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JlaGopatopHas padora Ne 1 _
U3YUEHUE METOAOB PALIMOHAJILHOI'O KOAUPOBAHHWA
PAJIMOTEJEMETPUYECKHX CHUT'HAJIOB

{EJIb PABOTBI
WsydeHue  [OMEXOYCTOMSMBOCTH  NPOLEIYP PaNMOHAIBHOTO
KOIMPOBAHHUA npu PasIUIHBIX ¢TaTHCTUIECKHX MOJENAX

ﬁ&h:o.ﬂmhm?aqﬁ HYeCKHUX CHIHAIOB.

1. TEOPETHYECKAS YACTbD
1.1. MeTo/ bl PAIHOHANLHOTO KOAHPOBAHNA

MeTosl PAlHOHATEHOTO KOAMPOBaHNUA IPH uugpopoli nepenade
pAjHOTeNIeMETPUIECKHX ~CHTHANIOB  TPSIHASHAUCHE] sl COKpalieHuA
W3GBITOYHOCTH M3MEpHTENbHON HHdOpManEy B YCIOBMAX anprHoOpHOH
HeOTIPE/IeNIeHHOCTH, B ciyHae HepaioHaIbHOro KOJMPOBaHMs HA TIEPBOM
STane NpeoOPa3OBAHMS AHATIOrOBBIX CHIHANOB B undposyo  opmy
M36BITOYHOCTE COXPAHAETCs H Ha TIOCHSMYIOMHX STarnax. Taxum 06pasoM,
NMOA pAUMOHATBHBIM KOAMPOBAHMEM TOHHMACTCA TaKoe KOXMpOBaHHE,
KOTJIA M3MEpHUTEbHAsS HEOpMALs, TPEACTABICHHAA B nupoBoit hopme,
TpeGyeT MHHUMATBHOTO KOHYECTBA CHMBOIOB TPH 3a71aHHOM| OTHOLIEHHH
CHIHAI/ILIYM. _

Tpoueaypbl PalMOHAIBHOTO KOAHPOBAHMA KiTacCH(UIUPYIOTCA 110
HX BO3MOXHOCTH H3MEHATh Mapamerpbl H CTPYKTYPY KOIMPYIOMEro
ycTpoMcTBa  UiA obecrieueHnsa CxKaTHa JaHHbIX. Smwmﬂn:E [1,. 2]
(ukcupoBaHHble, MApAMETPAIECKH ajanTHBHBIE ¥ HET@pPaMEeTPHHCCKH
AJaMTHBHBIE TPOLEAYPbl PALHOHATEHOTO KOANPOBAHMI.

DUKCHPOBAHHBIE MPOLETYPBI (x HMM OTHOCATCA W= H A-
ONTHMATGHEIE KBAHTOBATENH) WMEIOT 3a/@HHYi® CIPYKTYPY. KoTOpas
ocTaeTcss HEW3MEHHOH npH JIOOBIX BXOMHBIX po3meiicTBiAX., 31O HE
[103BONET ONTHMA3MPOBATh Npouecc 00paboTKM JAHHBIX NPH pasHbIX
CHIHAZAX Ha BXOJE KBAHTOBATels, HO JOIYCKaeT MpOCTYio anmnapaTypHyo
peaTi3aliio aropuTMOB.

[MapameTpHdeCKH aJanTHBHBIE MPOUCAYPHI, K KOTOPBIM OTHOCATCA
ANanTHBHAS W PpAa3HOCTHAs MMIYJIECHO-KOAOBAA monymaumu  (MKM),
qyBCTBUTENbHBI K CTATHCTHKE CHTHAIa H U3MEHSIOT B COOTBETCTBHH C
BHIOPAHHBIM KPHTEPHEM CBOM [apaMeTpBL.

Haubonee MNEPCHEKTHBHBIME € TOUKH 3pEHHA palHOHATBHOTO
KOMpOBAHMA  HECTALMOHAPHBIX ~ CHPHAIOB  © H3MEHSIOIUMHACH
CTATHCTHUECKAMH  XapaKTepHCTHKaMK  ABIAIOTCA HemapaMeTpHIecKn
aJANTUBHBIE TMpPOLEAypsl. OTH TPOUEAYPS! TaKKe UyBCTBHUTENBHBL K
CTATHCTHKE CHrHalma H HM3MEHAKT B COOTBETCTBHH C w_uuaﬁm.:mﬁ_z
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KpUTEPHEM CTPYKTYPY anroduTMa obpaborku. [Ipruvep Takoit nporemyps! —
ananTuBHO-pasHoctHas HKM ¢ nepecTpoiikoi  CTPYKTYpBL duisTpa
nipefcKasarens.

1.2. CTpyKTY[HaA cXeMa KOAeKa HCTOTHHKA CHIHANA
VnpolueHHas CTpyK ypHad cXxema Koaeka WCTOYHHKA CHTHANA TIPH
(pHKCHPOBAHHBIX AT prTMax oOpaboTKM MPUBE/ACHA Ha PUC. %
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Fio BpeMeHHOM E_nxﬁﬂ,:,wmﬂocm I ocymecTBIAETCs aMIUTATYIHO-
PMNYTECHaA MOIYJAUMA  ClirHama X(t) ¢ wactoToli MOBTOpeHNA
I = I/At . Ha BEIXO2 JACKpeTH3aTopa dbopmupyeTcs
N0CIEI)BATENBHOCT ITPSAMOYTOTBHEIX HMITYJILCOB KOHEeTHOI

gurenbHocTd X (nAt), tae n=12 ... AMIUTHTYIa STHX HMITYJBCOB B

i
kpagrosarene KB mpuobperaer 3HAYCHHE M?b&. COOTBETCTBYIOLIEE
GmmkaifieMy YpoOBHIO kBaHTopaHus. B xomepe K nocnenoBaTe/bHOCTH

BRI H w?b& cramres B cooTBercTBUe KojoBoe cnoso C(nAt).
O6BMHO NS KOOMPOBAHYS KBAHTORAHHBIX OTCHETOB HCTIOAB3YETCA
aBoMdras nocnenoparenbiocts, C HOMOLIBIO B-paspsiAHOro HBOMTHOTO
KOJOBCTO CJIOBA MONKHO — cqiopMHpoBaTh 2B paznuuHBIX YPOBHEH
kpanrosanns., CKOpOCTh nepeliadn uHGOpMALAM B 3TOM CIyHae L= E,

Eend  1acToTa mp [OCTOAINHA, TO ENMHCTREHHBIA ITYyTh YMEHBIIEHH

CKOPOCTH Tepeaadin P3MEPUTETHOM MRBOPMALIMH COCTOHT B COKPALIEHHH
qECIA JBOMYHBIX eIMHMIL Ha GTCUET CHrHaa.

(fpy  paBHOMEPHOM  KBaHTOBAHHH coOOIEHEA  OTHOLICHME
CHIHAJ/IIyM IJi TapMOHKHMECKOro CHTHAIIA paBHO q[aB]=6b+1.8, a gna
rayccoBekoro — q[aB]=6n-4.8 [3]. DT COOTHOINCHHA TONyYerwl wus3

[PeNIOoXSHHUA, 9TO AMalTas vH KBAHTOHAHHA HCHONB3YCTCA TOMHOCTLID,
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1.3. Komnanaep
B peansHBIX YC/HOBWAX AUCHEPCHS T2JIEMETPHYECKOr0 CHrHana
MOKEeT MEHATHCSH B 3HAUYMTE/NbHOM IHaNasore, 170 YMEHLIIAET OTHOIICHHE
CHI'HaJI/ LIYM. [To oroii npuyuBe  And nopAepKaHuad  OTHOLLUSHHWA
OEE.EE.E._%?_ Ha 3aJaHHOM YpPOBHE TIpE pPEBHOMEPHOM KBaHTOBAHIH
HeoOXOOMMO VYBEJIUYMBATH HHCIO YpPOBHEH KBAHTOBAHMA C YYeTOM
MAKCHMANBHO BO3MOXKHOIC 3HAYEHMS TENeMETPHUECKOro curuana X . B

pesysibTaTe BO3pAcTaeT MIMHA KOAOBOIO £JI0BA H, CIEAOBATEIHHO,
yBeJMuMBaeTcs  M30BITOUHOCTh coobmernti. [lni yCTpaHeHHs. 3Toro
He0CTATKA IPUMEHSAOT HEPaBHOMEPHbIE K3aHTOBATENH, B YACTHOCTH |- U
A-koMnangepst [3].

HenuneitHoe yoTpoilcTBO Ha Mepeiate HaspIBa0T KOMIIPECCOpoOM, a
Ha fpHemMe — SKCTaHxepoM. COBOKYIHOSTh 0DOMX YCTPOWCTB HA3HIBAIOT
KoMmarnepoM. [IpuMeHeHHe KOMIEHSPOB 0DeCTmeuMBaeT MPUMEPHO
OMHAKOBOE OTHOIICHHE CHTHAL/WIYM B UUAPOKOM [HANa30HE N3MEHEHHS
HHTEHCHBHOCTH TeaeMeTpHueckoro curHana. Ha npakruke ACHONB3YrOTCA
XapAKTePHCTHKI KOMTIPECCOpa, Ha33AHABIE [-3aKOHOM
KOMMAaHIUPOBAHHAA:

y[nAt] = Xy [In(1+ p | x(nAt) | /Xy )/ Indl+p Jsign[x(nAt)],

+1, x(nAt) =0,
-1, x(nAt)<0,
a Taloke A-3aKOHOM KOMINAHAWPOBAHMAL:
Ax(nAt)/(1+mA) , Dx(nAD)[<1/A,
(1+In Ax(nAt)/ (1+InA)), 1/A < x(mAt) <1,

JKCIEpUMEHTANBHbIE ~ MCCIENOBAKIA  TIOKasplBaloT, 4ro  12-
paspsjHOe DPABHOMEPHOE KBaHTOBAHHE HMEET TaKoe XKe OTHOLICHHE
curHan/myM, Kak M 8-paspAmHOe KSaHTOBAHHE TPH | 1-32KOHE
KOMMaHIUPOBAHKA.

JIpyras BO3MOXXHOCTb YMEHBIIEHH /IJIHH51 KOI0BOTO C/IOBa CEA3AHA
C TpHMEHEHHEM ONTHMAIBHKLIX KBaHTOBATEICH. EciM HHTEHCHBHOCTD
cUrHana He MEHAeTCA M W3BECTHA ero ()yHKUWA MIOTHOCTH BEPOATHOCTH

4%
P(x), To, BEIGHpas moporn X; 1 vpoBHH X j KBaTOBAHMA N0 GopMy1am

rae sign[x(nAt)] =

y(nAt) =

AN A X
X (X;+ Xist )/ 2, Xi= [ xP(x)dx
X1

2

yaaeTcs MakCHMH3HPOBaTh OTHOIICHHAS curHan’ LIYM KBaHTOBAaTEJIA.




?P@Fﬁ TeJleMeTPHUECKHE CHIHaTbI OObIMHO HECTALMOHAPHDI, TIO3TOMY
Ha TPAKTHKE [Malle HCTIONB3YIOTCA {1-KOMNAHEPBI, HECMOTPA Ha MeHbIliee 110

CPABHEHHIO C|OMTUMATBHbIM KBAHTOBATEIIEM, OTHOIIEHHE CHTHA/IIYM.

+

1.4. AnanTuBHo-pasnocTHas KM

Bonee 3(@eKTHBHBIM CIIOCOGOM npeoGpa3oBanus HEMPEPBIBHBIX
curnanos B undporyio GopMy TO0 CPaBHEHHIO © |i~KOMTIAHTUPOBaHUEM
SBJIAETCA  afarTHBHO-PasHOCTHA UKM (APUKM). Tlpu APHKM
OCYIIECTBIIAETCS NApaMeTpUaeckas ananTamyusi CBOWCTE KBAHTOBATE K
YPOBHIO BXOJIHOTO CHrHAIA [1, 3]. [ns aroro mar KBAHTOBAHHA, WIH
k05((PULHERT YCUNCHHSA aHAIOTOBOTO TpakTa, M3MEHSIOT TaKUM obpazom,
q700Bl YPOBEHb JNMCTIEPCHH CHIHANA HA BXOIC KBAHTOBATENA OCTABAICH
noctosarsM. KaaTosarenn npu APMKM moryT 6BITH C aganTaumeil o
BXOLY U MO BBIXOMLY [1]. B mepBoM ciydae gucrepcHs BXO/IHOTO CHTHama
OLICHMBAETCS HETOCPEICTBEHHO [0 STOMY CHTHANY, BO BTOpPOM — IO

N
spixonHomy curnamy X(nAt). Tipu HCMONBL30BAHNM KBAHTOBATENA C

apmarran@en no BXOmY HeoOXoqUMO TepeiaBaTh Ha TPHEMHYIO CTOPOHY
JHaueHHe 1ara KBaHTOBaHMA MIH koaduupenta YCHICHHA, HTO
yBeuYMBaeT JAIWHY KOJOBOrO Ci0OBa. [lo »TOH TpHYHHE HA IPAKTHKE
HANLUTA MpUMEHEHHE KBAHTOBATENW C amanTaumelt mo Bexody (puc. 2).
HemoctaTKOM JTAaHHBIX KBaHTOBATENEH SBTIAETCA BBICOKAA
qyBCTBUTENBHOCTS K OIIMOKaM B KONOBBIX CIIOBAX Ha BXOne [PHEMHOIO
ycTpoiicTBa.

B ycrpoiicTBe agantaimu A OUCHHBACTCH JIHCTIEpCHd BBIXOIAHOTO
cHrHamna

2
n-1 A
?(mAt)= X X (mAt)-h-[(n—m)At], rae h(nAt) — AMITyJIbCHAA
m=-x
xapakTepucTuka QUIbTPA. KosdduumenT ycuieHns aHaI0roBoro TpakTa
yCTAHABJIMBAETCS 0GPaTHO MPOMOPIHOHANLHO CPEIHEMY KBaJpaTHIECKOMY

oriionenmo curana G(nAt) =G /o(nAt) . Takoii merox obpabortku
BXOJHOTO CHIHAJd Ha3bIBACTCA anantupHoit MKM (AHMKM). Curnan
y(nAt) ¢ BBIXOIA YCHJIHTE/sS ¢ MCPEMCHHLIM ko3(GhULMeHTOM yCHTeHAA
MOCTYHAeT Ha CXeMY PasHOCTHOTO KBAHTOBATELA.

Mex/Iy COCEAHHMN OTCHETAMH TeIeMETPHIECKOr0 CHIHANA 00BIYHO
AMeeTcs 3HAYWTENbHAA KOPPEKIWA, KOTopas cnaGo yGhiBaeT 1O Mepe
yBeIHICHHA :Emﬁmmm% BpEMEHH. B  pesynbrate pasHOCTh MEKAY
MMMMWHWWM M“Mwﬂwﬂﬂmm WﬂmM:MuﬂmMrzMmeEwB JHCTIEPCHIO, TeM HCXOMHBIH

HTOBAHHOTO CUTHalla YMEHBIIAETCH,
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YyTo TIO3BOJISIET MpH TOM JK€ OTHOLICHWH CHTHAJI/IIYM | COKPaTHTh
pa3pANHOCTE KOJOBOTO CI0BA. _

Ha Bxome kpantosatens KB JefictByeT pasHOCTH fif CHrHAI
d(nAt) = y(nAt) - y(nAt), rae y(nAt) — oueHKa NPEJCKasaHHOTO SHAUCHNA
curHana y(nAt). Ksanrtoammio d(nAt) mnozpepraeTci He BXOAHOM, a
pa3HOCTHBI cHrHan. POpMHPOBAHME MPEICKAa3aHHOTO u:m.#:_Eu cUTHanma

y(nAt) oOcCyIIecTB/IAETCA C MOMOLIBI0 MNpeICKasaTei II. OtHOUIEHHE
CUTHA/IIyM B paccMaTpUBaeMOM CIyYae paBHO q=G,-qy, THe qo—
OTHOmeHHe CUrHan/myM ksamtoparens, G,— KOI(QOHIMECHT YCHICHUA,
06yCOBIEHHBIN PA3HOCTHBIM  KOIMPOBAHHCM. BenuuuHa (g 3aBHCHT
Tonbko 0T cBoiicts ksantosarens KB, a G, onpeaemsiercs THIOM
npenckasaresa I1. Ecinu Henos3yeTcs TUHEHHBIN MpecKa3aTelb

i D o
y(nAt) = ¥, oy - yl(n -k)At], rae Oy —  TOCTOsHHBIE
k=1

KO3 PUIMEHTE], P — KOJIHYECTBO HCTOJB3YEMBIX LA )eICKa3aHuA
MpeNeCTBYIOIIMX 3HAYCHHI CHIrHana, TO ko3 ueHt

p
G, =1/[1- ¥ oy -p(kAt)], rme p(kAt) — HOPMHPOBaHHAA
#Hm |
KOppeJAUNOHHAsS  (PYHKIISA y(nAt) . 3Hauenna KodPHUMEHTOB Oy,

obecmeunBaioHe MakcuManbHoe 3Hadewne G, OAHO3HAYHO CBA3aHBI C
BHIOM (QYHKUIHH KOPPE/IALHH BXOJHOTO CHIrHala [3].

|
X Ay~ dt
X \.\_../

0 _
g yin)

Puc. 2
Taxofi merox o0pabOTKM CHTHAIA Ha3bIBACTCS paztocTHoli KM
(PUKM). CoueTaHie TakKiX MeTOZIoB 0GpaGOTKH H3MEPHTELHOrO CHIHANA, Kak

AMKM u PUKM, no3BoJiseT MOTyYHTh a1alTHBHO-Pa3sHOCTHYTO HUKM (puc. 2).
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Cursai ¢ BXOJa KEAHTOBATENS MOCTYNact Ha JUHHIO csizm JIC H
nanee — Ha MPUEMHYIO CTOPOHY, TRE ocymecTBIsACTCS Jekonuposarue 1K 1
ROCCTAHOBIEHHE HCXOMHOTO CHIMHANA,

BeiMu@HA BRIUIPHINA B OTHOWICHUH curaan/mym tpu APHKM
JapHCKT OT BAZR (YHKIMH TUIOTHOCTH BEPOATHOCTH U KOppenAonHOH
(hyHKIIMIE BXOTHOTO CHI'HATA. Mo >To¥ MpUYHHE B CIIyHac HecTalMoOHApHBIX
CHIHAJIOB JUIS  YBENMHEHWS OTHOIMCHHA curHAn/mIyM uenecoobpasHo
uctormy308ath cuctemy APHAKM ¢ aganTHEHBIM npeackasatesneM. Takas
cHcTeMa OTHOCHICA K  HeMapaMeTpHHecKH a@anTHBHBIM [pouenypaM
PALHOHATBHOTO KOAMPOBAHH coobmenuit. s mepecTpOKH CTPYKTYPBI
hunpTpa MpencKasaTelisl Heo6X0IMMO OUeHHBATE (DYHKUMIO IUIOTHOCTH
BEPOATHOCTH M KOPPESAIAOHHYIO (yHKUMIO BXOXHOTO CHIHATA, & MOTOM
PACCUUT>IBATH SHATCHUA goIPMITMEHTOB O (nAt) .

Bo3MOXHO pazmiiiioe  COYETaHHE [pOLEAYP PALHOHAIBLHOTO
KOOUPOEAHMA € YHSTOM rpeboBaHUH  CIIOKHOCTH peau3atn
umb:o_aa:mzoéianzam cucTavbl  D(QEeKTHBHOCTh TEX HIMH HHBIX
MpoLeNyp PalMOHATLHOIC 10 JAPOBAKHA  CYHIECTBEHHO 3aBHCHT OT
CTATHUECKUX MOJIeNel TeNreMeTpHIeCKHX CHIHATIOB.

2. OMMCABME [IPOTPAMMBI PABOTbI

Y npoueHHas GyHKIHOHUIbHA cxema ‘porpamMmel, paborafomiei B
IWATOTCBOM peXuMe, NpHBeIeHa Ha puc. 3. Ilporpamma MO3BOIACT
weene10BatTh HHdpoBeie METOIR! mepefady HHpOpMALHK TP pasmHaHBIX
BHOAX .E_Emz_ﬂ._.ﬂmjﬁnmr; CHIrHaAroB.

B mavaie mporpaMmbl ¢ HOMOIIBIO undopMariiyd Ha dKpaHe JHCILIea
OG%EGOJM,ﬂhmﬁOE m!m,ﬁu CHe Iy DX THIIOB 7.wmi.~,ommﬁmzmm.,

- UKM;

-AKM ¢ p-KOMIAHAPCEAHHEM;

- KM ¢ A-KOMIaHMpOBaHHEM]

- PUKM;

-PUKM ¢ p-xoMOoadJupoBaHiaeM,
- AUKM,

- AVKM ¢ p-goMTaHIH0BAHHAEM;
- APUKM;

- APMKM ¢ p~KOMTIaHIAPOBAHIEM.

Viccnenosanue MepsuncieHHbIX csaHToBaTENeH BO3MOXHO TipH
CHTHAMZX, OMNHMCEIBASMBIX P HBIMH craTHdeCKHMM  MOZensmu, R
mporpamMMe MOIENHpPY0TCA CHTHAIB! nm: mwwﬂozmﬁ:_u_z 3AKOHOM
pacrpeleeHus, 3aKOHOM apxciHyca, HOPMAlE 3aKOHOM, a Tawke
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HecTalMOHApHHE cArHansl. BeiGpaTh O 3 HIYX MOXHO C TOMOIIBIO
HHpOPMALHK Ha dKpaHe IUCTUIeA.

CurHan ¢ paBHOMEpHBIM 3aKOHOM pacrpenencHis GOpMHpYeTCs ¢
[IOMOIIBE) CTAHAAPTHOM QyHKIMH Z(1) = END(x). Tak kak B IporpamMme

ciayyaifHuie wwcna Z(l) pacripefensioTCs B MHTEpBAiC 0...1, To puda
dopmupoBaHud CHrHana ¢ JaMAHHBIM  3HAYRHHEM M PasMaxoM A
HeoliX01MMO OCYILECTBHTH QYHKIHOBANBHOE npeobpa3oBaHHe

X(I) = A[Z(1) -M] 1=10..255

Curaajt, GyHKIWA TUIOTHOCTH BEPOATHOLTH KOTOPOTO ONHCHIBASTCA
3aK0HOM apkcuyca, popMHEpYeTCA C TIOMULIBIO creparopa:

X(I) = Asin(2n —4nl/255) - M, I=00.250"

CHUrHaI ¢ HOPMAIBHBIM 32KOHOM PaclpeAcne i OnpefeNseTcs Kak
A =60 ,THe G — CPeAHeKBAIPATHYECKOE 3padeEEe CHIHANA,

[MoJ HeCTALHOHAPHBIM CATHANOM E POTPAMME TOHAMAETCs. CHrHAJ
¢ HOPMalbH5IM 3aKOHOM pacripefiellerpsl, y KOTOporo BO BpPEMEHH
pamerseTcs  aucrmepens.  POpMUPOBAHHE HecTalHOHAPHOro  CHrHana
OCYILIECTBAETCS ONEPaTOpOM:

X(I) =[A / (1+B)][1+Bsin(nl [ 255)R(D), I=0.:255.

Kpome pa3vaxa curpana A M Cpeliero sHayeHMs M, nmapaMeTpoM
HeCTAIMORAPHOTO CHIHAJA ABIACTCA JUHAMITIC ot smanaszod D=1+B.

nyc ann.u
T s
T _
/ KBAHTOB.,

MOJETb _“
CUHATIA =

e TAPAN
h|| —<Z__CUrHANA —
APAMETPb o s
[T -
g |
BRG] 5
- _—TAPAM——
< _KBAHTOB.—
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MMocie BeGOpa BHa CHTHANA 3a@IOTCA CMCINEHMs M curnatd
OTHOCHTENbHO HYIEBOTO YPOBHA KBAHTOBAaTeNs H €ro pasmax A. Ipu
Bpifope MapameTpoB CHMIHaNA HeoOXOIHMO YYHTHIBATH, YTO Bce THIIbI
KBAHTOBATANEH MMEIOT KaK OTPULATENBHYIO, Tak  MONOKHTEILHYIO BETEH.
Jpanas’oH |BCEX kBanToBaTenell (uxcupoaH H paBeH 128 ycmoBHBIM

mmszxﬁmz.._ HakiioH XapaKTepHCTHKH KBaHTOBaTed cocrasmser 45° . s
HECTALIHOHAPHOTrO ~ CHMTHANA HeoOXoIMMO  JIOTIONHUTENBHO  3a1aTh
MMHAMAYECKHIH IHanasoH.

Jlatee mporpaMma MpHCTYNaeT K ¢opmupoanuio  Habopa
BHIGPAHHBIX TEIEMETPHIECKUX CHTHATOB.

Ilocne (popMupOBaHHA CHTHANOB geoGXOaMMO 3aJaTh TApaMeTpPhl
xpaHToBaTend. i Bcex KBaHTOBaTEeNel 3a1aeTCs JJIHHA KOLOBOTO cioBan,
ompezensomas  HHCI0 ypoBHei#t KpaHTOBaHus. B mporpaMme MOKHO
3a/aBaTh ATHHY KOIOBOTO CJI0BA N < 50.

Jlnst BceX THIIOB kpauToBareneit ¢ U- U A- KOMTIaHAUPOBAHHEM
HeOGXOIMMO ©UI§ BBECTH COOTBETCTBYHOLIHE 3HANCHMA napamMeTpoB
u u A. OOHYHO PEKOMEHAYIOT n=30; 100; 255, A =87,6.
Peamzamms MIKM B mporpamMme OCyHIECTBIIACTCA KaK yacTHBIN cydail
UKM ¢ || -KOMIIAHAMPOBAHKEM ~ TIPH  3HAUCHUM riapaMeTpa
p = 0 (aHanorm4HO H IUIA xpauTosareneli ¢ PUKM, AUKM u APUKM).
Kpome Toro, mmi PUKM n APUKM HEOOXOHMO 3a/1aBaTh TOPANOK
npenckasaTesns P.

Bpems pacuerta XapaKTEPHCTHK KBAaHTOBATENsA 3aBHCHT  OT
pbiGpanHoro curnana. Tlocne BBIMOJHEHWS] PAacyeToOB Ha 3KpaH AHCILIed
BBIBOIATCA UCTOrpaMma CHrHana, spauenue BxoaHoii DB u BBIXOAHOM
DK gucmepcuH, a TakKe OTHOIICHHE cursa/mym G KBaHTOBAHHOTO

cHrHama.
C HoMOUIBIO MOSCHMIOMMX HAimucei Ha SKpaHe NHUCIIEs MOXHO

H3MEHHTH TIApaMeTphl CHTHANA W KBAHTOBATENS MJIM OCYIIECTBUTH HOBBIH
BEIGOD THIA KBAHTOBATENS 1 MOJICIH CATHAIA.

3. NPAKTUYECKASA YACTD PABOTDI

3.1. MoaroToBka K padote

Brifop curHana U TANAa KBAHTOBATENA OCYLIECTBIAETCS 110 YKA3aHHIO
TpernojaBaTers.

Brmouute KOMIBIOTEP H Ha paGodeM CTOJNE 3aIyCTHTE MPOrpaMmy
«Coder».

Ha xnasuarype Haximute knapumry «Caps Lock» mnmst yCTaHOBKH
pexMa MPOMUCHBIX OYKB.

9
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BsInonHAliTe MECTPYKIHH, KOTOPEIE MOABATCA HA SKPAHP AUCTLICA.
Habepure uubpy, COOTBETCTBYIONLLYIO HecnegyeMomy
KBaHTOBATEHO, & 3aTeM «Enter.

Jlna wenpasieHus OMMOKHM BBOJA N0 HAkKaTWA KIABHIIA «Enter»

HCTIONB3YHTE KIABHIIN <—, —>, i _

3.2. @opmMupOBaHHKE MOJeJIN CUIHAJA _

1. HaxkmuTe KNaBUILY, COOTBETCTBYIOILYFO BHIOpaHHOMY CHIHAITY, H
«Entery.

2. BeenuTe napameTpsl TeJleMeTPHIECKOro curHajd. Jlna cUrHAJIOB,
(yHKIMS [LIOTHOCTH BEPOATHOCTH KOTOPBIX OMHCLIBACTCHA paBHOMEPHBIM H
HOPMAJIGHBIM 3aKOHOM, @ Taioke 3aKOHOM apKCHHYCd, 3afactci paszmax
cursana. B ciydae HecTALHOHAPHOrO CHTHANA, KPOME pazMaxa, TpedyeTca
3a1aTh AMHAMWYECKUN NHANa30H CHIHAA. INpu BeIGOpE pasMaxa CHTHAIA
Heo6XOMMO YIUTBIBATE, YTO AUATIA30H BCEX KBaHTOBaTENEH (PUKCUPOBAH U
paBeH 128 yclOBHBIM SAHHHLIAM.

3.ITpu TOABNEHAH HA JKpaHe IMWCIUIES TOJIBKO OfHOH HaImUCH
«KzuTe pesynsTaT He CleyeT HaKMMATh KIaBHIIA KIaBHaTyphbl.

4.Tlpn ommbkax BBOJA BO3MOKHO MPOLOJDKHTE/ILHO® 3aBUCAHHE
nporpammsl. B 3THX caydasx Heo6XooMMO 3aKpeITh MporpaMmy ¢©
BLITIOJIHEHMWEM  TIOCTEQyIoNIel  KOMaHmbl — «3aBepUiuTh ceifuacy W
nepesaryCTHTh IPOTPaMMY. ﬁ

3.3. ViccegoBanue 3GGeKTHBHOCTH KBAHTOBATE. 1€

1. Tlocne mosBNEHWS Ha 3KpaHe MAUCILIEA COOTBETCTBYIOIIEH
HANMHCH BBEJWTE CMEIIEHHE CPEIHero YPOBHSA CHMrHajia OTHOCHTENBHO
HyJIs KBaHTOBateN s, s HyJIeBOTO CMEILEHNT HOKMHUTE kiasuiry «Enter.

2. Beenyre napaMeTphbl KBaHTOBATEIA.

Jng Bcex KBaHTOBaTelEH 3anaerTcs ANHHA KO0BOTO cioBa n<16;
T KBAaHTOBaTeneli ¢ W—H A —KOMNaHIMPOBAHMEM - SHAUCHHE

napamerpos p <300, A<100; ans PUKM u APUKM — nopsanox
npenckasanusa p <10.

3. Bo BpeMs NpPOBEEHHA PacyeToB He CleldyeT HaKuMarh KJTaBUIIH
KiaBHATYPBI.

4. Tlocne TOABJIEHMS HA SKpaHE NUCIUIES XApaKTepUCTHK CHIHAIA
sadukcupyiiTe TNapamMeTpsl KBaHTOBATE/Nd H otHomenue curaan/mym G
KBAaHTOBAHHOTO CUTrHANA.

5. TTopTopuTe pacdeTsl Np¥ APYTHX MapameTpax KBaHTOBATENA H
MOIOENH CUTHama.
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6. [Moctpoiite 3a3MCHMOCTH OTHOLIEHHUS CHIHAN/IIYM OT BenudMHbBI
pasMaxa CHTHANa | JJTHHLL XOj1080r0 CNOBa.

7. TloBTopHTE Bee 3TanEl PaboOTHL MPH APYTOM THIIE KBAHTOBATENs W
MOIISIIH CHTHANA,

KOHTPOVIBHBIE BOIMPOCHI

. HazmaueHne MeTOA0E pAlHOHAILHOTO KOAUWPOBaHHA.

2. Knaccuduxanyst MeTc 108 pauRoHAABHOT0 KOANPOBAHHA.
3. HemoeTaTKi UMITYIIBEHO-KOMOBOH MOJY ALK,

4. HepaBHOMEpPHEI2 KBAHTOBATENH.

5. ApanTaBHAA UMITYIECHO-KONOBAS MOLYJIALIAA.

(5. PazHOCTHAs MMTLYJILCHO-KOIOBAA MOTYJIAUHA.

'T. AnantaeHO-pazHocTHad HKM.

3. Mopgend TeneMeTPHYECKHX CHTHATOB.

9. Oco6eHHOCTH ITPOTPAMMEL PabOThL.

BUBJIHOTPAOUYECKHAN CITUCOK

[. IWenyxun O.K., JiyxkeaHOes H.D. Lludpopas obpaboTka u
repefaua peur. — M.: Pajo 1 casze, 2000. — 456 c.

2. Benmamu JLIC 1lapposas tenedorns. — M.: Dxo-Tpanns, 2004, -
639 ¢.

3. PaGuuep JL.P., Wlagep P.B. lludposas ofpaborka peyeBbx
curranon. — M.: Paguo w ceass, 1981, —495 ¢.
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JlaboparopHas pabora N 2
U3YYEHUE JUCKPETHO-AHAJIOT OBLIX M OBOBILEHHBIX
JUCKPETHBIX ITPEJCTABJIEHHH
PAJJUOTEJEMETPHYECKHUX CUTHAJIOB

HEJb PABOTHI

MsydeHue @IrOPATMOB HHTEpHONSIpoHN0ON 0BpaboTku coobIinenuil

OpH ITHCKPETHO-aHATOroBeIX W OGOOMEHHEIX THCKPETHBIX NPEeCTaBNeHHsIX
TIEPBHAYHBIX PAaIHOTENEMETPUYECKHX CUTHMIOR,

1. TEOPETHYECKAA HYACTb

1.1. Pervasipasie JHCKPETHO-aHA/ICTOBLIE [IPeACTABIEHUA

Ilp  AHCKPETHO-AHANOTOBBIX NPEJICTAENEHUAX COODlIeHWe Ha
HUHTEpBaje BpeMeHd T OIMUCHIBAETCS CEAYIOIIHM BhIPAKEeHHEM ;

U, Us,, .., U, =Au(t), rne A - cnepaTop NpeAcTaBNEHHA, a
TR L

Eciu 5Ta HIKala KBAHTOBAHA, TO TMPEHCTABIEHMS HA3LIBAOTCA
JOHCKPETHO-KBAHTOBAHHBIMH WM LdpoBLivE, [Ipu miHeHOCTH oliepaTopa
TpeCTABNEHA KOOPAHHATEI COOGMIEHN DABHEI

Au(t) =U; = [Wi(t)-u(t)dt. i=L..,n0, (1)
T

rae W, (t) — secopble QyHKIUH, T — HATEPRAT ITPEICTABIEHUS.

B pamuoTeneMeTpuy 00BIMHO HCTIOMS3YI0TCS TUCKPETHO-aHANOrOBBIE
npemcraieHds, korma Wi(t)=8(t—t;) u V,=u(t;). B atom cmydae

— KOOpPAMHATHI COOOIIEHNs, IIKANE KOTOPEIX HENPEepPEIBHA.

koopauHatel Uj, .., U, Ha3uBaloTCa EBIOODKAMHA MM OTCYCTAMH, @

MOMEHThI BpeMeHd t;, ... .t, — Toukauu orpoca [1]. Tlpu perynsprix
IHCKPETHO-aHAIOTOBBIX Pe/ICTaBISHIAX BBIOOPKH Vs Uy
dopMupyrOTCs uepes OAMHAKOBEIE NPOMENYTKH BPEMEHHI

Ty =1/Fy =t;,; —t;, roe Ty — nepuox onpoca, a F, —yacrora ompoca.
Takue pamuoTeNeMeTpu-ecKue cucTembl Hambonee  IIMPOKO
pacnpectpaseHsl Grarojapd OTHOCHTEILHOM IIPOCTOTE  TeXKHYECKOM
peann3anum.
Ha npHéMHON CTOPOHEe BOCCTAHCHIEHHE WCXOMHOro conOIieHHA
OCYMECTBIAETCA ¢ NOMOLILH) ONepaTopa BOCCTAHOBISHHA
1

B(U;, . Ug)=u(t)= % U, @
-1

Y
rae X;(1) - koopaMHATHBIE (MHTEPMONMpyue) PyHKIAN, u(t) - oLUeHKa
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uexomHoro cooCienns u(t) . BoccTaHoBNeHHe HempephiBHOl (yHKIHH 110

_
ee BeGOpKe HAlbIBAaeTCs MHTepmosslued. Ha TouHOCTh BOCCTAaHOBNEHWA

coobmeHns u(t) BIMAIOT WIYMBI PaTHONHHHH, MOTPEIIHOCTH CHCTeMb!
ommGKy MHreproNsuMH. B maneHelimeM OyIyT YHHTEIBaTECS TONBKO

M
ommbxy HETEpHoNsIHA &(t) = u(t) —u(t).
OnpenencHue BUa yHTepriommpyiomeit GyakmM X, (t) = x(t - t;),
obecredBaoeit 3aaHHbe OITMOKH MHTEPTONALIN, COCTABNIAET CYIIHOCTH

| L4
sazaqu BeIGOpa crocoba WHTEPHIOJSLMOHHOM obpaborku. Ouenxa u(t)
no/mKHA OBITH TONYUeHa Ha HEKOTOPOM HMHTEpBAle HHTEPHOIALHHA T, ¢©
y4eTOM BCeX BbIGOPOK, PACTIONOKEHHBIX HA KOHETHOM MHTEpBANC 0bpaboTkn
Tosp (PHC. 1).

t t, t; tirq f.-ﬂ T

Ty

Tasp

Puc. 1
D70 OKa3pIBAeTCs BO3MOXHBIM  [OTOMY, HTO  CYIIECTBYIOT
KOPpEJISALMOHHBIE CBA3M MEXIly 3HAYCHHAMH MEPBHYHOTO CHIHAIA u(t) B
MOMEHTHI BpeMeHH t u t+ At. HuTtepronsups Genoro myma HeBO3MOKHa,
TAaK KaK ero KoppesiuoHHas (QyHKIHS eCTh JenbTa-(QyHKIH.
OntaMansHas HHTEpnoMpyromas (yskims, obecrevuBarolmias MpH
3a71aHHEBIX 3HAYCHWAX KodhduumenTos Koppermsiunn coobmenns K, (ti,t,)

ey
MHHHMANBHYIO CPeIHEKBAIPATUYHYK OIMOKY zmzﬂaizm&vﬁugmn,
paBHa

x;(t) = M g Ky(tty) (3)
e

TAe g, - BECcOBBIC K03((GULIMEHTE], OTHO3HAYHO CBS3aHHBIE CO SHATCHHAMU
Koa(HIMEHTa KOPPEALIK COOOMEH s B TOUKaX i, 1y - U3 (3) cnemyert, 4To

[ TEpBMYHBIX CHTHAIOB ¢ DAasHBIMH KOppeNALMOHHBIMH QyHKLHAMH
HeOOXOZMMO TNPUMEHATh pasiHuHble WMHTEPTOTHPYIOLNE dyakumn B
anropuT™e (2).

OBBIYHO B panHoTENeMeTPUH B KadecTBe MHTEPIOMHPYIOMINX (YHKImit
HCTIOMB3YIOT XOPOMIO MpOTpaMMHpyeMbie QYHKIHH BLIOOPOM  wacToTHI

- MHTEPIOJLIIUU
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onpoca, 06ecrneunBaOMMM 3alAHHY0 TOYHOCTE Eﬁv:oﬁ:ﬁx.imo MHOTHX

clydasx B KadecTBe TaKHX HHTEPIOIUPYOUIMX byHKUMA nﬂmz_mmﬁo,_dm
anreGpaueckue MOJTHHOMBI HU3KHX CTeleHeif M, B HacTHOC :A [OITMHOMBI
Jlarpamxa [2]: _
N-lg) N-1gi) |
%._A.CH .—|_. Aﬁln.mv_x E A~_|__“..‘wu A&.v
%HO %HD |
|

rae [T - cumBon mpowsBenenus, B KOTOPOM OTCYTCTBYET COMHOXKHTENH
mpu i=7y. MOMEHT BpeMeHH t, B KOTOPOM OMNpeNeniercs oummbKa

HHTeproNAIMY, paseH t =t +ETy, rae § - GespasmepHOe Bpems.

L)

| !

,._,,,,Sxé

\J

Puc. 2 Puc. 3

<dopma HHTEPIONHPYHOIIHX
dyHKIMH 4) onpenenseTcs
3HaueHueM Koadduumenta N.
1. Tlpu cryneH4aTON HHTEPIIONALLH
N=1 u xy(§)=1. CnemosaTeisHo,

HA  WHTepBajle  MHTEPMOIALMHA
-0,5 <& <0,5 ucnonp3yercst AL

U1X1(t)

uoxo(t)

onna BeIOopka i =0 (puc. 2).

2. Npu nuHeiiHOH WHTEPHOJIALHH

N=2H#u Xoﬁﬂv H_IW._ uﬁoﬁWu = N
ITosToMy Ha MHTEpBAle

0<E<l

UCHONB3YIOTCH fBe BEIGOPKH

i=0,1 (pumc. 3).

3. Ipu kBagpaTHYHOH HHTEPIOMALIHH N=34u
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1 : 1
x 1€ =66~y Xo@ =18 1® =781 B peymrar: 1a
HHTepBAIE MHTEpHOLANME —1<§ <1 HCTONB3yIOTCS TPH BLIGOPKH MPH

i=-1: 0; 1 (puc.4).
Ha mpaxTHKe pe/ico HCIoIB3YI0TCA HHTEPTIONUpPYoinHe (ysxuym (4)
mpu N = 4. :
Yactora onpoca F, 1py MHTEPHONSIHOHHOMN o6paboTKe 3aBHUCHT OT

B4 KOPPeNALHOHHOM (YHKIMH IepBHYHOTO CHIHANma, CTEICHH
WHTEpnoIUpYyIomIelt GyHiin (4) 1 SHAUCHHA TOKA3aTe/A BEPHOCTH [2]. B
KauecTBe TOKa3aTend BEPHOCTH TIPH  PABHOMEDHOM JIOBEPHTE/NLHOM

”

mpubmickeHMH OueHKM U(t) Ha MHTEpBANS WHTEPHOIALHIH 00bI9HO

HCNOAE3VETCS 3HAUCHIE g = niax _me_J teT,.

1.2. HeperyngpHble IHCKPETHO-2HAIOTOBbIE PEICTABICHH5

AHanus TeJeMeTpiuecicoll vHpopMay MOKaspIBaeT, HTo Honpiad
qacTh M3MEPEHUIl OKa3biBaeTcs M30LITOUHOI. 1Py perysIapHLIX AMCKPETHO=
AHATIOTOBBIX MPEICTABICHISAX A30BITOYHOCTE JAHHBIX BOSHHMKACT JAXKS TIPH
npaBuiBHO BeIOpaHHOE racToTe ompoca Fy, Tak Kak IpH cnabo wiH

MEIUIEHHO MEHMOIHXCSE BO BPEMEHH 3HAUCHMAX NEPBHYMHONO CHIHAIA
4acTOTA OMpOCa OCTASTCA TOIf ke, 9TO M HA y4acTKax, e Takai HacToTa
apageTcs HeobxomumoH. Tlepenada H3OLITOYHON HHOOPMALMA MPHBOIAT K
PACIIMPEHHIO TIOJNOCHl YACTOT B KaHANe CBA3M, YBEJHYHBACT BPEMA,
geobxogumoe aas obpaborki HHGOPMAUMH, a TaKKe Pacxoil IHEPrHH
pcTOYHNKA maTanms [3, 4]

[Ipu HEeperyspHEX TUCKPETHO-AHANOTOBBIX TIPEACTABICHHAK BBIDOPKH
Uy, .., Uy dopmupyiotcs depe3 pasHbie TNPOMEKYTKA BPEMEHH B
COOTBETCTBUHN ¢ 3aJaHHON TOIHOCTHIO BoccTaHoBNeH:s coobintenus [1]. Taxue
BBIOOPIH HA3BIBAROTCS CyIECTREHHEIMA. Tak Kak CyIecTBeHHbIE BHIOOPKH He
00pasyoT peryispHOH [0CieI0BATENBHOCTH, TO I8 NONYHEHMS OUCHKH

M
MEPBUYHOTO CHMrHata U(t) HeoOXomwMmoO mepeaaBath —JOMNOJHATEIBHYHO

HH(POPMALAIY O MOMEHTAX BPeMEHH ty, .. .ty .

Hanbonee ACTO HeperyJisipHbIe [MHCKPeTHO-aHANIOroBble
NPENCTABIIEHNA DEAJH3YKITCA € TOMOIWBED NOJNMHOMMANBHBIX METOIOB
ckaruy gaHHeX [1, 3], B srom cayuae mist GOpMUPOBAHUA CYIISCTBEHHBIX

BEIDOPOK MCMOJNBRYETCH KyCcOUHad anmpoKcHManis coobmenna  u(t)
aIredpanieckiuM NoIMHOMOM

15 .

2 k
:euno +nm+._hv-e ; %)

rie C; - xosdpduuuenT nonuHOMa, B 3aBMcHMOCTH oT THnNa
npeobpazosarenei MOTPEIIHOCTH alOKCAMaL iy pasnuianTes
IKCTPanOJANHOHHBIE H HHTEPOJA THOHHBIE METOLEL CHKATHA DaHHBIX.
CylHOCTS METOHOB JKCTPAloNAlMM (1IpeICKAZaHu) 3aKIM0udercs B
TIOYHeHWH  YNpeXJeHHBIX 3HaueHmil napaMerpa u(t) Ha  ocHOBe
npeIIecTRYIOIAX JaHHbIX. [Ina npeackazamna (n + 1) - ro oTcyera, ecnu
W3BECTHBl N MNPeAUIECTBYIOMMX OTCUETOB, lcroiesyerca Qopmyna (5). B

3aBUCHMOCTH OT CTENEHH HOMHHOM? (5) pasnvyaiT npeickasaHue HylneBoro,
IIEPBOTO U T.X. TOPSIKOB.

Ecim  nocnemHuif  cymecTBeHHBId orcuer  u(ty), TO TpH
npeackaszaHuy Hyjdesoro rnopaaka (kK = () mpeackazaHHdele 3HAYEHHS
coobimerus u,(t;)=ulty), i=1, 2. OTHOCHTENBHO BETHIHHBI OTCYETA
u(ty) ycrapasimBaerca 3o0Ha + A, Dta 30Ha  HaswIBAaeTCA 30HOM
cpaBHeHuA WiIH aneptypoil. JIast i - ro oTcyeTa BHUMCAsETCA omubia

& =[u(t) —u, (t)] =|u(t) - uty)]- (6)

OTcder CUATACTCS CYMIECCTBEHHBIM, CCIH & = A,

Ilpu npexpckasanmm repBoro nopsika  (k=1) yepes aBa
NpeAmecTBYIOUIHX OTcHYeTa MpoBORUTCS npamasd nuuud. Ilpeackasamsie
3HAYCHUA U1 DOCHeTyIOIMX OTCUSTOB JIeAE T Ha 2T0H THHAU (pHC. ).

u(t; ) —u(t;_
fe:_vu%_:ifimt;_ =) -ut). )
0
A CA.D
C_.__mx_u
Bt pe i el 1y
B\
g
w._ ﬁm i 9 *._.
Puc. 5
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Ecd €4 = [ (ti1) —u(tin )| < A, To oTCYeT HCKMOUAeTEA.

DKCTPANONALMOHHBIE METOMbI ciaTis JaHHBIX A(POHEKTHBHEI B TOM
cryuae, mnnr coobimenpe u(t) H3MEHAESTCA MIABHO. Ecnn nepBUYHbL CHIHAT

%xﬁmo: ozE:_‘Emﬁmzoézmﬁzmﬁaﬁ,qo ue&oﬁﬁmwoo?
MHTEPTIOAILMOHABIX  METOJI0B  CHKATHA IAHHBIX  BbIDE,  4eM

SKCTPATIONALMOHHBIX. :
CyIHOCTh METOJIOB HHTEPIIOALIHH cocTouT B 3aMeHe napamerpa u(t)
AnMpOKCHMHPYIOTIEH dysxupeit 1, (t), TMONY4EHHO} MO ONpeAeNCHHOMY
npaeiiy. Tak, IpH HHTEprONALIH nynesoro ropsiaka (k=0) Ha MHTEpBATC
T,, HAXOMATCA MUHUMANBHOE 1 MaKCHMATEHOE 3HAUEHIA NapaMeTpa.
MHTEpTOJAIHOHHEAs TpAMas paBHa 1, () = (Wyae + Uaen) /2 Hns
ompeneNeHnA  BEIUTHHBI WHTePTIOMSILMOHHOTO  MHTEpBajld T,
MPON3BOAATCA BBHIYHCIEHUE TIOTPETIHOCTH HHTEPIONALNH
€, = |Uyaxe —Wpom|/2 AW BCE yBe/MUMBAIONIErocs  MHTEpBANA

pabmonennsa. Kak  TONBKO — M3MEPSHHOE 3HAYEHME MOrPEIIHOCTH
MHTEPNONALNA €, Z A, HoTy4eHHbI  MHTEpBal duxcupyerca. [lpn
WHTEpTIOALMH [TIEPBOTO MOpAAKa WHTEpIIOJUpYIONIEH dyHKuuel ABNAETCA
npAMasi, KoTopas MOXeT HMETh MPOM3BONbHBIN  HAKIIOH. TpumeHeH#ne
IONHHOMOB Goiee BBICOKOTO MOPAAXa MPUBOIHT K PESKOMY BO3PACTaHHIO
ofbeMa BHIUMCICHHH W YCIOKHEHHIO npeoGpasopareisi TOTPEIIHOCTH

AMIPOKCUMAIHH,
Jlnst  cpaBHEHMA ~METOAOB CKaTHA  fJaHHBIX HauOomee  9acTo

ycrions3yercs  KodQOUUMEHT  CKaTHA 2] K. =n/m, rme n, m -—
COOTBETCTBEHHO YMCIA OTCHETOB W3MepAEMOlt BETHYMHBI 3a MPOMEXKYTOK
ppeMern T HA BBIXO/IE CHCTCMBI Be3 CKATHA ¥ CO CKaTHeM NAaHHBIX TNPH
OMHAKOBLIX TOKA3aTe/sIX BEPHOCTH.

1.3. OGo6meHHbIe JHCKPeTHbIE TPEACTAB/ICHHS
[Ipy PETYIfAPHBIX AMCKPETHO-AHANOTOBBIX MpeacTaBIeHuAX U
nofmy4eHus OMHOKH HWHTEPHOJALNH q<1% neobxomumo BHIGHPATH

GOMBIIYIO HacTOTy ompoca. Ilpu sToM K03 (GOUIHEHT KOPPEIALUHH MEKILY
coceHUMH  BbIbOpKamE cocraBuser Ky = 09-0.99, uro CHIKACT

MPOITYCKHYIO CHOCOOHOCTh KaHama CBASH. Jins coKpauieHus KOJNHYecTBa
KOOpAUHAT TPUMEHAIOTCA 0606 IIEHHbIE UCKPETHBIE MPENCTaBICHHA. B
5TOM Ciydae KOOpAMHATEI ~COOOMICHHS U; mpenacTasasoT CObOH
K03 PUUMEHTE! HEKOTOPOTO PAd, a B KaueCTBe KOOpAMHATHBIX (yHKIMH
X;(t) MCTIOB3YOTCA MOJHHOME Jlexanmpa, YeObimesa, Y omma u ap. [1].

17 : _

[lpy 0GOOIMEHHBIX AMCKPETHBIX MpeACTaBJICHUAX Bech HHTCPBAT

gabmonenus T, pa3buBaeTcs Ha HHTEpBaIb H_. ,_,mq ... (puc. 6).

!

u) | 7

et

u(t)

Fwo

Puc. 7

B pesyaprate aHanu3a QyHKIMH u(t) Ha WHTEpBANEC TY, mocne
OKOHUAHMS DTOTO WHTEpBANa, C MOMONIBIO ONepaTopa Tpe/CTaBIeHuA (@8]
dopMupyioTes  KOOPAMHATHE UY, U!, .., KOTopbi¢ MepejaloTcs B
(y+1)—™M wnHTEpBaNE NpPENCTaBICHHA. Ha npueMHO# CTOPOHE ¢ TIOMOIIBIO
omepaTopa  BOCCTaHOBIECHHA (2) ocymecTBIIETCA (hopMUpoBaHUE
HenpepbIBHOrO MEPBHYHOTO CHUrHaia. IIpu 3TOM Becosas (yHKIUSA W, (1)
OTpe/ielIeHHBIM 00pa3oM CBs3aHa C koopMHATHOH pyHKIHeH X;(t).

BbiGop ONTUMATBHBIX 000OMEHHBIX AHCKPETHBIX TripecTaBaeHUH
CBOOMTCA K HAXOKACHHIO KOOPIMHATHBIX $yHKUMH, O0ecTIeYUBAROIIHX

3afaHHYI0 TOYHOCTh HHTEPTOMALMH Ha WHTEPBAIC T'. Dmm QyHKUMH
OTIMCHIBAIOTCA TPOMO3JIKHMH  BBLIPAKEHHAMIL. [lo srtoli mnpu4MHE Ha
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MPAKTHKE KOOPAHHATHBIC (GVHKUEH BBIOMPAIOTCA B KIIACCE OpTOrOHATBHBIX

yuxumii [2].
[ToM HMCHOMB30BAHHM B Kauecrse KOOPAMHATHBIX pyHKIMH

noauHOMOB JIeKaHIpa CIPYKTVpHAT CXeMa dopmupoBaTesi KOOpAVHAT
u3obpaxeda Ha puc. 7, 12€ W (t)=AP(2t/T), Aj- k03¢ puIpeHT
[POTIOPLUHOHATBHOCTH, Py (2t/T)—(-1)—# FONHHOM Jexanmpa. B

qacTHRIX . CHyHasx NOAMEOMBI PABHEI Py() =1, P =1,

Py(r) = (37 — /2, npu n=2 OIMCHIBAIOTCA  PEKYPPEeHTHBIM

coorsomermem:; P (1) =201 Py (R)dt+ P, (7).
-1

VIMAyNbCE  CHHXPOHMSHIME, — TOLABAcMBIC Ha  MHATErpaTopsl,
OnpeiesioT Hauajlo HHTETPHPOBIHIA B chpoc.

2. OTINCAHME TIPOTPAMMBI PABOTDI

VIpOUIEHHBIA ~ aJrCpuTM  MPOrpaMmbl nabopatopHol  patoThl
mpuEeaeH Ha puc. 8.

B usauajne TpOrpaMMBL OCYIUECTBIAETCA BBOA napaMeTpoR MOJEJH
nepBugHOro curHana. B auectse NepBHMHOTO CHIHAJIA HCTIONLIYETCA
PAOFOHMILYIIBC € puHelHO| JACTOTHOR MOTy AguHeH (JTUM):

u(t) =sin{2n B [(xo+0.5)8- 0.56%1}, (8)
rie 0=t/T, 0<t=sT, Xg= Iy /af, fof AL — Hecymaf HAcT(Ta 4
[IMpHHA FHEPreTHHECKOro CIeEKTpa CUrnald, B =Af-T — 6aza curaana.

Tipu B>>1 SHEPreTHIeckuil CIeKTp CHrHANA ABIAeTCA TUIOCKIM B
murepeese uactor fo—Af/2<f <o+ Af/2.

[lapamerpamu JIUM-curnana seasioTc:a Xq n B (8).

B niepBoit YacTH NPOTPAMMBI HCCICTYIOTCA peryspHEe AHCKPETHO-
AHATOIOBHIE MPEICTABJEHAA [PH CTYNEBIaToH (N=1), nuseiipoii (N=2) u
kpanparauHoit (N=3) HHTEPIONALIAX. JamaeTcA [Iar JIMCKPeTH3ALHH
Ti=At/T, v onpeiernsioT:s VakCHMATLHBIC oumbkn wHTepromimn Dy
mpu N=1, D npu N=2, D nipu N3, koTOpbIE BLIBOIATCA Ha 2KpaH AUCILIEA.

Jlns  u3MeHeHMs Hard JNHACKPETH3aALIHA HeoOXoaMMO  HaKaTh
gnapriny «Y», B IPOTHUBHOM CITy3ae — «Ny (IponMHCHBIMI Oy KBAMMA).
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ﬁ. FIYCK T PACUET
N1 N2
BBOL, “BeIBOA
D@Llwl\ F\M N1, N2
AT
PACHUET e
D, D1, D2 \. m:w.nﬂuh
T PACHET
(s D
E Y v
=AY : g \\ BLIBO[
- ‘. D
BBOLA . J
Do, D1 A NEy e
frunsy o Sl N
[ ‘cTon
Puc. 8

Bo BTOpOil 4acTHM NPOrPAMMBI HCCHSIYIOTCS HEPRryJIAPHBIC
JMCKPETHO-aHATOrOBBIS MPEACTABNCHIA DI SRCTPATIONSAIHOHHBIX METOAAX
cxaris Hynesore (N=1) m mepsoro (N=2') mopsaxos. 3agaotcs OwHOKH
urreprionsay Do npu N=1 u Dy nput N=2, MmoiIy4eHHbIe MPH PeryupHbIX
IHCKPETHO-AHATIONOBBIX MPECTaBIeHIAX. PaccaiTHIBAETCA W BBIBOOMTCA Ha
SKpaH [JHCIDIEA KOJMYECTBO HHCKDETOB N (N=I) u N2 (N=2),
o6eCcneudBaAMIINX 3aJaHHYI0 TOUHOCTh HHTEPIIOIAINN TpH HeperynapHoii
JHCKpETH3aLHH.

Jlns W3MeHeHHWs BEJMUMHBI OUIMOOK HHTEPNOJIALHH HEOOXOIMMO
H@KATh KIABKUIy «Y», B IPOTHBHOM Clyuae - ¢N.

B Tperbell HacTH nporpammiui  HCCHENYHOTCA 0600 HHbIE
[MCKPETHBIE NPEJCTABICHAA TPEMs M[OIHHOMIMMY Jlexanapa. 3anaercs
pntepsan mpencrasienns Tp =10At/T, @ onpepensercd MakCHMalbHas

ommbka HHTEPHONAUMH D, KoTOpas BEIBONUTCSA Ha SKpaHe MHCILICH.

Jins M3MEHEHHs BEJIMIHHBI HHTEPRATA 1TPeACTABICHHS HeodX0IHUMO
HakATh KIABHIIY «Y», B IPOTHBHOM CITyHae - «N».
[lporpaMma IMO3BOJIAET CPABHHTL a((eKTHBHOCTE  Pa3NUUHBIX
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JMCKpETHBIX NpeACTABIeHHH, a TaKke CIOKHOCTE HMX TeXHH4ECKOH
peanH3aLHy.

3. IPAKTUYECKAS YACTb PABOTBI
3.1. IloproToBKa K padore
Beifepure WM [OMyddTe Yy MpernoiaBaTe/is 3HAYCHHA NapaMeTpob
nmvwﬁmoa cursana X, u B Bupememax 0,5<x,<1L5 1= B <10.
Io hopmyie (8) nocTpoiiTe 3aBUCUMOCTE u(t) u 3apucyiiTe B OTHET.
3.2. MccnenoBanne peryasipHbIX JHCKPETHO-AHAIOTOBBIX
i
nuﬁnﬂwﬂwﬁm_uxﬁ W 3aIyCTHTE TIporpaMmy «UHTEPHOJIIUMA.EXE».
2. Ha wiaBuaType HaxkMUTe KIaBHULY «Caps Lock» ans ycTaHOBKH
peurMa IpOIHCHBIX OYKB.
3. TIpu peiGope pasaena NepBOHAYAIbHO HKMHTE uugpy «1».
4, BpemiTe mMapamMeTphl MEPBUYHOTO CHTHANA Xp = . H B = . (uepes

Touxy) B mpegenax 0,5<x, <15 1<B=< 10 u HaxkmuTe KIasumry «Enter».
Jlna uenpasiienis omuO0K BBOAA NCTIONB30BATH KIIABHLIM «—, —> .
5. BpenmTe mar jadckpermsamanm Ti= . (Uepes TOuKy), Trae

107 <T <107" , u maxmure xnapwmry «Enter».

ITpu nosBleHUH Ha SKpaHe AUCILIES TOJIbKO omHoMi Hagnuck «Kpure
pesy/IbTaT) He CeMyeT HaKUMATh KIABHIIH KIaBUATYPbL.

Ilpu ormOkax BBOJZA BO3MOXKHO TPOJO/KHTE/NbHOS 3aBUCAHNE
mporpaMMsl. B OTHX Cydasx HeOoOXOAMMO 3aKphITh TpOTpaMMy C
BRITIONTHEHMEM  TIOCHegylomed  KOMaH[IbI «3aBepmdTL  ceduyacy H
nepe3anycTTh NPOrpammy.

6. Ilocne moOABNEHWS Ha OKpaHe [UCIUIEs BEJMYMH OIIMOOK
WHTEPTIONALMH 3aMUIIHATE HX B TA0JIHLLY.

7. TToBropute 1. 4 npn ApyTuX 3HadeHusax T,

Ioctpoitre 3asucumoctd Dy, Dy, D, or 4ucia maros

muckperusauun n =1/T, na unTepsane 0<t<T.

8 Jlna mepexoja K TpoOrpaMMe MCCIENOBAHUA HEPEryJipHbIX
JIACKPETHO-AHAJIOTOBBIX ~NPEJACTABICHUH HAKMHTE KIABULIH «N» u
«Enter».

3.3. Uccnegosanue Hepery/IsipHbIX JHCKPETHO-aHAJIOTOBbIX
npencTaBIeHnii 3 "
1. Beegure ommbxu Dy # Dy, momyyeHHbIe B IL 3.2,6, mpa N=1 u

N=2 COOTBETCTBEHHO.
MMokasatens crereHy onmbok uaTepromsmmn M BoguTea kak E — M.
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2. Tocne noABNEHNs Ha 9KpaHe DWCIUIES KOJMYECTBA AMCKpeToB N1,
N2, a Takke konuvectsa coobuiernit 2 — Ny 1 2 — N sanummmre px wiq,mmuEQ.
3. Mosropute 1.1 npu Apyrux 3Havenusx Dy u Dy.

4. TlocTpoiiTe 3aBHCHMOCTB Dy, D1 or komudecTtsa onfomEEEm

ny=2-N; ®m ny=2-N,. Paccumraiite xko3pduUKEHTH CxKATHA
Kep=n/n;  n Kgp =n/n,. _

|
5.]lna mepexoma K mporpamMMe MCCeOBAHMA OOOOHIEHHBIX
AUCKPETHBIX MPEICTaBIeHNH HAKMATE Kiapuiry « N» 1 knasuiy «Entery.

3.4. UcenenoBanne 06001eHHbIX AHCKPETHBIX NPeACTABEHHH

1. Beeaute mar onpoca T, B cooTBeTcTBYMH € 11.3.2.

2.Tlocrie mosBIEHHS HA OBKpaHe [UCIUIes BENHYMHBI OMMOKH
uHTepnoyammy D u konudectsa coobmennit ny =3/10-T, 3anmmuure ux B
Tabnuy.

3. ITosropure n.1 npu apyrux sHavenuax T;.

4. Toctpoiite 3aBucuMocTs D 0T komgecTBa cooBImIeHII.

5. Paccuuraiire koadpuiment cxatust Ko =n/ny npu Zn)“ 2,3

6. [l okonuaHusa paboThl HAXKMMTe KnaBumH «N» u «Entery.

7. Tocne oxoH4aHus paGoThl Belkmounte ITOBM u noomEm._,o 06
5TOM [IPeTioaBaTeIo. _

KOHTPOJIbHBIE BOTIPOCHI
1. PerynspHeie IMCKpETHO-aHAIOTOBbIE MPENCTABIEHAS:
- BeIOOp F;
- HEJIOCTAaTKH Teopemsl KoTensHUKOBa;
- BRIOOP MHTEPNONUPYIOWHX (yHKIHH,
2. HeperynspHele THCKPETHO-aHATOTOBBIE MPENCTABIICHIS:
- JOCTOMHCTRA,;
- METO[IBI;
- JIOCTOMHCTBA " HEJOCTaTKH HHTEPHOJISALMOHHbIX u
IKCTPATIONALHOHHBIX METOIOB;
- KaK (JOPMHPYIOTCS CYIIECTBEHHbIE OTCHETHL.
3. O6obmeHHbIe IPeaCTABICHUA:
- IOCTOMHCTEA;
- BeIOOp 6a3uca, JOCTOMHCTBA, HEAOCTATKH,
= CTPYKTYPHBIE CXE€MBI (POpMHUpOBaTEJIEH.
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JlaGoparopHas patiora Na 3
WU3YUYEHWE CUCTEMBI HEPEIAYM HH®OPMAILIMA
C MAPKOPUTAPHBLIM YILTOTHEHMEM KAHAJIOE

HEJb PABOTHBI
WayueHre CHCTEM € MKOPHTADHBLIN YIUIOTHEHHEM KaHAIOB H C
THHEHHBIM Um_uhm.umzﬂmz KaHanoes, ocoberHocT MOCTPOCHUA 3THX cxXeM
(MpuEMHMK — [epejaTiHK) M TpPHHLHIOB DAbOTHL ConoctaBneHue
meﬁ.wﬁamﬁznzd MeTOaa YNNMOTHEHWA C OpyInHMEL M ETOJaMHB YIIMOTHEHHA.

1. TEOPETHYECKAA YACTD
1.1. Beeaenue

Jorngeckoe, WIH MaXKOPHTapHoe, YILIOTHEHHE KaHaloB SBILIETCH
OJIHFM H3 YaCTHBIX CITy4aeB KOMOMHALHOHFOTO YIUNIOTHEHHA B OTHOCUTCS K
HeNMHEMHBIM MeTonaM YIUoTHeHHA. Maxoputapioe YIUIOTHEHHE [KaHANOB
WMeeT pPAI TPEeMMYINeCTB IO CPaBHEHINO ¢ JIMHEHHBIMH METOaMH
ymnoTHeHus [1]:

- OBOWYHBIH KOf TPYMNOOBOIO CHTH&MA, MONYYaeMbId  MpH
Ma/KOPHTAPHOM YIUIOTHEHHH, YHOOeH I HaibHeHLIMX Npeo0pa3osaHui
Ha MPUEMHOI CTOpPOHE W UMeeT MAHMMALEO BO3MOMKHBIH MHK-(akTop, T.e.
MUHHAMATEHOE OTHOIIEHHE MHMKOBOH MOIHOCT# CHUrHANA Puwe K cpesHei
MOIHOCTH Pep;

- HEeJIWHSHWHOCTH TPYNIOBOTO Tpakia He NMPHBOJMT K TOABIEHHIO
MEXTyKaHabHEIX TTOMEX;

- Ha TPMEMHON CTOpOHEe WCIONE3yeT sl JIMHeHHoe pastencHue
KaHAJIOB, [POCTO Peal3yemMoe Ha UMPPOBLIX yCTPOKRCTBAX;

- TP WMCOOJB30BAHMM ANANTHBHBX METOMOB CKATHL [JaHHBIX
YMEHBIIAETCS YHCIO OJHOBPEMEHHO AKTYBHEIX  MCTOYHHKOB, 4TO
YBEIHYMBAET MOMEXOYCTOHYHBOCTD Nepelain;

- OTCYTCTBYET HEOOXOMMMOCTB Tlepe,iaur ¢y xkeOHoH HHpopMALi.

OcHOBHOE OTIHYHE MAKOPHUTAPHOCO METONE YIUIOTHEHHS KaHAJIOB
OT IMHEHHBIX METONOB YILIOTHEHHA COCTOHT B TOM, 4TO Ha Tiepejlawoineit
cropoHe mpu  (GOPMHPCBAHHE TPYMIOBOIO  CHIHANA — MPOMCXOMHT
HETIMHENHOE CJIMKSHHE KaHATBHBIX CHIHAIOH.

IIpy Ma)KOpUTAPHOM YIUIOTHEHWE KAHANCB KaXIOH KoMOHHAauuw
IBOMYHOrO Koga ¢ OJOKOBOW JIMHONM n, nocTynHpuiel B napamienbHoi
dopme OT N YIIOTHAEMBIX MCTOYHHKOE, CTEBHICA B COOTEETCTBUE
KoMDMHAUMA TBOHYHOIO KOJa IPYNNOBOTO CHIHANA, NPEACTaBleHHOro B
nociiefopaTenbHoi Gopme ¢ Gnokoeol mrmoit L [1, 2]
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1.2. TipyHIHO MAKOPHTAPHOTO YIJIOTHEHHSA KAHAI0B

e%m KITHOHaJIbHAN cxXeMa  nepenaro el 4acTH  CHCTEMBI c
vawo_us,_ﬁ_ﬂ_w:hz METOIOM YMUIOTHEHHs KaHAJIOB H SITHOpPBL Imﬂunuﬁni:mu

HOSCHSIOMIME €@ paboTy, MPeACTABEHbI COOTBETCTBEHHO Ha puc. 1 u 2.
|

_xo__:xnu_ [11c3] [ucd] [ucs] [uce] [ucT]

e

o0

A 4

o,

(2]
(2]
VLYY —Yoy
o
>

{ HWmeroTca n=7 MUCTOYHHKORB

k —

M _.|_ﬁ|_ 11:..|y w coobperus (MC) ¢ HBOMYHBIMH
— ", HMHOOPMAUMOHHBIMK  CHMBOIAMH

— _— —  naBexoze (di = 0 6o d; = 1).

> _ 1 1y JmTensHOCTh HH(OPMAHOHHBIX

: e »  CUMBOIIOB paBHa Toun.

; — _ — HudopMallHOHHBIE  CHMBOJIBI

. e »  coofmeHuii  KAKIOTO  KaHata

s [ e [l ' moxynupyloT CBOM MOAHECYUIHe

19 o B l_,' komnebamms  (KOMOBBIE  CIOBA),

il i) e »'  CHHMMaemble C BLIXO/IOB IeHepaTopa

3 gy 1 1 ' xanansHEIX cursanos (IKC).

13 [agmiimagets a o S T)- a t [TogHecympe  KoneOaHus IO

14 e —] .t dopme  COOTBETCTBYIOT — KOZHOBOM

M-TIOCIEAOBATENEHOCTH C IEPHO0M
_l_ NOBTOpeHUsA, PaBHBIM CyMMapHOH
ITATEALHOCTH  HHOOPMAIIHOHHBIX
cursanos (puc. 2, amopst 1 - 7).
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Kozosoe cioBo kaxoro kanana conepxir L cHMBOIIOB (pazpsinos),

Cleayiomux ¢ TakToBod wactotodt f. {m}={m,...my .. m;}, rme
cumpoi mij= 0 aubo 1, a L=7.

Mopy siups  OCYIIeCTBASETCS YCTPOMSTBOM CyMMHDOBAHHS IO
Moiyo 2 (m2). B pesynnTare BBIXOAHOE HAIPSUKCHHE CYMMAaTOPOB [10
monymo 2 xamana {U;}={U,...U, ... U,} Gyner coorercrBoBaTH
dopme nommecymero konebamus {m;}={m, ... My ...m; }, ecosm no

JaHHOMY KaHally repefasajica HHpopmattonHiii cuvBon di=0, mibo ero
MHBEPCHHU, €CIH 110 JaHHOMY KaHaly IepeIaBaics HHPOPMAIHOHHBIN
camson di=1 (puc. 2, smops 8 - 14).

Cursanel Bcex CyMMaropoB 10 MOAymH 2 OZHOBP2MEHHO
CKJIANBIBAIOTCA, W (opMupyercad oOWAll MHOrOYPOBEEBBIH  CHrHA
{Ug} ={Ug... Ug; ... Uy, } (pme. 2, smiopa 15), smeMeHTH KCTOpOIO
MOJKHO 3a[HCATE B CIEAYIOLIEM BHIE:

T g T

rmg_lhm_ﬁw g
ra€ m — KONHYeCTBO OJHOBPEMEHHO YIUIOTHAEMBIX HH(OPMAIHOAHBIX
kaHanoB. Takas npouexypa BeINONHAETCS MHHEITHEM cymmaropoM. [lanee
BLIXOMHOH ~CHTHANl [OCTyNaeT Ha MaKOPHTEPHBIA Jnement (MD),
OCYMICCTBIIOMIMH ~ HeNMHelHyi0 00paboTky (HecTkoe OorpaHuueHue)
MHOTOYPOBHEBOr0 BXoaHoro curHana Uy, Bexox maxoputapHoro
snementa U, = {U,... U, ... U} (puc. 2, smopa 16) asmsercs

IBOUYHBIM, TIE CHMBOJI MOKET ObBITh OpeIcTiBiACH b CJICAYIOMEM BHIE:
U, = Sgn[y_Uij] .
=]

3nax Sgnl...] o3nauaer Sgn=0, ecun »<Ucy, 1 Sgn=1, eciu XU

Taxum o6pasom, rpymmosoii curhan U, — 370 npeJersHo
OTpaHHYCHHAS CYMMa KaHAJbHBIX CHTHATOB, WMEIOAs MHHHMANLHO
BO3MOXKHBIH IHK-(GakTop, papHblit eausnne. B jexnom crydae PP 1
MX OTHOLUeHHe paBHO 1. Ha srixone M3 dopmupyercs noTok L-paspsmssix
CJIOB, HECYMMX MHQOPMAUMI0 OT N  KAHVIOB. 3TOT TIPYIIOBOi
AHQOPMAUMOHHBIH MOTOK MOCTYDaeT HA MOZYNATOD M TIePeNastes Mo
PaarOIHAHN.

Ha puc. 3 u 4 npusesieHbl COOTBETCTBERHO (ByHKIHOHANBHAS CXEMa
NPUEMHON 4YacTH CHCTEMBI C MaXKOPHTAPHLIM YINIOTHEHHEM KAHIOB U
SMIOPLI  HANPKCHMH B XapakTepHED  Toukax.  IIpHHEMaeMbli
BBICOKOYACTOTHEI CHTHAJN MoOCHe JEMOAYVIAIHH, JAETeKTHPOBAHUA W
ycTanoBnenus no6uToBod  (KOHTpONBHAs To4ka 8) M TAKTOROMN
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(KOHTpONbHAA TOYKA 9) CHHXPOHU3AUHH B BUOE IPYIIIOBOTO m;nmﬂ\.ﬁmm.“w
MocTynaer Tm uupoBoit  koppenatop (pHC. 4, smopa 10). E:M 3
CHHXPOHH3aIHMH 110 TaKTy W T10 GHUTaM TIO3BOJAET BECTH mocﬁgm::cmqm

o6paoTKy | Tpynmosoro —curHajga o ONTHMAIBHOMY  alirOpHTMY.
W3pneueHne uridopmanmy i-ro kaHana (pa3zesieHHe KaHAIOB) TPOMCXOAUT
[MyTeM NOCHMBOJIBHOTO CYMMHPOBaHNs [0 MOTYJIIO 2, rpYIIIIOBOTO CHIHATIA
1 i-ro foJHeCyIero KogoBoro ciosa (puc. 4, smopst 1 - 7). Cymmarop 1o

MOJIY/TIO 2 BEITIONHACT B JAHHOM CITy4ae poiib HePEMHOXHTEJISL.

11 »cu i“w

A i [pv]
S

o WE

E@ I
s g 1
L

Puc. 3
Tt e g e e R s L B pabote  mpeaycMOTPEHO
e .t TOCTENOBATEIBEHOE paszierneHne
— > KaHANOB, OCYIIECTBISEMOE MyTeM
M ﬂll__ull_ _|i|1|_Hm HOCNeCBATENbHOTO  BKIIOHUCHHA
—— . i-TO TOJHecymero kosieGanns ¢
. ]_IIJ = ” reHepaTopa KaHAIbHBIX CJIOB HA
; —— ]]ﬂsl_ > BXOI CyMMaropa MO0 MOIYJO 2
: jllJ > (puc. 4, smopst 11 - 17).
g — Cr Ty VyuTeiBag, 4T0 HyId B
) — L > CyMMapHO#  TIOC/IE/I0BATENbHOCTH
e = >  CUMBOIIOB GyIyT COOTBETCTBOBATH
: — — |Wﬁ COBTAJEHKHIO CUMBOJIOB B HCXOOHBIX
o : »  [0C/IENOBATENBHOCTAX, & SIMHHIbI —
o - — ' HeCORMANEHIIO, BEAUVHY Koa(uupeHTa
e - L koppenanWd R MOKHO BBIYMHCIIHTH
g + o dopmyse R, = K. -K,,
Puc. 4

rae K¢ 1 Ky — KONHYeCTBO COBIABIIMX W HE COBIABIIHX Mo KOppensiian

CHMBOJIOB.
Toraa ko3 puUIMEHT KOppeaLnH
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B raeh L

rne L= K, +K, —konudecTBo CHMBOMOB B KOJJOBOM CIOBE KaHANA,

Jeomunsrii 3-paspaaseiit cyerank (CU), BRIMOMHABIINN (yHKIUH
HHTErpaTopa, 00ecneqnBaeT NoAcueT KOJUUECTEA COBMABIIMX CHMBOJIOB B
KOppeIupYeMBIX NociefoBaTe/bsHOCTAX, T.6. 3HaderHe K. Pemarwoinee
YCTpOHCTBO 1Mo 3HaKY KO3(duIMeHTa KOppeTAlHH BLIHOCKT @oEmm:w o
nepefade WHGopManmoHHoro Hyns Jjubo emunuusl. Ecaul p=0, TO
BLIHOCUTCA pelleHHe, 4TO TepenaBancs uH(GopmauuoHHBH Homb (di=0),

ecan p<0, To BBIHOCHTCS pelleHHe, UTo nepejaBajiiach uHGOpMalHoOHHAs
emunnna (di=1).

3

1.3. lipumep paGoThi cHeTeMbI ¢ TPpeMst HHGOpMALHOHHBIMH
KaHAJIaAMH
Pacemotpum mpumep ¢ Tpems HHOOPMALMOHHBIMH KaHATAMH, B
Kak/JI0M M3 KOTOphIX 4 ummysibea (puc. 5, amopsl 1 - 3). Ha Brixone I'KC
(ynkuua Yomma (puc. 5, smopet 4 - 6). Kak rosopuiocs panee, manee
Oyner OCYIIECTBIATHCSA MOJY/SILIMA YCTPOMCTBOM CYMMHPOBAHHS TI0

Moaymo 2 (m2). B pe3ynsrate BHIXOQHOE HAMPSHKEHHE owz;,_wqovom o

Momymo 2 kaHana {Uif={Ui... Uy ... Ui} Oyaer COOTBETCTBOBATH dopme
nofHecywmero konebamus {mi}={mij... mij ... ML}, €CIM TIO JAHHOMY
KaHany nepepasaincs HHpopMaUMoHHEIH cumBoi di=0, mubo ero MHBEpCHH,
€clld Mo JaHHOMY KaHaiy nepejasanca uH(popMauuoHHBIH cumBon di= 1,
T.€. Ha BBIXOE CYMMAaTOPOB Mbl TIOTY4HM 3THOPHI 7 - 9. _

CHurHamel BceX CYMMaToOpoB [0 MOIY/JI0 2  OJHOBPEMEHHO
CK/IAIBIBAIOTCS, W (popMUpYeTcs oOUIMit MHOTOYPOBHEBbIH cHrHAN (3mopa
10). Hamee BBIXOAHOH CHrHAT TOCTYMAET HA MAKOPHTAPHBIH 37EMEHT
(M2), ocymecTBisOmniA HeMUHEHHYI0 006paBoTKy MHOTOYpPOBHEBOIO
BxoaHoro curHana Uy (amopa 11). BSror rpynmoBoit HHGOpMalHOHHBIN
MOTOK MOCTYIAET Ha MOAYJIATOP U NMepeaaeTcs Mo PaluoTMHUH.

Ha npumemHo#i cropone wu3piedeHne HHPOPMAUHH i-ro KaHala
[POUCXOMHUT MYTEM TMOCHMBOJBHOTO CYMMHPOBAHHA M0 MOIYMO 2
MPHHATOH MOCNEeN0BaTebHOCTH ¢ COOTBETCTBYIOMIMMHE curHanamu ¢ ['KC
(Tpeteas cTpoka puc. 6). JIBomuHslt 3-paspameniit  cuertamk (CY),
BBLIMONHABIIAN (PYHKIUU MHTErpaTopa, obecrieunBaeT MoAcyer KoIHIecTsa
COBMABUINX CHMBOJIOB B KOPPETMPYEMBIX MOCIEROBATENBHOCTAX, T.€.
3nayenne K. Pemaromee ycrpoiictBo mno 3maky kodbduimenta

KOppeJALMH BEIHOCHT PELIEHHE O Nepefade HHHOPMalHOHHOTO HYI NGO
eIHHULIBL
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1.4. MeaayKasa bisie IOMEXH B CHCTeMe ¢ MaKOPHTAPHEIM
JILIOTHEHHEM KAHAJIOB
[Ipy paspeneHME KaHANOB faxe B OTCYICTBHE BHEDIHHX
RO3eHCTBME HA TPYNIOBOM CHIHAN B CHCTEME MOIyT BOHMKHYTH
MM /IyKaHATbHBIE TOMEXIL DTH TOMEXH BRIPAKAIOTCA B TOM, HTO
MOIIHOGTE CUTHANA Ha EBDON2 IH(QPOBOTO KOPPEIATOPA i-ro KaHaa Wi,
npyruMi cioBaMi, koduiaeHTa KOPPE/ALHAY 3aBHCHT HE TOIBKD oT
MOIIHOGTH CHTHANA, BHOCKHMOH dH(GOPMATMOHHBIM CHMBOJIOM di, HO M OT
3HAUSHIH napUHaIbHBIX MOTIIHOCTEH, BHOCHMBIX APy THMHE
MHGOPMAIMOHHBIMHA CHMECIAMA i (k He pasHo 1).
JJeficTBHTEIBHO, BbXO/[HOE HANPMKEHHE IPYMIOBOTO CHIHAMA Urp
MOKET OBITH NPEICTABIERO KAk PE3yJNLTaT BO3eHCTBMA HA CyMMapHbI
curian Us 1yMOBO# KOMIIOHEHTBI MEXIyKaHaIbHBIX IOMEX Ua:

U, =U,+Uj.
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Toria MOIHOCTh CHIHAZIA HA BBIXOIe LMppPOEOro KOppeIITopa kanaia npH
eIMHEYHOM CONpOTHBIIEHUH Oy €T paBHa
R=UU =W, +U U, = F + £,

rae P = U, U, — nomne3Has COCTaBIAIOIIAA MOIIHOCTH CHIHANA]

Po=UAUi — COCTABIAOMAsT MOIHOCTH MEHTYKAHATBHBIX TIOMEX.
o aHAnOTMM MOXeT OBITb ZANHMCAHO  BHIDAKCHHE K
K03 (pUIKEHTa KOPPeIALHH i-ro KaHama:
P =Pt Puos
[ Pe ¥ Pa - COOTBETCTBEHHO NOJE3HASA M MEiIYFAHAIbHAT KOMIMOHEHTE.
HspecTHO, 9TO MPH KOAOBLIX CHUIHANAX, MPeACTaBILAROIIHX coboit
OpTOTOHANIBHBIE TOC/IE/I0BATENBHOCTH  C gommiecTsoM L CHMBOINOE,
paBHBEIM L=2"", e n — KOJHYECTBO OJHOBPEMEHHO YILIOTHACMBIX
KaHayoB, IIyMOBas KOMIMOHEHTa paBHA HYJUO. Jlmst aToro  cayHas
Kod((pHIUMEHT KOppensuuK  DyIeT TOMICTBEHHO paBeH TO.Te3HON
COCTABISIONIE: Pi B Pe M 3HAYSHHA K0P PUINIEHTA KOPPEIALHIA MOTYT
OBITH BRIYHCAEHEL 10 hopMyie:
[
2L Lan

n 2

roe ckob6ku [..] O3HAYAOT USMYK HYaCTb MG X. B ofmem cry4ae
BeJIMMHMHA MeXIyKAHATBHOM KOMIIOHEHTHI e pasda Hy.i0 H 3aBHCHT OT
CTPYETYPBI KOJOBBIX CHTHAJIOB L, KOMTUUECTE YyITIOTHAEMbIX KaHAIOB Nl 1

;QEHQ

nepeaBaeMbIx MHGOPMALMOHHbIX CHMEOJIOB D3Y={di... d; ... da}, T€.
P, = f(L,n,D).

B paboTe HCCHELYIOTCH GaKOHBL pactpezeneruii MeKAYKaHUIbHBIX
nmomex Ps B cHcreMe mns aHcamGis KaHAIGHBIX CHIHANOB B BHLC
m- TIOCHEeIOBATEABHOCTEH B 3aBHCHMOCTH OT KOJIMYECTBA YIUTOTHASMBIX
KAHAJOB N IpPU YCJIOBHH PABHOBEPOATHOCTH BXOJHRIX HHpOPMaIHOHHBIX
cumeonop di. Bce HeoOXoiuMble BENMWiHbI OPH OSTOM MOTYT OLITE
BEIYHCIIEHEI COTIACHO CJIeIYFOIIHM BRIPAKEHIAM:

- MaTemaTHaecKoe oxkuaanue Ko3QQUIHeHTa KOPPEAALHH
MIp)=2iP;F;
rie pi — BEpOATHOCTh TOABICHHA i-ro  3Hauenus  KoddduuMeHTa
KOppemsui;
- i-¢ 3HAUeHNE DIYMOBO! KOMIOHEHTEI A; = /2 — M[p] ;

- MaTEMATHUECKOS 3HAYSHHE ME/IyKaHATIBHbLIN DOMEX M[A]= M p4, [1,2]
i
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1.5. PacueT moMexoycToiiYHBOCTH PAIHOCHCTEMBI NepejaiH
nndopmanuu

Jlnsi pacdyera IOMEXOYCTOMIHBOCTH pPagHOCHCTEMBI fepenayu
nadopmamyn  (PCITH) HeoOXOOMMO  YCTAHOBMTHL  CBA3L  MEXKOY
BEPOATHOCTHIO TIOABICHHA OWIMOKH B 1-M HHGOOPMALHOHHOM KaHAJIE pi H
BEpOATHOCTBIO TOSBJECHWS OWMOKM B TPYNIOBOM CHIHAje H3-3a
po3neicTBMA BHEINHMX noMex. [Ipr 3TOM 3HaueHNne BETHIHHEL KOPPE/LILHH
Ri=Ke-Ku OyIeT CyKUTh MEPO#i yCTORUMBOCTH i-r0 kaHana K BO3neHCTBHIO
BHeIHUX Tomex. Uem Gomblie Bemuumma koppensiwn Ri , Tem Oombuie
GymeT UCTIPABIATLCA OMMOOK B IPYNTIOBOM CHIHAIIC. B mauxypmieMm ciydae
ournbKky B i-M WHPOPMAIMOHHOM KaHane MOIYT BhI3BATH X=(Rimin + 1)/2
HCKAXKEHHBIX CHMBOJIOB TPYNMOBOTO CHrHAjia MPH YCIOBHH, 4TO BCE OHH
GydyT U3 COROKYMHOCTH COBIN@BIUAX MO KOPpensluH CHMBOIIOB Kc Ba
BBIXOJIE CYMMATOpA 110 MOIYJIO 2.

OueBMIIHO, 9TO CyIecTBYIOT C*Ke PA3THUHBIX COYeTaRNiT BADHAHTOB
spiGopa X cumsonos u3 Ke cumosios. [lomycTum, 4To omubOKK B CUMBOJIAX
[PyNNOBOTO CUCHANA M3-32 BO3ASHCTBHA BHEUHero IIyma CTAaTHCTHKH
He3aBHCHMBI M WX BEPOATHOCTH MosBIeHMA pasHel Po. Torma MOXHO
samMcaTh BhIpaXkeHWe i BepHocTH Pi mosBneHus omnbkxn B i-M
uHpOPMALHOHHOM KaHae:

B =CLE(=R)"™. .
Tlpn ycnOBMW, 4YTO BEKTOPsl WH(OPMALMOHHBIX CHMBOJIOB

{D}={d:... dj ... dn} Ha BXOHE CHCTEMbl PaBHOBCPOATHEI, HeobxoauMO
YCPEeIHUTh BbillIeyKa3aHHOE BRIPAKEHUS 110 STHM BEKTOPaM:
B =Y P(D)CLE A=R)".
D

MOKHO YNPOCTHTH 3TO BBIp@XKEHHE, €C/IM Y4ecTh T BEKTOPBI
MH(OPMALMOHHBIX CHMBOJIOB HA BXOJE CHCTEMbI, KOTOPBIE obnananT
MUHUMATBHOI BOCTIPHHMYMBOCTHIO K X OLIHOKaM rpyNnoBoro CHrHana.

Toraa BepoOATHOCTH MOABJICHUA omuOKkd B i-M HHGOPMALFIOHHOM

KaHaJie MpH YIUIOTHEHUH KaHAIOB BRIPAKAETCA:

P~ Ny CoP A-FR) /2",
rge N, /2,— BEPOATHOCTb MOABICHMA BEIWIMHB KOPPELIIHM €
MITHAMATLEEIM 3HAYEHHEM Rimin, @ X = ( R, +1)/2 — KpaTHOCTb OIIKOKH,
KOTOPOi ITOABEPIKEH TPYNIOBOH CHrHAT PCITA. B pabote 3TH BEIHYHHbI

BLIUMCIISIOTCA HA OCHOBAHWH 3aKOHA pAcTpeleNieHHsa MeiKIyKaHaJIbHBIX
nomex. BepoATHOCT: HCKAKEHMH CHMBOJIOB TpYTNOBOIO  CHUTHAla P

sanaercs B qHanasose 107...107 .
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1.6. CucTembl ¢ HemMHERHLIM YIUIOTHEHHEM KAHAIOB
H € 3aKperIeHHbIMH KAHAJIAMHA m

I'pynniosoif curean - HemuueitHbii (yHKUHOHAN 0T MHOKecTBa

KAHAJIBHBIX CUTHAJIOB _
S 2(t) = O{Sk1(); Sk2(1);...Skn(t)} .

B cucreme ¢ 3aKpPEIUIeHHBIMH KaHalaM# 338 KKIbIM HCTOUYHHKOM
3aKperviseTes CBol mogHecy il curnan [3]. i

B xawecrse MI1 - wMoamymATopa MNOOHECYINEro CHrHama -
HCTIONB3YIOTCA CyMMaTOopBi 1o [2|. B kauectBe ycrtpoiictsa dpopMupoBanus
TPYIIOBOIO CHIHANA HCTIONL3YeTCH MKOPHTAPHEIH dneMenT. B kauectse
YCTPOHCTBA pa3[eeHls KaHanoB - MHOTOAILTEPHATHRHBIH COTHMANBHLIH
KOppeIIMOHHBIA  npHeMHUK., B  KkadecrBe [MOAHECYLIMX CHTHAJIOB
HCTIONB3YIOTCs Orubaroiye MCeBJOIYMOBBIX CHIHANOB (MCeBIONIYMOBBIE
MOCNEeJ0BATEIBHOCTH), OTHOAIOUIHE OPTOrOHANLHBIX B TOYKE COMKHYTHIX
COCTABHBIX CHTHANOB (PyHKumit Pagemaxepa -Youua).,

[MTeNbHOCTE  MOAHECYIEro CHreana JAOMKHA GbiTh  paBHOI
JIMTETBHOCTH MHGOPMAIHOHHOTO CHMBOJIA HA BBIXOE KOIEPA HCTOUHHUKA.
HomxHa obecrieqHBaTHCA JKECTKas ~ CHHXpOHM3aLus, (hpoHTEI
HH(OPMAlMOHHBIX CHMBOJIOB JIOJDKHBI COBMANATH C rPaHULAMH | KOLOBBIX
CII0B NOJHECYIIHX CHI'HAJIOB. 7

Ha Bxon mo6oro MomyIsTOpa MOMHECYIMX CUTHANOB Ha HHTEpBaNe
PaBHOM JUITHTENBHOCTH MH(POPMALMOHHOTO cHMBOA Ty, BymyT noo@:ud“
CHHXPOHHO Ha O[MH BXOJ — HH(OPMALMOHHBIE CHMBOJBI, Ha _Euwnom -
KOIOBO® COBO TMOIHECYLIETO CHTHANA. DTH KONOBbe cioBa ¢ MIT
NOCTYNAlOT Ha BXoA M3, B kaaplil TakTHpYEMBbIit MOMEHT Ha BoEX BXOJax
M3 Byaem uMeTs Marpuiy KOJOBBIX CIOB. MaKOpHTapHbIA SITeMEHT
obpabareiBaeT cTonGup! 310k Matpuuel. Eciu B cronbue Gomsme 1, To
npuHuMaeTcs pewenye 1, eciu 0, o — 0 (puc. 7). .

-
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Puc. 7

OKBHBAIEHTHAA CXEMa MAKOPHTAPHOTO SJIeMeHTa NoKa3aHa Ha PHC. §.




32

Y

L R TS o

Puc. 8

Ecnu  mpucyTcIBY2T KOAEp KaHana, TO K KOINOBBIM CJIOBAM
no0apnA0TCA JOMONHHTENBELIZ SJeMEHTsl it Gopblbl € TOMEXaMu.
Cumxponmsanus mexny [IPK n TIJK gomkna OBITE OYeHs JKECTKOM, HO
JTHTENBHOCTH 1ue M Twwwesw AOIKHEL OBITH ONMHAKOBBIMH, OJHAKO €
yaeTom apdexra Jommepa HOMKHBL COOTBETCTBOBATH MOAHECYIIMM
curuanam. Hurerpuponerue ungr or 0 mo 7Zus. PY: korma yposens
cUrHana Ha Bcex > [ wmm < (.

mmnmowzon HEJOCTATOK HEMIUHEHHOr0 YIUTOTHEHHS B TOM, YTO H3-32
HETMHEHHOCTH NOABIAIOTCSH MeKaHaIbHbIE TTOMEXH.

K nocromHeTBaM HENMM2HHOTO YILTOTHEHHS OTHOCHTCA:

|) mpocToTa peatnsaum;

2) sbdexTusro HCTIOB3YeTCs MOIIHOCTB CHTHAJIA Ha
MIPOTHBOCTOAHUE TTIOMEXAM;

J)Moryr ObiTe 0OBeIMHEHBI (YHKINM KoAepa -KaHama C
YONOTEUTENEM KaHATOB M [EHOASpa KaHafla C pa3jIenuTeneM KaHaIoB
TyTeM BEIGOpPA COOTBETCTBYVIOILIETO MOAHECYIIEro CHTHAIA.

BoproTess ¢ MeRKAHATHHBIME TIOMEXaMH ¥ ¢ TOMEXamuy,
HeHCTBYIOIMMA  HA TPAHMLE CHUTCHAMA. Haumydmue BO3MOXHOCTH
NoAHecymero curHasia rng GopsObl ¢ MOMEXaMH, ecliM KONHYECTBO

YIIOTHASMBIX KaHanoB 3 unu 7. MoxHO OCYIIECTBNATH YIIOTHEHHE
KaHaJlos KacKajaHo no 3 nmamo 7.
[.7. ComocTaB/ieHE ) MAKOPHTAPHEOTO METOAA YO THEHHSA
¢ APy UMY MeTOAAMH YILUIOTHEHHS

Emﬁovxamvmom VINIOTHEHWE KAHATOB #BIACTCA YACTHBIM ClIydaem
HEIIMHEHHOTO  KONOBOIO  YIUIOTHeHHS,  CIOKHOCT  TeXHHYECKOi
Peatn3alii MOXOPHTAPHCTO YIUIOTHEHHA SABIAETCA NMPUMEPHO Takoil ke,
Kak W pu auHediHeM. [Ipy 9THMX MeTooax YIDIOTHeHHA OCYLIeCTBILIeTCS
emﬁzﬁuommmﬁ KaHATbHEIY CHIHAJIOB [UTA KaXJI0TO UCTOYHMKA, a 3aTeM HX
obbeanHeHHe, OTAHINE COCTOAT B TOM, YTO NMPH JHMHEHHOM YIIOTHEHHM
00beAMHEHHE KaHAIBHBIX CHIMATIOB MPOBOAMTCA C MOMOIIBIO JTHHEHHOM
o:eﬁm:_m: CYMMHPOBaHIAI, & TIPH MaXKOPHTAapHOM — C IIOMOOIBIO
HEJIHHEHHON OmepauMy, DCYMECTBIAeMON MaKOPUTAPHEIM JIEMEHTOM. B
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MpUeMHHUKe NPH 06GOUX PAcCMaTPHBAEMBIX METOLAX COACPIKMTCA K tpakToB
06paGoTKH (M paseIeHus) CUTHANOB.

CpaBHeHME MaXOPHTAPHOTO YILIOTHEHHS C JIMHEHHBIM TOKa3bIBACT,
4TO M@KOPHTAPHOE YIUIOTHEHHE 110 3HEPTeTHUYCCKHM TOKasaTelsvM HMeeT
HEeKOTOPBIH IPOUTPBILL.

[IpUHUMITHATBHBIM ~ PA3JHIAeM  MEiKOpuTapHore o nHHeitEoro
METONOR  MBIfETCA Cledyromes: M@KCPUTAPHOS YIUIOTHEHWE — Kak
KOMOGMHAIMOHHOE MCTIONB3YeTCs [Nl  CHHXPOEH3ALMUM HCTOYHMKOB, a
AMHEHHOE — KaK [ CHHXPOHHBIX, TaKk H LJIf 4CHHXPOHHBIX HCTOUMHHKOB.
KpoMe TOro, TpH JIMHEHHOM YINOTHEHHH) HKCIO YINIOTHACMBIX HCTOUHIKOB
MOKET OBITH OYEHL OONBIDMM, @ IPH MDIKOPHTAPDHOM, Kak M TP
KOMOUHAIMOHHOM, OrpaHiauBaeTcs yuenom 10 - 15.

MaXOpHUTapHOE YIIOTHEHME MOXHO CIWTAaTh HACTHBIM CJIYHacM
KOMOWHALMOHHOrO  yIuloTHeHus. Jlng  BeLIGHEHMS M3 [OPHHATOrO
IPYNIOBOrO CHTHANA COOGIEHHS HCNIONE3YSTCA CXeMA MHOTOKAHIEHOTO
koppeasTopa. O {HAKO M)XOPHTAPHOE YTUIOTHERHE BRITOAHO OTIHIAETCS OT
KOMOHHAUMOHHOTO TeM, YTO BO3MOXKHO IiMEHEHNe JHHEHHBIX METOIO0B
pasjgleHds KAaHANBHBIX CHTHANOB, TO €CTh MIA  NEMOMYJAIRH K
HCTOUHHKOB HCTIOMB3YETCA CTONBKO JKe KOPILIAIIMOHHBIX TPAKTOR. Oanaxo
NPH MAKOPHTAPHOM YIUIOTHEHHH THCJIO BXOLOB MAKOPUTAPHOTO JIeMEHTa
JOJDKHO OBITE HEYETHBIM. DTO NPHBOJMT K TOMY, HTO NpH YIUIOTHEHHH
YeTHOrO KOJHYECTBA MCTOUHHMKOB TIPH MAXOPHTAPHOM YIUIOTHEHWHH
notpebyercs ITICIT Gonblaeld IAHEL, 9eM P KOMOMHAIUMOHHOM,

Hampumep, €/ THCI0 HCTOTHHKOB =€, TO NpU KOMOHHALHOHHOM
ymoraenan wina [1CII

N=2%-1=2%-1 = 63, anpu MBKOLATAPHOM

N=2K1_1 = 251 [ = 127, 10 €c1b & 2 pasa Ooznblue.

CpaBHEHHE MaKOPUTAPHOTO YIMIOTECHIA € JTAHEMHBIM MOKA3BIBAET,
YTO MAKOPUTAPHOE YIUIOTHEHHE MO PHEPreTHT ECKUM MOKA3aTeNiM HMecT
HEKOTOpHIM TpOUrphim. MakopHTapHOe YIJIOTHEHHES BRITOLHO OTIHYACTCA
0T KOMOMHALMOHHOTO TEM, UTO BO3MOKHO TNPUMEHEHHE JIWHSHHBIX
METOJOB Pa3fieNieHus KaHATBHBIX CHIHANOB, TC SCTh AIA ACMOMYJIALHH K
HCTOYHHKOB MCIONB3YETCA CTONBKO JKe KOPPEeasHOHHBIX TDAKTOR.

2. OIMIMCAHME PABOTDHI

B pafore MOXKHO HM3MEHATH BH/ H KOJMYECTBO KaHANLHBIX
CUFHANOB, CHTHAIBI OT JaTYWKOB M 9WCrO KaHanos. Taioke MOMEHATH
JUTATEBHOCTS UMIIYJIbCA, YaCTOTy HeCYLIero KoJehanus i UCiIo 0TCHeTOB
Ha ieMeHTapHbIl cuMBon. KaHWIBHBIH CHrHAT MOKET ObITh BEI(pAH Kak
M-NOCTeI0BATETRHOCTS WK (yHKuHA Yonuia (puc. 9).
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B BBICOKOYACTOTHOH HacTH CXeMbI TPEeIyCMOTpeHa peryJupoBka
Hecyliedl 4acToThl, OTHOLICHHA CUrHam/myM, @ Takke BO3MOXKHO
MOJIEMUpOBaHKe BO3/EHCTBHA UIyMA C PA3IMIHBIM PaCIPe/ICIEHHEM (puc.
10).

Ha mpueMHOH CTOpOHE BO3MOXEH KOHTPOIb HHCNA HENpPaBHiIbHO
nepeaHHbBIX HMITYJIBCOB (pHc.11). 3

VCTpoHCTBO VCTpOHCTBO
YILIOTHEHHS paszaeneHHs
KAHAJIOB KAHAJIOB
| ¥
i £
: KaHnas #
Moaysrop [ \m i W? eMOZIYJIATOP
1 ¥ 1
= 2 &
| — 1
I'en. Hiym Ten.

Puc. 10
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3. NPAKTUYECKAS YACTb PABOTHI

3.1. CHATH 3aBHCHMOCTh BEPOATHOCTH OIKOKH S,yoa:oEo::m
CHTHA//IyM TpH WCTIONb30BAHMW B Ka4eCcTBE KaHABHBIX CUTHAJIOB
(yaxpy Yoniua u m-rocne1oBaTeIbHOCTH.

3.1.1. Buifpars B Ka4ecTBE KaHANBHBIX CUIHATOB dbysaxuy Yomma.
BhiGpats paeHOMepHEIT mryM. CHATh 3aBHCHMOCTE OLCHKH %%oﬂmoﬂm
OUIHGKH OT OTHOMIEHHS CHrHAN/ITYM, 3Ha4eHHs ¢/ BEIOHPATE B AMANA30HE
or 10 go -50 ab ¢ marom -10 ab. OueHKy BEPOATHOCTH OLTHOKA
OMpemenaTh Mo 5-Tv 3HAUCHUAM.

3.1.2. ITopTOpuTh W3MEPEHHUS 1A HOPMAIBHOTO LIYMd.

3.1.3. BoifpaTh B KauecTBe  KAHAIbHBIX  CHTHANOB m-
OCIIeI0BaTeIbHOCTH. BbiGpaTh paBHOMepHbIH myM. CHATb 3aBHCHMOCTR
OLIEHKH BEPOATHOCTH OIMOKH OT OTHOIMIEHUH curHan/lyM. 3HaueHus C/1I
BeIGUpaTs B guanasose ot 10 mo -50 ab. ONEHKY BepOATHOCTH OMHOKH
OTpeIeNIATh 10 5-TH 3HAYCHHAM.

3.1.4. TIoBTOpUTH H3MEPEHHS WA HOPMANLHOTO LIy Ma.

32. CHATh 3aBUCHMOCTh OHGHKH BEPOSTHOCTH OLIMOKHM OT
OTHOIIGHMS. CUTHAI/IIYM JUIs TM-MOCNeJ0BATEIbHOCTH ¢ PasiHdHbIMH
6azaMy. 3HaueHHs c/m1 BeIOMpATh B THANa30HE OT 10 po -50 nb. baza
CHrHANA BRIOUPAETCA CIeayIomuM 00pasom:

321.B = 7. B Memo mporpammsl  “TlapameTpsl
m-nocieaoBaTebHOCTH BBIOpaTh N=7.

322. B = 150 B wMenw mporpammpl  “TlapameTpsl
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m-nocnenoBaTenbHocTH BEOPaTh N =4 11 pa3soMKRYTh 1-10 i 2-10 CBA3IM.

23.B = 31: B MeHo mporpammbl “[lapameTpbl
M-TOCTEI0BaTebHOCTH BHGpPaTh N = 5 @ DasOMKHYTh 1-10 CBA3b.

324.B = 127: B wMemo rnporpamvbl “TlapameTphl
m-rocaeroraTensHocTH” BLGpaTh N = 8 1 pasoMKHYTh 1-10 CBA3D.

2.5, Tlocne MSMEHEHWs TAPAMETPOB  M-TIOCHENOBATE/IbHOCTH
HakuMmath  kHomkm  “[lpumenuts” u  “Mcnoms3oBaTh B CHCTEME
YIUTOTHGHAST .

23,  HcenenoBaTh 3aBMCHMOCTh OUEHKH BEPOATHOCTH OLIMOKA OT
OTHOLIEHWS CHIHAN/INYM AJNA PasiMiHOI'0 YHMCNa WCMOJNbIYEMBbIX KaHAIOB
OPH HCTIONB30BAHUM B KAYeCTES KAHAMBHBIX CHrHANOB (QyHKumH Yomuua 1
M-[OC20BATEbHOCTH,

5.3.1. BeiOparh B KauecTse KaHANbHBIX CHrHANOB (yHKIHH YOz,
VCTAHOBUTH TAMN HIyMa — DARHOMEPHBIH. YCTaHOBUT YHCHO KaHanos N =2
W CHATh 3aBUCHMOCTH OLEHKH BEPOATHOCTH OWIMOKHM OT OTHOLEHHS
curHan/mmyM (q = -50...0 ab).

%4.3.2. Towroputs wameperss L N =4 u N =8.

4.3.3. Buibpars B Ka9ecTBe KaHAbHBIX CHTHAIIOB
m-nocieaoBaTe bHOCTH. Basy ‘m-nocneloatensHocTd BhiGpare B = 15
(em.3 1.). Veranosuts umcno kaHanos N = 2 ¥ CHATh 3aBHCHMOCTH
OLIEAKH BEPOATHOCTY OHOKK OT OTHOLUCHMSA CHIHAN/IyM (q = -40,..10
nB).

3.3.4. Tlosropurs usmepeans ama N =4uN=8.

3.4, TlpoaHanuzdpoBath pe3yJabTaThl " caenarb
COOTEETCTBYIOLIHE BLIBOIbI,

KOHTPQJIBHBIE BOITPOCHI

1. Tpeumymecrsa  MaKOPHTAPHOrO — MeTOJA  YIJIOTHEHHA  TIO
CPaBHEHUIO C APYTHMH METOJAMEA YILIOTHeHHSL

2. PaboTa mpuéMHO it 9ACTH CXEMEL

3. Pafora nepenaroigii HacTH CXEMBIL.

4. OcoberHOCTH HelHFeHOro YITOTHEH!S,

5. MexnykaHalekble OOMEXH B CHCTEME ¢ MaKOPHTAPHBIM
YNNOTHEHHEM KaHaNOB.

6. W306pasuTe BHI CHIHAIOB B KOHTPOJIBHBIX TOUKAaX A Ciy4qad,
33AHHOrO  TIpemoAaeatTeneM (HEOOXONMMO KONWYECTBO HMMTYIBCOB U
KOM4€CTBO KaHAIOE).
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JlaboparopHas pabora Ne 4
MEXKIYKAHAJIBHBIE MOMEXHW
B PAIMOTEJEMETPHYECKHX CHCTEMAX
C BEPEMEHHBIM PA3JAEJEHUEM KAHAJIOB

IEJIb PABOTBI

Wsyyenrie ocobeHHOCTeH TNOCTPOEHUA — PAAHOTENEMETPHYECKUX
CHCTEM C BpeMEeHHBIM pazaeieHHeM KaHajoB, NMpHYHH BO3HUKHOBEHHA
MEKIYKaHATBHBIX TIOMEX, @ Takke MCCIe0BAHME BIWAHMA BHIA
MOIYIAUMK,  [APAaMETPOB  WMITYIbCHOH  TOCIENOBATENbHOCTH M
XapaKTEPUCTHK IPYMINOBOro TPAKTa CUCTEMbI HA YPOBEHB TOMEX.

1. TEOPETUYECKASA YACTDb
1.1. CTpyKTYpHast cCXeMa pagHOTeeMeTPHYECKOH CHCTEMBI ¢ BPK
PaauotesnemeTpuueckas cucrema (PTMC) ¢ BPK [l] skmodaer B
cebs GOpTOBYIO TEPeiAlONIyi0 M Ha3eMHYIO NPHEMHO-PErHCTPUPYIOLLYIO
armapatypy (puc. 1). M3mepsembie (u3HUeCKre BEMYMHBI A, 3 i

MOMOMIBIO TIEPBUYHEIX TpeoGpasosateneit II1; mpeodpasyioTcs B CUTHAMbI
U;(t), moctymaiompe Ha KaHATBHBIE MOAYNATOPEI KM;. B III

oCyIIecTBIeTCS TakkKe HOPMHpOBaHMe CHrHAmoB Uj (t) ¢ memsio

NpUBeIeHAs MX K eauHol mkane, B cucremax ¢ BPK curnaisl Ha BbIXOzE
MOJIY/IATOPOB HE MEPEKPBIBAIOTCA [0 BPEMEHH H, CIEA0BATENEHO, ABJIAIOTCA
OpTOroHANBHEIMY (GYyHKUMAMH, JIOCTHTAaeTcs 3TO TeM, 4YTO HA BTOPBIC
BXOIBI MOAYAATOPOB € TIeHEpaTtopa KaHalbHBIX HMITYJILCOB 'KH
NOCTYNAOT  [TePHOJMYECKHE  TIOCNENOBATE/IbHOCTH  NPAMOYTOJIBHBIX
MMIIYIbCOB, C/ABHHYTBIC OTHOCHTEJIBHO ApYr Jpyra Ha BeJIHUHMHY
kaHaneHoro ustepsana T,. Ilepwon ompoca KaHanoB T, 3amaercd

TeHepPaTOPOM TAKTOBBIX HMITy/ibcoB ['TH. [Ipu GopMHUPOBAHHH KAHATbHBIX
curnanoB S (t) B KaHANBHAIX MOZYJATOPAX MOXET MCTONL30BATECA

aMIUIATY JHO-IMIyIbcHas AWM,  MHPOTHO-AMIY/IBCHAA IMUM  #u
dasonmmymbeHas Momyssua PHM (2, 3]. Jlnst cHHXpOHHM3AUMU PabOTHI
GOpTOBOH W HaseMHOH anmapaTypel TMOCAE KaX[oro UHMKAa onpocd
nepenaeTcs CHHXPOHM3WPYIOIIMHA  CHrHAI CC, ommmyapommics IO
aMIUTUTYIE, UTHTEIBHOCTH WM CTPYKTYPe OT KaHAIBHBIX CHTHAIOB [2]. Ha
BBIXOZIE CyMMaTOpa OpPMHpPYETCs IPYNIOBO# CHrHAT Spy, (t), conepxamuit
KaHAJBHBIE U CHHXPOHHU3HPYIOIIHME UMITY/IbCHI (PHC. 2, a).

B nepenatumke IIPJ] ocymecTBAAeTCA MOXYJALNA Kakoro-nubo
fapavMeTpa CHHYCOMAANbHOTO KoneGaHwA BBICOKOH HACTOTHI IPYIIIOBLIM
curHanoM. MoryT HCIIOMb30BATHCA AMIUINTYHas, YaCTOTHAA Wik (pasoBas
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mogynsuus. Haubonee mupoxoe pachpocTpaHeHHe MOJYUUIH CHCTEMBI
HIHM-YM, PUM-AM, AUM-UM.

Bopropas ammapatrypa PTMC ¢ BPK sxmouaer| B cebsa
kanuGparmonsoe  yerpoiicteo  KY. Heo6XxoammocTs MEPHOAHIECKOH
nooyepeHOM KanuOPOBKH BCEX H3MEPHTEbHBIX KAHAIOB BhI3BaHA TEM,
4T0 B MpoOLEcce Mepefadd n3MepuTenbHOH HHOOpMALUH HMEET MECTO
W3MEHeHWe HaNpSKeHHs WCToYHHKOB mmranua [2]. Ilepuonmyeckas
KaIHGPOBKA OCYUIECTBIIACTCA ITyTEM NOC/IENOBATENbHOH _._opm—._:_ Ha BXOJBI
MH(QOPMAIMOHHBIX ~ KAaHAIOB  KalMOPOBOYHOIO :Eﬁmﬁmmi_ BMECTO
TeneMeTpHYECKHX CUrHAMOB. [Tepuo MOCHIKA KaJIHOPOBOYHBIX CUTHATIOB
obsrHo coctapnset 10 + 15 c.

[ocne ycnnenws W geTeKTupoBanus B npuemuuke ITIPM rpynnoeoi

CHUFHAN TIOCTynaer B cenekrop cuHxpoummyiscoB (CCH), Ha BbIXOZE
KOTOPOTo (hopMHEpYeTCs TocIeoBaTeNbHOCTs nMmybeoB Ug (t) (puc. 2,

6), CHHXPOHH3UpPYIOMIHX paboTy reHepaTopa CeleKTOPHBIX HMMITyJBCOB
I'CU. WUmnymece Ha Beixone I'CH U, ;(t) OTKphIBaIOT BpeMEeHHbIE

cenextopbl BCi, nocTynator B kaHambslil aemopynsrop Kl u nanee — B
peructpupyoiiee yerpoiictso PY. Kpome uH}pOpMALMOHHBIX CUrHANIOB, Ha
HocuTens PY HaHoCATCA METKH BpeMeHY, BelpabareiBaeMble reHepaTopoM
meTok Bpemenu 'MB. _

B PTMC ¢ BPK mis kaxmoro HHQOpMaLHOHHOTO CHrHama A0JIKHA
BHIOHpAThCsl CBOS 44CTOTA ONpOCa, COINACOBAHHAN C €TI0 M3MEHEHWEM BO
Bpemeny [1, 2]. Omnako B Gonpmmuctee PTMC ¢ BPK :o,rohvuwoqdm
MOCTOSHHAS MAKCHMAbHAA i BCEX KAHAIOB HacToTa omnOnP 4TO
MPHBOANT K Mepefiaye B PAje KaHANOB M30BITOUHON HH(OPMAIHH. BriGop

9acToTHl onpoca F, =1/T; 3aBHCHT OT QOPMBI CIIEKTPa “HPOPMALTHOHHBIX

CHTHAJIOB, BHJIA HHTEPNOJAMOHHOK 06paboTku B HA3eMHOM annaparype, a
TaKxoke OT BEJMUHHBI MOTPEIIHOCTH BOCCTAHOBJICHHS CUTHATIOB [2]. ObbraHO
Fy=yF,, roe F, ~— BepxHsd rpaHguHas 4Hacrora B CHEKTPE

HH(OPMAMOHHOTO CHTHAJA, ), MeHAeTes OT 2 10 HECKONBKHX AECATKOB.

1.2. MexkayKkaHaIbHble TOMEXH

I'pynmoBoii cUrHaI NPOXOJUT uepes TPAKT Iepeiayy, BHOCSLIMH KaK
HeMuHeHHble, TAK W YACTOTHLIE HCKMKeHHdZ. HenuHedHble HCKaKEHUA
rpynmosoro curmana PTMC ¢ BPK He mnpuBogAT X TOABICHUIO
MENIYKaHaAbHBIX noMex. B3auMmubie NOMEXH MeXIy KaHaJlaMH B PTMC ¢
BPK BO3ZHMKAIOT BCJEICTBHE OrpaHHYeHHA TI0JIOCHI MPOMyCKaHMA
rpynmosoro Tpakra. Ilomexd TiepBoro pona (nepexofiHble TOMEXH)
MOABIAIOTCS B pe3yabTaTe OrpaHH4YeHHs MTONOCH! TPOITYCKaHWA TPYIToBOro
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Tpakta B o0jacTH BHICOKMX YacTOT, a IIOMEXH BTOpoOro poja
(mepexpecTHbIE) BO3HHKAIOT BCNEACTBHE HEPABHOMEPHOCTH AMILTATYIHO-
4acTOTEON M HenmuBelfHocTH (DA30YACTCTHOH XapaKTepHCTHK B obnacTw
HUBKAX 9ACTOT.

PaccMOTpHM BO3HHUKHOEEHHE MEKIyKaHalNbHBIX [OMEX 3a CYeT
UCK@KEeHHH B HU3KOYAcTOTHON ofnacTH. I1pu sToM Hckakenws B obnactu
BEPXHIDI dacTOT OygeM cuuTaTh OTcvreTByrommMHE. [Iycte Ha #xon
IPYNNORORO  TPakTa IOCTYNAST [OCHEN0BATENBHOCTE KMIYJIhcoB N
KaHa/I0s, MPHYEM TOIBKO E OJHOM M3 HHX OCYIIECTBIAETCH aMIUTHTYIHAS
MOJy/IA M CHHYCOMAATBHAIM HANpsAkeHHeM ¢ dactoToi (2. Yactorhas
XapeKTepHUCTHKA IPYITIOBOIO TpakTa

Kpp(jo) = Krp(o)exp[—jprp(®)] .

Tl e ]
T
t B 0 T
"o e a0
g i
Ill“r... ...... I=Filnn i ..||.-ﬁll||m|'..|ﬁ..
A O a2

e

E“_T.,:_I- Moo

it Ul
| ccr-—~
._r.,.\ — il .ll.

—| MM} ———[Bc2

wﬂnﬁv AR g IN2H 1-0 g

" cC 24 : LG ] Cad
P oo i ) g e
Ut e
& e i »
Wit ovssar v o il
Benl [o prepeninnsy sl guiian s
t

Puc. 2

Ha pue. 3 n3o0pakeHbl AMIOIHTYIHO-YAcTOTHAS XapaKTEpUCTHKA
rPYNMOBOro TPakTa M HHU3KOYACTOTHAS YaCTE CTIEKTPa MPYMIIOBOTO CHrHAa
HA BXOJR TpakTa mia ciydas AMM.,

xo _A_.m_ms__v mzog
........ “_ vif 1
g | N TN
- D, fogr 7 oy
Q Q, w Frel@
Puc. 3 Puc. 4

Ha BBiXOZe TpakTa BCNEJCTBHE HEMICAILHOCTH AMILTHTYIHO-
YaCTOTHOH XapaKTEePHCTHKH CIIEKTPANbHAS COCTABIAIOMAS HAa dacToTe ()

Oyner mmets ammutatyny Kpp(Q)Ug <Ko Uq 1 dasossit cagur prp(Q) .
OT0 mMoka3aHO Ha BEKTOPHON jguarpamme (puc, 4). Takoe HCKDEeHHE
IKBUBAJIEHTHO  BBIMMTAHMKO M3 TPYIUIOBOTO  CHIHANA  JIOMEXH
Unow = KoUny1+[Krp (/K12 ~2[Kyp(Q) /g Jeos pry ()
Ug =mtlU, /2T, m — xo3dhQuument Monyiasuuy, 1T- IIHTENBHOCT
uMmiynbca, Ty - HEPHOM CIeNOBaHNS UMITY.ILZOB B OJHOM KaHATE.
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ITpu 7 3TOM BO3HHKAIOT XapakTepHble WCKAKEHHS TIPYyIIOBOIO
cUrHaja, noxasaHHele Ha puc. 5a. Hynepas nuHns uckpusisetcs (puc. 56),
OpH AEMOAY/IALIAH BO3HHKAET IApa3suTHas MOYJALMA ¢ 4acToToii ) BO
Bcex kananax (puc. 5B), T.e. ofpaszyercs MexIyKkaHaJbHas MoMexa,
Ha3piBaeMan lepekpecTHol, [Inst yMeHbLIeHHMs BAWSHHS TEpPeKPecTHBIX
MOMEX B :ﬂazmom annapatype HCTIONB3YIOT (hukcatopsl ypoBHa mpu AUM
i orpaniumrTeni npu ®HMM u [IAM.
Hckaxernus B obnactu Wmﬁum.m.a YACTOT BBIZBIBAKITCA HEOOCTATOYHO
LIUPOKOif monocolt mpomyckanua rpynnoBoro Tpakta AFpp. Tlpm manoit

rnomnoce @vﬁomﬂﬁ HMITYJIBCOB 3aTATHBANOTCI H %OEO%OHEH HalokeHHe
npepIIyIIero KMy bea Ha OCIIe Iy oIHe.
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Puc. 5
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Haubonee cuibHOE BIMSHME OKasbiRaeTcA Ha cocemuuii kaman (puc. 6),
MO3TOMY BO3HHKAKIINE HMCKAXKCHHA HA3LIBAOT :OUQMO\.HIO& MIOMEXO0M.
M\—uOWQIV NOMEXH YBEIHYHBAETCA ¢ YMCHBUICHHUEM 3al0UTHOTO HHTEpBala
.Hw MEXOy cCcOocCeIHHUMH HMITYIbCAMH, Umwmoﬂo PA3HOCTH KaHaJIBHOTO

unTepsana Ty M QIHTENbHOCTH HMITYJIBCA T.
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U(t) 4

(i-1)-i kaHan i-in kaHan

L_ t
Puc. 6
2. OTIMCAHHUE PABOTbI

B coctas nabopaToOpHOil YCTAHOBKH BXOIAT: nabGoparopHBIi MakeT
IS WCCHENOBAHHA MEXAYKAHANbLHBIX TMOMEX B PTMC ¢ BPK,
ocrmiorpad, aHanu3aTop CIeKTpa K BOJBTMETD. O.Gw_ﬁdﬁzmm cxema
Makera u3o0pakeHa Ha pHC. 7. B KkauecTBe HCTOHYHHKOB wcomEamE
HCTIONB3YKOTCA qeThIpe RC -reneparopa, mmﬁmmm__azwao_ﬁ:m
CHHYCOMIJANBHEIE MOIYNUPYIONHE CHIHAIBI C yacrotoit 2 =115Tn #
AMILTHTY [IOH, perynupyeMoii B npefenax ot 0 mo 5 B (pyuka :LZ:.;:.QE.:
HA JTULIEROI TaHE/IH MaKeTa). 7 i

C nomombio pyuku 'Tlepuox — KaHANBHBIX — HMITYJIbCOB
OCYILECTBIIAETCA U3MEHEHHe NEPHOfia KaHANBHBIX UMITYJIBCOB B MPEACTIAX
ot 1000 1o 3000 Mkc. Moayaupyromue CHPHATB! ¥ KaHAIbHBIE HMITY/ThChI
nojaroTes Ha BXoAs Moaynaropos AMM u OIUMM. B 3aBHCHMOCTH OT
nonoxkenns mepekmouarens "AUM - OLIMM" curhanel ¢ BBIXOIOB
COOTBETCTBYIOIIMX MOJYJATOPOB TOCTYNAIOT HA CyMMAtop H jainee — B
rpynnoBolt TpakT. B KkadecTse OKBHBANeHTa TpymroBOTO TpakTa
UCTIONB3YETCA BUAECOYCHINTENb C PErynupyeMoi AMILTATY JHO-9ACTOTHOH
XapakTepucTHkofl. B o0nacTH  HM3IKHX umo,ﬂoa :uZo:m::m AUX
OCYIIECTBIAETCA C NOMOMIBIO Nepexmodarens "HY nckakeHud’, B obnacTH

BoIcOKMX — "BY nckakeHHn".
Ha pue. 8 m 9  msobpakeHs! AMILUTUTY IHO-4aCcTOTHBIE

 XapaKTepHUCTHKU TPYIITOBOro TPakTa (BUIEOYCHIIMTENS) COOTBETCTBEHHO B

061acTH HIKHMX W BEPXHMX YACTOT. XapakTepHCTHKH, OTMEUCHHbLIC
uappamu 1, 2, 3, 4, 5, COOTBETCTBYIOT TaKMM IKC MOTIOKEHHAM
nepexmouareneii "HY wckaxenns' u "BY HCKaKeHWa" Ha MepeaHei

maHeJIn MakeTa.
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Hpwn nonoxennn 1 nepexmonarenei 113 u 114 uMmynsesl npoxomsT
TPYNIIOBOH TpakT Ge3 Meka:keruil, CHTHAM ¢ BBIXOZA IPYIOBOTO TPAKTA
TNOCTYRAeT Ha BXON BPEMEHHOIO CENEKIOpa TepBOro KaHalla (CHTHANBI
OCTalbHEIX KaHAIIOB B MAKETC HE BhlAessroTes). Ha apyroii Bxox BpeMeHHOTO
CENeKTOpa MOCTYHAIOT CENeKTOPHbLIE MMITYJILCH MepBoro kanana ¢ ['KH. C
BBIXONA BpeMeHHoro ceaerropa (BC) nocnenoBaTenbHOCTE WMIYIECOB
NepBOrO  KaHAla MOCTyNaeT Ha (MiIsTp HIWKHUX uacror (DHY),
OCYHIECTIISFOIINH MOTYJIAITHIO (CAHANLHOTO CHIHAIA.

Mogynstop AUM ebino.iHen Ha 6a3e younurena K140VIIIA (puc.
10). Dmiopsl HanpsbKeHui (P MBe,1eHb! HA pHc. 11,
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Uepes pesuctop Rl  rnopawtes — KaHAIBHBIC — HMOYJIBbCBI
MONOKKUTENIBHOM TOXApHOCTH, a 4Yepe3 pespcrop R2 — Momyampyree
Hanpskenwe. Ha BXome ycunmmrens —(opmupyeTes CymMma  3THX
HanpsokeHud. B pesysnsrate NeficTBHA LEmH OTPHLATSNIEHON O5PATHOM
cBs3m, coctosme u3 auopa D1 1 pesuctopa F4, x0d3QGUUMEHT yoHISHIAS
kackaja Gyner Gonbiue eIMHULBI Ay MOJC/KHTETBHBIX BXOJHBIX CHIHATIOB
W paBeH HYJO — [is OTpHUATENbHBIX. Ha 3brxoje OyAeT MPUCYTCTBOBATE
CyMMapHas ¥ HHBEPTHPOBAHHAA YIONIOXKHUTENBHAA JacTh BXOAHOTO CNIHATA,
T.€. OTPULIATEIBHEIE UMITYIBCHI AHUM-1. 3

Momynstop OLIMM-1 (puc. 12) cobpad Ha OCHOBE YNPaBIAEMOro
JKOYNIEro MyJIbTHBHOpaToOpa.




V4 BbIX
R10

Puc. 12

KananbHsle HMMIYJIBCHl, MOCTYNalomue 4Yepes KOHABHCATOP Ci,
3aMyCKaloT MYJIbTUBHOPATOp Ha TPAaH3HCTOpPax Vi, Va, V3. JJTuTeIbHOCTE
VMITYIBCOB Ha BXOJE MY/IbTHBHOpaTOpa ONpeAeNseTcs Kax TOCTOAHHO R
spemenn T=Cy-Ry, TaK M HauaIbHBIM HANpDKEHHCM Ha KOHICHCATOPE

Cs. Uem Gospime HauanbHOE HANpMKeHWe, TeM Oonblie MTHTENBHOCTH
TEHEPHPYEMOTO MMITYJIbCa.

3. NPAKTAYECKASI YACTb PABOTBI

3.1. Mzyuenne NPHHLANA AeHCTBAA MaKeTa IpH OTCYTCTBHH
HCKAMKeHHH B rpyNnoBoOM TPaKTe

3.1.1. 3apucoBaTh OCHHUIOIPaMMBI CHIHAIOB B  KOHTPOJNBHBIX
TOYKAX MaKeTa.

3.1.2. Tlpoasanu3upoBaTh  OCLMIOrpaMMbl — MPH  H3MEHEHWH
peryupyeMBIX IIapaMeTpoB CUrHala.

3.1.3. Caartb MOIYIALHOHHYIO " NeMOIYIALHOHHY O
xapakreprcTuky npin AUM u OIITAM.

3.1.4. 3y4uTh ¥ MpOAHANM3UPOBATH 3aBHCHMOCTE YPOBHA CHIHAJIA
Ha BBEIXOJE MOEMOAYNATOpPa OT TapaMeTpoB  MOC/IEHOBATEIbHOCTH
AMITYJIbCOB.

3.1.5. WccnepoBarh CHEKTPbl CHTHANOB B KOHTPOJBHBIX TOUKAX
MaKeTa IPK PasIMYHBIX 3HAYEHHAX PEryTHPYEMEIX TapaMeTpoB.

3.2. Mccnenosars nepekpecTHbie momexu npu AUM n OlIHUM

3.2.1. Tpoanamu3upoBaTh N0 OCHMIOrpaMMaM  Xapaktep
HCKaKEHHH TpYTIMOBOrO CHTHAJA IPH pPasjHYHBIX OTIIOHEHHAX AYX
IPYNNOBOrO TPaKTa OT WjeasbHON B 0ONACTH HIKHUX 4acToT. CreneHs
ickaxennit AUX MOKHO XapaKTepH30BaTh HIDKHEH rpaHHIHON 4acTOTOMH
AUX Fy, onpenensemoit wis yposas 0,7K,.
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3.2.2. Usyuuth KOJIHYeCTBEHHBIE 3aBHCHMOCTH YpOBHA
[1epeKpeCTHOH MOMEXH Ha BBIXOJe TPYIIIOBOTC TPaKTa OT Fy 1 napamMeTpoB
MOCTIEA0BATEIEHOCTH UMITYIBCOB. m

3.3. McenenoBaTh nepexofnbie noMexu npH AHUM u OIIHM

3.3.1. Ilpoananu3uposath IO  OCHUIIOrpaMMaM Xapaxkrep
JCKaXKeHHH TPYNIOBOTO CHIHATA MPA PA3SHYHBIX OTKICHEHHAX AUX
rpymmnoBoro TPakTa OT uneanpHON B 00J4CTH BEPXHHX 4HacTOT (mpu
pasIMYHbIX BEPXHHX IPaHHTHBIX 4aCTOTAX Fg). .

3.3.2. H3ydauTh KOJNHYECTBEHHBIE 3aBUCHMOCTH YPOBEA nepexosHoi
momexu ot Fy, HOMEpa MeIIAOMEro KaHama H napaMeTpoB

MOCJIEJOBATEIBHOCTH HMITYTbCOB.

COJEPKAHUE M IMTPABWIA O®OPMJIEHUSA OTYETA

OTder HOWKEH cofepikarh CTPYKTYPHYIO CXeMy JlabopaTopHOTO
MaKeTa, OCILIAUIOrPaMMBI, TaGmuibl, Tpauki U BEIBOJBI O pabore. Ha
rpauKH  HAHOCATCA OKCHEPHMEHTANBHLE —TOUKH  H TTPOCTABIIAIOTCA
eIMHAIIBI H3MEPEHHA. i

OT4eT COCTABNACTCA KaKIbIM CTYAEHTOM CaMOCTOSTE/IBHO.

KOHTPOJILHBIE BOITPOCHI

1. Meronuka W3Y4YeHHS [PHHUHIA nefcTBHS MakeTa TpH
OTCYTCTBMY HCKaKEHHIt B TPYNIOBOM TPAKTE.

2. MeToauka McclieIOBaHUA TIEPEKPECTHBIX [IOMEX B saboparopHoM
Makere. ;

3. Meronuka HCCAeIOBAaHUsA IEPeXOOHbIX TNMOMEX B nabopaTopHOM
MaKere.

4. OxupaeMbllil Xo[ 3aBHCHMOCTel, HCCIIEoyeMbIX B nabopaTopHOii
pabore.

5. Cnektpsl HMITYJIbCHBIX MOIYTHPOBAHHBIX, CHTHAJOB.
Mogyastopst AUM, LM, ®HM.

6. CTpyKTypHBIE CXEMbI CETEKTOPOB CHTHAIIOB CHHXPOHH3ALHH.

7. Baibop "actotst onpoca B PTMC ¢ BPK.

8. [lyrM yMeHbIIEHHA BIMAHUA TEPEKPECTHBIX M MepexoHbIX
momex npu AUM, 1LIUM, ®UIM.
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