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BBE/IEHHE

JI71s1 BBITIOJIHEHMSI CJIOKHBIX PACUETOB, CBSI3AHHBIX C BBHITIOJHEHUEM MHOTHUX
WHKEHEPHBIX 3a/1ay, MOXKET OBbITh UCIOJIb30BaHA yHUKaJbHasg nporpamma MathCad
[1-6]. Dra aBTOMaTH3MpOBaHHAs CHCTEMa pas3peuiacT JUHAMHYHO 00pabaThHIBAThH
JTaHHBIE B YUCJIOBOM M (opMyJIbHOM (aHamuThueckoMm) Buae. IIporpamma MathCad
UMEET TaK)Ke BO3MOKHOCTH MPOBEJICHUS PACYETOB U MOATOTOBKH (hOPMATHUPOBAHHBIX
HAYYHBIX U TEXHUYECKHUX JTOKYMEHTOB.

[Tporpamma MathCad paccMmatpuBaeT MIMPOKHI CIIEKTP 3a7a4, TAKUX KaK:

— MOJITOTOBKA HAyYHO-TEXHUUECKOHN JOKYMEHTAIIMH, KOTOpasi BKIIIOUAET B ceOs
TEKCT, (POPMYIIBbI B OOBIYHOM JJISi CIICIIUAIUCTOB BH/IE;

— BBIYHCIIEHUE pE3yJbTAaTOB MaTEeMAaTHYECKUX ONEpanuil ¢ YUCIOBBIMHU
KOHCTaHTaMHM, IEPEMEHHBIMH U Pa3MEPHBIMHU (PU3NUECKUMH BEIMYNHAMH,

— OllepalMy ¢ BEKTOpaMU U MaTpUllaMu;

— pellicHUe YpaBHEHHI U CUCTEM YpaBHEHHI (HEPABEHCTB);

— IIOCTPOEHUE IBYMEPHBIX U TPEXMEPHBIX T'pa(UKOB;

— TOXKIECTBEHHBIC TIPEOOPA30BaHUsI BEIPAXKEHHIA (B TOM YHCIIC HX YIPOIICHUE);

— aHAJIMTUYECKOE PELICHUE YPAaBHEHUH U CUCTEM;

— nudpepeHupoBaHre U UHTETPUPOBAHKE (AHAIUTUYECKOE U YUCIIEHHOE);

— peuienre audepeHInaIbHbIX YpaBHEHUIH;

— aHaIM3 JaHHBIX.

HayuyHo-TexHHUYecKHe [OKyMEHTHI, KakK TpaBUiO, HUMEIOT (QOPMYIIBL,
pe3yNbTaThl PACYE€TOB B BUJIC TAONIHUIl JAaHHBIX U TPadUKOB, TEKCTOBBIE KOMMEHTaPHUU
WM ONKCcaHud, apyrue wumoctpauuu. B nporpamme MathCad um cooTBETCTBYIOT
7Ba BHJAa OOBEKTOB: (OPMYIBI M TEKCTOBBIE ONOKH. DOPMYNBI BBIYUCIAIOTCS C
WCIIOJIb30BaHNEM YHCIIOBBIX KOHCTAHT, TEPEMEHHBIX, (YHKIMH (CTaHAApTHBIX H
OTNpE/ICNICHHBIX TMOJb30BaTeNIEM), a TaKXe€ C HCIOJIb30BAaHUEM OOIIEHPUHATHIX
OIPEICIICHN MAaTEMAaTUYECKUX OIEepaInil.

B nganHOM yuyeOHO-METOIMYECKOM IOCOOMH NPUBEACHHBIE MPAKTHYECKUE
MOJIO’KEHUSI U PEKOMEH/Iallii, OTHOCUTENIbHO MIMPOKOro ucnoib3zoBanus MathCad B
paboTe MHKEHEPHO-TEXHUYECKMX PAOOTHUKOB Kak JJisl MPOBEACHMS BBIYMCICHUM,
TaK U A1 GOPMUPOBAHUS JOKYMEHTOB.

Bonee neranbHO MareMaTHYECKHE OIEpalH, KOTOPbIE MPHUCYTCTBYIOT B
nporpammHoil cpene MathCad, paccMOTpeHO K Kak10il TPUBEACHHOW MPAKTUYECKOM
pabote. PaccmoTpena pabota ¢ maTpuilaMu, BO3MOXHOCTh PEILICHHS JIMHEUHBIX U
HEJIIMHEWHBIX CUCTEM ypaBHEHWW, JIMHEWHAs W CIUIAMHOBA HWHTEPHOJISIIKS,
CUMBOJIbHbIE  anreOpandeckue  BBIYUCICHHUS, CHMBOJIBHBIE  JCHCTBHS W3
MaTeMaTuyeckoro anaimusa (auddepeHuupoBaHue, HHTETPUPOBAHME, U T.II.),
onpeneneHue pemenus qupdepeHunanbHbIX YpaBHEHUH, cIelIMalbHbIe (DYHKIIMH.

OCHOBHBIE TIOJIO’KEHUSI, KOTOPhIE pacCMaTPUBAIOTCS B 3TOM paboTe, OTHOCATCA
K 6azoBomy mnporpammHoMy mnpoaykty MathCad . Ceituac ectb HECKOJBKO €ro
Bepcuii [3, 6], Kakaas U3 HUX KMEET CBOU OCOOCHHOCTH, HO OCHOBHBIE OTIepaIliy JJIs
BBITMOJIHEHHSI BBIYMCIEHUH MPUCYTCTBYIOT BO BCeX HOBBIX pazpaboTkax MathCad .



OBIIUE ITOJIOXEHUA

O60bexTel  mporpammbl  MathCad: ¢opMynsl U TekCTOBble OJIOKH, -
pacnoniaratorcs B Jnokymente MathCad, kotopslii Ha3biBaeTcsi pabouuit jnuct. B
Ipoliecce BBIMOJIHEHUST pacueToB (opmyiibl 00pabaThIBAIOTCS MOCTENEHHO, CIIeBa
HaIpaBO U CBEPXY BHU3.

BBon uH(OpManuy BBITIOJIHSIETCS B MECTO TMOJOKEHUS Kypcopa, KOTOpPbIH
MOKET OBITh TIPEICTABIICH B OJTHOM U3 TPEX BUJIOB:

1) Kypcop B BHJAE KPECTHKa HCIOJIB3YETCS, €CIU ITOT KypCOp OINpEAessieT
MECTONOJIOKEHHE CIEAYIOIIETr0 O0BEKTA;

2) yrJIOBOM KypCOp HCIIOJB3YEeTCS TMPHU BBEACHHH (GOPMYyNI. ITOT Kypcop
YKa3bIBaCT HAa TEKYIIUNA SJIEMEHT BBIPAKEHUS;

3) TexcToBeI Kypcop (l-oOpa3Has BepTHKaJbHAs YEPTOYKA) HCIOJIB3YETCS
P BBEJICHUU TEKCTA.

1 UHTEP®EWC TTOJIb30BATEJIA

1.1 MaremaTu4ecKkue MaHeJ u

Marematnueckux naneneid B MathCad neBsite. [IpuoTKphIBatoTCS maHeIu C
MTOMOIIIBI0 COOTBETCTBYIONIMX KomaHja maHenn Math (Martemartuueckue) (puc.l),
OJIHAKO MOXXHO HCIIOJB30BaTh U CTaHAAPTHBIM MeToj oOpaieHust k meHto Toolbars
(MucTpy™MeHnTsl), MeHio View (Bun).

Kpatko oxapakrepusyem Bce manenu cemericta Math (MatemaTuueckue).

— Calculator (Kanbkynsitop, Apudmerrka). Ha nanHoi nmaHenn pacnoiosKeHbI
apudmernyeckue omeparopsl, muppsl or 0 g0 9, Hambosiee pacmpocTpaHEHHBIC
(GYHKIMY 1 MaTeMaTUYeCKUe KOHCTAHTHI, a TAKXKE ONepaTophl BeiBojia (puc.l, a).

— Graph (I'padpuueckue, ['paduku). C moMoIipo 3TOM MaHeIn MOKHO BbI3BATh
m1abJIOHBI JIJIST TTIOCTPOEHUST PA3HOOOpa3HBIX TpaduKOB U moBepxHocTei. Ha manenu
TaK)K€ PACOJIOKEHbI CChUIKM HA MHCTPYMEHTHI JJIsl aHaJIM3a JaHHbIX (puc.l, 0).

— Matrix (Matpuunble, Marpuiia). Ha maHenu pacroioKeHbl OInepaTopbl
co3JlaHusi, oOpaleHue, TPAaHCIIOHUPOBAHUE MATPHUIL, a TAKXKE ONMEePaTOPbl MATPUUHBIX
MHJIEKCOB U KOJIOHOK. Ha maHenu Takke pacrojoKeHbl onepaTopbl sl pabOThI C
BeKTOpamu (puc.l, B).

— Evaluation (Beipaxxenust). Ha manenu HaxoasiTCs CChUIKM Ha BCE OINEPaTOpPbI
BBOJIa 1 BeIBoJIa B MathCad, a Taxke maOoHBI IS CO3JIaHMS IOJb30BAaTCIBCKUX
oneparopos (puc.l, r).

— Calculus (Bperancnmurensabie, Borumcinenne, Marananus). Ha mnanemnu
HaxoNATCS  TPUMEHSEMbIE TPH pEIICHUH 3aJa4 MaTeMaTHYeCKOTo aHain3a
ONEPaTOpPbl: OMPEACICHHOTO M HEONPEIEICHHOTO WHTETPalioB, IPOU3BOJIHBIX,
JUMHTOB, CIIOKEHUU U MPOU3BEIACHUN, CHUMBOJI O€CKOHEYHOCTH (puc.l, ).

— Boolean (byneswie, Jloruka). Dta maHenb NpegHA3HAYEHA I 3aJlaHMS
JIOTUYECKUX omepaTopoB (puc.l, e).

— Programming (IIporpammupoBanue). Ilanenb coaepKuT onepaTopsl si3bIKa
nporpammupoBanust MathCad (puc.l, x).



—  Greek (I'peueckue,

['peueckuit

Andasur).

Ha

pacrojiokeHHbIe OYKBBI rpeueckoro andasura (puc.l, 3).

— Symbolic (CumBonuka, CumBoiiel). [Tanens npegHazHaueHa i MPOBEICHUS

aHaJIMTUYECKUX MpeodpaszoBaHuii (puc.l, n).
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Pucynok 1 — MaTteMaTuueckue maHe I HHCTpyMeHToB nporpamMbl MathCad
2 CO3JAHUE ®OPMVII

®opmynbsl - ocHoBHBIE 00BekThl MathCad. HoBblii 00BEKT 1O YMOTYaHHUIO
apisietcst popmynoit. st Toro, ytoObl HayaTh BBOA  (pOPMYJIBI HEOOXOIUMO
YCTaHOBUTH KpecTOOOpa3HbI Kypcop B HY)KHO€ MECTO M HayaTh BBOJA OYKB, Hudp,
3HaKoB onepanuil. [Ipu 3ToM co3znaercs ob6xacTs (HOpPMyIibl, B KOTOPOM MOSBIIAETCS
YIJIOBOHM Kypcop.

DneMeHThbI (POPMYJT MOKHO BBOJUTH C KIABUATYPhl MJIM C MOMOIIBIO MTAaHENEH.

®opmynbl, kKoTopbie BBeneHbl B MathCad, aBroMatuuecku NpUBOISTCS K
CTaHAAPTHON HAYyYHO-TEXHUUYECKOU (hopMe 3aIuCH.

B mporpamme MathCad wmoxxHO HCHoNB30BaTh OyKBEHHBIC OMpEICICHUS,
KOTOPBIM COIOCTABJISIIOTCSI YMCIIOBBIE 3HAYEHHMS, U KOTOPBIE PACCMATPHUBAIOTCS KaK
nepeMeHHble. ByKBeHHbIE 3HAUECHHS 3a/IaI0TCS C MOMOIIBIO ONEpAaTOpa MPUCBAaUBAHUS
(or BBOAMTCSA cuMBojioM ":="). TakuM ke 00pa3oM MOXKHO 3a7aBaTh YHCIIOBHIC
MOCJIEIOBATEILHOCTH, aHATUTUYECKHU OTIpe/ielICHHbIC (DYHKINHN, MATPHUIIbI, BEKTOPHI.

[Ipu BBenmeHnn OMHAPHOTO OmMEpaTopa 3a 3HAKOM OIEpalid aBTOMATHYECKU
MOSIBJISIETCSL  3allOJTHUTENb B BHUJE NPSIMOYrOJbHUKA, B O3TO MECTO BBOJMTCS
cienyromuii onepana. Jlus ynpaBieHHs TOPSIAKOM ONEpALMA  HCIONb3YHOTCS
KpYyTJIble CKOOKU, KOTOPhIE MOKHO BBOJUTH BPYUHYIO. YTJIOBOW Kypcop pa3periaeT
aBTOMATH3UPOBATh TaKUE JECHCTBUSI:



— 7S BBIACNIEHUS BJIEMEHTOB (POpPMysbl, KOTOpbIE B paMKax OIepaluu
JOJKHBI pacCMaTpUBAThCS KaK OJIHO LIEJI0€, UCIOJIb3YeTCs KilaBUIla SPACe;

— IpU HaXaTUM KaXJIO0r0 pa3a Ha KiIaBUILy SpPace YIVIOBOM Kypcop
paciupsieTcsi, BKJIKOYas 3JIEMEHThl (POPMYIbl, KOTOpBIE PACIOJOKEHBI PSAIOM C
JAHHBIM;

— TI0CJIE BBEJCHUS 3HAKa OIEPALMM IEMEHTHI B IIPEAEIIax yrioBOr0 Kypcopa
aBTOMATUYECKH 3aKIIIOYAIOTCS B CKOOKH.

Ecnu Bce 3HaueHHs] MEPEMEHHBIX W3BECTHBI, TO JJISl BBIUMCIEHUS YHCIOBOTO
3HAYEHHS BBIPAXKEHUS (CKAISIPHOTO, BEKTOPHOI'O MM MAaTPUYHOIO) HEOOXOAMMO
MOJICTABUTh BCE YHCIIOBBHIE 3HAYECHHUsS W BBIIIOJHUTH 3aJaHHbIE JcicTBUA. B
nporpaMmme MathCad mnpumensiercss omepaTop BBIYHCICHUS, KOTOPBIM BBOAMUTCS
cumBosioM "=". Kpome Toro, ectb BO3MOXHOCTh 3a/1aBaTh 3HAYEHUE HM3BECTHBIX
apaMeTpoB, MPOBECTU BBIYUCIEHUE C MPEACTaBICHUEM AHAJTUTUYECKUMHU
(dopMynamu, pe3ysbTaT NPUCBOUTh HEKOTOPOW MEPEMEHHOM, a MOTOM HCIO0JIb30BaTh
OIepaTop BBIYMCIICHMSI 11 BBIBOAA 3HAUCHMS 3TOM ITEPEMEHHOM.

KoMMeHTapuun, omvcaHuss W WIUIFOCTPALMM PacCIOaratoTcsi B TEKCTOBBIX
0JI0KaX, KOTOPbIE UTHOPUPYIOTCS MPU IPOBEJCHUH PAaCUETOB.

[Tpu u3meHeHuun 000 (opMysbl IporpaMMa aBTOMATHUECKHU BBIMOJIHSAET
HEOOXOJMMbIE BBIYHUCICHUS, OOHOBIISAS MPHU 3TOM 3HA4YEHHUS M TpaduKd, KOTOpHIE
U3MEHWINCH.

[Ipy mpoBeneHHH pPACUETOB C MCIHOJb30BAHUEM pPEANbHBIX (PUINYECKUX
BEJIMYMH YYUTHIBAaeTCS MX pa3MmepHocTb. B mnporpamme MathCad  enunuuesl
u3MepeHus (B JII0OOM CHUCTEME) MPUCOCTUHSIOTCS K 3HAYCHUIO BEJIUYUHBI C
MTOMOILBIO 3HAKa YMHOKEHHUSI.

3 TPA®UKHA

['padmkn, KOTOpBIE CTPOATCS HA OCHOBE PE3YJIbTaTOB BBIYUCICHHUN TaKXKe
paccMaTpHuBaroOTCs Kak GopMyIibI.

B Mathcad BcTpoeHO HECKOJBKO THUIIOB Pa3HbIX I'pa)uKOB, KOTOPHIC MOXKHO
pa3OuTh Ha JBE TPYIMIBL: IBYMEPHBIE U TPEXMEPHbIE TpadUKy.

Bce ocHoBHBIE THIIBI TPaUKOB U MHCTPYMEHTHI PA0OTHI C HUMHU PACTIOI0KEHbI
Ha paboueit manenu Graph (I'padmueckue) cemeiictBa Math (MaremaTrueckue)
(puc.2,0):

— I'paduk kpuBOIi B ABYMEpPHO# nekapTOBOM crcteme koopauHar (X-Y Plot).

— I'pacdux kpuBoil B nosisspHoiil cucteme koopauHat (Polar Plot).

— IToBepxnocTs (Surface).

— Kontypnsiii rpadux (Contour Plot).

— CronbuxoBas tpexmepHas (3D) nuarpamma (3D Bar Plot).

— Toueunsrit Tpexmepnsiii (3D) rpaduk (3D Scatter Plot).

— Bekropnoe nosie (Vector Field).

Ananornuno ma"enmu Graph (I'paduyeckue) CmucoK BCeX TUIIOB TpapUKOB
Mathcad pacmonioskeH B OTHOUMEHHOM moaMeHto MeHto Insert (BcraBka).



3.1 /iBymepHbIe rpapuku

B Mathcad cymectByeT HECKOIBKO CIIOCOOOB 3a/laHMsI KPUBBIX B JIEKapTOBOM
CUCTEME KOOPJIMHAT, OJIHAKO MEPBBI 1Iar AJis BCEX OJMH U TOT Ke.

[lepBbIM 1IaroM ecTb BBEACHHUS CHEIUAIBHOW 3aroTOBKU A OyIyIIero
rpaduka - Tak Ha3blBaeMou Tpaduyeckori obimactu. Brectu rpaduyeckyro o6acTh
KaK JJIs IeKapTOBOTO, TaK U JIJIsl JTF000T0 Apyroro rpaduka MoxkHO: U3 naHenu Graph
(I'padpuaeckue), koMaHa0KW OJHOMMEHHOTO MeHIO Insert (BcraBka) wim HaxkaTHem
KoMOuHaruu kiapuir Shift+2.

['padmyeckass obnacTe MpeACTaBiIseT CcOOOW JBE BIOXKEHHBIE paMmku. Bo
BHYTpPEHHEH 0TOOpaaloTCsl HEMOCPEACTBEHHO KPUBbIE 3aBUCUMOCTH. [IpocTpaHcTBO
MEX/Iy paMKaMH CITY>KUT JJIsl BU3YaJIU3alMH PA3HOT0 pojia CIyKeOHOH HHPOpMAITIH.
I'padugeckyro 007acCTh MOXKHO yBEIMYMBATH ¥ YMEHBIIATh C  ITOMOIIBIO
CHEIHAIbHBIX MapKepOB, PaCIOIOKEHHBIX Ha ee BHEIIHeW pamke. [lepemerniats mo
JOKYMEHTY W YJalsaTh rpaduyeckue oOJacCTH MOXKHO  Tak Ke, Kak IPOCThIe
dopmynsl. OkxHO dopmarupoBanus Bujua Trpaduueckoir obmactu (Properties
(CpolicTBa) TakKe IEJIMKOM COBMAJA€T C AHAJIOTMYHBIM OKHOM JUisi (OpMyI.
OTKpBITH €r0 MOXHO C TOMOIIBIO OJHOMMEHHOW KOMAaHIbl KOHTEKCTHOTO MEHIO
rpaduka (BbI3bIBAETCS IIEITYKOM MMPABOM KHOMKOW MBI HA TpaQUUeCcKoil 001acTH).

B oxne Properties (Coiicta) MOryT OBITh IOJIC3HBIMH JBa IapaMeTpa,
pacIoyioKEHHBIX Ha BKjIaake Display.

— Highlight Region (L{BeTtHas 00nacTh). YCTaHOBUB 3TOT (DJIaKOK MOXHO Ha
nanmutpe Choose Color (BwiOop mBeTa) ompeenuTh HawOoyiee MOIXOASIINAN IBET
3JIMBKU 171 rpaduueckoil o0aacTu.

— Show Border (ITokazate rpanwuily). Ilapamerp oTBewaeT 3a oToOpakeHUE
BHEIIHEH TrpaHulbl rpapuyeckoil oOnactu. Ilo yMmonuaHuio rpaHMIia He
BU3YAIU3UPYETCS.

[Tocne Toro kak rpaduueckas o01acTs OyJeT BBeeHa, B 0011IeM ClIydae HYKHO
3a/1aTh JIBa Pa3MEPHBIX BEKTOPa, KOTOPBIC OMPEEISIOT 3HAUCHUE KOOPJIUHAT TOYEK.
CrnenaTth 3TO MOKHO Pa3HBIMHU CIIOCOOAMHU.

HaubGonee mnpocThiM METOAOM 3aJaHUsi KOOPJIWHATHOM CETKH €CTh TakK
Ha3bIBaeMbIi OBICTpHIN MeToi. [Ipu ero mpuMEHEHUU MOIb30BATEh 33/1a€T TOJIBKO
UMs TEpEeMEHHOW U BUA (QYHKIHUU, a IIKAIBI OCEHM W BEIWYMHY IlIara MeExIy
y3JOBBIMH TOYKAMH aBTOMATHYECKH ONpenenseT cucreMa. YToObl MOCTPOUTH
KpUBYIO (QYHKIHHA OBICTPHIM  METOJOM, MOJKHO BBITIOJIHUTH  CIICTYIOIIYIO
MTOCIEA0BATEIBHOCTD JEHCTBUM.

1. Beectu rpaduueckyro o01acTb.

2. B cmeuuaibHOM MapKepe, pacloioXeHHOM B IIEHTPE TOJ] BHYTPEHHEH
paMKoii rpadudeckoit 061acTH, 3aaTh UMsI TIEPEMEHHOM.

3. B ueHTpanbHBIA MapKep, PAaCHOJOKEHHBIM TIO JIEBYIO CTOPOHY OT
BHYTPEHHEHW paMKH, BBECTH (HYHKIIUIO WIIH UMSI (PYHKITUH.

K HemgocTtatkam pacCMOTPEHHOTO METOJIa OTHOCHUTCSI TPEXAEC BCETrO0 TO, YTO
00J1aCTh U3MEHEHHUS TIEPEMEHHOM TSl BCeX (PYHKITUN OMPEAeNIeTCs] OTMHAKOBO: OT
-10 o 10.



Jlis Toro, yToOBl U3MEHUTH 00JaCTh U3MEHEHHS, HYKHO MPOCTO YMEHBIIUTH
UHTEpBaJl H3MEHEHUs  nepeMeHHOW wiu ¢GyHkuuu. [Ins 3Toro HeobXoaumo
BBIICJIUTH IPpaPUUecKyro 00JacTh MISITYKOM JIEBOM KHOMKH MbIH. HemocpeacTBeHHO
01 KpAaHUMH 3HaYEHUAMH (JJ1s1 ocH X) WIIU 110 JIEBYIO CTOPOHY OT HUX (111 och Y)
NOSIBATCA U(MPBI, KOTOPbIE OTPaXar0T MAaKCUMaJbHble U MUHUMAaJIbHbIC BEIUYUHBI
KOOPJIMHAT Y3JIOBBIX ToueK rpaduka. YToObl M3MEHUTHh UX 3HAUYEHHS] HEOOXOAMMO
yIalUuTh CTapble BEJIMYMHBI U BBECTU Jpyrue. H3meHeHus rpanuil nmo ocu X
BBI3BIBAET ABTOMATUYECKHN MepepacueT KpaiHUX 3HAYECHHAM 110 OCH Y.

Ha npakTtuke e, Kak NpaBWIO, MPUXOJUTCA ONPEIEIATh I'PaHULBI Cpa3y IO
o0euM ocsM. DTO CBSI3aHO C TEM, UTO XOPOIIO o00paTh MHTEPBAI MO OCH 3HAYCHUI
GYHKIIMM cucTeMe yJaeTcss MJaleko He Bcerja. OTO MOXKHO CaenaTh Ul
HACTpavWBaHUA BHJA Tpaduka pacCMOTPEHHOM (PYHKIIMH, U3MEHSISI AUANa3oH Kak Io
ocu X, TaK U 110 ocH Y.

B psne ciaydaeB HaMHOTo ynoOHee 337aTh BEKTOPHI JaHHBIX CAMOCTOSITENIBHO.
BBINIONMHUTE 3TO MOXXHO C IIOMOIIBK OIEpaTOpa PaHKUPOBAHHOW IEPEMEHHOU
(BBoguTCst u3 maHenu Matrix (MaTtpuuHsie)).

Uro0bl 3a/1aTh BEKTOpP 3HAUECHUHN NEPEMEHHON C MOMOIbI0 ornepaTopa Range
Variable  (PamxupoBanHass  mepeMeHHasl),  BBIIOJIHAETCS CIIelyromas
IIOCJIEIOBATEIBHOCTD IEUCTBUM.

1. BBecTu ums nepeMeHHON BMECTE C ONIEPATOPOM MPHUCBANBAHUS.

2. 3a7aTh JIEBYIO TPAHUIy MHTEPBAJIa IOCTPOCHUS U MIOCTAaBUTH 3aIATYIO.

3. BecTtu omepatop pamXHMpOBaHHON TEPEMEHHOM.

4. B neBoM Mmapkepe BBEIEHHOIO oOllepaTopa 3aJaTh BTOPYIO TOUYKY Ha
MIPOMEKYTKE (TEM CaMbIM OIpPEAEIISIeTCS 1Iar).

5. B mpaBelif mMapkep omnepaTopa paHXKMPOBAaHHON MEPEMEHHON BBOIUTCS
3HAYEHHE MPABOM I'PaHULbl HA UHTEPBAJIE.

B pe3ynbrare nepemeHHas U QyHKUMs OyAyT 3a/laHbl B BUJIE€ IBYX pPa3MEpPHBIX
BEKTOPOB, MO0 KOTOPHIM OYJIeT TOCTPOEH TpaduK.

Hcnonp3oBanue crnocoba MOCTpoeHUs TIpaduka C IOMOIIBIO OIeparopa
pPaHXUPOBAHHOM MEPEMEHHON UMEET OUE€Hb BaXKHOE MPEUMYIIECTBO Mepes ObICTPhIM
METOJIOM, TOCKOJbKY II03BOJISIET 3a/1aBaTh MPOU3BOJBHBIM O0pa3oM IIar MeEXIy
y3J0BBIMH TOYKAMH.

[TocTpouTts rpaduk B Mathcad MOKHO M MO TOTOBBIM BEKTOpaM HJIM TaOJIMIIaM
JAHHBIX, TIOJYYCHHBIX, HANpuUMep, NPH OSKCHEPUMEHTE WM  BbIIOJIHEHUU
MPaKTUYECKON PabOoTHI.

B Mathcad na ogny rpadudeckyto 00acTh MOXXHO MOMECTUTH 10 16 KPUBBIX.
UtoObl 100aBUTH K YK€ UMEIoIIEeMycsi Tpauky eie OJIMH, MOKHO BBIIIOJHUTH
CJIEIYIOLIYIO TTOCJIEA0BATEIBHOCTD ICHCTBUM.

1. VYcTaHOBUTH Kypcop MO IMpaByl0 CTOPOHY OT BBIPAXKEHHS, KOTOPOE
onpenensieT KOOPAUHATHI MOCIEAHEr0 pPsa JaHHBIX MO OcH Y (MpeaBapUTEIbHO
BBIJICJIUB €T0).

2. OmycTuTh Kypcop Ha CTPOKY HUKE, HAKATh Ha 3HAK 3aIsITou (,) M1 B MapKep,
KOTOPBII MOSIBUJICS, BBECTU BBIpAKEHHUE JIJIs1 HOBOM (PYHKIIMH UM UMEHU (QYHKIIUU.



C moMoIuIbI0 OMMMCAaHHOTO METOAA MOXHO MOCTPOUTDH rpapUKu PYHKIHM OAHON
nepemeHHoM. Eciu ke KpuBble, KOTOpbIE HYXHO OTOOpa3uTh Ha OJHOM 00JacTH,
3aBUCAT OT Pa3HbIX IMEPEMEHHBIX, TO HX, MOJHOCTHIO AHAJOTUYHO JOOABIICHUIO
HOBBIX (DYHKIIMI, CIeyeT BBECTH 4Yepe3 3alsITyl0 B HUKHUU Mapkep B TOM Ke
NOpAJIKE, B KOTOPOM BBOJMIIMCH COOTBETCTBYIOIINE UM (DYHKIIUU.

3ananue rpauKoB B MOJSIPHOM CHCTEME KOOPIMHAT C TEXHUYECKON TOUKHU
3pEHUs HE UMEET POBHO HUKAKUX MPUHIIMIHAIBHBIX OTIUYHUI OT cO3/1aHus rpaduKoB
Ha JIEKApTOBOM IUIOCKOCTU. J[7s1 Hayama HY»XHO BBECTH TpaduvecKyro 00JIacTb.
BBITOMHUTE 3TO MOXKHO WM C TIOMOINIBIO crenuanbHoW KHomku Polar Plot
(ITonspuwrii Tpaduk) manenu Graph (I'padudeckue), wim koMOMHAIMEH KITaBHUII
Ctrl+7. Kak u B cimydae 3aBucumoctu X-Y, AJis MOJIAPHOTO TpaduKa CylIeCTBYET J1Ba
OCHOBHBIX METOJ]a TOCTPOEHUS: OBICTPBIN CHOCO0 MOCTPOCHHUS U HCIOJIB30BaHUE
PaHKUPOBAHHBIX MEPEeMEHHBIX. [Ipu 3amaHuM TOMSPHOM CUCTEMBI KOOPJUHAT MO
OBICTPOMY METOJIy CHUCTEMa aBTOMATUYECKU OMPEETUT 00JIaCTh U3MEHEHHS yTJia OT
0 o 360°. B otnuure ot 06J1acTH U3MEHEHUS yTiia, BEJIMYUHY JUaNa30Ha MOJIIPHOTO
paaryca MOKHO 33/1aTh TPOU3BOJIBHBIM 00Pa30M HEMOCPEACTBEHHO Ha rpapuiecKoit
oOnacTu.

Hnst dopmatupoBanusi rpaduka HEOOXOIUMO JBaXKIbl HaXXKaTh Ha 00JaCTh
rpaduka. [y ynpapieHus oToOpakeHUEM JIMHUN Ha TpaduKy CyIIEeCTBYET BKIIAJIKa
Traces (Jlunum) (puc.2, a), rae npuBenaeH (opmaT KaKIO0W JMHUM U SJIEMEHTHI
ynpasienus: u3MeHennem Qopmara. Ilone Legend Label (Omnwmcanme) 3amaer
ONKCaHWE JIMHUHM, KOTOpoe oToOpaxkaercs, eciu cHATh ¢uaxok Hide Legend
(3akpeITh onucanue) (puc. 2,0). Mapkepbl A1 OTASTBHBIX TOYEK MOYKHO BHIOPATh U3
crucka Symbol (CumBout), u3 cnucka Line (Tun nuHum) BeIOMpaeTCcs TUI JIUHUH, a
u3 cnucka Color (IIBeT) - uBet rpaduka. Crnucok Type (Tumn) onpenensier cpeacTBO
CBSA3M OTIEIBHBIX TOUEK Tpaduka, a cnucok Weight (TonmunHa) - TONLIKUHY JTUHUHA
Ha Tpaduke (puc.2,B).

dopMaTupoBaHUE JaHHBIX Tpaduka BBITOIHACTCS C
nuanorooro okHa Result Format (puc.2, r).

AHaOTUYHO MOXXHO TOCTPOUTH W OT(POPMATUPOBATH T'paPUK B TOJSIPHBIX
KoopauHatax. s ero mocTpoeHusl HY>KHO BOCIIOJIB30BaThCA KOMaHmou Insert/
Graph/Polar Plot.

HCIIOJIb30BAHHUECM

Formatting Currently Selected X-¥ Plg il Formatting Currently Selected X-¥ Plo ﬂ Formatting Currently Selected X-¥ Pl ﬂ
R e ITraces' Labels | Defaults | w dwes Traces ILabeIsl Defaults | % dwes | Traces  Labels I Defauls |
Hedi - i Title
[~ LogSeale Legend Label Symbol  Like  Color  Twpe ‘weight |
¥ Gi ¥ Grid Lines ; ace ’ i |:|| 5 ;
race none ol M ines .
¥ Numbered ¥ Mumhered trace 3 e dash  bn lines 5 & phove O Below [ Show Title
¥ Autascale IV Autoscale trace 4 none dadot  mag  lines 1
I~ Show Markers I~ Show Markers trace 5 none solid cva  lines 1 X
¥ &uto Grid ¥ &uto Grid trace B none dot b lines 1 LI Az Label
Pbﬂ of Grids: Pbﬂ of Grids: Itrace1 Innne ﬂ Isnlld j Ired '“I\nes j |2 w2 Mot W I
2 2
s W I
Aixes Style ™ Hide Arguments ¥ Hide Legend
* Boged
" Crossed ™ Egual Scales
 Mone
0.8 I OreHa | [ pHrEmTE | Crpaera | ak. I OrieHa | [MpHrerHTE | Cnpaska | ok I Orrena | [MpHERMTE | Cnpaera
a) 0) B)



x
i~ Precizion r~ Dizplay Styl
Displayed precision (31 |5 3: Radix IDeclmaI -
¥ Show hailing zeros Imaginary value Ii ] 'I
Matrix display stple IAutomatic -
Tal S
eerenee I™| Ezpand nested anays
Exponential threshold (3] |3 3:
= r Unit Displa
LComplex threshold (10] |10 3
¥ Eormat units
Zera threshold (15) 15 3: ¥ Simplify urits when possible
I Set as defaul 0K I Cancel | Help

Pucynok 2 — Jluanorosbie okHa a1 hopMaTUpoBaHus rpaduKoB
3.2 TpexmepHblie rpaguku

Jlnst mocTpoeHus: TPEeXMEPHBIX TIpaUKOB MOXHO MCIOJb30BaTh Hambojee
OPOCTOM M TNPAKTUYECKH BaXKHBIM, OBICTPBIA METOA IOCTPOCHUS TPEXMEPHOIO
rpacduka (QuickPlot). B ero ocHOBE JIEXHUT TOT K€ MPUHIIUII, KOTOPBIN MCIOJIB3YETCS
¥ TpH OBICTPOM 3aJlaHUU JBYMEPHOW 3aBUCHMOCTH: TIOJH30BATENb OMpPEACISIEeT
TOJILKO BHJ (YHKIIMH, a BCE MapaMeTpbl MOCTPOCHHUsS, TaKkuWe KaK IIar MeExTIy
y3JOBBIMH TOUYKAMH, JWANa30H IIKal OCed W CcHUCTeMa KOOpAMHAT, 3aJal0TCs
ABTOMATUYECKH CUCTEMOM.

Tunsl TpexMepHbIX TpadUKOB CIEAYIOIIHE:

Contour Plot - rpaduk uaui ypoBHS (rpaduk MOBEPXHOCTH);

3D Bar Plot - rpaduk TpexmMepHOi THCTOIPAMMBI;

3D Scatter Plot - rpadguk MHOXKECTBa TOYEK;

Vector Field Plot - rpadux BexkropHOoro moinsg. I'paduk BEKTOPHOTO MO
HEMHOTO OTJIMYAeTCs OT JIPYyTrMX THUIOB JABYMEpHbIX rpaduxoB. Ero comepikanue
3aKJIIOYAETCsl B MOCTPOCHUM HEKOTOPOTO BEKTOpa B KaKIOM Touke Iiiockoctd XY,
UtoOsI 3a/1aTh BEKTOP HA TJIOCKOCTH, HEOOXOAMMBI JIBA CKAISAPHBIX yucia. [loatomy
B Mathcad npuHATO, 4YTO BEKTOpHOE TIOJIEe 3a/laeT KOMIUIEKCHAs MaTpHIla.
JIeiCTBUTENBHBIE YACTH KAXKJIOIO €€ dJIEMEHTA 3a1al0T MPOEKIUI0 BEKTOPa Ha OCh X,
a MHHUMBIE - Ha OCh Y.

YToOsI cO3/1aTh TPEXMEPHBII rpaduK, Hy’KHO HAKaTh KHOMKY ¢ H300paXeHUEM
KOKIOTO M3 THUIOB TPEXMEpPHBIX TpaduKOB Ha mMaHenu WHCTpymMeHTOB Graph
(I'padukn). B pesynbrare nosBuTCs mycrast 00J1acTh rpaduka ¢ TpeMs ocsiMu (puc. 3)
Y €IMHBIM 3allOJIHUTEIEM B HHKHEM JIEBOM YIIy. B ATOT 3amoyHUTENb BBECTH WIIH
uMst Z GyHkimu Z(X,y) IBYX MEpPEeMEHHBIX JJIsi OBICTPOrO MOCTPOCHHUS TPEXMEPHOTO
rpaduka, WIK UM MaTPUYHOU TEPEMEHHOM Z, KoTopas 3amaeT GyHkuuio Z(X,y) Ha
miockoctu XY.

Pucynok 3 — O06nacTh [1sl CO3/]aHUs TPEXMEPHBIX TpadUKoB
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3.2.1 Cnoco0 mocTpoeHusi ¢ UCTOJIb30BAHUEM OBICTPOrO METOJY MOCTPOCHUS
TpPEXMEpPHOTO rpaduka

[TocnenoBaTenbHOCTh CO3MAHMS TPEXMEPHOro Tpaduka C HMCHOJIb30BAaHUEM
OBICTPOr0 METOJ1a IMocTpoeHuUs TpexmepHoro rpaduka (QuickPlot) cinenyromas.

1. Cnagana He0OOXOJUMO BBECTH TpadHUUECKyl0 00JacTh TPEXMEPHOTO
rpaduka. AHAJIOTMYHO 3aBUCUMOCTH X-Y, cliejaTh 3TO MOKHO TPEMs CTaHIapTHBIMU
cnocobamu: HaxkatueM kHomku Surface Plot (IloBepxnocts) manenu Graph
(I'paduueckue), ucnoap3oBaHueM OJHOMMEHHOW KoMmaHIbl MeHIO Insert (BcraBka)
WM HakatrueMm komOuHanmu kiasum Ctrl+2.

Jlis mocTpoeHus: TpeXMEpHBIX TpadUKOB CYIIECTBYET TOJIBKO OJUH MapKep
3anonHeHusa. B oOmiem ciydae B HEM JOJKEH OBITh MPOMUCAaH MAacCUB, KOTOPBIN
COZIEPKUT KOOPAMHATHI Y3JIOBBIX TOUYEK IO BCEM TPEM OCSIM.

2. llocne Toro kak rpaduueckas o0nacTb BBEACHA, CIEAYET 3aJaTh BUJ
GyHKIIMK, KOTOpas OmpeaenseT TpexMepHylo obnacte. B ormimume ot X-Y-
3aBHCHUMOCTEH, MPOCTO BBECTU €€ BBIPAKEHUS B MapKep HENb3s - IPHU 3TOM OyAeT
BbIJIaHO coobOmieHue o0 ommuobke: This variable is undefined ([lannas nepemeHHas He
OTIpe/IC/ICHHA). B mapkep rpaduyeckoil obmacT  BBOAMTCA HMMs 3a/JaHHOM
GbyHKIMU, A1 KOTOPOM CTpOUTCS TpexmepHbid rpaduk. OpHako, B OTIMYUE OT
JABYMEPHOTO Ciy4asi, MPONHUCAHHBIM JOJDKEH OBbITh JIUIIb HETOCPEICTBEHHO TEKCT
MMEHHU, 0€3 IEPEMEHHBIX B CKOOKAX.

[Ipy UCNONB30BaHMM JAHHOM METOJMKH TIOBEPXHOCTH 33Ja€TCid Ha
CTaHJIAPTHOM HHTEPBAJE OT -5 10 5 I MEPEMEHHbIX. TakoW Auana3oH BO MHOTHX
clIy4yasix MOXeT ObITh HenmpuemieMbli. g ¢dopmarrpoBaHus mapameTpoB
rpauKoB OBICTPOTO MOCTPOEHUS CYIIECTBYET cnenuanbHas Briaaaka Quick Plot Data
([dannble rpaduka OBICTPOrO MOCTPOCHMS) OKHA (HOPMATUPOBAHMS TPEXMEPHBIX
rpapukoB 3D-Plot Format. OtkpbiBaeTCsi 3TO OKHO JBOWHBIM Ha)KaTHEM JICBOM
KHOIMIKM MBI HAa Tpapu4ecKkorl o00JacTh WM ¢ TOMOIIbI0 KoMmaHabl Format
(dopmaTt) ee KOHTEKCTHOTO MeHIO (puc. 5).

Bce napamerpsl HacTpoliku rpaduka ObICTPOro MOCTPOEHUS PACIOIOKEHBI Ha
Bkianke Plot 1 (I'paduk 1). B obmiem ciydae Takux BKJIaJ0K MOXKET ObITH OOJIBIIIE,
9TO CBSI3aHO C TE€M, YTO HAa OJHOW rpaduyecKkod 00JaCTH MOXKET OBITh Pa3MEIICHO
HECKOJIBKO MOBEpXHOCTENU. UTOOBI 3TO BBIIIOJHUTH, IPOCTO BBOASTCS YEpE3 3aIATYIO
uMeHa (YHKIWA, TpaguKH KOTOPBIX JOJDKHBI OBITH MOCTpoeHbl. Bkmaaka Plot 1
(I'paduk 1) conepxut Tpu MEHIO HacTpauBaHus, 1Ba U3 KOTophiX: Range 1 u Range 2
(Psn 1 u Pan 2), uaeHTUYHBI YT APYry. DTH MEHIO OTBEYAIOT 34 XapaKTEPUCTHUKU
CETKU MOCTPOCHUS TOBEPXHOCTH BJOJIb KaXI0M U3 OCE ePEeMEHHBIX (COOTBETCTBHE
NEePEeMEHHOM psiia OmpenensieTcsl MOCIeI0BATeIbHOCTRI0 BBEJICHUS €€ MpHU 3ajaue
UMEHH (QYHKIIMH) U COJIEpkKaT CIASAYIOIIUe TapaMeTpbl HaCTpauBaHUS:

— Start (Hauano). B mone qanHoro mapamerpa MOKHO TIPOU3BOJILHBIM 00pa3oM
3a/1aTh HAYAIBHYIO TOYKY TOCTPOSHUS IPSIMOYTOJIbHUKA TI0 JAHHOM OCH.

— End (Kosner). B mone ganHoro mapameTrpa ompenensieTcss KOHeUHas TO4YKa
WHTEpBaa.
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— # of Grids (KomuuectBo nunHmii cetku). [lapamerp ompenensieT, Ha Kakoe
KOJIMYECTBO OTPE3KOB OYJET pa3OUT HHTEpBal IOCTPOCHUS JJisi BBIOpAHHOU
INEPEMEHHOM (YTO OTBEYAET YMCIy OTOOPAa)KEHHBIX JIMHUN CETKH). DTa BEJINYMHA
oOpaTHas 1ary U3MEHEHHs IEPEMEHHOM.

AHaJOrMYHO JBYMEpPHOMY CIIyyar0, HHTEpBaJl IO KaxIol U3 ocei
NEPEMEHHBIX pa30MBaeTCAd Ha 3aJaHHOE KOJUYECTBO OTPE3KOB. ['paHuIbl 3THX
OTPE3KOB JIAI0T KOOPAMHATHI y3JI0BbIX ToueK. [Ipu 3TOM, €ciii KOJIMYECTBO OTPE3KOB
o X paBusiercs N, a mo Y - M, To s Kaxaoro 3HadeHust X OyJeT cyuiecrBoBaTb M
TOYEK C pa3HBIMU KOOpAMHATaMU 1o Y, U, HA000poT, KaxaoMy Y Oyner orBedaTh N
3HaueHuil X. BusyalibHO 3TO MOXXHO TpPEJICTaBUTh B BHJE CETKHU, KOTOpas
OTIPE/ICIISACTCS IIaroM MO KaXKIOW M3 TMEPEeMEHHBIX, a B y3JaX HaXOASITCS TOYKH,
OTHOCHUTENFHO KOTOPBIX ONpeAenseTcs QyHKIuUs.

Korna cetka pa3OuBku 3ajaHa, UCYUCISIOTCS 3HAUYeHUE (QYHKIMU B €€ y3Jax.
Eciu oCTaHOBUTBHCS Ha 3TOM 3Talle M BU3YAIM3UPOBATh TOJBKO TOYKH, TO OyZIeT
IIOCTPOEH TakK Ha3biBaeMblii TodeuHbli rpadguk (Data Points). Kaxnmas Ttouka
COEUHSETCS] C COCEAHEHN MpU MOMOIIM OTPE3KOB IMPSIMBIX, IIPU 3TOM MPUMEHSIOTCS
CriaXuBaHHe U Jpyrue rpaduueckue 3QpQeKThl, B pe3ynbTare 4ero, B 3aBUCUMOCTH
OT BEJIMYMHBI IaTOB CETKH, BBIXOJUT 00Jiee WJIM MEHEE IiajiKasi IOBEPXHOCTb.

3-D Plot Format x|

General I Axes | Appearance | Lighting | Title |
B ackplanes I Special I Advanced

Flat 1 |

Range 1 Range 2 Coordinate System

start |.5 start |.5 & Cartezian
end IE erd |5 © Spherical
it of Gridz |2D 3: # of Grids IQD 3: ™ Cylindrical

kK I OtreHa | I'IpumeHHTbl Crnpaexa |

Pucynoxk 4 — OkHo 1 popMaTupoBaHus TPEXMEPHBIX TpaUKOB

Tperbe mento Bkiangku Plot 1 (I'paduk 1) - Coordinate System (Cucrema
KOOpAMHAT) OIpeNessieT, B KaKOl CUCTeMe KOOpAMHAT CIIEeIyeT OTOOpa3UTh JAHHYIO
3aBHUCHUMOCTh. BO3MOXKHBIE CieyIole BapuaHThL:

— Cartesian ([lexaptoBa). I'paduk oToOpaxkaeTcss B JI€KapTOBON CHCTEME
KOOpJIMHAT.

— Spherical (Cdepuueckyro). I'paduk oTodbpaxkaeTcss B chepudecKkoil cucteme
KOOpJIMHAT.

— Cylindrical (Hununapuueckas). I'paduk otoOpaxkaercs B UUIUHAPUYECKON
CUCTEME KOOPIMHAT.

B nuanore 3-D Plot Format (®opmarupoBanue 3-D rpaduka) IOCTYNHO
00JIbIIOE KOJIMYECTBO IMapaMeTpOB, U3MEHEHHE KOTOPBIX CIIOCOOHO MOBIMATH Ha
BHemHUNA BuJ Tpaduka. OHM CTPyNNUPOBaHBI TO TPUHIUIY JEHCTBUS Ha
HECKOJLKHMX BKJIaJIKaX.
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OcTaHOBUMCS KPAaTKO Ha BO3MOXKHOCTSIX 0(hOPMIICHHSI TPEXMEPHBIX TPaduKOB.

Hszmenenue muna epaguxa. YtoObl UIBMEHUTH TUIT YK€ UMEIOIIErocs rpaduka
(HampuMep MOCTPOUTH BMECTO MOBEPXHOCTH TpadUK JTUHUN YpOBHS W T.a.), HAJO
YCTAHOBHUTH COOTBETCTBYIOIIMI TEpPEKIOYATEe)Ib B HWKHEH yacTu BkiIanku General
(O6mme) u Haxkats kHONKY OK. I'paduik Oynet npeobpaszoBan (puc.5).

Obpawenue epaguxa. IIpocTeitmmii cnocod OpuUeHTAIIMN CUCTEMbBI KOOPAUHAT
c rpadMKOM B TPEXMEPHOM IMPOCTPAHCTBE - ATO IMEPETACKUBAHHE €€ yKaszaTelleM
MbIIIA. MOXHO MepeMelars MpU HaXaTOW JIEBOM KHOIIKE MBIIIM YKa3aTellb B
rpanunax rpaduka, u OyAeT BUIHO, KaK BpalaeTcs rpaduxk.

Hszmenenue opuenmayuu epagura. C nmomoirsto nojieli Rotation (Bpamenwue),
Tilt (Haxmon) m Twist (IToBopor) Ha Bkimagke General (OOmiue) ompenemnstoT
COOTBETCTBYIOIIHE YTJIBI BpaIlleHUs, HAKJIOHA U TTIOBOPOTA (B Tpaaycax) U TEM CaMbIM
3aJIaf0T HAMPAaBIICHUE BCEX TPEX OCEH KOOPAWHAT B MPOCTPAHCTRE.

Cmunb oceil MOXXHO WU3MEHHTH C MOMOIIBIO TPYMIBI Mepekiodareneii Axes
Style (Ctunb oceit) u 3a7aTh OJTMH U3 CIAEAYIOIIUX CTUJICH OCcel KOOpIUHAT:

— Perimeter (ITepumetp),

— Corner (Yromn),

— None (Her) - oCbl OTCYTCTBYIOT.

Ecnmu ycranoButh ¢uaxkok Show Box (Ilokazate ky0), TO KOOpAMHATHOE
IPOCTPaHCTBO OyAeT u300paxkeHo B BUjE KyOa.

Macwmabupoeanue epaguxa - MOXKHO 3a7aTh YMCIOBOE 3HAUCHHE MaciiTada
B nosie Zoom (Macmmta0) Bkiaaku General (O61ue).

3-D Plot Format x|

B ackplanes I Special I Advanced I QuickPlat Data I
General Axes | Appearance | Lighting | Title
B

Biatation: IE 3: Ases Style

i " Perimeter
Tilk: |35 3. & Camner F .
_ = Tames

Twist: |-1D 3. " None ’]7 Show Border Il

Zoom; |1 [~ Egual Scales [~ ShowBox T

Flat1 |
Dizplay As:

(% Surface Plot € Data Pajnts ~ Bar Plat
" Comtour Plat € Yector Field Plat € Pateh Plot

QK I OrmeHa I HDHMEHHTbl Crpaexa I

Pucynok 5 — Bkimagka General (Display as) mist uamMeHeHus Tuma rpaduka

@opMaTUPOBaHUE OCEHl BBIMOJIHSIETCS C MCIOJIb30BAaHMEM  BKIAIKu  AXes
(Ocm) (puc.6). Bknaaka Axes (OcH) COIEPKUT TPU BIOKEHHBIX BKJIAJKH, B KOTOPHIX
3aJAl0TCA TapaMeTphl Ui KaXKJIOW W3 TPEeX KOOPAMHATHBIX OcCed. B wacTHOCTH,
MOYHO BKJIFOYUTH WM OTKIIFOYUTH OTOOpaKEHHE JIMHUN CETKU, HyMEpalllio 1 3a1aTh
JTUara3oH I10 KaXK01 U3 OCEH.
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3-D Plot Format |

Backplanes | Special I Advanced I QuickPlot Diata I
Appearance I Lighting I Title

General
iz IY-Agis I Z-Aniz I

Grids

[# Draw Lines ™ Label I
E .E[TWGII'ZkS Az Format Auiz Limnits
uta Gri
= [~ Show Mumbers | | M Auto Scale
M Line LColor . -

I &cis Color
|'| 0 3: Mumber i Weight |-1 Minimum Value

I‘I 3: Line wieight |1.53: I‘I b agimumn Y alue
aK I Otrena | HDMMBHHTbl Crpaeka |

Pucynox 6 — Bxnaaka Axes (Ocu) ¢popmaTtupoBaHus oceit

C nomorpio emre oaHoi Bkaaaku — Backplanes (Ilmockoctu 3agHero miaHa)
(puc. 7) 3amaerca oToOpaxeHue MPOEKUUN KOOPAUHATHOW CETKU HA TPU CIIPSTaHHBIE
IJIOCKOCTH TPEXMEPHOTo rpaduka.

3-D Plot Format x|
| Appearance | Lighting | Title
Special I Advanced I QuickPlot Diata

A1 Backplane | -Z Backplane I -7 Backplane I

[~ Eill Backplane I Calor [ Backplane Border

Grids Sub-Grids
s -tz Pz iz
¥ Drawlines | [~ Drawlines | [ Drawlines | [ Draw Lines
[~ DrawTicks | I DrawTicks | [T Draw Ticks | [ Draw Ticks
M Line Color | T lline Caler | T e Cajer | T e Sl
Line ‘Weight Line ‘Weight Line Weight Line ‘W eight

EREER R
aK I OTreHa | I'IpMmeHH'rbl Crnpaeka |

Pucynok 7 — Bxnagka Axes (Ocu) hopmatupoBanus oceit

C momomisio BkIagku Appearance (Odopmienue) (puc. 8) MOKHO M3MEHUTH
CTHJIb 33JIaHUS 3aJIMBKU JIMHUN JIJIS1 KOHTYPHOTO M MOBEPXHOCTHOTO Tpadukos. [Ipu
BbIOOpe nepexitoyatens Fill Surface (3anuBka moBepxHoctn) u3 rpynmsl Fill Options
(Ornmuu 3anMBKU) MOXHO TOJIYYWTh JOCTYN K ommusM mneera (B rpymme Color
Options). Ecnu BeiOpats nepexmouarens Solid Color (OguH 1mBET), TO MOIYYHUTCS
OJIHOTOHHAs 3ajMBKa MoBepXHOCcTU. Ecnu yctanoButh mnepexmtouarenab Colormap
(LlBeToBas cxema), TO MOBEPXHOCTH WM KOHTYPHBIN rpaduk OyayT 3aJUThl pa3HBIMU
BETaMU M OTTEHKAaMH, NMPUYEM BbIOpaTh LBETOBYIO CXEMY MOXKHO Ha BKJAJIKe

Advanced (JlomonuauTensHo) (puc. 9).
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x
B ackplanes I Special | Advanced I QuickPlot Diata I
General I Anes Appearance | Lighting I Title

Plat1 |

—Fill Options—— [~ Line Options—— [~ Paint Options——
€ Fill Surface @ wireframe [ Draw Paints

e " Contour Lines Syrmbal

(O " Mo Lines lﬁ

I &ltemate Mesh [ Hide Lines s =

¥ Smocth Shading |1 3: \wWeight |1 3: Size

— Color Dptions — Color Dptions — Color Dptions

) Calormap " Colormap | Colomap

% Solid Calor T & Solid Color I  Solid Colar

aK I Otrena | [pHreHmTE | Crpaeka |

Pucynox 8 — Bxnanka Appearance (OdopmieHue) CTHIIS 3a1aHus] 3aTUBKH

3-D Plot Format x|
General I Axes | Appearance | Lighting | Title |
B ackplanes I Special Adwanced QuickPlot Diata
Advanced Yiew Options Frinting

™ High Quality Prirting
Il Set &g default

Colarmap
(i i

i

v Increasing 2

[~ EnableFog [100 = “ertical Scale

[~ Perspective |18 3: Wiewing Distance

|

kS

Plat 1 |

I‘1 3: Shiningss

ID 3: % Transparenicy Choose Colormap
I'I 3: Palygon Offset IHainbow VI

OtreHa | I'IpumeHHTbl Crnpaexa

o]

Pucynok 9 — Bxiagka Advanced (JlomoaHUTEIbHO) IS 3a1aHus 1[BETA B

crietR(hexToB

3aroj0BoK rpaduka MOXHO U3MEHHUTH C MOMOIIBI0 BKIaaku T itle (3aronoBok)

(puc. 10).

3-D Plot Format x|
Backplanes I Special I Advanced I QuickPlot Diata |
General I Anes I Appearance I Lighting Title

Graph Title:
™ Above  Below = Hide
aK I Otrena | HDMMBHHTbl Crpaeka |

Pucynok 10 — Bknaaka TITLE nns uameneHus 3arojioBka rpaduka

3.2.2 Cnocob mnocCTpoeHusi TpeXMEpHOro rpauka C TMOMOIIbIO MaTpPUIIbI

3HAUCHUU

CymiecTByer elmie OJIWH CHOCO0 MOCTPOEHUs TpexXMepHoro rpaduka

C

MOMOIIIbI0 MaTpPHUIIbl 3HAYEHUH, KOTOpas MPEACTABISIET CO0OM TaONMIly U3 Tpex
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KOJIOHOK: B MEPBOM OYIyT pacmoIOKEeHBI KOOPAUHATHI TOUYEK MO OCH X, BO BTOPOH -
mo ocu Y, B TpeTbert - mo ocu Z. B Mathcad cymectByer cnenuanbHas (QyHKIIUS
matrix(m,n,f) (Matpuna). @yHKuus GopMHUPYyeT MaTPUILy, JIEMEHThI KOTOPOI paBHBI
sHaueHusM GyHkiuu f(X,y), HCX0As U3 TOro yciaoBus, 4To X=I, =] (T.e. IEPEMEHHbIC
OTIPENEISAIOTCSA PaBHBIMH  COOTBETCTBYIOIIMM MAaTPHUYHBIM HMHACKCAM JaHHOTO
aneMeHTa). KonmdecTBO CTPOK CO3/1aBaeMOi MaTpHUIlbl ONpPEEsieTCS B IEPBOM
Mapkepe uMeHH (QYHKIMH (mapamerp M), KOJIMYECTBO KOJOHOK - BO BTOPOM
(mapamertp h).

AHAJIOTUYHO JBYMEPHOMY CIIy4aro, 3a7aTh MOBEPXHOCTh MOYKHO, HCITOJIB3Ys
ONepaTop PaHKUPOBAHHOW MEPEMEHHOM MO TOTOBBIM MATPHUIAM.

3.2.3 Cnocob mocTpoeHusi C MOMOIIBIO CIEUATbHON MAaTPUYHON (PyHKIUU
CreateMesh

MoxxHo co3gaTh rpaduK Takke C TOMOIIBIO CIEIHATIBHON MaTpUYHON
¢byukuuu CreateMesh (Co3aaTh ceTky).

Oyukmusi  CreateMesh(F,s,sl t,tl,sgrid, tgrid,fmap) BBoautrcss B  mapkep
rpadguyeckoil 00JacTM UM HMMEET IyCThble MapKepbl, B KOTOpPbHIE IMOCJIEI0BATEIHHO
BBOJISATCS:

— UMS1 MaTpUIlbl 3HaUeHU uiu pyHkuuu F;

— HavyaJbHOE 3HAYCHUE TIEPBOIM IEPEMEHHOMU S;

— Ha4YaJIbHOE 3HAYCHUE BTOPOH mepeMeHHoi Sl;

— KOHEYHOE 3HAYEHHE NIEPBOM NEPEMEHHOM t;

— KOHEYHOE 3HaueHHE BTOPOI MepeMeHHOH tl;

— YUCJIO JIMHUM CETKU IO MEPBbIN NepeMeHHOU sgrid,

— KOJIMYECTBO JIMHUM CETKU 10 BTOPOU MepeMeHHOM (grid,

— KapTa otoOpaxenus frnap.

KpoMe mnoBepxHOCTE B MPOCTPAHCTBE MOXKHO 33JaBaTb M Pa3HOrO poja
munun. Iy atoro cymectByet cnenuanbHas ¢pyakuus CreateSpace(F,t,tl,tgrid,frnap)
(Coznmats mpoctpancTBo). OHA UMEET MSATh MapKEpPOB, B KOTOPHIE MOCIEAOBATEILHO
BBOJSTCS HMMSI MacCHMBa JaHHBIX WM CHCTEMBbI MapaMETPUUECKUX YpaBHEHMIA,
HaYaJIbHOE M KOHEYHOE 3HAYCHHS IapameTpa, KOJIMYEeCTBO pa3OMBOK MPOMEXKYTKa
napameTpa, Kaprta OTOOpasKeHHUs.

[TapameTpuueckoe 3akpydrBaHUE pa3pelniaeT co3aaBaTh TpaduKu, KOTOPHIE
3ajaHbl B mapamerpuueckoit  (opme. IlocrnemoBarenbHOCTh ACHCTBHM  TIpHU
MCIIOJIb30BAaHUU AITOPUTMA MAPAMETPUUECKOTO 3aKPYUUBAHUS CIIEAYIOIAs.

1. 3anate ypaBHeHue moboi ¢pyHnkmu f(x).

2. 3aaTh CUCTEMY MAPAMETPUUECKOTrO 3aKPYUMBAHUS U COCIMHUTH €€ B OJUH
MacCCHB:

A(u,v) :=u,
B(u,v):=f(u)cos(v),
C(u,v):=f(u)sin(v),
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A(u,v)
M (u,v):=| B(u,v) |
C(u,v)

3. BHectun B Mapkep cienyromnyro 3anuck. CreateMesh(M, s sl t,tl,sgrid,tgrid).
4 CUMBOJIbHME BbIYMCJIIEHU A

[Ipy aHANWTHYECKWX BBIYUCICHUSX pE3YyJIbTaT IMOJYYalOT B HEUYUCIOBOU
dbopme B pesyibTaTe TOXKIECTBEHHBIX MMPeoOpa3OBaHM, Cpelu KOTOPBIX Ooliee
IPOCTHIMU €CTh PACKPBITUSL CKOOOK.

C mnomompl0o cuMBOJBHOTO mporneccopa MathCad MOXHO  pellaTh
WHKCHEPHbIE 3a/1ayd B AHAJIMTUYECKOM BHJI€ U TMPOBOJUTH IIUPOKUN CIIEKTP
QHATUTUYECKUX TMpeoOpa3oBaHMM, TaKMX Kak, YIPOIIEHHUE BBIPAKECHUN U
anreOpandeckue mnpeoOpa3oBaHusi, anredOpandyeckue U MaTPUYHBIE ONEpallvH,
OCHOBHBIC JCHCTBUS MaTeMaTHYECKOTO aHaIn3a, | T..I.

Pacnucanue  anreOpamdyeckoro  BbIpaXEHUS - 3TO  MaTEMaTHYECKOE
npeoOpa3oBaHue, KOTOPOE MEPEBOIUT CTENEHW M MPOU3BEACHHS B Oojiee MPOCThIC
cootHomeHus. [Ipu pacmucaHUM TPUTOHOMETPUYECKUX BBIPAXKEHUN (YHKIIUN
KpaTHOTO apryMEHTa IMpeBpaIiaroTcs B (QYHKIUA OAMHAPHOTO apryMEHTa, W T....
MathCad pa3spemaer ynpoinarh jJorapumMuyecKkue BBIPAKEHUS, PACKIaIbIBaTh Ha
MHOXHUTEIIH, TIPUBOJIUTH BBIpOKECHHSI K OOIEMy 3HAMEHATEII0, BBIHOCUTH
MHOXXHTENIb 3a CKOOKHM, pacKiIajblBaTh Ha DJIEMEHTApHBIE JPOOU, BBHITOJIHATDH
MI0JICTAHOBKH M 3aMEHBI IIEPEMEHHBIX.

CHUMBOJIbHBIE BBIUUCIICHUS MOKHO BBITIOJIHATH B TAKUX BapHAHTAX:

— C TIOMOIILI0 KOMaH/I MEHIO;

— ¢ TIOMOIIBID OIeparopa CHUMBOJIBHOTO BBIBOJA, KIIIOYEBBIX CIIOB
CUMBOJIBHOTO TPOIECCOpa U OOBIYHBIX (HOPMYII.

JImsi  CHMBOJIBHBIX BBIUMCICHUH C TIOMOIIBIO KOMaHJIBI TIPEIHA3HAYCHBI
raBHoe MeHio Symbolic (CuMBosiMKa), KOTOpO€ OOBEAMHSECT MaTeMaTUYeCKHUE
onepauuu. /s peanuzanuu BTOporo noaxoaa npumeHsitores Bce cpeactsa MathCad
(manpumep, Calculator, Evaluation, u T.11.).

C mnomompio meHo Symbolic (CuMBOIHMKa) MOXHO BBINOJIHATH TaKHe
OTIepaIiu:

Symbolic/Evaluate (CumBosnuka/BeiurciieHre ) CUMBOJIBHOE BBIYUCIICHUE, B
TOM YHCJIE C TUIaBarolie Toukoi (puc.1l,a);

Symbolic/Simplify  (CumBonuka/YmpoiieHue  BbIpaXKEHHI)  YIPOIICHUE
BBIPAXKCHUU;

Symbolic/Expand  (CumBonuka/Pa3noxeHue  BBIpAXEHUN)  pas3IOKCHHE
BBIPKCHUI HA DJICMEHTaPHBIC;

Symbolic/Factor(CumBonuka/PaznokeHre Ha MHOXHTENN) pa3iokKEHUE Ha
MHOXKHTEIIH;

Symbolic/Collect(CumBonuka/Iloo0HbIC) MPUBEICHUE TOT0OHBIX;
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Symbolic/Polynomial Coefficients (CumBomnuka/llomnHOMUATBHBIE
K03 (ppuineHTHI) BHIBOJ KOI(PHUIIMEHTOB TOJIMHOMOB;

Symbolic/Variable(CumBonuka/llepemennas/...) pelnieHue ypaBHEHHS;
MOJICTAaHOBKA MEpeMEHHBIX; TuddepeHnpoBaHue; HHTETPUPOBAHUE; PA3IIOKEHHUE B
PAIBI; pa3ioKeHUe Ha dJeMeHTapHbIe apodu (puc.11,0));

Symbolic/Matrix(CumBoauka/Matputibl) neictus ¢ marputiamu (puc.11,B);

Symboli/Transform(CumBonuka/MHTerpaibabie npeoOpa3oBaHuUs)
npeobdpazoBanne Oypre, Jlamnaca) (puc.11,r).

[TocnemoBaTeTbHOCTh  BBITIOJIHGHHUSI ~ BBIYHCICHWA  MOXKHO  3aJaTh  C
ucnons3oBanueMm Ctunst Beraucnennit (puc.11, n).

¥npocTHTE

_I—O a ChrBonnica OkHO  MoMowe CvmeonHia OKHO  Morowe
ChrBonMka OkHO - Momows i !
I BelromMTe PO 2| @) | R @ AT & BriHCHTE:
. POCTHTE . N . ;

a
;|
=

¥npocTHTE: Mnasarowan 3anataa. .. 1 PasBepHyTh

PasEepHy TR
PasEEpHY T KOMMNEKCHbIE DaKTop
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MaTpHua 4 MG ACTEEHTE:
MRS i’ MNpeofpasosaHie » AnddepeHuHpoEaTE I'IpemeHaﬂ
Mpeofpasosatie 3 w MpeobpasosaHe 4 ObpaTHTE
- PasnoweHHe B PAA. .. ——
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a) 0) B)
[
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[ >
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= bypee
— CTEEEGTES | [™ Kotz apmn
Nannaca
|iozearroe aracal | [™ Bemwcnsrs Ha Mecte OTmeHa |
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Pucynox 11 — Komanast merro Symbolic

5 IEMCTBUS C MATPULTAMHU

C nomotneto BeTpoeHHbIX (PyHkimit MathCad maTpuisl MOKHO OOBEIUHSITH,
BBIJICTISITh B HUX IOJAMACCHBBI, ONPEIENIATh pa3Mepbl MacCHBOB, MaKCHMAaJbHBIE,
MUHUMAaJbHBIC 3HAYCHUS, HAX0KIEHNE COOCTBEHHBIX YMCEN U BEeKTOPOB. [[ist MaTpuil
OTIpe/IeTICHHBI CIEAYIOIINE OIepanuu: no0aBleHNe, MPOU3BEACHUE, OOpalieHHe,
TPaHCTIOHUPOBAHUE, U T.1I..

Co3naTh MaTPHUILy MOKHO CIEAYIOIUM 00pa3oM:

3aIrucaTh onepaTop MPUCBAWBaHUS, JJIs BBEJICHUS TIPABOW YaCTH HUCIIOJIb30BATh
koMaHay Insert/Matrix winM Ha maHenu WHCTpyMeHTOoB Matrix. B okHe, koTopoe
packpoercs, 3a7]aTh 4HCIIO CTPOK U CTOJOLIOB MaTpHIlbl. BeKTop siBisieTcst MaTpuieit
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C OAHMM CTOJOLOM. BBecTH 3HayeHHE HJIIEMEHTOB MAaTPHIBI B COOTBETCTBYIOIINE
MmecTa. Jlanblie MOKHO BBIMOJHATh BCE HEOOXOANUMbBIE ONEPALIMH C MATPULIAMU

Jnst paGoThl ¢ dJIE€MEHTAaMU MAaTPHUIbl HCHOJB3YIOTCS MHACKCHI 3JIEMEHTOB.
Hywmepainus cTpok u cTONOIOB MaTpullbl HaUMHaeTcs U3 Hyls. MHaekc anemeHTta
ompeneNnsieTcss Ha MaHeld HHCTpyMEeHTOB Matrix kHomkod Subscript (puc.l,B),
Hanpumep Mnk. JI[Ba wuHIeKca, KOTOpbIE ONPEICISAIOT DJIEMEHT MAaTPHIbI,
otnensitores 3ansatoil. Homep crondiia MaTpuisl oToOpaxaeTcsi Kak BEpXHHUM UHJIEKC,
KOTOPBIH 3aKJII0OYEH B yIJIOBBIE CKOOKH, JUIsl 4ero ucnoiib3yercs kHonka Column Ha
MaHeJIu MHCTPYMEHTOB Matrix, Hanpumep, M<1> .

Jlis mpoBefeHUs Omepaluii ¢ MaTpUIlaMU HCIOJIb3yeTcss MeHio Symbolic u
koMaHaa Matrix (puc. 12).

Symbolics ‘Window  Help
Ewaluate Fl= | B @ | @
Simplify -
Expand E 7 U | =
Fackor
Collect B) A=
Polynamial Coefficients
Wariable 3

Matriz Transpose

TransForm 3 Invert

Determinant
Ewaluation Style. ..

Pucynok 12 — Mento Symbolic mjist paboTel ¢ MaTpuIiaMu B CHMBOJILHOM BHJIC.

6 HAXOXXJIEHUE KOPHE YPABHEHNS, PEIIEHUE YPABHEHWI 1
CUCTEM YPABHEHUI

Jlnst uncnoBoro moucka KopHe ypaBHeHus B MathCad  ucnonb3yetcs
BCTpoeHHas (yHkiwms root. Ona mo3sosseT perrats ypaBHenue Buaa f(x)=0, rae f(x)-
ypaBHEHHE, KOPHU KOTOPOro HEOOXOAMMO HaWTH, X - Heu3BecTHas. Vcnonbs3oBaHue
(GyHkuuu root TpeOyeT 3aaHusi HaYaJIbHOTO MPUOIHIKEHHUS.

@ynkus  polyroot Bo3Bpamiaer BEKTOp, KOTOPBIM HMMEET BCE KOPHH
ypaBHEHUS, KOIPOUIIMEHTHI KOTOPOTO 3anarTcsi BekTopoM V. Koadduimentsr y
BEKTOpA V pacrojaraioTcs B NOpsAJIKE BO3pACTaHUs CTENEHEN B ypaBHEHUHU.

CymiecTByeT BO3MOKHOCTh CHMBOJIBHOTO pellleHHs ypaBHeHus. [[ns storo
HeoOxoauMo oOpatuThcs K MeHio  Symbolic/Variable/Solve. Kopuu ypaBHeHus
BBIBOJISIT B BUJIE BEKTOPA.

MoXHO Tak)ke HAaXOIWTh pEUIeHHE YypaBHEHUs rpaduuecku. ['paduueckoe
pellleHre 3aKiovaeTcs B ONpeleieHuHd Mo rpapuky (yHKUUH, KOTOpas OTBEYaeT
JIEBOM 4YaCTW YpaBHEHHUSA, TPU KAKOW BETUYMHE apryMeHTa OaHHas QYHKIUS
MIPUHUMAET 3HaYEHUE, PABHOE NMPABOM YaCTH YPABHEHUSI.

Bce MeToap!l perieHrs CUCTEM JIMHEWHBIX anreOpandecKux ypaBHEHUN MOXKHO
pa3lleauTh Ha JBE OCHOBHBIX rpymmbl: mpsimele (meton Kpamepa, meton I'ayca, u
T.I.) U UTEpaTUBHbIE MeTOAbl. [IpM HCHONB30BaHMM MPSMBIX METOJOB PACUETHI
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MOXHO BECTM  KaK YHCIEHHO, TaK W CHMBOJIbHO. MTepaTHBHBIE METO/bI
PUMEHSIOTCS B UUCJICHHBIX PEIICHUSX.

JUis pelieHns CUCTEM JIMHEHHBIX M HEJIMHEWHBIX YPAaBHEHUN MCIONb3yeTCs
"0JI0K peleHui", KOTOpPBI HAUMHAETCA U3 KIFOUYEBOIO CJIOBA given U 3aKaHUYMBAETCS
BBbI30BOM (QYHKIMH find. Mex1y HUIMH HaXOAsTCsl ypaBHEeHUE. BceM HEM3BECTHBIM B
YPaBHEHUHU JOJDKHBI OBITh NPHUCBOEHBI HayalbHbIE 3HAaueHHA. B ypaBHeHUM, 1Is
KOTOPOrO0 HEOOXOAMMO HAMTH pelIeHUE, HY’KHO HCIOJIb30BaTh 3HAK JIOTMUECKOIO
paBeHCTBa = Ha MaHenu WHCTpyMeHTOB  Evaluation. Kak aprymenTtsl B QyHKIMH
JOJKHBI OBITh HEM3BECTHBIE, KOTOPBIE HEOOXOUMO HANTH.

Pemenne cucteMbl TMHEHHBIX YpaBHEHUHN C TOMOIIbIO BCTPOECHHOW (PyHKIHU
Isolve(A4,b) BO3BpalllaeT BeKTOp pemeHud b. Marpuna A - KBaapaTHas
HEBBIPOXKJICHHAsS, BEKTOp D - BeKTOp mpaBbIxX "acTei B cCUCTEME YpaBHCHHUM.

C momomipio cuMBOJIBHOTO Tmporieccopa MathCad ~— moxkHO TONy4aTh
AHAJMTUYECKUE PEIICHUS CUCTEMBl YpaBHEHHH, UCTIONB3Ys omeparop Solve. B stom
cllydae CucTeMa JI0JKHA ObITh 3aHEeCEHa B BUJIE BEKTOpA B JIEBBIM MapKep orepaTopa.
IlepeMeHHBIE, 3HAYEHUSI KOTOPBIX OTBICKMBAIOTCS, CJIIEAYET BBOAUTH YEpE3 3aIIATYIO B
npaBbelii Mapkep omeparopa SOlve. OTBer OynmeT BO3BpalleH B BHJE MaTpUIIBI, B
CTpOKax KOTOpOH OyayT 3amucaHbl HalICHHbIE 3HAUYEHUS HEU3BECTHBIX CUCTEMBbI
YPaBHEHHUM.

AHalnUTUYECKUE PEUICHUS MOXHO TakXe IOJIY4YUTh C MOMOIIbI0 "OJoKa
peleHnid", KOTOPBIM HAYMHAETCS U3 KIOUEBOTO CJIOBa given.

[IpuOnvkeHHbIE pElIeHUsT CUCTEMBl ypPaBHEHUHM MOXKHO MOJYYUTh C
HCTIOJL30BAaHUEM BCTPOEHHOU PpyHKUMM minerr( x1,...). 9Ta PyHKIUS TOJ0OHAS 1O
cBOel paboTte Kk GYHKUMH find, OHAKO OHA UMEET JAPYTHUE YCIOBUA AJIA 3aBEPLICHUS
UTEpPaTUBHOTO Ipoliecca Moucka pemeHuid. yHkuus minerr NO3BOJSIET HAXOAMTH
pelieHre B TOM ciiy4yae, KOrja ux He HaXOAUT PyHKuus find.

7 BBIYMCJIEHUE TTPOU3BOAHBIX U UHTEI'PAJIOB

AHanoruyHo OOJNBIIMHCTBY JPYTrdX HaAWOOJee BaXHBIX MaTEMaTHYECKHX
onepanuii, B MathCad cymecTByeT 4YiCI€eHHOE U CUMBOJIbHOE TU(depeHITIPOBAHKE.
CHUMBOJIBHBI METOJI UMEET MPEUMYIEeCTBa B TOM IUIaHE, YTO PE3YJIbTaT MOKHO
MOJIYYUTh B BHJIE (DYHKIIMH, KOTOPYIO MOXXHO OYJET MCHOJB30BaTh B JATbHEHIIMX
pacyetax. UYucieHHBIA K€ TOAXOJ MMEET TMPEUMYIIecTBa B  HEKOTOPBIX
cnenupuuecknx 3amadax. MathCad MO3BOJISIET BBIYUCIATH KakK OOBIYHYIO
MIPOM3BOAHYIO0, TaK M TMPOM3BOAHBIC 00JIEe BBICOKUX IMOPSIKOB, & TAKXKE YaCTHBIC
npousBoHbIe (puc. 13).

Oneparop mnpocroro auddepenuupoBanuss Ha madenu Calculus s
BBIYKCIICHUS TIEPBOM TPOW3BOJHON HMMEET JBa MapKepa, NMPHHIMI 3aroHEHUS
KOTOPBIX CJICAYIONIUI: B BEpXHHUH BBOAUTCS (HYHKIIMSI, B HIDKHHM - TIEpEMEHHAs, 110
KOTOPO# BBIYUCIISICTCS MTPOU3BOIHAS.
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lim  Tim m
—=a =3t =a-

PI/ICYHOK 13 - ].II/I&JIOFOBOE? OKHO IJIAA BBIYHUCICHUSA ITPONU3BOJHBIX U

HHTCTPAJIOB
Pe3YJ'IBTaT MOET OBITh npeacCTaBjJICcH B CHMBOJIBHOMY BUAC, €CIn
HCIIOJIB30BaTh OIICpATOp CHUMBOJIBHOI'O BBbIBOJA —, a II0TOM 06paTI/ITBC$I K
CUMBOJIbBHOMY mpoueccopy Symbolic/Evaluate (CumBonuKa/Beauciute B
cumBoiax) (puc. 14).
E|
— (R Modifiers
flaat camplex  assume
solve simplify  substitute
factar expand coeffs
collect series parfrac
fourier laplace Ztrans
invfourier  invlaplace imarans
MY — H' = [n| —

Pucynox 14 —MeHro cumBoJIbHOTO Tiporieccopa Symbolic myist BeruuciieHus B
CHUMBOJIaX

[Ipu cumBoIbHOM Au(GEPEHITUPOBAHUN MOKHO OMEPUPOBATH C HYHKIUSIMHU
HECKOJBKHX NepeMeHHbIX. Oneparop AUPGEepeHIUPOBaAHUS MOKET COCTUHATHCA C
JOOBIM BBIYMCIIMTENIbHBIM WJIM CUMBOJIBHBIM OIepaTopoM. OCOOEHHO MOJIE3HBIM
ectb  omepatop Simplify, Tak Kkak BbIpaX€HHUE TMPOU3BOJHON BBIJAETCS B
HEyNpoueHHOM Buze. s ynpolueHuss oTBeTa CleAyeT KCIOIb30BaTh ONEPaTOPhI
Collect (ITpuBoauth nomo6HwIe), Factor (PacknaapiBaeT BeIpaKeHUE HA MHOKHUTEIH)
u Expand (PackpsiBath CkOOKH).

UT0oOBI OYYUTh YUCICHHOE 3HAYCHHUE MPOU3BOIHOM B HYKHOM TOUKE UCXOIs
U3 PE3yNbTATOB CUMBOJIBHOI'O PacyeTa, Hy>KHO CENATh CIEAYIOIIEE:

1. Haitti ¢hyHKIIUIO TPOU3BOTHOM, UCIIONB3YS OTIEPATOP CUMBOJIIHLHOTO BBIBOJIA
(-).

2. IIprcBOUTH MEPEMEHHON COOTBETCTBYIOILIEE YHCIOBOE 3HAUEHUE.

3. CkonupoBaTh NOJYYEHHOE BBIPAXKEHUE JIJISl POU3BOHON U BBIUUCIUTD €ro
CUMBOJIBHO.

[Tanens Calculus (Bpruncnenue) coaepkuT ABa onepaTopa MHTETPUPOBAHUS.
[Tepsrrit, Indefinite Integral (Heompenenennsiit nHTErpai), MO3BOISET OMPEICIUTH
BUJl (YHKIIMU, KOTOpasi uHTerpupyercs (puc. 15). Omeparop HeompeneaeHHOTOo
MHTETpajia COAEPKUT JBa MapKepa, KOTOpbIE 3arOJHSIOTCS COOTBETCTBEHHO
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MPUHSATOMY B MaT€MaTHKE TPEICTABICHUIO: B JICBBIM BBOAUTCS (PYHKIUS (VT UMS
dbyHkIMM), noj 3Hak auddepenipana - nepeMeHHass UHTerpUPOBaHUS.

Yame Bcero pe3yibTaT HHTETPUPOBAHHS MPEICTABISIET COOOW TPOMO3IKOE
BhIpaXKeHHE. B 3ToM ciydae ero ciemyer ympornatb. Hambosee yHUBEpcalbHBIN
UHCTPYMEHT, KOTOPBIM ISl 3TOTO UCMoib3yeTcs - oneparop Simplify (YnpocTuts).
Opnako MHOT/A BhIpakeHHEe MOXKHO yrnpoctuth (omepatop Collect), pa3noxus mo
crerieHsiM  (oreparop Expand) wnam npuBens napoO6b K oOlieMy 3HaMEHATeNo
(omepatop Factor). UToObI 3a7€iiCTBOBATh HYKHBIN CHMBOJIBHBIN OIEpaTop, CICTyET
BBIJICIUTh BHIPAKEHNE MHTETPAJIAa M HAXKaTh COOTBETCTBYIONIYIO KHOIKY Ha TIAHEIH
Symbolic (CumBosbHble). [IpuMeHUTs K pe3yibTaTy HHTETPUPOBAHUS MOXKHO U
Cpa3y HECKOJIbKO CUMBOJIBHBIX OIIEpPaTOPOB.

HaxoxneHrne ompeaeseHHOTO WHTETpaly BBINOJTHSAETCS MOJ0OHO TOMY Kak
BBIYMCIISICTCSI HEONpPENCNEeHHBIN WHTerpal. J[ns WHTerpupoBaHus HEOOXOIMMO
oOpatuthcss Ha maHenu CumBonibHbe K GyHkuuu simplify. BBectu omeparop
UHTErprupoBaHusi. B COOTBETCTBYIOMIMX MECTaX 3aMOJHUTH UMS TIEPBOM MEepEeMEHHOM
U TpaHUIIbl HHTErpUupoBaHus. Eciau HeoOX0IMMO BBIYMCIUTD KPaTHbIE HHTETPAJIBI, TO
HA MecTe BBEJCHUS (DYHKIMU TOJ HMHTETpajioM BBECTU €IIe OJWH OIepaTop
UHTETPUPOBAHUS, TPAHUIBI MHTETPUPOBAHUS U TOJBIHTETPAIbHYIO (GYHKIIUIO.
AHaIOTUYHO BBIMOIHIETCS HHTETPUPOBAHHUE 0 HECKOJIBKUM TIEPEMEHHBIM.

MoXHO  ompenenauTh HMHTErpal B  CHUMBOJIBHOM  BHJIE, HampuMeD,

b L. 1.,
[xdx — =b* —=a’
a 2 2

Jnst uucnoBoro wunHterpupoBanus MathCad mnpesiaraer BOCHONIB30BaATHCA
BCTPOCHHBIMU MPOTPaMMaMH BBIYUCIICHHS] MHTErpasioB (puc. 15). [ns toro, 4yToOsI
oOpaTuUThC K NPUOTMKEHHOMY pacueTy, HEOOXOAMMO B KOHTEKCTHOM MEHIO
BBIOpATh OJIMH U3 METOJIOB MHTETPUPOBAHUSI.

L e
ABTOMATHHECKHA BRibop

v Pombepr
A43NTHEHEIH
BeckoHeYHEH Mpeaen
EAHHETERHHAA KoHeYHaa Todka

.;'ﬁln BripesaTe
KonvpoEaTe
E BETaBHTE

CBOWCTEA. ..

3anpeTHTE BeiMHMCneHHA

Pucynok 15 —MeH10 co BCTPOEHHBIMU MPOrpaMMaMHU JIJIsl YUCIOBOTO
WHTETPUPOBAHUSA

8 BEIUMCJIEHUE OBbIYHbBIX JU®DEPEHIIUAJIBHBIX YPABHEHUN

Huddepennpanbabie ypaBHEHUS - 9TO YpaBHEHUS, B KOTOPBIX HEU3BECTHBIMU
ecTh (DYHKIIMM OJHOW WM HECKOJbKUX TEPEMEHHBIX. OTH YpPaBHEHHUS HMEIOT
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COOTHOILICHHE MeXAy (DyHKUIMSIMH, KOTOpble HEOOXOAMMO HaWTH, U UX
NpOU3BOAHBIMU. Ecnu B ypaBHEHHWH TIPUCYTCTBYIOT IIPOU3BOJHBIE 10 OJTHOU
NEPEeMEHHOM, TO 3TO €cTh 00bIuHBIE MU Pepennnanbubie ypaBuenus (O1Y). Haittu
pemenrne audQepeHIuanbHOrO ypaBHEHUS (MM MPOWHTETPUPOBATH €ro) -  3TO
3HAYUT OMPEISIUTh HEM3BECTHYIO (DYHKIIMIO HA 33JJaHHOM MHTEpBAJIC U3MCHEHUS €€
nepemennyo. [uddepeHnmansHoe ypaBHEHHE WMEET OJHO PEIIeHHE, BMECTE C
ypaBHEHHEM 3aJ]aHbl HAYaJbHbIC YCIOBUSI.

C nomomipto MathCad wmoxHO HaiiTh pemenue 3amau Komwm, st KOTOpBIX
3aJlaHbl HayaJbHbIE YCIOBHS, W (DYHKUIHH, KOTOPHIE HEOOXOAUMO OTHICKATh, T.C.
3aJJaHHbIC 3HAYCHUSI ITOW (PYHKIIMH B HaYaIbHON TOYKE WHTEpBaJia UHTEIPUPOBAHUS
ypaBHeHuA. B OonpmmHCTBE ciay4daeB aud@epeHnanbHOEe ypaBHEHUE IEPBOTO
MOpsIIKa MOYKHO 3arucaTh B ctanaaptHoit hopme (popme Komm):

y' (1) = f(y(t)1), (1)

U TOJIBKO C TakoW (OpMOIO ypaBHEHHS MOXKET pPabOTaTh BBIYMCIUTEIBHBIMN
nporeccop MathCad. Bwmecte ¢ ypaBHeHuem (1) HeoOXoaMMO 3a7aTh HadyaJIbHBIC
yCIOBUS — 3Ha4YeHHWE (QYHKIUU Y(fp) B HEKOTOpoil Touke ty. Takum oOpaszom,
HE0O0X0IMMO HaiiTh (QYHKIIHIO y(?) Ha uHTEepBase [y, t].

JIis  YUCIIOBOTO HHTCTPUPOBAHHUS B MathCad €CThb BO3MOYKHOCTB
ucronb3oBath 0ok Given/Odesolve unu BcTpoeHHBbIE (YHKIMU. BBIUnCIATENBHBINH
omok Given/Odesolve, KOTOpbIii peaqn30BBIBACT PEHICHHE OJHOTO OOBIYHOTO
middepeHIranbHOro ypaBHeHUs MeToioM Pyrre —KyTTa, cocTouT U3 Tpex yacTei:

KJIroueBoe ciioBo Given;

nuddepeHaibHOe YpaBHEHUE W HAaYaJlbHOE YCJIOBHUE, KOTOPbHIC 3alKCaHbl C
MOMOIIbIO  JIOTHYECKUX ONEPaTOpOB, MPUYEM HAYAIbHOE YCJIOBHE JOJIKHO
3anuchIBaThCs B hopme

y(to)=bh;

Odesolve(t,t;) — BcTpoennas ¢yukuus a1 perienns OJY  oTHOCHUTENBHO
nepeMeHHO# t Ha uHTEpBane [ty t].

Jst pemiernss OJIY MOXHO HCHONB30BaTh TakK)Ke BCTPOCHHBIC (YHKIIUU
rkfixed, Pkadapt, Bestoer.

9 IPOTPAMMUMPOBAHUE B MATHCAD

Jlnst nanmucanus nporpamM B cpene MathCad [4,6] cymiecTByer cnieruanbHas
nanenb Programming (IIporpamMmmupoBanue) (puc.16, a), oHa OTHOCHUTCS K HaHENU
Math (Marematuueckue) (puc.16, 0).

A3k nmporpammupoBanus MathCad wuMeer mpenenbHO Manoe KOJIMYECTBO
omnepatopoB (puc. 16, a). UtoObl HamucaTh Nporpammy, MpexkAe BCETro s Hee
JOJKEH OBITh CO3/1aH OJIOK. BBITNSIUT OH Kak uyepHash BEPTUKAJIbHASI JIMHUS C
MapKepaMmu, B KOTOPbIE 3alMChIBAIOT T€ WM MHBIE BHIPAXKEHUS aITOPUTMA.
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MNporpaMMypo A

Add Line —

if otherwise

far wihile

hirealk continue

A ] = [ <F 3|ap &

| IDEF'-IEHHE |ﬂaHEHb MNpor paMMHpoEaHHA

a) 6)
Pucynox 16-Ilanens mporpaMmmMupoBaHus

return amn errar

UYToOBI TOCTPOUTH CAMHUYHBIN 3JIEMEHT MPOrPAMMHOTO OJIOKA, UCIIOJIB3YETCSI
kHonka komaHabl Add Line (/loOaButh sumHMIO) mmaHenw —Programming
[TporpammupoBanue). [Ipu 3ToM B 0071aCTH Kypcopa MOSBUTCS CICTYIONIHA O0BEKT:

L , B KOTOPBIA MOKHO 3aHECTH JBE CTPOKHM MporpaMmsbl. Jljis co3gaHust GoJbLIEro
YHUCla CTPOK MPOrpaMMbl HEOOXOAMMO MOCIEA0BATEIbHO HAXXUMATh HECKOJIBKO pa3
COOTBETCTBYIOIYI0 KHONKY Ha maHenu Programming. IIporpamMmHBIid 060K MOXHO
cO37aTh U BHYTPH YK€ 3aIaHHOTO OJIOKa.

Jlniss mpuCBOEHUS 3HAYCHHWU TIepeMeHHbIM W (yHkimusmM B MathCad
UCToJib3yeTcsl crenuanbHbiii  omeparop: <— (Local Definition - JlokansHoe
pUCBAWBAaHUE), PACIONOKEHHbIM Ha maHenu Programming (IIporpammupoBanue).
Hcnonp30BaTh omneparop OOBIYHOTO NPUCBAMBAHUS = B IporpaMMax HeJb3sl.
JlokanbHbIE IEpEMEHHbIE U PYHKINUN UMEIOT PUOPUTET HAJl I100ATbHBIMHA B paMKax
poaHOI mporpaMMbl. Heckonbko mepeMeHHBIX MOXHO OOBSBISATH B OJHOM CTpPOKE
4yepes 3aITylo.

[IpakTruecku mro0as mporpamma CO3JaeTcsl C UCHOJb30BAaHUEM CHEIUATBHBIX
YIPaBJISIOIINX ONIEPaTOPOB, TAKKX Kak oreparop nukia for wmm onepatopa ycioBus
if.

Uto0bl 3a/1aTh HYKHBIN ONEpaTop, UCHOIB3YIOTCS COOTBETCTBYIOIINE KHOIKH
nadenu Programming (IIporpammupoBanue). IIpocto HaOpath omeparop wu3
KJIaBHATYphl HENb3s - OH Oyner BocnpuHAT cuctemord MathCad kak Hew3BecTHas
¢ynkuusa. Takue onepatopsl kak: if, for, while, akTuBupyroT kKo7, pacronoXKeHHBIN
B JIEBOM BEpPXHEM MapKepe, B TOM CIy4yae, €CJIU BBIMOJIHSIETCS YCIOBUE B IIPABOM.
JUist  3amaun  ycloBUSL UCHOJIB3YIOTCSL TakKe orepaTopbl maHenu Boolean
(JIornueckue). MOXHO 3a/1aTh M KOMIUIEKC YCIOBHUH.

C mnomompio  omeparopa TmpocToro Iwkia fOr MOXHO OpraHu30BaTh
BBIMIOJIHEHHE ONEpalyyd WIM MPOBEPKY YCIOBUSA IS Psiia KOHKPETHBIX 3HAUYECHUU
nepemerHoil. Omeparop for wMeer Tpu Mapkepa: B JBYX BEpPXHUX MapKepax,
COEIMHEHHBIX CUMBOJIOM IMPUHAJIEKHOCTH, 33J1a€TCs UMSI IEPEMEHHOM, M0 KOTOPOM
OpraHu3yeTcsi LMKJI, W PpsAd MPUHATBIX €10 3HadyeHud. B HmwxkHEM Mapkepe
ompenensieTcss omnepanuss WId KOMIUIEKC Olepaluuid, KOTOpbI€ JOJIKHBI OBITh
BBITIOJIHEHBI 17151 K&YKJIOTO 3HAYEHUS TEPEMEHHOM.

C nomomnpto BToporo omneparopa nukia while (IToka) MoxxHO opraHu3zoBaTh
IIUKJI, KOTOpbIA Oyaer padoTaTh 10 TeX MOp, IIOKa HEKOTOpoe ycioBue OyaeT
BbINONHATBCS. Omepatop while umeer nBa Mapkepa, B KOTOpbI€ BBOJSATCA
COOTBETCTBEHHO YCJOBHs paOOThl LIMKJIA U BBIpAXKEHUE IS ONepanuii, KOTOpbIe
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OynyT BBIIONHATHCS  Ha Kaxaom mmare mmkia while. KommuectBo miaros
BBITIOJTHCHHUSI IIMKJIA HE HYKHO OTPEACIIATh SBHBIM 00pa3oM.

Ecnu B HEKOTOPBIX CUTyalUsIX MpU paboTe MporpaMmMbl HEOOXOIMMO TIPEPBATh
paboTy HMKJIA, JJIs 3TOr0 HaJI0 MCHOJb30BaTh omeparop break (IIpepsarts). DtoT
orepaTop MmoduTH Bceraa padoraer ¢ oneparopoM if (Ecnu) wm on error (Ilepexsar
OIINOO0K).

[Iporpammusiil onepatop ycnosus if (Ecnu) ucnonb3yercss NpakTUYECKH BO

BCEX CO3JaBa€MbIX aJITOpPUTMax. Y CJIOBHBIN onepatop if nmeer nBa mapkepa: *if*. B
MpaBbIi MapKep BBOJUTCS YCIOBHE, B JIEBBIM - onepaius, KOTopasi BBIMOJIHICTCS B
cllydae, €Clid YCJIOBUE BBITIONHAETCA (€CIIU JK€ OHO HE BBIMOJIHACTCS, TO MPOTPaMMma,
NpOIyCKAaeT JaHHbIM ¢parmMeHt). B mapkep omeparopa MOXKET OBITb BHECEHO
HECKOJIBKO YCIIOBUH.

Ecnu anroputM MMeeT HECKOIBKO YCIOBUM, IPU 3TOM BBITIOJHEHHE OJTHOTO U3
HUX MOXET MPUBECTH K HEBBITIOJHEHUIO WX OIMIKUOKE B APYTUX OMEpaTopax yCIOBUil,
TO MOKHO HCIOJb30BaTh clienuanbHblil onepatop continue (IIpomosmxuts). Ero
IPUMEHEHHE aHaJOTUYHO puMeHeHuto oneparopy break (ITpepsats).

Omneparop otherwise (MHaue) mpenHaszHayeH JUIsi OMpPENCIICHUS JCUCTBUS,
KOTOpPO€ JIOJIKHO OBITh BBIMIOJIHEHO, eciu yciaoBue omnepatopa if (Ecnu) okaxercs
omnO604YHbIM. OHOBPEMEHHO MOXET OBITh HCIOJIb30BAHO HECKOJBKO YCJIOBHBIX
onepatopoB if (Ecnu). Omneparop otherwise (Muaue) B Takom ciydae Oyner
3a/1eiCTBOBAH, €CJIM HE BBIMOJHATCS yclIoBUs Beex oneparopos if (Ecin).

C nomouipto omepartopa return (Bo3BpatuTe) MOXHO mpepBaTh padoOTy
OpOrpaMMBbl U BO3BPAaTUTh HEKOTOPOE 3HAUEHHUE. DTOT ONEpPATOp UCHOJIB3YETCs MpHU
OIIMOOYHON CUTYaIlMU B IpOrpaMMe.

B MathCad cyniecTByeT BO3MOXHOCTh UCHOJIB30BaTh CHEUAIBHBINA ONEPATOP
on error (IlepexBar omu60k). OH Ja€T BO3MOXKHOCTH B MporpaMmax H30erartb
OIMOOK U OOXOAUTh MX. DTOT ONEPaTOp IO CHHTAKCHCY IOJHOCTBIO OTBEYAET
oneparopy if.

10 OPABOTKA TAHHBIX CPEJICTBAMU MATHCAD

M3BeCTHO, YTO OJKCIEPUMEHTAIbHBIC JaHHbIC, KakKk MPABUIO, 3aIal0TCs
JIMCKPETHO B BHMJE MAacCHBa JaHHBIX M3 JBYX Iap 4mcen (X; y;). B cBs3u ¢ aTtuMm
BO3HHMKACT 3aJada ammpOKCHMAIlUH TUCKPETHBIX JAHHBIX HEHIPEPHIBHOU (yHKIHME
f(x). B MathCad nmns oOpaOOTKM 3KCHEPHUMEHTANBHBIX JaHHBIX CYIIECTBYIOT
BCTPOEHHBIE (DYHKIMH, KOTOPBIE ITO3BOJISIOT BBITOIHATH HHTEPIIOJISIIHIO.

JIns TOCTpOEHUsT JIMHEHHON HMHTEPIIONAIMH CIYKHT BCTPOECHHAS (DYHKIIHS
linterp

linterp(x,y, t) — dyHKIHs, KOTOpas aMMPOKCUMHUPYET JaHHBIC BEKTOPOB X H Y
KYCOYHO-JIMHENHOMN 3aBUCHMOCTBIO;

— X — BEKTOp JCHCTBUTEIILHBIX TaHHBIX apTyMEHTAa;

— y — BEKTOp JCHCTBUTEIILHBIX TaHHBIX 3HAYCHHUH TOTO JK€ pa3Mepa;

— t — 3HaYeHHWE aprymMeHTa, MpU KOTOPOM BBIUMCIISIETCS WHTEPIOJISIIMOHHAS
byHKIHS.

3ameuanue: >IEMEHTBI BEKTOpA X JOJDKHBI OBITH OMNpEAEICHbI B IMOPSAKY
BO3paCTaHUsI.
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YtoOsl  OCYImIECTBUTH JIMHEWHYIO HWHTEPIIOJSIUIO, HAI0  BBIMOJHUTH
clenyroumue AecTBus:

1. BBecTH BEKTOpPHI JaHHBIX X U ).

2. Onpenenuth GyHKUMIO linterp (X, 6, t ) .

3. BpuncauTh 3HaueHUe 3ToM (YHKIHMHU B HEOOXOIUMBIX TOYKAX, HAIPUMED,
linterp(x,y,2.4) =3.52 wnu linterp(x,6,6) =5.9, unu nocTpouTh ee rpaduk.

3ameuanue: dynxuus A (f) Ha rpaduky mmeer aprymeHt t, a He x. DTO
o3Hadaet, 4to pynkmus A (f) wcuucisercs HE TOJIBKO NPH 3aJaHHBIX 3HAYCHHSIX
apryMeHTa, a B HAMHOTO OOJIBIIIEM KOJUYECTBE apTyMEHTOB B MHTEPBAJIC H3MCHCHUS
MepeMEHHOM, 9T0 aBTOMaTudecku ooecneunBaeT Mathcad. Mathcad, mo ymouanuto,
COCMUHSCT TOYKH Trpaduka TPSIMBIMH JIMHUSIMH, OCYIICCTBIISIET WX JIMHCHHYIO
WHTEPTOJISIINIO.

B OonbImIMHCTBE TPAKTUYECKUX MPUIIOKCHUNM KEJIATSITBHO COSTUHUTH
AKCIIEPUMEHTAJIBHBIE TOUKU HE JIOMAaHHOUW JIMHUEH, a IIagKou KpuBou. Jlydiie Bcero
JUTSL ATUX TeJIe TTOJIXOIUT UHTEPIIOISIIUSA KyOUYEeCKUMHU CIUTaiiHaMHU, T.€. OTPE3KaMHU
KyOM4ecKux mapado.

interp(s,x,y,t) - QyHKIUS, KOTOpas anmpoOKCUMHUPYET JaHHbIE BEKTOPOB X U Y
KyOMYEeCKUMU CIUIaitHaMU;

— S - BEKTOpP BTOPBIX MPOU3BOIHBIX, CO3/IaHHBIN OJHON U3 QyHKIMI cspline,
pspline wiu Ispline;,

— X - BEKTOp JCHCTBUTEIBHBIX MAaHHBIX apTyMEHTa, JJIEMEHTHI KOTOPOTO
PaCIOJIOKECHBI B TTOPSIIKE BO3PACTAHUS;

— Y - BEKTOp JICUCTBUTENBHBIX 3HAUEHUI TOTO K€ pa3Mepa;

— t - 3HaueHWe aprymMeHTa, NPH KOTOPOM HCUUCISETCS (DYHKIUS, KOTopas
HHTEPIOJIUPYETCS.

[lepen npumenennem GYHKUMH interp HEOOXOAUMO MpPEABAPUTENIHHO
OTIPENIENTh TEPBBIA U3 €€ apTyMEHTOB - BEKTOPHYIO MEPEMEHHYIO S. BhImonHseTcs
ATO C MOMOIIIBIO OJTHOM M3 TPEX BCTPOCHHBIX QYHKIIUN TEX K€ apryMEHTOB (X,)).

— ispiine(x,y) - BEKTOp 3HaueHU K0AG(OUIIMEHTOB TUHEHHOTO CIUIAiHA;

— pspiine(x,y) - BEKTOp 3HaAUCHUI KOI(PPHUITMESHTOB KBAIPATUYHOTO CIJIalHA;

— cspline(x,y) - BeKTOp 3HaUeHUN KO3(PHUIIMECHTOB KYOHUYECKOTo CIjIaiiHa;

— X, Y - BEKTOPHI JIaHHBIX.

bosiee CIIOXKHBIA TUII MHTEPHOJSINMUA - TaK Ha3blBacMas WHTEPHOISAUUS B-
cnaatinamy. B oTamume OoT  OOBIYHOM  CIIAWH-WHTEPTOJSAINN, CITUBAHUE
AIIEMEHTApHBIX B-CIIalilHOB BBHITIONHSAETCS HE B TOYKAX X M ), a B JIPYTUX TOYKax,
KOOPJIMHATHI KOTOPBIX TMPEAJIaracTcsl BBECTH IMOJIb30BaTeito. CrilaifHbl MOTYT OBIThH
nosmHOMaMu 1, 2 wim 3 crerneHn (TMHCHHBIC, KBaJApAaTUYHBIC WU KyOWYECKHeE).
[Ipumensierca untepnoysanus B-criailHaMu TOYHO Tak ke, Kak U OObIYHAs CILIaiiH-
WHTEPIOJIAINSA, pa3HHUIIA COCTOMT TOJBKO B OIPEACICHHH BCIIOMOTATEIBHOU
bysaK1IMN KO3DPHUITMESHTOB CIIaliHA.
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IIpakTHyeckas padora Nel
Haxo:xnenne xopHeii ypaBuenusi B MathCad

Ieas pabdoThl: HaxoXIeHUE KOpHEH ypaBHeHusi B mporpamme MathCad ¢
UCII0JIb30BAHUEM BCTPOCHHBIX (DyHKIMI r00t, POlyroots, CHMBOJILHOTO peIICHHSI.

Yka3anus K BbINOJTHEHUIO MPAKTHYeCKOH padoThbl:

| Haxoxnenue KkopHeW ypaBHEHUs B mnporpamme MathCad v
UCIIOJIb30BAaHUEM BCTPOCHHOM (DyHKIMH OO0t

1. 3anyctuth nporpammy MathCad .

2. 3anucath Ha pabouem mmcte MathCad Bun Qynkium f(x), 1 KoTopoi
HE0OXO0IMMO HAWTH Ha 3aJJaHHOM MHTEpBaJie KOPHHU.

3. Co3math UMK U3 TOYEK MHTEpBaia, HA KOTOPOM OMPEACISAIOTCS KOPHU, H
BBIYMCIUTh B 3TUX Toukax (¢yHkuuio f(x). [loctpouts rpaduk dbyHKuu f(x) u
rpaduk pynakmun x0=0 (T.€. OCh X).

4. OnpenenuTh TOYKHU MEPEeCcEeYeHUsl IBYX KPHUBBIX f(x) U x(, KoTopblie OyayT
npuOIKEHNEM K KOPHSIM YPaBHEHHUS.

4.1. Vcnonw30BaTh AJiA ONpEAENeHHs Ha rpauke 3HAUCHHH KOpHEH B
KOHTEKCTHOM MeHIo (puc.l7, a) onumto Trace (puc. 17,0), yctaHOBUTH (hJa)koK B
okHe Track Data Point.

4.2. TlogBecT Kypcop MBIIIM K TOYKAM IE€PECEUCHUsS] KPUBBIX,
KOOPAMHATHI TOUEK NEPECEUeHUsI KPUBBIX, T.€. KOPHU, OyIyT IPEICTaBICHBI B OKHAX
X-Value u V- Value, a Ha rpaduke oToOpazutcs BepTUKaIbHAS IIpsMasi.

5. 3azmath AJ11 HE3aBUCUMOM NIEPEMEHHOM X HaualbHOE NPUOIMKEHUE, KOTOPOE
BBIOMpAETCs KaK 3HAUYCHHE TOYKH IepeceueHHs KpUBBIX f(x) u x(. OOpaTUThCI KO
BcTpoeHHoi B MathCad dynxkium root(f(x), X) (gpyHkius root Bo3spamiact 3HauCHHE
HE3aBHCHUMOU MIEpEMEHHOM X, It KOTopor f(x) paBHsieTcs 0) u HalTH KOpeHb X 1.

6. Haiitu BTOpO#l (Xx2) M Tpetuit (x3) KOpHH ypaBHeHHS f(Xx)=0 (ypaBHEHHE
TPEThEN CTENEHU UMEET He OO0JbIle TPeX IEUCTBUTENbHBIX KOPHEW), 3aJ1aB ISl HUX
COOTBETCTBEHHO WX HAYalbHBIC 3HAYEHHUS KaK KOOPAMHATHI TOYEK IEepPECEUCHUs
KpUBBIX f(X) 1 x0 1 UCTIOAB30BaB PYHKIMIO I0OL.

—uk

FPaste

KVale | Capy

Properties, ..

Format. .. - alle I Copy

Trace...

= I .
o [ Track Data Paints Claze
Dizable Ewvaluation

a) 0)
Pucynok 17 — JluanoroBbie OKHa JjIsl OIPENEIICHUs] KOOPAUHAT TOUEK NIEPeceYeHUs
KPUBBIX
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I Haxoxnenne kopHeir ypaBHeHuss B mnporpamme MathCad C
UCIIOJIb30BAaHUEM BCTPOCHHOUM (yHKimu POlyroots, koropas BO3BpaiiaeT BEKTOD,
UMEIOIINI BCe KOPHHU ypaBHEHUs, KOI(PPUIMECHTH YpaBHEHHS MPH STOM 3aJIal0TCs
BEKTOPOM.

1. 3anucate Ha pabouem jucre MathCad Bun ¢yHkumu f(x), IS KOTOpPOW
HEOOXOMMO HANTH Ha 3aJaHHOM WHTEpBaJIe KOPHHU.

2. 3amucaTh KaK BEKTOp V Bce KOOPPUITMCHTH YpaBHEHHS, PACIIOIOKHUTh UX B
MOPSI/IKE YBEIIMYCHUS CTETICHEH.

3. Haiitn kopHH, 0OpaTHBIINCH KO BCTpoeHHOW (yHKIMU I:=polyroots(v),
pe3ymbTaT OyIeT MOMy4eHO OTHOCHTETBHO TPAaHC(OPMUPOBAHHOIO BEKTOPa I

4. Jlns MHTEpBana HAXOX/ICHWS KOPHS M KOIMYECTBA DJIEMEHTOB BEKTOpa I
CO3/IaTh COOTBETCTBYIOIIME IMKJIBI M BBIYUCIUTH 3HAYCHHWE (YHKIMH B TOYKaX
ITUKJIA.

5. Iloctpouth Tpaduk QYHKIHH B TOYKAX IHKIA, a TAaKKe B HaWICHHBIX
TOYKaX KOpHEH, B KOTOPBIX (PyHKIHS OyIeT MMETh 3HAUCHUS, paBHBIC HYIIIO.

III HaxoxneHue KOpHEW YypaBHEHUS B mnporpamme MathCad ¢
UCIIOJIb30BaHUEM CHUMBOJIBHBIX PELICHUN YPaBHEHUI.

1. BBecTH JIeByIO 4YacTh ypaBHEHHUSI.

2. BBecTu 3HaK paBeHCTBAa C MCIOJIb30BaHUEM IMaHenu ynpasieHus Evaluation
(BoipaxeHnus) uiu ¢ moMoIiplo Haxkatus kiasuin Ctrl + =.

3. 3a 3HAaKOM paBEHCTBA BBECTH MPABYIO YaCTh YPaBHEHHUS.

4. BeiaenuTh NEPEMEHHYI0, OTHOCUTEIIBHO KOTOPOH pelaeTcsi ypaBHEHUE.

5. BriOpats komany Symbolic/Variable/Solve.

[To oKOHYaHUIO PEIICHUSI KOPHU YPABHEHUSI BHIBOSTCS B BUJIE BEKTOPA.

IV Halitu npubnmkeHHOE pEIIeHHEe C  HUCIOJIb30BaHUEM  (PYHKITUU
minerr(x1,...).

1. 3amate mpubIMKEHNE TTOCIIEIOBATEIBHO JIJIsl IEPBOTO KOpHA X:=1.

2. BBectu kimroueBOe CIOBO given (lIaHO), M3 KOTOPOTO HAYMHAETCS OJIOK
PELICHUMN.

3. 3amucaTh ypaBHEHHE, HCIOJB3Yys 3HAK JIOTUYECKOTO PAaBEHCTBA MEXKIY
IIPAaBOU U JIEBOW YaCTSIMU YPABHEHHS.

4. OOpatuthcs K pyHkiuu minerr( x). Kopenb Oyner HailieHo.

Tabnuua 1.1 — BapuanTsl 3a1aHuii kK mpakTudeckoil padbote Ne 1

No HMHTepBasl HAXOXIEHUS KOpHEN VpasHeHne
BapHaHTa

1 2 3

1 [-1; 3] x>-2,92x°+1,4355x+0,791=0

2 [-2; 3] x>-2,56x°-1,325x+4,395=0

3 [-3,5; 2,5] X>+2,84x%-5,606x-14,766=0

4 [-2,5; 2,5] x>+1,41x°-5,472x-7,38=0
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[Tponomkenne tabm.1.1

1 2 3
5 [-1,6; 1,1] x>+0,85x°-0,432x+0,044=0
6 [-1,6; 1,6] x>-0,12x°-1,478x+0,192=0
7 [-1,6; 0,8] x*+0,77x°-0,251x-0,017=0
8 [-1,4; 1] x>+0,88x%-0,3999x-0,0376=0
9 [-1,4; 2,5] x>+0,78x%-0,827x-0,1467=0
10 [-2,6; 1,4] x>+2,28x°-1,9347x-3,90757=0
11 [-2,6: 3,2] x>-0,805x*-7x+2,77=0
12 [-3: 3] x>-0,345x°-5,569x+3,15=0
13 [-2; 3,4] x>-3,335x°-1,679x+8,05=0
14 [-1; 2,8] x>-2,5x°+0,0099x+0,517=0
15 [-1,2; 3] x>-3x%+0,569x+1,599=0
16 [-2,5: 2,5] X>-2,2x°+0,82x+0,23=0
17 [-1,2; 4,6] X>-5x°+0,903x+6,77=0
18 [-1; 7,4] X>-7,5x°+0,499x+4,12=0
19 [-1.6; 9] x>-7,8x°+0,899x+8,1=0
20 [-3.4; 2] X>+2x°-4,9x-3,22=0
21 [-3,4; 1,2] x>+3x°-0,939x-1,801=0
22 [-4,6; 3,0] X>+5,3x°+0,6799x-13,17=0
23 [-2,4: 8,2] X>-6,2x°-12,999x+11,1=0
24 [-3,2; 2,7] x>-0,34x°-4,339x-0,09=0
25 [-1; 3] x>-1,5x°+0,129x+0,07=0
26 [-1; 3] x>-5,5x°+2,79x+0,11=0
27 [-1; 3] x>-5,7x%-6,219x-2,03=0
28 [-1; 3] x°>-3,78x°-7,459x-4,13=0
29 [-1; 3] X>-5x°-9,9119x+0,01=0
30 [-1; 3] X>-7x%-1,339x-7,55=0
IIpumep

I Jins ypasuenns f(X)=x>—0.001-x*-0.7044-x+0.139 naiitu xopun Ha

uHTepBaiie [-1, 1], mrar usmenenus nepeMenHoi x pasex 0.1.
1 3amucaTh MUK W3 TOuek mHTepBana x:=-1, -0.9..1.

2 Bammcars byuxupn f (X) = x* —0.001-x*> —0.7044-x+0.139 u x0=0.

3 IMocTpouts rpaduku 11t 3TUX QYHKITHMA.
4 Onpenenutsb Ha rpaduke TOYKH IEpeCEeUCHUs KPUBBIX

f (%)= x* —0.001- x* —0.7044- X +0.139 u x0=0.

5 3amath kak npuOIMIKEHHE 3HA4YCHUs To4yek mepeceueHust x1, x2, x3. B
npumepe x1=-0.9, x2=0.2, x3=0.7.

6 Borumcnuth 3HadeHue KopHei ¢ momoinbio dopmyrt: root (f(x1),x1), root
(f(x2),x2), root (f(x3),x3). [MonyuenHble 3HaYeHUs KOpHe# Takue: x1=-0.92, x2=0.21,
x3=0.721 (puc. 18).
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xi=-1,-09. 1 [P

filx) =30 — 0.01 %" — 07043 + 0.139

0.5
047

0.4

0.=3

7 3 027

—_— oz
20

_— 0.1z

0067

o

-0.0sT

-o.a=

-o.z
—1 -0.870.73-0.6-0.47 0.33-0.2 00660667 0.2 0.33 0.4F 0.6 0.73 0.87 1

=

=<1 xl =09 rootd fxld, xly = -093%
A alue |l11 Copw > |
x2 =02 rootl fx20, ¥2) = 021
vivalue [0 OBSAE Copu |
®3 =07
Eliy P =0.7F21
I~ Track Data Points Close | Toot =), 22

Pucynok 18 — Pe3ynbpTaT HaxX01eHUS KOpPHEH C UCTIOIb30BaHUEeM (pyHKIIUU 00t

Il Jina ypauenms 1 (X)=X"—7-x*-1.339-X+7.55 naiitn xopun Ha

uatepBaie [-1.1, 7.1] , mar u3meneHwus nepemenHou x pasex 0.1.

1. Co3pmate BeKTOp W3 KO3(P(PULUMEHTOB YpaBHEHMS, HCIONb3YS IaHENb
ynpaiieHuss Matrix (Marpuriia) (puc.19) u 3a1aB OWH CTOJIOCI] M YETHIPE CTPOKH JIJIS
KO3(PUIIMEHTOB YpaBHEHHUS.

nsert Matrin x|
Rows: [4 k|
Coumrs: [T Isert |
Delete |

Pucynox 19 — JIuanmoroBoe okHO JiJist onpeieiieHus: BeKTopa u3 KodhPuiimeHTon
ypaBHEHUS

Bekrop u3 k03¢dhunueHToB ypaBHeHH OyIeT UMETh CJICTYIOIINI BU/T
7.55

~1.339
7
1

2. C moMoI1po BCTpOeHHOH QyHKInu I:=polyroots(v) HallTH KOPHHU ypaBHEHUS
¥ TIPEACTABHUTD UX B BHAE BEKTOpPA I, TPAHCIIOHMPOBAHHOTO MO OTHOLICHHUIO K I, TO
€CTh IPEOOPA30BAHHOTO U3 CTOJIOIA B CTPOKY.

3. Co3nmath NUKIIBI AJ1 IEPEMEHHOM X M KOJIMYECTBA HAlJIEHHBIX KOPHEH:
x:=-1.1-1.7.1

j=01.2.
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4. Tloctpouts rpaduku s (YHKIUH U ONPECIUTh (PYHKIHMIO B TOYKAaX
KopHel. B Toukax kopHei# 3HaueHus GYHKIIUU PaBHbBI HYJIIO.
5. Omnpenenuts 3Ha4YeHUs KOpHEH Ha rpaduke (puc. 20).

fx) =x - T - 1.339 x4+ 755
7.55
-1.330
o=
-7
1

wi=-11,-1_ 71
ji=0,1..2

t = polyroots]w)

S =¢o1055 1017 7o3RYy

.- Ry =
-0.778

i

-1.ns5

1017 0883 ge1m, 2
2.356 1z

7038 3.629 4 TN ;
4.714 -4
5617 £ -12
F.345 £ -20
5.902 L 9
7.295 -3
7.53 i
TE13 -2
7.55
7.347 ~11, = a1,
7.01
6.545
54958

Pucynox 20 — Pe3ynbTaT HaX0X1€HUSI KOPHEH C UCTIOJIb30BAaHUEM (DYHKIIUH
polyroots

Il Jns ypasmenmst 1 (X)=X"=7-x*-1.339-X+7.55 maittu xopuu c

MCIIOJIb30BAHMEM CUMBOJIBHBIX PELICHUN YPABHECHUM.

1. 3anucarth JEBYIO YaCTh YPABHEHUS

X* —7-x*-1.339-x+7.55,

2. [TocTaBUTh JTOTUYECKUN 3HAK «=» U B TIPaBOM 4acTH 3amucath 0.

3. BeiienuTh mepeMeHHyIo X.

4. Oopatutbes B rmaBHoM MmeHro MathCad x xomanme Symbolic/Variable/
Solve.

HaitneHsl KOpHU ypaBHEHUS 3alUIIYTCS B BUJIE BEKTOPA:

(3~ 758~ 1.339%) 4 7.55=0

-1.0548347262813942430
1.017006887277270583

7.037827839004123659
IV Hailtu npuOnuxeHHOE pellieHHue  BbIIIETPUBEACHHOTO YpPaBHEHUS C
ucrosb3oBanueM Gynkiuu minerr( x1,...).
1. 3agaTh TpUOIMKEHUE TTOCIIEI0BATEIBLHO IS IIEPBOTO KOPHS X:=1.
2. BBectn kimo4eBoe cioBO QiVEN (maHO), ¢ KOTOPOro HauyMHAECTCS OJIOK
pEILIEHHUI.
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3. 3amucaTh ypaBHEHHE, WCHOJB3YysS 3HAK JIOTUYECKOTO PABEHCTBA MEXKIY
IIPABOM U JIEBOU YaCThIO YPABHEHHS.

4. O6paruthes Kk pyakiuua minerr( X). Kopenb OyaeT HaleHO.

5. Amnajorumyeckue JACUCTBUSL BBINOJHUTH Uil JBYX JpYrUX KOpHEH
ypaBHEHUS, IOCKOJIbKY YPaBHEHUS TPEThEH CTENIEHN UMEET He O0JIbIle TPEX KOPHEH.

=1
Griven Griven
2

x3 - 7% —133%x+7.35=10 3 2
¥ —Fx —1353%x+ 7550

mitersx) = 1017

Wliners's) = 7.038

Given

x3 - 'F-x2 - 1330x+755=10

Mliner(s) = -1 .055

KonTpoabHbIE BONPOCHI

1 Kakue BcTpoeHHbIE (PYHKIIUU TO3BOJIAIOT HAXOIUTh KOPHU YpaBHEHUS?
2 Kak BBINIONHAETCS CUMBOJIBHOE HAXOXKIEHUE KOPHEH YpaBHEHUIT?

IIpakTnueckas padora Ne2
HeiictBusi ¢ matpunamu B MathCad

Ilesib padoTHI: BITOIHEHHE JACHCTBUI ¢ MaTpuliamMu B iporpamme MathCad .

YKa3zaHus K BbIIOJTHEHHIO IPAKTUYECKON padoThI:
1. 3ammyctuth porpammy MathCad .

a b c b—c
n a
2. Cosmate Marpumsr A=|-m n K|, B=lmb], C= ol
m
c b -a n k
a-Db n —a a+b
D=|-n|, M=lb-a ¢/, K=m b n+m| wu3kodpduumenros a,b, c,
c+b C n c-b

m, K, N B COOTBETCTBUH C BApUAHTOM 3aJIaHUSI.
3. BeInmosHUTH AEUCTBUSI C MATPUIIAMUA B COOTBETCTBUU C BAPUAHTOM 3aJIaHMUSI.
4. HaliTu panr MaTpubl A.
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5. B cHUMBOJIBHOM BHJI€ BBINOJHUTh TPAHCIOHUPOBAHUE MATpUIlbl B,
WHBEPTUPOBAHUE MATPULBI A.
6. Haittu oOpatnyto Marpuny K. Haiitu aerepmuHaHT MaTpuIlbl A.

Tabnuua 2.1 — BapuaHTsl 3a1aHui K IpakTU4yeckoil padbote No 2

Homep 3Ha4YEHHE PJIEMEHTOB MaTpPHII JlericTBus ¢ MaTpuLiaMu
BapuaHTa
1 2 3
1 a=1; b=0.5; c=-1; m=2; 1) A+A-M; 2) B.C; 3) M*;
k=-2.1;n=-0.8 4)D+m-K; 5)A-D+D-M; 6)K
2 a=-2; b=1; c=1.5; m=-3; 1) A+B-M; 2) M-C; 3) B,
k=-0.1,n=1.8 4)C+m-K; 5)AB+D-K 6)D’®
3 a=-1; b=5; c=1.3: m=0.9: 1) A-M; 2) B-a-C 3) M?-B; 4)D-
k=0.1;n=-0.5 K; 5)A+7-D; 6)A*
4 a=1; b=0.5; c=1; m=0.2; 1) A% 2) B-C+M; 3) n-M?;
k=0.27 ;n=0.7 4)D-K; 5)A-B-D-C; 6)D™
5 a=3; b=2.1; ¢=0.91; m=1.2; 1) A*+M; 2) B-M: 3) b-C*%;
k=1; n=3 4)D+3K; 5)A-K-D; 6)M™
6 a=4; b=-0.5; c=-1; m=3.2; 1) A+B-M; 2) M-C; 3) B®;
k=1.1;n=1.8 4)C+m-K; 5)AB+D-K 6)D®
7 a=1; b=2.5; ¢=0.3; m=1; 1) A-M; 2) B-a-C 3) M*B; 4)D-
k=-2.1;n=-0.8 K; 5)A+7-D; 6)A™
8 a=2; b=0.5; c=-1.1; m=2; 1) A% 2) B-C+M; 3) n-M%;
k=1.9 ;n=-3.8 4)D-K; 5)A-B-D-C; 6)D™
9 a=3; b=-2.5; c=4; m=3; 1) A*+M; 2) B-M; 3) b-C*;
k=-2.1;n=0.8 4)D+3K; 5)A-K-D; 6)M™
10 a=3.1; b=1.5; c=2.1; m=3.2; 1) A+A-M; 2) B-C; 3) M*;
k=1.1;n=-1.6 4)D+m-K; 5)A-D+D-M; 6)K™
11 a=-2; b=1; c=1.5; m=-3; 1) A+B-M; 2) M-C; 3) B®;
k=-0.1;n=1.8 4)C+m-K; 5)AB+D-K 6)D*
12 a=-1; b=5; c=1.3; m=0.9; 1) A-M; 2) B-a-C 3) M*-B; 4)D-
k=0.1;n=-0.5 K; 5)A+7-D; 6)A”
13 a=1; b=0.5; c=1; m=0.2; 1) A% 2) B-C+M; 3) n-M?;
k=0.27 ;n=0.7 4)D-K; 5)A-B-D-C; 6)D
14 a=3; b=2.1; ¢=0.91; m=1.2; 1) A*+M; 2) B-M; 3) b-C*;
k=1; n=3 4)D+3K; 5)A-K-D; 6)M™
15 a=4; b=-0.5; c=-1; m=3.2; 1) A+B-M; 2) M-C; 3) B;
k=1.1;n=1.8 4)C+m-K; 5)AB+D-K 6)D*
16 a=1; b=2.5; ¢=0.3; m=1; 1) A+B-M; 2) M-C; 3) B,
k=-2.1;n=-0.8 4)C+m-K; 5)AB+D-K 6)D*
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[Tponomkenne tadmn. 2.1

1 2 3

17 a=2; b=0.5; c=-1.1; m=2; 1) A-M; 2) B-a-C 3) M*-B; 4)D-
k=1.9 :n=-3.8 K; 5)A+7-D; 6)A*

18 a=3; b=-2.5; c=4; m=3; 1) A% 2) B-C+M; 3) n-M%;
k=-2.1;n=0.8 4)D-K; 5)A-B-D-C; 6)D™

19 a=3.1; b=15; c=2.1; m=3.2; 1) A%+M; 2) B-M; 3) b-C*%;
k=1.1;n=-1.6 4)D+3K; 5)A-K-D; 6)M™

20 a=1; b=0.5; c=-1; m=2; 1) A+A-M; 2) B-C; 3) M%;
k=-2.1;n=-0.8 4)D+m-K; 5)A-D+D-M; 6)K™

21 a=-2; b=1; c=1.5; m=-3; 1) A+B-M; 2) M-C; 3) B;
k=-0.1;n=1.8 4)C+m-K; 5)AB+D-K 6)D

22 a=-1; b=5; ¢=1.3; m=0.9; 1) A-M; 2) B-a-C 3) M*-B; 4)D-
k=0.1;n=-0.5 K; 5)A+7-D; 6)A*

23 a=1; b=0.5; c=1; m=0.2; 1) A% 2) B-C+M; 3) n-M%;
k=0.27 ;n=0.7 4)D-K; 5)A-B-D-C; 6)D

24 a=3; b=2.1; ¢=0.91; m=1.2; 1) A%+M; 2) B-M:; 3) b-C%;

k=1; n=3 4)D+3K; 5)A-K-D; 6)M™

25 a=4; b=-0.5; c=-1; m=3.2; 1) A+B:-M; 2) M-C; 3) B;
k=1.1;n=1.8 4)C+m-K; 5)AB+D-K 6)D

26 a=1; b=2.5; ¢=0.3; m=1; 1) A+A-M; 2) B-C; 3) M%;
k=-2.1;n=-0.8 4)D+m-K; 5)A-D+D-M; 6)K™

27 a=2; b=0.5; c=-1.1; m=2; 1) A+B-M; 2) M-C; 3) B;
k=1.9 ;n=-3.8 4)C+m-K; 5)AB+D-K 6)D"

28 a=3; b=-2.5; c=4; m=3; 1) A-M; 2) B-a-C 3) M*-B; 4)D-
k=-2.1;n=0.8 K; 5)A+7-D; 6)A*

29 a=3.1; b=1.5; c=2.1; m=3.2; 1) A% 2) B-C+M; 3) n-M?;
k=1.1;n=-1.6 4)D-K; 5)A-B-D-C; 6)D

30 a=-2; b=1; c=1.5; m=-3; 1) A*+M; 2) B-M:; 3) b-C*;
k=-0.1;n=1.8 4)D+3K; 5)A-K-D; 6)M™

IIpumep

BBITIOTHUTE ACHCTBUSA ¢ MaTPHUIIAMH, CO3/aB UX U3 3aIaHHBIX KOA(DPHUIIMEHTOB
a=1, b=2, c= 3, m=4, k=5, n=6. MaTpuIIlbl UMEIOT CJACAYIOIINI BHI:
M:=(c-b a)

A:=|c a

C -c a c-b
b B:=|-b -c|D=| a
-c -a a b c-a

1. Co3naTh MaTpHIlbI.
1.1. BriOpath nanens ynpasieHus Matrix (Matpuna).
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1.2. OnpenenuTh YUCIO CTPOK M CTOJIOIOB JUTSl KaXKI0M MaTpHIlpl (puc.21).

Insert
o |3 ok,
| Columns: |3 Inzert

Delete

FlEl

Cloge

Pucynok 21 - JIluamoroBoe oKHO JiJIsl ONPEEICHUS pa3Mepa MaTpULIbI

1.3. Marpunbl B npuMepe UMEIT Takue pasmepbl: A - (3x3), B - (3x2),
C(2x2), M(1x2), K(3x3).
1.4. 3anoyIHUTH MAaTPUILBI COOTBETCTBYIOIIMMU NTapameTpamu (puc. 29).
2 BBINOJHATH CAEAYIOMIUE JCUCTBUSI C MATPULIAMH:
1) A+n-K; 2)A-B; 3) A% 4) A-D; 5)D-M:; 6) D-1.
3 Haittu panr matpuubsl A (paHr MaTpulbl -HAUOOJIBIIMK MOPAJOK MHHOpA
9TON MaTPHIIbI, KOTOPBIH OTJIMYHEIN OT HyJIs1): rank(A).
4 B cHUMBOJIbHOM BHJI€ BBIIIOJIHUTh TPAHCIIOHUPOBAaHHE MaTpuilbl B, T.e.
3aMEHUTh MECTAMU CTPOKH U CTOJOLBI MaTpUIlbl B.
4.1 Beigenuts matpuily B.
4.2 OGpatuthcs B TJIaBHOM MEHIO K KoMmaHje Symbolic / Matrix/Transpose
(puc. 28).
5 B cuMBOJIBHOM BHJI€ BBITIOJIHUTh WHBEPTUPOBAHUE MATpULbI A (T.e. HAUTH
MaTpHILy, KOTopasi OyaeT 0OpaTHOM K MaTpule A) .
5.1 Beigenuth matpuily A.
5.2 OOparutbcs B IJJaBHOM MEHIO K koMaHjae Symbolic/Matrix/Invert
(puc.28).
6 B cuMBoIBHOM BUji€ HalTH 00paTHYIO MaTpuiry K.
6.1 Bwimenuts maTpuiy K.
6.2 OOpaTuTbcsi B IJIaBHOM MeEHIO K KomaHzie Symbolic / Matrix/Invert
(puc.28).
7 B cCUMBOJIbHOM BHJI€ HAWTH JETEPMHUHAHT (OTPEICTUTENh) MaTPHUIIHI A.
7.1 Beimenuth MaTpuIly A.
7.2 O6paTtuThes B rJIaBHOM MEHIO K KOMaHJIe
Symbolic/Matrix/Determinant (puc.22).

Symbolics  Window  Help
Ewaluate Y= | =N @ | E

Simplify
Expand
Factor
Collect B) ‘512

Polynomial Coefficients

| =N N |
|-
oy
=
L

Wariable 3

Matrix Transpose
Transform 3 Irwerk
" - Dekerrminant
Ervaluation Skyvle. ..
T T 07a8
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Pucynok 22 — Mento Symbolic aiis paboTel ¢ MaTpUIlaMi B CHMBOJILHOM BH/IE

SamaEi MaTpIOn
a =1 b =z c =z m = 4 k=5 n == M = (ec-b a)
a b < e a c-b - [-¢ b [ c -1n
A =|ec a=a b B =(-b -¢ |D := a - la n|K-|n -b -m
b -¢ -a a b c — a |-k a c
3r1aiiTE
- 20 —=m —a 1 . 13 -5 4
a A +nK =|3 -11 -2z ) AB =]1-5 4 B) A =|10 1 =
e - 17 | -1 o -2 4 1
2 1 1 — 0357 0.5 — 0071
r) AD =| = Ay DM =|1 1 e) A =| -os 0.5 -0.s
-z z oz 0.¥26  —0.5 0357
) paHT MaATPEIN A rank(A) == +
OJDHC/IFTH B CHLMS O IBEONMY B JLAIL
a) TPAaHCIIOHYBAHHA MATPIILT m© a ¢ -b a
-b -c ==
a -¢ b
a b
i i -1 b
G) iIHBecpP TYVBAHHA MaTPRLTL [— c b%:} (n-c+ ab) (nc+ ab)
a n a c
o (nn-c + a-b) (n-c + a-b)
_ = o _ = =
B) 2HAITTH QJeTepMiHART “ a b __}_ -a” + acb < +b
MATPHL b - _a 1 o -1 o
(b — n) (b — )
B 0o nn o b (b — c) 1
o il
) 3HAITH 00 epHeHY n o n o< === (a-c) (a-c) a
MATPELES 1In 0 1 0 -1 a b a
n a n b (b — n) (n-(b - n))
_______________________________________________________________________ 1o =1 _____]
[a] — . 5]
1 L] L=

Pucynok 23 — Pe3ynpTaThl BEIYUCICHHSI MATPHII

KoHTpoJsbHBIE BONIPOCHI
1 Ik MOXHO CO37]aTh MAaTPUILY U BEKTOP?

2 Kakue neficTBHS BBITTOTHSIIOTCS ¢ MaTpUIIaMU?
3 Kak onpenenstoTcst 3J1eMEHThI MaTPUIIBI ?

IIpakTuyeckas padora Ne3d

Haxo:kneHne pemeHuii cucreMbl JHHEHbIX ypaBHeHuii B MathCad

Leap padoThl: HAaXOKICHHUE PELICHUW CUCTEMBl JIMHEWHBIX YpaBHEHUM

nporpamme MathCad .

Yka3zaHus K BbINOJHEHUI0 IPAKTUYECKO Pa0doThI:
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| Haiitu pemeHue cHCTEMBl JIMHEHMHBIX YPaBHEHHHU C HCIOJb30BAaHUEM
¢byukiuu soln.

1 3amyctuth nporpammy MathCad.

2 Coznath MaTpuily A u3 k03()OUITMESHTOB PU HEU3BECTHBIX.

3 Co3aatb BeKTOp b U3 CBOOOTHBIX YJICHOB.

4 OOpaTUThCS K BCTPOCHHOW MpOrpaMMe PelICHUs JTHHCHHBIX ypaBHEHHH SOIN
u 3armmcarts solng;:=A™ -b.

5 MonyuuTh penicHrue TUHEHHOTO YPaBHEHHS Y BEKTOPHOMY BHJIC

soln, =

Il Haiitu pemieHne cucTEMbl JIMHEWHBIX YPABHEHUH C MCHOJIb30BAHUEM TaK
3BaHOr'0 «OJIOKY pPEIICHUI.

1 3agaTh HauyaNbHBIE 3HAYEHUSI IEPEMEHHBIM, KOTOPBIE €CTh B YPaBHEHUHU.

2 Bsectu Kio4eBoe ciI0BO (iVEn (IaHO), C KOTOPOTO HAYMHAETCS OJIOK
pEILIEHHUI.

3 3anucarh ypaBHEHHWE, HCIOJIb3ys 3HAK JIOTMYECKOTO PABEHCTBA MEXKIY
MmpaBOd M JICBOM 4YacThl0 ypaBHEHMsT W3  TaHenW ynpasieHus Evaluation
(Boipaxkenus).

4 Beectu kimoueBoe cioBo find (HaiiTh), KOTOpBIM  3akaHYMBaeTCs OJIOK
PEIICHUMN.

11l Haiitu peuienue BBILICIIPUBEICHHON CUCTEMBl YPaBHEHHU C
ucnosbp3oBanueM Qynkuuu Isolve.

1Co3nate MaTpuily A u3 K0O3(QGUIHUEHTOB TP HEU3BECTHBIX.

2 Co3natb BEKTOp b 13 CBOOOHBIX UJICHOB.

4 OOpaTuTbhCs K BCTPOEHHOM MporpamMMe pelIeHUs JMHEWHBIX YpaBHEHUUH
Isolve wu 3amucats Isolve(4,b).

5 [losnyuuts pe3yabTaT pelieHns JMHEMHOIO ypaBHEHUSI B BEKTOPHOM BUJIE

Isolve :=

IV Haiitu npubinvxkeHHOE peIIeHHe C  HUCIHOJIb30BaHUEM  (PYHKIUU
minerr(x1,...).

1 3amaTe npuOMMKEHHWE TOCIEAOBATENBHO MJIs 3HAYCHWM mTepemMeHHou X1,
x2,...xN.

2 BBectn KIOYeBOe CIIOBO (ivVen (maHo), ¢ KOTOPOro HauyWHAeTCs OJIOK
pEILIEHHUI.

3 3amucarh CHCTEMY YpaBHEHHMH, HCIONB3YS 3HAK JIOTMYECKOIO PaBEHCTBA
MEKy NPABOM U JIEBOW YACTAMU KaXKJAOT0 YPaBHEHUS.
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4 O6parutbes k Gyakiuun minerr( x1,X2,..). 3HaueHus: HEM3BECTHBIX OYyIyT
HalaeHBI.

Tabnuua 3.1 — BapuanTsl 3a1anuii kK npakTudeckoit padore Ne 3

CBoOoHbBIE

KoaddunmenTsl mpu HEM3BECTHBIX wIeHI
Ne ail aio a3 ay B
BapuaHTa drq b)) ass doy B2
as1 423 a33 a3q B3
a1 a4 a34 dqq By
1 2 3 4 5 6
9 5 7 4 0
1 4 6 7 8 6
5 8 6 7 3
5 6 7 8 7
9 6 3 8 3
5 4 6 7 4 1
2 3 5 3 4
4 8 3 7 2
2 3 2 5 3
3 5 2 5 7 2
4 2 7 1 3
7 5 1 4 2
1 4 2 5 8
4 4 4 5 3 6
1 2 6 8 7
3 7 3 2 9
9 6 3 8 3
5 4 6 7 4 8
2 3 5 3 5
4 8 3 7 9
2 4 7 4 2
5 4 1 6 2 0
8 3 6 7 3
6 3 5 7 1
3 3 4 7 3
7 2 6 4 6 4
3 4 5 6 8
1 9 3 5 2
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[Tponomkenne tabm.3.1

1 2 3 4 S 6
2 1 5 2 1
3 5 2 2 6 3
2 2 1 2 0
1 3 3 1 2
7 6 2 / 3
9 4 9 5 5 2
2 3 4 4 0
1 5 6 6 2
3 6 S 2 3
4 6 3 S 0
10 2 3 2 6 4
2 4 3 6 3
0,12 -0,43 0,14 0,64 -0,17
11 -0,07 0,34 -0,72 0,32 0,62
1,18 -0,08 -0,25 0,43 1,12
1,17 0,53 -0,84 -0,53 1,15
0,12 -0,43 0,14 0,64 -0,17
12 -0,07 0,34 -0,72 0,32 0,62
1,18 -0,08 -0,25 0,43 1,12
1,17 0,53 -0,84 -0,53 1,15
3,7 5,6 9,5 2 13
13 4 3,36 31,1 1,5 0
2 7,93 4,2 6,3 4,4
2 42,7 3,7 6,2 3
1,3 1,6 5 2,2 3
14 4,4 6,7 13 2,5 0
2,8 0,73 12 67,8 4
2 3,4 13 6 3
5,3 1,6 5,5 2 3,3
15 4,1 6,4 3,9 5 0
2,1 3,3 2,04 6 4,9
2 4 3 6 3,1
3 6 5 0,2 3
16 4 6 8,3 5,3 0
2 3 2,6 6,1 4,1
2 4 0,93 6 3,8
3 6 ) 2 34,7
4 6 3,6 5 0
17 2 3,4 2 6 4,2
2 44,7 3 6 3
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[Tponomkenne tabm.3.1

1 2 3 4 S 6
3 6 5,1 0,2 4
18 4 6 3,4 5,34 3
2 3 2,7 6,7 4
2 4 3,3 6 /
23 6 3) 2,5 1,3
19 4 6 3 5,2 0,78
12 3 2 6,11 4,2
12 4 3 6,78 3,76
1 5 S 2,3 3
8 2 3,4 2,5 0
20 6 3 0,2 6 4
2 4 3 5 3
3 6 1,25 2 3
2 5 3,3 8,2 2
21 5 2 1,2 2 4
2 4 1,3 9 2
1 6 59 2 3
7 6,6 3 5 0
22 3 3,3 2,1 6 2
2 4,8 3 6 8
3 16 5 12 3
0,4 6 13 S 0
23 2 3 2 6 14
0,2 4 3 16 3
1,3 16 1,5 2,22 3,2
24 5 8 3,4 9,95 1,3
3 3,3 2,2 6,77 4
2 4,9 3,6 6,88 3
3 6 15 2 3
4 6 3 5 0,4
25 2 3 12 6 14
2 4 3 6 0,3
3,3 7,6 5,5 2 3
54 7 13 5 0
26 9,2 4 2 6 4
3,2 4 3 6 3
3 6 ) 2 3
0,44 9 3 S 0
2 2 2 2 6 4
0,67 5 3 6 3
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[Tponomkenne tabm.3.1

1 2 3 4 9) 6
3,35 3 5,3 2 3
o8 4,22 6,7 3,5 9) 0
2,8 3,8 2,9 6 4
2,34 4 3,44 6 3
3 6 5,23 2 3
4 6 11 9) 0
29 2 3 18 6 4
2 4 13 6 3
13,4 6,33 5,1 2,11 3,33
30 4,66 6,1 3,33 5,44 0,11
2,22 6 2,55 6,33 4,44
2,98 8 3,78 6,11 3,33
Hpumep
| Haiitu perieHne cucTeMbl ypaBHEHUH C UCIIOJb30BaHUEeM (GyHKImHU SOIN
2:-X-y+2-2=1
2-X-y+3-z=1

5-X—-y+4.-z=-3.
1 Coznath maTpuiy A
2 =1 2
A= 2 -1 3 :
5 -1 4

2 Co3nath BEeKTOp b
1

1
—3
3 HaiiTu perieHne cucTeMbl, MCONb3ys (GyHkuo Soln
2 -1 27 |1
soln, =2 -1 3| -| 1]
5 -1 4 -3

b:=

4 Pe3ynbTatr penieHus
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2 -1 2 1
A=z -1 3 b=|1
3 o-1 4 -3

solny = A™"b -1333
soln  =|-38667
0

Il Haiitu pemenue BBILICIIPUBEICHHOW  CHCTEMBI  YPaBHEHUH C
MCIIOJIb30BaHUEM TaK 3BaHOTO «OJIOKY pelIeHHI)

1 3amarte HauvanbHBIC 3HAYEHUS TEPEMEHHBIM, KOTOpBIE€ NPUCYTCTBYIOT B
YpaBHEHHUU

x=0; y=0; z=0.

2 Beectn xmodeBoe ciioBo (ivVen (1aHo), ¢ KOTOPOTrO HAYMHASTCS OJIOK
PEILICHUMN.

3 3amucaTh ypaBHEHHUE, HUCIOJB3YSl 3HAK JIOTUYECKOTO PAaBEHCTBA MEXKIY
NpaBoOil M JICBOW 4YacTsAMU YypaBHCHHMsS W3  [aHenu yhpamieHnus Evaluation
(Boipaxkenus).

2:-X-y+2-2=1
2:-X-y+3-z=1
S:X-y+4-z2=-3.

4 Bectu kimoueBoe cioBo find (HaliTH), KOTOpPHIM  3aKaHYHMBAeTCs OJIOK
pEILIEHHUI.

find(x,y,z) =

5 PesynbTar pemenus

given
TX- Y+ 2Z=1
TX- Y+ 3Z=l
-1333
find(x,y,z) =|-3667
0

SX - Y+ 4Z=-3

11l Haiitu pemenue BBILICIIPUBEICHHOW CUCTEMBl ypaBHEHHU C
ucrosb3oBanueM ynkiuu Isolve.,
1 Co3nate Matpuiy A

2 -1 2
A=|2 -1 3|
5 -1 4
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2 Cozmatb BEeKTOp b

1
b:=|1 |
—3
3 Haiitu pemieHne cucTeMbl, HCIonb3ys (yHkiuio Isolve:
2 -12 1
A=2-13 b:=| 1
5 -14 -3
-1.333
Isolve(A,b) =| —3.667
0
IV Haiitn peliesne BBILICTIPUBEICHHON CHUCTEMBI YpPAaBHEHUM C

UCIOJIb30BaHUEM DYHKIIUU minerr (X,),z).

1 3amaTe HavaMbHBIC YCIOBUS ISl HEU3BECTHBIX, HanpuMmep, x=1,y=1,z=1.

2 Beectn ximodeBoe ciioBo (iven (1aHo), ¢ KOTOPOro HAYMHAETCS OJIOK
PEIICHUMN.

3 3ammcarh ypaBHEHMs, HUCIOJIb3Ys 3HAK JIOTMYECKOIO PABEHCTBA MEXIY
IIPABOM U JIEBOW YACThIO YPABHEHHUS U3 IAHEIIN.

4 OOparutbes K pyHKUUU minerr (X,y,z). Pemuenue cucremsl ypaBHEHUM Oyner
HaWJICHO.

x:=1 z:=1 y:=1
given

2X—-y+2z=1
2Xx-y+3z=1
SX—y+4z=-=<

-1.333

mineri(x,y,z) =| —3.667
0

KoHTpoJsbHBIE BONIPOCHI

1 Kakue BcTpoeHHbIE (YHKIMHM TO3BOJSIOT HAWTH pELICHUE CHUCTEMBbI
JMHEMHBIX YpaBHEHUN?

2 B kakoM BUJE MPEJCTaBISAIOTCS Pe3yJbTaThl PEUICHHUsS] CUCTEMbI JTMHEHHBIX
YpaBHEHMIA?
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IIpakTuyeckas padbora Ned
Haxo:knenue pemreHnii cucreMbl HeJIMHelHbIX YpaBHenuii B MathCad

Henab padoThbl: HAX0XKICHUE PEIICHUI CUCTEMbl HEIMHEHMHBIX YPAaBHEHHI B
nporpamme MathCad .

Yka3zaHus K BbINOJHEHUIO NPAKTUYECKOIl padoThI:

I Havitu pemienue CcucTeMbl HEJIMHEWMHBIX YPABHEHUM C UCIOJIB30BAHUEM TaK
Ha3zbIBaeMOro "OJIoKa pemeHuit" .

1 3amaTh HavaNbHBIEC 3HAYEHUS IEPEMEHHBIM, KOTOPBIE €CTh B YPABHEHUHU.

2 Bmectu KioueBoe CIOBO given (JJaHO), U3 KOTOPOro HauyMHAeTcs OJIOK
pEILIEHUM.

3 3amucarh ypaBHEHHE, HCIOJIb3ysl 3HAK JIOTUYECKOTO PABEHCTBA MEXKIY
MPaBOM U JIEBOM YACTAMM YPABHEHUS U3 TaHEIU yIPaBICHUSI.

4 BBecTu KIIIOUEBOE CJIOBO find (HaTH), KOTOPBIM 3aKaHYMBAETCs OJIOK
pELIEHNUN.

II. Haiitu npuOIMKEHHOE pElIeHWE C  MCHOJIb30BaHUEM  (PYHKIUHU
minerr(xl,...).

1 3agath npuOIMAKEHUE TMOCIEIOBATEIBHO ISl 3HAUEHUW mNepeMeHHOM X1,
x2,... xN.

2 Bmectu kioueBoe CIOBO given (JaHO), U3 KOTOPOTrO HadyMHAETCs OJIOK
PELICHUMN.

3 3anmucaTh CHUCTEMY YpaBHEHHI, UCIOJIb3YysS 3HAK JIOTHUYECKOTO PaBEHCTBA
MEXKy IpaBOil U JIEBOU YaCTSIMU KaXXI0TO0 YPABHEHUSI.

4 OOpartutbes k GyHkuun minerr( x1,x2,..). 3HaueHHe HEU3BECTHBIX OyneT
HaWJICHO.

Tabnuua 4.1 — BapuaHTsl 3a1aHus K IpakTuyeckoil padote Nod

Ne BapnanTa Cucrema ypaBHEHHM Ne BapnanTa Cucrema ypaBHEHHN

1 2 3 4

L 2x* +5y” =3 2 3x% + 4y? = 4
5X+9y =3 3X+4y =2

5x% +2y* =4 4 4x* +5y* =3
2x+7y =1 5x+3y=1

5x% +6y% =3 6 3x2 +5y? =3
7Xx+3y=1 S5X+7y =2

X +6y> =3 8 5x% +6y? =3
SX+3y =2 3X+7y=2

(6]
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9 3x2 +2y? =2 10 5x% +y? =3
2X+7y =3 3X+5y=2
11 2x° —y? = 12 8x° +6y°> =4
IX+y= 4 2X+2y =3
13 4%% +3y° = 14 3x* +4y* =
8X + 2y = 6 6X +3y = 7
15 X2 +2y% = 16 4x% + y? =
SX+4y = 7 X+y=3
17 2x% +7y? = 18 6x° +7y% =
3X+ 2y = 8 2X + 4y = 6
19 32 +y? =5 20 X2 +2y? =
IX+3y=6 8X+7y = 5
21 4x2 42y =7 22 5x% + 3y? =
OX+y=06 X+4y =3
23 Ox2 +7y? =3 24 6x% +y? =
SX+y=4 3x+2y 7
25 X2 +3y2 =7 26 2x% +9y? =
4x+5y =3 X+6y=7
21 3x2 +4y2 =9 28 5x2 +y2 =1
O9x+y=3 3Xx+4y =38
29 {3X +8y° =7 30 5x% +9y? =
6x+5y =4 2x+8y =4
IIpumep

Haiitn pemenune
Ha3bIBAEMOI'0 «0JIOKA PELLIEHUI.

CHUCTEMBI HEJIMHEHMHBIX ypaBHeHHI)'I C HCIIOJB30BAHHUEM TakK

1 3amaTe HavaNbHBIE 3HAYEHUS IEPEMEHHBIM, KOTOPBIE €CTh B YPABHEHUHN

x=1; y=1.

2 BBectn KIOYeBOE CIIOBO (ivVen (maHO), ¢ KOTOPOro HauyWHAETCs OJIOK

pEILIEHHUI.

3 3anucarh ypaBHEHHUs, WCIOJb3Yysd 3HAK JIOTUYECKOTO PAaBEHCTBA MEKIY
[IPAaBOM U JIEBOW YACTBHIO YPABHECHUS U3 ITAHEJHN YIIPABICHUS

2x% +5y2 =3
5X+9y =3
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4 Beectu wimodeBoe ciioBo find (HalTH), KOTOpPHIM 3aKaHUMBaeTCs OJIOK
pELIEHUM.

find(x,y) =

S Pe3ynbrar peuieHus
x =1 W= 1

CHwet
2% 4 5 -5r2=3
S Foy=3

- 0.a0e
0.&a72

Find(x, 7) =[

Il  Haittu npubmkeHHOEe pelIeHHe ¢ KCIOJb30BaHUEM  (PYHKIUHU
minerr(x1,...).

1 3amate mpuOIMHKEHHS MOCJENIOBATEIbHO JJI 3HAYEHUW MEepeMeHHON x=l1,
y=1.

2 BBectu KiIo4YeBOoe CIIOBO (iVEN (J1aHO), ¢ KOTOPOTO HAYHMHASTCS OJIOK
PEILICHUMN.

3 3amucaTh CUCTEMY YpaBHEHUWI, HUCIOJb3yS 3HAK JIOTHYECKOTO PAaBEHCTBA
MEK]ly TPaBOM U JIEBO YaCThIO KaXKJOTO YPaBHEHHUS.

4 Oo0patutrcs k (ynakmum minerr( X,y.). 3HaueHHWE HEW3BECTHBIX  Oyjaer
HalaeHo.

x:=1 y::]
gven 208 1+ By? = 3
oy ey <[ 05
+9y=2 miner(x,y) =
= oer2)

KoHTpoJsbHBIE BONIPOCHI

1 Kakue BcTpoeHHbIe (QYHKIHMM TMO3BOJISIIOT HAWTH PEIICHHE CUCTEMBI
HEJIMHEVHBIX YPABHEHU?

2 B KakoM BUJE MPEACTABIIOTCS PE3YyJIbTAThl PENIEHUS CUCTEMbI HETMHEWHBIX
YPaBHEHHI?

3 HyxHO 5u 3aaaBaTh HaydajbHble MNPUOJIMKEHHUS TMPHU PEIICHUH CUCTEMBbI
HEJIMHENHBIX YPaBHEHU?
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IIpakTHyeckas padbora Ne 5
CuMBoOJIbHBIE AeiiCTBUSA MaTeMaTHyeckoro anaauia B MathCad

Ieab padoThI: ompe/eiicHUE HEONPEACICHHBIX U ONPE/ICICHHBIX BU3HAUCHUX
WHTETPAJOB W Tpom3BomHBIX B mporpamme MathCad ¢ wucmonb3oBanuem
CHUMBOJIBHBIX OIEPAIUK.

YKka3zaHus K BbINOJHEHUIO MPAKTUYECKO pa0dOThI:

1 3amyctuth nporpammy MathCad.

2 3ammcarh Ha paboyeM JIUCTE B COOTBETCTBUM C HOMEPOM BapHaHTa
GopMysIBl IS ONpPEICNCHHS HEOMPEAEICHHBIX HHTErpajoB, OIpEAeIeHHBIX
MHTETPaJIoB, MPOU3BOIHBIX MEPBOro mopsaka. OT MPOU3BOIAHBIX MEPBOrO MOPSIKA
OIPEICITUTh IPOU3BOIHBIC BTOPOTO, TPETHETO TOPSIKOB.

3 IlpuMeHUTHh MOCICIOBATEILHO K KaXKIOW (GYHKIUH KOMAaHIbl MCHIO
Symbolic/Simplify, oTmeTuB nocienoBarenbHO KXY U3 (QYHKITHIA.

Tabnuna 5.1 — BapuaHnTtsl 3a1aHus K npakTrudeckoit padore Ned

Howmep Heonpenenenusie OnpeneneHHbie [TpownsBoiHBIE
BapHnaHTa HHTCTPAJIbI HHTCTPAJIbl
1 2 3 4
. ; g s 1%0x- 2]
1 X - 3->3+5~J;<— X+ 6dx sin(x)dx dx
3j;( 0
3 ! d (sin(x) + cos(X) + tan(x))
k-x — + +
2 M dx -"0 o ax
s
3 1 d (.x . 3
cos(4-x)5-sin(4-x)dx ! dx &(e +In(x) - asin(x) + J_X)
. 1+ %
-1
T d (x . 3x
4 2 i 2 | &(2 sin(x) + e )
T sin(x) dx
(4 +9) 2
. cos (X)
2 d{ 10 4
5 s (J)’()dx 1 dx &(tan(x) +5-In(x)+6-acos(x)+2-j;<>
J’ X: (1+ x4)
X i
6 10 d (..
L L = sin(2) + ()
sin(x)*-cos (x)° (X=1)A/X+ 6
o J3
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[Tponomkenne tadm. 5.1

1 2 3 4
o d | (tan(x))?
7 " _dx X dx &[e |
1+ sin(x) (1+x)3
«0
8 . @ d | Yin(sin(x) + 2)
cos (In(x))-2dx Jx . M e
X X (tan(x))
1+)<2
" 1 X . X
9 1 dx " In(x) dx %((2 ~5|n(x)+e3 )
oos(x)2 <0
cos (X) 1_ 32
<0
11 1 d (.
[ _ 1 dx " X dx &(sm(xz)y[an(x))
sin(x)-cos (X) Jo
12 27 d | (tanx)?
X+3 i " 4a%(1- cos())°do &{e |
) d0
13 ©0S(¥ gy 1 1 ax %((tanl?x)+5.In(X)+6‘aCOS(X)+2.%(>
5+sin(x)2 14 %
d Jo1
14 1 z d—(sin(><2) + tan(x))
o 4 sin(x) dx
7-8% Sdx
cos (X)
0
0 an(x 2
15 sin(2x) 4, «/;( N %([e(t n(x)) ]
Js_ 3sin(x)* 143
o Jd1
16 . 1 d | in(sin(x) + 2)
dx In(x)dx dx W
x-alxz-az -0
17 L " wing & e+ 009 - sing) + 3
sin(x)ﬂ'-cos(x)2 fl_xz
<0
18 1 d [(-x . 3X
" In(x)%dx " dx &(2 sin(x) + e )
d <0
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[Tponomkenne tadm. 5.1

1 2 3 4
[ 27 d [ 10 .
19 S [ 42(1- cos(8))°d d_x(tan(x) Foinb) BB+ Z'ﬁ()
¥~ 9x4 25 Jo
[ 1 d (.
20 3x+4 dx " KX g x 6((sm(xz) +tan(x))
¥+ Tx+ 14 Jo
1 o d | g0’ |
21 —de dx dx
(3-)2+X+ 7) 1 1+)<2
2 [ d | 4in(sin(x) + 2)
22 +X-1 4y sin(x)dx e
2. (x- 2)2 J0 [ (tan(x))
1 d 2 3
23 458745, [ %y oo 0% x- 207]
X 4+5x-5 -0
24 1 oy d_(sin(x) + cos (x) + tan (x))
dx dx dx
1-x% 14 %
o -1
25 T d [ x . 3
sin(i()cos (f)dx 1 &(e +In(x) - asin(x) + J_X)
4 4 sin(x) q
) cos(x)2
Jo
26 2 d (. a
" sin(2-x)-cos (5:x) sin(9-x) dx I ax &(2 sin(x) +¢>)
‘ xﬁ+x
J1
27 " 10 d 10 4
sin(x)4-cos(x)3dx 1 dx &(tan(x) + 5:In(x) + 6-acos (X) + 2];()
(X 1)-yx+ 6
43
28 I ® 4.
sin(x)?-cos (x)°dx X dx &(5'“(@ +tan(x))
. (1+%°
Jo
29 i 1 d (tan(x))Z
sin(9)° 4 " In(x) dx &[e ]
cos(x)4 -0
30 I T d | Yin(sin(x) + 2)
cos (x)°dx i gx dx =
(tan(x))
1-%
do
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IIpumepbl

[ 1
1 Haifti HeonpeieIeHHbI HHTETPpa
-1 X

10
Pesynbrar X - 10;

l -
asin(x) dx

i

2 Haiitu onpeaeneHHbIN nHTErpat « o
12
—T
Pesynbrar 8
d_ZX-sin(x)
3 HaiiTu mpou3BOJIHBIE TIEPBOIO MOPsAJIKa dx

PesynpTar 2In(2)sin(x) + 2"-00s(x).

: ( ‘ )
4 HaliTy IpOM3BOJIHBIC BBICOKOTO TIOPSJIKA dx# \¢ 4]

96x (x4 +40X + 80)

5
Pe3ynbrar (¢-4)

g '

dht

KoHTpoJibHBIE BONIPOCHI

1 Kak HaliTU B CHMBOJIbHOM BHJE OIpEJEICHHbIE U HEONPEICICHHbIC

UHTErpajbl?

2 MOXHO JI1 IPUMEHATh CUMBOJIbHBIE ONEpallii K HHTErpaiam 1Mo o0iacTu, K

TPEXMEpPHBIM UHTErpaiaM, K KOHTYpPHBIM UHTErpajam?

3 MOXHO 11 B CHMBOJIBHOMY BH/JI€ HAWTH MTPOU3BOJAHBIE BHICOKUX MOPSIKOB?
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IIpakTnueckas padora Neb
BbIunciieHre MPOU3BOIHBIX B 32/1a4aX reOMeTPUHU U YACTHBIX MPOU3BOAHBIX

Henb pa0doThbI: BBYUCICHUE MPOU3BOAHBIX B 3a7adyax TIEOMETPUH U
HAXOKJICHHE YaCTHBIX MPOU3BOIHBIX BEICOKMX MOpsAKoB B mporpamme MathCad .

Yka3aHusi K BbITIOJTHEHHI0 MPAKTUYECKOH PadoThI:

| CocraButh ypaBHEHHE KacaTelbHON U HOPMalM K JMHHUH, KOTOpas 3aJaHa
ypaBHeHHeM y(x)=f(x) B Touke M(x0,y0).

1 3anate 3HaueHus X0 u y0 B Touke M.

2 3anucath ypaBHEHUE JIMHUU Y(X).

3 OnpenenuTs TPOU3BOAHYIO OT (PYHKITUH Y(X) di y(x) -, UCIOJIb30BaB MaHEIb
X
BBIYKCIICHUNA M TMaHellb CUMBOJIOB. [IpuCBOMTH 3HaUeHHE MPOU3BOIHON (DYHKIIMH
d
X): = —Y(X).
yy(x): = o YK
4. 3anucaTh ypaBHEHHE KacaTeIbHOU y BUJIE

tang (¥ :=yy(xQ-(x—x0 + yC

(x0

5. AHaJOrMYHO 3anMucaTh ypaBHEHUE HOpMaIU NOrm(X) := ‘(x=x0 + yC

6. [Toctpouts rpaduku KacaTeaTbHOM U HOPMAJIH.

7 OtrdopmatupoBaTh rpauKH.

Il BBINOJHUTE YKCTIOBOE M CUMBOJIBHOE BBIUMCIEHUE YACTHBIX MPOU3BOIHBIX
BBICIIETO MOPSAIKA OT PYHKIUU TPEX MEPEMEHHBIX.

1 3anucaTth QyHKIMIO, OT KOTOPOH OYIyT BEIYMCIIATHCS MPOU3BOIHBIE BTOPOTO

nopsJIKa.
2 OOpatuThCs K TMaHENM  BBIYUCICHUHM W BBIOpaTh  OmEpaTop
muddepeHupoBaHus.

3 B cooTBeTcTBYIOIIEM MECTE 3allOJTHEHHS Oleparopa 3amucaTh (DYHKIIHIO,
nepeMeHHyo s qudGepeHnupoBanus U mopaIok qudepeHnupoBaHus.

4 HaxaTb mpaBoii KHOTIKOM MBIIIIK HA 3HAaK ornepaTopa qudepeHnnpoBanus u
B KOHTEKCTHOMY MeHI0 BeIOpaTh View Derivative As (IToka3ats Npou3BOAHYIO Kak),
ycTaHoBUTH (iakok Partial Derivative (HacTHas mpou3BoHast).

5 OrMmeruth omneparop auddepeHuupoBaHUs M O0OpATUTHCS K MaHEIU
CumBosnuka/Beruncauts/B cuMBoax.

6 3amaTh YKMCIOBBIC 3HAYCHUS IS TMEPEMEHHBIX, OT KOTOPBIX BBIYUCIISACTCS
IIPOU3BO/THAS.

7 BBIUMCIUTD YUCITOBBIC 3HAYCHUS TIPOU3BOTHBIX.
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Tabmuma 6.1 — BapuaHTsl 3a1aHuii K IPaKTHIECKOMN paboTe Nob

Homep Oynakuus f(x) Touka M Oyuknus f(x,y,z) Touka
BapHUaHTa TUISt (x0,y0) mst JUUIS1 BBIYUCIICHUS M (x0,y0,z0)
OIIPCACIICHUA OIIPCACIICHUA JaCTHOU JJI1 YU CJIOBOI'O
KacaTeJILHOU U KacaTeJIbHON HpOHSBOI{HOﬁ BBIYHWCIICHUA
HOpMaJIA N HOpMaJIk JaCTHOU
MIPOW3BOTHOU

1 2 3 4 5
1 X° -3x+5 (2,3) X° -3x°y-4y*+2y-2° (0,1,2)
2 X° +2x+6 (-1.1) 2°eYY (0,0,0)
3 X>-3%° (3,1) xcos(y)+yz" (1,0,0)
4 0.5x-sin(x) (0, ©/3) zIn(x*-y?) (3,1,3)
(x-5)e* (4,0) zsin(xy)+z° (1,1,1)
6 1-(x-2)" (2,1) X’ +2y°-3xy-4z° (0,0,0)
7 X°+5X-6 (0,-1) zx-In(y)+xy’z (0,2,1)
8 OC+A) /X (2,3) y(X-2€0s(X)) (0,0,0)
9 33 0,1) sin(x)(cos(z)+cos(y)) (1,0,0)
10 sin®(x) (0.5,0.5) x*yz+sin(y) (2,1,0)
11 x?-0.5x" (0,0) (x-y))*(2*-x) (1,1,1)
12 x>-3x° (0, n/3) X° -3xX°y-4y*+2y-7° (0,1,2)
13 0.5x-sin(x) (4,0) 2°e¥ Y (0,0,0)
14 (x-5)e* (2,1) xcos(y)+yz"* (1,1,1)
15 1-(x-2)* (2,1) zIn(x*-y?) (3,1,3)
16 X°+5X-6 (0,-1) zsin(xy)+z (1,1,1)
17 0.5x-5in(X) (0, n/3) X° +2y°-3xy-4z° (0,0,0)
18 (x-5)e" (4,0) zx-In(y)+xy’z (0,2,1)
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[Tponomxenne Tadmn. 6.1

1 2 3 4 5

19 1-(x-2)" (2,1) y(X-2€05(X)) (0,0,0)
20 X>+5x-6 (0,-1) sin(x)(cos(z)+cos(y)) (1,0,0)
21 OC+A) X (2,3) zx-In(y)+xy?’z (0,2,1)
22 X°>-3x° (3,1) y(X-2€0s(X)) (0,0,0)
23 0.5x-sin(x) (0, n/3) | sin(x)(cos(z)+cos(y)) (1,0,0)
24 (x-5)e” (4,0) x*yz+sin(y) (2,1,0)
25 1-(x-2)" (2,1) (X-y°)*(z°-x) (1,1,1)
26 X>+5x-6 (0,-1) X? -3x°y-4y*+2y-7° (0,1,2)
27 (C+4)/X° (2,3) 7Y (0,0,0)
28 33 (0,1) xcos(y)+yz* (1,0,0)
29 sin®(x) (0.5,0.5) zIn(x*-y?) (3,1,3)
30 x*-0.5x" (0,0) zsin(xy)+z° (1,1,1)

Tpumep

| CocraButh ypaBHEHHE KacaTelIbHOM M HOpPMajiM K JIMHUM, KOTOpas 3aJaHa
ypaBHeHHeM y(X)=X" -3x*+4x>-5x+1 B Touxe M(0,1).

1 3amare 3Hauenns x0 u y0 B Touke M: x0:=0, y0:=1.

2 3ammcath ypaBHeHHs THHH y(X):= X" -3x°+4x>-5x+1.

3 OnpenenuTs TPOU3BOAHYIO OT (PYHKITUH Y(X) di y(x) -, UCTOJIb30BaB MaHEIb
X
BBIYMCIICHUM M TlaHeNb CUMBOJIOB. [IpuCBOUTH 3HaUeHWE MNPOU3BOAHON (YHKIIUU
d
X): = —Y(x).
yy(x): = 5 Y
4 3anucaTh ypaBHEHHE KacaTeJIbHOW B BUJIE

tang (¥ :=yy(x9-(x—x0Q + yC
tang(x) — 5x+1

S5 AHaJIOTMYHO 3alucaTh ypaBHEHUE HOPMaJU

-1

norm(X) := 700

{(x=x0 + yC
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1
norm(x) — g-x+ 1

6 Iloctpouth rpaduiku KacaTeILHON U HOpPMAaJIH.
7 OtrdopmarupoBaTh rpaduKu.

x0:=C y0:=1
y(X) := x4 - 3-x3 + 4-x2 -5x+1 ;j—y(x) - 4-x3 - 9~x2 +8x-E
X
_d
yy(®) :=—y(¥
dx
tang () :=yy(xQ-(X—x0 + yC tang(®) — —5-x+ 1

1
—1Q (X=x0 + yC norm(x) — g-x+ 1
X

norm(x) :=

100

tangx) 40

norm(x)

-35

-50
-10-8 -6 -4-20 2 4 6 8

X

Pucynok 24- I'paduk kacaTeabHONH U HOpMAIK

II 3anucate QyHKIMIO, OT KOTOPOH OYAYyT BBIUMCISATHCA TPOU3BOIHBIE
BTOPOI'O MOPSIAKY

2 X
f(xy,2) =Xe +z-vy-z
2 OOpatuThCs K TaHENM  BBIYMCICHUHA W BBHIOpaTh  OmepaTop

dl
—I1
nuddepennupoanns '
3 B cooTBeTcTByIOIIME MECTa 3alOJIHEHUs OmNeparopa 3amucarh (QYyHKIIHIO,
NepeMEHHYI0 I U HepeHIMpOoBaHus U TOPSAI0K TuddepeHupoBanus.
4 HaxaTb nmpaBoil KHOIKOM MBIIIK HA 3HAaK ornepaTopa qudepeHnpoBaHus u
B KOHTEKCTHOMY MeHIO BbIOpaTh View Derivative As (IToka3aTh mpou3BOIHYIO Kak),
ycTtaHoBHTH (hi1akok Partial Derivative (Uacthas mpousBojHas) (puc.25):
2 2 2
8_2(X2ex+ z—y'z) a—z(xzex+ z—y-z) a—z(xzex+ z—y-z)
X oy oz
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5 OrMmeruts omepatop auddepeHIupoBaHUs W O00paTUTHCA K TaHeTn
CumBosnuka/Berunciauts/B cuMmBoax.

6 3agaTh 4YMCIIOBBIE 3HAYEHMS I NEPEMEHHBIX, OT KOTOPBIX BBIUUCIIAECTCS
npousBogHasi X:=1, y:=1, z:=1.
7 BBIUUCINTH YUCIIOBBIE 3HAYEHUS TPOU3BOIHBIX.

f(xy,2) :=x2ex+ Z—Y-i

P ( 2 x ) 2-exp(X) + 4-xexp(xX) + xz-exp(x)
—\Xe +z-yz
oX
2
6_2(X26x+ z—y~z) 0
oy
0
62 ( 2 X )
—\X € +2-yz
0z
pi=2e(q + 4xexp() + X-op(K = ] y:i=1 z:=1

px2:=2-exp(X) + 4-xexp(X) + x2<exp(x)
px2 = 19.028

py2 :=C py2=0

pz2=0
pz2:=C

Mokazats Mponzeodnyto Kakl b |7 Mo ¥ron4aHk

‘Xn Bbipezate MpoHzEaAHER
1 KonMpoBaTe HacTHaA MpaM3B0AHaRA
E BETaEHTE

] CEOACTER. ..

3anpeTHTE BblMHCNEHHA

Pucynok 25 — JInanorosoe okHo [Toka3aTh mpou3BOAHYIO
KoHTpoJibHBIE BONIPOCHI

1 SIk HaliTh KacaTeNbHYIO K 000l kpuBoi B MathCad?

2 Sk HaliTH HOpMaJTh K Mr000# kpuBoi B MathCad?

3 SIK BBIMOJHUTH CUMBOJIBHBIC BBIYUCIICHHUS YaCTHBIX MMPOU3BOIHBIX BHICOKOTO
nopsjaka?

4 SIK BBIMOJHHUTH YHCIIOBBIC BBIYHMCIICHHUS YACTHBIX MPOU3BOJHBIX BBICOKOTO
nopsjaka?
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IIpakTHyeckas padora Ne/
Bbrunciienne MHTErpajioB B 32Ja4aX reOMeTPHHU U MEXaHUKH

Ilejib padoTHI: BHIYKMCICHHE HHTEIPAJIOB B 3a7a4aX F€OMETPHU M MEXaHUKHU B
nporpamme MathCad .

YKka3zaHus K BbINOJHEHUIO MPAKTHYECKO Pa0dOThI:

| Bpruucauths 1iomans  MIOCKOH (QUIYpbI, OTPaHHYEHHOM 3aJaHHBIMU
JIVHUSIMU.

1 3anucaTe ypaBHEHHE KPHMBBIX, KOTOPHIE OIPAHMYMBAIOT IUIOLIAAb ILUIOCKOMN
burypsi.

2 HaiiTu TOYKM WX TEpeceueHus, JUIsi TOTO YTOOBI HCIOJB30BaTh HX Y
JBYKPaTHOM MHTETPUPOBAHMH.

3 O6paruthes Ha manean CumMBoutb K GyHKIUU Simplify.

4 BBecTH onepaTop MHTETPUPOBAHMS. B COOTBETCTBYIOIIMX MECTaX 3alOJHUTH
UMs [IEPBOM IIEPEMEHHOM U IPAHULbI UHTEIPUPOBAHUS.

5 Ha mecte BBOJa (PyHKIIMU IOJ MHTETPAJIOM BBECTH €IIE OAUH ONEPATOP
MHTETPUPOBAHUS, TPAHULIBI HHTETPUPOBAHUSI U MTOJABIHTETPAJIbHYIO (DYHKITUIO

S= J] dxdy.
D
Il BeiuncnuTh KOOpAMHATEI LIEHTPY TSHKECTH ITACTUHBI.

1 3anucarh ypaBHEHHUS! KPUBBIX, KOTOPBIE OMKUCHIBAIOT 00J1acTh D IMIacCTUHBI.

2 HaliTh TOYKM HX TEpeceyeHus, JJIsi TOTO YTOObI HCIOIB30BaTh UX B
JBYKPAaTHOM HUHTETPUPOBAHUH.

3 Haiitu miomanp S OJHOPOAHOM TUIACTHHKH Yepe3 IBOMHOW MHTErpall.

3.1 O6paruthes Ha manenu CumBoutbl K GpyHKIuu Simplify.

3.2 Bsectu omnepaTop HHTETpUpPOBaHUSA. B COOTBETCTBYIOIIMX MECTax
3aIl0JHUTH UMSI TIEPBOM MMEPEMEHHOM U TPaHULIbl HHTETPUPOBAHMUS.

3.3 Ha mecrte BBoja (DYHKIIMU TOJ MHTETPAJIOM BBECTH €IlI€ OJWH OIMEpaTop
WHTETPUPOBAHUS, TPAHUIIBI MHTETPUPOBAHUS U MOABIHTETPATIbHYIO (DYHKITHIO

S = [[ ddy.
D

4 Haiitu ananormyHo cratudeckue MomeHTBl My, u M, mmacTussl

OTHOCUTENBHO oceil Ox n Oy Kak JTBOWHbBIE NHTETPAJIbI
M, :J] ydxdy, M, :ﬂ xdxdy.
D D

5 Omnpenenutrb  KOOPAWHATBHI  IIEHTpAa  TSHKECTH  KaK  OTHOIICHHUE
MOJBIHTErPAIbHON (DYHKIIMHU, KOTOpasi ONpeaeisieT CTaTUYECKUEe MOMEHTHI IJIACTUHBI
OTHOCUTENBHO ocer Ox u Oy
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Tabnuna 7.1 — BapuanTsl 3a1aHus K MpakTHueckon padote Ne7

Howmep BapuanTa

OYHKIUU AJ1S1 BBIYUCICHUS
TIoAau (PUTYPBI

OyHKIUU AJ19 BBIYUCICHUS
KOOPJIMHAT IIEHTpa
TSKECTU (DUTYPBI

1 2 3
1 X=y’-2y; X+y=0 x? y X ¥_q
%9 53
2 y=2-X; y°=4x+4 y=x’; y=2x7; x=1;x=2
3 y*=4x-4: y*=2x (u3BHE
napaGoub) y2=x; X’=y
2_ . 2
4 3y“=25x; 5x“=9y y= Wyzo
5 y*+2y-3x+1=0; 3x-3y-7=0 2 y2 XY
69 Z+3_
6 y=4x-4x°; y=x"-5x X2 +y2=1; x+y=1
7 x=4-y*; X+2y-4=0 X+yr=4; X+y=2
8 y*=4(x-1); X*+ y*=4 (u3BHE X2 y2 . x y
apaboJIbI) T ’Z+§=1
9 - 2_ . — 2 2
X=y’-2y; x+y=0 L y_:1;§+1:1
6 9 4 3
10 y=2-X; y’=4x+4 X2 +y%=1; x+y=1
11 y2+2y'3X+1:0; 3X'3y'7=0 X +y :4, X+y:2
12 y=4x-4x%; y=x>-5x
y'=X; X'=y
- 2. —
13 X=4-y*; X+2y-4=0 y= 2x—x2: y=0
14 =y*-2y; x+y=0 2
15 y=2-X; y'=4x+4 y=x"; y=2x°; x=1;x=2
16 y*+2y-3x+1=0; 3x-3y-7=0 x2+y? =1 x+y=1
17 y=4x-4x"; y=x*-5x Xyt =4 xy=2
18 x=4-y*; x+2y-4=0 VXY,
_-|-_: —_t—=
6 4 42
19 =y*-2y: x+y=0 2 2
X=Y ey, Xy )1(—6+y?:1;§+%:1
20 y=2-X; y’=4x+4 x2+y%=1; x+y=1
21 y*=4(x-1); X°+ y*=4 (u3BHe VXY
napa6oss1) —5 9 lgts!
22 y=2-X; y’=4x+4 y=x’; y=2x%; x=1;x=2
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[Tpomomkenue Tadm. 7.1

1 | 2 | 3
23 y°=4x-4; y*=2X (13BHE
11apaboIb) y2=x; x’=y
2 . —
24 X=y*-2y; x+y=0 = J2x-x2 y=0
2 —9_y* \j2—= 22
5 y=2-X; y'=4x+4 XY XY
16 9 4 3
26 3y’=25x; 5x°=9y x2+y%=1; x+y=1
27 X=y’-2y; X+y=0 X +yP=4; X+y=2
28 y*+2y-3x+1=0; 3x-3y-7=0 X2 y3 Xy
—+—=1;, —+==1
16 4 42
29 y=4x-4X"; y=x°-5x y=x; y=2x°; x=1;x=2
30 X=4-y*; x+2y-4=0 y=X; X°=y
IIpumep

| BbI4ucauTh miomans (GUrypsl, KOTopas orpaHHYeHa IHHUAME Xx=4y-Y° u
X+y=6.

1 HaiiTh KOOpAWHATHI TOYEK TMEPEeCeUCHUS 3aJaHHBIX JWUHUH, IS Yero
HEOOXOJMMO PEIIUTh CHCTEMY YpaBHEHHH (OJHON W3 BCTPOCHHBIX (PYHKIIHA
MathCad, rpadudecku nin peuuTh CUCTEMY YpaBHEHUH).

x=4y-y’
X+y=6.

B pesynbTate OyayT mosnydeHsl Touku nepeceuenus A(4;2) u B(3;3).

2 3anucath (GOPMYIY IJI BBIUMCICHHUS IUIOIIAAM Yepe3 KpaTHBIA HMHTErpai u
UCII0JIb30BaTh Ha maneau CumBouibl GpyHkmmo Simplify

2
3 y-y i
j | di dy sumplify — —
2 by f

Il Beraucants KOOPAUHATHI IEHTPA TSHKECTH IIACTHHBI, KOTOpAs OrpaHHYeHa
KPUBBIMHU Y°=4X+4 | y*=-2X+4.
[Lnomans

, (4y?)

| 1dxdy simplify —

Cratudeckre MOMEHTBI OTHOCUTENIBHO ocelt Ox u Oy
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[4-47) (42l
¥ 5 AT
2 14
2 ududy simplify — 3 2 v dudy simplify — 6

2

—_—
(=%

KonTpoabHBIE BONPOCHI

1 Kakne IrCOMCTPHUUCCKHC XApPaKTCPUCTHUKHU MOXHO BBIYHCIINTD C
HCIIOJIb30BaHHUCM I/IHTeraJ'IOB?

2 Kak BBIYHCIIUTH LHCHTP TAXKCCTU UYCPCE3 I/IHTGFpaJII)I?

IIpakTuyeckas padora Ne8
Pemenne o0b14HbIX T} PepennnanbHbix ypaBHenuii B MathCad

Heab paGoTbl: ¢ HCHOONB30BAHWEM BCTPOEHHBIX (YHKIMI U OI0YHOMN
CTPYKTYpPBI HAWTHU pelIeHre 0ObIYHbIX U PepeHIInanbHbIX YpaBHEHUH.

Yka3zaHus K BbINOJTHEHUI0 IPAKTHYECKO pa0doThI:

| Haiiti peurenne  oGbranoro ambdepeHimansHoro ypasuenus y=f(xy) c
MCIIOJIb30BaHNEM «OJI0Ka PEIICHUN.

1. BBectu kirodeBoe CiIOBO (iVEN (IaHO), ¢ KOTOPOTO HAauyMHAETCS OJIOK
PEIICHUMN.

2. 3amucaTh ypaBHEHHWE, HCIOJIB3ys 3HAK JIOTHYECKOTO PAaBEHCTBA MEXKIY
NpaBoil W JIEBOM dYacTsAMU YypaBHEHUss ¢  maHenu ympasieHus Evaluation
(Boipaxenus).

3. 3aaTh HaYaJIbHBIC 3HAYCHUS TIEPEMEHHOM, KOTOpasi €CTh B YPAaBHEHUMU.

4. Beectu wmoueBoe cioBo Odesolve, koTopbiM  3akaH4YMBaeTCs OJIOK
pelleHrui, TO €CTh NPUCBOUTH (PYHKIHMH, OTHOCHUTEIBHO KOTOPOW pelaeTcs
ypaBHeHue, 3HaueHne Odesolve ¢ mapamerpamu HHTEpBaIa HHTETPUPOBAHUS.

5. OnpenenuTh 3HAYCHHUE HAWJEHHOW (DYHKIIMH B TOYKAaX MUHTEpBaja, ISl YeTO
CO3J1aTh COOTBETCTBYIOLIMN UK.

6. Iloctpouts u oThopmMaTupoBaTh rpaduK HaWJEHHON (QPYHKIUU B TOYKAX
MHTEpBaa.
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Il Haiitu peuenue

MCIIOJIb30BaHUEM BCTpoeHHOM GyHkimu rkfixed.
1. 3amaTh HaYaIbHBIC 3HAYCHUS TICPEMEHHOM, KOTOPast €CTh B YPaBHCHHH.
2. 3amucarTh ypaBHCHHS, HCIIOJIB3Ysl 3HAK JIOTMYECKOTO PABEHCTBA MEXITY
NpaBoil M JIEBOW 4YacTIMH ypaBHEHHUS C

(Boipaxenus).

o0bruHOrO U PepeHnanbHOTO

YpPaBHEHUS C

naHenu ynpasieHus  Evaluation

3. 3a1aTh KOJMYECTBO I11aroB MHTETPUPOBAHUS YPABHEHHS HA HHTEpBAJIC.

4. IlpucBouTh (GYHKIHH, OTHOCHTEIHLHO KOTOPOW periaeTcss YpaBHCHHE,
VWHTEpPBAJl HWHTETPUPOBAHUS,
KOJIMYECTBO IIaroB Ha MHTEPBAJIC HHTETPUPOBAHUS, oniepatop auddepeHIInaILHOro

sHayenne rkfixed ¢ mapamerpamum: QyHKIHUS,

YPaBHEHHS.

5. OnpenenuTh 3HaUYCHUE HAWACHHON (DYHKIIMU B TOYKAaxX WHTEpBaJa, JAJI YEro

CO3J1aTh COOTBETCTBYIOLINN UK.

6. Iloctpouts u oThopmarupoBaTh rpaduk HaWIEHHON (PYHKIMU B TOYKAX

HHTCpBAJIA.

Tabnuna 8.1 — BapuanTsl 3a1aHus K IpakTudeckoi padote No8

Howmep YpaBHeHUe HauanbHbie Nurepain [lar
BapHaHTa f(x,y) YCIIOBUS HAXO0XJICHUS WU3MCHCHUS
peLIeHUs
1 2 3 3) 3
1 y y(1)=1 [1,10] 1
cos(x)-In(y)
2 tg(xX)t(y) y(0)=0 [0,5] 0.5
3 y y(1)=1 [1,7]
1+ x?
4 e’ +X y(1)=1 [1, 5] 0.25
y
5 cos(X-2y)- y(0)=n/4 [0,4n] /2
COS(X+2y)

6 2e-Xcos(X)-y y(0)=0 [0;3,5] 0,1
7 e-2ycos(x)-y y(0)=0 [0;1] 0,05
8 In|x+2,5xsin(x)| | y(0)=2,5 [1:3,5] 0,2
9 e35ysin(x)+y y(0)=0 [0;1,5] 0,1
10 x2In(x+y?2) y(0)=3,5 [1,2;2,4] 0,08
11 \/xz -|-|ycos(x)| y(0)=3,6 [4,1;6,7] 0,1
12 sin(x)+cos(y2) y(0)=2,2 [0,8;3,2] 0,1
13 e-2xsin(x+y) y(0)=16,2 [4,8;6,4] 01
14 0,7y+x:In(x+y) y(0)=2,5 [12,4;14,1] 0,08
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15 0,5x+ye(Xx-y) y(0)=3,1 [8,5;9,7 ] 0,05
16 X2+yC0s(X) y(0)=1,4 [0;2,3] 0,1
17 y2-exy y(0)=1,7 [2,4;3,5] 0,05
18 xy-e(X-y) y(0)=2,8 [1,6;3,1] 0,1
19 sin(xy)-e2x y(0)=5,7 [14,5;16,3] 0,05
20 Jx? 1e” y(0)=1,6 [5,2;6,8] 0,1
21 y/In(y) y(2)=1 [2;5] 0,25
22 e(x+y)-e(x-y) y(0)=0 [0;2.5] 0,1
23 1+ cos(2x) y(n/4)=0 [7/4, 3r] /8
V 1+sin((y)
24 1 1 y(1)=0 [1;4] 0.3
X? oy
25 sin(3x)-y-tg(3x) y(0)=1/3 [0,4] 0,25
26 cos(x-4y)- y(0)=mn/4 [0,4n] /2
cos(x+4y)

27 2e-xcos(X)y y(0)=0 [0;3,5] 0,1
28 e-2ycos(x)+y y(0)=0 [0;1] 0,05
29 In [ x+sin(x) | y(0)=2,5 [1,5;3,5] 0,2
30 ey+2sin(x) y(0)=0 [0;1,5] 0,1
IIpumep

| Haiitu  pemienne  oObiuHOTO AU PEepeHUUanbHOrO  ypaBHEHUS

i y(x) =cos(x)+
dx y(X)
ycnoust: y(0)=1.

1 BBectu kimroueBoe ciioso Given.

2 3amnucarh, UCIOJIb3Ys JIOTHUECKHUI 3HaK PaBEHCTBA, CICAYIOIICE BhIpaKCHHUE:

Ha uHTepBasie [0,100]. dyHKkuMsS UMeeT TaKue HaydalbHbIC

d 1

— y(x) =cos(x) + —.

dx y(Xx)
3 HagampHOE yclmoBHE 3amucaTh  CICIYIOITUM

JIOTUYECKUH 3HAK PaBEHCTBA!

00pa3oM, HCHOJIb3Ys

y(0)=1.
4 BpIYUCIUTH YHCIIOBOE PEIICHHE 3aayll Yepe3 HCIOJIb30BaHUE (PYHKITUU
Odesolve:
y:=Odesolve(t,100).
5 Co3sgats nukn t:=0,..10a7ms onpeneneHus ToUeK HHTEpBaIa
t:=0,..10.
6 [TocTtpouts rpaduk GyHKIIMN B TOUKaX WHTEpBaia U 0THOPMATHPOBATH €TO.

Giver
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d—y(x) = 00s(X) + L
dx y(X
y :=Odesolve(x, 100

y(O) =1

y(5) =2.302 y(39 =8.011
x:=0..10(

15
135

12

105

9

y(® 75
—_— 6
45

3

15

0
0 10 20 30 40 50 60 70 80 90 100
X

Pucynok 26- I'paduk pyHkumn
Il Haiitn pans BeIIENpPUBEACHHOW 3aJayll PEIICHHE C HCIOJIb30BAHUEM
BcTpoeHHOM yHKIMK rkfixed.

1. 3amaTh HayaIbHOE yCIIOBUE
y(0):=0.1.

2. Coznath QyHKIHIO D(X,y) = cos(x)+ﬁ.

3. Yka3arh KoiauuecTBo maroB naterpuposanus K:=100.
4. BBIYUCIUTH YHUCIOBOE pEIICHUE 3ala4d C HCIOJIb30BaHHEM (YHKIIUU
rkfixed. 3nak paBeHcTBa BeiOMpacTcs Ha naHenu Jloruka (Jlornueckue).

y=rkfixed(y, x1,x2,K, D).

5. Cozmarp mukin x:=0,..100 nns onpeneneHus: Touek MHTEpBaa
x:=0,..100.
6. Iloctpouth rpaduk QyHKIIMUM B TOYKAX MHTEpBaTIa U OTPOPMATUPOBATH
ero.
y0:=1
K :=10(

1

D(X,y) :=cos —_—

(% Y) (9 + e
x1:=C x2:=1Q

y(X) = rkiixed(y0,x1x2 K, D).
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Ilpumeuanue: pe3ynbTathl penieHus U GepeHIInaTbHOTO YPAaBHEHUS BYMS
MOIXOJaMH  JOJDKHBI COBMAaaaTh. MOXKHO TakKe HCIOIB30BaTh [JIS PEIICHUS
audGepeHInaIbHOr0 ypaBHEHHMs — CleAyiolue BcTpoeHHble (yHkuuu: Bulstoer,
Rkadapt. Onu umeroT Takue e napamerpbl kak U Gynkius rkfixed, Ho pe3ynbTaTh
BBIJIAIOT C pa3HON TOYHOCTHIO:

y(¥) = Bulstoer(y0,x1,x2 K, D)

y(¥ = Rkadapt(y0,x1,x2 K, D)

KoHTpoJibHBIE BONIPOCHI
1. Kakue BCTpOeHHBbIE (PYHKIMM TO3BOJISAIOT HAWTH pEHIEHHE OOBIYHBIX
nuddepeHIuanbHbIX YpaBHEHUH?
2. HyxHo nu o00s3aTenbHO 3a/1aBaTh HauyajbHbIC YCIOBHUSA JJIsl PEIICHUSA
OOBIUHBIX AU(PEPEeHIINATHHBIX YPABHEHHIA?
3. Kak Bnuser Ha pe3ynpTaT KOJUYECTBO TOYEK pa3OMBKU HMHTEpBaIa
WHTETPUPOBAHUS OOBIYHBIX AU(GEpPeHIINATHHBIX YPAaBHEHHI?

IIpakTunyeckas padora Ne 9
HNHTepnionsinus dIKCepuMeHTAIbHBIX JaHHbIX B MathCad

Heas padorel: nocTpouth ¢ noMomibto cpeacts MathCad rpadux ¢pyHkuuy,
KOTOpasi HaWIy4IlIMM OOpa3oM OTOOpa)kaeT SKCIEPUMEHTAIBbHYIO 3aBHCHMOCTh M
KOTOpasi MPEJCTaBIEHA J1aHHBIMHU, KOTOpbIE IPUBEICHBI B TAOJIHULIE.

YkazaHusi K BBINOJHEHHUIO IPAKTHYECKOU PadoThI:

1. HaOpaTp Tabnuily, KOTOpasi COOTBETCTBYET BAPUAHTY.

2. OcymecTBUTh JUHEHHYI0 HWHTEPIOJAINIO, I Yero HE0O0XO0IuMO
BBITIOJIHUTD CICAYIONINE IEHCTBUS

2.1. BBecTu BEKTOpHI IaHHBIX X U Y.

2.2. Onpenenuts byHKUUIO linterp (x,y, t ) .

2.3. Berunciuth 3Ha4eHus: 9TOM (QYHKIIMM B TOYKaX, KOTOPHIE BHIOPATH
CaMOCTOSITENIbHO.

3. IocTtpouts rpaduk GyHKIIUU.
4. OcCymecTBUTh CIUIAWH-UHTEPIOJSAINIO, UCTIONB3Ysl (PYHKIUIO interp (S,X,),
t), /U yero HeOOXOAMMO BBIMOJIHHUTD CJICAYIOIINE ICHCTBUS:

4.1. BBecTH BEKTOpPHI JAHHBIX X U .

4.2. Bectu ¢QyHkuuw cspline (x,y), Kotopas omnpeienseT NepBbIi
aprymMmeHT GyHKUMH interp (s,x,y, ¢ ), KaK BEKTOPHYIO BEIUYUHY 3HA4YCHH
KO2(PPUIIMEHTOB KyOMYECKOTO CIUIaiHa.

4.3. Onpenenutb QyHKIHUIO interp (s,x,V, t ).

4.4. BpYHCIUTH 3HAYCHHS 3TON (YHKIIMM B TOYKaX, KOTOPHIE 3a1aTh
TAaKWUMHU K€, KaK U JJIs1 JIMHEMHOW MHTEPHOJISALIHH.

5. [Moctpouts Tpaduk GyHKINM.
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6. BeimoaHuTs CpaBHI/ITeJIBHBIﬁ dHaJIn3 IIOJYYCHHBLIX pPa3HbIMH IIOAXOAAMU
HHTCPHOJIAIMOHHBIX Fpa(I)I/IKOB 1 3HAYCHUM (i)YHKIII/II/I B OAMHAKOBLIX TOYKax.

Tabnuua 9.1 — BapuanTsl 3a1anus K mpakTudeckoil padote Ne 9

Howmep ApryMEHTBI JlaHHbIC
BAPUAHTA | W 3HAYCHUS
1 2 3
1 X 1 2 3 4 9) 6 7
y 356 | 38,7 | 394 | 40,8 | 43,3 | 429 | 418
2 X 1 2 3 4 9) 6 7
y 135,2 | 138,7 | 139,9 | 141,6 | 140,1 | 142,5 | 141,8
3 X 1 2 3 4 9) 6 7
y 9,7 10,3 | 108 | 10,2 | 119 | 114 | 114
4 X 1 2 3 4 9) 6 7
y 145 | 16,2 | 1655 | 17,2 | 198 | 17,7 | 175
5 X 1 2 3 4 5 6 7
y 328 | 30,2 | 21,7 | 278 | 275 | 27,2 | 279
6 X 1 2 3 4 9) 6 7
y 36,3 | 385 | 39,7 | 391 | 39,0 | 38,7 | 40,0
7 X 1 2 3 4 9) 6 7
y 52,7 | 56,5 | 60,7 | 548 | 704 | 68,1 | 67,8
8 X 1 2 3 4 5 6 7
y 11,12 | 106 | 11,31 | 11,02 | 12,0 | 12,73 | 11,12
9 X 1 2 3 4 5 6 7
Y 1,8 2,9 2,0 3,6 3,8 3,9 4,1
10 X 1 2 3 4 5 6 /
y 9,8 10,1 | 10,3 | 119 | 109 | 118 | 12,1
11 X 1 2 3 4 5 6 7
y 4,7 4,6 4,6 5,3 5,3 55 5,6
12 X 1 2 3 4 5 6 7
y 2,12 | 128 | 1,71 1,6 1,11 | 1,18 | 1,02
13 X 1 2 3 4 5 6 /
y 246 | 238 | 2,79 | 263 | 286 | 3,46 | 4,32
14 X 1 2 3 4 5 6 7
y 514 | 549 | 574 | 57,7 | 58,9 | 643 | 67,8
15 X 1 2 3 4 3) 6 7
y 17,7 | 195 | 194 | 206 | 20,8 | 225 | 23,6
16 X 1 2 3 4 5 6 7
y 450 (473 488 (47,1 454 458 |46,1
17 X 1 2 3 4 3) 6 7
y 146 |136 |120 |187 |198 |[20,1 |21,5
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ITponomxkenue 1a0651.9.1

1 2 3
18 X 1 2 3 4 5 6 /
y 36,1 |336 329 |369 [332 |369 |383
19 X 1 2 3 4 5 6 7
y 394 41,8 433 |429 |418 414 |42,6
20 X 1 2 3 4 5 6 7
y 156 | 140 | 12,7 | 178 | 20,1 | 215 | 22,8
21 X 1 2 3 4 5 6 /
y 18,87 | 16,0 |19,32 |19,6 |18,02 |20,88 |21,55
23 X 1 2 3 4 5 6 7
y 156 |153 17,7 |199 |200 |19,7 |255
24 X 1 2 3 4 5 6 7
y 248 | 272 | 22,2 | 304 | 356 | 38,7 | 394
25 X 1 2 3 4 5 6 7
y 37,7 428 405 [413 (40,2 489 |47.1
26 X 1 2 3 4 5 6 7
y 178 216 [209 248 |212 |202 |30,2
27 X 1 2 3 4 5 6 7
y 4,5 51 55 50 6,1 6,0 6,1
28 X 1 2 3 4 5 6 7
y 620 |661 |636 |663 |712 [70,8 |725
29 X 1 2 3 4 5 6 7
y 248 | 27,3 | 284 | 350 | 391 | 405 | 37,3
30 X 1 2 3 4 5 6 7
y 3,1 3,5 3,7 3,8 4,9 4,1 4,3
Hpumep
[TocTpouTs rpaduik SKCIIEPUMEHTATBLHO 3aJaHHON (DYHKIIHH
X 0 1 2 3 4 5 6
y 4,1 2,4 3 4,3 3,6 5,2 59

1 OTIPEIICTNTh €€ 3HAUCHUS i Xx=2.4 1 x=7.

1. Co3nath BEKTOPHI AJIsl IEPEMEHHBIX X U Y.

x=(0123456)

y:=(41243 43365259

2. Onpenenuthb (QyHKIMIO JTUHEWHOW nHTepnosuu linterp(x,y,t).
A(t) :=linterp(x,y,t).
3. [Toctpouts rpaduk GyHKIIHH.
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15

A(t)

0

-10

10

Pucynok 27- I'paduk QyHKIMN TUHEHHON UHTEPIOISAIINH

4. BeruncnauTh 3HaueHus QyHKIIMU B TOUKaX X=2.4 U X=7.

5. Onpenenuts QPYHKIUIO CIUIAWH-UHTEPHONSAUUU interp (S,X,y, t ), IS 9eTro
HEO0OXOIUMO BBITIOJIHUTD CIEIYIOIINE IeHCTBUS:

5.1. BBecTH BEKTOpHI JaHHBIX X U .

5.2. Beectu ¢yukmuto cspline (x,y), koTopas omnpenenser MepBbIid
aprymeHT GyHKUUU interp (s,X,y, t ).

x=(0123456)

y:=(4.1243 43365259

15

s :=cspline(Xx,y)

A(t) :=intep(s,x Y, 1)

10

A(t)

10

Pucynox 28- I'padux pyHKIMM CTITARH-UHTEPHOISALANA
6. IIpoBecTu cpaBHUTEIBHBIMN aHAINU3 PE3YyJbTATOB, KOTOPHIE MOJYYEHBI MPHU

PAa3HbIX THUIIAX WHTCPIIOJIALINH.
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KonTpoabHbBIe BONPOCHI

1. Onuiute 0cOOEHHOCTH TPUMEHEHUS TUHEHHON MHTEPIOJIALIUN.
2. Onumure 0COOCHHOCTH MPUMEHEHHSI CTUTIAaH-UHTEPIOISAIUH.
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