JIABOPATOPHA POBOTA Ne 3
Kopensiniiina 00po6ka curHajiB: mpomeaypa Ta NpHKJIAIH 3aCTOCYBAHHS

Merta po6oTu: 1) MIpakTUYHO 03HAWOMUTHCS 3 peaii3alielo MpoLeaypH BUMipPIOBaHHS aBTOKOPEISIHHOT
dyHKIIT B cepenoBuiii Matlab; 2) 3MojenoBaTH IeKiIbKa IPUKIIAIIB 3aCTOCYBaHHS KOPEJISALIHHOTO aHAI3Yy
BUIIQJIKOBUX IIPOLECIB, @ caMe: a) BUSABJICHHS NIE€PIOANYHOTO CUTHAITY, 1110 MAaCKYEThCS IIyMOM; 0)
BUMIpPIOBaHHS YaCTOTH OCHOBHOT'O TOHY T'OJIOCOBOTO CUTHANY.

Po0oue 3aBpanus

1. 3mopenoBaTH 3a1a4y BUSIBJIEHHS ePiOAMYHOTO CHTHAIY, 0 MACKYEThCS IyMOM, 32 YMOB: a) € anpiopHa
indopwmauis, wo CBIT Y (¢) sBase coboro anuTuHy cymim rapmoniunoro npouecy S (1) = Acos(27f,t + @) 3

HEBIJIOMUMH aMILTITYIO0 A , yactoToro f0 (3HayeHH K01 3HaX0auThCA B Mexkax 100-500 I'm), BUIIaiKoBOIO
¢asoro, pisHOMIpHO po3noinenoro Ha intepsani [0,271], Ta raycisecskoro 6inoro mrymy B cMysi gactor 0 — 5 xI'1;

0) BiHONIEHHs CUTHAI-IIYM L€l cymimi gopisaioe O, .

- 3mogemoBatH B cepenoBui Matlab anuTuBHY cyMinl i3 3aJaHUMH ITapaMeTpaMy Ta MO0y IyBaTH ii
rpadix;

- IloGynysatu rpadik (QyHKLIT KOpesLii 3reHepoOBaHol CyMilli;

- Pospaxysaru 06’em N ekcriepuMeHTaILHOT BUOIPKH BiUTIKIB 3reHEPOBAHOT CyMilIi, 0 HEOOXiHA I

3a6esneuenss Bignomenns curnan-mym O = 1005 ua Buxoni kopenstopa.

B8UX

- OO6uucnuTH Ta nobyayBaTH rpadiky oLiHKM aBToKopensuiiinoi pynxuii CBIT Y ()

2. 3niliCHATH HATYPHMIT eKCTIEPUMEHT 3 BUMiPIOBAHHS YaCTOTH OCHOBHOI'O TOHY I'0JI0COBOTO CHTHAJY i3
3aCTOCYBaHHSM aBTOKOPEISIIHHOTO METOMY.

- BukopucroBytoun TeiaeQoHHY TapHITYpY Ta mporpamy Matlab, BBeCTH TOI0COBHUI CHUTHAT B KOMIT IOTED,
3a37aJIeTiIb BUOPABIIN 9acTOTY AUCKPETH3AIIT;

- Buginutu ¢pparMeHTH BBEIEHOTO I'OJIOCOBOTO CHTHAIY, IO BiMOBITAIOTH TOJIOCHUM 3BYKaM, Ta
3MIHCHUTH 1X aBTOKOPEIIAIIHII aHai3 i3 HACTYITHUM BUMIipIOBAaHHSM YaCTOTH OCHOBHOTO TOHY;

Taoauus 1. BapianTu 3HaueHb YHCTOBUX MapaMeTpiB
Bapianrt 1 2 3 4 5 6 7 8
P.. -10 -11 -12 -13 -14 -15 -16 -17
1o 80 100 120 140 160 180 200 220
CJIOBO aHaHac KOH(ETKa | MOJIOTOK KOpoOKa TabieTKa KOp3uHa Oapaban | Gapbapuc

OdopmuTu 3BiT 32 pe3yjibTaTaMU €KCIEPUMEHTAJbHHUX A0C/IIKeHb Ta aHAJITHYHMX PO3paxyHKiB 3a mm.1-3
JaHOT0 Po0040ro 3aBAaHHs (MPUILYCTUMO 0()OPMJISITH OJUH 3BIT Ha OpuUrany).

KonTpoubHi 3anuranus

1. o Take rayciBCbKHiA 061t Irym?

2. IIlo Take amuTHBHA CyMIIll CHTHATY Ta IIyMy?

3. Sk BUIIIAOAIOTh ABTOKOPEAIiHHI (QYHKINI rapMOHIYHOrO CHrHany Tta Iiymy? YoMy BOHHM Tak

BUIISIAIOTE?

YoMy oriHKa aBTOKOPEISIIIHHOT (GYHKLIT BiAPI3HAETHCS Bi caMoi aBTO KOopensiitHoi GpyHKmii?

SIKy OLIHKY aBTOKOPEIALINHOI (pyHKINT BUKOPHCTAHO B JaHiil poOOTI — 3MillleHy Yd He3MileHy?

UumM He3MillleHa OIliHKa Kpala Bij 3MinieHoi? Yum He3MilleHa OIliHKa TipIia BiJ| 3MIIIeHO1?

6. Yomy 3acTrocyBaHHS aBTOKOPEIALIAHOI OOpOOKHM agWTHUBHOI CyMIlll MEpiOJUMYHOTO CHTHANy Ta
01JI0T0 HIyMYy JTO3BOJISE IiABUIUTH BiTHOLICHHS CUTHAI-ITYM?

7. Tlpu BupIIICHHI AKHMX 3a7a4 IOLIJILHO 3aCTOCYBATH aBTOKOPEJIALIHHY 00pOoOKyY?

oos



Jdonartok 1
Jonomixui BizomocTi 17151 podoTu 3 nporpamoio Matlab

1. BBeneHHs YHCI0BHX 3HAYEHb IapaMeTpiB

Jns aBTOoMaTu3anii BUKOHaHHS JaHOI j1abopaTopHoi poOoTH BBEHiTH B poOoumii mpoctip nporpamu Matlab uncnosi
3HA4YeHHs IapaMeTpiB BimomnoBigHO a0 Tabmuui 1. [ 1mbOro CKomiroTe CTPOKY i3 JaHUMU CBOTO BapiaHTy B
KOMaH/iHe BikHO nporpamu Matlab Ta HatucHiTH kiaBimry Enter.

Rvh =-10; f0 = 80; % 1-1 BapiaHT

Rvh =-11 f0 = 100; % 2- BapiaHT
Rvh =-12; f0 = 120; % 3-1 BapiaHT
Rvh = -13; f0 = 140; % 4-1 BapiaHT
Rvh = -14; f0 = 160; % 5-1 BapiaHT
Rvh = -15; f0 = 180; % 6-1 BapiaHT
Rvh = -16; f0 = 200; % 7-1 BapiaHT
Rvh = -17; f0 = 220; % 8-1 BapiaHT

2. MopesoBaHsi 3a1a4i BUSIBJICHUS NePioMIHOI0 CHTHAJTY, III0 MACKY€ThCS IIIYMOM

Jist anuTUBHOI cyMitni
Y1) =8@)+<(@) D
curnany S(¢) = Acos(27f,t + @) tamymy (f) BimHOMWEHHS CHTHA-IIYM — L€ BiIHOWIEHHS CEPeHbOT
notyxHocti (mucnepeii) A’ / 2 curnany 710 cepesuboi notyxkHocti (nucnepcii) D mymy:
b = A?/2
Df

Konumponvue 3anumannus: 006edimo, ujo cepeonss nomysicHicms (OUCnepcisn) cuenaiy 00pieHIoe A’ / 2
Ile BiAHOIICHHS MOKHA BUPA3UTH y AenuOenax:
o A2
Iosx 06 101g .
Df

Konumponwne 3anumannusn: vomy mym 10lg, a ne 20lg?

Jlnst renepyBanns Binikis npouecy Y; = Y (#,) = Y (i [A\f) i3 3ananumM BiHOIIEHHAM CHTHAI-IIYM MOJKHA AOBUIBHO
sagatu A abo D, - inumit napamerp npu upomy obumcioetsest uepes O, . Hanpuiotan, sixmo npuiivemo Dy = 1,

Tozi mapameTp A pmopiBHioe:
101g2+p,,

A=10 %
Konmponvne 3anumanns: 006edimo cnpagednugicmo yiei popmynu
Binnosigui komanau Matlab:
%== obuncn.amnnityam A curnany Y(t) ========
%
Dksi = 1; % pucnepc.wymy
A = 107((10*log10(2)+Rvh)/20) % amnniTypa curHany (Bipo6p.B KOMaHAHOMY BiKHI)
Jns BapianTy 8 A =0.1998 (VBara! 3anumirts 3Hauennsi A 115 Bamoro Bapianty)

IMo0yayemo rpagixu npouecy (1).
Tosuaunmo [ =i[Af, T = j[Af, ta suGepemo At =1/2B, ne B - Bepxus rpannuna uactota 6i10ro mymy y
cmysi [0, BT

%== curHan nntoc wym (3 nepioan rapm.curHany)====

%

B = 5000; % BepxH.rpaHW4yHa 4yacTtoTa LWyMmy
fi = rand(1)*2*pi; % BMNagkoBa novyaTtkoBsa hasa
fOB = f0/B; % BiAHOCHa 4YacToTa curHany

Ngraf = ceil(3/f0B)*2+1

i = 1: Ngraf;

S = A*cos(pi*f0B*i+fi); % Ngraf Bignikis curHany

ksi = randn(1, Ngraf); % Ngraf Bignikis wymy

Sksi = S + ksi; % Ngraf BignikiB cymiui



subplot(3,1,1); plot(i,S); % rpadbik curHany
title(‘*Curnan’);

subplot(3,1,2); plot(i,ksi); % rpadik wymy
title(‘Wym’);
subplot(3,1,3); plot(i,Sksi,’r’); % rpadpik cymiui

title(‘CurHan nnroc wym’);

Ha puc.2 nokazano rpadiku aIMTHBHOI CyMillli CUTHATY C LIyMOM. SIk 6a4nMo, ITpy 1aHOMY BiJTHOIIEHHI CHI'HAJI-IIYM
CHTHAJI HEMO>KJIMBO BUSIBUTH Y CyMIIIi.

VBara! [lns Bapianty 8 Ha rpadik BuBonutscsa Ngraf = 139 Binnikis. 3nauennst mapamerpy Ngraf BuBomurhes
B KOMaH/IHOMY BikHi. 3aHoTyiiTe Bamne 3nauennst Ngraf nus 3siry!

Curnan
0.1 T T T T T T

005
0 |
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CurHan nnioc Wwym

0 20 40 60 80 100 120 140

Puc.1

IMokaxkemo Tenep, 0 KopeasUiiiHuii aHATI3 BUNIAAKOBOI0 Mpouecy A0NOMArae BUPIlIMTH 3a1a4y BHSIBJIEHHS
MepiogNYHOro CUTHAJIY Ha TJi myMmy.

Ockinbky ckiaosi yactuny mpouecy Y (1) cTaTHCTHYHO He3aNexHi,

K, (1) =K (1) + K (T), 2)
ac
A? sin 27BT
K. (r)=—-cosw,T; K. (T)=D,—, 3
s(D) 3 ) (D =D, >TBT 3)

B - Bepxus rpannuna yactota mymy & (7).

Konumponvne 3anumannus: 006e0imv cnpagediugicmo cnisgioHowens (2) ma (3).

IMo0ynyemo rpadikn kopeasiniiinnx Gpynkuii (2)-(3).
Juckperusyroun pynxiii (3) 3 kpoxom At = 1/ 2B, maewmo:

2 . .
K1) = A—cos(@ji; K.(r)= D, 227
2 B
%== rpadpiku kopen. yHKLiN ====
%
j=i; % Bigniku aprymeHTy ch-uii kop-uii
Ks = Ar2/2*cos(pi*f0B*j); % h-Uia Kkopen. curHany
Kksi = sinc(j); % h-Lia kopen. wymy
Ky = Ks + Kksi; % ¢h-uia kopen. cyMmilui
figure;
subplot(3,1,1); plot(i,Ks); % rpaddik kop.ch-uUii curHany
title(‘Kop.h. curnany’);
subplot(3,1,2); plot(i,Kksi); % rpadik kop.d-uii Wwymy

title(‘Kop.ch. wymy’);
subplot(3,1,3); plot(i,Ky); % rpadik kop.h-uii cymiLui



title(‘Kop.ch. cymiwi’);

Ha puc.2 nokazano rpagikn KOpemamiiHux QyHKIiH.

5 x10° Kop.db. curHany
T T

1 fe = |
0 = -
-1 |
5 L 1 L | |

o] 20 40 60 80 100 120 140

x10™® Kop.db. wymy
2 T T
1 = -
0 )
Ak o
B 1 1 1 1 1 1

o] 20 40 60 80 100 120 140

©10° Kop.ch. cymiwi
2 T T
1k i
ok Y
Ak o]
9 L L I I I

o] 20 40 60 80 100 120 140

Puc.2

Sk BUHO i3 cniBBinHOomEeHb (2)-(3) Ta puc.2, popma Kopenauiiinoi Gpyunkuii npouecy Y (f) mna T = 1/ 2B npaxruuno
HeE BifIpi3HAETbCS Bigl popmu rapMoniunoro curnany (). Lleit gpakT 103B0JIs€ MO YACTOTi HyJIb-IEPETUHIB OLIHUTH
vacrory f, . 3po3yMino, 1o Takuii Crocié OLiHIOBAaHHS [, Mae CeHC 3aCTOCOBYBATH IPH MAINX BIIHOLICHHSX CUTHAI-

mym psx , KOJIM CUT'HAJI IPAKTUYIHO [IOBHICTIO MAacCKy€TbCAd HIYMOM.

Ha npakTuui MmoxkHa aune ouiHuTH GyHKUiI0 Kopeasuii. Tomy, 3BiCHO, pe3yIbTaTH BUABICHHS TaPMOHIYHOTO
curHairy Ha GoHi myMmy OyayTh He TakKuMH rapHUMHA. CTPYKTYpHY CXeMy KOpelloMeTpa oKa3aHo Ha puc.3.

> o 1T | — oo L
Y (1) Y(t)Y(t*:T) E ! Ky(n=—— ! Y, ()Y, (¢t +T)dt
Y(it+71)
Puc.3

M Binpisky Y, (¢) npouecy Y (¢) nesmimena ouinka GpyHKuii Kopessiuii Mae BUTTISA:

T-r

., 1
Ky(n=o— [V Y+ )t @)
0

Sk nokazano y JlonaHky 2, KOpejIoMeTp 31aTHUH MiBUIYBAaTH BiJHOIICHHS CUTHAJI-IIYM — TUM Oijiblie, yuM Oinblie
HEKOPEJILOBAHMX BiUTIKiB ryMy N MicTUThCS y peanizanii npouecy, 1o anatisyerses. ®opMyina juis obuncienns N
JUIS 3aJJaHNUX BXIJJHOTO Ta BUXIJHOTO BiJIHOUIEHb CUTHAJI-IIYM Ma€ BUTIS (auB. JlogaHok 2):

— 0.1 -2 +101g2
N - 10 (psux Pex g2)

Bignosigna nporpama o6umcienns N Mae BULIsa:

Y%==== o6uncneH. N, wo 3abesneuyye Rvyh=10 o5 ======
%
Rvyh=10;

N = 10A(0.1*(Rvyh-2*Rvh+10*log10(2)))

B pesynbrarti obunciaens ogepxyemo N = 50238 (VBara! Lle 3Hauenns Mac Micie TiIbKH 1J1s1 8-ro BapianTy!)



Haperi 3monenoemo npoueaypy o6podxu curnainy Y, (f) xoperomerpom.

Y%==== MoaenBaH. Kopes. 06pPOOKM CyMiLli CUrHany ¢ WYMOM ======

%

figure;

N=ceil(N);

i=1:N;

S = A*cos(pi*fOB*i+fi); % N BignikiB curHany

ksi = randn(1,N); % N BignikiB wymy

Sksi = S + ksi; % N BignikiB cymiwui

[K_y,tau] = xcorr(Sksi,Ngraf,'unbiased’); % Ngraf*2+1 3HauyeHb ¢hpyHKLU.KOppen.
subplot(2,1,1); plot(tau,K_y); % rpaduk ouiHKM (pyHKLii Kopen.

title(‘Ouinka cyHKUiT KOpen.cymiLi’);
subplot(2,1,2); plot(tau(Ngraf+2: 2*Ngraf+1),K_y(Ngraf+2: 2*Ngraf+1)); % cparmeHT rpacpika
title(*®parmeHT ouiHKM (BOAATHI 3aTPUMKM)’);

Ha puc.4 nokazano rpagiku omiHka QyHKIIT Kopensii (To0To, Tpadiki CHTHAITY Ha BUXOMI KOPEIOMETpa).

OuiHKa chyHKLT Kopen.cymiLi
1 5 T T T T

05 | I I 1 1
-150 -100 -50 0 50 100 150

$parmeHT OUiHKK (A0AaTHI 3aTPUMKA)
T T T T

-0.02- il

.0.04 I I I I I 1
o] 20 40 60 80 100 120 140

Puc.4
3. ExcriepuMeHTaJIHi BUMIPIOBAHHS 9YaCTOTH OCHOBHOI'O TOHY I'0JIOCOBOT0 CHTHATY

[InanyBaHHS TaKnX BUMIpIOBaHb 0a3yeThcsl HA Takid anpiopHii iHdopmanii:
1) dacToTa OCHOBHOIO TOHY FOJIOCY JIFOJUHU 3HaX0AUThCS B Mexax 60-280 I'n;
2) mis AKiCHOI Imepeadi TOJIOCOBOTO CHTHAITY JOCTATHBO BUKOPHCTOBYBATH cMyry yacToT 20 I'm — 5 kI'm.

HacTporwemMo KOMII’I0Tep HA PeKUM 3aMHCY F0JIOCOBOI0 CHTHATY 3 MiKpodoHYy:
MOABIHUM HATHUCHEHHSAM MIPABOI0 KHOITKOIO ITHII 1KOHKH “TYYHICTH BH3MBAEMO Ha €KpaH BIKHO MIKIIEDY;
1 0/B1 aTHCHE aBOIO KHOITKOIO 1 1IKO « 1CTh” BU3MBAEMO Ha €KPaH BIKHO MIKIIIE
B MEHIO HATHCKAEM MeTpH” — 3’ ABJIICTHCS BIKH JIACTUBOCTI”;
2 eHro Hatuckaemo “Ilapamerpu” — 3’ €TbCst BIKHO “BiactuBocti”
3) HaTHUCKYeMO PaTiOKHONKY “3amuc” Ta CIIIKyeMO, 00 mo3umig “MikpohoH” Oylia akTHBHOIO;
4) BIKHO MiKLIepa TPAaHC(HOPMYETHCS ISl PEKUMY 3aIHCY — aKTHBYHTE MO3HILIO0 “MIKpOQOH”.

IlepeBipsieMo mpane3gaTHICTb CHCTEMH 3aMHCY 3BYKY:

1) B wmento “TIporpamu” > “Cranpapthi”> “Po3Baru” > “3Byko3anuc’” — akTHBYEMO NPOrpamy 3aIucy 3ByKY;
2) 3a 1omoMoroo TeaeOoHHOI TapHITYpH MepeBipseEMO 31aTHICTh KOMIT IOTEPHOT CHCTEMH 3aIiCyBaTH Ta
BIJITBOPIOBATHU 3BYK

BuxopucroBywuu TesedoHHy rapHitypy Ta nporpamy Matlab, BBoAuMO ro/10coBuii CHrHaJI B KOMIT'I0Tep:

%
Y = wavrecord(15000); % uacToTa auckpeTu3sauii 11025 'y

HpOKOHTpOJ’llOﬁTe Ha CJIYX pe3yJjbTaTr 3almucy:



wavplay(Y);

AKTHBYIiTe Iporpamy sptool:

%

sptool

== aKTuBau. nporpamu sptool ======

IIpoananisyiiTe 3anucanuii CUTHAJI Ta 3HAWAITH IPAHMI HAWJOBIIOIO rOJIOCHOTO 3BYKY:

Y
2)

3)

immopryiite curaan Y(t) B poGouwnii mpoctip nporpamu Sptool;

B 30Hi Signals HaTHCHITH KHONIKY View — B pe3yinbTarti 3’aBUThcsl BikHO Signal Browser i3 rpadikoM curnay
Y(t);

PO3MICTITh BEPTHKAJIbHI MapKepH Ha TPAHULSX HAWOBIIOrO TOJIOCHOTO CUTaIly, SIK IOKa3aHo Ha pHC.S5, Ta
3aIUIIITh KOOPAWHATH IIMX MapKepiB — Ha puc.5 maemo t1 = 0.816, t2 = 1.018

barbaris (15000x1 real, Fs=11025)
1 T T T T || T

Titme

Panner

M arker 1 Hr|n.e15953?2 Marker 2 Hr|1_n135941 dx: 0.20263033

v 0.20233154 — — w-07116E3322 dy: -0.31 303076

Puc.5

CdopmyiiTe macuB uncena Y1 i3 BHIiIeHOTO (pparMeHTy :

% ====== popMyBaH.chbparmeHTy (roOfIOCHUN 3BYK) ======

%

Fs = 11025; % 4acTOT OUCKPETU3.

t1 =0.816;t2 = 1.018; % rpaHuui oparmeHTy

j1 =ceil(t1*Fs); j2 = ceil(2*Fs); % Homepum BignikiB rpaHUUb bparmeHTy
Y1 =Y(j1:j2); % MacuB BignikiB pparmeHTy

ImnopryiiTe macuB Y1 B mpoctip nporpamu sptool Ta npoananizyiite ogep:kanuii ¢gparmMeHT:

1)
2)

3)

B Iporieci iMmmoptyBanHs MacuBy Y1 mpuBIacHITE oMy iM’ s — B TaHOMY BapiaHTi 1ie barbaris_frag;

B 30Hi Signals HaTHCHITH KHONIKY View — y BikHi Signal Browser 3’sBUThCS 300paxeHHs TpadiKy BUAIICHOTO
¢dparmenty curnainy (puc.6);

3a JIOIIOMOTOI0 BEPTHKAJIBbHIX MapKepiB BUMIipAHTe HAWHIDKYMI [epio]] KOJIMBaHb CUTHAIY Ta IiApaxyiTe, sKkii
YacTOTI BiH BIJNIOBi/a€; B JaHOMY BapiaHTi ozepxyeMo yactoTy 136 ' — 11e 1 € OIiHKa 4acTOTH OCHOBHOTO
TOHY TOJIOCOBOTO CHTHAIY.

Konmponwni 3anumannsn: 1) vomy 6 danomy unaoky mu 206opumo “oyinka yacmomu”, a He “vacmoma”?; 2) aKi
MpYOHOWi Marome micye npu maxkomy cnocooi 8UMIpIOBAHHS YACMOMU OCHOBHO20 MOHY ?



batbaris frag (2228x1 real, Fs=11025)
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Puc.6

3niiicHiTH aBTOKOpeasniiiHUI aHai3 BUiJIeHOro (pparMeHTy Ta OLIHITH YaCTOTY OCHOBHOI'O TOHY:
% ====== KOpers. aHani3 rofloCHOro 3ByKYy ======

%

[Kzvuk,lags] = xcorr(Y1,400);

Pe3ynbTaT 00UHCICHHS KOPEIAiiHOT (GYHKIIIi 3HOBY JOIITBHO iMIOPTYBaTH B cepenouiie Sptool , ta mposectn
BUMIPIOBAaHHS 32 IOTIOMOTOI0 BEPTUKAIBHUX MapKepiB (puc.7).

barbaris_corr (801x1 real, Fs=11025)
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Puc.7

Panner

B pe3ynbTaTi TakKMX BUMIpIOBaHb OJIEPKYEMO OLIIHKY YaCTOTH OCHOBHOTO ToHY: 137 I'm.

Konumponwni 3anumannsn: 1) vomy oyinka ¢ynxyii kopenayii 6inous’2naora’”, nopisHsHo i3 popmoro paemenmy
cuenany Ha puc.6?; 2) axi mpyoHowi Maioms micye npu makomy cnocoodi UMIpIO8ants Yacmomu OCHOBHO20 MOHY?

4. IligroroBka 10 HACTYNHOI JJa0opaTOPHOi podoTH

3HaxomsMunch B cepepopuii mporpamu SPtool, excrmopryiiTe HAa IUCK aKYCTHYHHI CHTHAJA Ta WOro ()parMesr.
Pesymbrar excnopry — 2 ¢aiinm i3 po3mmpeHHsIM .mat (Hampukiazd, y BapiaHTi 8 — me ¢aitm barbaris.mat ta
barbaris_frag.mat).

i nBa daiiim qyke BaxkIUBi — BOHH BaM 3HAA00/IATHCS NIPH NMPOBeCHHI HACTYNHOI J1a00PaTOPHOI po60OTH.

Honatox 2
CtucJi TeopeTuyHi BitomocTi
s anuTHBHOI cymimmi curHany i mrymy (1) maemo:
Ky (1) =K (D) + K (T)+ K (1) + K (7). §)

Koumponwvue 3anumannsn: 0osedimv cnpasediugicms cniegionouenus (5).



JIJIsl CTAaTUCTUYHO HE3AJIeKHUX CUTHATY U IITyMYy MaTeMaTHIHE YeKaHHS OIIHKH (5) Ma€e BUTIIS:

(Ky (D) = K, (1) = K (1) + K (7). ©)

Konmponwne sanumanns: 006edimo cnpageonugicmo cniggionouients (6).
Hpu 7, <T <<T wmaemo:
2

<1?;(T)>=KY(T)=Ks(T)=ATCOSon. (7)

Konmponwue 3anumanns: nosicuims MONCIUBICIb MAKO20 CNPOUJEHHSL.
PosrisiHemo tenep aucnepciro ouiHkH (5):

DK, (1)] = DK (D)]+ D[K ()] + D[ K3, ()] + D[K ; (T)] +

(3
+2Dy oo ¥2D oo 2D o +2Dy . 2D +2Dp
ITicnst TpoMi3aKKX, X04 1 HECKIIAIHUX, BUKIATI0K OIEPKYEMO:
_, AYTO g D; D,A’)2
DIK,(T,)]=— || 1—— |cos2w, T + + 2+cos2w,T, ), 9
LKy (Tl 4T£( Tj ’ T/21,,, T/2r, ( &0 )
TOBTO HeHyITHOBHIl BHECOK 3a6e3meuyiots nonanku D[ K ; (1), DIK ; (7)] Ta DE*SZF({S .
. A?)2
Mipcrasnaroun O, = B (9), Maemo:
&
z D; prt(,_T 1 A4 D;
DIK,(1,)] = ‘(—p”.[ 1=—|cos2w,1dT +— Eli/ +0,. EI—‘((Z +c052a)oro) (9a)
0 T p@x T/2TK.K(§ T/2T;<

Hepakko OaumTH, WO JUIi Mal¥X 3HaY€Hb BXIJHOTO BiJHOIUEHHS CHMIHAI-IIyM, Tob6TOo ana O, << 1, nHaiibinpm

. . [ . [ . . cee ee %
IIKABUX JJIs1 JOCIIiKEHH S, HAHOLIBIIMI BHECOK B AUCIEPCiIo OMiHKN (YHKIIT kopensuii poours noganox D[ K ¢ (0],

TOOTO
2

D 4
. :%gﬂ.
pex T/ZTK.K(?

TakuM 9MHOM, SKIIO TPAKTyBaTH BUpa3 (7) sSIK CUTHAJT Ha BUXO/II KopeloMeTpa, a Bupa3 (10) — Sk mOTy)KHIiCTh IITyMYy Ha
BHXO/Ii KOPEIOMEeTpa, TO/i BiIHOIICHHS CUTHAJI-IIYM HAa BUXOJIi KOpeJIoOMeTpa:

4 4
A8 _Ay) e T2e) oy (n
DIK, (]  8D; 2

Nosuauaroun T/27, ., = N, onepiyemo:

_, _, 2
D[K,(1)]= D[K(1)] = (10)

Ioeux

N
—_ 2 v
peux 6x 2 ‘

CuisBinHomenns (12) nmokasye, 1110 3aCTOCYBaHHs KOPEJISITOPa I03BOJISIE CYTTEBO MIABUILUTH BiTHOIICHHS CUTHAJI-IIYM
3a PaXxyHOK YCEpEIHEHHS HEKOPEIbOBAHHX BiJUIIKIB IIyMYy.

12)

Tenep ouinumo 06’em N excrnepuMeHTANbHOT BUGIPKH BiTIKIB 3reHepOBaHOl cyMinri, 110 moTpiGHMii 115
3a0e3nedeHHsI 32]aHOT0 BiTHOIICHHSI CHTHAJI-LIYM HA BUXO/i KOpeaaTopa.
IepeBoasium (12) B neuunbenu:

Pos = 101g[p§x %) =2p,.,; +10lgN -101g2,

3BIZIKH OJIEPIKYEMO:
— 0.1 -2 +101g2 i
N ]0 (Poux Pex g2) (13)

®opmyna (13) Han3BUUAiiHO KOpHCHA VIS IUIAHYBaHHS €KCIIEPUMEHTY: BOHA JIO3BOJISE OOYMCIMTH 00’€M BHOIpKH
Binikis npouecy Y (l‘ ) JUTSL 33J]aHUX BX1THOTO Ta BUXIJHOTO BiTHOIICHb CUTHAJI-IIIYM.



