JIABOPATOPHAYA PABOTA Ne?

METO/bl ObPABOTKHU 3KCIHHEPUMEHTAJIBHBIX TAHHBIX
(AIMMMPOKCUMALIUS, UHTEPIIOJISILIAS).

Heau padoThl

Hayuntbcst oOpaOaTbiBaTh NaHHbBIE, NPEICTABICHHBIE B BHJIE MHOXECTBA
TOYEK UCITOJIb3Ysl IBE TEXHOJIOTUHU.

1. CrnaxuBaroniasi anmpoKCUMaIUsl SKCIEPUMEHTaIbHOrO psiga Meroaom
Hanmenpmmx KBagpatos.

2. NHTepnionsuus B MEXKY3JI0BbIX HHTEpPBAIAX AKCIEPUMEHTAJIBLHOIO Psfa.
CrutaitH-uHTEPIOJISIIHS.

PA3JIEJI 1. 3BAJJAHUE K JABOPATOPHOM PABOTE (OBIIIAS
IHOCTAHOBKA)

1. 3aparb QPyHKIUIO B TAOJIMYHOM BUJE.

2. [lpousBectn cCriaxuBaHWE AaNMPOKCUMHUPYIOUIUMU ITOJWHOMAaMH,
MOJTYYEHHBIMH METOJIOM HanMeHbIux kBaapaToB (MHK).

3. HpOI/ISBCCTI/I HHTCPITIOJIANNIO Y3JI0OBLIX JdHHBIX Ha BCCh OTPC30K.

4. Bce peilcTBUS TPOU3BOAUTH C TpPeMs Pa3HbIMU  CTENECHIMU
JUCKPETU3aLMK apryMEHTA.

5. Tloctpouthb 3KCTpanoaupyore rpaguky Ha pacllMpeHHbIH IUana3oH
3HAYEHUM HE3aBUCUMOTO apryMEHTa.

Bce rpaduku 10mKHBI OBITH COTPOBOXKICHBI JIETCHAAMMU.

IInan Bemonnenus JlJabopaTtopHoi paOoThI M310KeH B Pa3aene 5.

PA3JIEJ 2. MOTUBALIUA

JUia aHanu3a pe3ysnbTaToB (PU3NYECKOTO WM YHUCIEHHOTO JKCIEPUMEHTA
UCIOJIB3YIOTCS. METO/bI I'paUyecKoro MOJEIMPOBaHUs, OOJBIIMHCTBO KOTOPBIX
HAuYMHAETCs C HAHECEHWs JAaHHBIX Ha JBYMEPHYIO KOOPIWHATHYIO IUIOCKOCTb.
3ajauell aHaiW3a SBISIETCA BBISBJICHUE BO3MOYKHBIX 3aBUCUMOCTEM WM JAPYTHX
3aKOHOMEPHOCTEU MEXY BEIIMUMHAMU.

[TpoBenenne (QpU3NUECKOro WM UYUCICHHOTO IKCIEPUMEHTA, Kak IMpaBuio,
NPEACTaBIIET COOOW CIOXHBIA U TPYAOEMKUN TpoliecC, MOABEPKEHHBIN
WU3MEPUTEIBHBIM WJIM BBIYACIUTENBHBIM HOTrpemHoCTSIM. [loaToMy mnosrydeHHbIE
JAaHHBbIE TPEJCTABISAIOT COOOM HEOOJBIION JUCKPETHBIM Ha0Op pa3pO3HEHHBIX



3HaueHW. HaHecEHHBIE Ha IUIOCKOCTh ATH JaHHBIC, 3aYacTyi0 IPEACTABIISIOT
CO0OM MHOXECTBO XaOTHYHO pa30pOCaHHBIX TOYeK. B cBO ouepenb, 3TO
MHO>KECTBO TOYEK IPOUTPHIBAET B HAITIATHOCTH HEMPEPHIBHBIM (DYHKIIHSM.
[IpenmyiecTBa HENMPEPHIBHBIX (YHKIMH 3aKII0YaeTCs B BO3MOXKHOCTH YBHICTh
3aKOHOMEPHOCTH MEXIy ABYMs BemuauHaMmu: X U y=f(X).

Takum 06p3,30M, B 3ad4ax MOACIUPOBAHHA IJIA ITOBBIICHUA HAIJLIIHOCTH
MNPUMCHAIOT MCTOJAbI 3aMCHBI IUCKPCTHOTO Ha60pa JaHHBIX HCIIPCPbIBHBIMU
aHaJIoI'aMH. HpH 9TOM IIPUMCHAIOTCA ABA IIPUHIOUIINAJIBHO PA3HBIX IIOAXO0/4d.

e MOXXHO NOCTPOUTH "TUIABHYIO" KPUBYIO, HE TpeOys MPOXOXKJIEHUSA €€ uepes
BCE HMEIOIIMECS TOYKHM. OTO 3ajada anmpokcumanuu. Ha pucynke en
COOTBETCTBYET CHHsS JHHHSA. KpacHble Mapkepbl — 3KCHEPHUMEHTAIbHbBIE
JTaHHbIE.

e Ecnu tpeboBath, 4TOOBI MOCTPOEHHASI KpUBasi MPOXOAMUIIa Yepe3 TOUKH, KaK
3es€Has JIMHUSL Ha PUCYHKE, TO 3TO 3aJa4ya MHTepnoassuuu. Ha pucynke eé
COOTBETCTBYET 3€JIEHAS] JINHUS.
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PA3JIEJI 3. AIIITIPOKCUMALUA. METOJ HAUMEHBIINX
KBAJIPATOB

Anmpokcumanus (approximare — npuOJIMKaThCsA, JIaT.) — MNPUOIMKEHHOE
BbIpaKEHUE KaKuX-JTu00 BEJINYUH (reoMeTpruUYeCcKuX 00BEKTOB,
AKCIIEPUMEHTAIBHBIX JAaHHBIX M T.I1.) Yepe3 APYTrHue, U3BECTHbIC U OoJiee YI0OHbIe
JUTs1 00pabOTKU BETUYUHBI.

Cpeny TeXHOJIOTUH anmpoOKCUMAIMd O0COOYIO MOMYJISPHOCTh MOJTYYUI METO/
HauMmeHbux  kBagpatoB (MHK). MHK 3akmowaercs B TOM, 4TO
anmpoKCUMUpYIOIIas (YHKIUS MPOBOJUTCA TaK, YTOObI CymMMa KBaJpaToB e&
OTKJIOHEHUW OT TaONMYHBIX 3HAYCHWH IO BceM €€ Y3JIOBBIM TOdYKaM Obljia
MUHHUMAaJIbHA.



Ha pucynkax MapkepaMu MoOKa3aHbl SKCIIEPUMEHTAIbHbIE JaHHbIE, KOTOPbHIE
anmpoOKCUMUPYET JIMHEHHas QyHKIHUS.

0 1 2 3 4 5

Ha cnepyromem pucyHke Uil anmpoOKCHMAallMy HCIIOJIb30BAH IOJMHOM
TpeThel cTeneHu (Kyonueckas napaboa).
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OcHoBHbIM npeumyliecTBOM MHK sBisieTcsi BO3MOXKHOCTBH CIJIa)KUBaHUS
JTAHHBIX, TMOJIBEPKEHHBIX MTOTPEITHOCTSM.

3.1. AnnpoxkcUMAIUs ¢ HCTIOJIHL30BAHNEM O/THOMH (PYyHKIIUH

[IycTh pe3ynbraThl U3MEpPEHUN NpeacraBieHbl N mapaMu 3HaYeHUA (Xi Vi )
[TycTh, Ipy ’TOM YMECTHBI CIEAYIOIINE TPEATOT0KEHHUS

1) U3Becten oOmmit xapakrep (GYyHKIMOHATHLHOW 3aBUCHMOCTH MEXKIY
BEJTMYMHAMMU Y U X.



2) DTa 3aBUCUMOCTb Y = f(x) MOKET OBITh BBIpa)KE€HA C MOMOIIBIO OJIHOMN
(KaK TMpaBWIO, 3JEMEHTapHOW) (GyHKIUH g(x) YMHO>KEHHOW Ha HEW3BECTHBIN

kodpumment a. To ectrb
y=a-g(x). (1)

3) U3MmepurtenbHbId TpOIECC TMOJABEPKEH OOJBIIMM  MOTPEIIHOCTIM
U3MEPEHU UiIu oIOKaMm.

[Tpu 3TUX NpeAnoIOKEHUIX 3a/1a4a CBOJIUTCS K HAXOXKICHUIO KOOPPUIICHTA
a. Ecnu Obl He W3MepuTeNbHbIE MOTPEemHOCTH (T1.3), JUIs pelieHusl 3TO 3aJauu
OBLJIO OBl TOCTATOYHO OJHOM Taphl 3HAYCHHM (xi,yi) (omHoro u3mepenusi). Ho
HKCIIEPUMEHTATOPY, YTO Obl YMEHBIIUThH BIUSHUE OTAEIbHBIX OIIMOOK, HYKHO
UCIIONb30BaTh BBIYUCIUTEIBHYIO CXEMy, B KOTOPOW BKIAJ KaXIO0W OIIMOKU
YMEHbIIAETCS 3a CU€T BIAMSHMS JpYrux oOwMOoK. Mojenu, Ha KOTOPBIX
OCHOBBIBAIOTCSl TAKWE€ BBIYMCIUTEIbHBIE CXEMbl (JITOPUTMBbI) HA3BIBAIOTCS
peepeccuonnvimu. Haumbonee pacnpoCTpaHEHHOW PETPECCUOHHOW MOJIEIbIO
asisiercs MHK. [IpumeHuM 3TOT MeTOA 171 pelIeHUs IOCTABICHHOM 3a1a4u.

CymMa KBajgpaTOB OTKJIOHEGHUN amNMmpOKCUMHpYIOmEeH (QYHKIIUU  OT
TaOJUYHBIX 3HAYEHUN paBHA (CM. 11.2)

N 2 N 2
F=2(y-vi)" =2 g(x)-y) (2)
i=1 i=1
[TomyyeHHOE BBIpa)KEHHE — €CTh (PYHKUHMS OJHONW HEU3BECTHOU a. MUHHUMYM
3TON (PYHKIIUH ONpPENEIUM U3 YCIOBUS

oF
—=0. 3
a 3)
[TpousBeném nuddepenurpoBanue GpyHkunu (2) U moacTaBuM B (3)
oF X
e > 2(a-g(xi)-yi)-9(x)=0
a iz

Beinonaum cienyromue npeodpasoBanusi: BeiHecem ko3pduiineHT 2 3a 3HaK
CYMMBI U COKpaTUM Ha HEro, pa3o0bEM CyMMY Ha JBE CyMMBbI, IIEpEHECEM BTOPOE
cllaraeMoe-CyMMy B IIPaByIO 4acTb. B nrore, 3agadya cBOAUTCS K PELIEHUIO OJTHOTO
JMHENHOTO YPAaBHEHHSI C OJJHUM HEU3BECTHBIM a

N 5 N
a- > a9(x) =>(vi-9(x) @4
i=1 i=1
B camom mpoctoM ciydae, Korjaa g(X)zl anmpoKCUMUpYIomas (QyHKIHS

paBHa cpeHEMY apU(PMETHUECKOMY PE3yJIbTaTOB U3MEPEHUN



B cmnywae ecnnm g(x)zx, MOCJIE€ HAXOXKAEHUs W3 ypaBHeHUs (4)

koa(duieHTa a, moJy4uM anmpoOKCUMHUPYIONTYIO (hYHKIIHIO

501 %)
y=f(x)="=——x
> %
i=1

Huxe npuBenéH cnucoK HEKOTOPBIX (DYHKIMM, U3 KOTOPOTO MOXKHO JIeJaTh
BBIOOP MPHU MOJEIMPOBAHUHN PA3IUYHBIX MPOLECCOB.

In(x)

y=2, y=ax", y=ae"™, y=axe™, y=ah(x), y=axin(x), y=a- /.
X X

3.2. JIuHelHAs anNPOKCUMAIIUS

B Paznmene 3.1. Mbl HUCKaJIM allpOKCUMUPYIOMIYIO (YHKIHUIO B BHUJE
JUHEUHOU 3aBUCUMOCTH Y =aX. OCOOEHHOCTbIO TaKOW 3aBUCUMOCTH SIBJISICTCS

IMPOXOXKACHNC peFPGCCHOHHOﬁ JIMHHUH 9YCPC3 HAYAJIO KOOpAUHAT.

HaxoxaeHue JMHEHON 3aBUCUMOCTH MEXAY ABYMs BEJIWYHMHAMH B OOIIEM
BUJIE sIBIIsIeTCA OoJiee ciaokHOM 3amaueit. [Ipuctynmum k e€ perreHuro. 3amnuiieM
HUCKOMYIO (DYHKITUIO B BU/JIE

y=a +asX.
3aJaya 3aKI04aeTCs B ONpeaeIeHMH KOD(PPULUEHTOB a7, .

PaccuntaeM cymMmy KBaJpaToB OTKJIOHEHHUH aIlllPOKCUMUPYIOMIEH (QYHKITUU
OT TaOJMYHBIX 3HAYECHUN

N N
F=>(y-vif = (a+apx - i\
i=1 i=1

ITosmyuenHas mapa ectb (pyHKLHS JBYX HEU3BECTHBIX ap,dp. MHUHHMYyM €€
OIPEACIUM U3 YCIOBUS
oF oOF
—:—:O
831 8a2



[Tonywaronryrocss B pesynbrare au@depeHIIMpOBaHMs CUCTEMY JIUHEHHBIX
anredpanyeckuxX ypaBHEHUH 3aMuilieM B MaTpuyHOu popme

(511 Sl2j(alj :(le
o1 s \az) \bp)
N N N N
rae s;3=N, S12 =51 = > X, S22 =in2 o =Dy b =) Xy
i=1 i=1 i=1 i=1
PemmB cucremy, nomyuum Ko3(pQuLUEHTHl 81,87 aNmnpoOKCUMHUPYIOLIEH
MIPSIMOM.
JlaHHBII anropuTM, peanuzoBanHbli cpeactBamu MATLAB, npuBenén Huxe.
B kauecTBe HCTMHHON BbIOMpaeTcs npsAMas ¢ kKoddduuuenramu a;=0.7 wu
ap =2.0. DKcnepuMeHTaIbHbIE JAHHBIE MOJIy4aeM, UCKaKasi HCTHHHYIO (DYHKIIHIO
reHepaTopoOM CIydalHbIX yucen rand.

1; SKOMMUECTBO WMBMEPEeHUM

:h:1.0] %BexTOp-CcTpoka abcumucc MU3MepPeHUM
$BekTOp-CcTOJOel abCLuMCC M3MEepPeHUN
y1=0.7+2.0%*x; %BexkTOp-CTOJIDOEl OPIOMHAT MCTUHHOWM MIPAMOM

y=y1+0.5* (rand (N, 1)-0.5); $%$zamymieHre OpIMHATH
%paccumMTHBAEM BeKTOp-cToJOel npaBou dvacTtu CIIAY
s(l,1)=N;

s(2,1)=sum(x) ;

s(1,2)=s(2,1);

sS(2,2)=sum(x."2);

$BekTOp-CcTONbel, nparo¥ uyactu CIAY
b=[sum(y) ;sum(y'*x)];

a=s\b; S%$pemaem CJIAY

y2=a(l)ta(2)*x; S%SanmnpokcuMmupyiolasg KpuBad
plot(x,y,'o",x,vy1l,x,y2); ScTpouMm Tpadmr
grid on;

legend Test Law MNK

OOparuTe BHUMaHUE HA OTCYTCTBHE TOUYKH C 3aISITOW BO BTOPOHM U TpeTheit
CTpOKax.

Ha pucyHkax npeacTaBieHbl: pe3yJabTaThl U3MEPEHUS, UCTUHHAS QYHKIUS U
anmnpoOKCUMUPYIOIIME KpuBble. YUTOOBI MPOAEMOHCTPUPOBATH pPabOTy (YHKIIHMU
rand, IPUBOAATCS YETHIPE PeANM3aLUU IKCIIEPUMEHTA.
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[Ipu yBennueHuun yuciia To4eK N pacxoKIEHUE KPACHOM M 3€JIEHOM IPSIMBIX
yMEHbIIAeTCs (PEKOMEHIYEM MO3KCIIEPUMEHTUPOBATD ).

MATLAB wumeer BcTpoeHHbIE (DYHKIIMH, TMO3BOJSIONINE PEIIUTH JaHHYIO
3amauy. Dyskuus p=polyfit(x,y,n) paccuuTbiBaeT KOd(PPUIIMEHTHI
nojarHOoMa P(X) crernenu N, annpokcumupyromiero ¢pyakiuo Y(X) B cmbiciie MHK.
Pe3ynpTaToM paOoOThl (PYyHKIMHU SIBISETCS CTpOKAa P IiauHBI N+1, comepkaimas
KO3 PHUITMEHTHI aNMTPOKCUMUPYIOIIETO MOTUHOMA.

3Hass CTpPOoKy KO3(p(DUIIMEHTOB TOJMHOMA P, C TOMOIIbIO (YHKIUU
y=polyval (p, s) MOYXHO BBIYUCJIUTHh 3HA4YE€HUSA JTOrO IIOJIMHOMA [JIA
JUCKPETHOI'O apryMeHTa S.

B npuBen€éHHOM mnpumepe anmpoOKCUMHUPYIOUIMN MOJWHOM MEPBOM CTEIEHU,
MO3TOMY KOJ OyJET CIAeAYOIIHIA:

1; 3KOIMUECTBO MBMEPEHUMN

b-a)/(N-1);

=[0:h:1.0]; %BexTOp-CTpOka abCLUMUCC WIMEePEeHU
y1=0.7+2.0*x; %BekTOp-CcTOJIOEl OPAMHAT MCTUHHOMW IPSIMON
y=y1l+0.5* (rand (1,N)-0.5); $%$zamymieHMre OpPIMHATH
ap=polyfit(x,y,1)



y2=polyval (ap, x)
plot(x,y,'o"',x,v1l,x,y2); ScTpouM Tpaduk
grid on;

legend Test Law MNK

3.3. [loiuHOMHUAJIbHAS ANINPOKCUMALUS

JIuneiiHas anmpokcMMalys JajeKo HE Bcerja NpuMeHuMa. ANIpOoKCUMalus
B cmbicie MHK nonnHoMoM 0ojiee BBICOKMX MOPSAKOB, Y€M IEPBBIA HMEET
HIMPOKYIO0 00s1acTh nNpuMeHeHus. [IpuMep Takoil anmpoKkCUMaluy NOJMHOMAaMH 3,
5 m 7 cTeneHH, HCNOJIb3YIOIIUNA BCTPOEHHBbIE (YHKIMHU, ONMCAHHBIE paHee,
IIPUBEIEH HUXKE.

clear

x=[0.1 0.2 0.3 0.5 0.8 1.1 1.9 2.2 2.5];
y=[3.0 2.0 1.5 2.0 2.5 1.9 1.0 1.2 1.6];
$BHUMCIIEHME KOBDOMIMEHTOBR PAa3HBIX MNOPSIIKOB
p3=polyfit (x,y,3)

pS=polyfit(x,y,5)

p7=polyfit(x,y,7)
xx=linspace (x (1), x(end),100) ; %paBHoMepHas cerTka m3 100 s5eMeHTOR
%pacuéT opmrHaT allpPOKCUMUPYIIMX IOJIMHOMOB
Yap3=polyval (p3, xx) ;

Yapb=polyval (p5, xx) ;

Yap7=polyval (p7,xx) ;

SCcTpouM Tpaduk
plot(x,vy,'o',xx,Yap3, xx,Yapb, xx, Yap7)

grid on

legend Test Yap3 Yapbd Yap7

[lepBas koMaH1a HY’KHa Ui TOTO, YTOOBI MEpe BBIIOJIHEHUEM IPOrpaMMBbI
ounctuTh mnamiATh cucteMbl MATLAB oOT mnepeMeHHBbIX, CO3[JaHHBIX MpHU
BBIMIOJIHEHUH TNPEABIAYIINX 3a/lay B TEKYyIEM ceaHce padoThl C CUCTEMOH. DTH
NEpEMEHHBIE HE TOJBKO 3aHUMAIOT MECTO B OINEPATUBHOW MaMATH, CIIydailHbIe
COBNAJCHUS C HMEHaMH IIEPEMEHHBIX HOBOM 3aJa4yM MOXET IPHUBECTH K
HEKOPPEKTHOM paboTe Uin OIHUOKaM.
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Pe3ynpTaThl paboThl aJropuTMa MPUBEAEHBI Ha pHUCYHKE. IloBbllieHue
CTEIICHU II0JIMHOMA YJIy4YllaeT KadeCTBO alllpoKCHManuu. Bo3Hukaer xeinaHue
NPUMEHATh TOJMHOM el Oojee BBICOKOro Tmopsaaka. OIHAKO TMOBBIIIEHUE

CTENIEHU MPUBOJUT K 00paTHOMY pe3yibTary. Ha ciemayromnemM pucyHke MOJIMHOM
TPEThEN CTENEHU 3aMEHEH MOJIMHOMOM JEBSITON CTEIICHMU.
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YnayHoW Takyro anmnpoKCUMAalWK Ha3BaTh

Henb3d. Ha  HekoTophix
UHTEpBaJlax MEXIy

TOYKAMH [OJHMHOM HA4MHAECT OCUMJUIMPOBATh, 4TO
OOBSACHSETCS MOTPEIIHOCTHIO pacu€Ta KO3()PUIIMEHTOB NPU BHICOKUX CTEICHSX.



3.4. AnnpoxkcuManms ¢ UCMoJIb30BaHHEM MPOU3BOJIbHOI0 Ha0opa GyHKUMIA

B Pasznene 3.2. (nuHeliHas anmpoKCHUMaIysi) MOAOHPaINCh KOI(DPHIIMEHTHI
al u a2 npu pyuakmusax g1(X)=1 u g2(X)=X cOOTBETCTBEHHO.

B Pazmene 3.3. (mosmMHOMHalIbHAs alpoOKCHMaIMsg) pedb Iuia o0 N
kodbdunuentax al, a2, a3, ..., an opu byakmmsix g1(x)=1, g2(x)=x, g3(x)=x’, ...,
gn(x)=x"" cooTBeTCTBEHHO.

Ho B oOmem Bume peammsaruss MHK momyckaeT mpow3BONIBHBIA HAOOp
(6a3uc) ¢yHKIMI HampuMmep B3ATHIX W3 chHucka B KoHile Pasgema 3.1. B
NPAKTHUECKUX TPUIIOKEHUAX, HApUMEp MpH O0O0pabOTKE CHUTHAJIOB, pEIIeHUE
uiiercs B Buae Gpypre-pasnokenus ¢ 6asucom: (1, sin(x), sin(2*x), sin(3*x).

B makere MATLAB mms mpousBonbHOrOo ©Oasuca (GYHKIMA MOYKHO
UCITI0JIb30BATh TAKOM K€ MOX0/1, uTo U B Pazmene 3.2.

PA3JIEJI 4. METO/JbI HHTEPITIOJIALIUN

I/IHTCpHOJ'ISIHI/IH — HaXOXIACHHUC ITPOMCIKYTOYHBIX 3HAQUCHUM MO HMCIOIICMYCA
Ha60py TOYHBIX YHCJIOBBIX 3HaucHui. B ClIydac CCJIIM OKCIICPUMCHTAJIBHEBIC
JAaHHBIC ITOABCPIKCHLI ITIOTPCIIHOCTAM, 3TOT MCTOJA HCIIPUCMIICM.

ITocTtanoBka 3aJa49 UHTCPITIOJISAINHA:

Ha otpe3ske [a,b] B TOYKax {xl,xz,...,xn,} W3BECTHBI 3HAYCHUSI (PYHKIUU
f(x). Tpebyercss mocTpouTh (YHKIIHIO g(x), COBMAJAIONIYI0 C 3aJaHHOU
bynkiuei f (X) B DTHUX TOYKAaX.

a(x)=f(x ) k=1,2,...,n,

Toukn {Xl,xz,...,xn,} HA3bIBAIOTCS Y3JIAMU WHTEPIOJIALMUA, a MOCTPOCHUE

(GYHKUIMH — MTHTEPIIOJIUPOBAHUEM.

JIuHeliHas WMHTEPHOJALMA 3aKIOYaeTCd B TOM, YTO Y3JIbl COCAUHAIOTCS
NPSMOJMHEWHBIMA OTpe3KaMHu. J[Ba CcOCEOHMX Yy37a NO3BOJAIOT PACCYUTATh
napaMeTpsl 3TuX OTpe3koB. [locTpoeHHas Takum o0pa3oMm GyHKIUS g(x) —

JIOMaHHasg C BEpPIIMHAMH B y3jaX. TOYHOCTh MHTEPIOSALMU B MPOMEKYTOUHBIX
TOYKaX HEBBICOKA. JIJ TPaKTUYECKUX TPHIOKEHUH OOJbIIMI  MHTEpeC
NPEACTaBIAIOT Triagkue (QYHKIMHU, TO €CTb HUMEKIIME HENpPEepPhIBHBIC
MTPOU3BOJHBIE.

HNuaTepnonsuns moJJMHOMOM BBICOKOM CTENIEHH HA BCEM OTPE3KE HA3bIBACTCS
rnobanbHON. Tak 1uIsi MHTEPMONAIUMU 1O TPEM TOYKAM MOTPeOyeTcsl MOJIUHOM
BTOpO#l cTeneHu (rmapabosia), Mo YEThIPEM TOUYKAM — IOJMHOM TPETEH CTENeHU
(kyOuueckas mapaboma), o MsATH TOYKaM — YeTBEPTON M TaK Jajiee 1Mo MPUHIIUITY:



CTETNIEHb TIOJMHOMA Ha EIWHUIY MEHBIIE KOJIMYECTBA TOYEK. [eOpeTHUECKH
TOYHOCTh HMHTEPIIOJISIIIUM BO3PAaCcTaeT C POCTOM CTEICHHM TOJUHOMA, OJHAKO Ha
MPAKTUKE TMOTPENTHOCTh pacdéra Kod(PQPHUIIMEHTOB TPU BBICOKHUX CTEICHIX
MPUBOIAT K OCHMIIISAIUSIM MHTEPIOJISIIMOHHON KpHUBOM (Kak 3To ObUTO B Pazpierne
3.3., xorna MHK peanuzoBbiBascs Ha 6a3e MOJIMHOMA JEBATON CTCTICHH ).

Ha pucyHke mokazaH mnpuMep JUHEHWHOM W T00aJIbHOW WHTEPIOJISIUU.
OyHKIYA, 3aJaBacMas JIMHEWHOW  HMHTEPIOJSALMEN, SBISIETCS  KyCOYHO-
HEIMpPEPbIBHON (TO €CTh B KOHEYHOM MHOKECTBE TOYEK IPOU3BOJHAS TEPIUT
pa3peiB). [IpenmyriecTBOM TIOOATBHOW WHTEPIONSIIUK SBISETCS TIAJAKOCTH (TO
€CTh HENPEpPHIBHOM SIBISIETCA HE TOJBKO caMa (DyHKIMS, HO U €€ MPOU3BOJHBIC
HECKOJIBKUX MEPBBIX MOPSIIKOB).
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Nnes mokanbHON MHTEPIIOALIMN 3aKITIOYAETCA B TOM, UTO MEXKY COCEIHUMU
y3JlaMH CTPOUTCSA CBOW OTJIIEJIbHBIM WHTEPHOISIMOHHBIN TTOJIMHOM HEBBICOKOM
CTENEHM. 3aTeM ATH MOJUHOMBI «CIIUBAKOTCS». Takol METO]1 Ha3bIBACTCs CILIAH-
MHTEpHoJsinuer. Eciim Mcnoib30BaTh MOJMHOM TPETHErO IMOPSAAKA, TO B y3Jax
MOXHO YJIOBJICTBOPUTHh KaK YCIIOBHIO HENPEPHIBHOCTH (PYHKUIMHM, TaK U
HENPEPBIBHOCTU €€ IEPBOU U BTOPOU ITPOU3BOJHBIX.

HasBanue meTona CrutailH-UHTEPIOSAIMU 00s13aHO THOKOW JMHENKe, peike,
3a()MKCUPOBAHHOM B OTJCIBHBIX TOUKAX, KOTOpas Ha3bIBaeTCs CIutaitHoM. Peiika —
dbuzmyeckas Mojelb CIUIalH-(QYHKIUM, B CBOK oOyepedb CIUIAMH-QYyHKIUS —
MaTeMaTU4YeCKasi MOJENIb PEUKHU (CM. PUCYHOK).



Oyukiuss MATLAB interpl () CTpOUT UHTEPIOIUPYIOUIYIO KPUBYIO IS
oJHOMEpHOTo MaccuBa. CHHTaKkcUC QYyHKIIUU

yi=interpl (x,vy,x1i, 'metod’), rme
X — MaCCHB Yy3J10B (a0CIIUCC AKCIEPUMEHTAILHBIX TaHHBIX),
Yy — MaCCHB 3HaUYCHHUH QYyHKIMHU (OpIUHAT SKCIIEPUMEHTAJIbHBIX JTaHHBIX ),

XX — MacCHB 3HA4YeHUM aOcCuucc, B KOTOPBIX BBIYHMCISIIOTCS 3HAYCHUS
UHTEPHOJIUPYIONIEH QPYHKITUU

metod — omnpeaenser METOJ MOCTpOeHUs cIulaiHa. [IpuHuMaer cuexyromme
3HAYECHUS:

1. nearest — crynenyatas (0-off CTENEHW) MHTEPIOJANMS MO COCEIHUM
TOYKAM — 3TOT METOJ| MOCTPOEHUS KYyCOYHOW (YHKIMHU, MPU KOTOPOM
3HAYEHHUE B JI000I TOUKE paBHO 3HAYEHUIO B OJIMIKalIIee y3710BOM TOUKE;

2. linear — nuHeiHas (1-0¥ cTeneHNn) CIUTAWH-UHTEPIOSIIUS;
3. cubic — HHTEePIOSINI KyOHIeCKUM TTOJIMHOMOM;
4. spline — UHTEPNONALNNSI KyOMUECKUM CIUIAHOM;
5. pchip — HHTEPIONANHSI KyOMUYECKIM 3PMUTOBBIM CILUTAHOM.

Tax >xe B makere MATLAB pa3zpaborana GyHKIHS AJi MTOCTPOCHUSI CIUIAMH-
WHTEPIIONIALNY B HECKOJIBKO 00Jiee MPOCTOM BHUJIE:

yy=spline (x,Vy, XX)

Kak Buzaure, mnpu BbI30BE 3TOM (yHKIMH, HE TpeOyeTcs yKa3aHUs
JIONIOJIHUTENIBHOT'O TIapaMeTpa.

TexHoNOrHsI CpaBHEHHST METOJIOB aHAJIN3a DKCICPUMCHTAIBHBIX JaHHBIX (U3
Pasznena 3.3.) npencraBieHa HIKECICTYIOIEM JINCTHHTE

clear

x=[0.1 0.2 0.3 0.5 0.8 1.1 1.9 2.2 2.5];

y=[3.0 2.0 1.5 2.0 2.5 1.9 1.0 1.2 1.6];
xx=linspace(x(1l),x(end),100); %paBrHoMepHasa ceTka u3 100 35eMeHTOB



YintO=interpl (x,Vy,xx, 'nearest'); 3INpOMexyTOUHEE 3HAUEHUI
CTYIIEHUATOM MHTEPIIOJNSLNN

Yintl=interpl (x,y,xx, 'linear'); SHNpoMexyTOUHHE SBHAUEHUSA JIMHEMHOM

VHTEePIOJISLUNN

Yint2=interpl (x,y,xx, 'cubic'); SnpoMexyTOUHHE 3HAUEHUSA
MHTepHO_HHLLT/H/[ Ky@quCKT/{M ITOJIVIHOMOM
Yint3=interpl (x,y,xx, 'spline'); S%SnpoMexyTOUHEE BHAUYEHUSA
MHTepHO_HHLLT/H/[ Ky@quCKT/{M CH_HaTZHOM
Yint3=interpl (x,Vy,xx, "spline'); SnOpoMexyTOUHHE SHAUECHUA
VHTEPNOJNAUMM KyOMUeCKMVM CIJIaMHOM

Yintd=spline (x,y, XX)

scrpomMm rpadmk

plot(x,y,'o"',xx,Y¥int0,xx,Y¥intl, xx,Yint2,xx,Yint3)

grid on

legend Test YintO Yintl Yint2 Yint3

sum (abs (Yint3-Yintd4) ) %oueHka pacxoxIeHmda MeTomoB interpl ()
spline ()
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[Ipoananu3upynTte pe3yiabTaThl.
W, na nmocneaok, NOMEHSUTE YeTBEPTYIO CTPOKY

xx=linspace (x(1)-0.5,x(end)+2.0,100);

[IporHo3upoBanue 3HaYeHUM (PYHKIMM BHE HMHTEpBaJa  3HAYECHUU

HC3aBUCUMOI'0O apryMcHTa Ha3bIBACTCsA akcmpanwmuueﬁ.

[ToskciepuMEHTUPYITE ¢ UHTEpBAIAaMU AKCTpanojauuu. Crenaite BhIBOJBI.
[ToBTOpUTE CEPHIO IKCHEPUMEHTOB C PACIIMPECHHBIM HUHTEPBAJIOM apryMEHTA IS

ckpunra u3 Paznena 3.3.

PA3JIEJI 5. TIJTAH BBITIOJTHEHUS JJABOPATOPHOM PABOTHI




1. Bocnpouszseaute n.1 u n.2 u3 3aganus k Jlaboparopnoit pabore Nel. B
pe3yJbTaTe JOJDKHBI TOSBUTHCS CKAISPHBIE TIEpEMEHHbIe W1, W2 W JBa
MHOKECTBa t U A.

®ynxkius A(t) B JIabopaTtopHoit pabote No2 siBjisieTCss OCHOBOM JJIs Havasa
MOJENUPOBAHUSL.

Pe3ynbTarhl anmpoKCUMAIMM U WHTEPIIONSIAHA Oy/IeM CpaBHHBATh C dTOU
byHKITHEH.

2. Chopmupyiite amanmazoH t0 oTr a=1 g0 b=3 ¢ marom h0=0. 4.
PaccuuraiiTe (Ha JUCTOUKE WM B yME) KOJIMYECTBO Y3J10B N W 3ajaiTe
muanazoH tO kak B Pasnmenax 3.2. w 3.3. (370 mpuroaumrtcs B IS IS
NOBBIIICHUS YPOBHA JMCKPETH3alMU, HpU 3TOM Jauamna3zoH tO Oyner
NICPECUUTHIBATHCS ABTOMATHYCCKH).

Cohopmupyiite nquckpetayto ¢pynkipo AO=A(t0).

3. IMoctpoiite Ha 01HOM 0OIACTH HEMPEPHIBHBIN rpaduk GyHKIMU (A, t) H
TOYECYHBINH (C KPYIIIBIMH Mapkepamu) st pyakuuu (A0, t0) . I'paduxu
JOJKHBI OBITh COMPOBOKJEHBI JIETEHAAMHU, KaK, BIIPOUYEM, U B OCTaJIbHbIX
IIYHKTax.

4. Tloctpoitite Ha ocHoBe MHK anmpokcumupyromue ¢yHKuuu Yap3,
Yap)5, Yap7, Yap9 miusg MHOX)eCcTB (AO, t0) Ha auama3zoHe U3MEHEHUSI
JTUCKPETHOTO aprymeHnTta t, kak (cm. Pasgen 3.3.). Iloctpoiite rpaduku
MOJIyYeHHBIX (QYHKIIUA COBMECTHO C QYHKIUAMHU 11.2. CIenaite BHIBOJIBI.

5. Iocrpoiite anmpokcumupyoomue QyHkmuu YintO, Yintl, Yint?2,
Yint3 masa MHOXKecTB (A0, t0) Ha AUana3zoHE U3MEHEHUS JUCKPETHOTO
aprymenTa t, kak (cm. Pasmen 4.). Tloctpoiite rpadmky NOTYYSHHBIX
GbyHKIMI COBMECTHO ¢ GyHKIUAMH 11.2. CrenaiTe BhIBOIBI.

6. TloBTopute naefictBus B mm. 2—4 c¢ marom h=0.2, a 3areM ¢ IIarom
h=0. 1. Cnenaiite BIBOABL. [ padyku 1 BEIBOJBI 100aBBHTE K OTUETY

7. TlocTpoiite sKcTpanoiupyromuye rpadukd Mpd MHHUMAIBHOM YPOBHE
JTUCKpETH3aIlMk He3aBUCHMMOro aprymenra tO (to ecth mpu h=0.1).
Jnamna3oH HE3aBUCUMOIO apryMeHTa t yBeJIu4bTe cipaBa u ciiaBa Ha 0.5.
To ecTb caenaiTe 3aMEHy B OJHOM M3 TIEPBBIX CTPOYEK:

t=[0.5:0.01:3.5];
Cnenaiite BEIBOJEL.

PA3JIEJ 6. OTUET IO JJABOPATOPHOM PABOTE

OtyeTt 1o J1abopaTopHOM paboTe NOHKEH COICPIKATh CIICTYIONIEE.

1. TUTYABHBIN JKCT.

2. llens JIabopaTopHO# pabOTHI.




CoNoaRrLDE

3. Bapuant 3ananus.
4. TlonHbBI KOMOUIMPYEMBIA JIUCTUHT PEaTU30BaHHON ITPOTPaMMBL.
5. I'paduku dhyHKIUH ¢ JereHaaMU.

6. BeIBOIBIL.

PA3JIEJI /. KOHTPOJIBHBIE BOITPOCHI

B uém 3akirouaercs 3aada annpoKCUMAIUU SKCIIEPUMEHTAIBHBIX TAHHBIX?
B uém 3akntouaercs 3aga4a HHTEPHOJIALMN YKCIIEPUMEHTATBHBIX TAHHBIX ?
B uém 3akmogaercs MHK?

Yo Takoe JIMHEHAs annpoOKCUMAaIus?

YTo Takoe NOJIMHOMUAJIbHAS allpOKCUMAIINS?

Yrto Takoe JIMHEITHAS UHTEPIIOSAIINS?

Yrto Takoe riodanbHas UHTEPIOSAIUS?

Yto Takoe CrijialiH-uHTEePIOIAMA?

B uém 3akirouaercs 3aj1adya dKCTPANOJIAIUN YKCIEPUMEHTAIbHBIX JAHHBIX ?

JIONOMHUTENbHYI0 MHGOPMALMI0O O pead3alui METOAOB HHTEPHOSLIMM U
annpokcuManuu B cperne MATLAB MoxHO 1osIy4uTh, HapuMep, BOCIIOJIb30BABIINCH
pecypcom

https://studfiles.net/preview/6654106/

WJIM OCHOBHOM O6ubnmnorpadueii kypcea.



https://studfiles.net/preview/6654106/

