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NPEOMCINOBWE OT PEOAKLUUA

[Tocobue coaepUT OCHOBHBIE CBEJICHHA 0 YHCIEHHBIX METO/aX, COMpPO-
BOokJdaeTcAd OOJMBIIHM KOJIHYECTBOM IPHMEpPOB BBIYHCIEHHI H 00padoTKH
ONMBITHEIX JaHHBIX. B pesyasrare nayuenna marepuanos nocoouns «Mudopma-
THKa. YIIyOneHHBIH KypPCe» CTYACHTH JTOTAKHEl OCBOHTE!
mpyooesie 0eiucmeus:

® Bia/JIeHHs DA30BBIMH METOJAMM H TEXHOJIOTIHAMH VITPABICHHA HH{b{}pMa-
LIHEH;
® CTAHJAPTHBIMH CpeJCTBAaMH 0a30BBIX HH(POPMALIMOHHBIX [POLIECCOR
M TeXHOJIOTHIH;
® HABLIKAMH YTEHHA MICKTPOHHBIX CXEM KOMIOHEHTOR JBM;
® HABBEIKAMH OPraHW3allui, BU3YAITM3AIHH M aHAIN34 JaHHBIX B CPEIE K-
TPOHHBIX TA0ITHIL;
HeoxoouMble YMEHUA:
® CTPOHTH JIOTHYECKHE CXEMBI, allTOPHTMEI;
® [CIONIB30BATE CPEACTBA ONEPAITHOHHBIX CHCTEM H cpel JUld oDecrneueH s
padOThI BEIYHCIIUTEIBHOH TeXHHKH;
® HCTIONB30BATE A3LIKH TIPOrPaMMHPOBAHMA;
® CTPOMTE JIOTHYECKH MPABHALHEIC B H(DEKTHBHEBIC TPOTPAMMBI;
HeQDX00UMbBIE 3HANUA:
® OCHOBHBIX ITOHATHI ABTOMATH3HPOBAHHOH 00padoTKK HH(pOPMaLIHHK;
® [IOrHYECKHUX ONepatHii, 3aK0HOB H (PYHKLMH anredpsl JTOTHKH;
e 00IIIer0 cOoCTaBa H CTPYKTYPEI NepcoHaIbHbIX IBM M BRIMHCIHTENBHBIX

CHCTEM;

® OCHOBHBIX (DYHKIIHI, HA3HAYCHHA M MPHHIIMIIOB PabOTE pacpoCTPaHeH-
HBIX ONECPAIIMOHHBIX CHCTEM M CPEl;

® HHTEIPHPOBAHHOH CPE/ibl H3YYAEMbIX A3BIKOB IIPOrpaMMHPOBAHHA;

e Da30BBIX CHCTEMHBIX MPOrpaMMHEIX MPOJAVKTOB H [AKETOB IPHUKIAIHBIX

[IPOTrpamMM.
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BBEJEHUE

MHkeHepoB-XHMHKOB MaTeMaTHKa HHTEpPeCyeT He caMa 1o cede, a Kak
CPEACTBO PEIIEHUs KOHKPETHBIX MHKEeHepHbIX 3a1a4. Hanpumep, onpenene-
HHE MaKCHMalbHOTO BBIXOJa MPOAYKTa B XMMH4YeCKOM peaktope. OnuH u3
criocoDOB pelleHus — KcrepHMedT. MoKHO NOCTPOHTE YCTAHOBKY, PEaKTop,
TEXHOJIOTHYECKYIO JTHHHIO W 3aTCM H3MCPHThL HHTCPECYIOLIME HAC TapamMeT-
pel. Eciiu pesyaerar nojayuyuTes HeyJAauHbIM, TO ITPOEKT H3IMEHSETCs, co3/1a-
HTCA HOBBIE 00beKThl. HeoOxoquMelH pesynbrar OyAeT JOCTHIHYT CIAHIIKOM
MEJIEHHBIM U JOPOTHM CIOCO00OM.

Muoii cnioco® pelieHHs — MaTeMaTH4YeCcKHUi aHaau3 o0beKTa HIIH sABIe-
HuA. Ho TakoH aHanu3 npuMeHAETCA HE K pealbHBIM MPOLIECCAM H ABJICHHUAM,
a K MATEMATHYECKUM MOJIEIAM 3THX 00BEKTOB M ABJIcHHUH [1].

MareMaTHueckas MOJIeIb XHMHKO-TEXHOJI0IHYeckoro npouecca (XTII) —
IT0 COBOKYMHOCTh MAaTeMaTHYECKHMX CTPYKTYVpP (ypaBHEHWH, HEpaBEeHCTB
M T. J.), a1eKBaTHO OIHCHIBAIOIIAs HCClIeIYeMble CBOMCTBA 00BEKTA.

MaremaTuueckoe mogenuposanne XTII — ucenenoBanie CBOHCTB Tpo-
IICCCOB HA MATEMATHHYECKMX MOJCIAX C [ENBLI0 MPEACcKa3aHHA pe3yibTATOR
€ro NMPOTEKAHHA B PEalIbHbIX YCIIOBHAX.

MeToa MareMaTHUYECKOr0 MOJAEIUPOBAHMS BKIKOUAET B ceddA cleayro-
IIHE ITAMBI:

1. @opMHpoBaHHE MaTeMaTHYeCKOH MoJenH o00beKkTa (ypaBHeHHA Mmare-
puansHOro u Teroeoro danancoe XTII).

2.  Bwibop merona pemeHus nojay4eHHoH CHCTEMbl ypaBHEHHH, hopMupo-

BAHHE AJINOPHTMA M NPOrpaMMbl PELISHHA 3aj1a4d. BeinoineHue pacue-

ToB HAa DBM.

YeTaHoBIEHHE aIeKBaTHOCTH MOJEIH H3YYaeMOMY [IPOLIecCy.

4. PexomeHpauuu nmo Haubosiee 3(QPeKTHBHOMY IMPOBEIACHHID HCCIeTye-

MOT0 TIpolLecca.

L HEKOTOPBIX MATEMATHUYECKHX ONHCAHHH YJAeTCHd NOJYYHTh AHAIHTH-
yeckoe petueHHe. OaHako DONBIIMHCTBO MPAKTHYECKHX 331249 B XMMHW U XUMH-
YeCKOH TEXHOIOTHH HE HMEKT aHAIMTHYECKOro pelieHns. OCHOBHBIMH METO/1a-
MH peLIeHHs 3THX 3a/1a4 ABIAIOTCA YHMCIIEHHBIE METObl, KOTOPLIE TO3BOJIAIOT
JIOOMTBCA XOPOUIETO KOJWYECTBEHHOIO OIHCAHMA ABICHHMA HIH npouecca. Pea-
JIM3ALMA YUCIIEHHBIX METOJI0B TpedyeTr dobinoro odbema BeruucieHHi. [losro-
MY HPHMCHCHHE MCTOL0B EI:.I'-I}‘IGJ'IHTEHI:.H{JI:& MATEMATHKH BO3IMOAHO JIHIIL TTPH
HAIMYUU COBPEMEHHBIX OLICTPOAEHCTBYHOIIMX KOMITLIOTEDOB.

Lad
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1. NIPUBNNUXEHHBIE YACNA

1.1. ABconoTHaa U OTHOCUTENbHAA NOrpewWwHOCTH

Ipubauxcennbim yuciom @ Ha3bIBAETCA YHUC/I0, KOTOPOE He3HAYHTEIIEHO
OTJIMYACTCA OT TOYHOTO 3HAYCHHA A W 3aMCHSAIONICE TOCICIHCE B BLIYMC/IC-
HUAX [2-5]. [loa owundkou unn noepewnocmsro Aa npuOIHAKEHHOT0 YHCIA d
OOBIMHO MOHHMAKT Pa3HOCTh MEXKAY COOTBETCTBYIOIIHM TOYHBIM YHCIIOM
H MPHOITHKEHHBIM, T. €.

Aa=A4—a.

Ecin A = a, To ommOka nonoxkurelbHas: Aa = 0; ecnn xe A4 < a, TO
omuOKa orpuuartensHas: Aa < (. B HEKOTOPBIX cliydasx 3HaK OIHOKH HEeW3-
BecTeH. B aToM ciyuae uesnecoodpa3Ho NMONL30BATECA adCOMOMHOU no2pe-
HOCHBIO NPUOIUNCEHHO20 YUCA

A=|Aa

Onpenenenune 1. Abcomomnon nozpewnocmsio A NIPUOITHKEHHOID YHC-
7a a HasbiBaeTcd adCoONMOTHas BeIMYHHA Pa3HOCTH MEKIY COOTBETCTBYIO-
IIAM TOYHEIM HHCIOM A M YHCIOM @, T. €.

A=|A—al. (1.1)

Ha npaxtuke yacto yncno 4 HaM HEH3BECTHO, H CICI0BATCIBHO, MBI HE

MOZKEM ONpeAeInTh adCOMTHY norpemHocTe A o gopmyne (1.1). B aTom

CIyYae BBOJAT €C OLEHKY CBCPXY, TAK HA3BIBACMYIO HpedeabHVIo abcotiom-
HYIO ROZPEWHOCTT b,

Onpepenenue 2. [lood npederbnou abcomomuon noZpewiHocmsio 1pH-

OJIMAEHHOrO YMC/Ia [MOHUMAETCH BCHKOE YHCJIO, HE MeHbllee adCOHTHOM

MOTPeLIHOCTH ATOro ukcena. Takum obOpazom, eciau A, — npejensHas adbco-
JIKTHAA NOIrpcliHOCTb HFHGHH}KEHHUI’D HCla da, 3aMcHARIIETO TOYHOE A._, TO

A=|A—a| <A, (1.2)
CnenopaTellbHO, TOYHOE YHCIO A 3aKJIIOUEHO B FPaHHULIAX
a—-A,<A<a+t A, (1.3)
B arom cinydae 118 KpaTKOCTH MOJIB3YIOTCS 3AMHCHIO
A=ax A,

[Mpumep 1.1. Onpegenuts npeneibsHYK aOCOIKTHYI TMOTPEIIHOCTE
qucna = 3,14, saMeHsoLIero YMcio m.
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Pemenue. ITockonbKy uMeeT MeCTO HepaBeHeTso 3,14 < m < 3,15, 10
a—mn|<0,01 u cnepoparensno, MoxHO npuHATE A,=0,01. Ognako ecnu
y4ecTh, 4TO 3,14 < < 3,142, To OyaeM uMeTs JTy4iyio oueHky: A,=0,002.

CdopMyTHpOBaHHOE BIILE TTOHATHE TNPeIeibHOH adCOMOTHONH Morper-
HOCTH SBJIACTCH BEChMA IIMPOKHM, & HMCHHO: Rod npederbHoll adcomomuol
NOZPEUHOCMBIO NPUOIUNCEHHO20 YUCTA A ROHUMaemcs 100l npedcmasument
DECKOHEUHO20 MHONCECMGA HEOMPUYAMETbHBIX Huicel N,, VOoeiemesopaoufux
nepaserncmeay (1.2). JIorm4eckd BBITEKAET, 4TO BCAKOE 4HCI0, Donbinee abco-
,]'I]{:ITH[]i:I NOrpeiHOCTH JaHHOTO ﬂpHﬁHHH{EHH{]rﬂ UHCIA, TAKWKE MOMKET ﬁhITh
HA3BAHO NPEeAEbHOH aDCOIKTHOH NOrPeIIHOCTHE) 3TOrO YHCIA.

B 3anucH yKcna, nosyuyeHHOro B pe3yibTare H3MepeHHs, 00bIYHO OTMe-
YAKT ero MpejensHyr adconTHYH norpemHocTs. Hanpumep, ecnu anuHa
orpeska [=215 cM ¢ ToyHocTeiO 10 0,5 oM, To mumyT /=215 m £ 0,5 cMm. 3necs
npejaenbHas abcomtoTHas norpemHocts  Ay=0,5cMm, aTouHas BelMUYHMHA
JUHBL [ oTpeska 3akmouena B rpanuiax 214, em =/ < 215,5 em.

ADCOMIOTHAS NOIPELIHOCTE HEJOCTATOUHA /U1 XaPAKTEPHCTHKH TOYHO-
CTH H3MEPEHHs WM BhIYHCIEHH. JI/Is TOYHOCTH JJAHHBIX M3MEPEHHUI Cylile-
CTBEHHA adCONOTHAA MOTPELIHOCTD, MIPHXOIAIAACA HA €IHHHIY JUIHHBI, KO-
TOpaA HOCHT HA3BAHHE OMHOCUMENBHOU ROZPEWHOCHIN.

Onpenenenre 3. OmHocumeabHoOU NOZPEWHOCHBIO O YHCIA @ HA3bIBa-
€TCs OTHOLIEHHEe abCoMTHOH norpemHocTd A K npuOJIMKEHHOMY 3HAYe-
HHIO 3TOTO YHCIIA:

o= E (1.4)
4
Orcrona A=| 4 | 8.

Onpenenenne 4. [pedeabHol omHOCUMETLHOU ROZPEUHOCBIO O, TIPH-
OJIM3KEHHOTO YHCJIa @ HA3bIBACTCA BCAKOE YMCIIO, HE MEHBIIEE OTHOCHTE/b-
HOH TOTPEIIHOCTH ATOT0 YHCIIA:

0 < d,. (1.5)
T. €. AllA|£0,,
OTCHIA A<|A4]-8,

Takum oOpazom, 3a npeebHYH adCOMKTHYI MOTPEHIHOCTh YHMCIA d
NpUHHMAEM

A,=|A]0, (1.6)

[lockoneky Ha npakTuke 4 = a, To BMecTo (opmyisl (1.6) yacTo 1ob-
IVHOTCAH cleayiouleld dhopMyIoi:

A,=|al8, (1.7)
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Orcrojia, 3Had NPEISBHYIO MOIPEUIHOCTE O, MOXKHO NOJYYHTL I'PDAHH-
Ikl /U8 TOUHOTro Yyuciia, To oDCTOATEILCTRO, YTO TOUYHOE YHCIIO JIEHKHT MEK-

oy a(l —o,) ma(l + 8,), 3aNHCHIBAIOT TAK:
A=a(1+3,).

[Mpumep 1.2. Macca | 1 goasl npu 0 °C=999.847+0,001 r. Onpenenurs
OTHOCHTEIBHYIO MOTPEIIHOCTE PE3yabTaTa B3BCIIMBAHNA,

Pemenne. Ouernano, uro A=0,001 r. Cnenoparensto, op=0,001 /999,847 =
~ 107 %.

[Ipumep 1.3. IIpu onpeneneHuH ra3o0Bod NOCTOAHHOM 114 BO3/AyXa I10-
nydeHo R=29725. 3Had, 4TO OTHOCHTE/IbHAA MOrPEIIHOCTE ITOr0 H3MEPEHHH
pasna 0,1 %, HaliTH npeenbl, B KOTOPBIX 3aKiio4yactcs K.

Pemenne. Mmeem 6;=0,001, Torma A=Réz = 0,03. CrnenosatensHo,
29,22 <R <2928,

1.2. OCHOBHbIE UCTOYHUKMW NOrpellHOCTe!

[lorpemHocTH, BCTpedarOlIHecs B MaTeMaTHYECKHMX 3ajayax, MOryT
OBITE pa30MTEL HA MATE Tpyn [2-3].

1. IlorpemHoCcTH, CBA3aHHBIE ¢ MOCTAHOBKOH MaTeMaTHYECKOH 3a1aqH.
Kak npasuiio, NpH H3YHCHHH TE€X WJIH HHBEIX NMPHPOAHLIX ABICHHH MBI BEIHY-
AJIEHBI TIPHHUMATE HEKOTOPBLIE YIIPOLIAKIIHE 3a/1a4y YCI0BUA, YTO BLI3bIBA-
€T paJ MOrpelIHOCTEN (noepewHocmu 3adayi).

Huorpa ObIBaeT H Tak, YTO PELINTH 32124y B TOUYHOH MOCTAHOBKE TPY/-
HO WJIH BOOOIIe HEBO3MOKHO. B 3TOM cnydae ee 3ameHst0T OIM3KOH MO pe-
3yILTATAM NPUOTHKEHHOH 3anadeii. [IpH 2 TOM BO3HMKAET MOTPENIHOCTE, KO-
TOPYIO MOMKHO HA3BATEL HOZPEUHOCTNBIO MEMood.

2. llorpemHocTs, CBA3aHHASA C HAlMuMeM OCCKOHEUHBIX IPOLECCOB
B MaTeMaTHYeCKOM aHanu3e. PyHKUHH, (UrypHPYIOIIHEe B MaTeMaTHuie-
CKHX (opMmylax, 4acTo 3aJarTcd B BHIAe OCCKOHEYHBIX PAJOB WIH I10-

: X x
cle0BaTellbHOCTEH, HAaNpUMeEpP 5111:{23:—;4—;—.., . [lockoneky Dec-
KOHEYHBIH MPOLECC HE MOMKET OBITh 3aBepIleH B KOHEYHOE YHCII0 [Iaroe,
TO MBI BBIHYIEHBl OCTAHOBHTHLCA HA HEKOTOPOM 4YJIEHE IM0C/Ie10BaTeNb-
HOCTH, CYMTAA ero NpudIHKeHHeM K HCKOMOMY pelueHui0. Takoi o0phIB
MpoIecca BBI3LIBACT MOTPEIIHOCTh, HA3BIBACMYID OOBIMHO ocmamouHou
nOZPeUHOCmbIO.

3. llorpemHocTh, CBA3aHHAA C HATTMYHEM B MaTeMaTHYecKHX (hopmylax
napaMeTpoB, 3HAYEHHA KOTOPBIX MOrYT OBITh OnpefeneHbl JHINL MPHOITH-
KeHHo. Hanpumep, Bce (HU3HYEeCKHe KOHCTAHTHI. ¥ CJIOBHO HA30BeM 3TV I10-
IPEIIHOCTE — HAYATbHOU.
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4. [lorpemiHOCTL, CBA3aHHAs ¢ JeHCTBHAMU HaJ NPUOIHKEHHBIMH YKC-
naMHu (noepewnocmu detticmeutt). IToHATHO, YTO, TPOHM3BOJAS BEIYHCIECHHA
C NPHOTHKEHHBIMH YHCIAMH, MBI B KAKOH-TO MEpe NMepeHOCHM MOTPEIIHOCTH
MCXOJIHBIX JaHHBIX HA PE3yNLTAT BRIYHCACHHNH. B 2TOM OTHOIIEHHH nOTper-
HOCTH JIEHCTBHH ABJISAIOTCA HEYCMPAHUMBIMU.

5. [lorpewmHocTh, cBA3aHHAA ¢ CHCTEMOH cuncieHud. [Ipu n3odpaxeHHnn
palMOHANBHBIX YHCEN B JECATHYHOH WM APYTrOoH CHCTEME crpaBa OT 3ars-
TOH MoKeT ObITh OeCKOHEeYHOE YHCIo UH(p. [IpH BRIYHCIECHHAX MOKHO HC-
MONBL30BATE JIMIIE KOHEYHOE 4HHCA0 THX uHdp. Tak BO3HHKACT nocpetu-
nocme okpyerenus. Hanpumep, nonaras 1/3=0,333, noayuaeM norpemHocTs
A=3-10"". TIpuxoauTes Tak/Ke OKPYIJIATH KOHCHHBIC YHCIIA, MMEIONIHE GOIb-
1I0€ KOJHYECTBO 3HAKOB,

[lpy pemieHry KOHKPETHBIX 3a71a4 /1A aHAIH3a NOrPelHOCTeN caeIyer
VUHTEIBATH BCE UX BH/IBIL.

1.3. MNorpewHocTb CYMMbI U Pa3HOCTH

Teopema 1. ADcontoTHad MOrpPeUIHOCTL ajredOpaHuecKoll CyMMBI He-
CKOJIBKHX NPHOJIHAKEHHBIX YHCEel HE IMPEeBBIIIaeT CYMMbI a0COIIOTHBIX [10-
rPELIHOCTEH ITHX YHCEll.

Jloka3aTenbeTBO: MYCTh Xi, X2, ..., X, —TpHOmMKeHusie yncna. Ux an-
rebpanyeckas cymma

OueBHIHO, 4YTO

CnemnorarensHO,
Au =t | Axy |2 A £ 2| Ax, | (1.8)

3a abdCOMITHYIO MOrPellHOCTh ANredpaHvYeckKoH CYMMBI MOMKHO IpPH-
HATH CYMMY Ipe/ieJIbHBIX aDCOMITHBIX MOTPELIHOCTEH cllaragMbIX:

A=Ay T Ap + ...+ Ay,

PaccMOTpUM pa3sHOCTE ABYX NPHONMKCHHBIX gncen u=x; —x,. ITo dop-
myiie (1.8) abconwoTHad norpetHocTs Ay pa3HOCTH

A=Ay + Ay,

T. €. HpedeabHas abCcoToMHAA ROSPEWHOCMb PASHOCMU PABHA CYMME Npe-
OenbHBIX AOCOTOMNBIX NROZPEWHOCTNEN VMEHBUIAEMO20 U GBINUMAEMO20,
Orcroaa npejelibHas OTHOCHTEIBHASA TOIPEIIHOCTE Pa3HOCTH Oy /IeT:

ﬂ‘.lr'l-l-ﬂi'l
= - . ],9
A (1.9)
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Jameuanue. Ecniu npuOaMKeHHbIe YUCIa X; U X> JOCTATOYHO OJIM3KH
JIPYTr K IPYTY W HMEKT HeDonblHe adCOMKTHBIE MOTPEIIHOCTH, TO YHCI0 A
mano. M3 gopmyanst (1.9) cnenyer, 4T0 OTHOCHTENBHAS MOTPEIIHOCTE B ATOM
clydac MOKET OBITE BeckMa OOJBIIOH, B TO BpeMA KaK TOTPCIIHOCTH
YMCHBLINAEMOI'D H BBIYHTACMOTI'O OCTAKOTCH MAlIbIMH, T. €. 3J1ECh IPOHCXOHT
H{HHEFH TMOYHOCT .

1.4. MorpewwHoOCTL NPOU3BEAEHUA U YAaCTHOTO

Teopema 2. Omnocumenbnas nOZPEWHOCMb NPOUIGEOEHUA HECKOIbKUX
HPHH.-THJ!E’EHHMI Hioed, ORITHYHRBIX OM H}:,-TH, HE Rpesblilidem CVMBL OINHO-
CUMENBHBIX ROZPELUHOCTEN IMUX YUCEN.

HokazatenscTro. ITyeths 4=x, x> ... x,,. [Ipeanonaras majis npocToTkl, 4To
NPUOJIHIKEHHBIE YHCI1A TOJIOKHTENBHBL, OYJ1IEM UMETh:

Inu=Inx;Inx> ... Inx,.

Ax
OTcroa, Henoas3ya npuonmKeHnyio opmyny Alnx =—, naxomum:
X

[

Au  Ax,  Ax, Ax
=—+ + ...
Woooox, X, X

f

Ouenneas MOCIHCAHCC BbIPAMKCTHHC I10 a0COMTHOH BCITHHHHC, MOJTYHHM:

Au < Ax, +|&r1| Ax,
U II | IE | ‘:.:.'r
Ecnm A4; (i=1, 2, ..., n) — TO4YHbIe 3HAYEHUA COMHOMKHUTENEH Xx; H | Ax; |,

KAaK 7TO OBIBaeT DEL]‘-[HD., MAIbI ITO CPABHCHHIO C X;, TO HPHGJIH?EEHHG MOMAHO
MOJOEHTE

Ax| |Ax|
= = ﬂlr_
'Ir' Aa'
H
Aut .
—|=0,
1

rjae 0; — OTHOCHTE/IbHBIE TOTPEeIIHOCTH COMHOKHTENeH X; (i=1,2, ..., n)n o —
OTHOCHTENBHAA MOTPEIIHOCTE NTPpoH3BeaeHHA. CleloBaTeNlbHO,

d<H +d:+ ...+, (1.10)

Cnencreue. [lpenensHas OTHOCHTE/bHAsA MOTPEIIHOCTE IPOU3BE-
JICHHA PaBHA CYMME NPEACIbHBIX OTHOCHTE/IBHBIX MOTPEIIHOCTEH COMHOMKH-
TEJIEH, T, €.
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EL-:S,\-. + EU['] + ...+ ‘5,]{,.,.

X
Ecm u=—,1olnu=Inx—Inywu

Au A Ay
u - x oy
CnenosaTelbHO
|Au| |Ax N Ay|
lul [x| |yl

(Tcroga BRITCKACT, 4TO TCOpCMa 2 BCPHA H T4 HaCTHOTO.

1.5. O6wan chopmyna Ans NOrpewHocTH

OcHoBHas 3a/1a4a TCOPHH MOTPCUIHOCTH B CJACAYIOLIEM: H3BECTHBI IM10-
IPELIHOCTH HEKOTOPOH CHCTEMBI BEIIMYHH, TpeOyeTcs onpeie/iuTh Norpel-
HOCTh JaHHOH (PYHKUMH OT 3THX BeJIHUMH [2-5].

[TycTe 3anana nuddepenuupyemas QyHKIHA:

u=fxy, X3, ..., X)

| Ax; | (i=1, 2, ..., n) — abCONKOTHEIE MOrPEIIHOCTH APIYMEHTOB (DYHKIIHH.
Torna abcomoTHAs MOTPEIHOCTE (DYHKIIMH:

| ﬂ.H | = |_ﬂl-] + ﬂxli X2 + 'ﬂxlﬁ Ry In+ MH) __ﬂxh 0 5 PRI Irr)

OOBIYHO HA MpakTHKE | Ax; | — MaJible BeJIMYHHEI, KBaApaTaMH, [IPOH3BE-
NEeHUAMH W BBICIIMMH CTEMEeHAMH KOTOPBIX MOHO npeHeOpeus. [losTomy
MOYKHO TIPHHATE:

¥

i él
|ﬂu|$|{iﬂxhxl+“-a-n}|= f {z

T :_:'
| Au | 'ﬂf Ax |
f=I E':r':.:j
Oboznauas uepes Ay (=1, 2, ..., n) abDCOMIOTHBIE TIOIPEHIHOCTH apry-
MECHTOB X; M Hepe3 Ay — NpeienbHYIO MOTrPEMIHOCTE GYHKIMH i, IUIS MaJbIx
Ay; TONYYHM:

- il {;:;'
ﬂ“_Z.E . (1.11)

[Mpumep 1.4. Haiitn abcomoTHYIO M OTHOCHTEJIBHYH) TOIPELIHOCTH
ofbema mapa V=nd /6, ecin anamerp d=3,7 cm £ 0,05 cM, a 1t = 3,14,
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Pewenne. PaccmarpuBas m M d Kak NepPEeMEHHBIC BEIMYHHBL, BBIUMCIIAEM

HACTHBIE MPOH3BOIHBIE!

A o

V _1r—gaa
car 6
Vo1,
C = _nd’=215.
cod 2
[To dopmyne (1.11) npeaensras adconoTHas NOrPEeIHOCTL 00bBEMA
A= |ar]+ |20 || ad) =844 - 0,0016 + 215 - 0,05
on cd
Ap=0,013 +1,075=1,088 cm” =~ 1,1 om’.
[loaromy

V=nd /6=274cm + 1,1 cm.
'D'TC}GILEI OTHOCHTEIEHAA 10T pE].T.[HDCT]: Gﬁ’hema
5p=1,088 cM’ /27,4 em =0,0397 = 4 %.

BDI'IPDBI::I M 3afaHWA OnAa CaMOKOHTPONA

OnpeneneHue npudOIHAKEHHOTO YHCIA.

[TonaTne abCOMOTHOIH M OTHOCHTEIBEHOH TIOTPEITHOCTEIA.
Kakue OBIBAIOT HCTOYHHKH MOTPEITHOCTEH?
[TorpetHOCTH CYMMBI M Pa3HOCTH?

[lorpemHoCTH NIPOHU3BEEHHA H 4aCTHOTO?

OO0was GpopMyna norperHocTH?
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2. NMPUBJNTUXEHHbIE METOAbI PELLEHUA
HENWHENHbIX YPABHEHUW

OnHoH M3 BaKHBIX M HAMOOJIEE pacnpoCcTpaHeHHBIX 3344 MPHKIaIHOH
MATECMATHKH ABIACTCA 3a/a4a PElICHHA HEIHHCHHBIX YPaBHCHHH, KOTOPEIC
BCTPEUAOTCH B pa3HbIX 00/1aCTAX HAYUHBIX HCCIe0BaHuil [2-6].

B croell npakTHYecKOH AeATElbHOCTH HHKEHEPY-XHUMHKY-TEXHOIIOIY
JOCTATOYHO YacTO MPUXOAHTCA CTAIKHBATBCA C pPELISHHEM HeJIHHEHHBIX
ypaBHeHHil. HanpuMmep, npu pacderax TeruioBelX OanaHCOB, NPOLIECCOB 0/1-
HOKPATHOI'Q HCIIAPEHHA, B CMCCHTENAX, NPH pacdeTax MpoieccoB OTCTAHBA-
HHS, pAcyeTe TOUKH POCHI, JIHAMETPOB HE(PTENPOBOJAOB U MHOTHX JIPYIHX
npoueccax. Henuuelinble ypaBHEHHs HIKPOKO MPE/ICTABICHBI B pacueTax (pu-
SHKO-XHMHUYECKHX XapakTepUCTHKAX CHCTEM, HalpUMep, NPH BBIYHCIEHHH
KOHCTAHT (Pa30BOI0 paBHOBECHA.

JItoboe ypaBHeHHe B 001EM BHJIE MOKHO PEICTABHTH:

S (x)=0. (2.1)

Henuuelinble ypaBHEHHS MOMKHO Paz/e/idTh Ha JiBa TUNA: ajaredpaude-
CKHUE M TPAHCLUEHIEHTHEIE.

Anzebpauyeckumu ypaBHeHHAMH HA3BIBAIOTCA YPaBHEHHA, COACpKaLLHE
TONBKO anredpandeckue (YHKIMH (parHoOHaIbHBIC, MPPAIHOHAIBHEIC, IIC-
nbie). AnredpaHyeckoe YpaBHEHHE MOMKHO IPEJICTABHTE MHOTOUJIEHOM H-O¥
CTEINEHH C JIEHCTBUTE/ILHBIMH KO dHIIHeHTaMu:

f@)=ap"+ax"""+ .. +a,=0. (2.2)

Hanpumep. X +x0 + 2x=0.

TpancyendenmubiMu HA3BLIBAIOTCA YPABHCHMS, KOTOPBIC COICPIKAT ApY-
rue (PyHKUHH (NoKasare/bHbIE, TPUIOHOMETPHUECKHE, JorapupmHyecKHe
U T. JI.), HAanpUMep:

2x —sinx=0.

3ajgaya pemeHHs ypapHeHus (2.1) 3akimioyaeTcs B HAXOMKIACHHH TAKHX
3HAYECHHH X, NPU KOTOpeIX (2.1) obdpataercs B TOXKAECTBO, T. €. B HOJb!

A2)=0,

rine & — KOpeHb YpaBHEHHA.

MeToabl penieHHs HETHHECHHBIX YPaBHCHHH MOKHO pasiciuTh HA Tps-
MBIC W MUTepaloHHbIC. [IpaMBIe METOIBI MO3BONAIOT 3aMMCAThH KOPHH YpaB-
HeHus B Buae Qopmynel. OJHAKO HA NMPAKTHKE BCTPEUAIIMECH YPABHEHUS
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JalleKO He BCerja yAaeTcs PeluuTh NPOCTHIMH MeTojaMu. Jlnd ux pereHus
MPUMEHAKTCA WTEPALHOHHBIE METO/bl, T. €. METO/bl IO0CJeI0BaATEIbHbIX
NpHOIHKEHHH.
[IpudnuxenHoe onpeaeneHHe KOPHEH ypaBHEHHS TNPOBOJIWTCA B JBA
aTara:
1. OtaeneHue KOpHEH, T. €. YCTAHOBJIEHHE MAJIBLIX OTPE3KOB, B KAXI0OM H3
KOTOPBIX COAEPAKHUTCA TOJIBKO OJIHH KOPEHb YPABHEHHS.
2. ¥YTouyHeHHe NpHOIH/KEHHBIX 3HAY€HWH KOPHEH 10 HEKOTOPOH 3aJaHHOM
CTEMEHH TOYHOCTH.

2.1. OTpenexune KopHen

[TpubamAKeHHOE 3HAYCHHE KOPHA MOMKET OBITh OTIPEICICHO pa3IHYHbLI-
MH CIOCODaMH.

I'papuueckns MeTo/l OT/IE/IEHHA KOPHEH

[Iyere Tpedyercsa oTaenuTe KopHH ypaBHeHus (2.1). Ctpoum rpaduk
dyHruHH f{x)=0. ADcuuccel ToueKk nepecedyeHHd rpaduka QyHKIHH ¢ OCBIO
OX OyayT npHOIHKCHHBIMH 3HAYCHHAMH KOPHEH ypasHeHud (2.1).

Hacro ypasuenue (2.1) npeodpazossiBaior K 00JIee NPOCTOMY BH/LY.
Honyerum:

F(x)=01(x) — @2(x)=0;
P1(x) = P2A(x). (&:3)

Crpoum rpaguku GpyHEOHI: vi=@(x); 1 y>2=@2(x). KopusaMmu ypaeHe-
HHA (2.3) OyayT ABIATHCA a0CLHMCCHI NepeceyeHHs 3THX IPpaHKoB.

Mpumep 2.1. Otaenutes kopuu ypaBaenus f(x)=x - lgx — 1=0. Tlpeob-
pasyem ypaBHeHue f(x) K BHIY:

lg x=1/x.
[TocTpoum rpaduku pyukumii yy=lg x 1 y>=1/x (puc. 2.1).

¥ ok

3 h:-r

%]
lad
b

Puc. 2.1. pachuueckutt memod omderenus kopuen
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Touka nepeceuenus rpadukos gaer npulIHKEHHOE 3HAYECHHE €HHCT-
BEHHOTI'O KOpH#A § = 2,5,

AHAIHTHYCCKHI METO/ OTAC/ICHHA KOPHei

Teopema. Ecnu HenpepriBHasg GyHKUMA f(xX) OpHHUMAET 3HAYEHHA pas-
HBIX 3HAKOB Ha KOHLIAX oTpe3ka [a, b], T. e. fla) - f(b) < 0, TO MeKIY TOUKAMH
a U b uMeerca XoTA OBl OJIHH JEHCTBHTENBHEIH KOpeHb ypaBHeHHA f(x)=0,
T. €. CYLIeCTBYET Takoe 4HciIo &, npuHamiexawee [a, b], uro f£)=0
(puc. 2.2) [3, §, 10].

Puc. 2.2

Ecnu Ha 3aganHoM otpeske [a, b] cymecTByer nepeas npoM3BOIHAA
f(x), coxpansouias 3Hak BHYTPH [a, b] (f(x) = 0 unm f(x) < 0), TO KOpeHs
OyaeT eIHHCTBEHHBIM (pHcC. 2.3).

Puc. 2.3

[Ipouecc oTaeneHus KOpHEH HAYMHAETCA C YCTAHOBJICHHA 3HAKOB (DYHKLIHMH
Hd KOHIAX OTPC3Kd d H b. 3aTem OIPCACTANOTCH 3HAKH B TPOMCHKYTOYHBIX TOY-
Kax. [lanee BBRIACNAIOTCA OTPE3KH, HA MPAHHIE KOTOPHIX (DYHKIIMS MEHACT 3HAK
Ha TIPOTHBOINOJIOMKHBIH. BhIIeNeHHBIE OTPE3KH COJIEPKAT KOPEHE YPABHEHHSI.
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[Tpumep 2.2. OTaenuTts KOpHH ypaBHeHus flx)=x" — Tx + 3=0.
IIpu 3a1aHHBIX 3HAYEHHAX X OT — 00 JI0 + 00 QNPEAeHATCH 3HAKH (]:1}*1-11-:-
1HH f(x). Pe3ynbTarTsl MOMCKA MPUBE/EHBI B TAOIHILIE.

X 3Hak f(x)
o _
_3 _
1 +

0 +
+1 —

+3 +
+a0 +

B pesynerate BBIAENEHBI TPH HMHTEpBalla, Ha KOTOPBIX (QyHKIMA f(x)
UMECT JICHCTBHTEIBHEIC KOopHH: -3, —1]; [0, 1]; |1, 3].
bnok-cxeMa anropurMa oT/ie/IieHHa KOPHE# npuBeieHa Ha puc. 2.4,

HAYANO

b
BEOO A,

HeTt

Oa
L
KOHEU
Puc. 2.4. baok-cxema memoda omoeirenus Kopret
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2.2. YTO4HEeHne KopHen

HrepaliHOHHBIH NPOLECC MOHCKA KOPHEH COCTOMT B I10OCIIE/10BATENBHOM
YTOUHEHHH HAYAJIBHOIO NpuOIHkeHHs x;. Kaxabll Takoil war HaselBaercs
umepayuet.

PaccMOTpHM HEKOTOPBIC HTCPAITHOHHBIC METOIBI PEIICHHA HEJITHHEHHBIX
VPaBHCHHH.

2.2.1. MeToa aeieHHs 0TpPe3Ka nomoam (Mero1 OHCeKIMIi)

[Tycte nano ypaenenue f(x)=0. HomycTtum, yaanock HAHTH Takoi oTpe-
30K [a, b], HA KOTOpPOM pacCHONOKEHO 3HAYEHHE KOpHA &, T.e. a<E<bh,
B kadecTBe Ha4yalbHOTO NPHOMHKEHHA KOPHA X (pHC. 2.5) NpUHHMAKOT ce-
peauHy otpeska xp= (a + b)/ 2. Jlanee HceneayrOT 3Ha4eHUd PYHKUHH: €CJIH
fxg)=0, TO X; — KOpeHrs ypaBHeHHH, T. e. £=x,. Ecim f(xy) # 0, TO BEIOHparoT
OJHY W3 [MOJIOBHH OTpe3Ka [a, xp] Wiau [xg, b], HA KOHLAX KOTOpOH f(x) HMeeT
MPOTHBOTIONOAKHBIC 3HAKH, T. €. COJACPKHT HWCKOMBIH KOPCHB, MOITOMY €TI0
NPUHUMAIOT B KAYECTBE HOBOI'O OTpe3Ka [xg, b]. Bropyio nonosuny orpesxa,
HA KOHLIAX KOTOpPOro 3Hak (pyHKUHMH flx) HEe MeHseTcs, oTOpackIBaloOT: B J1aH-
HOM caydae [a, xp]. Otpesok [xy, b] BHOBE gensat nononam. Creayrowiee rnpH-
onuxkenue: x,=(x; + H) / 2. BHOBBE HceneayoT pyHKUHIO f(x) HA KOHUAX OT-
pe3ka u 0TOPACKIBAIOT OTPE30K [x1, b], T. K. flx)) = 0 u f(h) = 0.

Vi

J(=)

Puc. 2.5, Memod derenus ompeska nonoiam

Orpe3sok [xg, x;], HA KOHIAX KOTOPOro (PyHKUMA HMEET MPOTHBOMOIOK-
Heie 3Haku flx;) = 0, flxp) < 0, BHOBBL JeAT TONOIAM, MOJTYHAKOT HOBOE TTPH-
Onmmenue KopHs xa=(xp+x;)/ 2 ur g HMrepaumoHHbli npouece npojos-
KAT 10 TeX Iop, MoKa JUTHHA OTpe3Ka [oclie n-H UTepaluH He CTaHer
MEHbILIE HEKOTOPOT'O 38/IAHHOTO MAJIOT0 YuCia € (NMOrpeltHocTH), T. €.

b—al<e. (2.3%)
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Torpa 3a uckoMoe 3HAYEHHE KOPHS NMPHHHMAKT MOJIYYeHHOe MpHOIIH-
KEHHE X0 §=X,, H FOBOPAT, UTO PELICHHE YPARHEHHS HANHJIEHO C TOUHOCTBIO £,
[Ipumep 2.3. HaiiTH KOpHH ypaBHEHHUA

X —6x+2=0
¢ TouHoCcTeO £=0.1.
B pesyneraTte npoueaypel OTAeNeHUS KOPHEH OBLUIO MONYYeHO TPH OTpe3-
Ka, COJAepsKalux JAeHCTBHTENIbHEIE KOpHH. Bridepem otpesok [—3, —1] u onpe-
JICITAM KOPEHbL YPABHEHHA, HCTIONB3YSA METO JICICHHA OTPE3Ka MOMmoJIam.
[TocnenosarensHoCTh petueHus. Onpejensem 3HaK GyHKIHKM HA KOHLIAX
orpeska [-3, —1]:
A-3)=-2T+18+2=-T,
f-1)=—1+6+2=+7.
Jenum qaHHbli OTPe30K Monoiam:
(-3-1)/2=-2.
3uavyenue GyHKIHH B OTOH TOYKE:
A-2)=-8+12+2=6

UMEeT [OJIOKHTEeNbHOe 3HadeHue. OrdpackiBaeM IMOJOBHHY OTpe3Ka, Ha
KOHIIaX KoToporo (hwHKUMSA f(x) MMeeT MoIoKHUTEIbHBIE 3HAKH, 2 MMEHHO —
oTpesok |2, —1]. Ilonydenusid oTpesok [—3, —2| aenum nomnonam:

(-3-2)/2=-12,5;
f(=2,5) = 0, cnenoBarensHo, oTOpaceiBaeM oTpe3ok [—2,5; —2], a oTpe3ok
[-3: —2.5] nenum nomoaam:

(-3-2,5)/2=-275;
fi—2,75) < 0, cnenoparenbHO, paccMaTpuBaeM oTpesok [—-2,75; -2,5]:
(-2,75-2,5)/2=-2,625;
f(=2,625) < (), — orpesok [-2,625; -2,5]:
(—2,625-2,5)/2=-2,536;
f(—=2,563) = 0. CneioBare/ibHO, BHOBb MOJIYYEHHBIH 0Tpe30k 0y/ier
[-2,625; -2,563].
[IpoBepuM ycnoBHe OKOHYaHWA pacueTos no gopmyne (2.3%):
2,625-2,563| =0,062;

0,062 <0,1.
Takum 00pa3zom, 3a HCKOMOE 3HAYEHHE KOPHA NPHHHUMAIOT 3HAYCHHE:
x=-2,563.

.

L]
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Ha puc. 2.6 npejacrapieHa OlIOK-CXeMa ONpeelieHHs KOPHSA YypaeHe-
HUA (2.1) MeToIOM JeNIeHHs oTpe3Ka nmomnosjaM (OHCeKIHI ).

Havano

v
Beop a, b, e

L
k=0
(4Mcno
MTERPALWK)
v

yi=fa)
x=(a+b)/2 =
b
Cy=fx)
v
y=0
HET

L4

|h-a|=<E

aa
HET

. v
| k=k+1
i

}.r~}.r1e:|:| HeT

5]

O

n «
i«

X d

v

Buieog k, x, ¥

v
Koney

Puc. 2.6. Erok-cxema arcopumma memoda deieHus ompesxka nonoiam

2.2.2. Metoa HewoTtona (MeToa KacaTe/IbHBIX)

Ecnm M3BecTHO HavanebHOE NMpHOIHMKCHHE K KOpHIO ypaBHeHHs flx)=0,
TO PPEKTHBHBIM METOJ0M YTOUHEHHS KOPHEH aABisiercs merton HeroTona

(MeTon KacarenbHbIX) [2—10].
CdopMynupyeM JI0CTATOUHEIE YCIOBHS CXOAHMOCTH MeToa HeroToHa.

[TycTe pyHKUHA f(x) HMEET MEePBYH H BTOPYHO MIPOH3BO/IHBIE HA OTPE3Ke
[ar, b]. BeinonHseTcs yclloOBHE 3HAKoNEpeMeHHOCTH (pyHKUHH: fla) - flb) <1,

17
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a npou3BoaHkIe f'(x), f"(x) coxpaHsT 3HAK Ha otpeske [a, b]. Toraa, ucxo-
JI8 M3 HauajasHOro npudamkenus xq€|a, b], Koropoe yaoBneTBOpAET HEpa-
BeHCTBY f(x) - f"(x)= (), MOKHO TIOCTPOHTE CIICAVIONIYI) MTEPAIIHOHHYH) T0-
CHEA0BATENBHOCTD:

fo=xa— L) 01,2, . (2.4)
.f [I”}

KOTOpas CXOIHTCHA K €JAMHCTBCHHOMY Ha oTpeske [a, b| pemenuio & yparHe-
Hus flx)=0.

B nannom MeToe npolecc NoHcKa KOPHSA COCTOUT B TOM, UTO B KAYecTBe
OpPHOJIMKEHUH K KOPHK NPHHAMAKTCA 3HAYEHHS Xp, X1, X2 ... TOUEK epecede-
HHUSA KacaTelbHOI K KpHBOi y=f(x) ¢ oceo abcmuce. TakuM oGpazom, reoMer-
pudeckd Metoa HeloToHa JKBHBaneHTEH 3amMeHe HEOONBUION AYTH KPHBOH
v=f({x) xacarensHoii. [Ipu rom Heobs3aTENBHO 33a/1aBaTh OTPE30K [a, b], co-
JepKaHi Kopenb ypasHenus f{x)=0, a 1ocTaTouHO HAHTH HEKOTOpOE Ha-
qajibHOE NpUOIHKEeHHe KOPHS X =x; (puc. 2.7).

Vi

Puc. 2.7

B kadecTBe HayansHOrO NpUONHKEHHA BBIOHpaeTCs Xg=da, AJIA KOTOpO-
ro BeIMOJHAETCA yelnoBue flxg) - [M(xg) = 0. IlposeneM kacaTenbHYIO B TOUKE
Ao[x0, fixg)]. ITepBeIM npHOIHKEHHEM KOpHSA OYIeT TOYKA NepecedeHHs ITo
KacaTenbHOH ¢ ocklo adbcimce xp. Yepes Touky 4,[x), f{x,)] BHOBE mpoBOIHM
KAacaTe/lbHYI0, TOYKA MEpPecedyeHns KOTOpOH ¢ ocklo Ox JacT HaMm BTOPOE
HNPHOIHIKEHHE KOPHA X2 M T. 1.

Ha puc. 2.8 npuBeaeHsl BO3MOMKHBIE BAPHAHTEI BEIOOpAa B KauecTBe Ha-
4aJIbHOTO NMPHONHKEHHA MPABOT0 WIH JIEBOT0 KOHLIA OTPe3Ka.

Venosue seidopa: fx) - f"(x) = 0.

BeiBoa opmyasl HewrToHa. 3anuiueM ypagHeHHe KacaTellbHOH, Npo-
BeIEHHOH K KpHBOH v=/(x) B Touke Ag[xp, f(xg)]:

y = flxo) =1 "(xo)x — x0). (2.5)

18

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

fx=<0 7 (#)=0
Vi vi
; & .t
fx=0 0 : -
-
0 x5 = ~
Vi Vi
; F0 A -
F=0 ¢ ¢ x
S
0 X1 X -}
Puc. 2.8
Haiinem otcrona cnenyroiee npuoIHxeHHe KOpHH.
[Tpuaumaem x=x, (v=0), Toraa
~f (xo)=/" (x0) (x1—xp);
Sx) (2.6)

X1=Xp

f'(%)

AHaJIOrHYHO HAMAEM CleayroIHe NPHOIHKEHHA KOPHA, KaKk TOYKH Iepe-
CEUCHHA ¢ 0Chl0 X KacaTesbHBIX, NPOBEIACHHELIX B TOUKax A, 4> u 1. 1. Pop-
mysia Herorona s (n+ 1)-ro npubimmkenus Oy1eT HMETh CIEIYIOUIHH BHJL:

f&x,)
1)

,H,.TIH OKOHY4AHHA HTCPALHOHHOI'O IIpoLccca BBIMHCICHHH MOMKET OBITBH HC-
MOTB30BAHO YCITOBHC

Xps1 =Xy {2?)

| Xpt] — Xy | < E. (ET*}

IMpumep 2.4. HaiiTh KOpHH ypaBHEHHA
f(x)=5x"-20x" —55x+150=0.
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Ha srane otaenenus kopHeil ypaBHeHus ObUIO BBIJIEIIEHO TPH HHTEpBa-
Ja, Ha KOTOPBIX (PYHKLHA MEHAET 3HAK, CIEIOBATENIbHO, YpaBHEHHUE HMEET
TPH JCHCTBHTENLHBIX KOpHA. Berauwcernum mo mertony Herortona (kacarenn-
HEIX) 3Ha4CHHE KOPHA HA oTpeske (4, 6]. Beidepem HayanbHOE NPHOIHIKCHHE
TaKUM 00pa3oM, 4TOOEI BEITIOJIHANOCE YCIIOBHE fxg) - f "(xp) = 0.

3anuuieM NepRy0 H BTOPYIO MPON3BOAHBIC (hyHKIHK fx):

f'(x)=15x"— 40x — 55;

f"(x)=30x — 40.
Brerumncnum snavenns flxg) v f " (xp).
[Tpn x=4 fl4)=-—"70; /"(4)=80;

x=6 fi6)=180: "(6) = 140.
16) - £"(6)=25200 > 0.

CnenoBarenbHO, 3a HaYalIbHOE MPHOIHAKEHHE MOKHO NIPHHHUMATS X;= 6.
Haiinem kopeHb ypapHeHus 1o dpopmyine (2.4) ¢ rounoctero £=0,001:

1) xy=xo—flxp) / f"(x0):
f16)=180; f'(6)=245;
x1=6— 180/245=52653:

2} x=x —ﬁ-‘ﬁ)-’.ffr (x1);
ﬂ5,265}=35,3;f‘ (5,265)=130,2;
x:=5265—-358/150,2=5,027;

3) xy=x—fx2) /S (x2);
f(5.027)=3281; f(5.027)=123;
x:=5,027 - 3,281/ 123=5,0003;

4)  xg=x3—flas) [ ()
5.0003)=0,0394: £ (5,0003)=120:
x4=5,0003 - 0,0394 / 120=75,000.

Takum 00pazoM, KOpHEM JaHHOIO ypaBHeHHsA ¢ TodHOocThbH £=0,001
npuMeM 3HadeHnHe x = 35,000,
[Tposepsaem no dopmyne (2.7%) yenopHe OKOHYAHHA BEIYHCICHHI:

15,0003 — 5,000|=0,0003 < 0,001.
brnok-cxema anroputMa meroja HerotoHna npueeieHa Ha puc. 2.9.
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HAYANDC

h 4
BBO[

Xo, Eps

¥
N=0
Konu4acTad nTapadqin

|
v

Y=M{Xp)

¥
1F"'1=i|‘ ' {Xc-}

v
X=Xa-YIY,

T
fi=MN+1

Har

A< Eps

Na

b
BLIBO],
MXY

v
KOHEL,

Pue. 2.9 Baox-cxema memooa Helomona:
Xy — HauaawHoe npuinuNcenue;

X — nocredosamenvioe npudaudceniie (3Havenie) KopHa

2.2.3. MeToa npocThiX HTEpALHH

OJIHMM M3 4ACTO NPUMEHAEMBIX B MHIKCHEPHOH NPAKTHKE YHC/ICHHBIX Me-
TOJOB PELICHHA HENWHEHHBIX YPABHEHWH SIBIAETCS METO[ HTepalMid (MeTo
nocyeq0oBaTelbHBIX NpHOIHKeHHi ). CynHoCTs MeToaa B cieayromem [2—-10].

JaMeHseM JaHHOE HelHHelHHoe ypaBHeHHWe (2.1) 2KBMBAJICHTHBIM €My
YpaBHEHHEM BHJIA:

xX= (x).

HauansHoe npubnuxenne kopHa x=x;. lloacrtaBuM 3T0 3HaYeHHE
B [IPABYI) YACTh VpaBHEHHA (2.8), noiny4yaeM HOBOE NPHOIHKEHHE:

x1 = (xqp).
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AHAIIOTHYHBIM DEPHEDM MNOIYYUHM:

X2 = (x1). (2.10)
Hanee, noacrasass KamxIbli pa3 HaHICHHOE 3HAYCHHC KopHA B (2.9),
I'I{JJ'I}"'-IHE:M MOCIAe10BATC/IBHOCTE EHEI'-I-E?HHFI:
Xpn1 =@ (x,), n=1,2, .... (2.11)
HMrepauHoHHBIi miporece OyAeT NpoA0/LKaThCA 10 TEX TOp, MOKa He
CTAHYT OJH3KH PE3YILTATH ABYX MOCICI0BATCIBHBIX HTCPALIHIA:
| X1 — x| <& (2.12)
JlocTaTouHBIM YCIOBHEM CXOJMMOCTH METO/A IMPOCTHIX HUTEepaluil AB-
N[EeTCH YCJIOBHE:

o)l <1, (2.13)

KOTOPOE BBITIOIHACTCA 1A M1000T0 X, MPUHAIICKAIIETO OTpE3Ky [a, b], co-
JIepAKaIlEMy KOPEeHE YPaBHEHHS,
PaccMoTpum reoMeTpHYeCKYH) HHTeprnperamnii meroga. CTpoum rpa-

buxu dyuxumii v=x u y=(x) (puc. 2.10). Kopuem & ypasuenus x=q(x) as-
nseTesa abeipeca TOMKH NepeceyeHns Kpueoii y = (x) ¢ rpadgukom y=x,

@ (x)]<1 9 (x)|>1
Yi

':Ptx}:- 0

T 0 r]
vi
9(x)=0
0 £

Puc. 2.10. Memood npocmubix umepayuii

[Toxazano, uro npu @'(x) > 0 (cm. puc. 2.10, a, 6) v npu @'(x) <0
(cMm. puc. 2.10, &, 2) BO3MOKHEI KaK CXOJALIHECHA, TAK H PACXOAAIIHECH HTe-
palHoHHBIE Tiponecchl. CKOPOCTh CXOAMMOCTH IIpOLecca 3aBHCHT OT adco-

JHOTHOH BelMYUHBL NPOM3BOAHOH ¢'(x). YeM MeHblIe 3HAYEHHE |q::'(;:}|
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BOJIM3M KOPHSA, TeM ObICTpee cxoauTcs npouecc. Takum odpazom, npu nepe-
Xojae oT ypaBHeHHs (2.1) k ypapHeHHto (2.8) HeoOxoaumo, 4T0OBI OBLIO BEI-
NoMHEeHo yeaoeue (2.13).

Hrepaunonnsie mponeccsl MOryT OBITH Kak OJHOCTOPOHHHMH, €CIH
@'(x) > 0, TaKk ¥ ABYCTOPOHHHMH, eciH @'(x) < 0.

brok-cxema METO1a MPOCTBIX HTEpalHi npuBeaeHa va puc. 2.11.

HAYANO

k4
EEBOO

Xo, Eps

¥
N=0 kKonw4ecTeo

MTepaym1in

4
¥

X = o(Xo)

¥
N=N+1

HeTt

A< Eps
Oa
L
BbIBO[O
XN

v
KOHEL

Puc. 2.11. Brok-cxema memoda npocmulx umepayiii

[pumep 2.5. TpeGyercs pelnTh HelMHEHHOE ypaBHeHHe ¢ & — x =0,
JlonycTuM, 4To B pe3ybTaTe OT/AS/IeHUA KOPHEH DbLI10 HAMHJIEHO, YTO KOPEHb
ypaBHEHHs HaxoaAuTcs Ha uaTepsane [0, 1].
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X =2 —1 0 1 2
fix) 3,389 1,718 | —0,632 —3.865

[IpuBenem ypasHenue flx)=e ' -— =0 x IKBUBAJICHTHOMY BHJY
x=(x). BO3MOKHBI ClIeIYIONIHE BAPHAHTEIL:
1) e —x=0e ' =x":x=-2-In(x): p(x)=-2 - In(x);

2) e -x'=0je =2 x=e i 0(x)=\e .

[IpoBepsieM Ui Kaxa0ro ypaBHEHHUS YCJIOBHE CXOJAHMOCTH |{p'(x)| <l

) o'(x)= [—2. ln(.x)) = —2/x . OuesHaHO, uTo Ha HHTEpBase [0, 1] |a:p’(x)| >
x 0 0.25 0.5 0,75 1
=2/x| | 4o g 4 2667 2

H, CII€JIOBATEIBEHO, METO HTEPALIHI TIPH YKBHBAIIEHTHOM YPaBHEHHH
x==2-In(x)

CXOIHTERECH HC ﬁ}'ﬂET;
—xi2

e’ ¢
2) (x)= = .Ha wnrepsane [0, 1] |¢'(x)[< ]
¢'(x) rder 2 p [{P({ﬂ

X 0 0,25 0,5 0,75 1
E_E'_ 0,5 0441 0384 0345 0303

H, CIICIOBATCIIEHO, MCTOI HTEI]EIIJ,]’IFI I[TPH QKBHBAJICHTHOM YVPABHCHHH

_t —_— ||E_'|

CXOJUTCA. ITO XOpoHIo BHOHO H3 MIPHECOCHHBIX PC3VIIBTATOB pacHCcTa. B ka-
YECTBE HAYAIBHOrO NPHONHIKEHHS MOXKeT OBITE BeIOpaHo moboe 4HHCIO,
MPUHAISKALLEES BRIJACICHHOMY MHTEpPBANY, HAanpumep x, =0,

n 5 o()= e "
0 0 1

1 I 0,607

2 0,607 0,738

3 0,738 0,691

4 0,691 0,708

5 (0,708 0,702

6 0,702 0,704

7 0,704 0.703
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Bﬂﬂpﬂﬂhl AnA CaMOKOHTpOnA

JBa THIA HEJIMHEHHBIX YpaBHEHHH?

OCHOBHEIE HTalLl OIpPeAe/IeHHs KOPHEH HeJIMHEHHOro ypaBHeHHs?

B yem cyTh 3Tana oraeneHus KopHe?

CrnocoOsl oTneneHus KopHei?

Ha gyem ocHOBaH METO YTOUHECHHS KOPHEH — OHceKImii?

B yem 3akmouaeTcsa HTEPALHOHHBIH MPOLECC NMOMCKA KOPHEH METO10M
HetoTona?

Ycnoeue npuMeHeHHS MeTo1a KacaTelbHbIX?

Y10 NeHUT B OCHOBE MPHMEHEHHWA METO/1a MPOCTHIX HTEepariHii’

B yem 3akimo4gaeTes MTEPAallHOHHEIH MPOLIECe MOMCKA KOPHA M0 METOLY
ureparuii’?
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3. METO[bl PELEHUS
CUCTEM NIUHEUHBIX YPABHEHWUW

3.1. MocTaHoBKa 3agayn

Pemenne cHcTem JTHMHEHHBIX YpaBHEHHH BCTpeYaeTci B MHOTOYHCIIEH-
HBIX MPaKTHYECKHX 3amga4dax |2, 6, 10, 11].

3anuiuemM CUCTEMY 1 JIMHEHHBIX alredpanuecKux YpaBHEHUIH ¢ n HEeus-
BECTHBIMH:

a,x, +a,x, +..+a,x, =b
a,x, +@yX, +...+a, x, =b,,

(3.1)

a,x +a,x,+..+tax =b,

LA ERREREEEEREREEELENERLRENESE)]

CoBOKYIHOCTE KOMP(PHUIHEHTOB ITOH CHCTEMBI 3allHIIEM B BH/Ie TaOJIH-
Ibl, HJIH MaTPHIIGL:

a,a,..qa,

. (3.2)

HMcnonb3yda nonaTHe MaTpHibl A, cucreMy ypaBHeHuil (3.1) moxkHoO 3a-
MHCAaTh B MAaTPUYHOM BH/IE:

AX=B, (3.3)

rne X u B — HE}CTDI:'J-ETDI['EI'EL'L HCH3BECTHRIX H BEETH]’!-CTUHﬁEH [IpaBblX 4Yac-
TeH COOTBETCTBEHHO:
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OnpenenurenemM, HIH JeTepMuHanToM, MaTpHibl A (det A) Ha3zbIBaeTcs
ycno D, pagHoe

ﬂtllﬂlzlll.ﬂlu
(I S R |
—_ 222 2n| — &
D Z[—l} a sy, . (3.4)
I::I.'rlﬂ.lri - 'ﬂml
3nece MHAEKCH o, fF, ..., @ npoderardT Bce BO3MOKHEIE n! nepecra-
HOBOK HOMepOB 1, 2, ..., n; k — 4UCII0 MHBEPCHH B JJAHHOH NepecTaHOBKE.

HeobxoauMBIM H JOCTATOYHBIM YCIOBHEM CYILECTBOBAHHA €1MHCTBEH-
HOI'0 PELIEHHA CHCTEMBI JIMHEHHBIX ypaBHEHMH sABnserca yciaosue D # 0.
B ciyuae paBeHCTBa HYIK OIpedesuTe/ls CHCTEMbl MATpHLA HA3BIBACTCH
guipodcdennott; TIPH TOM CHCTeMa JHHeHHBIX ypaBHeHHH (3.1) nudo He
MMECT pelIeHus, TH00 HMeeT UX DECYHCICHHOE MHOKECTBO.

MeToabl pelueHns CHCTEM JIMHEHHBIX YPABHEHHH JICNATCA Ha J1BE IPyIl-
bl — NPAMBIC U UTEepallHOHHBIE. [Ipavble Memodbl UCNOIBL3YIOT KOHEUYHBIE
cooTHOLEHUS (dopMyIIbL) 11 BEIYHCIEHHSA HeU3BeCcTHLIX. OHH JaloT pelle-
HHE [10CJIEe BBIMOIHEHH 3apaHee W3BECTHOIO YHCIA onepaurid. ITH MeTO/bl
IOCTATOYHO TIPOCTHI H TIPUTOAHBI IS ITHPOKOT0 KJIACCA IHHCHHBIX CHCTEM.

K npaMbIM METOJaM pelieHHs CHCTEM JTHHEHHBIX VPABHECHHH OTHOCATCH
meto) ['aycca, MeToj nporouku, cxema JKopjana, MeTo1 KBaJIpaTHOIO KOpP-
HSl, METO/] ONTHMAIBHOTO UCKIHYEHH, KIeTOYHbIE MeTo/Ibl. CpeH NpsSMbIX
MeTO10B Haubosee pacnpocTpaHed Meros ['aycca.

Hmepayuonnbvie memodsl — 3T0 METO/Ibl MOCIEI0BATENbHBIX TPHOIIH-
Kenui. B HHX HeoOXoauMmo 3a1aTh HEKOTOpOe NMpHOIHIKEHHOE pellieHHe
navarbhoe npubauxcenue. Ilocne »Toro ¢ NOMoLBK HEKOTOPOIO AJIrOPHTMA
NPOBOJAMTCH LMK/ BBIYHCIEHWH, HasbiBaeMblH umepayuen. B pesynbrare
HTEpaLMH HAXOAAT HoBOe npudnmxenne. Mrepauuu nposoasares 1o nonyde-
HHA pelieHusa ¢ TpedyemMoi TodHoCThO. O0ObeM BEIYMHMCICHHH 3apaHee orpe-
IeNnnThE TpYaHO. K 10CTOMHCTBAM HTEPALHOHHELIX METOIOB CIIEIYET OTHECTH
TO, YTO OHM TPeOYIOT XpaHEHHA B TTAMATH MAlIMHBI HE BCEH MAaTpPHIILI CHCTE-
Mbl, d JIMIIbL HECCKOJIBKHX BCKTOPOE C 11 KOMITOHCHTAaMH. nﬂl"pﬂilI[H[}CTH OKOH-
4aTENbHBIX PE3VILTATOB IPH MCIIONb30BAHUN WUTEPALHOHHBIX METOI0B He
HAKaIUIMBaKOTCA, [TOCKOIBKY TOYHOCTH BEIYHUCIIEHHH B KAk /10 UTepaluu orl-
peneiseTcd JIMIIb Pe3ynbTaTaMH [IPeablAyIIed HTepallHi | MPaKTHYeCKH He
3aBHCHT OT paHee BBINOJHCHHBIX BhIYHCICHHH. HMTepaunonueie METOABI MO-
YT HCMOJL30BATLCA U1 YTOUHEHHA PELICHHH, MOJYYEHHBIX C IOMOIILIO
NMPAMBEIX METO0B. OaHUM U3 CAMBIX PACIIPOCTPAHECHHBLIX HTEPALIHOHHBIX ME-
TOJAOB, OTIIMYAKIIUXCH NPOCTOTOH U JIErKOCTBI [POrpaMMHPOBAHUS, SBIIA-
erca MeTo ["aycca—3eiiens.
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3.2. Metop Maycca (meToa UCKNOYEHUH)

Meroaom [ aycca Ha3bIBAOT TOYHBIM METOJ] PELIEHHS HEBBLIPOMIEHHOH
CHCTEMBI JTHHEHHBIX FPEBHEHHH, COCTOSLINI B TOM, YTO NOC/Ie10BaTC/IBHBIM
HCKJIKOYEHHEM HEH3BECTHBIX CHCTEMY

H
Yap-xi=h,i=1,2,...n (3.5)
j=1
HIIH
ax +..+a,x =b,
4 a,x, +..+a,x =b,, (3.6)

ax+..+ax =b

- L

MPHBOJAT K IKBUBAJIEHTHOI CHCTEMe C TPeyronbHOH MaTpHIIEH:
X+, +.te X, =d,

X, t..te,,x, =d,,

e (3.7)
x, =d,,
pelleHHe KOTOPOH HAXOMAT 110 PeKYPPEHTHLIM (hopMyiaM:
Ir' - dﬂ s
x=d - Y cx ,i=n—1,n-2, ... 1 (3.8)

k= ||'—'|

CyumecTeyer MHOIO BapvaHTOB 3Toro meroja. Pacemorpum cxemy
¢ BEIDOPOM IJIABHOI'O 3JIEMEHTA.

[Tpeanonomum, uro a;; = 0, 1 pazjaeium ode yacTH Neproro ypaBHeHH
CHCTEMBI HA ¢4, B PE3YIILTATE NOJIYYHM YPABHCHHE!

X +bx, +.. 4+ byx, =5 (3.9)

C noMOUIBI NOTYUEHHOTO YPaBHEHHUS UCKITHOYAEM BO BCEX YPaBHEHHAX
CHCTeMBI, Ha4YMHAA CO BTOPOro, claraemele, coaepskamine x. [ad atoro ym-
HOZKACM TIOCIEA0BATEIEHO 00€ YacTH YPABHECHHMSA HA da), d3), ..., d, U BBIYH-
TAeM M3 COOTBETCTBYIONIMX YpaBHCHMH. B pesynsTare momydacm cHCTEMY,
MOPSJIOK KOTOPOH HA €IHHMIY MEHbIIE MMOPAJAKA MCXOJAHOH. AHAJIOIHYHO
npeodpasyeM MOJIYUSHHYK CHCTeMy. B pesyibTaTe n-KpaTHOro MOBTOPEHUS
3TOTO Npe0dpa30BaHMA MOTYHMHM CHCTEMY C TPEYTOJIBHOH MaTpHIIEH.

OCHOBHBIM YCIOBHEM TPHMEHHMOCTH JaHHOI cXeMbl ABIAETCHA Hepa-
BEHCTBO HYJIIO JJIEMEHTOR TTABHOH JHATOHAIM MATPHILI KOY(PHIHEHTOR —
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a;=0,i=1, ..., n. B npoTHBHOM ciiyuae HeoOX0AHMO CJIENAaTh EPECTAHOBKY
VPABHEHHH CHUCTEMBI M JJOOMTLCH BBIITOJIHEHHS 3TOI0 YCJIOBHS.
Ipumep 3.1. Tpebyercsa HalTH pelleHHE:

3.,],?':] — {},6.1'}_ — 2,313 =—1 ,5;
0.8x;+ 7.4x, — 0,5x;=6,4; (3.10)
1.4x; —2.9x + 9, 7x; =4,

eMEHTLl TJIABHOH JHATOHAJIH MaTpPHLBI mﬁ{bdmumfﬂ'rﬂﬂ HE PaBHBI
HyIH0. MCKIIIOYHM X W3 2-T0 U 3-10 YpaBHEHHH CHCTEMBI:

0,6 2,3 L5
Xy =047 g
3,1 3 3,1

Xy —

N
(7.4+ {}*? 0,8)x,+ (= 0,5+ ‘2? 0,8) x3=6,4 + ;51 0,8; (3.11)

= 2

(2,9 + 2’—?-1,4):;4— 9.7+ §.1*4}IJ=4 NLERY)

3 4 L]

[lepelinem K necATHYHBIM JIPOOSIM ¢ TOYHOCTBHY 0 TPETHLErD 3HAKA [10-
cle 3anaTo:
11— 0,194 x,— 0,742 x3=— 0,484,
x; + 0,094 x;=6,787; (3.12)
~ 2,629 x, + 10,739x:=4,677.
HMcknrwduM x; U3 3-10 ypaBHEHHA:
x;— 0,194 x5 — 0,742 x3=— 0,484,
0,094 6,787

x + X3 =21 ", (3.13)
7,555 7.555
+ 0093 5 620) xy=d,677 + 787 0 629
7,555 7,355
[Tomyuum S3KBHBANIEHTHYH) CHCTEMY C TPEYTOJIILHOH MaTpHLIEH:
X — ﬂ, | 94 X2 — ﬂ,?42 X3—— 0,484,
x:— 0,012 x3=0,898, (3.14)

x3=0,653.

Teneps o4eBHIHO, YTO HAMO JelaTh s pelleHus cucremel. Heodxo-
IUMO OMpPEIEeInHTE X3 U3 (3.14), NoACTABHTE 3TOT PE3YILTaT BO BTOPOE YpaB-
HEHHWE CHCTEMBI H OTPEJCIHTh X7:

xn=0,012-0,653 + 0,898=0,906, (3.15)
3ATEM TIOJCTABHTE X2 H X3 B MIEPBOC YPABHCHHE CHCTEMBI (3. 14) H onpenenuThs X;:
x,=0,194 - 0,906 + 0,742 - 0,653 — 0,484=0,176. (3.16)
29
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Havano

L
Beog a [1..n, 1..n+1],
y[1...n]

ki

> s=1,n
v

= j=s+1, n+1

as, jl=als, jl ! als, s]

T

> I=s5+1.n

¥

alij1=aliJl - ali.s] - als.]

k|
x[n+1]=0
¥

=n,1 -

L4
as=(0(

v
> k=i.n
v

as=as+a[i,k+1] - x[k+1]

L
x[|=a[in+1] - as

¥
Brieog x[1...n]

¥

Koney

Puc. 3.1. Brok-cxema memoda ['ayeca

ITOT npouece oOBIMHO HA3BIBAKOT 00PaTHOH MOACTAHOBKOM.

bnok-cxeMa anropiTMa pelieHHa CHCTeMBl JTHHEHHBIX anredpaHdeckux
ypaBHeHHH MeToa0M ['aycca npeacrtaBineHa Ha puc. 3.1, nporpamma pac4eta
Ha A3bike [lackanes npueeneHa B npunoxkeHuu. PaccMoTpen ciaydal, Koria
a;#0,i=1, ..., n, ¥ nepecTaHOBKA YPaBHEHHH CHCTEMEI HE TpedyeTcA.
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Hns ynoderea peanu3aluu aaropuTMa BeKTOp-cToNOel NpaBblX dacTel
ypaBHEHHH BKIIOYEH (n+1)-M CcTOIOIOM B MaTpHily Kod(pduiineHTos 4 cuc-
TEMBI 71 THHCHHBIX YPABHCHHH.

3.3. MuTepnonaunoHHbin metop MNaycca-3enaens

ITOT METO HCKIIIOYHTEIBHO YI00€H 114 Ucronb3oBanusa Ha JBM.
PaccMOTpHM CHCTEMY M3 TPEX YPABHEHHH C TPEMA HCH3IBECCTHBIMH:

a, X, +a,x, +a,,x,=b,

N

@y X, + 85X, +dy X = b} s (3.17)

| 5\ X, + A3, X, + a3, = by

[IpennonoxuM, 410 a;#0; an#0; az#0, 0 nNepenviueM CHCTEMY
B CJICIYIOIICM BHJIC:

X, =— (b —a,,x, —a;;x;); (3.18)
i:Il]

Xy = L“‘_’: — Ay _ﬂzat:':!-}; (3.19)
ﬂ!]

X, :L(bﬂ — 0y X, — AyX, ). (3.20)
HEJ

Teneps BO3bMEM HEKOTOpOE MNEpBOe MNPHONHKEHHE K PElIeHHID ITOMH

cucTeMbl, 0003HauuB ero uepes x, ', xy, xi'. [logctaBum 5T0 peueHue

1
B (3.18) M BHIYKCIHM HOBOEC 3HAYCHHE X,

]
3 =—(b —a,x" —a,x"). (3.21)

ey

[1
HEI‘IDJ‘IBB}’H TOIBKO HYTO BBEIYHCICHHOC 3HAYCHHC :-:I' ) H HAYaIIBHOC 3HA-

yenue x."', BRIYMCIHM U3 ypaBHeHH: (3.19) HOBOE 3HAYEHHE X;:

(1 l
X :—(Ervl —a,,x" — au:-:;;[”) , (3.22)
3
| 1
HakoHell, HCIIOAB3Ys TONBKO UTO BBIMHC/ICHHBIC 3HAYECHHA X W x.
Haijgem u3 (3.20) HOBOE 3HAYCHME X!
m_ 1 i ()
ﬂl"l
DTHM 3aKaHuMBaeTcA nepsas urepaums. Tenepb MOKHO 3aMEHHTH HC-
xomubie 3Havenns x|, x’, & wa xV, x", x"wu Beumciuth cre-

nytolee NpuoIHKeHHe.

3l
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B o0wem ciyuae k-e npudnMKeHue onpeaensercs hopMynaMu:

£ 1 k-1 k-1
":l{ j :_('E]I —a,X, ' —ax ,};

X = ﬂL{bz o P anx;k'”); (3.24)

I_EH = i(bs - ﬂﬂ*’ﬁ[“ - an.:-:f]).
;3
[Mpumep 3.2, PeinMm cuctemy ypaBHEeHHH
4,1’] —_1'.'1—.1'3=4;
x;+ 6x:+ 2x3=9; (3.25)
—X]— ZXQ + 5.1’3 :2,
Hetpyano yOeauThes, 4To TOYHOE PEUICHHE ITOH CHCTEMBI PaBHO X = 1,
=1, x3=1. Honoxum x"' =0, x{" =0, x" =0, kak 310 006LIMHO nenaercs
11 HavanbHoro npubnmwkenns. Torma, cornacHo hopMynam:

|
X, =E[4+Ju:1 -X);

X, =é(9~x] -2x,); (3.26)

X, :é(2+xl +2_T1)+

[lonyuaem cienyromee npudInKeHne:

:-cf']' =1;

MO (3.27)
3
X! 17
s

ITocnenoparenbHele NMPHOIMAKEHHA, BEIMHCICHHBIC KaXIBIH pa3 ¢ To4-
HOCTBHK) JI0 YeThIpeX 3Ha4alux uHdp, npueeleHs! B Tadm. 3.1.

Tabanua 3.1

Hrepanus X X3 X3
0 0 0 0
1 0,1000 - 10' 0,1333 - 10' 0,1133- 10’
2 0,1050 - 10' 0,9473 - 10" 0,9889 - 10"
3 0,9896 - 10" 0,1005 - 10' 0,9999 - 10"
4 0,1001 - 10' 0,9999 - 10" 0,1000 - 10’
5 0,1000 - 10" 0,1000 - 10" 0,1000 - 10"
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Hust cucTeMBl W3 11 ypaBHEHHI ¢ 1 HEW3BECTHLIMHU (JIHAroHalbHEIE 3Ie-
MEHTBI OTIIMYHBI OT HYJA) A-¢ NpHONIHKEeHHEe K PellIeHn0 DYIeT 3a1aBaTheA

pynxumeii
Lo . - - -
s = (b —apx . —a, 2 g, D =g, x )
) (3.28)
i=L2,...n

r K
HHTEI]HDHHHHDHHBIH [MpoOHece MpogoiKacTCH 10 TCX TT0pP, MOKd BCC I: )

f—1l e
HEe CTAHYT JOCTATOYHO OJH3KH K J:f ), Kputepuii 0J1M30CTH MOAKHO 3a1aBaTh
B CJICJIYIOLLIEM BH/IE:

M@ =max|x" - x| < g, (3.29)

i [}

rjie onpeaendaeTes MaKCHMAallbHOE 3HAaYeHHE Pa3HOCTH 1A BCEX i, a & — HEeKO-
TOPOE MOJOKHUTEILHOE YHCJIO,

JlocrarounsiM yenoBueMm cxoauMocTH Metoja [aycca—3eiiaens ssnsercs
TO, YTO JHAIOHAJIBHBIE WISHBLl JIOJUKHBLI 1Tpeod/iaiarh B YPABHEHHH, T. €, OHH
JIOJKHBIL OBITE 110 aDCOMIOTHOH BEIMYMHE HE MEHBIIE, a 110 KpaiHeH Mepe B 0-
HOM ciy4ae Oo/bllle HeHArOHAIBHBIX JIEMEHTOR 118 BCEX MITH /1A OJHOTO i

+..+|a,|. (3.30)

LU

|a”.| = |a:1rr, | + .. |ﬂr ‘ + ‘HJ.M

A=l

bnok-cxema anroputMa pelieHHs CHCTEMbI JIMHEHHBIX YPaBHEHHI HTe-
pallHOHHEIM MeTomoM [aycca—3eiend npeacrarieHa Ha puc. 3.2, nporpam-
Ma pacuera Ha A3eike [lackans npuBeacHa B IPHI0KCHHH,

B kauecTBe NPakTHYECKOro NPUMEPA MCIOL30BAHUS METOJIOB PEILICHHS
CHUCTeM JIMHeHHBIX ypaBHEHHH NpHBeaeM NoucK ko duuuentos napadoanye-
CKOH anmnpoKCUMAaLMH 110 HabOpy IKCIEPHMEHTAIIBHBIX TOUYEK (CM. IpumMep 5.8
pasaena 5.3.3). Pemenue »Toro npuMepa HalekHEE MPOBOAUTE C MOMOILBIO
npsaMoro Metona I'aycca, T. K. YCIOBHE CXOJAHMOCTH HTEPALlHOHHOTO METO/d
["aycca—3eiiiesiss MOMKET HE BBINOJHHUTBLCA. blok-cxema ajnropurMa pacuera
npejacrasieda Ha puc. 3.3, [lporpamma pacuera Ha s3eike [lackans npueee-
Ha B npuinoxeHud. Martpuua ko3ppHIHEeHTOR CHUCTEMBI JIHHEHHBIX ypaBHe-
HHH 0003Ha4YeHa ABYMEPHBIM MAacCHBOM dd, HCKOMbIE KOd((dHIIHeHTkI napa-
OOJIMYECKO# anMmpOKCHMAIIHH — MACCHBOM .

BDI’IP‘DEbI ANA CAMOKOHTPONA

. B 4eMm cOCTOMT MOCTAHOBKA 3a/a4M IPH PEIIeHHH CHCTEM JIHHEHHBIX
YpPaBHEHHH?

2. Kakwue 3Haere MeTO/1bl PELICHH JIMHEHHBIX YpaBHEHUH?

Ha ueM ocHOBaHO pellieHHe CUCTeM JTHHEHHBIX ypaBHeHHH MeTooMm ['ayeca?

4.  CywHocts Metoja ["aycca—3elinens?

33
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Ha4vano

v
Beog n, £, a[l...n,1...n+1]

k J
* i=1,n

¥
s=0

HET & Her — i#f

na
¥
s=s+|ali,i]|

Y
|ali,i]]<s

na
BbiBog, coobleHus:
«YcnoBue cXoa4MMOCTH

METOOd HE BbINONHASTCA »
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s=s+ali,jl/ali,i]"x[j]

¥

xlil=ali,n+1]/ali,il-s

Il

E—

na
h

.lll.:lln >

R

x1[j]=x{j]

¥

Boigoa x[1...n]

3

¥

ff

Ty

e

Koweuy, |

-

Puc. 3.2. Brok-cxema pewienus cucmemsl AUHERHBIX VPAGHEHI
memodom Iaycca—3etidens

35

BepHyTbCA B kKaTanor y4ebHMKOB
http://y4ebHukn.nHgpopm2000.pd/uchebniki.shtml



Y3HaliTe CTOMMOCTb HanncaHus cTygeH4yeckon paboTbl Ha 3akas
http://y4ebHukn.nHdopm2000.pd/napisat-diplom.shtml

_ Hauyano
Beogn, m, x[1...m], /
vil...m] /
v

51=0; 52=0; 53=0; 55=0; s6=0; s7=0

s1=s1+x[i]; s2=s2+x[i1%; s3=53+x[i];
sd=sa+x[i]*; s5=s5+y[i]; s6=s6+y[il-x[i];
s7=s7+y|[i] -:«:[r]2

v

PopMmUpOBaHME maTprubl KOPPMUMEHTOB CUCTEMDI
AMHEWHbIX ypasHeHun aall...n,1..n+1]

‘

I--f.f: s=1,n =

‘

» j=s+l,n+l
\ aals,jl=aals j}/aals,s] \

- i

> j=s+l,n =

.

aali fl=aalijl-aali,s]-aals,/]

v
a[n+1]=0
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r k=i N
¥
as=as+aalik+1] -a[k+1]

v
ali] = aali,n+1]-as

¥
[ j':j_:m

¥

yrlil=a[1]+a[2)-x[i]+a[3]x[i]*

¥

Boisog a[l...n], y, x[1...m], y[1...m],
yr(l...m]

T

KoHey

Puc. 3.3. Brork-cxema pacuema xoaghghuyguenmos
KEAOPAMUYHOU anAPORCUMALUN 3AEUCHMOCIUT IMENTOEMKOCIU
YHKIONPONAHA 0M MEMREPAMYPLI ¢ UCNOIb306AHUEM
memooda Faveea
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4. CACTEMb! HENMHENHbIX YPABHEHUM

MHOIrHe NpakTHYECKHE 3a/laud CBOJATCH K PELICHHI0 CHCTEMBI HEJH-
HEHHBIX ypaBHeHHH [2, 6, 10, 12].

[TycTh JUIA BBEIMHCIIEHHS HEM3BECTHBIX X|, X3, ..., X, TPeOYETCH PELINUTE
CHCTEMY 1 HEJIMHEHHBIX YpaBHEHHIL:

J- 2" ' 4.1)

B oTnuume oT cucTeM JIMHEHHBIX YpaBHEeHHWIH He CYLIEeCTBYET NPsIMbIX
METO/I0B pelleHHs HeJIWHEHHBIX cHcTeM o0ulero BHja. JIMIIL B HEKOTOPBIX
cnyyaax cueremy (4.1) MokHO pernTe HenmocpeacTsenHo. Hanpumep, nns
ciydas JIBYX YPaBHEHHH HHOTJIA Y/IA€TCH BRIPA3HTE OJIHO HEH3BECTHOE Yepes
JIPYToe U TAKHM {}ﬁpﬁ'jmi CBECTH 34/a4y K pelIeHHID OJHOI0 HEJIHHEHHOI D
YPaBHEHHA OTHOCHTEIIBHO OJHOr0 HEM3BECTHOro. [ns peuieHHus cUCTEM He-
JTHHEHHBIX YpaBHEHHH OOBIMHO HCMONB3YHOT HTepalHOHHBIe MeTonbl. Pac-
CMOTPHM JIBA H3 HUX — METOJ IPOCTOH HTepauu H meTo HeroToHa.

4.1. MeToa npocToMn uTepauum

Cucremy ypasHeHuH (4.1) npeactaBum B CIEIYIONIEM BHIIE:

’II =, (I]?IE,...,, ”);,

{.1"2 =(P3{_I]:,I:._,...,I”); (42}

'r.l:' = {pﬂ ("TI -"'Il?““JIn ]

.

Janumem cucremy (4.2) B BeKTOpHOIH dopme:

. X=0 (I}.._ ) (4.3)
X, @, (x)
Xq [Pz'::':]
rie x= |, 0(x)=| . (4.4)
_Iﬂ _ _lP,,{I}_
38
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Hna HaxomxAcHUA BEKTOpa KOpHA X*= (fraf;:a---v’f;] ypaBHeHHs (4.3)
4acTo yA00HO MCTIOIBL30BATE MeMood umepayu.

V=™ (p=0,1,2, ...). (4.5)

D r
rae HadanbHoe mpHOmmkenue x & x*. D10 rpyboe 3HAUCHHE HCKOMOTO

KOpPHA. 3aMETHM, YTO €CJIM nporece Hrepaiuu (4.5) CXoauTes, TO Npeiaeiib-
HOE 3HAUYCHHE

& = lim x'"’ (4.6)

pr—pa

00s3aTeNBHO ABNACTCH KOpHEM ypaBHeHHA (4.3). JdelcTBHTEILHO, TPEanoa-
rast, yTo coOTHOLEHHE (4.6) BBINOJIHEHO, U NEPEXOIA K PSSy B PABCHCTRE
(4.5) npu p—>00, B CHITY HENMPEPBIBHOCTH (DYHKIHH O(X) OyaeM MMETh!

lim x'"™ = q;( lim x‘”],

F i [

E=0(S).

Takum oOpazom, £ ecTb KOPEHb BEKTOPHOTO ypaBHeHHs (4.3).
PaccMoTpuM MeTO[ MpoOCTOH UTEpalH Ha MpPHMEpe CHCTEMBI JBYX He-
JTHHEHHBIX YPaBHEHHH C IBYMS HEH3BECTHBIMH:

Fi(x,y)=0:;

Fy(x,)=0. &7

Pewennem cucremel (4.7) nns xe [a, b] u ye [c, d] OyayT Takue 3nade-
HUs x* W p*, KoTopele o0pawarT 3Ty cucTeMy B ToxAecTBO. Heobxomumo
HaiTH x* 1 y* ¢ 3a/JaHHON CTENEeHbIO TOYHOCTH &,

Janumem cuctemy (4.7) B 9KBUBAJIEHTHOH (opmMe:

x=,(x,»);
V=0,(x, ).
[locnenosarenbHble NPUOIHKEHHS OYIYT BRIUHCIATBLCA 110 GopMmyiiam:
X, =0 (X, 1)
Yy =0,(Xy, 1, ):
X, =@ (X, 0);

(4.8)

(4.9)
Y, =0y, )i
I"+| ={'pl{xr|*yﬂ};
-}}-'?—| = ['l:'E (.T",:lf" )"
39

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

rag xp, Vp — Ha4allbHBIC HpHﬁHH}I{EHHH JHAYCHHA HCKOMOI'O KOPHA.
HTEIJE:IIJ,HCIHHLIIT! [ponccc MOMHO CHHTATE 3dKOHYCHHBIM, KdK TOJIBKO
BBRITIOJTHHTCA HCPABCHCTBO

<£. (4.10)

|x

Tl

_In

+ |.}’r.'rll - .v.'r| E & HIH |rv.'|ll -.Fr:

Hns onpeneneHds CXOAUMOCTH [polecca HMEET MeCTO cleayrollas
Teopema.
Teopema. IlycTe B HekoTOpOH 3amaHHON obiactH x€|a, b] u ve|c, d|
UMEETCA eIHHCTBEHHOE pelenne x*, y* cucremsl (4.8) Toraa, eciu:
o (i(x, ¥) 1 @(x, v) onpeleneHsl H HenpepblBHO TH(p(epeHIupyEMEI
B 3aJJaHHOH o0macTu;
¢ HayaJdbHBIC TPHOIMIKCHUA Xg, Vg H BCC TIOCICIYIONIHE MPHOIMKCHHA X,,,
¥, IPHHAJIEKAT 3a/JaHHOH oDJIACTH;
* B paccMarpHBaeMoii 001acTH BBINOJIHAKTCA HEPABEHCTBA!

ﬁpl _|_|dp]|£1
ox ﬁyl h

HJTH (4.11)

TO MPOLIECC MOCHENOBATENbHEIX NPHOIHKEHHH (4.9) CXOAUTCA K pelIeHHID
CHCTeMBI ypasHeHuH (4.11).
[Mpumep 4.1. MetojaoMm urepauuu NpuOIHKEHHO PELIMTL CUCTEMY

Pemenue. [Ipeobpazyem nannyio cucremy K By (4.2):
x, =4/1=x7,

M3 rpadpmuyeckoro mocrpoenus (cm. puc. 4.1) BHAHO, 4TO CHCTEMa HMe-
€T JIBa pelleH!d, OTIHYAKIIHECA TOJILKO 3HAKOM.
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D]’“[ZIEHHT-IHMCH HAXOAIECHHEM TTOJIOKHTEIBHOID PCLICHHA. 3 HepTeKa
BHIHM, HTO 3a Ha4YalbHOC HI}HEJIH}KEHHE [MONMOAHHTEIIBHOTO PCHICHHA CHCTC-
MBI MOAHO IIPHHATE

[ (k) [’:-E
x- —
':}:,5

1,2 —+

1.5

Puc. 4.1. Omodenenue koprueu cucmembl HETUHEUHBIX VPAGHEH U

[lonaras
(x)=1 V2
plx)= —>
VI—x
Oy/1eM UMETh
(1) \ U:5 ﬂ‘?93?
X = = ,
- 0.8’ 0,6000
AHAIOIHYHO,
" 0,6 0,8434
I = = 5
J1-0,7937> | 10,6083
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o [300.6083 0,8473
X

J1-0,8434% | [0,5372

M T. 1.

TouHoe pemeHne cucreMsl x; = 0,8261, x, =0,5636.

brnok-cxema MeToga urepauMi npuBeacHa Ha puc. 4.2, MMerT mecTo
cieayromme odo3naueHua HepaseHers (4.11):

'{ipl|_|_ A, _D-

.-:5":=:| oy a

ol ﬂﬁ =D,;

oxl |oyl ~ (4.12)
(i.'lpl + ‘{:ipl ﬂﬂl;

x| | ox

(ipl + (ipl — Dq.*

ay| |y

4.2. Metog HeoTOHA

Dtor MeToa obdnaxaeT Doee OBICTPOH CXOAHMOCTBIO, HEM METOJ TIPO-
ctoil wrepauun. B cayuae oaHoro ypasHenus flx)=0 anroput™m mMetoja
HbroroHa moxkeT ObITh IMOJMYYEH MNYTEM 3alHCcH YpaBHEHHS KacaTellbHOI
K KpuBOH y = f(x) (mmueapuzaumus kpuroi y=f{x)). B ocnoee merona Heroro-
Ha 1714 CHCTEMBl YPABHEHHH Takke JIeKHT HIesd JTHHeapH3aluH, a UMEHHO
HCIOML30BAHME pasnosKeHus GyHKuui f(x), X2, ..., X,) B paa Taitnopa. [1pu-
4eM YJIeHBI, COJIEpKallMe BTOpble (M DOJIee BLICOKHX TMOPSJIKOB) ITPOH3BO/I-
Hble, OTOPACKIBAKTCA.

Janumem cucremy (4.1) B BeKTOpHOIH dopme:

=0, (4.13)
1\ X
I X3
rie f = | X =
_-f:r_ _Irj_

Hnst pernenus cuctemsl (4.1) Oyaem HCNonb30BaTh MeTO| MOCJIEI0BA-
TeNbHBIX NPUOIMKEHHH. [Ipeanonoxum, 4To HalIeHO p-€ NPHOJIHKEHHE
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] » (@ 1
I[J ) _ [IIU ]*I; ]'warf_]f ])

0JIHOTO M3 H30JIHMPOBAHHBIX KOPHEH X =(X,,X,,..., ”) BEKTOPHOTO YPaBHCHHA
(4.13). Torga TOYHEIH KOPEHE YpaBHeHHA (4.]1) MOKHO NPEACTABHTE B BHJIE:
x=x7 + g? (4.14)

dey o el el ir _ )
rne & — f.'-l ,E‘-E I A — HUH]JH.EKH {J?ﬂc‘pEMHﬂLﬂ?E} Kﬂpﬂﬂ).

H

HaH_ann
¥
Beon
Xo,¥o.B
L
k=0
v
X=Xuo, ¥=Vo
v
D=1 ———paw»_ Dy<=1 na
HEeT HET
T ) L
L
-
Di==1 Aa Dsy==1 Ad .:r
HEeT HeT k=&+1
v ¥ A
xi = f1lay), yi = falxy)
MeTtog He T
CXOOMTCA b

| x-x |+ | y-yi | <=€

HeT
4
a4 X =X
¥=>¥e
v
BoiBog k, x, ¥
o
L i
KoHeuy,

Puc. 4.2. Box-cxema memoda npocmsix umepayuti

[ToncraBnas seipaxkenue (4.14) B ypasHenue (4.13), monyuum:
Ax" + gPhy=0, (4.15)
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[Ipeanonaras, uyro (pyHkuMs f{x) HenpepslBHO AU (epeHpyeMa B HEKOTO-
pOii BBIMYKJIOi 06/1acTH, colepskartieii x H x", panoskuM JeByI0 YacTh YpaBHEHHS

(4.15) o cTeneHsM Maoro Bektopa &7, OrpaHHYHBAACH THHEITHBIMU YICHAMH,
A + €P) =) + f) -6 =0, (4.16)

M3 gopmynel (4.16) BeITeKaeT, 4TO 1o NpoH3BOaHOMH f1X) cienyeT mno-
HUMAaTE Mampuyy Arxotu cucteMsl GyHKIW f, f5, ..., f, OTHOCHTEIBHO Nepe-
MCHHBIX X1, X2, ..., Xy, T, €.

of 9k af

ox, ox, ox,

cf ¢); ot

ox,  Ox, ax
f(x)y=w(x)=| " ", (4.17)

cf, 21, af,

| Ox, X, ox, |
HIIH B KPETKDE 34IIHCH
- of | ..

f1(x)=W(x)=| S =12 n (4.18)

J
Cucrema (4.16) npencrasinger coOOH JTHHEHHYIO CHCTEMY OTHOCHTEIIb-
HO MOTIPABOK .rl.“’] (i=1,2, ..., n) c matpuneii W{x), moaromy opmyna (4.16)
MOKET ObITh 3allHCaHa B CIEAVIOLIEM BUIE:
7y + W P =0. (4.19)
Orcioa, npeanonaras, uro marpuna W(x'"") — neocobennas, nonyuum:
£V = ) ),
CnenoBatenbsHO,
X=X Yy A, p=0,1,2, ... (4.19%)
(memoo Heomona).
3a Hynepoe npHOTHAKEHHE X
KOPHA.

B kauectBe npumepa paccmoTpum MeTo] HbloToHA s pellieHHs cHC-
TeMbI JIBYX YpPaBHEHHIA:

0
% MOMKHO B3ATEH l'p}-’ﬁﬂﬁ SHAYCHHC HCKOMOTO

Fi(x,y)=0;
) (4.20)
F,(x,y)=0.
[Tyers xp M vy — HAYANIBHBIEC TIPHOJIMIKEHHBIE 3HAYEHHS HEH3IBECTHBIX.
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[TocnenorarenbHble NPUOIHKEHUS K PELHICHHK) CHCTEMBI [0 METOY
HeoTOHA BEIMHCIAIOTCA 1O OpMYyTIaMm:

1 ( IR (x,. v aF(x,,
IIZID“ F}(Iﬁ?}rﬁ} =(ﬂf_’l .}ﬂ}_FE{IG:}_.D} I{ ﬂyﬂ}],
Wi(x,.v,) k cy ay
I "-?F Xy {PF-,, Xas ¥
Y, =Y, — = . F (X, ) (X4, 1) —F(x,, ) _(:.“ t])};
(X Vo) \ Ox ox
........................................................................ (4.21)
1 [ oF(x,,y, AR (x,.y,
I.'rll =Ir| o 'F[{xrl’yfr} ( : }_Fl{xnﬂyﬂ} : 2 ) *
W{In’.. .I.') b {?J: ﬁ'}’
y.w+|:-:l;ar— l F:’(Iar? H]élﬁ{f”’}”} F{ ”h”)EFI(I'”}J”} ]
W('tj."-‘-}}r]] \ " X (;II
rjae
f?F;':*rﬂ},}}ﬂ} E?E(IUH.]‘J[.I)
bel ay
Wx,v)=| Y %0
IF(x,,v,) OF,(x,.5,)
ox ay
(4.22)
ﬁF;{' JI‘?.}}H} ﬁ'FII{' JI‘?.}}H}
ox ey
W{Tﬂ -}r.'r] #0.
AF(x.,v,) dF(x.vy)
X oy

[Tpounecc BeMHCICHHA TT0 HTEpaHOHHBIM hopmynam (4.21) npomonxa-
ETCH 710 TEX MOP, NOKa HE OYAYT BBINOJHEHB] YCIOBHA:

X =, [+ [y

nil n+l

HITH (4.23)
|I.|r+| o Iul {—: & |,]'J.lr+l _ rJ { &
brok-cxema anropurma Metojia Hetotona npuseiena Ha puc. 4.3.

B diopmynax mans pacuera x4 H Ve cHCTEMBI (4.21) 0003HAYHM YHCITH-
tenu: D, u D+, a snamenarens — W.

[IpencraBum ypaBHeHnue (4.21) B cienyrouiem BHIe:
F-FLYy=FF
I.lr+l = Iﬂ - = . :-
F1L'r ] F1l_'r_ F12.'r ] Fll_-r
bFAFL-RAEY,

o = JE”Ix. F '3_1'_‘ F '2.1'. F '|_1' +

(4.24)
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Hauwano

L
Beog xp, Yo, &

h
k=0
(umcno wTepaumit)
L

X=Xn,¥=Fo
k.|
w

Pacuert Fy, Fa, Flow Flap Flaw Flay

L J
Pacuetr W, Dy, Ds

¥

W=0

HET

Xip= X 'E]_.I'rw
Fi=F - D./W

k=k+1
Ad .
X =X

x=x.|+ - <=F HEeT =
| x-xi [+ y-yl P

na
Pewernwa ¥

i Brieog

Ky Xeo Vi

L
k J

KoHeu
Pue. 4.3, Brox-cxema memooa Heromona

Bon pPOCkI AnA CaMOKOHTpONA

Kakne MeToabl 00BIMHO INPHMCHAKTCH A1 PCIICHHA CHCTCEM HeJIHHEH-

HBIX YpaBHEHH?
B 4yeM cyTh penieHHs CHCTEM HEJIMHHEHHBIX YPaBHEHHH METOI0M MPo-

CTBIX HTEepalmii?
Venoeue 0KOHYAHHS HTEpPallHOHHOTO Tpolecca?
Yro nexuT B OCHOBE NpUMeHeHHs MeToa HeroroHa?
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5. METOAbl OBPABOTKW
IKCNEPUMEHTAJBHbIX OAHHbIX

5.1. NoHaTHe 0 npubnMxKeHUU PYHKLUK

npl’l HCCHECNOBAHHH XHMHYCCKHX H XHMHKO-TCXHOJOIHYCCKHX Mpo-
LECCOB, KaK IPaBHII0, BO3HUKAET HEODXOAHMOCThL B 00padoTKe H aHanu3e
JaHHBIX, TOJYYEHHBIX B JKCIEPHMEHTE, ¢ MOCIeAVIOIIHM MPHMEHEHHEM
pe3yabTATOB 0DpadOTKH MpH MOJACTHPOBAHHH M MPOEKTHPOBAHHH peallb-
HBIX mpoueccoB. [TycTe nana nekortopas dyukuua y = fx). Hanpumep, 210
(GYHKUMSA BBIX0J4 HNPOJAYKTOB PEAKUMH OT KOHUSHTPALHH MCXOJIHOIO KOM-
MOHEHTA, DTO 03HAYAET, YTO JHOOMY 3HAYECHHIO X (KOHUEHTPALIHH HCXO0/1-
HOT'0 KOMIIOHEHTA) CTABHTCSA B COOTBETCTBHE 3HAYESHHE ) (BLIXO/ NPOAVKTa
peakun). Ha npakTHke 4acTo OKa3blBaeTCdA, YTO HAHTH 3TO 3HA4YeHHE J0cC-
TATOYHO CJHOKHO: (yHKIHA flx) ABAACTCH PEIICHUEM CIOKHON 3a7a49u
(CIOMKHBIH XpoMmaTorpatuuecKuii ananus) uian fx) namepserca B 10poro-
CTOHIIEM KCIICPHMCHTC. B ATOM CHYYAC BLIYHCIIHKOT HEG-{JJII:I[I}-’I{] TE[GJIHII_}-’
3JHAYEHUH BBIXOJHOrO MapaMeTpa OT apryMeHTa M 10 HEKOTOPBIM TOYKaM
CTPOAT (PYHKUHIO V= f(x), r1e X — KOHUEHTpalHAd HCXOIHOTO0 KOMIIOHEHTA,
V — KOHIEHTpALH [IPOAYKTA peaKklHH.

3amada o npubnwmkenun (annporxcumayuu) (QYHKIHH CTaBHTCA CIic-
ayromum odpaszom [2-5, 10, 11]. dyukumio f{x), rjiae x U3MeHseTcs B HEKOTO-
poil obnactu, Tpedyerca npuOIHKEHHO 3aMEHHTh (ANIIPOKCHMHPOBATE) He-
KOTOPBIM MHOrouileHoMm F,(x) Ttak, 4rodel oTknoHeHue F, (x) ot flx)
B 3a1aHHOH oOnacTH ObLIO HAUMeHbIIHM. [TonuHoM P, (x) npH 2TOM Ha3bIBa-
eTca annpoxkcumupyviowum. JIns NpakTHKH BaXkKCH ciaydad annpoKCHMAalluH
(DYHKIIHH MHOTOYJIEHOM CTEIEHH M

P, (xX)=ag+ ax + ax* + ... + ax". (5.1)

Koadduuments ag, ay, ..., d, JOLKHE TOI0HPATECS TAK, YTOOBI OTKIIO-
HEHHE MHOT'OWIEHA OT JJaHHOH (DYHKUMH ObLIO HAMMEHBIIMM, a CJIE/0BATE/Ib-
HO, 3aj1a4a 0 NpHOIMIKEHHH (YHKLMH COCTOMT B ONPEICICHHH dy, dy, ..., dy
nonauHoMma (5.1).

Ecnu npuOamKeHHE CTPOHTCHA Ha 3aJaHHOM JAHCKPETHOM MHOMKECTBE
TOYEK X;, TO ANMPOKCHMAIMA HasesIBaeTCA moveurno. K Heil oTHOCATCS MH-
TEPNOJHPOBAHUE, CPEAHCKBAAPATHYHOC NPHOIMKCHHE, PABHOMEPHOE MpPH-
OJIMIKEHHE U T, L.
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5.2. UIHTepnonupoBaHue

B umkeHnepHbIX pacuerax yacto TpeOyercs yCTaHOBHTL (PYHKUHIO fx)
IU1sl BCEX 3HAUeHUil x orpeska [a, b], eClIM U3BECTHLI €€ 3HAYEHUS B HEKOTO-
pPOM KOHEYHOM YHCIIe TOHEK 3Toro orpeska. OgHuM 13 cnocoboB npudiuxe-
HUA DYHKIHH ABIACTCA UHMEPNOTAYUA.
3azaya HHTEPIIOALMH MOKET BO3HHKHYTE B [IPAKTHKE HH/KEHEpa:
MPH HHTEPIOJIHPOBAHUHN TAOJIHYHBIX JAHHBIX;
NpH MONYyYeHHH (YHKUHOHAIBHOH 3aBUCHMOCTH 110 SKCIEPHMEHTAlb-
HBIM JaHHBIM, [PEACTABIEHHBIM B TADIUYHOH hopMe;
* [IPH 3aMeHe CIOKHOH C BBIMHCIHTEIBHOH TOYKH 3peHHA (PYHKUHH OO-
JIee TIPOCTOH 3aBHCHMOCTRIO;
o npu gudepeHIHPOBAHHN H HHTETPHPOBAHHH.,

IlocTanoBka 3aj1aun

[IycTte Ha oTpeske [xy, x,] 3amaHel # + 1 TOYKH Xp, X, X2, ..., X,, HA3bI-
BACMBIC Y3ITaMH MHTEPIOIAIHH, H 3HAYCHHUA HEKOTOPOH MHTEPIOJIHPYEMOMH
dyakmEr y=f{x) B 3THX TOUKax, T. €. HMeeTCcs TabIHIA IKCITEPHMEHTAIBHBIX
3HAYEHUH QyHKUMM v=7{X): Vo, V1. Y2y vy Vi

vo=fxo); yi=fx1); ..o ya=Ax0) (5.2)

Tpedyercsa HAWTH 3HA4YEHWA ITOH (QYHKIHH IS NPOMEKYTOYHBIX 3Ha-
YCHHH apryMeHTa, HE COBNAJAIONINX C MPHBEICHHBIMH B Tadnuie. [TonyunTs
aHaIMTHYECKOe BhipakeHne Gyukiuu y=f(x) no tabnuue ee 3Hadenuii (5.2)
B OOJIBIIHHCTBE CJIY4YaeB HEBO3MOKHO. [ToaTOMY BMECTO HEe CTPOAT APYIyio
(PYHKUMIO, KOTOpas JIErKO BBIYHCIAETCH U UMEeT Ty ke Tab/IHIY 3HAYeHHIl,
yto u flx), T. €.

Py(x0) = flxo) = o,
P(x)=flx)=wv,
rnei=0,1,2,....n.

Takyro 3amauy Ha3BIBAIOT 3a4a4ueld unmepnoiuposanud. ToUKH X; HA3bIBA-
IOTCS y3ramu unmepnoaayuy, Gyaxuna flx) — unmepnoaupvemoi ghyukyuetl,
MHOTOUWIEH P, (X) — uHMepnoIayuoHHeiM MHO2OWIEHOM, 3a1a4ei MHTePIoI-
IIHH, B Y3KOM CMBICJIC CJIOBd, CHHTANKOT HAXOAJICHHE HPHGHHH{EHHHK 3HAUYCHHH
TAOMHYHOH (PYHKLIMM NIPH apryMeHTax x, He COBMAJAKIIHX C V3II0BRIMH. Eciu
JHAYCHHE apryMEHTa X PACIOI0AKEHO MEKTY YIIAMH Xg<X <X,, TO HAXO0MAKICHHE
NpHOIHKEHHOr0 3Ha4YeHHs (QyHKUMH f(x) Ha3BIBACTCA uHMEPROIAYUEL;, eCITH
AMMPOKCHMHUPYIONIYIO (PYHKIHIO BRIMHCAAIOT BHE HHTEpBana [xg, Xx,], TO mpo-
LEeCC Ha3kIBAKOT axkcmpanoiayuen. lIpoucxoxienue 3THX TEPMHHOB CBSI3aHO C
JATHHCKHMH CIIOBAMH {nfer — MEKIy, BHYTPH, pole — y3e, extra — BHe.
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[‘pauueckn 3amava WHTEPHNOIMPOBAHMA 3aKIHOYAETCHd B TOM, YTOOBI
MOCTPOHTE TAKYH) HHTEPIMOJHPVIOUIYIO (DYHKIHK, KOoTOpad OBl MpOoXoMia
4Eepes BCC Y3kl HHTEPIIOIHPOBAHKA (pHC. 3.1).

y16

12 -

Pue. 5.1

Biu30C¢TE HHTEPNOJAMIHOHHOIO MHOI'OWIEHA K 3a/1aHHOH (PyHKUMH CO-
CTOMT B TOM, YTO HX 3HAYECHHUSA COBIIAJAOT HA 3aJaHHOH CHCTEME TOUEK.
[Ipu pemienuy 3a1a4i HHTEPIOIUPOBAHHA 00BIYHO IPUHUMACTCH, UTO:
e HHTeprnoaupyemas (pyHKUHS HElpepblBHA HA oTpe3ke [a, b] 1 B Kaxk1oH
TOYKE HMEET KOHCHHBIC TTPOH3BOIHBIC JII0D0T0 MOPSAIKA;
®  Y3JIbl HHTEPIOIUPOBAHUA OTJIHYHBI JIPYT OT JIPYT4.

5.2.1. J/InHeliHAA HHTEPNOJAALIHA

[IpocTelilunyM W 4acTO HCHOJIB3YEMBIM BHIOM HHTEPIIONALHH SABIACTCH
auneuHan unmepnoaayua. OHa COCTOMT B TOM, YTO 3aJaHHBIC TOYKH X;, V; TIPH
i=0,1,2, ..., n COSIHHAOTCH NPAMOJIHHEHHBIMH OTpe3kaMH H (pyHKIMIO fx)
MOMKHO NPUOIHAEHHO [PEICTABHTS JIOMAHOH ¢ BepIIMHAMH B JJaHHLIX TOUKAX.

YpaBHeHHA KaxkI0ro OTpe3ka JoMaHOoH B oDlueM ciydae pasHbie. [lo-
CKOJIBKY HMEETCH 1 HHTEPBAoB (X; ., X;), TO /s Ka/10r0 U3 HUX B Ka4eCTBe
VPAaBHCHHSA HMHTECPIONANMOHHOTO MHOTOYJICHA MCIONB3YETCH YpPaBHCHHE
MPAMOH, TPOXOIALIEH Yepes JBe TOUKM. B 4acTHOCTH 18 1-r0 HHTEpBaia
MOKHO HAIHCAThL YPABHEHHE NPAMOil, NPOXoAsAllei Yepes TOUKH (X1, Vi)
H (x;, ), B BHJIE:

Y=V, _ x—x_
J';ﬂ o .-FH—l —IJ' o -II.'_|
OTtcroga
y=ax + by x_ 1< x <x;, (5.4)
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=21Vl p= Vi - a; Xi).
X =X
CnenpoBarensHO, TPH MCTIONB30BAaHHH JTHHCHHONH MHTEPIONALMHA CHAYA-
Jla HYKHO OINpPEIe/IMTh HHTEPBAJ, B KOTOPBIH MONAJAET 3HAYEHHE apryMeH-
Ta X, 4 3aTeM IO/JACTABUTEL ero B hopmyiy (5.4) 1 HaliTH npudIHKEHHOE 3HA-
4eHHE (PYHKLMH B 3TOH TOUKE.

3.2.2. HuTepnoasiuHoHHbIH MHOrowaen Jlarpanxa

[Tycrs dGyukuua fix) 3anana tadiuuno. 10 MOryt ObITh, HAlpPHMEp,
SHAYCHHA KDHHEHTIJE[[Hﬁ [IPOAYETOB pCakKUHH B 3dBHCHMOCTH OT TCMIICpAa-
TYPBI, MOTY4YEeHHBIE IKCIIePHMEHTATBHO.

| Xg X1 Xy

X
fx) | fixe) Axy) e )
3HayeHud Xy, Xy, ..., X, Ha3bIBAlOTCA y3JaMH Tadbnuuel. Cyuraem, 4To

V3IILl B 0OIIEM Clyyae He ABIAIOTCH PABHOOTCTOAIIMMH (1ar Tabnuikl He-
PABHOMEPHBIH ).

[TocTpouM HHTEPHOJMALMOHHLIM MHOTOWIEH Ha OTpe3ke [xg. x,]. 3amnu-
1EM HCKOMBII MHOIOWIEH B BUJIE:

Px)=ay+ ax + ax” +... + ax™ (5.5)

rEﬂMETpH'-ICCHH 3d1da49a HHTCPIINIHPOBAHHA CBOIHTCA K TIOCTPOCHHID
KPHBOH 4epes 3a/aHHbIE TOUKH.
AHATUTHYECKH 3da4a CBOJHTCH K PCLHICHHKY CHCTEMbI }’IJEBHEHH[T[

x' L, i=0..n. (5.6)

Y(x)=a, +ax +ax’ +..+a,x

Hna onpenenenua kod(pQUIHEHTOB MHOro4iaeHa (5.5) HeoDdXoaMMO
pacnonaratk # + 1 y310BOH TOYKOH.

Yr1obkl cHCTEMA YPABHEHHI MMEIA €IMHCTREHHOE PEHICHHE, HE0OX0HMMo,
4TOOBl KOJIMUYECTBO HEM3BECTHBIX KOMPQHUIHEHTOB NMOMHHOMA (@) — m+ 1 —
PABHAIOCE KOJIMYECTBY YpaBHEHHH n + 1 Hnu m=n.

IIycte B (1 + 1)-# TOYKAX Xy, Xi,..., X, OIPEICICHEI 3HAYECHHA Vg, Vi, ...,
Vu. Tpebyerca mocTpouTh MHOTOYIEH P,(X), TPHHUMAKOIIHH B Y3/I0BBIX TOY-

KdX 3dJJaHHBIC 3HAYCHHA Vv, T. C. Tﬂ[‘:Dﬁ* HTO
Pﬂ{-ra'} =,1'J?? -E:D, 1, weea M.

Jlarpanx npeanoxuI Caeayomyw (GpopMy HHTEPIONALHOHHOIO MOIH-
HOMA:

F,',(x}=i}‘;-.-5f{x), (5.7)
f=A}

50

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HaliTe CTOMMOCTb HanncaHus cTygeH4yeckon paboTbl Ha 3akas
http://y4ebHukn.nHdopm2000.pd/napisat-diplom.shtml

rjae Lix) — mHoxuTeNnb Jlarpanska, UMer i BUL;

= (x—x, ) x—x ) (x—x,, ) (x—x,)
h() (x, = x5 )l X, = X X, — X )X, — )

_ L (;-: - xk}
g(.ﬁ:‘.—xﬁ)'

ki

(5.8)

Cnenosarensno, opmyny Jlarpaniaa MOKHO NPEACTABHTE B BH/IE!

u(x) Z'}/’ ]_[I a : {55‘]

Yucnureas M 3HaMeHaTelb He JOJKHBI BKIKYAaTh B ce0A 3HAYEHHA
X =X;, TAK KaK pe3yasTar OyjaeT paseH Hymio. B passepuyTom Buae dopmyny
Jlarpanka MOMKHO 3a1HcaTk B BHJIE!

P(x)=Y (x—x)(x—x,).(x—x,)

I:I{I

+ ...t (5.10)

Ly (.r—.:-:ﬂ){x—x]}(x—.rz]...(x—x” l) ,
' (In = ){I” HII){IH _I:} {I — Ay 1}

biok-cxema Metoja Jlarpan:ka npuBeieHa Ha puc. 5.2,

Mpumep 5.1. Ing GyHKIHE V= SINTY TOCTPOUTE HHTEPMOIAIIHOHHBIH
noauHoM Jlarpania, BRIOpaR y3msl: X, X, X7,

1
X 0 >

¥ 0

tnd | = | | —

[Mpumensas dopmyny (5.10), nonyunM:

¢ N 3 ‘
x—] x—] (x-0) :.::-I] | (I—HJ[I—I]
\ 6 )\ ZJ_D+ \ 2 . 6 1

P(X)=

N g "
= M aD R )
7 5
P(x)=—=x-3-x".
(I} 21’ X
21
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Ha4vano )
v

/ Bsoa /
/ N} XoreesXs YoreeVns XX/

na

P1=P1-(xx-x;)
P2=P2-(xrX;)
|

yy=yy+y;P1/P2 }« ----------- -

i

f,-" BoiBog

/ XX,y
; v

Iy ™

L KoHeu,

S

Puc. 5.2. BErok-cxema memooa Jlazpanca

[Ipumep 5.2. [lana tabnuiia 3Ha4eHHH TEMIOEMKOCTH BEIIECTBA B 3aBH-
cumMocTH oT Temmnepatypsl C, = f(T).

x () 300 400 500 600
y(C,) 52,89 65,61 78,07 99,24
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BeiudcnuTe 3HaveHue tersioeMkocTH B Touke 7'=450 K. s peenus
BOCMONB3VeMcA hopmyoi (5.10):

1 (450) - (430 =400)(450 - 500)(450 - 600)
(300—400)(300 —500)(300 - 600)
(450 -300)(450—500)(450 - 600)
(400—300)(400—500)(400 —600)
(450 —300)(450—400)(450 - 600)
(500—300)(500 —400)(500—600)
. (450-300)(450 - 400)(450 - 500)
" (600—300)(600—400)(600— 500)

3HAYCHHE TEMIOEMKOCTH NpH Temnepatype 450 K

C,(450)=71,31 [/ (mons: K).

52,89 +

+ -63,61+

+ 78,07 +

-99,24

5.2.3. UarepnossiinoHHble MHOTOYIeHBI Hbl0TOHA

PaccMOTpHM IMOHATHE KOHEYHBIX PAZHOCMEIL.
[Tyers 3anana Gynkuua y = f(x) Ha oTpeske [xq, X,|, KOTOpbI pazdUT Ha
i OJAHHAKOBBIX OTPE3KOB (C/Iy4ai paBHOOTCTOALLIMX 3HAYEHHH apryMeHTa):

Ax=h=const. [lna kaxaoro y3na xg, x;=xg+ h, ..., x,=xg+n -h onpenene-
HbI 3HAYEHHA (DYHKLHH B BH/IE
_ﬁl’u] — Vo, .ﬂxl} —Vis - 'ﬁ-ﬁxn] = Vi (5 l l}

BeeneM MOHATHE KOHEYHbIX PAZHOCMEN.
Koneynsle pasHoCTH NEPBOTO NOPAIKa

Ayp=¥y)— Vo
Ay =y2—yi;

"ﬂ}’rr—] Vo= Vi
Koneunsle pazHocTH Bmpq}rn nopsijiKa

A? vu Ay, — Ave;

A? Vi1 =Ay; - ﬂyl;

ﬂl V2™ ﬂ,}}u— ﬂyu—i-
AHAIOrHYHO ONPEJE/IATCH KOHEYHBIE PA3HOCTH BBICILIHX IOPSJIKOB!
k -1 '
ANyve=A""vi—A" y
ﬂ-k'lk’[ :ﬂﬂ—lyl o ﬂﬁr—lvl;

Afy =AF y”—.a"* [;.,:—{}1 ~ k.
53

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HaliTe CTOMMOCTb HanncaHus cTygeH4yeckon paboTbl Ha 3akas
http://y4ebHukn.nHdopm2000.pd/napisat-diplom.shtml

Koneunble paznoctd (hyHKUMH y100HO pacnoarats B Tab/HLAX, KOTOPLIE
MOTYT OBITh JHATOHAIBHBIMH (Ta0. 5.1) WK rOPH3OHTAIBHBIME (TabdI. 5.2).

Tabmuna 5.1
Huazonarwsnas maoauya

X; WV Ay .E-.ly,- A Vi &4_1f,- A’ Vi
Xp Yo

ﬂyﬂ
X ¥ *’—\'LE.F 0

Ay, ﬂs}"u
X2 Y2 ﬂz}"l ﬂ4}’ﬂ

Ay, Ay, A’y
X3 Vi ﬂz}*‘z ﬂq}’l

ﬂ_]p 3 .ﬁJ_}-’g
X4 Vi ﬂz,lfa-

Avy
Xs Vs

Tabnuna 5.2
lopuzonmansnaa madiuya

X; ¥ Ay, Ay, Ay, Ay, Ay,
Xy Yo Ay Ay Ay Aty Ay
x| Vi Ay, Ay, Ay, Ay,
X2 V2 Ay, Ay, Ay,
Xy Vi Ay A’ Vi
Xy Va Ayy
Xs Ys

Ileppas uuTepnoasuHouuas popmyaa Herorouna
[Tycte s gyukuun y=fx) 3aganel 3HadeHus y; = f{x;) 11a paBHOCTOA-
IIHX 3HAYCHHH HE3aBHCHMBIX TIEPEMEHHBIX:
Xy — X + th

rje i1 — mwar HHTEPIOIALHH,
Heobxoaumo nHaiiTH nonuHoMm P,(x) cTeneHW He BbILIE 1, NPHHHUMAK)-
IIHIA B TOYKAX (y3J1ax) X; 3HAYCHHUA:

P.(x)=v,i=0, ..., n (5.12)
HuTepnonupyommi noanHoM HIIETCA B BHIEC:

F(x)=a,+a, (I“ Iu] +a, (wa”){xwxl)+ (5.13)
et a, (x—x,).(x—x,).
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3anava MoCcTpoOeHUs MHOIOYIEHA CBOJMTCH K OlpelelleHHD Ko uLu-
€HTOB @; U3 VCIIOBHIA:

P .l.'{-]flf!) — V.
P,?{Iﬂ:'}?h
(5.14)
Fﬁ{xrr] = Vn
[Tonaraem B (5.13) x=xp, T. K. BTOPOE, TPEThE U JAPYTHE ClaracMble pas-
Hel (), TO

Pﬂ{-‘r':') = Vo= dp, dp = Vo
Haiinem koadHuenT a;.
[Ipu x=x; mony4um:
P, (x1)=y1=yo + a(x; — xo);
»1=Yo T ai(x; —xp),
W= _ Ay,

ﬂ]
X, — X, h

s onpenenenns @; COCTABHM KOHEYHYH PA3HOCTh BTOPOIo NOpsjiKa.
Ipu x=x: nonyuum:

P.(x2)=y2=yot % (x2 — x0) + as(xs — xp)(x2 — x1) =vo + 2Avo + @20,

Vo= Vo =28V _ Vo=V =20 +2y, _ ¥ -2y, 4y, _

iy = =
20’ 20’ 20’
_ ) -y Ay —Ay ATy,
20 20 2147

AHAJIOrMYHO MOKHO HAHTH Jpyrue kodppuuuenTsl. O0was dopmyna
HMeeT BH/I:

Al
klh
[TojacTasisia 3TH BeIpaxenus B hopmyiy (5.13), nonyuaem:
My Ny
P(X)=y,+ F?{ .:-:n)+2Lh‘i’_,(x—.m,}(x—.n}+,.,

ﬂ{' ]
+ r*;;:](x— ID}...(I—I” I]j

k=1,..,n (5.15)

(5.16)

T X;, Vi — V3Bl HHTCPMOIAIHH; X — TCKYIIas NepeMEeHHas; i — pa3HOCThL Me-
KITY ABYMSA y37aMH HHTCPIONSAUNMH; A — BEIHYMHA MOCTOAHHAS, T. €. Y3IIbI
HHTEPIOIALMH PABHO OTCTOAT JAPYT OT Jpyra.
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DTOT MHOTOUIEH HA3BIBAKOT UHMEPROAAYUOHHBIM noaunomom Heiomo-
Ha JUIA MHTEPNOIAIMH B Havyajle TaOaHIbl (MHTEPIOIHPOBAHHE «BIEPEI»),
HITH hepablM ROTUHOMOM Hvromona.

J1s  TpakTHYECKOTO HCMONB30BAHHA OTOT TMOJHHOM 3alHCBIBAIOT
B Npeodpa3zoBaHHOM BHJIE, BBO/I 0003HaUeHue [ =(x — xy)/h, TOr1a

t-lt—1
‘F:r(I}:,]"n +f‘.ﬂ}i-| +%'.ﬁl}?n +...+

t-(t=1).(t—n+1) G147

n!

_|_

rl N
ATy,

Ota dhopMmyaa MPUMEHHMA U BBIYHCICHHMA 3HAYCHMH (DYHKIMM 1714
3HAYCHHH dPprymCcHTOB, DIM3KHX K HAYATY HHTCPBAJId HHTCPIIOJTHPOBAHHKA,

binok-cxema anroputma metojga Helotona s HHTEPNOJIHPOBAHHSA
«BIIEpe» MPHUBEJIeHa Ha pUC. 5.3, nporpaMMa — B IIPHIIOKEHHH.

IMpumep 5.3. [lana Tabiuia 3Ha4eHHH TEMJIOEMKOCTH BECIIECTBA B 3aBH-
cumoctH ot Temneparypel C,=f(T) (Taba. 5.3).

Tabmima 5.3
x(T) 300 400 500 600
Y(Cp) 52.88 65.61 78.07 099 24

lHocTpouTs HHTEPNOAAIMHOHHBIH MHOrO4WIeH HbroToHa s 3aJlaHHBIX
3HAYCHHH (PYHKUMH:

n=3; h=100.
CocraBum Tabimiy KOHEYHBIX pasHocTeH yHkinn (Tabm. 5.4).
Tadmuua 5.4
X V Ay A’y Ay
300 52,88 12,73 0,27 8,98
400 65,61 12,46 8,71
500 78,07 21,17
600 99,24

Bocnonszyemcs opmyioii (5.16):

e LAY
F(x)=y,+ . (x I“]Jrg[;ﬁ (x—x,)x

Ay
K{I — 4 } + ETfiu {I — A }(7‘: =% ](I — A X
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12.73 0,27
P(x)=5288+— x=300)— ———(x-300)x
() 00 ( ) 21100° ( )
*(x —400)+ 8,98 (x —=300)x —400) x —500)
. 31000 " " '
HEHEHD
Beopg x;, yi, Xx*, n
i
h=.h'1-.-"l.']_
b
- k=1,n-1
i
> i=0, n-k
b
3 a : =] - Het !
"'}'FJ:FHI' Vi _ 'ﬂk}"l‘:ﬂyﬁ-lnl'l'-ﬂk-lyj _
¥ ¥
¥

F=F*ﬂ-; }.* - Fapr_l_ﬂ.'yuﬂ.;,hf],;}

¥

P=P-(x*-x;)

T
Boisog y*

k4
KoHel

Puc. 5.3. brok-cxema areopumma memoda Heiomona
A UHMEPNOTUPOBANHUA «BNEPedy

[locne BeIMOMHEHHA NpeodpazoBaHH MOIYYHM HHTEPIOIAIHOHHBIMA
MHOTOYJICH BHA:

P(x)=1,5-10"x"-0,00181x" +0,842x — 76,94,

a7
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[TonuHOM HMEeT TPeThb) CTEeleHb M JiaeT BO3MOKHOCTh BBIYHCIEHUS
MpH MOMOIIH Hal1eHHOH (OpMYIIEI 3HAYEHHSA V 11 HEH3BECTHOTO X.

[Ipumep 5.4. B Tadn. 5.3.1 npuseneusl 3Ha4eHUA TCMIOEMKOCTH B 3a-
BUCHMOCTH OT Temneparypbl. Onpene/imTh 3HAYEHHE TEIUIOEMKOCTH B TOUKE
I'=450 K.

Bocnone3yemcs nieprod HHTEpHoaAlHOHHON (Gopmyiioil HetoToHa. Ko-
HEYHbIE Pa3HOCTH pacCYHMTaHbl B NpeAblaylieM npumepe (tabdm. 5.3.2), 3a-
MHILIEM HHTEPITONAIHOHHEIH MHOTOUIEeH npr x =450 K

12, THI[éISEI 300) - [}IET (450 —300)(450 - 400) +

F,(450)=52,88 +

8,98
+ 1
31100
Takum odpaszom, TennoeMKoCTh NMpH TeMmneparype 450 K doyaer
C,(450)=71,31 a/(mone - K).

3navenue termoemMkocTH npH =450 K moay4yuian Takoe e, 4TO
H paccunTanHoe 1o gopmyne Jlarpanxa.

Bropas naTepnoasunonHas gpopmyna Herorona

Jna HaxoxkaeHus 3Ha4eHWi (PYHKIMI B TOMKaX, PacroIoKeHHbIX B KOHIIE
HHTCPRATA HHTCPIOIHPOBAHHA, HCTIONB3YIOT BTOPOH MHTEPHOMAIMOHHEIH TO-
JIHHOM HLH}T{]HH. 3HI]HIII$M HH'I'EpIIﬂJIHIlH[}HHbIﬁ MHOI'OUYICH B BHJIE

P(x)=a,+a (r—xﬂ}—kaz(x—x”](l:— X, )4+ (5.18)
wta, (x—x, ) (x—x,_ )dx—x).

Kosdduumentsr ay, ay, ..., a, onpeaenseM U3 yCIOBHA:
P” (.Ir} :_}:].'.l i: Gj 5w ﬂa

[Tonaraem B (5.18) x=2x,, TOrIa

'F:l ('T.l.') = ﬂt!‘
EI [.:':”] = J;.lr = Hi]’
IﬂIlf:I = .]':.lr‘

llonaraem x=x,;, TOr1a
Prr(-trr ]):_}}n ]=_]’:|'F+ ll--F\"l{;':.'r | — T) h —Xp — Xp 1y
CICIA0OBATCIIBHO,

J-'| _-}}Jr—] — 'ﬂ'—yar—l
h ho

i, =
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Ecnu x=x, >, TO

Ay,
'FT:'(* fl—l} = y.lr—? = -}JH + hﬂ : (In—l . I.'r} +

+H] (I.Ii'—l o 1']:rj }(_t”_: - 'I.l|_| );‘

+ R=2

Y. =Y, +%{—2h]+ﬂ1~2h: =

— ﬂ'l-}‘u—?
T2’
AHANOTHYHO MOMKHO HAHTH ApyTHE KodpdUIMeHTs MHOTOWIeHA (5.18):
3
a. = A -}:r: 3
S 17 R
................... (5.19)
ﬂ” 3
a, = JJ” :
nth”

IToacTaBnAs 3TH BeIpakKeHHA B QOpMyITy (35.18), NOOYIHM emopyio uH-

mepnoasyuonnyio gopmyay Hewomona, wnn muorounesn Helotona ans wn-
TﬂpllﬂJlH]}ﬂBﬂHHH CCHAZA !

— 1 "ﬁ-}lﬂ—l _ ﬂ'j}’u—l _
ﬂ{'r)_.}f.lr-l_ i (I "r.li')+ 21,}:3 {I IJ.I):":
3
x(x—x, )+ %{x —x ) (x—x, X=X, )+ (5.20)
ﬂ.nl

...+—yfj'{x—xr‘)(x—xﬂ_]]...(;-: —x,).
n'h

Beenem obozHaueHHA:

I_I”zr, WIH X =X, +1h;
h
'I_I.'r—l _‘I_ I”_h}—f-l-l;
h
X-x,, Xx—(x,,—2h) 42
h h
x—xlzx(xfl—zh}=f+ 1
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[Tpouszeens 3aMeny B (5.19), noayuum:
r(r + 1)
2!

. Hi+D...(f+n-1) A
n!

F:r (I} - .}Jr: + Eﬂ-}:ﬂ 1 .}ﬂ 2z +.

(5.21)

V-
1o Bropas opmyna HeioToHa an1d HHTEPNOIHPOBAHNS «HA3AI,

[Mpumep 5.5. Beluvcantek TemioeMkocTs (eM. tadm. 5.3) ang remnepa-
Typel I'=550 K.

Bocnonksyemca Bropoil dopmynoii Hetotona (5.19) U cOOTBETCTBYHO-
MIMMH KOHCYHBIMH pazHoCcTAME (cM. Tadm. 5.4):

Ay

P(x)= J3+i{.r x)+ 5N (o x )+

Ay,

3h°
P (550)=99,24 +

+Hx—x,)+

(x - Xy ){I — A Mx - e );

211?(55[1 600) + 281?{} (550 -600) =

x(550-500) + 8198 (550 -600)(550-500)(550-400) =87,01.

CnenoBaTesbHO, 3HAYEHHE TEIUI0eMKOCTH 1IpH TeMneparype 550 K pasto
Cp(550)=97,01 Hx/(moae K).

5.3. Annpokcumaumsa hyHKUMUIA

B NPEAbLIVIIHX pasiaenax DBLI PACCMOTPEH OJIHH H3 CrnocoDoB II]::«HGJIM-
HKEHMs (PYHKUMM K TaOIHYHBIM JaHHBIM — HHTepnoJsuusa. OTIHYHTEIbHOH
0CODEHHOCTBIO €€ SBIANOCH TO, YTO MHTEpPNOIHpyIomas (QyHKIHA CTPOro
MPOXOAHJIA Yepe3 Y3I0Bble TOYKH TaOIHIIkL, T. €. pacCHYHTaAHHbIE 3HAYEHHA
COBMAAamn ¢ TabnuuHBIMH — ¥, =f(x;). DTa 0CcOOEHHOCTE 0OYCIOBRIHBANACE
TeM, 4TO KoJHuecTBO KOxpduumenToB B HHTEpoaupyromei Gyukuuu (m)
OBLUIO PABHO KOJIMYECTBY TAOJIHYHBIX 3HAYEHHH (7). OnHAKO, €ClIH I8 OIH-
caHus TaOMHYHBIX JaHHBIX OyaeT BelOpaHa PYHKIHA ¢ MEHLIIHM KOJIH4YeCT-
BOM KOYD(HUIHEHTOR (m<n), 4TO 4AaCTO BCTPEYAETCA HA MpPaKTHKE, TO YikKe
HeNb3s noaodpatk KodhduumenTsl GyHKIHK TAK, 9T00B! (PYHKIIHS MPOXOIH-
J1a Yepes Ky y3JI0BYI0 Touky. B nyuimem cnyuae oHa OyieT npoxojamrhb
KakMM-1H00 00pa3zoM Me#ly HHMH M odeHb ONH3K0o K HUM (puc. 5.4). Takoii
crnoco0 onucaHus TAOMHMYHBIX JJAHHBIX HA3LIBACTCHA ANNPOKCHMALMEid,
a (PYHKLMA — annpoKCHMHPYHOLIEH.
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Puc. 5.4
—— — UHMEPROTUPVRILAH (PVHEWUA ]
- - - - — ANAPOKCUMUPVINYAA (yHEYUA

Kaszanock OBI, ¢ MOMOIBIY METOJA HHTEPIONALIMH MOKHO OMHCAThH Tad-
JHYHBIC JaHHEIE D0NIee TOYHO, YEM AnmpoOKCHMAIIHH, TEM HE MEHEe Ha Ipak-
THKEC BO3HHMKAIOT CHTYallMH, KOTJa TMOCICIHHH METOJ] INpeAno4THTE/ILHEE.
[[epeunciIuM 3TH CHTYALIHH.

1. Korga konndecTBO TadIMYHBIX 3HAYEHHH 0YeHb BeJIHKO. B stom ciy-
qyae MHTEePNoJHpyrouas (PyHKUHA OyIeT O4eHb rpoMo3JKoH. Yno0Hee Bbl-
OpaTh DoJiee MPOCTYIO B PUMEHEHHH (PYHKIHIO ¢ HEOOIBIIHM KOITHYECTBOM
KOMPPUIIHEHTOR, XOTS U MEHEE TOYHYIO.

2. Koraa ey (pyHKUMH 3apaHee onpeiened, Takas curyauus BO3ZHHKAET,
ecii TpeOdyeTcs ONUCcaTh IKCIEPHUMEHTAIBHEIE TOYKH Kakoi-1THO0 TeopeTHYe-
CKO# 3aBUcHMOCTBIO. Hanpumep, KOHCTaHTAa CKOPOCTH XMMHYECKOH peakiuu
3ABHCHT OT TEMIIEPATYPBI 110 ypaBHeHuo Appenunyca k=ky - exp(—E/RT), B Ko-
TOPOM [IBa OTIpeIelsieMblX rapaMeTpa ky— NpeaIKClIOHeHIHalIbHbI MHOKH-
Telb, £ — dHeprus akTHBAlMH. A Tak Kak IMOYTH BCEr1a IKCIepHMEHTAIIbHBIX
TOYEK OBIBACT DOMBIIC ABYX, TO M BO3HHKACT HEOOXOIMMOCTE B AnmnpoOKCH-
MaIHH.

3. Annpoxkcumupyiomas (GyHKUHS MOKET CINIaKHBATBL MOIPEIIHOCTH
IKCIEPUMEHTA, B OTIHYHE OT HHTepronupyromen gpyukuuu. Tak, Ha puc. 5.5
TOYKAMH I10KAa3aHbl TAOIHYHBIE JaHHBIE — Pe3yJIbTAT HEKOTOPOrO JKCIIEpH-
meHTa. O4YeBHIHO, YTO } MOHOTOHHO BO3pacTaeT ¢ yBelHveHweM X, a pas-
Opoc naHHBIX 0OBACHACTCH MOTPEITHOCTRIO IKCIIEPUMEHTA.

Pue, 3.5
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OnHako HHTeprnonupyrowas QyHKUHA, OpOXoJsd 4Yepe’ KamIyH TOUKY,
OyZleT MOBTOPATHL OIIMOKH IKCIEPHMEHTA, HMETh MHOKECTBO IKCTPEMYMOB —
MHHHMYMOBR 1 MaKCHMYMOR — M B LIEIIOM HEBEPHO OTOOPAMkKATE XapakTep 3aRH-
cuMocTH Y ot X, DToro HepocTaTka IMIIEHA anmpOKCHMHPYIOMAS (QYHKITHS.

4. 1 naxkonel, HHTEPNOJIHPYIOWIEN (PyHKINEH HEBO3MOMKHO onucarh Tad-
JIMYHBIE [JAHHBIE, B KOTOPBIX €CTh HECKOIBKO TOUEK ¢ OJJHHAKOBLIM 3HAYEHHEM
aprymeHTa. A Takas CUTyallls BO3MOMKHA, €CJIH OJHH U TOT K€ IKCIIEPHUMEHT
[IPOBOJIUTCA HECKOJIBKO Pa3 MIPH OJIHHX W TeX K€ HCXO/IHBIX JaHHbIX.

[locTtanoBka 3agaun. [lycTe, H3y4as HEHM3BECTHYIO (PYHKIIMOHAILHYIO
3aBHCHMOCTE )= f{x), OBII NPOM3BEACH P H3MEPCHNH BEITHUHH X H ).

X X1 X2 X3 X

Y Y1 Y2 Y3 as Y

Ecim ananutuueckoe BoipameHue (PYHKIHH f{X) HEM3BECTHO MJIH BECh-
Md CIHIOMHO, TO BOSHHEACT HPAKTHYCCKH BaKHAA 3a0ad; HaiTH TAKYHY IMIIH-

pUHMecKyI0 hopMyITy

‘f’:f[x], (5.22)

JHAYCHHA KDTDpDﬁ IpH X =X; BOSMOMKHO MaT0 OTIHHAIHCE OBI OT OMBITHBIX
nanueix yv;(i=1, 2, ..., n).

Kak npaBuiio, yka3biBaoT JOCTATOYHO Y3KMM Kiace ¢pyukuuil K (Hanpu-

MED, MHOKECTBO (DYHKLMH THHEHHBIX, CTENIEHHBIX, MT0KA3aTeNbHBIX U T. I1.), KO-

TOPOMY JIOJKHA MPHHAIEKATE HCKOMas (PyHKLIHS f(:-:} . Takum obpazom, 3a-

JIA4a CBOJIMTCH K HAXOMIEHH ) HAHIYUILNHX 3HAYSHHH NapaMeTpoB.

[‘eomeTpuueckH 3aaua NOCTPOSHUS IMITHPHUECKOH (POpMYIIBI COCTOHT
B MIPOBEIEHHH KPHBOI I, «B03MOKHO DIIHKEe» MPUMBIKAKOINIEH K CHCTeMe To-
yek (puc. 5.6) Mix, v;) (i=1, 2, ..., n).

Puc. 5.6
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Crnenyer OTMETHTB, YTO 3a/a4a MOCTPOSHHS IMITHPHYECKOH (hopMyIIb]
OT/JIHYHA OT 3a7a4¥ HHTeprnoaupoBanud. HM3secTHo, 4TO aMIHpHYECKHE JaH-
HBIC X; M };, KaK MPaBuiIo, TpHOIHKEHHBIE H coaepkar ommdku. [Tortomy
HHTEPIOIAIHOHHAA (DOPMYJIA MOBTOPACT TH OMMOKHM M HE ABIACTCA MIC-
ANbHBIM pelIeHUEM MOCTaBleHHoH 3anaun. Becbma BepositHo, urto Oonee
[POCTAs IMIHPHYSCKAS 3aBUCHMOCTE OYAET CIrUIaKHBaThL JaHHbIe H He Oyaer
MOBTOPATH OIIMOKH, KaK B Cly4ae MHTeprnoarpoBaHus. ['paduk saMnupuye-
CKOH 3aBHCHMOCTH HE MPOXOIHT 4Yepes 3aJaHHble TOYKH, KaK 3TO HMEET Me-
CTO B CIIYYa¢ HHTCPITONIALIHH.

llocTpoenne SMIMPHUYECKOH 3aBHCHMOCTH CIIAra€TCA M3 JIBYX 3TalOB:

® BbIACHEHHE 00IIero Buaa (popmMyibl;
e QIpedelieHHe HAMIYYIIHX [apaMeTpoB IMIIHPHYECKOH 3aBUCHMOCTH.

Ecnu Hew3BecTeH xapakTep 3aBHCHMOCTH MEKIY JaHHbBIMH BeJIHYHHA-
MH X H ¥, TO BHJI IMIHPHYECKOH (DOPMYJIBI SBIAETCA NMPOU3BOILHEIM. [Ipes-
MOYTCHHE OTIHACTCA TMPOCTHIM (opMynaM, 00IaJalonuM XOpoIeiH TOYHO-
CThIO. EC/IM OTCYTCTBYIOT CBEACHHA O NPOMEKYTOUHBIX JAHHBIX, TO 00bLIYHO
npeanoiaraeTes, 4YTo SMIHpHYecKas (PYHKUUA aHalUTH4YecKas, 0e3 Touek
pa3psbiBa, U rpaUk ee — [J1aBHasd KpHBasd.

Y nauHeiid nogdop IMOHPHYECKOH (hOPMYIIEI B 3HAYUTE/IEHOH Mepe 3a-
BHCHT OT ONBITA H HCKYCCTBA cOCTaBUTEeNnd. Bo MHOIHX ciaydasx 3ajada co-
CTOMT B AlNpOKCUMAIIHM HEN3BECTHOH (PYHKIMOHAIBHOM 3aBHCUMOCTH MEHK-
Y X M ¥V MHOI'OYJIEHOM 34/1aHHOH CTENEHH M

i
2 !
P(x)=a,+ax+a,x +..+a x" = E a.x
&=l

HIIH

7l

K
FU—Z!ZI&'I :

k=l
Hepenko ynorpedndawTcs Apyrue sJeMeHTapHble (PYHKUHH (Ipo0HO-
TMHCHHAA, CTCTICHHAs, MOKa3aTeabHadA, norapupMuteckasn v 1. 1.). Yo kaca-
€TCA Onpeae/eHud HAWJIYYIINX 3HAYCHHH MapaMeTpoB, BXOIAIIHX B IMITH-
puuecKyr (hopmyny, To 31a 3ajaua Oonee Jierkas v pelaeTcs peryiaspHbIMH
meroaamu. HaubDonee wacTto npuMeHseMBIM METOIOM OINpEaelleHHs mnapa-
METPOB IMITUPHUECKON (POPMYIIBLI ABIASTCH Mmoo HAUMEHBUILX KEADPAmoe.

3.3.1. Meroa nauMeHLIIHX KBAAPATOB

[Iycre, HANPUMED, B pe3yJILTATE HKCIICPHMEHTA 11o1yueHa Tabiiia 3Have-

Hul pyHkmu v; (i=1, ..., n). 3aga4a cOCTOUT B aNNPOKCHMALIMH HEW3BECTHOMH
(OVHKIHOHATBHOH 3aBHCHMOCTH MEAKIY X H ) IMITHPHYSCKOH (hOpMY IO
v(x)= f(x:a,.a,...a,6), (5.23)
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rJie M — YUCIIO MapaMeTPOR; dj...d,, — HEU3BECTHBIE KOMPPUITHEHTHI.

s OTBICKAHHA HEHM3BECTHBRIX KOAD(PHIITHEHTOB NMPHUMEHHM METOo[ HaH-
MEHBIIHX KBaJpPAaTOB, KOTOPHIH ABIACTCA YHHBEPCAILHBIM METOIOM pele-
HHA 331a4 annpoKCHMAITHH,

HMes MeTo1a HaMMEHBIIHX KBA/IPATOB 3aKJIDHACTCH B CICAYHMIIEM: OI1-
pelelnTh UCKOMbIE KO3(DhHUMEHTBl a; 3aBUCHMOCTH (5.23) TakuM o0OpazoM,
4TOOBI 3TOT MOJTHMHOM HAWIVYIIHM 00pa30oM OMHCHIBAN IKCIIEPHMEHTAIbHEIS
JIaHHBIE, & CYMMa KBaJPaTOB OTK/IOHEHHH IKCIIEpPHMEHTAIBHBIX 3HAYEHHH V;
OT COOTBETCTBYIOIIMX 3HAYCHHH, BBEIYHCICHHBIX IO ANNpPOKCHMHPYIOIIEMY
MHOTOUIEHY (5.23), Obli1a MHHMMAJILHOM:

7

e

f'T{ﬂniﬂ|v“!-ﬂm] = Z[J’ﬂ _.f('x:j;a”ja|j*r+jﬂ”j }:| = T'I"IIT'I 5 (5*24}
i=1

rae Flay, ay, ..., a,) — OYHKIHS KO3 DPHUIHEHTOB,

B Touke MHHUMYMa (YHKIHH F €€ NIPOH3BOJIHLIE 00pallatTCa B HYIb.
OTcroga mony4aeM Tak Ha3bIBAEMYH) HOPMAIbHVIO cucmemy LIS Onpenene-
nua kodpduunentor a; (=0, 1, ..., m):

cfF oF oF
—=0, —=0,...,—=0. (5.25)

la, 5‘(:[ cict

R

Ecau cucrema (5.25) umeer €IMHCTBEHHOE pelleHHe, TO oHO Oyjer
uckoMmbiM. Cucrtema (5.25) ynpouwaercs, ecid SMIMpudeckas (pyHKUMSA

f(x:a,.a,,...,a, ) THHEHHAA OTHOCHUTEILHO MAPAMETPOR dp, A1, ...y .

PaccMoTpum Hambomee pacnpocTpaHeHHBIH HacTHRIH Caydaid, Koraa
IMIHpHUECKast (PYHKIMS TPEICTABICHA ITOJIHHOMOM

P(xX)=ay+a;-x +a,-x + ... +a, -x";

F(a,a,,..,a,)= i[v — P(x, }]1 —> min.

¢
=1

(5.26)

Menone3ys cuctemy (5.25), nojydaem MareMaTHUeCcKoOe YCJIOBHE MH-
HUMYMa JU1sl ypapHeHus (5.26):

oF .
_=—2-E (@, —a, X, +a, X +...+a"-x"))-1=0,
aﬂﬂ j.l(.}'r { i | i 2 r)]
Ez_z. Y (U_{L’I —ad X +a ':':2+ +a”‘.r.’"])-x.=ﬂ
éa, Zf:. o b T (52
cF . 2
=_2.§ r—(a, —a,x +da, o x +..+a x))-x =0,
li:}ﬂ |'=| (J‘J { D ] 4 2 4)) ll

Ll
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B pesyabraTe penieHHsi CHCTEMBI JIHHEHHBIX YpaBHEHUH [OIY4YHUM KO-
Y PUIHEHTHI dy, A1, .., A, MHOTOYIIEHA (5.26).

MeToa HaMMEHBIIHX KBAJAPATOB 00IAgaeT TEM NPEHMYIIECTBOM, HTO,
€CJIM CYMMa KBAJIPaTOB OTKJIOHEHHH [ Masna, TO caMu 9TH OTKJIOHEHHSA TaKkKe
MAJIBI 110 aDCOJIOTHOH BEITHYHHE.

HegocrarkoM Mero/1a HAUMEHBLIHX KBAAPaTOB SABIAETCH IPOMO3AKOCTD
BeIYHCIeHHH. [ToatoMy K HeMy npHOeratoT odbIMHO NpH 00padoTKe HaOMHO-
JIeHHH BBICOKOH TOYHOCTH, KOTJa HYMAKHO TOJIVYHTh TAK/KE BecbMa TOYHBIE
3HAYCHHA MAPaMETPOB,

5.3.2. /Iuneiinas annpokcHMAanus

YacTo mpu obpaboTke 3KCHepUMEHTATBHBIX JAHHBIX OKa3bIBA€TCHA BO3-
MOKHBIM TOCTPOUTE JTHHCHHBIH AnMpOKCHMHPYIONHH MOJIHHOM, T. €. OMH-
caTh 3aKOH H3MEHEHHWA X THHCHHBIM YpaBHEHHEM (pHc. 5.7)

Pi(x)=agta; - x. (5.28)

Pix)=apta, -x

Puc. 5.7. Jluneunana annpoxcumaiua

Brisenem opMysbl 1714 pacyera HEH3BECTHBIX KOYDPHUMEHTOB ay H a,
JTHHEHHOTO anMnpoOKCHMHPYIOLIETrD MoJHHOMa (3.28) 110 MeTo1y HAaMMEHBIIHX
KBaJPaTORB:

F=Y(y,-a,—a,x)" > min. (5.29)
i=l
[ OF :
—_—— v—ay—ax ) 1=0;
aﬂ” 2(«14 0 [ .l}
E}F ]
—=-2. v.—a, —a -x)-x. =0
L_E}ﬂl E{r ] 1 J) i
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-
i

il
ny—ﬂ,:,-ﬂ—a, 'ZIJ.=D

=l i=l

] R
2
S5 x)-ay Yx— a3 =0,
L i=I i=l i=1

a, - n+a, rix, :i}};
1=l =1
ﬂD Z.x +a, - Z.x Z{x V).

Pewas cucremy y]jaBHeHMﬁ, BhIpazkaeM KOG puuHenTsl ay 1 a,:
Pl n
S Y
i=l i=l
" H . m " ) " r
2xy) x| DD =YX Y%y
i=l i=I — _i=l i= jm] i=l .
il n fl 2
i ZI! H'ZI,'E - Z.Ir.
i=l i=l j=l
n
Sx 3w
i=l
i
1 Z y;
i=l
n R 7] ] i
ZI! Z(I'EL}J!} Hrz{'rfr-}}.'}_zxi‘z-}}a
i=l i=l — =l i=l
n 2
nooQx, n- zx 3
p=l i=1
] ]
fo ZIF
=l =l

(5.30)

o
Il

"D

=l
Onpenenurens cucTeMsl: [ = : #=0).
] ]
2
SIS
=l i=l

Onpenenenne KodpHUIMEHTOR @y M @) BO3MOMXKHO, CCIIH ONPEIACITHTETE
cuctemsl # 0. Ecnn onpenenurens D=0, To cucTeMa WIH HE HMEET PELICHHI
(T. €. HECOBMECTHA), HIIH HMeeT DeCKOHEYHO MHOTO PEeIleHHH (T. e. cHcTeMa
HEONpeaeIeHHa ).
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[pumep 5.6. /lana tabnuunas 3aBUCHUMOCTh TEIJIOEMKOCTH OKCHJA YT-
nepojaa oT TeMIepaTypsl.

r, K 300 400 500 600 700 00 Q00 1 000
- A% 6,97 7.01 7.12 7.28 7.45 7,62 7.79 7.93
MIb - K

HeobxomuMo MOCTPOMTHL  AnMpOKCHMMPYIOMIMIA — TOTHHOM B BHJC
v=ap+ a, - x. JIna Beruucnenus koddpduumuenror no dyukumu (5.30) cocra-
BHM Tabmumy (Tadmn. 5.5).

Tabnuma 5.5

I T: Xj ¥i I.-E X J" i
1 300 0 6,97 0 0

2 400 ] 7.01 ] 7.01
3 500 2 7.12 4 14,24
4 600 3 7.28 0 21.84
5 700 4 7.45 16 20.8
6 B00 5 7.62 25 38,1
7 900 6 7.79 36 46,74
8 1 000 7 7.93 49 55.51
D 28 59.17 140 213,24
Beenem oDo3HAYCHHE

=300
A= E
h
rae h=100, C,=y.
8-a,+28-a, =59,17,
28-a,+140-a, =213,24.
‘ 59,17 23‘ ‘ 8 59,17
213,24 140 28 213.24
= ’ = 6,884, g = 1 =1),146.
“TTT8 T 28 “TTTE 28 ’
28 140 28 140

y=06,884 +0,146-x.
=300 -0,146=6,445+0,146-10"°T.

C,=6,884+
C,=6,445+0,146-10"-T .
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C,EIE.'-J'IEIEM [MPOBEPKY, HACKOJIBKO XOPOILUO [Il].]'I}"—EEEHHI:.IIrLi IMMOJIHHOM  All-

MPOKCHMHPYET (OMHUCHLIBAET) YKCepUMeHT (Tabdn. 5.6.2).

Tabnuua 5.6
Ir 'TJ {jlru-:I C.F'n:p | CP;!IF - {WP: |
I 300 6,97 6.9 0,07
2 400 7.01 7,03 0,02
3 500 7.12 T.17 0,05
4 600 71.28 732 0.04
5 700 7.45 7.46 0,01
6 800 7.62 7.62 0,00
7 900 1.79 7.76 0,03
8 1000 7.93 791 0,02
Hadano

//f"’ Beon :1, X, ¥ f,.ﬂf"f

v

5:1=0; 5;=0; 5;=0; 5;=0

— i=1,n =

dy = - 4 ]
Y H'Sd_SI‘- | ”'54_5]-
— i=1,n P
-
Yr=dg+dq X
v
r*n=|'r_.-w.|

/"f Buigon x;, yi, yr; _/,ﬂ/

T
KOHEL,

Puc. 5.8. Brok-cxema aunettnol annpokcumaui
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PazHocTe MEXTY HCXOHBIMH JAaHHBIMH H PE3YJIbTaTaMH pacyera I10 [oITy-
YEHHOMY BBIPAKEHHIO OMpPEIeseT MOrPeliHoCTs annpokcuManui. Eci no-
TPENIHOCTE BEIMKA, TO BRIDHPAIOT APYToi BHI ATIMPOKCHMHPYIOIIETO MMOJTHHOMA,

brnok-cxema ajaropuTmMa JIHMHEHHOH anmnmpoOKCHMAIMH TIPUBEICHA HA
puc. 5.7. [Ipunstsl cneayoume odo3HadeHus:

s1=Y x; s2=Y7;
=1 i=l

53=iﬁfﬁ ¥ S4=i.li'f
i=l i=l

3.3.3. llapadoanyeckas annpoKCHMAIHA

B Tom ciyuae, eciM IKCIEPHMEHTAIbHBIC JIAHHBIE HE YIAeTCA ¢ JJ0CTaTOu-

HOH CTENEHBI) TOYHOCTH alllPOKCHMHUPOBAThL JIHHEHHBIM MTOJTHHOMOM, [IPHME-

HAKOT ANMPOKCHMALIHID BTOPOro W Oombliero nopaakoe. Takas annpokcuMarius
Ha3bIBaeTCA HEeMMHEHHOH. PaccMoTpuM city4aii MHOro4IeHa 2-H CTerneHu

P(x)=a,+a,-x+a, x". (5.31)

Kak u B cimydae nuHeiiHO# annmpokcuMannu, KodQQuineHTs q; onpeie-

JSMKOTCH 10 METO/Y HAMMEHBLIIMX KBAJAPATOB. 3alUIIEM KBAJIPATHYHOE OT-

KJIOHCHHE
2

F=>(y-a,-a-x —a,-x) —min. (5.32)
i=I
[TpupaBHsieM K HYJIH YaCTHbIE POH3BO/IHbIE:
'?F :—Z-Z{y, —a,—a,-x,—a, -xf]-l:[l;
EIHU =l
aF M .
:_2. 1”‘-_13 _H.Ill_gj.xj_" -IJ_:U; 5133
o= 22— a e =y ) (533)
E=—2~i(}'f —d, —d, X, —d, ~xf)-xf = ().
da, -

BrinonHUB npeobpazoBaHud, MOMYYHM CHCTEMY JIHHEHHBIX VYpPaBHECHHH
C TpeMs HEeH3BEeCTHBIMH (dy, @), d3):

Fl il

¥l
2 -
=1 =l i=1

n

g ixf +4q, "ixf +da, - il—f = Z(I; oy ); (5.34)
i—l i=l

i=l 1=l

N

[

i H
2 3 4 .
a- Y +a Y8 +a,- Y=Y ()

i
i=1 i=1 i=1 i=1
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Beenem obozHaueHHA:

" [ i R
_ L0 N2 o N3 o N
S, =% 8= 501 8§=3 x1 8§, =3 x;
i=l i=l f=l =1
il

S;=275 Se=2 (% w) S =2 (5 -x)
i=1 i=1

i=l

(3.35)

C yyerom npHHATHEIX 0003Ha4YeHWH cucTema (5.34) Oyner MMETh ClIeoyH-
IIHH BHL:

a,-n+a -8 +a,-S,=35;

sa, S +a S, +a,-5, =5 (5.36)
a5, +a, -5, +a,-5,=35,.
OnpenenyuM HeH3BECTHBIE KOMPQUIIMEHTHI ay, dy, da:
5.8, 5, no 5. 5, no 8 S
S, 5, 5, S 5 S, S8, S,
S8 S S5, 5, 8 S 5 S
“ s ST s s % s s O3
S8, 8 R S 8 8
S, 5, 5 S, 8, 8, S, 5 5
HeobxoauMoe yciioBue: onpeaenTelb CHCTEMBI
n S 8,
D=5 §, §,/=#0.
S, 8, 8,

[Ipumep 5.7. Jdana tabnuunas 3apucuMocTs v o1 x (Tadn. 5.7). Heobxo-
JIMMO TOCTPOHUTE ANIMPOKCHMHPYIOIIHMH MOJIHHOM B BHE V=ayta -J:+c13~x3,

(4-a,+6-a,+14-a,=13,
16-a,+14-a, +36-a, =26,
14-a,+36-a, +98-a, =64.

Tabnauna 5.7

X _]. i .II.I .lrl Ijl- xr. :F,a' ]:: . }J,.

0 ] () 0 0 ] ()

] 3 | | ] 3 3

2 4 4 8 16 h 16

3 5 9 27 81 15 45
S,=6 Ss=13 | S,=14 | 85,=36 | S,=98 | S.=26 | S,=64
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Jra cUCTeMa JIMHeHHBIX anredpanyecKkux ypaBHEHHH OTHOCHTEIBHO
HEH3BECTHRIX ay, d, d>. ONpeneIHTeNls CHCTEMEI He paBeH (), T. €. CYIIeCTBY-

CT CAHHCTBCHHOC PCINCHHC:

13 6 14
26 14 36
o _le4 36 9%
"4 6 14
6 14 36
14 36 98
4 13 14
6 26 36
14 64 98
“TT4 6 14
6 14 36
14 36 98
4 6 13
6 14 26
14 36 64
“T14 6 14
6 14 36|
14 36 98

=1,05;

=2,05;

=-0,25.

3anuiueM annpoKCHMHPYIOLIEE YPaBHEHHE C Y4YETOM HAHJIEHHBIX KO-
¥
ypdunmnenTor: y=a; + ax + ax =1,05 + 2,05x — 0,25 - X IIposenem
OLICHKY MPaBHJILHOCTH NMOJYUYeHHOI0 ypaBHenus (tadn. 5.8, puc. 5.9).
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http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml

Tabnuua 5.8
i X; ¥ ¥ (v -7
I 0 1 1,05 0,05
2 1 3 2.85 0.15
3 2 4 4,15 0,05
4 3 5 4,95 0,05
71
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3aBMCUMOCTL y=fix)

5,00
4,50
4,00
3,50 |
3,00
2,50 |
2,00
1,50
1,00
0,50
0,00

0,00

Ok Y

0,50 1,00 1,50

Dok X

2,00 2,50 3,00 3,50

Puc. 5.9

[Ipumep 5.8. Jlana 3aBUCHMOCTBL TEIUIOEMKOCTH UMKJIONpOINaHa oOT
TEMIIEPaTypHI.

&00
31,45

G900
33,57

1000
35,39

T | 298
C, | 13,37

300
13,44

400
18,31

500
22,65

600
26,15

700
29,02

ANMPOKCHMHPOBATE YKCTIEPHMEHTAIILHBIC JaHHBIE TTOJTHHOMOM BTOPOTO
nopsiaka (5.31). Jlas uero onpenensiem kodpduumenTsl ay, dap, d> no dopmy-
nam (5.37). biok-cxema napabonHuecKol anmpoKCHMalHH BTOPOTO MOpaiKa
npuBeaeHa Ha puc. 5.10.

B pesynbTate pemieHHs nonaydaeM ypaBHeHHe Ui pacyeTra TeIUl0eMKO-
CTH IMKJIONpONaHa:

Cp(T)=-3,766+0,0657T — 0,00003T".
Pesyneratel pacuera npuseieHsl B Tadn. 5.9,

Tabnuma 5.9
T G’ G’ | Cpp -Cp; |
208 13,37 13,44 0,07
300 13,44 13,54 0,01
400 18.31 18,24 0,07
500 22.65 22,40 0,25
600 26,15 26,03 0,12
700 29.02 29,12 0,10
800 31.45 31.68 0,23
900 33.57 33,70 0,13
1000 35.39 35.19 0,20
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Hayano J
v

/ Bsog,
N, XoseeeXni Voreoa¥ni

v
§1=0; 52=0; $3=0; $4=0; S5=0; 56=0;
57=0;
- * .
> i=0,n >
"

S1=S1+x; S2=52+x"; $3=53+x;; S4=54+x,"; $5=55+y,
; S6=S6+X;yi; ST=ST+xX/"yi;

v
d1=n-52-54+51-53-52+52-51-53
d2=52-52-52+53-53-n+51-51-54
dA01=55-52-54+51-53-57+452-56-53
dA02=52-52-57+55-53-53+51-54-56
dA11=n-56-54+55-53.52451-52.-57
dA12=52-52-56+n-53-57+51-54-55
dA21=n-52-57+51-56-52+51-53-55
dA22=52-55-52+n-53-56+51-51-57

d=d1-d2; da0=da01-da02;
dal=dall-dal2; da2=da2l-da22
\ 4
a0=da0/d; al=dal/d; a2=da2/d; ‘
\ 4
Boisog
a0, al, a2
e * | T
fx_ KoHey, _ﬁ_

Puc. 53.10. Brok-cxema napaboauyeckon annpokcumayuu
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Bonpockl gns caMokoHTpons

B wem coctouT 3amada o npudmmkenuy pyHkimn?

B kakux cnydasx BO3HHKACT 3a/la4ya HHTEPIOIHPOBaHHA"

[TocraHoBKa 3a/1aul HHTEPIOIUPOBAHHSA?

Kakue MeTO/1b1 HHTEPIOIUPOBAHUS IPHMEHAKTCSH B IIPAKTHKE HHKeHepa?
1715 yero paccUHUTHLIBAKITCA KOHEYHBIE Pa3HOCTH

B yem cyTh MeToaa Jlarpanxka?

B yem ocobenHocTh puMeHeHua MeTo0B HetoToHna'

Kakue dopmyisl HeHOTOHA H3BECTHBI H B Y4€M COCTOMT OCODEHHOCThL MX
NpUMeHeHHs ?

B uem cocTOUT OTIHYHE aNMPOKCHMALIHHA OT HHTEPIOIALINH?

Kakne merones Hanbonee 4acTo NMPUMEHAKTCA B MPAKTHKE HHMKEHepa
H 4eM 3TO 00YCI0BIECHO?

[IepeyHCauTL CHTYAIIMH, KOT/Id MPEANOYTHTENBHEE NMPHMEHEHHE METO-
Jid anmnpoKCcHMal K,

B uem cyTh MeTOAa HAMMEHBIIMX KBAJAPATOB H IS ONPeJIe/ICHHA KaKHX
napaMeTpoB OH NpHUMeHAeTCs”

B kakux cny4dasx npuMeHAETCA JTHHEHHAasA annpoKkcHmams’

B xakux cnydagx npuMensercsa napaboamueckas annpokcHManms’

5.3.4. AnnpoKcHMAaIHs B BH/Ie OKA3aTelIbHO#
H CTeNeHHOH PYHKIHH

A) Hoxazamenbnas (3KcnonenyuaibHan ) (hyHKyuA.
Yacto npu obpadoTke 3KCIIepHMEHTANBHBIX JaHHBIX BO3ZHHKAET HEe0O-

XOIHUMOCTE BOCITOJIB30BATRCA 3dBHCHMOCTEIO) BH A

y=a-e"", (5.38)

rae a, b — Heu3BecTHEIE KO3 P(HUIIHEHTHI.

[IpencraBum ypaBHeHHe (5.38) B BHE
In(v)=In(a)+b-x.
Beejem obosnauenus: Y=In(y), A;=In(a), A,=b.
Y=Ap+A,-x. (5.39)
[Tocnennee BeIpaKEHWE NPEACTABIACT CODOH JTHHECHHBIH MHOTMOYJICH

]-H CTEIICHH. PE:[UH&M GH(:TEM}" o ME‘.-T{!-JI}-’ HAMMEHLIIIHX I{BEU'L[]HTDE OTHOCH=-
TeJabHO Ay 1 A4

F:i[};—[;.-ﬂ + A, -,:[_-J.))2 — min .

[locnenorarenbHOCTL BRIBOAA (POPMYII BEIMHCICHHS KO pHLIHEHTOR A,

M A aHaJorMMHa TMOCIENOBaTENBHOCTH 1A Cay4ad JHHEHHOH amnmnpokcHma-
IHH (cM. m. 5.3.2):
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-

—_—
-
-
A
“':Hl: -
iy
—
.
o~
o

Aﬂ= i=l i=1 ;Alz i=l i=l ) (5;4[:]:'

i=1 i=1 =1 i=1
[Tocne onpeneneHud ko3ppUIHEHTOB Ay U A BepHEMCA K NPHHATEIM paHee
0D03HAYEHHUAM:

a=e", b=4,, y =e".

IMpumep 5.9. B ta®bn. 5.9.1 npueeaeHbl JaHHBIE 110 KOHBEPCHH MpOIlaHa
B 3aBUCUMOCTH OT BpeMeHH padoThl KaTalIH3aTopa.

Tabnuna 5.10

f, 4 5 10 15 20 25 30

Xy, » %o 66,1 60,0 53.5 48.4 443 423

ANNPOKCHMHPOBATE IKCIEPHMEHTANIBHBIE JIAHHBIE YKCIIOHEHIIHAIIBHOH
FABHCHMOCTBHY

A =q.e ™
C H '
38
I€ o — [NOKa3are/ib aKkTHBHOCTH KaTajJu3aropa.
Ilpencragum ypapHEeHHE B BHJIC

—hx
}: ={-e

H nipoaorapumMupyemM
Iny=Ina-b-x
Obo3HaYMM
Y=Iny; a =Ina; a; =b,
Homyunm ¥ =a —a x.
KoadduumenTsl ag v a; onpeaensem no dhopmynam (5.40):
ay=4,271; a;=—0,0185.
Bepraemcs K npekHAM 0003HAYCHHAM:
a=e" = exp(4,271);
a="71,59;
b=a,=-0,0185.
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HUH}-"-II«’]M BUA AlNPOKCHMHPYRMICTO MOJIHHOMA

HITH

y=T1,59-¢

CH,

=71.59-¢

—0,0185x

~0,0185+¢

e r . FI
B Tabn. 5.9.2 npuBeneHsl pe3ynbTaThl pacdera ¥ MO MOMYHCHHOMY

YPABHEHHI) M OTHOCHTE/IbHASA IOrPelIHOCTh. blok-cxema annpokcumanuu
nokaszarteabHOH (pyHKIMeH npHBeaeHa Ha puc. 5.11.

Tabnuna 5.11

X v, In y; X xi- Inyy ! |J*’,'1 - ¥/
5 66,1 4,1912 25 20,9556 65,2 0,9
10 60,0 4,0943 100 40,9435 59.5 0,5
15 53.5 3,9797 225 59,6952 54,2 0,7
20 484 3,8795 400 77.5900 493 0,9
25 443 3,7910 625 04,7746 45.1 0,8
30 42,3 4,7448 900 112,3436 | 414 0,9
B) Cmenennas ghynkuyus.
Crenennas (pyHKIIHA HMEET BHL:
y=a-x". (5.41)
Jlorapudgmupysa nocneaHee ypaBHeHHE, MOTYHHM:
lg(y,) =lgla) +b-1g(x,). (5.42)

Brenem obosznadenus: ¥V=1g(v); Ao=lg(an); A,=b; X=1g(x).
Mcnonb3ys MeToJI HAMMEHBIIHX KBAJPATOB, HAM/IEM HEH3BECTHBIE KO-
ppuuHeH Tl Ay 1 A,:

F:i(};—(ftﬂm, . X,))" = min-

Onpegenum Heu3eecTHeIE KOMpQuumeHTs Ag 1 A4

]

>¥
i=]

i=1

i=l

T
2
X.l
=l
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Hauano
¥
Beopg
Ay XogeoopXny Yor-o¥n
v
51=0; 52=0; 53=0; 54=0
| 4

> i=0,n
- .
51=51+x;
52=52+x;
53=53+In(y;);
S4=S4+x;In(y)

v
00=(53-52-54-51)/(n-52-51-51)
al=(n-54-51-53)/(n-52-51-51)
v
a=e™; b=al
v

Buisog
a, b

¥
KoHey,

Puc. 5.11. Brok-cxema annpoxcumayuu nokazamensiot (hyuxyuer

[Tocne onpenenenng koddunmenTor 4g 1 A; BepHEMCS K NPHHATEIM
panee obozHauenuam: a, =10", b=4, y,=10", x. =10".

HepocrarkoM MeTo/1a HAHMEHBIIIHX KBAAPATOB ABIAETCH IPOMO3JIKOCTD
BeluMcIeHHi. [ToaToMy K Hemy npuderaroT 0dbIuHO 1IpH 0OpadoTke Hab1Ho-
JIEHHIH BBICOKOH TOYHOCTH, KOIJAa HY#HO IOJYYHTh TAKKE BECbMa TOYHBIE
JHAYMCHHA ITApaMCTpPOB.

I
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6. NTPUBNTNKEHHOE AN®OEPEHLIUPOBAHUE

6.1. MNocTaHoBKa 3agayn

[Ipn pelieHHH NMPakKTHYECKHX 3a7a4 4acTO HYKHO HAHTH IIPOH3BOIHVIO
VKa3aHHBIX MOPAIKOB OT (hyHKIHH y=f(x), 3anannoi Tabnuuno. Bo3Moxkno
TAKKE, YTO B CHIY CJIOKHOCTH AHAJTHTHYECKOro BhIpaKeHHS (GyHrimm fx)
HerocpeacTBennoe auddepeHuupoBanye ee 3aTpyaHUTEILHO. B 3THX Cliy-
qasgx 00BIMHO NpuderatT K npudiuxcennomy dudhghepenyuposantito.

Hnsa Beieoga dopmMyin npubIHKeHHOTO JU((PepeHIHpOBaHHA 3aMEHAOT
JaHHYH (QyHKUHIO f(X) HA MHTEpecyrlleM oTpeske [a, b] HHTeprnoIHpyro-
mei Gyaxumuei P(x) (game Bcero moamHOMOM), 4 3aTCM MOJAraloT

Fx)=P1lx) (6.1)
npH
a<x<h.

AHanoru4Ho [MOCTYITAKOT MMpH HAXOAICHHH IMPOM3BOIAHBIX BBICHIHX I10-

PAIKOB (DYHKIMH f(x).
Ecnwm nns marepnonupyromeii ¢gyukumn P(x) H3BecTHA NMOTPEIIHOCTE

R(x)=flx) — P(x),

TO MOTPEIIHOCTE MTPOU3BOAHOH P {X) Beipaskaercs dopmynoi

rx)=f1x) - P1x)=Rx), (6.2)

T. €. MOTPEIIHOCTE MPOU3BOAHOH HHTEPNONHPYIOMEH (PYHKUHH paBHa IIpo-
M3BOHON OT MOTPELIHOCTH 3TOH (PYyHKUKMKH. To e camoe crpaBel/IMBO U 11
MPOM3BOIHBIX BBICIIHX NOPAIKOB.

Cneayer oTMeTHThb, uT0, BooOIIEe rosops, npubamxennoe auddepen-
[HPOBaHHE NpeaAcTaBiAeT coDOH onepalHn MEHee TOUHYIO, YeM UHTEPIIOIH-
posanue. JeHCTBUTENBHO, DIIH3OCTE APYT K APYTY OPAHHAT JBYX KPHBBIX

y=fx)u ¥Y="P(x)

Ha oTpe3Ke [a, b] ewle He rapaHTHpYeT OJIM30CTH HA 3TOM OTPe3Ke HX MMPOH3-
BoAHBIX f{x) u P{x), T. e. Manoro pacxox.JIeHHA YIIOBBIX KOYPPUIIHEHTOB
KacaTelbHBIX K pacCMaTPHUBAEMBIM KPHBBIM TIPH OJHHAKOBBLIX 3HAYEHHAX ap-
ryMeHTa (cMm. puc. 6.1).
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% Y=P(x)

Y
,
T

/
P>
— - /\\ =)
A_J{;-f{ \ / }
1Lfi

'

Pue. 6.1

6.2. ®opMynbl, OCHOBaHHbLIE HA NePBON UHTEPNONALUOHHON
tpopmyne HeloToHa

[Tycte uMeeM QYyHKUHIO WX), 38JaHHY0 B PABHOOTCTOSIIHMX TOUYKAX X;
(i=0,1,2, ..., n) orpeska [a, b] ¢ noMouelo 3HaueHuit v, = flx;). Jiasa Haxomx-
Jenust Ha [a, b] npousBoanbix v'=f1x), v"=f"1x) u 1. 1. dyaKuuio v npu-
OJIMIKEHHO 3aMEHHM HHTEPIOISIHOHHBIM nomHoMoM Herotona, nocrpoeH-
HBIM U1 CHCTEMEI Y3J10B Xg, X1, ..., Xi (K < n).

Mmeem:

q(g-1 g(g-1)(g-2) ..
.v(»’f}=yu+f;&y.;.+—2! }ﬂ-zyﬁ ( 3},( )ﬂ*.vﬁ
+q(ff—1){q—2)(@—3)ﬂ4},ﬂ+‘5"(‘?_1](‘?_2}{‘5’_3){‘5'_4)&{;:0+...,

4! 5!
rine
q:? nh=x—x(i=0,1, ...).
HPDHSHD,H,H HEPEMHD}I{EHHE EEPHHEI]'l"IlZ'!li'-1 HDJ‘I}-"-IHM:
2 3 2
y(x) =y, +qay, + L2 A%y, +4 _3'; P2 Ny,
Y 6g’ +11g° -6
.49 —6q = q cfﬂ;lyﬁ (6.3)
5 4 3 2
L4 10g" + 359" —50q +24q&5y”+....
120
Tak Kak

dy dy dgq 1 dy

dx dgq dx h dg’
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TO

Ay, + 241 A%y, + 34 ~6q+2 Ay, +

yix)=— % 6 . (6.4)
g +2a;.-' —9@"+11q—3&3v + o
12 .

AHAJIOTHYHO, TAK KaK

vy d(Y') d(y') dg d(y') 1
V)= T dq ';_ dg h’

TO
" 1 2 3 ‘ﬁ' 2—18 +1|
y (I)=F[ﬁ vy +H(g-1)Ay, +2 1; Ay, +
! 3 , (6.5)
+Eq -12¢ +21q_m.ﬁ5yﬂ+,..].

12

Takum e criocobom, B cliydae Ha/100HOCTH, MOKHO BBIYHMCIIHTE H [po-
H3BOAHBIE (DYHKUHH y(x) I000ro nopsajaka. 3aMeTHM, YTO IPH HAXOKICHHH
MPOU3BOAHBIX V'(x), ¥''(x), ... B (PMKCHPOBAHHOI TOUKE X B KauecCTBE Xy Clle-
ayeT BeIOMpaTe OnMKaiuee tTabiMyHOe 3HaYeHHe aprymenTa. OTMeTHM, 4To
MOMHO BBIBECTH Takke (opMylbl NpHOIHKEeHHOTO JHdpepeHuHPOBAHNA
MCXO0/15 U3 BTOPOH HHTEPIIOAALHOHHOH (hopmynel HetoTOHA.

[Mpumep 6.1. Havitu v'(50) dyuakunn v =lg x, 3anaHHol TadIHYHO.

X y Ay Ay ﬂj'y
50 1,6990 0,0414 —0,0036 0,0005
35 1,7404 0,0378 —0,0031
60 1,7782 0,0347
63 1.8129

Pewmenue. 3necek h=35. Jononugem tadauuy crondiaMH KOHEUHBIX pas-
Hocteit. Tak Kak x=50 u g=(x— xp)/h=0, o y'(50)=(0,0414+ 0,0018 +
+0/0,002)=0,0087.

Jls OLIEHKHM TOYHOCTH HAMIEHHOIO 3HAYEHHS 3aMETHM, YTO TAK Kak Ta-
OyiupoBaHHas Beille PYHKLHA eCcTh y=1g x, TO

oy
}(x} xInl0"

Cnenosarensho, Y'(50)=1/50 - 1/In(10)=0,0087. Takum obpazom, pe-
SYJIbTATHI COBIANAARKOT € TOHHOCTBHY 10 YHETBCPTOIO ACCATHYHOIO 3HAKA.
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7. YUCNNEHHOE MHTEMPMPOBAHUE

Psiji TexHOMOrHYecKux 3ajau Tpedyer yBA3KH B MaTeMaTHUYECKOe OIH-
caHHe BceH uH(popmauuu o npouecce. Hanpumep, nnsa mareMaTHYecKHX
MoJeneH XMMHKO-TEXHOJIOTHYECKHX MMPOLecCcOB OJHHMH H3 OCHOBHBIX IIa-
paMeTPOB, XapakKTepH3YIOUIHX MPOLECChl, ABIAKTCA KOHLEHTPAlHH pearu-
PYIOIIHX BCIICCTB, TEMIIEpaTypa npouecca u ap. Kak nmpaeuno, donbimnH-
CTRBO 0alaHCOBBIX VPABHEHHH B XMMHUECKOH TEXHOJIOI'HMH IPe/ICTABJICHD
CUCTEMOH MHTErpaibHbeIX H JH(p(epeHIUANIBHEIX VPABHEHHH, B pe3ylbTaTe
pelIeHnss KOTOPBIX MOTYT ObITh I[MOJYYE€HLI 3aBHCHUMOCTH, XapakTepH3VIO-
lHe npoTekaHwe npouecca. MHTerpaneHele ypaBHeHHA BCTpeqaroTcd IIPH
OMHCAHWH TETCPOrC¢HHOH KMHETHKH, B TCOPHH aKTHBHPOBAHHOTO KOMILICK-
ca, NP ONMHUCAHUM MPOLIECCOB B XMMHYECKHUX peakTopax u T. 1.

LIEIETI:I Hd MMPAKTHKE HE YV1ACTCH BBIYHCIHTE HHTETPA) dHAJIHTHYCCKHM
nyreM. B 3THX ciaydasx NpUMEHST NPHOIHKEHHBIE METO/bI YHUCIEHHOIO
HHTETPHPOBAHUA.

Ilocranoska 3aaau. BeluyucIuTh ONpEAEIEHHBIH HHTEpal
]
[ = j £(x)dx (7.1)

NPy YCIIOBHH, 4TO @ U b KOHeuHBbl U F(X) sBIseTCH HenpepulBHOW (yHKUIHeH
X Ha BceMm HHTepBaie xe[a, b]. Bo MHOIHX cliyuasx, Korja nojibIHTerpajibHas
(yHKUHSA 3a/1aHa B AaHAIIMTHYECKOM BHJIE, HHTErPaJl OT 3TOH (PYHKLHH B rpe-
nenax oT a A0 b MoeT OBITE BEIYHCIIEH 10 opMyne Herwomona—Jleubnuya:

[ f)dx=F(x)[, = F(b)- F(a). (7.2)

Onanako 210l GOpMYI0H YacTO HENB3S BOCMOIL30BATLCA MO CICIYHO-
LI M II[}HHHHEM:

e qnepeooOpaszHas pyHKUMSA f{X) CIMIIKOM CIIOMHA U €€ Hellb3s BEIPa3HUTh B
ANEMEHTAPHBIX (PYHKIIHAX;

e (pyHkumA f(x) 3amaHa B BHAE TaOIHIIEL, 4TO OCODEHHO YacTO BCTpEYaeT-
ci B 3a7adax XMMHYCCKOH TEXHOJOTHH TIPH 00paboTKe IKCnepHMCH-
TANBHBIX JTaHHBIX.

B 3THX cayuyasx HCIoNB3YHTCA METO/IBl YHCIIEHHOIO HHTEIPHPOBAHHSL.
3azava YHCIIEHHOT0 WHTErPUPOBAHUS COCTOMT B HAXOMIEHHH NTPUOIMKEH-
HOTO 3Ha4YeHHA HHTerpana (7.1) rmo 3anaHHBIM HJIH BEIMHCICHHBIM 3HAYEHHAM.
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OO0l nmoaxo[ K peleHu 3agadd Oyaer cneayromuM. OnpeneneH-
HBIH MHTErpaj mnpeactapiseT co0OH IUIomaab, OrpaHHYEeHHYI0 KpHBOH f(x),
OCBIO X M TIEpEeMEHHBIMH X=a W Xx=h, HeodXoauMo BRIYHCIUTE HHTETpa,
pazdouBas uHTepBan [a, b] HA MHOKECTBO MEHBIINX HHTEPBAIOB, HAXOMIMA
HNPUOJIHIUTENLHO TUIOIAb KaskK101 MOJOCKH H CYMMHPYS HX.

B 3aBucumocTH 0T criocoda BBIYHCIAEHMS [OABIHTEIPAIBLHOH CYMMBI
CYIIECTBYHOT pa3z/IMYHBIE METO/El YHCIEHHOTO HMHTErPHPOBAHUA (METObI
NpAMOYTOJIBHHKOB, Tpaneunu, napados, CIiaiHoB | 1Ip. ).

7.1. MeToa NnpAMOYTroNbHUKOB

[IpocTeHiuM MeTo10M YHCJIEHHOIO HHTETPHUPOBAHWA ABIIACTCA Memod
HPAMOVSOJABHUKOS, Ou HEMOCPCACTBCHHO HCMMONIB3IVET 3dMCHY OIIPCIACICHHO-
ro HHTErpasia HHTErpajibHOH CYMMOH:

'l'-'l "
[Fdx =Y 1(£)-Ax; Gelxi 1, 31, (7.3)
i l'=|

Pazobbem HHTEpBan MHTErpHpoOBaHud [a, b] Ha n paBHBIX YacTei. O0o-
3HauuM Ax;=h war pazdveHus. @opmyla NpAMOYTOJIBHHKA NPHMEHSETCH
K KaxkJa0My oTpe3ky. B kauectse Touek &; BoiOMpaioTes jesbie (£,=x; () WK
npasbie (&;=x;) rpaHMibl AEMEHTAPHBIX OTPE3KOB (cM. puc. 7.1).

COOTBETCTBEHHO, /U1 ITHX JIBYX CIIYYaeB MOMKHO 3anucarh (popmylibl
METO1a MPAMOYTOJIBHHKOR:

i}
[FGOdx =Ry fx)+ - )+t by (3, (7.4)

jf{x}dx:h, f(x)+h - f(x)+.+h - f(x). (7.3)

bonee TouHbIM sBiAeTcs BH (POPMYJIBI NPAMOYTOJLHHUKOB, HCIOJIb-

3}"H]II_I_],H]TI JHAYCHHA (]]}"HK[I,HH B CPECIHHX TOYKAX MNIEMCHTAPHLIX OTPC3IKOB!
TOYKa X, . Takum GEPHBGM, oAb [{I'}HEI'.].."IHHE]TIH{]I::] TpalncurH 3aMCEHACTCH
C}"MMDE[ MpAMOYTOIBHHKOE C OCHOBAHHCM h u BLICOTAMH, PABHBIMH 3HA44YC-

HuaM pyuxmm flx) B cepeanne ocHopanni f(x,) (cm. puc. 7.2).
[Monyuum hopmymy:

f.f(x)d.:f: =23 1(x). (7.6)

H i=1
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HITH
j_f{x}dx < Zf(%j (71.7)
Vi Vi
) G
o
0| a b X 0| a by

i

Jx)
TN
r;"'
0 a bx

Puc. 7.1

'

I.l_ | 'rj IJ' .-:':
Puc. 7.2

Ha puc. 7.3 npusenena Oi0K-cxeMa MeTo/1a NpsMOYTolbHUKOB, B NPH-
TIOKEHHH — MIPOTrpaMmMa ¢ rpa) HUeCKHM BBEIBOJIOM HHTETPAILHOH KPHBOIA.
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HAYHANO

¥
BEOOQ A, B, N

.
H=(B-A)IN

S=S+F(A+(i - 0.5)-H)

¥
I=H-S

kL J
BeIBOAO
'.
¥
KOHEL|

Puc. 7.3. Brok-cxema memooa npamoyeoibHUKOs

7.2. MeTtoa Tpaneuuu

MeTon Tpaneumii HUCIOAB3YeT JHHEeHHYH) HHTepHoONAlHD, T.e. rpaduk
GyHKUHH yv=f(x) npeiacraBisiercs B BHAE JIOMAHOH, COEIHHAIOIIEH TOUKH
(x; v;). B oTOM ciryqae momanb Beel KPUBOJIMHEHHOH TPaIeluy CKIaabiBacTcs

W3 TUIONIAZICH MIEMEHTAPHBIX NPAMOYTONLHEIX TPaneHi (cM. puc. 7.4, 7.5).
[Tnomans Kam 1o Takol Tpaneuyu onpeaensercs no GopmMye

S
S =2 =Y p i=1,2, ..., n (7.8)
2
b—a
h=—",
n
rac n —4YHCJI0 HHTCPBAIOB [_']'E?:EHEHHH.
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Pue. 7.4 Puec. 7.5
" HAYANO |

¥

BEOOD A, B, N
¥

H=(B-A)N
¥

S=0
= i=1,N-1

¥

S=S+F(A+i- H)

¥
I=H-( (F(A)+F(B)) /2 + S)

¥
BbIBOA

v
KOHEL

.

- .--.
Puc. 7.6, brok-cxema memoda mpaneyuu

835

BepHyTbcd B kaTanor y4ebHuKoB
http://y4ebHukn.mHpopm2000.pd/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

CknanasiBas BCE 3TH PaBEHCTBA, NOIYYHM ¢hopmyay mpaneyuii s Yuc-
JIEHHOTO HHTETPHPOBAHUA:

[ f(ods = ITEED VU] (7.9)
HJTH
[f(x}dx h- Zf{“f'“fm (7.10)
@opmynel (7.9) 1 (7.10) MOKHO NIPEACTABHTL B BHJIE:
jf(x}dx e (P AT g et (7.11)
f,f(x}dx=ﬁ-[%+2y,} (7.12)

biok-cxema anropuTMa MeToa Tpanewrii npueeieHa Ha puc. 7.6.

7.3. MeTtoa napabon (¢popmyna Cumncona)

ITOT METO/1 DOJIEE TOYHBIH MO CPABHCHHIO C METOIAaMH TIPAMOYTOILHH-
KOB M Tpaneumni,

B ocnoee opmysibl CHMIICOHA NSKHT KBAIPATHUHAS HHTEPIONSALNS T10-
JBIHTErpabHON (PYHKUHK HA oTpe3Ke [a, b] 1o TpeM paBHOOTCTOSALLMM Y3/1aM.

PazobbeM MHTEpBaJ HHTErpHPOBaHUA (¢, b] HA YeTHOE YHCIIO 7 PaBHBIX
OTPE3KOB C LIATOM /.

[Tpumem: xo=a,x;=xpth, ....x,=xp+nh=5b.

JHauenus PyHKUMH B TOUKAX 0003HAYHUM COOTBETCTBEHHO!

vo=fa); vi=Ax1); ya=Ax2); ... v =)
Ha kamxnoMm orpeske [xp, xa]. [xa2, x4], ..., [:-::,-_|, Xi+1] DOJABIHTETPAIBHYED
(YHEUHIO f(X) 3aMEHHUM HHTEPIIOIALHOHHBIM MHOTOWIEHOM BTOPOI CTEIIEHH:
f(x)=P(x)=ax’+bx+c, (7.13)

e X, | SX=X,,.

B kauyectee P;(x) MOKHO NPHHATE HHTEPIOJIAIHOHHEIH MHOTOYIEH Jla-
IrpaHka BTOPOH CTEINEHH, MPOXOAAIIHHA YEPEe3 KOHIBI KAA/AbIX TPEX OpJAHHAT:

Yo. Vis V2o Vo, Vi, Vas Vi, Ve Vas ooos Vie2s Vao1s Vae
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dopmyna Jlarpanxka 1uist HHTEpBaia [x; |, Xi+ | UMeeT BUI:

(—x)x—x,) o (mx (r—x)

E(I] = “i-1 ’ yr’ +
{'I.l—l — X ){Iﬂ—] - Iﬁ—]} {‘IJ' o Iﬂ—] }(IJ o r:"':-.I+I)
N (x—x J)x—-x)
( a+| .' ]}(I]+| _I )

DneMeHTapHas miomans § (eM. puc. 7.7) Moker OBITh BBIMHCICHA
C NOMOLLBIO ONPEISIEHHOIO HHTErpalia, YUMTLIBafA, UTO X; — X; 1 =X — X;=h,

[MPOBEAEM BLIYHUCICHHAA H ITOJIYUHM IS K&AKJ1000 AEMEHTAPHOID YYaCTKa!

.-][r_,” h

5= | P =2 (1 +4Y, 4 ) (7.14)

A

[locne cymMMHpOBaHHS HWHTErPAJIOB MO BCEM OTPE3KaM, MONYYHM CO-
cTaBHYH (popmyiry CUMIICOHA:

]
h
J'f(x}dx zg-[yﬂ AW+ Yyt Y, )20 Y et Y, )+, ] (7.15)

Hacro nosas3yrored npoctoii dopmynoit CuMiicoHa

ff(x]cbr—— [f{u) 4f[” +b)+f{b))- (7.16)
ZFJ'(II) 7/
J_.-'
I
il Vi Yi-1
Xiq X Xi+ X
Puc, 7.7

bnok-cxema anropurma meroga CHMIICOHA npeicTaBlIeHa Ha pHc. 7.8.
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HAYANO

v
BBOO0 A, BN
(N-yucno yeTHoe)

L J
H=(B-A)N

S51=0
52=0

= i=1,N-1

¥
Na— i4YETHOE 7 -~ Her—

: L J . b J
S1=51+F(A+ i H) S52=52+F(A+ i H)

¥
I=HI3-( F(A)+F(B) + 2-51+4-52)

v
BbIBO[
|
¥
KOHEL]

Pue., 7.8, Brox-cxena memoda Cumnoouea

[Mpumep 7.1. BIMHCIUTE HHTETPa

|
dx
IZ'LlIl1+I:'

Paz0uBaeM uHTepBan uHTerpupoBaHusa Ha 10 paBHbIX wacTeil: n= 10.
[lar warerpupoBanus h=(1 - 0)/10=0,1. Pe3ynpTarsl BEIYHCICHHIT TIO/IBIH-
TerpansHOi (YHKIMKM NMPUBEICHBI B Tabm. 6.1,
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Tadnuna 6.1
f(x)=—
I+ x

X ¥/’ 1 +x’ flxyi=1,3, ... fixpi=2,4 flxa), fixio)
0,0 | 0,00 1,00 1,00000
0,1 | 0,01 1.01 (099010 — —
0.2 | 0,04 1.04 - 0.96154 —
0,3 | 0,09 1,09 0,91743
0.4 | 0,16 1.16 — 0,76207 —
0,5 | 0,25 1,25 0,70000 - -
0.6 | 0,36 1.36 - 0.,073529 —
0,7 | 0,49 1,49 0,67114
0,7 | 0,64 1.64 - 0,60976 —
0,9 | 0,71 1,71 0,55249 - -
1.0 | 1.00 2,00 - — 0,50000

2 3.93116 3.16766 1.50000

ELI!IH-::JIHM I{HTEFpaJI no popmyne rpaneumi (7.12):
1+0,5

—Dl{

no popmyne Cnmnmﬂa (?.15]:
I

+3,93116+3,16866) =0, 78498,

I 1+D 5+4-3,93116+2-3,16866) =0,78540.

|:|

,.[[.]'IH BbIMHCIICHHA HHTCIPAlla 110 MCTOLY [NpAMOYIOJIIBHHKOB HeoDX0/IH-
MO BBIYHCIIHTE 3HaYCHHA @FHKHHH B CCPCAHHE KR IOIo 3NCMCHTAPHOIO OT-

T X

peska [ {—I”'

(OYHKLHH IIpHBEAeHBI B Tadm. 6.2,
ITo dopmyne HpHMD}’TDHhHHKDB (7.6) nony4yum:

=0,1-7,856 =0,78560.

Ha ﬁ,HCM TOHHOC 3HAYCHHC HHTETPHJIH:

I = j _ _ﬂ 785398.
1+ x°

’ J unu f(x,). PesynsTaTel BEIMHCACHHI TOABIHTETPANBHOM

OTHOCHTEIBHASA TOTPENIHOCTE MPH MPHMEHCHHH (OPMYIBI TpanelHii
cocragnser 0,05 %, dopmyne npsmoyroasaukos — 0,026 %, dopmylisl
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Cumrcona — 0,00025 %. Takum o0pazoM, TOYHOCTE BEIYHCIIEHHH 110 (hopmy-
ne CHMIICOHA BBILIE, 4eM 110 popMyIaM Tparnelnii H NpaMoyrolIbHHKOB.

Tabauua 6.2
1
f(x) ™
_ — |
X; X, X, fx)=—7
1+ Xx
0,0 0,05 0,0025 0,9975
0,1 0,15 0,0225 0,9770
0,2 0,25 0,0625 0,9412
0,3 0,35 0,1225 0,7907
0.4 0,45 0,2025 0,7316
0.5 0.55 0,3025 0,7677
0,6 0,65 0,4225 0,7030
0,7 0,75 0,5625 0,6400
0.7 0,75 0,7225 0,5705
0.9 0,95 0,9025 0,5256
1.0 1,00 1,00
z 7,856

[Ipumep 7.2. BEMHCIHTE 3HAYEHHE FHTPOINKH BO/IBI [IPH HAIPEBAHUH e¢
ot 400 no 500 K no gopmyne

S0
AS =n j C.dl’
400 T

HPHHHM&EM KOIHYECTBO MOJIEH = 1, JHAYCHHC TCIUTOCMEKOCTH IIPpH
V= Cconst:

C,.=35.0 Jlxx/mons - K.

Pazobbem uuTepBan uuTerpuposanus Ha 10 pasueix yacrtel. llar un-
TerpupoBanus oyaer pased h=(500—400) /10=10. PesyabraThl BbIYHCIIE-
HHH TTOJBIHTETPaIBHON (PYHKIIHH TOMECTHM B TAOITHILY.

Brraucanm maTErpa, Henone3ys JaHHbIC TaOIHIIb;

¢ 1o opmyne Tpanmeumii (7.12)

SGDC ﬂrT
8§ = Ir_=lﬂ[ﬂ’lj?5+ﬂj39ﬂ44+ﬂ131189]=?,81D3;

e 1o popmyne Cumrncona (7.15)

SHHC dT |U
AS = _[ e — 3 (0,1575+4-0,39044 +2-0,31189)=7,8101;

400
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e 110 hopMyIIe NPAMOYTOJBEHHKOB (7.6)
jnljljn

C dT
= J’T—u} 0.78096 = 7,80096 .

400

Haiiiem TouHOE 3HAYEHHEe HHTErpaia;

S00)
¢.dT =C, - ln%—T 8100.

Cv 35
fy====
: , : — =. 35
r| f(1),i=13 ... | f0)i=2,4,... | f[(To)f(Tw | T f(TTF?
400 — 0.0875 405 0.08642
410 0,08536 415 | 0.,08434
420 (,08333 425 | 0,08235
430 0,08140 435 | 0,08046
440 0,07955 445 |1 007865
450 0,07778 455 | 0.,07692
460 0,07609 465 | 0,07527
470 007447 475 0.07368
480 0,07292 485 0.07216
490 0.07143 495 0.07071
500 0.0700
z 0,39044 0,31189 0,1575 0,78096

OrHocHTENBHAS NMOIPEIIHOCTL BBIYMCICHHH 1o dopmylie Tpaneuuni,
CHMIICOHA W NPAMOYTOJIBHUKOB cocTasisger cooreeTcreeHHo: (0,01, 0,001,
0,005 %.

Takum oOpaszoM, HaHOOJLIIYI) TOYHOCTh BBIMHCICHHH TIOIYYMIH TI0
opmyne Cummcona.

Bonpockl gna camokoHTpons

l.  Tlpu pemennn Kakux 3aaa4d Mmoae3y0TCes METOJaMH YHCIEHHOTO HHTET-
pupoBanus?’

Ha yem ocHOBaHO NMpHMEHEHHE METO/a MPAMOYTOIBHUKOB?

Ha ocHoBe KaKHUX NMpeanocklIOK BRIBOAUTCA (hopMyiia Tpaneuui?

B yem cyTs MeToaa napabon?

Kakoii n3 paccMOTPEHHBIX METO/I0B ABJISACTCA Hanbonee ToUHBIM?

Lo Wb
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8. YUCNNEHHOE PELLEHUE OBbIKHOBEHHbIX
OUOOEPEHLMANBHBIX YPABHEHWUN

8.1. MNocTaHoBKa 3agaun

bonsiMHeTBO 0A1aHCOBBIX VPABHEHHH B XHMHH M XHMHYECKOH TEXHOI10-
MU TIPEACTABIEHbl CHCTEMOH Ju(pepeHUHaAlIBHBIX YPaBHEHHI, B pe3yJibTaTe
PEIICHHA KOTOPBIX MOT'YT OBITE IMMOJIYHCHBI 3aBHCHMOCTH, XAPAKTCPHIVIOIIHC
NpOTEKAHHE Mpolecca. Y paBHEHHA, COJlepKaliie MPOH3BOIHYID (DYHKIMH O/1-
HOH HEPEMEHHGﬁ, BO3ZHHMKAIOT BO MHOTHX 00IacTax l'lIJIr“]I{.I'lﬂﬂHDﬁ MATCMATHEH.
Jrobas (|1H3HLI$I:HEH CHTYAlHA, e paccMaTpHBACTCHd CTCIEHE H3MEHCHHA O1-
HOH [MEPEMEHHOH 110 OTHOLIEHHK) K JIPYIOH, ONHCBIBASTCS ,-'l,l«’I(I]{I]f:pEHII,HEIJII:.HI:.IM
YPAaBHCHHEM, d TAKHC CHTYAllMH BCTPEHAKTCH BEChbMa HacTo.

OObIkHOBeHHBIE AH((epeHIHaIbHbIE YPABHEHHA LIHPOKO HCTIOIB3YHOTCH
JUTH MATCMATHHCCKOTO MOOCITHPOBAHHA XHMHKO-TCXHOMOTHYCCKHX TTPOILICCCORB.
C momouibio 0OLIKHOBEHHBIX MH(depeHInaNBEHBIX YPAaBHCHHIH, HAPHUMED, HC-
ClIeayeTca KHHETHKA XHMHYECKHX peammﬁ, MMPOLECCHI, ITPOTEKANIIHE B XHMH-
HYECKHX pCakTopax, MACCOODMEHHBIX H TeI1000MeHHBIX dlllaparax.

HuipdhepeHumnanbHble YpaBHEHHS YCTAHABIMBAKT CBA3L MEKY HE3aBH-
CHMBIMH TIEPEMCHHBIMH, HCKOMBIMHA QJ}’H}EI.[HHMH H HX MIPOH3BOIHBIMH. Ecnu
HeKomas (GYHKIHA 3aBHCHT OT OIHOH nepeMeHHoii, To auddepenunansroe
YPABHEHHE HAa3LIBACTCH OOBIKHOGEHHBIM.,

Hanpumep, cTpykTypa JIBHAKEHHSA MOTOKA B PEAKTOPE HACAILHOTO Ile-
pEMENIHBAHHA ONMUCBIBaeTCH OOBIKHOBEHHBIM U pepeHIHaIbHBIM YpaB-
HCHHCM

€ e —o)
dt 1

3neces Mckomas (yHKIHSA (KOHIEHTpalusa BemiectBa) C(f) 3aBHCHT OT
OJIHOH NepeMeHHOM ¢ (BpEeMEHH ).

B TOM Cliy4ae, CCJIH HCKOMAdH l;l}}"HKIlH.‘FI FdBHCHT OT HCCKOJBKHX TICpPe-
MEHHBIX, AH((pepeHHaATIbHOE YpaBHEeHHEe OyJeT ypaBHEHHEM B YACHIHBIX
NPOU3EOOHBLX.

Hanpumep, cTpykTypy NOTOKa B peakTOpe H/A€albHOr0 BBITECHEHHHA

MOMHO OMHCATE YPABHCHHCM B HACTHERIX IMPOH3BOIHBIX:
oC oC
T = —U— .
it Ff
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B srom ypasnenuu dyukuua C(¢, [) 3aBUCUT OT BpeMeHH (f) H JJIHHBI
annapara (/).

B macrosmeii rmape Hamm OyayT paccMOTPEHBI METOIBI PEIICHHS
OOBIKHOBEHHEIX TH(pepeHIIHATEHEIX YPABHEHHH TIEPBOTO MOPAIKA.

Obwviknosennvimu dughhepenyuanvnuvivu ypasuenusmu (OJ1Y) nasvisa-
HOTCH VPABHEHHS, KOTOPLIE COAEPKaT OJHY WUIH HEeCKOIbKO IPOH3BOAHBIX OT
HCKOMOH (pyHKLHH ¥ = 1(X):

F(x, 9,V ™) =0, (8.1)

rjie X — He3aBUCHUMas TepeMeHHast.

HauBBICIIHH TMOPAIOK #, BXOIANICH B ypaBHeHHE (8.1) mpowus3BoaHoH,
HA3BIBAETCH NOPAOKOM OughghepenyuaibHo2o ypasHenus.

Hanpumep:

F(x,v,y")=0— ypaBHeHHE NEPBOro MOPsAIKa;

F(x,y,y',y")=0~- ypaBHeHHE BTOPOTO MOPAIKA.

M3 odwei 3anucu auddepeHunanbHoro ypapHeHus (8.1) MOKHO BeIpa-
3UTh NPOH3BOIHYIO B ABHOM BH/IC:

y'=f(xp);
y'=flx ).

Ypasuenue (8.2) umeer DECKOHEUHOE MHOKECTBO pewteHuit, Jlns nojy-
UeHHs €IMHCTBEHHOIO PEleHHs HE0DX0AMMO YKa3aTh JOINOJIHUTEIbHBIE YC-
JIOBHS, KOTOPBIM JIOJIKHBI YIOBIETBOPATh HCKOMBIE PEILICHHA.

B 3aBucHMOCTH OT BHJA TAKHX YCIJIOBHI paccMaTpHBaKT TPH THIIA 3a-
Iad, A KOTOPBIX TOKa3aHO CYIICCTBOBAHHUE H CIMHCTBEHHOCTD PEIICHHUH.

llepeBIH THIT — 3T0 3a/1a4H ¢ HAYAILHBIMH YCIOBHAMH.

Jna Takux 3a1au KPoOME HMCXOJHOr0 ypapHeHud (8.1) B HEKOTOpOH TOu-
Ke X, JOJKHBI OBITh 3a[1aHbl HAYATBHBIC YCIOBHA, T. €. 3HAYCHHA (QYHKIIHH

(8.2)

V (x) ¥ ee IPOM3BOAHBIX: V' (X ) =V,

V(x)=y g ”{xﬂ) =" ]cr

Bropoii THI 3aga4 — 9TO Tak Ha3blBaeMbIe IPAHWYHBIC, HJIH KpaeBhIe,
B KOTOPBIX MOMOJHHUTEIBHEIC YCIOBHS 3aal0TCA B BHIC (DYHKIIMOHAIBHBIX
COOTHOLLIEHHH MEHK/1Y HCKOMBIMH PEILEHHAMH,

KonudecTro yCIOBHIH JO/KHO COBNAAATH € NOPSAJIKOM YPABHEHHS WITH

cucteMbl 1. Eciti pemeHie 3anaqn onpeienseTcs B HHTepBaae X€[x,, xX;],

TO TAKHE YCJIOBUS MOTYT OBITh 3a/IaHbl KAK HA TpaHUIIaX, TAK W BHYTPHU WH-
Teppana. MHHHMANLHBIH MOPAN0K 00BIKHOBeHHBIX HH(depeHIIHATBHBIX
VpaBHEHHH, A9 KOTOPBIX MOKET ObITh c(hopMyNHpOBaHA IpaHHYHAA 3aja-
ya, PABCH JIBYM.
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Tperuit i 3agau a1us 0OBIKHOBEHHBIX AH((pepeHIHalbHBIX YpaBHe-
HHH — 3TO 3a7a4i Ha CODCTBEHHBIE 3HAYCHUS.

Takne 3anauM OTIMYAIOTCA TEM, YTO KPOME HCKOMBIX (YHKIME (x)
H WX MPOM3BOJHBIX B YPAaBHCHHMSA BXOIAT AOMOJIHHTEIBHO M HEH3BECTHBIX
napameTpoB A, A,, ..., A, KOTOPbIC Ha3bIBAIOTCA COOCTBEHHBIMH 3HAYECHMS-

MH. ,HJ'IH CAHHCTBCHHOCTH PCINCHHA Ha HHTCPBAIC [J.'ﬂ, 'Ik] HCDﬁKDHHMD 3d-

JIaTE 1+ m rPpAHHYHBIX YCIIOBHH,

BONBIIMHCTBO METOI0B pelueHud 00BIKHOBEHHBIX JH(]hepeHIMaIbHBIX
ypaBHEHHH OCHOBAHO Ha 3adaue Kouu.

Chopmynupyem 3anaqy Ko,

Hano odbIkHOBeHHOE AU depeHlHalbHOe YpaBHEHHE NEepPBOro IMopsi-
Kd, pa3spelieHHOC OTHOCHTEIBHO TPOH3BOIHOH

V= L), (8.3)
YAOBJIECTBOPAIOLIEE HAYAIIBHOMY YCIIOBHIO
(%) = ¥y (8.4)

HeoOxoaumMo HalTH Ha oTpeske [xg, X,| TaKyI0 HENPEPLIBHYI (PYHKIIHIO
y=y(x), koTopas ymorinereopseT muddepenunansHoMy ypaBHenuio (8.3)
H Ha4YaJIbHOMY ycioBuio (8.4), 1.¢. HaiTH pemenne audQepeHmanbLHOro
ypaBHeHHs. HaxomeHHue Takoro peleHus HasblBAKT pPELIeHHEM 3ddayu
Kowmu, YucneHHoe pelieHHe 3TOH 3a/a4d COCTOMT B MOCTPOSHHH TaOIMIbI

NPUONHKEHHBIX 3HAYEHHH Vi, Vi, ..., V, PELIEHHUSA ypaBHEHHA y(Xx) B TOYKaXx
X1, X7, ...y Xy C HEKOTOPBIM 1IATOM A
X, =X, +i-h, i=1,2,..n

K yuciieHHOMY pelieHHio 00BIKHOBEHHBIX JHddepeHHalibHBIX YpaB-
HEHHUH [NPHXOIHTCH ﬂﬁPEmETBCH, KOI'ld HEC VIacTCHd IMOCTPOHUTE daHAJIHTHYC-
CKOC pELUCHHE 3ad1a4H 4€pe3 HI3BCCTHLIC q]}"H}CHHH, XOTH OJ1H HEKOTOPBIX 3a-
Jad HHCICHHBIC MCTOABl OKA3BIBARKTCAH Donee B'qu]EKTHBHLIMH daRe TIpH
HAJTHYHH dHAJITHTHHCCKHX pEI.L[‘:Hl'Iﬁ.

8.2. Metoabl PyHre-KyTTbl

[[Iupokas KaTeropug METOI0B, HAMDOJICE YACTO MPHMCHACMBIX Ha MPaK-
THKE 18 PCIICHHA ,il,H(i}{,’;JiﬂptEHuuathHhIx }-’]jElBHEHHﬁ, H3BECTHA 1101 00IHM
Ha3BaHHEM MeTobl PyHre—KyrTrel, PasiHuHbBIC METO/IBI 3TOH KATErOpHH Tpe-
OyioT DONBLIEr0 WIH MEHBIIET0 00BEMa BBIMHCIECHMH M COOTBETCTBEHHO
obecnevyHBaT DONBIIYID HIIH MEHBIITYH) TOYHOCTE.

Metoael Pyare—KyrTel o0nagarT claeayrIMMH  OTIHYHTEIbHEIMH
CBOHCTBAMH:

e ITH METO/Ibl ABISMKOTCA OJIHOCTYNEHYATBIMH, YTOOBI HAWTH 3HAYEHHE

(DYHKIUHM B TOUKE V;:y HYKHA HHQOpPMALUS TOJBKO O NpeJblIyIIei Tou-

Ke (1, X;):
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* OHH coracyrorTcs ¢ psajgoM Teilopa BIUIOTE 10 YWIEHOB [MOPS/IKA h*, roe
CTeneHb k OIPCOCIACT MOPAI0OK MCTOOA,
® OTH METOABI HE TPeOYIOT BBEIYHCICHHA NPOM3BOIHEIX OT flx, V), & Tpe-
OVIOT BRIMHCICHHS camMoil (pyHKIIHH.
Mmenno Onarojapa nocneanHeMmy cBoHcTBY Metojbl PyHre—Kyrrel Do-
Jec }F,E[DﬁHBI JJA NPAKTHYCCEKHX BBIYHCJIEHHIA.

8.2.1. Meron Jiaepa
(MmeToa Pynre-KyTTel nepsoro nopsijaka)

[IpocreiiiuM M3 YUCIEHHBIX METO/I0B peleHus auddepeHnaibHbIX
YpaBHEHHH ABIAeTCH Memod Jiwiepa. ITO OUH H3 CaMBbIX CTAPLIX U ILIHPOKO
M3BECTHBIX MeTO10B. MeToz Diiniepa sBnsercs CpaBHUTENBHO IPyOBIM METO-
JIOM pelieHnsa T QpepeHIHalbHbIX YPaBHEHHH, 0JHAKO HIEH, MOJI0AEHHbIS
B €r0 OCHOBY, ABJIAIOTCA, MO CYUIECTBY, MCXOJHBIMH ISl OYCHB ITHPOKOTO
KJ1ACCA YHMCIIEHHBIX METOI0R,

[IycTe Tpebyercs HalTH NpHOTHKEHHOE pelleHHe JuddepeHuHanTbHOTO
YpPaBHEHHs NIEPBOro MOpsiKa

y'=fxy) (8.5)
C HAYAIbHBIM YCITOBHCM
}"(Iﬂ] =y|_':|1 {Eﬁ}

T. €. He0DXOIHMO peluTh 3aaa4dy Komm.
B okpecTHOCTH TOUKH X, QYHKIHIO }(X) pa3nokuM B pan Telnopa:

(I_Iu}z

y(x) = plxg) +(x = x,)y'(x,) + v'(x )+, (8.7)

KOTOPBIH MOKHO TIPHMCHMTE 1A NMPHOJIHACHHOTO ONPEIACICHHA HMCKOMOH
(ynkuuu y(x). B Touke x,+ 7 ipu MaJbIX 3HAYEHUAX /I MOKHO OFPAHHYHTLCS

JABYMs wieHamu paja (8.7), Torjaa

V(x)=y(x, +h)=y(x,)+ y'(x, )Ax + 0(h*), (8.8)
rane O(h°) — GeckOHeYHO Majas BeJIHUHHA MOpsAAKa h°. 3aMeHHM HPOMU3BO-
HYI0 y'(x,), BXOAAILY10 B (hopmydy (8.7), Ha MpaByro 4acTk ypaBHeHH: (8.5):

Y(xo +h) =y +hf (X, 30), (8.9)

Teneps npubnmkenHoe penienue B To4Ke x, =x, + i MOKHO BHOBB pac-

CMATPHUBATL KAK HadajlbHOE yeinoBHe M 1o dopmyne (8.9) naiith 3HaueHue
HCKOMOM (DYHKIMH B CIEIyIOLEH Touke x,=x + /. B pesyiasrare nomyveH

npocTeuid anroput™ pemenus 3anadd Komw, KoTopelil HazblBaeTCHd Me-
modom iepa, WIH METOIOM JOMAHBIX.
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Metoa Diijiepa MOXKHO MpeJCTABHTh B BHE MOCIEI0BATEILHOIO MPH-
MEHEeHHSA QOopMYyIT:

JUTA TOYKH xp=xp + h, M=+ h}“'u. =¥y T }?f(xmyu)*
xo=xith, y, =y + =y (x,0), (8.10)
X =x;th, v, =y, +hy,'=v, +hf (x,»). (8.11)
Takum obpazom, popmMyia Iiinepa B 0DIIEM CyYae HMEET BHIL:
Voa=v.+hf(x,v.), xp=x;+h. (8.12)

HaszsaHue «MeToj] JJIOMAaHbIX» CBA3AHO C €r0 NEOMETPHYECKOH HHTEpIIpe-
tauuei, Mckomas yHKuMS y(x) 3aMeHAeTCs JIOMaHOH JTHHMEH, npecTaBisio-
wieit co00H OTPe3KH KacaTellbHBIX K STOH (DYHKIMH B Y3/1aX X, X, ..., Xp.

BeiBeeM GpopMyJibl HA OCHOBE T€OMETPHYECKHX aHAIOTHil.

[Ipeanonoum, YTO HaM H3BECTHA To4YKa (Xp, Vp) HAa HMCKOMOH HHTe-
rpansHOH KPHBOH (CcM. pHC. 8.1).

¥ i

V=yo+ ve'(x-xo)
. .ﬂt %

.]"’[J ................ ;

B
: i _
X X
Puc. 8.1

Uepes ToUKy (Xg, Vo) NPOBEIEM KACATEIBHYK ¢ TAHIEHCOM YIJIa HAKIOHA!
tga = y,'= £ (X, 7). (8.13)
VpapHeHHe KacaTelbHOH HMEeT BH:
Y=Y+, (x—x).
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Toraa B Touke x; =x,+ A, ¢ yuerom (8.13), nmoyuum pelieHue:
Y=Y+, (x Hh—x,);
Vi =Yy +hf (x5, 0,).

OmmbKa pemenns B TOYKE X =X, MOKA3aHa B BHIE OTpe3Ka A.

Dopmyaa (8.12) sasnsercs merogoMm Pyure-Kyrrel nepporo nopsjxa,
T. K. OHA COTTIACYETCA ¢ pasjioKeHueM B pad | ennopa BIaOThE 10 4IEHOB 10-
psiaka '

Meton Diinepa uMeeT JOBOJIBHO OONBIIYI MOTPEIIHOCTh BBIMHCIICHHA:
A=0(/). Kpome Toro, oH o4eHb YacTO OKa3bIBAETCH HEYCTOHUYHMBBIM — MaJslas
OIMOKA (HApHMeEp, 3aJI0eHHAs B MUCXOAHBIX JIaHHBIX) YBEJIHYHBACTCH
¢ poctoMm x. Ha puc. 8.2 npueenena Onok-cxema Meroja JHlepa, B IPHIIO-
JKEHHH — MpOorpaMMa pacuyeTa.

( Hauano )
7 )
Beog
Xo, Yo, Xk, h

: ¥
‘ i=0

L
--"I"- .

x<xk Het
[a
Y

Iy Xiy :l’rni

F=f(x;, v,)
k4

x,-+1=x;+h ",J',',*_l:}l’r"f'h F i=i+1

¥
f.r X Fﬁ

_ v
A KoHel,

Puc. 8.2. Brok-cxema memoda Direpa
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[Ipumep 8.1. /s xumuueckoii peakuyu
A—L 5B,
M3meHenne koHueHTpauuid BellecTB 4 H B MOXKHO ONMCATh CIEIYHO-
HIHMH KHHETHYECKMMH YPABHCHHAMM:

dC, —_k-C,:
dt '
dC, _k-C,.
dt '

C HAYaJIBHBIMH YCIIOBHAMH:
npu (=0 Cy(0)=Cy 0 Cp(0)=Chgp.
Tpebyercs nojayuyuTh 3aBUCHMOCTb H3MEHEHHMS KOHIIEHTPALHH BELIECT-
Ba A OT BpeMeHH, T. €. He00X0HMO pelHTh AU depeHuHalbHOe YPaBHEHHE

(pewnTh 3aaa4y Komm).
Mcxonueie nanusie:

Cyo=1 Mons/m;

Cpo=0;
k=0,2 ¢ ', uareppan unTerpupopanus ¢ = [0, 5].
Obo3nauum C,=y, Toraa
dy
) =—=—k-y. 8.14
fonn=— ) (8.14)

[Tpumem BenmuuuHy mara i=0,1. PemmmM nanHoe ypaBHEHHE METOA0M
Diinepa (8.12).

IocaenosarebHOCTL pelienus. Hawmaem pewienye B TOUKE:
. tH=t+h=0+0,1=0,1;

M=Wt h- _f{}"[n‘tn);

T (yaty)=-0,2-1=-0,2;

v, =1+0.1(-0,2) =0,980.

2. b=t;+h=0,1+0,1=02;
v, =y +hf(y.0);
-f(yuﬁ] = _[-"1.2‘ D,gg: —ﬂ,lgﬁ;
v, = 0,98 +0.1(-0,196) = 0,960.

3. L=t6+h=02+0,1=0,3;
Vi =Y+ i (1y.0);
f(y,,1,)=-0,2-0,960 = —0,192;
v, =0,960+0,1(—0,192) = 0,941.
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4, Li=t3+h=03+0,1=04;
Vo= Hhf(1,0);
f (1) =-0,2-0,941 =-0,188;
v, =0,941+0,1(-0,188)=10,922.

JUts Toro 49rodbl NMPOHHTEIPHPOBATL JAHHOE VPABHEHHE HA HHTEpBAe
t=[0, 5] ¢ marom 2=0,1, norpedyerca n=1t/h=35/0,1 =30 11arop BLIMHCICHHI.

Ha mpumepe mepBeIX HeThIpeX IIArOB MBI MMOKA3aJH TOCIEI0BATENb-
HOCTH BBEIYMHCICHHH MO METOAy JHnepa. EciH aHamoruyHo BBINOJIHHTE pac-
UETEI BO BCEX TOUKAX, TO B MOMCHT B]}EME:HH = 5 C KﬂHIlEH'I'pHIlHH BELICCTBA

A byner paBHa
C,=0.,364 mons/n.

Tounoe pemenne muddepennmansnoro ypasuenus (8.14) B touke 1=35:
C4=0,3679 mons/n. OTHOCHTENBHAA ONTHOKA MeToaa Dinepa COCTARIAET OKO-
7o 1 %, 3HaueHus KOHUEHTpalui BelecTsa A, pacCUMTaHHbIE 110 MeTOo1y Dii-
niepa, ¥ TouHble 3HaYeHus Cy B Toukax (=1, 2, 3. 4, 5 ¢ npuseensl B Tadu. 8.1.

Tadnuna 8.1
C 4. MOJIB/TI
[, C
Metoa Diinepa Metoa Pynre—Kyrrn Tounoe pemenne
I 0,817 0,818 0,819
2 0,668 0,670 0,670
3 0,546 (0,548 0,549
4 0.446 (0,449 (0,449
5 0,364 0,367 0,368

HDCT]’!UHM ]'“[l'lﬂd]l’l]{ H3IMCHCHHA KOHLCHTPALHH BCIICCTBA A B 3aBHCHMO-

CTH OT BpeMeHH (pHc. 8.2 a).

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

CA, monuin

Puc. 8.2 a
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st nonyueHus Oosiee TOYHBIX PE3VILTATOB 0 METOAY Dilnepa Hc-
MOJBL3YIOT pa3Iu4HbIe pHeMbl. PaccMOTpHM YTOYHEHHBIH MeTo 1 Jiinepa.

YTounennnlii meroa Jiijiepa

[Tpu nonyuenuu dopmynel Jinepa (8.12) Ha ocHOBaHMH (8.5) nonaraim
GyHEUU f(x, v(x)) paBHOH ee 3HadYeHHKO f(x;, ;) HA JIEBOM KOHLE OTpe3Ka
HHTETPHPOBaHHA.

bonee TouHOE 3HAYEHHE MOJYYHTCH, €CJIH NMPHHATL PYHKIHIO fix, V(X))
B (opmyne (8.5) paBHoii 3Ha4YeHMIO B LEHTpE OTpe3ka. Tak Kak 3HadyeHHe
[POH3BOIHOH MEAIY TOUKAMH X, H X;+) HE BBIYMCIACTCH, TO BO3bMEM JIBOH-
HOH y4acTokK (X; 1, Xi+1 ).

M3 (8.5) cnenyer

Xl .'l'”|
Vig=¥+ J' yide=y, + ! Fx,v(x))dx. (8.15)
X X;
C yuerom asoiiHoro yuactka dopmyny (8.15) MOKHO NHpeJICTABHTE
B BHJIC:
T4
Vir = Yir = | S5 p(0)dx (8.16)
|

LlenTpoM muTeprana (x,. i, x;+)) ABnAercsa Touka x;. [lodTomy, 3aMeHuB
B hopmyne (8.16) moa muterpanom dyukmuio flx, y(x)) ee 3HaUYCHUEM B TOY-
Ke x, paBHbIM y'7= f(x;, ), npujieM K hopmyiie

Vi =Y, + 2y, (8.17)

Ita (hopMylla H BeIpAKAET YTOUHEHHLIH MeTo/ Dinepa. OHaKoO OHA MpH-
MEHHMA JIHLLIL 1IPH I 2 1, a 3Ha4YeHue y, 110 HeH NOJIYYHTh Helb3s, Clie10BaTelib-
HO, Mbl HE MOKEM BBINOJIHHUTE H JIANIBHEHIIHX BRIYHCIICHHH, T. K. JUIH HAXO®K/1E-
HHA V> HAJ0 UMETh V', JUIM 4Yero, B CBOK OuUepe/lb, HAJI0 UMETh 3HAYEHHE V.
B nansom ciyuae pekoMeHjyercs cHauana onpeaenuts v, 1o gopmyse (8.12),
a mocyieayromme 3nadenns v, (i # 1) onpenensats no dopmyne (8.17).

boJiee TOUHBIE pe3yabLTATHI MOJYYATCA, €C/IH CHAYAIA HANTH V2 B TOUKE
Xi2=xp + h/2 mo opmyne (8.12), a 3aTem uckare v, no dopmyne (8.17)

¢ warom Ah/2. MHaue roeop#, peKOMEHAYETCS CISAYIOIIAA IOC/Ied0BaTe Ib-
HOCTE JICHCTBHIL:

h | h
Yz = Wy +E Vo=t 5 'f(I::r.V::};
WEYeth v =y Hhe f(x0,0,) (8.18)

V.=V, +2-h '_:'r“'11 =Wt 2-h "-f(xuyl]‘
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[locne atoro pnansHeHiuMe BBIYMCIEHHS HAYT yike no dopmyne (8.17)
0€3 H3IMEHEHHH.

PaccMOTpHM  TEOMETPHYCCKHH CMBICI YTOYHCHHOTO METoaa Diiaepa
(puc. 8.3). Mcxong w3 nadanbHoH TOYKH M(Xqg, Vo), MOTyYaeM 1o MeToxy Jiie-
pa Ui x =x1,2 TOYKY M. Jlig x=x, cnocod Diiepa jgan Obl Touky M, Haxo-
JBLIYHOCA Ha KacaTellbHOH K MHTerpaibHOH KpHUBOH B TOuke M. YTOUHEHHBIH
croco® COCTOUT B TOM, UTO U3 ToUkH M nposoautcsa orpesok MM,, mapannens-
HBIH OTpe3Ky, HalpaBIeHHOMY B COOTBETCTBHH CO 3HauYeHHeM M| yrioBoro
koaduumenTa B rouke M. Touka M,, KoTopas noay4eHa rno yrouHeHHOMY Me-
TOY Diiepa, HAXOIUTCH DIMKE K MCTHHHOM KpHBOI, yeM Touka M. B nanb-
HeHIeM UIA [MONYYeHHS KamkJaoi cleAyromed TOYKH MPOBOAHTCH OTPE30K
HaJl ydacTKOM 2/i mapalielibHO HalpaBlIeHHK), KOTOPOe OlpeienseTcs 3Ha-
YeHHEM MPOMU3BOAHOH B cepeauHe aToro yuactka: MM, M>Ms.

..:I"I [

Puc. 8.3

8.2.2. Meroasl Pyure—Kyrrhl BTOpOT0 Nopajaka
[TycTe nano auddepeHnmnansHOe YpaBHEHHE MEPBOTO NMOPAIKa
y'=rxy)
C Ha4YallbHBIM YCIIOBHEM X = Xy, V= V.
B okpecTHOCTH TOUKH X, PyHKLHIO y(x) paznoxum B psj Teinopa:

(I_In}:

y(x) = y(x,) +(x = x,)p'(x,) + Y(x) + s

EﬂTﬂpLIﬁ MOMNHO TIPHMCHHTE OJId4 HPHE‘.‘IHJ{{EHHCIFG OMpcaCcICHHA MCKOMOH
Gyukuur v(x). JIna yMEHBIIEHHS MOTPEIIHOCTH METOa HHTEIPHPOBAHHS
mudepeHIHATEHOTO YPAaBHEHHS HEOOX0IMMO YUHTEIBATE DOJIBIIEE KOTHYE-
CTBO 4/ieHOB psijia. OHAKO NMPH 3TOM BO3HMKAET HEOOXOAMMOCTb alllPOKCH-
MALMH TIPOH3BOAHEIX OT IpaBbIX yacTell JuddepeHLHAILHOI0 YpaBHEHHS.
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OcHosHag uaes MeToaoB Pynre—KyTTel 3akii0uaercs B TOM, 4TO IPOH3BO/I-
HBIC anmpOKCHMHPYIOTCA depes 3HaveHus (QyHKuMH f{x, ¥) B TOUKax Ha WH-
TEPBANE (X, Xg+4], KOTOPEIC BEIOMPAIOTCA W3 YCI0BHA HANOOIBIICH OIM30CTH

anroputma Kk pamy Teinopa. B 3aBucuMocTH OT crapimied creneHu A,
¢ KOTOPO# YUHTBIBAKOTCH YWICHBI Psijla, NOCTPOSHBI BEIYHCIHTEILHBIE CXEMB
Pyure—KyTThl pasHbIX NOPAJAKOB TOUHOCTH,
Tak, nanpumep, obmas dopma 3anucu Metoaa PyHre—KyTTel BTOpOro
MOPAJKaA CleayHOLIasn:
Vi =V Hh(I=a)- f(x,p)+
h h

+a - f(x, +—, . +— f(x. v D]+ 0(1),
2a 2a

(8.19)

rne D<ea <1,
L 2
Pemienne OJ1Y, nony4eHHoe Mo 3TOM cxeMe, UMeeT rmorpemHocTs 0(A7).
Jnsa mapamerpa oo HandoJiee 4acTo UCIONIb3YHOT 3HAYEHHUA

a=05na=1.
PacemoTpum nepeniii BapuanTt metoa Pyure—KyTrsl BToporo nopsjka.
[Tpu a.= 0,5 dopmyna (8.19) npumeT BHI:

Vo, =y + g[;’“(.:-:f.,yr.) + f(.:-:f. +h,y +h- j‘(.:-:}.,._vr.)]]. (8.20)

Dopmyny (8.20) MOMKHO NPEACTABHTE B BUAE CIEAYHOIIEH CXeMBI:
-}r.'+| = .}},. + ﬁyr‘
1
Ay, =—(k +k,),
-} i 2 ': 1 2 } {8 ,21 }
ko =hf(x.,y),
k,=hf(x +hy +k).
1o meton Pyure-KyTTel BTOpOTO NopAnka (1-H BapuanT), HIH lc-
npasienHbii METo1 Diinepa.
| eoMeTpHYECKH TTPOLIECC HAXOMIEHHA TOYKH X|, V| MOXKHO [POCIIEIHTE 110

puc. 8.4, [lo Meroay Dinepa HaxoaMres Touka xp+ A, vot+ & -y, Nekamas Ha
MpAMOH L. B 3TOH TOUKE CHOBA BRIYMC/IAETCH TAHIEHC YIJIA HAKJIOHA KacaTellh-

HOH (npsimas L,). Yepennenue 1Byx TaHreHcor maet npsamyio L. TTpopoaum ve-

pe3 TOUKY Xy, Vo npamMyto L, napamensHyo L. Touka, B koTopoil npsamas L ne-
peceyveTcs ¢ OPAHHATOH X=X, =X+ /i, H OV1eT HCKOMOH TOYKOH X, V).
Tanrenc yrna Haknosa npamoil L w L pasen

. 1 .
¥y = E[.f{-"u)*‘n] + f(x, +h,v, +hy,]. (8.22)
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YpagHenHe npamMoil L 3anuuiercs B BHIE:

Y=y, +(x _In},}’:la'r (8.23)
TOr1a B TOYKE X =Xx; =xp+ /i ¢ yueToM (8.22) mory4umM perieHue:
1 .
V=0t hE[-f{In,}’n) + _f{,-‘fu + hﬁJ}n + hyn]* (8.24)

Popmyna onuckiBaeT MeTo PyHre—Ky el BTOpOro nopsaka npu o =0,5.

yll.

Puc. 8.4

B cnyuae emopoeo Bapuanta metona Pyure-KyTTel BTOpOro nopsaka
MPUHAMAIOT

o=1.
Toraa dopmyna (8.19) npumer Bua:

J’fn:.}’f*‘hf‘:xﬁ*‘%,,}r‘ﬂ'h%- (8.25)
[Tpencrasum popmyity (8.25) B BH/IE CXEMBbI:
-vjll = J’r.i + ﬂi_}"“
‘ﬁ.-"}; — 3.
ky=hf(x, ), (8.26)

h k
k, = hf (x, 4,y + 51,
& 1f(IJ+2 .-}}J-I_Z}

1o Metoa Pyure—KyTrhl BTOpOro nopsaka (2-d BapuaHT), WIH Modu-
Puyupocanviti memoo Dinepa.

PaccMOTpHUM reoMeTpuYeckyrd HHTepnperauuio Meroja Pynre—Kyrrel
npu =1 (puc. 8.5).
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a y=y(x)

Pue. 8.5

Yepes TOUKY Xg, Vo NPOBOJAMM KacaTelbHYIO (npsamas L) ¢ TAHIEHCOM
YIUIa HAKJIOHA, PaBHBIM

vy = (x5, 0,). (8.27)
[To meTomy Diinepa B TOHKe X =X+ A/2 HaxoguTcAa NpHOIHKEHHOE pelleHHE
OV
y=y +£- V.
= 2 il

B Touke P onpeaensercda TAHIeHC YIJla HAKJIOHA KacaTelbHOH (mpamas L*)
HHTErpaibHOH KPHBOI:

1 h h [
M :.f{In +Eﬁ}’1] +E 'J'“J::)ﬁ
T v, = (X, ¥y)- (8.28)
. *
[IpoBojM yepes TOUKY Xy, Vo NPAMYIO, napauie/suyw L (npamas Lg).
[lepecedyeHne 3ToH NpsAMOM ¢ OPAMHATOH X =Xx3 + h H JaeT UCKOMYK TOYKY
Xy, Vi. YpaBHeHHE npAMOH Ly MOKHO 3alIHCATh B BH/E:

y=y,+(x—x,) . (8.29)
Torna ¢ yuerom (8.28) B TouKe X =Xx4+ h NONIYYHUM pEHICHHE:
, h h .
Y=Yy +he flx+ E:yn + E}'u]' (8.30)

@opmyna (8.30) onuceiBaer MeTon PyHre—KyTThl BTOpOro nopsamka
npu o= 1.
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8.2.3. Metoa Pyure—KyTThl 4eTBEpTOrO NOPAAKA

Metoapl Pynare-KyTTel TpeThero M 4eTBEpTOro NMOPANKOB MOMKHO BEI-
BECTH AHAJIOIMYHO TOMY, KaK 3TO JI€J1alloChk [PH BBIBOJE METO/I0B IEPBOIO
H BTOPOIo Mopsa1Kos.

He OyaeM BOCHPOH3BOAUTE 3TH BBIKIAJKH, a IpUBeAeM (POPMYIILL, OIH-
CBIBAIOLIHE METO/1 YeTBEePTOro Mopsaika — OJHH H3 CAMBIX IPHMEHAEMBIX Me-
TOI0B HHTErpHpoBanua O/1Y. DToT METOH NPHMCHACTCH HACTOIBKO IIHPO-
KO, 4TO B JIMTEPATYPE MMPOCTO Ha3bIBAeTCH «MeToJ oM PyHre—Kyrrein 0e3
VKa3aHHIl HA THIT M HOPSJI0K. DTOT Kinaccuveckuil meto1 Pyure—KyrTrer onm-
ChIBAETCH CUCTEMOM CHEAVIOUIMX COOTHOILEHHI:

Yin =Y+ 4%
1 (8.31)
HITH Vg =V, + E{k' + 2k, + 2k, + k),
rjue ky=h-f(x,y), rne 0<a=1.

: h k
ko=h-f(x +—.,v. +—L):
) f(x, L 2}.

k]:hrf(;.;’+g?}:+‘zﬂ,}; (8.32)

h
ky=he f 05+ + k).

['eoMeTpuueckas HHTepIpeTalus MeTo/a NpecTaBieHa Ha puc. 8.6.

},l F
M,
/ VR Y,
M,
_}’Hl
.yl'
X

Pue. 5.0
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ITopsajok nocrpoenus:

I.  C mwarom A/2 u3 touku My(x;, v;) noa yriom y,=tg (k/h) npoBoaum
NpAMYI0 B Touky My(x;+ h/2, vi+ h/2).

2. B Touke M, BeuMcaseM HanpapieHue tg(yv,)=k/h u, nenas mar B 9ToM
Harpap/IeHHH, U3 ToukH My nonagaem B Touky M-(x; + /2, vi+ h/2).

3. B rouke M, Beruucnsem tg(ys) = Kk;/h u, genas war B 3TOM HallpaBlIeHUH,
13 ToYkH My nmonagaem B Touky Ms(x; + /2, v, + k3).

4. B touke M; Beaucisem tg(ys) = kiy/h.

[TonydeHHBIC BENHYHHEI k), k2, ks, ky yepenusioTes o gopmyne

L

Ay = %(ﬁg + 2k, + 2k, + k,). (8.33)

6. Hcnone3zys BeauduHy Ay, JenaeM OKOHYATelIbHBIH 1Iar u3 (Xx;, ¥;) B (X,
Yis1)-
Mpumep 8.2. [lna auddepeHinanisHoro ypaBHEHHS, MPHBEICHHOTO
B npumMepe 8.1, nokaxkem NOCHEN0BATENBHOCTE PEIIEHHs MeTojioM PyHre—
KyTThl 4eTBEpPTOrO NOpsAJIKAa:

ﬁz_k.cﬂ; ﬁz_k,'};?
dt dt
HavyaJIbHBIE YCJIOBHA: NIpH =0, yvy=1;
t=[0,5]: h=0,1:k=02c¢".
Haujiem petenss B ToYKax:
1. tH=t+h=0+0,1=0,1;
ky=h-f(t,,y,)=0]1-(=0,2)-1=-0,02;

k=h £, +§+y[. . %} —0,1-(=0,2)-(I- “’f} —~0,0198;
k 0,0198

k,=h-f(t, +§,,yfJ +El} =0,1-(-0,2)-(1- ) =-0,0198;
k,=h-f(t, +g,y,:j +k;)=0,1-(-0,2)-(1-0,0198) =-0,0198;
V, =¥, +é~{kl + 2k, + 2k, + k) 6=

=1+(-0,02-2-0,0198-2-0,0198-0,0198) / 6=
©0,0198

=1 =0,980.

2. L=t+h=0,1+0,1=02;
ky=h-f(t.y)=0,1-(-0,2)-0,98 =-0,0196;
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0,0196

k,=h-f(t, +g*y, +%) =0,1-(=0,2)-(0,98 - )=-0,0194;

0.019%) _ _0.0194;

k,=h-f(t +g,yl +Z—1)=[J,1-{-u{],2]-({],93~

k,=h-f(1, "'g*}ﬁ +k,)=0,1-(-0,2)-(0,98 —0,0194) = -0,0194;

vo=w +(k +2k +2k +k;)/ 6=
=0,98+(-0,0196-2-0,0194-2-0,0194-0,0194)/ 6=

0.1166

=0,98 - =0,9607.

Xi<X} : Het

k
ky=h-flx +—, vy +—
> .f(, Vit
h k.
ki=h-flx +—,p +—=
R
k, =Izr~f[x} +h, v, +.{’3}
v
J:Hl:yl.+é~{k,+2-k:+2-k3+kd}
J-:M::-r,--l-h
i=i+1
v
‘:rxl'.r}"l.i
¥
HoHey

Puc. 8.7. Erok-cxema memoda Pyuee—Kymmui

107

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

BeImonHuB aHanOrHUHBEIM 00pa30M BBIMHCIIEHHSA BO BCEX TOCIIETYIOMIHX
Toukax HHTepBana [1, 5] ¢ warom A=0,1, nony4uM B MOMEHT BPEMEHH [ = 5
KOHUEeHTpauio semecrea: C,=0,3673 Mmonn/m.

Panee mokazano, 4ro ToyHoe pemenue — Cy;=0,3679, cnenoBatensHo,
OTHOCHTE/ILHAA OlKHOKa coctasnser npumepto 0,16 %.

B Tadu. 8.1 npupeleHbl pe3yiabTaThl pacyeToB 10 MeToay Diiepa
H PyHre—KyTTEl, a Takxke To4yHOe peuleHHe AuddepeHLHa]IbHOIO ypaBHe-
HHA (8.14). Kak BuaHo W3 Tadnuukbl, HanbdoJIee TOYHBIM ABJIAETCA pPelleHHE,
noaydeHHoe no merony Pyure-KyTre.

biok-cxema merona PyHre—KyrTel ueTBepTOro nOp#AjKa NPHBEICHA
Ha pHc. 8.7.

8.3. Cuctembl auchcpepeHUManbHLIX YpaBHEHWUI

OuyeHb YacTO NMPUXOAUTCH UMETH JIEN0 ¢ 3ajayeil, B KOTOpoH Heodxo-
IUMO PELIHTE CHCTEMY HeCKONbKHUX Au(ppepeHlMallbHBIX YPaBHEHHH ¢ He-
CKOTBKMMH HCKOMBIMH (PYHKLIHAMH.

bynem paccMaTpuBaTh HOPMalbHBIC CHCTEMBI AHpdepeHInaTbHBIX
YPAaBHEHHH, B KOTOPBIX YPABHCHHSA Pa3peuIeHbl OTHOCHTEIBHO MPOH3BOAHEIX
H YHC/I0 YPABHEHHMH paBHO 4YMCIY HeM3BecTHBIX (Qynkumi. Hanpumep, cuc-
TeMa JIBYX YPABHEHHH C JBYMsA HEM3BECTHBIMH (DYHKUHAMH V, Z OT OIHOIO
H TOTO K€ apryMeHTa X B HOPMaJIbHOM (hopmMe UMeeT BH/L:

v =fi(xpz);
(8.34)
- H
Z = f] (-T‘.l}'iz}i
MpHYEeM IUTPUX O3HA4YaeT NPOHU3BOAHYEO 10 x. OOUIHKH BHI HOpMaJIbHOM CHC-
TEMBbI /1 YPABHEHHH C /1 HEU3BECTHBIMH (PYHKIHAME Xy, X7, ..., X, OT T€PEMeH-
HOH [ IMEET BHL;
L _ £ :
dr - -\.'fl (I,I”I:,...,I” } L]
—= = fot, X, %X, )
J2 L babpa-tpacesy 4
dt ( ) (8.35)

S EFFIEFFTEF R EFFIEFFAFFFIEFFTEFFREF

L= f(1,2,X,,.X, ).

dt
PaccMmoTpeHHbIE YMCIEHHBIE METOAbLl  peweHus  auddepeHunanbHOro

I
ypaBHeHMs BHjaA Vv =flx, v) 0e3 Tpy/ia nepeHocaTcs Ha cucrembl Buaa (8.35);
KaK/IBIi pas nmpu nepexojie K CIAEIYIOUIEH TOUKEe MapaiebHO BEIYHCIITCS
MpHpAIICHHA KaskI0i U3 HEMIBECTHBIX (PYHKIIHIA 10 aHATOTHYHBIM (hOPMYIIaM.
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Tak, st HOpMallbHOH CHCTEMEI JIBYX YpaBHEHHUH
V= f(xp.2):
Z'= f(xp.2)
C HAYAJIBHBIMH YCIIOBHAMH (8.36)
v (%)= y:
z(x)=2,,

HCITONB3YS METOJ1 Dilepa, MOKHO 3alucaTh pacyeTHbIe (POPMYIIBL TaK:

Ay, =¥ -h=f,(x.32 )

Az, =z -h=f,(x,y,z )k (837)
}Jr 1 = 1"’.‘ +ﬂ'.]'.'*

L_E.I+I = =i + ﬂ._.'?j.,

AHANOrMYHO MOCTYNAKT H JUIA BCEX JIPYTHX METO/10B.

Bﬂﬂpﬂﬂhl AnA CaMOKOHTpONA

Chopmynupyiite 3anauy Ko,

OcobeHHocTH MeTo10B PyHre—KyTTEI?

['eomerpuyeckas uHTepnperanya GopmMyasl JHepa.

B uem cyTh yTOUHEHHOr0 MeToaa Jitnepa’

Ocobdennocts MeTog0B Pyare—KyTTe! 2-10 1 3-ro nopaaka?

Ha uem ocHoBano npumenenune merojaa Pyure—Kyrret 4-ro nopsjaxa?

S =
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9. ANEKTPOHHbIE TABNULbI EXCEL

[ToBceMecTHOE HCNOJBL30BAHME nporpaMm o0pabdoTKH ANEKTPOHHBIX
TadIHI BO MHOTOM 0DBACHAETCH MX YHHBEPCAIBHOCTBIO, Belb De3 BhBIUHCIIE-
HHH He 0DOHTHCH BO MHOTHX cpepax Hallel KH3HH (OJHAKO, 10 JaHHBIM
pa3pabOTYHKOB, Ha MPAKTHKE IMOJB30BATENlL YACTO NPUMEHSAET UL MATYIO
4acTh M3 npenaracMelx Excel Bo3MoKHOCTEI).

Hapsjay ¢ npocteiMH 3ajadaMH, TAKHMH KakK IMOJArOTOBKA pasjiMUHBIX
O/1aHKOB, co3jlanue rpadukos u T. A., Excel no3sonser pemwarsk JOCTATOUYHO
clnokHble 3agaud. Hanmpumep, Ha npelnpHATHH ¢ MOMOIIBIH JaHHOH Mpo-
rpaMMbl MOKHO 00JICrYHTEL 00padOTKY 3aKa30B U IJIAHMPOBAHHE MPOH3BO/I-
CTB4, PACHECT HAIOTOB W 3apabDOTHOH TJATHI, VHET KAJAPOB M 3aTpat, yrpassie-
HHE COBITOM.

ObnacTs NPUMEHEHHMs TPOrpaMMbl He OorpaHuuuBaercs cdepoi aeso-
BOM u3HH. CHIbHBIE MaTeMaTHYECKHEe W MHKeHepHble (PyHKUHH Excel 1o-
JBOJIAKOT pellaTh MHOKECTBO 3a/1a4 B 00J1ACTH €CTeCTBEHHBIX H TEXHHYSCKHX
Hayk. JIns XMMHMM, Kak HayKH CBA3aHHOM C ONBITAMH, JKCICPHMCHTAMM,
Excel mmpoko ncnons3zyercs s o0pabOTKH pe3yIbTaTOR IKCIICPHMEHTA.

9.1. OCHOBHbIE NOHATUA INEKTPOHHLIX Tabnuy

Hoxyment Excel naswiBactcs pabouen xknuzou. Pabowas xHMra mpenu-
crapiger coboil Habop pabowux aucmos, Kaxablii U3 KOTOPBIX HMeeT Tad-
JTHYHYK) CTPYKTYPY H MOMKET COJepiarTb OJHY HIIM HeCKOJAbKO Tadmiuil,
B okHe nokymenta Excel ortobpamaeTcs TONBKO mexyviyut padoOuHid JIHCT,
C KOTOPBIM H BeleTcs paboTa (cM. puc. 9.1).

Pabouwnii nuer coctout U3 cmpox u cmoabyos. CTondILl 03araaBiIcHb
MPOIMHUCHBIMHA JIATHHCKHMH OYKBaAMHM M jlanee JIBYXOYKBEHHBIMH KOMOHHa-
musimi. Beero pabouuii nuct MokeT cojiepikarh 10 256 cTonduos, npoHyme-
poBanHbix oT A no V. Crpoku nocienoBatelibHO HyMepyroTes H(paMu ot |
1o 65 536 (MaKkCHMAanbHO J0MYCTHMBIH HOMEDP CTPOKH).

Hyelikn 1 Hx agpecauus. Ha nepecedeHun ctonduoB U cTpok obpa-
3yI0TCA Auerky Tabnuubl, OHH ABIAIOTCA MHHHMAIBHBIMH JICMCHTAMH 11
XpaneHus janHbix. O003HAYEHHE OT/IELHOH A4eiKku coueraeT B cebe HOMe-
pa cToa0ua U CTPOKH (B 3TOM MOPH/IKE), HA NEPECceUEcHHN KOTOPLIX OHA pac-
nosoxena, Hanpumep: A1 unu DE234. Obo3naveHue sveiiku (ee HOMep) Bbi-
noJHAeT (PYHKUHH ee aapeca. Ajpeca sf4yeeK HCHOIL3YKTCHA IPH 3alHCH
dopMyn, onpeaenArlIHX B3aHMOCBA3bL MEXKAY 3HAYEHHAMH, PacroIOkKeH-
HBIMH B pa3HbIX A4CHKAX.
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H <& & = Cpxis [Pexcim cosmecTamoctu] - Excel ? B - 0O XK
rNABHARA BCTABKA PASMETKA CTPAHMLK ©OPMY M AAHHBIE PELLEH3IWPOE »
e X i = 0y, '[% ¥onosHoe GOpMETHPOBaHKWE * E H
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Puc. 9.1. Paboyuit rucm srexmponnon mabauyst Excel

Onna M3 A4eek Bceraa ABIAETCA aKMUBHOU W BBIACIACTCA PAMKOU (K-
MmueHOU Avetky. ITa paMKa B nporpamMmMe Excel urpaer poas Kypcopa. One-
palM{ BBOJA M PEJAKTHPOBAHMA BCErA NPOM3BOJAATCA B AKTHBHOH SUYEHKE.
[ lepemecTuTs paMKy aKTHBHOH AYEHKH MOMKHO € NOMOUIBH) KYPCOPHBIX Kiia-
BUIL MJIH YKa3aTel1s MbILIH.

Jduana3zon siveexk. Ha nanHble, pacnosiokeHHbIE B COCEIHHUX sA4eHKax,
MOJKHO cChUIaThbes B (pOpMYyJiax Kak Ha eIHHoe lenoe. Takyw rpynmny adeex
Ha3BIBAIOT duanazonom. Haubomnee 4acTo HCNOAL3YIOT MPAMOYTOIBHBIC qHA-
Na30HblI, 00pa3yONIHECs HA NEPECCUCHHUH IPYIINBI MOCISI0BATENBHO HIYIIMX
CTPOK H FPYIIIEI IOCEN0BATENBHO HYIIHX cTON0IoB. /{Hana3oH sueek 0bo-
JHAYAKOT, VKa3blBas u4epe3 [JABOETOUYME HOMepa sA4YeeK, pPaclloOKeHHBIX
B MPOTHBOIOJIOKHBIX YIax npaMoyronsHuka, Hanpumep: A1.C15.

Eciu Tpebyercs BBIACIUTE NPAMOYTOILHBIH IHAMA30H SYECK, DTO MOK-
HO CIIeNaTh NMPOTATHBAHHEM YKa3aTens OT OHOH YTIIOBOH AYCHKH 110 MPOTH-
BOITOJIOMHOH 110 JHUANOHAJIH, HE OTHHMAA T1AJTBLA OT KITABHINH MBILITH. l‘IT{}ﬁbl
BbIOpaTh CTONDEL WIH CTPOKY LETHKOM, CIEAYEeT LIEIKHYTh Ha 3arojloBKe
crondua (crpoku). [Iporsrueannem ykasareis 110 3aroJ0BKaM MOMHO BbI-
OpaTh HECKOJIBKO HIYLIHX MOAPAL CTOJOLOB HIIH CPOK.
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9.2. Beoa, pegaktupoBaHue U hopmaTtMpoBaHne AaHHbIX

OraenbHas gueika MOKET COJAEPKAaTh JIAHHBIC, OTHOCALINECSH K OJIHOMY
U3 TpeX THIIOB: MeKcm, Yucio WiN ¢popmyid, a TAKKE 0CTaBaATLCH ITYCTOMH.

Beoa Tekera M yHcea. BROJ JaHHBIX OCYLIECTBIAKOT HEMOCPEICTBEHHO
B TEKYUIYIO SYCHKY WIH B cMpoKy ¢hopmyi, pacnonaralonylocs B BEPXHE
YACTH OKHA MPOTrPaMMBbl HEMOCPEIACTBEHHO MO MAHEIAMH HHCTPYMEHTOB
(em. puc. 9.1). MecTo BBOJ1a OTMEUAETCH TEKCTOBBIM KypcopoMm. Eciiu Havyathb
BBO/I HAkKaTHEM a1(PpaBUTHO-UM(POBBIX KIABHIL, JaHHbIE W3 TEKYIIeH Adeii-
KH 3aMEHSIOTCS BBOJMMBIM TEKCTOM. EciM menkHyTs Ha cTpoke (Qopmyn
HIIH JIBa’K/Ibl HAa TEKYILEH A4eHKe, cTapoe CoAepKHMOe AMEeHKH He yaalseTcs
M MOABJIACTCHA BOIMOKHOCTE €0 pelakTHpOBaHuA. BBOIHMEIC TaHHBIC B JIHO-
DOM cliyuae 0ToDpakaTes KaK B suelike, Tak H B CTPOKe (hopMyIL

Yro0bl 3aBeplIHTE BBOJ, COXPAHHB BBE/ICHHBIE JaHHbIE, HCIIOIL3YIOT KHOII-
Ky Bgod B crpoke hopmyn wimm knapuiny Enter, UtoObl OTMEHHTE BHECEHHBIE H3-
MEHEHHMA H BOCCTAHOBHMTH IPEKHEE 3HAYEHHE AYCHKH, MCTIONB3YIOT KHONKY Ot-
MEHA B CTpoKe (GropMyn MM Knaeuury ESC. [Ins ouMcTKH Tekyiieil sqeiku i
BBIIC/ICHHOTO JIHAITA30HA TTPOILE BCEro HCIOMB30BaThL Kiasuiy Delete.

H3menenue mwHpHubI cT1o10ua (cTpoxku). M3Menuts mmpuny cronbdua
HJIH BBICOTY CTPOKH MOMHO, NOHMAaB MBIIIKOH KYPCOP HA I'PAHHLIE CTPOK HIIH
cTonduoB. Ctondubl H CTPOKH MOKHO CKpBITh. [Ipu 3toMm ux
vy mupHHa (M BeicoTa) Oyaer pasHoi 0. g Toro uyrodsl pac-
é — KPBITH 3TOT CTONOEL MBILIKOH, HYKHO MOHMAarek Kypcop %'f
14 MEH/IY CTONDIAMH, TIE OH CKPBIT.

Yeranosienne TOYHOH BBICOTHI CTPOKH. BBICTABUTE TOUHYIO BBICOTY
CTPOKH B NUKcenax Moxuo, Haxkas: [JIABHAA, Aveiku, opmart, BeicoTa CTpoku
(puc. 9.2). 3aeck ke MOKHO cjenath ABTONOABOP BLICOTHI K BhIJIEIEHHBIM
STYeHKaM — BBICOTA CTPOKH OYAET MoA0HPATHCS 110 BBEICHHBIM JIaHHBIM.

Komanga BugumocTs, CkpbITe, UMK 0TODPA3NTEL MO3BONSET CKPbIME CIMPO-
KU, WIH omobpazums cmpoku, eClli OHH CKPBITBL AHATOrHYHBIE JCHCTBHA
MOZKHO J€71aTh H CO CTONOIIOM.

DopmaTHpoOBaAHHE COAEPERHUMOro sideer. Dopmar AYEHKH BKIWOYAET
B ceDs: Qopmam Yucna, BbipasHusaHue texkcra B sueiike, Wpugpm, [paHuys!
sueiky, 3anueky sueiiku, 3awumy. TexkcToBbIe JIAHHBIE M0 YMOTYAHHID BbI-
PABHUBAKOTCH 110 JIEBOMY Kparo SueiKH, a unclia — no npasomy. OObIUHO BCe
AYEHKH 10 YMOIYaHHI0 HMErT o0mMi (opmar 4duciaa. YTtoObl H3MEHHTH
(opmat oTobpaskeHus 1aHHBIX B TEKYLICH A4YCiKe HIH BRIOpaHHOM JHanaso-
HE, HCMONB3yIoT KoManay Qopmam aveex (puc. 9.2). Bknaaku »Toro gmano-
roBOro okHa (puc. 9.3) no3ponsiior BeIOHpaTh GopMaTr 3anucH JaHHbIX (KO-
JIAYECTBO 3HAKOB I0CIE 3alsATO, YKa3zaHWe JEHEKHOH eJMHULELL, crlocod
3aMHCH JIaThl M [IpoYee), 3a/1aBaTh HANpPABIEHHE TEKCTA U METO/ ero BhIPaB-
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HHBaHWS, ONPEIeNATh WPHGT U HAYEePTaHHE CHUMBOJIOB, YIIPaBIATH 0TOOpa-
JKEeHHEM M BHJIOM PaMoK, 3a1aBaTh (DOHOBHII 1IBET.

Fasuep aucHEn

IC Bpcors crposn...
Grronogfop seicoTe CTpOKA
L1 Wupwea crombu...
Aprancafop wepisbp CTonGes
LLipwma Ho yricaasmm. .
Bugasocms
Cpeime croniuys: Ynopmaouwts necie
Cipsime ANCT Depewmerceans nact
B E % & s Cpads [Pewnma commecTusoci] © Orobpasurs ctpokm THPAAIECTHTY Wi CEONNEOSITE MWCT...
I rrceHan BcTABKA  PASMETKA CTPAHMUM Orfipatirs crontis Lt apns :
Eﬁ % A = % | | K Yceonsese dapasy :EFH?:.WTHHW...
b 3 st e B e e
Bydep obuema & CTHAN E "UFI-I:'I'H:HII'_
B4 il x v & 12m s B -
A _jmewm c o | E ___F g |MmemYesmpumo
1 [T.K Cp, kan{Mons “K) |
2| 2% eim: o IR
n e |

Puc. 9.2, Paboma ¢ napamempamu Cmpoku & a1ekmponnsix maonuyax Excel

i_Mwono BupagHueanue | WpwpT | MpadHuya | 3aamska | 33wwTa

YYCnogele opMaTeL

- | rO6pasey
YW onoBon i 13232
JeHenH M

DUHAHCOBEIA OBWHA $opMaT HINOAL3YETCA ANA 0TOBPEMEHNE KaK TEKCTOBLIN, TAK 1 YWCN0BGIX
Hdata SHAUEHMH MPOMIBOABHOFD THAA.

Bpewn
MpowusHTHERA
ApoBHbIR
FIKCNOHEHLMANBHEIA
TexcToBRA
AonoAHHTEABHBIRA

[Bre gopmaTH]

[ = = i

Puc. 9.3. Dopuamuposanue codepicumMozo AUeex
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Crpykrypuposanue tadauu. bonsmue Tadbiuubl He O04YeHb YA00HO
MpOCMATPHUBAaTh, MOYTOMY A yaodcTea padoTel Excel npenocrasiser BO3-
MOKHOCTE BPEMEHHO 3aKpBIBATE (OTKPBIBATEL) OTICIBHEIC OOIACTH, CO3/a-
BaTh BJIOKCHHBIC JAPYT B IPyTra 4acTH TAOIMIBl HA OTIPCIACICHHBIX HEpapXH-
YECKMX YpOBHSX. s 3THX LelnedH NpHMEHSETCs CTPYKTYPHPOBaHHE
TabIMLBl — ABTOMATHYECKOE IPYIIIHPOBAHHE CTPOK U CTONIOLOB,

CrHauana Belaensercs 001acTh — CMEKHBIE CTPOKH HIIH CTOJIOLBI COOT-
BETCTBYIOLIEH CTPYKTYPHOH 4acTH TaOIHIEl OMPeJeIeHHOr0 HepapXxu4ecKo-
ro ypoeusa. Komanna [JanHele — Cmpykmypa — [pynnupogams BEIOIHACT TPYTI-
MHPOBKY BBIICICHHBIX CTPOK W cTonOuoB. Ecam Obin BeLICneH On0K Sueek,
TO MOABJIASTCH JIMAJIONOBOE OKHO, B KOTOPOM YKA3LIBACTCH BAPHAHT IPYIIIH-
POBKH (CTPOKH WM cTonOubl). B pesyasrare co3naercs CTPYKTYPHBIH KOM-
MOHEHT TaDJIHIIBI NIEPBOT0 HEPAPXHYECKOTO YpoBHA. ECIIH BHYTPH CTPYKTYp-
HOMH YacTH BBIICIHUTH IPYNNY H BHINOTHUTE KoMauny [axHele — Cmpykmypa —
lpynnuposame, OyaeT co3fgaH BIOKCHHBIH CTPYKTYPHBI 27EMEHT BTOPOTO
YPOBHA H T. 1. MakCHMa/lIbHOE YHCIIO YPOBHEH — BOCEMb.

st OTMEHBI CTPYKTYPHOI'0 KOMIIOHEHTA MOBTOPSAETCH BbLISIECHHE 00-
JIACTH M BeINOIHAeTCs KoMan1a [JaHHbie - Cmpykmypa — Pazapynnuposamn.

9.3. Beluncnenua B aneKTPOHHLIX Tabnuuax

®opmyasl. Beruucnenus B tabnuuax nporpamMmsel Excel ocyLeCTBISHOT-
cst IpH ToMoIIH ¢hopayn. DopMyria MOKET COAEPKaTh YHCIIOBbIE KOHCTAHTHI,
CChLIKY HA AYEHKH U ¢hyukyuu Excel, coeTHHEHHBIE 3HAKAMH MaTeMaTH4YECKHX
onepanmii. CKOOKH MO3BONSIOT M3MCHATE CTAHAAPTHEIN MOPAIOK BEITTOTHEHHS
neiicteuil. Ecnn aueiika coaepixut GopMyny, To B paboyem JIHCTE 0ToOpaika-
eTCH TEKYLIMI pe3ylbTar BhluuciaeHns 1ol (opmynel. Ecin caenate suelky
TEeKyIIeH, To cama (popmyna oToOpaxaercs B CTPOKe (POpMYIJL

[IpaBuno ucnons3zoBaHud (Gopmys B nporpamme Excel COCTOHT B TOM,
4TO €CJIM 3HAYeHHe A4YelKH JeucmeumenbHo 3aBHCHT OT IPYTHX A4veek Tad-
JUIBL, TO 6ce2da CIEIYET HCIONB30BaTh (OpMYyNIY, Jaimke CClIH OTCpAaIHio
JIETKO MOJKHO BBINIOJIHHTB B «YME», DTO rapaHTHpPYeT, 4To NOC/Ie1YIOLee pe-
JNAKTHPOBaHME TAOIIMIBI HE HAPYIIHUT €€ LeIOCTHOCTH U NPABUIBHOCTH MpPO-
H3BOIMMBIX B HEH BBIYMCIICHHH,

CeplikH Ha sdedKH. CCBUIKH OBIBAKOT OMHOCUMETBHBIMU U aOCOIONHbL-
. Cepuika Ha AYeHKY THHa=A 1 sasngercs omuocumensrou. [Ipu konmMpoBaHun
TaKas CChUIKA H3MEHACTCA aBTOMaTHYCCKH. DopMysia MOKET COACPIKATE CChUIKIU,
TO €CTh AJIPECca AYEEK, COJAEPKHMOE KOTOPBIX HCHOJIL3YETCH B BLIYHCIICHHAX. DTO
03HAYAET, YTO PE3YJILTAT BEIYHCIEHHA (DOPMYIILI 3aBUCHUT OT YHCJIA, HAXO/IALLIE-
roca B Apyroi aueiike. fveiika, coaepxaiuad GopmyIry, TakHM 00pa3oM, ABIIACT-
cA 3asucumol. 3HadyeHne, orodpaxkaemoe B A4eiike ¢ GopMylioH, mepecyHTEIBa-
CTCA ITPH H3MCHCHHH 3HAYCHHUA AYCHKH, HA KOTOPYIO YKA3bIBACT CCHUTKA.

114

BepHyTbcd B kaTanor y4ebHuKoB
http://y4ebHukn.mHpopm2000.pd/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

CcpUIKY HA A4eilKy MOMKHO 33/aTh pa3sHbIMH criocobamu. Bo-niepeeix, aj-
pec AYeHKH MOMKHO BBECTH BPYUHYIO. BO-BTOPBIX, MOKHO IIEJIKHYTE Ha HYXK-
HO# AYeHKe MK BLIOpATh AMANA30H, aapec KOToporo Tpedyerca BBecTH. Huek-
Ka WA JHANA30H MPH 3TOM BRIACAAIOTCS MUTAIONICH MYHKTHPHOH paMKOH.

Aﬁﬂ'ﬂ.ﬂﬂm”hi’ﬂ CCbUIKH OTIIHYAKTCH OT OTHOCHTCIIBHBIX TEM, YTO IIPH KOITH-
POBAHMH HE M3MEHAKOTCH. 3alMCHIBAOTCH OHH CO 3HAKOM «$». Ecnu conep:xu-
MOE SMEHKH HMCIONB3YeTCA B (DOpMYIIe Kak KoHCmaHma, To, TIPH pacHeTe 10 3TOH
(opMmyrnie TaONHIBl 3HAYCHHH, B CCBUIKE Ha JaHHYK HYEeHKY o00D03HaueHHe
cTon01a 3akmoyaeTes B «$», nanpumep $452 (3nayenue xpanurcs B aueiike 42),

Paccmorpum nipumep 3anucu (GopMmylibl €O CCbUIKAMH HA SYEHKH TPH
BBIYHMCIIEHHH BelIMUMHLI v=a + bx, rne a=35.4, b=0.,5, a x npHHHMAaET Ps/
3HaueHHi: x;=1, 2, 3,4, 5, 6 (cm. puc. 9.4).

Hcnonezyem mepByr CTpoOKy U1 0DO3Ha4e€HHA BEITHMMH, HCIOJIB3VEMBIX
B JJAHHOM TIPHMEPE, a BO BTOPYIO CTPOKY H HHAE OyIEM NMOMEIaTh COOTBETCT-
BYIOLIHE HHCICHHBIEC 3Ha4eHUA, [1ycTh B siueiike A2 XpaHuTcs 3Ha4CHHE KOHCTAH-
Thl @, B siueike B2 — 3nadenue b, a juanasony C2:C7 COOTBETCTBYIOT 3HAUEHHSA
[epeMeHHO x. BeryHcesieMele 3HaueHUsA BelIHYHHEL  Oy1eM [IOMEILATh B CTOI01e
D (muanazod D2:07). Jnsa BeMHCIEHHA BEIHYUHEL V BBLIEIHUM sueiky D2 u Hau-
HEM BHeCeHHE (POPMYIIBI CO 3HAKA «=», JIAJIee BLIICIHM A4eiKyY A2, 3aTeM 1ocTa-
BHM 3HAK «+», BBUICITHM AYEHKY B2, MOCTABHM 3HAK «*», BRIICTHM A4eHKy C2
H HaskMeM Knaeunry Enter. B sueiike D2 noseuTes gmcno 5,9, a B ctpoke dopmy
ocraHercs sanuck:=A2+B2*C2. Tlockonsky dopmyna OyIeT HCNONB30BATLCH
JUIS BBIYHCIIEHH JTHANa30Ha 3HAYeHWH y /I COOTBETCTBYIOLIErD JHarnazoHa X,
azrpeca s4eek, B KOTOPBIX XPAaHATCA KOHCTAHTBI, JOIAKHBI OBITh 3a(DMKCHPOBaHBI,
T. €. B 0D03HaueHHe g4eek A2 U B2 HyKHO BHECTH CHMBOJIBI 5%, TAKMM 00pa3om
(opmyna B crpoke dopMy IpUMET BHI, TIPEICTABICHHBIIH Ha puc. 9.4-9.5,

Hanee, B npaBoM HHMIKHEM YIJIY BbIJIE/IEHHOH sueikn D2,
CIIEYET MOMMATE MBILIKOH KPECTHK H NOTAHYTE €r0 BHH3, Bhl-
JeNss  AMarnazoH  pacCUMThIBAEMBIX 3HaueHwid y — D2:D7.
B aueiikax mnoABATCA BBIMHCIEHHBIE 3HAYEHHA (CM. pHc. 9.3).
Takas npornenypa HassIBaCTCA ABMO3ANOIHEHUEM AYEEK,

s pacdeToR B JOKYMCHTAX MOMKHO HMCIOMB30BaTE W CMEUIAHHbBIE
cevtku. Hanpumep, =541 unu=AS1. 3nak § He no3BOMAET MEHATBCA apa-
MEeTpYy, Niepe]l KOTOPBIM OH NocTaslieH. Eciu 3Hak nocrasieH npej Ha3BaHH-
€M CTPOKH, TO HE MEHAETCA HOMEP CTPOKH, €CJIH Mepe/] CTOI0LOM, TO HE Me-
HACTCHA Ha3BaHHe cToIDLA.

Bee nmanoroseic okHa mporpammel Excel, kotopeie TpeOylOT yKazaHWsA
HOMCPOBE HIIH  JIHANAZ0HOE HYCCK, COJACPHKAT KHOINKH, NMPHCOCIHHCHHBIC
K COOTBETCTBYIOLIHM roasaM. LIpH mienuke Ha TakoH KHONKE JHAI0N0BOE OKHO
CBOpaYMBACTCH 0 MHHHMAIBHO BO3MOMKHOTO pasmepa, 4to odierdaer BeIOOp
HY/KHOH AYEHKH (Harna3oHa) ¢ MOMOIIBIO MIETYKA HIIH MPOTATHBAHHAL
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Puc. 9.4, Beiyucienus no chopmvae
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Puc. 9.5. Konuposanue ghopyyin
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Hns pepaktupoeaHus (GoOpMyIbl cliefyeT JBak /bl LIEIKHYTh HA COOT-
BEeTCTBYIOIIEH A4elKe. [IpH 3TOM A4YeiKH (IHana3oHsbl), OT KOTOPLIX 3aBUCHT
3HAYECHHE (DOPMYIIBI, BRIICAAIOTCS HAa pabodyeM JHCTE HBETHBRIMH PAMKAMM,
a CAMH CCBITKH OTOOPAKAIOTCA B AYCHKE H B CTPOKE (DOPMYIT TEM JKE IIBETOM.
1o oberyaeT peJakTHPOBaHHE U NPOBEPKY NPaBHILHOCTH (POPMYIL.

Konupoeanue cogepaxumoro sveek. Konuposanue H nepemMelleHie sve-
€K B nporpamMme Excel MOKHO OCYLIECTBIATE METOI0M MEPETACKHBAHHA HIIH He-
pe3 Oyipep odmena. [Ipu padore ¢ HEOOMBIIHM YHCIOM A4Y€eK VI00HO HCIOJIb30-
BaTh MEPBLIH METO/I, NPH padoTe ¢ DONBIIHMH JHATAa30HaMH — BTOPOH.

Ecnu neobdbxoaumo CKOIMHPOBATE YHCJICHHBIE 3HAYCHHA, ABIAIOILHECH
PE3YALTATAMM BBIYHCICHHH 10 (OPMYIaM, TO HYKHO BLIJICIHTL SUYEHKH, B
KOTOPBIX OHH IMIOMEIIEHLl, CKOIUPOBAaTE B Dydep, nepeHecTy Kypcop B suei-
Ky. ¢ KOTOpoil OyneT HauMHaThCA Komus, 3ateM B meHio [JITABHAA — BetaeuTs
(puc. 9.6) BeIOpaTh COOTBETCTBYHOIIHIT PeXHM, HIH nepeiTH Kk MeHw Cneuyu-
ansbHad ecmaska (puc. 9.7), ormeTnTh 3Ha4ycHuA — OK.

E o> R o = Khwral - Excel ?T H = 0 X
rMABHAA BCTABKA PASMETEA CTPAHMLILI SOPMY NG JAHHGIE PELLEHZWMPOB »
alla _ . e
D :_!'F:. i = o5 E Yonosroe GopMaTHpOBaHME =1 i
ER O B v -
BrrasuTe 3 WpwdT BripasHneanwe Ywucno < PopMaTHPOBATE Kak TabnMLY Auefixn PegakTuposanmke
- v - - - CTNM A4Sk = " -
| Bcraexa Crinm .
= ol = -E-
aricy- A .
R L D E | G E I O
BCragumh 3HaYeHMA ¥

~ & (2 T

123 123 123

2 6,4
Apyrve napameTpsl BCTABKM 3 6.9
e F= = b J
¥l L) g 4 74
- 5 7.9
neuyuansHan BCTaBKA...
6 8,4
10
11
12
Nuerl ® . [4] | [l

YEAMMTE AYEARY M HAXMWTE BEOO WAK BelGepuTe "BCTABHTE” E El E - —— e 100%

Puc. 9.6. Konuposanue codepucumozo aueex

HenmoaszoBanue craHaaprHelX (yHroui. CraHgapTHeiE (QYHKIHHA
HCIONB3YIOTCA B mporpamme FExcel Tonsko B dopMmynax. Beizos ghyuryuu
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OCYIIECTBISETCS MyTeM YKazaHusa B (POpMyJie umeHu (hyukyuu, nocie KoTo-
poro B CKOOKax yKasblBaeTCA chucok napamempos. OTAeNbHbIC TapaMeTpsl
pa3IeA0TCA B CIHCKE TOYKOH € 3anAToH. B KadecTBe mapameTpa MOKET He-
MOJIL30BaTHLCA YHCIIO, a/IpeC AYCHKH WKW NPOH3BOIBHOE BRIPAKCHHE, /1A BhI-
YUCIIEHHS KOTOPOI'0 TAKIKE MOTI'YT HCIOIb30BATLCH (hYHKIIHH.

Chews3anbHan BoTaEka o o
BrrasuTe
Bg ) € MeKBaHeR TEMaR
2 sopmynw ) 63 pamgn
@ [3raserma; 7 mvpwre cranéuon
L dopMaTH ) $opuynbl M BOPLATE YHisn
LR b ) 3H@MEHWAR W ODMATE HHCEA
1 HENOBHA HA THAYEHKA BOE FLADBHBE 00 MITH DEBEIHNEHIA
Onepauns
@ ner ") MO
7 enomKTh 7 pasgeamts
EEETE '
[F] MPOMpLEATE MyCTHE AUEAKH ] TPAHLAOHAPOEETE
| QK — | _ Qmmena ]

Puc. 9.7. Menio Cneyuansnaa ecmaskd

Hanpumep, 4ToOBl CH0KHUTE SYEHKH MOKHO 3anucarb (opmyny:
=A1+B1+C1, a MoxHO Bocnosb3oBarbea GyHrUHeH = CYMM(A41:C1). Kak
Haubosnee ucnonbzyeMas (yHkuuA, CYyMMUPOBAHWE MMEET Ha INaHEIH HHCT-
PYMEHTOB COOCTBEHHYIO KHOMKY «» ».

Henoassosanne macrepa gyukumii. [na sanycka Macrepa dyakimii
CIIEIYeT HAXKATh KHOIKY «f» WM Bocnob3oBarhkes merHio @OPMYTIb! (puc. 9.8).

Ecin nmocraBuTh 3HAK «=» B CTPOKY (POPMYI, TO B OKHE CJIEBA MOMKHO
OTKPBITh KOHTEKCTHOE MEHK ¢ JIECAThH) HENABHO HCIOJIb30BABIIUMHCH
(DYHKLHAMH.

[Ipn pwIOOpe W3 cnHMCcKa JaHHOTO MEHIO TOcienHero myHkra [pyeue
@yHkyuu B oxae Kamezopus BeIOMpaeTca KATEropHa, K KOTOPOH OTHOCHTCH
byHKIHA (ecH ONMPEeAeaUTh KATETOPHIO 3aTPYAHHTEIBHO, HCMOMB3YIOT MYHKT
MonHeil anghasummbIli nepeyeHs), a B okne Bbibepume ghyHKUUK — KoHKpeTHas
(Gyukuusa gandoi kareropuu. Iocne wenuka Ha knonke OK ums GpyHKIMH 3a-
HOCHTCS B CTPOKY (POPMYJI BMECTE CO CKODKAMH, OrPaHHYHMBAKIIMMH CIIHCOK
napaMeTpoB. TeKCTOBBIH KYpCOp YCTaHABIIMBACTCA MEKIY ITHMH CKODKaMH.

[locne Toro, kak BelOpanu GyHKLUHIO, NOABIAETCH JHAIOTOBOE OKHO JUUIA
BBOJIA APTYMEHTOB (PYHKITHH. APryMEHTOM MOKET OBITH YHCI0, AHCHKA WIIH
nuanaszon sueex, Jius vexkoropeix hyukumii, Hanpumep ABS wnw KOPEHDB,
APIrYMEHTOM MOKET OBITh TOJNBKO OJHO YHCIO0 WIH S4eiKa ¢ YHCIOBLIMH
naHHeiMH. s apyrux gyukuwil, Hanpumep CYMM, MAX, MHH, apry-
MEHTOM MOKET ObITh JHana3oH A4eckK.
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BEH S & A& 3 - Krwral s - Exccel ? B - 0O X
rNABHARA BCTABKA PAIMETEA CTPAHWLKI OPMY b JAHHEIE PELIEH3WPOR +
fl' 2 Asrocymma + B Norvueckne- |8 S i —' =
Mocnegrne ~ Texcronwie - @ - -
BcTaBHTE Onpegenetinie 3aBACHMOCTA  [apameTpsl ER
By HELIIO Iﬂ DruHancoBse ~ IE fNata n spewn ~ E - MiAEHA = GopMyn = | poiumcheHmi "=
BuEnuoTeKa yHELMN BriuncneHme e
ABRS - : - - I = W
A -
CYMM X y
EXP 0,5 1 5,9|=
LN 2 6,4
CTENEHb 3 0,3
KOPEHb 4 7.4
CPIHAM -] 7,3
EC/H [ g4
TUNEPCCBINKS
CHET
Apyrve GyHE..
132 -
Nuerl ) 2 (4] b

MPABEA

Puc. 9.8. Boawoxcrocmu menro @OPMYTIBI

ITapaMeTpbsl MO¥HO BBOIHTH HEMOCPEACTBEHHO B CTPOKY (hOpMYJT HIIH
B MONA NMaIHTPBI GOPMYJ, a €CJIH OHH ABIAIOTCA CCBIIKAMH — BHIOMpaTh Ha
pabodem nucte. Ecim nmapamerp 3amaH, B naguTpe (JOPMYI YKa3bIBACTCA €TI0
3HAYEHHE, a /U1 YIYIUIEHHBIX [TapaMeTPOB — 3HAYEHHS, ITPHHATRIE 10 YMOJI-
YAHHK). 3/1eCh MOMHO TAKKE YBHIETh 3HAUYCHHE (DYHKLMH, BEIYHCIIEHHOE TIPH
33/IaHHBIX 3HAYEHUAX [MapaMeTpoB (CM. pHc. 9.9).

[Mondop napamerpor B EXCEL. BroiuuciuTe/lbHbBIE BO3MOKHOCTH
Excel MO3BONAIOT peliaTh Kak «NpAMEIE», TaK W «oOpaTHBIe» 3aaa4uu. Bri-
MOJHATE HCCHE0BaHHe 00J1acTH JIONYCTHMBIX 3HAYEHHH apryMEHTOB, I0/1-
OMpaTk 3HAYEHUE APIYMEHTOB 1101 33/1aHHOE 3HaYEHHE (PYHKLIHH,

Jna ynoOcTea nonk3zoBanus komanny [lodbop napamempa cieayer BEl-
HECTH Ha NaHelb MHCTPYMEHTORB. [lenaercsa 3To cieayioniuM obpasoM: mpa-
BOH KHOTIKOH MBIIIH KJIHKHYTE B 00J1aCTH MaHeJIH HHCTPYMEHTOR, B MTOABHB-
memMcs auanoropom okne (puc. 9.10) po Bxnaake [laHens bbicmpozo docmyna
B HACTPOMKax yKazaTe BCe KOMaHObI, 3 MOSABHMBINICIOCA CIMHCKA BRIOpaTh KO-
many llodbop napamempa, naxkath knasuiuu Jobasume u OK. B nanenu wH-
CTPYMEHTOB OBICTPOIO JOCTYIA MOSBHTCA COOTBETCTBYHOIIAS HKOHKA.

[Ipu 3anycke komanael [1od6op napamempa, KIMKOM JI€BOH KHOIKH MBI-
I [10 HKOHKE NaHelHd OBICTPOro J0CTYIA, B JIHAIOIOBOM OKHE B Moje 3Ha-
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yeHue zamaercs TpeOyemoe 3HaueHwe (QyHkuuu. B none MameHss 3HaveHue
AYelKU yKasbIBaeTCH ajJpec AYEHKH, coJepiKkalleil 3Ha4YeHHe OJHOTO U3 apry-
MEHTOB (pYHKIMH. Excel pemraer odpaTHYIO 3a1a4y: noadop 3HA4YEHHA apry-
MEHTA U1 3aJaHHOTO 3Ha4YeHHs (yHKUMH. B coyuae ycnmemmHoro sapepiie-
HHA 1MOA00pa BRIBOJWTCA OKHO, B KOTOPOM YKa3aH pPE3yIbTAT — TEKyIICe
3HaueHHe (PYHKUHH 18 10J00paHHOro 3HAYEHUS apryMeHTa, HOBOE 3Haue-
HHE apryMeHTa (pyHKUHH COAEPAKUTCH B COOTBETCTBYIOMIEH sueiike. [Ipuwep
pewerus Helunelino2o YpaBHeHHA C HCNOJIb30BaHMEM JaHHOH KOMaH/bl
NpHBEICH HUAKE (eM. ipumep 9.4).

Monte §yHELS

BEEYMTE KDETEOE ONWIBHWE A2ACTEMA, KOTODOE HYSMD | Ha#tn

Eateropwe: | MNonssid anganHTHEA NEpeYEHs E

Bubepure gy

R o e L T T L L e L
| A0S _-l
| acosH |
|AacoT

| ACOTH

| A5IM

| ASINH -

ABS{wwcnG)
BosppawaeT mogyns (@S conoTye BeAnYMHY] Yeona.

CRpaELS Mo 370l $yHELpW [ Ok | | OTmesa ]

Mwcnol | KZD2 - 5405159
Yecnold @ = gRCAn

= 128 N
CymMMmMpyET BRrymeHTE.

Ywenol: unciol;vucned:.. oT 1 go 255 aprysMeqTos, E0TOPEE OyMMMPYRTR,
Norvsie e ¥ TEKCTOBRE 3HAMEHWA MIHOD MDYIOTON,

Imauenne: 128

CRpaEEa Mo 3ToM SYHELMKA [_ Ok _i |_ Oaersa ]

b =

Puc. 9.9. uanrozoesie okna menw Bemaaka dhynriguu

[Tpn naxaTiu kHonkH OK nogoOpanHoe 3HAYCHHE apryMEHTa COXpana-
eTcsl B siueiike apryMmenTa, 1npH HakaThui KHorku OmMeHa npoHCcXOouT BOC-
CTAHOBJIEHHE 3HAaueHHe aprymenTa. [lpu Heycnewnom 3agepiueHuu nojadopa
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napameTpa BhIJAaeTcs COOTBETCTBYIOIIEe COODIIEHHE O HEBO3MOKHOCTH I10/1-
Dopa aprymMeHTOB.

T— -—
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Pue. 9.10. Juanocoswie oxna mento Bemaska dhviscyuu

9.4, Nevatb AokymeHTOB £xce/

Ilepen nmeyateio padoyero JUcTa CHEAYET NPEABAPHTCIBHO MOCMOT-
peTk pacnojokenue HHGopMaluu Ha crpanuuax. s 3toro HeodX0HUMO
BOHTH B MeHIo Bud — Pexumbl npocmompa kHueu — CmpaHuyHeIl pexum
(puc. 9.11).

[IpeapapuTenbHBIA IPOCMOTP HE JOMYCKAET PeJaKTHPOBAHMA JOKYMEH-
Ta, HO MO3BOJIAET YBHAETH €r0 Ha IKpaHe TOYHO B TAKOM BHIE, B KAKOM OH
OynaeT HaneyaTaH.

3apeplIMTE padoTy B PEMHME NPEABAPHTEILHOIO MPOCMOTPA MOMKHO
nepeias B OBbMHbII pescum.

Yr1o0BI pacnedaTars OPOCMOTPEHHBIH JOKYMEHT HYKHO BOHMTH B MEHIO
®AUIN — [Meyamb, BEIGPaTH NPHHTED, YKa3aTh MapaMeTpbl HACTPOHKH, HOMe-
pa CTpaHHIl, OTHpaBIAEMBbIX Ha Me4Yarb, HJIH HMX [IHANa30H, YHCIO KOIHH
(prc. 9.12). OKHO HACTPOHKH COACPKHT CTAHIAPTHEIC CPE/ICTBA YIIPARICHHA,
NPHMEHAEMEIC 1A Te4YaTH JOKYMEHTOR B JIIOOBIX npunoxkenusx. [Tocne yka-
3AHMS BCEX HEODXOMHMBIX NApaMeTpoB clielyeT HaxkaTh Knasuiny [leyame.
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Puc. 9.12. Juanocosoe oxkno menio Hewame
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9.5. MocTpoeHue guarpamMm 1 rpadMKoB

B nporpamme Excel TepMHH duacpamma WCHONIb3yETca 11 0do3Haye-
HHS BCEX BHA0B rpaMuecKkoro IpeacTapBleHHs YUCIOBBIX AaHHbIX. [lo-
CTPOEHHE IpaHyuecKoro M300paKeHHd MPOU3BOJUTCA Ha OCHOBE pAda dak-
ubix, Tak Ha3BIBAIOT TPYNMY SYECK ¢ JAaHHBIMH B TMPEACTax OTACTLHOMH
CTpOKH MM cTondua. Ha oanoii auarpaMmme MOKHO 0TOOpPaKaTh HECKOIBKO
PsI0B JAHHBIX.

Crneayer OTMETHTB, YTO y/00HEe 3apaHee BhIACIUTh 00J1acTh A4YeeK, co-
JepKally JaHHble, KOTOopele DyayT orobpaxareca Ha auarpamme. lanee
BOCTIONIb30BaThCA MeHI0 Bemaska — [Juazpammsl — PekomeHdyembie duazpam-
mel (puc. 9.13). Ecte BapHanTel BeIOOpAa M APYTHX BHIOB JAMArpaMM, Mpej-
CTABJICHHBIX Ha ITAHCIIH HHCTPYMCHTOB.

BH S & A2 0O s Cpads [Pexama cosmectumocti] - Excel 7T HE - 0O X
FMABHAR BCTABKA PAIMETKA CTPAHILIEA COPMY B AAHHBIE PELLEH3WPOB *
==
X ’ = - &~ % " [abal s
E - I ? :':'::l:-r ‘ - i“ - I |E| | A
Tabnwus Wanoctpaupn Mpunoserna  Pexomexgyessie . . Ceogmas Power Cnapenai *
i - ann Office AHarpaskaLl " . |— N Auarpasasaa~ | View v
Npuno=eHAR Jsarpavme M| OTueTH | |~
Al I f PexomMeHAYEMBIE JHalpammbl v
 KoTume, yToDE! M
iy B C MNopeEoMEHADEANA Bak G H :
1T K I!Ilfﬁtﬂh o NOAMOJRALLIYHO AWArpammy gnm
2 mllcpl 'ﬂ?,ﬂ' ) NPEACTABNEHWMA BALLIWK A3HHGI]
3 ml 7.1 Buigenunre gaHHelie Ha NMCTe, a
4 400 13232 JATEM HAXMUTE 3TY KHONKY,
5 ﬁﬂl.'!] 146,42 yToOB YEHAETE CAELHANBHO
B ml 166 MOAroToBNEHHEIR Habop
7 700 18265 ANETPaMM, KOTOPBIE AyYLUE
8 ml 196 8| BCEro NOKXOAAT ANA BALLIMX
9 900 20901 ARHHbI
11|
12 |
13 |
14 ¥
« » .. | O6paborkasxcnepumenta /o .. ()  [4] o

KONMYECTED: 20 OMikih: 634563

Puc. 9.13. Hocmpoenue duazpamm

Ecnm nnanazon manubix OblT BRIOpaH 3apaHee W BOCMOMIB30BANHMCH Ba-
puantom PekomeHdyemble duazpamMmbl, TO B 00JaCTH NPEABAPHTENLHOIO MPO-
ﬂMﬂT]]ﬂ B I'I]:!'E!,B{}i:l HACTH JHAJIOIOBOID OKHA INOABHTCH ﬂ]]HﬁHHEHTEHhH[}ﬂ OTO-
OpameHue Oyaywed puarpammsel (puc. 9.14). Hamxaruem knaBumm OK
BHIOpAHHBIH THII JHarpaMMbl MoMeumaeTca Ha padoduii nuct. Jduarpammy
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Puc. 9.14. Beibop suda ouazpammsl

C nomomuieio mMeHwo KOHCTPYKTOP — [obasume anemeHm OQuazpaMmbl
MOKHO BbpIOpaTb M peajiu30BaTb BapHaHT oOQOpMICHHA JAHArpaMMbI
(puc. 9.15). Ha Bknankax BepTHKaJIbHOTO MEHK 3a4at0TCH:

e  oToDpaxeHHe H MAPKHPOBKA ocel KoopauHat (Braaaka Ocu);

*  HA3BaAHHE OCEH;

¢  Ha3zBaHHE JHATIPAMMBI;

¢ oro0pameHHe HaANHCEH, COOTBETCTBYHIIHUX OTAEIbHBIM 3IeMEHTaAM
naHHBIX Ha rpaduke (Bxknanka lodnucy GaHHbIX);

e  [peicTaBICHHE MAHHBIX, MCIONB30BAHHBIX TIPH MOCTPOSHHH TpadHKa,

B BHE TabIHIB! (BKnanka Tabnuua danHsIx).

e orobpaxkenue Ha rpaduke obOmacteil cTaHmIapTHOH, OTHOCHTEIBHOM

MOrpelHOCTeH, CTaHlapTHOrO OTKIoHeHus (BKnajka lpeden nozpelw-

Hocmed);
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e  orOOpa)eHHe CeTKH JIMHMI, Mapaiie/ibHbIX 0CAM KOOPAMHAT (BKJIaaKa
Cemka):

e  ONHCAHHE MOCTPOEHHBIX rpadguKkos (BKIaaka flezeqnda);

*  [OCTPOEHHE AaMNMPOKCHMHDPYIOIMIUX 3aBHcHMocTeil (Bkaaaka JIuHus

mpeHoa);
H - ¢&- A& 5 = Cpxls [Pexma cosmectmmocty) - Excel ? E - O X
IT:‘ELI,EHH WPOBAHWE BlAL ABBYY FineReader 11 KOHCTPYETOP SOPMAT Bxapn
S L W E OE) (w) [d)
h Ocw , ) L 1
mte Icnpecc-  Crpoxa/ BwBpats  TMN  [Mepemectuts
Iy Hazeamma oceil b a CTINN cronBey gadHbie N ANArpamMmy
Ii HH‘EHEHHEAHEFPEHMH p HA GHAFDEM LA HHBIE PaCMOAOMEH WE %
il Mognwcw ganme b
B Tabnuua aaHHe B
J E F G H -
il Tpesen norpewwHocTeit b ] —
4 Cemea b Cp, kan/(monb *K) [+ |
af Nlerensa P fa! o &’
| Numwn Tpenga b T
|24 [lonockl NOBRILLEHNA 1 NOHWXEHUA
9 900 [ 1s0
10, 10000 . 0
1
12 100
13 :
14 =0
15 ! v
1 » .. | OGpaboTka sxcnepumerta | JWc ... () | [4] (¥

CPEOHEE: 3858683333 KOMWUYECTEC: 20  CYMMA: 694563 H B M -—F—+ 100%

Puc. 9,15, Ochopanenue duazparmn

B 3aBHcHMOCTH OT THNA AHarpaMmMbl HEKOTOPBIE W3 MEPEHYHCICHHBIX
BKJIaJI0K MOTYT OTCYTCTBOBATE,

[Mocne peamusammy BRIOpaHHOrO BapHaHTa 0(hOPMICHHA, TOTOBYIO JHA-
rpamMmy (puc. 9.16) MOKHO nepeMeniaTh 1o noja JIMCTa, PEJaKTHPOBATD
(H3MmeHATs). OHa coCTOUT U3 HADOpa OT/IeJIbHBIX JIeMEHTOB, TAKUX KaK caMH
rpapukl (psAabl JaHHBIX), OCH KOOPJHHAT, 3arojI0OBOK JHarpamMmsl, o0IacTsb
nocTpoeHuda M npoyee. [Ipy wenyke Ha 2neMeHTe AHarpaMMbl OH BBIISIACT-
CA MapKepaMH, a TIPH HABCJACHHH HA HErO YKA3aTEJIA MBIIIH — OIMMCHIBACTCH
BCIUILIBAKOLIEH MOJICKA3KOM.

Yro0kl yIaIUTE AHATPAMMY, HY3KHO €€ BBIACIMTE LIENUKOM JIeBOi Kia-
BHIIH MBIIIH M HAKaTh Ha KJaBuaType Knaeumry Delete.
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Puc. 9.16. I'omosaa duaspammva Excel

100%

9.6. Mpumepbl MCNONbL30BaHMA BO3MOXHOCTEH Npunoxenun £xce/

[Mpumep 9.1. IocTtpouTs rpaduk 3aBHCHMOCTH TEIUIOEMKOCTH KOMIIO-
Heuta CgHs, o1 Temneparypel, 3Ha4eHHA TEIVIOEMKOCTEH M COOTBETCTBYIO-
[HUe TeMIIepaTyphl NPUBEAEHLI B Tad. 9.1.

Tadnuua 9.1
Eﬁ'““ﬂpﬂ“"-‘f’% 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
TemoeMKoeTh, o7 511137 37| 146,42 | 166,00 | 182,65 | 196,80 | 209,01 | 219,50
Kas/(mMoisb - K)

ITocnenoBaTenbHOCTE BHITIOJTHEHHA OTIepAIlHi:
I. 3amycTuTe nporpammy Excel.
2. IlocraBere Kypcop B sueiky A1 U, Noib3yACh KIaBHATYPOI, NPHCTY-
nuTe K Habopy TabJIMYHBIX JJAHHBIX (BELIECTBEHHAN YaCTh OTACNAETCH 3an-
TOi). B BepXHIOK CTPOKY NOMellaeTcs wanka Tadlinibl, B JIEBbIH cTonden —
3HAYCHHA apryMeHTa.
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[punevanue: nepexoj B sueiiky A2 v nocleayromue sYeiky oCcylecT-
BIISIETCS C TIOMOILBIO KIaBHILK Enter; mepexo B HA4AIO CAeAYIOLIEro cTolo-
na (B, C uT. 1.) — ¢ momMombi Kiasuimu 7ab. ITo odnacTH TabuMIel nepeme-
MATHCA MOKHO TAKAKE W C TTOMOUIBIO MBIIIH, HAXKATHEM JICBOH KHONKH, IPH
ITOM BEIOpaHHAA AYCHKA CTAHOBHTCA AKTHBHOM.

3. Belaenure JaHHbIE, 110 KOTOPBIM CTpPOUTCH rpadMk, ciaeayionmm od-
pPa3oM: MepeMecTHTe KYpCcop ¢ NMOMOLIBK MBILIKA B A4eidKy Al; Haxae Ha Je-
BYH) KIIABHINY MBIIIH 00BenMTe 00J1acTh, COAEPIKALIYH JaHHbIE 114 I110-
CTpoeHHA rpaduka, npu 3ToM o01acTe OyAeT BBLICICHA KOHTPACTHBIM
LBETOM (Kpome s4eHEn A1).

4, Ha BepxHeii naHeny HHCTpyMeHTOB BhiOepuTe pasjen BCTABKA - Pe-
KomeHdyeMble duazpamMbl 1 OTKPOIITE ero.

5. [lepeiinure Ha Bknaaky Bee duaepammbl u BeIOEPUTE THIT JHATPAMMOBI:
Toueunan — Toweunan ¢ 2ra0xuMu KpueslmMu 1 Mapxepamu, T. K. UICXO/HbIE
JIaHHBIE COJIEPKAT KOOPAHHATHI TOYEK:

6. Mpiubio HaxmuTe Knasuiny OK, Ha none nucra padoueil KHUIH Oy-
JIeT TOMEIIeHa JHarpaMma, €€ MOMKHO IEepPEeMECTHTh, €CIIH OHA 3aKpbIBAET
AYEHKH C JaHHBIMH.

7. OdopmuTe quarpaMmy: 100aBLTE HA3ZBAHHME OCEHH, JTEreHIy, H3MEHHTE
Ha3BaHHEC AHarpaMMel (CMm. pasjaen 9.5).

8. Coxpanure padouyio KHHIY B (haiin moj umenem, Hanpumep, Cp.X/S.

IMpumep 9.2. BRINOAHUTE anmnpoKCHMAalHK 3aBHCHMOCTH TEILIOEMKO-
cth C5Hss oT Temneparypsl (cM. Tadm. 9.1).

ITocnenoBaTeILHOCTE BRIMOIHCHHS ONEPALHI:

l. 3anyctute nporpammy Excel m otkpoiite pabouyio kuury Cp.xls, cos-
JIAHHY IO paHee,

2. Ha rpaduxke (pkcriepumeHTanbHble gaHHble Tadsn. 9.1) BelaenuTe paj
JAHHBIX [ETYKOM MBIIIH HA 3KCIIEPHMEHTAIbHOH TOYKeE.

3. Ha Bepxueii nanenu otkpoiite pazaen KOHCTPYKTOP u nonpasne-
a1 — [Jobasums anemeHm duazpamms! — JluHus mpeHda — [JononHumenbsHbie na-
pamemps! NUHUU mpeHda. Ha skpane nmosasuTca OKHO ¢opMara THHHH TPEHIa
(puc. 9.17).
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Puc. 9.17. Hobasrenue aunuu mpenoda

B orkpbiBiieMcs okHe BuIOEpHTE OJWH W3 THNOB (PYHKIMH (JIMHEHAas!,
norapudMuyecKkas, MOJIHMHOMHAILHAS, CTeNeHHas, YKCIoHeHHanbHad). [To-
METhTE €ro MIeTYKOM MBIIIH. B 3TOM e OKHEe OTMETETE CTPOKH:

V| — nokaseiBaTh ypaBHCHHE Ha IHATPAMME;

M| — moMecTHTh Ha IMArpaMMy BEIHHHHY JOCTOBEPHOCTH AMMpPOKCHMA-
win (RY).

Hammure kaasumry OK,

[pumevanue: ecmi HeoDXOAHMMO MOCTPOUTE HECKOJIBKO THIIOB JTHHHI
TpeHja, TO Ha BepXHeil MaHelIM HaXKMHTE KIABHIIY cO 3HaukoMm &1 (oTme-
HHUTE) H YKQKHTE CIACIYIOUHH THIT JIHHHH,
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[loBTOpUTE MOCIENOBATENIBHO MYHKTEI 2, 3 JI71f BCEX YKA3aHHBLIX BhIIIE TH-
noB (pyHKUMH K 3aukcHpyiTe v cedA B padoueid TeTpaiH Mony4eHHbIE YpaBHe-
HHS 1 COOTBCTCTBYIOIINE MM BETHYHHBI IOCTOBCPHOCTH anMpOKCHMALHH.

4. ITo BeJHYHHE JOCTOBEPHOCTH annpokcHMauuu (R°) onpenenure, Ka-
KOH THI JIMHUHK TPEH/IA aeT HauOOIBIIYI0 TOYHOCTL ITPH 00padoTKe IKCIe-
PHMEHTAILHBIX JaHHBIX.

B pesynerate 00padOTKH 3KCIEPHUMEHTANBHBIX JaHHBIX MTOTYYEHBI Clie-
IYHOIIHE 3aBHCHMOCTH:

* JIHHCHHAS Y=(0,1671x +60,176), R*=0,9729:;
e sorapudMuuecKas ¥'=(99,684In(x) — 469.83),  R*=0,9966;
* [IOJHHOMHAILHAA 2-I0 NopsJIKa
Y=-0,0001x" +0, 3305x +13,682, R°=0,9949;
e CTeneHHas Y=2,5858x"""°, R*=0,9829;
* OKCIOHEHIIHAIBHAS Y=282,05¢"0"" R*=0,921,
rne R> — crenens IOCTOBEPHOCTH aNMpOKCHMAIIHH,

AHAIM3 TMOJYYEHHBIX 3aBHCUMOCTEH TM0Ka3biBaeT, 410 HauOOsblIas
JOCTOBEPHOCTE (3HAYECHHE R® 6imsko k 1) nabmonaercs [PH HCIIOJIB30BAHHH
norapu(pMHYSCKOro ypaBHeHHs U MmoJiHHOMa 2-ro nopsaka. CnenoeaTensHO,
ITH YPAaBHEHHA MOMKHO 2(PHEKTHBHO HCIONB30BATh JIJIS OMHCAHHUA YKCIIEepH-
MCHTAIBHBIX JaAHHBIX.

Mpumep 9.3. [Tonyunts K0P GUIHEHTH aANMPOKCHMHPYIONIMX YPaBHE-
HHH C HCITOJIL30BAHHEM METO/1a HAHMEHBIIIMX KBAJIPaTOB.

Jis 3ananHoro Habopa nap 3HadeHWH He3aBUCHMOH NepeMeHHoH (Temnepa-
Typa) H (HYHKIMH (TerUoeMKocTs) (Tabm. 9.1) onpenenuTs IHHEHHOE NpHOIKe-
HHE B BHJIE MPAMOH y=ax + b 1 nokasareibHoe npudimskeHue B BUIe v=>h -a'.

[locenoBaTebHOCTE BHIMIOJIHEHHS ONepaLiHii;

1. 3anycture nporpammy Excel u otkpoiite padbouyio kuury Cp.xls, cos-
JAHHYH paHee.

2. Cpenaiite aueiiky C1 Texymeil u BeioepuTe anementsl menio @OP-
MYJIbl — Bcmasumes yHkyuro B ctpoke dopmyin. B packpeIBIIEMcS OKHE BBI-
Oepute kateropuio Cceiiku u maccusbl u (pyuxumio MHOEKC (puc. 9.18).
B HoBOM jManoroBoM okHe BelOEpUTE NEPBLIH BapuaHT HAadOpa rnapaMmeTpos
(MaccHB: HOMED CTPOKH; HOMEpP CTOI0LA).

4. YCTaHOBHTE TEKCTOBBIH Kypcop B IEpBOE MOJIE I BBOA Napamer-
poB B nmanutpe (GopMyl U cHOBa BeIOepHTE MYHKT Jpyaue YHKUUU B pacKphbl-
BAIOIIIEMCS CITHCKE B CTPOKE (hopMyI.

5. C nomompio MacTepa tynkuuii Beidepute dynxmmio JIMHEWH xate-
ropun Cmamucmuyeckue (puc. 9.19).

6. B kauectse nepsoro napamerpa dyukimun JIMHEAH suiGepute muana-
30H, coJiepxkaninii s3naueHus Qyukuuu (Maccus B2 : B9, cronbern B).
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Puc. 9.18. Buidop ghyvmrcyun MHOEKC

7. B xauectBe BTOpOro mapamerpa qyukuun JIMHENH priGepute muanazon,
COEpKALLINI 3HAYCHHA HE3aBHCHMOI repeMeHHo# (MaccuB A2 : A9, ctonber A).

8. IlepemecTHTe TEKCTOBBIH Kypcop B c¢Tpoke (opmyn Tak, 4Todbl OH
ctosn Ha umeHH Gyakuun MHOEKC. B kadectee BTOpOro nmapamerpa (yHK-
unn MHOEKC (nomep crpoku) 3anaiite uncno «l». Ulenkuute na xnonke OK
na nanurpe gopmya (puc. 9.20). Gyukums MHEAH Bosspamaer kodddurm-
EHThI YPABHEHUS MPAMOH B BHJIe MACCHBa M3 JIBYX MeMeHTOB. C MOMOILBI
dyukuun MHOEKC BuiGupaeTcsa HYKHBIH 371eMeHT.
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) ﬂ bz o i | B TOBmiE Iu =
BrrasnTh Onpegenermbie 3senonocmd [apawerpe B
drELm n Derae i O IE FIATE Pl Il AkiEHA dapurgn * [T —— :
BHEAmSTFed gyl HA E e AR AR Y
Cl ~ W i 'HHﬂEH'CHI'IHEﬁHiﬂ BIAZAD ;1) w
| F & @ H | 1 @ 4 | K e
i, r: Cp, :.an.'-[
2] 300 97T — : .
3| 400 132,32 " ; =
4| 500 14542_
5| 600 166§ | MHARC
6 | 700 18265 Macows | NWHEAME 2B A2A8] - 10,1ETL154TEIH0ATEED, 1 TELDOATEL ..
5 ocalll @ 0020202002020 =
B | ﬂ Eﬂ;”ﬂ? m‘m 1| =1
3| 1000 2195 Hawiep_cTasgus | - wmins
o) e | = 016TLLS4TE
1| A | Borepawaer s esrme v [CRSCY I BUSAKE HE NEDECEY EHHE EOHEDETHHE CR0DA § CT0AlUS, B a0
12 | || wmanazone,
1’3 1 A Hossep cTpaEn (TRoEA B MALCEE, W) DOFROE Hieh BEIRREUATL BHAURHISE BN
51 i |l yUrHE, TEPSPFTCR yEAlaHISE nEWEEE CTaM LA,
16| 1
17| | 3maserme 0167115476
18
13 | || Sneases no ol dwrenn Lo ||
2|
E 1
23 |

Puc. 9.20. Bubop apaymenmos hynryuu MHOEKC
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9. Cpenaiite texyieil sueitky D1. [losropure onepaiiuu, onMcaHHEIE
B M11. 3—9, 4TODBI B UTOI'E B ATOH AYEHKE MOABHIACE (hOopMYyIIa:

= MHOEKC(ITMHENH(B2:BY; A2:A9):2).

Ee MoskHO BBeCTH M BpyuHYIO (MOcHMBOIBHO), Teneps B auciikax C1 u D1
BBIYHCJICHBI COOTBETCTBeHHO KOd(phuuments a=0,167115 u b=60,17619
YPABHEHHS NPAMOH, HAHIYYIIHM 00pa3soM ONHCBIBAIOIIEH KCIEPUMEHT
(puc. 9.21).

BEH - & M3 O - Cpals [Pemum cosmectusocta] - Excel ? B - 0O X
rNABHAR BCTAEKA PAIMETKA CTRAHMLE COPMY b JAHHBIE PELLEHZMPOBAHMWE Bl r
fx E .ﬂ.u'n:rr:,'uuu - IE Noswusckwe - - iﬂ u"!
g rlﬂI'.J'IEHH HE ~ -TEI\'J. TaSLEIE = Iﬂ =
Beraums ':lrlpElq,E.'IEHHhIE FABMCHABETH nap\ame'[pb. I-._|E|
e I8 vuvancoswe = |B Oava wepen - M - MMEHa = Gopuayn~ | puuncnennl v
BHBAMOTEKS dyHKLA BrbuH LN EHHE -
D2 - j = -
__A B¢ [ B | E L F & H J K[+
1 TK Cp, kanfim 0167115 _60.17619
2 1 300 9771 [ '

Puc. 9.21. 3nauenus koaghghuyguenmos tunetinot annporkcumayu

10. AKTHBH3HpYHTE AYCHKY C2. [loBTopuTe oOmNepanuy, ONHCAHHEIE
B mm. 3-9, Toneko BMecto JIMHEWH, cneayet BeiOpate dyukuuio [IFPOTIPUBS
HITH BBECTH BPYYHYIO CICAYIONIYIO (hopmyry:

= UHIEKC(N POIPUEII(B2:B9:A2:A9):1).

11. Axkrusuzupyiite sueiiky D2, [lorTopuTe onepaiuu, ONHCAHHBIE
B . 3-9, Beidpas dyukuuio SIFPOMPUB]] unu BBenuTe BPYUHYIO ClIEIVIO-

IV (OpMYITY:
= MHOEKC(IITPOIIPUBIIBZ : B9, A2 : A9); 2).

Tenepn suciiku C2 n D2 conepikar, COOTBETCTBEHHO, KOMDHHIIHEHTHI a
M b ypaBHEHHS HaMIydlIero nNpHOIMKEHHS [OKa3aTeNLHOH (YHKIHH
(puc. 9.22):

a=1,001064, 5»=82,05022, Cp=82,05022-(1,001064)".

MpumeyaHue: nns WHTEPHOMALMH MIH SKCTPAMOIALHH ONTHMAIbHOI
KpHBOil O¢3 SBHOTO ONPEICICHHSA €€ TMapaMCTPOB MOMKHO HCMOJIb30BAThH
byaxuun TEHQEHUWA (ana nuneiinoii 3asucumocti) u POCT (ana nmokasa-
TEJALHOH 3aBHCHMOCTH), CCLUIASCH B OKHE M38ECMHbIe 3HayeHud Y na juarna-
30H (B2:810), B okne M3gecmHbie 3HayeHus X na nuanazon (A2:410) v noja-
CTaBJIss B OKHO HO8ble 3Ha4eHus X uiclieHHBIe 3HAUEHHs aApTyYMEHTA.

12. Coxpanure padouyH KHUTY.
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BEH S - & F O s Cpals [Pescsm conmerTamocts] - Exeel T M - O X
m [MABHAR ~ BCTABKA  PAIMETKA CTPAHMLS — ®OPMYAM  [AHHWE  PELIEH3MPOBAHME  BWL |
‘.__hl X, Arnal Cyr = |1I:I - = 9 I Yenorsoe dopamatnposarme = E' o
im e WK M - . T A -
BeraButo I'['j N - A A BuipasHusanme Ywono i‘mnpwmmuluﬂ radinmuy Auedtir PegasTmposanve
- ¥ i h"'i" - - 42¥ Crinm auesx - - -

Eydep obueHa & L @eiT ] Cridni #

F2 | S | =SDS2*CTENEML{SCS2:A2) w

A B C i) E F G H ] J K B

1T.K Cp, kani{m 0167115 60 17619 Nuuednan MNokazarensHan

2 ] 3 97 71 1.001064 82 05022 I1D_31I:IEI I'IE'_EEEE.I

3 400 13232 12T 0224 125 5567

4 500 14542 1437339 135 6464

5 600 166 1604455 155 3173

& 700 13265 177,167 172, 7468

) L 196, 8 153 BeBG 152 131

g 900 20901 2105801 2136923

9 1000 2195 22T 2017 23T 6T

10

11

Puc. 9.22. Annpoxcumayua IMHeuHoll U NOKQ3ameabHol OyHKYLen

[Ipumep 9.4, Peienue ypasHeHHi cpencreamu Excel
" s 3 2
HaliTu penienHe HEMTHHEHHOTO ypaBHEHHA X~ — 3x~ + x=—1.

ITocnenoBaTenbHOCTD BBIMOIHEHHS ONEpPaliHii:

l. 3anycTure nporpammy Excel m otkpoiite pabouyro kuury Cp.x/s, cos-
JIAHHY IO paHee,

2. [lepeligure Ha HOBBIH padOYHil IHCT, ABAMK/bl WICJIKHUTE HA ero sp-
JIBIMKE H IPUCBOITE eMy UMs YpagHeHUe.

3. IMomectute B aA4eiiky Al snauenue «0».

4. TTomectuTe B siueiiky B1 neByio YacTh ypaBHEHHs, HCIIONL3YS B Kave-
CTBC HE3aBHCHMOH TIEpeMEHHOH cchky Ha s4ciiky Al. CooTercTBylomas
dopmyna 6yaer umers Bua: = CTEMNEHB(A1,3)-3*"CTEMNEHE(AT;2)+AT.

5. Beinonnure xomanay JAHHBIE ™ Axanuz «ymo ecnu» » [lodbop na-
pamempa.

6. B none Yemarnosums 6 avelike ykaxurte B1, B none 3HaveHue sanaiire
«=1», B mone MameHss 3HavyeHue Avelku ykaxute Al (puc. 9.23).

7. lllenkuure Ha kHonke OK 1 mocMOTpUTE HA pe3yibTar noadopa, 0To-
OpaxaeMbli B qHanoroeoMm okHe Pesynemam nodbopa napamempa. lllenkuuTe
Ha kHomke OK, uToOBl COXpaHHTEL TNOJYYEHHBIE 3HAYEHHS A4YeeK, Y4acTBO-
BaBIIMX B onepaiuH (puc. 9.24),

8. IMosropure pacuer, 3anaeas B fueiike Al apyrue HauajibHble 3HAYE-
Hus, Hanpumep «0,9» win «2». [lpoepsTe, COBNAMM JIM PE3YJILTATHI BHIYHC-
NeHHH. YeM MOKHO 00BACHHTH pa3iaHyus’

9. Coxpanure padouyro kuury Cp.xis.

Takum 00pazoM, Bbl HAYHHIIHCE pelliaTh ¢ [MOMOIIBK IporpamMmel Excel
VPaBHCHHA, COACPIKAIINE OHO HEH3BECTHOE M 3anaBacMbie Gopmynoii. Bei-
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HCHHIIH, YTO IIPH HAJIHYHH HECKOIIBKHX KDPHEﬁ PEIVIALTAT PCLUCHHUA YpaBHE-
HHA ﬁ}-’,[[ET 3dBHCETE OT Bblﬁﬂpﬂ HavaJllbHOT'O HPHEJ]HHCEHHH.

m H - & &f E z : R COBMISCTRRAGCTI] - Exce
TMABHAR ECTABKA PAIMETICA CTRAHMLLE BOPRMY I JAHHBIE PELLEHZMPOBEAHWE B/ b
& ETREY IR Y *- ) MrroseHHoS sanoAHere 0 ]
| M aAlT =i e
el ) k) 3-8 ¥aanume gynexate
Nomyweenne OOHOBATE l CopTmpoBea | SwabTp TekcT no _ Crmywrypa
BHELLIHHE §AHHBE * BCE las T cronbuam = [PosepKs AaHHbN = -
MoaennwseHan Copmapoaka 1 unsTp Paboma © paFTRMA E
Al - fe | =CTEMEHL[AL:2)-3*CTENEHL{AL;2)+A1
A B L 0 E F G H I K -
T —
; A —— —.—}!_D.l g
3 NogGop napasmeTpa
4
5 FITaHOBHTE B e |B1 E]
G Tranenee -1
; Hzwenns HaveHRE Auern | a51] iﬁl
9
10
11
12 -
‘ .. | Ypagwewne = fnctd | A - [»

Puc. 9.23. Bunoanenue komanosl [Todbop napamempa

E] H % ¢ &F E =
rnAapHan BECTABKA PAIMETEA CTRAHMLIE DOPRAYNE AAHHEE PELEHIVPOBAHLAE B v
B ., = | a Ay x L £} Mrisosernoe sancamsenne 51 GE
~ | i 18 =
L= ) T. ;[ ¥ AT T JEAWEATBI
Mampuerme OsioemTh A | Copraponka  $uantp TexcT no ) Crpyxrypa
BHELLIHEN SAHHLL BLE o # | cronfuasa |poBepKa GEHHBN = =
MNogenmwermes Coptaposka W $anetp Paliota ¢ gaHHDMKA
Bl T = =CTEMEHE|{AL13}-3*CTEMNEHL] AL 2} +41
A B c o E | F_ G | H | | I 4K 2
1] -0.41422[ 1.00001] . . I .
i Pesyabtar nogfopa napaseTpa
4 Mogbop NapaMeTRa a8 AYeAKs B1.
5 PElIEHME HaAEHE,
G
7 NogGupaesoe IHaqeHne; -l N
B
2
10
1
12 : i -
L Ypagueswe | Jact3 (1] | ]

TOTOBD

Puc. 9.24. Bommoanenue komanost [1odbop napamempa

IMpumep 9.5. Paccuurare 3HA4YCHHA KOHCTAHT CKOPOCTH XHMHYECKOM
peaKiMM MPH pasaIHYHBIX TEMICPaTypax, HCMONb3ysA YpaBHCHUE AppeHHyca:

5 -E/RT
k=k, e ,
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rne k, — npeIdKCIoOHeHIHANEHEI MHOKkuUTens (k, =4,802:107); E — sHeprus

AKTHBAIIHH, Ak [E=9,3U5-1{}4 JUK ); R — razopas nocroaHHas, i
MOJIb MOJTb MOJIE - K
(R=8,314 'H—}EK); I'— Tremnepatypa, K (350, 560, 570, 580, 590, 600 K).
MOJIB *

[locnenoBaTelbHOCTE BBITIOJIHEHHS OllepaLliiii;

1. 3anycTute nporpammy Fxcel u otkpoiite pabouyto kuury Cp.x/s, cos-
JAHHYHO paHee.

2. Co3znaiite HOBBIH paboYHi THCT.

3. IMTomecture B Auciiky Al obosnauenue «k », a B gueiiky A2 — coot-

BETCTBYIONIEE 3HauyeHue, B suekiku Bl u C1 — oOosHauenus «F» u «R»,
a B sueiiku B2 u C2 — cootBercTBYIOIME 3HAaYeHHs, B siueiiky D1 — obo3naue-
Hue «I», a B aueiiku D2, D3, D4, D5, D6, D7 — cooTBeTCTBYHOIIHE 3HAYEHUSA
TeMIeparypel, B sueiky E1 nomecture obo3zHauenue « k » (puc. 9.25).

4. Cnenaiite sueiiky E2 Tekymiell M BHECHTE 3HAK «=»; JIAlle€ MbIIIBIO
BBIMOJHHTE CCBIIKY Ha A4eiky AZ u nobapbTe 3HaK «*», ¢ moMonisio Macme-
pa yHKUUl BEIZOBHTE CTaHIapTHYI (yHKIHI0 EXP, B okHe «HYvcnoyn mammr-
pel (hopmyn HabepuTe BEIpakeHue aprymenTa (—E/RT), ¢ moMOMIBIO CCBUIOK
HA COOTBETCTRYIOLIME sueikn. B crpoke dopMmyn NosSBHTCH BhIpame-
nue: =A2"EXP(-B2/(C2*D2)) (puc. 9.25). Ilocne menuka Ha knonke OK B sueii-
ke E2 noseuTCa BeivMcIeHHOe Tipu TeMmiepartype 550 K 3HaueHHe KOHCTAHTEI
CKOpPOCTH XHMHYecKoH peakiun — 0,070077.

m H - o -n'_‘;l' E ] Cpals [Pesoam cosmectrssocta] - Bcel T E - 0O X
IR rceHan  BCTABKA  PASMETKACTRAHMUG | SOPMYI  JAHHBE  PEUEH3WPOBAHVE  BuL |
E.!u:m-:}'mmu - Normsecces - - = i [= =
X = e I E
12 Nocnegime = Tewcroeme= [0 - _ =
ErrammTs Upedanermse  Sa8MCAMGITH Mapasserpn D
iy B turanconss - IE fara W spewan - I. - AR BOPMYA T | ppamcnesmai T
Enlinnorexa dyrsouma Erwuncasnne .
E2 - i =A2*EXP{-B2/|C2*D32)) w
A B G ] E F 5 H | J K = |
i ku E R T
F IJ.EEEH:I'I' 9 NE+HM #.314 hal| 0 D-""JEI'I'-"'.
3 L&l
4 B0
5 LAD
B 590
T B00
B
]
[}
11
12 -
1 we | ¥paewewwe | JSwerd * | ’

FoToBR0

Puc. 9.25

135

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HaliTe CTOMMOCTb HanncaHus cTygeH4yeckon paboTbl Ha 3akas
http://y4ebHukn.nHdopm2000.pd/napisat-diplom.shtml

Just Toro 4roObl BRIMOIHUTE PACYETHl 110 JaHHOH (GopMylie npH Apyrux
JHAYEHUAX TeMIlepaTypsl, Ce1aeM CChUIKH Ha A4YeHKH, colepiKallHe 3Have-
HUA k., £ m R abcomoTHBIMH, T. €. BBeaeM B aapeca sueek A2, B2 u C2

B cTpoke dopmyn cumeon «S»:=$AS2'EXP(-$B32/$C32*D2)) w BuimoaHuM
pacyeT Mo oTpelakTHPOBAHHOMH (opmyne. PesynbTaT ocTaHeTes MPEHKHIM.

5. Broeb cjaenaem akrueHoi sueiky EZ2. TloiiMaeM MBIIBIO KpecTHK
B IIPABOM HMIKHEM YIJIY AYEHKH W NPOTAHEM €0 BHH3 110 A4deiky E7 Brmo-
yuTellbHO, B crondue E nossarcs pesyabratel (puc. 9.26).

Takum 00pazom, Bl HAYUHIHCE C [IOMOLIBIO NporpaMmel Excel BbInon-
HATH pacyersl M0 BBeAeHHOH ¢ nmomoumbo Mactepa (opmyn 3aBHCHMOCTH
IU1s THATa30Ha JanHbIX,

ke 9 & A s Cpuals |Pesows commecTirsocTi] - Eucel ? B - 0O %
rMagHAR BCTABKA PASMETEA CTPAHMLE SDPMY I JAHHBEE PEL{EHIMPOBAHIE B0 ’
ﬁl_-‘l X Arial Cyr - |1':| = o H';f.'l'umuﬁm POpMATHROBAHWE = #
e WK M - _y ] e
Brameme I:EI A A EvipasHineaape Ynona r‘j_mw“mrh K TalnLey Hueiicn FPegactapoBaHme
. = e fA e - = U Crane ueex . N
Eyipep ohuena & IWpagT & CTHAH -
E2 *| j =SASTPENP(-SBS2/(SC52°D2)) v
A B C W] F o H | J K =]
"k, E R T
2 | 4 B2E+0T 9. 3E+D4 B.314 550
3 560
4 570
5 580
B 590
T GO0
]
49
10
11
12 ¥
1 we | ¥pameewwe | flwcrd ] P[] []

FOTOED CPEAHEE: 0195857053 KONWWECTECE 6 O¥MkA: 1 17514256

Puc. 9.206

[Mpumep 9.6. CocraB razoBoi CMECH NpeacTaBjeH B 0O0bEMHBIX Npo-
LHEHTAX {CM. Taﬁﬂ}lu}"}. Breimonuute [EPECUCT COCTaBd B MACCOBBIX J1OJIAX.
OnpenenuTs CPpeIHI MOJIEKYIIAPHYK MAacCy CMECH.

[[{DMI'.[CI]'IE-HT NE Cﬂg CHq CEH:’:- C;HH F-C.q.Hm H-C.q.H]qJ f-CgH]E PT-C5H|3

Eﬁ“ﬂ;}pﬂ"aﬂ“ﬂ* 1,15 13,98 |79,21 |9.86 4,68 | 0,59 | 046 | 0,04 | 002

[Tpu pazpaborke ajropurMa pacuera JaHHOH 3a/1a4M CIE/IYeT NOMHHTD,
4TO OJMH MOJIb MJACAIBHOrO rasa, He3aBHCHMO OT €ro cocraBa, 3aHHUMa-
er 22,4 11, no3TomMy 00bEMHEBIE TIPOLIEHTHI COOTBETCTBYHOT MOJIBHBIM. [l 1me-
pecueTa, KpoMe JaHHBIX 110 COCTaBy, HEOOXOAUMBI 3HAYEHHA MOJIEKYIIAPHBIX
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Macc KOMIOHeHTOB. CpeJHsas MOIeKyJIsIpHAs Macca CMeCH PacCUHTLIBAETCH
no popmyne

CpMM=y Coo MM,

,- 100
rae C, ; — OpoueHT o0beMHBIH (-ro kommnoHeHnta; MM, — monexynsapHas

MACCA [-T'0 KOMITOHEHTA,
[lepecuer cocTaBa cMECH B MACCOBBIE NMPOLEHTH! BLINOJAHAETCH 110 hop-
MyJie

Ce'uan:'u - (:rmﬁ L MM“ - lﬂﬂ .
| C,MM

[TocnenoBaTeILHOCTE BRIMOTHEHHS ONCPAITHIi:

1. 3anycrurte nporpammy Excel ([yck W poepammes! »  Microsoft Excel)
H OTKpo#HTe padouyio kuury Cp.xls, co3naHHyio pasee,

2. [lepeligure Ha HOBBIH padOYHid JIHCT, ABAMK/Ibl IIEJIKHUTE HA ero sp-
NBIYKE W NPUCBOIiTE emy uMs [lepecyem.

3. Ha paGouem mucte [lepecyem B mepeoii CTpOKe BBEAHTE 0003HAYEHHS
cronoios: B aueiike A1 — «KomnoHeHTbl, B adeiike B1 — «% 00», B aueiike C1 —
«MM» (monexynspnas macca), B suciike D1 — «macca» (Macca KOMNOHEHTA
B | Mone cmecH), u B gueiike E1 — «% maccey,

4. B nuanazon A2:A10 nomecture 0b03HAYEHHS KOMIIOHEHTOB, B jiHalia-
30 B2:B10 — coorpercrBylolMe 3HAYEHHS KOHUEHTPAIMH, B JIHANA30H
C2:C10 — cooTBETCTBYIOLIHE MOJIEKYIIPHBIE MACCHI,

5. Jlna npoBepkH MPaBHIBHOCTH BBEACHHA 3HAYEHHH KOHLIEHTpaLHi
BRIAeAHM auanazod B2:B10 u mienkHeM KHONKOH « » Ha MaHEeIH HHCTPYMEH-
ToB. B sueiike B11 nosaBuTca 3HaveHME, KOTOPOE JOJKHO COOTBETCTBOBATH
100. B cocenneii auciike A11 Brenem kommenTapuii « Cymman.,

6. CoenaeM akTHBHO# Aueiiky D2. C moMOmBI0 CCBUIOK Ha A4ciiku B2
u C2 BBenem 3anmck: =B2*C2/100. B siueiixe D2 nosipurcs paccuuraHHoe 3HA-
yeHue. [loliMaeM MBILIBIO KPECTHK B NPaBOM HHMHEM yriy sucidkn D2
H poTsaHeM ero BHU3 1o gueiky D10 kmouuTtensHo. B guelikax BelneneH-
HOI'0 JIMANA30Ha MOABATCH COOTBETCTBYIOIIHE KAMXK/IOMY KOMIIOHEHTY pac-
CUMTAHHBIE 3HAYEHHA MACChl B 0HOM Molne cMecH. IllenkHeM KHOMKO « »
Ha MaHeJIH HHCTPYMEHTOR, H B suelike D11 noseuTca cymMMa Macc KOMIOHEH-
TOB OJHOTO MOJS CMECH, T. €. CPEIHAS MONCKYJIApHas macca cMmecH. B co-
ceHi010 Aueiky C11 Beesem kommentapuit «CpMM=» (cm. puc. 9.27).

7. AxtuuszupyeM sideiiky E2. C nomouisio ccwlyiok Ha siueiiku B2, C2
H abcoMOTHOM cchlikH Ha sueiky D11 Beemem 3ammcs = B2*C2/$D$11.
B sueiike E2 nmosBHTCH pacCUHTAHHOE 3HAYEHHE KOHLEHTPAIlHH KOMIIOHEHTA
N; B MaccoBrix npouenTax. [ToliMaeM MEIIIBIO KPECTHK B NPABOM HHMKHEM
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yrny sueilkn E2 u nporaHeM ero BHH3 no sueiiky E10 pxmouMTenbHO.
B Aageiikax BBLACIICHHOTO OHAIIA30HA MOABATCH COOTBCTCTBYHOIIIHC KaAIOMY
KOMITIOHCHTY PACCHHTAHHBIC 3HAYCHHA EDHH'EHT]JH.HHE B MACCOBBIX MPOLCH-
tax. [llenkHem KHOMKOI « » HA MaHEIH HHCTPYMCHTOR, H B a4ciike E11 nos-
BHTCS CYMMa, KOTopas JiojiHa cootsercrosats 100.

Taxkum 00pa3zoM, Bkl 3aKpPENHIIH HABBIKH PadOTEI ¢ MIEKTPOHHBIMH Ta0-
nuuaMu Excel, myqiie ocBorI# paboTy ¢ IHANa30HAMH JaHHBIX H CCBUTKAMH,
OCBOHMIIH q)}FHKHHEﬂ CYMMHPOBAHHA, BEBIHCCCHHYH) Ha IIAHCIb HHCTPYMCHTOB.

E:| H ©- & "’:}" E B Copads [P copmectinmocti] - Excal T E - 0O X
FNaBEHAR BCTABKA PAIMETES CTPAHWLB GOPFMY b JAHHBE PELLEHIMP OEAHWME iz il [*
—= b firial Cyr - |1l'.'l = ETa E]:r'r_n-:lum: hopMaTHposaHeE T i' H
RrTamHTs FPI ) K H- A‘ 'ﬂ: Bepasmisanne Yucno I.i'::ijltlnpuaupuuanmuﬁnnuy' HAusiiva  Pegasmaposanie
= EHe e p - - ) (¥ Cronm g - .

Eydep chmesa & g i & Civnm s

E2 - £ | =B2*C2/50511 v

A B C O E F G H Jd K[«

1 |Kpsnouwauts % ob (LI MACCH %o Mace

2 M2 1.15 2 1] ]EE| 1.5'!’5&2‘-3!
3 Cis 3978 44 1 75032 B.5T1286
4 CH, 79,2112 16 1267192 6206396
g C-H, 9,86 30/ 2058 1448537
] CsHy 4 68T 44 206228 1009835
T | CHy;y, 0394 6B 034452 1BBT108
g | o CgHjy 0,457 68 026506 1257994
8| #CHp; 0043 72| 003096 0,151611
10| o CH;; 0019 T2 0,01368 0,066501
11| Cymma 100 CpMK= 2042074 100

12 -

i« v .. [§epecuer YRAEHEHHE ApDEHIyCE Mma .. & 1 [a] b

TOTOED

Puc. 9.27

[Mpumep 9.7. [Moctpouts TadIMIy KOHEUHBIX PA3HOCTEH 3aBHCHMOCTH
TernoeMkocTH KoMmrnoHeHnTa CigHsg o Temneparypsl B quanazone 300—-1000
K n1s uHTepnonupoeanusd no gopmynam HeroToHa. 3Ha4YeHMs TEIIOeMKO-
CTCH NMPH COOTBETCTBYIONMIMX TEMIIECpPaTypax npueeacHsl B Tadm. 9.1. Pesyne-
TaTbl 0OPMHTE B BHJIC TAOTHIIHL.

1. 3anycTure nporpamMmy Excel u otkpoiite pabouyio kuury Cp.xls, cos-
JIAHHYIO paHee.

2. Co3pnaiiTe HOBBIH pabOYHH JTHCT, ABAAIBI IIETKHUTE HA €ro ApJIbluKe
1 TIpUCBOIiTE eMy HMA KOHEYHbIe pasHOCTH.

3. B saueiiky A1 Bnummre: «TaGnuia KOHEUHBIX pasHOCTE 1A MHTEP-
noaupoBanus nmo dopmyaam Hetotona», B suciiky A2 — «Now, B suciky B2 —
«Tabnuunele 3HaueHus», B s4ciiky D2 — «Koneunsie paznocti».

4, lllenuxkom Ha spiabiuke BeiDepuTe pabouunii nmuct OBpabotka akcnepu-
MeHTa, Brigenure quanaszon A1:B9, ckonupyiite ero B Oydep.
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5. IlepeiinuTe Ha pabounii mucT KOHEYHbIE PA3HOCTH, MIETYKOM MBIILIH ClIe-
naiite akTUBHOM Aueliky B3 u BcTaBbTe M3 Oydiepa CKONMMPOBAHHBIC HA JIHCTE
ObpaboTka 3KCnepUMeHTa TabIMYHEIE JTaHHBIE TEMIIEPATYP W COOTBETCTBYHOIIHX
3HaveHui TeruioeMkocTH. JlanHsie pacnonoskarcs B quanazone B3:C11.

6. Tenepp  paccuvTtacM cTONOCII TEPBBIX KOHCYHBIX  Pa3sHOCTCH

(aC)=C

P —C;”.). Jna atoro aktuBM3upyiiTe sueiiky D4 u, none3ysack

CCBIJIKAMH Ha anpeca s4ueek, Beeaute dopmyny: «= Co-Cd». B aueiike D4 nos-
BHTCS COOTBETCTBYIOIICE 3HAYCHMC KOHCYHOH pasHocTH. YTOOB paccuMTarh
BCC KOHCYHBIC PA3HOCTH MEPBOTO MOPAIKA, CACTAWTE aKTHBHOH BHOBL AYCH-
Ky D4, noiimaiite KpecTHK B ITPABOM HHUIKHEM YIJIY U IPOTAHUTE €r0 BHHU3 110
siaeiiky D10 sxmountensHo. B BbIIGNEHHOM IHANA30HE TOABSTCH PACCUH-
TAHHBIE 3HAYCHHS MEPBLIX KOHEYHBIX Pa3HOCTEHH,

8. dns  pacyera  crondua  BTOPBIX  KOHEYHBIX  pa3HOCTEH

(ﬂCpf=Cp:-1—Cpf-) BRIITOJIHUTE AHAIOIHYHVIO NPOUEAYPY, TOJIBKO nepe-

MECTHTECh Ha cToa0el BIpaBo, aKTHBHOH S4eilKoil IepBOHAYAIbHO clAenalTe
E4, a zapepimenue pacueTa BBIMOJHHTE COOTBETCTBEHHO B Aueiike E9. Ilpu
pacueTe KaI0ro MocaeayIIero nopaika KOHEYHBIX Pa3HOCTEH HX KOJTHYe-
CTRO YMCHBINACTCA HA CANHMILY.

9. llepemelasce Ha cTonOEL BIPARO, NOBTOPSAHTE NPOLEAYPY pacyera
KOHEYHBIX pa3HOCTel, rmoka cronden He OyaeT coaepkaTb OJHH JIEMEHT.
B pesynsrare moayyuTe TPEYTONBHYIO TAOMUIY 3HAYCHHH KOHEYHBIX pPa3zHo-
crei (em. puc. 9.28).

10. Odopmum o1y Tadnuuny. HaudeMm ¢ KOppeKTHPOBKH UIMPHHBI CTOJIO-
110B. MBIIEIO B CTpPOKE 0003HA4YCHHI CTOIOIOB MEPEMECTHM COOTBETCTRYIO-
LLIME IPAHHIBI 110 MAKCHMAIBHOM JUTHHE 3alMcH (1TpaByro rpaduiy croadua A —
BIIEBO, a Npapyio rpanuiy crondia C — sopaeo). OrdopmarupyeM HazBaHue
Tabmunel. [Lis storo Beinenure aumanaszon Al.J1 u mammeM kHonky «O0bean-
HHTHL M OMECTHTE B LICHTPE» HA pa3sepHyTOH nanend mexio [JTABHAA,

11. BeinmoHUTE aHAIOTHYHEIE onepaluy ¢ quanazoHamu A2:A3, D2:J2.

12. B aueiiky A4 Bpeaute «1», a B gueiiky AD — «2». Brinenure auana-
30H Ad: Ad, noiimaiite KpecTHK B IIPABOM HMMKHEM YIUIY BbljleJeHHOTo (dpar-
MEHTa W MPOTAHHUTE ero BHU3 1o sueiiky A1l pkmountensuo. B pesynbrare
ABTO3Ar0JHEHHA CTPOKH TaOJIHIILI TIOCJIeI0BATEILHO IPOHYMepYIOTCA.

13. B sueiikn D3:J3 BBeauTe obo3nauenus ACp'+ACp’ m BepoBHSIiTE
Mo LEHTPY.

14. Inanazon uncneHHbIxX 3Ha4enni A4:J11 Takke BEIPOBHSITE 1O LIEHTPY.

15. Yrodbl apodHbIe yHcaa ObUIH MPEACTAaBICHB! OJIHHAKOBBIM HHCIIOM
3HAKOB TOCHE 3anAToi, Beyienute auanason C2:J11, B menio [fTABHAA
P Yucno P Yucnoson P paspAadHocme domxHa coomeemcmeosams yucny decs-
MUYHbIX 3HaKo8 — 2.
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16. na odpamuenus TadlMbl BOCHONB3YHTECH KHONKON «[ paHHLIbI»

meHio [JIABHAA, seibpae «Bee rpaHuiib.

Pa®o4nii nHUCT ¢ BEIMOJIHEHHBIM 3a/laHHEM TIPEICTABIEH HA pHC. 9.28.

E H "':I' - '%' E s Cpals [Pexam cosmectamocm] - Excel T HE = 0O ¥
BRI rreetar  BcTABKA  PASMETHKACTPAHMUN  GOPMYMbH  [AMHHE  PEUEHSWPOBAHWE  BAL |
.ﬁ.E X ..ﬂurml Cyr - |1ﬂ - 05 E'.‘l'r_nnurrue dopmaTApoesHne T i #H
- MK - AN K .
Ecrasums B 4 A A HepasHmpaine Ynwonn lw‘mnuamm““ ax TaBiamy Auenci Peaastaposanne
_ ' SRR T A - - - EC“I‘I‘I.."IH:I'HEEH" - d
Eyibep ohimwena M LW pwich ¥ ) Cremm .
M = i £ | =5 W
[]z] A B C ] E F G H I J K [=]
1 Tabnuuya koseuHEL pa3KOCTEA QNA MHTEPNONKPOEEHAR N0 Gopuynar Hewrosa
[ 2 Talbwidiai AHEwEHER Hoiinid® Ao T
1 Me|T.K |Cp, kanfmons )| acp’ ACp acp* ACp* acp® ACp® aCp’
=] ~4]1] 300 a7.mM 3461 20,51 25,99 -34.40 43,24 51,95 60,19
5 2| 400 132,32 14,10 5,48 8,41 .84 -B,71 B,24
G 3| 500 146,42 19,58 -2,93 043 013 047
T 4| 600 166,00 16,65 -2,50 0,56 40,34
8 & [ TOD 182 65 14,15 -1.94 022
9 6 [ 80D 196,80 121 -1,72
10 7 [ 500 209,01 10,49
118 [ 1000 215,50
12
13
14
15
16 -
b Eoneuneig paznoctn | Mepecsder Ypaew ... ()  [4 | ¥

Puc. 9.28

Takum 00pazom, Bbl 3aKPENNIIH HABBIKH KOIHPOBAHHS JJAHHBIX, ABTO3a-

MOJMHEHHUs sueek (QopMyllaMH, HAYYHIHCE 0(OPMIATE TAOIHILl B PUIIOHKE-
Huu Microsoft Excel.

-

e e B ol

L}

10.
11.

Bon POCEI And CaMOKOHTpONA

Boiinute B paGouyto kuury Microsoft Excel.
Cnenaiite akTHBHOH g4eHKy (3.

Kak obo3Havaercs 1Manazon gucex?

Kak BBECTH TEKCT WK YHCII0?!

Penaktuposanue coiepauMoro s4eiku’?

Kak H3MeHHUTh IHPHHY CTONDIA H BEICOTY CTPOKH?
Kak BHINOMHAKOTCA BEIMHCIEHHA 110 (hopMynam?
Kaxk 3aparorcs cCBUTKH HA AYCHKY?

Konuposanue cogepkumoro sueek?

Kak ucnons3osath cranjaprabie Gynkuun?
[MocnenoBarensHoOCTh paboTel ¢ Macmepom duazpamm.

140

BepHyTbCA B kKaTanor y4ebHMKOB
http://ly4ebHukun.nHgpopm2000.pdp/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

3AKJTHOYEHUE

Konen XX 1 nauano XXI Beka 03HaAMEHOBAJIMCH HIMPOKHM BHE/IPEHHEM
H [PAKTHYECKUM HCIIOIb30BAHHEM B XHMUYECKOH HAYKE H TEXHOJIOIHYECKOMH
NpakTHKE MeToJa MareMaTH4yeckoro MojeaHpoaHus. [Ipu sTom peuatores
podIieMBl MOBBILIEHHA 3P(PEKTHBHOCTH W COBEPLIEHCTBOBAHHA TEXHOJIOTHH
XHMHYECCKOTO IPOM3BOACTBA C HCIOIL30BAHHEM KOMIBHTCPHBIX MOIECIH-
PYIOLIMX CHCTEM, CO3/IdHME KOTOPLIX TpedyeT, ¢ 0JIHOM CTOPOHLI, INTYDOKOIro
MOHUMAHHS W QJAEKBATHOI'O  KOJHUYECTBEHHOIO  OINMCAHMA  (PHU3HKO-
XHMHUYECKHX 3aKOHOMEPHOCTEH MPOTEKAaKIUX [pPOLeccoB, a ¢ Apyroi —
3HAHHA BBIYHUCIHTEIBHBIX METO/I0B U OCHOB IPOrPaMMHPOBAHUS C NIPHUMEHE-
HHEeM JBM M KOMIBIOTEPHBIX TEXHOJIOTHH.

B nenom nocodHe cOCTOMT M3 ICBATH T/1aB.

M3naraemelil Teopernueckuii Marepuai conpoBo®1aeTcs OOJIbIIHM KO-
JIHYECTBOM [PUMEPOB BBIYUCIICEHHH 1 00padOTKH ONBITHLIX AaHHbIX. [Ipuse-
IeHbl MPHMEPBl H AITOPHTMBL Ui peLIeHHd XUMH4YecKHX 3ana4 Ha JBM
C IPUMEHEHHEM YHCJ/IEHHBIX METO/0B, 4 TAKKE MPHUMEpPHI [IPOrpaMM Ha A3bl-
ke [Tackans. B ckaroii ¢opme onucana TexHoaorus padoTel ¢ MPOrPaMMOi
Microsoft Excel, paccMarpuBaloTCs pa3jiHuHbIe BAPUAHTBI BBITIOJIHEHUS JIEHi-
CTBHI ¢ TaOMMUHLIMH naHHBEIMH Excel.

Hausl npumMepsl padOTAOWIHUX TPOrpaMM ISl PELIeHHs NPHKIIAIHBIX
3a/1a4, BCTPeYaloUIMXCcA B AeATEIbHOCTH OyyIero crnenralucTa.

[Ipencrarasemoe yuyedHOE nmocodHe OPHEHTHPOBAHO, MPEKIC BCErO, HA
CTYJAEHTOB XMMHYECKHX ClielHaIbHOCTEH BY30B. CBE/IEHMA M HABBIKH, 110JTY-
YEHHBIE B X0OJ1€ H3YUEHHS PAa3JIeIoB JaHHOIO NOco0us, YCIEHO MOI'YT ObITh
MCIIONIB30BAHBL W MPH U3YUEHUH JPYIHX JUCLMIUIMH, KOTOpbIE TpedVyIoT uc-
MO/Ib30BAHNUA BBIYHUCIIUTEIBHON TEXHHKH W OCHOB IIPOrpPaMMHPOBaHUMA, IPH
00paboTke Pe3yabTATOB XUMHYECKOro JKCIEepHMEHTa M MaTeMaTHYeCKOM
MOJICJTHPOBAHHH XHMHKO-TEXHOJIOTHYCCKHX MPOLIECCOB.
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NPUNOXEHUE

1. Mporpamma peweHns CUCTEMbI NMUHENHbIX YPaBHEHNH
meTtogom aycca

Frogram Gauss;

Const n = 3;
Var a,al:arrav(l..n,1l..n+l] of real;
x:array(l..n+l] of real;
as:real;
i,3,58,k:integer;
Fl, f2:text;
Begin
assign(fl, 'dgaus.pas');
asslgn(r2, "rgaus.pas');
reset(£l);
rewrite (£f2)
for 1: =1 to n do
begin
for j: =1 to ntl do
read(fl,ali,j]1)+
readln(fl] ;
and;
close (fl);
writeln(rfz,"' FemeHMe CHCTEeME JIHMHEeMHHEX YPaBEHeHMHA MeTomou I'aycca'):!

for s: =1 to n do

cegin
for j: = =s+1 to n+l do
begin
als,]]: = als,3j]l/als,s]:

for i: = s5+1 to n do

ali,J]: = ali,jl-ali,s]l*als,]]:
end;
end;

x[n+l]: = 0.0;

for i: = n downto 1 do
begin
ags: = 0.0;
for k: =1 to n do
as: = as+ali,k+1]*x[k+1];
x[1]: = a[i,ntl]-as;
end;
writeln(fZ,' 3HaueHME HEMIBECTHEXM'")

for 1: =1 to n do

writeln(f2,"'" x",1i,"'" =", x[1i]1:7:3);
close(F2);
end.
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2. Nporpamma peweHns cucTeMbl NMMHENHBIX YPaBHEHUN
meTogom 3engens

Program Zeidel;
Label 1,2:;

Const n = 3; eps = le-5;
Var atarray[l..n,l..n+l] of real;

x,xl:arrav([l..ntl] of real;
s:real;

1,]ilnteger;
fl, f2:text;
Begin
assigni(rfl, '"dzelidel.pas');
assign(r2, 'rzeidel .pas’');
reset (£1) ;
rewrite(f2);
for i: =1 to n do
begin
for j: =1 to nt+l do
read{fl,ali,j]):
readln(f1);
end;
close (£1) ;
writeln(fZ, "' PemeHMe cHOTEMH JMHEMHEX YPABHEHMH MmeTonom Selnensa'’);
for i: =1 to n do
begin
g: = 0.0;
for Jj: = 1 to n do

if i<>j then s5: = s+abs{ali,jl):
if abs{al[i,i])< = then

begin
writeln (£fZ,"'" ¥YCocnoeMme CXOOMMOCTHM MeTOId HEe BRIIONHEeTCA') !
gote 1;
end;
end;
for i: =1 to n do
begin
x[1]: = 0.0;
x1[i]: = 0.0;
end;

Z: for i: =1 to n do
begin
s: =0.0;
for j: =1 to n do
if i<>»j then =z: = s+ali,jlfali,1]*x[]]:
x[i]: = ali,ntl]l/ali,i]l-s;
end;

for i: =1 to n do

if abs({abs(x[i])=-abs(xl[1i]})) > eps then
begin

for 3: =1 to n do
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x1[7]: = x[31]:

goto 2;
end;
wWwriteln(f?,' Z3HauceHMA HeMIBSCTHRX ') ;
for 1: =1 to n do
writeln(f2,' x',i,' = ",x[1i]:T7:3);
l: close(fZ);

and.

3. Mporpamma pacyeta ko3thduUUeHTOB napadbonuyeckom
annpoKcUMaLuK Mo MeToAY HaMMEeHbLLLUWNX KBaApaToOB C NPUMEHEHNEM
meToga Maycca Ans peleHus CMCTEMbI NTMHEMHbIX YPaBHEHWIA

Program Parabol;
Const n = 3;m = 9;
Var aa:array|l..n,l..n+l] of real;
ararray[l..n+l] of real;
X, v, vriarrayv([l..m] of real;
as:real;
sl,s52,53,54,55,56,87:real;
i,9,8:,k:integer;
1, f2:text;
Begin
assign(fl, 'dparabol.pas');
assign(rf2, 'rparabol.pas');
reset (fl);
rewrite (£f2);
for 1: =1 to m do
read (fl, x[i]);
readln(fl} ;
for 1: = 1 to m do
read (£f1, v[i]):
close (fl);
{ dopMMPOBaHMS MATPMUK KOSOIMUMEHTOB CHMCOTeMH JMHeMHHX YPaBHeHMHA)
5l: =0.0; =s2:=0.0; s53:=0.0; =s4:=0.0; sh:=0.0; =s6:=0.0;

gl =0.0:

for i: =1 to m do
begin

sl: = s5l1+x[i];

s2:; = s2+4sgr(x[i]):

53: = g3+exp(3*1lnix[i]));

s4: = sd4exp(d¥lnix[(1]) )

55: = s55+y[i];

sh: = s6+y[i]*x[1];

s7: = sT+y[il*sar(x[i]);
and;
aal[l,1]: =m; aal[l,2]1: = sl; aall,3]: = s2; aall,4]: = s5;
aal2,1]: = s8l1; aal2,2]: = s52; aa([2,3]: = s83; aal[2,1]: = 56;
aal3,1]1: = sg2; aal[3,2]: = s83; aal[3,3]: = s54; aal[3,4]: = s7;
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writeln (£2, ' Marpuua xoS§dMUMEeHTOE CHMCTEME JITMHeHHEX YpRaBHeHMI'):
writeln(f2);

for i: =1 to n do

begin
for Jj: =1 to ntl do
Wwrite (f2,aa[i,7]:10);
writeln(f2):

and;

writeln(r?);

[ PemaHmMe CcHMOTEME] NMMHSRHBX VPABHEeHMA ]

for s: =1 to n do
begin

for j: = s+l to nt+tl do
begin

aals,jl: = aals,jl/aals,s];

for 1: = s5+1 to n do

aali,Jj]:
end;
end;

alntl]l: = 0.0;
for 1: = n downto 1 do
begin

as: = 0.0;

for k: =1 toe n do

aali,jl-aali,s]l*aals,jl:

as: = astaali,k+l] *alk+l];

ali]: aali,n+l]-as;
end;
writeln (fZ, "' 3HauvenuAa xosdduumMeHToB napabonMueckKol annpowcHMmairm') ;

writeln{fZ):
for 1: = 1 to n do
wrlteln{fZ," a',1-1," = ",a[1]:11:5);

writeln(f2):;
[ Pacuer TeEnnoeSMEOCTHM LUMEMNONPOMNAHA MO ANNPOKCHMMHMEYEILSMY YDRABHEHMD)

writeln(rZ,' PesyneTaTH PACHETa TENNO0EMEOCTHM LMENONponaHa');
writeln (r2);
writeln{fZ," T, K Cp, & /Mone*K Cp pacy., IOx/mons*K');
for i: =1 to m do
beglin
vr[i]l: = alll+tal2]l*x[i]l+tal3]*sar(x[i]);
writelni(f2, x[1]:6:0," "yvI[i]:1l2:2,vr[1]:15:2);
end;
close (£2);
end.

4 ﬂEMﬂHC’I’pEHHﬂHHEH nporpamMmma no Teme EHHTEPHUHHLIHHH'
program Lagrange;
I..*
JeMoOHCTPAaUMOHHAA NOpOorpaMMa OO TeMa

"HuTepnonaumonHHas dopmyna Jlarpauxa'.
*)
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uses Graph;

const
Mmax — 10; {MaxcuManeHOS KOMMYSCTRO SNMeMeHTOBR B MaccoHBax X u Y)
{ NapameTpn rpagmuxa }
Xmin = 0.1; {MuHMMaANEHOE SHadeHmMe Ha ocwm OX. |}
Xmax = 4.7; {MaxcHuManesHoe apayeHme Ha ocm 0X. |}
¥Ymin = 1; {MuEMManEHOS® SHaYeHMe Ha ocH 0OF. }
Ymax = 4.5; {MaxcumMansHOoe SHaveHMe Ha ocH 0OY. |}
dNx1l = 40; {OrcTyn paMeM cneBa. }
diNx2 = 20; {OrcTyn paMxM cOpasa. }
dNyl = 20; {OTcTyn paMEM CBEepXY. }
dNy2 = 20; {OTcTyn paMKM CHHSY. }
X1 = 0.5; {Touxa nawana nyMepaumy no ocu OX.}
Y1 = 1; {Touka Havanma HyMepauMM no ocu OY.}
dx = 0.5; {llar nyMepaumm no ocu 0X. }
dY = 0.5; {llar HyMepaumu no ocu OY.

var
X, Y:array[l. .Nmax] of real; {(MacoMBE HMCOXOOHEIY DaHHEIX . }
N, {KonuuvecTBEOo 3NeMeHTOE B MaccueBax X u Y}
Nxl HNx2, {TpaHMuM paMKM: JeBas, NpaBas, 1
Myl ,Ny2:integer; {BepXHAR, HM¥HAA. }
{Ipoume cnyxebHue nepeMeHHmE }
F:text;
xx,yy, h:real;
S:string:
dr,dm,1,7,xcr:integer;
P:real;

{@#yuxpua MacwraBupoBanma no ocwk 00X}

function Kx(x:real) :integer;

bagin

Ex: = round (Nx1+ (Nx2-Nx1) * (X-Xmin) / (Xmax-Xmin) )
end;

{@yHrOHna MacwraBmpoBaHMa no ock 0Y)

function Ky(y:real) . . integer;

begin
Ey: = round (Ny2- (Hy2-Nyl) * (Y-¥min) / ( Ymax-Y¥min}) )
end;
BEGIN
{ BBOO MCXOOHBEX TaHHBX }

{CunTrBRanMe MaccHBOB X M Y ma damna "Lagrange.dat"}
{ ¢ onHOBpPeMeHHM NOANCYETOM KOMMYECTBA OaHHMX |

Assign (F, 'Lagrange.dat'); {OrrpuTHe $armna "Lagrange.dat”}
ReSet(F) ; {ans CcYMBAHMA NAaHHEIX)
N: = 0;
while not seekeof(F) do {Ecnm B daiine ecTs eme JaHHue, |
begin
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H: = N+1;

readln(F,X[N], Y[H]) {To cYyMTHRAeM HMX M5 damna. }

end;

Close (F) ; {3axprTHe daina.}

{ NocTpoeHMe pPaMEM, OCeH M CeTEM rpajuka. }

dr: = detect;

InitGraph(dr,dm, 'c:\bp\bgi') ; {Mepexon B rpadmMuecxMx pewem. }

{Tpapmuecrkmt gpakeep gonmxeH OHTE SamMcaH
B karancre c:\bp\bgi}

Nxl: = dNxl; NxZ2: — GetMaxX-dNxZ2; {PacueT neBol M NpaeBol IpaHML paMeM)
Nyl: = dNyl; Ny2: = GetMaxY-dNy2; {Pacuer EBepxXxHeH M HHXHEH TI'PaHMI, paM-
KM}

SetColor (LightGray) ; {¥YcranoExa nEeTa CeTEM-CBETNOCEpE}

SetLineStyle (Dottedln, (0, NormWidth) ; {¥cranoexa THOA JIMHMM CeTKM—
HWTPHXOBANA , TOHKAHA }

{BauepuMBaHME BEePTHKANBHMX NHHMA CeTEM. |

xx: — x1; {HaumHasm c ToukM Xl-Havana HyMepaumH, }

repeat

line (kx(xx) Nyl kx(xx) Ny2); {BruepuMBaEeM BepPTHEANLHHE IHHMM CeTKH}
Xx: = xx+dX {c marom 4dX}

until xx>Xmax; {Boone BCel ocwm OX.}

{BriepuMBaAHMEe TOPHMBEOHTANBLHBIX JNMHMM CceTKHM. )}

yy: = yl; {HauuHas c Toukm yl-Hauvana HyMepauMH, }
repeat

line (Nx1 ky(yy) Hx2 ky(yy)): {BMuepYMBAEM TOPHMSOHTANBHME JIHHHM CeT-
KM}

Vy¥: = yy+dY {ec wmarom dY}

until yy>Y¥Ymax; {(Bgone BCceal ocm OY.}

{BuBogng saronoeka rpagrkal

{YcraHoRka BHpaABHMBAHME TeKCTA-SaATONOBKA IpadHMKa-oTHOCHTENBHO TOWKH
BEEOOA: N0 FOPMBSOHTANM — N0 WEeHTPY, [0 BEepTHEANM — CHH3Y}
SetTextJustify(CenterText, BottomText) ;

xor: = (Nx1+4Nx2) div 2; {Brumcnenre LeHTpa paMeH)

SetColor (LightBlue) ; {¥cranoBka useTa Gyxs}

OutTextXY (xcr Nyl-2, 'HHTepnolAUMOHHME nonMHoM Jlarpauxa'); {BueBog Saro-
noBxal

{3apucoexa pamxn]

SetColor (White) ; {¥cranoBra upeTa pamMxM-Oensi)

SetLineStyle (SclidLn, 0 NormWidth); ({¥Ycranosra THOA MHMHMH paMEM-
CINOMHAR , TOHKaA }

rectangle (Nxl Nyl Nx2 Ny2) ; {3aprcoBra pamMem}

{lpocTaHoBEka HyMepaumM no ock 00X}

{YoeranoBka BHpPABHMBAHME TeKCTa-HyMepaumu ocH OX-OTHOCHTENBHO TOYKM
BREOIOA: NO I"GFHH-DHTE..TIH = oo OeHTpy, IO BepTHEAIlM = EBEP}I{F}
SetTextJustify(CenterText, TopText) ;

xx: = x1; {HauuHas c Tourkm XKl-Hauvana HyMepaumH, }

148

BepHyTbcd B kaTanor y4ebHuKoB
http://y4ebHukn.mHpopm2000.pd/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

repeat

str(xx:3:1,8) ; {IpeocfpasoBaHMe YHCIa XX B CTPOKY CHMEONOB 5. OHo Heobxo-
OHMO
nockoneky npouenypa CutTextXY BMBOOMT Ha 3KaH TONBKO NepeMeHHNE THNOA
String.}

OutTextXY (kx (xx) Ny2+5,58) ; {npocTaBnmem uymMepaupwo ocu 00X}

Xx: = xx+dX {c warom dX}

until xx>Xmax; {(Bpone Bcel ocu 0OX. )

{pocTaHoBKa HyMepanmu no ocm OF})
{¥cTaHoBKa BHpAaBHMBAHME TeKCTa-HYMepauMK ocH OY-OTHOCHTeNBHO TOYUKH

BMBOOA: MO TOPMSOHTANM - COPaBa, N0 BEpPTHEANM — OO USHTPY )
SetTextJustify(RightText,CenterText) ;

¥¥: = vl; {HaumMHas ¢ ToukM y1i-Hadana HyMepaiM, }
repeat

str(yy:3:1,8);

OutTextXY (Nx1-3 ky(yy) .S): {npocTaBnaem HyMepaumm ocH OY}
¥V: = yy+dY {c warcm dY}

until yy>Y¥max; {Bmnone BCel ocH QY. )

{ BruMcneHMe M SapMCcOBKA NonMHoMa JlarpaHma Ha oTpeske oT Xmin go Xmax. )

Xxx: — Xmin;
h: = (Xmax-Xmin) /1000; {Br¥MCneHMe mara}
repeat

{BaruMcnenMe SHaAYEHMNA DonWMHoMa JlarpaH®a B TOUKe XX. |
yy: = 0;

for i: =1 to N do

begin

F: = 1;

for j: =1 to N do

if i<>j then

P: = P*(xx-x[3])/ (x[1]-x[3]):
yy: = yy+y[i]*P

end
PutPixel (kx(xx) ,ky(yy) .LightGreen); {Bumopg ToukxkM Ha sxpaH. [IeerT cBeTno-

BeneH: |
xx: — xx+h
until xx>Xmax;

{¥cranoBka pneeTa TOYEK|)
SetColor (LightRed) ; {UBeT nmMHMEH]
SetFillsStyle (SolidFill,LightRed) ; {IeeT saxpackmu}

for i: =1 to N do

PieSlice(kx(x[i]) ,ky(y([1i]).,0,360,3); {3apucoBxa Touex)
readln; {llay=a. Hamxmmure Enter.)

CloseGraph; {Baixon us rpajpuueckoro pexmmal

END
@aii1 ¢ HCX0AHBIMH JaHHBLIMH 'Lagrange.dat’

0.5 1.125

1.0 1.250

1.5 1.875

149

BepHyTbcd B kaTanor y4ebHuKoB
http://y4ebHukn.mHpopm2000.pd/uchebniki.shtml



Y3HanTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4ebHukn.mHdpopm2000.pd/napisat-diplom.shtml

2.2 3.102
2.7 3.782
3.0 4.001
3.7 3.879
4.1 3.501
4.5 3.19%6

5. [leMOHCTpaLUMOHHaA nporpamma
no TemMe «4McneHHOe WHTEerpupoBaHue»

program Integral;
{i—
,I[EHGHE'I'PEDJ{GHHEH nporpaMMa DO TakMa
"UMoneHHoe HMHTeIpMpoBanMe. MeTol NpRMOYIONBHMEOB."
*)
uses Graph;

const
{ [NlapamMeTps rpagHxa }
Xmin = 0.25; Xmax=2.75; Y¥Ymin= 0; Ymax = 0.9;
dNx1l = 40; dNx2 = 20; dNyl = 20; dNy2 =
X1 = 0.5; Yl = 0; d¥ = 0.5; dy = 0.2;
{ JaHHNE ONA pacdYdeTa HMHTerpana }
a==0.5; {llapas rpaHMIla MHTerpana}
b=2.5; {IlpaBpasm rpaHMIla MHTeIpPanal
N=T1; { KomMuecTRo OTpe3IKOB pastMeHMA )
{ NogmHATEerpankHaAs PYHELMS }

function F(x:real) :real;
begin F: = 2*x*exp(-x) end;

var
Nxl Nx2 Nyl Ny2:integer:
¥, ¥, h,xc,yc,Int:real;
S:string;
dr ,dm,i,j,xcr:integer;

{PYHEOMA MacWTaAGMpOoBAHMA o ock 00X}

function Kx(x:real) :integer;

begin

Ex: = round (Nx1+ (Nx2-Nx1)* (X-Xmin) / (Xmax-Xmin) )
end;

{#yHruMa MacwrTabupoBaHMa no ocu O0Y]

function Ky(y:real) :integer;

begin

Ey: = round (Ny2- (Ny2-Nyl)* (Y-¥min) / (Ymax-Y¥Ymin) )
end;

BEGIN
{ NocTpoeHMe pPaMKM, OCel M ceTkM rpadmra. }

dr: = detect;
InitGraph(dr,dm, 'c:\bp\bgi') ;
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HNxl: = dNxl; HNx2: = GetMaxX-dNx2;
Nyl: = dNyl; Ny2: = GetMaxY-dNy2;

SetColor (LightGray) ;
SetLineStyle (DottedLn, 0, NormWidth) ;
{BeivepuMBaHME BEPTHKANBHMX JMHMHA CeTKH. |

x: = x1;

repeat

line (kx(x) Nyl kx(x) NHy2):

x: = x+dX

until x>Xmax;

{BruepuuBaHWe DOPM3OHTANLHEX JIMHWE CeTKH. |

¥: = ¥l;
repeat
line (Mx1,ky(y) ,Nx2 ky(y));

¥: = y+dY
until y>Y¥max;

{Bueog saronoBka rpadmeal
SetTextJustify(CenterText , BottomText) ;

xcr: — (Nxl+Nx2) div 2;
SetColor (LightBlue) ;
OutTextXY (xcr ,Nyl-2, 'MeTon npamoyronesHMeoe') ; {BuBRog =2aronoeBkal

{locTpoeHMe NOPAMOYTONBHHKOR}
SetColor (LightMagenta) ; {¥cranoBxa uBEeTa PaMKM OPAMOYTONLHMEKOE )
{cBeTNO-pOSOBERHA }
SetFillStyle (WideDotFill ,LightRed); {YcTanHoBxa THOA M UBeTa SaKpackH}
{ToveuHas , CEETNO-KPACHEI }
SetLineStyle (ScolidLn, 0 ,NormWidth) ; {¥YcranoeBra THOA JHMHHH PaMKEH-
CAMOWHAR , TOHKAA |

X: — a;y

h: = (b-a) /n: {lIrpHHa NpAMOYTONBHMKA ]

Int: = 0;

for i: =1 to n do

begin

xc: = x+h/2; {Pacuer uUeHTpa oYepeIHOIC OPAMOYTONBHHEA )}
yc: = f(xc); {PacueTr BHCOTH ONWEpPEeIHODO APAMOYIONBHMKA )
Int: = Int+yc*h;

bar (kx(x) Ny2 kx(x+h) ky(yc)): {B3apmcoBrka npAMOYIroOnBHMKA]
rectangle (kx(x) ,Ny2 ,kx(x+h) ,ky(yc) ) :

X: = x+h

end;

{NocTpoerre rpajpmxa NOJHHEHTErpaANLHOHM $YVHENMM o ToUKaM}

X: = Xmin; h: = (Xmax-Xmin)/1000;
repeat
PutPixel (kx(x)  ky(£f(x)),10);
x: = x+h

until x>Xmax;
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{3apscoBra TOUeRK NepecedYeHHMS BHCOT NPAMOYTONBHMEOB
€ NOOMHTeTrpanbHOM (yHELIMeH }

SetColor(Yellow) ;

SetFillstyle (SolidFill, Yellow) ;

x: =a; h: = (b-a)/n;
for i: = 1 to N do
bagin

xc: = x+h/2;

ye: = f(xc);

PieSlice (kx(xc) ky(yc) ,0,360,3);
x: = x+h

end;

{3apucoBrKa paMEH}

SetColor (White) ;
SetLineStyle (SolidLn, 0, NormWidth) ;
rectangle (Nx1 , Nyl Nx2 Ny2) ;

{IpocTanoBra Hymepaums no ocwm 0X}
SetTextJustify(CenterText, TopText) ;
x: = x1;

repeat

str(x:3:1,8);
OutTextXY (kx(x) ,Ny2+5,8) ;

x: = x+dX

until x>Xmax;

{Ipocranoexa HymMepaumu no ocu 0Y})
SetTextJustify(RightText , CenterText) ;
y: = yl;

repeat

str(y:3:1,8);
OutTextXY (Nx1-3 ky(y) .S5);

¥: = y+dY
until y>Ymax;

{OrBaT]}
SetTextJustify(CenterText, TopText) ;
str(Int:8:5,8);

S: = '"MaTerpan = "+5;
OutTextXY (Xcr Ny2420,8);

readln:;
CloseGraph;
END .

6. [lemoHCTpaunoHHan nporpamma
no teme «QupdepeHunansHbie ypaBHEHUA»

program Eiler;
l‘i—
,I[EHGHEEPMQ:HH&! nporpaMMa DO TeMMa

"Murerpuposaume aubdepeHuMantHEX YpaBHeHuM. Meron Sinepa.
*)
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uses Graph;

const
{ [Napamerps Ipadmxa }
Xmin = 0.0; X¥max = 2.2; Ymin = 0; Ymax = 1.0;
dNx1l = 40; dNx2 = 20; dHyl = 20; dNy2 = 20;
X1 = 0.0; ¥l = 0; dx= 0.5; dy= 0.2;

{ Hcxopmme paname gna pemenssa aupdepenumansHOTS ypaBHEHHHA }

x0=0.0; y0=1.0; {HavansHie YVCIOBMA}
xk = 2.0;H=0.1; {T'panmuHHOe YyConoBMe M mar}
{ PYHEIHMA-NPABAA YACTE IHPjepeaHIMANRHODIOD YPABHeHMSA }

function F(x,y:real) :real;

begin F: = x-3*sgrt(y)+0.3 end;
var

Hxl Nx2 Nyl NyZ:integer;

X,y,%xs5,ys:real;

S:string;

dr,dm,i,qj,xcr:integer;

{@#yuxpma MacwratmpoBaHma no ocwk 00X}

function Ex(x:real) :integer;

begin

Kx: = round (Nx1+ (Nx2-Nxl1) * (X-Xmin) / (Xmax-Xmin) )
end;

{@yurpua MacwraBuposadmMa no ock 0Y)

function Ky(y:real) :integer;

begin
Ky: = round (Ny2- (Ny2-Nyl) * (Y-Ymin) / ( Ymax-Ymin) )
end;
BEGIHN
{ NocTpoeHMe paMEM, ocCel M ceTxkM rpadmxa. 1

dr: = detect;
InitGraph (dr,dm, 'c:\bpi\bgi') ;
Nxl: — dNxl; NxZ: = GetMaxX-dNxZ;

Nyl: = dNyl; Ny2: = GetMax¥Y-dNy2;

SetCeolor (LightGray) :
SetLineStyle (DottedLn, 0, NormWidth) ;

{BruepuMEAHME EBePTHKANBHKX JMHMHHMH CeTEH. |

x: — x1;

repeat

line (kx(x) Nyl , kx(x) ,Ny2);
x: = x+dX

until x>Xmax:

{BeiuepuMBaHMe TIOPM3OHTANBHHX JTHMHMH CeTEMH. )

¥: = y¥l;
repeat
line (Nx1 ky(y) Hx2 ky(y)):

¥: = yHdY
until y>Ymax;
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{BuBog saronoeBka rpadmkal
SetTextJustify(CenterText, BottomText) ;

xcr: = (Nx1+Nx2) div 2;
SetColor (LightBlue) ;
OutTextXY (xcr Nyl-2, 'MerTon 3Sinepa’);

{3apucoBrka paMkH}

SetColor (White) ;
SetLineStyle (SclidLn, 0, NormWidth) ;
rectangle (Nx1 Nyl Nx2 Ny2) ;

{IpocTanocBEKa HymMepaums no ock 00X}
SetTextJustify(CenterText, TopText) ;
x: = x1;

repeat

str(x:3:1,8);
OutTextXY (kx(x) Ny2+5,8) ;

x: — x+dX

until x>Xmax;

{MpocranoBpxa HYyMepauMM no ocH 0¥}
SetTextJustify(RightText ,CenterText) ;

y: = yl;

repeat

str(y:3:1,8);
OutTextXY (Nx1-3 kyv(y).S):
y: = y+d¥

until y>Ymax;

{Pemenne mupjepeHuManEHOTC YPABHEHHMA C OJHOEPEMEHHMM NOCTRpOeHMeM rpadm-
xal

SetColor (LightRed) ;

SetFillsStyle (SclidFill,LightRed) ;

x: = x0; y: = y0;

PieSlice (kx(x)  ky(y),0,360,2);

repeat

Xs: = x; ys: T ¥!

y: = y+F(x,y) *H;

x: = x+H;

line (kx(xs) ky(ys) kx(x) ky(y)):

PieSlice (kx(x)  ky(y) ,0,360,2);

until x> = xk;

readln;
CloseGraph;
END.
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M3narenscreo Kpaiit, 2018,

bocomvonos, H. B. [lpakTHdeckne 3aHATHA 110 MareMaruke B 2 4. : y4ed.
nocodue mia CINO / H. B, boromonos. — 11-e u3na., nepepad. u gomn. —
M. : U3garenscteo HOpaiit, 2018.

bopodun, H. @, AsromaTn3zanmsa TCXHOIOTHYCCKHX MPOILIECCOB M CHCTE-
MBbl ABTOMATHYECKOTO yrpasiaenus : yueonux ang CI10 / M. @, bopoaun,
C. A. AnapeeB. — 2-¢ u3a., ucnp. 1 gon. — M. : Haparenscteo Hpaiir,
2018.

Beumomos, E. M. Maremaruka: noruka, TeOpus MHOXKECTB U KOMOHHATO-
puka : yded. nocodue nua CI1O / E. M. Beuromor, /1. B. llInpokos, —
2-e u31. — M. : M3narenserso Hpaiir, 2018.

Bunozpaooes, H. M. OcHoBbl Teopun uncen / M. M. Bunorpanos. — M. :
M3znarenscteo Kpaiit, 2018.

Bricinas maremarika ;: yueOHHK H nipakTHryMm 11 CIO / M. b, XpunyHoga
[v ap.] ; mox o pea. M. H. Hpranok, — M. : Hanarenscreo HOpaiit, 2018,
Faspunos, M. B. Hujdopmaruka v unopMallHOHHBIC TEXHOIOTHH ; y4ed-
nuk ana CIIO / M. B. I'aspunos, B. A. Knumos. — 4-¢ u3a., nepepad.
u gon. — M. : Msparensctro HOpaiit, 2018,

Iamemox, O. B. Yucnenusle Metonwpl : yued. nmocobue mma CIIO /
0. B. lI'arexox, 1. K. Memaunnoe, H. B. Manwkosa. — M. : M3narels-
creo HOpaiit, 2018.

Iromosa, M. HO. Maremaruueckas odpadboTka HHpOpMAUHHK : yueOHHK
u npaktukym 1A CIIO / M. HO. I'morosa, E. A. Camoxsanoea. — 2-e
W3i., uenp. u gon., — M. : Maparenscteo HOpaiit, 2018,

12. Januneep, B. A. 'eomeTpua: meTon aHanoruu : y4ed. nocodue nns CIIO /

B. A. Januurep, P. ). Koctiouenko. — 2-e u3a., venp. u gon. — M. ;
Mznarensereo Hpaiit, 2018.
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Hanunzep, B. A. T'eomerpus: IJIaHUMETPHUYECKHE 3a7a4H Ha [IOCTpOE-
Hue : yued. nocobue ans CI1O / B. A. danuurep. — 2-¢ uzn., ucnp. —
M. : Uanarenscteo HOpaiit, 2018,

Hanunzep, B. A. Uudopmarnka v maremaruka. Pewienue ypasHeHH
1 onTuMH3anua B mathcad u maple : yyeduuk u npakrukym mia CIIO /
B. A. damunrep, C. 1. CHMOHKEHKOB, — 2-€ W3/, ucnp. u gorm. — M. :
M3narenscteo FOpaiit, 2018,

Hanuneep, B. A. Maremaruka: 3ajgadd ¢ MOayIeM @ yuech. nocobue ans
CITO / B. A, Janunrep. — 2-¢ u3a., ucnp. u gon. — M. : HipgatensctrO
[Opaiit, 2017.

Hanuneep, B. A. Maremaruka: 3anaun ¢ napamerpamu B 2 4. : yueb. no-
cobue ana CITO / B. A. Hanuurep. — 2-¢ us., ucnp. u gorr. — M. @ U3-
narenscTeo HOpaiit, 2018.

Hanuneep, B. A. Maremaruka: norapu)MH4eCcKHE YpaBHEHHA H HepaBeH-
cTBa : yued. nmocodbue nna CIIO / B. A. Jlanunarep. — 2-e u3a., vcnp.
u gon. — M. : U3narenscteo Hpaiit, 2018.

Hanunzep, B. A. Maremaruka: oOpaTHele TPHIOHOMETpHYECKHEe (PyHK-
HH. Pemenwe 3anad @ yued. nocodue ana CI10 / B, A. Jlanunrep. — 2-¢
w3, ucnp. u gon. — M. : M3narenscrro HOpaiit, 2018,

Hanuneep, B. A. Maremaruka: TPHIOHOMETPHYCCKHE YPABHCHHS H HEpa-
BeHCTBA © yued. nocobue ana CIIO / B, A. Janunrep. — 2-¢ u3., ucnp.
u gon. — M. : M3parensctso Hpaiit, 2018,

Hanunzep, B. A. Meroauka oOyueHHs MareMaTHKe B Ha4allbHOH 1IKoe :
yued. nocodue s CI1O / B. A. anuurep, JL. I1. bopucoea. — 2-e na.,
ucnp. v gorn. — M. : Uanarenscreo HOpaiit, 2018.

Hanuneep, B. A. Meronuka oOyuenusa maremaruke. Maydenue npobdeii
W JeHcTBHIH Haa HUMHK : yued. mocodue nnsa CIIO / B, A. danuurep. —
2-¢ u3/1., uenp. ¥ jgomn. — M. : H3parenscreo Kpanr, 2018,

Hanuneep, B. A. Metonuka odydueHHS HavanaM MaTEMaTHYCCKOTO aHaIH-
3a : yueOHuK u npaktukym aiaa CIIO / B, A, Jlanunrep. — 2-e u3a., ucnp.
u gon. — M. : Mspnarensctro Hpait, 2018,

Hanunzep, B. A. Meroauka o0yueHHs CTEPEOMETPHH MOCPEICTBOM peLle-
Hus 3a1a4 : yaed. nocobue s CI1O / B, AL danuurep. — 2-e U3, uenp.
u gor. — M. : M3narenscreo Hpaiit, 2018,

Hamuneep, 5. A. Teopus BepOoATHOCTEH M MareMaTHYECKas CTATHCTHEA
¢ npumeHenneM mathcad : yuebuuk u npakrukym ana CIIO / B. A, [la-
auarep, C. . Cumonxenkos, b, C. lamwokmos. — 2-e 31, Hcnp.
u gon. — M. : H3natensctro HOpaiit, 2018.

Hemun, A. 1O, Unpopmaruka. JlabopaTopHEIi NpakTHKYM : y4ed. noco-
oue gaa CIIO / A, 1O, Jdemun, B. A. Jopodeer. — M. : HinatensctrO
[Opaiit, 2018.
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26. Hopodheesa, A. B. Maremaruka : yuednuk ana CIIO / A. B. dopodee-

Bd. — 3-¢ u3a., nepepabd. u gon. — M. : H3narensctso HO0pant, 2017.

27. Hopodheesa, A. B. Maremaruka. COOpHHK 3a1a4 : y4ed.-npakt. nocodue

28.

29,

30.

31.

32.

33.

34.

33,

36.

37.

38.

39.

40.

s CITO /AL B. lopodeesa. — 2-e u3n. — M. : U3parensctso HOpaiir,
2017.

Jumun, B. Il. UudopmaTuka. JlaboparopHblii mpakTHEYM B 2 4.
yued. mocodmne gaa CIIO / B. II. 3umuu. — M. : HM3narensctBo
OpaiiT, 2018.

Kazancruu, A. A. lporpammuposanue Ha visual c# 2013 ; yued. nocobue
ana CIIO /AL AL Kasanckunil. — M. @ Msnarenscto W0paiir, 2018.
Kayman, 10, A. Teopus BepoATHOCTEH M MATEMATHUYECKAd CTATHCTHKA.
[Tpumeps! ¢ pewennamu : yuedbnux pusa CIIO / O, A, Kanman., — M. @
M3narenscreo Kpaiit, 2017,

Kpace, M. C. MaremaTika B 3koHOMHKe. ba3zoselid Kypc @ y4eOHHK U1
CITIO / M. C. Kpacec. — 2-e u3n., uenp. u gon. — M. : HMagarenscreo
FOpaiit, 2016.

Kpace, M. C. MatemaTHKa B 9KOHOMHKE: MATEMaTHYECKHE METO/bI K MO-
aenu ; yuebnuk ana CIIO / M. C. Kpace, b. [I. YUynpeinor ; noa pen.
M. C. Kpacca. — 2-e u3a., ucnp. u gon. — M. : H3narensctro Hpaiir,
2016.

Kpewep, H. III. Maremaruka : yued. nocodue qma CITO / H. LI, Kpe-
mep, O. I Koncrantunosa, M. H. @puaman ; ote. pea. H. 1. Kpemep. —
10-e n3a., nepepad. u qon. — M. : M3garenscreo Opaiit, 2016.

Kpewep, H. [ll. Maremaruka and kounemkeid : ydaed. nocodwue s
CIIO / H. L. Kpemep, O. I'. Koncranrurora, M. H. @pujamMan ; nox pej.
H. IlI. Kpemepa. — 10-e u3n., nepepad. u gon, — M. : M3garenscTeo
FOpaiir, 2018,

Kynpusanos, J{. B. Undopmanmonnoe obecnevyenne npodeccHoHanbHON
AeATenbHOCTH : yueOHuK W npaktukym ana CIIO / 1. B, Kynpusnoe, —
M. : U3narenwsctro HOpaiit, 2018,

Kyuep, T. I1. Marematuka. Tectst : yueb. nocobue ans CI10 / T. IT. Ky-
uep. — 2-e u3a., ucnp. ¥ gon. — M. : H3parensctro Hpaiit, 201 5.
Japun, C. B. Yucnoeble cuctemsl © yued. nocodune s CI10 / C. B. Jla-
pPHH. — 2-¢ H3., ucnp. u gor. — M. : M3patenscteo KOpaiit, 2018,
Jovonocos, M. B. O0 uctopun u nureparype. M3bdpanuoe / M. B. Jlomo-
HocoB, — M. : M3narenscreo Hpaiit, 2017,

Mamonosa, 1. E. Uadopmanponssie Texnonoruu. JlabopatopHsiid npak-
THKYM : yued. nmocobue g CITO / T. E. Mamonosa. — M. : U3gatens-
ctBo Opaiit, 2018,

Marematuka ; yueOnuk ana CIIO /O, B, Tatapuukor [u ap.] ; mox odur.
pea. O. B, Tarapuurosa. — M. : M3narensctso Hpaiit, 2018.
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Marematika ¥ HHopMaTHEa : ydeOHHK W npaktukym mig CIIO /
T. M. bensesa [u ap.] ; ors. pen. B. [I. Dnekun. — M. : M3nareascTBo
IOpaiit, 2017.

Maremaruka. [Ipaktukym @ yued. nocobdue ana CIIO / O. B. Tarapuu-
KOB [H ap.] : nox odbu. pex. O. B. Tarapuukoea. — M. : M3gareascTeo
HOpanr, 2017.

Heemepos, C. A. UapopmaunonHas 0e30M1acHOCTb © Y4eOHHK M IpaKTH-
kym s CI1O / C. A, Hecrepos. — M. : H3narenscteo Kpaiit, 2018.

. Hogoxcunos, O, Il, Mugopmaruka : yaeduuk aug CI1O / O, T1. Hoeoxu-

0B, — 3-e 3., nepepad. u gon. — M. : M3natenscteo FOpaiit, 2017.
Hogoxcunoe, O. I, Uadopmaruka B 2 4. : yuebuuk ans CI10 / O. I1. Ho-

BOAKHIOB. — 3-¢ u3fd., nepepad. u gon. — M. : Msnarenscreo Hpaiir,
2018.

Ocuoel OHoTexHONMOTHU. B 2 u. : yuebuuk u npaxruxkym aa CI10 — 2-¢
u31., uenp. 1 gon. — M. : M3narensctso Opaiit, 2018,

Hasmouenro, FO. B. Maremaruka : yueOHuk v npakrukym s CITO /
HO. B. IMapmwouenko, H. 1. Xaccan ; nog odur. pen. KO. B, [Tasnrouen-
KO. — 4-e u3., nepepabd. u non. — M. : M3narensctso Hpaiit, 2018.
lacero, O. B. IlpoektupoBanne npeanpuATHii 0011eCTBEHHOTO MHTaHHA.
JlOTOTOROYHEIE 11€Xa M TOProBeie noMenieHus : y4eo. nocodue naa CI10O /
O. B. Ilaceko, O. B. ApTioxoBa. — 2-e u3a., ucnp. ¥ gon. — M. : M3na-
TenseTBO HOpaiit, 2018,

Haxonmosa, E. I’ Jluneiinas anrebpa u ananutuyeckas reomerpus. Coop-
HUK 3ajauui : yqaed. nocodue ana CITO [/ E. T' IMaxomoea, C. B. Poxko-
Ba. — M. : M3narensctio Hpaiit, 2018,

I[lonos, A. M. MudopMaruka 1 MaTeMATHKA | yueOHHK M IIPAKTHKYM 114
CIIO/ A. M. Ilonog, B. H. Cornukos, E. M. Haraega ; nog pea. A. M. To-
noea. — 3-¢ 3., nepepad. v gor. — M. : Manarenscreo Opaiit, 2018,
[Ipoexkruposanne MHGOPMALMOHHBIX CHUCTEM @ Y4eOHHMK W IPaAKTHKYM
mia CITO / /1. B. Yucros, [1. T1. Mensuukoe, A. B. 3onorapiok, H. b. Hu-
yenopyk ; nox oo, pex. [l B. Yucrtoea. — M. : M3narenscteo HOpaiir,
2018.

Pozos, B. A. TexnH4eckue cpeicTBa aBTOMATH3AIMM H YIPABICHHA
yueOnuk ana CITO / B, A. Poros, A. JI. UynakoB. — 2-¢ H31., HCHP,
1 gon. — M. : M3narensctso O0paiit, 2018.

Ceorix, H. KO. Maremaruka : yueOHuk 1 npaktukym s CI1O / H. 10, Ce-
aeix, 0. b. I'pebenmmkos, A. K. Ulesenes. — M. : HM3narenscrso
HOpaiit, 2018.

Cosemos, b. A. Undopmaltnonnble TexHoNoruu : yueduuk pus CI10 /
b. A. Copetor, B. B. llexaHoBckuii. — 6-e u3., nepepad. u gon. — M. :
HM3narensctio Kpaiit, 2017,
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Tamapnuros, (). B. JIlunelinaa anrebdpa u JTHHEHHOE NPOrpaMMHpPOBa-
nue. Ipakrukym : yued. nocodue nua CIIO / JIL I bupwokosa, P. B. Ca-
ruToB ; noja oduw. pen. O. B. Tarapuukosa. — M. : M3pareabcTBo
Opaiir, 2017.

Tamapnukoe, O. B. DneMeHTsl THHEHHOH anredpel | y4eOHHK W MPaKTH-
kym g CITO / O, B. Tarapuukos, A. C. Yyiiko, B. I'. lllepiuner ; nox
o0ut. pexa. O. B. Tarapuukopa. — M. : Manarensctro Hpaiit, 2016.
Tpoghumos, B. B. Undopmatura B 2 T. : yueonux ana CI1O / B. B. Tpo-
(pumos ; noa pen. B. B. Tpodumosa. — 3-¢ u3n., nepepad. u non. — M. :
HMsnarenscto Wpaiit, 2017.

Tpodhumos, B. B. OCHOBBI aITOPHTMH3ALIMH H IPOTrPAMMHPOBAHUSA | yued-
nuk aaa CIIO / B, B. Tpodgmumos, T. A. [Tagnosckas ; non pen. B. B. Tpo-
tumoea. — M. : M3narenscrso Hpaiir, 2018.

Hunaves, B. C. nddepenunansioe U HHTErPAllbHOE HCYHCIIEHHE
yueOHuk 1 npaktukym s CI10 / B, C. llunayer. — M. : M3narenscreo
FOpaiit, 2017.

Hlunawes, B. C. Martematnka : y4eOHHUK W npaktukym aas CI1O /
B. C. Hlunaues :; nox pen. A. H. Tuxonosa. — 8-¢ u3m., nepepad.
u gon. — M. : H3natensctro HOpaiit, 2017.

Hlemunun, M. I1, TlpoexTHpoBanue npeanpHaTHi 00MIECTBEHHOTO NMHTA-
HHA, PYKOBOACTBO K BBIMOJHEHHK) YueOHBIX NMPOEKTOB : yued. nocobue
ana CITO / M. I1. Werunun, O. B. Ilaceko, H. B. bypaxkosckasa. — 2-e
W3, venp. | gon. — M. @ M3narenscreo Opaiit, 2017.

mamcexasn, H. K. Teopus BeposTHocTei @ yued. nocodue mm CI1O /
H. 0. Duarckasn. — M. : U3narenscrio HOpaiit, 2017.
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