[(k—l)éyk]—”;l[ay]

5b = 12 s
yn(n—1)(n+1) (1.51)
oa = L 5bm.
n n
Koediuientn a,b pozpaxoByroThcs 3a popmynamu
b=b, +0b,
(1.52)
a=a,+oa.

KonrpossHa (hopmyiia Ma€e BUTIIST
nn—1
D2 1=bin [+ 2 ™ : )

, n(n—=1)(2n-1) N
6

2k =13y, 1} —aly]=[ee).
[ykane piBHsAHHS Oyne
@(x) = (b, + 6b)x + (a, + 6a). (1.54)
VY nenaroriri i ICUXOJIOTI{ BETMKUM MOIIHPEHHIM
KOPHUCTY€EThCS hopmyIna
y = bx, (1.55)
sIKa € YaCTKOBUM BHIAIKOM TIOBHO1T popmynu (1.1) ko
KOeQIIieHT @ JOPIBHIOE HYJIO. 3a TOTIOMOTOI0 i€l hopmMymu
BHUPAKAETHCS 3ATEKHICTh MK PAJIOM BEIHYMH ,
JOCTIDKYBAHHUX Y MEJArorimi i ICUXO0JIOTiI.
ITpsima (1.55) nmpoxoauTs yepes Mo4aToKk KOOPAUHATHOI
cucremu. [[iist BU3HaueHHs KoedimienTa b MaeMo oiHe HOp-
MaJIbHE PIBHSHHS

[yx]—-b{x*]=0. (1.56)

(byx, +a,)+

by (1.53)

3Biacu
[yx]
p =124 1.57
[x*] (137

3piBHOBaXEHE PIBHSHHS Ma€ BUTIIS]
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BIJIOBITHOT IPAKTHYHOT pOOOTH.

[HuBiTyanpHI 3aBAaHHS CTYIEHTH OepyTh i3 Pe3y/IbTaTiB
noOyI0BH MaTeMAaTUYHOT MOIEN1 KyOIYHHM IMOTIHOMOM.
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o =R
yn(n—1)(n+1)
n
k(n—k)Ay, J{ix(n-1)+2y ]

an(n—=1)(n+1) '
Jnst oO4YMCIIeHHST a MO’KHA, TAKOX, BUKOPUCTATH
opmyity

a=

a:m—bm. (1.47)
n n
JJ1s1 KOHTPOJTIO OOUYUCIIEHb 3aCTOCOBYETHCS (opMyIia
n(n—1)

[yz]_b(nx1y1)+x1[(n_k)Ayk]+y1% +

[(n+k—D)(n—Kk)Ay,]
X
2
B ToMy BUnazKy, KOaM 3Ha4E€HHs ), JOCTaTHBO BEIHKI,

(1.48)

)—aly]=[ee].

cyMy [y?] MOKHa JJIs1 OJIETIIEHHS! 004YMCITIOBATILHOT pOOOTH
BUPA3UTH Yepe3 KiHIIEB1 PI3HHUIII.
[V 1=ny* +[(n = )AV 1+ 20 [(n =) Ay, 1+
2AAy,[Ay; (n = I,
ne k 3amiatoernses Bigl g0 n-1, 1— Big 1 10 n-2,a 3HAYEHHS |
3MIHOETHC Bijg +1 10 n-1.
[lykane piBHsAHHS Oyne
o(x) =bx+a. (1.50)
Po3rnsHeMo 11e BUIMa oK BU3HAYESHHS TIOMIPABOK 10
KoeirieHTiB a,,b,.
Jliist 3piBHOBaXY BaTbHUX OOYHCIIEHB TIO ILOMY CIIOCO0Y
ckopuctaemocs ¢opmynamu (1.41), 3amiHuBIIN B HUX a,b, y

(1.49)

BIJIIOBITHO HA Oa,ob, Oy
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KoHnTponbHa Gopmyna Mae BUTIISL
[1?1=b0x,[¥]+ x[(k =)y, ] —aly] = [ee]. (1.42)
®opmynu (1.41) MoOKHa BUpa3UTH 3a JOIIOMOTOIO
KIHIIEBHX PI3HUIIB. [[J1s1 IbOTO TIPEICTABUMO BUMIPSHI
3HaueHHs QyHKUIi y, depe3 KiHLEeB1 pi3HULL
V=Y +Ay, + Ay, + L+ Ay, (1.43)
BukonaBmu noctpoyHe nonaBaHHs piBHOCTeH (1.43),
OTPUMAEMO
V]1=ny, +(n—=DAy, +(n=2)Ay, +...+ Ay, ,,
a00 B 3arajbHOMY BHITaJKy
[y]1=ny, +[(n-k)Ay, ], (1.44)
Iie 3HaueHHd k 3MiHoeThCs Big 1 1o n-1.
AHAJIOTIYHUM YMHOM BU3HAYAETHCS 1 CymMa
[xy]=nxy, + x,{(n—=DAy, +...+ nAy,  } +

nn-1 nn—1 n+)(n-2
nx ( )+x{ ( )Ay1+( X )Ayz+---
2 2 2
+(n-DAy, },
a00 B 3arajbHOMY BHITaJKy
n(n-1
[xy]=nxy, +x,[(n=k)Ay, ]+ y,x ( ) +

(1.45)

[(n+k—-1)(n—-k)Ay,]
X
2
[Mincramsroun y (1.11) 3HaUeHHS CyM BIAMOBIAHO i3
(1.40), (1.44)1(1.45) , GynemMo mMaTu 3HaUCHHS ITyKaHUX
KOe(QIIi€HTIB , BHPAXKEHUX Yepe3 KiHIIEeB1 Pi3HMII
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ITEPE/IMOBA

Konteniist miarotroBku eKOHOMICTIB BUCOKOI KBasidikarii
noTpedye BMIHHS OyayBaTH €KOHOMIKO-MaTeMaTHIH1 MOIeTi
YIIpaBIIiHHS 3a11acaMu, MOJIEIIi IPUIHATTS PillIeHb,
MIPOBOJIUTH MOJICITIOBAHHS IHTETPAIbHOTO MOKa3HUKA
EeKOHOMIUHOT Oe3MeKH OaHKy.

ExcniepumenTanbHi poOOTH CYyPOBOIKYIOTHCS
MaTeMaTUYHOIO 0OPOOKOIO MaTepiatiB i OIIHKOIO TOYHOCTI
pe3ysbTarTiB.

B nanomy Kypci JeKIii JoCTiKYIOThCS pe3yabTaTh
€KOHOMIKO-MaTeMaTHYHOTO MOJICITIOBAHHS MIPSIMOJIIHIIHOIO
3aJISKHICTIO, KBJIPATUIHUM TOJIIHOMOM, TilepOoTiuHOT0,
CTETIEHHOIO 1 TOKa3HUKOBOIO (DYHKITISIMH.

KoskHa nexitist CyrmpoBOIKYEThCSI BAKOHAHHSM B1IMOBITHOT
MPAaKTUYHOT pOOOTH.

[HnuBinyanpHi 3aBAaHHS CTYACHTH OEpYyTh i3 pe3yIbTaTiB
noOyI0BH MaTeMAaTUYHOT MOIEN] KyOIYHUM IMOJIIHOMOM .

JlocimpkeHHs: MPOBOJUTHCS METOIOM MTOOYJOBH
CTIIOTBOPEHOT MOJIET 1 3HAXOPKEHHS alpOKCUMYIOUNX
Koe(Dilli€eHTIB METOIOM HaMEHIITNX KBaJIPaTiB.

Ha ocHOBI BUKOHaHHS JOMAIIHIX poOIT MO JaHOMY KypCy
0(QOPMIISIOTHCS 3BITH y BUTIISAII TPHOX MOJIYIIB 1
3aXHIIAIOTHCA B IHAWBITyaTbHOMY TOPSAKY.

[TpoBOIUTHCS MOPIBHSUTBHUI aHANI3 TOYHOCTI MPH
ampOKCUMAIlii pi3HUMHU QYHKIISIMH OJHIET 1 Ti€T 5K
CIIOTBOPEHOT MOJIEII.

Koediuientn a i b 3HaX0AATbCA 3a GopMyIamMu

b=b, +0b,
(1.37)
a=a,+oa.
[TpaBUIBHICTH OOUNCIIEHHST @ 1 b KOHTPOJIOETHCS
dbopmyoro
[(0b)* — Sb[xSy] - da[dy] = [e€]. (1.39)

1.8. O6podka maTepianiB NpH 3HAYECHHSAX APIryMeHTa y
PIBHUX iHTepBaJjiax

Po3rnsiHeMo BUIA0K, KOJIM 3HAUEHHS apryMeHTa JTAl0ThCS
yepe3 piBHI iHTepBanu. [Ipu IboMy BHpasu IS CyM , SIKi
BXOJISITh y CKJIaa (opMyI Ui BU3HAYeHH a 1 b , OynyTh
n(n—1)

9

[x]=nx +x >

n(n—1) iy n(n—1;(2n-1)

[x*]=nx] +2x,x , (1.40)

[ev]=x [y]+ x[(k =Dy ],
7Ie N- YHUCIIO0 Tap BU3HAUCHB X 1Yy ,X- 3HAUCHHSI IHTEpBaIy ,
yepes KM 1a€TbCs apryMeEHT.
[TincranoBka 3HaueHb MUX cyM y (1.11) mae

n—1
[((k—Dy,] —T[y]

b n%ln(n_l)(n-i_ga 1 n—1 (1-41)
2 [V]1Cxe, + 2 3 )=k =Dy, J(x, + x 2)
ann(n—1)(n+1) ’
abo
D,k
n n
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a, _l lm. (1.30)
n n
HaGmmwkene piBHsIHHA Oyne
y' =xb, +a,. (1.31)

Bigaimaroun (1.31) i3 (1.15) , orpumaemo
y—=y'=x(b-b)+a-a,
abo
oy = x0b+a. (1.32)
[TincraHoBKa BU3HAYEHMX 3HAuUeHb y,,X; y (1.32)

MIPUBOJIUTH JI0 CHCTEMH N PIBHSHB

oy, =x,0b+a.,
oy, =x,0b+a,
2 =80T a (1.33)
oy, =x,0b+a.

[Tpu 11bOMy HEBIIOMHMH SIBISIOTHCS TIOTIPaBKU Oa; Ob,
SIK1 HEOOXiTHO BU3HAYMTH 32 CIOCOOOM HANMEHIINX KBaIpaTiB
Jliroun aHAJIOTIYHO MPHUBEICHOMY BUIIIE, OTPUMAEMO JBA
HOpMaJIbHI PIBHSHHS

Sb[x* ]+ Sa[x] - [x5y] =0,

1.34
ob[x]+nda—[oy] =0, (139
pIICHHS SIKUX JIa€
5 _ M1 =[x]0y]
n[x”]=[x][x] (135)

P i ) 5 63
1= [x][x]

[TompaBKy Oa MOXHA OOYHUCITUTH TAKOX 32 POPMYIIO0

sa =11 5 [x]. (1.36)
n n
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Jlekmis 1. JlocaimkeHHs] €KOHOMIKO-MaTeMaTHYHOL
MOJIe1 IPSIMOJTIHIHHOIO 3aJIEKHICTIO

1.1. IlpeacrasiieHHs onepaliiHNX 3MIHHUX-LiHU TOBAapY i

MONUTY HA HbOT'0

3a pe3ynpTaTamu TOCHTIPKEHb OTpUMaHa TaOIHIIs
3aJIeKHOCTI IIHU TOBApY 1 MOMHTY Ha HHOTO.
Tabmuus 1.1. 3anexHICTh HIHU TOBapy X 1 MONHUTY HAa HHOTO

VY (Cupi nani)
Howmepa Bincre- [ina ToBapy Xi [Momut Vi, mT.
KEHHX Omepalii | B THC. TPH..
1 2,8 8
2 1.9 13
3 2.9 5
4 2.0 16
5 3.0 11
6 3.1 6
7 2.8 9
8 1.6 18
9 3.2 5
10 3.3 2
Beworon =10 > 26.6 > 93.0

3amaua 1OCIiTHUKA-BCTAHOBUTH 3aJISKHICTh Mk X 1Y 1
orucaT HOPMYIOL0, SKIIO TaKa MOKJIMBICTh ICHYE, sIKa O
OTNITUMAJIFHO anpoKcuMyBasia (HabMKyBaia) JiHito rpadika
0 pe3yNbTaTaxX eKCIePUMEHTAIBHUX JaHUX, 3pOOUTH OLIHKY

TOYHOCTI.

Anpokcumariii TECTOBUX AOCHIKEHb MOKHA BUKOHYBATH
PI3HUMH METOJIaMH., HAIIPHUKJIA, 32 JIOTIOMOTOI0 CIUIAiH-
byHKIIH, mOTIHOMaMHU Oy/Ib-SKOTO MOPSIKY,
JorapuMIYHUMU 1 eKCTIOHCHITIATPHIMH KPUBUMH 1 T.1.

Po3po06iena koMI 10TepHA TIpoTpama, sika J1a€ MOXJIUBICTh
apOKCUMYBATH OYIb-sKi eKCIIEpUMEHTAIbHI JaHi

5




noJiiHOMaMu Oy/b-sikoro nopsiaky. [linbuparoun unm OuTbITY
CTEIiHb MOJIHOMY, 3TJIa/KYI04a KpuBa Oyie KpaluiuM YuHOM
MPOXOJUTH TI0 BCIM €KCIIEPUMEHTATBHUM TOYKaM, aje
3arajibHa TeHEHIIs Oyne cioTBopeHa. Tomy ciix Oyne
BUOMpATH K HAlMIpoCTimIi JiHii rpadika i SKHaWMEeHIITy
CTEITiHb MMOJIHOMY JUIS BHSIBY 3araJIbHO1 TCHICHITI1
Pe3yAbTaTUBHOI 1 AaKTOPHOT O3HAK.

Y exoHOMIllI MUPOKO BUKOPHCTOBYIOTH rpadiuHe
300pakeHHs Y GopMi TOUOK y IpocTopi. Tak mogaroTh
pe3ybpTaTé 6araTOBUMIPHOTO MIKATyBaHHS, (PaKTOPHOTO
aHaITI3y, JIATEHTHO-CTPYKTYPHOTO aHATI3Y.

1.2. IloOynoBa BapianiliHoro psaay

JInst IpOBEICHHS aHAITI3Y JTAaHUX HEOOXIHO 1X paHKUPYBaTH
B 3pOCTAIOYOMY TOPSIKY, TOOTO IOOYAyBaTH BapialliitHIiA
ps.

Tabmuns 1.2.Bapianiiauii psii eKCIepruMeHTATbHUX JaHUX

Neri/m | Homepa [ina ToBapy [Torur
BIZICTEKEHUX XiB THC. TpH.. | Yi,IIT.
oTiepartii

1 8 1.6 18
2 2 1.9 13
3 4 2.0 16
4 1 2.8 8

5 7 2.8 9

6 3 2.9 5

7 5 3.0 11
8 6 3.1 6
9 9 3.2 5
10 10 33 2

Beboron =10 > 26.6 > 93.0

SIKIIIO MM IOCTaBHJIU TIepel COO0I0 METY BCTaHOBHUTH
(byHKIIOHATBHY 3aJIEKHICTh MDK (hakTopHUMH Xi 1
GyHKIIOHATPHUMH (Pe3yIbTaTUBHUMH) Y1 03HaKaMH, TO

6

D1 Al D)

n nlx’]-[x][x] n
[Ticnst meperpynyBaHHsI OTPUMAEMO
y:b’x+m—b’m. (1.26)
n n

[TopiBHIOIOYM KOEQIIIEHTH TMPH OJHAKOBUX CTETEHAX
piBasHb (1.15) 1(1.26), 6aunmo, 1o

b="b,
[¥] b,m (1.27)

n n

Ha mpaxTuii y 3B’3Ky i3 320KPYIJIEHHSIM CYyM M,m,

n o n
cymu [y'],[x'] He TOPIBHIOIOTH TOYHO HYIIAM, a OYBalOThH
MaJFMH BeIMIMHAMH, SKUMH, K TPABUIIO, MOKHA HEXTYBATH 1
kopucryBatucsa popmynamu (1.22) 1 (1.25). B pigkux Bunaakax
HEOOXiTHO BBOJUTH B 00umciaeHHs Benuunau [y'],[x'].

Konrponsna popmymna Oyae MaTH BUTIIST

2 [ [J’][x]
[y ]—([yX]+—n )b —[yla =[ez]. (1.28)

Jpyruii MeTo1, SKU BeJIE IO CIIPOIIEHHS OOYHUCIICHB ,
3aKJICYAETHCS B TOMY , III0 PO3PAaXOBYIOTh 3a CIIOCOOOM
HaWMEHIIMX KBAJPATiB TOMPABKH 0 HAOIMKEHUX 3HAYCHD
Koe(ilieHTIB a,ib,

HabmuxeHe 3Ha4eHH KoedilieHTa OOYHCIIOITH IO IBOM
EKCMIEPUMEHTATIFHIUM TOYKaM , TAJIEKO PO3TAIIOBAHUM OJHA BiJ
Apyroi

yi - yp
b =——. (1.29)
X, —X,

HabmuxeHe 3Ha4eHHST BUTHHOTO WICHA BU3HAYAIOTH 32

dbopmyoro
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1.7. Po3poOka npuiioMiB cipoiieHHs i panionaJjizaumii
004YHCIIOBATBLHUX POOIT

OnuuM 13 epekTHBHUX IPUHOMIB parioHami3amii 06poOKu
MaTepiajiB € METOJ MePETBOPEHHSI KOOPIMHAT 3a JJOTIOMOTOI0
napajeabHOro NepeMillieHHs] KOOPAWHATHOI CITKU 10
x] ]

n’on’

3B’A30K MDK HOBUMH 1 CTApUMHU KOOPIUHATAMHU

BHUpaxxaeTbcs (popMysaMu

CYMIIIIEHHS TIOYaTKy KOOPANHAT 3 TOYKOIO

xl- = xl-
n
(1.20)
W
YVi=Y; _L'
[Tpu TakoMy nepeTBOpEHHI OyIeMO MaTh
x1=[y1=0,
A X
[yx]:[yx]_@, (121)

[x?]=[x]- [x][x]
n

Ie Butikae 13 (1.19). 3Bigcu

b =M : (1.22)
[x7]
a=0, (1.23)
y' =bx". (1.24)
Jlerko oxasatu 110
b=>b',
:m_b,m (1.25)
n n

Jast poro (1.21) mincraBumo y (1.24)

14

Mo-TiepIIe He MOXKE OJTHOMY 1 TOMY X 3HaUueHHI0 X=2.8
BIJINIOBIIaTH JIBA PI3HUX 3HAYCHHS Y , piBHUX & 19, 110 BUTHO

13 Tabm..1.2, a 7BOM pi3HUM 3HadeHHsM Xi (2.9 Ta 3.2)
BIJIMIOBIZIATH OJTHE 3HAYCHHA Y =5.

[To npyre, 3araiabHa TEHICHIIIS BapialiitHOTO PsTy
eKCTIEPUMEHTAIbHUX JJAHUX MPEJCTaBICHUX B Ta0.. 1.2 mo-

Ka3ye 1o Mipi 3pocTaHHs IiHA X1 CMIaJaHHS PE3yJIbTaTUBHOT
O3HAKH MOTHUTY Y1i.

Aue B AaHiit TaGIUIlI BUAHO MPOSIBICHHS CYO €KTUBHOTO
¢axTopy, mpo 110 TOBOpHUTH nocinoBHicTs Yi (18, 13, 16, 8).
JIJiss BiMOBIMHOTO PiBHS I[IHA MaTeMaTHYHY MOJICNTb KpaIlie

3amoBuTbHUB O psij (18, 16, 13, 8).

ITo Tpere, B 3aranbHili TEHIEHIII] CIIaAy MPOSBISETHCS
pi3kuit ctprbok B 11 oguuums mo Y piBHIO nonuty B 3.0
OJIMHULI 110 Y.

3BHUaiiHo, 1 I1i TaHi MOYKHA BKIIIOYAaTH B MAaTEMATUYHY
00poOKy JUTsl BCTAHOBIIEHHS (YHKIIIT, sika O omucyBaia q0c-

TDKYyBaHy TIpoOieMy. AJie B JaHOMY BHITQJIKY Oy/ie BEITUKe
PO3CIFOBaHHS PEe3yAbTATIB BiJl eKCTICPUMEHTAIBHHX JTAHUX.

[Tpu mpoBeneHH1 JOOpe OPraHi30BaHOTO TTOBTOPHOTO
eKCTIEpUMEHTY HaMH OTPUMaHi CIIiTyro4i IaHi.

Tabaung 1.3.Pe3ynbpTaT NOBTOPHOTO EKCIIEPUMEHTY

Ne 1 |2 3 4 |5 6 |7 8 9 110
Xi |[1,6 2 [2,1]23]25(28]29]3 3.1 133

YVi |18 |14 |13 |12 |11 | 9 8 |7 6 |3

Ananidyroun qani taomn..1.3 irtabmn. 1.2, 3amitumo, 1o B
JaHUX TaOIUISX 3aJIMIIMIACH 0a30BUMHU (PETIEPHUMM )
o3HaKaMH X =1,6 ; ¥ ,= 18, a piButo nonuty 3il Bigmosinae

pe3yibTaTUBHA O3HaKa B 9 1 6 OJMHHUILH BIAMOBITHO.
1.3. IloGynoBa ToukoBoi Aiarpamu i rpagika
Jnis minbopy anpoxcumyrouoi GpyHKIiT MOOYAyeEMO TOUKOBY
miarpamy irpadik Ha OCHOBI JaHHX TaoOm.. 1.3.
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Puc.1.1. ToukoBa niarpama i rpadix excriepu-
MeHuTanbHUX TaHUX
3py4Ho OynyBaTH TOYKOBY Jiarpamy i rpadik Ha
MePCOHATFHOMY KOMIT 10Tepi y penaktopi Microsoft Offise
Excel.

VY xmituHni A1 HaOWparoTh HE3aIEXKHY 3MIHHY X, a B
kiituHii B1- pesynbryrouy dyskmiro Y. ITicns mporo
HAOHMPAIOTh Yy CTOBITYMKY A BCi JIECSATh 3HAYCHH X, a B
CTOBITYMKY B — BCi iecsTb 3Ha4eHb V.

1. BuniisiroTh J1aHi, Ha OCHOBI SIKHX OyJie CTBOpEHA
niarpama.

2 Bubupaerbest komanaa Beraska, Jliarpama.

3. Buninsernscst «ToukoBay miarpama.

4. KJTiKHYTH JIiBOTO TIOJIOBUHOIO MUIII Ha KHOTIKY «I"0TOBOY,
100 CTBOPUTH Jiarpamy.

1.4. TeopeTnuHi OCHOBH

1.6. KonTpoJb 3piBHOBaKeHHS
[TincTaBUMO B OTpUMaHe WMOBIpHilIe PIBHIHHS

o(x,)=bx, *a (1.15)
BU3HAYEHI 3HAUEHHS apryMeHTa X,,X,,...,X,, 0yJJeMO MaTu
HMOBIipHillle 3HaueHHA (QyHKIIT (X ;) , BIIMIHHI BiJ
pe3yNbTaTiB BU3HAUCHh HA HEBEIUKI BEJTMYUHU

bx, +a-y, =¢,

bx,+a-y, =¢,, (1.16)

bx, +a-y, =¢,.
[TinBenemo 10 KBajapary Mpasi iJiBi YACTHHH PIBHOCTEH
(1.16) 1 gomamo ix
b*[x*]+na’® +[y* ]+ 2ab[x] - 2b[ yx]—2a[y] =

b(b[x} + a[x]=[yx]) + a(b[x]+ na —[y]) +[y*] - (1.17)

blyx]—aly]=[es].

3Bincu, Ha ocHOBi (1.1)

[v*1-blyx]-aly] =[ee]. (1.18)

PiustHHs (1.18) ABNSETHCS KOHTPOIBHUM 1 CIYXKHUTD JJIS
MEPEBIPKH BCiX 0OUMCIIEHB MPOILIEYPH 3PIBHOBAKECHHS,
BKJTIOYAIOYH 1 CKJIaIaHHSI HOPMAJIbHUX PIBHSHb.

Jpyrum KOHTPOJIGHUM PIBHSHHSAM ISl JAHOTO BUTIAJIKY
Oyze apyre HopMajbHE PIBHSIHHS

blx]+na—-[y]=[e]=0. (1.19)
3a nonomoroto (1.19) KOHTPOIIOETHCS TUTBKU
MPAaBUIIBHICTH PIICHHS HOPMAJIbHUX PIBHSHb.

PimenHs 3aa4i npu npsIMOJTIHIAHINA 3a7I€KHOCTI HE
SABIISIETHCS CKIATHUM. AJIe BCE XK MPH BEITUKOMY YHCI1
BU3HAYEHb N 1 BETMKUX 3HAYCHHSX X 1 y 00YHCIIOBaIbHI
POOOTH MOXKYTH OyTH TPOMI3IKUMH.
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Sxmmo B (1.13) migcTaBUTH 3aMICTh X CepeTHE apUPMETHIHE
Horo 3Ha4eHHs 13 psAY BU3HAUEHb [X]/n , TO MmiCIs
NEPEeTBOPEHHh OTPUMAEMO

[, _ DAL ][0 _ ] -

AR R (9

Taxkum YUHOM, TOYKa 3 KOOpAUHATAMU —— [ ] [y] 3aBX 1IN
n n

JISKUTH HA HIYKaHIA TPSIMiH.
2

ITo anaorii , mizctaBuBmm y (1.13) 3aMICTbh X,
OTPUMAEMO y = Lol (1.15)
[x].
3HaYNTh, TOUKA 3 KOOPAUHATAMH —— bl ] [ bl TaKOXK 3aBXKJIU

[x] " [x]
JISKUTH HA PIBHAHHI MPSMOT.

TakuM 4YMHOM, HaM BiJJOMi1 KOOPJIMHATH JIBOX TOYOK, SKi
3aBXK/M JIeKaTh Ha UMOBIpHImiNA mpsMiil. Lle q1ae MOXIUBICTD
6e3 obumcneHs koedimieHTiB a@ i b modymyBaru rpadik
IIYKaHOT KPUBO1, TOOTO BUKOHATH 3PIBHOBKEHHS TpadiuHuM
L] 1]

n’ n
HISKUX prIIHOIlIiB He npencTasiisie. OOUUCIEHHS KOOPAWHAT

[x ][y]

Z[perl TOYKU —— [ ] [ ] B ACAKHUX BHUIIAJJKaX MOXKC 6YTI/I 3a-
X

TpyaHeHUM. ToJli mIykaHy IpsMY MOYKHA IIPOBECTH Yepe3

[][y]

IepIIy TOUKy — TaKUM YMHOM, 11100 L1 IpsimMa

nuigxoM. OOGUHCIEHHST KOOPIMHAT MEPIIOi TOUKU

PO3MICTHIIACS SK MOXKHA OJIIDKYE 0 BCiX €KCIIEPUMEHTAIBHUX
TOYOK, HAHECEHHUX TOTIePeTHRO Ha rpadik.

12

dopmyrna MpSAMOITIHIHHOT 3aJIEKHOCTI Ma€ BUTJIST
y= a +bx, (1.1)
a0o0, gkmo a =0,
y = bx. (1.2)
3acTocyemMo crocid HaiMEHIINX KBaIpaTiB s
ampoKCUMallii piBHSAHHSAM NPsAMOJIiHIAHOT 3anexHocTi (1.1) 3a
JIBOMA PAIAMH PE3YJIbTaTiB €KCIIEPUMEHTAIBHUX JOCTIPKEHb
X,;,y,;, IPUBEAEHHUX B Ta0m.. 1.3, ne X , npUAMarOThCA
BEIMYMHAMHU OE3TOMHUIIKOBUMH.
HeoOxigHo Tak migibparu GyHKIIi0
o(x,)=bx, +a, (13)
o6 koedimieHTH a i b Oynu HMOBIpHIIITUMH.
VY BiIMOBIIHOCTI 3 BUMOTOIO CIIOCO0Y HAMEHIITNX
KBaJ[paTiB, U IbOTO HEOOXiqHO, 00 cyMa KBaapaTiB
BiIXWJIEHb OTPUMAHUX 3Ha4eHb y, Bix ¢( X,;) ,0yna

MIHIMAJIBHOO

0, ~bx, - a)* = min. (1.4)

Bupasu BiIXuieHb CHOCTEPEKEHUX 3HAYEHB Y, Bill
@(X,) B pO3TOPHYTOMY BUTJIAAI OyayTh
—-bx,—a=g¢,
y,=bx,-a=¢g,,

(1.5)



OTtpumainu cuctemy n piBHSHB , SIKi HA3UBAIOTHCS
nouyaTkoBuMHU. [ligBeremo 10 KBaapaTy JIiBi i MpaBi YaCTUHU
X PIBHAHB, OTPUMAEMO

(v, —bx, _a)z :812v
(v, —bx, _a)z :3227

(1.6)

2
(yn _bxn _a) :8n'
JlonaBmy 1i piBHOCTi, OTPUMAEMO

n n
Sy by -a)’ = Ye

i=1
(1.7)

o6 3HaiiTu fioro MiHiMyM, HEOOXIJTHO B3SATH YaCTUHHI
MOXIHI IIHOTO BUPA3y MO a ib i MPUPIBHATH IX HYIIO.
OTpumaeMo JBa HOPMAJIBHUX PIBHSIHHSA 3 BOMA HEBIIOMUMU

o 5 n
— > -bx.—a)" =2 Y(y —bx.—a)x.=0, (1.8)
ob i l i i i

i=1 i=1
o n

C Sy —bx.—a)2 =2 ¥(y —bx.—b)=0.
Oa i ! ] i

i=1 i=1
[Ticnst ckopoueHHs Ha 2 1 3MiHM 3HaKa OyieMo MaTH

by x2+ay x.— 3 yx =0, (1.9)

10

n n
b > xl.+na— > e =0,
i=1
i=1
a00, 3acTocoBytour ['aycoBe Mmo3HauYEHHS CyM,
b[x?] + a[x] — [ yx] =0, (1.10)
b[x]+ na —[y] =0.
PimeHHs X HOpMaNbHUX PIBHAHD Ja€ BIpOTiAHIIIE 3HA-
YeHHs Koe]ilieHTiB a ib

= [x]0]
] =[x
B (B 10363

] =[x][x]

Koediuient a moxe Oyru BusHayenuid i3 popmynu (1.10)

(1.11)

] _[x], (1.12)
n n
[Ticnst mincranoBku (1.11) B (1.1) oTpumaemo BiporiaHimie
3HAYEHHS MIyKaHO1 PYHKIIIT, Ky 3aBKI1 Oy/1eMo To3HaYaTH

yepe3 ¢(x)

a=

RSN 3 N 4 (63 FRPRS
AT Al ] [x]0x]

3amayva pimreHa.

1.5. 3piBHOBa:KeHHS rpaiYHUM LJISIXOM

11



B 00uzBi cTOpOHM Bif CEpeIVHM IHTEpPBAILY IOXHOKA
¢byHKIii 3pocTae.

@opmyna  (3.12) nmae  MOXIHMBICTD  OOMEXKHUTH
BUKOPUCTaHHS 3PIBHOBA)XEHOI1 (YHKIIIi TakKUM IHTEpPBAJIOM, B
MeXax SKOTo ii cepenHsl KBapaTHyHa MOXMOKa HEe MEPEBUIILYE
3aJ1aHOTO Harepes 3HaYeHHS.

3oHa PO3CitOBaHHS 3pIBHOBAXEHOT byHKii

00OMEXY€ETHCSI KPUBUMHU

¢(y)=bx+ai\/m,f[x—M] +mp,) . (3.13)
n

n

SK1 IPOXOJISITh Yepe3 TOUKU

x EE
[x— " Y= " + —n(n—2) . (3.14)

JIOTHYHI 10 TUX KPUBUX y BKA3aHUX TOUYKAX MPOXOJSATH

mig KyToM 10 oci abcruc (puc.3.1).

40

o(x) Jy—fx. (1.58)
[x7]
[TpaBUIBHICTH OOYNCIIEHB KOHTPOIIOETHCS 32 JOTTOMOTOIO0
bopmynu
[y*1-blyx] = [e€]. (1.59)
3amitumo, mo npsma (1.58) mpoxoauTs yepes3 TOUKu

2
(0,0), ((M;M),([xz];[yx]) 1 He MOke OyTH HaHECEeHa Ha
[x]  [x]
KOOpAMHATHY CiTKYy 0e3 oOumncieHHs koedimienra b , xoua
00YHCIIEHHS HOTO 1 € T0OCTaTHBO MPOCTUM.
[Tpu piBHOBIACTOSIYMX 3HAYEHHSIX aprymeHta koedimieHT b
BU3HAYAETHCS (HOPMYIIOI0

x Y]+ xl(k -1y, ]
n(n=1) ,n(n-1)2n-1)" (1.60)
) A 6

b:

nx, +2x,x

Konrposnsna hopmyna mae BUTTISA

[1?1=Cx ]+ 2 {(k =Dy, Db = [ee]. (1.61)

Yepes kinuesi pisauui popmyna (1.57) Bupakaerbcs
CIITYFOYUM YUHOM

(-xl +%L_l)([(l’l —k)Ayk]+nyl) +%M
a: . 2 (1.62)

nx; +x, m(n—1)+ x° n(n—l)é2n—l)

OOuuCIIeHHS KOHTPOIIOIOTHCS (POPMYIIOIO

DA1- Gy, +x”7‘1>([n CB)AY )+

[k(n—k)Ay,
“ 2
CrporeHuit MeTo; 00YHCIICHb , SIKUH 3HAKIIIOB COO01
3HAYHE BUKOPHUCTAHHS , TIOJISITAE Y TIEPETBOPEHHI PIBHSIHHS
(1.49) no Buny

(1.63)
1b =eg].

21



q=b (1.64)
IUITXOM JIUIEHHS TPaBoi 1 JIiBOT YaCTHH HOro Ha X, e
_Y

x
[TincraBnsroun y piBHsHHS (1.64) pe3ynbTaTi BU3HAYEHB ,

OTPUMAEMO CHUCTEMY NIOYATKOBUX PIBHSIHb

Vi
- =n,. (1.65)
xi
I3 1i€ei cuctemu piBHSAHBb YTBOPIOEMO, 3 BpaXyBaHHSAM
BHUMOT CIIOCOOY HaliMEHIINX KBAPaTiB, OJJHE HOPMAaJIbHE

PIBHSHHS
nb=[~1=Iq], (1.66)

13 IKOTO 1 BUBHAYAEThCS KoeirieHT b

=% =2 (1.67)
n n
[TpoMiKHUI KOHTPOJIb BUKOHYETHCS 32 JIOTIOMOT'OFO PIBHOCTI
[¢*1-blq]=[nn]. (1.68)
JUTst 3aKITIOYHOTO KOHTPOJIIO CITYKUTH (opMyIia
b(bly*1-2[gx*]) +[x"q* ] = [mxx]. (1.69)

HeoOxigHO CcliKyBaTH 3a TUM, 00 BUKOPUCTAHHS LIHOTO
NpUHOMY HE BEJIO JI0 MOHWKEHHS TOYHOCTI BU3HAUCHHS KiHIle-
BUX DPE3YJIbTATiB.

[IpakTuuna po6ora 1

[TpakTHyHy pearnizaiilo TEOPETUYHUX BUKIIAJIOK HEOOXITHO
BUKOHYBATH 32 JOTIOMOTOI0 OOYHMCITIOBATBHOT TaOIHIII.

OO6uucnroBaibHa TaOIUIIS- 1€ AITOPUTM PO3PaxXyHKY 3a

22

(3.10)

[MpuiimMatoun g0 yBard, MmO Bara apuPMETUIHOI

CepelMHU JOpIBHJE 1N, a CepelHs KBaJpaTHUyHa MOXHOKa

bl

apupMeTHYHOI cepeniHn ~— Oyne
n

ge|l 1

mp, = (311)

7 n-2n
Ile macte 3Mory neperBoputu (3.10) 3 BpaxyBaHHSIM

(2.9) cnipyrounm YrHOM

my = mbz(x—M] +mpy (3.12)
n

n

3a  dopmymnoro (3.12) mimpaxoByeTbcs — CepemHs
KBaJpaTHYHA MOXMOKa 3pIBHOBaKEHOi (QYHKIIT I BCiX
BHITAJIKIB TTIOBHOTO PIBHSHHS TpsMoi. I3 dopmynu BHIHO, 110
cepenHsl KBaJpaTHMyHa MOXuOKa (yHKIiI, 3piBHOBaKEHOI 3a
crmocoOOM HAWMEHIIMX KBaJApaTiB, TNpU TMPAMOJIHIHHIN

3aJIEKHOCTI JOCsAra€ HaMMEHIIOTO 3HAUYCHHS B TO‘IIli 3

bl

abcicoro =, TOOTO B cepeaHii TOYIi iHTepBaia
n

CKCIICPUMCHTAJIbHUX BU3HAYCHD.
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Takum  ymHOM,  KIHIEBUH  BUpa3  cepenHboi

KBaJIpAaTHYHOT MOXUOKHU JIHIMHOT 3piBHOBaXXeHO1 (YHKIIiT Oy1e

m, =m, x> +m, =2 Leg] | 5 1] x . (3.6)
n=2 | |-[x[]

[Tpu MiZCTaHOBIII X=x- M dbopmyna
n
MIEPETBOPIOETHCS
2.2 2 [e€] [x
m,=_|m°x"+m, —2——- X. 3.7
¢ \/ ‘ n—-2 |x* 3.7

A TIpu pIBHOBIJICTOSYHMX 3HAUEHHSX apryMEHTa

Ll
[88]. X, +Xx

n-2 xn(n-D(n+1)

(3.8)

_ 2.2 2
m, =1\m, x" +m, —24

[TpencraBumo popmyiy (3.6) y po3ropHYyTOMY BHTJISII,
MiJCTaBUBIIH B HE1 m, 1 my, 13 (2.9)

B [88] _nx2 —2[x][x]+ x’
s ‘\/ P R ) I

[lepeTBOpUMO TIOKOPEHEBHI BUpa3, JOAABIIM JIO

YU CCIIbHUKA BHUpa3

BEES

[¢] n n’ +l ,

Mo = u=2)" n[lej—[x][x] n

JOTIOMOT OO0 OY/Ib-IKHX OOYHCIIOBATLHUX 3aCO0IB BT
MPOCTOTO MIKPOKAJIBKYIISTOPA, IPOrPaMOBAHOTO
MIKpPOKaJIBKYISATOpa a00 IEPCOHAIBHOTO KOMIT I0TEpA.
OOuncaroBaIbHY TAOIHUIIO JOUUIBHO MPUBECTU Y BUTIISAL
IIaKaTa TMpH MyOJIYHOMY 3aXUCTI Pe3yIbTaTiB TOCITIHKCHb.
Kpim ToT0, BOHa € KOHTPOJILHUM TPHKIIATIOM IIPU CKIIAAaHH1
nporpamMu Ha EOM.
Tabnuusg 1.4. O6uucnoBagbHA TAOIHIIS

2

1 X Vi X Vi X;

1 1.6 18 28.8 2.56

2 2 14 28 4

3 2.1 13 27.3 441

4 2.3 12 27.6 5.26

5 2.5 11 27.5 6.25

6 2.8 9 25.2 7.84

7 2.9 8 23.2 8.41

8 3 7 21 9

9 3.1 6 18.6 9.61

10 33 3 9.9 10.89
n=10 >25.6 >'101 >237.1 >68.26

i y? y,=3027-| e=)'—y | &

7.88x

1 324 17.66 -0.34 0.1156

2 196 14.51 +0.51 0.2601

3 169 13.72 +0.72 0.5184
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4 144 12.15 +0.15 0.0225
5 121 10.57 -0.43 0.1849
6 81 8.21 -0.79 0.6241
7 64 7.42 -0.58 0.3364
8 49 6.63 -0.37 0.1369
9 36 5.84 -0.16 0.0256
10 9 4.27 +1.27 1.6129
n=10 21193 >°100.98 >-0.02 >3.8374

CrogaTky po3paxoBY€EThCSI KOCQIIIEHT KOPEISAIIIi 1, SIKUH
€ MOKA3HUKOM TICHOTH 3B’SI3Ky MDK ()aKTOPHUMH X 1
Pe3yIbTYIOUMMHU y O3HAKaMH 32 (GOpMYIIOI0

1
(L] =~ [x1])°
r’ = L . (1.70)
2 l 2 2 l 2
(1= )y 1=—[y]
n n

3a 3akoHoM Yengoka , AKIIO :
1) r=0.1-0.3 , To 3B’30K MK O3HAaKaMH (X,y) ClI1aOKuii;
2) r=10.5-0.7 , TO 3B’130K IOMIpHUH;
3)r=0.7-0.9, 3B’s130K BUCOKHH;
4) r = 0.9-0.99, 3B’s130K HAATO BUCOKHH.

[Tpu r < 0, sk Oyzie B HAIIOMY BHIIAJIKY , -TIPH 3pOCTAaHHI X
3MEHILYETHCS Y.

Ilozraunmo
] [0 = 4, RED
[x%] —l[x]2 = B. (1.72)
n
b 1-~[y] =
n

Toni, popmyna (1.70) Oyne

24

FE e
(@ -z 2@ e

[TincranoBka (3.3) B (3.2) mae

m, = \/m,, om0 5L Fb a"} (3.4)
n—2|0y Oy
ob Oa :
g toro, mo0 po3KpUTH BHpa3 {_G_} , BI3bMEMO
Y
0b .0a
qacTUHHI moXigHi —i— 13 (1.11) 1 mepeMHoO)uMO iX
o
0b 0Oa _ i — [x] _ [xz]— [x Jxi
oy Oy nl_xzj— [x]x] nl_xzj— [x][x]°
abo
0b 0da _ nxi [xz]— nx 2[x]— [x][x2]+ xi [x J[x ]
oy oy (nlx? |- [xJxD? |

[Ticnst ;ogaBaHHS 1 CKOPOUECHHSI OTPUMAEMO

B‘i% —]M[x]] )
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Ane pgyXe BaXIMBO 3HATH TOXUOKY BU3HAUYCHHS
KIHIIEBOTO  pe3yibTaTy JOCHIDKCHHsS, TOOTO  TMOXUOKY
eKCTIEPUMEHTAIBHOT (DYHKIIII.

3HaHHS MOXMOOK 3PIBHOBAKEHOI (PYHKIIII, IK B MEXax
IHTEpBay CIOCTEPEKEHb, TAaK 1 30BHI HOTO, A€ MOKIIUBICTH
OOMEXHUTH BHKOpHCTaHHS (yHKIII B MeXax THUX 3HAYEHb
apryMEHTY, MIPH SKUX MMOMIJIKOBICTH ii HE MEPEeBHUIILY€E 33aJaHO1
BEITMYMHH.

Kpim TOro, 1me m03BOJIi€ BHKOHATH TMOPIBHSUIBHUN
aHaJi3 OTPUMAaHUX pe3yJbTaTiB, BUXOAAYM i3 3aCTOCYBAaHHS

pi3HUX GopMyI, 1 BUOpATH HAMOUTBII MiAX0AAITy (POPMYITY.

3.2. Teopemu4Hi ocHo8U

3piBHOBaXKEHE 3HAYCHHS (DYHKITIT Ta€ThCS (HOPMYIIOFO
p(x)=bx+a . (3.1
CepenHss KBajpaTH4Ha IOXHOKa IOrO BHUpa3y Y

BignoBigHOCTI 3 (2.1.)

2 2 2
m, = |m,’ (G_qo] +(a—¢] ++(a—¢] =
oy, oy, ,
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2
P2 = 4 (1.73)

muﬂ—iwﬁ>

I B Hamomy BUMagky

(237.1-0.1*%25.6*101) > (-21.46)°

(68.26-0.1%25.62)(1193-0.1%101%)  2.724*172.9

= 0.97
IIpu ubomy A=-21.46; B=2.724.
Toni, koedimieHT Kopesiii r Oyme

r=~r? =:/0.978 =0/ 9889,

1110 TOBOPHUTH PO HAJTO BHCOKHUH 3B’S130K MDK (DaKTOPHUMH i
pe3yIbTYIOUMMHU O3HAKAMHU 1 JTa€ HAM MPaBO BCTAHOBUTH IS
3B’S130K y BUTJISAI eMIIpUIHOT (POPMYIH MPSMOIIHIHHOTO
3B’S3KY.

Po3paxyemo koedimieHT b 3a popmynoro

2
r

Lol - 2y
n

b= — 1 (1.74)
[x*]-—[x]’
n
a00, 3 BpaXyBaHHSM HaIllUX IO3HAYCHb

A

b=—. 1.75
2 (1.75)

B namomy Bunaaky
—21/46
b=——=-7/878.
2/724

Koediuientr a
a=%@ﬂ—buu (1.76)

I B Hamomy BUMagky

a =0.1101 - (=7/878) * 25.6) = 30.267.
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TakuMm YMHOM, HAa OCHOB1 TPOBEAEHUX JOCIIIKEHb HAMU
BCTaHOBJICHA eMIlipu4yHa (JopMysa BIUIMBY I[IHA TOBapy X 1
MOTIUTY HAa HBOTO 'y

y' =30.27-7.88x. (1.77)

[TpoBenemMo KOHTPOIB 3piBHOBaXKEHHsT 3a (hopmyroro (1.18)

[v*1-blyx]-aly] =[ee].

B namomy Bunaaky

1193-(-7.878)*237.1-30.267*101=3.9068.

V rabmuui 1.4 [gse 1=3/8374. Pizaumro (3.9068-3.8374)=

=0.0694 MoxeMo BiTHECTH Ha paXyHOK MOXHOOK 3a0KPYTJICHb.

KonTpois 3a popmyroro (1.19)
-7.878%25.6+10*30267-101=-0.0068.

[TpoBeeMo OIIHKY TOYHOCTI OTPHUMAaHUX PE3YJIbTaTIB.
CepenHs KBaipaTHUHA TTOXUOKA OJTMHHUII Bard m

| [eg]
m—wfn_k, (1.78)

Jle n-4ucino map CrocTepekeHb; k-4ncio movyaTkoBUX PIBHSHb.
YV Hamomy BHIIAJKY

m= \/3'8374 =0.692.
10-2

Taxum 9rHOM, B pe3yNbTaTi MPOBEICHOT 00pOOKH
MaTepiaiiB i ToOy/I0BM MAaTEMAaTHYHOT MOJIETIi HAMH:
1. Orpumana emmipuyHa Gopmyia 3aJIeKHOCTI IIHU TOBApy
X 1 monuTy Ha HHOTO Y
y' =30.27-7.88x.
2. OTpuMana Touka TepeTuny JiHii perpecii a=30.27 3
Biccro y.
3. Po3paxyHKOBHI HaXuJI perpecii
b=30.27/(-7.88)=3.84.
4. Opnepsxanuii koegimieHT xkopesuii r =0.99 ropoputs npo
HA/ITO BUCOKUH 3B’ 130K MK (PAKTOPHOIO 1 Pe3yIbTaTUBHOIO
O3HAKOIO.
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7. Hatucuytu knaBimy Data-input , migBoasyu mijg Hel
Kypcop.

8. Harucuyru knasimry Enter.

9. IlomapHo HaOpaTH mapaMeTpH X,y, HATUCKYIOUH Kypcop
(cTopiHKY BHHU3) JUTsl HA0OPY HOBOTO IMapameTpa.

10. HabpaBmmu Bci mapaMeTpu, HATUCKYIOTh KiaBimry 2nd

1 ImicTst KIaBinry statvar.

11. [Iporpama BHUKOHYETHCS aBTOMAaTHYHO 14Yepe3 JAeKiTbKa
CeKyHJ OyIyTh TOTOBI pE3yJIbTaTH.

12. IligBoasun Kypcop MONEPEMiHHO IIiJ] TapaMeTpH T, a ,b,
3UUTYEMO 3 JIUCIUICIO HEOOXITHI ITapaMeTpHu.

13. TlimBoasium Kypcop Tmif 3HaK Y, HATUCKYIOTh Enter i
HaOuparTh (akTopHi AaHi X 13YATYIOTh PO3PAXYHKOBI
napaMmeTpu Ajsl KOHTpoJIro Y'.

14. Ipumitka. Ha 1anomy 3aHATTI MU MPaIoeMo 3
nporpamoro OLIN, sika Oynye HaM TpeH JiHIHHOT
ampoKCHUMallii 32 CI0COO0M HaMEHIITUX KBaJpaTiB.

B pesynbTraTi mporpaMHOTo po3paxyHKy MU OTPHMAJIH:
a=30.26798825, b=-7,878120411, r =-0.988846019,
TOOTO
¥'=30,26798825-7,878120411X.

Jlekuisi 3. CepedHsi kKeaOpamuy4Ha noxubka
3pieHOBa)KeHOI pyHKUiT NpsAMOniHiUHOI 3anexHocmi
3.1. MocmaHoeka 3adayi

B mnomnepenniii nekuii Oymu BuBeaeHi Qopmynu amis
MiIPaXyHKY CEepelHIX KBAJAPaTHYHUX MOXHOOK Koe(]ilieHTiB,
AKI BXOJATH Yy (OPMYIH 3aleKHOCTI MK JOCTIHKYBaHUMH

¢daxTopamu rpu MoOyA0BI EKOHOMIKO-MAaTEMAaTUYHOT MOIETII.
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MIATPUMKY JIJISl TIPOBEJICHHS perpeciifHoro aHanizy — 15
¢byHKIIH poOOYHX JTUCTIB, CTBOPEHUX OE3MOCEPEIHBO IS

i€l METH, a TaKOK IHII1 MOKJIMBOCTI, BKJIFOYAIOYH IHCTPYMEHT
ananizy «Perpecis», komanay meHro «IIpaBkay, “3anoaHuTs”,
“Perpeccust”, moOynoBH JTiHii TpeHAY Ha rpadikax, 3a
JOTIOMOTOI0 SIKUX 3py4Hillle BHKOPUCTOBYBATH KOHKPETHI
perpeciitHi o0uncIeHHS.

Kpim 115010, HEOOX1THO BIAMITUTH, IO IPOTPaMOBaHi
MIKPOKAJIBKYJISTOPH Ui HAYKOBHX PO3PaxyHKIB, TaKi K
“CITIZEN SRP -3507, “CITIZEN SRP -325 G”, “ASSISTANT
AC-3609” 1 iHmIi MarOTh “BIIUTI” aJITOPHUTMU MPOTPaM ISt
MoTIOHUX PO3PaXyHKIB.

HeraTuBHOIO CTOPOHOIO TOIOHUX MPOTPaM € BiICYTHICTb
¢bopmy, 3a sKUMU BOHHU Oyiu cTBOpeHi. Bonu, dhaktuuno, €
“qOpHUM ALIUKOM™ JUIsl KOPUCTyBaya.

Cepii03HOMY JOCTITHUKY HEOOXiTHO CTBOPUTH CBOIO
nporpamy JUisi POBEACHHS BIIACHHUX JIOCIIKEHb.

[HCTpYyKLIig MOOYI0BU MaTEMAaTUYHOT MOJIEN]
JHIAHOIO (DYHKIIIEI0 HA TPOrPaMOBAHOMY
Mmikpokanbkysitopi CITIZEN SRP -350
SCIENTIFIC CALCULATOR

1. HatucHyTH knaBinry mode 1 BBITH B MEHIO ITPOTpaM.

2. IlinBoastum Kypcop, BuOpatu mporpamy 1stat.

3. Haruckom kinaimi Enter BBiiiTH B miIMEHIO Iporpam.

4. Bubpatu mianporpamy 2reg i HATUCHYTH Kiasimry Enter.

5. IlinBectu Kypcop mix nporpamy Olin i HATUCHYTH KJIaBinry
Enter.

6. Harucuytn knaBimry Data.
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5. To4HICTh BU3HAUEHHSI XapaKTEPHCTUK Y 32 OTPUMAHOIO
dbopmymoro ckianae 0.69 oUHUIT.

Jlexuis 2. O1iHKa TOYHOCTI pe3yJabTaTiB NpU
noOyA0B1 MaTEMaTUYHOT MOZEII MPSAMOIIHIHHOT
3aJIEKHOCTI

KoeoiwieHTH a,,BU3HaueHI 32 COCOOOM HaiiMeHIIMX

KBaJ[PaTiB, SIBISAIOTHCS (PYHKIIIMH 3HAMJICHUX B pe3ysbTarTi
€KOHOMIKO-MaTeMaTHYHOTO MOJICIIFOBAHHS BEJIMYNH

yl’y2""7yn'
ToMy cepeaHs KBaapaTH4Ha OXHOKa Oyab-IKOT0 Koediri-
€HTa @, BU3HAYA€ThCA 32 (POPMYJIOIO

m;:(i)zm 8f) m; +.. +(af) m’, (2.1)
a)Cl 8 2 n .

TOOTO, KBaJpaT CePeIHBHOI KBAIPATHUHOT MOXUOKH JIEKUTHKOX
HE3AIeKHUX 3MIHHUX JOPIBHIOE CyMi JOOYTKIB KBa/IpaTiB
YaCTUHHHX MOXIJHUX 110 KO)KHOMY apryMEHTY Ha KBaJIpaTh
Cepe/IHIX KBaIpaTHYHUX IMOXUOOK BIAMOBIHUX apTyYMEHTIB.

L1e mpaBwmIIO CcIipaBeUIMBE sl TAKUX YMOB, KOJIM YaCTHHHI
[ToxigHi apryMeHTIB MOKHA BBOKATH MPAKTUIHO MOCTIHHUMU
B MEKaX 3MiHHM apryMEHTIB Bill X; 10 X, + Ax;.

2

@opmyna (2.1) SBISIETHCS 3aTABHOIO 1 JTA€ MOXKIIUBICTh
BusHaunty cepesHio KBapaTHUHy MOXUOKY QYHKIIIT Oyab-
SIKOTO BUJTY.

I B HamoMy BuUIAgKy

m =[(§—“>2mik ! 22)
Vi

JIe m,, - CEpelHs KBapaTH4Ha MOXUOKa PE3yNIbTATIB

eKCTIIEPUMEHTY , SIka BU3HAYAETHCA 32 (HOPMYIIOI0

27



| [eg]
m_‘/n—k’ (2.3)

BPAxOBYIOYH, 0 M, =m, =...=m, ,TO 3Ha40K K B cHMBOJI

myk MOJKHaA OITYCTUTHU 1 BUHECTH CHMBOJI 3a 3HAK CymMun

m: = 1, 2.4
Y

[Ipu pomy L € YaCTHHHA MOXiJHA BUpa3y KoedilieHTa
Vi
a; TI0 BU3HAYEHOMY 3HAU€HHIO QYHKIIT V),

Ha ocnoBi dopmynu (2.4) , BU3HAUUMO CepeIHi
KBaJIpaTU4HI OXHOKH KOe(DILI€HTIB a,, b B IpAMOiHIHHIH
3aJIeXKHOCTI.

Po3ropryroun YuCenTbHUK KOKHOTO BUPA3y

[x°x°-1]a; +[xx°-1]a, —[x°y] =0,
[x°x°-1]a; +[xx-1]a, —[xy] =0

KU MU OTPUMAIIN Y TIONIEPEAHBOMY CEMECTpi, OyaemMo

MaTH

: (2.5)

nx; —[x] nx, —[x] nx, —[x]
b=y +y toty, ————,
B R B [P Rt P B[ nlx*]~[x][x]
2 2 2
B e I i o I e A
n[x"]=[x][x] " Alxt = [x][x] [x" ]=[x][x]
(2.6)
YacTuHHI HOXiJHI LUX BUPa3iB 0 ), OyAyTh
ob __ nx —[x] nx, —[x] N nx, —[x]
oy nlxX’]-[x][x] nlx’1-[x]x] T Alx’]-[x][x] 27
da_ [¥]-x[x] | [Fl-x[x] L [¥Plex[x]
oy alx’]-[x][x] n[x’]-[x][x] n[x*]-[x][x]
28

B Munynomy cemecTpi mpu anpoKCHMAIlii JaHOTO PSTy
x 1y B cxemi ['ayca s Apyroro piBHSHHS MH OTPUMAITU
Bary p,=2,724,1mo € HagifHUM KOHTPOJIEM 1 HAIINX
o0uMCIIeHb 1 BUBEJCHHUX Ha JIeKIIii 2 Gopmy.
Tawm xe, 3rinHo nepmoi cxemu ["aycca npu modya0Bi
ICTUHHOT MOJIeNTi MU OTpUMAIH
Py _ P
[xx] [x°x°]
3BIAKHU
[x°x°]
el

I B Hamomy BUMagky

P, =P

p. =2724—0__ 399,
68.26

1o 1 Oyae HagiiHUM KOHTPOJIEM.

[Tpu oMy HEOOXiTHO TTaM’SITaTH , IO Bara Mepe0CcTaH-
HBOTO HEBIIOMOTO B cxeMi ['ayca Tak BITHOCHUTBCS 10 CyMHU
KOe(QII[IEHTIB NPH IbOMY HEBITOMOMY, SIK Bara OCTaHHbOTO
HEBIJIOMOTO BIIHOCHTBHCS 0 CyMH KOEQIIIEHTIB TP IIOMY
HEBIZIOMOMY 0€3 OCTaHHBOTO CKJIaJI0BOTO.

Anroput™ noOya0BH MaTEeMAaTUYHOI MOJIeJ1 Ha
Mikpo-EOM

Marouu pe3yabTaTu KOHTPOJIBHHUX PO3PAXYHKiB, B
MOIANBIIOMY AOCHITHUKY HOTPiIOHO CTBOPUTH IPOTpaMy Ha
Mikpo-EOM , abo BUKOpUCTATH iCHYIOUI MpOTpaMu JJIsl TOTO,
mo6 o0poOIATH BEMHKi BUOIPKH 13 TeHEpAbHUX CYKYITHOCTEH
st 301TbIIeHHST 1HQOPMATUBHOCTI 1 00’ €KTUBHOCT] BJIACHUX
JOCITI/DKEHBb 3 OJHIET CTOPOHH, 1 TOPYBaHHS HUIAXY JUIS 1HIIUX
TOCIITHUKIB , K1 OyAyTh MPSMYBATH B [IbOMY HAIIPSIMKY.

Komm’torepna nporpama Excel 3abe3neuye edekruBHy
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JIe M- cepeHs KBazIpaTHqHa noxn61<a OJIMHHUIII Bar,
po3paxoBana 3a Gopmysoro (1.78)
[e€]
n—k’
JIe N- 9UCJI0 Tap X 1y, K-4ncino moyaTkoBUX PIBHSHB.
Bara p, xoediuienTa b po3paxoByerbes 3a GopMysIor0

2
_ ] =[x][x]
b n 2
Bara p, KoeQillieHTa a PO3paxoBYETHCS 3a (HOPMYIIOI0

m =

_ nlx*]-[x][x]
pa - 2 .
[x7]
I B Hamomy BUMagky
10%68/26—25.6

Dy = 10 =2.724.
10* 68,26 —25.6°
P, = ST =0.399.
IIpu npomy
[e€] :\/3.8374 _0.692,
n-k \10-2
m  0.692
m, = = =0.419,
" Jp, V2724
m__ 0692 oo

~Jp. V0399

32

[Ticnst minBeneHHS 10 KBaIpary, TOAaBaHHS i IPUBEICHHS
MOMI0HUX WIEHIB, OTPUMAEMO
[(8_b)2]_ n’[x*]-nlx][x] _ n
y (n[x*1-[x][x])*  n[x*]-[x][x]’
WM e £ B3 S I e
y (n[x*]-[x][x])* n[x*]—[x][x]
Posrnsnatoun oTpuMani BUpas3u, 3aMIiTHMO, 10 BOHH
SIBJITFOTHCSI KOe(illiEHTaMU TIPH BUTbHUX wWieHaX [yx],[y]

(2.8)

HopManibHUX piBHAHB (1.10) y Bupazax (1.11) BiamoBigHuX
HEBiTOMUX a,b.

BkasaHna 3akOHOMIPHICTh XapaKTepHa JJIsl OJTIHOMY Oy/Ib-
aKoi creneHi . Lle 1ae MOXIIMBICTH B TIpoIIeCi 0OUMCIIEHHS
KOeQIIIEHTIB OTPUMATH CyMY KBaJ[paTiB YACTUHHHUX MOXITHUX
KosxHoro mykanoro HeBizomoro. BoHa jopiBHIOE
Koe(illieHTy y BUPa3i IIyKaHOTO HEBIJOMOIO a, MPU BUIBHOMY

uneni [x"y], B3ATOMY i3 TOrO HOPMAJIBHOTO PIBHAHHS, SKE
OTPUMYETHCS IUTIXOM TU(EPEHIIIFOBAHHS TTOYaTKOBUX
PIBHSHB 10 BKa3aHOMY HEBIIOMOMY.

Jis BU3HAuUEHHS cepenHiX KBaJpaTHUYHUX MOXHOOK Koedi-
IIEHTIB TincTaBuMO BUpasu (2.8) y popmynu (2.2)

= m’ n _ [ee] n
P ]~ [x]x] n -2 P ]-[x][x]
PR . I = BN 2 ) 29)
Alx"]=[x][x] nlx"]-[x][x] n—-2
abo

\/ [eg] n
m, = 5 ,
n-2 n[x*]—[x][x]

m:\/ [es]  [¥]
“ oV n-2 )= [¥[]
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(2.10)




[To M ke GpopMynaM BU3HAYAOTHCS CEPE/IHI KBaIpaTHUH1
MOXUOKH KoedilieHTIB a,b., 0OUUCIECHHX 32 IOTIOMOTOI0
3pIBHOBaXEHHS IMONPABOK da,0b (popmynu 1.3511.37).

Sxmo o6unciieHHs Koe(ilieHTiB OyJI0 BUKOHAHO 32
dopmymamu (1.22),(1.24) 1 (1.25), To popmynu ix cepeanix
KBaJ[PaTUYHUX MOXHUOOK YTBOPIOIOTHCS IUIIXOM 3aMiHU B

Qjmcwm;Uchmm[fq_hﬂﬂ

n
m, = [eg] 1 ’
n-2 [x"]
e [][x] (2.11)
ee] "I,
“ | nn-2) n[x"?]

®opmynu TS BUNAJKY PIBHOBIICTOSUMX 3HAYECHD
apryMeHTy OTpUMYIOTH 3aMiHoI0 y (2.10) cym [x'*],[x']
Ix 3nauennamu i3 (1.40)

\/ [eg] 12
m, = 5 ,
n-2 y'n(n-1)(n+1)

(2.12)

m, = +— ).
n(n-2) ¥ (m=DH(mn+1)

[To M xe GpopMynaM BU3HAYAIOTH CEPE/IHI KBaIpaTHUHI
NMOXUOKM KoedilieHTIB @, b. 11 BUNIAAKy KOPUCTYBAHHS
KIHIIEBUMH PI3HUISIMH 200 TOTIPaBKaMH JI0 HAOJIMKEHUX
3HAa4YeHb NIYKaHUX KOe]illi€HTIB MPH PIBHOBIIATCHUX
3HA4YEeHHSX apryMeHTa.

B wyacTtkoBOMY BUIIaAKy NpsAMOJiHIHHOT 3anexxHoCTi (1.55)
(bopmyna cepeHbOT KBAAPATUIHOT TOXHOKK KoedilieHTa

30

_ | feel 1
=1 o2 T (2.13)

[Tpu piBHOBIACTOSYMX 3HAYCHHSX aprymMeHTa (opmyna
[IpUHAMae BUTIISA

[e€] 1
n(n-1)

(2.14)

m, =

, (n=D2n-1)"

x12+x1%(n_1))( 6

[IpakTuna pobdora 2

HeoOxiqHO BUKOHATH OIIHKY TOYHOCTI BU3HAYEHHUX Koedi-
IIEHTIB  a,b. y monepeanii poOoTi.

OmiHKy TOYHOCTI OyneMo BUKOHYBATH 3a (popMynamu
(2.10)

\/ [eg] n
m, = 5 ,
n-2 nfx*]-[x][x]
,%:J [es] _ [x']

(2.10)

n-2 a[x*]-[x][x]

Jus yskii
y=a+bx=30/27-7.88x.
B 3aransHOMY BUTIISAII (OpMYITH cepeHiX KBaIpaTUIHUX
MOXHOOK 3PIBHOBAKEHUX IO CMOCO0Y HAMEHIINX KBaIpaTiB
KoeQIIieHTIB a,b. po3paxoBYIOThCS 3a (hopMmynamu
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q(x)=ax’ +bx. (4.59)
[TonepenHiit KOHTPOJIL BUKOHYETHCS 32 (OPMYIIOI0

[4°1-algx]-blq]=[nn]. (4.60)

KineBa kKOHTpOIbHA POpPMYITa Ma€e BUTIIST

aa[x*1+b[x°]1-2[gx’ ) + b(a[x* ] - 2[gx" 1) +[g*x* ] = [nmxx].
(4.61)

[Ipy  pIBHOBIACTOSYMX  3HAYEHHSAX  apryMeHTa
BEIMYUHH, SAKI BXOJATH y (QOPMYIM Ui BHU3HAUYCHHS
KoeiIieHTIB 1 B KOHTPOJIbHI (POPMYIH, IMiIpaxoBYIOThCA 32
(dbopmynamMu SIK 1 B IONEPEAHbOMY BHUITAJIKY.

[TincranoBka (4.58) B (4.59)

o(x) = a(x2 - [j;—]x] + %x . (4.62)

7a€  MOXIIMBICTb BU3HAUUTH KOOPIAMHATH TOYKH,
pO3TaloBaHOi Ha EKCHEPUMEHTAIbHIA KpHBii, SKi MPOCTO

BHUPAXXaIOThCsI UEPE3 pPE3yJIbTaTH BU3HAYEHB, & CaMe

- B

n n

3pobieHi paHime 3ayBaK€HHs BIIHOCHO HEOaKaHOCTI
TAKOTO MNCPETBOPCHHA 3aJIMIIAIOTHCA B CI/IHi I LIBbOTO 1 JJIA

BCIX aHAJIOTIYHUX BUIIAJKIB.
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P(X)tmy

O(x)-my

o(y)

v

Puc.3.1. 3ona posciroBaHHs QyHKITIT

o(x)=bx+a

P(x)+m,

P(x)-mg

P(x)

Puc. 3.2. 3ona poscitoBanHs QyHKIIT @(x) = bx

41
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3Ha4yeHHs apryMeHTa, SKWW BIANOBiTae Hamepen
3aJJaHOMY 3HAYCHHIO CEpPEAHBOI KBAJPATHYHOI TOXHUOKH,

BH3HAYAETHCS 32 (POPMYIIOIO

MY NP (3.15)
m, non

Jlyis HemoBHOTO piBHSAHHS TIPsiMOi (1.58)

go(x)z%sz. (3.16)
X

cepenHs KBaJIpaTUYHA MMOXMUOKa 3pIBHOBAXEHOT (PyHKIIIT

BHUPAXKAETHCS (POPMYIIOIO

el * _
m, 1 [x] =m,Xx. (3.17)

I3 miei dopmynu criimye, mo cepemHs KBaapaTHYHA
MOXWOKa HEMOBHOTO PIBHSAHHS MPSAMOI 3pOCTa€ MPOIOPIIHHO
3HAYeHHIO a0ciucH B 00UABI CTOPOHU Bix Toukh (X = 0, y = 0).
B Toumi (0; 0) m, = 0. 30Ha po3citoBaHHS B I[bOMY BUIIAJKY
0OMEXY€EThCS IBOMA MPSIMUMHU, SIKI TPOXOSTH uepe3 Touky (0;

0) arctg (b = my). (puc. 3.2)
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_Y
q==.
X
PimenHs mporo piBHSHHS BeneThCA 3a (opMylaMu
MPSIMOJTIHIHOT 3aJI€KHOCTI.

[TowaTkoBi piIBHSHHS MAIOTh BUTJIST

ax, +b—q, =1,
ax, +b-gq, =n,, (4.54)
ax, +b—q,=n,
IIpu npomy
G =g =22, g, =2 . (4.55)
X, X, X,
CucreMa HOpMaJTbHUX PIBHSIHB Oy/e
alx* ]+ b{x] ~[gx] = . @56
alx]+bn—[q]=0.
3BiAKH
_ nlgx]-[x]lq] , _ [x*1[4] - [gx][x] (4.57)

Al l=[xlx]T k] [x][]
KoedimienT b MoxHa OOYMCIUTH 1 3a JOIOMOTOIO

bopmynu

plal_,lsT (4.58)
n n

3piBHOBa)KEHE 3HAYCHHS (DYHKIIIi 3aITUIIETHCS
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[p” 10x* 1= Do][x’]

ENESEES E
_ Dxlx* 1= [ y1[x°]

M E R Ea

KoedirienT b MmosxHa mizpaxyBaTH i 3a GopMyII0r0

(4.48)

ol [xz] . (4.49)
[x]  [x7]
KontponbHa ¢popMyiia Mae BUTIIsT
[y*]1-a[x*y]-b[xy] = [e€] . (4.50)

[IlykaHe piBHSAHHS 3alTUIIECTHCS Y BUTIISAII

@x+[x—3;]x. (4.51)
[x ] [x7]

3piBHOBa)K€HA KpHBa NPOXOJUTH 4Yepe3 TOUKU 3

o(x)=ax’—a

KOOpAMHATAMHU

©:0), ([f].[xy]w]], (m .[xzy][x“]) “4.52)

[ [x*1[x"] ('] [x'][x’]

Ha mnpaktuiii HaWImIoB 3acTOCYBaHHS MPHIOM, SIKHI
3aKIIIOYA€THCS B TOMY, IO TpaBy 1 JIBY YaCTUHH PIBHSIHHSA
(4.45) ninsaTe Ha X, B PE3yNbTaTi YOTO OTPUMYIOTH PIBHSHHS
NepuIoi CTeNneHi BITHOCHO X

g=ax+b, (4.53)

ac

58

MpakTnyHa po6oTa 3

3agaua 1.

[TinpaxyBatu  cepegHIO  KBaJpaTUYHY  IMOXHUOKY
3piBHOBaXEHOi (YHKII y JUIsi BCIX BUNAQAKIB IOBHOTO
PIBHSHHS MpsiMOi y = a + bx = 30,27 — 7,88x.

Pimenns.

1. Ilizpaxyemo cepeqHIO KBaJpaTU4YHy IOXUOKY
apupmeTnyHOi cepenuHu 3a popmynoro (3.11)

= [T
bl n-2 n

n

[IpuiiMaroun 10 yBarW, IO Ha IONEPEIHBOMY
NPaKTUYHOMY 3aHATTI HaMu Oyna TifpaxoBaHa CepeaHs

KBaJIpaTHYHA TTOXUOKA OJTUHHUII Baru 3a (GopMyIIor0

1 B HAaIlIOMY BHIIAKY

mMz m
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2. [Ilizpaxyemo cepeqHiO KBaJpaTU4YHY IOXUOKY

3piBHOBaXEHOI (DYHKIIi /YIS BCIX BUMAJKIB MMOBHOTO PIBHSHHS

2
npsivoi ipu my, = 0,419, a m,, = N [X_M] +my.
n

n
Tabumus 2.1. Po3paxyHok cepeaHbOI KBaAPaTUYHOI

noxuokm 3piBHOBaKeHOI PyHKIII.

Ne X y m,
1. 1,6 18 0,617
2. 2 14 0,524
3. 2,1 13 0,506
4. 2,3 12 0,480
5. 2,5 11 0,469
6. 2,8 9 0,479
7. 2,9 8 0,489
8. 3 7 0,503
9. 3,1 6 0,520
10. 3,3 3 0,561

n=10 25,6 101 25,148

[Meprwmii Moty Ib- TpakTUYHI poboTH 1-3.
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*] —[y]{ax]2 +bx,+c+ay(n —l)(x] Ly 2n6—1 . 6)("2_1)}_

-1 —k)(n-2
~ lk(n—k)Ay)(a, +’2’>—ax(”2[k(n ~ iy, - =20 ”J - [se]
(4.44)
4.5. [lo6ydoea mamemamu4HoOi modeni
Keadpamu4HoO 3anexHicmro, kosiu C =0
IIpu npomy
y=ax>+bx . (4.45)
[TouaTKOB1 PIBHAHHS AJIS IILOTO BUIAIKY OYAYTh
axl2 +bx,—y, =¢,
ax22+bx2—y2:82, (4.46)

Heginomi koedimieHTH a i b BU3HAUaIOThCS 13 pilIeHHS
JBOX HOPMAJIbHUX PIBHSIHB
4 3 2
alx" 1+ b[x’]-[x"y] =0,
[x"]+5[ 2] [x“y] 4.47)
alx* 1+ b[x*]-[xy] = 0.

13 IKUX
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7a€ BUpa3 IIyKaHUX Koe(]ilieHTIB depe3 KIHIEBI Pi3HUII
HEPIIOTO HOPSIKY
4 30[k(n—k)(n—2k)Ay, ]

2 n(n=D)n+1)(n-2)n+2)
_ 6(n=D(n+2)[(n - k)Ay, 1= 5(n =D[k(n —k)(n - 2k)Ay, |
- an(n—1)(n+1)(n —2)(n +2)
o = (n+1D)(n+2)[(n—k)Ay,1-3(n+2)[k(n—k)(n-2k)Ay,]

bl

9

n(n+1)(n+2)
_ S[k(n—k)(n—2k)Ay, ]
nn+(n+2)
(4.40)
[Ticnst oOuncnenns a’, b', ¢* OyznemMo MaTH PIBHSIHHS
o(x")=a'x* +b'x+c', (4.41)
a00, MOBEPTAIOYUCH JI0 TIOYATKOBOTO PIBHSHHS,
p(x)=a'(x—x,)" +b'(x—x,)+c'+,. (4.42)
3Bincu
a=a',
b=>b"-2a'x,, (4.43)

c=c'+a'x’-bx, +y,.
[IpaBunbHICTE ~ OOYMCIIEHB  KOHTPOJIOETHCS 34

JOTIOMOTO10 (hOPMYITH
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Jlekuis 4. [ToOynoBa eKOHOMIKO- MaTEeMAaTHYHOT

MOJIel KBaJIpaTUYHUM MOJIHOMOM

4.1. Teopemuy4Hi ocHosU
MaremaTiuHa MOJENb PE3YJIbTaTiB  €KOHOMIYHOTO

CKCIICPUMCHTY BUPAKAECTHCSA KBaIPpAaTUIHHUM IIOJIIHOMOM BUY

y=ax’+bx+c, 4.1)
abo

y=ax’+bx , (4.2)
a6o y =ax’ (4.3)

YTBOPUMO CHUCTEMY N MOYATKOBUX PIBHSHb 3 TPhOMa
HEBIIOMUMU
2 _
ax; +bx, +c—-y, = ¢,

2 —
ax, +bx, +c—-y, =¢&,,

(4.4)
ax: +bx, +c—y, =¢,.
3acTocyBaBIIM BUMOTY HAWMEHIIIUX KBaJ[PATiB
[ee]=[(ax] +bx, +c—y,)*]=min. (4.5)

OyneMo MaTé TpH HOPMAIBHUX DIBHAHHSA 3 TpboMa

HEBIIOMUMU
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alx*1+b[x* 1+ c[x*]=[x"y],
a[x’1+b[x* ]+ c[x] =[xy], (4.6)
a[x*]+b[x]+c-n=[y].

PimenHs nwux piBHAHD TPHUBOJUTH JIO BU3HAYCHHS

HEBIJIOMHUX KOE]Illi€HTIB

(4.7)

A B C
g [x°y] (] = ]+ [ev] (0] = ml” D+ [ ] (x0T =[x 1027 )
n([x*][x"] ;[xs][xs])+ [x] ([xz][xs]E— (eIl D+ [ ] ([x][x°] —C[xz][xz]) ’

N B A (e Ry ) S B [ R | 0 ) e DA [ (B | 1 [ B )
n([x*][x"] ;[xS][xs])+ [x] ([xz][xs]E— (eIl D+ [ ] ([x][x°] —C[xz][xz]) ’

C E D
. [y (0T = D10 D+ L] (7 10 T = [ D+ D] (1 = [ D) .
n (¥ ]x"] ;[xS][XS])+ [x] ([xz][xs]E— 0 D+ 1 (DX - [¥*1x*])

3piBHOBa)KEHE PIBHIHHSA Oy/ie
o(x)=ax> +bx+c . (4.8)
CxnaBmm pi3HuULl @(x,)—y, =¢; , A€ y; — BU3HAYEHI
3HA4YEHHS, a &; — BIAXWIECHHS BU3HAUEHHUX 3HAYEHb y; B iX
HMOBIPDHHX 3HAa4Y€Hb, OTPUMAEMO IEpIIE IMPEICTABICHHS IO
TOYHICTh BUKOHAHUX POOIT.
KonTtponsHa Gopmyna oOuucieHHs] KOe]ilieHTIB JETKO

BUBOJUTHCH 13 (4.4) (4.6) 1 yMOBH [g€] = min .

[v?1-alyx*]-blyx]-clyl=[ec] . 9)
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e(x)=ax” +b'x' +c' =a' (x—x1)+b' (x—x1)+c' =

(4.35)
=a'x’ +(b' —2a'x)x+(a'x2—b'x +¢")
3BiAKH

a=a',

b=b"-2a'x,, (4.36)

c=ax*-bx, +c.
Kontponbna dbopmyna Oyne
[ 1-a(e LI 28 AR =D 1+ 26D 5D~

—b(x[y]+ 2[(k =Dy, 1= cly]) = [ez].

MoyHa 10oOMTHCS 1 TOJANBIIMX CIPOIICHb, BHUPA3UBIIH
BU3HAYCHI 3HaYeHHA (YHKIlIi Yepe3 KiHIIEeB1 Pi3HHMII MEPIIOTO
MOPSTKY.

Sxkmo mpwuiiaat y; = 0, To popmynu (1.44) i (1.45)

CIIPOIYIOThCH
[yI=[(k —DAy,],
o] = 7 { @ (] [k(k — l)(26k ~DAy, ]} (4.38)
AHajIorivao
L] = 22 {n(n - 1);2;1 D g G - 1)(26k -DAy, ]} (439)

[TizcraHOBKa 3HA4YeHb IUX PI3HUIL, @ TAKOXK CyM [X],

[x*], [X'] IpH PIBHOBIACTOSMHX 3HAYCHHSIX apryMenTa B (4.18)
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2, An(n=1(2n-1)
[X]=x2 6 ,
[X3]:)(3 nz(n_l)z

[X']= Y -1,
0 (4.33)
[X9] = 200k~ 1)y, ],

0] = xl(k-1)y,"],
[Xy']= [k -1y, ],
[X2y]= [k =1 ],
[X°y]= 2’ [(k =1y, ],
[X'y 1= x'[(k=1)" y's].

dbopmynu (4.18) IpUBOATE 10 BUITY

lﬂ{m—DKk—Dﬁﬂ—Kk—Dn]—m_q?_z%ﬂ}

a =

’n(n—=Dn+1)(n-2)(n+2)

@2n)-1(n+2) , (n-DQ2n—-1)(n-2)
?[(k Dyil+ 10 [y]}
yn(n—=1)(n+1)(n-2)(n+2)
= 3{6(2n DIk =1y, ]-10[(k=1)*y,]-(Bn* =3n+ 2)[y]}

n(n+1)(n+2) '

180{(’1 ~DItk =1y~
b=

(4.34)
[TincraBnsiroun y BUXiAHE piBHSAHHS (4.7) oTpuMaHi
3HA4YeHHs KOe(illi€HTIB, BU3HAYEHUX NPH yYMOBI, IO X; = X;—

X7, 3HAMIEMO
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3amiTuMO, 10 KOpeHi piBHAHHA (4.8) HE BHPaKaIOTHCS
NPOCTHMHU BEJIMYMHAMH, SK JUIS BHIAAKY HPSIMOJIHIHHOL
3aJIeKHOCTI.

OOuucinenHs koeQiieHTIB b 1 ¢ MOXHAa 3HAYHO

CTIIPOCTHUTH, SIKIIO BUPA3HUTH iX 13 (4.6) uepes KoedilieHT a

A3 0 63 A 5 . 0
Al=[xI] Al =[xl

Czbﬂﬁﬂ—hﬂmﬂ+ahﬂf}{thq
n[x*1-[x][x] n[x*]1-[x][x]
BBeneMo nmo3HaucHHSA
A =n[x*]-[x][x]; B =[x][x*]-n[x*];C = [x][x*] - [x*][x"];
D =[x*][x*"1-[x*1[x’ L E =[x’ ][x’ |- [x][x"]; F = n[x*] - [x"][x"]

. (4.11)

(4.12)
Toni popmynu (4.7) OynyTh

a:H%}AHm¢B+UIC
n-D+[x]-E+[x*-C]

po X1 B[] F+[y]-E
n-D+[x]-E+[x*]-C

oo Y- CHlg]- E+[y]-D
n-D+[x]-E+[x*]-C

, (4.13)

[TincraBusmm (4.10), (4.11) y (4.8), oTpumaemo
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o(x) = ax’ {n[yx] ~[ely] + alx]] - ol ]}x N
] = [¥][x]

L DB 1= [x]ly] + afx] e ] - [ [x°]
nlx*]=[x][x]

OTpI/IMaHa KpHBa 3aBXIH NPOXOJUTH Y€PC3 TOUKHU

(O. alx)x] = [ 1]+ [0 ] - [x][yx]]

4.14)

nlx”] = [x][x]

(m D -] [yx]] (4.15)

n n X

([xz] ., ¥20x2] - [x][x3] [yx]] |
[x]” [x][x] [x]

4.2. [locmynanbHe nepemMiweHHsI no4amky
KoopOuHam 8 moy4Ky apugpmemuyHoi cepeOuHU

Bci mpuBezneHi GopMyiaH CyTTEBO CHPOIIYIOTHCS, SIKIIO

MEPEMICTUTH TIOYaTOK KOOPAWHATHOI CUCTEMHU B TOUKY

n ’ n .

HoBi koopauHaTi OyayTh BUpaxaTHCs uepe3 cTapi

HAaCTyITHUM YMHOM
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Koe(illieHTiB ay, by, ¢;, OTpUMAaeMO KIiHIIEB1 3HAUEHHS IITYKAHUX

Koe(ilieHTiB
a=a,+aa,
b=b,+0b, (4.31)
c=c, +oc.

Kontponbnaa Gpopmyna 6yne

[6y* ] Sa[x*3y] - Sb[xdy] - Sc[ov] =[ee].  (4.32)

4.4. O6pobka mamepianie npu piesHogidcmMosiYux
3Ha4YeHHsIX ap2yMeHmie

[To3HaumBIIM IHTEpPBAJ apryMeHTa dYepe3 X 1 YHCIIO
BH3HAYEHb N 32 JOTOMOTO0 (OpMYIT
X =x,-x,

n[n—1]
2

[X]=x

9
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Sa[x* ]+ ob[x* ]+ &c[x*]-[x*]= 0,

da[x’ ]+ ob[x* ]+ &c[x] - [oyx] = 0,

da[x* ]+ ob[x]+[c]n —[6y] = 0.
(4.28)

3BiJicH 3HAUEHHS TOTIPABOK 0Oa, b, d¢ OynyTh

s = XVl ] = [x]0x]) + [xyI([x]x) — ]+ [y 10" ] - [x*1x"])
(1] = 100 D) + e 0T =[xt + [P 1D ] = [ ][ D)

(4.29)

sp = XV ] = D) + Drdy)(nlx*] = [0 + [y ([ 1] - [x]x"])
(0= 0100 + e 10 T = [ D) + [ 10 T = (27 10x°T)

se = VIR T =[]0 ]) + [eay I 10 D) = Dl T+ [0 e ] = [x*]x°])
(10T = [ 100 ) + [0 10T = [0 D) + [ W T = [ 100 T)

[TompaBku 6b i &¢ MoOKHa TigpaxyBaTH 1 MO OUIBII
npoctuM opMyaam
s M- XI=[¥I[8] | o (¥ )= nlx']
nly*1-[x][x] n[x*]=[x][x]
(4.30)

N 12 50 .20 I B B R B [
] = [x](] ]~ (][]

Jlonmaroun mompaBku da, db, 6¢ 10 HAOTIKEHUX
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x'= x—m,
n
(4.16)
y'= y—m-
n
Hpu upomy [x']=[y"]=0
dopmyiu (4.7) nepeTBOPIOIOTHCS 10 BUILY
g = n(lx" -y X" 1= [xy'1x"])
(i 10 - [ 1 D - [ x* 12 ]
b = n([X'-y'][X'4]—[X'zy'][X'3])—[X'y'][X'z][X'z], (4.18)

n(lx"? "] =[x 17 D) =[x 10" 1 [x" ]

PR i (0 [0 e i ) N
(0 =10 ) — ) ) )

KoedimienT b’ 1 ¢’ MOXHa BUpPa3HTH TaKOX 1 Yepes

KoeiieHT a’

(A T ) mor2
y-alx"] a1

) 4.19
[xr2] n ( )
VIMoBipHilIi KprBa Mae BUIIISAN

o(xXY=ax” +b'x' +c'. (4.20)

A00 B MOYaTKOBUX KOOpAWHATAX

(p(x)—mza’[x—m] +b’[x—m]+c’ . (421
n n n

CmiBcraBneHHsMm (4.21) 3 (4.1) Haxoaumo
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a=a,

b=b—2a'¥], (4.22)
n

e=c'raf 1] o111
n n n

Kpuga (4.20) npoxoanuTh yepe3 TOUKH

(0;—51’@],
n
[_M;a@ bu] @2
n n n
[mm@ bu]
n n n

OGUHCIIEHHS KOHTPOIIOKTHCS (POPMYIIOF0
[yz]—[[x’zy'h[x’z][y] +Lxy L [[’“]][ ]]

—([ T+ “[y]b c[y]]b o[v] =[ee]

. (4.24)

Sxmo oxHa i3 BenwuuH [X' ], [y'] a0 00MABI TOYHO HE
piBHI HYJIO, @ € HEBEIMKOIO BEJIMYMHOIO HEXTYBATU SIKOIO HE
MOXHa, TO ', b’, ¢’ BuumcmioroThes 3a popmynamu (4.13). Tlpu
IBOMY nepeBaru NepeTBOPEHb HOBHICTIO HE
BUKOPUCTOBYIOTBCS, alie BCE K JOCSTAIOTHCS TOJICTIIEHHS Y

00YHCITIOBAIEHUX POOOTAX.
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4.3. 3Hax00)eHHs1 nornpasok 00 HabnuxeHux
3Ha4YeHb KoegbiyieHmie

OnuH 13 npuiioMiB pamioHamizaiii oOpoOku MaTepialiB
3aKJIFOYAETHCSI B TOMY, IO 3HAXOMISTHCS HE TIOBHI 3HAYCHHS
Koe(illieHTIB, a TOTIPABKH J0 HAOIMKEHUX 1X 3HAYEHb ay, by, ¢y,
OTPUMAHUX HA OCHOBI JAHUX €KCIIEPUMEHTAIILHUX BU3HAYCHbD.

B nanomy Bumanky 0yaeMo MaTH CUCTEMY MOYATKOBUX

pIBHSIHB
Vi—Vu =(a—a,)yi2+(b—b,)yi+(c—c,), (4.25)
ne
Vi = a,xi2 +byx; + ¢, (4.26)
abo

Sax,” +bx, +6c -6y, = €,

Sax,” +6bx, +bc -8y, = ¢,, (4.27)

Sax,” +0bx, +oc -, =¢,.

[Tpu oMy cucTEMa HOPMaJbHUX PIBHSHB
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y=ax’ + bx + ¢ =-0,78308x" — 4,00513x + 25,69847

JUTSL BCIX BUTIA/IKIB PIBHSAHHS allpOKCUMYIOYOi (PYHKIIII.

Pinenns.
Cepennro KBaJapaTW4yHy TOXHOKY (QyHKIIi Oymemo

pO3paxoByBaTH 3a (GOPMYIIOF0

m, = \/m2x4 +myx’ +m’ +2ME ,
? ¢ ¢ n-3S
ae
E = ([x][x"]=n[x’Dx’ + ([x][x°] -
— [ D + (10 ] = [X e D
S =n([x*1x*1=[x" 10 1) + [0 ][] - .
=[xl D + [ 1] T =[x 1 [x 1)

Ha monepenniii mnpakTuuHiii poOoTi Hamu Oymiu
BCTaHOBJICHI CepelHI KBaJpaTWYHi MOXHOKH 3pIBHOBAKEHUX
Koe(ilieHTiB

m, = 0,899; my =4,464; m.= 5,360.

Tam ke OyB Bu3HaueHuil mapamerp S = 16,655688,
KW € HE YUM IHIIMM SK BU3HAYHUKOM CHUCTEMHU HOPMAaJBHUX
PIBHSHB.

Tabmuus  6.1.Po3paxyHok  cepeaHboi  KBaJApaTH4YHOI

NOXMOKM 3piBHOBaKeHOI PyHKLIT
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4.6. MNobyaoBa MaTeMaTU4HOI MoAeni KBaapaTU4HOO
3anexHicTio, konu b=0, c=0

IIpu npomy
y=ar’. (4.64)
B nanomy BHIAIKy CKIAQIA€TbCsl OJHE HOpPMAajbHE

PIBHSIHHS
alx*]1=[x*y] . (4.65)

I3 sixoro ciigye

a= [xzf I (4.67)
[x"]

MmoBipHinre 3uauenns byHKuil Gyme

o(x)= [)52_4);]x2 ) (4.67)
[x"]

ExcniepuMeHTalIbHA KPUBA IPOXOINUTD YEPE3 TOUKH

[x*y] [x*]
0;0) , L=—=1, 1 . 4.68
SO U 3 (=

KoHTpoIpHOO SBIISIETHCS opMya

[V’ ]1-alx’y]=[ee] . (4.69)

SIkmio mpaBy 1 JiBY YaCTHHHU PIBHSHHS MOAUIMTH HA X,

TO OTPUMAEMO MPSMOITIHIAHY 3aJICKHICTh
q=ax. (4.70)
KoedirienT a 3HaX0UTHCS 32 HOPMYIIOIO

61



a= {Z’j} (4.71)
[TonepeHiit KOHTPOJL BUKOHYIOTH 32 (HOPMYIIOF0
(4]~ algx] =[] (4.72)
KinmeBa KOHTposIbHA GOpMyIia Ma€ BUTIISA
a(alx*]-2[gx*]) +[g"x*] = [nmnxx]. (4.73)

MpakTnyHa po6oTa 4

[Tobynyemo maTemMaTHUHy MOJEIh 3aJICKHOCTI I[IHU
TOBapy i MOMUTY Ha HHOTO 3a JAHWUMH, IPUBEACHUMH B TaOII.
1.3 0IHOMOM JIPYroTo TIOPSAKY BHAY Y =ax’ +bx+c.

[Tpu 3HaXO/HKEHHI eMIipU4YHOi (OpMyInH, SK MpPaBUIIO,
BUOHMpPAIOTh JIMIIE YAaCTHHY BITKH Mapaloiiu, fKa Kpallum
YMHOM IIXOJUTH 10 JAHUX €KCIIEPUMEHTY.

Tabmuus  4.1.004yucaoBajdbHa  TA0AMUA A

Nno0y/10BH MOJIIHOMY JAPYroro nopsiaKky

Ne Xi yi Xiyi Xi2 yi?
1 1,6 |18 [28,8 2,56 |324
2 2 14 28 4 196
3 2,1 13 27,3 |44l 169
4 23 |12 27,6 |5,29 144
5 25 |11 27,5 |6,25 121
6 28 |9 252 | 7,84 |8l
7 29 |8 23,2 | 841 64
8 3 7 21 9 49
62

dopmynu  cepenHbOi  KBaJpaTHYHOI

3pIBHOBaKEHOT PYHKITi]

m —\/m2x2+m2—2[EE]- [x]
q a b

X,
n=2 n[x*]-[x][x]

Jns Bunagky
y=ax’,
dbopmyna CepemHhOl  KBaJPaTHYHOT

3pIBHOBaXKEHOT PYHKITi]

m = |LEE] x"
“ \Vn-1 [x*]

HOXUOKU

(6.24)

(6.25)

MMOXUOKU

(6.26)

SKmmo ISt pieHHs 3a1a49i 3acTocoByBaacs popmyna

q=ax,
TO
2
m, = (7] 2y
n—1 [x7]
mq,zqu

MpakTnyHa po6oTa 6

[TinpaxyBatn  cepemHIO  KBaApaTUUHY

3pIBHOBaXKEHOT PYHKITi]
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(6.27)

(6.28)

(6.29)

NOXHOKY



Puc.6.1. 3ona po3citoBanHs GyHKIIT @(x)=ax’ +bx+c

Takum YWHOM, TIPU OJHOMY i3 3a3HAYCHHMX B CEPEIHIN
YaCTHHI IHTEpBAy CIIOCTEPEKEHb, CEpeIHs KBaJapaTUIHA
noxubka  ¢QyHKHOii  OTpUMye  MiHIMaIbHE  3HAYCHHS,
30UTBIIYIOYHCH JI0 KIiHI[IB iHTEpBAJy 132 MEKaMH HOTO.

30Ha pO3CIIOBaHHS OOMEXYEThCSI KPUBHUMH, SKi

NG

n n

MPOXOJIAThH Yepe3 TOUKU 3 abcrrcamMmu

o(x) = ax’ tbx+ctm,, (6.21)

1e m, BUpaxaeTbes Gpopmyioro (6.17) (puc.6.1)

VY BUMAKy KBapaTHIHOI 3aJIeKHOCTI (4.45)

o(x) = ax” +bx (6.22)
cepenHss ~ KBaJpaTHYHA  TMOXMOKAa  BHUPAKAETHCS
dbopmyroro
3
m, = m§x4+m§x2—2[EE]- ; 2[x ] p— x’ . (6.23)
n=3 [x"][x"]=[x"][x"]

[Ipu mepeTBOpeHHI PpIBHAHHSA [0 TNPSAMOJIHIHHOT
3aJIeKHOCTI IIUIIXOM JIIJIEHHS TIPaBoi 1 J1iBo1 yacTuHM (6.22) Ha
X

g=ax+b,
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9 3,1 |6 18,6 |9.,61 36

10 33 |3 9,9 10,89 |9

n=10 | 25,6 | 101 | 237,1 | 68,26 | 1193
Ne xi3 xi4 yixi?
1 4,096 6,5536 46,08
2 8 16 56
3 9,261 19,4481 57,33
4 12,167 27,9841 63,48
5 15,625 39,0625 68,75
6 21,952 61,4656 70,56
7 24,389 70,7281 67,28
8 27 81 63
9 29,791 92,3521 57,66
10 35,937 118,5921 32,67
n=10 188,218 533,1862 582,81

Ne yi' E=y'-y EE

1 17,286 | -0,714 0,50980

2 14,556 | +0,556 0,30914

3 13,834 | 40,834 0,69556

4 12,344 | 40,344 0,118,34

5 10,791 | -0,209 0,04368

6 8,345 -0,655 0,42902

7 7,498 -0,502 0,25200

8 6,635 -0,365 0,13322

9 5,757 -0,243 0,05905

10 3,954 +0,954 0,91012

n=10 | 101,00 |0 3,45993
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Po6oui popmymu (4.12), (4.13)

A=n[x*]-[x][x] =10-68,26—25,6-25,6 = 27,24,
B=[x][x*]-n[x*>]=25,6-68,26—-10-188,218 = —134,724,
C=[x][x*]-[x*][x*]=25,6-188,218 — 68,26 68,26 = 158,9532,
D=[x*][x*]-[x*][x’]=68,26-533,1862 —188,218-188,218 = 969,274488,
E =[x*][x*]-[x][x*]=68,26-188,218 —25,6-533,1862 = —801,80604,
F=n[x*]-[x*][x*]=10-533,1862 — 68,26 - 68,26 = 672,4344.

4= [x*y]- A+[xy]-B+[y]-C _
n-D+[x]-E+[x*-C]
 582,81-27,24+237,1-(~134,724) +101-158,9532
10-969,274488 + 22,6 - (—801,80604) + 68,26 -158,9532
_ —13,0428
©16,655688
po XV B+ F+[y]-E _
n-D+[x]-E+[x*]-C
| 582,81-(~134,724) - 237,1-672,4344 + 101 (-801,80604) _
- 16,655688 -

=—0,783083833,

_ —66,70824
16,655688
o V- CH]- E+[y]-D _

n-D+[x]-E+[x*]-C
_ 582,81-158,9532 + 237,1(—801,80604) +101-969,74
- 16,655688 -

=-4,005132661,

428,025696

=25,69846986.
16,655688
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Posrnsinatoun 1eit Bupas, 6auumMo, 10 MpH 3HAUYEHHAX X

2
. / X .
PIBHOMY ] , ToX1OKa Koe(IlieHTa a He BIJIMBA€E Ha
n

BEJIIMYUHY CepPeHBOI KBaPATHIHOT MOXUOKH (PYHKITII.

B nanomy Bunaaxy

m, :\/mf[x—%] +m[2Q] . (6.19)

n

[x]

[Ipu 3HaYeHHSAX X pIBHOMY -, Ha BEIHYHHY
n

cepenHbOl KBaJApaTHYHOI MMOXMOKHM (YHKIIi HE BIUIMBAE

nmoxuOka KoedirieHTa

m, = \/mj + [x2 —%) + m[zy] . (6.20)

4 -0(x)

P(x+my)
P(x)-mg

v
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(o(x)za(x2 —@]+b(x—m]+m. (6.15)
n n n

Y  uwit  dopmynmi 3aleKHAMU  BEIUYMHAMH  BiX

€3VyJIbTaTIB €KCIIEPUMEHTY, SIBIISIIOTHCA a, b 1 —[y] . 3HaXOII$I‘-II/I
Y. Y, )
n

CCPCOHIO KBA/IpaTUIHY HOXI/I6Ky ObOT0 BUPA3y MO HABCACHHUM

BUIIIE MTPABHUJIAM 1 MAIOYH Ha yBa3i, 110

5@ 1 Gm 1
n__; L =—, (6.16)
oy, n oy n

OTPUMAEMO TIICIIS BCIX MK 1 IEPETBOPCHD

212 2
x x
m, z\/mj(xz —u] +m,f(x—u) +mf, +
n n 0

2 , (6.17)
T LG i L e
n-3 S
h&
S=n([x"][x"]-[x"][x" D+ [x]([x"][x"] - [x][x" D+ 615)

+[ WX T =[x 10X D),

mt . = [eg]
% B n(n-3)
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TakuM 4YMHOM Ha OCHOBI TPOBEACHUX PO3PAXYHKIB
oTpuMaHa GopMmyiia
y =-0,783083833x" —4,005132661x + 2,69846986 .
BukoHaeMo KOHTpPOJIb 3pIBHOBAKEHHS 32 (POPMYIIOIO
[v*1=alyx]-blyx] - c[y] =[e€].
B namowmy Bumnanaky

1193+0,783083833-582,81+4,005132661-237,1+
+25,69846986-101 = 3,460586774.

B rabu. 4.1 [g£] = 3,45993.
Pisanus cxnanae (3,46059 — 3,45993) = 0,00066.

Nekuia 5. OuiHka TOYHOCTI pe3ynbTaTiB Npu NnodyAaoBi
MaTeMaTU4YHOI Moaerni KBagpaTU4YHUM NOJIIHOMOM

[lepeiinemo 10 dopmynan cepeaHbOi KBaapaTHUYHOL
noXHOKKU KoedilieHTiB a, b, ¢ mpu mapaboiuHIl 3a1eKHOCTI
Jpyroi CTereHi.

[To anamorii i3 TPAMONIHIAHOIO 3aTEKHICTIO, TICIA
B3STTS YACTMHHHX IMOXITHUX BUpa3iB (4.7) 1o yi, MIBEICHHS

710 KBaJIpaTy i JJ0JaBaHHS, OTPUMAEMO

aa ) | lr') =140 .
oy S ’ ’
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Y |_nlx'-110x°) 52
oy S ’ .

(ﬁ” P[]

g (5.3)

e
S = nlx* 1" 1= [ 10 T+ [0 10 1= [0 0x ) +
+ [ W T =[x 10x D).

[Ticnst  MiACTAaHOBKM  OTPUMAHUX  3HA4YCHb  CYM

(5.4)

YaCTUHHHUX TMOXIAHMUX Yy BHUpPa3ax CepeaHiX KBaIpaTHIHUX

MoxuboK OyaeMo MaTu

o \/[ee] 1=
“ \n-3

S
= J [ee] nlx*]-[x)[x*] 55)
n-3 S
" :\/[ee] IESENEENEN]
‘ n-3 S

IIi  ¢Gopmynu 3aCTOCOBYIOTBCS 1 JJISI BHIAIKY, KOJHU
Koe(illieHTH BHWYKCICHI 3a JomoMoror (4.29) mnumsaxom
3pIBHOBRXEHHS  TOMPABOK 1O  HAOMMKEHWX  3HAYCHD
HEBIJJOMHX.

[IpencraBisitoun  CepeHIO KBaJpaTUYHy MOXHOKY

OJIMHULII Baru

66

m, = \/m§x4 +mx’ +ml +2 [EE]E: , (6.10)
Hn—
ne
E'=(=n[x"]=2[x][x"" D’ + ([x][x" ]+
[x] (6.11)

+[)€’2]n—2—[)€'2])x2 + (1 ] =[x D,

S"=n([x"*1x"* 1 =[x 10" 1) + e 1 10" 1. (6.12)

[Tpu piBHOBIACTOSYMX 3HAUYCHHSX apTyMEHTA BETHYUHH
E i S Oyayrs MaTi BUTIISIT
E =-360{2x, + y(n—1)}x* + 60{6x,” y(n — 1)+
+ 2 (n=D(n-2)tx* —36{20x," +30x, y(n—1)+ (6.13)
+2x,x°(Tn* =151+ 7)+ x> (n—1)(n—2)2n—1)}x.

S=y'n(n-1)(n+1)n-2)n+2). (6.14)

IIi dopMynun TakoX NTPUMIHMMI TIpH BHpaKEHHI
IIyKaHuX KoedilieHTiB a, b, ¢ uepe3 KiHIEB1 pi3HHUIIL.

Hnst Toro, moO mpoaHamizyBaTH (GOpPMYITy CepeaHbol
KBaipaTnuHOi moxubOku (6.7), mpwmamo T Jemo IHIIHA
BUTJISAL.

Jiis boTO BUpPA3UMO C 13 (4.7) uepe3 koediriecHTn a i b

n n n

(6.14)

1 miycraBuMo #oro y (4.8)
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Po3kpuBaroun BUpasw, siKi CTOSATh Y QIrypHHUX IyKKax,

ITIC)IsI BAKOHAHHSI BCIX i, OTPUMAEMO

[6a Ob| 5 1 2 37).3

b _E([x][x 1-n[x* 1),

[6a oc | » 1 3 29742 1)s.2
o T SRR G SN
ob o 1 5 4
o) b I

TakuMm 4YMHOM, KIiHIIEBUH pE3yabTaT PO3PAXYHKY
cepeHbO1 KBAIPATUYHOT MOXUOKM 3piBHOBaXKEeHOT (PyHKIIIT pu

MOJTIHOMI JIPYTOi CTeTNeHi Oy/1e MaTH BUTIIS

+ 2@5

_ 2.4 2.2 2
mw—\/max +myx” +m; ik (6.7)

n—
e

E =([x]x* 1= n[x’ D’ + ([x][x" ]~
=10 D + (10 ] =[x D,
A=8=n([x"10x* 1= [ 106" D+ [x]([x* 1 [x° 1=
=[]0 D) + [ W[ T = [ 10x° D).

Jns BUDAIKy MEPETBOPEHb 3a JONOMOIOK0 IEPEHOCY

(6.8)

(6.9)

MOYaTKy KOOPIWUHAT B TOYKY x’zx—m dopmyna (6.7)
n

IIEPETBOPUTHCS Y
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| [eg]
m—wfn_:;, (5.6)

a o0epHEeHI Baru 3piBHOBAKEHUX KOS(IIIEHTIB

T [al1- [ 57
P, N ’ '

1 \/n[x“]—[xz][xz] 59
Py S ’ .
1 \/[xz][x“]—[xﬁ[xﬁ 5.9)
pc . . .

1e Baru KoeQimieHTiB OyayTh

P-— (5.10)
] 3]
S
b= 4 2 24 9 5.11
- I G40
S (5.12)

P =
2 4 3 37°
© I [ ]0x]
CepenHi  KBaJpaTU4HI  TOXUOKHM  KOE(IIi€HTIB,
oOuncieHi 3 npuMiHeHHsM (4.18) BU3Ha49a0ThCs hopMynaMu

m, = \/ Lez] | nlx] (5.13)
n=3 n([x1[x"*1-[x"1[x" ] —[x"*1[x"* ][x"*]

(o] .n[x'4]—[x'2][x'2]+4[f(n[x”]—[x][x'zp

n=3 n([x"?]x"]= [ - [ ] 0]

b =
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(5.14)

mc:\/[é‘é‘]_ - ; . Q3 - - - (5.15)
n=3 n(x"]x"] =[x "D =[x 1" ][]

pi(S]
Q=[x’z][x"‘]—[x’3][x’3]+([j;—]] (nl*1 =03 102 1)+
2 3 - (5.16)
+2(m] ([x][x“]—[x'ﬁ[x’ﬂ)ﬂx’ﬂm(@—2[x]]
n n n

[Tpu piBHOBIACTOSYUX 3HAUEHHSX apryMeHTa (GOpMYyIIH
Cepe/HiIX KBaIpaTUIHUX MMOXUOOK HAaOyBarOTh BUTY

m = [88]_ 180
“\n-3 ynn-Dn+H(n-2)n+2) ’

9

n-3 2in(mn-D(n+1)(n-2)(n+2)
(5.17)

. :\/[gg] 12{60x,” +60x, 7 (n 1) + z*2n - DBn -11)

m = [eg] . T
“ \n-3 y'n(r-Dn+D(n-2)(n+2)
e
T = 3{60x14 +120x, y(n = 1) +12x,° x> (Tn* =150+ 7) +
+12x, 7 (n-1)(n-2)2n-1)+ (5.18)
+x (n=1)(n-2)3n* =3n+2)+12x,y3(n-1).
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CepenHss  KkBaJgpaTWuyHa TIMOXHOKAa  3pPIBHOBAXECHOI

¢byHKLIT TigpaxoByeThes 3a HOPMYIIO0
8 2
m, = mK@"’] } , (6.1)

» _ leg]
m, = n-3 (6.2)

2 2
ay; W W
2 2 2
_|9a | [ OB} o [0  of0a b5, (6.3)
oy, oy, oy, oy, oy,
+ 2 @ . ﬁ x2 + 2 6_b . E X.
Ay, oy, y;
[Ticnst 3HAXOHKEHHS CYM i€ pIBHOCTI OTPUMAEMO
2 2 2 2
(5 HET 5 6T
0 0 0 0
y y y y (6.4)

+28—a-8—b x3+28—a-@ x2+28—b-@ X.
oy 0oy oy 0oy oy oy

[TincraBnsroun (6.2), (6.3), (6.4) B (6.1), Oynemo matu

me = mfx4+m,fx2+mf+2[EE] a b X+ Ga o x* + @@x
n=-3(|oy Oy oy Oy oy oy

(6.5)

ac
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m, =m -l-=(L703 ! ~0,899,
P 0,611
1 0703

m, =m |— =——==4,464,

’ P, .J0,0248

m, = 1 _ 0703 ~5,360.

" T Joo12

Taxkum yMHOM, U1 IOJIIHOMY

y= ax® +bx +c =-0,78308x2 —4,00513x + 25,69847

cepenHi KBaJIpaTHYH1 MOXUOKHU OTpPUMAaHUX
koe¢inientiB 6ynyre m, = 0,899, m, = 4,464, m_  =5,360.

Y mporpamoBanomy MikpokanbkysaTopi CITIZEN
SRP-350 mpuBeseHa mporpama [5x°], sika MOBHICTIO pealisye
IaHy npoOsiemMy (AuMB. IpakTUYHY poOoTy Ne2).

CTyneHTH BUKOHYIOTh IHIMBIAyallbHI  CaMOCTIHHI
poOOTH 1O 3PIBHOBAKEHHIO 1 OIIHI[I TOYHOCTI CHOTBOPEHHX

MOJEIIEH.

INekuin 6. CepeaHa KBagpaTuyHa noxmbka
3piBHOBaxeHoI PYHKLUii KBagpaTU4YHOro nosliHomy
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Ili > dQopMynmun 3acTOCOBYIOTH Ui MiAPaxyHKY
CepeIHIX KBaJpaTUYHUX IMMOXHOOK KOEQII€HTIB, BUPAKECHUX
gepes Kinmesi pizauii (4.40).

[Tpu

y=ax’ +bx . (5.19)

dbopMyITH cepeHiIX KBaAPATUIHUX MTOXHOOK

. :\/[ee]_ [x’]
n=2 [ =[x ]x°) 520

s = \/ ee] _ Ix'1
n=2 [0 ][ )]

B Tomy Bumanky, Koiu OOYHCIEHHS Koe]illieHTiB

BeZieThes 3a popmymamu (4.57), cepeHi KBaApATUIHI TOXUOKH

BH3HAYaIOThCS 3a GopMyIamMu

;szmm- . : (5.21)
n—=2 n[x"]=[x][x]

,%:JMM_ 2hﬂ . (5.22)
n—=2 n[x"]=[x][x]

Benuunna 1) minpaxoByrOThCs 3a hopMynamu (4.54)
JlJis KBaIpaTUYHOT 3AJIEKHOCTI

y=ax? (5.23)
cepelHs KBaJpaTHYHA IMOXHOKAa KOeQiI[ieHTa JaeThCs

bopMyIoro
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_ (lee] 1
m, = /n—l o (5.24)

Sxmo 3HaueHHs KoeQillieHTa a MiIpaXxoBYBAJIOCH i3
dbopmymu (4.71)
4= [qazc],
[x7]

TO CepeHs KBaJApaTUIHA MOXHUOKA BKa3aHOTO KoedilieHTa

A (/) S (5.25)

MpakTnyHa po6oTa 5

HeoOXxiqHO BUKOHATH OIIHKY TOYHOCTI BHU3HAYEHHUX
KoeiIieHTiB a, b i ¢ Ha TONEepeHId TPAKTUYHIA POOOTI.
3HalIeMO CepeHI0 KBaJpaTUYHY IMOXUOKY OJWHUII

Baru

=0,703.

[e£] \/ 3,45993

m = =
n-3

Pospaxyemo Baru koedirieHTiB

§=n(0x* 10" 1=00° 10 D)+ Led(0e* 106 1= [0 D + [ W] =[x 1 1x° 1) =
=10(68,26-533,1862 188,218 ) +25,6(68,26 188,218~ 25,6-533,1862) +
+68,26(25,6-188,218— 68,26 ) = 16,655688.
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T00T0 S = nD + [X]E + [x2]c = A - BU3HAYHHKY
CUCTeMH HOPMAaJbHUX PIBHIHB

p_ S 16,6555688 _16,6555688

: > = = =0,611442291
n[x"]-[x][x] 10-68,26—-25,6-25,6 27,24

I[Ipy  moOymoBi  ICTUHHOT  MOJAENi  3AJIEKHOCTI
XapaKTepUCTUK TaM SATi BiJl CUTYyaTHBHOI TPUBOXHOCTI HaMHU
no mepmii cxemi l'aycca Oynma oTpuMaHa Bara TpPEThOTO
koedimienta 0,611444, mo wninKOM CHiBMagae 3 Barorw
OTpUMaHOTO KoedilmieHTa a 1 MIATBEPIXKYE KOPEKTHICTH i
MPAaBUIIBHICTh TEOPETUYHUX BUKIIAIOK JISKIIIT 3.

Bxe Oumpme 50 pokiB Oyno Bimomo, 1mo Bara
ocTaHHBOTO KoedimieHTa B cxemi [aycca nOpiBHIOE CyMi
KoeQillieHTIB ~ MpH  [ObOMY  HEBiIOMOMY, a  Bara
MEPeOCTAaHHBOTO  HEBIZIOMOTO  PO3paxoBYBaJlacsl  IIIJISIXOM
TEIKUX MaHIMyJAMiN 3 KoedirieHTaMmu

Bara xoediiieHTa B po3paxoBYeThCs 32 GOPMYIIOI0

S S

F, = 4 2ar 21
nlx"]-[x"][x"] F

Bara xoedimienra C

S S

P = 4qr2 39131 P
nlx"[x"]-[x"][x"] D

CepenHi  KBagpaTW4yHi  MOXHOKA  3PIBHOBKCHHX

KoediieHTiB Oy1yTh
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[epexin 10 BUXITHOTO PIBHSHHS BUKOHYETHCS ILITXOM
MOTCHITIFOBaHHS BEMYUH Y 1 A.
KoedirienT b 3Hax01uThHCS 32 (OPMYIOI0

po_B (8.49)
Ige

MbiK TMepeTBOPEHOI0 1 BUXITHOI (YHKIIIEI ICHYE
3aJIeKHICTD
S (x)=1go(x). (8.50)
3BiIKM OTPUMAEMO

p=Em, (8.51)

ne M = 0,4343 — moxynb mepexoy Bii HAaTypadbHHUX

Jorapu@MiB 10 A€CATKOBUX.

Toni
— \/m§x2+mj—2[m7]- [x] x (8.52)
7 24(x) n—2 n[x*]-[x][x]

i
m :M m2x2+m2—2[m7]- [x] X (8.53)
oM \? T =2 ax1-[xx]”

Je mp 1 my po3paxoByrOThCs 32 (8.47), (8.48)

100

Ne X y E m; m,

1 1,6 18 —-1427,80 0,37 0,608
2 2 14 —2045,59 0,063 0,251
3 2,1 13 —2230,49 0,054 0,232
4 2,3 12 —2642,48 0,055 0,234
5 2,5 11 -3116,12 0,050 0,224
6 2,8 9 —3956,32 0,0122 0,110
7 2,9 8 —4274,22 0,0028 0,053
8 3 7 —4612,39 0,0063 0,079
9 3,1 6 —4971,62 0,0309 0,176
10 3,3 3 —5756,54 0,1941 0,440
n=10 | 25,6 | 101

[TigroToBumo 10 ob6urcieHs napametp E.

Ha ocHoBi ganux tadi. 4.1

E =(25,6-68,26—10-188,218)x° +(25,6-188,218 — 68,26 )x” +
+(68,26-188,218 +25,6-533,1862) - x =
=—134,724x> +158,9532x* — 801,80604x.

Ha nmonepennbomy 3aHATTI Oys10 BCTAHOBIICHO

m= ,/@=0,703.
n-3
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TooOTo,



2] _ 7032 = 0,494,

n-3

E

m, = \/0,808)54 +19,927x +28,730+2-0,494

abo

m, =+0.808x" +19,927x> +28,730+0,0593E.

Tabmuus 6.2. JlonoMikHaA po3paxyHKOBa TaOIUIIA

Ne| x| 0.808x* | 19.927x? 0.0593E
1,6/ =5,295 +51,013 | +28,73 | +0,0593(-
1427,798976)
21 =12,928 | +79,708 | +28,73 | +0,0593(-
2045,59)
2,1 =15,714 | +87,878 | +28,73 | +0,0593(-
2230,49)
2,3| =22,611 | +105,41 | +28,73 | +0,0593(-
3 2642,48)
2,5 =31,562 | +124,54 | +28,73 | —
4 0,0593*3116,
12
2.8 =49,664 | +156,22 | +28,73 | —
8 0,0593*3956,
32
2,9 =27,148 | +167,58 | +28,73 | —
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16,656

PosrisiHemMo GyHKITiFO
y=ae™ . (8.42)
Jlorapudmyroun (8.42), oTpuMaemo
lgy=Ilga-bxlge. (8.43)
[puitmaroun lg y =Y;lga = 4;—blge = B,, nepexoaumo
710 PIBHSHHS TPSMOJIIHIHHOT 3aJIeKHOCTI
Y=A4A+BX, (8.44)
pilIEHHS STKOTO BUKOHYETHCS 3a JOMOMOTOIO ONMCAHHUX PaHIIIe
dbopmyiL.
KoedimienTn 1pOT0  pIBHSHHA BH3HAUYAIOTHCS 32
JIOTIOMOTO0 (hOPMYIT

Y=Y

) 8.45
nx*]=[x][x] (84
B:[xz][zY]—[X][Y] . (8.46)
n[x"]=[x][x]
CepenHi KkBaipaTHUHI TOXUOKH KOC(IIIIEHTIB
m, :\/[7777]. . n , (8.47)
n—2 n[t"]-[][¢]
m, :\/[’777]. 2“2] . (8.48)
n—=2 n[t"]-[¢]t]

®opmyna (8.4) € pobouoro, TOMY 1110 32 i JOTIOMOTOIO

JOCHUTH JIETKO BUKOHYIOTHCS BC1 0OUUCITIOBAIIbHI pOoOOTH.
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b [x* Y]~ [x][xY] .

(8.36)
nlx*]-[x][}x
Cepennst kBazpatnyHa noxuoka ¢pyHkmii f{x)
m, = mx>+m.T -2 Luly 5 [x] x . (837
' n—2 n[x"]-[x][x]
Ane
oY or Y
2 | O 20N 2| 9
4my{a—y] [0} (x)—my(ay] , (8.38)
abo
4mop* (x)=m; . (8.39)
3BIIKH
1
= , 8.40
o " 24" (8:40)

CepenHss  KBaJpaTWuyHa TMOXHOKAa  3pPIBHOBAXKCHOI

dyHKii 9(x)
m, = ! \/msz +m; —2 iy - [x] x . (8.41)
24(x) n—2 n[x"]-[x][x]

8.3. [lob6ydoea mamemamu4Hoi mooerni
MoKa3HUKO8OK (PpYHKUi€EHO
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6 0,0593*4274,
22
=65,448 | +179,34 | +28,73 | —
3 0,0593*4612,
39
3,11 =74,620 | +191,49 | +28,73 | —
8 0,0593*4971,
62
3,3 =95,822 | +217,00 | +28,73 | —
5 0,0593*5756,
54
Ne X m; m,
1 1,6 0,37 0,608
2 2 0,063 0,251
3 2,1 0,054 0,232
4 2,3 0,055 0,234
5 2,5 0,050 0,224
6 2,8 0,0122 0,110
7 2,9 0,0028 0,053
8 3 0,0063 0,079
9 3,1 0,0309 0,176
10 33 0,1941 0,440
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Monynb 2: [Ipaktiuni podotu NeNe 4, 5, 6.




INekuis 7. MobypoBa MaTemMaTUYHOI MoAeni
rinepobonivyHoro pyHKLUiEO

7.1. lob6ydoea Mmamemamu4HoOi moodeni

B exoHoMmili 3ycTpiuaerbes pAn BHIIB TinepOONiYHOT

3aJIeKHOCTI MK pi3HUMU pakTopamMu. OCHOBHUMH SBJISIFOTHCS

X X
a 1
=—=3q— 5 7.2
y="77493 (7.2)
- . (7.3)
X X

PiBusinns (7.1) nmepeTBOPUMO 0 MPSIMOJIIHIHHOTO BUAY,

AKOIO MPEACTABUMO

—=T . (7.4)
X
Toni
y=bT+a . (7.5)
CrnouaTKy mipaxoBYIOTh MO BHU3HAUYEHUM (PAKTOpaM X;
1 1 1 :
BenmnunHu T, = —,—,...,— . Ilici1s po3paxoBylOTh BEIUIMHU
X X, Xy

Ti, yiT;i, 3HaXOIATh CYMH BCIX pe3yJIbTaTiB €KCIIEPUMEHTAIbHUX
JAHWX 1 BU3HAYA0Th cymu [T], [T?, [v]i[yT].
[ykaHi KoediIieHTH 3HAXOAITH 32 POPMYIIOFO

84

Posrnsiemo ¢yHKIIiT0

y=Alax+b , (8.30)

SIKY TIPEJICTABUMO Y BUTJISI
y =ax+b, (8.31)
MIABIBIITY OOUIBI YaCTHHY PIBHSHHS JI0 KBaIpaTy.
Mpuitvatoun y> = Y, OTPUMAeMo MpSMOTIHIAHY
3aIeKHICTh MK Y i X
Y=ax+b . (8.32)
PimeHHs 1bOTO PIBHSHHS BUKOHYETHCS O (popmyiam,
MIPUBEJICHUM BUIIIE.

B 3arasbHOMY BHIIAIKY
P’ (x)=f(x) . (8.32)
CepenHi  KBaJpaTU4HI  TOXHOKH  KOEQIIiEHTIB

PO3PaXOBYIOTBCS 32 JOMOMOTO0 (hOPMYIT

mﬁ\/[n"]- — : (8.33)
n—=2 n[x"]-[x][x]

m, :\/[7777] ) 2[x2] , (8.34)
n—=2 n[x"]-[x][x]

1e cami Koe(il[ieHTH po3paxoBYIOThCA 3a (hopMyaamMu
ALY =[]

, 8.35
nlx”]=[x][)x (839
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2
m, = m;{afi] : (8.25)
| gy

m; :mz(ij (g] :m{ M ] , (8.26)
= o)) oy Lo

ne M = 0,4343 — moxynb mepexoay Bii HaTypaJbHHX

Jorapu@MiB 10 A€CATKOBUX.

3Bincu

m? = [%)mi . (8.27)

TakuM 4YMHOM, MOXEMO HamucaTH (GOPMYIH CepenHixX
KBaJ[PaTHYHUX MOXHUOOK 3pIBHOBXEHOT QYHKIIIT ((X)
JUrist 3aJ1eKHOCTI y = aXlx
, lgx
m/,zﬂ-\/mi(lgx)2+mf—2[nn]- [lgx]
M

n—2 n[(Igx)*1-[lgx][lgx]
(8.28)

JUist 3aJ1eKHOCTI y = avx

m, z%ma . (8.29)

8.2. [lo6ydoea mamemamu4Hoi mooeri
ippauioHanbHOO hyHKUitO€E

96

A TI= [T
AT 1=[T(T]

g [7°10y1-[yT1IT] .
n[T*1-[T1[T]

, (7.6)

(7.7)

KoedimieaT a MoXHa po3paxyBaTH TakKOX 3a

JOTIOMOTO10 (hOPMYITH

bl (7.8)

n n

Ha excniepuMeHTanbHIM KpUBIiH JI€XKATh JIBI TOUKA

(T.L1)T,07) (9
nn ) [T]’ T ) ’

KontponbHa ¢popMyiia Mae BUTIIsT

[y*1-b[yT]-aly] =[ee]. (7.10)

PiBusinas (7.2) i (7.3) npuBOIATH A0 MPSMOJIHIHHOTO

BUTJISATY 322 JOTIOMOTOIO MiICTAHOBOK

Loy, (7.11)
X
1
—=T. (7.12)
X
Tomi
y=ax', (7.13)
y=aT. (7.14)
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PimenHs nux piBHAHP BUKOHYIOTH 3a (OpMyJIaMu

(1.56) — (1.63).

7.2. OyiHKka mo4YyHoCcmi 3pieHOBa)keHUX eJieMeHmie

CepenHi KBagpaTU4YHI TOXUOKU KOE(DIMIEHTIB st

NPSIMOJIIHHOT 3aJIEKHOCTI, B SIKUX CYMH [X]| 3aMIHIOIOTHCS

cyMaMu [l} abo [%] acymn [[eg]] - cymamu [nn].
X X

CepenHi  KBaJpaTU4HI  TOXHOKH  KOEQIIiEHTIB
PO3paxoByIOTh 3a (popMyIaMH

ma:JMnl }Tﬂ | 215
n—2 n[T*]-[T][T]

m,,:\/[""]- 7 . (7.16)
n=2 n[T"]-[T][T]

CepenHss  kBajapaTuyHa TIMOXHOKAa  3PIBHOBAXKCHOI

(GYHKIIIT 3HAXOTUTHCS 32 OPMYIIOI0

m, z\/mi +m;T* -2 uuly - 7] T, (7.17)
n=2 n[T"]-[T][T]
abo
m, :\/m,f[T—m] +m[2y] . (7.18)
n B3]
86

mA:JMUL L] ()
n=2 n(lgx)’1-[lgxIllgx]

3anexHICTh BUY
y=avx

po3pimaerbest GopMyInoro

1
[lg y1- E[Ig x]
A=lga=—"=—— . (8.21)
n
dopmyna cepenHboi  KBAJPATUYHOI  TMOXUOKH

koedimienta A = lga Oyne MaTtu BUTIISA

mA:N/M-l. (8.22)
n-1n

B 0060x Bumnaakax
n=/rAIgx)-lgy, (8.23)
ne f(lgx) e 3piBHOBakeHe 3HAYEHHS Jiorapudma y, 110
BIZIMTOBI/Ia€ JIOTapU(PMy CIIOCTEPEIKEHNX 3HAUCHb X.
[Ticnst mpuBeneHHs (GopMyn 0 TPAMOJIHIMHOTO BUIY
HUIIXOM JiorapudMyBaHHs, OyIeMO MaTH
f(gx)=lg(x). (8.24)
3Haiiiemo cepenHi KBaJpaTHUH1 OXUOKHU
3piBHOBaXEHHX (YHKIiA J1iBOi 1 TpaBoi dYacTUH IO

MPpUBCACHUM BHIIC IIpaBUJIaM
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[Tepeitnemo o 3anexHocTi (8.2).

JlorapudmyBaHHIM BOHA IPHBOJUTHCS 10 BUILY
1
lgyzlga+51gx . (8.13)

Mu Maemo oJiHe HeBioMe Iga, sike mo3HauYuMO uepes A.
BusHaueHHS YHCIOBOrO 3HadyeHHsS A BUKOHYETBCA  3a

JOTIOMOTO10 (hOPMYITH

gy —;[lg x]

A= (8.14)
n
JI71s1 KOHTPOJTIO BUKOPUCTOBYIOTHCS (hopMyIn
[(lgy)*]-Algyl=[rm] (8.15)
[yexpn, ~ D 1=[ee] . (8.16)
IIpu npomy
m=fGlen-ley, . (8.17)

€Xp 1M; — pe3yJIbTAT MOTCHIIIFOBAHHS T1);
g =0x)=-y, : (8.18)

Cepenni KBagpaCTH4YHI MOXHMOKH PO3PAaXOBYIOTHCS 3a

bopmymnamu

m,,:\/[””]- — , (8.19)
n—=2 n[(lgx)"]-[lgx][lg x]
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J11st 3a71€KHOCTI

1
x=aTl

y=a (7.19)

3HAaYeHHS KOoe]illieHTa a BUBHAYAEThCS 32 (OpMYII0or0

T
=1 yz] . (7.20)
[77]
CepenHs kBajipaTHUHa OXUOKa MpuU 1IbOMY OyJie
m, = ML (7.21)
n—1 [T?]

CepenHss  kBaJgpaTWuyHa TIMOXHOKAa  3PIBHOBAXCHOI

byHKIIIT

S /) (7.22)

y:a—zza-x’, (7.23)

cepelHi KBaJpaTU4YHI MOXMOKH MiIPaxOBYIOTHCS 3a
normomororo Gopmyn (7.21), (7.22), B sxux T 3aMmiHIOETBCS
yepes X .

B 3axmouyenHs mpuBenemMo (GopMmyny po3paxyHKY

Koe(illieHTa KOPEJSIIii Isl HAOTO BUTIA/IKY
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2 (n[yT1-[V1TT") .
([T*1=[TUT(nLy*1-[¥1")

(7.24)

NpaktnyHa po6oTta 7

[Tobynyemo MaTemMaTHUHy MOJEIh 3aJIEKHOCTI I[IHU

TOBapy 1 NONMWUTY HAa HBOTO  MpHUBEAeHMMH B Tabm. 1.3

. : . b . . .
rinepOoaIMHOI0 (QYHKIIEI Y =a+— 1 /1aMO OLIHKY TOYHOCTI1
x

3pIBHOBXCHHUM €JIEMEHTaM.
Tabmuus 7.1
O0uuciaoBaibHa TA0MLA A8 MOOYI0BH MaTeMaTHYHOI

MojeJi rimep0oJai4YHoro BUay

Ne X y xiyi | T=1/x T’ Ty y

1 1,6 | 18 | 28,8 | 0,625 | 0,3906 | 11,25 | 324
2 2 14 28 0,5 0,25 7 196
3 (21| 13 |273 (0,4762| 0,2268 | 6,1906 | 169
4 | 23| 12 | 27,6 0,4348| 0,1890 | 5,2176 | 144
5
6

2,5 | 11 | 27,5 | 04 0,16 4,4 121
2,8 9 | 25,2 10,3571| 0,1275 | 3,2139 | 81
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F(x)=d\VX . (8.3)

[Ticnst morapudmyBanss (8.1), orpumaemo

lgyzlga+llgx. (8.4)
m
[Ipuiimaroun
lgy:Y,lga:A,l:b,lgsz, (8.5)
m
OTPUMAEMO
Y=A4A+bX . (8.6)

PimenHs 1p0TO PIBHSHHS BHKOHYETHCS 32 (HOpMyJIaMu

MPSIMOJTIHIIHOT 3aJIeKHOCTI

m  n(lgx)*]-[lgx][lg x]

el a:[(lgx)z][lgf]—[lgxlgy][lgx]. 8.9)
n[(lgx)"]-[1g x][lg x]

KonTposs BUKOHYETHCS 3a hopMynamu

[(gy)*1-bllgxlg y1- Allg y]=[nn], (8.9)
[{yexpn-1}*]=[EE]. (8.10)
IIpu npomy
n=/f(0gx)-lgy,, (8.11)
€Xp1), -pe3ynbTaT NOTEHIIIOBAHHS 7}, ;
& =0(x)=y.. (8.12)
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m, =+/17,00997(T —0,40968)* +0,15551

Po3paxynku mo miii  ¢dopmyni TpUBOAATECS B
OCTaHHbOMY CTOBMYHMKY Ta0m. 7.1.

Jlis  TpoOBEeNEeHHS JIOCHIPKeHb TPU  allpOKCHMAIIil
rinepOoJIiYHOI0  (PYHKIIIEI0 TOBHICTIO MiAXOAWUTH Iporpama
[4inV] mporpamoBaHoro Mikpokanskynsitopa CITIZEN SRP-
350.

Nekuin 8. MNobynoBa MaTemaTMyHUX Moaeneun
CTeneHHo1o, ippauioHanbHOK i MOKa3HUKOBOHD
pyHKLiAMH

8.1. [lo6ydosa mamemamu4HoOi Modesii cmerneHHOr
¢yHKUiero

PosrisaeMo MaTeMaTUuiHy MOJECJIb BULY

y=a¥x (8.1)

y=ax. (8.2)
HeBizoMuMu BeIMYMHAMU SBIIAIOTHECS 4 1 m.
i dopmynn SBISIOTHCS YACTKOBHUMH BHUIIAKAMH

3aJIe)KHOCTI 3araJIbHOTO BHUJTY
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7129 8 | 23,2 (0,3448| 0,1189 | 2,7584 | 64

8 3 7 21 (0,3333| 0,1111 | 2,3331 | 49

9 | 31| 6 | 18,6 [0,3226| 0,1041 | 1,9356 | 36

10 | 33| 3 9,9 10,3030| 0,0918 | 0,909 9

n=10| 25,6 | 101 | 237,1 |4,0968| 1,7698 |45,2082 | 1193

y n=y -y nr mg
19,120 1,12 1,2544 0,972
13,883 0,117 0,01369 0,542
12,886 | -0,114 | 0,01300 10,480
11,152 | 0,848 0,71910 0,408
9,694 -1,306 1,70564 0,396
7,897 -1,103 1,21661 0,450
7,382 —0,618 0,38192 0,476
6,900 -0,1 0,01 0,505
6,452 0,452 0,20430 0,533
5,631 2,631 6,92276 0,591
—0,003 | 12,44082

Po3paxyemo okpemi KOMIIOHEHTH poOOUYuX (HOpMyIT

&9




D =[T1[y]-[yT][T]=1,7698 -101 — 452082 — 4,0968 = —6,45915376,
A=n[Ty]-[y][T]1=10-45,2082 —101-4,0968 = 38,3052,
B=n[T*]-[T][T]=10-1,7698 — 4,0968 - 4,0968 = 0,91422976,
C=n[y’]-[y]* =10-1193-101-101=1729.

KoedimieHT KOpensii npu ubomy

e A>  (383052)°  1467,288347
BC 091422976-1729  1580,703255

=1 =/0.92825 = 0.96345.

=0,92825,

Toni
= 2 - ﬂ =-7,06512,
B 091423
= 4 = 38,3052 =41,8988.
B 0,91423

Takum 4MHOM, HAMU OTpUMaHa GopMyJia
y'=41,89887T —7,06512, (7.25)
abo

V' = 4189881 ~7,06512. (7.26)
X

[Tpu pospaxynky no nporpami [0 lin] (auB. mpakTu4yHy
poboTy Nel) oTpumaHi CITiTyr04i 3HAUCHHS:

a=-7,06164403, b=41,89036328,

r=0,96335961.
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[MincraBmsiroun 'y dopmyny (7.25) 3uauenns T,
OTPUMA€EMO 3pIBHOBOXEHI 3HAYEHHS Y , SIKI TMPUBOJATHCS B
tabn. 7.1. Buuucnum BinmxwineHHsE = y' — y, miiHOCUMO 70
KBaJIpaTy Ili 3HAYCHHS 1 PO3PaXOBYEMO CEPETHIO KBAJIPATHUHY
MOXUOKY OJWHUIII Baru 1 cepeiHi KBaJpaTU4YHI TOXHOKU

3pIBHOBaXEHUX €IIEMEHTIB

. :\/[nn], [7%] \/[nn].[rz] :\/12,44282. 1,7698 _ 173506

n—2 T -[TT] Vn-2 B 8 091423

S 11/) N— _ (1244082 10 _ 1900997 = 412431
n—2 [T 1—[T1[T] 8 091423

KoH TpoJib 3piBHOBaXCHHS:
[y —=B[yT]-a[y]=1193-41,8988 45,2082 —
(=7,06512)-101=12,40778

Takum  yunom, orpumanu  12,40778-12,44082=-
0,03304, mo MOXHA BBaXaTH LUIKOM 3aJ0BUILHUM
BUKOHAHHSAM TMPOLEAYPH CTPOTOTO 3PIBHOBAXKEHHS, TOOTO Y
00YMCIIEeHHAX MOMIIIKK Hemae. CepeiHs KBapaTHIHa MOXHOKa

3pIBHOBaXKEHOT PYHKITi]

2
I [7] ).
m(p —\/mb[T—7] -|-I’}/lM 5

2o ml_g)sss1,
== n(n-2)
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MpakTnyHa po6oTa 8

8.1. TloOymyBatu MaremMaTH4HY MOJENb CTEIEHHOIO
GyHKIIEIO y = ax’ i marm OI[IHKY TOYHOCTI 3pPIBHOBa)KE€HOI
MOJIeJII.

Tabmurs 8.1.
O0unciaoBaibHa TA0MUA A8 MOOYI0BH MaTeMaTHYHOI

Mo/eJli CTeNneHHOoI0 PyHKILi€l0.

Ne | Ne | x y | expmn lg x lgy |lgxlgy
1,6 | 18 | 1.1231 |0.2041 |1.2553| 0.2562
2 | 14 | 1.0165 |0.3010 |1.1461| 0.3450
2,1 | 13 |-1.0067 |0.3222 |1.1139| 0.3589
2,3 | 12 |-1.1140 |0.3617 {1.0792| 0.3903
2,5 | 11 | -1.2056 |0.3979 |1.0414| 0.4144

[u—
[u—

O] 0] ] O] O] =] W] N
O oo I O] O ] W N

2,8 1 9 |-1.2362 |0.4472 10.9542| 0.4267
29| 8 |-1.1784 |0.4624 |0.9031 | 0.4176
3 7 |-1.1031 {0.4771 |0.8451 | 0.4032
3,1 | 6 |-1.0095 |0.4914 |0.7782| 0.3824
10 10 33| 3 | 1.7575 |0.5185|0.4771 | 0.2474

n=10 n=10 | 25,6 | 101 101 |3.9835(9.5936 | 3.6421

Ne [(gx)’[(gy)?’| ¥ N |e=y-y| €

101



—

0.0417(1.5757

22.196| 0.091

4.196 [17.6064

0.0906(1.3136

14.231|0.0071

0.231 |0.0534

0.1038(1.2409

12.913-0.0029

-0.08710.0076

0.1308 (1.1646

10.7731-0.0469

-1.22711.5055

0.1584(1.0845

9.124 |-0.0812

-1.8763.5194

0.199910.9106

7.280 |-0.0921

-1072 12.9584

0.213810.8156

6.789 |-0.0713

-1.211|1.4665

0.227610.7142

6.346 |-0.0426

-0.6540.4277

O 0| | N | K| Wl DN

0.2414(0.6055

5.944 |-0.0049

-0.056 10.0031

[
e

0.268810.2276

5.248 | 0.2449

2.248 |5.0535

n=10

1.676819.6528

0.0019

-0.156 32.6015

m

y(expi-1) | (y(expii-1))*

o(x)=lgy'

0.00828

4.1958

17.6047

1.3463

0.00005

0.2310

0.0534

1.1532

0.00001

-0.0871

0.0076

1.1110

0.00220

-1.36680

1.8714

1.0323

0.00659

-2.2646

5.1148

0.9602

0.00848

-2.1258

4.5190

0.8621

0.00508

-1.4272

2.0369

0.8318

0.00181

-0.7217

0.5208

0.8025

O 0 | O | K| Wl DN

0.00002

-0.0570 0.050.0032

0.7741
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JlitHapoBuy Pycnan MukonaioBuu,
JOLICHT, KaHauaarT TEXHIYHUX HayK

EKOHOMIKO-MATEMATHUYHE
MOJIEJIFOBAHHA

YactuHa 2

Kypc nekmiit

HaBuanbue BugaHHA

Kommn’rorepunii Halip , BepcTka, Au3aiiH y pefakTopi
Microsoft ®Office®Word :

Ky3bmenuyk Hanis FOpieBHa,

KotoBuu Harajia BacuiiBna,

Amyk Oabra OuiekciiBHa

PiBHEHCHKHIA IHCTUTYT BiAKpUTOro MiKHApOAHOTO
VHIBEpCUTETETY PO3BHUTKY JIOAWHU «YKpaiHa»

Kagenpa Exkonomiunoi Teopii Ta iHdopMariiiaux
TEXHOJIOT 1

33028, M. PiBue, Byn. KotnspeBcbkoro, 1

110

10 0.05997 2.4998 6.2490 0.7200
n=10 | 0.09249 37.9808

Pospaxyemo koedirieHT kopensitii 3a Gopmyioro
n[lg xlg y1-[lg x][lg y] .
Jl(gx)* - [g x1lg Dl (g »)*1- ([g yD*)

Bsenemo nmo3HaueHHS

=

= n[lgxlg y]-[lg x][lg y]=10-3,6421-3,6835-9,5936 = —1,7951,
n[(lgx)*]-[lg x][lgx]=10-1,6768 — 3,9835 = 0,89973,
(g ¥)*1-([lg ¥])* =10-9,6528 — 9,5936° = 4,4908.

F
B
C

I B Hamomy BHIagKy

_F 179510
VBC  ,/0,89973-4,4908

r

=-0,89304,

III0 TOBOPHUTH PO BUCOKHM 3B'A30K MDK (PAKTOPHUMHU 1
PE3YIBTYIOUMMH O3HAKAMU 1 JTa€ HaM MOXJIMBICTh peani3yBaTH
el 3B'sI30k y BUrisai emmipuuHoi gopmynu. Ilpu mpomy

KoediieHTH OyayTh

po Lo F _ZL79510 o950
m B 089973
2
. [dgx)"1lg y]-[gxlg ylllgx] _ D _
B B
_ L6768-9,5936-3,6421-3983 | 0

0,89973
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3Binku a=56,77132.

[TpoBiBmIH PO3paxyHKH o nporpami

MmikpokanbKyasitopa CITIZEN SRP-350 [3PWr. Maemo: a =
56,60540762; b =-1,991911388; r=-0,892295977.

[Ipu 1mpOMYy cIifg 3aMITUTH, IO PO3PaXyHKH TIO

porpaMi BUKOHYIOTHCS 3 TOYHICTIO 710 12 3HAKIB i, 3BUYAIHO,
pe3yJbTaTH PYYHOTO PO3PaxXyHKYy HE MOXKYTh KOHKYPYBaTH 3
pe3ylbTaTaMyu PO3PaxyHKY IO mporpami. AJe JUisl MPaKTUIHHX

PO3paxyHKiB HAMU OTpHMaHa GopmyIia

y=156,77132x"°""

JInist TEOPEeTUYHHUX PO3PAaxXyHKIB CIii BUKOPHCTOBYBATH

opmyity

y = 56,60540762x 2111388 -

KoHTposs 3piBHOBa)KEHHS

[(g»)*]-bllgxlg y]-lgallgy]=
— 90,6528 +1,9919-3,6421—1,75285-9,5936 = 0,091357,

[nn]=0,09249,

[{y(expn —1)]* = 37,9808,

[EE] =32,6015, ,

[{y(expn —D]2 = [EE].

110 TOBOPHTS IPO TE, IO 33/1a4a BUPIIICHA MTPABUIBHO.

CepenHi KBaipaTHUHI TOXUOKH KOC(IIIIEHTIB
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10.

JlitHapoBuy P.M. OcHoBu maremaruku JlocCmimKeHHS
pe3yibTaTiB MICHXOJIOTTYHOTO €KCIEPUMEHTY
norapudmivnoro ¢ynkuiero. Hapu. moci6. U.3, MET'Y,
Pisne, 2006. — 19c.

JlitHapoBuy P.M. OcHoBu maremaruku JlocCmimKeHHS
pe3ysIbTaTIB MCHXOJIOTO-TIEArOTIYHOTO E€KCIIEPHUMEHTY
eKCTOHeHIlianbHol0  (yHKIier0. Hapu. mocid. Y.4,
METY, Pine, 2006. — 19 c.

JlitHapoBuy P.M. OcHoBu maremaruku JlocCmimKeHHS
pe3yIbTaTIB MICHXOJIOTO-TIEArOTiYHOTO E€KCIIEPUMEHTY
crenenHoro  Qynkiiero. Hapu. moci6. 4.5, MEIY,
Pisne, 2006. — 19 c.

JlitHapoBuy P.M. OcHoBu maremaruku JlocmimkeHHS
pe3ysIbTaTIB MCHXOJIOTO-TIEArOTIYHOTO E€KCIIEPHUMEHTY
rimepOoniunoro ¢yHkmiero. Hasu. moci6. .6, MEI'Y,
Pisne, 2006. — 19 c.

JlitHapoBuy P.M. OcHoBu maremaruku JlocCmimKeHHS
pe3ysIbTaTIB MCHXOJIOTO-TIEArOTIYHOTO E€KCIIEPHUMEHTY
noyriHoMianbHOIO (yHKINiEr0. Hapd. moci6. U.4, MEI'Y,

Pisne, 2006. — 19 c.
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/8%
a=-(Ig
e/28%)
a, a, y = agtajut 1
y=a,+—+—+.. 2 u=—
X X au X
b
y=a,+ax" +ax’+.. |y :230"‘21111"‘ u=x
aut...
y=a,x " +ax" z=aptaiu z=y";u
0 1 __ .mtn
=X
Jlitepatypa

. Maremaruka: Iligpyunnk / O.M.AdanaceeBa, S1.C.
bponcekuii, O.JI. IlaBmoB, A.K.Cminenko. — 2-re
BuaanHs, crep. — K.: Buma mxkoua, 2002, - 447 c.
Cokonenko O.l. Buma maremaruka. Ilinpyunuk. — K.:
Axanemis, 2003, - 432 c.

. Kosupa M.B. EenemHTapHa Ta BuIla MaTeMaTHKa:
JIOBITHUK /17151 yYHIB, BCTYITHHUKIB JIOBY3iB, CTY/JCHTIB. —
Tepromnins: CMII ,,Acton”, 2004, - 100 c.

. JlirnapoBuu P.M. OcnoBu MaremaTuku. DyHKIii i
rpa¢iku. Hau.nmocion. Y.1. MEI'Y, PiBue, 2006. — 15
C.

. JlirnapoBuu P.M. OcnoBu maremaruku JlocmimkeHHs
BIUIMBY CHUTYaTUBHOI TPHBOXHOCTI Ha XapaKTEPUCTHKH

mam’ari. Hasua. moci0. U.2, MET'Y, Pisue, 2006. — 27 c.
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mbz\/[ﬂ’ﬂ.ﬁz 009249 10 _ [6,01156-11,1144 = 0,3584
n—2 B 8 089973
[nn] [0gx)’] 1,6768
= [ln] 10207 o ose = J0,02154 = 0,1468
my=myg, n->2 B 0,89973 \/7

Cepenns kBagpaTuvHa NOXHOKa GyHKII

,y'

P, [7m] [lgx]
mf:VX/mj(lgx)2+m§—2ﬂ-nggx,

n—2

abo

m, =P 0,03612(1gx)’ +0,1284 — 203 1o

/70,4343 0,89973
ToOto

D, 2
m, =2 0,03612(Igx)? +0,1284—0,102361g x .
! 0,4343J (Ig) 8

Po3paxyHok 3a mieto (opMysao0 NpUBEAECHUH B TaOIl.

8.1.
Tabmuus 8.1
p(x)=lgy' (g x)’ lgx | mg
me 1,3463 0,0417 0,2041 | 1,349
mp 1,1532 0,0906 0,3010 | 0,843
me 1,1110 0,1038 0,3222 | 0,806
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mg | 1,0323 0,1308 0,3617 | 0,737
ms | 0,9602 0,1584 0,3979 | 0,676
mg | 0,8621 0,1999 0,4472 | 0,595
my | 0,8318 0,2138 0,4624 | 0,571
mg | 0,8025 0,2276 0,4771 | 0,547
mp | 0,7741 0,2414 0, |0,525
4914
mpo | 0,7200 0,2688 0,5185 | 0,483

Monyns 3: Ipaktuuani pobotu NeNe 7, 8.
Jlonatku

Jonarok 1

IIporpamu s no0y10BH MaTeMaTHYHHUX Mojeeli 3

KOHTPOJIeM 3PiBHOBAKEHHS i OLIHKOI0 TOYHOCTI

pe3yJbTaTiB HA NPOrPAMOBAHOMY KAJIbKYJISITOPI

SCIENTIFIC CALCULATOR CITIZEN SRP-350

Ne Kon Hassa nporpamu dyHKUis
nporpamu
1 Lin Linear regression y = atbx
2 Log Logarithmic y=atblInx
regression
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3 e Exponential y=ae
regression
4 Pwr Power regression y=ax’
5 Inv Inverse regression b
y =at+—
X
6 X Quadratic regression | y = at+bx+cx”
HonaTox 2
IMoOynoBa MaTeMaTHYHHUX MOJIeJIeill IIVISIXOM 3aMiHU
nepeMiHHUX
Ne | ITouaTkoBa yHKIis Jo sikoro 3amina
BUY 3MIHHUX
MIPUBOIUTHCS
1 |y=Ae™ z=agpta;X z=Iny;
a=1InA;
a = k
2 |y=Bx z=aptau z=1gyu
=lgx
3 = ao+a1u 1
y = ao-‘,-_l y u=—
X
4 = aptaju 1
y= ao+—/17 Y u= s
X
5 (x-a)’ z = agta;x+ z=Iny;
y=Ae 267 x> ap= In A-
Ige
26°
aj=alg
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