JlaGopaTopHas padora Ne2
MoaeupoBaHus CHCTeM MepeIay JAHHBIX U OLEHKH UX MOMEeX0yCTOHYHBOCTH

Hean padoTsl

I/I3y‘I€HI/IC IIpouecCoB MOACIHUPOBAHUA CHUCTEM C IEpCAadr JaHHBIX KW OLCHKH HX
HOMGXOYCTOﬁqHBOCTH C IIOMOLIBIO IMaKE€Ta KOMIIBIOTCPHOI'O MOACIIMPOBAHUA Matlab.

1.1. 3aganue H yKa3aHusl K BHITIOJJHEHUIO Pa0OTHhI

1. 3anyck Simulink u co3ganue mycroii Mmogesn.

- 3anycrute nporpammy MATLAB, mienkHyB 1o ee 3HauKy.

- [llenkHUTEe B MaHENd HMHCTPYMEHTOB Mo KHomke Simulink mubo BBeauTte B
komanaHoi ctpoke MATLAB komanay Simulink. Otkpoercs okuo Oubimorexkn Simulink
(Simulink Library Browser).
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- lenxkuure B okue Simulink Library Browser mo kuomnke Create a new model.
[TosiBuTCS MycTOE OKHO HOBOW MOJIENH (PUCYHOK).
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2. ITocTpoeHnue Moae/id MPOCTeMIel CHCTEMbI Mepelavyu JaHHbIX.

Jlrobas cucrema mepegaud JAaHHBIX HA4yMHAETCS C HCTOYHHMKA HHGOpMaluu, a
3aKaH4YMBAeTCsl ee IojyyareieM. B kadecTBe HCTOYHHMKAa yJOOHO  HCHOJIB30BaTh
NICEBAOCTYYallHBI HEKOppEeTUupOBaHHbIM OMTOBBIM moTok (610k Communications Blockset >
Comm Sources > Random Data Sources > Bernoulli Binary Generator). I{enbto MoaenupoBanust



CHUCTeMBl  Tepelayd  JAaHHbIX B OOJBIIMHCTBE  CIyyaeB  fABISETCA  OLEHKAa €€
MIOMEX0YCTOWYMBOCTH, T. €. U3MEPEHHE BEPOSTHOCTH OILIMOKH.

B cBsa3m ¢ stuM IIoJIy4aTciieM 6y)1eT SABJIATHCSA 6J'IOK, HpCI[HaSHa‘leHHHﬁ JJIs1 TaKOTIO
uzmepenuss — Communications Blockset > Comm Sinks Error Rate Calculation. Pa3mecture
YKa3aHHLBIC OJIOKH B COCTaBE MOZCIIN, IICPCTACKHBAA UX C ITIOMOIIBIO MBILIHN.

Jlis BU3yanbHON AEMOHCTPALMU Pe3yIbTaTOB U3MEPEHHsI BEPOATHOCTH OUTOBOM OLIMOKH
(Bit Error Rate— BER) HeoOxomumo cienath Tak, 4T00bl OHM BBIBOJWIIUCH B BHUJIC BBIXOJHOTO
curnana 6moka Error Rate Calculation. [[ist 3Toro HE0OX0AMMO HACTPOUTH MapaMeTpPhI OJIOKA.
OTkpoiiTe OKHO TapaMeTpoB U BeIOepuTe Aiis mapamerpa Output Data Bapuant Port.

3ameuanue. Oxno napamempos 0O10KA OMKPLIGAEMCS OBOUHbIM — WEIUKOM HA
usobpadicenuu O.10Ka.

[Tocrne 3aKphITHS OKHA MTApAMETPOB Y OJIOKa MOSBUTCS BRIXOAHOM curHai. [Tomecture B
MoJenb 610K yncnoBoro auciuies (Simulink > Sinks > Display) u moacoeanHuTe €ro K BBIXOIY
osioka Error Rate Calculation. ITpu padote monenu 6510k Display OyeT BBIBOIUTH CTOJIOCIT U3
TPEX YHUCEI, IO3TOMY 3apaHee YBEINYbTE €r0 BEPTHKAIBHBIA pa3Mep ¢ TIOMOIIBIO MBIIIIH.

3ameuanue. Csasu medxncoy OI0KaMu NPOMASUBAIOMCA MbIUBIO, KPOMe MO0, eCciu
HYIHCHO NOOKIIOUUMb eOUHCMBEHHDIU 8bIX00 00H020 0OJI0KA K eOUHCMBEHHOM) 6X00) 0pYy202o,
MOMCHO 8blOeUMb ONOK-UCMOYHUK U 3ameM WeIKHYMb NO ONOKY-NPUEMHUKY, YOepHCUsas
knasuwty Ctrl.

Jlotst iepenaun udpoOBOro CHrHANIA HO KaHAIY CBSI3M €r0 HEOOXOAUMO Mpeodpa3oBath B
CUTHAJI aHAJIOTOBBIN, T. €. BBINOJHUTHL ONEpaIuio MUPPOBOH Moayisuuu. B maHHON pabote
paccMaTpHUBaeTCs MPOCTEHIIHIA ClIOCOO HU3KOYACTOTHOM JBOMYHOM mepenaun, korga «0» u «1»
HepPeIal0TCs B BU/IC HMITYJILCOB OJTMHAKOBOM (hOPMBI, Pa3IMYAOIIUXCS JIHIIb MOJSIPHOCTBIO. J{i1st
(opMHpOBaHUS HMMITYIBCOB, 3aJAIOIIUX IOJSPHOCTh, OMTOBBIe 3Ha4YeHUs 0/1 HeoOXoaUMO
npeoOpazoBath B Ounossipubie 3HadeHus +1/-1 (4uTo yemy OyaeT COOTBETCTBOBATH, HE MMEET
3HaueHus1). Peanusyiite Takoe mpeodpa3oBaHue, UCTONB3ys O10ku Ooudbauorex Simulink > Math
Operations u Simulink > Sources.

HpI/I MMPpUEME TAKOTI'0 CUTHAJIa PCHICHUC TPUHUMACTCA IO 3HAKY MOJYUCHHOTO 3HAYCHMU.
MoXHO peanu3oBaTh NPUHATHE PELICHUS, CPAaBHUBAs NPHUHATBHIM CUTHAJ C HYJIEBBIM ITOPOIOM
npu nmomom 6moka Simulink > Logic and Bit Operations > Relational Operator. BeixomHo#
CUTHAJI ATOr0 OJI0Ka MMEET JIOTUYECKUI TUIl, KOTOPBIN MPHUAETCS MPeodpa3oBaTh K YHCIOBOMY C
nomorpto 6;oka Simulink > Signal Attributes > Data Type Conversion.

3ameuanue. Tun cpasnenus ¢ b6aoke Relational Operator neobxooumo evlopame ucxoos
u3 3a0anHo20 paree coomeemcmaus medxcoy oumamu 0/1 u yposusamu cuenana +1/1.

Jlanee crnegyeT COEOUHUTH BCe B €AMHOE IIeJloe: OUTOBBIM TreHepatop —
npeoOpaszoBarenb B JABYNOJSIPHBIM curHan — cpaBHeHue c noporom. bnok Error Rate
Calculation umeer 2 Bxoma Tx (nmepematumk) u RX (mpuemuuk). Ha miepBbIlii M3 HHX HYXHO
nojaTh HMCXOAHYH uWH(MoOpMmaiuio (C BbBIXOAA TEeHepaTopa OWTOBOTO IIOTOKA), Ha BTOPOU
NPUHATHIC TaHHBIE.



Teneps MOXKHO 3aIyCTUTB MOJIEITB, ICTKHYB B €€ TaHEIM HHCTPYMEHTOB 10 KHOmKe Start
Simulation. [lucruteii nomkeH mMoka3aTh HYJIEBbIE 3HAUEHHS B JBYX MEPBBIX CTpPOKax
(BeposATHOCTH OMIMOKU M YKCcIo OmUO0K) u 11 B TpeTheld cTpoke (Uncino oOpaboTaHHBIX OUT).
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PaccmarpuBaemasi cucteMa HE COIEPIKHT aHAJIOTOBBIX OJOKOB, MOJIOMY II€IECO0OPa3HO
HCIIOJIB30BATh PEKUM MOJICTTMPOBAHUS C AUCKPETHBIM BpeMeHeM. Kpome TOoro, Hy»KHO, 4TOOBI
Mojzienb pabotana 06e3 OocTaHOBKH. IS BBIIONHEHHS YKa3aHHBIX HACTPOCK OTKPOWTE OKHO
napaMeTpoB MOJIeNIMpoBaHUs KoMaHmou Menro Simulation > Configuration Parameters wim
kiaBumramu Ctrl+E u 3amaiite ains mapamerpa Stop time 3nauenue inf, a s mapamerpos Type u
Solver B pasmene Solver options Beioepure Fixed-step u discrete (no continuous states)
COOTBETCTBEHHO.

3ameuanue. Bpems oxonuanmusi pabomvi MoOOenU MAKIHCe MOMNCHO 3a0d8ambv
HenocpeoCmeeHHo 6 ee nameiu uncmpymenmos — 6 nojie Simulation stop time.

3akpoiiTe OKHO TapaMeTpOB MOJACIHUPOBAHUSA M CHOBa 3amyctutre mojens. OHa Oyner
paboTath HE OCTaHABIMBAsCh, JEMOHCTPUPYS HYJIEBOE 4ucio omuOokK. OcraHoBuTe padoTy
MOJICJIH IIeTYKoM 110 KHonke Stop simulation.

3. Jlo6aBiieHne (pOpMHUPYIOLIET0 U IPHEMHOI0 (PMIBTPOB.

Celfyac B MOJIENIM UCHONB3YETCSI OJJUH OTCYET CUTHAlla Ha KaXbIi mepeaBacMblii OUT.
Jlns ucnonb3oBaHus MpU Tepenade MHGOPMAIUM UMITYIbCOB 3aJaHHON (HOpPMBI HEOOXOIUMO
CHavaja YBEJIWYUTh 4YaCTOTy MAMCKPETH3allMd CHUTHAla, a TOTOM TMPOMYCTHTh «PEAKO»
CIENYIOIIMEe HWMITYJIbChl  4epe3  GOopMHUpYIOmUA  QWIBTP C€ 3aJaHHONW  HMITYJIbCHON
xapaktepuctukoil (1X). [ToBbICHTh YacTOTy AMCKPETU3AIMUA MOXKHO C IMOMOIIBI0 O0Kka Signal
Processing Blockset > Signal Operations > Upsample. ITomectute 3TOT GJIOK B MOJENb MOCIE
dbopMupoBaress IBYNOJISIPHOTO CUTHANIA M 3aJIaliTe MOBBIMICHUE YACTOTHI TUCKPETH3AINH B 8
pa3. JluckpeTHblii QUIBTP MOXKHO peann3oBaTh ¢ HoMmolibio Omoka Simulink > Discrete >
Discrete Filter. [Tomectutre sToT O67M0K B MOmenb mocie Omoka Upsample u peanusyiite
MaH4YeCTepCKoe KoAupoBaHue, 3amas X suma {1, 1, 1, 1,-1,-1,-1,-1}.

3ameuanue. [lapamemp Numerator 610ka gpurompa 3adaem Ko3phuyueHmvl nOIUHOMA
yucaumens GyHKyuu nepedadu. Imu ko3 duyuenmovl 00aHCHbL ObIMb 3A0aAHbL 8 8UOE BEKMOPA 8
Gopmame MATLAB. m. e. nepeuuciensvt 8 K6AOPaAmMHvIX CKOOKAX Uepe3 npobeivl Ui 3ansamole:
[1111-1-1-1-1].

Iapamemp Denominator 3adaem Ko3(hghuyuenmovl noauHoma 3HameHamensi QyHKYuu
nepedauu. Beeoume 30ecv yucno 1. max kax 8 OAHHOM Clyyae HEOOXOOUM HepeKypCUBHbIU
Gunomp.

Ilapamemp Sample time 3a0aem nepuod Ouckpemusayuu cucHaia. 4moowvi
UCNONb3086aMb MOM NEpUood, ¢ KOMOPLIM YiHce OUCKPEMUUPOB8AH 6XOOHOU CUSHAI, 86eoume
30eck 3HayeHue -1.



[Ipn npueme curHaiza HeEOOXOAMMA COTJACOBaHHAs (UIBTpALUS C MOCIEAYIOIUM
MOHIKEHUEM YacTOThl AuCKpeTusanuu. [lomecTutre B MOAENH €lle OJAWH JUCKPETHBIN (PUILTP
(cpa3y mocne ¢opmupyomero (GuiIbTpa) U 3agaiiTe I HEro 3epKalbHO-TiepeBepHyTYI0 UX
Buzaa [-1,-1,-1, -1, 1. 1. 1. 1]. [yig nmOHMIKEHHS YaCTOThI IUCKPETU3ALMU U3 BBIXOJHOTO CHUTHAA
NpUeMHOro (MIBTpa HEOOXOAUMO BHIOPATh OTAEIBHBIE OTCUETHI C MOMOINbI0 Oyoka Signal
Processing Blockset > Signal Operations > Downsample. 3anaiite B mapamerpax 3Toro 0Joka
MOHM)KEHUE YaCTOTHI B 8 pas.

3amycTuTe MoJenb U yOenuTech B TOM, YTO OHa paboTaeT HEMpaBUILHO (BEPOSATHOCTD
omunbku cocrabiger okosno 50 %). Jlemo B TOM, uUTO TMOCJ€ BBEACHHUS IE€pPENalolIero u
dbopmupyromero GpuIbTPOB HEOOXOAUMO YUECTh 2 MOMEHTA!

¢ OTCUeTHI MOCJIe COrIacOBaHHOTO (UIbTPA JAOKHBI OpaThCsl B CTPOTO OIpe/IeiICHHbIE
MOMEHTHI BpeMeHHU (Heo0XoauMa BpeMeHHasi CHHXPOHU3ALINSA);

¢ npouenypsl (GUIBTpAK BHOCAT 3alEPXKKY, KOTOPYIO HEOOXOAWMO Yy4YecTb NpHu
CPaBHEHUH IIEPEAAHHOIO U IPUHATOIO CUTHAJIOB.

* JInst KoHTpOJI (POPMBI CUTHAJIOB | IOJ00Pa MOMEHTOB B3STHSI OTCUETOB IMOAKIFOYHUTE 2
ocummiorpagda (6moxku Simulink > Sinks > Scope) k Beixomam mpuemHoro ¢uiabTpa u 670Ka
NOHIKEHHST YaCTOTHl JMCKPETU3alMU. 3alyCTUTe MOAENb. BBl yBUAWTE, YTO MaKCUMAaJbHBIH
pa3Max CHUTHAIOB JO M TIIOCIE TOHMKCHUS YacTOTHl JAWMCKPETH3allMd HE COBMAAaeT. OTO
O3HAYaeT, YTO OTCYETHl OEpyTCs HE B T€ MOMEHTHI, KOTJIa CHTHAJ Ha BBIXOJIE COTJIACOBAHHOTO
¢unbTpa mOCTHraeT cBoero MakcumMyma. CKOpPpEKTHpPYHTe MOMEHTHI B3STHS OTCUETOB,
perymupys mapametp Sample offset 6;moxka Downsample.

3ameuanue. /[ns omkpoimus okHa ocyunniozpaga coenatime 080UHOU WeAYOK Ha ONOKe
Scope; dns asmonodbopa macwmaba uzoopadiceHus welKHume 8 okHe ocyuiiozcpaga npasoi
KHONKOU Mbluu U 6blbepume 6 KOHMEKCMHOM MeHlo Komanoy Autoscale: onsa aumanusa
OCYUNIIOZPAMM npuocmarogume pabomy mooenu knonkou Pause simulation.

Buumanue! Ilpu noobope momenmos 63amus omcuemos HeoOXo0uMo odpamumo
BHUMAHUE HA MO, YMO CUSHAL NOCNe NOHUNCEHUS YACmombvl OUCKPEeMU3ayuy OO0IHCeH
APUHUMAmMb MOAbLKO OONbuiUue HO MOOYMIO 3HaueHus. [leno 6 mMoM. 4mo npu UCHOIb308AHUU
MAaHUecmepcKo20 KOOUPOBAHUSL BO3MONCHA JIONHCHAA (CO COBU2OM HA NONOBUHY CUMBOIA)
CUHXPOHU3AYUS, PA3MAX CUSHANA NPU IMOM MAKOU dice, KaK Npu NpasuibHOU CUHXPOHU3AYUU,
HO, Kpome DONbUUX N0 MOOYIIO, CUSHATL NPUHUMAEN MAKICce 3HAYEeHUs, OIu3Kue K HY0.

KomneHncamus 3anepkkd, BHOCUMOM B CHUTHaJ TNpPU €ro oOpaboTKe, MPOU3BOAUTCS
HerocpeacTBeHHo B Oyoke Error Rate Calculation (mapamerp Receive delay). [Tpoananusupyiite
HOSIBIISIIOIIMECS] B MOJIENH 33JCPKKH U MOJOCPUTE TAaKOe 3HAYCHHE ITOTO Mapamerpa, YToObI
MoJielnb paboTaina 0e3 OIuooK.

4. JlodaBJieHHe IIIyMa U IPOCMOTP CIIEKTPA CUTHAJIA.

Jlst mpocMoTpa criekTpa GOpMHPYEMOTO CHUTHAJA MOJIKIIOYNATE Toce (POpMHUPYIOIIETO
¢unpTpa Omok Signal Processing Blockset > Signal Processing Sinks > Spectrum Scope. B



nmapameTpax 3Toro 0yioka ycrtaHoBute (naxox Buffer input. 3amycture Mozaens u HaOIrOMalTE
CIIEKTp CHUTHAJIA.

3ameuanue. Oxno epaghuxa Spectrum Scope omkpvieaemcs aA8MOMAMUYECKU NpU
3anycke Mmoodenu. Aemomacumabupoganue epagpuxa BvINOIHAEMC MAaK dice, Kak OJs
ocyunnozpagha.

Ymobwbl ymeHbuums OucCnepcuio CReKmpaibHou oyeHku, yeeaudsme napamemp Number
of spectral averages 6.10xa Spectrum Scope, nanpumep oo 10.

JloGaBnieHHe aIIUTHBHOTO OEJIOro TayCCOBCKOTO IIyMa IPOM3BOJUTCS C TOMOIIBIO
onoxka Communications Blockset > Channels > AWGN Channel. ITomecture 3TOT 0J0K B
MoOJAeNb MeXay (opMuUpylmMM U TpueMHbIM ¢duiabTpamu. s mapamerpa Initial seed
(HavaIpHOE COCTOSTHHE TeHepaTopa CAydalHbBIX drcen) 3aaaiTe 3HaueHue randseed (cimyuaiiHoe
HaYaJIbHOE COCTOSIHUE).

3ameuanue. Ilpouue napamempuor 610ka AWGN Channel umerom credytowuti cmvici:
Input signal power — mowrocmo (m. e. cpeonuil keadpam mooyns) 6xoonozo cuenana. Symbol
period — oaumenvrnocmv nepedauu 00noco cumeona. B oannom ciyuae UX hopmupyrowezo
Gunempa 3a0ana maxk, umo CpeoHull Keaopam CUSHANA paseH eouHuye: ONUMETbHOCHb
nepeoauu cumeosia onpeoensiemcs: nepuoooM OUCKPemu3ayul. 3a0aHHbIM 8 UCTOYHUKE OAHHBIX
Bernoulli Binary Generator (no ymonuanuto on pasen edunuye). Taxum obpazom, mpebyemvle
BHAYEHUsL SMUX 08YX NAPAMEMPOS8 8 OAHHOM CLyYae CO8NAOAON CO 3HAYEHUSIMU, NPUHAMBIMU NO
YMOIUAHUIO.

* CHMUMHTE 3aBUCUMOCTb BEPOATHOCTH OMMOKK OT oTHomieHus curHan/mym (C/LL) na
cumBo (Es/No), usmensis otHomenue Eg/Ng B muamasone ot -3 g0 +7 nb ¢ marom B 1 ab. s
KOKIOro clydas HEOOXOAMMO JHOXKAaThcsl mosiBieHus He MeHee 100 ommbok. JlanHbIE
3aMuCchIBAlOTCSA B TabmuIly ciuenyromero Buaa (P,, — oOleHKa BepoATHOCTH OmuOKU, N, —
YHCIIO MPOU30IIeANNX OmuO0K. Ngy,y, — YKCIO 00paOOTaHHBIX CUMBOIIOB; MOCIEIHUN CTONIOCIT
Op — cpennekBaapatudeckoe oTkinoHeHHe (CKO) oOlleHKH BEpOSTHOCTH OINUOKH —
3aIOTHSICTCS MPH MMOATOTOBKE OTYETA):

ES/NO, nb Py, Now Nguum Op

3ameuanue. Modwcno 6KMOUUMbB ABMOMAMUYECKOE 3A8epuleHUe MOOeIUPOBAHUs NpU
oocmudiceHuu 3a0anHo20 Yucia owubok, ycmanoeus 6 onoke Error Rate Calculation gaasicok
Stop simulation u 3adas ons napamempa Target number of errors suauenue 100. IIpu smom
MOJICHO MAKdice 02panudums ooujee yucio oopabamvleaemMuvix CUME0108, 66eds 6 none Maximum
number of symbols snauenue 1e6 (10°).




5. AHAIM3 BJIMSIHUSI MYJbTHIUIMKATHBHOIO0 CKPeMOJHMPOBAHHUSI HA BEPOSITHOCTH
OLIIUOKH.

* IlomectuTe B Mozaenb OJOKHM cKpemOiepa u JeckpeMOiepa u3 OHOIHOTEKH
Communications Blockset > Sequence Operations. 3amaiite 1is HUX JIBOWYHBIC BBIUMCICHUS
(Calculations base = 2), nonmuurom (Scramble polynomial) [100 0 1 0 0 1] u HyneBoe HayaabHOE
cocrosiaue (Initial states).

* [loBTOpPHO CHUMHTE KPUBYIO MOMEXOYCTOMYMBOCTH B TOM K€ JIMANa30HE OTHOIICHUHN
C/l, uro u panee. Jlagee mOAy4YHTE €I HECKOJIBKO TOYCK 3aBHCUMOCTH, YBEIUYMBAs
otnomeHue C/III ¢ marom B 1 ab BIJIOTH 10 3HAYEHUS, TIPH KOTOPOM OY/IET CIOKHO JIOKIAThCS
nosiiieHus 100 ommbok (mpumepro 9 nb).

3ameuanue. [{na yckopenus OnumenbHo2o npoyecca MoOeaupo8anuus MOXCHO 3AKPbIMb
8ce epaguueckoe okna modenu (ocyunnocpagul u Spectrum Scope).

6. IMoaroroBKa MaTepuAaJIoOB JJisl OTYETA.

OTtpenakTupyiTe pacronoxeHre OJOKOB B OKHE MOJENH, 4ToObl caenaTh ee Oolee
HarsiaHo#H. CoXpaHUTe MOJIENb, IIPUCBOMB il OCMbICIICHHOE uMs (BHumanue: pycckue Oykcol
UCNONIL308AMb HENb3S).

Cospaiite nokymeHT Microsoft Word u mepeHecute B HEro Cieiyroniue U300paKeHHs
(BBIIENIMB HYXKHOE OKHO M HakaB kiaBuiu Alt+Print Screen ans xomupoBaHUS U300pa>keHUs
okHa B Oydep oomeHa):

¢ I/I306pa)KGHI/IC CXEMBI CO3/TaHHOM MOJENIH;

3ameuanue. [lomumo Konuposanus pacmpogozo o6pa3a OKHA MOOenU YKA3aHHbIM Gbllie
06pa30M MOIHCHO CKOnUupoeambv Mooenb 6 6EKMOPHOM suoe ¢ nomouvbiro KOMAHObL MeHiO OKHA
mooenu Edit > Copy model to clipboard.

¢ TpaQUKM CUTHAJIOB JI0 W TIIOCIIE€ COIJacOBAaHHOrO (uibTpa (KOMMPYIOTCS IpH
OTCYTCTBUM IyMa, i yero B O1oke AWGN MmoxHO 3agath OeckoHeuHoe (inf) oTHomeHue
C/mI);

¢ TpaduK crieKTpa CUTHaIa (TakKe CHUMaeTcs 06e3 1yma).

1.2. Copepsxkanue oTuera
1. Cxema co3aHHOM MO/IEH C KPATKUMU KOMMEHTApUSIMH O Ha3HAaYEHUU ee OJIOKOB.

2. I'paduk mcmonb30BaHHOM (HOPMBI MOCBUIKH M €€ KoppensauuoHHoi ¢yHkunu (Ko:
rpaduK J0KeH ObITh MOJTYYEeH PACUETHBIM ITyTEM): IPUMEPHI I'paMKOB CUTHAJIA B MOJIEINH /10 U
1ocje MPUEMHOTO COTJIACOBAHHOTO (DUIIBTPA.



3. Paccuurannpiii, wucxoms wu3z ¢opmer KO rpaduk SHEPreTHUECKOro CIEKTpa,
UCTOJIb3YyeMOIro CUTHaia (IO BEPTUKAIM MCIOJIBb30BaTh JiorapudMuuyeckuid macmrad — B
nenubenax OTHOCUTENFHO HEKOTOPOTO MPOU3BOJIBHO BHIOPAHHOTO 3HAYEHUS) U IMOJYyYCHHBIH
HKCIEPUMEHTAIBHO IpauK CeKTpanbHOH m1oTHOCTH MomHocTH (CIIM) curnana.

4. Tabnuubl TOMEXOYCTOWYMBOCTH, TIOJYYEHHBIE TMPU OTCYTCTBUM M  HAJIUYUHU
CKpeMOJIMpoBaHUs curHaia. B Tabnumax noymkeH ObITh 3amosiHeH mocieanuil cronber (CKO
omleHku  OutoBoi  ommOku). CKO  paccuumthiBaeTcs 1o  cleayiouie  opmyie:

oy =«/P(1—P/ N,,.), tae Ng,— uucio oOpaboTaHHBIX OUT: P — BEpPOATHOCTH OIIMOKH

(BMECTO WCTHHHOTO 3HAYCHHS HCIIOJIb30BAaTh MOJNYUYECHHYID B pe3yibTaTe MOJCITUPOBAHUS
OIICHKY).

5. BeiBog (opMynibl, CBSI3BIBAIOLICH BEPOATHOCTH OIIMOOK Ha BXOJE M BBIXOJE
UCTIOJI30BAHHOTO JIECKpEeMOJIepa, B MPEATOJIOKEHHH O TOM, YTO OMIMOKM Ha BXOJIE TPOUCXOIST
HE3aBHCHUMO JIPYT OT ApYyTra C BEPOSITHOCTBIO P.

6. Tabmuiel U rpadKK KPUBBIX MTOMEXOYCTOMYHNBOCTH, TIOJy4YEHHBIC TIPU OTCYTCTBHH U
HAIMYMK CKpeMOJUpOBaHMs curHaia (mo ropusonTtanu — orHomenne Ef/Ng B menunbenax, mo
BEPTUKAIM — BEPOATHOCTh OMMUOKHM B Jorapudmudeckom macirade). [ToMumMo cOOCTBEHHO
rpaMKOB TMONYYEHHBIX OILIEHOK, YKa3aTh «Kopuaop pazbpoca» (=CKO Bokpyr moiyueHHBIX
3HAYCHHM ).

7. CoBMECTHO ¢ OKCIICPUMCHTAJIbHBIMU ) rpaq)I/IKaMI/I INOCTPOUTL TCOPECTUUYCCKHUEC
3aBUCUMOCTH, KOTOPBIC B JAHHOM CJIydac OMPCACIIAOTCA CICAYIOIIUM 06p2130M:

P.=1-® 25 =Q 25, (1.1)
NO NO

rine @ H Q — COOTBETCTBEHHO T'ayCCOBCKHMI MHTETPAT BEPOSITHOCTH U €T0 JIOTIOJTHCHHE
JIO €UHULIBL:

D(X)= I%e“z’zdt, Q(x) =] %e“z’zdtzl—@(x).

Ipumeuanue. Csizp Q-pyHkuun ¢ pyHkimeit erf Bepaskaercs cieayromum o0pa3om:
Q(X)= (l—erf(xlﬁ))IZ, erf (x) =1-2Q(x/2).

I[J'I}I MMOCTPOCHUMA TCOpCTH‘-I@CI(Oﬁ 3aBUCMUMOCTU B CJIy4da€ HCIIOJIb30BAHUA I[eCKpCMGJ'ICpa
CJICayeCT, KpOMEC TOTO, UCITIOJIL30BATDh (I)OpMy.Hy, BBIBCJICHHYIO B II. 5.

8. BuIBOIbI.



1.3. KoHTpoJIbHBIE BONIPOCHI

1. [lycTh MOMEHTBI B3ATHS OTCYETOB IIOCIE COIJIACOBAHHOTO (MIBTPAa CMECTHIIUCH
OTHOCHUTEJBHO HUJCATbHBIX 3HaYeHNH. ONUIINTE IPUYNHBI, KOTOPBIE B 3TOW CUTYalluy IPUBEIYT
K POCTY BEpOSTHOCTH OUIHOKH.

2. TlpearnonoxuM, 4To MOCIIe COTIACOBAaHHOTO (QHIBTPa B MPHUEMHUKE OTCUETHI OEpyTCs
B HEMPaBWJIbHBIC MOMEHTBI CO CIBUTOM Ha T/2. Kakue 3HaueHHsS MOXET MPUHUMATH MOJIC3HbBIH
CUTHAJ Ha BBIXOJIe PIIILTPA B JaHHOM Ciry4ae?

3. K kakum a¢pdexram npuBeeT CMEIEHUE TOpora CpaBHEHUS OT HYJIEBOTO 3HAYCHUS?

4, HYCTB BEPOATHOCTU HYJIA M €AWMHUIBI B HICTOYHHUKE JAHHBIX HCOJWHAKOBBEI. Kak sTo
IMMOBJIMACT HA CIICKTP CUTHAJIA ITPH OTCYTCTBHUU U IIPHU HAJININH CerM6nepa?

5. O0bscuute, mouemy «dasy» B3ATHsS oTcueToB B Oinoke Downsample mpumuioch
YCTaHOBHUTH PaBHOW UMEHHO 7.

6. IlycTh mpu peanm3anuu COTJIaCOBAHHOTO (DUIBTPA B PUEMHHUKE JTOMYIICHA OMTHOKA U
ero X 3anana B Buze {-1, -1, -1,1, 1,1, 1, 1} (y omgHoro otrcuera nepenyra 3Hak). K kakum
SHEpreTHYeckuM rmotepsM (B nmenubenax) 3to mnpuBener? (To ecTh Ha CKOJNBKO JEIUOeI
NPUIETCS YBEIUYUTh MOIIHOCTh CHTHAJIA JIJISl COXPAHEHUS TIPEKHEH BEPOSITHOCTH OIITHOKHU?)

7. JIns OWMHApHOW TMepenaud JaHHBIX MCIIOJIB3YETCsS HMMITYJbC CICIyIIero Buma: 4
BPEMCHHBIX TaKTa UIUTEIBHOCTHIO T/2, amrunTyaa Ha 3TuxX Takrax +U, +U, -U, +U; oGmas
uHa uMmnyiabca 27. JImuTenbHOCTh UMIyJIbca B 2 pa3a OOJbIIe TAKTOBOTO WMHTEpBaia, T. €.
UMITYJIBChl HAKJIAJBIBAIOTCSA JIPYr Ha Apyra. YJIacTcs JU IMOCIe COTJacOBaHHON (puibTpanuu
TaKOT'0 CHTHAJIa U3BJIEUb U3 HETO nepenannyro nadopmaiuo? OTBeT 000CHOBATH.

8. IlycTh BMECTO MaHYECTEPCKOIO CUTHANA JUIs MepeJadn JaHHbBIX UCIIOIb3YEeTCsl CUTHAI
CIIEYIOIIEro BHIA: CUMBOJIbHBIN MHTepBaid T paszjencH Ha 4 (parMeHTa UIMTENbHOCThIO T/4
KaXKbIH; YPOBEHb CUTHAJIa HA 3THUX YeThIpeX cyOTakTax paBeH nmocienosarenbHo +U, -U, +U, -
U. Kak 370 noBnusieT Ha MOMEX0YCTOMUNBOCTD U CIIEKTPAIbHYIO 3P(EKTUBHOCTH CUCTEMBI?

9. [lycTpb  NAMTENBHOCTH  TOJOXHUTENBHOTO W OTPHUIATENIFHOTO WMIYIBCOB B
MaHYECTEPCKOM KOJI€ HE PaBHBI JAPYT APYry (TOJIOKHUTEIbHBIA UMIYJIbC UMEET JUIUTEIBHOCTD
T/2+t, otpunarenbubiii T/2-7). K KakuMm MOCHACACTBUSAM JUIS OMEXOYCTOWYHMBOCTH U
CIIEKTPAJbHBIX CBOWCTB CUTHAJIA 3TO MPUBEIET?

10. [lycte nmnga  mepemadyr  JABOMYHBIX  CUTHAQJIOB — MCIIOJIB3YETCS  MMIYJIBC
JUTUTEIBHOCTBI0 7 < T, 3aMojHSIOMMNA CHMBOJIBHBIA HMHTEpBAT HE IenukoM. Kakumu
JIOCTOMHCTBAMHU M HEIOCTaTKaMu OOJIafjaeT TaKoW BAapHUaHT MO CPABHEHHUIO C MPSIMOYTOJbHBIM
UMITYJIECOM, 3aHUMAFOIIIAM TIOJTHBIA CHMBOJIBHBIN HHTEPBAT T 7

11. Kakue mnpenanonoxeHuss O CBOMCTBaAX HHGPOPMAIMOHHOIO CHUTHajlla M IIYMOB
MCIIOJIb3YIOTCS TIPU OIIEHKE BEPOSATHOCTH OIIMOKU JaHHBIM METOJ0M (METOJOM MOJIEITHPOBAHUS
C MO/ICYETOM YHCIia OMMOO0K, BO3HUKAIOIIMX P padoTe Mozenu)?

12.  Tloyemy ocTaHOBKa paOOTBHI MOJEIH 1O JOCTH)KEHUH 3aJaHHOTO YWCIIa OIIHNOOK
SBIIIETCS pPa3yMHBIM CIIOCOOOM OpraHU3alliy MOJIEITUPOBAHUS?



13.  Crporo roBops, IpH HCIOJIB30BAaHUHU JOCTHKEHUS 3aJIaHHOTO YHCJa OIMIMOOK B
KauecTBE KpHUTEpUs OCTAaHOBKM MoJenupoBaHus oueHka BER mnomydaercs cMenieHHOM.
OO0bsicHUTE (KAUECTBEHHO) IPUYKHY 3TOTO CMELIEHUS.

14.  Yemy paBeH OTHOCHUTENIBHBINA CpeIHEKBaApaTUYeckuii pazdopoc oueHok BER mpu
ucnons3oBanud 100 ommOOK B KadecTBE KPHUTEPHUS OCTAHOBKH MOJCIUPOBAHUS, €CIIH
OIICHUBaeMasi BEpPOSTHOCTh OMMOKHU mMaa?

15.  Bo ckousbko pa3 (IIpUMEPHO) YBEIUYUTCS OTHOCUTEIBHBIM Pa30dpOC OLIEHOK, €CIU
YKCII0 OMIMOOK, IPU KOTOPOM OCTaHaBIUBAETCs MojenrpoBanue, BMecTo 100 B341h paBHbIM 10?7

16. [Ipu ouenke manoii BepoATHOCTH omuOku Hadmomanock N,, = 400 ommoOokK.
Uemy paBHA OTHOCUTENBHAS CPEIHEKBAIpATHIECKAsl MOTPEITHOCTh OLICHKH?

17. Ot 4ero 3aBUCUT BUJA (HOPMYJIbI, CBS3BIBAIOIICH BEPOATHOCTh OMTOBBIX OIIMOOK
10 ¥ TIOocIIe iecKkpeMoOepa?



