MPAKTUYECKUM CEMUHAP O
CMEKTPAJIbHOMY AHAJTU3Y

AnekcaHgp Arypees
NHXeHep no aHanusaTopam crnekTpa U CUrHanoB
000 «POJE v LLUBAPLL PYC»

ROHDE&SCHWARZ
Make ideas real



lLnpoyainias o6nacte NpUMEHEHMNIA

NMNOBECTKA OHA

» BsegeHue n o63op nutepatypsbl

» Pornb 1 mecto [Jeunbenos B aHnu3aTopax cnekrpa
» CTpyKTypHada cxema aHanuaatopa cnekrpa

» PeweHna R&S ans yvyebHoro npouecca

2 Rohde & Schwarz



BBEOEHWUE 1 OB30OP JIUTEPATYPbI

3 Rohde & Schwarz



KOrgA Mbl CTANNKUBAEMCA C PAOUOU3MEPUTENBbHbIM OBOPYJOBAHUEM?

dTanbl:

MopgHnMmnTe

Paguontobutens oranyiicTa PYKY
CTyneHT (Nnpenoaasarenb) TEXHNYECKOro Y4eBHOro 3aBefeHns | Koy 3a panee

nosopmrocs paborare
NHxxeHep ¢ aHaNN3aTopoM

cnekTpa?
Y4YyeHHbIN

Rohde & Schwarz



NOYEMY UMEHHO AHAITU3ATOPBbI CINEKTPA?

BoeHHbIN 1 rpaxaaHcKum
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Tene- paguo- BellaHne

5  Rohde & Schwarz



MOA HACTOINNbHAA KHUTA

6 Rohde & Schwarz



KHUT'A KPUCTO®A PAYLLEPA
«OCHOBbI CMEKTPAJIbHOIO AHAIU3A»

OCHOBbI
CNEKTPAJILHOIO
AHAJIN3A

7 Rohde & Schwarz



OONONHUTENBbHBIE UCTOYHUKW

Buoeo Akagemus
CMoTpeTb ponuku Buaeo

» Bunpoeo akagemus Pooe v Lsapu & \ - Akazemum

b KaHan YouTube R&S RUS

b 3agdBKa Ha CbeMKy y4ebHoro
BMAEO

8 Rohde & Schwarz



NOYEMY UMEHHO AHAITU3ATOPBbI CINEKTPA?

JIBa pexxnma nabmonennsa (anannsa) cBa3aHbl APYT ¢ APYTOM mpe- k
obpaszosanuem Oypbe (0603HauaeMbiM 00b14HO OYyKBOI F), moatomy Kask-
AblA CHIHAI, M3MEHAIOWMIICA BO BPEMEHH, HMECT XapaKTepHbli 4acToT-

= demleq Sewed | e R -

HbI CIHCKTP. B srom CJIy4ac HMCHOT MECTO CIICAYIOUIHE COOTHOLICHHA! I
,\';(./‘}:F[,\'(f]]z!,\'(!).(”"""".:[.‘ (2.2) | | |
, 1 L R R
Me)=F "X, ()]= ‘[i, (f)-e* af, (2.3) i | )

ST e i L el

rae  Fix(t)} — npeodpazosanne Oypwe oT curnana x(t); £ HX(f)] - ob-
parnoe npeodpaszosanne Oypoe ot X( /) x(f) curnan Bo BpeMeHHOH 00-

> BpeMeHHaﬂ 06naCTb Jacnni[(./') KOMIUIEKCHBIIT CHI'HAJI B 4acTOTHOM obs1acTu. > L'IaTOTHa;l O6J'|aCTb

r 350 % | Snde Coman Fone:

Coade D

» Koposasi obnactb n obnactbe mogynaumm

g9 Rohde & Schwarz l* NcTouHuk: K.Paywep «OcHOBbI cnekTpanbHOro aHanm3a>]




POJlb W MECTO OELUMBENOB B
AHAJIMU3ATOPAX CINEKTPA

10 Rohde & Schwarz



anA Yero B PACHETAX UCNONBb3YIOT OELUUBEIbI?

PBbix. — PBX.= 49 nbMmBT — (-578BMBT) = 106 b

PBbiX. =49 nbmBT PBx. =-57 npbmBT
\W\ PBbix. = 80 BT PBx. = 0,000000002 BT (1nu
S 0.0000000025 % ot PBbIX.)

11 Rohde & Schwarz * cTouHMK: YkasaHus no npumeHennto «ab unun He ob? Bece, 4To Bbl X0TENu 3Hathb 0 Ab, HO 6oanuck cnpocuTb...», 1MA98



anA Yero B PACHETAX UCNONBb3YIOT OELUUBEIbI?

G1=10,8 ab G2=12pb G3=3pb
2G=108pnb+12 b +2 b = 24,8 npb

vair VD1 vaoR VD2 R ¥Da
-—
17} auT
Wi Vi ¥EIR VDA
Gl=12 G2=16 G3=2

2G=12*16*2 =384

12 Rohde & Schwarz * cTouHMK: YkasaHus no npumeHennto «ab unun He ob? Bece, 4To Bbl X0TENu 3Hathb 0 Ab, HO 6oanuck cnpocuTb...», 1MA98



BONEE NOAPOBHYIO UHOOPMALMKO O nb ;¥

» PykoBogctBa no npumeHeHuto / Application notes -

ORS00

[=]

* YToObl CkauaTb aHrMosA3bIYHYH BEPCUIO OKYMEHTA, NPOCTO HabepuTe B NOMCKOBOW CTpoke Gpay3epa 1MA98 &
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CTPYKTYPHAA CXEMA
AHAJIU3ATOPA CINEKTPA

15 Rohde & Schwarz



TUMNbl AHANIM3ATOPOB CIEKTPA

C TOYKM 3peHnd pa3nnymna BO3MOXHbIX  CTPYKTYPHbIX  CXeM
aHannMa3aTtopoB ChnekTpa, Aunana3oHbl BXOAHbIX Y4YaCTOT MOryT ObITb
nogpasgesieHbl Ha crieayrwmne:

> AF (3BykoBOM) Anana3soH Ao npumepHo 1 Mlu;
> RF (papno) pnanasoH Ao npumepHo 3 IMu;
» MukpoBoONnHOBbLIM ANnana3oH Ao npumepHo 40 IMu;
> MunnumeTpoBbIN AMana3oH Bbiwie 40 M.

16 Rohde & Schwarz 06.02.2020 AHanusaTtopbl cnekTpa R&S



TUMNbl AHANIM3ATOPOB CIEKTPA

C TOYKM 3peHunsa  pasnuuus H@
andnfYREREE TR Mhanasor

nogpasgesieHbl Ha crieayrwmne:

- CTPYKTYPHbIX  CXEM
4acToT MOryT ObITb

> > b eBNHERA K FUABAG

> RF (papno) pnanasoH

» MukpoBoONnHOBbLIM ANnana3oH A0 NpuMepH

> SANHRATRRISIAKTPAIRARYIPTO BPEMeH G,

17 Rohde & Schwarz 06.02.2020 AHanusaTtopbl cnektpa R&S



AHAJIU3ATOPLI , PABOTAIOLLUE MO
CYMNEPTETEPOOUHHOMY MPUHLUUNY

21

Herektop Bupgeo-

Cmecutesb @uawrp T4 orudaiomieit puikTp
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Bxon Yeunutens Jorapudmmieckmit
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A Jucruieit

ITunoodbpasHbrii
CHTHAT

Rohde & Schwarz 06.02.2020 AHanusaTtopbl cnektpa R&S
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PELLEHWA ROHDE&SCHWARZ
ansA OBECNEYEHUA YHEBHOIO NMPOLIECCA

24 Rohde & Schwarz



NMNEPBOE PELLEHWUE ROHDE&SCHWARZ
ansd ObECNEYEHUA YHEBHOIO I'IPOLI,ECCA

B nomowb Anga noHnmasa 6asoBbix acnektos PY n BY

» YyebHOoe pelleHne, KoTopoe oxBaTblBaeT namepexHma PY
KOMMOHEHTOB U NpUeMonepeaaTynkoB, a TakKe NPUITOKEHUS
ANA oTnagky aNeKTPOMarHUTHbIX NOMEX

» [lemMOHCTpauma cyTn pagmo4acTOTHbIX USMEPEHUN
» [unana3soH nameperHun go 3 'y

= = -
: X
| |
/ 0] O O 0]

AHannsartop crnekrtpa AHanuszatop uenen  [eHepaTop curHanos

Rohde & Schwarz



CYTb PEWLEHNA ROHDE&SCHWARZ

N3mepuTenbHbIN CTEHA

1 FPC1500 — GtoaKeTHbI aHann3aTop
crneKTpa C NPOMbILLSIEHHBIMUY CTaHg4apTamu,
KOTOpbIN NOCTaBNAETCA B KOMMNSIMKTALUMN C
reHepaTopoOM CUrHanNoB U BEKTOPHbIM
aHanmn3aTtopom uenen

I FPC-Z10 — yHnBepcanbHaga nnara,
npeacTtaenstowas cobom cxemsbl:
npuemonepeanartyunka, npeobpasosarens
NMOCTOSAHHOIO TOKa (4ns cnyyaeB
yCTpaHeHUs1 Hernonagok, CBA3aHHbIX C
3NeKTpOMarHUTHbIMU Nomexamu). Takxke ¢
CoCTaBe ecTb KanmbpoBOYHbIN HAabop Ans
aHanmusaTtopa uenemn.

Rohde & Schwarz

JTabopaTtopHble paboTbI*

1 JlaBGopaTtopHble paboTbl — y4ebHble
YNPa)XHEHUS C NOLLAroBbIMU MHCTPYKLMSIMU
ansa pabotbl ¢ PY-Tpaktom 1 FPC1500.
BkrntoyaeT BONpocChkl 1 OTBETHI A4
npenogaBaHus B y4ebHbIX 3aBeEeHUSIX.

1 [lo3BonbTe CTyAeHTY NOHATb paboTty
OTAENbHbIX KOMNOHEHTOB PY,
npuemornepenaTynkoB, OCHOBbI OTNaaKu
3NEeKTPOMarHUTHbIX NOMeX U T. 4., BeinonHas
N3MEpPEHNSN / XapaKTEPUCTUKN HA HUX.

1 OcHacTuTb CTygeHTa NpakTUYeCKMMn
HaBblkamu paboTbl C NPOMbILLIIEHHLIMMN
cTaHOapTHbIMUK Npubopamm

Iz

*B pa3paboTke coBMecTHO ¢ BY3amu Nepmannm



FPC-Z10 - OB30P MNATDI

YHUBEPCAIIbHAA PAOUOYACTOTHAA MNIATA C CAL-KIT, DC-DC-
NMPEOBPA3OBATEJIEM U 1Q-MOAYNATOPOM ANA NPAKTUYECKOIO

OBYYEHUA.

Rohde & Schwarz

YMHOXUTENb
1

[enutenb

2
‘ NMuTtanHune
‘ Calibration Kit

®  DC/DC npeobpas.

6 |Q Modulator/
Demodulator

7 OnopHbIn
reHeparop
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SMA SMA SMA SMA SMA SMA
X600 X601 X400 X401 X403 X404

| | f=200 MH | | ToA
[ e S s
1Q ,
MODULATOR . Attenuator
BW=40 MHz 0dB to 31.25 dB
g=-3dB
LOCAL
OSCILLATOR
7636 5 Mriz » Jlerko nepekrnoyaerca mexagy oTaeribHbIMU KOMNOHEeHTaMn A1

I 1 f=318.25 MHz onpegeneHnda Xxapaktepuctunk

SMA SMA I
X405 X406
| ' » [lpoekTnpoBaHue oo 3 My Ansa npumeHeHnsa B ananasoHe ISM,

| SMA - o
gl /S [> |0z _ HanpuMep, Nonb3oBaTernb MOXET 060NTY BHELHWUIA ounbTp 2,4 Ty

g=19dB
NF=2.6 dB

» [mbkas HacTpomKa C NPoOBEPKON Nepenadn no Bo3ayxy no cpeacresam
BHELLUHEN aHTEeHHbI

Rohde & Schwarz



R&SCINSTRUMENTVIEW: YOANEHHbIXM OCTYN B MOMOLLb
HA JTABOPATOPHbIX PABOTAX

> YnobcTBo

KOHTPONMPOBAaTh AEATENbHOCTb
CTYOEHTOB B y4eOHOM
nabopaTtopHoi cpefe.

> CKopocCTb

BCE€ MHCTPYMEHTbI OOCTYIlHbI Yepea3
LUEeHTpalribHY naHeslb gt MacHicsl 0

» becnnartHo

R&S®InstrumentView
nocrasngaeTca becnnaTtHo

Station 1 Station 2 Station 3

29 Rohde & Schwarz



ONMUUOHANBHO ANA YOANEHHOIO OBYHEHUA:
R&S®CAMPUSDASHBOARD

» OOBHapyXuThb ...

npudopbl B y4ebHOM
nabopartopHou cpeae.

» OpraHusoBarb ...

Paboyee

Network |

Npubopbl Ha paboymx MecTs
» Hactpouts ...
naboparopuio ans ody4yeHu .

==

30 Rohde & Schwarz



CNACUBO 3A BHUMAHMUE!
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