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Плекин В.Я., Каменский И.В.
ИССЛЕДОВАНИЕ ЦИФРОВЫХ ОБНАРУЖИТЕЛЕЙ БИНАРНО-КВАНТОВАННЫХ СИГНАЛОВ
Учебное пособие к лабораторной работе

[image: image1.jpg]1,2, METObI CUHTE3A LIUGPOBLIX YCTPOUCTB
OBHAPYXEHHWA W OLEHUBAHWA NMAPAMETPOB
PAIMOJIOKALIMOHHBLIX CUTHAJIOB

Ilpu mpoexkTupoBaHuMM UMPPOBRIX OGHAPYXHTEnei u YCTpo#cTB
OLIEHKH TapaMeTpPOB CHI'HAJIOB HeOoOGXOOMMO Mpe)ae BCero onpene—
JINTh MX CTPYKTYPY.

Cpenu M3BEeCTHBIX METONOB CTPYKTYPHOT'O CHHTe3a HUCTIONB3YIOT—
cs cneaylouye: CHHTe3 HHPPOBBIX YCTPOHCTE MO aHaJIOTOBOMY ITPO—
TOTHUITYy, CTATUCTHYECKUH CHMHTE3 JIOC/Ie aHaNoro-uUMppoBOTo Mpeobpa—
30BaHUA CUTHAJIOB M 39BPHCTHYECKHE MeTOoabl CHHTe3a Ll] .

CynTes uuppopbix OGHApYKUTenel UM MaMepuTeneil MO AHAIOTO—
BOMY IIPOTOTHUITY OCHOBAH Ha MCHOJIIBL30BAHUM MU3BECTHBIX ONTUMAIIE—
HBIX HUJIM KBaA3UOITUMAIIEHBIX allrOpuTMOB oGﬂapyx(emm U OleHuBa—
HMS HENPEPLIBHBIX CUTHANIOB UM MOC/IeIOBATEEHOCTe! IyTeM mnepe—
Xona OT HEeNpephIBHEIX ANTOPUTMOB K HX puckpeTHeM (uubpoBsmv)
oKBHUBasieHTaM, [Ipy 2ToM, YeM MeHblle WAar KBaHTOBaHWA A1 ¥ WH—
TepBajl BPEMEHHO!I [UCKpPEeTHusalluy 7’3 , Tem Gmke CBOUCTBa UHDPO—
BOT'O 2KBHUBAJIEHTa K CBOWCTBAM €r0 aHaloTOBOT'0 MPOTOTHIA,

OpHako ykasaHHBIN TOaXon He Bcerpa lenecoobpaseH, 9To CBA-
3aHO C TeM, UTO yMEHBUIEHWe Ilara KBaHToBaHu# (yBenmuyeHue pas—
panHocTu AIIIl) ¥ yMeHBIIEHHWE MHTeppana BPEeMEHHOW NHMCKpEeTH3a—
LMY TPUBOOAT K SHAYUTENEHOMY YCIOXHEHHWIO alnapaTypbl: YBeIudyi—
BaeTcd eMKOCTb 3Y M paspsjHas ceTKa LMppoBOrO mMpoleccopa
(LII1), noBeraeTcs Tpebyemoe 6GreicTpone#cTeue yanos LI, yBemuuu—
BaloTCAd raGapuTel ¥ NOTpebisgeMas MOIHOCT,

[lp¥ CTATHCTHYECKOM CHHTE3€ IOCHe aHajloro-LUuppoBOTO Mpe—
ofpasoBaHusl CHT'HAJIOB ONPENENAIOTCH CTATHUCTUYECKHE CBOWCTBA CHUI—
HajioB ¥ NOMEX C y4eTOM HX [MCKPeTHOI'O0 NMPencTaBlieHus Ha BBIXO—
ne AIll, a saTemM CHHTe3MpyeTCs ONTHUMANBHAS CTPYyKTypa o6Hapy-—
KUTeNs ¥ MSMEepuTend C MCIO/IB30BAHWEM TEOPHH CTATHUCTUYECKUX
PelleHuit ¥ TeOpuH OLEHOK,

OBpUCTHYECKHE METOALl CHHTEe3a MCIONB3YIOT 0COGeHHOCTH KOH—
KPeTHOll peanusauuy TeX WIM MHBIX LUHPPOBBEIX CXeM, yYUTBBAIOT CIe—
unpuKy mnpoueccop 06pabOTKH CHUTHANIOB B IMPPOBEIX CXeMax IpH
OTDAHUYEHHUSX HA MX CJIOKHOCTb, [loCTpOeHHbIe TakuM 00pasoM Cxe—
Mbl OGBIMHO OT/IMYAIOTCH MPOCTOTOH B peanusaluu ¥ 06janaioT  [0—
CTaTO4YHO BBICOKOH S()EeKTHBHOCTHIO, OOHAKO B CTPOrOM CMEICIEe He
ABJISIOTCH ONTHUMAIIEHBIMH,

[lpy BrIGOpe MeTopa CHHTE3a CTPYKTYPhlI HUDPOBEIX YCTPOICTB
06pa6oTku MHbOpMALKH HEOOXOAMMO YUMTHIBATH HAKONJIEHHBIA ONBIT
paspaboTku UUPPOBBEIX CXeM, BO3MOXHOCTH COBPeMEHHOWd M TNepCrnex—
THBHOH 27E€MEeHTHOH 6a3bl MUKPOJIeKTPOHHMKH, CIIOXHOCTH TEeXHUYeC—
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5.3, CUHITES 1IWdPOBBIX OBHAPYXWUTEJIEHN

ofHApYKUTEJS NeTepMUHUPOBAHHBIX
pasnmuYHBIX KPUTEPHEB ONTHMAIILHOCTH
(Heirmana~ITupcona, Bansna, Baijteca) B ciiydae OBYX NPOCTBIX T'H-
[HoTea o Hamu4hy TONMBKO MOMEXH (rumoTesa H, ) ¥ HaIMYMM CUrHa-
na C momexoii (rmmoresa H,) ompepnenseTcs OTHOLIEHUEM MPAB[O~
nopo6us ¥ CpaBHEHHEM ero C IoporoMm

Auw) = AL ) (1.9)

Wp (@/Ho) ~ 7
rne WH(J//'/7)H WH(ZZ/HO) — COOTBETCTBEHHO (YHKUMH IIPaBIONO~
[0BMs CMecH CHrHaja C TIOMeXOi ¥ TMOMeXM [jld BEIOOPOYHOI'O BEK—
Topa U = (24, Uy s eaes U;,); 72 = obreM BEIGOPKH,
Ipu unuppoBOil peanusauuy obHapyxuTensl BXOOHble BHIGOPKH

PeACTAaBIfIOTCS UMpPPOBLIMU [ABOMYHBIM  KOMaMH,

1,3.1, CyuTes KBasHONTHMAILHOT'O OGHapyXHTens

Tpy GUHAPHOM KBAHTOBAHHM CHMI'HAJIOB
SRR e S e Sl

CTpyxTypa ONTHMATEHOTO
curHanos Ha QoHe TMoMex Ad

B peanEHBIX YCIIOBHMAX KOOpAMHATHI Ueny (panmbHOCTE R B asu—
MyT o LL) B MOMEHT ee obHapyXeHHS, Kax IIPaBHiIO, HEH3BECTHEI,

Opnaxo, pas6ue Bcio 30HYy o63opa PJIC Ha nuckpeTHbie 2/eMeH—
TBl, MOXHO PACCMATPHBATHL 3ajayy OOHAPYXKEHNS B KaXKOOM 3JIeMeH—
Te paspelleHusl C W3BEeCTHhIMM KoopayHaTamu, CHHTe3WpoBaHHBIAL B
STHUX YCIIOBHAX OGHADYXUTENb SBISETCH OFHOKAHAIIBLHBIM, :

: Bynem npenmonaraTh, 4TO peXMM H3IyYEHWS CHTHANIOB HMITYIIBC—
HO# 0630pHO# PJIC HeKOTepeHTHLIH, ¥ NPUHSATEIE CUIHABI TOCHE
AMITHTYIHOTO OETEKTOpPa M BHACOYCHIIMTElIs KBAHTYIOTCHA MO yPOBHIO
mrossmmicpes mom e o L MR
e C.i.= g C‘{{ C)Kon HEe3aBYCHMOCTH KBAHTOBAHHBIX

L7)@,5 eess Oy ) TIPENCTABUM B BUAE
Ad) = Wnld/Hy) =ﬁ(%*w)di(9c_w>7'di,1 (1.10)
Wy (d/Hp) i Py g A== il

roe

i O0c BEpO4AT
5 HOCTBIO (= 7—
OMHapHas ciyua 9 p
HOCTH HpeBnyu?e? £8 b Pey ¥ P~ COOTBETCTBEHHO BEpOAT—
e 6HHapxmpom CMECEI0 CUrHala W lyma § omHOro lyma IOPO—
9 g BeKBaHTOBaTe““ (BeposthocTs mosmmenus ”epymuibl’);
cw ‘?w POATHOCTH MOSBICHUS "Hyna” Ha BhpIKOnEe KBAHTO=

B 1 c BepoaTHOCTBIO o




[image: image3.jpg]BATENA U1 CMECH CHIHasja y Wyma w ana omHoro wyma COOTBET—
CTBEHHO; 77 = ofmem BoIGopku (upcno UMITyNECOB B nauke),
Ons ynpomenns Mponorapugmupyem CooTHOWenune (1,10);

-~  n
bnt(d)= B[d;tn Peu s 1 g1, %C;‘i]zln/la.

=7 w

Ilpeobpasyem nocnemmee BLIDAKEHHE K BHOy

7 P

Y d, (b Lew g, gc‘”)zén/l[,*LnO, (1.11)

i=7 Pu gw
roe

e
0 = n ch

=1 9,
INpuaumag Ln/]0~lsz=c,coomomerme (1,11) moxaro npen—
CTaBUTL B BHpe

’

/]
LdhG)>c=k, (1.12)
/=1

=
rne 4 (i)=ln g@l; Cc= ka = TOpOT' peumaomero ycTpoficTea,

wie

CooTHOowenue (11.12) Npeacraenaer co6oi alrOPUTM BecoBo#
06paboTky nayku 6m{apuo—msam‘oaaxmbxx CHMI'HATNIOB, MCHONL3VIOWHi
CYMMUDOBEHHE BECOBLIX KO(pHAIMEHTOR h(zL)c HnocnenyomuM cpag—
HEHVEM HAKOIUIEHHOK CyMMpI C [IOporoM ofHapyxeHusa c=p5 0 ¢ Ha
puc, 1.8 npepcraenena cxema BeCoBoro ofHapyxurens, peanusyio—
lmero anroputm (1,12), Ha cxeme obosHayeno; Kn - kmoy; I,Cr,—
FeHepaTop crpoGos, Ul - TeHepaTop UMIYNLCOB OMCKDPeTHU3aLuH,
CA - KOMIAapaTop amamoroesiyi, SM - cymmartop, CC - xomna-
PATOp ‘KOOOBLIH,

3Hawenns Becoprx KoadbuunenTon / (;) sabucar or puna
annmpoKCUMHUpYIOme# byHKuun OHATPAMMBL HANPABAEHHOCTH AHTEHHLI
G(K) B COOTBETCTBHM C NOJIOKEHHEM HMITY/LCA BHYTpH ny4a
(PHC. 1.9,3). .

BrnapHoe xBanToBanme CHUCHAJIOB B CXEMe OCymeCTBIsSeTcs
@HanoroeeiM kommnapaTopom (CA) c NOPOroM cpabaTeBaHud 2/, ,
a BpeMeHHad DUCKpeTH3ALMA ~ cxemoli “U” Ha ppa exoma u reme—
paTopoM: uMIynbcos puckpernsamuu (TMI), Perucrp cnsura (RG,,)
CIIYXKAT [7151 3alIOMUHAHUS NAYKY OUMHADHO~KBAHTOBAHELIX CHIHATOB I
UMeeT 71  paspsanos, COOTBETCTBYIOIMX YHCITly MMIIyNLCOB B nagyke,

B cymmatop nocrynawor asmauenus TO/IEKO TeX KOa(puuueHTOB,
KOTOpEIe ' COOTBETCTBYIOT HAIMYHIO “envHuL”, comepxammxcsa B Tex
WM MHEIX paspsinax perucTpa mamatd RG % e

Pewenne o mannuun nenu NpUHAMAETCS, €C/H HAaKOIICHHAS
CyMMa Ha Bbixome cymmaropa (S M) IPEBLICAT MOPOrOBOe 3HAYE—
HHe umpposoro kommaparopa (CC) c=k,.
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YHCIJIO HMITYJIBCOB B Iayke,

1.3.2, Tlporpammmsie oBHAPYKAT ey
prd el Wb 0 il e 2 L NS

OBPHCTHYECKHl METO[ IO3BOISET CHHTE3HPOBATHL CXEMEI TPO=
TpaMMHBEIX OGHapyXHUTenei /%/772 -1, B KOTOpBIX HAYAJO MAYKK hukcyu~
pyeTcs B COOTBETCTBUM C KpuTepuem ” k/m ” ¥ KOHeIl ma4yky| — npu
Hanuumu [ Hynei Ha CMeXdbIX mosulmax, [lockomexky B aTom cny-
Hae He TpefyeTcCsd 3amOMHHAHUE BCEM NMAYKHM, TO YMC/IO Paspsnos B
PEerncTpe MaMaTH yMEHLUAETCH 00 BLIOPAHHOT'O 3HAUEHHA /77 << 7 .
STo NPHBOOMT K 3HAUMTEILHOMY YMEHEUIEHHWIO ANmapaTypHBX 3aTpart,

Curnan “nHayano nauku”’ dBEAeTCH TakKe M CHATHANOM OfHApy-
XeHus, a 3HaueHWe X ~- IMOPOroM ofHapyxenus, ClenosaTentso pe—
LIeH}Ee O HAalM4YMA Lefd TPHHUMAEeTCH, eCi¥ Ha 777 MOGHLUMEX DPerucT-
pa mamaru R{,, conepxuTca He meHee % epuHum,

CTpyKTypHAas CXeMa TakoTo OGHAPYKWTens NpHBEfeHa Ha
puc, 1,10, Hawano nauxu dukcupyercd IyTeM CyMMUPOBAHUA eni-—
HUIl, COAepXalluxCcs B PEruCTpe NaMATH, ¥ CPABHEHUS HAKOMISHHO
CyMMEI C ﬁopo:OM c=PFk 0 Konen maukw B paHHOK cxeme dukcapy-
eTCH NpM HajWuWy Hymel B OBYX CocenHux paspspax ( b = 2),

KoHey nauwu

om xbarmuH-

Havao nayKd
‘00HapyKEHE

Puc, 1,10

[ns oToi memn ucnomeayeTcs cxema “WU” ¢ aBymMs MHBEPCHbI-
MH BXOmami, [Ins npenoTBpalleHus MOSBISHAS HMIYIbCA QUKCALIN
KOHIA TAYKU IIpH oTcy'rc'er CHTHATIOB LenH, T,e, TPH HANuIun Hy=
Tleli Ha BXOme DPETUCTPA NAMSTH, NMEeTCH QONONHUTENMEHAZ —Cxema
“W”, Ha BTOPOIl BXON KOTOPOl CHIHAJ NOCTYMAET TONBKQ MPH HAili-
M uMmyabca “"Hauano nauku’, Bo uaGexanne spdexra npobnenus




[image: image6.jpg]nauky (mpm Hanwuwu noapsia HECKOMBKHX ”Hyfeﬁ' BHYTPH nauxy),
B CXeme MpeayCMOTpeHA 3apepxKa CHTHana "Hadano naykm”
COBAHHAS C M/IMTENLHOCTBLIO TAa4YKH,

ITpuMepoM 3BPHCTHYECKOTO CHHTE3a MOXKeT CITyXKHThb Peuanmee
npasmwio “ /A “, Tpebyomee HamMihs Moapsa # HMMIynecop p NPy~
HSTON peanWs&lMH, COCTOSIEH W3 77 MMNYNLCOB, YKA3aHHOE mpa
BH/IO TIOBBONSET MOCTPOMTHL UAPpPOBO#l OGHADYXKHATEb, TpeGyiomu i
MEHEMANEHBIX anmapaTypHex satpat, Ha puc, 1,11 npencTasnena
cxema obHapyxwurenst “%2/k ", nna peanusauuu KOTOpPo# TpeGyercy
PeTHCTp CABWIa&, WMEONN K Ppaspsiop,u CXeMma COBNANCHHS na
BXO[IOB,

» COrpa.

Puc, 1,11

CnenyeT omHAKO OTMETHTB, YTO BCIKOE YIPOIIEHHe CXEME! NpH—
BOAHT K ONpPe[e/ieHHOMY CHIDKEHMIO SjeKTHEHOCTH ofHapyXKeHusa 3a
CYeT BOSHUWKAIOMMX IIPE 3TOM HEH3GEKHEIX HOTeph B, HAKOIUICHHOM
OTHOWEHNH curHan/wym, IMosTomy npm BriIGOpe CXeMpbl OGHAPYKHTe—
75 HeOGXOQMMO OLEHHTL Ge SPbeKTHBHOCTH BO3MOXHOCTE ofecne—~
HEHAA 3a[aHHOl BEPOATHOCTH NPABWILHOLO ofHapyxenns HUpHE. puKCH-

POBAHEO/ BEpOSTHOCTH JIOKHBIX TPEBOT,

1.4, AHAJU3 3GGEKTUBHOCTY 11{IPOBBIX
OBHAPY XUTENEN

1,4.1= CraTucriieckue xapax'rep MCTHKH CUTHAJIOB M IIYMOB

Ins pacuera XEPAKTEPUCTHK OOCHApPYXEHHs HeobGXxoauMo 3HATH
CTATHCTHYECKHE CBOKCTBA CHTHAJNOB ¥ LIYMOB HA BXOAE oGHapyX¥—
Tens, :

Papnonoxaunommes vent npencrasnser coboft crowmeifi oTpa-
Karens, EMEOIMl BTOPHHYI0 auarpaMMy nepeuayyeHuli c MHOKE—




[image: image7.jpg]CTBOM MAKCHMYyMOB M MuHMMymoB, [Ipn CTaTHCTHHeCKOM momxope
apdexTuBHad nnowant paccesmua (OMP) uene# ONMUCLIBAETCH OfHO—
MEpHO# TJIOTHOCTBIO BEPOSITHOCTH (ITyKTyalmit AMIUTATY1 OTpaxeH—
HBIX CHTHAJIOB ¥ QyHKIMe# aBTOKOppesiunu
2
- Uc Uc
W(ue) = 55 exp (- 557)

G2 (1.13)

) = exp(-«|T |). (1.14)

B sapucumocTn ot COOTHOLIEHHMS BpeMeHYM KOppensammu 7 Kop
OTPaKeHHEX CHIHAINOB, NMTENEHOCTH naukd ¢, = (7 -1)7’,7 .
nepuonoe oGaopa 7"0 M noBTopeHus T, ynoGHO MCMONB30BATL Clie—
ayoume Mopeny QIryKTyauui SI.'[P nenei:

Ty << fL“Kop — OTCyTCTBHe QITyKTyauwii; tpSTkop s Ty
COBMeCTHbIe (rIyKTyauny; Tn > 'L“Ko = wymMonono6usie (BeicTpoie)
bnyxTyauuu, roe #

(=]
,UKOP T g} L/J(’C) ld't ’ (Lr.25)

Tlpu oneHke 2hpekTHBHOCTH LMPPOBLIX OGHAPYKUTENeH H H3Me—
puTenel KOOpOMHAT HeOGXOAMMO 3HATH OTHOLIEHHWE CUTHAm/IIyM, KO—
TOpOoe PAaBHO OTHOIIEHUIO IEHTPAILHOI'O MMIIY/IbCA MAYKA K CIeK—
TpanBHOH IJIOTHOCTH IIyMa Ha BRIXOMAEe JIMHEIHOH YacTH MpUeMHUKA
(Y1), [na HebmykTywpymoWei mauyku

g2 =£c . (1.16)
5~ No

Ecnmy BAMIynbChbl NPSMOYTONLHOA (opMel, a momoca YIIH corna—
CcoBaHa C MUIUTENBHOCTBIO HMITyNbCa, TO

2 sl Pu Pa Py CEFT)
Des "Ny ~Wodf ~Pu 5
roe P, = MOIMHOCTb HMIY/IBCa, Pw=615" MouHocTs wyma, OBerHo
BEIMYUHY 9 g BEIpAXKAIOT B aenubeniax
u 2 Py
9‘15 1 Lg PU,I y ODe

B cBoio ouepenb, OTHOILIEHHE CHI‘H&II/U.IYMI IO HaNpPDKEeHHIOo

_ | UZmax _ Ucmax (1.19)
e aizel  WNZo,

[nsa wyMonono6HbIX ¥ COBMECTHBIX ¢ayKTyaluii CHrHayioB
;- @i 'S (1.20)
2

= e =6-
9% 62 7% w

roe 6’5 — MOWHOCTHL QuyKTyallui CHrHana,




[image: image8.jpg][Ipn HEKOTNepeHTHOM pPexnMe pa6orer PJIC Ha Beixope YITY
OBLMHO MCMONB3YeTCsl AMIUTHTYAHbI NeTEKTOp (netexTop orubao—
me#t). B oToMm ciyuae OmHOMEpHAsi TVIOTHOCTL BEPOSTHOCTH OTHGajo
el lymMa ONMHMCHBAETCS 3AKOHOM Penes ,

Ly - fu, (1.27

W, (Ey)= oz exp ( 262 ) 21)

Orubaomas cMmecu HedmyKTyHpyomero CHTHANa U WyMa pacrpepe-—
nesa mo sakoHy Paiica

2
E E, +q? Ecwa
W, (Egy) = o*%w exp [- Céu@*j ]Io( G2 P

(1,22)

rne a=U,,,,,~ 8MIIATY18 cHrHasna,

Ipu BLICTPBIX (wyMomonoBHEIX) qUIYKTyaUHsIX CHI'HAJA OTHGAI-
mag CMecH CurHana M IyMa pacnpenesneHa B COOTBETCTBHHM C 38KO~

HoM Penes £ 2
Ecuw [ cw ]
= —5= =5 8D |~ 5755 o= 1.23
W (Eey)= 576z P 262 +62) (1.23)
X apakTepucTHKU OOHAPYXKEHHS MOrYT ObITE PACCYHMTAHE! C IIOMONILIO

COOTHOIIEHHUH

D1=SW(Equ) dEqy (1.24)
c

F,=wW(E,)IE, . (1.25)
c

B ciyyae 6GMHapHOro KBaHTOBAHMS CHUTHAJIOB HEOBXOOHMO omnpe—
OEeIMTE pAaCHpenelieHHe CHTHA/IOB W WIyMOB Ha BhIXOAE CyMMaTopa,
KOTOpoe gBngeTcsa OHHOMMANTBEHBIM (pacn'peaeneﬂneM Bepuynnu)

szc;jpkgn_k v k = 0,1,2"...72 3 (1.26)
3

raoe (:’z

o
T Rl (n-2) i DU QG - COOTBETCTBEHHO BEPOATHOCTH

NOABTCHHA e[MHMI ¥ Hyjleil Ha BrIXone GMHADHOI'O KBAHTOBATEINS:
P =~ MaTeMaTH4eckKoe oxunanue; G 2 npQ@ - nucnepcud, Pac-
npenenenue (1,26) mpueepeno ua puc, 1,12,

B coorsercremm ¢ Bhpaxenmavu (1,24), (1.25) u (1.26)

XApPAKTePUCTUKM OGHAPYKEHHT MOXHO paccuuTaTh C NMOMOIIBLID COOT—
HOLUSHWt

g,=% C; pgqu"/ (1.27)
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P d_{/obap.ﬂ,
0 cbep Q=1-p

Prc;=1:,12

Takmv obpasoM, mf pacueTa xapakTepHCTHK ofHapyxeHua
Heo6XOnUMO ONPENEeNTL BEPOATHOCTH IPEBLIEHNS CMEChi CHTHANA
u myma p. M WyMa p =~ TOpOTa KBAHTOBAHWS HA BEIXONE GHHAp-—
HOT'O KBAHTOBaTeqsd, KoTopele ¢ ydeToMm (1,21) u (1,22) ngna me-
dmyx'ryupyzomeﬁ TaYKH HMlTyJ’II:COB NPenCTaBUM B BHOE

pw—S e.xp( )a/E -exp(

2
ok bla28)

Pou™ ’;izw eap (- E%;a )T, (E)dEg, - (1.30)

[onoxus B (1.30) .x=exp(—262 ), momyuumM

Pow=7-€%p (- —,)SI (ay-2inx Ydx .  (1.31)

3aBUCHMOCTb BEPOSITHOCTH Dy o’r p, » onpenensemas topmyoit
(1,31), rrpnsenena Ha puc, 1,13 pisl pasnuuHBIX OTHOLIEHWH CHUT—

nan/myM 9 Q .G-Z’-’ZGE . 3toT rpapuk ynoGHO HCNONBE30BATH VIS

NPaKTHYECKHX pacyeToB,
Pacuer peposTHocTeli D, F, mo dopmynam (1.27) m (1:28)

npu Gonbuwom obneme Bmﬁopxn uoc’ra'roqno TPYOOEMOK ¥ MO3TOMY

€ro IenecoobpasHO BHIMOMHATL C HCIOIL30BAHHEM TaGIuL KyMylls-
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Puc, 1,13

» TAK KaK B aTop
TIPU 6K e HHBIM Y q;op_

(1.32)

(1.33)

CTHUKH 06Hapy>xe1mﬁ PACCMOTpPEHHBIX CcXeM npuBene—

HBI Ha puc, 1,14, [lna cpaBHMTenbHO OLeHKH afeKTHBHOCTH Iuj—

Puc, 1,14

POBBIX O6HapyxwTenei
Ha puc, 1,14 nmocrpoe—
Ha xapakTepucTuka 06—
Hapy>XeHUd Ons Mpeaib—
HOTrO aHanmoroeoro o6Ha—
pyxutrens (MAO ), B
COCTaB KOTOPOT'O BXOOHUT
HaKOMUTENb C HeorpaHy—
YEHHBIM AMHAMMYECKUM
ouamnasoHoMm (T.e, OT—
CYTCTBYIOT NOTepH Ha—
Komnenus),
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roe . — YUCIO HAKAIUIMBAEMBIX WMITY/ILCOB,

CrnepoBaTensHO, MieasbHBIl HAKOMUTENb MOBBOLNAET OTHOWEHUE
curHan/umyM MO HANPSOHKEHUIO B \/fT pa3. PeantHble ananoroese na—
KOMUTEIU UMEeIT OT'PaHvuYeHHBIM OUHAMIYeCKHHR OWATa30H, 4YTO TIpPh—
BOAUT K Heu3GexHbIM NMOTepAM HAKOIUIeHHd,

C y4eTOoM SHepreTUYECKMX MOTEpb GMHAPHOTO KBaHTOBAHUSA, CO—
crapndomux 2 nb, HaKOmIeHHoe OTHOlieHue CUTHaJI/IIyM HA BBIXO-
ne cymmaropa Gynet

9y k= 0B ag V1T - (1.35)

CnepnoBaTenbHO BECOBOil OGHAPYXWTENb MPOMTPHIBAET UAEANTLHO—
My 2 nb B BenMYMHE TIOPOTOBOrO CHCHAana,

PacyeTr xapakTepucTuk ofHapyxeHus DABHOBECHOT'O OGHADYKH-—
Tensd ”k/n ” ¥ IPOTPAMMHOTO OGHAPYKHUTENd MPOBOOWTCH C WCHONE~
3oBaHueM cooTHowenwu# (1,27), (1.32),

[Torepu paeHoBecHOro O6Hapyxutens "% /n ” "BecoBomy” oby-
CTIOBJIEHBI T€M, YTO B STOM Cilyda€ HaKAIMBAeTCH ahheKTHRHOe
YHCIO UMIYJIbCOB B Madke, [10Tepy B MOPOrOBOM CHUTHAane OGHAPYKH—
tenest "R/m-1" u "k/k " obycioeneHr Tem, 4TO B 9THX OBHaPy-
KHATENSAK TPH HaKOIUIEHWH CUTHAJIOB HCIONL3yeTcs BEe BCH MayKa WM—
[IyIbCOB, & TOJIbKO HEKOoTOopasd ee 4acThb, COOTBETCTByNias BbIOpaH—
HLIM SHAYEHMAM 777 M R ,

~1,4,2, Ontuvusanus napaMeTpoB UMPPOBLIX OGHApyKHTENCi

Ua pacuetnsix dopmyn (1,27), (1,28) u (1,32), (1,33)
ClleflyeT, 4TO BEPOATHOCTH MPABMILHOTO OGHAPYXKERHMS M NOKHOH Tpe-
BOTH 3aBHCAT KAK OT MOPOT'a KBAHTOBaHWS ll,, TAK M OT mopora

a
Gm » TO Ha BpI-

pellaiomero ycrpoiicTea, OnTumaikHble 3HaYeHUd MOPOroB iU, oot i
ko opt MOT'YT 6BITH “Hali|eHbl H3 pelleHusd ypaBHEHUI
D(u k Y= max D(wy,R,);

(Yogpt » Roopt)= IR, 3,64 . (1.36)

F(ua,ka)=cons£

rge . u A = 0obnacTH ONpe[feneHus MOpPoroB U, U k,, . Peue~
HHEe BapHANMOHHOI 3afa4yd Ha YCJIOBHBLA 9KCTPEMyM B COOTBETCTBUK
c (1.35) u momyueHme aHATMTHYECKMX PACHETHBIX COOTHOMIEHWH A7
Uogpt k—oo ¢ BCTpeuaer Gonpume TpymHOCTH, Tak kak J) u F
BbIpAXAaloTCd 4eped TabmuuHele QyHKUHHA, B cBaAzu c aTHM 3apada
MOXeT GpiTh pellleHa B ACHMITOTHYECKOl mocTaHoBke, mubo € M=
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ny Monrre-Kapno,
PaccmoTprM BHayane BONMPOC ONTHMH3AUNH TTopora KBAHTORg..

Hus, [lns 2Toro Bocmonb3yemcs (opMyJiaMu (1,32) " (1'33)’}{0_
TOpLIE 3allHlleM B BHOE

ko = 1P cw e o
D:7_Cp[mj const |

Fre 18 [ 2, ek 0521 o ] =min .  (1,38)

f?/uw(’/hpltl)

[ns wacruoro ciyyas J) = 0,5 na (1,37) cnenmyer, uro

@ [t =0

B cooTBeTcTBuH C HOMy41eHHpIM SHaYeHUeM MHTEerpajla BepOosSTHO—
CTel umMmeem

(1.37)

kg‘npcw =i
V72 Py (7= Poy) .

Ha mocnennero COOTHOLIEHUA MNOlyYaemM
k =n 1.39
0 pcw : ( )

Hcnonesys monyyennpi Pe3ynsTaT M MOACTABNSAS ero B dibp‘Myny
(1.38), MoxHO samucarn
\/ﬁ (p cu—P w

F=1-9 [W]=miﬂ . (1.40)

B cooreercreun ¢ (1,40) pgna obecneuenus: MHHUMyMa BepO—
ATHOCTH JIOXHOH TPeBOTM HeobXOmImMo MAKCHMHM3HPOBATE (BYHKUHIO
Pey = Py :
o |y
/Uw( 1-Pu)

Haubonwiee SHageHue, Ob6pem BeIbOpKky (umcno HMITYyIECOB B Iié‘lxe)
OBLIYHO OrpaHuyeH u SABHMCHT OT HapamMeTpoB o6sopuoit PJIC, no—
STOMy Haubonbllee sHayeHue apT'yMeHTa WHTerpasia BEPOSITHOCTH i
MOXeT 6uTH o6ecneueno MaxCUMU3anvel OTHOeHUs s

Peu= Py 2
T o —— =max . 1.41)
VPu(T-Py) el
Hs (1.29) u (1.30) CIENYeT, 4TO 3HaueHWe BepOSTHOCTEH Py B
Pew 28BHCHT OT craTHCTHYe KUy CBOACTE curHana u wyma, &

J, a,cne,uona’renu{o, €e apryMeHT [O/DKeH MMeThb

:lcnmxbayﬂ @ynxnnonanmy!o SABHCHMOCTE BEepPOSTHOCTH f” = e
) COOTBeTCTRY : Py
p? EcALB1) nonencrasnas s (1.41);/05;“,""9’“14{4-)’
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Takum o6pasoM, Mbl nomyuum GyHKUAIO TONBKO OmHOK nepe—
MEHHOH P, « OnTuMankHoe 3Ha4YeHHe BEePOATHOCTH P, Haxopwrcsa
13 pelleHHsl SKCTPeMAalbHOol 3apaun C ucnons3opannem (1,42,
Mnsa cnabpix curxanos ( Cw<<1) ONTHMANIBHO® 3HAYEHHe P, %02
[Ipu Gonplnx 3HAYEHHAX CUrHAajla ( 90 = l) MaKCHMHSaIlHH OTHO=
wenua (1,42) HACLyWeeT Npu. O, = 0,1.
[lns ompencenns ONTHMANBHOTO 3HAYEHHH MOPOTa KBAHTOBAHWS
BOCHONB3yEeMCSl COOTHOLIEHNEM (1.29), U3 KOTOPOT'O Clieayer
U5t = 2in 51— (1.43)
w opt
Moncraeue b (1,43) monyueHHbie 3HAYCHHS Pu opt TPH M3BECTHOI
AMCIIepCUU (7”‘5 , MOXKHO ONpEeeNuThb Hawlyyllee 3HAYEHHWe nopora
1, . B uactHocTy, nna cnabeix curHanon (pwopt 0,2) mveem

Loope:™ 1,86, . (1.44)

[ng CUNBHBIX CUTHAJIOB U/
B cooTeeTcTBum C (1,43)

= max . (1. 48)

yeenuuupaeTcd W aOnd pUJUPt = O’]_

0 opt
Upgat = 2150, . (1.45)
OntumMusanud mnopora obHapyxKeHUs ko MOXKeT OBITh OCylecTBlIeHa
CTaTUCTUHECKHM MopaenupopanneMm Ha IBM mo merony Monte-Kap—
710,

CTaTucTrdecKoe MO[eIHpPOBAHHE PACCMOTPEHHBIX OCHAPYXHTenei
10Ka3ano [1 ] , YTO ONTHMANLHOe 3HauyeHue A 0 opt ong BECOBOFO

HAKOMMTENs IIPY COBMECTHRIX (QIIyKTyalusx koopt 5 2 AL ,
=1

a npu mwymomopobHLX hnykTyauusx &, ot ‘/2/22 (1)

h(1) - BecoBble KO(DMIueHTEl, onpenendeMere Bnnorzd auarpaMMel
HATIPABIICHHOCTH aHTEHHel (' ®) .

Mpu pamroaecnom Haxormeﬂmx GUHADHO—~KBAHTOBAHHLIX CHIHAIIOB
¥ pellaplieM Mpasuie ”k /n " B ciydiae COBMECTHBIX QurykTyanui

= 770.
3 oopt = , & IpH Luymononoﬁﬂmx dmym‘yannﬂx CHUIHAIIOB
= 1, 5 V7, 5 ; THE 72, = SHCHO HMIYNLCOB B Iauke,

k 0 DP t - =
Ql'lpeﬂene}moe no ypossio 0,5,
~Tlpu Monennpnnam«w JMCIONB30BAIUCE Cleayolue naHHble:
= BBl F = 19'3. ,10=6; nmarpammva HampapieHHOCTH aH-
TEHHBI anrméxcumnpanmmeb q)
- Gl)=eos? 3

gz+1 —L) ;




[image: image14.jpg]METOIMKA TPOBEACNUNS  SKCHEPHUMENTA
D naGoparopioii paGorenpoBoj#TeAdKCIEPUMEHTANBHOE uccneposanne
obuapyxureneit "KeupZ " "g/£ -/ " " A/ " ¢ yenorvsosannes cra-
THCTWUECKOTO MOJENUpoBaHua ua oD,
lenp® SKCHEPUMEHTANBHOrO WMCCHENOBAHWA ABNAETCH onpegenenue xa
paKkTepncTuK oGuapyxenus (D = 7[(?) T ne g.-owﬂomenne cvmman/uym)
NN YKa3aHHHX TUMOB oCHapyxuteneii.
JKCMepPUMEHT MO ONpejleNeHund 3HAUEHUA BEPOATHOCTW MDPABUIBLHOTO
gbHapyxenuns 2 cocrour B MOENUPOBAHNUN MAUKNH OMHADHO-KBAHTOBAH-
HHX MMOYJNBCOB CUTHANa C WYMOM C BEDOATHOCTHLI MOABAEHUA "enunuu“/%

§ CuHApHO-KBAHTOBAHHMX "enuHul" wWyMa ¢ BEPOATHOCTbE MOABIEHWA L .

BepoATHOCTH Lo | Dyee W ?"OTHOWEHMG CUTHAN/WYM CBA3AHH DYHKIMOHANL-
/

Hoil 3aBUCUMOCTHE: gk
4 Jf.’

/,
/)C' = fptu}
fpn MOENUPOBAHWA BEDOATHOCTL Ly TEHEPUPYETCHA B NMpejiediax ee 3Ha-
uenuit o0 0.1 go 0.2, a sepoATHOCTS fe  Rad CMHapHO-KBAHTOBAHHOI

UTHANa C WYMOM OnpejeNfeTcds MO NpusejienHoll HYHKUMOHAKbHOI

MOCTH. JHaueHne OTHOWEHHA curran/uyn é? - 3agaetca € Kia-
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2. lpouenypy Mopenupopanus nauku CUHADHO-KBAHTOBAHHMX UMTIYABCOB
p BUAE nocrepoBarenvHocTu "Hyned" w "epunun".Yucmo wMnyniscos B
nauke /2 33AGTCA C KNABWATypH MO0 YKasaHu® npenojasatefs B npe-
penax or IS mo 20,
3. Nlpouenypy Mopnennporanue oGuapyxureneil W2 e o L
B COOTBETCTBWM C anropurmamu ux paGoru.llapameTpw anropuTsos BBO-
LATCA C KJaBuaTypH, NpU 5ToM HEOCXOAMMO,uToCHy: NNA YKASAHHHX al-
ropiTMOB 0CHADYXEHUA BHMONHANUCH CIHENYDLHE YCIOBWA:

1) pna anropurma "A ey /7" weoGxonmuo uroby A <72

2) pna anropurma "A/Z-27" ueoGxopumo urolu & <E <77

3) gam anropntma "X/A" - f<2
lipu BuGope mopora oGHApPYXEHNMA A  XeJjaTelbHO WCMNONH30BATH 3HA-
yeHue, OIU3KOE K ONMTUMANBLHOMY.

B sroii xe mponepype Npou3BOAUTCA DPacueT BEPOATHOCTH NPABUIB-
Horo oCHapyxenus.Z.

4. Tpouepypy nmocrpoenns rpaduka 3aBUCHMOCTH ﬂ=//f) no pesyrbrTaraM

INPOBAHUA Ha 3KpaHe QNUCHies W NOCTPOCHUA ragauns ¢ pesyibra-

MONIeTMpPOB AN .

HOPAJOK TPOBEREHUA SKCHEPUMEHTA.
nporpany " PabSexe ' ws xaranora (pupertop

o i XapakTepucTuk obHapyxenna puf K
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2.8 npopenats nyuktw 2.1 + Z.7 nnA ocrambHHX ANTODUTMOB.

2.9 mocTpouTh B ONHWX KOODAWHATHHX OCAX MO MONYUEHHHM raGauuam
rpadukM XapakTepHCTHK OCHADYXEHWA JNA BCeX Tpex AATOPUTMOB.

3. lan oéﬁapyxnweﬁﬁ9&gﬂ'npoaecwu SKCOEepUMeHT JAA OUEHKW BIWAHUA
nopora oCHapyxewua £ Ha BEPOATHOCTH NPABUIBHOTO o0HapyxeHua .
C srofi HedAb® WCTMONb30BATH TPU 3HAUEHUA Mopora,B TOM uucie #

ero onTuManbHoe 3HAueHue.Taliuus pe3ynNbTaTOB IKCMNEpuMeHTa MNEpe-

mUcarTh B OTUET ¥ MOCTPOMTHL Trpaduxu sagucumoctu 0T@-0THOUGHNA cur-

gan/uyM [iA suCpanHuX 3HaueHnil nopora o0HApyXeHwus K.

4, To pesynbrarau SKCMEpUMEHTa CJeNatb BUBOJE.

COEPRANNE OTULTA:
w@?pyxwypnme cxeuMs oGHapyxuTeneil paGoranuux N0 ajropHTMAN:

ﬁ u’ﬁk/f m ,", HK/K n.
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