHHbIX CUrHANOB. [ CO30aHvst U USMEHEHMS CUrHa-
JIOB NPaKTUHECKN OO0 MBICIMMOI GOPMbI 3T NPUBOPEI NCNONB3Y-
0T MeToa, avckpeTusaumm. OBbIMHO Takne reHepaTopbl UMEIOT OT 1
[0 4 BbIxoaoB. B HekoTopbix AWG 3TV rnaBHbIE aHanoroBble BbIXOOb!
JONONHSOTCA OTAENbHBIMM BbIXOAAMM MApKEPOB (ANd 00Ner4eHys
CUHXPOHM3ALMN C BHELWHMI NPUMOOPamMm) U CUHXPOHHBIMU UMPPO-
BbIMW BbIXOAAMM, Ha KOTOPbLIE NOCNEA0BATENbHO BEIBOASATCS BHIOOP-
Ki curHana B LMpoBov Gopme.

['eHepaTopbl LMPPOBLIX CUTHANOB (TOMMYECKE NCTOYHWKI) BKIOYa-
IOT ABa knacca nprbopos. IMNyNbCHEIE reHepaTopkl CO3AAI0T NOTOK
NPSIMOYTOSIbHbIX CUrHAN0B AN UMMYAbCOB Ha HEOOMBLLIOM Y1Cie
BbIXOJ0B, 0ObIMHO C O4EHb BEICOKOW YacTOTOW. Kak npaswno, atu
NPUOOPEI CNOMBL3YIOTCS ANA UCBITAHWIA BEICOKOCKOPOCTHOIO LMd-
POBOr0 060PYAOBaHVIS. eHepaTopbl LdPOBbLIX MOCNEA0BATENBHOC-
TEN, N3BECTHbIE TAKXKE, Kak reHepaTophbl AaHHbIX, 0ObIYHO CO30al0T 8,
16 1 60nee CMHXPOHHbIX MOTOKOB UMMY/IbCOB B KAYECTBE BO3AENC-
TBYIOLLVMX CMIHANOB 019 MOAAYM Ha LUMHBI KOMMBIOTEPOB, LMPPOBLIE
TENEKOMMYHVKALVOHHBIE YCTPOWCTBA U T.0.

['eHepartopbl curHanos o1 A 0o A
YuyebHoe nocobue

e *palion
1 Eims

a1 Sedte
1M inY

Moel 1 Faaliue
| Eims

Rl Seale
Eoa gy

Puc. 2. VineanbHblil curHan (BBepxy) U peanbHblid curHan (BHU3Y). YHUBEPCabHLIA reHepaTop
CUrHaN0B MOXET BHOCUTb KOHTPONMPYEMBIE UCKAXEHUSA ANS TECTVPOBAHUA U N3MEPEHUS
napameTpoB YCTPOWCTB B NPeeNbHbIX PEXVMax paboTsl
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Wccnenyemoe
yYCTPONCTBO Ocuunnorpady/
MOTMYECKUI aHanmsaTop
KoHTponbHas
TouKa GPIB/
Bbixon LAN
= Bxog 4

\
: O
— | -

Bbixop,

J[lobaBneHne nckaxeHum

3axBayeHHbll curHan — woescooool §9 9
McToYHMK
curHana

CraHgapTHbIN
WM OMOPHbIN cUrHan. — [~d———

Puc. 3. 'eHepaTopbl MOTYT MCMOL30BATL CTAHAAPTHBIE, CO3LAHHBIE NOAL30BATENEM WM 3aXBAYEHHLIE CUMHANbI, NPW HEOOX0AMMOCTY L00aBASS NCKAXEHVS Ans CneumanbHbix Cny4aes TeCTnpo-

BaHMA.

OCHOBHbIE MPUMEHEHUS reHepaTopa
CUrHanoB

eHepaTopbl CUHaN0B HAXOAAT COTHU PA3HBIX MPUMEHEHNIA, HO

B KOHTEKCTE 3NEKTPOHHBIX UBMEPEHUI VX MOXHO Pa3buTb Ha Tpu
OCHOBHbIE KaTeropyv: NPOBEPKa, Vi3MepeHVie XapakTepucTyiK 1
TECTVPOBAHVIE B NPEAebHbIX pexuMax. Hixe npreeagHsl HeKOTO-
pble MPUMepbl TaKoro NPUMEHeHVS:

MNpoBepka

TecTupoBaHue LUPPOBbLIX MOAYIbHbIX NePeAaTYNKOB 1
NPUEeMHUKOB

CospaTenam HOBbIX NepeaaTyMkoB 1 MPYEMHWKOB Ana OECNPOBOA-
HbIX YCTPOWCTB NPVXOAUTCSH UMUTUPOBATL MOAYMPYIOLINE CUrHAbI
|Q — naeanbHble 1 C NCKaXEHVSIMX — A9 NPOBEPKM COOTBETCTBYIS
HOBBIM WM CNEUManM3npoBaHHbIM CTaHaapTam 6eCnpoBOaHON
CBA3K. HEKOTOPBIE rEeHepaTopbl CUrHANOB NPOV3BOIBEHON GOPMbI
MOTYT CO3AaBaTb HEOOXOAUMbIE AN 3TOrO CUrHasbl C MabIM UCKa-
XEHVSIM 1 BBICOKMM Pa3peLLieHem Co CKopocTaMm Ao 1 out/c no
[BYM HE3aBMCVMbIM KaHanam — OAuH ana curHana ‘", a opyrov ang
curHana “Q”.

VHorpa ong TeCTMpoBaHns NpYEMHMKA HyxeH peansHeli BY cur-
Han. B aToM cnydae, ond npamMoro CYHTESA Takoro CUrHana MOXHO
VCNONB30BATH MEHEPATOPLI CUTHAIOB MNPOM3BOSBHON GOPMBI C
yactoTon amckpeTndaumn Ao 200 MraBeibopOK/C.

N3mepeHre xapakTepncTuk

Tectuposanue LA n ALM

BHoBb paspabaTsiBaeMble Ldpo-aHanorossle (LAM) 1 aHanoro-
undpossle (ALMM) npecbpasoBareny HeoOXxoaMMO NOABEPraTb BCe-
CTOPOHHEMY TECTMPOBAHMIO AN ONpeaeneHns Npeaenos AMHenHo-

CTW, MOHOTOHHOCTY 1 UCKaxeHwuit. CoBpemerHble AWG MoryT co3na-

BaTb OJHOBPEMEHHO CYH(bA3HbIE aHANOroBble U UMPPOBLIE CUrHANbI
[INS TAKWX YCTPOMCTB CO CKOPOCTsiMM 10 1 TouT/C.
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TecTupoBaHue B NPeaeNbHbIX PeXMMax

TecmpOBaHue KOMMYHUKALUOHHbIX MTPUeMHUKOB

ViHxeHepam, paGoTaioLyiM C NOCNEA0BaTeNbHBIMY LMGPOBLIMM
NOTOKaMW (LLIMPOKO NPUMEHAEMBIMYA B LIMPPOBLIX KOMMYHMKALIMOH-
HbIX LUMHAX 1 YCUNUTENsAX ANCKOBLIX HAKOMWUTENEN), HYXHO NOAaBaTh
Ha Takue yCTPOWNCTBA MCKaXEHHbIe CUrHaNbI, B YACTHOCTY, CUTHANbI
C OXWUTTEPOM 1 C HaPYLUEHHBLIMY BDEMEHHbBIMU COOTHOLLIEHUAMU.
XopoLume reHepaTopsl CUrHanoB MOryT M36aBuUTsL UHXeHepa oT
JOMMX 4acoB pacyeTos, npeanaras aQdEKTMBHLIE BCTPOEHHbLIE
CPEeACTBa CO3AaHUs v PefakTMpoBaHusa axutrepa. 3T Nproops
MOrYT CMeLLaTb GPOHTHI CUFHAMOB HA CTOMb Mable BeAMUMHBI, Kak
200 ¢c (0,2 ne).

MeToabl reHepaLuun CUrHanoB

CyLLECTBYET HECKONBKO CNOCOO0B CO3[AHMS CUrHANOB C MOMOLLBIO
reHepatopoB. BeIBOp METOAA 3aBMCUT OT UMEIOLLEVCHA MHDOPMALIN
0 1CCnenyeMoM YCTPOWCTBE 1 OT €r0 BXOAHbIX XapakTepUCTHK, a
Takxe OT TOrO, HYXHO M BHOCUTb B CUMHa MCKaKEHWS UK OLNOKN
1 1.n. COBpEMEHHbIE NPOM3BOANTENBHBIE FEHEPATOPLI NPeanaraior,
Kak MUHUMYM, TPV cnocoba nony4eHns CUrHanos:

m Cos3paHue: cosnaHve COBEPLUEHHO HOBLIX CUrHa/I0B onaq Moae-
NIMPOBaHNMA 1 TECTUPOBAHMA

m Pennukaums: CvHTE3 HEAOCTYMHBIX PEasbHbIX CUrHANOB (3axBa-
HEHHbIX C MOMOLLBIO ocumnnorpada unm norMyeckoro aHanmaa-
Topa)

] Feuepaum: co3aaHne naeanbHbIX N MCKaXEHHbBIX OMOPHbLIX
CUrHanos A1s NPOMBILLNIEHHBIX CTaHOaPTOB C YKa3aHHbIMI J0MyC-
Kamm



dopmbl konebaHwui

XapaktepucTtukn konebdaHui

«DopMy konebaHui» MOXHO ONpPeaenTb, kak NoCNea0BaTeNHOCTb
M3MEHSIOLLXCS 3HAYEHWI, MOBTOPSIOLLLYIOCA C ONPEeaeneHHON
NepUoaMYHOCTBIO. B npupone konebaHma BCTPEYAIOTCA Ha KaXO0M
wary: 38yKoBble konebanusi, GMOTOKM MO3ra, OKEAHCKME BOSIHbI, CBE-
TOBbIE BOSHbI, KONEOAHNUSA HANPSKEHMS 1 MHOrOe apyroe. Bce oHu
NPEeACTaBNAoT COO0M NEPUOANHECKM NOBTOPSAIOLLIMECH NPOLECCHI.
OB6bIHHO reHepaTopbl CUrHaNoB CO3AAI0T 3NEKTPMYECKME KonebaHms
(kak npaswno, konebaHns HanPAXeHWs), KOTOpbIE NOBTOPAIOTCA C
3a[1aHHON NEPUOONHHOCTBIO.

BpeMﬂ MMOJTHOrO NOBTOPEHNA BOJIHbI HA3bIBAETCH «MEPO0OM>.
dPopma KonedaHwii SBAFETCA rpadu4eckum NPeacTaBleHeM BON-
HOBOIO NPOLIECCA — M3MEHEHNA €r0 BO BPEMEHW. ['paduk BOHbI
HanpsXeHs NpeAacTaBnaeT coO0 TPaAULMOHHYIO AMarpamMmmy B
[EKapTOBbIX KOOPOMHATAX, MO FOPU30OHTaNbHOW OCK KOTOPOR OTNO-
XEHO BPEMS, a MO BEPTVKAIBHOW — HaNpPAXeHue. 3aMeTbTe, HTO
HEKOTOpbLIE NPMOOPBLI MOTYT 3axBaThiBaTh WM CO30ABATb BOMHbI TOKA,
MOLWHOCT N APYIrNX BENNYNH. B HaCToAWEeM AOKYMEHTE Mbl COCPE-
OOTOHMMCA Ha TPaaMUMOHHBIX BOJTHAX HANPAXEHNA.

Amnnutyaa, yactota u dasa

PopMbl KoNebaHWn UMEIOT MHOTO XapakTepPUCTHK, HO OCHOBHBIMM
ABNAIOTCA aMnMTyaa, YactoTa 1 dasa.

m AMnautypa: Onpefender 3HaYeHVE HanPAXEeHVs curHana.
AMMNUTYAA NEPEMEHHOMO CUrHANa NOCTOAHHO U3MEHAETCH (B
PYCCKOA3bIYHOW MTEpATYPE aMnanUTy0M Ha3blBAIOT pPasmax nnm
MaKCMasbHOE 3HA4EHVE NEPEMEHHOV BENNYUHBI, MPUM. TEp. ).
['eHepaTopbl CUrHaN0B NO3BONAIOT 384aTb AMANa30H Hanpsaxe-
HWiA, HanpumMep, oT -3 A0 +3 BONLT. B pesynbtarte OyoeT reHepu-
POBATLCH CUMHAN, M3MEHSAIOLLMNCA MEXIY 3TUMUN ABYMS 3HAYEHN-
AMU, NPUYEM CKOPOCTb Er0 M3MEHEHUA 3aBUCUT OT GOPMbI BOJHbI
1 OT 4aCTOThI.

m YacTtoTa: CKOPOCTb MOBTOPEHNA NEPUOAMHECKOrO CUrHana.
Hactota uamepsaetcs 8 'epuax (I'u), wiv B neproaax B CEKYHAY.
HacToTa ABnaeTcs 06paTHON BEAMYMHOWM OT Neproaa KonebaHui,
KOTOPbIN PABEH BPEMEHN MEXAY ABYMS aHANOMYHBIMU 3HAYEHN-
AMU B COCEAHMX KonebaHnax. Yem BhlLLie 4acToTa, TEM MEHbLLE
nepuoa,

m Pasa: TeopeTnyecku, STO NONOXEHWE Havana neproaa Kone-
OaHuii No oTHOLWEHWIO K Touke O rpaaycos. IpakTndecku, Gason
Ha3bBaIOT CMELLEHVE Havana neprnoaa konebannsa no OTHoLWe-
HIIO K ONOPHOMY KONEBaHWIO 1 ONOPHOW METKE BPEMEHN.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue
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Puc. 4. Cagur dasbl (M3BECTHBIN Takxke, Kak 3aflepxka) ON1ChIBAET CABUT N0 BPEMEHW MEXy
nByms curHanamu. O6bI4HO Gada BbipaxaeTcs B rpagycax (kak noka3aHo Ha prCyHKe), HO B
HEKOTOPBIX Cyyasix yAoBHee VCnonb30BaTh BPEMS.

MpoLie Bcero 00bACHTL NOHATUE (Passl Ha NPUMEPE CUHYCOWOANb-
HOro curHana. ypOBeHb HanpaxeHna CHyconaanbHOro crHana
MaTemMatTn4eCck CBA3aH C KPYyroBbiM ABVIXEHNEM. |_|O£L06HO NOJNIHOMY
000pOTY, OANH Nepuoa cuHyconasl paser 360 rpagycam. PasoBbIn
Yron CUHyconApl onnceiBaeT NpoweAwyto YacTb NOHOro neprnona.

[lBa curHana MoryT MMeTb OAMHAKOBYIO HaCTOTY ¥ aMIITYALY, HO
oTamyaTbes No dase. CapUr dhasbl (M3BECTHLIN Takxe, Kak 3aaepxka)
OMMCLIBAET CABUI MO BPEMEHN MEXOY ABYMS aHANOMMYHLIMY BO BCEX
LPYrVX OTHOLLEHWSIX CUTHaNaMK, Kak nokasaHo Ha puc. 4. B anex-
TPOHUKE Ga30Bble CABUM ABNSIOTCHA LUMPOKO PACMPOCTPAHEHHBIM
nokasaresnem.

AmnauTyaa, Yactota 1 Gasa ABASIOTCS OCHOBHBIMY XapakTepucTy-
Kamu curHana, cnonb3yeMbiMI FEHEpaToPOM S ONTUMM3aLMM
CurHana B COOTBETCTBUY C TPEOOBaHUAMM NPakTUIECKK N06Oro
npuUnoXeHvs. Kpome Toro, MMEIoTCs 1 Apyrie XapakTeprcTuky,
AOMNONHUTENBHO ONPEAensoLLIVE CUrHA, KOTOPLIE TakKe MOTyT pery-
NMPOBATHCS BO MHOMUX reHepaTopax.

OnutenbHoCTb GPOHTA U cnaga

[nutensHocTn GpoHTa 1 cnafia 0bbIYHO ONMCHIBAIOT NOBEAEHME
VMMYIbCHBIX U MPAMOYTONIbHBIX CUFHANOB. 3TV NapameTpbl ON1chiBa-
10T Bpewms, HeoOX0AMMOe CHrHany ans Nepexoaa v3 OfiHOro COCTo-
AHVA B Apyroe. B COBPEMEHHbBIX LIMPPOBLIX CXemMax 3T1 3HaYeH!s
13MepPSIOTCA HAHOCEKYHAAMY 1 AiaXe MEHBLUVMI BEIMUVHAMU,
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['eHepatopbl curHanos OT A 00 A
YyebHoe nocobue

OnutenbHOCTb
nMmnyrnbca

|

10% 90% 90% 10%
Onu. Anur.
(bpoHTa cnaga

Puc. 5. OCHOBHbIE NapameTphl VMynbca

OnutensHoCTb GpoHTa 1 cnafa n3MePseTCst kak BDeMA MPOX0-
XOEHUA curHana mexay Todkamu, cootsetcteyiowymm 10% 1 90%
aMNAnTYAbl (B HEKOTOPbIX CRyYasx ncnonsaytotes Toukn 20% un 80%).
Ha pwvc. 5 nokasaH TMNn4HbIN UMNYIbC U HEKOTOPLIE ero XapakTepn-
CTUKM. MPYMEPHO Tako CyrHan Bel YBUAWTE Ha 3KpaHe OCLMANOT-
pada, YacToTa AUCKPETU3aLMIN KOTOPOrO 3HA4UTENBHO NPEBHILAET
4acTOTy BXOAHOrO cvrHana. INpu 6onee HU3KMX 4acToTax AVICKPETH-
3aUuMv curHan 6yaeT BuirgaeTb 60nee «npsiMoyrobHbIM».

B HEKOTOPbIX CAyHasx AUTENbHOCTY GPOHTA U Craaa reHepUpyembIx
VIMMYNbCOB HYXHO M3MEHATb HE3aBMCUMO, HaNpUMep, B UMMYNbCax,
reHepvpyembx 419 M3MEePEeHNs NapameTpoB YCUUTENS C HECUM-
METPVYHON CKOPOCTbLIO OTPaGOTKY, WM AN YyNpaBieH/s BpeMeHeM
OXNaXAeHUs nasepa B YCTAHOBKE [/15 TOYSYHOW CBAPKM.

AnutenbHOCTb unMmnynbca

JnMTEeNnbHOCTBIO MMNYNbCa Ha3blBAETCH MHTEPBAN BPEMEHW MEXY
(GPOHTOM M CNaaoM. 3ameTbTe, YTO TEPMUH «DPOHT» MOXET OTHO-
CUTbCA KaK K MONOXUTENbHOMY Mepenagay, Tak v K OTprUaTeNbHOMY
nepenany, 4T0 OTHOCUTCS 1 K TEPMUHY «cnaf». Jpyrvimu cnosamu,
3TV TEPMUHBI ONPEAENSIOT NOPSAOK CNeA0BaHMS COOLITUIA B TEYEHME
3a[aHHOro Neproaa, cama xe NoNSPHOCTb UMMYIbCa He BANAET

Ha onpengenexvie ero GPoHTa UK cnaaa. JamMTensHoCTs Mnynbea
ONpPeaenseTcs BDEMEHEM MeX[ly To4Kamu, COOTBETCTBYIOLMMI 50%
aMnAnTyasl GPOHTa 1 cnaaa.
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50% amnnuTyapl - - -
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3emn4
/77

Puc. 6. CmelLeH1e OnnCHIBAET NOCTOSHHYIO COCTABASIOLLYIO CUTHANA, COCTOSILLErO 13 CyMMbl
NOCTOSIHHOMO 1 NEPEMEHHOTO HAMPSXEHNS.

Jpyron TepMuH, «k0ahOUUMEHT 3aMN0NMHEHNA>», MCNONL3YETCS ANS
ONMCaHNA OTHOCUTENBHOW JIUTENBHOCTY BBICOKOIO W HA3KOrO YPOB-
HA MNynbca. Hanpumep, Ha puc. 5 nokasax Mnynsc ¢ Kosdouum-
eHTOM 3anonHenns 50% (B pyCCKOA3bIYHOM NTEpaType MCnosb3y-
€TCA NOHATUE «CKBaXHOCTb» — OTHOLLIEHVE NEPMOAa UMMNYbCa K ero
LONUTENBHOCTY, T.€. UMNY/IbC Ha PUC. 5 UMEET CKBaXHOCTb 2. [1TpuM.
nep.). B otnnyme o1 3T0ro, NpSAMOYrobHbIA CUrHaN ¢ Nepruoaom
100 He, aKTMBHbIN BBICOKMIA YPOBEHL KOTOPOro anntcs 60 He, byaeTt
UMETb KOIPPUUMEHT 3anonHeHns 60%.

[nga nyquwero noHManmns KoshduumeHTa 3anoHEHVE NPeacTaBbTe
cebe UCNONHWUTENBHBIN MexaHaM, KOTOPbI AN NpeaoTepaLle-
HWS Neperpesa ABuraTens noaaeT Ha ABUraTels OOHOCEKYHAHbIN
MMNY/bC, NOCE Yero AenaeT naysy Ha Tpv CekyHabl. B pesynstate
TakoOM NPMBOA, NPOCTAMBAET TP CEKYHIBI U3 KaXAbIX HETHIDEX — T.€.
KO3POUUMEHT 3aN0NHEHNA B 3TOM Cy4ae paBeH 25%.



CmelueHue

He BCe curHabl USMEHAOTCH CUMMETPVYHO OTHOCKTENBHO 3EMIIN
(0 B). HanpsxeHnem CMELLIEHMS Ha3bIBAIOT HANPSXXEHNE MEXAY
HYNEBbIM YPOBHEM W LEHTPAJIbHOM NIHWEN CrrHana. B cywHocTn,
HaNPSXeHe CMELLIEHNS PAaBHO NOCTOSHHOW COCTaBASOLENR CHrHa-
Na, COCTOALLEr0 U3 CyMMbl MEPEMEHHOTO 1 MOCTOAHHOMO HANPSXe-
HWS, KaK NokasaHo Ha puc. 6.

OuddepeHumnanbHbie ¥ HECUMMETPUYHbIE CUMHASbI

HdnddeperumansHeMn CrurHanam HadbiBalOTCA CUrHaNbI, NCMOMb-
3yI0LLIME 1B KOMNNEMEHTAPHbBIX CUrHANBHBIX TPAKTa, NepeaatoLyx
KOMMM OOHOIO 1 TOrO Xe CUrHana NnpsaMon 1 06paTHOM NOASPHOCTL
(OTHOCUTENBHO 3eMnK). ECv B TeYeHve neproaa curHana curHasn
O/IHOr0 TPAKTa CTaHOBWTCS B0NEE NONOXUTENbHBIM, TO CUrHA APY-
FOro TpakTa CTaHOBUTCA B PaBHOW CTENeHW Bonee oTpuUaTebHbIM.
Hanpvmep, ecnv B HEKOTOPBI MOMEHT BPEMEHN 3HAYEHNE CUrHaNa
B OOHOM 13 TPAKTOB paBHO +1,5 B, TO 3Ha4YeHne curHana B Apyrom
TpakTe OyaeT paBHo -1,5 B (Npu yCnoBum naeanbHom CUHGasHOCTH
curHanos). AndodepeHumnansHas e XOpoLwo NoAaBAfeT BHELL-
HE HAaBOAKM 1 WYMbI, MPOMYCKasa TONbKO NONE3HBIE CUrHAsbI.

Ha npakTvike 6onee pacnpocTpaHeHa HECUMMETPUYHAA KOHUrypa-
UWS, B KOTOPOW MCNONb3YETCA ML OJMH TPAKT MPOXOXAEHNS CUr-
Hana 1 3emns. Ha puc. 7 nokasarbl oMdOepeHumansHbin 1 HECKM-
METPUYHbIA CNOCOOL Nepeaayn curHana.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

HecummeTpuny-
HbI BbIXOZ

Avdpepen-

LunanbHbIV BbIXoa

Puc. 7. Hecummetpuurbie v andpepeHumansHbie curHas
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['eHepatopbl curHanos OT A 00 A
YyebHoe nocobue
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CwuHycomnga

/\\\//’\
3aTyxatowias cuHycouaa

Puc. 8. Cunycownaa v 3atyxatolias cuHycomnaa.

OcHoBHble POPMbI CUTHANOB

CwurHansl MOryT UMeTb BCEBO3MOXHbIE (DOPMbI. B OONbLUMHCT-

BE 3/1EKTPOHHbLIX NPUOOPOB MCNONBL3YIOTCS CUrHABI OAHON U
HECKONBKMX OMMCaHHbIX HUXe GOPM, 3a4aCTyio C Ao0aBneHnem
WymMa NV UCKaXEHWI:

m  CuHycovaanbHble CrrHasl

= MeaHapbl 1 NPSMOYrofbHbIE CUTHAbI

m [MN006pasHbe 1 TPEeYrosbHbIE CUrHab
m [lepenabl v UMMYbCHBIE CUMHANbI

m CnoxHble curHansl

CMHyCOMﬂaﬂbele CUrHasbl

CviHycouaanbHble CUrHabl, BEPOSTHO, CaMble Y3HABAEMBIE 13 BCEX
CUrHaNoB. BONbLWMHCTBO MCTOYHMKOB NUTAHUA NEPEMEHHOrO TOKa
BbIpabaThIBAIOT MMEHHO CUHYCOMAaNbHbIE CUrHanbl. B 06bI4HbIX
ObITOBbBIX ANEKTPUHECKMX PO3ETKAX B AOMAX NPUCYTCTBYET Hanpsxe-
HME CUHYCOMOANLHOM GOPMBI. VI MpakT4eckn BCeraa CUHyCconaass-
HbIE CUrHANBI MCNONBL3YIOTCA A9 AEMOHCTPALIMM 3aKOHOB 3NEKTPO-
TEXHUKM B y4eBHbIX nabopatopusx. CUHYCOMOaNbHbI CUrHan Onmnchl-
BaeTCs NPOCTOM MaTeMaTNYeCckomn ByHKUMen — ero GopmMy naeansHo
onpenensieT kpueas «sin x» B npeaenax 360 rpaaycos.

CneupanbHbIM Cy4aem CUHYCouabl ABNFETCA 3aTyxaioLas C1HyCo-
noa, Kotopas npeacTasnsaeT coboi aatyxaioLme konebaHns, BO3HN-
KaoLLME B LN NOCE NoJaqn Ha Hee MMNynbea.

Ha pwic. 8 nprBengHsl NpUMepsl CUHYCOMAANBHOMO 1 3aTyXaloLLero
CUHYCOMIANLHOro curHana.
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MpsiMOyronbHbIA curHan

MeaHgp

Puc. 9. MeaHap 1 npamoyronbHblii curHan

MeaHApr U NPSIMOYroJibHbie CUrHasnibl

MeaHapsl 1 NPAMOYrONbHBIE CUrHABI ABAFIOTCS 6a30BbIMM CUrHa-
nlamu, COCTaBSIOLYIMI OCHOBY BCEW LIMDPOBOW 3NEKTPOHNKM, XOTS,
KOHEYHO, OHV HaXOAAT NPUMEHEHNE 1 B APYrvx obnactax. CurHan
MeaHap npeacTaBnseT Co00M HaNPSIXEHVe, NepekioyaloLeecs
MeXay ABYMS GVKCUPOBAHHBIMY YPOBHAMY YEPES PaBHLIE MHTEPBA-
Nbl BpeMeHW. OObIHHO Takve CUrHabl MCNONBb3YIOTCS ANA NPOBEPKM
yeunuTenem, KoTopble A0MKHeE 06pabaTsiBaTb ObICTPEIE NEpexos
MEXAY [BYMS YPOBHSAMY HANPSXEHMS (T.€. ONMCaHHbIE PaHee GPOH-
Thl 11 cnaabl UMNybCOB). MeaHap ABNSETCA MaeanbHbIM CUrHANIOM
TaKTOBOW HaCTOTH ANS LW(POBLIX CUCTEM — KOMIMbIOTEPOB, OECNPO-
BOJIHbIX KOMMYHUKAUMOHHBIX YCTPOWCTB, CMCTEM TB BLICOKOW HETKO-
CTW 1 MHOTVIX IPYTUX CUCTEM.

CvirHan npsmMoyronbHoM GopMel aHaNorM4eH no XapakTeprcTrkam
MeaHapy, 3a UCKI0YEHEM TOT0, YTO UHTEPBAaSIBI BEICOKOTO 1 HA3KO-
O YPOBHS HE PaBHbI Mexay COO0M, Kak ONMCaHO PaHEE B MOSICHEHWY
TePMUHA «KO3IDOUUMEHT 3an0iHeHns». Mprmepsl Mearapa 1 curHa-
na NPAMOYrofibHOM GOPMbI NPUBEEHbI Ha pUC. 9.
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MunoobpasHeIi curHan

VANIWA
VoV

TpeyronbHbIN curHan

Puc. 10. MnunoobpasHblit v TPEYrobHbI CUrHan

MunooGpa3Hbie U TpeyrosbHbie CUrHasbl

[MMnooBpasHbIe 1 TPEYrOMbHBIE CHMHAMBI O4EHb MOXOXW Ha Te reo-
MeTpudeckme GOopMbl, OT KOTOPBIX MPOU3OLLN UX Ha3BaHd. [1no-
06pasHbI CUrHan B Kax/I0M Nepuoae NMHENHO HapacTaeT Ao NuKo-
BOrO 3HAYEHUA 1 3aTEM MITHOBEHHO CNafaeT. TPeyronbHbI CUrHan
VIMEET COMOCTaBMMbIE BPEMEHA HapacTaHud 1 cnafa. Hacro takue
CUTHabl UCNONB3YIOTCH ANIF YIPaBAEHNE APYTVIMY HANPAXEHNAMN,
HanpvMep, B aHaNoroBbix ocumnnorpadax 1 tenesmnsopax. MNpumep
NNo06Pa3HOro 1 TPEYrofbHOrO CYrHana npueeaeH Ha puc. 10.

Mepenapbl n UMNYNbChbI

«[lepenagom» HasbiBAIOT CUrHa, AEMOHCTPUPYIOLLWIA BHE3aNHOe
V3MEHEHVE YPOBHS, HANPUMEP, NPV 3amblkaH BbIKNOYaTENS
nuTaHus.

«/IMNyNbC» HENOCPEACTBEHHO CBSA3aH G NPAMOYrOMIbHEIM CUrHa-
noM. MNoaoBbHO crrHany NPSMOYroNbHOM GOPMbI, OH NONy4aeTcs
NyTeM Nepexofia HaNPSXeHUs BBEPX 1 3aTEM BHUS, WV BHU3 U
3aTeM BBEPX, MEXAY ABYMSA GUKCUPOBAHHBIMY YPOBHAMU. [10 CBOEN
NPUPOLE UMMYbCH ABNAIOTCA LBOWMYHBIMU CUTHANAMM 1 MOITOMY

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

— 11 nmomm

Mepenag Mmnynbc Mayka nmnynecos

Puc. 11. Mepenag, MMnyase 1 nayka nMnynscos

ABNAIOTCA OCHOBHBIM CPEACTBOM NEpeaadn MHGopMaumn (AaHHbLIX)
B LMOPOBLIX CUCTEMAX. VIMNYAbC MOXET NPEACTaBNATL OAWH OUT
MHOOPMaLWK, NPOXOAALLAN HEPES KOMNMbIOTEP. [ pynna COBMECTHO
nepenaBaeMblx MMMYNbCOB 00pasyeT nayky MMMynsCoB. CUHX-
POHM3MPOBAHHAs rpynna na4ek (Kotopas MOXET NepenaBaTses
napannenbHo UK NOCNenoBaTensHo) 06pasyeT LMdGPOoByIo nocne-
[10BaTeNbHOCTL. [pUMeEpPs Nepenaaa, MMMybca v Nayky UMNynsCoB
npuseneHsl Ha puc. 11.

O6patnTe BHUMaHWe, YTO XOTS UMOPOBLIE AaHHLIE NPEACTaBNEHb!
00bIYHO UMNYNbCAMK, CUTHANAMM NPSIMOYTONbHOM GOPMBI U MeaH-
Apamu, peansHble LdPOBLIE CUrHaBI MMEIOT B0Nee OKPYrbIe Yribl
1 NONOrne GPOHTLI.

Horpa nedekTsl Lenv NpnBOaAT K CMOHTAHHOMY BO3HUKHOBEHMIO
MMIYNbCOB. OObIYHO Takne NepexoaHbIe CUrHabl HOCAT HENepKo-
JNYECKUN XapakTep 1 Ha3blBaOTCS «ranTHamm». OaHONM 13 npobnem
OTNAKN UMDPOBLIX CXEM ABNSETCS OTAENEHWE MNTHEN OT NONE3HbIX,
HO Y3KVX UMMYNbCOB AaHHbIX. V1 OAHUM 13 OCTOUHCTB HEKOTOPbIX
TMMNOB rEHEPATOPOB ABASETCS BO3MOXHOCTb A00ABNEHNA MNTYEN B
nayky UMMyIbCoB.
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['eHepatopbl curHanos OT A 00 A
YyebHoe nocobue

WA

Puc. 12. AvnantyaHas moaynauvs

CnoxHble curHanol

B peanbHbIX 3NeKTPOHHBIX CUCTEMAX CUMHabI PEAKO NMOXOXM Ha
ONnMcaHHbIe Bbille 1aganbHble GOPMbI. TOMBKO B HEKOTOPLIX Cyya-
X CYIrHasbl TAKTOBOW YaCTOThI MW HEMOAYMPOBAHHbIE HECYLLME
UMEIOT GOPMY YNCTOrO MeaHapa UM CUHYCOMAb!. BObLVHCTBO
JPYIVX CUrHAN0B UMEIOT 60/1ee CNOXHYIO HOpMY BCIEACTBME Hano-
KEHUA UCKXEHWI (BOSHUKAIOLINE 113-3a Tak1x NapasuTHbIX ABASHNI,
KaK pacnpeaeneHHas emMkoCTb, B3aMMOBINAHNE CUTHAIOB U MHOTVX
APYIAX) UV MOAYAAUMA. HEKOTOpbIE CHrHasI MOMYT CoAepXaTh ane-
MEHTbI CYHYCOW, MeaHAPOB, Nepenanos 1 UMNY/LCOB.

K curHanam CnoxHom GopmMbl OTHOCATCS:

m CUrHasbl C aHanoroBow, UMGPOBOW, LUIMPOTHO-UMMYIECHOW 1
KBaAPAaTyPHOW MOAYNALMEN;

m UMPPOBLIE NOCNEO0BATENBHOCTY 1 KOAUPOBAHHbIE LIMPPOBLIE
CUrHanb;

] ﬂceBnocnyanHue NOTOKK GUTOB 1 CNOB.

MoaynupoBaHHbI€ CUrHaJbI

smeHeHns amnantyasl, Gassl 1/uam 4acToTsl MOAYIMPOBAHHBIX
CUrHaN0B NO3BONAHOT HANOXNTb HU3KOYACTOTHYIO MHOOPMALIO

Ha CUrHan HecyLwew BEICOKOM YacToTsl. Pe3ynsTMpyioLwme curHa-
bl MOTYT Nepefasath MNobyio MHGOPMALMIO OT PeYr A0 AaHHbIX 1
BMOEOM300paxeHwin. Ecnn reHepatop cneuyansHo He Nprcnocob-
JIEH L1151 3TOrO, BOCMPOW3BECTM TAKNE CUrHASBI O4EHb GIIOXHO.
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Puc. 13. YacTotHas Manvnynsaumns (YMH)

AHanorosas moaynsauus

B cuctemax paavoBewaHnd WUpOoKo pacnpocTpaHeHa aMminTyoHas
(AM) 1 yactoTHas (YM) Moaynaums. B Takvx Trnax Mooynaumm Moay-
JPYIOLLVIA CUTHA U3MEHAET aMNNTYLy WK HaCTOTY HecyLen. Ha
MPVEMHON CTOPOHE LEenb AeMOAYNALNN HTEPNIPETUPYET N3MEHEHNS
amnanTYabl MK YaCTOTI W 3BNEKAET 13 CUrHaNa HEOOXOAMMYIO
NHPOPMALMIO.

dazosad Moaynaumna (PM) ans HanoxeHns NONE3HO MHGOPMaLIN
MOZYAMPYET Gasdy HECYLLEN.

MpuMep aHanoroBov MOOyASLMM NPUBEAEH Ha puc. 12,
Undposasa moaynaumusa

Moa06HO APYrM LMMPOBEIM TEXHONOTMAM, LdPoBas MOAYNALMS
OCHOBAaHa Ha [1BYyx COCTOSHMAX, MO3BONSIOWVIX NEPeaaBaTh ABO-
NYHble AaHHble. B crctemax ¢ amnanTyaHon masunynsumen (AMR)
UMOPOBOV MOAYIVPYIOLLLAY CUTHAN 3aCTaBASIET CUMHAN BbIXOOHOW
4acTOThl NEPEKIOHATLCA MEXAY ABYMA 3HAHEHUAMM aMNInTy !, B
CYCTEMAX C YaCTOTHOW MaHunynsauven (YMH) HecyLlas nepeknoya-
eTCa MeXly ABYMdA YacToTaMn (LEHTPANbHOM YACTOTOM 11 YaCTOTOM
CMeLLeHNs), a B cuctemax ¢ hasosoi Manunynaumen (PMH) Hecy-
LWas nepekioyYaeTcs Mexay ApymMs 3HadeHnamm dasel. B PMH “0”
nepenaeTcst CUrHanoM Tow xe @asbl, 4TO ¥ NpeablayLLIA CUrHan, a
“1" nepenaeTcsa CUrHanom NPOTVBONONOXHOM (asbl.

LpyriM Wwrpoko pacnpoCTpaHEHHLIM TUMOM LdPOBOR MOAYNALNN
ABNAETCA WMPOTHO-UMMYNbCHas Moaynaums (LLIMM); oHa yacto npw-
MEHAETCS B LMPPOBLIX ayAnOCHcTEMaX. Kak cnefyer 13 ee Hassa-
HWS, OHA NPUMEHKMA TOMBKO K UMMYNbCHEIM CUrHanam. B cnctemax
LLM mooynvpyiowmii CurHan Bel3bIBAET U3MEHEHVE ONUTENBHOCTH
MMMYNbCa (ONMUCAHHOW BHILLIE CKBAXHOCTW).

Mpumep U1dPOBON MOAYNAUMK NPVBEAEH Ha puc. 13.



Pvic. 14. CyHycomnpanbHblii Curan co Ce1NMPOBAHMEM M0 YacToTe.

CeBunupoBaHue no 4yacrorte

I3MEpEHVE HaCTOTHBIX XapakTEPUCTHK 3NEKTPOHHOIO YCTPOMCTBA
NopoXAaeT NOTPEOHOCTb B «CBUMMPYIOLEM» CUHYCOMAANBHOM CUT-
Hane — CurHane, 4YactoTta KOTOPOro MEHIETCA N0 ONPEAESIEHHOMY
3aKOHY 3a ONpeaeneHHbIn Neprnoa, BpeMeHn. I3MeHeHme 4acToTsl
MOXET NPOVICXOOUTb IMHENHO 1 BbIPAXATbCHA B «repLiax B CEKYH >
UM NOrapUMMUHECKIM 1 BLIDAXATHCA B «OKTaBax B CEKyHOy». MHO-
rOMYHKUMOHATBHBIE CBUMMPYIOWWE rEHEepaTopbl NOAAEPXMBAIOT
CBUMMPOBAHME C BbIOVMPAEMON Ha4YanbHON HYacTOTOM, YaCTOTON yaep-
XaHWS, KOHEYHOW YaCTOTOW 1 COOTBETCTBYIOLLMMUN NHTEPBATAMU.
Kpowme Toro, reHepatop BbipabaTbiBAET CUHXPOHHBINA CO CBUMMPOBA-
HMEM CUrHan 3anycka, KOTOPbI MOXHO MCNONb30BaThb ANs ynpasne-
H1A ocuMnnorpadoM, N3MEPSIOLLIMM BLIXOAHOW OTKIVK NCCNemyemo-
ro YCTPOWCTBA.

KeappartypHas mogynsauus

B ocHOBE coBpemeHHbIX LndpoBbIx ceTert 6eCnpoBOAHON CBA3M
NEXUT TEXHONONA KBaapaTypHon moaynaumn (1Q). KeaapatypHas
MOAYNALMS MCNONb3YET ABE HECyLIMe — CUHPasHyio (1) 1 kBaapartyp-
Hyi0 (Q), cABWHYTYIO poBHO Ha 90 rpaayCcoB OTHOCUTENBHO HECYLLEV
‘", 911 Hecywme MoayANPYIOTCS Tak, YTOObl NONY4UTb YETHIPE BO3-
MOXHbIX COCTOSIHNA. Ha nepenaloLielt CTOPOHe ABE HECYLIMX 00b-
E[IMHSAIOTCA 1 NepefalTcsa No OOHOMY KaHany, a Ha NPYEMHO CTO-
POHE OHW pasaendioTcs U aemoaynmpyiotcs. dopmar |Q nossonset
nepefathb 3Ha4nTeNbHO BoNble MHGOPMaLMKW, YeM Apyrie BIabI
aHanorosow 1 UMGPOBO MOOYAALMM, HTO pacWMPAET 9DOEKTNBHYIO
nonocy cucTemsl. Nprmep KBaapaTypHO MOAYNSLUMN NPUBEOEH Ha
puc. 15.

Lndposbie nocneaosaTenbHOCTU U KOAUPOBaHHbIE UG-
pOBble CUTHanbI

Lincdpoas nocneaoBateNbHOCTb COCTOUT U3 HECKObKMX CUHXPO-
HI3MPOBAHHbBIX MOTOKOB UMMYNbCOB, COCTABASIOLLMX OAHO CAOBO
JaHHbIX, KOTOPOE MOXET UMETb LKpKHY 8, 12, 16 1 6onee B1ToB.
[eHepaumio CNoB AaHHbIX A9 Noaayn Ha UdPOBbIE WWHBI 1 NPO-
LIECCOPbI BBINOMHAET CReLvanbHbIii KNace reHepaTopos — reHepa-
TOPbI UMPPOBLIX MOCNeaoBaTensHocTen. Cnosa B 311X Nocnenosa-

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

Puc. 15. KsagpatypHas Moaynauys

TENbHOCTAX NePeJaloTcs B CTPOrOM NOCNEA0BATENBHOCTY LMKIIOB,
NPUYEM aKTUBHOCTb Kaxaoro 6uta B KaxaoMm LuKie onpenenseTcs
BbIOPaHHLIM METOAOM KOAMPOBaHWS. MeToa KoaMpoBaHu1s onpe-
JenseT ANUTensHOCTb MMMYALCOB BHYTPW LIVIKNOB, COCTaBASIOLLINX
NOTOKM AAHHbIX.

Huxe nprBeaeH Cncok Hanbonee pacnpPOCTPaHEHHbIX METOL0B
KOOMPOBaHWS. B onvucanmmn nepBeix TDEX METOAOB NPEANonaraeTcyd,
4TO UMK HAYMHAETCS C ABOMYHOMO 3Ha4eHus ‘0" — T.e. C HanpsXeHus
HW3KOr0 NOMMHECKOr0 YPOBHS.

m Bes Bo3Bparta k Hynto (NRZ). [1pu nosBieH/ B Lkie O0CTO-
BEpHOro 6uTa, curHan nepexoaut 8 “1” 1 0cTaeTcs B 3TOM COCTO-
AHWM [0 HayYana Cneaylowero umkna.

m 3apgepxaHHblit 6e3 Bo3Bpara K Hyno (DNRZ). MonobGeH
NRZ, 3a TeM UCKNIOYEHNEM, YTO CUrHan nepexoamT B “1" nocne
yKa3aHHOW 3a0epXKN.

m C Bo3Bpatom Kk Hymo (RZ). Mpu NosiBNEHUI OOCTOBEPHOIO
buTa, curHan nepexoamt B “1" 1 3aTem BosspallaeTcs k ‘0" B npe-
[Ienax 3Toro Xe uykna.

m C Bo3Bpartom k eguuuue (R1): B cylHocT, 3T0T MeTOA,
npeacTasnseT cobo HBepcuio metoaa RZ. B otanyne OT apyrvx
METOI0B, MPUBEAEHHBIX B 3TOM cnncke, R1 npeanonaraet, 4To
LMK HaYvHaeTcs ¢ “17, 3aTemM Npu NOsSIBAEHMI OOCTOBEPHOIO
OvTa oH nepeknioyaeTcd B 0", 1 3aTeM CHOBA BO3BPALLAETCS K
“1", 0O OKOHYaHWSA UMKNA.
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JABOUYHbIE NOTOKN

lNceBnocnyyanHele ABonYHble NoTokn (PRBS) 1 ncespocnyyaiHble
noTokn cnoB (PRWS) ncnons3yotea ang NpeofofeHns xapakrep-
HOrO OrpaHNYeHNs KOMMBLIOTEPOB: X HECMOCOOHOCTW CO30aBaTh
VCTUHHO CnyyalHble yncna. W Bce e chnyyaiHsle CoObITUA MOryT C
YCNEXOM MPUMEHSTECS B LMPPOBLIX CUCTEMAX. Hanpumep, naeansHo
«YCTbIE» LNDPOBLIE BUAEOCUTHABI MOTYT COAEPXaTb HEMPUSTHBIE
[ TNa3 CTyNeH4aTble IMHAW 1 3aMETHBIE KOHTYPbI Ha MOBEPXHOCTSX,
KOTOpbIe A0MXHbI ObiTh rnaakvmm. JobasneHne KOHTPOAMPYEMOro
LymMa MOXET 3aMackmpoBaTh 3TV apTedakThl, He OKka3dbiBas CyLLECT-
BEHHOMO BVSIHWS Ha NepefaBaemyio MHGOPMaLIIO.

Lna cospanna cnyyanHoro wyma UMppoBbIe CUCTEMBI TEHEPUPY-
IOT NOTOK YWCES, KOTOPBIE BLIMISAAT CyYaiHbIMM, XOTS HA CaMOM
[Iene onpeaendioTca NpPeackasdyemMon MaTeMaTn4eckon GOpMyon.
Ha camom fene, Takune «NceBaocydaiHble» Yyucna npeacTaBnsior
co60W Habop NocneaoBaTesbHOCTEN, NOBTOPSHOLLMXCA CO Chyyai-
HOWV YacToToW. B pesynstate nonydaetca PRBS. [NceBoocnydaiiHbiii
NOTOK C/10B ONPeAensieT cnocob NpeacTaBneHns HECKONbKMX NOTO-
koB PRBS Ha HeCKonbK1x NapannenbHbX Bbixoaax reHepaTopa.

PRWS yacTo ncnonbayetcs ans TeCTMpOBaHms napaniefbHo-noc-
NenoBaTefbHbIX NPeobpasoBaTenet vnm MyasTUNIEKCOPOB. ITv
ycTpoKcTBa NpeobpasyioT curHan PRWS B nocnegoBatenbHbii NOTOK
NCEeBOOCNyYarHbIX OUTOB.
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Tvinbl reHepaTopoB CUrHana

B o6uiem cnydae, reHepaTtopsl CUrHan0B MOXHO pasaeniTs Ha
reHepaTopsl CMeLLaHHbBIX CUTHANOB (reHepaTopbl CUrHaNoB NPOn3-
BOJIbHOM (DOPMbI 1 FEHEPATOPLI CUrHAIOB NMPOV3BOILHOM GOPMbI 1
CTaHOAPTHBIX QYHKLMI) U UCTOYHUKI NTOTUYECKUX CUTHAMOB (reHepa-
TOPbI UMNYIECOB 1 UMMPOBLIX MOCNEA0BATENBHOCTEN). Kax bl 13
3TVIX TUNOB 00NafaeT ONpPeaeneHHbIMY NPEVMYLLECTBAMU, KOTOPLIE
AenaioT ero 6onee vy MeHee NPeanoyTUTENbHBIM ANA TEX UM UHBIX
NPUNOXEHNN.

['eHepaTopbl CMeLWaHHbIX CUrHaNIoB NPeaHa3HaqeHbl 415 CO3aaHs
CUrHaNO0B C aHanoroBbIMU XapakTepucTkamu. Takme curHanbl npo-
CTMPAIOTCSA OT YACTO aHANOrOBbIX, TaKMX Kak CUHYCOWOb! i TDEYrOfb-
HUKW, 0O MeaHApOoB, 0ONaaatoLLMX CKPYINEHNAMY U UCKAXEHUAMU,
4TO ABNSIETCH HEOTbEMIEMOW OCOOEHHOCTBIO PEabHBIX CUMHANOB.
YHMBEPCANbHBIE FTEHEPATOPEI CMELAaHHbBIX CUHANOB NMO3BONAOT
YIPAaBSTb aMmIUTYAON, YaCTOTOM 1 Ga30m curHana, a Takxe nocto-
AHHBIM CMELLIEHVEM Y NTUTENBHOCTLIO GPOHTOB 1 cnaaos. C NoMOo-
L0 TaKVX reHePaToOPOB MOXHO CO3/aBaTb VICKAXEHNS, Takmne Kak
FANTYX, 006aBNSAT IXUTTEP GPOHTOB, MOYNALMIO 1 MHOFOE PYroe.

'eHepaTopbl LMGPOBbIX CUrHANOB MCMOL3YIOTCS AN NOAAYM CUr-
HaNoB Ha UWMPOBLIE CYCTEMBI, X BEIXOOHBIMM CUrHaNaMy ABASIOTCS
NoCNeaoBaTenbHOCTI ABOUYHBIX UMMYALCOB. Crieuyani3vpoBaHHble
NCTOYHVIKM LMPPOBBIX CUrHAN0B He 06M1aaaoT BO3MOXHOCTLIO reHe-
PUPOBATL CUHYCOMAANBHBIE UM TPEYrOAbHBIE CUrHAME!. DYHKLMN
MCTOYHVKOB LUMPOBbLIX CUrHANO0B ONTUMU3VPOBaHD! ANS paboThl C
KOMMbIOTEPHLIMU LLIVHAMM V1 @HANOrMYHBIMMA MPUNOKEHMAMI. STW
DYHKLMK MOTYT BKIOYATb MPOrpaMMHble CpeacTsa Ans ObicTpOoi
pas3paboTky LMGPOBLIX MOCAeO0BATENBHOCTEN, a Takke annapaTHble
CPeacTBa, Takne Kak NPOOHVKM A1 COrNacoBaHusa YPOBHEN orvi-
4ECKVIX 9N1EMEHTOB PA3NYHBIX CepPUiA.

Kak yxe 00bACHANOCh, NPaKTU4YeCKy BCE COBPEMEHHbIE BICOKOMPO-
13BOAMTENbHBIE FEHEPATOPHI CUTHANOB, OT FEHEPaToOPOB CTaHaap-
THBIX QYHKUW IO TEHEPATOPOB CUMIHAOB MPOU3BOIBHOM GOPMbI 1
FeHepaTopoB LMMPOBLIX MOCNEA0BATEIbHOCTEN, OCHOBAHLI Ha UG-
POBOW TEXHONOMMK, YTO 06ECNeYMBaEeT rMoKoe NPOrpaMMM1POBaHNE
N UCKIIOHUTENBHYIO TOYHOCTb.



[eHepaTopbl aHaIOrOBbIX M CMEeLLaHHbIX
CUrHanoB

Tunbl reHepaTtopoB aHaNOroBbiX N CMEeLUaHHbIX CUrHaNnoB

FeHepaToOpbl CUrHANOB NPOU3BOJIbLHON (POPMbI

AcTOpUHECKM CNOXUNOCH Tak, 4TO 3aaaqy CO3AaHUsA PasHbIX Cur-
Ha0B BLINONHAIOT OTAEMbHbLIE CNEUManM3MpoBaHHbIe reHepaTo-

Dbl CUTHANOB — OT reHepaToPOB CBEPXUYMCTLIX ayAMOCUrHaN0B 10
MHOrOrMrarepLoBbiX reHepaTopOB PaaYOYaCTOTHBIX CUrHANoB. M
XOTS CYLLECTBYET MHOXECTBO CEPUINHO BbinyCcKaeMblx MprOopPOB.,
3a4acTyio NOMb30BATENIO A1 PELLEHUS CTOSALIMX Nepes HM 3a1ay
NPYXoaMTCA 10padaThiBaTh CYLWIECTBYIOWWIA FeHepaTop 1N CamMmomy
V3roTaBnvBaTh Creuuany3vpoBaHHblii reHepaTop. MpoekTrpoBaHue
V3MepWTeNbHOMO reHepaTopa — O4eHb CroxXHas 3afaqa 1, KOHeuHo,
Bpems, NoTpadeHHoe Ha pa3paboTky AONONHUTENbHOrO 060PYA0Ba-
HVIS1, BEIYWTAETCA 13 CaMOro NpoekTa.

K cHacTblo, TEXHONOMVS AMCKPETM3aLUMM 1 00paboTkv curHana aana
Ham peLleHre, NO3BONAIOLLEE PELLMTD NPaKTUYECKV MoOYI0 3aaady

C NMOMOLLBIO OAHOrO €AVMHCTBEHHOrO NPMOOpa — reHepaTopa curHa-
7I0B NPOM3BONIBHOW HOPMBI. ['€HEepaTopbl CUrHAIOB NPOV3BOLHOM
HGOPMbI MOXHO Pa3aenuThb Ha reHepaTopbl CUrHANIOB NPOW3BOILHOM
hOpMbI 1 CTaHAAPTHLIX GYHKUWIA (AFG) 1 reHepaTtopbl CUrHanos Npo-
13BONbHON GopMbl (AWG).

FeHepaTOpbl CUrHANOB NPOU3BOJIbHOK GOPMbI U CTaH-
BapTHbIX ¢yHkuun (AFG)

leHepatop AFG npeaHasHayeH Ans peleHns Wpokoro cnekTpa
3a4a4 ¥ Ha CeroaHsLWHNIA AeHb reHepaTopbl 3TOr0 Tvna SBNAI0TCH
Hanbonee pacnpoctpaHeHHsiMu. OBbIYHO Takon Nprbop Npeanara-
€T MEeHbLLUE BO3MOXHOCTEN N0 M3MEHEHWIO CUIrHANa, Yem aHanorny-
Hbl AWG, HO 061aaaeT NPEBOCXOAHOM CTabWAbHOCTBIO U OBICTPLIM
OTKNVKOM Ha M3MEHEHMe 4acToThl. Ecan nccnegyemomy yeTponcTay
HeobxoaMma CUHycouaa v MeaHap (He roBops yXe O NPOHKX CHr-
Hanax) 1 BO3MOXHOCTb MOYTN MTHOBEHHOIO NEPEKIOHEHNS MEXY
[IBYMS HacToTaMu, TO PELUWTb 3Ty 3aa4y MOXHO C NoMoLLbio AFG.
Opyrum ocTonHcTBOM AFG 9BASIETCS HM3Kas LieHa, YTo AeNaeT ero
BECbMa NpvIBNeKaTeNbHbIM 19 NPUAOKEHWA, HE TPEOYIOLLMX rOKO-
cTn AWG,

['eHepartopbl curHanos o1 A 0o A
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Y AFG 1 AWG eCcTb MHOIO OBLLMX HepT, XOTS N0 KOHCTPYKUMK AFG
ABNAeTCa Honee cneunanv3npoBaHHeIM Nprubopom. AFG obnapaet
YHVKaNbHBIMY MPEeVIMYLLIECTBAMI: OH CO3AaeT CTabUbHBIE CUrHasbI
CTaHOAPTHBIX GYHKLMIA — B YACTHOCTK, LUMPOKO NPUMEHSAEMBIE CUHY-
covabl 1 MeaHapbl — 061aaaloLLIMe BEICOKON TOYHOCTBIO U BbICTPO
nepecTpaviBaemble Mo YacToTe. bbICTpasi nepecTpoiika 03Ha4aeT
BO3MOXHOCTb ObICTPOrO M YMCTOr0 Nepexoaa C OAHOM YacToThl Ha
Apyry:o.

BonbwurHeTBo AFG npeanaraeT Habop CneayioLLyX WPOKO MCMoNb-
3YEMbIX CUTHAIOB 1 DYHKLWMI:

m CuHycovaa

m MeaHop

m  TPEyronbH1K

m CBunvpoBaHue

m VIMnynsec

m JIMHenHoe HapactaHve
n Moaynauma

m [aBepCcuHyC

1 xota AWG TOXe MOryT reHepupoBaThb BCE 3TV CUrHaNbl, COBPEMEH-
Hele AFG obecnedvBatoT ynydLleHHoe ynpasneHue GasoBbiMy, Yac-
TOTHBIMW 1 @MMANTYOHBIMI XaPAKTEPUCTVKAMI BEIXOOHOMO CUrHaNa.
Kpowme Toro, mHorve AFG nosBonsioT MOAyNMpoBaTh CUrHa BHYT-
PEHHUM W BHELLHM UCTOYHUKOM, YTO O4EHb BaXHO A1 HEKOTOPbIX
TWMOB TECTMPOBAHKA HA COOTBETCTBME CTaHAapTaM.

Crapble mopenv AFG ans cosaanvst BbIXOOHbIX CUrHANO0B MCMOSb30-
Ba/vt aHANOroBble 3a4al0LLIVE reHepaTopsl C nocneayioLlein obpa-
60TKOM curHana. MocnegHue moaenn AFG ncnonbayioT TEXHONOMMIO
NPSMOro UMPPOBOro crHTe3a (DDS) TakToBOW YaCTOThI, C KOTOPOW
BEIOOPKM CUrHana n3BnekanTcs 13 namMaTiu.
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Pvic. 16. YnpolueHHas apxutektypa AFG.

OcobeHHoCTbIo TexHonorum DDS ABAAETCS CUHTES BEIXOAHBIX CHr-
HanoB 1 BCEX YaCTOT, UCMOMb3YEMbIX BHYTPU Nproopa, TONLKO 13
O/IHOW TaKTOBOM 4aCTOThI. Ha puc. 16 nokasaHa ynpoLleHHas apxi-
TexTypa AFG, nocTpoeHHoro Ha ocHore DDS.

Pernctp Gasosbix NpUpaLLeHnin B GasoBOM akkyMynsTOpe NpuHu-
MaeT MHCTPYKLMK OT KOHTPOMNEDPA YaCTOThl, NOKa3blBaloLLIMe, Ha
CKOMBbKO [IOMKHA U3MEHATECA Basa BEIXOAHOIO CUrHana B Kaxaom
cnenyiolem neproae. B COBPEMEHHbIX NPOM3BOAMTENbHBIX AFG
paspelleHre no Gase MOXeT AoCTUraTh 2°°, 4To NPUMEPHO PaBHO
1/1000 000 000.
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Bbixoa ©a30BOro akkymynstopa MCnob3yeTcs B Ka4€CTBE TaKTOBOM
4acTOThl 15 NaMATV CUrHanoB. PaboTa 3Toro nprubopa 04eHb Hamo-
MuHaeT paboty AWG, 3a TeM UCKITIOHEHNEM, HTO NaMATb CUrHaOB
COLNEPXMT OOBIYHO NLLIb HECKObKO 6a30BbIX CUIHAOB, TakMX Kak
CUHYC ¥ MeaHap. AHaNoroBas BuixoaHas Lenb 00bIYHO NPEACTaBnserT
€000V PUKCMPOBAHHBIA DUABTD HXHIX YACTOT, KOTOPbI 06ecneyn-
BaET NOCTYMNEHNE Ha BBIXOA TO/IBKO 3anporpamMMmnpOBaHHov nones-
HOW 4acTOThl (NOAABNAA NPOHUKHOBEHWE TAKTOBOW YaCTOThI).

HTOObI Ty4LIE NOHATb, Kak (has0BbIA akKKyMyIATOP CO3MAAET HYXHYIO
4acToTy, NpeacTasbTe cebe, HTO KOHTPOIED NOCHINAET 3Ha4eHne
1" B 30-0UTHbI perncTp $ha3oBbiX NpUpaLLeHnii. BeixooHOM pernctp
$asoBbIX NpYPaLLEHNI Ga30BOr0 akkyMynsTopa OyaeT M3MeHsTb
dasy Ha 360/2% rpamycos B KaxaoM Nepuoag, NOCKONbKY MOSHBINA
nepu1oa BEIXOAHOIO CUrHana cooTeeTcTByeT dhase 360 rpamycos.
CnenoBatensHo, 3HadeHue “1" perncTpa Gas3osbix NpUpaLLeHuia
COOTBETCTBYET MUHVIMa/bHOW YaCTOTE BBIXOHOrO CUrHana 1 Tpe-
6yeT 2% npupallleHni Ans co3naHns OAHOro nepunoaa. FeHepaTop
OyneT paboTaThb Ha 9TOW YacToTe [0 NOCTYNAEHUA HOBOrO 3Ha4eHs
B PErMCTP (Ga30BbIX NPUPALLEHNN.

3HayeHna 6onble “1" ByayT OeICTPEE NPOXOAWTL NOJHbIA NEPUOA,
360 rpanycos, co3naBas 00nee BbICOKYIO BbIXOAHYIO 4aCTOTy (HEKO-
Topele AFG MCNONb3YIOT OPYrov MOAXOA;: OHV NOBLILLAIOT BEIXOLHYIO
4aCTOTY, NPOMYyckas HEKOTOPLIE BEIBOPKM, YCKOPSS, TEM CaMBbIM,
CHMTBIBAHME COLEPXMMOrO namdaTi). EAVHCTBEHHOE, 4TO NPK 3TOM
MEHSETCS, 3TO 3Ha4eHne $asbl, NOCTyNaloLLee OT KOHTPOIIEpa Yac-
TOThI. [ IaBHYIO TAKTOBYIO YACTOTY MEHSTb HE HAOO0. Kpome TOoro, aTo
NO3BONAET HAYMHATL MEHepauUMio CuUrHana ¢ oo TOUKM Neproaa.
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Puc. 17. Cepwia BEIOOPOK, NPEACTABNAIOLLMX CYHYCOMIY (CNEBa); PEKOHCTPYMPOBaHHas CUHyCOMaa (Cnpasa).

JonycTiM, Ham Hafo NONYYUTL CUHYCOVY, KOTOPas HauMHaeTCs C
MaKCVIMyMa NoSOXWUTENbHOM NOAYBONHEL. SnemMeHTapHas matematu-
Ka roOBOPUT, YTO 9TOT MakCcUMyM cooTBeTCTBYET dhasde 90 rpaaycos.
CnenoBatensHo:

2°0 npupatuernii = 360°; n
90° = 360° / 4; cneposatensHo,
90°=2%/4

Koraa ®asoBbii akkyMynsaTop NoMy4aeT 3HA4EHVE, KBUBANEHTHOE
(2% / 4), oH 3aCTaBNSeT NamMsaThb CUrHAMNOB HaYaTb reHepaLyiio C
TOUKW, COAEPXALLEN NONOXATENbHBIA MAKCUMYM CUHYCOMAANBHOMO
cuUrHana.

B namsati roToBbIX CUrHAN0B TUAMHYHOrO AFG XpaHUTCS HECKOMBbKO
CTaHoapTHbIX curHanos. OObIYHO, HaMbonee YacToe NPYMEHEHNE
Haxo4saT CUHYCOMAanbHbIe CUrHanel 1 meaHapbl. CurHanbl Npowv3-
BOMIbHOWM (DOPMbI XpaHATCA B 061aCT namsaTi, JOCTYNHOW Angd nepe-
NPOrpPamMMMPOBaHUS NONB30BATENEM. TV CUrHaNbI MOXHO Onpe-
NensTb C TOV Xe MMOKOCTbIO, Kak 1 B TpaauUmoHHbIX AWG. OaHako
apxutekTypa DDS He noanepX1BaeT CerMeHTVPOBaHME NaMsaTit U
noCnen0BaTesbHbIN BbIBOA CUrHANOB. TakMMy PACLUVPEHHBIMU BO3-
MOXHOCTSMV 06naaatoT TONbKO BEICOKONPOM3BOAMTENBHBIE AWG.

Apxutektypa DDS 06ecnedmBaeT UCKIOHYUTENBHO BLICOKYIO CKOPOCTb
NepecTporkM YaCTOThl, YIPOLLAS NPOrPAMMUPOBAHME HYaCTOTHBIX U
$a30BbIX U3MEHEHNI, HTO MONESHO O/19 TECTUPOBAHWS YCTPOWCTB,
MCNONB3YIOLLYX YACTOTHYIO MOAYNALUMIO — HANPUMEP, KOMIMOHEHTOB
Pa[AVOCTaHLMI 1 CMYTHUKOBBIX CUCTEM. 1 eCnin BaM XBaTaeT 4acTo-
THOrO AnanasoHa AFG, TO Takoi reHepaTop naganbHO NOAXOANT AN
TeCTVpoBaHKa YMH 1 TeNeMOHHbIX TEXHONOMMIA CO CKaYKOOOPasHOM
NepeCcTPOKON HacToThl, Takvx kak GSM.

N, xotst AFG He 06naiaeT BO3MOXHOCTbIO CO3AaHMS NPakTUYecKm
no6bIX GOPM CUrHANOB, Kak aTo aenaet AWG, OH MOXET BOCMPO-
113B0AMTb OONBLLIMHCTBO LUMPOKO PACPOCTPAHEHHBIX CUMHAOB,
MCNONb3YEeMbIX B NaB0PaTOPUSAX, PEMOHTHBIX LIEHTPAaX 1 KOHCTPYK-
Topckux otaenax. Kpome Toro, oH 06ecnedvBaeT NpeBOCXOAHYIO
CKOPOCTb NEPECTPOVIKM 4aCTOThI. V1, 4TO HemanoBaxHo, AFG 3a4a-
CTYIO ABNAETCA CaMbIM SKOHOMUYHBEIM PELLIEHVEM.

F'eHepaToOpbl CUrHaNOB NPOU3BONIbHOW popmbl (AWG)

XOTuUTE N1 Bbl NOAYYMTL NOTOK AAHHbLIX, B TOYHOCTV COOTBETCTBYIO-
WM 1o GopmMe yHKUMM JTopeHua, A8 M3MEPEHWA XapakTepUCTIK
QWVICKOBOIO HAKOMUTENH, NN CNOXHOMOOYIMPOBaHHbIA BY curHan
ana tectmpoBanua tenedora GSM nnn CDMA, reHepaTtop CUrHanos
npou3BONLHOV GopMbl (AWG) MOXET co3aaTh curHan Moo MbICAK-
Mon bopmbl. [1py 3TOM ANt CO3OaHMA HYXKHOTO CrHana MOXHO
CNONb30BATH MHOXECTBO METO0B — OT MaTeMaTn4eckon GopMysbl
[0 «pUCYHKa» CUrHana.
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BHyTpeHHUI nnu BHELLHWUIA
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A
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Peructp
casura
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TaKTOBOW
4acToThbl

Puc. 18. YnpouleHHas apxuTtekTypa reHepatopa curHanos NnpovaBobHOM GOpMbl.

B cywHocT, AWG npeactasnseT coboi CNOXHYIO CUCTEMY BOC-
NPOV3BEAEHVIS, KOTOPas CO3OAET CUrHANbI HA OCHOBE COXPAHEHHbIX
LMOPOBBIX AaHHbIX, OMMCHIBAIOLLVX NOCTOSHHO M3MEHSIIOLLIMECS
YPOBHM HaNpsXeHus cyurHana nepemMeHHoro Toka. bnok-cxema atoro
npvbopa 0bmaH4vBO NpocTa. Ecnm 0bpatnTses K 601ee NPYBLIYHEIM
TepMmuHam, AWG MOXHO NpeCcTaBuTh, Kak nneep KOMNakT-anckoB,
KOTOPbIN CHATBIBAET COXPAHEHHBIE AaHHbLIE B PEASTbBHOM BPEMEHM (B
AWG — 13 cobcTBeHHOM namaTh curHana; B CD nneepe — ¢ aucka).
0O6a 311 yCTPOICTBa BLIAIOT Ha BbIXOM, aHaNOrOBLIA CUrHa.

Insg noHnmManmns npuHumnna padotel AWG HyxHO CHavana ycBoUTb
0OLLYIO KOHLENUWMIO LMPPOBON anckpeTtrdaumm. CyTb ULMPPOBOW
[OMCKPETU3ALWMN MONHOCTBIO OMMCLIBAETCA €€ HA3BaHNEM: OHA
ONpenenseT CUrHa € NOMOLLBIO [MCKPETHBIX BBIGOPOK, 1N TOYEK
[aHHbIX, NPEACTaBNAIOLLMX COOON NOCNEA0BATENBHOCTb 3MEPEHHBIX
HanNPsXeHU BAONb rpaduika curHana. 311 BbIBOPKM MOXHO Onpe-
LleNnTb, PeanbHO M3MEPAA CUTHAN, HaNpPUMEpP, ocuunorpadoMm, nim
MCNoNb3ys rpaduyeckme nnmn matemaTnyeckmne MeToasl. Ha puc. 17
(cneBa) nokasaHa cepus BHIGOPOK. Bce BHIOOPKM NONyYeHb Yepes
PAaBHbLIE MHTEPBANLI BDEMEHW, XOTS MO BUOY KPMBON MOXET NMOKasaTb-
C81, 4TO MHTEepBankl He paBHel. B AWG 3HaveHnsa BLIBOPOK COXpaHs-
l0TCA B ABOVYHON hopme B ObicTpoM OnepaTnBHOM 3anOMUHAIOLLIEM
Ycrpowctee (O3Y).
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MCTOYHUK LWymMa |

AHanorosas

Bbixog

P

BbIXOAHaA
uenb

~—— BHeluHsa TakTOBas yactota

IcnoNb3ysa COXPaHEHHYIO MHPOPMALIMIO, CUrHaN MOXHO B lo60e
BPEMS PEKOHCTPYMPOBATL, CHUTHIBAS 3HAYEHWS 13 MaMATL U MPO-
nyckas 1x 4epes Udpo-aHanoroswii npeobpasosatens (LIAM).
PesynbTar nokasaH Ha puc. 17 (cnpasa). ObpaTnte BHUMaHME,

470 BhIXOAHasA Lenb AWG coaepxut GuabTp, KOTOPbIA 0ObEAVHS-

€T OTAENbHbIE TOYKW B YWCTBIA, HEMNPEPLIBHBIN BLIXOOHOM CUrHa.

B pesynbtate 1uccneayeMoe yCTPONCTBO He «BUAWT>» OTAENbHbIX
TOYEK CUrHana, a BOCMPUHUMAET €ro Kak HEMPEPbLIBHYIO aHaNOrOBYIO
BOJIHY.

YnpouleHHas 6nok-cxema AWG, peannayioLas onvcanHble GyHKUuK,
nokasaHa Ha puc. 18.

AWG npeanaraet rmbKoCTb, NPaKTUHECKM HE AOCTUXUMYIO DY MM
npubopamn. Obnagas BOSMOXHOCTbIO BOCIPOM3BOAUTb CUrHAN
N060M MbICAUMON GOPMbl, AWG MOXET NPUMEHSATLCSH NPaKTUYECKN
Be3/e, OT MOAENMPOBaHVA PabOTLI aHTUONOKMPOBOYHOM CUCTEMBI
TOPMO30B aBTOMOOWANA 10 TECTUPOBAHNS OECNPOBOAHbLIX CETEN B
npeaensbHbIX PEXMMAX.
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Pabota ¢ dhannamm

yrnpaBeneHus YpoBeHb - OTKpbITL CuHXpoHu3aums

- PepakTopsl curHanos - AMnnnTyaa - CoxpaHute | - YacToTa OuCKpeTn3auum
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Bbixogpbl curHana

Puc. 19. BbicokonpomaBoanTeNbHbIA reHepaTop cMellaHHbIx crHanos Tektronix ANG7000.

Cuctembl 1 OpraHbl ynpaBieHus reHepaTopa cme-
LUIAHHbIX CUIHANIOB

B COOTBETCTBUN C POSILIO MCTOYHMKA CUrHANA 3aKOHYEHHOIO U3Me-
PUTENBHOIO PeLleHna, opraHbl ynpaBneHna v MoACNCTEMbI FEHE-
paTtopa CMeLaHHbIX CUrHaNOoB NpeaHa3Ha4eHbl 41d YyCKOPEeHA
€034aHNA BCEBO3MOXHbBIX TUMOB CUTHAN0B 1 A1 BOCNPON3BEOEHA
CUrHaN0oB C UCKMIOYUTENBHOM TOYHOCTBIO.

g Hanbonee BaxHbIX 1 YaCTO M3MEHAEMBIX NapaMeTpoB CurHana
Ha IMLEBOW NaHe UMEIOTCA CreumanbHLIe 0praqsl YNpaseHys.
Bonee cnoxHole beHKLLI/IM N TEe, KOTOPbIE HYXHbl HE4aCTO, AOCTYIHbI
4epes MEeHIo Ha akpaHe npuoopa.

« CICRCIE
ERIOT -
G CRCRCE

'}@! ORI
*

Lk =

] ESRC

Bxop 3anycka

PerynsiTop ypoBHS /ICMOMb3YETCS A1 YCTAHOBKM aMmnTyabl 1
CMeLLeHNs BbIXOAHOMO curHana. B reHepaTtope curHanos, nokasdat-
HOM Ha pu1C. 19, OTOENbHbIN PErYNATOP YPOBHA Ha NEPEAHEN NaHEeNV
NO3BOASET NIErko ycTaHaBAVIBaTb aMAMTYY U CMELLEHNE, He obpa-
ascb K MHOrOYPOBHEBOW CUCTEME MEHIO.
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YnpaBneHne CMHXpOHU3aUMen yCTaHaBVBAET YaCTOTY BLIXOA-
HOIO CUrHana nNyTem M3MEHEHVS HacToTsl ANCKPETM3aumn. 1 8 3ToM
Cnyqae OTAe/bHbIA annapaTHbI PEryISTOP YIPOLLAET HACTPOWKY
BaXXHbIX BDEMEHHbBIX NapamMeTpoB.

O6patnTe BHUMAHWE, YTO HU OfIH 13 ONMCAHHBIX BbILLE NapameTpoB
He ynpaBnaeT GOPMON BEIXOOHOMO CurHana. 9ta GyHKUMA pacno-
NIOXEHa B MEHIO Ha DKpaHe peaakTUPOBaHUS/yNpaBieHus.
CeHcopHas naHeb WAV Mblllb NO3BONSIET BbIOPATL HYXHYIO GOPMY
NPeACTaBNEHVS, KOTOPOE MOXET MPEONOXNTb OPraHbl ypaBneHuns
[ HACTPOWKM NOCNEA0BaTENbHOCTEN UK UMGMPOBOrO BbIXOAA Ha

rpadu4eckoM MHTepdEce NONb30BATENA, Kak NoKka3aHo Ha puc. 20.

OTKPbIB Takyto CTPAHWLY, Bbl TPOCTO 3anonHAeTe 0M1aHK C NOMOLLbIO
UMPPOBOW KNaBUAaTYpPbl UK C MOMOLLBIO YHUBEPCAbHOM MOBOPOT-
HOW PY4KMA.
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Puc. 20. ViHTepderic nonsaosatens AWG, nokasbiBaloLLmin BKNaKy BbIGOPa MEHIO.



OnucaHve napamMeTpoB

Huke npuBeaeHb onNpefgneHns HeKOTOPLIX NapaMeTpoB, NPUBOAN-
MbIX B TEXHVYECKVIX XapaKTEPUCTVKAX reHepaTopOB CMELLAHHbBIX CIr-
HanoBs. 3TN TEPMUHBI BCTPEUAIOTCS NPaKTUYECKK BO BCEX OpOLLIOpaX,
CNPaBOYHYIKaX 1 y4eBHMKaX, ONMCHIBAIOLLYIX FEHEPATOPE! CUrHAOB W
CNOCOObI UX MPUMEHEHMS.

00bem namaTu (ANUHa 3anNucK)

O6bem namaTt (U1 oavHa 3anucn) HENOCPEACTBEHHO CBA3AH C Tak-
TOBOW 4acToToN. OBbEM NAaMATX ONPEAENAET MaKCUMaNbHOE Y1CNO
BLIOOPOK, KOTOPOE MOXHO COXPaHUTL. Kaxnas Belbopka curHana
3aHUMAET OOHY A4eliky namsaTin. Kaxaasa ayenka naMsti COOTBETCTBY-
€T N0 BPEMEHN OHOMY VHTEPBAITY OUCKPETUIAUMM LISt TEKYLLEN TaK-
TOBOW 4aCTOThl. Hanpumep, ecnv Taktoeas Yactota pasHa 100 Mru,
COXPaHeHHbIe BbIOOPKIM OTCTOAT MO BpemeHn Ha 10 He.

O6bemM NamATh 0Ka3bIBAET BaXHOE BAVSHME Ha JOCTOBEPHOCTb
BOCMPOM3BEAEHNS CUrHaNa Ha pasHbX 4acToTax, MOCKObKY OT HEro
3aBUCUT YMCNO BEIOOPOK, COXPAHEHHbIX /19 NOCTPOEHWSt CUMrHaNa.
O6bem NamaT 0COOEHHO KpUTUUEH AN TOYHOro BOCNpoV3Beae-
HIA CNOXHbIX CUrHANOB. MpenmMyLlecTBa 60MbLLIOr0 0ObeMa NaMaTH
MOXHO KPaTKO CHOPMYIMPOBaTH Tak:

m B03MOXHOCTb COXpaHeHus OonbLLErO YK1cna nepuoaoBs curHana
B CO4ETAHNM C BOSMOXHOCTBLIO NOCNEN0BATENBEHOIO BOCNPOM3BE-
[IEHNS NO3BONAET MMOKO 0ObEAVHSATH HECKOSBKO pPa3HbIX CUrHa-
OB A9 CO30aH1s OECKOHEYHbIX LIVKNOB, MOCNEA0BaTENbHOCTEN
nT.m

m  BO3MOXHOCTb COXpaHeHns OONbLIErO Yvcna Menkmx aetanen
curHana. CnoxHble CUrHansl MOryT COAEPXaTb BBICOKOYACTOTHLIE
COCTaBNAoLLUME Ha (PPOHTAX 1 Nepexoaax. I ObICTPLIE Nepexoa-
Hble MPOLECCH TPYOHO MHTEPNOAMPOBATL. 1S TOHHOrO BOCNPO-
3BELEHVIS CNIOXHOIO CUTHANA MOXHO VMCM0b30BATL UMEIOLLMINCH
00bEM NamATV A9 COXPaHEHUs BOMbLIETO Y1Cna NePeXoaOB 1
dnykTyauuin, a He 60bLWIEro Ycna Neproaos CrUrHana.

BHICOKONPOM3BOANTENbHBIE TEHEPaTOPEl CMELLIAHHBIX CUrHANOB
obnagatoT 60NbWMM 0OBbEMOM NAMSATU 1 BEICOKMMIW 4aCTOTaMu
AncKpeTnaaumy. 3tv nprbopbl MOTYT COXPaHSATL 1 BOCAPOW3BOAUTL
CNOXHbIE CUrHanbl, Tak1e Kak NCceBAoCnyYaiHbe ABOVUYHLIE Nocne-
[0BaTENbHOCTN. AHANOMMYHBIM 006Pa30M 3TV ObICTPBIE UCTOUHMKM
curHana ¢ 60MbLM 06bEMOM NaMAT MOTYT FeHepUPOBaTh OYEHb
KOPOTKME MMMYSbCH 1 NEPEXOAHbIE MPOLIECCHI.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

Puc. 21. Mpn noctatodHOM 06beme namMsaTy reHepaTop CUrHanoB NPOV3BOBHON GOPMBI
€NOCoBeH BOCNPOM3BOANTL O4EHb COXHBIE CUTHAbI.

YacToTa guckpeTu3auum (TaKktoBas 4acToTa)

HacToTa anckpetvsaumn, nmepsemasn 00blYHO B MeraBbibopKax v
B r1raBblbopkax B cekyHay (MBbIO/C, ['BbIG/C), ABNSETCA Makcumanb-
HOW TAKTOBOW YaCTOTOW, Ha KOTOPOW MOXET paboTaTh AAHHbIA NpW-
00p. YacToTta AMCKPETV3ALMM BAVSIET HA HACTOTY 1 OCTOBEPHOCTb
FNaBHOrO BBIXOAHOIO curHana. CornacHo Teopeme KoTenbHMKoBa,
[N TOYHOW Nepenayn GopMel CUrHana, 4acTota AUCKPETU3aumm um
TaKkTOBas 4acToTa I0/IXHA HE MEHEE YEM B [1Ba Pa3a NPEBbILATbL
4aCTOTY CamOW BEICOKOW CNEKTPAbHOM COCTABNAMOLLEN TEHEPVDY-
eMOro curHana. Hanpumep, ona reHepaumy CYHyCouaanbHoro cur-
Hana yacTtotor 1 ML HyXHO BLINOMHWUTE AMCKPETU3AUMIO C HaCTOTOM
Oonee 2 MeraBblbOPOK B CekyHAy. XOTA 3Ty TEOPEMY Yallle UATU-
PYIOT B KA4YECTBE PEKOMEHIALMI MO 3axBaTy CUrHAIOB, HANPUMED,
LN ocumnnorpadoB, ee NPUMEHNMOCTb K FEHEPATOPaM CUrHANIOB
COBEPLEHHO O4YEBUAHA: A1t TOYHOTO BOCMPOW3BEAEHNUA MENKMX
NOAPOOHOCTEN, COXPAHEHHBIE CUIHaSbI AOMKHBI COCTOATh M3 A0CTa-
TOYHOIO YMCna TOHEK.
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[eHepaTop CUrHanoB MOXET CUMTLIBATL TOUKM M3 NamsaTy ¢ 06O
4aCTOTOW B MPefenax CBOMX TEXHUYECKVIX XapakTepucTuk. Ecim
Hab0op COXpaHEeHHbIX TOUek 0TBEYAET TPEOOBAHUAM TEOPEMbI
KoTenbH1KOBA 11 ONMCHIBAET CUHYCOMOANBHBINA CUrHAN, reHepaTop
CUTHANOB MOXET BbINONHUTL COOTBETCTBYIOLLLYIO GUABTPALMIO 1
noaaTh Ha BbIXO CUHYCOMOANBHBIA CUrHa.

PacyeT 4acToThl CrrHana, KOTopyio CnocoOeH BOCNPOU3BECTU reHe-
paTop, TPeOYeT PELIEHNS HECKObKIX MPOCTLIX ypaBHeHWi. [laBaiiTe
PACCMOTPVIM Cy4al, Koraa B NamsaTi reHepaTopa COXpaHeH OanH
Nepvoa CurHana:

Mpw yacToTe amckpetvaumnn 100 MBbI6/C 1 06beme NamaT (M
onnHe 3anncu) 4000 BeIGOPOK, Nony4aem

F = TakToBas yacTtota / O6bem namaTn

8biX04a

F =100 000 000 / 4000

BbIXOAA

F =25000 Ty (nnm 25«u)

8bixosa

3Ty KOHUENUMIO WIIIOCTPUPYET pUC. 22.

Mpn yka3aHHOW TaKTOBOW 4acTOTe BLIOOPKM Pa3HECEHb! NPYMEPHO
Ha 10 He. OTa BennumnHa NpeacTaBnseT cobon paspeLualoLLyio crno-
COOHOCTb MO BPEMEHM (N0 ropu3oHTany). He cnenyet nytats STy
paspeLaoLLyio cnocobHOCTb C paspeLllaloLlein CnoCOOHOCTLIO MO
amnnTyae (no Beptukanm).

Ha cnepytoliem stane npeanonoxum, 4to O3Y coaepxut He
OAVH, a YeThipe nepunoaa curHana:

F = (TaktoBas yactoTa / O6bem namaT) x (Y1cno nepmro-

BbIXOAa

0B B MamsiTt)

F_=(100 000 000 / 4000) x (4)

BbIXOAA

F=(25000 ) x (4)

8bx0sa

F_..=100000 Ty

Bbixoaoa

Hosas yactoTa pasHa 100 kU, 3Ta KOHUENUMa NPOAEMOHCTPUPOBA-
Ha Ha puc. 23.

B aTOM nprMepe paspeLeHne no BPeMeHu Kaxaoro neproaa cur-
Hala OKa3biBaeTCA MEHbLLE, YEeM B NPYMEPE C OOHVM NeproboM — a
VIMEHHO, POBHO B YeThbipe pasa. Tenepb kaxaas Bbicopka cooTeeT-
ctByeT uHTepsay 40 He. 0BbILIEHUE YaCTOTH 4OCTUraeTCs LeHOM
NoTepy roPU30HTASILHOIO Pa3PELLEHNS.
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Puc. 22. Mpu Taktosoit yactote 100 MIu, oayH, coctoswmi 13 4000 To4ek curHan, nossas-
€TCA Ha BbIXOAE B BULE CUrHana Yactotoi 25 KL,

- 4000 Touek >

Puc. 23. CoxpaHsas 4eTsipe neproaa npv TaktoBor yactote 100 Ml Mbl noay4aem curHan
yactotoi 100 k',
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Puc. 24. [loctatoyHas nonoca rapaHTMpyeT BOCNPOV3BEAEHVE BCEX NOAPOOHOCTEN CUrHana.

Monoca nponyckaHus

Monoca nponyckaHus Npubopa — 3TO aHaNOroBbIv NapameTp, He
3aBUCALLMIA OT 4aCTOThl AMCKPETU3aLMI. AHANOroBas nosoca BbIXOa-
HOW Lenu reHeparopa CUrHanoBs A0MHa ObiTb AOCTATOYHOM A5
06paboTKV MakCUMabHOWM HacTOThl, KOTOPYIO MOXHO NOMYYUTb NPK
[aHHOI YacToTe avckpetusaunn. Apyrumy cnosamu, nonoca goax-
Ha OblTb AOCTATOYHOW ANA NPOMYCKAaHUA BEICLUMX YACTOTHBIX COCTaB-
NAOWMX CHrHana 6e3 yxyAWEHNA ero XapakTeprcTrk. BaxHOCTb
NONOCHI NMPOMNYCKaHUA OEMOHCTPMPYET 3KpaH ocumnnorpada Ha
puc. 24. Camasn BEPXHSA KpMBAs NOKa3bIBAET HEVCKAXEHHbI GPOHT
LWMPOKOMNOOCHOIO CUrHana, a OCTaslbHble KpUBLIE IEMOHCTPUPYIOT
yXy[OLEeHNe KPYT3HbI GPOHTA B PE3y/bTare COKpaLLeHns NoocCHl
MPOMNYCKaHVs BbIXOOHOW LEnw.

BepTukanbHoe paspelueHue (no amnnutyae)

B cnyyae reHepatopoB CMEeLLIaHHbIX CUrHANIOB BEPTMKATbHOE paspe-
LWeHNe ONPeaenseTcsa paspsaoHOCTbIO ABOVYHOIO CNoBa LMpPO-aHa-
NIOroBOro Npeobpasosarens, npuyem 0onsLiee Yicno OUTOB COOT-
BETCTBYET OO0/bLIEMY PA3PELIeHVO. BepTrkanbHoe padpeLleHmne
LIATT onpenenaet TO4HOCTb aMManTYbl Y UCKaXEHWSt BOCNPOW3BO-
MMoro curHana. LAM ¢ HeoocTaTouHbIM paspeLleHnemM nopoxaaeTt
OLLMOKI KBAHTOBAHWS, BbI3bIBAIOLLVIE MCKAXEHWS (DOPMbI FEHepupye-
MOrO curHana.

1 XOTS 4aCTO CYMTAETCH, YTO Yem OonbLLe, TeM Nydlle, B cnydae AWG
0onee BbICOKOYaCTOTHbIE MPUOOPbLI 0ObIYHO 061AAI0T MEHBLLVM

['eHepartopbl curHanos o1 A 0o A
YuyebHoe nocobue
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Puc. 25. Huskoe BepTrkanbHoe paspeLleHe (BBEPXY); BEICOKOE BEPTUKANbHOE pa3peLleHme
(BHM3Y). BepTrkanbHoe pa3pelleHne onpeaensieT TOHHOCTb BOCNPOM3BEAEHUS amnnTy bl
curHana.

paspeleHvemM — 8 unm 10 61ToB — Yyem Nprbopkl OOLLEro Ha3Have-
HWS, npepnarawye paspelieHve 12 unm 14 dutos. AWG ¢ paspe-
wennem 10 6uto pasbrnBaeT BECh Avanas3oH BbIXOOHOMO Hanpsaxe-
Hua Ha 1024 ctynenn. Ecnu, Hanpumep, aToT AWG MMEET NOMHbI

pasmax BbIXOOHOrO HanpsxeHus 2 B, To Kaxaas BelOopka COOTBETC-
TBYET LLAry NpvMepHo B 2 MB — MUHVManbHOE NpupatleHne, obec-
ne4nBaeMoe NprbopoM 6e3 AOMNONHUTENbHbIX aTTEHIDATOPOB 1 NPK
OTCYTCTBUM PYIUX OrPaHnHMBaIOLLMX (GakTOPOB apXUTEKTYPbI, TakiX
Kak KO3APMULNEHT YCUNEHUS 11 CMELLIEHNE BBIXOOHOrO YCUANUTENS.
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FopusoHTanbHOE pa3peLueHue (nNo sBpemeHn)

[OpU3OHTaNbHOE paspeLleHne onpeaensieT MUHUManbHOE npypa-
LLIEHME BPEMEHW, KOTOPOE MOXHO 1CMOb30BaTb AN CO3AaHUS CUr-
Hanos. OBbIYHO Ero MOXHO paccyUTaTs No GOpMyIe:

T=1/F

roe T — pa3pelleHvie No BPEMEHN B CeKyHAax, a F — vyacTorta anckpe-
T3aumm.

CornacHo sToMy OnpeaeneHuio, PaspeLlieHre No BpEMEHW reHepa-
TOpa CUrHaNoB C MakcuManbHOM TakToBow yactoTor 100 MIL, paBHO
10 HaHocekyHaam. Jpyrumm CnoBamu, BuIXOAHOW CUrHan sToro
reHepatopa cknaaplBaeTcs M3 NOCNeA0BaTENbHBIX BHIOOPOK, OTCTOSA-
wmx apyr ot gpyra Ha 10 He.

HexoTopble nprbopsl NpeanaraioT CPeacTea, CyLWeCTBEHHO pac-
WVpsIoLLIMe pa3peLleHyie BbIXOAHOrO CUrHana rno BpemeHu. M xors
OHM He NoBbILLAIOT 6a30BOro pa3peLleHns Nprbopa, OHY BHOCST B
CYrHan M3MEHEHYS, KOTOPLIE CO3aaI0T 3hOEKT BOCNPOV3BEagHS
(dPOHTa C NpUpaLLEHV M B NMKOCEKYHAHOM [/ana3oHe.

CpBur obnacTtu

®yHKUMS capura 06nacT CABMUraeT ykaszaHHbI GPOHT curHana
BMPaso WM BNEBO, B MPAMYIO WX B NPOTUBOMONOXHYIO CTOPOHY OT
3anporpaMMMPOBaHHOIO LIEHTPaNbHOMO 3HaYeHus. Ecam ykasaHHas
BEMHMHA CABMIa MEHbLUE MHTEPBANA AVCKPETV3ALMM, UCXOAHbIA
CYIrHan NepeavicKpeTU3NPYETCS C NPUMEHEHMEM UHTEPNONALMM NS
NONYYEHNS CABUHYTHIX 3HAYEHNIA.

Copur obnacTvi NO3BOASET MOAEAMPOBATL IXUTTED W ApYrie HeaHa-
yuTeNbHbIE COBUMM GPOHTOB, NPEBLILIAIOLLME paspelleHre nproopa.
Il CHOBa, paccMaTpuBas NpUMEP reHepaTopa C TakTOBOW YacTOTOw
100 MI'L, MOXHO ckadaTb, 4TO OECCMbICNIEHHO CABWIraTb PPOHT

¢ warom 10 HC Ans UMmTauum oxutTepa. PeanbHblii OXUTTED NPO-
ABNSETCA B HUXHEM MUKOCEKYHOHOM AnanasoHe. PyHkuua capura
06nacT N03BONSET CABWIraTb GPOHT C WaroM B HECKOMBbKO MKKO-
CEKYH[I, 4TO 3HAYVTENBHO TOYHEE NepeaaeT peanbHoe NPosBIEHNe
IXUTTEpA.
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Puc. 26. Hizkoe ropnaoHTanbHOe paspellieHune (BBEPXY); BICOKOE rOpPU30HTaIbHOE paspe-
WeHve (BHW3Y). FOpM30HTaNBHOE Pa3peLLerre nn paspeLLeHne No BpeMeHn onpeaensiet
MVIHAMaNbHBIN LUAr BDEMEHM, C KOTOPBIM MOXET U3MEHATLCH AMTENBHOCTL GPOHTA, Neproaa
Ynv UMNynbca

Ch SEale
Fe Lk

Pwuc. 27. Casvr obnactu.
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Puc. 28. Heckonbko BLIXOAHbIX kaHanoB

Yucno BbIXOAHbIX KAaHANOB

MHorvie Nnpunoxervs TpebyIoT HaUKS HECKONbKUX UCMbITaTeNb-
HbIX CMrHanoB. Hanpumep, Ans TecTupoBaHns aHTMOI0KMPOBOYHON
CUCTEMbBl TOPMO30B aBTOMOOWNS TpeByeTcs YeTbipe C1rHana (no
BMOJSIHE O4EBUAHBIM NPUYMHaM). Brodusnyeckre nccnegosaHns
TPEeObYIOT HECKOMBKMX rEHepaTopoB AN UMUTALMN Pa3ANYHbIX
ANEKTPUHECKNX CUrHANOB, FEHEPVPYEMbIX HENOBEYECKM TENOM.
CnoxHoe TenekoMMyHMKaLMOHHOE 060PYA0BaHME, NCNONL3YLLES
curHanel ¢ 1Q mogynaumen TpebyeT OTAENLHOMO CUrHana ans Kaxaon
13 ABYX COCTaBASAIOLLYIX.

B oTBET Ha 3TV NOTPEOHOCTM NOABUANCE AWG C Pa3ANYHBIMU KOH-
burypaumaMm BeIxoaHbIx kaHanos. Hekotopele AWG MOryT BbIBOAWTH
[10 YETbIPEX HE3ABMCUMbIX aHASIOTOBbIX CUTHAIOB C NMOMHOM NMONOCON.
Lpyrve npeanaraior 40 ABYX aHaN0rOBbIX BEIXOAO0B ¥ A0 16 40NONHN-
TeSbHbIX BICOKOCKOPOCTHbIX LMMPOBLIX BEIXOA0B AN1F TECTUPOBAHNA
CXEM CMELLAHHbIX C1rHanoB. MocneaHuin knacce nprbopos NO3BONS-
€T a[pecoBaTb aHaIoroBble WWHLI, LWKHBI AaHHBIX 1 aApeca C NMoMo-
b0 OAHOrO UHTErpPMPOBAHHOIO Nproopa.

LUndpoebie Bbixoabl

HekoTopele AWG UMEIOT OTAENbHbIE UMPPOBLIE BEIXOAR!. 3T BbIXO-
[l OENSTCS Ha IBE KATErOPUN: BbIXOb! MAPKEPOB W BLIXOALI Mapan-
NENbHBIX AAHHBIX.

Bbix0abl MapKEPOB BbIAAIOT ABOUYHbIN CUMHAS, CUHXPOHHBIN C OCHOB-
HbIM @aHaNOrOBEIM CUrHANOM reHepatopa. B obulem cnydae, map-
Kepbl MO3BONSIOT BLIBOAUTL MMNYALC (M UMMYECHI), CUHXPOHHBIA

C HEKOTOPOW TOYKOM curHana (BbIOOpKOW).

['eHepartopbl curHanos o1 A 0o A
YuyebHoe nocobue
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Puc. 29. Beixoabl Mapkepos
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Puc. 30. Beixoabl napannenbHelx AaHHbIX.

IMNyNbChl MAapKEPOB MOXHO MCMONb30BATH 18 CYHXDOHM3ALMN
LMOPOBO YaCTW MCCNEOYEMOrO YCTPONCTBA, KOTOPOE OOHOBPEMEH-
HO C 3TWM NONY4aET aHANOrOBLI CUTHAN C FfeHepaTopa CMELLaHHbIX
CUrHanoB. He MeHee BaxXHO 1 TO, 4TO MapKepbl MOTYT UCMONb30BaTh-
€S A9 3anycKa PErVCTPYPYIOLLYX TPMOOPOB Ha BEIXOOHOW CTOPOHE
nccneayeMoro yetpoicTaa. OObIHHO BEIXOABI MapkepoB GOpMIUPY-
I0TCS B NAMSATK, HE3aBMCUMOW OT NaMsTV OCHOBHOMO CUrHana.
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MokadaHHele Ha puc. 30 napannenbHele LMPPOBbIE BEIXOO OEpyT
LUMPPOBbLIE AAHHBIE 13 TOW Xe MaMsTH, 4TO 1 OCHOBHOWM aHanoro-
BbIl1 BbIXOA,. KOrAa Ha aHanoroBOM BbIXOAE NOSIBASETCA HEKOTOPOE
aHanoroBoe 3HayeHwe, ero UdPOBOW SKBNBANEHT BEIBOAMTCS Ha
napannenbHbiil LdPOBOI Bbix0A, 3Ta UMGPOBas nHdOopMaLNs
MOXET 1CMOb30BATLCH A1 CPDABHEHNSA JAHHBIX NPV TECTUPOBAHNM

LMPPO-aHanoroBbIX NPeodpa3oBaTenei N MHOMVIX APYrix YCTPOWCTB.

AnbTepHaTVIBHO, LPOBbIE BEIXOAb MOTYT MPOrpamMMnpoBaThes
HE3aBMCUMO OT aHaNoroBOro BLIXO4a.

Punbrpauus

Mocne onpegeneHrs 6a3oBOro curHana ¢ HM MOXHO NPOAeNaThb
[pyre onepaumn, Takme kak GuinbTpauys Unm nnaHMpoBaHue
nocnegoBarefibHOCTM, COOTBETCTBEHHO A1 M3MEHEHUA T PaACLLN-
peHus 3Toro curHana.

PunbTpaLmsa NO3BONSET BbIPE3aTh 13 CUrHana HeKOTopbLe Aviana-
30HbI 4aCTOT. Hanpumep, Npu TECTUPOBAHUK aHaNoro-LUndPOBbIX
npeobpal3oBaTener HyHO, YTOObl aHaN0roBbI BXOAHOW CUrHan,
NOCTYNaIOWWIM C reHepaTopa CUrHanoB, He coaepXan 4acToT, npe-
BbILLAIOLLYIX MOMOBKHY TaKTOBOW YacTOTHl NpeobpasosaTend. 310
Npen0TBPALLAET HEXENATENBHOE HANOXEHNE CNEKTPOB Ha BbIXOAE
1ccneayemMoro yCTponcTBa, KOTOPOe MOXET OTPMLATENBHO CKasaTb-
CH Ha pesynbTatax TeCTMPOBaHNA. HanoxeHne CnekTpoB BO3HMKAET
B pe3y/bTare NPOHUKHOBEHNA NOOOYHBIX NPOAYKTOB Npecbpasosa-
HWS B MONE3HbBIM AnanasoH 4YacToT. ECnv Ha BeIXOae MceneayeMoro
YCTPOWCTBA NPUCYTCTBYIOT HANOXMBLUMECS CNEKTPbI, MPOBECTM
[IOCTOBEPHBIE N3MEPEHNA HE YAACTCH.

OAHMM 13 HaAeXHbIX CTOCOBOB UCKMIOYNTL 3TV HaCTOThl 3aK/ioHa-
€TCH B BKIIIOYEHWN B TPAKT CUrHana GunbTpa HKHUX 4acToT G 60Mb-
IOV KPYTU3HOW Cpesa, KOTOPbIN NMPOMYCKAET YaCTOThl HUXE HaCTOThI
Cpesa 1 CWbHO NOAABNAET YaCTOThI BhILLE 4aCTOTh Cpesa. Kpome
TOr0, GUABTPbLI MOTYT MCNONB30BATECA 419 U3MEHEHNS GOPMBbI
cuUrHana, Hanpumep, GopmMbl MeaHapa UiV TpeyronsHrka. ViHorna
npoLLe N3MeHUTL GOPMY CYLLECTBYIOLLETO CUrHana, 4em co3aaearb
HOBBIW. B Npownom, st AOCTUXEHNS TakX Pe3dyNbTaToB NpKxo-
[NOCh MCMONb30BaTh FEHEPATOP CUTHANOB Y BHELWHUI GUnbTP. K
CYaCTbIO, MHOTVIE COBPEMEHHBIE TEHEPATOPEI CUrHaN0B 000PYA0Ba-
Hbl BCTPDOEHHBLIMW YNIPaBAaeMbiMi GUNbTPaMK.
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Puc. 31. Curtan go v nocne GuabTpaummn. VIcxoaHsI curian (BBepxy) NnpeactasnseT coboim
HedUNbTPOBAHHBIV HapaCTaIOLWMIA CUrHan, TOrAa Kak curHan kaHana 1 (BH13y) npeactaBnset
Cc060I GUNBTPOBAHHBIN HAPACTAIOLLMIA CUrHaN

MnaHupoBaHue nocnepoBaTesibHOCTEN

YacTo Ans NONHOro UCCNenoBaHWs UCCReayemMoro YCTporncTea
NPUXOOMTCS CO3AaBaTh AMHHBIE MOCNEA0BATENBHOCTU CHUMHANMOB.
Ecnv yactv cUrHanoB A0KHbl NOBTOPSTHCS, TO GYHKLMS MnaHu-
POBaHWUs NOCcNeaoBaTENBHOCTEN MOXET COKOHOMUTL AOAMNE Yachl
YTOMUTENBHOIO NPOrPaMMNPOBaHUS. PYHKLWS NNaHNPOBaHMS
NoCNeaoBaTeNbHOCTEN NO3BONAET COXPAHUTL B NamMaTh nproopa
HOMbLLIOE YMCO «BUPTYasbHBIX» NEPUOAOB CUrHana. MnaHMPOBLLMK
NOCNEeA0BaTeNbHOCTEN MCNONB3YET MHCTPYKUWM, aHaNOMMYHBIE TEM,
4TO MPUMEHSIOTCA B A3bIKax MPOrPamMM1POBaHUS: LUMKIbI, Nepexol
U T.N. STU UHCTRYKLMW, XPaHALWMECs B OTAEbHOM 06nacTy naMsTy,
3aCTaBNSIOT NOBTOPSATHCS YKa3aHHble GparMeHTsl curHana. Npo-
rpaMMVPYEMbIE CHETUMKM NOBTOPEHWI, BETBNEHMS B 3aBUCUMOCTY
OT BHELWHVIX COBBITUI ¥ APYrvie MEXaH13Mbl yrpaBeHvs onpeaensior
4KCNo PABOUVIX LMKIOB 11 NOPSAAOK, B KOTOPOM OHU BHIMOSHSIOTCA.
MnaHMPOBLLVIK MOCNEeA0BATENBHOCTEN NO3BONSIET FEHEPUPOBATDL
CUrHanbl NPaKTUHYECKN HEOrPAHUYEHHONM ASNHBI.
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Puc. 32. O6bem namati crrHana AWG MOXHO pacLUypiTh 3a CHET LMKIOB 1 MOBTOPEHNI

B ka4ecTBe o4eHb NPOCTOro NprMepa npeactasbTe cebe, YTo B
namatb 0obemom 4000 ToHeK 3an1can YWCTbI UMMYNbC, 3aHUMalo-
Wi nonoBwHy 3101 NamaTh (2000 TOYEK), 1 NCKAXEHHBIA UMMYALC,
3aHUMAIOLLMIA OCTABLLYIOCH NONOBWHY. ECM Mbl OrpaHnyeHbl Npo-
CTbIM NMOBTOPEHWEM COAEPXMMOro NaMsTH, reHepaTop CUrHanos
OyaeT nooYepeaHo NOBTOPSATL ABA UMMYNbCA, NoKa He NOCTYNUT
komaHaa octaHosa. OAHAKo NAaHUPOBLLKMK NOCNEA0BaTENbHOCTEN
MEHSIET 3Ty CUTYaLMIO.

[PeanonoXMM, YTO UCKEXEHHBIA MMMYNbC JOMKEH NOABNSTLCS ABA
pasa noopsa nocne kaxabix 511 umknos. Bel MoxeTe Hanmncats noc-
NeNoBaTeNbHOCTb, kKoTopad 511 pad NoBTOPSET YACTLIN UMMYAbLC,
3aTemM NepekIioyaeTCsa Ha MCKaXKEHHbIA UMMNYbC, MOBTOPSAET ero
[1Ba Pasa v BO3BPALIAETCA K Ha4any LMK, BLINOMHAA €ro CHOBa

VI CHOBA. 9Ta KOHLEenuusa nokasaHa Ha puc. 32.

— Myck
MosToputb
| | _S5Mpas
MoBTo- l
PUTB -
MosToputb| | 2pasa | Curan

HKCNO LMKANYECKMX MOBTOPEHMIA MOXET ObiTb OECKOHEUHBIM, PaB-
HbIM 331aHHOMY 3HAYEHMIO VN YNPaBAATECS BHELLHUM COOBITMEM.
YuuTbiBash NpUBEAEHHOE paHee 0OCYXAeHMEe KOMIPOMMCCa Mexay
4YCNOM COXPaHEeHHbBIX NePVOA0B CUrHana 1 paspeLleHem no Bpe-
MEHM, NNaHUPOBLLIMK NOCNEA0BATENBHOCTEN NPEAOCTABNSET 3HAUM-
TeNbHO O0MbLLYIO TMOKOCTL 6€3 yilepba And pa3peLleHns OTAENbHbIX
CUrHanoB.

Ob6patnte BHUMaHWe, YTo o001 Cneayiowmin CerMeHT Nocneao-
BATENbHOCTM JOMXEH HAYMHATBCA C TOrO K& 3HaYeHWs aMnAnTyabl,
Ha KOTOPOM 3aKOHYMACA NpeaplAyWmi CermeHT. Apyrvimm cnoBamu,
€C/1 NOCNeaHsAsA BbIOOPKa CYHYCOMAANbHOMO CErMeHTa nMena Benm-
dmHy 1,2 B, Ha4anbHOE 3HadeHve CnemyioLlero cermerTa nocneao-
BaTENbHOCTM TOXE AOMKHO ObiTb paBHo 1,2 B. B npoTnBHOM Cnyyae,
npy NEPEXOAE K CNEOYIOWEMY 3HAYEHMNIO BOSHUKHET HEXENATEbHbIN
FANTY.
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XOTH NPVBEOEHHbIN MPVYMED O4EHb NPOCT, OH AEMOHCTPVIPYET
BO3MOXHOCTY, HEOOXOMMBIE 119 OOHAPYXEHNA HEPETYAPHbIX
OWMOOK, 3aBUCALLMX OT KOMOMHAUWW AaHHbIX. B Ka4eCTBe OAHOIO
13 MPUMEPOB MOXHO MPUBECTU MEXCUMBOJIBHBIE MOMEXV B KOMMY-
HUKALMOHHbBIX KaHanax. MexcrmBonbHas NomMexa MOXET NOABUTLCH,
€GN COCTOAHNE CUrHana B OAHOM LMKIE BIMAET Ha CUTHan B Crie-
LYIOLEM LMKNE, NCKaxas Uy aaxe MeHssa ero sHadenne. C nomo-
WbIO NMAAHNPOBLLMKA NOCNEA0BATENBHOCTEN MOXHO MPOBECTM
LUIMTENbHBIV TECT B NPEENbHBIX PEXMMAX, NPOAOIKAIOLWNACS AHN 1
[axe Heflenm, NCNob3ys B Ka4EeCTBE NCTOYHMKA BO3AEVICTBIA reHe-
paTop CUrHanos.

BcTpoeHHble peaakTopbl

JlonycTM, BaM HyXHO COCTaBWTb MNOCNEA0BATENbHOCTb 113 CErMeH-
TOB CWrHana, KOTOpPLIE MMEIOT OOMHAKOBYIO GOPMY, HO OTIMYAIOTCA
no aMmmAuTyae. g co3aaHma Takvx aMnanuTyaHbIX BapuaLii Bl
MOXeTe nepecumtatb GopMy CUrHana vnm nepectTpouTb ee ¢ Nomo-
LLbI0 aBTOHOMHOrO pepakTopa. OnHako oba 3TV Noaxoaa NPUBOAST
K HEMpoM3BOAUTENBHbIM MOTEPSIM BPEMEHW. JIydLMIA METOA 3aKnio-
4aeTca B MPUMEHEHWI BCTPOEHHOMO peaakTopa, KOTopbI MOXeT
HENOCPeaCTBEHHO M3MEHATb NamMaTb CUrHana, Kak no BpemMeHH, Tak
¥ MO amnanTyae.

[Ing ynpoLueHva 3aa4v Co30aHns CUrHaioB COBPEMEHHbIE reHepa-
TOPbI CMELUAHHbIX CUrHANOB NPEAIaranT HECKONbKO TUMOB peaak-
TOPOB!

m padumyeckuin peaakTop — MoO3BONAET KOHCTPYMPOBATL 1 NPO-
cMaTpuBaTh TOYHOE NPEACTaBNeHNE CurHana. 3aTem pesynsTy-
PYIOLLME TOYKM AAHHBIX KOMIVAVPYIOTCA 1 COXPAHAIOTCSA B NamsTy
curHana.

m Pepaktop nocnepoBatenbHOCTe — npeaiaraet ynpasnsio-
LLME KOHCTPYKLMN, aHaNOrMYHbIe TEM, YTO COAEPXATCs B f3blkax
NPOrpaMMUPOBaHS (UMK, Mepexobl 1 T.1.), KOTopble npuMe-
HAIOTCS K COXPAHEHHBIM CUrHanam, y4acTBYIOWMM B CO30aHUM
nocneaoBaTenbHOCTH.
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Puc. 33. [Ing rubkoro cospaHis curHanoB MCNonb3yeTcst CoYeTaHre rpadu4eckoro peaakto-
pa C penakTopoM NocnefoBaTensHoCTEN.



¢yHKL|,MI/I nMnopTa AaHHbIX

DYHKUMM MMMOPTa AaHHbIX MO3BOAAIOT CMOB30BATEL CUrHAb,
CO3aaHHbIe 3@ Npeaenamm reHeparopa.

Hanpvmep, curHan, 3axBa4eHHblii COBPEMEHHEIM LIMPPOBLIM OCLINI-
norpadomM, MOXHO Nerko nepefarhb B reHepaTop CMeLaHHbIX CUr-
HanoB 4epes nHTepdenc GPIB nnn Ethernet. 31a onepauus coctas-
NSIET OCHOBY METOAONOMMM, B KOTOPOIA 419 TECTUPOBAHMS CEPUIHOW
NPOAYKUMN NCMONB3YETCS 3TANOHHbIA CUTHAN, MONYYEHHbIA OT «3Ta-
JIOHHOrO YCTPOWCTBa». JIN9 M3MEHEHINA 3TOrO CyrHana, Kak 1 nioboro
[PYroro COXPaHEeHHOro curHana, MoOXHO N0b30BATLCSH BCTPOEHHbI-
MV CPEACTBaMY PEIAKTVPOBAHMS.

Hpyrim nonesHeIM UCTOYHMKOM CUrHAN0B MOMYT ObITb MMUTATOPI

v Apyrue cpeacTsa aBTOMaTU3MPOBAHHOIO MPOEKTUPOBAHWS SMEKT-
POHHbIX yCTponCTB (EDA). O6naaas BO3MOXHOCTbIO BBOANUTL, COXPa-
HATb 1 Nepeco3naBaTb daHHble EDA, reHepatop MOXET YCKOPUTb
C0O34aHVe NEPBbIX NPOTOTUNOB padpabaTbiBaEMbIX YCTPOWCTB.
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Import from File

() AwGRE000/7000 [ AWG]

() A/ G400/500/800/700 [*. PAT]

() A/ GA00/500/500/700 [.5SEQ]

() A/ G400/500/600/700 [ 3WFM)

() AFG3000 [*. TR
() DTES000 [ DTG

(") TDS3000, DPO4000 [ 15F)
TDS5000, TDSE000,

() TDS/CSATO00, TDS /TS AR, DEAR200,
DPO7000, DPO/DSATO000 [ 3WFM)]

(%) Test [ TXT)

[ Ok l [ Cancel ] [ Help

Puc. 34. DyHkuns MMNopTa AaHHbIX
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Mopaya curHana
nocneaoBa- | 7+ | B BbIXOAHOI KaHan

McnonHenne

B BbIXOOHYIO NaMATb

— Mpadmnyeckmit
CraHpapT- penakTop
HbIi curHan
Pepaktop
VIMAopTpod
BaHHLI " wabnona | L,
cuUrHan T -
TenbHOCTEN
.OTKprTbIVl '
curHan Pepaktop
nocnenosa
TenbHOCTEN
1. Co3panve unu | 2. PegaktuposaHve, 3. 3arpyska curHana
MMNopT CUrHana CuUrHana mnu
nocrnegosaresb-
HOCTMK

Puc. 35. OCHOBHbIE 9Tanbl cO3aaHUs crHana ¢ NnomoLLbio AWG.

Co3paHue CUrHanoB ¢ NOMOLLbIO FeHePaTOPOB CMeLLaH-
HbIX CUTHAJNIOB

CoBpEMEHHbIE TeHepaTopbl CMELLIAHHbIX CUMHAMOB, 1, B YACTHOCTY
AWG, npegnaraioT HECKObKO CNOCOO0B CO3AaHMS 1 peaakTMpo-
BaHWS CcMrHanoB. Kpome Toro, HekoTopble NPUMO0PLI coaepxar cne-
LManbHble, roTOBbIE K NMPUMEHEHMIO c1urHanbl. Ha puc. 35 nokasaHsbl
3Tanbl CO3AaHVsa curHana ¢ nomoLLbio AWG.

CospaHHble Gaiinbl CUrHanoB 0ObIYHO NPEeayCMaTPUBAIOT AUTEb-
HOE XpaHeHWe, Tak Kak CUrHanbl (UAV UX CerMeHTbI) BMOSHE MOMyT
NpUroanTbCH B OyayLiem. MoatoMy NnpeaHasHa4YeHHbIe AN 1HXe-
HepHon paboTel AWG 060pyA0BaHbEI XECTKUM AVCKOM, Ha KOTOPOM
COXPaHAOTCH Gaibl CUrHANOB 1 MOCNEA0BATENBHOCTEN. Ha MepBOM
3Tane BbINOMHAETCA CO3AaHVE CUrHANOB, A9 YEero MCNob3yIoTCs
CTaHAapTHbIEe CUrHaBl VAW CUrHANbI, UMNOPTVPOBAHHEIE 13 APYIAX
NPUOOPOB UMK MOAEMPYIOLLEr0 NPOrpPamMMHOro 0becneyeHns.
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Ha atane pefaktMpoBaHua UK CO3oaHUA CUrHaN0B MCNOMb3YeTCs
Habop penakTopos. [MPOCTENLLININ PeNaKTOP CUrHANOB UCNONL3YET
«Cblpble» CErMEHTLI CUTHAOB W NPeaiaraeT CPeacTsa VX U3MeHe-
HWS, BKIKOYas MaTEMATUYECKUE Onepaummv, GyHKLMN BEIPE3aHWs

11 BCTABKM 1 MHOTOE APYroe.

PenakTop nocneaoBaTenbHOCTER ONTYMU3UPOBAH 1S MaHUMYNAUMN
UMDPOBLIMY AaHHBIMI CUrHANTO0B. XOTA AN UndPoBO 06paboTkn
Havbonee yoo0eH UCTVUHHBIM PEAAKTOP NOCNEA0BATENBHOCTEN,
pefakTop N0CNeaoBaTeNbHOCTEN, BCTPOEHHHI B AWG, no3sonaet
BbIAENATb OTAENbHbIE OUTHI 1 UBMEHSATb VX BDEMEHHbIE UAK amnan-
TyAHbIE MApaMeTpbl — TO, HTO HE YMEET AenaTb H OOMH UMdPOBOW
reHeparop.

[nanas3oH co3aaBaeMbix CUrHaNoB NPOCTUPAETCH OT NPOCTLIX GOp-
MY CYHYCOWIBI 00 QYHKLMIA NOrapudMUHECKOrO CBUNMPOBAHNA U
MHOrOro Apyroro. /1 cHosa, @YHKUWW BbIPE3aHNS 1 BCTABKM yNpoLLa-
10T CO3AaHME CNOXHBIX CUTHAOB.



MocnenHwii atan HacTporkn AWG 3aknodaeTcs B KOMAUAALMN
danno., Tam, rae 310 HeobxoaMMO (Hanpumep, Gannos penakTopa
YPaBHEHWI), 1 B COXPAHEHUM CKOMNIMPOBAHHbIX BaNoB Ha Xec-
TKOM amcke. Onepauns «3arpyski» NepeHocUT CUrHan B AnHaMm-
yeckyio namats AWG, raoe OH MyNbTUNAEKCUPYETCHA U NepeaaeTcs Ha
LIAM onst npeo6pa3oBaHiist B aHanorosyto Gopmy.

3T0, COOCTBEHHO, M ECTb OCHOBHbIE 3Tarbl CO3AHNS C1UrHana Ha
AWG. Kak yxe 00bICHAN0CH, Palibl CUrHaN0B MOrYT OObeANHATLCS
B NOCNEA0BATENLHOCTY C MOMOLLBIO OTAENBHOrO PeaakTopa nocne-
[I0BaTeNIbHOCTEN, NO3BONASA NOJYYMTL NOTOK CUTrHANA NPaKTU4ECKN
HEOrpaHNYEHHON MHbI U NIOO0I CTENEHN COXHOCTY.

Co3paHue CNoXHbIX CUTHaNOB

B COBPEMEHHbIX YCN0BYSIX, HA GOHE COKPATUBLLMXCS LMKIOB pa3pa-
OOTKN 11 YCKOPEHMA NPOABUXEHNA TOBAPOB HA PBIHOK, BAXXHO TECTU-
POBATb MPOEKTUPYEMBIE CXEMbI C MOMOLLBIO PEaSbHBIX CUTHAN0B Kak
MOXHO paHbLLE 1 Kak MOXHO addekTnaHee. [Ind reHepaumm Takmx
peasbHbIX CUrHANOB MX HAO CHavana cospats. CosaaHne Takmx Cur-
HaNOB CTOPUYECKM ObINO CBA3AHO C ONPEAENEHHbIMA TRYAHOCTAMM,
4TO 3aMeNIAN0 NPOLBVXEHME Ha PIHOK MPOEKTUPYEMBIX 11 TECTH-
pyembix NpoaykToB. C NOSIBNEHEM TakMX NPOrPaMMHbIX CPEACTB
00Lero HagHayeHys, kak ArbExpress, unv cneunanbHeix npyknaa-
HbIX IPOrpamm, Takunx kak SerialExpress® n RFXpress™, cozaaHve

VI PEAAKTMPOBAHNE CNOXHbIX CUrHANOB CYLLLECTBEHHO YNPOCTUNOCh.

ArbExpress™

ArbExpress npeactasnget cobom cpeacTBO CO30aH1s 1 peaaktn-
poBanusa curHanos ona AWG v AFG. 3To paboTaiolige noa, ynpas-
neHvem Windows npunoxeHne nNo3BoNdeT 3axBaTtbiBaTb CUrHambI C
ocumnnorpados Tektronix nnn cosaaBaTh VX ¢ NOMOLLID 61nbnnoTe-
KW CTAHAAPTHBIX CUrHAMOB.

rloa, pyKOBOACTBOM «MacTtepa 3axsara OCUMANOrpamMmM» Bbl MOXETE
YCTaHOBUTb COEAVHEHWE C HYXXHBIM OCLIMNorpadoM 1 BeIOpaTh

['eHepartopbl curHanos o1 A 0o A
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Puc. 36. Yno6Hoe cosnaxue 1 peaakTpoBaHme curHanos ¢ nomousio MO ArbExpress™.

MCTOYHMK AAaHHbIX 13 MMEIoLLerocs Habopa kaHanos 1 obnactei
namatu. CurHansl MOXHO MMMNOPTNPOBATL MONHOCTLIO WK CerMeH-
Tamu, 13BNekaeMbiMm1 C MOMOLLBIO Kypcopa. Kpome Toro, curHabl
MOXHO NepeanCcKPeT3MpPOBaTh, NPUBOAS X B COOTBETCTBYE C Pa3-
PELIEHMEM COOTBETCTBYIOLLErO reHepaTopa.

Takxe B 10 ArbExpress MOXHO NPOW3BOALHO ONPEAENSTh CUrHAbI
Ha OCHOBE CTaHOAPTHbIX CUMHANOB C MOMOLLBIO QYHKLUMNM PUCOBAHNA
AV NO TabAMLE YACNEHHBIX 3Ha4YeHUI. Flocne Co3aaHms curHana K
HEeMy Nerko 400aBAsfoTCS aHOManWy C MOMOLLIbIO MaTEMATUHECKIX
DYHKUWIA MK CPEOCTB PeaakTVpoBaHns. Kpome TOro, CermMeHThl Um
FOTOBbIE CUrHAbI MOXHO YA0OHO CABUraTh NO OCY BDEMEHN W
aMnanTyabl. 9TO NO3BONSIET NErkO rEeHEPUPOBATb CUrHaNbI, BCTpeYa-
IOLLUMECS B PEasibHbIX YCIOBUSAX.
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SerialXpress®

MocnegHee NOKONEHNE BbICOKOCKOPOCTHbIX MOCNEA0BaTENbHbIX

LUMH MOXET NepeaanaThb JaHHble co ckopocTbio oT 500 kbuT/c 1o

12 [6uT/C. Takne CKopoCTV TPEOYIOT CO3AaHNS HOBbIX CXeM, pabo-
TaloLLMX C MEHbLUMMI BPEMEHHBIMI JOMYCKaMW, HTO NOpoXaaeT
HEOOX0AMMOCTb U3MEPEHNS NaPaMETPOB MPYEMHIKA B AONONHE-
HVE K TPaAULIVIOHHOMY TECTMPOBAaHWIO Nepeaatymnka. SerialXpress
npeacTasnset cobow NprknaaHoe NPorpaMmMHoe 0becneyeHe,
npefHasHaqyeHHoe cneunanbHo ANd BbICOKOCKOPOCTHBIX MOCNe0Ba-
TeNbHbIX LLUWH, Takux kak SATA, HDMI, PCI-Express v 1.n. Ana adpdex-
TVMBHOW OLIEHKW MOBEAEHMS CXEMbI 1 €€ COOTBETCTBUSA AEMCTBYIOLLMM
CTaHOapTam VHXeHepam HyXHO BBECTU B MPOLIECC TECTMPOBAHWS
MHOXECTBO M3BECTHBIX aHOMaNWN. [1epuoanYecknin [XnTTep, Cny-
HanHbIN DKATTER, A00aBNEHNE 1 KOPPEKLMA NPEABICKAXEHWIA, 3Me-
HAIOWAACH KpyT3Ha GPOHTOB — BOT INLLIb HENOSHbIA NEpeyYeHb 0COo-
OEeHHOCTEN CyrHana, KOTopble Haao MOAEAMPOBATh NS TPOBEPKM
NPaBUIbHOrO GYHKLMOHMPOBAHYISt MIPUEMHIIKA.

MpviknagHoe MO, nogobHoe SerialXpress, ynpoLaeT BHECEHME
VICK&XEHWI B XO[le TECTVPOBAHNA Ha COOTBETCTBKE CTaHaapTaMm.
Bo MHOrmx cnyyasx, ato MO obecneunBaeT Takyio rmoKoCTb 1 BO3-
MOXHOCTW yNpaBneHnsa CUrHanoM, KoTopele paHee TpeboBany npu-
MEHEHNSA HECKONbKMX NprbopoB. Ha puc. 37 1 38 nokasaH MHTep-
denc HacTpolky SerialXpress ong TMnniHoro curHana SerialATA
(SATA). MO nNo3BoNSET NErKO yNpasnsTb CKOPOCTHIO Nepeaaqm
JaHHbIX, aMNAUTYA0N CUrHana, AIUTENbHOCTLIO (PPOHTOB/CNAnOB 1
BHOCWTb MCKaxeHus. Kpome Toro, SerialXpress no3BonseT KOHTp-
O/MPOBATL PA3MEP W BENNUNHY UCKAXEHNI, W K&XO0E U3 HUX MOXET
aHaNM3MPOBATLCH HE3aBUCKIMO WM COBMECTHO C APYrMMM aHOMa-
JVSMN,
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Puc. 37. CtaHaapTHbiii crdan SATA C npebiCKaxeHsMu.
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Puc. 38. Mporpamma SerialXpress ynpowaeT BHECEHNE UCKaXEHNIA.



RFXpress™

RFXpress npeactasnseT cobor COBPEMEHHOE KOMMbIOTEPHOE NPO-
rpaMmHoe obecnedeHune ¢ rpadpuiecknmM MHTEpGEcoM, KOTopoe
NO3BONAET BMU3YyalbHO NPOBEPATL CUHASBI M HAaCTpoWkK. RFXpress
YNPOLAET 1 YCKOPSIET CYHTES3 CUrHANOB 3a CYET GYHKLWN nepe-
TaCKMBAHUS MbILLIBIO Y MPUMEHEHNS KanMOPOBOYHBIX NPOLEAYP

Ha ocHoBe MacTepoB. 103B0N1SIS CO3AaBaTb TOHYHbLIE CUTHANbI 415
TLIATENBHOrO 1 BOCNPOW3BOAVMOrO TECTUPOBAHNSA AOMYCKOB ¥ COOT-
BETCTBMA CTaHOapTam, RFXpress cylieCTBEHHO YCKOPAET CO3aAaHne
CUrHanoB, cokpallas, Tem cambiM, 06LLee Bpems paspaboTki 1
TECTVPOBaHKS.

[ns ynpoLleHvst npouecca Co3aaHns CUrHanoB O0LLIEro HasHade-
HUA UV CUrHANOB, COOTBETCTBYIOLLIMX ONPEAENEHHBIM CTaHOAP-

Tam, RFXpress cooepxmnt GyHKUMM aBTOMATUHECKOM KOPPEKLUMN
UVKITMYECKMX MEPEXOA0B 1 HOPMaNU3aLmmn aMmInTyab CUrHanoBs.
ABTOMAaTUHECKAS KOPPEKUMS LIKIMHYECKX NEPEXOOOB YCTPAHAET
CrnekTpanbHbe BLIOPOCH!, MOSBASIOLLMECS NPY HEMPEPLIBHOM NOBTO-
PEHWM cyrHana ¢ 60NbLLION PasHULIEN NO amnAWTYAe MexXay Ha4anom
1 KOHLIOM curHana.

Kpome Toro, RFXpress npennaraet cneuyanbHylo OONONHUTENb-
HYIO OMUMIO, MOAAEPXMBAIOLLYIO PACWIMPEHHBIE DYHKLWW CUrHana
WiMedia. M xotss WiMedia onpenenset rpynnel BY oyana3oHos 1
LIEHTPa/bHbIE YaCTOThI, MHXEHEPaM MOXET NOTPeO0BaTbLCA BbINON-
HUTb TECTVMPOBAHME HA NMPOMEXYTOYHOM YacToTe. RFXpress nosso-
NAeT ONPeaendTb CUrHabl Ha MPOMEXYTOYHbBIX YaCToTax, a Takke
Ha cTaHOapTHbx BY yacToTax, npuHsateix B WiMedia, koTopble nexar
B Npegenax Bo3amoxHocten AWG.

B pexume cosmectrmocTty ¢ WiMedia MOXHO Nerko CUHTE3MPOBaTh
CNoxHble curHansl MB-OFDM. RFXpress coaepXut npuHATHIE B
WiMedia ctaHoapThl CUrHanoB, N03B0OAAS BeIOVPATb CBOMCTBA CUrHa-
JIOB Ha CamMOM BbICOKOM YPOBHE. 3TO YNPOLLAET NporpaMmmpoBaHnme
0COOEHHOCTEN CUrHana, onpeaensieMblx CTaHaapTOM, OAHOBPEMEH-
HO CHXas BEPOATHOCTb HENPEAHAMEPEHHOM OLLMOKM NPK CO3OaHWN
curHana.
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Puc. 39. Mpoctas BY Hecyulas, co3narHas 8 RFXpress.
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Puc. 40. MO RFXpress nerko co3aaeT COXHbIE CUrHabl CO CBEPXLUMPOKOI NOA0CON.
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NCTOYHMKIN NOrMYecKkux CUrHasoB

Tunbl NCTOYHNKOB NNOrMYECKNX CUTHANOB

ICTOYHMKI NTOMUHECKMX CUrHANOB NPEACTaBNAOT COO0M cneupani-
31MpOBaHHblE NPUOOPLI, OTBEYAIOLLME CNELMPUYECKIM TPEOOBAHNAM
TeCTMpoBaHNa LMhPOBOro 06pyaoBaHms. OHM 0TBEHAIOT TPEOO-
BaHWAM CMEUMabHbIX UCTIBITATENBHBIX CUTHANOB ANS LIDPOBBIX
YCTPOWCTB, TPEOYIOLWMX AJIMHHbIX, HENPEPbLIBHBIX ABOMYHBIX NOCNE-
[I0BATENBHOCTEN CO CreuyanbHbIM COAEPXMBIM I BDEMEHHBIMI
XapakTepuCTKamu. ICTOHYHMKI NOMUHECKUX CUMHAN0B MOXHO pasae-
NINTb Ha ABa KJlacca — reHepatopbl MMMYNbCHbIX MOCNEA0BaTeNbHO-
CTEN 1 reHepaTopbl BOEMEHHbLIX COOTHOLLEHWI.

FeHepaToOpbl UMNYNbLCHBbIX NOcnepoBartenbHocTeln (PPG)

['eHepaTopbl UMMY/ILCHBIX MOCNEL0BATENBHOCTEN BEIBOAAT MEAHLD
VAV NOTOK UMNYNbCOB Ha HEOOMbLIOE YUCNO BbIXOAOB, OOBIMHO C
0Y4€Hb BbICOKOW YaCTOTOW. ECAM NOTOK MMMYNbCOB HE MOLYIMPOBaH,
OH 0ObIYHO HE COOEPXMUT HUKaKOM MHpOPMaLMN (AaHHbIX). Tem He
MEHEE, BbICOKAsA 4acToTa 1 KpyTble GPOHTEI MMMYNIbCHOTO reHepaTo-
pa NpeBpaLaioT ero B MaeansHbli Nprubop Ans TeCTUPOBAHWS BbICO-
KOCKOPOCTHOrO LMpPOBOro 060pya0BaHus.

FeHepaTOpbl BpeMeHHbIX COOTHOLWEeHui (DTG)

Ecnn AWG 1 AFG npeaHa3HaqeHbl B NepBYIO 04epe/ib A5 reHepa-
L1V aHaNoroBbIX CUIHANOB, 3a4a4a reHepatopa BPEMEHHbIX COOT-
HOLLIEHMI 3aKNI04aeTCa B CO3AaHNM 00MbLIMX 0ObEMOB ABONYHON
HPOPMaLMK. ['eHepaTop BPEMEHHbLIX COOTHOLIEHWIA, M3BECTHbIN
TaKkkKe, Kak reHepaTop KOAOBbIX MOCNE0BATENBHOCTEN NN FeHepa-
TOP OaHHbIX, CO30aeT NOTOKW Hynel U eavHILL, He0BXOaUMbIE AN
TECTMPOBAHNA KOMMbIOTEPHBIX WWH, MUKPOMPOLECCOPOB 1 APYrX
LMPPOBbLIX 3NEMEHTOB.

B KOHCTPYKTOPCKMX OTAENAX reHepaTop BPEMEHHbIX COOTHOLLIEHNIA
ABNSETCS LIEHHBIM MCTOYHNUKOM UCMLITATENbHBIX CUrHANOB MOYTH A1
BCEX KN1AaCCOB UMPPOBbIX YCTPOWCTB. 'pydo rosops, DTG nonesex
Anst GYHKUMOHANbHOMO TECTMPOBAHWS, OTNaKN HOBbIX CXEM 1 aHa-
JM3a 0TKA30B CYLLECTBYIOLIMX CXEM. KpOME TOr0, OH He3aMeHNM
ANSt UBMEePEeHNs JONYCKOB Ha BPEMEHHbIE 1 aMNAWTYAHbIE XxapakTe-
DUCTUKM,

DTG MOXET MCNONb30BATLCS Ha PaHHMX 3Tanax NPOEKTUPOBaHNS
[N51 NOAMEHbI HECYLLIECTBYIOLLYX NMOKa CUCTEMHbBIX KOMIOHEHTOB.
Hanpumep, ero MOXHO 3anporpaMmm1poBaTh Tak, YTOObI OH Beipaba-

34 www.tektronix.ru

Ynpasnexue yposHeM

Ynpasnexve poHTamu j

MamsTb

wabroHa Peructp Anarorosas
nocnefosa- 1 cppura [ 3a2Aepxka BbIXO4Has f——@
TenbHocTen uenb Bbixoa
MamsTb

ocnegfosa- Liens i

nocnesjos: sanycka ~f—— BHeLwHui 3anyck

TENbHOCTH

TeHepaTo| lexeparop

a,qppeca P TaKTOBOW  |-eff—— BHelUHsIs TaKTOBAs YacToTa

4acToThl

Puvc. 41. Ynpoluerras apxutektypa PPG unn DTG.

ThiIBa/1 NPEPLIBAHUA V1 IaHHbIE ANA BHOBb PaspabarbiBaeMOol LLWHbI,
€C/M NPOLECCOP, KOTOPLIV AOMXEH BbIABATh 3TV CUrHANbI, ELLE He
CyLlecTByeT. AHanorMyHbIM 06pasomM, DTG MOXET noaaBaTth aapec
Ha WHY NamMaTy MAK gaxe UdpOBOI 3KBUBANEHT CUHYCOMAK! Ha
TecTvpyembin LIATT.

Bnaronaps BO3MOXHOCTM CO30aBaTh O4EHb AIMHHbIE NOCEA0Ba-
TENbHOCTM U BHOCUTb CAy4aiHble OLUMOKM B NOTOKM AaHHbIX, DTG
NOAAEPXMBAET NONTOBPEMEHHBIE TECTHI HA HAAEXHOCTL, 06ecneyu-
BAIOLLIE COOTBETCTBME BOEHHBIM 11 23POKOCMUYECKM CTAHOAPTaM.
Kpome Toro, BOSMOXHOCTb pearvpoBaTh Ha BHELHUE COObITUS,
NOCTynaloLWMe OT UCCNelyeMOro YCTPOWCTBA, AAET AOMNONHUTENBHYIO
MMOKOCTb B TPEOOBATENBHBIX MPUNOXEHNSX.

C He MeHblnM yenexom DTG MOXET NPUMEHATLCA N9 TECTMPOBa-
HISA NONYNPOBOAHNKOBBLIX MPMOOPOB, TakKxX Kak CrneumnanmanpoBaH-
HblE MUKPOCXEMBI 1 MPOrPaMMUPYEMBIE NTOTMYECKNE UHTErPasbHbIE
cxembl (MJIAC), nam ANCKOBBIX HAKONUTENER — Lignew 3an1cy XecT-
Kvx ouckoB 1 DVD. B paBHOWM CTENeHV OH NoneseH 4ist TeCTMpoBa-
HUS OaTYMKOB 13obpaxeHus Ha MN3C v AparBepoB/KOHTPONNEPOB
XK-ancnnees. DTG aBnseTcs sGOEKTUBHEIM PELEHVEM NPAKTUYEC-
KN BO BCEX CJy4asaX, KOrfa npyxoamTcs co3naBatb CNOXHbIE ABONY-
Hble NOCNenoBaTENLHOCTHN.



Mono6Ho AWG 1 AFG, DTG conepxwT reHepatop agpeca, namaTb
CUrHanoB (M NOCNeO0BAaTENBHOCTEN), PEMUCTP COBUra U T.M.
Oparaxo UAM B cxeme DTG otcyTcTByeT. LIAM HE HyXeH noToMy,

4TO reHepaTopy NOCNef0BaTENbHOCTEN HE HYXHO BOCMPOU3BOANUTL
HENPEPbLIBHO MEHSIOLLWIECS YPOBHM aHaNoroBbIX CUrHANoB. W xoTs
DTG nMeeT aHanoroByto BbIXOAHYIO LIEMb, 3Ta LEMb MCNONb3YETCH
[INS1 YCTAHOBKM HANPSKEHWI 11 NapaMeTpoB (GPOHTOB, MPUMEHNMbIX
KO BCel nocneaoBaTenbHocTy — 60MbwmnHCTBO DTG N0o3BOASIOT NPO-
rpamMmMMpOBaTh YPOBHU NOMMYECKON €ANHULBI 1 HYNS.

DTG nmeeT cneuvanbHble GyHKUWM, NPEAHa3HAYEHHbIe Ans TeCTH-
POBAHNA IXUTTEPA 1 BPEMEHHbBIX COOTHOLLEHNI. HekoTopkle CoBpe-
MeHHble DTG MMEIOT Ha NepeaHei NnaHen NPOCTLIE OpraHsl ynpas-
NeHNs, NO3BONSAIOLLME NEPEMELLATb BCE NN BEIOPaHHbIE (DPOHTHI
waramv no 0,2 nc B npeaenax 5 v 6onee HaHocekyHA, Takne
HEOO0MbLUME N3MEHEHWS BPEMEHHbIX COOTHOLWEHUIA MOLENMPYIOT
KNacCU4ECKUIA IKATTED, B KOTOPOM (DPOHT MMNyNbca 6eCNOPsa0HHO
CMELaeTcs OTHOCUTENBHO HOMUHANIBHOMO LIEHTPANIBHOMO NONOXe-
HI1A. Bbl MOXETE TECTMPOBATh AOMYCKN HA AXWUTTED, M3MEHSAS BpE-
MEHHbBIE COBUMA GPOHTOB OTHOCUTENBHO CUMrHAIA TaKTOBOW YaCTOThI
v Habnoaas NPoOU3BOAUMBIN 3DMEKT.

Jlydwine coBpemerHbie DTG N03BONAIOT NPUMEHATE 3TOT IKUTTEP KO
BCEWN NOCNEN0BATENBHOCTU UM TONbKO K OTAENBHBIM UMMYIbCaMm C
NOMOLLBIO QYHKLMM MACKMPOBAHNA, BBIIENSAIOWEV yKa3aHHbIe PPOH-
Thl. Ha puc 42 nokasaH skpaH ocumnnorpada ¢ uMdpoBbiM NIOMM-
HopopoM (DPO) ¢ 3axBa4eHHbIM BbIXOAHBIM CUrHANOM reHepaTopa
nocnenoBarTensHOCTeNR ¢ A0OaBNEHHBIM IXUTTEPOM. Ha BCTaBke
NoKasaH YNPOLLUEHHBIN 1 YBENNYEHHBIV B TOFO Xe COOBITUS.

Opyrvie GyHKUMM npuaaioT coBpeMeHHomy DTG AONOAHUTENbHYIO
rMOKOCTb ANA OTBETCTBEHHOIO TECTUPOBAHNA AxuTTEpa. Heko-
TOPbLIE NPUOOPE 0OOPYAOBAHBI BXOAOM BHELIHErO aHaN0roBOro
MOAYAMPYIOLLErO CUrHANa, KOTOPLIA YNpaBnaeT capmuroM GpoHTa (B
MMKOCEKYHOAX) U CKOPOCTBIO, C KOTOPOW OH MpoucxoauT. imesa nop,
PYKOW CTO/IBKO NapaMeTpoB ANS YNPaBNEHNA OIXUTTEPOM, Bbl MOXETE
NOABEPIHYTb MCCNEeayeMOe YCTPOVICTBO WNPOKOMY AMana3oHy BO3-
[ENCTBUN, BCTPEHAIOLMXCHA B PEATbHBIX YCIOBUSX.

Cxema 3aepxKi UrpaeT BTOPYIO, HE MEHEe BaxHYIO POSib B TECTY-
POBaHWV NPOGNEM CUHXPOHU3ALN, TaKUX KaK HapyLEeHWE YCNOBWI
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Puc. 42. DTG vcnonb3yeT He6ombliMe CMELLEHUA N0 BPEMEHI ANS UMUTALMN IXUTTEePa.

YCTaHOBKM 1 yaepxaHua. MHOre TakTupyemble yCTponcTea Tpeoy-
10T, YTOOBI CUrHAN IaHHBIX NOABAANCA HA HECKONBKO GEMTOCEKYHL,
paHble GPOHTA MMMYIbCA TAKTOBOW YaCTOThl (BPEMSA YCTAHOBKM)

1 OCTaBaNCs IENCTBUTENBHBIM B TEHEHNE HECKOBKX DEMTOCEKYHL,
nocne cnafia vMnynbca TakTOBOW YaCTOThl (BPEMS YAEDXAHWS).
Cxema 3a0epxKk1 N03BONAET NIETKO Peanv30BaTh 3TV YCNOBKS.
Takxe, Kak OHa MOXET CABUHYTb GPOHT CUrHana Ha HECKOSbKO NKKO-
CeKyHA, OHa MOXET CABUHYTb €0 1 Ha HECKOJbKO COTEH MKOCEKYH,
WM 0axe COTeH HaHOCEKYHA, 3TO Kak pas To, HTO HYXHO /15 OLEHKM
BPEMEHW YCTAHOBKM V1 yaOepxaHus. B Xxofe aToro Tecta BuiNoIHAETCH
CABWI GPOHTOB 1 CNA0B BXOOHbLIX JAHHBIX HA OO0 HAHOCEKYHAHI
NPV NOCTOAHHOM MONOXEHWUN (GPOHTOB TAKTOBOW HaCTOTHI. Pe3ynb-
TUPYIOLLMIA BBIXOAHOW CUMHA MCCNeayemMOoro YCTPOWCTBa PerncT-
PUPYETC OCUMNNOrpadoOM U NOTUHECKMM aHanm3atopom. Koroa
nceneayeMoe yCTpOMCTBO HAa4MHAET BbldaBaTb AOCTOBEPHbIE AaH-
Hble, COOTBETCTBYIOLLME BXOAHOMY CUrHaNY, MONOXEHWE NEPELHEro
®POHTa JaHHBIX COOTBETCTBYET BPEMEHM YCTAHOBKM. KpOME TOro,
3TOT NOAXOA MOXHO MCMONb30BATb N5 BbIABAEHNA METACTaOUbHbIX
YCNOBUMN, B KOTOPBIX COCTOSHVE BbIXOAA NCCNELyeMOro YyCTPOMCTBA
CTAHOBWTCS HEMPEACKA3YEMbIM.
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Puc. 43. Mporpammmpyemble GnyKTyauum HanpskeHrs Ha BbIXOAE reHeparopa nocneaosa-
TebHOCTEN NO3BOASIOT NPUMEHSTb OZWH 11 TOT Xe YPOBEHb HANPSXEHWS KO BCEl nocneno-
BaTeNbHOCTY.

M xoTa GyHKuwmoHan DTG He BktoyaeT 0bLLyx onepauuii 06paboTku
curHana, Takmx kak cbvmpraum, OH, TEM He MeHee, npeanaraet
HEKOTopble cpeacTsa MaHUnynALUMn BbIXOAHBIM CUTHaNOM. Heobxo-
JOMMOCTb B TakvX QYHKLWISIX BO3HUKAET NOTOMY, 4TO NpobaeMsl Und-
POBbIX CXEM HE OrpaHU4MBaIOTCS TONBKO LidPOBLIMY Npobnemamu,
Tak1MK KaK [DKUTTED 1 HAPYLLEHWE CUHXPOHM3aUML. HekoTopble
OTKa3bl CBA3aHbI C aHa/I0rOBbIMW ABEHNAMIK, TaKMMN KakK fecno-
PAAOHHO MEHSIOLLMECHA YPOBHW HAMPSKEHNS IV NMONOrME GPOHTHI.
[eHepaTop NocnenoBaTeNbHOCTEN AOXEH YMETb MOAENMPOBATbL
00a aBneHus.

DyKTyaLMmn HanpsxXeHnsa NCNITaTeNbHOro CUrHana ABAsioTCs
OCHOBHbBIM CPEACTBOM TECTMPOBAHNA B MPEAENBHBIX PEXMMAX.
loaasast Ha UydPOBOE YCTPONCTBO NSMEHSIOLLMECH YPOBHI HANPA-
XeHNs, 0COBEHHO YPOBHM HEMHOIO HUXE MOpora NOrMyYeckon eau-
HILIBI, MOXHO NPEACcKasaTb NOBEAEHNE 1 HaIEXHOCTb YCTPOMCTBA B
Lenom. Viccneayemoe yCTponCTBO C NEPEMEXAIOWMMACS (M TPYOHO
PErCcTPUPYEMbIMIA) OTKa3aMm NPAKTUHECKN HABEPHSKA NONaaeT B
PasPAA, «CNOXHbIX» OTKA30B NPU CHUXEHUN HANPSXEHNS.

Ha puc. 43 nokasaH pesynbTar HacTpovikn DTG Ha reHepaumio
HECKONBKYMX ANCKPETHBIX NTOMMHECKMX YPOBHEN. B naHHOM Cchyyae
PEe3yNbTaThl HECKObKMX MHCTPYKLIMIA NOKa3aHbl OAHOBPEMEHHO, HO B
peanbHOCTV NPUOOP NPUMEHSIET OaNH YPOBEHb HANPSKEHWS KO BCEN
nocnenoBaTenbHOCTY.
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Puc. 44. Mporpammmpyemble GnykTyaumnmn AMTensHoCT GPOHTa Ha BLIXOLE reHepaTopa
NocNeaoBaTeNlbHOCTEN.

[pyroi pacnpocTpaHeHHoV NPUYMHOM NPOBAEM B LIMPPOBLIX YCT-
POMCTBAxX ABNAOTCA OJUTENBHOCTY NEPEXOAOB (MK PPOHTOB).
IMAyNbC G AIMHHBIM GPOHTOM MOXET NPUBECTY K HECBOEBPEMEH-
HOMY CpabaTbiBAHMIO IOMMHECKOM CXEMBI 1 HAPYLNTL BBOA, AAHHbIX.
LnHHbIE GPOHTHI NEYanbHO M3BECTHBI CBOEH CNOCOOHOCTHIO MOPOX-
[laTb TaK Ha3bIBAEMOE «COCTHA3aHNE CUTHAOB» — ELLE OOHY NPUYMHY
nepemMexaiowmxcd 0Tkazos. COBOKYMHOCTb PA3HBIX KOHCTRYKTUBHBIX
0COBEHHOCTEN, B 4aCTHOCTU, pacnpeneneHHble eMKOCTY 1 UHOYK-
TMBHOCTM, MOXET YXyAWaTh GPOHT UMMY/IbCA MO MEPE NMPOXOXAEHNS
€ro OT UCTOYHMKA K TOUKE Ha3Ha4YeHus. [103TOMY MHXEHEPS! MbiTa-
I0TCA 0OOUTBCA TOTO, YTOObI X CXEMbBI MOMIM PAb0TaTh C LIMPOKAM
[1anasoHoM AIMTENBHOCTU GPOHTA. AHANOTNYHO GAYKTYaUNaM
HanpsxeHns, 3aTareBaHrie GPOHTa UMMNY/bCa ABNAETCHA YaCTbIO Kax-
LI0r0 TECTMPOBAHWA B NPEAENbHBIX PEXMMAEX 1 MTPOBEPKYM LOMYCKOB.
DaykTyauum AaMTeNbHOCT GPOHTA PeannayioTes ¢ NOMOLLBIO «[1pe-
obpasoBatenelt BpeMeHy nepexogar, NOAKMOYEHHbIX K Bbixoay DTG.
Puc. 44 nnnocTpurpyeT 3bhekT nporpaMmMmupyeMeix GayKTyaLwmii
LNNTENBHOCTY GPOHTA.



Mockonbky DTG OpreHTMPOBaH UCKNIOYATENBHO Ha LM(PPOBOE
TECTVpOBaHue, OH 006NafaeT cneuyanbHbIMU BO3MOXHOCTAMY,
oteyteTByoWMMIN Yy AWG 1 AFG, TakuMm Kak CROXHBINA CEKBEHCOP,
HECKOJbKO BbIXOZIOB, PAa3HbIE CTOYHVKM MOCNEO0BaTENBHOCTEN U
cneunanbHbi oucnnen.

Huvikakor 06beM BHYTPEHHEN NaMSTU HE NO3BONNUT COXPaHWUTL MHO-
rvie MUIIMOHBI CNOB (M3BECTHBIX TAKXE, Kak BEKTOPbI), HEOOXOAMMBIX
[ONA TLLATENBHOrO TECTUPOBAHNA UM®POBOro YCTPOMCTBa. [103T0-

MYy FeHepaTopbl NocneaoBaTensHOCTEN 000PYA0BAHE! COXKHBIMI
CEeKBeHCcopamu — abCoMOTHO HEOOXOAMMBIMI B MUPE reHepaumm
[JaHHBIX 1 NOCNef0BaTebHOCTEN. [ eHepaTop NocnenoBaTeibHOCTEN
[OJXEH BblAaBaTh YPE3BbMAHO AIMHHBIE 1 CIOXHBIE NOCNEA0Ba-
TENBHOCTU, U AOIKEH PearvpoBaThb Ha BHELLHME COBbITUS — 0ObIMHO
Ha BbIXOOHbIE CUrHaNbl MCCNelyeMOro yCTPOMCTBA, BbI3biBAOLIME
YCOBHbIE BETBNEHNSA B CEKBEHCOPE reHepaTopa. M xota 06bem
namaT nocnegosarensHocTen DTG 06bI4HO He NpeBbilasT 64
MWAMOHOB OUTOB Ha KaHan, cekseHcop DTG, nogobHo AWG, obna-
JAaeT CnoCOBHOCTbIO 3aLMKAMBATL KOPOTKME CErMEHThH NOCAe0Ba-
TENbHOCTU A9 NOMYYEHNS NOTOKOB AaHHbIX 3HAYUTENBHO B0NbLUIE
OnHbL. OH MOXET X/OaTb NOSIBAEHUS BHELWHErO COOBITVS 1 3aTEM
BbINO/HATL CEPUIO MOBTOPSIOLLMXCA OTCHETOB MAW YCNOBHbBIX NEpe-
x0[10B. Kpome Toro, ceksercop DTG nognepxmeaeT MHOrOypoB-
HEBOE BNOXEHHOE 3aUyKNVBAHNE 1 BETBAEHNE. STOT MHCTPYMEHT
MOXET ynpaBnaTbCs 0ObIYHBIMU KOMaHAAMM NPOrPaMMMUPOBaHIIS

VI reHep1poBaThb aapeca, AaHHbLIe, TakThl ¥ YNpaBAsiowme CUrHanbl
NPaKTNYECKN AN BCEX MbICIMMBIX UMMPOBLIX YCTPOUCTB. CekBEHCOP
DTG obnagaeT yH1KanbHOW CNOCOOHOCTBI0 6ECKOHEYHOrO pacLun-
PEHNA NOCNEA0BATENBHOCTY. ANTOPUTM Ha pUC. 45 NOKa3bIBAET, Kak
HECKONBKO KOPOTKUX MHCTPYKLMIA M CErMEHTOB NOCNEO0BATENbHOCTH
Pa3BOPAYMBAIOTCH B MUAMOHEI CTPOK MCMbITATENbHbIX AaHHbIX.

Hannyne Heckonbkmnx BbIXOA0B Takxe npespaulaet DTG B uaeansHeln
npvbop ANs UdPOoBbIX NpunoxeHnit. B 1o Bpems kak AWG n AFG
MOTYT UMETb [1Ba N YETHIPE BLIXOAA, FeHepaTop NocneaoBaresb-
HoCTen npeanaraet 8, 32 Uav Aaxe COTHMU BbIXOAHbIX KaHanoB ang
NOANEPXKA MHOFOYUCAEHHBIX TMHWA AaHHBIX 1/ aapeca TUNNYHbIX
UMPPOBBIX YCTPOMCTB. [1OCKONBKY PY4YHOM BBOA, CNOXHbBIX LIDPOBBIX
NOCnenoBaTeNbHOCTEN MOXET 0Ka3aTbCsl HEBEPOSTHO TPYAOEMKIM
W, K TOMY e, NOABEePXEH oLnbkam, coBpeMeHHble DTG A0mKHbI
06naaatb BO3MOXHOCTBIO BBOAA AAHHBIX 13 IOMMHECKNX aHanm3aro-
POB, OCUMANOrpadOB, MMUTATOPOB 1 Aaxe 13 Tabnn4HbIX NPOLEC-
CopoB. Kpome Toro, uMdpoBble AaHHbIE MOXHO NOy4aTh Ha PasHbIX
3Tanax MOAeNMPOBaHVs U NPOBEPKY pa3pabaTbiBAEMbIX CXEM.
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Puc. 45. Anroputv paboTsl cekseHcopa DTG, AEMOHCTPUPYIOLLMIA LIKNbI V1 YCOBHLIE BETB-
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Puc. 46. MHorokaHanbHoe npeactaeneHme WwiHsl 8 DTG

Kpome Toro, aucnnert DTG gomkeH BuloenaTs AeTanu HECKObKYIX
KaHanoB OJIHOBPEMEHHO, & He JeTanu 3aBUCUMOCTY amMInTy el
CuUrHana ot Bpemern (kak Ha ancnnee AWG). OH gomxeH npeanaratb
MapKepbl, TPOKPYTKY ¥ Apyrue yaoOHbIe GYHKLMW, NO3BONAIOLLINE
C(OKYCHPOBATLCA Ha UHTEPECYIOLLIMX AaHHbIX. Ha puc. 46 npreeneH
NpPVYMEP MHOrOKaHaNbHOrO OTOOPaXeHNS NOCNEA0BATENBHOCTY.

N, HakoHew, DTG 4acTo MCNOMb3yeTcs B TECTAX, KPUTUYHBIX K Xapak-
TEPUCTUKaM GPOHTOB, BK/IIOYAS TOYHOCTb HANPAXEHWSA, CKOPOCTb
HapacTaHya 1 NONOXeHne GPOoHTa. K CoXaneHunio, MpoCToro BeIBO-
[la BBICOKOKA4YECTBEHHOMO CUrHana Ha pasbem NepeaHer naHeny
npvbopa HeAOCTaTOYHO. 3a4acTyio CUrHaN JO/KEH NOCTyNaTh Ha
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Puc. 47. l'enepatop nocneposatensHocteit DG2020A ¢ BbIHOCHBIM MHTEPDENCOM.

TECTOBYIO OCHACTKY Hepes padbeMbl 1 kabenn onnHon 6onee 0gHoro
METPA, 4TO CYLLECTBEHHO YXYALAET BPEMEHHBIE XapaKTEPUCTMIKM

1 GPOHTHI cUrHana. HekoTopble COBPEMEHHbIE TEHEPaTOPLl NOC-
NefoBaTeNbHOCTEN PeLlatoT 3Ty NPO6AEMY C MOMOLLBIO BEIHOCHbIX
NHTEPGdENCOB, KOTOPble ByhepnayioT CUrHan 1 N03BONSIOT COXpa-
HUTb XapakTepucTUky Nprbopa Ha BCem nyTu K UccneayemMomy
YCTPOWCTBY. Ha puc. 47 nokasaH reHepaTop nocneaoBatebHoCTeN
DG2020A C BEIHOCHBIM MHTEPMENCOM. ITOT MHTEPDENC MUHUMN3N-
pyeT yxyaLeHne GpoHTOB, BbI3BaHHEIE EMKOCTBIO kabenew, 1 06ec-
NeYnBaeT JOCTATOYHbIV BXOOHOW TOK [AN1S MCCNeayeMoro yCTPOMCTBa
6e3 «Npocaaku» curHana.



Cuctemsl 1 OpraHbl ynpasneHna NCTO4YHMKaA 1ornye-
CKMX CUrHanoB

Ha puc. 48 nokasaH paclMPEHHbIA NCTOHYHWK NOMMHYECKMX CUrHa-
IOB — FeHepaTop BpemeHHbIx cooTHoLeHni Tektronix DTG5334.

Mono6HO reHepaTopy CMELLaHHbIX CUrHaNO0B, MCTOYHKK NOMMHECKIX
CUrHanoB npegnaraet GyHKUMK, BbI3biBAEMbBIE HEPES MEHIO, MITIOC
KHOMKM NPAMOro A0CTYNa Ha NepeaiHer NaHenw, yekopsaioLme pabo-
Ty C 4aCTO NPUMEHSIEMbIMI QYHKLIMAMMN, TaKMMI KakK PEryavpOBKa
BPEMEHHbIX NapaMeTpoB 1 ypoBHS. COBPEMEHHbIE UCTOYHUKM NOMN-
4ECKMX CUTHANOB AO/MKHBI COAEPXaTb CNeumnani3vpoBaHHbIe, Opy-
XECTBEHHbIE QYHKUMM ANA YNpaBAeHa ULMGPOBLIMIA NapaMmeTpamu,
MIIOC LWMPOKMIA amana3oH CPeACcTB NPOEKTMPOBaHNS NOCAeaoBa-
TENbHOCTEN, YTO 3aMETHO OTamyaeT ux oT AWG.

SKpaH ynpasneHUs BpeMeHHbIMU NapamMmeTpamum npnoopa,
NOKa3aHHOro Ha pwvc. 48, NnocTpoeH Ha ocHoe Windows. dpyrue
MOZENM MOTYT UCMOMB30BATL PA3HOTO POAA CheuvansHble MHTEP-
dencol. Cpeaa Windows BeIFOAHO OTAMYAETCA TEM, YTO obecneyn-
BAET NPOCTOE NOAKMNOYEHME K CTaHAAPTHBIM CETSM, NePUdOEPUNHBIM
YCTPOVCTBaM v NopTamM BOAa/BbiBoAa, Takvm kak USB. Kak yxe
006bAcHANOCH B padnene AWG, skpaH peaakTpoBaHvs,/ynpasieHns
N03BONSET CO3AaBAaThb NOCNEO0BATENLHOCTM, HACTPANBATL YDOBHM U
OCYLECTBNATL 0OLLWMIA BBOL, AaHHbIX. HEKOTOPbIE NCTOYHUKM NOrMye-
CKUX CUrHanoB 060pya0BaHsl OTAebHBIM BbixoaoM VGA (B nononHe-
HME K BCTPOEHHOMY AMCINEID), KOTOPbIA MOXHO MCMONb30BaTh /1S
NOAKMIOYEHMS BOMbLINX BHELLIHUX MOHUTOPOB.

MHorvie NprbOoPLI UMEIOT Ha NepeaHel NaHen KHOMKKU ObICTPOro
AocTyna /19 Bbi30Ba HaCTO MCMOMb3YEMbIX QYHKLNMIA: HACTPOVIKMA
3HAYEHNN AaHHBIX 1 YCTAHOBKM 3HAYEHW BDEMEHN V1 aMIINTYAbI.
ITW KHOMKM 3KOHOMAT BPEMS, NMO3BONSASA 000MTUCL OE3 PA3BETBNEH-
HOW CMCTEMBI MEHIO.

KHonka Myck/OcTaHOB NocneaoBaTeibHOCTU NO3BONSET
3aMnyCTUTb COXPAHEHHYIO MOCNEN0BATENBHOCTD. oW BEINONHEHN
onpeneneHHbIX YCNOBWIA HaxaTve 3TOV KHOMKXA NPUBOOUT K TOMY,
4TO NOCNEA0BATENbHOCTN AAHHbIX HAYMHAIOT NOCTYNATh Ha rMaBHbIE
BXOAHble padbembl. OObIHHO 3TV YCI0BMS 3aK/IIOHaIOTCA B CReayio-
LEeM: NPUCYTCTBYET CUrHan 3anycka (MoCTynaioLmin nMbo OT KHOMKK
Py4Horo 3anycka, 1160 co Bxoaa BHeluHero 3anycka), BbiX0f,
paspeleH kHonkor Beixog Bkn/OTkn. O6bI4HO KHOMKA Bbixog Bkn/
OTKn MCNONb3YETCH ANs OTKNIOYEHWS CUrHana BO BpeMs pa3paboTky
NporpammMel s NPeaoTBpaLLeHns NoAadyn AaHHbIX HA NOAKIIOHEH-
HOE YCTPOMCTBO.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

Puc. 48. BbicoKOnpovaBoanTeNbHbINA MCTOHHK IOMMHECKUX CUrHANOB — reHepaTop BpeMeH-
HbIX COOTHOWeHWIA Tektronix DTG5334

www.tektronix.ru 39



['eHepatopbl curHanos OT A 00 A
YyebHoe nocobue

Knasnwn Menio/Haeurauum, NMoBopoTHas pyyka 1 Uudposas
KJ1laBuaTtypa 1Crnosb3yeTca ns paspadoTki nporpaMm. Knasuiim
MeHio/HaBuraumm OTKpbIBaIOT MEHIO, TOTAA Kak [1oBOpOTHAdA pyyka
1 Knaswartypa 001eryaior BBOA YNCNEHHBIX AaHHbBIX — BPEMEHHbIX
NapamMeTpOB, ABOVHHbIX AaHHBIX V1 T.1.

B cBETE pasnu4mg anekTpU4ECKrX napaMmeTpoB CEMENCTB COBPE-
MEHHOW NOMUKV U LUMH, NPEeANOHTUTENbHBIM PELLEHNEM CTaHOBATCA
MOZY/bHBIE BbIXOAbI. MOy MOrYT ONTVMU3NPOBATLCS A9 CReLy-
dUIeCcKMX 3Ha4eHn MMNeaaHca, Toka 1 HanPSXeHUs KOHKPETHOro
CEeMeWCTBa NOrVKM, rapaHTpys MakCManbHylo TOYHOCTb B UHTEpE-
CyIOLLEM Bac ananasoHe. Kpome Toro, MoaynbHbIE BbIXO4b! MO3BONS-
I0T COKOHOMWTb Ha LIEHE HEHYXXHbIX MOaynen. MoxHO 060pyaoBaTh
NpVBOP MOOBIM YNCAOM BLIXOAHBIX MOAYAEV — OT OAHOM0 A0 32.

XOTb 1 HE BbIBEAEHHbIE HA NEPeaHIo NaHeNb, HO, TEM He MeHee,
BaXHbIE — BbIXO/bl CUrHANOB CUHXPOHM3ALMM Ha 3aHEN NaHenw
npuoopa. 3T curHansl MOXHO MCNOL30BATh A9 CUHXPOHM3ALMY
PErVCTPUPYIOLWMX NPUOOPOB, CAMOr0 NCCNeayemMoro YCTpOMCTBa
Vnu faxe Opyrvix UCTOYHKKOB curHana. ObpatuTe BHYMaHve, 4To
VIMEETCSH Takxe BbIXO[, CYHXPOCUrHaNa Ha nepeaHei naHenu, KoTo-
Db MOXHO 1MCNONb30BATb [/ NOBCEAHEBHOM PaboThl.

Onucaxuve napameTpoB

ICTOYHMKI LMPPOBBIX CUTHANOB MMEIOT MHOTO 0OLLKMX NapamMeTpoB
CO cBouMK cobpatbsamm AWG 1 AFG.

CkopocTb Nepeaa4u AaHHbIX

CkopoCTb Nepefady AaHHbIX — 3T0 CKOPOCTb, C KOTOPOW NCTOYHMK
LUMOPOBOro CUrHana MOXeT NoAaBaTth Ha BLIXOM, NOMHBIE LWKITb 1BO-
U4HOV MHGOPMaLMK. [pr 3TOM KOHKPETHBIV BUT AaHHbIX B Npeaenax
LMKIIa MOXET MEHATb MM HE MEHATL CBOE COCTOAHME. Bpems mexay
rpaH1Lamm uykna onpeagnsaeT CkopocTb AaHHbIX B Merabutax nim
rurabuTax B CekyHay.
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0O6beM nocnepoBaTenbHOCTEN

Mono6Ho 06bemy namat AWG, o6bem NocnenoBaTeNbLHOCTEN
onpeaenseT MakCUMabHbI 06beM AaHHbIX, KOTOPLIE MOXHO COXpa-
HUTb 9 CO3AaHWa NocneaoBaTensHocTeln. Yem 6onblLle NamaTh,
Tem 60MbLLE U3MEHEHWIA B NOCNEO0BATENbHOCTAX MOXHO COXPaHUT.
[ins cozpaHns NpakTuiecky 6eCKOHEYHOI N0CNe0BaTeNbHOCTH 113
hparMeHToB, UCTOYHUK LMPPOBOrO CUrHana UcnonbayeT CeKBEHCOoP.

BepTtukanbHoe paspelieHue (no amnautyae)

BepTukanbHbiM paspelleHem (paspetleHmem no aMmnanTyae) Hasol-
BAETCH MUHMMAIBHOE NPUPALLIEHVE HANPAKEHNA, KOTOPOE MOXHO
3anporpaMmmpOBaThb B UCTONYHKKE CyrHana. B uMppOBOM KOHTEKCTE,
3Ta BEAMYMHA OTHOCUTCS K TOMMHECKM YPOBHAM, HACTParBaeMbIM
[Nt AAHHOIO CeMencTBa yCTPOMCTB. XOTS HOMUHANBbHO 3T YPOBHM
CYATAIOTCS «PUKCUPOBAHHBIMU», X MOXHO 3MEHATL B MPEAENax
ONPEAENEHHOr0 AnanasdoHa Ans TECTVPOBAHVS B NPEAENbHBIX PEXN-
Max (Hanpumep, NP NOHKEHHOM HanpaxeHun). BepTukanbHoe
paspeLleHve onpeaenseT BO3MOXHbIE MPUPALLEHNA TakWX U3MEHe-
HWWA.

Fopu3oHTanbHoOe pa3peLueHune (no BpemMmeHun)

FOpU30OHTANbHOE paspeLLeHne (paspeLleHe No BpemMeHin) onpe-
JENAeT MUHUMANbHOE NMPUPALLEHNE BPEMEHHN, C KOTOPBIM MOXHO
N3MEHATb JIMTENbHOCTL GPOHTA, Neproaa UM UMNYbLCa.



Yucno BbIXOAHbIX KAaHANOB

B o1mure 0T CBOMX aHaNoroBbix COOPATLER, UCTOUHMKM LDPOBBIX
NOCNeaoBaTenbHOCTER OOBIMHO NOJAIOT CUrHAN CPa3y Ha HECKOMbKO
BXO[I0B 1cCneayemoro ycrponctea. OaHoMy LdpPOBOMY KOMIOHEH-
Ty WK WHE MOXET NoTpeboBathes 8, 16 1 6oee BbIxOA0B UCTOY-
HuKa curHana. Mpw aTom Nprbop OOMXEH NPEAOCTABNSATL CPECTBA
00beIMHEHNS STUX CUTHANO0B B MPYMMbI, B KOTOPLIX HECKOBKO CUrHa-
NIOB YNPABASIOTCH, Kak OAHO Lenoe. TUnn4HeIM NPUMEPOM SBNSIETCA
00ObEAMHEHNE BCEX CUTHANOB aipeca B OAHY rpynmy, BCEX CUrHaNoB
JLaHHbIX B APYIYIO FPYMNY, @ CUrHaN0B PaspeLleHns 3an1cu B TPETHIO
rpynny. Takon ¢popmaT No3BONSET OAHOBPEMEHHO U3MEHATL HANPS-
XEHNE Ha BCEX a[IPECHbIX JIMHIISX, YTO HEOOXOAVMO, HaNpyMep, A4
TECTVPOBaHNA B NPELENbHBIX PEXMMAX.

MnaHupoBaHue nocneaoBaTenbHOCTEN

[naHMpOBaHVE NOCNEA0BATENBHOCTEN COCTABNSAET OCHOBY reHepa-
TOPa LMOPOBLIX MOCNEN0BATENBHOCTEN. VICN0Nb3Yd KOHCTPYKUWN,
CBOVICTBEHHbBIE A3bIKaM MPOrpamMmMUpOBaHuS, Take Kak LKLl v
NEePEXO/lbl, BCTPOEHHbIN CEKBEHCOP reHepaTopa MOXET Nepekio-
4aTbCA MEXAY MHOMVMI, HE3aBMUCKMO ONPEENEHHBIMI DNoKamMu
JaHHbIX. Bnok npeacTasnseT coboi CErMEHT HEKOTOPOW A/MHbI,
Hanpvmep, 512 UWKNOoB, KOTOPbIA MOXHO MCNOb30BaTh MHOrOKPAT-
HO. OTO NO3BOAAET CO3AaTb MHOXECTBO BapuaLwii, KOTOPbIE MOryT
NPVMEHATLCA A5 TLWIATENbHOM NPOBEPKN LMPPOBLIX YCTPOWCTB.

BcTpoeHHble peaakTopbl

[ns noBbilWeHrs ynobCcTBa peaakTMpoBaHns LdPOBbLIX NOCe-
[0BATENLHOCTEN HYXHbl COEACTBA PEAAKTUPOBAHWS. HekoTopbie
BBICOKOMPOU3BOOMTENBHEIE NCTOYHUKM LMPPOBOroO CUrHana NMeroT
BCTPOEHHbIE BYHKLIMM PEAAKTMPOBAHMS, KOTOPLIE NO3BOARIOT 0OO0IA-
TVCb 6€3 BHELUHEro KOMMbIoTePa 1 pefakTopa. 311 peaakTops
NO3BONSIOT HACTPAVBATb TAKTOBbIE YACTOThI 1 MOTOKM AaHHbIX, a
TaKxe npeanarainT BO3MOXHOCTb MPOCMOTPA CUrHANOB Ha 3KpaHe
nprbopa. AnbTepHaTUBHbLIE TaBNNYHBIE PEAAKTOPbI MCNONL3YIOT
3HaKOMBI hopmat TabAMyHbIX NPOLECCOPOB A1 KOHCTPYMPOBAHMS
NOCNEN0BATENbHOCTEN C MOMOLLBIO TPAANLUMOHHBIX METOAOB BbIpE-
3aHVst 1 BCTaBKM.

¢VHKL|,VIVI UMNOpPTa AAaHHbIX

COBPEMEHHbIE VCTOYHNKIM UMDPOBbIX MOCNEA0BATENBHOCTEN MOTYT
MNOPTNPOBATL MNOCNEe0BaTENIbHOCTU 13 CMCTEM aBTOMATN3NPO-
BaHHOIO NPOEKTUPOBAHWA UMW APYTVX NMPYOOPOB. 3TO OYEHb NONES-
HO NSt NPOBEPKM pa3pabaTblBaeMbIX CXEM, MOCKObKY MNO3BONSET
obonTnCh 6e3 paspadbOoTkM CreLyanbHbix MOCNe0BaTENbLHOCTEN A1
npoOBEPKN NPOTOTUNA N SKOHOMUT MaccCy BpeMeHN.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

Pl -

oo |
"

Puc. 49. SkpaH peaaktupoBaHus/ynpasneHis
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HasHauenune
6noka
HasHaueHune YctaHoBka
rpynnsl YPOBHEN
Co3snaHne aaHHbIX @
HasHaueHune YcTaHoBKa BpEMEH-
KaHana gaHHbIX HbIX NapaMeTPOB

Onpegenenwve no-
CrnefoBaTenbHOCTU

1. HasHaueHune
W rpynnupoBka
KaHanoB

2. Co3paHue 1 opraHu3aums
noToKa JaHHbIX

Puc. 50. Stanbl coznanma udPOBLIX CUTHAMIOB C MOMOLLbBIO MCTO4HYKA LDPOBBIX CUrHANO0B

Co3paHue CUrHanoB ¢ NOMOLLbIO UCTOYHMKA JTIOrMYECKUX
CUrHanos

[na cozaaHus ncrbiTaTenbHbIX LMGPOBLIX CUrHANOB, KOTOPLIE ByayT
nofasaThCs Ha MCCnefyemMoe YCTPOMCTBO, UCMOMb3YeTCs NpoLie-
Jlypa, OTAMHaIoWIAscs OT aHaNorMYHOM NPoLEAyPL B aHANOr0BbIX
crcTemax. B BbICOKONPOU3BOANTENBHOM VCTOUYHIUKE IOMMYECKIIX
CWrHa0B NPOLECC CKNabiBAeTCA U3 3TanoB onpeaeneHys rpynn
NOAOOHBIX CUTHANOB, MPUMEHEHNS K HIM WabA0HOB TakTOBOIA
4aCTOThI U IAHHBIX 1 YCTAHOBKM IOMUYECKKX YDOBHEN.

Ha puc. 49 nokasaH akpaH pefakTMpoBaHys CUrHanoB reHeparopa
cepun DTG5S000. Ha puc. 50 nprBengHa ynpoLLeHHas 610k-cxema
3TanoB NPOEKTNPOBAHNUA LIMPPOBOro CUrHaNa B UCTOYHMKE NOrMyec-
KX CUTHANO0B.

B cooTBeTcTBUM C TPE6OBaHMAMM LMPPOBLIX YCTPOWCTB, UCTOUHIK
NOMMYECKMX CUIHANOB NO3BOASET MPYNNMPOBATL KaHaslbl AaHHbIX B
COOTBETCTBUW C BXOAHBIMW V1 BEIXOAHBIMI KOHTAKTAMM YCTPOWCTBA.
970 N03BONSET PacnpenenTs NHGOPMALMIO, COXPAHEHHYIO B NMams-
M npubopa, Nno BeIOPaHHLIM BLIXOAHBIM KaHanam. BonbWwnHCTBO
LMD POBBIX UCCNEOYEMbIX YCTPOVICTB MMEIOT rpyNMbl TAKTOBbLIX 4aCTOT,
anpeca v AaHHbIX, 1 3TV rpynmsl MOXHO pacnpeagniTb Mno aKeMBa-
NEHTHBIM FPYNNam KaHanoB UCTOUHIMKA NOMMYeCKMX curHanos. Takas
apxvTeKTypa No3BONSET M3MEHSITb Tak1e 3Ha4EeHNst, Kak HanpsikeHue
VNV 3a0epxka, B Npeaenax Lenoi rpynnel kKaHanos, a He no 0AHOMY
KaHaJy Noo4Yepe/iHo.

Ha cnenyiouiem aTane cosnaioTcs «6noku» nocneaoBaTensHoOCTeN,
113 KOTOPbIX OYAET CKNaapiBaThCA NOCAEA0BATENbHOCTL. Bok npea-
cTaenseT coboit GparMeHT NocNea0BaTebHOCTY ONPeAENeHHO
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3. Hactpoiika
napameTpoB

OnHblL, Hanpumep, 1024 6uta. CTaHaapTHbIM NOAXOM, 3aKNI0YaeTCs B
€030aHun nakeTa 6/10KOB, KOTOPI MOXHO MCMNONb30BATh B Pasniny-
HbIX MOCNE00BaTENLHOCTSIX MO MEPE UCMONHEHVS TECTOBOW Nocne-
[10BaTENBLHOCTH.

Mocne onpeaeneHns HyxHoOro Ymcna 6/0KOB HYKHO 3anOHWTb

3T1 BNOKM OaHHBIMK. HEKOTOPBIE MCTOHHWKM NOMUHECKKX CUTHANOB
npeanaraioT GUOAMOTEKM FOTOBLIX MOCNEA0BATENLHOCTEN B KNACcCu-
yecknx popmarax: «beryupye eonHnubl», «LlaxmaTtHas gocka», «Kog,
[ped» 1 Tak aanee. Yepeays 6/10KK, MOXHO NoaaTh Ha Mccnemyemoe
YCTPOMCTBO MHOXECTBO PasHbix NocneaoBarensHocTen. C aTom
paboToM NOMOraeT CNPaBUTLCH BCTPOEHHLI PEAaKTOp NocneaoBa-
TenbHOCTEN. [porpaMM1poBaHne NoCcnea0BaTeNbHOCTU CBOAUTCS

K MIPOCTOMY 3anoaHEHNIO TabnuLbl HCTPYKLMSAMM, ONPEaENSIOLLMM
nopsaAoK 60KOB, Y1CNO NOBTOPEHNI U APYIWE YCNOBUS, Takmne Kak
UVIK/bl ¥ MEepexosl.

Ha nocnenHem atane co3maHvst CUrHana ykasblBaloTCa OrMyeckmne
YPOBHW 1 BPEMEHHBIE XapakTepucTuKK, KOTOpbLIE OyayT NPUMEHSATH-
CH K MCCNeflyeMOMy YCTPOWCTBY. B COBPEMEHHOM 3/1IEKTDOHHOM
0060PYA0BAHUY NMPUMEHAETCH MHOXECTBO CEMENCTB NOMMYECKIX
3N1EMEHTOB C Pa3NNYHbIMK TPECOBAHUAMM K TOTMHYECKVIM YDOBHSIM.

K cyacTbio, AN yOOBNETBOPEHNS STUX TPDEOOBAHWI COBPEMEHHbIE
NCTOHHNKM LUMOPOBLIX CUTHANOB NPEaraloT roTOBbIE HACTPOWKY (HE
NCKII0Yas BOSMOXHOCTb MPOV3BONBHOM YCTAHOBKM). [lpyrue HacTpa-
1BaEMbIE NapPaMETPbI BKIIOHAIOT COMNPOTUBIEHNE 1 HAMPAXEHNE OKO-
HEYHOW Harpy3ku, MeToasl koanpoearnd (RZ, NRZ v T.n.), TakToBbIE
4acTOThl, 3a4EePXKN (DPOHTOB 1 MHOrOe AIPYroe. V1 CHoBa, BBOL, BCEX
3TUX I@HHbIX OCYLLIECTBAAETCA Yepes NPOCThble TabnuUp.



3akyeHue

MHOMVE NHXEHEPBI CYATAIOT 3aAa4V ANArHOCTUKA HEVCTIPAaBHOCTEN
VI NPOBEPKM Pa3pabaThiBaEMbIX CXEM HUCTO «M3MEPUTENBHBIMI»
npobneMamu U NOACO3HATENbHO CHATAIOT, YTO AN PELLIEHNS TakmX
npo6aemM BnonHe JOCTaTOYHO ocuuanorpada vnm 1or14eckoro aHa-
nuadatopa. OaHaKo 3TUM PErVCTPUPYIOLLIMM NPYUOOopaM HEODXOMM
BaXHbI/ MAPTHED: MCTOYHMK BO3AENCTBUAN — reHepaTop CUrHanos.

CoueTaHvie BO3OENCTBYIOLLMX NPUOOPOB C PEMUCTPUPYIOLLIMI NPK-
6opamm NO3BOASIET NONYYNTL NONHOE PELLeHWe, cnocobHoe noaa-
BaTb HAa NCCNEeayeMoe YCTPOWCTBO CNOXHLIE PDEANUCTUYHBIE CUT-
Habl U PErMCTPMPOBATL PE3YNBTUPYIOWME BbIXOAHBIE NAPaMETPbI.
Ocuunnorpad 9BngeTcs CTaHAapTHBIM PErUCTPVPYIOLLIMM NPUO0-
pOM. HO nuLib reHepaTtop CUrHanoB NO3BONSET PEAIbHO KOHTPOIMN-
pOBaTh TO, YTO NOCTYNAET Ha BXO[l YCTPOWCTBA. A 3TO HEOOXOOMMO
[1S NOIHOrO NOHWUMaHKWS TOro, H4To BGYAET NPOUCXOOUTb Ha BLIXOAE
3TOro YCTPOMCTBA.

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

AHanorn4HeIM 06pa3oM reHepaTopbl CUrHaN0B NO3BOASIOT BbINOA-
HATb NPOBEPKY [OMYCKOB 1 M3MEPEHUE xapakTepucTuk. PaboTas

C reHepaTopoM CUrHaNoB 1 C OCUMANOrPadoM UK C NOTUHECKMM
aHan“3aTopoM, MHXEHepkl MOryT ONpeaensaTh NPEAebHbIE PEXH-
Mbl pabOoThl CBOVIX YCTPOWCTB, HAMEPEHHO CO3aBast MakCManbHO
HeONaronpysTHLIE YCNOBYIS C MOMOLLbIO CTOYHIKA CUTHATOB W
13MEpPSa PesybTaTsl C NOMOLLBIO OcUmAnorpada 1 3axeatbiBast
AaHHbIE NOMMHECKMM aHaNM3aTOPOM NPV BO3HUKHOBEHUM OLLIMOOK.

B nio6bix NpUnoxeHnsax — 0T pa3padboTki AMCKOBLIX HAKONWUTENEN
J10 TECTMPOBAHVISA Ha COOTBETCTBME KOMMYHUKALMOHHEIM CTaHOap-
TaM — reHepaTopbl CUrHanoB 1 PervcTpupyoLme nprbopsl paboTa-
10T B OZIHOW yNPsiKKe, 00pasys 3aKOHYEHHOE KOHTPObHO-13MepH-
TENbHOE pelleHme.
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[[noccapun

NRZ (6e3 Bo3BpaTa K Hy/t0) — TUNMYHas UMGPOoBas Nocneaosa-
TENbHOCTH (BWL, KOAMPOBAHKA), B KOTOPOW CUrHAN NEPEKNIOHAETCH B
‘1" Npun NOSBNEHU B LMK/E AOCTOBEPHOro 61ta 1 0CTaeTCs B TaKOM
COCTOSAHWM 00 FPaHuLbl CNEAYIOLIEro Lykna (Mpuy YCNOBUW, YTO LMK
Ha4MHaeTcsa ¢ ABOMYHOrO “0").

ABeppauys — NONOXUTEbHBIA U OTPULATENbHBIN BHIGPOC CHr-
Hana

AMNAnTYAa — yPOBEHb CUrHana (B PyCCKOA3bIYHOM UTEPATYPE amn-
JINTYOOV HA3bIBAIOT Pa3Max Uin MakCManbHOE 3Ha4EHNE NEPEMEH-
HOW BEIN4YMHBI, NPUM. Nep.). B anekTpoHyke 00bI4HO paccmarpusa-
I0TCA aMNANTYOHbIE 3HAYEHNA HANPSAKEHNS UM MOLLIHOCTI CUrHana.

AmnantygHas Mmanunynaumns (AMH) — pasHOBWOHOCTb UMOPOBOWA
MOZAYNALLAY, B KOTOPOW LIMPPOBOA MOLYAMPYIOLMIA CUrHAN NEPEKo-
YaeT BbIXOOHOW CUrHaN Mexy ABYMSA 3HAYEHNAMN aMmInTydbl.

AmnnutygHas mogynaums (AM) — pasHOBWMOHOCTbL aHANIOrOBOW
MOAYNALMM, KOroa M3MEHEHWS aMmInTyabl HAKNaabBAET HU3KOYaC-
TOTHYIO MHOPMALWIIO Ha CUrHAN HECYLLIEW BEICOKOW YaCTOThI; Yalle
BCErO UCNONb3YETCHA B PAOMOBELLAHN.

AHANOroBbI CUrHan — CUrHan, HanpsXeHne KOToOPoro HENPEpPLIBHO
IBMEHAETCA.

Ananoro-undposor npeobpasosatens (ALM) — umdposoi anek-
TPOHHbI KOMMOHEHT, NPeobpasyioLLyii HENPEPLIBHBIA aHaNnoroBbIi
CurHan B NponopLMOHabHbe OUCKPETHBIE ABOVHHBIE (LMGMPOBLIE)
3Ha4YeHN.

Bnok - GparmMeHT NnocneaoBaTelbHOCTN BbIOPaHHOM AJIMHGI, Hanpu-
mep, 1024 6uta; cocTaBHasa 4acTb UWMGMPOBOI NOCNEN0BATENBHOCTY
Ha BbIXOLE MCTO4HMKA NOTNYECKIUX CUTHANOB.

BbicTpas nepecTpoiika — BO3MOXHOCTb OLICTPOrO 1 YACTOrO nepe-
X04a C OOHOW YaCTOThl HA APYryio

BepTukansHoe paspelleHme — MUHIUMabHOE npupaLleHme
HaNPSXeHNs, KOTOPOe MOXHO 3anporpamMMm1POBaTh B reHepaTope
CUTHANOB; Pa3pPAAHOCTL ABondHOro cnosa LIAMa, B 6utax, koTopas
0NPeAensaeT TOYHOCTb aMMAAIUTYb! I UCKAXEHWS BOCNPOVI3BOLMMOrO
curHana.

Bosepart k eamHnue (R1) - w1poko pacnpoCTpaHeHHbIA LMGPOBON
METO/ KOAVPOBAaHWA, B KOTOPOM curHan nepexoamt B “0” npu nosie-
NEHWV IOCTOBEPHOrO OWTa 1 3aTeM BO3BpALLAeTcs K “1” B TOM xe

CaMOM LMK (Mpv YCNOBUK, YTO LMK HAYMHAETCA C OBOMYHOM “17).

BosBpart Kk Hyno (RZ) — Wwnpoko pacnpoCTpaHeHHbIN LndpoBoN
METOA, KOOMPOBAHWS, B KOTOPOM CUrHaN nepexoamT B “1” npu nosis-
NIeHnn AOCTOBEPHOrO BuTa 1 3aTeM Bo3Bpallaetcs K ‘0" B TOM xe
CaMOM UVIKNe (Mpwv yCNOBUW, HTO LMK HAYMHAETCS C ABOUYHOrO “0”).

BonHa - 06w TepMmH, 0003Ha4aIoLWLMA GOPMY, NEPUOANHECKN
NOBTOPSIOLLYIOCS CO BPEMEHEM. PacnpOCTpaHEHHbIE TUMbI BOSHbI
BKNIOHAIOT CUHYC, MeaHApP, NPSMOYrONbHYIK, MY, TPEYIONbHIK,
nepenag, MNynbc; MOXET OblTb NEPVOANHECKON, HENneproanye-
CKOW, CUHXPOHHOW, aCUHXPOHHOIA.

Bonbt — ennHuua M3MEPEHNA HaNPAXEHNA.

44 www.tektronix.ru

BCTpOEHHbIN pepakTop — BCTPOEHHOE B FEHEPATOp CUrHAIOB
CPEACTBO PeOakTMPOBaHKA, MNO3BONAIOLLEE NErKO 3MEHATb CUrHA-
Jbl, K&K Mo BPEMEHN, TaK 1 N0 amnanTyae.

Bxogz cobbiTust — 1CNONb3YeTCa B COHETaHWM C QYHKUMEN NNaHW-
POBAHVIS NOCNEN0BATENLHOCTEN FreHepaTopa curHanos. MNpu noc-
TYNAEHUM CUrHaNa Ha BXxod, coObITs (10rM4eckoro curHana TTJ1),
FEHEePaTop CUrHANOB NEPEXOONT K CNEAVIOLLIEN CTPOKE WX CUrHany
NOCNenoBaTeNbHOCTY.

BbIGOpKM — TOYKM AaHHbIX, KaXaas 13 KOTOPbIX NPeAcTaBnaeT cobon
MFHOBEHHOE 3Ha4eH1e HanpsKeHus curHana, MaMepeHHbIe Yepea
OnpeaeneHHbIe NPOMEXYTKM BDEMEHW, A pacyeTa Todek curHana
1CNoNb3YIOTCA HeobpaboTaHHble AaHHble ¢ ALIM.

Bbixoa Mapkepa — pasHOBWAHOCTb LMPPOBOro BbIXOAA, BbIBOASA-
LWEro ABOVYHbIF CUrHas, CYHXPOHHLIV C OCHOBHbBIM aHaI0rOBbIM
BLIXOAHBIM CUHANOM; 0ObIYHO NOCTYNAeT 13 NamaTy, HE3aBUCUMON
OT OCHOBHOW NaMsiTV cUrHana.

BbIXOAHOWM CUrHAN — aHanoroBbIM CUrHa UK UdPoBas nocneno-
BATENIbHOCTb, NOCTYNAIOWME Ha BLIXOOHEIE Pa3beMbl reHepaTopa.

leHepaTop BPEMEHHbIX COOTHOLLEHUIA — NOA00OEH reHepaTopy
MMMY/I5COB C OOMONHUTENBHOM BO3MOXHOCTBIO YNPaBIeHus Bpe-
MEHHbIMU XapakTepncTkaMmn MMnynbCoB, TakMMK Kak 3a4epxka nin
MeXKaHanbHbI COBUI, MOXET NOAAEPXVBATL NAapaMeTPUHECKOe
yNpaBfeHre HaNpPsKeHNEM 1 GPOHTaMK BbIXOOHOIO CUrHana.

leHepaTop MMNYNLCHBIX NOCNEA0BATENIbHOCTEN — PA3HOBWAHOCTbL
NCTO4HMKA NOTUHECKMX CUTHANOB, KOTOPBIA MOXET BbIBOAMTH MOTOK
MMNYNbCOB Ha HEBOMbLLIOE YMCO BEIXOA0B, OObIMHO C O4EHb BEICO-
KOV 4aCTOTOW; M3BECTEH TakXe, Kak reHepaTop MMMyIbCOB.

eHepaTop nocnenoBaTesisHOCTEN — PA3HOBUAHOCTb MCTOYHMIKA
NOMVHECKMX CUTHANOB, MEHEPUPYIOLLErO LM(POBLIE NOCNE0BATENb-
HOCTW MO HECKONbKMM KaHas/laM; M3BECTEH TakXe, Kak reHepartop
NAaHHbIX.

leHepaTop CBUMMPOBAHNS — FEHEPATOP CTaHOAPTHBIX QYHKLINNA,
CNOCOOHbIN N3MEHATb YaCTOTY CUrHana, 0ObIYHO CUHYCOMaE!, MO
OnpeeNeHHOMY 3aKOHY.

leHepaTop curHanoB Npon3BosbHOM dopmbl (AWG) — Tun reHe-
paTopa aHaNoroBbIX/CMELLIaHHbBIX CUrHAN0B, B NaMATK KOTOPOro
BO3MOXHO CO3[aHVe aHanoroBOro curHana nNpou3BoIsLHOM GOPMb;
CNOXHasA CUCTEMA BOCNPOM3BEAEHNS, FTEHEPUPYIOLLAA CUTHABI HA
OCHOBE COXPAHEHHbIX LIMPOBBIX AAHHBIX, ONMVCHIBAIOLLYIX HENPEPbIB-
HO M3MEHSIOLLIMECS YDOBHM HANPAXEHNUA CUrHana NeEPEMEHHOIO ToKa.

leHepaTop CUrHaNoB NPOU3BOLHON GOPMBI U CTAHAAPTHLIX
yHkuMiA (AFG) — TN reHepaTopa aHanoroBbix/CMeLlaHHbIX CUrHa-
OB, FEHEPVIPYIOLLErO CTAOWNbHBIE CUMHASNBI CTAHAAPTHBIX (POPM.

leHepaTop CUrHanoB CTaHAAPTHBIX QYHKLUMA — PA3HOBUAHOCTb
reHeparTopa CyrHasnoB, reHeprpyLLErO GyHAAMEHTAIbHBIE CHTHA-
Jbl, TAKME Kak CUHYCOMAa U Meanap.

[eHepaTop CMeLLaHHbIX CUrHaNoB — TWM reHeparTopa CUrHanos,
TaKoro kak reHepartop CUrHanoB NPOVI3BOILHOM GOPMBI MM FreHepa-
TOP CTAHOAPTHBIX QYHKLVIN, CNOCOBHOMO CO3/AaBATh Kak aHanoropsle
CUrHasbl, Tak v UMOPOBLIE NOCAEAOBATENBHOCTH.



leHepaTop TaKTOBOM 4ACTOThl — reHepaTop CUrHaNoB, CNOCOOHHIN
BBIBOJNTb TOMBKO MPAMOYIO/bHbIE CUMHAMbI; MPENMYLLECTBEHHO
UCMONb3YETCA B KAYECTBE NCTOHHMKA TAaKTOBOW YaCTOTHI.

MeHepaTop LUMbPOBLIX NOCAEA0BaTENbHOCTEN — TUM reHepaTo-
pa CUrHaNOoB, KOTOPbIA FEHEPUPYET OOMH UM HECKOJbKO NMOTOKOB
LM POBLIX NOCNEA0BATENBHOCTEN; 3BECTEH TakxXe, Kak reHepaTtop
NOCNeA0BaTeNbHOCTEN UK reHepaTop JaHHbIX.

leHepaTop LUMOPOBBLIX CUTHANOB — PAa3HOBWAHOCTL reHepaTopa
CUrHanoB, KOTOPbI BEIBOANT UM(PPOBLIE NOCNEO0BATENBHOCTY;
M3BECTEH TaKXe, Kak MCTOYHMK TOMMHYECKMX CUTHANOB.

Mvrarepy, (IMu) = 1000 000 000 Mu; eanHMLA MBMEPEHWS YACTOTHI.
[MUTY — BLICOKOYACTOTHAsS Henepuoamieckas UMMyIbCHas noMexa.

Fopr30HTaNbHOE paspeLleHne — MUHIUMabHOe NpupaLleHme
BPEMEHI, KOTOPOE MOXHO UCMO/b30BATL 419 CO34aHWS CUrHANOB;
MVHMaNBHOE NPYPALLEHNE BPEMEHN, C KOTOPBIM MOXHO U3MEHSATL
J/MTENBHOCTL GPOHTA, NEPUOA, U ASINTENBHOCTL UMMY/ILCA.

"padumyecknii peaakTop — BCTPOEHHLIN B reHepaTop CUrHasioB
WHCTPYMEHT, MO3BONSOLLMI CO3AABATL 1 MPOCMATPUBATL CUrHASb,;
3aTemM PE3yNbTUPYIOLLME AAHHBIE KOMIUAPYIOTCHA M COXPAHAOTCH B
namsTt CUrHasnoB.

JaTumk — yCTPONCTBO, NPeobpasyioLlee HeKOTOPYID GU3NYECKYIO
BEINYMHY, HANPYMED, 3BYK, AABNEHVE, AeDOpPMaLMIO NIV APKOCTb
CBETA, B 3NEKTPUYECKMIA CUrHAN.

JBoinHoin paamax (VNuk-nuk) — HanpsxeHue, U3MEepPEeHHOe OT Mak-
CMMabHOIO YPOBHS CUrHana 10 ero MUHUMAbHOMO YPOBHS.

IXXnTTEp — TWN MCKaXEHVS C1rHana, NPOSBNSOWMIACS B «OpOXa-
HUM> Hasbl GPOHTOB.

LvHamunyecknii amanasoH, CBOOOAHBIA OT NapasnTHbLIX COCTaB-
naowmx (SFDR) — OTHOLLIEHWE MaKCMManbHOrO YPOBHS CUrHana
reHepartopa K ero wymy.

AunckpeTtnsaumsa — NpOUECC, MCNONb3yeMbI ANA ONMUCAHKS aHano-
FOBOrO CUrHana ¢ NoMOLLbI0 Habopa BEIDOPOK Uk TOUEK JAHHbIX,
NPeAcTaBnAoLLMX COO0N NOCNea0BaTENbHbIE BEIOOPKN HANPSKEHNIA.

OnodepeHumanbHbIi BbIXOL, — BbIXOA, VCTONb3YIOLWMA ABA CUr-
Ha/IbHBIX TPAKTa AN1A nepeaayn AByx KONuii O4HOMO ¥ TOrO Xe CurHa-
713 PaBHOW aMmmnnTyLbl, MPVMYEM OAMH CUrHaN NepeaaeTcs MHBepc-
HbIM. AMIAAUTYABI TAKUX CUTHANOB N3MEPAETCA APYr OTHOCUTENBHO
[pyra, a He OTHOCWTENbHO 3eMIIN.

[nvHa 3anucy — 4vcno TOYeK CUrHana, MCnonb3yembix ais co3aa-
HVIS 3anKCy CUrHana; HassiBaeTcst 00beMOM NamMsTi B reHepaTopax
aHanoroBblx/CMeLaHHbIX CUrHanoB 1 06bLEMOM LMBPOBLIX NOCNeno-
BaTENBbHOCTEN B reHepaTopax 10rM4eckimx CUrHanos.

OnnTenbHOCTb UMNyNbca — BPEMS], B TEYEHME KOTOPOrO YPOBEHb
CUrHana MeHseTcst OT HI3KOrO A0 BBICOKOrO 1 BO3BPALLAETCS CHOBA
K HWU3KOMY YPOBHIO; 0ObIYHO U3MepsieTes Mo yposHiO 50% oT amnnu-
Tyabl.

JnnTensHOCTb cnafa — Bpemd, Heo0xoaymoe UMNYAbCY AN nepe-
X04a B COCTOSAHME, MPOTVBOMNONOXHOE TeKyLLEMY (ANF NONOXUTENb-
HOro Nepenaja — Bpems Nepexo/ia OT HU3KOMO YPOBHS K BHICOKOMY;
L9 OTPUUATENBHOrO Nepenana — BPeEMs Nepexoia oT BbICOKOro
YPOBHS K HV3KOMY).

['eHepartopbl curHanos o1 A 0o A
YyebHoe nocobue

LnnTenbHoCTb GpoHTa — Bpems, HEOOXOaMMOe UMMYNLCY A
nepexoaa B COCTOAHME, NPOTVBOMNONOXHOE TEKYLLEMY; AUTENb-
HOCTb MOJOXUTENBHOrO Nepenaga — Bpems Nepexoaa oT H3KOro
YPOBHS K BICOKOMY, AIMTE/bHOCTL OTPULATENBHOO Nepenaaa —
BPEMSA Nepexoaa OT BLICOKOrO YPOBHSA K HUSKOMY.

JOCTOBEPHOCTbL CUrHaNa — TOYHOCTL PEKOHCTPYKLMM CUrHana,
onpefensemMas CUCTEMON U NapameTpamMii BO3OENCTBYIOLLEro Ui
perucTprpyioLLero nprueopa.

3apgepxaHHblin 6e3 Bo3Bpata K Hymo (DNRZ) — tvnunaHas umd-
pOBas NOCNEA0BATENBHOCTb (BUA KOAMPOBAHNS), B KOTOPOW CUTHA
nepekoyaeTca B “1" yepes ykasaHHOE Bpemsi Nocne NnosBiIeHys B
LVKNe AOCTOBEPHOro GuTa 1 OCTAeTCs B TaKOM COCTOSHMM A0 Hava-
Na cneayiwero uykna (Npy ycnoBum, YTO LWKN HAYMHAETCS C ABOMY-
Horo “0").

3a,£|.ep>KKa — CABWI NO BpeEMEHW Mexay ABYyMA OMHaKOBbIMW CUMHA-
JNlamy; M3BECTHA Takxe, KaK casur (DaSbl.

3aTyxatoLas cMHycomaa — PasHoBUAHOCTb KONebaHus, BO3HN-
KaloLLEro B LNV Nof, BO3ASMCTBIEM UMMYNbCA, 1 3aTyXaloLLIero co
BPEMEHEM.

M3mepeHue xapakTepucTuK — CTaHOapTHas NpyknagHas 3ajada,
B KOTOPOW reHepaTop CUrHanoB UCNob3yeTcs And onpeaeneHns
npeaenbHbIX paboumnx NapameTpoB KOMMOHEHTa, YCTPOWCTBA UK
CUCTEMbI; MPYKNagHas 3agada, B KOTOPOW BINOMHAETCS TeCTMPOBa-
HIE B MPEASSbHBIX PEXMMAX 1N MPOBEpPKa JOMyCKOB.

MMNynbLeC — WMPOKO NCNOMb3YEMBI CUTHA C KOPOTKMM POHTOM,
HEKOTOPOW ANNTENBHOCTBIO Y KOPOTKMM CNaaoM.

MckaxeHne — pesynbTaT BO3AENCTBUS Ha CUrHaN NapasuTHbIX
$akTopoB, TakMX kak pacnpeaeneHHas eMKoCTb, B3aUMOBANAHNE
nT.m.

Wccnenyemoe yctponcTeo (UY) — ycTponcTBO, Ha KOTOPOM BhIMON-
HAIOTCA U3MEPEHWS; CUHOHWM TECTUPYEMOrO ycTpoicTea (TY).

MICTOYHMK AW reHepaTop CUrHasIoB — KOHTPOSIbHO-M3MEPUTESb-
HbI NPUBOP, UCMOAL3YEMBI OIS NOAAUN CUrHANa Ha BXOL, UCCReay-
EMOVI CXEMbI; CUrHaN C BBIXOAA 9TOM CXEMbI CHUTHIBAETCS OCLMINION-
padOM MM NOrMHECKMM aHANM3aTOPOM.

MCTOYHMK NIOrMYECKUX CUrHANOB — Pa3HOBWOHOCTL reHepaTopa
CUrHanoB, BLIBOAALLErO LWPPOBLIE NOCNEA0BATENBHOCTH, HANPU-
MEp, reHepaTop UMMyALCOB WA NOCNEA0BATENLHOCTEN.

KsagpatypHas mogynaums (1Q) — pasHoBMOHOCTb MOLYNALMN,

B KOTOPOW ABe HecyLmne — cuHdasHas (1) v ksagpatypHas (Q) —
00beMHAIOTCA 1 NePeaatoTes N0 OAHOMY KaHasy, a Ha NPUEMHO
CTOPOHE PasnensioTes 1 AEMOAYIMPYIOTCS; WMPOKO NPUMEHAETCS B
COBPEMEHHbIX CETAX 68CNPOBOAHOV CBA3W.

Kunorepu, (ku) = 1000 'u; eanHmua MsMepernst 4acToThl.

KoMnneMeHTapHbI BbIXOL — BbIXOA, MCMOMb3YIOWMIA ABa CUrHASb-
HbIX TPaKTa 415 Nnepenayy AByx KOnum OQHOrO 1 TOrO Xe curHana
PAaBHOWM aMMAUTYObl, NMPUHYEM OAMH CUMHAN NEPeaaeTca NHBEPCHLIM.

KoaddurumeHT 3anonHeHns — OTHOLLEHWUE ANUTENBHOCTU UMMNYIbCa
K nepunony (B PyCCKOSI3bIHHOW TMTEPATYPE NCNONb3YETCA MOHATUE
«CKB&XHOCTb» — OTHOLLEH/E Neproaa uMynbeaK ero AMTensHoC-
™, MpUM. Mep.)
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Kypcop — akpaHHbI Mapkep, KOTOPBI MOXHO COBMELLATb C CUrHa-
JIOM 4151 BEINONHEHWS TOYHbIX M3MEPEHWIA; B FeHepaTope CUrHanoB
KypCOop VMCNonb3yeTesa ana Bbibopa 06nacTi curHana, B KOTOPOW ero
MOXHO M3MEHSATb.

JInHeliHoe HapacTaHue — Nepexon Mexay AByMd YPOBHAMY Hanpsi-
XEHWS, NPV KOTOPOM HanpPsXeHne U3MEHAETCA C NOCTOSIHHOWM CKO-
POCTbIO.

Jlormyeckuii aHannsatop — nNpvbop, UCNOL3YEMbIV ANns 0Tobpa-
XEHWS BO BPEMEHM NTOTMHECKMX COCTOSIHNI HECKONBKUX LIPOBBIX
CUrHaNOoB; NPMBOP, KOTOPBIA aHaNM3MPYeT LMOPOBLIE AAHHBIE W
MOXET NPEACTaBUTb JAHHBIE B BUOE NCMONHAEMOW B peaNibHOM Bpe-
MEHW MPOrpamMMbl, MOTOKA 3HAYEHWI, MOCNEA0BATENBHOCTM COCTOS-
HAW 1 T.0.

Mapkep - [0ONONHUTENBbHBIN BEIXOA, FTEHEPATOP CUrHANO0B, OTae-
NbHBIV OT €r0 OCHOBHbIX BIXOO0B; BCNOMOratesbHbIN LUMGPOBON
KaHan, KOTOPbIA MOXHO MCMNOb30BATb B KAYECTBE UCTOHHMKA CUrHA-
Nla 3anycka 4 CCneayemoro YCTponcTea, BCNoMOraTtebHbIn LUyd-
POBOW KaHas, KOTOPbIA MOXHO UCMOb30BaTh 415 BbIBOAA UMGMPOBOW
NOCNEN0BATENBHOCTH.

MeaHpp - WWPOKO MCNOMb3YEMbIA CUrHAN NPSIMOYrONbHOV GOPMbI,
y KOTOPOrO OMTENBHOCTb MMMYbCa W ASTMTENBHOCTb Nay3bl PaBHbI.

MeraBbibopka B cekyHay (MBbIO/C) — eanH1La 3MepeHus 4ac-
TOTbl AMCKPETV3aUMM, PaBHAs OAHOMY MUNAVIOHY BEIOOPOK B CEKYHAY.

Merarepu, (MI'u) — 1000 000 I'u; egmHMLa 3MEPEHNS YaCTOThl.

MeXCUMBOSIbHAs TOMEXa — VICKaXEeHINE Vv U3MEHEHVEe CurHana
B Npeaenax 0aHOro Lykna Noj, BO3AECTBMEM COCTOSHMA CUrHana B
npeablayweM Lykne.

MwukpocekyHaa (MKC) — edVH1La M3MEPEHVIS BPEMEHW, paBHad
0,000001 cekyHAapl.

MwunnncekyHaa (Mc) — eayHVLA U3MEPEHUsS BPEMEHM, PaBHast
0,001 cexkyHOpl.

MoZzennpoBaHue — TexHIKa, UCrMosb3yemas reHepaTopoM Cur-
HasoB 151 BLIBOA CUrHana, MMUTUPYIOLLErO BbIXOL, YCTPOCTBA,
VCMNONb3YEMOro 18 TECTUPOBAHNSA APYrOro YCTPOCTRA.

MopoynmpoBaHHbIN CUrHan — CUrHasl, U3MEHEeHe amnanTyobl, Gasbl
VM 4aCTOTbI KOTOPOTO HAKNAAIBAIOT HU3KOHACTOTHYIO MHOOPMALMIO
Ha BbICOKOYACTOTHbIA CUTHAT HECYLLEN.

Moaynauus curHana — npoLece, B KOTOPOM Ha amnnnTyay, Gasy
VNV 4aCTOTY BBICOKOYACTOTHOM HECYLLEN HaKNaapBAeTCa HI3KoYac-
TOTHas nonesHas vHhopMaLms.

HaknoH — HaknoH rpadvika nnv KprBOW Ha akpaHe npnbopa, OTHO-
WEeHNE BEPTUKAIBHOMO PACCTOAHMA K TOPU3OHTAIbHOMY; MONOXM-
TENbHBIN HAKIIOH YBEIMYMBAETCH CEBA HANPABO, & OTPULATENbHBIN —
YMEHbLLIAETCA CleBa Hanpaso.

HanoxeHne cnekTpoB — MPOHVIKHOBEHME N0OOUHbLIX TPOAYKTOB
npeoOpasoBaHyia B NONE3HbIV AManasoH 4acToT

HaHocekyHAa (HC) — eavHuua U3MEPEHNA BPEMEHN, paBHadA
0,000000001 cekyHap!.

HanpskeHne — pa3HOCTb 3NEKTPUYECKIX MOTEHUMANOB MEXAY
[BYMS TO4KaMu; U3MepsaeTca B BonbTax.
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HenpepbIBHbIV pexuM — pexmmM paboThl reHepaTopa CyUrHanos, B
KOTOPOM BbIXOZHOW CUrHa HAYMHABTCS C HAYaIbHOM TOUKW CUrHana
YNV NOCNEeA0BAaTENbHOCTY W MPOAOIKAETCS A0 €0 OTKIIOUYEHNS.

HecMMETPUYHBIN BbIXOA, — BbIXOL, UCMONb3YIOWMA OAHY INHNIO
[N nepefayyn curHana OTHOCUTENBHO 3EMITN.

O6beM NaMATN — YCNO TOHEK, UCMOMb3YEMbIX 418 CO30aHUs 3anii-
CW cuUrHana; onpenenseT MakcuManbHelin 00beM AaHHbIX CrrHana
(3KBMBAIEHTHbBIN BDEMEHM), KOTOPBIE MOXHO COXPaHUTb B rEHEPATO-
PE aHaNorOBbIX/CMELAHHbBIX CUTHANOB.

O6bem NocnenoBaTeNbHOCTM — YKCIO TOYEK CUrHaNa, MCNob3y-
eMbIX 1151 CO3AaHVs 3an1Cy CUrHana; onpenenser MakCrmabHbIn
00beM [aHHbIX (3KBMBANIEHTHbIN BPEMEHM), KOTOPBIE MOTYT COXPa-
HATBCA VCTOYHMKOM JIOTMYECKIMX CUIHANOB ANA reHepaumnn UMdposbix
NOCNeLoBaTeNbHOCTEN.

OcnabneHune — yMEHbLIEHWE aMNUTYAbl CUrHaMNa NpKY Npoxoxae-
HIM €r0 13 OHOW TOUKM B APYTYIO.

MapannenbHbll UMGPOBON BLIXOA — PA3HOBUAHOCTb UMMPOBOr0O
BbIXOa, KOTOPbI 6epeT UMdPOBbIE AaHHBIE 3 TOI Xe NamsTh, 4TO
11 OCHOBHOW aHaI0rOBbI BLIXOM, FeHepaTopa CUrHaos, v BbIBOANUT
LUMDPOBbIE 3KBMBaNEHTbI BLIOOPOK CUrHana, NPUCYTCTBYIOLMX Ha
aHanoroBOM BbIXOLE.

lMayka MMNyNbCOB — HAOOP MMMYNbCOB, CAEAYIOLLVX PYNMOIA.
Mepenag - 0OHOKPATHOE PE3KOE M3MEHEHNE HAMPSXEHNS.

Mepuop - Bpems, HEOOXOAUMOE CUrHaTY 15 BEINONHEHWS OAHOIO
uyikna. lNeprop paseH 1/4acTota.

MunkoBoe 3HavyeHue (Vrmk) — MakcumMarnbHbI YPOBEHb HANPAXEHN,
N3MEDPEHHbI OT ONOPHOrO HYNEBOTO YPOBHS.

Mnoo6pasHbIit CUrHaN — CUrHaN, HanpPsSXeHVe KOTOPOro B KakAoM
nepuoae NMHeNHO HapacTaeT 40 NMMKOBOrO 3HAUYEHMA, a 3aTem Oblic-
TPO Cnagaer.

MnaHnpoBaHue NocnefoBaTeNbHOCTU — NPOLECC, MO3BONAOLIMA
€03/1aBaTb CUrHALI NPAKTUYECKM HEOrPAHUYEHHOW AJINHBI, MYTEM
COXpaHeHus B namsaTi nprubopa 60MbLLIOTO YMCNa «BUPTYalbHbIX>
LUVKNOB CrHana 1 NOBTOPEHUA 3TVX LIMKIOB B COOTBETCTBIN C MHC-
TPYKUMAMI DEAAKTOPa NOCNEA0BATENBHOCTEN.

MOrpeLHOCTb NOCTOSHHOIO HAMPSXKEHNS — Pa3HOCTbL MEXAY yCTa-
HOB/IEHHBIM HATMPAXEHNEM U PeasIbHBIM BLIXOLHBIM HANPAXEHNEM.

MNopcTaHoBKa — METOA, NPUMEHAEMBIN AN CO3AaHNUA CUIHAIOB B
reHeparope,; 3akmo4aeTcd B co3aaHnt U UsMeHeHnrn onpeaeneH-
HOrO CuUrHana Aans NOAMEHb CUrHana OTCyTCTBYIOWEN LEMN.

Monoca - ananal3oH 4acToT, 0ObIYHO OrPaHUYEHHbI 0CnabneHnem
cvrHana Ha 3 ab.

MoNSpPHOCTb — HanpaBeHye NPOTEKaH!S TOKA N0 OTHOLLIEHMIO K Hyme-
BOMY YPOBHIO V1 YPOBHIO 3EMIIN; 0BbIMHO OTHOCUTCSA K MOMYBOMHAM
CYrHana NepemMeHHoro ToKa — NONOXUTENbHBIM V1 OTPULIATENBHBIM.

MocnenoBaTenbHOCTL — CM. LMGPOBasd NOCNEO0BATENBHOCTL

MpoBepKa — LIMPOKO PacnpocTpaHeHHas NpoLeaypa, B KOTOPOW
reHepaTop CUrHasoB MCMOMb3yeTCs A9 onpeaeneHns cnocobHOCTM
KOMIMOHEHTa, YCTPONCTBA Ui CUCTEMBL PAB0TaTE B COOTBETCTBIN C
VX Ha3Ha4eHemM 1 NpoMblLLeHHBIMICTaHnapTami.



MpoBepka AOMYCKOB — CTaHaapTHas 3adada, B KOTOPOW reHepaTop
CWIHa/I0B CMONb3YEeTCH A9 TECTUPOBAHUA KOMMOHEHTOB, YCTPOCTB
VAW CUCTEM B NPEOEbHBIX PEXMMAX C TaKVM UCKAXEHUSAMU CUr-
Hana, Kak IKUTTep U HapYLWEHWE BPEMEHHbIX COOTHOLLEHWI, 414
onpeaensHua Nnpeaenos paboTocnoCcoBHOCTY; M3BECTHA Takxe, Kak
TECTVPOBAHWE B NPEAE/bHbIX PEXVMAX.

MpPSMOYronbHbIA CUrHaN — curHan, 6AM3KKIA NO XapakTepUCTMKam K
MeaHpy, 3a UCKIIOYEHNEM TOI0, YTO MHTEPBASBI HA3KOTO ¥ BEICOKO-
O YPOBHSA HE PaBHbl Mex[ly CODON.

MNceBpocnyyariHas ABoMYHas nocnenoBartenbHoCTb (PRBS)

— NOCNEA0BATENbHOCTb, COCTOAWAA 13 YUACEN, KOTOPbIE BbIMNAOAT
Cy4anHeIMK, HO CNEAYIOT B NPEACKA3YEMOM MATEMATUHECKOM
NOPAAKE, MOBTOPAACH CO CITy4aNHOW 4aCTOTOW; UCMONb3YETCS ANS
CO3[aHVs CNy4ariHoro Wwyma B LdPOBLIX CUCTEMAX.

MNcerpocnyyariHas nocneaoBartenbHoCTb cnos (PRWS) - noc-
NenoBaTeNlbHOCTb CNOB, Onpeaensaiolas cnocod NpeacTaBneHns
HECKObKVX NCEBAOCYHaHbIX ABOWMYHbLIX MOCNEA0BATENBHOCTEN Ha
BCex napannesibHbIX BbIXOAAX reHepatopa CUrHaaos; 4acTo UCMOsb-
3yeTcd 415 TECTMPOBaHMS NapaniefibHo-NocneaoBaTebHbIX Npeot-
Pa30BaTENEN U MynbTUNIEKCOPOB.

PaBHOMepHOCTb — CTeneHb 3MeHeHUs YPOBHA C N3MeHeHeM 4ac-
TOTbl CUHYCOMOANbLHOrO curHana.

PaspellieHue no amnanTyae — cM. BeptukanbHoe paspeLieHue.
PaspeLueHue no BpeMeHn — CM. [0pun3oHTabHOe pa3peLleHie.

PenakTtop BPEMEHHbIX COOTHOLLEHW — BCTPOEHHOE B UCTOYHMK
NOr4EeCKMX CMrHanoB CpedCTBO, MO3BONAOLLEE HACTPAMBATb TAKTO-
Bble HaCTOTbl 1 MOTOKW AAHHBIX, H&@ﬂl{)ﬂ,aﬂ I/ISO@DEDKGHMG CurHana Ha
SKpaHe npubopa.

PepakTop nocnefoBatenbHOCTeN — BCTPOEHHbIN B reHEpaTop
CUTHANOB MHCTPYMEHT, NO3BOASIOLMIA MCMIONB30BaTL MHCTPYKLINN,
NoA0OHBIE MHCTPYKUMAM S36IKOB MPOrpaMMUMpPOBaHNs (Nepexos,
LMKIBI W T.M.); 9TV MHCTPYKLAM XPaHATCA B NaMsTy NOCNeao0BaTelb-
HOCTEM, OTAELHONM OT NaMATU CUMHASOB, 1 NO3BONSIOT MHOTOKPATHO
NOBTOPATH YKa3aHHLIE CErMEHThl NamaATI CUrHaoB.

PepakTop ypaBHEHWUI — BCTPOEHHbI B FEHEpaTop CUMrHanos marte-
MaTUHECKMIA UHCTPYMEHT, MO3BONSOLLUMIA BBOANTL NEPEMEHHBIE 1
oneparopbl; 3aTeM NPUOOP NPOBEPSET CUHTAKCKC, KOMMUAVDYET 1
COXPAHAET PE3YNBTUPYIOLLNIA CUTHAT.

Pennukaums — MeTof, CO3AaH1sA CUrHana C UCrosb30BaHNEM CUr-
Hana, 3axBaYeHHOro APYruM NPMGOPOM, HanpUMep ocUMNNorpadoM,
W epeaayen ero B reHepaTop CUrHanos 418 BOCNPOV3BEeaeHS.

CBVII'IVIpy}OLLI,aFl CuHyconpga — PasHOBMOHOCTb CMHYCOMILI, HaCToTa
KOTOPOW NEPUOANYECKN USMEHAETCSA MO ONPEAENEHHOMY 3aKOHY.

Copur o6nacTu — GyHKUYS, NprCyLLas reHepaTopamM aHanorosbix/
CMELLIaHHbIX CUrHANOB, KOTOPas CABMraeT ykadaHHbI GPOHT curHana
BMpaBo WM BNEBO, B MPAMYIO WX B NPOTUBOMONOXHYIO CTOPOHY OT
3anporpaMMMPOBAHHOIO LIEHTPANbHOMO 3HAYEHIS, MO3BOAS UMUTU-
POBATb KUTTEP VI APYTVE HE3HAUUTENbHBIE CMELLEHNS, NPEeBbILaIo-
Lye paspeLaioLLyio cnocobHOCTs nprbopa.

Capur dasbl — CABVIM N0 BDEMEHV MEXAY ABYMS OONMHAKOBLIMY MO
JpyriM napaMeTpam CyrHanamu, U3BeCTeH Takxe, Kak 3aaepxka.

['eHepartopbl curHanos o1 A 0o A
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CurHan - rpaduyeckoe NpeacTaBneHMe BOMHbI U €6 U3MEHEHUS BO
BPEMEHN.

CurHan npon3BobHOK GOPMbI — CUrHas, CO3AaBaeMblil NOSb-
30BaTENIEM W HE SBNSIOWNIACA 3apaHee OnpengneHHbIM CUrHanom
reHeparopa.

CuHycomaa — W1poKO NCNONb3YyEMbI CUrHa, ONPeaenaemMbii
MaTemaTnyeckon GopMyIon sin(x).

CUHXPOCUIHAN — BHELIHW CUrHaN MW HaxaTue KHOMKM Ha nepe-
JHel naHenu, coobLaoWmi reHepaTopy, Koraa HauvHaTb BEIBOA,
yKa3aHHOro curHana.

Cucrema BEPTUKANIbHOIo OTKJIOHEHUA B reHepartope curHanos —
cncrTema, onpegenaiowad amnantyay U CMelleHrne BbixoaHoro cur-
Hana.

Cuctema CUHXPOHM3aLMK B reHEPaTOPE CUrHanoB — CUCTEMA,
onpeaensiowas yenosus, B KOTOPLIX MPYOOP HauMHAET BblAaBaTh
CUrHan Ha BbIXOM, NPW YCAOBWM, YTO OH He PabOoTaEeT B HEMPEPLIBHOM
pexmMe.

CKkOpOCTb Nepeaadn AaHHbIX — CKOPOCTb, C KOTOPOW reHepaTop
LMDPOBLIX CUTHANOB MOXET BbIBOANTL MOSHBIE LVKIb! ABOVYHO
VHQOPMaLMK; 0BBIYHO BLIPAXAETCA B MerabuTax unv rurabutax
B CEKYHLY.

CmeLLeHre — NOCTOAHHAsA COCTaBNAIoLAsA CUrHana, CoaepXatlero
NEPEMEHHYIO 1 MOCTOAHHYIO COCTABAIOLLNE; HANPSKEHNE MEXY
3em/Ien 1 LeHTPOM pa3maxa curHana.

CwmelLigHre YPOBHS — BEPTUKANbHOE CMELLEHVE cuUrHana (B BOSb-
Tax) OT HYNIEBOr0 YPOBHS MM YPOBHS 36MIN.

CueTumk NMOBTOPEHMS NOCNeO0BaTENIbHOCTU — YNPaBNSIOLWMIA
MEXAHW3M, MCMOMb3YEMBIN NMNAHUPOBLLKOM NOCNEA0BATENBHOCTEN
Ona onpeneneHna ymcna pa60t|m>< LMKNOB 1 nopdadka, B KOTOPOM OHMU
NOABNAOTCA.

TabnnyHbIN pefakTop — BCTPOEHHOE B MCTOYHIIK TOMMYECKMX CUT-
HaNoB CPELCTBO, MCNOMb3yoLLEEe GOPMAT, CXOXMIA C HOPMATOM
TabnM4HbIX NPOLIECCOPOB, A1 CO30aHMS NOCNEe0BaTENbHOCTEN

C MOMOLULBIO CTAHOAPTHOrO METOAA BbIPE3aHNA 11 BCTABKM.

TakToBas yacTota — CM. HacToTta OMCKPeTUsaL/mm.

Teopema gnckpetmdaummn KoTensHMKOBa — TEOPEMA, YTBEPXIAI0-
asd, 410 4j1d TOHYHOro BoCnpon3seneHnsa CiurHana 4acrota guckpe-
TM3auny (v TakToBas 4acToTa) JOMKHA HE MEHee YeM B [iBa pasa
MpeBbILLATb YACTOTY CAMOW BEICOKOYACTOTHOWM COCTABNAIOLLEN ANCK-
PETU3VPYEMOrO CUrHana.

Tectupyemblii 610k (UUT) 610K, Ha KOTOPOM BBINOSHSAIOTCA M3Me-
PEHNS; CUHOHWUM MCCNEedyeMOoro yctpoicTea (M1Y).

TexHonorus npsamoro udpoBoro cuHtesa (DDS) - TexHonorvis
CVHTE3a CUrHaNoB, B KOTOPOW OAWH MCTOYHMK TaKTOBOW 4acTOTHI
NCMNONb3YETCH AN1S NONYHEHNS BCEX HEOOXOAVMbIX 4aCTOT B Hac-
TOTHOM Ayiana3oHe Nprbopa; onNpeaenseT CKOPOCTb, G KOTOPOW
BbIOOPKYM M3BIEKAIOTCA 13 NaMATY reHepaTopa CUrHanoB.

Touka curHana — undppoBOE 3HaYEHWE, NPEACTaBNSOLIEE HAaNpPs-
XEHWE CUrHana B yKasaHHbIM MOMEHT BDEMEHW: BBIHVCIAETCS Ha
OCHOBaH1V BEIOOPKN 11 COXPAHSETCS B, IAMSATH.
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['eHepatopbl curHanos OT A 00 A
YyebHoe nocobue

YpoBeHb 3anycka — MUHUMaNbHBIA BXOLHOW YPOBEHb, BEIDAXEHHBIV
B BonbTax, HEOOXOAMMBIN BHELLHEMY CUHXPOCUIHANY AN1s 3anycka
npvbopa.

®da3za — aTan konebarenbHOro NpoLecca oT Havyana OgHoOro Nepwvo-
Ja 40 Havyana cneaylowero nepnoaa, BepaxeHHbI B rpadycax.

®azosast MmaHunynaums (PMH) — pa3HOBMAHOCTL LMGPOBON
MOAYNALMM, B KOTOPOKN UMGMPOBOV MOOYPYIOLLMIA CATHAN NEPEKTO-
4aeT BbIXOOHOV CUrHan Mexay AByMs 3HadeHnamu Gasbl.

®dazoBasi moaynsaums (PM) — pa3HOBMAHOCTL aHANOroBOV MOAY-
NAUWK, B KOTOPOWN M3MEHEHMA (hadbl HakNaoelBAIOT HA3KOYACTOTHYIO
MHOOPMALMIO HA CUMHAN HECYLLEV BBICOKOW 4aCTOThI, Hallle BCEro
VCNONb3YETCA B PaAVIOBELLAHY U DaIOCBA3N.

CDI/IJ'IpraLI,VIH — MPOUECC yoaneHuda n3 curHana onpeaeneHHbIX
[OMana3oHOB 4acCTOT, MOXET NCMONb30BaATLCA AJ1 YCTPAHEeHUSA HeXe-
NATeNnbHOro HaJloXeHUda CNekTpOoB Ha BbIxOAe nccnegyemMoro ycr-
PONCTBA.

Uundpo-aHanoroseii npeobpasosatens (LIAM) — uydpoBoit anek-
TPOHHbI KOMMOHEHT, NPe0bpasyioLLmii ANCKPETHBIE LMPPOBLIE 3HA-
4EHWS B aHAOrOBbIV ANEKTPUHECKMI CUTHAN.

Lundposas nocnenoBaTesibHOCTb — HECKOJLKO CUHXPOHN3MPOBAH-
HbIX MOTOKOB MMMYbCOB, COCTABASIOLLMX «CNOBa» AaHHbIX, LLIVPUHON
8,12, 16 1 6bonee 6UTOB.

Lindposoit curHan — cuvrtan, BbiGOPKY HaMPsKeHs KOTOPOro
NpeacTaBNeHbl AVCKPETHBIMI IBOVNYHBIMU YKCTAMY.

YactoTta — 4mcno konebaHuii 3a 0Hy CekyHay, U3MepseTcs B rep-
uax (nepvomax B cekyHay). Hacrora pasHa 1/nepvos.

YacToTa AncKpeTM3aumm — CKOPOCTb, C KOTOPOI reHepaTop aHa-
NIOrOBbIX/CMELLIAHHBIX CUTHANOB MOXET BbIBOAUTL TOYKM, COCTaBAS-
IoLLIE NOMHYI0 GOPMY CUrHana, BelpaxaeTcs 00bYHO B Merasbloop-
Kax vin B rmraBblbopKax B CEKYHLy; M3BECTHA TakxXe, kak 4actoTa
BbIOOPKY.

YactoTtHas maHunynsaums (YMH) — pasHOBUAHOCTb LMGPOBOV
MOAYNALMM, B KOTOPOKN UMGMPOBOV MOOYPYIOLLMIA CUTHAN NEPEKTIO-
4aeT BbIXOOHOW CUrHaN Mex[y OBYMA 3HAYEHNAMM HacTOTbl — LIEH-
TPaNbHOM YaCTOTOW 1 HaCTOTOW OTCTPOVIKU,

YacTtoTHag moaynsumsa (YM) — pasHOBMOHOCTb aHaNOroBOM MOAY-
NAUNMM, B KOTOPOK U3MEHEHNHA YACTOThl HAKNAAbIBAIOT H3KOYaC-
TOTHYIO MHOOPMAUMIO HA CUTHAN HECYLLLEN BLICOKOW HYaCTOThl; Yalle
BCErO UCMNOMb3YETCH B PAOMOBELLAHWN 1 PAINOCBA3N.

LLnpoTHO-mMmnynbcHas mogynaums (LUAM) — pa3HoBMaHOCTE UMd-
POBOW MOAYNALMM, B KOTOPOW MOAYIMPYIOLLMAI CUTHAN N3MEHAET O/N-
TeNbHOCTb aKTVIBHOIO MMNYNLCA; NMPYMEHKMA TOMBKO K UMMYSIECHBIM
CUrHaNaMm; LMPOKO NCMOL3YETCA B LMPPOBLIX ayAMOCHCTEMAX.

LLym — HexenatenbHoe HanpskeHue 1nm TOK B 31eKTPUYECKON LEMN.

AkpaH - 0bnacTb ancnnes, Ha KOTOPOW B BU3yanbHOW (popme 0Tob-
PaxaloTCs CUrHanbl.
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KoHTakTHaa uipopmauums:
Poccusi n CHI +7 (495) 6647564

ABCTpUS +4152 675 3777

Accouumaums rocyaapcts lOro-BocrouHoi Asum /
AscTtpanus (65) 6356 3900

Bankaubl, U3paunb, KOxHas Appuka

u apyrue ctpahbl ISE +4152 675 3777

benbrus 07 8160166

Bnwxuuii Boctok, Asus

n CeBepHas Appuka +4152 6753777

Bpasunus u l0xHas Amepuka (55) 40669400
BenukoOputanua n Upnangua +44 (0) 1344 392400
FepmaHus +49 (221) 94 77 400

TOHKOHI (852) 2585-6688

HaHus +45 80 88 1401

Wnpmna (91) 80-22275577

WUcnaHus (+34) 901 988 054

WUtanua +39 (02) 25086 1

Kanapa 1 (800) 661-5625

Kuraiickas HapogHasa PecnyGnuka 86 (10) 6235 1230
JliokcemOypr +44 (0) 1344 392400

Mekcwuka, LienTpanbHas Amepuka

1 cTpaHbl Kapubekoro 6acceia 52 (55) 54247900
Hupgepnangpbl 090 02 021797

Hopsernsa 800 16098

Monbwa +4152 6753777

MopTyranus 80 08 12370

Pecny6nunka Kopes 82 (2) 6917-5000

CLLA 1(800) 426-2200

TaiiBaHb 886 (2) 2722-9622

DunnaHans +41 52 675 3777

OpaHuus +33 (0) 169 86 81 81

LlenTpanbHas u BoctouyHasa Eepona,

cTpaHbl bantumn +41 52 675 3777

LlenTpanbHasa EBpona n Mpeuusa +41 52 675 3777
LWeeiiuapua +4152 675 3777

LBeuusa 020 08 80371

lOxHas Abpuka +27 11206 8360

AnoHmns 81 (3) 6714-3010

V3 apyrix cTpaH 3BonuTe no Tenedony: 1 (503) 627-7111

[JlononuutenbHas uidopmauus
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