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AHHOTALUA

Tewma: "MccnenoBanne MoauuIMpOBaHHOTO MEIUAHHOTO (HUIbTpa"

B nanHO#l BBIMyCKHOHM KBadM(UKAIMOHHON paboTe paccMOTpeHa pabdoTa HEKOTOPBIX
HEJIMHEHHBIX (PUIBTPOB, MOCTPOCHHBIX Ha OCHOBE PAHTOBOM CTATHCTUKU: MEIHMAHHOTO (HIIBTPA
U MOIU(UIMPOBAHHOTO MeauaHHoro ¢uiusTpa. IlocTpoensl 3aBucumocTH Ko3(dduimenra
HEJIMHEHHBIX UCKaXEeHUH 1 K03 duImMeHTa nepeqayn JaHHBIX (QHIBTPOB OT YaCTOTHI BXOJHOTO
curHana. MccnenoBana 3¢h()eKTHBHOCT MOJABICHHS TayCCOBCKOTO M HUMITYJIBCHOTO IIYMOB, a
TaKXe UX CMECH, JJIsl MOIHOCTEH IIymMa Ha BXOJle, 00€CIeUNBAIOIINX OTHOIICHUE CUTHAJ/IIYM
pasaoe 10 u 2. [IpoBeneno cpaBHeHHE 3()()EKTUBHOCTH HENMHEHHBIX (HIBTPOB U JTHMHEHHOTO
COTJIACOBAHHOTO (DHIIBTPA.

KiioueBble cjioBa: MeauaHHbIM (UIBTP, QHIBTP YCEUECHHOro cpeaHero, L-puibtp,
COTJIACOBAHHBIA  (GWIBTp, ameprypa ¢WIbTpa, B3BeMMBAOmAs (QYHKIUSA, JUCKPETHOE
npeoOpazoBanne Dypre, cBepTKa, KOIPPUIUCHT mnepenaadd, KOIPPUIIMEHT HEIUHEHHBIX

I/ICKa)KeHI/Iﬁ, OTHOIICHUC CI/IrHaJI/IHYM.

Annotation

Subject: "Study of a modified median filter"

In this graduation qualification work, the work of some nonlinear filters based on rank
statistics is considered: a median filter and a modified median filter. Dependences of the
coefficient of nonlinear distortion and the coefficient of data transfer on the frequency of the
input signal are constructed. The efficiency of suppression of Gaussian and pulsed noise, as well
as their mixtures, for input noise power providing a signal-to-noise ratio equal to 10 and 2 is
investigated. The efficiency of nonlinear filters and a linear matched filter is compared.

Keywords: median filter, trimmed mean filter, L-filter, matched filter, filter aperture,
window function, discrete Fourier transform, convolution, transmission coefficient, nonlinear

distortion coefficient, signal-to-noise ratio.
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BBenenue

QunpTpanyss — 3TO Ipouecc NpeoOpa3oBaHMs CHUTHAJIOB, 3aKIIOYAIOIIMHCA B
HANpaBJICHHOM M3MEHEHUHM YacCTOTHOTO CIeKTpa. B pesynmprare maHHOrO mpeoOpa3oBaHuUs
OPOUCXOMUT YCHJICHHE WIM OCJIabJeHHe YaCTOTHBIX COCTABISIONIMX B  OIpPEICIIEHHOM
quanaszo”e. @DuubTpanus I[MUPOKO HCHOJIB3YETCS Ui YJIYYIIEHUS KadecTBa CHUTrHaa
(YMEHbILIEHHUs YPOBHS LIYMOB M IOMEX) M YCTPAHEHHS €ro MCKaXXEHUH, BBIJECICHHUS CUTHAJIOB
IIPY YaCTOTHOM pa3JIeJIeHUH KaHaJIOB, OTPAHUYEHUS 10JIOCHI YACTOT, 3aHUMAEMON CUTHAJIaMU U
T.1. [1, €.355]

QWIBTPBI UCTIONB3YIOTCS IPAKTUYECKHA BO BCEX JIEKTPOHHBIX YCTporcTBax. OHM HaXOAAT
CBOE IPUMEHEHHE B PA3IMUYHBIX O00JACTIAX, TaKMX KaK TEJIEKOMMYHUKALMU, paJHOJIOKalMs,
00paboTKa CUTHAJIOB M N300pakeHMH, AUCTAHIIMOHHOE 30HANPOBAHNE U MHOTHX JPYTHX.

Teopus GunsTpoB Hauana paspadareiBaThes eme B 19 Bexe. OQHUM U3 paHHUX TIPUMEPOB
IPAaKTUYECKOI0 IPUMEHEHHUS HIIEKTPOMEXaHMUYECKUX (UIBTPOB SBIAETCS TapMOHUYECKHUN
tesierpad, nzobpereHHslii B 70-e roapl 19 Beka, B KOTOPOM (HUIBTPHI HCIOJIB30BAINUCH JUIS
YaCTOTHOTO pa3fesieHus KaHajioB. OHaKo NMpUMeHEHHE (DUIBTPOB AJIs Pa3/EICHUS] CUTHAJIOB
HA4aJIo IIMPOKO UCHOIb30BaThCs ullb ¢ 20-x rog0B 20 Beka, Korja Beaylue yueHble IpU3HAIN
CyLIECTBOBaHME CHeKTpa y curHanoB. OuupTpauus CUTHAJIOB  JUIsl  [OBBILLIEHUS
YYBCTBUTEIBHOCTU IPUEMHBIX YCTPOWCTB CTajla NMpUMEHATHCS ¢ Hadana 40-x romoB 20 Beka,
KOIZla aKTMBHO Hayajla pa3BUBAaTbCS TEOPHs, IO3BOJIIOLIAS CHHTE3MPOBATH ONTHUMAJIbHbIE
(GUIbTPHI U OLIEHUBATHh BO3MOKHOCTH YBEIMUEHHUS YyBCTBUTEIHLHOCTH IPUEMHUKOB.

[Tu¢posble (GUABTPHI MOSABWINCH C HAYaJIOM MPUMEHEHUs LUU(POBBIX BBIYUCIUTEIBHBIX
MmamuH B koHue 40-x rogos 20 Beka. L{udpoBoil GuabTp — 3TO0 MareMaTHYECKHI aaropuTMm,
peaM30BaHHBIA HA anmapaTHOM W/MIM NPOTPaMMHOM YPOBHE, KOTOPBIH C 3aJlaHHOM LENbIO
JICUCTBYET Ha BXOJHOM M TeHEpUpYyeT BhIXOAHOW ImdpoBoi curHan [1, €.355]. Bee GpuabTphl
NOJIpa3eNAloTCs Ha JIMHEWHbIE U HeIUHeWHble. JIuHeliHble (QUIBTPHI UTPAIOT CYIIECTBEHHYIO
pOJb B TEOPHUM M NPAKTHKE IIEKTPOTEXHUKH, HO, K COXAJICHHUIO, HE BCE IPAKTHUECKUE
npoOIeMbl MOAJAIOTCS JIMHEHHBIM pemeHusM. Tak, Hanpumep, JOKaJTU30BAHHBIE «ITUKU» WIH
«HMITYJIbCHBIN IIYM» HE MOTYT ObIThb 3((EKTUBHO yJaJ€Hbl U3 APYTUX CUTHAIOB C MOMOIIBIO
JuHEHHBIX GuiIbTpoB. [2, €.10]

KnaccuueckuM mpuMepoM HETUHEWHOro (GUibTpa SBISETCS CTaHAAPTHBIN MeJHMaHHBIN
GmIbTp. DTOT UIBTP OKA3bIBAETCS YPE3BBIYANHO (P(HEKTUBHBIM NPU YIAIECHUU UMITYJIbCHBIX
«TIMKOB» M3 CUTHAJIOB, OJHAKO BO MHOTHX CIydYasX OH MOXET BHOCUTh CEPhE3HbIC MCKAKEHUS.

CTpeMJ'IeHI/Ie COXpPaHUTH 9(1)(1)6KTI/IBHOCTB IOoAaBJICHUA HMMITYJIBCHOI'O IIyMa BKYIIE C KCIIAHUEM



YMEHBIIUTH YPOBEHb BHOCHMBIX MCKa)KEHUH MPUBEIN K pa3paboTKe pa3IMyHbIX MOAW(DUKAINI
MEAMAHHOTO (QUIBTPA.

[udposast 0OpaboTKa CHUTHAIOB ABISETCA OJHON M3 Hanbosiee OBICTPO Pa3BUBAIOIINXCS
obiacteii TexHuku. B HacTosmee Bpems 1HdpoBble (GMIBTPH MPUMEHSIOTCS MPAKTUYECKU
Be3ze, rae Tpedyercs oOpaboTKa CHTHAJIOB, HAIpUMEDP, B CICKTPAIBHOM aHau3e, 00padoTKe
U300paKeHMid, BHJCO, PEYd M 3ByKa M MHOTUX JApyrux mnpuioxenusx [3, €.15]. Bbsuio
pa3paboTaHO MHOXKECTBO BHJIOB U MoAUGHUKAIMA HUGPOBBIX (HIBTPOB, PEATU3YIOIIUX
pa3IUYHBIC AITOPUTMBI, U B TOH 00JAaCTH MPONOJDKAIOTCA aKTHBHBIE HMccienoBaHus. [lemo B
TOM, 4YTO KaXIbli (GWIbTp pa3pabareiBacTcsi Ui ONpeAeneHHbIX nened. HamGombnryro
3P PEKTUBHOCTh OH MMEET TOJBKO B KOHKPETHBIX CHUTYalHAX HpU 00pabOTKE ONpeIelIeHHBIX
CHUTHAJIOB. B MHBIX cilydasx ero MCIOJb30BaHHE MOXET ObITh Hed()()EKTUBHBIM U JaKE MOXKET
NPUBOJUTE K BBICOKOMY YPOBHIO HMCKaXEHHUH, morepe moje3Hoi uHpopmanuu. Hampumep,
CTaHJApPTHBIA MEIMaHHBIH (UIBTP, OTIMYHO CIPABISIOMIMHCS C MMITYJIbCHBIMH IIyMaMH, C
HOPMAaJIbHO PacHpeieICHHBIM IIIyMOM CIIPABISIETCS HAMHOTO XYX€ COTJIACOBAHHOTO (MIIBTPA, a
npu 00pabOTKe CHHYCOUIAIbHBIX CUTHAIOB "yIIoniaeT" BepIIuHbI.

B nmannoit pabore Oyzmer mccienoBaHa OfHA M3 MOJU(UKAMA MEIUaHHOTO (QHIBTPA,
NpU3BaHHAs YMEHBLINTh YPOBEHb BHOCHMBIX MCKQ)KEHHH, a TaKXKe YBEIHYUTH 3PPEKTUBHOCTD

MIOJIaBJICHUS TayCCOBCKOI0O IITyMa, COXPaHUB N30UPATEILHOCTD K UMITYJIbCHOMY IITYMY.



1. O630pHO-TEOpPEeTHYECKHUIT pa3ael
Menuanubie GUIbLTPBI

OauH U3 BHUIOB HENUHEHHBIX (PUIBTPOB — (UIBTPHI, OCHOBAHHBIE HA JIOKAIBbHBIX L-
OLIEHKAaX, T.€. HA PAHTOBOM CTAaTUCTHKE. MIX OCHOBHBIM NPEUMYIIECTBOM SIBIISETCS NMPOCTOTA U
CKOpPOCTh BBIYMCICHUN. OUIBTPHI, OCHOBAaHHBIC HA PAHTOBOM CTATUCTHKE, OOBIYHO MMOKA3bIBAIOT
XOpollue pe3yibTaThl HpU 00pabOTKE CUTHANOB C AaJAUTHUBHBIM O€NbIM TayCCOBCKHUM H
UMIYJIbCHBIM aJJUTUBHBIM IiymMamMu. OHU CIIOCOOHBI XOPOIIO COXPaHSATh PE3KOCTh Kpaes, a
TaKXKe MOTYT OBITh aJanTHUBHBIMH. TakuM 00pa3oM, OHM TMOAXOIAT Ul HCIOJb30BAHUS B
Pa3IMYHBIX NPHIOKEHUSX, B KOTOPBIX KJIACCHYECKHE JHHEWHBIE (QHIBTPHI HEAPPEKTHBHEI.
Haubonee n3BecTHbIM U HauboJee 4acTO UCHOIB3YEMbIM (PHIIBTPOM, OCHOBAHHBIM Ha PAHTOBOM
CTaTUCTHKE, ABISACTCS MeAnaHHbIi GuisTp [4, €.63].

CranmapTHBIA MeIUaHHBIH (QHIBTP — 3TO OCOOBIN CIy4ail CUMMETPHYHOTO JBHKYIIETOCS
okHa. JtoT ¢mibTp ObUT mpenctaBineH /koHom Treroku Ha KoH(pepeHmmu 1974 roma. Ilozxe
MeAMAaHHBINH (QUIBTP U ero MoAU(UKAIMKM HAIUITM MHOTOYUCIICHHBIE PUMEHEHUs B HU(POBOH
00paboTKe W aHaIu3e M300paKeHUH, B ITU(POBOM TEICBUACHUH, B 00pab0OTKEe U KOJAMPOBAHUU
peur W MHOTHX JPYTUX NMPHIOKEHUsX. Yarie Bcero MeauaHHble (PUIBTPBHI UCHOIB3YIOTCS MPH
00paboTke M300paXKeHUH ISl yJaJeHUs IIyMa, Hanmpumep, Tumna "comb U nepen (ciaydaifHble
Ocnbie W yepHble mukcenun). [Ipu 00paboTKe 3BYKOBOTO CHMTHAJIa MEIHMAHHBIC (DHIBTPHI TaKXKe
HIMPOKO UCTOIB3YIOTCS AJIs MOHMKEHUS YPOBHSI IlIyMa, HApUMep, IS yaJeHHs IlyMa CTapbiX
BUHUJIOBBIX IJIACTHHOK.

Menuannas ¢GuiapTpalusi peaqu3yeTcss B BHJE NPOLEIypbl 0O0paOOTKH OTCUETOB B
CKOJIB3SIIIIEM OKHE, KOTOPOE OXBAThIBAET OMNPEJEICHHOE YHUCIO OTCUETOB CUTHANA. 3HAuEHUs
BXOJIHOTO CHUTHAJa, MOMAJAoLINe B OKHO (pUiIbTpa, COPTUPYIOTCS B MOPSAKE Bo3pacTaHus (MU

yoniBanus): [2, €.105]
T T {x(fK) S SXg .S x(K)}

Takum o6pa30M X(,K) ABIACTCA HAMMCHBIIIUM 3HAYCHHUEM H3 BBI60pKI/I, X( — BTOPOC O

-K+1)

BCJIIMYHUHE U T.A, a X(O) — CpCAHCC 3HAYCHUC IOCIICAOBATCIBHOCTH SBJIACTCA MGHHaHOﬁ u,

COOTBETCTBCHHO, BBIXOAHBIM 3HAYCHUEM MCIMAHHOT'O q)uanpa:

Y; = median{X_ ;... Xy X | = X,

OOBIYHO Ha MPAKTHUKE BHIOMPAIOT HIMPUHY OKHA MEAMAHHOTO (MIIBTPA TAK, YTOOBI B HErO
MI0T1a1aJI0 HEUYETHOE YUCIIO 0TcueToB. Eciin ke B OKHO MeIMaHHOTro (hMIIbTpa MomnajaeT 4eTHOe
YHCIIO OTCYETOB, TO MEIMAaHy OOBIYHO ONPEAEIAIOT KaK cpeHee apupMEeTHIECKOe ABYX CPETHUX

OTCUYCTOB yHOprHO‘IeHHOfI IOCICJ0BATCIBHOCTH.



EnWHCTBEHHBIM M3MEHSEMBIM ITapaMeTpOM JAaHHOTO (MIIBTpa SBISIETCS IIUPHUHA OKHA, C
YBEIIMYEHUEM KOTOpPOW BIMAHME (QUIBTPAa Ha TIOCIEIOBATEIBHOCTh OTCYETOB BO3PACTACT.
MenuanHblii GUIBTP UMEET MPOCTYIO CTPYKTYPY, KOTOpasi MO3BOJISIET PEau30BbIBATh €ro Kak
amrmapaTHBIMHM, TaK M IPOrPaMMHBIMU cpeacTBamu. [2, €.105]

Menuanapie (QUIBTPBI JAOCTATOYHO YaCTO MPHUMEHSIOTCS Ha TPAKTUKE KakK CpPEICTBO
peBapUTENIbHON 00paboTKH MUPPOBHIX JaHHBIX. VX TONE3HON 0COOEHHOCTBIO SIBIISIETCS SIBHO
BbIpa)KEHHAst U30MPATEIbHOCTD MO0 OTHOIIECHHIO K 3JIEMEHTaM MacCHBa, MPEICTABISIONINM COOOH
HEMOHOTOHHYIO COCTABJISIOIIYIO ITOCIICAOBATEILHOCTH YHCEN B MIpe/eliaX anepTypsl GUibTpa, U
PE3KO BBIICISAIOMMXCS Ha (OHE COCEAHMX OTCYETOB. B TO e BpemMss Ha MOHOTOHHYIO
COCTABJISAIOLIYIO TIOCIIEAOBATEIbHOCTH MEAWaHHBIA (DUIABTP HE AEUCTBYeT, ocTaBisia e€ 0e3
u3MeHeHui. brnarogaps 3Toit 0cOOEHHOCTH, MeMaHHbIE (PUIBTPHI IPH ONTUMAILHO BEIOpaHHOMN
arepType MOTYT COXpaHATh 03 UCKaXCHUW Pe3KHe TPaHUIlbl 00BEKTOB, YQ(HEKTUBHO YCTpaHSS
AHOMAJIbHBIC 3HAYCHUSI, YMECHBIIIAsi BRIOPOCHI U CTIIKUBAsT HMITYJIbCHBIC TTIOMEXH.

Bo MHorux cayyasx mnOpuMEHEHHE MEAMAHHOTO (uiIbTpa OKa3blBaeTcsi Oosee
3 PEKTUBHBIM TI0 CPAaBHEHHIO C JMHEWHBIMH (WIBTPAMH, IOCKOJBKY JIMHEHHas oOpaboTka
SIBIISICTCS. ONTHUMAJILHOW IMPU PABHOMEPHOM HIIM TayCCOBOM pAacIpEIEICHUU IOMEX, 4TO B
peajbHBIX CHTHAJIaX MOXXET OBbITh HE Tak. B ciydasx, korja mepemnanbl 3HAUCHHH CHTHAJIOB
BEJIUKH 0 CPABHEHUIO C JUCIIEPCHEH aIUTUBHOTO OENoro mryma, MeAMaHHBIA (UIBTP AaeT
MEHbIIIEe 3HAYEHUE CpPEAHEKBAIPATUUYECKOH OMMOKH 10 CpaBHEHHIO C ONTUMAIbHBIMU
nuHeHbIMU GunbTpaMu. OIHAKO MEAMAHHBIA (UIBTP MOXET TaKK€ BHOCUTH 3HAUUTEIbHBIC

HCKaKCHUS, TIOOTOMY €TI0 MMPAKTUYCCKas MMOJIC3HOCTh CUJIBHO 3aBUCUT OT o0actu MIPUMCHCHUS.

IIpo6aema qxutTepa Kpas
[Tpu OTCYTCTBUU UMITYIIbCHBIX MOMEX (TO €CTh OAMHOYHBIX IIIYMOBBIX BBIOPOCOB OONBIION
aMIUTUTY/IbI) MEIUaHHBIA (UIBTP JAEMOHCTPUPYET MPEBOCXOAHOE COXpaHEHUE KPaeB, YETO He
MOTyT 00ecneuuTh JUHEHHbIe QUIbTphl. TemM He MeHee, IPU HaJIu4YuU UMIYJIbCHBIX HIYMOBBIX
BbIOPOCOB BOJIM3M Kpasl Y MEAHMAHHOTO (DUIIBTpa MPOSBISAETCS JKUTTEP, T.€. Kpail B BHIXOAHOM

CHTHAJIe CMEIIaeTCsi OTHOCHUTEIBHO €r0 HCTHHHOTO ToiokeHus [2, €.106].
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Pucynok 1. BxomHas mociie1oBaTeIbHOCTh ¢ U30JIMPOBAHHBIM ITMKOM aMILIUTY/bI 2 Ha 5
orcuere (a) U pe3yabTaT ee punbTpanuu (0); BXOHAS MOCIESI0BATEIILHOCTD C U30JIMPOBAHHBIM

MIUKOM aMIUTUTY/IbI 2 Ha 6 oTcyere (B) U pe3yabTat ee puiibTpanuu (T)

Ha puc. 1a uzo0OpakeHa BXOJHAs MOCIEA0BATEIBHOCTh C U30JUPOBAHHBIM MHUKOM Tipu k =
5 ¥ equHUYHBIM cKaukoM mpu k = 11, a Ha puc. 16 OTKIMK CTaHIAPTHOTO MEIUAHHOTO (PHIIBTPA
C IIMPUHON OKHA 9 OTCYETOB Ha 3Ty MOCIEAOBATEIHHOCTh. B TaHHOM CllydaeM MBI MOJTy4aeM
UMEHHO TOT Pe3yibTaT, KOTOPBIHA XapaKTepeH A MEeIUaHHBIX (UIBTPOB: M30JUPOBAHHBINA THK
MOJTHOCTHIO MOMAABIIACTCS, a Kpail eIMHIYHOTO CKauka coXpaHseTcs 0e3 McKakeHul. JInHelHbie
(GUABTPBl YMEHBITWIN Obl AMIUIUTYAY W30JMPOBAHHOTO TMHKA, PACHIMPUB €0, U Pa3MbLIU ObI
Kpail equHA4YHOro ckauka. Ha puc. 1B mokaszaHbl Ta € BXOJIHAs MOCJIEAOBATEIbHOCTh, HO C
M30JIMPOBAaHHBIM UMMyJIbcoM Mpu k = 6, a Ha puc. Ir pe3ynpraT ee (QpUIbTpallUd TEM Ke
MeAMAaHHBIM (UIBTPOM. B 1aHHOM ciydyae UMMOYIbC TakKe MOJHOCTBIO CTIaXUBaeTcs, a

€IMHIYHBIA CKaYOK OCTAeTCsl COBEPIIEHHO PE3KUM, HO ero Kpaii ciBuraercs ¢ K= 11 mo k = 10.
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Pucynok 2. BxogHast mocie1oBaTeIbHOCTh ¢ U30JIMPOBAHHBIM TUKOM aMIuTuTy sl 0,5 Ha 6
orcuere (a) U pe3ynbTaT ee punbTpanuu (0); BXogHAS MOCIEI0BATENIbHOCTH C U30JIUPOBAHHBIM

nukoM amruiuty el 0,5 Ha 14 orcuere (B) u pe3ynbrat ee punbTpanuu (T)

Ha puc. 2a n300paxxeHpl BXOJHAsS IOCIEA0BATEIBHOCTh C M30JMPOBAHHBIM ITHKOM Ha 6
orcyere ¢ ammuTyaoi 0,5, a Ha puc. 20 OTKJIMK MEIUAaHHOTO (PUIBTpa ¢ anepTypoit 9 oTcueToB
Ha Takoil curHai. B pesynbrare QuubTpanuu Kpail okazancs 'criakeHHbIM". VckakeHue
CXO/IHO C MCKKEHHSIMH, TOSBIISIONIMMUCS TP MCIOIB30BAHWU JIMHEHHOTO (mibTpa. Ha puc.
2B M300paXkeHa Ta K€ BXOJHAs TOCIE0BaTENIbHOCTh, HO C M30JMPOBAHHBIM MMHKOM Ha k=14.
Pesynprar QuiabTpanuun (puc. 2r) aHaJOTWYHBIM — mociie o0pabOTKM MEAMAaHHBIM (PUIBTPOM

Kpaii pasmbiBaercs [2, €.108].

CTa0uibHbIe TOYKH MeIHAHHBIX (PUIBLTPOB
CrabunbHblE TOYKHM — 3TO IOCIEA0BATEIbHOCTH, KOTOpBIE IMOCIE MPOIYCKaHHUs uepes
GuabTp HEe MEHSIOT cBoed Gopmsl [4, €.89]. CTabuiabHBIE TOYKH MOTYT OBITH OIPEACIEHBI JUIS
m000ro GuUIbTpa, BKIOYAs TUHEHWHBIE GUIBTPHI, HO OHH OKa3aJIMCh HaHOOJIEe MOJIE3HBIMHU TPH

XapaKTepUCTHKE (GUIBTPOB, MPUHIIUI PaOOTHl KOTOPHIX OCHOBAH Ha ONPEEICHUN MEAHaH.
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s oOplyHOTrO MenuaHHOTo (UIbTPA, OCHOBAHHOTO HA CHUMMETPUYHOM JBHKYILEMCS

okHe mmpuHON 2K+1, 3TH mocienoBarenbHOCTH M3BECTHBI. Heo0X0aMMO BBECTH CIEYIOLIHE

onpenenenus [4, ¢.90]:

Cepuss — mocnegoBaTeIbHOCTh Kak MUHUMYM K+1 o0TcueToB HMEOMINX
OJIMHAKOBOE 3HAUYCHUE U CICAYIOLIUX JIPYT 32 IPYTOM.

Kpaii — MOHOTOHHO BO3pacTaroIias WU YyOBIBAIOMIAsl TOCIEIOBATEIBHOCTD,
KOTOPOM MPEALIECTBYIOT U MOCIEAYIOT CEPUU PA3TMUHBIX 3HAYCHHH.

Nmnynbe — nociieqoBaTeabHOCTh HE Ooiee K 0TcueToB, KOTOPO NpeIIeCTBYIOT U
MOCNEAYIOT CEPUM OJMHAKOBBIX 3HAUEHUM, OTIIMYAIOMIMXCA OT 3HaueHus 3tux K
OTCYETOB.

Konebanue — 310 nrobdas nociaen0BaTeIbHOCTh 3HAUCHUH, HE SIBIISIIOIIAsACS CepueH,

KpacMm HUJIM UMITYJIbCOM.

bruto

OIPE/ICIICHO,

4TO TIIOCJEOOBATEIbHOCTD SBIISIETCS CTAOWJIBHOW TOYKOW JUIS

MCIMUAaHHOI'O Q)HHBTpa, TOJIBKO TOrga, Koraga oHa CoOCTOMT JIMIIb U3 CepI/Iﬁ H KpacB.

2 4 "weee o0 2 4 500000000
. ] ] .
o [+9]
o L] o L]
» »
pud . pud .
. o | . o |
s - =
=+ =t
o [ o [
. .
o [aY]
= L ] = L ]
2 - ) 2 - )
| | T T I I | T T I
0 10 15 20 25 30 0 10 15 20 25 30
k k
a) 0)
2 000000000 2 So00000000
. . . .
oo oo
o L 2 o L 2
» -
w w
o L] o L ]
= =
> o > e
= L = L
° °
o o
o L ] o L J
g_ | | | T I g_ | | | T |
10 15 20 25 30 0 10 15 20 25 30
k k
B) r)

Pucynok 3. Bxoanast mocienoBaTenbsHOCTb, HE SIBISIONIAsICS CTaOMIBHOM TOUKOM (a), 1

pe3ynbTaT ee punpTpanuu (6); crabunpHas Touka (B) U pe3yapTaT ee puabTpanuu (T)

[TocnenoBarenbHOCTh, M300pakeHHasl Ha PUC. 3a MMEET MMILYJIbC, KOTOPBIM yaanseTcs

MeauaHHbIM (unbTpoM (puc. 36). [locnenoBarenbHOCTh, U300pa’keHHAss HA PHUC. 3B COCTOUT
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TOJIBKO U3 CEpPHil U KPaeB, MOITOMY SIBJISICTCS CTAOMIBHOM TOYKOM JJIsl MeMaHHOTO (UiIbTpa, U
CHUTHAJI IPOXOAUT uepe3 GpuibTp 6e3 usmenenuit (puc. 3r) [2, ¢.111].

OTOT npuUMEp WUTIOCTPUPYET BaKHBI MOMEHT, a WMEHHO TIOHSATHE CXOAMMOCTHU
MeIUaHHOrO (uiIbTpa. DTO O3HAYAET, YTO MOBTOPHBIC MPOXOJbl MEAWAHHOTO (GHUIBTPA IO
70001 BXOIHOW MOCJTEIOBATEIBHOCTH B KOHEYHOM cYeTe MpeoOpasytoT e€ B CTaOHIbHYIO
TOYKY, HHBAPHAHTHYIO K JalibHeimeMy GuiabTpoBanuio. B n1aHHOM citydae MeauaHHbIA QHILTP
BBITIOJIHUJI TAaKOE MPeoOpa3oBaHKe 3a OJWH MPOXOJ], HO B O0LIeM ciiydae TpeOyeTcss HECKOJIBKO

MIPOXOJI0B MEIUAHHOTO (PUITBTpPA, YTOOBI TPEOOpa30BaTh CUTHA B CTAOMIIBHYIO TOUKY.

L-¢puiabTpsbl

Menmuannplii  GUIBTP M €ro MOIU(HKALUKM SBISIOTCS 4YaCTHBIM CIydaeM Kliacca
HEJTMHEHHBIX (DMIIBTPOB, OCHOBAHHBIX Ha PAHTOBOM CTATHCTHKE. DTOT KJIacC BKIIOYACT B ceOs
MHO)KECTBO HEJMHEHHBIX (WIIBTPOB TAKUX KaK (HIBTPH MaKCHMyMa/MHHUMYyMa, (pUIBTPHI
CKOJIB3SIILEr0 CPeIHEro M MeauaHHbie (GuibTpbl. HenuHeitHbie (WIBTPBI, OCHOBAaHHBIC Ha
pPaHrOBOW CTaTHCTHKE, OBbUIM pa3padOTaHbl C YYETOM pa3IMYHBIX KPUTEPUEB, HANpPHUMED,
YCTOWYMBOCTH, aJallTUBHOCTH K PACIpPEIeNICHUIO BEPOSTHOCTEH IlyMa, COXpPaHEHHs KpaeBOM
uH(pOpMaIMY, COXpaHEHHs JaeTaleil u300pakeHus. TakuMm 00pa3oM, KaXIblii U3 HUX HMeEET
ONTHUMAJIBHYIO [TPOU3BOUTEIILHOCTD JUIsI KOHKPETHBIX ITOKa3aTesiel KauecTBa U CIeHU(PHUSCKUAX
IIYMOBBIX XapakTepucTuk [4, €.135].

Knacc L-punbTpoB cOCTOUT U3 TaKUX (HIBTPOB, OCHOBAHHBIX Ha JBMXKYILEMCSI OKHE, Yel
OTKJIMK TPEJCTaBIseT COOOH JIMHEWHYI0 KOMOWHAIMIO YIOPSIOYSHHBIX BXOJHBIX OTCUETOB,

MOMAJIAIONINX B OKHO puiibTpa. Beixoausie orcuers L-punbTpa GopMupyrOTCs 10 IPUHIUITY:

rac X(j) — YHOPAAOUYCHHBIC OTCUCTHI BXOAHOI'O CUT'HAJIA, IMOIMaJaronnue B OKHO (I)I/IJ'IBTpa, aj

— BECOBBIE KO QHIUEHTHI 0TCUETOB, K — MoNIymMprHa OKHa.
3agaBas BecoBble KOA(DGHIMEHTHI, MOXHO IIONTy4aTh pa3iIMYHbIE BHUABI (UIBTPOB [2,
¢.156]. Hanpuwmep:
1. Menuannsiit unstp: 8, =1 a;,, =0

1

2. Hes3BelueHHbIN TMHENHBIA QUIBTP CKONB3SMIETO CPEHETO: 8; = K11
+

3. OuubTp YCEYEHHOIO CPEIHErO: @; = misg j=-J..J mpu J <K; a; =0 mnsa

2J +1
j<=-3J,j>J
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MoauguunpoBaHHbI MeIUAHHBINA QUIBLTP

MoubupoBaHHbld MeAMAaHHBIA (QUIABTP (Apyroe Ha3BaHUE — YCEUYEHHBIH (QUIBTP
CPEIHEr0) SIBISACTCS TMOpUIOM (HIBTPA CKOJB3SIIET0 CpeAHero U MeauanHoro ¢uibtpa. OH
0BT pazpaboTan 11t 3PPEeKTUBHOM OOPHOBI KaK C TAYCCOBCKUM, TaK M C UMITYJIbCHBIM IITYMOM.

Jannsiit GuiabTp OTHOCUTCS K Kiaccy L-(uiabTpoB, 4TO 3HAYMT, YTO B Ipoliecce padoThI
3HAYeHUs BXOJIHOTO CHUTHAJA, MOMAJaroIue B anepTypy puiabTpa, GopMHUPYIOT YIIOPSI0YCHHYIO
[0 BO3PACTaHMIO WJIM YOBIBAaHHMIO IOCIIEIOBATEIBHOCTh. AHOMAJIBLHO OOJIBIIMNE M aHOMAJIbHO
MaJible 3HAUE€HUS OKAa3bIBAIOTCS HA Kpasx MOCIEI0BAaTeIbHOCTH U B (OPMUPOBAHUN BBIXOJIHOTO
oTcyeTa HE Y4acTBYIOT. Takum oOpa3oM yHajsioTCs HMITYJIbCHbIE Momexu. CpenHue 1o
BEJIMYMHE 3HAYCHUS MOCIIEI0BATEILHOCTH YCPEAHSIIOTCA KaK B (PMIIBTPE CKOJIB3AIIETO CPETHETO,
YTO TPUBOJUT K CHIDKEHHIO TayCCOBCKOTO IIyMa, HMMEIOLIET0 I10 OIPEACIICHUIO HYJIEBOE

MAaTEMATUYCCKOC OXKHUJaHUC.

CorulacoBaHHbIil PUIABTP

CornacoBaHHbIH (HUIBTP — ATO JIMHEHHBIN ONTUMABHBIA QUIBTP, MPeIHA3HAYCHHBIN IS
BBIJICJIEHUS] CUTHAJIOB U3BECTHOU (hopMbl Ha PoHe mrymMoB. OCHOBHOMH 3a/1a4ell JaHHOTO GUIbTPa
ABJISICTCS TOJY4YE€HHE MAKCHMAaJIbHOTO OTHOIUEHMS CHUTHal/IIyM Ha Bbixoae. dopma curhana
1ocjie MPOXOKIACHHUSI Yepe3 Takol (QuIbTp H3MEHsSIeTCs — MaKCHMyMa BbBIXOJAHOW CHUTHAl
JIOCTUTaeT B MOMEHT OKOHYAaHMS BXOJHOTO. B 3TOT MOMEHT 3HAY€HHE BBIXOJHOI'O CUTIHAJIA
pPaBHO PHEPrMM BXOJHOIO. 3aT€M BBIXOJHOW CUTHAJ YMEHBIIAETCS 1O HyJS 3a BPEMs, PaBHOE
MIPOJOJDKUTEIIBHOCTH  BXOJHOrO curHana. lMMiynbcHas XapaKTEpUCTHKa COINIACOBAHHOI'O
(GmiIbTpa npeAcTaBiIseT cOOON 3epKalIbHOE OTPAKEHHE IPUHUMAEMOT0 CUTHATIA.

Tak U1 BXOJHOTO CHUTHAJIA, MPEJICTABICHHOIO IPSAMOYTOJIBHBIM HMITYJIBCOM, OTKIIMK
COIJIACOBAHHOTO (hUIIbTPa UMeeT (HOpMy TPEeYTroIbHOM (PYHKIMH, a UMITYJIbCHAsI XapaKTePUCTHKA
— IIPSIMOYTOJIBHOT'O MUMITYJIbCA.

BbixoqHOW cUTHan JMHEMHOro (MIbTpa MOKET OBITh IOJy4€H KaK CBEpPTKa BXOJHOTO

CHTHaJIa ¥ MMITYJIbCHOM XapaKTepuCTUKU Guibrpa: [3, €.147]

h[kx[n—k]

y[n]

ITocTanoBKa wesu M 3a/1a4
[lenbto maHHOM PaOOTHI ABISETCS pacCMOTPEHUE pabOThl MEAMAHHOTO (UIBTPA, a TaKXKe
UCClieIoBaHHE MOAU(DUIIMPOBAHHOTO MEIMAHHOTO (MIBTpa C MPSMOYTOJIbHON B3BELIMBArOIIEH
¢ynkuueit. B xome pal®oTbl Oyner NHpOM3BEAEHO CpPaBHEHHE J3TUX JABYX (QWIBTPOB IO
KO2(PUIMEHTY BHOCUMBIX HEJTMHEHHBIX UCKKEHUN, a TakKe 10 KodhPUIIMEeHTY nepenadu s
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pa3IMYHBIX YacTOT BXOJAHOrO curHaina. Kpome Toro Heo6XoAuMMO CpaBHUTH JaHHbIE (DUIIBTPHI C
COTJIACOBAHHBIM JIMHEHHBIM (QHIBTPOM 10 3(PPEKTUBHOCTH MOJIABICHUS IIIyMOB: TayCCOBCKOTO U
UMITYJIBCHOTO.

Jns ompeneneHusi YpOBHS HEJIMHEHHBIX HCKaXXEHHH HEOOXOAMMO OMPEIENIUTh CIEKTP
curtana. YtoObl MOJIYYUTH XOpOIlee pa3pelieHue Mo YacToTe TpeOyeTcsl B3ATh KaKk MOXKHO
0OnbIIMK BPEMEHHOW HWHTEpBaJ, OJHAKO Mbl OIPAaHMYEHBl BBIYUCIUTEIBHON MOIIHOCTBIO
[IEPCOHAILHOTO KOMIIBIOTEPA. [Toatomy BXOJIHOM CUTHAJ Oynem 3a]1aBaTh

nocienoBareabHOCTRI0 25000 oTcueroB. Torma mar MeXIy COCTABJISIIONIMMHU CIIEKTpa OyaeT

fducxp 1
COCTAaBIIAAITh —— =

N 25000
Hns apdextrBHON PrutbTpanuy MHMpPHUHA OKHA MEAMAHHOTO (UIBTPA JOJKHA OBITH Kak
MOKHO Oombiie. C Apyroil CTOPOHBI, MPHU YBETUYCHHUU anepTypbl (QHUIbTpa AN COXpaHEHUS
pa3pelieHus 1Mo 4acToTe HeOOXOAMMO YBEIMUYMBATH KOJIMYECTBO OTCYETOB BXOJHOTO CHUTHAJA,
9TO MBI MOXEM JeJIaTh JIMIIb JI0 ONPENCIICHHOr0 MOMEHTa. [IpuHMMaeM IIMPUHY OKHA

¢unbTpoB paBHoi 100 orcueram. Torma mupuHa TIJIaBHOIO JIENECTKAa B CIEKTPE OKHA

1 1
MEJMAHHOTO (WIbTPa paBHA —:ﬁ. [TosTomMy pacuer OyneM MPOU3BOAUTH IJI YaCTOT

umn

BXOMHOTO curHana f = (O, 001...0, 01) f

ouckp *

B Xxo[e BBIMONHEHHS AKCICPUMEHTAIBHOW YacTH paboThl TpeOyeTcsi ONepupoBaTh
OOJIBIIMMH MAaCCHBAMHU JaHHBIX, TIO3TOMY BCE PacyeThl [[eJeCO00PA3HO BBIMOIHATH C TOMOIIBIO
NEPCOHAIBHOIO  KOMIIblOTepa. B kadecTBe cpeapl pa3pabOTKU  mporpammbl  Oyner
ucnosb3oBatbess Microsoft Visual Studio Express. SI3eik mporpammupoBanus C++ siBisieTcs
OJIHUM U3 CaMbIX TMOMYJSPHBIX S3BIKOB MPOrPAMMHPOBAHUS, C MOMOIIBIO KOTOPOTO CO3MAKTCS
pa3IMYHbIE TPHUKIAIHBIEC TPOrPaMMbl U MpuiokeHusi. OH UMeET 0YeHb OOTATYI0 CTAHIAPTHYIO
OUOIMOTEKY, BKIIIOYAIOIIYI0 B ceOsi BCEBO3MOXKHBIC (YHKIIUHU, aIrOPUTMBI, CPEICTBA BBOJA-
BbIBOJIA 1 JIp. HeMaoBakHBIM JIOCTOMHCTBOM siBJIsieTcst To, uro Microsoft Visual Studio Express
pacrpocTpaHseTcs OeCIIIaTHO.

[Tockonbky Berpoennas B maker Microsoft Visual Studio Express ¢ynxmus rand()
TeHepHUPYET PAaBHOMEPHO PACIpe/IeTIeHHbBIC 3HAUYCHHSI, BOCIIOIb3yeMcsl mpeobpasoBanrem bokca-

Mmﬂnepa, YTOOBI 3aaTb HOPMAJIbHO paCHpCHCHCHHBIﬁ mrym. I[J'I}I 9TOro0 CreHepupyem IBC

He3aBHCHUMbIE cllydaiiHble BellnunHbl U 1 V, paBHOMEpPHO paciipe/ielieHHbIE Ha OTPEe3Ke [—1; 1] "

Borancnm R=U?+V?. Ecom R ¢(0;1], o Heo6xommmo npomssectn renepanmio U u V

3aHOBO. Ecim xe R nmnomamaer B uWHTEpBajg, TO MOYHO pacCUMTaThb BEIUYUHBI
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-2In(R) -2In(R)
C =U ; C,=V,|[———=, KoTopble OyIyT TaK:KE€ HE3aBUCHMBI U IIPH ITOM OyIyT

R
YZIOBJIETBOPATH I'ayCCOBCKOMY PacCIpPEIEIICHHUIO.
NMIynbCcHBI  OIyM  MOJYYdM M3  TAayCCOBCKOTO  MyTeM  J00aBJIEHUS  30HBI
HEUYBCTBUTEJIBHOCTH — BBIXOJHOE 3Ha4eHUE (DYHKIIMM TeHEPUPOBAHUSA ITyMa OyAeT HEHYJIEBBIM

TOJIBKO B TOM CJIy4ac, Korjga €ro 3Ha4CHUC MPEBAIIIACT OIMPCACICHHYIO BEJINYNHY.
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2. PacueTHO-3KCIIepUMEHTAJIbHBIN pa3je
Pacuer He/IMHEHHBIX HCKAXKEHUI, BHOCUMBIX puiIbTpaMu
B kauecTBe BXOJIHOTO CHTHajia MPUMEM CHHYCOHY, MOCKOJIBbKY €€ CIEKTp MpPe/CTaBiIseT
co00il OJIHY JUCKpETY, H OlpeaencHue KodPPUINEHTa HETUHEHHBIX NCKAKCHUN HE BBI3BIBACT

CJIOJKHOCTH:

rae f, —orcuer, cOOTBETCTBYIONMI IEPBOM TApMOHHMKE CUTHAJIA.

HOCKOJIBKy Y HaC HET BO3MOXKHOCTH HCCJIICIOBATh CHUI'HAJI Ha OECKOHEUYHOM HHTEPBAJIC
BPEMCHH, MBI BBIHYXJICHBI OI'paHUYUBATh €TI0 AJIUTCIBHOCTD. 3T0 OIrpaHM4YC€HUC PABHOCHUJIBHO

IPOM3BEACHUIO CUTHAJIA 1 OKOHHOM (DYHKIIHH:

X [N] = X[N]- W [n]

[Ipoctoe orpanunyenue BbIOOpkH N oTcueTamMM  SKBHUBAJEHTHO IMPUMEHEHMIO
OPSMOYTOJIBHOTO OKHA, T.€. B3BeIUBatoIIell (OKOHHOH) (QyHKIIMK BUAA:

1 ne [0, N —1]
W(n]=
0, ng[0,N-1]

Jannas B3BemmBaronias (yHKINS UMEET BHICOKUN YpPOBEHb OOKOBBIX JienecTKoB (-13 1b)
U IS MCCreloBaHus He noaxoauT. Hamuuue OOKOBBIX JIENECTKOB MPUBOJIUT K ''pa3MbIBAaHUIO"
YAaCTOTHBIX COCTABIIAIOIIMX CUTHAJA B IPEJENax BCEM IIMPUHBI aHAIM3MPYEMOIO JIHalla3oHa
4acToT.

UToOB! CYIIECTBEHHO YMEHBUIUTh YPOBEHb OOKOBBIX JIEIECTKOB MCIIOJNBb3YEM OKOHHYIO
¢ynkuuio biskmana-Xappuca, MakCUMalbHBIH YpOBEHb OOKOBBIX JIEMIECTKOB JUIsI KOTOPOM
paseH -92 nb:

W [n] =0,35875+0, 48829[%@—a))+0,14128(%(n—a))+0,01168[%(n—a)],

N

rae it yetnoro N: o = E -1

OpnHako BBIMUTPaB B YpOBHE OOKOBBIX JIETIECTKOB, Mbl IIPOUTPHIBAEM B IIIMPUHE TJIABHOTO
aenectka. M3-3a 3TOro mpu onpeeneHnH NepBoi TapMOHUKHN CUTHAIa HEOOXOIUMO YUYHUTHIBATh
3Ha4YeHHE He TOJBKO OJJHOTO OTCYETa Ha YaCTOTE CUTHAA, HO M OTCUETOB B HEKOTOPOH 00sacTu
BOKPYT HETO.

Jlns ompeneneHuss CHEKTpa CUTHAJIOB BOCIOJB3YeMCSl JUCKPETHBIM IpeoOpazoBaHUEM

®ypre. Onpenenum BemecTBeHHyo 1 M043Dumyto vactu: [3, €.190]
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N-1 H
Re X [k]=>_x[i] cos[ K]klj

i=0

N-1 :
ImX x sm( ”kl)
N

i=0

Haxonum monyins:

X [K]=J(Re X [K])" + (1m X [k])

JICIECTOK B CIICKTPE BXOAHOI'O

HOCTpOI/IM I'JIaBHBIN CUrHajia, HalpuMep, i1 4aCTOTBI

0,001 ferp’

-150

Pucynox 4. I'naBHblii nenectok B cnekTpe BXoqHoro curxana 4actotsl 0,001f,,cqp

Ha puc. 4 mpomsumrOCTpUpOBaHO, 4YTO H3-3a NMPHMEHEHHS B3BEIIMBAaONIEH (QyHKIHUN
NIMPUHA TJIABHOTO JICMIECTKA CYIIECTBEHHO YyBeNW4mwiack. OCHOBBIBASCh Ha IOJYYCHHOM

rpaduke, IpUHUMAaEM IIHPHUHY IJIaBHOTO JienecTKa paBHOM 9 otcueram. Toraa st onpeneneHus

NEepBOI rapMOHUKHU CUTHaJa Oy/1eM MOJIb30BaThCs (POPMYIIOi:

Kpome koa¢p¢unmenta HEIMHEHHBIX HCKaXEHUH paccuuTaeM Takke Kod(h UIUEeHT

nepeaadn GUIbTPOB:

fo+4
z X nocie gunrbmp [ k]
k=f.—4
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HOCTpOI/IM BPEMCHHBIC U CIICKTPAJIBHBIC ITPEACTABIICHHA BXOAHOT'O CUIHaJIa U CUTHAJIOB Ha

BBIXOZI€C HCCIICAYCMBIX (1)I/IJ'H>TpOB AJI1 HCKOTOPBIX YaCTOT BXOJHOI'O CHUTHAJIA, BBIYHUCJICHHBIC B

pe3ynbTaTe paboThl IPOTPAMMEIL, IPEACTABICHHON B MPUIIOKEHUN 1.

Jist wactotsl 0,001 fyycp:
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Pucynok 5. Bpemennoe npezncrasienne Bxoquoro curaana 9actotoit 0,001fcp(a),
pe3yabTaTta 00paboTKu MeaTuaHHbIM (GuiabTpoM (0) 1 MOIU(PUIIMPOBAHHBIMU METUAHHBIMH

¢mibTpaMu ¢ mupuHOi okHa 25% (B), 50% (1) u 75% (1)
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Pucynox 6. CriekTpansHoe npeacTaBienue BxoaHoro curnana 4actoroit 0,001f . (a),
pe3ynbTaTta 00paboTKu MeTuaHHbIM (GuabTpoM (0) 1 MOTUGPUIIMPOBAHHBIMU METUAHHBIMH

dunbTpamMu ¢ mupuHOH okHa 25% (B), 50% () 1 75% (1)

Jist yactoTel 0,004 1 ;cp:
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Pucynox 7. BpemenHoe npencrasienne BxogHoro curaana 4actotoit 0,004f,qq (2),
pe3ynbTata 00padoTKi MeTuaHHBIM (GUIbTpOoM (0) 1 MOAUPHUIIPOBAHHBIMU MEIMAHHBIMU

bunbpTpamu ¢ mupuHoit okHa 25% (B), 50% (r) u 75% (1)
X[k],0B
0
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-200 2000 4000 6000 8000 10000 12000
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Pucynok 8. CriekTpansHoe npeacTaBieHne BXxoaHoro curaana 9actotoi 0,004, (a),
pe3ynbTata 00paboTKi MeTuaHHBIM (GUIbTpoM (0) 1 MOAUPHUIIPOBAHHBIMU MEIMAHHBIMU

bunpTpamu ¢ mupuHoit okHa 25% (8), 50% (r) u 75% (1)
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Pucynox 9. Bpemennoe npencrasinenne BxogHoro curaana 4actotoit 0,007f e (2),

pe3yabTaTta 00paboTKu MeIuaHHbIM (GuiabTpoM (0) 1 MOTU(PUIIMPOBAHHBIMU METUAHHBIMH

¢mibTpaMu ¢ mmpuHoi okHa 25% (B), 50% (1) u 75% (1)
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Pucynok 10. CnexrpanbHoe npencraBieHne Bxogaoro curaana 9actotoit 0,007f e (2),

pe3yabTaTta 00paboTKu MeTuaHHbIM (GuabTpoM (0) 1 MOTUGPUIIMPOBAHHBIMU METUAHHBIMH

bunbTpamu ¢ mupuHoi okHa 25% (8), 50% (r) u 75% (1)

Jist wactoTsl 0,0091 ;cp-
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Pucynok 11. BpemenHoe npescrasienue BxogHoro curaana 4actotoit 0,009f e (a),

pe3ynbTata 00paboTKH MeTuaHHBIM (GUIbTpOoM (0) 1 MOAUPHUIIPOBAHHBIMU MEIMAHHBIMU

X[k],0B

bunbTpamMu ¢ mupuHOH okHa 25% (B), 50% (1) 1 75% (1)
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Pucynok 12. CnekrpanbHoe npejcraBieHne BxogHoro curaana 4actotoit 0,009f e (a),
pe3ynbTata 00paboTKH MeIuaHHBIM (GUIBTpOM (0) 1 MOAUPHUIIPOBAHHBIMU MEAMAHHBIMU

bunbTpamMu ¢ mupuHOH okHa 25% (B), 50% (T) 1 75% (1)

28




[Toctpoum  3aBucumoctn  Kodddurumenta HenuHeHHbIX uckaxenud (KHU) wu

ko3 dunrenta nepeaayu mo MomHocty (Kp) OT 4acToThl BXOAHOTO CUTHANA:

50 T T

=== Mennanueii GumsTp

b=+ Momud. men. uisTp ¢ okHOM 25%
= = Momud. Men. dunstp ¢ okHOM 50%
(== = Momud. men. ¢uisTp ¢ okHOM 75%

401

OUCKp
PI/ICYHOK 13. YacToTHBIE 3aBUCUMOCTH KOS(b(bI/IHI/IeHTOB HEJIMHEWHBIX UCKaKEeHUI (bH.TIBTpOB

0.8 \_ By

0.6 y

0.4

== Menuanncrii QHUILTP

| o+« Monud. men. dunsTp ¢ oxHOM 25%

= = - Moaug. men. punsTp ¢ okHOM 50% N

== Momud. men. bunsTp ¢ okHOM 75% ’
| |

0 2x107° 41077 f 6x107° 8x107> 0.01
6X

Quckp

Pucynok 14. YactoTHble 3aBUCUMOCTH KO3()(PUIIMEHTOB Mepeiaun Mo MOITHOCTH (PUIBTPOB

B nmanxynmem ciydae (mis 9actoThl 0,01f5cp) KOXPPHUIUEHT HEMMHENHBIX MCKaKECHUI
JUIsl BXOAHOTO cHurHaia cocrasimser K, =1,051-10"° =1,051-10*%. Dta ommnbKa BO3HHUKAET
U3-32 HUCIOJIb30BAHUS B3BEIIMBAIOUICH (YHKLIMU U OKPYIJIEHMH MpH pacyere. Takum oOpazom

MO’KHO YTBEPIK/IaTh, YTO OINMOKA B pacueTax cocTapiseT He Gonee 2-107'%.
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[lpu uwacrore f =0,01f KO3 QHUIMEHT Tepenadn CTPEeMHUTCS K HYIIO0, TO3TOMY

Ouckp

omnpezeneHue K03PpPUIMeHTa HeTMHEWHBIX HCKAKEHUI He UMEET CMBICIIA.

BeiBoasbI:

Kak u oxuganoch, NpUMEHEHHE HEIUHEWHBIX MEIUAaHHOTO M MOAM(DUIMPOBAHHBIX
MeIMaHHbIX (QUIBTPOB K CHHYCOUJAIBHOMY CUTHAILy IPUBOAUT HEJIMHEHHBIM UCKAXKEHUSIM H3-
3a "oOpe3anus" BepmnH. OTCUETHI, HAXOSAIIUECS B MHKE CUHYCOMBI, TIOCIIE YIIOPAIOYNBAHUS
BHYTPH OKHa (HJIBTPa HE MCIOIB3YIOTCA MpH (POPMUPOBAHUH BBIXOJHOTO OTCUETA, MOCKOJIBKY
HE MOTYT OKa3aTbCsi MEMAHOM WIM MonacTb B OKHO YCPEJHEHHsS MOAM(PUINPOBAHHOIO
MenuaHHoOro ¢uibrpa. COOTBETCTBEHHO, ISl MEIUAHHOIO (MIbTpPa KOJMYECTBO TaKUX
"HEHCIIONIb3YeMbIX' OTCYETOB MAaKCUMAJIbHO, a JUIsi MOAU(PHUIMPOBAHHBIX METUAHHBIX (HIBTPOB
C YBEJIMYCHHEM IIMPHHBI OKHA YCPEAHEHHUS MX BCe MEHbIIEe. J[pyrmMu ciioBamu, 4em OJrke
GWIBTp K JIMHEHHOMY QUIBTPY CKOJIB3SIIET0 CPEIHEr0, B KOTOPOM YCPEIHEHNUE IPOUCXOUT 10
BCEM OTCYETaM M, CJIe10BaTEIbHO, UCIOIb3YIOTCS BCE OTCUETHI BXOJHOIO CUI'HAJIA, TEM MEHbILEe
YPOBEHb HEIIMHEWHBIX HCKaKeHWH. lloaTomMy MoamduImpoBaHHBIE MeTUaHHBIE (QUIBTPHI C
mupuHOil okHa ycpenHeHus 50% u 75% [alOT CyIIECTBEHHBIM BBIMIPBHINI B BEIUYHHE
K03 pHLIMEeHTa HEIMHEHHBIX UCKa)KEHUH 110 CPABHEHUIO C MEAMAHHBIM (UIIBTPOM.

[Ipu yBenuueHHM 4acTOThl BXOJHOI'O CHTHaJla B OKHO (huibTpa nomajgaer Bce OoJibluas
YacTh NEepUOJia CHHYCOWJBI, MOJ3TOMY KOT/a 3aXBaThIBACTCS €€ IHK, BBIXOJHOE 3HAYCHHE
¢mibTpa craHOBUTCS Bce MeHbIIe. COOTBETCTBEHHO, yMEHbIIaeTcst Kod(duuumeHT mepenayn.
KoadduimeHT HemMHENHBIX HCKaXEHUI TakKe pacTeT u3-3a Bce 0oJblero "obpezaHus" MUKOB
cunycounpl. Ilpu gacrore 0,01fycp B OKHO (uibTpa nomagaeT poBHO NEPHOJ, IOITOMY

MCIWMAHHOC 3HAYCHUC PABHO HYJIIO — BBIXOJJHOI'O CUTHAJIA HET ITPU JIFOOOM IOJIOKEHUH OKHA.
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Pacuer oTHOIIEHHSI CUTHAJI/IIIYM NPHU BO3AeCTBUM rayCCOBCKOI0 myma

B xauyectBe BXOJHOrO CHUIHajga HIPUHUMAaeM [EPUOJUYECKYIO IIOCIEI0BATEIBHOCTh
IPSIMOYTOJIBHBIX MMIIYJIbCOB C AiuTenbHOCThI0 100 oTcueroB m ammiuutynoi 1. B kadectse
nrymMa BO3bMEM aJJIMTUBHBINA rayccoBckuil 1mym. MccrnenoBanue OyneM NMpOBOIUTH AJSL ABYX
MoIHocTel myma, ooecneynBaromux OCII Ha Bxone paBHbM 10 u 2.

[lomyyeHHble pe3ynbTaThl CpPaBHUM C pe3ydbTaTaMd COTJIACOBAaHHOTO  (huibTpa.
HmnysnbcHas XapaKTepHCTUKA COTJACOBAHHOTO (HIIBTpa MPENCTaBIsieT CcO00i 3epKaibHOE
oTpakeHHe oO0OpabaThIBA€MOI0 CHUTHaja, CJIe0BATENIbHO, IMOCKOJIbKY CHUTHANl MPEICTaBIISET
co00i1 MPAMOYTOJIBHBIA UMITYJIBC €IMHUYHON aMIUIUTY b, B JAHHOM CJy4ae:

1 ne [0,100]

h[n]=
0, wunaue

[locTpoum BpemMeHHBIE 3aBUCMMOCTH BXOJHOIO CHUTHaja W CHUTHAJIOB, MPOIIEIIINX

(1)I/IJ'ILTpaI_II/IIO MCAHUAaHHBIM, MO,I[I/I(bI/II_II/IpOBaHHLIMI/I MCAHMAHHBIMHU M COI'JIaCOBAaHHBIM (bHHLTpaMI/I

nis cnydas ¢, =10 (cM. npusioskeHue 2):

0.5 1 1.5 2 2.5
x 10

0.5 1 1.5 2 2.5
x 10

6)
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Pucynok 15. BpemeHHoe mpeicTaBiIeHIE BXOIHOTO CHUTHANA 0e3 Iryma (), C aJINTHBHBIM
rayccOBCKMM IIyMOM Juis citydas (-, =10 (6), pe3yabrata 06paboTKH MeIMaHHBIM (QHIETPOM

(B), Mo (pUIIPOBAaHHBIMU MEAMAHHBIMU (GHIIBTPAMH € MUPUHOHN okHA 25% (T), 50% (1) 1 75%
(e) u cornacoBaHHBIM (QUIBTPOM (3K)

Jlist ciyyast g2 =2

0.5
0
0.5 1 15 2 25
x 10"
n
a)
3
2 11l | | y " |\ [ ‘ |‘ | m ‘ul | 1 1] | ‘
x[n];
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x 10"

x 10

x 10*

Pucynok 16. BpemenHoe npejicTaBieHrne BXOJAHOTO CUTHaa 6e3 myma (a), ¢ aaIuTUBHBIM
rayCcOBCKMM IITyMOM JUTs ciiydast (2, =2 (6), pe3yabTata 06paboTKyi MeTHaHHBIM (GHILTPOM

B), MOAU(UIIUPOBAHHBIMHA METUAHHBIMU (UIIBTPAMU C MUPUHOK okHa 25% (T), 50% (1) 1 75%
p P

(e) u cornacoBaHHBIM QUIBTPOM (XK)
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NMimynbChl BXOJTHOTO CHTHaja pacmoyiokeHbl B otcyerax 5000-5100, 10000-10100,
15000-15100 u 20000-20100. B ocranpHBIX OTCYETaxX MBI OXKHAAEM YBHUICTH JHIIb MIyM,

no3romy OCIII BXoaHOrO CUTHaja ¢ LIyMOM:

P 1
ngx = 1‘;’"””'7 = 5000 10000 15000 20000 25000
v (St 3 ol 3 Kol 3 kil 3 <ol
n=0 n=5101 n=10101 n=15101 n=20101

[Tocne 06pabOTKM METUAHHBIM M MOAW(DUIMPOBAHHBIMH MEIMAHHBIMH (PUIBTPAMH H3-32
HIymMa IUpUHA UMITYJIbCA yABAUBACTCS, PACIIUPSACH B 00e cTopoHsl, mosToMmy OCIII Ha BbIXOME

MCIHUAHHOI'O 1 MO,Z[I/I(I)I/II_II/IpOBaHHBIX MCIMAaHHBIX (bI/IJ'H:TpOBi

( 5149 10149 15149 20149

D> ¢ [n]+ D xE[n]+ D> X*[n]+ D] xz[n]]ISOO

2 cueHan n=4950 n=9950 n=14950 n=19950
q soix T (4949 9949 14949 19949 25000
(ZXZ[n]+ S ]+ S ¢[n]+ > ]+ > x2[n]]/z4zoo
n=0 n=5150 n=10150 n=15150 n=20150

[Tocne 0OpabOTKH COTIacoBaHHBIM (DUIBTPOM (GopMa CHUTHANIA M3MEHSETCS — CHTHAI Ha
BBIXOJIe UMeET (POpMy TPEYTOJIbHUKA C BEPIIMHON B OTCUETE OKOHYAHMS BXOTHOTO MMITYJIbCA.
Takum 06pa30M rprUHa UMITYJIbCa TAKXKC YABAUMBACTCSA, HO PACIIMPCHUC NPOUCXOAUT TOJIBKO

BripaBo. OCIII Ha BbIXozie cormacoBaHHOTO GUIbTPA:

5199 10199 15199 20199
(Z x[n]+ D, K[n]+ D x*[n]+ D xz[n]]ISOO
2 Venan _ n=5000 n=10000 n=15000 n=20000
q e = /4999 9999 14999 19999 25000
uym (sz[n]+ > xE[n]+ D XP[n]+ D) x*[n]+ D] xz[n]]/24200
n=0 n=5200 n=10200 n=15200 n=20200

B pesynbTate nosydaem jyis ciydas 2, =10:
e Tlocne 06paGoTKH MeMaHHBIM GUILTPOM: (°, = 244

8blX

e [locne o00paboTku MOAUGUIMPOBAHHBIM MEAMAHHBIM (uUabTpOoM ¢ OKHOM 25%:

q°,,. =269,51

e [Ilocne o6paGoTkn MOAM(UIUPOBAHHBIM MeAMAHHBIM (uiabTpoM ¢ okHOM 50%:
q°,.,. =306,69

e [Jlocne o006paboTku MOAU(PUIMPOBAHHBIM MEIUAHHBIM QWIBTPOM C OKHOM 75%:
q°,, =327,84

e Tlocse 06paboTku cormacoBaHHbM GuibTpoM: §°, = 335,06
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Jlnst cyyast g2 =2

ITocie 06pabOTKH MeaMaHHBIM GUIbLTpoM: §° = 46,38

B8bIX
[Tocne o00paboTKM MOAUGPHUIMPOBAHHBIM MEAMAHHBIM (uUIBTpOM ¢ OKHOM 25%:

9°. =50,75

6bIX
[Tocne o00paboTKM MOAUGPHUIMPOBAHHBIM MeAMAHHBIM (uabTpoM ¢ OokHOM 50%:

q> =59,19

6blX
[Tocne 00paboTku MOAUGUIMPOBAHHBIM MEAHAHHBIM (QUIBTPOM C OKHOM 75%:

q> =65,56

6blX

[Tocie 06paGOTKH cornacoBaHHbIM QHIBTpOM: (°, = 68,36

8blX

BeiBOABI:

[IpumeHeHne KaK MCCIeTyeMbIX HEMTUHEHHBIX (HIBTPOB, TAK M COTJIACOBAHHOTO (DMIBTpA

K CUTHAIIYy ¢ aJAUTUBHBIM I'ayCCOBCKUM IIYMOM IIPUBOIUT K YBCINYCHHUIO OCHI 60.]166, 4Y€M Ha

nopsnok. CUrHan Ha BbIXojie coriacoBaHHOro ¢uibTpa umeer Haubonbinee OCIHI cpenu Becex

paccCMaTpUuBaACMBbIX C];)I/IJ'II)TpOB, 4TO ABJIACTCA CCTCCTBCHHBLIM, T.K. IJId CUTI'HajJla C T'ayCCOBCKHUM

mymMmomM COTJIaCOBAHHBIN (1)I/IJII)Tp SABJIIECTCA OIITHUMAJIbHBIM. HOII OIITUMAJIBHOCTBIO IIOHHUMACTCA

MAaKCHUMAJIbHOC OTHOIIICHUC CI/IFHaJ'I/I_HYM Ha BBIXOJEC (bHJ'IBTpa.

Paccuurtaem, kakoii Beiurpeim B OCII maer cornmacoBaHHBIM (UIBTP MO CPAaBHEHUIO C

MEAUAaHHBIM N MO}II/I(i)I/IHI/IpOBaHHI)IMI/I MEAUaHHbBIMN q)HJ'IBTpaMI/II

Tabmuma 1

Bennuuna Bemmrpseima cornacoBasoro ¢uistpa B OCIHI no cpaBHEHHIO ¢ HETUHEHHBIMU

bunbTpamu
) MonudunupoBanssiii | MoaudunupoBansbiii | MoaudunupoBaHHbIif
q°,. MenvanHbIi
¢ OKHOM 25% ¢ okHOM 50% ¢ OKHOM 75%
10 37,3% 24,3% 9,3% 2,2%
2 47,4% 34,7% 15,5% 4,6%

Takum O6p3.30M, COTJIaCOBaHHBLIN (I)I/IJIBTp AacT CYHICCTBCHHO JIy4YIINME PE3YJIbTAThI I10

CpaBHCHHIO C MCANAHHBIM U MOI(I/I(I)I/II_II/IPOBB.HHLIM MCIHaHHBIM (I)I/IJ'IBTPOM C OKHOM YCPCIAHCHUA

25%,

OJIHaKO MOAU(PHUIIMPOBAHHBIA MEIMAHHBIM QUIBTP C OKHOM YcpeaHeHus 75% MoKa3bIBaeT

OJIM3KUE pe3yNbTaThl.
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Pacuer oTHOIIEHHMSI CMTHAJI/IITYM NPH BO3/1€fiCTBMHA UMITYJIbCHOTO LIIyMa
B kauecTBe BXOJHOTO CHIHaja BCE TaK K€ IPUHHUMAEM IIOCIEN0BATEIbHOCTh
IPSIMOYTOJIBHBIX HMIYJIbCOB JiauTenbHOCThi0 100 orcueroB. B kadecTBe HIyma BO3bMEM
aJIMTUBHBIN UMIYNIbCHBIN 1IyM. MccnenoBanue OyieM mpoOBOAMTD IS ABYX MOIITHOCTEH IIyMa,
obecnieunBaronux OCIII Ha Bxoae paBabiM 10 u 2.
[TocTpoum BpeMEHHBIE 3aBUCHMOCTH BXOJHOI'O CHTHAla, CUTHAJA C IIYMOM U CHUTHAJIOB,

npomeamunx q)HJILTpaI_[I/IIO MCAHUAHHBIM, MOI[I/Iq)I/IHI/IpOBaHHbIMI/I MCIUAaHHBIMHU U COI'JIaCOBAaHHBIM

dunbTpamu mis caydas g, =10 (cM. npusokenue 3):

x[n]

0.5
0
05 1 15 2 2.5
x 10
n
a)
4
2
x[n]
0
5 Il i
4
05 1 15 2 25
x 10
n
0)
1
x[n]
0.5
0
05 1 15 2 25
x 10"
n
B)
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0.5 1 15 2 25
x 10°
n
r)
1
X[n]
05
0
0.5 1 1.5 2 25
x 10"
n
)
1
X[n]
0.5
0
05 1 1.5 2 25
x 10"
n
€)
1
x[n]
0.5
05 ooty Ao urll\l LAf.ﬂ__lnn dann g g Ll.nn 44 oo, Ao b, won e g Ln_nuu_nlﬂlh n.aJ'rL.n’\rf'n"\_J\_A__rr“
et g A aesto fb) APyt Ay e e Y et sty
05 1 15 2 25
x 10*
n
xK)

Pucynok 17. BpemeHHOe mipe/icTaBiIeHHe BXOIHOTO CUTHANIA 0e3 1ryma (), ¢ aJINTUBHBIM

2
6x

UMIYJIbCHBIM IIyMoM st citydas (.. =10 (6), pe3ynbrara 00paboTKy MeAHMaHHBIM (QHIBTPOM

(B), MOaM(ULIPOBAHHBIMH MEAMAHHBIMU (GHIIBTPAMH C MIUPUHOM oKkHa 25% (T), 50% (1) u 75%
(e) u cornacoBaHHBIM (QUIBTPOM (3K)
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Jlst cyyast g2 =2

1
X[n]
0.5
0
05 1 15 2 25
x 10°
n
a)

x 10"
n
0)
1
x[n]
05
0
05 1 L5 2 25
x10*
n
B)
1
X[n]
05
0
05 1 15 2 25
x 10"
n
r)
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05 1 15 2 2.5
x 10"
n
1)
1
X[n]
0.5
0
05 1 1.5 2 25
x 10"
n
€)
1
X[n]
0.5

Pucynok 18. BpemeHHoe mpeictaBieHre BXOJIHOTO CUTHala 6e3 1ryma (a), ¢ aJAuTUBHBIM

MMITYJILCHBIM IITyMOM JUTs ciTydas (-, =2 (6), pe3ynbTaTa 06paboTKi MeIHaHHbIM (HILTPOM

(B), MOTU(UIIMPOBAHHBIMU MEUAHHBIMU (GUIBTPaMU C MUPUHOHN okHA 25% (T), 50% (1) u 75%

(e) u cornacoBaHHBIM (QUIBTPOM (3K)

B pesynbTate nosydaem ans ciaydas ¢, =10:
e Tlocie 06paboTKH MeaMaHHBIM QUITBTPOM: (°, —> 00
e Tlocse 06paboTKH MOM(HUIIMPOBAHHBIM MEMAHHBIM QUIBTPOM C OKHOM 25%: ¢, —> 00
e Tlocse 06paboTKH MOM(HUIIMPOBAHHBIM MEMAHHBIM QUIBTPOM C OKHOM 50%: ¢, —> 0
e Tlocse 06paboTKy MOM(HUIIMPOBAHHBIM MEMAHHBIM (QUIBTPOM C OKHOM 75%: ¢, —> 0

e Tlocne 06paboOTKM COTTIAcOBAaHHBIM GumbTpoMm: (> =378,8

B8bIX
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Jlnst cyyast g2 =2

e Ilocie 06paboTKu MeAUAHHBIM GUILTPOM: (7, —> 00

B8bIX

e Tlocie 06paboTKH MOM(HUIIMPOBAHHBIM MEIUAHHBIM (UIBTPOM C OKHOM 25%: ¢, —> 00
e Tlocie 06paboTKy MOM(HUIIMPOBAHHBIM MEMAHHBIM QUILTPOM C OKHOM 50%: ¢, —> 00
e Tlocie 06paboTKK MOAM(HUIMPOBAHHBIM MEIUAHHBIM QHILTPOM ¢ OKHOM 75%: ¢, —> o

e Tlociie 06pabOTKH COTNIACOBAaHHBIM GriIbTpoM: (° =63,81

8blX

BriBoabI:

[Tpu 3aganasix OCII Ha BX0ae MeAMAaHHBIN U MOAU(DHUIIMPOBAHHBIE MEAHMAHHBIE (DUITBTPHI
MOJIHOCTHIO MOJABJISIOT UMITYJIbCHBIE IITYMbI M TEM CaMbIM OKa3bIBAIOTCS HAMHOTO 3(hpeKTuBHEE
coriacoBaHHoro ¢unetpa. MneanbHoe mopaBiieHWE MPOMCXOAUT H3-3a JIOCTATOYHO OOJIBIION
mUpUHBl OKHAa (GuiabTpoB. Tak s MeauaHHOTO (DHIBTpPA ¢ JAHHOW anepTypoi, 4TOOBI IIyM
MOBIUSUT HA BBIXOJHOW CHTHAJ, HEOOXOAMMO, YTOOBI B OKHO MOMAaAaid OJHOBpeMeHHO 50
OTCUYETOB, MMEIOIUX 3HaueHUEe OOJbIle YpoBHs curHana Oe3 myma, wiu ke 50 oTcueros,
MMEIOIINX 3HaUe€HHE MEHbBIIIE YPOBHA curHaia 0e3 mryma. [{inst MmoauduinupoBaHHbIX GUIBTPOB €
UPUHON OKHA ycpenHeHus 25%, 50% u 75% konnuecTBO TaKUX OTCUETOB JTOJDKHO COCTAaBIISTh
38, 26 1 13 COOTBETCTBEHHO.

B maHHOM OmbITE MOIIHOCTH IIyMa YBETUYHUBACTCS MyTeM JA00aBICHHSI HOBBIX UMITYJIbCOB.
Hpyroit cnoco0 yBenWyYeHUs MOUIHOCTH — YBEJIMYEHUE HMX aMIUIMTyAbl. B TakoMm ciydae ¢
ymenbiieHneM OCIII Ha Bxoae Oyner yxyamarbes OCII Ha BbIX0JIe COTJIaCOBaHHOTO (DUIIBTPA,
a Ha BBIXOJIE MEIMWAHHOTO M MOAUPUIMPOBAHHBIX MeauaHHbIX (uibTpoB OCII Oyner
HEU3MEHHBIM, TIOCKOJIbKY €CJIM OTCUEThl IIyMa HE OKa3blBalOTCA MEAMaHOW B clydyae
MEAMAHHOTO (UIIBTpa WIM HE TMOMANal0T B OKHO YCPEIHEHHUsS B CiIydae MOAU(PUIIMPOBAHHBIX
MEIUaHHbIX (DUIBTPOB, TO OHM HE OYAYT BJIUSATH Ha BBIXOAHOM CHUTHAI HE3aBUCHUMO OT HX

AMIIIMTYOBI.
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Onpenenum, kakoe OCI Ha BXome TpedyeTcs, 4TOObI TOIABJICHHE UMIYJIbCHBIX IIIYMOB

MOI[I/I(bI/II_[I/IpOBaHHBIMI/I MCAMaHHbBIMU (bI/IHLTpaMI/I HE OBLIO nacaJbHBbIM.

4900

Ipu g2 =1,25:

R — | N || ]

05 1 L5 2 25
x10*
n
a)
4950 5000 5050 5100 5150 5200
n
0)

x 10

B)

PI/ICYHOK 19. BpeMeHHOC MpEACTAaBJICHHUEC BXOAHOI'O CUTHAJIA C aJIUTHBHBIM HUMITYJIbCHBIM

urymom Juist ciydasi 02, =1,25 (a), pe3ynbrata 06paboTKi MOIM(pUIIMPOBAHHBIM MEMAHHBIM

¢uIbTpOM ¢ HIMPUHOM OKHA 75% (6) M coraacoBaHHBIM QUIBTPOM (B)

ocne 06paboTKN MeIMaHHBIM GUIBTPOM: (>, —> 00

B8bIX

0/. 2
[Tocnie 06paboTKn MOANGMUIMPOBAHHBIM MEIUAHHBIM (PUIBTPOM ¢ OKHOM 25%: (°, —> 0

TMocrie 06paboTKH MOIM(PHUIIMPOBAHHBIM MEIHAHHBIM (UILTPOM ¢ OKHOM 50%: @, —> o

[Tocne o00paboTku MOIUGUIMPOBAHHBIM MEAMAHHBIM (uUIbTpOM ¢ OKHOM 75%:

q> =5,72-10'

6blX

Iocne 06paboTKu cornacoBaHHbIM ¢punpTpom: ¢°,  =39,75

8blX
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Pucynok 20. BpemenHoe npe/icTaBieHne BXOAHOTO CUTHAJIA € a/TATUBHBIM UMITYJIbCHBIM
2
mrymoM Juist ciaydas (. = 0,46 (a), pesynbrara 00pab0oTku MOAU(UIIMPOBAHHBIMU MEJHAHHBIMU

¢dunbTpaMu ¢ mupuHOK okHa 50% (0) 1 75% (B) 1 corilacoBaHHBIM HIETPOM (T)
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ITocne 06pabOTKH MEIHAHHBIM (UILTPOM: (°, —> 00

6blX

Tocse 06paboTKH MOM(HUIIMPOBAHHBIM MEMAHHBIM (UILTPOM C OKHOM 25%: ¢, —> 0

[Tocne o00paboTKM MOAUGPHUIMPOBAHHBIM MeAMAHHBIM (uabTpoM ¢ okHOM 50%:

q’,,. — 717321

[Tocne o00paboTKM MOAU(PHUIMPOBAHHBIM MEAUAHHBIM (uabTpoM ¢ OKHOM 75%:

q> =56,19

8blX

ITocie 06paGOTKH cornacoBaHHbIM GHIbTpoM: (°,  =16,41

8blX
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Pacyer OTHOLICHHUSI CUTHAJI/IIYM NPH BO3/1efiCTBUH rayCCOBCKOI0 U MMIYJIbCHOI'0 IyMa
OTHOBPEMEHHO

B peanbHbIX cHUTyallMsiX Ha CHTHajl MOTYT BO3JIEMCTBOBATh Cpa3y HECKOJIBKO BHUOB
mymoB. PaccMoTpuMm ciywai, Korja CuUrHaid B JIMHMM [I€peJadyd OKas3ajics IOBPEXIEH
OJIHOBPEMEHHO M HMMITYJIbCHBIM, U TayCCOBCKMUM IIIYMOM, U CpaBHUM 3G ()EKTHBHOCTH PaOOThHI
(GUIBTPOB B 3aBUCUMOCTU OT OTHOIICHHSI MOIITHOCTEH ATUX IIYMOB.

Bxonnoil curHanm Bce Tak Ke MPEACTABICH NEPHOJUYECKOM IOCIEA0BATEIbHOCTHIO
MPSIMOYTOJIBHBIX UMIYJIbCOB AMUTeNbHOCThIO 100 orcueToB. MccnenoBanue OyneM MpOBOIUTH
nipu OCIII na Bxozae pauom 10 u 2.

ITockonbKy mym — 3TO Cly4YalHBIM MPOLIECC, €r0 BIUSHUE HA CUTHAJI U3MEHSAETCS OT
OMNBITa K OMBITY, YTO MPUBOJUT K PA3IMUYHBIM pe3yjbTaTaM IMPU OJIHUX U TEX KE BXOIHBIX
TaHHbIX. YToOBI mONy4yuTh OOJIEe AOCTOBEpHBIE JAaHHBIE M MOCTPOUTH OoJiee TOCTOBEPHbBIC
3aBUCUMOCTH, YCPeIHUM pe3yabTaThl 100 BeIUMCIEHUI.

B pesynbraTe BBINOJHEHUS MPOTrpamMMbl, MPEACTABIEHHON B NMPWJIOKEHUU 4 1Js ciiydyas

. =10:
700
= MenuaHuslii GUILTP
r- == Momud. men. duisTp ¢ okHOM 25%
600 Monud. men. duwistp ¢ okHOM 50%
= - = Momud. men. puisTp ¢ okHOM 75%
CormacosaHHEI GUIETP
500
2
qShL’C
400
200 T T
200
20 Proyee 40 60
P

Hmn
Pucynok 21. 3aBucumocts OCII Ha BbIX01€ PUIBTPOB OT OTHOILIEHUS MOIIHOCTEH

rayccoBCKOTO M MMITYJILCHOTO IITyMa Ha BXojie fpu ¢, =10
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Jlnst cyyast g2 =2
120

= MenuaHHbIi QHILTP

r == Momud. men. dunsTp ¢ okHOM 25%
Monud. Men. dunsTp ¢ okHOM 50%
100

= - = Moaud. Mex. punsTp ¢ oKHOM 75%
CormacoBaHHEIH QHUILTP

q8bl}( 8[}

a0)

40

10 P

20
TI'aycc

30
P

Hmn

Pucynoxk 22. 3aBucumocts OCIII Ha BeIx0€ PUIBTPOB OT OTHOIICHHSI MOIITHOCTEH

rayCCOBCKOI'O U UMITYJILCHOT'O IITyMa Ha BXOJC IIpU q:x =2

BeiBOALI:

OCHOBBIBasICh Ha pe3yiibTaTaXx JaHHOI'O OIIbITd, MOXHO CACJIATh BBIBO, YTO MeI[PIaHHLIﬁ u
MO,[[I/I(l)I/II_[I/IpOBaHHBIe MCIAHMAHHBIC (1)I/IJ'II>TpBI OKa3bIBArOTCA Sq)(beKTI/IBHCC COrjzaCoOBaHHOTI'O

q)HJII)Tpa Ipu 1MoAaBJICHUN HE TOJBKO YHMCTO HMMITYJIbCHBIX IIYMOB, HO U CMECH HMITYJIBCHOI'O
myMa € TayCCOBCKHM 10 OIIPCACICHHOTIO OTHOIICHUSA UX MOHIHOCTGI7L

P
Y
OTHONIIEHUST —~~

Tabmumna 2
<, 710 KOTOPBIX HEJIUHEWHbIE QUIBTPBI YQPEKTUBHEE COTTTACOBAHHOTO
Hmn
Menuanusiit | MonudunupoBansslii | MoauduuupoBanusiii | MoauduuupoBaHHbII

¢ OKHOM 25% ¢ okHOM 50% ¢ okHOM 75%
92 =10 ~3 4-5 12-13 45-47
Q. =2 =17 2,5-3 6-6,5 20-21
[Tpu yBennueHuu ypoBHS IIyMa Ha Bxoje (uiIbTpa AMANa3oH OTHOILIEHHM

aycc , HpI/I

Hmn

KOTOPBIX MEAMAHHBINA U MOJIU(ULIMPOBAHHBIE MEIMAaHHbIE (QUIIBTPBI OKa3bIBalOTCA 3P PexTuBHEE
COIIACOBAHHOIO, CYXKAeTCsl.
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3. Pa3nes oxpaHbl Tpyaa

B naHHOW BBIMYCKHOW KBaJIU(HUKAIMOHHOH paboTe paccMaTpUBAIOTCS  BOIMPOCHI
uccienoBanusi MUPPoBbIX GuiabTpoB. [lanHast paboTa BBIOTHSIETCS C TOMOIIBIO IEPCOHAITBHOTO
KOMITbIOTEpa, TpaBWiIa M TpeOOBaHUS MpH paboTe ¢ KOTOphIM periamentupoBanbl CanlluH
2.2.2/2.4.1340-03  "I'uruenudeckue  TpeOOBaHUS K  IMEPCOHAIBHBIM  DJIEKTPOHHO-
BBIYUCIIUTEIFHBIM MallMHAM W opraHu3anuu padoTel". C TOYKM 3pEHUs] OXPaHbI TpyJa IpH
paboTe C mepcoHaIbHBIM KOMITBIOTEPOM JIOJIKHBI COOIIOAATHCS CIEAYIOIIUE YCIOBUS:

e JloCTaTOUHBIA YPOBEHB OCBEIICHUS

e OnTHMasbHBIC TAPaMETPhl MUKPOKIIUMATa B pabodeii 30He
e Cobmoaenue TpeboBaHUN HEKTPOOE30NaCHOCTH

e JlomycTuUMBIN ypOBEHB LIyMa U BUOpaLUu

e OpraHu30BaHHbBIN PEXUM paOOTHI U OTIbIXA

OcBemenne

Ocgemiennio pabo4yero Mecra yJeNnseTcs MOBBIIICHHOE BHUMaHHUE, T.K. €r0 YpOBEHb
CephEe3HO BIHSET HAa MHTCHCHBHOCTH 3PHUTEIBHOTO YTOMIICHUS. [IpaBMIIbHO OpraHM30BaHHOE
OCBEILICHUE CO37a€T OJIArONpPUATHBIC YCJIOBUS TpPYJa, IOBBIIIAET pPabOTOCIOCOOHOCTh U
MPOU3BOJUTENLHOCTh Tpyna. TpeOyeMblil ypOBEHb OCBEIIEHHOCTH B TMEPBYIO OYepelb
OTIpEeIeIIAETCS XapaKTEePOM BBIMOIHIEMbBIX paOOT: YeM MEHbIIE pa3Mep PUKCUPYEMOil 1eTanu,
TEM BBIIIE JODKEH OBITh yPOBEHb OCBEIMIEHHOCTH. [IpM 3TOM BeIMUYMHA OCBEIIEHHOCTH
JIOJIKHA OBITh MOCTOSIHHOM Ha BceM paboyeM MecTe, ITOCKOJIbKY IPH MEPEBOJIE B3MIIsIA C SIPKOM
Ha OoJjiee TEeMHYIO IOBEPXHOCTh WJM HaoOOpOT IJa3 ajxantupyercd. Yacras mnepeajarTariis
HPUBOJUT K ObIcTpoMy yromiieHHto. Ha paGoueii moBepXHOCTH JOJDKHBI OTCYTCTBOBATH PE3KHE
TEHH, a TAaKKe TpsMas M OTpakeHHas: OJECKOCTh, T.€. MOBBIIIECHHAS SIPKOCTh CBETSIIUXCS
MIOBEPXHOCTEH, BHI3BIBAIONIAS OCIIECTITIEHHOCTD.

s ocBemieHust pabo4MX MECT MCIONB3YETCS €CTECTBEHHOE OCBEILIEHHE, CO3/1aBaeMoe
MPSIMBIMU COJTHEUHBIMHU JIy9aMU M PACCESTHHBIM CBETOM HeOocBoza. OcBeleHHOCTh Ha paboueit
noBepxHoctu gomkHa ObiTh 300 - 500 nk. [lpu HemocTaTke €CTECTBEHHOTO OCBEIICHUS
UCTIONB3YIOT HCKYCCTBEHHOE OCBEIIEHHE, CO3/IaBAEMOE HCKYCCTBEHHBIMH UCTOYHUKAMH CBETA.

B kauecTBe HCKYCCTBEHHBIX HCTOYHHUKOB CBETa MOTYT OBITh HCHOJB30BaHBI JIAMITBI
HAKaJMBaHUS, Ta30pa3psIHble U CBETOAUOAHBIE JaMmbl. HawmmydmmM BBIOOPOM  SIBISIETCS
NPUMEHEHHE CBETOJIUOTHBIX CBETHJIHHHKOB. [0 CpaBHEHHWIO C JlaMITaMH HaKaJMBaHHUS OHU

UMEIOT TOpa3io OOJBIINNA CPOK CIY>KOBI, HU3KYIO MOTPEOIIIEMYI0 MOIIIHOCTh M HU3KUU YPOBEHB
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HarpeBa. B oTnnume oT ra3opaspsAHbIX JIaMIl CBETOJUOJHBIE JIAMITBI UMEIOT HU3KUH YpPOBEHb

Hy.HBCB_I_[I/Iﬁ " HC COACPIKAT BPCAHBIX XUMUUYCCKUX DJICMCHTOB.

MukpokJIumMaT

Cormacno Canllun 2.2.4.548-96 "I'urueHuueckwe TpeOOBaHUS K MHKPOKIUMATY
NPOM3BOJICTBEHHBIX IOMEIIEHUH Ha pabouyMx MecTaXx JODKHBI — 00eCreuuBaThCA
ONTUMAJIbHBIE TapaMeTpbl MHKPOKJIMMATA: TEeMIIepaTypa OKPYXKAaloIlero BO3dyXa H
IIOBEPXHOCTEH, OTHOCUTEIIbHASI BJIAXKHOCTb, CKOPOCTh JIBUXKEHUS BO3JyXa U MHTEHCHUBHOCTb
TEIIOBOI'O OOJIyUeHHMS.

OntuManbHble YCIOBUS MHKPOKJIMMaTa OOECHEeYMBAIOT OIIYLICHHE TEIJIOBOTO
KoMQopTa BO BpeMsi pabOThI, HE BHI3BIBAIOT OTKJIOHEHUHN 3/10POBBS U CO3IAI0T MPEANOCHUIKH
JUI BBICOKOM IPOM3BOAMUTENBHOCTU Tpyaa. s kareropum Tsokectd pabor la (Hu3KMi
YPOBEHb HEPro3arpar) B XOJIOAHBIA MEPUOJ rofa TeMIepaTrypa Bo3[ayXa JOJDKHA ObITh 22—
24°C, Temmeparypa mnoepxnocreit 21-25°C, a B temisiii nepuon roga 23-25°C u 22-26°C
coOoTBeTCTBEHHO. OTHOCUTENIbHAs BIAXHOCTh JAOKHA cocTaBisith 40-60%, ckopocThb
nBrkeHus Bo3ayxa — 0,1 M/c. OnTUManbHbBIX 3HaY€HUsI MUKPOKIMMATa HOJ/IEPKUBAIOTCS 3a
CYET CHCTEM OTOIJICHUS, KOHAULMOHUPOBAHHSI U BEHTHJIMPOBAHUs BO3lyxa. /i MOBBIIEHUS

BJIAJKHOCTH BO3AYyXa NPUMCHAIOTCA YBJIIAXKHHUTCIIA BO3aYyXaA.

JIeKTP00E30NACHOCTD

[Tpu pabote ¢ MOOBIM YCTPOHCTBOM, MUTAEMBIM HaIpsDKeHHEM cBbIlIe 36B, cymecTByer
OMACHOCTbh MOPAXKEHUS 3JIEKTPUUECKUM TOKOM. ODTO MOXKET MPOU30HTH H3-3a pa3IMYHBIX
MPUYHH: TIeperpy3Ka, HEKaueCTBEHHAs] M30JISIUs, MPUKOCHOBEHHE K TOKOBEIYIIMM YacTsIM U
T.4. UT0OBI MUHUMHU3HUPOBATH BEPOSTHOCTH MOPAKECHHS IIEKTPUUECKUM TOKOM, HEO0OXOIUMO
cobOmronath TpeOoBaHMs, ycTaHOBIEeHHble "lIpaBumamMu »SKCIUTyaTallid 3JIEKTPOYCTaHOBOK
notpeduteneit”" u "[lpaBuiamMu TeXHUKHA OE30MACHOCTH TPHU IKCIUTyaTaIllMU 3JIEKTPOYCTAHOBOK
norpedureneit".

Jnst uCKIIOYEHUsI TOPaXEHUs JIEKTPUUECKUM TOKOM 3alpeliaeTcs: YacTo BKIKOYATh U
BBIKJTIOYAaTh KOMIBIOTEp 0e3 HeoOXOTUMOCTH, MPHUKACaThCS K THUIBHOW CTOpPOHE OJIOKOB
KOMIThIOTEpa, paboTaTh Ha YCTPOMCTBAX, HWMEIONIMX HAPYIICHUS W3OJSAIUH TMPOBOJOB,
MIPU3HAKY HAJWYMs HaNpsDKEHUs Ha Kopryce. [Ipu paboTe 3a KOMIBIOTEPOM HY)KHO CIICTUTB,
9TOOBl PYKH OBLIM CyXue, HEOOXOJUMO MpeAOoTBpalllaTh MoMagaHue 000N KXUAKOCTH Ha
kopmyc u mnepudepuiinsie yctpoiictBa I[IK. Henb3st kimacT Ha KOMIBIOTEPHYIO TEXHUKY
MOCTOPOHHUE mpeaMeThl. Jlms wu30ekaHWss KOPOTKOTO 3aMBIKaHUS H  TMOJYYCHUS
AIIEKTPOTPaBM paboure MecTa JOJIKHBI UMETh 3aIlIUTHOE 3a3eMJICHHE.
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Hlym u BuOpauus

[Ipu BBIMOTHEHHH PA0OT C MCIOJIB30BAHUEM MEPCOHAIBHBIX KOMITBIOTEPOB YpPOBHU
nrymMa ¥ BUOpanuu Ha paboueM MecTe€ He JIOJDKHBI MPEBBINIATh TMPEICIBHO JIOMYCTHMBIX
sHaueHnii. Cormacno CH 2.2.4/2.1.8.562-96 "lllym Ha pabouumx MecTax, B IOMEIIEHHUIX
JKUJIBIX, OOIIECTBEHHBIX 3JaHUN W Ha TEPPUTOPHH JKHIJIOW 3aCTpOMKU" B TOMEIICHUSX,
obopynoBannbix [IK pomyctumeiii ypoBenbp 1myma cocrtasiser 50 nb. B pesynbrare
MHOTOYHUCJICHHBIX MCCIIEIOBAHUN OBLJIO OMPEEICHO, YTO TAKOM YPOBEHb IIIyMa HE BBI3bIBAET
CTOMKUX (PU3MOJIOTHYECKUX OTKIOHeHuH. [Ipu ypoBHe myma cBeime 70 nb B opranuzme
YyelloBeKa MOSBIISIIOTCS pPa3JIMyHble OTKJIOHEHUS, BBIpaKAIOLIMECs B HapyLIeHUU paboThI
[THC, cHm>xXeHnu ciyxa, OCTpOTHI 3pEHHUS.

JlomycTuMbIii  ypoBeHb BUOpOCKOpOCTH Ha dactorax 2, 4, 8, 16, 31,5, 63 I
COOTBETCTBEHHO cocTaBiisieT 79, 73, 67, 67, 67, 67 nb. Bubparnus, npespliaronas npeaeibHo
JIOTTYCTUMbIE YPOBHU, IPUBOJUT K MOBPEXKACHUSIM OPraHOB U TKaHEH, OKa3bIBa€T HEraTUBHOE

BinusiHue Ha LIHC, opransl cityxa u 3peHusi, IpUBOAUT K OBICTPON YTOMIIIEMOCTH.

Pexkum padoThI M OTABIXA

[Ipu paboTte 3a KOMIBIOTEPOM YEIOBEK MPOAOKUTEIHHOE BpEeMsi HaAXOIUTCS B OJTHOM
nose. Bkyne ¢ gpyrumu pakropamu, TAKUMH Kak 3JIEKTPOMAarHUTHOE U3TyYEeHUE, Harpy3Ka Ha
riasa U T.JA., 9TO OKa3bIBa€T HEraTMBHOE BO3JEHCTBHE Ha 3/10poBbe. [loaTOMy HEOOXO0AUMO
OpPraHU30BBIBATH MEPEPHIBBI PU PAOOTE 32 KOMITBIOTEPOM.

JUis CTYyJIEHTOB CTaplIMX KYypCOB JOMYCTHMMOE BpeMsi paboThl 3a MepPCOHATbHBIM
KOMITHIOTEPOM COCTABIISIET 2 Yaca, ¢ 00s3aTeIbHBIM COOIIIO/ICHIEM TIepephIBa [UTUTEIBHOCTHIO
15-20 MUHYT U BBINOJIHEHHEM OOIIMX (PU3NUECKUX YIPAKHEHUN U TUMHACTUKU JJIS TJ1a3.

Kpome Toro Heo6xoaumMo coOI0aTh CIEAYIONIMe IpaBuia:

e HeoOxoaumo cobiroaaTh pacCTOSTHUE OT dKpaHa 1o ri1a3 He Menee 70 cM;

e (CrnenuTs 3a OCAaHKOM;

e Crnenyer wu30erarb OOJBIION KOHTPACTHOCTH MEXAY SPKOCTBIO JKpaHa H
OKpY’KalomIero mpocTpancTBa. Hemp3st paboTaTh ¢ KOMIBIOTEPOM B TEMHOM WIIH
MOJIyTEMHOM TOMEIECHHH;

e (OO0s3aTenHEHO MPOBOIUTH YIIPAXKHEHUS [T TJ1a3 Kaxkapie 20-25 MUHYT paOoTHI,
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4. Opranu3aliiOHHO-3KOHOMMYECKHUH pa3en

Pa3pa60TI<a ImporpaMmMbel — 3TO HE TOJIBKO HEIIOCPEACTBCHHOC HAIIMCAHHUE €€ KOza.

Cormacao I'OCT ECIIJ 19.102-77 "EnunHas cuctema mporpaMMHON gokymeHTaruu. Craauu

pa3paboTku" mpu pazpaboTke MporpaMm M MPOrPaMMHON JOKYMEHTAIIMH BBIICISIOTCS CTaJHH

pa3paboTKu:

® TCXHUYCCKOC 3aJaHuUC,

® 5CKH3HBIN IIPOCKT,

® TeXHUYECKUH IIPOCKT,

® pabouHnii MPOCKT;

® BHE/IPEHHUE.

Kax(z[aﬁ cTagusa BKIHOYAaCT B ce0s1 HECKOJBKO JTaroB. TaK, HallpyuMEp, Ha CTaJuu

pa3pa60TKH TCXHHUYCCKOI'O 3aJaHHiA HCO6X0)II/IMO OMPCACIINTE HCXOAHBIC HAaHHBIC, U3YYUTb

TEXHUYECKYIO CTOPOHY BOIIPOCa, BEIOPATH S3bIK, HA KOTOPOM OyJIeT HalucaHa mporpaMma.

Jns pa3paboTKu mporpamMmbl HEOOXOIUM mepcoHasl. Pa3pabarpiBaemasi mporpamma He

OTJINYAETCA 0COOEHHOM CIIOKHOCTBIO MU O6I>CMHOCTBIO, cpcaa p33pa6OTKI/I HCIIOJIB3YCTCA YIKC

CO3IaHHast 1 HACTPOCHHAA, IIOOTOMY UCXOIA U3 COO6p8.)K€HPII>i HpaKTquCKOﬁ HGHCCOO6paBHOCTI/I

IMPUHHUMACM KOJIUYCCTBO 33.[{6171CTBOB21HHBIX pa6OTHI/IKOB MUHHUMAJIBHBIM: PYKOBOAUTECIIb IIPOCKTA

u HGHOCpGZICTBeHHI)If/'I HCIIOJIHUTCIIb — HHKCHCP-TIPOTPaMMHUCT.

Hpe,I[CTaBI/IM IEpCUCHb JTaIlOB pa6OTI>I C YKa3aHuem HUCIIOJTHUTEICH H HpHMepHOﬁ

MMPOAOJIKUTCIIBHOCTHU B BUJIC Ta6J'II/II_U>IZ

Tabmuma 3
[Iepeuens 3TanoB paboTHI IpU pa3zpabOTKE NPOTpamMMbl
Cragus Otan paboThl Hcnonnurenn [IponomxurensHO
pa3paboTku CTb paboThI, THEN
ITocTtanoBka 3amaun PykoBoautenn
IIPOEKTa
Onpenenenne u aHaIn3 UCXOTHBIX Wnxenep-
JAaHHBIX, [10100p U U3yYEHUE IPOrpaMMUCT 2
TEXHUYECKOH JINTEPATYPHI
[IpenBapuTenbHbII BBIOOP METOOB Nuxenep-
BBITIOJTHEHUS IOCTaBJICHHON 3a7a4u IIPOrPaMMUCT
Texuuueckoe
sananme Ornpenenenne 3TanoB, CPOKOB Nuxenep-
pa3paboTKH IPOTrpaMMBbl U IIPOrPaMMHUCT,
JOKYMEHTAIH! PYKOBOJUTEINH
IIPOEKTa 1
Br160p si3p1ka mporpaMMupOBaHuUs WNuxenep-
IPOrPaMMUCT
CornacoBaHue U yTBEpXK/IEHUE PyxoBoauTens
TEXHUYECKOTO 3aJJaHMsI IIPOEKTa

50




Pa3paboTka cTpyKTypbl BXOJIHBIX U Nnxenep-
BBIXOJHBIX TAHHBIX IPOrPaMMUCT
Ocku3Hblid | YTOYHEHHE METOJOB PEIICHHUS WNuxenep-
IIPOEKT 3a1a4u IPOrPaMMUCT
CornacoBaHue U yTBEp)KJI€HUE PyxoBonureins
3CKM3HOT'O IIPOEKTa IIPOEKTA
Pazpabotka anroputma peuieHus Wnxenep-
3a1a4u IIPOrPaMMHUCT,
PYKOBOJUTEID
TexHnueckui IIPOEKTA
IIPOEKT Pazpabotka cTpykTypsl nporpamMmel | Muskenep-
IIPOrPaMMUCT
CornacoBaHue U yTBEp)KJIEHUE PyxoBonureins
TEXHUYECKOTO IIPOEKTA IIPOCKTA
[IporpammupoBanue WNuxenep-
IIPOrPaMMUCT
TectupoBanue u oTinaaka WNuxenep-
Pa6ounii MPOrpaMMUCT
IPOCKT Pazpabotka nmporpamMmmHO# Wmxenep-
JOKYMEHTaluu IIPOrPaMMHUCT,
PYKOBOJHTEID
IIPOEKTa
[TogroroBka u nepegayda nporpamMmsl | Muxenep-
BHespeHtie Y TEXHUYECKOW JOKYMEHTALUU JJIs IIPOrPaMMHUCT,
caa4u PYKOBOJHTEID
ITPOEKTa

Paccuntaem npumepHsbie 3aTpaThl Ha pa3padOTKy IPOrPaMMBbI.

CornacHO JaHHBIM CTaTUCTHKH CAlTOB BaKaHCHUW CpelHsAs MecsyHas 3apaOoTHas IjiaTa
uHxeHepa-nporpammucra C++ B HoBocubupcke Ha ampens-mait 2017 roma coctaBnser 55000
py6., a pykoogurtenst IT-mpoexkta — 70000. OOmee BpemMss Ha pa3pabOTKy NPOrpaMMbI
coctasisier 20 aueit. B mae 2017 rona 20 pabouux JHEH, COOTBETCTBEHHO, OOIIME 3aTpaThl Ha

3apaboTHYIO MIaty padoTHUKOB cocTaristor: 55000 - ;—8 +70000- 2—8 =125000 py6 .

Kpome Toro, Heo0OX0 MO MPOU3BECTH OTYUCIICHUS, 3aBUCSIINE OT BEJIHMUYMUHBI 3apab0OTHOMN
I1JIATHI.
o [lencuonnsiii hpoua — 22%
o  ®donjx conumankHOTO cTpaxoBanus — 2,9%
o ®denepanbHblil (HOHA 0053aTENLHOTO COLUAIBHOIO CTpaxoBaHus — 5,1%
e BsHuocsl o TpaBmaru3my — 0,2-8,5%
BenwurHa B3HOCOB 1O TpaBMAaTHU3My 3aBHUCHUT OT Kiacca NPOo(eCCHOHATBLHOTO pPHCKA.
Jomyctum, 4TO OpraHu3anuu OpucBoeH | kiacc mpodecCHOHANBFHOTO PHUCKA, TOTa pa3Mmep

otuyrciaeHuit oyzaer coctaBiaTh 0,2%.
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OO01as BeIn4YrHa OTYNCIEHNUI COCTaBIIsAET:

125000-(0,22+0,029+0,051+0,002) = 37750 py6

Jns Hanucanusi KoAa IporpaMMbl TpeOyeTcsl MepCcoHaNbHbIN KommbioTep. [Ipeanonoxum,
4yro oH yxke umeercsa. Cpena paspaborku Microsoft Visual Studio Express pacnpocrtpansiercs
OecriaTHO.

[IpumeM, dYTo moOTpediseMass MOIIHOCTh IEpPCOHAIBHOTO KommbioTepa 250BT, a
ocgenieHust 100Bt. O6miee Bpems pabOThI ITPU 8-4aCOBOM pabOveM JIHE:

20-8=160y

Pacxon anexkTposHeprun Ha NUTaHuEe KOMIBIOTEPA U HA OCBELIEHUE 3a BCE BpeMs pabOTHI:

(250+100)-160 =56 kBm - u

CroumocTts 3nexktposHepruu B HoBocubupcke Ha anpens-mait 2017 roga cocrasiusier 2,42
py6/kBT*4 o omHOCTaBouHOMY Tapu@y. Torma 3aTparhl Ha AIEKTPOIHEPTHIO COCTABSIT:

56-2,42 ~136 py6

[Ipoune pacxopl 0OBIYHO MPUHUMAIOTCS B MPOIICHTHOM OTHOIICHHUH K 3apa00THOM IuIaTe
ucnonHuTeNnel. B HacTosem pacuere BEIMUMHY MMPOYUX PACXOJOB MOKHO B3SITh B pa3Mepe

15% ot BenuuMHBI OCHOBHOM 3apaO0THOM IUIaThl UCIIOJIHUTENIEH:

0,6-125000 =18750 py6

B utore OPUCHTHUPOBOYHLBIC 3aTPaThl HA IIPOU3BOJACTBO IIPOTrpaMMbl COCTABJIAIOT!:

125000+ 37750+136+18750 =181636 py6
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3akJIroueHue

B xozne naHHOMN BBITYCKHOM KBaJIM(UKALMOHHONW pabOThl OBUIM PACCMOTPEHBI HEKOTOPHIE
AIIEMEHTHl TEOPUU HENMHEHHON (UIBTpAlMKM CUTHAJOB, @ KOHKPETHO NPUHIMIIBI PaOOTHI
(GWIbTPOB,  OCHOBAaHHBIX HA  PAHIOBOM  CTaTHCTUKE:  MEOUMaHHOTO  (uiIbTpa U
MOJIU(GHUIMPOBAHHOTO MEAWAHHOIO (MIBTPA, W3BECTHOIO TaKXK€ KaK YCEYEHHBbIH (uibTp
cpeaHero. B pe3ynbraTe BBINOJIHEHHUS SKCHEPUMEHTAIBHOM 4acTH paboThl OBUIM MOCTPOEHBI
3aBHUCUMOCTH  KOX(QUIIMEHTAa HEIMHEHHBIX HMCKaKEHUH W Kod(p(uUIMeHTa Iepenadu
UCCIIEYeMbIX (HIBTPOB OT YaCTOTHI BXOJAHOTO CHHYCOMJAIILHOTO CHrHaya. [yl HeIMHEHHBIX
(GWIBTPOB M JMHEHHOIO COIIACOBAHHOIO (HIIBTpa IPOBEIEHO cpaBHEHUE 3((EeKTHBHOCTH
IIOJIaBJICHUS TayCCOBCKOIO M UMITYJIbCHOIO IIYMOB PA3JINYHOM MOLIHOCTH, a TaKXKE UX CMECH,
IIpU  INPUEME  CUTHAIA,  IPEACTABICHHOIO  IEPUOAMYECKOM  IOCIIEOBATEIbHOCTBIO
OPSAMOYTOJNBHBIX UMIYnbcoB. Jns nByx 3mauenwit OCIL Ha BXone (HMIBTPOB OIpEACICHBI
JUana3oHbl OTHOIIEHHS MOILIHOCTEM TrayCCOBCKOIO M HMMIYJIbCHOI'O IIYMOB, IPH KOTOPBIX
paccCMOTpEeHHble  HENUHEWHble (QUIBTPHl  OKa3bIBalOTCS  Oojee  3(PQEeKTUBHBIMH, YeM
cornmacoBaHHbeli GuibTp. Kpome TOro, B maHHOW paboOTe NOTHUMAIOTCS OpPTaHW3AIMOHHO-

SKOHOMMYECKHE BOIIPOCHI U BOIIPOCHI OXPAaHbI TPyAa.
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[Tpunoxenue 1

Kox nporpamms! onpenenenuss KHU u Kp

#include <iostream>
#include <stdio.h>
#include <conio.h>
#include <cstdlib>
#include <ctime>
#include <cmath>
#include <fstream>
using namespace std;

void Everything(double fs); //IIpororun oyHKLUM QOPMMPOBAHMSA CUI'HAJA,
bubTPaUMM M HAXOXIEHMS CIeKTpa

void Kn (double *AFC, double fs); //IporoTun byHxUMM HaxoxOeHus KHU

void K(double *AFC, double *AFCOriginal, double fs); //lpororun QyHKLUM
HaxoxneHMA Kp

void main ()

{
setlocale (LC ALL,"rus rus.1251");
srand (time (NULL) ) ;

//Pacuer mmnsa uvactorer 0,001
CoUut<<"KosddMLUMEHTH HEeJMHEMHBEX MCKAaXeHMUNM IJId MCXOOHOTO CHTHAaJla M I[I0CJe
0BpaboTKy MeOMaHHBIM OGMILTPOM, MOIMOMUMPOBAHHEMMY MEIOVAHHBEIMM QUILTPpaMy C IJIMHOM
okHa 25%, 50% um 75% coorBeTcTBeHHO: "<<endl;

cout<<"Ima uyvactorel 0,001: "<<endl;
Everything (0.001) ;

rename ("BezSh.txt", "BezShl.txt");
rename ("Med.txt", "Medl.txt");
rename ("Mod25pr.txt", "Mod25prl.txt"
rename ("Mod50pr.txt", "Mod50prl.txt"

(
( )
( )
rename ("Mod75pr.txt", "Mod75prl.txt");
rename ("AFCBezSh.txt", "AFCBezShl.txt");
rename ("AFCMed.txt", "AFCMedl.txt");
rename ("AFCMod25pr.txt", "AFCMod25prl.txt");
rename ("AFCMod50pr.txt", "AFCMod50prl.txt");
rename ("AFCMod75pr.txt", "AFCMod7bprl.txt");
cout<<endl;

//Pacuer pma ugactorer 0,002
cout<<"Imga uvactorel 0,002: "<<endl;
Everything (0.002) ;

rename ("BezSh.txt", "BezSh2.txt");

rename ("Med.txt", "Med2.txt");

rename ("Mod25pr.txt", "Mod25pr2.txt");
rename ("Mod50pr.txt", "Mod50pr2.txt");
rename ("Mod75pr.txt", "Mod75pr2.txt");
rename ("AFCBezSh.txt", "AFCBezSh2.txt");
rename ("AFCMed.txt", "AFCMed2.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr2.txt");
rename ("AFCMod50pr.txt", "AFCMod50pr2.txt");

rename ("AFCMod75pr.txt", "AFCMod75pr2.txt");
cout<<endl;

//Pacuer nna uvactore 0,003

cout<<"Iga uvactorel 0,003: "<<endl;
Everything (0.003) ;

rename ("BezSh.txt", "BezSh3.txt");
rename ("Med.txt", "Med3.txt");

rename ("Mod25pr.txt", "Mod25pr3.txt");
rename ("Mod50pr.txt", "Mod50pr3.txt");
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rename ("Mod75pr.txt", "Mod75pr3.txt");
rename ("AFCBezSh.txt", "AFCBezSh3.txt");
rename ("AFCMed.txt", "AFCMed3.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr3.txt");
rename ("AFCMod50pr.txt", "AFCMod50pr3.txt");
rename ("AFCMod75pr.txt", "AFCMod75pr3.txt");
cout<<endl;

//Pacuer nnsa uyactorTel 0,004
cout<<"Ima uwvactorer 0,004: "<<endl;
Everything (0.004) ;

rename ("BezSh.txt", "BezSh4.txt");

rename ("Med.txt", "Med4d.txt");

rename ("Mod25pr.txt", "Mod2b5pr4d.txt");
rename ("Mod50pr.txt", "Mod50pr4d.txt");
rename ("Mod75pr.txt", "Mod75pr4d.txt");
rename ("AFCBezSh.txt", "AFCBezSh4.txt");
rename ("AFCMed.txt", "AFCMed4d.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr4d.txt");
rename ("AFCMod50pr.txt", "AFCMod50pr4.txt");

rename ("AFCMod75pr.txt", "AFCMod75pr4.txt");
cout<<endl;

//Pacuer pmna uyactorel 0,005
cout<<"Ima uvactore 0,005: "<<endl;
Everything (0.005) ;

rename ("BezSh.txt", "BezShb.txt");

rename ("Med.txt", "Medb5.txt");

rename ("Mod25pr.txt", "Mod25prb5.txt");
rename ("Mod50pr.txt", "Mod50pr5.txt");
rename ("Mod75pr.txt", "Mod75pr5.txt");
rename ("AFCBezSh.txt", "AFCBezShb.txt");
rename ("AFCMed.txt", "AFCMedb5.txt");

rename ("AFCMod25pr.txt", "AFCMod2bprb.txt");
rename ("AFCMod50pr.txt", "AFCMod50prb5.txt");

rename ("AFCMod75pr.txt", "AFCMod75pr5.txt");
cout<<endl;

//Pacuer myia uyactorer 0,006
cout<<"Ima uwactoTer 0,006: "<<endl;
Everything (0.006) ;

rename ("BezSh.txt", "BezSho.txt");

rename ("Med.txt", "Medo6.txt");

rename ("Mod25pr.txt", "Mod25pr6.txt");
rename ("Mod50pr.txt", "Mod50pr6.txt");
rename ("Mod75pr.txt", "Mod75pr6.txt");
rename ("AFCBezSh.txt", "AFCBezSho.txt");
rename ("AFCMed.txt", "AFCMedb6.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr6.txt");
rename ("AFCMod50pr.txt", "AFCMod50pr6.txt");

rename ("AFCMod75pr.txt", "AFCMod75pr6.txt");
cout<<endl;

//Pacuer pna uyactorel 0,007
cout<<"Ilma uvactorel 0,007: "<<endl;
Everything (0.007) ;
rename ("BezSh.txt", "BezSh7.txt");
rename ("Med.txt", "Med7.txt");
rename ("Mod25pr.txt", "Mod25pr7.txt")
rename ("Mod50pr.txt", "Mod50pr7.txt");
rename ("Mod75pr.txt", "Mod75pr7.txt");
( t’
(
(

rename ("AFCBezSh.txt", "AFCBezSh7.txt");
rename ("AFCMed.txt", "AFCMed7.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr7.txt");
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rename ("AFCMod50pr.txt", "AFCMod50pr7.txt");
rename ("AFCMod75pr.txt", "AFCMod75pr7.txt");
cout<<endl;

//Pacuer pnsa uyacTtorTel 0,008
cout<<"Ima uvactorel 0,008: "<<endl;
Everything (0.008) ;

rename ("BezSh.txt", "BezSh8.txt");

rename ("Med.txt", "Med8.txt");

rename ("Mod25pr.txt", "Mod25pr8.txt");
rename ("Mod50pr.txt", "Mod50pr8.txt");
rename ("Mod75pr.txt", "Mod75pr8.txt");
rename ("AFCBezSh.txt", "AFCBezSh8.txt");
rename ("AFCMed.txt", "AFCMed8.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr8.txt");
rename ("AFCMod50pr.txt", "AFCMod50pr8.txt");

rename ("AFCMod75pr.txt", "AFCMod75pr8.txt");
cout<<endl;

//Pacuer pmusa uyacTtorel 0,009
cout<<"Ima uvactorel 0,009: "<<endl;
Everything (0.009) ;

rename ("BezSh.txt", "BezSh9.txt");

rename ("Med.txt", "Med9.txt");

rename ("Mod25pr.txt", "Mod25pr9.txt");
rename ("Mod50pr.txt", "Mod50pr9.txt");
rename ("Mod75pr.txt", "Mod75pr9.txt");
rename ("AFCBezSh.txt", "AFCBezSh9.txt");
rename ("AFCMed.txt", "AFCMed9.txt");

rename ("AFCMod25pr.txt", "AFCMod25pr9.txt");
rename ("AFCMod50pr.txt", "AFCMod50pr9.txt");

rename ("AFCMod75pr.txt", "AFCMod75pr9.txt");
cout<<endl;

//Pacuer png uyacTtorel 0,01
cout<<"Ima uyvacTtoTrel 0,01: "<<endl;
Everything (0.01) ;

rename ("BezSh.txt", "BezShl0.txt");

rename ("Med.txt", "MedlO.txt");

rename ("Mod25pr.txt", "Mod25prl0.txt");
rename ("Mod50pr.txt", "Mod50prl0.txt");
rename ("Mod75pr.txt", "Mod75prl0.txt");
rename ("AFCBezSh.txt", "AFCBezShl0.txt");
rename ("AFCMed.txt", "AFCMedlO.txt");

rename ("AFCMod25pr.txt", "AFCMod25prl0.txt");
rename ("AFCMod50pr.txt", "AFCMod50prl0.txt");

rename ("AFCMod75pr.txt", "AFCMod75prl0.txt");
cout<<endl;

}

void Everything (double fs) //®yHkUMA mjia CO3HaHMA, OUILTPALMM CUTHAJIOB
HaXOXIeHWA cneKTpa

{

FILE *fp; //ykaszsarennr Ha (ann

double *BezSh=new double[25000]; //3amaem ouHaMuMuyeCKMre MaCCUBEL

double *Med=new double[25000];

double *Mod25pr=new double[25000];

double *Mod50pr=new double[25000];

double *Mod75pr=new double[25000];

for (int i=0; i<25000; i++)
BezSh[i]=sin(2*3.141592*fs*i); //3amaeM CHUHYCOUIY

//0bpaboTka MeIMaHHEMM QUIILTPpaMMU
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double N[25099];
double P[100];
double g;

for (int 1=0; 1<25099; i++) //s3anosHsgeMm HyJIaMU IOJS KOPPEKTHOM paboTe GuibTpa
Ha Kpadax
N[i]=0;

for (int i=50; 1i<25050; i++)
N[i]=BezSh[i-50]; //3abuBaem OTCUETH CHIHAJa, OCTABJAS HYJIM IO KpasaMm

for (int i=0; i<25000; i++)
{
double sum=0;
for (int 3=0; 3j<100; Jj++)
P[J]=N[i+3j]; //zamaem mMaccus u3 100 sHaueHmi (OKHO GuUIbTpPAa)

for (int k=0; k<99; k++)
{
for (int h=0; h<99-k; h++)
{
if (P[h]>P[h+1])
{
// YnopamoumBaeM OTCUETEHl
g=P[h];
P[h]=P[h+1];
P[h+t1]=qg;
}

}

Med[1]=(P[49]1+P[50])/2; //mociyie OBBIUHOTO MEIMAHHOTO GUIbLTPa

for (int w=37; w<62; w++)

sum+=P [w] ;
Mod25pr[i]=sum/25; //mocne obp momud Mmenm dMIbTPOM C OKHOM 25%
sum=0;

for (int w=25; w<75; w++)

sum+=P [w] ;
Mod50pr [i]=sum/50; //nocmse ob6p mommd mMenm ouibTpoM C OKHOM 50%
sum=0;

for (int w=13; w<88; w++)
sum+=P [w] ;
Mod75pr([i]l=sum/75; //nocmne o6p mMommd Mem GUILTPOM C OKHOM 75%

}

//llpyMeHeHre B3BemmBawomein GyHKIUM
double WN=25000; //xomuuecTBO KOBbOMIIMEeHTOB bUILTPA
double a=WN/2-1;

double *W=new double[25000]; //3amaeM IMHaMMUYECKUN MaCCUB I10I B3BlMBaLIYD
OYHKLMIO

double *BezShVzv=new double[25000]; //mouHamMmuueckue MACCHUBH I[10J BEXOIHOM
CUTHaJ (YMHOXEHHEIM Ha B3BEUIEHHYI QYHKIIMIO)

double *MedVzv=new double[25000];

double *Mod25prVzv=new double[25000];

double *Mod50prVzv=new double[25000];

double *Mod75prVzv=new double[25000];

for (int i=0; i<25000; i++)
{
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W[1i]=0.35875+0.48829*cos (2*3.141592/WN* (i-
a))+0.14128*cos (4*3.141592/WN* (1i-a))+0.01168*cos (6*3.141592/WN* (i-a));
//3anaem B® BiiekMmaHa-Xappuca

BezShVzv[i]=BezSh[i]*W[i];//mepeMHOXaeM OTCUETHE CUTHAJIOB Ha OTCUETH
B3BemMBawnmer QyHKLIUN/

MedVzv [i]=Med[1i]*W[i];

Mod25prVzv[i]=Mod25pr [i]*W[i];

Mod50prVzv [i]=Mod50pr [i]*W[i];

Mod75prVzv [i]=Mod75pr[1i]*W[i];

}
delete []W;

//HaxoouMm CHEeKTPE

double *AFCBezSh=new double[12500]; //IunaMmuueckme MACCHUBH I[10J CIEKTPE
double *AFCMed=new double[12500];

double *AFCMod25pr=new double[12500];

double *AFCMod50pr=new double[12500];

double *AFCMod75pr=new double[12500];

for (int k=0; k<12500; k++)
{
double SumREBezSh=0; //lom 3HaueHMI BelECTBEHHON
double SumIMBezSh=0; //¥“ MHUMOM COCTaBJIALIMX CIEKTPa
double SumREMed=0;
double SumIMMed=0;
double SumREMod25pr=0;
double SumIMMod25pr=0;
double SumREMod50pr=0;
double SumIMMod50pr=0;
double SumREMod75pr=0;
double SumIMMod75pr=0;
for (int i=0; 1<24999; i++)
{
SumREBezSh=SumREBezSh+BezShVzv[i]*cos (2*¥3.1415*k*1/25000) ;
//HaxoouM CyYMMBl BEUIECTBEHHOM UM MHMMOM COCTABJSIMX U3 Gopmysiel 1O
SumREMed=SumREMed+MedVzv[i] *cos (2*3.1415*k*1/25000) ;
SumREMod25pr=SumREMod25pr+Mod25prVzv[i] *cos (2*3.1415*k*1/25000) ;

SUumREMod50pr=SumREMod50pr+Mod50prVzv[i] *cos (2*3.1415*k*1/25000) ;
SumREMod75pr=SumREMod75pr+Mod75prVzv[i] *cos (2*3.1415*k*1/25000) ;
SumIMBezSh=SumIMBezSh-BezShVzv[i]*sin (2*3.1415*k*1/25000) ;
SumIMMed=SumIMMed-MedVzv[i]*sin (2*3.1415*k*1/25000) ;
SumIMMod25pr=SumIMMod25pr-Mod25prVzv[i] *sin (2*3.1415*k*1/25000) ;
SumIMMod50pr=SumIMMod50pr-Mod50prVzv[i] *sin (2*3.1415*k*1/25000) ;
SumIMMod75pr=SumIMMod75pr-Mod75prVzv[i] *sin (2*3.1415*k*1/25000) ;

}

AFCBezSh[k]=sgrt (SumREBezSh*SumREBezSh+SumIMBezSh*SumIMBezSh) ; //Haxonu
MOIYJIb

AFCMed[k]=sgrt (SumREMed* SumREMed+SumIMMed*SumIMMed) ;

AFCMod25pr [k]=sqgrt (SumREMod25pr* SumREMod25pr+SumIMMod25pr*SumIMMod25pr) ;

AFCMod50pr [k]=sqgrt (SumREMod50pr* SumREMod50pr+SumIMMod50pr*SumIMMod50pr) ;

AFCMod75pr [k]=sgrt (SumREMod75pr*SumREMod75pr+SumIMMod75pr*SumIMMod75pr) ;

}

//OnpenengeM KO2bOUUIMEHT HEJMHEWHBIX MCKAaXeHUM
Kn (AFCBezSh, fs);

n (AFCMed, fs);

n (AFCMod25pr, fs);

n (AFCMod50pr, fs);

n (AFCMod75pr, fs);

//Onpemengem kosbduumeHT Hepenaun
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cout<<"KosbbouumeHT nepemaum IOJjd MeIOMaHHOTO QUIbTPa M MOOMOUUMPOBAHHBIX
okHaMmu 25%, 50% m 75% coorBeTcTBeHHO:"<<endl;

K (AFCMed, AFCBezSh, fs);

K (AFCMod25pr, AFCBezSh, fs);

K (AFCMod50pr, AFCBezSh, fs);

K(AFCMod75pr, AFCBezSh, fs);

//TNlepeBonuM B OB ¥ HOopMupyeMm max=0 1B
double maxBezSh=0;

double maxMed=0;

double maxMod25pr=0;

double maxMod50pr=0;

double maxMod75pr=0;

for (int k=0; k<12500; k++)

{

AFCBezSh[k]=20*10ogl0 (AFCBezSh[k]) ;

if (AFCBezSh[k]>maxBezSh)
maxBezSh=AFCBezSh[k];

AFCMed[k]=20*10gl0 (AFCMed[k]) ;

if (AFCMed[k]>maxMed)
maxMed=AFCMed[k];

AFCMod25pr [k]=20*10gl0 (AFCMod25pr[k]) ;

if (AFCMod25pr [k]>maxMod25pr)
maxMod25pr=AFCMod25pr[k];

AFCMod50pr [k]=20*10gl0 (AFCMod50pr[k]) ;

if (AFCMod50pr[k]>maxMod50pr)
maxMod50pr=AFCMod50pr[k];

AFCMod75pr [k]=20*10gl0 (AFCMod75pr [k]) ;

if (AFCMod75pr[k]>maxMod75pr)
maxMod75pr=AFCMod75pr[k];

}

for (int k=0; k<12500; k++)
{
AFCBezSh[k]=AFCBezSh[k] -maxBezSh;
AFCMed[k]=AFCMed[k] -maxMed;
AFCMod25pr [k]=AFCMod25pr [k] -maxMod25pr;
AFCMod50pr [k]=AFCMod50pr [k] -maxMod50pr;
AFCMod75pr [k]=AFCMod75pr[k] -maxMod75pr;
}

//3aHOCUM pes3yJbTaTH B (QAamel
fp=fopen ("BezSh.txt","w");
for (int i=0; i<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "$1£f",BezSh[i]);
}
fclose (fp)

fp=fopen ("Med.txt","w");
for (int 1i=0; i<25000; i++)
{
fputs(" ", fp);
fprintf (fp, "%$1f",Med[1]);
}
fclose (fp);

fp=fopen ("Mod25pr.txt","w") ;
for (int 1=0; i<25000; i++)
{
fputs(" ", fp);
forintf (fp, "%1f",Mod25pr[il]) ;
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}
fclose (fp);

fp=fopen ("Mod50pr.txt","w") ;
for (int i=0; 1<25000; i++)
{
fputs (" ", fp);
fporintf (fp, "%$1f",Mod50pr[il]) ;
}
fclose (fp) ;

fp=fopen ("Mod75pr.txt","w") ;
for (int i=0; i<25000; i++)
{
fputs (" ", fp);
fporintf (fp,"%$1f",Mod75pr[i]) ;
}
fclose (fp);

fp=fopen ("AFCBezSh.txt","w");
for (int i=0; 1<12500; i++)
{
fputs (" ", fp);
fprintf (fp, "$1£f",AFCBezSh[i]);
}
fclose (fp);

fp=fopen ("AFCMed.txt","w") ;
for (int i=0; 1<12500; i++)
{
fputs (" ", fp);
fporintf (fp, "S$1f",AFCMed[i]) ;
}
fclose (fp)

fp=fopen ("AFCMod25pr.txt","w") ;
for (int i=0; 1<12500; i++)
{
fputs(" ", fp);
fprintf (fp, "$1£f",AFCMod25pr[i]) ;
}
fclose (fp);

fp=fopen ("AFCMod50pr.txt","w") ;
for (int i=0; i<12500; i++)
{
fputs (" ", fp);
fprintf (fp, "$1f",AFCMod50pr[i]) ;
}
fclose (fp)

fp=fopen ("AFCMod75pr.txt","w") ;
for (int i=0; 1<12500; i++)
{
fputs(" ", fp);
fprintf (fp, "$1f",AFCMod75pr[i]) ;
}
fclose (fp);

//OunmaeM naMAaThb
delete []AFCBezSh;
delete []AFCMed;
delete []AFCMod25pr;
delete []AFCMod50pr;



delete []AFCMod75pr;
delete []BezSh;
delete []Med;

delete []Mod25pr;
delete []Mod50pr;
delete []Mod75pr;
delete []BezShVzv;
delete []MedVzv;
delete []Mod25prvVzv;
delete []Mod50prvzv;
delete []Mod75prVzv;
}

void Kn (double *AFC, double fs) //dyuxumsa
UCKaXeHUM

{
double Usign=0;
double Ushum=0;

(int 1=0;
{
if

for i<12500; i++)
(1>=25000*fs-4 && 1<=25000*fs+4)
Usign+=AFC[i]*AFCI[1i];
else Ushum+=AFC[i]*AFCI[i];
}
double K=sqgrt (Ushum/Usign) ;
cout<<K<<endl;

}

void K (double *AFC, double *AFCOriginal,

konbdMLIMeHTa Hepenadu

{

double A=0;

double B=0;

int k=25000*fs;

for (int i=25000*fs-4;
{
A+=AFC[i]*AFC[1i];
B+=AFCOriginal [1] *AFCOriginal[i];
}

A=sqrt (A/B);

cout<<A<<endl;

}

i<25000*fs+5; i++)
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[Tpunoxxenue 2

Kon mporpammer onpenenenns OCILI s ciry4ast TaycCOBCKOTO IIymMa

#include <iostream>
#include <stdio.h>
#include <conio.h>
#include <cstdlib>
#include <ctime>
#include <cmath>
#include <fstream>
using namespace std;

double NormalShum(); //IOpororun QyHKLUUM ZaIAHUSA HOPMAJILHOTO PACIpPENeJIeHHUA
double SNRSh (double *Signal); //HOpoTorun obGyHKUMM HaxoxmeHuda OCI BXOIHOTO
curHasa

double SNR(double *Signal); //Ipororun byHxUuM HaxoxzaeHus OCIl HeJMHEeNHBX
OnIBTPOB

double SNRSogl (double *Signal); //IporoTun dyHxuuy HaxoxmeHusa OCII
COIJIACOBAaHHOTO QUIbTPa

void main ()

{
setlocale (LC_ALL, "rus rus.1251");
srand (time (NULL) ) ;

FILE *fp; //Yxazsarens Ha baiin

double *BezSh=new double[25000]; //3amaeM OuHaMUUESCKME MaCCHUBE
double *SSh=new double[25000];

double *Med=new double[25000];

double *Mod25pr=new double[25000];

double *Mod50pr=new double[25000];

double *Mod75pr=new double[25000]

double *Soglas=new double[25000];

double *Shum=new double[25000];

’

for (int 1=0; 1<25000; i++) //3amaemM HOpMaJIbHO pacClpelesIeHHBI IyM
Shum[i]=NormalShum()/3.17; //OCIl Ha BXOmE PEeryJMPyeTCH 3HaMEHaTeJIeM: IIpu
1,415 OCH=2; npu 3,17 OCI=10

for (int i=0; 1<25000; i++)
{

if (i>=5000&&1i<5100 || i>=10000&&i<10100 || 1i>=15000&&1i<15100 ||
i>=20000&&1i<20100)
BezSh[i]=1;

else BezSh[1]=0; //3amaem OpAMOYTOJIbHBEIE WMIIYJIbCE
SSh[i]=BezSh[i]+Shum[i]; //HOobBasideMm wyM
}

delete []Shum; //OcBoboxmaeM NaMAThb

//06paboTka COTJIAaCOBAHHBIM (QMIIETPOM
for (int i=0; 1<25000; i++)

{

double sum=0;

for (int j=0; 3j<100; J++)

if (i-3>=0)
sum+=SSh[i-J]; //mpu i-3<0 HeT cuTHaNa, [IOSTOMY IIPUHUMAEM

ero 3HauveHMe paBHEM (0, CJlegoBaTeJNIbHO, CyMMa HE M3MEHMUTCS IIPY eT'0 CJIOXEeHUM

Soglas[i]=sum/100;

}

//0bpaboTka MeIMaHHEMM (QUIILTpaMU
double N[25099];
double P[100];
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double qg;

for (int 1=0; 1<25099; i++) //3amnosHgeM HYJIaMU IOJ9 KOPPEKTHOM paboTel GuibTpa
Ha Kpasx
N[i]=0;

for (int 1i=50; 1i<25050; i++)
N[i]=SSh[i-50]; //3abuBaem oOTCUeTH CUTHAaJIa, OCTABJAL HYJU IO KpasM

for (int i=0; 1<25000; i++)
{
double sum=0;
for (int j=0; j<100; j++)
P[j]1=N[i+]j]; //3amaem maccur u3 100 3HaueHuwt (okHO OduiIbTPAa)

for (int k=0; k<99; k++)
{
for (int h=0; h<99-k; h++)
{
if (P[h]>P[h+1])
{

// YhnopsamoumMBaeMm OTCUeTEH

g=P[h];
P[h]l=P[h+1];
P[h+1]=q;
}
}
}
Med[i]=(P[49]1+P[50])/2; //Ilocyse OBGBUHOTO MEIMAHHOTO OQUILTPAa

for (int w=37; w<62; w++)

sum+=P[w];
Mod25pr[i]l=sum/25; //Hocye o6p mMomud Men OUIBLTPOM C OKHOM 25%
sum=0;

for (int w=25; w<75; w++)

sum+=P [w];
Mod50pr[i]l=sum/50; //mocse 00p mMomud Menm GuIbTpPOM C OkHOM 50%
sum=0;

for (int w=13; w<88; w++)
sum+=P [w];
Mod75pr[il=sum/75; //mocyse o00p mMomud Men QUILTPOM C OKHOM 75%

}

//Pacuet OCII

cout<<"CurHan c mymoMm:'"<<endl;

double SNRSSh=SNRSh (SSh) ;

cout<<"Ilocse ob6paboTkyM MeOMaHHEM OQuibTpoM:"<<endl;

double SNRMed=SNR (Med) ;

cout<<"llocye 06paboTky MOIMOUIMPOBAHHEIM MENMAHHEM OQUIIETPOM C OKHOM
25%:"<<endl;

double SNRMod25pr=SNR (Mod25pr) ;

cout<<"Ilocyie 0OpaboTKM MOOMOUUMPOBAHHBIM MEeIMaHHBM OQUIBTPOM C OKHOM
50%:"<<endl;

double SNRMod50pr=SNR (Mod50pr) ;

cout<<"IlocJyie 06paboTky MOIMOUIMPOBAHHLEIM MEINMAHHEIM OUIILTPOM C OKHOM
75%:"<<endl;

double SNRMod75pr=SNR (Mod75pr) ;

cout<<"IlocJsie 06paboOTKM COTJIACOBaHHEM OUIbLTPoOM: "<<endl;

double SNRSoglas=SNRSogl (Soglas);

//3aHOoCUM Pes3ysbTaTH B (QAamel
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fp=fopen ("BezSh.txt","w");
for (int 1=0; 1i<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "$1£f",BezSh[i]);
}
fclose (fp);

fp=fopen ("SSh.txt","w");
for (int i=0; 1<25000; i++)
{
fputs (" ", fp);
fporintf (fp,"S$1f",SSh[i])
}
fclose (fp) ;

fp=fopen ("Med.txt","w");
for (int i=0; i<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "S$1f",Med[1]);
}
fclose (fp);

fp=fopen ("Mod25pr.txt","w") ;
for (int 1i=0; i<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "$1£f",Mod25pr[i]) ;
}
fclose (fp);

fp=fopen ("Mod50pr.txt","w") ;
for (int i=0; 1<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "$1f",Mod50pr[i]) ;
}
fclose (fp)

fp=fopen ("Mod75pr.txt","w") ;
for (int 1i=0; i<25000; i++)
{
fputs(" ", fp);
fprintf (fp, "$1£f",Mod75pr[i]) ;
}
fclose (fp);

fp=fopen ("Soglas.txt","w");
for (int i=0; i<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "%$1f", Soglas[i]) ;
}
fclose (fp)

//OunmaeM naMAaThb
delete []BezSh;

delete []SSh;
delete []Med;
delete []Mod25pr;
delete []Mod50pr;
delete []Mod75pr;
delete []Soglas;



}

double NormalShum() //®yHKUMS HOPMAJILHOTO PaCHOpelejyieHHMS COITJIaCHO
npeobpaszoraHM Boxkca-Mommepa
{
double u=((double) rand
double v=((double) rand
double r=u*u+v*v;
if (r==0 || r>1)
return NormalShum() ;
double c=sqgrt(-2*log(r)/r);
return u*c;

RAND MAX))

0/« *2-1;
() / (RAND MAX)) *2-1;

}

double SNRSh (double *Signal) //®yukuma Haxoxmenmsa OCIl BXOIDHOT'O CHUITHAJA
{

double Psign=1;

double Pshum=0;

for (int i=0; 1<25000; i++)

if (1<=5000 || i>5100&&1i<=10000 || i>10100&&1<=15000 ||
i>15100&&1<=20000 || i>20100)

Pshum+=Signal [i]*Signal[i]/24600;

double S=Psign/Pshum;
cout<<"MomHOCTBL CHIHaJa = ";
cout<<Psign;
cout<' ';
cout<<"MomHocTer mymMa = ";
cout<<Pshum;
cout<<' ';
cout<<"ocum = ";
cout<<s;
cout<' ';
cout<<endl;
return S;

}

double SNR(double *Signal) //®yHrums Haxoxmgeuus OCIl HeJMHEMHBIX QUIIbLTPOB
{

double Psign=0;

double Pshum=0;

for (int 1i=0; i<25000; i++)
if (i>=4950&&1<5150 || 1i>=99506&&1i<10150 || 1>=149506&&1i<15150 ||

i>=19950&6&1<20150)

Psign+=Signal([i]*Signal[i]/800;

else Pshum+=Signal[i]*Signal[i]/24200;

double S=Psign/Pshum;

cout<<"MomHOCTbL cCcHuIHaJa = ";

cout<<Psign;

cout<<' ';

cout<<"MomHocCcTsr mymMa = ";

cout<<Pshum;

cout<<' ';

cout<<"ocum = ";

cout<<s;

cout<<' ';

cout<<endl;

return S;

}

double SNRSogl (double *Signal) //®yHkuusa HaxoxieHus OCIl CcoOTJiacOBaAHHOTO
¢onbTPa
{
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double Psign=0;
double Pshum=0;

for (int i=0; i<25000; i++)
if (i>=5000&&1<5200 || i>=10000&&1i<10200 || 1i>=15000&&1<15200 ||
1i>=20000&&1<20200)
Psign+=Signal [i]*Signal[i]/800;
else Pshum+=Signal[i]*Signal[i]/24200;
double S=Psign/Pshum;
cout<<"MomHOCTL CHUIHaJja = ";
cout<<Psign;
cout<<' ';
cout<<"MomHocThr myma = ";
cout<<Pshum;
cout<<' ';
cout<<"ocum = ";
cout<<s;
cout<<' ';
cout<<endl;
return S;

}
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[Tpunoxxenne 3

KO[[ nporpamMmmsal ONpCACIICHUA OCIlI AJId CJiydad UMITYJIbCHOI'O IIIyMa

#include <iostream>
#include <stdio.h>
#include <conio.h>
#include <cstdlib>
#include <ctime>
#include <cmath>
#include <fstream>
using namespace std;

double ImpShum(); //Mpororun dqyHxumy XWUII

double SNRSh (double *Signal); //HOpoTorun obGyHKUMM HaxoxmeHuda OCI BXOIHOTO
curHasa

double SNR(double *Signal); //Ipororun byHxUuM HaxoxzaeHus OCIl HeJMHEeNHBX
OnIBTPOB

double SNRSogl (double *Signal); //IporoTun dyHxuuy HaxoxmeHusa OCII
COIJIACOBAaHHOTO QUIbTPa

void main ()

{
setlocale (LC_ALL, "rus rus.1251");
srand (time (NULL) ) ;

FILE *fp; //Yxazsarens Ha baiin

double *BezSh=new double[25000]; //3amaeM OuHaMUUESCKME MaCCHUBE
double *SSh=new double[25000];

double *Med=new double[25000];

double *Mod25pr=new double[25000];

double *Mod50pr=new double[25000];

double *Mod75pr=new double[25000]

double *Soglas=new double[25000];

double *Shum=new double[25000];

’

for (int i=0; 1<25000; i++)
{

if (i>=5000&&1<5100 || i>=10000&&1<10100 || 1>=15000&&1<15100 ||
i>=20000&&1<20100)
BezSh[i]=1;
else BezSh[1]=0; //3amaeMm OpAMOYTOJIbHBEIE WMIIYJIbCH
SSh[i]=BezSh[i]+ImpShum ()+ImpShum ()+ImpShum () +ImpShum()+ImpShum(); //Iusa
nosryyenus OCIl Ha Bxome = 2 Tpebyercsa 5 pas MCHOJIL30BATH QYHKUMIO T'eHEepMPOBAHUSI
VMMIYyJIbECHOTO WwyMa. [Oug OCIl = 10 — Tosbko 1 pas

}

//06paboTka COTJIACOBAHHEM (QUIILTPOM
for (int 1=0; 1i<25000; i++)

{

double sum=0;

for (int j=0; 3j<100; J++)

if (i-3>=0)
sum+=SSh[i-j]; //Ipu i1i-j<0 HeT cuTHAana, NO3TOMY IPVHUMAEM

ero s3HaueHyme pasHemM 0, cClemoBaTeJIbHO, CyMMa HE M3MEHMTCH NPU €70 CJOXSHUU

Soglas[i]=sum/100;

}

//0O6paboTka MenMaHHBEIMU OUIILTPAaMMU
double N[25099];

double P[100];

double g;
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for (int i=0; 1<25099; i++) //3amnosHsgeM HYJIAMU IOJi9 KOPPEKTHOM paboTel GuMibTpa
Ha Kpasx
N[i]=0;

for (int i=50; 1i<25050; 1i++)
N[i]=SSh[i-50]; //3abuBaem OTCUETH CUTHAJIa, OCTABJAL HYJU IO KpasM

for (int i=0; i<25000; i++)
{
double sum=0;
for (int j=0; j<100; j++)
P[J]=N[i+3j]; //Bamaem mMaccus u3 100 sHaueHmit (OKHO GuIbLTpPAa)

for (int k=0; k<99; k++)
{
for (int h=0; h<99-k; h++)
{
if (P[h]>P[h+1])
{

//YnopsanoumMBaeM OTCUETH

g=P[h];
P[h]l=P[h+1];
P[h+t1]=qg;
}
}
}
Med[1]=(P[49]1+P[50])/2; //Ilocyie OBGBIUHOTO MEIMAHHOTO GUIbLTPAa

for (int w=37; w<62; w++)

sum+=P [w] ;
Mod25pr [i]=sum/25; //Ilocne obp momud Mmernm duIbTPoOM C OKHOM 25%
sum=0;

for (int w=25; w<75; w++)

sum+=P[w];
Mod50pr [i]=sum/50; //Ilocyne obp momud Mmenm duiabTpoM C OkHOM 50%
sum=0;

for (int w=13; w<88; w++)
sum+=P [w] ;
Mod75pr[i]l=sum/75; //locmne ob6p mommd mMem GuUILTPOM C OKHOM 75%

}

//Pacuer OCII

cout<<"Curuan c mymoM:"<<endl;

double SNRSSh=SNRSh (SSh) ;

cout<<"llocse o06paboTku MeIMaHHBM OQuIbTPOM: "<<endl;

double SNRMed=SNR (Med) ;

cout<<"Ilocyie 0OpaboTKM MOOMPUUMPOBAHHBIM MEIMaHHBEM OQUIIbBTPOM C OKHOM
25%:"<<endl;

double SNRMod25pr=SNR (Mod25pr) ;

cout<<"llocye 06paboTky MOIMOUIMPOBAHHEIM MENMAHHEM OQUIIETPOM C OKHOM
50%:"<<endl;

double SNRMod50pr=SNR (Mod50pr) ;

cout<<"Ilocyie 0OpaboTKM MOOMOUUMPOBAHHBIM MEeIMAaHHBM OQUIIbBTPOM C OKHOM
75%:"<<endl;

double SNRMod75pr=SNR (Mod75pr) ;

cout<<"IlocJsie 06paboOTKM COTJIACOBaHHEM OUIbLTPOM: "<<endl;

double SNRSoglas=SNRSogl (Soglas) ;

//3aHOCUM Pes3yJIbTaTH B GamJkbl
fp=fopen ("BezSh.txt","w");
for (int i=0; i<25000; i++)
{
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fputs (" ", fp);

fporintf (fp,"%1f",BezSh[i]);
}
fclose (fp);
fp=fopen ("SSh.txt","w");
for (int i=0; 1<25000; i++)
{
fputs (" ", fp);
fprintf (fp, "%$1f",SSh[i])
}
fclose (fp);
fp=fopen ("Med.txt","w");
for (int i=0; i<25000; i++)
{
fputs (" ", fp);
fporintf (fp,"S$1f",Med[1]);
}
fclose (fp);
fp=fopen ("Mod25pr.txt","w") ;
for (int 1i=0; i<25000; i++)

{
fputs(" ", fp);
fprintf (fp, "S1£"
}
fclose (fp);

fp=fopen ("Mod50pr.txt","

for (int 1i=0; i<25000;
{
fputs(" " fp).
fprintf (fp, "$1£f",
}
fclose (fp);

fp=fopen ("Mod75pr.txt","

for (int i=0; i<25000;
{
fputs (" ", fp);
fprintf (fp, "$1f"
}
fclose (fp)

fp=fopen ("Soglas.txt","

for (int i1=0; i<25000;
{
fputs(" ", fp);
fprintf (fp, "%1£f",
}
fclose (fp);

delete []BezSh;
delete []SSh;
delete []Med;
delete []Mod25pr;
delete []Mod50pr;
delete []Mod75pr;
delete []Soglas;

}

,Mod25pr[i]);

w'");
i++)

Mod50pr[i]) ;

w');
it++)

,Mod75pr[i]);

double ImpShum() //IonyueHme XUII

{
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double u=((double) rand()/(RAND MAX))*2-1;
double v=((double) rand()/(RAND MAX))*2-1
double r=u*u+v*v;
if (r==0 || r>1)
return ImpShum() ;
double c=sqgrt(-2*log(r)/r
if (u*c>2.5 || u*c<-=2.5)
return u*c;
else return 0;

’

}

double SNRSh (double *Signal) //®yukuma HaxoxmeHuda OCIl BXOIHOTO CUT'HAJA
{

double Psign=1;

double Pshum=0;

for (int i=0; 1<25000; i++)
if (i<=5000 || 1>5100&&1i<=10000 || 1>10100&&1i<=15000 ||
1>15100&&1i<=20000 || 1>20100)
Pshum+=Signal[i]*Signal[i]/24600;
double S=Psign/Pshum;
cout<<"ocum = ";
cout<<s;
cout<<' ';
cout<<endl;
return S;

}

double SNR(double *Signal) //®oyHkumsa Haxoxneuwms OCIl HeJMHEMHBIX QUIILETPOB
{

double Psign=0;

double Pshum=0;

for (int i=0; 1<25000; i++)
if (i>=4950&&1<=5150 || 1i>=9950&&1<=10150 || 1i>=14950&&1<=15150 ||
1>=199506&&1<=20150)
Psign+=Signal[i]*Signal[i]/800;
else Pshum+=Signal[i]*Signal]| 1]/24200,
double S=Psign/Pshum;
cout<<"oOClm = ";
cout<<s;
cout<<' ';
cout<<endl;
return S;

}

double SNRSogl (double *Signal) //®yHruusa HaxoxieHus OCIl coOrjiacoOBaHHOTO
bunbTpa

{

double Psign=0;

double Pshum=0;

for (int 1i=0; i<25000; i++)
if (i>=5000&&1i<5200 || i>=10000&&1<10200 || 1>=15000&&1<15200 ||
i>=20000&&1<20200)
Psign+:Signal[']*Slgnal 1/800;
else Pshum+=Signal[i]*Signalli /24200
double S=Psign/Pshum;
cout<<"ocm = ";
cout<<s;
cout<<' ';
cout<<endl;
return S;
}
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[Tpunoxenue 4

Kox nporpammsl onpeaenenust OCILL muis ciaydast cMecH rayCCOBCKOTO M UMITYJIBCHOTO

ryma

#include <iostream>
#include <stdio.h>
#include <conio.h>
#include <cstdlib>
#include <ctime>
#include <cmath>
#include <fstream>
using namespace std;

void Everything(double *BezSh, double *SSh, double *Med, double *Mod25pr,
double *Mod50pr, double *Mod75pr, double *Soglas); //IpoToTun OYHKUMY BadaHUI
curHana, WwyMa ¥ OuilbTpauumn

double NormalShum(); //IporTorun QyHKLUUM HOPMAJLHOTO PaCIpelNesieHMd

double ImpShum(); //Ipororun GyHKUMM XUII

double SNRSh (double *Signal); //HOporTorun GyHKUMM HaxoxneHud OCI BXOIHOTO
curHana

double SNR(double *Signal); //IporoTun dbyHkUuM HaxoxiaeHus OCIl HeJIUMHENHBIX

e TPOB

double SNRSogl (double *Signal); //Iporun obyHkUMM HaxoxmeHra OCIl COTJIaCOBAHHOT
bunsTPa

void main ()

{
setlocale (LC_ALL, "rus rus.1251");
srand (time (NULL) ) ;

FILE *fp; //ykaszaresyb Ha obarin

double *BezSh=new double[25000]; //3amaeM OuMHaMUUESCKME MaCCHUBE
double *SSh=new double[25000];

double *Med=new double[25000];

double *Mod25pr=new double[25000];

double *Mod50pr=new double[25000];

double *Mod75pr=new double[25000]

double *Soglas=new double[25000];

’

double ResSh=0;
double ResMed=0;
double ResMod25=0;
double ResMod50=0;
double ResMod75=0;
double ResSogl=0;

for (int i=0; 1i<100; i++) //Bymem ycpenHarb pes3yiabTarTe 1o 100 BeOOpKam
{
Everything (BezSh, SSh, Med, Mod25pr, Mod50pr, Mod75pr, Soglas);
ResSh+=SNRSh (SSh) /100;
ResMed+=SNR (Med) /100;
ResMod25+=SNR (Mod25pr) /100;
ResMod50+=SNR (Mod50pr) /100;
ResMod75+=SNR (Mod75pr) /100;
ResSogl+=SNRSogl (Soglas) /100;
}

cout<<"Cumruamna c mymoM: "<<ResSh;

cout<<endl;

cout<<"Ilocse obpaboTky MeOMaHHEIM OQuiIbTpoM: "<<ResMed;
cout<<endl;
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cout<<"Tlocyie 00pPaboTKM MOOAMOUUIMPOBAHHBEIM MEeIMaHHHEM OMIBTPOM C OKHOM 25%
:"<<ResMod25;

cout<<endl;

cout<<"IlocJyie 006paboTKM MOIMOUUIMPOBAHHEIM MEINMAaHHEM OUILTPOM C OkHOM 50%
: "<<ResMod50;

cout<<endl;

cout<<"Ilocsie o6paboTkM MOOMOMUMPOBAHHEIM MeIMaHHEM QUILTPOM C OKHOM 75%:
"<<ResMod75;

cout<<endl;

cout<<"Ilocyse o00OpaboTKM COIJIaCOBaHHEM O(uiIbTpoM: "<<ResSogl;

cout<<endl;

delete []BezSh;
delete []SSh;
delete []Med;
delete []Mod25pr;
delete []Mod50pr;
delete []Mod75pr;
delete []Soglas;

}

void Everything(double *BezSh, double *SSh, double *Med, double *Mod25pr,
double *Mod50pr, double *Mod75pr, double *Soglas) //®yHKUMA 3alaHusg CUTHATA,
myMa ¥ GuibTpauun

{

double *ShumI=new double[25000];

double *ShumG=new double[25000];

double Impuls=0;

double Gaus=0;

for (int i=0; 1<25000; i++) //3BamaeM HOpPMAaJIbHO paClpellesIeHHBI IyM

{

ShumG[i]=NormalShum()/3.15; //U3MeHsas 3HaAMeHATEJb, PeryJiMpyeM MOIHOCTb
HOPMAJILHOTO IIyMa

ShumI[i]=ImpShum() ;

Impuls+=ShumI[i]*ShumI[i];

Gaus+=ShumG[i]*ShumG[i];

}

for (int 1i=0; i<25000; i++)
{
if (1i>=5000&&1<5100 || i>=10000&&1i<10100 || 1i>=15000&&1<15100 ||
i>=20000&&1<20100)
BezSh[i]=1;
else BezSh[i]=0; //3amaeMm OpAMOYTOJIbHLIE VMITYJIbCEl
SSh[i]=BezSh[i]+ShumG[i]+ShumI[i];
}
delete []ShumI; //OceoBoxmaeMm NaMAThb
delete []ShumG;

//06paboTka COTJIACOBAHHEM (QUIILTPOM
for (int 1=0; 1i<25000; i++)

{

double sum=0;

for (int j=0; 3<100; J++)

if (i-3>=0)
sum+=SSh[i-j]; //Ipu 1i-j<0 HeT cuTHAaNa, NO3TOMY IPVHUMAEM

ero 3HaueHue parBuemM 0, CJIeNOBATEJILHO, CyMMa HE M3MEHUTCS [IpU eTO0 CJIOXEHUM

Soglas[i]=sum/100;

}

//06paboTka MeIMaHHBIMMY OGUIIbTPaMMU
double N[25099];
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double P[100];

double g;
for (int i=0; 1<25099; i++)
Ha Kpasx
N[1]=0;
for (int 1=50; 1<25050; i++)

N[1]=SSh[i-50]; //3abuBaeM oOTCUETH CHUTHAala,

for (int i=0; i<25000; i++)
{
double sum=0;
for (int 3=0; 3j<100; Jj++)

P[j1=N[i+]];
for (int k=0;
{
for (int h=0;
{
if

k<99; k++)

h<99-k; h++)

(P[h]>P[h+1])
{
//YrnopanoumMBaeM OTCUETH
g=P[h];

P[(h]=P[h+1];
P[h+1]=qg;
}

}
Med[1]=(P[49]1+P[50])/2;

for (int w=37; w<62;
sum+=P [w] ;
Mod25pr[i]=sum/25;

sum=0;

w++)

for (int w=25; w<75; w++)
sum+=P[w];
Mod50pr[i]=sum/50;
sum=0;
for (int w=13; w<88;
sum+=P[w];
Mod75pr[i]=sum/75;

}

w++)

}

double NormalShum ()
npeobpasoraHuin Bokca-Mwojepa

{

rand
rand

double u=((double)
double v=((double)
double r=u*utv*v;
if (r== |l r>1)

return NormalShum() ;
double c=sqgrt(-2*log(r)/r);
return u*c;

RAND MAX) ) *
RAND MAX)) *

0O/« 2-1;
0O/« 2-1

’

}

double ImpShum /()
{

//TMlonyuenue XUII

double u=((double)
double v=((double)

rand()/(RAND_MAX))*Z—l;
rand () / (RAND MAX))*2-1
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’

//3amaeMm Maccue m3 100 3HaueHUNn

//3anojyiHgeM HYJISIMM IJIS KOPPEeKTHOM paboTe buibTpa

OCTaBJId4d HYJIM IO KpasdMm

(oxHO GuIbTPa)

//Tlocyie OBHUYHOTO MEIMAHHOTO GuilbTpa

//TMocne Momud Men buibTpoM C OKHOM 25%

//Tocne momubd menm dmuabTpoMm Cc okHOM 50%

//Tocne momubd menm duabTpoM C OKHOM 75%

//Honyqume HOPMAJIBHOT'O paclipeneJyieHHMA COI'JIaCHO



double r=u*utv*v;
if (r== |l r>1)
return ImpShum() ;
double c=sqgrt (-2*log(r)/r
if (u*c>3.7 || u*c<=-3.7) //PePYHMPYH 5TM BHAUEHUS, MBMEeHSeM MOIHOCTH
VMIIYJIbCHOT'O LIyMa
return u*c;
else return 0;

}

double SNRSh (double *Signal) //®yukuma HaxoxmeHuda OCI BXOIHOTO CUT'HAJA
{

double Psign=1;

double Pshum=0;

for (int i=0; 1<25000; i++)
if (1i<=5000 || i>5100&&i<=10000 || i>10100&&1i<=15000 ||
i>15100&&1i<=20000 || i>20100)
Pshum+=Signal[i]*Signal[i]/24600;
double S=Psign/Pshum;
return S;

}

double SNR(double *Signal) //dyHkumsa Haxoxneuwms OCIl HeJMHEVHOTO GuibTpa
{

double Psign=0;

double Pshum=0;

for (int i=0; 1<25000; i++)
if (i>=49506&&1i<5150 || 1>=9950&&1<10150 || i>=14950&&1<15150 ||
i>=199506&&1i<20150)
Psign+=Signal[']*Slgnal 1/800;
else Pshum+=Signal[i]*Signalli /24200
double S=Psign/Pshum;
return S;

}

double SNRSogl (double *Signal) //®yHrumsa HaxoxmaeHus OCIl corjiacoOBaHHOTO
dubTPa

{

double Psign=0;

double Pshum=0;

for (int i=0; i<25000; i++)
if (1>=5000&&1i<5200 || i>=10000&&1<10200 || i>=15000&&1<15200 ||
1i>=20000&&1<20200)
Psign+=Signal[i]*Signal[i]/800;
else Pshum+=Signal[i]*Signal]| 1]/24200,
double S=Psign/Pshum;
return S;

}
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