TEOPUSA

BbiOOp TNNa
CKOJIb3HLNX CpeAHNX

B cratbe paccmarpuBaeTtcs CpaBHU-
TenbHas 3PPeKTUBHOCTL Hambonee
WKUPOKO MPUMEHSIEMbIX Tpenaepamm
aNrOPUTMOB CKOMb3SLLEr0 YCPEOHEHMS.
ABTOpBI CYMTAIOT, YTO B KAYECTBE KpW-
Tepus 3bPEKTUBHOCTU 3TUX anropuT-
MOB L|enecoobpasHo MCNoNnb3oBaTh
Jncnepcuto «konebnemocTu» Bbigense-
MbIX TPEHO0B, KOTOpas OnpeaeneHa ux
MaTeMaTUYECKUMKU  anropuTMaMu 1
CMEeKTPanbHLIMW  XapaKTepUCTUKAMM
«MELLAIOWMX» KOMMOHEHT LieHOBbIX Ipa-
bVKOB MCCNEmyemMoro phiHKa.

Mpepnocbinku
K MCCnepoBaHNaM

Cxonbsﬂume cpenqHUe HalUUM ca-
MO€ 1IMPOKOE PacnpOCTpaHEHHE
B TEXHUYECKOM aHallM3e PbIHKOB H3-
3a MPOCTOThI BBIYMCIIEHHH, HAIJISHO-
CTU TpU BBIABJIEHWHM HMH TPEHIOB
WM (HOPMHUPOBAHMU PA3JIMYHBIX HH-
IUKaTopoB. Jto mnpocThle (MA) u
pasnuuyHble B3BellleHHble (WMA)
cKonb3silie cpenHue [1]. B mocnen-
Hee BpeMs Uil CKOJIb3SIIIETO yCPEN-
HEHUSl MCIOJb3yIOTCS LUDPOBLIE
dunstpe [2].

Tpetinep, mpuHUMas PUCKOBAHHbIE
pellleHus, TOJDKEH YETKO 3HaThb Ipe-
MMyIlIeCTBAa M HENOCTaTKH, OCOOeH-
HOCTU TPUMEHEHUS] TOrO WJIM WHOTO
ycpenHeHus. ATU CBOWCTBA NOJDKHBI
ObITb BbIPAKEHBI KOJIMUECTBEHHBIMU
OLIEHKaMH, KOTOpblE SICHBI Ka*KIOMY
Tpevzepy. Benp peus upuer o opmu-
pOBaHUM TOPrOBbIX CHTHAJIOB, KOTO-
pble TIPUBENYT K BIIOJIHE OIpENENEH-
HbIM (DMHAHCOBBIM BBIMIPHILIAM HWIH
MOTEPSIM.
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Uro roBopur o6 3TOM COBpEMEH-
HbIA TexHU4YecKui aHanui? Ilopou
3T0 O0O0lIMe, OYeHb pacllblBUaThle
paccy)KleHusl, KOTOpble HEBO3MOK-
HO TPUMEHUTh Ha MpakTHke: «HHO-
roa Jydile paboTaloT B3BellleHHble

YCPEOHEHHUS; HHOTNA — TMPOCTHIE...
HMHaue roBopsi, 3KCIIEPUMEHTHI C pas-
JINYHBIMUA THIIAMM CKOJIB3SILINX CPE-
HHX, BEPOSITHO, He TPENCTaBJIAIOT
IJIONOTBOPHOTrO MyTH...» [1].

Ipyrie aBTOpPbI CBA3BIBAIOT ITPO-
6yleMy BbIOOpa C «BPEMEHHBIMM HH-
TepBajaMu». Ha KaKUX-TO WHTEpBa-
Jlax PEKOMEHNYIOTCS OOHU THIIbI
CKOJIB3SILIIMX CPENHUX, Ha KaKUX-TO —
Ipyrve. AHaJIOTUYHbIE «IIPEeJJIoKe-
HUSI» KMMEIOT MECTO B OOJIbLIMHCTBE
3apyOeKHbIX M OTEYECTBEHHBIX ITy6-
JIMKALMSX.

ToNMUKOM K TPOBENEHUIO NAaHHBIX
HUCCIEIOBAaHUN TOCTYXKUIU PE3YJlb-
TaTbl, U3JI0KEHHbIEe B [2]. OgHako B
3TUX, OECCIIOPHO HWHTEPECHBIX U
MoJie3HblX paboTax aBTOp He OTBe-
TWJI Ha BOMPOCHI: B YEM 3aKJIIOYAET-
ci  TpEeUMYLIeCTBO  LMQPPOBOU

dunpTpauuy U Kakuve TpeboBaHUA
cnenyeT TMNpenbABIATb K 3TUM
dunbTpam.

Mopenb LeHOBbIX
rpadpukos
B YaCTOTHOM o00nacTu

Bo6meM cinydae Jo0OM 1I€HOBOMU
rpadMK MOXKHO IPEACTaBUTh
BPEMEHHBIM PSNIOM, KOTOPBIH CYMMU-
DyeT TpY HE3aBUCHMBIX COCTABJISIO-
LMx: BbienseMbldl TpeHn Ugy; cymma
n
2y
«MelIalolINX» TPEHNIOB 4T U ciy-
YalHOW KOMIIOHEHTHI nj. Boinernse-
MblHl JIMHENHbIA TpeHp Uy xapakre-
PHU3YETCSl CIIEKTPAIbHOM TIOTHOCTHIO
MotuHocTH Gyyo(f). OHa cocpenoToye-
Ha BOJIM3U HYJIEBOM YACTOTHl U IIOJ-
JIEXKUT JajbHEHNIIEN (UIbTPALMU C
LieJIbIO BbIIEJIEHHS 3TOro TPEHIaA.
"

22Uy
U3 cymmel 45 ¥ Hauboinee «Bpep-
HbIMU» Il TPEUIEPOB SBJISIOTCS T€
TpeHppl Uyj, KOTOpble MMEIT Hau-
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6osbllIMe IJIUTENbHOCTH (COMOCTaBU-
Mble C IIUTENBHOCTbIO Upy). MUKpO-
Tpenpl Uy ABISIOTCS  NPOJyKTaMK
BOJH JJUIMOTTA BBICIIMX TIOPSIKOB,
U «psbpio». CydaHasi KOMIIOHEH-
Ta n; NpeACTaBiseT cobou d-Koppe-
JIMPOBAHHBIA  CJIyYalHBIA  IPOLIECC
(OTCYTCTBYIOT CTaTUCTHUUECKHE B3au-
MOCBSI3U MEKIY OTCYETAMH 3TOM CO-
crapisonler). CriekTpasbHas IUIOT-
HOCTb MOLLHOCTH N; HE 3aBHCHT OT
dactotsl G, ()=G,=const (310 T.H.
«Oesplil 111yM»).

Ha pucynke 1 oThenbHO H300pa-
JKEHBl CIIEKTpaJIbHblE [JIOTHOCTHU
MOILIIHOCTEN BCEX PaCCMOTPEHHBIX
KOMIIOHEHT, TTOCKOJIbKY 3TO IO3BOJIS-
€T OCVIIECTBUTb IIPUHILIUII CYTIEp-
MO3ULIUM, AEWCTBYIOLIEN MPU JIMHEN-
HOM HUX mnpeobpa3oBaHuu. lanee He-
00XOIMMO C TIOMOLIIBIO HEKOTOPOTO
¢unbTpa ¢ MUHUMAaJIbHBIMH HCKaXKe-
HUAMHM BbIIennUTb Gpyo(f), 4TO COOT-
BETCTBYET BO BpEMEHHOW O6JacTU
BbIsB/IEHHMIO TpeHa Uy;.

ITy ornepalyio MOXXHO OCYIIECT-
BUTb C MOMOLIbIO UIEAbHOTO (PUJIb-
Tpa HWwKHMX d4actor (MPHY), xo-
TOPBbI  SIBJIIETCSI TEOPETUUYECKOU
abcTpakuMen U He MOXKET ObITh pe-
alM30BaH Ha ImpakTuke. OgHAKO ero
paccMOTpeHHUe II03BOJIUMT HaM B
JaJbHEHNILIEM TOJYYUTh IOTEHLU-
albHO  Mayylo  «KOJIEGJIEMOCTb»
TpEHOA Uoj, K KOTOPO!M MbI JIOJI’KHBI
CTpeMUTbCsd Ha mnpaktuke. MOHY
dunbTpyer 6e3 HCKaKeHUM BCE CO-
crapsiolie Gyo(f) 1 MakCMMaJlbHO
MIONABJISIET YACTh CIEKTPAJIbHBIX CO-
crapsiolux Gue(f) u G, BHe norno-
Cbl €ro INpOIyCKaHUsA Osfsfaq,.

Takas ¢uibTpanus OOCTHXKUMA,
ecaiu MIPHY obnamaeT MOCTOSHCT-
BOM MOJYJIs KOMIUIEKCHOTO KO3(-
(uLMeHTa Mepeaayn |k(f)|B ero mo-
noce Tpo3pavHOCTH Osfsf,q. Ilpu
3TOM OH HMEET aMIUIMTYIHO-4ac-
TOTHYIO XapaKTepucTtuky (AUX),
KOTOpasi MpeAcTaBjieHa Ha PHUCYH-
ke 1. KpoMe Toro, oH goyikeH 006-
JlajaTh JIMHEMHOM (a304acTOTHOM
xapakrepuctukon (PUX) B 3roM
ke nosnoce. Obiagas nmepevncseH-
HbIMM BBIlllE XapaKTEPHUCTUKAMH,
HWOPHY He BHOCHUT B (DUIBTPYEMYIO

Guo(f) nMHENHBIX 4aCTOTHBIX HCKa-
JKEHUn*.

3allUTpUXOBaHHbIE Ha PHUCYHKe 1
obnacTi COOTBETCTBYIOT CIEKTpaJlb-
HbIM cocTapisiolnM Gip(f) u G, Ko-
TOpble NPHUCYTCTBYIOT Ha BBIXOJE
VI®HY u crnocob6CTBYIOT MOSBJIEHUIO
«K0J1e071eMOCTH» BBIIEJIAEMOTIO TPEH-
Ja. ITU IUIOLaAM COOTBETCTBYIOT

IMCIIEPCHSM  «MELLAIOLLMX»  KOMIIO-
HeHT Ha Bbixoge MPHY:
Lo S
2 2
o;, =[G, (Ndf M or=[Gdf.
0 0

«KonebneMocTb» JMHENHOIO BbI-
JIEJIEHHOTO TpeHa UO]- C JoBepu-
TEJIbHOM BEPOATHOCTBIO P, =0.997
Ha OCHOBaHHWH IpaBUjla «TPU CUTMa»
MOJKHO TIPENCTaBUTh B BUIE:

Uo;£3\Jo;, +07 .

[locnenHee Bblpa)KeHHE CIIpaBe-
JIMBO, KOrJa OTCUEThl CIyYalHbIX KO-
JiebaHuil BHIIEJIEHHOTO TPEHOA XOPO-
IO  aIrMpOKCUMHUPYIOTCA HOPMaJb-
HbIM 3akoHoOM. Jliobasg dunbTpalusa
(ycpenHeHWE) Ha OCHOBAHUM 1IEHT-
paJIbHOM TpeNEbHON TEOPEMBI TEO-
pUM BEPOSITHOCTEN HOPMAJIU3YET Bbl-
XOJIHbIE TIpollecchl. TakuM 06paszoM,
Hallle [OMyllleEHWE O HOPMAaJIbHOM
3aKOHE CJIy4alHOM COCTaBJIAIOLLEN
Konebanui TpeHna Uy BIOJHE OIl-
paBIaHo.

CchopMupyeM TIJIaBHBIN TEOPETU-
YEeCKUH BbIBOJ, JAHHOM 4YacTh pabo-
Th: Ja)ke B HIeaJU3UPOBAHHOM
c/ly4yae BbIIENISIEMbIE TPEHIbI BCEr[Ia
O6ynyT obsianaTbh OINpENeEHHON «KO-
J1€6J1IEMOCTBIO», KOTOPYIO MPUHLIUITH-
aJIbHO HEBO3MOXKHO yCTpaHUTb. Pas-
Max CJydauHbIX KojebaHW{ Bbile-
JsgeMoro TpeHma (ero «konebie-
MOCTb») ONpENENAETCS B IEPBYIO
ouepenb AYUX ¢puibTpa, C MOMOIIBIO
KOTOPOTrO OH BBIIEJIEH, U XapaKTe-
DUCTUKAMU CIIEKTPaJbHBIX COCTaB-
naowrx Gy u G,. OHuU ABAAIOTCA
OOBEKTUBHBIMU TapaMeTpaMy KaK-
JIOTO KOHKPETHOTO pbIHKA B KOH-
KPETHbII MOMEHT BPEMEHHU.

3aMeTUM, UTO YBEJIMYEHHE IJIU-
TEJIbHOCTH BbeJIsIEMOro TpeHna Uy
(cootBetcTBYeT Cy:xeHUIO Gyof) U,

Guy(D), K(D)
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g 4 Gu(f)
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Puc. 1. Moodeav komnonenm uyenoswix epagukos
6 uacmommoil obaacmu

KaK CIIEICTBUE, YMEHBLUEHHIO f,4
HNOHY) npuBOOMT K yJAyullIEHHIO Ka-
YecTBa BbIIEISEMOrO TPEHNA U COOT-
BETCTBYET YMEHBILIEHUIO BEeJMUKHbI

2 2
O, O

B cnyyae BbimeneHHs HETUHENHDBIX
TPEHIOB, KOTOPbIE OTJIMYAIOTCA arl-
PUOPHO HEW3BECTHLIMU 3aKOHAMU X
¢dopMHpOBaHUA Ha LIEHOBBIX Ipadu-
KaX, o0lljas «KoJjJeblIeMOCTb» HX BO3-
pacrTer:

Ugjnent 3,J02, +07, + 07 |

e 0%, — AUCNepCcHs CMeLleHHUI 1C-
TUHHOTO HEJIMHENHOTO TPEHa OTHO-
CUTEJIbHO €ro JIMHEAPHU30BaHHOM MO-
mem [3].

B omnnune OT JMHENHBIX, HENU-
HENHbIE YACTOTHBIE MCKAYXKEHUs TIPH-
BOJAT K CYLIIECTBEHHOMY W3MEHEHHIO
CIIEKTPAJIBHOTO COCTaBa. ATO MOYKET
MIPOUCXOMIMTb H3-3a M3MEHEHWN ha-
30BBIX COOTHOIIIEHUH MEXKIY OTHEIh-
HbIMKU  CIMIEKTPAJIbHBIMU COCTABJISIIO-
LLIMMH Ha BBIXOJE (PWJIbTpa C HEJW-
HeriHoi ®YX. Ilpu aTOM MpoMCXOmUT
CMeIlIMBaHUE MEKIy cOOOou BCex ajl-
IOUTUBHBIX KOMIIOHEHT Mg;_(q,n,lwfg

crieKkTpa (pUHLIKIT cyneggjw

* Jluneiinble uacmommuole UCKANCEHUS — UMEHEHUs yposﬂeu 0MOeNbHBIX CREeKmpAanbHblX COCMABAAOWUX HA 8bix00e d)uﬂbmpa, xomopbte He npueoaﬂm K

3HAYUMENbHbIM USMEHeHUAM XapaKkmepa d)u/tbmpyeMou cnelcmpaﬂbﬂou nAOmMHOCMU MOWHOCHU. Ha rO_C_HOﬁglﬂUl 6ya/tb'ﬁocmu «SpeMﬂ uacm%u_-.
S i

Hble HacmomHble UCKANCeHUSA 06meyr6no npueoaﬂm K 6DEMEHHbIM UCKANCeHUAM mpem)a l@r’— "
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npuMeHnM). W3-3a  BOZHHUKHOBEHUS
MacChl KOMOWHALIMOHHBIX CITEKTpab- hif). i i i i hil) S LY.
HBIX COCTABJISIOLLIMX (TpeHIL-TpeHI[; 02 . . . . ucﬁil LK B B B B BN BN R B N
TPEeH[-MellaoILIUN  TPEeHH; TpPeH.-
CnydaiHas KOMIIOHEHTa M T.J.) IIO- 015 0.05
Clle TaKoro HeJMHEMHOro npeodpa- 0.04
30BaHUSI «KOJIEOJIEMOCTb» BbILIEJISIE- 04 . a)
MOrO TpeHJla YBEJNMYMBAETCS 3a CUET
NOOABNIEHUS Ofex, BENMUMHA KOTO- 0.05 Qi
POl MOJKET CYIIECTBEHHO IIPEBbI- 0.01
LIaTh CYMMY O, +0;, + O,
0 ! 0 i
OT Teopum K npaKkTuke hii) . . . b
0.3 f ot ,
TaKI/IM obpa3oM, B OCHOBHOM Ka- . .
YeCTBO BBIIENAEMBIX TPEHIOB 3a- 0.25 al 1
BHUCHUT OT COOCTBEHHBIX XapaKTEPHC- 0.2 . { 0.08 . =
THK aJITOPUTMOB ycpenHeHHsa (Ux 015 | 006 . 6)
AYX u ®YX). [lonyuuB 1 npoaHau- o 1 | . .
3MPOBaB 3TH XapPaKTEPHUCTHUKU aJlro-
PUTMOB  CKOJIB3ALLIETO YCPEIHEHHH, QoS I Qo2 [T .
cpaBuuB ux ¢ MOHY, MoxxHO Hako- . ; . T ;
HELI-TO PaHKUPOBaTh HX KadyeCTBO
10 BBIGPAHHOMY HaMH KPUTEPHIO. h(/) " hi/)
BBeneM MOHATHE UMITYJILCHBIX Xa- 03 | 0.12| .
PAKTEPHCTUK CKOJIB3ALLUX CPETHUX U _ |0
OINTUMAJIbHOTO LM(PPOBOrO (PUILTPA e . . ' 0 * r
KaK peakuMid Ha eIWHHYHBLIA BXO[- 0z { Dos * . ' B)
HOW UMITYyJIbC U ob6o3HauuMm ux h(l). 0.15 f 0.05| . ’
Ha ocHoBaHMM 3aKOHa O COXpaHe- ot ¢ omsl T .
HUM SHEPrHM CyMMa BCEX OTCYETOB * *
h() nomkHa 6bITb TOMKIECTBEHHO L 0.0 vl
paBHa €OUHHILIE. 0" . : . | 5 i
Ha pucynke 2 npencrapnens! h(l) . _
Pa3IMYHBIX aJTOPUTMOB CKOJIb3SIlIE- Lt g g hid),
ro ycpenHenus: a) MA; 6) WMA )
nepBoro Tuna (Hanbosee 4acTo HC- 03 015}
MOJIb3yeTCs Tpennepamu); B) WMA
Broporo Tuna; r) EMA; m) onru- 02 nql 1 | r)
MaJibHBIM LdpoBoi ¢punstp (OLID), ’
CUHTE3UPOBAHHBIA C MOMOIBIO Me- .
Toga Pemesza (yebblllleBcKass amn- o1 ) cL.0g te,
MMPOKCHUMALUSA). I T ‘I‘ * T
WMnyibCHbIE XapaKTEPUCTUKU T10- a i o : : =
JIy4EHBl Ui PasIMUHBIX 3HAYEHUH hit) by,
BPEMEHHU CKOJIb3ALIETO YCPEIHEHHS i
m. Ilpu peamusaumn EMA ncnone3so- s . o | ol . * 7 A
BaJIOCh U3BECTHOE COOTHOLLIEHHE Il |
2 0.15 008 ! !
o= m [1] 0.06: * T ) ﬂ]
0.1 . .
Ina ymoberBa m3obpaskenus h(l) no4 .
EMA, umeroLiyx 6€CKOHEYHOE YMCIIO 0.05 o0t * ]
OTCUYETOB, IIPEJCTaB/IEHBl TOJIBKO
CBOel HaydaJlbHOM 4acCThblO. a 1 2 3 ! 0 12346678 01011121314 ]
Bce BblUMCIEHUS, CUHTE3 OITH-
MaJIbHbIX LHUQPOBBIX (PUIBTPOB OCY-
LLIECTBJIEHBI HAaMU B CpEJlE€ CUCTEMBI
MATLAB 6.0 ¢ JOIOJIHUTEJIbHBIM HC- Puc. 2. Hmnyaschovie xapakmepucmuku ar2opummos cKkoab3sujeeo cpeore2o.
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TMOJIb30BAaHUEM TIaKETa €€ pacllupe-
nusa Signal Processing Toolbox ¢up-
Mbl MathWorks, Inc. anee c nmomo-
o Pypbe-nipeobpasobanuii  h(l)
6bUTH Moy4eHsl |kK(/) 1 PUX  Beex
PaCCMOTPEHHBIX aJTOPHUTMOB.

H3-3a orpaHuYeHHOCTH oOObeMa
pa6orei PUX He mnpuBENeHbl, a
lg|K(f,)| nokasansl Ha pucyHKe 3.
Il nyyilero BOCHPUATHS pPe3yJbTa-
TOB TMOPSIOK PACIOJIOXKEHUS U 1IBET-
HOCTh rpapMKOB Ha PUCYHKax 2 U 3
coBrnagaloT. I'pacdhuky prcyHka 3 mo-
Ka3blBalOT, YTO C POCTOM M TOJIbKO
OL® co croeit AUX Haubonee 6m3-
Ko mnpubmbraercs Kk MPHY, a oc-
TaJIbHbIE  AJITOPUTMBI  CKOJIB3SILIETO
YCPENHEHHUS JAaJIeKd 10 KAuyecTBY OT
HEro.

KonunuyecTBeHHbI aHANu3

nepexozmm K KOJIMUECTBEHHOMY
aHaM3y C LeJblo paH)XUpOBa-
HUSI BCEX PACCMOTPEHHBIX 37ECh
aNropuTtMoB U romnpobyeMm JaTh pe-
KOMEHJAIMK M0 WX MPUMEHEHHUIO.
H3-3a Gosbllloro MHOrootpasus 3a-
KOHOB (hOPMHUPOBAHUS HEJMHENHBIX
TpeHAOB [3] aHauu3 MpojenaeM B
MIPENIOIOKEHUN BbIIEJIEHUS JIMHEM-
HbIX TpeHnoB. CuuTaeM, YTO CyMMa
BCEX «MelIalolINX» KOMIIOHEHT HMe-
eT CIeKTpajbHylO IJIOTHOCTb MOLLI-
HOCTH, KOTOpasi He 3aBUCHUT OT 4Yac-
ToTHl, T.e. Gu(f)+G,=Gy=const.
[Ipy TakoM OOMylLIEHWH OUCTEPCUS
«KONebIEMOCTH»  BBIIEJIAEMOrO  JIH-
HevHoro TpeHaa Uy paBHa cymme
HHTErpa’soB:

K(f)

2

i+ | G|K(f)| df,.

o

Sop
O-é = _[ G,
0

[lepBblil HHTErpan OLIEHUBAET
YMEHBLIIEHHE JIUCIIEPCUM  «Melllalo-
LLIMX» KOMIIOHEHT B IOJIOCE TPO3pay-
HOCTU aJITOPUTMOB YCPENHEHUs pH
HepaBHOMepHOCTH Mx AYUX, a BTO-
pOHl — COOTBETCTBYET YMEHBLLIEHUIO
IUCIIEPCUN  «MELLAIOLINX»  KOMIIO-
HEHT B noJioce 3anep:kanHus AYUX an-
FOPUTMOB. YuutbBas, 4yro G,=const
Y HE 3aBHUCUT OT THIIa aJITOPHUTMOB,
MOXXHO €€ BBIHECTH 3a 3HaK HHTET-
pajia 4 OMNyCTUTb (3TO COOTBETCTBY-
€T, CKa’KeM, OJHOBpPEMEHHOM paboTre
BCEX HCC/IEyEMbIX alrOPUTMOB YC-
pDEIHEHUs] Ha OFIHOM U TOM K€ JIU-
HEWHOM y4yacCTKe IIEHOBOro rpadukxa

BAJIIOTHbII CMEKYNISHT Hionb 2003

Ta6nuua 1. 3HauyeHuns unterpanos lq, I,

Ne Twn anroputma m BenunuunHbl UHTErpanos
n/n 14 Iy
1. MA 5 0.4876 0.1376
15 0.1600 0.0463
30 0.0790 0.0226
45 0.0513 0.0155
2. WMA
nepsBoro Tuna 5 0.5795 0.1852
15 0.2003 0.0672
30 0.0999 0.0344
45 0.0668 0.0222
3. WMA
BTOPOro Tuna 5
15 0.2090 0.0518
30 0.1020 0.0261
45 0.0687 0.0194
4. EMA 5 0.4047 0.2204
15 0.1317 0.0747
30 0.0646 0.0370
45 0.0418 0.0250
5. OoUd (meTon Pemesa, 5 0.5012 0.1319
yebbileBckas
annpokcumaums)

KOHKPETHOro pbiHKa). [Ipu ato
npolienypa paHKUPOBaHHs air
MOB CBEJIETCS K BBIYUCIIEHHIO
HEHWIO MEXIy Cco6OoM HUHTET]

S

=]

0

K(

2 3
K| d w 12=.-2i
0
AddeKTrBHasA MOJ0cCa MPO
HUA JOBOTO anropuT™Ma yep

OLIEHMBAETCA KaK

[l 4 --ié."
fo =
K
rae
fH=L’L
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ILIMA BEeC B YACTOTHbIE HCKaXKEHUS
BHOCUT HeymHerHocTh PUX. B MeHb-
LIIeN CTEMNEHU BIMSET HepaBHOMEDP-
HocTb AUX B mosioce mpo3payHOCTH.

B Tabnuie Ha OCHOBAHMH MC-
MOJIb3YyEMOTO HaMM KpUTepUs 3elie-
HbIM LIBETOM BBIIEJIEHBl PEKOMEH]IY-
eMble TpenaepaM aJrOPUTMblI CKOJIb-
3ALIETO YCPEOHEHUS.

B atowt cBsizu EMA u WMA nep-
BOrO THWIIA, UMEIOLLIUE CYILIECTBEHHO
HenuHedHble PUX, npuMeHSTh BO-
ob1i1e He pekoMeHpayeTcs. Mcrosb-
30BaHUE 3TUX AJITOPUTMOB MPUBENET
HE TOJIbKO K JIMHEHMHBIM YaCTOTHBLIM
uckakeHusaM Gyo(f), HO U K nossie-
HUIO [OOMOJIHUTENIbHBIX [IPOIYKTOB
KOMOWHALIMOHHBIX  CIEKTpPaJIbHbIX
COCTAaBJIAIIOILINX, O KOTOPBIX 'OBOPHU-
JIOCh paHee. AHalIW3 3TUX SIBJIEHUHN
3ecb HE paccMaTpuBaeTcsl u3-3a
Ype3BbIYAMHOM UX CJIOMKHOCTH.

WmnynbcHas xapakrepuctuka h(l)
WMA BTOpOro TuIma MNpHUHLHUIHAb-
HO MOJKET ObITh peajM3oBaHa C UC-
roJib3oBaHueM Bcero Tpex (!) oTcue-
TOB Ha OCHOBAHWM AKCHOMBI O BO3-
MOXHOCTH TIPOBEJIEHHSI 4Yepe3 [IBe
TOYKH TOJIBKO OJHOU mpsMou. B Ha-
uiem cinydae h(1) — ob1iias Touka, a
4yepe3 h(0) u h(1), h(1) u h(2) mox-
HO TIPOBECTH JIBE TIPSIMBIE.

3aMeTHUM, UYTO C IOMOIIBIO Tpex
orcyeToB h(l) HEBO3MOKHO peasn3o-
BaThb WMITYJIbCHYIO XapaKTEPUCTUKY
OL®, kortopas NpuOIMMKEHHO OIHU-
chiBaeTcsl QyHKUMeN (sin x)/xX, st
3TOro noTpebyeTcs, Mo KpalHeW Me-
pe, 10 u 6osee OTCUETOB.

TakumM 006pa3oM, TOBOPUTb O
npakThyeckor peanusanuu OLD
MOKHO TOJIbBKO TpM m=10, a mpu
3=m<10 - WMA BTOpOro THIa OKa-
3bIBaeTcs 6osyiee 3(HEKTUBHLIM, UEM
OL.

Hawm pekomeHpauum

AHaJms PacCMOTPEHHBIX  BBILLIE
aJITOPUTMOB  CKOJIB3SILLIETO  YyC-
penHeHUs MOKasal, 4TO IMpaKThye-
CKUM BBIOOp TpeHpepamu THIIa all-
ropuTMa — JOCTAaTOYHO CJIOKHas U
HeTpuBUajbHasg mnpolenypa. Ilpu
3TOM MOXKHO clejaThb Cleaylollne
WTOrOBble PEKOMEHALINH:

1. Bce paccMOTpeHHEbIE BHILLIE ajl-
TOPUTMBI 110 CBOEN CyTHU SBIAIOTCA
UUdPOBLIMU  (DUIBTPAMU C pasjuvy-
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TEOPUSA

HbIM KayeCTBOM, KOTOpOE€ OImpee-
nsgercs napametpamu ux AYX wu
®YX. Tak, EMA - 3T0 peKypCHBHBII
HEOITUMAJIbHBIM LIMDPOBON (PUILTP
c 6eCKOHEYHOW UMIYJbCHOM Xapak-
TEPUCTUKON HECHMMETPUYHOIO BU-
Ja. ATOT ajropyut™m obnajgaeT cyllle-
CTBEHHO HequHenHoM PUYX u BHO-
CUT HEJOMNYCTUMYIO «KOJIEGIEMOCTb»
B BbifeNsieMblll TpeHa. WMA mnepBo-
ro TUMNA — HEPEKYPCUBHLIM HEONTU-
MaJlbHBI LHUGPPOBON (DUILTP C KO-
HEYHOW HMITYJIbCHOW XapaKTEPUCTU-
KOM HecuMMmeTpuyHoro Bupa. OH
nMeeT HenuHedHylo @YX, koTtopas
MIPUBOAUT K CYLIECTBEHHOU «KOJIED-
JIEMOCTH» BBIIENSIEMOrO TpEH[a.
DTU aNropuTMbl (3a HCKJIIOYEHUEM
CIIELIMAJIbHOTO CJIydasl, KOTOPHIM He
paccMaTpuBasics B JaHHOM pabore)
HE PEKOMEHAyeTCs BOOOIE IpUMe-
HATb MPU PELLEHUH 3alad TeXHUYe-
CKOro aHaju3a.

2. B 3aBUCHMOCTH OT BEJIMYMHBI M
PEKOMEHIYIOTCS K HCIIOJIb30BAHUIO
CHIeNyIolIYEe aJrOPUTMbl CKOJIb3SILE-
ro yCpemHeHHs, KOTopble obecrieyaT
OIHOBPEMEHHO KAaK MHHHUMYM «KO-
N1e6IEMOCTH» BBIIEJIEHHOTO TPEHa,
TaK 1 MUHUMYM BPEMEHHBIX HCKarKe-
HUM 3TOrO TPEHAA M3-3a JIMHEMHBbIX
Mpeobpa3oBaHUN €ro CIIEKTPabHOM
IJIOTHOCTH MOIIHOCTH:

e npu 3=ms=10 COOTBETCTBEHHO
WMA BTOpOro THIa;

e mpy 10<m=100 — OLI® (meTtox
Pemesa, uyebblllieBCKasi alpOKCHU-
MaLus).

CpaBHUTENBHBIM aHalu3 ajaroOpuT-
MOB CKOJIb3ALLIETO YCPEOHEHUS ITPU
m>100 HaM¥ He [IPOBOIUJICA.

3. OLIP moryT GbITh CUHTE3UPOBA-
Hbl Pa3/IMYHBIMK METONAMU, HO Tpe-
060BaHUS K HUM CJIEOYIOLIHUE: 3TO MU-
HUMaJbHas HepaBHOMePHOCTb AUX B
nosnoce npospauHocty  (Osfsfyy) n
MaKCHMyM TIOJIaBJIEHHS CIIEKTPAJlb-
HBIX COCTAaBJIAIOILIMX B IOJIOCE 3allep-
JKaHUA NpU OOHOBPEMEHHOM JIMHEU-
Hoctyt PUX ¥ MUHMMaJIbHOM KOJMYe-
CTBE pa3phIBOB (ha3bl.

Crnenyer OTMETUTb, YTO B Clydae
6onblimx 3HadeHu m OLI® obnaga-
10T ycinoBHO JuHenHon PUYX (mo-
CKOJIbKY B TOUYKax pa3pblBa (pasbl JIK-
HENMHOCTb He HMMEET CMbIcia). Heob-
XOIUMO BBbIOMpPATh TAaKWE AJTOPUTMBI
cunresa OLI®, PYX KoTopeix HE
MMEIOT pPaspbiBOB (has3bl B  MOJIOCE
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MMPO3PayHOCTH (B 3TOM CJIyyae BJIMS-
HHE MHOXECTBa pa3pblBOB (hasbl
MEHBLLLIEE).

Ocobo XOTUM mOpeaynpenuTb
TPENUNEPOB, YTO MPU CUHTE3E TaKUX
GubTpoB obs3arenbHO (!) Heobxo-
IMMO TIPOBEPHUTh (pOPMAT MpPENCTaB-
JIEHUSl YHCEJl B HCIOJIb3YEMOU ITPO-
rpaMMe. B mpoTHBHOM ciyyae BO3-
MOJKHO TMOJIyUeHUE XapaKTEPHUCTUK
OLI®, BecbMa JajleKuX OT CUHTE3U-
DOBaHHBbIX.

4. CyILIEeCTBEHHBIM HEIOCTAaTKOM
BCEX PACCMOTPEHHBIX aJrOPHUTMOB
CKOJIB3SIILIETO YCPENHEHUS SBIISIOTCS
JIMHEVHbIE YaCTOTHbIE HCKaXKEHUs
MIpY BbIIEJIEHUH TPEHIOB (Y BCexX aj-
ropuT™MOB [;<1, U 3TO HEpaBEHCTBO
ycyrybnsercsa ¢ poctoM m). IMeHHO
U3-3a 3TOro 3ddeKra MPOUCXOOUT
«CKaJlbIBaHHUE» U «OTTaJIKUBaHUE»
BBIIEJISEMbIX TPEHIOB OT HCTHUHHbBIX
LIEHOBBIX rpacduKkoB. [J1aBHOE Tpe-
umyiiectso OLIP — B 3HAUMTETBHOM
YMEHbLLIEHUH 3TOro addekra.

[lo nmnonpaBneHHI0 MelIlAOUIUX
KOMITOHEHT BHE IOJIOCHI ITPO3pavyHoO-
crtu paccMatpuBaembii OLID He sB-
Jnsetrcsa Haunydiium. [Ipy m>15 MA
n WMA BTOporo Tuna obecrieyuBa-
IOT JIYYIYI0 CXOAMMOCTh K M@PHY,
MMOCKOJIbKY ¥ HUX 3HaueHus [, bosnee
6nmu3kn K Hymo. OgHAKO C 3TUM
npourpbitieM OLI® npuxomurcs
CMUPUTHCH.

5. JlaHHast paboTa MO3BOJISET I1O-
HATb U3BECTHBIE B TEXHUYECKOM aHa-
JIM3e IIOTOBOPKH: «MA JlaeT OBa-
Iel», «WMA naeT oguH pas». Ternepb
MOKHO J100aBUTb HOBBIM adOpU3M:
«OL® 3Benur omuH pas3». Tpednep
MOJKET peaJibHO HabjonaTb UM-
MyJIbCHYIO XapaKTEPUCTUKY HUCIIOJIb-
3yeEMOTO aJITOPUTMa YCPETHEHHUs TTPU
Ha/IMYUMU Ha TPeEHAE «llmma». «[Lurm»
BBIMTOJTHSAET MPU 3TOM (DYHKLHU «30H-
IUPYIOLIIErO» HUMITyJIbca. Yepe3 Bpe-
M m/2 mocne Hero OymeT Habsmo-
IaTbCS HMITyJIbCHAasl peEaKLUs UC-
MMOJIb3YEMOTO  aJTOPUTMA, YBEJIMUEH-
Hasl MPOIMOPLMOHAJBHO BEJIUYUHE
«LLIUMa».

6. HeontumanbHble 1M(POBLIE
(UIbTPbl C CUMMETPHUYHBIMH U KO-
HeuHbiMU h(]) U C pa3IUYHBIMU «3K-
30TUYECKHMU» 3aKOHaMU (DOPMHUPO-
Banus ([aycca, biskmaHa-Xappwuca,
XammuHra, Kaisepa u mOp.), 3a uc-
kmoyeHueM WMA  Broporo Tuna

npy 3=<ms<10, pacCMOTPEHHOIO B
JAHHOM paboTe, NMPUMEHSTh B TEXHU-
YECKOM aHaJlu3€ PbIHKOB TaK)XKe He
pekoMeHayeTcsi. TIOCKOJBbKY — CIOMK-
HOCTb (POPMHUPOBAHUS 3THX AJITOPUT-
MOB cousMmepuMa ¢ cuHresoMm OLI®,
a ux cxogumocth Kk UPHY ycrymaer
MOCJIEAHVM.

3akJloueHue

BsawnoquHe JaHHOM paboThl 3a-
METHUM, YTO, Ha Halll B3rsm, Oy-
nylllee B TEXHUUECKOM aHaJIM3e PbIH-
KOB IpU (POPMUPOBAHUN Pa3IMUHBIX
VMHIMKATOPOB, BbIIEJIEHUH TPEHIOB —
nercreurenbHo 3a OLID.

OnHako Mbl HE pasfiesisieM C aBTO-
poM paboT [2] ero «peBOJIIOLIMOHHBIIN
MOPbIB» MPU 3aMEHE «BCEX WM BCS»
CrielMaabHbBIMU - LIU(POBBIMU  AJIrO-
pUTMaMHU.

Bonee KOPPEKTHO 3TO MOIKHO
chenaTh 3BOJIOLIMOHHBIM ITyTEM C I10-
creneHHon 3ameHon MA, WMA wu
EMA Ha OLI® Bo Bcex WM3BECTHBIX
anroputMax 6e3 pa3paboTKu clielu-
aJIbHbIX UHIUKATOPOB.

B cnyyae, ecnu cnenuuanbHble M-
(bpOBblE MHAHUKATOPbI NEWCTBUTEJb-
HO OynyT obnajgaTh JIy4IIMMH Xa-
paKTepHUCTUKaMU (a 3TO cCleayeT
JIoKa3aThb!), TO Tpeunepbl BO3bBMYT
MX, BHE BCSKOrO COMHEHHS, Ha BO-
OpY’KEHUE.

Eule pa3 3amMeTuMm, 4TO IPU 3TOM
Oyner HeoOXOOUMO M3MEHHUTb (Oop-
MaT MPENCTaBJEHUA UHCE B HEKO-
TOPLIX TPEUIEPCKUX MpOrpammax,
MTIOCKOJIbBKY OHM CETOAHS HE paccyu-
TaHbl Ha HCMOJIb30BAHUE [EWUCTBU-
TeNbHO 3P deKTUBHBIX OLID. BC|

Anekcardp CmupHoa,
Cepzeill Muxatinos
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