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1. BBEOEHUE

[Ipu npoBesieHUH UCTIBITAHUA COBPEMEHHBIX CIIOKHBIX TEXHUUECKUX
CHUCTEM TPUXOOUTCA OOpadaThiBaTh W AaHAJIM3UPOBATh OYEHH OOJBINKE
o0bembl uMHpOpManmu. B Hactosiiee Bpems KadecTBEHHass 00paboTKa
UHQOpPMAMM HEBO3MOXKHA 0€3 NPUMEHEHHUs KOMIBIOTEPHOW TEXHUKU.
CoBpeMeHHBIE MaTeMaTHYECKHE METOAbl HMHTEPHOISLIUU JIOCTATOYHO
MOAPOOHO H3JIOKEHBI B psZic TPYIOB OTEUECTBEHHBIX M 3apyOe:KHBIX
aBTOpoB. OnIHAKO MHOTHE M3JIOKECHUSI HOCST YUCTO TEOPETHYECKHUI
Xapakrep, TIAe HEAOCTaTOYHOE BHHMMAHME  YIENsAeTcs  acleKkTaMm
MPaKTHYECKOT0 UCTIOJIb30BaHUS METOAOB alPOKCUMALIUH.

C nosiBneHreM OOJBIIOTO KOJMYECTBA MATEMATHUECKUX TTaKEeTOB IS
COBPEMEHHBIX KOMIIBIOTEPOB elle 0o0jiee YBEIMUYMICS Pa3pblB MEXKAY
o01ielt Teopuei HHTEPIOISIIUA U YPOBHEM TPAKTUIECKOTO UCTIONB30BaAHUS
WH)XEHEpaMHd METOAOB WHTEPHOJIIUA. METOIUKH HWHTEPIOJSIIUA MOTYT
OBITh JIETKO PEaM30BaHbl C HCIIOJIb30BAHUEM CPEACTB MaKeTa MPUKIIaTHBIX
nporpamm MathCAD. Bribop storo makera oOyCJIOBIIEH TEM, 4YTO OH
Mo3BOJISIET B yNOOHON (Qopme mpeAcTaBisiTh U MPOCMATPHBATH
UHQOpPMALMIO, a TakXKe CO3[JaBaTh IMOJb30BATEIbCKUE (YHKIUMH U
IPOLEAYpPhl TOBOJIBHO CIIOXKHOM CTPYKTYphl. BMmecTe ¢ TeMm 3ammch 3THX
NporpaMM TPOM3BOAUTCS B Qopme, YIOOHOW Mjsi TOHMMAaHHS JaKe
HEHCKYLICHHBIMU  [OJIb30BaTesAMU. PaMKH  TpaJWIHMOHHBIX  SI3bIKOB
MPOTPAaMMHUPOBAaHUS  HE  TIO3BOJIOT  BTHUCHYTH  OoraTelii  HaOOp
nacrpymentapuss MathCAD, koroperit peanwm3oBad B Buae (QyHKIHH B
OOIIENPUHITOM MaTeMaTHIECKOM BHUJIE.

B nmepBoii maBe  pacCMOTpEHBI  TEOPETUYECKHE  OCHOBEI
WHTEPIIONSIIIAY, PA3IUYHBIE YHCICHHBIE METONBl HHTCPIONSIUA |
O0COOCHHOCTH OIICHKH TPAaBHIBHOCTH MOCTPOCHUS HHTEPIOISIIMOHHBIX
MHOTOUJICHOB.

Bo Bropo#i rmiaBe paccMOTpeHBl OCOOCHHOCTH HPOTrPaMMHOM
peanu3anuyd YHUCICHHBIX METONOB HHTEPIONMPOBAHUS B MPOTrPaMMHOMN
cpene MathCAD.




1. OCHOBHBIE TEOPETUYECKHE MOJIOKEHUA
HUHTEPIIOJISIIINA
1.1. lIpu6am:kenne PyHKIMU OJHOI MepeMeHHOI

B BBIUMCITUTENBHOM aHaNM3e 3alaudl TMPHOIKEHHUS BO3HUKAIOT
9acTo:

® Korza HeoOXOIMMO 3aMEHHUTH CIOXKHYIO B BBIYMCIHUTEIHLHOM IUIaHE
¢yHKIIMIO 60JIEe TPOCTOMH.

e Korma HEoOXOOMMO BBIYHCIHTH 3HAYCHHE TAOIUYHO 3aJaHHON
(GYHKIMH B TOUYKE, 3HAUYCHHE KOTOPOW HAMPAMYIO OTCYTCTBYIOT B
3TOi1 TaduUIE.

e Korma HeoOXODMMO TIONYYUTh AaHAJUTUYECKOE BBIPAKEHUE
OTMCHIBAIOIIEE IKCIIEPUMEHTAIILHO TTOJyICHHBIC TaHHBIE.

e Korma HeoOxomuMo muddepeHIupoBaTh WIM HWHTCTPUPOBATH
TaOIMYHO 33JaHHYI0 (YHKOHIO WM (YHKIHAIO, CIOXHYIO B
BBIYUCIIMTEIBHOM TIIAHE U T.JI.

Ha npuHIMNIUansHyl0 BO3MOXKHOCTh MNPHONKEHHS —(QYHKIUN
yKa3bIBaeT Teopema Beiiepmrpacca:

s nobotl HenpepwvlgHOU yHKyuu f(X) Ha Kakom-1ubo ompeske
[a;b], umeroweil Henpepvighbie NPOU3BOOHbIE 100020 NOPOKA, 6ce2a
MOIACHO NOOOOPAMb MAKOU MHO20UNIeH cmeneHu «ny - Py(x), 0ns komopozo
|/ (x)- P,(x)| < &, ckomb mano 61 « € » ne Gvino.

Ota TeopeMa TOBOPHT O TOM, 4YTO JI00as HempepbIBHAS
muddepenpyemas QyHKIUS MOXKET OBITh 3aMEHEHA Ha MHOTOWIEH N-Oi
CTETICHH OT X.

Bce 3amaun npuOIMKeHust ISNIATCSA Ha 2 YacTH:

1) 3374l UHTEPITOJISIIIUN

2) 3a7a4M armnpOKCHUMAIIHH.

Vx

J(x)- ucmunnas pynkyus  p(x)- unmepnonsayus
z(X)- annporxcumayus

Puc. 1. I'paduaeckas waTEpIIpETAITNS TPHOIMKEHUS (QYHKITUN OTHOM
TIEPEMEHHOW: UHTEPIOJISIIIHAS U alIPOKCUMAIIHSL.



B 3amayax wHTepmomsAiMu TpeOyeTcs COBNAAeHHE 3HAYCHUI
¢ynkiuu f(x) u MHOrOwIeHa P,(X) B 3a1aHHBIX TOYKaX.

B 3agayax anmpoKcHMalldd TOYHOI'O COBIMAJCHHS HE TpeOyercs, HO
3aBHCHUMOCTH JIOJIKHBI OBITh OJIM3KHU JPYT K JIPYTy B CMBICIE HEKOTOPOIO
KpHUTEPHUSL.

I'paduku 3amad NpuOIMKEHUS TPEICTABICHBI HA puc. 1. B manHOM
METOJMYECKOM  MocoOuMu  OymeM  paccMarpuBaTh  TOJBKO — 3ajauM
MHTEPIOJISIUH.

1.2. ITocTaHoOBKA 32124 UHTEPNOJIALNHU
WuTepnionsiuss — 3To 3ameHa wucxonHou ¢yHkiuu f(x) (koropas
3ajaHa TaOJIMYHO, CJIOKHO aHATUTHYECKU, KYCOYHO M T.JI.) MHOTOWJICHOM
N-TO TOpsiAKa Tak, YToOBI 3HaueHWe QyHKnuu f(X) m MHOTOwWIeHa P, (X)
TOYHO COBIIaJaJIN B 3aIaHHBIX TOYKAX (y3nax I/IHTepHOHHHI/II/I).
[lpy  BBIIONHEHWM  WHTEPHONALNMU  JICNAIOTCS  CIIEIYIOIIUE

JTOTTYIIIEHUSI:

1) Oynkius f(x) HenpepsIBHA

2) Oynaknus f(X) ¥MeeT KOHEYHbIe MPOU3BOAHBIE 10 n+l
MOpSIKa BKITFOUUTEITHEHO

3) Oynkmus f(X) omHO3HAYHA, T.6. OJHOMY 3HAYCHHIO X
COOTBETCTBYET TOJIHKO OJIUH Y

4) VY3nbl HMHTEPHOISAUUUA  X0,Xi,...,Xn 3HAYUMO OTIMYAIOTCA
Apyr OT Apyra.

B otom cinysae 3amada  MHTEPIOIMPOBAHUS MOXKET  OBITh
chopMynupoBaHa CIEAyOIIEM 00pa3oM: 3agaHo n+l TOYeK Xo,Xi,...,Xn
ucxonHor ¢pynkunu f(x) u 3HaueHus (Tadmn.l.):

Tabnuya 1. Hcxoouvle oanuvie 0ns UHmMepnoisayu.

X y
Xo yo:f(Xo)
X yi=f(x1)
X2 Y2:f(X2)
Xn Vu=f(Xn)
Heob6xomimo BBIUUCIINTh KO3 PHUIIUEHTHI BBIOPaHHOTO

WHTEPIOJSAIMOHHOTO MHOTOWIEHA TakK, 4YTOObl 3Ha4eHWs QYHKIUH ¢
3HAQYEHHs] MHOTOYIEHA COBITANAIIN.
Paznuuaror 2 Tuma 3ama4 HHTEPIOIUPOBAHUS:



1) WnTepnonsuyss B IIMPOKOM CMBICIIE, KOraa HeoOXoauMo
MOCTPOUTH  AaHAIUTHUYECKYI0 3aBHUCHMOCTh, 3aMEHSIOIIYI0 HCXOAHYIO

(GyHKITHIO.

2) WuTeprionsiiyst B y3KOM CMBICIIE — KOrjia HEOOXOIUMO
BBIYMCIINTh 3HaYeHWe (YHKIMH B TOYKE X, HE SBISIOMICHCS Y3JIOM
WHTEPITOISINH.

Kpome Toro pazinnuaroT HHTEPIONIALUIO U SKCTPATIOJIAIHIO.

1) WuTeprionsaius — 3aMeHa (QYHKIIMHM U BBIYUCIICHUE BHYTPHU
OTpe3Ka [Xo;Xn]

2) OKcTpamonsus — 3aMeHa (QYHKIMH W BBIYHCIECHHE 3a
MpeaenaMu  OTPE3Ka [Xo;Xn]. ODKCTpamoJUpOBaHUE BIIEpEN HA3BIBACTCS
MIPOrHO3HPOBAHUEM.

Metoabl MHTEPIOJSIIIMU OTIUYAIOTCS BUJAMU HUHTEPIIOISIMOHHBIX
MHOTOWICHOB W METOJaMU pacdeTa UX KOIPOHUIIMESHTOB: METOI
Bannepmonna, Jlarpanka, HeioToHa, criiaitHbl.

1.3. Meton Bangepmonaa

ITo sTroMy MeToqy B KauecTBe HWHTEPIOJSIIIMOHHOTO MHOTOUICHA

BEIOMPAIOT CTETICHHOM psifl BU/A!
P.(x)=aptax+ax’+...+ax";

DTOT sl COMEPKUT n+1 HEU3BECTHBIX KOIPPUIIMESHTOB dg, A1z ...y,
YroObl HaliTH KO3(PQPUIIMEHTHI 3TOTO Psiia UCIONB3YETCsl caMa MOCTaHOBKA
3aJ1a9i HHTEPITOIISINH:

Pu(xo)=yo, Pu(x)=y1,  Pu(X2)=y2 ... Pu(X)=yn

DTO TMO3BOJIIET MOCTPOUTH CUCTEMY JHHEWHBIX alreOpanmyecKux

YpaBHEHUIL:

) o
Hao QAR R
)
Hao u ax, + 0,4, Tt anxnl =) TIIE 80,31,82. ..,8n =

U 1
R

Pemrast sty cuctemy metogom Kpamepa, I'aycca, METO/IOM MPOCTHIX
uTepanuii, 3einens onpeaeasoT Ko3QPUInueHTs a,a1,2s. . .,an
JlocTonHcTBA:!



1) opoCcTOTa MHOrowieHa W BO3MOXHOCTDH JlaIbHEHIIIETO
HCIIOJIb30BaHUA

2) MPOCTOTA OTNpeAeNeHusT KO3(PPHUIIHEHTOB a9,a1,2;. ..,an
Henocrarku:
1) HHU3Kasi TOYHOCTh BBIYMCICHUS KO3()(UIMEHTOB (IpU n>5

MOTPEIIHOCTH BBIYMCIECHUS KO3((PUINEHTOB a; MPEBBILIAIOT MOIPEIIHOCTh
WHTEPIOINPOBAHHUS.

2) IIpn u3MeHeHUU y3JI0B HMHTEPIOJSILUU PELICHHUE 3a1a4yd
MOJHOCTBIO MOBTOPSIETCSl OT Hayaja A0 KOHLA M Bce KO3(PQUIMEHTHI
MEHSIIOTCSI.

1.4. MHorouaen Jlarpanxa
Jsi MHTEPHOJSAIMH YacTO HCIOJIB3YIOTCSA APOOHO-PAMOHAIBHBIC
¢GbyHKIIIH. SIpKUM TIpecTaBIeHUEM TaKUX (DYHKITUH SIBJISETCS MHOTOWICH
Jlarpamka, B OCHOBY KoTOporo monoxkeHa ¢yHkius Kponekepa. B
pacoiupCHHOM BUAC 3TOT MHOT'OYWICH UMCCT BUL
(x- xl)(x- xz)...(x- xn) - (x- xo)(x- x2)...(x- xn)
(xO - xl)(xO - x2)...(x0 - xn) 0 (xl - xO)(x1 - xz)...(x1 - X,

Pn(x) = ) vt

» (x- xO)(x- xl)...(x- X l) y
(xn - xO)(xn - xl)...(xn -x, 1) n
I[J'UI y,Z[O6CTBa HCIOJIB30BAHUA 3TOT MHOT'OWICH MOKHO IIEPCIIUCATh B
BHUIC:

, e0e A, =———
[Te-x)

i=05i#]

45,
(x- x‘/-)

ACE § CEEP))

Aj —xo3¢ppunmenTsr MHOTOWIEHa Jlarpanxka.
JlocTomHCTBA:!
®  yhaeTcs MCHOJIb30BaTh NPH WHTEPIIOIMPOBAHUH B Y3KOM CMBICIIE
®  [IpPH UCIOJIb30BAHUH BBIUYUCICHHUS APOOEH 1o criocody
MoouYepeTHON CMEHBI Orepaui. TOYHOCTh BEIYUCICHHUS APOOei
JTOCTaTOYHO BBICOKA.
Henocrarku:
®  [IpY UHTEPIOIMPOBAHUU B IIUPOKOM CMEICIIE TpeOyeTcs
BBIYKCIIUTh MHOXECTBO alire0pandecKux Mmpeoopa3oBaHu.
® B pesynbrare anredpandecKkux mpeodpazoBaHUi TepseTcs
TOYHOCTH BEIYHCICHUSA K03 PHUIIMEHTOB TTpeoOpa3oBaHs
MHOTOYJICHA.
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1.5. Muorowiennl HoloToHa

JIBa mpempIayIX MHOTOWICHA WMEIOT KPYIHBIM HEIOCTATOK: IpH
M3MCHCHUHM KOJWYECTBA VY3JI0B TNPHUXOAWIOCH I[EPEeCTpamBaTh BECh
MHOTOWIEH MOJHOCTBIO. OTHUX HEIOCTATKOB JIMIIEHBI MHOTOWIECHBI
Herorona. Mx nBa, Bun ux ognHakoB. OHU OTIMYAIOTCS. BELIOOPOM OTIOPHOMN
TOYKH.

Ecnu onopHoi#t siBiIsieTCsl HavanbHAsi TOUKA TaOIUIIBI X,

P,(x) =a, +a;(x- x)) +a,(x- x))(x- x)+...+a,(x- x.)(x- x)(x- x

Ecnu onopHas Touka NOCIAEAHSSA Xn:
P, (x) =b, +b,(x- x,)+b,(x- x,)(x- x, ) +..+b,(x- x,)(x- x, ) (x-x
TIe 29,a1,a2,. . .,an — PA3JICIICHHBIC PA3HOCTH TSI OMTOPHOHN TOYKH X

bo,b1,bs,...,bs - pa3aeneHHbIe pa3HOCTH JUIS OTIOPHOM TOUKH Xy

i L

e O l.J - pasjesieHHas Pa3HOCTh j-ro mopsizaka s [-Toit onopHoi

TOYKH.

B KkadecTBe ONOpPHOM TOYKHM MOXKHO BBIOpaTh JIOOYI0 TOYKY
TaOIUIIBl, HO TPH ATOM KOJNWYECTBO Y3JIOB HHTEPIIOJSLINU yYMEHBIIHTCS.
Ecmm  omopHO#t  sBHmsAeTCs TepBas  TOYKa  TAOMMIBI, TO  TaKOH

11



MHTEPHOJANOHHBI ~ MHOTOWIEH  HAa3bIBA€TCd  MHOTOWIEHOM s
WHTEPIIONUPOBAaHUS BIIEPEA, a €CJIM 3a OINOPHYI0 TOYKY BbIOMpaeTcs
MOCIEAHAS TOYKAa, TO MHOTOWICH Ha3bIBAETCI MHOTOWICHOM IS
WHTEPIOINPOBAHNA HA3a.

Henmocratok: s yIpolieHust TpeOyeTcs IOMOJHHUTEIbHBIC
aHAJUTUYECKUE TPeoOpa30OBaHHUI.

1.6. Tadmna KOHe4YHBIX pa3HOCTel U UX CBOlicTBA

Ecnu  y3mbl MHTEPHOSIIMM NPEACTABISIIOT COOOH  PETYISIPHYIO
TaOmUIy (paccTOSIHUA MEXIy 3HA4eHUSMH X OIWHAKOBOE), TO CBOICTBa
TaKuX TaOJNMYHO 33JaHHBIX (QYHKIUH MOXXHO ONHCaThb C MOMOLIBIO
maobauybl KOHEYHbIX PA3HOCMEN.

Koneunyro pasnocme I-c0 nopsoka Ha3pIBalOT PA3HOCTb MEXKIY
JIBYMSI COCEJTHIMH 3HAYCHUSIMU (DYHKIIHH.

O06o03HayeHus:

A =y
A, =A, =y, ),

1
2 Al Al
A=A - A

k k-1 k-1
A=A - A

i+l

s s | s s [ s |

o k
B Bepxmeit wactm A, yKka3bpIBaeTCs MOPSIOK pasHOCTH (K), B

HIDKHEH 9acTH — HOMEP TOUKH, K KOTOPOi OTHOCHUTCS pa3HOCTh (i).
Y koHeuHbIX pasHocTeil [-ro mopsaka mumdpa, obo3HaYaroIIas
MOPAZIOK PA3HOCTU MOXKET OIYCKAaThCA.
Koneunbie pasHoctd oQOpMIISIOT B BHJC
TPEYroJabHBIX TabmuIl (Tabm.2.):
Tabnuya 2. Tabauya Koneunvlx paznocmell.

JUaroHaJbHbIX WJIH

Xi | Vi A,'I A,'z .es Al

X0 y() A[) ! :yl‘y() A() ZZAI I'A() ! An n:An-J n-J'An el
X |y | A 1=y2—y1 A’=A"-A,1

X2 | V2 A21:y1—y0 A22:A3 ]—Azl

Xn | Vu A,'=0

B TpeyronbHbIX Ta0muiax pa3sHOCTH OTHOCSIIEHCS K i-OM TOuKe

3aIIMCBHIBAETCSA B [-OM CTPOKE.

B amaroHanmbHBIX TaOMUIAX PA3HOCTH OTHOCAIIEHCS K i-OM TOYKe

3aMHUCHIBAETCS MEXAY i-OU U i+ /-0l CTPOUKAMH.

12



TaOnuubl KOHEUHBIX Pa3HOCTEH 00IaJal0T CIEAYIOIUMH CBOHCTBAMHU:
1. CyMMa KOHEUHBIX pa3HOCTEH K-TO TOpsAKa paBHA
pa3HOCTH KpailHUX KOHEYHBIX pa3HOCTeH (k-1) —To mopsa/ka, T.e.

n

k _ Ak-1 k-1
ZAi _An A0
i=0

OTO CBOMCTBO HUCHONB3YEeTCS JUIsl MPOBEPKH  MPaBUIBLHOCTU

COCTABJICHUSI TAOIUITHI KOHEYHBIX Pa3HOCTEH.

2. Econ mcxomuayro (QyHKIHIO )y YMHOXKHTH Ha TTOCTOSTHHBIN
KO3 PUIINEHT, TO ¥ BCce KOHEUHBIC PA3HOCTH CIIEAYET YMHOXKHUTh Ha
TOT k€ KO3((PHULKEHT.

3. Ecnmu ucxonnyro (GyHKIHIO MOXXHO TIPEACTaBUTH B BUJE
CyMMBbI (PYHKIIMI, KOHEYHBIC PA3HOCTH KOTOPBIX HW3BECTHBI, TO
KOHEYHBIC Pa3HOCTU HMCXOMHOU (PYHKI[UM MOXKHO OIPEICIHUTh Kak
CyMMBI KOHEUHBIX Pa3HOCTEH COOTBETCTBYIOIINX IOPSIKOB
COCTABIISIONINX CYMM (DYHKITHIA.

4. Ecau QyHKIMS NpeAcTaBsieT cO00H MHOTOWICH K-TO MOPSJIKA, TO
KOHCYHBIC Pa3HOCTU K-TO TIOPSAKA JUIS Takod (QYHKIUH OymyT
MTOCTOSIHHBI, a Pa3HOCTH 00Jiee BBICOKMX MOPSAKOB PaBHBI HYIIO.

5. Ecmu ucxomHast QyHKIHS OMpenesiach SKCIEPUMEHTAIBHO HITH
pacUeTHBIM IIyTeM, TO CJIy4allHble OIIUOKH W3MEPCHHUIA WIH
BBIYMCIICHUH MOXHO OIPEIEIIUTh 110 Ta0NUIe KOHEUHBIX Pa3HOCTEH
CIICAYIONINM 00pa30M: OIMNOKA HAXOIAWTCSI B TOW CTPOKE TaOJHIIBI,
TJe JUId YeTHBIX Pa3HOCTEH HaXOMWTCsl camasi OONblias BEeIHYHHA
(OTHOCHTEINEHO BCEX MPOYHX ), a JJIsl HEUETHBIX Pa3HOCTEH BEPXHUX
Y HIDKHUX COCEIHUX CTPOKaxX, MPUYEeM CyMMa OIIMOOK B CTONOIE
0001 pa3HOCTH K-TO TIOpsAKA paBHA HYIIO, a CyMMa MOIYJei

OImMOOK paBHA 2k .E, TJIC € - BeIMYMHA OIINOKY.

1.7. Tabauua pasaeeHHbIX Pa3HOCTEN M UX CBOMCTBA

Eciiv  y37mbl MHTEPIONISAIMU MPEACTABISIOT COO0H HEpEryIspHYHO
TaOIUIy, TO CBOMCTBa TakKMX TaOMMYHO 3aJaHHBIX (YHKIUHA MOXKHO
OTIMCATh C MTOMOIIBIO MAOAUYbl PA30eNleHHbIX PAZHOCHE.

OG6o3HaueHue: 6/,

L€ K - IOPSIIOK Pa3JeIIEHHON pa3HOCTU

I-HOMEP TOYKHU.

Cumnraercsi, 9TO0 paszodeieHHble PA3HOCMU H)1e8020 NOPAOKA PaBHBI

3HAYCHHSM (YHKIIHU:
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0_
d; =i
Pazoenennvimu pasHocmAamu I-e0 nopﬂ()Ka Ha3bIBACTCs OTHOILICHUEC
pa3HOCTH 3HaYeHUH (QYHKIHUU B 2-X TOYKaX K PasHOCTH apryMEHTOB B 3TOU
TOYKE.
5! _Yim = Vi

l

Xivn = X

Pazoenennvimu pasnocmsamu k-20 nopsi0ka Ha3bIBaCTCS OTHOIICHHE
PasHOCTH Pa3/eTCHHBIX Pa3sHOCTEH (k-1)-ro TMopsaka B 2-X  COCEIHHX
TOYKaX K Pa3sHOCTH apryMEHTOB B KpaWHHUX TOYKAX, KOTOPHIE

HCIIOJIB3YIOTCA IJIA pacyeTa 3THUX pa3aCJICHHBIX pa3HOCTeI712

k-1 k-1
Sk =5i+1 - 61‘
i
Xigg = X

Tabnuiubl pa3feneHHBIX pa3HOCTeH ObIBACT TPEYrONBHOTO U
IMArOHAJILHOIO BHAA W O0JIaaeT TEMH XK€ CBOMCTBAMM, YTO W TabJHMIa
KOHCYHBIX Pa3HOCTEH, KpOME TIEPBOTO CBOWCTBA.

Ecmu Tabmuia perymsipHa, TO Uil HEe TOXKE MOXHO TIOCTPOHTH
TaOIUIy pa3lelieHHBIX pasHocTed. [Ipu 3TOM pas3jieeHHbIE Pa3HOCTUH H
KOHEYHBIC Pa3HOCTU OYIYT CBsI3aHBI COOTHOIIICHUEM:

k
(Sk — Ai
i k
k'h
IIpumep: IIOCTPOUTH MHTEPIOJSAUOHHBIN MHOT'OWIEH
Bannepmonna, Jlarpanka v HbrOTOHA [J18 MHTEPHONALMH B IIMPOKOM

CMBICIIE JUTS CIIeAyIoner TaOauIHON QYHKITHH:

i X y
0 0 5
1 1 6
2 2 13
3 5 132

Pemenwe:
1. MaTepnonsiunoHHbId MHOTOWIEH BanaepMonia numeeT BUA:
Ps(x)=aptax+ax’+asx’
s onpeneneHus ko3(QGUIMCHTOB OCTPOUM CHUCTEMY JHMHEWHBIX
YpaBHEHUI OTHOCUTEIFHO HE3aBUCUMBIX KOA(DHUIIMEHTOB Ao, a1, a2, a3'
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a0+a1-0+a2-02+a3-03=5 3.0:5

agta;- 1+a, 1*+as-1°=6 a;ta,tas=6
apta;-2+a,-24a;-23=13 2-a;+4-a,+4-a;=13
apta;-5+ay 57+a;5'=132 S-art25-a+125-a5=13

PemmM cucreMy MeTOIOM MOACTAHOBKH:
BeruTeM U3 [1-0ii crpoku I-yto, ymHOkeHHYt0 Ha 2 (II'=I1-2-1)
BeruTeM u3 I11-eii crpoku I-yto, ymuoxennyto Ha 5 (III'=III-5-T)
ajta+a;=6
2-a+6-a;=6
20-a,+120-a5=122

- BeruteM u3 Ill-eit crpoku I1-yto, ymuoxkennyto wa 10 (III”=II1"-10-1I)
2-a,+6-a;=6
60-a;=62

Orcroma a;=1,09, a,=2,9,a,=1,933

Takum o00pa3oM, HHTEPHOJAIMOHHBIA MHOTOWICH BanmepmoHma
MIPUMET BUA:
Ps(x)=5+1,933-x+2,9-x’+1,09-x°
2. UVHTepnosiiuOHHBIA MHOTOWICH Jlarpamka i TpEX TOUeK:

(- x) (- x,) x- x) (- x) - x,) (x- x)
L — 1 2 3 X 0 2 37 .
O e ) =) " ) ) )
(x- x,) (x-x) Lx-x,) (x-x) (x-x) Lx- )
VY, Vs
(x,- x,) {x, - x) {x, - x)) (x, - x,) (o, - x) oy - )
e D a8 (e 0) e 2) e 9
L =0 T0-200-9 > -0 -2 0.5 °F
(x-0) {x- )(xS) (x-0) {x-1 {x-2)
LT GG 2
[Ipeobpasyem ypaBHEeHUE
Ly =x - La3 13,000, o fy 2l 5 1980, . 17,30 65H
T2 2 6 300 0 00 2 30070 272 e
=5+1.933 -x+2.9 -x* +1.09 -x°
3. HNurtepnionsuronHbii MHOTOWIeH HbroTOHA

[TocTponm TabmuMITy pa3neaeHHBIX pa3HOCTEH:
15



i[x] y=a 5 & &
. 0
0jlo] 5 (6-5)/(1-0)=1 (7-1)/(2-0)=3 (8,14-3)/(5-
0)=1,09
1[1] 6 (13-6)/(2-1)=7 (39,7-7)/(5-
1)=8,14
212 13 (132-13)/(5-
1)=39,7
3[5] 132

W3 Tabmumbl pa3felieHHBIX pa3HOCTEW HaMJeM HEH3BECTHBIC
KOO(POULIUEHTHI : ap=yo=&"=35, a;=8'=1, a,=87=3, a;=67=1,09
Muorouwien HrroToHa:

Ns(x)=aop+a;-(x-x¢)+az-(x-xq) (x-x 1) +as-(x-xg) -(x-x,) -(x-x2)=5+1-(x-0)+3 -(x-
0)-(x-1)+1.09-(x-0)-(x -1)-(x-2)=5+1.933 x+2.9x’+1.09x’

1.8. E1MHCTBEHHOCTHh HHTEPIOJISAIIUOHHOI0 MHOTO4YJIEHA

Jlokaxkem, 4TO Ui OJHOW W TOW >Xe TaOmumbel depe3 (n+1) yzen
JOOBIM ~ CIIOCOOOM ~ MOXXHO ~ TMOCTPOHMTh  OJMH  CIUHCTBEHHBIH
WHTEPIOJSIIMOHHBIA MHOTOUICH.

JlokazarenbCcTBO OT MMPOTHUBHOTO: MPEANIOIOKNAM, YTO YEPE3 Xg, X;...Xy
, Yo, Vi...Vs OBIJIO IOCTPOEHO JIBA MHOTOYJICHA BUA:

P.(x)=ap+ax+ax’+...+ax",
Zy(x)=botbx+bx’+...+bx".

Onpenenum UX pasHOCTh, KAK MHOTOWIEH /1-0# CTCIICHHU.

Pou(x)- Z.(x)=( ap - bo)+ (a; — b)x+( a> — by)x’+...+(a,— b,)x" (¥

B coomeemcmeuu ¢ meopemoit Ponns, 060t MHO2OUIEH N-20
nopsoka obpawjaemcs 6 HOMb N paA3 6 MOYKAX, KOMOpvle AGNAIMCA
KOPHAMU 31020 MHO20UleHA.

Takum oOpasom, P,(x)- Z,(x) OymeT oOpamiatbCcsi B HOJIb BO BCEX
3a[JaHHBIX y3JIaxX UHTEPIOJSINA, TaK KaK P,(x)=y; u Z,(X;)=y;, 0 yCIOBHIO
WHTEPIOIISINH.

To ectb MHOTOUNEH P,(X)- Z,(x) OyneT oOpaiarbcs B HOMb B (n+1)-
0¥ TOUKE, YTO MPOTUBOPEUUT TeopeMe Posst.

B Buay Toro, uro ypaBHeHue (*) oOpaimaercss B HOJIb, €ClH X;#()
TOJIBKO €CJIH:

ap :b(), ar= b], azzbz,... an=bn B

TOT/Ia MHOTOWIEHKI P,(X) 1 Z,(X) COBIaaIoT.

Teopema. /[na 3adannoii mabnuysi, codepacaueii (n+1)-yro mouxy
MOXMCHO NOCMPOUMb €OUHCMBEHHbI UHMEPNOTAYUOHHBIU MHO20UNEH N-20
NOPAOKA, KAKUM Obl CNOCOOOM MOM MHO20UIEH He CHPOUTU.
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1.9. ITorpemrHOCTH HHTEPIOIAIUH

[Ipn wmHTEpHONAINMK clexyeT pa3indaTb pacdyeTHble TOouku. Ecmn
TOYKA SIBJIIETCS Y3JI0M, TO IIOTPEIIHOCTh HHTEPIIONSAIUH B HEH paBHA HYIIIO,
B COOTBETCTBUH C IIOCTAHOBKOH 3a/1aull HHTEPIIOIUPOBAHUSL.

Bo Bcex mpoMeXyTOYHBIX TOYKAX IMOTPELIHOCTH OyNeT 3aBHCETh OT
MOJIOXKEHHUSI 3TUX TOYEK, M OMPEAEIATHCS PAa3HOCTHIO MEXKAY HCTUHHBIM
3HaUYeHUEM MHOrowieHa P,(x).

R(x)=] f(x)-Pu(x)|

Ecimn 310 BBEIpaxkenne npomuddepeHupoBars (n+1) pas, To Bce
ciaraemble OT MHOTOUJIeHa P,(X) KpoMe TOCIIeIHEro CIaraéMoro UCUe3HyT.
[Mpumenss s BBIYMCICHHUS TPOU3BOJHOM OT (YHKUMHU f{x) Ha OTpe3ke
(X0;X,) TEOPEMY O CPEOHEM MOXKHO IIOJIYYHUTh OLEHKY Al MOTPELIHOCTU

HWHTCPIOJIUPOBAHUA B BUAC:
(n+1)

(n+1)! (

e M™7 — MakcuMalbHOE MO MOJYIIO 3HAYEHWE MPOU3BOIHON
(n+1)-ro mopsIKa OT UCXOAHOM (DYHKIIMU HA OTPE3KE (X9, X,);

X — 3Ha4YEHHE B TOUKE, T7Ie OLICHUBAIOT TOTPEITHOCTb;

1 — MOPSI0K HHTEPIOISAIIMOHHOTO MHOTOWICHA.

Ecnmu  mpousBomnyo  (n+1)-ro  mopsaka M™"  amanurudecku
ONpeNeNuTh Helb3sd, TO €€ NPUOMMKCHHO 3aMEHSIOT pPa3aelICHHOM
pasHOCTBIO (n+1)-ro mopsiaka: M™ " =8,,,""

R(x) = x- xo)-(x-xl)-(x-xz)-... -(x-xn)

1.10. Cnuiaiin

Ecim ncxonnas GyHKIMS f(X) OTIHYAETCS BBICOKOH HEMHEHHOCTBIO,
TO JUIsl OTIMCAHMS STOM (QYHKIUU NPUXOAUTCS CTPOUTH HHTEPIOISLMOHHBIE
MHOTOYJICHBI BBICOKOTO TMOPS/IKA, YTO YBEIMYUBACT MOTPEIIHOCTH OLICHKU
KO3 PHUITMEHTOB B MHOTOWIEHE P,(X) U CHIKAeT KaueCTBO HHTEPIIOJISAIINH.

B atoM ciydae mcnonbdyercs qpoOHOE HMHTEPHOJSIUS — KyCOYHOE
WHTEPIOJAINS CIUIAHAMMY.

Cnnaiin — Kyco4yHas (YHKIHUS, KOTOpas OIMCBHIBAETCS pa3HBIMU
3aBUCUMOCTSAMU Ha pa3HbIX OTPE3Kax.

JIns uHTEpIIOIMPOBAaHMS CILIAiH UMEET BUJL:
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0 B(x),ectu x, <x <x;;
x

P (x),ecnu x, <
sy = BO ,

0

HP (x),ectu  x, , <x <x,.

OyHkIHA S(x) 00nMamaeT CIeIyIOIMUMHA CBOHCTBAMU:
1) CocenHue WHTEPHOIALMOHHBIE MHOTOYIEHBI MMEIOT OJMHAKOBbBIE
3HAUEHUs] Ha TpaHULAX CIUTaifHAa. OTU 3HAYEHUS COBMANAIOT C y3JIaMH
MHTEPIOJSAINH.
2) IlpousBoaHbie OT KycO4YHbIX (pyHkuMi P;, P, ..., P, I-ro, lI-ro u 1.1
MOPSIKOB UMEIOT OJMHAKOBBIC 3HAYEHUS Ha IPAaHULIE CIUIAHOB.
3) MakcuMaiabHO BO3MOXKHBIC OTIIMYHS OT HYJsSl MPOW3BOAHBIE OT I-ro m
MOCJIETHETO CIUIAHOB Ha KOHIAX OTpe3Ka HHTEPIIOIMPOBAHUS (Xo,X,)
CTpeMATCS K HYIIO.

Yame Bcero Al MHTEPIOIAINYA BHIOUPAIOT CIUIAlHBI HE BHIMIE 3-TO
HopsiIKa.

B 3aBucuMOCTH OT BBIOOpa MOpsiAKa CIUTaliHa pa3iuvaroT JAe(eKTsl
WUHTEPIIONUPOBAHUS deghexmul cniauna.

Jlegpexm cnnaiina — KOMMYECTBO HAPYIICHHBIX CBOWCTB CITIaifHA.

Hampumep, eciaum BRIOpaHBI IMHEHHBIC CIUIAMHBI, TO JJIT HUX MOXKHO
MOCTPOUTh TOJBKO TNpou3BoAHble I[I-ro mopsaka 3aBUCUMOCTH OT X,
KOTOpBIC HE MOTYT OBITh PABHBI HYIIIO B TOUKAX Xy U X, , T.K. B 3TUX CIIydasx
KOO(QQUIMEHTHl CIJlaifiHa OKaXyTcs paBHBl  Hymo (Hapymaercs 3
CBOMCTBO). 3HaueHHE KOIPPHUIIMEHTOB S(X) BBIUUCIACTCS W3 CHCTEMBI
YpaBHEHUI, KOTOpbIE CTpPOSITCS B COOTBETCTBUM CO CBOMCTBAMH U
peratoTcs JIIOOBIMHA YHCIICHHBIMI METOJAMH.
y Hampumep, ucnonszyem
Vi KyOu4ecKuil craii -
HEOOXOIMMO HaWTH 8
Pix) o) koa¢bdunuentos (Puc.2)

Pi(x)=aptax+ax’+ ax’,

Y2
Pz(x) :bg+b1x+bzx2+b3x3

Yo

Xo X1 Xs X

Puc.2. Mateprnionsanus craitHamMu.
18



Ucmone3ys cBoiictBa S(X) cOCTaBUM CUCTEMY U3 8-u
anreOpanyecKux ypaBHeHHH (cBoicTBO 1):
artaxetaxi+ asx;’=yo;
agtaxr+ ax;’+ ax;’=yi;
botbixi+boxi+ bix/=y;;
botbixtbox;+ bixy’=ys;
Hcnonp3ys cBOCTBO 2 MpHpaBHUBAaEM B TOYKAX COMPHUKOCHOBEHUS
crnaiHoB I -yto u [I-yro mpousBoaHbIE.
P'l(x)=a1+ 2-a2-x+3~a3X2 P"l(x)=2~a2+6~a3 X
P/z(X):b1+2'b2'X+3'b3'X2 P”z(x)=2-b2+6~b3~x
a;+ 2'(12 -x+3-a3x2=b1+2-bz-x+3-b3-xz 2-a2+6-a3 'x=2'bz+6'b3 X
Hcmonb3ys cBoiicTBO 3 nmeeM: P 1(X0)=0 u P”5(x,)=0
2-a2+6-a3 'X0=0 2 'b2+6'b3 'X2=0
Nmeem 8 ypaBHEHHI U 8 HEM3BECTHBIX — COBMECTHO.
[lorpemrHocTnn WHTEPHOJSIUK CIDIAHAMHU OTPEAEISIOTCS, KaK |
MOTPENTHOCTH MPSMOTO WHTEPIIOINPOBAHNS.
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2. Yucyaennsie MeToanl uHTepnoassuun B MATHCAD

2.1. Uurepnoasiuusgs B MATHCAD
PaccmoTpuM  mporpaMMHYIO peaiM3aIlii0  YMCICHHBIX METO/OB
uHTepnosinuu B cpene marematndeckoro nakera MATHCAD. Hauném c
metona Bangepmonma (puc.3.). Hmeem ucCXoAHBIE JaHHBIE JUIA
WHTEPIOJISAINY - 3HAYCHUsI apryMeHTa x u GyHKIuU y. Haxoaum 3HaueHwMsI
apryMeHTa B CEPEMHAX COCEIHUX MCXOMHBIX TOYEK Xt VIMEHHO B TOUKax
xt TpeOyeTcs, TOCTPOWB MHOTOWICH BanmepMmoHnma, HalTH 3HAYEHUS
¢yakumun  yt. [lo merony BanmepMoHZa CTPOMM MAaTPHILy CHCTEMBI
JIMHEHHBIX ypaBHeHu Bannepmona (puc.3.).
Eioaoiieyoey iaoiat Aaiaaoiiiia
Caaaia 0aaBesa 66i66ee IZRE I
08 2420
xzzgl.zg y::g4.5455
HL(;H HS.OS‘)E

Daii+ 0 gia+aieé adaciaioa 48y 10006 Y 0060
O0BA0AONY 13608 ia+iea doiBdEe K:=0.2 ;qk;:—ﬂ " :H 1 H
2
014
1 04 016 0.064
Niioaaei 1200860 203 jim0.3 A a(x)] A= 08060520
Aaiaasiiiaa Lo El 12 144 1.7st
01 1.6 256 4.096]
[a6iael iaegaanoita élyooeseaion a:=A 1 -y aT =(0.839 0.745 0.713 1.034)
Sy o e s smern s v s 2 3
Eicadiiéyoetiiae iitai-éai = . . .
Y WV(x) : agta; X+a, X +ag X
Dagosioad dagaiey it Aaiaadiiao V(,qk) =
1.76
33

6.115

Puc.3. Meron Bannepmonna 8 MATHCAD.

Onpenensiorcsi HeM3BeCTHbIE KOI(GGHUUNEHTH MHTEPIOISIUOHHOTO
MHOTOWwIeHa BaHpepMoHIa MaTpUYHBIM CHOCOOOM. 3aTeM CTPOUTCS
WHTEPIOSIIMOHHBIH MHOTOYICH, 110 KOTOPOMY 3HAa4eHUsIM B CepeIrHax
COCEJIHUX UCXOAHBIX TOYEK X! BBIYMUCISCTCS 3HAUCHHs QYHKIMH yI=V(xt).

[IporpammHas peanuzanms Metoza Jlarpanxka npencTaBieHa Ha puC.
4. VlmeeM MCXOIHBIC TAaHHBIC JUIS HHTEPIIOSIIUY - 3HAUCHUS apTryMEHTa X U
¢ynkumu y. Haxomum 3HayeHUs apryMeHTa B CEpelUHaX COCEIHHUX
UCXOIHBIX Touek x¢. IMeHHO B Toukax xt TpeOyeTcs, MOCTPOUB MHOTOWIEH
Jlarpamxa, HaiiTH 3HAYCHUS (YHKINH VL.
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Eidaoiicyoey iaotan Eaadaiea

Caaaia dbaadéeda doiddee 0040 013177
u
0.8 2.420
«=07%0 y 0 0
0120 04,5450
n n n n
0160 [8.089(]
Dafi+,0 cia+aieé adaciaioa &8y 10606 Xt N 06
0044040MY iae0e cia+aiea 60iedee k:=0.2  xt := ad

Nifidaaei eivasiieyoeiiiaé iiareai

L)l ) e ) . (z- %) -(z- %) (- %)

B o e e B e R N O
) o) o )

L(z) :

+y ) (Z‘X0'7-Xl '7-){3 +y ) Z‘XO
R R R R e R CEENE R Y
Dagoslioad dagaiey il Eaadaised ", = ifx) =
[0.6] 1.766)
3.33
6.115

siaasei, saceieeea ia idinoié lital+-eai & Adaaiea fi oidiie Aaiaasiiiaa
L(z) expand,z — 1.033854166666666667 -23 + .712499999999999999 -z2 + .744583333333333334 -z + .8389999999999999999

Puc.4. Meron Jlarpamxa 8 MATHCAD.

Crpoutcss MHOTOWICH Jlarpamka IS HWCXOOHBIX TOYeK -[xo,Vo/,[
xuyif,[ X2,y2], [X3y3] M BBIYUCIAIOTCS 3HAUEHUS B CEPEAMHAX COCEIHUX
WCXOJHBIX TOYCK X! BBIUMCIACTCSA 3HAYeHUs (QyHKIUH yt=L(xt). 3arem,
MCXOJSl U3 TEOPEMBbI CAMHCTBEHHOCTU HMHTEPIIOJISIUMOHHOTO MHOTOWICHA,
MPOBEPSIETCS TPABHIILHOCTh ITOCTPOEHHsI MHOorowieHa Jlarpamka myTém
€ro cpaBHEHHs C MHOTOwIieHOM Banmepmonma (puc.4.). Hcmombsyem
BCTpoeHHYI0 B MaTeMarnueckuii makeT MATHCAD ¢yHkumio pa3noskeHus
B CTeneHHO MHOrowieH expand. Kosdduimentsl MHOTOWIeHa Jlarpanka
(puc.4) n maOTOWIeHa Banaepmonna (puc.3.) coBmamatot. CiaemnoBaTesbHO,
MHorousieH Jlarpanxa cOCTaBlIeH BEPHO, YTO MOJATBEPKAACT eI U TO, YTO
3HAYCHUs BRIYMCIICHHBIE TI0 00CHM METOaM COBMANAIOT yt=L(xt)=V(xt).

[Iporpammuas peanuzanus Metona HeloToHA mpezicTaBieHa Ha puC.
5. imeeM ucXOHbIC JaHHBIC IS HHTCPIIOJSAIMY - 3HAYCHHUS apIyMEHTa X U
¢yukuuu y. Haxomum 3HaueHUst aprymMmeHTa B CEpeIUHAX COCEIHUX
WCXOJHBIX Touek xt. IMeHHO B Toukax xt TpeOyeTcs, MOCTPOUB MHOTOWICH
Herorona, HaliTi 3HaueHHUs (GyHKIIAU VL.

Jlanee, 1O COOTBETCTBYIOIIEH METOIUKE, CTPOUTCS Tabiuia
paznencéHHbIX pasHocTeil. VMes pa3fen€éHHblE Pa3HOCTU  CTPOMTCS
MHOTOWICH Hrrotona (puc.5.), OCHOBaHHBIN Ha TIePBOMA
WHTEPTOJAIIMOHHON dhopMyne HrioToHa (6a3oBas — Ha4aabHAs TOUKA).
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Eioaosiiéyoey iaomt liipoiia
Caaaia 0aaééda doievee H 0.4H H 1,317H
0.8 2.420
xe=000 o 05220
0120 045450
n n n n
f01ep [18.0890

ban+ 0 gia+aieé adaoiaioa aéy eioiotd Xt X poe6fq
OBAAGAONY ia608 cia+aiea 66/66ee k:=0.2 =l :H 1 H
2
banf+éoaal 0aaeedo OGacaaéaiild dagiiioaé 014[Q
) y . s i1+ - N5
i0:=0..3 d)i()::y.o i1:=0..2 Olj) i=—
1 X - X
il+1 il
dljp41 - dljn Riz+1 - 2j3
i2:=0..1 &izzz; i3:=0 63i3::;
%242 %2 %3437 %3
Cia+aiey dacaagaiiad daciinoaé
1317
027570
0 242 i i 0 H 3.194H
= 81 = 5313 »= 8B =(1.034)
045450 0 I [4.434]
n n 0 886 [
[8.089]

adaay eivasieyoeiiay oidiosa lipoiia

N(z) :=0¢ + dlg 4(2— XO) + & -(z- XO) 4(2- xl) + 83 -(z- XO) 4(2- Xl) 4(2- X2)

Dacosioad dasaiey i iipoiic Xt

k

Nxt ) =

1.76
3.3
6.11

isiaasel, dacéieeea ia isifoié iiiai-&ai & Adaaiea fi oidiie Aaiaasiiaa

N@ :=1317+ 2757 (2= x)) + 3194 (2 x) -(z- x) + 1034 -(z- x) (2~ x) (2- %))

N(z) expand,z — 839224 + 74404 -7+ 7124 -7 + 1.034 -2

Puc. 5. Meron Herotrona 8 MATHCAD.

3areM, UCXOAS U3 TEOPEMBbI €IWHCTBEHHOCTH WHTEPIOJSAIIMOHHOTO
MHOTOWICHA, TMPOBEPSCTCS TMPABIIBHOCTh IMOCTPOCHUS MHOTOWICHA
Hrrorona mytém ero cpaBHeHmsi ¢ MHOrowieHOM Banmepmonma (puc.S.).
Hcnons3yem BcTpoeHHyto B MaTteMmatnueckuid maker MATHCAD ¢dynkumro
pasiokeHusT B CTeleHHOW MHorowieH expand. KoadduimenTts
MHorowieHa HeioroHa (puc.5) m MHorouwreHa Bawmaepmonma (puc.3.)
coBnajaroT. CrnenoBarenbHo, MHOrowIieH HploTOHA cocTaBiieH BEpHO, UTO
MOJTBEPIKIAET enlé U TO, YTO 3HAYCHUS BBIYUCIIEHHBIE TI0 00EUM METO/aM
coBmagaroT yt=N(xt)=V(xt).

[Iporpammuas peanuzanus METo[a CILUIAHOB MPEACTABICHA HAa PUC.
6. IMeeM MCXOAHBIE JaHHBIE AJI1 UHTEPHOJISAIUH - 3HAUCHUSI apTyMEHTa X U
¢byakuu  y. HaxomuMm 3HaueHWsT apryMeHTa B CEpPEAMHAX COCEIHUX
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UCXOAHBIX To4eK xt. IMEHHO B TOYKax xt TpeOyeTcsi, HOCTPOUB CIUIANHEI,
HaWTH 3HaYCHUs QYHKLIUH VL.

Eicadiiéyoey iiea

013170 paf+o

0040 cia
Cazaia vassesa  x:=Uosl y.=Uoa0l  aey ewvicns osaacaony ot % K o fosp
ooiedee Dial " [lisash  1acoe ciaaiea oolesee T

ieaéi, aey eioidiat anaedaai aaa iilai-eaia:iadané P1(x) ia iodacéa
aicoanoaiey 6oiesee y, 6+anoié [0.4; 0.8] & aoidié P2(x) ia ibdacéa dataaiey doiecee y, é+anoié [0.8;
1.2]. Oi+éa Aiidéeiniiaaiey x1=0.8.

jaasuita iseaseaeaiey a0:=1 al :=1 a2:=1 a3:=1 b0:=1 bl:=1 b2:=1 b3:=1
Efilélicsy Ralenivaa Aisaéia Aifdaael iefidaio ec 8 aéaaadae+anéed odaaiaies

a0 + al X * a2 (xo)z + a3 (XO)S =Y, b0 + bl X+ b2 -(xl)2 + b3 -(x])3 =Y,
2 3 2 3
a0 + al ‘x]+32‘(x1) +213A(x]) =y, b0 + bl -x2+b2A(x2) +b3'(x2) =Y,
D1, D2 |41 T6y&ea (x)2= (x)?
&iabo Beiasiata gia+aiey ia a0aie54 Nisasia. al#2-a2-x +3 a3 o{x) = bl+2-b2 % +3 b3 -{x,
3.I6iegaTAiNE 10 S6MHIN5 66i668S D1, D2 I1-41 iByaea 2.2+ 6 a3 x, =2 b2+ 6 b3 x
elabo 1eiactana cia=aidy ia a0aie0a fisasia. ! !
4.lbieaisin 1 60 o6ieses D1, D2 Ilai oyaca 2824693 %20 2624663 x =0
fOGAIONMY & io8p - 01+ ia64ae4A,

Find(a0,al,a2,a3,b0,b1,b2,b3)" =(0.816 0 3.76 - 1.567 16.64 -59.34 77.935 -32.473)

P1(x) :=0.816 + 3.76 -x2 - 1.567 -x3 P2(x) :=16.64 - 59.34 -x + 77.935 -x2 - 32473 -x3

x1:=04,041..0.8 X2:=0.8,0.81..1.2

3T

0TS My =
£ > [og]
25 .@ \
)’O .0 \
PIx) L) o \ Pi(xt ) =1831
- A
P2(x2) K 3 ) —2762
-e K v )=
L5T _.’. q
b

} ; } }
04 0.6 0.8 1
xx1,x2

Puc. 6. MeToz cruiaiiHOB.
3arem, IenaroTCs HavalbHBIE TPUONMIDKEHUS IS PEIICHUsT CUCTEMBI
JUHEWHBIX ypaBHEHHWM. 3amuchiBaeTcs CHUCTeMa JIMHEWHBIX ypaBHEHMH,
KOTOpBIC OCHOBaHBI Ha CBocTBax 1-3 crutaiina (puc6.). Cucrema penraercs
C TOMOIIBIO BCTpOEHHBIX GyHKIUH Given-Find. [lna HaloeHHBIX

KOO (OUIIMEHTOB TIO WHTEPIONSAIMOHHBIM MHOTOWIEHAM HAaxXOmATCS B
TOYKaxX Xx¢ 3HaUCHUs QYHKIUH VL.

23



2.2. Ucnonb3oBanne BcTpoeHHBIX Gpynkuuii B MATHCAD nipn
WHTEPIOJISI A

Maremarnuecknii maker MATHCAD comep)XuT JOCTaTOYHOE YUCIIO
BCTPOCHHBIX ~ (QYHKIMH Ui pealM3allid  YHUCICHHBIX  METOJIOB
MHTEPIONSIMU. PaccMOTpUM UL HEKOTOPHIE U3 HUX.

1. Jlunetinyro wunHTepnomiuuio B MATHCAD  ocymecTtBuser
BcTpoeHHast GyHkuus linterp(x,y,Xt), B KOTOPOH X—WCXOIHBIC 3HAUCHUSI
apryMEHTOB B y3JlaX HMHTEPHOJALUH, Y-HCXOOHbIC 3HAYCHUS (DyHKIUH B
y3JlaX MHTEPIOJSIINY, Xt-3HAU€HHs apryMeHTa, NPH KOTOPBIX Tpebyercs
HaiiTh 3HayeHue QyHkuuM yt. JlnHelHOW WHTEpPHOJSIUKEH Ha3bIBaeTCS
WMHTEPIIONSHA MHOTOWIEHOM TepBoii crenenn P(x)=aota;x. OcobeHHoCcTH
MPOrpaMMHON peann3ali YUCIEHHOTO METO/a JIMHEHHON MHTEPIONSIIUN
C UCTIONIb30BaHNEM BCTpOeHHOU (hyHKUNU linterp(x,y,Xxt), WILTFOCTPUPYIOTCS
Ha puc.7.

2. Kybuueckuii cmiaiiH B MATHCAD peanusyer BcTpoeHHas
¢byukuus cspline(x,y), B KOTOpOH X—MCXOAHbIE 3HAYECHHS apTryMEHTOB B
y3llaX HHTEPIOJSIHUH, Y-HCXOJHblE 3HaueHHs OQYHKIMM B  y3Jax
MHTEPHOSLHUY. OyHKIUSA cspline(x,y) BO3BpallaeT BEKTOD
K03 GULNEHTOB, HCIONB3YeMbl (GYHKIMEH Inferp Ui TIOCTPOCHUS
KyOU4eCKOro criaiiHa P(x)=ao+ax+a:x’+asx’ or Touku k Touke. OCOOCHHOCTH
MPOrpaMMHON peasli3allii YUCIEHHOI0 METOola KyOMUeCKHM CIUIaifHOM ¢
WCTIOJIh30BaHUEM BCTPOCHHOH (yHKIWHU cspline(x,y) WILTIOCTPUPYIOTCS HA
puc.7. B oaTolt BCcTpoeHHOW (YHKIIMH Ha TpaHWIE CIUTAHA HUKAKHX
OrpaHHuYEHHUI HE HAKJIAJbIBACTCS.

3. Taxxe cmnaitn B MATHCAD peanusyeT BcTpoeHHAs! (QYHKIHS
pspline(x,y), B KOTOpPOW X—HMCXOMHBIC 3HAYCHHUS apPTyMEHTOB B Yy3JaX
WHTEPIIONSIAN, Y-UCXOJHbIC 3HaYeHUs] QYHKIUK B y37aX HHTEPIOJISIINU.
OpHako, B OTIIMYMU OT BCTPOCHHOHM (pyHKUMU cspline cinailH Ha rpaHHLe
o0nacTi HMeeT pPaBHYI0 HYIIO TPeTbio Npou3BoAHYI0. OcobeHHOCTH
MpOrpaMMHON  peaJiu3allid  YHUCIEHHOT0  MeToAa  CIUIaifHOM ¢
UCTIONIb30BaHUEM BCTpOCHHOU (QYHKIMH pspline(x,y) WIMIOCTPUPYIOTCS Ha
puc.7.

4. Tpamummonnei cmmaiH B MATHCAD crpoutr  yHKIHS
Ispline(x,y), B KOTOpPOH X—HCXOJHBIE 3HAUYEHUs apryMEHTOB B Yy3Jax
WHTEPIIONSINY, Y-UCXOJHbIC 3HaueHU (QYHKIUH B Y371aX HHTepHnoiaauuu. B
OTJIMYMH OT BCTPOCHHOW (QyHKIMH cspline cruiaiiH Ha TpaHHIe OONacTd
MMEET pPaBHYIO HYIIO BTOPYIO W TPEThIO MPOW3BOAHYIO. OCOOEHHOCTH
OpPOrpaMMHON  pealu3alid  YHCJICHHOIO  METoJa  CIUIaiHOM ¢
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UCTIONIb30BaHUEM BCTPOCHHON GyHKUMU Ispline(x,y), WITIOCTPUPYIOTCA Ha

puc.7.
040 IS pagis b iasaise acaciaioa ay eioiond
08 2420 odaasadhy iaéos ciaaica ooicvee
Cadaia 0aaéeda  pyo0 [ 45450

B0i6688 006p
x::D 1A6D y ::[| 8.089 0 0,10
0a I I 0 1 0
20 9.234 +
5245 5100125 k:=0..5 xt ::& :DI'4D
noon nooon k 2 0180
0280 09945 [ 0,,0
01770
0260
Eivasiieyoey i iiuip afootiios 6oieoee ¥ty ;:lmterp(x,y,,qk)
Eivasiieyoey i iiuip afootiios 6oieoee w1 :=espline(x,y) ytl, ;:imem(,m,x,y,,nk)
Eivasiieyoey i iitip afoohaiios 6oieoee xs2:=pspline(x,y) y12, ;:imerp(xsz,x,y,,nk)
Eivasiieyoey i iiuip afooraiios 6oieoee w53 :=Ispline(x,y) 13, ;:imelp(mg,x,y,mk)
Dago&iioad oagaiey = = = = =
COeuoao Oagaley th ytk ytlk ytzk y[}k
[ 0.6] 1.869 1.865) 1.793 1.821
3482 323 3.249 3.242
6.317 6.413 6.409 6412
8.662 8.896 8.893 8.889
9.623 9.626 9.641 9,656
9.979 10.187 10.128 10.073
1
10 M%
y E ®
00 °
vtk o
ytly g
XX
Y2 (]
000 ¢
8
0oa ﬁ Y

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
X, Xty , Xy, Xty , Xty

Puc. 7. Berpoennsie pynkunu 8 MATHCAD.
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5. Bcerpoennas (hyHKIHS interp(a,x,y,xt) BBIYUCIISET
MHTEPIONMPYEMOE 3HAYeHWEe B Touke xft Bexktop a — BekTop
K09 (HUIIMEHTOB, €CTh pe3yabTaT oOmHOW w3 QyHKUM Ispline(x,y),
pspline(x,y), cspline(x,y). OcoOEHHOCTH TPOTPAMMHON peaH3aIuu
YHUCIEHHBIX METOJOB C  HCIOJBb30BAHHEM BCTPOCHHOM  (QyHKIMH
interp(a,x,y,xt), WIIOCTPUPYIOTCS HA PUC.7.

HUcnonszoBanue BcTpoeHHBIX (QyHKIuit B MATHCAD 3HaunTtensHO
YIPOIIAET MPOLECC YUCICHHOTO PEeIIeHHs 3a/1a4 HHTEPIOISAIHH.
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3. HPUJIOKEHUE. KonTpoabHble 3a1aHus HA TeMy
“UnciaeHHbIe METOABI HHTEPHOJISIAT”
Jns tabmuano 3amanHoN (GyHKIMK yi=f(X;) BEIYUCINTE €€ 3HAYCHUS
JUTSE 3HAUEHHUH aprymeHTa: Xx=(xitxi1)/2, rae i1 =0, 1, 2,...,(n-1), ucronb3ys
Mmeton Bannepmonna, popmyist Jlarpanxka u HeroroHa.
Bbruucnenys BBIIIOIHUTE:

1.C 3amuchi0 B TPOTOKOJE pPadOTHl (GOpPMYT U pe3ylbTaToB Bcel
MOCJIEJOBATEIbHOCTH PAcyeTOB JJisi OJHOTO 3HAYEHHS apryMeHTa Io
3aJaHHBIM (OpMYyIaM;

2. C momomipio BcTpoeHHBIX (yHknmii Mathcad mms Bcex 3amaHHBIX
3HAYEHUH apryMEHTa;

B koHIIe Ka)K0T0 MyHKTA 3aJaHUsl 3alIUCHIBATH OTBET.
Tabnuya 3. Unousudyanvhole 3a0aHusl.

Ne Xi Vi Ne X Vi Ne Xi Vi
1] 043 | 1,6360 11 ]0,210 | 4,832 2 0,4 1,497
0,48 | 1,7323 0,215 | 4,723 1 0,8 2,962
0,55 | 1,8769 0,220 | 4,619 1,1 5,687
0,62 | 2,0335 0,225 | 4,519 1,6 10,092
0,70 | 2,2285 0,230 | 4,424
0,75 | 2,3597 0,235 | 4,333
2 1 0,02 | 1,0232 1 {0,415 0,886 2 0,5 1,962
0,08 | 1,0959 2 10,420 | 0,896 2 0,8 3,036
0,12 | 1,1473 0,425 | 0,906 1,1 4,739
0,17 | 1,2148 0,430 | 0,917 1,4 7,226
0,23 | 1,3012 0,435 | 0,927

0,30 | 1,4098

31 0,35 {2,7395 1 0,4 | 1,823 2 0,5 2,076
0,41 | 2,3008 3 0,7 12,778 3 0,9 3,607

0,47 | 1,9686 1,0 | 4,245 1,3 6,260
0,51 | 1,7878 1,3 | 6,364 1,7 10,409
0,56 | 1,5950
0,64 | 1,3431

41 041 |2,5742 1 0,5 | 1,925 2 0,3 1,185
0,46 | 2,3251 41 08 |3,123 4 0,5 1,557
0,52 | 2,0934 1,1 | 5,030 0,7 2,096
0,60 | 1,8620 1,4 {7,829 0,9 2,831
0,65 | 1,7493
0,72 | 1,6210
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51 0,68 | 0,8087 1 0,3 | 1,651 2 0,4 1,317
0,73 |1 0,8949 51 05 [2,160 5 0,8 2,420
0,80 | 1,0296 0,7 ] 2,895 1,2 4,545
0,88 | 1,2097 0,9 |3,913 1,6 8,089
0,93 | 1,3409
0,99 | 1,5237

6 | 0,11 |9,0542 1 0,5 | 1,622 2 10.2050 | 0.20791
0,15 | 6,6166 6| 09 |[2913 6 | 0.2052 | 0.208130
0,21 | 4,6917 1,3 | 5,126 0.2060 | 0.208964
0,29 | 3,3511 1,7 | 8,557 0.2065 | 0.209486
0,35 | 2,7395 0.2069 | 0.209904
0,40 | 2,3652 0.2075 [ 0.210530

7 11,375 5,042 1 0,3 | 1,421 2 10.8902 | 1.23510
1,380 | 5,177 71 0,6 [2]116 7 10.8909 | 1.23687
1,385 | 5,320 0,9 | 3,231 0.8919 | 1.23941
1,390 | 5,471 1,2 | 4,896 0.8940 | 1.24475
1,395 | 5,630 0.8944 | 1.24577
1,400 | 5,798 0.8955 | 1.24858

8 10,115 8,657 1 0,3 | 1,671 2 10.6100 | 1.83781
0,120 | 8,293 & 0,7 |2,866 8 10.6104 | 1.83686
0,125 | 7,958 1,1 | 5,000 0.6118 | 1.83354
0,130 | 7,649 1,5 | 8,431 0.6139 | 1.82860
0,135 | 7,362 0.6145 | 1.82720
0,140 | 7,096 0.6158 | 1.82416

910,150 | 6,617 1 0,4 | 1,579 2 | 0.62 | 0.537944
0,155 | 6,400 91 0,6 |2,037 91 0.67 | 0.511709
0,160 | 6,197 0,8 |[2,694 0.74 | 0.477114
0,165 | 6,006 1,0 | 3,594 0.80 | 0.449329
0,170 | 5,826 0.87 | 0.418952
0,175 ] 5,656 0.96 | 0.382893

10 | 0,180 | 5,615 2] 05 |1,887 3 1.03 2.80107
0,185 | 5,467 0] 0,7 |2,643 0 1.08 | 2.94468
0,190 | 5,326 0,9 |3,693 1.16 | 3.18993
0,195 5,193 1,1 5,099 1.23 3.42123
0,200 | 5,066 1.26 | 3.52542
0,205 | 4,946 1.33 3.78104
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10.

4. KoHTpoJsbHBIe BONPOochl Ha TeMy ""UHc/IeHHbIEe METOABI
HHTepnoassuuun"

Nurepnonsuud. [TocraHoBa 3a/1au THTEPHOIUPOBAHUS.
[locTaHoBKa 3a7aun MaPaOOTNUECKON HHTEPIIOISIIHH.
I'padmyeckas wHTEpHIpETANS 33/]a90 HHTEPIIOIMPOBAHUS.
ANTOPUTMBI pelIeHns 3a7a4 HHTEPIIOJIALNH C TOMOIIBIO
VMHTEPIOISLUOHHBIX IIOJIMHOMOB.

WuTepnonsus mo metony Bannepmonna. PacuerHsie hopmyisl,
AJIrOPUTM.

WnTepnonsauuonHelit noiauHoM Jlarpanxka. AJIropuT™ pereHus
3a/1a4¥ UHTEPIIOIUPOBAHUS C IIOMOIIBI MHOrowIeHa Jlarpanxa.
Koneunsie pasHOCTH, pa3jeneHHbie pasHOCTH. X pacuer u
CBOICTBA.

Wntepnonsuuonnsie popmyasl HeroToHa 11 peryasipHbIX TaOIuL.

AJTOpUTM pELCHHUs 3a/1a41 HHTEPIOISALUH C IIOMOILBI0 GOpPMYIT
HeroToHa.

Wnrepnonsuuonnsie Gopmynasl HeroToHA U HEpET YIS PHBIX
TaOMuI. AJTOPUTM PEIICHUS 331a41 HHTEPIIOJSALIH C TOMOIIBIO
¢opmyn HetoToHa.

O1ieHKa TOTPETHOCTH WHTEPIIOSIIMOHHBIX TIOTMHOMOB.
PacueTHbie popmysibl, rpaduyuecKas HHTEPIPETALHSL.
WuTepnionsmus craitnamu. Otipenenenne, pacueTHbIe (OPMYITBI
aNTOpUTM, TpadrdecKasi HHTePIpeTanus.

O6parHoe nHTepnonanus. CiocoObl pemeHns 3a1a4id 00paTHOTo
WHTEPIIOIUPOBAHUS, PacueTHbIC (YOPMYJIBL.

9
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6. YKA3ATEJIb OCHOBHBIX TEPMHUHOB

Onpenesnenue

Anmnpoxcumarius
Bannepmonna (MeTom)
Beepmtpacca (Teopema)
Berpoennsie GpyHKIIMM WHTEPTTOSAIIH
JedexT craiina
Nurepnionsuus
WuTeprionsus B y3KOM CMBICIIC
WHTeprionsus B IIMPOKOM CMEICITE
Koneunsie pazHoctu
Jlarpamxka (MeToT)
Herorona (Merto)
[TorpenHoCcTh UHTEPIOJSILIUK
ITocTaHOBKa 33/1a4M HHTEPIOISALUU
[Ipubmmxenne pyHKINN
Paznenénnsie pasHocTH
Pomns (Teopema)

Crnaitn
OYHKIUSA A1 HHTEPIOJIAINH (TpeOOBaHMS)
DKCTPaTOIISAIAS

7
9,19
7
23,25
17
7,8,9
9
9
11,12
10,20
11,21
16
8,9
7
13,14
16

17,18,22

8
9
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