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[pakTuyne 3anaTTA 1
InenTudikauist 06’€kTiB MeTOgaAMM KOPEISINiIHHOI0 aHATI3Y

1.1.MeTa 3aHATTS
HaBuntics OyayBaTu eMmipuuHy JiHiIO perpecii Ta po3paxoByBaTH
KoeiIieHT KopemsIii

1.2.TeopeTnyuHi BitomocTi

InenTudikamis — 1e mnpomec MOOYJOBH MaTeMaTHYHOI MOJIEIi
00’eKxTa, afeKBaTHOI 00’€KTy 3 TOYHICTIO JO 33JaHOTO KPHUTEPIo.
ToOTo, mpu po3B’si3aHHI 3a1a4l ieHTH(DIKALIT HEOOXITHO BU3HAYUTHU
Halikpally B JEsKOMY pO3YMiHHI MOJAENb 00 €KTa, siKa OIHUCYE
CHIBBIIHOLICHHS MK BXIJHUMH 1 BUX1THUMH CUTHAJIAMH.

Po3pi3HsAOTE CTPYKTYpHY Ta NapaMeTpU4Hy iIeHTH}IKaIIito.
CrpykTypHa imeHTH(]iKamis TMONSATa€ y BU3HAUCHHI CTPYKTYpH
MaTeMaTHYHOI MOJIeNi Ha IMJACTaBi TEOPETUYHUX MipKyBaHb.
[lapamerpruna — y BHW3HAYEHHI OI[IHOK MMapaMeTpiB MoneTi 3a
EKCIICpUMEHTATbHIMU JTAHUMH.

[lix igenTudikamielo y By3bKOMY 3Ha4€HHI PpO3YMIilOThH
OIIHIOBaHHS TapaMeTpiB MaTeMaTHYHOI MOJENl Tpu 3axaHii
CTPYKTYpl MOJEJI 3a pe3yjbTaTaMyd BUMIPIB BXIJHUX Ta BHXIJHHX
CHUTHAJIIB.

[lin ineHTudikamiero B IMHPOKOMY 3HAYEHHI PO3YMIIOTHh SIK
moOynoBy camoi Moienti 00’ €KTa, TaK i BU3HAYEHHS ii mapaMeTpiB.

OCHOBHMMH NIOCTAaHOBKaMH 3aBJIaHb 1IeHTU(IKALIT €:

— BU3HAYCHHS XapaKTEPUCTUK 00'€KTa;

— BH3HAYEHHS BJIMBIB Ha 00 €KT;

— BU3HAYCHHS IIaAPaMETPiB CTaHYy.

Po3B’s13aHHS MMOCTaBJICHUX 3aBAaHb 1IeHTU(IKAIIT 3MIHCHIOETHCS
METOAaMH MapaMeTpUYHOi 1 HemapameTpuuHoi izeHTHdikauii. [lpu
BUKOPUCTAaHHI METOJIB MapaMeTpUIHOi iIeHTU(iKalii BU3HAYAIOTHCS
KoedimienTrn nepenatodHoi GyHkiii abo piBHIHHS 00’ €KTA.

Hpyra rpynmna MeTOHiB BHKOPHUCTOBYETHCS JJSl BHU3HAUYCHHS
4acoBMX a00 YacTOTHUX XapaKTepUCTUK OO0 €KTIB, a TaKOX
XapaKTePUCTHUK BUIAAKOBHX MPOIIECIB, 110 TEHEPYIOTHCS 00’ €KTaMHu.

InenTudikaiis 00’€KTIB MeTOAaMH KOPEJIAIIMHOIO aHamizy
JI03BOJISIE BCTAHOBUTH ICHYBAaHHS 3B'S3KIB MK JOCIHiIKYyBaHUMH
napameTpamM Ta OIHUTH CTYIiHb Takoro 3Bs3Ky. OCHOBHUMH
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3aJlayaMH KOPEJSIHOTO aHalizy 00’ ekTa (mporiecy) €:
- BU3HAYeHHA (OpMH 3B’S3Ky MDK BXIJHUMH  X{,..., X, 1

BUXIIHUMH Yq,..., Y, apameTpamMy (OTpUMaHHA MOJENI — JIIHIHHOI,
HEJTIHIHHOT);

- pO3paxyHOK CTYNEHA 3B 53Ky MDK BXIJHMUMH Ta BHXiTHUMH
napameTpamu;

- BUOIp BXiIHUX 3MIiHHHX, SKi MalOTh HalOINBIINK BIUTUB Ha
BUXIJTHY 3MiHHY 1 € He3aJIeKHUMH (HE BIUTUBAIOTH OJJHA HA OJHY).

Y BuUMamKy OXHOMIPHOTO 00’€KTa 3a EKCIepUMEHTaIbHIMH
JaHuMU OynayioTh TpadidHy 3alekHICTh MDK BXiIHUM X Ta
BUXIIHUM y IapaMeTpaMu, IO HA3UBAETHCS EMAUIPUUHOIO JIHIEI0
peepecii.

MeToarka OTpUMaHHS eMITiPHYHOT JIiHIT perpecii HacTymHa.

1. ExcnepuMeHTanbHI TOYKHM HAHOCATh HAa TIOJE KOPEIAlii B
koopauHatax ( x, y ). Bech miana3oH 3MiHu x Ha Mo Kopessmii (puc.

1.1) po306uBaeThCst Ha piBHI iHTepBaIH AX .

y
s ><><
40 X
X §><
30 x XX WX R X
X XX Xy XX
] X XX %
20 KA KK X X ><><><
X §x S XXX X
10 - X X
X
BX XK S
0 XXX XX X
0 0,5 1 1,5 2 2,5
Puc. 1.1. Kopensuiiine mone

2. Yci TOYKHM, OIO0 MOTpanmuid B  iHTEpBal ij, j=Lk
BIIHOCATH JI0 HOr0 CEepeAVHH X i s 11bOro  miJIPaxoBYIOTh

YaCTKOBI1 cepesHi Vi I KOXHOT'0 iHTEepBay



dl | . T
Y= Zyj,-,J=1J<,
nj i=1

Jie Nj — KilbKICTh EKCIEPUMEHTANBHAX 3HAY€Hb Y jirl= 1Ln j B

k
inTepBam Ax i’ Zn i= N, ne k — KiITBKICTh iHTEPBAJIiB PO30OMBKH;
j=1
N — KUIBKICTh €KCIIEPUMEHTAILHUX JaHUX B YCiX iHTepBajax (00csr
BHOIpKH).
3. IlocnizoBHO 3'€AHYIOTH TOYKH (x iy j) BiZpi3KaMH TPSIMO].

OTtprMaHa JlaMaHa Ha3UBA€EThCS EMITIPUYHORO JITHIEIO perpecii.

3a Qopmoro emmipuyHOi JiHIi perpecii poOIsATH mMomepeaHi
MIPUITYIIEHHS: MOJIENbh 00’€KkTa MOXe OyTH 3amaTu JiHIHHAM abo
HEJIHIAHUM DiBHSHHSM. J{JIs1 OTO TPOBOAATH OLIHKY CTYIEHS
3B’S13KYy MIXK ITapaMeTpaMi METOAaMHU KOPEJiHHOTO aHati3y.

BenmuunHa 1iHIFMHOT 3aJ€KHOCTI MDK JBOMa IapaMeTpaMu
BUMIPIOETBCSL  4epe3 TMPOCTHH KOe]iIieHT KOpemsiii, BennduHa
3aJIeKHOCTI  BiJ JIEKIIBKOX — 32 JOMOMOTOI0 MHOKHHHOTO
Koe(ilieHTa KOpesIlii.

Jiis  OIHKM CTymeHs JiHIHHOTO 3B’A3Ky MDK BXiJIHUM Ta
BUXI1JTHUM MapaMeTpaMy BUKOPHCTOBYIOTh KOE(Ili€HT KOPEsIIii

Z(xi_Mx)(yi_My)
r, ==l , (1.1)
Y (n-1)\/Dy Dy
1 & 1 &

e DX:_Z(xi_MX)z’ Dy =— (v; =My )’ -
n—1;5 n—1;5

mucnepeii, M, M |, — cepenni apu(METHYHI 32 X Ta , 1 — KIJIbKICTb

. I Z
excrepumentis, K, = m Z(xi -M, )(yi -M y) — Ha3MBAETHCA
L=l

JPYTUM 3MillIAHUM MOMEHTOM.



Hns GaraToMipHOro 00’€KTa CTYHiHb JIHIHHOTO 3B’SI3KYy MiXK
BUXIJIHOIO 3MIHHOI ) Ta K BXiTHHUMH X j (j=1k) ominroerscs

Koe(ili€HTOM MHOXHUHHOT KOPEJISIIIii

R,, = \/alryx1 tagly,, Fotapr,, . (1.2)

Koedimieatn a Iz j =1k 3HaxomaTth 3 HACTYIHOI CHUCTEMH

PIBHSIHB
H H H H k H
VI = @X] +axX)] et ap Xy = D a X,
Jj=1
H H H H k H
Yy =a1X12 +azx22+...+akxk2 = ZCIjxj2,
j=1 (1.3)
H H H H k H
Yu = a1X1, +a2x2n +...+akxkn = Zajx]'n,
j=1
e yl ,x]l HOPMOBAH1 3HAYCHHSA BIAINIOBIAHO BUXIAHO1 Ta BXIJIHHUX

3MIHHUX B I-MY €KCIIEPHUMEHTI

. x:.—-M - _
yH =t X H TN 2 ik i=1Ln. (14)

Koediuienn kopemsuii 7y, , R, MOXyTb NpuiiMaTH 3HA4CHHS B
miamasoni Bixg 0 go 1. YuMm Oinblie 3a aOCOMIOTHUM 3HAYEHHSAM Fyy
abo R, , THM CHIIbHIIIIA JIiHII{HA 3aIEKHICTh MK [apaMeTPaMH X Ta
y. Hynboge (a0 Os1u3bKe 10 HyJIs) 3HaYeHHS KoedillieHTa KOpesiii
BKa3ye Ha BiJICYTHICTh JIIHIMHOTO 3B 3Ky MK BXIJHMMH 1 BUX1THOIO
3MiHHHAMH.



Hpu 1y, = 1 Mae Micre JTiHIHA 3aJIEKHICT MIXK X Ta }'y BUTIISII
y= bo + blx .
IIpu R Xy = 1 miHidHWHA 3B’A30K MK ¥ Ta k BXITHUMH

X (j =1,k ) 3amaerpcs y Burimsaai

k
Y= Y(Xp s Xp )= by + by Xy + ...+ by x; = 2bix;, xp=1.
j=0

1.5)
Koediuientu by,b,...,b; 1yKaroThCs, SIK MPaBHIO, METOAAMH
perpeciitHoro aHaiizy.

1.3. Po3p’si3yBanHs 3a1a4

3agava 1.

[MoOynyBaTi emmipuyHy JIiHiIO perpecii Ta po3paxyBaTH
Koe(ilieHT Kopendii [uist 00’ €KTa KepyBaHHS JESKOTO pe3epByapa 3
BIJIbHUIM BUTOKOM piAMHHU. 3a BXifHYy BEIHYMHY X B3STH 3MiHY
BUTpAaTH Ha BXOJi, 3a BHUXIOHY Yy — 3MiHy BIJIBHOTO 00’eMy
pe3epByapa (00’ eMy, HE3aIIOBHEHOTO PiIUHOIO).

B pesynbrati npoBeecHHS SKCIIEPUMEHTIB Ha 00’€KTI, OTPUMaHi

HacTynmHi 3HadeHHs Xx; 1 y;, i=Ln, n=10 - xingbeKicTs
eKcriepuMeHTiB (Taba. 1.1):

Taomuns 1.1
ExcrieprMeHTanbHI 3HaYSHHS BXiIHOTO Ta BUX1THOTO CUTHAJIIB

i 1 2 3 4 5 6 7 8 9 10

X; 10 12 14 16 18 | 20 | 22 | 24 | 26 | 28

y; | 11 10 8 8,3 6 62 | 53 | 41 |45 | 35

Ha ocHoOBI mpoBeIecHNX pO3paxyHKiB BCTAHOBUTH YU ICHYE
JiHI{HA 3QJIe)KHICTh MIXK X Ta ).

Po3B’sa30K



Hanecemo excrieprMeHTalIbHI TOYKHU Ha MOJIe KOpesiiii (puc.
1.2). Bechb niana3oH 3MiHM X Ha TOJIi KOpesilii po30uBaeMo Ha

pieni inteppamu Ax;, j =1k, ne k =35. IlinpaxoByemo yacTkoBi

cepeiHi y j AUIs KOXKHOTO iHTepBally 3a CIiBBIIHOLICHHSM

10

0 T T T T T
0] 5 10 15 20 25 X

Puc. 1.2. ExcriepuMeHTalbHI TOYKY 32 JaHUMH TaouI. 1.1

_ 1 U )

yj :_Zyjl’] :1,5
n; =1

_ 1 _ 1

Ji =5 (11410)=105, 5, =2(8+83)=815,

v3 :%(6—%6,2):6,1, §4=%(5,3+4,1):4,7,

vs :%(4,5+3,5):4.

3HaX0IUMO CEPEIUHY KOKHOTO 1HTEpBAITY Xj, Jj= 1,_5
x, =11y x, =15; x; =19; x, =23; x; =27.

Hanocumo Ha puc. 1.2 CyKynHICTH OTPUMaHHUX TOYOK (x > y j)



Ta 3’e¢AHyeMo ix mpsmumu. OTXKe, eMIipu4Ha JiHis perpecii

nobOynoBana (puc. 1.3).

Jaui po3paxyeMo BENWIHHH, 110 BXOAATH y popmymy (1.1).
3uaiiiemMo cepenre apudmernune My =66.9/10=6.69 i

My =190/10=19, Binxunenns 3nauens y; i x; Bin My, My,

a TakoX X 7oOyTkH (Tadm. 1.2).

y

10

XK\
X
T T I T T 1
5 10 15 20 25 30 X
Puc. 1.3. Emmipuyna niHist perpecii 3a ganumu tadm. 1.1
Taomums 1.2

3HaueHHs BX1HOI0, BUX1JHOI'O CUT'HAIIB Ta MHOKHHKIB

KoedilieHTa Kopesiii

i X; Vi x,'_Mx yi_MY (xi_MX)'(yi_My)
1|10 11 -9 4,31 -38,79
2 |12 10 -7 3,31 -23,17
3114 8 -5 1,31 -6,55
4 116 | 83 -3 1,61 -4,83
5 |18 6 -1 -0,69 0,69
6 | 20| 6,2 1 -0,49 -0,49
7122 5,3 3 -1,39 -4,17
8 |24 | 4,1 5 -2,59 -12,95
9 126| 45 7 -2,19 -15,33
10 | 28 | 3,5 9 -3,19 -28,71
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Jani BU3HAYMMO OLIHKH AUCTIEPCIH
" 110 ’
Dy = 52()’;’ ~My )" =646,
i=1

« 110 2
Dy zaz(x,. ~My ) =3667.
i=1
[ligcraBuBIM OTpuMaHi 3HaueHHA y popmyiny (1.1), oTpumaemo
10
Z(yi _Myxxi _Mx)

par 134,30

Ty = =— ~- 097
v 9../6,46-36,67 138,55

Otxe, MOJKHA 3pOOUTH BUCHOBOK, 1110 BEJIMYMHA y 3B’f3aHA 3 X

JOCTATHBO CHJIBHUM TPHYMHHHAM 3B’S3KOM, OJNHM3BKUM MO JIiHIAHOL
3QJIEKHOCTI, a OTKE 3B’SI30K MDK BXIJHUMH Ta BHXIIHUMHU

napamMeTpamMu MOXKHA ONUCATH y BUAI y = by + by x .

3agaua 2.

[TobymyBaTu KOpeIsIiiHe ToJIe Ta eMITIPUYHY JIiHII0 perpecii ms
BeOep-aMIepHOi XapaKTePUCTHKH i(l//) KOTYIIKH 3 (hepOMarHiTHUM
CEepIICYHHKOM 3T1THO 3 eKCIIEPUMEHTAIBHUMHE JJaHUMH Ta0u.1.3.

Taomuus 1.3
3HaueHHs BeOep — aMIIepHOi XapaKTePUCTUKA

v , BO 0,1 025 1035 (045 |055 [0,75 | 1,0

i, A 0,02 10,07 0,12 |0,18 |0,22 |0,35 | 0,45

Po3B’s130K
Hns  moOynoBu emmipuyHoi JtiHII perpecii HaHeceMo Bci

eKCTICpUMEHTAIIbHI TOYKU 1/,i HA CHCTEMY KOOPIMHAT (l//,i). Hami

BECh Jliana3oH 3MIiHM |/ Ha MOJIi Kopemsuii po3i0’eMo Ha TpH piBHI

IHTEepBAIN

_1,0-01
3

Otxe, Bech iama3oH 3MiHU ¥ PO30MTO HA HACTYITHI IHTEpBAIN:

Ay 0,3.
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Ay, €(0,1,04), Ay, €(04,0,7), Ay, €(0,7,10).
3HaifIeMo B KO)KHOMY 3 IHTEpBaJIiB CepeaH] 3HAUCHHS

— 01+04 —  04+07

v, =025, vy, —T=0,55,
l//_3 _ 0,7+1,0 —085.
Jaii migpaxyeMo 4acTKOBI cepenHi i j JUIA KOXKHOTO IHTEpBay
j=123
. 0,02 + O,;)S +0,14 0,08, P 0,18+0,22 02,
P 0,35;0,45 04,

[lotim B cucteMi KoOpaWHAT (l,u,i) HAHOCHMO TOYKH (l// j,i ,-),
j=12,3 Ta mocmigoBHO ix 3'eAHyeEMO Biapizkamu mpsMoi. B
pe3yIbTaTi OTPUMYEMO eMITIpHYHY JIiHit0 perpecii (puc. 1.4).

i

0.4 %
0,35
0,3 /
0,25 7
0,2 -
0,15 -
0,1
0,05 =
0 T T T T T 1
0 0.2 0.4 0.6 08 1

Puc. 1.4. Emnipryna niHist perpecii 3a nanumu tabn. 1.3
1.4. CamocTiiina podota

B pesynbrari npoBefieHHS €KCIIEPUMEHTIB Ha 00’€KTi, OTpUMaHi

12



3HA4YEHHS BXIIHOTO X Ta BUXIJHOTO y CHTHAJIB 3rigHo Tab:x.l.4:

x;1y;,i=Ln, n=>5 —KiIbKicTb EKCICPUMEHTIB.
Tabmnns 1.4

ExcniepuMeHTalIbHI 3HAYCHHS
BXITHOTO Ta BHXIJHOI'O CUTHAJIB

i [ 1] 2 3 4 [ 5
. | 3| 22]-05]-02]09

1

y, | 104 0 [ 12| 2

HeoOxiano:

a) moOyayBaTH EMITIpUUHY JiHIIO perpecii;

0) po3paxyBaTu KOedillieHT KOpeIsllii Ta BCTAHOBUTH UM iCHYE
($yHKLIOHATIbHA JIiHIITHA 3aJIEKHICTh MIX X Ta ).

Po3B’s130k
Hanecemo excnieprMeHTalIbHI TOYKM Ha TIOJIe KOPEJSIii (puc.
L.5).

=

;0

]

z

15

T2

L

a-c

oo

el

I T T T L= T 1 X

A 2 3 4 0-C 4 9
& -3 L -1 e 1 A

1

L

1 C
1,0

Puc. 1.5. ExcriepuMeHTanbHi TOYKH 3a JaHUMU Tabu. 1.4
Beck nmiama3oH 3MiHM X Ha 1OJIi KOpessiuii po30uBaeMo Ha piBHI

. L -3+09 e
iHTEepBaIN ij,] =1Lk,ne k=3: ij :T:L:’),]:l,k.
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ITizpaxoByemMo 4aCTKOBi CEpeHi y ; I KOKHOTO iHTepBaiy 3a

CHIBBIHOLIEHHIM

_ 1 g . =
nj iz

2.

B =5 C1-04)=-07; 3, = (0+12)=06; 7

3HaxX0MMO CepeInHy KOXKHOrO inTepBany X ;, j=1,3

13 13

x, =-3+—=-235; x2=—3+1,3+7——1,05;

1,3

X3 =-3+2-13+2==025.

Hanocumo Ha puc. 1.5 CyKynHICTH OTPUMaHHUX TOYOK (x iy j)

Ta 3’enHyeMo iX mnpsmumu. OTKe, eMIipu4Ha JIiHis perpecii

nobOynosana (puc. 1.6).
y

-
<

[y g

A

[REY

S
e

-
/ e
0
| I >/ | . I
A 2 1 - 1 -l
= =] A L L ) L 4
k1
s

1 C
1,0

Puc. 1.6. Emmipuyna niHist perpecii 3a ganumu tadin. 1.4

Hani po3paxyemMo BeIMYHMHY, IO BXOIATH Y popmymy (1.1).
3uaiizemo  cepemni  apudmermani My =-5/5=-1 i

My =1,8/5=0,36, Binxwurenus 3uauens y; i X; Bix My, My,

a TakoX ix 100yTku (Tadmn. 1.5).
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Tabmunsg 1.5
3HaYeHHs BX1JIHOI'O, BUXIHOTO CUTHAIIIB Ta
MHOXHUKIB KOe(iIlieHTa KOPEIAITii

i X; Vi | XMy | y,—M, (xi_MX)'()’i_My)
1 -3 -1 -2 -1,36 2,72
21-221]-04 -1,2 -0,76 0,912
31-0,5 0 0,5 -0,36 -0,18
41-02] 1,2 0,8 0,84 0,672
5109 2 1,9 1,64 3,116
JlaJii BU3HAYMMO OLIIHKH JUCTIePCii
R R
D, = EZ(yi _MY)Z =298,Dy :EZ(xi _MX)2 =497.
i=1 i=1
[lincTaBuBIIM OTpUMaHi 3HaYeHHS y Gopmyiny (1.1), oTpumaemo

5

Z(yi _Myxxi _Mx)

VNG 724

® 2.J298.497 769

OTxe, MOXKHA 3pOOHMTH BUCHOBOK, IO BEJIMYMHA Y 3B’si3aHa 3 X

=0941.

JOCTAaTHLO CHIIbHHUM MPUYMHHUM 3B’A3KOM, OJIM3bKUM JIO JIHIHHOT
3aNIe)KHOCTI, a TOMY 3B’S30K MK BXIJHAM Ta BUXIJIHUM

HapamMeTpaMu MOXKHA ONUCATH y BUAi y = by +byx.

1.5. JlomaniHe 3aBAaHHSA

1.BuBUMTH TEOpETUUHHI MaTepiaa HACTYITHOI TEMHU MPAKTUIHOTO
3aHSATTAL.

2.IloOynyBaTH eMITIpUIHY JHIO perpecii 3a
eKCHEepUMEHTAIbHUMU JTaHUMH 3rigHo Tabn. 1.6 (e p —
MOPSIAKOBUIT HOMEp CTYAEHTA B XKypPHAaII).

Tabmuus 1.6
ExcriepuMeHTaNbHI 3HAYSHHS BX1THOTO
Ta BUX1JHOI'O CUTHAJIIB

15



! X Vi

1 -6 -3,0-p
2 -5 -25p
3 -4 -1-p
4 -2 0

5 0,5 1-p
6 1 1,5-p
7 2 1,7-p
8 3 1.9-p
9 5 20-p
10 6 2,1-p
11 7 2,05-p
12 8 2,1-p
13 9 24-p
14 9,5 245-p
15 10 25p

Po3B’s30k. Hanecemo ekcriepuMeHTanbHi TOUKH Ha MOJIe
kopessinii (puc. 1.7).

(48]

N

[REY

Lan]

[uEY

M2

2
=)

il
i

C
=

Puc. 1.7. EkciepiMeHTaIbHI TOYKH 32 TaHUMH Taodm. 1.6

Becp niamazon 3MiHM X Ha HOdi KopeJsmii po30uMBaeMo Ha TpH

16



piBHi iHTepBaM ij, j=Lk, e k=3:
-6 +10 =
Ax; =———=533,j=13.
3

ITigpaxoBY€EMO YacCTKOBI cepeHi y j JUIS KOJKHOTO IHTepBay 3a
CIiBBIIHOIICHHSIM
_ 1 U . =
nji=l
_ 1
y ZZ(_4 -25-1+0)=-1875; y, = i(1+l,5 +1,7+19)=1525;

V3= %(2 +21+205+21+2,4+2,45+2,5)=2,23.

3HAaXOMMO CepeMHy KOXKHOTO iHTepBany X ;, j =13
Xy =—6+"-=-333; x, =-3335+533=199;
x3=1995+533=732.

Hanocumo Ha puc. 1.7 CyKynHICTh OTPUMaHUX TOYOK (x j y j)

Ta 3’e¢mHyeMo iXx mnpsmuMmu. OTKe, eMIipu4Ha JIiHis perpecii
nobynoBana (puc. 1.8).
Y

il
ik

2 y_ S XX
-10 5 X/ 5 10
>< 4

il
i

=y
O

Puc. 1.8. Emmipuyna niHist perpecii 3a qanumu Tadi. 1.6

1.6. KoHTpoJIbHi 3aNUTAHHA
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WD

NV s

10.

SIKi OCHOBHI 3a/1a4i KOpEJSiHOTO aHaizy?

[{o Ha3MBa€ETHCS EMITIPUYHOIO JTIHIEK perpecii?

B womy momArae mMeromwka OTpPHMAaHHS EMITIPUYHOI JIiHIi
perpecii?

JJ1s1 40T0 BUKOPUCTOBYIOTHCS KOE(ILiEHTH KOPEIISLii?

SIK po3paxoBy€eTHCS MPOCTHI KOEPIIiEHT KOpesii?

S po3paxoBy€eTHCS MHOXKHHHUN KOS(IIiEHT KOPETsIii?
Sxmo mnpoctuilt koedilieHT Kopemswii piBHUE 1, sAKOIO
3aJICKHICTIO MO)KHa OMUCATH 3B’S30K MDK BXIAHAMH Ta
BHUXITHAMH TTapaMeTpaMu’?

Slke CHiBBiIHOWICHHS HA3WUBAETHCS APYTMM  3MilIaHUM
MOMEHTOM?

3a MOMOMOTOI0 SKOTO Koe(illieHTa BUMIPIOETBCS CTYITIHB
3B’SI3KY MiJK BUX1HOIO 3MIHHOIO y Ta k BXiZHUMH?

Sxuit mapameTp BKa3ye€ Ha BIJICYTHICTH JIIHIHHOTO 3B’SI3KY
MIDXK BXITHAMH 1 BUXITHOKO 3MIHHUMU?

18



IIpakTuyHe 3aHATTSA 2
InenTudikanisi 3a MeTo10M HaliMeHIIMX KBAJAPATIB

2.1. MeTa 3aHATTA
HaBunTrcs OyayBatu perpeciiini Mmoaeni

2.2. TeopeTuuHi BizomocTi

MeTon HaliMEHIIMX KBaJpaTiB 3aCTOCOBYETHCA JJIsi OOpOOKH
CKCIIEPUMCHTAIILHUX JaHHUX, B TOMY YHCII 1 JIsl 0OpOOKM BXITHUX i
BUXIIHAX CUTHAIIIB.

PosrnsiHeMo HalimpocTilvii BUTIISA PiBHSHHS MOJEN, Y SIKii Ha
BUXIJIHY BEJTMUMHY ) BIUTUBAE OJIHA BXiJHA BEIMYMHA X

y(x)=by +bx. 2.1)

Jlnsi BU3HAYEHHs MApaMeTpiB MOJIENi BapTO 3HAWTH 3HAYECHHS
koediuientiB by, by. 3a BiACYTHOCTI mepemkojg s LbOro

JOCTaTHRO ABOX JIOCIIIIB 1 pO3B’sI3aTH PiBHSHHS
Y1 :bo +b1x1; ) :bo +b1.X2. (22)

SKIO  JO0CHIKYBaHAa CHUCTEMa XapaKTEePU3YEThCS JIIHIHHOO
3aJIOKHICTIO 1 B HiIM HE BHHUKAIOTh IMEPEHIKOAM, TO BCi iHII
eKCIIepHMEHTANIbHI JaHi TOBUHHI YKJIanaTucs Ha mpsiMiid. OpHaK Ha
MIPAKTHIIl 3aBK/U ICHY€E PO3KU/I Pe3yIbTaTiB, 00YMOBIEHHA BILTHBOM
BUIIAJKOBUX (haKTOpiB. Y TaKkWX BHIIAJKaxX JUIsl 3HAXOJKCHHS
Koe(IIieHTIB bo i by mpoBomsite N JOCHIAIB 1 OHEPKYIOTH
HEBU3HAYCHY CHCTEMY PIBHSIHb

y1 =bo +bxp,

y2 = bO +b1X2, (23)

YN =by +bxy.
HiCHﬂ IObOI'0 BUHHUKAE 3a1a4da yCCpCHHCHHH eKCHCpI/IMeHTaHLHI/IX
JaHUX, BOKPCMa 3a METOAOM HaﬁMeHIHHX KBaI[paTiB.

OcHoBHa ifes MeTody HaimeHmux kBaaparie (MHK) nomsirae B
3aMiHI eMIIPUYHUX JaHUX TEOPETUYHUMH, TOOTO JaHWUMH,

19



OJIEp’KaHUMH B PE3yJIbTaTi pillleHHs PiBHSHHA. SIKIIO HaHecTH
eKCIepeMeHTalbHI TOYKM Ha rpadik, TO JiHis, M0 HaWOUIBII TTOBHO
BioOpakae 3aKOHOMIPHICTh WX JaHWX Ta MOOYZOBaHA 32 METOIOM
HaMEHIINX KBaJpaTiB, HA3UBAETHCS JIiHIEO perpecii. L miHisa Mae
Taki BIIACTMBOCTI, IO BIAXWUICHHS IOCTIOHHX JAaHUX BIJ HaHUX,
onepxkanux 3a MHK, Oyne miHiManbHuM.

Merton HaiiMeHIIMX KBajpaTiB 0a3yeThcsl Ha MiHIMizammii F —
CyMH KBajpaTiB BiAXWIEHb BHUXIZHOTO TNapameTpa 00'€ekTa Bix
MoJieJTi. AHANITUYHO ISl yMOBA 3aMUCY€EThCS Y BUTIISIII

2

N
F=Y[y; - y(x)] =min, (2.4)
i=1

A€ y; — eKCIepHMMEHTAaJbHI 3HaYeHHs BUX1IHOI BEJIMYMHH B IOCIII

i. Ins moneni y(x)= by + b x matumemo

F= (yl- —by —byx; )2 =min. (2.5)

M=

I
—_

3uaiizemo noxizai o by, b Bix hpyHkuii F

oF N oF X

—=2 . —by—bix;), — =2 - —b —bx: )x;

abo E(yz 0 1 l) abl E(yz [2) 1 l)l
Ta TIPUPIBHAEMO 10 HYJIS

N N

N N
2
2V = Z(bo +blxi)’ D VX = Z(boxi +Dyx; )
i=1 i=1 i=1 i=1

OT)KG, 6y/:[eMo MaTHu HaCTyHHy CI/ICTCMy piBHHHLI

N
y; = Nby +b Y x;,
izl

N N,
YiXi =bo 2 x; +by Y xj .
i=1 i=1

=

~
Il
—_

(2.6)

=

Il
—_

1

3BiKHM 3HAXOAMMO Heinomi koeditientn by ,b; ninii perpecii

20



N N N N N
NZyixi—Zijxi 2 Vi —bi 2

by = izl =l =l g il i=l 27

1 N 2 0 N 2.7

2 N
NY xi =| 2%
i=1 i=1

Jus mobynoBu perpeciitHoi mozeni (kpuBoi perpecii) B MatLab
BHUKOPUCTOBYEThCS ~ KOMaHma  polytool(x,y), 1o CTBOpIO€E
miajgoroBe BikHO (puc. 2.1), 3 AOITOMOTOIO SIKOTO MOXHA OITIHUTH 1
IpHu HeOOX1THOCTI CKOPEKTYBaTH OTPUMaHy PETPECiiiHy MOJEIb.

JlaHe BIKHO MICTHUTB:

— moJie BioOpakeHHs JaHuX i rpadika perpeciiHoi Mozeni, a
TaKOX JIOJAaTKOBO BiOOpakarOThCS TPaHUIN JOBIPUOTO 1HTEPBAIY,
SIKMH XapaKTepHU3ye TOYHICTh MOJETI,

— CIHUCOK BHOOpY CTemeHi MmojiiHoMa JJisl PiBHSHHS perpecii
(Degree),

— I0JIe BBE/ICHHS /BCTAHOBJICHHS 3HAYCHb X Ta Y,

— Bumagarouuii cnucok Export ans Bubopy BeanuuH, siki OyayTh
30epekeHi B pobodomy mpoctopi MatLab (mpu BuGopi All — OymyTh
30epekeHi BCi BEIMYWMHHU , BijoOpakeHi y BikHi . [lpm mpomy
mporpaMa MporoHy€e Ha3BH JUIS [IUX BEITMYWH, SKI KOPHCTYBad MOXKE
3MIHHTH).

=} Figure No. 2: Prediction Plot of Linear Model —1o] x|
File Edit Yew Bounds Method Insert Tools Window Help

Degies [

120

100

80
T Walues

3715 60

+- 40
124654

20

o

-20

-40

[Export -1
Close |

Puc. 2.1. Jlinis perpecii 8 MatLab
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2.3. Po3p’si3yBaHHs 33124

3angaua 1.

st messkoro 00’ €KTa eKCIEpPUMEHTAIbHI 3HAYCHHS BXI1THOTO Ta
BUXIHOTO  CHI'Hally  X;,y; TpeacTaeneHi B Ttabm. 2.1,
BukopucTtoByroun MeToJ HaWMEHIIMX KBaApariB MmoOyqyBaTH

perpeciitHy Mozens 00’€KTa, M0 OMHUCYETHCS JTIHIHHOIO 3aJIEKHICTIO
y=ax+b.
Taomums 2.1
ExcriepumMeHTaNbHI 3HaYEHHS BX1THOTO
Ta BUX1JHOI'O CUT'HAJI1B

Ne nocniny 1 2 415
X -2 0 11314
y -1 051013

[TobymyBaTu rpadix JiHii perpecii.

Po3B’s130K
ExcniepumeHTanbHi TOYKM HaHECEMO Ha TIIOJIe KOpewsmii B
KoopauHatax (x,)) (puc. 2.2).

2 C
=T

'

(48]

un

]
<

M2

>
w

[AEY

D
un

}
T T T L= AT T T T
2 -l 1 - H 1 -l 2 il
=l 4 L L ) L 4 Pl =

[uEY

1 C
1,0

Puc. 2.2. Tlone xopensuii 3a nanumu taom. 2.1
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[IpoBenemo imeHTU(DIKAIIO MOJENII 3a METOJOM HaNMEHIINX
KBazpatiB. s 11bOro momepeaHb0 3HANHAEMO 3HAYCHHS HACTYITHUX
BHPA3iB:

5 5., 5 5
2x =612 =305 y; =25: > x5y =17,
i=1 i=1 i=1 i=1

Hamni migcTaBUMO OTpUMaHi 3HAaYeHHS B CUCTEMY PiBHSHB

5 5
2.y =5h+ay x;,
i=1 i=1

5 5 5.,
DXy =bY x; +a)y x;”.
i=1 i=1 i=1

B pesynbprati MaTumMemMo

2,5=5b+6a,
17=6b+30aq,
3BIIKU
b 2,5—-6a :
5
17 =6~M+30a=3—7,2a+30a =3+228a;
a=0614; b =w =-0,237.

OTxe, piBHSHHS JIiHIT perpecii MaTuMe BUTJIS
y=0,614x—-0,237.

[ToGynyemo rpadix orpumanoi minii perpecii. st uporo
3HAWIEMO JIBl TOUKH JIaHOT IIPSIMOI:

mpu x=0= y=-0,237, mpu x=4= y=222.

Hanecemo oTpuMmaHi TOYKM Ha MoOJIe KOpeNsiLii Ta NMPOBEAEMO
yepes HuX JiHiio (puc. 2.3).
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(9§

Puc 2.3. Jlinis perpecii y = 0,614x—-0,237

3amauga 2.
BuxopuctoByroun MeTOJ] HaWMEHIIWX KBaapaTiB MoOymyBaTH

JiHiIO perpecii ans  BeOep-aMIlepHOi  XapakTepucTuku [ (1,// )
KOTYIIKH 3 ()epOMAarHiTHUM CEpJICUHUKOM 3a TaHUMH Tadu. 2.2.

Taomums 2.2
3HaueHHs BeOep — aMIIepHOi XapaKTePUCTHUKA

w,B6 (0,01 (003 |005 |006 |008 |010 |O,11

I,A 0,05 |01 0,15 ]0,2 0,3 0,4 0,5

Po3B’sa30k
ExcriepuMeHTanbHI TOYKH HaHECEMO Ha TIOJe KOpelsiii B

KOOpIWHATaX (I,V,I ) (puc. 2.4).

[IpoBenemo imeHTH(dIKAIFO MOJEN 3a METOJIOM HANMEHIINX
KBazpariB. [ 11bOr0O MmomepenHb0 3HaWAEeMO 3HAYCHHS HACTYITHUX
BHpa3iB:

7 7 7 7
Z(//i =0,44; Zq/lz =0,0356; Zli =17 zl/lili =0,142.
i=1 i=1 i=1 i=1
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0,6

0,5

0,4

0,3

0,2

0,1
X
0 T T T T T 1 X

0] 0,02 0,04 0,06 0,08 0,1 0,12

Puc. 2.4. [Tone xopensnii 3a ganumu Tadi. 2.2

Jani migcraBuMo oTpUMaHi 3Ha4eHHS B CUCTEMY PiBHSIHb:

7 7
i=1 i=1

7 7 i 8
2wili=bYyi+ay i,
i=1 i=1 i=1

B pesynbraTi MaTHMEMO

1,7 =7b+0,44a,
0,142 = 0,44b + 0,0356a,

. 1,7-0,44a
3BigKH b= ———T"—
7
1,7 -0,44a

0142 =0,44- — +0,0356a = 0,107 - 0,0277a + 0,0356a =

=0,107 +0,0079a ;
a=443b=(1,7-044-4,43)/7 =-0,0356.

Otxe, piBHAHHS JiHIT perpecii MaTuMe BUTIISA
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[MoGynyemo rpadik orpumanoi minii perpecii. s uporo
3HaWEMO AB1 TOUKH faHoi npsimoi: ipu i =0 = [ =—-0,0356 pu

I =443y —0,0356.

v =01l= 1=0407.
Hanecemo oTprMaHi TOYKH Ha T0JIe KOPEIIAIII Ta MPOBEAEMO

gepe3 HUX JiHito (puc. 2.5).

y
0,6

0,5

0,4

0,3

0,2

0,1
>/
0]

0

3amauga 3.

0,02

0,04

0,06

0,08

0,1

0,12

Puc 2.5. Jlinist perpecii / = 4,43y —0,0356

X

Ha neskomy 00’ekTi mpoBelneHi eKkcriepuMeHTH. B pesynbrari

OTPHMAHO 3HA4€HHS BXIJHOIO X Ta BUXIJHOIO ) CUTHAIIB (X;,Y;),

110 3BeaeHi B Tadi. 3.1.

Taomumsa 3.1
ExcriepyMeHTaNbHI 3HAYCHHS BX1HOI'O Ta BUXIJIHOTO CUTHAJIIB
X 0 01| 02| 0,5 06| 0,8 1 2 3 4
y 0,1 1 1,2 14| 1,9 1,95 2,1| 2,5| 2,8 29

HeoOxigHo moOymyBaTH JiHir0 perpecii.
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Po3B’s30k. Hanecemo excrepuMeHTalbHI TOYKHM Ha CHUCTEMY
KOOpJIMHAT (x, y).

3,5

3 X X

2,5

X

2 x X

1,5

’ X

X
Y

0,5

0 X

0 1 2 3 4
Puc. 3.1. ExciepuMeHTalIbHI TOYKH 32 JaHUMH Ta0uI. 3.1

Sx Gauumo 3 puc. 3.1 eKcrepuMEHTaNbHI TOYKH HaOIHKEHO
BKIIaNal0Thes Ha rpadik dyHkiii y = b +b1\/; . TIposememo

BU3HAUYCHHS Koe(illieHIB bO , by 3a MeronoM HaiiMeHIINX KBAAPATiB

F= % (v = y(x))* = min,

F :Iz\l:(yj —by —bl\/x_i)z =min .

i=1
3uaiifemo noxiaui no by, by Bix dyHkuii F:

o =25 (5 -ty -1,

ob; o

OF N

B 22%()’1‘ —by _bl\/x—i)\/xi
T

Ta TIPUPIBHAEMO JI0 HYJIS
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X =2+ ) Lol =2l ).

i=1

Otke, OyIeMO MaTH HACTYIIHY CHCTEMY PiBHSHB:
10 10
Zyl = 10b0 +blz1’xi s
i=1 i=1
10 10 10
Zyiﬂxi zbozﬂxi +b]le-.
i=1 i=1 i=1
3BiJKHY 3HAXOAUMO HeBinoMi koediuientn by, by minii perpecii

10 10 10 10 10
IOZYi\/x_i_zin\/x_i Zyi—blZ\/Z
i=1 = = R

_ il =l b
b 10 10 2 ¢ 10
102 Xi— (Z \/x_z J
i-1 i=1

3HaiitleMo 3HaYeHHS HACTYITHUX BUPa3iB:

10 10 10

Z\/x»i:9,286; Dy =1785; Zyi\/x_i:21,34; %xi —122;
i=1 i=1 i=1 i=1
10-21,34-17,85-9,286 B 213,4-165,75 B 47,69 - 1333

>

b =

10-12,2-9,2862 ©122-8623 3577
by = 17,85—1,13033-9,286 0,547,

Otxe, piBHAHHS JiHII perpecii MaTUMe BUTIIS
y =bg +by\x =0,547 +1333x .

[Todynyemo rpadik minii perpecii (puc. 3.2).
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Puc. 3.2. Pipmamus minii perpecii y = 0,547 + 1,333\/;

2.4. JloManIHe 3aBIaAHHS

1. TlobymyBatm miHit0o perpecii mis  Bebep-aMmIepHOi
XapakTepucTuku [ (1//) KOTYIIKH 3 (pepOMarHiTHUM CepACYHHKOM
3TiJHO 3 JAHUMH, HaBeleHUMHU B Ta0i. 2.3, 2.4. [ToOynoBy 3niHCHUTH
JIBOMa CIIoco0aMu, a caMe 3a METOJOM HaWMEHIIMX KBaJpaTiB Ta 3
JoroMoroo mporpamu  Matlab.  3poOuTH  BiAMOBiTHI BHUCHOBKH,
MTOPIBHABIIY OTPUMaHI PE3yJIbTaTH IBOX CITOCOOIB.

Tabmuns 2.3
ExcniepuMeHTalbHI 3HAYCHHS |/

w,B6 |00 [001 [003 [005 006|008 [010 |0,11 |

Tabmuus 2.4
ExcriepuMeHTalIbHI 3HAYCHHS CUIIA CTPYMY

Negap. | I,A

1 0,0 0,06 10,09 10,14 (0,21 0,32 |0,38 |0,51
2 0,1 0,2 033 1045 1046055 |0,67 |0,82
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3 0,12 10,24 037 1052 |06 |[068 |0,76 |0,98
4 0,15 103 043 1055 1067074 |09 1,0
5 0,08 |0,1 0,17 1024 10321045 0,55 |06
6 0,05 10,06 |0,1 0,2 035104 0,5 0,7
7 0,11 10,17 0,22 10,35 |0,52]0,67 [0,75 |0,98
8 034 1046 (052 [0,68 |071][086 |098 |1,12
9 025 1036 [042 051 |065]071 |080 |091
10 0,05 10,07 [0,09 |02 0251035 1055 (09

2.BUBYHNTH TEOPETUYHHI MaTepiaj HACTYIHOI TEMHU MPAKTUIHOTO
3aHSATTAL.

Po3B’s13aHHS AOMAIIHBOTO 3aBAAaHHA 1.

3aBaHTaxxyeMo mporpammy Matlab. JIns moOymoBu piBHSHHS
JIiHIT perpecii BBOAUMO HACTYITHI KOMaHIU

>> w=[0.01 0.03 0.05 0.06 0.08 0.1 0.11];

>>1=[0.05 0.1 0.15 0.2 0.3 0.4 0.5];

>> polytool(w,I)

B pesynbrari oTprMyeMo HacTynHUi rpadik (puc. 2.6).

_J Figure No. 1: Prediction Plot of Linear Model 9 . [ ]|
File Edit Yiew Bounds Method Insert Tools  Window Help
Degrea [ 7
0B " "
— -
osf - o
-
-
nal - .
-
¥ Values o P
ooovzrs 031 e + P J
o - —
2 ozt - + —
- + -
011615
01F 4+ —
-
+ -
Qb . B
s
— -
01k
azW . . . , . , . , . ,
001 002 003 004 005 D06 007 008 003 01 011
Export - [ ooorizs
Close = Walues

Puc. 2.6. Jlinist perpecii 1 = 4,42y —0,0353

VY BikHi, mo Bigkpwiocs y moisi Export i3 crnucky BuOHpaemo
parameters.

JHani mepexoauMo B poOOdYWil MPOCTip 1 BBOAMMO iM’sI 3MIHHOT
beta. B pe3ynbraTi OTpUMYEMO
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beta =
4.4245 - 0.0353.

Omke, 3HadeHHs koedimientiB a Ta b: a=4,4245,
b=-0,0353.

AmHanoriuno 3amadi 2 OyayeMmo IiHIIO perpecii 3a JaHUMH TaOIl.
2.3, 2.4. PoOMMO BiAIIOBIIHI BUCHOBKH.

2.5. KoHTpoJIbHI 3anUTaHHSI

1. 1751 4OTO BUKOPHUCTOBYETHCSI METO HAMEHIINX KBaJpaTiB?

2. Slkuii HAUTIPOCTIIIMIA BUTIISA PiBHSHHS MOZAETI 00’ ekTa?

3. SIxa ocHOBHA iiest MEeTOly HAaIMEHIITNX KBaIpaTiB?

4. Sk aHamiTHYHO 3alKMCY€ThCSI YMOBa MiHiMizalil cymu
KBaJIpaTiB BIAXWICHb BUXITHOTO MapaMeTpa 00'eKTa Bij Moaei?

5. o Ha3uBaeThCH TiHIEIO perpecii?

6. Slxa ¢ynkmis MatLab BuKOpuCTOBYEThCS ISl TOOYIOBH JiHIT
perpecii?

7. SIx 3HAXOAATHCS KoedilieHTH JiHii perpecii?

8. Sk BuOpartu creminb MoJiHOMA JTiHIi perpecii mpu i cTBOpeHHi
3acobamn MatLab?

9. Ak BuBecTHM Ha ekpaH Koe(illieHTH KpHUBOi perpecii mpu ii
o0y /0B 3 gornomoror GyHkil polytool (x, y) nporpamu MatLab?

10. o xapakrepu3ye AOBipuuil iHTepBaI B rpadidHOMY BiKHI,
CTBOpPEHOMY 3 Jomnomorow QyHKUii  polytool (x, y) nporpamu
MatLab?
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MpakTnyne 3ansarrs 3
InenTudikauist 00’€KTiB HA OCHOBI MOBHOI0 Ta IPOOOBOr0
(pakTOpHUX eKCTIEPUMEHTIB

3.1. MeTa 3aHATTHA
HaBuntnce OymyBatu miHii perpecii 3 BUKOPHCTaHHIM TOBHOTO
Ta IpoOOBOTO (PAKTOPHUX EKCIICPUMEHTIB

3.2. TeopernuHuii MaTepiaJ

[ImanyBaHHS eKCIIEpUMEHTY — 1€ MPOoLeC BHOOPY YMcia # yMOB
3MIACHEHHS JOCIiAIB, HEOOXIMHMX 1 JOCTaTHIX JJIs BUPIMICHHS
MTOCTaBIIEHOI 3a/1a4i 3 HeOOXiqHOI TOUHICTIO. ONHMH 3 HAUTIPOCTIINX
Ta HaHO1ITbIIT PO3TOBCIOKEHUX METO/IiB TUTaHYBaHHS
EKCIICpUMEHTIB € TOBHUA  (aKTOpHMH  eKClepuMeHT. 3
BUKOPHCTAHHSM IOBHOTO ()AaKTOPHOTO EKCIIEPUMEHTY MOKHA
OTPUMATH MaTeMAaTH4YHI MO/IETi 00’ €KTiB.

Hns  omucy o0’ekta  igeHTU]IKalii  BHKOPHUCTOBYETHCS

MareMaTHYHa MOJIE/b Y BUTJISI PiBHSHHS Y = f (xl, X9 5euns xn) .
BuxigHa 3MiHHA y — peakiis 00’€kTa Ha BXIiJHI BIUIMBH,

Ha3uBaeTbesl (yHKIIEIO BiAryky. Bxomu o6’ekra  Xp,X5,..., X,

HasuBaroThea (akropamu. KoxkeHn Qakrop Moke mpuiimMaté Aesike
YHCJIO0 Pi3HUX 3HAYEHb, 1110 HA3UBAIOTHCS PIBHIMHU.

[oBHU pakTOpHUI eKCTIEPUMEHT OYIYETHCS HACTYITHUM YHHOM.
Ha mneprioMmy erami BUOMpaeThCs IEHTP JOCIHIDKYBaHOI 00JacTi
(meHTp TUIaHY) 1 B HBOTO IIEPEHOCHUTHCS IOYATOK KOOPAWHAT;
BUOUpPAETHCS IHTEPBaJl BapilOBaHHSA 10 KOXHOMY (aKTopy —
BIJICTaHb 110 JIaHIH OCI BiJ IEHTPA J0 SKCIICPUMEHTAILHOT TOUKH.

Ha m©actynHomy erami poOnsaTh omepamil0  NpUBEIEHHS
(xonyBaHHsI) 3MiHHUMX. BoHa mosnsirae B TOMy, IO BCi KOOpAWHATH
LEHTpa TUIaHy JOPIBHIOIOTH HYJIO, a IHTEpBaJlH BapilOBaHHS
MPUAMAIOTh 33 OJMHULIO.

+1 — MakcuMaJibHE 3HAYCeHHS (HaKTopy X i

-1 — miHIManbHE 3HAYCHHS (AKTOPY X ;.

KomoBani 3MiHHI 3pydHi THM, IO BCsS 0OpOOKa pe3yJbTaTiB
JOCTII/IIB IIPOBOJUTLCS B CTaHAAPTHINA (opMi, 10 HE 3aJeKUTh Bij
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KOHKPETHUX YMOB 3anal{i; 1§ 1CTOTHO Criponrye OOYHCIICHHS.

[lepexin Big HEKOJOBAHWX (HATYypaIbHMX) 3HAYEHb 3MIHHUX X j Ho

KOJIOBAHUX Z ; BHKOHYEThCH 3T1IHO 13 CITIBBIIHOIIEHHIMHA
ijinz(xjmin_ij)/Aj’ijaxz(xjmax_ij)/Aj ’
j=Ln.

e A " iHTepBaJl BapilOBaHHS HEKOAOBaHOI 3MiHHOT X i Xjo -

KOOpAMHATA LEHTpA IUIAHY MO j-1if 3MIHHIA, X0 X jmax

BIJIIOBIAHO MIHIMAQJIbHE Ta MAKCUMaJIbHE 3HAYEHHS 3MIHHOI X j

PosrngHemMo y mnpuBeOeHMX KOOpAMHATaX HaWOUIbII 4YacTo
3aCTOCOBYBaHMM IUIaH 1— ro MHOpSAKY I JBOX HE3aJeKHUX
3MIHHHX Xj 1 X5 .

Hexaii, mampukmang, X 6[2,'10], Xy 6[5,'29]. [Tepeiinemo 110
KOJIOBaHMUX 3MIHHHX. i1 IbOrO PO3paxyeEMO KOOPAUHATH ICHTPY
IUIaHy:

Xmax ~ Xlmin -6
2
X — X9 mi
2max 2min _ 17.
2
O1xe KoopauHaTa 1erpa miany (6,17).

X10 = Xtmin +
X20 =X2min T

InTepBan BapitoBaHHsA 110 3MIHHHX X{ 1 Xj :

A :E=4’ A, zﬁzlz'
2 2

Komosani 3miHHI:

Zimin=Ximin — X10)/ Ay =(2-6)/4=—1,
(xlmax - xlO)/Al = (10 — 6)/4 =+1,

Zamin=X2min—%20)/Ay =(5-17)/12=—1,

22max = \X2max — XZO)/Az = (29 - 17)/12: +1,

L max

Po3ramryBaHHs JTOCTITHMX KOJIOBAHWUX TOYOK IOKAa3aHE Ha PHC.
3.1. Touku po3TaIIOBYIOTECS y BEPIIMHAX KBajapaTa, HeHTp O IKOoro
30iraeTbes 3 HEHTPOM IUIaHy, CTOPOHH MapajiefbHi ocsiM 1 piBHI 2.

<2
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Puc. 3.1. Po3ranryBanHs KOJOBaHUX 3MiHHHUX
Marpuus miaHyBaHHS Ma€ HAaCTyMHUH BUTIsA (Tadu. 3.1):
Taomums 3.1

Martpuiis IiaHyBaHHS 32 TIOBHUM
(haKTOPHUM EKCIICPUMEHTOM

Ne nocniny 7 25
1 +1 +1
2 +1 -1
3 -1 +1
4 -1 -1

BaxmBuM eneMeHTOM pO3pOOKH TUIaHY €KCIIEPUMEHTY € BHOIp
yiclia piBHIB ais KOxHOro Qakrtopa. Haiibinpmie mommupeHHas
OJiepKajio TIaHyBaHHs (DaKTOpiB Ha JIBOX PIBHAX, KOJM AK PiBHI
BUKOPUCTOBYIOTHCSI  BEpXHsII 1 HIDKHS TpaHMIl  iHTEpBaIYy
BapiroBaHHs. [locTaHOBKa €KCIIEPUMEHTIB 3a TaKUMH IUIaHAMH
HA3UBAETHCSl JIBOPIBHEBUM IOBHUM (aKTOPHUM EKCIIEPHUMEHTOM

tiny 2", ne n — uucno ¢axropis. Toxi aus 1BOX (HAKTOPIB YKMCIIO

EKCTICpUMEHTIB 22 = 4, 1st TphOX 23 =8 itx
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[licns mpoBeneHHs EKCIIEPUMEHTIB 3TiAHO OOpaHOTo IUIaHy,
3B’30K MDK BXiTHUMH (akTopaMud Ta  (QYHKIIEI BiATyKy
BHOMPAETHCS Y BUTIISL MTOJIIHOMA TIEPIIIOTO CTENCHS Y BHII

n
y=b, +bx; +byx, +...+b,x,=b, + Zlbjxj , (3.1
J:

ne xoediuientu mozeni b, ,by,b,,...,b, mykarorscs 3a popmynamu

1N
b —_ — -’b-:
° pvgg)“ /

N — KiBKiCTh €KCTIEPUMEHTIB.

HpobGosuii pakropuuii ekciepument (IADE).

JIBopiBHEBUH TuIaH eQeKTUBHUKI (0coOmmBO mpu n > 15), Komm
JUTSL TICPEBIPKU aJIEKBaTHOCTI MOJICIIi € JIOCTaTHS KiJIbKICTh CTYIICHIB
cB00OIM, TOOTO € TMEPEBHIICHHS 4YMClIa AOCTAIB N Haa 4HUCIOM

Koe(illi€HTIB MOACITI (n + 1), 110 BU3HAYAIOTHCS.

1 .
i=l1

Y 3aranbHOMY BHIAAKy TPH HAsIBHOCTI 7 TapameTpiB i
ckopoueHHi [IDE (moBHOrO (hakTOpPHOTO EKCIEepUMEHTy) Ha k
CTYNCHIB BHiine IpoOOBHI (aKTOPHHH EKCIIEPUMEHT 00’ eMOM
2k

Juis moOymoBu NPOOOBHX PEILTIK BHUKOPUCTOBYIOTH CIICIiaJIbHI
anreOpaivHi BHpa3u. Ix Ha3HUBaIOTh TeHEePYIOUUMHU
CHIBBITHOIICHHIMH abo BU3HAYAJIEHUMU KOHTPAaCTaMH.
I'enepyrounM Ha3MBa€TbCA CHIBBIAHOIIEHHS, $KE IOKa3ye, fKi
B32€MO/IiFOYI (haKTOpU 3aMiHEHI HOBUMH.

lenepyrounmi CHiBBIHOIIEHHS OTPUMYIOTBCS B Pe3yJbTaTi
NOOYTKY (paKTOpiB, HAPUKITA]T

73 =212y a00 23 =—Z125 .

Burnsag renepyrodoro ciiBBiIHOIIEHHS BUOUPAETHCS TOBLIBHO.

HopwmarnizoBaHe piBHSHHS perpecii 3amcyeTbest y BUTIISIIT

n n n
Yp =bop+ Zlbpjzj + Zlkzlbpjkzjzk ck#j, p=12..1
J= J=lk=

(3.3)

ne zy,...,Z, - KOJOBaHI 3MiHHI, Y1,...,Y P BHXI1HI TapaMeTpH.
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Koeoitientu b j BH3HAYAIOTHCS 3TiAHO 3 hopMyTaMu

1 N I
bor):ﬁgiypi’p: s

lN L — I

N5

1N ==
bpjkzﬁzypizjizki’ j=Ln,k#j, p=L1.
=1

IInanyeanns excnepumenmie 3acobamu MatLab.

B ckmnan nporpamu MatLab Bxonsate ¢yHkii, siki 3a0€31e4yroTh
PO3pOOKY OCHOBHHX BUJIIB IUIaHY €KCIIEPUMEHTY

— noBHOTO (pakTopHOTO excriepuMeHTy (IIDE);

— pargoMizoBaHOTO (hakTOpHOTO ekcriepumenty (POE);

Hns crBopennst [IOE BukopucToByeThCs QyHKIIIS

ff2n(k),
ne k — aucio GaxkTopis, AKi MPUHAMAIOTh YIaCTh B €KCTIEPUMEHTI.

[Ipu BBeieHHI JaHOT KOMaHIW, OTPUMAEMO IJIaH CKCIICPUMEHTY.

Hanpukiiaz, npu BBeZieHHI KOMaH/IH ff2n(3) Ha €KpaH BUBEICThCS
HACTYIHA MaTPHUL IJIaHyBaHHS:

Taomuus 3.2
Martpuis 1iaHyBaHHs
JUTSE TPHOX (paKToOpiB

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

ne 0, 1 — BiaANOBiAHO HIKHIN Ta BEpXHil piBHI QakTopa.

. k :
Sk Gaurmo, uncio pocnigis N = 2" =8, ne k - unucno ¢akropis.
Jnst oTpyMaHHS pPaHIOMI30BaHOTO IUIAHY BHKOPHCTOBYETHCS

36



¢byskiis - unidrnd(L,N,k), sxa mnpexacraBiase co00W TEeHEPATOp
JMCKPETHOT BEJTMYMHHU, PIBHOMIPHO PO3MOAiNEHOI Ha iHTepBai [1:/].

I[Ipu crTBOpeHHI TUIaHy eKCIIEpUMEHTy BenwuuHu [Nk
IHTepPIPETYIOTHCS HACTYITHUM YHHOM: [ — 9HCII0 PiBHIB (pakTopiB, sKi
NpUAMAlOTh y4yacTh B eKCIepuMeHTi. ToOTo mepenbavaeTbes, IO
YICIIO PiBHIB MOke OyTH OinmbIe ABOX i BCi ¢akTopu OynyTh MaTh
OJTHAKOBE YHCJIO PIiBHIB, N — YHCJIO €KCIEPUMEHTIB, K€ TOCIIIHUK
BUOUpAE CaMOCTINHO, kK — YUCIIO PaKTOPIB.

3.3. Po3B’si3yBaHHA 32124
3agayal
[Ticns mpoBeneHHS €KCIEPEMEHTIB 3TiTHO MOBHOTO (HhaKTOPHOTO

EKCIIEPUMEHTY 32 BXIJIHUMHU CUTHANAMHU X|, X, OTPUMAHO 3HAYEHHS

BHUXIJHOTO CHTHaly y o00’ekTa B ekcnepuMeHTax (Tadm.3.3).

Busnaure xoediwientu byy,b;,b, NiHiiHOI CTATUYHOT MOJIEII.
Tadmuus 3.3

No

RN} W N ~
+
~
1
~
[\S)

e z1,Zp KOJIOBaHi 3MiHHI BiIMOBIMHO X|, X, .

Po3B’sa30K.

[licns mpoBeneHHs EKCIIEPUMEHTIB 3TiAHO OOpaHOro IUIaHy,
3B’30K MIDK BXiTHUMU (aKTOpaMu Ta byHKIIEIO  BIATYKY
BUOMPAETHCS y BUTIISAL OJTIHOMA MIEPIIOro CTETEHs Y BUMI:
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n
y=>b, +bix; +byxy +...4+b,x,=b, + D .b;x; - JTiHiHHA
i=1
CTaTM4Ha MoJenb, Je Koediuientu woxeni b, ,by,b,,....b,
IIYKalOTHCS 32 HACTYITHUMH (OpMyIIaMu

1 N 1 N L —
b, =Nj§1yj , b zﬁgzjiyj ,i=Ln,
izl,_n- KIJIBKICTh  BXIZHHUX 3MIHHMX, N —  KUIBKICTb
eKCTICpUMCHTIB.
Orxe, miHifiHa cTatuyHa Moaenb : y=b, +bx; +byx,, a
KoedimieHTH

1
b, =z(y1 +y2ty3 +Y4),

1
by = Z(ZHYI +2Z12Y2 t213y3 + 214)’4)’

1
by =1(221)’1 +222Y0 +203y3 + Z24Y4)

Mampuys nianysanus 32iono IIOE

Ne
a |z |7 21y 2y

I 1+ |+ |2 |2 2

2 -1 [+1 Jo o 0

3 [+ |1 |2 |2 2

4 [ [ |3 |3 3
dzy=-3| Xzy=-7
b1=i2zly= 23é45212y=‘77

bo=i2y=3/4
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Binnosine: by=3/4;by =-3/4;b, =—T7/4

3 3 7
=———x1——x =0,75-0,75x; —1,75x, .
y 4 4 1 4 2 1 2
3axaya 2

[MoGynyBaT HOpMami3oBaHe PpIBHSHHS perpecii MareMaTH4YHOL
MOJIETIi IeAKO1 cyMitri, 1o (GOpMY€ETHCS 13 TIMHH.

HaiiBaxumBimmmu mapamerpaMu aaHoi (GopMyBaibHOT cyMiti,
110 BU3HAYAOTH i AKICTH, € MILHICTh y CHPOMY CTaHi y; 1 BOJIOTICTh
Y, , TOMy MaTeMaTU4Ha MOJIeIb OBUHHA SIBIISITU COOOI0 3aJI€KHOCTI
X BJIACTUBOCTEH BiJ KEpOBaHMX 3MIHHHX mporecy. OCHOBHHMHU
(akTopaMu, IO BU3HAYAIOTH SIKICTh CYMIIlli, BBAYKAETHCS BMICT Y Hild
[JIMHYU Ta KUTBKOCTI BOJIOTH, 1110 BBOJUTKLCS B CYMIIIL.

Taomuus 3.4
3HaueHHS OCHOBHHX (haKTOPiB (hOPMYBaIIBLHOI CyMiIl
OcHoBHi akropu, %

I'nuna, x; Bona, x,
20 6
10 4

Pesynpratm = ekcrmepuMeHTIB 32 MOBHHM  (DaKTOPHUM
excriepumentoM (I1DE) 3seneni B Tabdi. 3.5.
Taomuus 3.5
Pe3ynbTaTi eKCIEPUMEHTIB 32 TTOBHUM
(haKTOPHUM EKCIIEPUMEHTOM

Ne ociny | OcHoBHi daktopu | [lapamerpu cymirri
X1 X9 V1 Y2
1 20 6 2 6
2 10 6 0,5 8
3 20 4 1 5
4 10 4 0,7 3

Po3B’s130k.
HopmanizoBane piBHsSHHS perpecii y BUmaixky OaraToMipHOTO
00’€KTa 3aMUCy€eThCs y BUTIIL
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n n n

Yp =b0p + Zlbijj + Zlk lbpijjZk , k# j, pP= 1,2,...,1
Jj= j=lk=

VY Hanomy BHMAKy OTPUMAEMO:
{}’1 =boy +Dy121 +b1222 + Dy 122122,
Y2 =bop + 2121 +b2225 +b3122122,
A€ Zy,..., I, - KOJIOBaHI 3MIHHI, Y{,..., - BUXi[HI IapaMeTpH.
Koedirtientn b j BU3HAYAIOTHCS 3rigHo 3 opmymamu (3.4).

BBeneMo xomoBaHi 3MiHHI Ta 3BeIeMO IX B Ta0OiI. 3.5.
Tabmuus 3.5
3HaueHHS OCHOBHHX KOJIOBAaHUX (PaKTOPiB
(hopMyBaJIbHOT CyMiTni

) OcHoBHI (hakTOpH
PiBenn P P
Lnuna, z; | Boma, z;
Bepxwiii +1 +1
Hyoxnin -1 -1

[lobynyemo 3BemeHy TaONWII0O KOJOBAaHWX 3MIHHHUX Ta
nmapaMeTpiB CcyMmimr (3riJHO BUXiIHOI TaONHWIll) Ta pPO3PaXxyeEMO
KoedilieHTn bop, p=123.

Taomums 3.6
3BeeHa TabauIsl KOJOBAaHMX 3MIHHHX Ta MTapaMeTpiB CyMilri
Ne nocniny | Komosani | Ilapamerpu

3MiHHI cyMinrn
4| %) 1 Y2
1 +1 +1 2 6
2 -1 +1 0,5 8
3 +1 -1 1 5
4 -1 -1 0,7 3
4
Zlypi’ p=12 42 | 22
i=
4 4
by :ig)’li 2321-059 bo> Ziglyzi :% =55.
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3a piBHsSHHAMH 3.2 po3paxyeMo Koe(illieHTH HOPMalli30BaHOTO
piBHsHHS perpecii. s HpOr0 MOmepegHbO OOYHCINMO MHOKHUKHU
HOPMaJTi30BaHOTO PiBHSHHS perpecii

Taommus 3.7

Ne Komosani | Ilapamerp MHOXHHUKH

3MIHHI U cyMinni

{1 %) M Y2 | Y121 | Yi1R2 | Y221 V2232 | V1R1R2PV2Z1%2
1 +1 +1 2 6 2 2 6 6 2 6
2 -1 +1 | 0,5 8 -0,5 0,5 -8 8 -0,5 -8
3 +1 -1 1 5 1 -1 5 -5 -1 -5
4 -1 -1 | 0,7 3 -0,7 | -0,7 -3 -3 0,7 3
4
2 Ypis p=12 4 | 22
i=1
4

1,8 0,8 0 6

2 piZjis
i=1
N
) YpiZjiZki 1,2 -4
i=1

Pospaxyemo koeditienTH:

bll :i1,820,45, b122i0y8=0’27 b21 =

1

3rigHo 3 piBHSHHSIME 3.1
3allMCYEMO HOpMaJli30BaHi piBHAHHS perpecii

y1 =105+0,45z; + 0,2z, + 0,37, 2,
Yo = 55+ 1,512 — 2122,

~0=0,
4

1 1
byy =—6=15, b1 =—12=03, by, =—(-4)=-1.
22 4 112 4 212 4( )

31iiiCHUMO TIEPEBIPKY, a caMe MiJCTaBMMO B OTPUMAHE PiBHIHHS
3 Tabm.4.6

Oyab-aKy napy

KOJIOBAaHUX

(Hampuknan, zq =+1,z, =+1):
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¥y =55+15-1=6

Sk Oauummo, 3HAYEHHA BUXIJHUX HApeMeTpiB  yi,Y;.

{yl =1,05+045+02+03=2

pO3paxoOBaHMX 33 OTPUMAaHWMH PIBHIHHSAMH  BIIIOBIZAIOTh
eKCIepUMEHTATbHUM (IuB. Tabm.3.4), oTke piBHSIHHSA MOOYyIOBaHi
MPaBUIIBHO.

3.4. /lomaiHe 3aBAaHHS

1. BuBUMTH TEOpPETHYHMHA Marepial  HACTYMHOI  TEMH
MPAKTUIHOTO 3aHATTA.

2.IloOynyBaTi HOpMalTi30BaHE PIBHSAHHS perpecii MaTeMaTUIHOI
Mojeni cymimri, mo ¢GopMyeThCs 13 OOpolHa Ta BoAW. BuximHumu
napaMeTpaMHy € TyCTHHA y; 1 BOJOTICTb Yy, , BXIIHUMHU — KUIBKICTh
Ooporia Ta BoIH.

Tabnuns 3.8
3HaueHHS OCHOBHHX (PaKTOPIB CyMIIIIi

OcHoBHI (pakTopH
bopomno, x; Bona, x,

3 2

2 1

Pe3ynbratm  eKCIepMMEHTIB 32  TOBHUM  (haKTOPHHM
excniepumenToM ([1DE) 3Beneni B Tad1.
Taomums 3.9
Pe3ynbrati ekcriepruMeHTIB 38 HOBHHM
(aKTOPHUM EKCIIEPHMEHTOM

Ne nocniny | OcHoBHi daktopu | [lapamerpu cymirri
71 ) N Y2
1 +1 +1 1 4
2 -1 +1 2 3
3 +1 -1 0,5 1
4 -1 -1 3 N

ne N — Homep BapiaHTy.
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3.5. Konmponwni 3anumanns

1. B oMy mosiTae mporiec miaHyBaHHS eKCIIepUMEHTY?

2. JInst 90r0 BUKOPUCTOBYETHCS MOOYAOBA MOBHOTO (PAKTOPHOTO
eKCIIepUMEHTY?

3. SIKi BeTWIMHN Ha3UBAIOTHCS (haKTOpaMu?

4. llo Ha3MBa€ETHCA IEHTPOM TUTAHY (PAKTOPHOTO EKCIIEPUMEHTY?
5. Sk BigOyBaerbcst moOymoBa TOBHOTO  (DaKTOPHOTO
eKCIIepUMEHTY?

6. B yoMy mosnsirae onepartisi KoyBaHHS 3MiHHUX ?

7. Ilo Ha3uBaeThCsS [BOPIBHEBHUM MOBHUM  (DAaKTOPHUM
eKCIIepUMEHTOM?

8. Slka KimBKICTh EKCIEPHWMEHTIB 3TiIHO IMOBHOTO (haKTOPHOTO
€KCIIEPUMEHTY?

9. llo Ha3uBa€ETHCS TCHEPYIOUNM CITiBBiTHOIICHHSIM?

10. SIka KiIBKICTh €KCIIEPUMEHTIB 3TiAHO APOOOBOTO (PaKTOPHOTO
€KCIIEpUMEHTY?

43



MpakTnyne 3ansarrs 4
IMoOynoBa moaeJieii 06’ekTiB 3a MeTonoM bpannona

4.1. Meta 3aHATTA
HaBuutrcek OynayBatu Mojeni 00’ €KkTiB 32 MeTosioM bpanjoHa Ta
BH3HAYATH IMOXUOKY alipOKCHMAIIii

4.2. TeopeTrnuHuUii MaTepiaJ
Merton npu3HaueHUM 1Jisl OTPUMAHHS MOJENEN BULY

k
yﬁqwnxk)=borlfﬁbﬁ) 4.1)
j=!

e f j (x j) — JIOBUIbHA OJHOMIpHA PYHKIIiS, k — KUIBKICTh BX1THUX

CHTHAIB X .

PosrnsitHeMo anropuTM METOAY JJIi OTPUMAaHHS MOJCICeH y
Buriami (5.1).

Hexait mMaeMo JesIKy CYKYIHICTh CKCHEPUMEHTAIBLHUX JaHUX

(X, ¥ ) j=Lk, i=1Ln — KiIBKiCTb eKCHEpPHMEHTiB, X; —

eKCIIepUMEHTAIbHE 3HAUYEeHHS BXiJTHOI 3MiHHOI X ;B i -OMy JTocITii,

Y;— €KCIepUMEHTalbHi 3HA4YeHHA BHXIJHOI 3MIHHOI B -OMYy

JOCITI/Ti.
1. O0GUHCITIOETHCS CEPEIHE 3HAYCHHS BUX1IHOT 3MiIHHOT
- 1a
==>y;. 4.2)
ni—
2. BRoauthcs HOBa (IKTUBHA 3MiHHA (), a CaMeé BUKOHYIOThCS
MEPETBOPECHHS
Yi . _ 1,
Yoi = —> l:1,n. (43)
y

3. 3a mamumu  (Xxy;,Y0; Ji=1n Oynyerbcsa emmipudHa niHis

perpecii Yo = fi (xl). Io ii BUIy BU3HAYAIOTH CTPYKTYPY f] (xl) i
32 METOJOM HAaWMEHIIMX KBaApaTiB pPO3PaxXOBYIOTHCS KoedillieHTH
piBHSHHS perpecii (mapameTpu Mozedi).
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4. 3a oTpuMaHMM piBHAHHAM perpecii 11 Xxy;,i=Ln
3HAXOITHCS BiAOBIHI 3HAYCHHS Y, .
5. BUKOHY€TBCSI IEPETBOPECHHS:
Vi =22 i=1n. 4.4)
Yoi

6. AnarnoriyHo 1o 1.3 3a gaHuMu ( X,;,yy; )i =1,n Oynyerscs

eMIipu4Ha JiHisA perpecii y; = fz(xz). Ilo 1i BuAy BH3HAuYaIOThH
CTPYKTYPY  f> (xz) i 3a METOJOM HalMEHIINX KBaJIpaTiB

PO3paxoBYIOTh KOe(illiEHTH PiBHAHHS perpecii (mapaMeTpr MoJIei).
[Iporec mpoAoOBKYy€eTHCS TOKK HE OYIyTh BUKOPUCTAHI BC1 BXiAHI

sminHi X, j =1k, T06T0 10 BU3HAYEHHS OCTaHHBOI JiHil perpecii

Ve = fi e )-

7.I1icns 1poro OyayeMo 3arajibHy MOJIEIb 00’ €KTa Y BUTIIAII:
E k 0 k
)’ZYH)’j—1=)’Hfj(xj)- (4.5)
J=1 J=1

JInst BU3HAUCHHS CepeTHbOI BiTHOCHOT ITOXUOKHM arnpoKcuMarii &
MIPH OTPUMAHOI MOJIENI OOYUCITIOETHCS KoeimmieHT

Z(Yi _yi)2
n= -2 (4.1)
g=(1-7)-100%. (4.1)

4.3. Po3B’si3yBaHHs 3a1a4

3anaua 1.
Heo0OxigHo moOymyBaTH MOJIENb 3a METO/I0M bpaHoHa mpoiecy
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2
YTBOPEHHSI TEPMETUKA y BHII (QYHKIHT Y (xl,xz)z b,11f j (x j) ,
j=1

Je y — MeXa MIIHOCTI TepMETHKa Ha PO3PHB, SIKA 3aJICKUTHh Bij
BMICTy y CyMIllli MapaxXWHOIJUOKCHMY, IBOOKHCY MAapraHIIfo,
[IEMEHTy 1 po3unHHUKA. PosrmsHemo imeHTH(]iKaIito Momen,
OPUAHSBIIM, IO BMICT Yy CyMilll  JBOOKHCY MAaprafiuio Ta
PO3YMHHHKA € CTAIMMH BEJIMYMHAMH, a TOMY 32 BXiJHI BEITHYHHHU
OynemMo npuiiMaTH BMICT y CyMillli NAapaXWHOLIUOKCHMY X Ta
LHEMEHTY X) .
B pesynbrati npoBeecHHS SKCIIEPUMEHTIB Ha 00’€KTI, OTPUMaHi
HACTYITHI 3Ha4eHHs (Tadum. 4.1)
Taomuus 4.1
ExcnepumeHTanpHi 3HaYCHHS TapaMeTpiB CyMilli
IUISI CTBOPEHHSI TepMETHKA

/ Xy X; Vi

1 1 5 53,3
2 3 8 62,5
3 7 12 82,6
4 8 15 95,4
5 9 20 111,3

ne i =15 — HoMep eKCIIEPUMEHTY.

Po3B’s130k
1.009HCITIOETHCS CepeIHE 3HAUCHHS BUXITHOT 3MIHHOT

_ 5
y= Zyl- =81,02.
i=1

N | =

2.BBOAMMO HOBY 3MiHHY Y):
Yoi = 4 = 1_5

y
1 IOTTIOBHIOEMO BUXiIHY Tabm. 4.1, a came
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1poa 5353

I
<

625

i —0,6585 Y =22 =—"" 0771,
Y= TR0 0T 810
2
yos =3 =820 o0,
v 8102
1113
y 81,02 y 8102

Taomuusa 4.2
ExcniepuMeHTanbHI 3Ha4E€HHA BXIIHUX X|, X, , BUXIJHOTO y

napameTpiB CyMillll Ta 3MIHHOI

I X X); Vi Yoi

1 1 5 53,3 0,658
2 3 8 62,5 0,771
3 7 12 82,6 1,020
4 8 15 95,4 1,177
5 9 20 111,3 1,374

3. 3rigHO HaHUX (xli,y()i), i=15 6yayemo emmipuuny JiHi0
perpecii Yo = fl(xl) (abo muIIE HAHOCHMO TOYKH (xli,in),

i= 1,_5 B CHCTEMY KOOpIHHAT — puc. 4.1) .

Yo
1,4
1,2 _—
) -
0,8 /
0,6 \/
0,4
0,2
0 T T T T 1
0 2 4 6 8 10 x;

Puc. 4.1. Jlinis perpecii yo = 0,541+ 0,082,
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3a BuAoOM emmipu4HOi JiHiI perpecii (abo 3rimHO pPO3MOAITY
TOYOK (xll-,yol-), i =1,5 npuitMaeMo HacTymHYy CTPYKTypy JIiHii
perpecii fi(x): ¥o =bo; +by 1.

3a MeTo/IoM HaWMEHIINX KBaJIpaTiB pPO3pPaxoBYyeMO KOe(illieHTH
piBHSHHS perpecii

5 5
D yoi =5boy +by1 Y xy;,
izl i-1

5 5 5

2
D yoixy =bo1 )Xy +byy Y xy
i=1 i=1 i=1

5 5 5 5 5
5 Y0iXti — 2 Yoi 2 X1 DY0i —bi XXy

NS ;ald 0 H a3 =0
by = by

5., (S 2 - 5
52 X —| 2%
izl i=1

5 5 5 5
> yoixii = 318925 Yy =50: > xy; =28; D xf; =204
i=1 i=1 =1 =1

~5-31,892-5-28

bl 1 ) = 0,082 5
5-204 —-28
bo = 5-0,082-28 0541,
5
OTtxe, JHis perpecii fi (xl ) MaTHMe BUTJISAT

Yo = 0,541+ 0,082x; .
4. 3a oTpuMaHUM pIBHAHHAM perpecii st Xy;,1 :L_n

3HAaXOAMMO BIIIOBIHI 3HAYEHHS yol-
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Yo1 =0541+0,082-1=0,624; ¥y, =0,541+0,082-3=0,789;
Y03 =0541+0,082-7=1119; ¥y, =0,541+0,082-8 =1,201;
Fos =0,541+0,082-9=1284 .

HomosHuMo Tabm. 4.2. A oTke, MaTuMeMo Tad:. 4.3.
Tabnuns 4.3
ExcniepuMeHTaNbH1 3HaY€HHS BXIIHUX Xj, X, , BUXIIHOIO y

mapaMeTpiB cyMim Ta 3MiHHEX Y, Y

! Xy X Vi Yoi Yoi
1 1 5 53,3 0,658 0,624
2 3 8 62,5 0,771 0,789
3 7 12 82,6 1,020 1,119
4 8 15 95,4 1,177 1,201
5 9 20 111,3 1,374 1,284
5. BBoguMO HOBY 3MiHHY Y
Yy = &, = 1,_5 1 JOIIOBHIOEMO Ta0IL. 5.3, a came
Yoi
0,658 0,771
y11=&=;=1,054, y12 2&2;20,977,
Yo1 0,624 Yoo 0,789
1,02 L177
132203 = 202 20912, = 2% = " 20,980,
y03 1 1 19 y04 1 201
1,374
(g=2os _L3TE_ 000
y05 1 284
Tabmuug 4.4

ExcniepuMeHTabHI 3HAYEHHS BXIJJHUX X[, X, , BUXIIHOTO y

napameTpiB cymimn Ta 3MiHHEX Vg, Yo, V]

i Xy Xoi | Vi Yoi Yoi Yii

1 1 5 53,3 0,658 0,624 1,054
2 3 8 62,5 0,771 0,789 0,977
3 7 12 82,6 1,020 1,119 0,912
4 8 15 95,4 1,177 1,201 0,980
5 9 20 111,3 1,374 1,284 1,070
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6. Hanocumo toukn  (xp;,yy;). i =15 Ha cucremy xoopaummar

(puc. 4.2). 3a BUAOM EKCICPUMCHTAILHUX ITaHUX MPHHAMAEMO

Hac— " cTpyKTypy Ainii perpecii f5(x;): F =byy +bj2x3.

N1

1 A % .

X

0,8
0,6
0,4
0,2

0 . ' ' ' '

X2
0 5 10 15 20 25

Puc. 4.2. Jlinin perpecii y; =0,975+ 0,0001 3x§

3a MEeTo/I0M HalMEHIINX KBa/IPaTiB PO3paxOBYEMO KOeQillieHTH
piBHSHHS perpecii

5 5

2
D i =5boy +b12 ) X3,
i=1 i=1

5 5 5

2 2 4
D yixy; =bg D x5 +bp D) X,
i=1 =1 =1

5 5 5
52 YIixgi _Z i Z x%i
i=l1 i=1

byy = = "=12 =0,000134 .

5 5
52 xgi - Z x%i
i=1 i=1

5 5
DV —biad Xy,

i=l i=l
5

boy = =0975.
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Orxe,  miHig ~ perpecii I (x2 ) MaTuMe  BUIIA

5 =0,975 +0,00013x3 (puc. 4.2).

7. Iicns mporo GyayeMo 3araabHy MOJAEIb Y BUTIISI
2
- _ 2
=y[1f; (xj)= 5 - (bo1 +by1x1) (boz +bpx) )
1

5 =81,02(0,541+0,082x; )- (0.975+0,000133).
JlomoBHIMO Ta0I1. 4.4 TaHUMH, IO PO3PAXOBAHI 32 MOIEILIIO.

Tabnuns 4.5
ExcnepuMmeHTanbH1 3Ha4€HHS BXIIHUX Xj, X, , BUXIIHOIO y

mapameTpiB cymimi Ta 3MiHHEX Y, Yo, Vi, Y

! Xy Xoi | Vi Y0i Yoi Vi Vi

1 1 5 53,3 0,658 0,624 1,054 55,38
2 3 8 62,5 0,771 0,789 0,977 71,6

3 7 12 82,6 1,020 1,119 0,912 102,1
4 8 15 95,4 1,177 1,201 0,980 111,68
5 9 20 111,3 1,374 1,284 1,070 123,22

BusHaunMo cepefHIO BiTHOCHY MOXHOKY ampoKCHMAIii & MpH
OTPUMaHHI MOJIENI

> (-5
Z( )2 )
e=(1- )100%_4%

4.4.loMalHe 3aBIaHHS
3a/1aHO CYKYIMHICTh €KCIIEPUMEHTAIBHUX JAHHX (xi, yi) B TaOIL.
4.2.
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Taomuusa 4.2
ExcriepyiMeHTaNbHI 3HAYCHHS BX1IHOTO Ta BUX1JIHOTO CUTHAJIIB

X

0 |07 1 5| N

y

-1 1051021081 13

—

9

0.

1

Heo0xinHo moOyayBaTi Mozens 3a MeToaoM bpHamoHa.

4.5. KourpoJabHi 3anuTaHHs

st woro mpu3HadeHni Metoa bparmona?

CKIiNbKY BXiTHUX MapaMeTpiB MOXKe MaTH 00’ €KT MpH MOOYA0Bi
roro Mozedi 3a MeTooM bpanona?

. Sxi € wMeromu mWOOyAOBM Mozeni 00’ekta |y  BHIOl
(hYHKITIOHATBHOI 3aJIKHOCTI MDK BXiJHUMH Ta BHXIiTHUM
napamerpamu?

Sk OynyeTbes emMmipryHa JiHig perpecii?

. SIxi € cmocoOu moOymoBy IiHiT perpecii 00’exTa?

. SIx Bu3HavaroThCs KoedimieHTH JiHIT perpecii, mOOyI0BaHOT 3a
METOZ0M HaHMEHIINX KBapaTiB?

3a SKUM METOJOM pO3PaXOBYIOTHCS KOE(DIMi€EHTH MOET,
noOynoBaHoi 3a Meroom bpanmgona?

. Slkuii BUIIISII Mae 3arajbHa MOJEJb, MOOYJI0BaHA 32 METOJIOM
bpanmona?

3a SKAM CITiBBiTHONIEHHSM pPO3PAaXOBYEThCS TOXHOKA TIpU
noOy/10Bi MoJienti 3a MeToZioM bpanmona?

0. Y 4yomy monsirae CyTh aJTOPUTMY Ui 1MOOYJOBH MOJENi 3a
meroaom bpannona?
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IIpakTH4He 3aHATTA 5
IloOynoBa mopeneii nuHamiunnx 06’ ektiB MeTogamu MatLab

5.1. MeTa 3aHATTA
Hapuutncs OymyBaty Mojeni 00’ €KTiB 32 METOJaMH MTOHIKEHHS
Ta TABUIIEHHS MOPSIKY MTOX1THOT

5.2. Teopernunnii MaTepiaj

Ak BigoMo, 00’€KTHM aBTOMaTh3amii MOXYTh OYTH OIHCaHi
cHUCTEMOI0 N 3BHYaiiHMX audepenuiansHux piBHsHb (31P) abo
omauM 3JIP n-ro mopsaky. lomarox Simulink mporpamu MatLab
MIPENICTaBIsIE COOOI0 CePEeOBUINE ISl MOJISTIOBAHHS TAKUX 00’ €KTIiB
B pexxuMi rpadidHOro iHTEepdeiica.

Posrnsuemo meromu MatlLab moOymoBu Mojenel JUHAMIYHUX
00’€kTiB, 3amaHuX Au(epeHIlaTbHUMUM  PIBHSHHAMH  a0o
MepeaToOuHO0 (YHKIEID 3 METOI TOJANBIION0 BHKOPHUCTAHHS
JAaHUX MOJICJICH TIPY aKTUBHIH 11eHTH(IKAIIT.

Hexaii 00’exT 3ampanuii 3/IP n-ro mopsaky

n y dn—l y
n ta,——
dr" dr"!
JIe X — BXi/IHa 3MiHHA, Y — BUXi/IHa 3MiHHA 00’ €KTa.
Cran Takoro 00’€kTa OJHO3HAYHO BU3HAYAETHCS 3HAUYCHHSIMH N

d
+..+a zy +a,y=b,x, (5.1
t

BEJINYUH: y,y(l),y(z) ,,,y(”’l), TOOTO 3HAYEHHSIMH BHUXIJTHOL

-
KOOpJMHATH 1 11 moxigHuMu a0 n-1 mopsuaky BrarouHo. Ili 3miHHI
Ha3WBaIOTHCS 3MiHHUMH CTaHY.

Sxumo BXigHe 30BHIIIHE 30ypeHHS BincyTHe (x=0), To 3MiHa y
Yaci 3MIHHUX CTaHy HpejAcTaBiisie co00I0 BibHUH pyX. o THX mip
JIOKM BCl BEJIMYMHH, L0 BU3HAYAIOTH CTaH 00 €KTa, HE 3MiHIOIOTHCA
B yaci, 00’€KT 3HAXOAUThCcA y piBHOBa3l. B nmaHomy Bumagky e
03HAuYa€ BIJCYTHICTh PyXy 00’€KTa 1 BCi 3MiHHI 4Yacy NpUHMAIOTh
HyJIeBE 3Ha4YeHHs. JSIKIO0 MOYaTKOBE 3HAYEHHS Xo4ya O oxHiel
3MIHHOI CTaHy He PiBHE HYJIO, TO 00’ €KT IIOUYNHAE PyXaTHUCS.

Omun i3 MeromiB MatLab moOynoBu Mozeneit AMHAMIYHHX
00’€KTIB — METOJ| TIOHWKEHHS MOPSAKY NOXimHOi. s 1mporo
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piBHsHHA (5.1) HEOOXiAHO PO3B’SA3aTH BIAHOCHO CTAapIIOi MOXiAHOI
BUX1JTHOI KOOPJUHATH Y
d"y 1 b d"™y dy
=—|byx—-a, ,——..—a,——a,y
dt” an o n dt”_l dt o . (52)
3a OTpUMaHUM BHPA30M Ui CTAapIIoi MOXiAHOI PO3pOOIIETHCS
osok cxema (puc.5.1).
[MpuHIUn po3poOKM TaHOi CXEeMH MONATaE B HACTYITHOMY: Ha
Bxo/ax cymartopa (n+1 BXim) mepembadaroThCS BCI MHOKHHUKH
_d"ly dy
BHPa3iB s 5 Y - p1>Ay-25-d1,4,,  3Hak
dr" dt

cymyBaHHs (+ a0o -) B 0s011i Sum 3aJeKUTh BiJl 3HAKy MHOXKHUKA.

1
Pesynbrar cymyBanHs (miciis 010ka Sum) MOMHOXKY€ETHCS Ha An 3
nonomorow 6noka Gain. Ha Buxoni manHoro 6ioka (opmyeTbes

(n)

smaveHnst 0 . IlotiM Oyay€eThCsl TOCHIIOBHICTH 13 N iHTErpaTopiB —
Omoku Integrator mjIs OTpPUMAaHHS BCIX IHIIMX TOXITHHX Y,
BKITIOYAIOYM TOXiIHY HYJEBOTO MOPSIKY, TOOTO camy BHXIiIHY
sminHy © . HeobxigHi BXOm# cymaTopa GOPMYIOTBCS 3 JOMOMOTOI0
3BOPOTHUX 3B’SI3KiB, B SIKHX BiJIOYBAa€TbCS MHOKCHHS 3MiHHHX Ha
BIJIMOBITHI KOS(IIIEHTH BUX1THOTO PiBHSHHS.

vinh Wi LoWa ] v ¥
T Lol —
s s
Integrator|  Integratort Integrator2 Integratora

_ Gain1

x

Gain

yYYye

Gsinb

Gaing

o

Puc.5.1. Briok — cxema 3a METOIOM TIOHIKEHHS TTOPSAKY ITOX1THOT

54



s nanoro crioco0y MOJIHMBa MOOY/I0BAa TPOXH IHIIOI MO, B
ki 3amicTe O1oka Gainl BBoguThCst aBa Oyioku: 0ok Constant i
6mox Product, B sKOMy BHUKOHYETBhCS OTNepallis AUICHHS Ha
KOHCTaHTY, siKa 3a1aeThes y Onori Constant (puc.5.2).

Constant

*
-

.

4

Product

Puc.5.2. bnok nineHHs BXiJHOT BETMYMHHE Ha KOHCTaHTY

[loniOHUiT 1O TOMEpPenHROTO METOAY — METOA IIiIBHIICHHS
NopsiAKYy MmoximHoi. Y JaHOMy BUMAAKy BuUXigHe piBHSHHA (5.1)
PO3B’SI3y€ThCS BIHOCHO HAaWMEHINOI MOXiAHOI B JaHOMY BHIIAIKy
HYJIBOBOI

1 d" d"! d
ye—|bx~a, 52w X 0a P (53)
a, dt dt

3a OTpUMaHUM BHPA30M PO3POOJISETHCS OJIOK cxeMma (puc.S5.2).

j

Gain

Y¥yYey

yit} ¥ o yin-1) ¥n
duldt Pl cuicit duldt

Derivative! DerivativeZ Derivative2

Gaing

Gaing

Puc.5.2. Biok — cxema 3a METO/IOM MiABUILCHHS MOPSIKY MOXiTHOT
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Y ngaHoMy BWIAAKY BHKOPHCTOBYETHCS TOW K€ TPHHIUII
moOymoBy, MO 1 B momepeqHboMy Meroai. PopmanbHO MaHi JBa
MeTomu € ekBiBaeHTHI. OJHAK € TMPHUHIWIIOBA PI3HUI: OCHOBY
MEepUIOro METONy CKiagae OJOK iHTerpyBaHHS — Integrator, OCHOBY
apyroro — Onok nmudepenmitoBanHs —Derivative.  Ywmciose
mudepeHIiitoBanHs B Matlab € TpyaoMicTkuM mporiecom i mpu mpomy
MOXYTh BHHHMKATH TpoOJeMH, 3B’A3aHI 3 TOYHICTIO 1 dYacom
po3paxyHkiB. ToMy Ha TpakTUIli B OUIBIIOCTI BUKOPUCTOBYETHCS
MEepIIANA METOJ — METO]| TIOHMXKEHHS TIOPSIKY TOX1THOI.

5.3. Po3B’si3yBaHHs 3a1a4

3aBaanns 1

[MoOGynyBaTr 32 METOJJOM MOHMKEHHS TOPAIKY MOXiTHOI MOAETD
00’€KTa KEepyBaHHA pe3epByapa 3 BUIBHHM BHUTOKOM piauHH. 3a
BXIiJIHYy BEJIMYHMHY B3STH 3MiHy BUTpatu Ha BXoxmi (), 3a BUXIJAHY —

3MiHy piBas H .
T au +H =kQ

dt
3aBaanng 2.

[MoOynyBaTH 3a METOJJOM MOHMKEHHS TOPSAIKY MOX1THOT MOJEIbh
OPYXUHH 1 Iemndepa, 10 BpaxOBYe Macy pyXOMHUX YacTUH M. 3a
BXiJIHy BENMYMHY B3SATH cwiy F, a 3a BUXIOHY - MepeMilleHHs
TOPIITHSA X.

m d*x ¢ dx 1
——+x

-~z - =—F,

¢y di* ¢y dt &)

e c¢; — koedilieHT aeMidyBaHHS, C,— KOE(DILIEHT HPYKHOCTI
TPY>XHHU.

3aBnanns 3.

3a MeToIOM TOHWKEHHS TOPSIKY TMOXiJHOI MOOyayBaTH MOJENb
00’€eKTa, 0 3a1aHni AudepeHIiaTbHUM PiBHSIHHSIM:
3

d dy 1 2

g3l @ 1 20

ar? dt 5 5
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0 — =—+2x

)dtz dt d

)2 33y+ﬂ—3y—3d—22x—x
e’ dt dt

IIe X, y - BIATIOBITHO BX1THWI Ta BUXiTHUIN CUTHAIH.

3aBnanus 4

3a MeToAoM MOHIKEHHS TOPSAKY MOXiTHOI MOOyAyBaTH MOJEINb
TEIUI000IHHUKA, IO 3aJaHUil  HACTYMHHMH AuQepeHIliabHUMHU

PIBHSHHSMU:

a)

dT KF(T,-T)
dx upc ,V

dty _ KaDy(T, -Ty)
dx Gipicp

0
: dfy _ KaDy(T, -T,)
dx Garpa¢ 2
3aBaanns S

3a MeTomOM MiIBUIIEHHS HOPSIKY MOXinHOi MoOyayBaTH MOAENb
00’€eKTa, Mo 3a1aHui AudepeHiaTbHIM PiBHSIHHSIM:
2

a)lx—2ﬂ+7y=0
3 dt?
3
6)2d—3y+5y=3x—4@.
dt 3 dt
d3y dx

+2y2 =325y
B) dt3 Y dt

JIe X,y - BIIMOBIIHO BXiIHWH Ta BUXIIHUN CUTHAJIH.

5.4. KourpoJabHi 3anuTaHHs

1. Sxwuit 610Kk nporpamu Matlab BUKOpUCTOBYETBCS 15 TTIOAaYi
Ha BXiJ MOZEJ 00’€KTa CTYIiHYAaTOro curHasia?
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et

9.

Sxwmit 010k mporpamu Matlab cTBOpro€ MPSIMOKYTHHIHA
iMmIynbc?

Sx 3moxmemoBati B Matlab iMmmynscHy GyHKIIIIO?

Sxi 6ok mporpamu Matlab BuKopucTOBY€ETBCS IS TTOAd1
Ha  BXig Mojeni 00’€kTa TapMOHIYHOTO CHTHaja Ta
MPSIMOKYTHO1 XBHITi?

JIst 90r0 BUKOPUCTOBYETHCS METOJ| MOHIDKCHHS MOPSIKY
MoX1iaHOoI?

B dYomy monsrae cyTb MeTOAYy TOHHMXKCHHS TOPSAKY
HoXinHoi?

Sxi € QopMu 3B’S3Ky MK BXiJHUMH Ta BHXIJIHUMH
napameTpamu 00’ exra?

B YoMy momsArae BigMiHHICTP METOMIB TOHW)KEHHS Ta
T ABUIIEHHS TOPSAKY TOX1THO1?

s yoro mpusHaueHi ¢(yHkiii ode23 i ode45 mporpamu
Matlab?

10.  Jlns goro mpu3HaueHuit 610k dee mporpamu Matlab?
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IIpakTH4He 3aHATTA 6
InenTudikaiisi 06’ €KTiB 32 YACOBUMH XapaKTePUCTHKAMH

6.1. Meta 3aHATTS
Hapuntnce  mpoBomuTH inmeHTHdIKamito  00’€KTiB, 3aJaHUX
TUTIOBUMH JTUHAMIYHAMH JJAHKAMH 32 YaCOBUMH XapaKTEPUCTHKAMH

6.2. TeopeTnunmii MmaTepian

[pwu pi3niit dizuaHii mpupoai 00’ €KTIB i MPOLECiB BOHU MOXYTh
ONMCYBATHCS OJHAKOBUMH JU(eEpeHIialbHUMH pPIBHSIHHAMH, a
BIJIMOBIIHO OJHAKOBUMHU NEpeNaTOYHUMHU (YHKIisIMHU. Po3risHeMmo
ineHTH(IKAIF0 Ta MOJEITIOBAaHHA OJHOMIPHHX OO’€KTIB i3
BIIACTHBOCTSIMHU:  CTaIliOHAPHOCTI, JIHIMHOCTI, 30CEPEIKEHOCTI
napametpiB. Ha BXig 00’e€kTa momaeTbest cTymiHuaTe 30ypeHHs, a Ha
BHXO/Ii 3HIMA€THCSI KpHUBa PO3roHy. HeoOXiqHO BUPIIATH 3a1aqy: 3a
BiJIOMOIO KPHBOIO PO3TOHY BHU3HAYUTH KOE(IIiEHTH TepemaTodHOL
¢yHnkuii. Po3rnsHeMo crioyaTKy KpHBi PO3rOHY, SIKHM BiJIOBialOTh
€JICMEHTApPHI THUIIOBI JIAHKH.

PosrinHa XxapakTepucTHKa h(t) = kt 300paxena Ha puc.6.1.

h(t)

h(t:

0 t
t

Puc.6.1. I'padix po3riHHOT XapaKTepPUCTUKA iHTETPyIO4O0] JTaHKH

Taka po3riHHAa XapakTEpPUCTHKA, SK BIJOMO, BIAMOBITa€E
THTETPYIOUil JIaHIIi, 0 OMUCYETHCS MU EpEHIIaTbHIM PiBHSIHHIM

d
=k, (6.1)
dt

ne k — xkoedimienT mepemadi, X,Y — BIANOBIAHO BXIiAHUH Ta

BUXIIHHAI CUTHAIL.
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[Tepenarouna QyHKIIis TAKOT JTAHKH M€ BUIJISL
W(p)=—
5. 6.2)

3 rpadika pO3TiHHOI XapakTEPUCTUKU Koe]illieHT mepeaadi
BU3HAYAETHCS HACTYITHUM YHHOM:
k = h(t 1)
p . (6.3)
1
t1>0
AHAJIOTIYHUM YMHOM OTPHMMAaHI MOEJi 00’€KTIB, SKi BiAMOBIAAOTH
1HIIIUM TUIIOBUM JIaHKaM.
PoszpizusitoTs  ifeanpHy 1 peanbHy JTUQEpPEHIIOYi JIaHKH.
Posrinna xapakTepucThKa i/1e1bHOI AU(EPEHIIII0I0Y0i TaHKH

#(0)= kM) () (64
h(t)

-

0

Puc.6.2. I'padix po3riHHOT XapaKTepHUCTHKA 11eTpHOT Tr(epeHIIiF0I0u0i JTaHKH

Jlyis Takoi JaHKHW PIBHSHHS Ta IMepeaaTovHa QYHKIIS BiIIOBIIHO
MArOTb BUIJIS

dx
y=Kk— W(p)=kp (6.5)

3 rpadika posriHHOi xapakTepucTuku (puc.6.2) koedilieHT
nepeaayi BU3HAYa€ThCS HACTYITHUM YHHOM:

k= [he)dr (6.6)
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Po3riHHa XapakTepHCTHKa pealbHOi JU(EPeHLI0Y0l JaHKU
(puc.6.3) mae BUTIIST
t
ht)=ke T (6.7)
h(1)
k

<

0 T

Puc. 6.3. I'padik po3riHHOI XapaKTepUCTHKA peaTbHOl AU()EPEHIIFOI0U0l JTaHKH

Jus Takoi maHkm nudepeHmiadbHEe PIBHSAHHS Ta TepenaTodHa

(hyHKIIiST MAFOTh BHUTJISI]T

thy:kdx
dt dt
kp
Wip)= .
(p) Tp+1

) (6.8)

(6.9)

3 rpadika posriHHOT xapakTepucTuku (puc.6.3) KoedilieHT

nepez[aqi BU3HAYAECTHCA HACTYITHUM YHHOM
k = Tim h(t)-

t—0+

(6.10)

Sk Bimomo, cTaimy yacy 7' MOKHA BU3HAUUTH SIK HiAJOTHYHY J10
h(t) (puc.6.3), ane TouHime i Mo’kHa OOYHMCIUTH HACTYITHUM YHHOM

t

S = Th(t)dt :k]?e_Tdt =T
0 0

3BIIKH
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(6.12)

ne S —wroma dirypu, oomMexena h(t) Ta JIiHI€0 a0CIHuC.

Anepionuuna (iHepuiliHa JIaHKa MEPIIOT0 MOPSIKY) OMHCYETHCS
nudepeHITiaTbHIM PiBHIHHAM

T 1y =y (6.13)
dt
[lepenaTouna pyHKIiA TaKkoi TAHKU
k
w(p)= . (6.14)
Tp+1
h(t) T

k p—

v

0

Puc. 6.4. I'padix po3riHHOI XapaKTepUCTHKA aNlepioJIHO1 JIAHKH

3 rpadika po3riHHOI xapaktepucTuku (puc.6.4) KoedimieHT
nepesiayi BU3HAYAETHCS HACTYITHUM YHHOM:

k =Timh(t) (6.15)
[—>0

Crany wacy 7 MOXKHAa BHU3HAUWATH SK BEJIUMYWHY MPOEKIIii

JMOTHYHOI Ha JIHIK0 BCTAHOBJIEHOTO 3HaueHHs K = lim h(l ) TobTo, 3
s

Oy/b-IKOi TOYKHM PO3TIHHOI XapaKTEPUCTUKU MPOBOAUTHLCS JOTHUHA

TO HEPETHHY 13 JIHIE h(t) = k 1 npoekIis JaHoro Bijpi3Ka Ha BiCh

a0cCIuC 1 € BENMMYUHOIO T .

[Mapamerp 7 XapakTtepu3ye iHEpIIiHHICTH JIAaHKH. SIK TpaBWIIO
JoBXKUHA TepexigHoro npouecy f~ 37T . Ile o3nauae, 1m0 Xo4a
TEOPETUYHO IEPEXiTHUH MPOIEC ITOBUHEH BCTAHOBUTHUCS TUIBKH MPH
! = 00, MPaKTUYHO TPOIIEC BCTAHOBIIOETHCS uepe3 uac 37 .
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Tounime cramy 7 MOXHAa OOYUCIIUTH SK 3alITPUXOBAHY IUIOIILY
(puc.6.4)

r

S = [(k—n(t )dt—kje T dt =kT (6.16)
0
3BIIKU
-5, (6.17)
k

ae S —wromia ¢irypu, ooMexeHa h(t) Ta IPAMOIO h(t) =k.

6.3. Po3p’si3yBanHs 3a1a4
3anava 1.

Maemo rpadik po3riHHOT XapaKTEpPUCTHKH, 300paskeHol Ha puc.6.5,
ne npu t; =10, h=038.

h(t)

h(t

0 t
1
Puc.6.5. I'padix posriHHOT XapaKTEpUCTHKU 00’ €€KTa

Heo0ximHO oTprMaTH aHATITHYHUIA BUTIIA] TIepeAaTOIHO] PyHKIIII.
Po3B’sa3anHs.
Taka po3riHHAa XapakTEpPUCTHKA, SK BIJOMO, BIAMOBIa€E

THTETpyIOUid NaHIi h(l‘):kt, IO OMHUCYETHCS U(epeHIliaTbHIM
PIBHSHHSIM
dy
dt

ne k — koedimieHnT mepemavi, x,y — BIANOBIIHO BXIiAHWHA Ta

=kx,

BUXIJHUI CUTHAIL.
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§ . k
[epenaTouna (pyHKIIIS TaKkoi JTAaHKK Ma€ BUTIISA: W( p) =—.
p
3 rpadika po3TiHHOI XapaKTePUCTHKH Koe(dilmieHT mepemadi
BHU3HAYAETHCS HACTYITHUM YHHOM:

) 08 e
t 10

Omxe, W(p)= 008 .
p

3agaya 2
[Ipu mocmimkeHHi 00’€KTa OTPUMAHO TUCKPETHI €KCIIEPUMEHTATbHI
3HA4YEHHS PO3TiHHOI XapaKTePUCTHKH:

f 10 20 30 40 50 60 70

h(t) 0,7 0,55 0,43 0,32 0,2 0,15 0,1

Heo0xinHO oTprMaTH aHATITHYHUA BUTIIA] IEPEAATOIHOT PyHKIIII.

Po3B’sa3anns.
HanecemMo ekcriepuMeHTaIbHI 3HAYSHHsI HA CUCTEMY KOOpPJIWHAT Ta
MPOBEJIEMO CXEMATHYHO Yepe3 HUX KPUBY.

0,8

0,6 N
0,4 \*

0,2 \
W

0 T T T 1
0] 20 40 60 80

Puc.6.6. Po3rinHa xapakTtepucTika 06’ekTa, To0yaoBaHa 3a eKCIePUMEHTAIbHIMH
3HAYCHHSIMU

SAx Oaummo, rpadik HoAiOHMH A0 PO3riHHOI XapaKTepUCTUKU
peanbHOl AudepeHLioYol JaHKU, a OTXKEe MOXe OyTH ONMCcaHUil

64




t
PiBHSHHAM h(t ) =ke T

Jns Takoi snaHku nudepeHiiagbHe PIBHSHHA Ta MepeaaTodHa
(hyHKIIiST MAfOTh BUTJISIIT

T—y+y:k@’
dt dt
k
(p)=-"L-.
Tp+1

3 rpadika po3riHHOI xapakTepucTuku (puc.6.6) KoedilieHT
nepeaayi BU3HAYa€ThCS HACTYITHUM YHHOM
k =limh(t). k=~08.
=0+
Sk Bimomo, ctamy yacy 7 MOKHA BU3HAYUTH SIK MiAJOTHYHY J10
h(t), ane ii MOXHa OOYUCINTH HACTYIIHUM YHHOM
'

S = Th(r)dt :kTe_Tdt kT
0 0 J

3BIIKU
roS
k

ne S —moma ¢irypu, ooMexeHa h(t) Ta JIiHi€0 a0cIuc.

Just  po3paxyHKy —Iuiomi S, CKOPHUCTAEMOCh  METOJIOM
HalMEHIINX KBaJpaTiB, BAKOPUCTABIIH JaHi 3 TAOJUIl Ta O0yIEMO
h(t) y BUIUIAJ1 IOJIHOMA h(t) =at+b.

B pesynbrati pospaxynky a=-0.0101, »=0.7543. Orxe,
h(r)=—-0.010T +0.7543.

70 70
S~ [(at+b)dr=ar* +bt‘0 =-0.0101%70% +0.7543*70=3.311.

0
Orxe, T=£=&H=4.14.

kK 08
B pe3ynbTaTi OTpUMAEMO NepeaTouHy ¢byHKLiO:
0.8p
W(p)=—"
4.14p +1
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6.4. KonrpoJbHi 3anuTaHus

[\

w

SIki € THIOB1 TUHAMIYHI JIAHKA?

Slkum mudepeHIianbHIM PIBHSHHIM OIMCY€ETHCS IHTETpyloda
naHka?

Slxwnit BuTIAA iepenaToyHoi QYHKINT iHTerpy0voi JJaHKn?
Skmit  BurisAnm  rpadika  PO3TIHHOI  XapaKTEPUCTHUKH
IHTEerpyroUoi JaHKu?

Axum audepeHIiaTbHUM PIBHSHHSM OINUCYETHCS idealbHa
U epeHIIio0YH JIaHKa?

SIxkuii BUTJIA nepeaaToIHol GyHKIIT 11eaJIbHOT
JTUQEepeHIIiI0I0Y0i JIAHKU?

Sxnii Burnsaa rpadika po3riHHOI XapaKTEPUCTUKHU 11€anbHOT
MU epeHIIi00Y0] TaHKN?

Sxum JuQepeHIiaTbHIM PIBHSIHHAM OTHCYETHCA
amnepiognyHa J1aHKa?

Slxnii BuTIAA iepenaTodHoi QYHKINT apriepiogndHOT TaHKH?

. Sxwmit  Burman  rpadika  poO3riHHOL  XapaKTEPUCTUKU

anepioguyYHOi JJaHKU?
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