JlabopaTopna podora Ne 3

BUIIAJIKOBI CUTHAJIU TA IXHI XAPAKTEPUCTHUKH.
IICEBJOBHUITAIKOBI CUT'HAJIM

META: HaOyTTs npakTUYHMX HAaBUYOK IMITalITHOTO MOJEIIOBAHHS PI3HUX
BUJIB BHMAJKOBUX 1 TICEBIOBUIAJAKOBUX CHTHANIB. [IpakThdHEe BHBYCHHS
OCHOBHUX XapaKTEepPUCTUK BHIIAJKOBUX CHUTHAJIB, y TOMY 4YHCHIi: TyCTHHA
AMOBIPHOCTI Ta (QYHKIIIA CIIEKTPAIIbHOT TYCTUHU MOTY>KHOCTI.

Teopernuni Bitomocri

Bunaoxosuii cuenan — e CHUTHaji, 3aKOH 3MIHM 1 BCl MapamMeTpu SKOTO
3a3/1aJerib> HeB1IOMI, ajie BiIoMI1 IXH1 IMOBIPHICHI XapaKTEPUCTHUKH.

Ilcesoosunaokoeuii cuenan — 1€ CUTHAJI, 3aKOH 3MIHHM SKOT'O BIJIOMHI, a
napamMeTpu € BUIAJKOBUMHM BEJIMYMHAMU 3 BIJIOMUMH WMOBIPHICHUMH
XapakTepucTukami [1].

Dyukyis po3nodiny umosiprocmeti — QYHKIlA, 1110 BU3HAYAE JJISI KOXKHOTO
3HAYEHHS X IMOBIPHICTH TOTO, IIO0 BHUIAJKOBAa BENMYMHA X, HaOyAe 3HAYEHHS

MCHIIIOTO, HIXXK JOBUIbHE AIACHE X, TOOTO
VxeRiF_(X)=P(x, <x).
3Haroud (PyHKIIIO PO3NOALTY HMOBIPHOCTEM, MOKHA BU3HAYUTH NMOBIPHICTh
TOTO, 1110 BUITAJKOBA BEINYHHA X, TIOTPAMUTH y 3a1anuil inTepsan [ Xa; Xg, ] :

P(X, €[Xai Xg ]) = F(Xg) —F(X,).

Ou4eBuHO, 1110 001aCTh 3HAUEHb (YHKLI PO3MOALITY HMOBIPHOCTEH JIEXKUTH B
intepBanmi [0; 1]. Ipuknax ¢yHKIIT po3moaily HMOBIPHOCTESH Oe3mepepBHOT
BUIMAJKOBOI BEJMYMHM HaBeleHO Ha puc. 1. Ja IUCKpEeTHOI BUIMAAKOBOI
BEUYUHN (YHKIIS PO3MOALTY WMOBIPHOCTEH HaOyBa€ CTYMiHYACTOTO BUTJISY
(puc. 2), obnacTh 3HaUYCHb TAKOXK CTA€ JAUCKPETHOIO, aJie JISKUTh Y TOMY CaMOMYy
iaTepBan [0; 1], mo # s 6e3nepepBHOT BUTIAKOBOI BETUYUHHU.

Sxmo  dyHKIIS  po3moaiury  Oe3mepepBHOI  BHUMAAKOBOI  BEJIMYMHH
nudepeHIiiioBala, TO OUTbIII HAOYHE YSBICHHS PO BUIAJKOBY BEJIMYHMHY Ja€
ITbHICTh KMOBIPHOCTI BUITAIKOBO1 BEJIMYMHH.

Dyuryin winbHocmi po3noodiny UMOSIPHOCHEl BHUMAJAKOBOI BEIUYUHU —
nepiia MnoxifgHa BiA (QyHKIIT po3noainy WMOBIpHOCTEW. Bu3HaunTu HMOBIPHICTH

TOTO, 10 Ge3repepBHa BIMAAKOBA BEIMYHHA X, TOTPAIHUTH B iHTepBal [ Xa) Xg,
3a JIOTIOMOT 010 I11€1 (PYHKITIT MOKHA BIJIOBIIHO 0 BUPa3y

VxeR: P(X, €[X5; Xg, ) = Xf f (x)dx

XA
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Puc. 1. Ilpuxnan GyHKIii po3noauty 6e3rnepepBHOT BUMIAIKOBOT BETUUUHU

FH[] l:‘”)

Puc. 2. lIpuknan ¢pyHKIIIT po3MmoalTy IMCKPETHOI BUTIAAKOBOI BEIMUNHU

Takum 4rMHOM, IMOBIPHICTh HOTPAIUISHHS BHIIAAKOBOI BEIIMYMHH B 3aJaHHUI
1HTEepBad JOpIBHIOE TUIoml miag TpadikoM (YHKINT MIIIBHOCTI WMOBIPHOCTI,
BU3HAYCHOI Ha I[bOMY IHTEepBaIi. BiamoBigHO, 3araibHa IwWIoma mia Tpadikom
¢GyHKIIT [IIBHOCTI WMOBIPHOCTI Ha BCId 0O0JacTi BU3HAYEHHS HE MOXeE
nepeBulryBaTd  onuuuil. Ilpukimang — QyHKOil  po3nmoainy  WMOBIpHOCTEH
Oe3repepBHOi BUNIAAKOBOT BEJTMYMHH HaBEICHO Ha pHC. 3.



f(x)

P(xg € [x4;7B])

pd

Puc. 3. [Ipukian ¢pyHKIIT MITEHOCTI PO3MOILIITY UMOBIPHOCTEH BUIIAKOBOT
BEITUYMHU

MareMaTuyHUM OYIKYBaHHSIM O€3MepepBHOI BUNAAKOBOI BEJIMYMHU X,
HAa3UBAETHCS BEJIMYMHA

m, =M[x,]= Tx-dFXO (x)=Tx- f, (X)dx, xeR, (8)

[Ipuknag BU3HAYEHHS MAaTEMaTUYHOTO OYIKYBaHHS Ha rpadiky QyHKIIl
HIIJTLHOCTI PO3MOATY BUIAKOBOI BEJIMYMHU HABEJICHO Ha puc. 4.

f-‘i'n (“E)

0 My, T

Puc. 4. [Ipukiiag BU3HaAUEHHS MATEMAaTUYHOI'O OYIKYBaHHS Ha rpadiky
(GyHKUIT IITBHOCTI pO3MOITY BUMAIKOBOI BEIMYMHU



VY BuUNaAKy AUCKPETHOI BUMAJKOBOI BEIMYMHM BUpa3 (8) MJid BU3HAUYCHHS
MaTEMaTUYHOTO OYiKYBaHHSI IEPETBOPIOETHCS HA BUTIIS]L

N
m,, ZM[XO]:ZXi-pi,ieN,
i-1

ne p,=P(X,=X) — BiAMOBiAHI WMOBIpHOCTI 3HAY€Hb X, JTUCKPETHOI
BUTA/IKOBOT BEIMYUHU X, .

Jlucnepcis BUNIAAKOBOT BEIIMYMHU — Mipa BIIXWICHHS 3HAYCHb BHITQJIKOBOI
BEJIMYMHU BiJ BEJIMYMHHM BITHOCHO Ii MAaTeMAaTHYHOTO OYIKyBaHHS, IIIO
BU3HAYAETHCS SK MAaTeMaTHYHE OUIKYBaHHS KBajJpaTa BIAXWJICHHS BHUIAIKOBOT
BEJIMYUHU X, Bif i1 cepeHbOTO 3HAYCHHS

D,, =MI[(x, —m)“],

CepenHbOKBaIpaTUYHE BIAXWJICHHS BU3HAYAETHCS K KBAJAPATHUHM KOPIHB 13
JUCIIepCii BUTIAIKOBOI BEJTUYMHU

[cHye HuU3Ka CTaHAAPTHUX PO3MOAUIB IMOBIpHOCTI. Huxkde KOpOTKO
PO3IIISIHYTO TaKl BUJIH:

— HOpMAJIbHE;

— pPIBHOMIpHE;

— TPUKYTHE.

BumankoBa 6e3nepepBHa BeIMYMHA Ma€ HOPMAJIBHUHN 3aKOH PO3IMOALTY , SKIIO
il IIJIBHICTH PO3MOJILITY WUMOBIPHOCTI BU3HAYAETHCS BUPA30M

1 (xmg)?
2
f (X)=———e %
o (
° o271

[lpuknagu rtpadikiB (QYHKIINA OIIBHOCTI PO3MOALTY WMOBIPHOCTI JJis
HOPMAaJILHOTO PO3MO/IITy HaBEJICHO Ha puc. 5.

@DyHKITI PO3MOALTY IMOBIPHOCTI B IbOMY BUTIAJKy BU3SHAYAETHCS BUPA30M
1 X _ (X_mxo )2

— 20°
f,()=——1]c¢ dx
o~N2r °,

a mpuKIaau ii rpadikiB Mo1aHO Ha puc. 6.

3riHO 3 TPAHUYHOIO IIEHTPAJHLHOIO TEOPEMOI0 TpU 30UIBIICHHI KITBKOCTI
c1a0Ko 3aJIeKHUX HOPMOBAHUX BUIAJKOBUX BETUYHH TXHS CyMa Ma€ pO3MOILI, 110
parHe 0 HOPMaJIbHOTO.

Ha mnpaktumi meét Bua po3mojauly € OJHAM 13 HaWMONIMPEHINNUX Y
BUKOPHUCTaHHI, Y TOMY YHCJ, B paMKaxX IMITallliHOTO MOJEIIOBaHHS MPUPOTHUX
npoiieciB. KpiM Toro, 111 HOpMaIbHOTO PO3MNOJILTY BUMAIKOBOI BEIMUMHHU 1€ TaK
3BaHe "mpaBwio 30 ", BIAMOBIIHO 0 SKOTO BCi 3HAYCHHS BUIIAKOBOI BEIIMYUHU
X, 30cepekei B intepsani (—3o+m, ;—3c+m, ).
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Puc. 5. Tlpuxnanu rpadikiB GyHKIINA HITBHOCTI PO3MOALTY HMOBIPHOCTI
HOPMAJILHO PO3MO/IIJICHOT BUMIAAKOBOT BEJIMUMHHU JIJISl PI3HUX 3HAYECHB
CePEeIHbOKBAPATHIHOTO BIIXWICHHS O, 1 MaTeMaTHIHOTO OYiKyBaHHS M,

Takum ynuHOM, PO3MOJLI, 3aJaHUN HA HECKIHUEHHOMY 1HTEpBaJli, MOXe OyTH
PO3IIISIHYTHI Ha CKIHUEHHOMY IHTEpBaJIi 3 Moxuokorw 6mm3bko 0,3 % (puc.7).

Tog = 0,2, 70, =0

ory = 1,5, My = 0

Tog = 00, g, =0

Orog = 0,2, My, =2

0.6

Puc. 6. [Ipuknanu rpadikiB yHKIIT po3M0ALTy HMOBIPHOCTI HOPMAJILHO
PO3IOIICHOT BUITAJIKOBOI BEJIMUWHHM JIJIsI PI3HUX 3HAYCHD
CEPEAHHOKBAAPATHYHOTO BIIXUICHHS oy, 1 MAaTEMaTUIHOTO OYIKYBaHHS oy,



0,2

do

Puc. 7. I'padik pyHKIIT OIITHHOCTI pO3MOALTY HMOBIPHOCTI PO3MOALITY HOPMAIBEHO
PO3MOITIEHOT BUMTAJIKOBOT BEIMUUHU

BunankoBa BenuumHa X, Ha NPOMDKKY BIl & 10 £ Mae PIBHOMIPHHI
PO3MOILI, KO (GYHKIIIIO TYCTUHU PO3MOIITY MOKHA 3aMTUCATH Y BUTIIS1

1
f,(0={p_a <[Pl
0, X ¢[a,b]

I'padix GyHKIIT WIBHOCTI PO3MOJLTY WMOBIPHOCTI JUIsi PIBHOMIPHOTO
PO3MO/ILTY HaBEJEHO Ha pucC. 8.
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Puc. 8. I'padik pyHKLIT HIITBHOCTI pO3MOALTY HMOBIPHOCTI PIBHOMIPHO
PO3MO/IJIEHOT BUTIAIKOBOI BETMYNHU



OyHKIIis] pO3MOJLTY B [bOMY BUIMAKY BU3HAYAETHCS BUPA30M

0, X<a
X—a
F, (X)=<——, a<x<b
° b-a
1 X>Db
1 Ma€ BUIJISI, IPECTaBICHUN Ha puc. 9.
FJ'U(;EJ
le
0 1 g a

Puc. 9. I'padik pyHkIIiT po3noaiay KMOBIPHOCTI pIBHOMIPHO PO3MOALIEHOT
BUIIJIKOBOI BEIMYUHU

MareMaTiuHe OYIKYBaHHS BHIIQJKOBOI  OE3MEPEepPBHOI  BEIUYMHU X,
00YHCITIOETHCSA 32 (HOPMYJIIOHO

a+b
m,=——,
a gucriepcis — 3a GopMyJIoro
(b-a)®
D, =——.
0 12

BunankoBa BeaumdnHa Ma€e TPUKYTHUM PO3IOILI, SIKIIO 11 GYHKINIS HIIJIBHOCTI
PO3IOLTY Ma€ BUTJISA

2(x—a)

, Xela,c]
(b—a)(c-a)
B 2(b—x)
fx°(x)_<(b—a)(b—c)’ x e[c,b]
0, X ¢[a,Db]




OyHKIIST TPUKYTHOTO PO3MOALTY WMOBIPHOCTI BHUMAAKOBOI BEITUYMHU
BU3HAYAETHCS (POPMYIIOF0

0 , X<a
(x=2a) . xela,c]
(b—a)(c—a)
fxo (X) =9 (b . X)Z )
— , Xxe]c,b]
(b—a)(b—c)
i 1 X>hb
MaT CMATHNYHC O‘-IiKYBaHHSI BHU3HAYAETHCA BI/IpaBOM
a+b+c
mx =T A
0 3

a IUcIepcisi BA3HAYA€ThCSl BUPa30M
_a’+b*+c®—ab-ac-hc
oo 18
[Ipuknagu rpadikiB GyHKUII Ta YHKUII MUIBHOCTI TPUKYTHOTO PO3MOILITY
BHITAIKOBOI BemunHU HaBeeHo Ha puc. 10 1 11 BiamoBigHo. TpuKyTHHIA pO3MOALT

€ TpUOJU3HOI0 MOJIEIUII0 1 3aCTOCOBYETHCS /Ui MOOYJOBU CKIIAQHIIINX 3aKOHIB
PO3IOLTY.
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Puc. 10. ITpuknan rpadika GyHKIT TPUKYTHOTO PO3IOIiTY BUNIAKOBOI BETUYUHU
(@=0,c=2,6=6)
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Puc. 11. [lpuknaz rpadika GpyHKUIT IITBHOCTI TPUKYTHOTO PO3MOLITY BUIAJAKOBOI
BeauunHu (=0, c=2, /= 6)

3aBaaHHA Ta MOPSIIOK BUKOHAHHS PO0OTH
JIJ1st yCcnimHOro BUKOHaHHS poOOTH HEOOX1IHO:

1. TIlpoBectu imiTamiiiHe MoOJENIOBaHHA 1 noOyayBatu  rpadik
MICEBJIOBUITAIKOBOI'O CUTHATY, 10 BU3HAYAETHCS 3aKOHOM

x(nT,) = Aysin(2A4nT , + )

na gacoBoMmy intepsam t €[t it ], mpudomy mesxi 3 mapamerpis curmany:
gactora f , ammutityaa A, piBeHb mocTiiiHOT ckiaamoBoi A, abo mouatkoBa ¢asza
@  MalTh OyTM BUNAJKOBUMU BEIUYMHAMH 13 3aJaHUMH WMOBIPHICHUMU
xapakTepuctukamMu. Yactora auckperusauii mMae Oyt oOpaHOIO BIANOBIAHO /10
BuMor Teopemu Haiikgicta - KoTensaukosa, a came | ) 2f ..

2. ITobynyBatu rpadiku 4acoBO1 peaiizailii BUMaJKOBUX BEJIUYHH.

3. ExcriepuMeHTanbHO Mo0y1yBaTH TiCTOTpaMu CTATUCTUYHOTO PO3MOILIY Ta
MOPIBHATH 3 (YHKIIEI LIIIBHOCTI HMOBIPHOCTI 3aJaHOTO HMOBIPHICHOTO
PO3MOLTY BiAMOBIIHOT BEJIMUHUHH.

4. TloOynyBath  (PYHKIIFO  CHEKTPAJIbHOI  IIUIBHOCTI  TMOTYXHOCTI
NICEBJIOBUMNAIKOBOTO cUTHay. OCKIJIBKH CIEKTPaJIbHI XapaKTEPUCTUKU A1HCHOTO
CUTHaJy CHUMETPUYHI BIAHOCHO HYJBOBOi YacTOTH, TO PEKOMEHAYETHbCS IpHU
BUKOHaHHI po00oTM Ha TrTpadikax 300pakaTH TIIBKM TO3WTHUBHI YacTOTH,
MIOJIBOIOIOYM 3HAYEHHS XapaKTEPUCTUKH B 00J1aCTi MO3UTUBHUX YACTOT 3@ PaXyHOK
MPUXOBAaHMX Ha Tpadiky BIAMOBIIHUX BIA'€MHMX 4YacTOT. Takuil BUTIIAL



300pakeHHsI € OUIbII IHTYITHBHO 3PO3YMIIMM, OCKUIBKH Yy (PI3MYHHMX MpoIecax
HEraTUBHI YaCTOTH BIACYTHI.

[Ticnss BUKOHAHHSA EKCIIEPUMEHTAIbHOI YAaCTMHM HEOOX1JTHO BIJIMOBICTH Ha
3apOIIOHOBAaH1 KOHTPOJIBHI 3alUTaHHA ISl 3aKPIMUICHHS MPONIEHOTo Martepiany 1
BCTAaHOBJICHHSI B3a€MO3B'S3Ky MK OTPUMAHUMH PE3yIbTaTaMH MPAKTUIHUX POOIT
1 TEOPETUYHUMH 3HAHHIMH.

Bumornu 10 3BiTy

Pesynbratu pobOTH peKOMEHIyeThCs O(DOPMHUTU Yy BUIJISIAL 3BITY, B SKOMY
Mae Oyt Taka iH(opmallis: MeTa poOOTH; pO3B'sI3aHi y Mporieci ii JOCATHEHHS
3aBJlaHHS; OCHOBHI MaTeMaTH4HI BHpa3H, BUKOPUCTAHI IiJ Yac BHUPIIICHHSA
3aBJlaHb; TEKCT IPOrpaMU YU CXEMa MOJIEIIOBAHHS, PE3yJbTaTH MOJEIIOBAHHS Y
BUTJISAL TpadikiB 1 BUCHOBOK, IO JI03BOJISIE 3pOOMTH BHUCHOBOK PO CYMICHICTD
PE3yJIbTaTIB MPAKTUYHOT pOOOTH 3 TEOPETUUHUMU BIJOMOCTSIMH.

3BIT NOBUHEH MICTUTH HACTYIIHI PO3/IIIIH:

1. TUTYJIBHUAN apKyII;

2. [im poGoTu;

3. Onuc curHaiiB, KOAW TMpOrpamM, BI3yallbHE MPEICTABICHHS
CUTHAIY.

BapianTu 3aBaaHb /11 iHAMBIAYaJIbHOI po00TH

Tabmuusa 3.1. Tlapamerpu curnany: HP — nopmanwsHuMil posmnomin, PP —
piBHOMIpHUH po3noii, TP — TpuxkyTHHil po3momai.

No t.,C tom > C
A=3B; A,=6B;
Tun: HP; m(f)=3T; o(f)=13T'i;
1 16 30 u: HP; m(f)=3T'w; o(f) I
TI/IHZTP;(DZazi;b:z;C:z
20 2 2
Twm: PP; A=5+25B;
=15B; f=5Tu;
2 20 7 | P ﬁ“ _
Tum: TP; ¢ a=—;b=—;Cc=

T
16'° 12 3
Tum: HP; m(A)=5B; o(A)=26 B;

3 11 21 A= 20 B;

Tum: TP; f: a=10 I'uy; b=12 I'uy;c =13 T';




_
Y= 14

18

Tum: PP; A=9 + 24 B;
Tun: PP; A,=7+30 B;

f=8Tm; -
u; ¢ 15

22

Tum: PP; A=4 £ 28 B;
Tun: PP; A,=10+21 B;

f=4Tu; -
I, ¢ 6

19

32

A=3B;
Tun: PP; Aj=7+29 B;
f=6Tum;

T T
Tun: HP; m(p) = —; =—
HIT (p) >7 o(p) >

27

A= 6 B;
Tun: HP; m(A,))=9B; o(A,)= 26 B;
f=3Tu;

Tun: TP; @: azl; b="":c=

22

T

21" 16' 5

Tum: HP; m(A)=5B; o(A)= 18 B;

A,= 14 B;

Tum: TP; f: a=8 I'y; b=8 I';;¢ =10 T'L;
T

(P:Z

19

43

A=10B;
Tun: HP; m(A,))=7B; o(A,)= 14 B;
f=11Tw;

T T

Tun: PP; p = — =+ —
R

10

16

39

Tun: HP; m(A)=10 B; o(A)= 14 B;
Tum: HP; m(A,)=6B; o(A,)=19 B;

f=11Tw ==
I ¢=

11

12

20

A=22B; A)=24B;
Tum: TP; f:a=7TI'm; b=12 I'y;¢c =18 T'i;
T

Tumn: PP; ¢:2—5i§

12

32

Tum: HP; m(A)=10B; o(A)=17 B;




A=5B; f=7T;

Tun: PP; ——+—
Y144

13

11

A=23 B;
Tun: PP; Aj=5+19 B;
f=24Tw;

T T
Tun: HP; m(p) =—; =—
HII (9) o6 o () 1

14

10

A=5B; A)=6B;
Tum: HP; m(f)=9T'w; o(f)=10TI'm;

Tum: TP; ¢ azl; b==":c
14 9 5

1

5 11

A=3B;
Tum: HP; m(A,) =10 B; o(A,)= 10 B;

f=21Tu;
Tumn: PP; (0:£i£
25 3

16 1

9

A=3B;
Tum: TP; A,: a=8 B; b=16 B;c=25 B;

f=13Tw;

V3 T

Tun: HP; m =— —
w1 (@) > a(p) = 2
14 B;

17

18

Tun: HP; m(A)=4B; o(A)=

A,=10B; f=23Tu;
Z

Tum: HP; m((p)—— o(p) =

18

20

27

Tum: HP; m(A) = 4 B, o(A)= 30 B;
A,=17B; f=15Tu;

Tumn: HP; m((o)—— o(p) =

19

20

47

Tum: HP; m(A) = 6 B, o(A)= 20 B;
Tun: HP; m(A,))=4B; o(A,)= 19 B;

f=7Tn; -
n; ¢ 23

20

14

Tun: HP; m(A)=8 B; o(A)= 22 B;

31 A,=25B; f=14Tu;
Tun: HP; m(p) = %; o(p)==

18

44 A=19 B;

21




Tun: HP; m(A,))=8B; o(A,)= 18 B;
f=18T;

T T
Tun: HP; m(p) =—; =—
M1l (9) oF o () 3

22

13

22

A=8B;
Tum: HP; m(A,) =10 B; o(A,) =20 B;
f=17Tw;

Tun: HP; m(p) =%; o(p)="

23

13

32

2
Tum: PP; A=10+ 15 B;
A= 4 B;
Tum: TP; f:a=4Tu; b=6 I'y;c=15 I'n;
Vs

(DZE

24

26

A=7B; Aj=14 B;
Tum: HP; m(f)=3Tw; o(f)=11Tm;
T

Tum: PP; g0:2—3i§

25

14

30

A=7B; A)=14 B;
Tum: TP; f: a=10T'uy; b=13 I'u;c =20 T'w;
T

Tum: PP; op=—=
T8

26

20

49

A=4B; A,=13B;
Tum: HP; m(f)=10Tw; o(f)=15T1;
T, T

Tumn: TP; ¢: azz; b=":c==
19 10 5

27

14

35

A=10B; A,=4 B;
Tum: TP; f: a=6 I'm; b=10 I'y;;c =13 T'i;
T T

Tun: PP; p=—+—
T3

28

13

39

Tum: TP; A: a=9 B; b=10 B;c =10 B;

A,= 13 B;

Tum: HP; m(f)=8Tu; o(f)=12T'n;
/4

(022—0

29

17

29

A=19 B;
Tum: TP; A,: a=9 B; b=13 B;c=13 B;
f=10T;




Tumn: PP; ¢ = liz
21 3
Tum: PP; A=4 + 18 B;
A,= 16 B;
30 10 32 f=15Tm;
Tumn: HP; m(p) = z. o(p) = z
23 4
KouTposabni nuTaHHs
1. Ha intepBan sikoi moBkuHW Tpunagae moHan 99% 3HaueHb BUITAIKOBOI
BEJIMYMHU, PO3IOALICHOI 32 HOPMAJIbHUM 3aKOHOM?
2. [TosicHITh, y SIKMX BHUMAAKaX SKUM po3mojul (piBHOMIpHUM, HOpPMAaJIbHUA,
TPUKYTHUHN) BUTIQJKOBOT BEJIMYMHHU CJI1]] 3aCTOCOBYBATH.
3. UuM BIJIpI3HAETHCS IICEBJAOBUIAIKOBUN CHUTHANI B JETEPMIHOBAHOTO 1
BUIMAJKOBOT0?
4, Y skiii  pguisHOl  (4acoBi WM YACTOTHIM) MPOCTINIE  BiAPI3HUTH
MICEB/IOBUIIAJIKOBUM CUTHAJ, OTPUMaHUH y 11l poOoTi, BiA mrymy? Yomy?
S. SKi curHalid YacTile 3yCTPIYaroThCs Ha MPAKTUIL: 1€TEPMIHOBaHI Yu
TICEBJIOBUITAIKOBI?

Ipuxnax BukoHanus podoru y cepenosuini MathWorks MATLAB
1. MoaenroBaHHS BUNAJIKOBUX CUTHAJIIB

1.1. Imimamizanis ta GopMyBaHHS 3Ha4Y€Hb OCHOBHHX MapaMeTpPiB

o\©

IMiTaniriHe MOIEJIOBAHHS BUIAOKOBMX CUTHAJ1B
POBpaxyHOK E€HEePTEeTUUHUX XAPAKTEPUCTUK CUTHAIY
clear all; % OuummenHdg nam'grTi

close all; % 3axpuTTda BCix B1iKOH 13 rpadixamm

o\©

clc; % OummeHHd BilikHa KOMaHI Ta I[IOB1IOMJIEHBb

tColor="'b'; % Komip rpadikir y uyacorin objacTi

ColorO='r'; % Komnip rpadikiB eTayIOHHOTO CUTHAaIY
tColorLight=[0.3 0.7 0.9]; % Komnip rpabixir y uacosim objacTi
fColor=[1 0.4 0]; % Komip rpadikir y uyacToTHiM objacTi
eColor=[0.85 0.325 0.098]; % Komip rpadixir mnoxmbOxu
eColorLight=[0.9 0.9 0.4]; % Komnip rpadixir noxmbOxu
eColorDark=[0.635 0.078 0.184]; % Komnip rpabixis noxmbxu

£fd=100; % YacTora muckpermszauii, I'u
tmin=-1; tmax=2; dt=tmax-tmin; % IHTepBaj BU3HaUeHHI QYyHKI1I

N = dt*fd; % KimpkicTb BIOJI1K1B

f mu = 15; % Maremaruune OUlKYyBaHHSA YaCTOTM CUITHAJIY

f sigma = 0.5; % CepenHbOKBampaTUYHE BIlIOXMJIEHHA YacCTOTM CUTHAIY
f a = f mu-5*f sigma; % IHTepBajl BUIAOKOBOI'O PO3IOILIIY

f b =f mut5*f sigma; % wacrorm

A a=10; A Db 12; % IHTepBaJl BUNAOKOBOTO POB3MNONiJly aMIIiTyIn

ool

dA = A b-A a; % [oBXmMHa 1HTepBajly BUIAIKOBOTO PO3MNOAijy aMiiaiTynnu
rng (2020); % Ixiugiasmizauisga reHepaTopa BUIAIOKOBMX UYMCeJ




1.2. MopentoBaHHS BUMAIKOBOTO CHUTHATY 3 HOPMaJIbHUM PO3TIOITIOM

o°

MomesoBaHHSA BUIAOKOBOTO CUTHAJY 3 HOPMAJLHYM PO3IOOiJIOM
(wacToTa MNCeBIOBUIMNAIKOBOTO CUTHAIY)
td = linspace (tmin, tmax,N); % dopMyBaHHa 00JacTl BM3HAUEHHS
f prob = makedist('Normal',f mu,f sigma); % Posnmonin imMoBipHOCTi
f = random(f prob,N,1); % QopMyBaHHA 3HAUYCHb
% dopMyBaHHA I'icTorpamu
Npsd = 50; % KimbpxicTb TOUOK TicToTpamm
nBars = 8; % KimbpkicTb NPAMOKYTHMKIB TicToTrpammu
figure; histogram(f,nBars, 'EdgeColor',eColorDark, ...
'Normalization', 'pdf', 'FaceColor',eColor, ...
'LineWidth',3); % ExcHnepumMmeHTajibHA
title({'\rm T'icTorpama HOPMaJILHOTO po3mnomiiny’', .
'BUMIAIKOBOI BEeJIMUMHM (YacTOTM CHUTHAaJy) '}); % 3arojloBOK
xlabel ('BioxuieHHs dvacToTm curHaisy, \it \Deltaf,\rm Tu'); % Hammc oci abcuwmc
ylabel ('llineHicTe imoBipHocTi,\it \Phi (\Deltaf),\rm 1/Tu'); % Hamnuc oci
OpPOMHAT
% dopMyBaHHS TeopeTmMuHOl oyHkUil mimbHOCTi pos3nonmimny
f pdf = £ a:(f b-f a)/Npsd:f b; % OGnacTb BUBHAUEHHA
Phi f = pdf (f prob,f pdf); % HinpHicTe pozmomisy
% dopMyBaHHA TIpadbiky
hold on; plot(f pdf,Phi f,'Color',Color0, 'LineWidth',3);
legend ('ExcrnepumeHTanvHa', 'Teopernuna', 'Location’', 'northeast');

o°

licTorpama HopManbHOro Po3noainy
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% dopMmyBaHHA Tpabiky
figure;plot(td, f, 'Color',tColor, 'LineWidth',2);
set (get (gcf, 'CurrentAxes'), 'FontSize', 10); % 3BMmina umpudty

title ({'\rm BunamkoBa BeJlMuMHa 3 HOPMaJIbLHMM pos3noninom', ' (uacToTa curHayy) '
}):; % 3aroJjoeok
xlabel ('Jac,\it nT m\rm, c'); % Hammc oci abBcumc

o)

ylabel ('YacToTa curHaiy, \it f(nT & )\rm, Tu'); % Hanmc oci opauHaAT



BunagkoBa BenvynHa 3 HopManbHUM PO3MOAINOM
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1.3. MonenroBaHHSI BUTIQJKOBOTO CUTHAITY 3 PIBHOMIPHUM PO3MOIIJIOM

MomenoBaHHS BUIAIOKOBOTO CUTHAJY 3 PI1BHOMIPHMM pPO3MOomijioMm
(aMmiTyma ICeBIOBUIIALKOBOIO CUTHAIY)
_prob = makedist ('Uniform',A a,A b); % Posnomiys iMOBipHOCTIL
= random(A prob,N,1); % ®opmMyBaHHSA 3HAUYEHb
dopMyBaHHA TicToTpamu
Npsd = 50; % KinpkicTh TOUOK TicTOoTpaMmm
nBars = 8; % KimpkicTb NPAMOKYTHMKIB T'icToTrpammu
figure; histogram(A,nBars, 'EdgeColor',eColorDark, ...
'Normalization', 'pdf', 'FaceColor',eColor, ...
'LineWidth',3); % ExchnepmumMmeHTajibHa
title({'\rm TicTorpama piBHOMipHOTO pO3mOmisy', ...
'BUNIAOKOBOL BeJUUMHM (aMIIiTynom curHany) '}),; % 3arojioBok

o0 ¥ ¥ oo o

xlabel ('BigxuijeHHa aMIJIiTynuM cuTHajy, \it \DeltaA\rm, B'); % Hanmc oci abcumc

ylabel ('llinbHicTe imoBipuHocTi, \it \Phi (\DeltaA)\rm, 1/B'); % Hamnwuc oci
opIoMHAT

% dopMyBaHHS TeOopeTHuYHOI GYyHKLI1I miJbHOCT1 po3mnomisy

A pdf = A a-0.25*dA:dA/Npsd:A b+0.25*dA; % OO6jacTb BUBHAUEHHI
Phi A = pdf (A prob,A pdf); % MinpHiCTeE poO3mOIijy

% dopMyBaHHA Trpadbiky

hold on; plot(A pdf,Phi A, 'Color',Color0, 'LineWidth',3);

legend ('ExcnepumeHnranssHa', 'Teopernuuna', 'Location', '"northeast"');



lictorpama piBHOMipHOro po3noginy
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% dopMyBaHHA TIpadiky

figure;plot(td,A, 'Color',tColor, 'LineWidth', 2) ;

set (get (gcf, 'CurrentAxes'), 'FontSize', 10); % 3BMina wpudty

title ({'\rm BunmamkoBa BeJiMUMHA 3 PiBHOMIipHMM pos3mnomijsom', ' (aMmriiTymna
curHaly) '}); % 3aroJjioBOK

xlabel ('Yac,\it nT nm\rm, c'); % Hammc oci abcumc

ylabel ('AMnniTyna curHamdy, \it A(nT & y\rm, B'); % Hammc ocl opauHarT

BunagkoBa BenuynHa 3 piBHOMIpHMM PO3MNOAiINoM
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1.4. MopentoBaHHS TICEBIOBUITAIKOBOTO TAPMOHIMHOTO CUTHATTY
% MomeJsioBaHHSA IICEBIOBMIIAIKOBOI'O I'apMOHIMHOTO CUI'HAJY
xd = A'.*cos (2*pi*f'.*td); % dopmMyBaHHS 3HaAUEHb
% dopMyBaHHA Ipadiky
figure;plot(td,xd, 'Color',tColor, 'LineWidth',2);
set (get (gcf, 'CurrentAxes'), 'FontSize', 10); % 3Bumina mpudty
title ({'\rm [lceBOOBMNAOKOBUM TapMOHI1MHMI cuTHan'}); $ 3aroJIOBOK

o)

xlabel ('Yac,\it nT n\rm, c'); % Hammc oci abcuwmuc

[o)

ylabel ('Curnamn, \it x(nT n )\rm, B'); % Hammc oci opmmHar
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% ®opMyBaHHSA OGyHKI1I chnekTpasibHOI WMiJBHOCTI MOTYXHOCTI
[psd, freq] = periodogram(xd, rectwin (length(xd)), ...
length(xd), £fd, 'psd'); % dopmMyBaHHS 3HAUEHDb

% ®opMyBaHHS Tpabdixky

figure; plot(freq,psd, 'Color', fColor, 'LineWidth',2);

set (get (gcf, 'CurrentAxes'), 'FontSize', 10); % 3Bumina mpudty

title ({'\rm O®yHkIig cnekTpayibHOIl mijgbHOCT1 noTyxHoCTi', ...
'IICeBOOBUIIAAKOBOIO T'apMOHIMHOT'O CHTHaly'}); $ 3aroJIOBOK

xlabel ('YacTora, \it f\rm, Tu'); % Hanmc oci abcumc

ylabel ('CnexkrpanbHa misgbHicTe noryxHocTi, \it S(f)\rm, Br/T'n'); % Hamnuc oci
opIOMHAT
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