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B naHHOM JOKyMeHTE paccmMaTpuBaroTCs MeToAbl 06eCneyeHNs TOHHOCTU ABYXTOHAMbHbIX
N3MEPEHNI UHTEPMOAYNALMOHHBIX UCKaXEHUI Npu ncnonb3oBaHun CBY-aHanusatopa
uenen cepum PNA-X komnanum Keysight Technologies. OgHnM 13 yHWKanbHbIX CBOMCTB
aHanusatopa PNA-X sIBNSeTCS Hanuuue B ero apxXuTekType BTOPOro BHYTPEHHETO
NCTOYHMKA W BHYTPEHHErO cymmaTopa’, YTo AenaeT ero uaeanbHbIM MHCTPYMEHTOM

QNS ABYXTOHASbHbIX M3MEPEHUN UHTEPMOAYNALUMOHHBIX UCKaxeHWN. [Tpy npoBeaeHun
AaHHbIX U3MEPEHUI BaXXHO MOHUMATb, Kak CBOACTBA M3MEPUTENbHON CUCTEMbI BIISIOT

Ha NOrPEeLUHOCTb U3MEPEHUI W KaK HaumnyyLnM 06pa3oM NOAroTOBUTL M3MEPUTESNbHYHO
YCTaHOBKY A1 NPOBEAEHUS TOYHbIX U3MEPEHNIA UCKAXEHMM.

KEYSIGHT

TECHNOLOGIES



02 | Keysight | TouHble n3MepeHWst MHTEPMOLYIALMOHHbIX MCKAXEHMUI C NMOMOLLbI0 aHanm3aTopa uener cepum PNA-X, ot 10 MIwy go 26,5 iy - PekoMeHgaumm no npyMeHeHno

Copep>kaHue

] o] TSRS 3

YCOBHbIE 0003HAUEHUS/CUMBOITBI .....coceveeeeeeeeieieieieeeisiseseseseeeesenas 5

Oc06eHHOCTN PABOTBI MPUEMHUKA .......vvevereeececeercrereve e 6
CryYalHbBIN LLYM HU3KOTO YPOBHS ...cvvveeoereaisiseeissesesesseisssssssessessessssesssssssessnens 6
CryYamiHbIN LYM BBICOKOTO YPOBHS .....vvvreeirireeiseisesrseesssssssesssssessssessessssesseens 8
VIHTEpPMOAYNAUMOHHBIE UCKAXEHUS, FEHEPUPYEMBIE MPUEMHUKOM ................ 10
CymmupoBaHwe ownboK NPUEMHIKA, BbIYUCIIEHNE MOAYNS BEKTOPA
OLLUMBKM (EVIM) oottt 12
[TPUMED UBMEPEHUSI .....vvivivverieeeeieietete ettt sas 13
YCTaHOBKA aTTEHI0ATOPA MPUEMHUKA .....vvevereeerivcreierereisiss e 23

OCOBEHHOCTN PABOTHI UCTOMHUKA ...ovveveeeeeecereieiseeieeeeseseeeesesnseseenes 25
YpoBEHb MOLLHOCTH, JOCTYMHBIA OT UCTOYHUKOB B PEXUME CyMMUPOBaHMS ... 25
BRnSiHNE raPMOHUK MCTOUHMK ...ceeeeeeeeeiceeeenceeeeseese e 26
[MepeKPECTHAA MOAYNAUMA UCTOUHMKA ....c.cvereereercreeenneseneseeeeseseeseneseeeesnseeeens 28

cknioyeHne napasuTHbIx curHanos npu uamepenuax UMA ............. 29
1. TIPOTOKOM LIEHTPAMBHOM YACTOTBI vvvvvvoereacsseseeesseseeessesesseseeseessssesessssenes 32
2. TTPOTOKOM HACTOT TOHOB .....vuvvvreaeseescesseeeeseseessiesseessesssesssesssesssessessssassenne 32

Mpunoxenue A. Tabnuubl ontumnsauun MW ans aHannsaTopoB
Lenen CEPUM PNA-X ... 33

Mpunoxexue B. Tectnpyembin ycunutens umeet IP3, paBHyto
+38 obm. CmoxeT nu aHanusarop Lenen cepun PNA-X nsmepntb
MW 3TOTO YCUIUTEIIA? oottt 34

Mpunoxenune C. KpaTkuit KOHTPONbHBIA NEPeYeHb AN HACTPONKM
N3MEPEHUN UHTEPMOAYNALMOHHBIX UCKAXEHWA C UCMONb30BaHNEM
[BYXTOHAIIbHOTO HENpPepbIBHO reHepUpPyeMOro CUrHana ¢ NOMOLLbH
aHanusaropa uenein cepun PNA-X ¢ aByMSA BHYTPEHHUMM
MCTOUHUKAMM .....ovevvereieieeetesesae e seeseessesessesesessesessssenessesessnsenennns 35



03 | Keysight | TouHble M3MepeHNst MHTEPMOLYIAILMOHHbIX MCKAXEHMUI C NMOMOLLbI0 aHann3atopa uenen cepum PNA-X, ot 10 MIwy go 26,5 iy - PekoMeHgaumm no npyMeHeHno

0630p

WHTepmogynaumoHHble nckaxeHns (M) SBRsoTcst Mepor HEeNMHEMHOCTY YCUIUTENS.
Mpw nogaye Ha BXOA yCunuTens AByx Unu 6onee CMHyconaanbHbIX YacToT, nobbie
HenMHenHble CBOVCTBa yeunutens 6yayT co3faBaTb AONOMHUTENbHbIE YACTOTHbIE
COCTaBMSIOLLWE, Ha3bIBaEMbIE MHTEPMOZYNALMOHHBIMM COCTaBnsoWMMA. Ecrn

Ha ycunuTenb NOAAKTCA BXOAHbIE CurHansl ¢ yactotamu f1 u f2, ero Beixog Gyget
COAepkaTb curHanbl co cnegyrwumi yactotamu: nfl + mf2, rme n, m=0, £1, +2

v Tak ganee. CoctaBnstLLme TpeTbero nopsigka, 2f2 — f1 n 2f1 — f2, BbisbiBatoT
HanBOMbLLYIO COXKHOCTb M3-3a X 6NM30CTM K YaCcTOTaM OCHOBHbIX TOHOB, a Takxe
13-3a TOTO, YTO UX YPOBHW MOLLHOCTY YBENNYMBAIOTCS B TPU Pa3a OTHOCUTENBHO
YBENNYEHUS YPOBHS MOLLHOCTM OCHOBHBIX TOHOB. Kpome Toro, 6nm30cTb k OCHOBHbBIM
YacToTaM 3apaHee UCKMIoYaeT BOIMOXKHOCTb UX YCTPaHEeHs NOCPEACTBOM (PUIbTpaLm.
TepMuHbI “Touka nepeceyeHns Tpetbero nopsaka (IP3)” unm “ypoBeHb TouKM
nepeceyeHns TpeTbero nopsigka (TOI)”, YacTo cnonb3yemble kak B3arMo3aMeHsieMble,
SBNSAIOTCA NOKa3aTENAMM Ka4eCTBa 411 MHTEPMOAYTALIMOHHBIX UCKAXEHNA.

leTepoauH
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PucyHok 1. CTpykTypHasi cxema 2-nopToBoro aHanuaatopa Leneit N5242A cepun PNA-X ¢ onuueit 224.

1. flocTynHO B 2-NOPTOBbIX aHan13aTopax Lenei ¢ onuueit 224 (BTOPOl BHYTPEHHWIA MCTOYHIK, CyMMATOP W
MexaH14eckue KoMMyTaTopbl ANs 2-NOPTOBOrO U3MepUTeNbHOro 6noka) 1 B 4-NopToBbIX aHanuaaTopax Lenei ¢
onuyuen 423 (cymmaTop 1 MexaHu4eckue KOMMyTaTopbl Ans 4-nopToOBOro M3MepUTenbHoro bnoka)
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Ha pucyHke 2 nokasaHa ynpoLLeHHas ycTaHoBka Ans uamepenus VIMK, otobpasaroluas
obnacTv norpeLUHOCTER M3MEPEHNI, KOTOPLIE Mbl 0BCYAUM B JaHHOM JOKYMEHTE.

B Tabnuue 1 nepeyncrieHbl OCHOBHbIE UCTOYHWKM MOTPeLLHOCTE npu namepeHn MU
C NOMOLLbI0 YCTAHOBKM, NOKa3aHHOM Ha PUCYHKE 2.

Mo6oyHble CnekTpasnbHble CoCTaBnsoLMe
e
— T~
TapMOHWKM

UCTOYHMKE W~

| MK
( :: ) NpUéMHMKa
MepekpécTHas T | | | | /

MOAYNALNS \ %yong::moxoro
UCTOYHUKA >

{r NpUéMHMKa

|

@..__I.. I LLym Hu3koro

npuémHinka

PucyHok 2. YnpolueHHas CTpyKTypHas cxema ByXTOHanbHOro uamMepenus, otobpaxatolas obnacti norpeluHocTei
13MepeHuit, paccmMaTpuBaeMbiX B JaHHOM A0KyMeHTe. 3aTeHéHHble 06nacTv pacnonoxeHbl BHyTpY aHanuaatopa
uenen PNA-X.

Tabnuua 1. UcTouHukn norpelsHocTen npu namepernn AMA

Oco6eHHOCTM paboTbl UCTOYHMKA

FapMOHMKM NCTOYHMKA: BTOPAs rapMOHMKA HIMKHETO BOKOBOrO TOHA MOXET CMeLLNBATLCA

C BEPXHUM BOKOBBLIM TOHOM BHYTPM TECTUPYeMOro ycTporicTsa (TY), cosgaBas curHan Ha Toi xe
CaMoW 4acToTe, YTO 1 MHTEPMOAYNALMOHHAS COCTaBNSIOLLAR, KOTOPas ABNSETCS HexenaTenbHoM
1 reHepupyeTcs BHYTpW TY. lMockonbky aHanusatop Leneit PNA-X umeeT npeBocxogHble
XapaKTepUCTUKN rapMOHMK UCTOuHNKa (—60 ABH npu ypoBHe MolwHocTy +10 abMm), aTa norpeLuHocTb
3a4acTyto HeaHayaTenbHa. Bbl MoxeTe 406aBUTb BHELLHWE CXeMbl unbTpaLumn Ans
AanbHENLLEro yMeHbLIEHNS BIINSHUS FapMOHUK UCTOYHMKA.

MepekpécTHas MOAYNALUMUA UCTOYHMKA: NEPEKPECTHAS MOLynALns ucTouHuka PNA-X
npubnusntensHo paeHa —90 ABH, YTo Npuemnemo Ans BonblIMHCTBA U3MepeHui. Bbl MoxeTe
[006aBUTb BHELLHWE pa3BA3bIBAIOLLME YCUNUTENM UK LMPKYNATOPbI ANs AanbHEALIEro
CHIXEHNSI NepeKPECTHO MOAYMALNS UCTOYHMKA.

MorpelHocTb YpOBHA MOLLHOCTH MCTOMHMKA: nockonbky MM yeTpolicTsa 3aBucsT
0T abCOMITHbIX YPOBHEN MOLLHOCTH, NMOrPELIHOCTY NpY 0TOOPaXEHUM YPOBHS MOLLHOCTY,
nogasaemoit Ha Bxog TY, NpuUBOAAT K MOrPELLHOCTAM U3MePEHIA UCKaXEHWA YCTPONCTBA.

Oco6eHHOCTM paboTbl NPUEMHUKA

LLlym Hu3sKoro ypoBHs unu 3¢ dekTbl ypoBHA COGCTBEHHbIX WYMOB: A5
yMeHbLLEHWS! OLWMBOK, 0BYCMOBNEHHbIX LLIYMOM HI3KOTO YPOBHS, MOXHO YMeHbLMTb nonocy MY
(nomnoca YacToT U3MEPeHUs) N BENMYMHY Koadh(buLmMeHTa OcriabneHnst MpuéMHuKa.

LLym Bbicokoro ypoBHs unu ¢a3oBbii WyM: 115 YMEHbLIEHNS LLYMa BbICOKOTO YPOBHS
MOXHO W3MEHUTb YPOBEHb MOLLHOCTW, PA3HOC YacTOT MEXAY TOHaMU UM yMeHbLLUMTb nonocy 4.

MMM npuémHuka: Touka nepecedeHus Tpetbero nopsaka (IP3) npuémHuka aHanuaatopa
uenei cepumn PNA-X npubnuantentHo paBHa +25 oM ans ypoBHS BXOAHON MOLLHOCTM -5 aBMm.
[ns ymeHbLUeHUs oLnbok, 06ycroBneHHbIX IP3 npuémHmka, MOXHO 1CMoNb3oBaTh aTTEHIATOPbI
NpUEMHWKa BHYTPW aHanuaaTtopa Lener cepun PNA-X.

Mo6oyHble cneKTpasibHbie COCTAaBNAIOLWMUE U OLUNGKHK
paccornacoBaHus

Mo6ouHble cneKTpanbHble COCTaBASAOLWME: MONb30BaTENb MOXET UAEHTU(ULMPOBATL
no6oYHbIE CEKTparbHbIE COCTABMSIOLLME W NOMbITATLCS YCTPAHUTL X NOCPEACTBOM Bbibopa
COOTBETCTBYIOLLMX YACTOT.

Owmn6KK paccornacoBaHusA: OLLNOKW paccornacoBaHns Takke BHOCAT CBOW BKNad B
MOrpeLLHOCTb NPY NPOBEAEHNM ABYXTOHANbHbIX U3MEPEHUIA. B 3TUX pekomeHaaLusx no
MPUMEHEHWIO OLLIMOKY PacCcornacoBaHUs He NCCeayTCs.
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YcnoBHble 0603HaYeHUsa/cCUMBOIbI

P () P(t2)
A A

P (2f1-f2) P (2f-f1)

T T

2,1, f, f, 2%, f,

PucyHok 3. YacToTbl, ucnonbayemble Npu ABYXTOHANbHbIX M3mepeHusx M.

f, HwxHui 6OKOBOW TOH

f, BepxHuit 6okoBo TOH

2t —f, [MPOAYKT UCKaXKeHMIA HKHEro BOKOBOrO TOHa

2f, -, TPOAYKT UCKaXeHMI BEepXHero 6OKOBOrO TOHa

P(f) YpOBEHb MOLHOCTM HIKHETO HOKOBOTO TOHA Ha BLIXOAE

P(f) YpoBeHb MOLLHOCTY BEpXHero OOKOBOTO TOHa Ha BbIXOae

P (2f,-1) YpOBEHb MOLLHOCTM NPOAYKTA UCKaXKEHMIA HYKHEro GOKOBOTO TOHA
P (2f,-1,) YpoBeHb MOLLHOCTI MPOAYKTa UCKaKEHNI BEPXHErO HOKOBOrO TOHa
N, LLlym HW3KOrO YPOBHS

N, LLlym BbICOKOrO ypOBHS

EVM Mogynb BekTopa oLwnbKm

IMD (UMW) VHTepmoZynsLMOHHOE MCKaXeHWe

IP3 Touka nepeceyeHunst TpeTbEro Nopsiaka

LO l'eTepoayuH

Bce norapudmuyeckme ypaBHEHNS CCbINAOTCS Ha norapudmbl Mo ocHoBaHuio 10.

B 9TOM [jokyMeHTe TEpMUHBI “UCTOYHMK" W “CUHTE3aTop" ABNAKOTCA
B3auMo3ameHsieMbiMu. OBa aTUX TepMUHA OTHOCATCS K BHYTPEHHUM CHTE3aTOpam
ananusaropa ueneit PNA-X.

B kauecTBe npumepa B JOKYMEHTE MCMOMb3YETCs YCUNUTENb, KOTOPbIA TECTUPYETCS
Mpy CrieaytoLwmx YCroBuUsIX:

f, =5,00001 My,
f, =5,00011 Ty
2t -1, =4,99991 Ty
2f, — 1, =5,00021 Ty
P (f,) (Bxom) =-20 gbm
P (f,) (Bbix0A) =-10 gbm

KoacpchmumeHT yeunermns = 10 gb

[MpumeyaHue: noLaroBbIe NpoLeaypb!, NPUBEAEHHBIE B AAHHBIX PEKOMEHAALNSX
no NpUMeHeHMIo, Bbinn HanucaHbl Ans aHanuaatopa uenen N5242A cepumn PNA-X ¢
Bepcvein A.07.22.01 BCTpoeHHoro nporpammHoro obecneyenns. Ecnm ucnonb3yetcs
aHanwusartop eneit cepu PNA-X ¢ apyroi Bepcuein BCTPOEHHOMO NporpaMMHOro
obecneyeHus, noLaroBble NpoLeaypbl N CHUMKW 3KpaHOB MOTYT OT/IMYaTbCA.
KoHuenwuum 1 0BLme OCHOBHbIE MPUHLMMBI OCTAKOTCS NPEXHUMU.
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OcobeHHOCTN paboThl
NPUEMHMKA

13mepuTenbHbIA NPUEMHIK BHOCUT CBOI BKNaA B TPU BaXKHbIX MCTOYHMKA OLIMGOK Npu
nposeAeHUn namepenuit M. 310 cnyyaitHblit LyM HU3KOTO YPOBHS, CryYanHbIA LWyM
BbICOKOTO YPOBHS U1 UHTEPMOAYNSALMNOHHbIE UCKAXEHUS!, FeHepUpyemble NPUEMHUKaMM
aHanusaropa uenei. MyTém onpegeneHns MHauBMAyarnbHbIX XapakTepucTuk

3TUX TPEX (hakTOPOB OLLMBOK MOXKHO BBIMUCIIUTD CYMMApHYH0 OLLIMGKY NPUEMHMKA.
Owwmbku, 06yCrnoBIEHHbIE LLYMOM H3KOTO YPOBHS! U LLIYMOM BbICOKOTO YPOBHS, MOXHO
YMEHBLUMTH NYTEM YBENNYEHUS YPOBHS MOLLHOCTM TOHA UMW yMeHbLLEeHUs norock! M4,
OpHako npobrema 3akmio4aeTcst B TOM, YTO Npy YBENNYEHUM YPOBHS MOLLHOCTM TOHa
BO3pacTaeT oLumbka, 06ycrnoBneHHas UCKaXXEHUAMM NPUEMHIKA, @ NPYU YMEHbLUIEHWM
nonocsl MY ckopocTb U3MEPEHMI yMeHbLUAETCS. Kioyom K peLleHnto 3Toi npobnembl
SBMIAETCA HAXOXAEeHMEe ONTUManbHOM YCTaHOBKM aTTeHoaTopa NPUEMHMKA, Npu
KOTOpOW ANs AaHHOM nonock! M4 MUHUManbHOM SBNseTCs CymMmmapHas olumnbka, a

He TOMNbKO OAWH U3 UCTOYHMKOB OLLINBOK. B 9TOM pasaene nNpuBOANTCS OnucaHue
MeToAa ONTUMU3aLIMN U3MEPEHUI UCKAKEHWIA 1 HAXOXKAEHNS YCTAHOBOK, KOTOPbIE
obecneymBatoT camyto BbICOKYHO TOYHOCTb B KpaTHalLLmiA CPOK.

Cny4anmHbIv LUYM HN3KOIMO YPOBHS

CriyyanHbii WymM nposiBRseTcs Mb0 Kak LLyM HU3KOTO YPOBHS, KOTOPbIN HE 3aBUCHUT OT
MOLLIHOCTY CurHana, nubo Kak LwymM BbICOKOrO YPOBHS, KOTOPbIN CBA3aH C MOLLHOCTbIO
curHana. LLym HU3Koro ypoBHS MPUCYTCTBYET BO BCEX M3MEPEHNSX C UCMONb30BaHUEM
npuémHuKa. B gokymeHTe, cogepxallemM TeXHMYeckue AaHHble aHanuaatopa Lienen
PNA-X, MOXHO HaliTV TEXHUYECKNE XapaKTEPUCTUKN YPOBHS COBCTBEHHBIX LLIYMOB,
KOTOpbIE SBASIOTCA OTOBPaKEHNEM LLyMa HU3KOrO YPOBHS. [ng ynobcTea TexHnyeckue
XapakTepuUCTUKM YPOBHS COBCTBEHHBIX LLYMOB aHanuaatopa Lenen cepun PNA-X
BOCNPOM3BEAEHbI B HUXeCTeaytoLLen Tabnuue.

Tabnuua 2. YpoBeHb COBCTBEHHBIX LIYMOB U3MepuTenbHOro nopta (Abm) aHanusatopa yeneit N5242A cepun PNA-X,
13MepEeHHbIV C MCnonb3oBaHueM nonockl nponyckaxus 10 T,

YpoBeHb COGCTBEHHBIX LWYMOB TexHuyeckas Tunosoe
usMepuTenbHoro nopta (abm) XapaKTepucTuKa 3HaueHue
(TX) (tun.)
Ot 10 go 50 My -80 -87
07150 po 100 Mry -90 -95
Ot 100 mo 500 My -104 -110
01500 My go 21Ty -114 -17
0T2p020TTyY -114 -17
0120 p0 24 Iy -110 -115

OT124 n0 26,51y -107 -113
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LLlym HK3KOTO YPOBHS MOXHO MOHU3UTL MyTEM YMEHBLUIEHUS NOMOCHI YACTOT U3MEPEHNS.
Ananuaatop uenet cepun PNA-X nmeet guanasoH nonoc MY ot 1 Ty go 600 kly'.
Monocsl yactot ot 10 'y 4o 1 KMy YacTo ucnonb3ayioTes Ans uamepeHnin M.

LLlym HW3KOrO YPOBHS HE 3aBUCUT OT MOLLHOCTI TOHA UMK pasHOCa YacToT MeXzy TOHaMK,
HO MOXET 3aBMCETb OT YaCTOTbI, HA KOTOPOI NPOBOAUTCS 3Meperue. LLlym Huskoro
YPOBHSI MOXET OblITb M3MEPEH NYTEM UCKITHOHEHNS1 060X OCHOBHBIX TOHOB Kak HU3KOM, Tak
11 BbICOKOM YaCTOTbl, M U3MEPEHIUS MOLLHOCT LLYMa Ha YacToTe npoaykTa
VHTEPMOZYALIMOHHBIX UCKAXEHWN HUKHEro 60koBOro ToHa. Ha pucyHke 4 nokasaH
pesyrbTaT U3MepeHUst Lyma HIU3KOTO YpoBHS. Mockoribky Lym Huakoro yposHs (N, )
MpOMOPLMOHareH Nofoce YacToT, Er0 MOXHO ONPEAENUTL NO creayoLLen dopmyne:

N, (abm/Ty) =10 *log (N, (MBT) - 10 * log (nonoca yactot nsmepenus (I'y))

N_(abm) =N _(abm/Ty) + 10 * log (nonoca 4acTot nsmepeHus (i)

File TracefChan Response Marker/Analysis Stimulus  Utility  Help
Channel 1 IF Bandwidth [10 Hz H
Tr 1 _B.1 LogM 10.00dBm/ -120dBm T 6.1 LinM 10.00p%/_500pW.
5000 Peak to Peak: |35.1221 dB Averaging
. Mean: 1+122.830 dB)| § L Restt
Std. Dev.: 6.19906 dB Averaging
3000 Peak to Peak: 498927 flJ Factor
Mean: 0.978395 fU P
20.00 StdBev-—~p-9448614Y on | OFF

10.00

000 J_QUWW. | MM /\ i /\UHU“VMI I"\ﬂry\ r\vu /lJ\VJ\ /I ﬁ\/ | JLVVA I\vf\f\ Ty | smosthing
O T 1l 1
LR |

-SIO.00 Ch1: Receivers Start 4.99991 GHz — — Stop 499991 GHz I

PucyHok 4. XapakTepucTiku Wwyma HU3KOro ypoBHs NPUEMHINKOB aHanu3aTopos Lienen cepun PNA-X.

1. AHanusatop uenei cepuv PNA-X no3sonsieT yctaHaBnmBatb 6oree WMpoKie NoNockl YacToT M3MEPEHMS, BINOTb
A0 5 MIy. 311 6onee WMPOKMe NONOCHI YACTOT M3MEPEHMUS HE PEKOMEHJYETCA UCMONb30BaThb NPY N3MEPEHNM
VCKaXEHNI.
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Cny4anHbIM WYM BbICOKOIr0 YPOBHS

OCHOBHbIMI UCTOYHMKaMM LLyMa BbICOKOTO YPOBHS SABNSIOTCS (Da30BbIA LLYM B
UCTOYHUKe BY-curHana v retepogmHe NCTOuHMKa. B cnyyae ABYXTOHAMbHbIX M3MEPEHUI
LLYM BbICOKOrO YPOBHS B OCHOBHOM BbI3bIBAETCS OCHOBHLIM TOHOM, Hanbonee 6nu3ko
pacnonoXeHHbIM K YacToTe M3MEPSIEMOro NMPOAYKTa MHTEPMOAYNALMOHHBIX NCKaXEHN.
LLlym BbICOKOrO YPOBHS 3aBUCUT OT PA3HOCa 4aCTOT MeXAY TOHaMMW W 4acTOTbI, Ha
koTOpoN NpoBoAUTCS U3Meperne. Owmnbka n3MepeHus, BHOCKMAs STUM TUMOM

LyMa, MOXeT BbITb CHUXEHA MYTEM YMEHbLLEHNS MONOChl YacTOT M3MEPEHUS U
YMEHbLLEHWS MOLLHOCTW TOHA. 3Ha4eHUs Ans Lyma BbICOKOrO YPOBHS MOXHO HalTh
B JOKyMEHTe, CoflepalleM TeXHNYECKMEe AaHHbIe aHanu3aTopa Lenen PNA-X.
XapaKTepuCcTUKY Lyma BbICOKOro ypOBHS NpuBEAEHb! B Tabnnue hasoBoro wyma v
Ans ygobCcTea BOCNpON3BeeHbl B HUKecrneaylolen Tabnuue.

Tabnuua 3. Xapaktepuctuku ha3oBoro Lyma MCTOYHNKOB aHanuaatopa Lenen N5242A cepun PNA-X

MopThbl 1, 2, 3, 4, BbIxoA 1 NCTOYHMKA 2, BbIXOA 2 UCTOYHMKA 2,
TUNoBble xapakTepuctuku (abH/Tu)

OTcTpovika OTcTpoiika OTcTpoiika OTcTpoiika

1kl 10 kg 100 kly 1 MIy,
07110 go 500 My -85 -85 -85 -120
OT1500 My go 1 My, -105 -115 -110 127
Ot1p02TMTy -100 -110 -105 -121
OT12p04TTy -95 -105 -100 -115
OT14 0081y -89 -100 -94 -110
OT8 016 My -83 -94 -88 -105
OT116 5o 26,5 My -78 -89 -82 -100

LLlym BbICOKOrO YPOBHS MOXET ObITb M3MEPEH MYTEM UCKMIOYEHUS CUTHaNA TOHA BbICOKOM
4acTOTbl 1 M3MEPEHNS MOLLHOCTY LyMa Ha YacTOTe NPOAYKTa MHTEPMOAYNSALMOHHbBIX
VICKaXKeHUN HKHEro 60KOBOro ToHa. Ha pucyHke 5 nokasaH pesynbTat 3TOro U3MEPEeHus.

MOCKOMbKY LLYM HIU3KOrO YPOBHSI MPUCYTCTBYET NPY N3MEPEHUM LLyMa BbICOKOTO
YPOBHS, MOLLHOCTB LLyMa HU3KOTO YPOBHS BbIYNTAETCS M3 HabmnioaaeMoro oTcyéta
MOLLHOCTM LLyMa BbICOKOTO YPOBHS ANsi MOMy4eHNst AEACTBUTENBHON MOLLHOCTY LUyMa
BbICOKOTO YPOBHSI.

N, =N, (namepenHas) (MBT) — N, (n3mepenHas) (MBT)
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3awmeTtum, 4to 06e moHocTi Wwyma N, (nsmepeHHas) u N, (13mMepeHHast) namepsaioTcs
C 1Cronb3oBaHiem oaHoi 1 Toit xe nonocsl 4. Kpome Toro, N, He MOXeT BbiTb
MeHbLLe Hyns. [10CKOMbKY LLYM BbICOKOrO YPOBHS MPOMOPLYOHANEH MOLLHOCTH
curHana, a Tatkke nonoce M4, wym sbicokoro yposHs (N,,) B eanmnuax obH/ML
onpenenseTcs cneaytoLmm obpasom:

N, (abr/Ty) =10 * log [N,, (MBT)] - 10 * log (noroca 4acToT nsmepeHus) — T, (abm),
rae T, - MOLLHOCTb TOHA, MPUCYTCTBYIOLErO NPY M3MEPEHUN LLIYMa BbICOKOTO YPOBHS.

N, (abm) = N,, (aBH/T1) + mowHocTb brivkaiiero ToHa (B Abm) + 10 * log (noroca
4acToT u3mepenus (')

Channel 1 Povier Level | -20.00 dBm H
- B.1 LogM 10.00dBm/ -120dBm Tr 2 B,1 LinM 10.00pW/ -50.0pW
-70.00 -
Peak to Peak: (30.7448 dB| || oo 1evel
8000 Mean:  +105.658 dB
Std. Dev.: |5.68293 dB Poer
-80.00 PeaktoPeak: 2844154 ON | off

I e e
AR

Attenuators...
120.00 —

130.00

Start Power
140.00
150.00 Stop Power
160.00 More M
170,00
I Chi: Receivers Start 499991 GHz — — Stop 499991 GHz
Hold CH1: B No Cor LCL

PucyHok 5. OnpefieneHine xapakTepucTyK LWyMa BbICOKOTO YPOBHS IPUEMHMKOB aHanu3aTopa Lieneit cepun PNA-X.
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NHTepMOAayNSLMOHHbIE NCKAXEHWUS, TeHepupyeMble
NPUEMHUKOM

VHTEpMOAYNALMOHHBIE UCKaXXEHMS!, TeHepUPYeMbIe B MPUEMHIKE, CXOAHbI C
NHTEPMOLYIALMOHHBIMMW UCKaXKEHNSIMU TeCTUpyeMoro ycTpolicTaa (TY) v 3aBucsT

OT YPOBHEN MOLLHOCTY TOHOB, NOAABAEMbIX Ha aKTUBHbIE KOMMOHEHTbI MPUEMHMKA.
WHTEpMOAYNALMOHHBIE UCKaXeHUs MPUEMHIKA MOXKHO BbIYMCTIUTL HEMOCPEACTBEHHO
13 3HaYEHMIA MOfjaBaEMbIX YPOBHEN MOLLHOCTY TOHOB 1 TOYKM NEPECEYEHIS] TPETHETO
rnopsiaka npuémHuka. Touka nepeceyeHist TPETbEro Nopsiaka NpUEMHIKA MOXeT
N3MEHSITbCS B 3aBUCMMOCTY OT PasHOCa YaCTOT MEXZY TOHaMM 11 YacTOTbl N3MEPEHNSI.

XOTSi OCHOBHbIMU UCTOYHWUKAMU MHTEPMOZYNALMOHHBIX MCKAXKEHWNIA MPUEMHMKA 0BBIYHO
ABMAKTCA CMECUTENb U YCUIUTENN B aHANN3aTope Lieneil, B HEKOTOPbIX CUTYaLmsIX

W Apyrve akTUBHbIE YCTPOMCTBA B @HANM3aTOpe MOTYT TakKe BHOCUTb NCKaXKEHMS,
0Cc0BEHHO €CIN YPOBEHb MOLLHOCTY, NOAABAEMOI Ha aHanM3aTop, ABISETCS BbICOKAM.
B yacTHocTH, KOMMyTaTOp Nepefaym, KOTOpbIiA MO3BONSET aHann3aTopy ObICTPO
NepeKioyaTbCs MeXay NCTOYHMKAMM CUTHAOB, NOLABAEMbIX HA Pa3nMyYHbIE NOPTHI,
MOXET reHepupoBaTb MHTEPMOZYNSALMOHHbBIE UCKaXeHUs. YToObI MCKNIOUMTL 3TO,
MOXHO YBENUYNUTL OcnabrneHne CTyneH4aToro aTTeHnatopa UCTOYHIKa Ha Bbixoae TY,
Hackonbko Heobxoaumo. Kaxable 5 b ocnabneHns ypoBHs MOLLHOCTM UCTOYHMKA
YMEHbLLAIOT HEXKENaTENbHbIN CUrHAMN MHTEPMOZYNSLMOHHBIX UCKXKEHWIA, reHEepUpyeMbIii
KoMmyTaTOpoM nepefaum, Ha 20 ab. B ocTaBLeics yacTu 3Toro 0bcyxaeHns

Mbl Byem npegnonaratb, YTO OLWMOKa, 06yCNOBNEHHAS MHTEPMOAYNSLMOHHBIMM
MCKaXEHUSIMI, TeHEPUPYEMBIMM KOMMYTATOPOM Nepefayn, ABNSeTCs He3HAYUTENbHOM.

VHTepmoaynsiumonHble nckaxenust (M) nprémHuka aHanuaatopa Lenei cepum
PNA-X MOXHO onpefenuTb nyTéM Nofgaum ABYXTOHANBHOMO TECTOBOMO CUrHana ¢
TpebyeMbIMW 3HaUYEHUSIMM YaCTOTbI U CMELLLEHWS! Ha MOPT MPUEMHMKE, U N3MEPEHUS
YPOBHEI MOLLHOCTM 060MX TOHOB M OBHOTO 13 MPOAYKTOB MHTEPMOAYMALIMOHHbIX
WNCKaXXEHMI TPETBETO Nopsiaka. Ecn ypoBHU MOLLHOCTY TOHOB HEAOCTATOUHbI A1
CO3[aHMs JOCTAaTOYHO BOMbLUNX MPOAYKTOB MHTEPMOAYTISALIMOHHBIX UCKAXEHWNNA B
NPUEMHMKe, CUrHaN MOXHO NoAaTh HEeMOCPEACTBEHHO Ha coeanHuTens “RCVR B IN”
(ecnm nopT 2 ncnonbayetcsa ans uamepenus UMW), Cnepyet ybeantscs B TOM, UTO
N3MEPSEMbIN MHTEPMOAYNSALMOHHBIA CUTHAM HEe SBNSETCS Pe3ynbTaToM NapasnTHbIX
OTKITNKOB W FTEHEPUPYETCS B NMPUEMHMKE, @ HE B UCTOYHMKAX UM cymmaTope. TouKy
nepeceyermns TpeTbero nopsaka (IP3) npuémHika MOXHO BbIMMCAIUTL C MOMOLLbIO
cregyrowen opmynbl:

IP3 (nbm) =P () + (P (f,) - P (2f, - 1,)) / 2

I'ne IP3 - Touka nepeceyerms Tpetbero nopsaka (IP3) npuémnmka 8 abwm; P (f) n P (f,) -
3MEpPEHHbIE YPOBHM MOLLHOCTY HIXHErO TOHA U BEpXHero ToHa B Abwm, a P (2f, - 1) -
YPOBEHb NPOAYKTA MHTEPMOZYNALMOHHBIX UCKAXEHWA HKHEro BOKOBOro TOHa B AbM.
MoxHO Takxke Mcnonb30BaTh MPOAYKT MHTEPMOLYNALMOHHBIX UCKaXKEHUI BEPXHETO
BokoBoro ToHa. B aTom cnyyae opmyna npuobpeTaeT cneaytoLmin Bua;

IP3 (nbm) =P (f,) + (P (f,) - P (2f,— )/ 2

Ha pucyHke 6 nokasaH pesynbTaT 9TOr0 M3MepeHus.
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File TracefChan Resporse Marker/Analysis Stimulus  Utility  Help
Channel 1 Port 1 Power Level [0.10 dBm =
T B.1 LogM 10.00dBm/ 50.0dBm

000 F\ 4.92@910%2 -55.235 dBm| | ls o
-10.00

BN —

2

—
|t

5000010 (GH=z-0/68878 dBm
/ \ £ n an ( Single
\J.U/UJﬁ\IU\ DU T Aot |
€ Groups
-50.00 / \ / \
4 Restart
-60.00 /‘
/ \ / \ Manual
70.00 Trigger

5.000110 GGHz-0,66115% dBm
-20.00
30.00 / / \
-80.00 / \ / Trigger...

N0 i A A
z—
-40.00 /
/ \ ¢ Continuous
-90.00

100.00
B Chi: Receivers Start 499981 GHz — Stop 5.00031 GHz

Hold  CH1: B1 No Cor LCL

PucyHok 6. OnpefieneHue xapakTepucTuk MHTEPMOLYNALMOHHbIX UCKAXeHNI NpuéMHMKoB PNA-X.

YpOoBeHb MOLHOCTM KaX4oro NpoyKTa MHTEPMOAYTIALMOHHBIX UCKaXEHWUA NPUEMHMKA
MOXHO BbIYMCANTb, UCNONb3Y$ IP3 NPUEMHMKA M YPOBHU MOLLHOCTEN BEPXHErO 1
HWKHEro HOKOBbIX TOHOB:

YpoBEHb MOLLHOCTM MPOLYKTa MHTEPMOZYNSLIMOHHBIX UCKaXEHWIA BEpXHero GOKOBOro ToHa
npuémHmka (0bm) = P (f,) — 2 * (IP3 npuémhuka aHanmsatopa uenen cepun PNA-X - P (f,))
YpoBEHb MOLLHOCTM MPOLYKTa MHTEPMOZYNSLIMOHHBIX UCKaXEHMIA HiKHero G0KOBOro TOHa

npuémHmka (0bwm) = P (f,) — 2 * (IP3 npnémhuka aHanmsatopa uenen cepun PNA-X - P (f,))
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CymMmupoBaHue oLnBOoK NPUEMHUKA, BbIYUCIIEHUE MOLYNS BEKTOPA
owwnbku (EVM)

Kak Torbko 3TW Tpi 3HaUeHHs! (LYM HIU3KOTO YPOBHSI, LLYM BbICOKOTO YPOBHS

1 IP3 NpMEMHIKA) CTAHOBSTCS M3BECTHbI, UX BKNaf B OLINGKY Npy M3MepeHIn
MHTEPMOZYNALMOHHBIX UCKAXKEHWUI MOXET BbITb BbIYMCIIEH ANA M0G0 4aHHON NOMOChI
MY 1 MOLLHOCTI TOHa. BeKTOpbI 3THX OLINGOK MOXHO 0GBEAUHUTL B OAMH BEKTOP
OLLIMOKM, KOTOPBI 3aTEM MOXHO VCMONb30BaTh MPY MPOrHO3MPOBaHNM MOTPELIHOCTH
ANS aHHOTO M3MepeHnst. YToBbl CAenaThb 3T0, YPOBHM MOLLHOCTY LyMa HUKHETO
YPOBHSI 11 LYMa BbICOKOTO YPOBHSI CKIaiblBatoTC.

CyMM&lpHaﬂ MOU.[HOCTb Luyma (,U,EM) = 10 * |Og (1 0 LLyM HIKoro ypoBHa (BBM)/10 4 10 LLIYM BbICOKOFO YPOBHS! (/:lBM)MO)

MockonbKky LLyM SBNSETCS CITy4aiiHbIM CUrHASIOM, Mbl TOMBbKO C OMPEeLenéHHON
[OCTOBEPHOCTBI0 MOXEM CKa3aTb, YTO MOTPELLHOCTb, 0BYCIOBMEHHas LyMOM, ByaeT
OrpaHn4eHa HeKoTopol BennumHoi. [lo6aBnsis 6 b K CyMMapHON MOLLHOCTY LyMa,
Mbl NOJSTY4MM MUKOBBIV CUrHAN OLUMBKM LyMa, KOTOPbIN MOXHO UCMOMb30BaTb Al
MPOrHO31POBAHIS MOPELLHOCTY M3MEPEHMS C JOCTOBEPHOCTHI0 99,7%.

OpHako, curHan NHTEPMOAYNALUNOHHbBIX UCKXKEHWI, reHepMpyeMblﬁ I'IpMéMHI/IKOM,
npeacraBnAaeT cobon BEKTOP Ha TOW e Camoil YacToTe, YTO W CUrHan, KOTOprl7I Mbl
XOTUM U3MEPUTD. HaMxyp,Luyro NOrpeLUHOCTb, BbI3BaHHYK 3TUM BEKTOPOM, MOXHO
BbIYMCIUTb, UCMOJTb3YA OTHOCUTENBbHYHO aMnnnTyay CurHana OLMBKM 1 M3MepH6MbIl7I
CurHarn.

[MWKOBbIA CUTHAM LLYMa U CUrHan MHTEPMOLYNALMOHHBIX UCKaXKEHMIA MPUEMHIKA
CYMMUPYIOTCS, 4TOObI MOMY4MUTb CUrHAN BHOCUMOI OLINGKM, KOTOPbI MOXET
paccmaTpuBaTbCs B Ka4eCTBE BEKTOPA OLWMOKM ANS BbIYMCIEHNS HANXYALLMX
MOrPELLUHOCTEN M3MEPEHNS C AOCTOBEPHOCTBIO, MpMbnmuanTensHo pasHoit 99,7%. Mei
Oynem HasbiBaTb 3TO MOZyneM BekTopa owwmbkn (EVM).

EVM (,U,BM) = 20 * |Og (1 0 CUTHan UHTEPMOAYTALMOHbIX UCKEXeEHM NPUEMHUKAI20 4 1 0 (cymmapHasi MOLLHOCTb Lyma + 6)/20)

3ameTuM, YTO 3TO BbIYMCIIEHIE NPEANoNaraeT UCTONb30BaHNe Hauxy /el hasbl Ans
OLLMOKM, 0BYCIOBMEHHON MHTEPMOAYNALMOHHBIMU UCKaXeHUAMM NpUéMHMKa. [ns
(hMKCMPOBAHHOM KOMBWHALMN YPOBHE MOLLHOCTY TOHOB YacTo YAOBHO BblpasuTh
MOZyTb BEKTOPa OLIMBKM OTHOCUTENBHO BRKaiilLero TOHa:

EVM (gbH) = EVM (gbm) - MOLLHOCTb ToHa (GrvpkaiLuiii ToH) (abm)
(Bns LaHHOTO CoYeTaHus! YpOBHEI MOLLHOCTY TOHOB W nonock M)

B cregytoer Tabnuue nokasaHbl MOrPeLIHOCTY M3MEPEHNI (C JOCTOBEPHOCTHIO 99,7%)
[NS HECKONbKIX 3Ha4eHnn EVM 1 curHanoB MHTEpMOZYyNALMOHHBIX UCKaxeHui TY.

Tabnuua 4. MorpeluHocTn n3mepeHrus, obycnosnexHble EVM npuémnuka (ab) (aoctoBepHocTb 99,7 %)

3aBUCUMOCTb UHTEPMOAYNSALMOHHbIX UCKaXKeHUn TY
OT ypOBHEMN MOLHOCTU TOHOB (ABH)

EVM npuémnuka (abH) -30 -40 -50 -60 -70 -80
-60 0,28 0,90 3,2

-70 0,09 0,28 0,9 3,2

-80 0,027 0,09 0,28 0,9 3,2

-90 0,009 0,027 0,09 0,28 0,9 3,2

-100 0,009 0,027 0,09 0,28 0,9
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TpakTbl npuémuukal/ly

BHyTpeHHuI

BHeLLHuit

[Mpumep n3mepeHus

B kauecTBe npuMepa onpefeneHns xapakTepUCTUK NPUEMHMKA U BbIYMCTIEHMS!
EVM 6yayT onpenenstbCst XapakTepucTuki aHanusatopa uenei cepun PNA-X

Ans npoeefeHust nameperuin UMW npubnuantensHo Ha yactote 5 Ty ¢ pasHocom

yactoT mexzay ToHamm 100 k. B npouecce onpefeneHus BCex XxapakTepucTuk
Ba)KHO COXpPaHsiTb 0OLLYO OMOPHYH TOUKY AMNst U3MEPSIEMbIX YPOBHEN MOLLHOCTU. [Mpu
onpefeneHun xapakTepucTuk aHanusaropa Leneit cepum PNA-X pekomeHayetcs,
4T0ObI KanMbpoBKa NPMEMHMKA NMPOBOAMIACH 1 UCMONL30BaNack C YCTaHOBKOI
ocnabneHus aTTeHioaTopa NpuémHuka, pasHoi 0 b. B aToM cryyae Bce OTCHETHI
YPOBHEI MOLYHOCTM BYZyT OTHOCUTLCS K SKBUBANIEHTHOMY YPOBHIO MOLLYHOCTY Ha
BX0Ze€ KannbpoBaHHOO 13MepUTENbHOTO NopTa, AaXe eChv CUrHan BO BpeMst
onpefeneHus XapakTepucTuk B AENCTBUTENBHOCTYM NOJAETCS HA BXOA NPUEMHMKA.

Kpome Toro, BO Bcex cryyasx npu onpeLeneHun XxapakTepucTuk 1 npoBeseHum
U3MepeHuit crieyeT ycTaHaBnMBaTh NPUEMHIKM aHanu3aTopa Lenen cepun PNA-X
LN UICNONb30BaHMs TpakTa ¢ KBapLeBbIM unbTpoM (y3kononocHoro Tpakta) (NBF),
a He CTaHgapTHoro wipokononocHoro Tpakta (WBF). Ytobbl BbiGpaTh TpakT ¢
KBapLeBbIM (UNbTPOM, UCToNb3yiTe ynpaeneHue ot MK ¢ onepaLmnoHHoON crcTemoi
Window no uHtepdeiicy GPIB v Beegute cnegytoLLyto komaHay Ha s3bike SCPI.

SENS:PATH:CONF:ELEM “IFSIGPATHALL “,"NBF”

9 My

TTp Cenexropsl 10,7 My,

kLIOC

5

H H
T T T T T P P T P EEmEEERaIRREREEAEEEETEEY

|

PucyHok 7. Mpyu npoBeAeHNM BCeX M3MEPEHMIA UCKaXEeHMI PEKOMEHAYETCS NCMONb30BaThb TPaKT C KBapLIEBbIM
hUNbTPOM MMM Y3KOMONOCHBIN TPaKT aHanu3aTopa Leneil cepun PNA-X, n3o6paxé&HHbIi Ha aTom pucyHke kak NBF.

Mepen onpeaeneHem xapakTepuCTVK UCTOYHUKA U MPUEMHIKA Mbl Moakmioyaem TY,
4TOObI YCTaHOBIUTH TECTOBbIE CUrHAIbI aHann3aTopa Lenei B COOTBETCTBUM C
3afaHHbIMU TpeboBaHMaMN. CKOH(MIypUpyITE aHanu3aTop Lieneii 4ns MCnonb3oBaHus
BHYTPEHHErO CyMMaTopa W yCTaHoBuTE Tpebyemble 3HAYEHNS! B ANANOroBbIX OKHax
Power and Attenuators (ypoBHM MOLLHOCTH 1 aTTeHroatopsl) u Frequency Off-

set (cmeLeHue YacToTbl) (cM. pucyHkn 8, 9 1 10). amepbTe YpOBHM MOLLHOCTH,
1cnonb3ys rpadovk B, unm npuémunk B, ecnn TY nogkntodeHo mexay noptamm 11 2.
YPOBHI MOLLHOCTY TOHOB ¥ MPOZYKTOB MHTEPMOAYMALMOHHBIX MCKXKEHWA MOTyT ObITh
CYMTaHbI MO NOKA3aHWAM MapKepOB, XeNaTenbHO, ANCKPETHBIX MapkepoB, 4Tobbl ObiTb
YBEPEHHbBIMI B TOM, YTO M3MEPSIKOTCS [ENCTBUTENBHO TOHI.
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PaccmatpuBaemblit 30eCh yeunuTenb TECTUPYETCS NPU CReaYHLLUX YCIOBUSX:

f, =5,00001 Iy

f, =5,00011 Ty

2f —f,  =4,99991 Ty

2f,—f, =5,00021 Ty

P(f) =-10 obm (BxoaHas moLHocTb: —20 AbM, koadhduumeHT yeunenus: 10 ab)

Path Configuration - Channel 1 . X

Port 4 Bypass Switch

33 5a| C RearPanel @‘
|
(& Thru Path

Rear
PanelLoad Port 3 Bypass Switch @ o
g : = =G

(" Thru Path
oy

(e Combiner Path
Rear Panel s

Port 1 Reference
Mixer Switch

Combiner
Normal

(— Reversed

ow Bnd |} OUT1
Hi Pwr
W
Filtered
(DO

(e Combiner Path
(" Thru Path

/

(Connect DUT input port o PNA port 1 and DUT output port to PRA port 2,

- oK | Cancel Help

PucyHok 8. YcTaHoBKa KOH(MrypaTopa TpakToB HaCTPOEHa AN NPOBEAEHNS ABYXTOHANbHbIX N3MEPEHNI.

H Frequency Offset: Channel 1 ] X|

v Frequency Offset (OM/OFF)

Mode Sweep Type Settings
Primary Linear Frequency 4,9993100000 GHz - 50003100000 GHz, 11
Source Un-Coupled  [Linear Frequency 5.0000 100000 GHz - 5.0000 100000 5Hz
Receivers |Coupled Linear Frequency 4.9398 100000 GHz - 5.0003 100000 GHz
Source? |Un-Coupled |Linear Frequency 50001100000 GHz - 5.0001100000 GHz

—E-dis Display
Annotation Receivers - | I_ H=fyis Paint Spacing

0K I Canicel Help

PucyHok 9. MeHto cmeLLeHnst 4acToTbl CKOHUTYpUpPOBaHO TakMM 06pa3oM, 4To ncTouHmk 1 (Source) yctaHoBneH
Ha 3HaueHue yacToThbl f1, paBHoe 5,00001 'L, a uctouHuk 2 (Source2) - Ha 3Ha4eHue YacToTbl f2, pasHoe 5,00011 Ty,
a NPUEMHNK - ANS CBUMNPOBAHNS B LUMPOKOM AManasoHe, JOCTAaTOYHOM ANS 0OXBaTa BCEX YETbIPEX TOHOB.
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Il Power and Attenuators: Channel 1

[v" Power ON (All Channels) [ Port Powers Coupled
Name State Port Power |Start Power |Stop Power |Auto Range |Atten. Control |Leveling Mode
Port 1 on 20,00 dBr |-10.00 @B |0.00 dBm el 10.00 B Tteral
Port 2 OFF -20.00cBm  |-10.00 dBm 0,00 dBrm v 10.00 4B Internal
Port 3 OFF -20.00 dBm |-10.00 dBm 000 dBm Il 10.00 dB Internal
Port 4 QFF -20.00cBm  |-10.00 dBm  |0.00 dBm v 10,00 dB Internal
Port 1 Src2 (0N -20,00dBm |-10.00cdBm 0,00 dEm v 10.00 dB Internal

I™ Channel Power Slope | 0.0 dB/Ghz E Receiver Attenuator... | Path Configuration...

OK Help

PucyHok 10. YcTaHOBKM ypOBHE MOLLHOCTY B AManoroBom okHe Power and Attenuators (ypoBHM MOLHOCTH 1
aTTeHoaTopbl). Bo Bpems nameperus UMW BkntoveHbl 06a MCTOYHMKA.

MsmepeHme LymMa HM3KOro ypoBHA

MMocne kanMbpoBKM NPUEMHIKA 3MEPSIOTCS LUYM HIU3KOTO YPOBHS, LLIYM BbICOKOTO
ypoBHS 1 IP3 npuémHuka. Boikntoume 06a NCTOYHMKA 1 YCTAHOBMB NPUEMHUK ANs
N3MEPEHIS HKHETO BOKOBOMO TOHA, Mbl U3MEPSIEM LLYM HWU3KOTO YPOBHS!

(cm. pucyHkm 11, 12 1 13).

M Frequency Offset: Channel 1 X|

[+ Frequency Offset (OM/OFF)

Mode Sweep Type Settings
Primary Linear Frequency  ¢14.9999100000 GHz - 4,9999100000 G@
Source Un-Coupled  |Linear Frequency 5, 0000 IO Gz =S oo TO0000 Hz
Receivers |CoLpled Linear Freguency 4,9999 100000 GHz - 4,9999 100000 GHz
Source2 |Un-Coupled  |Linear Frequency 50001100000 GHz - 5.0001 100000 GHz

— X-iis Display

Annatation Recaivers - l [ - Paint Spacing
Ok I Cancel Help

PucyHok 11. MeHto Frequency Offset (CMeLLieHMe 4acTOTbl) CKOHGUIypUpOBaHO Takum 06pasom, 4To NPUEMHUK
13MepSIeT NPOAYKT NHTEPMOAYNALMOHHBIX MCKaXKEHMIA HUKHEro BOKOBOTO TOHA. YCTaHOBKa YacTOT 1S 9TUX ABYX
MCTOYHIKOB HE MeeT OTHOLLEHNS K Aeny, Tak kak 06a MCTOUHMKA BbIKMIOYEHbI (CM. PUCYHOK 12, yCTaHOBKM ypoBHEN
MOLLHOCTY B AnanoroBom okHe Power and Attenuators).

I Power and Attenuators: Channel 1 4 b4
[ Power ON (All Channels) [ Port Powers Coupled
Name State Port Power (Start Power (Stop Power |Auto Range |Atten. Control |Leveling Mode
Port 1 OFF -20000dBm (-1000cBm  (0.00 dBm v 10,00 ¢B Internal
Port 2 OFF -20000dBm  [-1000cBm  (0.00 dBm v 10,00 ¢B Internal
Port3 OFF -20000dBm (-1000cBm  (0.00 dBm v 10,00 B Internal
Port 4 OFF -2000dBm [-1000cBm  (0.00 dBm v 10,00 B Internal
Port 1 Src2 |OFF -20,00dBm |-10.00cBm  |0.00 dBm v 10,00 dB Internal
I™ Channel Power Slope | 0.0 di3/Ghz E Receiver Attenuator... | Path Configuration... |
(0].4 | Help |

PucyHok 12. YcTaHOBKM ypoBHeW MOLLHOCTY B AnanoroBom okHe Power and Attenuators (YpoBHI MOLYHOCTM 1
aTTeHaTopbl). Bo BpeMst 3mMepeHus LWyma H3Koro YpoBHst 06a MCTOUHMKA BbIKMIOYEHBI.
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File Trace/Chan Response Marker/Analysis Stimulus  Utility  Help
Channel 1 IF Bandwidth [ 10 Hz H -
Tr 1 _B.1 LogM 10.00dBm/_-120dBm T .1 LinM 10.00pW/_50.0pW

5000 Pea 35.1221 dB Averaging
1122.830 dB Restart
619906 dB Averaging

40.00

3000 Pea 498927 U _ Factor |
i« 0.978395 fUA | Averaging

20,00 B on | OFF

10.00

%WA e A vu\whwu VW\VA o

ot m/“'h/“r \V) A T ‘“ﬂwr\j I

20,00

V | .

2000 Bandwidth

-40.00

-50.00

B Ch1: Receivers Start 499991 GHz — — Stop 4.99991 GHz

PucyHok 13. Pe3ynbTaTbl M3MepeHus LyMa HU3KOrO YPOBHS.

LLym Huskoro ypoBHs = 0,97 BT
N, (abm/Ty) =10 *log (N, (MBT) - 10 * log (nonoca yactot nsmepenms (I'y))
N_=10"log (0,97 x 10-"%) - 10 =-120,1 - 10 = -130 gbm/Ty

[MpumeyaHve: Ans U3MepeHns LWyma Mbl UCNONb3yeM CPEAHee 3HaYeHe rpaduka.
TOYHBIA METOA M3MEPEHINS CPELHETO 3HAYEHNS 3aKMOYaETCs B MCMONb30BaHNM
chopmaTta nuHenHon amnnuTyapl. Ecnv ncnonb3oBath cpegHee 3HayeHue B hopMare
norapueMUYeCcKoi aMmnaMTyAbl, TO 0BHAPYXUTCS, YTO OHO NPUBAN3MTENBHO Ha 2 Ab
Bonblue, YeM cpegHee 3HayeHne B popmate NuUHENHOM aMmnnuTyabl. B atom npumepe
0,97 BT cooTBeTcTBYET 3HAUYeHMO —120 ABM, 4TO NpUbnM3MTENBLHO Ha 2 AB GonbLue,
YeM cpefHee 3HayeHue B hopmare norapumMmYecKorn amnnuTyabl, pasHoe —122 obwm.
TouYHOE M3MepeHHe - 3T0 TO, KOTOPOE COOTBETCTBYET M3MEPEHUIO B hopmaTe
nuHenHon amnnutyapl (Lin Mag) (nokasaHo kak rpadmk 2 (Tr 2) Ha pucyHke 13).

3HayeHme LLyMa HU3KOrO YPOBHS MOXHO TakKe HanTu B BOKYMEHTE, COOepaLlem
TEeXHUYecKne faHHble aHanuaatopa ueneit PNA-X, B pasgene, NOCBALLEHHOM YPOBHIO
COBCTBEHHbIX LLYMOB M3MEPUTENBHOTO NopTa. Tunosoe 3HayeHue ansg PNA-X
coctasnset —117 obm npu nonoce MY 10 Iy, nnun =127 gbm/Ty. OHo sBnsieTcs
Brm3KkuM K Halwemy n3mepeHHoMy 3HadveHno —130 gbmiu,
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MsmepeHme LymMa BbICOKOIo YpOBHA

LLlym BbICOKOrO YPOBHS Ha YacTOTE NPOAYKTa MHTEPMOLYNSLIMOHHBIX NCKaXEHUIA
HIXHEro BOKOBOrO TOHA U3MEPSIETCS NYTEM BbIKITIOYEHNSI BEPXHETO TOHA W YCTaHOBKM
4acToTbl NPUEMHIKA Ha YaCTOTY NPOLYKTa UHTEPMOZYNALMOHHBIX MCKaKEHWIA HKHETO
B0OKOBOr0 TOHA NpU MCMOMNb30BaHNUK HyneBoi nonockl 063opa, 201 Toukn 1 nonocs M4
10 u. MoxHo ucnonb3oBaTh 1 Gonee LUMpOoKWe NOMOChI YacToT U3MepeHNs 1 Gonee
BbICOKME YPOBHU MOLLHOCTU, MOCKOMbKY OHW HOPMarnu3ytoTes B ypaBHeHWM. [ins
ONMMUCaHNS LyMa BbICOKOTO YPOBHS MCMOMb3YIOTCS €AMHULGI 3MepeHust ABH/TL. Mpu
M3MEPEHUN MOLLHOCTM LyMa CpefHee 3HadeHue 0TobpaxaeTcs C MOMOLLbIO (hyHKLMN
CTaTUCTUYECKWX AaHHbIX rpadpuka, KoTopas MOXET CNonb3oBaThCs C hOpMaToM
oTOBpaxeHUs NMHeNnHOM amnnuTyabl. Cxema 4ns 9T0ro U3MepeHus BbINOMHAETCS
nyTéM COEAMHEHNS UCTOYHMKA U NpUEMHIKa (MopT 1 coeauHseTcs nopTom 2), 6e3 TY
(cm. pucyHku 14, 15 1 16).

M Frequency Offset: Channel 1 i X

[v Frequency Offset (ON/OFF)

Mode Sweep Type Settings
Primary Linear Frequency 4,9999100000 GHz - 4,9999100000 GHz, 201
Source Un-Coupled  |Linear Frequency 5.0000 - 0 GHz
Receivers |Coupled Linear Frequency 4.9999100000 GHz - 4,999 IOOW
Source2 |Un-Coupled  |Linear Frequency 5.0001 100000 GHz - 5.0001100000 GHz

—X-Axis Display

Annatation Rersivers Ll [~ | 3=pxie Point Soacing

OK I Cancel Help |

PucyHok 14. MeHio Frequency Offset (cMeLyeHue 4acToTbl) CKOHUTYPUPOBAHO TakiM 06pa3oM, YTO UCTOYHMK (Source)
yCTaHaBNMBAETCS Ha 4acTOTY HIKHEro GOKOBOro ToHa f1, @ NPUEMHIK - ANs U3MEPEHUS NPOAYKTa UCKKEHMI HUKHETO
6okoBoro ToHa 2f1 - f2.

Il Power and Attenuators: Channel 1 ‘ X
[+ Power ON (All Channels) [+ Port Powers Coupled
Name State Port Power (Start Power |Stop Power |AutoRange |Atten. Control |Leveling Mode
Port 1 aM -20.00 dBm  (-10.00dBm  |0.00 dBrm [ 10,00 dB Internal
Port 2 CFF -2000 dBm  (-10.00dBm  |0.00 dBm v 10.00 dB Internal
Port 3 CFF -2000 dBm  [-10.00dBm  |0.00 dBm v 10.00 dB Internal
Port 4 CFF -2000dBm  (-10.00dBm  |0.00 dBm Ica 10.00 dB Internal
Port 1 Src2 |OFF -20.00 dBm  [-10.00dBm  [0.00 dBm v 10,00 dB Internal
I ghannel Power Slope, | 0.0 dB3/Ghz iZI Receiver Attenuator ... | Path Configuration... |
0K Help |

PucyHok 15. YcTaHOBKM ypoBHE MOLLHOCTY B AnanoroBom okHe Power and Attenuators (ypoBHM MOLLHOCTH 1
aTTeHaTopbl). Bo BpeMs n3amMepeHns Lwyma BbICOKOrO YPOBHS BEPXHUI GOKOBO TOH BbIKMIOYEH.
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File TracefChan Response Marker/Analysis Stimulus Utility  Help
Channel 1 Power Level |-20.00 dBm &l
T £.1 LogM 10.00dBm/ -120dBm Tr 2 B,1 LinM 10.00pVW/_50.0p¥
7000 Peak to Peak: |30.7448 dB| || aer tevel
80,00 Mean:  +105.658 dB
Std. Dev.: |5.68293 dB Power
-90.00 Pe aK: 28F T ON | off
| ( Mean: | 50.4215 f
100.00 ] \H : ”U‘H” 'VA M\M{*\ \ — SLITCE) L Power...
O St e i | ——
v V V \[ v v W V V Attenuators...
120.00 — V
130.00
Start Power
140.00
150.00 Stop Power
160.00 More »
170.00
. Ch1: Receivers Start 499991 GHz — — Stop 4.99991 GHz
Hold CH1: Bl No Cor LCL

PucyHok 16. PeaynsTaTbl M3aMepeHms LWyma BbICOKOTO YPOBHS.

Otobpaxaemblit LLyM BbiCOKOro ypoBHs = 50,4 BT

N, = N, (namepenHasq) (MBT) — N, (n3mepenHas) (MBT)

N, = 50,4 dBT - 0,97 hBT = 49,4 BT = 49,4 x 10-2 MBT
N, (aBH/Ty) = 10%log (N,, (MBT)) — 10 * log (noroca yacTot nsmeperis) — T, (abm)
N,, (aBH/Tw) =-103 10 - (-20) = —93 ABH/TY

3HayeHwe Lwyma BbICOKOTO YPOBHS MOXHO Talkoke HalTW B JOKyMEHTe, Coaepxallem
TEXHWYECKNE AaHHble aHanu3aTopa uenen PNA-X, B pasgene, noCBALEHHOM
tbazoomy Luymy. Tunosoe 3HaveHune ans PNA-X coctasnsiet —94 obH/lu. U B aTOm
Ccnyyae OHO ABMSAETCS 6r3KNM K HaLLEMy U3MEepPEHHOMY 3HaueHno =93 ABH/T L,
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I3mepeHne MHTEPMOZYNALMOHHBIX UCKaXEHUI NPUEMHMKA

3aTem Mbl M3MepsieM MHTEPMOAYNSLMOHHBIE UCKaKEeHs IPUEMHMKA aHanuaaTopa
uenen cepum PNA-X. Cxema Ansi 3TOr0 M3MEPEHNs BbIMONHAETCS MyTEM COEAMHEHNS
NCTOYHWKA U NPUEMHMKA, @ TECTOBbIE CUrHarbI aHanu3aTopa KOH(UIypupyTCs Takim
e cnocobom, kak v npu yCTaHOBKE NapamMeTpoB U3MepeHns TY, 3a UCKIOYEHNEM
TOro, YT0 TY He noakmoyaeTcs. B aTomM npumepe Mbl JOMKHbI ObInK yBENUYMTL
ypoBeHb MoLHocT ¢ —20 8o 0 4BM, 4To6bl MOXHO ObIN0 M3MEPUTL NMPOAYKTHI
nckaxeHui. Mpn ypoBHe BxogHoi mowwHocTn —20 AbMm (Tpebyemblit ypoBeHb
MOLLHOCTI, MofiaBaeMoit Ha TY), NpoayKTbl UCKAXeHW NpuéMHMKa Oblnm Obl 6rnakm
K YPOBHIO LLyMa, U X TPYAHO 6bino Bbl M3mepuTb. [103TOMY Mbl YBENMYUIM YPOBEHD
moLHocth o 0 abm.

H Frequency Offset: Channel 1 X|

[v Frequency Offset (OM/OFF)

Mode Sweep Type Settings
Primary Linear Freguency 4,9998100000 GHz - 5.0003100000 cHz, 11
Source Un-Coupled  |Linear Freguency 50000100000 GHz - 50000100000 GHz
Receivers |Coupled Linear Freguency 4.9998 100000 GHz - 50003100000 GHz
Source2 |Un-Coupled |Linear Frequency 5.0001100000 GHz - 5.0001100000 GHz

—¥-axis Display
Annotation Receivers LI I_ Hfyis Point Spacing

K I Canicel Help

PucyHok 17. YctaHoBka napameTpoB B MeHto Frequency Offset (cMeLyeHre YacToTbl) Ans uaMepeHuns
VHTEPMOLYNALMOHHbIX UCKAXEHWUI NPUEMHMKA.

Il Power and Attenuators: Channel 1 : b4
[+ Power ON (All Channels) [+ Port Powers Coupled
Name State Port Power |Start Power |Stop Power (Auto Range |Atten. Control |Leveling Mode
Port 1 OM -20,00 dBrm |- 10,00 AR 0.00 dBm [ 10,00 B Initernal
Port 2 QOFF -20.00 dBm  |-10.00 dBm 0.00 dBm [ 10,00 dB Internal
Port 3 OFF -20,00 dBm  |-10.00 dBm 0.00 dBm [ 10,00 g Initernal
Port 4 QFF -20,00 dBm  |-10,00 dBm  |0.00 cdBm 2 10,00 8 Internal
Port 1 Src2 |ON -20.00 dBm  |-10.00cBm  |0.00 dBm 12 10,00 dB Internal
[™ Channel Power Slope | 0.0 dB/Ghz E Receiver Attenuator ... | Path Configuration... |
oK | Help |

PucyHok 18. YcTaHoBKa ypOBHE MOLLHOCTY ANSt UI3MEPEHNS MHTEPMOLYNALMOHHbIX NCKaxeHuit npuémHnka. Oba
MCTOYHIKA BKMIOYEHDI, Kak 1 NPOBEieHM CTaHfapTHOro namepenns MU,
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File Trace/Chan Response Marker/Analysis Stimulus  Utlity Help
Channel 1 Port 1 Power Level |0.10 dBm tl
T ©.1 LogM 10.00dBr/_500dBm

000 fi?\ 1: | 4.999910 GHz -55.235 dBm| | B e
1000 2: | 5000010 GHz-0/68878 dBm

[[13: | 5.000110 GHz-066115 dBm| [FECS
2000 / y 5.0[,34\10 GHz —54-019-dBm g
-30.00 / \ / \ T Groups
-40.00 / \ / \ ¢ Continuous
-50.00

IARARN
AT -
1Y s |

-90.00

100.00

I Chl: Receivers Start 4.99981 GHz — Stop 5.00031 GHz

Hold  CH1: B Mo Cor LCL

PucyHok 19. PesynbTaThl U3MepeHus NHTEPMOAYNALMOHHbIX MCKaXEHNA NPUEMHMKA.

P(2f,-f) =-55,2 nbm
P(f,) =-0,6 nbm
P(f,) =-0,6 nbm
P(2f,-f) =-54,0 nbm

WUcnonbays P (2f,—f,), nonyunm sHaverme IP3 npuémnmka:

IP3 npuémtuka PNA-X (abwm) = P (f,) + (P (f,) - P (2f, - 1)/ 2)
=-0,6 +(-0,6 - (-54,0)) / 2
= 26 obm (0THOCUTENBHO NopTa 2)

Bo Bpems nybrvkaLmm aTuX pekoMeHgaLmii no NPUMEHEHMIO B OKYMEHTe, CofepXallem
TEXHUYECKVE AaHHble aHanu3aTopa Lenen PNA-X, 3HaueHst IP3 He Obinu npeacTaBneHbl.
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BKJ‘IaLI, lyma B OLIMOKM BO BpemMsa N3MepeHns

Ecnm namepenus nposoastes ¢ nonocoi M4 10 My, ypoeHeM BxoaHomn motwHocTv —20 Abm
[OJ151 OCHOBHbIX TOHOB (YPOBEHb BbIXOAHOM MOLHOCTY —10 1BbM Anst OCHOBHbIX TOHOB),
TO OLLMOKM MOTYT BbIYMCIIEHBI CrieaYHoLLMM 06pa3oMm:

N, (abm) =N _(abwm/Tu) + 10 * log (moroca 4acTot nsmepeHns (i)

N, (aBm) = -130 + 10 * log (10) = =120 abm

N, (abm) = N,, (abH/l1) + mowiHocTb brivkaiiero ToHa (B Abm) + 10 * log (moroca
yacrtot usmepenus ('y))

N, (gBm) =93 + 10 + 10 log (10) = -93 aBMm
CyMMapHaﬂ MOLHHOCTb LlJyMa (,D,EM) = 10 * |Og (10 LLyM HI3KOro ypoBtsl (ABM)/10 4 10 LLIYM BbICOKOTO YPOBHS! (/JEM)/WO)

CymmapHas MoLLHOCTb LymMa (aBbM) = 10 * log (10 ~120110+ 10-%310) = —93 nbm (hasosbii
LLYM WITK LLYM BEPXHETO YPOBHS! - OCHOBHOI UCTOYHMK LLyMa B 3TOM U3MEPEHNM)

Onpegenenne EVM:

[Mocne Toro kak IP3 npuémHMKa 1 cyMMapHas MOLLHOCTb LLyMa onpeaeneHbl, MOXHO
paccuntate EVM ans KOHKPETHOro CodeTaHns YpoBHEN MOLLHOCTM TOHOB, UCMOMb3YeMbIX
B U3MEPEHUN, 1, B CBOK 04epeb, nenonbaosatb EVM ans nporHoanpoBaHms
NOrpeLHOCTM N3MepeHMs.

EVM (,D,EM) =20* |Og (1 0 IP3 npuémtmka / 20 4 10 (CyMMapHas MOLLHOCTb Luyma+6)/20)

P(f,) (TY)=P(f,) (TY)=-10 nbm

IP3 npuémHmka PNA-X = +26,0 obm

HanomHuM, 4TO MPOAYKT MHTEPMOZYNALMOHHBIX UCKAXKEHMIA BEPXHEr0 BOKOBOTO TOHa
npuémHuka (abm) = P (2f,—f,) = P (f,) - 2 * (IP3 npuémHuka PNA-X - P (f,))

P (2f,-f)=-10-2" (26 - (-10)) = -82 nbm
Takum obpasom, EVM 6ygeT pasHo:

EVM (nEm) =20 * log (102120 + 10 ¢%8+61/20) = _78 nbm mnu —68 ABH OTHOCUTENBHO YPOBHS!
moLLHocTh ToHa —10 abm.



22 | Keysight | TouHble N3MepeHNst MHTEPMOLYISAILMOHHbIX MCKAXEHMUI C NMOMOLLbI0 aHann3atopa uener cepum PNA-X, ot 10 MIwy go 26,5 iy - PekoMeHgaumm no npyMeHeHno

3asucumoctb EVM 0T ypoBHEN MOLWHOCTY TOHOB 1 nonock! MY

A3 ypaBHeHMI, NpuBEAEHHBIX paHee, icHo, 4to EVM 6yaeT npeobnagats B UM
NPUEMHIKA NPU BbICOKMX YPOBHSX MOLLHOCT/ TOHOB, @ LUYM HU3KOTO YPOBHS! - NpK
HW3KMX YPOBHSIX MOLLHOCTM TOHOB. Ha pucyHke 20 nokasaHa 3aBucumoctb EVM B gBH
OT YPOBHEN MOLLHOCTY TOHOB NS HECKONbKMX 3HaueHuin nonocel M4 npu yacToTe, Ha
koTopoi paboTaeT TecTupyemoe ycTponcTao (TY), paBHoi 5 [T, 1 pasHoce vacToT
Mexay ToHamu, pasHom 100 k. Ha pucyHke 21 nokasaH aHanoriyHbIin rpacpuk ans TY,
pabortatoLLero Ha yactote 900 MI'L, 1 pasHoce YacToT Mexay ToHamu, paHom 1 Ml
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YpoBeHb MOLLHOCTY TOHOB Ha NopTe NpuémHuka (8bm)

PucyHok 20. 3aBucumocTb Moaynsi BekTopa owmbku (EVM) oT ypoBHE# MOLYHOCTM TOHOB M nomockl MY;
TY pabotaet Ha yactote 5 Iy,
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YpoBeHb MOLLHOCTY TOHOB Ha NopTe NPUEMHMKa (AbM)

PucyHok 21. 3aBucumocTb Mozyns BekTopa owwnbku (EVM) 0T ypoBHel MOLLHOCTH TOHOB W nonockl MY;
TY pabotaet Ha yacTtote 900 MIu.

AHanuaupys BbllenpruBeLEHHbIE rpacukn, HETPYAHO 3aMETUTb, YTO NS KakaoN
nonocsl M4 umeeTcs onTUManbHbIA YPOBEHb MOLLHOCTY TOHOB.
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YcTaHOoBKa aTTeHaTopa NpuéMHuKa

anI npoBeaeHnn ABYXTOHaAlbHbIX MSMepeHMFI nonb3oBaTensm HeobXxoaMmo N3MEpPUTb
UCKaXeHUs1, co3aaBaemble TY, Npwn 3aaHHbIX 3Ha4YE€HNAX ypOBHeVI MOLLHOCTW 1
4acTOTbl TOHOB C MaKCYMarbHO BO3MOXKHOM CKOPOCTbIO 1 TOYHOCTBH). Kak 6bino
Nnoka3aHo paHee, OLMOKM I'IpI/IéMHVIKa ABNATCA QJYHKU'I/IGVI MOLLUHOCTW ABYX TOHOB.
Xotd Yy nonb3oBatend 00bI4HO HET BO3MOXHOCTM MOBbICHTb TOYHOCTb VISMGPGHMVI
nocne Toro, Kak ypoBHM MOLLIHOCTW CMUIrHanoB YCTaHOBINEHbI Ha BXoAe TY, MOXHO
HaCTPOUTb YPOBEHb MOLLHOCTW Ha BXOA4e I'IpI/IéMHVIKa I'IyTéM W3MEHEHNA HaCTPOEK
aTTeHaropa I'IpI/IéMHVIKa.

Llenbto ontummaaum owmnbok npuémHmka SBSeTCs BbIGOp YCTaHOBKM aTTeHaTopa
NPMEMHIKa, KoTopasi 06ecneynT MakcMMarnbHO BbICOKYH TOUHOCTb NpY NPOBEAEHUN
MW ons 3agaHHbIX 3Ha4eHui nonock! M4, pasHoca 4acToT Mexay TOHaMK M YacToTbl.
OTa onTuMm3aLms MOXeT BbITb OCTUrHyTa NyTéM BbluncneHns EVM B gbH ans
Ka)xQoM U3 yCTaHOBOK aTTeHKaTopa NpuéMHIKa 1 BbiIbopa Takoi yCTaHOBKM, KOTopas
[AET HanMeHbluee 3HaveHe EVM (HaumeHbluee 3HadeHve B ABH).

Hanpumep, Mbl MOXEM ONTUMK3NPOBaTH N3MepeHmne TY, paboTatoLero Ha YacToTe

5 ITw, ucnonb3ys pucyHok 20. B 3ToM NprMepe Mbl XOTUM NPOBECTU U3MEPEHME C NOMOCON
M4, paBHoit 10 'y, YpOBHM MOLHOCTY TOHOB Ha Bbixoae TY Bbinu paBHbl =10 gbm.

Ha rpacbvike Mbl BUGMM, YTO ONTUMAIbHbIE YPOBHW MOLLHOCTY TOHOB Anst nonockl MY
10 'y npubnmanTensHO paeHbl —20 4BM (4715 OTHOCUTENBHOI OLLMBKM, paBHOM —75 ABH).
lMoaTomy Ans onTMMM3aLmmn oLWMBOK NPy MPOBEAEHNN 3TOTO M3MEPEHUS CrieayeT
YCTaHOBUTL OcriabneHue aTTeHioaTopa npuémHuka, pasHbiM 10 AB'. 3a cyéT aToro
YMEHbLLAETCS YPOBEHb MOLLHOCTY TOHOB Ha BXOAE aKTMBHbIX KOMMOHEHTOB MPUEMHMKA
aHanuaatopa Lenen cepun PNA-X, Takum 06pa3om yMeHbLLIas HTEPMOZYIISILMOHHbIE
VCKaXXEHNS NPUEMHIKA. YMcnoBast MOAENb BbIMSAUT CeaytoLM 0bpasom:

YPOBHM MOLLHOCTV TOHOB, Noaasaembix Ha npuémuuk = P (f,) (TY) = P (f,) (TY) =20 abm
Mo3TOMy ypOBEHb UHTEPMOAYNALMOHHBIX UCKAXEHUA PABEH:

P (2f,-f) =-20 - 2%(26 - (-20)) = -112 ibm

MOLLHOCTb LLyMa BbICOKOTO YPOBHS TakKe CHUXAETCS.

LWym Bbicokoro yposHs = N, (abm) =-93 — 20 + 10 =-103 abm

CymMapHasi MOLLHOCTb LyMa onpefienseTcs cneayoLlm obpasom:

CymmapHas MoLLHOCTb Lwyma (abm) = 10 * log (10 20710 + 10 ~103/10) = 103 gbm

EVM BbluncnsieTcs cneaytoLym obpasom:

EVM (abm) = 20 *log (10 ~112/20 + 10 +103+6)/20) = 95 nBm unm —75 ABH OTHOCUTENBHO YPOBHS
MOLLHOCTM TOHa —20 ABH.

370 cornacyeTcs Co 3HauyeHnem rpadvika 1 npeacTaBnseT ynyywenne 8 EVM no
CPaBHEHWIO C NEPBOHAYabHOI YCTAHOBKOI.

lMpunoxexue A conepxuT psg Tabnuy, B KOTOPbIX MPUBELEHbI ONTUMANbHbIE YPOBHU
BXOZHOM MowHocTh 1 EVM ans psaga 3HaqeHnin 4acToT U3MEepPeHNi 1 pasHoca YacToT
MeXay TOHaMMU.

1. ATTeHtoaTopbI NPUEMHIKOB aHanuaatopa ueneit cepun PNA-X obecneumnsalot cymmapHoe ocnabnenue 35 nb
¢ warom 5 gb.
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YCKOpPEeHHbIN METOA;

MpenpipyLiee obeyxaeHne npegnaraet cnocob onpegenenns EVM npuémtuka c
BbICOKOM CTeNeHbI0 JOCTOBEPHOCTY AMNs KOHKPETHOW KOHUIypaLmn N3MepeHms.
OpHako, u3ydeHnue pucyHkos 20 1 21, a Taioke onbIT paboTbl ¢ aHANWM3aToOPOM Lienen
cepum PNA-X, nokasblBaet, YTo B 6OMbLUMHCTBE CRyYaeB XOpoLuve pesynbTathl byayT
nonyyeHbl, eCrn ycTaHoBKa ocnabneHns aTTeHoaTopa NpUEMHIKa paBHa YPOBHIO
MOLLIHOCTI CUrHana Ha usmeputensHom nopte nnoc 20 Ab ans nonock! M4, pasHow
10 'y, KaK NokasaHo Hke.

YpOoBeHb MOLYHOCTH CUrHANa Ha Monoca PekomeHayemas ycTaHoBka
n3meputensHoM nopte (ypoBeHb MY aTTeHloaTopa NPUEMHMKA (3HaYEHNE B
BbIXOZIHON MOLLHOCTW OCHOBHOTO cronbuye 1+ 20 gb)

TOHa)

-20 nbm 10Ty 0 nb (6e3 ocnabneHus)

-10 pbm 10Ty 10 nb

0 nbm 10 My 20 b

+10 nbm 10Ty 30 ob

+20 abm 10 Ty 40 nb (Ho PNA-X obecneunBaeTt

makcumansHoe ocnabnexue
BHYTPEHHEro aTTeHoaTopa npuémHunka
Tonbko 35 Ab; noatomy cneayet
106aBNTb BHELLHWIT aTTeHI0aTop

¢ ocnabnexvem 3 unn 6 ob un
1CNONb30BaTh BHYTPEHHWIA aTTEHI0ATOP
c ocnabnenvem 35 ab)

Kpome TOro, Ana onpegeneHns onTuMarnbHOro ypoBHA MOLHOCTI NopTa B
GonblnHCTBE Cny4yaesB MOXHO MCNonb3oBaTb Ta6n|/1uy B MPUNOXEHUN A.
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OcobeHHOoCTH pa6OTbI [1Ba BCTPOEHHbIX UCTOUHYKA 1 BCTPOEHHBIN CyMMaTOp aHanusaTopa Lenen cepim PNA-X
obecrneunBatoT BOIMOXHOCTb MPOBEAEHNS TOUHBIX 1 3thheKTBHbIX u3Mmepenuin MIA.
NCTOYHMKa UtoBbl NOHSATB BKIAZ, MCTOUHMKA B 0BecneyeHre ToYHocTv nameperuin MU, Mbl Bynem

ncenenoBatb Crneayolime TeEXHNYECKe XapakTepucTki N YCTaHOBKN MCTOYHMKA:
MOLLIHOCTb U3MePUTENbHOro NnopTa, rAapMOHUKA NCTOYHKKA U I'IeperéCTHle Moaynauuto
NCTOYHMKA.

YpoBeHb MOLLHOCTU OT UCTOYHUKOB B PeXKNUME CYMMUPOBAHUS

3HaueHns ypOBHGI?I MOLLIHOCTU Ha BbIXOA€E M3MEPUTENbHOro NnopTa B pexume
CyMMMPOBaHMA MOXHO HanTV B [OOKYMEHTE, COAepXalleM TeEXHUYECKe AaHHbIe, U
BOCMNPOKU3BOAATCA 34eCb Ans y,El,O6CTBaZ

Tabnuua 5. Makc. 3Ha4eHne perynpyemoro ypoBHs MoLLHocTH (abm), N5242A cepun PNA-X ¢ onuueit 224 nnu 423 (tun.)

AnanasoH UcTouHuk 1, UcTouHuk 1, UcTouHuK 2, UcTouHuK 2,

yacToT nopt 1, nopt 1, nopt 1, noprt 1,
pexum pexum pexum pexum

cy poBaHus, cy poBaHus, cy pPOBaHusl, CYMMMWPOBaHUs,
pexum pexum pexum pexum
dunbTpaumn’ BbICOKOW dunbTpauun’ BbICOKOW
MowHocTH' MoLHoCTH'

0710 o 50 My 7 17 -7 3

Ot 50 go 500 Mry 9 17 -5 4

010,5p03,21Ty 9 10 -5 -4

073,20010 Ty 15 2

0110 8o 16 My 11 -2

0116 8020 My 8 -4

01208024 Ty 6 -6

0124 026,50y 2 -1

B 3aBucumocTy ot Bawwmx 3agad, Bbl JOMKHbI peLnTb, Kakie YPOoBHI MOLLHOCTY Bam
HYXHbI. ECn YacToTbl ABYX TOHOB MeHbLUe, YeM 3,2 [T, Bbl LOMmKHbI onpeenuTsb,
TpebyeTcs nn ncnonb3oBaTh pexum dunbtpauuy (“Filtered Mode”) unn pexim
BbiCOKoW MowHocTy (“Hi Pwr Mode”) aHanusaTopa uenei cepun PNA-X. Kak MoxHO
CAEenaThb BbIBOA 13 CaMUX HA3BaHWUI, Pa3nuyns MEXY 3TVMM ABYMS PEXMMAMN
3aKIMHYaKTCS B YPOBHSIX BbIXOAHOM MOLLHOCTY 1 XapaKTEPUCTUKaX rapMoHVK. B pexmvme
cunbTpaumm (“Filtered Mode”) ypoBeHb rapMoHuk ByaeT He xyxe -60 LBH npu
MaKCMMasibHOM HOPMMPOBAHHOM YPOBHE BbIXOAHON MOLLHOCT. B pesxime BbICOKOA
MoLuHocTK (“Hi Pwr Mode”) ypoBeHb rapMoHUK yxyaLwaeTcs Ha 23 ABH, HO npu 3TOM
MaKCMMaslbHbI rapaHTMPOBAHHBIA YPOBEHb BLIXOAHOW MOLLHOCTY YBENNYMBAETCS

B npegenax ot 1 go 10 ab, B 3aBMCMMOCTU OT YacToTbl. [ns yacToT Bbiwwe 3,2 Ty
€CTb TOMbKO 0AMH pexum. [ns nameperust MU B obLuem crnydvae npegnoyTutensHee
ncnonb3oBathb pexum punbtpauuy (“Filtered Mode”). MpenmyLuecTBo NCnonb3oBaHus
peXyMa C MEHbLUMM YPOBHEM rapMOHIK OB BSACHAETCS B CriefyloLLeM pasgerne.

1. B pexxume cunbrpaumu (Filtered Mode) TpakT curHana npoxoauT Yepes UnbTpbl ANs MUHAMU3ALMUN YPOBHS
rapMOHWK Ha yacToTax Himke 3,2 . B pexxume Bbicokoit MowyHocTy (Hi Power Mode) curdan o6xoanT dpunstpel
ANs YBENUYEHNS A0 MAKCUMYMa YPOBHS BbIXOAHOI MOLLHOCTY.
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Bnusanune FrapMOHUK MCTOYHUKA

'apPMOHMKW NCTOYHMKA YXyALIAKT TOHHOCTb 3MEPEHNS MHOrOTOHAMbHbIX CUTHArOB,
Korga OHY CMELLMBAIOTCA C APYrMMU TOHaMK B TeCTUpyeMoM ycTponctae (TY) u
CO3[atT CUrHanbl, NpeAcTaBnsoLLme cobor noMexw 415 U3MEPSEMbIX CUTHaNoB
VICKaXXEHWI. [1pn NPOBEAEHNN LBYXTOHANBHbIX M3MEPEHWI MHTEPMOLYNALMNOHHBIX
VICKaXXEHWI TPETBETO NOpsiKa 9TO MPOUCXOANT, ECIIM BTOPasi rapMOHWKa OHOTO
uctoyHmka (2f,) cmelnsaetcs B TY ¢ ToHOM fpyroro ucTodHuka (f,), cosnasas curHan
Ha TOM e Camon YacToTe, YTO U CUTHaMN MHTEPMOAYMALMOHHBIX NCKaKEHMIA TPETbErO
nopsaka (2f, - f,). Llpyrumn criosamm, curHasn MHTEPMOAYNALMOHHBIX CKEXKEHMI
TPETLErO NopsiaKka, reHepupyembli TY npu Nofaye ABYXTOHANbHOMO TECTOBOMO
CurHara, BO3HUKaeT Ha yactotax (2f, — f,, 2f,—f,), koTopble Takke ABMAOTCA YacToTamu
Pa3HOCTHbIX COCTaBMSIOLLMX, KOTOPbIE MOMYYaTCA B pe3ynbTaTe CMELLEHNS OQHOO
TOHa 1 BTOPOW rapMOHMKA JPYroro ToHa.

[MoaTomy ecnu BTOpas rapMOHMKa OAHOTO M3 TOHOB nofaétcs Ha TY, ato TY Gypert
reHepupoBaTh CUrHar Ha 4yacToTe MHTEPMOLYNALWK, KOTopbIn ByaeT fo6aBnaTbCS

K TOMY CUrHany, KOTOPbIi Mbl MbITAEMCS M3MEPUTb, YTO B pe3ynbTaTe NPUBOANT K
owwnbke npu n3mepeHun. BennumHa aToi OLWINGKM 3aBUCUT OT YPOBHS NOAABAEMOrO
Ha Bxog TY rapMOHMYECKOro curHana u apgekTMBHOCTH npoLiecca cMelleHns B TY.
Mo 3TO MPUYNHE HA ONTUMU3ALMIO XapaKTEPUCTUK BTOPOV FapMOHUKN CUHTE3aTOPOB
B aHanu3atopax uenei cepun PNA-X 6binn HanpaBneHbl 3HaYUTENbHbIE YCUKS.
TexHu4eckne XxapakTepuUCTUK rapMOHUK aHanuaatopa enen cepun PNA-X MOXHO
HanTW B JOKyMEHTE, COAepXaLlem TEXHUYEeCKIe AaHHble aHanmaaTopa uenein PNA-X,
v ans yaobeTea BOCNpoM3BeaeHb! 30eCh.

Tabnuua 6. YpoBeHb BTOPOW rapMOHUKI NPY MaKCManbHOM HOPMUPOBAHHOM YPOBHE MOLHOCTH (ABH), aHanu3aTop
uenen N5242A cepun PNA-X (Tun.)

Mopt 1 unm 3, MopT 2 unu 4,
Bbixop 1 Bbixop, 2
MUCTOYHMKaA 2 MNCTOYHMKaA 2
0110 go 50 Mry -51 -13
Ot 50 o 500 MTy -51 13
071500 MTy po 3,2 Iy -60 =21
013,20010 1Ty -60 =21
01108016 My -60 =21
07116 8020 My -60 21
0120 80 24Ty -60 =21
0124 00 26,51y -60 =21

Mpv npoBeAeHM NtoBOro 0TAENBHOTO M3MEPEHNS YPOBEHL FAPMOHMK UCTOYHMKA
MOXHO TaKKe M3MepUTb HEMOCPEACTBEHHO, UCMONb3ys MPUEMHUK aHanuaaTopa Lener
cepun PNA-X ansi usmepeHust curHarna Ha 4actoTe BTOPON rapMOHUKI MCTOYHMKA.
3ameTum, YTO ANS aTTeHaTopa NPUEMHMKA JOMMKEH ObITb YCTAHOBMNEH AOCTATOYHO
BbICOKWI YPOBEHb 0CnabneHus), YTobbl BTOpbIE rapMOHMKI, FeHEPUPYEMbIE CaMUM
MPUEMHMKOM, HE UMENM 3HAYMTENBHbIX YPOBHEN. Kak TONbKO YpOBEHb rapMOHMK
MCTOYHMKa (OT aHanu3aTopa), nocTynatLumx Ha Bxog TY, Byaet onpegenéH (no
pesynbTatam U3MepeHus UK 13 TabnuLbl TEXHUYECKUX XapaKTEPUCTUK), aMnnTya
HeXenaTemnbHOro CUrHana, reHepupyemMoro BTOpOil rapMOHWKON UCTOYHMKA, MOXET
ObITb TOYHO OnpeaeneHa C MOMOLLBIO CREAYHLMX LIAroB:
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1. CkoHdurypupoBaTh aHanm3atop Lenen u TY ans nposefexus Tpebyemoro
namepenus UMW,

2. YCTaHoBMTb A1 OQHOTO U3 ABYX UCTOYHUKOB YPOBEHb MOLLHOCTM, KOTOPbIN ByaeT
ucnonb3oBatses Npu nposeaeHnn VMU (Hanpumep: nctouHuk (Source) Ha
yacrore f,, ypoBeHb MolLHoCcTM —20 Abm).

3. YcTtaHoBWUTb ANs ApYroro UCTOYHMKA 3HAYEHUE YacToTbl BTOPOro TOHA, B [Ba pasa
npeBbilLatoLLen 3HaqeHme f,, koTopast GyeT UCnonb3oBaTbCs Mpu MPOBELEHN
namepeHna MW (Hanpumep: nctounmk 2 (Source2) Ha yactore 2f,).

4. YCTaHOBWTb YPOBEHb MOLLHOCTI BTOPOrO MCTOYHMKA (Source2 B 3TOM NpUMepe)
paBHbIM NpeABapUTENBHO 33AaHHOMY YPOBHIO MOLLHOCTW BTOPO FapMOHWKY
BTOPOTO TOHa (YCTaHOBUTL YPOBEHb MOLLHOCTY UCTOYHMKA Ha YacToTe 2f, npumepHo
Ha 60 oBH meHbLe, nnu paBHbIM —80 fBM). [ins aToro MoxeT noTpeboBaThCs
YCTaHOBWTb BHELLHWI aTTEHI0ATOp B OFHY W3 BHELHUX CBS3€I 1S YMEHbLUIEHNS
MOLLHOCTM [0 Tpebyemoro ypoBHS, ecnin ocniabneHus, obecneymBaemoro
BHYTPEHHUM aTTEH0ATOPOM OYAET HEAOCTATOUHO.

5. MSMepMTb YPOBEHb MOLLHOCTW PE3YIbTUPYHOLLIErO CUrHana CMeLLeHUA Ha BbiIXoae
TY (26~ 1).

6. Ecnw curHan nmeeT CimLKOM Manyt BEMYWHY ANS U3MEPEHMS, MOLLHOCTb
CUrHama Ha YacToTe BTOPOW rapMOHMKU MOXHO yBenuumThb. [ockonbKy npovecce
CMELLEHMS XapaKTepr3yeTCs IMHENHONM 3aBUCUMOCTBH) OT MOLLHOCTY 4115 ManbiX
YPOBHEN CUTHAIOB, YPOBEHb HEXXENATENbHOMO CUTHara CMELLIEHMS, MPUCYTCTBYHOLLETO
npu namepeHu UMW, ByaeT MeHbLue, Yem CurHarn, M3MEPEHHbI C MOMOLLbIO
9TOr0 MeTOAA, Ha 3Ty Xe BENNYMHY YBENNYEHNS MOLLHOCT!.

MoLLHOCTb curHana, u3vepeHHas Takium 06pasom, NpeacTaBnsAeT aMmnnuTyay
COCTaBNSAOLLEN OLWnbKK, koTopast byaeT nobaBnNATLCS B BUAE BEKTOPA K CUTHAmY
WCKaXEHWS!, FeHEPUPYEMOro, Koraa NpUCyTCTBYIOT 06a TOHa.

[pyroit cnocob OLEHKM BMSIHUS rapMOHMK UCTOYHMKA Ha uamepermne MU 3akntovaeTcs
B gobaBneHnn hunbTpaLmmn Ha BXOLE YCUnTens Ans yMEHbLUEHWS YPOBHS rapMOHMK
NCTOYHMKA. ECTIN HUKaKMX M3MEHEHMIA B pesynbTaTe ABYXTOHANbHOTO M3MEPEHNS He
HabnogaeTcs, TO MOKHO NPELNONOXNTb, YTO FAPMOHWUKW CTOYHWKA HE BHECIM CBOA
BKITag B pesynbTar usmepenusi. OgHako, 970 BO3MOXHO 1 13-3a HEDOMbLLMX M3MEHEHWIA
cUrHana, MPOUCXOASLLMX B pe3ynbTaTe M3MEHEHNI YPOBHS MOLLHOCTY UMK MMMedaHca
NCTOYHMKA, BHOCUMbIX (OUMBTPOM, MOITOMY criedyeT ObiTb BHUMATENbHbIM MK
WHTEpNpeTaLmn pesynbTaToB. GunbTpaLys rapMOHWK MCTOYHMKA NS Y3KOMONOCHbIX
YCTPOWUCTB AOBOSIbHO NpOcTa. OUMbTP HUKHUX HaCTOT C YaCTOTON OTCEYKM,
MpeBbILLAIOLLEN YaCTOTY BTOPOrO TOHA, MOXHO A06aBUTh B LiEMb UCTOYHWKA aHanm3aTopa
Lenein cepum PNA-X. [Ins WMPOKOMOMOCHBIX YCTPOMCTB MOXKHO TaKKe UCMOMb30BaTh
unbTp, NpaBaa, HanTy NOAXOAAWMA PUALTP B 3TOM CIy4ae HaMHOrO CIIOXHee,
MocKonbKy Heobxoanmo, 4Tobbl OH NpoMyCckan OCHOBHbIE TOHbI M OT(MNBTPOBbIBAN
BTOPY!0 rapMOHMKY.

[ns npoBegeHns kOMNekca U3MepeHi NPy OAHOM NOAKITIOYEHUN MOXHO UCMONb30BaTh
unbTpbl BO Bpems nameperns VM, ycTaHOBMB VX TONMBKO Ha KaXaoM BXoae
cymmartopa, 1 mpocTo 06X0As CyMMaTop Mpu NPOBEAEHUN UBMEPEHUN, TAE
hunbTpaums He TpebyeTcs. STOT METOA MOXHO TakKe UCMONb30BaTh A/1S1 YCTaHOBKM
BEHTUNEN 1 yeunuTeneil cneynansHo Ans uameperuin M.
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[NepekpecTHas MogyNALMA UCTOYHMKA

MepekpécTHas MOAYNALMS NCTOYHIKA - 3TO OLMOKa, KOTOPask MOXKET YXYLALWMTb
TOYHOCTb n3mepeHuit M. MepekpécTHas MOAYNALMS MCTOYHMKA - TeHepaLns
curHanoB Ha vactotax MW B ncTouHmuke 1 cymmartope, Ho He B TY. 310 npoucxognt
13-3a JEenCTBUS CUCTEMbI CTabMUNM3aLMm YPOBHS MOLLHOCTH (€CNM AETEKTOP pearnpyeT
Ha YacToTbl 0BONX TOHOB) UMK 13-3a MHTEPMOLYNALMOHHbIX NCKaXKEHMI aKTUBHbIX
YCTPOWCTB BHYTPW aHanu3aTopa Lienen, BO3AeNCTBYOLLMX HA YacTOTbl 060MX TOHOB.
BHyTpeHHUi cymmatop aHanuaaTopa uenen cepun PNA-X ymMeHbLUaeT YpoBeHb
nepekpECTHON MOAYMALMN UCTOYHMKA B0 (DaKTUYECKM HE3HAUMTENBHBIX YPOBHEN AN
3a/jaHHbIX 3HAYEHUI YPOBHEN MOLLHOCTH MOPTOB.

[ns Toro 4ytoBbl NONyYNTh MPUBNM3NTENBHOE M3MEPEHNE YYBCTBUTENBHOCTH
BHYTPEHHETO UCTOYHMKA K NEPEKPECTHOM MOAYNALMM, Mbl BBOAUM CUTHaM OT OBHOIO
NCTOYHMKA Ha BbIXOA APYroro, 06xoas cymmatop. amepsist nepekpeCTHY0 MOAYNALMIO
Ha nopTax aHanm3aTopa, Mbl MOXeM CPaBHUTb 3Ty XapaKTepPUCTUKY AMNS BHYTPEHHMX
MCTOYHUKOB aHanu3aTopa Lenen cepum PNA-X ¢ ApyriMn UCTOYHUKaMW CUrHaroB.

Touka nepeceyeHns TpeTbero nopsaka (IP3) nctounmka Taike MoxeT ObITb 3MepeHa
C MOMOLLbI0 aHanm3aTopa CnekTpa unm cobCTBEHHbIX MPMEMHUKOB aHanun3aTopa
uenen cepum PNA-X. YbeauTecs, 4to Bel He namepseTe IP3 npuémHInkoB; 0BbIYHO 3TO
[OCTUraeTCs MPUMEHEHNEM JOCTATOMHOTO OcnabneHus aTTeHoaTopa NpUEMHMKA.

Bbl MOXeTe ckoHurypuposaTh aHanmsatop Lenei cepum PNA-X Takxke, Kak

ans Tpebyemoro namepenus UMW, Bmecto nogkmoyerns nopta 1 k TY, ero

crepyeT NoAKMoYNTb K NPUEMHMKY (MMbo aHanmaaTopa uenen cepum PNA-X, nnbo
aHanuaaTtopa cnekTpa). 3aTem MOXHO UCCe[oBaTh CUrHar, MPUCYTCTBYHOLWMA Ha
4acToTe MPOAYKTA MHTEPMOLYNALMOHHBIX UCKXKEHWIA, ANS ONPEAENEHNs YPOBHS
NepeKkPECTHON MOZYNALMMN.

Ha pucyHke 22 nokasaH rpacuk IP3 nctouHMka ans pasnmyHbIX YpOBHEN MOLLHOCTH
TOHOB ¥ ANS ABYX pa3nuyHbix yactoT (750 My v 23,5 IMy). ICTOUHMKM ¢ MEHBLLMMM
yposHamu IP3 TpebytoT GonbLUEN M30NSALMM MEXIY UCTOYHUKaMU 1S BOCTXEHNS
TaKOTO e YPOBHS MCKaKEHWA CTOYHMKA.

Touka nepeueHusa TpeTbero nopaaka IP3 (scneacTtene
nepeKkpecTHOM MOAYNALUNM NCTOYHMKA aHann3aTopa uenemn
cepuun PNA-X) (n3mepeHHasa Ha M3MepuUTeNbHOM nopTe)
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PucyHok 22. IP3 nctouHuka (BCneacTBie NepekpECTHO MOAYNALMM UCTOYHIKA) AN aHanuaaTtopa uener cepun PNA-X.
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ckntoueHne napasuTHbIX
CUrHasoB Npu N3MepPeHUsX
M

[MouTn HeM30EXHO CUHTE3aTOPbl FTEHEPUPYIOT NapasnTHbIE CUTHAsbl HU3KOIO YPOBHA
Ha HEKOTOpPbIX YaCcToTax. OBbIYHO OHM He npeacTaBnAlT ﬂpO6ﬂ6MbI Npn U3MEPEHNUSX,
TaK KaKk OOmMbLUMHCTBO TaKuX TpaanLMOHHBIX Msmepean?l SBMSAKTCS NMHENRHBIMM 1
BbIMOSHSIOTCA Ha OAHOW YacTOTe KaK Ha BXOAE, TaK M Ha Bbixoae. Ho atu napasuTHble
CUrHanbl MOTYT NPMBECTU K oLnbkam npn NSMepPEHNAx MW, ecnvt OHW BO3HUKAIOT Ha
M3MePAEMbIX HaCTOTax NPOAYKTOB MHTEPMOAYNAUMOHHBIX VCKaXKEeHA U BOMN3M HIAX.

K cyactbio, NPUCYTCTBME NAPA3UTHBIX CUrHAN0B Nnpu U3MepeHUn MOXHO 06Hapy)KI/ITb u,
COOTBETCTBEHHO, UCKIMOYNTb UX. Kpome TOro, Mbl MOXeM UCNoNb30BaTh HALUX 3HAHKA O
reHepaLumn napasnTHbIX CUrHarNoB B UCTOYHMKE ANA NiaHMPOBaHUA Msmepean?l, KOTOpblE
B MEHbLLUEM CTeneHu NnoJBepPXeHbl BO30EMCTBMIO STUX HEXenaTemnbHbIX napasnTHbIX
CUrHanos.

B aTom pasgene Mbl paccMOTpUM MeTOZ, KOTOPbIiA MO3BONSIET ONpeaenuTb, YTo
SBNSETCA UCTOYHMKOM CUrHana, KoTopbIi BbIrMAAWT Kak NapasuTHBIA - U3MepuUTenbHoe
obopygoBaHue (B 4aHHOM Cnyyae, aHanusaTop Leneit) unn TY. ins obecneyeHus
HaunyyLwnX pe3ynbTaToB NpoLieaypa, ONUCaHHas HUKe, BbIMONHAETCS Kaxabli pa3

Ha OfHOI YacToTe. OTO NO3BONAET 0becneynTb NPOBEPKY NPUCYTCTBUS Napa3UTHOTO
curHana ¢ 6onee BbICOKOM YyBCTBUTENBHOCTbIO, YEM MPY U3MEPEHIMN B PEXMME
CBUMMPOBAHMS YacTOTbl. YT06bI NPOBEPUTL NPUCYTCTBIE NAapa3UTHOMO CUrHana npu
nsmeperun MW, nonb3osatenb JOMKEH Ha4aTh C YCTAHOBKM 3HAYEHWUI CMELLEHMS
4acTOThl 1 YPOBHEN MOLLHOCTW UCTOYHIKOB, KaK M Ans u3mepeHns TY.

CTyneHyaTble aTTeHKaTOPbl PUEMHUKOB 1 aTTEHKOATOPLI UCTOMHIKA HA MOPTE NPUEMHIKA
TakKKe JOMKHbI ObITb YCTAHOBNEHbI 47151 MOMNYyYeHUst ONTUMANbHbIX YPOBHEN, Kak

ObIno onucaHo B pasaenax, NOCBsILEHHbIX 0COBEHHOCTAM paboTbl MCTOYHMKA U
npuémHuka. Kpome Toro, nomnoca M4 gomkHa ObiTh He GonbLue, Yem nonoca M4, koTopast
ncnonb3oBanack Npy 1amepeHuu. MIcnonb3ays 3T yCTaHOBKM, NPOBEPLTE YETbIPe
yCroBKs, 4TOObI ONpeLenuTb, NPUCYTCTBYET NAPA3UTHBIA CUTHAM UMK HET.

l'|eTI:Ipe yCrnoBus, KOTOpbIe Heobxoanmo NPOBEPUTL:. HUXHAA U BEPXHAA YaCTOThI
NPOAYKTOB NHTEPMOOYNALNOHHBLIX NCKaXXEHWUA, Koraa NPUCYTCTBYET TOJTbKO HIDKHWN
OOKOBO TOH; HUXKHSISI 1 BEPXHAA YaCTOTbl NPOAYKTOB UHTEPMOAYNALNOHHbBIX
NCKaXKEHWIA, koraa NPUCYTCTBYET TOJbKO BerHMI;I OOKOBOV TOH. I'IpM KaXa0oM U3 3ThX
yCﬂOBVIIZ BbIMONHAETCA HENPEPbIBHOE CBUMUPOBAHUE C N3MEPEHNEM ﬂpMHﬂTOI?I
MOLLHOCTW. nOCKOI'Ibe npun 0TCTpOI7IKe OT 4YaCTOTbl N3MEPEHMA NPUCYTCTBYET TOJIbKO
O[VH TOH, Nto6OI curHan, ommqaroumﬂcg oT cnyqaﬁHoro wyma n I'Ipl/lcyTCTBy}OLIJMIZ B
pesynbtaTax N3MepeHus, 6y,qu napasuTHbIM OTKITUKOM. PaCCMOTpMM I'IepBbIl71 cnyqalh:
HWXHAA YaCToTa NpoayKTa MHTEPMOOYNALNOHHBLIX UCKaXKEHWIA npu NPUCYTCTBYHOLLEM
HWXHEM GOKOBOM TOHE.

CkoHchurypupyiiTe aHan13aTop Lieneii Tak, 4Tobbl BbIXo4 NopTa 1 npeacTasnsn curHan
Ha 4acToTe HWKHero 6okoBsoro ToHa unu f,. B aHanusatope wenei cepun PNA-X npoue
BCETO BbIKIIO4MTL BTOPOII MCTO4HUK, MCMOMb3Yyst AuanoroBoe okHo Power and Attenuators
(ypOBHYM MOLLHOCTU U aTTeHtoaTopsl). B ananorosom okHe Frequency Offset (cmetyenme
4acTOoThl) YCTAHOBMTE NPUEMHNK 1S M3MEPEHIS TPEDYEMOro TOHa, YCTAHOBMB A5 3TOr0
LiEHTparbHyt YacToTy Ha YacTOTy 3TOr0 TOHA, KOTopast PaBHa YacToTe NpoayKTa
MHTEPMOZYNALMOHHBIX UCKaXEHII HIDKHEro 60KoBOro ToHa (2f, —f,), v Hynesyto nonocy
ob3opa. TeopeTnyecku Ha yacTote 2f, — f, He JOMKHO GbiTb CUrHAMA, MOCKOMBKY UCTOMHIK
CUrHara Ha 4actoTe BepxHero 6okoBoro ToHa f, 6bin BbikitoueH. MoaTomy B 3TOM Criyyae
noBoi curHan Ha vactote 2f, - f, ABnseTCA napasuTHbIM curHanom. [ing onpeaeneHus
MPUCYTCTBIS M YPOBHSI MOLLHOCTY NapasuTHbIX CUTHANOB 0COBEHHO MONe3Hb! ABa MeToaa.

MepBbiit MeTOR ANst 0BHAPYKEHUS MPUCYTCTBUS NApPa3UTHOTO CUrHana B M3MepsieMoM
cuUrHane NpeacTaBnsieT coboi KONMYECTBEHHBINA NOAXOZ, MCMONb3YHLWIA CTAaTUCTIYECKIE
[JaHHble rpacovka B popmate nuHenHon amnnutyapl (“Linear Magnitude”) aHanusatopa
Lienein. TOT NOAX0Z UCMONb3yeT TOT (haKT, YTO Ans CyYanHoro LymMa, pacnpeaenéHHoro
Mo HOpMarnbHOMY 3aKOHY, CPeAHEE 3Ha4YeHNE 1 CPEAHEKBAAPATUYECKOE OTKIOHEHME

B hopmaTe IMHENHON amnnuTyabl paBHbI. JIloO0oM NapasnTHbI CUrHar, CoaepXaLLuinest
B LLyMe, YBENWYMT OTHOLLIEHE CPEAHETO 3HaYEHIS K CPEAHEKBAAPATAYECKOMY OTKIOHEHMH).
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[ns Toro 4To6bl UCNOMB30BaTH 3TOT METOL, Mbl MPOBOAWM U3MEPEHUS C MOMOLLbIO
npuémHuka B 1 n3yyaem gaHHble B hopmate NMHEHoON amnnnTypl. [1ockonbky
NOrPEeLLHOCTb ONpeaeneHns CPEaHEro 3Ha4eHns U CpeaHEKBaapaTUYECKOro
OTKIOHEHMS 3aBUCUT OT YiCra BbIBOPOK, BOIMOXHOCTb OBHAPYXEHNS NapasnuTHbIX
CUTHanoB C 1CMOMb30BaHMEM 3TOTO NOAXO0AA NOBLILIAETCA C YBENNYEHUEM YnCna
TOuek rpadovka. Ecnm ncnonb3yetcs 201 Touka, TO OTHOLLEHME CPELHErO 3HAYEHNS

K cpegHeKBaapaTUYecKkoMy OTKITIOHEeHo, paBHoe 1,25 unm 6orbLue, ykasbiBaeT Ha
MNPUCYTCTBIE NapasnUTHOrO CUrHana ¢ BbICOKOW CTEMEHbI0 AOCTOBEPHOCTY. padhuk 1
Ha pucyHkax 23 n 24 (BepxHue rpacuku) oTobpaxaeT faHHble B (popMaTe NMHENHOM
amnnuTyabl. OTHOLLEHWE CPEAHEro 3HaYeHUs K CpeHEeKBaapaTNYECKOMY OTKMOHEHMIO
NPVBEAEHO A151 KaXOOro rpadomka, nokasbiBasi, YTo Ha PUCYHKE 24 napa3uTHbIN curHan
NPUCYTCTBYET, @ Ha PUCYHKE 23 - HET.

Bropoi meTtoa npeacTaensieT cobol kavecTBEeHHbIN NOAX0[, KOrAa rpadvk pesynbrata
N3MEPEHNS C MOMOLLBIO NPUéMHIKa B oToBpaxaeTcs B NONSIPHOM CUCTEME KOOPAMHAT.
Ha rpadpuke Takoro Buga Lym oTobpaxaeTcs CnyvyanHo pacnpeaenéHHbiM kak no
amnnuTyae, Tak 1 no ase. PesynbTupytowmi rpaduk npeactasnseT coboit “rpnb-
[OXKOEBUK’, LLEHTPUPOBAHHBIN OTHOCUTENBHO MOMKOCA, KOTOPbIA UMEET HEKOTOPOE
YBENWNYEHWE NITOTHOCTM MO HaNPaBREHNIO K LEHTPY, W CryYaiiHble BbIGPOCH! Ha
nepenagax. 370 NokasaHo Ha pUCyHke 23, rpadonk 2 (HUKHWIA rpadiuk).
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PucyHok 23. LLlym npu oTCYTCTBUM NapasnTHoro curiana. Ha rpadmke 1 (BepxHnit rpadmk) OTHOLLEHNE CPeaHEro
3HaYeHMs K CpeiHEKBaAPaTUYECKOMY OTKMOHEHWNIO MeHbLUe, YeM 1,25, 4TO ykasblBaeT Ha LLyM 1 OTCYTCTBUE
napasuTHoro curnana. Mogo6HbIM 06pa3oM, Ha HUKHeM rpaduke “rpub-aoXaeBUK”, LLEHTPUPOBAHHBIA BOKPYT Nontoca,
YyKa3blBaET Ha OTCYTCTBIE NApa3NTHbIX CUTHANOB.

[MapasuTHbIi OTKIMK, TOYHO COBMAAAILLMIA C YACTOTON M3MEPEHNS U NO YPOBHIO
MOLLIHOCTM 6r13KIiA K YPOBHIO LLyMa, MPUBOAWT K CMeLLieHuto “rpuba-aoxaesuka’ ot
nonkoca.
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PucyHok 24. LLlym B npucyTCTBUN Napa3nTHoro curHana. Ha rpaduke 1 (BepxHui rpadmk) OTHOLLEHWE CpeaHero
3HaYeHUs K CpeiHeKBaAPaTMHECKOMY OTKIIOHEHNIO paBHO 3,4, TO ecTb, bonblue, yem 1,25, 4To ykasbiBaeT Ha
npucyTCTBME Napa3nTHoro curHana. Mogo6HbIM 06pa3oM, Ha HUXHEM rpaduke “Tpub-LoxXAEBMK” cMellaeTcs B
CTOPOHY, NOKa3blBast NPUCYTCTBIME NApPa3NTHOTO CUrHana.

Ecnun ypoBeHb MOLHOCTW NapasuTHOro curHana 6nm3ok K YpoBHIO Lyma, HO NpK 3TOM
napasuTHbIN CUrHamN BO3HUKAET Ha YacTOTe, HECKOMbKO OTNMYAIOLLENCs OT YacToThl
U3MepPeHMs, pe3ynbTaT MOXET ObITb CXOAHBIM C TEM, KOTOPbINA NOKa3aH Ha CneaytoLem
rpadpmke. ITOT rpachuk OTINYAETCS OT rpadmka Lyma B NOMSPHONM CUCTEME KOOPAMHAT
TEM, YTO NMOTHOCTb AaHHbIX yMeHbLUaeTcs BBn3m nomtoca.
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PucyHok 25. Mapa3nTHbIit CUrHan Ha 4acToTe, He COBNaAatoLLen C YacToTOoN N3MepEeHNs.
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Ecrnv npu npoBeagHNN KOHKPETHOMO U3MEePeHMst 0OHaPYKMBAETCA NapasuTHbIA OTKIMK,
crieayeT U3MEHUTb YacTOTbl UCTOYHMKA WK NPUEMHUKA Tak, YToObl NapasuTHbINA CurHan
He BNWSN Ha n3mepermne. OTO MOXET BbITb CAENaHO NyTEM NepeMELLEHUS YacTOT TOHOB
MpW COXPaHEHWUN NOCTOSIHHBIM Pa3HOCa YaCTOT MEXIY HUMM (MOSTOMY BCE TOHbI U
MPOAYKTbI MHTEPMOLYNALMOHHBIX NCKAXKEHWUI CMELLLAKOTCS HA OFHY U Ty XK BEMNUMHY),
UM MYTEM M3MEHEHWS pasHOCa YaCToOT MeXay ToHamu (1, CrieA0BaTENbHO, U3MEHEHNS
4acToT BepxHero GOKOBOro TOHA M NPOAYKTa MHTEPMOAYMALMOHHBIX UCKAXEHU B
MPOTMBOMOMOXHOM HaMpaBIEHUN OT YaCTOT HKHEro HOKOBOMO TOHA M NpogyKTa
VHTEPMOLYNALMOHHBIX UCKXEHMIA). B KOHKpETHbIX CITy4asix OfMH 13 STUX METOAO0B MOXET
paboTaTthb nyuLle, YeM APYroi, B 3aBUCUMOCTY OT MEXaHWU3Ma reHepaLy napasuTHbIX
CUTHaroB B UCTOuHYKE. B nobom crnyyae, kak npasunio, He0bX0AMMO TOMBKO NePeMeCTUTb
3TV YaCTOTbI Ha BEMUYNHY, PABHYHO HECKOSTBKUM 3HAYEHMAM LUMPUHBI nonockl MY.

V3BecTHO, 4T B aHanu3atopax Lener cepun PNA-X cuHTE3aTOpbl YacToTbl reHepupyroT
napasu1THble CUrHanbl HU3KOTO YPOBHS Ha NErko NPOrHo3upyeMbIX YacToTax, kKoraa Yactota
1cTouHMKa Bbile 500 MIL. YacToTbl 3TUX NapasuTHbIX CUrHanoB NPONOpLYOHaNbHbI
Pa3HOCTM MEXAY YaCTOTOM CMHTE3aTopa M brivkaiiuei YacToTon, YETHO kpatHoi 10 M,
[ns namepernin UMW napasuTHble CUrHambl 3TOMO TUMa MOXHO UCKITKOYNTb, UCNONb3Ys
b0 MPOTOKON LiEHTPabHOM YacToThl, B0 MPOTOKON YaCTOT TOHOB.

Ecrnu pasHoc YacToT Mexay ToHaMm SBnseTcs LenbiM kpaTHbiM oT 50 My, T0

ANS UCKIMIOYEHNS Napa3nTHBIX CUrHarOB CrieayeT UCNonb3oBaTh NPOTOKON YacToT
TOHOB. /Acnonb3oBaHMe NPOTOKONa LEHTPanbHOM YacToTbl HE MO3BOSUT UCKMIOYUTD
napasuTHble curHansl Ha Yactote 50 MIw.

1. MpoTokon LeHTpanbHOM YacToTbI

BbibepuTe LieHTpanbHy 4acToTy 4BYX TOHOB Takum 06pa3om, 4Tobbl oHa Obina
CMeLLeHa OT YacToT, YETHO KkpaTHbIx 10 MI'y, Ha BenuunHy, 6onee Yem B 10 pas
npeBbILLatoLLyto LWMpuHy nonockl MY, koTopast OyaeT ucnons3osatses. MNpuMep:

lMnaHupyemas yeHTpansHas yactoTa: 1,9 Iy
[naHupyeMbIin pa3HOC YacToT Mexay ToHamu: 1 MI'y
Mnanupyemas nonoca M4: 100 My

BbibpaHHas LeHTpanbHas yactota = 1,900001 My,
BbibpaHHbIit pasHOC YacToT Mexay ToHamu = 1 My

2. [poTOKON 4acTOT TOHOB

BbiGepynTe yacToTy ToHa TakuM 0bpa3om, YTobbl OHa Bbina CMeLeHa OT 4acToT,
YETHO KpaTHbIx 10 MI'L, Ha BennumHy, B 10 pa3 NpeBbilatoLLyro LWKpKHY nonocs M4,
koTopas byget ncnonb3oBatbest. Mpumep:

Mnanupyemas yactota ToHa 1: 1,9 Ty
Mnannpyemas yactota ToHa 2: 1,901 My
lMnanupyemas nonoca M4: 100 My

BbibpaHHas yacToTa ToHa 1: 1,900001 My
BbibpaHHas yactota ToHa 2; 1,901000 My

Mapa3nTHble curHanbl, 0GHapYXeHHbIE Ha YacTOTe NPOLYKTa MHTEPMOAYMALMOHHBIX
VICKakeHui, ByayT yXyALaTb TOYHOCTb N3MepeHUs. [apasnTHble CUrHanbl MOXHO
onpegenuTb, Mes AaHHble 06 UCTOYHMKE, MO0 0BHAPYXIUTb, MCMOMb3YS BO3MOXHOCTH
BEKTOPHbIX 3MepeHuii aHanusaTopa Lenen cepun PNA-X. 3Ta nHdopmaLmst MoxeT
ObITb MCNOMb30BaHa 4 BbIOOpa YacToT UCTOYHIKA, UCKITHOHAOLLMX Napa3uTHbIe
OTKIMWKIA U3 U3MEPEHMS.
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Tabnuupl, npeacTaBneHHble HKeE, Obinn cocTaBneHbl Ans KoHKpeTHoro PNA-X ¢
TUMOBbIMI XapaKTEPUCTUKAaMI C UCMONb30BaHEM METOLIOB, ONMCAHHBIX B AAHHbIX
pekoMeHaaLMsX No NpUMeHeHnto. B aTux Tabnnuax onTuManbHble YPOBHYU MOLLHOCTM
rnokasaHbl B Bufe AnanasoHa 5 Ab, COOTBETCTBYHOLLENO pa3peLueHnto 5 4b atTeHaTopos
npuémHuka. MpeacraBnenHble 3HayeHns EVM sBnsioTcs Hanxyawmm crnyyaem B
npefenax Kaxgoro okHa MowHocT 5 ab. B Tabnuuax npreefeHb! 3Ha4YeHUs Mogyns
BEKTOPa OLLMOKM (COBOKYMHOE BO3AENCTBME MHTEPMOLYNSALMOHHBIX MCKXKEHUIA
MPMEMHMKA, LLYMa HU3KOrO YPOBHS 1 LyMa BbICOKOrO YPOBHS) A71s ONTUMArbHOr0
[JvanasoHa MOLLHOCTM nopTa (ocnabneHue aTTeHtoatopa npuémHuka = 0 4b), pasnnyHbix

[MpunoxeHwne A.
Tabnuubl
ontummnsaumm AMA
Ans aHanM3aTopoB
uenen cepum PNA-X

3Ha4eHuit nonockl 4, pazHoca 4acToT Mexay ToHamu 1 YacToTbl BY-curHana.

3HayeHus Moayns Bektopa owmnbku (EVM), npeactaenenHsle B ABH, Ans NepeyncneHHbIX yCrnoBuil

YacToTa PasHoc yacToT Mexzy ToHamu
Monoca MY (')
BY-curHana 50 iy 200 KTy 500 KTy 1-10 MTy
900 My 3 -90 nbH -91 aBH
(o1 =15 po -20 gbm) (o1 =15 no —20 gbw)
10 -88 nBH -89 nbH
(o1 =14 po -19 nbm) (o1 =14 no -19 nbm)
100 -80 abH -82 nbH
(o1 11 po —16 obwm) (o111 o —16 obwm)
1000 —73 pBH —75 pBH
(o1 -8 no —13 abm) (o1 -7 po —12 nbm)
1,75TTy 3 -89 nBH -92 nbH -93 nbH -93 nbH
(or-18 po-23 gpbm)  (oT1-18 p0o-23 gbm)  (oT1-18 g0 -23 obm) (o1 -18 mo -23 obwm)
10 —-86 nbH -90 nBH -91 nbH -91 abH
(otr-16 po-21 gpbm)  (oT-16 po-21 abm)  (oT1-16 g0 -21 gbm) (o1 -16 go —21 nbm)
100 —77 nbH -82 nbH -84 pbH -84 pbH
(or-14 po-19 gbm)  (oT-13 po-18 gbm) (o713 po-18 gbm) (0713 Ko —18 obm)
1000 -68 abH —74 nbH —77 nbH —77 nbH
(o112 po-17 gbm) (o110 so-150Bbm)  (oT-9 mo—14 gbm) (o1 -9 go —14 abm)
75Ty 3 —79 nBH -83 nBH -84 nBH -85 nBH
(or-23 po-28 obm)  (o1-22 po -27 abm)  (oT-21 po 26 abm) (o1 -21 go —26 abm)
10 —76 nBH -81 nbH -82 nbH -83 pbH
(o122 no-27 pbm)  (oT1-21p70-26 gbm) (o7 -20 g0 -25 gbm) (o7 —20 go -25 fbm)
100 —67 pbH —72 pBH —75 pBH —76 nbH
(ot-20 o 25 pbm)  (oT-18 po-23 gbm) (o717 o -22 gbm) (0T =17 fo —22 pbwm)
1000 -55 nbH —64 nbH -68 nbH -69 nbH
(o1-15p0-25 gbm)  (oT-1580-20 abm)  (oT-14 fo-19 abm) (o7 -14 go —19 abm)
12,5y 3 —73 nBH —78 nbH -83 pbH -84 nbBH
(ot-21p0-26 pbm) (0T -21p70-26 gbM) (o7 -21 8026 gbm) (0T —21 g0 26 £bm)
10 —71 nbH —76 pbH -81 nbH -82 nbH
(or-23 po-28 gbm)  (oT1-21 0o -26 obm)  (01-20 po -25 abm) (o1 —20 go —25 nbm)
100 —-61 obH -66 abH -73 obH —75 abH
(o123 po-28 gbm)  (0T1-20 o -25aBbm) (0T -17 B0 —22 gbm) (o1 -17 fo —22 nbwm)
1000 -51 nBH 57 nbH —65 nBH —-68 nbH
(o117 po-22 gbm) (o1 -17 po-22 pbm) (o714 po-19 gbm) (o714 no —19 gbm)
26 My 3 —-68 nbH -71 nBH —74 nBH —74 pBH
(oT-21 po-26 gbm)  (oT-21go-26 obm)  (o1-19 go —24 gbm) (o1 -19 o —24 nbwm)
10 —65 ABH —-68 nBH 71 nbH —72 nBH
(otr—20 go—25 gbm)  (oT-20 o -25abm)  (oT-18 g0 —23 obm) (o1 —18 no -23 obwm)
100 -55 pBH -59 nbH —64 nBH —65 pbH
(or-18 mo-23 gpbm) (o717 po-22 pbm)  (o1-15 g0 —20 gbm) (o1 -15 no -20 obwm)
1000 —-46 pbH -50 pbH -56 nbH -58 nbH

(o1 =16 po -21 gbw)

(ot -14 o 19 pbm)

(o112 po 17 nbm)

(o112 po 17 nbm)
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Mpunoxenne B.
TecTnpyemsbin
ycunutens umeer IP3,
paBHyto +38 nbm.
CMoxkeT nn
aHann3aTop uenewu
cepuun PNA-X nameputb
UMW atoro ycnnutena?

10 abH mexay UMM TY  EVM — norpelwHocTs 2,4 ab
20 abH mexay UMW TY n EVM — norpewwHocts 0,8 b
30 abH mexay UMW TY n EVM — norpewHocts 0,3 b
40 nBH mexpy IMA TY n EVM — norpeturocts 0,1 ab

YacTo 3a4aloT Takon BONpOC: CMOXET nu aHanu3aTop Lenen cepun PNA-X usmepntb
VMU TY, umetowyero onpegenénHoe sHadveHne IP3. YTobbl 0TBETUTL Ha 3TOT BOMPOC,
HeobX0aMMO 3HaTb HECKOMbKO (haKTOPOB: YPOBHM MOLLHOCTI OCHOBHOTO TOHA Ha BXOAE
BbIxoge, IP3 Ha Bbixoge, Ko3adhdmumeHT yeuneHus TY, AManasoH YacToT 1 pasHOC 4acToT
MeXay TOHaMu. B 3TOM npuMepe Mbl BbIMOMHUM NPOLIEAYPY [0 KOHLA, 4ToBbI onpeaenits

NPUMEHUMOCTb 3TOI0 U3MEPEHUS.
P P +10 16m & 4 +10 36w

YpoBeHb MOLLHOCTM TOHa Ha Bxoge: —10 agbm
KoathpuupmeHt yeunenus TY: 20 gb

TX pns IP3 Ha Bbixoge TY (OPI3): +38 gbm
Yacrora namepenus: 4 My 46 nBm -46 0B
PasHoc yactot mexay ToHamu: 10 My

Monoca M4: 10 'y T T

Ha ocHoBe BblILLENPUBEAEHHBIX AaHHBIX: M-k h £ =k
YpoBeHb MOLHOCTM TOHOB Ha Bbixoge: =10 + 20 = +10 obm

Ecnn ypoBeHb MOLLHOCTW TOHOB Ha Bbixofe paseH +10 obm, a TX ang IP3 Ha Bbixoae
paBHa +38 ABM, TO ypoBeHb CHrHana MHTEpMOAYNALMOHHbIX nckaxeHni (IMU) Gynet
paBeH —46 obwm, nnn —56 ABbH 0THOCUTENBHO OCHOBHOTO TOHA.

C TOYKM 3pEHNS AMHAMMYECKOrO AnanasoHa, MOrpeLLHOCTb M3MepPeHus byaeT 3aBnceTb
OT TOrO, KaK 3T0 3HaueHue (—56 ABH) COOTHOCUTCS CO 3HaUEHMEM MOAYIS BEKTOPA OLLMOKM
(EVM). YTo6bl MMeTb MorpeLUHOCTb 1amepeHns curHana MU < 0,3 ab ¢ [oCTOBEpHOCTbIO
99,7%, EVM npuémHuka gomxeH Obitb Ha 30 Ab Huxe curdana MU TY, nnn —86 abH.

3aTem Mbl BbISICHSEM, UTO MPUEMHIK CMOXKET CAenaThb Ha 3TOI 4acToTe U NPK TakoMm
pasHoCe YacToT Mexay ToHamu. /13 Tabnuubl B punoxeHun A aTnx pekomeHaaLuii
Mo NPUMEHEHWIO Mbl ONpeaensem, 4To 3HadeHne EVM ans pasHoca Yactot mexay
ToHamu > 1 MI'y n nonocel MY 10 'y paeHo —91 abx ana 1,7 MMy n-83 abH ana 7,5 Ty,
(ans 4 TTy gaHHbIX B Tabnvue HeT). B ngeansHoM cryyae Ham xotenock 6bl, 4tobsl EVM
Obin paBeH —86 ABH Ans obecneyerus norpeluHocTyt 0,3 ob. Ho B peansHoctn EVM
MOXeT BbITb Brivke k —83 ABH, ecrn ero 3HaueHne Ha yactote 4 [Ty, 6rmako K 3Ha4eHNo
Ha yactote 7,5 [Tu. Ho ecrnv oHo Brivske k 3HaueHuto Ha yactote 1,7 ', Mbl 6yaem umeTb
HaMHOTO JTyuLLYy0 ToWHOCTb. [daxe ecr EVM paBHo —83 aBH, norpeluHocTs ByaeT paBHa
0,4 ob. Moatomy ecrv BennymHa norpeLuHocTy, pasHas 0,4 ab, aBnseTcs npuemnemon,
3TO M3MEPEHIE MOXHO BbIMOMHITB C MOMOLLIO aHanuaaTtopa Leneit cepun PNA-X.

B oboux cnyyasix, AnanasoH MOLLHOCTY Ans ontumanbsHoro EVM BkroyaeT sHaveHne
-20 abm, npeacTaBnstoLLee YpoBeHb MOLHOCTW TOHOB, NOL4ABaEMbIX Ha NOPT NMPUEMHMKA
Ges ocnabneHns. B paccmaTpruBaemMomM Cryyae YpoBEHb MOLLHOCTY TOHOB paBeH +10 abwm,
MO3TOMY Mbl AOSKHbI YCTaHOBUTL ocnabrnenune atTeHtoatopa pasHbiM 30 Ab, 4Tobbl Ha
NPUEMHWKW noJaBancs ypoBeHb MoLHocT —20 ABwm.

[lononHuTenbHble pekoMeHaaLum Ans 06eCneYeHNs TOYHbIX U3MEPEHUii

[ns oBecneyeHns TOHOCTU M3MepeHnst HeobXOANUMO ONPESENNTL PA3HOC YaCTOT MEXTY
TOHaMW 71 UCKITKOYEHUS NapasuTHBIX CUrHanoB. HoMUHanbHas LeHTpanbHas Yactota
paBHa 4 [Tu, a pasHoc YacToT Mexay ToHammn 10 MI'y. Mcnonbays npoTokon LeHTpanbHoM
4acTOTbl, Mbl BEIOVPAEM LIEHTPAIBHYHO YaCTOTy ABYX TOHOB TakuM 06pa3oM, YTobbl OHa
Obina cmelLieHa OT YacToT, YETHO kpaTHbIx 10 MI'y, Ha BenuumHy, 6onee yem B 10 pas
MpeBbILLatoLLYI0 LMPKHY nonockl 14, koTopas 6yaeT ucnonb3osatbes. B aTom cnyyae
CMELLIEHe OT HOMUHArBHON LieHTpanbHoN YacToTbl 4 [Ty 6yget 6onblue, yem 10 'y * 10
unn 100 'y, Takum 06pa3om, Mbl MOXEM WUCTIONb30BATb LIEHTPAbHYH YacToTy
4000000100 1 coxpaHuTb pasHOC YacToT Mexay ToHamm £ 10 My,

Kpome Toro, Mbl JOIMKHBI y4UTbIBATH aTTEHIOATOP MCTOYHWKA Ha nopTe 2. Mbl xoTenn Ob
rapaHTMpoBartb, 4to IMWU, reHepupyemble KOMMYTaTopOM nepesayun U3MepUTeNsHOro
nopta, 6binm 6l MeHbLUe, Yem =90 abm, Torga oHM He Gy ayT UMETb 3aMETHOrO BRUSHUS
Ha norpeLuHocTb. Mpu ypoBHe MowHOCTK Ha Bxoae +10 abm, Tpebyetcs, ytobsl IP3
Obina pasHa 60 abm (10 + (10 - (=90))/2). IP3 nameputensHoro nopta 6€3 ocnabnexus
> 30 pbm. Tak kak kaxablin 1 4B ocnabnexus uctouHunka gobdasnset 2 Ab k IP3, mbl
[OMXKHbI YCTAHOBUTb aTTEHI0ATOp UCTOYHUKA Ha nopTe 2 Ha 15 ab.
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Mpunoxenne C.
KpaTKnm KOHTPOSIbHbIN
nepeyeHb Ans
HAaCTPOMNKN N3MEPEHUN
NHTEPMOOYNALNOHHbIX
NCKAXXeHWUM C
MCNOJSIb30BaHNEM
ABYXTOHAJIbHOIO
HenpepbIBHO
reHepMpyemoro
CUrHanNa ¢ NOMOLLbHO
aHanmnsaTtopa ueneun
cepun PNA-Xc

ABYMSI BHYTPEHHUMMU
NCTOYHUKAMMU

10.

1.

YcTaHosuTe rpacuk Ans u3meperust npuémunkom B (Trace, meHto Meas).

YcTaHoBUTE KOH(UrypaTop TPaKTOB N5 NPOBEAEHNS ABYXTOHANbHbIX U3MEPEHMI
(ananorosoe okHO “Power and Attenuators”).

Bkntounte nctouHuk (Source) u MCTouHKK 2 (Source?2) (ananorosoe okHo “Power
and Attenuators”), # ycTaHOBUTE COOTBETCTBYIOLLE YPOBHW MOLLHOCTH.

YcraHoBuTe pexunm cMeLleHna 4acToTbl AnA ABYX OCHOBHbIX TOHOB (SOUI’CG "
SOUFCG2), a Takxe I'IpVIéMHMK Ana N3MepeHna Bcex ‘-IeTpréX TOHOB (,qaa OCHOBHbIX
1 Ba npoaykTa MHTepmMoaynaunoHHbIX VICKa)KeHVIVI).

/3beraitTe ncnonb3oBaHus KpyrnbIx yncen unm kpatHeix 10 M. Bmecto 2 Ty
ucnonbayite 2,00011 M.

Ybeautech B TOM, 4TO BbIGpanu Takyto KOMBUHALWIO Yncria TOYEK 1 NOMoCh
0630pa, 4T BCe Tpebyembie ToHbl (f, f, 2f, —f,, 2f, —f,) ByayT TouHo n3mepeHbi.
MOXHO NPOBEPUT, YTO 3T TOUKM (PAKTUYECKN U3MEPSKOTCS C UCMOMNb30BAHNEM
AMUCKPETHbIX MapkepoB. MpocTolt cnocob caenatb 310 3aKo4aeTes B CreaytoLem:

* Primary (ocHoBHO# kaHar): nepekpbIBaeT AnanasoH Yactor ot 2f, - f, no 2f, 1.
Vicnonb3ayiite 11 Touek. YCTaHOBUTb LIEHTPaMBHYHO YacToTy, paBHON CpeLHEMY
3HaueHuto ot f, v f,. YcTaHosuTe norocy 0b3opa pasHoi AT pasHocam
4acToT MEXIY TOHaMM

* Source (MCTOYHIK): HeCBA3AHHBIN (uncoupled): f,, LeHTpanbHas YacToTa,
HyneBas nornoca ob3opa

¢ Source2 (MCTOYHMK 2): HecBAA3aHHbIA (uncoupled). f,, LeHTpanbHas Yactota,
HyneBasi noroca 063opa

* Receivers (MprémHukm): cBs3aHHble (coupled) (Tak xe, kak B OCHOBHOM KaHare)

YctaHosute nonocy M4 pasHon 10 'y, 100 My vm 1 kT,

Bbi6epuTe TpakT ¢ kBapLieBbIM unbTpoM (y3kononocHbI TpakT) (NBF) 13 meHto
System > Configure > SICL/GPIB > SCPI menu (meHto kak B DOS):
sens:path:conf.elem “ifsigpathall”,’nbf’

IMpumeHnTe ocnabnerne NpuémMHIKOB. [poBepbTe, HAOMOAAIOTCA N B pesynbTaTax
M3MepeHms Kakue-nmbo nameHeHus. Ecnu npu ncnonb3oBaHum ocnabnexus
NPUEMHMKOB 3HAYEHWSI MEHSIKOTCS, 3TO, BEPOSTHO, CBIAETENLCTBYET 0 paboTe
NPUEMHMKOB B PEXVME KOMMPECCUU, OO C UCKAXEHWUSIMU, MOSTOMY CriegyeT
NPUMEHUTL ocrnabnexwe.

Pa3mecTiTe Ha rpacpmke YeTbIpe OTAEMbHBIX Mapkepa, N0 OAHOMY Ha KaxzayH
vacrory (f,, f,, 2f, - f,, 2f, - f).

Boiuncnnre IP3 (Bpyuryto): IP3 (abwm) = P (f,) + (P (f,) - P (2f, - 1,)) / 2

[nst [OCTUKEHWS HAaNBbICLLEN TOYHOCTY NOTPEOYETCS BLINOMHUTL Pa3fnyHble
KanmopoBKM.



036 | Keysight | TouHble n3amepeHVst MHTEPMOLYIALMOHHbBIX MCKAXEHMI C MOMOLLbI0 aHanu3artopa uenei cepum PNA-X, ot 10 MI go 26,5 i - PekoMeHAaLmm no npyMeHeHuio

PassuBaemcs ¢ 1939 roga

YHWKanbHoe codeTanue Halumx npubopos, NporpaMmMHOro obecneyeHus, yenyr, 3HaHWi 1 onbiTa
HaLLMX MHXEHEepOB MOMOXET BaM BOMNOTUTh B XWU3Hb HOBblE uen. Mbl OTKpbIBaEM BEpU B MUP
TexHonorui 6yayLero.

Ot Hewlett-Packard n Agilent k Keysight.

myKeysight ~ myKeysight
www.keysight.com/find/mykeysight
lMepcoHanuanpoBaHHas NoadopKa TONMbKO HY)XHOM BaM MH(OpMALA.

http://www.keysight.com/find/emt_product_registration

3apeructpupoBaB cBOM NpUBOPbI, Bbl NONYYUTE AOCTYN K MHGOPMALMM O COCTOSIHIM
rapaHTUv 1 YBeOMIEHINAM O BbIXOA€ HOBbIX MybnukaLiz no npubopam.

KEYSIGHT SERV|CES yCJ'lyl'VI LlCM Keys|ght
fccelerate Technology Adoption. vy keysight.com/find/service

Lower costs.
LleHTp cepsuca 1 meTponorun Keysight roto npeanoxuTs Bam CBOK NOMOLLb Ha Mioboil cTa-
QU 3KCTIyaTaLmun CPEACTB U3MEPeHUii — OT NaHUPOBaHWS 1 NPUoBpeTeHNst HOBbIX NPUOOPOB
[0 MoAepHM3aLm yctapesLuero obopyaosanus. LLinpokuit cnektp yenyr LICM Keysight Bknto-
4aeT ycnyrv no nosepke 1 kannbposke CW, peMoHTy NprbopoB 11 MOLEPHI3aLIM YCTapeBLLEro
060pyoBaHus, PeLLEHIs 45 YNpaBneHus NapkoM NpurbopoB, KOHCANTUHT, 0BY4YeHIe 1 MHOroe
[Jpyroe, YTO NOMOXeT BaM NOBbICUTHL KaYeCTBO BaLLMX pPa3paboTok U CHU3WTb 3aTpaTbl.

[MnaHbl TexHM4eckoit noaaepxkm Keysight
www.keysight.com/find/AssurancePlans

ASSURANCE PLANS LICM Keysight npeanaraet pasHoo6pasHble nnaHbl TEXHUYECKON NOAAEPXKKM, KOTOpble
rapaHTMpyioT, 4TO Balle obopyaoBaHue byaeT pabotaTb B COOTBETCTBIM C 3aSBNEHHON
npou3BoauTenem creuudukalmel, a ol OyaeTe yBepeHbl B TOYHOCTI CBOWX N3MEPEHNIA.

ToproBble napTHepbl Keysight
www.keysight.com/find/channelpartners

MMonyynTe nyyiuee 13 ABYX MUPOB: rNyBok1e NpodeccroranbHble 3HaHus B 0bnacTy
13MEePEHII 1 LLMPOKMIA aCCOPTUMEHT peLLeHmil komnaHun Keysight B codetanmun ¢
yao6cTamu, NpefocTaBnseMbIMI TOPToBLIMIA NapTHEpPaMK.

www.keysight.com/find/ad

KEYSIGHT

TECHNOLOGIES

Poccuiickoe otaeneHne
Keysight Technologies

115054, Mocksa, KocmogamuaHckas Hab., 52, cTp. 3

Ten.: +7 (495) 7973954
8800 500 9286 (3BoHOK Mo Poccuu GecnnaTHbIi)

Oakc: +7 (495) 7973902
e-mail: tmo_russia@keysight.com

www.keysight.ru

CepaucHblit LieHTp
Keysight Technologies B Poccun

115054, Mocksa, KocMoaamuaHckas Hab, 52,
ctp. 3

Ten.: +7 (495) 7973930
akc: +7 (495) 7973901

e-mail: tmo_russia@keysight.com

(BP-16-10-14)

www.keysight.com/go/quality

Keysight Technologies, Inc.
Cepudpuumposaro DEKRA Ha cooTseTcTBME
cranpapty 1SO 9001:2015

CucTema ynpaBneHmns ka4ecTBoMm

VHcpopmaLyst MoxeT ObiTb 13MeHeHa Be3 yBELOMIEHIS.
© Keysight Technologies, 2017

Published in USA, December 01, 2017
5989-7265RURU

www.keysight.com



