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BBepeHune

Hacrtynuna spa npuMeHeHUs KOMNbIOTEpa AJIs PELIEHUs] MaTeMaTHue-
CKHX 3aJla4 — 3pa UCIOJIb30BaHHs YHUBEPCATIbHBIX CUCTEM CHMBOJIb-
HOW MaTeMaTuKHW, He TPeOyIOLIMX NPOrpaMMHUPOBAHUS M MO3BOJISIO-
LIUX BBINOJHATL CUMBOJIbHBIE BbIYMCIICHUS, CYLLECTBEHHO pacluu-
pstoliMe BO3MOXKHOCTH KoMmbroTepHoW anreOpsl. Celuac cTajo
BO3MOJKHO:

4 [nonyuarhb pelieHue 3aJauu B BUAe GOpMYJIbI;
4 10Ka3bIBaTh TEOPEMbI;

4 BBINOJIHATH J10OBIe TIpeoOpa3oBaHKS HaJ MaTeMaTUYeCKUMHU BbI-
PaKEeHUSIMU.

[MosiBeHHe cUCTEeM KOMIBIOTEPHO#H anreGpbl OKa3ajio CyIIeCTBEHHOEe
BJIMAHUEC HA METOAUKY mnpenogaBaHus €CTCCTBCHHO-HAYYHbIX JUCLIH-
TUIMH BY30B. YIpaxkHeHus:, JJabopaTopHbie padoThl, AJOMalLHKUE 3a/a-
HHS1, KypCOBOE U IMINIOMHOE MPOSKTUPOBAHUE CTAJIM HEMbICITUMBI 63
NPUMEHEHHUs] YHUBEPCAIbHbIX MPOrPaMMHBIX CPEICTB CHMBOJILHON
MaTE€MaTUuKH.

CrenyeT mpv 3TOM UMeTh B BUJY, 4TO 3P PEeKTUBHOE UCIOIb30BAHUE
CUCTEM KOMIIbIOTEPHOU ajare0pbl HEBO3MOXKHO 0€3 XOpOLUMX 3HAHUN
KOMIIbIOTEPHBIX TEXHOJIOrUH PELICHKUS MATEMATHYSCKUX 3a/1a4.

OcCO0EHHOCTH PeLIEeHUsl MATeMaTHUECKMX 3a/1a4 C NOMOLLbIO YHUBEP-
Ca/lbHbIX MPOTrPAMMHBIX CPEJICTB CMMBOJbLHOW MATEeMaTUKU COCTOST
B CJIEAYIOLLEM:
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L4 AJIOPUTM U METObI PCLICHUA 3a4a4U MMOJIb30BATC/IKO HCU3BCCTHDI,

¢ MMpOBEPKa KOPPEKTHOCTHU MMOCTAHOBKH 3aa4U CUCTEMOM HE ocyuie-
CTBJIACTCA,

4 [puuMHAa OTCYTCTBMSI PELICHHS [10J1b30BaTENt0 B OOJIBLIMHCTBE
Clly4aeB HEU3BECTHA;

4 npoBepka MpPaBWJIBHOCTH PELISHUs 3a7a4l CHUCTEMON He OCyLLecT-
BIISIETCA.

OTu 0c00EHHOCTH HEOOXOIUMO YUUTHIBATh MPU pa3zpabOTKe KOMIIbIO-
TEPHbIX TEXHOJIOMHA pelueHUs 3a1ad.

CyliecTByeT MHOTO XOPOUIUX KHHT, CIIPABOYHUKOB M YUEOHBIX MMOCO-
Ouil 111 peroaBatesieid, aCIIUPAHTOB M CTYAEHTOB, B KOTOPbIX MOJI-
POOHO M3JIaraloTCsi yHHBEPCAIbHBIE MATEMATUYECKUE CUCTEMbI, TAKHE
kak Mathematica, Maple, Derive, Mathcad, Matlab u ap.

Mathcad onHa W3 Haubosee MOMYJISPHBIX MAaTeMaTHYECKHX CHUCTEM.
OHa COePKUT:

4 MaTreMaTH4ecKHil mpoiieccop sl YACICHHBIX U CUMBOJIBHBIX BbI-
YUCJICHUH;

TEKCTOBbIH, GOPMYJIbHBIN U rpadMUECKUI PeJaKTOPbI;
BO3MOYKHOCTH UHTE€PAKTUBHOW pabOThI C JOKyMEHTaMU;

BO3MO>KHOCTH iyajiora ¢ ApyrumMmu MmatTeéMaTud4CCKUMH CUCTEMAMU,

¢
¢
¢
4 YHUKaJbHYIO TpaUyecKyto CUCTEMY .

Mathcad umeer npocroii uHtepdeic U BXOJHON s3bIK MaTeMaThue-

CKHX CHMBOJIOB, 4 TaKXKE€ OTIMYACTCA HpOCTOTOI;'I TEXHOJIOTUH peuie-
HUA MaTEMAaTUYCCKUX 3a1a4.

Onucanne Mathcad B mosHOM 0oObeme H3JIO0KEHO B NPUBEACHHOM
crnucke Jutepatypbl. OJJHAKO KOMIbIOTEPHbIE TEXHOJIOTHU PELLCHHs
MaTeMaTUYeCKUX 3a/1ady B PsAe CIIy4aeB M3JI0JKEHbl MOBEPXHOCTHO.
Co3paercsi BrEYATJCHHWE, YTO aBTOPbl CUMTAIOT KOMIBIOTEPHBIMH
TEXHOJIOTMSIMA BCTPOEHHbIe (YHKLUMM M KOMaHjabl. OTO JAajeKko
He Tak.

Mo>kHOo XOpouIo 3HaTb COOTBETCTBYIOLIUE (l)yHKLll/lI/l U KOMaHabl, CBO-
60):[H0 BJIAACTb KOMIIBOTEPOM U HE PCLINTDL JaxKe IMMPOCTYHO 3aavy.
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KOMHbIOTeprle TEXHOJIOI'MH PCUICHUA MAaTeMAaTUYCCKUX 3a/1a4 Ha4yu-
HAKOTCA C NOCTAHOBKH 3a4a4d U BKIIIOYAKOT B ce0s:

4 BBHIOOp METOMA pelIeHus 3aa4u;

4 non6op pyHKUMH U KOMaH[, peaau3yoLluX BbIOpaHHbIH METO;
4 npouexypbl PeLICHHUs 3a/1auu;

4 [poBepKY NOCTOBEPHOCTU OTKIIUKOB.

JlaHHasi KHUTA MOCBSILICHA W3JIOXKEHUIO KOMMBbIOTEPHBIX TEXHOJOTHM
peliieHrs1 MaTemaTHueckux 3ana4 B cpefe Mathcad. Ee ocobennocTs-
MU SIBJISIFOTCSL:

4 [ojgHOTAa M OAHOBPEMEHHO JIAKOHUYHOCTb H3JIOKECHUSA KOMIIbIO-
TEPHbIX TEXHOJIOTHH peuiCHUusa MAaTEMAaTHYCCKHUX 3a1a4,

4 Ooblloe KOJIMYECTBO MPUMEPOB, MPAKTUYECKH HA KaXKIbId U3 Me-
TOJIOB;

4 Hajnuuue 3a1ad, KOTOpble MOTYT ObITh WHAWBUAYaJbHBIMH 3aa-
HUSMHU CTYAECHTaM JJsl yIPaXKHEHUH, IPU BbIMOJHEHUH AOMALIHUX
3a7aHuii 1 1abopaTopHbIX PadoT;

4 opueHTauus Ha AOCTYIHOE OCBOEHHE MOCIEeIHUX BEpCUH aHIJo-
sa3bl4HBIX nakeToB Mathcad, He3aBUCMMO OT cTaauu H3yuYeHHs
KOMILJIeKCa BY30BCKMX AMCLMILUIMH, BKJIIO4as MHPOPMATHKY, UHO-
CTpPaHHbIX SA3bIK, MATEMATUKY

4 npakTUYEeCKasi NPUrOAHOCTh OMUCAHHBIX KOMITLIOTEPHbBIX TEXHOJIO-
rUii pelleHrsl MaTeMaTUIeCKHX 3a/1ay JJisl BCceX TOCIICAHUX Bepcuid
cucreM Mathcad.

ABTOpBI TIPOBEpUIIM pellieHrne BcexX 3aaad Ha Bepcusix oT 8/2000 u
BBILIIE BIUIOTH 10 12.

OTH 0COOEHHOCTH BBIFOAHO OTJIMYAIOT JAHHYIO KHUTY OT APYrUX 00b-
€MHbIX KHUT, OCBALIEHHBIX U3yueHHI0 cucTeMbl Mathcad u kommnbro-
TEPHBIX TEXHOJIOIMH PeLIeHUs] MaremMaTuyeckux 3ajaad, v, Oe3yciioB-
HO, KHUra YJIOBJIETBOPUT MPENOJABaTe/ei, aClMPAHTOB U CTYACHTOB
BY30B I10 COAEPIKAHUIO U LICHE.

He cnenyer TobKO AyMaTh, 4TO COAEPKAHUE KHUTM OIPAHUYEHO CTY-
JEHYECKUMU NpOrpaMmami, a oToMy YHpOLLEHO U PUMUTUBHO. DTO
JIJIeKO He TaK.
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KoMribloTepHbie TEXHOJIOTMM PEILICHUSI MATeMAaTUYECKUX 3a/1a4 B Cpe-
ne Mathcad uznoxkeHbl B KHUre B OOJILLIMHCTBE Clly4acB B TOM K€
oObeme (a B psiie Ciiy4yaes v B 00JIbIIEM), YTO U B KHUIrAaX, B KOTOPBIX
Mathcad onuckiBaeTcs B MOJTHOM oOBeMe.

Ona 6y,£[6T noJiesHa BCEM, KTO IO poay CBOCH NEeATEbHOCTH HOJKEH
peuaTtb MaTEMAaTUYCCKUEC 3a/1a4u.



rmABA 1 4

OcHoBbl gnanora
noJjib3oBartesia C CUCTeMon
Mathcad

B naHHOM riiaBe npuBOASTCS HAYallbHbIC CBEACHUs [j1s1 ObICTPOM Mo~
TOTOBKM HAYMHAIOIIETO TMOJb30BaTels K 3QpeKTUBHON paboTe B aHT-
nosi3piaHOM cpene Mathcad 12.

Cucrema Mathcad obnagaeT mOHATHBIM U rpadUuecKd pa3BUTHIM HH-
tepdeiicom. [Ipu nanbHeiimem 3HakoMcTBe ¢ uHTepdeiicom Mathcad

nyTeM rnepemelleHus ykaszarens (Kypcopa) *: MbIlUM HajJ 00ObeKTaMu
PEKOMEHTyEM:

4 ormeuyarb Ajisi ceOsi BCe BUMAUMBIC COOOILEHUSI U U3MEHEHUs pado-
4ero MpoCcTPaHCTBA;

4 aKTUBHO CTaBUTbh COOCTBEHHBIC IKCIIEPUMEHTbI;

4 1IeJTYKOM JIeBOH M MpaBOil KHOTIOK MBILIN BBIAETSATh OOBEKTHI AJIs
MOCJAEAYIOLEro CaMOCTOATEIbHOIO CUCTEMATHUYECKOIO MCCIeA0-
BaHUsI X CBOWCTB;

¢ 06pa1uaTL BHUMAHUEC Ha NIEPEBOJbI KOMAaHZI OCHOBHOT'O MEHIO.

Ho nepeBoa He Bcerna aocaoBHbIi. OcobeHHO Koraa ogHO 0003Haue-
HHE B OpPUTHHAJIE OTPa)KAaeT pa3Hble MOHATHS, MpUHUMAeTCs (yHK-
LIMOHAJIbHASL TPAKTOBKA Ha3BaHUs koMaH/bl. HeoOxoaumocts 00pa3Ho
U KpaTKO BbIPa3UTh BO3MOXKHOCTH 3JIEMEHTOB HHTepdeiica NPUBOAUT
K OTCTYIUICHHIO OT OyKBaJIbHOTO MEPEBO/IA, YTO YaCTO MPOSBISETCSA U



14 naga 1

B aBTOPCKHX PAa3JIMUHBIX TPAKTOBKAX pycHUKaLUMU Mpebl Ly lux
Bepcuii nakera.

1.1. TnaBHOEe OKHO CUCTEeMbl

I'maBHOE OKHO cucTeMbl MOKa3aHo Ha puc. 1.1. B pesynbrare HacTpo-
€K OHO MOJXKET NMPUOOpPEecTH BHJ, YAOOHBIH [yisi KOHKPETHOM paboThbl
nosib3oBaTesis. OCHOBHbIE BUAMMBIE JIEMEHThI OKHA BbIeIeHbI [ud-
pamu ot 1 no 11.

N [~ Mathcad - [Untitled:1]

1
2. lﬁE\Ie Edit Miew Insert Format Tools  Symbolics  Window Help
| D-E2E &_Y =] me = 0O e v @
4 Marmal w | arial wlio v B I O :
5,6 A ] v= [R<E T f ® |||y Siee v | Pan
Programming Toolbar b/
7. Becnnelgakwan nogokazka
8. OcHOEHaA YacTe
pabodero okHa
9. Kypcop
Mpannua
nucTa
10. Nonaocel
NPOKRYTEA
< b4
11. Press Fi For help. ALTO MUM | Page 1

Puc. 1.1. ['1aBHOE OKHO CUCTEMbI U 3JIEMEHTbI UHTEpdelica

Bepxnss cTpoka (1) okHa BKJIKOYAET 3aroJIOBOK ¢ UMEHEM OTKPBITOTO
nokymenTa, kHonku [ [=] £ cBepTbiBaHUs, pa3BepTbIBAHUS U 3aKpPbl-
THSl IOKyMEHTA.

B ctpoke (2) HaxoauTCs raBHOE MEHIO CUCTEMBI, [TPENOCTAaBISIOIIee
JIOCTYI KO BCceM (YHKUMSIM M KOMaHJaMm nporpammsl. B npaBom yriy
HaxOJSTCA KHOMNKU YNpPaBJICHUS C OTKpPBITbIM AKTUBHbIM
OKHOM JIOKYMEHTA.
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Janee pacrnonararorcs CHASAYIOIIME WMHCTPYMEHTAJbHBIE TaHEIN
(3—906):

4 Standard — crangapTHas naHenb UHCTPYMEHTOB (3);
4 Formatting — nanens GopmarupoBanus (4);

4 Math — nanenb matematuku (5);

4 Resources — naHesnb pecypcos (6).

Camoii ucnonb3zyemoii sieysieTcst naHesnb Math ¢ AeBATbIO KHOMTKaMU
BBIBOJIa MaHesiell (ManuTp) ¢ KOMaHIaMH COOTBETCTBYHOIIEH Tema-
THUKH.

Bech nHcTpyMeHTapuii NOABUKEH U MOKET ObITh pa3MeLIEeH Jaxe 3a
pamMKaMu OKHa.

[Ipu otkpbiTun Mathcad B ouepeaHom ceaHce MHCTpYMEHTapuil oka-
3bIBACTCSl B TOM JK€ MECTE, KaK OH Obl1 MO3ULIMOHUPOBAH Mepe] OKOH-
YaHUEeM NPEeALLECTBYIOLLEro ceaHca padoThl.

KHOMNKM WHCTPYMEHTOB HMEIOT CHCTEMY BCIUIBIBAIOIIMX MOJCKA-
30k (7).

OcHoBHas 4acTb pabouero okHa (8) orBoamTcs moj 06JacTh BBOJA
MAaTEeMaTUUYECKUX BbIPAKCHUM, MOSCHSIOIEIO TEKCTa, rpapuKoB
TabJIuLl, HAMJISAHO MPEACTAB/ISIIOLIUX PE3YJIbTaThl U UCXO/HBIC JaH-
HbIE.

Ha skpane nocrosiHHO pacnoJiaraercsi HeOobLLOoM Kypcop (9) Hauana
00J1aCTH BBOJIa MATEMATHUECKOTO BbIpaXKeHUs1 Wik Tekcta. OH umeer
BUJ] KPACHOTO KpecTuka (+).

Crnenyer 0ocob0 OTMETUTh HaJIW4YME BUAUMOM TOHKOW BEpTUKAJIbHOM
JIMHUM B MPaBOM 4aCTH OKHA — IpaHULbI JICTA, 3@ KOTOPOH HauMHa-
€TCsl IPYIrou JIUCT.

Bamzy u crnipaBa OKHO OKailMIIEeHO TOJIOCAMHM WIIM JIMHEHKaMU TOpH-
30HTAJILHOM U BepTUKaJIbHOW MPOoKpyTKH (10).

IMpenynpenurenbHas MyHKTUPHAs JIWHHUS HIWKHEW TpaHWbl JUCTa
MOSIBISIETCS NPW BEPTUKAJILHOW NMpPOKpyTKe okHa. HiwkHss rpaHuua
cunrtaeTcs "MATKOR" B OTiMdMe OT OOKOBOW rpaHullbl. [Ipu Hamoxe-
HUUW Ha Hee oboro oobvekTa Mathcad oHa MOXkeT ObITh CIBUHYTA MO

CIielajbHOU KOMaH/E.
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Hwuxhsisi crpoka cocrosiHuii (11) oroOpaxaer BaxkHyr MH(OpMa-
LIMI0O — OIEPaTUBHYIO crpaBky o pabore ¢ oObekramu Mathcad B
KOHTEKCTE CKJIaIbIBAIOLICHCS CUTYaLNH.

B okxHe MoryT ObITh pa3zmellieHbl pazHbie 00bekThl Mathcad (puc. 1.2).

[ Mathcad - [Untitled:1]

lﬁ File Edit Wew Insert Format Tools Symbolics Window Help x
D-=2-d &Y My = D0 [ v @
~
A. TekcToEEIA BRok. b. Bnoku dopmyn B. Mpaduku I Tabnuuya
BNEMEHTE! HHTEpDEfta: RN 1234 a=35+46 i=1.9
1. 3aronoeok AOKYMEHTS 734 9
2. TNaEHOE MEHKD ) 1 gj=i
MHETRYMEHTANEHEIE MAHEMM: [ sin(t) ] f
+  Standard i}
+  Formatting cos(t) sinity 0 0
+ Math ol .
+ Resourses cosit 1 1
1. PafioyaA ofinacte okHa ereer 2 4
2. Kyprcop eeoga 3 a
3. Monockl NpoERYTEM -1 1 _
4. CTPOKA COCTOAHMIA + -1 i 1 =4 16
cos(t 5| 25 2
< ¥
J|Press F1 for help. AUTC MM | Page 1

Puc. 1.2. OcuoBubie 00bexTsl Mathcad

[Tonp3oBarens nocie NpUOOpeTeHUs Aaxe HeOOJBIIOTO OMbITA 3aMe-
TUT CHOCOOHOCTH MHTEpeEiica rpeaiaratb NOMOILLb U HHPOPMALIMIO O
TOM, KaK Haj0 JAeHUCTBOBATh. [lOHMMAHUIO JIOTMKHK U JMHAMUKKU Pado-
Thl B cpeie Mathcad ciocobcTByeT cucTeMaTHUECKOe H3yUeHHUE MEHIO
Kak BEeAYLLEro djieMeHTa unrepdeiica.

ITocTaBuM JOBONBHO JIErKWI B MEPBOM CBOEH YacTH JKCHIEPUMEHT
(peanuzyeMblii ¢ MOMOLIBIO KJIABUATYPhI MO 3aAaHUIO HA puc. 1.3), HO
[MOPYYUM YMTATEIO CaMOCTOSITE/bHO HailTW Ha naHead Math u Bbi-
BecTH B pabouee okHO manuTpel Evaluation m Calculator, a Takxe
MPOBECTH YUCIIEHHBIE PacUeThl.

[11abnoHbI ¢ YepHBIMK MPSMOYTOJTLHUKAMH MapKepoB — TMEPBOE, UTO
OpocaeTcs B ria3a Ha JIEBOM I0Jie PUCYHKa (Ha PUCYHKE OHM JOMOJ-
HUTEBbHO BbiAeNeHbl 1BeToM). [llabiaoHbl omepaumii 3amoONHSIOTCS
OnepaHJaMU — YUCJIaMH, NMEPEMEHHbIMU, COCTABHBIMU BbIPAKEHUSI-
MHU. BBOASITCS onepaHibl B MO3ULIMOHHBIE YKa3aTelu-MapKephbl.
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[ Mathcad - [Untitled:1]

Bl B B wew [nsert Format look Gymboles Window Heb -8 x
& -
1. Nouck p ro nyTH PyHp DOPMYNL DHAD  x = [L)
a+h
0 & c c [ 3 1. Yiazauua:
wmy 1 [1] (lj (E] [ 2 ] ( 2 ] [ 2 J WCNONE3YEM KAABMLHER HaBiop X DA ca e b,
L] ] 1 " it L it b ynpasnenue knaguwed <llpobens ana oxeata
HGKHOTD anementa Qopmyne o
Habop n ynpasnenne: ynp i =Tab= ana
'Y { «MNpoben>* ¢  <Tab»a  <Tab> + a <Tab> b <Enter> K ouep ¥ MapKERY L
2. Mak BpumcauTe nponzgegeHue 77 cymMy (+)7 2. Beegnre c knaeuatypel (Dez npobenoe):
e 1i=4 ik 149=10 2%2= 1+8=
3. Kak nony~ame SHCREHHLA, 3 J9TEM CHMDOALHWA PeaynLTar 3. B -} ypul (Gea ng
8 pi=3ld L =2pid L=1512 pit3ld Lo2vpiv4 L=
nufio ¢ nakens Calculator:
2m-4=125133
27 |m|"4=
(7] CHMUDALHWA DLD08 — =Clrl=#= (To4wa)
nibio © nanans Evaluation
Lmd—sEa -
B A [ ==] £ <F FD ap W FALIRT
v
< >
Press F1 for help. AUTO UM Prarge 1

Puc. 1.3. [Ipumep BBOZA GOPMYIT U DIEMEHTAPHBIX BHIYUCICHUH

IIpn BBOAE M penaKkTUPOBAHMM AOKYMEHTa KypCOp COCTOMT M3 JBYX
3JIEMEHTOB — BEPTUKAJIBHOTO M FOPU3OHTAJIBHOIO OTPE3KOB CHHEIO
uBeTa. BepTUkanbHbII OTpe30K NMOKa3bpIBa€T MECTO BBOJA WM PellaK-
THPOBAHUS, TOPU3OHTAJIbHBIN — MPOTSIKEHHOCTh BBOAUMOTO JIEMEH-
Ta BeIpaxkeHUs. [lokazaTenbHO, YTO MU BBOJE YKCIIA YIIIOBOKH Kypcop
BCEIZla OXBAaTbIBAET €r0 IMOJIHOCTBIO KaK €IUHBIA 3JIEMEHT, IO Mepe
BBOJIa OYEPEJHBIX Pa3ps/iOB YBEJIMUYMBACTCS AJIMHA HWKHEH uepTbl
Kypcopa. Takoil Kypcop MOXHO Ha3BaTb NPABbIM YIJIOBbIM yKa3aTe-
JieM, Tpyd HeoOXOIMMOCTH NEepeiTH K JIEBOMY YIJIOBOMY YyKa3aTesto
uenoJib3yercs kiapuua <Insert>.

an/I BBOJEC oqepez[Hof/i onepauruu Hago BCerja TBOPUCCKU OCMbLICIIN-
BaTb CUTyallHIO, YYUTbIBAA €CTECTBEHHBIN NpUuopUTET onepaum‘/’l n
CKOOKH B 3aJaHHOM BBbIPAXKE€HUH, MEHAIOIIIUE STOT MPUOPHUTET.

Oco6o otmetrnm posb kiagumu <[Ipobex™> mpu KOHCTPYMPOBAHWH
CIIOXKHBIX MaTeMaTU4YeCKUX BbIpakeHuil. JlelicTBUe onepanuii B cooT-
BETCTBUU C UCXOJTHOW (pOPMYJION YacTO pacrpoCTpaHseTcss Ha Moj-
BBIP@KEHHE: TIEpe]] yKa3aHUEM CaMOW Omnepaluu ero Hajao OXBATHUTh
KypcopoM (pacnpocTpaHUTh Ha HErO HIKHIOK YepTy-MoJ4epKUBaHHE
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Kypcopa), MHOrOKpPaTHO MCMojb3ys kiaeuiny <[IpoGen>. Xapakrep-
HO, 4TO CKOOKM B 0OJIbIIMHCTBE CUTYaLIU PAacCTaBIISIOTCS aBTOMATH-
YeckH, U K 3TOMY HaJI0 MPUBBIKHYTb. [IpuMepom sBisieTcst pparmeHT
yrpaByieHusl, npeacTaBieHHbIi Ha puc. 1.3. [Ipu Habope B 3TOM 3ana-
Huu kiasuin <[IpoGesn> u <> nosBsOTCs CKOOKM nepe BBOAOM
CJIeZlyIoIero CUMBOJIA (B JAHHOM Cilydae MM SIBJI€TCS TiepBasi mepe-
MEHHas).

MoskHO yOeauTbCsi B TOM, UTO [yl YBEPEHHOH padoTbl, Mo KpahHei
Mepe, HaJlo 3HaTb, II€ PACMOJIOKEHBI T€ WM HWHbIEe KOMaHAbI, Kak
BBOJIMTb MaTeMaTUYECKME onepauuu, B Kakol (opme rokaszarb pe-
3yJ/bTAaT.

D10 0c060 BaXKHO U1 PaLMOHAIIBHOIO WCIOJIb30BaHUs MHTepdelica,
yhpaBjieHUs PeKUMaMK BbIYUCICHUI M criocobaMu IpeicTaBieHus!
pPe3ynbTaToB.

1.2. ThaBHOEe MeHIO cucTemMbl

I'maBHOE MEHIO CHUCTEMBI MPEACTABICHO BO BTOPOI CTPOKE MO 3aro-
JIOBKOM JIOKyMEHTa riiaBHOTO OokHa (puc. 1.4). [Ipu HaBeneHun ykaza-
TeJsl MBIIIY U iepeMelnieHuH ero Baoiib MeHto oT File (Daiin) no Help
(CnpaBka) mocieqoBaTe/IbHO BbIACHSIOTCSl 3aroJIOBKM WJIM TYHKTbI
MEHIO.

File Wiew Tools Help

|7 Mathcad - [Untitled:1] %
lﬂﬁile Edit Wiew Insert Format Tools Symbolics  Window Help - 8 X

Puc. 1.4. ['maBHOEC MEHIO CHCTEMBI: TIPH OTCYTCTBUH OTKPBITHIX TOKYMEHTOB (),
MpH padboTe ¢ TIOKYMEHTOM (6)

Kaxnplii MyHKT rIaBHOTO MEHIO NPU HAXKATHUM HA HEro OTKPbIBAET
cOOCTBEHHOE MEHIO ClIelylolero YpoBHs (moaMeHto). B mocnennem
COCPEAOTOUCHbI KOMAH/Ibl, CXO/IHbIC M0 OOLHOCTH ACUCTBUH WK 10
HanpaBJIEHHOCTH Ha TOT WM MHOM OOBEKT. BHyTpu kaxaoro noame-
HI0O komaHabl Mathcad B 3aBHCHMMOCTM OT BHAa BO3JCHCTBHS Ha



OcHosBbl Anasnora nosnp3oparesis ¢ cuctemort Mathcad 19

yrpasiisieMble 00BEKTbl pa30UThl HA MOArPYMIIbl, YTO OTMEUEHO JIU-
HUSMU-PA3ACIIUTEISIMU.

IIpy oTCyTCTBMM OTKpBITOrO JOKyMeHTa B cpeae Mathcad crmcok
MyHKTOB IJIABHOTO MEHIO COKpalaercs 10 4etoipex (puc. 1.4, a). [ns
NPUBEACHUSI MEHIO K TaKOMY BUAY 3aKpOWTe aKTUBHbIA AOKYMEHT
KpaiiHel MpaBOW KHOIKOW YIIPaBJIEHWs B CTPOKE IJIaBHOIO MEHIO.
PaccMoTpuMm crivcok ASHCTBYIOLUIMX KOMaHj B JaHHOM pexume. Ha
puc. 1.5, a—e mnokazaHbl MOOYEPESHO PACKPHIBAIOLIMECS TOJAMEHIO.
Ha camomM aene B cucteme OTHOBPEMEHHO BCE CIIMCKU YBUIETh HEJIb34l.

Iiﬂ Wiers  Tools  Help
O Chri+h

Mew..
[ Open... Chl4+0 Mathcad Help F1
K2 what's This?  Shift+F1

Developer's Reference

Prink Setup...
Author's Reference

Exit Tutorials

a QuickSheets

Reference Tables

Tools  Help E-books 3

Toolb *
Toolbars ! %] User Forums
¥ Sfatus Bar Mathcad.com

Mathcad Update

Help Ahout Mathead. ..

Preferences... i Register Mathcad...
8

Puc. 1.5. CoxpaiteHublii cOCTaB MEHIO IPU OTCYTCTBUU OTKPLITOIO JOKYMEHTA

>
Z

B nanbheliiem npu paboTe B KOHKPETHBIX CHUTYALMsIX OTIEJIbHbIC
KOMaH/bl MOTYT OKa3aTbCsi HEJAOCTYIHbIMU, UX Ha3BaHWs OyIyT Bbl-
JI€JIEHBI CEPBIM LIBETOM.

[IpoBenem mnpeaBapUTEIbHYIO HECTIOXKHYIO HACTPOHWKY OKpPY>KEHHUs
cpenbl.

Bmecto nynkra Recent Files (HenaBuue daiinbl) mento File
(puc. 1.5, a) pa3melaercsi CMCOK MCNOJIb30BaHHbIX (haisioB, 3aaaTh
IuHy KoTtoporo oT 0 mo 9 moxkHo mo komanzae Preferences (Ha-
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crpoiikn) meHto Tools (MucrpymenTst). OxHo Preferences ¢ Bkiaa-
kol General (O01iue) NpoaeMOHCTPUPOBAHO Ha puc. 1.6, a.

r -]
Preferences @
Warnings Script Security Language Save
General File Lozationz HTML Options
Startup Optionz
[ Show Mathead tips at startup
Kevboard Optians
Standard Windows shortcut keps
Context-zensitive equal signz
Recently Used Files
Show the last |4 % | filez which have been opened.
Urndo Histary
t asimurn number of undoable actions per document: 00 5
I (0] 4 l ’ Orrera ] [ Crnpaeka ]
a
- ]
HacTpohku @
Dfwm | Ceoiictea HTML | BesonacHocTe ckpurmos | Asbik
[MapamMeTpel NpH Sanycke
Mok azaTe cosetel Mathcad npu sanucke
K.naemMaTypa
Men, cTaHoapTHEIS MOpAYHE KHOMKK Windows
MEnoNeE0BATE KOHTEKCTHO-MYBCTEMTENEHEIS CORPALLEHUA
HenaeHo MCnonbs0BaHHEIE $aknkl
Mokasars | % | aiine), KOTOpBIE bW OTKPBTEL
ADAME OTHEHEI
Mak.c. YMcnn ASHCTEME OTHMEHE! ANA AOKYMEHT A o 5
[ Ok ] [ OTraeHa ] [ Crpaexa ]
o

Puc. 1.6. Bua Bknanku General okHa Preferences B aHriosiseluHoii (a)
1 B pycupUIMpoBaHHO (6) crcTemax

s Gonee nerkoro MOHWMaHUs HacTpoek Ha Bkiiagke General ma-
paliesibHO Ha puc. 1.6, 6 npuBeaeH HparMEeHT aHAIOrMYHON BKJIAJKH
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pycuduumposanHoro nakera Mathcad 11. OOparure BHUMaHWE Ha
cuetunk Show the last files which have been opened (Iloka3ats mno-
cienHue aiiibl, KOTOpbie OB OTKPBITHI). 3aJaHUE HYJIS B CHETUHKE
noMoxeTt ouucTuThb crnucok Recent Files.

OO01uumii BUA M pa3jivuusi OKOH Ha puc. 1.6, a U O CBUACTEIbCTBYIOT O
CYILIECTBEHHOM TIporpecce IMpHu nepexo/ie Ha HoByto Bepcuio Mathcad.

[Ipakruka nokasasna, uro 3pexkTrBHee Cpazy uU3ydarb MAKET Ha A3bIKS
OpYrvHaja, 4YeM J0XKHUIAThCS pycudUKalMu, KOTOpas, Kak NnpaBuio,
3ana3]plBaeT U HE BO BCEM yAAauHa W TOYHA, T. K. IEPEBOJ YacToO HO-
CUT MEXAHUYECKUI XapakTep.

KOMaHI[Hy}O JIOTUKY pa6OTI>I BCEC K€ Jierie BOCIIpUHUMATb Ha pOAHOM
A3BIKE.

Jiisi noHMMaHusl TOro, Kak YCTpoeH W Kakue (pyHKLUMOHAJIbHbIE BO3-
MOXKHOCTH HUMeeT uHTepdeiic, OyneM ycTaHaBIMBATh JIOTHYECKHE U
CMBICJIOBbIE CBS3M MEXIY €ro sjieMeHTaMu. JIumHuili ynop Ha TOu-
HOCTb €PEB0OJA NOPOM 3TOMY TOJILKO BPE/UT.

He orpaHu4MBasich MPHUHATOM HOPMOM MpeNCTaBIEHHs MEpeBoa B
pa3po3HEHHBIX TEKCTOBBIX a03allaX, CKOHIEHTPUPYEM MEPEBO B €/1H-
HOM 0JIOKE, KAK OCHOBY BOCHPHSITHS (PYHKLIMOHATIbHBIX OTHOLIEHUN
KOMaH/ BO BpeMsl M3y4YeHWsS BWOA, CTPYKTYpPHl W (YHKUWH HWHTEp-
(etica.

B kHure nepeBoAbl pacroyio’KeHbl MapajulelbHO MEHIO Ha CTHIIN30-
BaHHBIX pPa3BepHYTHIX "CBUTKAX'", KOTOphIE CHMBOJMYECKH €]Ba Ha-
MeueHbl Ha pucyHkax. Mx pacnosioikeHue C JeBOH CTOPOHBI HE 3a-
KpBIBaeT OCHOBHYIO HacTbh pUCyHKa. B3rnsn demoBeka, Kak MpaBuIIo,
aBTOMAaTHYECKH CKOJIB3UT MO MEHIO U 3aJiep>KUBaeTcs Ha TOM OObeKTe,
rJie COCpeZoTOYeHa HOBasi, HEU3BECTHAsI M KpaiiHe HeoOXoauMasi UH-
¢dopmauus. [lepeBoabl e ocTalOTCs MOA NMPULIETIOM TepUpEepUIHOTO
3peHus.

CBeneHre nepeBoJoB B OTHO MECTO MPU3BAHO MOMOYb MOJIb30BATEIIO
Kak 3¢ (eKTUBHOE CPEACTBO TUHTBUCTUYECKOM MOIACPIKKH.

IMoameHto Bcerga (UKCHUPYET HEKYIO peajibHYI) KOHTEKCTHYIO J10C-
TYIMHOCTh KOMaH/1. Eciii kOMaH1a HeJIOCTYITHA, TO €€ Ha3BaHUE B CIIH-
CKe 3aTeHEHO.
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Tak kak B j1r000M mjuIOCTpaLmMu uHTepdeiica oueHb MHOIO Orpejie-
JISIOIIMX (M HEU3BECTHBIX €I1I€ YMTATEINI0) MapaMeTpoOB, TO UX MOJHOE
onucaHue NoTpedoBasio Obl PACCTAHOBKH MEPEKPECTHBIX CCHUIOK, 3a-
HSUT0 Obl MHOTO MECTa, YTO YMECTHO JIMILIb B SHIMKIONEAUAX. Mbl
JlymaeM, 4to noJjb3osareib Mathcad nocie ocBoeHust BBOAHBIX IJ1aB
Ha KOMIbIOTEpE caM MO CBOeH WHHUIIMATUBE CIIOCOOEH OYyJeT CTaBUTh
WHTEpECHbIC SKCIIEPUMEHThl W pellaTh COOCTBEHHbIE 3ajlauM, JIeNaTh
Juist ceOst HeOOJIbLLME OTKPBITHSI.

IIpn cocTaBiieHMM OUPEKTHBBI U B €€ HOTAUMM KOMaHAbl OTAEIEHbI
BEepPTUKaAJIbHOHN yepToi. OHa OTpakaeT Moce0BaTeIbHOCTb U XapaK-
Tep ACUCTBUM.

IIpumep 3ammcu aqupekTuBbl — File | New (®Datiin | HoBbrit).

IIlenkHyB Ha yKa3aHHOM 3arojlOBKe INIaBHOTO MEHIO, MOKHO YBUJETb
pasBEpHYTOE COOTBETCTBYHOLIEE IOAMEHIO W, MPOJABUras yKasarejlb
MBILIY BHU3 JI0 HY>KHOI'O IyHKTAa, LIEJIKHYTh MbILIBIO elle pa3. B npo-
Lecce nepeMelieHus MOXKHO yIEepKUBATh KHOTKY MBILIY HAKaTOM, HO
TOr/1a MNP JOCTUKEHUU HYXKHOTO MyHKTA HAJI0 €€ OTIYCTUTb.

Bua mepBbIX KOMaH[ JABYX Hauboiee XapaKTepHBIX MyHKTOB OCHOB-
HOTO MEHIO MoKa3aH Ha puc. 1.7.

®ain S0 Edit View Insert For
Hogend,,, [ mew... Chrl+H {
Clpaxpbimb., . = open.., ChrlHO E
SaKBBINhE Close Chr4 :

Bun, Insert  Format  Tools
TTAHENY UHCERME KOS Toolbars 4 F
Tuneliva Fuler E
Chpokd COcmogHnd v Status Bar b

Puc. 1.7. 3HaKOMCTBO CO CTPYKTYpPOI [IOIMEHIO

Bocnpusitue cTpyKkTypbl Ka)Kaoi 3amucu MeHIO0 O0JIeruuT B JasibHEH-
uieM BHUMAaTeIbHOMY I0JIb30BATEINO BbIOOP COOCTBEHHOro YAOOHOrO
JUTsl HErO BapyaHTa I0CTyMNa K KOMaH1aMm.
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B tabs. 1.1 packpbiTa 04EPEAHOCTh YKa3aHUM BaXKHEHMILIMX 3JIEMEHTOB
uHTepdeiica, npumMepbl B3sTbl U3 NPUBEACHHbIX Ha puc. 1.7 nepBbixX
ctpok MeHio File u View.

Taoauua 1.1. [To3uiuoHHbIH COCTAB 3aIMCH KOMAH/Ibl B MEHIO

Ne o3uuuu (1) (2) 3) 4)
Cocras | [luxrorpamma | Mms komanabl | ComyTcTBylo- "T"opsuue"”
My IpU3HaK KITaBHIIH
ITpumep
Ne
1 | New Ctrl + N
2 (HeT) Toolbars 4 (HeT)

B crpouHoii 3anucy kaxnoi KOMaHIbl BbIAENEHbl OCHOBHbIE ¢par-
MEHTbl. MHOIrMM KOMaHJaM CONYTCTBYET WX CUMBOJIMYECKUH 00-
pa3 — NUKTOrpamma.

bpocaercsi B riaza noguepkuBaHue OJHOW U3 OYKB MMEHHM KOMaH/bI.
[lo BbLAEEHHON NoAYepKUBaHUEM OyKBE KOMaHa JISrKO UHULMUPY-
€TCs B KJIABUATYPHOM BapUaHTE BbI30BA.

Jpyro#i BapuaHT onpenensercs HAOOpoM 0coObIX "ropsauuX” KiaBULL,
KOTOpbIE YKa3aHbl TOJIBKO AJIsl YaCTO UCTIONIb3YEMbIX KOMaH]I.

Takum 00pa3om, MOKHO BbIICIUTH CJACAYIOLME YE€ThIPE MOTCHLIUAIb-

HO BO3MOJKHBIX BapuaHTa BbI30Ba KOMaH/[bl, MPEAOCTaBJsIEMbIE Cpe-

JIOH:

4 C MOMOUIBIO KHOMOK-MUKTOTPAMM Ha TIAHEINM WHCTPYMEHTOB —
Ha)kaTheM MBILIbIO Ha KHOTIKe (Hampumep, O );

4 Hasurauueil (nepeaBrXeHUEM) MO MyHKTaM MEHIO — MPU MOMOLIU
MBILIH;

4 HaxaTHeM MOJYEPKHYTbIX OYKB-KJ1aBHLLI;

4 HaxatueMm "ropsuux" KJIABHIL, MPEIYCMOTPEHHbIX, KaK U MUKTO-
rpaMMBbl, TOJBKO 7151 OTAEJIBHBIX YAaCTO UCTIOIb3yEMbIX KOMAH/I.

Cxema Habopa Mo MOAYEpKHYThIM OyKBaM HUCHOJIb3YET CBOMCTBO Kila-
BUlIM <Alt> aKTUBU3MPOBAThH IIABHOE MEHIO, U3BECTHOE 0 MHOTUM
nporpaMMHbIM cpenam. Ilpu HaxkaTun Ha Hee MOSBIAETCS NOAYEPKU-
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BaHUE €IMHCTBEHHON YHMKaJbHOM OYKBbI B Ka)KJAOM 3arojiOBKE IJlaB-
HOTO MEHIO, a MOCJEAYIOIUM Ha)kKaTHeM Ha HWHTEPECYIOILylO MOJ-
YEPKHYTYI0 OyKBY-KJIaBUILLYy OTKpbIBaeTcsl noaMeHto. Haxkatue TpeTh-
el KJIaBUIIK ¢ OJYEePKHYTOM OYKBON W3 Ha3BaHWS HYKHOW KOMaH/bI
MOAMEHIO MHULIMMPYET €€ UCHOJIHeHUE (BO3MOXKHO, norpedyercs 3a-
JlaHUE YTOUHSIIOLUMX OMNUMH UM BbIXOJ HA €LUE OJHO JOMNOJIHUTE/b-
HO€ BEPTUKAJIbHOE MEHIO).

Harpumep, B nynkre mento File Boinenena Oyksa F. MmenHo ona si-
JISeTCs KJIOUOM Aoctyna k komannae Print. Haxarue knasuimm <P>
OTKpbIBaET AMAJI0roBOe OKHO 3ajaHusi onuui nevatu. O0uias aupek-
THBa 3alKChIBaeTCs CokpalleHHO B ¢popme <Al>+<F>, <P>. [Ipuuem
Habop KJaBUII MO 3TOM cxeMe cyry0o mociefoBaTenbHbId. Takum
obpa3zom, 3(pdexT ynpasieHus: JOCTUTAETCS B OCHOBHOM BCETO 3a TPH
Ha)KaTUs YIOMSHYTHIX KJIaBULI.

Ortor MeTol yAoOHee BCcero pealn3oBaTh NPU YCJIOBUU TOCTATOUHO
OonbLIOH MpPaKTUKU B CKOPOCTHOH paboTe Ha Ki1aBUaType, KOraa me-
PEXO/1 K YIPABJIEHUIO MbILILIO O3HAYAET PE3KOE CHUIKEHUE CKOPOCTH.

KnaBuatypHoe ynpaBneHue Bcerja camoe OINEpaTUBHOE, [MO3ITOMY
n3ydaiiTe MEHIO, HEIOCPEACTBEHHO paboTast Ha KOMIBIOTEpE.

[lepBblii BapuaHT BbI30Ba KOMaH/bl MpedycMaTpUBaeT ACHCTBUS C
NaHeassMH MHCTPYMEHTOB, IJle COCPEAOTOYEHBI KHOMKU-MUKTOrPaM-
Mbl. Ux MNPUMEHEHHUE COBMECTHO C MOJIYyYCHUCM HABbIKOB pa6OTbl 1o
(YHKLUMOHAJIHO PA3JIMUHBIM MEHIO Haubosiee Lesiecoo0pasHo.

Bropoii u TpeTuii BapuaHTbl BbI30BOB OPUEHTUPOBaHbI 0OJIbILIE BCEro
HEMNOCPEICTBEHHO HAa CUCTEMY MEHIO, OHU CaMbl€ YHUBEPCAJIbHbIE,
JeHCTBYIOT MOYTH Ui BceX komaHa. OHM peaniu3yloT COOTBETCTBEH-
HO aJIbTepHATHUBHbIE CMIOCOObI YMNpaBJIEHUs: MbILIbIO WM KIaBUATy-
poii.

YerBepTolil BapUAHT TAK)KE MPOTUBOCTOMT HABUIALMM [0 CUCTEME
MEHIO, UCMOJIb3Ysl ObICTPBIN K1aBUATYPHBIA BbI30B KOMaH/IbI.

ConyTcTByrolye Mpu3HaKy (3HaK MHOIOTOYMS ... M 3HAK CTUJIM30-
BaHHOW CTpeNKW P) HArJSAIHO CBUAETENbCTBYIOT O IMPOIOKEHUH
Jauajora ¢ yKa3aHueM ONUMI KOMaHIbl WM O KOHLEHTPaLUUU TepMU-
HaJIbHBIX KOMaH/l Ha OTAEJbHbIX NMaHessX. JlocTyn K MOociIeaHUM Ipo-
XOAUT 4epe3 JOMOTHUTENIBHOE TOAMEHIO.
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Juanor nanbosiee xapakrepeH yis 3aBepiueHus komanj. Hanpumep,
B nepeuHe komana MeHto File tonbko Tpu u3 Hux (Close, Save u
Print Preview) He UMEIOT AWAJIOTOBOTO 3aBEPIICHUSI.

Takum 006pa3om, CTpOKa 3aroJIOBKOB INIABHOTO MEHIO — TOJIBKO BH-
JMMasi 4YacTb YHHMBEpPCAIbHOTO CPEACTBAa JOCTyNa K KOMaHIaM
Mathcad u kiane3b nHpoOpMaLKK 0 criocodax yrnpaBJeHHUsI.

JlupekTrBHas LENOYKa CJIOB, KOTOpas MOXKET ObiThb J0CTATOYHO
JUTMHHOM, BKJIIOYAET:

4 [yHKT MEHIO (3aroJioBOK);
4 [YHKT NOAMEHIO;

4 omnuuu KOMaHIbl, HeOOXOIUMbIe JUIS 3aBepUICHHS KOHKPETHOTO
oTana padoThl (MHOIIA C YKa3aHWEM BKJIAJKH MAJIOrOBOro OKHa U
M0J15, B KOTOPOM YCTaHABJIMBAETCS OMLINSA).

®opmManbHO paboTa € KIaBHATYPHBIM BapUaHTOM  YIpaBJICHUs
<Alt>+<6ykea>, 3arem BTOpas <Oyk6a> MOXET 3aBepLIUTbCS oOpa-
[IeHUeM K elle OJHOW KJIaBWIle MpU HaJUYMU CUMBOJa P B IMpEK-
TUBHOHM uenovke. Tak, Hanpumep, CKiaJblBaeTCcs CUTyalusl MpU OT-
KpBITUM MaTeMaTH4ecKOW ManmuTpsl KoMaHn — <Alt>+<V>, <T>,
<M>. JlaHHbIi BapuaHT MOKa3bIBAE€T BCIO apXaUUHOCTb 3TOr0 CHOCO-
6a, MOTpeOHOCTb B TAKOM BBI30BE Ha MPaKTHKE HU3KA (HO MOTEHLHU-
aJIbHO BO3MOJKHA).

[IpoBenem o01Mii 0630p MYHKTOB INTABHOTO MEHIO, OPUEHTUPYSICh Ha
KOMIIOHOBKY KOMaH B IpaHMLAX pa3JenuTeneidl u coaepkaTesibHbIe
Mo CBOEH CyTH MepeBO/bl KOMaH[, YTO MO3BOJMT OCMBICIHUTE Pa3HO-
CTOpPOHHEE Ha3HaYeHHE KayKAOro KOMIIOHEHTa MEHIO.

1.2.1. MeHio File (®aiin)

Komangpl mento File (®aiin) BbINONHAIOT OObIYHbIE (DYHKLMH, W3-
BECTHbIE [J11 MHOTUX MIPOrPaMMHBIX Cpel.

MeHIO BKJIFOHAeT KOMAaH/ibl, CBSI3aHHbIE CO CJEAYIOUIMMU ACHCT-
BUSIMHU:

4 co3aaHue, OTKPBITHE W 3aKpbITHE (BaiijIoB C JOKYMEHTaMU;
4 coxpaHeHnue ¢aiinos;

¢ nepechbliKa 1o 3JIeKTp0HHOI>'I Io4yTe;
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4 pacrievarka JOKyMEHTOB Ha NPUHTEPe WK B (aiiil nevaru;

4 ykazaHue Haubosee OOLINX CBOMCTB U IAHHBIX O JIOKyMEHTe.

B cnomcke MeHio pasaciauTeiiiMu - OTMEUYCHDI

(puc. 1.8).

@ann | ums_xomandsl

Hoeshl, .,
Olrnkpbitng, ..

Sakpbims

Coxpakime

Coxpahiing k8K,

Coxpariime kax Webocrmpanigy,.

TTERAMERED CIPEHILL .,
[TpedagnimensHbNT IBOCkoing

fevamn,..

flacname. ..

Ceademea..,

Hedashle galin

Brixod

w0 Edit Wiew Insert

[ rew. ., CtrlHn
= Open... Chrl4+0

Clase Chrly
n Save Chrl+5

Save As...

Sawve as Web Page...

Page Setup...
@. Print Previem
& print... Crl+P

Send...
Properties...
Recert Files

Exit

Far

]

Puc. 1.8. Komananl menio File

B nepesoii epynne cocpe1oToueHbl KOMaH/bI:

4 New (HoBslii) — cozmaHre HOBOTO JOKYMEHTAa;

5 rpynn KOMmaHj

4 Open (OTKpbITb) — OTKPBITHE paHee CO3AAHHOIO U COXPAHEHHOTO

(atina;

4 Close (3akpbiTh) — 3aKkpbITHE (aiina.

B ciy4asx 3aKkpbiTUsl PeaKTUPYEMOIro JOKYMEHTa Mpe/lyCMOTPEHO
MOSIBJICHUE TMAjIoroBoro okHa (puc. 1.9) ¢ Bonpocom Save changes to
uma_gaitra? (Coxpanutb uzmeHenus B Qaiine?). [lonp3oBaremnto Ha-
JI0 yKa3aTb, COXPaHsITb WJIA HET JOKYMEHT C BBEJCHHbIMM H3MEHe-

HHSAMMUA.

Komanael émopoii epynner no3BoONSIOT:

4 Save (CoxpaHUTb) — COXpaHUTb paHee CO3JaHHbIA JOKYMEHT;
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4 Save As (CoxpaHuTb Kak) — COXPaHWUTb IOKYMEHT B (haiisie B 3a-
JJAHHOM MECTe Ha JJUCKe;

4 Save as Web Page (Coxpanuts kak Web-cTpanully) — noaroro-
BUTbL Web-cTpanully, 3ajaBas B JuajoroBoM okHe Save as Web
Page Options (HacTpoiiku mys coxpanenus kak Web-cTpanuiry)
OMIMIO TPEeBApUTENbHOTO TPOCMOTpPAa C MOMOIIBIO Opaysepa
(puc. 1.10).

Mathcad

:{) Save changes to Untitled: 17

[ fa ][ Het H CTMEHE ]

Puc. 1.9. [Iponomxenue B nuasnorosom okHe koMan sl Close

r -
Save as Web Page Options E|

Display options

Save images as: CIPMNG (%) IPEG Quality: |75 &

Save layout as: & Fixed O Relative

Use wehb page template:

Page Options
Title
MpocMoTh B Bpoyaepe

Fie:  FADocuments and Settings\BYkTopoeMuytMom Jokym. .. \Page web htm

Wiew saved page in browser ’ OK l l Cancel

Puc. 1.10. /Iuanorosoe okHo Save as Web Page Options
JUIsl COXPAHEeHUs JIOKyMeHTa kak Web-cTpaHuLbl

Tpemwvst epynna KomaHI oOecreUMBaeT CTaHAAPTHbIC ACUCTBUS Uis
0OJIbILIMHCTBA MMPOrPAMMHBIX CPEIl M0 MOJAMOTOBKE W ME4YaTH J0KY-
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MeHTa Ha Oymare c npenBapuTelibHOH HacTpoiikoii jucra Page Setup
(ITapametpsr cTpanuuel), Print Preview (IlpeaapurenbHbiii npo-
cmotp), Print (Ileyars) nnu coxpanenus konuu B daiin (puc. 1.11).

Yemeepmas v namas epynnsl NPeACTaB/IeHbl €IMHCTBEHHbIMU KOMAaH-
namu Send (ITocrmats) u Properties (CBolicTBa) COOTBETCTBEHHO.
OHu obecrneunBalOT OTIPABKY AKTHBHOTO JOKyMEHTa IO AJIEKTPOH-
HOW MouTe W yKazaHue MeTaJlaHHbIX Qaiija-10KyMeHTa COOTBETCT-
BEHHO.

Frinter
Marme: Samsung ML-1200 Seriex A
Status: [oros
Tupe: Samzung ML-1200 Series
Where:  LPT1:
Comment; S amsung ML-12710/ML-12200 Frint to file
Frint range Copies
© MNumber of copies: 1 &
it
I ak l [ Carncel

Puc. 1.11. /luanorosoe okHo Print 1715 00AroTOBKY JOKyMeEHTa
K TIEYaTH C yKa3aHWEM TleuaT B (aiin

[Tosuus Recent Files (HenaBuue daitnbl) ciyXUT HE TOIBKO AJIS
MPOCMOTpPa OrPaHUYEHHOro crnucka (aisioB, ¢ KOTOpbIMU padoTai
MOJIb30BaTENIb MOCASAHEE BPEMs, HO U MPEIOCTABISIET BO3MOXKHOCTh
OBICTPOrO OTKPBITHSL JOKyMEHTa (3aMeHssl TeM CaMblM KOMaHIy
Open).

ITocnennss komanaa Exit (Beixon) cimyxuT i 3aBepiueHust paboTsl
¢ Mathcad, Ho ecnu mepen 3TuM ObuTH 3apUKCHUPOBAHBI HEKHE H3MeE-

HEHUS B JIOKYMEHTAax, TO OyeT Bbi/laH 3aMPOC Ha COXPAHSHHUE WX Te-
pen BbixoaoM (cM. puc. 1.9).
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1.2.2. MeHio Edit (MpaBka)

Komanap! mento Edit (IlpaBka) umeroT Bua:

Edit | uma_rxomanowt

Mento Edit BktouaeT kOMaHbl MPABKU TEKCTA!

¢

¢

<&

OTMEHa M BO3BpPAT BbIMOJHEHHbIX NCHCTBUH A palMOHabHON
OpraHu3alyy pelakTHPOBaHUS;

KONMpoOBaHUe, nepemelleHne B Oydep, BcTaBka 0OblUHas U ClIELU-
anbHas;

yaajgeHue pparMeHTOB U BblJieIcCHHE BCeX OOBEKTOB;
MOMCK, 3aMEHa, MEePEeX0/1 Ha YKa3aHHYIO CTPaHHULLY;

penakTpoBaHue CBs3ell (yCTaHOBIEHHbIX MO komaHzae Paste
Special (BcraBka cneuuasibHas)) ¢ 0ObEKTOM U PelakKTUPOBAaHHUE
BHE/IPEHHOI0 BHeEILIHero obbekra (mo komaHze MeHio Insert |
Object (BcraBka | O0BbeKT) B TOM NPUIOKEHUH, B KOTOPOM OH
cO3/1aBaJICsl.

CTpyKTypa MEHIO U epeBoibl KOMaH/ NoKa3aHbl Ha puc. 1.12.

Npaeka | ume_xomands: Za[ N Wiew Inserk  Format
Oz R &3 Unda Cr+2 l
Boccmanosums Cu Redo Chrl+y B
Bripesanms & cut ct+s
Konuposamhn Copy Chrl+C \_
Bomasuins Paste Chrl+y
Boinaaka cReuNansnas. .. Paste Special...

Viamime ¥ Delete Chrl4D
Bridenums goe Select Al Chrl+a
Hadmu... 4 Fird. .. Ctri+F
SEMEHInb. .. Replace...  Chrl+H
Mepelmi & cmpaRile. Go ko Page...
CEAZH... Links. ..

Ofuerm Cihject

Puc. 1.12. Komananl meuio Edit
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Crucok KomaHj pa3OUT Ha MsITh TPYNN W BKJIIOYAET LIECTb MUKTO-
rpamm.

¢ Ilepsas epynna KOMaH[ Aa€T BO3MOKHOCTb:

Undo (OTMEHHTb) — OTMEHHWTHh MpPEIUIeCTBYIOIINE JIEHCTBUS
0 peIaKTUPOBAHUIO KOMaHIaMH;

Redo (BoccTaHOBUTBH) — BO3BpaTUTh OTMEHEHHBIE NCHCTBUSI.

¢ Bmopas epynna BKIIIOYAET XapaKTepHble KOMaH/bl JIIOOOro pejak-
TOpa:

Cut (Bbipeszars) — rpynna BblAEJICHHBIX W BbIpe3aHHbIX ¢par-
MEHTOB pa3meuiaercs B Oydepe, u coaepxxumoe Oydepa MoxeT
OBbITH MCIONB30BAHO 10 TEX TMOp, MoKa He OyneT OOGHOBIICHO;

Copy (KomupoBaTb) — cKONMpOBaHHbIE (parMeHThl pa3Me-
matoTes B 0ydepe;

Paste (BcraButs) — BcTaBka pparmeHToB U3 Oydepa;

Paste Special (BcraBka crienipanibHas) — crieliiajibHasi BCTaBKa.

¢ Komanael mpemueit epynnul BBITASAAT TaK:

Delete (Ynanuts) — ynanser oTAelibHble PeBAPUTENBHO Bbl-
JIEJICHHBIE OOBEKTHI;

Select All (Boimenuts Bce) — ocCyIIeCTBIsIET MPOLIEAYPY Mac-
COBOTO BbIJENIEHUs BCeX OOBEKTOB B paboueM JIUCTE WU BHYT-
pu obisiactu, B KOTOpOU Haxoautcs Kypcop. Kaxabiit 010k j0-
KyMEHTa 0XBaTbIBACTCS ITyHKTUPHBIM KOHTYPOM.

¢ Kowmannsl yvemeepmoii epynnel UMEIOT ClIeyIOLee Ha3HAUEHUE!

Find (Haiitn) — no3Bosisser HallTH 3a1aHHBIA TEKCTOBbIH W/WiK
MaTeMaTU4ecKUi (parMeHT, B TOM YMCiIe U C yKa3aHWEeM B OT-
kpbiBuiemcst okHe Find pexxumoB Math whole word only
(CnoBo unenukom) u Match case (C yuerom peructpa)
(puc. 1.13);

Replace (3amMeHuTh) — TMO3BOJISET 3aMEHUTHb HaWECHHBIN
(bparMeHT HY>)KHbIMU CUMBOJIAMU;

Go to Page (IlepeiiTi k cTpaHulle) — CIY>KUT IJi OBICTPOTO
nepexoAa K HYXKHOU cTpaHuue (OepBOM, MOCAEAHEH WX 1O
YKa3aHHOMY HOMEpY).
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=

&

Find ]
Find what:  |n2
[ Match whole ward anly Direction

[ Match case OUp & Down

Find in Test Fegions
Find in Math Regions

Puc. 1.13. Tuanorosoe okHo Find

¢ Komaunael namoii epynner cnegyromume:

e Links (Cmsizu) — ynpasnser cBazamu OLE (Object Linking
Embedding, TexHomorHs CBSI3bIBaHNS U BHEAPEHUS OOBEKTOB) C
JPYTUMHU NIPUIIOKEHUSIMU;

e Object (OObEKT) — aKTUBM3UPYET CBS3aHHOE MPUIIOKEHHE
JUTSL peIaKTHpoBaHus BHeApeHHoro oO0bekTa OLE.

1.2.3. MeHio View (Bupg)

Komangpt mento View (Bua) 3anucbiBatorest cliieyroum o0pa3om:
View | uma_rxomanowt

MeHto View ciy>KuT [uis yripaBlieHUs uHTepdeiicoM, BHEIIHUM BH-
oM pabouero mons Mathcad v 1715 BEIOTHEHUS ClEAYOUINX eHCT-
BUH:

4 ycTaHOBKa MaHesei HHCTPYMEHTOB, JTHHEHKH;

4 3ajaHuMe BUJA M COAEPIKATEJIBHOTO HAIOJHEHUS KOJOHTHTYJIOB,
oOHapy)KeHHe rnepecedeHuil co3laHHbIX obJsiacTeld, BBOA W MpO-
CMOTp NpUMeUYaHUl B MaTEMAaTUUECKUX BbIPAKCHUSX;

4 macwrabupoBaHue U OOHOBJICHHE BU/IA dKpaHa.
Habop xomann meHto View nokasan Ha puc. 1.14.
MeHIO COIep>KUT TPH rPYIITbl KOMAaH.

Ilepgas epynna KomMaHJ TIpEICTaBIsieT M BBOAUT B KpYr AEHCTBYIO-
KX (WK BBIBOJUT W3 HErO) ClIeAyIOILUe 3IeMeHThl HHTepdeiica:
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4 UHCTpYMEHTaJIbHbIE MAHEeJH;
4 MepHYIO JIMHEHKY;

4 CTPOKY COCTOSIHMSI.

Bup | unr_xomands
TTaREnL WRCKIDYME RIS
Nunelisa

E Cripoks cocmaahid

Oanacku =kpas=

FTausedanng

OGHoENeHe

Macwmad...

33200080k U HE T KONOHELIER,

Insert  Format

Toolbars
Ruler

v Sbatus Bar

Header and Fooker, ..

Reqions

Annokations

Refresh Chrl+R

Z00m, ..

Tools

i R

Puc. 1.14. OcnosHBIC KOMaHABI MCHIO View

Bug | Manenw wHcTpyrenToB | uma_xomands:

Crmandapm
dopmaen
Mamemamaka
Vopaenene

Pecypch)

[ Kamesynamop
Fpagans
Mampuya
=BRIpSKEHNE=
BrIGOcNenis <)am. aHaniss=
Elnesh) @Ry
TTRoapa MMNpOEaHIE
Fpevec ke GyRes
CUmMBINEHbIE BEINHCREHIR

Modugurauns

Insert  Format  Tools

Ruler

v Status Bar

Header and Fooker. ..
Reqions

Annatations

Refresh Ctrl+R

2000,

Calculator Ed]

sincos tan In log
i T
# () X
w7 8 9 /
1T 4 5 B
- 1 2 3 +
= n — =

L% %

Symbolics  Window
Standard

Formatting s
Math d
Conkrols

Resources

Calculakor
Graph
Matrix
Evaluation
Calculus
Boolzan
Programming
Greek
Symbalic
Modifier

Puc. 1.15. lononaurensHoe MeHio komaHael View | Toolbars

Komanna Toolbars (Ilanenn WHCTPYMEHTOB) COAEPIKHUT JOTOTHH-
TenbHOe noameHto (puc. 1.15) nans ycTaHOBKM MSATH MHCTPYMEHTANb-
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HbIX MAHEJICH, a TAKXKE /1 BbIOOPOUYHOIO BKJIFOUYCHHUS YEPe3 CUCTEMY
MEHIO M KOHTPOJSI YCTAHOBKU BCEX WHCTPYMEHTAbHBIX KOMIOHEH-
TOB, B TOM YHCJIe U HauboJiee 4acTo TpeOyeMbIX Ui padoThl HHCTPY-
MeHToB naHenn Math (Maremaruka).

JelicTBus 3aBepluatoTcs BbIOOPOM HY>KHOTO MYHKTa B JOMOJHUTEIb-
HOM MeH1o. HanmomMHuM, 4YTO B TeX MyHKTaX, KOTOPbIe OTMEUEHbI CTH-
JM30BaHHOM CTpesKOM P cnpaBa OT Ha3BaHUs KOMaH[bI, /ISl 3aBEp-
HICHUSA Ill/lpeKTl/IBHOI\/'I LHCMNOYKH HaJ0 Npoao/KaTh ABUKCHUE yKa3aTe-
JIst MbILIK B HAMPaBJCHWUU CMTUCKA AOMOJHUTE/ILHOIO MEHIO.

[Tpumep aupextrBbl — View | Toolbars | Calculator. [1pu ycraHoB-
K€ MHCTPYMEHTA CJIEBA OT €0 Ha3BaHUS MNOABJIACTCA XapaKTepHas OT-
MeTKka B BUae ¢uaxkka ¥ . [o 5TMM oTMeTKaM U KOHTpOJUpYyeTcs pa-
Hee TPOBe/IeHHas! yCTaHOBKA HHCTPYMEHTapHS.

Ha puc. 1.15 n3o0pakeHsl Takke ycraHoBieHHas nanuTpa Calculator
(KanbkynsaTop) 1 oTMeTKa B BuAe (praxkka, Mo KOTOpoil (akT ycTa-
HOBKM TpU HEOOXOJUMOCTH MOXKET ObITb AOMOJHUTEIbHO MPOKOH-
TPOJIUPOBAH.

OuepenHbIM LIETYKOM Ha IIYHKTE€ MEHIO, I/le UMeeTCs OTMETKa, Ipo-
HN3BOAUTCS BBIKIIFOUCHHUEC HGHy)KHOI’I B ﬂaHHblﬁ MOMCHT MareMaru4c-
ckoM manenu. Ilpu 3Tom conpoBoxkjarolias OTMETKA TaKKe mnpona-
Jaer.

B nononHuTenbHoM MeHio koMaHabl Toolbars BblesieHbl 1B Ipyiibl
KOMAaH/I:

4 B BepxHell rpynne cocpeJoTOYeHbl KOMaH/lbl YCTAHOBKM NMaHesei
uHctpymenToB Standard (Crannapraas), Formatting (dopmaru-
poBanue), Math (Marematuka), Resources (Pecypcer) u Controls
(Ynpasnenune). [locnenHss coaepKUT UHTEPAKTUBHbBIE JIEMEHTHI
yrpaBiieHus ((praxxok, mepextovaresb, KHOMKY, TEKCTOBOE ToJe,
CIUCOK Y MOJI3YHOK);

4 B HWDKHEH TpyIie pacmnoiokKeHbl KOMaH/Ibl BEIBOJIA JEBSTH OCHOB-
HbIX nanutp nadenu Math. JlonosHser cnucok najauTpa crneuu-
ajbHbIX KO4YeBbix ¢jioB Modifier (Moaudukaiius), umeroruascs,
B TOM 4uCJie, 1 Ha anutpe Symbolic.

PacnosiokuTh najnuTpbl MOKHO B JIFOOOM MecTe, BIUIOTH JI0 BbIHOCA 32
npejesbl NoJis, YTo 0COOEHHO yJ00HO, KOr/la OKHO CBEpHYTO /10 He-
00MbLIMX, HO MTPUEMJIEMBIX IS Balleil paboThl pa3MepoB.
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Bropas xomanpa nepsoii rpymnmnel meHio Ruler (JIuneilika) ycranas-
JuBaeT Haja pabodel YacThlO OKHA MEpHYIO JUHeHKy. OHa mo3BoJsieT
OLIEHUTD JIMHElHbIe pa3Mepbl OObEKTOB U NPU HEOOXOIUMOCTH U3Me-
HUTb pa3Mepbl 30H TaOyNALUH, YCTAaHOBJICHHbIE MO yMmondaHuto. Ta-
OyasTopbl (L) B M0JI€ JIMHEWKH JISTKO PACcCTaB/ISIOTCS LICTYKOM Mbi-
wu. [logpoGHO 3TOT npolecc paccMOTpUM B pamkax oOpalieHusi K
KOHTEKCTHOMY MEHIO B KOHLIE JJAHHOTO pa3jiena.

AxTuBuzanus komanael Ruler u cnemyrouieil 3a Heil komaHabl Status
Bar (Ctpoka cocTosiHuii) Takxke OTMeuaeTcs TosBIeHHeM (raxkka
cieBa OT MO3UIUN KOMaH/IbI.

[ToBTOpHBIM BEIOOPOM TEX K€ KOMaH[ HACTPOHKH MOXKHO UCKITIOUYHUTh
WX U3 uHTepdeiica, npu 3ToM (IaKKW B AAHHBIX MO3ULMAX OyAayT
CHSITBI.

Bmopas epynna B menHo View COAEPKHUT CleAylOLIME KOMAaH/BbI:
Header and Footer (3aronoBok M HWKHUH KONOHTUTYI), Regions
(O6nactu) u Annotations (I[Tpumeuanus).

[lepBast koMaH/a 3aJjaeT CTaBLUIME CTAHIAPTOM JIEMEHThI B 0opmiie-
HUU TNOJIEH CTPAHULIbI BBEPXY W BHU3Y.

Komanpa Regions BkitouaeT OHOBYIO MOJCBETKY, 4TOObI 4eTKO 000-
3HauMTh rpaHullbl uiu "kpas". [lociaennee npuemiaemoe 0003HaYCHKE
JIeHCTBUST KOMaH/bl yJIauHO MO ()YHKIMOHAIBHOMY CMBICTY, HO HE
COOTBETCTBYeT (hopMallbHOMY TepeBoy. B3auMHoe pacnosnoxkeHue
obnacteit MpsIMOYTroONbHOM GOPMBI, B KOTOPBIX pazMmelleHbl (GOpMyIib-
HbI€, TEKCTOBBIC U rpaduueckue 0J0KU, Cpa3y BU3yallbHO MPOSICHSIET-
Cs, BHUJHbI HaJIOXKCHUA KpPacCB O6.IIaCTel>i, KOTOPbIE HY>XKHO TEM WU
WHbBIM CHIOCOOOM YCTPAHHUTh.

Ykasanune

Mpu HanonsaHuu obnacTer Apyr Ha Apyra Hago BOCMOJb30BaTbCHA
komaHgon Separate Regions (Otpenuts obnactn) meHio Format
(Popmar).

Komanna Annotations (IIpumedanusi) TONbKO BKJIHOYAET PEXKUM BH-
JUMOCTHU YCTaHOBJIEHHbIX NpuMmeuyaHuid. HemocpeiacTBeHHO BcTaBka
JIOCTAaTOYHO MPOMU3BOJIbHBIX MpPUMEYaHUH K GopMyJiaMm OCYLIEeCTBIIsI-
€TCs1 C MOMOUIbI0 KOHTEKCTHOTO MEHIO.

[locne ycTaHOBKM CHHEro yrioBOro Kypcopa peJaKkTUPOBaHUs B KOM-
MEHTUPYEMbIH 3JI€MEHT MaTeMaTHYeCKOTrO BBIPAXKEHUS M IIeT4Ka
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MPaBOi KHOIKOM MBIIINA OTKPHIBAETCS KOHTEKCTHOE MeHIO (puc. 1.16, a).
ITo mepBoii koMaHae KOHTEKCTHOTO MeHI0 Annotate Selection (Kowm-
MEHTHPOBaTh BBIJEIICHHOE) BBI3bIBAETCS AMaioroBoe okHo Selection
Annotation (ITpumeuanne k BoigeneHHoMy) (puc. 1.16, 8). [locne 3a-
KPbITUSL AMAJIOTOBOr0 OkHa Hakarvem kHorku OK sjiemMeHT ¢ koMm-
MEHTApPUEM BbIJCIIIETCS CKOOKaMU KPACHOIO 1IBETA.

d=5(a+ b
Wiew Definition As L4 Yiew Definition &s 4
& e & cut
Copy Copy
Properties. .. Propetties. ..
Disable Evaluation Disable Evaluation
Optimize Optimize
a o

=

Selection Annotation

Caomment |

Comment

Mepseii KoMMeHT apHH|

0K ][ OTrieHa H Cnpaska

6

Puc. 1.16. Mcnonb3oBaHne KOHTEKCTHOTO MEHIO ISl CO3/1aHus IpUMEYaHuit

HpI/I HeOGXOHI/IMOCTI/I NpoOYHTaTh MPpUMEHUAHHUEC WU OTPEAAKTUPOBATH
€ro MOXXKHO TaKXKE€ 4Y€pPE3 KOHTECKCTHOC MCHIO. Haxas [paByrO KHOIIKY
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MbILIM, BbIOMPAIOT MepBbI MYHKT KOHTeKcTHOro meHio View/Edit
Annotation (IIpocmotp/I[1paska npumeuanus) (puc. 1.16, 0).

MNMpumeyvaHue

KomaHaa View | Annotations BbicBeuuBaeT HeBUAMMbIE OO0 3TOroO
LBETHbIE CKOOKU Kak 3HaKu KOMMeHTapus. PyHKUMOHaNbHO yCTaHoBKa
W OOCTYN K pefaKkTUpOBaHUIO MpUMEYaHUA NPOU3BOAUTCH TOJbKO Ye-
pes3 KOHTEKCTHOe MeHK. Takum obpasoM, aHHoTauuss hopMyIl OKasbl-
BaeTCA TaKMM e MOLUHbIM UHCTPYMEHTOM JOKYMEHTUPOBAHUSA, KakK u
KOMMEHTapM1I B KITACCUYECKOM MporpaMmmMmupoBaHui.

B mpemuveii epynne komanapl Refresh (O6HoBneHue) u Zoom (Mac-
mtal) ciyskat Aas OOHOBJIEHHS SKpaHa KOMIIbIOTepa C yCTpaHeHHeM
HaKOIUICHHbIX rpaduueckux 1e(eKToB M AJisi U3MEHEeHMs macuitada
n300pa’keHUsI COOTBETCTBEHHO.

1.2.4. MeHio0 Insert (BctaBka)

Komannst mento Insert (BcraBka) umMeroT By

Insert | uma_komanowt
Menro Insert BBOAMT B JOKYMEHTbI CJISYIOILNE O0BEKThI;
4 rpaduky 3a1aHHBIX TUIOB;

4 walsoHbBl MaTpUL, BCTPOEHHbIE (PYHKUWH, PU3UUECKUE €IUHULIbI
U3MEpEeHHs BEJMYMH, KAPTMHKH, OOJIACTH, CHUMBOJIbI pa3pbiBa
CTpaHHULL;

4 o0Osnactu BBOJA TEKCTa M 00J1aCTM BBOJA MATEMaTUYECKMX BbIpa-
JKEHHUM BHYTPH TEKCTOBOTO OJI0Ka;

4 BHelIHUE OGBCKTBI, YHOpapJIAOMHAE 3JIEMEHTBI, CCbUJIKM U THUIIEp-
CCBIJIKH.

Komannp! npencraBneHsl Ha puc. 1.17.
KomaHzpl MEHIO pa30uThl HA YETHIPE IPYIIbI.

llepeyio epynny npeacrapnsieT enuHcTBeHHas komanaa Graph (I'pa-
¢uK), UMeroIas ykasaTenb repexoja P Ha cleayroliee MoAMEHIO IS
BbiOopa Tuna rpaduka. CoMcoK NOCTYMHBIX TUMOB IpadMKOB Mpen-
crapjieH Ha puc. 1.18.

BapuaHTbl nocrpoenus rpagukoB Oy1yT pacCMOTPEHbI B 271 7.
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Becraeka | umr_ xomanos Format  Tooks  Symi
Mpaghus Graph L4
Marmpaug,.. [] Makris. .. Cerl+HM
DyHEUS. .. f¥ Function...  chl+E

E
Edusuya... EF Unit... Chel+
Puciynor Picture Chrl+T
Ofnacme=308a= frea
Fazpmla crpaHlL Page Break
Mamemamieckaa adnacmes Math Region
TeXcmosaa oanac b Text Reqion "

HOMNOHEHR. ., i» Component...

Hanunie Data L
=INeMERIT YARIENEHER Control 4
OFeekr..., Ohject...

Connka.., Reference. .,
runepcchnka. ., Ba Hyperlink,..  Chrl+

Puc. 1.17. Komanasr Merro Insert

Beraeka | Mpadmk | aner_xonands: Format Tools 3Symbolics Window Help
XV Fpagus _ b= - Plat @ l
MTanapheill epagur [1] Matric... - @ Palar Plot Chrl+7 k
llosepnocms % Function...  Ceel+E | 487 swface Plot bz §
HKormypneil apaghur E? Unit... Chri+U Contour Plok Chrl+5 E
SMEPHOE MRS INED OWEK Picture Chrl+T i 30 Scatter Plok
B MEEHIA BN NG 20 NS Ares iy 30 Bar Plat
Bexmoproe none Page Break B Yeckor Field Plot
Macmep nocmpoeni... Math Region Plat Wizard. ..

Text Region L |

Puc. 1.18. Tunsl rpagukos 2D u 3D

Bmopas epynna cocrout w3 mectu komani. llepsbie komanabl 3TOM
IPYIIbl CBSI3aHbl ¢ MaTeMaTU4eCKUMU U (PU3UUECKUMU TOHATUSAMMU:
Matrix (Marpuua), Function (Oynkuus), Unit (Equnuigr).

4 Komanna Matrix (Matpuua)

Ilo sToii koMaHae OTKpbiBaeTcs Auanoropoe okHo Insert Matrix
(BcraButh Martpuily) [jisl YCTAHOBKM pa3MepHOCTH MaTpuibl. Ha
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¢

puc. 1.19 noka3aHbl yCTAaHOBKM OKHA W TMOCJIECAYIOLIUN Pe3yJib-
TaT — TOSBJIEHHUE MIa0JI0Ha [T BBOJA 3JIEMEHTOB MaTPHIIbI.

[To3numoHHbIi Mapkep 1 (YepHBIM MPSIMOYTOJbHUK, O3HAYaIOIIMHA

MO3ULIMIO BBOJIa) OKANMMIICH CHHUM YIJIOBBIM KYpPCOpPOM d Ilepe-
MELLEHHUE K 0YEPEJHOMY MapKepy BO3MOXKHO C IMOMOLLLIO KJIaBHILLI
<Tab> unu <—>. B nocneqHem BapuaHTe YIJIOBOM Kypcop BHada-
Je MeHseTca (BMECTO MpaBOro MOSBISIETCS JIEBBIH Kypcop-
OrpaHUuUTeNb), HO 3aTeM I0C/e BBOJA MEPBOrO CUMBOJA HOBOTO
JJIEMEHTa 3HAaKOMOE€ O4YepTaHue BOcCTaHaBiauBaercs. Jlns npu-
LEJIbHOrO MepeMelleHHs M0 1a0JIOHy MOXHO HWCHOJIb30BaTh U
JIpyrue KJIaBULLIU-CTPEJIKK WM KYPCOp MbILIH. Y 100CTBO MCIOJb-
30BaHUA KJIaBulIK <Tab> cOCTOUT B TOM, YTO MOC/IE BBOJA KAaKOMi-
b0 yacTu MaTpuLibl 00X0A BeAeTCs TONbKO MO He3arnoJHEHHbIM
MapKepam.

Format Tools  Symbaolics  ‘Window  Help
Graph ' b " &

E CErl+M
£ Function..,  Chrl+E

Rows: |3
Picture Chrl+T
Colars: |3
j [ ]

Data 4
[T |
Control 4

& Hyperlink.,,  Cerl+k

Puc. 1.19. luanorosoe okuo Insert Matrix u pe3ynbTar yCTaHOBKH
PasMEpHOCTU MaTPULLbL

Komanaa Function (OyHkims)

KomaHnza npenHa3HayeHa jjisi TOro, 4roObl BCTABUTh BCTPOCHHYIO
(YHKLMIO U3 MpeanaraeMoro Clucka UMeH, pa3fejeHHOro Mo Ka-
teropusiMm. Ha puc. 1.20 nokazano okHo Insert Function (Bcra-
BUTb (PYHKLMIO), OTKPBIBAIOLIEECS NPU BbI30BE KOMAaHAbI U Mpea-
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HA3HAYCHHOC [JIsi BbIOOpa (DYHKLMU MHTEPHONSLUMA C MOMOILLLIO
3a/1aHus OMIUK "Kareropus pyHKIHK" U ee UMEHHU.

[Ipoie Bcero u3BECTHYIO BCTPOCHHYIO (DYHKLMIO BbIOpATh MO aj-
¢daButy ycraHoBkoii rpynnbl All (Bce) B cnucke kareropuit
Function Category u nocnenyrouyM MNepeMeLIeHUeM MOI0ChI
npokpyTku B o6actu Function Name (Ums dhyHkimn).

Format Tools Symbolics  Window Help

@raph b e “
B Matrix., CohM | w10 v| B I
bisl Funckion,..  ChrH-E =
P Unt... Ctrl+U Insert Function §|
Pick Chrl+T . .
frture 4 Function Category Function Mame
~ In.sc A
Bessel intercept
Complex Nurnbers ﬁM
Curve Fitiing and Smoothing ipmt
Differential Equation Solving irr
Ewpression Type lzdiray
File &ccess IsScalar
Fihance 15trin
Comuirimr Trownnfmrrs bt TR |ng o
] .
Dats interplws, tx, My, )
Control L4
Returns an interpolated walue at » from the coefficients vs. Yector vsiz A
the output of one of the functions cepline, lspline, pepling, loess, o
regrezs. Matices My and My are data inputs to that function and = iz an
R Hyperin _— % 1 vector specifving the value at which to evaluate the interpolating W
(2] [ Ok l [ Imzert ] [ Cancel

Puc. 1.20. /Tnanorosoe okHo Insert Function s BctaBkn yHkImm

[Tpu BbIOOpEe GYHKIMM B IBYX HUXKHHMX TEKCTOBBIX MOJSX JHANIO-
rOBOIr0 OKHA MOSIBJISIOTCSl COOOLIEHUsT 00 MCIOJIb3yeMbIX 0003HA-
YEHHUSIX MEPEMEHHBIX (U1 YKa3aHHOrO MpuUMepa — BEKTOP MCKO-
MBbIX KO3()(HUIMEHTOB VS, UCXOJHbIE JaHHbIEe BEKTOpa VX, Vy, Me-
peMeHHas X) W O CHHTAaKCHCE BBIPAKEHHS, KOTOpPOE 3aTeM
NnosiBUTCS B pabouem okHe B popme 1iadsioHa interp(, o, 1, 1), a 10-
cJie 3aMoJIHEHUs] MapKepoB BBOJIA MPUMET BHJ interp(Vs, VX, Vy, X).

MpumeyvaHue
MpuBenem AOCMOBHLIN NEpeBO ONUCaHUS PYHKLMW BBUAY BaXKHOCTU
ee Ans Hawux 3agav.
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e Retums an interpolated value at x from the coefficients in vector vs
and the original data in vx and vy. — BosBpalwiaeT nHtepnonupo-
BaHHble 3HA4YeHWs MO NEPEMEHHON X kak Habop KoadhdULMEHTOB B
BEKTOPE VS B 3aBUCUMOCTM OT MepBOHaYaribHbIX (OpUrMHarbHbIX)
JaHHbIX BEKTOPOB VX 1 VY.

* Coefficient vector vs is the output of one of the following cspline,
Ispline, pspline, bspline, loess, or regress. — Bektop koathpuum-
€HTOB (hopMUpYyeTCA Kak pesynbTaT OJHOIO U3 CeaylLmX Croco-
6oB cspline, Ispline, pspline, bspline, loess unu perpecca.

4 Komanpa Unit (Equnung)

KOMaHI[a MNO3BOJISICT BCTABUTH C€AWHULIBI U3MCEPCHUS pa3MepH0171
BCJIMYHHBI, 4YTO 0COOEHHO yI[06HO JJIA (bI/I3I/IT—IeCKI/IX U HWHXKCEHEp-

HbIX PacycCTOB. EIll/IHl/lua HU3MEPCHUA BBOAUTCA IOCJIC 3HAKA YMHO-

I

J)KEHHS! 32 OOBSABIIEHHBIM 3HAUYCHHEM HepeMGHHOﬁ = lﬂ-d B IIO3HU-

U1 MapKepa: I= 1III-§|, YTO JOCTUraeTcsl BbIMOJIHEHUEM KOMaHIIbl
Insert | Unit (BcraBka | Equnnner). [Ipu aTom oTkpbiBaeTcs aua-

norosoe okHo Insert Unit (BcraButs eaunuue) (puc. 1.21).

— T |

Dimenzion System
Sl ok

Angular szt

Area
Capacitance b Cancel

it
Accel due bo gravity [g] ~

Acres [acre

Amps [amp)

Atmozpheres [atm)

Becquerel [Bq)

BT - 15 C[ETU15] bt

Puc. 1.21. Tuanorosoe okHo Insert Unit
JULSL YCTAHOBKH €IMHUL U3MEPEHUSL

Kpome TOro, B paHHOM rpynmne npeaocTaBisieTCsi BO3MOXKHOCTb
BcTaBku 1o komaHne Picture (PucyHok), Area (OGnactp "30Ha") wiu
Page Break (PazpbiB cTpanuiip).



OcHosBbl Anasnora nosnp3oparesis ¢ cuctemort Mathcad 41

4 Kowmanpa Picture (PucyHok)

Komanna kpome BcTaBkM pucyHKa Hajenser Mathcad Bo3aMoxHO-
CTSIMU pPeaKTUPOBAHMS PUCYHKOB CaMbIX pasHbIX IpaduuecKux
dopmaros. Ha puc. 1.22 nokazaHa komnosuiuus B paboyem mojie
Mathcad u3 pelictBytomedi manenn Math, ee wu3o0pakeHus
_Math.bmp u conyrtcrBytomeli nanenu Picture Toolbar (Muct-
PYMEHTbI PEIaKTUPOBAHHMS).

o [ 2= [§ <E 3] af W

Picture Toolbar [®]

@ A ] r= [ <E T af W A2 Zh | B b
- e /] CRCH RO J=2
S % oF 5 X 3 &
LI S N 5
| 209 |1
R:l0 G711 |B:|2m

Puc. 1.22. JlefictByrouias navens Math, ee nzo0paxeHue U UHCTPYMEHTbI
PeAaKTUpOBaHUs

®aiin rpaduueckoro ¢opmara ¢ pUCYHKOM JIOJDKEH ObITh MpeaBa-
PUTECIIBHO COXpPAaHEH B TOM JK€ mamnke Ha AUCKE, YTO U JOKYMECHT
Mathcad.

Oco0eHHOCTh BbI30BA (paiija pUCyHKA B TOM, YTO IOC/IC BbINOJIHE-
Hus komauzabl Insert | Picture (BcraBka | Pucynok) Hamo B map-

Kep 1 nosiuBieticss oGnacTH puvcyHKka Brnucarb ums Qaiina B Ka-
BbIUKAX (Harpumep, " Math.bmp", KaK NOKa3aHo Ha puc. 1.22).
CpencTa penakTUpOBaHUs, PacrojioxeHHble Ha naHeau Picture
Toolbar, uMeIOT 1OCTATOUHBIE BO3MOMXHOCTH 1l U3SMEHEHUS pU-
CYHKa.

¢ Kowmanpna Area (OGnactb "30Ha")

Co3pnanue obnactu (3aech, 4HTOObI HE MEepeceKalliCh Ha3BaHUs He-
CKOJIbKHUX KOMaHz, Jiy4llue€ roBopurb O 30He) COKPbITHA 4aCTUu O0-
KyMEHTa MPOBOJMTCS YCTAaHOBKOM Kypcopa B HY’)KHOE MECTO U BbI-
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30B0M komaH[bl Insert| Area (Bcraeka| "3ona"). [locne storo
MOSIBJISIETCSl XapaKTepHasi mnapa JIMHWH, Onpelesisiolux Havallb-
HYIO TPaHHILLy 30HbI ¢ METKaMU-TPEYToJIbHUKaMH, HallpaBJIeHHBIMU
BHYTpB oOnactu (puc. 1.23).

|7 Mathcad - [Untitled:1]
[ﬁﬁile Edit View Insert Format  Tools

O-2d &RV

Mormal “ | Arial

A |[] x= 2 <E 30 af #

12 TEECT

Puc. 1.23. [losineHue 30Hb1 B paboueM JOKYMEHTE

H3meHeHue nosioKEeHUsT BEPXHEH U HUKHEW rpaHUL| 30Hbl [POBO-
JUTCS OOBIYHBIM CIOCOOOM, IMYTEM BbIAENEHUS LIETYKOM MbIIIN
JIMHUA Kak 1r00oro oowsekra Mathcad. BeinesieHHBIN 00BEKT OTMe-
4yaeTcsl MYHKTUPHON KOHTYpoM-pamkoil. Jlajee myrem 3axsara
cBoeoOpasHbIM KypcopoM Buaa W ("namomka") MOKHO mepeMec-
TUTB JINHUIO B HY?’KHOM HarpaBJIeHUU.

JlanbHetiias pabora ¢ 30HOM Oy[eT pacCMOTpEeHa Jajiee B paMKax
komaHj MeHto Format.

Komanpna Page Break (Pa3pbiB cTpaHuLipi)

KomaHnpaa BcTaBnisieT HOBBIM 0OBEKT "CHMBOJ pa3pbiBa CTPaHULIBI".
Orto ofecrneyuBaeT OTKa3 OT MArKOro pasieieHus (rpaduuecku
0003HaeTCsl MyHKTUPOM) M MEPEeXOA K IKECTKOMY pa3/eieHUI0
cTpaHuubl. Pazgenurens cTpaHUL, MOXKET ObIThb YCTAHOBJIEH Kja-
Buiamu <Ctrl>+<Enter>, xecrkas rpaHdua OyJeT NpoXoJuTh B
TOM MECTE, I/1€ Pa3MELUEH Kypcop.

XKecrkass rpanuua (0003HAuaeTCsl CIUIOLIHOW TOPU30HTAILHOM
JIMHUEl) MOXKeT ObITh MepeABUHYTa 10 OObIYHBIM NpaBuiiam (Kyp-
COpPOM-JIQJIOIIKOM Mocye BbIIENCHUS] JTUHUW paszena, puc. 1.24)
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unu yaaneHa komanaoi Edit | Delete (knaBuiunbiii Habop <Ctrl>+
+<D>).

[™ Mathcad - [Untitled:1]

ﬂﬁile Edit Wiew Insert Format Tools Symbolics  wWindow

D-ed &LV &8

A\ x= [F <E 1 af *

z=12.8989898985
Mpobnema nepecedeHus

TTHBRETTH TERLTH T T T

Puc. 1.24. Tlepeceuenne obnacreli rpaHuIHON THHAEH

Tpemvs epynna cOCTOUT U3 IBYX KOMaH] CO3JaHUSI MaTeMaTHYECKOM
obnactu B Tekcte Math Region (Martemarudeckas o6macTs) U mepe-
X0/1a OT PeXKMMa BBOAA MAaTEMAaTHYECKUX BBIPAKEHUH K PEXKUMY BBO-
na tekctoBbix 650k0B Text Region (TexcroBas o6macTs).

4 Komanna Math Region (Maremaruueckas 00J1acThb)

Komanna coznaer matemarnueckyro obsacte B Tekcte. [lelicTBue
KOMaH/Ibl aKTyaJIbHO, KOT/JIa B MOSCHUTEILHOM WITM BBOJHOM YacTH
JOKyMeHTa TpeOyeTcs B caMOM TeKCTe yKa3blBaTb MaTeMaThye-
CKHe (parMeHTbl — HaualibHble 3HAYEHUsl MEePEeMEHHbIX, (OopMy-
JIbI, UCTIONB3YIOLIHME yKa3aHHbIe TMepeMeHHbIe, TIPUMEHATh CIIeLU-
anbHbie GopMmbi-11adaoHbl. OcoObld cTHIL O(opMIIeHHs cpa3y Bbl-
JieTisieT Takue 00bEeKThl OT OOBIYHOTO TEKCTA.

Jns cozpanust GpparMeHTOB MaTeMaTHYECKUX BbIPAXKEHUH BHYTPH
TeKCTa Ha/1o:

¢ [Ipe€ABapUTE/IbHO MEPEMECTUTL KypCOpP B HY2KHOE€ MECTO TEKCTA,

e BemonHUTh KoMaHay Insert| Math Region (BcraBka | Mare-

MaTu4eckas 00J1acTh) € CO3aHUEM IyCTOro Mapkepa b ¢ nesbim
YIJIOBBIM yKa3aTeJleM BBOJA;

® BBECTU MATEMATHYECKOE BbIPpAXKCHUE IO ONPEACJICHHbIM IIpa-
BUJIaM.
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4 Kowmanpna Text Region (Tekcrosas oGnacts)

Komanpa oTkpbiBaeT TekcTOBbIH 670K Mpeodpa3oBaHuEM Kypcopa
MaTeMaTh4deckol 00JacTU B BEPTUKAJIbHbBIN Kypcop pelaKkTUpOBa-
HUS TEKCTA.

AnbTepHaTUBOW HaBUTALMU TI0 CUCTEME MEHIO SBJsieTcs ObICTpoe
CO37aHHe TEKCTOBOW 00JacTh BBOAOM 3HaKa KaBbIueK (") OJHO-
MMEHHOM KJ1aBULLMU BEPXHEI0 PErucTpa KjiaBuaTypbl.

B ToM u apyrom ciydae BU3yalbHO HaOJOAaeTcs 3aMeHa KpacHO-
ro KpecTuka Kypcopa (+) Ha npsiMOyrojibHMK 00J1acTH BBO/A TEK-
CTa ¢ BEPTUKAJIbHLIM KypcOpoM KpacHoro upera. Jljus BBoga pyc-
CKOTO TeKCTa Halo BbIOpaTh W3 mpemnaraemoro Mathcad crimcka
COOTBETCTBYIOIIMH LIPUPT C MOIACPIKKONW KUPUIUTULIBI, COolepiKa-
i cioso "Cyr" B Ha3BaHMU.

IIpn mocnemytomeM pa3MmelleHud O4YepeqHOro OJIoKa C PyCCKUM
TEKCTOM B HOBOM MeCT€ paboyero mnojist jJjisi yKa3zaHusi PeKvMma
Text Region BBO1 cMMBOJIa IBOMHOIN KaBBIUKM HAJ0 MPOU3BOAUTH
€¢ SKBHUBAJICHTHBIM Habopom <Shift>+<2>, He MeHAs pycckoi
packiiajiku KilaBUaTypbl.

Pexkomenayem Taroke MCMOJIb30BaTh CIEAYIOLLYIO OCOOEHHOCTD 3a-
naHust pexknma pabotel. B Mathcad TekcToBbiif 650K MOXKHO OT-
KpBITh TyTeM BBOAAa B 00JacTH Kypcopa-KpecTHKa KakKoH-mubo
udpsl (HarnpuMep, HoMepa OJIoKa) ¢ MOCIEAYIOUIMM MPOOESIOM.
ITpo6Gen BocnpuHUMAaeTCs Kak MPU3HAK OTKa3a OT MaTeMaTHUECKOM
MOJbl (MM pekuMa BBoja). Beren 3a 3TMM MOXKHO Ha4aTh dKCIe-
PUMEHTHPOBaTh CO LIpUPTaMH, LUPPY MO OKOHUYAHMM BBOJA 3a
HEHaJJOOHOCTBIO JIETKO YIAJIUTh.

Kaxxnyio U3 BBeleHHBIX OONacTel OKPY)KaloT HEBUAUMbBIE Oellbie
MPSIMOYTOJILHUKH, KOTOPble MOXKHO Pa3JIn4yuTh Ha cepoM (oHe 1o
komaHzie View | Regions.

Yemeepmyto epynny komann meHto Insert cocrapnsior Component
(KomnonenT), Data ([lannsie), Control ("Onement" ynpapneHus),
Object (O6nexT), Reference (Ccriika), Hyperlink (I'unepcchiika).

W3 ganHOro crivcka KoMaH JUis 3aja4 JOKaJIbHOM 00paboTKH 3KCe-
pUMEHTANTbHBIX JaHHBIX B cpeae Mathcad MoxkeT 3aMHTepecoBaTh
komaHna Data ([lanHsle).
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KomaHzaa no3BosisieT BCTaBUTh JaHHbIE PA3/IMUYHbIX PACHPOCTPAHCH-
Hbix (hopmatoB. OHU MOrYT ObIThb B3SITbl W3 BHELUHMX WMCTOYHUKOB
(daiiioB) paznuuHbIX NPUIOKEHUHM MO0 mpejacTaBieHbl B Gopme
JIBYMEPHOM MepeMEeHHOMU-TA0NMIbI, COCTOSIIEH M3 HECKOIbKUX
CTOJNOLOB U UMetoIIeld HeOOX0AUMOE KOJTUUECTBO CTPOK.

1.2.5. MeHio Format (®opmar)

Komangpi mento opmaruposanus Format (dopmar) umeror Buj:
Format | uma_xomanost

OHu ciykaT Aj1si uBMEHeHUs Habopa XapaKkTepUCTUK WM aTpUOyTOB
OCHOBHBIX 00beKTOB (puc. 1.25).

Dopmar | wrs_xemandei Took  Symbalics
VBgEHERNE, .. Equation. .. L
Peaynemanm. .. Result... IF
TercH. ., A Text... £
AGzay... = Paragraph...

Tab f
Cmcrynal, .. ags...
Cruns. .. Style...
Ceolkcmea... Propetties...
oy Graph r
Ligesm Color 4
O&Enacmn frea 4
Orndenurn oinaciw Sepatake Regions
Briposhame o0nacng Align Regions 4
Fazdueka Ha cmpaRtilb) Repaginate Mow

Puc. 1.25. Komanabl menio Format

Menro Format rno3sosisieT yjiydiiutb Ka4ecTBo opopmiieHus: padoue-
ro JIOKyMeHTa: OT(hopMaTHpOBaTh TEKCT, GOPMYJbl M rpaduKu; pas-
JIeJTUTh M BBIPOBHATH 00JIACTH B JIByX HAlpaBIeHHUSX; MEPEHECTH JIU-
HHIO pa3OMBKHU ¢ JIMKBUIAIMEH NepecedeHust 001acT (MM pa3pe3ku
NPy NeYaTH) BHU3Y JINCTA JJOKYMEHTa.
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Komangpt mento Format pazoutel Ha nsth rpymni.
¢ [lepeas epynna COCTOMT U3 KOMAH!
e Equation (YpaBaenue) — opmarupoBanue Gopmy;

e Result (Pe3yabrar) — QopmarupoBaHue BbIBOAA PE3YJIbTATOB
BBIUMCJICHUH;

o Text (Texct) — dopMaTupoBaHue TekcTa;
e Paragraph (A03au) — u3mMeHeHue pa3MeTku ad3aua;

e Tabs (OtcTynbl) — ycTaHoBka TaOyasLUUU, UM OTCTYNOB, AJS
JIOKYMEHTA WJIM BbIJCJIEHHOrO Y4acTKa TeKCTa;

e Style (Ctusib) — omnpeneneHue U NpUMEHEHUE CTUIIA, paccMar-
pUBaeMOro Kak KOMOMHalMsl HACTPOEK TEKCTa.

¢ Bmopas epynna Bkimouaer B ceOsi oaHy komaHuay Properties
(CaoiicTBa) — M3MEHEHHE CBOMCTB 00JIaCTH.

¢ Komaunel mpemueii epynnul criemyromue:
e Graph (I'paduk) — nzmeHeHus B rpadukax;
e Color (Llset) — Hactpoiika 1era;

e Area (Obaacth "30Ha") — pabora ¢ 30HOIA.

¢ Yemeepmas epynna COAEpP>KAT KOMaHIIbI:

o Separate Regions (Oraenurs 00s1acTH) — OTIACICHUE MEpe-
KPBIBAIOIIUXCS pErMOHOB (00nacTeil) B IOKyMEHTE;

e Align Regions (BbipoBHATh 007acT) — BbIpaBHUBaHHE O0-
JlacTel o rOpU30HTAIN WITH BEPTUKAITH.

¢ [lamas epynna COCTOMT W3 €AMHCTBEHHOM koMaHabsl Repaginate
Now (Pa36uBka Ha cTpaHuLipl).

C1noBo paginate nepeBOAUTCS C aHTJI. KaK HyMepaLus CTPaHULl, HO
(YHKLMOHAIBHO 1510 0OCTOUT HEeCKOJIbKO MHave. PazbueHue no-
KYMEHTa Ha CTpPaHWLbl B FOPU3OHTAJILHOM HANpaBieHUU 'KecT-
koe" (ucuucisieTcs W3 UIMPUHBI JrcTa opMaTa A4 3a BBIYETOM
BEPTUKAIbHBIX MOJIeil), a B BEpTUKAJIbHOM HANpaBIEHUU — MAT-
koe. Ilons nokymenrta B pabouem okHe Mathcad He mokazambl.
I'panunpn "pexyT" Ha 4acTU TEKCT W (POPMYIIbI, 3aMOJ3alole Ha



OcHosBbl Anasnora nosnp3oparesis ¢ cuctemort Mathcad 47

pazaenuresibHbie TMHUU. OTCIIEAUTh HAJIOXKEHHUE TeKCTa U GOopMyJl
Ha MpaByIO TPaHMLly CTPaHULbl BCEr[a BU3YaJIbHO JIeT4e, YeéM Ha
HWKHIOO. Y TO 1 apyroe umeer HENpUATHbIE MOCIEACTBUS MpU
pacneuaTke AOKyMeHTa. be3 mpuMeHeHus: TaHHOW KOMaHbl pa3o-
pBaHHbIE YacTW OKAXYTCS Ha Pa3HbIX CTpaHULaxX. Bmnpouewm,
B Mathcad 12 komaHzIa aBTOMaTu4ecku BbI3bIBACTCS MPU NpejiBa-
PHUTEILHOM MPOCMOTpE cTpaHuL] ¢ nomoulbio komanel File | Print
Preview.

IIpu BrimonHenun koMaHabel Repaginate Now "msirkue" HuKHUe
rpaHuLibl TeKyLled M BCeX MOCIEOYIOLMX Majo 3aloJIHeHHbIX
CTPaHHUL, AOKyMEHTa aBTOMATUYECKM NEpPEeABUraloTCs BBEpPX Ha-
CTONBbKO, YTO HAMNON3alOLMi OJIOK OKa3bIBaeTCs HWKE TPaHULIbL.
Odopmitsisi JIEKTPOHHBIM JTOKYMEHT Ulsl Tle4aTd, Halo UMETh B
BUly, UTO (DAKTUUECKH COKpalllaeTcs BbICOTa Cpa3y BCEX JIMCTOB,
COCTBHIKOBaHHbBIX TOPU3OHTAJIBHO clieBa HampaBo. Takum obpazom,
Haujyullee (yHKUMOHAIBHOE MOosCHeHHe 3Toro addexra — "ne-
peHoC rpaHuL’”, MOAroHKa UK NMePeKOMIIOHOBKA JIUCTA.

1.2.6. MeHio Tools (MHcTpyMeHTbl)

Komanapt mento Tools (MHCTpyMEHTbI) MMEIOT BUA!
Tools | uma_xomanowv

MeHio Tools opraHuzyeT ynpaBieHUe BbIYUCIUTELHBIM MPOLIECCOM
M JIOMOJIHUTEILHBIMHA BO3MOXKHOCTSAMH, a TaK)Ke CO3JaHHEM aHHUMAa-
. Komanapr MmeHto npuBeAeHs! Ha puc. 1.26.

B MEHIO BbIJIEJIEHO YETbIPE IPyNIbl KOMAH/.

¢ Ilepgas epynna COCTOUT U3 KOMaHA:

e Spelling (ITposepka opdorpacduu) — nposepka opdorpaduu
TEKCTOBBIX PETHOHOB;

e Animation (AHumaums) — co3JaHWe WM BOCIPOW3BEJCHHUE
annManmu. [loamento comepxut komanasl Record (3anuch) u
Playback (BocrnpousBeneHue) ¢ COOTBETCTBYIOIUMH 3THM pe-
>KHMaM YCTaHOBKaMM OMLIMH.

¢ Bmopas epynna Tipe[icTaBleHa eIUHCTBEHHON komaHmoii Protect
Worksheet (3amura nokymeHTa) — 3aniuTa I0KYMEHTa OT peJaK-
TUPOBAHMS.
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HHcTpywenTol | uus xomands: Symbolics  Window  H
Flooeepka apfaaeaii. . ?f}’ Spelling... l
Anumauna Arimation L l
Sawma matnuusl... Prokect Workshest.., H
BrivucRentr Calculate » H
(WL e BT Optirmize »
DN e ERLUCRE IS Disable Evaluation
OrmcReRusatEe Quddor Trace Errar
Onuuy doryssesma. . Workshest Options. ..
Flapanie e, . Preferences...

Puc. 1.26. Komanast merio Tools

¢ Komaunel mpemueii epynnul ciemyromue:

Calculate (Bopruncnutb) — ymnpapieHHe BblUKCIeHUEM ¢op-
My

Optimize (OnTUMU3UPOBaTh) — YIPABICHUE PEKUMOM OITH-
MU3aL1H1 PacieToB;

Disable Evaluation (OTKTIOUUTH BBIYHCIICHHS) — BKITIOUE-
HUE/BBIK/IIOUSHHUE BblYMCICHUS (POpMYyJI;

Trace Error (OtciexxuBaHue olMOOK) — TPacCHPOBKA MC-
TOYHHKA cOo0OLIEeHHUs1 00 olmnOKe.

¢ Yemesepmas cpynna COCTOUT U3 KOMAH/:

Worksheet Options (Onimu 10KyMeHTa) — yCTaHOBKA OIMLIAH
MaTeMaTUYECKUX BbIUMCIICHUN (BCTPOCHHBIX CUCTEMHbBIX Mepe-
MEHHbIX, OCOObIX PEKMMOB BbIUMCIICHWH, BbIOOpPA CUCTEMbI
€/IMHUL] M3MEPEHUH, NnapaMeTpoB OTOOpaxkeHUsT OOBEKTOB U
0nepaTopoB, PEJAKTUPOBAHUE UMEH PA3MEPHbBIX BEJIMUYKH);

Preferences (IlapameTrpbl) — n3MeHEHHE OCHOBHBIX MapameT-
POB HaCTPOWKH.

1.2.7. MeHio Symbolics (CumBonuka)

Komanapr MeHto "cumBoNbHBIX" BhIuMciieHHit Symbolics (CumBomu-
Ka) AMCIOT BHU:

Symbolics | uma_xomanow:
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Menro Symbolics BbInosHSIET cieaytomme AeicTBr:
4 CUMBOJIbHbBIC BBIUMCIICHUS HAl BIPAKEHUSAMU;

4 onepauMy ¢ NepeMEHHbIMU U MaTPULIAMU, Peau3aLusl UHTErpasib-
HBIX MPpeoOpa3oBaHUd;

4 o0yc/ar/iIuBaeT CTU/b NPEACTABACHUSI CUMBOJIbHBIX BbIUMCIICHHUH,

Komannbl MeHto nokasaHsl Ha puc. 1.27.

Cuneonuka | uma_xomands! Window Help
Braiqucness Evaluate 4 f
YapoeRe Simplify
=PgcKpaImL= Expand l
Faznos ok B3 MHGKIINEnY Factor
Caofpatnb Rododhsle Collect f
Foa@aiuuieRinb) ROMUHOMOS Palvnomial Coefficients
Mepenmernan ‘ariable 4
Mampuug Tatrix 4
MTpeodpasosatie Transfarm 4
CIune BpLUCHERN .. Evaluation Stvle,..

Puc. 1.27. KoMaHIs1 MEHIO CHMBOJBHBIX TIpeoOpazoBanuii Symbolics

B MeHIo BblIeIeHbl TPU TPYITbI KOMaH/I.
4 Komaunnae! nepeoil epynnul crienyrouye:

e Evaluate (Bbluncinuts) — BBIYUCIUTH BbIPAXKEHHE, €CJIA 3TO
BO3MOXKHO;

e Simplify (YnpoctuTh) — ynpocTuTh BeIpakeHHE;

e Expand (Pa310xuth) — npeacTaBuTh BbIpaXKEHHUE B pa3BEpHY-
TOM BU[IE;

e Factor (Pa3noxuth Ha MHOXHUTENH) — Pa3JIOKUTH TMOJIMHOM
WJIH L[EJI0€ YKCIIO Ha MPOCThIe MHOYKUTEIH;

e Collect (ITpuBectu 1oA00HBIC) — MpPUBECTH MOA00HbBIC Clla-
raembie;

e Polynomial Coefficients (Koahduumentst monnnoma) — BbI-
YUCITUTD NOJTMHOMHANbHBIE KOA()HULIMEHTBI.
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¢ Bmopas epynna obpa3oBaHa KOMaHIaAMMU:

e Variable (IlepemenHas) — cUMBOJIbHBIC TEHUCTBUS C BbIAEICH-
HOM [EpEMEHHO;

e Matrix (Marpuua) — CUMBOJIbHbBIE IEHCTBUS C MAaTPULICH;

e Transform (IlpeoGpazoBaHue) — CHMMBOJIbHbIE UHTETPaJibHbIE
npeoOpazoBaHusl.

¢ Tpemvs ecpynna cONEpKUT eIUHCTBEHHYI komaHny Evaluation
Style (Ctunb BbIYMCICHUI) — W3MEHEHHE BapuaHTa MoKaza CUM-
BOJIbHBIX OTBETOB.

1.2.8. MeHio Window (OkHO)

Komanap! mento ynpaenenus okHamu Window (OkHO) MMeIOT BUA!
Window | umsa_xomanowt

Mathcad paGoTaet B pexxiMe MHOTOOKOHHOTO MHTepdelica, yrpasss
pachoio’KeHHeM OKOH € Pa3InuHbIMHM JOKYMEHTaMH Ha SKpaHe KOM-
netotepa. Komanapl MeHro nokasassl Ha puc. 1.28.

OkHo | uma_xoMmandb! Help
Kackad Cascade E
ITa 20pUsaKmany Tile Horizontal
T Bepmukant Tile Yertical l
v 1 Unkitled: 1 |I;

Puc. 1.28. Komananl medio Window

KomaHnap! uMeroT cneytoniyie Ha3HAYSHUS
4 Cascade (Kackag) — pacroyioxkuTh OKHa JOKYMEHTOB KacKa/ioM;

4 Tile Horizontal (Ilo ropusoHTanu) — pacrnonoxuTh OKHa AOKY-
MEHTOB 10 TOPU30HTAJIH;

¢ Tile Vertical (Ilo BepTrkanu) — pacnojoKuTh OKHA JOKYMEHTOB
M0 BEpTUKAIIH.

OTaenbHyO IpyYIIy MO3MIKK 00pa3yeT CMCOK OTKPBITHIX B TEKYIIIEM
ceaHce paboYnX TOKYMEHTOB, aKTUBU3UPOBAHHBIN JOKYMEHT OTMEYEH
(hnaxxkom ¥ .
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1.2.9. MeHio Help (CnpaBka)

Memto Help (CnipaBka) opraHu3yeT BbI30B CIIPaBOYHON WH(OpMALHH,
CBE/ICHUI O BepCHUHU NMPOrpaMmbl, a TaKOKe JOCTYI K pecypcam U dJeK-
TPOHHBIM KHUT'aM.

Komanap! MeHIO UMEIOT BUA:
Help | uma_xomanowt

Komanap! mento Help npencrasnenst Ha puc. 1.29.

Cnpaexa | uma_xomands! Help
Chpasks [Z] Mathcad Help F1 I
Yo SmO7 K2 what's This?  Shift+F1
Chpaeka dnm paspadomuiyos Developer's Reference F
CReaeka Gnm aemanos Author's Reference {
YEGHUL Tutorials
BhicHipble <LUNAB2anK= CuickSheets
CRREBMIREIE MAaGRLYL! Reference Tables
SREKIPORRENE NN E-books 4
B °}J User Forums
Mathcadcom Mathcad, com
OFHosnewme Mathcad Mathcad Update
O npoapasme. . Abaout Mathead. ..
Peadcmpauns, .. Register Mathcad. ..

Puc. 1.29. Komanast meHto Help

Komanbl MeHIO pa30uThbl Ha YETbIpEe IPYIIbI.
¢ B nepegyio epynny BXOASIT KOMaH/bIL:

o Mathcad Help (CnpaBka) — mosydenue cripaBoYHON UHGOp-
Mauuu no <F1>;

e What's This? (Uro 310?) — ObiCTpasi UHTEpPAaKTHBHAsI CIIpaBKa
00 aneMeHTax uHTepelica;

e Developer's Reference (CripaBka s pa3paboT4MKOB) — J0-
MOJIHUTENbHAsS CTIPaBKa /sl pa3pabOTUYHKOB;

o Author's Reference (CrpaBka /7151 aBTOpOB) — AOMOTHUTEIb-
Has CIIpaBKa JyIsl aBTOPOB 3JISKTPOHHBIX KHUT.
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¢ Bmopyio epynny 00pa3ytoT KOMaHabl:

e Tutorials (YueOHMKHM) — JOCTynm K O3JIEKTPOHHBIM KHHTaM
Y4eOHUKOB;

¢ QuickSheets (bricTpbie "mmapranku') — AOCTYI K 3JI€KTPOH-
HBIM KHUTaM "OBICTPBIX HIMapraiok";

e Reference Tables (CnipaBounble TabiauLbl) — AOCTYI K 3JI€K-
TPOHHOM KHUTE CO CIIPABOYHBIMH TaOINI[AMHU;

e E-books (OnekTpoHHbIE KHUTH) — OTKPBITH CYLIECTBYIOLLYIO B
Bu/ie daiisa IeKTPOHHYIO KHUTY WJTW MAKET pacluupeHHs.

¢ B mpemyio epynny BXOAAT KOMaH[bI:

e User Forums (®opym) — nepeiitu Ha (hopyMm monb3oBaresei
Mathcad;

e Mathcad.com — nepeiitu Ha caiit Mathcad;

e Mathcad Update (OGuoeinenue Mathcad) — oOpaieHue k
caiitry komnanuu MathSoft 3a oOHoOBneHuwem Bepcuu
Mathcad 12.

¢ B uemesepmoii epynne npeacrasieHa uHhopmalus 0 nporpamme:

e About Mathcad (O nporpamme) — wundopmanus O JaHHOU
Bepcun Mathcad;

o Register Mathcad (Perucrpauus) — akTuBaliys makera c pe-
rucTpaiyeii Ha caiite GUpMBI.

Ha npakTuke WHOrAa MONE3HO OCBEAOMIIATHCS, KaKUe JACHCTBHS BO3-
MOJKHbI C TEM WM UHbIM O0BEKTOM Y€pe3 KOHTEKCTHOE MeHI0. KoH-
TEKCTHOE MEHIO MPEJACTABJISAECT CBOJAKY KOMaH/ (U3 pa3jIuyHbIX MYyHK-
TOB IJIABHOTO MEHIO), MPUMEHSEMBIX K BblJICTICHHOMY 00beKTy. B Hem
OTMEUEHbI BCE KOMaH/ibl, JOCTYMHbIC B JaHHbIH MOMEHT PaboThl C
00BEKTOM B KOHKPETHBIX ycloBusX. [lepBblii mpumep obOpailieHus K
KOHTEKCTHOMY MEHIO Obu1 npuBeaeH Ha puc. 1.16, a—o.

1.2.10. KOHTEeKCTHOEe MEeHI0

IToutu nr000# 00bekT Mathcad cBsi3aH ¢ KOHTEKCTHBIM MEHIO — I1€-
pedYHeM BO3MOXKHBIX JIeHcTBHI ¢ 00bekTOM. [l oOpaiiieHust K KOH-
TEKCTHOMY MEHIO HAJ0 BBIAEIUTH OOBEKT W HaXaTh MPABYyl0 KHOTMKY
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MbILIK. B KOHTEKCTHOM MEHIO MOYKHO YBUJIETb BCE CBSI3AHHbIE C KOH-
KPETHbIM OOBEKTOM MMYHKTbl OCHOBHOI'O MEHIO, HEJIOCTYIHbIC B TEKY-
LEH CUTyalMu KOMaH/ bl 3aT€HEHbI.

Ha puc. 1.30 nokazana nuneiika (Ruler) ¢ nojsem mepHbIx Je/IeHUH.

KoHTekcTHOE MeHIO AaHHOro OObeKTa B UCXOAHOM COCTOSIHMH CO-
JIepkuT HepocTynHyto komaHay Show Guideline (Iloka3piBath Ha-
npasssitole JuHuKM). Kak Toapko Ha rosie JIMHeHKH 11ea4KaMHu Mbl-
iy OyAyT paccTaBieHbl BU3YaJIbHO PAa3IMUMMbIe CUMBOJIbI Ta0YIALUN
(L), 3Ta KOMaHa CTAHOBUTCS JOCTYITHOMH.

Heticteue komanasl Show Guideline pacnpocTpansiercs JTOKaabHO HA
OTJIeNbHBIN CUMBOJN TaOynsuuu. HaienuB ykaszarenb MbIIIA B TOJie
JIMHEHKW HAa YCTaHOBJIEHHbIH CHMBOJI TaOyJisiUMM U HaXKaB IPaBYIO
KHOMKY MBbIIIK, TOJyYdM BO3MOXKHOCTb JOCTyNa K KOMaH[e
Show Guideline. BviGop manHOoro myHkTa MeHi0 OyaeT oTMeueH
¢naxxkom ¥ . [logcBeTka HAMpaBISIOUIMX JIMHUH MO KpasiM 30H Taly-
JSILMK C MOMOLLBIO KOHTEKCTHOIO MEHIO MOXKET ObITb 3aJaHa BblOO-
pouHo. Spkuit 3¢deKkT mpopucoBKU MOJ CUMBOJIAMU TaOYJISIMK Bep-
TUKAJbHBIX [BETHBIX JIMHWH TPU3BaH BU3yaJbHO OOJIErduTh [aiib-
HEHMIIYIO0 MO3MLMOHHYIO MPUBA3KY M0Jb30BaTe/leM o0siacTell Tekcra,
(hopmyJ1 u rpadMKoB B JIFOO0H CTPOKE K OTMEUSHHOW LIBETOM IPAHULIC
30HBI TaOYIISLNM.

[™ Mathcad - [Untitled:1]
ﬁFile Edit View Insert Format Tools 3

O-2-d &k ¥
Mormal | Arial
Hx=lg<=zmm

|'L'1' I Ld e % a4 A
H|de

Inches

v Centimeters
Painks
Picas

v Show Guideline

Puc. 1.30. YcranoBka TaOysIiY ¥ BU3yalM3alis HAPaBIISIOMINX JIMHAH
C TTIOMOIIBIO KOHTEKCTHOTO MEHTO
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Komanzaa Format | Tabs rjjaBHOro MeHIO Mo3BOJISIET HACTPOUTH Taly-
nsuuto B okHe Tabs ¢ momomibto monst BBoga Tab stop position (I1o-
3ULMS OCTAHOBKM TalyJsiTopa), 3afarh OOUIMI NOKa3 BCEX JIMHMIA,
yctaHoBuB (praxkok Show guide lines all tabs (/lemoncTpauus Bcex
JIUHMIA), THOO OYUCTHUTH BCe YCTAaHOBKH, HaxkaB KHOMKY Clear All

Ha puc. 1.31 npencraBineHbl GpopMbl KOHTEKCTHOrO MEHIO MO cJie-
IyloImuM o0beKTaM: TeKcT, (opmyiia, rpaduk, Tabauia v 3JeMEeHT
yMpaBJeHUs.

[ Mathcad - [Untitled:1]

Wﬁi\e Edit Yiew Insert Format Tools Symbolcs  ‘Window Help

TekcT Dopmyna Mpatini Tabnuua
¥ cut i=1.5
Copy x=135 L i=
3= sind 1 R 225
Select Al Annotate Selection. .. cos(t) . ! ; copy
Properties. .. Wiew Definition As 3 sini t) '-‘ .'r
Aw. | o 3 e e—
— . N E& Properties...
=7 Paragrach. . Copy opy

Alignment 4
Skyle... Add Input Yariable

Copy Selection
Add ©utput variable

Subscript Properties... Properties... Select Al
Superscript Deselect Al
Disable Evaluation Eormat... Remave Qukput Variable
[ Hypetlink. .. Cptirnize Trace... Export... o
Zocrm... Edit Script...

Export a5 Component
Disable Evaluation

OberT: Mathsaft Slider ¥

Bring ta Front Disable Evaluatic

Hide Arguments

Send to Back Bring ko Fronk

Send ko Back Disable Evaluation

Puc. 1.31. KonTtexctHoe MeHIO pasHbiXx 00bekToB Mathcad

1.3. [NaHenn NHCTPYMEHTOB

ITaHenM WMHCTPYMEHTOB HaXOJATCS HENOCPEACTBEHHO MOJ CTPOKOM
[JIABHOTO MEHIO U COAEPKAaT B OCHOBHOM KHOIKU-MUKTOrpamMmbl. Pas-
OMBKa KOMaH/ B CIIUCKAX TOJIMEHIO OTpe/iesIeHHbIM 00pa3oM JUKTYeT
MOPSIOK PacIOJIOKEHUSI KHOMOK Ha naHensX. ['paHuubl rpynn oTMme-
YEHbl BEPTUKAJIbHbIMU Pa3/1€JUTE/IAMHU.
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['naBHasg 3ajaya BU3yallbHONO MHCTPYMEHTApUsi COCTOMT B YCKOPEH-
HOM BbI30Be KOMaH[. M300paxeHus (MMKTOrpaMMbl) SIPKO OTPaXKaroT
(hbyHKIIMOHAJITbHO® Ha3HAYeHHE WHCTPYMEHTAIbHBIX CPEJICTB.

OTKpbITh U1 cebs U y3HaTh BO3MOXKHOCTH WCIOJIb30BaHUA KHOMOK-
MUKTOrpaMM MOXKHO, U3ydas OOLLYIO JIOTUKY pa3paOOTKU U UCClenyst
MPaKTUKY CO3[aHUS MAaTEeMaTUYeCKOTo JAOKyMEHTa. ABTOpbI HAACHOT-
Csl, YTO KOHLIEHTpalysi BHUMAaHUS B MpeIbIAyIIeM pas3zene Ha rpyI-
NMUPOBKE KOMaHA U AEHCTBUSX C HUMHU MMOMOXeET B 3ToM. KomnakTHoe
pacmnosyioykeHue KOMaH B CIIMCKaX MEHIO U cHaOeHue Hanbosee 3Ha-
YUMBIX U3 HUX MUKTOrpaMMaMy NpefonpenenstoT yaoocTBo paboThl.
MHoOroypoBHeBbIi XapakTep pa3paboTKu U OTVIAJAKH JOKYMEHTa K-
TYeT ClIeAYIOULY0 "TeXHOJOru0" NeiCTBUH.

CHauaJia CO3/1aeTCsl YMCThIM 0JIaHK JIOKYMEHTa MO BbIOpaHHOMY 1a0-
JIOHY, eMy TIpUcBauBaeTcs UMs B GaiiioBoii cMcTeMe XpaHeHHUs, 3aTeM
OH HAanoJIHACTCA COACPKUMbIM (TeKCTOBaﬂ MOoCTaHOBKA 3aJa4u, HC-
XOJIHbIe JaHHbIC W YCJIOBHS, METOJ| PellleHUs U T. 1I.), IO Mepe HeoO-
XOZIMMOCTH OCYLIECTBJISIETCSI peIaKTUPOBAHWE CO3JJAHHOTO JOKYMEH-
Ta, yCTPAHSIOTCS OMevYaTKu B CONPOBOXKaroleM Tekcte. Pabora Hax
BbIUYMCITUTENBHBIMU OJIOKaMH TpebyeT 0co00ro KOMMEHTApUs — 3TO-
My MOCBsIIIEHA COepKATEIbHAS YAaCTh KHUTH.

B0k KHOMOK-MMKTOrpaMM, BH3YaJbHO PacroiOKEHHbIA MEXIy Bep-
TUKAJIbHBIMU Pa3ACIIUTEIIAMU rnaHesneu HUHCTPYMEHTOB, ONPEAC/IUM KaK
KOMITOHEHT TaHead. O0beJUHEHHE KOMIIOHEHTOB, MPUHITOE pa3pa-
0OTYMKAMH, MO-BUIIMMOMY, CBSI3aHO C MOPSIJIKOM M XapaKTepoM MOjI-
rOTOBUTEJILHBIX U OCHOBHBIX paboT ¢ npoueccopamu Mathcad. [Tosio-
JKEHHE KHOMOK BHYTPU KOMIOHEHTAa HECKOJBbKO OTJIMYAeTCs OT IM0-
CIIEZI0BATELHOCTH Pa3MEIIEHHS] KOMAH]I C MAKTOTPaMMaMHi B MEHIO.

[TpoBeneM "KOMIMOHEHTHBIN" aHAIM3 COCTaBAa MHCTPYMEHTOB, JJIs Ye-
ro MCMOJIb3yeM MOPSAKOBYIO HyMEpalHio KHOMOK (aHaloruyHo [5])
U YKa)KeM NPUHAJIeKHOCTh KOMIIOHEHTAa TOMY WJIM MHOMY MEHIO CHC-
TeMbl, Kak oOo3HaueHo Ha puc. 1.32. B Mathcad Bwigensitor Tpu
OCHOBHbIe maHenn WHcTpyMeHTOB  Standard (Cranpapthas)
(puc. 1.32, a), Formatting (Oopmatuposanue) (puc. 1.32, 6) u Math
(Marematuka) (puc. 1.32, 6).

OcHoBHOU U Benyulel B MHCTpyMeHTapun Mathcad sinsiercst naHesb
Math (puc. 1.32, 6), koTOpas Hy>Ha Ui BBIBOAA LIEJIOTO psiAa crie-
LMATM3UPOBAHHBIX MANUTP (TIaHenel) MaTeMaTHUeCKUX KOMaHI.
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Tools
File Tools Edit Format | Insert View Help,
I | [ [ [ I | |
123 4 56 7 8 9 10 1112 1314 15 16 17 18 19 20 21 2Ma 22
D-2d &Y el e = 20 | v @
Calculate | a
1 1a 2 3 4 5 6 7
Mormal ~ | Arial w10 % B I U |% S iE K ox
Superscript 6

12 3 4 5 6 7 8 9

A [ »= 13 <E 31 op ®)
Pragramming Toolbar h s

Puc. 1.32. Tpuana uncrpymenrapus Mathcad

I'maBHas 3agava BU3yalbHOIO UHCTPYMEHTApPHUSl COCTOUT B YCKOPEH-
HOM BbI30B€ KOMAaHJ, MUHYSI NPOLECC HABUIALMU B CUCTEME MEHIO.
HzoOpaskeHus (MMKTOrpamMMbl) IPKO NPEACTABIISIOT (PYHKLHMOHAILHOE
Ha3HaYeHHEe UHCTPYMEHTANBHBIX cpencTB. Ha kaknoil nanenu BHava-
Jie BbIAEUM HauboJiee IpKo XapaKTepu3yloliye UX nukrorpammsl. Ha

naHenu Standard mepHas Kpykka E HArOMUHAET O BO3MOXKHOCTH

MPOBEJAEHUS BBIYHMCICHUH C Pa3MEepHOCTSIMH, CUMBOJI OTpakaer
CnocoOHOCTb OBICTPOro 3aIlycKa BBIYMCIIMTEIBHOTO MPOLIeCcca, Ha Ma-

Heau Formatting cuMBOJIbI , EI, EI MO3BOJISIIOT CTAHAAPTHBIM
o0Opa3om QopmarupoBarh TEKCT, Ha TpeTbel naHesu Math Bbigenum

3Ha4YO0K NaJIMTpbl MPOrpaMMHUPOBAHUA W 3HAYOK NaJIMTpblL

CUMBOJIbHBIX BbIYMCJICHHUIA.

Jliobast naHe b UHCTPYMEHTOB C KHONKAMHU-MUKTOIPAMMAMU MOXKET
OBITH OTOOpakeHa, yOpaHa 3a HEHaJIOOHOCTBIO HA TAHHOM 3Tare Win
MepeHacTpoeHa Moj KOHKpPETHbIE CIIOKMBIIKECS Y TIOIb30BaTess
npeanouteHus: no komannae Customize (HacTpouTh) KOHTEKCTHOTO
MEHIO, MOSBJISIOLIErOCs MOCIIE BhIACICHHST 00BEKTA.

OnbITHBIN 10J1b30BaTE/Ib MOXKET ObICTPO Y/AJIUTh C MAHE]W 33 HeHa-
JIOOHOCTBIO KaKyFO-HUOY/Ib KHOMKY, NepeMeliasl € 3a rpaHulibl rjia-
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BalOLLEH MaHeJ U NPy HaKaTol KiaBuile <Alt>, U BEpHYTb B peKUMe
nuajora HacTpoidiku Customize ¢ NMO3UMIMOHMPOBAHUEM B MpereIax
pasaenureneil BbIOpaHHOU IPyIbl KHOMOK.

VYnpasnsTe npoueccoM OTOOpaXKeHUs: WKW COKPBITUSL UHTep(eCHbIX
naHeseil MOKHO HECKOJIbKUMHU CIOCO0aMHU: U3 INIABHOTO MEHIO View |
Toolbars, xontekctHoro MeHto Hide (CkpbITh) Miin KHOMKOH 3aKpbi-
TUSl IJ1aBaOLLEH MaHesu.

1.3.1. NaHenb Standard (CraHgapTtHas)

WMHcTpyMeHTbl NaHesu npejHa3HaueHbl Ajsi ObICTPOro BbINOJIHEHUs
KOMaH/i, TPU3HAHHBIX CTaHAapTHeIMH i1 Mathcad u mmpokoro
KJlacca KOMITBIOTEPHBIX CHCTEM, paboTalolUuX ¢ TEKCTOBBIMHU JIOKY-
mMeHTamu-Gaiiiamu. be3yClloOBHO, BaXKHbIM W LIEHTPAJIbHBIM HHCTPY-
MeHTOM Asisi Mathcad mpu3HaH s7eMeHT ynpaBieHHs BbIUYKCICHHUEM
BBIJIEJIEHHOTO BbIpaxkeHus (kHorka Calculate IEI PeCTaBIseT
komanay meHto Tools, mofcBedeHa Ha pUCyHKe).

Ha mnanenu cocpenotodeHsl Hauboliee AaKTUBHO HCIONb3yeMble
komanbl ciaeayrouux meHro: File, Edit, Insert. Ouu oGecneunBaror
padoty ¢ daiinamu, peiakTUpoBaHue, BCTaBKY (YHKLMHI, €IMHULL 13-
MEpEeHUIl U HEKOTOPHIX OOBEKTOB (KOMMOHEHTHI, MOJKIIOYaeMble K
CUCTEME, MMIIEPCChIIKH, TaOJIMLIbI).

[lo nee no3uumu Check Spelling (Ilposepka opdorpaduu) u
Calculate (Boiuucnurs) npeacrasieno u3 meHio Tools, a Takke
Align Across (BeipoBHSITh ropuzoHTanibHO) U Align Down (Beipos-
HSITb BEPTHKAIbHO) — K3 MeHI0 Format.

W3 meHto View BikitoueHo mojie (O COMCKOM) MaciiTaOWpoBaHMS.
[lociieaHsss KHOMKA NMaHejIu — KHOIKa O0palleHusl 32 NOMOLIbIO Me-
Hio Help.

Takum 00pa3om, Ha MaHeNW He MPEACTABJICHbBI JIULIb MO3ULUK MEHIO
Symbolics, koTOpbie JEHCTBUTENBHO HE OTHOCATCA K CTaHIaPTHBIM.

PaccmoTtpum nanee TexHomornueckue v (PyHKLMOHATIbHbIE BO3MOXK-
HOCTH UHCTpyMeHTapus naxenu Standard.

[epBble KHOMKKM MOANCPIKUBAIOT OOLIMK MOPSAAOK BbIMONHEHUS (aii-
JIOBBIX Orepanuii mo padore ¢ nokymeHrom (1—4) (Hymepauus cooT-
BETCTBYET puc. 1.32, a):
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1. — HOBBIM IOKyMEHT C U300paKEHUEM UYMCTOro OJlaHKa 0-
KyMEeHTa — OTKpbIBaeT HOBBIA pabouuid JIUCT JUISl CO3/IaHUs Oue-
PEaHOTO IOKYMEHTA;

2. — MOJIOCKA CO CTPEJKOH BHHU3 — OTKPHIBAET CIMCOK BO3-
MOKHBIX CTHJIEH CO371aBa€MOro JOKyMEHTa;

24 ~
3. — NW300paXKeHUe OTKPBITOM Marku — BbI3bIBAET JUAJIOrOBOE
OKHO /151 BbIOOpA M3 CIUCKA U 3arpy3KU paHee CO3aHHOrO U COo-
XpaHeHHoro (paiina (qToKyMeHTa);

4. — M300pakKeHUE AMCKETbl — COXPAHSET MU3MEHEHWs B YyKe
CYWECTBYHOLLEM OTKPbLITOM AKTUBHOM JOKYMCHTC WJIKM BbI3bIBACT
nuanorooe okHo Save As (CoxpaHWTh Kak) MpH MEpBOM CoXpa-
HEHUH HOBOTO JIOKYMEHTA.

[leuaTb U KOHTPOJIb AOKYMEHTA MPELYyCMAaTPUBAET CJSAYIOLMI KOM-
MOHEeHT UHCTPyMeHTapus (5—7):

5. — M300pakeHUe MPUHTEPAa — OTKPBIBAET [IMAJIOrOBOE OKHO
Print ([leuatb) yis pacrnevaTrkd CO3JaHHOTO JOKyMeHTa Ha Oy-
Ma)KHbIA HOCUTEJIb;

6. — n300paskeHne JINCTA W JIyNbl — MIPOCMOTP M MO3TarHas
BU3yasibHasl OLIEHKa KayecTBa MOATOTOBKU AOKYMEHTa Iepen Ie-
4aThl0; BOZMOXKEH OMEPaTUBHbIN Mepexo/1 K BHINOJIHEHUIO MeYaTy;

RE

7. |¥ | — m3o6paxenne BcraBku 6yke ABC — mposepka opdorpa-
¢uu, Kak TpaBUIIo, 3aBepllaeT BaKHBIA 3TaN CO3aHuUs TEKCTOBOU
4acTH JOKYMEHTA.

PaumonanpHas opraHuzanus peIaKTHPOBAHHUS MAaTEMaTHUYECKUX BbI-
pakeHUH M TEKCTOB Mpeorpeenuia cliedytolue OJIOKU AeicTBUN
8—10wmu 11, 12):

8. — n300paskeHne HOXKHUL — olecreunBaeT yJajeHUe Bblje-
neHHoro (parmenra Texcta wiu Gopmyinsl B Oydep oOMmeHa ngaH-
HbIX;

9. — m300pakeHHne HECKOJbKUX KONHui — obecreunBaeT KOMH-
poBaHMe BBIJIENIEHHOTO (pparMeHTa Tekcta uin Gopmysisl B Oydep
oOMeHa TaHHbIX;
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10. — uzo0paxeHue noprdelis — ob0ecrneurnBaeT BCTaBKy Bbijle-
JIeHHOTO (¢parMeHTa TekcTa wiu Gopmyisl u3 Oydepa oOMeHa

JIAHHBIX;

11. — n300pakeHHe CTPEJIKM € MIOBOPOTOM BJIEBO — 00ecredu-
BaeT OTMEHY MOC/IeIHeH KOMaH/Ibl;

12. — 1300paXKeHUe CTPEJIKM ¢ MOBOPOTOM BIPaBO — BOCCTa-
HAaBJIMBAET MOC/IEAHIO OTMEHEHHYHO KOMaHI.

PacnosioxeHue Gpopmys1 1 00bEKTOB JOKYMEHTA MOXKET ObITh HETOUHO
MO3ULIMOHUPOBAHO, MO3TOMY BKJIFOUEH KOMIIOHEHT C ABYMs KOMaH/Aa-
MU BeipaBHUBaHUs MeHIO Format | Align Regions (13, 14):

13. — n300paXKeHHe CUMBOJIA BbIpaBHUBaHUsI 10 BEpXHEW rpa-
HULIE — OO0CCIEUMBACT BbIPABHUBAHUE BbIJICICHHON o00sacTH
BJI0JIb TOPU30OHTATILHOM JIMHUY;

14. — nM300paXKeHHe CUMBOJIA BbIPABHUBAHMS MO JICBOW IpaHU-
e — o0ecrneyrBaeT BbIpAaBHUBAHUE BbIAENIEHHON 0bjacTu BIOJb
BEPTUKAJIbHOW JIMHUM, PACIOJIOKEHHONH MEXy caMOil mpaBoil u
caMoM JIEBOU U3 BBIIEJIEHHBIX 00JIACTEN.

OCHOBHBIMH O0OBEKTAMH MaTeMaTH4YeCKOro TIpoleccopa SBJISIOTCS
(dopMyJibl, co31aHHe KOTOPBIX OOYCJIOBJICHO MMEIOLMMMUCS BCTPOCH-
HBIMU (DYHKIUSIMH:

15. — u300paskeHne 3Haka (QyHKUMHM — OOEeCreurBaeT BbI30OB
nuanorooro okHa Insert Function (BcraButh ¢yHkumio) nms
BCTaBKM HYKHOM hyHKuuu (cM. puc. 1.20).

Bo3moxHa ¢uzndeckas TpaKTOBKAa pe3ysIbTaTOB C HCTOIb30BaHUEM
€MHUL] U3MEPEeHUN:

16. — u300pakeHHe MEpHOH KpY»KKM — 00€CrevnBaeT BbI30B
auanorosoro okHa Insert Unit (BctaButs equHMLIbI) Ha3HAUEHUS
HY>KHOM eTUHHIIBI n3MepeHus (cM. puc. 1.21);

17. EI— M300paskeHNe 3HAKa PaBEHCTBA — 00ECNEeuMBaeT BbIUMC-
JieHue Bcex (GopMyJl (BbIpaXKEeHHIt), PacrosioKEeHHbIX NpaBee Kyp-
copa U HUXKE;
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18.

19.

20.

21.

22.

— u300pakeHue PparmMeHTa Lernd — 00eCrneYnuBacT BCTaBKY
FUNEPTEKCTOBOM CChUIKU;

— n300pakeHue KaMmepbl — 00€CreYrBaeT BCTaBKY KOMIIO-
HeHTa — 00beKTa OJIHOr0 U3 CTAHAAPTHBIX MPUJIOKEHUI, HaIpu-
Mep aeKTpoHHoM Tabnuiel Excel, Tak uro pabora ¢ HUM OyneT
NPOXOAUTH B OKPY>KEHUH WHTEpdelica BLIOPAaHHOTO MPUIIOKEHUSI;

@ — u300paxkeHUe TabJIMLIbl — BCTaBIAeT 1A0I0H TabauLbl B
MECTO YCTaHOBKH Kypcopa;

100% % | — pacKpbIBAIOLIMNUCS CHMCOK — O0ECHeUMBaeT ycra-

HOBKY 3Ha4yeHHMi Macuitaba Uil YMEHbLICHHS WIH YBEJTHYCHHS
1300pakeHus pabouero Jmcra;

— n300pa’keHHe 3HaKa BOMPOCAa — BbI3bIBAET HAIOTOBOE
okHo Mathcad Help (CnpaBka Mathcad) ans mpenocraBieHus
CIPaBKH.

1.3.2. MaHenb Formatting (®opmarupoBarne)

[TaHenb COAEPIKUT TPU PACKPBIBAIOLIMXCS CIMUCKA JJIsi U3MEHEHHUs! aT-
pubyToB (cTHIB, WPUDT U ero pazMep), a TAKKe PaclpOCTPaHEHHBIN

B

Windows-punokeHusiXx TUNOBOM HabOp KHOMOK-MUKTOrpaMm

wpudToBoro odopmiieHus (MOay>KUPHbIH, KypcUB, NMOAYEPKHYTHIH),
BbIpaBHUBAHUs TEKCTOB, HyMepalMy U MapKUpoBaHusl ab3ala, BKIO-
YEHUS TEKCTA B BEPXHUI WIK HWKHUN UHIEKC.

Bua v peiictBue KHOMOK cieayromue (HyMmepalus COOTBETCTBYET
puc. 1.32, 6):

1.

[ ormal v |— packpsiBaroluMiicss CIMCOK ¢ HA3BAHMEM CTH-
JIl — TIOKa3bIBa€T UMsI TOTO CTHJIS, C KOTOPBIM padoTaeT MojIb30-
Batesib. [Ipy HEOOXOIMMOCTM MOKHO PACKPbITH CIIMCOK HMEIo-
LIMXCS CTHIIEH W BBIOpaTh IIETYKOM MBIIINA HYXKHBIA CTHITB;

. |Arial V|— PACKpBIBAIOIIMIACSA CMHUCOK C HA3BaHUEM

UCHOJIb3YeMOro B HacToslMiA MoMmeHT wwpudra. [Ipu Heobxonu-
MOCTH MOKHO PACKPbITh CITIMCOK UMEIOLLMXCS IUPU(PTOB U BHIOPATh
LIEJTYKOM MbILIK HY>KHBIN 1pUT;
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3. — pacKpbIBaIOILUICS CIMUCOK ¢ pa3MmepoM mipudTa, Hc-
M0J1b3YeMOro B HACTOSAIMI MOMEHT. [Ipu HEOOX0MMOCTH MOKHO

PacKpbITh CHHMCOK W BHIOpATh INEIYKOM MBILIM HY)KHBIH pa3mep
mpudTa;

4, — nu3o0paxkeuuss Oyke B (bold, nosyxupHbiii),

1 (italic, xypcuB) u U (underline, moguepkHyThIi ) — mpeoOpazyroT
BbIJICJICHHbIH TEKCT, (hOpMYIly, BbIpa)KEHHUE COOTBETCTBEHHO B I10-
JIY’KMPHOE, KyPCUBHOE HaYepTaHHUS WIIK C MOJJYEPKUBAHUEM BblJie-
JIGHHOro (hparMeHTa, BO3MOXKHO HX I0CJIE[0BATEIbHOE HajloKe-
HHE;

5. — M300pakKeHHs TEKCTa, CABUHYTOIO BJIEBO, BBIPOB-

HEHHOT'O MO LEHTPY, CABUHYTOI'O BIIPABO — BBIPABHUBAIOT TEKCT
MO JIEBOMY Kparo, 10 LEHTPYy WIH IO MPaBOMYy Kparo COOTBETCT-
BEHHO;

6. — HU300paskeHKss MApPKEPOB U HYMEPOBAHHbBIX IMyHKTOB —
YCTaHaBJIMBAIOT MapKep B BbIAEJIEHHOM (parMeHTe TeKcTa JIMOo

HyMEpalu1Io, Jajiee OCYIIECTBISETCS WX aBTOMATHYeCKas MO[-
JIEPKKa B MOC/ASAYIOMX ad3alax;

7. EI EI — M300pakeHHs NepPeMEHHON ¢ HAJCTPOUHBIM MK MOJA-
CTPOUHBIM 3HAKOM — 00€cneunBaloT 100aBlI€HUe HAACTPOUHbIX
WJIH TIOJICTPOUYHBIX CHMBOJIOB COOTBETCTBEHHO.

1.3.3. MaHenb Math (Matemaruka)

Ha manenu cocpenoToueHbl BCe KHOMKHM BbIBOAA "mayuTp" AJis BKITIO-
YEHUsI OCHOBHBIX 00beKTOB pabouero gokymeHTa GpopmyJ, rpadukos,
martpul (4, cieloBaresibHO, TabJIMLL), @ TAK)KE BCEX KIIHOYEBbIX CJIOB
Mathcad.

[Tanenu oObIYHO MepemellatoT B Haubosee yaooHoe Ajisi paboTbl Me-
cro. Ha puc. 1.33 nokazana naHenb, npuxaras K OOKOBOH CTOpPOHE
pabouero okHa. JlaHHas mMaHenb MO3BOJISIET OTKPBIBATb Pa3JUUHbIC
MaHeabKH MaTeMaTUYECKUX UHCTPYMEHTOB, MPEAOCTAaBIsisl AOCTYH KO
BCel MajluTpe KOMaH/1 BEIUMCIICHUH 1 peoOpa3oBaHuil.
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KaneimaTop
Mpauk
MaTpHua [l [vector and Matrix Toolbar]
<BripakeHre= x=
BLMHCNEHHA <MaT.aHanHz = J&
Eynessl fiyHELMKH <&
MPOrpaMMHMPOEaHME ol
Mpeqeckme BykBkl e}
CHMEQMEHEIE EEIMHENEHHA * | [symbolic Keyword Toolbar |

Puc. 1.33. Knonku nanenu Math ¢ BeribiBatoiuMuy HaarnucsaMu

Bua u neficTBUe KHOMOK CleAyIoLMe:

— u300pakeHNe KaJIbKyJIITOpa — BbI3bIBAET MaHEeNb UHCTPY-
MeHTOB Calculator (Kanpkynarop) ¢ kHOMKaMu /Jisi BBITIOJTHEHUS
CTaHJAPTHBIX ONEepaLiii, CBOUCTBEHHBIX KaJIbKYJISTOPaM;

— n3obpaxeHre rpaduka — BbI3bIBAECT MaHeNb WHCTPYMEH-
toB Graph (I'paduk) ¢ kHONKamMu Ajis MOCTPOCHUS Pa3IUUHBIX
TUTOB rpauKoB;

— u300pakeHMe 3arOTOBKM MaTpHLIbl — BbI3bIBAET MaHEJb
uHcTpyMeHToB Matrix (MaTpuua) ¢ KHONKaMu 1S BbITOJHEHUS
pasuYHbIX onepaluid HaJ MaTpULlaMU U BEKTOPaMH;

— u300pakeHUe OYKBbI X U 3HAKA PABHO — BbI3bIBACT MAHEIb
uHcTpymeHnToB Evaluation (BbeipaxxeHue) ¢ KHOMKaMu i BbITOJ-
HEHHs Pa3jMYHOrO BHJAa PABEHCTB, BblA4M PE3yJbTaTOB WU pa3pa-
00TKM cCOOCTBEHHBIX (JOPM OTEPATOPOB;

— n300paXkeHue 3HaKOB MHTerpajia u auddepeHumrana — Bbi-
3piBaeT maHesnb MHCTpymMeHTOB Calculus (Maremaruueckuii ana-
JIM3) C KHOIMKAaMH JJIsi BbIMOJIHEHUs onepauui auddepeHunposa-
HUS, UHTETPUPOBAHUS, CyMMHPOBAHHUS, YMHOXKEHUS, B3STHS TIpe-
JIeJIOB 1 BBE/IEHUsl 3HaKa OECKOHEUHOCTH;

. — H3o6pa>1<eHHe 3HAKOB HEPABEHCTB — BbI3bIBACT I1aHEJIb

uHctpyMeHToB Boolean (byneBbl ¢yHKLMM) ¢ pa3nuyHbIMU 3Ha-
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KaMU PAaBEHCTBA M HEPABEHCTBA YMCJICHHBIX U OYJICBbIX BbIpaKe-
HU;

7. — un3o0paxkeHue OJOK-CXeMbl — BbI3bIBA€T MaHENb HHCTPY-
MeHTOB Programming (IIporpammupoBanue) co BCTPOEHHBIMH
orniepaTopamu MporpaMMHUpPOBaHUS;

8. — n3o0paxkeHne OyKB rpedyeckoro andaBuTa — BbI3bIBAET
naHenb UHCTpyMeHTOB Greek (I'peueckue OyKkBbl) CO CTpOUHBIMHU
U MPOIMUCHBIMU OyKBaMU Ipeueckoro andasura;

9. — N300paKEHUEe aKaJAeMUYeCKOM LIANbl — BbI3bIBAET IMa-
Hesb MHCTpyMeHTOB Symbolic (CuMBOJIBHBIE BBIUMCIIEHHS) C
KJIIOUEBbIMHU CJIOBAMU U1l aHATMTUYECKUX MpeoOpa3oBaHuii.

Ha puc. 1.34 nokaszana Bcs manutpa mMaremaTHueckux komanf. Ila-
HEJIbKM TIpEeJICTaBIeHbl B COOTBETCTBUM C KOMIIOHOBKOH MaHeTH
Math, psanom ¢ Kakaoil U3 HUX B KOMIO3HUIIMU TIOKa3aHa KHOTIKA BbI-
Boja. Kaxnas u3 naHesiek MoxeT ObITh 3aKpbiTa MPU HEOOXOIMMOCTH
KHOMNKOMH 3aKpbITHs (X), pacnoOOKEHHON CripaBa OT 3arojioBKa.

Ha nesstu nanurpax maremarndeckoro HazHaueHus Mathcad pacno-
JIOXKEHbl KHOMNKM € apupMETHYeCKUMH W TPUrOHOMETPUUYECKUMHU
(YHKUMSIMH, C OCHOBHBIMM apU()METUUECKUMH OrepaTopaMmu U orie-
patopaMu MaTeMaTU4YECKOIO aHaiu3a, ¢ OyJeBbIMU BbIPAXKEHUSIMU,
KHOMKU KOHCTPYMPOBAHHUS ONEpaTopoB, HaOOpHas rpymnmna AecsThH4-
HbIX LUHUDP, MUKTOrPaMMbl Pa3IMUYHbIX THUIOB IpaMKOB, MUKTOIpam-
MBI 715 3aaHNAS aTprOyTOB M 00pabOTKN MaTeMaTHYECKUX 0OBEKTOB,
KHOTKW C KJIFOYEBBIMHM CJIOBAMH CHMBOJILHOTO TpOIeccopa M BCTPO-
€HHOIl crcTeMbl TporpaMMupoBanusi. C UX MOMOIIBIO MOJKHO OYEHb
OBICTPO COCTaBUTH AJITOPUTM PELICHHUS] TOCTATOYHO LIMPOKOTO Kpyra
3ajau.

Hrak, Hamu OBUTM pacCMOTPEHBI CIEIyIIIUe CIOcoObl BBI3OBA
KOMaHI:

L4 HaBurauys rno KoMmaHgaMm MCHIO C ITIOMOLIBIO MbIIIH;
4 KCHoJIb30BaHHME KHOIOK MaHenei HUHCTPYMCHTOB,

4 Haxatue KoMOMHauuM KinaBull <Alt>+<oyxea>+<Oykea> B mo-
ClleZIoBaTeNIbHOM cXeMe WHHULMAIU3alU{ TJIAaBHOTO MEHIO, 3aTeM
3aroJIOBKOB MEHIO U 3aBEpLIAIOLIEH KOMaH/IbI;
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sin cos tan In log

(T I @& & &)

e % () iy 3L |5

w7 o8 9 -

4 5 B X |@|

+ 1 2 3 + & &

o - = [ > 1§

=
1ir|;_1}i§n+'||m

B

bl symporc |
¢ § ¥ & & [ — — Modifiers
o m o8 v kK N p float complex  assume
Aad] Programming 5] ¥ E oom g oo solve simplify  substitute
Add Line — T U qb X oW o w factar expand coeffs
if otherwise A BT AE Z collect series parfrac
for wehile Ha I K AMAM fourier laplace zirans
break continue N = Ol P Z invfourier inviaplace imatrans
return on error TY & X ¥ & n' - nl— Ml —

Puc. 1.34. ITanutpsl komana Math B cooTBeTCTBUM C KHONKAMU BbI30Ba

4 ObICTpBIM BBI3OB MO cXeMme OAHOBpeMeHHoro Haxkatus <Ctrl> u
COOTBETCTBYIOLIEH KIIFOUEBOM KJIaBULIM;

¢ Hepe3 KOHTEKCTHOC MEHIO.

1.4. OcHOBbI Ananora nosib3oBarens
B Mathcad

Pekomennyem ucrnosnb3oBaTh sl paboThl BEChb apceHasl AOCTYIHBIX
3JIEMEHTOB UHTep(delica CUCTEMBI.

PaGora c cucremoii Mathcad 3axmouena B ciemytomeM oobeme Aeii-
CTBUI — BBOJ1 JIaHHBIX, BBOJ, (DOPMYJI, BBOJ OCHOBHBIX TEKCTOB, BHE-



OcHosBbl Anasnora nosnp3oparesis ¢ cuctemort Mathcad 65

JpeHue aHHOTaLMK HeroCpeaACTBEHHO B (hopMyJibHbIe 0JIOKH, BHEApE-
HUE MaTeMaTH4YecKUX (OopMyJ1 B TEKCTOBbIe OJIOKU, MPOBEIACHUE Tpe-
OyeMbIX BbIUMCIIEHUH B PyUHOM WJIM aBTOMAaTUYEeCKOM PEXKUME, MOITY-
YeHHE pe3yJIbTaToOB, UX BU3yaJlbHOE OTOOpaXKeHHe, coXxpaHeHue pabo-
4ero JOKyMEHTa B OJJHOM M3 MpejJjlaraeMbix cucTeMoi ¢opmaros.

Jnist ocBOGHMSI YUCIeHHBIX pacyemog HeO0X0IUMO:

1. TIpoBOAWTH 3ME€MEHTApHbIC BBIUMCICHHUS W CrelHalbHble BbIYKC-
JICHUsI MaTemaTuueckux PyHkuuii (cm. en. 2 u 3).

2. TlpuMeHATh KOMMbBIOTEPHbIE TEXHONIOTUN pellieHHs 3a/1a4 B LEJIOM
(cm. en. 4).

OcBouTb anredpy MaTpulLL U BEKTOPOB (cM. 2. 6).
[IpoBoanTh BU3yanu3aLuio BEIYUCICHUN (CM. 2. 7).
Peumiate ypaBHeHus (cm. en. 8).

Boruncnsate uHTETpansl (cm. 2. 9).

NS W

Pemmats 3agaun untepnoisiunu (cm. e, 10).

Ananumuueckue @viyucienys TPEANONAraloT MPUMEHEHUE KOMIIbIO-
TEPHBIX TEXHOJOTUH CUMBOJIBHBIX BBIYUCICHUH (CM. 2. 5), MO3BOS-
FOT OTHICKMBAaTh MPOM3BOJHYIO W HEONpPeAeIeHHbIN WHTErpal, BbINOJ-
HATh CHUMBOJIBHBIE ONEpalliM C MaTEeMATUYECKUMM BBIPOKEHUSIMH, a
TaKKe NAlT BO3MOXKHOCTb peluaTh psa anredpanyeckux v audde-
pPEeHLMATbHBIX YPAaBHEHWH B CUMBOJIbHOM BHUJIE.

Hekotopbie ocHoBHble mpueMbl paboThl ¢ Mathcad oTaenbHbBIMU
(dparMeHTaMU ObIIM YKa3aHbl B MPEAJIOKEHHOM TEKCTe, UX apceHa
MOKET ObITb JOMOJIHEH B X0/1€ Pa0OThI M0 NPEAJIOKEHHOMY IJ1aHY.

TTose3HbIM OKaXKETCSI CAMOCTOSITENIbHOE BBITIOJIHEHHE TIpe/IaraeMbIX
3aj1a4, oOpallleHHe B Cllydae Heylad 3a KOHTEKCTHOM CIpaBKOM, aHa-
au3 ananoros peineHuii B QuickSheets u ¢pparmeHrapHoe Mcnosib30-
BaHUE STHX MPEAOCTABIEHHBIX CIPABOYHOM CHCTEMOW MaTeMaThde-
CKHX TEKCTOB KaK OCHOBBI JIJIsl MPOBEPKH XOJa U OTJIaKH COOCTBEH-
HOI'o pelICHHs NOCTABJICHHbIX HpaKTHKOﬁ 3aaa4.

Haunem ocBoenue nuanora ¢ (OpMHUpOBaHUSI TEKCTyalIbHBIX OJIOKOB,
B KOTOPBIX BaKHO Cpa3zy OMpPENeNIUTh CYTh 3a/add, YTO JAHO W YTO
Haao caenatb. Bxon B TEKCTOBBINA pelakTop OCYLUECTBISETCS HaKa-
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THEM KJIABMILIM 3HAKa JBOMHBIX KaBbIueK (') BEpPXHETrO perucTpa Kia-
BHATYPBI.

Ha puc. 1.35 npencraBieno cBoeoOpa3HOe MPOEKTHOE 3a/laHue, B KO-
TOPOM MEPEUMUCIEHb] B OTJEbHBIX 3ar0JI0BKaX MHTEPECYIOLINE MOJIb-
3oBaTtess o0bexTsl Mathcad.

an" Mathcad - [e book 1_1] E]@EF
g X

[ﬂ File Edit “iew Insert Format Tools Symbolics ‘Window Help e
O-2zd &RkY M e = 20 e v 3
Mormal | Arial = i=
| I D
~
TekcToBRIA BROK Bnakn fopuyn Mpadimeu Tabnuua
1 .
1 ZaronoBok ﬁ 1234 a=5+4 i=1.9
2 [naeHoe MEeHH 1 2
in : =1
AHESH HHCTPYMEHTOE sint)
4 Kypcop BEOLA ) i
5 Monockl NpokpyTkM cos(t) sin(1)
B CTpoka cocTaAHMi cos(ty 0 7 0] o
“““ 1 1
2 4
R 0 1 3] 8
cosit) 4=[4| 18 w
< ¥
JFor Help, press F1 AUTO MUM | Page 1

Puc. 1.35. IlpoekT pabodero m1okymMeHTa

BHauasne nocraBuM 3afavy CO3[aTh HOBBIA JOKYMEHT W OMpPEAEUTh
CTUJIb ero ohOpMIICHHUS.

Pazbepemcs B mabnoHe anextpoHHod kHuru E-book, mpemocrapnen-
HOM pazpaborurkamu Mathcad. KHonka BbI30Ba HOBOrO JOKyMeHTa

m COCTOWT W3 JIBYX aKTHBHBIX 3JIeMEHTOB. PackpbIBaroiuiics npu
Ha)KaTUW Ha CTPENIKY CIUCOK BeJleT K BbIOOpY MIabioHa JOKyMeHTa U
onpezeaseT Hayajao Hauiero obuieHuss co cpeaoi. [lpu BbeiOope
Electronic Book B juajsiore OTKpbIBaeTCsl MHCTPYKLMs B dopme
"wnapranku" QuickSheets. /s ObicTpoil OpueHTallMKM B HIOAHCAX
MprMeHeHus] malbjloHa MPOIYCTHM 3TOT TEKCT Yepe3 3JIeKTPOHHBIN
MepeBOAUrK, coxpaHuB rnepeBof B ¢opmare RTF. PesynpraT oTkop-
PEKTUPOBAHHOTO TiepeBo/ia Ha ()OHE OCHOBHOTO TEKCTa MHCTPYKLWH
nokasaH Ha puc. 1.36.
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[ Mathcad - [Untitled:1] EEX
ﬂ File Edit Yiew Insert Format Tools Symbolics ‘Window Help -8 X
D - -2l &Rk Y B v MY = = O e v [
Blank Worksheet normal w | arial “lio v B I U H
Calculation Form
E-book CHAPTER HEADING: SATONOBOR MNABLI 2

Electronic Book
Microsoft Word
Normal

Section Title 3aronosok Pasgena

Report
Specification Form
Table of Contents
web Page

Heading One 3aronosok 1

Delete all the regions and the styles will remam mn the
template for your use

Vpanute Bce 0ONACTH M CTHIH OCTAHYICA B
o
wabnoEe RIA Bamsl"o HCIOJIEZ0BAHHA

Heading Two 3aronoBok 2

TpOHYMEPOBAHHET CTHIE CIHCKA C
ABTOMATHHECKHME HOMEPAMH, BCTAECHHEE
Mathcad

1. MNumbered list style with automatic numbers
put in by IMathcad

rumbered item in the Hat.

®  Bulleted list style with automatic bullets
put in by Mathcad,

Just press [Enter] to start the next
bulleted item in the hst

=

. Custom list style using a hanging indent.
2. Thiz style allow you te add your own

2 Tust press [Enter] to start the next 2.

Tomeko HugMuTe [BEON], ST00E SaITyCTHTE
CTEAFIONTE TpoHYMEPOBAHHH

CTHIE MapKIj 0BAHHOT 0 CIHCEA C ABTOMATHHECKIME
MEPKEPAMI, BCTAETeHHERE Mathcad.
Torexo HaxnerTe [], wToBE! HAuaTs Cenyrnpdt
MENKED OM CIHCKA

1. BarazHOR CTIUE CIMCIA, HCTIOMESYET BEICTYIL
2. '3TOT CTWIE I02E0ieT Bam nobapiare B ..

~

< >

Press F1 For help. AUTO UM Page 1

Puc. 1.36. I11a6mou E-book

Tenepb AOBOJIBHO JIETKO MOHATH MpeJHa3HaYeHUe AaHHOro opmaru-
pytouiero 1aboHa.

[Ipu xemaHuM MOXKHO MOAMGPULMPOBATb HEKOTOpPble aTpUOYTbI
uprdToB UcxonHoro mabdnoHa no komadae Format | Style. B nuarno-
rosom okHe Text Styles (Ctunn Tekcra) ykaxkem, Hanpumep, CTHIIb
Heading 1 ¢ panbHeiiiium 3aganuem onuuii moaudpukauuu mwpudra
Modify, Font.

[uanor co cpenoit Mathcad u ero aHajiu3, HECOMHEHHO, MPUHECIIN
HaMm ToJb3y. [lomyueHsl pekoMeHIAMKM U AWPEKTHBA C YKa3aHHUEM,
yTO JenaTh Aajbplue. B nentpe puc. 1.36 B pamke pa3melieHa aupek-
ThBa (NOJYCPKUBAHUSL B TEKCTE HAILUM), BbINOJHUM e€. Ternepb Mbl
OBJIaJeJI BceMH cTWIAMU madnona E-book.

Hrak, coznaB CTpOKy 3arojoBKa, B OTKPbITOM JIOKYMEHTE TeNepb yKe
oco3HaHHO nepeiinem ot ctuisi Normal k crunio Heading 1: meny-
KOM Ha CTpeJIKe Ha MUKTOrpaMMme CTUJIS |Mormal ~| nanenu
Formatting oTkpoem crucok CTujiei u BbIOepeM HYKHBbIH.
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ByneM koHTponaupoBaTh pacOopefeneHue TeKCTa B CTPOKE 3arojIOBKOB
no MepHoi JjuHelike Ruler, orTkpbiB ee, Hanpumep, HaOGOpPOM
<Al>+<V>, <U>.

Bce 3arosioBku 00beAMHUM B O/IHY CTPOKY, TOTAA UX JIer4e OJJHOBpe-
MEHHO (OpMATHPOBATh U paclpeeuTh Mo WHpUHe Jucta. J{ns yBe-
JMYEHUs TMCTAHLIMK MEX/Y CJIOBaMH BHYTPH TeKcTa Ha war 1,25 oM,
YCTaHOBJICHHBIM MO YMOJYaHHIO, CIIeAyeT HCIONb30BaTh KJIABHLLY
tabynsiuuu <Tab>.

Pesynbrarom ocBoeHMss TeXHMKHM pelakThpoBaHus Tekcta Mathcad
Oymer ordopmaTUpoBaHHas CTPOKa 3aroJIOBKOB, IMOKa3aHHAas MOJ
MepHOH JMHeWKoW Ha puc. 1.37, U ps MHTEPECHBIX CBEIEHMI, OKa-
3aBLIMXCS NOCTYNHbIMU Uil Hac. [lon nuHelikoi 3ameTHsl "pucouku”,
WK MeTKH TalyJISIUMK C YCTaHOBJIGHHbIM warom. [Ipotus "pucku" Ha
YETBEPTOM CaHTUMETPOBOM JAEJCHUHU 3a(pUKCUPOBAH Kypcop, a CABUT
OT Hee BIpaBo ouepeaHoro 3arojioBka "biioku dopmyn" obyciosieH
HECKOJIbKUMHU JAOMOJHUTENbHBIMU HaXKaTUsIMU KinaBuuu <[Ipobemn>.

[ Mathcad - [e book 1_1] X
ﬁ File Edit View Insert Format Tools Symbolics ‘window Help -8 x
OD-2d &R Y D O v @
Heading 1 v | avial v |14 = | IS =
é-l-‘-l-z‘ L R I - T - B B ) L U B O N I L e - ‘Ii-l-Id-IO
L Texcroprti6mox | II. Broks opmys I11. I'paprxu IV. Tabmoma A
n
TekcToewid Brok Bnoku diopmyn Mpaduru Tabnuua
1
1 Saronoeok ﬁ 1234 a=5+46 i=1.9
2 [naEHoe MeHH 2
cly ! ' =i
AHENW MHCTPYMEHTOR sin(f)
4 Kypcop BEOAA ) i
5 Monockl NpOKRYTEM cos(t) sini 1)
B Crpoka cocToaHui cos(ty 0 7 of o
“““ 1 1
2 4
-1
-1 0 1 3 ]
cas(t) i=]4 |18 ~
< >
Press F1 Faor help. AUTO MUM Page 1

Puc. 1.37. Crpoxka 3aronoBkoB Hax oosextamu Mathcad

BHuUMaHKHe K TE€XHOJIOTHYECKMM MOMEHTaM B3auMOIEHCTBHs, Oe3yc-
JIOBHO, OTpaXkaeT Auajior co cpeaoi: cpeaa Mathcad OykBanbHO 3asB-
JSIET O MPEJOCTABIIEMbIX BO3MOXKHOCTIX MHTepdeiica. Hago Toabko
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HAay4YUTbCA paclio3HaBaTb ACTAJIM U MOHATH CUMBOJIbHBIN SI3BIK Oua-
Jora.

OObpallleHue K KOHTEKCTHOMY MEHIO — 3TO CBOEOOpa3HbIi Iuasor,
Hecyluil xapakrep skcneptussl. [lonb3oBarens, no cyTu, 3agaet Bo-
MPOC, YTO MOYKHO /1€1aTh ¢ OOBEKTOM B CIOKMBLICHCS CUTYaLMH.

Korz[a AUajior OCYHICCTBIIACTCA BU3YyaJIbHbIM CHOCO6OM, TO Haao
ObITh BHUMATEILHBIM KO BCEM (Ila)l(e OYEHb MEJIKUM M HEOOJIBIINM C
TOYKH 3pCHUA HOJ'IB3OBaTeJ'I${) NpU3HaKaMm €ro MnposgaBJI€HUA CO CTOPO-
Hbl KOMIILIOTEPA.

BBoa maremarudeckoro 6j0ka OCyLIECTBISETCS] OCIEI0BATENbHBIM
HabopoM waboHoB oneparopoB W ¢yHkuuii. [loka nuanorosblii pe-
JKUM HE 3aKOHYEH, Mepexoil K HEe3allOoJHEHHbIM YacTsAM IiabiioHa
CJIO)KHOTO MAaTeMAaTHUYECKOrO BbIPAXKEHMST MOXKET ObITh ClieJlaH TOY-
HbIM MO3ULIMOHUPOBAHUEM (MIEPEHOCOM) Kypcopa MbIIIK WM, Kak
ajibTepHaTHBa, ONIePaTUBHBIM Ha)kaTHeM KiaBuuu <Tab>.

HanonHeHnue onepaTropHbIX CXEM IMPOU3BOAUTCA 3aJaHUCM aprymMeH-
TOB, MAPaMeTPOB, JOOMpPEAEICHUEM ePEMEHHBIX, KOTOpble He ObUTH
ornpejesieHbl paHee W Ha Kotopblie cuctema Mathcad ykasbiBaer noa-
CBETKOM (Ccpasy Mo 3aBeplleHrI0 Habopa BCero BhIPaXKEHHs) KPaCHbIM
LIBETOM.

VY nonb3oBaresist JO/KHO ObITh SICHOE OHUMAHUE U OCO3HAHHUE TOTO,
YTO MOKA HE BbIBEICH LIETUKOM MBILIH Kypcop U3 00JIacTH BBOJA, WU
KaK ajbTepHaTHBa He Haxkara kiaBuua <Enter>, Habupaemblii mare-
MaTU4YeCKUH OJIOK He BOCIIPUHUMAETCS IEPCOHANbHBIM KOMIBIOTEPOM
KaK JIMPEKTUBA K UCIIOJIHEHUIO.

Takum 00pa3oM, COCTABHBIM 3JIEMEHTOM JMANOra sSBiseTcs Gpukcarus
okoHuaHus HaOopa dopmyJibl. Bo MHOrMX nporpammHbIX MPOAYKTAax
MO 3TOMY JICMCTBHUIO OCYLIECTRIISIETCS MEPEX0 K HOBOM CTPOKe, UTO B
Mathcad siBHbIM 00pa3oM (hUKCUPYETCSI CMELLEHUEM BHU3 Kypcopa B
BHUJIe KPECTHKA KPAacHOTO [IBETa.

Juasnor cocTouTcs, eciii MoJib30BaTellb He OyneT rnpeHedperaTh Aaxe
MeIbYAUIIIMMHU €r0 MPOSIBJICHUSIMU CO CTOPOHBI KoMmmbioTepa. [lo cy-
miecTBy Hajo oOpainaTh BHAMaHHE Ha BCe BH3yaJibHble W3MEHEHUS
pabouero okHa, COMpOBOXKAAIOLIME ASHCTBHS NOJIb30BATEJIS.

He 3a0yneM coxpaHWTb BBIMOJHEHHYIO paboTy (yrnpasiisitouias KHOII-

Ka ).



rMABA 2 y/

dnemeHTapHble BblMUCNEeHNS
B Mathcad

Bce maremaruueckue 3anucu Ha pabouem nosie qokymenta Mathcad
BU3YaJIbHO 3HAKOMbI KAXKAOMY YECJIIOBCKY CO LIKOJIbHOM CKaMbH.

BHauasie nipu BBO/E BbIpaKEHUH HECKOJIbKO HEOOBIYHbIM BUA UMEIOT
TOJIbKO HEKOTOPbIE CIELUAIbHbIE CUMBOJIbI 7-MECTHBIX ONEpPaTopoB
(=1L, 1 =11 T. 1.) U 0cOObIE KOMaH/bl CHMBOJIbHBIX NPeOOpa3zoBaHuii
(1—, 11 —), HO ¥ OHH MOCJIe 3aMOJIHEHUS YEPHBIX MAPKEPOB BBOJA
craHoBsitcss aupekruBamu aisi [IK. Tlpu paGore maremaruveckoro
npotieccopa Kax/as He3abJIoOKMpoBaHHas MaremaTuieckas GopmyJia B
nokymenre Mathcad nmpuHUMaeTCsi K UCMIOJIHEHUIO.

[lporpammHas cpeia pacno3HaeT CUMBOJIbHbIE OOBEKTbI BXOAHOrO
s3bika Mathcad, nHTepnperupyer ux (aJeKBaTHO CMbICJIOBOMY BOC-
NPUATHIO YEJIOBEKOM) W 3aIlyCKaeT CBS3aHHbIe ¢ HUMH BCTPOSHHBIE
MporpaMMHbIE KOMIUIEKChI, HEBUTUMBbIE TOJIB30BATEITIO.

Ecnu nonb3oBarens B cpege Mathcad cam coznaer nporpammy, To oHa
otoOpakaeTcst (OTKpbITa Ul UYTEHUsI) Ha TOM ke jucte. BuzyanbHoe
OTJIMYME MPOrpaMMbl MOJB30BATENS OT MPOUEro TeKcTa pabouero no-
KyMEHTa NMPUIAIOT ClIeAyIOLINe MPU3HAKH:

4 CTpPyKTypHpOBaHHE KO/A MPOrPaMMBbl;
4 crneuudurka KIHOUYEBBIX CIOB.

Hecnoxnbiii rpaduueckuii npueM BblaesseT OCHOBHbIE 0a30Bble KOH-
CTPYKLMHU pa3pabaTblBa€MOro ajropuTMa BBIYHUCICHUH — cieBa OT
KaXX/10M U3 HUX aBTOMAaTHYECKH MPOPUCOBBIBAETCS BEPTUKAIbHAS JIU-
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HUsl. 3a CHET 3TOro SIPKO BUJIHBI MCIMOJIb3YyEeMbl€ KJIIOUEBbIE CJIOBA,
BJIO)KEHHOCTb KOHCTPYKLUMH W Jlerie BOCIPUHUMAETCS CTPYKTypa
MPOrpaMMBbl.

Takum obpazom, Mathcad kak crcTema MOSHOIEHHOTO BU3YalbHOTO
NPOrpaMMHPOBAHUS CO CBOUM BXOJHBIM SI3BIKOM, OJM3KHUM K TPHHS-
TOMY MaTeMaTH4YeCKOMY, ¢ MHTEPIPETATOPOM M WHTEJLICKTYaIbHOM
CHCTEMOM CHMBOJIbHBIX M YHCIICHHBIX MPeoOpa3oBaHU MO3BOJISET
(hopmuposath OoJiee ruOKUe KOMILICKCHI nporpamm [12].

2.1. Tunbl gaHHbIX

Pacuetsl B Mathcad npoBonsTcss Han TaHHBIMH, TIPEICTABICHHBIMU B
TUNOBOH (hopme, B COOTBETCTBUM C XapakTepOM ONEpaTropoB WU MC-
MoJib3yeMbIX (DyHKLHUH.

Cucrema Mathcad nonaep>kuBaeT cienyrouye TUIlbl JaHHbIX:
¢ Hmenosannas koncmanma

Uucno m— 3TO uMcioBas MMEHOBaHHas KoHcTaHTa. HaubGonee
Ba)KHbIE KOHCTAHTbl MMEIOT cOOCTBEHHOE 00O3HauYeHWe (Hanpu-
Mep, e, % u o0). Eciii Bbl HE MOMHHUTE 3HAYEHUS] HEKOTOPBIX KOH-
cTaHT — 3T0 He Oe/a, B paz0. 2.3 OyAeT nokaszaHo, Kak UX Onpejie-
JIUTb.

¢ Umenosanmnvie nepemMennole

HMeHOBaHHBIE TIepeMEHHbIE JeNATCS Ha OOBIYHBIE M CHCTEMHBIE.
OnpeaensmolimMe X UMEHA Ha3bIBAIOTCS uACHTU(DUKATOpPAMHU, KO-
TOpBIE COCTOAT M3 JATMHCKUX WJIM TpeueckuX OykB W LUQP.
OOBIUHBIM MEPEeMEHHBIM XOTS Obl pa3 JOJIKHBI ObITh TMPHUCBOEHbI
0J1b30BATEJIEM UMCJIOBbIC 3HAYEHMWS, KOTOPbIC MO XOay padoThli
MOTYT MEHSIThCSI.

CucremHbie NEPEMCHHbLIC TOJYYAKOT 3apaHeeC ONpPCACJICHHbIC CUC-
TEMOU HaYajbHbIC 3HAYCHMSI.

¢ Panoicuposannvie nepemennuie

PamkupoBaHHble MepeMeHHble, SBISSCH  BCIIOMOTATEeNIbHBIMM,
o0ecrneurBaloT MHOXKECTBEHHOCTh 3HAUYECHHUI B YKa3bIBAeMbIX T'pa-
HULAX JMana3oHa npu 3ajJaHHoM iuare uameHeHus. Mathcad Bbi-
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YUCJIAET BbIPAXKEHUS ¢ TAKOU NEPEMEHHON M0 BCEM €€ 3HAUYECHUSIM.
Wrepauuun ocyuectsisitores 0e3 siBHOro 3aganus uukia. Coxpa-
HEHHUE BCEil COBOKYMHOCTH pe3yJIbTaTOB JOCTUIAETCS 3a CUET MH-
JeKcauuu odpa3yeMoro Maccusa.

¢ Mampuyer u eexmopul

Martpuubl U BEKTOPbl — 3TO JABYMEPHbBIE MJIM OJAHOMEPHbIE MACCH-
Bbl AaHHbIX. [lepedTH K HUM B pamKax MHOIMX 3aj7ay yJaeTcs, ec-
JIM UCMOJIb30BaTh PAHXKUPOBAHHbBIE IEPEMEHHbIE.

HemnocpeacTBeHHO paHKMpOBaHHAsi NEPEMEHHAs HE SIBJISIETCS BEK-
TOPOM, HO UMUTHUPYET €T0.

¢ Daiinosvle Oannwvie

JlaHHbIe MOTYT OBITh OTUYKJIEHbI OT JOKYMEHTa, XPaHUThCS B OT-
JIeNibHbIX (haiiyiax, 4To OMpeAe/sieT 0COObIe CYLIECTBEHHbIC OT/IM-
yus npu pabote ¢ HUMU. Daiisibl MOJIE3HBI MPU XPAaHEHUH OOJTBIINX
00beMOB TaOJMYHBIX JaHHBIX.

IlepemeHHO!N NpUAAIOT 3HAYEHUE C MOMOLLBIO CHELMAIBHOrO Ornepa-
Topa npuceauBaHus (:=). Ums nepemMeHHo B 11a0JI0HE 1 ;=1 3aMKChI-
Baetcs ciesa. Oneparop NMpUCBaWBaHUS NpeaycMaTpUBaeT Mepenady
KOHKPETHOI0 3HAauY€HHsi WJIM MaTeMaTUUeCKOro BbIPaKeHHs cCrpaBa
HaneBo. Eciu B kakobi-inbo dhopmyJie YMCIIGHHOrO pacueTra HE OIpe-
JlelieHa Ta WM WHas nepeMeHHas, To cpeaa Mathcad BoicBeTHT ee
KpacHbIM 11BeToM. Korna Kypcop penakTupoBaHUs OXBaThIBAET TAKyHO
MepeMEeHHY0, TO BblaeTcs npeaynpexxaenue (puc. 2.1).

n= g

Thisg wariable or function
iz hot defined above.

3Ta NepeMEHHAA MW DYHKLHMA
HE onpedeneHa BRILE.

Puc. 2.1. [lpeaynpexaenue 00 OTCYTCTBUM OMPEICICHHUS MTEPEMEHHOM

[lonoGHas peakums cpeabl OOs3bIBACT MPUCBAUBATH BCEM IMEPEMEH-
HbIM HEKOTOPO€ HayaJIbHOE 3HAYEHHE W TAKXKE SIBJISETCS MPUMEPOM
auanora. MckiroueHue u3 3Toro npasuila COCTABJISIET TOJIbKO MOArO-
TOBKa (pOpMyYJ1 11 CUMBOJIbHBIX MPeoOpa3oBaHUii.
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st uimocTpauMy HEKOTOPbIX MPUEMOB PabOThl MPUBEJEM PELICHHE
CeAYIOLEH NPOCTOM 3ajauu: OHNPEAC/IUTb JUIMHY OKPYXKHOCTH L,
OPUEHTUPYACh Ha MPUBEACHHYIO K1acCU(pUKALMIO JaHHBIX.

Pacuernas ¢opmyJia umMeeT BUA:
L =2nR.
31ech 2 — 4HciIoBas KOHCTaHTa, T — UMEHOBAaHHAs KOHCTaHTa, R —

HMCEHOBaHHas NMepeMEHHasl.

lMpumeuaHune

Beog natuHckon OykBbl C HaXxaTMem "BAOrOHKY" 3a nepebiM CUMBOOM
OZHOBPEMEHHO elle ayx knaesuuw <Ctrl>+<G> paeT nepexoa k rpeye-
ckomy andasuty. Utak, ana BBoga cvmeona n 6yaem ncnonb3oBatb
crnenylowmin KnasuaTypHbeli Habop: <P> n <Ctrl>+<G>.

Tak kak 4ucio 2 U T OnpeeseHbl, TO s BbIYKCIeHUs L He0OX0auMO
UMeTb 3HaueHue R.

Pelenue nomyyaercs ¢ HOMOLIBIO CACAYIOLINX ICHCTBHUIA:

4 BBOJ 3HAUYEHHS MEPEMEHHOU R := 1;

4 BBOA QopMmyJibl 2 * T * R;

4 HaxaTue KIaBUIIW <=> (paBHO) JUIsl BBIYKCIICHHWS U BHIBOJA pe-
3yJbTara.

Ha skpaHe nosiBUTCS OTBET: 6.283.

[IpuBeneHHast TEXHOJIOTHSI UMEET TOT HEI0CTATOK, YTO PE3yJIbTaTy He
NPUCBOEHO UMSI UIMHBI OKPYXKHOCTH L.

I[J'[S[ MNPUCBOCHUA pe3yJibTaTy MAAHHOIO HMMEHH HCIIOJb3YCETCA CJIC-
Ayrouias USMCHCHHas TEXHOJI0rus:

4 BBOJ 3HA4YEHUS MEPEMEHHOW R := 1;
4 BBOA (popMyJIbI C IPUCBOCHHUEM UMEHH L:
L:=2*m*R;]

4 Halop BHauajie CUMBOJIA T, a 3aTeM 3Haka (=) (paBHO) il BbIBOAA
HCKOMOTO pe3yJibTara.

Ha SKpaHe OTO6pa3I/ITC${ OTBET B BUAC: L = 6.283.

Peinenue 3aaa4uu 1Jisd oboux CJIy4acB MMOKAa3aHO Ha pHUC. 2.2.
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R=1 R=1
2n-F =08283 L=2xR
L =6283

Puc. 2.2. Onpenenenue UIMHBI OKPYKHOCTH

2.2. Onepatopbl U hyHKLUN CUCTEMDI

CucteMo00pa3yolMy  3JIEMEHTaMU BXOJHOIO  SI3bIKa  SIBJISHOTCS
oneparopsl U PyHKLUUH.

Onepatop 0003Ha4YaeTcs OAHUM WM TMOCIEIOBATEIbHOCTHIO CUMBO-
JIOB ¥ uHMUMUpYyeT B cpeae Mathcad onpenesnenHoe maTremMaTryeckoe
JIECTBUE U/ ONEepaLuIO.

DyHKLUMS, B OTJIMYKUE OT ONEepPaTopoB, MMEET COOCTBEHHOE MMs, BCJIC]
3a KOTOPBIM OTKpPBIBAIOTCS CKOOKH, @ B CKOOKaxX MPUBOJIUTCS CIIUCOK
apryMmeHToB. DYHKLMS BO3BpAlL@ET BBIYMCICHHOE 3HAUCHHE, COOT-
BETCTBYIOIEE yKa3aHHOMY Habopy aprymeHtoB. Eciu Ha cumBose
oreparopa WK Ha KMeHH (DYHKIIMH, BBEJCHHBIX B pab04nil JOKYMEHT
Mathcad, yctaHoBUTh Kypcop 1 Haxars kiasuiny <F1>, To oTkpbiBa-
€TCsl COOTBETCTBYIOLIAsi CTPAHHIIA CITPABKH C MOSICHEHUSIMH.

Oneparop Mathcad BBoaMTCSl IByMsI crioco0amMu: CriellMalibHOM Kia-
BUILICH WM coueTaHHeM KJIaBWII JTHOO KHOIKOW Ha OJTHOW M3 MalUTp
naHenu Math (cm. ta6m. 2.1).

Jlns obnerueHus BOCTIIPUATHS CTPYKTypa Tabmullbl ynpoileHa. B ox-
HOM T10JI€ NPECTABICHbI ATPUOYThI:

4 ums oneparopa;
4 Buj KHOIKH C OTJIMYMTESIbHBIM CUMBOJIOM OMepaTopa;
4 1walJI0H, BO3HUKAIOLLMIT HA 9KpaHe MOHUTOPA;

4 KiaBMaTypHbIM HA0OP oneparopa.

2.2.1. O6wme onepatopbl BBOAa-BbiBOAA

Oneparopsl MepBoi U3y4aeMoil rpynnbl B OCHOBHOM COCPEIOTOYEHbI
Ha naHenu Evaluation, HekoTopble M3 HHUX MPOAYOJUPOBAaHBI U Ha
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apyrux naHensx. KnaBuaTypHble BapuaHTbl BbI30Ba MPUBEACHbI B
Tabu. 2.1.

OnepaTtopbl JIOKaJbHOTO M TJIOOATBHOTO TPHCBAUBAHUS SIBIISIOTCS
oreparopamMu BBoja MH(HOpMaLIKK.

Oneparopbl  BbiBoga wuHpopmauud B Mathcad HasbiBatoTcs nO-
0co0oMy, oTpaxkasi 3TUM B OOJIbLION cTerneHu PyHKLUMOHAIbHOE 3Ha-
YCHUC [JId OpraHu3aluvuu BBIYMCJICHUH: oneparopbl YUCJICHHOIO H
CHMBOJIBHOTO BbIYHCIICHUIA.

¢ Jlns o0o3HaueHUs: NpUCBauBaHUsl JIOKAJIbHOIO JEMCTBUS oneparo-
pa (B mpenesiax CoCeIHUX CIIpaBa M HIKeNIexKalux obacreil, T. e.
BIPaBO W BHU3) UCMOJIb3YyeTCs 3HAK (:=). OH BBOAUTCS HA)KaTHEM
KJIaBULIM <:> (ABOETOUHE) BEPXHETO PerucTpa.

4 Oneparop r100ajabHOrO MpucBauBaHus 0003HAYACTCS CUMBOJIOM
(=) n ABNseTCS MO CYTH OMepaTopoM BBojAa KoHcTaHT [12]. 3Hak
3a/aeTcs KiaBuiiei <~> (Tuibaa) B BepxHeM peructpe. [lockomns-
Ky JeiicTBue riiobajlbHOE M pacipoCTpaHseTcs Ha BeCh JIOKYMEHT,
TO NPUCBOCHUE MOXKET ObITh MPOBEACHO B JIIOOOM MECTE JIOKYMEH-
Ta, Ia)Ke B CaMOM €ro KOHIIE.

4 OrnepaTop YMCJICHHOTO BBIYMCIEHUS U BbIBOJA pe3yibrata (=)
(paBHO) cTaBUTCS NOC/IE€ WUMEHWM KOHCTAHTbl, MEPEMEHHON WiIn
¢ynxuuu. [Ipu nmepBoM ero BKIIIOUEHHH, €CIIM TIepeMEeHHasl WiH
¢GyHKIMS paHee He ObUTH OODBSBIEHBI, IPOUCXOIUT €r0 aBTOMATH-
Yeckas 3aMeHa Ha Omneparop MpUcBaMBaHUs (:=) Ul BBOAA COOT-
BETCTBEHHO €€ YMCJIGHHOrO 3HA4YEeHHWsl WJIM MaTeMaTH4YeCKOro Bbl-
pakeHus. PexoMeHyercsi KOHTPOJMPOBATh 3aBEPLICHHOCTb MpO-
Hecca MPUCBOCHHUS 3HAYEHHH MEPEeMEHHbIM, HCTIONb3YS JaHHOE
CBOICTBO oreparopa (=).

4 CumMBoJibHOE BblUMCIIeHHE (peoOpa3oBaHKue) U BbIBOJL COOTBETCT-
BYIOLIETro pe3yJibTaTta 0003HauaeTcsl 3HAKOM CTpeNIKH, HarpaBJieH-
HOM BrpaBo. MoxeT ObITh MPOCTHIM (—>) MM PACIIMPEHHBIM C 10~
MOJIHUTENBHBIM KJTIOYEBBIM CJIOBOM, YTO 0003HA4aeTcsl MO3ULIMOH-
HOM MeTKO# B CUMBOJIe omepartopa, 1 —. Lllabnon pacmupeHnoro
BbIBO/IA 11 —> Ha DKpaHe MOHHUTOPA COJIEPXKUT JIBa MapKepa BBOJA.
B nepBblii Mapkep BBOAMTCS Ha3BaHWE WJIM HEMOCPEICTBEHHO
¢dopmysia npeodpazyemoil GyHKUMHM, a BO BTOPOH — JOINOJHU-
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TEeJIbHBIA OMepaTop CUMBOJILHOTO npeodpasoBanusi. Oneparopsl
CHUMBOJIBHOTO BbIBOAA BbI3bIBAIOTCS KHONKAMM (YETBEPTOM W IMisi-
Toi) MHCTpyMeHTanbHOH naHenu Evaluation uny, kak BapuaHT,
aHaJOTMYHbIMU KHOoNKaMu naHenud Symbolic. KnaBuatyphblii Ha-
Oop mnpeacraeieH kKomOuHauusimu kiasuul: <Ctrl>+<> (Touka)

B CJIy4ae MPOCTOro CUMBOJIBHOTO BbIBOJA n <Ctr[>+<Shift>+

+<> B ciy4ae pacLIMPEeHHOr0 CUMBOJIBHOTO BbIBOJA |* 7 |.

Onepatopbl CUMBOJIBHOTO TMpeoOpa3oBaHus MpPUBEACHbI Ha MaHETH
Symbolic (cm. pazo. 2.2.6).

CuMBoOSIbHOE TpeoOpa3oBaHHWe WHOTAA HMCHONB3YeTCS B YHUCICHHBIX
BBIUMCIICHUSIX KaK B IpUMepe, KOTOPbIM MoKa3aH Ha puc. 2.3.

Ha pucynke B Tpex neiictBusix Mathcad B cpaBauTensHOl dopme mo-
Ka3aHo clefyrouiee:

¢

¢

pacyer ¢ UCMOJIb30BAHUEM OKPYIJICHHOIO 3HAUEHUSI KOHCTAHTbHI TU
(Mconb30BaH onepaTop YHUCIEHHOTO BBIBOJA (=));

pacdeT ¢ TOYHBIM Pe3yJbTaTOM, HO BKITHOYAIOIIUM CHMBOJIBHYIO
MMEHOBaHHYIO KOHCTaHTy T (MCIIOJb30BaH OMEpaTop MPOCTOro
CHUMBOJIBHOTO BbIBOJA (—));

| A [] 2= | [§ <E 3] af | W

1. MpubnkeHHEIR pacyeT

Evaluation
23141075 = 67.51 = 1= = — = f3 xf xfy xh

¥

2. TouHele PacHeTel N0 CHemMe CHMEONEHOMD BEIEOL S

a) 2@-1075 = 21500

5) x float — . FNHKMEROE CNOEBD 2aNHCaHD B Mapkepe BEOLS
Paclitpenozd ORebaindda CHMEONEHOMD BERIEOOA

o float — 3.14153926535897952385

— .

Muadifiers float

Puc. 2.3. [TpubnvxeHHABIC M TOYHBIC YUCTCHHBIC PACYCTHI
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4 [OoJyueHHe TOYHOTO YMCJIEHHOTO pe3yJibTaTa ¢ UCMOJb30BaHUEM
PacHIMPEeHHOTO CUMBOJIBHOTO BBIBOJIa M KJIFOYEBOTO CJIOBa float
(nnaBaroias ToUKa).

[locneanss mnpouenypa BbINNOJHEHA CleAyOUMM 00pa3oM: [MocJe
BBosa <P> u <Ctrl>+<G> BbI3BaH OnepaTop paclIMPEHHOro BbIBOJA
(x =) 1 Ha MecTe MapKepa yKa3aHo KIJII0UEBOE CJI0BO float. [1o ymon-
YaHWIO JIOCTUraeTcs YMCIIEHHBbIH BBIBOJ C JBAALATHIO 3HAYALIUMH

uudpamu.

Ha puc. 2.3 cnpaBa nokaszaHbl maHenu, coAepialllie KHOIMKU CHUM-
BOJILHOT'O BbIBOJA, NpuyeM naHesib Symbolic naer Bo3zmoxkHOCTb O€3
KJIaBUaTypbl KHOIKOM BBECTH KIIIOUEBOE CJIOBO float (Ha PUCYHKE 3Ta
KHOIIKA BbICBEUCHA).

MNMpumeyvaHue

B tekcToBom 6noke puc. 2.3 (NyHKT 2, 6) cnegyeT o6paTuTb BHUMaHne
Ha YEPHYI0 METKY m, CTOALLYIO pAAOM ¢ hOpMynoi, 3anMcaHHOW B pe-
XVMEe BCTaBku "mMaTtemartuyeckon mogbl". Metka urpaet ponb 6noku-
POBKM BbIMUCNEHMA, YTO Heobxoaumo, Korga dopmyna npvBOAWTCH
ANS MOACHEHWN Kak dparMeHT B TekcTe 6e3 oTobpaxkeHns pesynb-
TaTa.

JleranbHple NOsICHeHUs! 10 OJIOKUPOBKE U OMepaTropy float MpUBEE-
Hbl Ha puc. 2.4. [lepexo BHYTPH TEKCTOBOro 0JioKa B PEXKUM MaTeMa-
THUYECKOM 3arucu (HopMyJibl IPOU3BOJUTCS 1O KOMaHae MeHIo Insert |
Math Region.

IIpu obpamenuu k kHonke float mamutper Symbolic B nononauTeNs-
HOM Mapkepe 0003HAuYaeTCss HEOOXOAUMOE KOJMYECTBO 3HAYallUX
uucp.

s GoKMpOBKY BBIMUCIEHHH TO (hopMyJie B TMOSICHSIOIIEM TEKCTe
BBI3bIBAETCS KOHTEKCTHOE MEHIO Ha)KaTHeM TMPaBOW KHOIMKHM MbILIH
Cpa3y MocJie BbIIEJICHUS] KypCOpPOM PeAaKTHUPOBaHUs djieMeHTa (op-
mydibl. [lo komanae Properties (CBoiicTBa) KOHTEKCTHOrO MEHIO OT-
KpbIBaeTCs OJHOMMEHHOE NUAloroBoe OKHO. biokupoBka (opmysbi
3amaeTcs B 9TOM OKHe Ha BKiajake Calculation ycraHoBkoit duaxcka
Disable Evaluation (Otxmouuts Bbrumcienus) (puc.2.4). Taxoxe
0JIOKMPOBKY (hOpMYJibl MOYKHO BBITNOJIHUTH Y€pe3 CUCTEMY TIJIaBHOIO
meHio Tools | Disable Evaluation.
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A ] 5= |2 <E T ap| @

3apanue. Knwyeeoe cnoeo £loat zanucate & dopMyne onepatopa 11 =

Mepen eEOROM NEPEOTO CUMECNS QOPMYNEN BHYTPM TEKCTOEOMO ANOKS BEINOAHWTE:

*  BKNHYWTE MATEMATHYECKYH Mogy no komande Insert | Math Region;

*  pEecTH <P>, <Ctrl>+<G>, 2an0NHAA NEPEYH NOZMLMKD ONepaTopa;

*  BLIZEATE ONEPATOR § —* W 2AN0JHWTE MapKep choeom £loat, i

*  BEMWUNTE BNOKMPOBKY % float — | MYTEM BLIZ0BA KOMAHALI
meHi Tools | Tools | Disable Evaluation.
CywecTeyeT BTOpoRA cnocob BROKMPOEKK, KOTOPBIA CEAZAH
C BBIZ0BOM KOHTEKCTHOMD MEHH) B NPOMEXYTOMHEIR MOMEHT

pabioTer: « float] , erifiopom NyHkTa Properties u yctaHoekoi ) ]
Ha eknagke Calculation gnaxkka Disable Evaluation. et [7] Disiable Evaluatin

Display | Calculation | Protect

Calculation Options

Cnpagka. [onHaA onepaTopHan cxema float NpM BHIZOEE &
KkHoNkoA nadend Symbolic cogepkut 2 mapkepa: B NeBEIA
IAHOCMTCA BHIPEKEHWE WM DYHKUMA, B NPABLIA - YHCNO
sHauamux uyudp: o float,s —

Hanpumep: =« float,7 — 3141393

Puc. 2.4. [Ipumep ¢ ycTaHOBKOH KOJTMYECTRA 3HAYAIINX TP
JIUPEKTUBLI float

2.2.2. Jlornyeckue oneparopbl

N3 pecarka norunveckux omnepatopoB mnaHend Boolean (bynesbl
(yHKIMKM) ynenuM BHHMaHHE TOJBKO omneparopy (=) JIOrHYecKOro
paBeHcTBa. Ero HazbiBalOT 4acTo "KUPHBIA" 3HAK paBEeHCTBA U HUC-
MOJIb3YIOT B 3alMCH CUCTEM YPaBHEHUH B OJI0KaX peLIeHus:

4 c nomousto onepauuu Solve (Peints);

4 B KOHCTPYKLMH Given ... Find (cm. 2. §).

2.2.3. ApucpmeTnueckune onepatopbl

ApudmeTrrueckre ornepaTopbl BbI3bIBAIOT apudmeTHyeckue orepa-
LMK, 3a/1al0TCSl COOTBETCTBYIOIMMH KHOonKamu nanutpbl Calculator
(cm. pazo. 2.3) Uiy ¢ MOMOIIbIO KITABHATYPHI.

Jli1s Habopa HEKOTOPbIX ONEPATOPOB C KIABUATYPbl UCIIONIb3YIOTCS

4 onHa kiaBuina. Takwe omepaTopbl TEKCTyaJlbHO O00O3HaueHbI Ha
HW)KHEM PerucTpe KIaBHaTyphbl, 3To Tpu cumBoda (—), (=) u (/);
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4 Be kiaBuiuyM. OCHOBHOM CUMBOJI ONEpaLvy TEKCTYalbHO 0003Ha-
YeH B BEPXHEM PErucTpe KjaBuarypbl, 310 cumBodbl (1), (*) u (+).
HononuurenbHas kinapuia <Shift> caykuT a1 cMeHbI perucTpa.
[Ipumepamu 3amucy onepaTopoB SABISIOTCA Cleayole KOMOHA-
uu knaBuir: <Shift>+<1>, <Shift>+<8> u <Shift>+<=>.

st ynpoieHusi 06003HaYSHUI MPU TIOJIHOM MOHUMAHUK MPOLIETYPbl
MepeBo/ia KJ1aBuaTypbl B BEpXHUM PErUCTP 4ACTO OCTABJISIFOT OJAUHOU-
Hbie 0003HaueHus (cm. Tadi. 2.1).

2.2.4. MaTtpuyHble onepartopbl

MartpuuHbie oneparopbl Clyxar s NPOBEJSHHUs pa3zHOOOPa3HbIX
MaTpPUUHbBIX U BEKTOPHBIX NpeoOpa3oBaHuii, B TOM YUCIe U onepaLui,
HE NPUHATHIX B BEKTOPHOH aynredpe, HO MO3BOJISIOLIMX Peau30BaTh
MaccoBble BbluMciaeHHA. OmnepaTropbl COCPEAOTOUYEHbI HA MaJuTpe
Matrix. OniepatopHble cxeMbl (I1a0JIOHBI) MpeCTaBIeHbl Ha pucC. 2.5
B TAKOM K€ MOpPAJKE, KaK PacloJOkKEeHbl BbIBOJSIINE UX KHOMKU Ha
najurpe.

Puc. 2.5. OneparopHble 11a0n0Hbl M KHONKY naHend Matrix

Oco00 oOpaTvM BHMMaHUE Ha caeayrouive kHonku. KHonka ¢ 00o-
3HauYeHueM (m..n) CIYXKHUT IJIs 3a/laHus TpaHuUL] Auana3oHa (M mara
W3MEHEeHHUs) pamkKUpoBaHHON nepeMeHHo. [locnenHss nBeHanuaras
kHornka Picture (M3o0paxkeHue) peanusyer BcraBky B pabouuii 10Ky-
MeHT (aiiyia ¢ paciiupeHreM bmp.

KnaBuarypHble BapuaHTbl BbI30Ba MpUBeAeHbI B Tad. 2.1.
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2.2.5. BbluncnurenbHble onepaTopbl

BoruncnurensHble oneparopsl naHenu Calculus npeacTaBnsiioT, Kak
MPaBUIIO, CIIOXKHBbIE OMEpaTOpHble KOHCTpYKUuKM. Ha maHenu pacrio-
JIOJKEHbI KHOMKHW BbIYMCJICHUS CyMM, MPOU3BEJACHUIA, NPOU3BOIHBIX U
MHTErpajloB, Mpeae/ioB Tpex BuaoB (cM. tadi. 2.2).

Ha puc. 2.6 npencrapieHbl 1aGIOHbI ONEPATOPOB C MO3ULIUMOHHBIMH
Mmapkepamu BBoja. [locie paccTaHOBKM OmMepaHIOB M MPOYMX Mapa-
METPOB B MapKepbl BBoJa OJIOKM oneparopoB B JokymeHTe Mathcad
CTAHOBSATCA UCITIOJITHACMbIMMU.

d EL

Puc. 2.6. Oneparopusie madinonsl 1 kHonkw maHemn Calculus

2.2.6. CumBoOsIbHBbIE OnepaTopbl

Ha puc. 2.7 n 2.8 nokazaHbl Bce KJIFOUEBbIE CII0BA, UCMOb3yEMbIe 151
aHAJIUTUYECKUX MPeoOpa3oBaHUi B MHTEIUIEKTyaJbHOM CHMBOJIBHOM
npoieccope.

OO1mee yncio KHOMOK 24, TpY U3 HUX TyONUpYIOTCS HA JIPYTHX TaHe-
nsx. Kunonkoii Modifiers, B cBoro ouepenb, BBIBOAUTCS OMOJHU-
TebHAs NMaJMTPa C YEeThIPbMS KJIIOUEBbIMM ciioBamu. Ha puc. 2.7 nan
MEPEBOJI BCEX KIIIOUEBBIX CJIOB, MPEACTABJICHHBIX CJIEBA B JaHHOU
KOH(UrypaLuu naHenu; puc. 2.8 npoao/nkaer nepeueHb KIHUYEBbIX
CJIOB, KOTOpbIE TIpeACTABIeHbI CIIPaBa, BMECTE C NIepeBOIaMHU.

B cBoanbix Tabn.2.1 W 2.2 OCHOBHbIE ONepaTopbl OObEAMHEHbI B
rpyfinbl o 0J130CTH ASUCTBUI HaJl 00bEKTaAMMU.
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Symbaolic [

[EMB_.;JEEHEM_ D L
| | Muodifiers || float
| KOMIIEKC 1 comtpler — complex | assume
| PELEHKHE p solve, s — solve | simplify
3aMEHA 1 substitute g =9 — suhstitute | factar
| PACLHEHTE 1 expand ., expand | coeffs
| npUEECTW NoAoBHbE p collect g — collect | SRIBS
| YACTHEIE 400K 1 convert, patfrac g — parfrac | faurier
| npeobp. Mannaca 1 laplace, s — laplace | ztrans
| obp. npeabp. Oypee 1 invfourier,n — invfaurier |in\tlaplace
!_ ofip. Z-npeobpazoeaHue 1 inveEtrans . p — invztrans J n =
______________ s qn| =

MOSMBUKATOR AWaNazoHa ASIUME real 1 =teal  AeACTE.MOAWGMKETOP

1 = RealRange(n 1) | ReslRange trig MogMBHKATOR TEH By HELWA

Puc. 2.7. Kntouesble ciaoBa naHeau Symbolic u onepaTopHble 11a0J10HbI

- |_._>__ T w1 77 paciMpEHHE CHME.BEIBDL |
| Modifiers || float 1 float,n — nnae.zanATan |
complex | assume 1 assune, g — NPUMER, 4TO .. |
solve | simplify 1 simplify — YNPOCTHTE |
substitute | factor p factor,g — hAKTOp. paznoXeHHe |
expand | coeffs 1 coeffs 0 — Ko3dd. NOAMHOME |
collect | series 1 SEtlES,p.m —F PAZNOHMTE |
parfrac | fourier 1 fourier, s — npechp. Oypee |
laplace | Zirans 1 Zrans, — Z-npeobpazoeaHue |
invfourier |invlaplace _'_iil‘ﬂalﬁ='__>_ D_Epﬂeﬂp.ﬁnﬁca__J
invztrans M-
' — [M| —

Puc. 2.8. Kimouessie cioBa nanenn Symbolic 11 onepaTtopHbie n1abnoHs! (OKOHYIAHHE)
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2.3. Mathcad B ponu KanbKynfatopa

B poau kanbkyjastopa Mathcad ucnosib3yercs ¢ moMOUIbIO MaJUTPbI
Calculator (puc. 2.9). Ha pucyHnke ciieBa nokazanbl mabioHbl GpyHK-
i B TaKOM ke MOC/Ie0BaTeIbHOCTH, KaK pacrojoKeHbl Ha TaHeln
MX KHOIIKH, yHKTHPOM Bbl/I€/IeHa YMCII0Basi HAOOPHAs 4acTh MaHEeJH.

3a cder paboTHI ¢ KHOTMIKAMH JOCTUTaeTcsi ObIcTpoe U Ge301udoYHoe
HaNUcaHue J00ro CJI0KHOTO MATEMAaTUYECKOTO BbIPAXKEHUS, OCHOB-
HbIX QYHKLMI (nepBasi CTpOUKa NMaHesn) U 3a/laHue OCHOBHbIX Orepa-
uii apupMeTHKH.

sin(y)  cos(i) tangr) In() login Calculator
) i A i m sin cos tan In log
nl i =TT
1
&' - (n) = ' C N I
1
e . . n 78 9 /
k] :'I" 2 95 : L4 5 B w
! ! + +
Ll v 4 5 6 ) N P2
! : ! = g — =
TR 2 3 1+
1=1 E 0 E -1 =1

Puc. 2.9. Oneparopusie wabaoHbl U GyHkuuii nadenu Calculator

[TpuBeaem npuMepsbl BbIYUCICHUM.

Ipumep 2.1. HeoOxoaumMo MomyduTh 3HAUEHUS! YACITOBBIX KOHCTAHT
Mathcad: =, e, %, .

[Tpouenypsbl onpeaesieHUss KOHCTaHT UMEIOT CAEAYIOLUHA BUJL:

4 11eT4OK MBIIIM Ha KHOMKE (n) U 3HaKy (=), Ha dKpaHe MOsBIseTCs
3HaueHue n = 3.142; <Enter>;

4 1eUO0K MbILK HA KHOTIKE (€7);

L 4

BBO/JI YHUCJIa I8 Nno3uL0 MapKepa BBOAA,

4 HaaTue KJIABUILK <=>, HA 3KpaHe 0TOOpa3UuTCs e' = 2.718;
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4 BBOJ B HOBYIO MO3ULHUIO Kypcopa 3Haka (%) HakaTHeM KJIaBUII
<Shift>+<5>;

4 1enuok no KHomke (=) (MM HaKaTHe KJIaBUILM <=>), Ha JKpaHe
MOSIBUTCA pe3ysbTar 0.01;

4 BBOJ B HOBYIO MO3UIMIO Kypcopa 3HaKa (o0) IMyTeM HaXKaThs KJiia-
Buil <Ctrl>+<Shift>+<7>;

4 1IEIYOK N0 KHOMKE (=), HA 9KpaHe 0ToOpa3uTcs oo = 1 x 10°7,

Pe3ynbTatrhl onpeaeneHus KOHCTAHT MOKa3aHbl Ha puc. 2.10.

A ] n= (% <E T ap @

1. Ecnu nocne nonyyeHua pesyneTata Haskumate <Enters:

m=73142
el =2718

% =001
o= 1% IDED?
2. Echw nocne nony4yeHuA pesyneTata HaskMMaTe <Tabs=:

m=3142 el = 2718 % =001 wo=1x IDED?

Puc. 2.10. Briuncienuue uucnosbix koncrant Mathcad

Ha pucyHke nokasaHsl [iBa crnoco0a pa3melleHus pe3yJibTaToB.

[To ymonyaHuto mony4eHHbIH pe3ynbTaT MPeACTaBIIeTCs B TpeX pas-
psinax nocsie pasnenuTens Lejaod u ApoOHOH yacTu.

Hccnenyem opmatsl npeacraBieHus yuced.

Ocobo OTMETUM, YTO MPU BbIYUCIICHUAX C CUMBOJIbHbIM IMPEACTABIIC-
HHUEM KOHCTAaHT COXPaHACTCA MOJIHAA TOYHOCTb, HO PE3yJIbTAThl IO
YMOJHaHUIO TMPEACTABJICHbI € TpeMsA 3HaKaMUu IOCJIe JECITAYHOM
TOYKH.

Jlnst ycTaHOBKM APYroro JIOKALHOTO MpeJICTaBlieHus pe3yJibTaTta Ha-
A0 ABaXbl HWIC/IKHYTb Ha HEM W B OTKPbLIBLUEMCS NUAJIOIOBOM OKHE
Result Format (®opmar pesynbrata) B cuetunke Number of deci-
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mal places (Uucio agecsaTuuHbiX MECT) BbICTaBUTbL TpeOyemoe KOoJiu-
YeCTBO 3HAKOB nociie Touku. B npumepe 2.1 npencraBieHrss KOHCTaHT
T ¥ e MOXKHO CZIeJIaTh U TAKMMH, KaK NOKa3aHo Ha puc. 2.11.

n = 3.14150265355070
e1 = 2.71828182845p05 4 Result Format
o = 0.01 receeeemeeaeeneeneeeeney L Umber Format | Display Options | Uit Display | Tolerance
i Poprar Homepa |
207 Format
@ =1x10 Number of decimal places |14 Es
H H Decimal o i ——— ;
H Scientific [ Show talling zeroz ; Yucno AECATHYHELR MECT H
&ec;n'winoe HMCAD E:a%[?::mg O fShgwtexponents in engineering |:| MOKASETE KOHEYHIE Hy
i| Hayu et H orma :
; TesHuuecxmﬁ H {[[] Norazate akcnoHeHTs!
i Dona Erponential threzhald 3 E: TEXHWYECKOM DOpMETE
----------------------------- [Nok.asarenbHE nopor
[ ak. ] [ OrhieHa ] [Sat ES Default] [ Crpaeka ]

Puc. 2.11. dopmarsl npencrasieHus uncen B okHe Result Format

Ipumep 2.2. llocTpouTh onepaTopHyro cxeMmy (CKOHCTPYHPOBAThb
(hopMyITy) AJis BEIPAKESHHUS:

xX+y +y2
5+y

Jx+y .

Haiitu pesynbrar npu x =7, y =e ¢ TOYHOCTBIO O YeTbIpeX 3Haya-
LIUX pa3psiioB.

e .

Pemenne. [Topsinok KOHCTpYHPOBaHUs BbIPAKESHUSI:

B

]

1+
Ctpykrypa 3anosnHsieTcs 00xoqoM Mapkepos 3a 10 maroB (ycraHas-
JINBAIOTCS MEPEMEHHbBIC B 7 MO3ULIMAX U BBOISTCS 3 KOHCTaHTbl).

C nomompio okHa Result Format ycTraHOBUM 4KMCIIO 3HAKOB TOCJIC
JECITUYHOM TOYKM paBHbIM nsaTu. OOlee pelueHue npumepa 2.2
MpeACTaBJICHO Ha puc. 2.12.
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=2 e

OnepaTopHaA CXEME 3 pazpAna B ApobHOR YacTH
m['+']+.' Xx=x v=e
1+ e'
L LN n
! 1+ ]n[i y) * Yz
IR S ST
3
\||X+ w

5 pazpAdoe E pobHOA YacTi

+
{52)7
;—y-e"% 017051
., x+37

Puc. 2.12. YBenuueHue TOYHOCTU OPEICTABICHUS Pe3yibTara

2.4. BbiuncneHune
aneMeHTapHbIX PyHKLUN

Onpenenus B pazo. 2.1 B 00LKMX 4epTax, YTO Takoe QyHKLHMS, KAKOBbI
ee cBoiicTBa U arpuOyThbl, paCCMOTPUM OCHOBHYIO OOLLEHPUHSTYIO
KJ1acCU(pUKALHIO.

[lo npu3HakaM IOCTYNHOCTH W CJIIOXKHOCTH (DYHKLMH JEJISAT Ha dJie-
MEHTapHble U crienuanbHble. [lepBrle Bcerna nox pyKkow, onpeneneHsl
B CaMOM KOMIIBIOTEPHOM CHUCTEME MAaTEMAaTHUKH, SBJIAIOTCS BCTPOEH-
HbIMU B Hee. BobLUMHCTBO 31eMeHTapHbIX QYHKUMHA UMEeT OJIMH na-
pamerp.

[TockosibKy cUCTEMA MOCTOSHHO COBEPLUEHCTBYETCS, IOCTOSIHHO IO-
MOJIHAETCSl U CIUCOK BCTpoeHHbIX (yHkumid. Hekotopble dyHkuuu,
KOTOPbIE paHEe UCIOJIb30BAJIUCh TOJBKO B CIIELIMAJIbHBIX LEJAX, I10-
NajaloT U B 3TOT CMUACOK. ['paHuIIa MEKy HUMH pa3MbIBAcTCA.

Oynkims Mathcad BBogUTCS clieMyOIMAMU CIocO0aMu: CTieIUabHOM

KJIaBULLUEH MO0 KHOMKOHM C NMUKTOrpaMMoii Ha MAaHEJIM UHCTPY-
MeHTOB Standard, oTkpbiBatolLeli MyTb K BBIOOPY U3 CIIUCKA BCTPO-
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eHHbIX (built-in) ¢yHkuuii (cm. puc. 1.20). OnbiTHBIE NOJB30BATENH
MOTYT [03BOJIMTL ceOe HaOuparh ums QyHKUMM HA KaaBuarype. s
9TOrO HAJIO 3HATh MpaBUiIa HAMMUCAaHUs (CMHTaKcUC) QYHKIMU CO CITH-
CKOM apryMeHTOB, 3HaThb €€ UMs U NapaMeTpbl HAU3YCTb.

B Hamiem npeacraBiieHMM CIIMCOK BCTPOEHHbIX (DYHKLHMH, TOTOBBIX K
HEMEIJICHHOMY MCIOJIb30BAHHUIO, OTKPHIBAIOT JIEMEHTapHbIE MaTeMa-
TUYeckre (yHKIWHU, AOCTyrnHble ¢ aHenu Calculator (cwm. puc. 2.9).
OHu AeiCTBUTENBHO BCETAa MO PYKOH.

Berpoennbie ¢yHKkumu pa3OuThl Ha KaTeropuul Tak, YTO UX yJOOHO
BbI3bIBaTh, oOpalliasich K OmnpejeieHHOW yacTh cnucka. B cucreme
cnpaBkd Mathcad nmepeuncieHbl Bce KaTeropuyd BCTPOEHHBIX (YHK-
uii. KonnvecTBo kaTeropuii J1OCTUIIIO IBYX JECITKOB, BHAYase yKa-
3anbl QyHkuun beccenst (Bessel), 3aBepiuaeT nepedeHb BEKTOPHO-
MaTtpuuHble ¢pyHkunu (Vector and Matrix).

2.5. BbluncneHue
cnevumnanbHbIX PYHKLMUIA

HanomHum, 4TO (YHKUMM BO3BPALIalOT CUMBOJILHOE WJIM YMCIIOBOE
3HAa4YEeHUE, BEKTOP WU MaTpULLy.

CrieunanbHble QYHKINU pa30UThI HAa HECKOIbKO rpynm [8]:
4 Bessel — dynkuuu beccens;

4 Error function and complementary error function — uHTerpabi
ouIMOOK;

4 Special functions — ocralibHble crienuaibHble GPyHKLMH.

Ectb, ogHako, AOMOMHUTENbHbIC CrelHaibHble (YHKIUH, KOTOpbIe
OTHOCATCS K KJIACCy "HEAKTUBHBIX" — OHH HOCST TOJIbKO TEKCTOBBIM
PEeKOMEeH1aTeNbHbIM XapaKTep, He NPUBOJAT K BO3BPALIECHUIO UX 3HA-
YEHUH.

ABTOpBI, pelas MHOTOYHCIIEHHbIE 3a/lauMl IO TMpobiieMaM, 3aTpOHY-
ThIM B HACTOSILLEH KHUIC, CTOJKHYJUCh C OAHON U3 TakuX (yHKLMIA.
OTo Tak HazbiBaemas Psi(x) — Tcu-QyHKLHMsS, KOTOpas, B CBOIO Oye-
penb, SBISETCS TPOU3BOAHOM OT Jorapudma ramma-QyHKIUA
In(I'(x)), ¥ Ha3zBaHa B CHPaBOYHOW [OKYMEHTAUMM KaK JWramma-
dhyHKIMS.
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2.6. ObpasoBaHue 1 BbiMUCIIEHNE
cyHKUMIT nonb3oBaTtens

B Mathcad Bo3MOXHO 3aaHue HOBBIX (PYHKIUN, KOTOpble oOpa3yer
caM noJjib3oBaresnsb. Jlenaercs 3To B LeiX yA00CTBa ¢ y4ETOM CreLu-
(ryeckux 3a/1a4 TOJIb30BATEIISL.

Jliist ouieHku aeiicTBus QYyHKLMU 110J1b30BATEIS HAZO:

4 HKe ee onpe/iesieHus HaneyaTatb UMst PyHKLUMU U OTKPbITb KPYT-
JIy10 CKOOKY;

4 HamewaTaTh CIIUCOK apryMEHTOB B MOSBHUBIIEMCS MapKepe BBOJA,
OTJIeNsIsl UX 3ansIThIMU. 3aBepILINTh CIIMCOK MPaBOi KPYTJIOM cKoO-
KOU;

4 BBeCTH 3HaK (=).

Ipumep 2.3. 3agare QYHKIMIO TOJB30BaTENs C Mepeobo3HadeHreM
TpUroHomeTpuueckoi ¢yHkuuu sin(x). [lpoBepurs mnpaBUIbHOCTD
BBIUMCIIEHUH B XapaKTepHbIX ToOUkax npu x =0 u x = m.

Pelnenue nonyuaercs ciaeayroLeid nocie10BaTeIbHOCTbIO 1€ HCTBUA:

4 o0Opa3zoBaHue QYHKLMU NOJAL30BATEIS, s (x) := sin(x);

4 oOpaineHue K PyHKIMH TOIB30BATENS, s (1 )

4 eyarhb CHMCKAa apryMeHTOB M 3aKpbIBAalOLICH Kpyryioil ckoOku,
s(x);

4 Haxarb K1aBuuly <=>,

PesynbraT npuseaeH Ha puc. 2.13.

(DyHK]_II/II/I noJIb30BaTeyisl MOTYT ObITh HaNMCaHbI Ha AJITOPUTMUYCCKUX
A3bIKaX BbICOKOT'O YPOBHs, pPECKOMEHAAlUU 110 3TOI 4acTH U3JI0KEHBI B

[12].

B 3akmoueHne OTMETHM HEKOTOpbIE BBIBOJABI M3 BCEr0 CKAa3aHHOTO
panee.

4 llenecoobpa3Ho ucnonp3oBaTh naHeab UHCTpyMeHTOB Calculator
C HarJIAHBIM OTOOpaXKEHHEM TPeOyeMbIX OMepaTopoB, a HE TOJIb-
KO KJIaBUATypy AJ151 BBOJA BbIPR)KEHUIA.
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o [ 2= [2<E Z] b W
s(x) = sinx)
s(n
s{h =0
sl::lt) =0

Puc. 2.13. O6pa3zoBanue 1 BEIMUCICHIE (QYHKIIMN MMOTBE30BATENS B TprMepe 2.3

ParmonanbHble crocoObl AEHCTBUII CBA3aHbI CO CTPYKTYpPHBIM
BOCIIPUATHEM KOMIIOHEHTOB 3aJaHHOH (OPMYJIbl, MM YETKUM
MPEACTABICHUEM OINEPAaLMOHHON CXeMbl MAaTEMaTH4eCKOro BbIpa-
skeHust (cM. puc. 1.3, mpumep 2.2). [lomobnHas cuctemaruzauus
OYeHb TIOMOTaeT HccieoBaTeNto, cpa3dy BHIEH OanaHc (COOTHO-
LIEHWE) M TeHJCHLMH, HalpUMep BJIMSIHME OLIMOOK 3KCIEepPUMEH-
TaJIbHBIX TAHHBIX.

[Ipy 0OCTPOEHUU CIIOKHBIX ¢)opmyn PEKOMEHAYEM AKTHUBHO HC-
[10JIb30BaTh CIOCO0 epeMeLeHuss o MapkepaMm BBOJa C IIO-
MOILIBIO KJIaBuIau <Tab>.

Ha nepBom srane oOuieHWsi CO Cpeloil peKOMEeHAyeM BBOIMWTD

(yHKIMH, UCTIONB3YsS KHOMKY CTaH/JapTHON MaHeNH, CIUCKU
Kareropuii u pyHkuui. JlocTynmHa KOHTEKCTHAs CIipaBKa, KOTOPYHO
MOJKHO TIOJTyYUTh MPH HEOOXONUMOCTH, BRI UMS (DYHKIMH U
Haxumas kiapuinry <F1>,



rMABA 3 y/

CneuunanbHbie BblYUCNIEHNA
n npeobpasoBaHus
MaTemMaTuyecKnx chbyHKUnn

B Hacrosuieli riaBe onucaHbl KOMIbIOTEPHbIE TEXHOJOIMH Npeodpa-
30BaHUS W BbIUMCIEHUS MaTeMaThuyeckux ¢yHkuuil. PaccmoTpeHsbl
cilyyad, Haubonee yacTo BCTpedarolnuecss Ha mpaktuke. [IpuseneHo
00JIbLIOE KOJMYECTBO NPUMEPOB, MO3BOJISIOLIMX MOHITH U YCBOWTb
KOMIbIOTEPHbIE TEXHOJIOIMH BBIYMCIICHUI W npeoOpa3oBaHuii, a Tak-
JKe ySICHUTb BO3MOXKHOCTH cucTteMbl Mathcad.

B nanHoli rnaBe paccmaTpuBarOTCs:

4 BBIUMCIIEHHE MPOU3BOJHbBIX;
TabynupoBaHue GyHKITHI;

BBIYMCJICHUE CYMMbI PsiJia YUCeJl;
BBIYHCIICHHE TTPOM3BEICHUS psia YHCel;

BBIYHUCJICHHUEC TIPECIIOB;

> & & o o

pazjioxeHue GPyHKIMKU B CTENICHHOM psil.

3.1. BbluncneHune npon3BoaHbIX

Cucrema Mathcad no3Bosisier BbIUMCIIATH NPOU3BOAHBIE JIIOOOIO MO-
psAKa NpU HEOrPAHWYEHHOM UYUC/E CUMBOJIbHBIX NEepeMeHHbIX. [Ipu
5TOM MOTYT UCIMOJIb30BATHCS [1BA Pa3IMUYHbIX clocoba.
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Farmat  Toals m@m wWindow  Help

Evaluate 4

Simplify
-
WK

Eackar

Collect Calculator B
Polvnomial Coefficients

sin(

sin cos tan In log

‘ariable Solve
fatriz 4

Transform

Integrate

Evaluation Skyle...

Expand to Series, ..

Converk to Partial Fraction

Puc. 3.1. Berncnenue npousBoaHoi GyHkmm

Cnoco0 1. Hcnonvzosanue cumeoibnvix 6b14UCIeHUL

Oror cnocod He Tpedyer oOpalleHus K MapkepaMm BBOAA MPOWU3BOJI-
HOI. BbIUMCIIEHUST BBIMIOJHSAIOTCS C MOMOIIBIO KOMaHA MEHIO Sym-
bolics.

TexHosiorus peanuszaluu 3Toro crnoco0a COCTOUT B BbINOJIHEHUH Clle-
JYIOLUMX JEeUCTBUI:

4 BBOJ BbIPOKEHUSI, MPOU3BOAHYIO KOTOPOro HEOOXOAMMO HANTH;

4 BbBIJCJICHHE C MOMOUIBIO ABOMHOrO IIEIYKA MBIIIHM MEPEMEHHOMN
IudhepeHLpOBaHHUS;

4 oOpaiueHue k komanaam Mexto Symbolics | Variable | Differenti-
ate (puc. 3.1).

[locne BoinonneHus komauabl Differentiate (JluddepenHurposars) Ha
JKpaHe MOSIBJISIETCs 3HAYeHHE TPOU3BOHOM.

[lokaxkeM Ha mpuMepax BO3MOXKHOCTH 3TOr0 crocoda, ero JOCTOWH-
CTBa M HEJJOCTATKH.

Npumep 3.1. HeoOxoaumMo HalTH NPOU3BOJHYIO ClSAYIOLICH (YyHK-
UH:

y(x)zx—_1+1n2x—xe7x.
x+1
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Pemienue npuBeaeHo Ha puc. 3.2.

M + (2% — xexpl—3)
i+ 1
1 (x-1 1
D ry? 3 exp(—) + - exp(~x)

Puc. 3.2. Pe3ynpTar BEMUCTCHHS TIPOU3BOAHOM (QYHKITH U3 ipuMepa 3.1

IIpocrora MeTo 28 — OCHOBHOE €T0 JOCTOMHCTBO.
OpnHako eMy MPUCYIIHU CIEAYIOLINE HEAOCTATKHU:

4 U1d Noy4YeHUs #-d Npou3BOAHOM HeoOXxoauMo oOpaliaTees 1 pas
K MyHKTY MeHio Symbolics;

4 BbIpaXCHUE MPOU3BOJHON NOCTATOYHO CJOXHO, OHO HE YIpolla-
eTcsl CUCTeMOM, x0T B cucteMe Mathcad umerores ¢yHkuuu yn-
polLLeHUs] MaTemMaTHuecKux BbipakeHuil (Takue kak Simplify, Ex-
pand, Factor).

DTO 0COOEHHO 3aMETHO NPU OTHICKAHWW NPOM3BOAHON (YHKLMM C
OOJIBIINM KOJTMUECTBOM CUMBOJIBHBIX TIEPEMEHHBIX.

Cnocob 2. Hcnonvzosanue Mapkepog 6600d
CyLLHOCTb 3TOro crnocoda COCTOUT B CJICAYIOLIEM.

Ha skpaH BBIBOAWTCS COOTBETCTBYIOLIMI 1A0NOH BBOAA, B YEpHBIE
MO3UIMOHHBIE MapKepbl BBOJATCS BbIpaskeHHe Ui (YHKLMH, Hepe-
MeHHasi JuPPepeHLIMpoBaHUs U MOPSIOK Npou3BoAHOM. Jlis nonyye-
HHS pelleHHs JO0CTaTOYHO HaKaTh KJIABHMILY BbIBOAA pelueHus. OT-
KJIMKOM SIBJISICTCS 11-51 TIPOM3BOHASL.

TexHnonorus 3Toro cnocoba COCTOWT B BBIMOJHEHWH CIIEIYHOLINX
Mporenyp:
4 BbI30B HA 3KpaH 111a0JI0HA POU3BO/HOM.

[11a610H NpPOU3BOAHON MOXKHO BbI3BaTh HAa JKPaH C MOMOILLLIO
KJ1aBUaTtypbl WM Mbilid. HaxaB OJHOBPEMEHHO KjaBULLU
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<Shift>+<?> (3nak Bonpoca) uin <Shift>+<Ctrl>+<?>, nonyuum
Ha 3KpaHe 11abJOHbl COOTBETCTBEHHO NEPBOU W 1-if IPOU3BOIHOM.
Tor xe 3¢ddexr Oyner, ecnu IIENKHYTh MBILIbIO MO COOTBETCT-
BytolIeMy 1mabyioHy Ha naHenu uHetpyMmeHnToB Calculus;

4 BBOA (YHKUMM, MEepeMEHHOH W mnopsiaka AuddepeHLIUPOBaHUS.
BBon ocymiecTBisieTcss ¢ NOMOIIBIO KJIaBUATypbl B COOTBETCTBUU
C MapKepamu BBOJA.

[lepexoa W3 oIHOrO MO3UIIMOHHOTO MapKepa K JAPYroMy OCYIIecT-
BJISIETCS HaxKaThueM JuOo xiaBuil <Tab> mwnu <—>, nubo neBoit
KHOMKOM MBIIIK HA YePHOM MPSAMOYTOJIbHUKE MapKepa;

4 nosydyeHue oTBeTa MyTeM Haxkatus knaBum <Shift>+<F9>. Mox-
HO TakKe MCIMOJb30BaTh KHOMKY CHMMBOJIbHBIX BBIUYMCIICHHUH (M30-
OpakeHUe CTPEeJIKU BITPaBo) naHeau uncrpymeHtos Evaluation.

[Nokaxkem npouenypbl BBIYUCICHUS TPOU3BOIHON HAa MpUMepax.

IMpumep 3.2. HeoOX0auMO BBIUUCIUTH TPOU3BOIHYIO (PYHKIIWH:

x—-1 a+bx

x+1 a-bx

+sin2xcos2x.

Pewuenue npueaeHo Ha puc. 3.3.

d [x— L + atbx + si.n(E-x)-cus(E-xj]

deb x4+ 1 a-hx
1 x-1 + b " (a+ by b+ 2-:::::5(2-1@2 - 2'51'-“(2'3‘)2
(x+ 10 (x+ 1)2 (a— b (a- b

Puc. 3.3. Onpenenenue npou3BoaHOM PyHKUMU U3 npuMepa 3.2

W3 puc. 3.3 BUAHO, UTO PELIECHUE CIMIIKOM rpomosnakoe. llomnbiTku
ero ynpoctutb ¢ nomolubto Gynkuuid Simplify, Expand, Factor e
MpuBeNd K ycreXy. Mexmay TeM BbIpakKeHHWE MPOHW3BOJHOM MOXKET
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ObITh MOJIy4eHO B 0oJiee MPOCTOM BUiE. Tak, Hanpumep, MPOU3BO/-
Hasi, noJjiyueHHas cucrtemoii Derive 5, umeer Bu;

2(a+b)(bx* + a)
(x+ 1% (bx—a)®
B kauectBe mpumepor B Tabm. 3.1 mpuBeneHsl PYHKIUA U 3HAYCHUS
WX TIPOM3BOJIHBIX, MOJy4YeHHble cucTemoii Mathcad u npyrumu mate-

MaTHYECKHMMH CHUCTEMaMH, OCYLIECTBISIOIUMHU YIPOIIEHHE pe3yib-
TaToB quddHepeHIIMPOBAHNS.

2cosdx+

Ta6auua 3.1. @yHKIMM U 3HAUEHUS UX IPOU3BOIHBIX

YupouieHHoe
Ne OyHK1MS [IpousBoaHas, nonydyenHas Mathcad BbIpAKEHUE
MIPOU3BOJHON
cos(x) Y
1| ye® + Insinx exp(x) + x - exp(x) + e (x+1)+cot(x)
sin(x)
x-1 X -1 X 3x+1
2 +In x=2In{x+1)+1n +1In - X —
x+1 x+1 x+1 x+1 x(x+1)
. x!
3 In(2 + x!) Psi(x+1) —
2+ x!
A dox—1 5040  5040(x—1) 10080
i x+1 G+ (x+D)° (x+1)°
5 | sinhx+ coshx sinh(x) + cosh(x) e

M3 Tabn. 3.1 u npuBeAeHHbIX paHee NPUMEPOB BUIHO, YTO cUCTEMa
Mathcad B GoJbLUIMHCTBE CilyuaeB MO3BOJISIET MOJYUUTb #-10 MPOU3-
BOIHYIO (pyHkuMH. OJHAKO BbIPaXKEHUE MPOM3BOJHOW OUYEHb YACTO
JIOCTATOYHO CJI0XKHO. B penkHx cilydasx CUCTEMAa HE HAXOIUT peule-
HUS, XOTA OHO CYLIECTBYET.
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3.2. TabynupoBaHue hyHKLUN

TaOynupoBanuem Oynem HasblBaTh MpeAcTaBieHUE (YHKLUUU B BUIC
Tabauubl. Ero MOJKHO OCYLIECTBUTD MyTEM BbIUMCISHUs (GYHKLUM AJIs
BCEX 3HaUeHUH apryMeHToB. Takoi mpouece AOJATUi U yTOMUTENbHbIN
st nonp3oBatenis. [IoaToMy BO MHOTMX CHCTEMaX KOMITBIOTEPHOM
anreOpbl UMEIOTCS BCTPOEHHbIE (DYHKLIMH, MO3BOJISIOLIME, 110 U3BECT-
HOMY BEKTOPY MCXOIHBIX AaHHbIX, MOSy4aTh (pyHKLMIO B Buae Tal-
JIULIBI, COCTOSIIEH U3 IBYX CTONOLOB: X U f(x) .

B cucteme Mathcad Takoii BctpoeHHo#M (yHKIMU HeT. OfHaKO 3a1a4a
MOKET ObITh pellieHa MHBIMU CIIOCO0aMU, OMMCAHHBIMU JaJiee.

Cnocod 1. TexHonorus 3T0ro crnocoda npeaesbHO MPOCTa U COCTOUT
B BBITIOJTHEHUH CJIE/TyIOLIUX MPOLeyp:

4 npucBOEHME MNMEPEeMEHHOW (Hampumep, x) 3HAUYEHUH apryMeHTOB
TaObynupoBaHHOM ¢yHKuMU. [Ipu 3TOM 1mar TabnuIel JOHKEH OBbITh
MOCTOSIHHBIM. [lepeMeHHas x mpeacTaBisercs B ClAeAyOLEeM BUIE:
%0, x0 + h .. xk, Iie x0 — HayaJlbHOE 3HaYeHHUe apryMeHTa, h —
miar TabauLbl, xk — KOHEYHOe 3HaueHue aprymenra. Hampuwmep,
x := 0, 0.2 .. 3. Ilpu TakoM npencraBieHUU nepemMeHHas x Ha-
3bIBACTCS PAHXXUPOBAHHON NEPEMEHHOM.

3Hak npucBaMBaHUs (:=) oOpa3syeTcss Ha)kKaTHeM KJIaBUIIM <:>
(nBoeToume), a 3HaK (..) — Ha)kKaTHEM KJIaBUIIH <;> (TOYKa C 3a-
TIATOR );

4 BBOA TalynupyemMoil (yHKLMH, KOTOPOH MOXKET OBbITb MPUCBOEHO
UMsi;
4 [nosyyeHHe peLIeHUs] HakaTueM KiaBuumu <=> (pasHo). Ecnu Ta-

Oynupyemoii yHKUMHU ObLIO MPUCBOGHO UMS, HAIIPUMED, f :=, TO

pelﬂeHl/le HOﬂy"laIOT BBOJAOM CHMBOJIA f U HaA)XXaTUEM KJIaBULIU
<=>

[lokaykeM TeXHOJIOTMIO TaOyJIMPOBAaHUS IO 3TOMY crnocoOy Ha Mpu-
Mmepe.

Mpumep 3.3. HeoOxoaumo nporabynuposars GyHKUMM xe* , sinx,

x—1
—1 B JMarnasoHe u3MeHeHus aprymenra ot 0 go 2 ¢ warom 0,2.
X+



CrieyuasnbHeie BbMUC/IEHNA U rpeobpa3oBaHua ¢hyHKUNI 99

Pelenue umeeT Bua, noka3aHHbI Ha puc. 3.4,

x=0,02. 2

x . x-1
¥ = e = sm(x) = =

x+1
0 ] il R
nz 0244 01499 667
04 0597 0389 0473
0.6 1.093 0.5865 05
na 1.78 o7y SREE
1 2718 n.aa 0
1.2 3984 0932 L
1.4 5677 0.9as 0167
1.8 7.925 1 L
1.8 10.889 n.ard B
2 14778 0.90a 0333

Puc. 3.4. Pesynbrarsl Ta0ynupoBanus GpyHkuuii u3 npumepa 3.3

Coocod 2. DToT ciocol MpUMeHsieTcsl B TeX Cilydasx, Korja mar tab-
JIULbI IEPEMEHHbIM.

TexHonorus TaOynUpPOBaHUA COCTOMT B BBINOJHEHUH CIEAYHOLIMX

npoueayp:

4 cos3gaercs BEeKTOp apryMeHTta x TaOynupyemoil ¢yHkuuu. Bektop
oOpasyeTcsi B TAKO# 10CJ1e10BaTeIIbHOCTH:

® BBOJl CHMBOJIA X BEKTOpPa apryMEHTOB;

® HaXKATUC KJIABMULIN <:>; HA DKpaHE MOSBUTCI CUMBOJI IPUCBOEC-
HUS BEKTOPY UMEHH (x :=);

® BbI3OB JuajoroBoro okHa Insert Matrix njs ycTaHOBKM pas-
MEpPOB BEKTOpa aprymMeHToB (puc. 3.5) myTeM Ha)kaTusi KHOIMKH
¢ n300paykeHUeM MaTPHIIbl Ha MaHeId HHCTpYMeHToB Matrix;

e ycTaHOBKa pa3MepoB BekTopa B noyisx Rows (Ctpoku) u Col-
umns (CronOusl) okHa Insert Matrix; Ha skpaHe nocie Lesnu-
ka no kHonke OK oOpasyercs BEKTOp ¢ UMEHEM x U MyCThbIMU
MapKepaMy BBOAA;
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® BBOJ B MO3ULMAX BEKTOPA x YMCICHHBIX 3HAYCHHU apryMEeHTOB
TabynupyeMoii hpyHKUMY;

4 BBOA TalynupyeMoil (yHKLMU ¢ apryMEHTOM X;

4 [osyyeHHEe PELIeHHUs IMyTeM HaKaTHsi KIaBUILM <=>; Ha 3KpaHe
MOSBUTCSI OTBET B BUAE BEKTOpa 3HaudeHUil Tabynupyemol (yHK-

LIUH.
[P e |

Rows: ]

Colmns; |1 Insert

Delete

o
e

Cancel

Puc. 3.5. OxHo BBOJIa pa3MepOB MaTpULbl (BEKTOPA)

[pouenypsl TabynupoBaHus (QYHKIMIA x> u Inx nokasaHbl Ha
puc. 3.6.

5
7
=12
15
26
25 1.609
49 .94
x2= 144 s = | 2485
235 2.708
a6 3258

Puc. 3.6. [lpumepsl TabynupoBanus pyHKUUN
C [IEPEMEHHbIM L1AroM Tady1MpoBaHusl

Hepocrarkamu TaOynupoBanusi ¢yHkuuu y= f(x) B cucteme
Mathcad sBnstorcs:
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4 HEBO3MOXKHOCTh TaOylHMpOBaHHS OJHOBPEMEHHO HECKOJBbKHX
(byHKLMIA,

4 BEKTOp pelIeHUd He COAEPKUT apryMEHTOB, YTO 3aTPYyAHSET Ofl-
peaeaeHue 3HaueHUsl PyHKLUMNA NPU JaHHOM 3HAYSHUM apryMeHTa
(MpUXOOUTCS CYUTATH YHCIIO CTPOK TAOJHIIBI).

Jlnst ynoGceTBa ornpeneneHus 3HaYeHUH (YHKIMU MPU JaHHBIX 3Ha4e-
HUSX apryMEHTOB MOXKHO yOJIMpOBaTh BEKTOP apryMEHTOB U MyTeM
nepeTacKUBaHMs TOJyYeHHBIX BEKTOPOB pPEIeHUI PacHoIOKUTh MX
psaaoM. DTOT nMpreM nokaszaH Ha puc. 3.4.

3.3. BbiuncneHue cymmbl paga uncen

Cucrema Mathcad no3pojisier cyMmMupoBaTh 4Kc/ia, 3a1aHHbIC B BUJIS
BEKTOpa C MOCTOSHHBIM WJIM MEpPEeMeHHbIM Iarom. [Ipu stom uucna
MOTYT ObITh 3a/1aHbl B BUJ€ (QYHKLIUM,

CyMMUpOBaHHE OCYLLECTBIISIETCS C UCIOJIb30BaHUeM Liadiiona. [lonb-
30BaTesIb 3alOJIHAET MapKepbl BBOA, OTMEUSHHbIE YEPHBIMU MPSIMO-
YrojbHUKaMH, U 10Jy4acT OTBCT HAXATUEM KJlIaBULIU <=> Wi
<Shift>+<F9>.

Ha npakTuike 4acTo NpUXOIMTCS CyMMHUpPOBATh YKCIa, 3aJaHHbIe B
BHUJIe BEKTOpa, 3JIEeMEHTaMHU KOTOPOTO MOTYT OBITh YHMCia C MOCTOSH-
HbIM M NEPEMEHHbIM ILIAroM /i, a TakKe MPeACTaBJCHHbIE B BHJE
(hyHKIMA.

B Mathcad nmMeroTcss HECKOTBKO TEXHOJIOTHH CYMMHMPOBAHHUS YUCE.
PaccMOTpYM OCHOBHbIE U3 HUX U NIPUBEIEM IIPUMEPHI.

C.]'ly'-laﬁ 1. Yucna 3alaHbl B BU/1€ BEKTOpPaA € NOCTOAHHBIM LIaroM.

B sTOM ciydyae BekTOp umMces MpeacTaBisieTcs B BUAE PaHKUPOBAH-
Hol nepemeHHol. Eciu war h =1, To Mathcad nonyckaer npejacras-
JIGHUWE YHCeJl B CJASAYIOIIEeM BUAE x := 1 .. 10. Takas 3amuch O3Ha-
YaeT, YTO BEKTOP x COCTOUT U3 urcen ot 1 no 10 ¢ warom 1.

[Ipu Takom cnocobe nmpeAcTaBieHuUs psiia YUCes TEXHOJIOTUsSl CyMMU-

POBaHUsI COCTOMT B BBIIOJHEHWH OJIb30BATENIEM CJICAYIOLIMUX ACHCT-

BHM:

4 oOpa3oBaHue BEKTOpa YMcesl C MMEHEM PaH)KUPOBaHHOM mepeMeH-
HOM (Hampumep, x);
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’ BBO/J] I_Ha6.HOHa LHICJITYKOM MBI HA KHOIIKEC MMaHC/IU I/IHCprMeHTOB
Calculus;

4 BBOA B 00a Mapkepa BBOJAa UMEHHM BEeKTOpa (paH>KUPOBAHHOM me-
pemMeHHOH);

¢ NOJIYy4YCHUE CYMMbI YHUCEJT ITYTEM HaXKaTU KJITaBUIIIN <=>.

Ipumep 3.4. HeoOxoaumo ompenenuTs, HaA CKOJBKO CyMMa YeTHBIX
yuces B auanazoHe or 1 a0 1000 6osiblie CyMMbl HEUETHBIX YHUCEI]
B 3TOM )K€ JMana3oHe.

B JaHHOM Cjiyda€ BEKTOPbl HCYCTHbLIX W YCTHbLIX 4YUCC]I MOIryT

OBITh TIpPEeNCTaBIICHbl B ClEAyOIeM BHAe: x1 := 1, 3 .. 999,
x2 1= 2, 4 .. 1000. PazHocTh T x1 - ¥ x2 W OyAeT peleHHeM 3a-
Jayu.

[Ipouenypa pelenus 3ana4u U pe3ybTaT NoKa3aHbl Ha puc. 3.7.

¥l=1,32.990 l=324.1000

Zn S 2510

xl

sz 2505 % 10

x

sz - le = 500
«a

xl

Puc. 3.7. Berancnenne CyMMBbI psijla HEUETHBIX U YETHBIX YUCET

Cayuaii 2. [IycTb 3a1aH BEKTOp YHCEJI C IEPEMEHHBIM LIAroM.

B naHHOM ciy4ae TEXHOJIOTHS CYMMHUPOBAHMs COCTOMT B BBITIOJIHE-

HUU CIIEYOLIMX NPOLeayp:

4 oOpa3oBaHue BeKTOpa uYHMCeJ [0 TEXHOJOrMHU, ONUCAHHOW B
paso. 3.2;

4 BBOA 1WA0JOHA CYMMUPOBAHMS OJHOBPEMEHHBIM HAXKATUEM KJjia-
pui <Ctrl>+<4>;
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4 3anojHeHue MapKepa BBOJIa CHMBOJIOM UMEHU BEKTOpA YHUCEIT;
4 TnoJydYeHHe pelleHHs HaKaTHeM KIIaBUIIA <=>,

PaccMOTpUM TEXHOJIOTHIO HA IPUMEPE.

IMpumep 3.5. HeoOX0auMO BBIUUCIIATE CYMMY CIEIYIOIIUX YHUCEeT:
4 3;5,9;11;21;

¢ 1; sin(0,5); e In(2); 12;

¢ 3In(5); sin(l)+cos(l); 7; 2-0,75%; 18.

BekTopam uuces MPUCBOUTb UMEHA x1, x2, x3.

Peunienve npumepa npuseieHo Ha puc. 3.8.

3 1 35

5 sin(0.5) sin1) + cos(1)
=|3 2= | expl D) = 7

1 In() 2075

21 12 12
le =49 sz = 17.493 Zﬁ = 32335

Puc. 3.8. Boruncnenue cymm uucen us npumepa 3.5

Mathcad no3Bonsier BBIYUCASTD CyMMY 3HauU€HUH (QYHKLUH, 3aJaHHOM
B aHAJUTHYECKOM BHAE. B 3TOM ciyuae TEXHOJOrusi COCTOMT B Bbl-
MOJTHEHUH CJIEAYIOLIMX MPOLEeayp:

4 BbI30B HA DKPaH ONEPATOPHOrO 11A0JIOHA MYyTEM OJHOBPEMEHHOIO
Haxkatuda kinasum <Ctrl>+<Shift>+<4> wunu menyka MBI HA CO-
OTBETCTBYIOIIIEH KHOMNKe naHesd uHecTpyMeHToB Calculus;

4 BBOJ B IycTbhle Mapkepbl (QyHKLMU W AUana3oHa 3HA4YeHUH apry-
MEHTa CYyMMHPOBAHUS;

4 HakaTue KHOIMKHM CUMBOJIbHBIX BBIYHCIIEHHH (—) (CTperKa BIpaBo)
Ha naHenu Symbolic;

¢ NOJIy4eHUe OTBETa LICIYKOM MbIIIK BHE BbIPpAKCHHS CYMMHUPO-
BaHHA.
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[TokaxkeM TEXHOJIOTMIO CYMMMPOBAHHs 3HauY€HWH (YHKUMH Ha NpH-
Mepax.

Mpumep 3.6. HeoOxoaumo HaiiTu CymMmMy cieayrouux (yHKLMIMA:

© © -~ 100 100 100 1 n no,
et XED = X Yol Z— xn: o xn
x=0 i=0 I n=1 n=1 n=11 n=1 n=1

n

ZnB.

n=1

Pewienue 3anaun npuBeaeHo Ha puc. 3.9.

1 o 1
> > exp(-t) = — Dy g
(-1 + exp(1})
1=1 =0
oo i 100 .
1
Z (—1)-E—>exp(—x) Z n=505x%10
i=0 n=1
100 57 oo
Z nl = 9437 % 10 Z — = 5187
1
n=1 h=
n n
1 21 1 201 3 1 201 1
n——m+11" --n-- n =+ —-(n+" -—m+D7+-n+—
Z 2( ) 20z Z 3( ) 2( ? é &
= n=1
n 1
Z :1 +1) ——(n+1) +—-(n+1)

Puc. 3.9. 3uadyenue cymm uucen usz npumepa 3.6

[TostyueHbl MHTEPECHBIE PE3YJIbTaTbl CyMMUPOBAHMUS.

Cucrema Mathcad npowsuTrocTpupoBajla CBOM HHTEIIEKTyasbHbIE
BO3MOXKHOCTHU: PELICHUsI MOJMyYeHbl B aHaIUTH4YeCKOM Buae. s mo-
JIy4EHUsI YMCIIEHHOTO 3HAY€HWs] CyMMbl JOCTATOYHO MOCJE MOiyde-
HUSl PeLLCHUS B aHAIUTUUECKOM BUJI€ HAXKaTh KJIaBULLy <=>.
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K cosxanenuro, Tak >k Kak ¥ NPy BbIYUCICHUH MTPOU3BOAHBIX, aHAJIH-
THUYECKOe pellieHue He ynpoulaercs. Hampumep, 3HaueHus cymm 1o
MEPEMEHHOM # MOYKHO YIPOCTUTb A0 CJAeAYIOIUX (GOpMYII:

in_n(nwhl). inz_n(n+l)(2n+1)' in3_n2(n+l)2
n=1 2 ’ n=1 6 ’ n=1 4 ‘

OcHoBHoe nocrouHcTBO Mathcad B cyMMHUpPOBaHHUM YUCe] COCTOMT B
HaJIMYMK MAPKEPOB BBOJIA, CYLIECTBEHHO YNPOLIAOIIMX PELICHHE 3a-
Jla4y CyMMUPOBAHUS YUCEI.

3.4. BbluncneHue npon3BeaeHuns
paga vuicen

[IpousBenenue uncen B Mathcad, Tak e Kak U CyMMHUpPOBaHUE, OCY-
LIECTBJIAETCS ¢ MoMoulblo 1abnoHoB. [Ipu 3ToM nmpumeHstoTcs aBa
BU/1a 11a0JIOHOB — C JIByMsl M YETbIPbMsI MapKepamMu BBOJA.

HepBbIﬁ HCIIOJIB3YETCA AJIA BBIYUCJIICHHUA IIPOU3BEACHUA HUCEIT C I10-
CTOSAHHbIM LIAroM, Npe€AaAcCTaB/ICHHbIX B PAHXKUPOBAHHOM BUJIEC.

TexHonorus BeIYMCICHUS TPOU3BEACHUS YHCEI B 3TOM CITydae COCTO-
WT B BBITIOJTHEHUH CJIeTYIOIINX TeHCTBUI:

4 o0pa3oBaHHe BEKTOpa YHMCeJl C MOCTOSHHBIM [IaroM THIA PAHKH-
POBaHHOM MEPEMEHHOM: x := x0, x0 + h .. xk;

4 BBOa wWwA0JOHA nNpou3BeaeHUs Haxarvem kiauin <Shift>+<3>
WM LICJYKOM MbIIUM HA KHOMKE MMPOW3BECHUS MAHEIU UHCTPY-
menToB Calculus;

4 3anoJHEHWE MApPKEPOB BBOJIA UMEHEM PaHKMPOBAHHOHN MEpPeMEH-
HOW;
4 [oslydeHHE OTBETa HAXKATHUEM KJIaBUIIN <=>,

[Ipu onpeneneHuun NpousBeAeHUs 4uces, MPEACTABISIOIUMX COOOU
3Ha4YeHus: GyHKUMKM Y = f(X) NpH 3alaHHbIX 3HAUYEHUSIX apryMeHTa X,
ucrnoJib3yercs WalsoH MPOU3BEACHHS C YEThIPbMS MapKepaMu BBOJA.

B sTOM ciiyuae T€XHONOrUSI BBIYUCIIEHUS NPOU3BEICHUS YUCET COCTO-
UT B BbIMOJHEHUU CJIEYIOLHUX ASHCTBUI:
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4 BBOA 1a0JIOHA OJHOBPEMEHHbIM HaxkaTuem kjiasuin <Ctrl>+
+<Shift>+<3>;

4 3anoJiHeHUE MapKepoOB BBOJIA BbIPAXKEHUEM (YHKLMHU U 3HAYEHUEM
W3MEHEeHHUS apryMeHTa;

4 nojydeHue OTBETa MMyTeM HAaXKaTHsl KJIaBUIIM <=>,

[losie3HO 3HATH, YTO MPHU BHIUYMCICHUH MPOU3BEACHUS YUCET C TIPOU3-
BOJIbHBIM LIArOM W MPEJICTABJICHUH UX B BUJIE MATPULIbI PE3YJIbTaTOM
BBIUHCIIEHUS CYMMBI OYZIeT BEKTOP, KXl 3JIEeMEHT KOTOPOTO Mpe/-
crapjisier co0oii ramma-(pyHKIMIO COOTBETCTBYIOLIETO 3JIEMEHTA MC-
XOJTHOM MaTpHIIBI.

[TpuBeaem npuMepbl BIYUCIICHUS TIPOU3BEAEHUI.

Mpumep 3.7. HeoOX0aUMO BBIUKUCIUTL NPOM3BEACHUE Psiia ClICAYIO-
LIUX YMCEJI:

¢ xor 1 1020 cmarom 0,2;
¢ 25; ¢ In(5); 3; sin(0,5);
¢ ¢ npuxor0no5;
¢ x+In(x)+sin(x) npuxor 1 o 100;
L
k+1)
¢ nlopunorl go 10.

npu k ot 1 10 o0

Pemenve npuseaeno Ha puc. 3.10.

3.5. BbiuncneHue npepenos

IIpenenst B cucteme Mathcad ompenenstorcss ¢ moMoInblo (GyHKIUA

1lim.

[11a610HbI BbI3BIBAFOTCS LIEJYKOM MbILUIM HA KHOMKAX MAHEIX MHCT-
pymentoB Calculus win OJHOBPEMEHHBIM HAXKaTUEM KJIABUII
<Ctrl>+<L>, <Ctrl>+<A> unu <Ctrl>+<B>.

[lpu Haxkatuu knapuw <Ctrl>+<L> Ha skpaHe nosiBiisieTcs 3HaK npe-
Jlena ¢ MyCThIMU Mapkepamu BBoJa. [Ipu onpeneneHnu npeaena ciepa
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x=1,12.20 Hx - 3081 x 107
x
2.5
exp(3) 4
= 5 H 1l = 116236
3 i=0
sin(0.%)

5

H expl®) = 3260 « 10°

x=0
100
. 162

H (x + Inf¥) + sinfd) = 3385 % 10
x=1

o

1 1
k=1 (2-1{+ 1:]

10 -
nl = 6639 = 10
1

n=

Puc. 3.10. BriuucneHue npouspeacHus 3HaUeHUI QyHKUMiA u3 npumepa 3.7

WK CTIpaBa Ha 3KpaH BBIBOAATCS IA0TOHbI HAXKATHEM KJIABULI COOT-
BeTCcTBEHHO <Ctrl>+<A> unu <Ctrl>+<B> uiny wejukoM MbIIM HA
COOTBETCTBYIOLLIEH KHOMKE naHeau uHcTpymeHTos Calculus.

CumBot (0) (0€CKOHEUHOCTD) NPU ONPEACIICHUH MPEICI0B BBOAUTCS
OJHOBPEMEHHbIM HAXXaTUEM KJlaBULL <CtrI>+<Z> uau 1eJuYKOM Mbl-
LIH 110 KHOTIKEe (00) maHenu nHeTpyMmeHnTos Calculus.

TexHosorust BEIYUCCHUS Mpeaena COCTOUT B BBITIOJHEHUHU CJICAYIO-
LUX MpoLenyp:

4 BBOJ 3HaKa lim;

4 3amnojHeHue MapKepoB maboHa 1im MaTeMaTUYEeCKUM BbIpAXXCHU-
€M U NpeAC/IbHbIM 3HAYCHUEM apryMeHTa,
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¢ [oNyudeHHWE PEIICHHWS  OJHOBPEMEHHBIM  HA)KATHEM  KJIABHIII
<Shift>+<F9> uiu ¢ noMOLbIO 3HaKa CUMBOJIBHBIX BbIYMCIIEHUM

(=)

[Ipouenypsl 1 pe3ybTaThl pelieHUs NOKAXKEM Ha MpUMepax.

Mpumep 3.8. HeoOx0aumo HaiiTu npeae/ibHbIC 3HAUSHUS! CICAYOLIMX
(byHKIIMiA:

sin x

¢

npu x —>0;
X

¢

TpH X —> 0 ;
1-¢

1
¢ (I+x)* mpu x—0;
1

x X )y
¢ % npu x —> 0.

Pe3ynbTatel pelieHus npuBeaeHsl Ha puc. 3.11.

L G
x—=0 &

el
¥ —» o0 1—exp(x)

1

tim (1+%° — exp(l) = 2718

=0
1
AT 33
litn —_— —a -h
=0 2

Puc. 3.11. Ilpenenst pyHkuuii us npumepa 3.8
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3.6. PasnoxeHune cpyHKLNN
B CTeneHHoM pag,

Paznoxxenue pynkumu y = f(x) B crenenHoii psa B Mathcad ocyte-
creisiercs no gopmylie Teinopa, koTopast UMEeT BUAL:

JS(x)=f(a)+(x- a)f() +(x a)2%+...+
' (3.1)
+(x—a)

S @
n'

B ¢opmyne a — 3HaueHue aprymeHTa X, BOKpPYT KOTOPOrO MPOUCXO-
JUT pazfoxeHue GyHKLUUU B pAl.

®opmyna Teiinopa cripaBeyiuBa npu J1000M 3HAYEHUU d, B TOM YHC-
Jeunpua=0.

[pu a = 0 popmyna Teisiopa umeer Bua:

/! (0) EYAUN SO (3.2)

2! n!

Jx)=f(0)+x

B Mathcad pasnoxxeHue pyHKUHMM B CTENIEHHOM psifl OCYLLECTBIISETCS
¢ nomouibto hyHkuii Mmerto Symbolic | Variable | Expand to Series
(CumBonuka | [lepemennast | Paznoxxenue B psin).

TexHonorus peanusyercs ciaeAyOLUMU NPOLEeTypaMu:
4 BBOJ MAaTEMaTHUYECKOTO BHIPAXKEHUS;
4 BbIJCIICHUE MEPEMEHHOM TBOWHBIM IETYKOM MBILIH;

4 ofpaiueHue k komangam MeHtio Symbolic | Variable | Expand to
Series, Ha skpaHe nosiBuTcs nuanoroBoe okHo Expand to Series
JUIsl YCTAHOBKM KOJIMYECTBA YWJIEHOB CTEMEHHOro psja, Mo yMosva-
Huto n = 6 (puc. 3.12);

4 BBoa B mosne Order of Approximation (Ilopsmok anmpokcuma-
1IUK) JKETaeMOTr0 YHUCIIA YJICHOB Psia;

4 wenuok no kHonke OK, Ha sKkpaHe MOSBUTCS OTBET B BUAE CTe-
MEeHHOro psija.
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l
Expand to Series gl

Order of Approximation; (|4 (= 0

[ 1] ] [ Cancel ]

Puc. 3.12. OxHO ycTaHOBKHM Pa3MEepPHOCTU CTENEHHOIO psja

B kauectBe npumepa Ha puc. 3.13 npuBeaeHO pa3noKeHHe B CTENeH-
HOWM psia dyHkuUMiA cos(x), cosh(x), acos(x) rpu 3aJjaHHOM YuUCIIe YJjie-
HOB psifa n = 6.

U3 puc. 3.13 BUAHO, YTO YMCIIO YICHOB pa3iiodkeHusi QYHKLHMU MEHb-
e, 4eM ObLJIO 3aaHO. DTO OOBSICHSIETCS TeM, YTO (YHKIHS COS(X)
SIBTISIETCSl YETHOM U HEeUEeTHBIE ee YJIeHbI paBHbBI HYJIIO.

[Ipu paznokeHun QyHKLUMHM B CTENICHHOM psil HE BCEerAa MOXKHO MOJTy-
YUTh peuieHue. PelieHne Henb3s NOMyUnTb B CIEAYIOIIMX CIydasX:

¢ QyHKUMA y = f(X) He UMeeT 1 MPOU3BOAHBIX;
¢ psap Teinopa sBIseTCS pacXOaSUIUMCS;

4 byHKUMS WK €€ MPOU3BOJIHBIC HE MOIYT ObiTh BbIUMCIICHbI MPU
OINpPEAE/IEHHbIX 3HAYEHUSIX d.

cos(x)
12 1 4
l-—x +—x
2 24
coshr)
2. 1 4
l+—-x +—=x
2 24
acosx)
3 0303
-—n-1lx-—% - —x
40

Puc. 3.13. Paznoxxenne B psa GyHKIWMHA cos(x), cosh(x), acos(x)
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Hanpumep, dynkuus x In(x) He MoxeT ObITh pa3jiokeHa B psiji BOKPYT
x =0, 1. k. In(0) He cyuiecTBYyeT.

IIpu BoruricneHny PyHKIIUN ¢ TOMOIIBIO CTETIEHHOTO Psi/ia BO3HUKAOT
OLIMOKH, CBSI3aHHBIC C TEM, 4YTO OCCKOHEUHBIM Psiji MPEACTABISICTCS
PAAOM C KOHEUHBIM YHMCIIOM WICHOB. B CBf3M ¢ 3TMM HEoOXOquMO
3HaTh, CKOJIBKO YJICHOB psfa JOJDKHO OBITh, YTOOBI MOTPEIIHOCTD HE
MpeBbillajia 3aaHHOI0 3HAYEHUS €.

B psae ciayuyaeB 4uciio 4JIeHOB psiia # MOXKHO OIpPEEUTh aHAJTUTH-
YECKHU, HAIIpUMEP B CJ1ydac 3HAKONCPEMCHHOro psja € y6blBaIOLLll/lMl/l
yjaeHamu. Tako#l psii MMeeT Ciieayroliee CBOWCTBO: cymma OTOpo-
LIEHHBIX YJIEHOB psA/ia MO aOCOJIOTHOW BeJIMYMHE HE MPEeBOCXOIUT
3HAYEHUS MMOCJIEIHEr0 OCTaBIEHHOTO WieHa psfa.

Tak kak oTOpOLIEHHbIE WIEHbl psiia ONPEAEsSIOT MOrPEeLIHOCTb Bbl-
YUCJICHUS 3Ha4eHUl (PYyHKUMHU, TO €€ JIErKO ONpPEeAeUTh MO H3BEeCT-
HOMY BbIPQXXEHUIO MOCAEAHEr0 OCTaBJIEHHOro uneHa psaa. Ilpusenem
pumep.

[lycts HeoOXooWUMO oOmpenenuTh YHUCIO YIeHOB psga (yHKUWUH
y=e
HE NPEeBbILIAIOLLEH €.

5 OGGCHGLII/IBal-OH.II/IX BBIYHUCJICHHUE (byHKLII/II/I C MOrpeIHOCThIO,

Psan dynkun umeeT BU:

x2 3 n

e :1—x+——x—+...+(—1)”x—+...
21 3! n!

Psan 3HakonepemeHHbIl ¢ yObIBalOLIMMU WIEHAMU pAja, MOITOMY YC-
n

X
JIOBHMEM BbIOOpa uMciia YIEHOB MOXKET ObITb: — <e.
n!

1 1
Ilycte x = 1, Torna - <¢ wmu n!>—. Ecau, Hanpumep, € = 0,01, To
n! €

n!'>100,an>>5.
Ecnu cTeneHHoi psia He 3HAKONEpeMEHHbIH, TO OOIIMX MPaBUI BIOO-
pa uucIIa YISHOB HET.

Kak >xe BBIUMCINTD NOrpelHOCTb CTENICHHOT' O pﬂz[a? HOMOH_IL 34€Ch
MOryT OKa3aTb KOMIIbIOTCPHbLIC TEXHOJIOTUU.
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MO>KHO NpeIoKUTD CJIEYIOLINE TPU crocoba:
4 TtabynupoBaHue QyHKLUY;
4 rpaduueckoe NpeICTaBIeHUE PELLCHNUS;

4 BBIUHCIIEHHE CpeIHEKBapaTUYeCKOl TOTrPEelIHOCTH aHaJUTHYe-
CKHUM METOJIOM.

Cuoco06 1. Tabynuposanue gynxyuu

OTOT cocob OCHOBaH HAa CPaBHEHUH YMCJCHHBIX 3HAUCHUH UCXOAHOMN
(YHKUMM M NOJY4YEHHOH B pe3ysibraTe pasiioxkeHus: B psn Teiinopa.
Crioco0 peaniuzyercsi nmytem TaOyaupoBaHusi (GYyHKUMH W CpaBHEHUs
ux pesynpraros. [Ipusenem npumep.

IIpumep 3.9. OueHUTh NOrpelIHOCTD CTENEHHOTO Psia, NOIYYEHHOrO

B pe3yJibTaTe pasioKeHHs (QYHKLUMH e’ C YKCIIOM YIEHOB 7 =35 B
auanazone x ot 0 g0 2.

Pemenne. IIpu n =5 cTreneHHoil psia umeeT BUA:

. 2 3 A S
e =l+x+—+—+—+—.
21 31 41 5!

TaOynupoBanue GpyHKLMI U €ro pe3yJibTaTbl IpUBeIeHbl Ha puc. 3.14.

U3 puc. 3.14 BUAHO, 4TO CTENEHHOM paa PyHKUMU €' ¢ YMCIIOM ujle-
HOB 72 = 5 XOpOLLUO OIMMCHIBAET IKCIOHCHLIMAIbHYIO (DYHKLIMIO 10 3Ha-
yenus x < 0,6.

B 3rom nuanasoHe 3HaueHWs (QYHKUMH COBNAJAIOT C TOUHOCTBIO HE
MEHee TPeX 3HAKOB I10CJI€ 3alATOM.

C poCcTOM X MOrpeLHOCTb CTENEHHOrO psija BO3PAcTaer, a mnpu x = 2
COBIA/IAI0T TOJILKO LIEJIbIE YACTH YUCIA.

Cuoco6 2. I pagoananumuvecxkuii Mmemoo

Hcxonnas ¢pyHkuums 1 GyHKLMS pa3noKeHus IPeCTaBIsAOTCS B BUIE
rpaduka. [lo Buay rpaduka MOKHO ONpeAeuTh JOMYCTUMBbIH 1nana-
30H 3HAYEHUI apryMeHTa X U BeJIMYMHY MOTPEIIHOCTEH CTENEHHOIrO
pana.
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x=0,02.2
x2 :’:3 :’:4 :':5
x; explx = 1+X+E+E+£+E
| 0] 1 1
102] 1.221 1221
104 1.482 1482
06 1822 1822
08 2226 2225
1] 2718 2717
112 3.32 3315
114 4.055 4.042
|16 4.953 4623
18] 6.05 5687
| 2] 7.389 7267

Puc. 3.14. Pesynbrarsl TaOyaupoBaHus (yHKUUM

Iz x3 4 xj
H=l+t+—+—+—+ —
¥ 2 6 24 120

L

40

30

10

Puc. 3.15. I'paduxn dpyHKImif ¢° 1 ee CTEMEHHOTO psia
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Poct norpeuiHoCTH MOXKHO OLIGHUTh, €C/IM MOCTPOUTH rpaduk pa3zHo-
CTH yHKLMHI B 3a/]aHHOM [lMana30He apryMeHTa X.

Ha puc. 3.15 npuseaeHs! rpad@uku CTENEHHOM U IKCIOHCHLIUAIBHON
¢dbynkmii. OHM MOATBEPXKIAIOT Pe3yNbTaThl TAOYIMPOBAHHUS.

Cnocob 3. Onpeoenenue nocpewtnocmeti CmeneHHo2o psaoa aHanumu-
yecku

3HavyeHus: QYHKLUH, MOSyUCHHbIe B pe3yjibTaTe TaOyJupoBaHUA, Aa-

IOT BO3MOXKHOCTb OIpPEAEINUTb aOCOIIOTHYIO € M OTHOCUTENIBHYIO O
norpewtHocTH psga Teinopa. OTH MOrpemIHOCTH BBIYUCISIOTCS 10

dhopmynam:

3.3)
€
o= . 3.4
Ymin
B ¢opmynax o6o3HaueHbI:
* A =y(x)—0(x;);
¢ y(x;) — 3HauYeHMe UCXOJHOH QyHKIMU IpU x =X;, 1= 1,2, ..., n;
¢ o(x;) — 3HaueHume ¢yHkuuu paga  Teinopa npu  x=x;,
i=1,2,..n
4 » — 4KCII0 WieHOB TabyNsInu;
¢ V., — MHHHUMAaJbHOE OTJIMYHOE OT HyJIsl 3HAUYEHHE HCXOJHOMH

(byHKUMM K13 Auana3oHa pasioxeHus B psn Tebinopa.

DTOT cnocob OLEHKH aleKBATHOCTH Pa3ioKEHHs B CTEMEHHOM psij
HauboJiee 00 bEKTUBEH.

Hpumep 3.10. Boiuucinth aOCONIOTHYIO U OTHOCHTE/ILHYIO CPEAHE-
KBaJIpaTHYECKHe TIOTPEIIHOCTH CTENMEeHHOTO psija SKCIIOHSHIIUATbHON
(byHKUMH, NOTY4YEeHHOro B ipumMepe 3.9.

IIpouenypsl pelieHHs 3a4a4d U pe3yJIbTaThl IPUBEAEHBI Ha puc. 3.16.
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=002 2

2 3 4 5

T o= laat — s g 22
TR

> (expts) - V()

X

11

= = 0043
£ = Z.100
1
5 = 4265

Puc. 3.16. IlorpeuiHocTu CTeNeHHOro psaa

Pe3yanaTb1 pacue€Ta MnoATBECPIKAAIOT BbIBO/JbI, CACIIAHHLIC pPAHCC Ha
OCHOBAHHWH aHaJIM3a Ta6J'[I/ILI u Fpa(i)I/IKOB.



rMABA 4 y

KomMnbloTepHbie TeXHOoorum
pelleHns MaTeMaTuyecKnx
3apau

KomnbroTepHas TEXHOJIOTHS — 3TO MOCIEAOBATEIBLHOCTh OMNEpaluii,
MIPUBOSAINIAS K PEIISHHUIO 337]a4H C MIOMOIIbIO KOMIbIOTEpa.

OHa onpenensiercs:

4 2JITOPUTMOM pelLIeHHs 3a/1a4H;

4 Habopom PyHKLMN U KOMAH]| CUCTEMbl KOMITLIOTEPHOH anreopsbl;
4 uejoBeueckuM (HaKTOPOM (3HAHUSIMU M0JIb30BATEIIS).

B rnaBe paccmarpuBatoTcsi o01Iue BONPOCHl KOMITBIOTEPHBIX TEXHO-
JIOruii pewieHys mareMaruueckux 3ajad. B nocienyrowmx riasax
OHHU YTOUHSAIOTCA B COOTBETCTBUU C peLaeMbIMU 3a/1a4aMH.

4.1. Oco6eHHOCTN KOMIMbIOTEPHbIX
TeXHONOorum pewieHva sagad

OCHOBHBIMH OCOOEHHOCTIMU KOMITbIOTEPHbIX TEXHOJIOTUH peLICHUs
MATEMAaTHYCCKHX 3aa4 ABJIAIOTCA:

4 BbICOKAas IPOU3BOAUTEIIBHOCTD;
4 BO3MOKHOCTb peLleHHUs 3a1a4 0OJIbILIMX Pa3MEpHOCTEN;

4 BbICOKasd AOCTOBEPHOCTD pPE3YyJIbTATOB,
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4 BO3MOXKHOCTb NPEJACTaBJICHUs Pe3yJbTaTOB B JIIOOOM HEOOXO.H-
MOM I10JIb30BATEIIO BU/JIE.

OTH 0COOEHHOCTH AAa0T BO3MOKHOCTb pELIaTh TAKUE 3aAa4dU, KOTO-
pbl€ nopaxxaroT Boo6pa>KeHue HC TOJILKO psAA0BOI0 I0Jib30BaTe/isd, HO
u HpO(beCCI/IOHaJ'H)HOFO MaTe€MaTHKa.

He Tax naBHO cuuTanoch BbIAAIOLIMMCS] TOCTHIKEHHUEM BbIUHCICHHE
YKCIla € C CeMbIOCTAMU 3HAuYaLUMMK LUpPaMH, NSTU3HAYHBIX TaOJIMLL
3JIEMEHTApHbIX (QYHKUMHA WM LIECTU3HAYHbIX TaOJIUL JOrapugmon
HaTypaJIbHBIX YHCEII.

MHorre mMaTeMaThudecKkue MeTOAbl HEBO3MOXKHO OBLIO MCIOJIb30BATh
n3-3a PU3MUECKUX BO3MOXKHOCTEH vesioBeka. Teopust BO MHOIOM oOrie-
pekana TPAKTUKY pelleHus MaremaTuueckux 3azad. llpoxsstue
OOJBIINX pa3MEePHOCTEN BUCEIIO Ha/l UCCIIeIOBATEIIEM.

Teneps Majio KOro MOKHO YAMBUTbH TEM, UTO C MOMOILLBIO KOMIIbIOTE-
pa MOXKHO B JIOJIM CeKyHHbI omnpeneintb Bce S00 kopHel ypaBHEHUS

% -1=0 wm pewuth B TedeHue 20 cekyHn meTonom PyHre—

Kyt cuctemy u3 20 auddepeHiinanbHbIX YpaBHEHHM, TS PeLICHHs
KOTOPOM 1MoHa00uM1ach Obl BCS 4€JI0BEUECKAs XKU3HbD.

B cuuTaHHble MUHYTBI MOKHO MOJIyYUTb TaOJULY JOrapudgmoB wiu
2JIeMEHTapHbIX (YHKLUMI C TOYHOCTBIO 10 HECKOJIbKMX JECSTKOB
3HAKOB.

Tenepb 3TH TabiKLbl HE HY>KHbI, OHU COJEPIKATCS B BUJE KOMIIbIO-
TEPHBIX IPOrPaAMM.

[lociieaHue AOCTHMIKEHUST KOMIBIOTEPHOU ajreOpbl MO3BOISIIOT Pe-
LATh 33/1a4d B aHAJIMTUYECKOM BUe. Tenepb KOMIBIOTEP HE BbICOKO
MPOU3BOAUTESbHBII KaNbKYyJIATOP, & UHTEJUIEKTYalbHOE TEXHUUECKOE
CPEACTBO, MO3BOJISAIOLIEE NOJYyYaTh MATEMATUUECKUE MOJIEU pasiny-
HbIX OOBEKTOB U SIBJICHUM, [I0KA3bIBATH TEOPEMbl, IPUHUMATH OITH-
MaJlbHble pEeLIEHUS!.

TosibkO HE CllelyeT AymaThb, YTO TENEPb BCIO MHTE/LICKTYa/bHYIO pa-
0ory Oy/eT BbINOJHATH KOMIILIOTEP, @ Mbl OYy/1I€M M0J1b30BATHCS €0
pesynbratamu. Her, 5T0 manexo He Tak, a maxe Haobopot. HyxHo
MHOTO 3HaTh, YTOOBI 3aCTABUTh 3TOT MCKYCCTBEHHBIN UHTENIIEKT CITy-
JKUTh TONb30BaTeno. M mepBoe, uTo HEOOXOOUMO, — 3TO H3YUMTh
KOMITBIOTEPHBIC TEXHOJIOTUH PEIICHHUS 3a/1a4.
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[IpuBeEeM JIMLIL OJUH NPUMED.

I[ycTh HEOOXOAUMO BLIYMCITMTE MHTErPal:
@© .
J.e_(a_b)xdx )
0

CTy,I[GHTBI, Ja WU HE TOJIbBKO OHH, HaﬁL[YT peuieHue B CJCAYHOLIEM
BUAC!

“ 1 1
Ie*(afb)xdx . plabyx Bo _
a-b a-b

A Tenepb NONbITAEMCS! BBIYMCIUTb STOT UHTErpajl ¢ NOMOLUbIO YHU-
BepCalIbHOM MaTeMaTHYeCKOH CHCTeMbl KOMIMbBIOTEPHOH aireOphl.
K Hamemy ynuBneHuto, pemieHus Mbl He MOJTy4YUM. DTO OObsACHAETCS
TEM, YTO MpPH YCJAOBUU a —b <0 WHTErpa siBJIsSeTcsl pacxoAsLumMes,
a cuUCTeMa CHMBOJIbHOH MaTeMaTHKH HACTOJIbKO HHTEIUIeKTyallbHa,
YTO J1J1sl BBIYMCIICHUSI MHTErpalia TpeOyeT 3aianust yciiosus a—b >0,
TOrJIa peleHre OyieT UMeTh BU/:

Hawm kazanmoch, uto ycnoue a—b >0 o4eBHIHO, a MOXKET OBITb U
3a0bUTH, YTO TPH YCIOBUM «a —b <() WHTErpan sBISETCS pPacXoms-
LIAMCSI.

[lonoOHbie cily4yau Ha NpPakTUKE BCTPEYAlOTCs OueHb 4vacto. [Ipo-
rpaMma He MOXET cama MpuHsITh peuieHue. OHa HE 3HACT 3HAYCHWU
aunb.

OTOT nprUMep rOBOPUT TaKXKe O HEJOCTATOUHOW MHTEJJIEKTYaIbHOCTH
MaTemMaTHyeckoil cucteMmbl. OHa [OJDKHA BBIAATh CIEAYIOLIEE pe-
LIEHUeE:

_[e @b gy = ecom a—b>0,
0 a-b
U He CYIIECTBYET, eclii a—b < 0.

Takoii oTBeT ObLT OBI HE TOJBKO BEPHBIM, HO U SABJISJICA ObI noJacCKas-
KO MOJIb30BaTelIO.
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[losiBjieHMe HOBOro Hay4HOro HanpasieHus B uHpopmaruke "Kowm-
nbloTepHas ajnredpa’ TpeOyer u3yueHHUsl YHUBEpCaJlbHbIX MaTeMaTu-
YECKUX MPOrpaMMHBIX CPEICTB CUMBOJIbBHOW MaTEeMAaTUKH U KOMIIbIO-
TEPHBIX TEXHOJIOTUH PEeLIeHUs] MaTeMaTHUeCKUX 3aaad.

4.2. CyL4HOCTb KOMMbIOTEPHbIX
TEeXHoJoruii pelieHns 3agav

OCHOBHbIMH 3Taramu KOMIIBIOTEPHbIX TEXHOJIOTHH peuieHusa MmareMa-
THUYCCKHX 3a/1a4 ABJIAKOTCA:

4 [OCTaHOBKA 3aJa4M;
4 pa3paboTKa anropuT™a;

4 BbLIOOp THUIA YHUBEPCAIBHOIO MPOrPaMMHOIO CPEACTBA Il pelle-
HUS 33/1a4U;

4 [porpaMMHpOBaHHE Ha SI3bIKE CUCTEMbl KOMIILIOTEPHON anredpbl
(ecnu 3TO HEOOXOUMO);

4 peuieHue 3a1auM C MOMOIIBI0 KOMIbIOTEPA;

L 4

MMpOBEpPKa JOCTOBEPHOCTHU PEUICHU 3a1a1HU;

4 ananus MOJTYYCHHBIX PE3YJIbTATOB.

4.2.1. NoctaHOBKa 3agauu

[MocraHoBKa 33124 OOBIYHO COCTOMT U3 CIIEAYIOIIUX MYHKTOB:
4 J1aHo;

4 onpeaenuTh;

4 (hopma BbIXOJHOIO JOKYMEHTA.

DopmyaMpoOBKa 3a1a4uu SBJISICTCS HauOOJIee TPYIHbIM U OTBETCTBEH-
HbIM IMYHKTOM MOCTAaHOBKM 3ajauu. Hepapom uvacto ucciienosaresiu
TOBOPAT: 3a/a4a c(hopMyJIMpOBaHa, 3HAUHUT, 3a/1a4a pelieHa.

Cdopmynurpoath 3aauy MOXKET TOJILKO YEJOBEK, XOPOLIO 3HAOLIMH
MpeIMEeTHYI0 00J1acTh, BIAACIOMINN MaTeMaTUYECKUMH METOAaMU U
KOMMBIOTEPHBIMM TEXHOJIOTUAMH WX peaiu3auuu. Takux crneuuanu-
CTOB o4eHb Mauio. [loaromy opmynupoBkU 3a1au yacTo ObIBAIOT He-
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KOppeKTHbIMU. B pesysbrare uero 3amaua OO HE MMEET PeLICHHS,
aubo peiueHust ouKnOoUHbl, MO0 peulaeTcs HE Ta 3ajada, KoTtopas
JIoJiKHa OBITH chOpMHUpPOBaHa.

[IpuBenem npumepbl HEKOPPEKTHBIX (OPMYJIMPOBOK MaTEMAaTUUECKUX
W TEXHUYECKHUX 3a]au.

CHauana mpuBefeM IMpUMEpPbl HEKOPPEKTHBIX (OPMYJUPOBOK Mare-
MaTHYECKHX 33/1a4:
1

4 Heo0XoauMo onpenesuTh KOpHU ypaBHeHus (1+x)* =0;

4 Tpebyercs peuuTb CACAYIOLIYI0 CUCTEMY JIMHEHHbIX ajre0pauue-
CKHUX YpaBHEHHI:

X+2y+3z=5;
2x—-y—2z=3;
3x+y+z=7,

4 BbIUMCIIUTH UHTErPabl:

5 _ 5
Iln(x 1) . Ism2 X
X

o * 0
HepBaﬂ 3aJa4a I10CTaBJICHA HeKOppeKTHO HOTOMy, YTO HE yKa33HO,

KaKue KOPHH HeOoOXOAMMO OfpeenTh. Eciiu BelecTBeHHbIE, TO 3TO
YPaBHEHUE PELUEHUSI HE UMEET.

Bropas 3amaua HeKOppeKTHa MOTOMY, YTO CHCTeMa YpaBHEHHH Heco-
BMeCTHA (TpeTbe ypaBHEHHUE SBJSIETCS CyMMOH MepBbIX ABYX). I 7naB-
HbI{ OnpeaeauTenb 3TOI CUCTEMbI PaBEH HYJIIO.

HHTera.J'[BI HE 6€pyTC$I MNOTOMY, 4YTO OTpHULATCJIbHBIC 4YHCJIa JIOra-

sinx
prudma He umeroT, a —
X

npu x =0 (HWKHUH npenen UHTErpupoBa-

HUS) paBeH OECKOHEUHOCTH.

Ha puc. 4.1 npuBeieHO pelieHrue CUCTEMbl YPaBHEHUIA.

W3 pucynka BuagHo, uto cuctema Mathcad pelienus He Bblana, a
TOJIbKO TOBTOpUJIA BBIPAXKEHUE MATPUUHOIO pELIEHHUS YpPaBHEHHS,

1
npeoopas3oBaB eEr0B —+ V.
peodp M
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1
—v
1

Puc. 4.1. PenieHre HECOBMECTHOM CHUCTEMBI ypaBHEHUH

Ha pHuc. 4.2 moka3aHO BBIYHCIICHUE HUHTErpaJioB U3 HALICTO IIpUMEpa.

U3 pewenus BuaHo, uto Mathcad B 00oux ciiydasx Bblfajia 3HAUCHHUE
(0) (OECKOHEUHOCTB).

-5
-1
T Bl
x
‘0
5 )
SO0 e 1w 1020
X
‘0

Puc. 4.2. Boruncnenue HeOepyIMxcs MHTETPAIOB

[IpuBeaeHHbIE MPUMEPBI JOCTATOYHO MPOCTHI, U B MPOLIECCE PELLEHUs
3aJaud OLIMOKU U3-32 HEKOPPEKTHOCTH MOCTAHOBKU MOTYT OBbITb JIer-
KO YCTpPaHEeHBI.

OL[HaKO B HH)KGHBpHOPI MNpaKTUKE MOrYT BO3HHUKAThb TaKWE 3a4a4du,
B KOTOPbBIX H3-3a HEKOPPEKTHOCTHU IMMOCTAHOBKH TEPAKOTCA PE3YyJIbTAThI
HucciieJoBaHus, Ipyu 5TOM OLIHOKH MMPOABJIAIOTCA YKE B ITPOLIECCE DKC-
uryatauuu CUCTEMbI.

Bor OINH U3 TaKHUX MMPUMEPOB.

DHepreTuyeckas cUcTeMa COCTOMUT W3 JBYX reHeparopoB 'y u [H u
perynsaropa R (puc. 4.3).
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Moy

URPRTE

Puc. 4.3. CtpykTypHas cxema SHEPreTHUECKOH CUCTEMBI

MHTEeHCUBHOCTH OTKa30B Aj, A», A3 U BOCCTAHOBJICHUS L, Llp, L3 T€HE-
paTopoB U perylistopa u3BecTHbl. Cucremy 00C/1y:KMBAeT OjHa Opu-
raja.

Heobxoaumo onpenesnuts nokasaresid HaJleKHOCTH CUCTEMbI: BEPO-
ATHOCTb U CpefiHee BpeMsi 0e30TKa3HOU paboThl.

3ajaua 10CTaTOYHO CJIOXKHAsl, TpeOyeT pelueHus cuctembl Auddepen-
LMaJbHBIX YPaBHEHWH BOCBMOrO mnopsiaka. A Mexay TeM pelleHHe,
BBITIOJTHEHHOE C TMOMOIIbIO KOMITBIOTEPHBIX TEXHOJIOTHii, MOXKET OBbITh
omnbouHbIM. 3aaua NOCTaBJICHA HEKOPPEKTHO, T. K. HE yKa3aHa JIuc-
LMIUIMHA 00C/Y)KMBAHUS 2JIEMEHTOB CUCTeMbl. Pe3ysbraTbl NposBsT-
Csl He cpasy, a JIMLIb B MPOLIeCce KCIUTyaTallui CUCTEMBI.

IIpuBenem ewe 0iMH NpUMEP HEKOPPEKTHOM IOCTAHOBKHU 3a/1a4Hu.

IIpu TecTOBOM KOHTpOJIE 3HAHUH CTYJEHTOB UX 3HAHUS OLIEHUBAIOTCS
cieayouum obpazom. B Tecre conepixurcs N BONpocoB, Ha KaKbld
U3 HUX [peajaraercs k orBeTOB, OUH (MM HEeCKOJIbKO) U3 KOTOPBIX
BepHBIﬁ. 3HaHus OLCHUBAIOTCA IO MPOLCHTY MPaBUJIbHBIX OTBCTOB:

n
= 0 b .
Z 100% , rme # — YKCIIO BEepHBIX OTBETOB

DOTO TUNHWYHBIM MpUMEp HEKOPPEKTHO NOCTaBieHHOW 3amauu. [lpu
TaKOM KOHTposie Z He OyaerT oObeKTMBHOH OLIEHKOW 3HaHuWi, T. K.
3/1€Ch HE JaHO KOJIMYECTBO YraJlaHHbIX OTBETOB. 3aBbIILIEHHAs OLIEHKA
3HaHUH — TaKOB UTOT HEKOPPEKTHO MOCTaBJIEHHOH 3a1auH.

KOMHbIOTeprle TEXHOJIOTWH TMO3BOJIAKOT pellarb OY€Hb CCPLE3HLIC
TCXHUYCCKHUEC 3aJaydu. B cBs3u ¢ 3TuM OmMOKM B peueHun J0poro
O6XO}:[${TCH. Bor novyemMy 3aaavyuv AOJIKHbBI ObITh KOPPEKTHO INOCTaB-
JICHBI.
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4.2.2. Paszpabotka
anroputmMa peLueHus 3agavv

Jtoboli umMCleHHBI anroOpuTM TPEACTaBIIsieT COOOW COBOKYITHOCTH
yCJIOBUIT BbIOOpA HauyajibHbIX 3HAYCHHM, PACUETHBIX COOTHOLLUEHUIA,
MpU3HaKa OKOHYAHUS BbIYUCIIEHUH.

IIpn KOMMBIOTEPHBIX TEXHOJIOTUAX PELICHHsS MaTeMaTHYeCKUX 3aaad
AJITOPUTM CYLIECTBEHHO OIpeAeNnsercs cucTeMoi GpyHKUMH U KOMaHA
NPOrpaMMHBIX CPEICTB CUMBOJILHOW MaTEMaTHKH.

BoT ouH 13 npumepos.

Heobxonumo pewuts cucteMy JuHeHHbIX 1uddepeHInanbHbIX ypas-
HEHWH MATOro nopsjka, NpeJCTaBuB peLIeHNe B aHAJIUTUIECKOM BU/IE
JUTsl KOHKPETHBIX 3HAYE€HUH NMepeMEHHBIX.

MoxxHo NpEeJIOKUTD CJIICAYIOIIHE [IBa aJIrTOpUTMa pCIICHHAS 3aJavu:

Aaropurm 1:

4 [peicTaBieHUE CHUCTEMbl ypaBHEHMH B mnpeoOpaszoBaHusax Jlam-
naca;

4 pelueHre CUCTEeMbl YPaBHEHUIA;

4 onpezaeneHWe OPUrMHAIOB MyTeM oOpaTHOro npeoOpaszoBaHus Jla-
iaca;

4 npoBepka NpPaBUJIBHOCTU PELLEHUS.

Aaropurm 2:

4 pelueHue cucTeMbl ypaBHEHMH unciaeHHbIM MeToaoM Pynre—KyTTbr;
4 UHTEepHoJsILMS NOJyYSHHbIX PELIeHUH B Buae Ta0IuLy;

4 npoBepka NPaBUIbHOCTHU PELLEHUsS 3aJauu.

OOGa anroput™Ma MOXKHO peaju30BaTh C MOMOLIbIO CHUCTEM KOMIIbIO-
TEepHOH anreOpsbl.

Kaxoii xe n3 HUX BHIOpATH?

Pe3ysibraThl pelueHus 3a/1a41 B aHaJIMTUUECKOM BUIE 00JIe€ Mpearnoy-
TUTEJIbHBI, T. K. IPUTO/HBI 181 JIIOObIX 3HAUCHUH MEPEMEHHBbIX.
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BTOpOPl AJITOPUTM UMECT 1Ba CYLIECTBECHHbIX HEJOCTATKA:

4 pelieHue SBSETCS YACTHBIM CIIy4aeM, COOTBETCTBYIOLIMM JIMILIb
OJIHOMY Ha0Opy YHCIIEHHbIX 3HAUEHUI MapaMeTpoB;

4 TpelbyeT AoKa3aTeNbCTBA aJeKBATHOCTU PeIeHUs, T. K. COAEPIKUT
J1BA UCTOYHUKA OLIUOOK: OLUMOKM YMCIEHHOIO METOAa U OLLUOKU
WHTEPIOJISALUH.

He 3Hasi KOMIBIOTEPHBIX TEXHOJIOIMiA, M0JIb30BaTE/Ib BbIOCPET nep-
BBIA METO/.

Pemas 3alavy IO NEepBOMY aJITOPHUTMY, MOJIb30BATEJIb IMPAKTUYCCKU
HC MOJIy4yuT OTBETA MO CJACAYIOUUM NpUYruHaAM:

4 oOparHoe npeoOpaszosanue Jlamjaca HaCTOLKO CJIOXKHO, YTO UM
BOCIIOJIb30BATHCS HEBO3MOXKHO: OHO JIa)Ke He MOMEIaeTcs Ha JK-
paHe MOHHUTOpA;

4 BO3MOXHBI cllydau, Korza obparHoe npeodpaszosanue Jlamnaca He
CYLLIECTBYET.

[IpuxonuTes BbIOUpaTh BTOPOW Xy LUK ajrOpUTM.

ITonb3oBaresb, HEe BJIAACIOLMA KOMIILIOTEPHOU TEXHOJIOIMEH pelle-
Hus quddepeHInanbHBIX YpaBHeHH, He MOXKeT BhIOpaTh Oosiee pa-
LMOHAJIbHBIH anroputM. Pa3paborTka ajiroputma pelleHdst 3aaadu
TpeOyeT 3HaHUsI BO3MOJKHOCTEH YHUBEPCAIbHBIX MPOrPaMMHbBIX CPE/ICTB
CUMBOJIbHOM MaTreMaTHKU M KOMIBbIOTEPHBIX TEXHOJOIMH peLIeHUs
MaTeMaTUUYEeCKHUX 3a/4ad.

4.2.3. Boi6op yHuBepcasnbHOro nporp aMMHOro
cpeAcTBa KOMMNbIOTEPHOW anre6pbl

BbiGop crcTeMbl KOMIBIOTEPHOM anreOpbl NpU PeLIEHUH KOHKPETHOM
3aJaud 3aBUCUT OT MHOTUX ()aKTOpPOB, OCHOBHBIMHM M3 KOTOPbIX SB-
JISAKOTCAL:

4 coxepkaHue 3a1a4H;
4 3HaHUS MOJIb30BATENS;
4 (Qopma BBIXOAHOrO JOKYMEHTA.

Kaxnas u3 cyliecTByrOIMX CUCTEM HUMEET CBOM JOCTOMHCTBA U He-
pocratku. Otaarh NpeANOYTCHUE KAKOW-11M00 OJHOM M3 HUX Mbl HE
PHUCKHEM.
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I[aL[I/IM TOJBKO HECKOJIBKO COBE€TOB M3 HALLICT'O OIIbITA.

1. Eciu 3apayy HEOOXOAMMO pEUIMTb B aHAJIMTUYECKOM BUJC, TO
MOJIb3YWTECh OMHOM M3 CIEAYIOIUX CHCTEM KOMITbIOTEPHOU aJi-
reOpbi: Mathematica, Maple, Derive 5, kak Hau0o0s1€€ UHTCILIICKTY-
ATbHBIMUA CUCTEMaMH.

2. Ecnu 3amavya TpeOyeT LIMPOKOTO HMCMOJIb30BaHUs TIpaduuecKux
o0Opa3oB, To ucnosnb3yiite cucremy Mathematica — siuaep B 3ToM
obJacTH.

3. Eciu TpeOyercs peiiuTh cneluaibHylo, a He olliemareMaruye-
CKYI0 3aJlauy, TO TIOWIIUTEe KOMIbIOTEPHbIE TEXHOJIOTHH ee pelle-
Hus B Oubsimoreke cucrembl Matlab.

4. Eciu TpeOyrOTCsl 3HAUMTE/IbHbIC MATPUYHBIC BbIYMC/ICHUS, TO TaK-
ke oThaiite mpeanoutenne Matlab.

5. Ecnu HyXHO co3faTh JHOKYMEHT C OOJIbLIMM KOJMYECTBOM Mare-
MATHYECKUX BbIPAXKEHUH, (OPMYJl, CUMBOJIOB, TO OTHAWUTE MPE/-
nouyreHue Mathcad.

6. Ecnu otnaercs mpeanovteHue MpoCTOTe pelieHus 3aaad (B TOM
yycie U rpaguku), To ciaenyeT npeanodects cuctemy Derive 5.

7. Ecnu pematoTcss MaTeMaTHYeCKUe 3aJladd CTaHAApTHOTO THMA C
YUCJICHHBIMU PE3YJIbTaTaAMU, TO BCE CUCTEMbI MPAKTUUECKU PaBHO-
LEHHBI.

[IpuBenem npumep.

CambiM 3P PEeKTUBHBIM CIIOCOOOM MOBBIIICHHMSI HAICKHOCTH TEXHUKH
SIBIISIETCSl CTPYKTYPHOE pe3epBUpOBAHUE.

B oTHOIIeHWM MHTEHCUBHOCTH OTKa3a TEXHUKH CymeCTBYET CJICAYyHO-
1ias TeopeMa: MHTEHCHBHOCTb OTKa3a pe3epBUPOBAHHON CHCTEMBbI
Mpy o0LIEeM MOCTOSHHOM pe3epBUPOBAHUN KPAaTHOCTU /71 PaBHA HYJIIO
npu t=0 ¥ paBHa MHTEHCUBHOCTM OTKa3a COOTBETCTBYIOLUECH Hepe-
36pBUPOBAHHON CUCTEMbI MPU { —> 0.

Heobxoaumo fo0kazarh 3Ty Teopemy, MoJib3ysiCh KOMIILIOTEPHOH Tex-
HOJIOTHEH.

YTounum NMOCTAaHOBKY 3a1a4Hu.

JlaHa cTpyKTypHas cxeMa pe3epBHUpOBaHHOMN cucTeMbl (puc. 4.4). Bee

€e YCTpOicTBa pPaBHOHANEXKHBI W WMEIOT WHTEHCHBHOCTH OTKa3a
—1 <

Adac . Uucio pe3epBHbIX YCTPOHCTB PaBHO .
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A

m

Puc. 4.4. CtpykrypHas cxema pe3epBUPOBAHHON CHCTEMBI

Heobxoaumo nokas3arb, YTO MHTEHCHBHOCTb OTKa3a CUCTEMbI A, =0
npuf=0u A, =A OpU{ —> ©.
AnropuT™m peuieHus 3aJaun:

P/
==

Lo (0)=lim A, (1) ;
t—>0

Lo (o0) = lim A (7).
t—>w

B BBIPAXXCHUAX IMMPUHATHI CJICAYIOLINE 0003HaYEHHS:

_ +1 o
¢ P()y=1-(1-e M)m — BEpOSATHOCTh 0€30TKa3HOM paboThI cUC-
TeMbl B TEUEHHE BPEeMEHH 7,

¢ P/(t) — npousBoaHas oT F,(f).

PelueHue 3a1a4uu CBSI3aHO C CUMBOJIBHBIMH BbIYMCIICHUSIMU, TAKUMU
KaK BbIUMC/IEHHE MPOU3BOIHOMN, onpeaeseHue npenenos. YucaeHHbIX
pelueHuid B 3ToM ajropurme Het. [loaromy Haubosee Lenecoodpa3zHO
JOKa3bIBaTb TEOPEMY C MOMOILIbI OJHOW W3 CIEeNYIOLIUX CHUCTEM
KomrbloTepHoi anreOpbl: Mathematica, Maple, Derive 5. BriGepem
Derive 5 kak HanOoltee MpOCTYIO UHTEIJUIEKTyallbHY1O cuctemy [13].
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KOMHbIOTeprle TEXHOJIOMKU A0Ka3aTC/IbCTBa TCOPEMbl MPUBCACHbI
Ha puc. 4.5—4.8. Ha puc. 4.5 npuBefeH ajaroputm AoKa3aTeIbCTBa
TEOPEMBI.

H1: % i€ Real (@, w)
H2: m e Heal (@, w}
#3: t e Real (@, =}
fi4d: P
d
#i5: — p
dt
d
)
6= dt
P
d
- D
H?: dt
lim —
t=A j1]
d
- p
Ha: dt
lim -
t2>w P

Puc. 4.5. Anropurm 10Ka3aTesbCTBa TEOPEMBI

Onuinem BKpatie coaepxanue puc. 4.5.

B ctpokax #1, #2, #3 3anaHbl Auana3oHbl UI3MEHEHHUS TTEPEeMEHHBIX A,
m, t. B cTpoke #4 HaxoauTCs CMMBOJ BEPOSITHOCTH OE30TKA3HOM pa-
0OTbl pe3epBUPOBAHHOI CUCTEMbI, a B CTpOKe #5 — o0o3HaueHue ee
npou3BoAHOM. B cTpoke #6 Haxoaurcsi opmysia BbIUMCIIEHUS UHTEH-
CHUBHOCTH OTKa3a CHUCTEMbI, TIOJIyuYeHHAas B pe3yJibTaTe BbIMOTHEHUS
onepauuu #5/#4. B crpokax #7 u #8 npencrapiieHbl BbIPOKEHUs [1pe-
JIeTIOB lin}) Ao(#) u lim A (7). CoBoKynHOCTb BblpaxkeHuil #1—#8 u
- (o

SABJISICTCA aJITOPUTMOM A0KA3aTCJIbCTBA TECOPEMBI.

Ha puc. 4.6 npusenensl npoueaypsl TadyaupoBanus GyHkuun A (f)
B nuanasose m ot 0 no 10.
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UECTORl m, lim -
t

#18: dt
VECTOR| |m. lim - - m. B, 18
t

B
dt

m. lim —
tw P

m. lim —
t38 P

o

Puc. 4.6. Tabynmposanne pynkunn lim A () iput —> 0u ¢t — o

#Hi:
IF|x = 8. UECTOR - m. 8, 18|, UVECIOR

Puc. 4.6 cocrouT u3 Tpex ctpok. B crpokax #9 u #10 npencrapieHsl
¢yHKUMM TaOyJsIUMK MpeaesibHbIX 3HAY€HUH MHTEHCHBHOCTEH OTKa-
30B pe3epBUPOBaHHON cuctembl. B cTpoke #11 pacnosnoxeH ycios-
HbI{ omeparop IF(x, yl, y2). Ilpu x=0 cucrema Bo3BpalLaer npe-
JACJIbHBIC 3HA4YCHUA WHTEHCUBHOCTEH OTKA30B CHUCTEMbI npu 1= 0,
B IIPOTUBHOM CJIy4ae Npu [ = 0.

Ha puc. 4.7 nokazana urorosas nporpaMmMa ¢ BBeIeHHOH (opmysoit

BEPOSITHOCTH 0€30TKa3HOM paboThl Pe3epBUPOBAHHON CUCTEMbI U pe-
3yJbTaT PELUEHUS 3aauH.

d Tt 2
;(1—(1—8 ) )
#12: 1IF|x = @. UECTOR||m, lim — » m. B, 18|, VECTOR||m. lim —
t-28 - Xt 2 trw
1-{1 -8 b
a At 2
— {1 -4 -2 )
dt
- m, 8. 18
- xt 2
1-q -8 3
A a a
1 8 1 »
2 8 2 x
3 e 3
4 8 4 »
5 8 5
6 @ 6 x
7?7 8 7?7
8 8@ 8
9 A 9
18 @ 18 »

Puc. 4.7. Pesynbrar perienus 3anadu
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W3 peutenus BuaHo, uyro npu t =0 A, =0 npu a060m m, a npu ¢ = oo

A, = A . Teopema nokazana.

4.2.4. NMporpammupoBaHune

[IporpammupoBanue Ha si3bike cuctemMbl Mathcad — 310 camocTos-
TeJIbHBIA OONBLIOH pa3ziesl KOMNbIOTEPHOU anredpbl. B qaHHON kHure
ero HeT. OrpaHu4uMcs 37€Ch TOJIBKO HEKOTOPBIMH 3aMEYaHUAMMU.

[IporpammupoBaHue ¢ MOMOIIbIO YHUBEPCAJIbHBIX A3bIKOB, TAKMX KaK
ITackansb, beiicuk, @optpan, Cu u 1ap., B TEXHAYECKOM By3e OOJBIIO-
ro cMbicia He uMeeT. OHO W3yyaeTcs JIMLb AJIsl OBbILIeHHUs 00pa3o-
BaHUs CTYACHTa U Ha MPAaKTUKE B OOJIbIIMHCTBE CIy4aeB HE HUCMOJIb-
3yercs. [Ipy Heo0X0AMMOCTH MpOrpaMMbl COCTaBIAIOT Mpodeccro-
HaJIbHBIE MPOrPaAMMHUCTBHI.

['nybokoe u3yueHHe MPOrpaMMHUPOBAHMS B TEXHUYECKHX BY3ax OT-
CYTCTBYET I10 CJIEAYIOIIUM PUYUHAM:

4 B yueOHbIX IUlaHaX BY30B TakoW NMpeAMEeT OTCYTCTBYET, NpOrpam-
MHpOBaHUe u3ydaercs Tojbko B Kypce "MHpopmaruka" c kpaiine
OTpaHUUYEHHBIM YHCJIOM YacCOB;

4 B OOLICHHXECHEPHbIX M TEXHWYECKUX AUCLUIUIMHAX BY30B IpO-
rpaMMHMPOBaHME HE HCIOJIb3YETCSi: B 9TOM HET HEOOXOJMMOCTH,
0cOOEHHO NpU BHEAPEHUM B MpoLecc OO0Y4YEeHUs] MPOrpaMMHBIX
CPeACTB CUMBOJIbHOW MaTeMaTHKU;

4 CUMBOJILHOE nporpaMMHpOBaHHUC HIUPOKO UCIMOJIb3YCTCs JIMLIb JJIL
YUCJICHHbIX pacye€ToB.

I[pyroe ACJI0 — NpOorpaMMHUpOBAaHHUE Ha A3BIKE CHCTEM CUMBOJIBHOH
MaTCMaTUKH.

(DYHKLII/IOHaJ'ILHOG nporpaMMHUpOBaHHUE HMECT CJIICAYHOLIUEC 0co0eH-
HOCTH!

4 [pocToTa Mporpamm;

4 KpaiiHe OrpaHMYEHHOE YHUCJO CleLUabHbIX OonepaTtopoB ((yHK-
LIMKM KOMIBIOTEPHOM anredpbl camu 1o cede siBJIsIIoTCs oneparopa-
MU NIPOrpaMMHUPOBaHUs );

4 OOJIbLIMHCTBO AJITOPUTMOB PEAJIM3YeTCsl C MOMOLLBIO JMHEHHbIX
Mporpamm;
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4 nporpamMmbl JIEFrKO BOCHPUHHUMAIOTCSl JlaXKe [0JIb30BaTENIeM, HE
BJIA/ICIOLLMM MPOrPpaMMHUPOBAHUEM;

4 nporpamma, HanuMcaHHas Ha s3bike Mathcad, Bo MHOro pa3s npotue,
YeM Ha YHHBEPCaJIbHOM SI3bIKE POrPaMMUPOBAHHUS;

4 s3bik cucrembl Mathcad siBisiercsi pyHKUMOHAIBHO TMOJHBIM, MO-
9TOMY MO3BOJISIET CO3/aBaTh IMPOTPaMMbl MPAKTUYECKH JIOOBIX
WH)KEHEePHbIX 3a/au.

4.2.5. NMpoBepka JOCTOBEPHOCTU
pelueHusa 3agauun

Pesynprarsl peluenus 3anaud MOTyT ObITb [IPEACTABIICHbI B BUJE YHMC-
Ja, Tabsnupl, rpaduKa WM aHAJIMTUYECKOro BbipaxkeHus. Harpumep,
pe3ynbTaTOM pEeLIeHUs] anredpanvyeckoro WIM TPaHCLEHASHTHOTrO
YpaBHEHUs SBISETCA UYUCIO, pelieHHueM cuctembl AuddepeHLnapb-
HbIX YpaBHEHHH — Talnuua, pelieHre 3a1a4u B Clilydae CUMBOJIbHBIX
nepeMeHHbIX — (opMmya.

CnocoObl MNPOBEPKU NPaBUJIbBHOCTH PEUICHUA 3a/1a4r 3aBUCAT OT BUJa
otBeTa. OHU MOI y1 ObITh OCYLIECTBUMBI CJICAYHOIIUMHU crocobaMu:

4 10ACTaHOBKOM;

4 TalyauMpoBaHUeEM;

4 nocrpoeHueM rpadukos;

4 BbIUKCIIEHUEM MOTPEIIHOCTEH.

PaCCMOTpI/IM 9THU METOAbI, UX JOCTOMHCTBA KU HEJOCTATKH.

MeTopg nogcTaHOBKM

CymHocTth MeTona. Pe3ynpTaThl MOTYYEHHOTO pELIEHHS MOICTaBIIS-
IOTCS B UCXOJHOE BhlpakeHHe (BblpakeHus). Eciu pelienue BepHoe,
TO UTOrOM MOJICTAHOBKHM OYJ€T TOMIECTBO.

IIpumep 4.1. Pelnts 1 npoBepUTh METOAOM MOACTAHOBKU MPABUJIb-
2
HOCTb pelleHust ypaBHeHus x~ +3x—4=0.

PeuieHue, nosy4eHHOE C MOMOLILIO (QYHKUMU polyroots (CM. 2. §),
MpUBEAECHO Ha puc. 4.8.
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V= 3 1= polyroots(V)

() ()

Puc. 4.8. [Iposepka 1paBUILHOCTU PELLCHUS KBAJPATHOIO YPaBHEHUs
u3 npumepa 4.1

U3 puc. 4.8 BuaHo, uto pelueHue BepHoe. [Ipu noacTaHoBKe B UCXO[I-
HO€ YPaBHEHUE €ro KOPHEH M0JIy4eH HyJ1€BOI BEKTOP.

Hpumep 4.2. Heo6X0auMO pelunTh U NPOBEPUTH MPABUIBHOCTb pe-
LIEHUS yPaBHEHUS xt+2x? —5x+2=0.

Peluenue npueaeHo Ha puc. 4.9.

-0.763 - 1.7954
-0.763 4+ 1.795
0526
1

V=2 x = polyroots(W) x=

TR X A0 - 206 107

17T X A0 4 20X 10

12

x4+ 2-::2 -Sx+1=
1201 = 10

sa6x 10 10

Puc. 4.9. [Iposepka npaBuabHOCTY PELLESHUS YpaBHEHUS U3 ipumepa 4.2

N3 puc. 4.9 BUaHO, 4TO MpOBepKa AOCTOBEPHOCTH PELLEHUs] He jaaja
JKeJTaeMOro pe3ysbTaTa: 3JeMEeHTbl BEKTOpa He SIBJSIOTCS HYJISIMU.
Mexay TeM MOXHO YTBEpXAaTbh, UYTO pelleHHe BEpPHO, T.K. YHUCHa
BEKTOpa OJIM3KKM K HYJII0. VX OT/iMuMe OT HyJist MOXKHO OOBSCHUTH M0-
IPELIHOCTSIMU BbIYMCICHUSI KOPHEH U PyHKLMH.
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Mpumep 4.3. PelunTh ¥ NPOBEPUTH MPABUILHOCTL PELLEHHS yPaBHE-
nus 2% —2(a+b)=0.

Pewienue npuseaeHo Ha puc. 4.10.

- 2(at+t =0
In(2-a + 2-b)
IniZ
In(2-a+2-b)
2 B aim=0
0=0

Puc. 4.10. IIpoBepka npaBUIbHOCTY pellieHU ypaBHEeHUs U3 npumMepa 4.3

U3 puc. 4.10 BUnHO, 4TO MpoBepKa MPaBUIbHOCTU PELICHUs YpaBHe-
HUS, TI0C/I€ NMPUMEHeHUs1 KomaHabl ynpouenus Simplify, nana xe-
JlaeMblil pe3ybTar.

MeTop TabynupoBaHus

CyliHOCTh METOJa COCTOMT B cieaytouiem. Mcexoanas ¢yHkuus, 3a-
JaHHasi B TabanM4HOlM Qopme, npeacrarieHa B Buae dopmyJbi. Taly-
nupys GopMyiy BoO BceM Auana3oHe U3MEHEHUs apryMeHTa, MOTyYuM
BHOBb (yHKLIMIO B TaOnuuHo opme. CpaBHUBaAs AaHHbIE ABYX Tab-
JIMLL, MOXKHO YCTAHOBUTb MOTPELIHOCTb (POPMYJIbI.

Takue ciiydad BCTpPEYarOTCs MPU MOAETMPOBAHUHM Pa3TUYHBIX TPO-
LHEeCCOB H ﬂBJ’leHHﬁ, a TAaKXKEe Mpu MmjaHUupoOBaHUU U CTaTUCTUYECKOU
00paboTKe pe3ysIbTaTOB IKCICPUMEHTA.

JIOCTOMHCTBO 3TOr0 METO/la COCTOUT B TOM, YTO NOIPEIIHOCTb (YHK-
LIMM BU/IHA MPU Ka)KAOM 3HaUY€HUM ee aprymeHTta. Ero nepocratok —
OTCYTCTBHE KPUTEPHUS ONpPEAEICHNUs] CYMMapHOU MOrpeLIHOCTH.

[ToapoGHo 3TOT METOA pacecmoTpeH B 2. 3 u 10.
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MeToga Bu3yanusauum BbiuMCII€HMiA

Ot1oT MeTon oueBuAeH. OH HAXOAUT MPUMEHEHHe TP PelleHUH Clie-
JYIOIIUX 3a/1ay:

4 omnpeneneHre KOpHeH anreOpanuecKuX W TPaHCIEHJIEHTHBIX ypaB-
HEHUH;

4 pelueHue 3a1a4 MHTePHOJISILIMY;
4 onpejesieHUe dKCTPEMalIbHbIX 3HaYeHU I (pyHKLMH.
Merop npuseneH B en. 3, 8, 10.

I[OCTOI/IHCTBO METOAAa — BbICOKAas HArJIAAHOCTbL pe3yJibTaTa.

MeTop, BblMNCNneHna I10rpeI.IJHOCTeI7I

Oror cnocob Haubosiee o0bekTHBEeH. Ero pesysnbraTtom siBiisieTCs Be-
JMYMHA MOTPELIHOCTH B BUAE uKcna. [Ipu 3TOM A7isi OLleHKH Morper-
HOCTH NPUMEHSIIOTCS pa3inyuHble KPUTEPHUH:

4 BEJIWYMHBI MUHUMAJIBHON Y MAKCUMAaJIbHOM MOTPEIIHOCTEH;
4 cpelHee 3HaYEHUE MOrPEeLIHOCTH;

¢ CpEeAHCKBAApaTUYCCKUC a0bCoMIOTHAs U OTHOCUTEJbHAS norpemu-
HOCTH.

Bbruucnenuss norpemHocteil ocyluecTiastoTcs no dopMmyiam U
00NbLIOH CIOKHOCTH HE MPEACTABIISIOT.

OT1H cnocoObl paccMaTpUBAIOTCS U pealiusytotres B 2. 3, 10.
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Komnmeeprle TeXHOoJ1ormum
CUMBO/JIbHbIX BbIYNCJIEHUN

5.1. CumBoOJIbHbIE BblYMUCNEHUA
B Mathcad

CriocoOHOCTb MaTEMATUUECKOM CUCTEMbI BBITIOJIHATH ajlredpanyueckue
OrnepaLuu SBJSIeTCS OJHUM M3 OCHOBHBIX NMPU3HAKOB €€ MHTEJUIEKTY-
aJIbHOCTU. DTa CIIOCOOHOCTD OIpeeNseTcs YUCIoM (YHKLMH, Mpea-
Ha3HAUYEHHBIX VIS PeLLeHHUS 3a7a4 ¢ CUMBOJIbHBIMHU IEPEMEHHBIMH.

Cuctema Mathcad He siBnsieTcst caMoil MHTelUIeKTyanbHOU. Bniepenu
ee HaxonsATCs Takue cuctembl, kak Mathematica, Maple, Derive 5.

B cucreme Mathcad ucnonb3yercst B ynpoOIIeHHOM BHIE SAPO CHM-
BOJIbHOM MaTematuku cuctembl Maple V. [pu 3ToM nipsiMmoro aoctyna
K OOJIBLIOMY YMCIly €€ Onepaluii y nosib30Barelisi HeT. JTO sBJsieTCs
NPUYMHON clielylolMX HeaocTatkoB cucrembl Mathcad B oOnacru
CHMBOJIbHBIX BbIYHCIICHHIA:

4 OTBeTHl, MOJy4YaeMble B PE3yJIbTaTe CHMBOJIBHBIX BbIYMCIEHHH,
CJI0JKHBI, CUCTEMA IIJIOXO UX YIPOLLAET;

4 UMEIOT MECTO Cjlyyad, Korga 3ajgavda B aHAJIUTHYCCKOM BHAC HE
pemaeTrcd, XOoTs ABJIICTCA JO0CTATOYHO HpOCTOﬁ;

¢ uHorjga cucreéMa BbIAACT PCLICHUE TOJIBKO IMOCJI€ HECKOJIbKUX IMO-
NbITOK; IPU 3TOM MpPUYKUHA HE SCHA.

OTH HEIOCTaTKU YBUAUM NPU PELLEHUU 3a]aY.
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B obsactu cumBOJbHBIX BbluMciieHuii Mathcad no3Bossier peluatsb
Gosbiioe uncio 3anay. [lepeunciuM OCHOBHbIE U3 HUX!

¢ Npou3BOAUT CHUMBOJIBHBIC OIl€pallui ¢ MATEMaTUYCCKUMH BbIpa-
JKCHUAMMU C LICJ/IbIO UX YIIPOLICHUA: PACKPbIBACT CKO6K[/I, BBITNOJIHACT
COKpalleHus, MpUBOAUT K O6H.IGMy 3HaAaMCHATECIH0, BBIHOCHUT 3a CKOO-
KH, BBIIOJIHACT PA3JIOZKECHHUE Ha MHOKHUTEJIN U APYIrUe OlCpaluun;

4 BBINOJIHAET CUMBOJIbHBIC BBIYUCICHUS:
® pelIaeT YpaBHEHHUS! C CHMBOJIbHBIMU IEPEMEHHBIMHU;
® BBLIYUCIIET HEONpPEeNeHHbIE U ONPeae/IeHHbIE HHTErpabl;
® HaXOAMT NPOM3BOJHBIE;
e BbIYMCIAET Npenenbl GyHKUMN;
e packiaabiBaeT pyHkuuu B psa Teiinopa;

e BLINOJHAET MHTerpajibpHble npeobpasosanusi Pyprwe, Jlannaca,
Z-nipeoOpazoBaHUe;

4 BBINOJIHICT CUMBOJIbHbIC MaTPHUYHbIC BbIYUCIICHHUSA: TPAHCIIOHUPO-
BaHHC, 06paH_IeHI/IG MaTpulbl, BBIYUCIICHUE or[pe/:[eJIHTenei/i;

L4 OCYUWICCTBJIACT NMOACTAHOBKY CUMBOJIbHBLIX MNECPEMCHHBIX B MaTCMa-
THUYCCKOC BbIpa’KCHUC.

CHUMBOJIbHBIE OMNEpaliy PELIeHHs] YPaBHEHWN, BBIYMCIIEHUSI MPOM3-
BOJZIHBIX, HHTErpajloB, NpeAesioB, pa3iokeHrue (PyHKUMUU B CTENEHHON
pan obcyxnatorcs B 2. 3, 8, 9. B HacTos11el riaBe paccMaTpUBaroTCS
CHUMBOJIbHBIE OMEPALIMU YNPOLLEHUS BbIPAXKEHUH, UHTErpaJIbHbIX TNpe-
00pa3oBaHUi, BbIYMUCIICHUs (PYHKLUMH U NOJCTAHOBKH.

B Mathcad cumBOJIbHBIE BBIYMCICHHS MOTYT BBIMOJIHATBCS B JIBYX
PeKMMax: KOMaHJAHOM W ONEPaTOPHOM.

B xomaHgHOM pekMme MCrosb3yloTes KoMaHabl MeHio Symbolics, B
onepaTOpHOM MpUMeHsieTcs oniepaTop (—>) (cTpesika BIpaso).

CHUMBOJIbHBIC BBIYMCIICHUS B KOMAHTHOM PeKUME UMEIOT ClieTyolre
0COOEHHOCTH:

4 BBIBOJ pELICHHMS HA DKPaH OrPaHUYEH MECTOM: PELIEHHUE MOXKET
BBIBOAUTBCS TONBKO HHKE UCXOJHOTO BBIPAJKEHUS, UM ClpaBa OT
Hero, Ujiu BMECTO HEro.



KOMI'IbIOTeprIe TEXHOJIOTUY CUMBOJIbHBIX BbIYUCIIEHNN 137

Mecto BbiBOAa ompeaensercs komannoid Evaluate Style (Ctunb
BbIBOJIa) MeHIO Symbolics;

4 BBIpOKEHUS OTBETOB OBIBAIOT HACTOJIBKO CJIOXKHBI, YTO WX aHAIIU3
KpaiiHe 3aTpyIHEH WUJIU 1a)Ke HEBO3MOKEH;

4 pelleHde B aHAJIMTUYECKOM BUJAE HE BCeraa MojydaeTcs Aaxe B
NpOCTLIX Clly4dasX, 4YTO O6BHCHHCTCH HEBbLICOKOM HUHTCJUICKTY-
anbHOCTHIO cuctembl Mathcad. Cnenyer umerb B BUIY, UTO
Mathcad — 3T0, B OCHOBHOM, CHCTeMa YMCJICHHbIX pelIeHUd Ma-
TCMATUYCCKUX 3a1a4,

¢ nNpocToTa pCHICHHUA MATEMaTUYCCKUX 3a/la4 Ha CHUMBOJIbHBIC BbI-
YUCJICHUA.

CHUMBOJIbHBIC BBIYMCIICHUS B OMNepaTOPHOM PEIKHUME BBITTOJIHAKOTCA C
NOMOULIbIO ONIEPAaTOPOB CUMBOJIBHOI'O BbIBOJA.

Oneparop CUMBOJILHOTO BbIBOJA MpPEACTaBIIEeT COOOH CTpeliky (—),
KOTOpast  BbI3bIBACTCSI  OJHOBPEMEHHLIM  Ha)KaTUEM  KJIaBULI
<Ctrl>+<> (Touka). meetcs u BTOpoii onepaTop, Ha3bIBaeMbIii pac-
LUMPEHHBIM ONEPATOPOM CUMBOJIBHOI'O BbIBO/A, KOTOPbINA BbI3bIBACTCA
OJIHOBPEMEHHbIM Haxkaruem kiaBuin <Ctrl>+<Shift>+<> (touka).
PacmypenHsbiii onepaTop uMeeT BUI CTPEJIKU C AByMs 11a0JIOHAMU U
MO3BOJIAET BBINOJHATL CHMBOJIbHbIE ONE€palMM C YKazaHHMEM BHAA
npeoOpa3oBaHUii NOJy4aEeMOro PeLeHUs.

5.2. CUMBOJbHbIE BblYUCNIEHUA
B KOMaHOHOM peXxunme

5.2.1. YnpoljeHne CMMBOJIbHbIX BblpaXxeHui

VYnpoleHue cUMBOJIbHBIX BblpakeHuii B Mathcad ocymectsnsercs ¢
MOMOMIBIO clenytomux komana MeHio Symbolics: Evaluate (Borumc-
qutsb), Simplify (Ynpocturs), Expand (Paznoxurs), Factor (Pazno-
»kutb Ha MHOXxuTenn), Collect (IlpuBectn nopo6bueie), Polynomial
Coefficients (Koa¢dpumenTts monmuHoOMa).

TexHonorus ynpoweHuss CUMBOJIbHBIX BbIPAXKEHUU WCKIIFOUMTEILHO
MpocTa U OJAMHAKOBA AJis1 BceX KomaHA. OHAa COCTOUT B BBIIIOJIHEHUU
CJIEYIOLIUX AEUCTBUI:
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4 BBOJ BbIpakKeHUs, TPEOYIOLIErO YIPOLLEHHUS;
4 BblICJICHUE BbIPAXKECHUS;
4 BBINOJIHEHME COOTBETCTBYIOIEH KOMaH bl MeHIO Symbolies.

Ecnu HeobOxonuma omnepauusi ¢ y4eToM OTAEIbHON NMEpeMEeHHOW yIi-
pOLLAEMOr0  BBIPAXKEHHS, TO MEPEeMEHHasl BbIACNSETCS JABOHHBIM
LIETYKOM MBILLIH.

Komanpa Evaluate (Bbiuncnntb)

Komanna Evaluate ocymectsiser npeoOpazoBaHue ¢ BbIOOpOM ciie-
Jyrouux koMana noaMeHto: Symbolically, Floating Point, Complex.

4 Komanna Symbolically (CumBosnbHbIi BBOA) 0OpabaTbiBaeT mare-
MaTHUYeCKHe BbIPayKeHHUS, CTPEMSCh YIPOCTUTh X MyTeM BO3MOXK-
HBIX BBIYMCIICHUH U IpeoOpa3oBaHU.

¢ Komanna Floating Point (IlnaBatoias Touka) BbIIOJHAET apud-
MeTHYeCKHe Olepalyd B BhIpAKEHUIX B (JopMe Yucen ¢ IiaBato-
el Toukol. OHa NO3BOJISIET YCTAHOBUTDL YMCJIO LUMGP pe3ysibTaTa
10 4000 BepHbIx Ludp.

4 Komanna Complex (KommiekcHbIN BUT) BBINOJHSET BBIUMUCICHUS
B BH/I€ KOMILJIEKCHBIX BBIPAXKEHUI.

Komanga Simplify (YnpocTurb)

Ora KOMaHJa yNpOLLAET BbIAEJIEHHOE MATEeMaTHUYECKOE BbIPAXKEHUE
MyTeM ero npeo0pa3oBaHUs ¢ IOMOLIBIO ONEPaLUil IpUBEIEHUS APO-
Oeil k oOuieMy 3HaMeHaTenlo, NpUBEIeHUs MOAOOHBIX YJIEHOB, MC-
M0JIb30BaHUsl TPUroHOMeTpuyueckuX (opmys u ap. C noMoLbio 3ToH
KOMAaH/1bl BBIMOJIHAIOTCS MHOTHE CUMBOJIbHBIE OMepauuu (BbIYMUCIIE-
HUE [IPOU3BOJHbBIX, UHTETPajiOB, CYMM U MPOU3BEICHUH psaa yucen).

Komanpa Simplify moxer Taioke ynpouwars ajireOpauueckue Bbipa-
JKEHUs1, IIPe/ICTaB/IEHHbIE B CHMBOJILHOM BUJE. DTa KOMaH/a YeTKO He
onpeneneHa. Ee nelicTBUs MHOrna NmpUBOAAT K HEOXKHUIAHHBIM pe-
3yabratam. Bo3moxHbl paxke ciyyau, KOraa BbIPaXKEHHWE MOC/E Bbl-
TTOJTHEHUST TOW KOMaHIbl YCIIOKHSETCS.

Hpumep 5.1. Heo6xonumMo ynpocTuTh ¢ NOMOLLBLIO KOMaHAbl Sim-
plify cnenyroiue BoipaXkeHus:
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a 3 ab a+l1 . 2 .
—+ ;oa+ - +1; (sinx+cosx) sinx.
b a+b a-b a-b

Pemenue npuBeeHo Ha puc. 5.1.

a 3 ab a+1

-+ a+ -

h a+b a-b a-h

I:a2+ ah+ 3-1:::' (&2_ 1 —b]l
bla+ ) fa—-1t)

(sin®) + cu:us(x))z- ity ¥)

sitlx] + 2-cos(xX) — 2-(:05(}()3

Puc. 5.1. Ynpoiuenue BolpakeHuii ¢ noMouibto komanasl Simplify

N3 puc. 5.1 BuaHo, uto komanaa Simplify He Hama onTUMaibHOrO
peuieHus ajis nocyienHero Boipakenus: (14 sin2x)sinx .

Komanga Expand (Pa3noxurb)

Orta KOMaH/Ja pacKpbIBaeT CKOOKW MaTreMaTHYECKUX BbIPAXKEHUH, BO3-
BOJUT aHAIIMTUYECKOE BhIPAYKEHHE B CTEMEHbB, BBITMOIHSIET Mpeodpaso-
BaHUS TPUTOHOMETPUUECKHUX BBIPAYKCHUIA.

Ipumep 5.2. HeobGxoaumo mpeoOpazoBaTh C MOMOIIBIO KOMAaHIbI
Expand cneayrolye BbIpaxKeHUS:

(x—a)s; (x—l)(x2+1)(x+1); sin2x;
(x+2)% +(sinx +cosx)? —1.

PellleHl/le, BBINOJIHEHHOE MO OMHUCAHHOM TEXHOJIOI'WH, MPUBCACHO Ha
puc. 5.2.

3 puc. 5.2 BHJHO, YTO KOMaHJa YCMEeUIHO NpeoOpa3oBana nepBbie
)4 52 6
TpU ypaBHEeHMS W 1I0X0 "ympoctuna" mocieanee. Ona "He 3Haet",
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.2 2 . . "
4yTo sin” x+cos” x=1, 2sinx-cosx =sin2x, XoTa oOpaTtHoe el "u3-
BECTHO".

(-9’
xj - 5-x4-a + ID-x3-a2 - 10-:«:2-:513 + 5-x-a4 - a5

(x- 1)-(x2 + 1)-(x+ 13

x4—1

it 2-x)
2-sin0¥) - cos(x)

[x+ 2)2 + [six) + cos(xjjz -1

xz +4x+3+ sin(sz + 2-sin¥) - cos(x) + cos(sz

Puc. 5.2. Ypolenre BelpaxkeHuit ¢ noMoubio komanasl Expand

KomaHpga Factor (Pa3noxute Ha MHOXUTeN)

KOMaH):[a Factor BeImonHseT onepanuu BbIHOCA 3a CKOGKI/I, pa3iioxe-
HUA HAa MHOXKUTECJIN, [IPUBEICHUSA K 06].].[6My 3HaAMCHATECJII0.

Mpumep 5.3. HeoOxoaumo ¢ nomolubio komanasl Factor npeo6pazo-
BaTh CJIE/YIOLINE BbIPAKCHUS:

x3—a3. x3—a‘ 156
x—a  x—a 16~
¥ +17x° —13x2 —233x-204.

Pewienue 3anauu npuBeieHo Ha puc. 5.3.

xs—l;

N3 puc. 5.3 BugHO, uyto komaHaa Factor mpeBocxoaHo pelnna yeThi-

X3—Cl

p€ 3aaa4u, HO HE CMOTrJ1a Hp606p330BaTI> BbIpa’XXCHUE
X—a
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xﬁ_l I:x3—33J
X—a
(1:—1)-'[::4+x3+x2+){+1:| 512+x-a+x2

22 .

x-a 16
I:—x3 + 39
(- + &) 4

::4 + 1?-::3 - 13-::2 - 233.x - 204

(x-dlz+1N(x+Dx+ D

Puc. 5.3. Yopouienue BbipaxkeHuid ¢ noMoibio komauasl Factor

Komanpa Collect (MpuBectn nogo6Hbie)

Komanna Collect BbIONHIET CUMBOJIbHBIE ONIEPALIUU U MIPEACTABIISIET
pe3ynbTaT B TMOJMHOMHAJIBHOM BHJE OTHOCHUTENIBHO TEepEeMEHHBIX.
IIpn sTOM aHamMTHYecKOe BBIpAKEHHE MOXKET ObITh (YHKIHUEH WIn
BbIpakeHUEM. BbIOOp nepemMeHHON OCYIUECTBIISETCS M0JIb30BaTEIEM
(OBOMHOM LIETUOK MBI HA IEPEMEHHOM ).

Mpumep 5.4. HeoOGxoaumo mnpeoOpa3zoBaTh C MOMOILLBIO KOMaH/Ibl
Collect cienyroiue BbIpayKeHUSI:

a
(x+a—-c)’; x+—+ab®+2x%.
X
Pemenve npuBeaeHo Ha puc. 5.4.

W3 puc. 5.4 BUAHO, YTO MepBOE BHIpaKEHHE Pa3ioKeHO OTHOCHUTENb-
HO TMEPEMEHHBIX X, d, C, BTOPOE — TOJIBKO OTHOCHUTEJILHO NEPEMEH-
HOH a.
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(x+a- c:)2

x2 +ida-2-crx+(a- 0)2
a2 +2x-2crat+ (x— u:j2
02 +i-2x-2ac+(x+ ajz

x+ 2 + a-b2 + 2-){2
X

1
[— + bz]-a+ x+ 2-){2
be

Puc. 5.4. [IpeoGpa3zoBanus BeipaxeHuii ¢ nomolibio pynxuuu Collect

Komanpa Polynomial Coefficients
(KoagpgpuymerTsl nonnHoma)

KOMaH):[a BbIJAcCT KOS(b(bI/II_[I/IeHTI)I MNOJIMHOMaA, IpPEACTABJICHHBIC B BU-
A€ BEKTOpa. Ora KOMaH/Ja MoJjie3Ha B TOM CJlydac, KOrjga BbIPaXKCHUEC
CJIOKHO U AJI OMpEAC/ICHU KO3CI)CI)I/ILII/I6HTOB INOJIMHOMAa HeO6X0,Z[I/IMO
BBITIOJIHATH MHOI'O BCIIOMOI'aTCJIbHBIX onepaum‘/'l.

Hpumep 5.5. HeoOxoaumo Haiith ko3 PULMEHTHI MOJIMHOMA Clie-
JYIOIIUX BbIPaKEHHH:

()c—at)z(Zx—l)(x2 —1)+bx3 +c¢; (x+a)x->b);

(x+1)° )

—xsinl+x%e? —Inc.

Peuienue npuBeaeHo Ha puc. 5.5.

U3 puc. 5.5 BUAHO, UTO 3a/1aua YCIELLHO pelleHa.

W3 onucaHusi KOMaHJ YMPOIICHUS BBIPAKEHUH W MPUMEPOB BUIHO,
4yTO AeiicTBus koMaH ciabo ¢opmanmuzoBanbl. UMeeT mecto myOmu-
pOBaHUE KOMaH/.
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(x- ajz-(E-x— lj-I:xz - 1] + h-x3 + (x+a-(x-m
2 -ah
i +c
b+
2
-da-32a 1
1+4a- az

-2+ 2a+ 2-&2 +h
-1-da
2

3
GHly xsinfl) + xz-exp(—b) - Infc)

- o

1 - sin(1)
1
expihi)
1

3

1+

Puc. 5.5. [IpeoOpa3zoBaHue BbIpaxeHUN C MOMOLIBIO (PyHKLIUU
Polynomial Coefficients

[To 3TMM nNpUUMHAM U Py APYTHUX TEXHOJIOTUSl YIPOLUEHUS BbIPAXKE-
Huii B Mathcad He oueBuaHa.

MaremaTiueckoii TeOpuM ONTUMH3ALMK BbIPAKEHUI HE CYLECTBYeT.
DTO BbICOKO MHTEJUIEKTYyaslbHasi paboTa, U MCKYCCTBEHHbIH MHTEJIEKT
HE MOXKET CPaBHUTbCS C ecTecTBeHHbIM. OTCIOAa U pelleHus, MoJy-
yaemble cucteMoii Mathcad, nanexo He ONTUMAaITbHBI.

[Tonb3oBaTesnb B OOJILLIMHCTBE CIy4aeB MPH PELICHUH MPAKTUYECKUX
3aja4 3aTpylnHsieTcs BbIOpaTh HY>KHYIO KOMaHAy ynpoiueHus. Kak
MOCTYNAIOT B 9TOM CJTydae CTyAEHTHI, Ja U He ToJbko oHHU? Mcrnomnb-
3YIOT BCE€ KOMAaHJbl HAyraj, NbITasiCb YNPOCTUTb BbIPAKEHUE 10 MU-
HUMyMa. Tak Kak KOMaHZIbl BBINOJHSIOTCSI MTHOBEHHO, TO MpoLecc
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YIOPOLUEHUS! MATEMATUUECKUX BbIPAKEHUIN MOX0K HA KOMIIBIOTEPHYIO
urpy.

Bor onuH U3 npuMepoB, NOKa3bIBAKOLUNA HECOBEPLUEHCTBO TEXHOJIO-
Ui yIPOLLEHHUsI BBIPAKEHUH.

. 2
Heobxomumo ympoctuTh BbipakeHue (sinx+cosx)” —1. Ilocne BbI-

nosHeHWst koMaHabl Simplify momydaem BbIipakeHHe 2sinxcosx.
[Tonmyuuts Gonee mpocToe BbIpaXKeHUe Sin2x He yaaeTcs: HU OfHA U3
KOMaHJ YIpOLUEHUs He MO3BOJISIeT 3TO cAenaTb. Mexay Tem, Bbipa-
keHue sin2x ¢ nmomoulpbto komMaHapl Expand MOXHO ympocTuTh U
MOJTyYUTh 2Sin XCOSX .

N no1o0HBIX MPUMEPOB CKOJIBKO YIO/IHO.

Hanee mpuBonarca BblpakeHUs sl ynpouleHusi. OHU MO3BOJISIIOT
M0/1b30BATE/II0 YCBOUTh KOMaH/bl YIPOLLIEHHS, NPUOOPECTH HABBIKH,
YBUETh IOCTOMHCTBAa W HepocTatku Mathcad, kak wHTennmekTyasb-
HOU CHUCTEMBI.

2 3 1 (a+b? - 5
- +——> DX
x+a x+a x"—qg a+b+c

(x+1L,2)(x—=3,6)(x+7);

-2

. 2 2
sin” x +cos” x)-cosx . .
( ) ; x* —3x% +3xi+9x% —10.

sin 2x

lMpumeuaHne

B npouecce ynpoLieHNs BbIPaXEHWA MCNOMb3yWTe KOMaHAbl MHOTO-
KpaTHO, KOMOWHMPYS MOCreAoBaTeNbHOCTE MX UCMONHeHus. Hanpu-
Mep, NpU YNPOLUEHUN NATOTO TPUFOHOMETPUYECKOTO BbIpaXeHUsi BOC-
nonebayiTeck komaHaamu Simplify n Expand.

5.2.2. CuMmBoOsbHbIE Onepauunmn
C BblpaXXeHNAMM

CuMBoOITbHBIE Onepauny AU GepeHIMPOBaHNS, UHTETPUPOBAHHS, BbI-
YHCJIEHHs TIPeesIoB, Pa3ioKeHUs B psifl, pelleHHs] ypaBHeHUH 10cTa-
TOYHO NOAPOOHO ornucaHsbl B 2. 3, 8, 9. 31ech paccMaTpUBaIOTCs CUM-
BOJIbHBIE OMepaliy 3aMeHbl IePEeMEHHBIX U Pa3IoKeHUs] Ha JIeMeH-
TapHbIe APOOH.
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KomaHpa Substitute (3ameHa nepemeHHoON)

OTa KOMaHJa HAXOAMT ILIMPOKOE MPUMEHEHWE NpPU TMPaKTUHECKUX
pacuerax. OHa MO3BOJISET: BBINOJHATH YMCICHHBIE PAcueThl, MPOU3-
BOJIMTH 3aMEHy NIEPEMEHHBIX B MAaTEMAaTHYECKUX BBIPAKEHUAX, CO3a-
BaTh U3 OJHOTO ypaBHEHUS CHCTEMY YpaBHEHU.

TexHonorust 3aMeHbI NEPEMCEHHBIX IMPOCTa U COCTOUT B BBIINIOJIHEHUH
NEPEHUUCIICHHBIX fajice onepaum‘fl:

¢ BBOJ HepeMeHHOﬁ, KOTOpad 3aMCHSCT IEPEMEHHYI0 HCXOAHOI'O
BbIPpAXXCHUA. HGpeMeHHaH MOXKET ObITh YHUCIIOM, CUMBOJIBHOH ITe-
peMGHHOﬁ HJIN BBIPA’KCHUCM

4 coxpaHeHHe MepeMeHHOU B Oydep ¢ MOMOILIbIO KOMaHAbl MEHIO
Edit | Copy:;

4 BBOJ BbIpakKeHUsl, TPeOYIOLIEro 3aMeHbl IEPEMEHHOI;

L 4

BbIACJICHUEC nepeMeHHoﬁ JIBOMHBIM LIETYKOM MBI,

4 BbInoJIHeHHWE KoMaHAbel MeHIO Symbolics | Variable | Substitute;
Ha SKpaHe TOSBUTCS pelIeHHe.

Mpumep 5.6. Heo6xonrMmMo BBINOJIHUTL 3aMEHY NMEPEMEHHBIX B CJie-
OYHOIUX (YHKIUAX:

2x3—3,2x2+6x+1 npu x=0,78, x=a+b;

m a _
+ e (a+m)t

at+m a+m

npu a=3,7, m=4,7, t=0.

MpumeyvaHue

CnepyeT nmeTb B BUAY, YTO npoueaypa 3aMeHbl MEPEMEHHON MOBTO-
psieTcs CTONbKO pas, CKOMbKO 3aMeHsieTcsl nepeMeHHbIX. OaHOW KoMaH-
LoVl 3aMeHNTb BCe NEPEMEHHbIE HEMb3S.

Peluenue npueaeHo Ha puc. 5.6.

KomaHpa Convert to Partial Fraction
(PaznoxeHune Ha npaBunbHbie gpPo6m)

PaznoxeHne CHMBOJILHOTO BbIPpAXKCHU HA NMTPABUJIbHbIC ,Z[pO6I/I nHOoraa
MNOJIE3HO AJId HArJIsIAHOCTU peE3yJibTaTa PELICHUS 3aJavH. HpI/I 3TOM
KOHCYHOC BbIPAXKCHUEC B OOJILIINHCTBE CJlyyacB SBJIACTCH Oonee
JUIMHHBIM, 4YEM HCXOOHOC.
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078

2-x3 - 3.2-:(2 +6x+1
4682224

a+h

I(a+ by —32(at b +6atbbtl]

37

hud a
+
at+m at+m

exp[-(a + m)-t]

m

Grom Farem 3T - m

47

S5952380952320952381 + 44047619047619047619- exp( -8 4-)

il

1.0000000000000000000

Puc. 5.6. 3ameHa nepeMeHHbIX C MOMOLIbIO KOMaHAbl Substitute

el

(% - bj3

-1 a a I:—bz + aJ I:a+ bQJ

b3 * |:b3-(—x+ b)] ) |:b2-(—x+b)2:| ) [b-(—x+b)3:|

(x+ 13
2-x2—x—1

-1 N 2
GF2x+ D] [Ex-1]

(23
i+ a
3
ag—x-a+x2—2-
(% + a)

Puc. 5.7. Paznoxenue BbipaskeHU Ha npocThie [podu

¢ nomombeio komauasl Convert to Partial Fraction
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TexHonorus 3ToM npoueaypbl MPOCTa U OUYEBUAHA.

[lokaxkeM ee pe3yabTaThl Ha IpUMeEpE.

Hpumep 5.7. Heo6xonMmo pa3iokuTh Ha NpocThie ApodU clieyto-
LI1€ BBIPAYKEHUS:

¥ +a ] x+1 ¥ -d

x(x—b)3 T2t -x-1 x+a

Pewienus npusenens! Ha puc. 5.7.

5.2.3. CUMBONbHbIE
MHTerpasbHble npeobpa3soBaHns

Cucrema Mathcad umeer KoMmaHpbl, MO3BOJSIONIAE OCYIIECTBIISAThH
npsmMoe u oOparHoe mnpeoOpazoBanuss Dypwe, Jlamnaca, Z-npeod-
paszoBaHWe. DTH MpeoOpa3oBaHus IMHUPOKO HUCTIOIb3YIOTCS B HAYUYHBIX
W MH)KEHEPHBIX pacueTax, oco0eHHO npeobpa3osanue Jlamaca.

[IpeoGpa3oBaHus OCYLIECTBIISIOTCS C TIOMOIIBIO CIIETYIOLIUX KOMaH[
meHto Symbolics | Transform:

Fourier — npsimoe npeoOpazoBanue Oypbe;

Inverse Fourier — oGpartHoe npeobpazoBanue Oypre;
Laplace — npsimoe npeobpazoBanue Jlannaca;

Inverse Laplace — oGparHoe npeobpazosanue Jlamaca;

Z. — nipsimoe Z-nipeoOpa3oBaHue;

* & & O o o

Inverse Z — o6partHoe Z-nipeoOpazoBaHue.

TexHosIOorus CUMBOJIbHBIX NPeoOpa3oBaHUN COCTOUT B BbIMNOJIHEHUU
CJIeIyIOIINX OTNepalri:

4 BBOJ MCXOIHOTO BBIPAKEHUS;

4 BbIJEIEHHE MEPEMEHHONW, OTHOCUTEIBLHO KOTOPOH OCYIECTBIIsIeTCS
npeobpazoBaHUe;

4 BbINOJIHEHUE HEOOXOAMMON KOMaH/bl M3 BbIIICHCPESUUCICHHDIX,
MocJie Yero Ha 9KpaHe MOSBIISeTCsS OTBeT.

HurerpanbHbie npeodpazoBanus GpyHkuuii B cucreme Mathcad umeror
psia ocobeHHOCTe:
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4 oTBeTaMH SBIAIOTCA IJIOXO YMPOILUEHHbIE BBIPAXKEHHUS, MOITOMY
OHM BO MHOIMX CJlyyasX HE€ COBMNAJAIOT CO CHPABOYHBIMU JIAHHbI-
MHU;

4 uHTerpajbHble NpeoOpa3oBaHUs MOTYT ObITb IMOJYYEHbl HE JUis
BceX (pyHKLMIA, IMEIOIINX 9T peoOpa3oBaHus;

4 BujJ npeoOpa3oBaHMs CYLIECTBEHHO 3aBUCHT OT BM/a HMCXOJHOM
(dYHKUMH, MOITOMY, MPEKAE YeM HAXOAUTh UHTErpajibHOe Mpeod-
pasoBaHue, LeJeco00pa3HO YNPOCTUTh UCXOAHYIO (PYHKLMIO.

[IpuBenem npuMepbl MHTErpajibHbIX NPeoOpa3oBaHui.

Hpumep 5.8. Tpebyercs nosyuuts rnpsmMoe U obpaTHoe npeodpazo-
Banus Jlamnaca crneayromux (yHKLHiA:

5. at; sinwt; e ¥ te” > ; s ; k .
ks+1  ks+1 (GBs+1(5s+1)

Pemenue noka3ano Ha puc. 5.8.

] at it wt) expl—a-t) t-explat)
5 a wr 1 1
8 2 (52 . Wz) (g +4) (s - &32

] as
ks+1 ks+1

-t 1 1 -t

exp| — a| — Ditac(t) - —-exp| —

xp( " ] ” it 2 xp( " )
H— 'y

k
k
(3e+1)03s+ 1)
k _—l-e _—l-t + l-e _—1-t
2 “ 3 2 ® ]

Puc. 5.8. [Ipsmoe u oOparHoe npeobpasopanus Jlamaca pyHkuuii u3 npumepa 5.8
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Hpumep 5.9. Tpebyercs nojsyuuth MnpsMoe M oOpaTHoe Z-mnpe-
o0Opa3oBaHus CICAYIOLIUX (PYHKLIMHI:

ClZ' az . az .
z+17 (z+1)? (1-z)*

5, an; e™; sinwn;

z
(z+D)(z+3)z+a)

Pemenue noka3aHno Ha puc. 5.9.

3 an axpl—a-11) sit w-11)
z z T z
5 . — X singwy
z-1 (z- 132 (z - exp(-d) -2z cosw) + z2 + 1]
az E iz
z+ 1 (z+1j2 (1—2)2
a-1" —at-1)"n an

z

2+ D(z+D(z+ a)

Lo (p™as (9" 2¢n " 3(D"]
(—S-a + 6+ 2-&23

Puc. 5.9. Z-npeodpazosanue GpyHkmit w3 mpumepa 5.9

Npumep 5.10. TpeOyercs noayuuts npsMoe u 00parHoe npeodpaszo-
BaHus Dypbe cieayrolmnx GyHKUU:

ﬂ; L; sinaw; (1+w)(1+5w).
t 1+t

Pewuenue npueaeHo Ha puc. 5.10.
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2 _t

t 1+1

i a-ﬂ-|:¢'|:—m) - CI:":DJJJ E-ﬂ-Dﬁac(mj -1 exp[i-mj-n-[cb [—mj - Cb[mjj
ity a- w) 1+ w1+ 5w

%-i-(—Dirac(—t — &) + Dirac(—t + a)) Dirac(t) — é-i-Divac(l ) — 5 Dirac(2,t)

Puc. 5.10. Ilpeobpazosanve Dypre (ynkimii u3 mpumvepa 5.10

5.2.4. CumBosbHble Npeobpa3oBaHna MaTpuLy

Mathcad ocyiuecTBasier CHUMBOJIbHBIE MpeoOpa3oBaHUsl MATPHULL
TPAHCIIOHUPOBaHUE, OOpallleHUe, BbIYMCIIEHUE AeTepMUHAHTA. OTH
ornepaLy BBIMOJHAIOTCS C MOMOLIBIO CJENYIOLIMX KOMaHA MEHIO0
Symbolics | Matrix:

4 Transpose — TpaHCIOHUPOBAHUE;
4 Invert — oOpailieHHe MaTpHIIbI;
4 Determinant — BbIYHMCIIeHHE JIeTEpMUHAHTA.

MarpuuHble onepaunu OyayT NOAPOOHO paccMOTPeHbl B 2. 6. 31ech
MBI [IPUBEIEM TOJILKO OJUH ITPUMED.

c ()

d -
fad-5d (ad-50
-3 a
(ad-5c (ad-350)

ad-35¢c

Puc. 5.11. IIpumep cMMBOJIbHBIX NPEOOPA30BAHUIA MATPUIL
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Mpumep 5.11. Heo0x0a1MMO OCY1IECTBUTH TPAHCIIOHUPOBAHUE U 00-

a ¢
pali€eHUue MaTpHULbl s 4 W BbIYUCJIUTDL €€ NACTEPMHUHAHT.

Pemenve npuseaeHo Ha puc. 5.11.

5.2.5. CuMmBoOJIbHbIE BbIMUCIIEHUSA NPU aHannse
PYHKLMOHNPOBAHMNA CITOXXHON CUCTEMbI

IlpuBeneM mnpumep HUCMNONb30BAHUS CHUMBOJIBHBIX BBIYMCICHUNW MpU
aHaiuze PyHKLIIMOHUPOBAHMS CIIOKHON CUCTEMBbI.

IlycTe naHa MHOroOKaHallbHas CHCTEMa MAacCOBOTO OOCITYKHUBaHHUS
(CMO) ¢ orkazamu. DPPEKTUBHOCTL TAKOH CUCTEMbl ONPEACIIACTCS
WHTEHCUBHOCTBIO TIOTOKA 3asBOK A, HHTEHCUBHOCTBIO OOCITYKHBAHUS
3a8BKM L U YUCJIOM oOciykuBatoux opuran #. Heodxoaumo omnpe-
JISJIUTh [OKA3ATEJIU €€ HA/ICIKHOCTH — BEPOSITHOCTh U CPEJHEE BpeMsi
0e30TKa3HOM PadoOTHI.

[Ipumepamu Takux CUCTEM SIBJISIOTCS: JMCHETUEPCKUM MYHKT CUCTE-
Mbl YIPABJICHUSI BO3/YLUHbIM [IBUKCHUEM, OOJIbHULA C OrPaHUUYCH-
HbIM KOJINYECTBOM MECT, BbIYHCJIUTE/IbHASA CUCTEMA C OrPaHUYEHHBIM
YUCJIOM KOMIMbBIOTEPOB, PEMOHTHOE MPEANPUITHE C KOHEUHBIM YMC-
JIOM OOCNY>KHBAIOIIUX OpUTa] U MHOXECTBO JIPYTUX TEXHUUECKUX U
MH(POPMALIMOHHBIX CUCTEM. PellieHre 3aaaun HyKHO NOJIYUYUTh B aHa-
JUTHUYECKOM BHUJIE [IIsl TOrO, YTOOBI PE3yJIbTAThl MOTJIH ObITh OOIIUMHU
s 6o CMO ga”HHOTO THIIA.

Penienune ool 3anaun TpeOyeT UCMONIb30BAHUSI CUMBOJIbHBIX BbIUMC-
JIeHWH NPU PeLIeHUH CHCTeM JIMHEHHBIX allre0paniyeckux YpaBHEHHH,
npeoOpazoBanuu Jlamnnaca U BIYUCIEHUH MTPEAETIOB.

CHauana onuiiem gpyHkuroHuposanue CMO.

OddekTuBHbIM criocobom onucanus ¢GyHkHoHUpoBanuss CMO B
CMBICJIE €€ HAJCKHOCTH sBIsieTcst rpad cocTosHui. Yzmam rpada
MPUMHUCHIBAIOTCS COCTOSIHUS CHCTEMbl, a BETBSIM, HMX COCIUHSIO-
[IMM, — HWHTEHCUBHOCTH TMEPEXOJ0B M3 COCTOSHUS B COCTOSIHHE.
OyHKUMOHMpPOBaHWE MHOrokaHaiabHOW CMO ¢ oTkazamMu ONMHCHIBaeT-
cs rpadoM, TIpUBeIeHHBIM Ha pHc. 5.12.
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O©O©O©O<)O©O

(n=Du nu

Puc. 5.12. I'pad cocrosHmit MHOTOKaHATEHOM CHCTEMBI MACCOBOT'O OOCITYKUBAHUS

O6o3HaueHus Ha puc. 5.12 UMeOT cieayrOIIHiA CMBICT:

4 ). — MHTEHCHBHOCTb IOTOKA 3as1BOK Ha 00C/1y>KMBaHUE;
4 | — MHTEHCHUBHOCTb OOC/IY>)KMBaHUs 3as1BKH;

4 7 — 4Kci0 00CYKUBAIOLMX OPraHoB;
¢

(0) — cocrosiHMe cUCTEMbI, MPU KOTOPOM 3asiBOK Ha 00CI1yKUBa-
HUE HET;

¢ (i) — cocTosiHME CUCTEMbl, MPU KOTOPOM OOCITYXKHUBAIOTCS I 3as-
BOK, i=1,2,..,n—1;

4 (n) — cocTosiHME OTKa3a CHUCTEMbI, KOTJa BCE KaHajbl 3aHITHI U
ouepesiHas 3asBKa MOJyYUT OTKa3 B 00CITYKUBAHUH.

Maremarnueckass MoJeib (YHKLIMOHUPOBAHHUS CHUCTEMbI MacCOBOTO
00CITy)KMBaHUSI C OTKa3aMU MpE/CTaBIsIeTCsS CIedylolei cucTeMoit
JudpepeHIHaNbHbIX YPaBHEHUH:

dPy(1)
dt
ar(t) _ AP () = L+ WP+ + DL (1), i=1,2, ., n=2;
dt (5.1

% =My (1) = (A + (n=D)F,, (0);

dno _,
dt

= =By () + uR (1);

P._(0).

B ypaBHeHusix cucremsl (5.1) mpuHATHI chenyrolme 0003HaYSHUS:

¢ F,(t) — BEpOATHOCTb TOrO, YTO B TEYEHHE BPEMEHM [ CUCTEMA
nonajeT B COCTOSTHUE OTCYTCTBHUS 3asIBOK;
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¢ P(t), i=1,2,...,n—1 — BEpOATHOCTb TOrO, YTO B TEYEHUE BpeE-
MEHH ¢ CHCTeMa MOMa/IeT B COCTOSIHUE 00CTY)KUBAHUS { 3asBOK;

¢ P,(f) — BepoATHOCTb TOrO, YTO B TE€UEHHE BPEMEHH ! CHUCTeMa
NonajeT B OTKA30BOE COCTOSHUE, T. €. B TAKOE COCTOSHHE, KOrjaa
Ha 00C/y)KMBaHUM HAXOJMTCS MpPEACIbHOE YUCIO 3asBOK U OYe-
penHoit 3asBke OyaeT oTkazaHo B 00CIyKMBaHUU. P, () W ABIsET-

Csl BEPOSITHOCTHIO OTKa3a CUCTEMbl B TeueHue Bpemenu f. Toraa
BEPOSITHOCTb 0€30TKa3HOM paboThl cuctembl F,(t) Oyner Bbipa-

KATbCA CHeIIyIOHIeﬁ 3aBUCUMOCTBIO.
P =1-P,(0). (5.2)

Beiuniciienne BeposSTHOCTH 0e30TKa3HOW paboThl cUCTeMbl Tpedyer
peteHus cucteMbl nuddepeHnranbHbIx ypaBHeHuH (5.1). Bo3amoxHbI
JIBa crioco0a peleHus: YUCIeHHbIH 1 aHATUTHYECKUH.

AHaMTHYECKUN METOA MPEANOUTUTENbHEE, T. K. OH JAeT PEUICHUE B
Buje (hopmyiibl. CylUIHOCTh aHAJIMTUYECKOIO METO/a COCTOUT B Clle-
JYIOLLEM:

4 cuctema (5.1) 3anucsiBaercs B Buae npeodpasopanus Jlannaca;

4 cuctema anreOpandeckux ypaBHeHUH B npeoOpasoBanusx Jlamna-
ca peuIaeTcsl ¢ MOMOLIbIO YHUBEPCAJIbHbIX MaTeMaTUUECKUX MPO-
IPaMMHBIX CPE/ICTB CUMBOJIbHON MaTeMaTHKU;

4 Haxoautcsi oOparHoe npeoOpasoBaHue Jlamaaca ¢ NOMOILLBIO TEX
’K€ CUCTEM CUMBOJILHOM MAaTCMAaTHKH,

4 110 BeposTHOCTH 0€30TKa3HON paboTbl HAXOAUTCS CpejHee BpeMs
Oe30Tka3HOW paboOThl, MCHONB3YS CHEIyIollee COOTHOLICHHUE:
T =1imP,(s).
s—0

W3 onucaHus MeTOAa BHIHO, YTO ISl MOJYYEHUS PELICHHUs B aHATU-
THYECKOM BHE HEOOXOJMMO BBIMOJHHUTH CJEIYIOIIUE CHMBOJIbHBIE
BBIYKMCJICHUS: PEIIUTh CUCTEMY JIMHEHHBIX ajreOpanvecKuX ypaBHe-
HUM, TONyYUTh NpsMOe M oOpaTHoe mpeobpasosanus Jlamiaca, Bbi-
4YuCAUTD nipeae. BoinoaHum Bee atu aeiicteus B Mathcad.
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Cucrema (5.1) B npeoOpazoBanusix Jlamnaca umeer Bua:

(s+ M) By (s)—pA(s)=1;

(s+A+iW)P(s)—AP_ ()= +DuP(s)=0, i=12,...n
(s 2+ (n=DWE, () AP, 5(5)=0;
sP,(s)—AP,_1(s)=0.

-2
(5.3)

[Ipenmnonaraercs, 4TO HA4YaJbHBIMHU YCJIOBUSMU PEUICHUS 3a/layu siB-
morea: [(0)=1, A(0)=~0)=..=F,(0)=0.

PelueHue 3Toil cucTeMbl ypaBHEHUH MOJIyUYUM C MOMOLLUbIO (DYHKLUU
Find.

Paccmorpum ciyuaii n = 2. Toraga cucrema ypaBHeHUH MMeeT BUA!
(s +M)Py(5)~ PR () = ;
(s + A+ )P (s) ~ ARy (s) = 0; (5.4)
sPy(5)~ LB (5) =0.

Ha puc. 5.13 nokazaHo peleHre 3TOl CUCTEMBI ¢ MOMOIIbIO (PYHKIIUN
Find MO TEXHOJOTHH, U3JI0KEHHOM B 2. 8.

Civen

(5+ %) F0- WPl =1
(s+A+pPl-APO=0

sP2-A-Pl=0
|Is+l+ |.L)

(52 +25d+ 50+ 123
A

Find(F0,P1.Fd) —
« 2 (52+2-s-1+ s-|_1.+12)

2
A

L I:sg+2-s-1+ S'|.L+.12:I'S_

Puc. 5.13. Beraucienue BEpoSITHOCTEH COCTOSHUM CUCTEMBI IIPU 77 = 2
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U3 puc. 5.13 BUAHO, 4TO CMCTEMa B MPOLIECCE PELUEHUS Pe3yibTaT He
yrnpouiaer (CUMBOJI s HEe BBIHOCUTCS 32 CKOOKH). YIPOCTUTb OTBET HE
yaeTcs Takke ¢ MoMoLIblo KoMaHa MeHio Symbolics. 31o GosibLuoii
HeznocTaTok cuctembl Mathcad, cBUaeTenbCTBYIOLIMIA O ee HEAOCTa-
TOYHOW UHTEJUIEKTYalbHOCTH.

AHaJIOru4Ho peHaroTCAa CUCTEMbI ypaBHGHI/Iﬁ npu JIIOOOM 4HMCIIe 7.

Jlanee mpuBOIATCS pe3yNbTaThl BBIYUCICHUS C MOMOIIBIO (YHKLUH
Find BepoaTHOCTeH oTkaza P,(s) B auanasone n = 1—>35. Ynpouienue
BBIP2YKCHHI BHIMOJIHEHO HAMHU € IOMOIIbIO cucteMbl Derive 5.

A
n=1: R(s)=———
s(s +7»)
7\‘2
n=2. PB(s)= ;
T S s + 02
7\’3
n=3:. B(s)= ;
T (8 1 G35t + GA2 + 3+ 20)s +4°%)
7\’4
n=4: P(s)=
T (st (4 bp)s® + (602 + 120+ 11p)s? +
7\’4
+(423 602+ oA + 6p)s + 0t
n=>5
P x
S)=
T (5% 455 L+ 21) + 552202 + 6Ap+ Tpd) + 552203 + 602+
}\‘5

+1Ip? +10p3) + sGAY +100 30+ 200202 + 300 +24p) +2°)

[lonyyeHHble BbIpaXKEHHUs MMO3BOJISIIOT OMPEAEUTh OCHOBHbIE MOKa3a-
TeJT Ha/Ie)KHOCTH CUCTEMbl: BEPOSITHOCTb U CpeliHee BpeMsl Oe30TKa3-
HOW paboTBhI.

OHPGHGHI/IM BEPOATHOCTL OTKa3a CHCTEMbI KakK q)yHKI_[I/II/I BpPEMCHHU,
BOCIIOJIb30BaBIIXUCh 06paTHbIM npe06pa30BaHHeM Jlannaca.
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[Tonyuenue obOpartHoro npeoGpaszoBanusi Jlamnaca cocrout B clie-
JYIOLLEeM:

4 BBOJ BbIpakeHus P,(s);

4 BbIJETICHUE BOMHBIM ILETYKOM MBIIIU NEPEeMEHHOI]

4 BoinmosiHeHue koMaHael MeHIO Symbolics | Transform | Inverse

Laplace, Ha 5xpaHe oToOGpazutcs opuruHan GpyHkuuu F,(s) .

TexHosorus peanuzoBaHa Ha puc. 5.14 mns cnyvasin=1un =2,

Puc. 5.14. Onpeaenenue BepositHocteit otkaza CMO npun=1un=2
Pewenue npu #» =1 ynanoce ynpocTUTh ¢ MOMOINBIO KOMaHJ MEHIO
Symbolics. [Ipy 7 =2 ynpocTuTh BbIpask€HHE HE MOSYUHIIOCH.

Hanee npusonsiTcs opuruHansl GyHkuMid F(s) u P (s) B ynpolleH-

HOM CHMMBOJIBHOM BU/IC!:

R@y=1-¢";
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1
B Y
Pz(t)zl—e[ +2“jt><
sinh(lxl4ku+u2jt
X 2 ﬁ—u —COSh(l\MK},H—MZJt .
Jah+p Ju 2

Opurunansl gynkuunii £,(s) ¢ nomoubto cucteMbl Mathcad moxkHO
MOJIY4MTh AJIsl BCEX 3HavYeHuil n Hael 3agaun. OHaKO 3TH BbIpaxe-
HMSL HACTOJILKO CJIOXKHBI, YTO HE MOMELLIAIOTCs Ha SKpaHe MOHUTOpA.

PacueTHble COOTHOLIEHUS NIPU 72 > 2 JIETKO MOJTyYUTh ISl KOHKPETHOH

CHCTEMbl MaccOBOro 0OCTY>KMBaHMs, KOIZla 3HAUEHUs] A U | U3BECT-

Hbl. Jlajiee npuBOAUTCS TAKOU NpUMeEp.

Pacuetnble dopmynast ana  F,(f) npu n>2 MOdyYeHbl [pU
-1 -1

A=3,74uac, p=4,7yac .

DopMyJibl UMEIOT BUJL:

n=1: R@=1-¢>"";

n=2: Py(1)=1-e%%"(1,264sinh(4,79¢) + cosh(4,791));

n=3: P(r)=50,6500,02—0,02¢""* +0,00043¢1% cos(9,331) +
+0,000123¢ 12 5in(9,331));

n=4: P,(t)=187,4(0,0053 +0,000164e %" —0,0055¢ 1% 4+
+3,16-107%¢ 77 ¢0s(20,431) +
+3,845-10 % 7% sin(20,431));

n=5 P(t)=693,4(0,00144-2,06-10"¢ 3% +2,2.10 % 19V -
—8,72-10 71127 1 0,0000184¢7>-03¢ —
—0,00145¢ %2147,
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Cpentee Bpemsi 0€30TKa3HOM pabOThbl CUCTEMbl JIGTKO BbIUMCIIUTD,
BOCIOJIb30BABLUMCH CJICAYIOLINUM MPeIeIbHbIM COOTHOLIEHHUEM

T, =lim P,(s).
s—0
rue:

Pc<s)=§—Pn(s>. (5.5)

OnpenenuM cpennee BpeMsi 0e30TKa3HOH paOOTbl CUCTEMBbI MyTeM
CHUMBOJIBHBIX BbIYMCIIEHUI MPenesioB.

TexHoOorus BbIUUCAEHUS Mpeaena COCTOUT B BbINOJHEHUU CIIEAyHO-
IUX JEUCTBUU:

4 BBOA 11a0JIOHA Npeesa 1IEAYKOM MbIIM Ha COOTBETCTBYIOLICH
KHOTMKe maHenn WHcTpyMeHToB Calculus, Ha sKpaHe MOSBUTCS
CHMBOJI Ipe/iena ¢ MyCThIMU MapKepaMu BBOJA;

4 3amnojHeHue MapKepoB BBOJa BbIPpAXKECHUECM, IIPEAC]I KOTOPOro
ueTcs, 1 3BHAYCHHUEM HepeMeHHOﬁ;

4 BbI30B 3HAKA CMMBOJIbHBIX BbIYUCICHUN MYTEM Ha)ATUs KJIaBHILI
<Ctr[>+<.> (Touka);

4 LWEJNYOK MBILUM BHE BbIPAXKEHUS, HA DKpaHe OTOOPa3UTCs OTBET B
BW/I€ CUMBOJILHOT'O BbIPA)KEHHS.

B pesynbTare 3TOH TEXHOJIOTHMHU Ha 3KpaHe MOJyYUM pELICHUE B BUIE
onHo# crpoku. Hanpumep, npu n = 1 pernieHve umeer BUA:

g 1o * |t
ssols sls+1) A

Jlanee mpuBeieHbl pe3ysbTaThl BEIYMACICHUS CPEIHEr0 BpeMeHH Oe3-
OTKa3HOW paboThI CUCTEMBbI MO MPUBEIACHHON TEXHOJIOTHH TIPU BCEX
3HAYeHMS # Hallel 3a71auu:

1
n=1:. 1,=—;

A

S
I

1
2. T,=—02+v);
2 k( Y)
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n=3 1 :%(3+3y+2y2);

n=4: T4=%(4+6y+6y2+6y3);

n=5 T =%(5+10y+20y2 +307° +24v%).

B BbIpakeHusIX 1151 cpeiHero BpeMeHu 0e30TKa3Hol paboTbl Y :% .

Tenepb aHaiu3 HAaJAEKHOCTH CUCTEMBI MO KPUTEPUSIM BEPOITHOCTH U
cpeaHeMy BpeMeHH 0e30TKa3HOM pabOoThl MOXKHO BBIMOJIHHUTbH MYTEM
NnocTpoeHus rpauKoB U TabynupoBanus GyHKUMHA P, () B LIKLPOKOM

JuarasoHe /.

BremonHenHbIM aHanu3 mokaszarenei HajgexxkHocth CMO nokasan, Ha-
CKOJIbKO TIpocTo crucTtemMa Mathcad BBITIOTHSET CUMBOJIbHBIE BBIUMC-
jgenusi, I B aTom ee Oosbinoe moctouHcTBO. K cokanenuio, cucrema
HE yNpOIIAET BHIPAXKECHUsI 1a)K€ B OUCBUIHBIX CITydasXx.



rMABA 6 4

Anre6pa
BEKTOPOB 1 MaTpuL,

6.1. O6bpa3oBaHne BEKTOpPOB U MaTpuL,

TexHonorus oGpa3oBaHus BeKTOpoB W Marpull B Mathcad cocrout B
WCTIOJIHEHUH CIIeAYIOIIUX ACHCTBUM:

¢

BBOJI MUMEHM BEKTOpa WJIM MATPULlbl M HaKaTUe KJIaBULIM <>
(aBOeTOUME), HA PKpPAHE MOSABITCS COOTBETCTBEHHO CUMBOJIBI V :=
WIMM :=;

yCTaHOBKAa pa3MepoB BekTopa Wid marpuubl. Haxumas nabop
iaBul <Ctrl>+<M> wiM wekas MbIIbIO 110 KHOIIKE MaTpHULibI
naHenu UHcTpymeHTOB Matrix, Bbi3biBaeM OkHO Insert Matrix
(puc. 6.1).

r =
Insert Matrix

Fiows: 3 K.

Columns: |3 Insert

Delete

Cancel

Puc. 6.1. /Tuanororoe okHo Insert Matrix
Il BBOJIA pa3MEpOB BEKTOpa (MaTpHIibl)
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BBoauM uucio CTpok BekTopa uiu Marpulisl B nosie Rows (Ctpo-
ki) ¥ uncio cTos0uos B nosie Columns (CronOupbi). Ecau uucio
CTONOIOB PaBHO eIMHUIIE, TO 0Opa3yeTcst BEKTOP.

[ocae wenuka no kuonke OK Ha skpaHe nmosiBUTCS NMyCTOM 111a0-
JIOH BEKTOpA UJIK MATPHULIbL;

4 BBO/J DJICMEHTOB BEKTOpA WJIM MAaTPULbI B ITyCThIC MAPKEPHI.

B kauectBe mpumepa Ha puc. 6.2 MpUBEAEHbI BEKTOPbl U MaTPULIbI,
o0pa3oBaHHbIE MO W3JI0XKEHHOW paHee TexHojoruu. OOpaTUTbC K
BEKTOPY WJIM MaTpulie MOXXKHO 1o WUMeHHu. s 3Toro HeoOXoauMo
BBECTH MM BEKTOpA WJIM MAaTPULbl U HAXATh KJIaBUILy <=> (paBHO).
Ha puc. 6.2 nokazaHo oOpauieH1e K BEKTOpY V2 U MaTpHLIe M1.

2 243 ey 2+31
-7 -2 exp(—0. sitgl) + cos(l)
V1= V1= V3= xp( ) V4= 7
9 5 sin(1) (2 + tash(3))
21 7 24 20Ty — expl2-0)
Ml=|5 41 M2= | 2= 39 1-In(5) 37
743 7 -2 0
243
_ 231
-3
V= 5 Ml=|541
748
7

Puc. 6.2. O6pazoBanue BekTopoB u Marpuil B Mathcad

Kak BUAHO W3 MpUMEpOB, 3JIEeMEHTAMU BEKTOPOB M MaTpHIl MOTYT
ObITb:

4 BelIecTBEHHbIC U KOMIIEKCHBIEC YHCIIa;
4 GbyHKUMM C YUCIOBBIMU 3HAUCHUSIMU APTYMEHTOB;

4 COBOKYNHOCTb 4Mcel, QyHKUUH M apudMeTHUECKUX OrepaTropoB
UX BbIYMCIICHHUSI.
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6.2. Anre6bpa BeKTopoB

6.2.1. [Npeobpa3oBaHne BEKTOPOB

Cucrema Mathcad umeer psn pyHkuii 1 onepatopos npeodpazopa-
HUs BeKTOpoB. OHM MO3BOJISIOT NMPeoOpa3oBbIBaTh BEKTOP W BBIMNOJI-
HSTh IeHICTBHS HAJ| €ro SJIEMEHTaMHU.

OcHoBHbIE PYHKLMH U ONIepaTopbl NpUBeAeHbI B Ta0I. 6.1.

Tabmuna 6.1. yHxnmn 1 onepaTopsl MPeoOpa30BaHUS BEKTOPOB

O06o03Ha-
Ne | HazHauenue pyHkuuu (oneparopa) Broa
YEHHUE

1 | TpancioHHpOBaHUE BEKTOpa VT <V>, <Cul>+<1>

2 | CoprupoBka VS sort (V)

3 | ObparHas copTUpOBKa VR reverse (V)

—

4 | BexTopusanus v/ <V>, <Ctrl>+<—>

5 | Hopma BekTopa V| <>, <v>

6 | KomIekcHO-conpspKeHHbIH BEKTOP AV <V>, <>

7 | OnpenencHue 4rcaa 3MEMEHTOB BEKTOpA — length (V)

8 | BblneneHue n-ro sneMeHTa BEKTOpa AP <V>, <[>, <p>
Bosspalienue Homepa nocieaHero 31eMeHTa

9 paiit p A — last (V)
BEKTOpa
Bosspalienue snemMeHnTa BEKTOpa, MaKkCu-

10 patlt pa. V max max (V)
MaJILHOTO TI0 3HAUYCHUIO
Bosspamenue sneMeHTa BEKTOpa, MHHH- .

11 pal pa. V min min (V)
MaJILHOTO 110 3HAYEHUIO
Bospaienue neiicTBUTENBHBIX YacTeH die-

12 DALICHYE A Re Re (V)
MEHTOB BEKTOPa
Bosspallienue MHUMBIX 4acTel 371€MEHTOB

13 paLll Im Im (V)
BEKTOpa

bosiblinHCTBO (PyHKUMI M OneparopoB, NpUBEIeHHbIX B Tabil. 6.1,
peayn3yroTCs C MOMOLIBIO KOMaH 1 NaHean MHCTpymeHToB Matrix. Mx
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1yOJIMpOBaHWE BO3MOXKHO C KJIABMATYPbl MyTEM Ha)KaTHs COOTBETCT-
BYIOLLMX KJIaBULI, YKa3aHHbIX B Ta0. 6.1.

JelicTBus 60bIIMHCTBA ONEPAaTOPOB U (PYHKLMUHM OUEBUIHBI, TOITOMY
HET HEOOXOIMMOCTH NMOJAPOOHO MX OMUCHIBaTh. [10SCHUM TOJNBKO He-
KOTOpbIE W3 HUX, UMEIOLIHe OCOOCHHOCTH MPEJCTaBICHUS U UCIIOJb-
30BaHUSI.

Tpancnonuposanue eexmopa BO3BpALAT MCXOJHbIH BEKTOp, Hpes-
CTaBJIEHHbIH B BHUAE CTONOLA, B BEKTOP B BU/E CTPOKH M HAOOOPOT.
Obpazyercs nyrem Haxartus kiaasuw <Ctrl>+<I1> nocne cumposia
BeKTOpa V WM LIETUYKOM MbILIM Ha COOTBETCTBYIOLIEH KHOIKE NaHe-
JI1 UHCTpyMeHTOB Matrix.

Onepamopel copmuposku sort U reverse 00pa3ylOT M3 HCXOIHOTO
BEKTOpa BEKTOPbI, JJIEMEHTbI KOTOPBIX PACIOJIOMKEHbI B MOPSIIKE BO3-
pactaHus WX 3HA4YEHU (sort) WK B 00paTHOM NOpsKe (reverse).

Ilonsitue "gexmopuzayus” o3HA4aeT BO3BMOXHOCTb BBIIIOJIHEHUS Ma-
TEeMaTUYECKUX ACHCTBUN OJJHOBPEMEHHO HaJl BCEMU 3JIEMEHTAMU BEK-
TOpa. 3HAKOM BEKTOPHU3ALMU SIBJISIETCSA CTPENIKA, KOTOpas pacrosara-
— —
ercs HaJl BblpaxkeHueM, Harpumep A -B, In'V . Bekropuzauus peanu-
3yeTcsl OMHOBPEMEHHBIM HakaTheM KiaBui <Ctrl>+<—> (MuHyc) unu
LIEJYKOM MBIIIA HAa COOTBETCTBYIOLIECH KHOIKE MaHeJd UHCTPYMEH-
ToB Matrix. Mtak, BeKTopU3alus MO3BOJISIET OCYIIECTBIIATh NCHCTBUS
Haj snemeHTamu Bektopa. Eciom V1 u V2 — Bekropsl, To V1 - V2 sB-

JsieTcsl CKaJsIpHBIM MpOU3BeeHUeM IBYX BekTopoB. Ecnu ke mpen-
—
CTaBUTH Npou3BereHune B ¢opme BekTopuzaumu V1-V2, To obpa3zy-

€TCs HOBBIU BEKTOP, 3JIEMCHTAMH KOTOPOI'o SABJIAKOTCA MPOU3BECACHUSA
COOTBETCTBYIOILIHUX 2JIEMEHTOB BEKTOPOB.

Ilon nopmoit éexkmopa noHUMaeTcss MOAYJIb BEKTOpa, MpeacTaBiisie-
MbIii B Buzae |V |. 3HakOM HOpMBI BekTopa siBisercs |V |, KOTOpbId
peanusyeTrcs JIMOO IIETYKOM MBIIIM HAa COOTBETCTBYIOIIEH KHOIKE
naHejau UMHCTpymeHToB Matrix, 1Mo kinaBuueid <[> (BepTuKajibHas

JUHUS). DTOT OMepaTop BbIYMCISET BbIPAKEHUE

i-i DIIEMEHT BeKTOpa, # — YMCIIO JJIEMEHTOB BEKTOpa.
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le/l HaJlIuiMnu B BEKTOPEC KOMIUICKCHbIX YHCCII KOMNIEKCHO-

conpaxcennviii gekmop V 00pazyeT HOBbI BEKTOP C CONPSKEHHBIMHU
KOMILJIEKCHbIMU uMciaaMu. Llenble uncna noBTopstorcs 0e3 n3MeHe-
Husl. [Ipy OoTCyTCTBHUM B BEKTOpE KOMIUIEKCHBIX YMCEsl OTKJIMKOM SIB-
JII€TCSl UCXOHBIA BEKTOP.

[IpuBenem npumep npeodbpazoBaHUs BEKTOPOB.

IIpumep 6.1. JlaHbl BEKTOPbI:

1 2+3i

3 0,5
V= ; V=

7 1-2i

2 3

HeobxomMmo BHIMOIHATE TPAHCTIOHUPOBAHWE BEKTOPORB, COPTHPOBKY,
BEKTOPU3ALMIO, HAUTH HOPMbI BEKTOPOB M KOMIUIEKCHO-COMpS-
JKEHHBIU BEKTOP.

Peuienne npuBeneHo Ha puc. 6.3 (BEKTOp BELIECTBEHHBIX YMCEN V) U
Ha puc. 6.4 (BEKTOp KOMIMJIEKCHBIX YHACEN V1).

1 1
3 T 2
Vo= Vi=(1372 a0tV =
¥ 3
2 7
2 1]
teverse(V) = 7 |V| = 7937 E = 1092
3 1.944
1 0693
1]
1.089
" | 1948
0.693

Puc. 6.3. [IpeoOpazoBaHne BEKTOPOB BEIECTBEHHBIX YHCETT
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2434 -3
05 — | os T _ ,
V1= 1= vl o243 05 1-2 B
1 -2 143
3 3
05 3
vy | TH V1 A [v1] = 522
S = rewersel = =1,
D=1 0=l s
3 243
243
—
(VWL = V1= 165 - 11i
7 - 14i
5

Puc. 6.4. [IpeoOpa3oBaHue BEKTOPOB KOMILIEKCHBIX YUCEI

W3 tabiu. 6.1 BuaHo, uto Mathcad umeer muoro dyHkuuit u oneparo-
POB, MO3BOJISIOUIMX BbIMOJHATH ASHCTBUS HAJ DJIEMEHTaAMU BEKTOpa
(BO3BpalllaTh 3JEMEHTHI, OMPEENATh UX YUCIIO, BBIIENSATh 37€MEHTbI
C MaKCUMaJIbHbIM U MHUHUMAaJIbHBIM 3HaueHusMu). [IpuBenem npumep
padoThI C 2JIeMEHTaMH1 BEKTOpA.

1 24+ 34
3 0.5
Vo= V1=
7 1-24
2 3
length(V) = 4 V=7 last(V1) = 3
max(¥) = 7 min(V) = 1
2 3
Re(V1) = Im(V1) =
3 0

Puc. 6.5. Onepaiuu ¢ 3eMeHTaMu BEKTOPOB
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Hpumep 6.2. Paccmorpum Bextopsl V U V1 u3 npumepa 6.1. Heo6-
XOJIMMO BbIMOJIHUTL JCHUCTBUSI C BEKTOpaMH, yKazaHHbie B Ta0. 6.1
noa Homepamu 7—13.

Pemienue nprBeaeHo Ha puc. 6.5.

OO6parum BHUMaHuUe Ha TO, uto Mathcad BblunciseT HOMep 3/eMeHTa
M MX KOJMYECTBO, CUMUTAasA, YTO NEPBbII 3J€MEHT BekTopa V HuMeeT
HOMEp HOJIb.

6.2.2. MatemaTnyeckue onepauumu

Hap BeKTopamm

Mathcad BbinosiHsieT Ha/L BEKTOpaMH ONEpaLyy CJIOKEHHUS M BbIYMTA-
HUA, YMHOXXCHUA WU NCJICHUA, BO3BCACHHSA B CTCIICHb W HU3BJICHCHUS

KOpHS. TexXHOJOrus 3TUX Oonepaluil NpaKTUYeCKU He OTIMYAeTCs OT
TEXHOJIOTMU ONEepaLUil HajJ YUC/IaMHu.

IIpocToTa BBIMOIHEHHS 3THX OMEPaLii — OIHO M3 JOCTOMHCTB CHC-
TeMbl Mathcad.

INepeuenp ornepaliyii Haa BEKTOpaMH U GopMa MX BBOJA TIPUBEAEHBI B
Tabu. 6.2.

Tabaunua 6.2. OnepaTopsl MAaTEMAaTHUYECKUX JIEHCTBUH HAall BEKTOpaMH

Ne | Maremarudeckue AeHCTBUS Oneparop Bsoxn

1 | CnoskeHue 31eMEHTOB BEKTOPA € YUCIOM Z V+z V+z
Brmmranne n3 kaxa0ro neMenTa BEKTopa

2 V-z V-z
V uucina z
YMHOKEHUE KaKA0I0 dj1eMeHTa Bekropa V

3 A P V*z V*z
Ha 1HCIIO Z

4 Jlenenrie KaXI0TO IIEMEHTA BekTOpa V Ha \ v/,
YHCIO Z

z

5 | CnoxkeHue BEKTOPOB V1+V2 V1+V2

6 | BeluuraHue BEKTOPOB V1-V2 V1-V2

7 | CranspHoe YMHOXXEHUE BEKTOPOB V1*V2 V1*V2
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Ta6auna 6.2 (okonuanue)

Ne | Maremarndeckue AeHCTBUS Oneparop Bsoxn
<Vi1>,
8 | BekropHOE YMHOXKEHHE BEKTOPOB V1xV2 <Ctrl>+<*>,
<V2>
9 |y - V1*V2
MHOXXEHUE JIIEMEHTOB BEKTOPOB V1-V2 <Ctf> <>

M3 Tabna. 6.2 BUAHO, YTO TOJIBLKO ONEPALMH BEKTOPHOIO YMHOXKEHHUsI
BEKTOPOB M [03JIEMEHTHOIO YMHOXEHHsI UMEIOT OCOOCHHOCTH, OTJIM-
Yalolye UX OT ONepaLii HaJl YhCIaMH.

I1py1 BEKTOPHOM YMHOXKEHUH BEKTOPOB 3HAK (X) (BEKTOPHOE YMHOXKeE-
Hue) oOpasyercs myTeM HaxaTus kiaum <Ctrl>+<*> (3Hak yMHO-
JKEHMs1) WK LIEeTYKOM MBILIM Ha KHOMKE BEKTOPHOTO YMHOXKEHUSI Na-
HeJIU UHCTpyMeHTOB Matrix.

YMHOXKEHUE 3JEMEHTOB BEKTOpa OCYLUECTBJISIETCS BEKTOpu3aLueit
NPOU3BEACHUS BEKTOPOB IMYTEM COBMECTHOTO HaXKaTus KJIABUII
<Ctr[>+<—> (MuHyC) WM LIEIYKOM MBbIILIK HA KHOMNKE BEKTOPHU3ALIUH
naHenau MHCTpymMeHToB Matrix.

IIpuBenemM npumeps! BbINOIHEHUS! BEKTOPHbIX ONEpaLuii.

Ipumep 6.3. /lano uncno z = 3 u aBa BeKTOpA!

2 3
5 4
Vi=| ~|; V2=
7 5
11 6

Heo0Xx0a1MO BbIMOJHUTH BCE ONEpPaLMU, IPUBEACHHbIC B Ta01. 6.2.

Peluenue npuseaeHo Ha puc. 6.6.
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2
5
V=
7
1
5
V14+3=
10
14
5
V142
17
6
(1Y) a0
T 38
66

Vi=

[ A )

V1-3=

V1-Vi=

4

25
'\Fl2 =
49

121

15
T15= =
21
3
V1YL =127
1414
2236
7 -
2 646
3317

0667
1.66&7
2333
3867

6.3. Anre6pa matpuu

Puc. 6.6. Onepauuu Haj BEKTOpaMu

6.3.1. Matematnueckune onepauum
Hag maTpuuamMmm
Mathcad mo3BonsgeT BBIIOIHATH MaTpU4HbIC OI€pallil aHAJIOTHUYHO

BEKTOPHBIM. MaTeMaTU4eCK1e Omepalu, BBIMOJIHIEMbIC CUCTEMOMN,
MpuBeIeHbl B TabI. 6.3.

Ta6auua 6.3. Maremaruueckue onepaluu HaJl MaTpuluaMu

O603Hauenue
Ne | HaumenoBaHue onepaluu Broa
oTiepannu
1 | CnoxeHHUe 3/1EMEHTOB MaTPULbL C YUCIIOM Z M+z M+z
2 | BeluuTaHue U3 2JIEMEHTOB MATPULIBI YUCIIA Z M-z M-z
3 | YMHOEeHUE 3JIEMEHTOB MATPULIbL HA YUCIO Z M*z M*z
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Ta6auua 6.3 (oxonuanue)

No | HanmeHoBaHue oniepanuu ObosHaserme Bgon
oriepauuu

M
4 | JleneHue 31€MEHTOB MAaTPULIbL HA YUCIIO Z — M/z

z
5 | Cnoxenue marpur M1+ M2 M1 +M2
6 | BoluutaHue Marpuu M1 -M2 M1 -M2
7 | YMHOKeHue MaTpull M1 * M2 MI1*M2

_)
8 | YMHOXEHNE DIIEMEHTOB MaTpPHIL M1 x M2 M1 * M2
A\

9 | Bo3BeneHIE MAaTPHUITHI B CTETICHD M1” <M1<>r;>< >

IIpumep 6.4. JTaHo uncno z = 3 u cienyrouiye 1Be MaTpULLb:

1 2 5 2 3 4
MI=3 1 2|; M2=|3 1 2
4 5 3 4 5 3
1725 734
Ml=|312 Mz=|312
453 453
453 2 -1 2 15
Ml+3=|6 45 Ml-3=|0 -2 -l M1.3 = 36
756 1 2 0 12 15 0
0333 0667 1667 350 111
MU 1 0333 oser M+ M2=|6 2 4 MI-Mz=|0 0 0O
1333 1667 1 210 6 000D
B’ W 13 76 m 7w
— 2
MI1-MZ=| 17 20 20 (MIMZ=| 9 1 4 Mi“=| 14 17 23
35 37 33 16 25 0 32

Puc. 6.7. Oniepauuu HaJl MaTpuliaMu
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Heo0x0a1MO BbINOJHUTH ONEpaLiMK, NPUBEACHHbIC B Ta0J1. 6.3.

Pemienue npuBeaeHo Ha puc. 6.7.

6.3.2. MaTpuuHbie chyHKLUN 1 onepaTopbl

Mathcad umeet 60bI1I0€ YHUCIIO BCTPOSHHBIX (PYHKIIUH U OTIEpaTOPOB,
NO3BOJISIFOUIMX BBIYUCIIATH XAPAKTEPUCTUKM MATPHLIbl, BbIMOJIHSTD
paznuuHble ee npeoOpa3oBaHus, CO34aBaTh HOBbIE MATPULIbl, BO3BpaA-
LATb BJIEMEHTBI, CTPOKH U CTOJIOLIbI MATPHLIBI.

OcHoBHbIE (DYHKIMK W ONIEPaTOpbI MpeoOpa3oBaHHUs MAaTPHIL MPHUBE-
neHsl B Ta0J1. 6.4.

Ta6muna 6.4. dynxnmn 1 onepaTopsl MpeoOpa3oBaHMs MaTPHL]

No Haumenoauue O603Ha- Beo
- u HazHaueHue PyHKuuu yeHue

MarpuuHsle onepaTopsl

1 | O6pawenue marpuipl M M <M>, <>, <>, <[>

2 | BeluucneHue onpeaeaurens IM]| <>, <M>

3 | TpanCTIOHMPOBAHUE MATPHULIBI M’ <M>, <Ctrl>+<1>

-
4 | BexTopuzanust MaTpULbI M <M>, <Ctrl>+<—>
5 | BelaesieHHe 1-To CTONIOLA MATPHULIBI M <M>, <Ctrl>+<">, <p>
<M>, <[>, <m>, <,>,

6 | BolaeaeHue sneMeHTa (m, 1) MaTpuULbl M, » <l o

7 Bblienenue KOMILIEKCHO- M M. <"
CONPSDKEHHON MaTPULIbL ’

@OyHKIMY BO3BpANICHHS XapaKTEPUCTHK MaTPUIIBI

Bosepainenue uncna croaduos

8 palll 1 — cols (M)
MAaTpULbL

9 | Bo3BpallileHue Yyucia CTPOK MaTpULibl — rows (M)

10 | Bo3ppaiuenue paHra MaTpulibl — rank (M)

Bo3pallieHue cyMMbl AdaroHallbHbIX
11 | a1eMEHTOB KBaApaTHOH MaTPHUIIBI — tr (M)
(caier MaTpuUIbl)
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Ta6auua 6.4 (okonuanue)

No Haumenoauue O603Ha- Beou
- u HazHavyeHue QyHKuun yeHue

Bossparienne cpeiHero 3HaUCHUS
12 par pea — mean (M)
MAcCHUBa JIEMEHTOB (UMCEIT) MATPULIbL

Bo3sppalieHue Me/1MaHbl MaccuBa dJie- .
13 pall A _ median (M)
MEHTOB (4MCe) MATPULIbI

MarpudaHslie GyHKIHH

14 O0benuHeHue AByX MaTpull ¢ OJJUHA- . augment (M1, M2)
KOBBIM UUCJIOM CTPOK B OJIHY

15 O0benuHeHue AByX MaTpull ¢ OJJUHA- . stack (M1, M2)
KOBBIM YHCIIOM CTOJIOIOB B OAHY

16 Cosnanue eIMHUYHON KBaIpaTHOM . identity (n)
MaTpulpl (n x 1)

Bosspanienne MaTpuIlbl ICHCTBATETE-
17 pattl PHHELA — Re (M)
HbIX HUCCJ]1

BO?)B AUCHUEC MAaTPULlbl MHUMBIX YU~
18| patt puu — T (M)

Hekotopsie n3 ¢yHkumii, NpuBeAeHHBIX B Ta0. 6.4, TpeOyoT 00BsIC-
HEHHUSI.

Tepmun "sexmopuzayus mampuys” 03Ha4YaeT BO3MOXKHOCTb MaTeMa-
TUYECKUX onepauui HajJ sjemeHTamu marpuubl. Hanpumep, onepa-

s M1-M2 saBnsiercss onepauyeld yMHOXEHHUsI MaTpul, a onepauus
%
BekTopuzauuu MI1-M2 o3HauaeT yMHOXEHUE COOTBETCTBYHOLIUX

anemMeHToB Matpull M1 u M2.

T
Oneparop mpanchnonuposanus mampuyet M™ 13 matpuisl M obpa3y-
€T HOBYIO MaTpHILy, Y KOTOPOI CTPOKH SIBJISIFOTCSI CTOJIOI[AMH HUCXO/I-
HOM MaTpuUbl.

Kommnnexcno-conpsisicennoii HaspiBaeTcsi MaTpulia, y KOTOpPOW 3iie-
MEHTaMU SIBJIIOTCA KOMIJIEKCHO-COMPSKEHHbIE 4YMCa WCXOAHOMN
MaTpPHULLBI.

Ecnu snemenTtamMmu marpuilbl M SBIISIOTCS KOMILIEKCHBIE YHMCHIA, TO
(byHKLMH Re (M) M Tm (M) CO3/AI0T U3 UCXOIHOM HOBBIC MATPHLb, D€~
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MCHTAMH KOTOPbIX ABJAKOTCA COOTBETCTBECHHO BCLICCTBCHHLIC U MHU-
MbIC YHUCJla 2JICMCHTOB MaTpPULLIbI M.

W3 maTpuLbl pa3MepoM 7 X 1 MOXKHO CO3/1aTh MHOTO ONpeaeauTeNei.
OyHKUMS rank (M) BbIIAET YMUCIIO, KOTOPOE SIBISETCS HauOOJbLINM
MOPSIIKOM onpeaenurens Matpuubl M (pane mampuywr).

OYHKIMU augment (M1,M2) U stack (M1,M2) 00pa3yloT mampuyy 60.ib-
wux pazmepos myteM oobenuHenns Matpui M1 u M2. O6beauHenue
NPOUCXOAMT MyTEM YBEJIUUSHHS YMCIia CTOJOLOB (augment) WM YMC-
Jjla CTpoK (stack). Takum crnocoOOM MOXKHO CO3/1aTh MATPUILY JFOOOr0
pasmepa.

Kpome mnepeuncnennbix B Tabia. 6.4, Mathcad umeer ¢yHkuuio
matrix (m,n, £), IPEACTABIAIOUIYI0 cOOONW MaTpULy 3HAaYCHHH aHaIU-
THUUYECKOM (PYHKLMH £ [IBYX MEPEMEHHbIX C YUCJIOM CTPOK m U YUCIIOM
CTOJIOLIOB n.

JelicTBus mMaTpudHblX (QyHKUMH W ONEepaTopoB MOKaKeM Ha MpUMe-
pax.

IIpumep 6.5. /lanb! ABe crienyromne MaTpULbI:

31 2 2+3i 2 3
Mi=|1 4 7|; M2=| 1 3 1-4i
2 3 4 5+i 5 7

Heo6x01MMO BBIMONHUT BCE OMEpalid HaJl MaTpULIAMHU, YKa3aHHbIC
B Ta0J1. 6.4 "MarpuuHbie onepaTopbl”.

Pemenue npuBeaeHo Ha puc. 6.8.

IIpumep 6.6. /lana maTpuua:

2 3 45

3 456
M:

5 4 3 2

6 5 4 3

Heo0x0auMO BbINOJIHUTB BCE OMepaluu, NpuBeACHHbIC B Tadi. 6.4
"MyHKLUMU BO3BPALLEHUS XapaKTEePUCTUK MATPULIbI".

Peluenue npuseaeHo Ha puc. 6.9.
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31z I+3i2 3
Mi=|147 M2=| 1 3 1-4i
234 S+i 57
0333 -0.133 0067 312
Mt~ o | 0667 -0.533 1267 |Bi1| = -15 miT=|1 43
0333 0467 -0733 27 4
313 2 3
Mi=|147 M - | 7 M |1
234 4 7
1-3 2 3
Ml gy=4 Mz=| 1 31+
i-i 5 7
Puc. 6.8. Pewienue 3anauu u3 npumepa 6.5
2345
3456
L=
24332
6543
cols(h) = 4 rows M) = 4 ranl M) = 2
te D = 12 mean(L) = 4 median(l) = 4

Puc. 6.9. Peienue 3a1aum u3 npumepa 6.6

Hpumep 6.7. lanbl Tpu marpuupl. HeoOXoaumMo BbINOIHUTL onepa-
LMY, TIpUBeieHHbIe B Tabi. 6.4 "Marpuunsie GyHKIUN'".

Pemenue noka3ano Ha puc. 6.10.

Mathcad obnagaer omHUM 3aMeyaTesTbHBIM CBOHCTBOM: IEHCTBUS HaJl
BEKTOpPaMM U MaTpULIAMM OCYLIECTBJIAIOTCSA TaK e, KaKk C YUC/IaMHu.
BoT 0auH 13 npumMepos.
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i1z 24312 3 1
Ml={147 M2 = 1 Il-4d M3 =
234 S+i 5 7 2
312123
angment(M1 M3 =1 4 7 4 3 1
234245
312
10000
147
p1rooao
234
stack{h1,M3) = {23 identityt®hH =0 0 1 0 0
ooo1a0
431
oooao
245
223 oo
ReMZi=|1 31 IiMZy=(0 0 -4
5537 1oan

Puc. 6.10. Penienue 3anauu u3 npumepa 6.7

IIpumep 6.8. /lanb! 1Ba BekTopa:

1 4
V1i=|3|; V2=|3
2 2

HCOGXO,I[I/IMO BBITIOJIHUTB OIepalllutO Ha/l HUMU:
((V1+V2)-3-1+In(V1))/4.

Perenue 3agaun npuseaeHo Ha puc. 6.11.

1 4
V=3 Wi=113
2 2
35
[(V1 + ?2)-34— 1 + ¥1)] = | a5

2923

Puc. 6.11. Peuienue 3anauu u3 npumepa 6.8
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Buayanuaauua BblUNCNEHWUI

C noMolLbI0 BU3yalIbHOM 1I€MOHCTPALMM PE3YJIbTaTOB BO3MOYKHO BbI-
ABJICHUE UX OTHOLUEHWs C OKPYKalOLIMMU AaHHBIMU U MPOBEICHUE
nocienyouiero 6osee aeTaabHOroO aHanuza. Kakum craner pesysnbrar
MPU M3MEHEHUM WCXOAHBIX JaHHbIX? OTBET Ha 3TOT BOMPOC MOXKET
ObITb MOJYYEH B XOJle aHan3a (PyHKLMOHATIbHBIX 3aBUCUMOCTEH, IM0-
JIOXKEHHBIX B OCHOBY BBbIYHUCIICHUH.

7.1. Cnocob6bl
npepctaBneHna PyHKLUIA

H3BecTHbl Tpu crniocoba npeacraieHust GyHkuuid: B Buae Gopmyisl,
TabsuLbl U rpaduka.

Bwmecte onu HecyT B cebe OonbLioi 00beM uHpopmauuu. BeisiBiieHue
BCEX JleTajiell MCKIIOUMTENIbHO 10 (hOPMyJie JOCTYIHO TOJIBKO CIe-
uuanuctam. Tak, MaTeMaTHUK HEMOCPEACTBEHHO IO BUAY YpPaBHEHUs
MOJKET MOMEHTAJIbHO CHEJaTh 3aK/II0YEHUEe O XapaKTepe aHaauThye-
CKOM 3aBUCUMOCTH, OTMETUTb, i€ OYAYT HAXOAUTbCS HYJIU PyHKLMH,
CKONbKO "HaOmromaercs" meperuO0OB, KAKOBbI aCUMMTOTHI (DYHKIIUU
UT. I

[lonHoBecHas nHGpoOpMaLus O HpoLeccax, ONUChIBAEMbIX aHAIUTHYE-

CKHM, MHOTMMHU "HecneuuaaucTaMu" BOCHPHUHHUMACTCS TOJIBKO TOC/Ie
WCCJISIOBAHUSl XapaKTePUCTUK (PYyHKUMHA BO BCEW MOJIHOTE CBS3EH C
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YHCJIGHHBIMU 3HAYSHUSIMU B XapaKTEPHbIX TOUKAX U rpadMKkoM, KOTO-
peie penocTapiseT cpena Mathcad.

TabnuuHoe npencTaBjieHue CBSI3aHO C BbIMNOJHEHHUEM JBYX JTarloOB!
4 BBOJ 3HA4YEHUH apryMEHTOB U MEPEMEHHbIX;

4 (dopmupoBaHue CTOIOLIOB CBSI3bIBAIOUIMX BOCAMHO 3HAYCHUS Me-
PEMEHHBIX W PYHKLMI B XO/1€ BbIYUCIICHHIA.

Hpumep 7.1. ChopmupoBaTh TabJuly 3HAUYSHUH TPUTOHOMETpHUYE-
cKkol ¢yHKIMM sin(x) B Auanazone ot 0 g0 n/2 paauas.

®opmupoBaHUE OCYLLIECTBUM B Auana3oHe ot (0 10 2 paguaH C mwarom
0,25.

[TociienoBaTebHOCTb AEHCTBUI Clley oL as:

4 3a7aHKMe paHXXKUPOBAHHOHM MEPEMEHHOH x := 0, 0.25 .. 2;
4 BbIBOJ Ha 3KPaH BU3YaJIbHOI'O OTOOPaXKEHUS x =, sin(x) =.
PesynbTratr geiicTBuii npeacrasieH Ha puc. 7.1.

OOparum BHUMaHue HA TO, uTo B Mathcad nosiBuiMch /1Ba HECBsI3aH-
HBIX HAIpsIMYIO OTAENBHBIX CTOJIONA, eclii He MPUHSTH CrelnalbHble
Mepbl T0 JOIMOJIHATENIbHOMY TO3WIIMOHMPOBaHUI0. Pa3HeceHHble B
pabodeM mone cTonOLBl MOXKHO BBIPOBHATH JIPYT MPOTHUB JApyra AJis
BU3yaJlbHOIO COOTBETCTBUsL 3HAaueHWit "aprymenrt-¢yukums". s
9TOr0 MX HY>KHO BbIJICJIMTb KYPCOPOM MbILIM U MPUMEHUTb KOMaHAIY
meHto Format | Align Regions | Across (®opmar| BeipoBHsTH 00-
nactd | ['opu3oHTaNBHO).

[Ipouenypa mnpoBeneHUs [aHHBIX OMNEpAaLMi TakKe MOKa3aHa Ha
puc. 7.1:

4 BbljesIeHbl O0BEKTbI, YTO OTMEUYEHO IMyHKTUPHBIMH paMKaMH;
4 3asBJeHA MOCIeA0BaTeNbHOCTh KOMaH A MeHIo Format.

s paCCMaTiuBaeMoﬁ KOMAaH/Ibl XapakTepHO, YTO UHCTPYyMEHTAJlb-

Has KHOIKa Align Across nanenu Standard u ee u3o0pakeHue
Ha pa3BepHYTOM MEHIO PacIoJIOKEeHbl NPAKTUUECKH Ha OIHOW BEpPTU-
KaJI1 U OAHOBPEMEHHO BUHbI HA PUCYHKE.

HcxonHple naHHble MOTYT ObITh NMpPEACTABIEHbl HE TOJBKO B BHUIE
TabauL paHKUPOBAHHON MEPEMEHHON U COOTBETCTBYOLLEH TaOIULIbI
(YHKLMH, HO U B BU/I€ BEKTOPOB.
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[ Mathcad - [Untitled:1]
|ﬁ Fle Edit Wew Insert NEEGuEEN Tools Symbolics  Window  Heln

D-SH SR Ewaon. ° g
Result...
i @ 4 B

Tabs...

Stwle,..

Properties. ..
Graph 4
Color 4
Area 4

Separate Regions

Align Re

Repaginake Mow

Puc. 7.1. ®opMupoBaHue U BbIPABHUBAHUE HECBA3AHHBIX CTOIOLIOB

Pa3zpo3HeHHble CTOJIOLBI JIErKO COOMPAIOTCS BOEAWHO MaTPUUHON
(dbyHKIMeH augment (cm. pazo. 6.3.2), KOTopasi OTKPBIBAET MyTh K CO3-
JIAHUIO TOJIHOLIEHHOM MTOroBOM TaO/IMLbl, HO IS ATOro Tpedyercs
UCTIONb30BaTh BEKTOPHOE Npe/ICTaBlIeHHe NaHHBIX. B kauecTBe mapa-
METpOB 3TOW (PyHKLMM yKa3bIBAlOTCS MOCIIEIOBATEILHO OIMH 32 JpY-
MM UMEHA MPUCOCIMHIEMbIX BEKTOPOB-CTOJIOLIOB.

[lepexoa k BeKTOpHOMY MpPEACTABICHUIO B aHAJOIMYHOH 3ajade Io-
Ka3aH Ha puc. 7.2. Ilo npuBeaeHusim puc. 7.1 u 7.2 cneayer oTMETUTH
OTJIMUYUTE/IbHbIE OCOOEHHOCTH BbIBO/IA 3HAUYEHUH aprymeHTa U QyHK-
uuu. TaOGynupoBaHHblE 3HAUYEHUs AJISl PAaHKUPOBAHHOW MepeMeHHOM
BBIBOASTCSl HW)KE 3HAKa paBHO (puc. 7.1), njas BEKTOPHOU NepemeH-
HOM — cnpasa (puc. 7.2). B cnyuae, koraa cronbeu vMeer pasmep-
HocTh 10 n Gonee, oH okaiMisieTcss HyMepalyel CTpok u cTojbua,
MpyYeM HauYuHasK ¢ HyJIs.

3asepuienrie (HopMHUPOBAHHS UTOTOBOM TaONWIIBI BHIYMCISHUH CBs3a-
HO C BBEJICHHEM 3aroJjioBKa TaOJIMIIbI, UTO YJIyUllIaeT BOCTIPUITHE pe-
3ynbTaToB (puc. 7.3). JIoNOMHUTENBHYIO CTPOKY 3aroJIOBKOB MpUMe-
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i=0.13 %= 0154
W= ginf X)) M = augment( 3, V)
i i i 1

i 0 ] 0 0 0 ]
1|05 1 |0.143 1| 0418|0149
2| 03 2 |0.296 2| 02|0.206
3 |0.45 3 |0.435 3| 0468|0435
4| 08 4 |0.565 4| 06|0565
5075 5 |0.682 5| 0.75|0.682

L=[6| 03 V=15 [0783 M=/g| 0g9|{0782
7 |1.05 7 |0.a67 7| 1.08|0.867
g 12 g 043z g| 1.2|0.832
9 [1.35 9 [0.976 9| 1.35(0.976
10[ 1.5 10(0.997 10| 1.6|0.997
11[1.65 110997 11| 1.65]0.087
12| 1.8 12|0.a74 12| 1.8[0.874
13[1.95 12[0.a2a 12| 1.95] 0828

Puc. 7.2. Coenunenue CTOIOOB TabIWIT C TTOMOIIHIO (PYHKIIMU augment

HUTEJIBHO K Pa300paHHOM 3aa4e KOHCTPYMPYEM W BCTaBJIIEM B UTO-
roBy10 TaOJMLly BEIYMCICHUH cliefyoluM 00pa3om:

¢

¢
K

npeaBapuTebHO (GOPMHUPYEM BEKTOP-CTPOKY pa3MepHocTH 1 x 2
0 U3BECTHBIM MpaBuiaM (cm. 2. 6), BKJItOUYas B Hee UMEHa CTOJI0-
LOB MTOrOBOW MaTpuubl B BHUIE CUMBOJIbHBIX OOO3HAYEHMIA:
Z = ("X" "Sin(X) ");

pasmelaeM (WK YKIaablBaeM) ee HajJ BEpXHeill cTpokoil Mmat-

pULIBI M C TOMOIIBIO (YHKIMU stack: MZ = stack(z, M)
(cm. paszo. 6.3.2);

IPOBEPSIEM PE3YJIbTAT NPEANPUHSTBIX YCUIIUN MZ =,

COXKAJICHHUIO, KOHCTPYMPOBaHUE Pa3BEPHYTbIX MHOIOCTOJIOLIOBBIX

Tabnauu TpebyeT NpuUMeHeHUs psada AOHNOJIHUTENbHBIX (YHKUMH uin
clielMajbHbIX IPUEMOB nporpamMmmupoBanus [11].
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7= (lell I'SiI].(X)" )

014

0.148

0.2

0.296

0.44

0.435

0.6

0.565

0.7a

0.682

0.a

n.7gz

1.04

0.867

1.2

0.932

1.35

0.976

1.4

0.997

1.64

0.5997

1.8

0.974

S =] =] =
wM_LDu:-m-qmmth—\c-

1.95

0.928

MZ = stacklZ L)

MZ

1]

1

0 "Wt Msingg”
1 1] 1]
2 014 01449
B 03] 0.296
4 045 0434
5 06| 0.5965
B 07| 0682
7 09 o.7as
8 1.05| 0.867
g 1.2] 0.932
100 1.35| 04976
11 1.5 0.997
12| 1.685| 08997
13 1.8 0.974
14| 185 04929

Puc. 7.3. [Ipouenypa cocraBieHus U BBOAA 3ar0JI0BKA B TAOIULLY

7.2. Cnyyan Heo6xoamMmocTu
rpacpuyveckoro npepacrasneHna PyHKLNN

NMPU KOMMbIOTEPHbIX TEXHOJIOINAX

pelweHnd 3agau

B npakrrueckux 3aaadax 4acTo BOZHUKAeT HEOOXOIUMOCTh BU3YaIH-
3anuu GYHKIUH B CIeIYIOMINX CUTYalHsX:

4 o0umii 0630p XapakTepHbIX TOUEK rpadUuyecKoil 3aBUCUMOCTH.
Mathcad oGmamaer cBoiicTBoM oToOpaxkaTh rpaduku (YHKIHH C
MOMOIIBIO TEXHOJOTHU OBICTPOrO MOCTPOCHHs, YTO Ba)KHO IS

SKCIIpeCC-aHa/iu3a pe3yJibTaTOB,

4 uccienoBaHue rpaduka: TOUYKH repecedeHus (YHKLUHH C OCbhIO
abcuuce naroT MHGOPMALMIO O KOPHSIX COOTBETCTBYIOLIErO ypaB-
HeHusa. BcriomorarenbHblie cpeacrea TpaCCUPOBKU MMO3BOJIAIOT BU-

3yalibHO 0€3 pacyeTa CUMTBIBATH YHUCIIOBbIE PE3YJIbTAThI;
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4 aHajiu3 UCXOJHbIX TaOMUHbIX AaHHbIX. HeOosbioe uucio onop-
HBIX TOYeK rpaduka MpU STOM COENUHSIOTCS MOCIeA0BATEIbHO
JTUHEHHBIMH OTPE3KaMHU;

4 HaxoXJeHHe Mo TaONUYHbIM JaHHbIM NpuemseMoil popmyibl. Hc-
MoJib30BaHue (OPMYJIbl B MPAKTUKE 00pPaOOTKU AaHHBIX XapaKTe-
pu3yeTcs BOCCTaHOBJIEHHMEM OOJIBIIOrO YHCIa MPOMEXKYTOUYHBIX
TOYEK C MOCTPOEHUEM COOTBETCTBYIOLIETO anmpOKCUMHUPYIOLLETro
rpaduka;

4 OlLICHKA CTENEHW MPUOJIMIKEHUS U YCTAHOBJICHME [Mana3oHa J10-
NYCTMMOM 3aMeHbl OJHON CJIO)KHO BbIUMC/SIEeMON (YHKUMU Ha
JIpyryro 060siee mpocTylo;

4 1o rpaduky npu NpoBEIEHUM AONOJHUTEbHBIX PACCYKIACHHIA
MOKHO MOJIyYUTb KAUECTBEHHYIO U KOJIMUYECTBEHHYIO OLEHKU M0-
TPEUIHOCTH BBIYMCIIEHUS (PYHKIHUK MO0 M3BECTHBIM MOTPEHIHOCTSIM
apryMEHTOB.

3apanue rpaduka B BbIOpaHHOW MO3MLMH JAOKYMEHTa HaYMHAETCA C
BbIOOpa ero Thna c¢ nmomoineio MeHto Insert | Graph (cwm. puc. 1.18)
wnd nanutpsl Graph c OeBsATbIO MHCTPYMEHTAJbHBIMH KHOMNKAaMHU.
Jlnst 3TOro pasjenia MEHIO XapaKTEePHO, UTO BCE IyHKTbI COMPOBOXK-
JIAIOTCS COOTBETCTBYIOLIMMH MHUKTOrpaMMaMH. YKa3aHusi Ha HaOop
"ropsumux" KJIaBULI UMEIOT MepBbie YeThipe TUNA rpaduka.

Contour Plat Ctrl+5l
Weckor Field Plot

b @ A ] b L [

%-Y Plot Shift+2 ; 3D Scatter ot
Polar Plok Ctrl+7] 30 Bar Plotl :
Surface Plak Ctrl+2L

O —— ofbemHble--

Puc. 7.4. OcHoBHBIe THITH rpadUKoB

B Mathcad nerko aocTymnHo 3aiaHie ceMH OCHOBHBIX THUIOB rpadu-
KOB, BBIHECEHHBIX HA MHCTPYMEHTaJbHYIO maHenas Graph (puc. 7.4).
B nokymenraumu Mathcad oHu pa3zieseHbl Ha JBe rpymnbl ¢ 0003Ha-
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yeHusiMU 2D win 3D, uToOBI OTpa3uTh OCHOBHOE JeJ/ieHHE Ha ABY-
MEpHbIE U TPOCTPAHCTBEHHbIEC rPadUKH.

B wmacce 3D (xyz) MOXKHO BBIIENHUTH OCOOBIEe (X)*)-TNTIOCKOCTHBIE
rpaduku: Contour Plot (Kontyphsiii rpaduk) u Vector Field Plot
(I'paduk BexkTopHOro mojisi). OHM TPEACTABIAIOT COOTBETCTBEHHO
MPOEKIMU JIMHUM YPOBHS M BEKTOPHOE MOJIe HAMpPABICHUN HAUCKO-
pefiliero pocra TPETbeH KOOPAMHATBI HA MIOCKOCTh Xy. DTH rpaduku
BHOCSIT CYLUECTBEHHYIO [OMOJIHUTEIbHYIO WHPOPMALMIO W HUMEIOT
CBOMCTBO COBMEIATbCA B OJHOM OOBbeMe C HEKOTOPBIMH JIPYTHMH
3D-rpadukamu.

7.3. lBymepHas rpadmka

2D-rpaduku ripencTaBieHbl IByMs TUTIaMU — JeKapToBbiMU "X-Y" 1
noJisipHbIMU rpadukamu. B cuiy Gosbliel pacnpocTpaHeHHOCTH pac-
cmoTpum nocrpoenue "X-Y" rpaduka.

I'paduk cTpouTcs mociie yCTaHOBKM Kypcopa B HY»KHOW obJjactu pa-
OGouero mnojs W MOCIEAYIOLIEro BbI30Ba KOMaHIbl MeHIO Insert |
Graph | X-Y Plot, n1u00 mienika MBI Ha KHOTIKE MaHe I UHCT-
pymenroB Graph, 1100 HaxkaTHsi KiaBULLK <(@>.

B pesyabrare nosisiasiercs rpaduueckas odaacth (cM. waljI0OH Ha
puc. 7.5 ciieBa) C OCHOBHBIMU MapKepamH BBoAa Ui GYHKLMU U UMe-
HU MEepeMeHHON Mo LeHTpy ocell abcimce U opauHaT. [locTpoeHue
rpaduka 6e3 NpeABaAPUTENBHOTO 3alaHus 00JACTH U3MEHEHHUS apry-
MEHTa OTHOCST K ObICTPOMY CIOCO0Y.

Kypcop BBoJa nepBoHauaiibHO BBICTABICH B 00JIaCTH MapKepa apry-
MEHTa, HO [OCTaTOYHO MEPEHECTH KypCOp B LIEHTPAJbHbIA Mapkep
OCH OpIIMHAT, YKa3aTb MOJHOE UMsl PYHKLMH C XapaKTePHbIMU CKOO-
KaMU ¥ CIIMCKOM apryMEHTOB M Jajiee LIEIKHYTb MbIIIbIO BHE MOJs
1abJI0Ha, KaK MOSBJISIeTCs NOJIHOLEHHbIN IpaduK, 4TO NOAASPHKUBAET
peryTauuio ObICTPOro MOCTPOSHHMSI.

[Ipu ObicTpoil TEXHONOrMKM BbIYUCICHHUE TOUYEK rpaduka OCyLIEeCTBIIs-
eTcs B OCHOBHOM auanasoHe 10, BeiOupaemom aBTomatuuecku. Jloc-
TATOYHO 0OJILLLOE YKCIIO TPOMEKYTOUHBIX PACYETHBIX TOUYEK rpaduka
COEIUHSIOTCS IMHEHHBIMU OTpE3KaMHU.
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B Mmapkepe opavHaT uepe3 3amsATyl0 MOXKHO BBECTH CIMCOK J10
16 ¢pyHkumii, a B Mmapkepe adcLcC — CHMCOK COOTBETCTBYIOLUIMX T1€-
pemeHHbIX. [Ipu oOuieM MMeHM aprymeHTa t, Kak NpeAcTaBIeHO Ha
puc. 7.5, MOMEHTaJbHO CTPOSATCS COOTBETCTBYIOLIHE BBEJCHHOMY
CITUCKY TpaduKu.

MoKHO TaKxkKe NpUBOANUTL HE TOJIBKO IMOJITHOC UMS (byHK]_[I/II/I, HO H BbI-
PaXeHus1, HENOCPECACTBECHHO 3a1at0LUC ONPEACTICHUA (byHKL[Hﬁ.

Puc. 7.5. Co3znanue ObICTpbIX IpadukoB

Tpebyemblit AMana3zoH U3MEHEHUM X U ) MOXKeT ObITh cpa3y BHECEH B
JAOMNOJHUTEC/IbHbIC MAPKCPHLIC MO3ULIUU (paCHOﬂO)KeHbl BA0JIb I'PaHULL
OCeil BHU3Y U CJIeBA).

B crapbix Bepcusix cpenbl Mathcad vx He Obi10 B MCXOHOM 1abI10-
He, U ao0parbest A0 HUX ObLI0 HENpocTo. B okoHuaTesbHOM dopme
rpaduka 3TH MO3MLIMKA CKPbITBI, HO 3aHSThI TyOIUPYIOLIUMU FPaHUY-
HbIMH 3HAUCHHUSIMU apIyMEHTa M PACUCTHBIMHM 3HAUCHUSIMU (YHKLMH
COOTBETCTBEHHO.

Jlns m3MeHeHus pa3MepoB rpaduueckoil o0acTH HMCMONb3YHOTCS
MapKepbl Ha paMKe BOKPYr rpaduyeckoro o0ObekTa: HWKHUM W Tpa-
BBIM Pa3[eNbHO PEryJUpYOTCs pa3Mepbl MO BEPTUKAINU U TOPU30HTA-
JU COOTBETCTBEHHO, YIJIOBBIM MapKepoM — MpPONOPLUOHAIBHO H3-
MEHSIIOTCs1 00a pazmepa.

Paznuuuns B criocobax mocTpoeHus: rpayuKoB pacCMOTPHUM Ha OCHOBE
MpOoCTeHIIeld 3aAaul BBIUMCICHUS 3HAYEHU OJHOW U3 TPUTOHOMET-
pudeckux QyHKIM, Hanpumep, A - sin(x) (puc. 7.6). Ha nepBom miare
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3aJaMM OIPEAECJIEHHOE YMCJI0 3HAYEeHUM MEepeMEeHHOM, BBOIs Orpa-
HUYEHYe Ha quana3oH uaMeHeHus ot 0 1o 2 u npupaineHue /8.

[Tocne 3Toro Ha BTOpPOM LIare npeacTaBUM cHOPMUPOBAHHbBIC UCXOJ-
HbI€ JIaHHBIC B BUJIE JIETKO 0003pUMOi TabNIUIIbl, TPUMEHSIS OMEPATOP
BbIBO/IA (=) CHauaJla K psay YNOpsIIOUEHHBIX 3HAYCHUI: x=, a 3aTeM K
TpeOyemoli dopmyJie, Onpeae/sieMoll Ha 3a1aHHOM HAOOpe aprymeH-
TOB: & - sin (x)=.

Tpetuil wiar npeaHazHa4yeH YISl BBISIBJICHUS Pa3iHuMii B IOCTPOCHUH
rpadUKOB: MO MPUHITOM UCXOAHOU QYHKIMHU C OBICTPBIM €€ MOCTPOe-
HUEM U Ha OCHOBE pacueToB 1o dopmyJe. Mcnonb3yem addekt ycko-
PEHHOM 3arOTOBKH MapHbIX rpaduKoB.

MocnenoBaTensHOCTE AEHCTEMIA:
1 & 4 &) o L= 3
1A 07
& =07 o0 p<Ctrl=+<G> /78 ; 2
x:=D,E..2 2)x=
8 A sin(x) =
x= A-sin(x) = 3) sint) | sinft) @ <Enter=
0 i]
0.293 0.268 4) KoppekUHA NOCNEAHWE ANEMEHTOE CNMCKS
0.785 0.495 ATsinf) (<=3
1178 0.647
1.571 0.7 1 , ,
1.863 0.647
sinlt)
) I}
& .gin(x)
W
-1 | ]
-10 =3 0 3 10
t.x
— Function
¥ Farmula

Puc. 7.6. Tpu cniocoba npencrasnenust hyHknuit: popmyna, Tabauna, rpadux

Bce neiicTBrUs KOMMEHTUPYIOTCS Ha puc. 7.6. YOenurtenbHOe CBUe-
TEIBCTBO TMPOCTOTHI U MPEeUMyIecTBa OBICTPOTO BbIBOJA TpadUKOB
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(yHKIMIA TONyYdM B pe3ysbTaTe NBOMHOW 3amucH sin(t),sin(t),
BbIJICJICHUS] 3alCH YIJIOBBIM KypCOpPOM M HaKaTus KJIaBull <@> U
<Enter>. boicTpomy nocrpoeHuro rpaduka GyHKLUU COMYyTCTBYET:

4 aBTOMATHYECKas YCTAHOBKA MMEH JIBYX MEPEMEHHbIX t,t OKOJIO
ocu abcuucc;

4 aBTOMAaTHuecKas YCTaHOBKa JMana3oHa WX H3MeHeHus oT —10
no +10.

IepBbiii rpadMK C BBHICTABICHHBIM aBTOMATHYECKH WHTEPBAJIOM OC-
TaBiasier 3a co0oi aemoHcTpauuio dddexra ObICTPOro MOCTPOCHUs
OMnopHOW (PYHKLMH sin (t), BTOPOH rpad)MK COOTBETCTBYET MPHUHSATHIM
OrpaHUYEHHSIM Ha BBIYHCICHUS 10 TpeGyemoit hopmyiie.

3ameHa B CIIUCKE apryMEHTOB UMEHU BTOPOI MEPEMEHHOM t Ha x BBO-
JIUT B ISHCTBUE MPUHSTHIC YCJI0BUs 3a1aHusi rpaduka. DTa npoueaypa
OTMEeUeHa B MPOTOKOJIE YCIOBHOM 3amMChlo (t < x) W MPOBOAMTCS B
noJie rpaduka B JIByX COrJIaCOBaHHbBIX MO3ULIMSX:

4 BHayajie BO BTOPOM DJJIeMEHTE chucKa (YHKIUH, BEPTUKAIBHO
Pa3MELICHHOr0 OKOJI0 OCH OPJMHAT, C LEJbI0 oOpalueHus K (op-
MYJI€ BBIYMCIIEHUH A - sin (x);

4 3aTeM BO BTOPOM 3JJIEMCHTE CIIMCKA MEPEMEHHbIX, TOPU30HTAJIbHO
PacnojioKEHHOro 0OKOJ1I0 OCU a6cuucc.

Takum 00pa3om, W3MEHEHUS! HaJlo BHOCUTh B BbIOpPaHHbIE CTPOro CO-
OTBETCTBYIOLLIME IPYT APYTY 3JIEMEHTbI CIIUCKOB.

Jlns BbIZeNieHHs BceX pa3fiiuvii B MOCTPOCHUM STHX rpadUKoB MpoBe-
JleHo maciTabupoBaHue ¢ koadduuuenrom a=0,7; dbopmaruposa-
HHUE TUMA JTMHUU BTOPOTO rpaduKa U METOK, BBIICIISIIOIIUX PACUETHbIE
Ta0JIMYHbIC 3HAUCHUSI; KPOME TOrO, BHU3Y 10J1si rpadukoB 100aBeHO
WX ornvcaHue (JiereHaa).

CosmeleHue rpadMKOB Ha OJIHOM M10Jie, Kak NpaBuilo, TpedyeT nepe-
onpezeNeHus] HEeKOTOPbIX 3apaHee YCTAHOBJIEHHBIX MO YMOJIYAHUIO
onuuii HacTpoliku rpadukos. J[BoiiHON miemyok B obOjactu rpaduka
OTKPbIBAaET OKHO YCTaHOBOK (hopmarupoBanusi Formatting Currently
Selected X-Y Plot (DopmarupoBanue BbiaeieHHoro X-Y rpaduka).
OHo umeeT vetbipe BKIaaku (puc. 7.7): X-Y Axes (Ocu X-Y), Traces
(Cnen), Labels (Metku), Defaults (ITo ymon4anwio).
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F l

Formatting Currently Selected X-Y Plot g|
%Y Axes | Traces | Labels | Defaults
[JEnable secondary ¥ axis
. Primary ¥ Axis | Secondary ¥ Axis
n-fixis
[JLog scale [JLog scale
[ arid ines — [ arid lines ]
Murmbered Humbered
auto scale Auto scale
[ showe markers [ 5how markers |l
Auko grid Auko grid
Murnber of grids: Mumber of grids:
Az Skyle
(%) Boxed [JEqual scales
) Crassed
) Mone
o] [omes

Puc. 7.7. luanorosoe okHo a1 popmarupoBaHus rpaduka
no ocaMm adcuucc X U opauHar Y

Crnenyer oOpaTuTh BHMUMaHME Ha BO3MOXKHOCTb PadOThI CO BTOPOit
ocblo Y.

Ha Brianke Traces umeercst cTosi0€l; yC/IIOBHbIX 0003HAUYCHUH, WU
nerenna, Legend Label. B mone pemaktripoBanus moxa cToaOHoM
MOKHO MNPUCBOUTH COOCTBEHHOE MMSI KaXKJOMY OUSPEIHOMY CJICILy
COBMECTHbIX rpadMkoB BMECTO Oe3/iMkux "trace i" MMeH cooOuieHui
(puc. 7.8).

IIpu cusatuu ¢naxka Hide legend (CkpbiTh jereHmy) BbiOMpaeTcs
nmubo HmwkHee (Below) pacnionoxenue jgereHaps B mose rpaduka, 160
M0 JKEJIAHUIO Pa3MELICHUE B OJHON W3 UYEThIPEX YIJIOBbIX MO3ULMHI
npu ¢uxkcaunu nepekmodarens B BepxHeidl (Top) wnm HukHel
(Bottom) ctpoke cooTBeTcTBeHHO cieBa (-left) wnu cnipasa (-right).

Ha s3T10i1 BKITagKe Takke UMeeTCsl BO3MOKHOCTb 33JJaHUSI CUMBOJIBHO-
ro o0o3HaueHus Touek rpaduka Symbol (none, x, +, ..., 0) u Bapua-
uuu Buaa JuHuM Line (HempepeiBHAsA, TOUKA, YepTa, IITPUXITYHKTHD).
Kaxnpiii cnen rpaguka nMeeT aBTOMaTHUECKH yCTaHABIMBAEMbIi LIBET
Color, KoTopbIii JIErKO MPU HEOOXOJIUMMOCTH TNepeonpeaeanTb. Mox-



188 lnasa 7

HO TakKe W3MeHWTh TN rpaduka Type (JUMHUS, TOUKH W 1Ip.), TOJ-
mnHy ciena Weight.,

@

Formatting Currently Selected X-Y Plot

% Bwes | Traces | Labels | Defaults

Legend Label Symbol  Line  Color  Type ‘'Weight
Function none s0lid red lines 1 A

: 1
trace 3 none amn lines 1
trace 4 none mag lines 1
trace & none cya  lines 1
trace B none brn lines 1
Farmula We o % ||solid v blu || lines v ([T

[JHide arguments [JHide legend
(&) Below

o Comes

Puc. 7.8. KommonenTs! opmatupoBanns rpaduka Ha Bkiaaake Traces

OO6parutbest K cpeactBaM (opMaTUpOBaHUA MOXKHO TakkKe C IO-
MOLbIO KOHTEKCTHOrO MeHto no komanie Format. B kontekcTHOM
MEHIO MOXKHO HaliTh komaH bl Trace u Zoom, ay0aupyrouiue aehcT-
BUSl UHCTPYMEHTAJIbHbIX KHOMOK NanuTpbl Graph. Ot komaHbl yka-
3bIBAOT Ha BbIIENECHHYIO MEepecedeHrneM JIMHUI TPacCUPOBKU TOUKY
rpaduka WiM nNpsiMoyrojibHyt0 o0J1acTb Ha rpaduke, KOTopbie TpeOy-
10T JeTajbHOro usyueHusi. KomaHiabl 1OCTYIHBI NPU BbIAGJIEHUH OT-
JenpHOro rpaguka uiam rpaduueckoil obgacTh COOTBETCTBEHHO.
[Tpumep u pe3yibratbl MX nedcTBuid OyayT paccMoTpensl B 2. 10.

OnpeaenyM NOpSAOK ASHCTBUH MPU BEKTOPHOM 3aJjaHUU apryMeHTa 1
(GYHKLUY Ha IpUMepe.

IMpumep 7.2. HccnenoBath BO3MOXKHOCTH Tpaduueckoro mpeacras-
JIeHUsI TPUTOHOMeTpUYeckol ¢yHKIMU sin(x) Ha wHTepBaie ot 0
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[0 2 paguad ¢ 3agaHHbIM 11aromM 0,3 ¥ BEKTOPHBIM OMHUCAHUEM pe-
3yJbTaToB. Pe3ysbraTbl BbIYMCICHMH NpPEACTaBUTb B TaOJUMUHON
dhopme.

Pemenune. Bbi30oB rpaduka ocyllecTBiIsI€TCS Ha)KaTUEM Ha KHOIKE

X-Y Plot unu na6opom knapui <Shift>+<2>. Yucno koMnoHeH-
TOB BEKTOpa OmpejeseTcs UHAEKCOM i:=0..7. Ka1blii KOMIOHEHT
(hopmMupyeTCst HENOCPEACTBEHHO MO 3HaYeHuIo wara 0,3 no npocreii-
uied popmyiie x;:=0.3 - i.

Bektop 3HaueHuit uccieayemol (GyHKUMM V ONpeAe/sieTCss BUIOM
TPUrOHOMETPUUYECCKOM (DYHKLMH Vi=sin (X).

Tak kak 3HaYeHUs] BBIUMCISIEMON (YHKIUM MEpeaaloTcs B BEKTOpP V,
TO NOCTPOSHUE rpauKa MOKET ObITh 3aBEPILICHO YKa3aHUEM B Map-
Kepax BBOJIa UMeH apryMeHTa X M (YHKUHH V, YTO U TpedyeTcs Mo
ycnoBusM 3aaauu (puc. 7.9).

i=0.7 Xi =031 Vi=sinlX)
1
M = avgment( 2, V)
W 05 7
0 | |
0 1 2 3
2
0 1] 0 1]
03 0.294 03 029
0.4 0.563 06 05635
0o 0.723 09 0783
= V= M=
12 0.932 12 0932
1.5 0.997 1.5 0997
13 0.974 18 05974
21 0.263 2.1 0263

Puc. 7.9. 3ananue rpadvika BeKTOpamMu
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7.4. TpexmepHas rpacpuka

Mathcad penaer poctrynHoii paboty ¢ npoctpaHcTBoM. llocTpoeHue
00beMHOro rpaguka MOKHO MHHULMHUPOBATb HECKOJIbKUMHU criocoda-
MU: Uepe3 CUCTEMY MEHIO, KHOIMKOH-NUKTOrpaMMOM MaHeau UHCTPY-
MEHTOB M COOTBETCTBYIOLIMM HaOopom kiaBuul. Tak, mis rpaduka
nosepxHoct Surface Plot peiictByer wi1aBuaTypHbIi  BbI30OB
<Ctr][>+<2>. Ilpu 3TOM BBIBOAMTCS I1a0JIOH, OCHOBHbIE NEHCTBUS C
KOTOPBIM JOCTATOYHO MPOCTBHI.

3putesbHOEe BOCIPUATHE OOBEMHOTO pe3ysibTaTa BO MHOTOM 3aBHCHT
oT cnocoba 3aaaHus cTuis GpopMaTrupoBaHus oceit rpaduka. OHM MO-
I'YT UCXOAWUTb U3 OIHOW TOouku (uau yria) — ornuust Corner, pacrio-
JIOXeHbI M0 NepuMeTpy — onuusi Perimeter, win oTcyTcTBOBATH —
orniusi None. DTH oMK JIETKO MOTYT OBITH 3a/laHbl TTyTeM obparile-
HUS K auanoropomy okHy 3-D Format JABONHBIM IIeTYKOM Ha Mojie
mabI0Ha WITH TOTOBOTO rpaduKa.

[Nepras omiws 3amaHa MO YMOJYaHHIO, U €€ TPOSBICHWE BUAHO Ha
mabioHe oobeMHoro Tpaduka (puc. 7.10, a), BTOpas 6oree mpeAnod-
THUTEJIbHA BBUJY SIBHOTO BBIJIEJICHHS HE JalbHHUX, a OJMKHHUX TPaHMIL
o0beMa, TPeThsl OMLMS CHUMAaeT Kakoe-nubo oOpamnenue (Border)
o0beMa.

JlocTym K yka3aHHBIM OTILIMSM BO3MOJKEH M Uepe3 KOHTEKCTHOE MEHIO,
YTO 4YacToO OKa3biBaeTcsl Oosee ynooHbM. Ha puc. 7.10, 6 3a KOHTEk-
CTHBIM MEHIO TIOKa3aH (parMeHT JOCPOUHOTO 3aJaHus TPaHUL B 1al-
JIoHe o mepuMeTpy (MyHKT MeHIO Axes | Perimeter). Takoe pacmo-
JIoXKeHre ocell HauboJiee BBITOJHO, T. K. OCH HUTJE He TepeceKatoTcs
1 He OyIyT nepeKpbiBaTh 00beMHBIN Tpaduk.

B ob6sacTtu rpadyka HaXOAUTCS TOJBKO OJIMH BbIAEICHHBIN KypCcOpOM
Mapkep. B HeM Hajio pasMecTHTh JHOO COKpallleHHbId uaeHTH(UKA-
Top ¢yHkuuu (6€3 CKOOOK M YNIOMUHAHUS MEPEMEHHBIX), TM0O0 UACH-
TU(UKATOP MACCHBA, COJACPIKALIErO KOOPAMHATHI OMOPHBIX TOYEK, C
MOMOIIBIO KOTOPBIX OyJeT MpOpUCcCOBaH 00beMHBIN 00BEKT. ITO yCIlo-
BUe YHU(DUIUPYET mpoliece AJisi ObICTPOro MocTpoeHus rpaduka.

MpumeyvaHue
HenocpeacTBeHHast 3anncb BbipaXeHWs B NO3NULMI0O MapKepa B OTNM-
4nm OT ABYMEPHOro rpacmka Hegonyctuma.
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= e & Gl

Paste
Paste Special...

Format. .,

Faog
Lighting
Equal Scales
Perspective
B

w Border

-1
0.5

Carner
1 v Perimeter
Mane

Mapkep 6

Puc. 7.10. Ucxonusiii mabnoH rpaduika TOBEPXHOCTH (¢) M KOHTEKCTHOES MCHIO
C YCTaHOBKOH HOBBIX TpaHUL 00BbeMa (6)

MaccuB MoxeT ObITh 3a/1aH JBYMSI PaH)KMPOBAHHBIMH MEPEMEHHBIMU
W CBSI3bIBAIOLIMM MX (PYHKLHMOHAIBbHBIM OTHOLIEHHEM Ul Ompenene-
HUS TPETbEU KOOPAUHATBL.
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[Toasenem uroru. st ObICTPOro nmocTpoeHus rpaduka noBepXHOCTH
HYKHO:

4 BBeCTH JaHHbIe JJIS MOCTPOCHUS MaccuBa WiW (GYHKIHIO 2-X Tie-
PEMEHHbIX;

4 BbI3BaTh WAabNoH rpaduueckoi obnactu <Ctrl>+<2>;

4 3aM0JHUTH 10 YKa3aHHbIM IIpaBHUJIaM MapKep BBOJAA.

Hpumep 7.3. Ucnosb3yst TpuroHomerpuyeckue GpyHKUMUA KajabKyJlsi-
Topa:

F(x, y) = sin(x)* + cos(x)’,

NOCTPOUTh COOTBETCTBYIOLLYIO MOBEPXHOCTb M HMCCIIEAOBATH Ha-
cTpoiiku rpadpuka Mathcad.

Ha puc. 7.11 nokazaHbl pe3ynbTaTbl YKa3aHHbIX MOLIArOBBIX [EH-
CTBUH.

Ha puc. 7.11, a nokazan myctoii ma6mnoH, Ha puc. 7.11, 6 B mapkepe
pa3menieHo "yceueHHoe" umMs (YHKLMU U COOCTBEHHO rpaduk, BO3-
HUKaIOLMI cpa3y Mocjie wieq4yka MbIIIM BHE 3TOro MoJisi, a Ha
puc. 7.11, 6 oroOpaxxeHo auanororoe okHo ¢opmaruposanus 3-D Plot
Format.

Crenyer 3aMeTUTh, YTO aBTOMAaTHUYECKH 3ajaBaemas 00jacTb MO KO-
opavHaTaM B auanazoHe (-5, +5) Heckojbko M30bITOYHA Ul Npea-
CTaBJIeHUs 3TOH MOBepxXHOCTU. Jlpanoropoe OKHO (OPMATHUPOBAHUS
BbI3bIBACTCS CTAHJAPTHBIM 00Pa30M — ABOMHbBIM LLUEJIYKOM MbILLH B
obnactu rpaduka.

YcraHoBuMm oarHakoBble rpaHulibl Range Ha Briajike ObicTpoii ycra-
HoBKkM rpaduyeckux naHHbix QuickPlot Data no obeum nepemen-
HBIM OT —2 110 +2 B COOTBETCTBYIOIIUX MoJax start u end. OkoHua-
TeNbHBIA BUJA HCCIIEAyeMOil TMOBEpXHOCTH B oObeMe TMoKa3aH Ha
puc. 7.12.

JlBa Tuna rpadguxor Contour Plot u Vector Field Plot orobpaxaroT-
Cd Ha TUIOCKOCTSIX TPEeXMEpPHOW cucteMbl koopjauHat. [Ipumep coue-
TaHUS TJIOCKOTO W 00BeMHOTo rpadukoB mokazad Ha puc. 7.14. Uz-
MEHEeHHs B ToJjie rpaduka oueBUAHbI — B MapKep JOIMKCaH elle OIuH
uneHTudrkaTop GyHKUMM (Kak MpaBuiio, AyOJIUpYIOLIMH UCXOIHBIH).
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B okne dopmaruposanus 3-D Plot Format nepexiitouarens Plot 2
ycTaHaBiauBaetTcsi B nojoxkenue Contour Plot mis w3meHeHus tuna
JIOTIOJTHUTENBHO 00BSIBIIEHHOTO rpaduka.

Fx,y) = sind)” + sin(y)”

! a F 6
r &
3-D Plot, Format E|
General Aues Appearance Lighting Title
Backplanes Special Advanced QuickPlot Data
Plot 1
Range 1 Rarnge 2 Coordinate System
shart start | .5 (®) Cartesian
end |§ end |5 () Spherical
HofGrids |20 & #of Grids |20 2 () Cylindrical
e
6

Puc. 7.11. dopmaruposanue rpaduka

JononHuTenpHble HAacTpoilku rpadukoB oOHapYX HUBalOT OoJbliee
KonuuecTBO WX TumnoB. Ha puc. 7.13 npuBeneHs! 1Ba 00beMHBIX Tpa-
(uKa, MOCTPOSHHBIX M0 OAHOM 3aJaHHON (QYHKLIMH, PSIOM CO BTOPbIM
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F(x,g) = sin()” + sin(y)”

Puc. 7.12. O6peMHOE N300paskeHNE TOBEPXHOCTH
B COKpAIICHHOM AHala3oHe

&@Q.%E F'lot1|

Display &z
R () Surface Plat ) Data Paints (") Bar Plat

() Contour Plat () %ector Field Plat  (3) Patch Plot

[ QK. l [ OtreHa ] [ MpurEHKTE ] E

F(x,v) = x2 + y2

Surface Plot Patch Plot 7> |

Puc. 7.13. Hactpoiika Patch Plot

lnasa 7
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b D & B b ;- [

Fiz,v) = x2 + yz

F.F F.F

Puc. 7.14. Comernenne 00bEeMHBIX U TIIOCKOCTHOTO Tpadukos Contour Plot

rpadukoM npuBeaeH ¢parmeHT Bkiaaku General okHa dopmaTupo-
BaHusi 3-D Plot Format. [lepexntouarens Plot 1 ucnonssyercs ans
HACTPOMKKM TuNa rpaduka, B HACTHOCTH, HA PUCYHKE YCTAHOBJICH THII
Patch Plot (JIockyTtHslii rpaduk).

Jliis noctpoeHust 00beMHbIX rpaUKOB NOBEPXHOCTH MOMKHO UCIOJIb-
30Barh BCTpoeHHYI (yHkuuro Mathcad CreateMesh (F,x0,x1,v0, v1,
sgrid, tgrid, fmap). Ora (byHKU,l/lﬂ BO3BpaIacT MacCUB M3 TPEX MarT-
pull, MPEACTABISIOIIMX KOOPJAMHATDI %, v, z A QYHKLUU F, OnNpe/e-
JICHHOM B KayecTBe (YHKIMM JBYX MEPEMEHHBbIX sgrid M tgrid. Ap-
TYMEHTBI x0, x1, y0, yl 3aJlal0T Npeaeibl U3MEHEHHUS 3THX MepeMeH-
HBIX. APryMEHT fmap— BEKTOp 3HAYEHHi, YKa3bIBAIOIIUM YHCIIO
JIMHUIA B ceTKe n300pakaemoi GpyHKIuu,

Ota (yHKUMS NpU3BaHA YOPOCTUTH MPOLECC MOCTPOCHUS MOBEPXHO-
cTeil B HEKOTOphIX ciydasx. [lockonbky Bce apryMeHTbl JOMOJIHM-
TeJIbHbIE, KPOME F, TO pelleHre npumepa 7.3 MOKeT ObITb CBEACHO K
MUHUMYMY JE€HCTBUMN, YTO MOKA3aHO Ha puc. 7.15.

B cucreme Mathcad macrep nocrpoeHust TpeXMEpHbIX rpaMKOB, Bbl-
3pIBaeMbli ¢ momomuibio MeHiO Insert | Graph | Plot Wizard, npen-
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CTaBJIACT HGKOTOpblﬁ HUHTECPEC, MO2TAallHO B PEKUME Juajlora 3arpa-
HHBACT OCHOBHbIC YCTAHOBKH, YTO HEC HMCKJ/IHOYACT AOIMOJJHUTE/ILHOIO

¢dopmatupoBaHusl.

[ Mathcad - [Untitled:1]

ﬁﬁile Edit Wiew Insert Format Tools Swmbolics  window  Help

D-2d &LV ) e = 3
Insert Funckion I—
F(x,y) = sj_n(x)z + Cgs(yjz CIE&tEMESh(I,I,I,I,I,I,I,I)

wl = -2 yil = -2
xl =12 yl=12

Puc. 7.15. IlocTpoeHue NOBEPXHOCTH ¢ NOMOLIBIO (PYHKUUU CreateMesh

MpI npezsiaraeM 4MTaTEINIO0 CAaMOMY MOJKCIIEPUMEHTHPOBATh C MacTe-
poM (mast QoJiee MOJIHOrO BOCHPUSTHS BO3MOMHOCTEH CHUCTEMbl) U

peuunTb, 4TO EMY y/:[06Hee HCII0JIb30BATh.
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KoMnbloTepHble TeXHONMormm
pelwleHnsa ypaBHeHUN

Anrebpanyeckue ypaBHEHUS MOTYT ObITb C OJHUM WJIM CO MHOTMMH
HEW3BECTHBIMU (CHCTEMBbl yPAaBHEHHI ), INHEHHBIMU UM HEJIMHEHHBI-
MU, C [OCTOSHHBIMH WM MepeMeHHbIMU Kod(pduumentamu. Pewie-
HUSIMA YPABHEHUW SBJIAIOTCS JE€UCTBUTEJIbHbIE WM KOMIUIEKCHbIE
YyClla U BBIPAKEHUS.

bosibinoe pazHooOpazue ypaBHeHUM MOpoausIo 00JIbLIOE pa3HOOOpa-
3He aJrOPUTMOB MX PELICHHsI, KOTOpPbIe pealu3yloTCsl B BU/IE aHAU-
THUYCCKUX WJIKN YUCJICHHbLIX MCTOJ0B.

Peuienve ypaBHeHUM B aHAJIMTUYECKOM BHU/IE MOJIy4arOT MyTE€M Mare-
MaTHYEeCKHX MpeoOpa3zoBaHUii UCXOMHOTO ypaBHeHUs. [TycTb, Hanpu-
Mep, 3a/laHo ypaBHeHHe & —blnx =0. Heo6Xxonumo HaiiTh 3HaUYeHUe
x. Perienne moxer ObITh TAKHM:

a

u a
a=blhx = lnx=; = x=eb,

WJIK TaKHUM:

a=Inx’ = = = x=%.

AHaJIMTUYECKUE PELICHUs LICHHbI CBOCH 001HOCTHIO. B Haiem ciiy-
yae HaliIeHO pelleHHre, KOTOpoe BEepHO i JIOOBIX 3HAYEHU Iepe-
MEHHbIX ¢ U b. EC/in ke 1CI0JIb30BaTh YUCACHHbBIE METO/Ibl, TO PeLie-
HUE HY)XHO TOJy4aThb BCAKHI pa3 MpuU W3MeHeHHH KO3(P(PHUIMEHTOB
aub.
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Ectb TObKO OmHA Oosibliasi rpobsiema: B OOJBLIMHCTBE C/ly4acs
TPaHCLEHICHTHbIE YPAaBHEHHS HE HMMEIOT TOYHOTO aHATUTHYECKOTrO
peterust. YToObI MOMYYUTh pellieHUE B aHAJTMTHYECKOM BHUjIE, HE0O-
XOJIUMO BBITTOJHUTD OOJIBIIYIO MHTEIEKTYalbHYO paboTy, T. K. ro-
TOBBIX AJIFOPUTMOB JIJISl 9TOTO HE CYHIECTBYET.

Hpyroe neno 4yucieHHble pelleHrs. AJTOPUTMbl UACIEHHBIX METOIOB
xopoio paszpabortanbl. OHM TpeACTaBIAIOT cOOO MaTeMaTHYecKue
Bblpa)l(el-ll/lﬂ, noacTaBlidaAsad B KOTOpre MHOFOKpaTHO le/l6fll/l)KGHHble
3HAUYCHHUA HUCKOMBbIX HCHU3BCCTHBLIX MO>XKHO HOJIylll/lTb pemem/le C 3a-
JJAaHHOM TOYHOCTBIO.

M cHOBa Mbl CTajIKUBa€MCs CO CJIOKHOCTSIMU: OOBEM BbIUMCIIC-
HUU HACTOJIbKO 00J1b11IOH, 4TO 0€3 KOMIILIOTEPA KOPHU YPAaBHEHUS HE
HaUTU.

Hrak, BO MHOTMX CilyuyasX peLieHUe YpPaBHEHUsl U TeM 00Jiee CUCTEeMbI
ypaBHEHUH 0€3 KOMIIbIOTEPa HE MOJLYUHTb.

[Tpu 3TOM BO3MOXHOCTH PELUEHUSI YPABHEHUH B aHAJIMTUYECKOM BU-
Je, TpeOyIOIIero MHTEeNIEeKTyalbHOH padoThl, SBJSIOTCS KpUTEpUEM
VHTEJIEKTYaIbHOCTH JaHHOW MaTeMaTU4eCKONW CUCTEMBI.

B Hacrosieli riiaBe M3nararoTcs KOMITBIOTEPHbBIE TEXHOJOTHM peLie-
Husl ypaBHeHul cuctemoil Mathcad. Ha kaxnplii u3 MeTonoB npuBo-
JATCS] IPUMEPBI, TIO3BOJISAIOLINE HE TOJBKO YCBOUTH TEXHOJIOTMH, HO H
OLICHUTb BO3MOYKHOCTH CHCTEMBI.

CHauana paccCMOTPUM alrOpUTMbl PELICHUS] YpaBHEHUH. DTO MOMO-
JKeT HaM MOHATh KOMIbIOTEPHbIE TEXHOJOIMH PELICHUs ypaBHEHUH.

8.1. YncneHHble meTobl peLueHna
anrebpanyeckux n TpaHCUEeHAEHTHbIX
ypaBHEeHUM

CyuleCTByeT OO0JIbLLIOE KOJIUYECTBO METOAOB PCLUCHUSA AJIrOPUTMUUC-
CKUX U TPAHCUCHACHTHDLIX ypaBHeHl/II\/'I.

ANroput™ J0060ro U3 3TUX METOMOB SIBJISIETCS COBOKYTHOCTBIO YCJIO-
BUI BbIOOpA HAYAJILHOIO MPUOJIMIKEHHS], PACHETHBIX COOTHOLLIEHUH U
MPU3HAKA OKOHYAHUS BBIYUCIUTENILHOIO MpoLecca.
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PaccMOTpUM airOpuT™Mbl HEKOTOPBIX HauOOJIEe MOMYJISIPHBIX METOJIOB
pelueHus aJireOpanyeckux U TPAaHCLUEHIGHTHBIX YPaBHEHUH.

8.1.1. MeTtop anxotomMmun
(nonoBuHHOro genexuns)

CymHOCTh MeToJa COCTOMT B ciemytomeM. [Ipeanonoxum, 4ro 00-
JIACTBIO M3OJISUK KOpHS ypaBHenus f(x)=0 sBnsercs [a, b]. Torna
3a nepBoe MNPUOJIMIKEHHE K MCKOMOMY KOPHIO X TNpUHUMAaeTcs

a+b
x1=

. 3aTrem BbIUMCIISIOTCS 3HaYeHUs] PYHKUMH f(X) B TOUKAX a

ux (mmubu x ). Ecnu f(a)- f(x) <0, To HOBOH 00nacTbIO N304~
LMY KOpHs siBisieTcs [a, x|, B IpOTUBHOM cilyyae — [x;, b]. PaBHo-
cunbHBIM siBnsteTcs ycnosue f(b)- f(x;) <0. Ecnu 310 ycnoBue BbI-
MOJIHSAETCS, TO HOBOHM oOnacTbio uzonsiuu Oyner [x, b], B IpoTUB-
HOM cityuae — [a, x;] . BropbiM npubnmkeHnemM K HCKOMOMY KOPHIO

+x1

xl,ecm/l f(a)- f(x)<0, numm x2=b2 , €Clu

a—+
ABJIACTCA: Xp =

S () f(x)<0. 3aTem BbluucsAIOTCS 3HAUeHUs GyHKUMM f(X) mpu
X =X, unposepsercs yciosue f(x)- f(x,)<0 nr. 1

[Ipu3HAKOM OKOHYAHHUS BBIUYMCIIMTEBHOIO MPOLECCa B 3TOM METOAE
SIBJISIETCSI OJTHO U3 CJICAYIOUINX YCJIOBUA:

f(x,)<e wm |f(x”)—f(xn,1)|£8,

rage € — aonycruMas norpeliHOCTbL BbIYUCIICHHUS KOPHS.

I[OCTOI/IHCTBOM METOMa ABJIACTCA IMPOCTOTa aJlrOpUuTMa H BbICOKAsA
TOYHOCTb ONPEACTICHUA KOPHA. Me):[J'IeHHaH CXOOUMOCTD I/ITepaI_II/Iﬁ —
OCHOBHOM HCJOCTATOK METOAA.

8.1.2. MeTop xopAa

AJITOpUTMOM METOJa XOPJ SBJSIETCS COBOKYNHOCTh CJAEAYIOLIUX CO-
OTHOLLIEHUI:
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4 yci0Bue BbIOOpA HAYAIBHOIO NPUOJIMKSHMUS ;
a, ecnu f(a)f"(a)<0 wnu f(b)f"(b)>0;
b, ecin f(a)f"(a)>0 wmn f(b)f"(b)<0;
4 pacyeTHbIe COOTHOILICHHS:
b))
T o - f G
! o amx ) ()
@)

L4 IMPpU3HAK OKOHYaHHWA BbIYHUCIIMTE/ILHOI'O Npouecca:

xO:

ecn Xy =a;

ecau x, =b;

n—xn_1|£8 unu |f(xn)|£8.

|x

B anroputme MeTona XopA MPUHSTbI clielytole 0003HaYeHUSI:

¢ [a, b] — obaacTh U30/ISILIMU KOPHSI;

¢ f(a), f(b) — 3Hauenus ¢pyHkuuii ypaBHenus f(x)=0 B Toukax
aub;

¢ 1"(a), f"(b) — 3HAUEHUs BTOPHIX NPOM3BOAHBIX QYHKUIMH f(X)
B TOYKaxX g u b;

¢ x, — npubnukeHue KopHs ypaBHenus f(x)=0,n=1,2,..;

4 £ — [NOrpeuIHOCTb BBIYMCIICHHUSI KOPHSI ypaBHEHHUSI.

Kax BuaHO W3 omMcaHusi ajaroputma, OH SBIISETCS WTEPALIMOHHBIM.
Jnst ero peasivzauuu B BUJE KOMIBIOTEPHOM NporpaMmmbl HEOOXOAMMO
3HATh:

4 oGnactb [a, b] W30JsLKMK KOPHSI;
4 BTOpYIO MPOM3BOAHYIO [ "(x);

4 3HayeHHWEe HAYAIbHOTO MPUOIKEHHUS, €C/IM He CYLLECTBYET aHaJIU-
TAYEeCKOe BbIpayKeHHe BTOPOM MPOU3BOAHON PyHKIUU [ (X).

[TomyunTe 3TH JaHHBIE MOYKHO C MOMOULIBIO YHUBEPCAJIBHBIX MPO-
IPaMMHBIX CPEICTB CUMBOJIbHOM MaTeMaTHKM, CYLLEeCTBEHHO o0Jer-
4YUB TPYJl y4allerocs.
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MeTO):[ XOopA AacT BO3MOXKHOCTD IOJIYUYHUTh pEHICHHUE C H606XOL[I/IMOI71
TOYHOCTBIO NPHU MCHbLUIEM YHUCJIC l/lTean,l/lﬁ Mo CpaBHEHUIO C METOAOM
TIOJIOBUHHOI'O ACJICHUA. Ero HCOOCTaTKaMU ABJIAIOTCS .

4 CJIOXHOCTb METO/a B CBSI3U C HEOOXOAMMOCTBIO BbIUMCIIEHHS BTO-
poO¥i MPOU3BOIHOM;
4 HeyJIOBJECTBOPUTENbHbIN NPU3HAK OKOHYAHUS BBIYMCIMTEIIBHOTO
npoiecca.
[locnenHuii HeaOCTaTOK OOBACHIETCS TEM, UTO YTOUHEHHE KOPHS Ha
KaXI0HM U3 UTepaluil MPOUCXOIUT MO MPU3HAKY |xn - n_1| <€, B TO
BpeMs Kak caM KOpPeHb X TMpU 3TOM He Haxoaurcs B o0jactu
[x,, X,_1], T. K. npubaMKEHHE K KOPHIO MJET TOJbKO OT HAYajabHOIO
npubivKkeHus — ot a i b. Moxer okazarbesi, 4TO a0OCONIOTHAs
pa3HoOCTh |x,7 —xn_1| Majia ¥ yJOBJIETBOPSIET YCJIOBUIO OKOHYAHUS BbI-
YHUCIIUTEJLHOrO MPOLEcca, HO NMPU 3TOM KOPEeHb X JAaJIeKO pacroso-
JKEH OT X,,.

Ecnu npu3HakoM OKOHYAaHUS BBIYMCIIMTENILHOTO MpOllecca CUUTATh
YCJIOBHE | f (x)|£8, TO MPU 3TOM MOXKET OKa3aTbCs, YTO 3HAUYCHHE

dyukuun f(x) mano, a abcuucca X, 1aj1eKO HAXOAMUTCS OT KOPHS X .
OTcyTcTBUE XOPOLLEro MPU3HAKA OKOHYAHMSI BBIYUCIIMTENILHOTO MPO-
1ecca MOXKET MPUBECTU K BbIYMCJICHUIO KOpHsSI ypaBHeHusi f(x)=0

C MOrpeUIHOCThbIO, HpGBBIHIal-OH.Ieﬁ €, XOTiA 00a YCJIOBUA OKOHHYAHUA
BbIYHUCIUTEJIIbHOT'O IIpoLecca ObUIH BBIMOJHEHBI.

8.1.3. Metop kKacaTesibHbIX

Wpes merona coctouT B clieayrolieM. Boibupaercs npou3BoJibHO 3Ha-
yeHue x, npuHaaiexainee pyukuuu f(x) ypasuenus f(x)=0. [Ipo-

BOJIMTCS KacaresbHasi K QyHKLMH B 3TOM TOUKE /10 NEpeceueHus ee C
oceto abcruce. Touka mepecedeHus KacaTelIbHOW ¢ Ochlo abcryce
(0603HauMM ee x| ) IPUHUMAETCS 3a IIEPBOE MPUOIMIKEHUE KOPHSL.

Bbruncnsercs 3Hauenue GyHkuuu f(x;) B TOUKE X; M BHOBb IPOBO-
JUTCS KacaTelbHas B TOUKe ¢ koopAauHaTtamu (x;, f(x)). Touka x,
nepeceueHus KacaTeslbHOH ¢ OCblo abcuuce NMPUHUMMAETCS 3a BTOPOE



202 [naBa 8

npudnwkeHue KopHs ypaBHeHus f(x)=0 u T. 1. [Ipu3HakoM OKOH-
YaHUs BLIYUCIIMTENILHOTO NpoLiecca, Kak U B METOJE XOpJ, SIBJISETCs
BBITIOJTHEHHUE OJTHOTO U3 YCIIOBUI |xn - xn,1| <€ unu | f (x)| <Eg.

Jlerko moy4uTh ClEAYIOUIYyIO PeKyppeHTHYIO (popMyITy BBIYHUCICHUSI
MPUOKEHUH:

X X . f(xnfl)
n — *n-1 P ’
f (xnfl)

rae f'(x,_;) — npousBoaHas GyHKUMH f(X) B TOUKE X,_; .

HauasnbHoe npubimkeHne X, Kak U B METOZIE XOp/l, 3aBUCHUT OT BU/A
¢dbyakun £ (x) w obnactu uzonsuMK KopHS |[a, b]. [Ipu aTom okazbi-
BAETCS, YTO OHO OyJEeT MPOTHBOMOJIOKHBIM 3HAYEHUIO X, B METO/E

xopa. Eciin B MeTonie Xopa Xy =a, TO B METOZIE KacaTe/lbHbIX X; =b
1 Ha0OOpOT.

AﬂFOpl/ITMOM METOAa KAaCaTCJ/IbHbIX ABJIACTCA COBOKYNMHOCTL CJICAYHO-
IIMX COOTHOLICHUM:

4 yci0Bue BbIOOpA HAYAIBHOIO NPUOJIMKSHMUS ;
a, ecnu f(a)f"(a)>0 wim f(b)f"(b)<0;
b, ecnu f(a)f"(a)<0 unu f(b)f"(b)>0;
4 pacyeTHOe COOTHOIIEHHUE:
X, =%, — S 1) :
VACARY

¢ NpU3HAaK OKOHYAaHUA BbIYUCIIUTEIIBHOTO IIpoLecca:

xO:

|xn - n_1| <g¢ wm |f(x,,)| <g.
W3 anroput™Ma BUAHO, YTO AJISl €r0 pealiu3alii B BUAEC KOMIbIOTEp-
HOW MPOrpaMmbl HEOOXOMMO 3HATh:
4 o06macTb U30JAUN KOPHS;
4 aHaNIUTHYECKHE BBIPAXKEHUS MEPBOM U BTOPOIl MPOU3BOIHBIX;

4 HauajibHOE NPUONIMDKEHHE, €C/IM HE CYLUeCTBYeT aHaJIUTHYECKOro
BBIP@XEHUsI BTOPOH Mpou3BoaHOH. OmnpeneneHne BTOPOH Mpous-
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BOJHOM BO3MOXKHO C MTOMOUIbIO KOMIIBIOTEPHBIX TEXHOJIOIUH, pea-
JIU3YEeMbIX B YHUBEPCAJIbHbIX NPOrpaMMHbIX CPEJICTBAX CUMBOJIb-
HOM MaTeMaTHKH.

VY Merona kacaTeJbHbIX €CTb CBOE€ OrpaHMYEHHE: METOJ| HeJjlb3sl pea-
JU30BaTh Ha TMpaKThKe, ecnu pyHkuus f(x) ypaBHeHus f(x)=0 He
MMEET MePBOH npousBoaHoi. Hanpumep, ypaBuenne 2x!—e ¥ +5=0
HE MOJXKET ObITh pellleHO, T. K. PyHKIMS x! He UMeeT MPOU3BOTHOM.

MeTon kacaTelbHBIX UMEET Te e HEeJOCTATKH, 4To U MeTo] Xopa. [To
CPaBHEHUIO C METOJ/I0M XOp OH 0oJjiee TPYJOEMOK, T. K. TPEOyeT Bbl-
YUCJIEHUs B TOYKAX X, X{, X, ..., X,, HE TOJbKO 3HaueHMil QyHKLMM
f(x), HO ¥ ee Npou3BOAHOM. Ero 1OCTOMHCTBO B TOM, YTO BO MHOTHX

cilydadaX AacT BbICOKYHO TOYHOCTbL pe3yljibTaTra Mnpyu MajoM 4UCJIC UTEC-
paumid.

8.1.4. Kom6buHMpoBaHHbIN MeTof,
(meTopn xoppa v KacaTenbHbIX)

CyuleCTBeHHblM HCAO0CTAaTKOM METOA0B XOpA U KaCaTC/IbHbIX SABJIACT-
Ci HGyHOBHGTBOpHTeHBHbIﬁ NpU3HAK OKOHYAHUSA BBIYHUCIIUTEIIBHOTO

npouecca. YcloBus |xn —x,,,1| <€ wm | f (xn)| <& He Bcerga odecrne-
YMBAIOT HEOOXOAMMYIO TOYHOCTb OMNpElesieHUs] KOPHs YpaBHEHUs

£(x)=0.

KomGOuHupoBaHHbIii ¢rioco0 Mo3BOJISIET YCTPAHUTh 3TOT HEJAOCTATOK.
W3 onucaHus METOJOB XOP/l M KAacaTe/IbHbIX CJASAYET, YTO €C/IM OJIuH
13 crnocoOoB OMNpe/esisieT 3HauUeHHe KOPHS ¢ HeJJOCTATKOM, TO APYroi
00513aTeNTbHO ¢ U30BITKOM. OTa 0COOEHHOCTh METOJIOB JaeT BO3MOXK-
HOCTb BbIpaboTaTh XOPOLIMH MPU3HAK OKOHYAHWS BBIYMCICHWH M
obecrneunTh HeOOXOMMYIO TOUHOCTh pe3yJibTaTa.

O603HauuM xflx) — n-e NpUOJIMKEHUE KOPHs, BLIYUCIIEHHOE 10 Me-

TOAY XOpPA, xf,'() — [0 ME€TOAY KaCaTCJIbHbIX.

Torz[a AJIs1 OUCHKHU IMOTPCeHIHOCTHU BbIYUCIICHUS KOPHA uenecoo6pa3Ho

<g, T.K. AOCTOBEPHO HU3-

BOCIIOJIb30BATbCS  YCIIOBUEM |x£,x) —x{
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BecTHO, uTo B smanazone x\¥) —x*) oBszarenbHo HaxoAMTCS MCKO-
MBIA KOPEHb.

AJ'[FOpl/ITMOM BbIYUCJICHUA KOpHGfI KOM6I/IHl/IpOBaHHbIM MCTOAOM SB-
JA€TCA COBOKYIHOCTD CJICAYHOLIUX COOTHOLICHUM:

4 yci0Bus BbIOOpA HAYAIBHOTO NPUOIIHIKEHUS:
a, ecnu f(a) - f"(a)>0 nan f(b)- f"(b)<0;
b, eciu f(a) - f"(a)<0 wnu f(b)- f"(b)>0;

¢ pacyC€THbIC COOTHOLICHUS:

xO:

O S (1) :
J(x1)
X, - (b—x, ) (xp) ’
o) e
! X l_(a_xn—l)f(xn—l)’
T f@= ()

¢ NpU3HAK OKOHYAaHU BbIYHUCIIUTEIIBHOTO IIpoLecca:

ecn xg = a;

ecau x, =b;

xf,x) - x,(f) <g.

HenocraTtkom Metoma XopA M KacaTelbHBIX SIBISETCS €ro Oosbluas
TPYI0eMKOCTh. OTHAKO MPHU BBHICOKOU MPOU3BOIUTENIBHOCTA KOMIbIO-
Tepa 3TOT HEJOCTATOK 3HAUEHUSI HE UMEET.

Cyl111€CTBEHHBIM MPEUMYILIECTBOM METO/A SIBJISICTCS €r0 CrOCOOHOCTh
O6eCHelll/lTb BBICOKYIKO TOYHOCTb OMNPEACIICHUSA KOPHA IMPU KOHEYHOM
YUCJIE UTEepaLUi.

8.1.5. MeTtopa utepauui

Hcxonnoe ypasuenue f(x)=0 npeoOpasyercs k Bugy x=(x). 13
0071aCTH M30JSILMK KOPHS [a, b] BbIOMpaeTcst MPOU3BOJIBHOE Xy, KO-

TOpOE MPUHUMAETCS 32 HayaibHOE NpulKeHue KopHs. [Ipubivke-

HHUSA  X|, X3, ..., X, BBIYUCJIAIOTCA II0 COOTHOLIEHHAM X = (X)),

X2 :(P()C]), s Xy :(P(xn,l) .
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[ToBTOpSsisE 3TU MPOLIEYypPbl MHOIOKPATHO, MOXHO BbIYMC/UTbL 3HA4e-
HUE KOPHS C 33aHHON TOUYHOCTBIO.

IIpyn mpakTUYecKkOM HCIONB30BAHUM METO/a WTEepaldii BO3ZHUKAIOT
CJICAYIOLIHUE BOMPOCHI:

4 KaKOBbI YCaoBUA CXOAUMOCTHU UTCPALITUOHHOT O Hpouecca?

4 cCiid UTEPALIMOHHBI MPOLECC PACXOJUTCs, TO KakuMm o0pa3om
MOKHO 00€CMEeUUTh €r0 CXOAUMOCTb?

4 Kak ONpeAesuTh NOrPeIIHOCTb BbIYUCIIEHUS KOPHS?

Cyl11ecTBYIOT ABE TE€OpPEMbl, KOTOpPbIE OTBEYAIOT HA MEPBBIH BOIpPOC.
[IpuBenem ux 6e3 nokazarenbcTBa.

Teopema 1. Eciii B UTepallMOHHOM Ipoliecce X,, = Q(X,_;) MOCIeI0-

BaTENbHOCTb X|, X, ..., X,, UMeEET mpelen, T.e. lim x, =X, To 3Ha-
n—»w

yeHHe X sBJseTcs KopHeM ypaBHeHUs f(x)=0.

Teopema 2. UTepalioHHbIH NpoLecc CXOANUTCS, €CJIM Ha BCeM UHTEep-
Bajie o00JacTM M30JSILMKM  KOpHS [a, b] BBINOJHAETCS yCJIOBUE

|(p’(x)| <1. Ilpu 3TOM 3a 3Ha4YE€HHE X, NMPHUHUMACTCS JIIOOOE YMCIIO U3
obusactu [a, b].

Tenepb OTB€THM Ha BTOpOﬁ BOIIPOC. H3BecTHBI HECKOILKO CIIOCOOOB
obecreueHus CXOJUMOCTHU I/ITepaL[I/IPl.

Cnocob 1. Hs3menenue euoa ypagnenus

Ecnu urepanunonnslii npouecc x, = ¢(x,_;) He CXOAUTCS, TO CIAEYET
NpeACcTaBUTb MCXOAHOe ypaBHeHue f(x)=0 B HWHOH BO3MOXKHOH
(hopme u BbIOpaTh TaKyl0 M3 HUX, NPU KOTOPOI 00ecreunBaeTcs: CxXo-

JUMOCTb UTEPALIMOHHOTO IpolLiecca.
Cuoco06 2. Ilepexoo k oopamnoil pynkyuu

[IpencraBum ucxonnoe ypaBHeHHe X = @(x) B Buae y=@(x) 4 paz-
pewuM mocaeaHee otHocuTenbHO Xx. Iomyunm x ='W(y). Halinem
NPOU3BOAHYIO 10 ¥ hyHkuuu x ='¥(y):
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d¥(y) dx 1 1

& by Db g
dx

Tak kak nmpu pacxozsLieMcsi UTePaLlMOHHOM MpoLecce |(p’(x)| >1, o

<1 w wrepaumonHblii npouecc y, = f(y,_;) cxoaurca. Oue-

¢'(x)
BU/JHO, YTO €ClM X, — KOpeHb ypaBHeHus y='‘F(y), To X, Tamxe
OyJeT KOpHeM ypaBHEHHUS X = Q(X).

Cnocob 3. I10060p mHoMCUmMENA

[peanonoxum, 4yro ucxoaHoe ypaBHenue f(x)=0 npeoOpa3zoBaHo k
BUAy x=@(x) wu |(p’(x)| >1, T.e. mporecc pacxoaurcs. Bribepem
Mpou3BoNbHO (pyHKIMIO g(x)# (0 ¥ YMHOXKMM HCXOJHOE YpaBHEHHE
Ha g(x). Torma momyunm: f(x)-g(x)=0 mmu x=x— f(x)-g(x).
Tenepp @(x)=x-f(x)-g(x). @yHkumo g(x) nondepeM TaKylo,
4TOObI Y/I0BJIETBOPSIOCH YCIOBUE |(p’(x)| <1 Bo Bceit o0acTu U305~

MK KOpH4 [a, b] .

le/ISHaKOM OKOHYaHUA BbIYHUCIIMTC/IBHOTIO Mnpouecca BO BCEX IIpC-
AbIAYIIHUX METOoAax ObLIO OJHO H3 yCJ'[OBI/Iﬁ |Xn—xn71|§8 W

<.

B mertone urepauuii yciaoBueM CXOAMMOCTH UTEPALIMOHHOIO NpOLEeC-
ca v obecriedyeHus: HEOOXOAMMOM TOYHOCTH OIPEEIIEHUs KOPHSI SIBJIsI-

1
!
ercs |xn —xn_1| <€ npu |(p (x)| < 5
W3 onucanus meroaa urepauuii MOXKHO C(OpMyIMpPOBaTH ClICayIO-
LI alNroOpyuTM pelieHus ypaBHeHus f(x)=0 MeTomom uTeparyii:

4 yci0Bue BbIOOpA HAYABHOIO NPUOJIMKSHMUS ;

as<xy<b;
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¢ pPacuY€THOC COOTHOLICHHE!

1
X, =@(x,_;) npu ycaoBuu |(p'(x)| < 5 ;
4 [pu3HAaK OKOHYAHUS BHIYUCICHUIN:
- x}’l—1| <eg .

[

M3 onucaHust MeToja urtepauuii BUAHO, YTO OCHOBHBIM €ro HEeJ10CTaT-
KOM SIBJISIETCSL CIIOKHOCTh OOecredeHHs CXOAMMOCTH UTEPallMOHHOTO
MpoLecca U TOUHOCTU OMNPEAEIECHUs KOPHSL.

8.2. MeTopabl peLueHNa CucTeMm
anrebpanyecknx ypaBHeHUi

CucteMbl ypaBHeHUII MOryT ObITh JIMHEHHbIE U HENHUHEHHbIE, C MO-
CTOSIHHBIMM M TlepeMeHHbIMU Ko3(dduuueHtamu. PeuieHuwe Takux
YpaBHEHHI BO3MOYKHO aHAJIUTUYECKUMH U YHUCIIEHHBIMH METOJaMH.

8.2.1. PewueHne cuctem JIMHEeMHbIX
anrebpanyeckunx ypaBHeHU

Cucremy m JIMHEHHBIX YPaBHEHUH C 77 HEU3BECTHBIMHU MOJKHO Mpea-
CTaBUTH B CJIEAYIOLLEM BUJIE:

dy1X) +dyXy +.+ ar, X, :bz,

(8.1)
Ay X) + AypXy +...+a,, X, =b,,.
B or0ii cucteme x, X, ..., X, HEHM3BECTHbIE, a; — KOIPPULMEHT
B I-M ypaBHeHMM TNpu j-M HeusBecTHom (i=1,2,..,m,
j=12,..,m), b — cBoOOAHBIA uneH i-ro  ypaBHEHws,
i=L2,..,m.

B cucremax ypaBHeHUI BO3MOXHbI Cily4au, KOIJa YUCJIO YpaBHEHUM
paBHO YMCIYy HEWU3BECTHbIX (7 =n), MEHbLIE YHUCIa HEU3BECTHbBIX
(m <n), 6onblue 4ucna Heu3BecTHbIX (m > n). [lpu 3TOM pelueHuem
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cuctemsl (8.1) sBasiercs n1060# Habop uncen xi, X, ..., X, , KOTOpbIE

npuy NojcTaHOBKe B cuctemy (8.1) oOpaiuaroT Kax0e U3 ypaBHEeHUH B
YHUCJIOBOE PABEHCTBO.

KonuvecTo penienunii Moxket ObITh paBHO, ObITH MEHbLIIE WK OOJIbLLIE
yyciaa HEeW3BECTHhIX. B 3aBUCMMOCTH OT 3TOro cucrema ypaBHEHUH
kiaccuduuupyercs caeayrommm odpasom. Cucrema Has3bIBaeTCs Co-
6MeCcmHOll, €ClIM OHa MMeeT XOTsl Obl OJHO peLIeHHe, B MPOTUBHOM
cllyyae OHa HaszblBaeTcs Hecoemecmuol. COBMECTHAsI CUCTEMa MOXKET
HUMeTb €JUHCTBEHHOE pelleHHE MM OEeCKOHEYHOE UMCJIO PELUSHMH.
Ecnn cucrema nmeer GECKOHEUHOE YMCIIO PELUEHUI, €€ Ha3bIBAIOT
HeonpeoenenHol. PacCMOTpUM MpUMEPBI TAKUX CUCTEM.

Cucrema ypaBHEHUI:

X +2x —x3 =1

2x +x) + X3 =25

3% +2x) +3x3 =5;
MMEET €IMHCTBEHHOE pewenne: x; =0, x, =1, x3 =1, T. €. oHa ABJIA-
€TCsI COBMECTHOU U OIPENEIEHHOM.
Cucrema:

X +2x% —x;=1;

2x; +4xy —2x3 =2;

3% +2x) +3x3 =35;
uMeeT OECKOHEUHOE UYMCIIO PELUSHU, KOTOPbIC YAOBACTBOPSIIOT Clle-
AYIOMM paBeHCTBaM: X, +2x3 =2, 2x, —3x3=-1, T.e. cucrema
SIBJISIETCSI COBMECTHOM U HeomnpeesaeHHo. Onpeenensl JUllb YCI0-

BUS peuieHusi. B 3To cucrteme nepBoe M BTOPOE YPABHEHUSI W/IEH-
TUYHBI.

Cucrema:
X +2x —x3=1;
2x +4xy —2x3 =25
3x; +6x, —3x3 =3;
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HE UMEET HU OJIHOrO PELUEHUS U SIBJISIETCS HECOBMECTHOU. JleficTBu-
TeIbHO, B 3TOH cucTeMe OyAeT TpW OJAMHAKOBBIX ypaBHEHHs IOCIe
JleJIeHUs] BTOPOTrO YpaBHEHHUS Ha 2, a TPEThero Ha 3.

CyuiecTByeT GOJIbIIOE YMCIIO PA3IMYHBIX METOIOB PELICHUS CUCTEM
JIMHEeHHbIX ypaBHeHUH. Bce oHM MOTyT ObITh pazjesieHbl Ha 1B TPpyIl-
Nbl: TOYHbIE METOJbl U METOJIbl MOCJE]0BATEIIbHBIX MPUOIHKESHHUH.
Crnenyer npy 3TOM UMETH B BUAY, YTO TOUHBIMA METONAMU SABIIAIOTCS
TOJIBKO aHAJIUTHYECKHE METOAbl. ECIM ¢ NMOMOINBIO 3TUX METOAOB
pelaTb Ha KOMIbIOTEPE CUCTEMY YPaBHEHUH C YMCIOBBIMU KO3 U-
LMEHTaMH, TO TOUYHBIX PELIEHUH MOYKHO He MOJYUYUTh 3a cUeT OLIMOOK
BBIYHCIIEHUH, CBSI3aHHBIX C KOHEYHOH MaMAThIO KOMITBIOTEPA.

Haubonee mnomynspHbIM M3 TOUHBIX METOJOB PELUEHUS JIMHEHHBIX
anreOpanyeckux ypaBHeHUi siBnsercs meton [aycca. Meron ["aycca
n3y4yaeTcsi B MareMaTuke, U HeT HaloOHOCTH 3[€Ch €ro OMUCHIBATb.
HanomuuMm Tonbko Teopemy Kpamepa.

Teopema Kpamepa. Eciu onpenenurens | A | MaTpuiisl KoagduiueH-
TOB CUCTEMbI 7 JINHEWHBIX YPABHEHHUH C 77 HEM3BECTHBIMH OTJIMYEH OT
HYJIS, TO CUCTEMa UMEET pellieHHe, U MPUTOM eIMHCTBEHHOE.

Meron ["aycca MOKET NPUBECTH K CYLIECTBEHHBIM OLIMOKAM MPH Ofl-
peneneHnn HeU3BECTHBIX X[, Xj, ..., X,, B CIyuae Mmjioxo o0ycJIOBJIeH-

HbIX cucTeM. [110x0 00yclo6neHHol Ha3bIBACTCs Takas CUCTeMa, Y
KOTOPOH MOJyJib ONpeaesiuTessi MaTpulbl Kod()(UUMEHTOB MaJl Mo
CpaBHEHMIO C Kakol-1ubo U3 HOpM Matpuubl. Hopmoii marpuubl Mo-
KeT ObITh MaKCUMaJjlbHasi U3 CyMM MOAYJeH K03(pPULUEHTOB CTPOK
win ¢roaouoB. [1710x0 00yC/IOBICHHbBIE CUCTEMbl YyBCTBUTE/IbHBI K
olMOKaM OKPYIJIEHHsl, KOTOpble HEM30€XKHbl MPU KOMIbBIOTEPHBIX
MeTo/Iax peanu3zaiuu anroputma [aycca.

PaccMmoTpuM pellieHre JIMHEHHbIX ajiredpanyecKux ypaBHEHUM METO-
JIOM MPOCTOM UTEpALMH.

Pazpeirm nexoaHyro cucreMy ypaBHeHuit (8.1) oTHocuTenbHO Hens-
BECTHbIX:
xl = (xlzxz + 0613)63 +...+ Otlnxn + QIL’,H_I;
Xy =OL21X1 +a23X3 +...+(X2nxn +(X27n+1; (8 2)

Xy :(anxl + (xnzxz +...+(X,,’,,_1x,,_1 +(Xn,n+1.
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B cucreme MPUHATBI 0003HaUEHHUS:

* a, =ik 1,2, n, k=12,

a;

b,
—_1 ;—
¢ o ,y=—,i=L2,..,n
ii

3anuiieM cucteMy ypaBHeHul (8.2) B crieqytoniem Buae:

X =0 (x), Xy, oy X,)5

Xy =(|)2(x1, X9y eees x,,);
(8.3)

X, =0,(x, X3, ..., Xp,).
ITycts x(o) 50) Y s x,(lo) SIBJIIOTCS. HAYAJTBbHBIMU TIPUOITKEHUSIMH.

Torpaa, noxcrasnss Ux B cucteMy ypaBHeHui (8.3), nomyuum:

0 0 0
=, 7
0 0 0
—<p<x<> A, 0 o0
1 0 (0 0
() =0,(x x® xz),...,x,(l)).
[Tpunumas xD, %D x" B kauectse nepebix npu6 i
s X5 s X, P pubIKEHUNH U

MOJICTAaBIISISI X B UCXOAHOE ypaBHEHHUE, MOTyYHUM BTOpbIe TPUOITHKE-
Hus. [1oBTOpsisi BBIUMUCCHUSI, MOKHO MOJYYUTh 3HAYCHHs] HEHU3BECT-
HBIX Ha JJH000H UTeparuu.

IIpy KOMNBIOTEPHOM peanu3aluyu UTEPALMOHHOIO METO/1a BO3HUKAIOT
CJIelyIOIIHE BOMPOCHI:

4 Kak BbiOpaTh HavaJIbHbIe IPUOTKEHUS xl(o) , xéo) s e s xﬁ,o) ?

4 KaxoBbl ycioBus CXOAMMOCTH UTEPALIMOHHOTO Mpouecca?
4 Ha kakoii urepauyy 3aKOHYNATH BBIYUCICHUS?

OTBeTHI Ha 3TH BOMPOCHI COBMECTHO C PACUETHBIMH COOTHOLICHUSIMU
1 OyayT aJIrOPUTMOM PELLUSHUSI CUCTEM JIMHEWHBIX YPABHEHUM METO-
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JIoM utepauuu. B cremyroumx paszaesnax OTBETUM Ha MOCTABJICHHBIC
BOMIPOCHI /IS CITydasi JMHEHHBIX CUCTEM alireOpaniecKux YpaBHEHHUH.

Bbi6op HauanbHbIX NpPUBGNMXEHNI

Ecin obnactu, B KOTOpbIX HAXOAATCS HEW3BECTHbIE X, i=1,2,..., 7,

W3BECTHBI, TO HauyaJibHble 3HAUEHHS BLIOUPAIOTCS MPOU3BOJIBLHO M3
91Ol obnactu. Eciiv TakoBble HEU3BECTHBI, TO 33 HaYAJIbHbIE NPUOJIU-

h b by
JKC€HHSI MOXKHO B3ATb CB060,E[HI>I€ HYJICHbl —, —/—, ..., ——

2
ay dxp A

YcnoBus cXxoguMOCTU UTEPaLMOHHOIO npoLecca

YcioBrue CXOaUMOCTH HUTCPALMOHHOI'O mpoLuecca ciacayruee: cymma
a0COMIOTHBIX 3HAUEHHMI OTHOLICHUIA HEAWMaroHaJIbHbIX KO3CI)(1)I/ILII/IGH—
TOB K JUAroHaJlbHOMY B Ka>X1IOM YpaBHEHUH CHUCTEMbI JOJI2KHA ObITh
MCHbIIC €IUHUIIbI.

ObecrnieunTb CXOAMMOCTb MTEPALMOHHOIO Mpouecca MOXKHO IMyTeM
npeoOpazoBaHusi UCXOIHOW CHUCTEMbl K DKBUBAJIEHTHOW. DTH Npeod-
pa3oBaHUs MOJKHO BBITIOJIHUTH IyTEM MEepecTaHOBKU YPaBHEHHIA, orie-
paLuii CIOXKEeHUS ¥ BBIYUTAHUS YPAaBHEHHUH, YMHOXKCHHUS HA TOCTOSH-
HBIH KO3 PUIUEHT.

PaccmotpuM nipumMep obecrieueHus cxoAuMOcTH utepauuii. HeoOxo-
JUMO PeLINTh METOIOM UTEpaLMi CIeIYIOLLYI0 CUCTEMY YPaBHEHUA:

2x +3x%, +x3=1;
—7x1 — 2x2 + 4X3 = 6,
8x1 + Xy _3X3 =12.
11 15
Ora cucTeMa uMeeT peleHue: x; = 5, Xy = —? ,» X3 = ? .
OnnHako pemaTrb 9Ty CUCTEMY ypaBHeHI/Iﬁ METOJAOM I/ITepaHI/Iﬁ oIr1aCHo,
T. K. 3J1eCh He o0ecredeHbl YC0BUsA CXOAUMOCTHU H'Tepa].[ﬂﬁ. ,HeﬁCTBH-

1 4
TEJIbHO, B IIEPBOM YPaBHEHUU % + > >1, BO BTOpOM % + 5 >1,

8l |1
B TpeTbeM |—|+|—|>1.
31 13
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Hns obecrieueHusi ycjaoBUH CXOAMMOCTH Mpeodpa3yeM MCXOAHYIO
cucreMy ypaBHeHuil. Bropoe ypaBHeHHE NOCTaBUM Ha MEPBYIO CTPO-

2| |4
ky. Torpa - + 7 <1. 3ameTum, 4TO NEepBOE ypaBHEHUE MOXKHO TakK-

7K€ 3aMCHUTDb TPETbUM.

YMHOXHM MepBO€ ypaBHEHHE HA 4 U CIIOXKUM €ro co BTopeiM. Torna
nojyuuM x; +10x, +8x3 =10. D10 ypaBHeHHE MOXHO CJli€/1aTh BTO-

1 8
pbIM, T. K. |—|+|—| <1
10| |10
Jns nosmyyeHUs: TPETbero ypaBHEHUs BBIIIOJHUM ClIEAYyIOILUE Mpeod-

pa3oBaHUs: CJIOXKMM BCE ypPaBHEHMs, MOJyUYEHHOE YpPaBHEHHE YMHO-
JKUM Ha 2 W cloXkuM co BTopeiM. Torga  momydum:

1 |2
=X +2xy +8x3 =44 . Teneps 3 + 3 <1, ycnoBue cX0aUMOCTH UTE-

pauuii BbIOSHEHO. B pesysnbraTe Bcex 3THX onepauuil moigydeHa
cieyrolas SKBUBaJIEHTHAs! CUCTEMa YPaBHEHUH:

~Tx — 2%y +4x3 = 6;
X1 +1OXZ + 8.)C3 :10;
X + 2X2 + 8X3 =44,
Tenepb YCJIOBHS CXOIMMOCTH WTEPALMH BBIMOJHEHbI MOJHOCTHIO.

Pemenue cucrembl ypaBHeHI/Iﬁ HUTEpAallUOHHBIM METOAOM BO3MOXHO
py HAYaJIbHbIX YCJIOBHUAX:

6
MO

2

44
xéo) =1; ng) =?=5,5.

Mpu3HaK OKOHYaHUSA BblUNCIIEHWUIA

[Ipu3HakoM OKOHUYAHMS UTEPALIMOHHOTO MPOLIecca U3 YCIOBUNH TOYHO-
CTM MOXHO CUMTaTb B TMEpBOM  MNpPUOJMKEHUM  YCJIOBHE:

‘ xl((u+1) _ xl((u) (v+1)

<g, rme x; , x,({o) — 3HauyeHHe k-ro HEeM3BECTHOI'O

cooTBeTcTBeHHO Ha (v + 1) u (v)-# urepauusx, € — HOMycTUMas Mo-
I'PELIHOCTh BbIYHCIICHUS] HEU3BECTHBIX.
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CyuiecTByer Ba ¢rnoco0a pelleHUs] YPaBHEHUM METOI0M WTEpaLuii:
METOA MPOCTOi uTepauuu u meroa 3einens. [lons3oBarens HE UMEET
BO3MOXKHOCTH BBIOMpPATh METOJl UTEpalid, T. K. PYHKIMH U KOMaHIbI
cuctembl Mathcad He paznuuaror 3TUX MeTonoB. MeTon pelieHus
ypaBHeHl/Iﬁ B CUCTeMax CUMBOJIbHOW MaTeMaTUKH JJIA I10JIb30BaTECJIsA
HEW3BECTEH, CileIoBaTelIbHO, BEIOOpA He CYIIeCTBYET.

8.2.2. AnroputMmbl MeToAla UTepaLum

ANTropUTM METOAA MPOCTONW UTEpalMi COCTOUT W3 COBOKYIHOCTH yC-
JIOBUH BbIOOpA HaYalIbHBIX MPUOJIMIKEHHUH, PACYETHBIX COOTHOLLSHUH
Y IPU3HAKA OKOHYAHUS BbIUYUCIICHUI:

4 yciioBHe BbIOOpA HAYAJIbHBIX MPUOJIMIKEHHUI:

b b
xl(o) :i, xéo) =2 .., xﬁ,o) =

ap ax» o

4 pPAcyYCeTHbBIC COOTHOILICHHUSI:

(U+1) =0, (x(U) sz) . x’gl)));
xé‘”]) =y (™, x{, L, 2,
(U+l) =0, (x! ) xzo)’ . x,(q‘)) %

¢ NpU3HAaK OKOHYaHUA BBIYHCJICHUH:

v+l v

xk _xk <eg.

B anroputme mnpocToil MTepalMM BCE 3HAYCHMs HEW3BECTHBIX Ha
(v+ 1)-M mare BBMUCISAIOTCS MO WX 3HAYCHUSIM HA MPEAbIAYIIEM
(v)-M ware. B anropurme 3eiinens pe3yabTaTbl BBIYUCIEHHS X; Ha

ware (L + 1) uCnone3yrOTCsa I BBIYUCIEHUA X, X3, ..., X,, Ha 5TOM
JKe LIare; pe3yJ/bTaThl BBIYUCIEHUA X, Ha ware (L + 1) ucnonp3yror-
Cs 11l BBIYMCIIEHUS HEM3BECTHBIX X3, X4, ..., X, Ha OTOM JKe Lare

nT. O. PacueTHbie COOTHOILICHUS UMCIOT BHU:
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(U+l) =, (x(U), xé‘)), . xﬁ,"));
(\)+1) =0, (x(l)+1)’ xé\))’ . x’s\)) );
(u+1) —o,(x (\)+1)’ x§o+1)’ . le_);rl)’ xf,o)).

OueBUHO, YTO aNrOpUTM 3eiess MO3BOJISET MOJYyUYUTh PELICHUE C
OoJIbIIIel TOYHOCTBIO, YeM AJITOPUTM MPOCTON UTepalviy TPU TOM Ke
YHUCJIE UTEPaLUil.

8.2.3. CpaBHUTeNbHaA oL eHKa
TOYHbIX N UTEePaLNOHHbIX METOAO0B

B merone mpocToii uTepalyu Ha OAHY HWTEpaluio HEOOXOJUMO BbI-

NOJIHATL NPUOJIU3UTENBHO 2n? apudmeTHHeCKUX onepauuii Tuna
CJIOJKEHUS U YMHOXEHUS, B TO Bpems Kak 1o merony ['aycca ang pe-

2
LICHUS CUCTEMbl 7 YPABHEHUI HEOOXO0MMO BbINOJIHUTH §n3 onepa-
uuii. OueBUIHO, YTO METOJ uTepaluii Oosee 1enecooOpazeH ISl CIty-
1
Yasi, KOTJja MOXKHO TOJTyYUTh pellieHne 3a/a4i He Oojiee ueMm 3a En

WUTEepauUuH, T. €. OH BbIFOJEH NPU PEeLIEHUH YPaBHEHUH OOJIbIIMX pa3-
MEPHOCTEM.

Jlornueckas cxema MUTEpaLMOHHBIX METOAOB OYEHb MPOCTA, MO3TOMY
KOMITBIOTEPHBIE MPOrpaMMbl Kopoue, yem B metoae I aycca.

HrepaunoHHble METOAbI MO3BOJISIKOT pacnapasle/iuBaTh ajarOpuTM,
YTO AaeT BO3MOXKHOCTb 3(PPEKTHBHO pellaTh YypaBHEHHs Ha MHOro-
MPOLIECCOPHBIX KOMIIbIOTEpaX.

HeﬂOCTaTKl/l UTCpAUMOHHBIX ME€TOAOB B TOM, 4YTO OHH Tpe6yIOT oT
MOJIb30BATENIsl MPOBEPKU YCIOBUI CXOJMMOCTH UTEpalliii U, €ClId OHU
HE BBITIOJHSIOTCS, MPeoOpa3oBbIBATh UCXOJIHbIE YPABHEHHS K BUIY,
Korjaa 00ecrneYnBaeTcs CX0MMOCTh WTEPallMOHHOro npouecca. Kpo-
M€ 3TOTO, UTCPALIMOHHBIC METObI Tp€6YIOT BBIGOpa HavdaJIbHBIX TIpU-
Ommxennii. Bee 3T0 CyliecTBEHHO YCIOXKHSIET KOMITBIOTEPHbBIE TEXHO-
JIOTUU pelleHus] YpaBHEHUH.
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8.3. KomnbloTepHble TeXHONornm
pelueHns anrebpanyeckunx
W TpaHCLUEeHAEeHTHbIX YypaBHEeHUN

AHaJIn3 aHAJIMTUYECKUX W YMCJICHHBIX METOJOB pelleHus ajiredpau-
YECKUX M TPaHCLIEHAEHTHbIX YPaBHEHHUH MOKa3bIBAaET, UTO HE CYILECT-
ByeT €JUHOT0 JIrOpUTMa onpeneseHus KopHeil ypaBHeHus. Tosbko
WX COBOKYMHOCTb TMO3BOJIS€T HAWTM KOPHM YypaBHEHWI, U TO He
BCerja.

KomnbloTepHble TEXHOJIOrMM peLieHUs] ypaBHEHUH TpeOyIoT ueTKon
MOCTaHOBKM 3ajaun. HepocratouHo cdopmynupoBarh 3ajauy Tak:
HeoOX0MMO OINpPENENUTh KOpHH ypaBHeHus 2° —3,8x+1=0. Takas
(dopMynrpoBKka He KoppekTHa. I3 Hee He 5ICHO, Kakue KOPHHU Hac WUH-
TEPeCyIOT — BELIECTBEHHbIE WJIM KOMITIEKCHbIE, CKOJIbKO KOpHEH co-
JePHKUTCS. B 3TOM YPaBHEHUM W KAKWE M3 HUX HEOOXOJUMMO HaWTH, B
Kakoil o0nacTu 3HaYeHWH apryMeHTa OHW HaxOAATCS, ¢ KaKOH Tou-
HOCTbIO HEOOXO0AUMO MOJIYUUTh peLeHHE.

[IpaBunbHO#l B AgaHHOM cityyae Oyzaer cieayromias (GopMyJIHpOBKa
3aJaud: HeOOXOAMMO HAaMTHU BELIECTBEHHbIE KOPHM YypaBHEHUS

2% —3,8x+1=0, nHaxonsiumecs B obsactd mzonsauuu 0,1 < x<lm
3<x, <5. PelleHne Noyy4uTh ¢ TOYHOCTbIO HE MEHEE YEThIPEX 3HA-
yaiux uudp nociie 3ansTou.

KomrmbroTepHble TEXHOJIOTHH pellleHus anreOpandeckuX U TpaHCIeH-
JICHTHbIX YPABHEHUI MPEACTABIISIOT COOOM BbIMOJIHEHUE CJICAYIOLIMX
MaTeMaTUYeCKUX Ipoueayp:

4 onpezeneHue 0671aCTH U30ISLMU KQKIOTO U3 BELIECTBEHHbIX KO-
Hell ypaBHEHUS,

4 BbIOOpP BCTPOCHHOH PYHKLMH PELICHUS YPABHEHUSI;
4 pelleHue ypaBHEHUS;
4 1poBepKa JOCTOBEPHOCTH MOJIyHEHHOIO PELICHUS.

Cuctema Mathcad nmeeT HeCKOJIBKO BCTPOCHHBIX (DyHKLMH, peaHa-
3HAUEHHBIX AJIS PelleHUs] ypaBHEHUH M cuctem ypaBHeHud. Cpeau
HUX OIpeJe/ieHue KOpHeH anreOpanvyeckux W TPaHCLEHASHTHBIX
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YpPaBHEHUH OCYIIECTBISIOT Clenylolnue Tpu (PYHKLIUU: root, Find,
polyroots.

8.3.1. PewieHne ypaBHeHuUi
C nomMoLubio pyHKUUN root

DyHKIMS root OCYIIECTRIISICT PellieHUE aIreOpanuecKux U TPaHCLCH-
JICHTHBIX YPaBHEHHI, OMpeaesiss BEIIECTBEHHbIC KOPHU ypPaBHEHMSI.
OHa uMeeT BUL;

root (£ (x),x),

rae:

4 f(x) — peuiaemoe ypaBHenue f(x)=0;

¢ x— aprymeHT QyHKuuMM f(X) (MCKOMOE HEM3BECTHOE ypaBHE-
HUE).

IIpencrapnsercst B 0AHOM u3 cneaytomux Gopm:

x = x0 x = x0

X
root (f(x),x) = z = root (f(x),x) ¢ (x):= f(x)
z
z

[IpuBenem npumMepbl UCNOJIb30BaHUs PYHKLMHU root.

Ipumep 8.1. HeoOx0aumMo onpeaenurs KopHu ypasHenust 2° —4x =0,
€CJIM U3BECTHO, YTO yPaBHEHHE MMEET Ba KOPHS U CleIyloue 00-
nacty ux moysnun: 0 <x <1, 3<x, <5.

Peluenue nokazano Ha puc. 8.1, a. Eciiu HeoOX0a1MO NPUCBOUTH UMSI

(YHKLMH, COOTBETCTBYIOIIEH ypaBHeHHo 2° —4x =0, U pe3yJbTary
pelieHus, TO mporpaMmma OyaeT HMeTb BHJ, H300paKeHHbIH Ha
puc. 8.1, 0.

HanomuHaem, 4to 3HaK npucBoeHus (:=) oOpa3yercsl HakaTHeM KJia-
BUIIM <:> (OBOETOUME), a 3HAK (=) (paBHO) — KJIaBHUILIEH <=>.

CDyHKU,l/IH root HAXOAUT KOMIUJICKCHBIC KOPHH, OJHAKO HEC BCCraa BEp-
HO U IIpU TOM HE SICHA TCXHOJIOI'UA pELICHUS 3a1a4U.
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r=1
f(x) =2 - dx

Z = root(f(x),x)

Z=031
=1 =3
ru:u:utI:E -4 x =031 fix) = 7 _ Ay

Z = root £ .5

runtle—-’-lxx]I 4 =4
a 6

Puc. 8.1. Pemenne ypasrenus 2" — 4x =0
PaccMmoTpum npumepsl.

Ipumep 8.2. [Tyctb HEOOX0AMMO pelinTh ypaBHeHue 2 —x =0 . Us-
BECTHO, YTO ypaBHEHHE BELIECTBEHHbIX KOPHEW HE UMEET.

[TonpoGyem HalTU KOMILIEKCHbIE KOPHU. BOT TOMbKO KakuM BbIOpaTh
3HaYeHUE HAYaJIbHOTO MPUOJIMIKEHUS?

Bribepem nayran, Hanpumep x, =1. Toraa pelieHue umeer Buj, no-
Ka3aHHbIN Ha puc. 8.2,

=1

ru:u:utle -x le 0235 - 15671

Puc. 8.2. Pemenue k mpumepy 8.2

OT0 XKe pelueHue noayuuM npu x =2;3; 4;5; —1; —2.
[IpoBepruM MpPaBUIBLHOCTH OMPEACICHUSI KOPHS, MOACTaBUB MOJY4YEH-
HOE pellleHHe B UCXOTHOE ypaBHEHHE.

B pe3yJsibTare  MoACTaHOBKH MOJIy4YHM cneﬂyfoumi/’l OTBET:
3,319 + 10 - 5,343 1 - 107
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IIprcBanBast HauaJIbHOMY NPUOIVMIKEHUIO APYrUe 3HAUYCHUS, OJYYHUM
HOBOe pewenue. Hampumep, npu x, =10 oreeTOM sBIgETCA

3,515 - 10,88 1i.

Takum 00pazom, pelieHHe ypaBHEHHUS ¢ MOMOLIbIO QYHKLMHU root HE
MOJTYUYEHO.

Mpumep 8.3. HeoOx0auMO peLiinTh ¢ NOMOILLBIO GYHKLMU root YpaB-
Henne e > —2=0.
TouHOe pelleHre 3TOr0 ypaBHEHUSI UMEET BUIL:

In2 In2 ) In2

XIZ_T, X273=_Tinl; X475=_Ti2nl‘;

’ 2

DTo pelieHre NoTy4deHo ¢ nomoiibio cucteM Derive 5 u Matlab.
Mathcad Beinaet crneaytomrie 3HaueHUS KopHeit (puc. 8.3).

Ilpu x; =3 peleHus HeT.

1
ruot[e_ 2% _ :f.,x) 0347 + 360ix 10 1D

mat(e' dx_ z,x) 0347 + 605X 10

mnt(e—lx - 2,7{) =1

Puc. 8.3. Peuienue k npumepy 8.3
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Kak BugHo u3 orBeroB, cucrema Mathcad KOMILIEKCHBIE KOPHU HE

Ny . In2
Hallla, HalJeH JIULIb BeLeCTBEeHHbII kopeHb —0,347 = —7 .

Ipumep 8.4. TpeOyercs pewnts ypaBHenue ¢~ +e* —1=0.
ITO ypaBHEHHE UMEET CJIEYIOLIEE TOYHOE PEILEHHE:
X9 =i£i; X34 =§ni; X5 =—Ti.
’ 3 T3 T3

Petwnenue nomydeHo ¢ moMoltnpto cuctemsl Derive 5.

Cucrema Mathcad (QyHKUMS root) maeT clieAyrolue 3HAYeHUs KOp-
Hell ypaBHeHus (puc. 8.4).

=1

- 10 . .
root expl—X) + explX) — 1,2 = 1544 %« 10 - 1047 = —5-1
x=14

-7 . 5
rootexp(—x) + expl) — 1,0 =3143 = 10 - 5230 = —5-']1:-1

Puc. 8.4. Pemenue k npumepy 8.4

3amaya pelieHa TpaBWIbHO. BelnecTBeHHas 4YacTh KOMIUIEKCHOTO
Yyyclia MPaKTUYecKH paBHA HYJIO, a8 MHUMasi BepHa ¢ TOYHOCTBIO TpH
3HaKa [10CJI€ 3arsITOM.

U3 MNpUMEPOB MOKHO 3aKJIKOUYUTh, YTO UCIOJIL30BAHUEC (byHKU,l/ll/l root
AJI ONIpeAC/ICHUA KOMIUICKCHBIX KOpHePl COMHHUTECJIBHO. J_IJ'[S{ OTHUX LE-
JeH PEKOMEHAYCTCA MPUMECHATH AHAJIUTHYCCKHUEC METObI, paCcCMOT-
PCHHLIC ajie€ B 3TOM pas3eciic.

8.3.2. OnpepeneHne KOpHeN MHOro4YsieHa

OnpepesneHye KopHeil MHOrouwieHa ocyuectsisiercss B Mathcad ¢ ro-
MOUIbIO PYHKLMH polyroots, KOTOpPas UMEET BU/:

polyroots (V),
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rae v— BEKTOp KO3(1)(1)I/I]_[I/IGHTOB MHOTO4jieHa, Ha4YuHasa € MIaaLei
CTCIICHU.

(DyHK]_II/IH HaxoauT BCE BCIICCTBEHHBIC U KOMIIJICKCHbIC KOPHH.

TexHonorus peleHus 3a1a4il UCKIIOYUTETIbHO MPOCTa U COCTOUT B
cleytoleM:

¢
¢

¢
¢

BBOJI CUMBOJ1a [IPUCBOCHUSI UMEHU BEKTOPA, HAIPUMEP V:=,
Haxkatue KoMOmHarmu knasum <Ctrl>+<M>.

Ha skpane nosiensiercsa okHo Imsert Matrix. B nonsx Rows u
Columns ycTaHaBIMBaeTCs YUCIO CTPOK U YUCIIO CTOJIOLIOB Mart-
puubl. B nanHom ciyyae uucno ctonOuoB paBHO 1, a uucio
ctpok — (n + 1), roe n — creneHs MHOrowieHa. [locne wmenuka Ha
kHonke OK Ha skpaHe nosiBjIIeTCs MyCTou 11ad/oH MaTpuLibl pas-
MepoM (n+ 1) x 1;

3aMojIHeHUe MapKepoB BBOJA BeKTOpa KO3 dUIlMeHTaMK TOJIUHO-
Ma, B MIepBO cTpoke muineTes Ko3(hGUIMEHT MpU HYJIEeBO crene-
HH TIOJIMHOMA;

BBOJ (DYHKILIMU polyroots;

HaxkaTue kjiaBuiiu <=>, Ha 9KpaHe 0T06pa31/1Tc;1 OTBET B BHUJIC
BEKTOpA.

ITokaxkem TeXHOJIOTHIO onpeacjaCHus KOpHeﬁ MHOro4jcHa Ha rnpume-
pax.

Hpumep 8.5. Ilyctb Heo0X0AMMO HAWTH KOPHM MHOroujeHa
y=x4 +3x° -7x+3,5=0.

Pewenue Oynet uMeTs BU, MOKa3aHHBINA Ha puc. 8.5.

35
7 —22357 - 1089
- . " —2257 + 102N
= clyroats =
o ) 0629
3
02264
1

Puc. 8.5. Peuienue k npumepy 8.5
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OOpaTuM BHUMaHWE HA TO, YTO €CJIM KAKOU-110O0 4/I€H B MOJMHOME
OTCYTCTBYET, TO Ha COOTBETCTBYIOLICH MO3ULMKU B BEKTOPE JAOJKEH
CTOSITh HOJTb.

B cieayrouem npumepe 3To 0COOSHHO 3aMETHO.

IMpumep 8.6. HeoOxoqumo onpenenuts KOPHA ypaBHEHUS X —1=0.
B nanHoMm ciydae n =5, noatromy pasmep matpuubl oyaer 6 x 1, npu
9TOM NEpBbId 3JIeMeHT paBeH —1, nocieaHuii — 1, a ocrajibHbie Oy-
YT HyJSMHU.

Peuienve nprBeaeHo Ha puc. 8.6.

-0.209 - 05881
—0.209 + 0588
polyroots(V) = | 0309 - 09511
0.309 + 09514
1

= o o O O

Puc. 8.6. Peuienue ypaBHeHus x -1

DyHKUMS polyroots MO3BOJAET HAWTU KOPHM MHOrOWIEHA, €CJIM KO-
3¢ puLEEeHTH TOTMHOMA — KOMILJIEKCHBIE YHCTIa.

Ipumep 8.7. TpeOyercs HAlTU KOPHU ypaBHEHUS
X +2ixt +(1=30xr -1=0.

Pewenue npuBeaeHo Ha puc. 8.7.

-1
. -1.13 + 0218
-0.431 - 0371

1-34

V= . polproots(VW) = | 0133 - 24991
25 0433 + 04114

S
| 0594 4+ 02414

Puc. 8.7. Pemenue k npumepy 8.7
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8.3.3. OnpepeneHne KopHen anrebpanyecknx

M TpaHCL,eHAEHTHbIX YpaBHEeHUA

¢ nomoLuupbio pyHkuum Find

DyHKUUS Find NPeJHA3HAYEHA I PELICHUS] CUCTEM YPABHEHUI Me-

TomoM wurtepanmii. Kak dacTHbI ciydald, (yHKIMS MOXKET peniatb

CUCTEMY M3 OJHOI'O YpaBHCHHUS, T. €. ONPCACIIATH €0 KOPHU.

B JAaHHOM cCJjiy4ae OJIOK peuieHusA ypaBHCHHS BKJIHOYACT CJICAYIOLIUEC

MpoLEeaypbL:

4 3a1aHMe HaYaJIbHOTO MPUOJIMIKEHUsI KOPHS M3 00J1aCTH ero M30Jisi-
LMK,

¢ BBOJI CJIOBA Given, YKa3bIBaOLICIo Ha TO, YTO AaJiee CIICAYECT ypaB-
HCHUEC, KOPHU KOTOPOTO HeO6XOIll/IMO onpeaciuTb,

4 BBOA ypaBHeHusa. CrefyeT UMETh B BUAY, UYTO IPU BBOJE B ypas-
HEeHHe 3HaKa PaBeHCTBa (TaK Ha3biBaeMbld "KUPHBIA" 3HAK PaBeH-
CTBa) HEOOXOAMMO HaXkaTh KiaBuin <Ctrl>+<=>;

¢ BBOJ (bYHKLII/II/I Find(x), TA€ x — HCKOMO€ HEU3BECTHOC,
4 HakaTue KJIaBULIW <=> AJI MIOJTYUCHH OTBETA.

PaccMOTpUM TEXHOJIOTHMIO PELLEHUs] yPaBHEHMsI HA [TpUMEpax.

Ilpumep 8.8. HeoGxoaumo pelnuth ypaBHende 3" —8x+1=0, ecau
W3BECTHO, YTO ypaBHEHUE UMEET Ba KOPHs, 001aCTH U30JALUN KOTO-
pBIX UMEIOT 3HaueHus: 0<x <1, 2<x, <3.

Pewienue npuBeaeHo Ha puc. 8.8, a.

Jlns monyueHuss BTOPOrO KOPHS JOCTATOYHO OTPEdaKTHPOBATh Mep-
BYIO CTPOKY, TPHUCBOUB TMEPEMEHHOW X 3HaueHWe 3 W IIENKHYB
MbILLLIO BHE OJ10Ka peuieHus 3aaauu. [loayuum oreer: 2,782,

B nesisix cokpaiuenust pelieHust PyHKUMK Find MOYKHO 3HAYEHHUE 7 He
npucBauBaTh. Toraa perieHue MnoayvaeTcs MmyTeM HaKaTus KIaBUIIN
<=> pocne (YHKIMH Find(x). PelleHne ypaBHeHHS TOKa3aHO Ha
puc. 8.8, 0.
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=05
Civen =3
¥ .
_gx+1=0 Given
Z = Find(s) F_gx+1=0
7= 200 Findlx) = 2.782
a 7]

Puc. 8.8. Pewienyie ypapuenus 3" —8x+1=0
Ornpesiesium KOpeHb 60JIe€ CII0KHOTO YPaBHEHHUSI.

Mpumep 8.9. [1lycts HEOOXOAMMO ONMPEACIUT KOPEHb YPABHEHUS:
e ¥ +sin(x?) - In(2x — 1) + 3x* —arctg(2x) - 7=0.

Petnenue Boirnsaaut ciemyromum oopazom (puc. 8.9).

=1
Civen
e 2Ty sm(xzj Cin(Zx- 1)+ 3 — atan(3) -7 =0
Z = Find(z)

Z=1264

Puc. 8.9. Pemenue k npumepy 8.7

8.3.4. PewieHune anrebpanveckux

N TPpaHCUEeHAEeHTHbIX ypaBHele‘/'l

B CUMBOJIbHOM Buae

TexHonorus peleHus ypaBHEHUH COCTOUT U3 CISIYIOIINX MPOLEIyp:
4 BBoA ypaBHeHust f(x)=0, npu 3ToM (= 0) MOXKHO OITyCTHUTb;

4 BbIJCJICHUE HCKOMOI'O HEM3BECTHOI'O JIBOMHBIM LLEIUYKOM MbILIK;
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4 oOpaiueHve Kk nyHKTy riaBHoro meHio Symbolics | Variable |
Solve;

4 Ha dKpaHe MOsIBUTCS pelleHue.

OTOT METOJ 4acTO BbIJAET HE BCE BELLECTBEHHbIC KOPHU YPaBHEHHUSI.
HMHorpa oH HE BbIAAET KOMIUIEKCHbIE KOPHU, €CJIM UMEIOTCS BELIECT-
BEHHbIE, UJIA BbIIACT HE BCE KOMIUIEKCHBIE KOPHHU.

[IpuBeaem npumepsl, WLIOCTPUPYIOLLUE BO3MOKHOCTU aHaJUTH4E-
CKUX pELICHUI YpaBHEHUH.

Ipumep 8.10. Perunth B aHANTUTHUUECKOM BHUE CJCAYIOLINE YpaBHE-
HUsA:

x3—a=0;

e —2aq=0;

sin ax + cosax = 0;
e e -1=0;
e +e ™ =0;
asinx +bcosx =0.

Criemys OMMCaHHOM paHee TEXHOJIOTWH, MOJNyYHUM PELICHUS, TPHUBE-
JneHHble B Ta0u. 8.1.

Taoauua 8.1. Pesynbratsl pelieHus ypapHeHuli cucremoii Mathcad

Pewenue cucremoit
YpaBHeHME Mathcad KommenTapun
Y —a=0 i/; : Bce KopHU ypaBHEHuUs OIIpe/1e/1eHbl
1
a3+
2
1,
—asi-1)
2
2 50 1 Cucrema He Hallula KOMILUIEKCHBIX
€ Tea= ——1In(2a) KOpHel
2 In(2a)
X, == + i
' 2
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Ta6auua 8.1 (oxonuanue)

VYpaBuenwne Peutenne cuctemoi Kommenrapun
p Mathcad P
sinax 4+ cosax =0 1n Cucrema He Bbl1alla JpyruxX KOpHeH,
- Hanpumep:
4 q
3n Sn
X, =— 1 X, =———
1 > V2
da 4a
@ 1 1 Kopueit 6ecuncieHHOE MHOKECTRO,
e te = In| —+—+/3i HarnpuMep:
+ Ly + S i
a X, =t—iix, =t—mi;..
3 3
@ - Cuctema He BhITANa TaKe COTPSIKEH-
e e = . v
——1 Horo kopHsi. KopHeil MHOro, Hanpu-
2a Mep:
. 3n . Sm .
X, =x—i; x,, =*—1 UT. I
1,2 > F34
2a 2a
asinx+bcosx =0 b He onpenenensl kopau:
—atan—
a b b
X =m—atan| — |; x, =atan| — |;
a a
b
Xy =—atan| — |—-7
a

W3 pe3ysnbraToB pelieHusi ypaBHeHuil BuaHo, yro Mathcad npu pe-
LIEHWU YpaBHEHHSI aHAJIMTMYECKMMH METOJAaMK BbIAAET JAJIEKO He
nosnHyo uHpopmanuio o ero kopHsx. [lomHble peleHus, npuBeneH-
Hble B KOMMEHTapHsiX, MOJYYEHbl C MOMOLLLIO cuctembl Derive 5,
okazaBlueiics 00J1ee MHTEIICKTYalIbHOM.

Bort ewie oauH noyuuTenbHbI Ipumep.

Mpumep 8.11. Heo6xonumo orpeesiuTb KOPHH YPaBHEHUSI:

(e -D(nx+x-1)x>-1)=0.
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W13 ypaBHEHUs BUJHO, UTO €ro KOPHSMU JOJDKHBI ObITh: Xx; =0 (pe-
3yNbTaT petueHust ypasaenus e —1=0), x, =1 (pe3syJbTar peuieHus

ypaBHeHus: Inx+x—1=0) 1 Tpu KOpHS ypaBHEHUs x*—1=0, oaun
U3 KOTOpbIX X3 =1, a aBa Apyrux — komiuiekcHeie. Kpome Ttoro,

ypaBHeHue e —1=0 uMeeT ABa KOMIUIEKCHBIX KOpHs. Takum oOpa-
30M, Hallle ypaBHEHHE UMeeT 7 KOpHEH, N3 KOTOPBIX TPU BELIECTBEH-
HbI€ U YETHIPE KOMIJICKCHBIE.

Mathcad npu peUHIeHUHU AaHAJIUTUYCCKUM METOAOM BbIAACT TOJIBKO

1 .
clefylolie TpU KOpHA: x; =1, X3 =—§i\/§l. Cucrema Haluia

petienye ypasHenust x° —1=0 1 He HalLIA JByX KOPHEH BEIECTBEH-
HBIX X4 =1, x5 =0 M ABYX KOMIUIEKCHBIX X = T27i.

Keratu, cuctema Matlab Taxoke Haluna TonbKo Tpu KOpHA. A BOT 0o-
Jee MHTe/UIeKTyajbHas cucrema Derive 6 Haila Bce ceMb KOPHEH,
KOTOpbI€ HAMU U NTPUBEJCHBDI.

Heno 3mece B ToM, uto cuctemy Mathcad He "Hayuwnu" ucxogHoe
ypaBHEHWE MPEACTAaBIATb B BUAE TPEX ypaBHeHuit: e —1=0,

Inx+x-1=0, ¥ -1=0 , peluasi KOTOPbIC OTACAbHO MOXKHO ObLIO
OBl HAliTH BCce ceMb KOpHEe.

W3 onmcaHus MeTONOB U NMPUMEPOB BHIHO, YTO AJIS OINpPEIENICHUS
KOpHEll ypaBHEHMH NajleKO HEJOCTATOYHO 3HAThb COOTBETCTBYIOLLHE
(dyHKUMM MaTemMaTuieckoi cuctembl. Heo6Xxonumo Takoke 3HaTh KOM-
MBIOTEPHBIE TEXHOJIONMH PELLEHUS! YPABHEHUNA.

KomnbrorepHble TEXHOIOTMM JOKHBI TO3BOJISTh!

4 onpeaesATh YACIO BELIECTBEHHbIX KOPHEH ypaBHEHUS;
4 00aacTb U30JISILMK KaXKI0r0 U3 KOPHEH;

4 4UCII0 KOMIJIEKCHBIX KOPHEi;

4 BO3MOKHOCTH BCTPOECHHBIX (PyHKLIMH.

PaccMOTpUM TEXHOJIOTHIO peLUeHUsi airedpanyeckux W TpPaHCLEH-
JIEHTHBIX ypaBHEHUI Ha IIpUMepe.
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IIpumep 8.12. Heo6xonumMo onpeaesnuTs Bce KOPHU YpaBHEHUS:
—x° +8x% +(x° = 8)(x(e® —4)+3(e" - 1)) =0.

Bocnosib3yeMest onMcaHHOM paHee KOMIBIOTEPHON TEXHOJIOTUEH pe-
LIEHUS! YPABHEHUH.
Onpeoenenue yucia eewecmeennovlx KopHell u 001acme ux uzonayuy

Oty 3ajauy pewuM rpadoananuTudeckum meronom. Ha puc. 8.10
npuseneH rpaduk GyHKUMK

F() =2 +8x7 + (57 - 8)(x(e" —4) +3(e" -1) .

fi) = —xj + 8-x2 + I:x3 - EH:x-(ex - 4) + 3-(3}{ - 1]]

Puc. 8.10. I'padux ¢pyHkuuu u3 npumepa 8.12

I/I3 rpa(bmca BHJHO, 4YTO CHUCTECMA HMECT Tpl/l BCLICCTBCHHbIX KOpHH
(TpH TOYKM NepeceyeHus C OChIO X), a UX 00J1acTAMU U30JISILIMK SIBJISI-
orest: —4<x <-2; -0,5<x,<0,5; I<x, <3.

Buioop ¢ynxyuu Mathcad pewenust ypasuenus
Mathcad umeer Tpu ciiepyromide QyHKUMH OINpeAeSieHUs KOpHei
ypaBHenus f(x)=0: root, polyroots, Find. Kpome Toro, mmeercs

BeCbMa YAOOHBIM CHOCOO pelleHMs YpPaBHEHUH B aHaJIMTHYECKOM
BUJIE.
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Tak kak Haule ypaBHEHUE HE SBJISIETCS MHOIOUJIEHOM M HE COAEPIKMUT
CHUMBOJIbHBIX MEPEMEHHBIX, TO PYHKIHUHU polyroots U aHAIMTHUECKUE
METO/Ibl IPUMEHSITh HA JJAHHOM 3Tarne He OyaeMm.

DYHKIWHU root U Find B JAHHOM CJIy4ae PaBHOLCHHBI, T. K. MPaKTUYE-
CKHM HEBO3MOXKHO YCTAHOBHTb, KAKOW M3 METOMIOB XOP/I WM UTEpaluid
3/1€Ch MPEANOUTUTEIIbHEE.

Beibepem BHauasie QyHKLMIO root M HaljeM Bce JeHCTBUTEJIbHbIE
KOpPHH ypaBHEHHUS.

Pemenne ypaBHeHHs ¢ TIOMOIIBIO (YHKUMH root TNPHUBEAEHO Ha
puc. 8.11.

r=-2
yix = —x5 + 8-:{2 + I:xg - E]I-[x-(exp(xj =+ G(explE - 10 ]
Z = root{yx) %)

Z=-3

Puc. 8.11. Peuienue ¢ noMouibto yHKUUU root

Penaxktupys x ¥ 1ienkas Mbllibio BHe 0j0Kka (GopMyI, MOTY4UM clie-
Jytouue oTkInku (puc. 8.12).

x=01 Z=8172x10 -

x=253 Z=12

Puc. 8.12, Tlonck npyrux KopHei ypaBHeHMs!

W3 pesysbraTtoB peiueHusi BUAHO, 4TO cuctema Mathcad nauuia jBa
BELLIECTBEHHbIX KOpHA: x=2 U x=-3. Kopenb x=0 cucrema He
Halwia, T. K. IPY TaKUX MOrPELIHOCTSIX BbIUMCIICHHUS KOPHS Pe3yJibTaT
MOYKHO TOJIBKO YCJIOBHO CUMTATh YCIELIHbIM.

OyHKIMA Find yaydliuia pe3yibTaT MpUONMKeHds Ha 4 TMopsaka.
Opnako peuenus x =0 He Bbigajia.
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Pewenue YPAGHEHUA AHATUMUYECKUM Memooom

Pemenne Hamu MNOJYHYEHO QaHAJIMTUYCCKUM METOOM. OTKInKamMu
ABUJIMCH CJIICAYHOUIUE TPU BELICCTBCHHBIC U IBA KOMIIJICKCHBIC KOPHS:

Peluenue ypaBHeHus npuBeeHO Ha puc. 8.13.

B+ [x3 - SII-I:X-[EX 4. 3-(9,}‘ - 1:|:|

Puc. 8.13. Peuienue ypaBHeHus u3 npumepa 8.12

OTKJIMKY SIBJISIOTCS] TOUHBIMH 3HAYEHUSIMU KOPHEll ypaBHEHUSI.
IIposepxa oocmogepnocmu nOIYUEHHO20 peuteHUs

[IpoBepka npaBUIIBHOCTH MOJYYEHHOrO PELIEHHUS OCYLIECTBIISIETCS
cleAyoUMMu crocobamu:

4 10JCTaHOBKA KOPHS B MCXO/IHOE YPaBHEHUE M BbIUMCIIEHHE 3Haye-
HUsl ypaBHEHUs, KOTOpOe NO/KHO ObIThb PAaBHO HYJIIO MPU BCeX
3HAUYECHUSIX KOpHEH;

4 BbIUMCIIEHHE KOpHeﬁ HECKOJIbKMMH ME€TOJaMU.

Mpbl ucnons3oBanu 00a Mmeroma. YOenwnwuch, 4to x=2 U x=-3
SBJISIIOTCS KOPHSIMM yPaBHEHMsl, T. K. TOJY4YEeHbl OBYMS METOAAMHU
(c nomolbio QYHKLUHU root U aHATUTUUYECKUM MeToaoM). JlocToBep-
HOCTb 3HAY€HWI KOMIUIEKCHBIX KOPHEH MpoBepsulach MOJCTAHOBKOM.
Kpome aT0ro, peuieHue BbINOAHEHO ¢ MOMOLIbIO cucTeMbl Derive 5,
KOTOpas BblJaJla BC€ KOPHU YPaBHEHHUS.
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8.4. PewneHne cucrtem ypaBsHeHuUi.
KomMmnbloTepHble TexHonormm

B cpene Mathcad cucTeMbl ypaBHEHHI peIIAlOTCA € MOMOIIBIO (PyHK-
UM lsolve, Find, Minerr

q)YHKLII/Iﬂ lsolve MO3BOJIAET pe€llaTb CUCTEMbI JIMHEHHBIX a.nre6pa1/1—
YECCKHUX ypaBHeHuﬁ MaTpUYHbIM METOJOM.

DyHKUUS Find pellaeT JIMHEWHbIE U HEJIUHEHHbIC YPABHEHUS METO-
JIOM UTEpaLui.

OyHKUMS Minerr, TAK )K€ Kak U (PYHKUMs Find, pellaeTr JIMHEeHHbIe 1
HeJiIMHeliHble alredpanueckue ypaBHeHusi. OTJIMUKME COCTOMT B TOM,
YTO 3Ta (PYHKLMS MOXKET BblIaTh PELIEHUE, HE TOCTUTHYB TpeOyemMoi
TOYHOCTH MTEpaUuuii. DTO MO3BOJISIET MOJIyUUTb MPUOJIMIKEHHOE pe-
LIeHMe B ciy4ae, eciau (QyHKUMS Find He BblAaeT peuieHus. Cienyer
HUMETb B BUY, UTO IPU UCIOJb30BaHUU (DYHKLMHU Minerr HEOOXOOUMO
00s13aTe/IbHO MPOBEPATh [MPABUJIBHOCTb PELICHUSI CHUCTEMbl YpaB-
HEHU.

(DyHKLII/II/I lsolve U Find HO3BOJIAIOT MOJY4YaTh PCIICHUS CUMBOJIbHBIM
METOAOM, PE3YJIbTaTOM KOTOPOI'0 MOKET OBITh YHUCJIEHHOE peuiCHue
Wik pClICHUC B aHAJIMTUYCCKOM BUIC.

8.4.1. ®dyHKkuumAa Isolve

@OyHKUUSA 1solve UMEET BUL
lsolve (M, V),
rae:
4 v — marpuua KO3PHUUMEHTOB CUCTEMbI JIMHCHHbIX YPABHEHHUIA,
4 vV — BEeKTOp MpaBbIX YacTeil CUCTEMbl ypPaBHEHUH.
TexHosorus peuieHus ypaBHeHUH ciielyoLasi:
4 oOpa3oBaHue MaTpULbl M KOOPPULIMEHTOB CUCTEMbl YPaBHEHUIA;
4 oOpa3oBaHue BeKTOpa vV PaBbIX YacTel CUCTEMbl ypaBHEHUI;
4 BBOA QYHKIMH lsolve;

4 [osiydeHHe pelIeHHs [TyTeM HaXKaTusl KJIaBUIIN <=>,
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Peenue MaTpU4YHbIM METOAOM MOXKHO IMOJYYWUTb, HC HCIOJIb3Yys

dyHKLMIO 1solve. JI1s TOrO JOCTATOYHO BBECTH BHIPAXKEHHE M -V
M HaXKaTh KJIAaBHUILy <=>.

Pewienne cuctempl ypaBHeHMH MOCpeACTBOM (YHKLUM lsolve U C
MOMOLLbIO MATPUUHOTO MPEACTABICHUSI MOKHO MOJyYUTh, UCHIONb3YS
CHMBOJIbHBIC BBIYUCIECHUS. s 3TOro Ciayut 3Hak (—) (CTpenka
BIPaBo), oOpazyemblii HaxkaTueM kiapuil <Ctrl>+<> (Touka). Peuie-
HUE NOJIy4aeTcs ociie HaxaTus kaasuinu <Enter>.

[lpuBenem npumepbl peLICHUs CUCTEMbl YPABHEHHH C MOMOLIBIO
(byHKIMH 1solve.

Ipumep 8.13. [lycTp HEOOXOOUMO pPEIIUTH CIEAYIOLIYIO CHUCTEMY
JINHEUHBIX ypaBHEHUI:

2x-3y+z=1,5;

—x+1L5y+3z=-3;

Ix+5y—-1,6z="1.
PelneHre cucteMbl ypaBHEHMH JByMsi CrHoco0aMu [MOKa3aHO Ha
puc. 8.14.

N3 puc. 8.14 BUAHO, YTO MPU CUMBOJIBHBIX BBIYMCIEHUSX pEe3yJbTaT
MoJy4eH ¢ 0ojee BbICOKOH TOUHOCTBIO.

2 -3 1 1.5
M=|-115 3 V=3
T 5 -14 7
0924
lsolvelMWl, Wy = | —0.099
-0.643

S2350Z23041 47 46543779

tsatve(h, W) — | _g.g617511520737327189.10°

— BALBITIAZEST1 4255714

Puc. 8.14. Peiuenue cucremsl ypaBHeHuit u3 npumepa 8.13
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CHUMBOJIbHBIC BBIYMC/ICHUS [O3BOJIIOT pellaTh ajaredpanyeckue
ypaBHEHHUs1, KOrna kod(hQULUMEeHTbl ypaBHEHUI NPEACTaBIISIOT COOOM
CHUMBOJIbHbIE TIEpEMEHHBIE.

IIpumep 8.14. HeoOxonumo pemuTh cleAyroUlyto cucTeMy anred-
pauyeCcKUX ypaBHEHUI:

X+y+az=1;
bx+y+3z=2;
cx+5y+z=3.

TexHosorusa peweHus octaercs npexkHeil. Pelnenve npuseneHo Ha
puc. 8.15.

11 a
M=]hb 1 3 V=
o 51

[ R

(a-1)
(-ld-ac—tb+3c+Sal)
(Gab-b-2ac+3c-T
(ld—ac-b+3c+ 5ah

(c+2b-T
L (-ld—ac-b+3c+ 5at) |

laolve(D, V) —

Puc. 8.15. Peiuenue cucremsl ypaBHeHuil u3 npumepa 8.14

[lpu peleHUH cUCTEMbl YPaBHEHUI MaTpUUYHBIM CIIOCOOOM, BbIpaXke-
HMEe M ' -V BBIIACT TO JK€ PELICHUE, HO B MHOM BHJIE.

Hmetor mecto citydau, Korga GyHKUMs 1solve HE BbIAAET PELUCHUSI.
IIpuBeneM oMH U3 HUX.

IIpumep 8.15. HeoOxoqumo peminTh CIEQYIONy0 CUCTeMY JIUHEMH-
HbIX aJIre0panvyecKux ypaBHEeHHl:
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X +2x) —3,2x3 +3,4x, =1,2;
2x +x,—0,2x3 -0,4x, =1,8;
3x+1L,5x, —0,3x3 —0,6x, =2,7;
=5x; —10xy +16x3 —17x4 = 6.

Pewienue npuBegeHo Ha puc. 8.16.

1 2 -32 34 12
2 1 -02 -04 L
T3 15 -03 -06 T
-5 -10 16 -17 6

2825 % 101°

5640 % 10°°

lzolwe(DI, W =
1729 % 10°°
2647 % 107

Puc. 8.16. Penienue cucremsl ypaBHeHui npumepa 8.15

Peluenue He nMony4yeHoO MOTOMY, YTO IJIaBHbIA ONPEAETIUTENb CUCTEMbI
paBeH Hy/t0. B 3TOM Jjlerko yOeauThes, BbIYMCIMB OMPEASIUTEIb C
MOMOLLBIO KOMaHIbl [aBHOro MeHo Symbolics | Matrix |
Determinant. K coxxanenuto, Mathcad He oTkasajiach OT OTBeTa, a
BblJlajla OTBET $IBHO HEBEpHbI. HeomnbITHbINA M0sb30BaTeb MOXKET
MPUHSTH €T0 3a PELICHUE CUCTEMbI YPaBHEHUH,

8.4.2. ®yHkuua Find

DyHKUMS Find MO3BOJIAET pellaTh CUCTEMbI IMHEUHBIX U HEJIMHEHHbIX
ypaBHEHUH MeTo10M uTepauuii. OHa uMeeT BUA:

Find(x,y,2, ...),

rae x, y, z— HUCKOMBIC HCU3BCCTHLIC.
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TexHomorus peuieHusa CUCTEM ypaBHeHnﬁ BBITJIAAWUT TaK:

’ 3aJaHUC HavaJIbHbIX l'lpl/l6.]'ll/DKeHl/lI\/'I IJIs1 BCE€X HEU3BECTHBIX: x:=x0,
v:i=y0, z:=20, ...,

4 BBOJ CJIOBA Given, YKa3bIBAaIOLIEro HAa TO, YTO Jajiee CleAyeT CUC-
TeMa ypaBHEHHUl;

4 BBOJ CHUCTEMbl YPaBHEHUH;
¢ BBOA QYHKUMM Find(x, Vv, Z, ... );
4 ToJydYeHHe pelleHHs HaKaTHeM KIIaBUIIA <=>,

[Toka)kemM TEXHOJIOTMIO PELLEeHUS] CUCTEM YPaBHEHUI Ha Mpumepax.

Mpumep 8.16. Heo6xoauMo peliinTh CUCTEMY aaredpanyeckux ypas-
HeHuil u3 npumepa 8.13. 3a HavyasbHble NPUOIMIKEHUS B3ATb: X =1,

yOZO, 20:_0,5.

Pemenve npuseaeHo Ha puc. 8.17.

Giren
2x-3y+z=13
-+ 15hy+3z=-3
Fr+sy-1ldz=7

0924
Find(x,v,2) = | 0099
~0.643

Puc. 8.17. Pewuenue npumepa 8.16

Mpumep 8.17. HeoO6xoaumMo pelunts CISAYIOLYIO CUCTEMY HEJIMHEH-
HbIX YPABHEHUA:
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xXy+xz+yz=-19;
x? +y2 +222 =63;
>, B
2y 2x 12

H3BecTHO, YTO HavaIbHBIMU NPUOJMIKEHUAMH MOTYT OBITh: X) =2,
yo=-15,2y=3.

Pewuenue npueaeHo Ha puc. 8.18.

Crivret
¥+ x4+ yz=-19

x2+5r2+2-32=63

x y _13
2y 2z 12
-3
Find(z,v.2 = | -2
5

Puc. 8.18. Peluenue cucrembl HeJAUHEHHBIX ypaBHEHU U3 npumMepa 8.17

8.5. BapuaHTtbl ypaBHeHUI

ANA VHauBMAayanbHbIX 3agaHui

8.5.1. BapuaHTtbl ypaBHeHWA

ANA pelleHna aHanuTmyecKuMmm metogammu

B tabn. 8.2 npuBeneHs! ypaBHeHUs AJI1 CAMOCTOSATEILHOTO PELICHUS
u orBeTbl. OTBETHI AaHbI IS Cilyyas OMNpPEJEeeHUs TONbKO BELIEeCT-
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BEHHBIX KOpHEH (ciyuall @) U ans ciiy4yasi ONpeesieHns: BCeX KOpHei
(cityuaii 0).

Tadauua 8.2. Bapuantsl ypaBHeHUl A5l pelUSHUS] AHATUTUYECKUMU METO1aMU

Ne YpaBHeHUs. OTBeThbl
a)xzal/s;
3 0) x =al/7,
1 x —a=0 ) %
51 3
x23=al/’7 -——x—
2 2
a)xl—a,xz——a/;,x3=b;
. /s
5 x5+(b—a)x4—abx3+ax2+ax(b—a)— 0) x,=a; x,=-a";
-a’h=0 x;=-b;
/3 1 \/5
X5 = —+—i
2 2
a) x,=a; x,=—a; x;=-b
(x=0,a=0)
3 Sabx' —d'x-d'b=0
X YoTaxTa 0) xy,=a; x,=—a; x;=-b;
x4’5=iaz
x4+2x3(1+a)+x2(4a—1)— x=1; x,=-1; x,=-2
4 1= X > X3 >
—2x(1+a)-4a=0 x, =-2a
a)xl—— a; x,=~N-a;
¥ o3t @m0 —at - [ BT
5

—ab’x+3ab’ =0
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Tadauua 8.2 (npodorsxcenue)

Ne YpaBHeHUs. OTBeThl
mpua>0,b>0
a) x=3;
6)x1:3;x2’3=ii\/;;
Xy = i—by
a) X, =% a;x3=—21/3;
1/3
6 ¥ —ax’ +2x° =2a=0 0) x,=% a;x3=—2/;
27 108Y°
x4‘5=7i 5 i
a) X, =tv-a,; x=1;
0) X, =tv-a,; x=1;
7 ¥ tax —x*—a=0 N ——ﬁ——+i z_ﬁ
2 4 4 \g 8~
N T AR
Xg, =————Ziy[—+—
' 4 4 8 8
In(a + b)
a) x=—-+41;
In2
x In(a+b
8 2 _2a+b)=0 6) x1=¥+1
In2
In(a + b) 21
Xy, =————+1x——
’ In2 In2
. 2a
x, =asine™ ;
9 Insinx—-2a=0 R
X,, =*m—asine™

23
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Tadauua 8.2 (npodorsxcenue)

Ne YpaBHeHUs. OTBeThbl
In2q
a) x=- ;
2
_ In2
10 eZ.\'_za:O 6)xl_—n a,
2
In2a )
Xy3 == t i
’ 2
Sn 3
X == X, =—
4 4
11 sinax + cosax =0 “ a
T
X, = ——
’ 4a
. 3n b
12 sinax+tgax =0 X = Xy, =t
a - a
a) HeT peLIeHus;
0) + +37r.
X, =*x—i; x,, =t—1i;
]3 efu.\' +eux =0 1,2 3.4 2a
T[ .
Xs6 =i2—al
a) HeT peLIeHus;
0) + +57r.
X, =t—i; x +—i;
]4 efu.\' + eux _ 1 _ 0 1,2 a 3,4 3a
TE .
X556 —igz
| lna+\jln2a—4
a — -~ ° =
15 Tt e™ —lna=0 2 2
X2 =
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Ta6auua 8.2 (oxonuanue)

Ne YpaBHeHUs. OTBeThbl
ln(—aj
a) x=—b;
2
! a
-x X nf{ —
16 ae " +be =0 b
0) x, =——;
2
a
ln(—)
X, = b + i
2
b
X ,=—atan| — |7 ;
17 asinx+bcosx=0 ba
X, =—atan(—j
a

8.5.2. BapuaHTbl anrebpanveckmnx
M TpaHCUeHAEHTHbIX YypaBHEeHUN
ANA pelleHna YMcneHHbIMU MmeTogamMmu

B Tab:1. 8.3 npuBeneHbl BapuaHThl YpaBHEHUH AJ1si CAMOCTOSITEIbHOTO
peLIeHUs] YACAEHHbIMU METOAAMHU, & TAKIKE YMCJO KOPHEN TPaHCLEH-
JEHTHOTO ypaBHeHUsl. MeToa pelleHust U crnocod NpPOBEPKH JOCTO-
BEPHOCTU OTBETOB CTYACHT BbIOMpaeT CaMOCTOSATENbHO, CTPEMSCh
HaWlTU BCE KOPHH.

JJI CaMOCTOATC/IBHOTO PCIHICHUST

Ta6auua 8.3. Bapuantsl anreGpanueckux U TPaHCLEHIEHTHbIX YpaBHEHUN

YpasueHus
No Yucno
AnreGpandeckue Tpaucuenaenrnpie KOpHeii
Tt —ax’ —10x° +3x-4=0 2sin(ln|+[) = 0 6
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Tadauua 8.3 (npodorsxcenue)
VYpaBueHus
e Aunredpanueckue Tpauncuenae e Hncno
re0panvecKu PaHCUCHACHTHbI -
2| ¥ —5xt +4,5=0 arctg(tgx) =0 o0
. 1
31 x -x+02=0 dexp| -—— |- 2 3
|+
415 -0,2x" +0,5x+1,5=0 sin(sin(x)) ®
50x-1=0 2" —4x=0 2
615" +2x-1,5=0 xl+2x-2=0 4
T at-22" +8x+1=0 Inx+(x+1)° =0 !
8| ¥ +4x2 —5x-2=0 arctg(x —2)+x =0 1
9| 6x*—2x>+3=0 x +4sinx—2=0 2
10| 3,55° —2,8x" +7.5x-2,5=0 x=In(7-4x)=0 1
11 5 4 3 2 _ —2x 3_1:0 2
X 4+x +x +x  +x+1=0 e +
X
120 1,55° +17x-21=0 e +3x7 -18=0 2
13| 2x* -3,5x* +3=0 In(4-2x)+x —2=0 3
141 175" —15x" +13x° —11x° +9x—-7=0 | 3" —9x+1=0 2
15 5" +25° —1=0 2" +In2x-56=0 1
16| x° _21x” +55=0 2 4 =5x+1=0 2
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Ta6auua 8.3 (oxonuanue)

VYpaBueHus
Ne Yucno
Anrebpanueckue TpancuenneHTHbIe —
3 +2x°43x +4x" 455 +6x7 +
17 3x=e¢" +1,5=0 2
+7x+8=0
8x = 7x"+6x —5xt +4x’ —3x7 + er ,
18 ——(x-D"=0 1
+2x-1=0 2
19, _1-9 x+1gx-0,5=0 1
x +6x+x —axt 4 xt —2x7 + ~
20 2xl-e¢ " +5=0 4
+x-1=0

8.5.3. BapuaHTbl cuctemM nMHENHbIX
anrebpanyecknx ypasHeHuUi

B Tabn. 8.4 npuBeneHbl BapuaHThl CUCTEM YPAaBHEHUH, KOTOpPbIE HYX-
HO pellinuTb MaTPUYHBIMU METOJAaMU U MEeTOAOM UTepauuid. CpaBHUTh
pe3ybTaThl 3TUX METO/I0B, YKa3aB UX JIOCTOMHCTBA U HEJIOCTATKH.

lNpumeuaHne

Mpu peleHnn cuctembl ypaBHEHNIN METOAOM UTEPALMIA npeobpasynTe
WCXOAHYIO CUCTEMY K BMAY, KOrAA WTEPALMOHHBIA NPOLECC CXOAWNTCA.
O6bAcHNTe pe3ynbTaTbl peLleHms.

8.5.4. BapunaHTbl cucteM HeJINHENHbIX
anrebpanyecknx ypasHeHuUi

B T1abn. 8.5 mpuBedeHbl cucTeMbl HEIMHEHHBIX ajredpanyecKux
YPaBHEHUH [J1s1 CaMOCTOSTENIbHOIO pellieHus. B HeKOTOpbIX U3 HUX
yKa3aHbl HayajibHble 3HAYEHWs] HEM3BECTHbIX, YTO CYLIECTBEHHO 00-
JIer4aer ux peLueHue.
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MpumeyvaHue

B ypaBHEHMSX C HEYETHbIMU HOMEPaMMU yKa3aHbl 3HAYEHUS Haqasb-
HbIX NpmbnuxeHu (kpome npumepos 17 u 19). B ypaBHeHUsIX € YeT-
HbIMW HOMEpPaMK HayasbHble NPUBIKEHUA AOMKHbI BbITe onpeaerne-
Hbl Nonb3oBaTenem. Tak kak crucTema ypaBHEHWIN BTOPOro nopsiaka, To
obnactn HadanbHbIX MPUONVKEHUI NErko HanTh rpadmyeckum cro-
cobom.

8.6. PewieHune
AndpcpepeHLnanbHbiX ypaBHEHWIA

CyllUecTBYIOT JBE TIpyMibl METOAOB pelieHUs JuddepeHLnaIbHbIX
YpaBHEHHI: aHAJTUTUYECKHE U YMCIICHHbIe. AHATUTHYECKHE MEeTO/IbI
MOTyYT OBITh TOUHBIMH U MPUOTKEHHBIMU. TOYHBIE METOBI CYIIECT-
BYIOT /ISl peLeHUs JIMHEHHbIX YPaBHEHHUH C MOCTOSIHHBIMU KO3 (du-
uueHtamu. Henuneiinbie nuddepeHumranbHbie ypaBHeHus: B 00Jib-
LIMHCTBE CJly4aeB TOYHBIX PELUEHWH He MMeloT. Bo3aMokHOCTH TOU-
HBIX aHAJIUTHYECKUX METO/IOB OrPaHUUCHBI JaKe B CIydae JIMHEHHBIX
nuddepeHIMATBHBIX YpaBHEHUH.

B 2. 5 Obin paccmoTpeH oguH U3 Hanbosiee 3h(HEeKTUBHBIX aHAIUTH-
YECKUX METOZOB, OCHOBaHHbIM Ha HCIOJIb30BAaHUM NpeoOpa3oBaHUs
Jlannaca.

B Hacrosiiem pasjese npuBoAsTCs MPUOIMKEHHbIC aHAJIUTHYECKUE U
YUCJICHHbIE METO/IbI.

8.6.1. NMpunbnmxeHHble
aHanuTuYeckKmne MetTopbl peLueHus
AndbcepeHLnanbHbIX ypaBHEHUIA

dopmynupoBKa 3agaum

Jano quddepeHunalibHoe ypaBHEHHE #-T'0 MopsiaKa:

2=,y "), (8.5)
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1 Ha4aJlbHbIC YCJIOBUA!

W(xp) =Yo3
Y'(x0) =05 (8.6)

-1 1
WD) =50,

Heobxoaumo HaiiTh QyHkuMio y =@(xX), KoTopas, Oyay4d NoAcCTaB-
JICHHOI B MCXOJHOE YpaBHEHHe, OOpaTUT ero B TOXKAECTBO, U OJHO-
BPEMEHHO OYAyT BBINOJHSATLCS HayajbHble YCJIOBUs. JTa 3aaaqa B
MaTreMaTuke Ha3biBaeTcs 3ajaueit Kowu.

PaccMoTpum HekoTOpbie TPUOIMIKEHHbIE AHAIIUTUYECKHE METOMbI
pewenus 3agaun Koiu.

MeTop nocnepoBaTtenbHoro gucpdepeHunpoBaHnsa

PelueHue nuddepeHunaibHOro ypaBHeHus #-ro nopsiaka B suae (8.5)
Mpyu HayvajabHbIX ycnoBusx (8.6) MoxkHO paznoxuth B psaa Teitnopa,
KOTOPBIH U sBJsIeTCS MPUOJIMIKEHHBIM pelieHreM ucxoaHoro audde-
PEHLIMAIBHOTO YPaBHEHMUS.

Psan Teiinopa pyHkuuu y = @(x) uMeeT BUA:

(x— x)++

y@ =y + 20 e+ yg(’)

(n-1)
2Oy Y (0)(x xp)" + (8.7)
(n-1)! n!
(n+1) MG
Y (%) n+l (%)
T})?(x—xo) +... Il 0 (X X) + ..

N3 Bbipakenuss (8.7) BHOHO, UYTO # €ro TMepBbIX YJICHOB
Y(x0)s ¥'(x0)s v s y("_l)(xo) WU3BECTHbL, T. K. OHU SIBJISIIOTCS Hadallb-
HBIMH YCIIOBHSIMH PEelIeHUs 3a/1a4r. DTO 03HAYAET, YUTO UCKOMOE MPH-
OmmxeHHoe perieHre MU depeHInaTIbHOrO YPaBHEHUsT MOXKeT ObITh

3amnurcaHo B BUE CTETIEHHOTO psifa cterneHu (7 — 1) HemocpencTBeHHO
(He pelas ypaBHEHHs) 1O U3BECTHBIM HAYaJIbHBIM YCJIOBUSIM.
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Jliis onpejesieHust ocTajibHbIX YWICHOB cTeneHHoro psiaa (8.7) Heobxo-

mumo 3uath npomssombie Y (xy), ¥ (xp)s s ¥ F (), ..

[IponzBonHas y(”) (x¢) BblUMCHIAETCS W3 MCXOAHOro AubepeHLu-
anbHOro ypaBHeHus (8.5), eciiv MoACTaBUTH B €ro MPaBylo 4acThb 3HA-

-1 -
YeHus X, V, V', ..., y(” ) W3 HavaTbHBIX ycnoBuil. [lponsBonHbie

y("+l)(x0), . y(k)(xo), ... MOXHO BBIYHUCIUTH IyTeM TMOCJIEI0Ba-
TesibHOro nuddepeHurpoBaHus UCXOJHOro ypaBHeHusi (8.5) u BbI-
YUCJIEHUs MNPaBbIX YacTeW NMPOM3BOAHBIX B TOYKAX X=Xy, V=Y,

V= Y= 6”), sy =y6k) , ... UMCIIO 4JIEHOB CTENEHHO-

ro pspa (8.7) onpeaensiercsi U3 yciiopus TpeOyeMol TOUHOCTBIO pe-
uieHus 1udpepeHIHanbHOro ypaBHeHusl.

MeTop HeonpeaeneHHbIX KO3 uLMeHToB

CyIlHOCTh METO/Ia MOKAXKEeM Ha MpuMepe pelleHus JuddepeHuranb-
HOT'O ypaBHEHMs BTOPOro Mopsiika BUA!

V' + P(x)y"+ O(x)y = R(x) (8.8)
NpH Ha4albHbIX YCIOBUAX V(Xo) =Yy, V(X)) =V -

[TycTp cnemyrommii cTeneHHol pan siBisieTcs: peiieHneM auddepeH-
UabHOTO YpaBHeHus (8.5):

y(x)= i e, x" . (8.9)
n=0

Torna Hen3BeCTHBIMHU SIBJSIOTCA KOIPPuLMeHTsI ¢, . Jlns ux onpene-
JIEHUsI pa3JiokKUM B cTeneHHOH psan pyHkuuud P(x), O(x), R(x):

P(x)= Y p,x";
n=0

o= 3 g (8.10)
n=0

R(x)= D rx".
n=0
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[ponuddepeHuupyem aBaxkabl ickomoe pelueHue (8.9):

V@)=Y ne (8.11)
n=1

V()= 3 nn—e" 2 8.12)
n=2

[loncraBum teneps (8.9), (8.10), (8.11), (8.12) B ucxonHoe ypaBHeHHE
(8.8). B pesyabpTare nosyuum;

0

0 0 o0 0 a0
Sonn-De,x" 2+ 3 px"Y ne,x M+ S g x> e, x" = rx”
n=2 n=0 n=1 n=0 n=0 n=0

(8.13)
Jlns onpenenenus ko3 ULMEHTOB ¢, AOCTATOYHO MPUPABHATbH KO-

3¢ UUMEHTbI PU OJMHAKOBBIX CTENEHSX X U PELIMTh CUCTEMY ajlre0-
panueckux ypaBHeHuil. Koadduumentsl ¢, u ¢ npu sTom onpeje-

JIIOTCS. W3 HavalbHBIX ycioBud. B Beipaxenwn (8.13) Haxomsrcs
OeckoHeuHble cTereHHble psabl. [Ipy pelneHuy npakTUUecKux 3ajaad
OTPaHUYMBAIOTCS] OMPEAEICHHBIM YUCIIOM HJIEHOB PSJOB M3 YCIOBUH
TOYHOCTH PE3YJIbTaTOB.

MeTop nocnepgoBaTtesibHbIX NPUGNAMKEHNUI

[IpubnmxenHoe peiieHne auddepeHLnanTbHOrO ypaBHEHUsI MEPBOroO
MOpsIIKa MOXKHO HalTH MO clleAyloliel peKyppeHTHOH dopmyne:

X
Ya(®) =y () + [ f(x,y,)dx , (8.14)
Xo
rue:
¢ y,(x) — HauanbHOE NPUOIMKEHHE;
¢ f(x,y, 1) — nmnpaBas 4YacTb HMCXOIHOro AU(PQEPEHLNATBHOIO
ypaBHEHUs1, ojlydeHHasi Ha (77 — 1)-M npuOJIMIKEHUH.

B kauecTBe HauaJbHOro MPUOMMKEHUS MOYKHO B3STh JHOOYIO (DyHK-
LMIO, JOCTaTOYHO OJIM3KYI0 K TOYHOMY pelueHuto. B kauectBe Ha-
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YaJIBHOI'O le/l6ﬂl/l)KeHl/15[ MOKHO B34Tb YHaCTUYHYIO CyMMY CTCIICHHOI'O
psina uiu Ha4YajabHOE yCJIOBHE Y (X).

8.6.2. YncneHHble MeToAbl peLleHns
AnddepeHumanbHbIX ypaBHEHUN

Metopa Siinepa

YucnenHoe peuieHue AuQQPEpeHIHaIbHOrO YPaBHEHUsI NEPBOIro Mo-
paaka y'= f(x,y) mpu HauyaIbHBIX YCIOBUAX V(X)) =y, MO METOLY
Diinepa HaxoauTcs B Buje Tadi. 8.6.

Ta6auua 8.6. TaGnuua peuieHus 1updepeHIuanbLHOr0 ypaBHEHUs.

Xo X1 X2 Xn

Yo Y1 Y2 Yn

3HaueHHus Xy, J, SABJAIOTCS HAYaJbHBIMW YCJIOBMAMM PELUEHUS
ypaBHeHus. [lepBast cTpoka TaGauLbl NIPU W3BECTHOM X, W Luare A
BBIYUCIIIETCA MO COOTHOLIEHUAM: X; =Xy +h, Xy =x+h,

X, =X,_; +h. 3HaueHuss GYHKUMU )|, V,, .., ¥, BBIUUCISIOTCS IO

n
pexyppenTtHoit hopmyiie Diisepa.

Paznoxum dyHkumo y =@(x), ABISIOMYIOCA pelIeHHEM HUCXOTHOTO
ypaBHeHus, B paa Teinopa:

V(%)) V'(% o)
I

(x—xp) +

y(x) = y(x) + (x=x0) +...+

rG
( )(x %)

Beruncnyum 3HaueHne QyHKLUUM B TOUKE X| =Xo + /A

y( o) V'(xo)
2!

y(x) = y(xp) + (% = xp) + (= x)” + .t

(n)
n Yy (xo)
n!

(% —xp)".
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OFpaHl/l'-il/lBaﬂCb NEPBbIMU IBYMS HWICHAMU PA3J10KEHUS, MMOJTYyUUM!

¥'(xg)
1!

Y(x) = y(xp)+ (¥ —xp) -

Tax KaK x—xy=h, a V' (x) = f(x0,0)> TO
y(x1) = y(xp) +hf (xy,yp) . llpunumas x;, y; 3a HayaabHbIE yCI0BUS
W OPUBOAS TE K€ PACCYXKACHUS, UYTO MPU BbIUMCICHUU (DYyHKLMU
V(x1) , IOJTyYNM:

Y(xp)=y(x) + A (X1, 1) 3
Y(x3)=y(x) + hf (x3,37)

y(xn) = y(xn—l) + hf(xn—la.yn—l) .
W3 5Tux BbIpaXKEHWH BUIHO, YTO 3HAYEHUS V|, Vo, .., ¥, U3
Tabsa. 8.6 MoryT ObITb BBIYMCIEHBI MO ClEAYHOLIEeH peKyppeHTHON
dhopmyne Diinepa:

Vit = Vit (x, ;) (8.15)
W3 BeiBoaa dopmyisl (8.15) cienyer, uto Meron Diiiepa OCHOBaH Ha
JTUHEeHHOM paznoxeHun (yHkuu f(x,y) Ha ydactke /i ¢ mocie-
JYIOLLEH S3KCTpanosisiuMed peleHus 3a Npeaelibl 3TOro yudacTka.
Ownbka Meroja BOSHUKAET 3a cueT oTOpackiBaHus WieHOB psja Teii-
Jopa ¥ MMeeT NopsiaoK A .

Metoa Disiepa no3BOISIET pelliaTh CUCTEMbI YPaBHeHUM U AuddepeH-
LMaJIbHbIE YPaBHEHUS BBICOKOIO MOPsAIKA.

YcoBeplLueHCTBOBaHHble MeToAbl diniepa

Metoa Diiiepa naet 00J1bLIME NOrPELIHOCTH, BO3PACTAIOLME OT UTE-
pauuy K WUTepauuu. YCOBEPIICHCTBOBAHHBIE METOABI Jijiepa naroT
petieHue ¢ 00JibLICH TOYHOCTHIO. BCe OHM OTHOCATCS K Tak Ha3blBac-
MBIM METOJaM MPOrHO3a U KOPPEKLIUU.

Memoo Diinepa—Kowiu

I[To aromy merony auddepeHunanbHOE ypaBHEHHE NEPBOro MopsiiKa
BUAa y' = f(x,») NpH HauyaJIbHBIX YCIOBUAX }(Xy) =), pelIaercs mo

cienytolel peKyppeHTHOH dopmyie:
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+hf(xiayi)+§(xi+l’yi+l)’ (8.16)

Yir1 =i
rJ€ y;,; BbIYMCIIAETCA O METOY Dilnepa, T. €. ¥, =y, + hf (x,, ;).

[TorpemHocTs MeTOIa TOPSIIKA W,

Ycosepuencmeosannuiii memoo Jinepa

[lo sTomy meTony nuddepeHumanbHOe ypaBHEHHE NEPBOro NopsaKa
petaercs o Gopmyire:

Vi =Yithf | x 1,y 1| (8.17)

+— i+
2

N

h h
e x (=x+—,y =y +-f(x, ¥).
i+— 20 it 2
2 2
TorpemHocTh 3TOr0 METO/1a TaKas JKe, KaK U YCOBEpIIEHCTBOBAHHOTO

Meroaa Dinepa—NKoiu.
Ycosepuwencmeosannuviii memoo ODitnepa-Kowu ¢ umepayuonnoii 0o-
pabomKoil pe3ynvmamos

[To aromy merony auddepeHuyanbHOE YPaBHEHUE MEPBOrO MOpsiaKa
peuaercs o dhopmy.ie:

1
N Sy G ™
i+1 5

, k=12, .. (8.18)

B ¢opmyne (8.18) yl(fl_ D gensercs HauanbHbIM MpUOKEHUEM UTe-
PaLMOHHOrO Mmpolecca U onpexensercss no Qopmyne Dilnepa, T. e.
yl-oﬂ =y, +hf(x;,y;). 1lpu3HaKOM OKOHYAHWS MTEPALMOHHOIO NPO-

Lecca ABJIsICTCs yCﬂOBl/le:
k -1
IR I EL (8.19)

W3 Beipaxenus (8.18) u ycnosus (8.19) BumHO, 4TO HMaes MeToaa co-
crout B cnemytomieM. [lo dopmyne Diinepa (8.15) Haxonutcs petiie-
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Hue Ha (i + 1)-m mare, KOTOpoe SBJIAETCS HA 3TOM LIare NepBbIM MPH-
OsmokeHueM. DTO NMPUOJIMKEHHUE UCTIOJIBb3YETCs AJisl O0pa3oBaHuUs UTe-
PaLMOHHOTO Tpoliecca Ha OCHOBE (POPMYJIbl YCOBEPILIEHCTBOBAHHOTO
metona Dinepa-Kowmm. [Ipu3HakoM OKOHYaHHS MTEPallMOHHOTO MPO-

necca spisiercs yciaosue (8.19). [lorpemHocTs MeTOAa MOpsAKa i ua
KaX<JIOM Llare urepawuui.

Metop PyHre—KyTTbl

Meron Pynre—KyrtTbl o0sianaer 0Oojiee BbICOKOW TOYHOCTBIO, UYeM
MeToabl Diinepa 3a cueT yMeHbLIeHUsS MeToaudeckuX omubok. Mnes
MeTOo/Ia COCTOUT B CIIEYIOIIEM.

[To meTony Diinepa pewienue auddepeHuranbLHOro ypaBHeHus nep-
BOTO MOpPsKA OMpPEAENAeTcs] U3 COOTHOLIGHMA: Y, =; +Ay;, Tae

Ay, =hf(x;,,y,)=hy'(x;,y;). Torna npupaenue Ay, Moxer ObITb
HaNJEHO MyTeM UHTErPUPOBAHUS:

Ay = [y (e pydv = [ f(x. y)dx.
WJIK OKOHYATECJIbHO!
Vit =Vt _[;:M S, y)dx.
Berunciaum TCNEPpb UHTECIpajl N0 METOAY NPSAMOYTI'OJIbHUKOB!

Yinr =Y+ (i —x) f (3, 0) =y + B (%)

W3 nosmydeHHOro BbIpaykK€HUsI BUJHO, YTO BBIYMCIIEHUE MHTErpaia no
METOAY MPSIMOYTOJIbHUKOB ITPUBOAMT K popmyJie Diijepa.

Boruucnum unTerpain no gopmyse Tpanenuid:

h
Yin=Yit+ E(f(xi’yi)+ S X)) -

W3 BbIpaskeHHsT BUIHO, YTO OHO COBMAJaeT C pacdeTHOW (opmymnoi
YCOBEPILIEHCTBOBAHHOTO MeTo1a Diltepa—Koiu.

Jns nonyuenus 6onee TOUHOro pelueHus AU epeHranbHOro ypas-
HEHMs Clie[lyeT BOCHOJIb30BaTbCs 0Osiee TOYHBIMM METOAAMH BbIYMC-
JICHUs] UHTerpana.
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B merone Pynre—KyTTbl nckomblii mHTErpan npeacTapisieTcs: B BUAe
CJIEAYIOLLEH KOHEUHOU CyMMBbI:

) q
Vit =Y+ [ f )=y, + Y pK,(h), (8.20)
! i=1
rac:
L4 p; — HEKOTOPbIC YMCJ1a, 3aBUCSLLUEC OT ¢;

¢ K,(h) — dyHkumm, 3aBuUCsLIME OT BUA MOJbIHTErPaIbHON (YHK-
uuu  f(x,y) W UIara UHTETPUPOBAHUS /; OHU BBIUUCISAIOTCS IO
cienyroium hopmyJiam:

Ki(h)y=hf(x,y);
Ky (h)=hf (x + 0yh,y + By Ky (h)) 5
K5 (h) = hf (x + ash, y+ B3 K1 () + B3 Ky (h)

K,(W=hf(x+o,hy+BuKi(h)+..+B, 1K, (1)

3HaueHus p;, o, [3 MoayyaroT U3 coOOpaKEHUH BBICOKOH TOYHOCTH

BBIYMCJICHUH.

®opmynsl Pynre—KyTThl TpeTtbero nopsaka (g = 3) UMEIOT Cleayto-
LMK BUJ:

1
Yin =DYi +E(Kl +4K, + K3);
K, =hf(x;,¥,);
h K
K, =hf (x; tod +71);

HauGonee uacto ucnosibdyercss meton PyHre—KyTTbl uerBepToro
MOpsIKA, 7151 KOTOPOro pacueTHble (JOpMYJbl UMEIOT BUA:
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1
Yinn =Vi t+ E(Kl +2K, +2K5 + Ky);
Ky =hf (x;, )
K,

K2=hf(x,-+§,y,-+7; (8.21)

h K
Ky=hf(x, +=, y, + =2);
3 f(xl > Yi 2)

®opmynbl Pynre—KyTTbl UMEIOT NMOrpeLIHOCTH MOpsaKa K Tlo-
rpewHocTh Metoaa Pynre—KyTTbl yeTBepTOro nopsaka uMeeT nops-

JIOK W

8.7. KoMmnbloTepHblie TeXHOIOrMm
peweHusa gaudocdpepeHynanbHbIX
ypaBHeHuUi

Cucrema Mathcad nossosisier pewiats nuddepeHumanbHbie ypaBHe-
HUs AByMS MPUHLMIMAIBHO Pa3IMYHbIMU CIOCOOaMHU: C MOMOLIbIO
BCTPOEHHbIX (PYHKLMH U HENOCPEACTBEHHO MO (hOPMYJiaM HYHUCIICHHbIX
metooB (Ditnepa u Pynre—Kyttol). [Ipu aTOM OTKIIMKaM# SBIISIOTCS
pelueHus B TabauuHON M rpaduueckoii popmax. PaccMorpum atu me-
TOJBI.

8.7.1. KoMmnbloTepHble TeEXHOIOrnmn
peweHuna andpcpepeHynanbHOro ypasHeHUs
n-ro nopaaka

Ilocmanosxa 3a0auu

JaHo auddepeHumasbHOE YpaBHEHUE 1-TO MOPSJKA W HAvajibHbIC
YCJIOBHSI €r0 pellieHusi. Y paBHEHHEe MOXKET ObITh JIMHEWHBIM W HEJH-
HeliHbIM. HeoGxonumo onpeaenuts GyHKUHUIO ¥y = O(X) U BCe ee Mpo-
M3BO/IHBIC, Y/IOBJCTBOPSIOLME YPABHEHUIO W HAYaJbHBIM YCJIOBHSIM.
PelieHre Hy)KHO MOJYYUTh B BHIAC TaOJuil U rpaduKkoB QYHKIMUA U
MPOU3BO/IHBIX.
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Buvibop memooa pewenus ypasnenus

C uenplo MOJMyYEHHUs] BBICOKOW TOYHOCTH PELIEHHE YpaBHEHHsS BbI-
MOJIHUM ~ MeTomoM PyHre—KyTThl Takoro mopsjaka, KOTOPbId
oOecrnieuuBaercs cucremoil Mathcad.

Buibop ecmpoennoil yuxyuu peutenus oug@epeHyuanpnozo ypaes-
HeHus.

Jns peuieHusi JUHEHHOrO WM HelvHeHHoro auddepeHuuanbHOro
ypaBHeHusi n-ro nopsiaka B Mathcad umeercs BcrpoenHas yHKUuMs
odesolve, UMCIOLLIAA BU/:

odesolve (x,b,n),
rue:
4 x— aprymMeHT UCKOMOH QyHKUMH Y(X);
4 b — KOHeL MHTepBaJla UHTErPUPOBaHUS;
4 n— YUCJIO LIArOB UHTEIPUPOBAHUS C NOCTOSIHHBIM LLIATOM.
Texnonoeus pewenus oupghepeHyuUaILHOC0 YPAGHEHUS BBITIIANUT Clie-
JIYFOLLIUM 00pa3oM:

4 BBOJ CJIOBa Given, YKa3bIBalOLLEro Ha TO, YTO Aajiee cieayeT pe-
umaemoe au¢depeHraIbHOe YpaBHEHHE W €ro HaudalbHble YCIIO-
BUSI;

4 BBOA AuddepeHLnaTbHOrO YpaBHEHHUS B IPOU3BOJIbHOM BUAE, Ha-
npumep:
d’y() . dy(x)
ax?
d’yx) L, dy(x)
dx? dx

+1L,2-y(x)=x-¢* wm

+1,2-y(x)—x-¢ =0 wm

Y'()+2-x-Y(xX)+L2-y(x)=x-¢ " wuT. I

(nns BeIBONA Ha dKpaH 3Haka (') (IITpHUX) UCTIONB3YeTCs KOMOMHA-
uust kiasu <Ctrl>+<F7>, noBropHoe Ha)kaThe MPUBEAET K OTO-
OpaxceHuro ("));

4 BBOJ HAYaIIBHBIX YCIIOBUH: y(Xy) =Yy, V' (Xg) =)
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4 BBOJ BCTPOEGHHOW (YHKUMM odesolve (x,b,n) C NPUCBOCHUEM i
YHHUKaJIbHOTO UMEHH W C YUCJICHHBIMHU 3HAYECHHUSIMU b U n;

4 nosydyeHue pelieHus HakaTtueM kiasuuu <Enter>.

Penienue OyneT BbIYKMCICHO U HAXOAMTCS B MaMSTH KoMmmbtoTepa. Te-
Mepb ero MOYKHO BBIBECTH Ha JKpaH B BHJe Tabnuibl. /s aToro He-
00XoauMoO:

4 [pUCBOUTH MEPEMEHHOM x 3HAUEHMs, COOTBETCTBYIOLIUE >Kesae-
MOMY JHarna3zoHy u3MeHeHus QyHKIuH y(x);

4 BBECTH UMSl, IPUCBOCHHOE PYHKLIUHU odesolve;
4 HaxaTh KJIaBUILY <=> JJIs OJy4YeHHS pellleHus B BUIe TaOIHIIbI.

[Tomyuuts rpaduk GyHKIMU Y(X) U ee TMPOU3BOJHBIX MOXKHO OOBIY-
HbIM 1711 Mathcad criocobom (cw. e, 7).

[Tokaxxem TexHosiOruI0 peleHus auddepeHuranbHbIX ypaBHEHUH Ha
npumepe.

IMpumep 8.18. Heo6xonumo permuts auddepeHnpanbHoe ypaBHEHHE:

Y'(0) +x7y'(x) + ay(x) = xsh(x)
npu HavasbHbIX yesoBusix ¥(0)=1, »'(0)=0. Peluenue npeacraButh
B BUfle TaONuUIIbl U Tpaduka GyHKIUH J(X).
Pemenue noka3ano Ha puc. 8.19.

Ha puc. 8.20 nokazaHo pelieHue ypaBHeHUs U3 npumepa 8.18 mpu
MHOM €ro MpeicTaBieHUd U rpaduyeckom omnpejesieHun (GyHKUUH
y(x) 1 ee NPOU3BOJHBIX.

8.7.2. PelueHue cuctem
AndbdepeHunanbHbIX ypaBHEHUNA

Pewenne cuctem auddepenimanbubix ypaHenuid B Mathcad Bo3z-
MOXKHO C TIOMOUIBbIO CJIEIYIOLIMX BCTPOCHHBIX (PYHKUMH: rkfixed,
Bulstoer, Rkadapt, rkadapt.

dDyHkuua rkfixed

OyHKUMS rkfixed UMEET BUA:

rkfixed(y,x1,x2,n,F),
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Given

2
izy(x) + xg-%xy(x) + xyiEl = xsinhly)
=1 y(M=10

v = odesolve(x, 10,200
x=0,05.5

¥ =

1 15

0.985
0.933
0.968 o

1.28 7

1.85 —
2764
4131
5186

9,768 0
14.038

Ciiven
I + P + YO - s = 0
Y =1 ¥ =0

v = odesolve(x,10,200)

=005 5

¥x =

1
0.885
0.833
0.968
126
185
2764
4131
6186
9208 s

14.038

Puc. 8.19. Peinenue
nmuddepeHInaTHHO-
r'0 YpaBHCHUSI U3
npamepa 8.18

Puc. 8.20. Bropoii
BapHaHT PEIICHUS
nuddepenunanbHo-
[0 ypaBHEHUs

u3 npumepa 8.18
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rue:

4 v — BEKTOp HayaJIbHBIX YCJIOBUH;

4 1, x2 — WHTepBaJ 3HAUCHUI aprymMeHTa uCKOMOM GyHKLuu Y(X);
4 1 — KOJMYECTBO TOUEK (LIAroB) PeLIeHUs] YPaBHEHUS;

4 r— BekTOp NnpaBbix yacted cucrembl AuddepeHLHabHBIX ypaB-

HEHUH, KaXXJ10€ U3 KOTOPbIX Pa3pelleHO OTHOCUTEIbLHO MPOU3BOA-
HOM.

OTKJIMKOM 5TOH (YHKUMM SIBJISETCS MaTpula PeLleHUH CHUCTEeMbl
nuddepeHuManbHbIX ypaBHeHU Metonom Pynre—KyTTel ¢ mocro-
SIHHBIM LIaroMm.

TexHonorus peweHus cucteMbl AupdepeHUraIbHbIX YypaBHEHUI
creayromas:

¢ MNPUCBOCHHUE YHUCJICHHBIX 3HAYEHUH BCEM CHUMBOJIbHBIM NEepeMEH-
HbIM, €CJIM TAKHE€ UMECIOTCA

4 BBOJI BEeKTOpa HayalbHbIX YCJIOBHI C MPUCBOCHUEM €My UMEHH y
(unu 1r000ro aApyroro);

4 BBOA BeKTOpa MnpaBbiX wvacteidl cucrembl auddepeHLranbHbIX
YpaBHEHHIi ¢ MPUCBOCHUEM €My UMEHH F (WK J1000r0 Ipyroro);

4 BBOA (PyHKUMM rkfixed(y,x1,x2,n,F) C NPUCBOCHUEM €U YHHU-
KaJlbHOTO UMEHH, HAMPUMEP Y, U C YUCACHHBIMU 3HAUCHUSIMU [1€-
PEMEHHBIX x1, X2, n;

4 [nosydeHHe pelieHus MyTeM Haxartus kiaBuiun <Enter>.

PelieHue BBIYMCIICHO W Haxo4auTCsa B naMsATHU KOMIILIOTEPA. Tenepb
€ro MOXXHO BbIBECTHU Ha 3KpaH B BU/JC TaGJ’II/IHLI HIn Fpa(bI/IKa.

Jliis BbIBOJA peuieHus B BUE Ta0JIMLbl HEOOXOUMO:

4 [pUCBOUTH NMEPEMEHHOW n 3HAYEHHS, COOTBETCTBYIOLLME YHCIY
Touek pemieHus: AuQepeHMATBEHOTO ypaBHEHUSI B HHTEpBajie
x1, =x2;

4 BBECTH UMs, IPUCBOCHHOE (PYHKILMH rkfixed (y,x1,x2,n,F);

4 HaxaTtb KJIaBUIILY <=> nng NOJIyYCHU pCUHICHHA B BUIC T36J'II/II_II>I.

[loayuurs peuieHue B Buae rpaduka jerko, €Cjid BOCIHOJb30BaThCs
METOAMKOM, N3JI0)KEHHOU B 271. 7.
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[lpuBenem npumepbl pelieHUsi cucTeMbl AUQQepeHLnalIbHbIX ypaB-
HEHUH ¢ MOMOLLBIO GYHKLUMUU rkfixed MO ONUCAHHON TEXHOJOTHH.

IIpumep 8.19. OyHKUHOHUPOBAHHE ABYXKAHAJIBHOMH CUCTEMbI MacCo-
BOro 00CITY’>KMBaHHUS C OTKAa3aMH OIMCBIBACTCS Cleayloleil cucremoit
nuddepeHIMATBLHBIX YpaBHEHHU:

dp, ()
= 7 = . + . t;
il a-py+m Pl()
PO i py—asm)- p0+2m pyay
%w-p](n—z-m-pg(m,

rae:

¢ p,(t) — BepoATHOCTb NPeObIBAHMS CUCTEMbl B MOMEHT BPEMEHHU !
B COCTOSIHMHM, CBOOOAHOM OT 00CIIY)KMBaHHs 3a5IBOK;

¢ p(f) — BEpOATHOCTb TOrO, YTO CHCTEMAa B MOMEHT BpPEMeHU !
00CIIy’)KUBaeT OJIHY 3asBKY;

¢ p,(t) — BepoOATHOCTb TOTO, YTO B MOMEHT BPEMEHM ! cHUCTeMa

00C/1y>KMBACT JIBE 3asiBKM U OYEPE/HON 3asiBke Oy/neT OTKa3aHO B
00C/1yKUBAHUM;

-1

4 0 — VMHTEHCHBHOCTb MMOTOKA 3asBOK, 4ac
-1
4 m — WHTEHCUBHOCTb OOCTY)KUBaHUS 3asBKHU, Yac .

Heo0xoauMo onpeaeanTh BEPOSTHOCTb TOrO, YTO B MPOW3BOJIbHbBIN
MOMEHT BPEMEHHU [ 3asBKa OyleT MpuHATa Ha OOCITy)XKMBaHUE, €clld
a=2,m=3.

HavanbHbIMKM yCIOBHAMH peLIEHHS 3afadd ABIAOTCa:  py(0)=1,
P1(0)=py(0)=0.

Pewienue BbIMOTHUM B COOTBETCTBUM C OMMCAHHOHN paHee TeXHOJIOTH-
eii. Ero pe3yabpTaTel puBeaeHbl Ha puc. 8.21.

W3 Tabauupl v rpadukos Ha puc. 8.21 BUAHO, YTO MJIMTEILHOCTh M1€-
PEXOAHBIX TPOILIECCOB B CHUCTEME MacCcOBOTO OOCTYKMBaHHS Majia
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(npumepHo 1,5 yaca), a BEpOsITHOCTb TOT'O, UTO 3asiBKa OyAeT NpUHSTA
Ha 00CIIy’)KMBaHUE B MPOU3BOJIbHbIA MOMEHT BPEMEHH /, paBHa:

()= p()+ py (1) =0,531+0,352=0,883.

Fit,p) = | a8y~ (a+n0p + Imp,
apy - E-m-p2
P = rifixed(p, 0,100, 1000,F)

n=0.100
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Puc. 8.21. BepoaTHOCTH COCTOSHUI CUCTEMbI MACCOBOIO 00CILYKUBAHUS

[IpuBenem Ternepb npuMep peLIeHUs] CUCTEMbl HENMUHEHHbIX audde-

PEeHLIMANIbHBIX ypaBHEHUH.

Ipumep 8.20. HeoOxogumo pewmuts criemyroiyto cuctemy audde-

peHLMaNbHbIX YPABHEHUN:
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d
%(t):_a.yo(tﬁ—b-ylz(f);
d
ycll—t(t):c'yg(f)—d'yl(f)'

HavaneaeiMu ycnosusaMu sasisttores: Yo (0)=1, 3»(0)=0.

[lepemeHHbie umerOT 3HaueHus:: a =3, b=2,¢c=1,2,d=0,6.

Peluenue npuBegeHo Ha puc. 8.22.

o[y - 47

Z = rifixed(y,0,100,1000, )

n=0.10
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Puc. 8.22. Pesynbrars! pemenus npumepa §8.20

®dDyHKuua Bulstoer
DyHKUUSA Bulstoer UMEET BUL!

Bulstoer(y,x1,x2,n,F).
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APpPryMeHTbl UMEIOT TOT K€ CMbICI, YTO U B (PYHKUMHU rkfixed. Cuc-
TeMy AuddepeHLnaTbHbIX YPaBHEHUH OHA peLIaeT YUCIEHHbIM METO-
pom bynupma—Ilirepa. Ee pexomeHnayercs npumMeHaTb B ciydae,
ecyu pelteHus AudQepeHLnaTbHbIX YPaBHEHUI UMEIOT BUA TJaJKUX
dbynkumii [4].

Hpumep 8.21. HeoOxoaumMo ¢ noMoLbio QyHKLUMK Bulstoer PELUUTh
cucteMy ypaBHeHUH w3 npumepa 8.20. CpaBHUTbH pe3yibTaThl peuie-
HUSI.

Peluenue 3anaun nokazaHo Ha puc. 8.23.

o[Ff - 4y 0410741 0087

0210551 013
030412 015
0.4]0.309 | 0156
0502330155
0177|0151
0701350145
0801030138
09| 008|013
1(0.062 (0124
0.048 | 0117
a 05 1 1.2]0038 011
003 (0104
1.4]0.024 | 0.098
1.50.019)0.093

Z = Bulstoer(y, 0,100, 1000, D)

n=>0.10
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Puc. 8.23. Peuienue npumepa 8.20 ¢ nomouibio GyHKUUU Bulstoer

W3 tabnuupl ¥ rpaguKOB BUJHO, YTO Pe3y/ibTaTbl pelLEHHs COBMaa-
10T ¢ NOJy4YeHHbIMU B nipumepe §.20.
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dyHKuna Rkadapt
DyHKLUS Rkadapt UMeeT BUA!
Rkadapt (y,x1,x2,n,F).

[lepemeHHble (QYHKUMH HUMEIOT TOT K€ CMBICI, YTO W B (DYHKLHWH
rkfixed. OTIMYME COCTOUT B TOM, YTO €€ OTKJIMKOM SIBJISIETCSI MaTpH-
na peuleHuil cucrembl AuddepeHLHaTbHBIX YPAaBHEHUH METOAOM
Pynre—KyTTbl ¢ nepemeHHbIM 1arom. TexHosorus peuieHus: aud-
(epeHIMaNbHBIX YPABHEHUN OCTAETCs MPEIKHEH.

Ha puc. 8.24 mnoxkazaHo peieHne cucteMbl audQepeHIHaTbHbIX
ypaBHeHu# u3 npumepa 8.20 ¢ nomoupio PyHKLUMU Rkadapt.

—a¥,+ b-(yl)z
D(t.y) =

o(vg)" - &7

0.1 (0741 |0.087
020551 013
0.3(0412| 0145
0.4(0.309 (0156
0.5(0.233 (0155
060177 | 0151
0.7 (0135|0145
0.8 (0103|0138
0.9( 008|013
0.062 | 0124
1.1 (0.048 (0117
1.2(0.038 0111
1.3 003 (0104
1.4(0.024 |0.093
1.5(0.019 | 0.093

Z = Rkadapt(y,0, 100, 1000, T

n=0.10

=
in
T
]

w2 =] ==T=]=
-
| ra DLDD:I"-JG',IU\-IH-LAJM o
-

Puc. 8.24. Peiuenue npumepa 8.20 ¢ nomolubo pyHKIMM Rkadapt

W3 tabnuu u rpadMKoB BUIHO, YTO PE3yJIbTaThl PELIEHUS] COBMNAAAIOT
C pe3yJsibTaTaMH, NMoJy4eHHbIMU B npumepe 8.20 mpu peleHuu cuc-
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TeMbl U PepeHIHaNbHbIX YPaBHEHUH C NOMOLIbIO  (YHKLMM
rkfixed.

dDyHKuua rkadapt
DyHKUMSA rkadapt UMEET BUA:

rkadapt (y,x1,x2,A,n,F,k,s),

y — BEKTOP Ha4YaJIbHbIX yC.]'IOBPIﬁ;

%1, x2 — WHTEepBaJl 3HAaUE€HUH apryMeHTa UICKOMON (yHKLNH;

¢

¢

¢ A— NOrpelIHOCTDb PCHICHHS 3aJa4H;

4 n— YKCNO LIAroB Ha HHTEPBAJIC x1, x2;
¢

F — BEKTOP MpaBblX YacTeil cuctembl auddepeHimanbHbix ypas-
HEHU;

4 Xk — MaKCHUMaJIbHO€ YHCJIO MNPpOMEKYTOUYHBIX TOUYCK PCILLICHUS ]
4 s — MHUHHMMaJbHO HOHYCTHMBIﬁ HUHTEpBAJl MEK1y TOUKaMHU.

OyHKLMS BbIIACT peLeHHUe CUCTeMbl TU(QepeHLHaIbHbIX ypaBHEHU I
C mepeMeHHbIM warom. M3 onucaHus ee apryMeHTOB BUAHO, YTO
(GyHKLMS 1O3BOJISIET NMOJIb30BATENIO 3a/1aTh TOYHOCTH BbIYMCIICHUH, a
TarKe TpeOyeT 3aJaHusl MapaMeTpPOB MPOMEKYTOUHBIX BbIUMCICHUN
(x, s). Ilpy 3TOM TEXHOJOrMS peleHus] MPAKTUUECKH HE OTIMYAeTCs
OT NpeAbIAYLLHUX.

Cucrema Mathcad no3pojsier pewath creuuajibHbie Bubl audde-
PEHLMANIbHBIX YPaBHEHWH, Takue KaK MKECTKHE CHCTEMbl, CUCTEMbl
[lyaccona u Jlannaca u HekoTOpele Ipyrue. OTU Cilyyau B CTyJeHYE-
CKOH MpakTuKe BCTpeyaroTcs H0CTaTOYHO peako. C HUMU MOYKHO 03-
HAaKOMMTbCS T10 JIMTepaTypPHbIM UCTOUHHKAM, Hanpumep [4].
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BbiuncneHne nHTerpanos

Onepauym UHTCTPUPOBAHUA B HAYYHbIX UCCIICAOBAHUAX U HA NMPAKTH-
K€ BCTpEHACTCA OUCHb HacCTO. HpI/I 3TOM HNPUXOAUTCA BbIYUCIIATHL HUH-
TErpajibl HEOIIPEACIICHHbIC, OIMPEACIICHHbIC, KpAaTHbIC U HeCcOOCTBEH-
HBIC.

Cuctema Mathcad ycnewHo cripasisieTcst ¢ 3TOH 3afadeil npu aocra-
TOYHO MPOCTON KOMIBIOTEPHOU TEXHOJIOIMH ONPEIEAEHUSI MHTErpasa.

[lonp3oBarenp, MyTemM HaXkaTUsi KOMOWHALMK KJIaBULI WM LLeJIKas Ha
COOTBETCTBYIOLIEH KHOMKe naHenan uHCTpymeHToB Calculus, BbI3biBa-
eT WalJIoH WHTerpasia, 3aroJiHsIeT MyCTble MapKepbl BBOAA MOJbIHTE-
rpajibHOH (yHKLMEH, MOCTOSIHHOW M npeAesaMu UHTETPUPOBAHUS U
MOJTy4aeT pelleHue, HayKUMasl KJIaBULIY BBIBOJA PELICHUS WIH LIeJ-
Kasi MbILLIbIO BHE 00/1aCTU MHTErpaJia.

Cucrema Mathcad mMoxeT okazaTh CyIIECTBEHHYIO MOMOIIb CTYJIEHTY
B CJIS/LYOLUX Cy4asiX:

4 [pu U3yYSHUU UHTETPUPOBaHUs B Kypce "Bricuias maremaTuka';

¢ npuv TCXHUYCCKUX pacyeTax B MpouecCce KypCoBOro U JuUIjioOMHOIro
MPOCKTHPOBAHUA,

4 1py U3yueHUH NMPOrpaMMHUPOBAHHUSI.

B HaCTOﬂlllei/'I rjiaB€ OornucaHbl KOMIBIOTECPHLIC TEXHOJIOTHUU BbIYUCIIC-
HUA HCONPCAC/ICHHbIX, OMNPCAC/ICHHbLIX, KpPaTHbIX H HECOOCTBEHHBIX
HUHTEIrpaJioB. HpI/IBG,I[GHBI MNpUMEPLI Ha Ka)KIbld U3 METOOB.
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B KoHLe riaBbl MPUBEIEHBI 3a/1a41 ¢ OTBETaMH AJ11 MHAWBUIYaJIbHBIX
3aaHuil CTYIGHTaM B MPOLECCE M3YHEHHUS! KOMIBbIOTEPHBIX TEXHOJIO-
Ui peLIeHus] MaTeMaTHUeCKUX 3aaay.

9.1. BbiuncneHune
HeornpeaeneHHOro nHTerpana

TexHoMOrHsT BBIYUCIICHHUSI HEOTPEAEICHHOr0 HMHTErpaja B CHCTEME
Mathcad cocrour U3 nocnenoBaTeNbHOCTU BbIMOJIHEHUS ONUCAHHBIX
nanee onepatyii. [Ipx 5ToM BO3MOXHBI TPH OCHOBHBIE CIIOCO0A.

Cnocob 1. Hcnonvzosanue kiasuur <Shift>+<F9>
[TocnenoBaTenbHOCTb ONEpaLUi clie1yroLast:

4 BBIBOJ Ha 3KpaH mabjioHa UHTerpasia MmyTeM OJHOBPEMEHHOTO Ha-
skatug KiaBuin <Ctrl>+<[> uaM WeTYKOM MbIIIM Ha KHOIIKE CO
3HAYKOM MHTerpaja Ha naneiaum uncrpymeHtoB Calculus, Ha skpa-
He MOSBUTCS MabJIOH UHTeTpalia ¢ MyCTbIMU MapKepaMH BBOJA IS
(yHKIMH 1 TIepeMeHHONH MHTEeTPUPOBAHUS;

4 3anosiHeHue CBOOOAHBIX MAPKEPOB MOABIHTErpajbHON QyHKLMEH U
MEePEMEHHON WHTErpUpOBaHUs, Ha SKpaHe OTOOPAa3HUTCsl BbIpaxKe-
HUE WHTerpasia B OOLUENPUHATOM B MaTeMaTHKe BUJIE;

¢ BBIJACJICHUE BCEIr0 BbIPpAXKEHUA UMHTErpajia YIJIOBbBIM KYpCOpPOM I1y-
TEM LIC/IYKA MBILIWU B obJtacTu UHTCIrpaja,

4 Haxatue koMOuHanuy kinapum <Shift>+<F9>, Ha skpane nosBUT-
Csl 3HAYCHUE HEOIPE/ICJICHHOIO UHTErpasa.

Cnocob 2. Hcnonvzoeanue 3HAKA CUMBONbHBIX ONEpayull
[TocnenoBarenbHOCTD OnepaLii clieAyroLIas:
4 BbINIOJIHEHHUE MEPBBIX JIBYX IMYHKTOB criocoda 1;

4 BbI30B 3HaKa CMMBOJIBHBIX onepauuii <—> (cTpeska BIpaBo) my-
TeM HaXaTWs COBOKYMHOCTH KiaBuin <Ctrl>+<.> (Touka), Ha 3K-
paHe mocie BbIpaKEHUS MHTerpaja MOSBUTCS CTpesika CHUMBOJIb-
HbIX ONepaLuii;
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4 11enuoK JIeBOM KHOMKOM MbIIIM BHE BBIPAKEHWS MHTErpana, Ha
9KpaHe 0TOOPA3UTCs 3HAUEHHE HEOIPEAEICHHOIO HHTerpasa.

Cnocob 3. Hcnonvzosanue nynkma menio Symbolic
[MocnenoBatenbHOCTD ONepalyii clieayroIas:
4 BBOJ MOJBIHTErPATBHOTO BHIPAXKECHHUS

4 BbIJCJICHUE IBOWHBIM LICITUYKOM MbILIN TIEPEMEHHOM UHTETPUPOBA-
HMUS,

4 BbI30B C MOMOIIBIO MbIIM MyHKTAa MEHIO Symbolic | Variable |
Integrate, Ha dKpaHe MOSABUTCS 3HAYEHUE HEONPEACIEHHOIO UHTE-
rpana.

PaCCMOTpl/IM TEXHOJIOI'WIKO BbIYUCIICHUSA HCOMNMPEACIICHHOI0O MHTErpasia
OIKMCAaHHBIMH CIoco0aMu Ha npuMepax.

IIpumep 9.1. HeoOxogumo HaiTH HeOIpeIeNeHHbIi WHTerpai

1
J.de Tpemsi crnocobamu.
a+bx

Pewienue npuegeHo Ha puc. 9.1.

Mathcad no3BosisieT BbIYMCIATE HEONpPEAEIeHHbIE WHTErpaibl 10CTa-
TOYHO COXKHBIX GyHKUuMH. Ecnu sxe unterpan HeOepyiuuiics, To mpo-
rpaMma MOBTOPSET UCXOHOE BbIpaXKEHHE UHTErpaa.

[TosmydyeHHOE CHCTEMON BBIpayKEHUE HEOIPENEIIEHHOrO UHTErpana Bo
MHOTHUX ClTydasX He yIhpouaercsi. B 3ToM HelocTaTOK CHUCTEMBI, KO-
TOpbIA OOBACHSIETCS €€ HEeJAOCTATOYHO BbICOKOH MHTEJUICKTYallb-
HOCTBIO.

B Tabn. 9.1 npuBeseHbl NpUMepbl BbIYMCIICHUST HEONPEAEICHHbIX WH-
terpajioB cucremoid Mathcad u ans cpaBHeHMs AaHbl MX 3HAUCHMS,
yKa3zaHHble B [13].

W3 npumepos BUHO, uTo cucrema Mathcad npu BbluMC/ieHUH Heon-
pEleNeHHbIX UHTErpajloB He MPOU3BOAUT YIPOLICHUH KOHEUHBIX Bbl-
pakeHUid, HampuMep: BbIHOC 3a CKOOKM (mpumep 2), coKpalleHue
npobeii (npumep 1), npeobpazopanue jorapudmos (npumep 3), yn-
pOLIEHHE TPUrOHOMETpUUECKUX PyHKUM (pumep 4).
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[

(at bg)

1
i

-a 1 -
[h-cc T (- 1) }( Ho®

[

_ —>|: = -x:|-(a+b-xj_c
(a+ h-xjc bic-11 (c-1)
1
(a+bx)
|: = 1 -x:|-(a+ h-xj_c
bic-11 (c-1)

Puc. 9.1. Boruaucnenne nnterpana cnocodom 1 (a),

crocoOoM 2 (6) 1 criocoboMm 3 (6)

(=)

K COXKaJICHUIO, MHOTHE HCOMPECACJICHHbIC UHTCIPaAJIbl, AK€ HC OYCHb
CJIO’KHBIC, CUCTEMA HE BbIYUCIIACT (anMep 5) OT0T HEAOCTATOK IpHU-
Cyll U ApyrumMm cucremMam CUMBOJIbHOM MaTeMaTHKH.
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Bbiyucnerume uHTer, pasioB
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272 [naBa 9

9.2. BbiuncneHune
onpeaesieHHbIX UHTerpasos

9.2.1. MeTtoabl 1 anropuTMbl BblYUCIIEHUA
MHTerpasnos

YucneHHoe UHTErpUpOBaHUE HEOOXOIUMO B CICIYIOIINX CITydasx:
4 nepBooOpasHasi He BbIpayKaeTcsl Yepes dJieMeHTapHble QYHKLIMU;
4 aHAIUTHYECKOE BbIPAYKEHUE UHTErpajia CIULIKOM CJIOKHOE;

4 nopblHTerpaibHas QyHKUMs 3aaaHa B TabauuHod (opme miu B
(hopme MaTpuiipl.

[Ipy BBIYMCIIEHUSX HMHTErpajioB YHCIEHHBIMH METOAAMH TIO/bIHTE-
rpajbHy0 QYHKIHUIO Tesiecoo0pa3HO MpeAcTaBisaTh B HauOoJee mpo-
CTOM BUJE. DTO MOXKET YCKOPUTb BBIUMCICHUS. Y POLICHUE MO/ IbIH-
TerpajgbHON (PYHKLIMK MOMHO BbIMOJIHUTh, BOCIO/1b30BABIIUCH (hYHK-
uuamu Simplify u Factor. MMetoT MecTo citydau, koraa cucreMa Ao
YIPOLIEHUSI HE MOXKET BBIUMC/IUTbL HEOIMPEACICHHbIN UHTerpal, a mo-
CJI€ YTPOLLUEHHUS JIETKO €ro OMpeaessier.

CymiecTByeT MHOTO CIOCOOOB YHCIIEHHOTO UHTerpupoBaHus. Bo Bcex
TaKUX Croco0ax BbIYMCIICGHWE OCYLICCTB/ISICTCS MO MPUOJIMIKEHHbIM
(dhopMynam, Ha3bIBaeMbIM KBaapaTypHbiMH. [IpuBeneM HekoTOpble U3
HUX.

¢ Dopmynvl nPAMOY2ONbHUKOG:

n-1
b h Z Vi
[ (x)dx = k:O : 9.1
¢ hZ Vi

k=1

rue:
® /i — 11ar UHTerpUPOBAHMUS;

® ), — 3HauYeHHe MOABIHTErpaibHOH (YHKLHUU MpU apryMeHTe
X, k=0,1,2,...,n;



Brancrienne nHTerpanion 273

b-a N
® ;=—— — 4YUCJIO YacTell, Ha KOTOpbIC pa3buBaeTcst 00J1acThb

uHTerpupoBanus (a, b).

OpHa u3 GopMyJl aeT 3HauYeHUE MHTerpaja ¢ HU30BbITKOM, JpY-
rasg — c¢ HemoctatkoM. Kakas U3 HUX BbIAaeT pelleHHe ¢ U30bIT-
KOM, 3aBUCHT OT BH/Ia MOJBIHTErpaIbHOM (DYHKIIHH.

¢ Dopmyna mpaneyui:

’ yo =y
[f)dx=h] Z-+ 3y + |, 92)
; 2 5 2
rI€ Y, — 3HAUEHWE MOJbIHTErPaJIbHOM byHKUMM TIpU X =a;

¥, — 3Ha4YeHHe NoJbIHTErpaabHON QyHKUMU Npy x =b .

® Dopmyna napadon (Cumncona):

b
h
[ £ (x)dx =300+ 40 + 2 +4ys + 24 HAys bt 4y g 1)
(9.3)

B a10ii opmysie OpAMHATBI ¢ HEUSTHBIMU UHACKCAMU YMHOXKAFOT-
cd Ha 4, ¢ yeTHbIMU — Ha 2. lIpennonaraercs, 4To # — YUCIO
yeTHoe. [Ipu HeueTHOM 7 hopMyIia UMeeT BU:

b

h
J.f(x)dng(yo HAy + 2y F Ay + 2y, HAYs o+ 2y, + ).
a

Kpaiinue opaunatel umetot k03hGULMEHT, paBHbIH 1.

CylecTByeT MHOrO APYrux KBaapaTypHbIX (OPMYJI BbIUMCISHHS MH-
terpanos: Koreca, UeOnbiesa, ['aycca u ap.

BblunciieHue nHTerpasa ¢ noMolIblo KBaApaTypHbix GpopmyJ TpedyeT
3HaHUs yucia # U o0JlacTh UHTerpupoBanus (a, b). 3HaueHue 1 Bbl-
Oupaercs U3 yCJIOBUH TpeOyeMoll TOUHOCTH BbIUMCICHUS MHTErpasa.
3aBUCUMMOCTH MOIPELIHOCTH € OT /7 B OOLUEM Cllyyae HE CyLLECTBYET.
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[Tostomy masi o0ecneueHus: TOYHOCTH BbIYMCCHUSI MHTErpajga uc-
MOJIB3YETCS CICAYIOLINN alrOPUTM.

OnpeneneHHbld UHTErpan BbIYMCISETCS ABAXKAbI: C MPOU3BOJbHBIM
warom 4 u /2. Eciu npu 5TOM pa3sHOCTh HHTETPAIOB Maja, TO BbI-
YUCIUTENbHBIA MPOLECC 3aKaHYMBAETCS, 4 3HAYEHWe WHTerpajia cuu-
TAeTCsl TO, KOTOPOE BBIYMCIIEHO C IIaroM //2, B MPOTHBHOM Cllydae

LIAr YMEHBILIAETCS BABOE M CPABHUBAIOTCS 3HAUEHHMs MHTErpasia C 1a-
rom /2 v h/4 nr. 1.

9.2.2. KoMmnbloTepHbl€ TEXHONOIMn
BblYMCNeHna niterpanos B cucteme Mathcad

Cucrema Mathcad no3BosisieT BbIYMCIISATH ONPEIEICHHbIC MHTErpajibl B
AQHAJIMTUYECKOM M YMCJICHHOM Buje. MX TEeXHOJIOrMHU MACHTHUYHbI U
OTJIMYAIOTCS JIULIb CIIOCOOOM BBIBOJIA PE3yJIbTATOB MHTETPUPOBAHUSI.

TexHon0rusi BbIYUCASHUS ONPEACIEHHOIO MHTErpajla COCTOMT B Bbl-
TOJIHEHUH CJIELYIOLIUX AEHCTBUM:

4 BbIBOJ HA dKpaH wWal/0HA ONpPEACJICHHOr0 MHTErpaja MmyTeM O/-
HOBpeMEeHHOro Hakatusi kiaBuin <Shift>+<&> wnm menuka Ha
KHOMKE OMNpele]ICeHHOTO0 HWHTerpaia MaHedd HMHCTPYMEHTOB
Calculus;

4 BBOJ B MyCTble MapKepbl MOJAbIHTErpanbHOU (YHKLUH, TEepEeMEH-
HOU MHTErpupoOBaHUs U 3HAYEHUH NPEeIIOB UHTErPUPOBAHUS;

4 uCroJHeHUe KOMaHAbl BbluuciaeHus: uHterpana. Cucrema Mathcad
JIOMYCKAaeT HCIIOIb30BaHUE TPEX CIEAYIOLMX CHOCOOOB BbI30BA
KOMAaH/Ibl BBIUMCJICHUSI MHTErpajia: KjiaBuina <=> (paBHO), COBO-
KynHocTh kiaBu <Shift>+<F9> u BbI30B 3HaKa CUMBOJIBHBIX BbI-
4uCIIeHU <—> (cTpeJika BpaBo) rnytem Haxarusi <Ctrl>+<.>.

[lokaxkem TEXHOJIOrMIO BBIYMCIIEHHUS ONPEAEJSHHOr0 MHTerpajga Ha

npuMepax.

10
IMpumep 9.2. Heo6x0auMO BBIUHCIHUTH jxefzx dx .
1

[Ipouenypsl BbIUMCIEHHS MOKa3aHbl HA pUc. 9.2.



Brancrienne nHTerpanion 275

1 10
j 1 ch J x-e_z'xdx

10
— 2
] _ -21 1
J- e de=025 T'EXP(—ED) + :1 =025

[ s

10
_a -2 1

J e S ¥ dr o Toh (a0 + — =025

. 4 4

6

Puc. 9.2. Tpu cniocoba BEIMUCIIEHUS OMTPEJICIEHHOTO HHTETpalla

B nepBom ciywae (kiaBumia <=>) OTBET MOJYYEH B BUIE 4YHCJIA,
NpejicTaBIeHHOro B ectecTBeHHOW (opme. Bo BTOpOM M Tperbem
Cjly4asix OTBET NOJIyY€H B BUE TOUHOrO BblpaxkeHus. /s nosyueHus
OTBETa B YMCJICHHOM BHJE HEOOXOAMMO NOMOJIHUTEIbHO HaXKaTb KJla-
BUIILY <=>.

Bo Bropom crniocobe it mosyueHHs OTBETa MCIMOJb3YIOTCS KJIABUILN
<Shift>+<F9>. IIpu nepBoM Ha)kaTHH KJIABHIIN Ha SKpPaHEe MOSBIISET-
csl UCXOAHOE BBIpa)KEHWE WHTerpaya, Mpu BTOPOM — BBIBOAMUTCS pe-
LIeHWEe B BUJI€ TOYHOTO OTBeTa. /|1 mosyueHus: peieHus B BUAe Umc-
Jia CJIeYEeT HaXKaThb KJIaBUIILy <=>,

B Tperbem cnocobe HMCrolib3yeTcsi 3HaAK CHUMBOJIbHBIX BbIYHCIICHHI
<—>. [ocrne ero BBOAA 151 TIOJIyUYEeHHsI peLIeHUs] HEOOXOAUMO IHEITK-
HYTb JIEBOM KHOMKON MBIIIK BHE BbIpayKeHUs] MHTerpana. [Tomydaem
TOYHOE 3HAauYeHWe WHTerpajia. Jis MOJydYeHHs] YMCIEHHOTO OTBeTa
HEOOXOAMMO HAXKATh KJIaBUIIy <=>,

U3 cpaBHeHus cnoco0OB BHUAMM, YTO MEpPBbIH sBjseTcss Hanbosee
NPOCTHIM.
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9.3. BbluncneHune KpatHbiX UHTerpanoB

Kpartubie unTerpansl B cucteme Mathcad MOXKHO BBIMHUCIATH Clle-
JYIOIIMMU IBYMSI CTIOCOOaMH.

Cnocob 1. Ilocneoosamenvroe @uiuucienue n-KpamHo20 unmezpand,
UCNOAB3YSL pe3YIbmamvl NPeOblOVUJUX PeuleHUil
Hanpumep, mnycrb HEOOXOJMMO BBIYMCIUTH JBOWHOW HHTErpa
2
x
”xdxdx. Bpiuucnum cHavana uHTErpas dex , TIOJTY4HM: J.xdx = 5

3
Tenepp BblUKUCIUM .[x?dx. Tlonyuum: .[x?dx =%. OtBeT nosyuyeH

JABYKPATHbIM BbIYHUCJIICHUEM HUHTEIrpaJia.

Coocod 2. Bwiyucienue n-kpamHoz2o unme2pana 6e3 GulUUC/IeHUs
NPOMENCYMOUHBIX SHAYCHUL

TexHos10rus 3TOro ¢rnocoda COCTOUT B BbINOJIHEHUH CSAYIOLIUX ACH-
CTBUH:

4 enkaeM n pa3 MO KHOMNKE MHTerpaja Ha MaHeau UHCTPYMEHTOB
WM HaKUMaeM 7 pa3 komOuHaiwo kinaBum <Ctrl>+<I> (mipu BbI-
YUCIIEHUW HeoTpesesieHHOro uHTerpana) win <Shift>+<&> (npu
BBIYMCJICHWHU ONPE/EIEHHOr0 UHTerpaja), Ha 3KpaHe oToOpa3HuTCs
1abJI0H 77-KPaTHOTO UHTErpana;

4 3anosiHsAeM MyCTble MapKepbl MOAbIHTErpaibHON (QyHKLMEH, nepe-
MEHHOH U mpenenaMy UHTErpUpOBaHUs, Ha SKpaHe OyaeT KOHed-
HOE BbIpayKeHUE UHTerpaa;

4 nojy4yaeMm pelleHue, HaKumas KJIaBULly <=> MpH BbIYMCICHUU
ornpe/iesIeHHOro uHTerpaia wid kiapuu <Ctrl>+<> nis Bbi3oBa
3HaKa CUMBOJIbHBIX BBIYMCJICHHUN C IMOCJIEAYIOUIUM LLETYKOM Jie-
BOM KHOIIKOM MBILLIYA BHE BbIPAKECHUS UHTErpajia.

[Ipoueaypsl BbIUMCIIEHUS TPOHHOTO WHTETpalia OT pa3iNuyHbIX (YyHK-
LMK MoKa3zaHbl Ha puc. 9.3.
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Puc. 9.3. [Ipumeps! BBIYHACIEHNS KPATHBIX HHTETPAJIOB

B nepBoii cTpoke BeIYMCIIAETCS HEOTIPeAETeHHbIH TPeXKpaTHbIH UHTe-
rpaji onHol nepemeHHo x ¢ynkuun w=xInx. [lonayuyeHo TouHoe
3HauUeHHe UHTerpaa.

Bo BTOpO# CTpOKe BBIYUCIAETCS HEONpPEeAETeHHbIH TPEXKPAaTHBIA UH-
Terpajl yHKUMH W =X — ¥+ z TpeX NepeMEHHbIX.

B Tperbel CTpOKE BBIUMCIISETCS ONPEAEICHHbIA TPEXKpPaTHbIA UHTE-
o N x—1
rpajl oqHOH nepeMeHHol pyHkIMu W= P
X+

B uerBepTOil cTpOKe BBIUMCIAETCS ONpEeAETCHHbIH TPeXKpaTHbIH WH-

Xy
Terpai GyHKLUUU TPeX MEPEeMEHHbIX W =2—+-—+2xyz .

y  2x

B nsToli cTpoke npuBeneH cnocod BbIUMCIIEHUS UHTerpaia oT (yHK-
UMM W =X, KOT/1a UHTerpajl sBJSEeTCS ONPEAETCHHBIM MO MEePeMEH-
HOU X U HEONPEENeHHbIM 110 MEPEMEHHO Y.
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9.4. BbiuncneHune
Heco6CTBEHHbIX UHTErpasnoB

TexHonorus BBIYUCIEHUS HECOOCTBEHHBIX WHTErpajioB HUMeEET psif
0CcOOEHHOCTEH, CB3aHHBIX C TeM, YTO TaKMe MHTerpajbl MOTYT He
MMEeTh KOHEeUHbIX 3HaueHui (ObITb pacxonsuumucs). [Ipu sTom onuH
U TOT JK€ HECOOCTBEHHbII MHTErpajl MOXKeT ObITh CXOASLIMMCS U pac-
XOJSLIUMCA B 3aBUCUMOCTH OT 3HAYEHUS €TI0 apryMEHTOB.

o0
Hanpuwmep, Ie_axdx Oyaer pacxoasiumcs npu a < 0 ¥ cXoasumumMes
0
npu a > 0. Mathcad, kak u ja100ast apyrasi cuCTeMa CUMBOJIbHOM Ma-
TEMaTHKM, HE BbIJACT PELIEHWs, €ClIM €l He ykaszarb, 4to a > 0.
B 1aHHOM cCilydae 3TO MOXKHO Peajin30BaTh, €C/IM MEPEMEHHYIO d

npeacTaBUTb B BUAC |a| .

Texnonorus OMpeaCJICHUs HeCOOCTBEHHBIX HUHTErpajloB COCTOUT B
BBITIOJTHEHUH CJICAYHOLIUX ITPOLEAYP:

4 1Iea4OK MO KHOMKE MHTerpajia naHenu uHcTpymeHtoB Calculus
WM OIHOBpEMEHHOe HakaTue kiiaBuil <Shift>+<&>, nHa skpane
MOSBUTCS LIa0JIOH ONpeIe/IeHHOTO HHTerpaa;

4 BBOJ B IyCTble MapKepbl HHTErpaia NOAbIHTErPaIbHON (YHKLUHU,
NepeMEeHHONW MHTErPUPOBAHHUS U MPEIEIIOB;

4 BbI3OB 3HaKa <—>> CUMBOJIbHbIX BbIYMCIICHUI;

4 LEJTYOK JIEBOM KHOMKOM MbILLKM BHE 00JIaCTH UHTErpasla, Ha SKpaHe
0TOOpa3UTCs OTBET B BUJIE TOUYHOTO PEIICHHUS;

4 HakaTue KJIaBULIW <=> JJI TTOJTYHUCHHU YUCJIECHHOTO pCLICHUS .

3Hak () (OECKOHEUHOCTb) MOXKHO BBECTH JIMOO LIEIKHYB JIeBOH
KHOIIKOW MBIIIM Ha KHOTKE CO 3HAaKOM (00) MaHeld HWHCTPYMEHTOB
Calculus, 1100 OIHOBpeMEHHBIM Ha)kaTHeM KOMOMHAIMK KJIaBHLI
<Ctrl>+<Shift>+<7>.

le/lMepbl BbIYHUCJICHUS HeCO6CTBeHHbIX UHTECTpajioOB MpPUBEACHbLI Ha
puc. 9.4.
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Puc. 9.4. [Ipumepsl BbluUCIEHUS HECOOCTBEHHbBIX UHTEPAJIOB

9.5. Mpumepbl BLIMUCNEHNIA UHTErpanos

Hanee B Tabn. 9.2—9.4 npuBoadTcs 3aAadd HA WHTETPUPOBaHHE C
nomomnipto cucteMbl Mathcad. Ot 3amaum OynmyT crocoOGcTBOBaThH
M3YUYEHUIO KOMIbBIOTEPHBIX TEXHOJIOrMH BbIYMCICHUS WHTErpajioB.
Kpome Toro, oHM BecbMa OpPUrMHAJIbHBI M BbI3bIBAIOT BOCXMILIECHHE
ceoumu orBeTamu. He cienyer oropuarbesi, eciim Mathcad Bbiaaer
WHOE pelleHHe, YeM B OTBeTe. BeposTHee Bcero, OHM HUIACHTHUYHBI.
[Tonpobyiite npeoOpa3oBaTh NOMYUEHHbIH OTBET C MOMOILLBIO KOMaH[
Expand u Factor meHto Symbolics.

HpOBepI/ITB HACHTHYHOCTb OTBETOB MOXKHO, €CJIM MMOACTAaBHUThL OJHO U3
YMCJICHHBIX 3HAYCHUU NEPpEMEHHBIX B MOABIHTEIPAJIbHOE BbIPAXKEHUEC
W BbIYUCIIUTH 3HAYCHUE UHTETpaJla, CpaBHUB €ro ¢ YUCJICHHbLIM 3Ha4YEC-
HUEM OTBETA, MPUBCACHHOI'O B Ta6.II[/ILle UHTETpajioB.

Ecnu orBeTOM SB/ISIETCS aHAIUTUYECKOE BBIPAXKEHUE, TO €ro Mpous-
BOJIHAsI JIOJDKHA ObITh PaBHA MOJABIHTErPAJbHOMY BbIPAXKEHHUIO. DTO
elle O/IMH Coco0 MPOBEPKHU MPABUIILHOCTH BbIYUCICHHS MHTETPAJIOB.

Bo3mokHBI Cjllydau, Korjga cucrema BOOGUJ,C HE BbLLAACT PCUICHUA, a
OHO CYLIECTBYCT. 3910 AOKa3bIBACT JIMLIb TO, YTO KOMIIBKOTEP HE MO-
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KeT ObiTh 00JIe€ MHTEIIJICKTYAJICH, YeM YCJIOBEK, €ro nporpamMma He
COBEpLLEHHA.

Tadauua 9.2. Tabnuia HEONPENEIEHHBIX HHTETPAIOB

J‘—
xVa+ex

No Hurerpan Ortser
X 1 5
1 dx —In(1+x7)
1+ x° 2
X 1
2 dx —arc'[gx2
1+ x" 2
1
3 2dx arctg(x)
1+ x
4 X 1 —1+x°
e e
1-x 4 1+x
s dx I x
E— n
x(1+x7) 142
dx 2
6 ) 3 2
(a+ bx) b\ a+ bx
J. xdx 2(2a + bx)
7 - _
(a+bx+cxz)3 (4ac—b2) a+bx+ex
2
3 I x dx 2(bzx2 —4abx—8a2)
\l(a+bx)3 3b°a+ bx
I x' 1 X
9 o\ < /s
/ 5 /
( a+cx2) a( a+cx2)
10 dx 1 \/a+cx2 —\/;
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Tadauua 9.2 (npodorxcenue)

No Hurerpan Ortser
11 & In th(x)
sh(x) - ch(x)
dx 4
12 _
sh’x-ch’x 1-e*
h(x)dx
13 L ~r _le 2x
ch(x)-sh(x) 2 4
2ax 2
1 1
14 Ixe”xsh(ax)dx —(x——j—x—+—
4a 2a) 4 84
15 Isin(x) cos’ (%) _Los ()
3
sin’ (x)
16 Isin4(x) cos(x)dx
5
1 X
17 — dx In| tg| —
sin(x) 2
18 X+ sinx . tgi
1+ cosx 2
1 1
19 - In(x—1) = In(x) + —
x (x-1) b
xsinx X x n
20 I —In| tg (— + —j
C052 X COS X 2 4
dx
21 - - + ln( tg(x))
sin” x - cos x 2sin” x
sinx”
22 Ix cos(x” )dx
2
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Ta6auua 9.2 (oxkonuanue)
No Hurerpan Ortser
sin’ (x)dx 1
23 — - tg3 (x)
cos (x) 3
 —x e “a" 1
24 J.a e dx —
Ina-1 Ina-1
Ta6muna 9.3. Tabnuna onpeaeTeHHBIX HHTETPAIOB
No Hurerpan Ortser
. L xdx 4
oVI—x 3
1 1 1- 1-n —1
2 dx (-a -1
o (1—ax)" a(n-1)
| (I
3 Jx" e+ D +—
0 n+l n
1 2
X 1
4 | dx In2-—
o\ x+1 2
Ly’ 47
5 dx ——1In2
o1+ x 60
1 2
x“dx
6 | z
04/1-x? 4
1
7 [xsin xdx sin(1) — cos(1) = 0.301
0
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Ta6auua 9.3 (oxkonuanue)

Ne Hurerpan OtBer
1
8 Ix cos xdx cos(1) —sin(1) — 1
0
l n 1
9 Ix In xdx - 2
0 (n+1)
' X Inx
10 | ~0.0386
o 1+x
Ta6auua 9.4. TaGnuua HecOOCTBEHHBIX HHTErPAIOB
Ne Hurerpan Otser
| T dx 3n
0 (x2 ra )3 164°
“ dx 3n
2 2 2,233 2,252
o(x"+a +b7) 16(a” +b7)
" e Mix T
3 J. el |—, ¢>0
NI+ x q
A o sV10m
0 (x7+0.1)° 2
“ dx
5 — 7,787
o (x"+x+0,1)
6 3 —
o(x+a) a
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Tadauua 9.4 (npodorsxcenue)

Ne Hurerpan Otser
0 X ]
7 3dx —
0 (x+a) 2a
“ Inx Ina-1
8 3 2
o (x+a) 2a
“ xlnx Ina+1
9 N
o (x+a) 2a
xInx 2lna-1
10 . E—
0 (x+a) 24a
11 J.equdx ﬁ, qg>0
0 2q
2 A+x)P 1-d”
12 1+ : T 450
o (x+a)”" pla=1)
e m
13 [—=ax —., ¢>0
0o VX q
400 e-\’ 1
14 | - —
e (PB+en) §
© -X 2
xe
15 _[ dx r -1
oeix—] 6
© —3x 2
xe
16 [ d 3
oe +1 12 4
“x(l-e¢ " 2
17 ( )dx n__1
0 1+€7X 6
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Ta6auua 9.4 (oxonuanue)

Ne Hurerpan Otser
. °]. xdx o
. ate" —be " 4ab
- dx
2
19 ) 2 il
0 (x +Vx +a ) 3a
< xdx
20 | 2nln2
ove' -1
“ xe “dx T
21 | —~(2In2-1)
oe' -1 2
“ xdx
22 | 1,17195
oe +e -1
. x 4( 4
23 Ixe "Vl-e Tdx —(——anj
; 3\3
= xdx 2
24 T
o Sinh(x) 4
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PewweHune 3apay
MHTepnonauum

10.1. Buabl 1 atanbl KOMMNbIOTEPHbIX
TeXHONOrmin NHTepnonalum

Wurepnonsiuveld HasbiBaeTcsi mnpeacraeieHue QyHkuuu y = f(x),
3aJJaHHOM aHAJIMTUYECKU WM B BUAE TaOnuLbl, GyHKUMEeH Y =(x),

KOTOpasi HACHTUYHA UCXOHOW B HEKOTOPOi obsiacTu aprymenTa. UH-
TEPHOJISILIUS COBMECTHO C TEOpUel 1nojo0ust U Teopueii pasmepHoCTen
SIBJISIETCSI HAYYHOU OCHOBOM MOJIEJIMPOBAHMUSL.

I'paduk u Tabnuua camu no cebe He MOryT ObITb MOJENIBbIO 00BEKTA
unu sisjenus. Tosnbko maremaruueckas (yHkuus (dhopmysia) MOxKeT
ObITh MOZIENIBIO U3Y4aeMOro 00ObEKTA MM SIBJICHHS.

Ho He TonbkO B MOAeNIMpOBaHWM MCMONb3yeTcs uHTepnossuus. Oxa
HeoOXxoauMa MpH IUTAHUPOBAHUM U CTaTHUCTUUECKOW oOpaboTke 3Kc-
MEpPUMEHTa, MPU 3aMEHEe CIOKHOH aHaluThdeckod (QyHKUuM Oosee
MPOCTON B HY’KHOM /Mara3oHe U3MEHEHHUs apryMeHTa.

OCHOBHBIMH 3TallaMH KOMIIbHOTEPHBIX TEXHOJIOTUH HUHTEPIIOJISALIUN
SBJISAFOTCA:

4 BbI0Op Buaa GYHKLUUY HHTEPIOJISLIUY;
4 onpexesneHre KO3QGUUMEHTOB PYHKLIMKU HHTEPIOJISILIUH;

¢ ONnpeaAcjICHUEC aACKBAaTHOCTHU (byHKL[I/II/I HUHTCEPIIOJALUN.
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Peanuzaums 3Tux 3TanoB onpexaessiercss BbIOPaHHbIM METOJOM HH-
TEPIOJISIUMU, TUIIOM NPUMEHEHUs BCTPOGHHOM (GYyHKUMM U (hopmoi
BBIXOJIHOT'O JIOKYMEHTA.

Cucrema Mathcad nosBosisser peanuzoBaTh pazivyHble METOAbl M
TeXHOJIOTUH UHTepnosisauuu. Bece oHU paccMaTpuBaloTes fanee B 3TOi
rjaBe.

Cyl1ecTBYIOT /1Ba OCHOBHBIX BHa MHTEPNOJIALMU: TOYHAS B y3JaX W
npubmKeHHas B y3ax.

Hnmepnoaayueii, mounoil 6 y31dx, Ha3blBa€TCs TaKas UHTEPNOJSLIUS,
pe3ybTaToOM KOTOpO# siBisiercs GyHKIUA ) = @(X) , KOTopas B y3jax

MHTEPOJIsiLMK coBnaaaet ¢ ¢pyukuuen y = f(x). Takas unrepnoss-
1us moka3aHa Ha puc. 10.1.

YV a
P(x)

\4

Puc. 10.1. MuTepnonsiuus, TouHas B y3J1ax

Wurepnonsiuys, TouHas B y3JaX, MPUMEHSETCsl IJIaBHbIM 00pa3oM B
TeX ciy4asix, Korzaa Tpedyercs CI0KHYI0 MaTeMaThuiecKyto (QyHKLUIO
3aMeHUTb Oosiee MPOCTOl B y3KOM AUana3oHe 3HAUeHUH apryMeHTa.

Ee MOo)XHO mpUMEHHTH TakKke B TOM cilydae, Korzaa Tpedyercst Haiitu
MaTeMaTU4YecKyt0 MOAesb 00bEKTa, XapaKTePUCTUKU KOTOPOIo MOJTy-
YEHbI KCMEPUMEHTAIbHO C BICOKOH TOUHOCTBIO.

Humepnonayueii, npubiudicennoii @ y3iax, Ha3bIBaeTCsl Takas UHTep-
NOJISILMS, IPU KOTOPOH 3HaueHus GpyHKUMH Y = @(X) HE COBNAJAIOT B

y3J1axX MHTEPHOJILMK CO 3HAYEHUSIMU UCXOJHOM QyHKUMH Y = f(X).
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Takas MHTEPHOMALMS TPUMEHSIETCS Ui CrIIAXKUBAHUS HETOUHOCTEH
WCXOAHBIX JaHHbIX. B MaremaTnke OHa Ha3bIBACTCS AnNpOKCUMAayuel.
Ee reometpuyeckuii cMbIci oka3aH Ha puc. 10.2.

YV a

Puc. 10.2. Untepnionsmms, mpubirkeHHast B y3max

Ha puc. 10.2 npuHsThI cieaytomuye 0003HauYSHUS:
¢ o(x) — smnupuyeckas GyHKLUS,

4 3HauyeHUs1 QYHKLUH, NOTYUYEHHbIE SKCIEPUMEHTaIbHO, 0003Haue-
Hbl )KUPHBIMHU TOYKaMHU Ha rpaduke;

4 A, — yKiIoHeHHe (HEBfA3Ka) — pa3sHOCTb B i-M y3Jle UHTEPIOJIs-
Luu Mexay @(x;) 1 ;.
OyHKUMS UHTEPHONALMU Y = @(X) HaXOAUTCS HA OCHOBAHWUM KpUTE-

pueB OnM30CTH ASMIUPUYECKOH (YHKUMM @(X) M HUCXOIHOMW, NOIy-
YEHHOU 5KCNEPUMEHTAIBHBIM WJIM UHBIM ITyTEM.

TakuMu KpUTEPUSIMHU MOTYT ObITh!

¢ anreOpaunueckasi CyMMa YKJIOHEHUH paBHA HYJIO:

4 cyMMa KBaJpaToB YKJIOHEHWI MMHHUMAaJbHA:

n
_ 2 e
A, =D A7 =min;
i=1
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4 cpeaHee 3HaYSHUE YKIOHEHUH MUHUMAIIBHO!

5,
A, = =1 =min .
n

KomnbroTepHbie TEXHOIOTHU PELISHUS 3a/1a4 UHTEPIIONISLIMK OTpe/e-
JISIIOTCSL BUAOM Kputepus OJIM30CTH OMIUPUYECKOW M HUCXOAHOU
(yHKIIMIA, B 4aCTHOCTH METOAMKON OLIEHKH MOTPEeIIHOCTEH.

10.1.1. Bbi6op Buaa chyHKLUM MHTEprionauumn

Boibop Buaa (yHKUMM MHTEPHONALMM ABJsieTCS Hanbosee BayKHbIM
STanoM MHTEPIOJSLMY, T. K. GYHKUMS @(Xx) onpeaessieT MaTeMaTH-

YECKYIO MO/IE/Ib 3y4aeMOro o0ObeKTa WIIK SIBJIICHUS.

CylecTBYIOT ciiefytoLine, MpUMeHseMble B MPAKTHYECKUX pacyeTax,
cnoco0bl BbIOOpa Buaa GyHKUMN ((X) :

4 rpado-aHaTUTUYECKUH METO1;

4 MeTon IMHeapu3alny HeJTMHEHHbIX QYHKIMIA;

4 meroj TabJIMYHbIX Pa3HOCTEH;

4 ofpaleHde K MporpaMMaMm aBTOMaTU3alUMM BbIOOpa (QYHKLUU
o(x) .

PaCCMOTpI/IM 5TH CIOCOOBI.

Cnocob 1. I pagoananumuueckuii memoo
Oyukums y = f(x) npexncrasnsiercs B Buae rpaduka. I'paduk cpas-
HUBaeTcsl ¢ rpagyKaMy TUIMYHBIX MaTeMaTUYecKUX (QyHKUMHA U Ha

OCHOBAaHWM MX cpaBHEHUs BblOMpaercst nouaxoasias. Jlanee npuso-
JSITCS 4acTO UCIOJIb3yeMble (YHKLMU U UX rpaduku.

¢ Cmenennas Qynxyua y = ax’..

I'paduk dyHkumu nokazat Ha puc. 10.3.

¢ Jloeapupmuueckasn pynxyus y=a+blnx.

I'paduk Ppynkumu nokaszan Ha puc. 10.4.
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Y a b>1
0<b<l

b<0

»
»

1 X

Puc. 10.3. Crenennas GpyHkmms y = ax”

v

Puc. 10.4. Jlorapudmuaeckas dynkmms y =a+ blnx

¢ /Ipobuo-nuneiinas Qynxyus y = .
a+bx

I'paduk Ppynkumum nokazan Ha puc. 10.5.

¢ Iloxkazamenvuas ynkyus y =ab™ .

I'paduk dhyHkunu nokazan Ha puc. 10.6.

Cuoco06 2. Jluneapuzayust HeIUHEUHbIX QYHKYUTL

JluHeapuzauus HeJIMHEHHbIX GyHKUMHA OCYLIECTBIISETCS MyTeM Npe-
CTaBJIEHUSl UX B UHOM CUCTEME KOOPAMHAT METOJIOM 3aMEHbl nepe-
MeHHbIX X U y. [lokaxkeM cnocobObl TMHeapyU3aluy Ha pUMepax pac-
CMOTpPEHHbIX paHee PyHKLUH.
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S| =

\4

Puc. 10.5. /Ipobro-nmuneitnas pyHkuus y =

a+ bx
Y a b>1
b=1
a
b<1‘
0 X

Puc. 10.6. Iokazareabnas Qynkuus y = ab’*

¢ Cmenennas Qynxyua y = ax’..

[lpeacraBum dyHkuuio B Buae: Iny=Ina+blnx. Toraa Beeae-
HHEM HOBBIX MepeMeHHbIX Y =Iny, X =Inx momy4yum nuneliHyto
byakmo Y =lna+bX .

¢ Jlocapupmuuecxas Qynkyuss y=a+blnx.

BblpaBHUBaHUE OCYLLECTBJISIETCS 3aMEHOM MNepemMeHHbIX Y =y,
X =Inx . [locne 3ameHbl nepeMeHHBIX MOMyunuM: ¥ =a+bX .
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¢ Jlpodno-nunetinas Qynxyus y = .
a+bx

X
IIpencraBum ¢ynkuio B BUae: — =g+ bx. BBens HoBble mepe-
y

X .
MeHHble Y =—, X=X [oayuyuM JMHEHHyI0 (YHKLHUIO
y

Y=a+bX.

¢ [loxazamenvuas ynkyus y =ab™ .

[Iponorapudmupyem nokazarensHyto Gynkuuto: Iny =Ina+xInb.
3ameHoil mepeMeHHbIX Y =Iny, X =x mnomyuum JHHENHHYIO
¢yukumto ¥ =Ina+ Xnb.

Cuoco6 3. Ananuz madauyHbIX PA3HOCME

DTOT crnocod Mo3BOJNSET BHIOPATh CTENEHb MHOTOWIEHA MPU MOJIMHO-
MUaJIbHOUM uHTEepno/siuu. Eciau n-e¢ tabinuHbie pazHOCTH (DyHKLMU
y = f(X) 0AMHAKOBbI, TO CTENCHb MHOTOY/ICHA OY/IET HE BHILLE 7.

PaccmoTpum 3T0T cnoco6 Ha npumepe.

Mpumep 10.1. [Ipeanonoxum, yTo HyHKIUS UHTEPIIONSALINH SBISIETCS
MHOTOYJICHOM M TIpe/icTaBieHa B Buze tabu. 10.1.

Taoauua 10.1. Tabauua GyHxuuu fx)

X 1 2 3 4 5 6 7

y 2,2 6,5 12,8 | 21,1 | 31,4 | 43,7 58

B tab6n. 10.2 npuBeneHsl 3Ha4eHUs TAOJIUYHBIX Pa3HOCTEMH.

W3 T1abn. 10.2 BUOHO, YTO BTOpbIe TaOJIUYHBIE PA3HOCTH MOCTOSHHBI.
DTO 3HAUMUT, YTO UHTEPHOJISALUOHHbIN NOJIMHOM JIOJDKEH OBbITh HE BbI-

1€ BTOPOM CTENEHM, T. €. Y =dy + X + a2x2 .

B  pesyabrare peweHus 3a4ayd  UHTEPHOJSALMM  MOJYUYUM
y=x>+13x-0,1.
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Ta6auua 10.2. 3HaueHus TaONUMUHBIX pa3HOCTEH

X 1 2 3 4 5 6 7

b% 2,2 6,5 12,8 | 21,1 | 31,4 | 43,7 58

AD 43 63 83 103 123 143

AP 2 2 2 2 2

Cnocod 4. Hcnonvsosanue cneyuanbHulx npopamm agmomMamu3ayuy
unmepnonAYUU

CyliecTByIOT yHUBEpcalbHble TPOrpaMMHBIE CPE/ICTBA, MO3BOJISIO-
e BbiOparh (DYHKUMIO WUHTEPHOJSILMH, €CJIM UCXOAHAS (QYHKUMs
npescTaBieHa B TabaM4uHOM ¢opme. TakiMMu MporpaMMHBIMU CPENICT-
Bamu siBjsitorcsi: SIMPLE FORMULA, TableCurve, Curve Expert.
OTH NporpaMmbl BbIAIOT OoJiee THICSYN Pa3IUYHBIX (YHKLHHM C yKa-
3aHMEeM MX rorpeuHocted. Mx onucaHus v npyuMepbl UCTIOJIb30BAHMS
npuBeeHsl B [14].

10.1.2. OnpepeneHune koacpcuumeHToB
pyHKLUMN NHTEepRonALUN

Koaddutments! pyHkumnn @(x) onpenenstorcs MHOTUMH CITOcOOaMH.
Bbi0op crniocoba 3aBucutr ot Buaa QyHkuuu @(x) (JMHEHHas, HElu-

HeliHasl, MOJMHOMUAJIbHASA), TPEOYEeMONW TOUYHOCTU WMHTEPHOJISILIUMU,
BO3MO>KHOCTEHN UCIOJIb3yEMON YHUBEPCAIIbHOU MAaTeMaTUYECKOH CHC-
TEMBbI.

Cucrema Mathcad nozsosisier pelaTtb 3ajauy MHTEPNOJSLUM MHOTH-

MH Coco0aMH, KOTOpbIe H3JI0KeHbI aaee. [Ipu 3ToM oHa UMeeT clie-

JIYFOLLIUE OCOOCHHOCTH

4 [Ipu KCIONBb30BAaHUM HEKOTOPBIX METOJIOB OTKJIMKOM SIBIISIETCS HE
HCKOMas q)yHKLll/l}I, a €€ YUCJICHHbLIC 3HAYCHUA AJ14 3alaHHbIX 3Ha-
YEeHHH apryMeHTOB;

4 pe3ynbTaTOM PELIeHUs 3aJlaud UHTEPIOJSILMMN SBISETCS 3HaUCHUe
koappunmeHToB GyHKIMH ((X), a HE ee aHAJIUTUYECKOe BbIpa-

JKCHHUCE.

OTH 0COOEHHOCTH CUCTEMBI MOXKHO OTHECTH K €€ HCAO0CTAaTKaM.
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10.1.3. OnpepaeneHue ageKkBaTHOCTU

(byHKLI,I/II/I nHTepnonayun

AJIeKBaTHOCTb MOJIy4€HHOTO PELISHUs ONPeessieTCs BeJIMUMHON Mo-
rpewHocTd GyHKUMM @(x) . 3a kpurepui 6im3octy GyHKUME Hanbo-

Jiee 4acTo NPUHUMAIOTCS 3HaYEeHHUs1 a0COIIOTHOM € U OTHOCUTEJIbHOM O
CPEAHEKBaAPaTUUECKUX MOIPELIHOCTEeH, BbIUMCIAEMbIX MO Qop-

MyJlaMm:

(10.1)
§=—"—"100% .
Ymin
B ¢opmynax npuHATH 0003HAUYEHUSI:
¢ A, =/f(x;)—9(x;) — pa3sHOCTb MEXKAy MCXOIHOH (QyHKLUEH
f(x;) n ynkumeit unreprnonaunn ¢(x;) ;
4 7 — 4Kcio aprymeHToB GyHKUuuM f(x);
¢ Y.in — MHUHUMAaJbHOE 3HauYeHHe QYHKUUH f(X).
Pewenne anexkBatHo, ecnu 8 <98, rae O, — JOMyCTUMAs MO-

IpeIHOCTb.

CneayeT UMETb B BUAY, YTO HC BCCrAa MnoJjiyd€HHas B pe€3yJjibTaTe MO-
aenupoBanus GyHKUMS V= @(Xx) SBISCTCS MOJACIbIO MCC/SAYeMOro

o0beKTa Win SABJICHUA, €CJIM NaKE€ BBINNOJHACTCS YCJIOBHUEC ) SSHOH .

Oto OynmeT crpaBeUIMBO TOJBKO B TOM Ciydae, €cliid (yHKLIHSI
y = f(x) momydeHa ¢ BEICOKOW TOYHOCTBIO.
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10.2. KomnbloTepHble TexHonoruum
peLleHna 3agay niTepnonauumn
B cucteme Mathcad

10.2.1. UHTepnonauusa, To4yHasa B y3nax.
YHuBepcanbHblii MeTOoA

CyLlHOCTb METO/a COCTOMT B cieaytouieM. Boibupaercs Bua ¢dyHk-
mwn y =@(x), KaK U npu Mob6oM Metone untepnossiuui. CocTapis-

ercs cucreMa anreOpauyecKUX YpaBHEHHH, YMCIO KOTOPBIX PaBHO
YKCITy HeM3BECTHBIX QYHKUMM O(x). Y3Jbl MHTEPHOJISILUMK BblOUpa-

I0TCS TaKUM 00pa3oM, 4TOObI OXBATUTh BeCh OHAIa3oH apryMEHTOB
UCXOAHOU PpyHKIUU f(x).

Pesynbratom pemenus cuctembl ypaBHeHuit B Mathcad sBnsercs co-
BOKYIHOCTb Hen3BecTHbIX (pyHKuuH @(x). [TokaxkemM MeTOOUKy WH-
TEPIOJISILMY, TOUHON B y3J/1aX, Ha MpUMeEpax.

Hpumep 10.2. 3aBucuMocTb TeMMepaTypbl ¢ KUIIEHUS HUTPOOEH30I1a
ot naenenus P npuseaeHa B tadi. 10.3.

Tadauua 10.3. 3aBUCUMOCTb TEMIIEPATYPbl KUIEHUS! HUTPOOEH301a OT JaBlieHUs

P, MM pT. CT. 10 20 40 60 100 200 400 760

t,°C 84,6 | 993 | 1154 | 1258 | 139,9 | 161,2 | 1858 | 210,6

Heo0xoauMo HaillTu MaTteMaTU4YeCKYH MOJC/b KureHusi OeH3oJia.
Bocnonb3yemcs onuMcaHHOM paHee TeXHOTOTHEH.
Buibop euoa ynxyuu unmepnoasyuu

Bocnonb3yemcs rpadoananiuruueckum crnocodom. [locrpoum no aau-
HpIM TaOnuupl ¢yHkouio f= f(P) u mo ee BUmy moadepeM BHI

dyHKIHH Y = O(x) .

[Ipouenypa noctpoenus rpadpuka u cam rpaduk MpUBEAECHbl Ha
puc. 10.7.
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Puc. 10.7. T'paduk pynkimm, coorsercTByromuit Tadn. 10.3

W3 rpaduka BuaHo, uto QyHKUMS BO3pacTaroLas, oCOOEHHOCTEeH He
nmeer. Ee MOXXKHO mpencTaBuTh B BUE MOJIMHOMA BTOPOM CTeMeHH,

T.e. t=a+bP+cP?.

Onpeoeinenue koaQ)Quyuenmos QyHKyuyu uHmMepnoIAYul

Mathcad umeer nBe GyHKIMH peLIeHUs CUCTEMbl JIMHEHHBIX ypaBHe-
HUl: lsolve W Find. Bocmonb3yemcsi yHKIMeH 1solve (cm. 2n. 8) u
onpelesiiM  HEW3BeCTHble d, b W ¢ (QYyHKUUM MHTEPHOJISLWU

o(P)=a+bP +cP?.

BbiGepem koopauHathl cienyowux Tpex touek GyHkuuu £ = f(P):

(20; 99,3), (200; 161,2), (760; 210,6) U cocTaBUM CJIEAYIOMIYIO CHC-
TeMy ajaredpanyecKux ypaBHEHHUIA:

a+b-20+c-20* =99,3;

a+b-200+c-200" =161,2;

a+b-760+c-760% =210,6.
PelieHne 3TOM CHCTEMbI JTMHEMHBIX YPaBHEHUIH ¢ MOMOIIBIO QYHKIMH
1solve UM€ET BUJ, NOKa3aHHbIN Ha puc. 10.8.
Koadduuuenrsi a, b, ¢ pyHkumun HaliaeHsbl.

Cama QyHKUMS UMeeT BUIL

t=91,04+0,42P —3,455-107* P2 .
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1o’ 993
M= agg 700 | V=] 1612
5 2106
1 760 760
9104
lsatve(Ml, V) = 042
3455 1074

Puc. 10.8. Peuienue cucreMbl ypaBHEHHU ¢ IOMOLLIBIO PYHKIMU 1solve

IIposepra adexeamnocmu peuteHus 3a0a4u
ITokaskem METOIUKY, UCMOJIb3YS TPU CJEIYIOIINX crocoda:
¢ Tabyruposanue Qynxyuu
TexHonorus TtaOynupoBaHusi (YHKLUMH JOCTATOYHO MOAPOOHO

onucana B 2. 3. llpuBenem nuiib ee pesynbrarel. B Tabm. 10.4
MPUBEACHbl UCXOJHbIE JTaHHbIE U Pe3yJIbTaThbl TAOYIMPOBAHUSL.

W3 Tabn. 10.4 BUAHO, YTO pellleHHe CUCTeMbl YpaBHEHHUI BBIMOJ-
HsieTcs BepHO: GyHKumM ¢ = fP) u t; = f(P) B y31aX UHTEPIIOJISALUN
P =20;200; 760 coBnanaror. OIHAKO MPHU BCEX APYTUX 3HAYCHUSIX
P umerorcsa HeBa3ku. s onpeaesieHUs: NOrpeLliHOCTEd UHTEpPIO-
JSIUMA  HeoOXOAMMO BbIUUCIIUTH CPEIHEKBaJpaTU4ecKue OLINO-
K — aOCONIOTHYIO € U OTHOCUTEJIBHYIO J.

Ta6auua 10.4. Pesynvrarsl TaOyaupoBaHus ¢pyHkuud ¢ = f(P)

P, MM pT. CT. 10 20 40 60 100 200 400 760

t,°C 84.6 | 99.3 | 1154 | 125.8 | 139.9 | 161,2 | 185.8 | 210,6

t, °C 952 | 993 | 1073 | 115 | 129,6 | 161,2 | 203,8 | 210,7

¢ Busyanuzayus evluucieHuil
Ha puc. 10.9 npusenenbl rpaduku ¢ynkuuid 1= f(P) u
n=sp).
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10 24 952
20 99.3 993 200
40 1154 1073 .
I A I Rz PR t1
100 1399 1296 | .
200 1612 1612 100
400 1253 2033
760 2106 2107 P

Puc. 10.9. I'padmkn dynknmit n3 npumepa 10.1

W3 puc. 10.9 BugHo, uTto rpaduku GyHKIMH ONU3KUA OpyT IPYTY.
OpnHako 3TO He JaeT OCHOBAaHMS CUUTATh, YTO MONy4YeHHas (yHK-
sl SIBJISIETCSI MATEeMaTHUUECKOH MO/EJIbIO KMIIEHUsI HUTPOOeH301a.

Onpeoenenue nocpewnocmeti

AOGCOIOTHYIO € W MaKCUMAaJIbHYIO OTHOCHTENIbHYIO MOTPEITHOCTH
BbIUMC/IUM 110 (hOpMyJiam:

n
2 A7
i=l

n

L 8= .100%.

! min

B nawewm ciyuae A; =1, —t;. Torna B Mathcad sbluncnenue € Oy-
JIeT BBITTsAeTh Tak (puc. 10.10).

104
D= t]. -t EI
Z=0D -21
D -10.28
Z=72471 | Zins
i
Z
2= = z=93518
2 12
0.1

Puc. 10.10. Onpenenennie abCOMOTHON NOTPEMLIHOCTH €
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BbIunciiuM MakCUMajibHYIO OTHOCHMTEIIbHYIO MOrPELIHOCTh (B Mpo-
neHrax) (puc. 10.11).

z=093518

f=— 100  §=0998
952

Puc. 10.11. Onpenenenne 0OTHOCHTENEHO# MOTPENTHOCTH &

Takum o6pa3om, MakcUMaslbHasi OTHOCHTEJIbHAs MOrPeLIHOCTh HH-
tepriojisiuuu coctasisier 10%. CpaBHuTenbHO 0oJibluas OTHOCH-
TCJ/IbHAaA NOrpelHOCTb O6’b$[CH$leTC$l J'll/l60 HETOYHOCTBIO UCXOJHbIX
JaHHBIX, TUOO HEeyJauHO BHIOpPAaHHOM (YHKIME HHTePHOSALHH.

Ipumep 10.3. JlanHbIe SKCrIepUMeHTa MpUBeAeHbI B Tab. 10.5.

HGOGXO,Z[I/IMO HaWTH MaTeMaTHYCCKYIO MOJCJIb UCCIICAYEMOTIO 00BeK-
Ta IIyTEM UHTEPHOJISILHUU SKCIICPUMCHTAJIbHBIX JaHHbIX.

Tadauuna 10.5. JlaHHBIE SKCIIEPUMEHTA

X 1 2 3 4 5 6 7 8 9 10

v | L4 | 313 | 415 | 487 | 542 | 588 | 6,26 | 6,6 | 6,89 | 7,156

Buibop suoa ¢ynxyuu unmepnonayuu
I'paduk pynkuuu y = f(x), nocrpoeHHblii no AaHHbiM Tadui. 10.5,
npuBeeH Ha puc. 10.12.

W3 puc. 10.12 BuaHO, uTo (PyHKUMS MOX0XKA HA JIOrapu(PMHUUECKYIO:
y=a+blnx (cm. puc. 10.4).

Onpeoenenue kodppuyuenmos @ynxyuu unmepnorsyuu

CoctaBuM cUcTeMy HeJIMHEHHbIX ypaBHeHWil. BriOepem ciiemyrolme
JBa y31a uHTepnonsuuu: x; =3, x, =8. Torna cucrema ypaBHeHHMH
OyJeT UMETh BUJI:
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a+bln3=415;
a+bln8=6,6.
Hns onpenenenus koadduuueHroB a u b Bocnosnb3yemes pyHkuuei

Find (cm. en. 8). 3a HavanbHOE npuOsvkeHue Boidepem a =1, b= 3.
Tornaa pemenue Oyner UMeTh BUJ, MOKa3aHHbIM Ha puc. 10.13.

a=1 b=3
10 T T
Civvet
ottt
At a+bin(3) = 415
v ir + —
4+ L
R a+ blE) = 66
K
0 | | Find(a,b) 1.406
idla, k) =
. 3 10 2408
X
Puc. 10.12. I'paduk $pyHKIMH, Puc. 10.13. Briuucnenue ko3dduuueHTon
COOTBETCTBYIOLMM AaHHbIM Tala. 10.5 (pyHKLMM UHTEPIONSIIUA

OKpyriauM pe3yJibTaThl 10 OAHOM 3Havaleil uudpbl nocie 3ansTou.
Torpa dyHKUMS UHTEPNONALMU OyAeT UMETh BUL:

o(x)=1,4+2,5Inx.

Oyenxa aoexgeamuocmu Mooeu

BeinonHum tabynupoBaHue (GpyHKLUHHA WHTEPIOJSILIUAK Ul BCETO IHa-
nasoHa aprymeHrta Xx. B pesynbTaTe mosjyuuM 3HaueHHs (yHKLMH,
npuseneHHbie B Tab. 10.6.

B Tabnune y — wucxonmnele manHeie ¢yHKuma y= f(x), ¢(x) —
(byHKLMSI MHHTEPIOJISILIUH.

Tadauua 10.6. Pesynprarsl TaOyaupoBanus GyHkuud y = 1.4 +2,5 In x

X 1 2 3 4 5 6 7 8 9 10

y | 143,13 | 415 | 487 | 542 | 588 | 6,26 | 6,6 | 6,89 | 7,156

o(x) | 1,4 | 3,133 | 4,147 | 4,866 | 5,424 | 5,879 | 6,265 | 6,599 | 6,893 | 7,156
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N3 cpaBHeHus naHHbIX Tabi. 10.6 BUIHO, 4TO (YHKLMS UHTEPIHOJIsi-
uuu y =14+ 2,5Inx sBasiercs MmaTeMaTUYECKOM MOJIC/IbIO O0bEKTA.

10.2.2. Kyco4yHo-nuHenHaa uHTepnonauus

KycouHo-nuneiinas unTepnonsuusi peaiausyercs B Mathcad ¢ no-

MOUIbIO DYHKLMH 1interp, KOTOpPas UMEET BU/:
linterp (Vx,Vy, x),

rue:

4 vx— BEKTOp 3HaueHWi aprymeHTta (GpyHKUMH (y3JI0B UHTEPIOJIsi-
uH);

4 vy — Bekrop 3HaueHwi ¢QyHkuuu y = f(Xx) B y3jax HHTEpHO-
TISILAY;

4 x— 3HaYeHUs apryMeHTa, [Ulsl KOTOPBIX BBIYUCIAIOTCS 3HAUEHUS
(YHKLHY UHTEPIOJISLIUY.

APpPryMeHT x MOXKeT ObITb BEKTOPOM.

TexHonorust KyCoOYHO-JIMHEHHONW MHTEPIOJISILMU COCTOUT B BbIMNOJIHE-
HUU ClIeAyOLUX NPOoLeayp:

4 o0pa3oBaHue BEKTOpa apryMeHTa Vx;
4 oOpa3zoBaHue BeKTOpa (PyHKLMHU Vy MPU 3HAUCHUSIX BEKTOPA Vx;

4 BBOJ 3HAYCHUUH APryMEHTOB x, JJIsi KOTOPbIX HEOOXOJMMO BbIYHC-
JIUTh 3HauYeHUs (QPYyHKLMH UHTSPHOSLIIY;

4 BBOA QYHKIMH linterp (Vx,Vy, x);
4 [oydeHHe pelleHUs HakaTUeM KIaBULIM <=> (paBHO).

ITokaxkem TeXHOJIOTHIO HUHTECPIIOJALIUN HA IPpUMEPE.

Ipumep 10.4. B ta6n. 10.3 npuBeneHsl JaHHbIE 3aBUCUMOCTH TEMIIe-
paTypbl KuneHus HUTPoOeH30sla OT jamjieHus. HeoOxomumo Haiitu
3HAUCHUSI TEMIIEPATypbl KUMEHUS HUTPOOEH30/1a OT JaBJICHUS NpU
3HaueHun pasaeHust P =30; 50; 70; 300; 500 MM pT. €T., OTCYTCT-
BYIOLIMX B Ta0sULIE.

Pewienue nokaszano Ha puc. 10.14.
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10 246
20 593
30
0 1154
50
&0 1252
P= to= t1=| 70
100 1292
300
200 1612
500
400 1252
7600 2106
10733
1206
linterp(F,t,t1) = | 120325
173.5
192 629

Puc. 10.14. Pemenue k npumepy 10.4

®DyHKIMs linterp HE MO3BOJIAET MoyunTh hopmyiy. TakoBa oco-
OEHHOCTb KyCOUYHO-TMHEWHOUW WHTEePIOJISIINH.

10.2.3. CnnaiiH-uHTepnonauus

Bbicokas TOUHOCTb WHTEPHONALMHA MOXKET ObITh JOCTUTHYTa IyTeM
HUHTepIoasauun GyHKIMA y = f(X) MHOXKECTBOM IOJIMHOMOB HEBBI-

COKOro mopsijka. Takve MmoJIMHOMBI Ha3bIBalOTCs cruiakinamu. Criiaid-
HBI MOTYT OBITh BTOPOT'O, TPETHEr0, YeTBEPTOrO MOPSAAKOB. B cucteme
Mathcad peanuzoBaHa HWHTepHoNAUMA KyOWYeCKMMH CIUTaliHAMU C
nomMouibto GpyHKUMM:

interp (Vs, Vx,Vy, x),
rae:
4 vx, Vy — BEKTOPbI 3HaUCHUH aprymeHTa u pyHKLUH;
¢ Vs := cspline (Vx,Vy):

4 = — 3HauUCHHUE apryMeHTa.
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q)yHKLII/IH interp MOXET ObIThb MNpeacTaBji€cHA B TAKOM BHJE:

interp(cspline (Vx,Vy),Vx,Vy, x).

Texnonoruto CHHaﬁH-HHTepHOJ’IHHHH MOKaXeM Ha IIpuMepe.

Ipumep 10.5. HeoOxomumo pewmmTs 3aady CIuTaliH-MHTEPHONSILANA
JUId JaHHbIX U3 npumepa 10.2 U CpaBHUTH pe3ysbTaTbl UHTEPIOJIs-
LMK, MOJIyYeHHbIE KJIACCHYECKUM METOIOM, TPeOYIOLIMM pelleHUs

CHUCTCMbI ypaBHeHuﬁ, H METOAOM CHIIaI\/'IH-l/IHTepHOJ'lﬂLll/II/I.

Pemenue npuseaeHo Ha puc. 10.15.

10
20

60
100
200
400
Tél

t2 = interp Vs, P,t,t10 12 =

246

903

1154
1258
1299
1612
1858
2104

Vs = copline(P )

246

903

1154
1252
1399
1612
18358
2104

Puc. 10.15. Pewienue k npumepy 10.5

PesysnbraThl peuieHus npuseaeHsl B Tabn. 10.7.

B ta6a. 10.7 0603Ha4YeHbI:

¢ [ — WCXOMOHBIE JaHHBIE;

4 | — naHHbIe UHTEPIONSILMH, NOyUeHHble B ipumepe 10.2;

4 [, — naHHbIe CIUIANH-UHTEPIOISIHH.
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Ta6auua 10.7. Pe3ynbTarsl crinaliH-UHTEPTIONSILIMA

P, MM pT. CT. 10 20 40 60 100 200 400 760

t,°C 84.6 | 99.3 | 1154 | 125,8 | 139.9 | 161,2 | 185.8 | 210.,6
t, °C 952 | 99,3 | 1073 | 115 | 129,6 | 161,2 | 203,8 | 210,7
t, °C 84.6 | 99.3 | 1154 | 125,8 | 139.9 | 161,2 | 185.8 | 210,6

W3 tabauupl BUAHO, YTO JAHHBIC CIJIAMH-UHTEPNOJISLMU [TOJIHOCTHIO
COBIAJIalOT ¢ UCXOAHBIMHU JAHHBbIMH.

OpaHaKo HE CJICYET CMILIKOM BOCTOPraThCsl MOJIyYSHHbIMU PE3yJibTa-
TamMu. Bo-nepBbIX, MaTeMaTHuUecKast MOJIesTb U3y4aeMoro o0bekTa Ha-
MU HE [OJlyueHa, T.K. pe3yjbTaTaMu CIUIAWH-UHTEPNOJISALUM B
Mathcad siBnsieTcs Tabnuia. Bo-BTOpbIX, eclii UCXO/IHbIE JaHHbIE MO-
Jy4eHbl ¢ OUIMOKAMH, TO CIUIAMH-UHTEPNONSLMS BbIJACT pelleHHe C
TEMH K€ OLIMOKAMH.

10.3. KoMmnbloTepHble TeXHONoOrum
peLleHud 3agaJ uHTepnonayum,
NpubGNXeHHON B y3nax
(annpokcumavun)

I/IHTepHOﬂﬂLLI/UI, le/l6ﬂl/l)KeHHaﬂ B y3JlaX, Ha3biBacMas TaK¥XKE arrpok-
CHMaHHGﬁ, HO3BOJIACT CriaJuTb HETOYHOCTH HCXOAHBIX AAaHHBIX H,
TEM CaMbIM, ITIOBbICUTb NOCTOBEPHOCTDb HOJ'Iy'-IGHHOﬁ MOACIIN.

Cucrema Mathcad nmeer psin BCTpOGHHBIX (YHKLMA, MO3BOJISIOLIMX
peLuuThb 3a7a4y annpokcumaunu. Takumu QyHKUMSIMU SIBIISIFOTCS:

4 COBOKYNHOCTb (YHKLMH slope U intercept, MO3BOJIIOLIMX pe-
LIaTh 331244 JIMHEHHOH annpoKcuMaLyu;

4 interp — MOJIMHOMMAJIbHAS AaNNPOKCUMALIUS
4 linfit — annpoKcUMauus JUMHEHHOH KoMOMHALMeN ByHKLMA;
¢ genfit — annpOKCUMALMS HEIMHEHHBIMU (YHKLMSIMHU.

PaccMoTpuM TeXHOJIOTMM pelleHUs 3aAad annpoKCUMAalMHh ¢ Io-
MOUIBIO MEPEUYUCIICHHBIX DYHKLUMH U NPUBEAEM NPUMEPBI.
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10.3.1. JInHeinHaa annpoKkcumauusa

DyHKUMU slope U intercept PELIAIOT 3a/ayy JMHEHHOM anmpokcu-
mauuu, onpeaesss kKodpduuueHtsl g u b pyHkuuu y =a+ bx, npea-
CTaBJICHHOM B BUJIEe TAOJIULIbI.

PelueHue umeer cieayroludi BUa:
b := slope(Vx,Vy)

a intercept (Vx,Vy),

e Vx, Vy — BEKTOPbl apryMeHTa U ()yHKLIMK COOTBETCTBEHHO.

Ipumep 10.6. B pesynbrare sKcriepyuMeHTa MOJgyUYeHbl JaHHbIE, PH-
BeneHHbIe B Ta0n. 10.8.

Tadauua 10.8. /lanHbie s3kcnepuMeHTa

X 1 2 3 4 5 6

y 0,29 0,44 0,55 0,62 0,67 0,7

Heobxonumo penuts 3aavy JUHEHHON anmpoOKCUMAIMU, UCTIONb3Ys
¢ynxn Mathcad slope ¥ intercept.

Buibop euoa ynxyuu unmepnonsyuu

Yb6enumesi, uto QyHKUMS UHTEPIOJSIUMU SIBJISETCs JMHEHHOH. Boc-
noJjib3yemcs rpadoananuruyeckum merogaom. Ha puc. 10.16 npuse-
JleHa 3aBUCUMOCTh y = f(X), mocTpoeHHas no naHHeiM Tabi. 10.10.

U3 rpaduka BupHO, uto ¢GyHkuusi y = f(X) HeJMHelHa U 3aaaqa

chopMynupoBaHa Tak, 4YTO TpeOyloTCs NOMOJHUTENIbHBIE YCHIINUS,
yTOOBI IPUBECTH €€ K IUHEHHOMY BUAY.

CpaBHuBasi NosyueHHbIH rpaduk ¢ rpagukaMu TUNUUHBIX QYHKUUH,
BU/IMM, 4TO (YHKLUMEH MHTEPHOJsILUMKA MOXKET ObITh JIMOO ApOOHO-

JIUHeHHas y = , nubo crenenHas y=ax?. Obe OHH MOTYT

a+bx
ObITh JIMHEApU30BaHbI W TPEACTAaBICHbl B BUJE CIEAYIOIINX JTHHEMH-
HBIX (DYHKIIMIA:
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N=a+bx;

Y,=c+dX,
rae:

Y=x/y;

L=lny;

X=Inx;

c=Ina.

;_*-' d+
06 -+ -
-
H+f
04 -
+
| | |
02
0 2 4 &

Puc. 10.16. I'paduk dynxim u3 npuvepa 10.6

3Ha4yeHus] JTMHEeApU30BaHHBIX apryMEHTOB U (YHKLMH NpUBENEHbI B

Tabm. 10.9.

Tadauua 10.9. Tabnuia muHeapu3aiy 1poOHO-TMHEHHOM 1 CTENEHHOM QyHKIIMIH

x 1 2 3 4 5 6

y 0.29 0,44 0,55 0,62 0,67 0,7
X 0 0,69 1,1 1,39 1,61 1,79
Y 3.45 4,55 5.45 6.45 7.46 8,57
Y, -1.24 | -0,82 | 0.6 | 0,48 | 0.4 | 0,36

Tel‘[epb MOJKHO pellaThb 3aaavy JUHEWHON afrpokcuMalmu ¢ I10-
MOLLBIO (DYHKLME slope M intercept.
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Cayuaii 1. /[poono-nuneiinaa (hynxyus y =

a+ bx

B srom ciyuae nuneapu3oBaHHas (GyHKLMS UMeEeT BUA: Y =a+bx.
Tornga pemenue Oyner UMeTh BUJ, MOKa3aHHbIN Ha puc. 10.17.

1 345
455
545
645
7.6
857

¥l =

= O O L )

b = slope(z, Y1) b =1.009

a = intercept(x,¥11  a=2.455

Puc. 10.17. PeuieHue nast poOHO-IMHEHHON (yHKIMU UHTEPHOIALUL

Takum o0pazom, koddduimreHramu ApoOHO-IMHEHHON dyHKLMKU OY-

oyt: a=2455, b=1,009, a ¢yHkuus uHTepronsuuu OydeT UMETb
X

2,5+x

BUA: Y =

Cayuaii 2. Qyuxyus cmenennas y = ax?

B sToM ciyuae nuHeapu3zoBaHHast pyHKUUS umeeT Bua: Y, =c+dX .
Torna pemenue Oyner UMeTh BUJ, npeacTaBieHHoe Ha puc. 10.18.
HoT. k. c=Ina, 10 a=e = "9 =0,302.

Takum obpazom ko3duueHTaMu creneHHol GyHKUMHU y = ax’ Oy-

ayr: a=03, d=0,5, a Qynkuus npumer Bua: y=0,3x"

y=0,3Vx.
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1] -124

0655 -0.22

1.006 08

S TS I B

1.a09 04

1792 —0.36

o= intercept 3,V c=-1197
d = slope( X,V d=0439

Puc. 10.18. Pemrenne st crenenHo# GyHKINT WHTEPIOMSIIAN

I/ITaK, NoJIy4eHbl [BC (bYHKLII/II/I HUHTEPIIOJIALUNA. Kakas xe n3 HHMX
HpG,E[HOT-ITI/ITGJ'IbHee?

Pe3ysnbrarsl TabynupoBanus GyHkuui npusenexsl B tadi. 10.10.

Ta6auua 10.10. 3uadyeHus pe3yabTaToB JUHEHHON annpoKCUMAallui

X 1 2 3 4 5 6

y 0,29 0,44 0,55 0,62 0,67 0,7

o 0,286 | 0,444 | 0,545 | 0,615 | 0,667 | 0,706

o) 0.3 0.424 | 0,52 0,6 0.671 | 0,735

B tabnuue o603HaueHsb!I:

4 X, Y — MCXOJHbIe 3HaYCHHUS apryMeHTa U QYHKLHH;

4 @ — 3HauYeHUs1 APOOHO-TMHEHHON PYHKLMHU anMpOKCUMALIUK;
4 (, — 3HaYCHUs CTENeHHON (GyHKLUMH annpoKCUMAalKH.

W3 Tabnuibl BUAHO, 4TO O0siee MpeArnouTUTENIHOM SBIIseTCS APOOHO-
nuHeiiHas QyHkuus. [lorpemHoctu obenx (yHKIMA Majbl, O3TOMY
HET HaJOOHOCTH UX BHIYMCIIATD.
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10.3.2. [NlonuHoMunanbHaa annpokKkcumMmaLus

Anmpokcumanus nonuHomamu B Mathcad ocymectsisiercs ¢ mo-
MOILBIO DYHKIIMKU interp, KOTOPAsi UMEET BU/L:

interp (Vs, Vx,Vy, x),
rae:
4 vx, Vy— BEKTOpPbI apryMeHTa X U QPyHKUUH Y(X) ;
¢ vs — QyHKUMs, BbIuMcisieMass QYHKUMSIMU loess WM regress;
4 x— apryMeHT BblUUCIIsieMON (PYHKLUH HHTEPIOJISLIUH.
OyHKLMS loess UMEET BUI!

loess (Vx,Vy, span),

r7ie span — TNapaMeTp, BHIOMpAIOIuil 3HAYeHUS x JJI1 HHTEPIIONSLAN
MOJIMHOMOM BTOPOM CTeNeHW B yKazaHHOM nuana3one. Ilo ymomua-
HHI0 span = 0,75.

DyHKLUSA regress UMEET BUA!
regress (Vx,Vy,n),

rage n — CTCHCHDb MOJIMHOMA; PCKOMCHAYCTCS UCI0JIb30BaATh n <4,

Hpumep 10.7. [lanHbie sxkcniepuMeHTa npuseaeHs! B Tadi. 10.11.

Ta6auua 10.11. /lanuble skcnepuMeHTa

X 0,5 2 3,5 5 6,5 8 9.5

y 0 3 15 36 66 105 153

Heobxonumo pemnts 3anauy NoJMHOMHAIbHOM aNNpOKCUMALMH.
Buvibop cmenenu noaunoma

Berurcnum TabnuuHbie Pa3HOCTH:

y 0 3 15 36 66 105 153

AL 3 12 21 30 39 48

AP 9 9 9 9 9
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Tak kak BTOPbIC TaOJIUYHEIE Pa3HOCTU MOCTOAHHbI, TO UHTCPIOJIALIA-

OHHBIH MOMMHOM OyJIeT BTOporo nopsiaka (n=2): y=a+bx+ ex? .

Pewienue npuseaeHo Ha puc. 10.19.

0.5 0
2 3
35 15
V=1 3 Wy=| 36 x=1.8
6.5 il
8 105
9.5 153
Vs = regress(Ve, ¥y, )
witerp( Vs Vx, Ty, 0

Puc. 10.19. Peienue k npumepy 10.7

[Tocne BbI30Ba (YHKUUM interp HaKaTHEM KJIABUIIKW <=> MOTYYHM
oTBeT B BUAe BekTopa (puc. 10.20).

interp(Ws, Vi, Wy, 10
1]

3
10
21
36
a5
78
105

Puc. 10.20. Orser x npumepy 10.7

OTK/IMKOM (PyHKLMHU interp HE SBSETCS MOJIMHOM WM XOTS Obl €ro
ko3 duuuentel. B 3ToM cymiectBeHHbl HegocTaTok (yHKUMH. OHa
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HE MO3BOJISICT MOJyYUTh MaTEMAaTHUUYECKYI0 MOJe/Ib O0OBEKTa, pe3yJb-
TaThl SKCIIEPUMEHTa KOTOpOro Obuty npuBeeHsb! B Tadn. 10.11.

10.3.3. Annpokcumauyms
NUHeNHON KOM6UHauuen cpyHKLMIA

Anmnpokcumalnus JIMHEHHOW KoMOuHauuel GyHKLUUH MOXKET CyLIEeCT-
BEHHO MOBBICUTh TOUHOCTh MAaTEMaTUUECKOU MOJENH.

[1pu Takom criocoOe annpokcumauru GyHKUHUEH SBJISETCS MHOTOUJIEH
BHJIA:

y(x)=ayfo(X)+a fi(X)+ar fr(x)+...,
rae f;(x) — i-f GyHKUMS apryMeHTa X, KOTopas JO/KHa ObITb OIpe-
JleJieHa.

Mathcad nmeer BCTpoeHHYIO (PyHKLMIO linfit, MO3BOJISIOLLYIO pea-
JIM30BaTh TAKYHO alPOKCUMALMIO. DTa PYHKLMS UMEET BUIL:

linfit (Vx,Vy,F),
rae:

4 vx, Vy — BEKTOpbl apryMeHTa u (QyHKLMUH, 3aJaHHOW B Buae Taod-
JIULIBI;

¢ r— BekTOp QyHKUMH f((x), f1(x), fr(x), ...

Texnonoruto alIrpoOKCUMalluy MOKaKE€M Ha IIpUMeEpe.

IMpumep 10.8. Oynkuus y = f(x) npexacrasieHa B Buae tadn. 10.12.

Ta6muna 10.12. Tabmna pyHxmmm y = fx)

X 0 1 2 3 4 5 6 7

v 4 5 9 20 33 52 73 96

H3BecTHO, 4TO (YHKLUMEH MHTEPHOSILMKM MOXKET OblTb (YHKLMs
BUA!

y=ax’ the T re—2 4d.
1+x
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HeobxoauMo HalTh Ko3pdULMEHTbl 3TOW (QYHKLMH, T. €. Maremaru-
YeCcKyto MoJelTb 00BeKTa, (PYHKIIMOHUPOBAaHHE KOTOPOTO MpecTaBlie-
Ho B Tabu. 10.12.

Pewenue OyneT BbITTIAAETh TaK, Kak MokazaHo Ha puc. 10.21.

20 exp(—x)
V= - Fix@) =
52
73

26

WV

X

1+x

o I = S A I O SL )

3 = hnfitt Ve, VB

1.729
73913
0351
-70.113

Puc. 10.21. Pemienue k npumepy 10.8

Koadduuuenrs a, b, ¢, d naiineHnl, yHKUMS arnpoKCUMaLUU UMEET
BUJL:

y=1,729x% +73,913¢ ™ +93,51—— 70,113
I+x
I'paduueckoe npeacrapieHyue pelieHus 3ajaud (Ha HeOOJbLIOM yua-
CTKE JMara3oHa HM3MEHEHWs apryMmeHTa (QYHKUMH Ul BbISIBJICHUS
paznuuuii) nmokazaHo Ha puc. 10.22. Beibop uacTu rpaduka ocyinecT-
BJIEH C MOMOLLbIO KOMaHbl Z00m, KOJTUUECTBEHHbIE OLIEHKH ONpeae-
JIMM KOMaHZIO0H KOHTeKcTHOro meHto Trace.

XapaKTepuCTUKHU aNMpOKCUMAaLMd MOXKHO OLIEHUTbH C MOMOLLbIO JaH-
Heix okHa X-Y Trace (Cnexenue). Ilepemeinas BU3MpHYIO JTHHHIO
KJIaBULIEH <—>, MONyYMM KOJIMYECTBEHHbIE 3HaYeHUs (PYHKLUUU B
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y3i1ax uHTepnoisiunu. s ynodcrea CAeKEHUs HA[A0 BKJIIOYUTH Ofl-
uuto Track data points (Touku naHHBIX).

1.729
73013
N R
-70.113
Vi =Fx-3 x = it V) . measy V)
X-Y Trace g|
40 F i =]
40574 ' H-walue |4 Copy ¥
Ty ¥-Value | 33.713 Copy ¥
iz
..... Y2-Yalue Copy ¥2
22937 4 4|5 [¥] Track data points
3.504 W,z 4.993 J

Puc. 10.22. Ammpokcumanust THHEHHOM KoMOUHATCH (yHKIMIH

Pesynbrarsl TabynupoBaHus GYHKIMH annpoKCUMAlUK MPUBEICHbI B
Tabm. 10.13.

Tadauua 10.13. Pe3ynbrarsl TalynupoBaHus (pyHKIMU alnpoKCUMalluu

X 0 1 2 3 4 5

N

7

y 4 5 9 20 33 52 7

I

96

Vi 3.8 | 5,562 | 9,146 | 19,26 | 33.713 | 51,535 | 72,466 | 96,497

W3 tabn. 10.13 BuaHO, 4TO QyHKUMS annpokcumauuu y;(x) XopoLio
coryacyetrcst ¢ McXoOHOH (yHkuued )(x). Pacuerpl mokaszanu, 4Tto
abcooTHas cpeTHeKBaipaTHiecKas norpeuHocTs € = 0,522.

Henocratok anmpokcumaiiyu JuHeHHON koMOuHanuei QyHKIUH co-
CTOUT B TOM, YTO MpPHU PELIEHUU KOHKPETHOH 3aJauyd OY€Hb TPYAHO
nonoOpaTh BEKTOP PYHKLHMH F (x). DTOT mpoiiecc He PopMai30BaH.
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10.3.4. Annpokcumauyms
HeNHEeNHbIMN PYHKLNAMMN

AnNmnpoKkcUManus HEeTUHEHHBIMH  (QYHKLIMSAMH  OCYLIECTBISETCS B
Mathcad ¢ nomotpto GyHKIUH genfit, KOTOpas UMeeT BU/I:

genfit (Vx,Vy,Vg, F),
rae:
4 vx, Vy — BEKTOpbl 3HaUeHUH aprymMeHTa U pyHKLUHY;
4 Vg — BEKTOP HauaJIbHBIX MPUOJIMIKEHHUH Il BCEX HEU3BECTHBIX;

4 F— BeKTOp, 00pa30BaHHbIM annpokCUMHUpYyoLIel QyHKLIUeH U ee
YaCTHBIMU MPOU3BOIHBIMH 110 BCEM HEW3BECTHBIM MapaMeTpaM.

OTKJIMKOM (b}/HKLll/II/I genfit SABJISICTCSA BEKTOP HEM3BCCTHLIX, IMO3BO-
JISIFOLIM 3alMcaTh (byHKI_[I/I}O arfrpoKCuMaluu.

Ipumep 10.9. [Ipumep 3aumcTBOBaH U3 [14].

Oynkums ¥ = f(x), nojsydeHHas: SKCIEPUMEHTAILHO, MpeJcTaBieHa
B Buze ta6m. 10.14.

Tadauua 10.14. Jlanusie GpyHkuuu y = f(x)

X 0 1 2 3 4 5

y 8 7 4 -1 -8 -17

BbiOepem B kauecTBe anmpoOKCUMUPYIOLLECH PYHKLIMIO:
y=ay+a;x“.
[lycte HauyaJbHBIMM 3HAYCHUSIMH HEU3BECTHbIX OYIyT: a(()o) =1,
a=-0,5, a" =1.
OnpenenriM Npou3BoOiHbIe (DYHKIIMH MO BCEM MapaMeTpam:

W) _ .
8610 ’
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() L
aal ’

y(x)
a

=a;x™ In(x) .

Torpa npoueaypsl pelleHus 3aaa4u OyayT UMETb BHUJ, W300pa)KeH-
Hbli Ha puc. 10.23.

0 2 " i}
a,-x
| 1 R
i : v 4 v 0.5 F(x,a) 1
¥ = = = [ -0. x,d) =
3 i b | o2
4 -3 "
5 -17 3% )
8
genfit(Ve, Vy Vg, Fr = -1
2

Puc. 10.23. Peienue k npumepy 10.9
HewuspecTtHble umetoT 3Havuenus a, =8, g =-1, a, =2, a pyHkuus
annpoKCUMaLu1 UMEET BUJL:
y=8- X2,

Peenue 3aga4u ABJIACTCA a0COIIOTHO TOYHbIM, OTHOCHTECJIbHAsA I10-
rpeIHOCTb alMpoOKCHUMAaLIMU paBHA HYJIIO.
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KomMmnnekcHbie 3agaumu
KOMMbIOTEpPHOM anre6pbl

DPdeKTUBHBIM CIIOCOOOM M3YUEHHUSI CUCTEM CHMBOJILHOW MaTemaTu-
KU SIBJISIETCSl CaMOCTOSITENIbHOE pellieHne 3aaad. [Ipy TakoM criocobe
XOPOLIO YCBAMBAKOTCS KOMIBIOTEPHbIC TEXHOJ0ruMu. Yem ciiokHee
3ajaya, TeM riyOxe MnoHUMaeTcs uyvaemasl cuctema. ITo OObsCHS-
eTcs TeM, YTO TOJb30BaTellb BBIHY)KIEH OOJYMbIBaTh allTOPUTM
pelieHust 3aaa4u, CnocoObl ero peajusanud, BbiOupaTh Hauboliee
panroHaIbHbIE BCTPOSHHBIC (YHKIMM M KOMAHIbl M3y4aeMOM CHC-
TEMBI.

B aT0li rnase npuBojsTes 3a4a41, PEKOMEHYEMbIE BCEM, KTO XKe1aeT
CaMOCTOSITeJIbHO M3yuuTh cuctemy Mathcad. Onu Moryt ObiTh MC-
MOJIb30BaHbl TaK)Ke IPU KOHTPOJIE 3HAHWH CTYyNEHTOB B IpolLecce
MpremMa 3aueToB, BBHITIOJTHEHUs TOMAIIHUX 3aJaHui ¥ JabopaTOpHBIX
pabor.

B HCKOTOPLIX 3aaavax AdaHbl HCIMOJIHBIC OTBECTHI. 9710 00BACHIETCS
’I’pC6OBaHI/I$IMI/I CaMOCTOATEJIbHOTO pelI€HUS 3a1avun 6e3 OJCKa30K.

Cnej:[yeT HUMETH B BUAY, UTO B pAAC CITy4Ya€B OTBETHI U PCLICHUS, TO-
JIYUYEHHBIC MOJIb30BaTCJIEM, MOT'YT HE COBMNAAATh. OTO BOBCE HE 3HA-
YHUT, YTO OHHU omrOouHbI. Pemenus MOTyT ObITh MHOTOBapUaHTHBIMH,
HUMETD pa3HbIC AJITOPUTMBI U TEXHOJIOTHU PELICHUS.
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3agaya 11.1

Hana ¢yHkuma f(x)= ax® +bx? +cx+2,5. VsBecTHO TaKke, uTO
KopHsAMH ypaBHeHud f(x)=0, f'(x)=0, f"(x)=0 saBasioTCs COOT-
BETCTBEHHO X; =2 X, =0,5; x3=0,2.

Onpenenursb:

¢ (yHxuMoo f(x), BBIYMCIUB 3HAYCHUS IEPEMEHHBIX a, b, c;

4 kophu ypaBHeHus f(x)=0;

¢ npencraButh QyHKUMIO f(x) B BUAe TabnuLbl U rpaduka.

OtBeTnI:

4 3HauyeHUs nepeMeHHbIX QyHKuuu f(x):
25 15 15

— b= e=o
53 53 212

4 kophu ypaBHeHus f(x)=0:

7 36

X1=2; x2’3:_EiTi.

Sagaua 11.2

Hanbl cienytomue ase GyHKUUU Yy (X) = e 0,5;

yo(x)=2" -3x+1.

Onpenenurs;

4 KOOpIOMHATHI X|, X,, X3 TOUEK MepeceueHust QyHKIMH;

4 nonuHOM f(X) TpeTbed CTemneHW, KOPHU KOTOPOro PaBHbI X,
Xy, X33

10
4 3HauyeHue UHTerpaja j f(x)dx;
0

¢ npencraButh QyHKUMIO f(X) B BUAe GOpMYJIbl, TAOMULIbI, rpaduKa.
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OrBeTbI:

4 KoOpaMHATBI TOodeK mepeceueHus (QyHkumii: x; =-0,7278;
Xy =1,2896; x3=2,7659

4 [0JIMHOM TpeTbel cTeneHn f(x) = x> —3,33x% +0,61x+2,6;

10
4 3HauyeHWe UHTerpaia I f(x)dx=1447,5 .
0

3amaua 11.3

KopHsimu  ypaBHeHus ax® +bx? +cx+d =0  sBasmOTCS: x=L5;
Xy 3= —2+37.

Onpenenursb:

¢ 3HauyeHus K03PULMEHTOB a, b, ¢, d ypaBHeHUS;

4 [pencTaBUTH NONyuYeHHYIO QyHKuuto f(x) B Buae Gpopmyiiel, Tad-
JUIBL, TpaduKa;

4 KOpHHM ypaBHEHUs S _ In(2x)-3=0.
x

OrBerbI:
® a=1;b=2,5,¢c=7;d=-19,5.

4 KopHeMm ypaBHeHMS siBasieTcss x =1,83 .

Sagaua 11.4

OHpeHeHeHHHﬁ HUHTErpajl UMECT CIICAYIOUINEC 3HAUCHUA
5 10
[f(ydx=7; [f(x)de=35.
1 1
[1pu aTOM nepBooOpa3Has UMeeT BUA:
2

F(x)zax7+bx+c.

Omnpenenuts GyHKIHIO f(X), TPOBEPUTH MPABUILHOCTD PELICHHUS.
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77 49
OrBer: =—Xx——.
TBeT: f(X) 90x p
3apaua 11.5
Jano:

¢ Qynkuua f(x)=a* +bx+c;
4 xopHu ypaBHeHust f(x)=0: x,=2,7; x, =0,83;

¢ koopavHaThl  MuHUMyMa  Qynkuud  f(x): X, =1,91;

=—4,04.

min
Ymin

Onpenenurs:;

¢ QyHxumo f(x), BBIUMCIUB KO3PPULUEHTH 4, b, ¢;

4 kophu ypaBHenus f(x)=0;

4 /IOCTOBEPHOCTh PELICHHMSI 3aja4d [POBEPUTH MYTEM MOCTPOCHUS
rpaduka dyHkuuu f(x) v onpeAeseHUs MO €ro BUAY 3HAUYSHUS

KOpHEH X;, X, U KOOPAMHAT MUHMMYyMa (DyHKLHUH.

Or1BeTbI:
¢ F(x)=2,99"-8,93x+4,93;
¢ x=2,69; x,=0,83.

3agaua 11.6

Kopusimu ypaBuenus f(x) sBustorcst: x; =—2,5; x, =—1,5; x3=5.

Onpenenursb:

¢ QyHKuMO f(X), NpencTaBstoLLyto coOOOH MOMMHOM TpeThei cTe-
NEHU, KOPHAMU KOTOPOTO SIBJISIIOTCS X, Xy, X33

4 3HayeHHe NMPOM3BOAHOMN B TOUKAX Xj, X5, X3}

10
4 3HauyeHWe UHTerpaia I f(x)dx;
0

4 KOOpAMHATBI TOUYEK MAKCUMyMa U MUHUMYMa GyHKUUK f(X) .
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OtBeTnI:

¢ f(x)=x>-x?-16,25x-18,75;

4 3HaueHus mnpomsBoAHBIX: f'(-2,5)=7,5; S (-1L5)=-6,5;
1'(5)=48.75;

10
4 3HaueHWe UHTerpaia I f(x)dx=1166,7 ;
0

4 KOOpAMHATBHI MAKCUMYMa U MUHMMYMa QyHKUMH f(X):

Xmax = 2,025 Yoax = L7575 Xpin = 2,685 Yin =—50,2.

Sagaua 11.7

JlaHO aHAIUTHYeCKOe BbIPAKEHHWE NEePBOOOPA3HOM, MOMydEeHHOE OT
uHTerpupoBanus (GyHKOUM f(x). V3BEeCTHBIMH TakxKe SBIISIOTCS

YUCJIEHHbIEC 3HAYEHUs WHTErpajla IpHU HECKOJbKUX 3HAYEHUAX Mpeje-
JIOB UHTETPUPOBAHUS.

Heobxonumo onpenenute nepeMeHHbIe MepBoOOpa3HON W MOABIHTE-
rpajibHy10 ()yHKLHIO.

Hcxonubie naHHble U pe3ysbTaThl pellieHus mpyuBeAeHbl B Ta0m. 11.1.

Sagaua 11.8

JaHsbl 1Be cienytomme GyHkumn: v (x)=2" —4x+1;

yy(x) = x> —8,3x+5.32.

Onpenenurs;

4 kopHu ypaBHeHuil y;(x)=0; y,(x)=0;

4 MHorowieH f(x), KOpHM KOTOpOro paBHbl KOPHSIM HCXOIHbIX
YpaBHEHUI;

4 BTOpYIO IPOU3BOAHYIO QyHKLIMU f(X);

10
4 uHrerpai I f(x)dx;
0
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4 npeacraButh QyHkuuio f(x) B Buae (popmysibl, TalbauLpbl, rpa-
¢uka.

OTBeThI:
4 xopuamu ypaBHeHudl y(x)=0 u y,(x)=0 sBISAIOTCA COOTBETCT-
BEeHHO: X1 =0,64; x5 =3,85; x=0,7; %, =7,6;

¢ f(x)=x"—-12.8x" +45x% —44,3x +13.1;

¢ f'(x)=12x*-76,8x+90;

10
¢ [ f(x)dx=9562.
0

3amaua 11.9

[ana cnemytolnas cucteMa HelIMHEHHBIX alNre0pandecKuX ypaBHEeHH:
fx, —x, —9=0;
XX =X —7=0
2
X1Xy —X +10=0.
Onpenenurs;
4 HEeW3BECTHBIE X[, X;;
4 mHOrowieH f(x), KOPHSIMU KOTOPOTO SIBJISIKOTCS X;, X5}
¢ Oynkumio @(x) =2 —2ax +b, KOpPHAMH KOTODOi SIBISIOTCS X ,
Xy
4 Obyskuym f(x) w @(x) rpaduyueckd C LETblO MPOBEPKH TOCTO-
BEPHOCTH HX OTpeIeTIeHHS.

OrBeTbI:

4 BapuUaHTbI PELIEHUS CUCTEMbl yPaBHEHUM: x| =—2; X, =3 ;
.xl :3,57, X2 = 0,77, xl = _2,2, X2 = 2,33 , xl = 0,636,
X, =—=15,1;



324 lnaga 11

¢ f(x)=x¥+9x7—92,1x% + 55x° + 737,8x* —968,5x> ~1368x> +
+2355,6x— 817

¢ o(x)=2"-1,55x-3,35 mus cayuas x; =-2; x, =3.

Sagaua 11.10

Jlana cienyrolas cucrema ajnredpanyeckux ypaBHEHHUIA:
2x +x, =3x3 =T,
X —4xy +2x3=2;
—3x +5xy +x3=5.

Onpenenursb:

4 3HayYeHME HEM3BECTHBIX Xj, X5, X3
4 mHorowieH f(X), KOPHAMM KOTOPOTO SIBJISIOTCA Xj, Xp, X3}

¢ npencraButh GyHKUMU f(x) u @(x) rpaduueckud v yOoeauThbcs B

MNpaBUJIBHOCTU IOJIYUCHHBIX peH.IeHI/Iﬁ IO 3HAa4YCHHUAM KOpHeﬁ n
TOYKaM NEpeCCUCHUs KPUBBIX.

OrBerbI:
90 60
¢ X =—;x%=T;, X;=—};
1= 2 3T

¢ Foy—xd 1902 12750 5400
7 49 7

3agaua 11.11

JaHsbl crenyrotuue Tpu GyHKImm: yy(x) =xe “ —1;

nm(x)=a+bln(cx); y3(x)=3" —ax+1.
Heobxoaumo:

4 TtalynupoBaTh Kaxaylo u3 (QyHKUMHA, caMOCTOSTENbHO BbIOpaB
YHCJIGHHbIE 3HAYEHUs MapaMeTpoB ¢, b, ¢ U nMapamerpoB Talysu-
poBaHUs;
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¢

BbIMOJIHUTL [0 JAaHHbIM TaOJIML] MOJMHOMHUAJIbHYIO WHTEPIOJIsi-
LMIO, MOJIyuuB GYHKLMU @1(x), @x(x), P3(x);

BbIMOJIHUTH CYMMUPOBAHUE (PYHKLIMEA:

W(x) = Y1)+ yp () + y3(x) 5 O(x) = @1(x) + P (x) + P3(x) ;

4 npenctaButh GyHKUMU Y(x) U @(x) B BUAe Tabaul U rpadukos;

¢ ONpeaAC/IUTb NOTPEIIHOCTb HHTCPIIOJIALIUN.

Sagaua 11.12

Jana pynkuus f(x)=e * +e*.

Heobxoaumo:

¢

¢

PaziiokuTh QYHKUMIO B CTENEHHOW psiJi BOKPYr X = 0, orpaHUuuB-
LIMCh TPEMSl, MATBIO U I€CATBIO UJI€HAMU;

MpeAcTaBuTh (PYHKLWH B BUAE rpaMKoB;

4 onpenenuTh MaKCHUMallbHbIe TIOTPEIIHOCTH (PYHKIMN B JUana3oHe
ot 0 no 2.

OrBeTbI:

¢ f(x)zx2 +2 npun=3;

¢

4
f(x)zic—2+x2+2 npun =3;

10 x8 x6 x4

= +—+—+x"+2 =10;
S )= 1514200 T 20160 360 12 X +2 mpun

MaKCUMaJjlbHasl OrPeIHOCTb (PYHKLMHU NP X = 2:

1,52 npun=3;0,19 npun=3; 1,75-1075 npu n = 10.

3agaua 11.13

JIBykpaTHbIi uHTErpan ¢yHkuud f(x) uMeeT BUA:

F(x)==2(x+DIn(x+1)+x2 /2 + 2x.
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Onpenenurs;
¢ pyHkumo f(x);

4 3HayeHUs OJHOKPATHOIO W JIBYKPAaTHOIO OMNpE/eIeHHbIX WHTerpa-
70B B auamna3oHe X oT 0 10 5; BbIYMCIIEHHs BHITIOIHUTD ITyTeM HMH-
TerpupoBaHus GyHKuuUA f(x) u ¢ momotisto Gpopmyssl HeroToHa

B citydae GyHKuuu F(x).

OrBeTbI:
x—1
¢ f(x)= ;
+

x+1

5
¢ [f(x)dx=1,416;
0
5
¢ [[f()dv=F()f,=0,999.
0

3amaua 11.14

—-X
¢ +1+L
X

[lepeooOpa3nas ¢pyHkuuMs umeet Bua: F(x) =

Onpenenursb:
4 noabiHTerpasibHyi0 GyHkuuo f(x);
4 npepnensl pyHkuud f(x) u F(x) npu x —> 0 ;
4 3HaveHue uHTerpaja pyHkuuu f(x) B mpeaenax ot 1 mo 10.
OrBerbI:
e (x+1)+1
o fn=-DEl
x
¢ lim f(x)=0; lim F(x)=1;
X—> 0 X—> 0

10
¢ [ f()dy=F(x)|"=-1268.
1
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Sagaua 11.15
Jlana Gynkuwms f(x) = xe 2" +sin(x).
Heobxomumo:

4 paznoxuts f(x) B psag Teiisopa Bokpyr x =1, orpaHUYMBUIKCD
TpeMs U MATHIO YICHAMU;

4 onpeneauts npousBoaHbie pyHkuuu f(x) u psaa Tebnopa;

BBIYMCIIMTL HEOMpelesieHHbI uHTerpan ¢yHkuuu f(x) W psna
Telinopa;

4 BbIUKCIIMTB ONpe/ieieHHbIe UHTerpalibl QyHKUMU f(X) W QyHKUMIA
paznoxkenus B openenax or 0 go 2 u or 0 no 5;

4 npoaHanM3MpOBaTh PE3YJIbTATHl Pacue€TOB MU CAENaThb BBIBOABI O
ejecoodpazHocTu paziiokeHus hyHkuuu B psia Teitopa.

OrBerbI:
¢ £(x)=173-10"°x% —0,42x% +1,25x +0,15;

£5(x) =0,0586x —0,348x* +0,81x" —1,34x% +1,76x + 0,037 ;
¢ ()= (1-2x)+cos(x);

£1(x)=0,000519x% —0,84x +1,25;

Fx)=0,293x" —1,39x° +2,42x% —2,677x+1,76 ;

e ¥(2x+1)

¢ [f(x)dx=- ;

—cos(x);
[f3(x)dx =4,328107x"* —0,14x° +0,625x” +0,15x ;

[ £5(x)dx = 0,00977x° —0,07x° +0,2x* —0,446x" +0,88x" +
+0,037x ;

2 5
¢ [f()dx=1,036; [f(x)dx=0,35;
0 0
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2 5
[A()dx=1,04;  [f(x)dx=-181;
0 0

2 5
[fs(x)dx=1,038; [ fs(x)dx=26,91.
0 0

Sagaua 11.16
Oynkumst y = f(x) npeacrasieHa B Buae tadun. 11.2.

Ta6auua 11.2. TabnuuHoe npeacrasieHue GyHkuud y = f(x)

X 3 4 5 6 7 8 9 10

y 0.336 1,05 1.9 2,9 4,09 5.5 7.17 9,158

Heobxomumo:
4 peuInThb 3a/1a4y UHTEPIOJISLKMH, €CIIM U3BECTHO, YTO (DYHKLIMS HH-
Teprnoasuuu umeet Bua: f(x)=ab“ —3,2;

4 BbLIUKCIUTH A0COJIOTHYIO M MAKCUMAJIbHYIO OTHOCHUTEIILHYIO Cpe/l-
HEKBAAPAaTUYECKUE MOTPELUTHOCTA MOJICIIH;

8
4 HaliTu 3HaUeHUe UHTerpaia J. f(x)dx;
1

4 HaiiTu KOpHU ypaBHeHusi f(x)=0;

4 [peIcTaBUTh MPOU3BOIHYIO

dy(x) N N
e B aHAJIUTHYECKOMU, TaOIUUHON
X

u rpaduyeckoii popmax.

OTBeThI:

8
¢ [f(0)dx=12,28;
1

4 KopHM ypaBHeHus: x| =2,46; Xp3=2,46£36,84i.
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Sagaua 11.17
Oyukumsa f(x) 3agana B Buge tadum. 11.3.

Tadauua 11.3. TabauuHoe npeacraBieHue GyHkUUU f(x)

x 1 2 3 4 5 6 7 8

y 13,44 | 11,32 9.5 7,85 6,27 4,74 3,22 1,7

H3BecTHO, 4TO DYyHKLMSI UHTEPIIOJISILIMKA UMEET BUA:
y(x)=ae™

Heobxomumo:

+cx+3,7.

4 HaliTu QYHKUMIO MHTEPNOJISILMH, onpeaeans koadduuuenrs a, b,
C; pelLIeHHE BBIMOJIHUTH METOJAOM HWHTEPHONISIUH, TOYHBIM B
y3ax;

4 BBIUKCIIUTH NOrpeliHOCTb HHTEPIIOJIALIUU.

3agaua 11.18
Oyukums y = f(x) 3agana B Buae tabda. 11.4.

Ta6auua 11.4. TabnuuHoe npeacrasieHue GyHkuud y = f(x)

X 0,2 0,5 1 1.3 1.7 2 2,2 2,5

y 4,564 | 7,225 11,7 13,88 | 15,53 15,5 | 14,484 | 11,625

Haiitu:
4 KoopauHaTbl MakcuMyMa QyHKUMH Y = f(X);

2
4 3HaueHWe UHTerpaia j f(x)dx;
1

4 byHKOM0O Y= J f(x)dx B BHme TaONMIBI sl 3HAYSHU X, TIpUBe-

JeHHbIX B Tabu1. 11.4.

Orsernl: X, =1,8244; y . =15,64.
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Sagaua 11.19
Oynkuus y = f"(x) 3anana B Buae tadm. 11.5.

Ta6auuna 11.5. TabnuuHOE 3a1aHKUE BTOPOU TIPOU3BOAHON QYHKIIMU [ (X)

x | 05 1 1,5 2 2,5 3 35 4 4,5 5

y | 23 | 11,35 | 2885 | 559 | 93.4 | 142 | 202,5 | 2753 | 361 | 460

Haiitu:
¢ (yHkumoo y = f(x) W npeacTtaBuTh ee B BUuae GopMyJibl, TaOIULIbI

v rpaduka; QyHKUMO y = f(Xx) BbIOPATH JIyUllyIO U3 CIICAYIOLIUX:

y=alnx+b; y:axb; y= a

5
b+cx

4 HaiiTu KOpHU ypaBHeHus: f(x)—1=0;
¢ naiitu lim f(x).

x—1
OrBernI:

4 KopHM ypaBHeHus x; =1,05; Xy3 = 0,115+1,047i,
Xy 5 =—1,028+0,229/;

¢ lim f(x)=0.8.
x—1

Sagaua 11.20
Oyukiuusa y = f(x) 3agana B Buge tadum. 11.6.

Ta6auua 11.6. TabnuuHoe npeacrasieHue GyHkuud y = f(x)

X 1 2 3 4 5 6 7 8 9 10

y 1.4 | 313 | 415 | 487 | 542 | 588 | 6,26 | 6,6 | 6,89 | 7,156
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Heobxoaumo:

4 npexacraButh B BUIe Gopmysibl, Tabauubl M rpaduka BTOPYIO Mpo-
W3BOAHYO QyHKIUU f(x); GyHKIMS f(X) MOXET MpPUHAIeKATH
K OJIHOH U3 ClIeAYIOLIMX:

— . y=ae™; y=alnx+b.
b+cx

5
¢ Haiiti: nml F'x); [f@dxs [f(x)dx.
xX—> 1

OrBerbI:
¢ lim f'(x)=2,5;
x—1

5
¢ [f(de=25xInx-1Llx; [f(x)dx=1572.
1

Sagaua 11.21
Oyukums y = f(x) 3agana B Buae tabda. 11.7.

Ta6auua 11.7. TadnuuHoe 3ananue QyHkuuu y = f(x)

X 1 2 3 4 5 6 7 8 9 10

y =5 [ 12,5 | 2,78 | 1.56 | 1,09 | 0.83 | 0,68 | 0,57 | 0.49 | 0,43

Heobxoaumo:

4 HallTU ONTUMAaNbHYIO (QYHKIHMIO WHTEPHOJSIUH, KOTOpas MOXeT
UMETb BUJL OAHOU U3 CIEAYIOLMX:

y=a+bx; y=ae™; y=ax’; y=alx+b;

a ax

b
Y x Y b+cx Y b+cx
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4 BbIUKCIIUTB MOrPELIHOCTb (YHKLIMM HHTEPIOJISLIUHY;

4 HaiiTu KOpHU ypaBHeHus f(x)+x—-1=0.

OrBeT: KOpHU ypaBHEeHUs X, =1,357 11,856 .

3agaua 11.22

Pemute cnenyrowmyto cucremy auddepeHUManbHbIX YPaBHEHUH Me-
TonoMm Pynre—KyTTbI:

2}

%(f) = —ayy (1) + my, (1)

dyclz’ft) = ayo(t) = (a+m)y (1) + 2my, (1);
a

%(t) =ay|(t) —2my, (t).

Hauvansnsle ycnosus: y,(0)=1; y(0)=y,(0)=0.
[lo paHHbIM pelueHust cuctembl quddepeHLnaibHbIX YPaBHEHUH MO-
AyuuTb QyHKUUIO Y,(f) B aHAIMTHYECKOM BHAE, pelias 3a1ady HH-

tepnossiuuu. Mcnonp3oBaTh 11 nosydeHus GyHKUMU Y, (f) ABa Me-

TOJla WHTEPHOJISILMKU: TOYHBIH B y3/1aX M NPUOJIMIKEHHbIH B y3Jax.
CpaBHUTB pe3ybTaThl, BBIYMCIWB MOrPELIHOCTH MOAe e,

Koadduumenramu a u m cucrembl auddepeHuranbHbIX ypaBHEHUN
sBJIAIOTCS uncaa: a=0,5- 1072 ,m=1.

PexoMeHmanmm no peleHuo 3aauu:

¢ (QyHKUMeH WHTEpHoJISIUMU SIBJISETCS MOJIMHOM TPeTbed cTeneHu

yvo()=a+bt+ct* +dr’;

¢ Jauana3oH U3MEHEHUs  B3AThb 110 CBOEMY JKCJIaHHUIO.

3agaua 11.23

Oyukuun y;(f) u y,(¢) npencrasieHsl B Buje Tada. 11.8.
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Tatauua 11.8. Tabimunoe npeacrasienue GyHkuuid y, (1) u y,(t)

1 2 3 4 5 6 7 8 9 10

Y1 1,2 3.7 5.2 8 9.1 10,8 | 11,5 | 13,2 | 15,1 | 16,8

v, | 234 | 17,2 15 13,4 | 10,2 | 7.1 4,3 1,2 0,5 0,1

HeoGxonumo:

4 omnpenenuts MyTeM MHTepnonasuuu QyHkuui y (f) u y,(f) marte-
MaTU4YeCKue MOAeU Q;(f) U ¢,(f);

4 [peacTaBUTH B Buje Tabnuubl QYHKIMIO O(X) =@ (X) + @, (x) my-
TeM TabyJIMpOBaHUS;

4 Haiith y| + y, N0 JaHHBIM TaOJHLbl U CPABHUTb C JaHHBIMU Taly-

JIMPOBaHUsl; OOBCHUTB MOJIyUSHHbIH pe3yJibTar.
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