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BukopucraHHs aJaiTUBHOI0 METOY OPTOTrOHAJILHOI JIareppoBCchKOi pliabTpanii
IIYMOBHX 3aBa/i JIsl 30iJIbIIEHHS CIIIBBIIHOLIEHHSI CUTHAJI/3aBa/ia

B. B. Ko3zanoBcbkuii, JI. M. lllepOak, I'. B. MapTtuniok, P. O. ’KapoBcbkuid,
IO. B. bBaaanwk, 1O. I1. Boiiko

B cucmemax ynpasninua akmyanibHO0 npooLemMor0 € 3MeHULeHHs 8NJIUBY UWYMO-
8UX 3a6a0 3 Memoio 30inbuenns cnisgionouenns cuenan/zasaoa (SNR). I[a npobrema
€ MAaKodC aKmyanbHolo OJisl IHWUX mexHiuHux cucmem. /lana poboma npucesuena
OPMO2OHANbHIU N1aA2epPOBCHKIU Pinbmpayii Wymosux npoyecie, sKi onucyromscs Ji-
HIUHUMU BUNAOKOBUMU NPOYecamu. 3anponoHo8aHull memoo Qirbmpayii 0ae Modic-
JIUBICMb 3MEHUUMU BNIUE ULYMOBUX 3A8A0, SKI ONUCYIOMbCA CMAYIOHAPHUMU TIHIl-
HUMU 8UNAOKOBUMU Npoyecamu, npu pobomi KoperayiuHux cucmem. loes ybozo me-
Mooy NOAA2AE y BUKOPUCAHHI OpMO2OHaNbHUX Ginempis Jlaceppa 6 skocmi 6xiOHUX
JIAHOK KOPEeNAYIUHOI cucmemu.

Ha ocnoei opmoeonanvhoi nazepposcokoi ginempayii cmayionapnoz2o 6inozo
WYyMY OMPUMAHO NOCTIO08HICHb WYMOBUX NPOYECIB, 5KI HEKOPEIbOBAHI HA 3HAUHOMY
yacoeomy inmepeani ix 63aemHo20 3cygy. Taxi npoyecu onucyromobcsa cmayioHapHuMu
JUHIUHUMU 8UNAOKOBUMU NPOYECAMU | € MOOENAMU WUPOKO20 KOJIA WYMOBUX 3A8a0,
SAKI 00CHIONCYIOMbCSL NpU pOOOMI PI3HUX MEXHIYHUX CUCMEM, BKIIYAIOYU CUCMeMU
VNPAGNIHHA, BUABNEHHA, DPO3NI3HABAHHA, GUMIDIOGAHHA, mowjo. llpu euxopucmanmi
MaKko20 Memooy 3MEHULYEMbCS GNAUG UWYMOBUX 3A8a40 3 PIZHUMU KOPEIAYIUHO-
cnekmpanvHumu xapaxkmepucmuxamu i 30invuyemoscsi SNR na 6uxooi kopenayiinoi
cucmemu. /[ 3anponoHO8aH020 A0ANMUBHO20 MeMO0y OPMO2OHANbHOI 1a2eppO8Ch-
Ko (hinempayii upiutyromoscs nPaKmu4ti 3a0a4i 3meHulents 0ii CmayioHapHUX uLy-
MOBUX 3a8a0, 01 Yb020 68 CMAMMI HABeOeHa CMPYKMYPHO-I02IYHA cXema KopeJsi-
YilHOI cucmemu. 3a 00NOMO2010 NPOSPAMHO20 3a0e3neUeHHs Peani308aHo ai2opumm
adanmusHoi hinempayii Ha 06a3i cknaonux ¢inempis Jlaceppa. Peanizayis 6yia npo-
gedena OJisl pealvbHoi uymoeoi 3a6aou, aka Hanexcums 0o kiacy RLC wymis, 3 none-
peonim nasuanuam Qinempy. Ilpo egpexmusHicmv 3MeHueHHs 6NAUBY 3a0aHOi cma-
YIOHAPHOI WYMOBOI 3a6A0U CBIOUUMb OMPUMAHI KoepiyieHmu eghekmusHocmi y po3-
Mipi —6 06 ma —16 OF 0151 MHOXICUHU MOYUOK 3AHYIEHHS 3A8A0U

Knrouosi crnosa: wymosa cmayionapua 3asaoa, AiHIUHUL SUNAOKOBUL Npoyec,
opmozoHanvhuli inemp Jlaceppa, cnisgioHowienns cueHan/3a6aoaq, KOperayitiHa cu-
cmema

1. Beryn

[HdopMaliitHi CUTHAIM MHUPOKO BHUKOPUCTOBYIOTHCS B PI3HUX cdepax, B TOMY
YKCIl 3HAWIUIM CBOE 3aCTOCYBaHHS B cUCTeMax ympaBimiHHA. Ciif BIAMITUTH, IO,
BPaxOBYIOUM TOTYXXHUHN 1HGOPMAIIMHUN pecypc IIYMOBUX CHUTHAJIB, MOTEHIIANbHI
MOKJIMBOCTI X BUKOPHCTAHHS Ha ChOTOJHI HE BUYEpIIaHI MPHU CTBOPEHHI CYYaCHUX
iH(MOpMAIIIHHUX TEXHOJOTINA, PO3poO0Ill MPOTpaMHO-aNapaTHUX 1HGOPMAIIMHNX Ta
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Kepyrouux cucteM. lle MoKHa MOSICHUTH TIMOTE3010 MPO Te, IO NIyMOBI CUTHAIN B
PaJI0OCIEKTPOHHUX CUCTEMax PO3IJISIal0ThCs SIK 3aBaJlM 1 BIAMOBIIHO CTBOpIOBAIACS
METO0JIOTISl X JOCHIKEHb MO 3MEHIICHHIO 1HTEHCHBHOCTI 1 piBHS BIUIMBY. Taka
METOJI0JIOTISl aKTyaJIbHa 1 Ha ChOTOJIHI MPH aHai31 Ta CHHTE31 TEXHIYHUX CUCTEM Pi3-
HOTro npu3HaueHHs. Lle BIAHOCUTBCS 10 MPOOJIeMAaTUKH 3aBaIOCTIHKOCTI CUCTEM.

[TpoGiemaruka MMPOKOro KoJia 3a1ad oOpoOku iH(HOPMAIIMHUX CUTHAIIB TIPH Jii
3aBaJl € 3arajbHOB1IOMOIO. JIJis 11 BUPIIICHHS BUKOPUCTOBYIOTHCS KJIACHYHI 1 CydacH1
meroau. TeopeTnyHrM QyHIAMEHTOM JTOCTIKEHb ITYMOBUX CUTHAJIB € TPAaHUYHI TEO-
pEMH CYyMH HE3QJIC)KHHMX BUIIAJKOBHUX BEJIWYHH, 10 3HAUIUIO TIOJAIBIIANA PO3BUTOK Y
Teopii JHIMHKUX 1 TAPMOHI30BHUX BUIIAJAKOBUX MpolieciB 1 nomiB. [Ipaktnynum oOrpyH-
TYBaHHSIM TaKHUX JOCHIPKEHb € CTOXaCTUYHHUN 1HTETrpaibHUi (HI3UIHHNA MexaHi3M (op-
MYBaHHSI ITYMOBHX CUTHAJIIB 1 iX PO3MOBCIO/KEHHS Y PI3HUX CEPEIOBHUIIAX.

Heo6xiaHO BIAMITUTH, IO BiJOMI METOIM 3MEHIIICHHS BITHOIIEHHS CUTHAN/ 3a-
BaJla 0a3yIOThCSA HA BUKOPUCTAHHI HE3HAYHOT HU3KU TEOpEeTUYHUX ine. [Tpukimagom
MO€E CIIYKUTH BUKOPUCTAHHS €TAJIOHHOI MOJIEJl TayCOBOT'0 BHUIIAJKOBOTO MPOIIECY
O1y10r0 1MIYMY B SIKOCTI IITyMOBOI 3aBaau [1]. He3Baxkaroun Ha Toli (hakT, 1110 Hemepep-
BHUI 01U 1ryM (hi3UYHO HEpeani30BaHUM, 111 MOJIEeNb ITMPOKO BUKOPHUCTOBYETHCS.

2. AHaJIi3 JiTepaTypHUX JAHUX TA MOCTAHOBKA NMPO0JjieMH

VY po6orti [1] npu mocnmipkeHHI 0e3ApOTOBUX CUCTEM Iepeaadi iHpopMartii BUKO-
PUCTOBYEThCSl AJaNTHBHUNA (PUIBTp 3aCHOBAaHMKA HA METOAl HaWMEHIIMX KBaApaTiB
(LMS) s 3MeHIIeHHS BIUIMBY IIYMOBOI 3aBaJyl — rayCoBOro OLIOro Imymy. Aue ms
po0oTa 3arajJjoM BUKOPUCTOBYETHCS TUTBKHU I OOPOTHOM 3 3aTyXaHHSAM y O0€3pOTOBUX
cucTemax nepefadi iHdopmarliii. Pe3ynbTaTu BUKOPUCTAHHS OIIHKYA BITHOIIICHHS CHT-
Has/3aBaga (SNR) Ha ocHOBI ¢inbrpanii Kaimana mpu aii raycoBoro 0ioro mymy Ha-
BejieH] B [2] mpu JociipKeHHSIX poOoTH KorHITHBHEX pamiomepex (Cognitive Radio).
HeoOxinHo BigmiTHTH, 110 anroput™ GuibTpariii Kaimana onucano s poboTH 3 ray-
COBUM OLJTMM TIYMOM, JIJIsl SIKOT'O MPOTHO3YeThest oiinka SNR, ane He BiamiueHO pe-
3yJNbTaTH JUIS IHIIMX BUAIB IIYMOBHX 3aBajl. Pe3ynbTaTv 3MIHU JMHAMIKA YHUCIIOBUX
PSIIB 1 TEKCTYpOBaHUX 00 €KTIB TIPU JOCIIPKEHHSIX 300pakeHb 3 BUKOPUCTAaHHSIM €Ta-
JIOHHOT MOJIETI BUIMAIKOBOT'O MPOIIECY TayCOBOrO OUIOro IIyMy, sIK BUTIAJKOBOTO MPO-
1IeCy 3 HEKOpEIbOBaHUMH (y HIMPOKOMY CEHCI) a00 3 He3aIC)KHUMU (Y BY3bKOMY CEHCI)
3HAYCHHAMHM, po3rysiHyTi B [3]. Lli pe3yapraTi 1ar0Th 3MOTY OLIIHUTH HASBHICTH TayCo-
BOTO MAapKOBCHKOTO BUIIA/IKOBOTO TOJISI B 33/1a4aX BUSBJICHHS TEKCTYPOBAHOTO 00’ €KTa
Ha 3alIyMJIEHOMY 300pakeHH1. byyo 6 AOLIBHO MOAUBUTHCS, SIK 111 PE3YJIbTAaTH MOYKHA
3aCTOCOBYBATH IS IHIIUX MpeaMeTHUX obactei. B po6oTi [4] npu 10ciiKeHHI HU3b-
kux piBHIB SNR B cricTtemax BUSIBICHHS 00’€KTIB 3alPONIOHOBAHO BUKOPUCTAHHS JBOX
HOBUX JICTEKTOPIB TIPH i1 HErayCOBUX IIIYMOBHUX 3aBajl. Ajie HEOOX1HO BIIMITUTH, IO
TOYHICTh BUMIPIOBAHHS MapaMeTPiB KOPUCHOTO CUTHATY MOXKIIMBA y BUMAKY KOPEIbO-
BaHOi HeraycoBoi 3aBaau. [Ipu KOMITIOTEpHOMY MOJIEITIOBaHHI 3a/1a4 pO3ITi3HABAHHS
00’exTiB B ymoBax Hempsimoi Buaumocti (Non-Line-of-Sight) BukopucToByroThest Me-
TOJIM 3BOPOTHOI Kopenorpadii 3 3aCTOCYBaHHSM pealtizalliii OuI10ro Irymy 3 piBHOMIp-
HUM 3aKOHOM posnoaity [5]. Llefi Meron € oOMeXeHHM Yepe3 BUKOPHCTAHHS TUIBKH
KOpEITbOBAaHUX HErayCOBHX 3aBajl. 3a pe3ysbraraMu [6] BUKOPHCTaHHS METOIY 3BOPOT-
Horo (ha3oBOro crekTpanbHoro BusBiacHHS Kopessimii (Phase-Rotated Spectral



Correlation Detection) mis criekTpalbHEX JOCIIIKEHB 3a0€3MeuyroTh miaBuIeHHs SNR
y TOPIBHSIHHI 3 €HEPreTUYHUM Ta OJIHOLMKIIYHUM IUKIOCTAIlIOHAPHUM JIETEKTOPOM.
JlerekTopu, K1 MPAIOIOTh 32 TAKUM MPUHIUIIOM, [IEPEBEPIIYIOTh CHEPreTHYH1 JIETEK-
TOpH 3a AaHAITUYHUMH pe3yIbTaTaMu Ta MOACIBHUMU E€KCIIEPUMEHTAMU, ajle € JOCUTh
CKJIAJIHUMU TPH TEXHIYHIN peanmizaiiii. Pe3ympratun podotu uuma Xilinx Artix-7 FPGA
NpU JOCITIJKEHHAX aJlTOPUTMY OPTOTOHATIBHOI B3aEMHOI KOPEJISIIIT 3 CHIIbHUM BILUTUBOM
raycoBoro OuToro mymy 3 Metoro minsuineHHs SNR HaBeneHi B po6oTi [7]. s peani-
3aIii aIrOpUTMY OPTOTOHAILHOI B3a€EMHOI KOPEJISLIT TOCTIIKYBAaHUX CUTHAIIIB TeHEPY-
€THCS JOAATKOBHI ONMOPHUN CUTHAI, ()a30Bi1 XapaKTEPUCTUKH SIKOTO 3MilleHl Ha 1/2 Bi-
JTHOCHO JTOCTiKyBaHOTO. [le Bimomuii MeToa OopToroHANi3aIli CUTHATIB, aHAIOTTIHHHA
MeToay (OpMyBaHHS KBagpaTYypHUX CUTHamIB y ¢a3oBux cuctemax. OCHOBHI MOJIO-
’KEHHS Teopii 1 MPaKTUKU IIyMOBHX 3aBaj] HaBeneHi B [§]. B skocTi MaremaTuuHoi MO-
JIeJTl ITYMOBUX 3aBaji BUKOPUCTAHI1 JIIHIMHI BUIIAJKOBI MPOIECH 3 0€3MEKHO MOUTbHU-
MU 3aKOHaMH PO3MO/ILUTY, BKIIIOUAIOYH TayCOBUH 1 ITyacCOHIBChKUM. Ha mpakTuii pocii-
JDKEHHS IIIYMOBUX 3aBajl, SIKI HAWOUIBII YacTO BUKOPUCTOBYIOTHCS MPH JOCHTIJIKEH1 pa-
TIOETEKTPOHHUX CHUCTEM, € OUTl ITyMH, B TOMY YHCII TeIIoBl 1 ApoOoBi. [{ana pobora
MIPOINIOHYE BUKOPUCTAHHS KOPEJALINHUX OPTOrOHALHUX (UILTPIB /i1 00poOKu reodi-
3UYHUX CUTHAJIB. AJie peaisallis Takoi iJiei He 4iTko cOopMysIbOBaHa 1 HE HaBEICHI
BaHO BHKOPHUCTOBYBATH METOJ 3HAXO/HKEHHS KYCKOBO-OJHOPIJIHUX IHTEPBaliB IIyMO-
Bux curHaiiB [9]. Takuit MeTOs 3MCHINY€E BIUIMB 3aBaJI0BOI KOMIIOHEHTH 33 PaxXyHOK
BUKOPHUCTaHHS CUHTYJIIPHOTO CHEKTPaIbHOIO aHati3y Ta MOAAJBIIOT KOB3HOI 00POOKH
ITyMOBO{ TOCHIJOBHOCTI. AJie TIPYM BHKOPHUCTaHHI TaKOTO METOAY HEOOXiTHO YITKO BH-
3HA4YaT MOPOTOBI 3HAYEHHS, SKI BUKOPHUCTOBYIOTHCS JJIsi KOB3HOI OOPOOKHM IIyMOBOi
MOCJIIJIOBHOCTI, 1110 HE OTMMCAHO Ha MPaKTHUILL.

3 HaBEJICHOTO aHaJli3y BUILIMBAE, 10 Ui 30UIbIeHHs] SNR He MOBHOIO MIpOIO BU-
KOPHCTaHI MOKJIMBOCTI 3MEHIIICHHS 3HaUYeHb 3HAMEHHHKA TaKOTO CITiBBIIHOIICHHS. B
3arajibHii MOCTAHOBIII — I1€ POOJIeMa IiABUILIEHHS 3aBaIOCTINKOCTI TEXHIYHUX CHCTEM.

3. MeTa Ta 3aaa4i Z0CTH/KeHHA

Mertoro nociimpkeHHs € 3abe3nedueHHs nmiasumeHds SNR Ha BUX0a1 KOpesiiii-
HOT CHCTEMH 32 JIONMTOMOTOI0 BUKOPHCTAHHS aJJallTUBHOTO METOIy OPTOTOHAJILHOI Ja-
reppOBCHKOI (DIIBTpAIIi]l HIYMOBHX 3aBaj. Takuil MaxiJ JaCTh MOKJIMBICTh 3MEHIIH-
TH 3Ha4YC€HHA 3HaMeHHHKa SNR.

JI1st AOCSITHEHHSI METH HEOOX1/THO BUPIIIUTH TaKl 3aBJIaHHS:

— IpoaHaji3yBaT poOOTY KOPENSIIHHOI CUCTEMH 3 BXITHUMU OPTOTOHATBHUMU
¢inpTpamu Jlareppa npu aii npouecy 6110ro mymy 3 0e3MeXHO MOIIIBHUMU 3aKO-
HaMH PO3IOIINLY, SIK MPOIECy 3 HEKOPEIbOBAHUMH 3HAYCHHSMHM JJISI aHAJIOTOBOTO 1
M(pPOBOro BapiaHTIB;

— po3poOuTH (PYHKIIOHAIBHY CTPYKTYPHO-JIOTIYHY CXEMY KOpEJALiiHOI CUCTe-
MU 31 CKJIQTHUMU OPTOTOHATBHUMU (inbTpamu Jlareppa, sika 1acTh MOXKIIUBICTh BH-
KOPUCTOBYBATH 1X Ha MPAKTHIIL;

— IIPOBECTH KOMIT FOTEPHUN MOJCIIOIOYUUN EKCIIEPUMEHT i1 OOTPYHTYBaHHS
3MEHIIICHHs BIUTMBY 3a/aJId Ha BUXOJIl KOPEJAIIMHOI CHCTEMH MPH BUKOPUCTAHHI
CKJIQJIHUX OpTOroHaIbHUX (GiIbTpiB Jlareppa.



4. AHaJj1i3 po0oTH KOpeJALiifHOI CMCTeMH 3 BXiIHUMH OPTOrOHAJBLHUMH (i-
JabTpamu Jlareppa

Biaryku n-xanaipHOI JiHIHHOT cucteMu ¢inbTpiB Jlareppa &qy(w, t) mpu aii cra-
rionapHoro Oigoro mymy (o, t) (puc. 1) HekopenbOBaHI Ha IIBOCI IX B3aEMHOIO
3CYBY IO 4acy SIK MOCJ1OBHICTh HEKOPEJIbOBAHUX JIHIMHUX CTAIllOHAPHUX BHUIAIKO-
BUX IIPOIIECIB.
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Puc. 1. Cxematnune 300pakeHHs popMyBaHHs cucTeMor0 GpuibTpiB Jlareppa mociii-
JOBHOCTI N HEKOPEJIbOBAHUX HA MIBOCI B3aEMHOTO 3CYBY I10 Yacy BIJITYKIB

TeopernyHe oOIPyHTYBaHHSI 3alpPONOHOBAHOIO TBEPIKEHHs 0a3yeThCs Ha Ha-
CTYIIHHX pe3yJIbTaTax OTpUMaHMX 3 BUKopucTtanusm [9, 10].

JIist HemepepBHOTO BUMAJAKY B3a€MHa KopensuiiiHa (yHKUIS BIATYKiB (LIbTpa
Jlareppa npu ymMOBI N> M BHU3HAYAETHCS TaK:

R”‘”(T):M{ém(‘”’ t)-&, (o, t+r)} -
(c)" 2 o T L, 1(2at)L, (20 (t+1))

= ,Ooxexp(—Zoc(t — r))dt,
0, t e(—oo,O]

e(O,oo), (1)

YV jaHOMy BHMpa3si: G- — JMCIIEPCisi LEHTPOBAHOTO HEIEPEPBHOTO BXiJHOTO BH-
MaJKOBOTO TIPOIIECY O1JI0TO IIyMYy, {Lj (20('[), j= 0,1,2,...,n} — TIOCJTIIOBHICTH OPTO-

TOHAJILHUX HEMEpepBHUX MOJIiHOMIB Jlareppa, mapameTp o — mapameTp pearizaiii
. : : : 1 : : 1
¢inerpiB Jlareppa (s LC dinetpiB o = E, st RC ¢inbTpiB o = RC ).

st muckpetHoro Bumanky — mudposux ¢ineTpiB Jlareppa mpu ymoBi N>m
B3a€EMHA KopensiiiHa GyHKIIS iX BIATYKIB MPHU Ail EHTPOBAHOTO JTUCKPETHOIO CTa-
[[I0HAPHOT'O O1JI0r0 IIyMYy BU3HAYAETHCS TaK:



(_1)n—m6(2) ex (_}sz\x
J1-exp(-1) Pl
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VY naHoMy Bupasl. G, — IUCHEPCIs LIEHTPOBAHOIO JIUCKPETHOIO CTAI[lOHAPHOTO
O1710T0 MIYMY;, {Ii (S J.),i =0,1, 2,...} — OpTOTOHAJIBHI MoJIIHOMHU Jlareppa JUCKpETHOTO

apryMEeHTY;, {S ;= 1AL eZ} — IWCKpETHA PIBHOMIpHA IrpaTKa, 3HAYCHHS KPOKy At

AKO1 BU3HAYAETHCS YMOBAMHM JMCKpETH3alli MO 4Yacy, a Z — MHOKMHA IUINX YUCE;
A — napameTtp uudposux ¢iabTpiB Jlareppa.

OCHOBHI TOJIOKEHHS TEOPii CTATUCTUYHUX PIIICHb 1 TeOpii JIHIHHUX BUIIAKO-
Bux mnporeciB (JIBII) maroTh MOXKIUBICTh BUKOPUCTAHHS TCOPETHYHHX PE3YJIHTATIB
JUI PO3B’sI3aHHS IPAKTUYHUX 3a]1a4.

MatemaTuHa MO/IENb BX1JTHOI peajbHOI IIyMOBOI 3aBajiH, IKa ONUCYEThCA CTa-
nioHapHuM JIBII ns nuckpeTHOro BUMaaKy 3alUCY€EThCS y BUIIISAL

g(o.t;)= 2 do(t; — 7 )¢ (w,7,), 3)
j=—00
BIJITTOBI/THO aBTOKOPEJIALiifHA (PYHKITiS MOIEII PeabHOI ITyMOBOT 3aBaJld Ma€ BUJ;

ro(sj)zcgi(bo(ti)d)o(ti+Sj)’ (4)

j=—00

ae ¢, (ti) — IMITyJIbCHA MepexiaHa PyHKUIs JIHIHHOTO (OpMYIOUOro (uIbTpa.

Tunosi HenepepBHI peaibHI IIYMOBI 3aBaJli MOXHA YMOBHO PO3JIMTH Ha JiBa
BU/IU:

a) HU3bKOYACTOTHI IIMPOKOCMYTOBI 3 (POPMYIOUUM (LITETPOM

o (t) =aexp(—at)u (t),
ne U (ti) — (ynkis Xesicaiiga, o — mapaMeTp IMITYJILCHOT TiepexiHol GyHKIIT (isib-
tpa (Hanpuknang RC ¢inerpa);

0) BUCOKOYACTOTHI BY3bKOCMYTOBI 3 (hOPMYIOUUM (PiIETPOM

¢ (t) = e *sin 2nft,



ne oi f — mapamerpu immynbcHOI niepexinuoi ¢yHkmii ¢pinbrpa (Hanpukian, RLC ¢i-
abTpa). B psai myOmikaiiii [4, 8] 3ycTpivaioThes HACTYIHI Ha3BU peajbHUX ITYMOBHUX
3aBaJl, BIIIIOBIIHO:

a) RC mmrymu;

0) RLC mrymmu.

[Tpu Bigomiit ctaTucThLl peanizamiii moaeini (3), BAKOPUCTAHHS METO/IIB CTaTH-
CTUYHO1 00pOoOKHM yacoBUX psiaiB 1 Teopii JIBII, cTaTucTHYHI OIIHKK XapaKTEPUCTHK

MpoIECy C(oo,ri) 1 pyHKIIT &(03, t j) BU3HAYAIOTHCA OJTHO3HAYHO. TakoX BU3HAETHCS

CTaTUCTHYHA OIlIHKA aBTOKOpeNsAMiitHO1 GyHKIiil (4). s po3B’si3ky MpaKTHYHKX 3a-
nad HeoOX1HO JOAATKOBO BBECTHU HACTYIIHI OOMEXKEHHS, SIKI 4acTO BHKOPHUCTOBY-
IOTBCSI TIPU JOCIHIDKEHHSAX pOOOTH KopensmiiiHux cucteMm. CTaTHCTHYHA OIfIHKA

ro(s j) OTPUMYETKCS TIPU YMOBI, IO JUIst Mojeli (3) BUKOHYIOTBCS JIBI €projJWyHi Ti-

MOTE3H, a CaM€ CTOCOBHO MaTEMAaTHYHOTO CIIOAIBaHHS 1 Kopensmiiaoi ¢ynkmii. He-
OOXI1JIHICTh BUKOHAHHS €pProJIMYHUX TInoTe3 sl cranioHapuoro JIBII moB’s3ana 3

TUM, 110 AJITOPUTM OOYHUCIIEHHSI CTATUCTUYHO1 OI[IHKH rO(S j) peanizye He orneparop

MaTEeMaTUYHOTO CHOiBaHHS Mojei (3), a KOpeNsIiiHIi orepaTop yCepeaHEeHHS 10
yacy peasizaiiid crarionaptoro JIBII.

Jlist Toro, o6 KopensiliifHa cuctema 3 BXIIHUMH QuibTpamu Jlareppa Ha BUXO-
11 JaBaja 3MEHILIEHHs BIUIMBY 3aBajii, IPONOHYETHCS aJalTUBHUA METOJ] OPTOrOHa-
JILHOT JIareppOBCHKOi PiIbTpallii.

OCHOBHI MOJIOKEHHS JAHOTO METOly 0a3yI0ThCsl HA HACTYITHOMY:

— BUKOPUCTaHHSI OPTOTOHAJIBHOI JIATEPPOBCHKOI (hIIbTpallli peaJbHUX IIYMOBHUX
3aBaJ] Ha OCHOBI ckiIaguuXx nudpoBux GinpTpiB Jlareppa (ckiaani Ginerpu Jlareppa)
3 BIJIMTOBIIHUMHU BaroBUMH Koe(DillieHTaMH;

— BU3HAYEHHS aBTOKOPEJALIMHOL (PYyHKIIIT BX1AHOI IIIyMOBO1 3aBaau it Gopmy-
BaHHS Ha 3aJlaHii MOCIII0BHOCTI 3MEHIIICHHS 3HAUEHb 1€ (YHKIIT Ha BiIMOBIIHIM
MOCJI1IOBHOCTI 4YaCOBOT'O 3CYBY;

— BU3HAYCHHSI BaroBUX KOe(DIIi€eHTIB KOMIOHEHT CckiaaHoro ¢guibTpa Jlareppa B
3QJIKHOCTI Bij 3a7aHO1 MOCJIIOBHOCTI 3MEHILICHHS 3HAY€Hb B3a€EMHOKOPEISIIHHOI
(GyHKLIT IIyMOBOI 3aBaJIi HA BUXO/Il CUCTEMH;

— OTPUMaHHA 3MEHIIEHUX 3HAYEHb B3a€MHOI KOPESAUINHOT (QYHKIi pearbHOi
IITYMOBOI 3aBaJil HA BUXO1 KOPEIAIIIHOI CUCTEMH;

— OLIIHIOBAHHS €()EKTUBHOCTI 3aPONIOHOBAHOTO METO/Y.

Jlnis peanizauii jaHoro Meroay Oyia po3pobiieHa CTPYKTYpPHO-JIOTIYHA CXeMa.

5. Po3pobka cxeMu KOpeJsAUiiHOT CHCTEMH 31 CKJIAJHUMM OPTOTOHAJILHUMHU
¢inbTpamu Jlareppa

@OyHKIIOHATIbHA CTPYKTYPHO-JIOTIYHA CXEeMa KOPEJSALIMHOI CUCTeMH 31 CKJIaJ-
HuUMHU QinbTpamu Jlareppa npenacrapieHa Ha puc. 2. CaM QuIbTp cKi1aaeTbes 13 moc-
aimoBHOCTI QinkTpiB Jlareppa, 1m0 3’€aHaHI MK co00r0 mapainensHo (puc. 1) i B Ko-
KHOMY 3 HUX HE3aJIEKHO POPMYIOTHCA BIATYKHU MPH Aii 3aBaJIN.

BuxopucTtanHs aqanTHBHOTO METOAY Ha MPaKTHUIll Tiepedoadae eran HaBYaHHS .



> Cxiannuit punstp Jlareppa -

¢k(1)(tj) T (23

.

L . ABTOKOpEIIALifHA DopMyBaHHs . Fon(S;
Bxinui || Ilpuiiom, el o600 65 A sapa BI;rc})]Bux Tepenata Barosix B3aemHOKOpesLiiiHa (%)
CHIHAJIN upoBi CUrHAIH P . RS KkoedirieHTiB Ha 00pobka

ro(sy) KoeQiuieHTiB cxnami GinsTpH

I

Jlareppa
0/2(t) i 5

> Cknagnuit Gpinstp Jlareppa

Puc. 2. CtpykrypHO-70TidyHa CXeMa KOPEISAIIMHOT CHCTEMH TIPH peastizailii a1anTuB-
HOTO METOIY

Ha erari HaB4aHHSI BU3HAYAETHCSI ABTOKOPENALINHA (QYHKIIIS ro(s j) BXI/IHOI 1IIy-

MOBOi KOMIIOHEHTH, sIKa onucyeTbes crarionapauM JIBIT. Ha npomy etam ¢gpopmyroTh-
cst ckiaaHi GineTpu Jlareppa 3 IMIyJIbCHUME NIEPEXiTHIMUA QYHKIISME Y (t j) BUJTY

v: (t,)= B(n), ®

r=
{(I)(kl) (tj),(l)fz) (tj),k e[l,_m],r e[l,_n]} — cHCcTeMa OpTOHOPMOBaHUX (yHKIIK Jla-
reppa JUCKPETHOTO apryMEHTY, {ak,Br,k e[, m],r e[l,_n]} — JIWCHI YMCIIOBI Barosi

KOE(II[iEHTH, IPH LIEOMY ¢(1)( _)¢¢$2> (tj); (1)( )7& 0; B ¢(2)( )

Ha Buxo0/i KOpesiiifHOT cuCTeMH 3 ypaxyBaHHIM Bupasis (4) i (5) OTPUMYEMO
BIJITYK CUCTEMH, SIK B3a€EMHY KOPEIAIiiHY (QYHKIIIF0 BX1IHOT ITyMOBOI 3aBajiyl y BU/II

r. ( ) GdZZZakB h(lz)( ) (S —’E) je(—oo,oo), (6)

i=—o0 k=1 r=1

7Ie B3a€EMHE KOPEISIIIHE TePeTBOPEHHS CKIaHUX (UIbTPiB Jlareppa BU3HAYAETHCS TaK:

hlg'rz)(ri)z i o (tj)(i)ﬁz) (tj +ri), [ e(—oo,oo).

j=—

B 3aranpHomy Buai Bupa3 (6) € anropuTMoMm (GYHKIIOHYBAHHS KOPENSiHHOT
CUCTEMU 3 BXIIHUMH CKIaaHUMU (GinsTpamu Jlareppa mpu aii BXiIHOT IITyMOBOI 3a-
BaJIM, sika onucyeThes crarionapauM JIBIT y Burisni (3).



3 METOI0 3MEHIICHHS BIUIMBY IIYMOBOI 3aBaJ HEOOXIAHO MOCIIJOBHICTH 3HAa-
YeHb B3a€EMHOKOPEJSLINHOI PpyHKIIT I (S j) npuiiHaTy 3a 0 Ha 3a/aHIl MHOXKHUHI TO-

40K 4acoBoro 3cyBy S; €[-K, K].

[Ticnst boro HEOOXiTHO BU3HAYUTH BaroBi koedimientn o, 1 B, y Bupasi (5),
BHUXOJIs519U 3 yMOBH, 1110 K < m(n — 1). JIitst 11bOTO HEOOX1THO PO3B’SI3aTH CUCTEMY Di-
BHsAHB (6) mpu S; e[O,_K] BITHOCHO HEBIJOMHUX o, 1 [,, ma0uparoud M 1 7 TaKUM

YHHOM, 100 KIJIBKICTH PIBHSHB JOPIBHIOBANAa YMCITY HEBiOMHUX. Taka KopensiiliHa
CHUCTEeMa 3 OPTOrOHAJIBLHUMH (PiIBTpPAMHU Ja€ MOXKJIUBICTH 3a0€3MEUUTH JJIs BX1THOT

ITyMOBO 3aBajii Ha MHOXUHI 3CyBiB S; €[-K, K] 3menuieni snadenns rmn(s j).

JIist oniHIOBaHHS €()eKTUBHOCTI aIallTUBHOTO METOJy 3MEHIICHHS BIUIMBY IIIY-
MOBUX 3aBaJl BUKOPUCTAEMO BUPA3H JJI1 OOYMCIICHHS] HACTYMHUX YUCIOBUX Koedili-
€HTIB €(QEKTUBHOCTI 3 BUKOPHUCTAHHSIM 3HAUYE€Hb B3a€EMHOI KOPENALiNHOI (yHKIIIi

rmn(s j). Ha IHTEPBAJIl YaCOBUX 3CYBIB S, e[—P, PJ:

1 &,
2P ZP (5,
A=10-1g——5— (7)
e 200
1 &,
2|D_;P m(si)
A, =10-1Ig 1‘P . (8)
ZPZ r02(51)

B 6inbInii Mipi TeOpETHYHO OOIPYHTOBAHO BUKOPUCTAaHHs Bupasy (8).

Kopensmiiina cuctema 3 BXiIHUMHU CKIaAHUMH QuibTpamu Jlareppa € agantus-
HOIO JI0:

— BUJy Ta 3HAYEHHS IHTEHCUBHOCTI BX1JHOI ITYMOBOI CTAaI[lOHAPHOI 3aBa/y, 1110
BPaXOBY€ThCS il aBTOKOPEIALINHOIO (DYHKIIIELO;

— YaCTOTHOTO JAlana3oHy IOCHIKYBaHUX 3aBajl, AKUW BU3HAYAETHCS BUOOPOM
napaMmeTpa A ckianaux ¢uibTpiB Jlareppa;

— YHClia KaHalliB JABOX ckiaaHux (GinbTpiB Jlareppa, 1o 1ae MOXIUBICTh OTPH-
MaTH 2m(n —1) 3HA4YE€Hb MOCIIJOBHOCTI 3MEHILICHHS KOPEJAIINHOT (PYHKIIIT Ha BUXO-

Il CHCTEMHU.

Peanizariisi Takoi (QyHKIIIOHATBHOT CTPYKTYPHO-JIOTTYHOT CXEMH J1a€ MOXJIUBITh
MPAKTUYHOTO BUKOPUCTAHHS CKJIAQJHUX OPTOrOHANbHUX (GuibTpiB Jlareppa s 3me-
HILEHHS BiIHOIIEHHS CUrHaj/3aBaja.



6. Pe3yJbTaTH KOMII’IOTEPHOr0 MOJETIOBAHHS AJANITUBHOIO METOAY OPTO-
TOHAJILHOI JIAareppoBCchKOi QlIbTpalii HIyMOBHX 3aBaJ|

PeanizoBano anroput™ ajmantuBHOI (iIbTpalii Ha 6a3i ckiaagaux (iierpis Jla-
reppa. KoM toTepHHii MOAETIOIOYHI €CIIEPUMEHT TPOBOJIMBCS 3 BHUKOPHCTAHHSIM
cepenouiia Visual C++.

J171s TpOBEICHHSI €KCTIEPUMEHTY BUKOHAH1 HACTYITHI JTii:

1. OTpumaHo o/HYy 3 peaiizalliii BUNIaJKOBOTo mporecy. s mporo Oyna BUKO-
puctana QyHKIIIS 1711 HOPMAJTBHOTO PO3TOLTY IICEBIOBUITAIKOBIX BETMINH

BuxigHi gani:

0O06'em BubOipku: N=10000.

Marematnune cnioniBanas ME = 0.

Hucnepcis DC =1.
I'padix otpumanoi peamizarii r(i) HaBeaeHO Ha puc. 3.

(i) 1
0.8

0.6

i
_1 | | 1 | | | | 1 1 |
0 100 200 300 400 500 600 700 800 900 1000

Puc. 3. Peamizanis nuckpetHoro BumaakoBoro mnporecy (nepmri 1000 3HadeHb)

OOGuyucaeHO OLIHKA MAaTeMaTUYHOTO CIOAIBAHHS Ta JUCHEPCii, M0 CTAaHOBWIU
M =0,0004 ta DL =0,9726 BignmoBigHO.

I'padik omiHKKM KOpeAiHHOT yHKIIIT oHIET 3 peanizaiii Oioro mymy R(S), ae
S 6(0,10) 300pakeHnil Ha puc. 4.

OTpuMaHi CTaTUCTUYHI XapaKTEPUCTUKH pealizallii O110ro mymy miaTBEPIKY-
I0Th JIOIIBHICTh BUKOPUCTAHHS TAKOTO reHepaTopa AJis OTpUMaHHs BUOIPKH 3Ha-

YeHb 3 TayCCOBUM 3aKOHOM po3moairy. Ha ocHOBI orpumaHnoi peasnizarii Oyne mpo-
BOJIMTHCS TTOIAJIBIIIE JOCITIKESHHS.



R(S)009( T T T T T T T T T
0.08 - .

0.07

0.06 - -
0.05 a
0.04 - a
0.03 -
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0.01 |- i

0 9 nn(P(P(P?PO WOWI\?%Q@(\? P, 0 B, o mO P 0Yo) [0F2 0] -
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_0.01 | | 1 1
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Puc 4. I'padik ominku KopensaiiHoi QyHKIii ofgHiel 3 peamizaliiii 6ioro urymy R(S)

2. Ha ocHOBi BHOIpKH 3HaY€Hb 3 TAYCCOBUM 3aKOHOM PO3MOJILTYy Oyio copmo-
BaHo peanizaiito RLC — mymy (puc. 5) as nHapdanHs GiasTpa

Buxigui gani:

Peanizaris 6a30Boro 6171010 mIymy.

06’em Bubipku: N=10000.

Imnynscna nepexigna ¢yskuis RLC dinbrpa: ¢, (ti) =e % sin2nft,, i e[O, N ]

[Tapametp dopmyrodoro ¢insTpa: o = 0,1,

Yacrora: f =0,17.

['padix ominkm aBrokopersninHoi ¢yHkuii peamizamii RLC mymy RO(S) ne
S; 6(0,50), 300paxxeHuit Ha puc. 6.

Sk BUAHO 3 OTpUMaHOTrO Tpadiky, aBTOKOpessiiiHa (QyHKIIIS IITyMOBOI 3aBaju
Ma€ JOCHUTH BEJIHKI 3HAUECHHS, 110 BILUIMBAE HA BIJHOIICHHS CUTHAJI/3aBaaa Ha BUXO1
cuctemu. {5 Toro, mo6 3MEHIIUTH BIUIMB 3aBaJl B pPe3yJIbTaTi €KCIIEPUMEHTY, Oy-
71 3po0JIeH1 HACTYMHI Jii.

3. O0umcneHo OIIHKM BaroBUX KoeQili€eHTIB 3, Ha OCHOBI BUKOPUCTAHHS (op-

My (6).
Buxinghni nani:
Ouinka 3HaueHb kopesnsauiiinoi ¢pyHnkuii RLC — mymy T (S j )
KinbkicTh TOUOK 3aHyNeHHS — 15.
[Tapametp cknamnoro ¢inbrpa Jlareppa A =0.1;

m=1,
n=16;
o, =0, =1

re[216)



3HaueHHs B3a€MHOKOPEIALINHOT PyHKIII HA eTarni HaBYaHHSA HEOOX1IHO MPHpI-
BHSATU J10 rmn(sj) =0 na mianasoHi §; 6(0,15).

2
RLC(t)
1.5

1

-0.5
t
_1 1 1 | | 1 1 1 1 | |
0 10 20 30 40 50 60 70 ~ 80 90 100
Puc. 5 Peanizaris RLC mymy (nepmri 100 3Ha4eHs)
1 T T T T T T T T T
RO(s)
0.5+ :
0 - -
05 1
_1 | 1 1 | | | 1 | 1 8
0 5 10 15 20 25 30 35 40 45 50

Puc. 6. I'padik cTaTUCTHUHOI OIIHKA HOPMOBAHOI aBTOKOpETAIiitHOT QyHKIIIT BXif-
HOT IIIyMOBOI 3aBaJIi Ha €Tarl HaBYaHHS.

Byno Bu3zHaueHo MaTpuilto KoeQilleHTIB Npu HEBLAOMUX 3, B cucremi 3 15 -
HiliHUX piBHSHB (pucC. 7).
BukopucToBytoun oTpuMaHi Koe@ilieHTH OyJI0 BU3HAUYEHO 3HAUEHHS Koe]ili-
eHtiB B, (puc. 8).

HeoOxigHo mepeBipuTH MPaBUIBHICT, OOUMCICHHS 3HAYCHHSIMH KOe(DIIiEHTIB
B,. s nepeBipku poboTH (iIbTpa JOCTaTHHO BU3HAYMTU 3HAUEHHS B3a€EMHOKOpE-
nsidHOT GyHKLIT RMN(S) 3 BUKOpHCcTaHHAM OTpuMaHuX KoedimieHtiB f3, (puc. 9).

3 mobynoBaHoTo rpadiky BUIHO (pHC. 9), 110 BUKOPUCTOBYIOUH JaH1 Koedilli-
€HTH CKJIAQIHUN OpPTOTOHAIBHUN (UIBTP MOBHICTIO TOMABISAE€ 3aBaay OCKIIbKU
r (SJ—):O B TOYKAX §; e(—15,15).

m
OTxe, MJig AaHOTO EKCIIEpUMEHTY OyB MPOBEIACHUI eTar HaBYaHHS. Y MOja-
JBIIIOMY JJISl ITYMOBHX 3aBaJ aHAJIOTIYHOTO TUITY MOKHA BUKOPUCTOBYBATH 00OUHC-
JeHH1 KOedIi€EHTH CKIAAHOTO OPTOroHambHOTO (PuIbTpy Jlareppa mmst oGUuCIeHHS



3HaYeHb B3AEMHOI KOPEJSMINHOT (yHKIIl. IJi1 eKCepUMEeHTaIbHOTO 3HAXOMKEHHS
B3a€EMHOI KOpeJsiiitHOo1 GyHKIIT OyJ10 3p00JICHO HACTYITHE.

A0 Al A2 A3 A4 A5 Ab A7 A8 A9 Al10 All Al2
-1,96E-05] -3,18E-05| -3,35E-05| -2,03E-05| 1,71E-05| 8,38E-05| 0,000155| 0,000132| -0,00018| -0,00075|-5,11E-05| 0,006263| 0,008673
-3,47E-05| -6,18E-05] -8,26E-05| -9,70E-05| -9,26E-05| -4,38E-05| 7,75E-05| 0,000243| 0,000216| -0,00055| -0,00189| 0,002324| 0,029279
-5,13E-05]-9,77E-05| -0,00015| -0,00023| -0,00034| -0,00049| -0,00067| -0,0009| -0,00149| -0,0038| -0,01169| -0,03085| -0,05884
0,000456| 0,00083| 0,001182] 0,00162| 0,002241| 0,003215| 0,004892| 0,00803| 0,014135| 0,025766| 0,046194| 0,079176| 0,141461
-0,00221 -0,004| -0,00565| -0,00767| -0,01043| -0,01448| -0,0206| -0,02994| -0,04395| -0,06409| -0,09156| -0,12698| -0,15623
0,007035] 0,0126| 0,017381| 0,022679| 0,029198| 0,037577| 0,048449| 0,06233| 0,079349| 0,098729| 0,117403| 0,125086| 0,097061
-0,01439| -0,02545| -0,03421| -0,04289| -0,05226| -0,06267| -0,07409| -0,08596| -0,0969| -0,10403| -0,10231| -0,08696| -0,07301
0,020219| 0,035312| 0,046298| 0,055896| 0,064726| 0,072731| 0,079342| 0,083454| 0,083415| 0,077411| 0,065245| 0,052013| 0,041025
-0,02026| -0,03496| -0,04472| -0,05201| -0,05724| -0,06023| -0,06053| -0,0576| -0,05125| -0,04227| -0,0326| -0,02198| 7,28E-05
0,014394| 0,024521| 0,030576| 0,034197| 0,035679| 0,035071| 0,032462| 0,02818| 0,022899| 0,017353| 0,011351| 0,004139| 0,006868
-0,00699| -0,01175| -0,01426| -0,01532| -0,01517| -0,01401| -0,01214| -0,00987| -0,00741| -0,00476| -0,00233| -0,00309| -0,00726
0,002253| 0,003741] 0,004437| 0,004617| 0,004403| 0,003902| 0,003203| 0,002353| 0,001427| 0,000787| 0,001105| 0,000956| -0,00872
-0,00046| -0,00075| -0,00088| -0,0009| -0,00081| -0,00064| -0,0004| -0,00019| -0,00017| -0,00036|-4,10E-05| 0,001863| -0,00262
2,17E-06|-2,02E-06| -1,73E-05| -4,42E-05| -7,55E-05| -8,93E-05| -4,98E-05| 5,71E-05| 0,000131|-8,49E-05| -0,00046| 0,001135| 0,004857
-1,71E-05|-2,78E-05] -3,42E-05| -4,48E-05| -6,83E-05| -0,0001| -0,00012|-7,09E-05| 8,09E-05| 0,000119| -0,00043| -0,00052| 0,006533

Puc. 7. 3HaueHHs KOoe]ilIEHTIB PIBHAHD [IPU HEBIIOMUX 3,

p
1,42360618
-1,239471282
0,808731126
-0,411236058
0,164521666
-0,05167857
0,012627266
-0,002362099
0,000330347
-3,34E-05
2,31E-06
-1,01E-07
2,42E-09
-2,23E-11
0,5

Puc. 8. 3nauenns koediuieHTis f3,

02 T T T T T T
Rmn(s)

0.1

02 | 1 1 | I I | | ! S
-50 -40 -30 -20 -10 0 10 20 30 40 50

Puc. 9. I'padik cTraTucTUYHOT OLIHKY BIATYKY HOPMOBAHOI KOPENSIIHHOT CUCTEMHU 3
ckJianHuMu GuTeTpamu Jlareppa npu i ryMOBOi 3aBaJid Ha e€Tari HaBYaHHSI



4. Byno nosTtopHo 3reHepoBaHo RLC 11ym 3 aHaJIOT1YHUMU TapaMeTPaMHU.
5. 3a 1omoMoror OOYMCIEHHMX KOE(]ILI€HTIB [3, CKIAQQHOIO OPTOTOHAJIBHOTO

¢bineTpy Jlareppa Oysi0 oO0uUMCIIEHO 3HAYEHHS B3aEMHOKOpPEIAIiiHOT pyHKIii Rmn(S)
(puc. 10).

02 T T T T T T T T T
Rmn(s)

0.15

0.1

0.05

06

-0.05

-0.1

-0.15
-50 -40 -30 -20 -10 0 10 20 30 40 50

Puc. 10. I'padix cTaTUCTUYHOI OLIIHKH BIATYKY HOPMOBAHOT KOPEJNALIHHOT CHCTEMH 3
ckiagHuMu (QuipTpamu Jlareppa mpu aii IyMoBOi 3aBaJid Ha €Tari BUKOPUCTAaHHS

3 puc. 10 BumHO poOOTY CKIaAHOTO OpTOroHanmbHOTO (imbTpa Jlareppa Ha

MHOXHHI TOYOK S; e(—15,15). Ha nanomy jiama3zoHi 3Ha4YCHHS rmn(s ) HE JOpIBHIO-

i
10Tb 0, OCKIIBKM HEMOKJIMBO aOCOJIOTHO TOYHO 3I€HEPYBATH 1JICHTUYHI 3aBajH.
AHanoriyHo BiAOyBa€ThCA 1 MPU MPAKTUYHOMY BUKOPUCTaHHI aJIallTUBHOTO METOY.
AJjie HeoOX1HO 3a3HAYUTH, 1110 B PE3YJIbTATI €KCIIEPUMEHTY OyJIM OTpUMaHi1 HACTYIIHI

3HAYEHHS KOe(DillieHTIB €PEKTUBHOCTI CUCTEMH. JIJii MHOKMHHU TOYOK S, e(—50,50)

A1=-5,89984 1b,
A>=-5,90125 1b,

a Ui MHOXKHHH S, e(—15,15)

A1=-16,47063 nb,
A,=-16,48631 nb.

OTpumaH1 YUCIIOB1 1aHl MIATBEP/KYIOTH (DAKT 3MEHIIICHHSI BIUTUBY IIIyMOBO1 3a-
BaJM BIAOBIAHO HAa —6 1b Tta —16 1b.

Peanizartiiss KoMII'IOTEPHOTO MOENIOBAHHS 3 BUKOPUCTAHHAM aJalTHUBHOTO Me-
Tomy OyJia MpoBeeHa JJIsl peaabHOI IITyMOBOI 3aBajik, sKa HaJlexKuTh 0 Kiacy RLC
myMiB. J[aHuii kiac mryMoBUX 3aBaj OPMYETHCS B TUIOBUX JIAHKAX PajloeNeKTPOH-
HUX CHCTEM.



7. O6roBopeHHsI pe3y/ibTaTiB BUKOPUCTAHHS aJaITUBHOTO METOAY OPTOro-
HAJILHOI JIareppoBCchb Kol piabTpanii

HaeneHno oOrpyHTyBaHHSI KOPEJALINHOI CUCTEMH 3 BUKOPUCTAHHSM CKJIAQIHUX
¢bineTpiB Jlareppa. [l mporo Oy HaBeleHI TEOPETHUYHI BIOMOCTI aHAJIOTOBOI Ta
1udpoBoi JareppoBcbkoi (inbrparii. Tpeba 3a3HauMTH, 110 HA CHOTOJHI CKJIAJIHI
¢ineTpu Jlareppa He BUKOPUCTOBYBAJIMCS Ha MPAaKTHUIll. Yepes 11e aBTopU 3aIpoIioHy-
BaJM aJaNTUBHUNA METOJ| OPTOTOHAIBHOI JIAareppOBCHKOI (iIbTpallii 3 HaBEACHHSIM
OCHOBHHUX HMOTO IMOJIOKEHb. BUKOpHUCTaHHS alaiTUBHOTO METOAY OPTOrOHAJIBHOI J1a-
reppoBCHKOi (iIbTpallli 1a€ MOXKIUBICTh CHOPMYBATH HEKOPEIHOBaHI JNiHIMHI CTalli-
OHApHI BHUIIQJKOBI MPOIECH HA MIBOCI X B3a€EMHOTO YaCOBOTO 3CYyBY, SIKI OIHCYIOThH
IIMPOKE KOJO pealbHUX IIyMOBUX 3aBaj. LluM maHmil MeTon CyTTEBO BIAPI3HIETHCA
BiJI BIJIOMUX paHIIe METOIIB.

OcoOnuBICTIO 3aCTOCYBAaHHS METO/Y aJalTUBHOI OPTOTOHANBHOI JJAareppOBCHKOi
¢binpTpallii Tpy BUKOPUCTAHHI TU(POBOTO BapiaHTy 0OpPOOKH AOCHIKYBAHUX CUTHA-
JB € Te, [0 BiH Ja€ MOXJIMBICTb HE BHUPIIIYBaTH Iy HU3KY amapaTHUX Mpoosem
CTBOPEHHSI BIATIOBIIHMX aHAJIOTOBUX MOJYJIIB KOPEJISIIMHOI CUCTEMH.

[lepeBaramu MeTOly € HACTYITHI:

1. TeopeTuyHe OOrpyHTYBaHHS Ha OCHOBI BUKOPUCTAHHS PE3yJIbTaTIB TEOPii Op-
TOTOHATBHUX (YHKIIIH 1 BUIMAJAKOBUX IporieciB BKIouarouu JIBII.

2. BupiieHHs npuKiIagHUX 3a/1a4 3 BUKOPUCTAHHSIM:

— BIJOMHX PE3YyJIbTaTIB TEOPIi 1 MPAKTUKU OOPOOKU CTAL[IOHAPHUX ITYMOBHX 3a-
BaJl, TOMYy 110 CUTHAJIM 1 3aBaJy CTBOPIOIOTH HECTalllOHApHI KOMOIHaIIIi, 1 [I€ B 3HaY-
HI Mipl OOMEXKY€ KOJIO METO/IB JIOCIIKEHB, a CTalllOHAPHI IITYMOBI 3aBaJld € TUIIO-
BUMHU JJ1s1 OUTBIIOCTI NPUKJIAIHUX 3a7a4;

— 1 pOBOro BapiaHTy METOAY SIK aJifTOPUTMY POOOTH KOPEISLINHOT CUCTEMH 1
peanizauii KOHUENli MOJIeJb — aJIfOPUTM — MporpaMa npu KOMI IOTEPHOMY MO/Ie-
JIFOBaHHI;

— 3MEHIIICHHS BIUIMBY IIYMOBHX 3aBajJi onucyBaHux cramionapuuMm JIBIT s
omiHoBaHHg SNR;

— YHIKaJIBHOCTI OpTOroHaNbHOI JlarepoBchKkoi (ibTpariii mporiecy craiioHap-
HOTO O1JI0TO 1IyMy — (hOpMyBaTH MOCIIIOBHICTh HEKOPEITHLOBAHUX IIYMOBHUX IMPOIIE-
CiB Ha 3HAUHOMY YaCOBOMY IHTEpBaJIl iX B3aEMHOTO 3CYBY;

— MOTEHIIIMHOI MOXKJIMBOCTI Ha ocHOBI mMozem JIBII mpoBoauTu mociiKeHHS
IIYMOBHX 3aBaJl HE TUIbKM B paMKax KOpEJSLIHHOT Teopii, aje 13 3aCTOCYBaHHSIM BH-
IIIMX MOMEHTIB;

— IMITYJIbCHUX NEepeXiTHUX QYHKIUINA THIKHUX GOpMYIOUnX (QUIBTPIB.

Jlo oOMexeHb BUKOPUCTAaHHS aIallTUBHOTO METOY MOKHA BiTHECTH

1. ®inbrpum Jlareppa € GpiabTpaMu HHXKHIX YaCTOT, IO 3BY)KY€ YACTOTHUM JTiara-
30H JIOCJI)KYBaHHUX IITyMOBHX 3aBa]l.

2. llns BuzHaueHHs: SNR HeoOX11HO MPOBOAWTH JA0ATKOBI JOCIIHKEHHS 3 ypa-
XYBaHHSIM MEPETBOPEHH CUTHAJIIB Y JJAaHKAaX KOPEJSIINHOT CUCTEMU 3 BXITHUMH (PiJTh-
Tpamu Jlareppa.

3. Jly1st MpakTUYHOTO BUKOPHUCTAHHS METOY HEOOX1JHO MPOBECTH €Tal HaBYaH-
HS JIO BXiJTHOT IITYMOBO1 3aBa/IH.



4. B KO)XHOMY KOHKPETHOMY BHUMAJKy HEOOXiTHO OLIIHUTU €(PEKTUBHICTH METO-
1y 1 IPUAHATH PIIICHHS MPO HOro 3aCTOCYBAHHS 3 ypaxyBaHHSIM:

— HEeCKIHYEHHOT'0 IHTEpBaly OpPTOrOHAJILHOCTI TMOJIiHOMIB Jlareppa 3amMiHEHOTO
Ha CKIHUCHHHIA;

— 3MIHHM 3Ha4€Hb MOJIHOMIB Jlareppa HHCKPETHOTO apryMeHTYy MpH iX KBaH-
TYBaHHI;

— HE3MIIIEHOCTI 1 €(PEKTUBHOCTI OTPUMAHUX CTATUCTHYHHMX OIIIHOK B3aEMHOI
KOpessIiiHoi pyHKIIT I (S j )

[IpeameTHrMU OOJIACTSAME 3aCTOCYBaHHS METOAY € CTaTUCTHYHA TiAPOAKYCTHKA,
reodizuka 1 pagiodizuka. Meron Moxke OyTH BUKOPUCTAHHUI B BIAOPOAIarHOCTHUII 1 He-
PYHHIBHOMY KOHTPOJI TEXHIYHHX CHCTEM, a TaKOX B IIyMOMETPii, IKa € aKTyaJlbHUM
HaMpsIMOM Teopii 1 MPAKTHKH Cy4acHUX 1HPOPMAIIITHUX TEXHOJIOT1H BUMIPIOBaHb.

JUis miiBepKEHHS TOLUTbHOCTI BUKOPUCTAHHS aJallTUBHOTO METOY 3 OPTOIOHa-
JBHOIO JIareppOBCHKOIO (uTbTpaliii OyB peani3oBaHU KOMITIOTEPHUN MOJICTIOI0UHIA
excriepuMmeHT. [lo pe3ynbraraMm NpuKiIagy po3paxyHKy HapaMeTpiB IMITYJbCHHUX MEpexi-
JHUX XapaKTEpUCTUK 3 OPTOrOHAJbHUMHU (uisTpamu Jlareppa MoxHa 3poOUTH TakKHii
BHCHOBOK. SIKIII0O BUKOPHCTOBYBAaTH Halepe]] 3a/laHy 3aBajly, TO MOXKHA PO3paxyBaTH CHU-
CTeEMYy OPTOHOPMOBaHMX (YHKLIM Jlareppa AMCKPETHOro apryMmMeHTy. 3HAUEHHS ILUX
GbyHKIIIH 103B0JIsIE€ TOOYIyBaTH (DIIBTP, 110 Ja€ MOKIIMBICT BU3SHAYATH XapaKTEPUCTHU-
KU KOPEJISIIMHOro NEpeTBOPEHHS KOPUCHOT'O CUTHAITY B IESKOMY Jl1alia30H1 3CyBIB.

TakuM yMHOM, Ha OCHOBI BUKOPHCTAHHS aJallTUBHOTO METOJy OPTOTOHAIBHOI
JareppoBChKOi (GUIbTpallii, MAEMO MOKJIMBICTH CTBOPIOBATH KOPENALIHI CHUCTEMU
IS 3MEHILIEHHS BIUIMBY CTAI[lOHAPHHUX IIYMOBHX 3aBa/l.

/. BUCHOBKH

1. ITpoananizoBaHo poOOTYy KOPEISAIMIMHOI CUCTEMHU 3 BXIJIHUMH OPTOTOHAJIbHH-
Mu ¢iupTpamu Jlareppa npu Aii npouecy 6110ro mymy 3 0€3MexHO MOAUTBHUMU 3a-
KOHAMU PO3MOJTY SIK TMPOIIECY 3 HEKOPEThOBAaHUMH 3HAYSHHIMH ST aHAJIOTOBOTO 1
udpoBoro BapiaHTiB. [Ipyu BiOMIN CTATUCTHUIN peamizaiiii MOJENi, BUKOPUCTAHHS
METO/IB CTAaTUCTUYHOT 00pOoOKK dacoBux psmiB 1 teopii JIBII, ctatuctuuni ominku
XapaKTEPUCTUK TPOIECy 1 (QPYHKIi BU3HAYAIOTHCA OJHO3HAYHO, TaKOX BU3HAETHCA
CTaTUCTUYHA OIlIHKA aBTOKOpessiiiHo1 QyHkiii. [Jns Toro, mob kopensiiiiiHa cuc-
TeMa 3 BXiTHUMHU (QinbTpamu Jlareppa Ha BUXO/II 1aBajia 3MEHIIICHHS BIUIUBY 3aBajy,
3aMpONOHOBAHO AANTUBHUN METO/I OPTOTOHAIIBHO1 JIAreppOBCHKOT (h1IbTpaIIii.

2. Ha ocHOBI 3apOITIOHOBAHOTO aIAITUBHOTO METOTY PO3p00JIeHO (QYHKIIIOHAILHY
CTPYKTYPHO-JIOTTYHY CXEMY KOPEJSIIMHOI CUCTEMH 31 CKJIQJHUMH OPTOTOHAJIBHUMHU
¢inbTpamu Jlareppa, B skiil GUIBTP CKIAIA€eThes 13 mociiioBHOCTI (ibTpiB Jlareppa,
110 3’€IHaH1 MK COOOI0 MapajiesbHO 1 B KOKHOMY 3 HUX HE3aJIEXKHO (POPMYIOTHCS BiJI-
TYKUA TpY [ii 3aBajy. 3arpolOHOBaHa CTPYKTYPHO-JIOTYHA CXeMa JACTh MOXKIIMBICTh
BUKOPHUCTOBYBATH iX Ha NpakTulll 1711 3MeHIneHHs: SNR Ha BUXo/i cucreMu.

3. [IpoBeneHO KOMIT'IOTEPHHUI MOJACTIOIUNNN €KCIIEPUMEHT ISl OOTPYHTYBaH-
HSl 3MEHIIICHHS BIUIMBY 3a/1aJl1 Ha BUXOM1 KOPEJALIHHOT CUCTEMH MPU BUKOPUCTAHHI
CKJIaJIHUX OpTOoTOHAIBHUX (inbTpiB Jlareppa. Y pe3ynbrari eKCIepUMEHTY, IS pea-
JHHOI IIYMOBOI 3aBajiM, sika HalexuTh 10 kinacy RLC mywmiB, Oynu oTpumaHi 3Ha-



yeHHsI Koe]ilieHTiB eQexTuBHOCTI —5 b Ta —16 1b B 3aneXHOCTI Bif Aiana3oHy 3Ha-
yeHb. Taki pe3ynbTaTu CBiAYaTh MPO CYTTEBE 3MEHIICHHS BIUIMBY 3aBajy Ha oOpa-
HHUX Jlara3oHax.
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