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JIABOPATOPHAS PABOTA Ne7. _
AIIITPOKCUMALNUA U UTHTEPIIOJIMPOBAHUE ®YHKIIUH.

7.1. Heap padorsi: ChopmMupoBaTh y CTYIACHTOB TIPEACTABICHUS O TNPUMEHEHUHU
anmnpoKCUMAallMd W HHTEPHOIUPOBaHUS (YHKUMN [UIsl pelIeHUs KU3HEHHBIX 3aJad, MNPUBUTH
YMEHHUSL COCTaBJIATh W NPUMEHATH MapabOIUYecKue MHOTOWICHBI, JIMHEHHbIE M CTEIICHHBIC
(GyHKIIMY, OLEHUBATh MX MOTPEIIHOCTH, AaThb HABBIKA B HCIIOJB30BAHUU MPOTPAMMHBIX CPEICTB
JUIsL IPOBEPKHU TOJTYYECHHBIX PE3yJIbTaTOB.

7.2. llopsiioK BBINOJHEHHS PA0OTHI

1. M3yuuTh TEOpPETUYECKYIO0 YacTh. BBINOIHUTE 3aqaHMsA, COOTBETCTBYIOUIHE HOMEpPY
Bamero BapuaHnTa, U NpOAEMOHCTPUPYITE UX MIPENOAABATEIIIO.

2. Odopmure oTueT Mo Ta0OPaTOPHOU pabOTE, KOTOPHIH TOIKEH COACPKATh:

® TUTYJIbHBIN JIUCT;

® JICXO/HBbIC ITaHHBIE BAPUAHTA;

® pelIeHHe 3a/1a4H;

® pe3yJbTaThl peUIeHUs 3a/1a4U;

e m-aiin s penieHus 3a1a4u.

7.3. MeToanueckue peKOMeH A UM,

7.3.1. IlonsiTne o npudaMKeHnH QyHKIHUM.

7.3.1.1. IlocTtanoBka 3agauu. IlycTs BenuunHa y sBisgercs QyHKIHMeH aprymenra x. 9To
O3HAYaeT, 4To JIIoOOMY 3HAUEHHUIO X W3 OO0JIACTH OIpe/eeHHs] TOCTaBJICHO B COOTBETCTBUE
3Ha4YeHue y. Bmecrte ¢ TeM Ha MpakTHKE YacTO HEM3BECTHA SIBHAs CBSA3b MEXIYy ) M X, T.C.
HEBO3MO>KHO 3aIMCaTh 3Ty CBS3b B BUJE HEKOTOPOI 3aBUCUMOCTH Y = f(X).

Haubonee pacnpocTpaHEeHHBIM U MPAKTUYECKU BAXKHBIM CIIy4aeM, KOTJIa BHJI CBSI3U MEXIY
rapaMeTpamu X U y HEM3BECTEH, SBJSETCS 3aaHUe 3TOM CBSI3U B BUI€ HEKOTOPOM TaOIHUIIBI {X;, V;}.
3TO 03HAYaeT, YTO JAUCKPETHOMY MHOXKECTBY 3HAUEHHUI apryMeHTa X; [IOCTAaBJICHO B COOTBETCTBUE
MHOXECTBO 3HaueHui GyHkmuu {y;} (i =0, 1, ..., n). DTk 3HaUeHus — MO0 Pe3yIbTaThl PaCUETOB,
1100 PKCIIepUMEHTaNIbHBIE TaHHbIe. Ha mpakTuke MOTYT MOHA00UTHCS 3HAaYCHUSI BETUYMHBL ) U B
JIPYTUX TOYKAX, OTIIMYHBIX OT Y3JIOB X;.

Takum 00pa3oM, BO3HHMKAET HEOOXOAMMOCTH HCIIOJIB30BAHHS UMEIONINXCS TaOIHMYHBIX
JaHHBIX ISl MPUOJIMKEHHOTO BBIYHUCICHHUS MCKOMOIO TapaMeTpa y HpH J00M 3HaYyeHUH (U3
HEKOTOPOi 0071acTH) ONpeAesIOIIero napamMmerpa x, IOCKOJIbKY TOUHas CBsI3b J = f(X) He U3BECTHA.

OTOH [eMu W CIYXHUT 3aJada o NpuOmmwkeHuw (annpoxkcumayuu) (GYHKIOHR: JaHHYIO
¢bysakmmio f{x) TpeOyercss MpUOIMKEHHO 3aMEHHUTDH (annpoKcumuposams) HEKOTOPOH (yHKIHeH
¢(x) Tak, 9TOOBI OTKJIOHEHHE ¢(X) OT f(x) B 3aAaHHON 0OsacTh ObuT0 HauMeHbIUM. DyHKIUA @(Xx)
HA3BIBACTCS annpoKCUMUpyoujel.

Anmpoxcumanusi, MpH KOTOPOH MNpHONIMKEHHE CTPOWUTCS Ha 33TaHHOM IHCKPETHOM
MHOXKECTBE TOYEK {x;}, Ha3pIBaeTcs moyeynot. K Hel OTHOCITCS HWHTEPIOIUPOBAHUE,
CpeIOHEKBaIpaTUYHOe TpuOIMKeHne u np. llpm mocTpoeHWH NPUOTIKEHUS HA HENPEPHIBHOM
MHOXKECTBE TOYEK (HampuMep, Ha OTpE3Ke) ammpoKCHUMAIlMsl Ha3bIBACTCS HenpepwlgHou (WU
unmeepanvuoti). K HempepblBHOH anMpOKCHMAalMUd OTHOCHUTCS, HalpUMep, pPaBHOMEpPHOE
MPUOJIMIKEHNE.

J1Jis TpakTUKK BeChMa BaXKEH CIydyail anmmpoKCUMAINK (PYHKIIMA MHOTOWICHOM

Px) = Pp(x) = apxX” + apax™ + .+ axX® + ax +ag. (7.1

7.3.1.2. Toueuynas annpoxkcumanus. OJHUM U3 OCHOBHBIX THUIIOB TOYEUYHOMU
aNMpPOKCUMAITUH SBIISICTCS unmepnoauposanue. OHO COCTOUT B CICIYIOMIEM: JIUIsl TaHHOW (DYHKIIUU
y = f(x) cTpouM urmepnoaupyrouyio gyukyuro@(x) (Hanpumep, MHorowieH (7.1)), mpuHUMAIOIIYIO
B 3aJIaHHBIX TOYKaX X;, TC )K€ 3HAYCHHUSI };, YTO U QPYHKIHS f{x), T.€.
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ox)=y,i=0,1,...,n. (7.2)

[Tpu >TOM MpearnonaraeTcs, 4To CpeIy 3HAYCHHN X; HET OIUHAKOBBIX, T.€. X; # X IIpH i # k.
Touku x; Ha3BIBAIOTCA Y31aMU UHIMEPNOTAYUU.

Takum oOpazom, 6:1M30CTH HHTEPHIONUPYIOLIEH GYHKITUHN (PUCYHOK 7.1, CIIJIONIHAS IUHUA) K
3aJJaHHOH (PYHKITUH COCTOHT B TOM, YTO MX 3HAUCHUS COBIAIAIOT HA 3aJaHHOM MHOXKECTBE TOUEK.

A

Pucynoxk 7.1 — aTepnionsanus U anmpoKCUMaLHs

WuTepnionupyromas QyHKIUS ¢(X) MOXKET CTPOUTHCS Cpaszy Ulsl BCETO pacCMaTpUBAEMOI0O
MHTEpBaJla U3MEHEHMsI X WM OTIENbHO ISl pa3HbIX YacTe 3TOro WHTepBana. B mepBom ciydae
TOBOPSIT O 2100AIbHOU UHMEPNONAYUL, BO BTOPOM — O KycouHoU (WU JTOKANbHOU) UHMEPROIAYUL.

Kak mpaBuio, WHTEpHONMPOBAHME HCHONB3YEeTCd s  ammnpokcUManuu GYHKIUH B
MIPOMEXKYTOYHBIX TOYKAX MEXKAY KpaHMMH y3JIaMH HHTEPHOJSIUH, T.€. TIpU X < X < X,. OgHaKO
OHO IPUMEHSAETCS U AJI MPUOIMKEHHOTO BBIUMCICHHUS (YHKIIMHM BHE pacCMaTpUBAEMOro OTpe3Ka
(x < X0, X > Xx,). OTO IPUOIMIKEHUE HA3BIBACTCS IKCMPANOAYUEIL.

Paccmorpum ncnonp3oBanue B kadecTBe (PpyHKImu ¢(x) mHOorousneHa (7.1), Ha3pIBa€MOTO
UHMEPNONIAYUOHHBIM MHO20U1eHOM. [1pH T7100anbHON UHTEPIIONALNY, T.€. IPU OCTPOCHUU OJHOTO
MHOTOWIEHA /IS BCEro paccCMaTpUBAEMOrO WHTEpBANa M3MEHEHUS X, JJIS HaXOXKICHUS
K03 (HUIIMEHTOB MHOTOUYJIEHa HEOOXOAUMO UCIOIB30BaTh BCe ypaBHEHUs cucTeMbl (7.2). JlanHas
cucTeMa COJCpPXKHT 7 + | ypaBHEHHE, CIIeOBATEIBHO, C €€ TOMOIIBI0 MOKHO ONpEAeTuTh 7 + 1
kod¢punment. [losroMy MakcumanbHas CTENEHb HMHTEPHOJSIMOHHOTO MHOTOYIEHA M = H, U
MHOTOWICH IPUHUMAET BUJT

Py(x)=ax" + a X+ L a +ax ta. (7.3)

Cucrema ypaBHenwuit (7.2) mpu UCTIOIb30BaHUU B Ka4ecTBE ¢(x) MHOTOWIEHA (7.3) sIBisieTCst
CHCTEMOW JMHEWHBIX alreOpanvyecKux ypaBHEHHH OTHOCHTEIBHO HEW3BECTHBIX KOI(D(UIIMEHTOB
ao, ai, ..., Ay, © UMEET BUJL

n n—1 —
anxo +an_1x0 +...+a1x0 +a0 —yo,
n n—1 —
anxl +an_1x1 +...+a1x1 +a0 = yl’ (74)
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Ompenenurens TaKOW CHCTEMBl B JIMHEHHOW anreOpe Ha3bIBaeTCA OIpPEACIIUTEIEM
Bannepmonga. Onpenenurens BangepMoHaa OTIMYEH OT HYJS, €CIU X; # X; TIpu i # k, T.e. ecnu
Cpelu Y3JI0B MHTEPNONSIIMU HeT coBmaaaromux. CienoBaTrenbHO, B 3TOM ciiydae cuctema (7.4)
UMeeT eIWHCTBeHHoe peuieHue. PemmB cucremy (7.4), MOKHO TOCTPOMTH HHTEPIIOJISLIUOHHBIN
MHOroujieH. Takol MeToJ MOCTPOEHHs] MHTEPHOJSIUOHHOIO MHOTOYJIEHA Ha3bIBACTCS MemoooM
HeonpeodenenHvlx Kodppuyuenmos. CymEecTBYIOT 0ojiee MPOCThIE AITOPUTMBI  MOCTPOCHHUS
MHTEPIONSIIIMOHHBIX MHOTOWIEHOB, KOTOPbIE OYAYyT paCCMOTPEHBI B KYPCOBOM IPOEKTE.

Kak BuauM, Npu HHTEPHOIMPOBAHUU OCHOBHBIM YCJIOBHEM SIBISIETCS IPOXOKICHHE
rpaduka UHTEpHONUPYIOIIEH PYHKIMH Yepe3 JaHHble 3HaYeHHs] QYHKUUU B y371aX UHTEPHOISAIIH.
OnHako B psjie cilydae BBIIIOJHEHHUE 3TOTO YCIOBHS 3aTPYJHUTEIBHO WIIH JJaske HEelleIecoo0pasHo.

Hanpumep, npu Oo0NbLIIOM KOJIMYECTBE YJIOB HHTEPHOJSIIMM B Cilydae [JI0OaIbHOM
MHTEPHOJISINN TTOJIydaeTcsl BEICOKas creneHb MHorowieHa (7.3). Kpome toro, TabinyHble JaHHBIE
MOTaM  OBITh  MOJNIy4eHBl IMyTeM HM3MepeHuid u  cojepkath omubku. [locTpoenue
anMnpOKCUMUPYIOLIeH (YHKIUHN C YCIOBHUEM O00S3aTELHOIO MPOXO0XKIEHUs ee rpaduka uepes3 3Tu
JKCIIEPUMEHTAaJIbHbIE TOUKH O3HAa4yaslo Obl TIIATENIbHO MOBTOPEHUE AOMYIIEHHBIX MPU W3MEPEHUSX
omnOoK. BBIXoa M3 3TOro MOJOKEHUS MOXET ObITh HalIeH BbIOOpOM Tako (yHKIMH, Tpadux
KOTOPOH TPOXOIUT OJU3KO OT AAHHBIX TOYEK (CM. pucyHOK 7.1, mrpuxoBas nuHus). [loHsTHe
«ONH3KO0» YTOUHSIETCS TIPU PACCMOTPEHUH PAa3IMYHBIX BUAOB IPUOIMKEHUS.

OpHMM M3 TakKUX BUJOB SIBISIETCS cpeoHexkgaopamuunoe npubaudiceHue. Eciu mpu sToMm
ucnoib3yercss MHOrowieH (7.1), To m < n; m = n COOTBETCTBYET I1100aIbHON MHTEprnonauuu. Ha
MPaKTUKE CTaparOTCs MOA00paTh aNmMpOKCUMHPYIONMYI0 (DYHKIIUI0O KaK MOXHO 00Jiee MPOCTOTO
BHJIa, HATIPUMEP, MHOTOYJIEH cTenenu m = 1, 2, 3.

Mepoii oTkI0HEHUS GYHKIIUUA ¢(X) OT 3alaHHON QyHKIHMH f(X) HA MHOXKECTBE TOYEK (X;, ;)
(i=0,1, ..., n) npu cpeAHEKBAAPATUIHOM MPUOIUKEHUU SBISETCS BETUYMHA S, paBHAs CyMMe
KBaJ[paTOB Pa3HOCTEH MEXIy 3HAYCHHSIMHU ANIPOKCHMHUPYIOUICH W 3aJlaHHON (YHKIMH B JAaHHBIX
TOYKaX:

n

S= lolx)-x] . (7.5)

i=0

ANIpPOKCUMHPYIONTYI0 (YHKIHIO HY)XHO NOJA00paTh Tak, 4ToObl BenndyuHa S Obuia
HaWMEHbBIIIEH. B 3TOM COCTOMT METOJ HAaMMEHBIIUX KBAJPaTOB, KOTOPHIH OyIET paccMOTpeH
MO3XKE.

7.3.1.3. KBaapaTtuuHasi HHTePHoJsiliusi. B kauecTBe HMHTEPNOSIIIMOHHONW (DYHKIIMU Ha
OTpE3KEe [Xi.1, X;+1] NPUHUMAETCS KBaJpaTHBIM TpexwieH. Takyl0 HHTEPHOJSALIUI0 Ha3bIBAIOT
napaboauueckoll.

VYpaBHEHHE KBAPATHOTO TPEXUJICHA

y=ax’+bx+ ¢, xi1 <X <X, (7.6)

COZEPKUT TPU HEM3BECTHBIX KO3 dUIMEHTa a;, b;, ¢;, U ONMpEeTIeHNs KOTOPBIX HEOOXOJUMBI TPH
ypaBHeHuUA. IMu city>kat ycrnoBus NpoxXoxk1eHus napabodisl (7.6) uepes3 Tpu TOUKH (X1, Vi-1), (Xi, Vi),
(Xi+1, yi+1). OTH YCIOBUS MOXHO 3aIMCaTh B BUJIE

2 _
ax,_,+bx_ +c, =y,

ivi—1
ax; +bx, +c;=y,, (7.7)

2 _
ax;, +bx., +¢, =y,



JlaGopaTopHbIii NpaKTUKYM N0 Jucuuniune «IIporpamvMupoBanne H BbIYHCIUTEIbHbIC METObI», 4 ceMecTp,
2010-2011 y4eOHBbIii rox

Ecnu oTBiieUbCst OT TOTO, UTO OTPE3OK [Xi.1, X;+1] ABISAETCA TOAMHOKECTBOM OTpE3Ka [Xo, X,],
U paccCMOTPETh €ro OTAEIbHO, TO KBaJAPAaTUUYHYI HMHTEPHOJALMIO (7.6) MOXKHO TPaKTOBaTh Kak
mobanbHyI0 ¢ 1 = 2, a cucteMy (7.7) — Kak 4acTHBIA ciaydaid cuctemsl (7.4). UaTepmonsums 1is
11000# TOUKU X € [Xg, X,;] MPOBOAUTCS 1O TPEM OJIMKANUIIMM K HEH y3i1aM.

7.3.2. MeTOoa HAUMEHBbIINX KBAPaTOB.

7.3.2.1. llocTanoBka 3axauun. [IycTh B pe3ynbrare u3MepeHHil nonydeHa tabnuia (Tadnuia
7.1) 3aBUCUMOCTH OJHOM BEJIMUMHEI ) OT APYTOM X.

Tabmuma 7.1
X X0 X1 X2 X3 X4 cee Xn
Sx) Yo Y1 ¥ V3 V4 ... Vi

HeoOxonumo HaiiTu dopmyny y = f(x), BeIpakaronlyto TaOIUYHO 33JaHHYIO 3aBUCHMOCTD
aHanuTH4YeckH. [IpuMeHeHne HHTEPNONAMY B JaHHOM CITydae HEeLeIeco00pas3Ho, T.K. 3HAUEHUs ),

B y3/ax TMOJIy4eHbl SKCIEPUMEHTAIbHO U I03TOMY SIBISIIOTCS COMHHUTENBHBIMU (B XOJ€
HKCHEPUMEHTAa BO3HUKAET HEYCTpaHHMas  IOTPEIIHOCTb, OOYCJIOBJIEHHAs  HETOYHOCTBHIO
m3mepenuit). Kpome Toro, copnajeHue 3Ha4eHUN B y3JaX HE O3HAYACT COBIIAJCHHUS XapaKTEPOB
MOBEJICHHUS UCXOTHOW M MHTEpronupytonied GyHkuuu. I[loaToMy HE0OX0IMMO HAWTH TaKOW METO.
noadopa >MIUpUUECKOr (OpPMYIIbl, KOTOPBI HE TOJBKO MO3BOJIAET HaTu camy (opmyiy, HO U
OLIEHUTb NIOTPELIHOCTD MOATOHKH.

Ilocmanosxa 3a0auu. Haiinem QyHKIUIO 33 JaHHOTO BHJIA

y = fx), (7.8)
KOTOopasi B TOYKaxX Xo, Xi, X2, X3, X4, ..., X, IPUHAMACT 3HAYCHHS KaK MOXHO OoJiee OJIM3KUE K
TAOIUYHBIM 3HAYCHUSIM X0, V1, V2, V3, Vds -5 Vi

[TpakTrdeckn BUI NpUOIMDKAONIeH (YHKIIMH MOKHO OMPEAETUTh BU3YAIBHO: 110 TaOIHIe
7.1 cTpouTCsl TOYEYHBIH TpaduK (QYHKIMH, a 3aTeM MPOBOAUTCS KPHBAas, MO BO3MOXKHOCTHU
HaWJIy4dIIuM 00pa3oM OTpakaroIlasi XapakTep PacrloIOKEeHHs TOUeK (PUCYHOK 7.2).

YA

Y
=

X0 X1 X2 Xi Xn

Pucynok 7.2
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[To mosy4yeHHOW KpPWUBOW yCTaHABIWBAETCS BUJ MpHOMMKamed (yHKIUU (OOBIYHO M3
YHClia MPOCTHIX MO BUIY aHATUTHYECKUX (DYHKIWI: TUHEWHAs, CTeTIeHHAs!, YKCIIOHCHIIUATbHAS WK
ToKa3zaTenbHasi, Jiorapupmudeckas, runepoosa, IpoOHO-pallioOHaIbHAs U T.1.).

3amerum, uro ¢opmyna (7.8), Ha3pIBaeMas SMIUPUYECKONH (OPMYNON WM ypaBHEHHEM

perpeccuu y Ha X, MO3BOJISICT HAXOAUTh 3HAaYeHUs (QYHKIHUH f(x) I HETAOJMUYHBIX 3HAYCHHH X,
«CTIIAXKUBasD» PE3yJIbTATHl U3MEPEHUN BEJINYUHBI ).

N3 pucynka 7.2 BUIHO, 4TO JUIsl KOKIOTO 3HAYCHHS X; IKCIEPUMEHTAIIBHOE J; U PaCUE€THOE
y! 3HadyeHUs pazaM4aroTCs HAa HEKOTOPYIO BEIUUUHY Ay;, HA3bIBAEMYIO aOCONIOMHOU PA3HOCHbIO.

[TorpeboBaB, dYTOOBI CyMMa KBaJpaTOB aOCOJIOTHBIX pPA3HOCTEH JUIsI BCEX TOUYeK Oblia
MUHHMAaJIbHOM, HaliieM ONTUMAaJIbHBIE TTapaMeTphl PYHKLUH f{x): €CIH BBIOIHSACTCS YCIOBHUE

S = min| Z’Y“(Ayi)2 (7.9)

i=0

rae Ay, = v/ —y, = ¢(x;)—y,, To cautaetcs, 4to QyHKIMA f{x) mogoOpaHa HAWITYUIINM 00pa3oM.
PaccMoTpuM Bce M31105KEHHOE BBINIE HAa PpUMeEpe JTMHEHHOM perpeccu.
7.3.2.2. JIuneiinasi perpeccusi. byaem uckaTh mpuOIMKArONIy0 (PYHKIHIO B BHJIC:

v=f(x,k,b)=kx+b.
AOGcoroTHast Pa3HOCTh Ayi JUTSL X; OTIPEICIISICTCS CIICTYIOIUM 00pa3oM:

Ny, =y =y, =px) -y, =(kx +b)—y;.

®opmyny (7.9) nepenuiieM B BUJE:

n

S =4y =Ytk +h )"

i=0

PaccmarpuBaemasi cymma siBnsietcs pyHKuuei ¢ nByms mapamerpamu S = F(k, b). 3agaua
CBOAMTCS K OTHICKAHMIO MHHHMyMa O3Toi ¢yHkuuu. Mcmoms3yem HeoOXoanmoe yciioBHe
JKCTpEeMyMa:

FhD) _, FhD _,
& @ ’
T.C.

oY () ) (kx,+b-y,)’

§ —_ =0 — i=0 — 0’

&ooo& o (7.10)
oY .(Ay)’ ) (kx,+b-y,)’

ﬁ —_ =0 — i=0 =0.

& P2 P2
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PemmB cuctemy JByX ypaBHEHUH € ABYMsI HEM3BECTHBIMU OTHOCUTENILHO MapaMeTpoB k U b,
MOJTyYMM KOHKPETHBIM BHJ UCKOMOH (QyHKUuHU y = kx + b. Omyckas MaTeMaTHUECKUE BBIKIIAIKH,
3aMMILIEM BBIPAXKEHUS JUIsl HCKOMBIX [TApaMETPOB:

(n+1)zxiyi _inzyi
_ i=0

k= =0 i=0

b

2
(41D %"= Do, (7.11)
i=0 i=0
1 n n
b—m ;yi—kl;xi .

PaccuntaB  3HadeHue S, TONYYHUM  BEIMYMHY  CPEIHEKBAIAPATHYHOH  OIIMOKHU
paccMaTpuBaeMOro NpUOIHKEHUS.

Kak BUAHO 13 paccCMOTPEHHOIO MPUMEPA, U3MEHEHNE KOJIMUYECTBA [TaPAMETPOB HE NPUBEIET
K HMCKa)XEHHUIO CYLIHOCTH CaMOro MOJXOJa, U3MEHUTCS JIMIIb KOJUYECTBO YPaBHEHHHM B CUCTEMeE
(7.10) (mnst n mapaMeTpOB COOTBETCTBEHHO OYyJIET 3alUCaHO # yPAaBHEHUN).

7.3.2.3. CreneHHas 3aBUCMMOCTb (reomerpuyeckasi perpeccusi). CreneHHas
3aBUCUMOCTb UMEET BU]L

y=ax". (7.12)

Bo Bcex ciyuasix y = a npu x = 1. [Ipu b > 1 B Touke x = 0 KpuBas kacaetcs ocu abcuucc. B
ATOM CiIy4ae, 4eM OoJiblie b, TeM Oyrke MOaXoauT KpuBas K ocu abcmuce mpu 0 < x < 1 u Tem
ObICTpee OHa Bo3pacTaeT mpu x > 1.

ITpu 0 < b <1 B Touke x = 0 kpuBas kacaetrcs ocu opauHat. [Ipu —1 < b <0 xpuBas Onmxe
MOAXOIUT K OCH OpJIMHAT, YeM K ocu abcuucce, npu b < —1 Haobopot (pucyHok 7.3).

Y, p<0 250 b>1
b=1
0<b<1
a
0 - X
-a
a<0

Pucynok 7.3 — I'paduk cTeneHHO 3aBUCUMOCTH

[TokaxkeM, Kak HaXOXKJICHUE MPUONIMKAIONIEH (YHKIIMU B BUC TEOMETPUYCCKON pErpeccuu
MOXXET OBITh CBEIICHO K HAXOXKJICHHUIO IMMapaMeTpoOB JHHEWHON ¢yHKImu. [Ipennonaras, 4to B
UCXOMHOM Tabnuie 7.1 3HAYEHUS apryMeHTa W (YHKIUHU IOJIOKUTEIBHBI, MPOJOrapuPpMUpyeM
paBenctBo (7.12) npu ycinosuu a > 0:
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Iny=Ina+blnx. (7.13)

Beenem HOByro mepemenHyio ¢ =Inx, torma Iny Oyzer ¢ynkmueir ot ¢. O603HaUMM
A=Ina, g=Iny, Torna pasenctso (7.13) mpumer BHUI:

q(t)y=A4+ bt,

T.€. 3aJ]a4a CBEJIach K OTHICKAHHIO MPHOIIKAIOMEeH (YHKINU B BHJIE IMHEHHOM.

[IpakTyeckn nAns HAXOXKACHUSA MNpuOMMKamomend (GyHKIMM B BHUAE CTENEHHOW (mpH
C/ICJIaHHBIX BBIIIE MPENOI0KEHUAX ) HEOOX0IMMO IPO/IENaTh CIEAYIONINE ONePALIUU:

1. ITo nanuo# Tabmuie 7.1 cocTaBUTh HOBYIO Tabywuily 7.2, mposiorapuMupoBaB 3HAYCHUS
X ¥y B UCXO/IHOM Tabmuiie:

Tabnuua 7.1

X X0 X1 X2 X3 X4 . Xn
Sx) Jo Vi V2 V3 V4 . Vn
Tabnuua 7.2

t Inx, | Inx; | Inx, | Inx; | Inx, . Inx,
q(?) Iny, | Iny, | Iny, | Iny; | Iny, Iny,

2. Tlo HOBoO# Tabnuue 7.2 HaiiTu mapameTpbl A U b npubnwxaromend QyHKIUH BUAa
q(t)=A+bt.

3. Hcnonb3ys npuMeHeHHble O000O3HAu€HUs, HAWTH 3HA4YEHHUs MapaMeTpoB a U b u
MOJACTABUTH UX B BeIpaxkeHue (7.12).

OKOHYATEIHHO MOTYyYaeM:

(n +1)Zn:lnxl. Iny, —Zn:lnxiznllnyi
_ i=0 i=0 i=0

b=

2 b

(n+1)(1nx, } - Zn‘,lnxl- (7.14)

i=0

a = exp ﬁ ilnyi —banlnxi
i=0 i=0

7.3.2.4. Iloka3aTebHas 3aBHCUMOCTE. Iloka3aTennrHas 3aBUCUMOCTD UMEET BUJ]
y = f(x,a,k) = aexp(kx) = ae™. (7.15)

Bo Bcex cnyuasix y = a npu x = 0. Eciiu a > 0, To nipu k > 0 kpuBasi pacTeT C yBEIIUUYECHUEM X
TeM ObicTpee, uem Oodbine k. [Ipu k£ < 0 ona npubnuxaercs K ocu aOCIUCC ¢ BO3PACTAHUEM X TEM
ObICTpee, YeM OoJIbIIIe a0COTIOTHAS BETHYWHA K.

Ecnu HaiiieHHass Ha ONBITE 3aBUCHMOCTh ) OT X SBJISIETCSl TOKa3aTeNbHOW, TO Trpaduk
3aBUCUMOCTH Iny OT x mpexacraBiseT coOOH NPSMYIO JIMHUIO, TAHT€HC YIJIa HAKJIOHA KOTOPOU

paBeH napameTpy k. Ecnu 3Hauenue y mpu x = 0 HEM3BECTHO, TO BEIMYMHY IapaMeTpa d MOXHO
HaiiTu o ¢popmyne y =aexp(kx) Ui psijia 3HaUCHUH X, a 3aT€M B3ATh CpE/IHEe.
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y k>0

k=0

k<0

k<0

k=0

k>0
Pucynok 7.4 — I'paduk nokazarensHoM PpyHKINN

Haiinem xoadduimentsl k& u a nnd ucxogHod Tabmuiel 7.1, ecam M3BECTHO, YTO
MPUOIKAIOITY 0 (DYHKITUIO 1IEJIeCO00pa3HO NCKATh B BUJE MOKa3aTebHOW QyHkmmn (7.15).
[Tponorapudmupyem paBeHctso (7.15) :

Iny=Ina+kx, (7.16)
NpuHsB 0003HadYeHus Iny =g, Ina = 4, nepenumem (7.16) B Buze:

q(x) =kx+ A (7.17)

Taxum o6pazom, mpubIIKatoIas moka3aTeabHast PyHKIUS HEXUTPHIMU MPEOOPa30BAHUSIMU
CBeJICHa K JIMHEHHOM, ClIe0BaTeNbHO, Ui OmpesesneHus KodpOUIUEHTOB a U k MOKa3aTelbHON
(YHKITMH MOYKHO BOCTIOJTb30BAThLCS BBIBEJACHHOM /sl JInHelHOW pyHKmu dhopmynoi (7.11).

WUrtak, 1na HaxoxaeHus mnpubmmkaromet ¢ynkmuun B Buge (7.15)  HyxHO
npojorapumMupoBaTh 3HAYCHUS (YHKIUA B HUCXOAHOW Tabmmme 7.1 u, paccmMaTpuBas UX
COBMECTHO C HCXOJHBIMH 3HAYCHUSIMH apryMeHTa, TMOCTPOUTh JUisi HOBOW TaOmuibl 7.3
npubmpKaroyto ¢pyHkuuto Buga (7.17).

Tabmuma 7.1

X X0 X1 X2 X3 X4 cee Xn
Sx) Jo Vi Y2 V3 V4 . Vn
Tabmuma 7.3

t Inx, | Inx; | Inx, | Inx; | Inx, ces Inx,
q@@) | ny, | Iny, | Iny, | Iny, | Iny, Iny,

OKOHYATENBHO MOJTYyYaeM:

(n+1)zn:xl. Iny, —Zn:xiilnyi

k: i=0 i=0 i=0

(n+1) ZO: (ij (7.18)
—exp( (Zlny ka D

i=01
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a<0; k<0; ¢>0

X
0
PucyHnox 7.5
3ameuanue: popmynam
y=ax'+c, (7.19)
y=aexp( kx)+ c, (7.20)

COOTBETCTBYIOT KpUBBIE, U300pakeHHbIE HAa pUCYHKax 7.3 u 7.4, cABUHYTBIC BBEpPX WJIM BHHM3 Ha
BenmnuuHy c. Hampumep, kpuBas, W300pakeHHas Ha pPHUCYHKE 7.5, COOTBETCTBYET GopmyJie
y=aexp(kx)+c npu a <0, k<0, ¢c>0wu| a|> c. YroObl HAlTH MapaMeTpsl ITUX QOpPMYI,
ClIe/lyeT CHavajla ONpeACINTh 3HaUeHNE ¢. VIHOT/1a BeNM4rHy ¢ MOYKHO JIETKO HaWTH 10 3HAYCHHIO,
K KOTOpPOMY CTPEMHUTCS ¥ MpH Bo3pacTtaHuu x (npu k < 0) win no 3Hayenuto y npu x = 0 (s
dhopmynet 7.19 ipu k£ > 0). MoKHO Takke BOCITOJIB30BaThCA (POopMyIIoin

V1)2 _y23

c= ,
Nt Y, =2y,

TZie V1 ¥ Y2 — OpJAMHATHI MPOU3BOJIBHBIX (HO JOCTATOYHO AAJEKUX) TOYEK € aOCLUCCaMH X, X2, a
OpIMHATa )3 COOTBETICTBYeT abcuucce Xx; =./xx, B ciydae (opmynsl (7.19) u abcuucce
x; =1/2(x, + x,) B ciryuae ¢opmyisl (7.20).

7.3.2.5. JIpoOHO-1MHeliHas 3aBUCHMOCTBb. byaeM uckate mpuOimxamuyo (yHKLUHIO B
BUJIC

1
ax+b’

y=f(x,a,b)= (7.21)

1
PaBenctBo (7.21) nepenuiiem cieayronmm odpazoM: g(x) =— = ax+b.

W3 nmocnenHero paBeHcTBa CIEIyeT, YTO AJs HAXOXKJIEHUS 3HAUeHUH MapaMmeTpoB a U b 1o
3agaHHOl Tabnuie 7.1 HyXHO COCTaBUTh HOBYIO TaOuuily 7.4, y KOTOpOW 3HA4YEHHUS apryMeHTa
OCTaBUTh MPEKHUMH, a 3HAUEHUS (YHKUMU 3aMEHUTh OOpAaTHBIMU YHUCJIaMH, IOCIE Yero s
MOJTydeHUsT TaOJNMIBl HAWTH NpUOMMKEHHYIO (YHKIWIO Buaa ax+b. HalineHHeie 3Ha4YeHHS
napameTpoB a u b mojacTaBuTh B popmyny 7.21.

Tabmuma 7.1
X X0 X1 X2 X3 X4 . Xn

fx) Yo Vi 2 Vs V4 . Vn
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Tabmuna 7.4
X X0 X1 X2 X3 X4 Xn
q(x) 1/ 1/y, 1/y, 1/ 1/y4 1/y,

Hcnone3yst popmymsl, morydeHHbIE A7 THHEWHOH perpeccuu (7.11), a Takke MOJICTAaHOBKY

1
yi —> — , OKOHYATECJIBbHO HOquI/IM:
Y

(n+1) Zx /'y, Zx Zl/yl

a= i=0 i=0
(7.22)

(n+1) Z(xi) —(in)
_%(gl/% —agxi].

7.3.2.6. [IpoOHo-panmoHanbHasi (QyHKIHA.
(pucyHnox 7.6):

[Tpubmkaromas GyHKIUS HMEET BUI

(7.23)

y=f(xab)= x+b

[Ipeobpaszyem ee Kk BULY

1 b

=a
Sf(x) X

€CII B UCXOJHOH Tabnmie 7.1 3aMEHUTh 3HAYEHHS X M Y OOpaTHBIMU BEIMYMHAMU 10 (HopMyram
t=1/x, ¢g=1/y ¥ uckathb JUIst HOBOK TAaOMUIBI 7.5 MPUOTMKAIONIYI0 (DYHKIIMIO B BUJE JIMHEHHON

q(t) = a+ bt , To HaliIcHHBIC 3HAYCHUS @ U b OyTyT HICKOMBIMH 117151 hopmyJibl 7.23.

b

Tab6muma 7.1
X X0 X1 X2 X3 X4 Xn
fX) Yo Vi » V3 V4 ... Vi
Tabnuma 7.5
t 1/x¢ 1/x; 1/x, 1/x3 1/x4 1/x,
q(t) 1/y9 1/y) 1/y, 1/y3 1/y4 1/y,

Brimonnus Bce MMOACTAHOBKH, ITOJYIUM

(n + l)il/(xiyi) —il/xiil/yi
b — i=0 i=0 i=1 ,
(n +1)Z(1/x,.)2 - (Zl/x,‘)2

n+1(21/yl bZij

(7.24)
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a y 6. y
a>0; b>0 a<0; b<0
1/a
//_ -b/a N
-b/a 0 X O\X
1/a

Pucynok 7.6 — I'paduixu npoOHO-pariioHanbHON (GyHKIIUU

7.3.2.6. Jlorapudmuyeckas ¢pyakuus. bynem uckate npuOmmKaonyo QyHKIHUIO B BHIE
(pucynox 7.7):

y=f(xab)=alnx+D. (7.25)

Jlns mepexo/ia K JIMHEHHOHM (pyHKIIMM JOCTATOYHO BBIIOJIHUTH MOJCTAHOBKY 7 =Inx.

Otcrona ciexyer, 4To JUIsl HaXOXKIEHUs 3HAUYEHUM a W b HyXHO mHposiorapuMupoBaTh
3HA4YEeHHUsI apryMeHTa B UCXOAHOU Tabnuie 7.1 u A7 HOBOW TaOnuIbl 7.6 HATH MPUOIIIKAIOIIYIO
dbyHkIuo B BUae JuHEHHOU vy = at+b. KoaddumuenTsr a u b HaiineHHOW (PYHKITUU TOJICTAaBUTH B
¢bopmymny 7.21.

Tabmuma 7.1

X X0 X1 X2 X3 X4 v Xn
SX) Yo Vi » V3 V4 ... Y
Tabmuia 7.6

t Inx, | Inx, | Inx, | Inx; | Inx, . Inx,
[ Yo » » Vs V4 Vn

OxoHYATENLHO MOJIy4YnuMm:

(n+1)zn:yi In x, —anlnxizn:yi

b

(n+1)l§(; (Inx, ) (Zlnxj (7.26)
[z v —aZlnxJ

a=

n+1
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Pucynox 7.7 — I'paduk norapudmudeckoit GpyHKIAN

7.3.2.7. I'unep0oauyeckasi 3aBUCUMOCTb. [[pubmmxaronias QyHKIus nMeeT BUA (PUCYHOK

7.8):

y=fnab)=2+b,
X

(7.27)

Pucynok 7.8 — I'padux runepOonmueckor GpyHKITUN

Jlyis mepexoia K TMHEWHON (QYHKITNH clieaeM moactaHoBky ¢ =1/x. [lonyuum y = at + b.

Ilepen nHaxoxzaeHuem mnpuoOmDKaroume QyHkuuu Bupa 7.27 3Ha4YeHHUs apryMeHTa B
nucxoaHOU Tabmuie 7.1 HeoOXOAUMO 3aMEHUTh OOPATHBIMHM YMCJIAMH U HAWTH 11 HOBOW TaOJIUIIBI
7.7 nmpubnmxkaroniyto GpyHKIHIO B BUIE TMHEWHOU perpeccu (7.11).

Tabmauua 7.1

X X0 X1 X2 X3 X4 Xn
Sx) Yo Vi ) V3 V4 Vi
Tabmuua 7.7

t 1/x¢ 1/x; 1/x, 1/x3 1/x4 1/x,
[ Yo »i » V3 V4 Vi

OxoHYATENLHO MoJIy4Ynm
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(n+1)iyi /x; _il/xiiyi
_ i=0 i=0 i=0

a )
(n +1)§ (1/x)’ —(;1/;@)2 (7.28)
1 n n

b= —a>1/x |
nH(;yl aZO‘, xlj

7.3.3.1. Tlpumep moucka NPUOJIUKAIOIIET0 MHOIOYIEHA METOJAOM HeonpenaeeHHbIX
k03¢ PpunuentoB. Haiitn npubnmxennoe 3Hauenne GpyHkuun y = f(x) npu x = 0.32, ecau u3BecTHa
cienyrolias Tabnuua ee 3HaueHui (Tadnuuna 7.8):

Tabnuna 7.8 — DkcrieprMeHTaIbHbIE JaHHBIE
x [0.15 {030 | 040 |0.55
y [2.17 |3.63 |5.07 |7.78

Pewenue. Haiinem pemieHue METOJIOM HEONPEAETICHHBIX KOA(P(HUIMEHTOB. 3amnuiieM
cucreMmy ypaBHeHuit (7.4):

0.15°a, +0.15°a, +0.15a, +a, =2.17,
0.30°a, +0.30°a, +0.30a, +a, = 3.63,
0.40°a, +0.40° a, +0.40a, +a, = 5.07,
0.55%a, +0.55%a, +0.55a, +a, =7.78.

Pemwas sty cucremy, naxonum ap = 1.73, a; =-0.9167, a, = 27.1667, a3 = —10.0000.
Torna ¢pyHKIMEH HHTEPIIONSAIUK OYIET CIICIYIOUIUI TOJTUHOM TPEThEH CTCIICHU:

P,(x)=—10x" +27.1667x* —0.9167x +1.73..

Vckomoe 3uauenne GyHkmmn y ~ — 10.0000%0.32° +27.1667*0.32> — 0.9167%0.32 + 1.73 ~
3.8908.

Pemmm 3anady, vucnonb3ysi KBapaTUUHY MHTEpHOALNMI0. COCTaBUM CUCTEMY YpPaBHEHMM
(7.7) ¢ yderom Ommwkanmux K Touke x = 0.32 y3moB: x.; = 0.15, x; = 0.30, x4; = 0.40.
CootBercTBeHHO ;1 = 2.17, y; = 3.63, y;11 = 5.07. Cucrema (7.7) 3anumiercs B BUIE

0.15%a, +0.15b, +¢, = 2.17,
0.30%a, +0.30b, +¢, =3.63,
0.40%a, +0.40b, + ¢, = 5.07.

Pemmas sty cucremy, Haxoqum a; = 18.67, b; = 1.33, ¢; = 1.55.
Torna ¢hyHKIMEH HHTEPIIONSITUN OYIET CIeIYIONNIA KBaAPATHBIN TPEXWICH:

y=18.67x> +1.33x+1.55.

Vckomoe 3Hauenue GpyHkumn y ~ 18.67%0.32% + 1.33*0.32 + 1.55 ~ 3.8874.
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Nutepnonsmust nonmuaomamu B cpene MATLAB ocymiecTBisieTcss ¢ MOMOIIBI0 (PYHKITUN
polyfit(), koTopas umeeT BU/I;

polyfit(x, y, n),
rjie:

X — BEKTOP y3JI0B HHTEPIIOJISIIIHH;

Y — BEKTOp 3Ha4YCHUN (DYHKIIUU B Y3JIaX HHTEPIOJISAINH;

N — CTETNeHb NOJUHOMA.

OtxnukoM mnpu  peanusanuu  Gyakuuu  polyfit() sBasiercs BekTop KOIPHUITUEHTOB
MOJINHOMA.

>> x=[0.15 0.30 0.40 0.55];

>>y=[2.17 3.63 5.07 7.78];

>> a=polyfit(x,y,3)

a=

-10.0000 27.1667 -0.9167 1.7300

Torna ¢pyHKuIMEH MHTEPIONAIUH OYIET CIECAYIOLUIUHI MOJTUHOM TPEThEl CTETICHU:

P,(x)=-10x" +27.1667x* —0.9167x+1.73.

Pemennie coBmamaeT ¢ pelieHHWEM, IMOJYYEHHBIM IO METOQy HEOIpeaeTIeHHbIX
KOd(QPHUIIHEHTOB.

NuTtepnonsmus kyOuueckumu criaiitHamu B cpene MATLAB ocymecTBisieTcs ¢ MOMOIIBIO
dbyukaum spline(). @yHKIMsS UMEET BU:

yi=spline(x, y, xi),
rae:

X — BEKTOP y3JI0B UHTEPIIOJISIIIHH;

Y — BEKTOp 3HAUCHUH (PYHKIIMH B y3J1aX HHTCPIIOJISIINN;

Xi — BEKTOp apryMeHTOB (GYyHKIHMU )y = f(x) U3 00JacTH ee OIlpeneNeHus, 3alaBacMbIil
M10JI30BATEJIEM.

Ha pucynke 7.9 npuBeneHo rpaduyeckoe perieHne 3a1aqm.

8

T T T T T
| | | | |
| | | | |
| | | | |
| | | | |
e S o f B e B e
| | | |
| | | |
l l l l
T EEREREEEE R CEEEE R A
| | | |
| | | |
l l l l
T R A S e
| | | |
l l l l
| | | |
4r------ *1 T 1 —F—— OKcnepumeHTanbHble TOYKK M
|
! P2(x):aix2+bix+ci
L 2 3
3L~ B —— P4(x)Fa ta x+ax+agx H
S~ VHTepnonaums Kybuyeckummn cnnanHamm
) % 3HayeHus dyHKumm B Touke x=0.32
2 A T T T T
0 0.2 0.4 0.6 0.8 1 1.2

Pucynok 7.9 — I'paduueckoe pernieHue 3agaqu
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7.3.3.2. Ilpumep mnoucka mnpudAMKaKOMed (YHKOMH MeETOAOM HAMMEHBIIUX
kBajgparoB. Iloctpoum mnpubmwKaonyo (QyHKIHIO METOJAO0OM HAUMEHBIIUX KBAJApPaTOB IS
3aBHCHMOCTH, 3aJJaHHOM TaOmIeh 7.9.

Tabmmia 7.9 — DxcnepruMeHTaIbHBIC TAHHBIE
X 1.1 1.7 |24 |30 |37 |45 |51 |58
fix) 103 [06 [1.1 |1.7 |23 |3.0 |3.8 |4.6

Toweunslit Tpaguk wuzo0paxkeH Ha pucynke 7.10. Bun npubnmxaromeil KpuBoil He
OYEBHJICH, ITOITOMY PAaCCMOTPHM J[Ba CIOCO0a MPHOIMKEHUs 3aqaHHON (QyHKIMU: B BUIE MIPIMON
y=kx + b u B Bujie cTeneHHon GpyHKiwu y = cx". [ociie HaXOKICHUS 3HAUCHHI TapaMeTpoB &, b, ¢
W m HaWJIEeM CyMMBI KBaJpaToB YKJIOHEeHHH (7.9) M MO MX 3HAYCHHSIM YCTAaHOBUM KaKO€ M3 JIBYX
NpUOIIMKEHUH JTyd1Ie.

y

N W KA

Pucynoxk 7.10

3Ha4yeHus: napaMeTpoB k, b TuHeHoM QyHKIMKM HaxoAaTCs U3 cucTeMbl Buaa 7.11.
[TponenaB HEOOXOAMMBIEC BEIUMCIICHUS, TOTyYaeM:

k=0.9219, b=-0.9710, Sy = 0.2011.
T.e. npubnmkaroriee TMHEHHOE YpaBHEHHUE 3aMUIIETCS B BUJIE
y=0.9219x - 0.9710.

Jnist HaXOXKACHUS TapaMEeTPOB € U m CTENEHHOM (pyHKIMK Bocnonb3yeMcs popmyioit (7.14)
U TIOJTyYHM CIIC/TYFOINE 3HAUCHHS:

c =0.2581, m =1.6524, S,;= 0.0394.

Takum 006pa3om, ypaBHEHHE CTETIEHHON PETPECCUU UMEET BU/T

y=0.2581x"%%,

Kak BuaHO, cymMma KBaapaToB aOCONIOTHBIX TOTPEIIHOCTEH IJisi JIMHEWHOW (YHKIIUU
coctaBiseT Sy = 0.2011, mia crenenHoit pynkuuu — Se;= 0.0394. Bugno, yro npubnmxeHnue B
BUJI€ CTETIEHHOW (D)YHKIIMU B IJaHHOM CITydae MpearouTHTEIbHEE.

I'padmyeckoe pemienne 3aqaun n300paxeHo Ha pucyHke 7.11.
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Pucynok 7.11 — I'padudeckoe npeacraBieHue 3a1a4u

7.4. 3ananue 1.

1. [Toctpouth UHTEPIOJIALMOHHBIN MHOT'OWIEH METOJIOM HEOIPEIEICHHbBIX
KO3 PHUIIUEHTOB.

2. ITocTpoUTh MHTEPIOISAIUOHHBIA MHOTOUYIEH B BUAE KBAAPATHOTO TPEXWICHA.

3. ITocTpouTh rpayKi UHTEPIONALHMOHHBIX ()YHKIIHA.

4. Haiitu npuOnmkeHHble 3HAYeHUs] QYHKIUM MPU JaHHBIX MPOMEXKYTOUHBIX 3HAYEHUSIX
apryMeHTa.

5. Haiitu npuOnrkeHHble 3HAY€HUS (QYHKIMM MPU JAHHBIX MPOMEKYTOUYHBIX 3HAYEHMSIX
apryMeHTa ¢ TIOMOUIbI0 KyOMUYeCKOro CIulailHa M BU3yalU3uUpyilTe pe3ysbTaThl CIUIANH-
WHTEPIIOJISILIUH.

6. Bce myHkTHI 3amaHusi opOpMUTH B BUAE m-(ailia-QyHKIUN U MPUBECTH PE3yJIbTaThl
BBITIOJTHEHHS (haiiia.

Bxonnbie aprymeHTsl m-(aiina-QpyHKIHH: X — BEKTOP Y3JI0B MHTEPIIONIALUU; } — BEKTOP
3HAYCHUH (DYHKIMH B y3JIaX UHTEPIOJSALNN, Xi — BEKTOP apryMeHTOB (PyHKIUHU y = f(x) U3 o0nacTu
€€ ornpeJieeHus, 3a]JaBaeMblii MT0JIb30BATEIIEM.

Beixonmubie  mapamerpsl  m-(aitna-QyHKmM: @ —  BEKTOp KO3 UIIUEHTOB
HMHTEPIOSIIIMOHHOTO MHOTO4YJIEHa, b — BEKTOp KOA(PPUIIMEHTOB KBaIpaTHOTO TpexwieHa; yl, y2 u
y3 — BEKTOpbl MPUOJIMKEHHBIX 3HAYEHUH (QYHKIMM NPU JaHHBIX MPOMEXKYTOUYHBIX 3HAYEHUSIX
apryMeHTa ¢ IOMOIIbI0 HHTEPIOJISIIMOHHOTO MHOTOYJICHA, KBAJAPATHOTO TPEXUWICHA U KyOHMUECKOTO
CIUIaiiHa.

Bapuanmul 3a0anuii.

1 2 3 4 5

X y X y X y X y X y

1415 |0.8886 |0.101 1.2618 0.15 0.8607 [0.180 |5.6154 |3.50 33.115

1.420 ]0.8900 ]0.106 |1.2764 |0.20 0.8187 | 0.185 |5.4669 |3.55 34.813

1.425 10.8906 |0.111 1.2912 1 0.25 0.7788 1 0.190 |5.3263 | 3.60 36.598

1.430 | 0.8917 0.116 1.3061 0.30 0.7408 0.195 |5.1930 | 3.65 38.474

1.435 ]0.8927 ]0.121 | 0.3213 0.35 0.7046 | 0.200 | 5.0664 | 3.70 40.447

1440 10.8940 |0.126 1.3366 0.40 0.6703 0.205 |4.9461 |3.75 42.521

1.445 10.8947 |0.131 1.3521 0.45 0.6376 | 0.210 |4.8317 |3.80 44.701

1.450 | 0.8957 0.136 1.3677 0.50 0.6065 0.215 |4.7226 | 3.85 46.993

1.455 10.8967 |0.141 1.3836 | 0.55 0.5769 10.220 |4.6185 |3.90 49.402

1.460 |0.8977 10.146 | 1.3995 |0.60 0.5488 | 0.225 |4.5191 |3.95 51.935

1.465 [0.8986 |0.151 1.4157 0.65 0.5220 [ 0.230 ]4.4242 |4.00 54.598

B Touke x=1.4161 | B Touke x=0.1026 | B Touke x=0.7250 | B Touke x=0.175 | B Touke x=3.475




JlaGopaTopHbIii NpaKTUKYM N0 Jucuuniune «IIporpamvMupoBanne H BbIYHCIUTEIbHbIC METObI», 4 ceMecTp,
2010-2011 y4eOHBbIii rox

6 7 8 9 10
X y X y X y X y X y
0.115 8.6572 1.340 4.2556 0.01 0.9918 0.15 4.481 0.45 20.194
0.120 | 8.2932 1.345 43532 0.06 0.9519 0.16 4953 0.46 19.613
0.125 | 7.9582 1.350 4.4552 0.11 0.9136 0.17 5.473 0.47 18.942
0.130 | 7.6489 1.355 4.5618 0.16 0.8769 0.18 6.049 0.48 18.174
0.135 | 7.3623 1.360 4.6734 0.21 0.8416 0.19 6.685 0.49 17.301
0.140 | 7.0961 1.365 4.7903 0.26 0.8077 0.20 7.389 0.50 16.312
0.145 | 6.8481 1.370 49130 0.31 0.7753 0.21 8.166 0.51 15.198
0.150 | 6.6165 1.375 5.0419 0.36 0.7441 0.22 9.025 0.52 13.948
0.155 | 6.3998 1.380 5.1774 0.41 0.7141 0.23 9.974 0.53 12.550
0.160 | 6.1965 1.385 5.3201 0.46 0.6854 0.24 11.023 | 0.54 10.993
0.165 | 6.0055 1.390 5.4706 0.51 0.6579 0.25 12.182 | 0.55 9.264
B Touke x=0.1745 | B Touke x=1.3921 | B Touke x=0.492 B Touke x=0.244 | B Touke x=0.445
11 12 13 14 15
X y X y X y X y X y
1.345 | 4.3532 0.130 7.6489 -4 41.79 -4 20.35 -3 1.1
1.350 | 4.4552 0.135 7.3623 -3 25.69 -3 12.54 -2 -1.6
1.355 |4.5618 0.140 7.0961 -2 13.73 -2 7.5 0 0.21
1.360 |4.6734 0.145 6.8481 0 1.54 0 0.78 1 0.38
1.365 |4.7903 0.150 6.6165 1 0.16 1 1.08 3 2.8
1.370 | 4.9130 0.155 6.3998 3 13.06 3 4.14 4 9.1
1.375 ]5.0419 0.160 6.1965 4 24 .4 4 12.37 5 16.77
1.380 |5.1774 0.165 6.0055 5 41.56 5 21 6 36.31
1.385 |5.3201 0.170 5.8255 6 60.85 6 32 7 49.01
1.390 | 5.4706 0.175 5.6558 7 84.48 7 57.8 8 80.24
1.395 | 5.6296 0.180 5.4954 9 87.65 9 61.3 9 76.53
B Touke x=1.374 B Touke x=0.158 B Touke x=1.58 B TO4YKe x=3.65 | B TOuke x=6.5
16 17 18 19 20
X y X y X y X y X y
-4 24.96 -4 27.14 -5 63.14 -5 56.14 -5 84.14
-2 9.06 -2 12.7 -2 16.7 -4 37.7 -4 56.7
-1 4.53 -1 5.68 -1 6.68 -1 -0.32 -1 3.68
0 1.98 0 0.97 0 0.97 0 -6.03 0 -3.03
1 0.48 1 0.59 1 1.59 1 -5.41 1 -1.41
2 -0.37 2 1.67 2 5.67 2 -1.33 2 5.67
3 0.77 3 5.48 3 14.48 3 7.48 3 19.48
5 18.82 5 18.06 5 43.06 5 36.06 4 39.06
6 26.94 6 26.4 6 62.4 6 554 5 63.4
8 46.69 8 50.67 7 86.67 7 79.67 6 94.67
10 52.21 10 64.13 9 91.43 9 87.98 8 98.76
B Touke x=8.16 B TO4uke x=7.32 B TOUKe x=-3.46 B Touke x=-3.51 | B Touke x=7.43
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21 22 23 24 25

X y Jy X y X y Yy
-5 -2.86 -4 -19.51 -6 -13.35 -4 -27.51 |-3 -0.51
-4 5.7 -2 0.2 -5 -13.55 -2 -9.8 -2 4.2
-1 12.68 -1 7.36 -4 -8.27 -1 -3.64 -1 7.36
0 9.97 0 10.96 0 0.6 0 -1.04 0 6.96
1 7.59 1 14.01 2 4.78 1 1.01 1 6.01
2 2.67 2 15.01 3 9.73 2 1.67 2 3.01
3 -3.52 3 14.63 4 9.75 3 -0.37 3 -1.37
4 -11.94 4 10.82 6 14.91 4 -5.18 4 -9.18
5 -23.6 5 4.44 7 21.2 5 -12.56 |5 -19.56
6 -36.33 6 1.15 8 21.67 6 -16.85 |6 -26.85
8 -41.21 8 0.56 9 23.45 7 -17.87 |7 -31.32
B Touke x=2.16 B Touke x=4.44 B Touke x=-4.61 B TO4YKe x=5.55 | B Touke x=4.59

3ananue 2.

1. MerosoM HaWMEHBIIUX KBAJIPAaTOB BBIBECTH (HOPMYJIBI I HapamMeTpoB a, b u ¢
IpHOITIDKAIOIEil KBapaTHIHOM byHKIuK: y = ax” + bx + c.

2. [ocTpouth ToueuyHbIN rpaduk 1Mo 3aJaHHON TabIuIe (X;. ;).

3. [Toctpouts rpaduk MPUOIMKAIOIICH KBAJAPATUIHON (YHKIIHH.

4. PaccmoTpers Haumboznee mnoaxonadiue mnpubmmkaroume ¢QyHkuuu (3 u  Oonee),
npuBeneHHble B pasngene 7.3.2. lTlocime HaxoXAeHWs 3HAUYCHWH TapaMEeTpoB KaxIou U3
NpUOIMKAIUX (YHKIMA HAWTH CyMMbI KBaJpaTOB a0COIIOTHBIX 3HAYCHUH W 10 UX 3HAYCHUSM
yCTaHOBHUTh, Kakoe W3 mpuOmmkeHnd iydme. Ha Tom e dYepTeke MOCTPOUTH Tpaduku
PaCCYMTAHHBIX MPUOTIKAOIINX (DYHKITHA.

5. Bce myHkThl 3amanust opopMuTh B BHIE m-(aiina-QpyHKIUH ¥ TPUBECTH PE3yJIbTaThl
BBINOJIHEHHS (aiia.

Bxoanbie aprymeHTsl m-(aiina-QyHKIUU: X — BEKTOpP y3JIOB MHTEPIIONALNHU; ) — BEKTOP
3HaYCHUU (PYHKIIMHU B y3J1aX UHTEPIIOJISALINY.

Breixonubie mapamerpsl m-(aina-QyHKIunA: @ — BEKTOp KO03(D(HUIIMEHTOB KBaJAPATHUIHON
¢byHkiuu (mapameTpoB a, b u c¢); mapaMeTpbl NpUOIMKAIMIUX (DYHKIKUNA; CyMMBI KBaJIpaToB
aOCOJIOTHBIX 3HAYCHUN KX 10 MPUOIMKarome QyHKIUH.

Bapuanmul 3a0anuii

Bapuant Pe3yabTarhsl onbiTa

1 X 0.0 0.5 1.0 11.5 2.0 2.5
y 13.65 5.77 0.07 6.95 12.05 18.97
X 3.0 3.5 4.0 4.5 5.0 5.5
y 25.67 31.57 38.44 46.20 51.33 58.83

2 X 0.0 0.5 1.0 1.5 2.0 2.5
y 15.65 18.47 22.27 27.09 33.98 40.59
X 3.0 3.5
y 51.21 62.34

3 X 0.0 0.5 1.0 1.5 2.0 2.5
y 10.652 10.730 10.074 10.455 10.951 10.532
X 3.0 3.5 4.0 4.5 5.0 5.5
y 10.310 10.934 10.564 10.703 10.667 10.334

4 X 0.0 0.5 1.0 11.5 2.0 2.5
y 7.49 6.95 5.95 5.93 542 4.99
X 3.0 3.5 4.0 4.5 5.0 5.5
y 4.45 3.90 3.85 291 241 1.40
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BapuaHt Pe3yabTarsl onbiTa

5 X 0 1 2 3 4 5
y 0.129 0.29 0.319 0.512 0.811 1.29
X 6 7 8 9 10
y 1.392 1.593 1.76 1.92 2.195

6 X 0 1 2 3 4 5
y 54.98 45.52 37.00 29.53 23.00 17.53
X 6 7 8 9 10 11
y 12.97 9.49 7.034 5.50 498 5.32

7 X 10 12 14 16 18 20
y 29.5885 29.5880 | 29.6747 | 29.6869 29.7484 29.7223
X 22 24 26 28 30 32
y 29.7710 29.8260 | 29.8100 | 29.8038 29.8554 29.8885

8 X 1.0 1.2 1.4 1.6 1.8 2.0
y 3.875 3.640 3.475 3.363 3.260 3.195
X 2.2 2.4
y 3.125 3.072

9 X 0.2 0.4 0.6 0.8 1.0 1.2
y 2.617 1.893 1.659 1.347 1.888 1.698
X 1.4 1.6
y 1.323 1.127

10 X 0.2 0.4 0.6 0.8 1.0 1.2
y 45.03 35.99 27.04 18.00 8.99 0.01
X 1.4
y 8.98

11 X 1.0 1.2 1.4 1.6 1.8 2.0
y 9.35 8.48 7.74 7.30 6.84 6.61
X 2.2 2.4
y 6.28 6.13

12 X 0.9 1.1 1.3 1.5 1.7 1.9
y 8.48 7.23 6.35 5.71 5.22 4.84
X 2.1 2.3
y 4.52 4.26

13 X 0.4 0.7 1.0 1.3 1.6 1.9
y 8.481 5.382 4.153 3.480 3.069 2.777
X 2.2 2.5
y 2.571 2418

14 X 2 3 4 5 6 7
y 8.15 13.45 22.17 36.55 60.26 99.35
X 8 9 10 11 12
y 163.79 270.05 445.24 734.08 1210.286

15 X 2 3 4 5 6 7
y 0.967 1.346 1.872 2.604 3.621 5.037
X 8 9 10 11 12
y 7.010 9.75 13.56 18.86 26.24

16 X 2 3 4 5 6 7
y 37.52 22.76 13.80 8.37 5.08 3.08
X 8 9 10 11 12
y 1.87 1.13 0.68 041 0.25
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BapuaHt Pe3yabTarsl onbiTa

17 X 2 3 4 5 6 7
y 12.21 13.498 14918 16.487 18.220 20.137
X 8 9 10 11 12
y 22.255 24.596 27.183 30.040 33.200

18 X 2 3 4 5 6 7
y 0.967 1.346 1.872 2.604 3.621 5.037
X 8 9 10 11 12
y 7.010 9.75 13.56 18.86 26 24

19 X 0 1 2 3 4 5
y 0 2.0 2.297 2.491 2.639 2.759
X 6 7 8 9 10 11
y 2.861 29511 3.031 3.104 3.169 3.231

20 X 0 1 2 3 4 5
y 0 10.00 14.114 17.32 20.00 22.36
X 6 7 8 9 10 11
y 24.49 26.45 28.28 30.00 31.62 33.16

21 X 1 2 3 4 5 6
y 1.0 0.707 0.577 0.500 0.447 0.408
X 7 8 9 10 11 12
y 0.377 0.353 0.333 0.316 0.301 0.288

22 X 1 2 3 4 5 6
y 10 9.33 8.95 8.70 8.51 8.36
X 7 8 9 10 11 12
y 8.23 8.12 8.03 7.94 7.86 7.80

23 X 1 2 3 4 5 6
y 2.00 3.38 4.19 4.77 5.22 5.58
X 7 8 9 10 11 112
y 5.89 6.16 6.39 6.60 6.79 6.96

24 X 1 2 3 4 5 6
y 5.50 5.25 5.16 5.112 5.10 5.08
X 7 8 9 10 11 12
y 5.07 5.07 5.05 5.05 5.04 5.04

25 X 1 2 3 4 5 6
y 0.17 0.25 0.30 0.33 0.36 0.37
X 7 8 9 10 11 12
y 0.39 0.40 041 0.42 0.42 0.43

7.5. IlpumepHbIe BONPOCHI HA 3allUTe PadOThI:

1. Uto Takoe untepnoysnus? YTo Takoe y3Jibl HHTEPHOIAIUN?

2. B ueMm 3akirouaercs 3a/1a4a OThICKaHUs MHTEPIOIUPYIOLIEr0 MHOTOWIeHa?

3. B yem cyTh mpuOMMOKEHUS TAONWYHO 33aJaHHOW (PYHKUMH 1O METOAY HAMMEHBIIHX
KBaJparoB? YeM oTiIMyaeTcs 3TOT METOJ OT METOa UHTEPIOALU?

4. Kakum o00pa3oM CBOAWTCS 3ajaya TOCTPOCHHUS NpUOMMKAOMUX (YHKIWA B BHIE
Pa3IUYHBIX AIEMEHTAPHBIX (PYHKIUN K CIy4aro JUHEeHHON QyHKumnu?

5. TloueMy MeTOJ HAaMMEHBINIMX KBaJApaTOB HamOoiee >PdexTuBeH, eciu (yHKIUS f(x)
JMHEHHa OTHOCUTEIBHO UCKOMBIX NapaMeTpoB?

6. B uem 3akitouaercs KBajpaTHUHas HHTEPIIONIALNA?

7. B ueM ocHOBHas ujies METO/1a HeonpeeNeHHbIX K03 uineHToB?



