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Ilpakmuueckoe 3auamueNel (2 uaca)
MOJAEJIUPOBAHUE NPEACTABJEHUS I'PAJAIINU N3OBPAKEHUS

1. HEJIb 1 3AJTAYHU PABOTBbI
Heab paGoTei: MojaenupoBaHue rpaJalldOHHBIX XapaKTEPUCTUK U300paKeHUS.
3agaum padoThI: IPOU3BECTH MOJIETUPOBAHNE U3MEHEHHUS IPAJALIMOHHOTO COIepKAHUS
U300paKeHUs, TPOU3BECTH aHAIU3 MOJIYYEHHBIX PE3YyJIbTATOB.

2. OCHOBHBIE TEOPETUYECKHE CBEJIEHUSA

OnuH w3 BUIOB MHQPOpPMALIUU, COAECpPKAILEHCS B HM300pakKeHUH - 3TO MHGOpMAIUs O
rpajaly WM TpajallMOHHAsl XapakTepucTuka uizoOpaxenus. [lox rpamanueil nmoHumaercs
U3MEHEHHUE SIPKOCTEH MM ONTHYECKHUX IUIOTHOCTEH, KOTOpoe CyOBEKTUBHO MU OOBEKTHBHO
HAOMIOaeTCsl MEXJy pa3uYHbIMU CIOKETHBIMU yYaCTKaMH M300pake€HUs, U KOTOpOE
MO3BOJISIET BBIJCIUTh M BOCIPHUHATH STH CIOKETHBIE YYacTKU. Takoe W3MEHEHHE OOBIYHO
OTHOCAT K JOCTATOYHO OOJBIIMM IO JIMHEHMHBIM pa3MepaM M IUIOIIAAU CIOKETHBIM y4acTKaM
n300paxkeHus. M3MeHeHue SIPKOCTH U ONTHYECKOHN IUIOTHOCTH B M300paKEHHM TaK)KE Ha3bl-
BaIOT U3MEHEHHUEM TOHOB.

[locnenoBarenbHOCT, M3MEHEHHMS TOHOB WM Tpajallud H300paXKE€HUsT MOXKET ObITh
pa3HOi. MOXHO MpeACTaBUTh JBa OJUHAKOBBIX IO CIOXKETY HW300paKE€HHs, ISl KOTOPBIX
U3MEHEHHUE SIPKOCTH WM ONTHUYECKOM IUIOTHOCTH MEXKIY JBYMS OJMHAKOBBIMHM YYacCTKaMU
nU300pakeHus B OJHOM Oyner Oosblie, 4eM B JApyroM. B TakoMm u300pa’keHHM BbIENICHUE
paccMaTpUBaeMOI0 yyacTka croxera Oyaer Oojee KOHTpacTHhIM. M3meHeHue, mnepenan
SAPKOCTEN, TOHOB OJIHOTO M300paK€HUsI OTHOCUTEIBHO M3MEHEHUS, Mepenaja sipkocTei, TOHOB
JPYroro M300pa)KeHUsT MOXKET ObITh OOJbIlIe MO BceMy M300pakeHuto. Takoe m3o0pakeHue
OyneT uMeTh OOJBIIMK HMHTEpPBAN SIPKOCTEM WM ONTHYECKUX IUIOTHOCTEH, T.€. OOJBIIYIO
Pa3sHOCTb MEXAY MAaKCUMalbHOM M MHHUMAJIBHOU SAPKOCTBIO AB = B .« — By WIH MEXIy
MaKCHUMaJIbHOH U MMHHUMAJIBHOM ONTHYECKOH INIOTHOCTBIO n300pakeHusi: AD = D . — Dpin -
NutepBan AB wunu AD Ha3pIBalOT TakkKe IUHAMUYECKUM Juana3oHoMm. HM3oOpaxeHue c
O0onbiiuM HUHTEpBaIOM AB wnu AD B uenoMm OyjaeT BBIIVIAAETh Oojee KOHTpacTHBIM. Jljis

OpocTOTHl Ha pucC. 1.1 mpeacTaBieHO U3MEHEHHE TOHOB KaK CTyNEHYaToe, XOTS OOBIYHO OHO
IIPOUCXOJUT HENPEPBIBHO, TOCTENEHHO.
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Pucynox 1.1. BocipousBeaenue rpajaiuii ¢ 00IMM KOHTPACTOM:
a - MaJIbIM; 6 - OOJIBIIIUM

MOXXHO BBECTH TIOHATHE TpaaWeHTa IS OOO3HAYCHHWS W3MCHCHHS KOHTpACTa
n300pakeHus. ['palueHT - 3TO CKOPOCTh MPUPAIIECHUS ONTHYECKOW TIOTHOCTH M300paKEHUSI:
g=AD/AN, tne AN - o0o03HauyeHHUE CpPABHUBAEMBIX YYacCTKOB. MOXXHO OIICHUTH

COOTHOILIEHUE TPAJMEHTOB JJs NEPBOrO0 M BTOPOro uszoOpaxkenuin: gy =AD;/AN]; u
g2 =AD, /AN, . Tak kak B naHHOM ciydae AN; ToxzaecTBeHHO AN, , To g1/g> =AD|/AD;.

Bo3moxHO, 9TO 00a M300pakeHUS WMEIOT OJMHAKOBBIM MHTEPBA ONTHYSCKHX IUIOTHOCTEH
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MEXIYy CaMblM TEMHBIM M CaMbIM CBETJIBIM YYaCTKOM H300paXeHHs, HO OJHO U3 HUX UMEET
00JbIlIMEe W3MEHEHHUS ONTHYECKOW IIOTHOCTU MEXAY CIOKETHO OJMHAKOBBIMU yUacTKaMU B
CBETJIBIX TOHAX H300pa)X€HHs, KOTOphIE HA3bIBAIOTCS CBETaMHU, a JAPYroe B TEMHBIX TOHAX,
KOTOpbIE Ha3bIBaloT TeHsAMU (puc. 1.2). Paznuunbie Mo TOHY y4acTKH H300paXKEHHS MOXKHO
Ha3BaTh TpaJallMOHHBIMA 30HaMH. [loMMMO CBETOB M TEHEW, MOYKHO TAaKXe BBIICIUTH
IPOMEKYTOUHYIO MEKAY HUMH I'PAJallOHHYIO 30HY - 30HY ITOJYyTOHOB.

D D
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Pucynok 1.2. BocnpousBeaenue rpaaaiuii 1300paxeHusi ¢ KOHTPacTOM: a - OOJIBIINM B
CBETax M MAaJIBIM B T€HAX; O - OOJIBIIINM B TEHSX M MaJIbIM B CBETaX.

B ciyyae paBeHCTBa MHTEPBAJIOB Pa3HBIX PEANU3ALMN OJWHAKOBOIO CHOXKETA HEJb3s
CKa3aTh, YTO KaKOe-TO M300pakeHHe O0ojiee KOHTPACTHO, HO OYEBMJIHO, YTO KOHTPACT 3TOT
OyJeT pa3HbIM B Pa3HBIX T'PaJAllMOHHBIX 30HaX M300pa)keHus. XapaKTep MU3MEHEHUS TOHOB
(rpamaumii) u300pa)Ke€HUST MOXHO Ha3BaThb TI'PAJAMOHHOM XapaKTEPUCTUKOW HSTOTO H30-
OpaxkeHHsl, a CKOPOCTh U3MEHEHHS TOHOB - TPAJHEHTOM I'PaalliOHHON XapaKTEPUCTUKH.

Takum oOpazoM, MOJ TpaJallMOHHON XapaKTEPUCTHUKON HM300pakKeHUs MOHUMAIOT Kak
oO11ee M3MEHEHHE SIPKOCTEN WM ONTHUYECKUX IUIOTHOCTEH B M300pa)KEHUU, TaK U XapakTep
pacrpeneneHus 3TOro U3MEHEHUs BOCIIPOU3BOAMMBIX TOHOB IO I'PAaJallMOHHBIM 30HAM BHYTPH
WUHTEPBAJIA.

Kak yxe oTmedanoch, OOBIUHO M3MEHEHHE TOHOB B H300paxxeHHH OyneT He
CTyNEHYaThIM, CKaukooOpa3HbeIM (cM. puc. 1.1 u 1.2), a mocteneHHbIM, HENpephIBHLIM. Torna
IpaJlalliOHHYI0 XapaKTEPUCTUKY CJIOKHO MOCTPOUTh KaK (PYHKIHUIO JIBYX KOOPJMHAT, TaK Kak
YYaCTKH M300pakeHUsI CTPOro He ompeneneHbl. OHAKO €€ MOYKHO OLIEHUTh, CONOCTaBisiss D
WIM B OJWHAKOBBIX TOUYEK H300paKEHMs, WJIM TOCTPOMB THUCTOTPaMMBbl ABYX CHOKETHO
OJIMHAKOBBIX U300PAKEHUU.

['ucrorpamma - 310 rpaduk 3aBUCUMOCTH YacCTOTHI MOSIBJICHUS B M300paKEHUH TOYEK C
KaKOW-INOO BEIMYMHOM ONTHYECKOH IUIOTHOCTH pp OT BEJIUYMHBI JTOH ONTUYECKOU

mwiotHocth D . PeanbHO omnpeaenstorcsa 3HaueHHWs [ yepe3 paBHbIE NPOCTPAHCTBECHHBIC
npoMexyTku. Kaxxnoe D; oLieHMBaeTCs B HEKOTOPOM MajlOM UHTEPBAJIE.

[TockonbKy TUIONMIA/Ib, 3aHMMAaEeMasi y4acTKaMu (ICTalsIMH CIOKETa), HE U3MEHSCTCS, U
YCIIOBUS TIONYYCHHSI THCTOTpAMM - T.€. KOOPIWHATBI OTCYETOB [ HE HW3MEHSIIOTCS, TO
CpPaBHCHHE JBYX THUCTOTpaMM OyJeT XapaKTepu3oBaThb M PA3HOCTh Tpajaluil  JBYX
U300paKEHUH.

3. METOAUKA U TOPAJOK BBIIIOJIHEHUSA PABOTBI
1) IIpoBecTn u3MEpEeHHE ONTUYECKUX IUIOTHOCTENM [ M300paK€HUWU OPHUTMHAIOB M
aHaJIU3 MOJIYYEHHBIX IPAJAllMOHHBIX XapaKTEPUCTUK U300paKeHUIA.
2) OueHUTh MONyYEHHBbIE MHTEpBaIbl AD M OTHOIIEHHE TPaJMEHTOB B I'PaJalldOHHBIX
30Hax U300paKeHUsI.



3) IlocTpouTh M IPOBECTH AHAIIU3 TUCTOTPAMM IOJIYYEHHBIX U300paKEHUN.
4) IlpopenaTp yKa3aHHbBIE OIEpalMyd C MCIHOJIb30BAHUEM KOMIIBIOTEPA M  OILHUHU

«I'mecrorpamman.
5) Cnenatp BBIBOJBI O IPaJALIMOHHBIX XapaKTEPUCTUKAX U300paKEHUI U ONPEIETUTh UX

BIUsIHUE HA (DOPMY TUCTOTpaMM.

4. ObOPYJIOBAHUE U MATEPUAJIbBI
1) II3BM co cnenuansuabiM [10.
2) IlpoekTop.
3) Kanbkynsrop.
4)) Kapannam, nuHelika, pe3uHKa, MIJLTUMETPOBasi Oymara.

5. COAEP)KAHUE U ®OPMA OTUYETA
1) KpaTkoe copep:kaHre OCHOBHBIX TEOPETHUYECKHUX MOJOKEHUH pabOTHI.
2) [lepeueHb OCHOBHBIX OIEpAIHil U Pe3yIbTaThl HAOIIOICHUI.
3) AHanu3 MoNMy4YeHHBIX PE3YIbTATOB U BHIBOBI.



Ipakmuueckoe 3auamueNe 2 (2 uaca)
MOJAEJIUPOBAHUE KBAHTOBAHUS
CUTHAJA U30GPAKEHUS 110 YPOBHIO

1. IEJIb U 3AJIAYU PABOTDI
Henas paGoThbl: M3ydyeHHWE KBAHTOBAHHOIO IO YPOBHIO CUTHAJIa M300paKeHHs], CBS3U
YCJIOBUI KBAHTOBAHUS C KAUE€CTBOM M300paKEHHUS.
3agaum padoThI: HMccIeI0BaHUE BIUSHUS [TapaMETPOB KBAHTOBAHUS CUTHAJIa HA Kaue-
CTBO BOCIPOM3BOAMMON M300pa3uTeNbHON MH(POpPMAIUH, OLEHKA 3aBUCUMOCTU IapaMeTpOB
CUTHaJa U MOPOTOBBIX XapaKTEPUCTUK BOCIPUATHS OT IApaMETPOB KBAHTOBAHUS CUTHAJA.

2. OCHOBHBIE TEOPETHYECKHUE CBEJAEHUSA

B nacrosimiee Bpemsi mpu MOJYyYEHUH M300pa)K€HU B pa3HbIX CUCTEMax PETUCTpaluu,
npu mepefade u300pa3uTENbHON HMH(OpPMALMKM MO KaHaJlaM CBSI3U IIHPOKO MPUMEHSIOTCA
mupoBble MeTOAbl. B OCHOBE OSTUX METONOB JIEKHUT JUCKPETH3alUs M KBAaHTOBAHUE
n300paxxeHnd. B maHHOW paboTe u3ydyaeTcss METOJ MpPEACTABICHHS TIpajJallid CHUTHAa
U300paKEHHUS B KBAHTOBAHHOM I10 YPOBHIO BHUJE M BJIMSHUE KBAaHTOBAaHUS HA KaueCTBO
U300paKeHUS.

[Ipn wucnonb3oBaHMK HUPPOBBIX METOAOB NEpenauyn H300pa3uTesbHOM HH(pOpMaluu
NOJIyTOHOBOE HM300pakeHHe MpeoOpasyercss B JUCKPETHOE KaK B MPOCTPAHCTBE, TaK M IO
ypoBHIO curHana. Takoe u300paxxeHUE MOXKET OBITh OUM(POBAHO C TMOMOIIBIO AHAJIOTO-
upoBeIX mpeodpazoBateneid. [lpu ananoro-undpoBoM mnpeodpa3oBaHUU BECh IUAINA30H
BO3MOXKHBIX 3HAUCHMM BXOJHOTO curHama FEpa3zOuBaercs Ha N ypoBHed. B kaximom
MHTEPBANC KBAHTOBAHMs CO 3HAYCHWSIMH CuUrHaia E Ha BXone OT E; iy M0 E; may (HOMep

WHTEpBaJla MpuHUMaeT 3HaueHus i=1,2,..,N —1, oH mpeoOpa3yeTcs B CUTHAJI Ha BBIXOJE C
IOCTOSIHHBIM 3HaueHueM S;. Kak mokasano Ha puc. 2.1, KaXaoMy HHTEPBaly BXOIHOIO
curHana E; ,in 10 E; jax COOTBETCTBYET KBAHTOBAaHHOE 3HAYEHHUE BBIXOJHOIO CUTHANIA S :

§=S5;,ecmn ecmn E; i <E < E; max (2.1)
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Pucynoxk 2.1. IIpeo6pa3zoBanue BXOJIHOTO CUTHAJIa £ B BBIXOJAHOW KBAHTOBAHHBIN S .

Benuuuna N, (4ucio ypoBHEH KBAHTOBAHMS) OrPAHMYMBAETCS YHCIOM Ppa3psiioB
aHajnoro-uudpoBoro mnpeobOpaszoparens. Tak mjis BOCBMH pPa3psaHOTO aHAIOro-LUU(poOBOTO
npeobpazoBatens N =256.

[Ipu BBIOOpE YKCIIa ypOBHEW KBAaHTOBaHUS M300paKEHUN BAKHO YUYUTHIBATH MTOPOTOBBIC
XapaKTEPUCTUKU 3PUTEIBHOTO aHadu3aTopa. 3PUTENBHBIN aHAIW3aTOp YelOoBEKa CIOCOOEH
pasznuyaTh nepenaj sSpKocTel neraneil n3o0paxkeHus wE B TOM ciydae, €Cid OH MPEBBIIIACT
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HEKOTOpPOE MOPOrOBOE 3HAYEHUE |/ . 3PUTEIBHOE BOCIPHUATUE YEJIOBEKA MTOAYHUHSAETCS 3aKOHY
BebGepa - dexnepa. YcTaHOBJIEHO, UYTO TMOPOrOBasi BEIWYMHA, OOpaTHasi KOHTPACTHOM
YyBCTBUTEJIBHOCTH T7a3a, paBHa W =AE/E=0,02. Yucno ypoBHei N, Ha KOTOpOe
€JIECO00PA3HO Pa3/IeaNTh AUANA30H ONTUYECKUX INIOTHOCTEN Ha MOJyTOHOBOM M300pakKeHUU
B IIpeJienax aencTBus 3akoHa Bebepa - @exnepa, onpezensercs no Gopmyie:
1 Emax 1
N=— [ dE/E=—In(Ep,x/Enin). (2.2)
Emin v
rae Ey, U E., MUHUIMQJIBHOE U MAKCUMAJIbHOE 3HAUEHUE SAPKOCTH M300paxeHus (ypOBHEH
BXOJIHOT'O CUTHAaJa).
Ha peanbHbIX 4epHO-O€NbIX MOTYTOHOBBIX H300paXEHHUSX Ha HEMpPO3payHOM OCHOBE
(Harpumep,  noaurpaUyYecKux  OTTUCKAX), KOHTpAcT  OObBIYHO  HE  IPEBBIIIAET
K =E /! Epin =100. Ilpu xoHTpacTHOH uyBcTBUTENbHOCTH TIia3a 1/y =50, Ha Takux

U300paKeHUSAX MOXKHO pa3nuuuTh npumepHo N =50In100=230 rpamauuii (MHTEpPBAIOB
SIPKOCTH). ITO MPUBOJUT K TOMY, UTO B Kauy€CTBE CTaHJapTa HEOOXOJIMMOIro YHCia Tpajaluii
00bIyHO MpuHUMAKT N =256, T.e. Onuxaiiiee 4Yuciao, KOTOPOE MOXKET ObITh MPEJCTABICHO B
JBOMYHOM KOJIE C YHCIIOM pa3psaoB 7 =8 . OJIHaKO Ha MPAKTUKE YKMCIIO Tpafaliiil 4acTO MOXKET
OyTh YMEHBIIEHO O€3 CyIIECTBEHHOro YXYAIICHHs KadecTBa M300paxkenus. HeoOxoammoe
YUCIIO Trpafanuii u300pakeHusi 3aBUCUT OT KOHTpacTa M300pakeHus, OT Ha3HAYEHUs M BHUJA
NeYaTHOU MPOAYKIMH, U, HAIIPUMED, AJIA Ta3€THOM MPOIYKIUKA MOXKET ObITh OTPAHUYEHO JaXKe
16-10 ypOoBHSIMU KBAaHTOBAHMUSI.

[Ipu BoCHpoU3BENEHUU LBETHBIX H300pPAKEHHUM BCJIEACTBUE 3aBUCUMOCTH BEITUYHHBI
KOHTPACTHOW YYBCTBUTEIBHOCTH TJia3a OT CIHEKTPAJIBHOTO COCTaBa M3JIYyYECHUS YHUCIO
HEOOXOMMMBIX YPOBHEM KBAaHTOBAaHHUS TaKXE MOXET OBbITh OrPAaHUYEHO, W COCTaBIATH,
HATIPUMED, JUISl )KEeNToU Kpacku 8-16, mis myprypHoit 64-128 u nist ronyboit 64-128.

[lo cyTn, KBaHTOBaHHas IlKajla ITO3BOJSET MPEICTABUTh HENPEPBIBHYIO TI'pajaluio
(HecyeTHOE MHOKECTBO) TOHOB aHAJIOTOBOTO M300paKEHUSI OTPAaHUYCHHBIM YHCIIOM CTYTICHEH,
YHCIIO KOTOPBIX JOJHKHO OBITH HACTOJIBKO BEJIMKO, YTOOBI 3Ta CTYNIEHYATOCTh HE Oblila BU3yallb-
HO 3aMETHa.

3. METOAUKA U NOPA1OK BBIIIOJIHEHUS PABOTHI

1) BeiBecTu ¢ MOMONIBIO KOMIIbIOTEpA Ha ILIBETHOM MOHHUTOP IIBETHOE H300pa)kKeHUE
OpUTMHaja ¢ MaKCUMaJbHBIM YMCJIOM YPOBHEH KBaHTOBaHMS N =256B0 BceX TpeX KaHalax
RGB.

2) Ilpoananmu3upoBaTh, KaK MEHSAETCS KaueCTBO TOJYTOHOBOTO H300paKCHHUS TIPU
W3MEHEHUHU YUCJIa YPOBHEN KBAHTOBAHMUSI.

3) BeI3BaTh U3 MaMATH KOMIBIOTEpPA MOANPOTPaMMYy, MO3BOISIONIYI0 U3MEHUTh YMUCIIO
ypoBHeW kBaHTOBaHusA. IlocimenoBaTenbHo, u3MeHssi 3HadeHuss N Ha 128, 64, 32, 8§, 4 u 2
OMNpENeIUTh YHUCJIO YPOBHEH KBAaHTOBAHMS, COOTBETCTBYIOIEEC 3aMETHOW MOTepe aeranei
OpUTHHANA U YXYIIICHUIO KaueCTBa H300pakKeHUSI.

4) C noMouIp0 KOMIBIOTEPHOU MOAMPOTPAMMBI-PEIAKTOPA B PEKUME PEIAKTUPOBAHUS
yBEJIMYMBATh YUCJIO YPOBHEH KBaHTOBaHMS N Ha 1-2 CTymeHMW J0 TeX MOp, MOKa MCKAXKEHUS
MOJIyTOHOBOT'O U300paKEHUS TTPONaayT.

5) IonyuuTh W NOpPOAHAIU3UPOBATH THUCTOTPAMMBI TOJYUYEHHBIX H300pKEHUN MpH
pa3HOM YHUCII€ YPOBHEN KBAHTOBAHMUSI.

4. OBOPYJAOBAHHUE U MATEPHUAJIBI
1) IT9BM co crnemuansubiM 110.



2) IIpoexTop.
3) Kanbkynarop.
4)) Kapannami, nuHelka, pe3uHKa, MIJLTMMETpoBasi Oymara.

5. COAEP KAHUE U ®OPMA OTUETA
1) KpaTtkoe onucanre OCHOBHBIX TEOPETUUECKHUX MOJTO0KEHUN pabOTHI.
2) IlepedyeHb OCHOBHBIX OIEpallUuii U MOTYYEHHBIE pe3yIbTaThl HAOIIOACHUS.
3) AHanu3 noay4YeHHBIX PE3YJIbTATOB U BHIBOBI.



Ilpakmuueckoe 3anamueNe3 (2 uaca)
MOJEJHUPOBAHME PASMBITHS TP OTOBPAKEHNHN N30BPA3ZUTEJIBHOM
NHO®OPMAIINN.
B3AMMOCBS3b PA3JIUYHBIX ®YHKIINA, O CHIBAIOIIINX PASMBITHUE
1. HEJIb U 3AJIAYH PABOTHBI

eab padoThi: U3yYUTh OCHOBHBIE ()YHKIIMHU, OMMCHIBAIOIINE pa3MbITHE: (PYHKIIUIO
pa3mbiTus duHuu (OPJI), kpaeByro pynkuto (K®) u mapy npeobpazoBanuit KO - OPJI.

3agaum padoThI: ocylecTBUTh pacueT u noctpoeHue K® no 3agannoit ®PJI u ®PJI no
3amanHon KO.

2. OCHOBHBIE TEOPETHYECKHE CBEJIEHUSA

TouHOCTh mEpenaun MeNKHX JeTajieil Hapsay C TOHO- M LBETOBOCIPOU3BEACHUEM
OIpesieNIsieT Ka4ecTBO MOJIy4aeMoro u3oopaxenus. Bmecre ¢ TeM, oT/iebHbIE 3BEHbS] CUCTEM U
CUCTeMbl 00pabOTKM © Tepemauu HHPOpPMAIMK B LEJIOM  OTJIMYAIOTCA  OOIIHUM
(¢yHIaMEHTAIbHBIM CBOWCTBOM - Pa3MBITHEM WJIM WHEPIHOHHOCTHIO. Hampumep, B ciydae
APKO CBETSIICHCS TOYKM OECKOHEYHO MAJIBIX pa3sMEPOB OOBEKTHUB B IJIOCKOCTH HAMITyYIIeH
¢doxycupoBku (popMHpyeT ee OnThdeckoe H300pakeHne, KOTOpOe MPEACTaBIsIeT COoOoM
HEKOTOPOE MATHO Pa3MbITUS C MOCTENEHHO YOBIBAIOIEH NHTEHCUBHOCTBIO OT LIEHTpa K KpasM
nsatHa. [Ipu 3ToM (opma pacnpeneneHuss HHTEHCUBHOCTH B ISTHE Pa3MbITUSl XapaKTEpU3YeET
CBOMCTBO KOHKPETHOrO 3BE€Ha (B HalleM NpUMepe OOBEKTHBA) WM CHUCTEMBI B IEJIOM
BOCIIPOU3BOJUTH JETAIM SPKOCTH MaJBIX Pa3MEpoOB, T.€. ONpPEACNIeT IOTEPU PE3KOCTU B
N300paKEHUN MEJKUX JeTalleH.

Js cuctem, o0JafjarolIMX CBOMCTBAMM JIMHEHHOCTM M M30TPONHOCTH, Pa3MbITHE
OIHCHIBACTCS MOCPEICTBOM psifa B3aUMOCBSI3aHHBIX (QyHKUUH. [[ns ynporieHus pacueros, a
TAaKK€  METOJOB  JKCIEPUMEHTAIBHOM  OLEHKHM, O3TH (DPYHKIMH  paccMaTpUBAIOTCS
OPUMEHUTENBHO K TaK Ha3bIBAEMBIM TUIIOBBIM OJHOMEpPHBIM 0ObekTaMm. K HuUM oTHOcuTcs
CJIEyIOLIHE.

1. Kpaii moyiymjiocKoCTH - 3TO pe3Kas IPAMOJIMHENHAs TPaHULa MEXKIy OCBEIICHHOW U
HEOCBEIIEHHOW YacTsAMHU MTPOCTPAHCTBA, HAIIPUMED, Kpail 1e3BUs HOXa U T.11. (puc. 3.1)

MareMaTru4ecku Kpau noyIIOCKOCTA MOKHO 3aIUCaTh:

B(x)=0 npu x<0
(3.1)
B(x)=11pu x>0

rae B(x) - pacnpeneneHre HMHTEHCMBHOCTH B HANpaBI€HUM X, MEPIECHAUKYJISIPHOM

HAIPaBICHUIO Kpast IOIYIIOCKOCTH.
—p—p——
1,0 Ll B(x)

PasmeITHe

0 X
(a)

Pucynok 3.1. Kpaii nonymiockoctu B(x) - (a);
n300pakeHre Kpas MOJIYTJIOCKOCTH B CUCTEME ¢ pa3MbITHeM (/(x) - kpaeBas GpyHKIus) - (0).
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2. beckoHeyHO Yy3Kas 1Iedb (CBeTAMIASICA IMOJIOCKA) C OECKOHEYHO OOJbIION
WHTEHCUBHOCTBIO; MAaTEMaTHYECKHU OMKCHIBACTCS KaK OJHOMEpHas o -GhyHKuus (puc. 3.2).

8(x) —k £(x) —1.0

PasmuiTie

T e e s

DN A

(a) (6)
Pucynox 3.2. OgnomepHas nenpTa-QyHKIUs o(x) - (a)
U QyHKIUS pa3MbIThs JIUHUU g(x) - (0).

3. [lepuoauyeckasi OIHOMEpPHasi CTPYKTYpa, Hanpumep, nepuoandeckas [1-oOpaznas
pemetka (puc. 3.3)
E(x) |

1
|

P
Pucynox 3.3. Pacnipenenenrue nHTEeHCUBHOCTH JyTsi oqHOMepHOE [1-00pasnoit pemerku: E(x) -

[ T ———

X

pacrpeereHne MHTEHCUBHOCTH B HAIIPABJIECHUU X , IEPIICHICKYJISIPHOM HAIPaBJICHUIO JIMHUI
CTPYKTYDBI;, p - IEPUOJI PEIICTKH.

Pacnipenenenrie MHTEHCUBHOCTH B MEPUOJUYECKON OJTHOMEPHON TUHEHYATOU CTPYKTYpE
MOKHO OMHCATh C MOMOIIBIO BHIPAXKECHHUS:
E(x)=E(x+np),rne n=0,1,2,3... (3.2)
[TockonbKy peanbHBIE CUCTEMBI OTOOpakeHHS WHPOpManuu 00JATAIOT PAa3MBITUEM, TO
UCXO/IHbIe (QYHKIUU (Kpail MOJYIJIOCKOCTH, OECKOHEYHO Yy3Kas Ieidb, U T.Ja.) OyAyT
O0TOOpaXaTbCsl C MCKAXEHUSAMHU WX HadaldbHOU (DOpPMBI. DTHUM HUCXOJHBIM CUTHajIaM OyayT
COOTBETCTBOBATh pacHpeieICHUs UHTEHCUBHOCTH, Jaroiinre HHGOPMAIIUIO O Pa3MbITHH:
1. KpaeBas ¢dyukums (K®), h(x), ommcwiBaromias pacmnpeneieHie MHTEHCUBHOCTH B

U300paKEHUHU Kpas MOITYIIIOCKOCTH (cM. puc. 3.1, 6).
2. @Oyakums pasmbitas JmHEUEM  (OPJI), g(x), OMHCHIBAIONIAS pacHpeciCHUE

WHTEHCUBHOCTH B U300paKEHUHN OECKOHEYHO Y3KOM 1eu (cM. puc. 3.2, 0).

KpaeBas ¢dbyukuus, GyHKUMS pa3sMbITHS JIMHUM B3aUMOCBSI3aHbI, U OJHA MOXET ObITh
HalJeHa U3 APYTOu.

K® paccuursiBaercs nocpeactsom unrerpupoanus OPJI:

X
h(x;)= Ig(x)dx (3.3)
—Q0
re —Xg, X - Ha4ajgo U KOHELl 30HbI Iepexoa COOTBETCTBEHHO; X; - TEKYyIllee 3HAUCHUE X
BHYTPH 30HBI IIEpexoaa [—xq;xq].
3oHa nepexona K@ pasna mmpune OPJI (orpesku [—xg;x] Ha puc. 3.1, 6 u puc. 3.2, 6
PaBHBI).
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OueBugno, OPJI wmoxker ObIThb HalineHa 1o wu3BecTHOM K@ ¢ momomisio
muddepennnpoanus KO:
dh(x;)
dx
B mpaktudeckux pacyerax 3HadeHue uHTerpana (3.3) Ha oTpeske [—x(;Xp] OOBIUHO

g(x;)= (3.4)

HOPMHUDPYCTCA K CAMHUIIC!

Iog(x)dx =1 (3.5.2)
X,
NN
Zmax (¥) =1 (3.5.0)

Jlst u3oTponHbIX 3BeHbeB (cuctem) OPJI cummeTpuyHa OTHOCUTEIBHO OCH OPJIMHAT, T.€.
SIBJISIETCS Y€THOM (DYHKIHEH:

g(=x)=g(x) (3.6)
N3 ypaBnenutii (3.5) u (3.6) cnenyer, uto:
h(0)=0,5 (3.7)
U J1ajnee:
h(=x)+ h(x)=1,0 (3.8)

K® u ®PJI yame Bcero He ONUCHIBAKOTCA € IOMOIIBIO IPOCTBIX HHTETPUPYEMBIX
(mupdepenmupyembix) Qynkumii. [lostomy mnpu Berunciennn KO wunu OPJI 06bryHO
UCTIOJIB3YIOT METOIbI MPUOIMKEHHOTO HHTETPUPOBaHUSI U TudpepeHupoBaHusl.

Jis noctpoennst K® no uzsectHoit ®PJI orpe3ok ocu abcuucc nox kpusoid OPJI
pa30MBaOT Ha 7 paBHBIX OTPE3KOB, a Il TOYEK JEJE€HUs HAXOIAT 3HA4YCHHs] OpAUHAT
unrerpupyemoir  pynkuuu (®OPJI). 3aren mo dopmyne Tpaneuuu HaXOJAT 3HAYEHUE
UHTErpaa:

X
[g(x)dx=Ax(g(x1) +g(x2) +..+ g(x,)) (3.9)
~Xg

Yem Oomblie 7, TEM TOUHEE UHTETPUPOBAHHUE.

IIpumep. Paccuntate K® mno 3amannoit ®PJI. Ilycte 3amana ®PJI na otpeske [-6;0]
MkM. 3HadeHust ®PJI npuBenens! B Tab. 3.1.

Tabnuma 3.1

3nauenusi ®PJI Ha orpeske [-6;6] MKkM
X, 00 105-|1,0-] 1,5-20-|25-]30-]35-|40-|45-]50-]55-| 60
MKM 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 :6,0

g(x) 0,80 | 1,00 | 0,29 | 0,22 | 0,7 | 0,14 | 0,12 | 0,10 | 0,09 | 0,07 | 0,06 | 0,05
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Pucynok 3.4. @yHKUMS pa3MbITUS JTUHUAH.

I'padux pynkum npexacrasinen Ha puc. 3.4. B nannom npumepe 30Ha pa3mbitus OPJI
[—x0;Xo] pa3smenena Ha 24 yactu. [ Touek neneHus HaiineHsl 3HadeHus g(x,,). Ilocienosa-
TEIbHBIM CYMMHUPOBAHHEM IUIOIIAAEH 3JIEMEHTApHBIX Tpaneuuid (WA OpsIMOYTOJbHUKOB)
HAXOJAT HpUONMKEHHOE 3HAa4YeHUE IIOUIAaJell, HauuHas OT TOYKH (—Xg) 10 TEKYILIETo

3HA4YEHUs X,,. XOJ BBIYACICHUN PUBEACH B Ta0m. 3.2.

Tabawuma 3.2
Pacuetr K® no 3agannon ®PJI
Ne i/ X g(x;) | 2g(x) | h(x;) x

0 0,000 -6,0
1 -5,75 0,050 0,050 0,009 -5,5
2 -5,25 0,065 0,115 0,020 -5,0
3 -4,75 0,080 0,195 0,034 -4,5
4 -4,25 0,090 0,285 0,050 -4,0
5 -3,75 0,105 0,390 0,068 -3,5
6 -3,25 0,125 0,515 0,090 -3,0
7 -2,75 0,150 0,665 0,116 -2,5
8 2,25 0,190 0,855 0,150 -2,0
9 -1,75 0,250 1,105 0,193 -1,5
10 -1,25 0,325 1,430 0,250 -1,0
11 -0,75 0,506 1,936 0,339 -0,5
12 -0,25 0,920 2,856 0,500 0
13 0,25 0,920 3,776 0,661 0,5
14 0,75 0,506 4,282 0,750 1,0
15 1,25 0,325 4,607 0,807 1,5
16 1,75 0,250 4,857 0,850 2,0
17 2,25 0,190 5,047 0,884 2,5
18 2,75 0,150 5,197 0,910 3,0
19 3,25 0,125 5,322 0,932 3,5
20 3,75 0,105 5,427 0,950 4,0
21 4,25 0,090 5,577 0,966 4,5
22 4,75 0,080 5,597 0,980 5,0
23 5,25 0,065 5,662 0,991 5,5
24 5,75 0,050 5,712 1,000 6,0
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Pucynox 3.5. KpaeBas ¢pynkuus. [Ipumep onpenenenus rpaguenra Ah(xys).

Jliist pacueta OPJI mo u3BectHOM KD npon3BoapHOTO BUa MPUMEHSIOT Tpaduaeckoe
g depeHInpoBaHlEe, COOTBETCTBEHHO YPaBHEHUIO:
g, =1n)
AX
Ocp abcuucce ensaT Ha 7 paBHBIX YacTel, B TOUKaX KPUBOW, COOTBETCTBYIOIIMX TOUYKAM
NEIEHUS, TPOBOAAT KAacaTeNIbHbIE K KPUBOM M HAXOIAT IPAJUEHTHI KacaTeslbHbIX. [lomydeHHbIe
IPaJIMEHTHI U BBIPAXKAIOT (PYHKIIUIO Pa3MBITHSL.
B tabnune npuenensl pe3yibrathl pacuetoB OPJI no Beruncinennoit panee KO (cm.
puc. 3.4 - TOUKU Ha KPUBOIA).

(3.10)

Tab6muma 3.3
Pacuer ®PJI no 3amannon KO
n X Ah(xn ) g(x,)
1 -0,6 0,008 0,05
2 -5.5 0,010 0,06
3 -5,0 0,011 0,07
4 -4,5 0,014 0,09
5 -4.0 0,016 0,10
6 -3.5 0,018 0,12
7 -3,0 0,024 0,15
8 -2,5 0,028 0,18
9 -2,0 0,035 0,22
10 -1,5 0,046 0,29
11 -1,0 0,069 0,40
12 -0,5 0,128 0,80
13 0,0 0,160 1,00
14 0,5 0,128 0,80
15 1,0 0,063 0,40
16 1,5 0,046 0,29
17 2,0 0,035 0,22
18 2,5 0,028 0,18
19 3,0 0,024 0,15
20 3.5 0,018 0,12
21 4,0 0,016 0,10
22 4,5 0,014 0,09
23 5,0 0,011 0,07
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24 5,5 0,010 0,06
25 6,0 0,008 0,05

Cnenyer ormeTutbh, uTo BbluuciaeHuss K® no ®PJI u obparno (PPJI mo KD) B cuny
cumMmerpun ®OPJI u ¢ yuyerom HOpmupoBok K@ Moryt ObITh, NpU JOCTUKEHUU HaBBIKA
BBIUMCIICHUH, COKPALCHBI B J1Ba pa3a.

3. METOJAUKA U ITOPAIOK BBIIIOJTHEHUSA PABOTbDI

1) IToctpouts K® no 3agannoit @PJI.
2) IToctpouts ®PJI no 3agannoi (pacuerHoii no mn.4.1) KO.

4. ObOPYJIOBAHUE U MATEPHAJIbBI
1) IT9BM co cnenuansubiM [10.
2) IIpoexTop.
3) Kanbkynsarop.
4)) Kapangami, nuHelka, pe3uHKa, MIJLIMMETpoBasi Oymara.

5. COAEP’KAHUE U ®OPMA OTYHETA

1) KpaTtkoe onucanue e 1 METOJAUKA PaOOTHI.
2) KpuBsle, OIydeHHBIE TTOCPECTBOM pacueToB, 1iisi KO u OPJI.
3) AHanu3 MOYYCHHBIX PEe3yIbTaTOB (CpaBHEHHE pacueTHOU U 3aganHon OPJI).
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Ilpakmuueckoe 3anamueNed (2 uaca)

MOJEJHUPOBAHME PASMBITHS TP OTOBPAKEHNHN N30BPA3ZUTEJIBHOM
NHOOPMAINU C ITPUMEHEHUEM
HNPOCTPAHCTBEHHO-CIIEKTPAJIBHBIX METOJ0B

1. HEJIb U 3AJIAYU PABOTbBI
Iear pabdoTbl: HU3y4UTh OCHOBHBIE crnocoObl monmyueHuss DPIIM u  ocHOBHBIE
npeobpazoanus OPJI-DIIM.
3amaun padoTbl: HU3yuuTh OCHOBBI MeTOJ0B oueHku DIIM ¢ wucnosb3oBaHHEM
AKCIIEPUMEHTANBHBIX JaHHBIX W PACUYETHBIX CIIOCOOOB, paccyuTaTh U TOCTPOUTH TIpaPuKu

OIIM no 3agannoi @PJI u Hao6opoTt, no uzBectHo GIIM a1t cunyconaanbHOTO curHana 7, VN

paccumTarh 1 noctpouts rpadux GIIM mig npsMoyroiasHoro curHana 7;, 1 Hao0OpOT.

2. OCHOBHBIE TEOPETHYECKHUE CBEJAEHUSA

Hapsngy ¢ K® wu ®OPJI nmns onmcanuss pa3MbiTUS B CUCTEME OTOOpaKeHUs
n300pa3uTeIbHON MH(DOPMALIMK UCTIONB3YETCS OJIHA U3 BAXKHEUIIUX XapaKTEPUCTUK JIMHEHHBIX
cucteM - ¢yHkius nepepaun moaymsiuuu (PIIM). Orta (yskumsa, Takke Kak U paHee
paccmoTpennbie GyHKIuA (cM. 1a0. pad. Ne3), coaepKuT Ty e MHPOPMAIHIO O Pa3MBITHH, a
BCe ATH (YHKIIMM MOTYT OBITh HAWICHBI OJHA W3 JPYTrOd C MOMOIIBIO COOTBETCTBYIOIIMX
MaTeMaTUYECKUX PeoOpa3zoBaHUM.

HeobxoaumocTh mepexona oT OAHOM (PYHKIMHM K JIpyroil oOycloBiieHa Te€M, YTO MpHU
OPUHIUNHAIBHO OJWHAKOBOM HMH(GOPMAIIMOHHOM COJAECPKAHWUU PpPa3HbIX (PYHKUMN OHU
00JaaroT pa3InyHbIMU MPAKTUYECKUMH CBOMCTBaMU. Hampumep, OTAMYUTENEHBIM CBOWCTBOM
meroga PIIM sdaBasieTcs MpOCTOTa pacyeTa IEPelaTOYHON XapaKTEepUCTHUKHA CUCTEMbI IO
u3BecTHbIM DIIM ee oTaenbHBIX 3BeHbEB. Kpome toro, omnpenenenue ®IIM ob6viuHO Gosiee
JOCTYITHO ¥ TOYHO, 4eM ompeenenre OPJI unm kpaeBoit hyHKIUM.

OIIM  moxer OBbITh ompeneneHa JUOO C HCHOJIB30BAHHUEM COOTBETCTBYIOIIMX
AKCIIEPUMEHTANIbHBIX JaHHBIX, TH00 mepecueToM 1o u3BecTHou ¢pyHkuuu OPJI unu KO, nubo
HEIOCPEACTBEHHO PACYETHBIM ITyTEM Ha OCHOBE TEOPETUYECKUX MOCBIIOK.

®IIM omnpenenser BeTUUYUHY KOIPPHUIMEHTa Tepenayd KOHTpacTa B H300paKeHHUH
ONHOMEPHOW  PEmETKM C  CHHYCOMJAJIbHBIM  PACHpElCIeHUEM  3aBUCHUMOCTH  OT
IPOCTPAHCTBEHHON 4acTOTHI ATOH pemieTku. YncneHHo Ko UIMEeHT nepegadn KoHTpacTa 7,

CHUHYCOMJAIbHOTO CHUTHaja JJIi [POCTPAHCTBEHHOH 4YacTOTHl V  paBeH OTHOIICHHIO
kod(duLIenTa MOy LMY B n306pakennu M k kospduuuenty B o6vexre M0 .
i
Mo
K05 (pULHEHTH MOIYJIALUH, B CBOKO OYEPElb, PABHBL:
o Eronéax —E o0

o) min
M," = E06 +Eo6 (4.2)
max min

TV

4.1)

EILIllgaX o Ezfin (4.3)

us us3
EmaX + Emln

MO0 =
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00 00 uz uz
I'me Emax, En Emax: Epyy - MaKCUMalbHOC U MUHUMAalbHOC 3HAYCHHS

WHTEHCUBHOCTH CUHYCOUIATLHOM PEIICTKN YacCTOTHI V' B 00BEKTE U B U300PAKCHHUH.

s skcnepuMenTaiibHOM o1ieHkH PIIM ucnonab3yroT TecT-00bEeKT, coiepKauuii Habop
OJTHOMEPHBIX PEHIETOK PAa3JIMYHON TMPOCTPAHCTBEHHOW YacTOTHI V, TPH OTOM MOTYT
UCTIONB30BAaThCS  PEHIETKH C  CHUHYCOMJAINBHBIM WM  MPSIMOYTOJNBHBIM  MPOQUIeM
pacripenienieHnss THTEeHCUBHOCTH. C MOMOIIBIO 3TOr0 TeCT-00bEeKTa HAXOAAT 3HaueHus 71, Ams

pasIMYHbIX YaCTOT WIH, IPYTUMHU cioBamu, kpusyro OIIM (7, = f(v)).

Ecin ko3 puumeHT MOoayIsuu TeCT-00beKTa Il PEIIETOK BCEX YACTOT MOCTOSHHBIN
(M, =const), u cpelHsAsd UHTCHCUBHOCTb B H300paKCHMM TaK)Ke IOCTOSIHHAs, 4TO BCErna

BBITIOJTHSACTCS JIUII OOBIYHO MPUMEHSEMBIX TECT-00BEKTOB, TO it pacuera PIIM mocratodno
Ha JIAHHOW MPOCTPAHCTBEHHON YACTOTE€ HAWTH OTHOIICHUE AaMIUIUTYAbl MHTEHCUBHOCTU B
n300paxxeHnn AL, K aMIUIMTYZEe UHTEHCUBHOCTU B U300pakKeHUH AEVO Ha 4acToTe, OJIM3KOM

K HYJIEBOU V(), T.€. HAa 4aCTOTE, IIPU KOTOPOU AE U3 _ AE90
v v

AEu3
TV = E (44)
V0

s pacuera @IIM no GyHKIUN pa3MBITUS JIUHUN TPUMEHSIOT METOBI TPUOIMKEHHOTO
rapMoHudeckoro asamusa. MszsectHo, yto ®PIIM n OPJI maremarndeckn CBs3aHbl NApoOU
npeobpazoBanuii  dypwe. g HEKOTOPOHl MPOCTPAHCTBEHHOM 4YacTOThl KOCHHYC -
npeodpazoBanue Pypee (ecnu OPJI - pyHKUMA yeTHAs ) UMEET BU:

Ofg(x) cos 2 vxdx
Ty === - (4.5)
j g(x)dx

—00
Kosdduiment nepenaunm KoHTpacTa Ha JaHHOW 4YacTOT€ MOXHO HaWTH, MPOBOJA
rpaduueckoe MpUOJMKEHHOE MUHTETPUPOBAHUE YMCIUTENS W 3HameHaTens. JlJis HaxoXaeHus
YUCIHUTENSl OCh OpJAMHAT TMOMENaéM B MAKCUMyM (QYHKUMU pa3mbIThd. Makcumym
KOCHHYCOM/IbI 3aJaHHOW 4acCTOTHI V| TaK)Ke pacrojaraeM Ha ocu opauHat. Och abcuuce JensrT

Ha 7 PaBHBIX YacTel. B Toukax aeneHust cuuThiBarOT 3HaueHUs opauHaTt OPJI u kocunyconpl,
Y, Jajee, BBIYUCIISIIOT IPOU3BEACHHUS ITUX BennuuH. [Iponenypa nokazana Ha puc. 4.1.
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Pucynok 4.1. K pacuery ®IIM o uzBectaon OPJIL.

3areM BBIMOJHSIIOT aJIredpanyeckoe CyMMHUPOBAHHE HAWJIEHHBIX MPOU3BEICHUNA U
MOJIy4arOT 3HaYeHue yuciurtens ypasHenus (4.5). CymMupyst opiuHaThl B TOYKAX JEICHUS O]
KpuBoil g(x), HaxoauMm miomanas noa kpuBoi ®PJI wnu 3nHamenatens ypaBHeHus (4.5). B 3a-

KJIrOueHne Haxomum T, (s yacToTel V). [loBTOpsis pacueTsl AJii KOCUHYCOMJA APYTHX
4acCTOT, NOJy4aroT psAx To4eK - 3HaueHu! PIIM Ha pa3nu4HbIX MPOCTPAHCTBEHHBIX YACTOTAaX, U
ctpoAt kpuByro ®IIM B koopaunatax 7, = f(v).

B 6omnee obmiem ciryuae HecumMerpuuHoit OPJI anamoruyHbie pacueThl MPOBOAAT TAKKe
U JUJIL CHHYCOM/JI Pa3IM4HbIX YaCTOT U MOJYUYaloT CUHYC - MpeoOpa3oBaHue dypre.

[Ipumep pacuera ®IIM 11 HeckoNMbKUX YacTOT 1o 3agaHHo DPJI mpuseseH B Talil.
4.1.

18



Tabmauua 4.1
Pacuetr ®IIM mo 3amanaoi OPJI

V] vy =2V vy =3v; vq =4v; vs =5v;

X, | n| g(x)|c0sX|g(x)cos X |cos2X | g(x)cos2X |cos3X|g(x)cos3X |cos4X |g(x)cos4X | cos5X | g(x)cos5X
MKM

-6,0 {240,025 |-1,00; -0,025 | 1,00 0,025 |-1,00f -0,025 | 1,00 | 0,025 |-1,00| -0,025
-5,5 | 110,060 |-0,97| -0,058 | 0,87 0,052 (-0,71] -0,043 | 0,50 0,030 |[-0,26 | -0,016
-5,0 {20,070 |-0,87| -0,061 | 0,50 0,035 |0,00 0,000 |-0,50| -0,035 | 0,87 0,061
-4,5 | 30,085 -0,71| -0,060 | 0,00 0,000 |0,71| 0,060 |-1,00| -0,085 | 0,71 0,060
-4,0 | 410,100 |-0,50; -0,050 |-0,50| -0,050 |1,00| 0,100 |-0,50| -0,050 |-0,50 | -0,050
-3,5 | 510,116 |-0,26] -0,030 |-0,87| -0,101 |0,71| 0,082 0,50 0,058 |[-0,97| -0,112
3,0 | 60,140 0,00 0,000 |-1,00| -0,140 |0,00| 0,000 1,00 | 0,140 | 0,00 0,000
-2,5 710,172 0,26| 0,045 |-0,87| -0,150 |-0,71| -0,122 | 0,50 | 0,086 | 0,97 0,167
-2,0 | 810,220 (0,50 0,110 |-0,50| -0,110 (-1,00] -0,220 |-0,50 | -0,110 | 0,50 0,110
-1,5 190,290 (0,71 0,210 | 0,00 0,000 |-0,71| -0,206 |-1,00| -0,290 |-0,71| -0,206
-1,0 {10/ 0,400 0,87 0,348 | 0,50 0,200 0,00 0,000 |-0,50| -0,200 |-0,87| -0,348
-0,5 |11]0,800 (0,97 0,776 | 0,87 0,696 0,71 | 0,568 0,50 0,400 0,26 0,208
0,0 (12]1,000(1,00{ 1,000 | 1,00 1,000 1,00 | 1,000 1,00 1,000 1,00 1,000
0,5 {13/0,8000,97| 0,776 | 0,87 0,696 |0,71| 0,568 | 0,50 | 0,400 | 0,26 0,208
1,0 |14/0,400 0,87 0,348 | 0,50 0,200 0,00 0,000 |-0,50| -0200 |-0,87| -0,348
1,5 |15/0,290 |0,71| 0,210 | 0,00 0,000 |-0,71 -0,206 |-1,00| -0,290 |-0,71| -0,206
2,0 |16/0,220(0,50| o,110 |-0,50| -0,110 |-1,00| -0,220 |-0,50| -0,110 | 0,50 0,110
2,5 (17/0,17210,26| 0,045 |-0,87| -0,150 |-0,71| -0,122 | 0,50 0,086 0,97 0,167
3,0 {180,140 (0,00{ 0,000 |-1,00| -0,140 |0,00| 0,000 1,00 | 0,140 | 0,00 0,000
3,5 |19/0,116 |-0,26| -0,030 |-0,87 | -0,101 |0,71| 0,082 | 0,50 | 0,058 |[-0,97| -0,112
4,0 |20(0,100 |-0,50; -0,050 |-0,50 | -0,050 | 1,00| 0,100 |-0,50| -0,050 |-0,50| -0,050
4,5 |21]0,085]-0,71) -0,060 | 0,00 0,000 0,71 0,060 |-1,00| -0,085 | 0,71 0,060
5,0 122]0,070 |-0,87] -0,061 | 0,50 0,035 0,00 | 0,000 |-0,50| -0,035 | 0,87 0,061
5,5 {23/0,060 -0,97| -0,058 | 0,87 0,052 |-0,71| -0,043 | 0,50 | 0,030 |-0,26 | -0,016
6,0 {240,025 |-1,00{ -0,025 | 1,00 0,025 |-1,00f -0,025 | 1,00 | 0,025 |-1,00| -0,025
Cymmpt 5,956 3,410 1,914 1,388 0,938 0,698
T, 1,00 0,57 0,32 0,22 0,16 0,12

OTMeTnMm, 4TO TpUOOpPETEHHE HaBbIKA BBIUMCICHHI MO MPUBEACHHON CXeme s
cumMerpuuHoid @PPJI mo3BoisieT yMEHBIIUTh OOBEM BBIUMCIECHUM 3a CUET PACCMOTPEHUs
nosnoBuHbl OPJI, Hanpumep, B unrepsaie [0,6].

Ha puc. 4.2 npusenena 7,,, pacCUMTaHHAasi B COOTBETCTBUU C PACCMOTPEHHBIM BBILIE

CIIoco0oM.
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Pucynoxk 4.2. ®IIM, paccuntannas no OPJI.

st Berumciienuss OPJI mo OIIM Takke BOCHOJIb3yeMCS METOJIaMH MPHUOIUKEHHOTO
rapMOHMYECKOTr0 aHanu3a. Il HEKOTOporo 3HadeHus X, aOcuucchl OOpaTHOE KOCUHYC-

npebpazoBanne Oypbe 3aMUIIETCS:

n
0,5+ 2. Ty, ©O827mvyx
g(xy)=—1 (4.6)

n
0,5+ 2Ty,
1
Jlsist yMeHblleHus o0bema BeiauciieHnid paccmotpuM noctpoenne OPJI na nnrepsane (0;

X0 ), KOTOpBIM Takke pazfaenuM Ha 12 gacreld. B Toukax aeneHus MpoBOAUM IEPEMHOKEHHE

3HAYEHHII KOCHMHyCa Ha cooTBeTcTByromue 3HadeHuss PIIM. 3arem, B COOTBETCTBUM C
dbopmynoit  Dypre-npeodOpa3zoBaHuil NEPUOAMYECKON  (DYHKIMM, B ITUX K€ TOYKAX
OCYILECTBJIIEM CYMMHUPOBAHHUE BBIYMCICHHBIX MPOU3BEACHUN ISl pa3iUyHbIX 71V]| NPUOaBIss

0,5-ap =0,5. B 3axntodeHne, IpoBOJUM HOPMUPOBKY coriacHo ¢popmyiie (4.6).
B 1a6:1. 4.2 npuBeneH uncienHblii npumep Beruucienus OPJI no uzsectHoit GIIM.

Tabnumna 4.2
Pacuetr ®PJI o 3apmannoit ®IIM

V] V) = 2V1 V3 = 3V1 V4 = 4V1 V5 = 5V1 g(x,)
No | X |cosX |7 cosx [€OS2X | T cos2x [€os3X |7 cos3X | Cos4X | T cosdx [COS5X | T _cos5X 0.5+ 2Ty, cos

vl v2 v3 v4 v5
0 |0,0/1,00| 0,57 1,00 0,32 1,00 0,23 1,00 0,160 1,00 0,120 1,900 11,00
110,5/097| 0,55 0,87 0,28 0,71 0,16 0,50 0,080 0,26 0,031 1,601 0,84
2 11,0/10,87| 0,50 0,50 0,16 0,00 0,00 -0,50 -0,085 -0,87 -0,104 1,976 0,51
3 11,5/0,71| 0,40 0,00 0,00 -0,71 -0,16 -1,00 -0,160 -0,71 -0,085 0,495 0,26
4 (2,010,50| 0,29 -0,50 -0,16 -1,00 -0,23 -0,50 -0,080 0,50 0,060 0,380 0,20
512,5/0,26| 0,15 -0,87 -0,28 -0,71 -0,16 0,50 0,080 0,97 0,116 0,408 0,21
6 (3,0/0,00| 0,00 -1,00 -0,32 0,00 0,00 1,00 0,160 0,00 0,000 0,340 0,18
7 13,5/-0,26| -0,15 | -0,87 -0,28 0,71 0,16 0,50 0,080 -0,97 -0,116 0,194 0,10
8 14,0(-0,50| -0,29 | -0,50 -0,16 1,00 0,23 -0,50 -0,080 -0,50 -0,060 0,120 0,06
9 14,5|-0,71| -0,40 0,00 0,00 0,71 0,16 -1,00 -0,160 0,71 0,085 0,185 0,10
10 (5,0{-0,87| -0,55 0,50 0,16 0,00 0,00 -0,50 -0,080 0,87 0,104 0,184 0,10
1115,5/-0,97| -0,56 0,87 0,38 -0,71 -0,16 0,50 0,080 -0,26 -0,031 0,119 0,063
12 16,0(-1,00| -0,57 1,00 0,32 -1,00 -0,23 1,00 0,160 1,00 -0,124 0,060 0,032
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Pesynbrarsl Beruncinenuii HaneceHsl Ha rpaduk OPJI (puc. 4.3) u 0603HauEHBI KPYKOUKAMU
(0). Puc. 4.3 noka3bIBaeT yJOBJIETBOPUTEIBLHOE COOTBETCTBHE PACUETHBIX AaHHBIX. OmmoOka
BbIUMCIIEHU He mpeBblaeT 5%. [[nsg Gosiee TOYHOro MOCTPOEHUS HEOOXOOUMO YBEJIHYUTH
YUCJI0 NPUHATBIX JUIs pacdera 4acToT n vy 1o kpusor PIIM.

g(x)

6 -5 -4 -3 -2 - 0 1 2 3 4 5 6
Pucynok 4.3. ®PJI u o6patnsiii nepecuer OPJI mo OIIM.

B cBI3M CcO CHIOXHOCTHIO M3TOTOBJICHUS TECT-OOBEKTOB C CHHYCOMAAIBHBIM
pacnpeneNieHueM HWHTEHCUBHOCTH, Ha IMPAKTUKE 4Yallle MCHOJIb3YIOT TECT-00BEKThl C
pelmeTkamMy, CO3JAIOIIMMK  IPSMOYTOJBHOE pPACHPENCIICHUE WHTEHCUBHOCTH Ha BXOJE
UCCIIENYEMOM CUCTEMBI. BO3MOKXHOCTh UX TPUMEHEHHUSI OCHOBAHA HA TOM, YTO IIPSMOYTOJIbHBIN
CUTHaJ MOXET OBITh pa3iiokeH B psiag Dypbe MO CHUHYCOMAAIbHBIM COCTABJISIOIIMM. OTO
IIPUBOJUT K BBIPAXKECHUIO, NO3BOJIAOIEMY BbIUUCIATE PIIM U1 CMHYyCOMIAIBHOIO CUTHAJIA

T, no n3BectHoit OIIM mist mpsimoyrossHOTO curHana 7,, . Pacuer mpoBoautest o ¢opmyiie
Konrmena:

~ T _ T3_ T5_ T7_
T ="(T, +=2X -2,V | 4.7
v 4( v 3 s - ) (4.7)

Ecmu n3Bectna OIIM st CHHYCOMIAIBHOTO CUTHAJIA T,,N, a HeOOXOJIMMO OMPEICIIUTh
OIIM 17151 IPSAMOYTOJILHOTO CUTHAJIA, TO TIEPECUYET OCYIIECTRIISIOT 1O (hopMyIie:

_ Ty TS T
T =i(Tv _3v v T (4.8)
T 3 5 7

[lpumep pacuera OIIM ans mpsmoyromeHoro curHana. [lycte 7, ommcwiBaercs

dbynkiuen sin X , XxapakTepHOM JJisi CKaHUPYIOIIEH eJIEBON arepTyphl:

T = sin(zvl) (4.9)
wl

rae [ =0,01 MM — muprHa meny.

Pacuetsl 7,, mpencrasiieHsl B Ta0n 4.3.
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Tabmuua 4.3

Pacuer ®IIM
v, v L | wI=X,rpan.|  sinX wl =X, pan. sin X/ X

0 0 0,00 0,00 1,00
10 36 0,59 0,63 0,94
20 72 0,95 1,26 0,76
30 108 0,95 1,88 0,50
40 144 0,59 2,51 0,23
50 180 0,00 3,14 0,00
60 216 -0,59 3,77 -0,16
70 252 -0,95 4,40 -0,22
75 270 -1,00 4,71 -0,21
80 288 -0,95 5,02 -0,19
90 324 -0,59 5,65 -0,10
100 360 0,00 6,28 0,00
125 450 1,00 7,85 0,13
175 1350 -1,00 10,99 -0,09

Hanee, mo ¢opmyine (4.7), Berancisiem 7, . B kadecTBe nmpuMepa NpHBEICHBI PacUeTHI

ISl HECKOJIBKUX YacTOT, a KpuBast 7,, TpeJlcTaBieHa Ha puc. 4.4 MyHKTHPOM.

1= = 4004 050,000 —022 -010)
T 3 5 7 9

_ 4 010

T30 =—(0,
T

_ 4 013

Tyo =—(0,
T

Pemum Takxe 06paTHy}o 3ajjady M BBIYMCIMM 1O paccuutaHHoun 7, DIIM s

CHHYCOUIAIBHOTO curHana 7,, ¢ moMouipto popmydsl (4.8).
[Ipumep pacuera s HECKOJBKMX 4YacTOT TMPUBENECH HIXKE, a pacyeTHble TOYKHU

HaHeceHbI Ha KpuByto 7, . BuauMm xopormiee cOOTBETCTBUE MEXIY KpHBOH 7, , pacCCUMTaHHON

no Gopmyiie (4.9), 1 TaHHBIMU, OTYYEHHBIMU TIPH pacyeTax no ¢popmyie Konrmena.
ﬂ6:£(1,00+0’68_0’00 —-0,30 010) 1,00
4 3 5 7

T3~0:%(1,00+_0’21 O;)O 0,08

T[O:%(O,68 (;14 OOO) 0,49

)=0,73
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TV q
0.8
06
04

0.2 -

0
02 ¢ 100

-0 .4
Pucynok 4.4. T, - cinomHast iuHusS ¥ 7, - MYHKTHP; O — pPacueTHbIC TOUKHU 1), ,

BbIUKCIIEHHBIE IO (popMyiie Konrmena u3 7, .

3. METOIHUKA U ITIOPAJTOK BBIIIOJIHEHUS PABOTbBI
1) Paccuurtats u noctpouts rpaduxk ®IIM no 3anannoit OPJI.
2) Paccuutats 1 noctpouts rpadux ®PJI no 3agannoit GIIM.
3) Paccuurate u noctpouth rpapuk OIIM mis mpsMOYyroapHOTO CUTHaNIa MO 3a/1aHHOM
OIIM 17151 CHHYCOUIANBHOTO CUTHAJIA.
4) Paccunrars u moctpouts rpadux OIIM mis cuHyconganbHOTO CUTHANA 110 U3BECTHOM
OIIM a1 IpsAMOYTOJIBHOIO CUTHAJIA.

4. OBOPYJTOBAHUE U MATEPHUAJIbBI
1) II3BM co cnenuansubiM [10.
2) ITpoexkTop.
3) Kanbkymnstop.
4)) Kapangam, nuHeika, pe3uHKa, MIJLTUMETpoBasi Oymara.

5. COAEP KAHUE U ®OPMA OTUETA
1) Kpatkoe onucanue 1ieinu u MeToauKa paboThl.
2) I'paduku paccuntanubsix GIIM u OPJIL.

3) I'pacuku paccuntanubix 7, u T, .
4) AHanu3 MOJTYYEHHBIX PE3YJIbTATOB.
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Ilpaxkmuueckoe 3anamueNe5 (2 uaca)
BO3JIENCTBHUE PASMBITUSI HA OTOBPAKEHUE OJTHOMEPHOM
IITPUXOBOW JETAJIU N30BPAKEHUS
1. HEJb U 3AJIAYHA PABOTbI
Hear padorbi: u3yuuTh mapy npeoOpazoBaHuit KO - OIIM u meTon MOCTPOCHUS
pacrpeseneHuss UHTEHCUBHOCTH.
3agaum padorbl: wu3yuuth wmeron nepexoma oT PIIM k KO, uzyuutrs MeToam
nepexona or KO xk OIIM, usyuuts crnocod mocTpoeHus Npoduiis MHTEHCUBHOCTH B H30-
OpakKeHUU MEJIKOM IITPUXOBOM JeTau ¢ ucroJib3oBanrem K.

2. OCHOBHBIE TEOPETHYECKHUE CBEJAEHUSA

K BaxHBIM 3a71a4aM OTHOCHUTCSI pacyeT pacipe/iesieHuss MHTEHCUBHOCTH B M300paKeHUHU
OJIMHOYHOW (OTIENbHOM) MEJNKON IITPUXOBOM JI€Talid, BOCHPOU3BOJUMOW B CHUCTEME C
Pa3MBITHEM.

Henocpencrsennoe npumenenne OIIM mnum pacuer BoCnpon3BeIeHNs] B COOTBETCTBUM C
UHTErpaJbHBIMU NpeoOpa3oBaHUAMH IO NPSIMOM TeopeMe CBEPTKM B JIaHHOM Ciydae
JNOCTAaTOYHO TpynoeMok. [Ipome u HarmsgHee sTa 3amada pemaercs ¢ ucnosnb3oBanueM K.
Takum 00pa3om, BOZHUKAET HE0OX0AUMOCTh B peodpazoanuu OIIM B KO.

Kpome Toro, ¢ apyroit CTOpoHsl, B psJie CIy4aeB IPU MCCIENOBAHUU CUCTEMBI WIIA €€
OTJIETIbHBIX 3BEHHbEB OBIBAET HEBO3MOXKHBIM pa3MeElIeHHEe B OOBEKTE MEPUOJUYECKOrO TECT-
00BEKTa, HO B TO K€ BPEMSI B CAMOM OOBEKTE UMEIOTCS OT/ACIbHbIE JETAIN C PE3KUMH KpasMH.
AHanu3 Takux Jeranerd no3poisieT noiryuutbh K®. CrnenoBaTenbHO, B 3TOM CiIy4ae i OLEHKH
NepeIaTOYHbIX CBOMCTB BO3HHKAET HEOOXOAMMOCTh B PEIICHUU OOpAaTHOM 3aJlauM - Mepexojie
ot KO x ®IIM.

OcranoBumMcs noapoOHee Ha npeodpazoBanusix ot OIIM k K®, u, naodopot, ot KO «
OIIM. Hna pacueta @PIIM no wuzBectHom K@ mnepBoHadanbHO HaxomaT PIIM s
IPSAMOYTOJIBHOIO CUTHAJIA, a 3aTeM nepecuuTsiBaroT ee B GIIM s cuHyCconaanbHOrO CUrHasa
(cm. 11a0. pab. Ne 4).

Ecmu m3Becten rpadpuk K®, to anroputm moncka ®IIM Ha gaHHON 4acTOTe vV MOXKHO
IPEACTABUTH KaK MOCIJIEI0BATEIBHOCTD IIIATOB:

® PACCUUTHIBAIOT OTPE30K Ax =1/2v ( MM UJIU MKM)

* paznersroT 30Hy nepexoga K@ Ha oTpe3ku ¢ marom Ax; 3TOT IPOLECC HAYMHAETCS C
pa3MelleHus oTpe3ka Ax CUMMETPUYHO ocu opauHatr rpaduka KO (mim cuMMETpuyHO OCH
3HaueHuil K®); Ha30BeM 3TOT OTpe30K Ax LEHTpaJbHBIM; M Jajiee BIIPABO U BIIEBO OT KpaecB
HEHTPAJTILHOTO OTpe3Ka Ax BHOBb OTKJIQJBIBAIOTCA OTpe3ku Ax (cM. puc. 5.1);

* ocH a0OCIUCC M3 TOYEK, COOTBETCTBYIOIIUX KOHIIAM OTPE3KOB Ax, BOCCTaHABIMBAIOT
NEPHeHAUKYIIAPHI IO MepecedeHus] ¢ KpaeBoil (DYHKIMEH; TOUKU MEePEeCceueHUus WHIACKCUPYIOT
(mammpumep, B OykBeHHOM Gopme) (cm. puc. 5.1);

* 3HaueHUsIM KO, nmpuxonsdmmmcs Ha KOHLBI LEHTPAJIbHOIO OTpPE3Ka, COOTBETCTBYET

) max
I1apa 3HAYCHUU E a , 3HAUYCHUAM KCD, MpUXOoIAIUCCa Ha OTPC3KH, KOTOPBIC PACIIOJIOKCHBI

BIIPaBO U BJIEBO OT IIEHTPAIbHOIO, COOTBETCTBYIOT Maphl 3HadeHuit E™'"; 3a HMMH BIEBO M

) E max; MpOLECC CIIEAOBAHUSA

BIIpaBO OT OTPC3KOB BHOBBb PACIIOJOKCHBI OTPC3KH

smavenmit EM%*y g™ JUIS. TaHHOM 4acTOThl V TEPUOJUYECKH TMOBTOPSETCS HEOOXOIUMOE
YHUCJI0 pa3 MoKa He nepekpoeTrcs Bes 30Ha nepexoaa Kd (em. puc. 5.1);

* paccunThiBatOT 3HaUueHUd PIIM 11 npsAMOyroJIbHOrO CUrHajga Ha JaHHOM 4acToTe V
o ¢opmyiie:
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]
Pucynok 5.1. K pacuery 7,, mo K®. G, H, I, K — n mrpuxoBbie BCloMOraTenbHbIE JINHUU — K

pacuery 77g. A, B, C, D, E, F 1 lITpuX-myHKTUPHBIE BCIIOMOTraTENbHbIE JTUHUN — K pacyeTy

max n v

roe £ uk PaCCUYHMTHIBAIOTCS KaK CYMMBI Pa3HOCTEH OpJMHAT OTPE3KOB MapKUPOBAHHBIX
max

COOTBETCTBEHHO JIn6o £ b0

- E‘r}nax _ E‘r}nin

min
E

max
EV

min
+E,

Jlns mpumepa, IpUBEICHHOTO Ha puc. 5.1 umeeM:
* JIJISI YaCTOTHI V = 1OMM_1

* JUIA 4acTOThI v =20MM

B cootBeTcTBHU C pPacCMOTPCHHBIM AJITOPUTMOM BBIIOJHAIOT ITOCTPOCHHA U PACUYCTBI

1.

b

>

Emax :([—H)

E™ = (H -G)+(K -1

EM™* =(D-C)+(B-A)+(F -E)

E™ =(C-B)+(E-D)
Pe3ynbTarhl pacueToB A JAaHHBIX YacTOT MpUBEEHBI B Tabmue S.1.
3HaueHur PIIM s qpyrux 4acTor.

h{x) ¥ 1

- e s e o

Thg .

BBIYHCIICHUN UCTTONIB30BaHbI opMysl (5.1-5.3).

B tabn. 5.1 npusenen npumep pacuera 7, mns aByx yactot o K@, (cm. puc. 5.1). s

2

3

- = = =

Tabmuma 5.1
Pacuer 7,, no K®.
o l| P12=172v E nax Enin T,
10 0,050 0,91-0,09=0,82 0,09+(1-0,91)=0,18 0,64
20 0,025 (0,81-0,19)+(0,19-0,03)+0,03+0,03=0,68 (0,19-0,03)+(0,96-0,81)=0,31 0,38

Ecnu Heobxomumo niepeiiti ot 7, k 7, , TO monb3yroTes popmyroit Konrmena.
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Hnsa pacueta K@ mno wussBectHo @PIIM cHawana mnepecuutsiBaror PIIM s
cuHycomnaaabHoro curtana B ®IIM mist mpsiMoyroiapHOro curaana (cM. 1ad. pad. Ne 4).

Canenyrouwmii war - nocrpoenue K® no paccunrannont 7,, . 3nech ucnoaszyem Gopmyiy,
B COOTBETCTBHUH C KOTOPOil 3HaueHue opanHatel KO B Touke x, T.€., npu x =1/4v paBHO:

T, +T,/2+2
h(x)="Y—"13 (5.4)
4
rne 7, - xo3pduuumeHT nepepayd MOIYJISALUUM Ha MPOU3BOJIIbHOW uactore Vv; T,/3 -

ko3 pUIIMEHT mepeaadun MOTYISAIMNA Ha 4aCTOTEe, BTPOE MEHBIIICH YacTOTHI V.

Opaunaty Toukn K® ¢ abcmuccoit x =—1/4v HaxomsIT W3 M3BECTHOI'O COOTHOIIECHUS
h(—x)=1-h(x) (cm. 1ad. pab. Ne 3).

[ToBTOpSsisA pacdeTsl JUIsl pa3iMuHbBIX Vv, Ipou3BoAsAT nocrpoenue Bceil K. Ilpu stom,
OUYEBHUJHO, YTO TOYKM Hadana (—xp) M OKOHYaHHMA (Xp) 30HBI IEPEXONa, B KOTOPBIX

h(=xp)=0 n h(xy)=1, onpenenstorcs no mpeamecTsyromeid Hadany crnaga GIIM wacrore
Vo, Tae eme T V_o =1, a3arem cieayet cnag ®IIM, T.e. ®IIM cTaHOBUTCS MEHBIIE €IUHUIIBI
(7, <1).

Ha puc. 5.2 nokazanst ®IIM 7, u cooTBeTcTBYIOImas e 7, .
T(v)

Pucynok 5.2. T, - cinomnas muaus. 7, - MyHKTUPHAS JIUHHSA.

Hanee no paccunrannort ®IIM 7,, no dopmyine (5.4) Haxonat A(x) - K®. B Tabdxn. 5.2
JUTS HECKOJIPKUX 3HAUYEHUH X MPUBOIUTCS YMCICHHBIN MPUMED pacyera.

Tabmuma 5.2
K pacuery K® no n3sectnoii 7,,
v, MM x=1/4v, Mmm h(x) (cm. §-ny (3.4)) h(=x)=1-h(x)
10 0,0250 (0,64+3)/4-(1- 1-0,91=0,09
-0,0250 1).4=0,91
20 0,0125 (0,38+3)/4-(1- 1-0,81=0,19
-0,0125 0,92)/4=0,81

B nuHeitHOM cucteMe ¢ pa3MbITHEM paclpeiesieHne WHTEHCUBHOCTH B M300pa’KeHUU
MenKou feranu MetogoM K@ paccunTtsiBaroT:
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* i WTpUXa Kak CyMMY JBYX IPOTHMBOIOJIOKHO HampaBiieHHbIX K®, wneHTpsl
CHUMMETPHUH KOTOPBIX CMEIICHBI HA PACCTOSHUE, PABHOE IIUpUHE TpuXa [, T.e. £y =FE| + E)

(rne E1 u E, - NIPOTHUBOIIOJIOKHO HanpasieHHble KD);

* JUIs MPOCBETAa Kak CyMMYy JBYX MPOTHBOMNOJIONKHO HampaBieHHbIX K@, 1eHTpbl
CHUMMETPHUHM KOTOPBIX CMEIIEHbI Ha PAcCTOSHHUE, PAaBHOE IIMPUHE IPOCBeTa [/, 3a BBIUETOM
enuHUbI T.€. By =E;+E) —1.

3HAYCHME HHTCHCHBHOCTH HA TEOMETPUYCCKON IPAaHUIEC 0003HAYMM KaK £, .

Ha puc. 5.3 nmoka3zaHo mocTpoeHrue MEJIKuX JeTajled (IIUPOKUX MITpUXa M MPOCBETA) U
OTMEUYECHBI BAXKHBIC JIJI1 BOCITPOU3BEICHUS MEJIKAX JE€TAIEN TOUKHA - FE 2p ’Eu ;

[ITpux IIpocser
(EZ =E1+E2) EZ =E1+E2—1

E;

I'-'I T lrl/;z_f'
I
Yy
{ Erp=0.5
m%ﬁu“ﬂ

Pucynox 5.3. K moctpoenuto npoduiast THTCHCUBHOCTH OTIAEIHHOM MEITKOW IITPUXOBOU
JeTau.

3. METOAUKA U ITOPAAOK BBIIIOJIHEHUA PABOTDBI

1) Paccuutate ®IIM mns cuHycoumanbHOro curtana mno 3amaHHoid K®. Iloctpouts
rpaduk.

2) Paccuutate K® mo 3amanHoit ®IIM mns cuHycompanpHOTO curHajia. IlocTpouth
rpaduk.

3) [MocTpouTs rpaduk pacupeneaeHuss ”HTEHCUBHOCTU B U300PKEHUH IITPUXA
(ILIMPOKHUIA, Y3KHI1, OYEHb Y3KUU, CYNIEpY3KHUIl) B CUCTEME, pa3MbITUE KOTOPO onuchiBaeTcsa KO
no . 4.2.

4) Iloctpouts rpaduk pactpeneneHnss UHTEHCUBHOCTU B M300paXEHUH MPOCBETA
(IIMpOKUH, Y3KUW, OYE€Hb Y3KUH, CYIIEpy3KHil) B CHCTEME, pa3MbITHE KOTOPOM onuckiBaeTcss KO
no m. 4.2.

4. OBOPYJIOBAHUE U MATEPUAJIbBI
1) IT9BM co cnenuansubiM [10.
2) IlpoekTop.
3) Kanbkynsrop.
4)) Kapanaarm, nuHeiika, pe3uHKa, MIJIJTUMETpOBas OymMara.

5. COAEP’KAHUE U ®OPMA OTYHETA
1) Ha3Banue u 1iesb paboThl.
2) KpaTkoe TeopeTnueckoe 000CHOBAHHE.
3) Pacuet u noctpoenne OIIM no 3agannoii KO.
4) Pacuer n nocrpoenue K® no 3agannoit ®IIM.
5) KpuBble pacnpeneneHuss ~MHTEHCUBHOCTH B W300pPAKEHUHM  MPOCBETOB,
BOCIIPOM3BOJIMMBIX B CUCTEME, pa3MbITHE KOTOpO# onuckiBaeTcs KO mo n.3.2.
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6) KpuBeie pacmnpeneneHuss  MHTEHCHUBHOCTH B HM300pPaKEHUU  IITPHUXOB,
BOCIIPOM3BOJIUMBIX B CUCTEME, pa3MbITHE KOTOpOo onuckiBaeTcss KO mo m.3.2.
7) AHanu3 pe3yiabTaTOB U BBIBOJBI.
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Ilpakmuueckoe 3anamueNe 6 (2 uaca)
MOJIEJUPOBAHUE ®JYKTYALNN N30BPAKEHUSA U KOPPEKIIUS
HIYMOBBIX XAPAKTEPUCTHUK
1. HEJIb U 3AJIAYA PABOTHI
Iear paboThI: TO3HAKOMUTHCS C OTIACIBHBIMH BUJAAMHU (DIyKTyaluid - IIIyMOB
N300paKCHUS, METOJIaMHU WX OIHMCAHMS, OIICHKH, a TaK)Ke C HEKOTOPHIMHA METOJIaMU KOPPEKIIUU
IITYMOBBIX XapaKTEPUCTHK.
3agaum padoThI: MPOMOJACIUPOBATh (IIYKTYallUH IITYMOBOW CTPYKTYPBI U BBISBUTH MX
B3aMMOJICHCTBHE C N300paKCHUAMHU Pa3HOTO BUA. [IpoBeCTH KOJMYSCTBEHHYIO OIICHKY IITYMOB
U BBISIBUTH 3aBUCUMOCTH CJICJITAHHOM OIEHKH M KadyecTBa M300pa)KCHUS OT YCIIOBHMM aHaW3a U
BEJIMYMHBI IMTyMOB. M3y4uTh METOJBI M3MEHEHMS ITyMOBBIX XapaKTEPHUCTUK H300paKeHHS B
nporpamme Photoshop.

2. OCHOBHBIE TEOPETUYECKHUE CBEJIEHUSA

OnHOlt M3 OCHOBHBIX XapaKTEPHUCTUK HMH(OPMALMU, COAECpKAIIecs B HM300paKeHUH,
ABIIICTCS CTENEHb €€ 3allyMJICHHOCTH, T.e. NPHUCYTCTBHE B H300paXCHHM pa3HOTO BHUIA
GuykTyanuii, HapymaoIumx THPOPMAIMOHHYIO CTPYKTYpY H300pakeHus. OTu (QIyKTyauuu
MOTYT TIOPOKJAThCS, HAMPUMEp, 3E€PHHUCTON CTPYKTYpor ¢oTorpaduyeckoro MovYepHEeHHUs,
dbopMupytolero n300paxkeHne, Wi MapanuHamu, MSITHAMHA. Takue IIyMbl HOCAT CIydYaiHBINA
xapaktep. B HeKOTOphIX ciydasx (IyKTyallidl BBIHYKJIECHHO BHOCSTCS B HM300pa)KeHHE HA
paHBIX JTamax ero oOpabOTKM M MOTYT HOCUTh JETEPMUHUPOBAHHBIA, T.€. HE COBCEM
CIIyyallHBIM WM Ja)ke peryispHblii xapakTtep. Hampumep, Takke Kak HIyMbl HYKHO pac-
CMaTpHUBaTh, €CJIM B KaU4e€CTBE AHAIU3UPYEMOTO M BOCIPOU3BOJUMOTO M300paKEHUS CIYKUT
n300pakeHne, UHPOPMAIMOHHOE TOJie KOTOPOro CHOPMHUPOBAHO CTPOYHOM WIM TOUYCHHOU
cTpykTypamu. Hanuune ux npu JajibHEUIIEM BOCHPOU3BEICHUN HEXKETATEIBHO U C 3TOM TOYKHU
3pEHHUS 3TH CTPYKTYPHI MPEJACTABISAIOT (IIYKTyallluu, T.€. UIyMbl H300paKeHUs, HAPYIIAIOIINe
uHpopMalmoHHoe mose. Tak, MOXXHO HMHTEPHPETUPOBATH M MOJYTOHOBOE H300paxKeHMUs,
NOJy4YeHHOE PAacTPOBBIMU ToJurpadpuyeckumMu crnocodamu medatd. Hampumep, npu
BOCTIPOM3BECHUH WUIIOCTPALlMM W3 CTApod KHHUTM WM JKypHaja 3TO pPacTpUpPOBAHHOE
N300pakeHne CIy)UT opuruHaioM. OHO UMEET PETYISIPHYIO PacTPOBYIO CTPYKTYPY, KOTOpas
MEIIaeT BOCIPOM3BEACHUI0O M C OTOW TOYKH 3pEHUS MOXKET paccMaTpUBaThCA Kak
HEeXKeNaTelbHble (IIyKTyaluu, HIyMbl H300pakeHus. UuTaTenb Kak MPUEMHUK I€YaTHOTO
MOJTlyTOHOBOTO M300pa)KEHUsSI HE HYXKIAETCS B €r0 pacTPOBOM CTPYKType, CO3/1aBaeMOil MOJH-
rpaducTamMu BCIEACTBUE TEXHOJIOTMUECKOW HEOOXOIMMOCTH, U YEM MEHEe OHa OyJeT 3aMeTHa,
TEeM Jyuuie OyJeT BOCHPUHHMMATHLCS MOJYyTOHOBOE M300pakeHue. Takum oOpa3oM, U C ITOU
TOYKU 3pEHUs] pacTpoBasi CTPYKTypa SIBJISETCS IIYMOBOM CTpyKTypoid. B oTimuume ot
CIIy4altHOM 3epHUCTOM CTPYKTYphI TouepHEHUs B (hoTorpadmyeckoM n300pakeHUH, pacTpoBas
IIyMOBasi CTPYKTypa OyneT B OOJbIICH CTENEeHH CKOppelupoBaHa C u300paxeHueM. B
HACTOSIIIIEE BPEeMsI KPYr M300paKEHHM C PEryJSpHBIMHU, TCEBIOCIYYAMHBIMU U CIyYalHBIMU
PacTpOBBIMU CTPYKTYypaMH, KOTOPHIE MOXXHO PacCMAaTPUBATh KaK IIYMOBBIC MPHU JaTbHEHIIIEM
BOCIIPOU3BEJICHUN HTOr0 HM300paXeHUs, JOBOJBHO IIMPOK M BKIIOYACT H300paxeHUs,
MOJIYYCHHBIC KCEPOKONUpOoBaHUEM, IU(dpoBoil ¢doTorpadueid, ¢ MOMOIBIO Ja3epPHBIX
MPUHTEPOB U T.1I.

[loaToMy mipu aHanu3e HW300pakeHHs] MJis1 BbBIOOpAa CTpaTerMd €ro nepeaadyd u
BOCIIPOM3BEJICHUSI OYCHb BAXKHO yMETh OIICHMBATh HAJIMYME IIYMOB M WX BO3JCHCTBHE Ha
U300pakeHne, a TaKXkKe OMPEACNATh KAYECTBEHHYI0O M KOJIMYECTBEHHYIO XapaKTEPUCTHUKY
3alTyMJICHHBIX H300pakeHUH.
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Bo3moxxHbI pazHbie BUbI ItyMoB. Hanbosee yacto BcTpedaeMslil (cinydail GuIyKTyaruu
ONTHYECKOW IUIOTHOCTH H300paXEHUs] BOKPYI €ro CpEIHEro 3HAYEHHS N0 KaKOMY-JIMOO
IPOU3BOJBHOMY 3aKOHY, HampuMmep, N0 HopMmanbHOMYy. IlmoTHOCTE pacnpeneneHus
ONTHYECKOU IJIOTHOCTU U300pAKEHUS TOT'/1a paBHa:

1 (D; - D)?

p(D)= exp
Vpod

rae D - cpenHee 3HaYeHHUE ONTUYECKOM MIIOTHOCTH, D; - ee TeKyluil orcuer (puc. 6.1).

(6.1)
2012)

Pucynox 6.1. @nykryanuu onTHYECKOU MIIOTHOCTH U300PasKEHHUS.

KonuuectBeHnHas XApaKTCPHUCTUKA TAaKHUX IIYMOB MOXKCT OBITH BbIpa’KCHA YCPC3
[mapamMeTp KpI/IBOﬁ pacipenaciicHusi, a UMCEHHO 4€pPE3 CPCAHC-KBAAPATHIHOC OTKIIOHCHUE O ) OT

CPCOHCTO:

op = 3(D; - D)’ 6.2)

Bennuuna D; 3aBUCUT OT YCIOBUH U3MEPEHHMs, @ UMEHHO OT TOM IIJIOIIAIH, [10 KOTOPOU
IIPOBOJUTCS UHTErpupoBanue 3HadyeHud D;. 1IoHATHO, 4TO €Cnu MHTErpUpPOBAaHUE 3HAYCHUU
IPOBOJUTCS 110 OONBINON IIJIOLIAH, IOTy4aeMble 3HaueHs: D; paBHbI WIN OJIN3KH K D . Yem

MEHbIIIE UIONIaAh U3MEPEHUHN, TeM OOJIbIle O OMNPEEICHHBIX MPEIeTIOB MOTYT OTIMYAThCS
3HaueHus D; ot D, tem Oonbuie op. Ilnomans mHTErpupoBaHus onpenensercs: anepTypon
U3MEPUTEIHPHOTO WJIM CUMUTHIBAIOIIETO YCTPOWMCTBA, W 4YeM OOJbINE Takas ameprypa, TeM

OOJBIIIE YCPENHSIOTCS IIyMbl HM300paXEHHs, TEM MEHBIIE WX BIMSHUE Ha TOJIy4aeMmble
pe3yibTaThl OIIEHKH U300pakeHus (puc. 6.2).

[

PucyHok 6.2. YcpeaHeHHe ONTUIECKON IIIOTHOCTH H300paskeH s anepTypoil Dy < Dy # D ;
Dll ~ D% =D.

JUis  Toro 4roObl MOXHO OBUIO OLIEHUTh BHU3YAJIbHOE BOCHPHUSTHE IIYMOB,
U3MEPHUTENFHOE YCTPOMCTBO JOKHO BOCIPOU3BOAUTH (YHKIUIO Tepeayd MOIYJISLHUU
yenoBedeckoro ria3a. Eciu m3o0pakeHne CUHUTHIBACTCS B TEXHUYECKOW CHCTEME, UCIIONb3YS
pa3Hbl€ YCJIOBUS €r0 CUMTBHIBAHUS, T.€. U3MEHSS pa3Mephbl CUMTHIBAIOIIEH anepTypbl, MOXKHO

BJIUATH HA BEJIMYMHY IIyMa W OTHOILIEHHE cUrHA/myM. [Ipu 3TOM HE0OX0IMMO OMHHTb, YTO
YBEIIMUMBAs arepTypy, Mbl YMEHBIIAEM BEIMYMHY LIIymMa, HO Ipu dToM yxyamaem OIIM
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CUCTEM CUUTBHIBAHUS, M, CIIEJOBATEIbHO, YXYJAIIAEM BOCIPOU3BENECHHE BBICOKOYACTOTHBIX
CUTHAJIOB - PE3KOCTh U300paKEeHUSI.

B OunapHoMm wn300pa)k€HUH, B KOTOPOM MOTYT OBITh TOJIBKO JBa YPOBHS BEJIMYHHBI
CUTHaja, UIyMbl MPEACTaBISAIOT COO0OM OMHApHBIE CiydailHble NpeoOpa3oBaHHs CHUTHANIA -
CIy4YalHbId HMIYJBCHBIM IIyM. Tak, BMECTO CHTHaJla C YPOBHEM 'UEpPHOIO" CIy4ailHO
BO3HHMKAET CUTHAJ C ypoBHeM "Oenoro", u HaoO0opoT. Takue cuUrHajibl, HHBEPTUPOBAHHBIE B
IIPOTUBONOJIOKHBIE, SBIAIOTCA "JOKHBIMH', ITyMOBBIMU. KOJIMUECTBEHHON OLIEHKOW LIyMOB B
OTOM Cily4ae MOXKET CIIYKHTb KOd(DOUIMEHT 3allyMIeHHOCTH K, KOTOPBIA ONpelemsercs

OTHOLICHUEM KOJHMYeCTBa '"JOXKHBIX" 3yeMeHTOB N, K o0OueMy 4YHClIy 3JIEMEHTOB
n300paxkeHust N U pacCUUTHIBAETCA:

K NJZ N]l

N N,+N,
N, u N, - ducno "uctuHHbIX" U "NMOXHBIX" 3JIeMEHTOB B u300paxkeHuu. Ilpu sTom

(6.3)

wym —

CUMTAETCSI, YTO Pa3MEphl 3JIEMEHTOB - YEPHOTO M OEJIOro - paBHbl M NOCTOSHHBI, MEHSAETCS
TOJIBKO UX KOJIMYECTBO.

OpHako, ecnu CYUTHIBAHWE W300paKeHHsI MPOU3BOJAUTCS MPUEMHUKOM C amnepTypoil,
pasMep KOTOpoH OoJjbllie »3JIeMEHTa H300pakeHUs, MNPOUCXOJAUT YCPEIHEHUE CHUTHAaIa,
MOJIYy4EHHOTO0 OT HECKOJBKHUX AJIEMEHTOB M300pa)k€Hus, NMOMABIIMX B anepTypy NpHEMHHKA.
Benuuuna monydeHHOro curHaiga OyAeT pa3iuyHa B 3aBUCMMOCTH OT COOTHOILIEHHS YHUCIIA
"yepHbIx" 1 "0enbIx" 3meMeHToB. Takum 00pa3om, MpU CYUTHIBAHUU OMHAPHOTO U300paKeHUS
BMECTO JABYXYPOBHEBOI'O CUTHajIa Oy/ET MOIy4YaThCsl CUTHAJ CO MHOXECTBOM ypoBHeH. Takoi
CUTHAJI B NPHUHIMIIE MOXKET OLICHUBATHCA C IOMOIIBK CTO, KaK 3TO ONMCAHO BbIe. Ecin
CUCTEMa BOCIPOM3BEJICHUS OWMHApHA, TaKOW MHOI'OYPOBHEBBII CUTHANl JIOJKEH OBITh CHOBA
OpUBEAEH K JABYXYPOBHEBOMY. OTO OCYLIECTBISETCS METOAOM IIOPOrOBOrO pa3/ieICHUs.
Hanpumep, Bce curHaiibl, ypoBeHb IPKOCTH KOTOpbIX MeHbIie 0,5(N, > N ), IpUpaBHUBAIOTCS

K «YEpHOMY», a BC€ CHUTHaJbl, YPOBEHb SIPKOCTH KOTOpbIX Oosbmie 0,5(N, < Ng), npu-

paBHUBAIOTCA K «Oemomy». Jljis Takoro mpeoOpa3oBaHHOTO M300paXKEHUSI CHOBA MOXET OBIThH
Haiinen K. BcmencrBue toro, 4ro Ky, B TCPBUYHOM H300paXCHHH OOBIYHO

3HaYuTeNbHO MeHblle (0,5, pu TakoM NpeoOpa3oBaHUU C UCIOJIB30BaHUEM OOJIBIION anepTyphbl
cuuThIBaHUA K, BTOPHYIHOIO U300pKEHUSI YMEHBIIAETCS. JTO CBA3AHO C TEM, YTO «JIOXK-

HBIE» DJJIEMEHTBI, COCTABJISIONIME MEHBIIMHCTBO Ha PAaBHOMEPHOM TMOJE U300paKeHUs,
YCTPAHSIOTCS TIPU YCPEIHEHMM W Toclenyromieil Ounapuzamuu. C TOYKHM 3peHUs
3aIIyMJICHHOCTH, TIONYYCHHBIH CHTHan w300paxkeHus yaydmaercs. OmHako, Kak W B
OPEeabIAYIEM CiIydae MHOTOYPOBHEBOTO CHUTHAJIa, YBEIMYCHHE alepTypbl CUWUTHIBAHUS
OPUBOJUT K YXYAIMICHUIO BOCHPOW3BEIACHUS BBICOKOYACTOTHBIX CUTHAJIOB H300paKEHUS -
MEJIKUX ITPUXOB, PE3KUX KPAEB JeTauel N300paKeHUs U T.11.

Ha mnpaktuke B mnporpammax oOpabOTKU H300pKEHUN UCIHOIB3YIOTCS METOJIbI
BO3JICHCTBHSI HA IIyYMOBBIC XapaKTCPHUCTUKH, IOJAOOHBIE PACCMOTPEHHBIM MOICIBHBIM
metogam. Hampumep, B mporpamme Photoshop mpemycmoTpens! crieninanbHble MOATPOTPaMMBI
- (QuIbTpHI, TMO3BOJIAIONIME TOBBILIATE W TMOHWXATh 3alIyMIIEHHOCTh 00pabaThiBaeMBbIX
nu3o0paxkenui. Jyig moOaBiieHHs IyMOBOM CTPYKTYphI B M300paK€HUE OpUTHHAJIA, HAIIPUMED,
B XYJOKECTBEHHBIX IIe/sX, B Tmporpamme Photoshop wucnonssyror ¢uastp Add Noise
(o6aBuTh 1IyM), KOTOphIe HaxoAsaTcs B MeHIo Filter/Noise (bunsTp/irym).

Ounbtp Add Noise wumeer Tpu HacTpamBaeMmblx TmapameTpa: Amount (ypoBeHb
perynupoBanusi), Distribution (pacnipenenenue), Monochromatic (MOHOXpOMaTUYHOCTB):

* Amount. [TapameTp npegocraiger peryaupoBky B npeaenax ot O no 500;
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* Distribution. Pacnpenenenue moxer HocuTh ciydaiHelii xapaktep (Uniform), u, B
9JaCTHOCTH, TIOIYMHATHCSI HOpManbHOMY 3akoHY ["aycca (Gaussian);

* Monochromatic. [Ipu BximroueHHOM mapamerpe Monochromatic nrymoBasi cTpyKTypa
dopMupyeTcsi 3a CcueT H3MEHEHHUS TOJBKO SPKOCTHOM COCTaBISIOUICH CHUTHajda, a Npu
BBIKTFOYCHHOM Mapamerpe Monochromatic - mrymoBas CTpyKTypa COCTOMT W3 OTIENBHBIX
I[BETHBIX ITSATCH.

Mento Noise BKIIOYaeT Takke TpU (UIbTpa, MOJABISIIONIMX IIYMOBYIO CTPYKTYpPY
nzoopaxenus: Despeckle (peryms), Median (ycpeanenue) u Dust & Scratches (mbuib u
IaparvHsbl).

Camprii mpoctoit  ¢umetp Despeckle He wuMeeT MONMOTHUTENBHBIX HACTPOSK W
OT(QWIBTPOBBIBAET IIYMbI H300pa)KEHUS Cpa3y MOCIIe 3aImycKa.

bonee cnoxueiii punetp Median HacTpamBaetrcss mo mapamerpy Radius (paamyc) u
KOPPEKTUPYET CUTHAJ TEKyIIero oopadaThiBaeMOro MUKCes N300paKeHus, T00aBysas K HEMY
CUTHAJ, yCPETHEHHBIN Ha y4acTKe U300paKeHUs!, OTPaHUYCHHOM 3aJJaHHBIM PaIuyCOM.

HawnbGomnee cnoxubrit punbTp Dust & Scratches mmeer nBa mapamerpa HacTporiku: Radius
(pamuyc) u Threshold (mmopor).

[Tapametrp Radius ¢pumbrpa Dust & Scratches nmeer HazHaueHue, MOO0OHOE TTapaMeETPy
Panuyc ¢unbtpa Median, a mapamerp Threshold perymupyercs B mpeaenax or 0 go 255 u
onpeaesieT KOHTPACT N300pakeHHsl, MPU KOTOPOM HAauMHAET padoTarh PuibTp. YeM MeHbIle
yctaHaBiuBaeMoe 3HadeHue Threshold, tem Oonee addextuBHo padotaer Guibtp Dust &
Scratches.

Hcnons3oBanue B mporpamme Photoshop ommcanHbIX (GUIBTPOB MO3BONISAET B HIMPOKUX
npeaenax W3MEHATh 3allyMJICHHOCTh 00pabaThiBaeMbIX H300paKCHH B 3aBHUCHMOCTH OT
PENBABIIEMbBIX K KaU€CTBY BOCIIPOU3BECHUS TPEOOBAHUIA.

3. METOAUKA U ITOPSAJOK BBIIIOJIHEHUSA PABOTbI
1) C nomomiblo COOTBETCTBYIOIIEH mporpaMMmbl Ha HKkpane [I9BM mopenupyroT
U300pKEHUE JBYX TECTOB, OJIMH W3 KOTOPHIX COCTOMT W3 IMPUPTOBBIX, a BTOPOH U3
IITPUXOBBIX 3JIEMEHTOB. BBeneHneM c KiIaBHaTyphl HOMEpPA TECTa OCYIICCTBIISIIOT BBIOOp 3a-
JAHHOTO TIPEToAaBaTesieM TecTa.
2) Jlanee Ha skpane [I19BM moxpenupyroT n300pakeHUE paBHOMEPHOIO O€oro MoJis.
Ilpn BBeeHWM C KIaBHAaTypbl 3afaHHOrO koodduumenra K, (3mece u pamee K,

BbIpaxkaeTcsa B %), n3o0paxkeHue Oeoro mojs 3allyMIsieTcsl B CIIy4ailHOM MOPSAKE YEPHBIMU
AJIEMEHTAMM.

3) Ha cnenyromem stane Bo BTOpoM OkHe 3kpaHa [I9BM dopmupyroTr oOecrrymHoe
U300paKeHUE TecTa, a B TPETbEM OKHE OJKpaHa CHUHTE3UPYIOT H300pakeHue TecTa U
HaJIO’)KEHHOM Ha HETO IIyMOBOM CTPYKTYPBI.

4) Nanee c Ki1aBUATypbl BBOIAT pa3Mep amepTyphl - YUCIO 3JIEMEHTOB, (HOPMUPYIOIINUX
CTOPOHY KBaJIpaTHOM anepTypbl. AHATM3UPYIOT KAYECTBO CYUTAHHOTO C MOMOIIbIO BEIOpAaHHOU
anepTypbl 1 OMHAPU3UPOBAHHOTO 3aTE€M M300paKEHUS], BBIBOJUMOrO B YETBEPTOM OKHE DKpaHa
II9BM. 3anuceiBaioT MoJTy4eHHOE 3HaUeHHEe K\, .

5) U3MeHsrOT pasmep anepTypbl U aHAJIM3UPYIOT M3MEHEHHE KAadecTBa IOJIy4aeMOTro
M300pAKCHHS U BEIUIUHBL K, .

6) B 3aBucMMOCTHM OT 3aJaHusi, JAHHOTO IMPENo/aBaTesieM, BO3MOXKHO IOBTOPEHUE
yKa3aHHBIX B IL.I1. 4.1-4.5 onepaiuii 1715 Ipyroro BUAa TECTA WIM BeIUUYUHBI K wym-
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7) AHanu3HUPYIOT NOJYYEHHBIE PE3YJIbTAThl U JIEJAI0T BBIBOABI O BIIUSHHUHU CTPYKTYPbI
IIyMa M YCJIOBUH CUUTBHIBAHUS Ha KAYECTBO IOJYyYaeMOrO0 H300pa)K€HUs T€CTa M BEIUYHHY

K

wym
8) B mporpamme Photoshop otkpsiBatot ¢aiin ¢ Tectom Test RSI.pdf.
9) Ucnonwzys punstp Add Noise, 700aBISIOT IyM B H300pakeHUE TeCTa.

10) Hcnons3ys ¢unetpel Despeckle, Median u Dust & Scratches o0pabaTbiBatoT
TeCTOBOe H300pakeHue. BusyanpHo oneHuBaoT 3((EKT H3MEHEHUs 3allyMJIEHHOCTH
n300pakeHus mocie GUIbTPALK €r0 JaHHBIMU (HIBTPAMHU.

4. OBOPYJIOBAHUE U MATEPHUAJIbBI
1) II3BM co cnenuansubiM [10.
2) IIpoekTop.
3) Kanbkynstop.
4)) Kapannar, nuHeiika, pe3uHKa, MIJLTUMETPOBasi Oymara.

5. COAEPKAHUE U ®OPMA OTYUETA
1) Kpatkoe onucanue OCHOBHBIX TEOPETUUECKUX MOJ0KEHHIM paOOTBHI.
2) 3aganue, nepeyeHb OCHOBHBIX OINEpaluil U pe3yJIbTaTbl HAOIIOICHUN.
3) aHaIM3 MOJYYEHHBIX PE3YJIBTATOB U BHIBOBI.
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Ilpaxkmuueckoe 3anuamueNe 7 (3 uaca)
OCHOBHBIE MOJAEJIN ®DUJIbBTPAIIUN
B PENPOJIYKIIMOHHOW CUCTEME OJJTHOBPEMEHHOM
®OPMATHOM OBPABOTKH U PACUET BO3JIEMCTBUS ®UJIBTPAIIUU HA
BOCIHHPOU3BEJIEHUE U30BPAXKEHUS
1. HEJIb U 3A/IAYHU PABOTbBI
Leab padoThl: N3y4NnTh BO3ACHCTBUE PA3JIUYHBIX 3BEHBEB PENPOTYKIIMOHHON CUCTEMBI
OJIHOBpeMeHHON (QopmaTHOM 00pabOTKM, a TakKe CHCTeMbl B II€JIOM Ha YacTOTHYIO
bunbTpanuo n300pa3uTeIbHON HH(HOPMAILIUH, BOCTIPOU3BOIUMON CHCTEMOM.
3amauyu padoThl: M3YYUTh (PAKTOPHI, BIAUSIOMIMX Ha (PUIBTpAIUMI0 U300pa3UTEIIHHOM
uHbOpMAIK U1 Pa3IMYHBIX 3BEHBEB CHCTEMbI, U U3yUYEHHE METOJIOB pacueTa BO3ACHCTBUS
9THUX 3BCHBCB HaA I-IaCTOTHyIO (anpraumo. I/I3yIII/ITI> METOAbI pacqua COBMCCTHOI'O
BO3/ICHCTBUSI Pa3IMYHBIX 3BEHbEB CUCTEMBI Ha €€ COBOKYIHbBIC (DUIBTPYIOIINE CBOMCTBA U Ha
BOCIHIPOU3BCACHUC I/1306pa)KeHI/I$L

2. OCHOBHBIE TEOPETHYECKHUE CBEJAEHUSA

PenponykunoHHass TeXHUYECKass CHUCTEMa, TMepeaaBas HW300pakeHue, MPOU3BOAUT
npeoOpa3oBaHUE, OKa3blBasi BO3JCHCTBHE Ha BOCIPOM3BEIEHHE HHOpMaUuU. ITO
BO3JICHCTBHE MOXKET OBbITh KaK MOJIE3HBIM, TaK U BPEJIHBIM, HO OHO CYIIIECTBYET OOBEKTUBHO, U
pe3yJbTaThl ATOTO BO3JEHCTBUS MOTYT OBITh HA3BaHbI €CTECTBEHHBIMH, UM CUCTEMHBIMHU TIpe-
00pa30BaHUSIMU.

OngHuM U3 BUAOB E€CTECTBEHHBIX MPEe0Opa3oBaHUIl B cuUCTeME SIBIsIETCS (DUIbTpaIus
IPOCTPAHCTBEHHBIX WM BPEMEHHBIX YacToT B H300paxkeHuu. Onucarh 3Ty (QUIBTpAIUIO
MOXKHO ¢ TIoMoIbl0 GyHKIMU niepeaaun moxayisiuu (OIIM), koTopas, kak mpaBuiIo, MOXKET
paccMaTpuBaThCi B KadecTBe  (PuiIbTpa  HUKHUX  MPOCTPAHCTBEHHBIX  YaCTOT,
OCYIIECTBIISIFOIIETO CHUKEHUE JOJIM BBICOKOYACTOTHBIX COCTABIIAIOIINX B IMPOCTPAHCTBEHHOM
Oypne-criekTpe uzo0paxkeHus. Takum oOpazom, PIIM xapakTepusyeT CTENeHb MOTEpH
PE3KOCTU M300paXeHUsl, €ro MEJKUX JIeTallel B pe3ysbTaTe€ €CTECTBEHHBIX YaCTOTHBIX
npeo0pa3oBaHUil B CHCTEME WUJIU €€ OTJETHHBIX 3BCHBSIX.

JInsi OLIEHKM BO3MOXKHBIX CBOWMCTB CHCTEMBI M TIyT€d €€ COBEPUICHCTBOBAHUS
nenaecoodpasHo ymeTh oreHuBaTh OIIM oTnenbHBIX €€ 3BeHbeB. Torjga MOXKHO JOCTATOYHO
JIETKO  OMNPENENIUTh  3BEHO  CHUCTEMBI, KOTOPOE  MOXET  CIYXUTh  NPUUYHHON
HEYJOBJICTBOPUTENBHBIX CBOMCTB CHUCTEMBI B I1ieJloM. Takoil aHanu3 oOdYeHb obJseryaer
MOJIOKEHHE, YTO JIJIsl TMHEHOM cucTteMbl ee coBokymnHasi @IIM moxeT ObITh HalieHa MPOCTHIM
nepeMHoxeHneM OIIM oTaeNnbHBIX 3BEHBEB CUCTEMBI.

Bo mMHOrux ciyyasix mpeaBapuUTeNbHbIN aHaIU3 U BBISIBIIEHUE CIa00T0 3B€HA CUCTEMBI, B
OOJBINIEl CTEMEeHW OTBETCTBEHHOTO 3a YXYAIICHHE YAaCTOTHBIX CBOWMCTB IMepeaaBaeMoro
U300paKEeHUS, MOKHO CJIEeNIaTh 3a CUET MPUMEHEHUsS MoJeieil PuiIbTpaluu U CO3/IaHHBIX Ha
OCHOBE 3THX MOJENEN pacueTHbIX MeTOA0B onpeaeneHuss CPIIM oTaenbHbIX 3BEHBEB CUCTEMBI.

Pacuetnbie wmetoabl oneHkn @PIIM  MoryT OBbITh TakXke IMOJOXKEHbl B OCHOBY
MIPOEKTUPOBAHUS HOBBIX PENPOIYKIIMOHHBIX CUCTEM.

Bo MHorux ciyyasix MoJenau U pacyeTHble MeToAbl orieHKH PIIM 3BeHbeB OazupyroTcs
Ha (yHIaMEHTaJbHBIX OCHOBAax, Hampumep, (QuU3NYECKOM onTuku. B apyrux ciaydasx
pacuetHble MeToAbl oueHku DIIM npeAcTaBiAOT aHaTUTUYECKUE (HEHOMEHOJIOTHYECKUE
MoAeu (PU3UYECKUX SBJICHUN U TPEOYIOT HAIUYMS HEKOTOPBIX SKCIEPUMEHTAIIbHBIX JAaHHBIX.
Ho BO3MOXXHOCTH Takoro MOJEIMPOBaHHUS W aHaiuThyeckoro pacuera DIIM obneruaer
IIPOEKTUPOBAHHUE CUCTEM.
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PaccmMoTpuM BO3MOXXHOCTH MOJEIMPOBAHUS U pacueTa (UIBTPYIOIIMX CBOICTB
OT/ICJIbHBIX 3BEHBEB CHUCTEMBbI BOCIHpoM3BeaecHUsl (KaHaia nepenauu). 3.1. Pacuer OIIM
00OBEKTHBA.

2.1. Pacuer ®IIM o0bexTHBA.

Ecnn o0bekTuB 0e3a0eppalluOHHBII U TOYHO C(HOKYCHUPOBAH, T.€. Pa3MbITUE Y3KHX
cBeTOBBIX NMy4ykoB ¥ PIIM B MIOCKOCTH ONTHUYECKOTO H300PAKEHUSI OMPENENseTCs] TOJIBKO
mudpakuuen u3ydeHus Ha aneprype oobektuBa, @IIM MoxeT ObITh paccuuTaHa o Gopmyiie:

2
2
TVO =— arccosﬂ—ﬂ 1- A (7.1)
/4 24 24
rne A - 9ucioBas aneprypa; A - JUIMHA BOJIHBI IEHCTBYIOIIETO U3JTy9ICHUS.
Ecnu o6bexTuB pachokycuponan, @IIM ero maxoast mo hopmyre:
2 d
r0 - 2/ivd) (7.2)
nvd

rae d - nuaMeTp IsATHaA pa3MbIThs, J| - GyHKus beccens nepsoro poaa nopsiaka (TaOiauydHble

JTAaHHBIE).
2.2. Pacuer ®IIM ¢orTorpadpuyeckoro cJios.

[Ipu nconbp30BaHNM B KaUECTBE PETUCTPUPYIOIIETO MaTepralia CUIIbHO PACCEHBAIOIIETO
(kpynHO3epHUCTOTO0) (hoTorpaduyeckoro ciosi, ®IIM ero mMoxker ObITH MPOCMOJICTUPOBAH
dbopmyIoi:

1

1+ (nvk/2.3)%

rae k - xoHctanta ®pusepa, xapakTepusylolas ociabieHue paccessHHOro cera. OHa
omnpenensieT IMHUPUHY (QYHKIUM pa3MbITHS, T.€. C YBEJIUYEHUEM Kk  yBEIWYUBAETCSA
CBETOpACCESHUE MaTepuaa.

Ecnu marepuan cnabopacceuBatomuii (Meako3epHucThiii), @IIM ero moneaupyrooT 1mo

dbopmyie:

Tvqb/m _

(7.3)

TP/ -y 12P . (7.4)
1+ (vk/2.3)
rJe O - J0Js HEpacCcesHHOro cera (0e3pasMepHas BEINYHHA).

I'padprueckn OIIM cunpHO- U c1abOpACCENBAIOIINX CPEN UMEET CIAEAYIOIMMA BT (pHC.
7.1).
T,

W
Pucynok 7.1. ®IIM cunbHo (1) u cnabopacceuBaroiiieii (2) GOTOMICHOK.

2.3. Pacuer ®IIM KOHTAaKTHO-KONMMPOBAJILHOIO MpoLecca.
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Jlns mponecca KOHTAaKTHOro konupoBaHuss PIIM KOHTaKTHOW CHCTEMBI IOJIYyYEHUS
n300pakeHus (Ha OCHOBAaHUU TEOPHH IU(PAKUUU B CHEKTPAIBHOM MPEJCTABICHUU) MOXKHO
IPEACTABUTH B CIEAYIOLIEM BHUJIE:

5 (v) = sin[%(l - 2/1W2)S(v)} (7.5)

I'me A - nyivHa BosIHBI HanOoOJIee aKTUHUYHOIO CBETA, 7 - PACCTOSIHUE OT 00beKTa 10 PoTOCIOs
— BEJIMYMHA 3a30pa, S(V) - OMHOMEPHBIN CIEKTP MPOEKIMH CBETAILIErOCs 3JIEMEHTa UICTOYHUKA

CBETA Ha MJIOCKOCTH 00BEKTA, C BEPIIMHOMN MPOEKIIUU HA (POTOCIIOE.
I'padrueckoe popmupoBaHre n300paxkeHUsi B KOHTAKTHOM CUCTEME MPEACTABIECHO Ha puc. 7.2.
r

_______ -

>

A

R
Pucynoxk 7.2. KontaktHoOKONMpoOBanbHas cuctema: [ - TeOMETPUUYECKUN pa3Mep
CBETSIIETOCH IMSITHA UCTOYHUKA U3Ty4YeHUS; R - pacCTOsHHUE OT (POTOCTOS O UCTOYHHKA CBETA,
¥ - PaCCTOSIHME OT OPUTHMHANIA IO MUIOCKOCTH 3aIllUCH WJIH 3a30p; d - IPOEKIUS UCTOYHUKA
U3JIyYEHU HA MNIOCKOCTh OPUTHMHAJIA.

M3-3a HEMONHOrO KOHTAKTa, HEPOBHOCTEH W 3arps3HEHHS TOBEPXHOCTEH OOBIMHO MEXKTY
AMYJILCUOHHBIM CJioeM ¢oTomMatepuasia ¥ OOBEKTOM B KOHTAaKTHOW CHCTEME MPHUCYTCTBYET
BO3IYIIHBIN 3a30p, MHOT/A I CHEIHUANbHBIX IeJeH MexIay (oToMarepuasoM B OOBEKTOM
MOJKET OBITh pa3MEIICHbI TPOKIIAJIKH C MOKA3aTEIeM MPETOMIICHHUS 7 .

Pa3mep msaTHa npoekmn d :

d="" (7.6)

rae D - reOMEeTpUYECKUN pa3MepP CBETALLETOCA IIATHA UCTOYHUKA U3ydYeHUs; R - pacCTOSHUE
OT (pOTOCIIOS IO UICTOYHHMKA CBETA; /- MOKa3aTelb MPETOMIICHHUS IPOMEKYTOYHOTO MaTepuaa
C TOJILIMHOM 7 ; €CJIA 3a30p BO3AYLIHbIN, n=1.

Criektp Kpyruioit anepTypsl (GyHKIUS SINC) pacCUYUTHIBAETCA MO PopMmyIIe:

S(v) = sin(zvl) (77)
vl
rae / - mupuHa CBETAIIETOCS Tella M0 aHATM3UPYEMOMY HampaBICHUIO.
CrekTp KpyrJiol aneptypsl onpenensiercs no popmysne (pyunkus Bessinc):
2
Sy =21, (78)
vd

I'ne Ji(nvd) - pynkuus beccens nepBoro nopsijika nepBoro poja (TabJnyHbIe JaHHBIE).

2.4. Pacuer ®IIM Bceii JIUHEIHOW CCTEeMBbI NMepeIavu CUTHAJIA.
IIpr oueHke JMHEWHOW CHCTEMBI, HUCHONB3ysA IpemMyliectsa Meroma PIIM, MoxHO
paccuntaTh OIIM cucTeMBbI IEPEMHOKEHUEM OTICIIBHBIX €€ 3BEHBEB.
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Hampumep, eciu, 11emb CHCTEMBbI BOCIIPOU3BEICHUS H300paKEHUS BKITFOYACT ONTUYECKOE
3BeHO U (poTorpaduueckuii MaTepra, HCTIOIL3YIOT CISAYIONIYI0 GopMyy:

T¢0)=T° ) -T? (W) (7.9)

rie TS(v) - ®IM cuctems;; T°(v) - ®IIM ontmueckoro 3sema; TP(v) - ®IIM
PErMCTPUPYIOLIETO 3BEHA.

2.5. Ilpumep NpaKTUYECKOr0 pacyeTa BOCIPOU3BeIeHUsSI H300paKeHus] B MHOT03BEHHOM
cUCTeMe OJJHOBpeMeHHOi opMaTHOIT 00pad0TKH (KOHTAKTHO-KONMMUPOBAJIbHAS CUCTEMA €
3anMChbI0 HA cjadopaccenBawiyo ¢pororpadguueckyio IEHKY) ¢ y4eToM PUIbTPYOUIHX

CBOMCTB CHCTEMBI.

B paccmarpuBaemMoMm mpumepe B KadecTBe OOBEKTa BOCHPOM3BEIEHUS BbIOpaH
NepUoOANYECKUN OOBEKT, YTO MO3BOJIIET YMEHBIIUTh OOBEM BBIUMCICHUN 3a CUET 3aMEHBI
unterpana @ypee pagom Dypbe. ITO AaeT BO3MOXKHOCTh NPOBOJUTH pacyeThbl Ha
IPOCTPAaHCTBEHHBIX YaCTOTAX, KPATHBIX OCHOBHOM 4acToTe 00BEKTA.

Jano. 1. llepuonnyeckuili OZHOMEPHBIA OOBEKT (OpUTMHAN) C CHMMETPUYHBIM
pacmpesieieHieM HWHTEHCUBHOCTH MO Mpoduiito oTAenbHOro sneMeHnta. OObBeKT 3ajaH
pacnpeneneHueM ONTUYECKUX IJIOTHOCTEH Ha MOIYNepuoje (3TOr0 JOCTATOYHO BCIEICTBHE
CUMMETPUYHOCTH 00BekTa). [lonynepuos pa3aeneH Ha n paBHBIX yacTel. B Toukax geneHus
ONTUYECKHE MNIOTHOCTH COCTABIISIIOT P
n 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12

D |0,00/0,01|0,06|0,12|0,220,37]0,55|0,80(1,05|1,23/1,30|1,30]| 1,22

2. JluameTrp BXOAHOTO PABHOMEPHO OCBEUICHHOTO 3payka MCTOYHUKA W3Iy4YeHUs,
KpyroBoi ¢popmbel, 4 =40 mm.

3. Bennuwnna 3a3opa, » =1 mMm.

4. PaccTosiHME OT TUIOCKOCTH BXOJIHOTO 3payka J0 MIOCKOCTH ¢doTorieHku, R =1000mm.

5. MakcuMyM aKTUHUYHOCTU CUCTEMBI, A =540 HM.

6. Koncranra ®@pusepa, k =25 MKM.

7. Jlona HepaccestHHorOo cBeta, p =0,6.

Onpedenums. PacripeneneHrve WHTEHCUBHOCTH B 3KCIIOHUPOBAHHOM HEIMPOSBICHHOM
U300paXEHUU MEPUOJUYECKOr0 00BEKTa, BOCIIPOU3BE- JTUMOr0 B KOHTAKTHO-KOMUPOBAJIBLHOM
CUCTEME C perucTpaimeil Ha ciadbopaccenBaroulyo GOTOIIEHKY.

Pewienue.

1. OcymecTBIsAIOT IEPECUET D°? (x)B E 00 (x). JlanHble nmepecueTa NPUBEAEHbBI HUXKE.
n 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12

EO6(x) 1,00 0,97|0,88 0,75 0,60 | 0,43 | 0,28 | 0,16 | 0,09 | 0,06 | 0,05 | 0,05 | 0,06

2. IIpoBomsar mpsimoe mpeobOpazoBanne Dypre nepuoandecko GyHKIUu FE 00 (x), nst
KOTOpOoH crieKTp Pypbe SBIAETCA TUCKPETHBIM.
JlaHHO€ pacnpeaeneHrne UHTEHCUBHOCTU E 00 (x) - 21O yeTHas nepuoauUecKas QyHKIUS.

CrnenoBaTenbHO, €€ CIEKTP, BO-NIEPBBIX, OYJIET NUCKPETHBIM, M, BO-BTOPHIX, OH OyJeT
COZIepKaTh TOIBKO KOCUHYCOUNAIBHBIC COCTABIIAIOIINE, T.€.:

E06( _ aO L
x)—7+2an - cos 2zvnx (7.10)
1
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rne n=123, ap - NOCTOSAHHAs COCTABIAIOWIAS; d, -  AMIUIMTYAbl TapMOHUYECKUX
COCTAaBJISIFOLIMX.
[Ipu sToMm:
p/2
ap zz j EO6(x)dx
p_ p/2
u
) p/2 p
a, =— j E°? (x)cos2vnxdx
p_ p/2
9 51/2
Boruncnenus npeacrasiensl B Tadu. 7.1.
Tabmuna 7.1

Pacuet ciekTpa pacnpeeneHus MHHTEHCUBHOCTH MEPUOANYECKOro 00bEKTa

06 06

x, |En (x) cos X ) |cos2.X |cos3X Ep” (x)-cos E% (x)-cos2X | E%% (x) - cos3X

0 0,50 1,00 1,00 | 1,00 0,50 0,50 0,50

1 0,97 0,97 0,87 | 0,71 0,94 0,84 0,69

2 0,88 0,87 0,50 | 0,00 - 0,77 0,44 0,00

3 0,75 0,71 |0,00-10,71 - 0,53 0,00 -0,53

4 0,60 0,50 |0,50-1 1,00 - 0,30 -0,30 -0,60

5 0,43 0,26 |0,87-] 0,71 0,12 -0,37 -0,31

6 0,28 | 0,00- | 1,00-| 0,00 0,00 -0,28 0,00

7 0,16 | 0,26- |0,87-] 0,71 -0,05 -0,14 0,11

8 0,09 | 0,50- | 0,50 | 1,00 -0,045 - -0,045 0,09

9 0,06 | 0,71- | 0,00 | 0,71 0,043 0,00 0,043

10 0,05 | 0,87- | 0,50 [0,00-| -0,043 - 0,025 0,00

11 0,05 | 0,97- | 0,87 |0,71 - 0,049 0,039 -0,036

12 0,06 1,00 1,00 | 1,00 -0,060 0,060 -0,060
FOO(v) | 4,88 2,87 0,77 -0,103
Fo0 (v |10 =10 ay =0,59 ay =0,16 azy =0,02

* X =2mvx

[Tonmy4yeHnsie 3HaueHus Wit F 00 (v), KaKk paBmIIo, i y00CTBa NadbHEHIITUX PACUETOB

HOPMUPYIOT OTHOCHUTEJIbHO MaKCHUMaJbHOTO 3HaueHusa. B JgaHHOM ciyyae MaKcHUMalbHOE
3HavyeHue crekTpa (4,88) coorBercTByeT yactote v =0. 3HaueHue 4,88 mJisi HYJI€BOM YaCTOTHI
NPUPABHUBAIOT K €IUHUIE. 3HAUCHUS BCEX JPYTHUX CHEKTPATbHBIX COCTABISIOMIUX MOJIYYaroT
MOCPEACTBOM JEJICHUS MOTYUYECHHBIX 3HAUEHUH JJII TaHHOM 4acToThl Ha 4,88.

Takum  oOpa3oM,  TONYyYEHHBIH  CHEKTP  pacmpenesieHus  WHTEHCHUBHOCTHU
BOCIIPOU3BOJIMMOTO OOBEKTa MOXKHO OTPAaHUYUTH TPEMS OCHOBHBIMH TapMOHUYECKUMU

-1
cocTaBisronuMu. Hampumep, eciii MpoCTpaHCTBEHHas 4yacToTa oObekTa 10 MM, CHEKTp

pacrpeneneHrs NHTEHCUBHOCTH B PaCCMAaTPUBAEMOM IIpuMepe cocTasiseT psan vacror: 10, 20

u 30 MM_l.

3. OnpenensitoT CIeKTp MPOEKIIMU BXOIHOTO 3padyka Ha IMJIIOCKOCTh 00BhekTa. JJis 3TOT0
paccuuThIBarOT 10 (popmyiie (7.4) nuaMeTp IPOSKITMN BXOHOTO 3pavka Ha TUIOCKOCTh 0OBEKTa:
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4401

=——=0,04 mMm.
1000
Pacuersl S(v) mo ¢popmyie (7.8) mokazansl B TaOMMUIHOU hopme. X0 BEIYUCICHUHN SICCH
u3 Tab. 7.2. OrTMeTuM TOJNBKO, YTO S(V)JIOCTaTOYHO OMNpPENeTUTh Ha YacToTax,

COOTBETCTBYIOIIMX YaCTOTaM CIIEKTPAa MHTEHCUBHOCTU 00BEKTa F' 00 (v).

Tabanma 7.2
Pacder ciekTpa mpoeKIuu BX0JHOTO 3pavyKa Ha ITIOCKOCTh 00BEKTa

2J1(mdv)/ d
ni v, My dv J1(7dv) 1(mdv)/dg
0 0 0,00 0.00 1,00
| 10 1,26 0,51 0,81
2 20 2,51 0,49 0,39
3 30 3,77 0,05 0,03

4. ITo dopmyne (7.5) maxogum PIIM cucTeMbl KOHTAKTHOTO KOMMMPOBAHUSA. BhraucieHus
Ipe/CcTaBlIeHbI B Ta0I. 7.3.

Pacuer ®IIM KOHTAaKTHO-KOIIMPOBAIBHON CHCTEMBI

n V,MM_1 2]/],\/2 1— 2]/},\}2 72'/2(1 - 2/1‘}) =Z|SinZ T (V)
0 0 0,000 1,000 90,00 1,00| 1,00
1 10 (0,108| 0,892 80,30 0,99| 0,80
2 20 10,432 0,568 51,10 0,77 0,30
3 30 (0,972 0,028 2,52 0,04| 0,00

Tabmuna 7.3

5. Tlo ¢opmyne (7.4) paccuutsiBator DIIM cnabopacceuBaromeid (poTorpaduueckoi
TUTCHKY JIJIS 33/IaHHBIX ITapaMeTpoB paccesiHusl. Beraucienus npeacrasieHsl B Tadm. 7.4.

Pacuer ®IIM doromnenku

v,MM_1 (kv)2 7o v)
0 0,000 1,00
10 0,063 0,96
20 0,250 0,87
30 0,560 0,80

Tabmnuma 7.4

Ilpumeuanue. Jlannpie Tabn. 7.3 MOKa3bIBAIOT, YTO HET HEOOXOJMMOCTH B HAIllEM CIIy4yae
paccuutbiBats OIIM muenku a1 4actorhl 6onee 30 Mm!. OIIM KOHTAKTHO-KONUPOBATIBLHOM
CHUCTEMBI JIJIS1 ’TOM YaCTOTHI PaBHA HYJIIO.

6. ®IIM cucreMbl COOTBETCTBYET, TaKUM OOpa3oM, CIEAYIOLIUM JaHHBIM (CM. Ui
pacuera popmymny(7.9)) (Tabmn. 7.5).

Tabmuna 7.5

Pacuer ®IIM KOHTaKTHO-KOIHMPOBAJILHON CHCTEMBI € 3aIIMChIO HA C1a00pacCEHBAOIITYIO

boTOIIEeHKY
V,MM_I T v) T pnn v) T c(v)
0 1,00 1,00 1,00
10 0,80 0,96 0,77
20 0,30 0,87 0,26
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7. BBIYUCISIOT CIEKTP MHTEHCUBHOCTH U300paXkeHUst 00beKTa o hopmyre:
Uz _ 06 pc
F-=F""T, (7.11)
Pe3ynbTathl BRIYMCIIEHUH TpECTaBlICHbI B Ta0I. 7.6.

Tabnuya 7.6
PacueT cnekTpa HHTEHCMBHOCTH M300paK€HUsI IEPUOJIMYECKOT0 00bEKTa
voum | FO0 () T () F* (v)
0 1,00 1,00 1,00
10 0,59 0,77 0,45
20 0,16 0,26 0,04

8. Ilo 3mauenuro F'’(v)BblUMCIAIOT pacnpenelneHue MHTeHcuBHocTH EY°(X)B

U300pKEHUN TEePUOJAMYECKOr0 O0BEKTa, T.€. OCYIIECTBISIOT 0OpaTHOE mpeoOpa3zoBaHUe
@ypbe COrIacHO BbIPAXKEHUIO:

n
E(x)=0,5+>Y F"%(x)cos2nvnx (7.12)

1
BrraucneHHoe pacnpenelieHHe WHTCHCUBHOCTH - 3TO pPacHpeesiCHHE M0 Mpodruro
dMIEeMEeHTa MEePUOANYECKOoro oObekTa (Tabin. 7.7). 3mech, Kak yXe OTMEUanaoch, JOCTATOYHO
IIPOBECTH BBIYHCIICHUS TSI TIOJIYTIEPHO/IA, /Tajiee MOTYyUYECHHYI0 KPUBYIO 3€pPKajIbHO OTOOPa3nuTh
otHOcuTenbHO ocu OV, U, HAKOHEI, TTOJYYCHHOE pacIpeaesieHne IS Mepruoia MHOTOKPATHO

MIEPUOTUICCKU TTOBTOPSTh.

Tabmmma 7.7
Pacuer pacnpenenenrss MHTEHCUBHOCTH B U300paKE€HUU MEPUOUYECKOT0 O0OBEKTa

Xy F(10)cos X | F(20)cos2X 0,5+ ZF(\)) .cosnX Eg}s;m (x)

0 0,45 0,04 0,99 1,00

1 0,44 0,03 0,97 0,98

2 0,39 0,02 0,91 0,92

3 0,32 0,00 0,82 0,83

4 0,23 -0,02 0,71 0,72

5 0,13 -0,03 0,60 0,61

6 0,00 -0,04 0,46 0,46

7 -0,13 -0,03 0,34 0,34

8 -0,23 -0,02 0,25 0,25

9 -0,32 0,00 0,18 0,18

10 -0,39 0,02 0,13 0,13

11 -0,44 0,03 0,09 0,09

12 -0,45 0,04 0,09 0,09
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Ilpumeuanue: 1. 3nauenust cos X , cos2X , rne X =2zvx, gansl B Ta0n. 7.1.

2. 3HayeHUs TMOJYYEHHON pAcCYeTHOM WHTEHCHUBHOCTH 4Yalle BCETrO
MPUBOJSTCS K €IMHUIE B TOUKE MaKCUMyMa (B IaHHOM CJIy4yae MakKCUMyM
paBHo 0,99 B Touke x =0). OTHOCUTEIbHbIE 3HAYEHUS WHTCHCUBHOCTHU
JUIS IPYTUX TOYEK HAXOAATCS JEJICHUEM KaXJIOro pacuyeTHOro 3Ha4YCHUs
naTeHcuBHOCTH Ha 0,99.

9. B 3akitoueHue CTposT Npopuiib pacupeliesieHuss UHTEHCUBHOCTEH B H300paKeHUU
NepUOIUYECKOro 00bekTa. BcnencTtBue mnepuoAMYHOCTH O0BEKTa, M B CHIy TOrO, 4TO
NEPUOJUYECKUN OOBEKT SIBIISIETCS YEeTHOM (yHKUMEH (T.e. CHMMETPUYHON OTHOCUTEIBHO OCU
OpJIMHAT), TAKOE MOCTPOCHUE JOCTATOYHO BBHINOJIHUTH HA MOJYINEPUOAE OJHOTO LEHTPATIBLHOIO
neprojia 00bEeKTa, a 3aTeM 3epKajJbHO OTOOPa3uTh B JIPYTyI0 CTOPOHY OT OCH OpAHMHAT (puC.
7.3).

X
-12 -8 -5 =3 0 3 a8 9 12

Pucynox 7.3. Pacnpenenenne "HTEHCUBHOCTH TIEPUOINIECKOTO 00BEKTa (MOIyNIEpHO): -----
pacnpeneneHue B 00beKTe; ————————— pacnpezenenue B n300pakeHnnu 00bEKTa.

3. METOAUKA U ITOPAJOK BBIITIOJIHEHUSA PABOTBI
1) Jlns 3aaHHBIX MapaMeTpOB CUCTEMbI MPOrPaMMHBIMU CpelicTBaMH paccuntats OIIM
OTZCIIbHBIX 3BEHBEB U CUCTEMBI B LIEJIOM.
2) Iloctpouth pacnpeesneHusi MHTEHCUBHOCTH B H300paXEHUM M CPABHUTH €ro ¢
BXOJHBIM CUTHAJIOM.
3) [ns 3amaHHBIX NEPEMEHHBIX MapaMeTPOB CUCTEMbl M3YYUTh UX BIMSHUE U JaTh
OLICHKY UX BO3JIECUCTBUS HA PE3YJIbTAT BOCIIPOU3BEACHUS.

4. ObOPYJIOBAHUE U MATEPHAJIbBI
1) ITSBM co cnenuansubiM [10.
2) IIpoexTop.
3) Kanbkyndarop.
4)) Kapangami, nuHelka, pe3uHKa, MIJTMMETpoBasi Oymara.

5. COAEP KAHUE U ®OPMA OTUETA

1) HazBanue u 1ienp paboOTHI.

2) Kparkoe TeopeTrueckoe 000CHOBAHHE.

3) 3apannbie mapameTpsl cucteMbl, @IIM OTHENbHBIX 3BEHBEB CHUCTEMBI C 3aJaHHBIMU
napamerpamu, GIIM cucremsl.

4) AHanu3 BIUSHUS 3HAYEHUM OTHAENBbHBIX mapameTpoB Ha DIIM cOOTBETCTBYIOLIETO
3BeHa U PIIM cucremsl B LeIOM.

5) Pacrnipeenenre HHTEHCUBHOCTH B U300paKEHUU JIJIsI aHATTU3UPYEMOM CUCTEMBI.

6) OrneHka BIMSHUS 3HAYEHHUM OTIEIbHBIX MapaMETpPOB CUCTEMbl HA paclpeliesICHHE
WHTEHCUBHOCTHU B N300PaKECHUM.

7) AHanu3 MOIYyYEHHBIX PE3YIbTATOB U BHIBOJIBI.
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Ilpakmuueckoe 3anamue Ne 8 (2 uaca)

MOJEJb ®PWIBTPAIINN B CHCTEME ITO3JJEMEHTHOM OFPABOTKHN
N30BPAKEHHMS U PACUET BO3JEVCTBUS ®UJIbTPAIIUU HA
BOCITIPOU3IBEJIEHUE U3OBPAXKEHUSA

1. HEJIb U 3AJTIAYU PABOTbI
Ieab padoThl: M3YYUTH BO3ACHCTBHE OCHOBHBIX (JaKTOPOB HA YACTOTHYIO (DHUIILTPALIHIO
B CUCTEME TTOJIEMEHTHON 00pabOTKH U300paKeHUH.
3agaun padoTHI: W3YyUYUTh BO3JCHCTBUS Ha BOCIPOM3BEACHHE 3aJaHHOTO TECT-
N300paKCHHS allepTypPHON (UIBTPAIIMU TMPU CUUTHIBAHUHM M300paKEHUS anepTypaMy Pa3HOTO
pa3Mepa; M3y4duTh BO3JCHCTBHSI amepTypHOU (DUIbTpanuy Ha pa3Hble OOBEKTHI; ONPEACTUTH
OIIM dunbTpytome anepTypsl.

2. OCHOBHBIE TEOPETHYECKHUE CBEJAEHUSA

B cucreme mnoanementHoit o0OpaboTku uzobpaxenuid (CIIOW) rmaBHBIM (akTOpoM,
OTIPEAETSIONIUM YaCTOTHYIO (QUIIBTPALINIO U300paXKEHUS, SIBIIETCA anepTypHas punstpanus. B
CIIOM wuHdopmammst CUMTBI- BaeTCs MOCPEACTBOM cKaHupoBaHHus. (CKaHHpOBaHHE
NO3JIEMEHTHOE CUUTBHIBAHUE M300PAKEHHsI IPU UCIOJIb30BAHUM PA3BEPTHIBAIOIIETO JIEMEHTA,
KOTOPBII MOCJEI0BATENbHO MEPEMEIAETCs BOJb CTPOKH (CTpOYHAsi pa3BEepTKa) U MO Kaapy
(kagpoBas pas3BepTka). [lomydyaemsblii B pe3ynbTaTe CKaHUPOBAHUS CHUTHAJI CTaHOBUTCS
OJIHOMEPHBIM, TaK KaK OH 3aBUCUT OT OJHOW KOOpAMHATHI BpeMeHU. | 1pu ckaHMpOBaHUU Ha
BOCIIPOM3BOIMMOE M300paKeHUE OKA3bIBAIOT BIMSHUE MCKAXKEHHS, BHOCUMbIE OOBEKTUBOM, U
UCKa)KEHHUS, BHOCUMBIE aniepTypoid, (GopMUpyroliei CkaHUpyolee MATHO IPU CHU3bIBAHUU.

Brnusnue ®IIM pasBeprThiBaromiero 3jeMeHTa OOBIYHO 3HAYUTENBHO OOJIbIIE, YeM
Biusinue OIIM o0beKkTHBa CKaHUPYIOIIEH TOJIOBKH JJIS TE€X )K€ YaCTOT.

[Toatomy mipu pacuere PIIM onTrueckoil CHUCTEMBbI MO3JIEMEHTHOW 0OpabOTKH YacTo
MOXKHO IpeHeOpeub HCKAKEHUSIMH, BHOCUMBIMM OOBEKTHBOM, a YYHUTHIBATh TOJIBKO
UCKKEHHUS, CO3[1aBAEMbIE Pa3BEPTHIBAIOIIMM 3JIEMEHTOM. OTH HCKaKE€HUS Ha3bIBAKOTCSA
anepTypHbIMH UCKKEHUSMU WIN allepTyPHOH (PHIIbTpaIHEH.

CkaHMpoBaHHE B CHCTEME IOAJIEMEHTHOW OOpabOTKM XapaKTepU3YeTCs CIeAyIOUIMMHU
napaMeTpaMu:

 Illar pa3BepTku (O) - paBeH PACCTOSHUIO MEXIY CEpeIMHAMHU JBYX COCETHUX
CTPOK Ha pa3BepTbIBa€MOM H300pakeHMH. YeM MeHbIIe 1ar, TeM OoJee TOYHO
BOCIIPOM3BOJATCS MEJIKME eTanu u3oopaxenusd. Lllar cBg3an ¢ pasmepamu U GOpMOIN CKaHU-
PYIOLLETO 3JIEMEHTA.

* Aneprypa pa3BepThIBAIOUIEH CUCTEMBI (OTBEPCTHE CKAHUPYIOLIETO 3JEMEHTA) -
BBIICNIIEMBIA  Majblii  dJeMeHT u300paxkenusa. IlogOupaercs Takum o00pa3oMm, UTOOBI
HOBEPXHOCTh OpPUTHHAJIA IJIOTHO MOKPBhIBAJIACh JUHUSAMHU DPAa3BEPTKH O€3 pPa3pbIBOB, T.. B
COOTBETCTBHH C IIArOM KaJpOBOM pa3BEPTKHU.

OOBIYHO BBIOMPAIOT KPYTIYIO WIH NMPSMOYTOIBHYIO (POPMY CKaHUPYIOIIEH anepTyphl.

B ontumanbHOM ciyyae pasMmep NpsIMOYIOJBHOTO CKaHUPYIOIIErO 3JEMEHTa JIOJKEH
PaBHATHCS 1IAry pa3BEPTKHU.

JluameTp Kpyrioro CKaHHMPYIOLIEro 3JE€MEHTa JOJDKEH ObITh OOJiblIE HIara pa3BepTKU:
d=(1,2-15)0.

Ecnu paszBepThiBatonuii 31eMeHT OyJleT MEHbIlE IIara pa3BepTKH, TO YBEIUYUBACTCS
3HaueHne ®IIM B 00nacTv BBICOKHX YacTOT, T.€. YIYYIIA€TCS TOYHOCTb CUMTHIBAHUS MEJIKUX
JeTanei BIoJIb CTPOKU U300pakeHusi. OHAKO MPU ITOM CUMTHIBaeTCA He Bcad MHpopMmanus. B
TOM Ccllydyae, €CJIM pa3BepTHIBAIOIIMM 53JIeMEHT OoJbllle MIara pa3BepTKU, H300pakeHHe
CUUTHIBACTCS MOJHOCTHIO, HO BeanurnHa OIIM B 0651aCTH BBICOKMX YAaCTOT YMEHBIIACTCS.
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Paccmotpum mpumep duiabTpanuu mpHU  MMOAJIEMEHTHOM CYWTBIBAHUU HM300paXKeHUS
anepTypou onpeeaeHHoro pasmepa (puc. 8.1).

| %%%% )
HE 2 3 4 56 7
100%}- - - e
sou - X - -—t---H-AH - -
AN A AL
1 2 3 4 56 7

Pucynox 8.1. CkanupoBaHue aeTanei pa3inyHON IMPUHBL: a - IEpEMEIlCHHUE arepTyphl BAOIb
TPaeKTOPUH CKAaHUPOBAHUS; O - MHTErpajbHasl OCBEUICHHOCTb, 3apETUCTPUPOBAHHAS B
pe3yibTaTe CKaHUPOBAHMUS.

[Tycts pa3mep ckanupyemoro mpocBeta Ne 1 B 2 pasza Oosbllie pa3BepThIBAIOIICH
areptypbl. Ilpu pacronoXeHuu aneprypbl BHE MPOCBETA OCBELICHHOCTb, IOJydaeMmas 3a
aneprypou, paBHa Hymro. I[Ipu cMmenieHnn anepTypsl Ha 4YETBEPTh B CTOPOHY IIPOCBETA

. 1
OCBEIIEHHOCTb, CO3/1aBacMasl 3a aneprypoil, paBHa - ZEmax’ a TOYKa OTCYeTa KOOPIAMHATHI

OyZer paBHa KOOpJAMHATE LEHTpa amneprypbl. MakcuMaiabHOE 3HAUEHHE OCBEILEHHOCTU
JOCTUTAETCs TOT/la, KOT/la BCs IJIONIAAb CUUTHIBAIOLICH anepTypsl (Auadparmsl) pacrnoioxeHa
Ha O6eJIoM TI0JIe TIPOCBETA.

[Ipy cKaHMPOBAHMHM NIPOCBETOB, pa3MEPbl KOTOPBIX MEHBIIE PA3BEPTHIBAIOLIETO
JJIEMEHTA, 3HAYEHUS OCBEIIEHHOCTH HE JOCTUIal0T MakcuMyMa. Yem MeHblIe pasmep
aHAJIM3UPYEMOI0 MPOCBETA, TEM MEHbIIIE 3HAUEHHE UHTETPaIbHOW OCBEIIEHHOCTH (cM. puc. 8.1
- ciiyvau 3,4,5, 6,7).

IIpu ckanupoBaHum ABYX y3Kkux npocBeToB Ne 5, Ne 6, KOTOpbIe OTCTOST APYT OT Apyra

1 .
Ha E MAPUHBI PAa3BCPTHIBAIOIICTO JJICMCHTA, OHM CYUHHUTBIBAIOTCS OJAHOBPEMCHHO OIHOHU

aneptypoii. B pesynbTaTe CUMTHIBAHUSA-BOCIPOU3BEIACHHS MPOCBETHI CIWBAIOTCA B OJWH
npocBeT. MakCMMyM 3TOr0 CUTHaja Pacroyio’)KeH B HEOCBEIICHHON TOYKE M300paKeHUs. ITO
OOBSICHSIETCSI TEM, YTO B OIPEJIEICHHBI MOMEHT BPEMEHHU B I0JI€ PA3BEPTHIBAIOIIETO AJIEMEHTA
OJHOBPEMEHHO TMOMaJaloT JBa Y3KUX IMPOCBETA, IMO3TOMY YBEIWYMUBACTCS HWHTErpaibHad
OCBEIIEHHOCTH 3a anepTypoi. TakumM 00pa3om, MOSIBISIOTCS JOKHBIC CUTHAJIBI.

CnenoBaTesibHO, IO Mepe IEpEeMEUICHHUST Pa3BEPTHIBAIOLIECTO 3JIEMEHTA  BAOJIb
OJHOMEPHOIO CUTHAJIA MPOUCXOJIUT  MOCJIEIOBATEIIBHOC HW3MEHCHUE  HHTErpajibHOU
OCBEIIIEHHOCTH 3a amnepTypol nuadparmoit. Pe3kue m3mMeHeHHUs BXOJAHOTO CBETOBOTO CHTHAJIA
CTAHOBSITCS IUIABHBIMH B IOJIy4a€MOM BPEMEHHOM 3JIEKTPUUYECKOM CHUTHaJE. {111 HEKOTOpbhIX
COOTHOUIEHHM BEJIIMYMH IIPOCBETOB W pasMepa amepTypbl MOXKHO ITOJIYYUTb CHTHAJIBI C
YMEHBIICHHON aMIUIUTY IO WM <JIOYKHBIC)» CUTHAJIBL.

MareMaTnyecku anepTypHy GUIBTPAIUIO U TIOJy9aeMble Pe3yJIbTaThl MOKHO OIUCATh
C TIOMOILIBIO OTE€PAIIUU CBEPTKH.

B cucremax mossieMeHTHOro CUMTHIBAHUS OAHOMEPHOE MCXOJHOE M300paxeHue Ej(x)

CBEpTHIBACTCS ¢ (QYHKIMCH Pa3sMbITUSI aHANIU3UPYIOIIEH anepTypbl g(x'), rae x' KoopauHaTa,

COOTBETCTBYIOIIAsi CTPOYHON pa3BepTKe H300pakeHus. Ilpu 3TOM MPOUCXOAUT yCpeaHEHUE
OCBEIIEHHOCTU H300pa)K€HUs MO IUIOMIAMU aHaIU3UpYyoIel aneptypbl. OTPUILTPOBAHHBIN
curHan E,(x) pacCUUTBHIBACTCS C IOMOUIBIO ONEPALlM CBEPTKHU:
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o0
Es(x)= jEl (x—x"g(x"dx' (8.1)

—00
bosnee yaoOHBIM sBISIETCS aHAIU3 MPOBOJUMBIX PeoOpa3oBaHUN B MPOCTPAHCTBEHHO-
cnekTpaibHoi obOnactu. Onepanusi anepTypHOH (QUIbTpAllMd COOTBETCTBYET MEPEMHOKEHHUIO
CIIEKTpa UCXOAHOTO CUTHaNa usobpaxenusa Fj(w,) u pyHkuuu nepenaun moayiauuu (OIIM)

aneptypsl  T(w,). Chnekrp curHamza OTQWIBTPOBAaHHOIO  u300paxkeHus [ (w,)
paccuuThIBaeTcs 1o hopmyse:
Fy(ay) =F(oy) - T(wy) (8.2)
Ile ®,- NPOCTpaHCTBEHHas dactora (w=27/p), p - NEepUOJ] TapMOHUYECKOH
cocraBisitomeit); F(w, ) - Dypoe - npeodpazoBanue or g(x').

®IIM 3aBucut or ee ¢GopMbl M paccuuTbiBaeTcs 1o Qopmynam (7.7. u 7.8)
nabopaTtopHoil paboTsl Ne 7.
®IIM ckaHupylOIIel anepTypbl OCHMUTUPYET BOKPYT OCH a0CLUCC U NP YacTOTaAX @y,

Oonbmux 1/7, OBICTPO CTpEeMUTCS K HyNO. JlMamna3oH OCHOBHOM 4acTOThI IPOIYCKaHUs 3TOTO
¢uibTpa HaxonuTcs B rpaHuuax dactor or 0 go 1/r. CinegoBarenbHO, IpU NEPEMHOXKEHUU
cCHeKTpa ucxonHoro curhana Fj(w,) Ha ®DIIM ckanupyromeit aneprypsl 7(w,), CHEKTp

noiay4aeMoro usoOpaxkeHuss [F»(®,) B BBICOKMX YacTOTaxX TakKe yMEHbIIaeTcs. Takum

o0pa3oM, CKaHUpYIOIIAs amepTypa BBIMOIHAET poyib (UIbTpa HIDKHUX dYacToT. M3 aTOoro
CJIEIyeT, YTO YeM OOJIbIlIe pajnyC 7 aepTyphl, TEM YK€ JHana3oH MPOMyCKaHus U TeM Ooliee
KpPYTHBIC JETaIN U300paKeHUS TEPSIOTCS B PE3yJIbTATE alepTypHON QUIBTPALIIH.

JIyisi monmydeHusi peabHOTO BHJIa CUTHaja Tociie (QuibTpanuu HEOOXOIUMO MPOBECTU
obpatHoe Dypre-nipeodpazoBanue. OOpaTHoe Dypre- mpeodpa3oBaHUEe MPU B3aUMOJCHCTBUN
KBaIPATHOM anepTyphl ¥ MPSIMOYTOJILHOTO CUTHAJIA Ja€T CUTHAJ TPaneIrueBUIHON (HOPMBI (CM.
BBINICTIPUBEICHHBIN TIPUMED ).

3. METOAUKA U ITOPAAOK BBIIIOJIHEHUS PABOTbBI

1) TlomyuuTh 3amaHue MO TECT-U300pPAKEHUIO W TMPOAHATU3UPOBATH BO3JCUCTBUE Ha
BOCIIPOM3BEJCHUE OTOTO TECT-U300paKEHUs] YACTOTHOW (PUIbTpallMu TP CUUTHIBAHUU
M300paXeHUs pa3HBIMU arlepTypaMu.

2) Jlns 3agaHHOM amepTyphl OIIGHWTh €€ BO3JCHCTBHE Ha pe3yJIbTaT CUYWUTHIBAHHS
Pa3JIMYHBIX TECT-U300paKECHUH.

3) Ouenuts ®IIM paszHbIx anepryp.

4) ITpoaHanu3upoBaTh MOJTYyYEHHBIC PE3YJIbTAThI U CJIeJIaTh BHIBOIBI.

4. OBOPYJTOBAHUE U MATEPHUAJIbBI
1) II9BM co cnenuansubiM [10.
2) IIpoexTop.
3) Kanbkyndarop.
4)) Kapangam, nuHelka, pe3uHKa, MIJLTMMETpoBasi Oymara.

5. COAEP KAHUE U ®OPMA OTUETA
1) Kpatkoe onucanue ey 1 OCHOBHBIX TEOPETUYECKHUX MOJIOKEHUN padOTHI.
2) 3aganue, nepedyeHb OCHOBHBIX OIepalui, pe3yabTaThl.
3) AHanu3 noay4YeHHBIX PE3YJIbTATOB U BHIBOBI.
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