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IIPEANCJIOBHUE

[AuTeabHas IBOMOLAA NPHMEHEHHA KOMIBIOTEPOB AAA YUCICHHBIX
PacyeToB MPHBEJA K PA3BHTHIO METOJOR KOMIIbIOTEPHOI'O MOAENHU-
POBaHZSA M BRIYMCANTEALHOrO PKCNEPHMeHTa, AKTHBHOE UCIOAbAO-
BaHHe KOMNBIOTEPOB JAf NpOBeJeHHud CHMBOJNBHEKX U MpadHiecKuX
BEIYHCAEHHH, OCROGOXKfaloUlee HCCAeJOBATeNd OT NpPOBEJICHHS pYy-
THHHBIX, HO TPYAOEMKUX ¥ YPeBATHIX OIINOKAMH npeobpasosaHdi,
CYUIECTBEHHO COKpATHAD BpeMS DeaJH3alMH HAYYHLIX H TeXHHYe-
CKUX NPOEKTOB. BapuiBHOe pa3BHTHe KOMNOBIOTEPHHX TeIeKOMMY-
HUKAIMH NO3BOJIAET OTAEAbHLIM HCCIEJ0BRTENAM NOAYIaTh JOCTYI
K TaKUM WHGMOPMALMOHHEIM ¥ BRIMHCAUTEILHKIM PECYPCAM, KOTO-
PbIMH paHee pacnoNarald TOAbKO KPYNHbIe HAY4YHbie OpraHH3alHy.

B KOHTEKCT pacCMOTpEHHBHIX H3MEHEeHUH OPrasHYHO BIUCKI-
BaeTcd NPOrpaMMHuk MpogykT ,CHcTeMa KOMULIOTepHO# anre-
6pur «MaTeMaTuka»“ aMepukaHckoi ¢upMbm Wolfram Research,
Inc. (neppas pepcua — 1988 r., Tpetna — 1996 r.). Cuaosa
, KOMIIbiOTepHaR alreGpa’ ABAIOTCA CKOpee NaHblo TPAIULHH, TAK
Kak ¢ noMoibio  MaTeMaTukun“ MOXHO OCYHIECTBARTL UIHPOKHH
CHeXTP CHMBOABbHBIX NMpeo6pa3’oBaHMil, BKAKOYAIIKH, Hapaldy c
APYTHMU, ONEpAlHH MAaTeMATHYeCKOI'0 aHanuia: JuddepeHUHpo-
BaH#e, HHTECPUPOBaHEE H HHTEr paibHEE NPeo6paloBaHus, Pa3lo-
JKeHHe B pAJH, pelueHde fuddepeHNUANLHEX YpPaBHEHU# M T.I.
Oa5a ¥3 CHABHHX CTOPOH paccMaTpHBaeMOro NPOrPaMMHOTD Ipo-



4 ITPEAHC/JIOBHE

AYKTa — pa3BHTaf ABYX- M TpexXMepHad IpadyKa, HCHOAb3YeMasn
AIA BU3YAAM3alM¥ MaTEeMaTHYeCKHX 06HeKTOB.

[To cBoeit cymwpocTn MaTemaTHKa“ IpeicTaBAfeT cOBO AIRIK
NPOFPAMMHUPOBaHEA BLICOKOIO VPOBHSA, NO3BOAAIOIMMA peasulo-
BaThb TPaJHUHOHHLIA TIPOLUEIYPHRIA H (PYHKUMOHANLHBIA CTHIH
NPOrPAMMHUPOBAHUA, A TAKXKE CTHAL NpaBra npeobpazosanni. [lo-
CKOJIbKY pPacCMaTpHBaeMblii IPOrpaMMHERHR NPOAYKT obecneiupaeT
TaKXKe NpEMeHeHHe Pa3HOooOpa3KEIX YHCJAEHHLIX METOJOB, TC B CO-
BOKYITHOCTH CHMBOAbHAIE, MPadyiecKne H YHCIEHHLIE BRITUCICHISA,
BRITIONHAEMBIE B OJHOM ceaHce HcrmonsaoBadma ,Maremaruku®,
ApeBpalialoT ee B YAOOHLIH ¥ MOWHEHK HHCTPYMEHT MaTeMaTHYe-
CKUX WccaefoBaHMil. PakTuyeckoe pa3jeneHHe B NOCIEIHUX Bep-
CHAX BRIYMCIHTEIHHOrO AJpa W HATepdeica, B3auMOJeACTBY IOWUX
Mex 1y cobor Ha ocHoBe npoTokona MathLink, nossonser ucnonn-
30BaTh yJaJeHHHe f1pa B JOKAAbHLIX U IMOGAIBHEIX BEIMHCAHTENb-
HEIX ceTsax. bDoabuioe BHUMaHKe yjdeiseTcs B NocCielHee BpeMs
paszpafoTKe NPOrpaMMHKX cpegcts conpsxenns ,MaremaTuku*
¢ Uurepxer.

B HacTosmee BpeMa ,MaTeMmaTuka® ABIKETCA OXHOW M3 KOM-
MOHEKT KOMNBIOTEPHHIX TEXHOJOTHH MpOoBeJeHUS HAYUHHIX HCCIe-
JoBaHHE B 06y4eHus cTyReHTOB B Briciiei wkoge CHIA, 3anagunoi
Epponu u flnonnu. HcnoabaoBanune \MaremaTuxu® 1 GuICTphIX
¥ 0e30WHB0YHAIX BEIYHCICHNA W A8 BH3YAIM3ALHM NO3BOJNAET HC-
CleJOBATENAM COCPeJOTOYHTE CROe BEUMAaHHE Ha KOHIENTYalbEEIX
BONPOCAX HAay4HLIX MpoekToB. ,MaremaTuka” Takxe obGecneyqu-
BaeT HpelojaBaiie, OCHOBAHHOE HAa OIPOMHOM pa3Hoob6pa3uun pe-
ATbHEIX TPHMEPOB MaTeMaTHYeckora, ecTecTReHHORAYYHOT O, TeX-
HUYeCKOLO ¥ I'yMAaHHTapHOTO xapakTepa. CROKHIOCE MeXIYHa-
pOJHOE coo6LUeCTBO I0AL30BaTeled YTOrO NPOrPaMMHOIO MPOAYK-
Ta. Cnucok HayYHHX MOHOrpadui, NOCBANICHHEX NPHAIOKEHHAM



,MaTeMaTUKn®, COJepXXUT B HacTOHIIee BpeMi Gonree ABYX co-
TeH HaUMeHOBaHUH, H3JAIOTCH ABA XKYpHaja, IPOBOJATCSH €Xerol-
Hule Hay4Hhie KoRgepennnn. Pupma-pa3paboTidK NOLJepKUBaeT
aaeKTpoHHLIH apxuB (www.wolfram.com/mathSource/), cogepxa-
KK B CBOGOJHOM JOCTYNe OrPOMHOE KOJHYECTBO HAMCAHHKIX
TIONb30BATENAME H COTPYAHEKaMA (PUPMHL Bay4YHKIX, MeTOLHYEC-
KWX H Y4eSHRX NPOrPaMMHEIX NPOJYKTOB.

MHu HajeeMmcsd, 4TO NpegraraeMad BHEMAHHI0 YHTATENA KHH-
ra noMoxeT eMmy OHICTPO HAYYHTHCH IAHUMATHCA MATEMATHKOH
¢ nomombio cecteMul ,MaremaTuxa®. OcHoBHoe BHUMaHHEe MEI
yleldeM MpHeMaM BHINOJHEHUA Ga30BHIX MATEMATHYECKHX Npe-
o6paloBakiil ¥ nporpaMMupoBannio. Mcmoabaya metadopy, Mox-
HO CKa3aTh, 4YTO 3TO KHHra MO BOXJEHHIO, a He YCTPOMCTBY
n,aBroMobung®. OnuiTHHe noab3osaTenn , MaremaTuku®, a Tak-
e CNelHaNucThl O NPOrPaMMHPOBAHHIO M HHGpOPMATHKE, KOTO-
PHIX B 6oAblUel CTeNeHH HHTEPecyeT HMEHHO YCTPOHCTBO, HAHAYT
nas ce6Ga moneaHoft MoHorpadpuio B.3. Anrageema, HO.A. XyHra,
M.JI. llumwakora [1]. Hama keura npegHasHa4aeTcsa Jisd HOBHY-
KOB B CHMBOABLHHX BLIYHCAEHHAX W HH B Koel Mcpe HEe MOXeT
3aMeHATH GYHAAMEHTANLHOTO PYKOBOACTRA [Iisf TNOALAOBATENEH
C. Bosngpama {2]. [Ipr HanHcaun® KHECH aBTOD cTpeMuics o606-
UIHTE OOHT CBOEH MHOroJeTHed PaGOTHI C NPOAYKTOM, JYTEHHA
OCHOBaWHHIX Ha , MaTeMaTuke" KypcoB teknuil B MockoBCKOM HEH-
CTHTYTe DAeKTPOHHKH M MaTemaTukn (MUDM) s Mockosckom
rocyapCTBEHHOM YHHBEPCHTETe DKOHOMHKH, CTATHCTHKH H HH-
dopmaTuku (MDOCH), a Takxke ydacTufs B 6GeTa-TecTUpOBAHHM
ee HoBoit Bepcuu. Mazoxenwe Gaaupyerca Ha , MareMmaTHke*
Bepcuy 2.2. Texuuveckue npreMn paboThl ¢ 3THM NporpaM-
MHHLIM RPOIYKTOM JHILL B Manoil CTENeHK 3aBHCAT OT KOMIILIO-
TepHOH NAATGOPMbI, OZHAKC MepBadA IMaBa KHETH, B KOTOPOH



6 NPEAHCJIOBHE

ONUCHIBAETCH MHTepheic NPOAYKT2, OPHEHTHPOBAHa B OCHOBHOM
Ha  MatemaTuiy” nmog Windows. [Ilomumo crareir ua xypHa-
aa ,Mathematica® Journal 1 MaTepnaloB 3JeKTpoHHOI'O apXuBa
dbupMar ykaxem Ha kuura Dk, I'pos {3], P. Mazepa (4], [5],
X. Beegenckoro [6}, P. I'naopaa, C. Kamuna u II. Beaauna (7],
OTKyJa MH NOYEpHHY.IM HAeH pAJd NPHUMEPOB M YHPAKHEHHH.
[IpocuM Bame OT3HIBH U NpefioXKeHdd HANDABIATL HO ajfpecy
emv@amath. msk.ru.

Bripaxkalo cBOIO HCKPEHHIOW [PH3IHATEIbHOCTH Npodeccopy
Mutepy /lx. Orpepy 3a BNeYaTAROUIYK AEMOHCTPAUMIO dPpdex-
THBHOCTH , MaTeMaTHKH® N4 CHMBOJbHBIX BLHIYHCIEHUH IO CHM-
MeTpHAM AuddepeHUHAILHNX YpaBHeRuH, cryjgentam MH3M
Osery Upuinvny, Antony [xamaw, Muxanay ®ypcosy, crapine-
My npenoaaBareito B.H. K uxapeBy, y4acTBOBaBLIYM B HAMCAHHK
CHELHATUIMPOBAHHOrO NakeTa CHMBOALHRX CHMMETPHIHEIX Bhi-
qucrenit SYMMAN ({8]). Asrtop npusuaterex A, Bovaposy,
C. Boabgppamy u JI. CHATHIIKOMY 3a POCTENPHMMCTBO H MHTEpec,
NMpOABJEHHBIR UMH K Hay4HHIM pe3yJAbTaTaM aBTOpA BO BPeMA ero
cTaxuposki Ha dupme Wolfram Research, Inc. B paMkax nporpam-

MBI HCCAeIOBATEIbLCKHX 'PAHTOB.
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,MATEMATHKA “
KAK CUMBOJIbHBINA,
TPAPUYECKUN

U YUCJEHHLIN
KAJIbBKYJISITOP

lepeniii war B oBrafenun ,MarTemaTHkON" — HalaxuBaHKe
AHAJOTa € HeH, XOTH HacTOAllSe MacTePCTBO JeMOHCTPHPYIOT Te
noRb30BaTeaH, A1A koTopux  MartemaTuka® spagsercs B nepsyio
ovepelb S3EIKOM NPOrPaMMEPOBAHHA BEICOKOTO ypoBHA. [mano-
FOBHIH crocob ucnonszopaBHs ,MaremaTnku® npegnonaraer ee
TPaKTOBKY Kak 60AbIIOro Kaibkyazropa. Hmeuno Tak oma moss-
MaeTcd B nepBoil 4acT¥ kHurH. a4 Gonbio KaTeropHu RONLIO-
BaTenelH, 3aRHTePEeCOBAHERIX B NPOBEfeHHH NPHKAATHLIX PacYeToB,
3TOro 6yJeT, MO-BHIMMOMY, BIOIHE SOCTATOYHO.



I'nmaBa 1

A3BYKA MATEMATHKHU

[IpesnonaraeTcs, 4TO M3y4YeHHe KHHUTH YHTATENEM NPOUCXOZUT ¥
NepCcoHaIbHOIO KOMIbIOTEpa, Ha KOTOPOM HECTallkpoBaHa ,Ma-
reMaT#ka®. OcobeHHo NONe3HBl NapalielbHEE ¢ YTEeHMEM BHI-
4YUCJIeHHS WMeHHO JMA NepBOH IrJaBhl, B KOTOpO# OMMCHBAIOTCH
OCHOBHHIE [IpDHEME PaGOTH € NPOTPaMMHEM NPOLYKTOM H JaeT-
cf 0630p ero BO3IMOXKHOCTEH.

1.1. Ilepsuin ceaHc

,MartemaTuka®, nofo6Gxo 6ol ApPyro# UPHKAaAIROE OporpaM-
Me, noMelleHHo#l B o6onodky Windows, HaYMHaeT paBoTaTh no-
cie TOro, KaxK BhI JABaXK[JH IHIeJKHETE JeBOK KHONKOH MEIIUKH
OpH NOJOKEeHHH ee YKalaTeld, HANpPaBAeHHOM Ha MNHKTOrpaMMYy
,MaremaTrkn“. OTKphiBaeTCH NPEMOYroibHoe paboiee OKHO, B
KOTOPOM HMeeTCH POPH3OHTAALHAH YepHad NHHUA B BepXHe#d Hac-
TH KpaHa. Kypcop B OKEe MOABHTCA KaK TOJALKO € KIABHATYpPH
6yaeT BRejeH MI060H 3Hak, B ToM 4ucie npoGen. B 1eBom Bepx-
HeM Yray 3xpala 6yiyT HaxXoAWTHCA BBEJEHHHA aBaK M CIpaBa OT
Hero Kypcop. KpoMe Toro, B mpaBoM BepXHEM YIIYy 3KpaHa NO-
ABHTCHA CHHASA KBaJpaTHad cKOGKa, 0OYepPYHBAIOLIAA BepTHKAJIbHEIE
I'PAHUNBl AYEHKH, CONEPKANIEN BREIEHHRH ¢ KNIARMATY PRI CHMBOJ,
HaneyaTaeM npocTeiitiiee apucMeTHYeckoe BrIpaXkenue: 2+ 3.
Haxarne xnasuin Shift-+Enter, uiu Insert, uix knapuumm 5 B
LKMPOROH HacTH KIaBHATYPH NPY MNOJOKEHHH KYPCOpa BHYTDH
Advedky 3acTaBUT , MaTeMaTHKY" BRYHCINTDL BBefleHHOE BhIpae-
Hue. [locle BHYHC/IeHHS Ha SKpaHe MOXHO YBHAETH Clefylolliee:

In[1]:=2+3
Qut{l] =5



1.1. llepsrtit ceanc 9

Kpome Toro, nmof BrIYHCAeHHHIM BhIpa)KeHHeM HMeeTCH POPH3OH-
TalbHAA YepTa, HHXKe KOTOPO# CleBa MOABHTCH NEPBLIA 3HaK HOBO-
7O BLIPAXEeHHSA, KAK TOAbKO BH €r0 KayHeTe BOeYaTHBaTh, Acxod-
HOe BHIpa)KeHWe NIPHCBOEHO B KadecTse 3HaveHHd o6bekTy In[1],
a peayabTar - obbekry Out[l]. OTH 06beKTH HOABAKIOTCA Io-
cle BHYHCREHKA, MOITOMY He caeayeT oxujars In[2]:= kax
IpHrIAIEHEA TPOTPAMMBl K BBOAY ClelyIOUero BHIpaxeHus. B
XaibHeliieM BBOJ ¢ K1aBHaTyphi Inf 1) sksuBasedTes BnevaTh-
BaHuio 2+ 3, a BRog Qut|[1] paBHocHneH BBogy 5. 3Hakm := U =
HMEIOT CYLIECTBEHHO PAITHYHEEIN CMEICT M HA3RIBAIOTCH OMAOHCENH-
HbLM M Hemedaennbim nprcBoenneM. C IOMOLUBIO = NpHCBanBaeTCH
B KAYeCTBe 3HAYEHUS HeBLIMHCIEHHOe, a ¢ MOMOIIBK = BhIYHCAEH-
HOe BRIpaKeHWA.

PeayabTaT BRIYHCACHHR HOMEWlEH B HOBYIO A4EHKY Ha 3KpaHe,
orpanHvHBaomai ckofka KOTOpPOH OTAHYAETCA OT CKOBKH BXOJ[-
HOHM AYeHKH. OTO 03Ha4aeT, YTO BXOAMHE M BRIXOJAHEIE AYCHKH
HMeIoT pasHule croiicTBa. B n106yi0 BXOARYIO SUEHKY MOXKHO Ne-
PEMECTHTL KYpPCOp, OTPeAakKTHPOBATE €e, 3aMeHUB YacTh MAM Bce
BXOJHOEe BLIpayKeHHe, M 3aTeM JaHOBO BHIMMCANTL. B BhIXOAHKIE
AYeHKH Heab3fd NepeMeCcTHTh Kypcop 6e3 BRIMNOAHEHHA HEeKOTOPKIX
npejBapUTeNlbHHEX ONEPANHi, 0 KOTOPHX MH CKaxxeM noaxe. Kpo-
Me TOro, H BXOJAHYIO, B BRIXOAHYIO A4eliKW OKaiMJfeT elle OfHA
ck06Ka. Ee MOXKHO HCIIOAL30BATE JAH TOTO, YTOOH |, CIPATATE " BhI-
xo,qnjlo AYeHKy. DTO MOXKeT HoTpeGoBaTLCH, HAPHMED, B Ciydae,
KOP/Ja BRIYHCIeHHOE BhIPAXXeHME CPOMO3IKO, NOITOMY BLIXOLHAK
AqedKa 3AaHHMAaeT CAMIIKOM MHOTO MecTa Ha JKpaHe.

Jag Toro 9To6GH BpeMEeHHO 3aKPHTh BRIXOHY 0 AYelKY, NoIBO-
AT yKasaTelb MbIIKYM K BHEWIHeH cxobke CIpaBa. YKa3aTelb NPH
3TOM NPHHEMAET BHJ HanpaBleHHOH BAEBO CTPEIKH, OTpaHMYeHHON
y ee OCTPHUA BePTHKANLHLHIM OTpe3koM. JIBakipl LMENKAOT JeBOH
KHONKOH MBILIKH, MOCAe Yero Ha DKpaHe OCTAeTCA BHJHA TOALKO
BXOfHad Ayedka. OkaiiManiomwan ckobKa OKpaliMBaeTCAd B Hep-
HHJ [BeT, H TOPHIOHTaALHAA JHHMA Hcye3aeT. DBed Hee nouwITKa
BBECTH C KJAABHATYDH Kakoi-auGo 3Hak ycnexa He HMeeT, OITO-
My ClefyeT BOCCTARRGBHTH 3Ty NHHMIO, IIEAKHYB JeBOH KRONKON



i0 I'VIABA 1. ABBYKA MATEMATHKH*

MEIIIKH [P NOJIMKEHHH ee yKajaTenf HHXKe MIMEHEHHOH AveHKn.
OTkprIBaloT 18 0603peHUs CAPAT2HRYIO BEIXOHYIO A4eRKy TeM
#Ke MeToJoM, '

IIpogomxum Halle 3HAKOMCTBO ¢ TPABKNAMH BBOJA apHPMETH-
YeCKHX BHpaxedud. IIpowamemenne 4ducen 2 ®# 3 MOXKHO BBeCTH
nu6o B Buge 2+ 3, 1n60 B BHIe pa3dfeNeHHLIX npoGenoM Hrdpp 2 H
3, T.e. kak 2 3:

In{2}:=2 3
Out[2} =6

C noMolbio HAKIOHHOW YepTH / BBOZATCH Apobu:

In[3] := 105/335
Out3}= &

a C NMOMOLIBIO 3HaKA ~ — CTelleHn!

In[4] == 5°10
Out[4] = 9765625

Mpu BBOJE 6oNee CROXHKIX BRIPAXKeHHH CleXyeT HMETh B BAIY,
410 ,MateMaTnka® NpHIepKUBaLTCH TPaJHIHOHHEIX COMVI2IIeHHT
O CTapUIRHCTBe aphdMeTHYecKux onepaunid. Takum ob6pa3oM, BH-
paxernue 24 3 4 BLIMHCARTCA Kak 14, a He Kak (2+ 3) x4, T.e.
20. Tem He MeHee He clefyeT DPKOHOMETH Ha KPYPQARIX cKobBxax
{ # ), vcnoasayemnix Aas rpynnuposanus. B Marematuke® ux
NPUXOAMTCA MCNOAB3IOBATH rOpa3fo 4Yaille, deM OOHYHO, B CHAY
,OQHOITAKHOrG® XapakTepa BXOZHOTO dopmata. TpagumnuoRHO
MoxkHo HanucaTh: 2%/45, a B MaremaTHKe" 6e3 KPyriamx cko6ok
He oboliTies: 2+(3/4) 5. Ecau manesarats 2~3/4 5,70 aTo Gyfer
socnpuuaTo Kak (23/4) 5. Bupaxerue a/b/c GyaeT aBTOMATHYE-
CKH crpynuupoBaHo Kak (a/b}/c; a~b~c kak a*(b~c); nosTOMy He
CTeCHANTECh CTABHTb KPYTAhle CKOOKH, YTOGH TOYHO BHIPDAIHTH,
YTO BBl XOTHTE BHYHCAHTE.
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KpoMe kpyranx cxo60K BO BXOQHLIE BLIDaXKEHUS MOI'YT BXO-
XATh KBajgparuuie [, | u durypnue {, } ckobku. KpagpaTHhe
CKOOKH HCHOAB3YIOTCH [AN BHLZENCHHS APryMeHTOB QYHKUHH HAR
KOMaHJ:

In[5] := Log[35.1)
QOut[5] = 3.5582

M&ul BRIYHCAXAY HaTypalbHAIR JOTapHhM BeleCTBEHHOTO YHC-
Aa 35.1. OTMeTHM, YTO BellleCTBEHHEIE YHC/Aa 3aNWCHIBAIOTCA €
TOYKCH B KayecTBe pa3jefuTels Uelod B gpobHoi vacTu. Kpome
TOT'0, YMECTHO 3aMeTHTb, YTO CTPOYHEE M TNpPONUCHHE GYKBH
pasaudanTca H nostoMy #Ms Log norapudmatdeckoit PYHKLHE
Heab3A BBecTH Kak LOG uin kak log.

SMaTemaTnka® COfEpPXKHUT OKOAO THICHYH BCTPOGHHLIX (PYHK-
unil {komang). [losToMy ee ucmOAB3OBANKE K3AK CHMBOALROIO,
rpadH4YecKOro # YHCIEHHOI'D KaibKyafaTOpa CBOJHTCE B OCHOBHOM
K NpHMEHEHUIO DAIMMYHEX DYHKUHH K HCXOJHHLIM BRIpaKeHHAM,
3aTeM K QOYHKIHUAM OT HCXOIHHIX BREDAXKEHRH, 3aTEM K DYHKIHAM
OT QYHKIUEHA OT MCXOOHBIX BEIpAXeHUW H T.J1.

In[8)] := Factor[x"5 — 2°5]

Out[6] = (-2 + ) (16 + 8z + 422 + 223 + z#)
In{7] := Last{Out[6))

Out[7] = 16 + 8z + 4z? + 223 + 4

Pyukuus Factor packaafpiBaeT OAWHOMB H2 MHOXKHTEIH, a
Last B JaHHOM Clydae HMeEeT 3HaMeHHeM NOCAeJHHN MHOXHTEIb
npoussefenus. Kcratn, supaxenue In[7] moxuo 6610 Gul BBECTH
s suje Last{%6], 4To Gonee ygo6Ho.

Ana BBOAA ANUHHBIX BEIpaXKEHHH MOXKET OKadaThCH MaJo OJHOH
CTpOYKH f4eilkn. B 3ToM cayyae naxkaTuem xaapan Enter mox-
HO MepeHTH Ha HOBYIO CTPOYKY TOM e gvekku. [Ipu 3ToM B KoHue
cTpokn GyjgeT aBTOMATHYEeCKH NMOCTaBleH npobes, KOTOPHIH B He-
KOTODHIX CAyYafX MoXeT OHTh BOCIPHHAT KakK 3HAK YMHOMXKEHHUS.
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Hrob6u #36exaTh TOr0, CTABAT 3HAK \ B KOHIE CTPOKHM Nepej Ne-
pedocoM. Ecau 9Toro He cfenaTs, TO HYKHO COGIIOCTH cregyomee
HPABHJIO: OCTABIIMECH B NMepPBOH CTpoke GYKBH, UHMPH H JIpPyTHe
3HAKH He JOJKHH NOPOXAATh CAMOCTOATENbHOE, HEAOCTHOE BhI-
paxernne  MatemaTnke“. B npoTHBHOM ciyyae 3TO BHpakeHHe
Byger BalYHCIeHO oTdenbHo. HHave ckaxeM, YTO B A4eAKY MOXHO
BIEYATATh € KNIABHATYDH HECKOAbKO BHIpAXeHUu#, HauRHAIOMKXCH
KaXJoe ¢ HOBOW CTPOKH, KOTOpPHE NO OTAENLHOCTH ¥ NOoCiefoBa-
TeaAbHO BYAYT BHIYKCALHE!,

Ecax xe BBOguTCA OJHO BhIpAXKEHHE, 3aHMMAloillee HECKOILKO
CTPOK fA4ediKH, TO AHGO Bce BHIpaXKeHHe CAeJyeT 3aK/aOYAThH B
Kpyrible cKoOkE, Aub0 KaXAYIo CTPOYKY caedyeT 3aKaHYMBAaTh
Tak, 4To6hl GLLIO ACHO, 9TO BhIpa)KeHHe BBOAOM He 3aKOHYEHO.
HanpuMmep, MOXKHO OKaH4YMBATh CTPOYKY 3HakaMu +, —, / sam
OTKpHBalOiel KRajpaTHOH CKOGKOR u T.1,

Purypnnie ckobku 8 ,MaTeMaTnke® HcnoapayloTcs AAH BBOAR
¥ BhlBoja chuckoB: {a,b,c}, {z,2,A4bs[z),y*2} u T.5. Daemes-
TaMH CIHCKAa MOTYT OhITh J00He BhIpaXkKeHHA, B TOM HYMCAe M
cnuckn. Comcox {{al,a2,e3},{b1,62,63},{cl,c2,c3} } Mmoxuro no-
HUMAThL KakX MaTpuily 3 X 3, 3allHCAaHHY0 HOCTPOYHO:

In[8) := m = { {al,a2,a3}, {bl,b2,b3},{c1,c2,c3}}
Out[8) = { {el,a2,a3},{b1,62,63},{cl,c2,c3} }
In[9] := m//MatrixForm

al a2 a3
Out[91// MatrizForm= b1 b2 b3
cl ¢2 o3

Ecau B npegnyminx npuMepax CHMBOX QYHKIHH [PEIUIeCTBO-
BaJ apTYMeHTY, T.e. HCNOABL3OBANACh NpedHKCHaA PopMa 3amucH,
TO B NOCAeAHEM NpHMEpe (YHKUEKA oXHOro apryMerTa Matrix-
Form nocTasneHa HoCHe CBOENQ apryMeHTa, WK, HHade, 3alucana
B mocTdukcHoi (popMe. KpoMe Toro, peayibTat BOCBMOTO BHIYM-
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CIeHHA NPACBOEH B Ka4eCTBE JHAtMeHHA He Tonabko obbexTy Out[8],
HO H CHMBOJIY ™M, 9TO ropasfo yao6Hee O MHOIMX TO4YEK 3pPEeHHA U
ABAKeTCA o0lUeyTOTpeSKTeNbHEIM NIPHEMOM BAIMHCACHHH.

ITpu BBOJE BLIPAYKEHUH MOI'YT NPOU3OHTH OLIMGKH, HAM BOIHKK-
HeT Ee06XOJUMOCThH HIMEHHTh HAM CKOMEPOBATE YACTh BHPAXKEHHA
B KaKo#-1M6o Bxoguoil Aveiike. B 3aTom cayvae cregyer npuber-
HYTb K PeJaKTHPOBaHHIO. [/18 BXOJHKIX A49eeK 3TO MOXHO CJenaTh
CTaEZAPTHLIMH NpHeMaMH, IDHHATHIMH B TEKCTOBHIX PejlaKTopax,
paBoratomyx nog Windows, T.e. ¢ nomouisio Clipboard n komaug
Edit Cut, Edit Copy, Edit Paste.

YAaiHTh, CKOMNPOBATH, BCTABHTHL MOXKHO He TOALKO JNOGYIO
HACTh COJEPXKHMOTO BXOFHOH AYedKH, HO M BCIO AYeHKY B LETOM.
Jas aroro ee caeayer vdesurns, N0ABEA YKa3aTe b MEILIKH CIPa-
Ba K CKofke f4elKy ¥ IIelKHYB NeBoi knaBuimel Mumka. Ckobka
naMeHuT npeT Ha 4epuwil. C mnomoubio Clipboard aveiiky uau
ee 4aCTh MOXKHO BCTABHTL B A1060% ApyroH JOKYMEHT HDHKAAL-
Ho¥ Windows nporpaMMul. PefakTHpOBaTh MOXHO H BRIXOJHHE
AYelKH ¢ pe3yAbTaTaMH BRIYHCICHHH. ECTeCcTBeHHO, 4YTO MOX-
HO YAAIMTH MAM CKONMPOBaTh BCKO BHIXOZHYWO fderky. Ecan we
TpeflyeTcs ¥3MEHNTH YacTh BHXOABOH A4efiky, TO ee ClegyeT npest-
BapUTenLHO cielars HedopMarupoBaHHok. [las sToro BRIXOZHAN
Adelka praengercs, 1 B MeHio Cell smbupaerca komanga For-
matted. Tlocre ee BHNOIHeHHA COJEPKHMOE BHIXOZHOM AYEHKH
6yXeT 3amMCaHO BO BXOZHOM (opMaTe, 4TO MO3IBOAKT HIMEHHT,
BHIPE3aTh WM CKONHPOBaTh 4acThb A4eilku. [locre perakTupoma-
H#f BLIpa’KeHHe B DACCMATPHBAEMOU Avelke MOXHO BRIYHCAMTE,
Iif 9ero ee genaloT akTusHoil ¢ moMoineie Cell Inactive. Takuum
o6pa3oM, nocjae ONMCAHHEX JeACTBHA OhIBLIaf BRIXOAHAA SYedKa
CTaHOBHTCA BXOXHOW.

Pa6oTa ¢ ,MaTtemaTukoit“ oopMiseTcs B BUje COXPAHAEMO-
ro B OTAZelbHOM (haki/fe HHTEPRKTHBHOIO HMEKTPOHHOMO JOKYMeEH-
Ta, HAIKIBAEMOTO JAaNUCHOE KHHXKKOH. 3afMCHEe KHHXKH MOTYT
COAepXKaThb B CBOHX AYeHKaX OOBIYHHIE TEKCT, BRIYHCAAEMEIE BBHI-
PaXeHHK, peayabTaThl BuYMCIeHUH M rpaduky. Ecim su xoTuTe
JaTh HajdBaHHe JANHCHOH KHHIKKe, TO Halle4aTaHTe ITO RadBaHHe
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B OTAeNbHOR AYeiike B Havane jokyMenTa. lIpk ycioBdau, 4TO Baiu
KOMIIBIOTep PYCHMAUREPOBAH, MOXHO NePeKAYETH KAABRATYDPY Ha
pycckue GYKBEI, XOTA, BOIMOMXKHO, B 3TOT MOMEHT BHIROZAMEE Ha
dKpaH CHMBOJH He 6yJYT BHITVIAZETDH Kak pycckie GykBhl. Bhigenn-
Te AYeHKy, o6paTHTech K MeHo Style, HaxofsfiieMycda B BepXHel
yacTH paboyero okHa, u BrGeprTe komargy Cell Style. B me-
HIO DOABHTCH LiepevHCleHHEe BCEX THIOB fYeeK, KOTOPHE MOIYT
COOEP)KAThCE B JaNMCHLIX KHEXKaX. [lo yMonyasmio, swbax Ho-
Bas Av7edKa HMeeT Tul Input, T.e. ABAseTCA HEPOPMATH POBAHHON
u axTusHOH. Bubepute Tn Title uin Gosee ckpomuuia Subti-
tle. Bul yBHZUTe, 4TO TeKCT B f4elike HIMeHHN pasmep. CHOBa
obpaTHTech K MeH0 Style u Beepute nyukT Merw Fant. B no-
ABUBLIEMCA OKHe JHaJora GygeT cogepxaThci HWHpopMauud obo
BCeX BMEIOUIHXCA THIAaX IpHGTOR, 06 HX paaMepax K uUBeTe. Ecau
o6orouka Windows crafkeHa KADMANHYCCKEMHE HIpEPTAMH, TO
HMH Xe ocHamlaeTcd B  Martemaruka“. Bubepure mpugT, pas-
mep # upet, HaxmaTe OK, v JanncHas KHHXKa o3arnarnena. [Ipn
YCAOBHK, 9TO MPOKIOULAO NMepekniodeHHe KAaBHATYPH # BHOGpaH
KHpHANHYeCKHH WPHAPT, HaIBaHHe KHUKKH NMOABHTCA Ha PYCCKOM
asuike. [loae3arno nepeMexaTh BHYUCAeHAS KOMMeHTApHAME. Kowm-
MEHTAPHH JyHille BCEro NOMEWaTh B A9elkH, uMelomue Tun Text.
ITpy ReoBXOAMMOCTH B KoHle cealica paboTu ¢  MaTemaTHKOR“
3anucHas KHEXK2 COXDaHAeTCA. JTO JelaeTcs CTAaHAapPTHO C
nomombio File Save As. Wma daiina ge 0643aH0 coBmafaTh C
3arJaBHeM 3aNHCHON KHHXKKH. Bo BpeMA ceaHca MOXHO OTKPHTEH
HeCKOAbKO JaNuchHHX Kuuxek, npuberays x File New.

1.2. OCHOBEI CHHTaKCHCA ”MaTEMaTHKH“

[Ba ¢byHAaMeHTAIbHBIX NOHATHA JeXaT B OcHoBe paboTw ,Ma-
TeMaTHKH " eblpaixcenue U stivuctenue. BupaxeREd — OCHOBHOK
THR JasHuX 8, MaTemarike“. OnpefeadM 3TO NOHATHE DEKYPCHB-
HO, Ha9HHAA C ATOMAPHALIX BHpaXKeBHH: CHMBOJIOB, 1HCeN K CTPOK.
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CHMBOAE eCTh OCHOBHHE HMeHOBaHEHe o6bexTh. MM cempona —
3T0 Abag NOCNeAOBATENLHOCT JATHECKEX CTPOYHLIX HAH NPONEC-
geIX 6yKB, Hupp 1 3Haka §, He HayHRaOUtancs ¢ urdpu. Crpounnie
% NponACHEe 6YKBN pasakdanTcs. Hanpumep, z, aB, uSv25 n 1.1
€CTh CHMBOJH. )

Yucna B ,MaTemaTaxe“ pacCMATPHBAIOTCA TETHIPEX THMOB:
uenne, palMOHaAbHLIE, BeleCTBeHELe B KOMIeKcERe. Bee Tanu
9HCEN MOI'YT COAepHaTh Jofoe KoAndecTBO Uudp. Irobu gacao
PacCMATPHBAIOCH KK BelleCTBEHHOE, OHO JOJKHO COAePXKATS TOY-
KY B ero 3afKCH, JaXe B ClIyvYae, eClH AMeeT HYJAEBYIO MaHTHUCCY,
[Ipn Burymcrennsx ,MaTeMaTHKa " COXPAESeT, €CIH 3TO BO3MOXKED,
THI 9Hces. Hanprmep, kBagpaTauil KOpeHb K3 4, NpeACcTaBIeHHNH
pHpaxesnem Sqrt[4], BudncAETCH Kak 2, a KBaAPATHHHE KOpeHb
p3 2, T.e. Sqrt[2], nocte puYAcCAeHHS GyfeT TaKXe JaNEcaH B BA-
Ze Sqrt[2]. lag Toro ¥To6H HOAYYHTH NPRGANIKEHBOE 3HAYEHHE
ITOr0 KOPHA, CleXyeT BHYHCIHTb KBaApATHHI koperb Sqrt[2.] ua
BELIECTBEHAOTY SACIA 2, NpeicTapMeHHOrO KakK 2. RAA kak 2.0 B
ero 3amKCE.

CTpPOKE — 5TO 3aKsl0UeHERe B KaBHYKH NOCHAeJOBATENLHO-
¢TH 6ykB, nn$ppP ¥ cnenranbEuX cuMsonos: ,This is a string®.
Ecan BEYTDPE CTPOKH HCNOABIYIOTCA KABRITKH, TO KX ClefyeT npea-
CT2BRTHL B Buje nocrlejoparesbrocTs \”. CTPOKH Takxke MOTYT
COAEPXATH NOCAeJOBATENLHOCTH: \N — Mepexoja Ha HOBYIO CTPOY-
Ky, \{ — TaSyAROuH B \nynyng, rAe n1A3"3 — BOCHMEDHYHHE KOJ
ASCIL

[IpousBoAbHEE BRpaxeHHs , MaTeMaTHKR“ cTPORTCH, RaYBHAN
¢ aTOMapeHX, B HMeoT BEA: hie;,esz,...,en], rae h nasubaer-
CA 3arONOBKOM BHIPAXKEHHH, & €3, €3, ... &, — 3NEMeHTaMH, HIN
HenocpeJCTBeHHLIME TOABLpaKeHEIMH, KAN JaCTAMA PAcCMATPH-
BAeMOT'0 BHpaXKeRns. M 2arofopox, H 3/eMeHTH TaKXe ABRISIOTCH
BHDAKEHEAMA.

Ecagu 3arofosok — CHMBOJM, TO BOIMOXHK CAEAYIONIEE OCHOB-
Hile HHTEpPOpPETAGHH ero CMLCHA. JarolOBOK MOXHO HOHMMATh
KaK HMA MaTeMaTHiecko ¢yrkuEm: Sin (cEmyc), Exp (s3kcno-
HeBNBatbHad QyAknmsg), xak komamdy: Factor (pasioxaTs ma
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mHOXHTenn), Delete (yzaants), kak THn famenix: Integer (ue-
noe), List (coucox). Mu npuBens B KavecTBe NPEMEPOB BCTPOEH-
HHle (CHCTemHLle) 3aroloBKM. Bce TakHe 3arof0BKH HaiHHAIOTCH
C 3arJaBHON JATHHCKOH GYKBH M ABISIOTCA NOAHKIME HMeHaMA Ha
aAHCIRHCKOM COOTBeTCTBYyloWero o6bekra. HecMoTpa Ha To 4To
33aTOJOBKH COBCEM He 06S3aTeibHO HHTepPHPETHPYKTCE KaK HMe-
Ha QYHKRHH, MW fgatee GyjeM Ha3HBATh UX QYHKIAAME, CAesyS
TpaAUIEH, YCTAHOBHBINEHCH B AHTepaType no ,MaTeMaTuke".

CkasanHoe Bhllie OTROCHTeSbRO BHpaxenui ,Maremaraxn®
CNpaBein¥BO OTHOCHTENbHO BHYTpeHHeH, HAH NoAHOH QOpPMAl BhH-
paJkeH#d, T.e. TOH QOPMH, KOTOPad BOCIPHHEMAETCA BRIYHCIH-
TeAbHRM AApoM cHcTeMHl. CHHTaKCHC BLIpaKeHHH, BIeYaTHBa-
eMHX C KJaBHATYDH BO BXOJHEE fYeHKH, MOXeT OTIHYATHCH OT
CHHTAKCHCA NOAHOR POPMEL.

PaccmoTpEM caefyiolliHe PEIPasKEHHA:!

Bxopasol ¢opmaTt Buyrpennas (nonnas) Buxoguoi ¢opmaT
BRIpaXeHHS (opMa BHIPANKEHEA BHPAKEHHA

x+a Plus[a, x] a+x

Xa Times| a,x] ax

x*a Times] a,x ) ax

x"a Power| x,a] x3

x-a Plus{ Times|-1,a],x] —a+x

x/a Times| Power|a,-1],x] Z

Mu BMAHM, 9T0 CYLIECTBYOT TPH (bOpMaTa BHpaXeHuit, Bxog-
HOK (OPMAT XapaKTEpH3YETCA TeM, YTO BHIpaKeHHe mevaTaeTcd
B OfBY CTPOKY, H o0WeynoTpeGRTelbHbLIE MaTeMaTHYECKHe ONe-
PamMHE MOTYT OLITh 3aNMCAHLL B COENHAALHOH, HuduKkcHO dopMe.
Bonee Toro, B HHOUKCHON ¢dopMe MOr'YT GHITL 3allHCAHBL BO BXOJ-
HOM ¢opMaTe no6kie GyHkuuu ,MaTemMaTHKH” OT ZBYX apryMeR-
Tos: {a,b} ~ Delete ~ 1. Mu y>e ymoMHRanH, YTO QYHKIHH Of-
BOrC apryMesdTa MOT'YT GHTb 3alNHCAHH H B HOCTOHKCHOH dopme,
T.e. NOCTe CBOETO apryMeHTa. BrXoZHOE (OPMAT MAKCEMANBHEO
OPHEGAEXEH K TPajKIACHHOMY IpeACTABACHHIO MaTeMaTHIeCKHX
BHIpaJ)KeHnd ¥ MOXeT NOTpebfOBaTh HECKOALKC CTPOK IAf BRIBO-
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Ja Bupaxenus. Hakonen, Bropad KOJOHKa JaeT NpejCTaBACHRE
MaTeMaTHYecKHX (opMyl B BHJe Brpaxenuit A Maremaraxu“. B
PacCMOTPeHHKX NPHMEPaX BLYHCICHUA CBEIHCH K COPTHPOBKE, T.e.
K YNOpAJOYMBAHKIO CHMBOAOB HCXOJHOT'O BHIPR)KeHHA B COOTBET-
CTBHM C BCTpPoeHHRIM B, MaTemaTky “ nopajskoM.

Dyuxnua AtomQ, npuMeHeHHads K apryMesTy ezpr, T.e, Bh-
paxenne AtomQ|erpr| npu sriucreEny umeer peayisTar True,
eciu BhIpaXKeHHe erpr, Hydyuu ebINUCAENNbIM, ABIAETCA aTOMap-
HbiM, u False — B mporuBHEOM cryvae. 3arofioBoK BhIYHCIEH-
HOrO BHIDasKeHWA erpr MOXKHO HaiiT#, Buuucisa Head[ezpr].
Hanpumep, Head[2] ects Integer, Head[b$x] ects Symbel,
Head[”l read a book*] ectb String. Hakonen, anement e; MoXx-
HO OJYYHTE ¢ NoMolibio ¢yHKUHH Part nyTeM BuYucIeHHd BLHIpa-
xkenun Part[ezpr k], uan, 4o To xe camoe, Bupaxenus expr{[k}].
Ecau BrIpakeHHe aToMapHoe, TO H3 HET'O Helb3# H3BJeYb HUKAKOH
4aCTH.

O ToM, Kak BHLYHCISKTCH BHIpa){eHHf, MBl GyfeM moapob6-
HO roOBOPHTH B ri. 8. 3jech AMIIL YNIOMAHEM, YTO BHYHCIEHHA
OCHOBHIBAIOTCA Ha NpaBUIax NpeoBpa3oBarysd BHpaXKeHRH, NPaBHI
KaK BCTPOEHHHX, ¥MH CHCTEMHHWX, TaK H ONpejedfeMHX MOJL-
3oBaTeneM. DBuIpaxeHHe CYUTAeTCs BHIYMCISHRHIM, €CH OHO He
W3MeHAeTCA NPH UPHMEHeHHH K HeMy J00Oro M3 NojobHHIX Npa-
BHA npeoGpa3oBanuil.

Hpocaegutr 3a X040M BHYHCISHUH MOXHO C HOMOHIbIO (YHK-
uny Trace niu TracePrint.

In[10} := Trace[2{3"2+ 1))
Out[10) = { { {3?,9},9+1,1+9,10},2 10,20}

[Ipumep nokasnBaeT, 4To ,MaTeMaTuka“ cresyer OOGHIMHKIM
HPaBHIAM BRYMCIeHHS, KOTODbie IPHMEHAIOTCA AA8 TOrO, YTOOH
BEIYKHCANTE apHdMeTHIecKoe BhIpaxeHue. CHadala BRHIYHCIAETCH
¢TeneHb, NOTOM Kpyrias ckoGka, noToM npouasejesde. Dynk-
niu Trace n TracePrint nMeioT BTOpHe apryMeHTH, XOTOpHIE
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N0IBOAAIOT CASAHTH He 33 BCEMH, a 3a KINIOYeBHMH, C Balliedl TOY-
KM 3peHHs, d>TalaMi Bu4RCieAns. (O6 dTHX apryMeHTax MOXHO
Y3RaTh, HaDeYaTas Ha skpate T Trace. fcno, 4To 3Ta hopMma nmo-
aydenuds wadopMausd o dynkuru Trace HocAT o6MIME XapaKTep
M NPHMEHAETCA KO BCeM BCTPOEHHRM (yHKHMAM K MateMmaTukn“.
Jns nofyqenns Gojee NOAHON MHGpOPMallH¥ BMECTO OJHOIO IHAKa
? caegyeT HaneyaTaThb 77,

1.3. O6aop ,MaremaTuxku*

YTo6un YHTaTess MOr NOAYYUTHL caMoe ofiiee, MYCTh H NOBEPX-
HOCTHOE, MpeICTABICHHE O BOAMOXKHOCTAX NPOTPAMMHOI0 IPOAYK-
Ta, NPHBEJEM HECKOABKO XapaxTepbix npumepos. Iomyreo mu
NO3HAKOMHMCA ¢ HEKOTODHIMH H3 HamGolee HacTO HCIOMb3YeMBHIX
¢yuxuuid ,MaremaTukn“. HaunHa# ¢ 3TOr0 MOMEHTa B 3ANHACAX
AMaJora ¢ KOMIBIOTEPOM MH He GyfeM nedataTh o6beKTHl Inf]
# Out[], xak wanuwuune. Bxoguue sveidku, T.e. f4eilku, cogep-
KHMOe KOTOPHIX BBOJMTCH NOJNbIOBaTeleM, GYAYT NO-NpexHeMY
He4aTaThCA NOXYXKHPHHM WIPA(PTOM, 3 BHXOJHHE — OGHTHEIM.
DTo NO3BOAAT JErKO PACTIO3HABATh, YTO lipefHa3HaYeHO AJIA BH-
YHCAEHHA H MTO BhYHCAeHO ajgpoM ,MaremaTnku®.

AJITEBPA. Tlycth Tpe6yeTca HallTH KODHH YpaBHEHWA TpeThel
crenend 3 +az+b =0 ¢ CHMBOABHEIMH Kod)hUOReHTAMH a H b.
Kax wapecTHO, HMeoTCE obitue POpMYIH LIA KOpHeHd NOJIHHOMHE-
aJBHEIX YpaBHeHHH CTeNeHH He BHIE YeTBepToil. Bocnoanayemcs
Pyuksuei Solve gag Toro, YTo6H HaTR KODHH PACCMATPHBAEMO-
ro ypasierus. [l14 3aNUCH B ypaBHeHHSX OTHOIIEHHA paBEeHCTBA B
»MareMaTuke" HCHOABIYETCH IHAK ==, ABAAIIIHACA MADUKCHOH
dopmoit pyuknur Equal. Ilepeum apryMmentom dyveknug Solve
6yzeT ABIATLCA PaCCMaTPHBaeMOe yDaBHeEHe, HANACAHHOE C IOMO-
bl0 ==, & BTOPHM apryMeHTOM -— HeW3IBECTHaHd, OTHOCHTENbHO
KOTOpol pewraeTcsa ypanHenne. [Hocaegnee HeoGxoAUMO, TaK KaK B
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YPaBHEHHAX, KpOoMe CHMBOJOB HEHIBECTHLIX, MOTYT COAEPXKAThCH
H APYTHe CHMBGJIHL. B paccMaTpuBaeMoe ypaBHEHHe Hapajy C T
BXOJAT CHMBOJKL @ ¥ b, KOTOpHE TakiKe MOTMH 5L TPaKTOBATHCH
KaK HeH3BeCTHHIE,

Solve[x"3+a x+ b==0,x]

{{z - 27 +
(276 + Sqrt[108a3 + 72952])1/3
(=276 + Sqrt[108a® + 7295%))1/3
(2 (1+1Sgrt[3))a

22/3(—27h + Sqrt{108ad + 729b2))1/3

(1 — I Sqrt{3]}(—27b+ Sqrt[108a® + 7295%])1/3
B 6 21/3 b

(L~ ISqrt[3])a _
92/3(—27b + Sqre[10863 + T29b2])1/3

(1+ I Sqrt[3))(—27b + Sgrt{108a3 4 729b%])1/3

OTeeT npeacTaBageT coGOH CNHCOK U3 TpeX deMeHTOB, COOT-
BeTCTBYIOIUKX TPeM KOPHAM ypaBHeHHR. Kax awifl #3 2THX d1eMen-
TOB TaKXe ABIReTCH CIHCKOM, CodepXaludM ofiH dseMedT. KopHn
YPaBHeHHs NpejcTABIeHNW B BHJe NPaBHI NOJCTAHOBOK T — €IPF,
YTO YIOPOLIAET, KaK MBl YBH/AHM HIKe, falbHEHIIHe MAHANYAAUMH
¢ KOPHAMH, B HaCTROCTH, BRIMHCIEHHE PA3NHEYHBIX BRIPAXKERHH, CO-
JepXailnx T. SHaK —, SBIAIOUTHACA RHUKCHOH GopMoil QYHKUHA
Rule, npu Heo6xoZUMOCTH BBOIMTCA C KJIABHATYDPHL C MOMOIILID
N0CJAeA0BATENLHO HAOH paeMEIX 3HAXOB - (Jeduc) ® > (cTporo 601b-
we). B oTBeTe cojepxuTCA NOMUMO 3JHAKOMOH HaM (yHkunn Sqrt,
U3RJexaouledl KBaJpaTHHE KOpeHb H3 CBOErO apryMeRTa, MHHMaA
efHHuLA [, KOTopad, KakK H BCAKHH CHCTEMHBLIM CHMBOM, HalleyaTa-
Ha ¢ 3arNaBHOR OYKBHI.

MOXHO NOTMLITATHECA HAHTH B SBHOM BHJe KODHH HEKOTOPHX
NOAHHOMHANBHBIX YpaBHeHUll CTeleHH BHIIe YeTBEpTOH.

{z—
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Solve[x"5+x - 1==10,x]

1-15grt[3 14 I8¢gri[3
(e 12050, (|, 1 1503y
1 21/3 (25 + 3 Sqrt[69])1/3
e -3+ 3(25 + 3 Sgrt[69])1/3 3 21/3 ’
{m_}_l_ 1+ 15grt[3] B
3 321/3(25+ 3 Sqrt[69])1/3
(1 —15qrt[3])(25+ 3 Sqre[69])1/3
- 6 21/3 h
(2 1 L — I Sqrt[3]

3 321/3(25+35gri[69)1/3

 {(1+1Sgr{3])(25+ 3 Sgrt[69])!/
- 6 21/3

13

TlockoabKy ypaBueHue He COJep AT CHMBOALHLIX NapaMeTpoR,
TO eCTeCTBEeHHO IIOHHTEpPeCcOBATLCH NPHOMHKeHHEIMH 3HAYCHHAMH
kopHet. C 3ToM UeAbld B CaMOM YPaBHeHHH MOXKHO Ohlio OH
JanucaTh €JWHHIY B (OpMaTe BeILECTBEHHOTO 1HCJIR, B TOLJXa
601 6B MOAyYeH NPHOMMKEeHHEH oTBeT. MOXHO Takxe BOCHOAB-
a30BaThcd OGIIMM pPeUeNTOM NOAYyYeHwd NpHOAMAKEHHRIX 3Ha4eHHH
YHMCAOBLIX BhIpaXKeHuH, TPHMEHHB K peayabTary ¢ynkuuio N, npe-
o6pa3ylollylo Bce 4ucaa B BewlecTBeHHble. Pynkuna N sprsercs
HCKMI0YeHHeM H3 OoOIUero NpaBuia 3aMHCH CHCTEMHEIX QYHKUMHA B
BH e OOJNHKIX AHTIHACKHX CIOB H ABJAETCHA, HO-BHIUMOMY, NEPBOH
6yxeou ciosa Numeric. [Ipumenunm dyuxunio N x noaydesnomy
peayabTaTy B nmocTdukcHOK opme, B  MaremaThke® Tossko 2TO
MOJAYYEHRHR Pe3yisbTaT IPUCBAMBAETCH CHCTeMHOMY cumBory %,
noa>roMy ¢pyHknuio N MOXHO BRYHCIANTE OT apryMenTa %.

%//N ‘

{{z —» 0.5 - 0.866025}, {z -+ 0.5 + 0.866025},
{z = 0.754878}, {z — —0.877439 + 0.744862/},
{z — —0.877439 - 0.7448621} }
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Monpo6yem Teneph HaliTh KOPHE ypaRHeHHS T° 4 2z — 1= 0.

rts = Solve[x"5 + 2x — 1 == 0, x]
{ToRules[Roots[2z + 2° == 1,z]]}

TMos06HKA OTRET 03HAYALT, 4T0 GOPMYN XIE KOpHeH paccMar
TPUBAEMOr0 YDaBHEHHA He CyulecTByeT. TeM He MeHee MOXHO
Y3HATD YHCIEHHOE BHAYEHHE BCeX NATH KOPHeH, BLIYWCAHB BHIpa-
xeune Nfrts].

Nirts]

{{z — —0.945068 — 0.854518 I}, {z — ~0.945068 + 0.854518 I},
{z — 0.486389}, {z ~+ 0.701874 ~ 0.879697 I},

{z —+ 0.701874 + 0.879697 I} }

MoxHo y6eAuThcs B NPaBHABHOCTH BHIYHCAEHMA XOTA GHl OJF-

HOTO BELIeCTBEHHOrO KODHI, HADHCOBAB TpadiK MHOrovreHa z° +
+2z - 1 ¢ nomowsio rpaduyeckok dbyuxuxn Plot (prc. 1.1):

2t | /
a o5 /).s )

-2

Plot[x*5+2x -1, {x,~-1,1}]

- Graphics -
Puc. 1.1
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HedicTBuTebHO, rpadUK pAcCMATPHRAEMOTO MHOTOY/CHA Nepece-
kaeT ochb Oz 86au3n or Touky £ = 0.5. CooSuenne - Graphics -
o3HavaeT, 470 , MaTeMaTuka“ chopMEpoBala onMCAHNE NPeICTAB-
JeHHOTO rpa¢rka Ha samke PostScript, Bor ¢parmesT sToro
ONUCAHUA:

% !
%% Creator: Mathematica
% % AspectRatio: 6103

MathPicture Start

% %Graphics

/ Courier findfont 10 scalefont setfont
%Scaling calculations

0.5 0.47619 0.407118 0.0981006 [
[(-1)] .02381 .40712 0 2 Msboza

PaccMaTpuBacMblii TeKCT MOMXHO YBEAETL W NPH HeoOXomH-
MOCTH® OTPeJaKTHpPOBaTh, PacOpPMAaTHDPOBAB A4EHKY, B KOTOPOH
cofepxuTca rpaduk. A8 3TOro s4ediKy BHALNAIOT ¥ BHOONHAIOT
Cell Formatted. 3ToT H emy nogo6uLe TEKCTH MOXHO Mpeobpa-
30BaTh B padiHyHmle rpaduyeckue dopmatu: EPS, PICT, PCX u
Xpyrue, cOXpaHUThL B ¢alile, UCIOAL3IOBATE ANA BCTABKH B TEKCT
CTaTb#, 4TOOH MOCAATE KOMIEraM IO JAeKTPOHHOH MOYTE ¥ T.II.

Boappalnadice K pellleHHIO ypaBHeHKH, 3aMeTuM, uTo , MaTema-
THKA" yMeeT YUCASHHO pellaTh He TOALKO NONHHOMHAILHLIE, HO
TPAHCUEH AEHTHEIE YPABHEHHH.

IIpaBga, ecay 3apatiee HIBECTHO, YTO KaKOe-TO ypaBHeHHe HMe-
eT 6eCKOHeYHO MHOI'O KODHeH, clelyeT YKa3aTh XOoTHA Onl rpy6oe
npubauxkenne K uckoMomy kopuio. [locregHee MoXEo HaliTH, Ha-
pHcoBaB rpaduk COOTBeTCcTBY el pyukuns. [Ipeanoaokum, 4to
HaM HYXHO HaKTH NepBHIf NMocle HyAd KopeHRb ¢yHKUHE Beccens
NepBROro HOpaiKa J) apryMenTa 1/Z, T.e. Kopenb GdyHKIKH Jy {1/T)
(puc. 1.2).
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Plot{BesselJ[1,Sqrt[x]], {x,1,20}]

06
04

0.2

A o .t

. 5 10 1Nﬁ
-02}

- G'raphics -

Puc. 1.2

Maul BHHM, YTO B PacCMATPHBAEMOM MHTePBale KOpeHb ypap-
HeHHs CYLIECTBYeT # AeXHT BOAM3M TOuKH z = 15. YTounmMm ero
JIHayeHue.

FindRoot[BesselJ[1,Sqrt[x]], {x,15}]
{z — 14.682}

MATEMATHYECKHH AHAJIN3. Hapaay ¢ anre6panteckuMs
npeo6palopanuamMi  Maremarnka® noapoaseT BHIOIHATH Onepa-
WM MATeMATHYecKOro aHaim3a. DcrTecTserHo, 4T0 6a30BHIMU
RBASIOTCA OnepauHd Whrerpuposanuz Integrate u gmddepenun-
poranua D (BHOBB HCKIIOYeHHe, BIPOYEM, IOCIeAHEE HI IPABAAA):

int = Integrate[x~5/Sqrt[x"3 - 1)},x]

4 223 3
(5 + T) Sgrt[—1+4 27

[posepaM npaBHABHOCTL MOAYHeHHOro OTBeTa NH(pGepeHH-
poBagEHeM:
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difint = D[int, x|

3z? ( ?i) 2z% Sqrt[—1+ 23]

25qrt—1+ 13 3

[Hony4eHHHHA Pe3yabTAT HE COBNAJAET C ACXOAHHIM BHIPa’KeHHEM.
- [lonpo6yeM ero ynpocTHTE:

difint//Simplify

z5

Sqrt[—-1+ 23]

OaHoll M3 BaXKHEHIWHEX MaTEMAaTHYECKHX 3a/a4 ABAASTCA HAXO-
X JeHde pelledHidl OGHKHOBEHRKX AHddepeHINATBENX YPaBHEHKH.
Jdns sTol neau npegnHalHadeHa ¢yExuma DSolve, nepsum ap-
TYMEHTOM KOTODOH #BAAeTcH SadrpepeHnzalbHoe YpaBREHUE HAH
cucreMa gudbepennvaabHux ypasrerui. Ecaw yl{z] ecrs ueus-
BecTHAf QYHKIEA, TO NIPOHIBOAHAL OT Hee MOXeT GHThH 3anucaHa
_ BO BXOAHOM ¢opMaTe Kak y'[z]. BTopsm aprymenToM ¢ynkuum
DSolve spaseTcs Heu3BeCcTHaS DYHKIUA, 3 TPEThHM ~— HE3ABHCH-
Maf MepeMeHHas.

DSolve[x"2 y"[x] +x y'[x] + x*2 y[x] == 0,y[x],x]
{{y(z) — BesselY [0,2]C[1] + BesselJ[0, 2] C[2]}}

ITonyteno obiee pelienne ACCASAYEMOTO JRGHEPEHINATLHOTO
ypaBHeHHd, ABAfouweecH JHHeHHON KOMGHHAIBEH ¢ KOdpdHIHEH-
Tamh C[1] u C[2] ¢pyuxnuit Becceas Hyieroro nopaixa nepeoro u
BTOpPOTO POJA.

., Dynknaw DSolve MOXKHO BDHMEHATL # AAR peilleHHA CHCTEM
OGLIKHOBEHHHX Ju¢xXpepeHIHAILHEIX YPaBHEHHR.
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DSolve[{y’[x] == a~2z[x] — Sin[x}, z/[x] == y[x] + b}
{y[x],=[x]}, ],

b a*b  aC[1] oz Cos[z]
{{y[m]%—1+u2_l+a2_ Eor +okb c’[2]-}-1+a.2’
Cll] | ez Sin|z]
z[z]—+EaI+E C[2]+1+a2}}

He Bce oGbixHOBeHHHEe IH¢@epeHLHaIbHble YpaBHeHHA H CH-
CTEMbl YpaBHeHHE JONYCKAOT ABREE TOYHEIE DEILEHH, DOITOMY
NPHXOANTCH NpHGEraTh K YHCTEeRHWM MeTofZaMm. O6paTuMca K
cucreMme OGHIKHOBEHHBIX AuddepedlHanbHEX YPaBHeHHH, ONUCH-
BAIOLIKX IIOCKOe JIRMMeHWe ABYX rpaBuTHpyroMX Teda. [lycre
Macca Broporo teaa B 1,3 pasa 6oablrle Maccu nepsora. B arom
caydae ABKXKeHHe ONMCHIBAETCA CAeJyIOLIed CHCTeMOH 06K KHOBEH-
HEIX AuddepeHUHARBHEIX ypaBHeHH:

masses = {x1"[t] == -1.3(x1[t] — x2[t]} /
({x1{t] - x2[t])~2 + (y1[t] - y2[t])~2)~(3/2),
y1"[t] == —1.3(y1[t] - ¥2[t]) /

((x1{t] — x2[t])~2 + (y1[t] - ¥2[t])*2)~(3/2),
x2"[t] == —(x2[t] — x1[t]) /

((x1{t] — x2[t])"2 + (y1[t] - y2{t])~2)~(3/2),
y2'[t] == —(y2[t] - y1{t]}/

((x1{t] - x2{t])~2 + (¥1[t] - y2[t])"2)~(3/2)};

3Hak OyHKTyauu# ; (ToYKa C 3auATOM), MOCTaBACHHHE B KOHILE
BXOJHOI'O BhlpaKeHHR, GIOKUPYET BHIBOJL HA 3KDAH pe3y bTaTa BH-
YHCAeHHA, XOTA PacCMaTPHBAEMad CHCTEMa NPHCBORHA B KavecTBe
3HaYEHHA CHMBOLY masses. CHabL¥M CHCTEMY masses CAeAVIOIIHMH
HAYAJILHEIMH NaHHBIMU: :

init =
{x1[0] ==1,x1'{0] == 0,y1[0] == 0,y1'[0] == 0.3,
x2[0] == —-10/13,x2'[0] == 0,y2[0] == 0,y2'[0] == —3/13};
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H HaiifleM YHCAeHHOe pelleHHe NoCTaBjaeHHOH 3aja4y¥ Kowrk Ba
nETepBane <t < 4.

Jng 4ACReHHOro pelieHHA 32434 KowH A1f CHCTEM OGHKHO-
BeHERIX AudibpepeHIHANEHNX YpaBHeHHH NpefHasHavYeHa GYHKI NS
NDSolve. Ee nepBuii aprymeRT — HCClefyeMad CHCTEMa, f0-
NONHEHEHAS Ha4albHHMH YCJIOBEAMHE; BTOPOHl APLYMeHT -~ CHHCOK
AMEH HeR3BECTHHIX (GYHKIMA; TPETHH apryMeHT — CIHCOK, Cogep-
ALK HEIABUCUMYIO IEPEMEHHY IO, HAaYaldbHYIO ¥ KOHEUHYIO TOYKH
HHTEpBANa YHCICHHOIO HHTETPHPOBAHHUA CHCTEMEL.

n = NDSolve[Join[masses, init], {x1,y1,x2,y2},{t,0,4}]
{{z1 = Interpolating Function[{0.,4.}, < >},

y1 —= Interpolating Function{{0.,4.},< >},

72 — Interpolating Function[{0.,4.},< >],

y2 — Interpolating Function{{0.,4.},<>],}}

PeayabTaToM BHYHCAeHUS SBAAIOTCH 4YeThipe WHTepHNOSANNOHHLIE
$YHKLUH, HMCNOAB3YA KOTOPhle MOXHO HADHCOBATh OPOHTH Tea

(prc. 1.3):

ParametricPlot[{ Evaluate{{x1[t],y1[t]},/.n],
Evaluate[{x2[t],¥y2[t]}/.n]},{t,0,4},
AspectRatio — Automatic];

0.3
205 05 1
03 ¥/
Puc. 1.3

HayanoHhle gaHHHe NoJo6paHM TaK, 4TO TPaBETHpPYIOLiHE
Te/la ONKCHBAIOT 3aMKHYTHE dAAMnTHYecKHe opbuTH. [lockonbKy
BLIYMCICHHA 32HHMRIOT Maj0 BPEeMeHY, YHTATelb MOMEeT HAYATh
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K3yYeHHe 3AKCHOMEDHOCTEH [BHXEHHS Tel, H3MeHAS YHUCJIOBLIE
HapaMeTpHL B inif WIH masses.

,MaTeMaTHKy " MOXHO HCNOJAbLIOBATh KAK CIPABOYHMK CIeEIH-
aTbHEIX MaTeMaTHYeckux ¢pyuxuni: Beccens, Jexanapa, Jirepa,
Jipy, OpmuTa i T.5. CBegeHus 06 aCHMNITOTHYECKHX Pa3lOXKeHH-
Ax ¢yukuuy Beccensa nepsoro poja BTOPOre NopiJKa B OKPeCTHO-
CTAX To4eK 0 ¥ 0O MOXHO MONYYHTH, HCOOAB3YA dyHKUAK Series,
clIefyiownM obpaioM:

{Series[Bessell[2,x],{x,0,2}],Series[BesselJ[2,x],
{x,Infinity,2}]}

2
{g +O[I]4:
Sc;,vr't[f-!]Sqr't[P—l_--](C’os['sTPz -z](1- 128x2 +O[ ] )
(2 +OLP)sinl 2 - 2))

B noayuenuol dopmyne cuMsol Fi ecTs uucio n. C noMowsr
¢yHKkuuH Series MOXKHO packiajHBaTh B aCHMITOTHYECKHe DAJH
NpPON3BOAbLHEE GPYHKIUHH:

Series[(f[x + h] — 2f[x]+ f[x — h]) /h~2,{h,0,3}]

" )[ ] h 4
fl= ]+ + OfA]
12
AMMMIPOKCUMAIIMA. PaccMoTpuM 3afauy © HaHAydileM cpef-
HekBajgpaTHYHOM Opubiwxensu. [Ipegmonoxnm, ¥ro B dailte
file.val, pacnonoxerHoM B Balueil pafodeii AHPEKTOPHU, XPaHATCH
sKclepUMeHTalbike fannue. Cogep:xuMoe dafija MOXKHO YBH-
JeTb, BHIMOAHHE KOMAHJY:

file.val
1 —-0.75
0.2 0.81077
0.4 1.31766
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W T.A. (MBI He MIPHBOJAMM BCEX CTPOK (bai/a B IeAAX DKOHOMHE Me-
cTa). B taiine cofepxaTca NapH BeleCTBEHHKIX YHCEN, 3AMHCAH-
Hhle [OCTPOYHO H NpeJCTaBAfIOIHe 3HaYeHud abCHHCC U OpJHHAT
IKCMEePEMEHTAIbHEX HaHHHWX. ala MOXHO BBeCTH B JaluCHYIO
KHEXKY ¢ noMolnbio xoMaHgu ReadList, npucrons cumsoay data
3Ha4YeHWe COOTBETCTBYIOUIEro CHRcKa:

data = ReadList["file.val” ,{Number, Number} ]
{{0,~0.75},{0.2,0.81077},{0.4,1.31766}, {0.61,1.63181},
{0.8,2.2533}, {1.,1.75}, {1.2,1.23509}, {1.4, 1.45863},
{1.6,1.293237},{1.8,0.914413}, {2.,1.245},{2.2, 1.82007},
{2.4,1.72712},{2.6,2.21069}, {2.8,3.719648},{3.,3.75} }

HpegcraBum sanHbe date B BUAe ZHCKpeTHOrO rpaduka (pHc. 1.4):

pl = ListPlot{data, PlotStyle -+ {PointSize[0.01],
RGBColor[1,0,0]}];

Puc. 1.4
IlonpoGyeM anfpOKCHMMHPOBATL AUCKDeTHHIe gaHHKe data Ha oT-

peake oT 0 g0 3 ¢ NOMOUIBIO NONHHOMA YeTBEPTOH CTeNeHH:

poly4 = Fit[data, {1,x,x"2,x"3,x"4},x]
—0.728077 + 8.77373z — 9.62552% 4 3.78372z3 - 0.459172z*
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Hapucyem rpadgux sroro noaunoMa ma otpeske 0 <z <3
(puc. 1.5):

p2 = Plot{poly4,{x,0,3},PlotStyle — {{Thickness{0.007],
RGBColor{1,0,1]}}];

Puc. 1.5

C nomombio ¢pyuxuuy Show copMecTuM [pa nocaeqHux rpadu-
ka {puc. 1.6}, Ecan TouHOCTH IPHOIHIKEHNA Hey[OBJETBOPHTED-
Ha, MOXHO B3ATH MHOTOY/eH Goee BEICOKOH CTENeHH.

Show(pl,p2};

Puc. 1.6
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BH3YAJMHU3AIINA. C nomowslo ,MaTeMaTHKR® MOXHO MOAY-
4aTh He TOMBKO ABYMEpHEle, HO H TpexMepHHe rpacdukx (puc. 1.7):

Plot3D[Airy AiPrime[(x + y*2)/2]Sin[9 x y],
{x,0,Pi/2},{y,0,Pi/2}];

Puc. 1.7

KpoMe Toro, ¢yHXIURE OT ABYX apryMeHTOB MOXHO M3y4aTh C
nomombio PyHkunii ContourPlot u DensityPlot, pucymoomnx
KONTYDHHE M NAOTHOCTHHe I'paguky (prc. 1.8):

ContourPlot[Airy AiPrime{(x + y*2)/2]Sin[9 x y],
{x,0,Pi/2},{y,0,Pi/2},PlotPoints — 25];

Puc. 1.8
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B paccMoTpeHHEIX npHMepax MepBHM apryMeHToM rpadaye-
CKHX GYHKIUA ABIAETCA NPOM3BEJEHNHE NPOUIBOJHOR OT QYHKIHH
Jiipn nepporo poja AiryAiPrime u ¢yaxnuu Sin oT noansoMu-
aJbHHX APryMeHTOB, COAePXAUIUX NepeMeHHNe z M y. Pynkunn
Plot, Plot3D, ContourPlot n DensityPlot ge mcyepnnbator
BCEro CIOECKa TpagiecKMX OYHKIHI, KOTODHX 6Golee JeCATKA.
Bce Takse pynKuna cofepxar CpeAcTBa 4As npeobpa3oBaHuA CTH-
/i DUCYHKOB C LeAbl0 TpPUAAHUA HM GoNblluel BhPa3UTEeALHOCTH H
HHDOPMATHBHOCTH. DBHIlle MBI yXe BOCHOAbIOBAANCE OFHHM H3
asrux cpegcTs: PlotStyle B ¢yakunan ListPlot, 3ajsasas oTHOCE-
TeJbHARIe pa3Mephl TOYEK M X I[BeT. '

NPOrPAMMWPOBAHHME.  MateMaTHKa" f03BOAAET HNHCATH
NporpaMMK KakK B TPajfHIHOHHOM NpONEIYPHOM CTHJE A3RIKOB
doprpan, [lackass u T.M., TaK B B (PYHKLHOHAILEOM CTHAE M
cTHAe onpedeneHuii (npasua npeobpasopanuif). IlpocTok npumep
(PYHKIHOHANBHOTO CTUAA NpefocTaBIfAeT NPOrpaMMa BHIMHCICHUS
CPeZHEro 3Ha4eHHA ¥ JHCIEPCHM CAy4ailHoH mociejoBaTeNbREOCTH
yucesd. B A MaTemaTnke® nocresoBaTelsHOCTD YHCE] 3AMACKIBAET-
cs B BUAe cnucka. Hanpumep, ! = {2,4,9} ecTb nocaegosarenn-
HocTh 4yncen 2, 4, 9. OnpegeanM QyHEKIHIO mean COOTHOUIEHHEM

mean(x _List] := Apply[Plus,x]/Length[x]

CMuICI BXOAAIEX B 3TO onpejercire QYHKIHH cleIyIOLIMH.
Length umeer suavenneM JiuHY cnucka, Plus faeT cymmy cBorx
aprymesTos, a Apply saMender 3aroioBku ¢yEKunE. B gasnom
caiy4ae 3aronopok List samensercs ma Plus. 3aromopox List,
NOCTaBAeHHHH MocJe apryMeETa Z., O3HAYaeT, 4YTO (QYHKUEA
mean onpefgeieHa TOJbKO Ha MHOMKECTBE CNHCKOB. DLITHCARM
cpefHee 3HAYeHHe 3JeMEHTOB CIHCKa l:

meanll]
5
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Teneph onpefeuM GYHKUKIO Var, BEIYECASIOLYK JUCNEPCHIO:
var[x _List] := mean[(x — mean|x|)"2]

H BRIYHCIMM JHCIEPCHIO CRYHAHHOH NOCAEJOBATENbHOCTH ZECHTH
HaTYPAIbHRIX YHCEN, 3aKnoyeHHuX Mexay 1 u 1000.

data = Table[Random[Integer,{1,1000}],{i,10}]
{335,272,528,907,87,300,497,817,183,388}

var{data]//N
62268.2

[IprMepoM nporpaMMHEpOBaHHA B CTHJE NPAaBHA NpeoGpaloBa-
HUH ABJfeTCA NpOrpaMMa, B KOTOPOW OINpeleAfeTCHA CiAefylollaf
¢ysxuua minimum, o6pabaTnBaiowan coucky. [Jas cnuckos,
COCTONIIAX M2 UeRLIX IHCeT, PYHKIUA HMeeT pe3yALTaTOM MH-
HHMaJNBHOE YMCAO B CHHCKe. EcaH CIHCOK COCTOKT M3 CHMBOJOB,
TO BRIYHCISETCA MEPBRIH CHMBON B JEKCHKOT papHiecKOM MOpAJKe,
BCcTpoeHHOM B MaremaTuxy“. [pyrue cnucku HiKak He npeofpa-
3YIOTCH.

minimum(l: {x __Integer}]:= Minl]
‘minimum(l: {x __Symbol}]:= First[Sort[l]]
minimumf(l _List] :=1

[Ipe BhYucIeHuM BrIpakeHus minimum(l], rge ! ects npous-
BOJLHLIH CIHCOK, MpexJe BCero HpOBepAeTc, ABASIOTCA JK BCe
2NeMeHTBHl CHMCKa HeAbIMM YHCIAMH HAW Bce cuMBoaaMu. Ecau
peanMayeTcd OfHa H3 3THX BOIMOXHOCTEH, TO pacCMaTpHUBaeMoe
BHpakeHHe npeofpa3yeTca B COOTBETCTBHH C IEPBAIM HJIH BTOPHIM
OpaBHIOM NpecGpasosanns. Ecan SieMeHTH CIECKa He yJOBJe-
TBOPHIOT KPHTEPUAM, TO COMCOK He u3Mensgercd. HakoHen, ecau
aprymenT ¢yHKIHK minimum He SBISETCA CIHCKOM, TO HCXO[-
HOe BhIpaKeHHe OCTAETCA HeBHIYHCACHHKIM,
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YnpaXKHeHHA

1.

»

10.

Briwucaume supaxemss N[Pi, 3}, NfPi,6}, N[Pi,100}. Yro omm oanaya-
10r? Brivucaume amcio e, npejcrasnerHoe B, MaTtemaTuxe* cumponcum E,
€ NATLIOJECATHIO BEPHEIMH dpaMu. Yaraidme, CKOTLKO BpEMEHU 3aiiMeT
Ha BallleM KOMIILIOTEPE HaX0XJeHHe OpMOIMAKEHHOro 3HAYEHHA YMCcIa T C
THCAYELK BEPHEX UHGP, DLYHCIMD BRPAXKEHHE

N[P4i,1000]// Timing

. Kak yanaTh, 4ro Sommiue: e” pm nt?

C nomoumw oyuxypn Factor passoaume Ha MHOXUTEIM DOMTHOME

a® — 28, a® — 2% 4 2ay + y* ma® 4+ 2v/2az + 2z°. Barmcanre Expand[(a+

++/2 x)Z]. O 4gem roBOPHT CpaPHEHHE [BYX OGNS HMX Pe3yAbTATOB 7

. C nomoumso BcTpoensoH Qyuxinm D swivucaume cMellaHHyIO IPOHIBOA-

wyo oT pyukinm yexp(r®y’) no z m y. Cxombko Bpememy aiiMeT B
YHCAEHHE YACTHOR NMPOM3BOAHOM AECATOre MOPAJKAa OT 3TOH QYHKIMM IO
nepeMeHHOR T Ha BallleM KOMILioTepe?

. C nomousio pyiximu Integrate swvucAume onpegeleHBniil WHTerpal o

dbymximu zsinr or 0 go r. I[locrapaiiTech y3HATL, Kak 3TO CAENAThH,
noayvue ERGopMaimw o dyuxipm Integrate ¢ mosoumio 7 Integrate.
Haildume peuwrenna cuctem ypasuetmmi z° +¢y° =1, 2 —y=1/2 u z* +4° =
=1,z —y=10.5 YcmanosumereoMerpHYEcKHH CMRC PelieHinl, Bl IMC/HE
BLIpaXeHuUe

Plot[{Sqrt(1 — x~2],—Sqrt[l - x~2],x — 1/2}, {x,-1,1},
PlotStyle — {{RGBColer(0,0,1]}, {RGBColor{0,1,0}},
{RGBColor[1,0,0]}}, AspectRatio —+ Automatic]

Hatidume mcrennoe 3ra4enne HauGoslilero KODHA ypaBiestun sinz = 0.1z,
Ipespaprreasuo nocrpoiTe rpadmun dyuxinst sinz 1 0.1 ¢ nomoumio
dyuxmpm Plot.

Boivucaume pupamenus True & & False u True || False. Hudwukcxbpimu
cdopMamu kKakmx Mormueckux yrxipof maxores L& a || ?

Briuucaume naTh NepBHX WIEHOB pasnoxerna dyrkumy In(1 — ) In(l + 1)
B pag Teinopa B okpectHocTs Touku £ = 0. HaTypamHui norapuds
npegcrapier 8 MaremaTnke dymameit Log.

Yemaxoeurne, kakaa GyHKoUs HATYPAILHOrO apryMeHTa ONpejelNeHa CO-
OTHOLIeHHEM

f(n .Integer] := Apply[Times, Range{n]].



T'nasa 2
CHAMBOJIBHBIE BBIMNCJIEHUNA

,MaTemaTHka" Mo3BONAET aBTOMATHIMPOBATh NPAaKTHIECKH BCE
THIE CHMBOABHEIX BRITHCIERUH, BCTPedaioilHect B TeOPeTHYECKOH
# NpHKIagHO# MaTeMaTHke. Hike MK npuBeseM 0630p 0CHOBHRIX
GYHKOHH, NpHMEHAEMBIX NpH MPOBEASHHH CHMBOABHHX Npecbpa-
30BaHHN.

2.1. Ilpeobpasopanus MHOIOYNEHOB

Ha4neM ¢ npocTefityax nprMepoBn. [IpacsorM ceMBony al anayenue
dlefywmero a.nr‘eﬁpa.nfiecxoro BhIDAXKEeHHH:

al = (x+y)3+{x+y)(y—1)
(-1+yMz+y)+{z+y)?
MH BHINM, YTO CAM3a IIO cebe ,,Ma.’reua'mna“ He CTPGMHTCH pa.c—

KpWTh NIpOoH3BeleHnA. JTo gedaeT pynknua Expand, pacxpuba-
oulad NpoHapefeHHA H NONOXKHTEbHEE CTEIeHH CYMM.

a2 = Expand[al]

—z+2° - y+ay+3ziy+y? + Izyt +4°
Y ¢yukuun Expand moxer 66Ty BTopod aprymerT. IIpu Brrusm-
crenuy supaxenns Expand{expr, pattern] ue packpupalorca Te

JNeMeHTH eXpr, KOTODHE He COAepXaT YAeHOB, OTBeYalWUX La-
Gnory patiern.

Expandial,y ~ 1}
-z ~y+y(z+y)+(z+y)°
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Expand([al,x + y]

P4 z(-14+y)+ 322+ (-1 +y)y+ 322 +4°

[lporupononoxHoil dyrknun Expand no geficreuio apasercs
dyuxkuua Factor, xoTopas packaaJHBaeT NONHHOMKE HA MHOXHTe-
Y Ha X NONeM PalHOHANLHBIX YHCel.

Factor[a2]
(@ +y)(~1+2’+y+22y+v°)

O6e paccMaTprBaeMule GYHKIHY MMEIOT JIONONHHTEIbHEIE, HE
obA3aTeNbHO YKajnlBaeMble apr'yMeHThl, Ha¥ onuud. Ecau oxgun
M3 DTHX apryMeHTOB 321aTb B BKje Trig—True, To TpuroHo-
MeTprieckue QyHKUHH OyLyT TpakTOBaThcf KaK palHoHalbHhIe
(PYHKIHYE IKCTOHEHT.

Expand[2Sin{x]*3, Trig — True]
3Sin{z] Sin{3z]

2 2
Factor[Sin[3x], Trig -+ True]
(14+2Cos[2z})Sin[z]

AuanoruyabiMu Factor apasioTcs cregyioue gpyskuun. Bui-
qyucaenHoe Bripaxenue FactorList[poly] npeacraBiser coGoi
CIOHCOK MHMKKTeel nonnHaMa poly BMeCTe ¢ oKa3aTelIMH CTelle-
Hell, C KOTOPBIMH OHM BXOJAT B pasjoXkeHHe poly Ha MHOXHTENH.
Heperlil 2HeMEHT COKHCKA €CTb OGLIMHA “HCASHHMH MHOXUTElb, a
eCAid TaKOBOI'O OTAMYHOro OT eSHHALH HET, TO CIIMCOK HaYWHaeTCH
¢ {1,1}. Hanpumep, FactorList[2{1 — x"4) (1 -~ x)] npn BL4HCIe-
HAK NPHBOJAT X crefyiowleMy pesyabtaty: {{2,1},{-1+ z,2},
{l4z,1},{1+2%1}}.

@®yuxuua FactorTerms no3soageT sulHecTH OGLIAR YHCIOBOH
MHOXMHTEIb B ClalaeMHX CBOEro apryMenTa poly; BHYRCICHHE
FactorTerms[poly,z] no3BoaseT BHHECTH OOWME MHOXHTEND, He
3aBucamEi ot z; FactorTerms|poly, {x1,Xz2,...} | nocrezoBaTens-
HO BHIJeISeT MHOXHTEeIM, He 3aBHCAIUME OT Kaxjoro z,. Bm-
yHchenRoe Buipaxenue FactorTermsList[poly,{x1,x2,...}] gaer
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CIHCOX MHOXUTeNel poly. IlepBui aeMenT B cnEcKe ecTh obuail
YHCIOBOH MHOMXNTeJNb, BTOPOH — MHOXKTeENb, He JapHCAUIMNE AN
oT ojHoro u3 z;. [locregyiouine 3MeMeHTH ecTh MHOXKWTEXH, He
JaBHCAINAE OT KaK MOKHO GOJbILEro THCAA Z;.

Bupaxenue Coeflicient]poly,form] nocie Buyucienns ume-
eT CBOHM 3HayeHHeM KOID(QUUHEHT Npi BHpaxeHun form g mno-
auHoMe poly. BaszpegeM Muorowien aZ B JecATyic cTenerb. llo-
CKOABKY pe3yihTaT 6yJeT ZOBOJBHO 'POMO3IKHM, BOCIO.Ib3YyeMCA
TOYKO# C 3AMATOMH, NOCTaBleHHOH B KOHel COOTBETCTBYIOIErO Bhi-
paKeHHA C TeM, YTO6H 3abICKHPOBATL BLIBOJ Ha DKPaH pPe3yibTa-
Ta BHIYHCJICHRA: ‘

a3 = Expand[a2~10];

HecMoTpa Ha To 4TO BLIBOJ 3a6/0KHDOBAH, CHMBOAY a3 3Have-
HHe BCe Xe NPUCBORHO:

Coeflicient|{a3,x"5y~25]
142506
BrruncieHHOe BHIpaX eHHe CoefﬁcientList[poly,fo.rm] gaeT

CNHCOK KOIQpHOHEHTOB NDH CTelNeHAX form B NoluHOMe poly,
HaiWHad ¢ HYJeBOR CTeNeHH:

CoefficientList[Expand[a2-2],x]

{v* -2 -y +20° +4°, 2y —4y® - 6y° +8y" + 645,
1-2y— 11y% +124°+ 15y%, —8y+ 8y% +20¢°,

-2+ 2y+ 154, 6y,1}

Pyuxuus Collect 5 Bupaxennu Collect|poly, x} rpynnupyer
YAeHEl C 0JHOH# K TOH e cTeneHbld CHMBOJA I:

Collect[Expand[(1 +x + y + 2)"2],x]
14+224+2y+y2 + 224+ 2y2 + 2° +2(2+ 2y + 22)

Ota xe oyHkuua B Bupaxenun Collect[poly,{x1,x32,...}]
PPYRIMPYET YReHH ¢ ONHUMHE H TEMH XK€ CTeNeHAMH Z1, T3, ...
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Collect[Expand[(1+x +y +2)"2], {x,2}]
1+224+ 2y +y2+ (24 2y)z+ 22 + z(2+ 2y + 22)

Ecau BoauukaeT Heo6XoAMMOCTb Y3HATH ofllee YHCI0 caarae-
MBIX B MHEOr'ovyjese poly, TO DTO MOXHO CHelaTh, BHIYUCIHE BHI-
paxerne Length[poly]. Ecam ecth comuenre B ToM, 4TO Kakoe-
TO BHIpPaXKeHHe eIpr eCThb MHO[OYIEH 10 HEKOTODOH nepeMeHHOMH,
TO ITO MOXHO NPOBepHTH ¢ nomouwbio PolynomialQ(expr, var),
noay4ad True, ecan erpr noiHHOM No nepeMeHHO# var, U False
nHave. [JAA HeCKOALKHX HepeMeHHARIX T2 NPOBEPKa OCYILIECTBAA-
erca B suZe PolynomialQ[expr,{var;,vars,...}]. Bupaxenne
PolynomialQ[expr] nposepaer, aBnsercs N4 €Tpr NI0IAHOMOM OT-
HOCHTEIbHO KaKKX-TH6O0 nepeMesHHLIX Hajh MOAeM pPalMOHATLHEIX
qncen. PesviabraT MoxeT OnTh False, HallpuMep, B cay4ae, KoTga
eTPr COAepXHT u¥cia THHa Real.

Pyuxkuur Variables, npuMenendas kK poly, faeT CIHCOK BCex
HE3aBHCHMBIX NMepeMeHHHX B NoauHoMe poly.

BaxueituMi omepaliAMB np¥ paboTe ¢ NOARHOMAMH ABJIA-
I0TCA HaXoXJeHHe Harboabltero o61ero Je 1 Tenn ¥ EauMeHbIIero
o6uiero kpaTroro. Jas noandomMos poly; 4 pely, neproe noayyaeT-
cs ¢ noMoibio PolynomialGCD(polyy,poly2]. [Ipx Buuucienun
3TOrC BRIPAXKEHHUA BCe CHMBOALHEE IAPAMETPH B MOIHHOMAX TPaK-
TYIOTCA KaK NepeMexHkie, U jeleHHe Ha HUX He JONYCKAETCA.

Buyucaenne supaxenus PolynomiallL.CM/[poly;,polyz] aa-
eT HaMMeHblllee o6llee KpaTHOe, B TO BpeMA KaK BEIYHCJIeHHE
PolynomialQuotient[poly;,polyz] gaeT 4sacTHoe or gerenus
poly; Ha poly,, a Buducienue PolynomialRemainder{poly,,
polyz] — OCTAaTOK OT ReneHHA.

C nomowsio Resultant{poly;,polysz,var] Moxuo nafitu pe-
3YJAbTAHT NOJXHOMOB [0 OTHOLIEHMIO K NIePeMeHHOR var, T.e. Npo-
H3IBeJEHWE BCEX PA3HOCTed p; — ¢; KOPHEH 3THX NOJMHOMOB (B
cayvae, Korja KodpdHUUMeHTH NPH CTAPLUMX CTeNeHAX NOIHHOMOB
PaBHH eIHHHIE).
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2.2. IToacranosku

OpuaM 3 Hanbojee PACHpPOCTPAHEHHLIX BHAOB anrebpaHueckux
npecfpa3oBasuil ABASKTCY NOACTAHOBKH, B PEIyAbTATe BLIOI-
HEeHHA KOTOpHX Kakaf-aHb0 9acTh airebpaHyecKkoro BRIpaKeHHA
JaMeHfeTcH Ha Hopoe BHpaxeHue. B  MaremaTuke“ cywecrsyior
ABa ciocoba jfenaTh mojgctauoBKu. OQIUH CHOCO6 peanuzyercs c
noMolbio GYHKIMM Set.

Burucrenue puipaxenua Set{lhs,rhs], nau lhs = rhs Bumnon-
HAeTcA caegylomiuM obpasoM. CHavana BEHIMHCIAETCH BhHIpaKeHHe
rhs, a aateM BHYHCACHBOE BHIpRXeHHe NPUCBAMBAETCA KaK 3Ha-
4YeHyue HeBHIYMCACHHOMY Bhipaxenuwo (As. Bcwogy B gasnueliluem
lhs, B xakue 6l Zpyrue BEIDa>KeHHS OHO HA BXOZHNO, 6y ZeT 3aMe-
HATHCA Ha BEIYHCACHHOE BHIpaXeHHe rhs. Bupaxenns lhs u rhs
MOTYT 6RITh CIUCKAMH, K NO3TOMY Set MOXKeT GhiTh 32 JaH0O B BUAE
{lhsy,lhs;,...} = {rhs;,rhsz,...}. B sToM ciyvyae BHYHCIEHHEIE
rhs; 6yayT npucpoennl Lhs;. B kavecTBe NpHMepa NPUCBOUM CHM-
BOJY T 3HadeHWe ¢ M IOCJe BRINHCAMM BHIpaXkeHue al:

X=a .
Expand(al]
4a?

OTMeHHTH rIo6albHYI0 HOJCTAHOBKY B CIY4ae, KOr[a BhIpaXKeHue
{hs ecTh cuMBol, MOXHO ¢ NoMombio dyHxknEH Clear: a aMeHHo
Clear[smbl;,smblz,...] oTMenser Bce MoOJCTaHOBKH, CBA3AHHLIE
¢ cumBoxamu smbi;. [las ogdoro cUMBOJA MOXHO HCIOJL3CBATH
BX0AHYI0 gopMy smbl = . Brupaxeuns Unset[smbl]:

X=.
al
(~1+y)z+y)+(z+y)°

dynkuns Set 3ajaeT  rrobaibHyo® NOACTAHOBKY, OKa3LIBAIOWLYIO
BAMAHUE HA BCe NOCTerYIOUHe BRIYHCICHHNA C e IepBEM apryMeH-
TOM. Eciu Xe NOZCTaHOBKY OJHOTO BHIPaXKEHHA BMECTO JPYroro
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HYXXHO CZelaTh B OfZHOM KOHKDETHOM BhbIDAXKE€HHH MM XKe B He-
CKOABKHX, TO N0 Mepe BOIHHKHOBEHHS B JITOM HeoOXOJHMOCTH
npHMeHAeTCH APYroil MeXaHu3M, ucnoxbayiomuii ¢pyuknuio Rule.

Bupaxenue Rule[lhs,rhs], uan lhs — rhs, sagaer npapuo,
B COOTBETCTBHMH C KOTODHWM MOXKeT GLIThb cfAelaHa N0ACTAHOBKA
BHIYMCAEHHOYO BhipaxeHus rhs BmecTo lhs. Bupaxenue rhs
BEIYHCAAETCA B MOMeHT 3ajakua Rule. Ecaum rhs uenecoobpaano
BLIYHCASThL B MOMEHT MpHEMEHeHMS NpaBuia, TO ynoTpebisercs
¢pynknua RuleDelayed, nau lhs :> rhs.

Ilocse Toro kak MOJCTAHOBKA oNpefeNeHa B BHAe (IPABHIR
rl= x — a, oHa MOXeT GLITL MpUMeHeHa K KOHKDETHOMY BHIpa-
weHu©o ¢ nomowsio ¢yHkund ReplaceAll (noctduxcras dop-

Ma [.):

ReplaceAll[Expand[(x + y + a)~2],rl], nau
Expand[{(x+y-+a)2] /. rl
4a® + day + y*

Hoacranosky iedecoo6pa3sHo OTAENbLHO 3aJaBaTh H NPHCBAHBATD
B KAjeCTRe IHAYCHHS KaKoMy-AKGO CHMBOAY TOJBLKO Tarjga, Korga
€CcTh OCHOBAHWA MOJNAraTh, MTO OHa 6yZeT NPHMEHEATHCA HECKOIBKO
pa3 B x0j4e BuYHCIeHHH, EcCIy ke NOJCTaHOBKA NpUMEHASTCA OAUR
pa3, TO ee MOMEO 3ajJaTh B BHAE BTOPOro apryMentTa (pyHKIHH
ReplaceAll senocpegcTrenHo B MOMEHKT COBepllieHHS MOICTAHOB-
KH:

x+y+a)2/. x—a
(2a + b)*

dyukuns ReplaceAll nossonseT oCyliecTBUTH HECKONLKO MOA-
CTaHOBOK oAHOBpeMenHo. Torga 3TH MOACTaHOBKH JOMKHBEI GHITH
odopMIeskl B BHJe CNACKa H 3aJaHul BTOPhIM APryMeHTOM ITOH
PYHKIHHM:

(x+y+a)*2/. {x—+ay—b}
(2a + b)?
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Hrorja BoanHKaeT HeoOXOLAMOCTH JeJaTh MOACTAHOBKH MOBTOP-
#o. [IpefnonoxuM, 4To B peipaxennd Expand{{x +y + a)*2]
HYXHO H36aBHTHLCA OT T M Y; 3aMEHHB T Ha 4, y Ha aZ, T.€. B
KOHeuHoM cdYere ¥ Ha a2, Torjga MOXHO clenaTh JIHGO NOJCTa-
HoBky {y — az,z — a}, &u6o NpHMEHHTH ABa pa’a NOJCTAHOB-
Ky {z = a,y— az}. locaegHee gesaioT ¢ nOMOWMBI0 OYHKUMH
ReplaceRepeated, unu p nocrduxcuoii dopme //.{z - a,y —
az}:

Expandj(x+y+a)*2//.{x— a,y — ax}]
4a? + 4a° + a1

[Tocne ROACTAHOBKH MOTYT BO3HWKHYTH BhIpaweHus suga (z*)",
KOTOPHE MOXHO NPUBECTH K BHIY T ¢ NOMOWBIO (YHKIHH
PowerExpand. Dta ¢yukuus npeobpasyer (zk) n B z nk~n
n {z~k)*n 8 z~(kn), xakoro 6u BMAa EH 60 n. IlpeoBpa-
30BaHHA, c/AelakHKe ¢ noMoikio PowerExpand, koppexTHH B
ofllieM cly4ae, TOAbKO €CIH N CTh Heloe, a T U k MONOKETENh-

HhIe.

2.3. [Ipeo6pa3oBanna paqMoOHaNbLHEIX BLIPAXKEHHH

[dpo6h, YUCARTENb H 3HAMEHATENb KOTOPOH — HOJIWHOMKEL, Ha3hIBa-
eTCA PAYUOHGALHLIM GLIPANCEHUEM. YKe 3HAKOMEIE HAM (PYHKLKH
Expand u Factor MoryT npuMesHATLCA K pallHOHAJLHEIM BHpa-
wkeHusMm, Pysxuns Expand packphipaeT nponaBefeHHA M Lefkle
HOJAOKHTeAbHbEIe CTelleHH B YHCAHTENe ¥ peJCTaBIfeT PAlHOHANb-
Hoe BHIpa)XeHHe B BHJe CYMMH JApobeH, 3HaMeHaTeld KOTOPHIX
COBNAaoT CO 3HAMEHATeNIeM HCXOIHOrO BHDasKeHHA, & YHCAUTENH
eCTh OTAeNbHEE ClaraeMble B pacCKpPLITOM HHCANTENAE!

ratnl = (x 4+ y)(x*2 —~ y°2)/(x"3 - y"3)

(z+y)(=* - y?)
23— 43




2.3. Ilpev6pasopanuns paumoHatbHAX BEPaXcHHH 41

eratn]l = Expand(ratnl]

23 zly . zy? y?

PRI R B R B s

qDyHKI.IﬂH Apart PacCKIadblBaeT DAIIHCHANBHOE BRIDa KeHHe Ha
,ﬂpOﬁH C IPOCTHIMH 2RaMeHaTeldMHU:

aratnl = Apart[ratnl]
Ty
14—t
Ty y?

Pyuxnus Factor, npuMeHeHHad K CyMMe PaljHOHAJILHLIX BRIpa-
JKeHUHl, TPHBOAUT UX K 06uieMy 3HaMeHATeldlo H pacKiaZLIBaeT Ha
MHOXHTEIH YUCAUTENb U 3HaMeHaTelb NONY1€HHOrO PallHOHAIbHO-
IO BLIDa>KeHHA:

fratnl = 4Fact0r[arat nl]

(z+y)?
z?+zy+y’

Dyuxuua Together NpHBOAUT CyMMY panHORANbHEIX BRIpaX(e-
HEH K oOlleMy 3HAMEHATENII0 W CoKpaulaeT oflIHe MHOXKHTEIH B
YMCJARTENE ¥ 3HAMEHATeNe:

tratnl = Together[aratnl]
22+ 2zy+y°
22 +zy+y?
Obiue MEHOXKUTENR B YHCIRTENe  3HaMeHATEeNe PALHOHAILHONO

BEIpa)K€HUA He COKPALLAIOTCA ABTOMATUYECKH. JTOOLl X COKpa-
THTDH, npuberaoT K pyakuun Cancel:

Cancellratnl)
(z+y)’
z?+zy+y?
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Yr1ob6u paccMoTperHas Buinre pyuxuus Expand geiicTBosata
TOABKO HA YHCAHTENb HIH TOJBKO Ha 3HAMEHATENb PAliHOHAILHOIO
BRIDAXKEHHA, IPUMEHAIOT MOgHGHKAMN Toi pyuxouu: Expand-
Numerator 1 ExpandDenominator. [loayunrs yHcauTenn
A 3HaMeHaTelb PalHOHANLHOIC BLHIPAXKEHHS MOXHO C NOMOMNILIO
¢yuxauid Numerator 1 Denominator. O6e nociegnne pyHkuun
MOXHO HCIONb30BATH AAf M3BAEYEHMA YHCIHTEIN H 3HAMEHATeNR
PATHOHANLHOTO YUCTA.

JlnA yRPOUIeHUA PA3NKYHLIX BRpaXKeHKH, B TOM YHCAe H palH-
OHARBHKIX, NORE3IHO TpIMeHATh dyuknuwo Simplify, koTopas BH-
MONHRET TNOCAEHOBATEIRHOCTh alrebpamyeckux mnpeobpaloBaHUM
HaJ BLIpa)KeHHEM H NPHBOAMT ero K NpOCTeHIued C TOYKH 3pe-
mus  Matemarukn® gopme. Paccmarpusaemyio pynknuio yiobuo
MPHUMEHATL B NOCTGHUKCHOR BXOLHOH dopMe, T.e. MPUNHCHIBAL €e C
HOMOLLUBI0 // B KOHIe BXOAHOT'O BRIPaXKeHHA:

Together[aratnl] // Simplify

(= +y)?
?4zy+y?

2.4. IIpeagnkaTnl u GyneBLl onepanun

MoMuMo TOro, 4TO ITH OGBEKTH BaXKHH caMM Mo cefe, OHH
noTpebyloTca NpH OGCY)KAeHMH BOMpOca O cnocobax 3IAJaHus K
peleHus aare6pauvyeckKnx H TPaHCLEHIeHTHLHIX YDABHEHHH.

B ,MaTemaTuke" nMeeTCs ceMeHCTBO (PYHKUHH, MPHHAMAaO-
uikx OyneBul 3nadesus True u False. 3aronogku 3Tux $HYHKNUHK
OKaHYHBAIOTCA Ha AATHHCKYI0 GykBY Q, XO0TH He Bce pyHKIUH, 3a-
TONIOBKH KOTOPHIX OKaHYHBAOTCA Ha 6ykBy Q, 6yleBosHayERl. M
yiKe BCTpedatichk ¢ pyHKuKaME AtomQ u PolynomialQ. Ogun-
MH K3 HanGaree ynorpeSHTeNbHHX OyeBo3HANHKNX QYHKIMA ABAA-
1oTcs dyExkuMr IntegerQ, 0ddQ, EvenQ, PrimeQ, xotopue
NIPOBEPAIOT CBOHCTBA CBOMX 2pr'yMeHTOR GHTEH LelhIMH, HEY4eTHL-
MU, Y€THHIMH MAH NPOCTHIMA 4uciamH, a NumberQ nposepser
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CBOHCTBO BHIpaXKeHuA GLIThL THCIOM A060r0 THIA. PaccMOTpeRHEIe
PYHKUHK HAZBIBAIOTCA OONOMECITINLLKY NPEFUKAMAMY, KX BRIYHCTE-
HHe BCerJa IPHBOJHT K OJAHOMY H3 JBYX GYJeBhIX JHAYeHHH:

{0ddQ[2}, 0ddQ(s], 0ddQ{x"2 +y~2]}
{False, True, False}

HmeeTcs Takke kjnace (YHKUMH OZHOPO ApryMeHTa, 3Haye-
HES KOTOPHIX [JAf HeKOTODHX apryMeHTOB MOrYT OnITh True wam
False, a g18 Apyrux apCyMeHTOB HOCIE BLIMHCJICHHH MX 3HAYEHHE
He gpasercs OyaesniM. Hampumep, dyuxkuus Positive npomepaer
CBOHCTBO YHCTA GRITH MOACKHTEALHEIM. FECAH YHCIO NOROXKHTENb-
HO, PYHKUHA NpHHKMaeT 3HadeHHe True. Ecau He nosoxyTenbno
— 3HaveHue False. Ecny e mocfe BMYHCIEHHA apryMeHTa QyHK-
unu Positive, BRIY#CIeHHRH apryMeHT He ABAAETCA YHCIOM, pe-
3yALTAT BRIYHCAEHUA GyfeT uMeTh saronopok Positive. Hurimu
cnoBaMH, GyleBO3HaAYHBIE PYHKUKHA, OKaHYUBalolIHecH Ha (J, onpe-
JeNeHH JAA BCeX 3HAYeHHE apryMeRTa, a He OKaH4YHBalowmnecd Ha
COOTBETCTBYIOT TakK Ha3KBAeMAIM YaCTHYHEIM (PYHKIUAM, 0612CTH
onpefefeHHA KOTOPHIX He OXBATHIBAET BCETO KAACCA BRIPAYKEHHH
, MaTeMaTHku“,

AByMecTHHe OpeJHKATH CPaBHMBalOT JBa BHpaxeHus. Ha-
npuMep, fpednkat Less cpaBuHBaeT BhIpaXKeHHA N0 YHCACHHOM
BeJIHYHHE:

6<3
False

Mogo6H0 oAHOMECTHHIM 0y.€BO3Ba4HEM BMYHKUHUIM, ABYMeCTHHE
NpeAUKATH MOTYT DPHHATL 3IHAYEHMA, OTAHYHME OT Lrue HAH
False:

X<y
<y

BeTpoennsIME  ABYMeCTHHME Inpeguxatamy arasorcys: Equal
(==), Unequal (!=), Less (<), Greater (>}, GreaterEqual
(>=), LessEqual (<=). [Ipearkat Equal npurumaeT 3nauenne
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True, TOALKO €CAN BRYTpPeHHNe (POPMH BHIYHCACHHLIX aPTYMEHTOR
COBIIAJAOT:

Sqrt[2] +1/Sqrt[2] == 3/Sqrt[2]
1 3

—_ S ri 2 _= =

Serepy T oA ==
MEL BHAMM: HECMOTpS HA TO, YTO YNCAGHHO BHIPANEHKS CIeBA
cnopaBa pasuu, npeisxaT Equal me npurumaer sxavenns True.
IIpuBeseM BuipaskeHHe B IPaBOH YaCTH PACCMATPHBAEMOI'O paBeH-
CTBa K OBIUEMY IHAMEHATENIO:

Together[Sqrt{2] + 1/Sqrt[2]] == 3/Sqrt[2]
True

Opeguxar SameQ (===), 8 orauyue o1 Equal, scerga npunuma-
et au6o snavenne True, mu6o False. A uMeHHO: eciH BHYTpeHHYe
¢OpMBl BHYHCISHHEX 3HAYEHHH apryMEHTOB COBHAJAloT, NpeIu-
KaT NpHRAMaeT 3payeHue True, ecay HeT — 3Havenue False.

Bynepa onepaunsa xonbioHKUHM And, win jgormyveckoe ,H¥,
eCTh (PYHKUKA OT HECKOABKHX (HeolpeleNeRHOro Y¥CAa) apryMen-
TOB, NOC/Ae[OBATENLHO BRIYHCAAIOIIAR CBOM apPTYMeHTH M IPRHHMa-
owan 3Havene False Kak TOALKO 0YepefHOH apryMedT BHIMHCAS-
eTca Ha False. B ocTalbHEIX cayYafx 3HaYeHHe 3TOH (GYHKIOUH He
apageTcA OyaesniM. Bxogras dopMa supaxedus Andler,eq,.. ]
umeet Bujg e; & & ez && ... Bynesa onepanss guabvionkuuu Or,
norudeckoe Wan“, BxogHas gopma e; || ez || ..., nocaegoBaTens-
HO BHIYMCIAET CBOH apryMeHTh ¥ NDHHMMaeT 3HaveHMe True kak
TOJALKO O4E€PEJHON APTYMEeHT NpPH BHYHCIEHHH DPHHEMAET 3Hade-
uue True. B npoTuBHOM Ciyvyae NpHHEMaeT HeOyJAeBO 3HAYEHHE.
Pyukuua orpuunauus Not, sorudeckoe He“ onpegensercs che-
Ayiolum obpasom: Not[e] npunemaer ssadenne True, Toabko
ec/ld moche BHMHCIEHMA BHpaKeHHe ¢ NPHHUMaeT 3HaveHHe False,
Not[e] npunamaer 3Havenne False, Tonbko ecin BLIMECAeHHOE €
NpHEEMaeT 3HavyeHHe True; M He ompefeneHa Kak OyleBo3HavHad
ONepalRsd B MHHLIX CAYHAAX.
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2.5. Aarebpauyeckue
M TpaHClleHJeHTHbIe yPaBHeHUA

YpaBHeRus # MeTOAL! NOJIY4YeHHS HX PeIeHHE — OJHH M3 BaX-
HEHIINX pa3feloB MaTeMaTHkd. Huxxe MEI paccMOTPHM OCHOBHRE
GYHKIUYH, DpPUMeHAeMEIEe JAf HAXOXKJACHHE CHMBOJBHLIX DelleHHH
aJreGpanyecKnx ¥ TpaHCUeHAeHTHHIX ypabHeH#il. Hawaem co cay-
Yaf OZHOI'0 YPABHEHUA OTHOCHTEAbHO OAHOH HEUIBECTHOH:

sols = Solve[x"3 ~ 2x + 1 == 0,x] |
t
{tzo1), (2 225700 ¢

Ypapuenne ¢ = z° — 27 + 1 === (), JanKcaHHOE C NOMOLIKIO TPELH-
kara Equal, ABAfeTcy nepBuM apryMeEToM ¢yHKuHA Solve —
OCHOBHOHR YHKUHY, NpHMeHSEeMOH JAf pelieHui ypapueHui. Bro-
po# aprymeHT -—— NepeMeHHas, OTHOCHTeILHO KOTODPOH pellaeTcs
ypaBHeHue. Pe3ayibTaroM BHIYHCIEHHUA BHIPAKEHHA C 3aTOJOBKOM
Solve gBaseTca CHUCOK, 3AEMEHTaMHM KOTOPOro ABAFIOTCH OJHO-
JneMeHTHHE CHUCKH. JTH 3AeMEHTHL eCTh NOJCTRHOBKH BHJAA T —
expr;. Bripakenue erpr; — 3T0 TO, 4TO OGHYHO NOHUMAELTCH 1G]
KOpHeM ypaBHeHWd. EcCI¥ B ypaBHeHUMM € COelaTh HOACTAHOBKE,
nofy4eHHLE B Pe3yibTaTe BRIMHCACHHH, TO pedyAbTaTaMu GyAyT
True, ecin KOpHH HAMACHL NPABHALHO:

1+ Sgri{5]
___2_‘1__}}

x*3-2x+1/. sols
{True, True, True}

Y706h NONYIHTHL CIKCOK KODHEH, JOCTATOYHO ¢JelaThk NoACTa-
HOBKY:

x /. sols _
{1 —1—Sgri[5] -1+ Sqrt[5]}
¥ 2 )
Y paccMOTpPeHHOro ypaBHEHHA AOCTATOYHO NPOCThie KOPHH,
no3ToMYy OOpATHMCHE K HOBOMY IpHMepy:
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OJAHHAKOBHIH nopagok 10716,

newsols = Solve[x"3 — 3x +1==0,x]
- 328 (=27+271Sgrt[3))"
{{Z — i + ( T q [ ]) }1
(~27 + 271 Sqrt[3])* 3 23 :
=3(1 + ISqrt[3))

{z—

23 (=27 + 277 Sqre3)}
_ (1= T15qrt[3])(-27 + 271 Sgr[3])

625
—3(1 — 1 Sqrt[3])

23 (—27 + 271 Sqre[3])}
(1+ 1 Sgre[3)) (=27 + 271 Sqre[3])3
- 6235 }}

[

}?

{z—

B noay4ennnx gopMynax I — BcTpoeHHas KORCTaHTa, MHUMAaN

eAununa 1. Ha nepBHH Barn4 g, BCE TPH KOPHA — KOMIJEKCHHIE “TH-
cia ¢ He PABHLIMH HYJII0 MHEMBIME 9acTamu. Ha camom gene xopun
pemecTBelnke. JTo6h B »roM yOEJHTLCA, BOCHOAB3YEMCA (PYHK-
nuei N, faolel npubiHKenioe THCIeHHOe 3HaYeH e BHIPAsKeHHH,
n dyaxuneir Plot, pucyoweit rpadnku. Buvyncium Brpaxenue:

N[newsols]

{{z — 1.53209 - 3.33067 107161},
{z — —1.87939 — 3.88578 107161},
{z — 0.347206 4+ 9.99201 10~ ¢1}}

PeayabTaT nokaibipaeT, YTOG MHUMbIE YaCTH KODHEH WMEKT

BeUleCTBEHHLIX YHCed.

N[newsols, 25] _
{{z — 1.532088886237956070404785 + 0.1073*1},

HonpobyeMm yBeAMYHTL TOYHOCTE
BrlYKCeHnit. 1% 3TOro BoCmOAb3yeMcA TeM, ITO BTOpPOH Heobi-
3aTeAbHLIH apryMenT v bynkusn N 3agaeT 4ucno aHavauux qudp
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{x — —1.879385241571816768108219 4 0.103%]},
{z -+ 0.347296355333860697703433 — 0.10*[}})

Teneps nopsgok MEMMuX JacTeit xopreit 10722, Dro rosopaT o
TOM, 4YTC KOPHE -~ BeilecTBeHEHne. Harasjgroe npejcraBienue
0 PACTONOXKEHHH KODHEH MOXHO NOAYYETL, HAPHCOBAR TpadHK
odyaxnuE 3 — 3z 4 1 ¢ nomouso dyakuun Plot (prc. 2.1):

Plot{x~3 - 3x +1, {x,~-2,2}}

W 2
Pue. 2.1

Tpadmk Raras 40O NOKa3kIBaeT, YTo Kybuieckan napabola z3—
— 3z + 1 nepecexaeT ock abcudcc B Tpex Toykax. I[lpucyTtcreme
B newsols MEAMOR eJUBRIL eCTh PE3YALTAT Caefylouero BuGo-
pa BeTBH MHOTO3HadHOH pynxuny z1/%) xoMmnirexcHoro aprymenTa
2. APryMenT ¢ MoBOro KOMIAEKCHOrO YHCAA CYRTAETCH HIMe-
HAOMAMCE OT —7 Zo m, noaromy 23K pmeer aprymenr o/k.
Hanpauep, (~1){(3/3) 1e. ky6uyeckuit Kopens H3a MAKYC eIRRUOM,
paser 1/2+ I/3/2.

Wroe no cpapreynio ¢ Solve npejcrabiense fa% KopHeR ypas-
HeHu# JaeT pyuxkuus Roots.

rts = Roots[e, x|
~1 - Sgri{5] Il 5 Sgrt[5]

z=1{le= 5 I 5
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Bropoe npeicTaBieHRe MOXHO Jerko npecfipa3osaTs B epBoe ¢
noMoiubk pyexuur ToRuies:

ToRules(rts]
{{z 51}, {2 -1 —gqrt[ﬂ}’ {z = ~1 +.§qrt[5]}}

Ecaz ¢yukuus Solve He MOXKeT HaiTH KOPHH YPABHEHHA B #BHOM
BHJE, TO Pe3yAbTAT BHIYHCJIEHHA KODHeH BHIMMAJHT CAEHYIOLUIMM
ofpazomM:

Solve[x"5 — 3x + 1 == 0,x]
{ToRules[Roots[—3z + z° == —1,z]}}

CucTeMH ypaBHeHMHl 3ajaloTCA B BHje cnucka syslist = {x*2+

+ y*2 == a*2, ¥y — X == 1} 1ubo ypaBHeHUS COEZHHAIOTCA C
NOMOIILI0 KOHBIOHKUME sysand = {x"2+y"2==2a"2 && y -
—x == 1}. PesyasraT B 060HX Cry4afX OZHH B TOT Xe:

Solve[syslist, {x,y}] wim Solve[sysand,{x,y}]
~1— Sqrt]- 2 — Sqrif4 — 8(1 — a?

{{x—+ 1 Sqrtz[ 1+2a],y_+2 Sqrt] 48(1 a}]},
~1+4 Sgrt[—~1 + 2a* 2+ Sgri[4 —8(1—a?

(ony TLESTCL 2] | 2 Sle 80

Hnorga soanHKaeT Heo6XOZHMOCTD HCKJAIOYATD 4aCTh epEMeHHRX
M3 CHCTeMEl YpaBHGHHH H HAATH YpapHeHNs AMA OCTABLIUXCA
nepeMenHux. Jaa aToro noas3ywTcs ¢pyHkured Eliminate:

elmsys = Eliminate[syslist, y]
at==1+2z +2z%

. .
IoayderHoe ypaBHeHHe MOXHO DPElIHTh OTHOCHTENLEO NepeMeH-
HOU T



2.5, Aare6panyeckie B TpAHCHEHICHTHEIC YDARHERHA 49

Solve[elmsys, x]
~2 - Sgrt{4 ~ 8(1 ~ a?
(e 2 ,Sq t[44 81~ %),

~2 4+ Sqrt[4 - 8(1 ~ a?
(z— q' [4 ( )1}}

ToT Ke peayibTaT MOXHO NOIYYHTb, YKa3aB B ¢pyHkoud Solve
TpeTHE apryMeHT — HCKIKYaeMYIO NepPeMeHHYI0 (WAH CHHCOK
HCKII0YaeMEIX NepPeMeHHhIX)!

Solve(syslist, x,y]
-2 — Sgrt[4 — 8(1 — a?

—2+ Sqrt{d — 8(1 ~ a®
(oo q {4 ( )]}}

C noMousio pyakuun Solve MoryT 6HITH HafiJeHH DeIIEHHA He-
KOTOpOTO, BNpOHeM, BecbMa OrPaHH4YEHHOI'0 KJlacca TPAaHCLEH-
JeHTHLIX ypaBHeHHil WAM cHcTeM ypasueHni. [Ipm BWYHCIeHuw
KopHell TakuX ypaBHeRH#  MaTeMaTuKa® nevaTaer Ha 3KpaHe npe-
IyIpex/AeHHe O TOM, 9TO B Hpollecce pelleRHA oHa ofpalllaeTcd K
ofpaTHLM GYHKIUAM (X efl NPUXOAUTCA BHIGKPATH HHTEPBANH MO-
HOTOHHOCTH BCTPeYalOMIHXCE B ypaBHeHHH PYHKUKA), NOITOMY He
BCe peilleHH# MOTYT GHITh HaiiJeHH:

Solve[Sin{x]*2 — Sin[x] + a == 0,x]
Solve:: ifun: Warning: Inverse functions are being used
by Solve, so some solutions may not be found.

{{z — AreSin (1 ~ Sqr;[l = 4a]) 3

{z = ArcSin (1 + Sqr;[l = 4a])}}

Dyuknus Solve KaxXo[UT pelueHHs YpaBHeHHH, TPaKTy# HX B 06-
uieM {IONOMKeHuu ¥, T.e. A1 HecmenupuIeCKUX 3HAYEHAR BXOAALINX
B YpaBHEHHSA CHMBOJBHHIX NapaMeTpoB:
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Solve[a x"2+b x+ ¢ ==0,x]

—b - r 2_ ac - r 2. [
{{z—r b Sth‘Eb 4 ]}, {z— b+Sq2t£b 4a]}}

O4epngHo, uTO OpH @ = () 3TH BHpaXXeHAR JIA KODEEH He MMEIOT
cqtuicaa. Pyuxkuns Reduce nospoaser ydecTh nogobanie ocoGHe
3HadeHAs nNapaMeTpoB. Buumcnsa supaxente Reducefegns,vers],
-, MareMaTuka" ynpomaeT ypaBHeRHA €qns B MOPOXK AT ypaBHe-
HHS, DKBABAJEHTHEIE €GNS ¥ COAEPKALAE BCE BO3IMOXKHLIE PEIleHAs:

Reduce(a x"2+b x + ¢ ==0,x]
~b - Sqrt[b? - dac]

A0 && o= . I
e 2—
208k oo b+Sq;t£b taq |
e=0&& b=0&kka=0]|bF0&iz=—> &&a=0

b

B nprxnagHoil MaTeMaTHKe OYeHb BAXKHYIO PONbL HLPAIOT CH-
CTeMHl JHHedNHX aireGpardeckuX ypaBEeruit. PaayMeerca, ux
pelIeHRA MOXHO HaxXOZMTb ¢ noMoilsio pynkuur Selve. Ograko
93CTO AAHERABIe CHCTEME BO3HNKANOT B Ipollecce PeIeHEA KaKuX-
TO NPHKIAZHHX 33024, B KOTOPHX MEHEePEPYIOTCA He CAMH CHCTe-
MEI, & MATPHIM BX KoddPHIAERTOB. B n0A06HLHX ciyvasX yaobHee
BOCNOAL30BaThCE QyHkuueds LinearSolve. NpegpapurtessHo or-
MeTAM, ¥To MaTpHnel B  MaremaTrExe® sagaoTea ¢ nomouibio
CIHCKOR NOCTPOYHO:

m = {{alaaz}s {bl»bz}}
{{al,a2},{b1,b2} }

CragjapTHoe NPeICTABACHEE MATPHUL Moxer GHTh nOAyHeHO ¢
nomoikio pyuxkune MatrixForm.

m // MatrixForm

al a2
b1 b2



2.6, Maremaruveckust anazna 51

Pynxuna LinearSolve nmeer gsa aprymenrta. [lepBnik — Ma-
TpHila KO3h}HIKEHTOB CUCTEMEI, a BTOPOH —— CIHCOK €€ MpaBHIX
JacTei.

LinearSolve[m,c]
{ (b2 c1} +a2¢2 ~{bl cl)+al 62}
a2bl—al b2 ' —(a2bl)+eal b2
3aecs ¢ = {cl,c2} — BexTop MpaBHX YacTel cucTeMul. DyHKuUR

LinearSolve #HauGoee >ddexTHBHA B caAydae CHCTeM GOABLLION
Pa3sMepHOCTH ¢ pa3peXXeHHHMH MAaTpHLiaME KOdPOHIAEHTOB.

2.6. MaTeMaTH4YeCKAN RHATIH3

Oauy u? GyHAAMEHTANLHLIX ONEpalyil MaTeMaTHYeCKOI'o aHaNM-
33 — guddepeHUMpoBaARRE —— OCYILECTBARIOT ABe GynRkumn: D u
Dt. Buipaxense Dlexpr,x] umeer peayabTaToMm (4acTHY0) npo-
H3BOAHYIO BRIpRXKEHHS eXPr 1o nepeMerHodl z. [IpM BHYKCICHHH
CMEINaHHLX M KPATHHX NPOU3BOARKIX BTOPOH # T.§. 3Pr'yMeHThH
dyukuns D MoryT 6uITh 3ajaHnl B BHZe CNHcKoB Buda {varyk;},
rAe k; — MOpAJOX NPOUIBOXHOM IO NepeMeHHOH var;:

dif = D[x~3 Sin[x"2] E~(-x), {x,2}]
14z3Cos[z?] 4z*Cos[z?) + 6z Sinfz?]

E= E= E=
622 Sin[z? 2°8in[z?] 4z°Sin{z?)
- Ez + E= - E=
Briukciena BTopasd NpousBofuad oT pyuxinu r3sinzle™?, 3a1an-

HOW B BHAE ABHOW ananuTH4Yeckod dopmyant. Paccmorpum npo-
H3BOJbHYIO GYHKUMK f{Z,y] ¥ BHIYACAHM ee TPeThIO CMEAHHYIO
npoussoguye 02 f/8zdy*:

D{f[x,y],x,{y.2}]
f[l,?}[m’y]

OTpeT 3amHcaH ¢ NOMOLIbI0 MyJAbTHHEAexca (1,2}, kOMNOHEHTH
KOTOPOTO NOKa3HBAOT, YTO BHYACAEHA NepBas NPOU3BOAHAR RO
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NepBOMY apryMeHTY H BTOpad NPOHIBOAHAA [0 BTOPOMY apry-
MeHTy. Moayis MyAbTHEHAEKCA, PRBHLIA CYMME €ro KOMIOHEHT,
YKa3HBaeT NOPALOK [IDOM3BOAHOH. BHyTpennas ¢opma sr4ucIen-
HOTO abipaxenns dif2 ecTn

dif2 // FullForm
Derivative[l,2][f][z,y]

3ieck HaM BCTPeTHAOCH BblpakeHHe, 3aI0JOBOK KOTOPOTO He
ABAAETCH CHMBOAOM.  MaTeMmaTuka“ Bcerja CBOAMT POHIBOSHEE,
KOTOpHle OHA HE CMOPa ABHO BBIMKCAHTh, K BHIPAXKEHHAM C
sarosoBkom Derivative[ny,ny,.. ][ f].

Jlio6oe BHpaxkeHHe, He COJepikalljee CHMBOJOB, N0 KOTOPKIM
npou3BoJuTCA AuddepeHunpopanne, dyukuus D paccMaTpuBaer
KaK KOHCTaNTy IO nepeMeHskM JuddepeHiinpoBanua:

D[aSin{x],x]
aCos|z)
B orauune ot oyHknun D ¢ysxuus Dt, noanasr npouspoiHas,

pacCMaTpPUBaeT BCe CHMEBOAH, BXOAAlMe B jfuthdepedlnpyeMoe
BHIpayKeHHe KaK MYHKIHH OT NepeMeHHHX AudpepeHliu poBalus:

Dt[aSin[x],x]
" aCos[z] + Dt[a,z] Sin(z]

Ecin BTopol apryMenT y ¢yaxknum Dt He ykadnBaeTcs, TO
Dit[expr] nonumaeTca kak fuddepeHnuan BHPaKeHRA eTpr:

Dt[aLog[y]]
Qi:—[yl + Dt[a] Logly)

Onepanueil, o6paTHoll Jnd¢epeHIMPOBAHUIO, ABAAETCH HAXCK Je-
une neppooGpasnoi. CooTBeTcTRypomas ¢yuknus ,MaTemarn-
xr" — Integrate:

_ Integrate[dif,x]
2z*Cos[z?] 3z?Sin[z?] 2°Sin[2?
for3 + For T Er
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3aMeTHM, 2TO KOHCTAHT2 HHTErPUPOBAHEA OTCYTCTBYeT. OTO
O3Ha4a3eT, YTo B 061eM cryyae Integrate BNYNCISET JOKATBHYIO
nepBoo6pa3NYIo, T.e. PYHKUHIO, KOTOPaA MOXET HMeTh CKadky B
AMCKDETHOM MHOXECTBe TOYeK (CM. YAp. 4 K 3TOH riape).

JAns BEIMYMCICHNA OHPEJENEHHOr0 HATErPAla B Ka4eCTBe BTOPO-
ro apryMenTa ¢yuxnun Integrate yxasnpaercs cnucok {r,a,b},
NEPBLIM 3JEMEHTOM KOTOPOI'O ABAAETCA NepeMeHHas RHTerpHpoO-
BaBHA, BTOPHIM JIEMEHTOM -— HHMHHMH, TPEeTbHM DAEMEHTOM —
BepXHHE Apeje] WHTErPHPOBAHUN:

Integrate[dif, {x,0,Sqrt[Pi]]

—2P¢?
ESgrt[Fi)

daech PiecTh BCTPOEHHAA KOHCTAHTa — 4ucho 7. Pyrknus Inte-
grate noapoaseT BHYKCIATH NOBTOPREE HHTerpaisl. B nocregrux
npefent NHTer PAPOBAHNAA [10 IepeMeHH M JaloTCH B TOM TODA IKe,
KaKOl NPHHAT B MATEMATHYECKOM aHalu3e:

Integrate[x +y,{x,0,2a}, {y,0,x}]
403

B npuMepe BRIYMCAEH KpaTHEI HHTerpas oT QYHKUMHE T +y 1o
TpeyroabHok obracti Q= {(z,y)|0< < 2¢,0<y < z}.

Paanoxenve yakuui B pagul Teiaopa ocymecTraseT GyaKnus
Series. Tlpm suruncrenun supaxenns Series[f, {x,xg,n}] Haxo-
AMTCHA CYMMa NepBhiX T+ 1 41eH0B pajioxeHus OYRKUMA f B paAj
Teknopa B OKpecTHOCTH TOYKH Zg:

{Series[f[x], {x,0,3}],Series[E"(—x"2)Log|(1 + x], {x,0,3}]}

dniry (3)[p] 23
uto+ oo+ 282 L 20 4 opeys

223 4
z—-—2——~§-—+0[::] }
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Jns GyHKU# OT HeCKOJALKHX NepeMeHuLX pyHKuus Series no-
3BONSET HAXOJKTH NOCIeJOBATEAbHEE PA3IOKeHHA B pAinl Teltopa
No Pas’fiuIHEIM HEIaBUCHMKIM MepeMeHHEIM:

Series[f(x,y], {x,a,1},{y,b,1}]
fla, b3+ FOa,b)(~b+y) + O[—b + y]* -+ (F"O[a, 8] +
+ f(l'n[a, B{-b+y) +O[-b+ yH)(~a+z)+O[-a+z]*

B kadecTBe TOYKH, B OKPECTHOCTH KOTOPOil NPOHIBOAUTCA palfo-
skeHune B paf Teilnopa, BnoaHe MoXeT 6KTh BHbpana GecKOHEYHO
yaateHHas Touka Infinity, kpoMe Toro, dyHkiua Series y4HTH-
BaeT HanKIHe 0cOGEHHOCTEH ¥ PYHKIIHU:

{Series[E~(1/x),{x,Infinity,2}],
Series[Cos[x]LDg[x] {x,0,2}]}

{1+ to3 +0[] Loglz) - Log[x}z

=2+ 0P}

C pasnoxenusamu B pajg Telopa MOXHO NpoJelnBaTh OOKIYHEIE
asreGpaudeckne olepaluy: [epeMACKATh, BOIBOAHTEL B CTeleHh,
BRIMHCIATL YHKLEK OT PadJoXeHHH, AuddepeRnupoBaTh, HHTE-
rpHpPOBaTh, GPATH KOMNO3KUHIO PAAOB H T.J., OCTABAACH B TOM XKe
KJ1acce BRIpAXKeHWi:

{s1 = Series[E~Sin(x}, {x,0,2}],
s2 = Series[ArcSin{x],{x,0,3}]}

22 ) 3 )
{1+x+?+0[z] . x+€+0[z] }
{s1 s2, D[si,x], Integrate[s2,x], s1 /. x = s2}

. . 22° 4 , ¢ z* %
{x+z + =+ O[z]*, 14+ 2+ O[z)*, =+ — + O[z]°,

3 2 24
2

z 3

142+ % +Ofl’}
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C nomomrsio pyuknnu InverseSeries MoxHO obpalyaTs pAAn:

{s3 = InverseSeries{s2,x|, s2 /. x = 53}

3
z— % +0{z}*, z + Ofz]*

Pynknua Series HMeeT Pe3yIbTATOM Beipaxenue MaremaTuku®,
uMelollee 3arofoBok SeriesData, nosToMy dyHKUNY, HCHONb3YeMHe
AnA Npeobpa3oBaiA aiare6pauyecKuX BRIpaXKeHUl, He JeHCTBYIOT
Ha 3TOT pe3yJ»TaT. BhiduciaenHoe suipaxenue SeriesDatafz,zg,
{@o,01,...},Amin, nmaz,den] npescTaBifeT OTPE3OK CTeNeHHOrO
pAja MO NepeMeHHOH T B OKPECTHOCTH TOYKH Zo. BeasnduHu a;
ecth KOoXxppuUHeHTH pfja. Pa3sEocTs T — To BXOAHT B pHA B
cTenenax nmin/den, (nmin+1)/den, ..., nmaz/den:

serl = SeriesDatalx,0,{1,2,3},1,4,3]

24 +20% 432 4+ O2]}

Jng nonydenns CnMckoB Ko3pHUUNEHTOB pAja HaCTC HCNONL-
ayior ¢pyrkunio Table. Hanpumep, cnucox {1,2,3} ssasercs 3na-
yenuem Bupaxenus Table[i, {i,3}]. Eciu vyxHo noayssrs pag c

HeOnpeleNeHHRIMH CHMBOIbHLIMYE KO MUUHEHTAME, MOXXHO BHIMH-
cautTh Bupakenne Table(a(i], {i,3}] nan supaxkenne Array(a,3):

{Table[i, {i,3}], Tablefa[i},{i,3}], Array[a, 3]}
{{1,2,3}, {e[1],a[2)},0[3]}, {al1},a[2},a[3]}}

Bocnoabayemcd dydxknuwer Array, yToOH ROAYYHTb pAjg serl,
B KOTOpOM koadpuumenTH 1,23 3aMerenu Ha a[l], a[2], a[3]:

ser2 = SeriesData(x,0, Array[a, 3],1,4,3]
efllz® +af2lat + a[3lz + Ofz}?

Pyrxuas Normal KoHBepTHpYyeT piin B MHOIOWIEHH, OgHO-
BpeMeHHO oT6GpacuBaf cameoa Ofz]".
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2.7. CnepnanusnpoBaHHLIe IIPOrpaMMbl

OnuchBad pasiHyHHe GYHKIHU ,MaTeMaTHKR", M ynorpebas-
¥ onpefeiresde  BcTpoeHHEe”. OHo O3HaYaeT, YTO 3TH PYHK-
UMM CTAHOBATCA HEMOCPEACTBEHHO JOCTYNHHIME IOCHE 3arpy3kH
,Maremarnkun“. BcTpoeHHBIX (YHKUHH OGHYHO OKa3hIBaeTCA
BIIOJHE AOCTATOYHO AJA BHINOJHEHHA LUMPOKOrO Kpyra BhIYHCIe-
guit. OJgHako mpH paboTe B KaKOW-TO ClENHAIUIHPOBAHHOH 061a-
CTH MOTYT HOHaJOGHTCA MHEE GYHKIHH, ONpeleneHanle B OTAeNb-
HO XPaHAUIUXCA CHeNEain3¥POBARHEIX NPOrPaMMaX U CYLIeCTBEHHO
paciuMpAIoNlHe BO3MOXHOCTH NMOAL3OBATENd. TaKHe NPOrpaMMEl
COCpeZOTO4YeHH B 13 makeTax, Wid NOXIUDEKTOPHAX, JHPEKTODHH
PACKAGES. Bot ux sa3saRus:

Algebra Miscellaneous

Calculus NumberTheory
DiscreteMath NumericalMath
Examples ProgrammingExamples
Geometry Statistics

Graphics Utilities.

LinearAlgebra

Bee >TH NakeTH TaKXe cOfepXaT NoisupekTopun. Hanpumep,
naker Graphics cogepxur nogaupekropur FilledPlot, Implicit-
Plot, Polyhedra u 7.4. ITaxer Calculus cozepxnrT noganpexropuu
DSolve, FourierTransform, a Takxke LaplaceTransform, Variatio-
nalMethods, VectorAnalysis ¥ T.7. Ecan Tpe6yercf BRYHCIHTH
npeofpaaopaiue Pypre Kakux-TH60 GYHKIUHH, TO CleyeT NOACPY-
amTh nojgaupekroputo FourierTransform, maxoasmyiocs B nakere
Calculus. [as 2Tod neas MOXHO BOCHONE3OBATHCH PYHKIHAMH
Needs uwrn Get. '

Needs[” Calculus‘FourierTransform*’]

HAM

Get[” Calculus‘FourierTransform*”]
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[locnennee Bhpakense TakXe MOXHO BBeCTH B BHJe
< < Calculus‘FourierTransform®

ITocne nOArpy3KE NakeTa CTAHOBATCA JOCTYUHHMH (QYHKLHU, KO-
TOpLHIE B HEM OllpejefieHbl ¥ HMeHa KOTOPHX MMKHO NONYYHTD,
nenonnaya pyukouio Names. Ilpumep:

Names[" Calculus‘FourierTransform' + ”|

Teneps MHl UMeeM BO3MOXHOCTb BHIYKCAATL npeofpasopanne Py-
pbe GQYHKIHM:

FourierTransform[E~ — x~2Sin[a x], x, p}
ISgrt[Pi] LSgri(Pi]
a-p)2 ot p)?
ptE- gt
[Ipn peluenun cucTeM asreSpardecKuX ypaBHEHHH ¢ IBYMA He-
uaBecTHHIMHA OniBaeT nonesna ¢pyaknua ImplicitPlot, onpegenen-
nas B nporpaMme ImplicitPlot gupextopuu Graphics. B oTauane
or ¢yuknug Plot oma nossoaseT nony4aTk rpadWkn HeSBHEX
dynkngi y = f;(z), rae fi(z) Haxo4ATCA U3 OTJeAbHKX ypaBHeHHH
cucTems (pauc. 2.2).

ImplicitPlot[{x*3+ y*2==1,y"2 - x==0},{x,-1,2}]

N

-1 1 2

/3"

Puc. 2.2



58 FJ1ABA 2. CHMBOJ/IBHBEIE BBIYUCAEHHA

Ecau B nponecce BuyucaeEHi TpebyoTcs GyHKIAH, ONpejeeH-
HHE B PA3NEYHHX NOLIAPEKTOPEAX OJROH K TOK XKe JHPEKTOPKH,
TO YAOOHO BOCIONE30BATHCA CieLyIoWen hopMol NOArPY3IKH BYHK-
uri. Creayer ofpatuThca x nporpamMe Master, uMmemnllencs B
Ka)KJO# AHPEKTOPHH, BHNOJHUB KOMaHIY

<< Directory‘Master‘,

rae Directory ecTb uMA HYXXHOW AUPeKTOPHH. EcIH NpoHcXoguT
ofpallleHHe K KakKoH-TO (PYHKIHE JUPEKTODEH, TO IpOrpaMma
Master aBTOMAaTHYECKH 3aTpPYXKaeT TY KO AHPEKTOPHIO, B KOTOPOH
HCROAb3yeMad QyHKUKA QakTHYECKH olpejeleHa.

2.8. O6ukHoBeHHEe auddepeHUINAIbHLIE YPaBHEHNUSA

OcHoBHEag GYHKIHN, MCHOAL3IYEMas N8 HAXOKACHMS pelueHuH
OGLIKHOBEHHHX JH(pdepeHiNalbHX YpaBHeHHH B CHMBOAbHOW
dopue, ecte DSolve:

soll = DSolvefy"[x] + xy'[x] == 0,y(x], x]

- {{ul= ]—*C[1]+Sqft[ Ycr Br f[S t[2}]}}

[lepsuit apryuent ¢pyuxiuunn DSolve — obuixHoBenHoe gudpde-
peHUMaNbHOe YpaBHEHHe, B KOTOPOM INpPOH3IBOAHHE OT HCKOMOH
dbyHxuuH y[z] 2anucaHul B CneqHaiLHON BXOAHOH GopMe PYHKUER
Derivative. OTBeT cOAepKHT ABe NPOHABOALELIE NOCTORHHEIE
C[1] u C[2]. Ecan noneITaThcs NPOBEPHTH NPABHALHOCTE NOJYYeH-
HOT'O peileHHA ¢ NOMOLIEI0 NOLCTAHOBKH B HCXOJHOE YpaBHEeHHE, TO
MEl BCTPETHMCS €O Clefyioilieli TPYAHOCThIO!

odel = y"[x] + xy[x] == 0; odel /. soll
{zy'[z] +y"[z] == 0}
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TakuM o6pasoM, IPOU3IBOAHHE OT HOJCTAHOBKH soll He BRIYMCAA-
I0TCA aBTOMaTHYecKH. HpoBepky NpaBHALHOCTH ciefyeT NPOK3IBO-
JUTH B BHJe

odel /. D[soll,x,x] /. Disoll,x]
{{True}}

BeTpoernas dynxkuus DSolve npegrassaiena Aas pelieHYs OTHO-
CHTEIbHO OPOCTHIX IH((epeHNHATbHLIX ypaBHeHHA. Hanpumep,
eCl¥ TIONMWTATLCA C e MOMOIIRI0 PEelIMTh ypamHeHue r2y”[z] —
~ y'[z]* = 0, To noay1aeTca crefyiownil peIYABTAT:

DSolve[x~2y”[x] — y'[x]"2 == 0,y(x],x]
DSolve:: dnim: Built-in procedures cannot solve this differential
equation

DSolve[—y'[z]* + 22y"[z] == 0,y[z], 7]

Topasgo Gosee MouiHAaA QYHKUMS C TeM ke madpaupedm DSolve
onpejeneHa B nogaupekropun DSolve aupextopuu Calculus. Tlo-
Clle ee NOArPY3KH paccMaTpHBaeMoe AHddepeHlHaIbHOE ypaBHe-
HHe JerKo pa3pellaeTca:

DSo]ve[x“2y”[x] - ¥'[x]"2 == 0, y[x],x]
{{yl=] > [1])+C[] 599_[__[_1_]2__1_]1}}

AdudrpepennanbHoe ypaBHeHHe MOXeT GHTb CHaGXKeHO JONOJHM-
TeAbHBIMHA YCIOBMAMH B iopMe 3agaiu Kowun:

DSolve[{y"[x] + xy'[x] == 0,y[0] == 0,y'[0] == 1}, y[x],X]
{{y Sqrt[P:]

1'“‘f[.‘5'111v*15[2]]}}

C nomomsio ¢pyukuuit DSolve, kak BcTpoeHHO#, Tak H IOATPY-
KAEMOH, MOXHO pelllaTh TakXe ¥ CHCTeMH JuddepeElHanbREIX
YPpaBHEHHUIT:
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DSolve[{x[t] == y[t], ¥'[t] == —a~2x]t],
x[0] ==1,y[0] == 0}, {x[t],y[t]},t]

-Iat Tat . -1 i
{{x[t] ~ 5 W= raET 4 SaB |

B npuMepe MH BOCMOALICBAIHCH BCTPOEHHOR GyEKuHed. FEcau
HeoOX0 MO HADHCOBATh I'PAHKH NONYYeHBRX PelleHHH Wi da-
30BKIH TNOPTpeT ANHAMUIECKOH CUCTEeMHl, TO BTOpPOH APTYMeHT y
dyuxnug DSolve crefyeT 3a4aTh B clefyiolieM Byje:

s0l2 = DSolve[{x[t] == y[t],y'[t] == ~a~2x][t],
x[0) ==1,y[0) == 0}, {x,y}, {t}]

—Iat fat
{{z — Functionlt, f_é_._ + —E—-%—],

I o tat
5GEIa ]}}

ITocreau#E OTBET NpeACTABAEH ¢ MOMOIIbIO TaK HAJILIBAEMAEIX 4u-
cmuiz Pynxyuil, ¢ KOTOPHIME MOXHO Oy1eT HO3HAKOMHTBCH NO3JI-
ree, Ceiivac ME APOCTC BOCHOAL3YeMCH ITHM Pe3yALTATOM II%
TOTO, 4T06LL HapucoBaTh rpadukl dyuxuui z[t] n yft] (puc. 2.3).

, —~I
y — Funetion[t, -—Q—aE"I ot 4

Plot[Evaluate[{x[t],y[t]} /. sol2 /. a = 1/2],{t, —2Pi,2Pi}]

~1}

Puc. 2.3



2.8. ObpKkHoBeRHNEe JHGPEDEHIHATLHIE YDABHEHVA 61

Da3oBHil NOPTPET MOXKHO HAPUCOBATH C NOMOWIBLIO (PYHKIHH
ParametricPlot (puc. 2.4):

ParametricPlot[Evaluate[{x[t],y[t]} /. sol2 /. a— 1/2],
{t,—2P1j,2Pi}, AspectRatio — Automatic]

~0.25¢

Prc. 2.4

Jaxe ycunennas Bepcus ¢yHkuun DSolve re MoxeT Hai-
TH CHMBOALHHIX pEHICHMH BCeX OOLIKHOREHHHX JHPdepeHIHalb-
HbIX ypaBHeHui. BcTpoenroit dyuknuer  MareMmaTHkr, pea-
JU3YIOUIEH OXHH M3 YHCIEKHHX METOJOB pelleHHd OOGHKHOBEH-
HRIX AuddepeHiHalbHLIX YpaBHeHUH, sBagsercd ¢ynxnus ND-
Solve. Mpoanartusupyem, ucnornsys NDSolve, reruneiinne ko-
ne6aHHA CHCTeMh!, MapaMeTphl KOTOPOH H3MEHAIOTCH CO BpeMe-
HeM. IlycTh cHcTema omHCHIBaeTCA ypaBHeHHaMu: z(t) = y(t),
y(t) = ~z(t) - 0.7cos(0.3t)sinz(t). TlocTaBuM HavalbHHE YCAOBHK
z(0) = 1, y(0) = 0 u BEYHCAMM BHIpaXKeHMe:

nlosc = NDSolve[{x[t] == y[t],

y'[t] == ~x{t] — 0.7Cos[0.3t]Sin[x][t]],

x[O] == iY[O] == 0},{x,¥} {t,0,3Pi}]

{{z — Interpolating Function[{0,9.42478}, <>],
y — InterpolatingFunction[{0,9.42478},<>]}}

Pe3yAbTATOM BHYHCICHEA HBAAIOTCH ABe HETEPHOAANHOHNHE
dyukuun gax z({t) ¥ y(t) Ha weTepBare (0,9.42478). C ux
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NOMOIULK MOXHO BRIYMHCIHTL 3HAYEHHA peCIlleHHE B RI000H TOYKe
ITOI'0 HHTepRaJa:

{x[1},y[1]} /. nlosc
{{0.209012,~1.21722} }

WIK HADUCOBATH (ha’OBHIK NopTper KoneGaHn# (pHc. 2.5):

ParametricPlot[Evaluate[{x[t],¥[t]} /. nlosc], {t,0,3P1},
AspectRatio - Automatic]

ﬂ'
{ . .
05 05

-os}

Puc. 2.5

Eiue ouH cnocob noayyeuns NpHGIMMKERHBIX pellleHnil, HO yxKe
B CHMBOAbHOH ¢opMe — d>To MeTod pajoB. Haiigem npubam-
JeHHOe OrpaHH4eHHoe pelliekne JHGdepeHIHANLHOTO YPaBHEeHHA
zy'(z) — y(z)? — z = 0 B oxpecTHOCTH ocoboit Toukn = =0 B BR-
lle oTpeaka CcTeNeHHOr'o pAjfa ¢ TOYHOCTLIO O[z]". 3agada CBO-
AUTCA K ONpejeieRHlo ceMH KoapduuueHTon B dopmyre y(z) =
2+ a1z + ... +agz® + O[a:]"'. Ilockonbky pelene MIUETCH B BH-
Je oTpeaka paja, onpejeinyM obbexT: :

y[x_] := SeriesData[x,0, Array|a,7,0]]

O6paTnMm BHMMaHHe Ha IB2 06CTOfTEelbCTBa. Bo-mepBHIX, ME HC-
NoAbL3OBAJM TaK HalklBaeMoe OTAOKEHHOE OlpefeleHHe, NOITOMY
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BHIXOZHO# CTPOuKE HeT. Bo-BTOpHIX, B olipefeleHHH HCIOAL3OBA-
Ha OjHA OYeHb Ba)KHa# KOHCTPYKLHA ,MareMaTHku“, Ha3KIBaeM2s
AMeROBaHHEIM 1aboHoM — & _. OTa KOHCTPYKIAR 6yXeT noxpob-
HO paccMOTpeHa B JanbHeitweM. [locMoTpum, Kak BHIISIET y(z):

ylx]
a[0] + a[l}z + a[2)z* + a[3)z> + a[4])z* + a[5]z° + a[ﬁ]zs +0[z)]

Tenepb BLYHCANM AM(hepeRNNaNhHOE YPABHEH#E C NOXYHECHHBIM
BRIpaJKeHUeM A1f y(z]:

ode2 =x y'[x] - y[x]"2-x==

—af0]2 + (~1 +a[1]) - 2a[0]a[1])z + (—af1)* +2a(2) -

— 2a[0]a[2])=? + (—2a[1]a[2] + 3[3] — 2a[0]e(3]}z>+ (—a[2]? -
— 2a[1}a[3] + 4e[4] — 2a[0]a[4]}z* + (—2a[2]a[3] ~ 2a[1]a[4] +
+ 5a[5) — 2a[0}a[5])z° + (—a[3]* ~ 2a[2]a{4] - 2a{1]a{5]) +

+ 6a[6] — 2a[0]a[6])z® + O[] == 0

YpaBuenus gas ko3pdEIHEHTOB at] NOAYYaI0TCA IPAPABHEBARKEM
HyAI0 KOdPDUUHEHTOB IpH PalNHIHEX CTENeHSX NepeMeHHOH Z.
ITo MOXKEOD CleNaTh, IpEMeHuB K ode2 pyukunwo LogicalExpand:

eqcoefy = LogicalExpand[ode2]
~a[0)? ==0 && ~1+4a[1] - 2a{0]a(1) == 0 &&
~a[1]* +2a[2] ~ 2¢[0]a[2] == 0 & &
—20[1]a[2] + 3a[3] — 24{0)e[3] == 0 & &
—a[2)? - 2a[1]a[3) + 4a[4] - 2a[0)a[4] == 0 & &
—2a[2)a[3] - 2a[1]a[4] + 5a[5] — 2a[0}a[5] == 0 & &
—a[3)? — 2a[2]af4] — 2a[1)a(5} + 6a[6] — 2a[0]a[6] ==
Jlerko BHAETb, ITO paccMaTpHBaeMHe YDaBHeHHS HMEKT eJHH-

CTBeHHOe pelleHHe, KOTOopOoe MOXKHO ua.i'rn € OOMOIILIG 3HAKOMOH
HaM ¢yaknuu Solve:



64 I'/TABA 2. CHMBOJIBHBIE BEIYHCJIEHHA

coefy = Solve[eqcoefy, Table[a[i], {i,0,6}]]

473 19 11 1
{{al6l+ 5, ol5) = 5, ald] = 35 al3] - a5

ﬂﬂ%?aMﬂ&aMﬂJ”
Tenepb MOXHO HAlTH CaMO IpHOAHXKEHHOe pellleHHe:

y[x] /. coefy
- a? @® st 192%  4732°
2 3 48 ' 120 ' 4320

+0fz]}

2.9. HYucna ¥ onepanuu Haj 4McIaMu

HanomuuM, uto B ,MaTemaTuke“ 4eThpe T#Na 4HceN: Uelkle,
paUusOHANbHEE, BellleCTBEHHBle W KOMILIEKCHHE. Bce oHu MoryTt
cofepxkaTh Al06oe KONHYecTBO NHDP. ApHdMeTHYeCKHe Onepaluy
HaJ NepBHIMU ABYMA THNAMH HHCeN BHINOMHAOTCH aBCOJIOTHO TOH-
HO (Bce UMpHl Pe3yAbTATa BepHHE), HTO ABAAETCA XapaKTepHOH
0c06eHHOCTRIO KOMIBIOTEPHREIX aarebp:

sum = 357784905111127390538463709587618 1
+115634553279325911771666205734605
473419458390453302310129915322223

B sToM npumepe HaiigeHa cyMMa JABYX TPHALATHTPEXIHAYHBIX
Heawx 9ucen. PesyabTaT BO3IBEeJeHHA B NATHIECATYID CTeneHhb
YUCIa NATh, HallJeHHw#t  MareMmaTnkoi“, papen:

550 — 88817841970012523233890533447265625.

JaguMm npumep BHIMUCIEHHS Gojee CJIOXKHOTO apHPMETHYECKOro
BHIpa’KeHHA:

ar = 8353 + 644 — 315~14 + 564,/1025(314 — 278)
_ (97067002487950314641206275781839678893)
1025




2.9. YHCaa o omepauHH Maj “MCIAMH 65

B dopmaTaXx uesblx WA D2UOHOHANLHLIX YHCEN TPYJAHO NOJYYHTH
npeicTaBleRHe O BeAHYHHE pe3yAbTaTa. KpoMe Toro, oy Heyjgo6-
HH B YHCAeHHHX pacyeTax ellle H NOTOMY, 4TO ,,Marema’mxa.“',
CTPEMACH COXPARHHTb THI YHCENX, OCTABAAET (PAKTHYCCKH HEBLIYHC-
JeHHHIMHM Takue BhIpaxkenus, kax Sqrt{10], Sin[Pi/5] s T.3.

{Sqrt[20], Sin[Pi/5]}
. Pi
{2Sqrt[5], Sm[?]}

Ecan s nociefHeM npHMepe 3aMeHHTb uenoe yucio 20 Ha
BemlecTBeHHoe yucao 20. {XapakTepHok 0coGeHHOCThIO GopMaTa
BEWIeCTBEHHLIX YHCES ABIACTCH NPHCYTCTBME AECATHIHOH TOYKH B
3ANKCH $HCTA), TO NOAYYHTCA CAefyOUIME pe3ylbTar:

Sqrt[20.]
1 4.47214

dyukuns N gB14eTCA KOEBEPTOPOM B (hOPMAT BellleCTBeHHKIX
qHcCe] UM B OPMAT KOMIVIEKCHRIX YHCE] C BelleCTBeHHRIMH KOM-
MOHeHTaMH, B KOTOPHIX Pe3yAbTaT 3ANHCHIBALTCH B 60Jee NPUBHIY-
HOM BHJe, IPUHATOM B HAY4HAX M HHXeHEPHHIX pacdeTrax:

{N[sum], N(arj}
{4.7341910%2, —9.4699510%}

Tipu BLEIYACAEHHAX C BEUIECTBEHHBIMH YACAAMEA O4YeHb NOJe3-
HE ¢yHKUME Precision ¥ Accuracy, KoTophie BeCbMa YCJIOBHO
MOXKHO MepeRecTH KaK pa3padnocmb B mouxocmbs. Pa3piajsocTh
eCTh 4YHCIO JeCATHYHWIX uddp, Hcnoabdyemux  MaremaTrkoi™
B NpegcTaBieHHH BelUeCTBEHHBIX YHCed NpH BRIYHCICHHAX, B TO
BpeMA KaK TOYHOCTb €CTh YECAO ASCATHSHEIX UWGD, HCIOABIY-
eMHX JAA NpeACTaBleHus JPoGHOH YacTH BellleCTBEHHHIX YHCEJ.
C BHIMHCAHTENbHOH TOYKE 3DEHHHA BelleCTBERHLIE YHCA2 TPaKTY-
jorces ,MaTemarTnkoi“ auf0 Kax HMewllHe MAIXHHYIO paapaj-
HOCTb (O yMON4aHHI0), 1H60 KaK WMelollie HeoupeJeleHHy0 pad-
pagHOCTE. JlAf TOro 4TOOH Y3IHATH MAUIHAHYIO DaspAZHOCTh
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A8 BRILET0 KOMOBIOTEPA, AOCTATOYRO BHYHCAHTH BRIpaXKeHHe
$MachinePrecision. Ha PC-xoMnsioTepe asTopa 3T0 Y4CI0 PaBHO
16. ' i

{Precision{1./7], Accuracy[1./7]}
{16, 17}

3HaveHUX DaCCMATPHBAEMEIX PYHKIHK JAf HeAhX H pPanHOHadb-
HRIX YAcea paBHo Infinity. Ecan noassosaTens BBt BelleCTBeRHOe
YUCIO, HCNoab3oBaB Goabiie 16 nudp, ToO OHO TPaKTyeTcd Kak
HMelolllee Pa3pAJHOCTh, GOABIIYIO, 9eM Pa3psiHOCTh BBEJEHHOrO
YHCIa, C JONONHHUTeNbHKRIMH HeM3BeCTHHIMH uk¢pamu. IIpu Bu-
YACJAEHHRX ¢ TAKKMH 4YHCIaMM OPOH3IBOJHTCE aHalE3, Ha KakKHe
pa3pfAbl pe3yabTaTa BRIYHCIEHHH MOTYT BO3JeHCTBOBATL JOMNOM-
HETeIbHEE UH(PL BBEIEHHOTO YHCAA. TaKue palpaH He BKIIOYa-
IOTCA B pe3yJbTaT.

Y ¢yuxuue N EMeeTca BTOpoH, HeobA3aTelbHO YKalkIBae-
MH{ aprCyMeHT, KOTOPhH olpefelfeT padpifBOCTh YHCEd, HC-
NOAb3yeMYIO NPH BHIYACAEHHH pe3yibraTa. Ecium BTOpoH apry-
MEHT He 3aJaH, TO, 0 YMONYaHHIO, B BRYHCAEHHIX UCHOAb3YeTCH
$MachinePrecision uudp, a Ha 3KpaHe KOMELIOTEpa pe3yALTAT
NpefcTaBaes ¢ WwecThio uudpami. K ¢pyukuun N obpamatorcs gi8
HaXOX/JeHUs THCICHRHX 3IHAYeRHH BCTPoeHHHX koHcTarRT E,Pi, u

Aap.:
pin = N[Pi, 40}
3.1415926535897932384626433832795028841972
sqad = N{Sqrt[20],25]
4.472135954999579392818347
{Precision{pin], Accuracy[pin],

Precision[sqad], Accuracy([sqad]}
{40, 40, 25, 24}

Berpoenane arroputMu MaTemaTEKE® cTpeMATCE, YTO6h HpH
BRISHCAEHHH GyHKinE N OT BCTPOEHELIX KOHCTAHT Bce uudpal
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peayabTaTa GhnM BepHhle. (QHAKO B o6lleM CAyyYae He clegyeT
OXHAAThL, YTO BCe N IHQPD Pe3yAbTaTa BHYHCAEHHA BLIPaXKEHN:
Nlexpr,n] sepanle. Cnpabeiaubo AMiis TO, YTO BEYHCIEHHA
BeJHCh C 33, aHHOH NOAB30BATENEM DA3PATHOCTDIO, PABHOK 7.

AprymentamMu dyukumi N,Precision u Accuracy Mmoryr
O6HTbL H KOMIJIEKCHLE THCAa:

compl = N[Sqrt[20 + 51]
4.50641 + 0.5547657

{Precision{compl}, Accuracy{compl}}
{16, 15

Ecau 8 npolecce HHTEPDAXTHBHHEIX BRIYHCICHHH BO3HHKAKT
BeulecTBeHHEIe 4YACRA, BelWYHHOM MeHnmmme, dveMm 1070, To ¢
noMolybic dyHkuaE Chop ux MoxHO 0T6POCHTB:

{exp = E*(IN[Pi]}, Choplexp]}
{~1.41.225151076, -1.}

3ajaune BTOPOro 1HCACBOTC apryMeHTa € y pyHkuuy Chop noaso-
A£5eT oTOpackiBaTh BeUleCTREHHEIe YKCAA, 110 MOAYJIIO MEHBHIHE €.

YkaxeM HeckoIbKO QYHKUHH B H3BEeCTHOM CMBICHe OGPATHRIX
Mo OTHOLIEHHIO K ¢yHKuuME N, T.e. COROCT2BASOWINX GAM3KHE
K BelleCTReHHHM YHCAAM UETHE WIH paUHOHANLHHE 4YHCIa. JTO
npexjge BCero (YyHKU#H, BHYMCASIONIHe Helyio Yacrh 4YWcIa @,
Gamxallllee K ¢ Uedoe, H GaMxKailiee Leroe, NpeBocXogilliee @, —
Floor[a},Round[a], Ceiling|a):

{Floor[5.7], Round[5.7], Ceiling[5.7}}
{5, 6, 6}

Pyuxnus Rationalize koupepTHpyeT BellecTBEHHBIE YHCIA B pa-
yuoHanbHule. TOYHOCTL NpeoOpaloBaHHA MOXeT OHTb 3ajaHa B
KavecTBe BTOPOrO apryMeHTa 3TOH DYHKIHK:
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Rationalize[N[Pi],0.001]
355
113

MuTepecHo BHIYHCAMTD CIOMCOX HECKOALKHX, BCe Golee TOMHBIX
npubasikenHil Yncia Pi pauoHanbHEIMA 9HCIaMHE:

Table[Rationalize[N[Pi), (0.1)*i], {1, 7}]
{'22 22 355 355 355 355 104348

YrnpaxHeHuSR

1.

Peaauayiime ¢ momoumio  MaTteMaTmku“ cresyioumsi cnoco pemreHus
ypaBHeERA deTBepTOk cTenemm z' + 2z° — 6z’ 4+ 2z 4+ 1 = 0. Cuazana obe
4acTH ypaBHEeHHR JEIATCA Ha T°, a 3aTeM BBOLHTCA HOBOE HEM3BECTHOE ¥,
CBA3AHHOE C T COOTHOLfeHHMeM y = £ + 1/z. OTHocHTeN EHO y noAy4aeTca
KBajfpaTHoe ypamHeHue. Haxoga'rca ero peulenns, a sareM . liposepome
NMPaBHIBHOCTE NOAY9EHHRX TAKUM CIIocofoM KOpDHER MCXOAHOTC YPaBHEHHA
C IOMOLILIO MX IOACTAHOBKM B 3TO yPABHEHHE.

. fAsnnercs am mmorowieH z' 4 4z — 2z° - 12z + 9 TowMEM KBaJpaToM,

T.e. M0MHO AU nodoGpame TPW MHCIA P, ¢ ¥ r TAK, YTOOH MMENo MecTo
ToxpecTbo o' +45° — 227 — 1224+ 9 = (pz® + gz +r)??

. Y6edumece, uro muorouwren z° + y* + 2? Hemad NpeACTABHTH B BHJAE

npouasegerun (az +by+cz)(Az + By + Cz) AU IpH KAKHMX BelUleCTBEHHEIX
WAY KOMIIEKCHEIX 4mcnax a, b, ¢, A, B, C.

. IIposepsme, 4To (DYHKLMA, ABIAIOUIAACH PEAYILTATOM BHYMCICHMA Bh-

paxennn Integrate{l/(2 + Cos[x}},x], He ecTs nepmoobpasnan drympm
1/{2 + cos ). HanommmmM, 9To neppoobpasiol dyrxinm f(x) HaselBaeTca
Takad HenpepHBHaid M AHddepeHuupyeman dpyuxkima F(z), uro F'(x) =

= f(=).

. Hespuan ynxmas y(z) onpegennerca ypasmenuem zy’ —(z + 1’y +3=0

u ycnorueM y{0) =3. Hatidurme aHaueHNs NepBoil M BTOPOM MPGH3BAKHOMN
$yuemuu y(z) mpu £ =0
5

. ®ymamne z(z,y) olipefenseTca Kak HedBHaA GYHKIMA ypaBHeHUeM z° —

—zz+4*2* — 1 =0 u ycnopuem 2(0,0) = 1. Hatidurme 3navenus nepprix
NPOH3BOAHHEIX dTol GyHKIMK B Touke (0,0).
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7.

Hatidume wmcienso Aimsy orpeaka xpusol 4y° = (z — 1)°, sakmogernoro
pHyTpu napabonu ¢ = z. Hcnomayiire pymxmmo ImplicitPlot gupexTo-
pun Graphics u Bcrpoennyic dyuxumio NIntegrate.

Pewtenye 2agavyw Koumt ana cresymoulelt cucTeMu Jlopemnia Tpex obmKHO-
BeHHBIX AuGdepeHIMATHHEX YPAaBHEHMH

2'() = —3(2(t) - (1)),
/(£ = —(2)z(2) + 30x() ~ (1),
£(t) = =(hu(t) - 2()

HAA npoMeXyTKa BpeMennt t nopagxe 30 3anuMacT CDOUKOM MHOI'O BpeMe-
HH, €CIH PELIATH 3TY 3aJa9y € oMol BeTpoenson dymamm NDSolve,
B naxere Programming Examples RungeKutta ects dymxims RungeKut-
ta, KoTopas HAYUTEARHO GHCTPee CIPABARETCA € YHCICHHLM KHTEIDHpO-
BAHWEM CACTeM OCHKHOBEHHEX gnddepeHimanbAnX ypabHemtit. [lepauim
ApPTYMENTOM ToH $YIOUMY ABAASTCA CIMCOK MPABRIX MaCTeH ABTOHOMHBIX
cucrem QJIY, mpudeM apryMedT ¢ y HEMIBReCTHWX (DYHKIMH ABHO He YKa-
anpaercd. BropuM apryMeHTOM ABAACTCA CIMCOK HEH3BECTHEIX (DYHKIGGL,
TPETHUM APTYMEHTOM ~— CIMCOK HAa4AILHEX 3HAYEeHME, B YeTBEPTOM apry-
MEHTE YKAIRBASTCA MHTEPBAL HAMEHEHUA He3aBUCHMOH NTepeMEHHON o 1ar
VHCAeHHOTO WHTerpupoBamya. [lpuMenuTensuo x cucreme Jlopenna o6pa-
wenne k pynxipm RungeKutta Mmoxer Buraagers caegyonmm obpaaom:

rk = RungeKutta[{-3{x - y),—xz 4+ 30x - y,xy — z},
{X,Y,Z},{0.1,0},{30,0-05}};

B peaymTaTe BHYMcIEHHS NOXY4AeTCA CIMCOK rk 3HAYEHWMH HEHIBeCT-
HEX PYHKIMIK B TOYKaX pasGHeHMA MHTEpPBANA H3MEHEHWA HE3aBMCHMOM
NepeMEeNHON. JTOT CIHCOK MOXHO MCHOJL3OBATH AMA HArVIAAHGTO Apej-
CTaBIEHHA TPACKTOPHM.

Show[Graphics3D({Line[rk]}}, Axes —+ True,
AxesLabel -+ {"x","y",”z"}]

Pucynox GeMOHCTPHpYeT HaDfMHE TAK HA3RIBAEMO'Q , CTPAHHOIO ATTPAK-
Topa" y TpaekTopuit cucTeMn Jlopexua.

Hecaedydime, xax #3MeHAETCA PUCYHOK B 3aBMCHMOCTH OT M3MEHEHM KO-
addurpenrod 3 u 30 B cHCTeME, a TaxXKe OT MHTEPBAIA K LIAra METETPHPO-
paHuA. CXoiabKo BpeMeHH 3aHMMaeT TMCACHHOE HHTETPHPOBAHHKE Ha BallleM
KOMIbIOTEpE 7
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BCTPOEHHASA 'PADPUKA

TpyAno nepecneHHTh 3HaYeHHe HarAAJHWX 06DA’oB B HAyYHOM K
HHKeHepHOM TBopiecTBe. ['padiKH ¥ PUCYHKH CIYXaT OpPeKpac-
HEIM CPeJCTBOM IR AY4INErO NOHEMaHuA oCOoGEHHOCTeH NOBeJeHHA
MaTeMaTHYecKHX O06BeKTOB, KOTOPHE YacTC OCTAITCA CKPLITH-
MH OT HConefoBaTend B (pOPMYNLHOM HAM TeM 6ojee YHCIEHHOM
npejcTapienss.  MaTemaTuka” M03BOJASET CTPOHTH ABYX- H TPeX-
MepHHe rpaduky GYHKIHHE ¥ MACCHBOB YHCIEHHHX JaBHBIX, KOH-
TYpHEIE H NIOTHOCTHEIE I'PAPHUKH PYHKUHA OT ABYX ApPTYMEHTOB,
CHCTOTPaMME, KPyroBeie JUAFpaMMH # T.n. B 3To# riaBe npu-
BOAUTCH ONHCAHHME DYBKIHE, CIyXalluX AA8 rpaduvecKoro mpei-
CTaBleHHA MaTeMaTHYeCKHX o6beKTOB H JaHHHX, a Takke Gojtee
MOIIHAIe CPeJCTRa BH3IYANU3AUWN, KAKOBRIMH fBAAOTCH Tpaduye-
CKHe NIDHMATHBHI.

3.1. I'papuyeckue pyHKIUHM ¥ WX ONLUEMN

BeTpoennnie PyEKUKH, CAYXKAIUKE I8 CO3XaHHA rpadHKOB, OKaH-
uusalorcs Ha Plot B gByxMepuoM caydae uin Ha Plot3D — B
TpexmeproM. ClefoBaTesbHO, HX TOYHHE HMEHA MOLYT GhITh NO-
Ay4eHHl ¢ MoMolbio koMang ?*Plot wan 7*Plot3D.

ContourPlot ListPlot
DensityPlot ParametricPlot
ListContourPlot Plot
ListDensityPlot ParametricPlot3D
ListPlot3D Plot3D

Bce oTH QyHKUMH, KpOMe APryYMeHTOB, 3HaYeHUA KOTOPHX ob4-
32TeNLHO YKA3WBPATCH NOAb3oBaTeNeM NpH o6palleRud K yHK-
UKH, HMeT GOJblUOE KOAHYeCTBO apryMeHTOB HeoOf3aTeAbHHIX,
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Had onyuld. JHaYeHHAH ONUHH YCTAHOBJAEBR NG YMOAYAHHIO, HO
NpH XKelaHHH MOTYT OGRITh HOMeHeHW nodb3oBaTeneM. IlepBrim
06A3aTENRHEIM API'YMEHTOM ABAKETCA BHIPaKeHHE HJAR CIHCOK BhI-
paxkeru#  MaremaTuku“, KoTopue 6YAYyT HHTEpPOPETHPOBATHCA
KakK (YHKUAH, 37jJal0llHe AMHKY HAM NOBepXHOCTH. Bropoi ap-
IYMEHT, HalhBaeMBIA umepamop, onpejeaseT, KakWe CHMBOALL
MOHAMAIOTCS KaK apryMeHTH GYHKIME K B Kak#UX Npejefax OHM
H3MeHAIOTCE. B TpexMepHOM cly4ae YKa3HBAIOTCA fBa HTEpa-
Topa. Onuuu ONpeleisioT CTHAL M JONOAHHTENLHEE DIEMEHTH
I‘pa.qm‘iecxnx PECYHKOB ¥ MO3BOJAAIOT JOOHTLCA MAKCHMaALEON HH-
GOPMATHBHOCTHE M BHIPA3HTENbHOCTH.

Crenylomye 20 onuuid ABAKIOTCE OOUIEMH T8 BCeX CeMH Ipa-
tuveckuX QYHKEHKH, PHCYIOWNX IByMepHLe 06beKThH:

AspectRatio ColourQOutput Frame PlotRange
Axes DefaultColour FrameLabel PlotRegion
AxesLabel DefaultFont FrameStyle Prolog
AxesStyle DisplayFunction FrameTicks RotateLabel
Background Epilog PlotLabel Ticks

Onuav 3ajaoTcd B BEAe NPaBUA NOACTAHOBOK, HAIpHMep
AspectRatio —+ Automatic. [lo onpegenennio, AspectRatio ecTs
OTHOIWIeHHEe BEICOTH K LUKDHHE ABYXMepHOro pHucyHka. [Joan3o-
BaTelb MOXET YCTRHOBHTH €ro paBHHIM JioboMy dHcay k, Bhe-
YaTaB B Ka4deCcTBe TpPeTherc aprymenTa QYHKUMH BHpaXeHKe
AspectRatio = k. Ilo yMong9aEkio, T.e. eCaH ONUHMA NOAB3OBATE-
AeM crnelHalbHO He YKa3aHa, 2TO 4Hcio pasHo 1/GoldenRatio, rze
GoldenRatio,  2010TOe cevenne, npubaumienno papso 1.61803.
YcramopiaeHHad Ha Automatic onnus AspectRatio Gyger onpege-
N8ThCA adropurMamu  MaremaTnku“.

Onuue Axes onpefenseT, KaKHe H3 KOOPZHHATHHIX oced OyAyT
HAapHCOBAHEL, BO3MOXHHE TPH YCTAHOBKH: False, npM xoTopoil HU
OJHA K3 oceii He 6yJeT NpeACTaBAeHa, True — 06e OCH HAPHCOBAHK
u { Boolean, Boolean}, rge Boolean npunuMaer anaverus True uau
False.

Onurz AxesLabel noasoaser paTh Haspakud ocAM. Hanprmep,

{”3”t”y”} HIAH {”Time”,”Sigﬂal”} H T.A.
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[pu xeranun HasBaHHe BCEMY PHCYHKY MOXKHO JaTh ¢ NIOMO-
wei onuuy PlotLabel B Buge PlotLabel — "nassanne”,

Onnus AxesStyle ¢opmEpyeT cnoco6 npeicTaBieHHA OCeH Ko-
OpAMHAT NyTeM 3aJaHed rpadEveckKuX JUPeKTHB, CPefH KOTOPHX
ynoMmaneM Thickness[d], onpegensiomyo oTHOCHTEALEYIO TOALMAY
oceir, Graylevel[d], onpeferstiolyic HacHIEHHOCTh AMHMH Yep-
ueM neeToM, RGBColor[dy,d;,ds] — user aunun, Hue[d,d;,d;]
— UBeT AMHWM B APYTHX UBETOBHIX KOODAMHATAX M YCTAHOBKY
Dashing[{d1,d2,...}}, onpegeasiomyo paamephl 10ce[OBATEALHEIX
CerMEeHTOB NPepPHIBUCTONH AMHAH (PasMephl NOBTOPAITCA UKKIHYe-
cki). Imcna d, d;, dy n d3 sakmodennt Mexay 0 u 1. Tipamep
3aJaHud onuul AxesStyle:

AxesStyle — {{Thickness[0.007], RGBColor[1,0,0]},
{ Thickness{0.008], Hue[0.65]} }

B paccmarpuraeMoMm caydae ock OX GygeT nHavepieHa KpacHLIM
LUBETOM M TOMUMHOH, cocTaBagwmed 0.007-0 4acTe ofmell wmm-
PMEH DHCYHK2, B TO BpeMsa Kak ock Qy 6yser HadepdeHa CHHHM
UBETOM H C OTHOCHTeNbHOH TonmuHoi 0.008.

Onuus Background onpezenser useT ¢oxa pucyuka. Ilo ymoan-
YaHMIO yCTaHaBIHBaeTcA Ha Automatic, 4To IpUBOAHT K Gelomy
¢oHY Ha GOJNBIIMHCTBe AMCHIeeB M NpHHTepos. [Ipw ycraHoBke
nois3oBaTeneM HBeT (OHa IaJaeTca B 0LH0i H3 Tpex cucteM. s
zucnteeB — B RGB(d),d3,ds] (kpacHulil, 3erensill, cHHRE) uny B
Huelh,s,b], an% upernux npuntepos — B CMY([d;,d2,d3,dg] (cu-
HUA, NyPNYPHLIA, KeITHH, YePHbIH) CHCTeMaX. 3gech dy, da, da
unu dy, dz, ds, dy eCTh OTHOCHTEIbHEIE HHTEHCHBHOCTH 6a30BRIX
useroB B RGB nan CMY cucremax, h € [0,1] — ofsaaTennHuii
napamMeTp, ONpelefdlUHR NOJBKeKHe 0BeTa B nBeToBoH Hue-
nanurpe, s € {0,1] — nacwimennocts, & € [0,1] — spkocTh uBeTa.
[Tocaeguue mapaMeTpH He ABAAIOTCA O643aTeNLHEIMH H 10 YMOAYa-
HHIO noJaraloTcA paBHRIMH 1. Boamoxro Takxe 3ajgaHue ¢oHa B
Buge Background — GrayLevel[d], T.e. cepuiii uBeT doua oTHOCH-
Tenbnol nHTeHcHBHOCTH d € [0,1] {d =0 — vepumit don, d=1—
6ennlit GOH).
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IIpy nocrpoesnn pucyHkoB ,MarTemaTika“ BOCHPOHIBOAHT
HBETA COOTBETCTBEHHO IHPEKTHBaM, KOTODHE JaHH NOAb3OBaTe-
AEM HIM YCTAHRBIHBAIOTCA 10 YMOJYaHHIO.

Onuus ColorOutput nossoaseT npeo6pasosaTh ITH ANpeK-
THBH ¢ TeM, 49ToOW HpHCHocOOMTHL BBLIXOJHBIE AaHELIE K KOH-
KpeTHOMY rpadudeckoMy ycTpoicTBy. HanmpuMep, yCTaHOBKa
ColorOutput — GrayLevel npeoGpasyeT Bce IlBeTa K OTTeHKaM ce-
poro.

Onuus DefaultColor onpefenfieT uBeTa »AeMeRTOR pHCYHKA:
ToyeK, AAHHI, HagnHced u T.0. [lo yMonyaHHlo YCTaHORIEHa Ha
Automatic, 470 oBecneyuBaeT UBET 3JeMEHTOB PHCYHKA, JOMEOIHH-
TelIbLHHIH K [BeTY ¢doua. Belnle KOOpARHATHHE OCH M IMAHE IPadH-
KOB Ha YepHoM (OHe MOAY4aloTcA NPH ycTaHoBkax Background —
GrayLevel[0] u DefaulColor — GrayLevel[1).

Onuus DefaultFont nossongeT ycTa#oBHTL THO M pa3Mep
wprdTa 418 TEKCTA, BKAIOYEHEOro B PHCYHOK, ¥ LJ18% MacITaOHEX
OTMETOK Ha OCAX, €CIH YCTaHOBIeHHKE [0 YMONYAHUIO IUPHPT HIH
ero pa3Mep NOJL3OBATENA NOUEMY-I260 HE YCTPauBaloT.

PeayAbTaTaMU BRITHCACHHH, TDOBEJEHHHIX ABYMEPHLIMH Ipa-
dUYeCKMMH QYHKUAAMH, CYKAT NOMellaeMble B BHXOIHYIO Aueii-
Ky Buipakenus ,MaremaTuku“ ¢ aarosopxamu Graphics, Density-
Graphics nan ContourGraphics. Cam puCyHOK ecThb Kak 61 10604-
HHH odpeKT BHYHCIEHHH. DBHBalOT cHTYallHl, XOr/jja NOABAEHHE
PHCYHKA HeelaTelbHO. B 3ToM cydae clefyeT BOCHOAbIOBATHCA
onnuelt DisplayFunction —+ Identity. Onuur Epilog a Prolog 6yayT
ONHCAHH B II. 7.

C noMouusio onuun Frame — True pucyHok aakinio4aeTcd B nps-
MOYrOAbLHYIO paMKy, YeTHpe CTOPOHb KOTODOH MOMHO CHabIuThH
HaADMCAMM, caedaB ycTaHoBky FrameLabel — {"labell”,”label2”,
”label3”,”label4”}. Hagnucu label pacmonaraioTcs no 4acosoi
cTpenke, npuieM labell nomewaerca BHE3Y pHcynka. Hagmuacu
label2 u labeld mo ymondanmio pacnosaraloTca BepTHKAALHO U 1H-
TalOTCA CHH3Y BBepX, HO onuus RotateLabel — False pacnosaraer
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X ropHsoHTaIbHO. YcranoBka FrameLabel — "label” nomewaer
eIHHECTBEHHYIO HAZMKChL OKOJC JeBOH CTOPOHH PaMKH.

Onuus FrameStyle anantorwisa onnus AxesStyle. Ilpu nanm-
9MK PaMKH KOOPARHATHEIE OTMETKH CTABATCA He Ha OCAX KOOp-
JMHAT, a Ha HUXKHeH M JeBOH CTOPORAX paMKH. OTH OTMETKH
CTARATCA B COOTBETCTBHH ¢ aATOPHTMaMH ,MaTeMaTHKH" B cay-
qae FrameTicks —+ Automatic. Ecax noaniaosaTeib Xo49eT paccTa-
BHTb HX CaM, TO eMy HYXHO cferaTh ycraHoBky FrameTicks —
{{z1,2z2,...}; {w1,¥2,-..}}, rae %, ¥; — KOOPAMHATH OTMETOK.
IDTH e CUMBONEI HIK HHCIa GYAYT NOCTaBieHH DAZOM C TOYKa-
MH C KOOpZHRaTaMy z;, ¥;j. OfHYy 3 JBYX BHYTPeHHHX UIYpPHRIX
cKo6OK ¢ KOOPANHATAMH OTMETOK MOXHO 3aMeHKTh Ha Automatic.
B cnydae korja xenaTelbHbl gpyrue HAJNACH BOARIH KOODAHHAT-
HEIX OTMETOK HAK XXeAaTelbHO OTCYTCTBHE BCAKHX HaJNMUCeH, TO
cregyer npubernyTh K ycraromke FrameTicks — {{{z,zlebell},
{zz,zlabel2},...}, {{w1,ylabell}, {y2,ylabel2},...}}}. IHpu xlabel
uau ylabel, papauix " *, Hagnucu B6IH3N COOTBETCTBYIOIUEX KOOP-
JHHATHRIX MeTOK GyAyT OTCYTCTBOBATh.

Ipuctynad x onucanuio onuui PlotRange u PlotRegion, or-
METHM, YTO BHIIOAHEHHe rpacdeCKHX BHYUCACHUH TPOXOAHT TPH
cragnd. Ha nepsoi ,MaTemarnka' dopuupyer HociegoBaTens-
HOCTb rpadhuYecKUX NPUMETHBOB — TOUEK, AUHHE, MHOOYIOAbHE-
KOB ¥ T.I., U3 KOTOPHIX COCTOMT pHCYHOK. Ha BTOpOd — Bripaba-
THBAeTCA ONACAHHE NOCTPOEHHOH MOCALJOBATENLHOCTH IPHMHETH-
BOB Ha f3kike PostScript. Do onucanue genaeT PACYHOK HE3aBHCH-
MEIM OT KOMILIOTEPHHX NJaT¢OpM RIE rpaduieck¥X YCTPOHCTB.
OHo JonycKaeT BOIMOXKHOCTDH Npeofpa3oBaHiil PUCYHKA H €ro He-
nocpejCTBEeRHOE BONJOLICHHE Ha JMa3€PHLEIX NPHHTEPAX M APYTHX
yerpoiicreax. VMeRHO 3To onucaHne nBiferTcd GOPMANbHERM pe-
3yAbTaTOM rDadEYeCKAX BHYHCIEHHHA H TOMEIAeTCA B BHXOAHYIO
AYEHKY.

Haxonen, #a TpeTbell CTafHH JTO ONHCaHWe TpPaHCAAPYeT-
CA MPAMEHATEILHO K IpadM9ecKOMY YCTDOHCTBY, Ha KOTOPOM
paboTaeT NOAb3IOBATENb. DBhIMHCIEHHHE rpadHUecKAl PUCYHOK
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noMeraeTcs B OTBeJeHHOE &MY Ha YCTPOUCTBe NPOCTPAHCTRO,
3a00.HAA co6GOi Bce 3TO TPOCTDAHCTRO NDH YCHOBHH, 4TO Ol
uus PlotRegion no ymonsanmio ycrawosresa ma {{0,1},{0,1}},
rge nepeoe {0,1} ecTb 061acTh H3MEHEHHS HOPMHPOBAHHOH KO-
OpAHHATH ¥, BTOpOe — 06AacCTh H3MeHEHHA HOPMHPOBaHHOMW
KOOpAMHATH Y. Takum 06pa3oM, OTReleHHOEe IIPOCTPAHCTBO
B HODMMDOBaHHHX KOOPAHHATAX NpejcTaBifeT coboOH eXHHMY-
HE# KBajpaT. Fcan xe npousBefeHa yctaHoska PlotRegion—
{{szmin,szmaz}, {symin,symaz}}, rze sz,sy — HOPMHUPOBaH-
HBHE T ¥ Y KOOPAMHATH, TG PHCYHOK OV/JeT 3aNoAHATL COOTBET-
CTBYIOLIYIO YacTh NPOCTPAHCTBA, T.6. BOKPYT PHCYHKA BORHUKHYT
noas.

B nponecce BHYHCIEHHH, OTHOCAILHXCE K NepBOK CTaldH,
,MaTeMaruka“ onpejenseT, B HaCTHOCTH, KaKad o61acTh H3MeHe-
HHEA KOOPAMHATH ¥ JOKHa O6ITh 0TOOpaXKeHa Ha PHCYHKe C TeM,
4TOGK DPHCYHOK BKJIOYa] HanGojee WHTEpecHHE YePTH paduye-
ckoro obbekTa. [IpH »TOM , HexapakTepHble“ 3Ha4eHHS ¥ OYeRb
6oJbUIRE 3IHAYEHUA KOOPAHHATH ¢ HCKAIOYAIOTCA IPH YCTAaHOBKE 1O
yMmoagauuio onuru PlotRange -+ Automatic. [pyrue BoaMoXukie
ycTaHoBKM 2ToH onuuM ecThb All (oTo6paXkaioTcd Bce IHAYEHHA),
{ymin,ymaz} (#a ocn Oy npegcTaBieHbl 3HAYEHUA QYHKUUHA, 3a-
KIloYeHHEe B 061acTH OT ymin Ao ymaz) K {zrange yrange}
{oTo6paxaloTcs TOABKO T€ YacTH rpaprKa, T-KOOpPAHHATA KOTO-
PHIX 3aKiMl0¥eHa B 06AACTH Trange, a y-KoopAHHaTa — B 06MacTH
yrange).

Nocnenuss onuna Ticks, ynpapasimouwad KOOpAHHATHRIMA OT-
MEeTKaMH Ha KOODAAHATHHRIX OCAX, AHATOHYHA paHee ONMMHCAHHOH
onou# FrameTicks.

Briitle npuBegeHk onoun, obIIHe JAf BCeX ABYMEpPHLIX Ipad-
veckux (yakuri. Kaxgag us dyeEkOni, pacCMOTpeHHRX HUXKE,
HMeeT CBOM JONoAHMTenbHWe onuuu. [locaefnne, a TakxKe Heko-
TOpHle ONMUKH TpPEeXMepHHX rpadHyecKHX PYHKOEH O6YIyT AaHH
B ONNCAHHAX COOTBETCTBYIOIHX dyHkuui. B aaknioyenne 3To-
ro NyHKTa gafkMm NpHMep OpHMEeHeHHA ONUHH JAX I'padHIecKOH
dynkunn Plot (puc. 3.1):
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pll = Plot[Sin[x"2], {x, ~Pi,Pi},
PlotStyle — Thickness[0.005],
AxesStyle —+ {Thickness[0.004]},
AxesLabel — {"x”,”y"},
GridLines + Automatic,
PlotLabel — "Plot of Sin[x"~2]",
DefaultFont -+ {" Arial”,14}];

Y
Plot of Sin[x*2)

AVE
1l \
-3\-% -1 1 \2
05 \ J

Puc. 3.1

——_,

B oTom npuMepe 3ajianbl B ABHOM BHAE JAlEKO He BCe ONUHH
$yuxkunn Plot. Kaxsue umenno onuuy daxTudecky HKCHOAL3O0-
BaHW H KakKHe 3HAYEHUA YCTAHOBAEHK JJA DTHX ONUHAH, MOXKHO
Y3HATH C NOMOUIbLI0 GYHKIHH Options, BRIYKHCIKRE BRIpaxceHue Op-
tions[pll1].

3.2. AsymepHan rpaduka

HauyHem onucadme ¢ BaxKHeHWER M JacTO YNOTPeGageMOl hyHKIHH
Plot, TeM 6oaee 4yTo oHa yXe BcTpedasach HaM panee. C nmoMmomsio
2TOH GYHKUHA MOXKHO YePTUTh MpaduKi Cpa3y HECKONLKHX QYHK-
[[HH, 3a0aR B KAYeCTBe Nepeoro apryMegTta qiyrxyun Plot cnucok
dyrkuui. [Iaa Toro YToGH Pa3fHIMTH TPMPUKH, HCIOABIYETCH
onuus PlotStyle — {{dir,}, {dirs},...}, rae dir; ects coBokynrocTh
rpadpuIecKEX JHPEKTHB, OTHOCAIAXCH K i-My Tpaduky (puc. 3.2):
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pl2 = Plot[{~40x"2 + 800x + 30, 100x + 3000}, {x, 6,12},
PlotStyle — {{Thickness{0.008]},
{Thickness[0.006], Hue[0.]} }]

4000

~

3600

e, '

8 10 12
Puc. 3.2

Ha nseTHOM MoEHTOpe rpaduk napaGonkl 6yjfeT HapHCOBaH
C NOMOHIBIO TOACTOH 4epHOH JMHHE, & rpagHk OpaMoil — c
noMolbio Gonee TOHKOW KpacHo#. MHE BHAMM, YTO KOOpAHHATHLIE
OCH TepeceKaloTCA Ha 3TOM pHcyHKe He B Todke (0,0). Onuns
AxesOrigin — {zorigin,yorigin} onpegenser nepecedeHde ocell B
TOYKE ¢ KOOpRUHaTamH (rorigin,yorigin).

IIpy mOCTpoenuH rpapHkoB PYHKHMH BOIMOXKHKI JBe CTpaTe-
run, Ilepras cOcTONT B TOM, YTOOK CHavana NOLYYHTH BOIMOMKHO
NpoCToe NPHONKKeHHOE NpeICcTaBNeHHEe AAA (PYHKIEHH B 22 IaHHOM
KHTEepBAJIe H BHYACIATE 3aTeM IPHOAHXKEHHE® 3JHAYEHHA B KAKOM-
T0 Habope Toyek. BTopas cTpaTerus, KOTopod oOHYHO cleqyeT
,MateMmaTuka®, — onpesernTh 3apasee XapakTepHhle TOYKH I'pa-
GUKa H 3aTeM BHYHCIATH QYHKIWI B 3THX Tovkax. Tem wme
MeHee CYIUECTBYIOT CHTYANHH, KOTCJa LHelecOOOpa3HO 3aCTABETH
,MaTeMaTHKy" CI1eJ0OBATEL IEPBOH CTPATErHH.

OA1H ¥3 TaKBX CAy4aeB PeadU3yeTCHd HPH DOCTPOSHHH HECKOJb-
KHX rpatuKoB OJHOBDEMEHHO H TOT'Aa, KOTJa COOTRETCTBYIOLIHE
¢bYHKUAM 3a5aHH He MONL3ICRATENEM, a NONYYATCA OPH BRIYHCIE-
uuy pynxkuun tuna Table. Bropok cry4ai — nocrpoerne rpadu-
KOB QYHKIRH, MOAY4eHHHX ¢ nomompio NDSolve, B nogobunix
cryvasx npmberawoT X ¢yEknuu Evaluate. B paccmaTprBaeMom
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HUXKe MpHMepe CTPOATCA IpadMKR IEPBHIX JeTHIPEX NOAHHOMOB
Yebuiiesa nepsoro poga: ChebyshevT[0,z) — noaunoMa ryaesoro
nopsAKa, paBHOro ToXjecTreHHo efuHnue, ChebyshevT[l,z] =z,
a Takxe nonwHomon ChebyshevT(2,z], ChebyshevT(3,z] (puc. 3.3):

pi3 = Plot[Evaluate[Table{ChebyshevT[n,x}, {n,0,3}]],
'{x;- 11 1 })
PlotStyle —+ Table{{Thickness[0.003+2i 10~-3]} {i,0,3}]];

0.5¢

Puc. 3.3

PaccMoTpuM Tenepb oCTalbHble W3 CeMH CleUH(PHYECKHX [
dyuxunua Plot onuwi: AxesOrigin, Compiled, GridLines, MaxBend,
PlotDivision, PlotPoints, PlotStyle.

Onuus GridLines, ycragoBrleMHas Ha Automatic, BRARIBaeT
NOABAEHHE Ha PHCYHKe CeTKH BEeDPTHKANBHHX H I'OPH3OHTAJbHEIX
NpAMBIX, HCXOZALMX M3 TOYEK KOOPARHATHRIX OCeH C KOOPAHRAT-
HEIMM OTMETKAMH. JTa ceTKa BHLHA Ha rpaduke pll, NpHBeAeHHOM
BRILE,

Onuus PlotStyle copnagaet ¢ onuuamu AxesStyle m FrameStyle,
HO onpeleifeT rpadpuYecKHi CTHAbL NPeJCTaBleHHA BLHIYepiIHBac-
MHX IHHHH.

AJaUTHBHHHA aJIrOPHTM, KoTopoMy cleayeT ,MaremaTuxa'
NpH HOCTPOEHHH [patbHKOB, NPefYCMATPHBAST MOAYYEHHE KOCTA-
TOYHO [IaJKHX KPHBHIX.. QOJHMM M3 KPHTEpUEB IIALKOCTH ABIA-
eTCA BeNHYMHA yIJia MeXJAy NoCAeA0BATEeAbHHIMU OTPeIKaMH MpsR-

1
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MEIX, ANNIPOKCHMHPYIOIIHX KPHBYIO MeXJAY COCeZHHMH TOYKaMH,
B KOTOPHIX BRYHCASIOTCA 3Ha4eRHR (QYHKUHH, 3aJaOLIEX KpH-
By®o. BenmunHa 3TOro yraa ycrasasiaupaercs onnueii MaxBend,
RO YMOJAYaHKIO OH papen 10°.

KoansecTBo To4ek, B KOTOPLIX NPOHIBOASTCA BHYHCICHHE, pe-
ryanpyetcs onnuei PlotPoints, koTopas, ecan He oroBopeHo nHOe,
paBHa 25. Ecau yroa Mex gy nocaeoraTeNbHEIMH CeIMeRTaMu TIpe-
BOCXOJHT 3Ha%enue onuun MaxBend, To npoussoguTcs Zpobaenue
HHTEpBala MeXJy COCeAHAMH TOYKaMH, HO TaKHX LIaroB jpobae-
HUH He MoXeT OuTh Goabiue, weM 3Hadende onuun PlotDivision.
Jns yMmensineHMA BpeMeHHM BHIMHCACHHA QYHKUHA B BHOGPaHHHIX
no aJaNTHBHOMY AICOPHTMY TOYKaX NPOR3BOJHTCA HX KOMIANH-
poBaHHe, 3aKAOYalolleecd B COIJAHME HEKOTOPOro HCEBJCKOAA.
O/Hako NoCAeHHI MOXKET TPHBECTH K YMeHbIIeHRIO TOYHOCTH BHI-
yucaesnii. Eciu Hy:XHo H36exkaTh Nogo6HOH NOTepH TOYHOCTH, TO
cregyet nprbernyTs Kk onuMr Compiled —+ False.

dyuxuus ParametricPlot nossonsier pucoBaTs KpUBHE M Ce-
MeHCTBA KPHBRIX, 3afaHHHX NapaMeTpH4eckd. Fe omucanme ¢ co-
OTBETCTBYIOIIMME HIMEHERHAMY COBNAaeT C OMUCaHHEM hYHRKIMH
Plot, B 9aCTHOCTH OHA UMeeT Te Xe onuuy. Mu orpanuduMcs mo-
3TOMY IPOCTHIM NPDHMEpPOM NpuMeHeHHN aToll Ppynkumk (pnc. 3.4):

pl4 = ParametricPlot[{Cos][t], Sin[3t]}, {t,0,2Pi},
PlotLabel — "Lissajou figure”]

Lissajou figure

0.5}

Puc. 3.4
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Pyuxuna ListPlot npegnasHadena ansa rpaduyeckoro npes-
CTaBAeHWA AHCKPETHHIX YHCJIEHHHX JaBHLIX A HMeeT CBOHM Hep-
BWIM apryMeHTOM aubo cnucok BuAa datal={y;,ys,...yr}, Au6o
covcok meja data2={{zy,y1},{z2,%2},-- - {2n,¥=}}, AM60 cnmcok
JaHHBLIX CO3JaeTcA Kakod-nmu6o ¢ysknued, Hanpumep Table. B
nepBoM cay4ae GyheT rpadu€ecks NPeSCTaBAeHa COBOKYNHOCTL
TOYeK ¢ KOOpAHMHaTaMH (7,%;), BO BTOPOM — C KOOpZHHATaMH
{(zi,4). MycTs Maccus ganumx datad umeer pug:

data3 = {1.,1.18785,0.81045,0.09574,-0.41614, —0.51789,
—0.49499, —0.60536, —0.65364, —0.28532,0.42549,
0.95922,0.96017} '

Huxe cregyer ero rpagudeckoe npeacrapiease (puc. 3.5):

ListPlot[data3, PlotStyle — { Pointsize[0.04]}]

[ ]
1 . . .
-
0S5} R

I .

4 8 12
.
.
0.5 F . *
-
Puc. 3.5

CreanyeT 06paTHTh BHHMAHHE, YTO IpadHuYecKas JUPEKTHBA,
ynpasafolas pasmepoM Totek, He Thickness, kak 3To Gmao B
caydae aguui, a PointSize. Pynxuma ListPlot aMeeTr gonoaum-
tesbuue onynk AxesOrigin, GridLines, PlotJoined, PlotStyle. C
nomMoulsio PlotJoined — True Touku Ha rpaduke SyAyT coeJuHeHb
OTpe3KaM¥ NPAMKIX JuHni (puc. 3.6):



3.2. Aeymepran rpaguxa 81

ListPlot[data3, PlotStyle — {Pointsize[0.04]},
PlotJoined — True}

05t

Puc. 3.6

Dyukyau ContourPlot u DensityPlot mossoiagior rpadnye-
CK¥ H3y4YaTh MoBefeHNe MYHKUHA OT JBYX He3aBHCHMLEIX nepeMeH-
ubix. Hepbad #3 HUX CTPOUT AMHYUM YPOBAS, ABIAICUIMECH THHUAME
Ha AOCKOCTH HEe3aBUCHMHX NMepeMeHHRIX, Ffe GYHKUAS NIPAHHMA-
T NOCTOAHHKE IHaYeHuA. [lepBHIM APryMeHTOM paccMaTpHBae-
MHIX QYHKIMA ABIAeTCA BrIpaxenue ,ZMaTemaTnku“, 3ajaiomee
$YHKIHIO OT ABYX NepeMeHHHX. Kakxne 73 CHMBOJOB B BRIPaXKeHAR
crefyeT NOHAMATEH KaK He3aBHCHMAIE NepeMeHHie, OlpeJelaeTCh C
IOMOMBIO ABYX MTepaTopoB Bufa {var; vermin;vermaz;}, cie-
AYIOUIMX 32 [epBRIM aPryMeHTOM.

JonoanuteabuuimMu onnuamu ¢pynkusn ContourPlot ssasior-
ca onnum AxesOrigin, ColorFunction, Compiled, ContourLines,
Contours, ContourShading, ContourSmoothing, ContourStyle,
PlotPoints. PHcyHOK ¢ TMHHAMYE YpOBHA IO YMOMAYAHHIO 3alLTPH-
XOBRIBaeTCH AR packpammpaercs. B cayvae onmun ColorFun-
ction = Automatic obracTy, rAe cocpeJOTOYEHH AHHHH YDPOBHE C
MEHBIUKMH 3HAYEHEAMH (QYHKOHM, UMeloT 6oJee TeMHME OTTeH-
KH Ceporo BReTa, YeM 061acTy ¢ SOABMIYMH 3HAYEHEAMH QYHKUHH
(puc. 3.7).
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ContourPlot{Cos{x~2]Sin{y}, {x,-2.2,2.2},{y,~3,3)}]

 —

15H

. N~
\
~15
-2 o 2
Puc. 3.7

Ha pucyske fcHO BEHAHW MHHHEMYMH M MaKCUMYMhl (QYHKLIMM B
paccMaTpHBaeMol o6aacTH.

Ilpu yctanonke onuau ColorFunction — Hue nponcxoguat uset-
HOe PacKpallMBaHKe, YTO AelaeT PHUCYROK Gonee BLIPaIKTLAbHHM,
HO HMeeT TOT HeJOCTATOK, YTO B CHIY NEPHOLHYHOCTH LBETOBOH
Hue-narsTpui MEHEMYMB # MAKCHMYME GYRKHEH pPacKpauleBwl B
OJHH H TOT ke KpacHhIH LBeT.

BapoueM, npr ycranoske ContourShading — False packpamm-
palue OTCYTCTBYeT, a ecid ycTaHoBHTh onuuic Contourlines -—
False, To oTcyTcTBYOT NMEEH YpoBHA. Ilo yMomuaH®IO YMCHO
JAMHHEH YpOBHA Ha PHCYHKe DaBHO [eCATH, NOJAb3IOBATENb MOXeT
YCTAaHOBHTL HeobXojguMoe dHCIO ¢ noMoilbio onukk Contours.

lpu ycranoske ContourSmoothing = True npoucxoanT craa-
XKHBaHHE AEHHH YPOBHA C TeM, 9TOGH DPHCYHOK HMel ,qom*a'ro‘mo
3CTeTHYHLIH BHJ.

Pyraknua DensityPlot oToGpaxaeT 3HaueHHS HCclefyeMOH
GYHKUEY B AvefikaX PeryJfpHOH CeTKE C NOMOIU5I0 OKPpaIlH-
BaEAA YTHX %9¢eK AH60 B CepHH nBeT, AHGO- B uBeTa Hue-
natutpul. JonosuuTennunle onury ¢Gyuxnun DensityPlot ecTs
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{ColorFunction, Compiled, Mesh, MeshStyle, PlotPoints}. Cert-
Ky fiYeeKk MOXHO HCKJIIOYHTL M3 pHCyHKa, ycTaHordd Mesh —
False. ®Pynxumn ListContourPlot u ListDensityPlot anano-
THYEN TOAbKO YTO PAacCMOTDPEHHHIM JABYM NOCAESHHM QYHKIHAM
i CTPOAT COOTBETCTBYIOILHE Ipadpuieckne o6/beKTH 419 AHCKpeT-
HEIX JAHHKIX.

3.3. Tpexmephas rpacguka

Oyuxuud Plot3D, ParametricPlot3D u ListPlot3D coagalor
TpexMepHHe rpadrieckue o6bekTH (puc. 3.8):

Plot3D{Cos(x~2]Sin[y], {x,-2.2,2.2},{y,—3,3}]

Puc, 3.8

XapaKTepHOH 4epTOH TPEXMEpPHOro CTHIA ABIAETCH 3aKJiode-
HHMe rpacdpuka GYHKUMHA B KOPOGOUYKY, OT KOTOPOH MOXHO H3IGa-
BHTBCH ¢ DOMoiibio onyugx Boxed — False. Ouxiuem kpaTko obiue
OMUHHK TPeXMEPHKX rpaduiecKaX QYHKIAH, 3a HCKAOTEHHEM TeX,
KOTODbLIE HCHOABLIOBANHCE B JBYXMepHOH rpaduke. BoT moaumi
CIECOK DTHX OOLIMX ONUHI.
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AmbientLight  Boxed Epilog Prolog
AspectRatio BoxRatios FaceGrids Shading

Axes BoxStyle ’ Lighting SphericalRegion
AxesEdge ColorOutput LightSources  Ticks
AxesLabel DefaultColor PlotLabel =~ ViewCenter
AxesStyle DefaultFont PlotRange ViewPoint
Background DisplayFunction PlotRegion View Vertical

Onuuu AspectRatio, Axes, AxesLabel, AxesStyle, Background,
ColorOutput, DefaultColor, DisplayFunction, Epilog, PlotLabel,
PlotRange, PlotRegion n Ticks coBmagaioT ¢ cooTBeTCTBYIOIHMME
ONHEAMH JBYXMEPHHX rpaduieckux QyHKNRI.

Onuns Shading ycTanapARBaeT WAM OTMEHHET 3AKPAIIHBA-
HHe TOBEPXHOCTH B Cephli WAH HMHEE IBETa B 3aBUCHMOCTH OT
PACNOJOXKEHHA COOTBETCTBYIOLIEro y4acTKa MosepxHocTH. Ecim
Shading — False, To npejcTapieHHe O NOBEPXHOCTH MOXHO NO-
AYYUTH 00 HMeoMeHcs HAa Hed KPHBOJMHEHHOH ceTke, obpa3lo-
BaHHOH JNMHUAMH NepecedeHKA IIOCKOCTEH r = const, ¥ = const ¢
noBepxHoCcThI0. Db caydae Shading — True okpacka nomepxhocTH
onpefeIseTca JOMONHATEIbHEIMH OMIMAMH, COAEPXKANIMMHE CHMBO
Light.

Onuus Lighting onpegeaseT, 6yfeT An HMCNOALIOBaHA MCKYC-
CTBeHHA TOJCBeTKA JByXMEpPHOH NOBEpXHOCTH. Eciu ycTaHOBAEHO
Lighting — True, To xapaxTep MOACBeTKH ONpeXeNdeTCS OMLMA-
mu AmbientLight {dponoswit umer) u LightSources (ucrousuxnu
cBeTa).

C nomotnpio onuuu AmbientLight — GrayLevel{d] ocymecrsas-
eTCi PaBHOMEPHOE OKpaulWBaHke MOBEPXHOCTH B CEPHIH UBET MM
npa AmbientLight — Hue[d] B oaue u3 nperos Hue-marutpu. B
TO e BpeMfi MOXET OCyMEeCTBAAThLCA MOJCBETKA MOBEPXHOCTH
KPacHLIM CBETOM H3 HCTOYHHKA, PACUOJONKEHHOI'O B TOHYKE ¢ KO-
opauHaTaMi {Z,,Yr,2r}, JeJeHHM CBeTOM W3 TOYKH {Zg.¥,, 2}
M CHHEM CBeTOM M3 TOuKH {Tp,ys,2}. Ilo ymondanuio cgena-
Hhl ycraHoek# AmbientLight -+ GrayLevell0] = LightSources —
-~ {{{1.,0.,1.}, RGBColor[1,0,0]}, {{1.,1.,1.}, RGBColor[0,1,0]},
{{0.,1.,1.}, RGBColor[0,0,1}}}].
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[Tpu ycranoeke Lighting — False nosepxnocTh nogkpalmnsaeT-
CA cephIM NBeTOM GoNee TEMHWM Ha Y4aCTKAX C MEHLUIAME 3Hade-
HUAME Z-KOOPZHHATH.

Onums ViewPoint onpegeisier Touky, #3 KOTOpO# paccMaTpH-
BaeTCA PHCyeMaf noBepxHOCTb. [lonoxenne 5Tol ToUKE onpesens-
€TCH OTHOCHTEAbELIMH KOOPAHHATAMY, B KOTOPHX HEHTP KOPO60Y-
KH € pUCYHKOM HMeeT xooparuaTh {0,0,0}, 2 nuHelHKIH pasMep ee
HauGonbUed CTOPOHH He NPEROCXOAHT eXHHHNE. OTROCHTEeNLHBEE
pa3MepHl JPYTHX CTOpPOH onpegenfaiorcs onudeir BoxRatios. I[lo
yMOJ9aHKIO cAeraHa ycTaHoBka ViewPoint — {1.3,-2.4,2}. HXpy-
r'se 4acTo ucnoasayemule onyuu: {0,~2,0} — B3rags va dacag Ko-
potouxa, {0,—2,2} — crepxy ¢ dacagnoi croporw, {0,-2, -2} —
CHHAY ¢ thacajHoil cropond, {—2,—2,0} — marasg c nesoro yraa,
{2,-2,0} — Baraag c npasoro yria, {0,0,2} — crporo ceepxy.

Onuuu ViewCenter 1 ViewVertical onpegeasior nosoxenue
KOpPOGOYKM B 1I0Je, OTBEJEHHOM [IAf PUCYHKA.

Npiutmep npamenenns dyukunn Plot3D Gua npusesen panbiue,
Onusei, ciennuveckon JAA DTok GyRKUKK, sp1geTch Mesh. Ilpn
ycranoske Mesh — False y6upaeTcd kpHBOJHHedHad CeTKa JAMHHEH
Ha NOBEPXHOCTH.

Onuua ColorFunction ynpaBiseT MHHTeHCHBHOCTLIO ¥ LBETOM
NOAKPACKH NMOBEPXHOCTH, 3ABUCHUINMH OT 3HAYEHHA KOOPAMHATHI
z. [lo ymoanwanHio oHa ycTaHoBAeHa Ha Automatic.

Onuusa ClipFill onpenenser, SyayT AH HAPECOBAHH NIOCKOCTH
z = zmar WM z = zmin B cly4ae, KOrja 3HadeHMe (QYHKUHH B
KAKOR-TO 06MaCTH NpeBoCXoguT 3HaveHHe onuul PlotRange.

Onuus HiddenSurface B caydae ee ycTaHOBKH 10 YMOIYaHUIO Ha
True o6ecneyuBaeT MOACBETKY H NOJKPAlUHBaHHE BCEH MOBEPXHO-
CTH KaK CIJOIUHOFC Tela, B TOM YHCIe H HEBMIHMALIX ¢ BHIGpaHHOM
TOYKM 3peHUd Y4acTKOB noBepxHocTH. B cayyae HiddenSurface —
False nogkpalunBaEHe BOBCE OTCYTCTBYET.

C nomombio ¢yixuun ParamericPlot3D MoxHO pucoBaTh
napaMeTpEYECKH 3aJaHHBE JBYXMEPHEHIE NOBEPXHOCTH HJIH OAHO-
MepHLIE KPHBhHIE B TPEXMEPHOM NpocTpadcTBe. Huxke chegyior
PHCYHKY TOpa 4 ogHOMepHOi KpuBoil (puc. 3.9 n 3.10):
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ParametricPlot3D[{(2 — Cos[u])Cos][t],
(2 — Cos[u])Sin(t],Sinfu]}, {t,0,2P1}, {u,0,2Pi},
Boxed —+ False, Axes — False};

Puc. 3.9

ParametricPlot3D{{Cos|2t), Sin[2t], Sin[t]}, {t,0,2Pi}};

0.5

05
Puc. 3.10

Dysxuna ListPlot3D cayxur gas rpaduieckoro npeicrasie-
HEA AUCKPETHHX YHCACHHHX JaHEHX BUAa data = {{z1,212,...},
{z21,222,-.-},-..}. .Javune data ERTepPOPeTHPYIOTCH KAK 2-KOGP-
ORHATH TPeXMEPHLIX TOYeK, NpHYeM 3HadeHHe KOODAMHATH 2
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NPANACHBACTCA TOYKE ¢ KOOpAHHaTaMu =i, y= j. ‘epea aty
COBOKYOHOCTb TPEXMEPHHX TO4YEK MNpPOBOAHTCA ABYXMepHad OO-
BEPXHOCTDH, AHAJIOIMYHO TOMY KakK ABYMepHhie TOYKH B (YEK-
uar ListPlot coegenanncs 1oMauo#l B clydae YCTAHOBKE ONIUH
PlotJoined — True. :

3.4. Namenenne cTHIA ¥ KOMOUMHKMDOBaHNe
ITOCTPOEHHLIX PHCYHKOB

IlycTs BHNOAHEH Kakol-TO DHCYHOK HJIR cepud PHCYHKoB. Mo-
KeT CAYHHThCH, 9TO TpefyeTCA H3IMEHHThH TpadHYecKHil CTHIbL
PHCYHKA, O6he JHHRTE HECKOABLKO I'DAMpPHKOB B OJHOM DHCYHKE HIK
NpejCTaBUTh COBMECTHO HECKOAbKO PHCYHKOB. [[ad 3Toro me myx-
HO BHIYHCAATEH PHCYHKH 3aHOBO, a ClefyeT NPHOGernyTh K GyHKUHKH
Show. Bupaxenne Show[plot] 3anoBo pucyeT yxe BurancIeHRBIH
pucyuok plot. TIp# 5ToM MOXHO H3MeHHTb YCTAHOBKH ONIKHA B TOX
rpaduieckoil GYHKIHH, ¢ NOMOIBIO KOTOPOR GLLI NOAYYeH DHCY-
HOK, YTO Jerko cjeraThb ¢ noMouwso Show[plot, option — value].
Bupaxenue Show[plot,plota,...] npu Baruucrenuu o6veguuser
HeCKOasko rpadukos B ogroM. CoraacoBanne obiacTeit 3afaHRA B
obaacTeil 3Ha9eRMs GYHKUEHA HTPOMCXOJAT aRTOMATHYECKH.

TToMecTuTs HECKONLKO PHCYHKOB PAJAOM B OJHOM AWHHH, Bep-
THKaAbHOH HAH FOPH3OHTAAbHOM, a TaKXe OOBeAHHATD HX B HPA-
MOYT'OABLHYIO TabAKEY MOXHO CAeayIoluM obpaaom (pac. 3.11, 3.12
# 3.13):

Show|GraphicsArray[{pl2, pi3}]];
Y\

Puc. 3.11

4000

3600
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Show[GrapbicsArray[{{pl3}, {pl4}}]};

Lissajou figure

VARV

Puc. 3.12

Show|[GraphicsArray[{{pl2,pl3}, {pl4,pl6}}]];

1

4000 ¢
3600
g 10 12
Lissajou figure
05
-{ -os5 0.5 |1 P 8 12
VN R

Puc. 3.13

3.5. MyapTHILIKKA WA

,MaTeMaTHka® TO3BOJARET NPOBOJMTE BHIYyATH3ANHIO AMHAMEYE-
CKHAX NpomeccoB. Ecay coajaTh cepHio rpaduiecKNX PHCYHKOB, TO
OHU MOTYT OHITb OXHBAEHH NOAOGHO TOMY, KaK CepUA HenoJBHK-
HEIX KapTHHOK-KAJpOB COEIHHAETCH B MyAbThrabLM. TexHnosoruio
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CO3JaHHA MYJAbT(HILMAE NPOAEMOECTPUPYEM HA [IPOCTOM JABYMED-
HOM NpuMepe: Geryuieil CERYCORZaNbHOR BOJHE,

Crayana cienaeM cepuio #3 11 pHCYHKOB, KaXK KA B3 KOTODHIX
npefcTaBageT coboit rpadrK dydkunu Sin[x —t] Ha oTpeske ocu
z ot 0 jo 4m x18 dukcrpoBaHuux ¢t = 0,27/10,4x/10,...,27. DTr
pHCynKH 6yAyT NOMeMIeHH KaXKJhH B CBOIO AYEHKY ,3alnuCHOH
KHHKKK", pacilooXMeHHbIE OfHa 01 APYTon:

Table[Plot[Sin[x — t], {x,0,2Pi}], {t,0,2Pi,2Pi/10}};

Briferum Bce 5Ti 11 fAi4eek M 2aTeM ¢ NMOMOUIBK KOMAHJhl
Graph Animate Selected Graphics Ta n3 a4eek, koTopas nos-
HOCTBIO IPeACTABACHA Ha YKpaHe JHCILAEA, Oy eT OXuBJIeHa. BHH3Y
BKpaHa MPU DTOM [OABIAIOTCH WIECTH KHONOK, TO3BOAAIOUINE HIMe-
HUTb HanpaBjleHKe NBMKeHEA aHHMAlMH, YCKOPHThH, 3aMeJINTL ee
WU CAeNaTh nayay.

Ilpu noAroToBkxe PUCYHKOB K AHHMAUMH ClefyeT UPOABHTH H3-
BECTHYIO TPelyCMOTPHTEIBHOCTh, OCOGEHHO NOAE3HYIO NDH OXH-
BAeHH#A TpexMmepHrix pucyHkoB. Tak, HanpuMep, 064aCTh 3HAYCHUA
GYHKOMHE 07% BCeX rpadpukoB JOJKHA& GHITH OZHA M Ta Ke, a He
BHOHpaThCA aBTOMaTH4YeckH. [lodTOMy HyXHO YyCTaHOBHTHL cO-
oTBeTCTBYKHUMM o6pazom onuuio PlotRange. [Jiaa TpexMepHuX
PHCYHKOB cleiyeT TakiKe YCTaHOBHTb onuuio SphericalRegion —
True, o6ecne4nBaloly0 HEMOZBHXKHOCTh Kopobouku c rpaduye-
CKHM O0BEKTOM OT DUCYHKA K PHCYHKY.

3.6. I'pachuueckme byHKHUM
" CHelHATU3IUPOBAHHKIX NMaKEeTOB

Ifaker Graphics — ofHH H3 caMBIX MHTEPECHHX CileUHANHIHPOBAH-
HLIX aKeTOB, COAepXKAIUK OKOMO NATH IECATH I'paduIecKNX PYHK-
uui. PaccmoTpiM HekoTophle ¥3 HEX. Pyrkuae ContourPlot3D
# ListContourPlot3D saraoTcs” aHAKOraMH COOTBETCTBYIOIAX
BCTpOeHHHX AByMepHuIX ¢pyHKkunid ContourPlot n ListContour-
Plot. Mu yxe nonssosaneck pyuxnuer ImplicitPlot npu peure-
HUY adreGpauyeckux H TPAHCHEeHAEHTHHIX ypaBHeHHH. PyHKUKA
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FilledPlot o4ens noneana Zaf peileHRA ypaBHEHHE U HepaBeRCTB
{(puc. 3.14):

FilledPlot[{Sin[x],0.1x}, {x,0,4P1i},Fills — {{1,2},
GrayLevel[0.9]}];

0.5;

0.5

Puc. 3.14

Ha sxpane gucnnes 3akpalleHa CepuIM OBETOM OGAaCTh, JaKAI0YeH-
Had MexXAy rpadukaMu ¢yskuui Sin[x] u 0.1x. B obuem caygae
rpaguKOB MOXET OLITh HeCKOJbKO, 3aKDALIMBATHCE CBOKM OCO-
6HIM HBETOM MOryT o6GRacTH, 3AKAIOYEHHHE MeXJY NOOKMH na-
PaME rpadhHKOB, a TaKXke MEX[IY KaKuM-TO MpadHKOM # ockio Ox.
dynxnus FilledPlot uMeer guckpeTnuiit ananor ListFilledPlot
(puc. 3.15):

ListFilledPlot{{2,3,2,2,5,3}];
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JacTo KpUBHE HAa MTOCKOCTH 32 JAIOTCH B NOAAPHEX KOODAHHATAX.
Ecau pocnoawsoBathcs ¢ynxuneid PolarPlot, To mx He HyxXHO
EpPeCYRTHIBATE B JeKAPTOBH KOOPAMHATH AnA pyHKnHE Plot.
I'icTorpaMMEl An8 JHCKPETHRIX JaHHHIX NOJYYAlOTCHA C NOMO-
G0 HECKOALKHX GYHKUHH, ABJAAKLIAXCH MOAHMPHKAORAMH (QyHK-
upy BarChart. [lycrs gaHu gBa MaccHBa JaHHHX datal =
={2,3,2,2,5,3} u data2 = {3,2,1,5,6,3}, Torga ux ricrorpaMma
(puc. 3.16} MOXeT 6HTH NoNy4eHa BUYHCAEHHEM BHpPaXKeHUA

BarChart[datal,data2]

GT —
Al
1+ 2 3 4 5 6
Puc. 3.16

Pyukuur PieChart pucyer kpyrosme rHcTOTpaMMhl JAHHBLIX
(puc. 3.17):

PieChart{datal]

Puc. 3.17
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3.7. 'padpuyeckue NpUMHTHBLI

[Byx- H TpexMepHHEe PHCYHKH, KOTOPHE BHINOJNHAIOTCA rpaduie-
CKHMA DYHKIHAMYH, COCTOST M3 IpPapPUYECKMX OPAMETUBOB, Ta-
KWX, KaK TOYKHM, JHHHH, MHOTOYIrOJAbHHKH, KPYTH, IHCKH, Na-
paiielenunefbl, TeKCT. ToYka XBYMEPHOro PUCYHKa KaK [pa-
(pUYeCKHH NPHMHTHB ecTh BhipaxeHue Buga Point[{x,y}], rae
Z U Y CYThb ZeKapTOBh KOOPAMHATH TOYKK HA MIOCKOCTH. JIk-
HHA €CTh Ha CaMOM Jefe JIOMaHafd JAKHUA, COCTOALLAR U3 OTPE3KOB
NPAMEIX, COeJMHAIOMHUX NMOCKeJOBATEIbHLE YIIOBhie TOYKH ITOH
auuuu: Line[{{x1,¥1},{x2,y2},...}]. PaccmoTpum asa rpadmuie-
CKMX TPUMATHBA!

p=Point{{1,1}]

! = Line{{{0,0},{1/2,2},{3/2,2},{2,0}}]

IpeBpaTHTh HX B PHCYHOK Ha DKpaHe AUCIAesd MOXKHO CAelYIOWEM
cnoco6om. CHa4aja K HUM HYXHO DPHMeHHTH ¢yHkuuio Graph-
ics, TpaHCchOPMHEDYS HX B OJHH M3 UWIECTH IpatdhydecKnx o6HLeKTOB
( Graphics, DensityGraphics, ContourGraphics, Graphics3D, Sur-
faceGraphics x GraphicsArray), a k pe3yAbTaTy IPUMEHHTD PYHK-
auio Show (puc. 3.18):

Show[Graphies[{p,1}]};

Puc. 3.18
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Kpome rpaduieckdx npyMHETHBOB HMEIOTCH Tpafiyeckue Ku-
PEeKTHBH, ONpefendiollie pa3Mepsl, IBeT H CTHAL NpeiCcTaBIeHHEN
NPUMHUTHBOB Ha 3KkpaHe. Ecay oHH He ykalaHH ABHO, KaK B TOJb-
KO 9TO PACCMOTPEHHOM INpHMepe, TC OHH YCTaHABIHBAJOTCE IO
ymordanmuio. [Jupektusb PointSize[r] u AbsolutePointSize{r] onpe-
Ael1f0T OTHOCHTENbHEH B A6COTIOTHRI paaMepHl TOYKH KaK Kpyra
pafuyca r. B nepeoM caydae r ecTh OTHOLUeHHEe pafHyca K LIH-
pHHEe NOAHOTO PHCYHKA, BO BTOPOM ciydae — 7 ecTb pajHyC B
elAHUNe GANHELI, NPHGIH3ATENBHO PaBHOW OJHON CeMbJeciAT BTO-
poil gouma. JInpekTusa cTaBHTCA TNepes NPUMATHBOM, H oba
3TH 06BeKTa 3aKII0YaloTCi B UTYPHHE ckoGkk. Kpome Toro,
AHDEKTHBa MOXeT NeHCTBOBATH Ha HECKOJIBKO OZHOPOJHBIX MPH-
MHTHBOB, CTOAWHX 32 Heil. Bca rpynna takxe 3akaoyvaeTcd B
curypHeie ckobky. I'padudeckux AHpeKTHB MoXKeT OLITh HECKOMb-
KO, H OHM JOMXKHEI IpefllecTROBATE. IDHMHTHBAM. BHYHCIeHKe
BHIpAKEHUA :

Show[Graphics{{Pointsize[0.03], Hue[0],
Table[Point[{0.1},0.05j}}, {j,5}]}]];

NPHBOAKT K TMOABAEHHIO Ha DKpaHe NATH TOYEK KDACHOI'O i[BeTa
OTHOCHTeNLHoro pasMepn 0.03. /upekTHBaMH, yNpaBIAWHKMH
npe/jCTABICHKEM JHHUH, KpoMme nBeTa, spasioTcs Thickness[r] u
AbsoluteThickness[r]. Omu onpegensioT OTHOCHTeAbHYIo H abco-
JAIOTHYIO WUPHHY AHHUH.

Jupexrusa Dashing[{r1,r2,...}] nMeeT peayrbTaTOoM npejcta-
BAEHUE AHHHK B BHAE COBOKYNHOCTH OTPe3KoB AAuHE rl, 12 u T.4.,
KOTOphIe MOBTOPAIOTCA UHKAMYecKH. IlycTb ! ecTh caepylolui
NPHMHUTHB!

I =Line({{0,0},{1,1},{0.95,0.98},{1,1},{0.98,0.95}}]

TOT K2 MOXCHO HONYYHTH clefyioluiuii pucyHok (puc. 3.19):
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Show[Graphics[{Dashing{{0.05,0.03}],
Thickness[0.01],1}]];

Puc. 3.19

I'paduueckuii npumutas Polygon[{x1,yl}, {x2,y2}, ...}]
npeACTaBAACT 3ANONHEHHEIA MHOrOYI'OJbHEK, OPPAHHYEHHBIH 3aMK-
HYTOH JoMaHoW JAWHHE, npoxofaiel yepea Touke (rl,yl), (z2,y2)
u T.5. (puc. 3.20):

Show|[Graphics[{Hue[0], Polygon[{{0,0},{1,1},{2,0} }]}]];

Puc. 3.20

Ha upeTHOM MOHHTOpDE NONYYaeTCA BaNOAHEHHHH KpacHO#
KPACKO#l PABHOCTOPOHHEA TpeyrofsHuk. JacTHHE cay4yail MHo-
rOYroJbHUKa — MPAMOYTOJBEHK — MOXHO HOJYIHTb € NOMOLIBIO
npuMKTiBa Rectangle [{{xmin, ymin}, {xmax, ymax}], » xoro-
poM (zmin,ymin) — KOODAHHATH HUXHEro, a (zmaz,ymar) —
KOOPAHHATH BEPXHE'O YIAOB NPEMOYTOAbEAKA. Jyry okpyXHoCTH
pacylor, npeberas k rpagudeckomy npuMuTHBy Cirele[{x,y},
r,{#1,02}] # ykasuBas koOpAMHATH (Z,y) UEHTPa OKDYXHOCTH,
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pPajnyc r 4 rpaHHYEHe 3Havenus (f,0;) moasproro yraa. 3akpa-
WeHHKE KPYT NOLYYaeTCH ¢ DoMowbio npeMuTaBa Disk[{x,y},r].

BaxHuM rpaduyeckuM NPHMHTHBOM SBASETCH TOT, KOTOpHLi
aajaeT rekcr: Text[expr,{x,y}.

B 3ToM BhIpajXeHHH ezpr ecTh Ni060¢ BRIpaXKeHHe, H NevaTHad
¢dopMa BHYHCAEHHOTO BhipaXeHHs OyIeT UEHTPKPOBAHA OTHOCH-
TeAbHO TOYKH C KOOpAMEATAMH Z,y. EcIM cHavana HapucoBaTh
rpacnx napaboan y = (2 + z)? na orpeske {3, ~1] # 06o3naunTL
Yepes p rpadusecknii ofvexT p = Plot[(2 +x)*2, {x,-3,-1}], T0
3TOT PUCYHOK MOXHO CHabAuTh TekcTom (puc. 3.21):

Show|[p,Graphics{{Text["Graph of y="Expand{(2+x)-2],
{—210'9}]}]];

Graphof y =4+ 4x +x2

o8r
OQ-
N

-1.5

Puc. 3.21

BaecTd TekcT HAM Apyrue rpadHueckRe NPHMHTHBEL B PHCYHKH,
CO3AaHREE BCTPOCHHHMHU rpacdHIecKAME QYBKIBIMH, MOXKHEO C 0~
Mompblo onnuit Prolog u Epilog. IMo ymonyasuio osr ycTaHoBACHH
Ha nycToil cnucoxk { }. [loabaoBaTens MOXKeT BHECTH B 3TOT CIIHCOK
ao6Lle MOIXOARIlKe cAy4alo NMPUMHTUBH. Pasruua Mexay pac-
CMAaTPHBAEMLIMH ONOMAMHE COCTOHT B TOM, YTO NPHMHTHBLI ONUIHE
Prolog pucywnoTca jfo, a npaMuTusu onuki Epilog — nocae ocuos-
Horo pHcyHKa (pHc. 3.22):
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Plot[{Airy AiPrime[x], AiryAi[x]}, {x,—5,5},

Prolog — {Text[FontForm[’ AiryAiPrime”,
{"Times",14}],{1.4,-0.3}),

Text[FontForm(” Airy Ai”, {"Eurostyle”,14}],{1,0.4}]}
PlotLabel — FontForm["TwoGraphs”,{” Courier”,14}],
PlotStyle - {{Dashing[0.02]},{GrayLevei[0.8]}}]

Two Graphs

".\ k

1

o4 2 2 4
s 031 AiryAiPrime

1
(]
L]
L]
L}
1
]
L]

»
: 061
+

4

Puc. 3.22

B rpaduveckom npuMmuaTHBe Text 6nina HCOOAL3OBaAHA QYHKUKA
FontForm, aprymMesTaMH KOTODOH ABASIOTCA CTPOKa C TEKCTOM,
HaalpaHHe H pasMep MIpudTa.

Ecanr BMecTo 3aronosxa Graphics Bocnons3oBaTECA 3aI0N0BKOM
GraphicsdD, To MoXHO noAy4aTh TpexMepHue pucyRKR. [Ipn arom
npumMuTHBE Point, Line, Text u Polygon ¢ cooTReTCTBYIOIUAME H3-
MEeHeHHAMH NepeHCCATCH Ha TpexMepHuil cayyaid. EAAHCTBeHHEIM
HOBHIM TpPexXMepHHRIM NPUMHTHBOM ABIAETCHA

Cuboid[{xmin, ymin,zmin}, {xmax, ymax, zmax}],
C ROMOUbIC KOTOPOI'O PHCYeTCS Napailelenune] ¢ IPpOTHBONOIONK-

HRIMK YraaMH B TOYKaX ¢ KOOPAHHATAMHM Imin, ymin, zmin B
zmaz, ymaz, zmaz (puc. 3.23):
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Show[Graphics3D[{GrayLevel[0.8], Cuboid[{0,0,0},

{1’ 11 1 }]}]l
Boxed — False, Lighting — False);

Puc. 3.23

Kak B B gByxMepHOM ciy4ae, PHCYHKH, OTBEYaiollhie Pa3HEIM
NPpHMHTHBAM, MOXKHO HaKAaJHBATh APYr Ha gpyra (puc. 3.24):

Show[Graphics3D[{GrayLevel[0.9], Cuboid({0,0,0},
{11,137},

Graphics3D[{ Hue[0], Thickness[0.01],

Line[{{—l,O, 0}1 {21 1, 1}}]}]:

Graphics3D{{Hue[0.6], PointSize[0.04],
Point{{~1,0,0}]}],],

Graphics3D{{Hue[0.8], PointSize[0.04], Point[{2,1,1}]}],
Boxed — False, Lighting — False];

Puc. 3.24
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YnpaxXHeHRA

1.

71

Kacaremuan kak npegemsHoe nojckenne cexyumx. [Jocmpodme coBMect-
Hule rpaguxn ¢pyekim f{z) =sin z, kacaTeasnolt x rpaduxy Tol GyHK-
m B Touke 0.5 w arH cexyuprx, mpoxofaumx 4Yepes Touky (0.5, £{0.5)) u
Touxn (0.5 — 7 0.04, £{0.5 — 5 0.04)), 7 = 5,4,3,2,1, xa murepsane or 0.01
Ao 1. Oxpaceme rpadux dymxmm f(z) B cummi, KACATEARHYIO B KPACHEK
¥ CEKYUMe B 3eieHWE IBeTa. [lodfepume TOMUMHY KpPABKX Tak, ITOOH
pHCcyHOK Gnin HamGounee BHpaduTencH, Cdeaatime MyLTOUIEM M3 CepHH
PHCYHKOB, Ha KaXJOM H3 KOTOPLIX HapucaBaHu rpadpnxy GyHKIMH, Kaca- -
TeALHOK H OJHONH M3 CeKynX.

. Mocmpotime cosMecrrute rpadusn $ynxupn f(z) = 5¢* — 122° 4+ 82% 4.2

M ee¢ npowspoAHol Ha mHTepBade (—1,2}. Oxpacerme rpadmx dyHamm
B CHMHMM, 3 €€ NPOM3BOJHOM B KpacHBIM ImBeTa. (pasKume WHTCPBAIH
y6LIBAHNA H BO3PACTANAA (GYHKIMHM CO IHAKOM ee IMPOM3BOHOM.

Kaxoit ¢yuxuwels w3 aupexktopum Graphics ciefyeT B0CnOfb3OBATHCH,
4TO6H HapucosaTh JemmMckary 4(z2 4+ °)? = 41(2® - y*)? Kakne ompm
CAefYeT yCTAHOBMTE C TeM, YTOOH JeMEECKAaTa dAMena QUONETOPLY OBET U
OTHOCHTENbHYI0 Tomigy 0.01?7

. B pucynxe Two Graphics omuembme rpaduxu dyuximmr AiryAiPrime(x)

u AiryAi(x) smecTo Hagmicel MANEHLKMMU KBaPATOM M TPEYOMBHAKOM.

. Popmyan z = ch{u}cos(t), y = sh{u}sin(t) sagaroT mepexox x ummTICIe-

cxkoM cucTeMe koopguaaT. JIMEGm nocTosHHOrO u CYTh MUMIICH, ANHUH
nocTonAnKoro £ cyTs ranepboan. Hocmpotme pHCYHOK, COAEPRALAA IATH
JEEWE HOCTOAHMLIX u M (I4Th JMHIGE NocTOoMHMEX t. Henoavaylime gis
aroro ¢pyukime ParametricPlot, Table, Show.

Todepyaume naker Graphics‘Shapes’, cenaps JOCTYNMHBIMHK CHefYIOLRIE
reoMeTpmieckke o6bexTH: Cylinder {immmap), Cone (konyc), Torus
(Top), Sphere (chepa}, MoebiusStrip (mcr Mebuyca), Helix (cmrpam.}
u DoubleHelix (aBoiias crupasms). Yo HyxHEO crefats, 4robu HapHCo-
BATH 3TH OOBEKTH T

Madepysume naker Graphics'Palyhedra' u yanatime Ha3PaKNA MEOTOrpan-
HMKOB, KOTOPHE MOXKHO HAPHCOBATE ¢ NOMOUMLK PYHKIUMHA 3TOTC HAKETa.
3azae sonpoc TCube, yaxatime, wro HYKREO CAERaTh, YTOGH HapMCOPaTh
ux ¢ nomounio pyrxmpm Show, Hapucylime 3Ta 06beKTH.
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8. Hapucydme xapTuaxn (puc. 3.25):

olo

L — 4

Puc. 3.25



I'naBa 4
PABOTA CO CIITMCKAMH

Marepran, pacCMATPUBAEMHR B 3TOR [V1aBe, 3AHUMAET LeHTpalb-
HOE MeCTO B KHHIe, IOTOMY YTO ero H3y4eHHe NO3BOAAET NPOLBH-
HYTbCA BIIepe] K 0BAaJ€HHIO IpOrpaMMHpPOBaHHEM Ha A3LIKE BEICO-
KOI'O YPOBHA, KaKHM ABAfeTcA ,MaTeMaTuka“, WK BepPHYTHCH Ha-
3a] K HCNIOAL30BAHMIO ee B KayecTBe KalbKyJAATOpa, HO C NMOMOUILIO
HOBHIX MOIIHBIX CPejcTB PaGoTH ¢ PhipaXeHuiMu , MaTemaTuxn“.
OcHOBHLIM O6BEKTOM DTOH THaBhl ABAAIOTCA COHCKH — OJHH M3
HauboJsee (yHIaMeRTaJAbHLIX clocob0B CTPYKTYPHPOBaHHA JaH-
HAIX.

4.1. Tlopox eHHe CIIUCKOB

Cnucok ecTs Bhipaxenne ,Maremarukn“, HMelolee 3arol0BOK
List. Ero asemenTaMu MoryT GhITh JioGhle BHIpaMeHHs ,Mare-
MaTHKH®. C KIaBHATYPH CHHCKH MOXHO BROJAMTL ¢ LOMOILUbIO
GHTYpHEX cKkobok:

{a,Sin{u + v],List[1,2, 3]}
{a,Sin[u +v]],{1,2,3}].

JNeMeHTaMH CIIHCKa MOTYT OHTh cnackd. HamGosee yacTo BeTpe-
4alolafAcd KOHCTPYKUNS M3 CIMCKA CIIHCKOB — MATPHIHL.

m = {{ml11,ml12,mi13},{m21, m22, m23},
{m31,m32,m33}} // MatrixForm
mll ml2 ml3

m21 m22 m23
m3l m32 m33
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‘Pynkuus MatrixForm npeacrasuna concok m B NpUBLIYHOI
MaTpHyHol ¢opMe. Boamoxen mycroi cmucok List[], man {}.
Caegyloise nATh GYHKIMA TOPOKAAOT CHHCKH.

Bupaxenue Range[n] nmeeT pesyabTaTom cnucok {1,2,...,n},
BuipaxKeHHe Range{m,n], rge uucia m, n He off3aTelbHo He-
Abte, — cmucok {m,m+1,...,m+ki}, npudeMm m+ki<n<m+
+ (k 4+ 1)i:

Range(2.2,4.9]
{2.2,3.2,4.2)

Ecan y ¢pyuxuuy Range sagaiil TpH apryMeHTa, TO HOCASIHHN
onpefenseT ar NOPOXJAGHHA YHcel, T.e. Pa3HOCThL MEXJY NOChe-
JOBATENbHLIMY DIEMEHTAMHU CIHCKA:

Range(2.2,4.9,0.5]
{2.2,2.7,3.2,3.7,4.2,4.7}

dynkuus Table no3sosser reneprponaThb Golee CAONKHO YCTPO-
eHHnle cmuckd. Bupaxenne Table[expr,{n}] nopoxaaer cnucok
M3 n 3HA4eHKH OJHOrC U TOrG e BLlpaKeHus erpr.

Table[learn, {3}]
{learn,learn,learn}

3aech HeobXxoZHUMO Caenathb caejyiowee yTodnenue, [eno s
TOM, ¥TO OHO H TO XKe HCXOAHOe BEIPaiKedne eXpr NP BRIYHCICHUH
MOXET XaBaTh PaifHYHEE Pe3yAbTaTh. YTOGH NOHATH DTO, pac-
cMoTpEM dyrkuuo Random, 4acTo HcnonsayemMymo B MaTeMaTH-
YeckoM MojeinpoBaiki. Bupaxeuune Random[] npu Buascaennn
EMeeT peayabTaTOM OJHOPOAHO PacHpeieIeHHYKD HCEBIOCHYYai-
HYIO BelLeCTBEHHYIO BeJMYRHY, 3akAIOUeHHYH B KHTepsate oT (
go 1. TlosroMmy BHumcresue Bupaxenus Table[Random|[]} mo-
. XeT JaTh, HAIPHMED, CAELYIOIIHA PE3YAbTAT:
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Table[Random|],{7}]
{ 0.242873, 0.844294, 0.887767, 0.938646, 0.692790, 0.580143,
0.363467)

B 3ToM cayuae pesyabTaT BRIMECACHHA HEe COCTORT M3 KONHH OJHO-
ro B TOTO Xe BulpakeHHA, Kak 9To GRLI0O B NpenyLUIeM IpHMepe.
Buipaxenne Random(type,range] gaer ncesjocaydalinnie 4u-
cra tunos Integer, Real wan Complex, sax/oieHHLe B HETEpBale
range.

Table[Random([Integer, {0,9}],{17}]
{0,0,8,9,9,5,7,3,5,2,6,1,9,3,9,7,4)

B cayyae Tuna Real TpeTnit apryment dyrkuux Random Moxer
3aJaBaTh THUCAC Iu(P, HCNOIbIYEMBIX AAS NPeJCTaBIEHHS Belle-
CTBEHHOrO YHCJA.

Bepuemca k ¢pyukunu Table. Brpaxkenne Table[expr, {i,n}]
NPH BEIYMCIEHHM MPHBOJHUT K COHCKY M3 7 3HAYMEHHH BHIPayKeHUA
€rpr, OTREHAWAX NapaMerpy t, HaMeHglomeMycs oT 1 Jo n.

Table{N{Log[i]], {i,16}]
{0,0.693147,1.09861,1.38629,1.60944,1.79176,1.94591,
2.07944,2.19722,2.30259}

Bropoil apryment oyuxkuud Table nasuBaeTca umepamop.
Ecan mreparop mMeer Baj {i,m,n}, To ezpr BHYHCALLTCA HAYM-
Haf C { = m, ecllE Xe uTepaTop paben {i,7n,n,di}, To di ecTb mar
mo nepesmeHEo# i. B cIydae, KODAa YKa3aHO HECKOALKO WTEPATO-
pos: Table{expr, {i,imin,imax}, {},jmin,jmax},...], nopoxza-
IOTCH BJOXKEHHLIE CIUCKH:

Table[i+J,{i,1,2},{j,1,3}]
{{2,3,4},{3,4,5}}
Bepxuse rpauib BTODOrO ¥ NOCAgfYIOWIHX HTEPaTOPOB MO-

I'yT 3aBHCETh OT DepeMeHHHX NpPeALIeCTBYIoUiAX HTepaTopos. B
4aCTHOCTH, 3TO HO3BOAAET MOJYYaTh TPeYroibHEe TAGAHIEL.
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Table[x~(i+j),{i,1,3},{j,1,i}} // TableForm
2

T
z3 it
24 25 g6

x T

Dyskuus Array{a,n] nopoxgaeT CECOK AAHHME 1 € DIEMEHTa-
mu afi] 1A i=1,2,...,n. Uteparop, 3ataunui B BuZe {n1,n9,...},
NPKBOZUT K BIOKEHHOMY CHECKY C dAeMeRTamu afiy,iz,...]:

Arrayla, {3,2}]
{{al1,1],a{1,2}},{a[2,1],a(2,2]},{a[3,1),(3,21} }

®yrxnus Array[a,iterators,origin| gaer crncok, B KOTOPOM HH-
JeKChl BTepaTOpOB N3MEHAIOTCA CO 3HAYeHHA Origin, No ymonada-
HHIO DaBHOMY eguHupe. Ecix Xe aprymeHTs ¢pyHKuEH Array
3ajaHH B Bujge Arrayla,iterators, origin,h], To noay+aercs Bu-
paxenne ,MaTeMaTHKHE", B KOTOpOM 3aroaoBoK List Bciogy 3ame-
HeH Ha 3arojoBox h.

Array(b,4,2,Plus] -
b{2] + (3] + b[4] + 6{5]

Bupaxense DiagonalMatrix{list] nopoxgaer cnucok, oTse-
Ja0MAE JBYMEpHO# ARArOHAILHON MATDHIE C JAEMEHTaMH H3
cnucka fist Ha rJaBHOH JWaroHaild, 8 TO BpeMf KaK (yHKOAS
IdentityMatrix[n] gaer equnn4nyio n X n MaTpuuy.

4.2, Ilpeo6pa3oBaHus CIIMCKOB

K 4dcay npocreiimax npeo6pa’oBaHHE, KOTOPhEle MOXKHO TpOJe-
JaTh HajJ CINHCKAMHA, OTHOCATCA fobaBAeHWe K COMCKY H yIaleHHe
aleMeHTOR M3 cmucka. C nomomaio ¢ysknnm Append s1eMeHT
elem MOXHO NOCTABHTL Ha HOCJAefHee MeCTO CIHCKa list, a € No-
mompio pyukuas Prepend — #a nmepsoe MecTo B CIECKe,
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Append[{a,b,c},elem]
{a,b,c,elem}

Prepend[{a,b,c},elem]
{elem,a,b,c}

Kakgetil 37eMeHT cRuCKa OZHO3HAYHO OHNPEJeJAeTCH CBOMM Ho-
MepoM, NONOXMHTEIbHKIM, eclH OTcYeT BeJeTcd cAepa, HAH OT-
puuaTelbHBHIM, €CIH OTCYeT Bejerca cnpaea. Pyuknus Insert
[O3BOMAET BCTABHTL elem B CIHMCOK, MOMECTHB €ro Ha k-¢ MecTo.
OcTanbHEE DIEMEHTHl COXPAHAIOTCA B CIHCKE.

{Insert[{a,b,c,d},elem,2], Insert[{a,b,c,d},elem, -2]}
{{a,elem,b,c,d},{a,b,c,elem,d}}

Kak Mn yke ormevalH, dJleMedTaMH COHCKa MOTYT OHIThb
Ao6ule Belpaxenrs ,MaremaTuku“, B TOM 4Hcie cnucku. Homurid
JJleMeHT elem MOXHO BCTABHThL B JK060H BHYTPEHHHH CIOUCOK B
cinucke list WIM BEYTph Ji06OT0 3AeMEHTa CIHCKa, €CIH 3TOT
JJeMEHT He ABIACTCH ATOMAPHHIM BHIDa)KeHHEM.

Insert[{{a,b,c},{1,3}},2,{2,2}]
{{a,b,¢},{1,2,3}}

YxasaHue no3nuuu B Buje {2,2} o3nayaeT, 4TO HOBHIH JIEMeHT
HYKHO BCTaBHTh BO BTOPOHl JJ€MEHT CHHCKZ Ha BTOPOE MeCTO.
OfuH ¥ TOT XKe MeMeHT MOXHO BCTABUTHL Ha HECKOABLKO IO3HNKM,
ec/H BOCIOML3OBATHCA dyHKNueH Insert B caesyiouwreM Bujge:

Insert[{{a1b:c}a{113}}121{{1a2}a{2!1}]
{{e,2,b,c},{2,1,3}}
Pyrkuus ReplacePart jedictbyer apanorudno ¢pyHkuun In-

sert ¢ TOH pa3nduel, 4TO HOBHH 3JeMeHT 3JIaMellaeT INEeMeHT
cnucka list, croamuk ga k-M MecTe.

ReplacePart[{1,3},2,2]
{1,2}
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Y BaanThb 3JeMeHT CITHCKa 6e3 ero 3aMellleHHs HOBRIM dlieMeHTOM
MOXHO ¢ nomowsblo ¢pyakuud Delete. A umenzo Delete|list, k]
NPUBOAHT K YAANEHHIO U3 CIHHCKA 3JEMEHTa, CTOAIIEro Ha k-M
mecte. Kak m y ¢yuxuuit Insert u ReplacePart, zananune
MO3RUMH C noMolplo ciucka {k1,k2,...} npusogur x yiarennio
aneMeHTa, HaXo ARIIerocs BHYTPH k1-ro >1eMeHTa, B HEM — BEYTDH
k2-ro bieMeHnTa u T.J.

Delete[{a, {1,2,3},b,c}, {2,3]]
{a,{1,2},b,c}

Jna Toro 4TOGHM yAaAUTh HECKONRKO DNEMERTOB, AOCTATOYHO
3aJaTh UX NO3HLHH, 3AKII0UEHHEIE B OOIHe PUTYPHKIE CKOOKH.

Delete[{a, {1,2,3},b,c},{{2},{3}}]
{a,c}

Buyncrenwe Bupaxenrs Drop(list, k] npasoaur k cmucky c
yAaneHHBIMM k nepBrIME 31eMeHTaMM (IpH NOJOXKATelbHOM k)
HIM MOCHeIHHMH dAeMeRTaMu (NIpH oTpuUHaTeibHoM k). Ecim k
3aKAI0YHETE B ¢parypHue ckobku, To Drop nogotuao Delete yaaaur
TOABKO k- 31eMeHT COHCKA, €CAM Keé BMecTO Kk yKa3arTh cnHcok
{m,n}, To 6yAyT yIaJeHL 31€MEHTHl C TR-I'0 1O N-H.

Drop[{x"2,y~2,2"2,u"2}, 2]
(22,42, 4%}

MpuMenenne ¢ynxuun Rest x COHCKY DPHBOANT K HOBOMY
CHHCKY, B KOTOPOM OTCYTCTBYeT NEPBHIA D1eMeRT NpexHeroc:

Rest[{1,2,3}]
{2,3}

Hambosnee ofbwieil dyHkIueH, NDUMeHAeMOH JA14 H3BJeYeHHS
2JeMEHTOB W3 CITUcKOB, ABasercA dynknua Part. Brupaxenue
Part[list, k] gaeT saemeHT, cTofmHE Ha k-M MecTe cnucka. Ecau
HYXHO H3BJeYb SJeMeHT N3 BHYTPeHHHX CIHCKOB KJH U3 HeaToMap-
HBHIX 3JeMEeHTOB CIIHCKa, TO BMECTO YHCIa k YKa3hIBaeTCA mocreio-
BaTeabHOCTH k1, k2, ...
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Part{{a,Sin[x + y]},2,1,2)

y .
Poan ¢yrxunn Drop B nape {Delete, Drop} no orxowenuo k
¢ynxoen Part urpaet ¢pynknna Take.

{Part[{a,b,c},2], Take[{a,b,c},2]}
{6,{a.b}}

Dynkuus First ussaexaer nepsuiit, a dysaxnug Last — nocregsun
3MeMeHT #3 CIHCKA,

JeficTBie OMUCAHHLIX TOALKO YTO (PYHKIUUHE OCHOBAHO Ha NO3M-
UMM 2neMeHToB cnucka. Pynkuus Select onupaeTcs Ba cpoucTBRO
3/7eMeRTOB YIOBIETBOPATH 3aJaHHOMY KPHTEPHIO. DTOT KPHTepHH
npeacTapigeT cofoil IpegRKaT, ABJAAIOLINACI BTOPEIM aPIYMEHTOM
paceMaTpuBaeMoil QYHKIE.

Select{{a,—3,Cos[x},37,{u,v},15}, NumberQ]
{-3,37,15}

Ecan TperbuM aprymerToM y ¢yukuuu Select sagano HaTypans-
HOe YMCIO 7, TO B HOJY4YaeMHH CIHCOK BOHAYT TOJLKO NEpBLIe 1
2/EMEHTOB, YAOBICTROPAIOUIAE KPATEPHKO.

Select{{a,—3,Cos{x],37,{u,v},15}, NumberQ, 2]
{-3,37}

O6paTuTh NOPAJOK DIEMEHTOB B COHCKE MOXHO C NMOMOWBIO
¢yrknun Reverse, B To Bpemsa kak ¢yHxuua Sort pacnosnaraer
3JeMeHTHl B COOTBETCTBHH ¢ NPRHATHM B , MaTemaTuke® nopsg-
koM. BkpaTme 3TOT mOpAJOK MOXHO OXapaKTepH3OBATh, CKA3aB,
4TO YHCAa B HEM PACNOJAraloTCA EPBHIMH K 110 BEIHYHHE, a GYKBH
anaBuTa — B aAPABUTHOM NOPAJKe.

Reversef{c,3,a}]
{e,3,c}
Sort{{c,3,a}]
{3,a,c}
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Pynxuny RotateLeft 1 RotateRight nporsBogaT unkanveckoe
nepeMellieNHe >JAeMeHTOB CIHCKA BJIEBO HJH BAPABO Ha YKalaHHOE
B Ka¥eCcTBE BTOPOTO apryMeHTa ITHX GYHKUHH YUCAO DAEMEHTOB.

RotateLeft[{a,b,c,d},2)
{e,d,a,b}

¥Y3HaTh, CKOAbKO pa3 HeKOTOPHIH JAeMeHT elem BcTpevaeTcs B
CHHCKe, MOXKEO ¢ moMombio gyaxnun Count.

Count[{a,b,a},a]
2

O6paruMca Tenepsh K GYHKUAAM, KOTOPHE PACCMATPHBAIOT
CIHCOK CKOpee KaK MHOMXECTBO, & He KaK YIOPAJOYeHHY IO CTPYKTY-
py. Boo6iie ropopi, B CIECKE MOTYT COJ€PAKATHCA COBNaJAlOlIHe
aneMenThl. [lpumenenne x uemy dynknuy Union npuBogKT X yJaa-
JAEHUIO NOBTOPEHH{ 3JIEMEETOB ¥ K COPTHPOBKE OCTABIUMXCH.

Solve[x"5 — Tx"4 + 19x"3 — 25x"2 + 16x — 4,x]
{z—= 1} {z > 1}, {z =1}, {z =2}, {z = 2}}

Union[Solve[x"5 — 7x*4 + 19x~3 — 25x"2 + 16x — 4, x]}
{{z—> 1}, {z > 2},}

Ecau 8 xayecTre apryMenToB pyHkiusd Union yka3aTh HeCKolbKo
CHMCKOB, TO pe3yaAbTaToM OyJeT X TeoDeTHKO-MHOXKeCTBEeHHOE
oGbeInHeHHEe:

Union[{a,b,c,a},{b,3}]
{3,a,b,¢}

CkasaHHOE OTHOCHTEILHO NOBTOPRIOWHXCH DAEMEHTOB K COPTH-
pPOBKe CHpaBeJHBO K IO OTHOWEHRIO K ¢pyEKuHAM Intersection u
Complement, nopoxjaiouiuM nepecevieHse W ZONOJHEHHe CRHC-
koB. Bupaxenne Complementllist,listl, list2,...] nopoxzaer
COHCOK 3AeMEeHTOB cHHCKa lis, He cojepaliuxXcd HE B OJHOM W3
cnuckop listl, list2 u T.1.
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Complement{{a,b,d,e,c},{a,e},{e, b}]
{c,d}

B xoHye jasHOro pasgesa PaccMOTPEM (DYyHKINH, OCYDIECTRAA-
IollHe CTPYKTYpHHE H3aMeHeHRH B couckax. Pyuknus Partition
B BrIpakeHnH Partition[list, n} pasbusaeT cnucox Ha Henepekpbi-
BaOLIKecs JacTH AAMHE 7, Ha4MHadA ¢ HEPBOTO JIEMEHTa CIHCKA.
Ecay 4Hcro a/1eMeHTOB B CIHCKe He JEAUTCK Haueno Ha n, TO no-
caegnde k (k < n) d1eMeHTOB yAafAlOTCA H3 CHACKA.

Partition({1,2,3,4,5},2]

{{1,2},{3,4}}
DTa xe (GYRKURS B Brpaxenun Partition{list,n,d) npusognr x
PaibHERKIO BA JaCTH SAMHLI 1 ¢ OTCTYNOM d, T.€. NepAbii dNeMeHT

BTOPOro NoACHucKa HMed HoMep d 4 1 B ucxognoM coucke. Taxum
06pa3oM, HOACIHCKH NepeKpPLIBalOTCA NpH d <

Partition[{1,2,3,4,5,6,7,8,9},3,2]

{{1,2,3},{3,4,5},{5,6,7},{7,8,9}}

Partition{{1,2,3,4,5,6,7,8,9},3,4]

{{1,2,3},{5,6,7}}

Ecan ¢yuxuus Partition npusosaT x MO BACHTIO LOTIONKH-
TeNbHOTO YPOBHA B ciucke, To dyHknui Flatten ymernmiaer mx

ugcao. A umenno Flatten » pupaxenun Flatten[list] npusogur
K O/IHOYPOBHEEOMY CIHCKY:

Flatten{{1,{2,{3,4,{5,6}}},{7,8}}]

{1,2,3,4,5,6,7,8}
a B suipaxkenys Flatten[list, n) y6upaer 3aroaosku List Toasko go
YPOBHA N BKIOYUTEILHO.

Flatten({1,{2,{3,4,{5,6}}},{7,8}},2]

{1,2,3,4,{5,6},7,8}
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Mogzuguxanueir ¢pyikunn Flatten asraerca pyukuus FlattenAt,
koTopas npuMenseT Flatten x wacTam cnucka.

FlattenAt[{1,{2,{3,4,{5,6}}},{7,8}},3]

{1’{21{3147{5!6}}}17’8}

Ouenb HHTepecHol dyHxuued apagserca Transpose. Ecin ona
NPHEMeHAETCH K CITHUCKY, NPeICTABASIONIEMY COGOH MPAMOYTOABRYIO

MaTPHULY, TO Pe3yJbTaToM GyZeT TPAHCHORMPOBaHHAHA MATDULA.
Iycte m = {{a,b,c},{1,2,3}}, rorga

m // MatrixForm
Transpose[m| // MatrixForm

a b ¢
1 2 3
a 1
b 2
c 3

Bonee cofepXaTeibHyl0 CTPYKTYPHYIO NepPecTPOHKY BJIOXKEH-
HEIX CTUCKOR MOXHO OCYLIECTBHETh B Cly4ae, KOTJa CIHCOK COAep-
XKUT GoNee ONHOTO YPOBHA ¥ NpeAcTaBAfeT He OGHYHYIO IBYXMep-
HYKO MaTpHELY, 4 MATPKLY 6osee BRICOKOW pa3mepHocTA. Paccmo-
TPHM B Ka4yecTBe NpHMepa TPEXMEPHYIO MaTpHHY

m = {{{a,b},{c,d},{e,f}},
{{1,2},13,4},{5,8}},
{{aa,bb}, {cc,dd}, {ee,fF}},
{{11,12},{13,14},{15,16}} }

CrnMcoK m cOZepXMUT YeTHpe 3JeMeHTa, KaXKALA H3 KOTOPhIX
ZBAAETCA CIIHCKOM M COCTOMT M3 TPeX CIACKOB 1O JBa dJeMeHTa B
KaXJI0M, XOTOpHe ABAAIOTCA CHMBOJAMH WaH uncraMu. [loaunun
THX CHMBOJIOB ¥ YHCell MOXEO OXapaKTePHACBATH C NOMOIbIO TPeX
YHCeN — KOOpPJAHHAT: NepBoe YKa3hBaeT, B KAKOH ¥3 CTPOX Haxo-
IHTCA PACCMATPHBaEMHH CHMBOA HIM YHCI0, BTOpOE — B KaKoM
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M3 CIHHCKOB CTPOKH OHO COJEPXHTCHE, TPEThe — ero HnoJoxeHHe
B CaMOM BHYTpeHHeM chucke. TaxuM o6pa3oM, KaXK[Ahlil CHM-
BOX HJH HHCAO MOXHO PacCMaTPHBATh KaK MAaTPHIHLIR dleMeHT
m;;x TpaHCIOHHpOB2HHe MATPHLUH M 03Ha9aeT NEPeCcTAHOBKY WH-
AekcoB. Bcero Bo3MOXHH IUECTh TpaHCIOIHUMH. TpaHcnoaMu#x
{3,1,2} ocanavaeT, 9TO B HOBOM MATpHIE NEPBLIH HHAEKC €CTh BTO-
POl HHIEKC HCXOZHOH MATPHULI, BTOPOE HHAEKC €CTh NPeXHHM
TPeTHH, a TpeTHEH HHIEKC — NpeXuu# neppui. [lpmmesem B xa-
JecTBe NpUMepa ABe TPAHCHOIALMY MAaTPHUH, HIH CIHCKA, M.

Transpose[m, {2,1,3}]

{{{a,5},{1,2},{ac,bb},{11,12}},
{{e,d},{3,4},{ce,dd}, {13,14}},
{{e.£},{5.6},{ee, f£},{15,16}} }

Transpose[m, {3,1,2}]

{{{a,1,aa,11},{b,2,bb,12}},
{{c,3,¢¢,13},{d,4,dd, 14}},
{{e,5,ee,15},{£,6.££,16}} }

Tlocreauedt GyHsKuHel, KOTOPYIO MK YIOMAHEM B 3TOM pa3/jele,
ABdAerTcd dyHkuua Join, ocyllecTBasioman cuennenne (kKonkare-
HALHIO) CITUCKOB.

Join[{a,b,c, },{1,2},{x,¥}]
{a,b,c,1,2,m,y}

4.3. Pa6oTa c BeKTOpaM¥ ¥ MaTpHIaMH

BekTopur B, MaTeMaTHKe" TPaKTYIOTCA KakK JHHEHHEE, T.e. OJ-
HOypoBHeBHie, ciucku: v = {vl,v2,v3}; MATPHIK KaK ABYXypOBHe-
sae: m = {{ml1,m12,m13},{m21,m22,m23}}, X0TA KOMIOKEHTH
BEKTOPOB M MATPEL MOrYT GLHITh NPOM3IBOALHAMMHA BhpaKeHHAMH.
BRugy BaXHOH PONH 3THX 06HEKTOB B TEOPETAYECKNX M NDUKIA]-
HAIX Bonpocax B ,MareMaTuke® onpefefeHn HeCKOAbKO YHKIHH,
npeiHaiHavieHHKX Aif pabOoTH ¢ BEKTOPaMH M MaTpHIAMH.
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ODyuxuua Det srivECAfeT JeTepMHHAHT KBaJDaTHOH MaT-
PHEH. '

ml = {{1,x1,x1~2},{1,x2,x2~2},{1,x3,x3°2}};
Det[m1] // Simplify
(—z1+22)(—z1+3)(—z2+23)

Brpaxerue Minors[matrix, k] umeeT pe3yaAbTaToOM CRHCOK
MHHODPOR k-ro nopsfka MaTpsLUH matriz.

Minors{m1,2]

{{-21+z22,~212 4222, —(21%22) + z1227},
{~z14 23,-21% 4 232, (21%23) + 2123%},
{—22+ 23, -22% 4 23%, - (22223) + 2223%} }

dyakoua Inverse BuyACIAeT O0GDATHYIO MaTpHUy I8 HEBH-
poXAeHHHX KBaJIPaTRHIX MaTpPHI.

inversml = Inverse[m1] // Simplify
{{ 22 z3 zl z3 zl z2 }
(21 -22)(x1-23)’ (~21422)(z2-23) (21 -z3)(z2~z3)

{ z2+ 23 zl+z3
(—z1+22)(z1 — 23)' (~z1 + 22)(—22 + 23)’

1422 } { 1
(22 — z3)(—z1 +z3))" \(—z1+422)(~21+23)’

1 1 }}
(—z1+z2)(z2 — z3)’ (21 — 23) (22 — z3)

CxandpHoe npou3pejeHAe BEeKTODOB, NPOH3IBEJeRHe BeKTOpa
W MATPHOK, a TaKXe NPOH3BEJcHHE MATDUl BLIYHCAAIOTCA C
nomolgbio pynknyun Dot. Bxoguoi dopmar a1 >Toi dyHxpmaM
ecTh exprl.expr2. ®yukuna Dot onpegensena a1d ABYX, Tpex H
6oabluero Yucaa apryMeHToB. B caMoit obieil dhopMe peayabTaToM
LDPMMEHeHus 3ToH (YHKUMH K MaTpuuam (Temaopam) M, i, H
Niiis.. i ABAAETCA MATPHIA )0 M kNkis .. dm -

MpupeseM HeCkOALKO NpHMepos ynoTpebGienns ¢ynknux Dot.
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vl={1,0,0}; v2={a,b c},
vl.v2
a

vl.m1l
{1,2z1,21%}
ml.vi
{1,1,1}
ml.inversml

{{1,0,0},{0,1,0},{0,0,1}}

C noMowpic pyukury MatrixPower MoKHO BRIYACIATE Uelkle
CTENeHM MaTpHib.

MatrixPower{m1,2]

{{1+ =zt +21% 21 + 7122 4+ 71%23,21% 4 z122% + £1%23%},

{1+z2+ 2,21 + 122 + 22%23,21% + 223 4 222237},

{14234 23 214 2223+ 23%,21% + 22223 + 23*}}

Cob6cTBeRHbe IHCAA W COGCTBEHHBIE BEKTOPL MATPHU MMKHO
HalTH, Hcnoabays dyeEkuuu Eigenvalues u Eigenvectors, nx co-

BOKYRHOCTbh — HchoAb3yR Eigensystem, a ¢yrknua Character-
isticPolynomial gaer xapakTepucTrieckul TONMHOM MaTpPHUBL

m2 = {{a,1,0},{~1,a,1},{0,-1,a}};
Eigenvalues[m2]

{a,—1Sqrt[2]+a,I Sqrt[2]+a}
Eigenvectors[m2]
{{1,0,1},{-1,1S¢rt[2],1},{-1,—T Sqrt[2],1}}
Eigensystem[m2]

{{a, —ISqri[2] + a,I Sqri[2] + a},
{{1,0,1},{-1,7Sqref2),1},{-1,~1 Sgr¢[2},1}}}

CharacteristicPolynomial{m2, x}
2a +a® — 2z ~ 3z + 3az? - 23
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4.4. Bupaxennsa , Maremarukn®

Kak MU yxe oTMe4aql B paszjeae 1.2, ocHOBY paBoTH KOMIOLIOTED-
Ho#l anre6pul ,MareMaTHKa® cocTaBhseT BHYHCICHHE BLIPAKEHHH .
O61ni BHL NoCAeHUX eCTh

h[el.,ez, e .‘enL

rfe h — 3arofoBOK, a €, €z, ..., €, — JAEMEHTH, HAH Helocpej-
CTBeHHEIe NOABHPaXeHnd, HaH JacTH sBHpaxendd. N darososok,
¥ 2AeMeHTH B CBOK 0Yepefpb ABAAOTCA BupaxennaMu. Hexoganm
MaTEepHaNoM A8 NOCTPOeHNs BHIpa)KeHUH CNy)XaT aTOMapHLIE Bh-
paskeHuA: CHMBOIS! (JOCAENOBATEILHOCTD JATHHCKUX 6YKB, UHOP K
anaka $, He yaumHalomasics ¢ yUGPH), yucia (Leine, pau#OHalb-
Hhle, BelleCTBeHHbIe, KOMIJeKCHHe) B cTpokh. CHHCKA Kak Bh-
paxenua  MaTeMaTHKR" He ABIAIOTCA KAKHMH-IHGO OCOGEHREIMA
ol bEKTAMHE KOMNBIOTEPHOR anreOpbl, HO HX OMUCAHHe BRIJENEHO B
OTAeALHYIO &Ry IO IBYM NpHYMHAM. Bo-DepBrIX, CIMCKH CPaBHH-
TeNbHO NPOCTOR AJA BOCHDHATHA ¥ NMOHHMARHA O6LEKT, yAOGHEI
AAf M3YHEeHUA HEeKOTOPHIX OOIIMX BpHeMoB paGoTH ¢ BHpaXKeHUS-
MH. Bo-BTopmx, o6paboTKa CHHCKOB ecTh (PyHJAMEHT Nporpam-
MHpOBaHUA, Tak Kak B8 ,MareMaTuke“ oHHM cIyXaT ZIf OpeJ-
CTABJCHME DPasHOOGPa3HLIX O0BHEKTOB, TPAaJHIKOHEO OTHOCHMEX
B APYPEX A3LIKaX NPOrPaMMHEPOBAHHS K BEeKTOpaM, MaTpHUAM M
APYruM THIAM JaHHHIX. B 3ToM pa3gene Mul ZaJHM ONHCaHAE HeKO-
TOPHX PYHKIURH, NPHMeHSEMBIX 14 ipecGpasopaHus BHIpaXKeEHH,
Hoarot dopmotl BrIpaxennd Ha3pBaeTCd 3aMHCh ITOrO BhIpa-
>K€HRA, B KOTOPOMH H 32roJ0BOK, H JJeMeHTH IPeJCTaBAeHEl B CBOIO
odepejb B BHAe BHpaxkeHuWid  Maremaruxu“. [omyctum, vTo ¢
KJI2BHATYPHI BBeJeHO BEIpaXKeHHe '

{a,b, D[f[x,y},{x,2},y], Integrate;(z +1)/(z + 2),z]}
Ero moauwas gopMa ecThb

List[a, b, D[f{x,y], {x, 2}, y], Integrate[Times[Plus(z, 1},
Power{Plus{z, 2], -1]),z]]
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Moxnyio GopMy 6bivUCAEHKO020 BLIPRXKEHHS MOXEO NOIYYHTH C
noMowsio ¢pyaxknad FullForm.

{afb’D[f[x1y]’{x|2}‘y]1
Integrate[(z+1)/(z + 2),2]} // FullForm
{a,b, Derivative[2,1}[f]lz,y],
Plus[z,Times[-1, Log{Plus(2, ]]]}}

Mur BuaHM, 9TO NDpexje YeM BEIYACIHTL NOAEYI0 Gopmy, ,Mate-
MaTHKa“ BRIYUCAKAA WHTerpat. J[Ad mOAy4YeHHA NOAROH GopME
HEBHIYMCIEHHEOI'O BHIDAXKEHHA €IPpr HYXXKHO NPHEMEHHTH K HeMmy
¢dyukouyn Hold man, 4yto gaer Tot xe sdepekT, HoldForm,
KOTQpHE GIOKUPYIOT BHYHCIEHHE eTpr,

FullForm[{HoldForm[{a, b, D[f[x,¥].{x,2},¥],
Integrate((z + 1)/(z + 2),2]}]]

HoldForm[List[a,b, D(f(z,y], List(z,2},y},
Integrate[Times[Plus{z, 1], Power{Plus(z,2],~1]},z]]]

Ecnu BRIYHCREHHOE BhIpay(eHWe €Ipr aTOMApHO, TO NpeJMKaT
AtomQ, nprMeHeHHHH K HeMy, HMeeT peayipTaroM True, B mpo-
THBHOM clyvae — False . 3aroloBox BHPaXXeHHS MOXHO NOJAY$HTD
nocie Buducrenud Bupaxkerns Head[expr]. HYucao n snemen-
TOB ABJAAETCH JHaYeHHeM Bhipaxkemusd Lengthlexpr]. Oaement e
M3BJAEKaeTCA M3 BHIDaXXeRHA ¢ moMolibio ¢yHknen Part B Brge
Part(expr,k] win B Buge expr[(k]] C nomomsio 3ToH QYHK-
IHH MOXHO TakKXe NOIYYHTh 3arofoBoK BupaxeHus. J[laa Toro
AOCTAaTOYHO BHYHCIKTDH Buipaxerue Part{expr,0), nau expr{[0]}.
[ockoAbky KaXKAHE 3JeMEHT € BHPAaXKeHHA o6illero BHia ABJINA-
€TCH CaMOCTOSTEIbHNM BHPaXeHHeM, TO MOXKHO HIBJEKATEL YaCTH
H3 HErO M M3 €ro JAeMeHTOB H T.J. Jlaa sToro BMecTo OZHOTO
4HCAa ~— HOMepa k dJleMeHTa e, HYXEO B ¢pynknea Part ykasaTs
IOCJIeJOBATebROCTh HOMEPOB COOTBETCTBYIOEX DIeMEHTOB.
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exprl = {a, b, D[f[x,¥], {x,2},¥],

Integrate[(z +1)/(z + 2),2]}
{expr1[[2]],exprl][[3,0]],exprl][[3,0,1]],exprl{[3,0,0,1]}}
{5,720, 1,2}

PaccMaTpHBaeMan NoCnejOBATENhHOCTh HOMEPOB 31eMERTOB Ha-
3uBaeTcA cneyufuxayued ovemenma. CreunPHKALKA DIEMeEHTa
ABIfleTCA 3BaveHseM ¢yHkuux Position.

Position[exprl,z]
{{4,1}.{4,2,2,1,2}}

BeeleM NOHATHe YPOBHell B BHIpPAaXXeHHHM M TAYGHHH BRIpajke-
WHA. DJIEMEuTHl €, €3, ..., €, HAXOAATCA Ha {IePBOM YypOBHe
BHpaxeHus. X >AeMeHTH HaXoXATCA Ha BTOPOM YDOBHe H T.A.
KoauvecTso 4ncea B cnennpHKAOUE IAeMEHTa NO3BOIAET YIHATD,
Ha KakOM YPOBHe OB HaXofAnTcA. [aybung BHIDaXKEHHA THCICHHO
paBHA MaKCHMAJBHOMY HOMEpPY YPOBHf B BHIPAXKEHHH ILIIOC exu-
HUIa K ABafeTcA 3HavenneM ¢yrkuud Depth. Pyuknus Level
HMeeT DHaJYeHHeM CIHCOK BCEX YACTeH BHIpaXKeHNA, HaXOZAILIMXCH
Ha YKa3LIBaeMOM B KauyecTBe ee BTOPOTO apryMeHTa YpoBHe.

Levelfexprl, {2}]
{:c,y,z, _'LOQ[2+ z]}

Ecar BTopoi#i apryMent 3afar 6ea ckobok, To 3HaueHueMm GygeT
CIOHCOK BCEX YacTedl BHPAXKEHHH, HAXOAAWMXCA Ha YPOBHAX OT
NepBOro A0 YKa3aHHOrO.

Levellexprl, 2]
{a1boz;y’f(2'l)[mry]rz! '_Log[2+ Z],Z— Log[2 + 2]}
Ecrun B KavecTBe BTOPOro apryMesTa Aaka Hapa 4ucen {m,n},

3aKI104eHHas B GurypHule ckoGkH, TO GyAeT NONYy9eH CIACOK BCeX
4acTeil Ha YPOBHAX OT M A0 N BKAIOYHTENBHO.
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Levellexprl,{3,4}}
{-1,24 2z, Log[2+ 2]}

Depth[exprl]
6

B cay+ae korjga sTopoil apryMmenT ¢ynkiud Level — orpunarens-
HOe YHCJ0, 3aK10UerRAoe B QUIypHEE CKoGKM, Hanpumep {—k}, To
3HaYeHHeM PYHKUHK GyAeT CITHCOK BCEX FacTedl BRYHCAEHHOPO BhI-
pPayKeHUA, YhA rAy6HHA paBHa k.

Levellexprl,{-2}]
{fC)z,y],24 2}

Ecau e oTpHllaTeIbHOE YHCAO HE 3aKIIOYATh B BUCYpHEE CKOGKH,
To COHUCOK GYAeT COAepXaThb BCe MOJBLIPAKEHHMA BEIMHCAEGHHOTO
BHIpaXKeHus, 4bf raybufa [0 Mesbuledl Mepe paBHa k, T.e. k #
6oabite,

Level(exprl,-2]
{f®z,y],2+ 2, Log[2 + 2], — Log(2 + 2],z — Log[2 + 2]}

Yxasauue ypoBHe# BHpPaXKeHRE TOABKO YTO PACCMOTPEHARIMHA CHO-
coGaMHi HasnBaeTcH cneyuduxayuet ypoena.

Huerored deThipe oCHOBHHX cnocobGa HHTEPNPETAUUHE BHIDaXKe-
HUA,

1. 3aroacsox h BEIpAXKeHUS MOYXKHO HOHNAMATEL KaK HA3BaHHEe KaKoi-
To MaTeMarTuiecko#t ¢yHkuuM, HanpuMep Sin, a dieMeHTH
BLIPAXEHUA — KaK apryMeHTH 3TOR QyHKURH.

2. 3aronoBok MoxHO MoHEMaTh xak Komannay (Factor), a szemen-
Tl — KaK ee ajpecaTsl.

3. JaronoBok ecTh omepaTop mau onepanuf (Integrate, Times),
IpHMEHAEMHA K OllepaHjaM.

4. 3aro1oBOK MOXeT YKaawBaTh Ha TAn Xagrux (List, Real}.
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B KOHIE€ pa3dfena YMeCcTHO cAejaThb cAefyloliiee BaXKHOE 3aMe-
HYaHMe: Bce PYHKUHM, PAacCMOTPEHHEHE B OpelunliyllieM paljeie B
CBAJH CO CNINCKAMH, MOXKHO NDUMEHATH K NPOHA3BOIbHKM BhIpaXe-
HHAM.

expr2 = h{x, h[x + y]);
Flatten{expr2]
hlz,z +y]

expr3 = ReplacePart{expr2,z, Position[expr2,y]]
hlz, hlz + 2]]

Unionexpr2, expr3|
Ao, hfz + 4], hfz + 2]

B paccmoTpensnx npuMepax h - NPOHIRONLHKHA 3al0MOBOK.

4.5. Buruncienue GyHKIUA
OT CIIMCKOB H KX 3JIEMEHTOB

B sTom pasjene naM GyseT yjo6HO NPHHATHL NEPRYIO H3 YNOMS-
HYTHIX BHIIIe MHTepnpeTallnii BRpaxenni ,MaremaTukn®, Korja
3ArONOBOK BRIPAXKEHHA HOHNMAETCR KaK HalBanue QyHKUMN. JHa-
YeHye PYHKIUMA HA COBOKYNHOCTH Apr'yMEHTOB MBI 6y feM HadslBATh
npuMenenreM GYHKIKM (TO4YHee, 3aroJ0BKa PYHKIHUHK) K apryMeH-
taM. TakuMm obpa’oM, peayibTaToM NpuMeHeHHsa ¢GyHKuHm f K
crurcky list apagerca Bupaxenue fllist], sBXozune GopMu koToOpo-
ro MoryT 6uiTe f@Qlist uau list // f. Ecan Mu nonkrraeMcs BH4E-
CIATH 3IHAYEHHA MHOTEX BCTPOeHHHX ¢ynkuki ,MaTemarnkn“ Ha
CHKCKaX, TO CTOAKHEMCH C HEOXKHAARHLHM PEe3yALTAaTOM,

Sqrt[{1,2,3}], wuau Sqrt@{1,2,3}, nam {1,2,3} // Sqrt
{1,5qrt[2), Sqrt[3]}
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BMmecTo MaTeMaTHYecKH HeonpejeleHHOro Buipaxemus Sqrtf{l,
2,3}] MH DOIyYHIM CMHCOK KBAZPATHRIX KOPHEH H3 JNEMEHTOB
cnicka. Euwe npumep:

x~{1,2,3}, uau Power(x,{1,2,3}]

{z,2%,2%}

OTH NpHAMEpH JIeMOHCTDHDPYIOT CBOMCTRO BCTPOEHHHIX (hYHXIHIE,
KOTOpOe MOXHO HadBaThb JucmpubymueroCcmey OTHOCHTRILHO
COHCKOB. EciH Xe K CIMCKY NPEMeEHTEL DPOH3BOALHYIO QYHKLHIO
f, To oHa, He 06328 CBOHCTBOM AHCTPHUEYTHUBHOCTH, HACT OXH-
AAeMEIH pe3ylbTaT:

f@{1,2,3)
fl{1,2,3}].

Pyuxunds Map 3acTaBafeT Ipyrie GyHKIUH BecTu cebA Tak,
KaK eci# 6hl OHM OBLIH JHCTPUGY THBHHI.

matrix = {{m11,m12, m13}, {m21m22,m23},
{m31,m32,m33}}

Map{f, matrix], win f/@matrix
{f[{m11,m12,m13},), f[{m21,m22,m23},],
f{m31,m32,m33}}]}

Ecan B kayecTBe TpeThero apryMenTa y ¢oyskuun Map ykaszana
cieUR$HKALEA YPOBHA, TO 3ar0l0BOK f OyZeT NPHMeHATHCA K
3/eMeHTaM COOTBETCTBYIOUHX YPOBHEH.

Map(f, matrix, {2}]
{{f(m11], f{m12], f[m13]},{f[m21], f[m22], f[m23]},
{f[m31], f(m32], f{m33]}}
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Moaudpukanued paccMaTpuBaeMoli QYHKNHHE CAYXKHET GYHKHHSA
MapAt. Ona npumenseT 3arofoBoX [ K d1eMeHTaM CIHCKa B
COOTBETCTBHY C HX cneun@nxanueﬁ.

MapAt[fl matrix, {{1: 1}! {2:2}: {313}}]
{{f[m11],m21,m23},{m21, f[m22],m23},{m31,m32, f[m33]}}

Ob6najaeT 18 BCTPoeHHAd (YHKOHA CBOACTBOM AUCTPUSYTHB-
HOCTH OTHOCHTEILHO CIKCKOB, MOXKHO Y3HaTh, BRIYHCIEB BhIpaxKe-
ine Attributes[function]. Ecam B cnucke aTpubyTor ¢pyRkuun
function npucyrcreyer Listable, To ona auctpuGyreBha. Eciau
HET, TO B HeOOXOZUMEIX Cly4Yadx cieAyeT npabernytb k Map.

{Attributes{Sqrt], Attributes[Reverse]}
{{Listable, Protected}, { Protected}}

Hs apyx dyukoui Sqrt u Reverse neppas o6aajaeT cBOACTBOM
ABECTPUSYTHBHOCTH, B YeM MH Yy>kKe y6eIUAKChL paHblle, BTOpad HeT.
Cwmuica arpubyTta Protected 6yger o6b2cuen Auxe,

1= {{a,b},{c,d}};
- {Reverse[l], Map[Reverse,l}}

{t{e;a}.{a,6}}, {{b,a},{d,c}}}

Ee 601ee #HeoxnJanHHR pe3yabTaT NOAYYALTCH, €CIH JHCTPH-
GYTHBHYIO (PYHKLHIO IDEMEHHTH K HECKONLKHM CIHCKaM.

{a,b}*{2,3}, uam Power{{a,b}, {2, 3}]
{a%,4%}

Jpyroi npuMep — o6HYHOe TPONIBELSCHNE TPEX CIECKOB:

{a,b} {2,3} {x,y}
{2az,3by}
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[IprmepH NOKa3KIBAIOT, YTO NPH NIPHMEHEHHH AHCTPHGYTHBHOM
GYHKHHH OT HECKONBKHX APFYMEHTOR K CMHCKaM OAWHAKOBOH AIH-
HH IPOKCXOJHT caefylollee: cHadyaJa IPOHIBOAHTCA TPAHCHO3IHINA
CIIECKOB, T.e. 06BEIHHAIOTCA B CIIHCKH JJeMeHTHl C OJHHAKOBRIMH
HOMepaMH H3 DasHHIX CHMCKOB, MOTOM (YHKOUA NPMMEHEETCH K
BHOBb 06pa3oBaHHEIM COHCKAM TakK , 9TO 3AeMEHTH 3THX COUCKOR
CTAHOBATCH apryMeHTaMu QyHxuun. I[IpomaniocTpupyeM ckasaH-
Hoe GoJee JeTANBEO Ha IIPHMepe.

= {{a,b},{2,3},{x,¥}};
tll = Transpose(ll]
{{e,2,2},{5,3,4}}
Mapl[f,tl]

Ecan 6 @,2,2 ¥ b,3,y 6GBAH GH aprymeHTaMH QYHKUHH f, TO
noay4uics 6u cuecok { fla,2,z], f[8,3,y]}, koTopuii gaa f =Times
cosnagan 6bl CO COHCKOM PacCMOTPEHHOro HaMH HpaMepa. TaKuHM
06pa3oM, AONOIHATENLHO NPORCXOJHT 3aMeBa 3aroioBka List ma
sarofoBok f. Takyio 3aMeHY NPOM3BOAKT BCTpOeHRad (DYHKIHA

Apply. '

Applylf.{a,2,x}], min f@Q{a,2,x}
fla,2,7)

Bce 3T onepaldH B COROKYIHOCTH NPOH3BOAHT GyHKUUA
MapThread.

MapThread[f,{{a,b},{2,3},{x,¥}}]
{f[a'l 2’x]? f[b?siy]}

B ,MatemaTnke® uMeeTCH Apyras, B 4EM-TO NOXCKafA, HO B TO
e BpeMi cyinecTBeHHO oTanvaomaick oT MapThread ¢byakuus,
a umeAHo Thread. IIpegnonoxnM, 4TO HMeeTCd BhHIYHCAEHHOE
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,MareMaThko#“ Bupaxenme Buga f[listy,listy,..]. Dyukuus
Thread cpenaer ¢ 3aronoskoM f To Xe caMoe, 4TO M QYHKUAA
MapThread co ,cBoGogHuIM“ 3aronoskoM f.

. Thread[f[{a,b},{1,2}]]
{fla,1), fb,2]}]

Ecau xe purpaxenue f[listq,lists,...] npr Brr4ncrenun uaMenseT-
cd, To MapThread u Thread gawoT pasunle peayabTaTH.

MapThread[SameQ, {{a, b},{a,c}}]
{True, False}

Thread[SameQ[{a,b}, {a,c}]]
Thread:: normal:
Normal ezpression ezpected at position 1 in Thread[False]

Thread[False]

Mu BuguM, uTo npu npumeneiun MapThread dynxnus SameQ
BHIYACAfIACh Ha mapax (a,a) u (a,c), a npu npuMerenid Thread
cHadYasia S0 BHYECAeHO Bupaxkenre SameQ[{a,b},{a,c}] ¢ pe-
ayapTatoM False. Kpome Toro, ecax MapThread B xavecTse BTO-
poro apryMeHTa MOXET HMeTb TOJbKO COMcOK cnuckoB, Thread
,0POJAeBaeT“ 3aroloBOK BhIpaXKeHHA CKBO3b 3JeMeHTH MOABHIpa-
JKeHMH ¢ MHLIMM 3aroJoBKaMi, 1eM List.

Thread[f{x == y,a== b}, Equal]
flz,a] == fly, 8]
MapThread[f,{x == y,a == b}]
MapThread:: mptd:
Object z==y at position (2,1) has only 0 of required 1
dimensions

MapThread(f,{z == y,a == b}]
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Mu paccmarpuBanu geiicTBre pyuknun Thread B caygasx, xo-
rfAa COMCKH HIR BHPpaXXeHHS -— ee apryMeHTh OblIY OZHHAKOBOW
SAMBE. BO3MOXEHO, YTO OJHH HJE HECKOJLKO APrYMeETOB ABIH-
0Tcs cHMBOJaMH. Torfa 9TOT CHMBOI KONHpPYeTCA CTOABKO Pa3,
KaKOBa JNMHA apryMeHTOB-CIHCKOB.

Thread[f[x, {a, b}, {1,2}])
{flz,a,1}, f[z,6,2]}

Berpoennas dynxnus Inner ofofimaeT Kak paHee pacCMOTpeH-
nyo ¢yekuHio Dot, Tak B ¢pyHkiuio MapThread. Bupaskenue
Inner[f,list;, lists, ..., g] akpaBanrenTHO BHIpaxexuw Apply[g,
MapThread|f, {list;,lists,...]]. B cayyae g= Plus u f = Times
¢vukuus Inner copnmagaer ¢ Dot. Kpome Toro, aprymenT listy,
listy ¥ T.5. MOCYT ¥MeTh OJUHAKOBLIE 32r0A0BKH, He 00A3ATEABHO
coBnafaomue ¢ List.

Inner[Times,a b,x y,Power]
(az)?¥

Oyuxknus Quter s supakennu OQuter[f,listy,liste,...] opa-
MeHseT f KO BCEM afeMeHTaM HpAMOro (exapToBa) IpOHIBEJEHHS
cnuckKoB listy, listy uw T.X.

Outer(f,{a, b}, {u,v,w}]
{{f[a, 4], fla,v], fla,w]},{ F1b, 1], F{b,v]), Flb,w]}}

Bojee To4YsOe onucaHde NeRCTBHA 2TOH GYHKOMH COCTOHT B Cie-
nyiomeM. [aa MaTpry (Tensopos) M, i, B Nj j,..j, Pe3yAbTAT
npHMeHeHRs 3arodoBka f x M u N ecTh Tedasop nopagka p+ g
¢ KOMIOHeHTaMHu f[M.-l,-,,_._,-p,lejz___,-q]. HlexaproBo npouaBeserue
CIHCKOB NOAYYaeTCA, ecIH B KadecTBe f BHGpaTh 3aromoBok List
H OPHEMEHATH K NOAYUEeHHOMY peayanrTaTy Flatten.
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Flatten[Outer{List, {x,y},{1,2}],1]
{{z,1}, {22}, {y, 1}, {,2}}

[locnexnee aamegarne oTHOCHTeREHO dyHKRAK Outer cocToOUT B
TOM, YTO 3alOJOBKH BHIpaxenHil lisl; He o0A3aTelbHO JOMKHEI
6uITE List, xoTa ¥ 064338 GHITE OJRHAKOBEIMH.

Outer[Power,x +y,u+ v}
zﬂ + xu+yu+ yb'

B ofmeM caydae 3arolOBKa § ¥ BTOPOTQ, TPETHErO U T.K. apry-
MeHTOB 3TOT 3aroJoBoK Gy JeT EMeTh BCE BRIYHCICHHOE BRIpaXKeHHe
! €ro JJIeMeHTHI.

Outer(f,g[x,y),g[1,2]]
g[g[f[z, 1],f[1:,2]],g[f[y, 1]1f[y:2]]]

YapaKHeHUA
1. Mo enucky ! = {a,b,c,d,e, f,g} nocmpotime noBHi crmcok 3, cogepxanmmi
xaxuin TpeTwi saement [ Ma ! ydosaume xaxui TpeTmi aneMenT.
2. Wa crmeka ! = {a,1,4,0,¢,0,0,d} uckaouume BCce HYIERHE MEMEHTH.
3. Haiddume cymmy OTpHUATEBHLIX THcel B cmicke { = {a,2,-1,b,c,-3}.

4. Hatidume cpejnee apndseTHuecKoe KBaipaToB 3NeMEeHTOB CiIMcka [ =
{-3,4,-7,0,11}.

5. Bemacke ! ={3,—2,-5,7} natldume 3/MEMERT C MUHMMANLHEM ASCONOTHHEM
IHAEHWEM.

6. Hatlidume no3AlMio Nepsoro OTPYIATENRHONG 3JIeMEHTa B YHCAOBOM
chmcke £.

7. Hpeo6pasyime smcnopoit ermcox | B True, eci B HeM ecTh NPOCTHE YNCIA,
wm B False p mpoTimHOM caydae.

8. Jdaum marpuna m u croafien {. Kak scraputs { k-M cToabuom B maTpmy?

9. Kak ¢ nomoumieo dysxipm Table nomywmre crmcox {{0},{0,1},{0,1,4},
{011|4!9}|{011n419116}}?
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10,

11

12

13.

14.

15.

{Cay4aipioe Gnyxganue no AsyxmepHolt pewetxe}. [Toayuume cttmcok m
H3 4BAJUATH HAp, NAPOKAACMEX MO CeJYOWEMy JAKOHY. JAEMEHTAMU
NIepBOi NAPH ABIANTCA CIy4aiiHo BHOPAHKEe W12 W3 MHoxecTBa {—1,1}.
DMEMEHTH BTOPOH NAPH NOXy4aliTcd pubaBieHHEM K TIEppol aHANOTHY-
HOM cryyaipioR mapul B T.%. l[locae Tore kak chwcox m GyIeT noaydeH,
abiYuCAUme BHPAKEHHe

Show[Graphics[{Line[m]}}]
lycte f(z,¥) =z +¢°, 9(z,y) = £* — y* —y. Hodcuumadme mcobuan aTUX
dyHxnui v Touxe (0,0).

Jana doymxima f(x,y,2) = zy + 2. Jlodcuumadme rpaguent sTon dyuk-
MY, T.e. MOAYSUmME CIIMCOK €€ MEePBRX YaCTHRX NPOHIBOSHAIX, C MIOMOIGBIO
dyrxmar -OQuter u D.

JIB.HO BeKTODHOE NOJe V B TPEXMEPHOM IPOCTPaHCTBE:

v={f(z,y2),9(z,v.2),h(z,y,2}}.

Hoaywume pripaxenne LA AMBEpPreHIMY 3TOrO BEKTOPHOrO MOKA C IIOMO-
umic ymanpm Inner n D.

Janu crvicox nepementnx { = {z,y,z} u cnrcox ux awavenwii m = {1,2,3}.
Hoayuurme crmacox nogcranosok r = {r = 1,y = 2,z -+ 3}.

Jaun marpuma m = {{1,2},{3,4}}, cnucox nemspectHuix ! = {z,y} u cru-
COK MpaBHX 4acTell mmelon cucTeMsl ypasHermm r = {0,1}. Toayuume
MHHEHHY D CUCTEMY ATTeSpauvdecKiX YPABHEHVMH C JaHHOM MaTpHLEd Ko3dh-
GUMEHTOB W CAMCKOM IPDABRIX YacTel.



yACcTb Il

IIPOTPAMMMUPOBAHUE
HA SI3LIKE
KOMIIBIOTEPHOM

| AJITEBPBI
 MATEMATUKA*

,MaremaTuka“ 3ajyMaHa B BEINOJAHEHA C HENbIO MAKCHMAJBHO
YIIPOCTUTEL [J8 NOALIOBATENS KOMNBIOTEPHYIC PEaJN3AlHI0 MaTe-
MaTHYECKUX aATOPETMOB # MeToIoB. ,MaremaTHka®, B CYIUHOCTH,
ABAAETCA AILIKOM NPOTPAMMHPOBAHHA BRICOKOT'O YPOBHS, IOITOMY
HalHKCaHHe NpPOrpaMM ecTh Haubo/ee aleKBaTHAA H 3peKTHBHAA
thopMa BaauMoJelcTBUA ¢ Hell, PaccMaTpuBaeMat BepcHA CHCTEMH
NO3BOJAAET NMpPOrpPaMMHPOBaTh B TPeX CTHAAX: 1} (yHKIHOHAIb-
HOM, 2) CTHJe, OCHOBAHHOM Ha CO3IJaHHH NPABHJI Npeobpa3oBanui,
3) nponesypHOM, XOTA JONYCKaeT M CMelUaHHBI® XapakTep Npo-
rpaMMHpoBaHEf. B 5ToM pasfene GyAyT moclefoBaTelLHO pac-
CMOTPEHBL DepedicielHEe CTHAY POrpaMMHUPOBAHHA.



I'naBa 5
PYHKIITMOHAJIBHOE
IMPOI'PAMMHAUPOBAHHUE

5.1. Dyuxuuu, onpejenseMule N0ab30BaTEIEM

B ,MatemaTake“ okos0 THCAYH BCTPoeHHWIX ¢ynHKuuid. Oanako
noc.Je onpefeNeHHOIC YHCAa CEAHCOB PaGOTH ¢ Hell MONL30BATENb
HAYHHAET daMeyaTs, YTO NPH NPOBEJEHKR PAcIeTOB B HHTEpecylo-
Ied ero oGXacTH olipefefeHHble KOMOHHAIHH BCTPOEHHEIX (YHK-
IH{ NOBTOPAIOTCH, H HENJIOXO GLLIO 6Bl HOITOMY NOCIeLOBATENbHOE
IpEMEHEHHe HeCKOJbKHX BCTPOEHHHX (PYHKIHHR 3aMeHHETH npHMe-
HeH#EM OJHOH. DTO [POCTOE 3aMevaHHe # JEHHT, B CYIIHOCTH, B
ocHOBe QYHKIHOHAILHOTO NPOrpPaMMHPOBAHES, B KOTODOM GYHK-
IM# NPUMEHNIOTCA K apryMeHTaM, 3aTeM JApYree (YHKUHH OpH-
MeRAIOTCA K ¢YHKIMAM OT apryMeHTOB, 3aTeM HOBHE GQYHKUHM
NPUMEHAIOTCA K PYHKUHAM OT QYHKUKH OoT aprymerTon 4 T.4. [lo-
MHMO BCTDOEHHBIX QYHKLUEHA [0Ab30BATEA0 MOTYT NOHaLO6HTHLCA
COBCEM MPOCTHE PYHKUUY, THNA BO3BEJEHHE apryMeHTa B Ky6, oT-
CYTCTBYIOLIEE CPEeAH BCTPOEEHHX QYHKIMA.

Camoe npocToe, YT0 IPHXOAHUT B TOAOBY 1P NONKTKE ONpege-
auTh Ppyuknuio f(z) = z3, — 3T0 NPECBONTH BHpaxennio cube[x]
3HaveHne x~3:

cubelx] = x"3

::3

[IpaeM, xorja BMeCTO HEBLIPRIHTEALHOrO 3aI'0M0BKA f 414 PyHK-
IMH HCNOAL3YETCA 3Ar0JOBOK, HECYIIHH HEGOPMALHIO O €e HalHa-
YeHKH, ABIAETCA JOBOALHO OOLIMHKIM, TO3TOMY MBEl H BHIGpaIR 3a-
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roaoBok cube gaf paccMaTpuBaeMmoll ¢pyHKuuE. Ecan monwraThes
BEYUCIHTL 3HAYCHHA QYHKOHK cube A% apryMeHTa 2 uaM apry-
MeHTa Y, TO OXHJaeMKIX Pe3yJbTaToB 8 nan y> e moayunTCA.

{cube[2], cubely], cube{x]}
{cube(2], cubely], 3}

Bol1ucieEHe NPOH3OILIC TOALKC AAA apryMeHTa Z, U Bce Jelo
B TOM, YTO NOJL30BaTelb CKAOHEH PACCMATpHBATh Z Kak mepe-
MeHHYy10, npoberajoiyio no o61acTd onpesenrendd pyHKUAL, B TO™
BpeMd KaK Jaf  ,MareMaTHKH® £ — DTO PUKCEPOBAHHBLIE CHMBOIL.
Bupaxenus cube[z] u cube[y] oTamennr gpyr oT Apyra, moaro-
MY eCIH BMEeCTO NepBOTO BRIpaXKeHHd BCIOAY B JaiabHelimieM GyfgeT
HOACTABAATLCH T3, TO BTOPOG BLIDAXKEHH® Gy eT OCTABATHCA HEH3~
MEHHEIM, B €M MK, COGCTBEHHO, H YOeAHAHCE.

CyuwecTpyeT cnoco6 o6bacEdTh ,MaremaTEke“, 9TO B KBa-
ApaTunx ckobKkax Mocie 3arofioBKa cube CTOHT nepeMeHHad.
Jaf 3TOro HyXHO BMecTe C CHMBOJOM T YNOTpPeOUTh BHIpaXKeHHe
Blank[ ], koTopoe Bo BXOHOM dopMaTe COBNAJAET C NOXIEPKHABA-
HHEM _:

cube[x ] :=x"3

B sToM onpegeneHd BCNOAL3OBAHO OTJACKEeHHOe NpHcBoeHune Set-
Delayed, nosToMy BHIXOAHON cTpOKE HeT. [loyeMy HCNOAB30BAHO
OTHOXKEHHOE TpHUCBOeHNe, MH [10gpoSHO o6BbIACKHM No3aXe, & No-
Ka cfeflaeM NpPOCTOe 3aMevdaHHe: ONHT IMOKAaJHBaeT, YTO C OT-
JAOKEHHBIM HPHCBOCHHEM BO3HHKAET MeHbllle AeJOPadyMeHHH NpH
npuMedeH®d PYHKOUH B fanbHediieM. Temeps Hallle onpefgenenue
npeBocxogHo paboraer:

{cube[2], cubely], cubex]}
{8,4°,2%}

EcTs eme f8a cnocoba ykasaTh , MaTemaruke“, 4To RekoTopoe
BHIDa)KEHNeE ClefyeT PacCMaTPHBATE KaK (YHKUHIO ONpejeleHHAIX
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nepeMenHuX. € HUMH MH yXe BCTpPeYaldCb B IpeJuIIYIIHX
riaBaX. BcnoMHEM, YTO THOYYHEE ONepaTOPH MaTeMaTHYeCKOro
aHanH3a: AHpdepenunpoBaike H RETETPHPOBAHHE — MOXHO GBLIO
NPHMEHATb X NPOM3IBOJNLHAIM BHIpakeHHAM ezpr. [lo kakum
nepeMeHHHM €ZIPr pPacCMaTpPHBaeTcH KaK (GyRKUHA, YKa3hlBaJOCh
3ajfaHMeM BTOPOrC, TPeTheras u T.4. aprYMeHTOR:

Da x*2+b y,a].

zl

AHarorg4so o6cTona0 Aeio u ¢ rpaduieckuMe ¢pyHkuuamu Plot,
ParametricPlot u T.n. Bropoit cnoce6: ¢ noMompio QYHKIEH
ReplaceAll Mu MOrIM BRIYHCAATH 3HaYEHHE BhIPa)KeHHA JIA OT-
JAEIbHEIX CHMBOALHEIX, YHCACHHHX ¥ ADYTHX 3HAYeHHH BXOJMIIEro
B BhIpa)XKeHWe CHMBOJA, T€M CaMhIM NpOJelkhBaf THIHYHhIE AAL
¢yskusi npouesyphl NHOACTAHOBKM KOHKDETHHIX 3Ha4eHMH apry-
MEHTa WAH CYNepNOo3NOUH GhYHKIHH.

ax2+by/ x—2
da+by

Tenmeph MH MOMeM CHelaTh H3 BHpPaXeHRA eTpr = ar’ + by Tpa-
AMUHOHHYIO (YHKOHIO JBYX ApPryMeHTOB T H Y, paccMaTpHBaf
CHMBOJHL ¢ # b KaK NapaMeTphl:

poly[x_,y]:=ax*2+by
{D[poly(x,y],y], poly[2,y]}
{b, 4a+by)

B kavecTBe eule OfHOrO lpuMepa onpefeldM OYeHb NPOCTYIO
$YEKURIO A58 paGoThl HAJ CIMCKAMH C YHCIEHHRIMH DJIeMeHTaMH,
a UMeHHO ('WHKIHIC, BHIYHCAAICUIYID CpejHes apHpMeTHYecKoe
CIOUCKA:

average[x_] := Apply[Plus,x]/Length(x]

average[{13,7,18}]
12



5.2. YucTrie W aHOHMMHEBIE (DYHKIH 129

Bute 6uirm onpefeneRnl TpH HOBWe ¢yHkuuM. C aroro
MOMEHTA C MX 3ar0J0BKaMH MOXHO 06DalllaTbCH B TOYHOCTH TakK
#e, KaK Y C 3al0A0BKAMH BCTPOCHHHX YHKUHE.

Map|[cube, {a,b,3}]

{a3,8%,27}

MapThread[poly, {{x,y,z},{u,v,w}}]
{bu + az?,bv + ay? bw + a2}

5.2. IucTrle ¥ AaHOHUMMHEBIE (PYHKITMM

B npegmzyiieM pasliene onpeieifeMmsle MONL30BaTeNeM QyHKUHK
CHaGKaXUCh 3ar0J0BKAMH, H B DTOM CMLICAe HX MOXHO HalBaTh
HMeHOBaHHHIMU Gyrkuuamu. llocaefune mmeeT cMHCH onpefe-
JATb, €CAH DTH (PYHKUKH GYAyT HCHONL3IOBaHH B JajbHedllleM B
porpaMMe MAH B TedeHHe CeaHCa WHTepPaKTHRHOH paloTh. B
chy4ae, korja Hopad ¢yHKIEUA BO3HUKAET 0O XOLY Zeja M HET OCHO-
BaHHil OXHAATh, YTO OHa BHOBL NoTpefSyercd, Noaeano paboTarh
C Tak HaablBaeMBbIMHA wucmbsimt QYHKIHAMHA, KOTODHE HCOGABIY-
HOTCA TOALKO B MOMEHT ¥X co3faHuf. Jlasa onpefefeHHs YHCTHIX
yBKIUE cAyKUT BcTpoenHas ¢pyHxuua Function. Bor kak Mox-
HO ApYrEM crnocofoM oNpefeiuTh ¢yHKuuio cube: >To Gyger
Function[{x},x*3]. B aToM onpegerenuu z — JOKaibHad Me-
peMeHHad, KOTOPYIO BIOJAHE MOXXHO JaMEHHTh Ha ¥, z HIH JK06oM
APYTOH CHMBOJ, NIOTOMY 3HA4YeHHA F106aibHOTO CHMBOMA  He BJIH-
AT Ha onpejenseMyio YucTyio ¢yHknHo. [lpumenrenne wucrou
(hYHKOHE X apCyMeHTY HPOMCXOAHT CTaBJapTHHM 06pa3oM:

{Function[{x},x~3][2}, Function{{x},x*3][y],
Function{{x},x"3]{x]}

{8,5% 2%}

Map[Function[{x},x"3]},{a, b}]

{a%6%}
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QhcTyo OYHKIHIO Jerko NPeBpaTHTh B HMEHOBAHHYIO: AA8
3TOr0 AOCTATOTHO CAeAaTh HPECBOCHHE CHMBONY, KOTODHIL B Aafhb-
HelitlieM Oy JeT CHyXHThb €e HMEHeM.

newcube = Funetion{{x},x"3]
Function{{z}, 2%

newcube[y]

y3

[logBogs uToru, orMeThM, ¥To Function nossonsger no aiobo-
MY BLIDAXKEHHIO eZPr ONpeenuTh YKcTyio ¢pyukuuo Function[{x,
¥,...},expr] nan uMenorannyo ¢pyukuno f = Function{{x,y,...},
exXpr] nepeMeRHuX T, Y, ..., & TAKKe U3 UMEHOBABHOM QYHKHUH
caerats smctyw F{{x,y,...},f[x,¥,..]]. B caay toro wro cam-
BOMH B cKo6kax B Function JoxansHul, BhpaXesine ezpr SOMKHO
6LITh PNEYATAaHO B MOMEHT HANHCAHUA YHCTOH PyHKUHME. K GYHK-
UKIM, ONpejenfeMuM € MOMOUIBI0 OTAOKEHHHX NDHCBOEHHH, 3TO
3aMedyaEHe He OTHOCHTCH.

Cyumecrsyetr fofiee KOMNakTHaA B yaoGuas dopma npeacTa-
BACHAA 9RCTOA HYHKHAH, KOTOPYK HHOTJa HAJRIBAKT aHOKUMKO
¢yHknved. B aHOHMMHHX ¢YHKDHAX BMECTO CBHIAHHHIX Ilepe-
MEHHEIX HCHOAB3YIOTCA CReNuaibHEE BopaxeHHda ,Maremaraku®
¢ saronoskoM Slot, umecwne Bug #, #1 u 7.4. Ilpu atom gas
GYHKOHE OgHOH TepeMeHHOH HCNOAb3yeTCd #, a B GYHKUEAX He-
CKOJBKHX NepeMeHHKRIX NepPBblid apryMeHT oGo3HavaeTcs #1, BTO-
poit #2 u7.4. Kpome Toro, s Koge aHOHUMHOR GYHKIAY CTABATCA
aHak &. Pynkuua newcube, nepenncannad B popMe aHOHHAMHOM
byYHKUHK, BRCALIRT Kak #°3&. AHoHIMEBC PYHKUKE HO3BOARIOT
AaBaTh OYeHb dEraHTHHIE onpefeneHus Gynkuuid. PaccMoTpuMm
B KadecTBe NpuMepa ¢yHKnuio jacob, xoTopas mo 3ajaHHLIM 7
byukuuaM fi, fa, ..., fn OT n nepeMeRHRIX Z,, T2, ..., To BEH-
caser ux Axobuan: ||8f;/0xz;|.

jacob{f_,x ] := Outer[D[#1, #2]&,f,x]
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B aToMm onpegeneruu nog f NoHUMaeTCd CIHCOK DYHKIUNH, a N0
T — CHHACOK HE3aBHCHMHIX NepeMeHHHX, ABRNAKUIXXCA aplyYMeHTa-
MH QyHKOHE u3 cnucka f. B asonumuolr dynxnun D[#1,#2)&
IpU €e BLHIYACAEHHH Ha MeCTO NepBOre apryMeHTa #1 nojcrasas-
eTc (hYHKIHA, Ha MECTO BTOPOTO apryMeHTa #2 -— He3aBHCHMAX
nepeMeHHad B COOTBETCTBEH ¢ onpederendem ¢yaxkuuu Outer.

jacob{{f[x,y].g[x,y]} {x,y}] // MatrixForm

fAO)z,y] fONz,y]
gz 4] g0 z,y]

AHoOHHMHRBIE DYHKIHAA 049eHb YAOOHB 118 PAGOTH ¢ QYHKIHAME
Sort u Select. dyukuns Sort nMeeT BTOPOH, HeoBAZATENBHEIR
apryMeHT, 3ajJal0UIMH KPUTepHi copTHpoBkd. Ecam sror apry-
MeHT He yKa3aH, TO KCMOAh3yeTcd BCTPOEHHHIH nmopigok. Bropoi
apryMeHT 06f3aH OLITh ABYXMECTHBIM NpeJHKaTOM, H COPTHPOBKA
NPOH3IBOAKTCA TaK, 4TOOLI OH NpHHAMAN 3Ha4eRie True Ha nw6oH
nape NOCAEJOBATENbHHEIX 3/MeMEeHTOB cnucka. PaccMoTpuM B Kade-
CTBe NMpHMepa CIIUCOK

1= {5,3,7,1,8,9,2,4};

H YOOPAAGYHM ero Tak, YToOH KPaJApaT OpelUIecTBYIOLLEro aJe-
MeHTa 6 cTporo Goabiue nocaegyiomero. CooTReTCTBYIOIIKI
npefHKaT 3ajJaeTcA aHOHHMHON pyHKnMeH #1°2 > #2&, nosTomy
HCKOMAasf COPTHPOBKAZ BHINONHAETCH C [IOMONILIO BLIPAXKeHRS

Sort[l, #1°2 > #2&]
{5, 3,7,8,9,4,2, 1}

Teneps NocTaBHM 3a4avdy: BH6paTb M3 coHcKa ] Te dJAeMeHTH,
KBapPaTHLIE KODHH KOTOPLIX MeHbIe 2.5.

Select[l, N[Sqrt[#]] < 2.5&]
{5.3.1,4,2}
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5.3. Cynepnoanuusa ¢pyHKIEHN

BaxkHeiillleil KOMIOHEHTOR PYHKUMOHANRHOrO NPOrpaMMHpOBa-
HHUf ABAKETCA NOCAEJOBaTelbHOE NpHMeHeHHe, WIH CYNepno3ulus
¢yuxuuii. HMeloTca ABe moneannle BeTpoedEnle yHKEHM Nest u
Fold, xoTopHe aBTOMaTU3UPYIOT HaNUCaHXe CYNepNOIHLUE CAHOH
# TOH Xe hynkund. [IpeanosoxkuM, 4TO HYKHO OCAELOBATEILHO
n pa3 npuMeRuTs Pydknuio function k HEKGTOPOMY apryMmesTy,
3aTeM K pe3y]LTaTy NpUMeHeHHS (QYHKUHE K apryMeETy H T.[.
Takas cuTyauns BO3HHKaAeT, HAIpEMep, B HTePaUOHHLIX MeTOLaX.
Bupaxenue Nest[function, x,n} npu ero sH4YHCAIeHHHE BEIIOJIHET
3Ty HOCAEJ0BATEIbHOCTh AeHCTBHH.

Nest[cube,a, 3]

0‘.27

Nest{D[#,x]&, (x"2 + ax + b)E~x,25]
E*(600+ 25a + b + 50z + az + 2?)

B nepsoM npumepe Bhiuucieso Buipaxenne cube[cube{cubela]]], Bo
BTOpOM Hailgena 25-% nponasogias bynkund (22 4+ ax + b)e”.

B MeTtoze kacareabHuix HbloToHa 18 HaXOXK/eHHA Hy18 GYHK-
uun f(z), HaxopAlerocs BGAKIK OT TOYKH @, N-€ NpHGIHKeHue A48
HCKOMOI'O Hy/]f HaXoXUTcA no dopmyle

fo = a,
f(Zn-1)

Tn=Tn-1 = 5

F'(Za)

OTH HTepal¥y JerKo PealyayloTCi € NOMOLIBIO GYHKIHHK
newtoniter[f_,x0_,n_] := Nest{(# - f{#]/f'{#])&, N[x0],n],

The g — HadalbHaf Todka, a QyHknHA N NpHMeHeHa K Top AA4
TOrO, YTOGK NPOBOANTHL YHCIEHHHE, a He CHMBOAbHHE BHYIHCIE-
HiA. BhiuecauM Heckoabko npubAMKeHUH K KOPHIO NOMHHOMA
z3 — 22% 4+ 5, pacnonoxensomy BEAUIR —1.
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newtoniter[Function[{x},x*3 — 2x*2 + 5], ~1,2]
-1.243

newtoniter[Function[{x},x"3 - 2x~2 + 5], ~1, 3]
—1.2419

YTo6ul OLUEHHTHh CXOAHMOCTb H HE NOBTOPSTH BPYYHYIO BhIYHCIe-
HHH, OTIMYAIOUMXCA TOALKQ KOAHYeCTBOM WTepaluMi, NOCTYHHM
cleyIOIKM obpaloM:

newtoniter[Function[{x},x*3 — 2x"2 + 5], -1,
#)&c/QRange[s
{-1.28571,—1.243, ~1.2419,-1.2419,-1.2419}

3aeck no ¢yHkuuE newtoniter onpefeseHa aHOHUMHAS (YHKHRSA
apryMeHTa, KOTODHIN yKajwBaeT Yucio Hrepaumii. Oma npume-
HAeTCA KO BceM dJemeHTaMm cnucka Range[5] = {1,2,3,4,5}. Aab-
TEpHATHBHBIL cnocof OCHOBaH Ha npuMenenud ¢yuknuu Table s
BE /e

Table[newtoniter[Function[{x},x"3 - 2x*2 + 5], -1,i],

{i,5}].

B ¢dyHKuMOHANLHOM OPOrpaMMHPOBAHMM OTJAKT NpeinodiTeHHe
nepsomy cnocoly. MEL BHIHM, 4TO Nociae TpeThbeil WTepalyud Ipo-
HCXOAUT CTabMAMDAlUMA NATH 3HAKOB [OCHe 3aMATOH, NOdTOMY C
3TOi TOYHOCTBIO NPHGAHXEHHOE JHARYEHHE XODHA paccCMaTpHBae-
MOr'0 NOXEHOMa pasHOo —1.24190.

Pynxurs FixedPoint ocyuecTafeT uTepauuu JO TexX NOp,
NOKa ¢ MAUIHRHOH TOYHOCTLIO PE3YALTAT He MepecTaHeT H3IMEHATh-
cd. [lepenumieM c ee noMouibio GyHKOHIO hewtoniter:

newton(f_,x0_] := Fixed Point{(# — f{#]/f[#])&, N[x0}]]
newton{Function[{x},x"3 — 2x~2 + 5], -1]
—1.2419
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Ewe ogua pasnosugiocTs NestList dyuxkuun Nest ameer pe-
3YALTATOM CHMCOK, IEPBBIM 3J1eMEHTOM KOTOPOro fBAfeTCH apry-
MEHT, BTOpPhIM — De3yAbTAT NPEMEHEHHS KTePEpyeMO# DYyHKIHH
K apTyMeHTY U T.JA.

newtonlist[f_,x0_,n] := NestList[{# - f{#]/f'[#))&
N([x0],n]

newtonlist[Function[{x},x*3 - 2x"2 + §], -1, 5]
{-1.,-1.28571,—-1.243,-1.2419, —1.2419,—1.2419}

Mapa ¢yuxuuin Fold u FoldList spasgercs ananorom Nest
u NestList upumeHuTeabHO K GYHKNHAM OT ABYX apLyMeH-
tos. Bupaxenne FoldList{f,x,{a,b,...}] nopoxgaer cnncox
{x,f[x,a),f[f]x,a],b],...}, a pyskuusz Fold or Tex xe aprymerTos
MMeeT 3HadeHHeM NOCHAeJHUM DICMEHT JTOro ClucKa. PaccMoTpHM
ABa npuMepa. B nepsoM onpegerum dyukunio fact[n], suuucaso-
iy nt:

fact{n_] := Fold[Times, 1, Range[n]]
fact[5]
120

B kadecTBe BTOPOro NpUMepa PACCMOTPUM 3ajavy: MOAYYHTH
COHCOK NPOM3BOAHHX ¢yHKuHH z/(e + cosz) 1o nepemeHHOR T,
3aTeM MO T K Yy, 3aTeM 1O Z, Yy ¥ 2. BOT OfHO H3 BO3MOMKHHIX
pemeHsn: '

Rest[FoldList{D[#1,#2)&,%x/(EY + Cos(z}), {x,y,2}]]

{EV + é'os[z]' N (Ey +Egos[z]) T ((Tzfg%) }

Eciu x apryMeiTy 2 HYXHO NDHMeHHTb MOOCAeJOBaTelbHO
(hbyHKUAY C 2aronosKamy f1, fo B T.4., TO B HeKOTOPHIX CIYHafAX 3TO
yAo6HO JeiaTs ¢ NOMOWILIO BCTpoenho# dylknuy Composition.

Composition[Cos,Sqrt, N|[Pi]
—0.2000294
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B npamepe x apryMesTy Pi cHavana npaMmendercd ¢pyaxkuua N, aa-
TeM Sqrt, a norom Cos. [locMoTpeTh, KaK H3MEHKETCA PEIYALTAT
nocie npaMeHeHH#s OYepefHON (PYHKLUAM HI KOMIO3MDUH, MOXKHO,
o6paTuBmiick k ComposeList.

ComposeList{{N,Sqrt, Cos},Pi]
{Pi,3.14150,1.77245, ~0.200294}

dameTbTe, 4To y o¢ynkuuu Composelist nopajaok dyuxuui
uaMmeneHr no cpaBHenHic ¢ Composition.

Tpn pa6oTe c akre6poi QYHKIUN, KOrga GYRKIHE ECTECTBEHHO
paccMaTpHBaTh KakK ONEpaTophl, BaXKHYI0 polb HIPaeT ToxKje-
creeHHu# onepatop Identity.

Identity[x]
z

Ecan f ecTs aaronorok HekoTOpoH GYHKUHH, TO ¢ moMouso In-
verseFunction mMoxuo dopMaibnc onpefesyTs obpaTHyio GyHEK-
nuio.

ff = InverseFunction|f]
-1

PopMantLHOCTD ONpefeleHus 3aKII0YAETCE B TOM, YTO, XOTA KOM-
noaruun f ¥ 1) 4BaRIOTCE TOXACCTBEHHLIMHE (DYHKIHAMM:

{Composition[ff f]ix], Composition][f,{f][y]}
{z,y}

C 2al'oJOBKOM f('l) He CBA3LIBAIOTCA ABTOMATHYECKH HHUKaKHe
npasnia (PaKTHYECKOro BHYACIEHHA 0GpaTHOH PYHKUKN.

flx]:=x"2
£y
£
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TaxnM o6paaoM, paccMaTpHBaeMasd anre6pa GyHKUNH ckopee ABJA-
eTca aare6poit 3aroOBKOB QYHKIEE. 3aroloBKe GYHKIHE MOXHO
CKIaHB2Th, MePEMHOKATL B YMHOXATD Ha BEllECTBEHHbIe YHCIA,
T.e. MOXKHO BBOAUTL 06beKkTH Buia f+g, fgu 2f u T

{(f+g)x, (f g)Ix], (2 N)[x]}
{{f +9)lz), (foll=z], (2]}

Ognako mocaefH## pe3yALTAT MJIOXO COMMACYeTCA ¢ OOINenpHHA-
THIM ONpeJeJeHHEM CYMMALI M NpOM3BeleHHA (MYRKOHH, KOTOPHe
ONpelelfoTC NOTO4YeYHO, T.€., HANpAMEep, CYMMOR IBYX DYHKIHI
Ha3WBaeTCA (GYHKUHA, DHAYeHAS KOTOpOH NPH JAIOOHIX 3IHAYEHH-
AX apryMesTOB DaBHH CyMMe 3Ha4eHH#l caaraeMux. (DPyHkuus
Through o6ecneutnBaeT Takoe coraacoBanue.

{Through({(f +g)[x]]. Through(f g){x]], Through((2 f)[x]]}
{7le] + glz), flz]glz], 2[=]/(=]}

B nociegHeM BRIpAXEHHH YHCA0 2 PACCMATPUBAETCA KaK 3ar0J0BOK
GYHKUMY, 2 He Kak MHOXMTelb. DBHXOA H3 3TOro MOROXKEHHA
3AKN0OYaeTCA B TOM, 4TOGH BMECTO YHCEA HCHOAL3OBAThH YHCTHE
dyuxunr 2&, 3& u T.X., KOTOpHE TPRKTYKTCR KaK pyHKUHUMW,
NPHEHMAICMIHE TOCTOSHHBE 3HAYECHUA. '

Through{(28&f)[x}]
2fl]

5.4. IlogmuoXkKecTBA KOHEYHO'0 MHOXeCTBA

[IporpamMMupoBatine cTpor0 B $YHKUHOHANLHOM CTHAE HPHBOJUT
K BHIpAXEHHAM, NOJAYYaIIUMCAd HAHHILIBAHHEM NDHMEHERHH 3a-
roaoBkoB GYHKIHE K HCXOAHBIM apryMenTaM. Takue BRIpaXKeHHA
MHOT'Ja Ha3hIBAlOT ,OAHOCTpoYMHkaMu“. B xayecTse npumepa
OZROCTPOYHUKA NpUReJeM NporpaMMy, KOTOpas Mo 3aJaHHOMY KO-
HEYHOMY MHOXeCTBY CHMBOJIOB JaeT CIHCOK BCEX NOAMHOXKECTB
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JaHHOrO MHOXecTBa. M3 Bcex moAXofoB K peumteHHIo 3ajfadM BhI-
6epem anre6panyecknd. IlycTs 3agano MHOXeCTBO

1={a,b,c,d};

TOT Ja BCE ero NoAMH0XKECTBA MOXKHO OTOXJeCTBHTE €O ClaraeMhl-
MU CYMMBHI, NOJY4alollelcs IPpi PacKPHITHE CKOGOK IpOHIBeJeHHA
(1+a)(1+b)(1+c)(1+d).

Expand[(1 +a)(1+b)(1+c)(1 +d)]
i+a+db+ab+ctac+bet+abc+d+ad+-bd+4abd+cd+acd+
bed + abed

EcTecTReHHO, e JHHHIY CAEAVET CONOCTABHTE ¢ NYCTLIM NOAMHOXKE-
ctBoM. [IpuBefeM nociefoBaTelbHEE ITANK NPOrPAMMKPOBAHUN
3TOro MeToJa M ero OKOHYaTelbHYIo dopuMy.

11=1+41

{1+a,1+8,14¢,1+d}

12 = Times@@l1

(1+a)(1+8)(1+c)(1+4d)

13 = Expand(12];

14 = List@QI13

{1,a,b,ab,ac, be,abe,d,ad,bd, abd, cd,acd, bed, abe}
15 = {#}&/Ql4

{{1},{a},{#}.{ab}, {ac},{bc}, {abc}, {d}, {ad}, {bd},
{abd},{cd},{acd}, {bcd}, {abc}}

16 =15 /. {Times — Sequence, {1} — {}}
{{},{a},{8},{a,b},{a.c},{b,c},{a,,c},{d} ,{a,d},
{b,d},{a,b,d}, {c,d},{a, G d},{b,c,d},{a,b, C}}

Bupaxente 18 gaeT orser. [loctanrennaui sMecTo Times 3arono-
BoK Sequence npespallilaeT NpON3BejeHNe B NMOCIEJOBATEIBHOCTE
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apryMeETOB, padJeNeHHLIX JansThME. BoT 3amacs npe,zxc'ramleu-
HOW NpPOrpaMMH B BHJAE OJHOCTPOENKa:

{#}4& /@List @@ Composition{Expand, Times] Q@
{1+ {a,b,c,d}) /. {Times —+ Sequence, {1} — {}}

YopaxHeuus

1.

“Acao HA3NBAETCH COBEPIUEHMEM, €CAH OHO DABHO CYMME CHOUX KeNHTened,
B MECNO KOTOPHX BKMIOYAeTCA efMHMIE, HO He camo mcno. Hampumep,
umcne 6 cosepuienHoe. Onpedeaume dyrxmma perfectQ), koTopaa mpw-
HBMaeT Jnaverue True, ecay “micko coBeptiieHmce, ¥ False B oporumHom
cry4ae. Bocnoabsyiirecs BerpoeHpusu $ymxngamy Divisors u Apply.
C nomoumw pyuxipm perfectQ nposepume, ure 28 copepruennoe mcno.
Hat#idume crepyiowee 3a 28 copepiueRtoe ~mcito,

. C MaTeMaTHdecKo} TOYKH IpeHH’ MIPAILHAA KapTa, CKAXeM, JaMa Ik,

€CTh MMeMeHT OPAMOT0 NPOHBBEAEHUA ABYX MHOXECTB, JAeMeHTH nepBoro
MHOXECTBA eCTh MAcTH: muxku (spears}, Tpedu (clubs), deppn (hearts) u
6y6un (diamonds). Bropoe ects MHOXecTRO ZocToMHCTB KapT: Ty3 (Ass),
kopoms (King), gama (Dame), saner (Jacket), 10 @ ganee go 7 (wm go
2). C nomoupi dyukomu Outer noayuume crmcok CardDeck, sneMerTn
KOTOPOr'0 ECTH CIKCKH M3 JBYX 3EMeHTOB, B KOTOPHIX NEPBHM JJEMEHTOM
ABILAIOTCA CHMBOXH 8, ¢, h Wt d, a BTopuM — cumboan A, K, D, J, 10 &
T.4. A0 7. Y6edumecs, uro gauna CardDeck pasna 32.

CobepllieHREIM HepeberIMBaHUEM HAIWBACTCA EPEMELMBAHNE KOXORE
CardDeck, noxyqaemoe percHseM KoIoAL HA fBe paBRule HACTH M Noclexy-
UMM DACIIOJIOKEHHEM KAPT MACTed OJHA 33 APYroil B YepelyiolieMca o
paake. [Toaywume Takos nepeMelipsamie ¢ Nomollsio ¢ymami Partition
¥ Transpose. Hanuvwume dymximo perfectshuffle, mepsum aprymen-
TOM KOTODOH ABIAETCH KOAOAA (€ MPOHIBOALHEM DACIONOXKEHEEM KapT), a
BTODHIM APryMeHToM — HATYPANBHOE MHCAO 1 K KOTOPAA OCYWIECTBIANS SH
CoBepliteHyoe epeMelliBaHie 1 pa3 NoApag. Yfedumeck, aTo Mocke NATH
comepireHHNX nepemenrusanuit crmcka CardDeck poccrananmimaeTca He-
Xolisoe pacnollogkede kapT. Hanuwume dyuxinno perfectshuffleright,
OTIMMAIWYIOCR OT NPeANAYIER TeM, IT0 TPeXk e YeM IPUMEHATE: QYHK-
wno Transpose, cleiyeT MEpeCTABETL MECTAMH NEPBYI0 H BTOPYK: YACTH
KONOIH. Yéedumect, 4TO B XAHHOM CIYYae MCXOLHOC PacnoIoXedHHe KapT
BOCCTAHABIRPAETCS TONBKO NOCNE JECATH NEPEMelUNBAHI.

Hanuwume ¢ymamo deleterand, xovopas yganssa Gu M3 jammoro
MEOXECTBA 1l 3MeMEHTOB cayyaium ofpasoM. Bocrionsaylireck gian »roro
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BcTpoeHnEME GyHximamnu Delete, Random, Nest. BocriomaykTecs
deleterand gun Toro, yrobn HammcaTs Gyuxkumw deal, ocymecTramouryo
paaja4yy deTHpeM MrpokaM kxapT #3 CardDeck.

. Berpaennan ¢ymxmma IntegerDigits[n,b], rae n — =mcao, b — 6asza

CHCTEMB MCIXCICHHA, NOPOXJAST CNECOK UMD B MPEJCTABACHUM THCIA N
B cucTeMe ¢ Gasoil b. Tak, npu n = 12, b = 2 nmeem IntegerDigits[12,2]=
{1,1,0,0}. C nomoupw ¢yuxinm Fold nanuwume dbymkimo tobase
OT ABYX apryMeNTOB, KOTODAR 3JAMNCHBANA OB MHCAO 1, 3AJAHHOE B
JecATHTHOH CHCTEME, B CHCTeMe meuMcieHua ¢ 6asolt b upm ycaosim, 4To
b<n.

6. Illoayvume cINICOK MOBTOPRKWMXCA B CIMCKe | 3JEMEHTOB.

10.

. IHoaAyuume clMCOK NOHINME, KOTOPHE 3AHKMAKT NPGCTHE YUCIA B CIHCKE

{ = Range[10]}.

Mo cnucky = {a.b,a,b,c,d,d,a} nosyvume Homuil cmmcok, afemenTaMn
KoToporo fnum 61 napH Buaa { anement !, ymcie ero sxoxpaemui B 1 }.

. [lan crmcox

i={{1,1,1,1},{1,2,3,4},{1,0,2,0},{1,3,0,7}}

BEKTOpOB, o6paayioiux 6a3nc B 9e THPEXMEPHOM JIHHEHHOM NPOCTPAHCTBE.
Hanuwume ofHOCTPOMHUMK JIA NOJYYCHHA MATDHUW [pama gs 3Thx Bek-
TOPOB, MATPHYHHE 31eMeHTH KOTOPOU CYTh NONaPHHE CKANAPHHE [IPOH3-
peJeHNA BeKTUpPOoB §ainca.

Hcenonsaya comcok § u MaTpuny ['paMa gs npeasigyuei 3ajayum, nepetidume
oT Gaamca { kK HoBOMY 6asHCy, TeTBEPTHI BeKTOp v[4] Koroporo oprorena-
nent Tpes nepssM (1], v[2] 1 v[3] 1 HopMMpoBaM Ba eqmmmiy. Jaa aToro
samexume v[4] na mmeimyio xoMGumapno v = v[4] + zu{1] + yv[2) + zv(3]
C DOXXONAUMMHY T, Y, Z.



I'naBa 6

ITPO'PAMMMUPOBAHMUE,
OCHOBAHHOE

HA IIPABWIAX NNPEOBPA30OBAHUU

HonATre npeobpaloBaHnd ABAKETCH, NO-BEIAMOMY, OJHHM H3 Ca-
MHIX O6IIHX B MaTeMaTuKe. TabIHLy YMHOMKEHUA MOXKHO paccMa-
TPHBATL KaK COBOKYIHOCTb [paBHi Npeofpa3oBaHmE, B COOTBET-
CTBHM C KOTOPHMHY He GyJeT oluMOKOH 3aMeHUTh BRIpaXKeHAe 2 X 2
BCIOAY, TAe OHO BCTpedaeTcd, Ha 4, BupaxeHne 2X 3 —ua 6 v T.4.
Anre6pandeckne BEYHCACHHA NPOBOAATCA Ha OCHOBE TOXJAECTH,
KOTOpPEIE TaKXe MOXXHO PacCMaTpHBaTh KaK DPaBH/Aa 1peobpaso-
paunii. Hanpumep, Toxgectro (z 4 y)? = 2 + 27y + y* nosnonser
BCloAy B anrefipanyeckux dopMyaax 3aMeHHTh ero JeByio 4acTh Ha
npaBy1o.

B MaTeMmaTHYeCKOM aHaiM3e BHIHCACHEA YacTO CBOASTCH K Ma-
HUIYARPOBAHHIO BhIPAXKEHHAMH, COREePXKAHMHE HETErPadkl, CyM-
MHI, TPOR3IBOJHKEE H T.M., COTAACHO CHPABOMHEIM DYKOBOJCTBAM,
COAEPXKAlIEM BHAYEHAS DTAX HHTETPANoB, CYMM H T.8., KOTOPHE
NOACTABAAIOTCA HA MECTO MCXOAHHX BHPAXKEHHH C TeM, YTOGH
YIPOCTHTh HAK NONYTHTH YMCAeHHEE JHAYeHHA PacCMaTpPHBAeMEIX
sripaxcenuii. Tak, BvecTo uuTerpata [ o e~ dz moxno nogcTa~
BHTb YHCIO /T. :

Hpyroil acneKT npaBua npeobpa3oRaHuil 3aKIOYAETCH B TOM,
4TO ®X MOXKHO PACCMATPUBATL KaK aKCHUOMH, KOTOPHM YJOBie-
TBOPAKOT ONpeleleHHbe MaTeMaTHYeckue obbekTh. (nepanus
CNOXEHWS acCONMATHUBHA, M ITO CBOHCTBO MOXHO 3allHCATbH B BH-
Ae npaBaaa (a+b)+ c=a+ (b+c), onepanns guddepennKpo-
panus anmeiina: (af(z) + bg(z)) = af'(z) 4+ bg'(z), npr a u b
HOCTOAHHHIX, R yAoBaeTsopaeT npasuiy Jeiabunna: (f(z)g(z)) =
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f(=)g(z) + f(z)g'(z). ,MaTemaTuka“ uMeeT Da3IBUTYIO CHCTEMY
CpeJCTB, O3BOJAIOIIHX CO3AABAThL BECbMa KIOUIPEeHHHE MpaBuia
npeo6padosarui. Ha nEx ocHOoBaHa caMoCTOofTenbHad mapajfur-
Ma NporpaMMHDPOBAaHHA, C KOTOPOH MOXKHO NO3HAKOMHTLCH B 3TOH
riaaBe.

6.1. Fno6anbHLIe ¥ JoKaIbHEIE TpaBUia
npeobpasopaHui

Brupaxene T = a, TpakTyeMoe B TPaJHIHOHHEIX #3bIKaX IPOrpaM-
MUDOBAHMA KaK NPHCBOSHNE 3HAYEHUA @ CHMBOJY &', MOXHO pac-
CMaTPHBaTh KaK NpocTelllee Npasuio Npeobpa3oBanus, CONIacHO
KOTOPOMY BClogy, T.e. BO Bcex BupakeMusx ,MaremaTuks®, B xo-
TOpPEIe BXOANT CUMBOA Z, €ro CiejlyeT 3aMeHHTh Ha a. B 2ToM cMEI-
clle paccMaTpUBaeMoe npaBuio racbansho. Ero roxanssuit anator
eCTh NOJCTAHOBKA I — G, KOTOPaA OCYLIECTBAAETCR B OTACALHKIX
thopMynrax mocle npuMeHeHus k RuM ¢yHkunun ReplaceAll, ume-
ollelt BRL /. BO BXOZHOM (opMaTe.

3Hak = gRAfeTCAd HHOUKCHON GopMOl QYHKUUN [BYX apryMeH-
ToB Set. Buipaxenue Set[expri,exprz) BR4HC/ITeTCA CIEAYIOMIMM
o6pa3aoM. ApryMeHT ezpr; BOBCe He BLIYHCAAETCS, BHIPa)KeHue
expr; BEIYMCARETCH, ¥ 3TO BRYUCICHHOE IHAYEHHE NPHCBAMBARTCH
Bupaxenuio expry. [logoGHH NOpAAOK BEHIYHCIGHHA MMeeT CBOM
ocropanus. Hanpumep, on no3BoaseT ¥3BeXaTh CAeAyIOUIEro npo-
TuBopeuud. IlycTh cHaYasa CHMBOLY T IPHCBOGHO 3HaveHHe 1, T.e.
BRIYMCIEHO BRIpakKeHse X = 1, a 3aTeM BO3HAKIa HeoBXOJUMOCTL
NPHCBOKTH CHMBOAY T HOBOE 3Hadenue 2, Bryucaus Set{x,2]. Ecan
6L TepBHIH apryMenT QyHKUKH Set BEIMUCISICH, TO BOIHUKAA Obl
CUTyaOus, KOrja YECAy 1 npucBagBaioch 6 3navenue 2. Iloa-
YepKHEM, Y4TO BHYHCICHHOE BHIPAXKEHUE eZpry B NMPUHUHIE MOXET
6LITH IPHCBOEHO B KadecTBe 3HAYEHHA NIOGOMY BLIPAKEHHIO eTPry,
a He TOAbLKO CEAMBOIY.

a[x*2]=E"x
EE
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Hocae aToro aciogy sMecto a[2?] 6yaer nogerasasteca E*. [onpo-
GyeM, ofHaKO, OTIPe/IEKTE Clefyolllee NPaBHAO NpeoGpalOBaHKA!

x*2=h
Set:: write: Tag Power in z? is Protected
b

Mu noay4uan coobuierne, YTo 3arofopox Power B Bupaxenuu ¢?
obragaer arpubyroM Protected. Dto o3HadaeT, 4TO ¢ BHIpaxe-
HEAMH T2, T°, Sgrt[z) n nobumr Bupaxennsmua Powerlexpry, k]
¢ sarojoBkoM Power Henn3a Ge3 clenuaibHOM HpOUedYPH, OiH-
CHIBAEMOW HHXKe, CBA3aTh Kakoe-iH60 NpaBHAO NpecOpaloBaHus
¢ moMowpio pyHkunu Set. [IpEMep nogckasbiBaeT TakXke, 4TO
», MaTeMaThka" accounpyeT npeobpa3cranii ¢ IATOJOBKOM BHIpa-
Xesnid expr; B Set[expry,expra]. dTe o6cToATENRCTRO NO3BOAAET
OnpefendTh HOBEE (PYHKNHH, BLTHCAAS BHIDAXKeHHA BHIA

B KOTOPHX CHMBOJ I CONPOBOXAAETCA NOAYEPKHBAHHEM _, ABIfA-
IOLIXMCE BXOJHOW (opMoi Bripakenna Blank[]. Tocae aroro
flezpr] aas awboro expr 6yAeT 3aMeHATHCA HA ezprs, ¥ 3TO Ipa-
BIAO npeoBpazoBanus GyjeT NPOYHO CBA3AHO C aroioBKoM f,
COCTaBAsAR OAHO M3 TaK HAJHIBAEMHIX NUNCHUT IHAvENUU 3TOrO 3a-
POAGBKA.

DownValues(f]
{Literal[f[z]] :> z3}

C 7106HM 3arOJOBKOM MOXHO ACCOUMHPOBATL CKOALKO YTLOJHO
HEXKHEX 3HAYeHHH, WJH, ITO TO XKe caMoe, NpaBua npeobpaso-
Banmit. Hanpumep, ua onpejenenuoi pume ¢yuxunu f(z) = z3
MOXHO CKOHCTPYHDOBATh Da3pHIBHYIO (YHKUHIO, HepeolpejendB
ee 3HayedHe B TouKe 0:
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flo]=1
1
DownValues|f]

{Literal[f{0]] :> 1, Literal[f[z.]] :> 2%}

OTMerum, 4To Marematuka“ 6yeT UpEMEHATH NpaBHAA Npe-
obpalorandil, cBa3auHLe ¢ cuMBoaoM f, B TOM nopiaike, B KOTO-
poM onn gamu B DownValues. Beezda Goaee wacmusie npesuae
npeduecmayom boace obuyum. TakuM o6pasoM, NPH BEIYHCIEHKH
Burpaxkenus f[0) 6yeT noayden peayaprar 1, a me 0.

IloMumMo dpyHxnun Set g1a onpefeneRus npaBuUA Npeobpasoba-
HEH Hcnoab3yeTch ¢yuxnua SetDelayed, uaa oraoxernoe npu-
CBOEHKE, BXOAHOH (OpMOH KOTOpPOH ABAKETCA €XPrj .= eXprs.
Buuncaerne supaxenns SetDelayed[expry,expra] sakawogaer-
CA B TOM, 4TO HH €TPr;, HH €TPry He BLITUCAAIOTCA, HO COOTBET-
CTBYIOLlee NPAaBHJIO JAHOCHTCA B CIHCOK HHXKHHX 3HAMEHHH 3aro-
JIOBKa BHpaXKeHEs ezpry. EciH B JaahHeliileM BOIHHKHET HeoOXo-
AUMOCTb BHYMCAHTL BHIpaXKeHHe eIpr;, TO oHO SyAeT 3aMeHATb-
Cf Ha BRIMHCACHHOE HMEeHHO B TOT MOMEHT 3HadeHHE BhIpaXkKeHH:H
ezpry. Pa3Huny MexAy HeMeJieHHHWM H OTAOXeHHHM NPHCBOSHH-
€M MOXHO NOHATH, OGPATHBILACH K ClEJYIOLIHM NPHMepaM:

x = Random( ]
0.0489537
¥ := Random]]

{Sin[x], Sin{x], Sin[y], Sin[y]}
{0.0489341,0.0489341,0.758444,0.311081}

B npumepe Sin[x] Buuncasica gis GAKCHPOBAHHONO 3HAYEHHA I,
pasnoro 0.0489537, a Sin{y] — a14 y, ABASIOUIAXCE 3HAYEHRAMA
dyskune Random B MOMeHT BuumcHeHHA ¢yakuer Sin.

Map[ArcSin[#]&,%)
{0.0489537,0.0489537,0.860922,0.31633}
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Ecag 5TOT npuMep NOKa3aici 4MTATEN0 DKIOTHMECKHM, TO Cle-
SYIOLIHE ONACHBAET JOBOALHC OOHYHYIO CHTYALHIO B CHMBOJbHEIX
anreGpandeckax Buduciaennax. Onpegeaum e byhkunau h(z) n
hh(z) caegyoum obpaaom:

h[x_] = Factor{l + x*2]
1+z?

hh(x_] := Factor[1 + x"2]
{h{Iy] hh(Iy]}
{1-4%0-1(1+u)}

®yuxuns h(z) ToxgecTrenno paBra 1+ z?, nosTomy h(iy) =1+
+ (iy)? =1 - y?, B TO BpeMA Kak NpH BHYHCIEHHR 3H2YeRHA hh(iy)
BHITONHAETCA Pa3JoXeRHe Ha MHOXKHTEIH MHOrowIeHa 1 — y?,

{DownValues[h], DownValues[hh]}
{{Literal[h{z]] :> 1+ z?},{Literal[hh[z]] :> Factor[1+z%]}}

Ecau 3aronoBok GyHKIAH, C KOTOPOH XeJaTelbHO aCCOUMKEPOBATE
HOBLIe NpaBHiIa NpeoGpasoBahMl, HMeeT aTpuGyT Protected, To
3TOT aTpAGYT MOXHO Y6paTh C NOMOLILIO BCTPOEHHOH hYHKIHH
Unprotect, nocte yero He GyAeT NpenfATCTBHE AAf OllpejereHHs
HOBEIX ACCOLMMPOBAHHKIX NPaBHJ.

Unprotect[Power]
{Power}

x*2=Db

b

Protect[Power}

{ Power}

f{x~2]

ba
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ToT ¢akr, YTO MHOrHE BCTPOCHHEIE QYHKIHH CHabGXeHH aTprby-
ToM Protected umeet cBou Beckue npr4urul. [eao B ToM, 4TC BH-
YHCAeHNe BhIpa)KeHH# BKI0YaeT npocMoTp ,MatemaTuxoi“ 6oab-
HIOrQ YHCA2 UPaBHA Hpeo6pa’oBaHyi, aCCONHHPOBAHHEIX C KX 3a-
ronopkaMi. [lockoabky Takie BcTpoeHHule GYHKIHM, Kak Power,
Plus, Times u T.5., BeckMa 4YacTO BCTPevaloTCA B BHYHCIEHH-
X, TO Kax(Joe HOBOE NPaBUIO0, aCCOUMHPOBAHHOE C HEMH, MOXeT
CYIECTBEHHO dJaMeRauts paboty , Matemartukn“. [lo aTok xe npu-
YHHe JKeAaTeJbHO CHOBa 3aNPOTEKTHPOBATH Takue (pYHKIHH, €CAN
NOAB30BATENb BCE e COYTeT HeoGXONUMEIM OfHAX bl PacpOTeK-
THPOBATH HX.

HmMeeTcH Apyrodl MexaHHIM ORpeAeNeHHA NPaBHA Npeobpaio-
BaHHN JAAA BHpPaXEHEH ¢ NPOTEKTHPOBAHHHMHE 3ar0JOBKAMH, 2
MMENHO MexannaM seprruz snavenuts (UpValues). ®ynkunu Up-
Set u UpSetDelayed, BxogHble GOpMEl KOTOPHIX 8CTh~ = H = 1=,
N03BOAAIOT ACCOLUHAPOBATh NpPaBHIa NpeolpaloBaHUK C NeMeH-
TaMH, HaXOJAIIMMHWCA Ha NEepBOM YDOBHe BHIDAXKEHHH, HMEIOIHX
nobule, B TOM YHCAE K NPOTEKTHPOBAHHREE, 3aTOJOBKH.

y'pr=c
C

7y
Global‘y

y/iyp=c

p
Global'p

p/iyp=c

Hrak, Honoe nupasuao npeobpa3oBaHHA, COIVMIACHC KOTOPOMY BHI-
pakeHHe y* 3aMeHSETCA Ha C, aCCOHHAPOBaHO C CHMBOJAMH Y ¥
P, COCTaBAAA MX BepXHHe 3HadenuA. C yveroM npasmn npeobpa-
30BAHKA, CBAAHHAIX C BEPXHHMH 3HAYCHHAMY, HMeeM CJeiYIOLIHE
pPe3yAbTaT BLIMHCAEHUA!
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f{y-p]
bl

ItonpofyeM BOCHIOAb30BATHCA q.wnxlmeu UpSet, yTo6u onpege-
AUTH npasuio z° = d:

x"3"=d
Set:: write: Tag Integer in z° is Protected
d

Oxa3rIBaeTcs, NPRBHAC MOXHEO ACCOLNHRPOBATH C CAMBONAMHU U He-
Jb3# ACCOUMEDOBAThL C YHCIaMH M CTpoKaMy. (JJHAKO MOXHO
yKadaTh ,MaremaTHke®, YTOGH OHAa acCCOLMEPOBAJZA HOBOE Npa-
BHJO TOJABKO C CHMBOJOM T:

x/:x"3=d
d

flx~3j

d3

BepxHHe 3HaY€RRA DO3BOAAIOT CTPOUTH NpocTeHinre Ha3sl AAHABIX,
NpescTaBieHle O KOTOPHX MUKHO NOAYYHTE M3 CJeAYIOLIEro MnpH-
Mepa.

Ivanov / : age(Ivanov] = 30;Ivanov /: sex{Ivanov]= male;
Ivanov / : occupation[Ivanov] = engineer;

Ivanchuk /: age[Ivanchuk] = 33;
Ivanchuk /: sex{kvanchuk] = female;
Ivanchuk /: occupation[Ivanchuk] = accountant;

Brine Bpejjens! cBejen¥s o ABYX paboTankax: Hpanome u Vpan-
qyke. Tenepb MOXHO NOAYHHThL CBefeHHs © Bo3pacTe, nojie H
cayXe6HOM NMONOXKEHRH KaXKJOr'0 H3 HHX, CAeAasB XOTA OH TakoH
lanpoc:
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?Ivanov

Global‘Ivanov

age[Ivanov]~ = 30
sex[Ivanov]* = musc
occupation{/vanov|~ = engmeer

Kaxk yxe oTMevanocs, JOKaJILHEIM aHAJIOr OM ra06alsHOT0 NpaBHia
NoJCTAHOBKH, OIlpefielaeMoro ¢ NoMOIILI0 GyHKUHE Set, ABaseTcs
Rule[expr;,expry)|, #1n B uHbHKCHOH ¢opMe eXpry —+ expra.
[dns dyaxkuan SetDelayed anasoruuynoe ed JokannHoe NPaBHAO
3ajfaerca ¢ nomompsio Gyrxnuu RuleDelayed{expr,expraj, #iu
BO BXOJAHOM ¢opMmaTe expr) :> exprz. O6a ByjJa AOKaJbHEX
TpaBua NpHMeHATCH ¢ noMombio pyrknuy ReplaceAll

rll =x"2-5 -y~2

2 —y?
{h[x]/ rli, hhi{x]/.rl1}
{1-g%1- 47}

B oGoux c.ny!ta.ax [paBs#J0, HIK HOZCTaHOBKa, rll ApEMeHseTCH K
yxe BusacaeHHRM srpaxenusm h[x] # hh{x], nosTomy peayasra-
TH BRIYHCIEHHH COBHAJAIOT.

O6a THHa ROKANBHRIX NMPAaBAA MOryT OBThH HCNOAL3OHAHEL C
no6uME mabiorami. [IycTs B nponecce BHIYHCACHHE BCTPETHIOCH
BHIpAJKeHKe

exl=x*{((n+1)/n- 1/11)
:r,(“:L _L)

KOTOpOe nociae Npy¥BefeHHA BHIpaXKeHUA B NoKa3aTene K obumeMmy
3HaMeHaTell pasHo . ,MaremaTuka“ cama mo cebe aToro
Ipec6pa’loBaHuA He BHIIOIHAET, NOITOMY NONLITaEMCA 3aCTaBUThH
€e BRINOAHATHL NpeobpaloBaHue ¢ NOMONIBLIO AOKANBERIX NDABUA:

{r12 = x*k_— x*Together{k], r13 = x*k_ :> x~Together{k]}

{ k___+zk 2k > zTogether[k]}
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{ex1/.r12 ex1/.ri3}
(aln+1)/m=1/n g}

B sToM caydae, Kak H CAEJOBANO OXMAATh, 3DdEKTHBHEIM OKa3a-
JAoch npasuio ri3.

6.2. HlaGaoun:

WMenobaRHKe WABIOHK BEJA . HCMOAKIOBATHCH HAMH NMPH ONpe-
AeneHNE HORHIX PyHKUME. Havnem cucTeMaTHYecKoe 3HAKOMCTRO C
OTHM NOHATHeM. B npuanune WabroHR HCIOAB3IYIOTCH JAA Bbljene-
HES K1acco BrIpaxenuit \Maremaruxu®. CaMunt o6mmil wabion
HMeeT BHJ ., COOTRETCTBYIOWRH KIACC COCTOMT M3 BCEX BHIpaske-
uun  Martemaruku“. Korkpernme suipaxerns hle;,...,e,] srng-
IOTCH CAMBIMH YIKHMH IaGA0HAMHE, BhieSas KIACChl, COCTOALIHE H3
ofHoro awpaxenud. OcTankiKe Ma6IOHH N0 CTENeHHM OGUIHOCTH
3aHHMAIOT TPOMEXYTOYHOE NoaoxkeHne. PaccMoTpHM, HalmpHMep,
BHIpaXKeHHe T°, HIH B NoaHok opMe Power[z,3]. flcno, 4To oro
ABJAETCA eJHHCTBEHHEIM JJeMEHTOM K/ACCa, BHIAGAAEMOI'O ITHM
Xe BHpaXKeHWeM, B BXOJZMT B KJacC BHIDaXKeHHH, olnpelelfeMhiX
mabroHoM _. KpoMe Toro, oHo BXOJHT B KJacC BEIpaXKeHMi BHZa
T*_, KOTOPHIf MOXHO OINCaTh Kak ,Z B JAofoi crenmenxn®. Knac-
Chl BHpaXeHWd 3, ,HeYTO B TpeTbeH cremeHn, m .~., , HeyTO
B J1060# crellesn® Takxke cojepxaT z°. Bygem rosopuTh, 4TO
HEKOTOpOe BHpaKeHUe omeevaermn wabaony, eCid OHO BXOJUT B
onpeieldeMul >THM mabloHOM Kiacc.

Mla6ron _ MoxXHO CHaGZHTH HMeHeM, KOTOpOe JOJXKEHO GBIThH
ceMBoaoM. WMeHoBaHHRE Wa6aoH _ umMeeT BUR symbol_ . Hma ma-
610HA He BI¥AET HA Khace BHipaxceHuil, ¥M BRjensemnx. Kpowme
TOTO, MOXKHO YKa3aTh 3arofioBox wabroHa B ¢popme _head. 3a-
PONOBOK CYIIECTBEHHO CYXaeT KJacc BhIpaxceHwd. Tak, mabion
-Integer BHAeAfET KAACC ATOMADPHHX BHPAKEHHH, ABAAIOLWHXCH
HeNRIMH YHCAaMH. PaccMaTpHBaeMoe HaMH BHpaKenHe T° OTBeda-
eT wabiory y_~3 u He oTBeyaeT wabroHy z~_Real.
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Hmeerca Bcrpoennan ¢ynxkums MatchQ), nposepsawoinaz co-
OTBeTCTBHE BhIpaxKenuil wabronam. Bupaxenue MatchQlexpr,
pattern| npunnMaeT 3HadeHye True, eciu BHIpaXKeHHe €Tpr OTBe-
vaeT mabiony patlern, n npuHAMaeT 3Hadenne False — B mpoTas-
HOM clIydae,

{MatchQ[x*3,_Symbol-_Integer],
MatchQ[x"3,x"(_Integer + _Integer)]}
{True,False}

[Mocreguuit npuMep gocraToyHo nmoyymresen. C Touka 3peHds
oGKYHON MaTeMaTHKH JH1060e [ef0e YHCIO BCEra MOXKHO NpelcTa-
BHTb B BHJAE CYMMEL JABYX APYTHX HelHX YHCel, H cyMMa lelhiX
YHCEeA eCTh CHOBA ilenoe Yucao. [loaToMy MoXHO Ghllo G 0XKHIATE,
uTo 2° oTBevaeT mabaory z~(_Integer + _Integer). Ha camom gere
3TO He TaK, NoToMy 4To ,MaTeMaTHka“ cpaBHHBaeT BHyTpeHHHE
noAHKe (POPMB! BHIpaX(eHHA ¥ WabloHa, a He yCTaHaBIEBaEeT HX
MaTeMaTHYECKYIO DKBHBAJEHTHOCTD.

KpoMme 11a610HOB, OCHOBY KOTOPHIX COCTAB/AfET NOJZYepKHBa-
aue _ (Blank[]), eMelorca wabiosw BEZa .. — JBOfHOe HOJ-
sepkuBanie (BlankSequence(]) n Tpojinoe nogyepkusanne ___
(BlankNullSequence[]). Jpoiinoe nogyepkuparue BHIENLET
KI2CC BHIPaXEeHHH, COCTOALIMX H3 OJHOTO HIAH H3 HeCKONbKHX BbI-
paxeruil ,MaTeMaTukE®, pasjfefedfnx 3anaTumu. Hampumep,
Bupaxende hle;, es,e3] oTeevaer wabrony h(z __). Tpolinoe noz-
YepKHBaHHE BHJeNfeT KAaCC, COCTOAIMHA B3 HYAS HIH W3 HECKONh-
KHUX BRIpaXeHHH, padfiefeHHEX JaNAThIME.

MatchQ[{a,b,c},{a,.._,b, ___}]
True

AHaIOTHYHO IabACHY . 9TH NOCACZRHE WABIOHE MOXHO CHABXKATH
umenamu. llla6Grorur __head m _._head npeanonaraioT, 4To Bce
BRIpa)KeHHN NMOCIeJOBATENLHOCTE HMEIOT OJHHAKOBLIH 3arofOBOK.
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MatchQ[{a,b,2},{_.Symbol}]
False

Bosspalascs k maGnosaM, OCHOBAHHRIM Ha OJHOM 3Hake _,
OTMETHM, YTO MOMHO OUpaHHY#BATL KIacC BhIPaXKeHMi, ompe-
AeNfeMHEX IafIoHoM, He TOXLKO (PUXCHPYA 3aroioBox wabiaoHa,
HO ¥ Tpebyd BLINOJHEHHS ONDPEJEIeHHOrO YCJIOBHA, BRIPaXKEHHO-
ro upegrkaToM. Hanpumep, B KiacC BHpPaXeHnH#, BulAeaieMBIX
wabionoM _?EvenQ, nonagaioT TolbKo YeTHHe Heable y#caa. Ha-
pRAY €O BCTPOEHHHIMM [peJXKATaM¥ MOTYT OHTh HCIOAL3OBAHL
npesHKATH, OnpejeifeMble MOJbIOBaTENeM C MNOMOUMbIO aHOHHM-
HBLIX QYHKURE.

MatchQ[Sin{x] + Cosly] + z, -7(MemberQ[#, Sin[x]]&)]
True

PaccMoTpeM Teneph HabOAOHE, KOTOPHE COAEPXAT albTepHa-
Tupy. Ha caMom jese Takue 1abAOHH NPEACTABAAIOT co60H COBO-
KYTIIHOCTh HECKOJARKHX INaBIOHOB, COeAHHEHHHIX IHAKOM |, urpato-
WHM polb Joruieckok cpaskn HJIH.

MatchQfa,a(b]
True

MatchQ[y~2+1,a_..x."2+b_x_+e¢_]
False

MatchQ[y*2+1,a_x*2+b_x_+c_.|Ja_x"2+c._]
True

B apyx BRulenpuBefeHALX NpUMEPaxX HaM BCTPeTHAKCE wabno-
Hbl BHEA &_.X_"2, B KOTOPRIX BCJeJ 3a CHMBOJAOM . CTOAJa TO4YKa,.
TG npuMep MAaGIOHOB CO 3HAMEHRAMH N0 yMosuasuo. B pac-
CMaTpHBaeMOM mabioHe COMHOXKKETENb a_ MOXKeT OTCYyTCTBOBATH,
a Ha ero MecTe Mo ymMon4daHHIO 6yZeT mocTasieH MHOXKETeAb 1.
BoT novemy pupaxende y-2+ 1 oTBevano wabioky a_.z_~2+c...
IlabroE €. Takxke cONpPOBOXKJAJCA TOYKOH, M €ro 3IHaYeHRe WO
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yMonuaruio pango 0. MiTak, B maGrone X+ y_. aHa9eHHKe O YMOA-
YaHHIO MabIoHa, CONPOBOXKZaeMOro To9KoHd, paBHo 0, B tiablorax
X_¥-. B X_“y_. 3BayeHHe no yMondaHzio pabeo 1. IloasaopaTess
MOXET N0 CBOEMY XKeIaHHIO NPHCBOMTH WabIoHAM JHAYEHHEA IO
ymondaHnio. Jas sToro oB MoXeT BOCIOAL30OBATHCA KOHCTDYK-
KHeH: X_. @V, O3Hayalolied, ITO €CAH COOTBETCTBYIOLIHH WALJIOH
HIK 4acCTh WIAaGJAOHA OTCYTCTBYIOT, TO OHH JaMeHRIOTCA Ha BHIpa-
HeHue v,

flx_,y-:5)'=x+¥y
{f[a,b], f[a]}
{e+b, 5+a}

Berpedaloren cayyar, korga Heo6XogUMO AaThb HMSA E€ TOJBKO
wabloHy BHAa _, HO ¥ Oojee obilemy LIaOIOHY, COJepXKAlEMYy
HECKOAbKO HoAuepkupannil .. Hma raxoro wabiona moMelraeTcs
nepeg BceM mabioHOM H OTAeNsSeTcs OT Hero JABOETCOYHEM, T.e.
HCNOJAB3YeTCA KOHCTPYKOHA I : pattern.

f[x~2] + fiy~(1/2)])/ .fla: -~_Integer] :> gla]
f(Sqrify]) + gl=7]

B 3akmiodenne OTMETHM, YTO WAGAOHK JOCTABALIOT eille OJHH
HHCTPYMEHT paGoThl CO COKCKaMH, a HMEHHC HMeeTCd BO3IMOX-
HOCTh BRIJENATDH 3JeMeHTH CIACKOB He TOJLKO N0 HX NOIRIHAM
WA 0O CBOACTBAM, XKOTOPHMH OHH ob6najawoT (Gykuau Part win
Select), #o u no cooTBeTcTBHIO HX mabionaM. Pysknua Cases
BRIGADaeT, a pyRKuua DeleteCases yganfeT 43 CIACKa DIEMERTH,
oTheYajolle wWabrony pattern.

{Cases[{x y,x+y,x"y}a_b],
DeleteCases[{x y,x +y,x"y},a_-b.]}

{zy}. {z +y,2¥}}
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6.3. Illa610HE B r06aJbHEIX NpaBUIax
npeo6pa3oBaHMM

UcnoabzoBaiue abAOHOB B MpaBHAaX NpeoGpa3oBaHMil Kak rao-
6alpHEIX, TAK ¥ JOKAJILHHX, BOODYXKaeT NPOrpaMMHCTa PHOKuM
CPeJCTBOM, MO3BONAICIIHM CO3aBaTL KOPOTKHE [0 JNHHe, HO BeCh-
Ma CcojepKaTelbHule IporpaMMEl. JTOT Naparpad 6yAeT COCTOATE
B OCHOBHOM M3 NDHMEpPOE NDHMeHeHHf IHaGJIoOHOB.

HonycTuM, YTO HYXHO onpeleinTh (pyuknuio h(z) BeluecTBeH-
Hoil nepemenHo# z, paBayw Qnpu < 0 u papryoo z npr z > 0. B
onpefeleHRH 3TON GYHKUKH Y4ACTBYIOT ABa NDEJHKATA, HOITOMY
B onpejenennd Buga h{x ] := expr npuxoanTca scrois3oBaTh gBa
BLIDAXKEHHH £ZPr B 3AaBHCHMOCTH OT BHIOJHEHHA TOI'C RJAH HHOTO
YCAOBHA. JTO OrpaHHYeHHe JeHCTBUA OnpejfeieHisd JOCTHIaeTCd C
[OMOLIBIO PYHKIUHK [;, ABAAIOMWEHCA HHPHUKCHOH BXOAHOH GOpMOK
¢yukuur Condition:

h[x.]:=0/;x<0
hix}:=x/;x>=0

Jag Toro 4To6H yO6eAHTHCE B YCICWHEOM pDellleHHA 3aiady, IoOCTPo-
uM rpapux ¢pyuxnuu h{z) (puc. 6.1):

Plot[h(x}, {x,—1,1}};
0s}

04}

-1 -0.5 0.5 L

Puc. 6.1
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K coxanenuio, onpegencenyio B Takoi gopMe dyrkunio h(z)
Helb3d HH HpogidgpepeHlHpoBaTh, HE NPOHHTEr pHPOBaTh B KO-
HEeYHHX [Ipeexax:

Dih(x],x]

h'lz]

Integrate[h(x], {x,1,2}]
Integratelh|z],{z,1,2}]

NO3TOMY JAAUM OTAeNbHHE ONpefeNeHHA JIA DTHX ONepalui c
dyskuueit h(r). POyrxuud D ABIseTcs NPOTeKTHPOBAHHOH, Cle-
AOBATENbHO, Aai OnpefeleHHA OPOKIBOJHOU JOCTYNEH MEXaHH3IM
BepXHUX 3Ha4eHnil. [lockonsky npoussogHad ot h(z) paBHa yHk-
nuu #(z), upuaamalomei avadenne Q npuy 2 <0 # 1 opu z > ¢, TO
onpejeiHM CHa4ala Ty QYHKIHIO:

thetalx. ]| :=0/;x < 0; theta[x_]:=1/;x>=0
a 3aTeM H NpOW3BOAHYIO OT h(z):

h /: D[h[x.],x] := theta[x]
[IponapeseM BLIYHCIEHHA [POM3BOJLHOM:

{D[h[x],x], D[h[x],x}/.x—+ -2, Dfh{x],x]/x— 10}
{theta[z], 0, 1}

AHanorsyHoe onpejeferye MOXeT GHTH JaHO B Alf HETerpana oT
dyrkuun h(z).

B kavyecTBe BTOpOrc npuMepa OnpejenuM ¢pyexuuio log, Bu-
YHCASIOWYI0 JOT2PHMME BeLIeCTBERHBIX YHCEN 1O OCHOBAHMIO 2
B NpegnojoXedHud, 4To BcTpoeHHas ¢yakums Log[2,x] mac mo
KaKHUM-TO MPHYHHaM He ycTpaupaeT. JleficTBHTENLHO, BCTPOSHHAN
¢dyuknni Log no ymol4aHMio OnpejeneHa A% BCeX, B TOM YHCIE ¥
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KOMIJIeKCHHX 3HaYeRKil apryMenTa, O3TOMY OHa He YAOBIeTBOpA-
eT HEKOTOPHM TOXJeCTBaM, ClipaReiAUBEIM TOMbKC B BelleCTBeH-
HoMm caydae. Hanpumep, Log[E%]# 2z u 1.4 [Qan Toro wrofu
BHNOAHUTH HOCTaBACHHYIO 3ajaly, MOXKHO JaThb CIEAYIOIIYIO NO-
cleJOBaTeNLHOCTL NPaBui npeolpaloBaHui:

log[2] = 1; log[1] = 0; log[y.-“x.] := x log[y};
log[x.- y.} := log[x] + log[y]

(DEXCHDYIOWIMX OCHOBHLIE CBOWCTBA JOTAPRPMHYECKOR (YHKIHM.
BuiuMcauM BHIpaXkeHue

log[2"a b/Sqrt|c]]
gl
2
PeayasTaT cooTBeTCTByeT HaluaM oXufahniM. IToOOGH EMeTb

BO3MOXHOCTh HAXOJQWTH 4MCAeHHBle 2HaYeRHd ¢yHknuu log mus
BelIeCTBEHBRIX 3HaYeHRH apryMenTa, f06aBUM NPaBHIO

a+log[b) —

log[x.Real} := FixedPoint[({# ~ (2"# — x)/
(2"#Logf2 ]))&,1.]

OCHOBaHHRO€ Ha MeTOonge ﬂTepauni& HrwoToRa.

{log[3.), Log(2,3.]}
{1.58496,1.58496}

Brorse yZoBleTBOpHTeARHad TOYHOCTb IAA 4HCEe! NOpPAIKa 1.
OnpegetdM MPpaBHio BHYHCAEHUA NPOH3IBOSHOH £11 GYHKUHH log
cHoco60M, OTAHYHLIM OT TOALKO YTO KCHOAL3OBaHEOrO. [las aToro
BOCIOJAb3yeMCH TeM O6cToATeAbCTBOM, YTO QyHkunA D B cayqae,
KOrja He UMeeTCs NPaBHA JAf BHYHCAEHHE NPOM3IBOAHOH OT JaH-
Holl pyEKUHE f(T), HMeeT peayabTaTOM BHpaKeHHe, MOAHad dop-
ma koToporo ects Derivative[1][f][x]. Pyskuns Derivative[l] ne
NpOTEKTHPOBAHA, €€ APrYMEHTOM ABAAIOTCA 3aT0JNOBKH GOYHKIHI,
NO3TOMY ONpefelHM NPOM3BOLHYIO OT log caeayiouuM 06pa3oM:
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Derivative[l][log] := (1/{#Log[2])&
D{log|xf[x]],x]

1, Jl
zLog[2] * flz]Log(2)

HeonpegenenHni aTerpan or GyEKiuun log Moxer GHTDH Onpeme-
JeH ¢ IOMOMIBIO BepPXHHX 3HAYeHHH:

log /: Integrate[log(x_],x] := x log[x] — x/Log[2}

Xopowo usasecTHo, 4T0 dyHKOun fact{n] = n! oT yesoro neor-
PHUATEABHOI'C apryMeHTa n yIOBJIeTBOPAET cleayiollleMy ToXjge-
cTBy: fact[n] = nfact[n — 1], xoTopoe gaeT BOIMOXKHOCThL NOC/e-
JOBATEALHO ONpeJeAiTh 3HAYEHHA STOH (YHKIHH, OTIPABAAACH
oT 3HaveHns fact[l]=1. PaccMaTpuBaeMoe TOXIeCTBO ABAKETCH
MpPOCTEeHUINM PeKypPCHBHEIM olpejenenkeM (yHKuun. Bosee caox-
HbIM ABARETCHA PeKypCHBHOe onpefencHne ¢pyuknuu fib[n], yonmu
3HAYEeHMAMH SBAKIOTCA 4YHcaa Pubomayun: fibln] = fib[n — 1]+
fib[n — 2], nonoanenroe anavenuamu fib{l] =1, fib[2] = 1. Paccma-
TPHBAEMEIE TOXK(ECTHA MOTYT GRITH HENOCPEACTBEHHO MONOXKEHE B
OCHOBY ONpeJieleHHA COOTBeTCTBYOLINX PYHKUMIL:

fact(n _Integer?Positive]:= n fact{n — 1)
fact[1]=1

{fact{5}, fact{—3], fact[3.1]}

{120, fact[-3], fact[3.1]}

PDyukuus fact[zr] BHIYHCIAETCS B COOTBETCTBHH ¢ JAHHLIMH Npa-
BHARMH IJS UEJBIX NONOKHTEAbHBIX T, a [JA% JDYLHX 3HAYeHHH
apryMeHTa He onpeleleHa,

fib{n _Integer?Positive] := fib[n — 1] + fib{n — 2]
fib[1] = fib{2] =1,

fib{6]

8
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PexoMeHnzyeM 4HMTaTen0 MOCMOTPeTh, NpHGErHYB K (PYHKLHK
Trace, KaK BHYHCIAICE HOCAeIHHR Pe3yAbTaT.

OkasmBaercs, ,MaremaTHka“ mockefOoBaTeNbLHO NpPHMEHANA
OCHOBHOE [IDaBHACG, NMOHMXKAf 3Ha9eHWe apryMEHTa JO TeX Iop,
MOKa He MNpHILTaZ K OTHeAbHO ONpPEJeNeHHHIM HadaiJbHRIM 3Ha-
venuaM fib[l] a fib[2], a savem npoBoANIAZ BHIYHCIEHRA AIA
BORPACTAIOIINX 3HadeHHH aprymeHTa. [Ipm TakoM ROpAfKe Bhi-
quciennil naxoxpgenne fib[5] wau fib[7] BHINOJIHAETCA cOBeplleH-
HO aHANOUWYHO, TaK Kak 3Hayenus ¢yekuun fib{n] me 3amo-
MHHAIOTCH. MoXHO HCNPAaBHTH TO NOJOXEHWe Bellleld, NpH-
6erHYB K TaK HA3LIBAEMOMY ,, [HHAMHYECKOMY INpOTpPaMMHpOBa-
nu“, ITe JocTHraeTcd CReJYICUAM WM3MeHeHHeM [AHHAKIX paHee
npaBHA.

factdyn[n _Integer?Positive] :=
factdyn([n] = nfactdynin — 1]
factdyn[1] = i;

Tenmeps Bce BuIYMcaAeMHle 3HakeHHs ¢yHkuur factdyn GyayT
3ATOMUHATHCA.

factdyn[5]
120

CpaeanyM BpeMs seiyucienss 100! oGenmMu pyHKuHEMHE.

{fact[100}; // Timing,factdyn[100}; // Timing}
{{0.225econd, Null},{0.61Second, Null}}

Bpeus, saTpadyenHoe ATopoH dYHKIHEH, CYIMeCTBEeHHO Soabiue. A
Tenepb gAf 4Ydcaa 110! cpaBHHM BHOBL BpeMfA €ro BHIMUCIEHHS
o6euMy QYHKUHSME. :

- {fact[110]; // Timing,factdyn[110}; // Timing}
{{0.27Second, Null},{0.11Second, Null}}
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PeayapTaT gocTaTo4YHo y6ejuTened. JKOHOMUA BpeMeHH B cly4ae
npuMeHeHHs ¢yHEkuMu factdyn gocTurimyTa 2a cier Toro, 4ro
anatenne factdyn[100] coxpaHeHo B mporpaMme.

C nomATHeM onNnNui, T.e. HeoOAIATENbHO ABHO YKAILIBAEMBIX
apryMeHTOB YHKUHHE, MHE NO3IHAKOMAIRCh B TA. J NpPH H3yye-
HEH BCTPOEHHBIX rpadmyeckux ¢yHknui. TaM oNnHOHANBHEIE ap-
FYMEHTH YKa3LIBalH JHPEKTHBhI, Peryidpyioillhe fpejcTaBlenue
rpaduieckoro obvekta. B , MaremaTuke® nMeioTca aBa cnocoba
onpefenaTh PYHKIUH C onuuAMH. [lepBiril OCHOBaH Ha HCIIOAB3ORA-
HEH HMEHOBaHHHIX IUa6/JOHOB X_ : V CO 3HAYeHHAMH 0 YMOMYaHHIO
pPaBHKIMH ¥; BTOpO# — Ha HCHoAb3oBaHMH QyHkuy Options n
JZOKANHHBIX NPABHA NpeoGpa3oBaBHl.

PaccMoTpuM oTH cnoco6bl Ha npuMepe. JomycTHM, 4TO NpH
paGoTe CO COIHCKRMH HaM jacTo TpefyeTcda pa3tHBaTh dMIeMeHTH
CIACKOR Ha Naphl ¢ OTCTYHOM 1, H MK MOAB3YEMCHA AJAf ITOrO
dynkineit Partition, ykasupas B KauecTBe ee BTOPOrO apryMeHTa
4xcao 2, a B KadecrBe TpeTbero — 4HcaA0 1. UTo6H COKOHOMHTH
BpeMs, onpefeiHM PYHKUUIO pairs, No3BOAAICWIYIO HE YKa3HBaTh
apHO 3ucha 2 # 1. CgenaeM 2TO YOOMARYTHIMHE JBYMA cnocobamu:

pairs[x_List,n_ : 2, m. : 1] := Partition[x,n, m]
pairs({a, b,c,d}]
{{e,b},{b,c},{c,d}}

dyukuuei pairs, yMuTHBaA €€ ONpeJeleHne, MOXHO NION530BaThCA
Tak e, Kak M ¢yuknueii Partition, ykaswsas ABHO ofnH HaAH
IBa ee HeoOA3aTeNbHHX apryMerTa. ChefyeT NOMHATSH, YTO eCaH
6yAeT yKa3aH OJHH apl'yMeHT, TO OH 6yJeT BOCIDHHAT KakK BTOpPOH
apryMeHnT ynkuur pairs. [lycTs, Hanpumep, TpeyeTcs pasbuTh
CIIHCOK Ha Tpolku ¢ oTcTynoM 1. Bocnonsayemcs dpynkuneir pairs
creyoiuM obpazom:

pairs[{a,b,c,d},3]
{{e,b,c},{b,c,d}}
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Ecnu xe Tpe6yeTca pa3GHTh CIHCOK Ha MAaphl C OTCTYNIOM SBa, TO
cAefyeT BEITHCIHTH BRIpajKeHHe:

pairs{{a,b,c,d},2,2]
{{e,b},{c,d}}

BTopoii cnoco peanruayeTcsa caegyiomwnM obpalom:

Clear[pairs]
Options(pairs] = {optl — 2,0pt2 — 1}
{optl = 2,0pt2 > 1}

pairs[x _List,opts___] := Partition[x,optl /.

{opts} /. Options[pairs],opt2 /. {opts} /. Options[pairs}]
pairs{{a, b, c,d}]

{{a,t},{b,c},{c,d}}

[pu BTOpOM cnocobe onpejesekus GYHKIUH pairs, YTOGH PelIHTh
3ajaty 0 pa3bHeHHM paccMATPHBAEMOro CIINCKa Ha TPOHKH, cregy-
€T BHYHCINTH BhIpaXKeHHe:

pairs[{a,b,c,d,}, optl — 3]
{{a,b,c},{b,c,d}}

6.4. [IIa6/MOHK B JOKANLHEIX TPABUIAX
npeobpa3oBaHui

[TIpreMu nporpaMMHEpPOBaHUA, paccMaTpHUBaeMHe B ITOM Naparpa-
¢de, ABNLIOTCA, Ha HAII BaTAAL, OGHAMH H3 CAMHIX HHTEDeCHHX, He-
OXXHJAHHEIX B 3(pQeKTHBHEIX H3 HCnoabiyeMuX B  ,MaTemaTake".
MoXKHO HaZefThcH, UTO C TeYeHHEM BpeMeHH NporpaMMhl B CTH-
Je JOKadbHHX OpeoGpa’opaHHMil 3alMyT Bejyllee MecTo B IpH-
noxeHuAx. JlokalbHHeE NDpaBHA2 COAEPXKAT NOACTAROBKH BHJ2
exprl — expr2 u exprl :> expr2, rje exprl MoxeT CoOfepKaTh
wabnroul. [IOACTAHOBKE OCYLIECTBAAIOTCA C IOMOWLI0 (QYRKHHN
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/., T.e. ReplaceAll, u //., T.e. ReplaceRepeated. Ha npume-
HeHHe WabJAOHOB, Kak K B Mo6albHHX HpaBHAax npeobpa3cBaHui,
MOXKHO HAKAaAKBATh OFDAHHYEHHS C IOMOIUIBIO YKA3aHHA 3ar0N0B-
KOB IIAGIOHOB MK ¢ NOMOUIBIO HpeJHKATOR.

HprcyTcTeie u1abioHoR, cojepXaliiX TOAYepKKBANKE ., NPH-
BOJHT K HEKOTOPhIM OcofeHHOCTSM BHIYHCAeHHA (ymxkiuui Re-
placeAll n RepalceRepeated, xoTophe Heo6xoguMO OGCY AUTD.
OHY OTHOCATCA K TeM Cy4aAM, KOTJa PacCMATpHBaeMble GyHKIKH
IPUMEHSIOT NpaBHAA HOACTAHOBOK, COJepXKallHe CUHCKH NOLCTa-
HOBOK.

{ij} /- {i=1,j—-2}
{1,2}

Peaynb'ra.'r 3TOrC BHIYUCHSHHA FOCTATOYHO OYeBHIeH. CJ]E,IIyIOU.IBB
BRIMHCJIeHHe MeHee OYeBH THO.

{i,j} /. {i=1,j—=2,{i,j} > 0}
0

Hoay4eRHuIil OTBET 3aCTaBARET NPEANOACKHTH, YTO wabiaon {i,7}
B 1eJ0oM HMeeT Goabluee COOTRETCTRAE ¢ Hpeobpa3yeMbIM BhIPaXKe-
HUeM, YeM ero oTAedbane JacTa. OAHAKO 3TO NpaBHio paboTaeT
OTHIOAb He BO BCEX CAYyYadX.

{Li} /. {{x-.x} = 1,{..} =0}
1

JTOT peayabTaT Kak 6YITO NOATBEPXKAaeT NMPABHIO, NOTOMY YTO
wabaon {z.,z.} onpefeaser Gosee YIKHH KIacC BHPaxeHHH, 1eM
wabnou { __}. Tem ae MeHee ec1d MBI H3IMEHHM NOPAACK WaGJOHOB
B NOJCTAHOBKE, TO NOAYHYUM APYTOH OTBET.

{ii} /- -} = 0,{x_,x } 1)
H
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CrefoBaTenbHo, ecau TpeSyeTca 3anporpaMMEpPOBaTh (PYHKUHIO,
HadnBaeMylo O-cumBoaoM Kponekepa: 4(i,j)=1 nopn i=j u
d(¢,7} =0 B npoTuBEOM Cay4ae, TO ClelyeT HAIHCATh olipejeieHue:

deltafi_ i i= {ii} /- {{x-x.} > 1,{--} = 0}
{delta[2,2], delta[1,2]}

{1, 0}

OnpezenerHnle 0COGEHAOCTH HMEET TAKXKe H BRIYHCICHHE GYHKIHY
ReplaceRepeated ¢ maGacuamu. Boobine rosopd, ee BLIYHCIeE-
HHe CBOZHTCA K MOBTOpPHOMY BHIYMCIeHHI0 ¢yHknuE ReplaceAll
Jo TeX 1Op, NOKa HE OJHO H3 II0ZBLIPaXKeHHH npeobpa3yeMoro Bhl-
paXkeHMA He YJaeTcd Npeo6pa’oBaTh B COOTBETCTBHE C XOTA GHI
oAuuM mabnronoM cuncka. [Ipr sToMm nopagox npuMeHeHHA wabio-
HOB caefyiouni. [lepBslil AGAOH CHHCKA HCNOABIYETCH, MOKa B
npeobpasyeMoM BHIPaXKEHHH HAXOZHTCA XOTA GH 0JHO MOABRIpaXKe-
HHe, eMY COOTBeTCTBYIOUlee. 3aTeM NpHMEHAeTCA BTOpol mabioH
cuoucka u T.5. Hu B KoeM cayuae He clefyeT IyMaThb, YTO KaXK LM
pa3 nupumenseTcs Gojlee yeM OAMH IIAGIOH cnucXa. PaccMoTpum
HATIOCTPHPYIOIIEN NpHMep:

{1,2,a}//.{{~1x---,a} = {x,a},{---,2, .-} =+ 2,{a} - a}

Mul BHIEM, 9TO NepBHH WabJOH CIECKa NPHEMEHAeTCH LBa pala,
CBOJH BhHpaXKeHHe K OJHOINeMeRTHOMY cuucky {a}, a 3arTeM npu-
MeHAeTca TpeTHi wabGron. Bropoh ma6iom He paGoTaeT moche
nepsoro nprMenciis ReplaceAll, xoTq B 3TOT MOMEHT HCXOJHOE
BHIpaXKeHHe npeoGpa’orano k Buay {2,a}. Ilocie npumeHerns Tpe-
Thero wabAoEa NOAYYeRHOE BhIpaXKeHHe a YXe He COOTBeTCTBYET
HHE OZHOMY M3 I1abJOHOB, IO3TOMY BLIYHCAEHHA NPEKPALIATCA.
Konrpoas 3a puuncienneM ReplaceRepeated moxeT ocyue-
CTBAATHCH C NMOMOIILIO YCAOBHA, BRIPaXKEHHHX MpefuKkaTaMH. B
KaqecTBe MPHMEPOB PAaCCMOTPHM HMHTAUHIO C NOMOIUBIO JOKadb-
HHX NpaBUi NpeobpasoBadnil HEKOTOPHX PYHKIMH, HCOOAbIYEMRIX
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AR reRepalld ¥ npeoGpasoBakud cmuckoB. HavneM ¢ ¢yak-
unr Range[n], nopoxpgatwoiei cnucok HaTypassHEX dnces oT 1
Jo n. HWgea cocronT B TOM, 9TOOLI, NPEMeHSA NOJCTAHOBKY
{z--} :> {z,Length[{z}] +1}, ¢ noMowb dyuxuur ReplaceRe-
peated # cTapTys co ciucka {1}, npeoﬁpaaonan nocieuuid B
enncox {1,2,...,n}.

{1}//.{x--} :> {x,Length{{x}] + 1}/;Length[{x}] < 3
{1,2,3}

KoHcTpyknrs npekpacio paboTaeT K MNO3BOAAET ONpefelHTh
GYHKIMIO ‘

range[n_] = {1}//.{x-.} :> {x,Length[{x}]+ 1}/;
Length[{x}] < n

range[10]

{1,2,3,4,5,6,7,8,9,10}

ApanoryyHas Haed JeXHT B ocHoBe UMHTanuu @yskune Drop.

drop[l .List,n _Integer]:=1//.{x_,y--_} > {y}/;
Length({y}] > Length{l] -n—-1
{drop[{a,b,¢,d,e},3],drop{{a,b,c,d,e},5]}
{{d,e},{}}

Cregyoas 3ajaya npefjaralack Ha COPeBHOBaHHH IO dJe-
raHTHOMY nporpaMMmuposaiiio Ha [lepsoil koHdepeHIHA MOAB30-
BaTene#t \Maremaruku“ B 1991 r. TaH CHHCOK H3 NOBTOPSIOIUAXCH
YHCeJ, HanpUMep

1={1,1,1,2,2,3,3,8,3,1,1}

TpebyeTca COCTABHUTb COHCOK Nap, NEPBHIM JMEMEHTOM KOTOPHIX
OBLIK 6Bl DACMEHTH CNHCKa {, 3 BTOPRIMA — 9HCIa HX CMEXHRIX
nosTopennii. Takum o6pasom, cnacok ! gomkeH GuTh npeobpalo-
BaH B CIHCOK
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{{1,3}.{2,2},{3,4}, {1,2}}

Bor ofHo M3 iy4Ymax pemeHHH 3ajaun. Crayana cnucok !
npeopalyeTca B COHCOK

1= {#,1}&/@l
{{1,1}, {1,1},{1,1},{2,1},{2,1},{3,1},{3,1},
{3,1},{3,1},{1,1},{1,1}

a 3aTeM NpHMEeHSeTCS NOCAeIOBRATEABHOCTH JOKANbHHX Apeobpa-
A0BAHEH:

1t//.{x___ {a_,k },{a-,m},y___} > {x,{a, k+ m},¥}
{{1‘ 3}? {2'2}‘{3"4}" {1?2}}

Ewe ogsauM npuMepoM, No3BongiomuM NoBATE pabory Replac-
eRepeated, GyseT copTipoBKa no yOHBaHHIO THCIEHHOTO CIHCKA.
[IycTh TpebyeTcA pacnoJOXHTD 31eMEHTH CHHCKA

1={2,5,3,1,4);

TaK, YTOOH NOCACAYIOLIMA JAEMEHT Gl CTPOro MeHbUIe Npeglle-
cTaywinero. BoT peweHue 3TOR 3aJaY¥¥ ¢ NOMOINLIC JOKANBHRIX
npaBui;

1//{x--,a_b_,y__.}:> {x,b,a,y}/;a<h
{5,4,3,2,1}

YupaxxHeHuR

1. Ilyere 1= {{0,a,b,¢},{0,1,2},{0,x}, {0}} ecTr crmicok, npeacTannzcumi
coBoH PEpXHIOK TPeYrOSbHYIO YACTH KOCOCHMMETDPHYeCKOR MATPHIUH m
deTRepToro nopajika. Peasuayiime caepyonmit cnocol BOCCTAHOBAEHMA
MarpHn W Mo ciecky | CHagaza © noMolblo AOKATLHEIX ODABKT
npeoSpa’opaHAN moAy<dMTe M3 | comcox 11, JouorHMB cnepegm HyAdMu

, anemeHTH | Tax, wrobii 11 crana MaTpune# 4eTBepToro mopajxa. 3aTem
nosy<orre m xak 11 — Transpose{l1).



Ynpamuenns 163

2.

6.

Bponckuanom cemeiictra dyuxmmit {fi, f2,..., fa} 0T oamoro apry-
MeHTa HasnlpaeTcr Aerepwumiant Marpuuel {{fi,....fnb {fi,.... FL},

{ f("), o .(,")}}. Onpedesume dymamo wronsk or geyx apryuem'on.
MepBHI B3 KOTOPHX eCTh CIHMCOK QYHKIMMH, BTOPON — apryMeHT dyHKInm,
BHMMCIAIONLYI0 BPOHCKHAH,

Onpedeaume dyrxkimio ord, kotopad, 6yAy4H npMMEHeHHOH K YacTHOM
NPOH3BOAHON GYHKIMM € NPOMIBONLMEIM 3aUCGAOBKOM, T.€. K BHPAKEHHIO
BUga

Derivative[ny,ng,. . Jifljx.y,..].

uMena Opt 3HAYEHMEM NOpPAACK NpoussojHod. [laTes mo Kpawsel Mmepe gsa
peuleHud: OfKE B (GYHKUMOHAILHOM CTIUE, ADYIOH B CTHIE AOKATLHIX
Opasn npeoSpa’opanmi.

Ucnompaya JoxkamHme npasuna opecbpadopamuwit, dalime onpedesenue
GyHKIMH nNewton, KOTOpad OCYUECTBASET Mpoliecc UTEpalMi A Ha-
XOXKAeHAd KopHell GyHKIMM ¢ 3ajaHMOR TouHocTho, (Pymxams JomxHa
HMETh TPH APCYMEHTAa! aroi0BoK QYHKIDM, HadansHOoe MpUSTLKeHHe H
TOMHOCTS.

Onpedeaume pyuximo crogsproduct, KOTOpad Mo 3ajAHHEIM BEKTOpPaM
TPEXMEPHOI'O POCTPAHCTBA BHYMUCAAKA GBI KX BEKTOPHOE TIDOM3BEACHME.

Hanuwume onpepensuue Ans dyuxamu dirderiv, xoTropasa ne sagaHsHo-
My BEKTOPY TPEXMEPHOro OPOCTPAHCTBA M (YHKIMH, CHpejeleHHON Ha
3ITOM IIPOCTPAHCTEE, BHYMCIAET IPOM3IBOARYIO PYHKIIHH 10 HATIDABACHRIO
Bextopa. Cuumaidime cHCcTEMy koopamMat pMKCHPOBAHHON, HOITOMY AJA
sajaHuA (pYHKIMH JOCTATOYHO €€ 3ar0J0RKA.

C noMolR10 JOKAMLHLX Npapan onpedeaume dyaxmmio decode, mpeoSpa-
aywouuyio crmckn suga {{a,2},{b,5},...} B comckn {a,a,b,b,b,b,b...}.

Onpedeaume pymanno subsets, Nopoxjamwilyo BCe NMOJMHOXKECTBA 3a-
JAHHO'O HENYCTOre MHOXecTRa. Pedauaydme crefyiouryro KGHCTPYKIHIG:
p GHKCAPOBAHHOM IPCHIROALHOM HIEMEHTE HeNyCcTOI'D MHOMECTBA BCe
ero NoMEOXECTBA PaclafaloTCH Ha JBA KJacca. B mepBuilt Kiacc nomaga-
10T BCe MOSMHOKECTBA, CofepXaume PUKCHPOPAHHLI JNEMEHT, BO BTOPOH
KAacC — BCe OCTANBHHE.

Onpedeaumne HesapicEmo or pyHxii subsets dpynkmao ksubsets, nopo-
X palouyo sece k-asemedTHNe NoAMHOXKECTRA 3aJAHHOTO HENYCTOIC MHO-
xecrpa. Onpegenenne fomxHc SHTHL OCHOBAHO Ha TOM Xe KOHCTPYKIMM,
TO B B cay€ae ¢pymxanm subsets.



I'nasa 7
ITPOUOEAYPHOE
IIPOI'PAMMUWUPOBAHUVE

HecmoTps Ha To 9To HamGojee ecTecTBeHHHIMM Jaf , Mare-
MaTHKH“ CTHAAMH [POTPAMMHDOBaHHA ABRNAIOTCH GYHKUHOHAIL-
HH{ CTHAb ¥ CTHJb ONpejeleHHH, HJAH NpaBH] NpeoGpasoBaHuil,
y,MaTeMaTHKa" COZEPXUT CPeACTBA H KOHCTPYKUHH, TO3BOAAIOILHE
IPOrpPaMMHPOBATE B TPAaAHUUOHHOM NPOUELYPACM CTHNE A3IWIKOB
Poprpak, [lackars, Boiicek u uM nogob6unix. KpoMe Toro, HeKoTo-
phle GYHKUHN NpoNesypPHOro NporpaMMHpPOBaHus, Takue, kak If,
Which, qacTo HCnonbayOTCA ¥ BHE NpollefypHoro cThiad. B npun-
Iyne BCe NMPOTrPaMMH NPOUESYDHOrO CTHAA HMEIOT CBOM aHaNOTH
B YOOMSAHYTHIX PaHee CTHAAX, IpHIeM ropasjo 6olee 3hpeKTHBHO
OTRAXHKBaeMEe, BEINONHAeMKEe U nonnMaeMule. CpeacTsa npoue-
AypPHOro NpOrpaMMHPCBAHHA, TAKHM 06Pa30oM, MOTYT PacCMaTPH-
BaThCd KaK YCTYNKa TeM NOAb3OBAaTeNiM, KOTOPHe NPHBHIKAM K
HpOUeJYPHRIM f3BIKaM, C UeAblo OOAer$UTbL UM OCBOSHUE AIHKA
nporpaMMupoBanus  ,MatemaTuka®.

7.1. CocTaBHnle BhpaxeHus. Omneparop Do

OaHuM H3 OCHOBHHIX ONlepaTOPOB NPOUERYPHOrO NPOrpaMMKpPOBa-
HUA ABAfeTCA oNepaTop npHcBoenus. B  MareMaTuke® TakoBbIM
ABAAeTCH ONKCAaHHHIH paHee omepaTrop Set, KOTOpPHH BO BXOJ-
BOH HHOHKCHOR ¢opMe BLIMAJHT Kak =, HalpHMep X = a, UAH
x=x+1. B orauyse oT MHOTMX JpPYTHX DDOLEAYDHEIX H3hI-
koB B ,MaTemaTuke® He HyXHO 3a60THTBbCH 00 ONMCAHHM THIA
fnepeMedHLIX, H OJHOMY H TOMY e CHMBOIY MOXHO NPHCBOKTH
IenOUYHCAeHHRE, BellleCTBeHHLIe, KOMILIEKCHEe, CHMBOJMbLERIE B T. 4.
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apayeHdf. Onepauny NpUCBOEHHE MOXKHO NOBTOPATH HECKOALKO
pa3 NOAPAJK, Pacrmorarai UX B OJHOR fvelike ¥ padfenfs MOCIeIO-
BATe bHEe BRIPaXKEHUA 3HAKOM j (TOYKa C 3aNATOH):

x=8§; x=x+1; x=x+2
8

Pa3jefleHHBle TOYKOM C 3alATOH ¥ MAYUHe OLHO 3a IDYTHM BhI-
paxenus MaremaTaxu” apagioTca caMi no cefe BEIpaXKeHHEM C
saroqoexkoM CompoundExpression, xoTophlit Mul 6ygeM nepeso-
AUTE KaK COCMUBHOE BHIPANCENUE.

FullForm[{Hold[x =5; x=x+1; x=x+2]]
Hold[Compound Expression|Set|z, 5], Set{z, Plus{z, 1]]
Set[z, Plus(z,2]}]]

Kaxk B npaBoi, Tax ¥ B ieBOH YaCTAX ONepaTOPa NIPACBOCHHS MOLYT
CTOATH NPOHABOALHBIE BRipaXeHHs ,MareMmaTuxu, mosromy HaM
He HajO OCTAHABIHBATHCA HA apHEQPMETHYECKHX, JOTHIECKHX H
APYTHUX ORNepalUix, NOCKOABKY OHH HaMH paHee HCNONB3OBAIHCH.

OnepaTopoM, B H3BECTHOM CMEIcAe HMETHpYlomuM Com-
poundExpression, ssasercs onepatop Do. Ilpuseiem ero Boa-
MoXHO Gonee noxnoe omMcanke. Bupaxkenue Dolexpr,{imax}]
NpH ero BRINOJHEHEH iMaZ pa3 BEITACIAET BupaxeHue expr. OHo
NONHOCTBIO KBHBANEHTHO BHIPAXKEHHIO eXPr; expr;. ..;eXpr;, B KO-
TOPOM TOYKA C 3aniTOH MOCTABAeHa H NOCJe 10CIe JHero Bhipaxe-
H¥A ezpr. TakuM o6pa3oM, B peayabTaTe BRIYHCICHHS PacCMaTpH-
BaeMALIX BRIDaXKEHHH B BHIXOJHYIO AUeHKy HHYero He IOMeLlaeTCH,
XOTR® €Tpr BRIMHCIEHO.

t=3; Doft =t +1/t,{3}]
t
12781

3270

Ecan xenaTelbHO cpa3y BHIBECTH Ha DKPAH 2HavYeHHe i, TO HYXKHO
BBECTH CAefylolliee COCTaBHO® BHRIpaXeHHe:
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t =3; Doft=t+1/t,{3}};t
12781
3270

B paccmaTpupaeMoM cayyae npuMeseHke oneparopa Do
MOJHOCTHIO 3KBHBAJEHTHO NpuMeHenuio ¢yukuun Nest B Buge
Nest[(# +1/#)&,3,3).

Bupaxenne Dolexpr, {i,imax}] npu ero Bunoanesny Brumc-
JAMeT iMmaz pa3l BHIDAKEHHE erpr, KOTOPOe MOXET COAepkKaTh
cumBox t. [Ipu aToM ¢ ¥amenseTcd oT 1 Jo imaer C IIAroM eA¥HARA,

t =3;Doft =t +1,{i,3}};t
9

Cunucky {3} wan {i,3} 8 oneparope Do rassipatoTcs umepamopa-
#su. Hreparop moxker 6wTh 3a4al H B BHZe {},imin,imax,step},
rje imin — Ha4YalbHOE 3HAMEHHe i, {MAZ — KOHEIHOE IHAYEHHE,
step — war WaMeHeHus {. Eciu napaMeTp step OTCYyTICTBYeT, TO OH
IO YMOJIYaHHIO CUMTAETCA paBHuM ejunnue. [lapamerp i Moxer
6uITE A106LIM BRpa)XXeHHEM, 3aCOJOBOK KOTODOT'O He HMEeT ATPH-
6yta Protected, a mapaMeTpHl imin, imer u step He ob6A3aTEALHO
YucAa, HO BHpaxkenue (imax — imin)/step gomkuo GHTh YHCIOM.
Kpowme Toro, ar step MoXeT GHIThH OTPHLUATEALHEIM IDH YCIOBKHHE,
YTO {Maz MeHblle imin.

t = 3; Dot =t + f[x], {f[x],y,3.5y,y}};t
3+ 6y '

B oneparope Do MoxeT OHITE HECKOJILKO HTEPATOPOB:

Do[Print{i a +j b],{i,3},{j,i}]
at+b

2a+b

2a 4+ 2b

3a+b

3a+2b

3a+ 3b
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[Mocregpuil paccMOTpPeHAWHA NPKEMEp AeMOHCTDHPYeT NpEMeHeHne
onepatopa Do And noayveEHs TaK HA3WBAEMHX NOGOUHEIX 3dupek-
ToB. B caMoM gene ¢yukund Print He H3MeHHAa 3HadYeHWe HE
OXHOT'O BHIPaXKEHHA.
DyHKUUAMHE, TeCHO ¢BA3ARHKIMA ¢ Do, apagioTcs Sum, Prod-
uct ¥ Table. BmecTo cocTaBHOro BulpakeHus
i=0;Do[i=i+)"k,{j,56}});i
AIONIEro NocKe BHYHCACHAN CIeJYIOIHA De3yasTaT:
1+ 25+ 3% 4 4% 4 5%
MOXHO BBECTH BHIpaKeHHe C 3aroloBKoM Sum:

Sumlj-k, {j,5}]
1426435 4 4% 4 5%
AHaJOrHYHBE BRIYHCICHAS BHNOARAET dyukuus Product.

Product[j~k,{j,5}]
okgkgkk

7.2. YcaoBHEIe onepaTophl

Ycnosuue onepaTOpH NMO3BOJAIOT BETBHTH BRIYHCJIEHHA B JaBHCH-
MOCTH OT BHOOAHEHHA OJHOMO HAN HECKOALKHX }'CJIOBHEI, BhRIpaXeH-
HHX OpefHKaTaMH. Bmpax(eﬂne

If{test,exprl, expr2]

UMeeT 3HaUeHHEM BRIMHMCIeHAOE BhIpaXkenue ezxprl, ecau test BHIHC-
aserca B2 True, n BLIYHCIEHHOE BLIpa)KeHHe €zprée, ecan 3Havenue
test pasno False. Ecrr xe fest He pHumCAfeTCA HE Ha True,
un Ha False, To HcxonHoe BhipaXkeHHe ¢ 3arojionkom If ocraercs
HEeRRYHCACHHEIM.

{If{3 < 7,x,y), If{8 > 7,x,¥], If{z < 7,x,y]}
{z,y, 1 flz < 7,2,4]}
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Bosmoxuno scnonbiobanne dyHxnum If ¢ gByMS AR YeTHpPLMS
aprymedTamn. Brupaxense If[test,expr] umeer 3nadennem ezpr,
ecAu BHYHCHeHHWH test paben- True; smazesreM Null, ecau test
paBen False, u ocTaeTcs HeBHIMHCAEHHHIM B NPOTHBEOM Cly4Yae.
Ecan npomaowno Buyucrense Ha Null To B BHXOAHYI0 fveiiky
HHYero He NOMEIIZLTCA, ¥ OHa MONPOCTY OTCYTCTBYET.

PaccMoTpHM B KadecTBe mpHMepa clefyoiylo 3agaqy. Ilycts
ARS 3aJ3BHOTO CNMMCKA, 3AeMeHTaMH KOTOPOro SBASIOTCA 9HCAA,
TpebyeTcAd YBeAWYHTh WX 3HaYeHHe Ha eJHHHULY, €CIH DAeMeHT
MEeHEBUIE 5, H OCTAaBUTh HeHIMeHHKIMH B NIPOTHBHOM ciyyae. OJTY
3ajJaqYy MOXHO BHINOAHHUTB, HANpUMep, C TOMOUIbIO clefylolleH
IpOTrpPaMMHL:

list1 = Tablefi, {i, 10}];
Do[If{list1[[i]) < 5,lst1[[i]] + 4], {i,10}];list1
{2,3,4,5,5,6,7,8,9,10}

B npuumepe listl][i]] + + osmavaer listl][i]] = list1[[z]] + 1.

Bupaxenne If[test,exprl,expr2,expr3] npy yciouH, 4TO
TECT He NPHHWMBET HH OJHOro M3 AByx Gy/NeBHIX JHauYeHWH, mMe-
eT pe3yabTaTOM BudHcleHHoe expr3. Hcnoasayem 3ToT BapuaHT
dyrxuen If 113 penienns ycroxuenHoH npegslgyumed 3agagun. Ilo-
CTaBHM YCJIOBHE, YTO €ClH CPejH d3NeMeHTOB CIECKa BCTpevYalorTca
HEeYHCNOBHE HJIeMeHThl, TO BMECTO HHX JOJXHO GHTh NOCTABIEHO
gucno (.

12 = Append|list1, {z}]; Do[If{I2[{i]] < 5,12[[i]] + +,

12{[i]], 12[(i]] = 0}, {i, 11 }};12

{3,4,5,5,5,6,7,8,9,10,0}
Jonyckaerca BIoXeHHOe BXoXJeHue ¢pynkuuil If, kak sTo aemon-
CTPUpYeTCA B CJeJYIOlIeM NPAMepe:

f[x.]:= If[x < 0,0,If[x < 1,x,1]]

Hamu onpegenena pynknus f[z], passas Hynio npu z < 0, egunnie
npd z > 1 n paBHas T Ha oTpedke oT ( o 1. Ecrecrpenno, Takoe
BJAOKEHHOEe BXOXJEHHe MOXHO NOBTOPATbH KaK Yroguo Gonablioe
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4ACKO pad, Ho B ,MaTemaThke” npesycMOTpeHa Apyras (yHxmus,
3KBHBANEHTHaA BAOKEHHOMY BXoxjeruio If.
YcaoBHas QYHKUAE

Which[testl,exprl,test2,expr2,...]

UMeeT YeTHOE HHCIO 27 apryMeHTOB, CPels KOTOPHIX N TEeCTOB
tesft W n Bolpaxkenud ezpri. [IpW DToM BLIMHCIASETCH leppoe Ha
erpri, 4JAf KOTOPOro CTOANME nepeg HuM lesti papen True., Ecan
nepBrie k TecToB paBEH False, a k + 1-i umeeT HebyJeBo 3HaYEHNE,
To BCK GyHKnus ¢ saroiropkoM Which ocTaercs mesnyuciaenuoi.

{Which{3 > 7,x,5 > 7,y,9 > 7,2],

Which([3 > 7,x,a > 7,y,9 > 7,2]}

{z,Which[3 > 7,z,a>T,y,9>7,2]}

B cay4yae, korga Bce TecThl BHYHcAgioTcH Ha False, 3Havenue
BBEICHHOrO BHIpaxKeHus ¢ 3aroiopkoM Which pasro Null. Hnoraa
6uIBaeT yAOOGHO BMecTo peayabTaTa Null noMemaTs B BRIXOAHYIO
f149efiKy KaKoe-To cooblieHEe, TOIBOIAICIIEE CYAATE, 1TO HMeeT Me-
CTO pacCMATPHBaeMad CHTYyanus ¢ TecTamu. [as sToro nocreguum .
TecToOM Jenaerci True, a cregyiolIMM 3a HEM BHIpa)XKeHHeM fefia-
eTcd coobllledHe.

Which([3 > 5,x,4 > 5,¥, True,” Fail")

Fail
B kauecTBe npuMepa npumerenns oysxupmy Which, onpegenum
(YHKUHIO, KOTOpaA IO KOOPXHRATaM TOUKH M Ha NNOCKOCTH
onpefensna Gul, B KAKOM K3 YeTHIPeX KBAaJpaHTOB HAXOAUTCH 3Ta
Toyka. Jas npocToTH OyieM cHHTaTh, 4To M He JeXHUT Ha
KOOPAHHATHHX OCHAX. ,

quadrant{{x_y_.}] := Which{x >0 && y > 0,1,
x<0&&y>02x<0&&y<0,3,x>0&4& y<0,4]
{quadrant[{-3,5}],quadrant[{2,—7}],quadrant[{—3,—1}],
quadrant({1,5}]}

{2,4,3,1}
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Hocareansaz us paccmaTpuBaeMbix GyHknui, dyskuus Switch,
CTporo roeBopf, He MoXeT GHITH Ha3BaHa YCMOBRO#, Tak KakK ORa
NPHBOAAT K BeTBIGHHIO BHIMMCICHHE He B Pe3yibTaTe NPOBEpPKA
BBINOJHEHHS KaKOTO-TO YCIOBHA-NPEJHKaTa, 3 IPpoBepAeT COOTBET-
CTBHEe BHpaXKeHNA mabroHaM. [IpH BHYHCIEHHH BHpaXXeHUR

Switch[expr, patternl, exprl,pattern2,expr2,...)

ApoBepAeTCcs COOTBETCTBHE BRIUMCAEHHOTO BHIpaXKeHWH eTpr lla-
6ronaM patterni. Ecau patternk nepsni maSioH, KOTOpOMY OHO
COOTBETCTBYET, TO DEIYALTATOM BHYHCJICHHA DAaCCMATPHBAEMOH
dyuxunu Oyler BHYmCAienHoe BhHpaxxesne ezprk. IIpm HecocoT-
BEeTCTBHH HH OgHOMY IIabJoHYy, BHYHCIEHHE C 3aroloBkoM Switch
IOMEIIALTC B BHIXOJHYIO Ateliky HesbliucieaHniM. OgHako ecam
moCTe HWE MAGNOH paBeH _, TO Pe3yAbTATOM OyZeT BHYHCIEHHOE
nocjefHee BRIPLKEHHE eTprn.

PaccMOTpEM 8 KadecTBe NPHMeDa NpOrpaMMy norm, KOTopasd
HOpMaJHK3yeT CNHCKH N[O JAJAMHE, NpeBpatlian A1060H HEONyCTOH CIH-
COK B CITHCOK AAMHEE 3, B COOTBETCTBUH CO CJAEAYIOUIAM PABHAOM.
Ecan gnHHa coucka MeHbIle NATH, TO B ero KoHell JoGaBAfOTCA
HyJaH, €Ci¥ Goiablle NATH, TO JHIIHKe dJeMEHTH B KOHUe ClucKa
yaaasiorcs. Ilycrofl cniMcok ocTaeTcd HenaMeHHEIM., Ecad Ha BXo-
[l IpOorpaMMBbl OKa3KBaeTCA BhipakeHde, He ABALIOIEECH CITHCKOM,
* TO BHIJaeTcA coobienne input is not a list.

Set Attributes(norm, Hold All}
norm{l} :=
Switch]l, .List, Which[Length[l] == 0]|
Length[l] == 6,1, Length{l] < 5,
Dol = Appendjl,0],{5 — Length[}j}};
1, Length[l] > 5,Dofl = Delete[], -1}, {Length[l] - 5}];
1], .,"input is not a list”]

Mu crabaunr pyrkuuio norm atpubytom HoldAll ans Toro, 4ro-
6hl ee apryMeHT He BLIYHCAAJICH paHbille, YeM 6yAeT HCIOARIOBRHO
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JXaRHoe onpegenenne. B npoTrBHOM cayuae B onepaTope Do npo-
HcxoAua0 GR NPHCBaHBaHHWE CHMCKY | ApPYroro cmucka, ckaxem,
cnucka Delete[l,—1]. Cosganum Teneps Tpu cnucka [1,12,13, a
CHMBONY {4 IPHCBORM 3HadYeHHe BLIPAXKEHHA T + Y.

{11:{}' l2={a,b,c}, [3={a,b,c,d,e,f,g}, 14=X+Y}
{{}f {ﬂ,b,C}, {a,b,c,d,e,f,g}, I+y}

{norm(l1], norm{l2], norm(13], norm(l4]}
{{}, {2,4,¢,0,0,}, {e,b,c,d,e}, input is not a list}

TakuMm o6pa3oM, MocTaBAeHHAA HAMHA 3ajava pelleHa.

7.3. Yeaonunie MKILE
Huxa ¢ sarososkom While uMeeT Bng
While[test, expr]

Ero BhiYHCheHHe HaYHHAETCA C HpoBepkH ycnoBud fest. Ecin
OHO EMeeT 3HadeHHeM True, TO BLIYHCISETCHA eTPr, KOTOPOE IDH
BHIYMCIACHUHM KaKHM-1860 o6pasoM HameHdeT fest. [anee onaTh
NpOBepAETCs TeCcT, H TaK NPOMCXOAMT JO TeX nop, noxa test ne
NOAVYHRT 3RaveHEsd, oTAu4HOro oT True. [lo oxonwamRMM nukna
dhopMaNbHEIM pe3yabTaTOM BuHcaeME sBazercAd Null. Takum
ob6pasoM, umka While mukorga #e ocTaeTci HEBHYHCASHHBIM.
[IpoxanocTpHpyeM cKa3saHHOE NPOCTEHIIAMH NPHMEpPaMi:

x = 1; While[x < 7,t = x%;x 4 +];¢

36

x = 10; While[x > 5, Print{x” > 5”"];x — —}
10>5

9>5

8>5

7>5

6>56
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Bonee cogepkaTenbHbi NpHMep AOCTaBAfeT CAECIYIOIAA NpO-
rpaMMa, Peaiu3yioman MeTo] GHCEeKIHE HAXOXKAeHHS HyAell dyHK-
nud. MeTog cocTORT B caegywomeM. JdonycTum, 4TO MH HalLax
ABe TOYKH @ ¥ b B OKpecTHOCTH HyJf yHKIKA f(z), TakHe, 94To
B ITHX TOYKax (b}’HKIlHﬂ NPHHEMAET 3HaAYCHHA HPOTHBOHOJIO)KHHX
anakoB. Torga otpesok [e,b] gernTcs nononam, u eclin 3Hak (GyHk-
UHK [ B cepefuHe OTPE3IKa CORNAJAET ¢ €€ 3HAKOM B TOYKe &, TO
CepelHHa OTpPE3Ka NpHEHHMAEeTCH 3a HOBYIO TOUKY a. Ecan e 3HaK
B CEpeJIHEE OTPE3Ka COBHAJAET CO 3HAKOM PYHKUHEN B Todke b, To
cepelyHa OTpPe3xa NPHEEMaeTcs 32 HoByw Touky b. [Ipomecc ge-
JeHHd NPpoJIoMKaeTcA, MOKa MOJYNH 3HAYEeHRH CPYHKIIHH Ha KOHIIaX
OTpe3Ka He CRENAIOTCA JOCTATOYHO MATH.

bisect[f_,a_,b_ eps_] := (If[N[f[a]f[b]] > 0,

z="a, b are not good”,t=a; s=<b;
While{Max[N[f[t]}, N[f[s]]] > eps, u = N[f[t]];

v = N[f[s]];w = N[f[(t + 5)/2]]; If[uw >=0,t = (t +5)/2];
If[vw > 0,8 = (t +8)/2]; z= N[t]]); z) '

B nporpaMmy BkAK4YeHa Npopepka YCIOBKHA MPOTEBONOJOXKHOCTH
37ak0p GYHKIAY Ha KOHIAX OTpe3Ka.

bisect [AiryAiPrime, 1,2,0.001}
a,b are not good

bisect[AiryAiPrime, -2,2,0.001]
—1.01953

OnepaTop yclnosHOro BHKAa € 3arciobkoM For ycTpoen creny-
jolMM o6pa3oM. BrpaXkeHne

For[start,test,step,expr]

HHHUMAPYET HeKGTophle HavalbHHIE JaHHBEIE start, JaTeM BRIYHC-
JfieT MHOTOKPATHO BHIpaXerua slep H erpr, Noka ycaobue test.
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peyncadercs Ha True. Kak u aax uukna ¢ sarososkoM While,
dbopManbHHil pe3yabTaT BHUHcIeHus gHkna For ects Nuli. Bor
NPOCTOH NpUMEp NPUMEeHEHHA HTOr0 LHKIA.

Forli=2,i < 5,i+ +,Print[Expand[(1 + x}"i]]]
142z 422

143z +3z% 423

144z 4 622+ 423 + =*

7.4. Pyukuus Module

WrTepakTHBHEIH XapaKTep npoBeferus ceancos paboru ¢  Ma-
TeMAaTHKOW® NMPHBOJAT K HeoGXOAMMOCTH HHCATH HPOrpaMMbl BO
BpeMs Tekylled paGoTH, B MOMEHT, KOrja, BO3MOXHO, yXe He
OZHOMY JEeCATKY CHMBOJOB NPHCBOEHHI oupejeleHHLe 3HAYCHHH.
B To xe BpeMms NpH HaNKCAHHK NPOTPaMM NPHXOJHTCH HCNOJbL-
30BaTh BCOOMOraTelbHbieé NepeMeRHble, OTHOCKTeNbHO KOTOPHX
NOJL3OBATENb MOAYAJHBO HpeAloiaraeT, YTO AM He NMPACBOEHH
Kak4e-1u60 3HaveHus. Ecak aTo npegnonoxenwe omrnGoYHO, TO
nporpaMMa MOXeT HadaTh BeCTH ce6i HenpejckalyeMulM 0Gpa-
3oM. [Jaxe mocae GesomrGovHOM paGOTHl NporpamMMel B Ka-
yectBe NMOB04HOre d¢xpexTa ee BHNONHEHHA TaKHM BCEOMOTa-
TeAbHWM NepeMEeHHKM OKA3WBAlOTCA NPHCBOCHHHIME HEKOTODhLIE
3HAYEHMA. OTO ABAeHHE HOCUT Ha3BaHHe XonPauxma cumeo-
#0¢. IlpaBga, nepeMenHHe WTepaTopoB B omepaTope Do, cxa-
xeM, mepemennad ¢ B t=0;Doft =t +i"2,{i,4}] soxannaonrana,
NO3TOMY fMOC/Te BLINOJHEHHS PACCMOTPEHHOI'O COCTABHOTC BHIpa-
XeHAS CHMBOJ I WMEET TO XKe 3HayeHme, 4YTO M JO ero BHNOA-
AeHds, HO HCHOJBIGBAHHEIH B KavYeCTBe BCIOMOrATElbHOH nepe-
MeHo#i cumBoa ¢ moay4un anavesue 30. B oneparope For me-
peMeHHad NHKJa Be AOKalH3OBaHa, MOITOMY NoCke BLINOJHEHHA
NpOrpaMMel

t=0;Forli=1,i<5,i++4,t=t+i"2]
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CHMBOA i HMeeT 3Hadenue 5. B  Maremarake umeeTcs ¢yHKnng,
KOTOpaf NO3BOJAAeT NMOABIOBATENC JOKAJH3IOBATH BCHOMOrATeNb-
HEe BHIDaXKEHKA TakK, 4YTO, HECMOTPS HA COBHajJeHHe BCOOMOTA-
TeAbHHIX NepeMeHHHX ¢ CHMBOJAMH, 3IHAYeHHS KOTOPHIX Ghlru
paHee onpefeleHnl, >TO He NPHBOAMT K HapYLUIeHuAM B pabore
UpOrpaMMul, AHAROrAYHO, NOCAE BRINONHEHHS BPOTpaMMK Takue
CHMBOJILL HMEIOT Te XKe 3Ha4YeHHA, 9TO OHM HMelHn paHblue. Ta-
KUM NOPOCPAMMHBIM CPEICTBOM JOKANM3ANHH ABASeTCA BPYHKLMA
Module.

Pyaxuns Module mmeer xBa aprymenTa. IlepBHi ecTh
CIKCOK JOKANbHHIX MEepEeMEHHLIX, BTOPOH — HCHOJHAEeMad Opo-
rpaMma;

Module{{x,y,...},expr]

JIOKAaNbHHM NepeMeHHLIM CIHCK3, BCEM HJAM MX HacTH, MOMXKHO
ipDHCBOHTh HadYalbHHE 3HAYEHHA, T.e. 33JaBaTh BRIPAXKEHHA C
sarojoskoM Module B Buje

Module{{x = x0,y,.. .} ,expr]

3uaveuneM pyekuur Module apiserca BRYACIEHHOE eTpr.

MexaHu3IMOM fOKAJH3aAluH SBAAETCE CO3JaEHe BPEMEHHHIX
BCIOMOTaTEAbHLIX NepeMeHHKX BHJa z¥n, rie n ecTh 3HayeHue
cucTeMHOH nepemenaol $ModuleNumber. 3rauenne 3To#l unepe-
MEEHOH YBeIMIRBaeTCA Ha €JUHHKNY BCAKHM Pad, KOTrJa IPORCXOIHT
BEIIHCIeHHe nloboit GYRKUHM ¢ 3arciopkoM Module.

Table{Module[{t},t],{i,3}]
{t$1, t$2, t$3}

Cumpoant sujga z$n cnabxalores arpubyroM Temporary, koTophiit
npesnucuBaer ,MaremaTuke ygansTh CHMBOAH, KOTOpbie He
6LlAM DKCAOPTHPOBAHLI B BHIXOJHHE AYeHKH, IOCAE OKOHYaHUH
BHYRCNeHAA pyHKuan Module.



Yapaxwesua 175

Module[{t}, Print[t]]
¢34

Ttx

t$1,:$2,183

M3 cxasakHOro BHIIE ClefyeT, 4TO NPH ofNpeicieHHH, HanpH-

MeDp, dyskury bisect HaM crefosano GH BOCMIONB3OBATHCA PYHK-
uueii Module.

bisect[f_,a_ b_eps] = Module[{z,u,v,w,t =a,s=b},
If[N{f[alf[b]] > 0,2="a,b are not good”,
While[Max[NIf[t]], N[f[s]]] > eps, u = N[f[t]]; v = N[f(s]}
w = N[f[(t +8)/2]]; Iffaw >=0,t = (t +s)/2};

If{vw > 0,8 = (t +18)/2]; z=N[t]; 7}

YnpaxHeHus

1. C nomoupic dynkmpm Do xanuwume nporpamsy fact] n . ] ssrvncrermn

4

n! zna HatypameEuX n. [IpegycMoTpmTe, TToSH UPH apryMeHTe, He
ABAAIOIEMCA HATYPAILHHM TACAOM, G0 HAlleYaTaHO COOTBETCTBYIOUIEE
coobuwienue. B nporpaMmme mcnomayirre dymanne Module,

. Yucaa Oubonaram fn ONpEABRMIOTCA ¢ HOMOWKIO PEKYPPEHTHOTO COGTHO-

.

wesmA fr = fr-1+4 fa-2. Hanuwume nporpasmy fib{ n .] ex ssrmcaerma ¢
nomounio bymxmm Do. [IpegycMoTpRTE TE Xe IPOBEPKA ADI'YMEHTA, YTO
4 B IpegnaymieM ynpaxuemus. CpapHuTe BpeMsa suvucaenun flb[100] no
HAMUCAHHOH NPOrpaMMe ¢ BpeMeneM NPOrpaMM B CTHAC Npasur rpeobpa-
A0BAHME M B CTHIE JAHAMMMECKOro OporpaMMUPOBANAL.

Betpoennas dpymama Prime{n] umeer suartenuem n-e oo HoMepy npocroe
wwcno. Henomeays dymapne While, nenuwume nporpanmy, oopegennio-
LY MHCIO MPOCTHX TMcCel, MERLIUGIX KIN PABRHX 1.

Hanuwiurne nporpammy cat{l.List), xoropas no 3azamiomy crmexy 1 no-
POXABET HOBKIH CITACOK, JIEMEHTAME KOTOPOr0 ABAMIOTCE IAPH. IlepBLIMA
JNEMEeRTAMHU NAD CAYXAT BCE PAMIHMHEIE DICMeHTH cmicKa |, BTOpHMH —
Tacho ux sxoxiewmt 8 . Herospayire pymxapm For, Do uw Module.
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B crexyioujux 3afadax He TpebyeTcs, 4TOOH OOA3ATEALHO
UCTIOAL30BANCE NPONELYPHEHHA CTHABL NporpaMMupoBaHud. Eaun-
creenHoe TpeGopanue: Haradue dyukuur Module.

5. Onpedeaume pymamio changeto, NeppLM ApryMEETOM KOTOPOMR SBARCTCA
HaTYpajibHOE YHCAO N, BTOPHM apTYMEHTOM - CIIHCOK HaTypalbHAIX YHCEJ.
B peaymmTaTe BHIMMCICHHA >TOH (PYHKIDI AOLKEH GHTH CO3faH CIMCOK
cooco6oB pasMena CYMMH B i py6redi Ha XYMOPH JOCTOMNCTBOM, DABHLIM
IHCAaM U3 BTOpOra CrMCcKa.

6. (JlaTupcxne xnagpaTa). JlaTHRCKIM KBAZDATOM HA3HBALTCA KBAApaTHAN
N X n MaTpHUA, MEMeHTAMH KOTOpOH ABIAIOTCA HATYDATSHHE YHCIA QT
1 g0 n ¥ YACBICTBOPHIOIIAR YCIOBHIO: HH B OfHOM CTPOKE M HM B OJHOM
croabue xe JoaxHo GNTh nopropaoumxcs wacen. Onpedesume dyHximio
latinsquare(n _Inteper?Positive], xoropas nopoxaana 6u cayvaitmm
06pA30OM HATHHCKMU 1t X N KBAAPAT.

7. Isa narerckax kBagpaTa P r {} HA3WBAKTCA OPTOrOHATLHEIME, €CIH CPe-
g n? map (P, Qij} MATPHMHAIX 31eMENTOB HeT ognHAKoBHX. Henuwume
nporpaMmy orthQ) npoBepxH TaTHHCKMX KBaJDATOB Ha OPTOrOHATHHOCTD.
Haddume, wcnomsays dymapwe latinsquare, oprororamHie KBajpaTH
YeTBEPTOro U MATOrD NOPAfKos (B MIECTOM MOPAAKE TAKOBHIX HET).



I'tapa 8
BBIYVICJIEHUE BBIPAXKEHUH

Mur yxe ynoMHHaJAH, YTO BaXXKHEHUIMMH NMOHATHAMH, OTHOCALIH-
MHCH K KOMOBIOTepHoH arretpe, , Marematuka“, SBISIOTCA 6bi-
paxcenue U ebvucaerue. BHpaxenms nojpoGHO paccMaTpHBa-
IUCh B ThaBe 4, HACTYRNUAC BpeMs NOIHAKOMUTHCHA C HPHEOMTAMYE
BHIMHCIeHMA BhpaxkeHHd. CaMBIM CyUleCTBeHHHM OGCTOATENb-
CTBOM, KOTOpPOE 32eCh CRefyeT NPMHATbL BO BHHMaHMe, ABIAACTCA
TO, YTO paccMATpPHBaeMad KOMOLIOTepHas aare6pa ecTh CHCTe-
Ma, BHITHCAHTENLHLIH Iponecc B KOTOPOH OCHOBaH Ha NpaBHAax
npeoGpa3oBaHRi. JTO O3HAYaeT, YTO NPH BRIYHCIEHAH BRIpasKe-
HHH NOCAEJOBATENbLHO NPUMEHTIOTCH ipaBWia npeolpa3oBanuit 5o
Tex Nop, MOKa BLIpa)keHHe He nepecTaHer H3MeHAThcAa. OTcioga
chejyeT, 4TO €CAM BHYHCIEHHOE BHIDAXKeHHe, NOMelleHHoe B Bhl-
XOAHYIO A4YeAKY, BHOBbL BBECTH BO BXOJHYIO, TO pe3yabTatT Gyjer
COBNaJaTh C BBeJeRHLIM BHIpakeRHeM. Dosee Toro, ¢ BBEJeHHEIM
BRIYHCACHHEIM BRpaXeHHeM He OYAeT NpOHCXOLATh BOOGINE HHKA-
KOro BHIYHCICHHA, B YeM MOXHO YOSANTHCH C NOMOUIbIO PYHKUMH
Trace:

Sin[x+1} // Trace
{{z+1,1+2},5in[1 +z]}

Sin(1+x] // Trace
{}

Taxoif peayibTaT OGBACEAETCH TeM, YTO KaXjoe BhlpaXKeHHe
,MaTemMaTHKR®, 33 HCKMOYEHREM YHCeS K CTPOK, CHAOKALTCH ABY-
MA MeTKaMH, OJZHA H3 KOTOPHIX HeceT HHPODMal#io O BpeMeHH
BBIYMCNEHHA BHPaXerui. EcIm 2Ta MeTka He mycTa, TO Bupaxe-

H¥e NONPOCTY He BhuHcasercs. Bropasg MeTka weceT undopMannio
12—3214
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O HAJMHYAH ,CCHNOK" Ha BHpaxenue. Hanpumep, BuIpakerue Mo-
XKeT GHTh NPUCBOEHO B KAYECTBe 3HAYeHHA KaKOMY-TO APYroMy
BHPaXeHHIO, H 3TO Jpyroe BhIpaKende ABASETCE CCLLIKOH. L[no-
GanbHoe Bupaxenue Out[n] Takxke fiBAReTCH CCLKOH. Bulpaxenue
yZaaseTcd M3 NaMATH, eCIH Ha Hero OTCYTCTBYIOT cchUIKH. HTak,
BHITHCJAEHHOE OQHAXK Zbl BHIPAXKEHHE boublle He BRITHCAAETCA, T.€.
He HaMeHdeTcd, B 2ToM cmuche He BHYHCAKIOTCA TaKXkKe HHcIa X
cTpoke. TakeM 06pa3oM, NPOUECC BHYACIEHHEH CYUIECTBEHHO ONN-
paeTcA Ha BhIYHCICHHEe CHMBOJOB.

8.1. 3uayeHus, aCCOUUUPOBAHHLE C CHMBOJaMH

Hanomuum, 4TO ¢ KaXAHM CHMBOJIOM MOFYT GHTh CBAIAHH CaeLy-
IoliHe YeThpe THIA NpaBua npeobpalopauui. Ecau caMBoay npu-
CBOEHO HEKOTOpOe BhlpaKeHHe ¢ noMoulblo GyHkumu Set, To sTo
BLHIpaXKeHHe IBALTCE OXHUM %3 cobemeenkwtiz anauensti (OwnVal-
ues) CHMBOJA.

x = f{y,z]

fly, 2]
OwnValues[x]
{Literal{z]:> fly, 2]}

Cwumplca ¢yukuun Literal Gyzer ofnicuen mosxe, a ceiidac Mul
o6paTHMCA K APYTHM npaBuiaM. Ecid cEMBoa ABIAeTCH 3arofos-
KOM BHIPa)XeHEH, TO ¢ HUM ACCONMAPYIOTCA NPaBEAa Npeobpaao-
BaHHM, KOTOpHE Ha3LHIBAIOTCA ero nuxexumy navexusut (Down-
Values).

glx_,y]:=x+y
DownValues|g]
{Literal{g[z_,y.]] :> z + ¥}

Tlpasnna npeo6padcBarnil, KOTOPHE QUPEAEIAI0T 6EPTHUE INAYE-
nuz (UpValues) cHMBOJa, acCONHHPYIOTCE C CHMBOJIOM, €CIK OH
HaXOJHTCR Ha NepBOM YPOBHE HEKOTOpOro BHIpaJ)KeHnA.
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x/:{x,y-,2.}={x y,x z}
UpValues[x]
{Literal[{z,y-,2.}] :> {zy,22}}
{x,a,b}

{az,bz}

Ecau cumBon ABAAeTCH JaTOJOBKOM 3arojOBKa HEKOTODOTO BHDaA-

*eHHA, TO C HHM MOryT GHTb aCCONMKPOBAHH ero daabkue anaue-
Huz (SubValues),

hfx Jly ] = xly]
h[v]{a,b]

v[a,b]

SubValues/{h]
{Literal[h[z Jly--}:> z[y]}

8.2. ATpubyTn

KpoMe mpaBmi npeo6pa3oBalHil, acCONHHPOBAHHKX € CHMBOJOM
symb, nocnegunit MoxeT OHTHL CHaGXKeH HEeKOTOPHMH aTpPHOYTa-
MH, HajeNsioluuMy PYHKIKIO C 3aToJJOBKOM symb onpeleleBHRIMA
croiicrBamu. C aTpubytamu Protected m Listable, koTopriMn oGaa-
Jalu HEKOTOpHWe BCTPOeHHHE (DYHKIUAH, YHTATENb yXKe IHAKOM.
Huxke Mu 601ee nogpobio ocTaHOBHMCA HA 9THX H JPYLrHX aTpu-
6yTax B coocobe NPHCBOCHEA aTpuGyToB CEMBOIy. Pamee B ra. §
HaMy GhlNa onpefenena GyHkuus cube cooTnOmenHEM

cubelx } :=x"3

Ecan Mel BHumcidM ¢yHKIHIO cube oT chmHcKa, TO MOAYHHM
cAeqyIOWMH WHTepecHRIH peayabTaT:

cube[{a,b,c}]
{a®6%,c%
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Pyukuus cube seger cebf Tax, Kak ecin On oHa obrajana
aTpubyToM Listable. Oanako fcHoO, 4TO 2TOT aTpubyT Ha camoMm
Jeje NpHHaLIeXHT QyHk1EE Power, ygacTeywouiei B onpegeieRnn
$yEkunH cube. YTo6: H3abexaTs 5TOr0 3hdekTa, ONpefeIAM ABe
dyHknun concat u concatlist ¢ nomMouso BcTpoerHoll yHKINE
Join, me oGaagawmein aTpuGyToM Listable.

concat{x_,y] := Join[{x}, {y}]
concat[{a,b},{2,3}]
{{a,8},{2,3}}

Ecan o6paTrTh BHRMaHHe Ha (PUTyPHEHE CKOGKH apryMeHTOB QYHK-
unr Join, To 3T0 JOBONBHO OveBHAHLIE pesyasTaT. PyHknmio
concatlist Mb 3aJajHM C DOMOLILIO TOTOC e ONpedeNeEHs, YTO
¥ GYHKUHIO concat, RO IPHCBOUM el aTpubyT Listable. OrMeTny,
4TC NPUCBOEHEEe ATPEGYTOB GYHKUHHK JONXKHO NPefilleCTRORATH €€
onpegenennio. OHO APOMIBOJAHTCA ¢ NOMOIbIO DYHKUMHM SetAt-
tributes. A umenno Beipaxkernsne Set Attributes{symb,attr] npu
€ro BHYKCICHUH JoGaBaseT aTpubyTH aitr k cUHCKY aTpHOYTOB
CHMBOJXA symb.

SetAttributes tconcatlist ,Listable)
concatlist|[x_,y_] := Join{{x}, {¥}]
concatlist{{a,b},{2,3}]

{{a,2},{5,3}}

My BEAMM, YTO pe3yALTATH BRIYACACHEH 06eux GyHKUMHA oTAHYa-
foTcs. [leno o6cTouT TakkM o6padoM, YTO, pexX e IeM [IPOH3BECTH
npec6pa3oBanie BBEJEHHOr0 NOCAEIHErO BHPaXeHHA ¢ MOMOUIBIO
acCOUHHPOBAHHOrO ¢ CEMBOOM concatlist onpegenenus, npous-
BOAHTCA TPYINNMPOBKa B Haphl 31eMeHTOB COACKOB, CTOALIMX HA
OJHHAKOBBIX NO3IUIUAX, KaK 3To GORIYHO EPOHCXOINT C apryMeH-
TaMd PyHKIuH, obaagalomux aTpudyToM Listable:

Power[{a,b},{2,3}]
{a?,6%}
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HeiicTre aTpubyTa Listable TakoBo e, Kak U AeHCTBHEe PYyHKIRH
Thread.

Thread[concat[{a,b},{2,3}]]
{{e,2},{5,3}} |

Yaaserne aTpubyTa BPOR3IBOJETCA C noMollsio ¢pyrkumE Clear-
Attributes.

ClearAttributes[concatlist, Listable]
concatlist[{a,b},{2,3}]
{{G, b}: {23 3}}

Teneps peayabTarhl BuvHCIeHHE PYHKUKA concat n concatlist
COBNaJaloT.

PDyuxknan Map, MapAt v Thread nossoasioT fo6uBaTbCA
TOrO Xe pPe3yabTaTa, YTO ¥ NPpHCBOeHHe aTpuGyTa Listable.

{f[{a,b,c}],Map(f,{a,b,c}}}
{/{{a,b,c},{fla], F10], flc]}}

{f{{a, {b,c}}],MapAt[f, {a, {b,c}, {{1},{2,1},{2,2}}}]}
{7[{a,{6:c}}}, {flal. {f[0], /[c}}}}

Bcero aMeeTcs yeTHpHaZIaTh aTpHOYTOB PYHKOHA, HO MEL OCT2-
HOBHMCH TOJbLKO Ha HEKOTODHIX.

Atpubyr Orderless o3Hadjaer, 4TO HajeleHHaA HM QYHKDHAA
Ge3pasiRdHa K NOPAJKY ee apryMeHTOB MNOJZOGHO BCTPOEBHLIM
pyukuuaaMm Plus 1 Times.

Set Attributes{f, Orderless]
fly,1,x]
flLzy]

AHaJOTHIHOrO Pe3yAbTATa MOXKHO JOGHTHCH ¢ ROMOIIBI0 BYRKIHH
Sort. ‘
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ClearAttributes(f, Orderless]
Sort(ffy,1,x]]
f,=,y]

ATpubyr Flat cOOTBeTCTBYET CBOMCTBY aCCONHATHBHOCTH
QYHKIHH.

Set Attributes{g, Flat]
ga,g(b, <]
gla,b,c)

IJTHM aTpUbYTOM HajedeHH BCTpoeHHHE ¢pynkuuu Plus 1 Times
B COOTBETCTBHH C TeM, YTO OHEPAUHE CAOKEHUA ¥ YMHOXKEHUH
accotnaTuBHul: (a+b)+c=a+ (b+c) u (ab)c= a(be).

{a b) ¢ // FullForm
Times[a,b, c]

Honpo6yem yaasurs arprbyr Flat u3 cnucka arpuSyToB GYHKIHK
Times. '

Clear Attributes[Times, Flat]
(a b) c // FullForm
Times[Times|a,b), ]

ATrpubyr Flat gefdcTByeT Tak, Kak eclH 6H K pe3yabTaTy Bh-
yyucleHHA He objajalolledl >THM aTpuSyToM GYHKUHH GOblia 6hl
npuMeHena ¢pyakuus Flatten.

h[h[a, b], hlc]]
h[h[a, b}, hlc]]

hlh[a,b],h[c]] // Flatten
hla,b,c] ‘



8.2. ATpuSyThi 183

Arpubyr Oneldentity, B oTIHYHe OT paHee paccmrrf)euaux
aTpubyTOB, BO3JEHCTBYET TOABKO Ha NPOLECC COMOCTABNEHUA BH-
paxkeHuid wabroram., OH 03HATaeT, YTO C TOYKH 3peREA COOT-
BeTCTREA UabaouaM aupaxenus f[x}, f{f{x]] u r.1. sna dpynxoui
f, obaadarvoryur ampubymon Flat, sksusarenTin x. PaccMorpum
HECKOABKO NPHAMEPOB, PadbACHAKIUAX CYTh Aena. IlycTh cHayana
dyuxuus f e o6ragaeT HEKaKUM¥E aTpDHOyTaMH. BLIYHCINM BLI-
paxkenue:

f[£x]}/.f[z] :> 22
flz]?

B paccMarpuBaeMoM ciyvae \MatemaTHka* oToxgecTBHIA 3aT0O-
noBOoK wabnona ¢ 3aroaoskoM Bupaxenusn f{f{x]], a mabon z_ ¢
noxsarpaxkennem f{x). Ipucroum dynkunu f arprbyr Flat

Set Attributes(f, Flat]

H BHOBb BHIMHCAUM pacCMaTpHBagMOe BhIpaXKeHHe.

f[f(x]}/ £z :> 2%
fla]?

PeayabTaT He HIMeHUACE, TaK Kak NpH CONOCTARIEHHH ¢ labio-
HaM® YYHTHIBaeTCA He TOABKO BHMHCAeHHOe Bupaxenne f{f[x]], no
u ero ucxoxnad ¢opma. Jonycrum, 4To ¢yekuus f obragaeT B
aTpu6yrom Flat, n arpubyrom Oneldentity.

SetAttributes(f, {Flat, Oneldentity}]

fIE[x]] /. flz.] > 22

22
Mul BHAHM, YTO pe3yAbTAT TakoB, Kak ecaH On ¢yHxues f
6Llna aBaJorMyHa, ckaxewm, ¢pyukuun Plus B ToM cMHcae, 4TO ee

IpAMEHeHHe K eJMHCTBEHROMY apryMeHTy BMero He WIMeHSeT:
Plus{5] nocse swyncaenna gaer 5.
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ATpr6yt Constant upncbaunae'rcx CHMBOJIaM, KOTODHE AOJXK-
HH BeCTH cebf Kak KOHCTaHTH [0 OTHOLIGHKIO K oOllepaTopaMm
AntbepeHAPOBAHES. '

Attributes[f] =.

Df{x],x]

f'z]

SetAttributes[f, Constant]
D{f{x],x]

0

INogo6ue ToMy kak aTpubyTr Protected npensarcrayeT npu-
CBOEHHI0 HAXHEX 3HatedMd (DownValues) cumBonaM, aTpubyT
Locked ne noasoaseT #3MeHATEH ATPHOYTH CHMBOJOB.

Set Attributes|f, Locked)
Attributes|[f]
{Constant, Locked}

" ClearAttributes([f, {Constant, Locked}]
Attributes:: locked: symbol f is locked

[IpugeTcs HavaTh HOBYIO ceccHIo ,MaTeMaTBKE“, ecin BO3HUKHET
Heo6X0IEMOCTE: H3MEHHTH aTpHEGYTH caMmBoaa f. Byxem cuaTaTh,
4YTO ME 3ITO CAEJATH, NOCKOABKY MH 6yfeM HCMOAL3CBaTh HHEXKe
cumBosa f. Ecau dynkurr kakoro-au6o nakeTa cHaGyeRK aTpRGY-
TaMn Protected n Locked, To noab3opaTenb He CMOXET H3MEHHTh
(YHKUHH, onpefeleHHEIX B 3TOM laKeTe, eCid OH MOATPYKeH.

ATpubyT ReadProtected we no3soager OpOYHMTATL OUpelele-
HAHN, acCOUNAPOBAHARIX C CHMBOJOM, ¢ noMolusio ¢pyEkuun Infor-
mation.

f=; f[x]:=x"3
"

Global'f
flz]:=2-3
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SetAttributes[f, ReadProtected]
" ,

Global‘f

Atributes[f] = { Read Protected}

Ecan cumBon cuabxer arpubytamn ReadProtected u Locked,

TOC

B Texymeﬁ CEeCCHEH Helbhdd Y3HATE aCCONRHPOBAHHRX ¢ HHM

onpejercHHH.

8.3. CrangapTHHIA NpoLecc BHYHCICHAN

[Ipn BEIYHCIeRHN BhIpaxeHHH ,MaTeMaTuka“ PyKOBOACTBYETCA
cAeAyIOUIMMHE NPHHOIRNAME, HEKOTOpHE H3 KOTOPHIX OBAY paccMo-
TPEHH B HadYaJe ITOH rAaBhl.

. Buriuciennnie PaHee BhIpa)XeHHA, & TaKiXe CTPOKH, YHCIa H

CHMBOJHL, He HMeiolEe cobcTBeRALX 3Hadenni (OwnValues),
HE M3MeHAIOTCH, -

. TlopaZox M XOJ BLIYACAEHHH KOHTPOJHPYIOTCA 3arO0JOBKAMH

BEIPAKCHAH M NOJBEIPAXKEHHH.

. Cmandapmnuiii nopadox ewuucdenuti 03HavaeT, YTO CHajala

BRIMHCAAETCH 3arOJOBOK BHIpAa’XeHHH, NOTOM HeIloCpelCTBERB-
HEIe NOABRIDAKEHHS NOCefoBaTeJbHO CJeBa HANlPaBo.

Ha caMux P2HHHX CTAZHAX BHIYHCIEHHHA CHMBOJH 3aMeHAIOTCA
Ha NPHCBOCHHEIE HM co6CTBeHHBIE 3HAYEHHS.

Ecan B npouecce BRIYACAEHHA HM OofHA YacTh BRIDaXeHUHA He
HIMEHHAACKH, BHIYACNCHHSE NIPpEKPAlilaioTCh.

Iloche TOro Kak BHYMCIEH 3arONOBOK BHPaXKeHHA (HAH 3aro-
NOBKY NOABRIPaXKeRW#), BRINOAHAIOTCA NOCAEAOBaTEIbHO Mpe-
of6pasoBaHud, HHAYLRpoBaHHBE aTpubyTamn Flat, Listable n
Orderless.
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. Brinoarsrorcs 3ajaHHbe NOAL3IOBATENEM NPEOSPA3OBAKNL, CO-

crapagiole sepxune 3nadenns (UpValues) cumponop-aaro-
soBkoB. [Ipryem B nepBy0 ovYepeAb BHINOJAHAIOTCH MeHee 06-
1ue, a 3aTeM Gojee ofimue onpegeeHus.

. BunoansioTcs npeofpaloBaHHA, ABAAIOLIHECH BCTPOCHHEIME
BEpXHHEME 3HAYCHHAMH 3arONOBKOB, B TOM )€ NOpAfKe, 4TO
HenT.

. [IpaMensoTca npaBuna npeo6pasoBaniit, onpejeseRHbE NO0L-
30BaTeNeM H COCTABAAIILEE HIDKHYe 3Havennd (DownValues)
3ar010BKOB-CHMBOJIOB.

Ecau 3aronoBok — He CHMBOJM, TO KCTOAB3YIOTCA NpaBUia Npe-
069&3033!!51;!, CBH3aHHEHEe C 3aJaHHRIMH NCGAL30OBaTeNEeM Aadb-
HEM# 3Ha4ennaME (SubValues) cuMBoIOB, KOTOPHIE ABIAIOTCA
3arONOBKAMH 3arQJIOBKOB.

Hcnonssyiores Bcrpoennnle npasuaa npeobpadoBaHEN, ABAA-
oUIHecH HIDKHYME 3H3MeHUMAMHE BHYHCJIESHEIX CHMBONOB-3ar0-
JMOBKOB. 3aMedaHHA 06 G6IHOCTH OPaBHI Te Xe, 9T0 H paHbIIe.

IpounawocTpupyeM CKalapHOoe NPOCTEHIIHMY TpAMePaMH:

b=2; x"83+b x+b~2 // Trace
{{{5,2},22},{{,2},2% 4},2° + 22 + 4,4 4 22 + 2°}

3aronopok Plus BHYMCAf€MOro BhIpaXKeHHA M CHMBOJ T He HMe-
o OwnValues, nosTtoMy, Tak e xak # BhHIpaXKeHHe X3, oHR
He npeoGpasyiorcd. [loaToMy Mul He BHIHMM CJAeAOB Ipoulecca HX
pridActends. PakTHYeCKHe BRIIACICHHA HAYHHAIOTCA C DIeMeHTa
bz, sateM BHYHcAfeTcA b~2. [locie 3TOro BRIMOAHAETCA COPTH-
POBKa BHIpaXKeHM#, Tak Kak ¢yHknus Plus o6aajgaeT aTpubyrom
Orderless.

- f = Times; f[2,x+3] // Trace
{{f, Times}, {z+3,3+2}, {2(3+2)}}
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3Zech MH BHAHM, 4TO 3arOJOBOK BhpaXKeHHA BHMHCAACTCH mep-
BRIM, YHCAIO 2 He npeo6Gpa3yeTcs, BLIpaXkeHHe X+ 3, HMeiollee
saronopok Plus, noxpepraeTcs cCOpTHPOBKE, & 3ATEM SAEMEHTH
BHIYHCAREMOrQ BHIPAXKEHHH COEgHHAIOTCA B IDOM3BEJEHHE.

f=; flx_,y]:=x"y; f[3+2,b+a] // Trace
{{3+2,2+3,5},{b+a,a+b}, f[5,a+8],, 59}

JTOT NPEMep HAIIOCTPHDYET, 4TO NpaBuia NpeoGpa3oBaHAA NpH-
MeHSIOTCA Nocie BHIYHCIeHHE apryMeHToB. OcTaBHM B CHJIe onpe-
JeleHHe, accOlMHpoBaHHOoe ¢ f, B Jo56aBMM HOBOe, ABAflolleecH
BEPXHHUM 3HaYEHHEM IJIA CHMBOIZ §:

g/ : flglx],y]:=g[x+y]

flglx+2],3+y]// Trace

{{{z+2,2+2},9(2+ 2]}, flgl2 + 2], 3+ y], 9[2+ 2z + (3+ )],
{24z+(84+y),24+z+3+y,2+3+z+y,5+z+y.9[5+z+y]}}

Clear All[f, g]

3Jech XOpoWo BHOHO, YTO BepXHHE IHAYEHHS HCHOJbIYIOTCA paHhb-
e, YeM HIKHHE.

8.4. BrIpaxeHusa, BHIYHC/IAEMble HECTAaHAAPTHO

Bo MBOrEX CHATYalMAX, C HeKOTOPDEIMH H3 KOTOPHX Mbl NO3Ha-
KOMHMMCSH HHXe, GHBaeT He0OXOIMMO HIMEHHTh CTAHIAPTHHIHA IO-
PBRJOK BHIYMCICHHA BHIpaKeHuid. IIpmMeHeHHe caMOro KpalHero
cpeAcTBa: Booblle He BHYHCAATH BBeJeHEOT0 BEIpaXeHHA — obec-
neyuBaeT dyukuni Hold.

f1+1,%x+2]
fl2,2+z)

Hold{f[1 +1,x + 2]
Hold[f{1+ 1,z +7]]
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Pyuknag HoldForm aranoruyna no geficrsuio ¢pysakurs Hold,
HO B OTJIHYHAE OT NocAefHeR OHa He BOCHPOH3IBOAUTCH B BHIXOJHOH
fyerke. '

HoldForm|f1 + 1,x+ 2]]
fil+1,z+4+2

Dyuxnus ReleaseHold yctpauser saronosku Hold u HoldForm,
HOITOMY NOCJIE ee NpEMeHeHHA BRpaXKeHRe — apryMeHT NoCreXHAX
bYHKOHA BHIYHCASETCA. :

ReleaseHold([%)]
f12,2+4]

Oﬁlll,l‘lM MEXaHHIMOM, NO3BOJAKIIEM H3MEHHTDb CT&HAa-pTH!:IIul npo-
UecC BRIYHCIEHHH, SBRACTCAd HAAHYHe CHeUHAALHBIX aTpKGYTOB
HoldAll, HoldFirst u HoldRest. 9T aTpuGYTH GIOKMPYIOT
BEIYHCIEHHEE COOTBETCTBEHHC BCeX HeNOoCpeICTBEHHHIX NOJBHIpa-
)KEHHﬁ, NEePBOr0o HENOCPEOCTBEHHOTO OJBLIDAXKEHHA HAH BCeX He-
MOCPeACTBEHHEX MNOABHIDAKEHHH, KpoMe IepBOro Y BeIpakKeHHd,
3arQIOBOK KOTOPON'O HMeeT PacCMATpHBaeMule aTpHGYTH. DYyHK-
uux Hold u HoldForm nwmeior aTpubyr HoldAll.

Attributes[f] = HoldFirst
fl14+1,x+2]
141,243

ATpubyr HoldFirst aMeioT MHOTHe BCTPOEHHEKEE GYHKIEH, HANPH-
Mep Set. ‘

Attributes[Set)
{HoldFirst, Protected}
f=a; g:=b

f=g // Trace
{{g,b},f= bvb}
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(3
Global'f
f=b

Ilpn BuuucaeHun BhpaxeHud f = g 6EIO HCIOAB3OBAHO NPaBHJIO
npeo6pa3oBaHKA, ACCONHUPOBAHHOE C CHMBOJIOM ¢, HO He ¢ f. Yo
BuLno 661, ecly 65 GyHKUHA Set He uMena atpubyra HoldFirst?

Buiio 661 OIIHGKON AYMaTh, YTO MEPBRIA ApPryMeHT ¥ (GYHEKIKH,
umetoutei aTpubyT HoldFirst, Boo6llle HHKOrJa He BRIYHCIAETCA.
OH He BBIYHCEAETCA HA MePBHIX dTallaX CTaHJIApPTHOrO NPOLECCa
BHIYMCACHHH, 2 HMEHHO Ha Tanax, HPellleCTBYIOWHKX TPHMeHEeHHIO
npaBua npeoGpa3oBanni, aCCOUMAPOBAAHHX C 3aroropkamu. Ecan
e OpE NPEMEHEHHH NpaBu! Npeobpa3’oBaHMil paccMaTpPHBAIEMbIR
MepBLIi apryMeHT CTald apryMeHTOM (GYHKUHHM C 3arOJOBKOM, He
HMerwwuM aTpubyToB Hold«, uiu He noma’ mog gefiCTBHE TAKHX
aTpubyTOR, TO OH BHYHMCAMTCH. TaxkuM o6pa3oM, paccMaTpHBae-
MBEe aTpHGYTH MOIBOJAAIOT NepeJaBATh HeBRIYHCAEHHEIE apryMeH-
THI B BHIPaKeHKA ¢ APYTHMH 3ACONOBKAMH.

Set Attributes{f, HoldFirst]
f[x.,y-Integer] := (x = Delete(x,y])
x={a,b,c}; f[x,2]

{a,c}

{a,c}

Jpyras 3ajava, pelllaeMas ¢ NoMOLIbe aTpuGyTor Holdx — cje-
aaThb Honee rHOKHM NpHMeHeHHe abLIOHOB,

Set Attributes[g, HoldFirst)
gla+2,b] /. glx_+y_,2]:> (x+2)y
2(a+b)
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Kpome dyaxuuit Set, umewwei atpubyr HoldFirst, u SetDe-
layed ¢ arpubyrom HoldAll GoapiinHCTBO GYHKOME mponeypHO-

I'o I1pOrpaMMEPOBAHHEA H MpaduiecKHX GYHXKIHH UMEIOT ATPUGYTH
Holdx.

Attributes /@ {If, Do, For, While, Plot, Show}
{{HoldAll, Protected}, {HoldAll, Protected},
{HoldAll, Protected}, {HoldAll, Protected},
{HoldAll, Protected}, {Protected}}

IJTO MO3BOAAET TaKAM PYHKIHAM BHIYHCALTH BCE WA HEKOTODhIE
CBOH apryMeHTH HecTaHZapTHo. Tak, ¢pyHknuaa Do Bugucager
CBOHl NepPBHH apryMeHT HecKoAbLKo pas, ¢yukuus If B saBucumo-
CTH OT IHAYEHHS MEPBOrC APTYMEHTa BHYUCAAET Ju60 BTOPOH,
au6o TpeTHil apryMeHT, ¢oyuknus Plot BuYECAZeT cBOH NepBHIN
aApryMeET HECKOJbKO Pa3 B HEKOTOPOH NOCIe/loBATEILHOCTH TOTeK

i

[Ipeogoners BoafeiicTBHe arpubyrTos Holds Ha BhIYHcIeHke
KaKOTO-TO TOJABLIpaXKeHHA e, MOXHO, eCid 3ajaTh ero B BHU-
ne Evaluateley]. Hanpumep, ¢yukues Plot #Ha panwem s7a-
e CBOEro BHIYHCIEHMA ONO3HAeT, ABIAETCA JU ee INepBHH ap-
FYMEHT chuMckoM. KEcam seigsercs, To Plot jneraer Heobxogu-
Mble NPHIOTOBIeHHA AAf BHIYepYMBAHHA Tpa(HKOB Cpal3y Hec-
KOAbKHX YHKUKA ogHoBpeMmesHo. Ilo3ToMy ecim nepBmii ap-
ryMeHT ABAAeTCH 3HadeHHeM oyuxuur Table, To mpumenenue
Evaluate Heo6xogumMo, Tak Kak B DPOTHBHOM cCly4ae rpadu-
K# He 6yZyT BuidepyeHn. DPynknus Evaluate B HexoTopmix
CAy4agX YCKOpSieT BHITMCAeHHE. Tak, BLIYKCAEHHE BHpaKeHus
ParametricPlot[{x[t],y[t]} /. n,{t,0,Pi}], rae n ects coBokyn-
HOCTbh MHTEPHOAAUMOHHHX (PYHKHHH, XOTE H BO3MOXHO, HO O6yJeT
3HAYATENBHO YCKOPEHO # BRINOJHEHO ¢ Goablled TOYHOCTEIO, ecaH
nepBHi apryMenT 6y et BRegeH B e Evaluate[{x[t],y[t}} /. n].

B saxnoveHne 3Toro naparpada OTMETHM, 9TO GYHKIHEMH,
ceisaHibIMA ¢ Hold, srasiorca HeldPart 1 ReplaceHeldPart.
OHH NO3BOMAIOT BHOOAHATL ciaegyiomue AedcTpud. HamoMHHM,
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4YTO nocJe HasAedeHHs (yHKHued Part cooTseTcTByOlEro 3a-
DaRHOH cHenEQEKAKHH NOABHpPAXKeHHS, NochefHee BhIYHCIRETCH,
Jaxe ec/M B HCXOLHOM BHIPa)XeHHH OEO HaXOJHJAOCh MOJ JeHCTBH-
eMm aTpubyToB Hold* 4 ne BuIHCAAAOCH.

{s[1 +1,y], Part[g[1+1,y],1]}
{91 +1,3}, 2}

BaiuncieHrA H3BJAeUSHHOH HACTH MOXKHO H36eXaTh, €M BMe-
cTo pyrknun Part npamenuTs ¢yukunio HeldPart.

HeldPart[g[1 +1,y],1]
Hold[1+1]

M BagnM, 3o HeldPart jenaet naprevensoe nogBHpaxenne
apryMenToM ¢yexknuu Hold.

Ilpm 3aMeRe MOABHIpaXXeHHH, HAXOAHILHXCA B 061aCTH JeilCTBUA
oanoro u3 arpubyros Hold+, nAorga BosmukaeT HeoGXOZHMOCTE
3aMEHHTh YacTh TAKHX NOABHIPAXKeHHN Ha HOPHE 6e3 BRITHCIEKHS
NOCTefHAX. DTO OCYLeCTRALeTCH PR noMoluy ¢pyuknui Replace-
HeldPart u Hold.

{ReplaceHeldPart[g{x + y,v], Hold[a + 1], {1,1}],
ReplacePart[g[x +y,v],Hold[a + 1], {1,1}}}
{gla+1+y,v}, g(Hold[a +1]+y,v]}

PaccMaTpHBaeMas GYHKOMA, [0 CPaBHEHMIO ¢ ¢YHKUHER
ReplacePart, 50n0iaHTeIbAO0 OCROGOKJaeT NOLCTABAAEMOE Bhi-
pakenue oT 3arosoeka Hold.

8.5. Buluncaenue npasua npeo6Gpasosanui

[Ipec6pasopanud B COOTBETCTBHH C MAGIOHAMH H MCHONLICBAHHE
IMAGIOHOB B JOKAIBHKX W MMOGATLHHX NPABAAAX NpeolGpa’oBaHuil
" ABJAIOTCA OAROR H3 CaMHX CHABHHX cTopod ,MatemaTuin® xak
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CHCTeMbl CHMBOJBHLIX NMpeoGpaloBaHEd. EcCTecTBeHHO MO3TOMY,
YTO NPH BREIYHCAEHAN BHPAaXKeHHH, BKIIOYADIHAX [IA6IOHE, BCTPe-
JaeTcH paj HeCTaEfAPTHRX MOMeATOB. OGIIMA IPARLEAN BEIYKCIE-
HHA BHPaXEHAH ¢ WabloRaMH clefyeT H3 TOr'o NPOCTOro ¢akTa,
4TO NPHMEHEHHE WAGA0OHROB HAYHHAETCA Ha TAKAX STANaX BRYHUCIe-
HEH, KOrja BRIPaXKEHHA, K KOTOPEIM NPEMEHA0TCA npeobpaloBa-
HHA 00 WabioHaM, yXKe JacTHYHO BuYgcieHH. ClefoBaTenbHo, #
NpaBHia npecGpa3soBaHHi NPH 3TOM XOTA 6Ll YaCTHYHO, HO BRIYHC-
JAKTCA.

Ipocaegum 3a XoAoM NPOCTEHIAX BHYHCISHUH ¢ wabioHaMu.
HatuneM ¢ nOKanbHRIX NpaBHA NpeoGpa3oBaEnil:

x=2; y=3; h[x*2+y] /. h[2x+y]—>1/x
i

2

Ipeo6paszosanue Bupaxenus h[7] B 1/2 nporsowso moToMy, WTOo
Xepasd MacTh NOACTAHOBKE, T.e. Bupaxenue h[2x+y], Tak ke
xak ® npaBag 1/z, 6waa BHYHCEeHa Npexfie, 4eM BLIACHEHHE
COOTBETCTBHA Iabiony. Ecan B npaBuJe J0KalbHOH NOICTAHOBKH
ucnoabaoBaTh RuleDelayed, To nory4uTca ToT ke peayabTaT:

h[x*2+y] /.- h[2x+y] :> 1/x
1

2
Moacranoska h[x] :> 1/x Takike BHINOAEHTCA, HO JaCT pe3yib-
Tat 1/7.

h[x*2+y] /. hix] :> 1/x // Trace

{{{{{=,2},2%4}, {y,3}, 4+ 3,3 + 4,7}, 4[7]},

AT/ Wed > 2oz 2 mhz,202)

HTak, pesioMupyd, MOXEO CKa3aTh! B JOKAILHHX NpaBHIaX npe-
obpa3opaunil s8ega lhs — rhs u lhs :> rhs npoRcXoZHT BEIYIHCICHHE
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neBOH YacTH [0 YCTAHOBIEEHA COOTBETCTBHA WabioHY NpH ycao-
BHH, 9TO lhs He CONepPXHUT WIABAOH ...

HHxave o6cTORT Aen0 B raobanbHEX DPaBRAaxX NpeofpaloBanui.
Mumu 3naeM, ¥To ¢pyHknus Set umeet aTpubyt HoldFirst. Hmenno
OGITOMY AMf CHMBOJIOB B NeBOH YacTH ONpefeleHHA I = erpr He
KcnoasayloTea Bx OwnValues, ¥ 3TH 3HaYeHHS TeM CAMEIM lepe-
onpegensiorca. OgHako, HeCMOTPS Ha HaiaM1He 3Toro aTpEbyTa, B
BrpaKeHUAX suja flargs] = expr apryMenTH args BHYHCAAIOTCS.

x=2; y=3; hix*2+y]=2z
z

7h
Global‘h
h[T)==z

Hckaio9eRUAMHE H3 3TOrO NpaBHAa ABARKIOTCA GYHBKIUHHM C aTpubyTa-
mu Hold«. KpoMe Toro, ecan xenatenbHo n36exaTsh BHMMCICHHA
args, To K HeMY MOXHO NpHMeHKTh yHkUKIo Literal, urpawmyio
Ty Xe poib, uTo 1 Hold. Pasuuny B npumenenusnx Literal 1 Hold
MOKHO MOEATS ¥3 cAeJylollero IpaMepa.

Clear[x,y,g,h]; h[Literal[x*2 + y]] = z;
g[Hold[x"2 + y]} = w;

h[x*2 + y]

{g[x"2+y], g[Hold[x"2+y]}}

{g[z? +y], w}

PaccMoTpEBM ele oHE npuMep Hcnofbsosadua dyuknuit Hold
n Literal. [ycrs cumpoay z npucsBoeso 3mnavdeHme 2. Kak
npeo6pa30BaTh Bhlpaxesune X3 B 237 DTo MOXHO cleraThk
CIefyHAM o6pa3oM.

x = 2; Hold{x"3] /. Literal[x] -+ z // ReleaseHold

23
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Yn

1.

2

PaXHECHRA

Omsempme TOMLKO Ha OCHOBE BHATH3A TDUHIMMIIOR BLIMUCIEHMA BLIPa-
XeHwit, 6yfeT av noayden crmcox {1,2,3}, ecom ARMHCOTMTL BHpaMeHue
Apply[List,1+2+ 3]? Byger mu nmonyuen cnucox {a,b,c}, ecm B arom
PHpaxenH 3aMeHyTs 1+ 243 Ha a+ b+ ¢? Kak o pupaxennx 1+2+3
noxyduTh crucok {1,2,3}, npumenas ¢pymapm Hold, ReleaseHold, Ap-
ply?

JlonycTaM, 9TO MK XOTHM OOpeAeanTs $yHKImo f, TaKyio, 9To oHa J0byio

CYMMY CllaraeMulx npeo0pasyeT B COKCOK CAaraeMuX. ByfeT mm mania nems
AOCTMIHYTA, €C ME JaJHM OIpeJelcHre

f{x Plus] := Apply[List, Hold[x},2] / / ReleaseHold?
Kax uzmenums 1o onpefenerue, YT06K Bee GLUIO B opagKe?

Brpaxemme Information[symb), wm 7symb, gaer copasky o cumpoae
aymb. Kax uasesums aTpubytn dymapm Information, yrobu noxy-mrrs
CTIPABKY O K&XA0M CEMBOJE f, g M T.4. 1o crmeka {f,g,...} ognospemenno?

Accompnpyirre ¢ cumBonoM h onpegenenue
hlz _Symbol,y _Symbol] := {z,y}

# cuabaute h atpubyrom Flat. /MTpedcxamume, ue BLucana 3aparee, Ka-
x0B GYAET peayMLTaT BHYMCRenus smpakewus hla, b ¢, d]? Kakon Gyger
PeEayILTAT, eCIM JONOXBMTEALEO CHAbAKTE h aTprbyrod Oneldentity? [To-
caompume, Hcroabdys dyaximo Trace, xax  MatemaTuka" parmcager
3TO BEIpAXEHME B MIEPROM M BTOPOM CAYUYAWX.

Bermcnernte suipaxems X = N([x] gaet peaymsrar z. B To xe Bpems,
onpegenaR GyYHKIMIO ‘

f[x]:= (x = N[x]; Sqrtxj}

¥ peracns, ckaxes 3], Mu nonywaem coobierue o6 oumbie ¥ peayasrar
Sgrt{3]. Tlowemy? Kax uasesums onpeaenenme, wrobn ¢ynkima f or
aprymenTa Tuna Inieger WMena peay bTaTOM BEUECTBEHHOE YHCIOT
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Matepyan npeAlieCTBYIOWHX T/aB MO3BOJAET MHTATENKO BECTH
3aMKHYTOe , HaTypalbHOe XO34#CTBO" B Ipefenax 0JHOR OTAeIbHO
B3ATOH 3aNMUCHOH KHHXKH, T.e. IPOBOANTEL BHYHCIEHHA U Tpadm-
YecKHe MOCTPOeHHA, NOAb3YACh BCTPOSHHRIME (QYHKUAAMH, QYHK-
UHAMH U3 NOACPYXKAeMEIX CTAHJapPTHAIX HaKeTOB H CAMOCTOATEN b~
HO ONpejefeHHHMH GyHKIMAME. EciM NoCIeZHUX CTaHOBHTCA
MHOI'O HJAH OHH NpPeICcTaBAAIOT co60# MHOI'OCTDOYHLIE COBOKYD-
HOCTH olipejeleHnil, TO BOIHHKAET HeO6XOJHMOCThL HX COXPaHATH
¥ BHI3LIBATH TOYHO TaK e, Kak BRIIWBAWTCA (QYHKIHE MAKeTOR,
ABJIAIONIHXCA HeoTheMaemol dacTbio ZMatemaTuku®. OcHoBHOe
rpeGoBatie, KOTOPOMY JOMXKHE YAOBIETBOPATHL TakKue MAKETH -
OTCYTCTBHE KOH(JIHKT2 HMIOPTHPYEMHX (YHKUHH, KOHCTAHT H
NepeMeHHHX ¢ BBEAeHHLIMHE paHee B TeKyllled cecCHH. ITo Tpebo-
BaHde CTAHOBHTCA eie 6ofee CYyLIeCTBEHHHM, €CA¥ HMeTh B BHAY
JaibHeHIINA oOMeH HpOrpaMMaMH ¢ KOLIeraMH HAM HX KOMMep-
4eckoe pacnpocTpatense. CoBeplieHHO HEBO3MOXHO MPEeSBULET,
KakKHe onpefejeHHd OyAylWEi NOAB30BATENb Ballied MPOTPaMMhbI
yclen CBE3aTh, CKa)keM, ¢ CAMBOIOM f, ABIAIOLWIEMCH B Balllel
nporpaMMe 3arofOBKOM OCHOBHOH HAH BCIOMOTaTelbHOH (YRK-
oM. OTcyTcTBHE MNOJZOGHEIX KOHQJIHKTOB NPH MOATPY3Ke CTaH-
JApTHHIX MaKeTOB NO3BOAAET NMPeJNOAOKHTh, YTO pa3paboTYmKH
yMaTeMaTUKH" HallA¥ HIE HCNONBLIOBANH IDGheKTHBHHHE MeToA
pElieHAA paccMaTpUBaeMoll 3aatu.

9.1. KonrexkeTnl

Ecai nonb3osaTens 0RAXK K BBEJ C XAaBHATYPH KakOd-TH60 CHM-
Boa, To ,MaremaTrka® GyfeT paccMaTpUBATEL €ro Kak onpelered-
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BEH¥H _r106anbHO", T.e. KakK OTHOCHIIMECH BCIOAY B JanbHeHileM
K OfHOMY H TOMY Xe 00BeKTy. OTO NO3BOAKET CBABLIBATE C
CHMBOJOM Pa3AMYHLE ONpefeleRnE, SBANIOIIASCS OCHOBHEIM MeXa~
HH3MOM CHMBOABHHX npeobpasoBanni. QAHAKO TaKoe NONCKeHHE
JAen He coBCceM YHOOHO, Tak KakK CKOALKO-HHOGYAb ANdTeNbHAR pa-
6oTa TpeGoBalta 6kl HICLIPEHHOH HIOGPETATEILHOCTH B DK &Y MAl-
BAHHN DPa3iHYHHIX cCHMBOJOB. CyllecTByeT TakXKe onpedeleHHan
M2aTeMaTHYeCKafd M MPOTPAMMHCTCKAA TPAaJHINA, CIEAYHA KOTOpPOH
nepeMeHHLle HTepaTopoB o6o3HavaioT ¢, j H T.n. KpoMe Toro,
YaCTO BO3HHKAET HeoGXOAMMOCTh BBOJUTH BCIOMOTaTelbHLIE Ie-
peMeHHBle Iif 0603HAHEHHA MPOMEXYTOYHHX pesyapTaToB. Bce
3T0 0OBACHAET CYIIECTBOBAHHE MEXaHW3IMOB JOKATH3AUMH CHMBO-
NOB B ONpejeleHRWX rpaRunax. [Ipocredmmit Takol MexaHdaM —
MEXaHR3IM JOKaNTH3AHNMH Ixavenutl urepaTopoB B ¢yukukax Do,
Sum #x gp.

i=35; Sum[x"i,{j,1,3}]

r+zi+28

i

5
HecMoTps Ha TO 4TO NpH BHYHCIEHHH CYMME NlepeMeHHOH ¢ HTe-
paTopa B nocaefHuit pa3 OHIO NpHCBOEHO 3HaleHHe 3, CAMBOJ
i COXpaHfieT paHee NpHCBOEHHOEe 3HaveHHe 5. MexanmaM Joka-
AW3a0MM 3HayeHHN MepeMeHHHX B HTepaTOpaX He NpenATCTBYeT
KORQAMKTY cAMBOA0OB. PacCMOTpHM npocTedIEd NpHUMep TaKoro

kordankTa. OnpegeruM YHKUHIO, BHYHCISIOWYI CHMBOJIBEYIO
CyMMY TMEepBHIX TPeX HaTYpalbHHIX CTeneHed CBOero apryMeHTa.

fx.] := Sum|x"i, {i, 3}]
{fly), £{i}
{y+y’+y° 32}
BTopoil pe3yAsTaT JOBOALHO HEOXEZAHHBLIA, HO €CIH NPHHATHL BO

BHHMafHe, 9TC B YTOM CAyHae QYHKIEA Sum BEHMHCIZET CYMMY
BHpPaXKeHHH BUAR 1", OH CTAHOBHTCA MOHATHLIM.
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MabexaTh nogo6EOro  3axBaTHIBAaBHE“ HTEPATOPOM TI0GAkb-
HOT'O CHMBoJa no3soiafeT ¢ynknas Module. B gausom npumepe
ompejeleHue

Clear{f]; f[x.] := Module{{i},Sum(x"i, {i,3}]]
NO3BOAAET HAGEKATD 3AXBATHIBAHEA:

{fly}, fli}}
{y+y2+03, i+i¥ 4+

Oauaxoc Module me npenATcTByeT KOHDAUKTY CHMBOJIOB-IAT0I0B-
KOB, onpefiensieMuX ¢ erc nomoubio dyukuui. [Ipegnoioxum, 4To
Mnul 3a6HLIH TOARKO YTO HaHHOE oNpefencHue Gyakuny f u pewnan
ZaThk HOBOE: :

fly] := Module[{i}, Sum[y"i, {i,4}]]
f{u]
utu? +ud

MHu cMorau yBaAeTh, 1TO paboTaeT crapoe onpedenenne. Ho xak
GHTb, €CIM HOBOE eCTh OfpefefeHHe NPOMEXYTOYHOH (BYHKIHH,
CHpATAHHOE CpelR APYTHX o6BLEKTOB B KAKOH-TO mporpaMme’
MexaHusM Koumexcmos €CTh GojJee COBepIIEHHHHE MEXaHAIM,
03BOJAIOMIME CYIIECTBEHHO OTPAHREIATE KOHGAUKT cHMBOJoB. C
YHCTO TEXHHYECKOH TOYKH 3peHAA KOHTEKCT — 3TO NPHCTaBKa
K EMeHH cuUMBoaa BHAa Something', rae Something smRagercs
HMeHeM KOHTekcTa. JJ1060t cumeos 6cezda uMeem wenycmymn Kou-
mexcmuyo npucmaexy. [IpaBjia, Kak npaBuao, OB OCTAETCH , 32
KagpoM“, He y9acTBYd B OPeiCTABICHAH CHMBOJA Ha DKpaHe JHC-
naes. CrefoBaTeAbHO, MOTYT CYUIeCTBOBATE DalBLe CHMBOJHI,
OAMHAXOBO NpeACTaBAdeMble Ha 3KpaHe. B 5ToM CMEICAe KOHTEKCT
HI'PaeT DOAL JUpeKTOpEE (NAnkH): Befb pasHble GaHILl C Of-
HEM W TeM JKe HMeHeM BIOJAHE MOI'YT COCYlieCTBOBaTh, HAXOAACh B
PadHHIX JUPEKTOPHAX. Y3HATH KOHTEKCTRYIO NPHCTAaBKY CHMBOJA
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MOXHO ¢ noMowbio ¢yakuur Context. Hanpumep, Bce BcTpO-
€HHhle QYHKIHH K KOHCTAHTHI KMEIOT KOHTEKCTHYIO NPHCTaBKY
System'. :

Context /@ {Sin,Pi,$MachinePrecision}
{System*, System‘, System*}

Texyllee 3HaYeHHe KOHTEKCTHOH NPHCTABKH, KOTODaA NPHCOETH-
HfeTCAd K MMeHH CHMBOJA, MOXHO Y3HaTh C IOMOUIBK rAobaib-
Holl mepeMeHHoO#l $C'ontert MAR C MOMOIILIO PacCMOTpPEHHON paHee
¢ynkunn Context{], He ykasnBas ee apryMmenTa.

{$Context, Context[]}
{Global*, Global'}

[lo yMondaHHlo, B Hadale CecCHH H X0 Tex Hop, NoKa He Ipo-
HIBOJUJIHCH OlipejeleHinle, ONHCHIBaeMHe HHXe MAaHHIYJIALUH C
KOHTEKCTOM, TeKYLIHM KOHTeKcToM asaseTca Global‘. Uma cumpo-
na 6e3 KOHTEeKCTHOH PRCTABKY HA3LBALTCH er'0 KPamKuM HMeHeM.
[Ipu BNeYaTHBAHUH C KNABHATYPH HOJb30BATeNb MOXKET NIPHCOERH-
HHTh JI06YI0 IDHCTABKY K CHMBOJY.

{a‘x, a‘z, Global‘x}
{a‘z, a‘z, z}

B paccMmarpuBaeMoM caydae KOHTEKCTHas NpHCTaBka oTobpaxa-
eTcA Ha dKpaHe A4 CHMBOJOB a'T H a‘z H He oToOpaKkaeTci ANA
cumBona Global'z. Yro6u pasoGpaTbca B IpHiMHaAX 3TOro, o6pa-
THM BHEHMaHHe Ha ABa o6cTofTenncTBa. [lepBoe — TeKylINH KOH-
TexcT ecth Global. Bropoe — B HaCTOAIUME MOMEHT KOHTEKCTa
a‘ HeT Ha Tak Ha3HWBaeMol xonmexcmuot dopoodicxe, colepXa-
HYe KOTOPOH MOXHO YBHAETh ¢ IOMOUIBIO MIoGanbHOM nepeMeHRBO’
$ContextPath.

$ContextPath
{Global‘, System'}
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IloMecTHM KOHTEKCT a° Ha KOHTEKCTHYIIO JODOXKY.

$ContextPath = Prepend[$ContextPath,”a‘”]
{a‘, Global*, System'}

{a‘x, a‘z, Global‘x}
{a‘z, 2z, z}

Pa3uaua B NpeACTABACHHH CHMBOJOB a'z ¥ ¢‘T OGBACHAETCH TeM,
4YTO PUrYPHPOBABIIKHA paHee B HANIMX BLIYHCAEHHAX CHMBOA T IO-
AY4RI KOHTEKCTHYIO npucTadky Global', u, cregoBaTessHO, Cymie-
CTBYIOT JBa CHMBOJA € KPaTKHM MMeHeM z. I1OCKOALKY TeKyLuini
koHTekcT ecTb Global‘, To Gea NpUCTaBKH OToGpaxkaeTCH CYMBOI
Global‘z. [o Tex nop noka cCHMBOA &'z €CTh €EUHCTBEHHEIH CEMBON
C KPATKHM HMeHeM 2, K HeMY MOXKO 06pallaThcs 110 er'0 KPATKOMY
HMeHH faxke B ,9yXOM“ 1A Hero TekyileM koHTekcTe Global‘.

z=5;
{z, Context[z]}
{5, o'}

HaMeHHTs TexkyHEN KOHTEKCT Ha KOHTEKCT a' MOMHO [BYMS
cnocobamu: au60 NpHCBOMTH, raoGannHoR NMepemennoil $Context
3navenne "a'”, 1u6o npuberuyTs K GyHknuH Begin:

Begin["a*"];

[locse phinonHeHHA 3Tolf KOMaHAH 5e3 KOHTeKCTHOH NPHCTABKH
6ygeT npeAcTaBAeH CHMBOI a‘f.

{a‘x, a‘z, Globalx}
{z, 5, Global‘z}

MoxHo chopMyadpoBaTs clefyioluee o6iulee NPaBHAO, BHINOCIHS-
jolleecs, KOrga BBOIAMTCA KaKOH-AHG0 CHMBOA 6€3 KOHTEKCTHOM
npucTaBkd. ECIN B TexyileM KOHTEKCTe eCTh NMONHHH CHMBOA C
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KPaTKHM HMeHeM, COBNAJAOLIKM ¢ BBOANMBIM CHMBOJOM, TG BBO-
JHMBIH CHMBOJA HHTEpApPeTHPYeTCH KaK KPATKHH CEMBOJ TeKYLIEro
KoHTeKcTa. Ecaum B TekyuieM KOHTEKCTE COOTBeTCTRYIOEro NoJ-
HOT'O CHMBOJa HET, TO NPOBepAeTCA, ecTh JH NOJHHIH CHMBOJ B
KaKoM-I100 KOHTEKCTe Ha KOHTeKkcTHOoH jJopoxke. [Ipu Hanmvum
TaKHMX CHMBOJAOB BBOAMMOMY CHMBOAY TPHIHCHIBaeTCA CaMKIH Je-
BRI KOHTEKCT H3 BCEX COJEpXKAIUX NOAHKIM CHMBOJ KOHTEKCTOB.
Ecny Ha KOHTEKCTHOH JOPOXKE HOJXOAAIINX NOAHKX CHMBOAOB
HeT, TO K BBeAeRHOMY CHMBONY NpHOaBAAETCH KOHTEKCTHAA NpH-
CTaBKa, COBNaJalouas ¢ UMeHeM TeKYyLero KOHTEKCTa.

v = 6; Context{v]
a‘

IIpegmoaoxum Tenephb, YTO onpejfeneH HOBHIH KOHTEKCT H HPUCBO-
eHO HEKOTOpOe 3HaYeHHe paHee He BCTPedaBIieMyc CHMBONY.

$Context ="hb'";
w=13;

B Texymem KOHTekcTe b MOXKHO NOAYYHTH NOIHYIO HHGODMa-
A0 O CEMBOJE C KDATK#M HMEHEM .

Tw
bw
w=13

BepHeMca, ofnako, K HpeXHEMY KOHTEKCTY W NONLITaeMcA NoXy-
9UTH BHOOPMAIHMIO O CHMBOAE b'w MO ero KpaTKOMY HMEHH.

$Context = "a‘";
Tw
Information:: notfound: Symbol w not found

IlprMep nOKasHBaeT, 4TC €CAH TEKyUIHH KOHTEKCT He COBIAJaeT
€ KOHTEKCTHOH MPHCTABKOH CHMBOJAA, TO HHGODMAUHIO O CHMBOJE
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IO ero KpaTKOMY EMEHH MOXHO NOAYYHTb TOXLKO B TOM CaAydae,
KOT A2 ero KOHTeKCT NOoMelleH Ha KOHTEKCTHYIO JOPOXKY.

CyiecTBoBaHHe HECKOABKHX MOAHLIX CHMBOJOB ¢ OAHEM K TeM
Xe KpaTKHM NOPOXJaeT ABIeHHe TaK HA3HBAeMOro ,3aTeHeHHA“
OJHOI'0 MOJHOT'O CHMBOMA JPYLHM: CHMBOJA C KOHTEKCTHOH MpM-
CTABKOH, pacnOIOXKeHHOH Ha KOHTEKCTHOH JODOXKe Jepee NpDH-
CTaBKM CHMBOJA C TeM Xe KPaTKMM HMEeHeM, daTeHSeT Nocaes-
aui.  MaremaTnka® Bcerfa npefynpexjiaeT o BOIMOXHOCTH 3a-
TeHeHUA.

Global‘z

Global‘z:: shdw:

Warning: Symbol z appears in multiple contezts { Global‘,a‘};
definitions in context Global* may shadow or be shadowed by
other definitions ‘

9.2. KoHTekcThl M NpOrpaMMsl

MexaHg3aM KOHTEKCTOB UCOONB3YETCA AAA TOTO, YTOGH XpaHAILIN-
eci B OTJeNbHOM ¢aille HaNKCAHHBIE NOJALIOBATENEM ONpeese-
HESA OCHOBHLIX M BCHOMOTATENBHHX (GYHKOHHE, T.e. pa3paboTaHHKe
NOAB30BATEIEM NPOTPaMME, BBOZHTh B 3anNCHNe KEHXKH. Daia
¢ TakoM nporpaMMoi B Bepcur 2.X jfoixkeH HMeTH DacliMpeHne 1.
OcrosHule PYHKUHHE, pafd KOTOPRIX H Ohla HamHcaHa MpOrpaM-
Ma, Ha3HBAOTCA 9Xcnopmupyembimy. [Iporpamma HavmHaeTCH C
KOMaHJhl

BeginPackage["NewContext"]

rge NewContert’ — KOHTEKCTHad NPHCTaBKa, KOTOpPOoH GygyT
cHalXeBH 3KCIOpPTHpYeMHe ¢yvHKNME. Kak npasuic, HadBaHHe
BBOJEMOTO KOHTEKCTA JZOIXKHO BHITHL CBS3aHO ¢ 06JACTHLIO NPHAO-
¥EHAA IKCOOPTHPYEMHX GYEKIMHE E OLITL NO BO3IMOXHBOCTH YHH-
KaJbHBIM, T.€. HE COBNAJaTh HH C OJHAM H3 H3BECTHHX. XOPOLIHM
NPUMEpPOM MOCYT CAYKHT CTaHAApTHHeE makeTH , MaTemaTuku“.
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B aux Bce rpathuyeckne GyHKUNE HMEIOT KOHTEKCT, Ha1AHAIOMIUI-
ca ¢ Graphics', GYHKUAH 714 BHINOIHEHHA ONepauMil MaTeMaTHYe-
CKOI'O aHal#3a HMEIT KOHTEeKCTHYIO NPHCTABKY, HAYHHAIOULYIOCH
¢ Calculus‘, ¥ 1.5, Kpome Toro, sosMoxHo ynorpebierne moj-
konrexcTon: Calculus'Pade'. Komanga BeginPackage uamenser
KOHTEKCTHYIO BOPOXKY ¥ YCTAHABAMBAET TEKYLIME KOHTEKCT paB-
ruM NewContezt'. [locae ee BHNOARERAA KOHTEKCTHAA JOPOXKKa,
KaKoBa 6Kl OHA HH OHLIA paHee, NPHHHM2ET BHJ:

{NewContezt‘, System'}

Tenepns #6041 BBOAUMHN CHMBOJX, HE ABNAILMIECA BCTPOEHHLIM,
noay4aeT KoHTekcTHywo npucraBky NewContezt'. Ilocne xoman-
i BeginPackage crefyioT 3arofoBKH DKCIOPTHPYEMBEIX GYHK-
I Ui, CONPOBOXK JaeMble HH(pOpPManyel O Ha3HAYCHHA Kax J0H PYHK-
nuy. OdopMaserca Takaa HHGOPMARHS B CilefyiouleM BHJe:

MyFirstFunction:: usage =
"MyFirstFunction does something...”

3xecs MyFirstFunction -— aaronopok neproit 3xcnopTHpyemot
QYHKUHH, a CTPOKa COJSPXHT MHMPOPMALRIO, KOTOPYIO MOXHEO MO~
c/le TIOATDY3KH HPOrpaMMH MOAYYHThL CTaHZAPTHRIM CROCOGOM,
naneyaran TMyFirstFunction (ecrecrsesto, cropa does some-
thing crefyeT 3aMeHHTE Ha Golee COJepXKATelbHHE).

Ilocae 23arofOBKOB IKCHNOPTHPYEMEIX GYHKUHA CAelyeT Ko-
MaHJa

Begin[” ‘Private‘”}

Cregyer o6paTuTh BHUMaHHe Ha To, 4To cloBo Private okaim-
J€HO ¢ ABYX CTOPOH 3HaKaMM OTKPHITHA HHTATH. JTa KOMaHZA,
HE MENKR KoMmexcmuoidl JdopoXexu, YCTAHABIHB2ET HOBHIH TeKy-
i kouTekcT paBHuM NewContext Private'. Hocne Bunoasenns
KOMAHIE BCE paHee He BCTpedasiiHeci CHMBOIK NOAYYAT KOH-
TexcTHy1o npuctaBky NewContert'Private', osravalomyo, 410
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OHH HaxoJATca B nogkourekcre kontekcra NewContext'. Cao-
Bo Private BnoiHe MOXHO 2aMeHHTh Ha J1060€ Apyroe, HO TAKOBa
tpaauuss. Ilocre xomangu Begin{” ‘Private'”] pacnoraramorcs
onpeieleHns QYHKIHA, T.e. caMa MporpaMMa. 3aTeM caelyeT Ko-
MaHIa

End]]

BOCCTaHaBAHBaloWal uMeBnicAd fo Begin[” ‘Private’”] kon-
Teket, T.e, KoHTexet NewContext', u ganee koMaHaa

EndPackage(]

nocle KOTOPOH BOCCTAHABIHBAETCH HMEBIIMHCA K0 NOArPY3IKH Tpo-
rpaMMK TekyIHil KoHTexcT (Hanpumep, Global‘}, a koHTekcT
NewContezt' noMemiaeTcs B Ha4al0 NMpeXKHEH KOHTEKCTHOH JO-
POXKH.

[loaeano cgenatsh crejyoliue KOMMEHTapuu o paboTe dTOro
mexahuaMa. llockoabky nocae xomaniu BeginPackage na xon-
TEKCTHOH JOpPOXKKe IOMHMO KOHTEKCT2 NPOrpaMMhl OCTaeTC KOH-
TekcT System’, To B cay4ae, KOIJa 3aroMOBOK KaxoH-1n60 3KCIOp-
THPYEMOH PYHKIHH COBNAJaeT ¢ 32l 0JOBKOM BCTPOEHHOH, DKCIOP-
THpYeMad GYHKUHA MOAy4aeT KOHTEKCTHYW NPHCTABKY System’.
CaegopaTenbao, BBOAHTb (YHKHEH C 3aroJOBKaMH BCTPOEHHBIX
$YHKIHA MMeeT CMLICA TONBKO B TOM CAydae, KOTJa HOBEE (QPYHK-
IHMH YCHAHBAIOT BCTPOEHHHE, T.¢. Gonee dPPeKTHBHO BRYHCIAAIOT
KaKOH-TO KAaCC BRIpaXkKeHHE HAH HMeloT Gojee UIMPOKYIO O6XACTh
IPUMEHHMOCTH.

Hpnenne 3aTeHeH A YAaCTO BO3HHKAET B CAYYafAX, KOTAa NOAL30-
paTelb Hame4aTal 3alONOBOK JKCHOPTHPYEMOR GYHKOHH, CKaXKeM,
f go noarpysku nporpammu. Torza cumBoa f NOAYYMT KOH-
TeKCTHYI NDHCTABKY TexkYWero KOHTekcTa, Hanpusep Global',
u cameon Global'f satennt cumson NewContext'f B.TOM cMH-
cle, 4To BRe4YaThiBande KPATKOro uMeHH [ 6yJeT IOApa3yMeBaTh
Global'f. Ho ¢ nociefHuM CHMBOJIOM He CEA3aHK onpeieleHHs
akcnoprapyemoii ¢pyukues NewContext'f, no>ToMy BEpaxkeHue
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f [argl,arg2, . .] #e Gy JeT BHYACAATLCH oM JaeMbM o6pa3om. [lo-
IPaBUTH NONOXKEHHe MOXKHO ¢ noMousio GyEkouE Remove. [Tocae
BHIMHCIeHuA BHpaxenus Removelf] campon Global' f 6yser noa-
HOCTBIO yRadeH, ocTaneTch ruus NewContext'f.

9.3. [loarpyaka nporpamMmm

[lporpaMMH BEIILIBAIOTCA NpH moMoly kxoMargnl Get[’name’”]
unrn Needs[”name‘”], rge name‘ ecTh KOHTEKCT HPOrpaMMHL.
Mnasa ¢opma komaugn Get["name‘”] ecte << name'. Pasuana
MeXJy KOMaHJaMH COCTOHT B TOM, 4to Get He OpoBepAeT, EMe-
€TCH M KOHTEKCT NPOorpaMMEl Ha KOHTEKCTHOH IopoXKe, a Needs
POBEpAeT, ¥ IPH HAMMYHM KOHTEKCTa NOBTODHOH NOACDY3KH He
npoucxosur. [losToMy komangy Needs nerecooGpa3no Hcuoas-
30BaTh B TeX CAy4YadX, KOrja B TeUeRMe CeCCHH HEONHOKpATHO
NOATPYXAAKCE KaKie-To nakernl. Komanga Needs wuTaer 3ua-
yenme raobanuuoil nepemernoi $Packages, koTopas npeacTaBiAseT
co60il CNHCOK KOHTEKCTOB BRI3BAEHHX OPOrpaMM. JHadeHHEe dTOH
rao6aabHod mepeMeHH#oll uameHseTcH komanjiol BeginPackage.
PaccMOTpeHHHE KOMAH[H CHAYala MIGYT (Gaianl ¢ paculipeHHeM
™, B KOTOPHIX XPaHATCH mporpaMuul. MMelorcs onpefererHsle
NpaBuAa COOTBETCTBHA HMeH ¢ailloB ¢ MporpaMMaMHE H KOHTeEK-
CTOB OpOrpaMM, 3aBHCALIHE OT KOMAbOTepHOH maaTdopMul. Jas
PC-koMnbloTepoB HadBaHne ¢aina 6e3 pacClIEpeHHs AOIXKHO CO-
IepxaTh He 60Jee BOCbMH 6YKB, a KOHTEKCT NPOrpaMMhl He JOJIKeH
YAOBIETBOPATL 3TOMY Tpebopanuio. [lodToMy Halpanue daina
coBNajaeT ¢ MNepBHIME BOCeMblo OYKBaMM KOHTEKCTa C TeM HcC-
KAIOYeHMeM, YTO B KOHTEKCT MOTYT BXOJAMThL JalJaBHHE GYKBHI,
KOTOpHIE NepedIyT B CTPOYERIE B HMeRH daina. Ecam xomTekcT
HpOrpaMMEl COCTOHT H3 KOHTEKCTa M NOZKOHTEKCTa, TO NepBHE
BOCeMb OYKB KOHTEKCTAa COCTABAT HalBaHHe IHpekTopuH. Tak,
nporpamma ¢ xoHTeKcToM Algebra‘Count Roots' xparaTca B daii-
e countroo.m B grpextTopun Algebra, mosToMy 3Ta mporpaMma
6yaeT yuTaThCA M3 Qaiina Algebra\countroo.m.
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PaccmMoTpeM B KadvecTRe NMpEMEpa, 49TO NPOHCXOIKT C KOH-
TEKCTaMH M KOHTEKCTHOH JOPOXKOH NPH NOATpy3ke OpOrpaM-
MEI ¢ KoETeKcToM Algebre‘CountRBoots' — nepsoll nporpaMMul B
nepBoil NoggHpeKTOpHE Algebra ampexkropur Packages. Hony-
CTHM, 4TO KOHTEKCTHAf JOPOXKa B HACTOALINE MOMEHT #MeeT BRI
{Global*, System'}.

<< Algebra‘CountRoots’
[Tocne BeINOANEHHR KOMaH I

BeginPackage{” Algebra‘CountRoots*”]

TeKYUiMM KOHTEKCTOM CTaHOBHTCH cTpoka Algebra‘CountRoots’,
a KOHTeKCTHas Jopoxka npuHumaer Bui { Algebra‘CountRoots*,
System‘}. Tlocle paccMaTpEBaeMOll KOMaHAH B TpOTpaMMe
RJeT Ha3BaHMe BMecTe ¢ HMH(pOpManHed O eZWHCTBEHHOH DKC-
noprupyemont ¢pynkuen: CountRoots:: usage ="...”, caezosa-
TeabHo, caMBor C'ountRoots RNOAYYHT KOHTEKCTHYIO NPACTAaBKY
Algebra‘CountRoots*, Tak kKaK HeT BCTPOEHHOM (GYHKUHH C TeM
xe 3aronoskoM. ‘Takum o6pa3oM MOAHOE MMA 3aroiobka GyZeT
Algebra‘CountRoots ‘CountRoots.

Nanee BHINOAHACTCH KOMaHIa

Begin{” Algebra‘CountRoots‘Private‘”]

(ee aprymenToM Moraa 6 6GHTH cTpoka “‘Private'”), ycra-
HaBAMBaKOIIak TeKyWnit xouTekcT Algebra‘CountRoots' Private’,
HO OCTARAAOIWAA KOHTEXCTHYI0 gopoxky {Algebra‘CountRoots’,
System‘} Heuamennmoil. Ilocae droit xomamgm caepyer Count-
Roots:: npoly =7...”, spasomadca coobinenneM o6 owrGke B
cAyyae, eciH HOAbIOBATeAb BMECTO NOJHHOMAa BRel B KayecTBe
-a;.pryueﬂ'ra. dyekgur CountRoots gpyroi o6vexkr. [lockoas-
Ky cumpon CountRoots yxe HOZYy4d] KOHTEKCTHYIO NPHCTABKY
Algebra‘Count Roots' ¥ mockonsky kourekcT Algebra‘CountRoots'
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HaXOAHTCA Ha KOHTEKCTHOH jopoxke, cumBoa CountRoots ocTa-
eTC# ¢ MPUCBOEHHOH paHee KOHTeKCTHOH npucTaskol. CkalaHHoe
0CTaeTCH BePHHM OTHOCHTENbHO 3TOr0 CHMBOJA, YYACTBYIOILETO B
onfpeAeneHUM

CountRoots(x ._.] := With[{result = CountRoots0[x]},
result /; result =!= $Failed]

B To xe Bpemsa cumBoam result u CountRoots0 nonyvawor
KOHTeKcTHY upncrasky Algebra‘CountRoots'Private', a cum-
poanl With u $Failed ocraloTci ¢ KOHNTEKCTHOH IpPHCTABKOW
System'. Ananornydsgo cumpoan OmitZeroes u Select, na-
XOLAIHECE B CAEAYIOIEM ofpefeleHHR, N0AY4al0T RPHCTABKH
Algebra‘Count Roots' Private’ u System' coorsercrasenno. [lo-
ClefHue B nporpaMMe YeTHIpEe 3ar0A0BKA PYHKUUE countroots mo-
AYYAIOT KOHTEKCTHYI0 npuctapky Algebra‘CountRoots'Private'.
Hanee cregyer koManga End(], nocae Bunoanenus xoTopol koH-
TEKCTHAA JOPOXKKA He H3IMEHALTCH, a TeKyLIHM KOHTEKCTOM CTaHO-
suTca Algebra'CountRoots‘. 3a paccMaTpHBaeMod KOMaHOR Npo-
UCXOAHT npoTexkTHpoBanye ¢pynknna CountRoots, u, Hakownern,
komania EndPackage[] geraer Tekywnm konrexkcTom Global', a
KOHTEeKCTHYIO fopoxky pasaoi {Algebra‘CountRoots', Global’,
System‘}. Heaumme no6asuThb, YTO OPH YTEHHH NPOrpPaMMbI
onpejeNeBua BHIIOAHAKTCA, NOITOMY NOCIe NOATPY3KH LpOrpaM-
MBI COOTBETCTBYOIIHe TAofadbHhie NpaBnia GYAYT HCOOIHATLCS
sapoM ,MaremaTuku®. '

KoMaujga BeginPackage MMeeTr oulUHOHAJbHHE AapryMeHTHI.
N x HYHO YKa3KBaTh, €C/IH B IPOrPaMMe HCHOIbL3YIOTCA HE TOABKO
BCTpOeHHKE (DYHKIWM, HO TakXke ¥ (YHKDAM CTaHJapTHHX ma-
KeTOB KJAH XPYrHX NPOrpaMM MOAb3OBaTeld. KOHTEKCTH 3ITHX
NporpaMM ¥ YKa3hBalOTCH B KayecTBe BTOPOro H T.4. apryMen-
tob dyuxnuk BeginPackage, koTopas ycTaHaBAMBAET HX BMecTe
€O CBOMM KOHTEKCTOM Ha KOHTeKCTHOH jgopoxkke, [Iporpamwar,
HeoOXoAMMEE JA% PaBOTH NOACPYNKAEMOH NPOrpaMMEI, HAILIBA-
OTCH UMNOPMUPYEMbIKY. ITH IPOTPAMMbl BHI3HBAIOTCA HedB-
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HHM HcnoAbdoBaHHeM ¢yHknnn Needs, yTo ucknodaer norrop-
HOE NOATPYXeHHe nporpaMM. S{BROE yxalaH#e HMOOPTEPyeMhIX
nporpaMmM TOMEMO ”nponasonc'baeunoﬁ“ HeoGXOJHMOCTH ARAHETCH
APHIHAKOM XODOIUEro CTHAA NPOrpaMMHMPOBaRAA, TaX KaK Aeraer
BCe B3aHMO3ABUCHMOCTH OPOrpaMM ABHEIME K Jerko NPoCieKEBae-
MuMH. TeM He MeHee yKa3aHENR cHOCOS BR30BA BCIOMOTaTeALHRIX
UMOOPTHPYEMBIX NaKeTOB He Bcerja yio6en. O HMeeT To nmocaes-
CTBHE, YTO KOHTEKCTH BCNOMOTATeALHRX mporpaMM GyAyT Haxo-
AUTHCH Ha KOHTEKCTHON [OpOKKe, CASXOBATENLHO, BCe (YHKIMH
HMIOPTHDPYEMHIX NAaKEeTOB, a He TOAbKO HeoGXoZ¥Mble Aad paboTh
nporpaMMel 6yyT ZOCTYNEL MONL30BATEN0. ITH PYHKIHK MOTYT
3aTeHATh (GYHKUME, OnpefeieHHHE NOALIOBATEIeM 4O NOITPYs3-
KM mporpaMMul, Ha6exaTb 3TOro MOXHO, €CIH EMIOpPTHpYyeMhle
NaKeThl BRI3LIRATH ABHLIM YKa3aHHEM HX KOHTEKCTOB B KOMaHJIe
Needs, nocraBrednoil cpasy nocre komanan! BeginPackage. B
ITOM CJIy4ae KOHTeKCTH HMIOPTHPYEeMHX IpOrpaMM He OCTAHYTCH
Ha KOHTEKCTHOH JOPOMKKe NOoCke NOATPY3KE NPOrpPaAMMEL, a HCHOAb-
3yeMule (BYRKIHA DTEX NPOrpaMM CTAHYT ACCTYNHE TOJBKO NQ KX
TOARKIM CHMBOJ2M.

YnpaxHeHusa

1, Hycte » Havane ceccww 6o jamo onpegenerme flx.):=2~x. 3arem Bu-
noareHa xoMangs Begin["a'"] @ zaso onpegenenne gix.}:=3"x. Kaxoce
GyseT peayavmam pumcienud supaxenna {f{2], g[2]}? Kaxos 6yzer pe-
FyAbMAM BLHMACAEHHA TOM0 XK€ BHPAKEHHA, €CIM BEPHYTLCA K KOHTEKCTY
Global'? Byget mu nomy4en peaymeraT {4,9}, ecam mocne aToro BEITH-
ClleHRA OOMECTHTL KOHTEKCT a' Ha KOHTEKCTHYI Jopoxxy? Ymo myxao
cdeaamb, 9To6H onpeleneHie Aax g paSoTano?

2. B Hagase ceccHM CUMBOJY I NIPHCBOEHO 3HAaYeHme 5, a 3aTeM BHIOXHEHA
xomanga Begin["a'”); 2=7. Kaxoew GyAyT peayabmamyi BRTMCHCHKN
BRIpaXEHMH Z & a'z7

3. TNlpeanoneaxmm, ITo HexoeMY MOJLIOBATENO MOTPEGOBANOCH OHIPEAEANTEH
¢ymagno strange‘Sin, npummmamiyo apaverme 2 gad pcex HAYCHMH
ApryMeHTa, M OH CREAN 3TO, HAMMCAR MAKET:
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(* Crpammit canyc *)
BeginPackage["strange' "]

Sin:: usage = "Sin(x] is unusual function”
Unprotect {Sin]

Begin [* ‘Private’ "}

Sin [x]:=2

End[]

Protect[Sin]

EndPackage|]

Kakme peayasTaTal facT suamcresme pupaxesm Sinfx] u strange‘Sin(x]
Hocle RNOATPY3KH KOHTekcra strange'? (Ofnacxume, MOYEMY NONYTHIHCH
HMMEHHD 3TH OTBETH.

4. B ynpaxueEMax x riasaM 6 ¥ 7 6HM onpeeteHH KOMOWHATODHEE QyHK-
i subsets, ksubsets, ent, changeto. Hanuwume nakeT ¢ KoHTeKCTOM
combin', B KOTOPOM ONpeielAlOTCA pacCMaTpEBasMue dymuxmmu. Tem
CaMEIM 3TH GYHKIM OyAyT Bcerja AOCTYIHE BaM HOCAE MOACPY3IKH KOH-
‘rexcra combin',



I'nasa 10
BBO/JA Y BbIBOA ZAHHBIX

B aroif raare 6yAyT paccMOTpeHsl BOOPOCH, XapaKTepH3yolide
,MaTeMaTHKy“ Kak KOMUBIOTEPHYIO Cpely, B KOTOPOH BO3MOMHO
Be TOIBKO NPOBOJUTHL H30AMPOBaHHLEIE CHMBOAbHLE, rpaduieckde
U YHCHEHHBIE PACYETH!, HO H OCYIIGCTBAATHh CTPYKTYpPHPOBaHHALIM
oOMeH ZaHHKIMH C APYTHMM COCTABJANIOLUIMMEA HPOrPAMMHOTO, Ma-
TeMaTHYeCKOTo B RHGOPMARMOHHOrO obecnedeHns MCCACKOBAHAN,
K coxanernio, 2a paMKaMi JaHEOH KHHTH OCTaHYTCA BCE CETeBHe
npo6aeMhi, BKAIOYAOIIKE B3AHMOJeACTBHE H O6MEH JaHHLIMYU Yepes3
Wntepuet. OQ6cyXaenne 3THX BONPOCOB BKAIOYAET H3YyUEHHE AIEL-
xa MathLink, Ha xoTOpOoM HpOMCXOZHT B3aMMOJEHCTBHE MEXKEY
HHTepgeficOM H BEIYHCIHTEALHEIM 34poM , MatemaTuku® p pepcy-
ax nox Windows, cregyiomux 3a 2.2.1. MathLink, B wacTaOCTH,
obecriesuBaeT , pasferbioe” GYHKIKOHUPOBaHHE A]pa B MHTEp-
deiica, 4TO K ABIAETCA NPeINOCLLIKOH CeTeBOrO BIaMMOJEeHCTBHA
MOABL30OBATENS B BRYUCIHTEILHOro cepiepa. OJHako B HacTOAlIee
BpeMsA COOTBETCTBYIOLHIA MaTepHal TPeACcTaBIReTCK ABTOPY Helo-
CTATOYHO CHCTEMATHAHPOBAHHEIM H OCBEIUEHHKM B CNeNHalbHOH
JARTEpaTYpe, HTOOH ero NHPpABOAMTE B PYKOBOXCTBe A HauyHHAIO-
LIMX DOJb30BaTeNeH.

10.1. Beog ¥ 3amnce ZaHHEIX B Qaiant

DNeKTPOHHBE JalHCHEIE KHHKKHE NPEACTABIAIOT CO60H JOCTATOUY-
HO yHOGHHIM MHCTpYMeHT COXPaHeHHS pe3yabTaTOB BRIYHCIEHWH
Mexay ceccuamu ,Maremaruxn®. Iloa pesyasTaramu agech no-
HEMAIOTCA TaKXe SAHHHE MONL3CBATeNeM ONpeleleHud U IpaBHIa
npeo6pasoBannit. Mx MOXHO NepeROCHTh M3 OAHOH JalHCHOH
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KHHXXKA B JpYTryio ¢ NoMOWIbI0 KomupoBaHua ¥ cpejcTha Clip-
board. Kpome Toro, opopMus #agrexamam o6pa3oM nporpammy
C ompejeleHHAMH, HX MOKHO 6e3 HeXelaTelbHHX NOCAEACTBHA
NOATPYXaTh IO Mepe BO3HHKHOBEHHH HeOGXOAHMOCTH C HOMOLILIO
komat g Get u Needs, xak 370 06Cy X Ia10Ch B Bpe L AYIIEH rAaBe.
Ecan BHXOAHHE Y€l KR COZEPXKAT Pe3yAbTaTH JAHTENLHLIX BEYH-
cJeHHH, TO, cgenaB ux ¢ noMombo Cell Formatted u Cell Active
HCIONHAEMEIMH, MOXXHO HAGaBHThECH OT HeOOXOAMMOCTH NOBTOPATE
pacHeTHl, CAeNaHHLE B NPesHAYILKe CECCHH.

Ecan neobxoguMo nBecTH AauHHe H3 (alaoB, CO3JAHHHIX BHE
,MaTeMaTHkr®, TO NOJE3HO NpeJBAPETEIBHO COCTABHTH XOTA GH
ofluee BHeYaTAGHME O TOM, KaK NpPEJCTABICHH JaHHhe B ITHX
dainax. ITo MOXKHO CAelaTh ¢ HOMOLILI0 KOMAH AN

filename

rae filename — nMa aitra. Ioce BHNOAHEHHS ITOH KOM2HJH
Ha 3xpaHe OyfeT npejcTamieHo cofepxamEe daiaa. JomycTum,
Y10 HN(pOBLe JaHHEIE 3anucauul B Qaiie filel.val B caegywoiem
puje:

ilel.val
5137
283

27 -110

Ecay nonwTaThLCE GOATPY3HTH 9TOT ¢ailn ¢ NOMOIILI0 KOMaHJh
Get, To MH 10AY9AM CASAYIOIUA Pe3yAbTAT:

< < filel.val
17

Jeno B ToM, 9T0 KoMaEaa Get, npejra’navteddad 14 BROJA BH-
paXKeHHH, TPAKTyeT KaXAYK CTPOYKY PaccCMaTPEBaeMoOro gaiiaa
KaK UefocTHoe BhlpaxerHe ,MaremaTekn®, janncainoe BO BXOJA-
HOM ¢IOpMaTe, KOTOpOE IOCJe erc NpoYTeHHs BhdHcazerca. [Ipxn
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3TOM Ha DKPaH BHIBOJHTCH Pe3yAbTAT BAYHCICHHA NOCIEIHETO BHI-
paxeHnus, BocnpunaToro kak Plus{27, Times{—1,10]].

Jna 9rennd ZaH#wX W3 GaHNOB clefyeT NOAL3OBATHCA GYHK-
nueii ReadList, mepBrM apryMesToM KOTODOH SBASETCE CTPOKa
c mMeBeM ¢alisa, a OCTalbHHE apryMeHTh OnNUONaAbRHe. Ecan
BOCHOJH30BaTLCA 3TOH ByRKUHeH 6e3 SIBHOTO YKajaHHSA ONIUHH, TO
OpUJEM K PeayahTaTy

ReadList["filel.val"]
{455, 48, 17}

Takuym ofipasoM, ¥ B 3TOM ciydae KaxJaf cTpoika daliia BOCHpH-
HAT2 KaK BhIpaxkeHne MaTeMaTaxy“, BO pe3yAbTAaTH BLIYMCIEHHR
KaXKJOro BRIPaXKeHHA NOMeMeHH B coucok. OnuuoHatbHLeE apry-
MedTH QyHkunn ReadList npegnasHadennl fAf ONHCAHHA THIOOB
CHUHTHBaEMBIX JAHHLIX.

ReadList["filel.val”, Number]
{5,13,7,2,8,3,27, ~1,10}

Ecnu gaunnie (ajina paccMaTPUBAIOTC KaK CTPOKY 3 X 3-MATPHIH,
TO HYXHO BOCHOAL30BAThCA onlnel RecordLists — True, xotopas
M0 YMOM4AHHIO YCTaHOBNeHA Ha Falge.

ReadList["filel.val”’, Number, RecordLists — True]
{{5,13,7}, {2,8,3}, {27,~1,10}}

Moxno AOﬁ]{TBCﬂ TOr'o Xe peayjbTaTa C IOMOIIbIO KOMaHIW

ReadList[’filel.val”, {Number, Number, Number}]
{{5,13,7}, {2,8,3}, {27,~1,10}}

[Mocregudi crrocoG NO3BOALET NepecTPYKTYPUPOBaTE JaHHue. Ha-
nprMep, A4 TOro YTOGH CTPYNNHPORATEL JaHHEE B Naphl, JOCTa-
TOYHO BHIOAHETh KOMaHIY:



212 FTABA 10. BBOA H BRIBOJ AAHHEIX

ReadList{"fllel.val”, {Number, Number}]
{{5,13}, {,2}, {8,3}, {27,~1}, {10, EndOfFile}}

Oanako paccMaTpHBaeMhld COOCO6 HENPHMEHHM, eCIA JIHHA CTPO-
yeK B ¢aiile HeOJHHAKOBA.

ile2.val
1.7 3.14
67 2.3E — 01 6.2225

ReadList["file2.val”, Number, RecordLists — True]
{{1.7,3.14}, {67,0.23,6.2225)}

Hpu >ToM cnocofe 9TeHHA COXpadeHa CTPYKTYpa JaHHBIX B ¢ai-
Jze. Kpome Toro, BHAHO, 4TO YHCAOBRIE NaHHKWE B (Paite MoOryT
6HTH NpeACTARCHE B TAK HalnBaeMol , HayIHOH™ q:opme T.e. C
yKa3aHHeM MAHTHCCH M MOpATKa MHcedl.

Kpoume 9ncer B daitne ¢ JaBELIMHE MOTYT HaXOZHTBCA U IPYrue
06beKTH, HanpAEMep CHMBOJH.

'file3.val

pointl 000G
point2 001
point3 110

Jaxukre 3Toro gaiita MOryT GHTh CYHTAHK ¢ TOMOIILIO YKAAHHKA
caefylomnx onuki B komange ReadList.

data = ReadList["file3.val”,
{Word, Number, Number, Niimber}]
{{peint1,0,0,0}, {point2,0,0,1}, {point3,1,1,0}}

Cnenngnkanns THNa JaHARIX Word npeamonaraeTr, 4YTo Ipu
CYHTHIBAHEH CHMBOJABLHEIE TaHHKIE o'roﬁpama.lo'rcn B CTPOKH.

Head[data[[1,1]]]
String
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TaxuM o6pa3oM, dneMeHTaM# MATPHUBl, HOAYYeHHOR NpH YTEHHH
daitna filed.val, ABAfIOTCE KAK CTPOKH, TaK ¥ YAcha. Eciaum Tpe-
G6yerca cTpokd "pointl” u T.1. TPAaKTOBATh KaK CHMBOJE, TO
3TO MOXHO cAenaTh NpH nomomw ¢yexuen ToExpression, koTo-
pas Kak pad # npeobpaiyeTr CBGH aApryMeAT-CTPOKY B BHIpaXeHHe
oMaTeMaTHKE".

datal = MapAt{ToExpression[#]&, data,
Table({i,1},{i,3}]};

Head{datal[[1,1]]]

Symbol

K coxanernumwo, y pynknua ReadList ue cymecrsyer onuni, koTo-
phle NO3BONAAY 6L HAIPAMYIO CYHTHBATh YHCIOBHE JaREHE, eCIH
B BCXOZHOM aiijie OBHH OTAeleHsl APYr OT Apyra se npofelaMH, a
sanaTaME. OfHako noArpyska TakuM 06pal’oM CTPYKTYpHPOBaH-
HHIX JaHHBIX BO3MOXHA, IpHYeM HECKOIBKUMH CrocoGaMiu.

"filed.val
1,2,3
4,5,6

B maEOM ciydae MOXEO NOCTYNHTH CREIYIOMHM o6pasoM:

data2 = ReadList["file4.val”, {Number, Character}]
{{1? H }l {2? ’}P {3, }Y {4? ,}'l {5' f}' {6,EndOthle}}

Jannsle CURTAANCHL MApaMH, HA TEPBOM MECTe Y KOTOPHX HyXHbIe
yHC/la, CONPOBOX JaeMhle JaNATHIMA, 3HakoM ~\n” nepexoja Ha
HOBYK CTPOKY K CHMBOJIOM OKOHYaHWA dalina. Mapnevenvwe yrcen
C COXpaHeHHeM MATPUYHOH CTPYKTYPH Teneph He NPeiCTaBARET

TpPYZa.

data3 = Partition[First /@data2, 3]
{{1,2,3}, {4,5,6}}
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CaMmmuit ofmui, XoT4 ¥ BecbMa TpPYIOeMKHH croco6 MaBiaeYeHHs
HYXHRX ZaAHHX U3 ¢aifa, — ITO BOCHOABIOBATLCA PYHKIHEH
Read, xoTopaf nogrpyxaetr A3 aitia NoCAefOBATENLHO BLIpaXKe-
HHE 3a BRIpaXKeHHeM. Ecau npH 3TOM 4T0-TO HYXXHO IPONYCTHTD,
TO clregyeT npubernyTe X ¢yuknud Skip.

Nfile5.val
first 1 second 100
last 300

Yrob6u u3BReYb U3 ¢dadia TOILKO HHCAR, OTKPHBaeM o6bBeKT
yMaTeMaTHKH“, KOTOPHEIA Ha3KIBaETCA ,, BXOJHOH NOTOK .

stream = OpenRead["file5.val"]
InputStream|file5.val,31]

ﬂa.nee BHIIOAHREM NOCIeJOBATENABHOCTh KOMaHd:

Skip[stream, Word]

nl = Read[stream, Number};
Skip[stream, Word]

n2 = Read[stream, Number};
Skip[stream, Word]

n3 = Read[stream, Number};
Close{stream)

Ha2BpaeyeHHKHe TakKuM 06p8.30M HACAa MOXKHCO 2aTeéM [OMeCTHTbL B
CITHCOK!

1= {n1,n2 n3}
{1, 100, 300}

3andch JAHHBIX B ¢aiaul B MareMmaTnke® He cToab rEGKa, Kak
yreHRe W3 ¢ainos. [as samuca phipaxeHHd B dalikl cryXkar
koMangul Put, PutAppend u Save. Komanzga Put[expr,”file”}],
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KJA® BO BXOXHOM topMaTe expr >> file, sanncupaeT BHpaxeHue
expr B daia file.

a=x"2+4y"3;
a >> file6.val
1file6.val
24 y~3

Ecan ¢aitn file6.val cogepxan xakyio-au6o Xpyryio HuGopMalngio,
TO OHa IIPH 3JANMCH BHPaXKEeHXA a 3aTHpaercd. ITOGH ITOro He
OpOA30LLI0, clelyeT BocnofbioBaThea ynkunei Put Append.

b = Sin[x + y];
b >>> file.val
l'file6.val
z~24+y~3

Sin[z +y)

KoMarga Save nmoaponseT cCOXpaHHTH B ¢aiiae mpaBHIa npeobpa-
30BaHHH, ACCOLMUPOBAHHBLIE C CHMBONOM HAK TPYNNOH CHMBOJOR.

fl1]=1; flx):=x/;x>0; f[x]:=-x/;x<0
Save['file7.val”, f)

'file7.val

fl}=1

flz)i=z/;z>0

flz]i=-2/;2<0

Oyuxnus WriteString ucnoasayeTca 44 3a0HCH CTPOK B da-
aul. Mcnoapaosarue >TOH QHYHKUMHE NpPesNOJaraeT lpesBapuTeNs-
HOe OTKPHTHE , BHXCAROro noToKa“.

stream = OpenWrite[ fileB.val”]
QOutputStream|file8.val,)
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3aMeTHM, YTO NpejBapUTersbHoe cylecTpoBanue Qaina file8.val
He npejmoraraeTcd, oH coljfaerca dyukuned OpenWrite. Pac.
CMOTPHM NDHMep, I'ae TpeSyeTca COXpPaHHTh MaTpPHIY

m= {{1,2}, {a,b}};
[peapapATeIbHO KOHBEDTHPYEM €€ B CTPOKY CJIeYIOMIEro BHJa:

mstring = ToString[TableForm[m,
TableSpacing — {0,1}]}

12

ab

H 3alHCHBaeM msiring:

WriteString[stream, mstring]
Close[stream];

!'file8.val

12

ab

10.2. O6MeH JaHHLIMHM C APYIMMH OporpaMMaMu

B ,MaremaTnke“ npeAycMOTpDeHH CpelCTBa, NOIBOJIAIOIIHE OT-
(popMaTHPOBATh BHIPAYKEHMA TAaK, 4YTOOLI OHE CTal¥ Henocpex-
CTBEHHO JAOCTYNHLIME AA4 TakExX nporpamm, kak TeX, C u Fortran.
Coorsercrayiomnmn pynxuname asagorci TeXForm, CForm
¢ FortranForm. Hx creiyer npHMeHHTH K TOMY BHIPaXKeHHID,
KOTOPOE BH XOTHTE 3amHcaTh B ¢ain Zas 06paboTK¥ HYXKHBIMH
nporpaMMaMu.

1= {c,d}"2/3
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Itex = TeXForm{l)
\{ {{e"2} \over 3}, {{d~2} \over 3} \}

Buipaxenue ltex moxkuo 3anucaTs uAM JOGABHTE B COOTBETCTRY-
OMER daig

tex >>> ﬁleQ.te_x

a nocre obpaborka TpaHcaaTopoM TeX'a nmoaywsaTs B Tekcre
¢opMyay B TOM BHAe, KaKk OHa NpeAcTaBleHa Ha dKpaHe (B
AaHHOM crydae). [IocMOTpUM Teneph, KAK BRIALKT BHYHCICHHOE
pupaxkerue 1 8 C- n Fortran-gopmaTax.

le = CForm|l]
List(Power(c,2)/3, Power(d,2}/3)

lfortran = FortranForm(}]j
List(c»%2/3, d*+2/3)

Buipaxenus lc u lfortran MoXHO NOMECTHTh B COOTBETCTRYIOLHE
C- uam Fortran-gainm.

Ewe ogHa HHETepecHas BO3MOXHOCTb B3aMMoJelicTBHA  Mare-
MATHKH“ H PacCMaTPHBAEMHX IDOTPAMM NpeJOCTABIACTCH ByHK-
uueit Splice. MoxHo B daiink, cogepxauine NporpaMMel Ha A3hI-
kax C mam Fortran, a Takxe B TeX-¢paiian BCTABAATH BRIPA)KEHHA
,MaTeMaTnku“, OrpaHKiNBad HX CAEBA W CIPaBa ¢ TOMOWBI 3Ha~
KOB < %, * >, H HCHOAB30BaTH ,MaTeMaTHKY“ AAf TOro, 4TOGH
BHYHCAHTS BCTABIEHHOE BHIpaKeHHEe H NOMECTHTL Pe3yiIbTaT Ha
MeCTO HCXOHOrO BHIpaXeHHd. [nd4 3TOro HYXHO IpPOrpaMMy, co-
JepXKallyio BupaxeHus ,MaremaTukr“, moMecTHTL B (a1 ¢ pac-
uinpenreM mc, mf uan mtex ¥ 06paboTaTh 3TOT Gail ¢ oMo
¢yuxouu Splice, T.e. BuyaCAHTH Bhipaxkenne Splice[”file.mx”).
O6paboTaEras nporpaMMa 6yfeT NoMemEeHa B dafll ¢ HMeHeM
file.z, rjge =z cToWT BMecTo ¢, f mau tex. Bor cooTmeTcTBYyIO-
mu#i npuMep Fortran-mporpaMMH CO BCTaBJIGHHHIM BLIDAJKEHHEM
,MaremaTukn“,
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lifort.mf

example

real z,y

z=1.

y =< * Integrate[z®/(z* + 1),z]* >
write(*, %)y

stop end

Splice[” fort.mf™};

Nort.f

ezample

real z,y

r=1.

y=z«x3/3—ArcTan((—Sqrt(2)+2+z)/Sqri(2))/(2+Sqrt(2))—
ArcTan((Sqrt(2)+2xz)/Sqrt(2))/(2xSqrt(2)) ~
Log(1-Sgrt(2)xz+z++2)/(4%Sqrt(2))+
Log(1+Sqrt(2}#z+z+*2) /(4% Sgrt(2))

write(*, *)y

stop

end

10.3. PopmaTHpOBaHUe BEIXOAHWIX AdeeK

B mepBoi riape MEl paccMATpHBAAR® TPH (POPMATa BEIPaXKeHHH
oMaTeMaTHKE“: BXOZHOH, B KOTODOM BHIDakeHHe 3aNHCHIBAET-
CA B OJHY CTPOYKY € HCHOAL3IOBaKHeM, ecnH yaobuo, upedmkc-
HOH, MEMHKCHOA B NOCTUKCHOH topM yrknuE  MareMaTukun,
BRYTPEHHEHE H BRIXOJHOH, 3HAYUTeJIbHO Goiee, 4eM BXOLHOH NpH-
6MKADWEECE K OGLIYHOH (popMe MaTeMaTHYeCKHX BHpPaXKeHHM.
3aeck MK 06CYy4EM Pa3NHYHbe TPHEME, NO3BONAKIIKRE YCTAHABAN-
BATH CHElHaNbHLlEe BRIXOJRKIE (POPMATH Pe3YABTATOR BRIYHCACHHH,
T.e. GOpPMaTH BHXOAHHWX f4eeK. (OTMeTHM, 9TO BHIMHCIfIOlee
azpo ,MaremaTukH“ HMeeT Zenc TOABKO CO BHYTPeHEEH, MK
noAHCH, ¢pOopMOl BHpaXKeRU#, TAKOH, KAK OHZ MOXeT GuTh nped-
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cranreda ¢pysknned FullForm. CregoraTennno, popMaTupopanue
BHIXOAHRIX SAHHBIX HEKAK HE BAWAET HA XOX H Pe3yAbTATH BHYH-
CNeHMHA: OHO NPUMEHAETCH K YXKe rOTOBOMY Pe3yAbTaTy.

CyllecTBYIOT wecTb CTaHEJaPTHHX ¢opmaToB: InputForm,
OutputForm, CForm, FortranForm, TeXForm u TextForm — zaa
npejcTaB/eHHA pPe3yAbTaTOB HAa JKpaHe Aucnaed. TakuM o6pa3oM,
BRIXOQHKHX (OPMATOB IIATH, H B NEPBOH riape MB OGDBEAKHEKIH B
OJHO NMOHATHE NATH PAa3fHYHHX (POPMATOB, TPE H3 KOTOPHIX yXKe
OLIIH paccMOTpPeHH B NpelHAylleM naparpadge. 3aMeTHM, 4TO
pe3yAbTATH BHYHCICHHR MOr'YT GHTH NPeiCTaBACHB B BRXOJHOH
f4efike H BO BXOJHOM ¢opMaTe. /a8 oTAeNbHOR fHedikH d>To JO-
" cruraetca ¢ nomousio Cell Formatted, ogHako MOXHO yCTaHOBHTL
3TOT POpMaT H Jaf Beeid JanncHoi xHEXKH. CTpoka “stdout”
€CTh KMH CHelHaJbHOrO BRIXOAHOrO “NOTOKa", 3apeaepBHPOBAHHC-
r'o A8 ZUcOojaex. OTOT NOTOK HMeeT ONLMH, 3HAYEHHA KOTOPHIX
MOXHO Y3HATh OORYHEM 06pPa3OM. ‘

Options[’stdout”]

{FormatType - QutputForm, PageWidth — 61,
PageHeight — 22, TotalWidth — I'nfinity,
TotalHeight —+ In finity,

StringConversion — $StringConversion}

Hepeonpegenus onnuio FormatType ua InputForm, noayyam B
BHIXOAHKIX A4efKaX pe3ynbTAaTH, HpejCTABAeHHhEEe BO BXOJHOM
¢dopmMaTe.

SetOptions{”stdout”, FormatType — InputForm);
Expand|[(x + 2y)"2]
z°244xzey+4xy2

K rao6ansHOMY H3MEHEHHIO BHXOTHOTC GOPMaTa NPHXOSHTCR NPH-
Gerath JoBOALHO pesko. [opasio dalle BOIHEKaeT NOTPe6HOCTE B
WIMEHEHHH CTAHJAPTHOTO GOpMaTa JAnf OTAENbHEIX BhIPaKeHHH
HAM Kiaccop BuIpaxkenui. Hanpmmep, 4acTh MAM Bce nepeMeHHEle
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KaKoH-TO QyHKOEH yAo6HO mHCATH B BHJe BepXHHX HJAH RHXHHX
HHJeKcOB (TeHIOopH); NepeMeHHble, NO KOTOPhIM GepyTca YacT-
Hble POU3BOJHKE, TaKXe YIO6HO NHCATh B BHAE HHIEKCOB M T.[.
Nogo6ao OwnValues, DownValues 1 UpValues, ¢ cumeonamu
MOXHO accouuporats FormatValues. Ota acconnanus ocyue-
crBageTcH ¢pyuxkuueir Format.

lipegnonoxuM, 9To f ecTh 3aroa0BoK GyHKIUM C HeONpeJeteH-
HHM YHCIOM APryMEHTOB, H, YTOOL He 3arpoMOXJaThb DKpad, M
XoTelH Gl HE NMeYaTaTh apryMeHTOB GYHKUHH f, eClH MX YHCIO
NpeBOCXOAET ARa. Torja MH MOXeM chefyKClEM o6pa3oM OT-
(GOPMATRPOBATL NPeJCTaBAeHHe BHPAXKeHHd C 3aroJoBkoM f Ha
_3KpaHe:

Format{fix_.]] :=f/; Length[{x}]) > 2
fix,y,z,w]

f

% // FullForm

flz,y,2,0]

£x,¥]
flz,y]

Format Values|f]
Literal[f[z__]):> f/; Length[{z}] > 2

Kax noxaswBaeT pe3ylbTaT, NONYIeHHHH IPH BRIYHCACHHM BHI-
paxenna % // FullForm, ¢opMaTHpoBaENe BARSeT TOABKO Ha
rpaduYeckoe HpeACTaBIEHHE BHIPDAXKEHHA HA JKpaHe, HO He BARAET
Ha 3HaveHKe BRIYHCACHBOTO BHpaxkeHEA. EciH Bo3nMKaeT HeobXo-
JHMOCTbL OTMEHHTh BBeAeHELIH ¢opMaT, To ciejyeT NpEGersyTh K
komange FormatValues[f] = .

[Ipn ¢opMaTHpOBaHHH OTJXEAbHWX BHpAXeHHH HAM KJAacCOB
BHpaXKeHHH# oveHb yao6un ¢ynknus StringForm n Sequence-
Form. Byayur suatesueM ¢yuxnuas Format, salpaxenne
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StringForm(’stringl‘‘string2‘‘...,exprl,expr2,.. ]

rge stringl, string2 W T.5.  TNOCASAOBATEILHOCTE CHMBOJOR,
KOTOphie MOTYT BKJI049aTh Npofetl, 3HaKH \n nepexoja Ba HOBYIO
CTPOYKY B Jpyrue 3Hakd (bOpMATHDOBaHMA, a MeXJy 3HakaMy
‘ BCTABAAKOTCA BHYBCICHHHE 3HAYEHUWA BHIpaXKeRHH exprl, expr?
H T.A.

Format[f[x __]] := StringForm[”* ‘[ ‘arguments]”, f,
Length{{x}]]/; Length{{x}}>3

flx,y,z,u,v,w]

f[6 arguments]

Ecag supaxenwe SequenceFormlexprl,expr2,..] sBageTcs
3HaYeHHeM OyHkuAd Format, To B BLIXOZHOA f4edAKe COOT-
BeTCTBYIOIlice BHIpakeHHe, ABAAOIIeecd apryMeHTOM OGYHKIHA
Format, 6ygeT npefcTaBIeHC KaK KOHKATEHAUMA BhIYHCAEHHHIX
BHpaxXeHHH exprl, expr2 u T.4.

SequenceForm[a,b+1,c]
al 4+ be

[Ipy nmpoBejeHHU MaTEeMaTHYeCKHX DacieTOB NpHMeHeHHe ¢GYHK-
nur SequenceForm 3¢dekTHBHO B covYeTaHHH C GYHKUHAMH,
ofecneviHBAOIEMH NPEICTABNeHHe YacTH ApPryMeHTOB KaK Bepx-
EBX HIH HHXKHHX HEJIEKCOB.

{Subscripted[f(x1,x2,x3], Subscripted{f{x1,x2,x3],2],
Subscripted[[f[x1,x2,x3],{1,2},{3}]]}
{le.xQ.zaa f:l.x2[3:3]1 fxl.::2zs}

Kax BHAHO W3 IpHMEpOB, BHIpaXeHHe
Subscripted(f[x1,x2,..],{n1,n2}, {m1,m2}}}

IpH RHYHCICHEM 3alHCHIBaeT apryMeHTH dydkuan f ¢ somepaMu
oT nl g0 n2 Kak HEXHHE, a ¢ HOMepaME OT ml Ao m2 — kak
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BepXHie uHAekcH. Pyrkiurd Subscript ¥ Superscript orcunaior
CBOH apryMeHThl COOTBETCTBEHHO B HHXKHHEe H BepXHHe HHAEKCH!,

{Subscript(a, b}, Supel;script [a,b]}
{abs ab}

lpu dopMaTHpOBafuH TeH3OpOBR nochefnde PYHKUWE OCOOeHHO
y406HL, NOCKOABKY OHH YOHDPAIOT 3aNAThIe MeX Y lochef0BaTelb-
HHIMH apryMesTaMu.

Format{f{x1,x2,x3]] := SequenceForm(f,
Subscript[x1,x2], Superscript[x3]]
f[x1,x2,x3]

ler2x3

B kadecTre Gonee clI0XKHOTO NpHAMeEpa paccMOTDHM (opMaTApO-
BaHHe JACTHWIX NMPOHM3BOAHKIX GYHKUHH Takoe, YTO €CAM IpOH3-
BoJHaA OT PYHKINE BLIMACAAETCA TOABKO B CHMBOALHOM BHJE, TO
nepeMeHHAle, 10 KOTOPHM BRIYACIAIOTCA IPOX3BOJHEE, 3alIHCHIBA-
IOTCH KaK HEXHHe MAjekcu. Hanpumep, Bripakenue

zz = D[f[t,x,y], {t,2},x,¥,x]
S@20[t, z,y)

JOMKHO OGHITH npeACTABACHO HA JKpaHe KakK

.fttzzy[t: z, y]

YTOYHEM, 9TC TaK JOMXKHEE GHITh OpejCTaBleHbl JI0GHe IPOHIBOL-
HE€e OT MOOLX GPYHKUHE OT NPOE3BOABHEIX apTyYMeHTOB.

Jlns pemenus 3ajaun HanumeMm pynkunio preformat, koropas,
6yAy9H NpHMeHeHHOH K BhRIpA’KeHHSM BHJA 2Z, CO3JAET HYyKHOe
npegcrasienue. BocnoneayeMcs TeM, UTo NoaHad ¢opMa zz UMeeT
BRJ

zz // FullForm
Derivative[2,2,1)[fl]t, z,v)
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H OyjeM H3BAEKATH H3 3TOH NGAHOH (QOPMH OMOKH HCKOMOIro
npeacTabfenns. CHaqana A3BAeYeM apryMeETH BbyHKUHH:

za = List @Qzz
{ta z.y}

3ateM mangexaem WHgekc (2,2,1):

zb = List @@ Head Q@ Head Q 2z
{2,2,1}

C noMouIbio BRIDAXKeHHA ZA B zb CKOBCTpYHpYyeM BcnoMoraredb-
HEIH CITHCOK

zc = Transpose(za, zb]

{{t.2}, {=,2}, {y.1}}

HeoOXOAUMEIA, YTOOGH NOIYYHTh HNOCIEJOBATEIRHOCTL APTYMEH-
TOB, 0 KOTOPHIM BHTHCASETCH NPOH3BOAHANA, B BHAe HTTy.

zd = (ce = First[#]; cck /Q@Range[Last[#})& /Qzc //
Flatten
{t,t,z,2,y}
K kxaxgoMy JaeMeHTy cnrcka zd MM BIOCAEACTBEA NPHMEEHM
¢rvakuuio Subsceript, 9To6u 0HE ¢HOPMHPOBANH HUAKHHH HHIEKC.

3aronoBok ¢yHKUHH, OPOH3BOJHAZ KOTOPOH BHYHCIASETCH, £CTh
3HaYeHHe BHpAKEHRH

ze = First@HeadGzz
f

C noMowsic SequenceForm nosy4aeM 3aroioBok oTdhopMaTRpPO-
BaHHOHW NPOKABOAHON:

zf = SequenceForm(ze, Sequence @@ Subacript /Qzd]

f tizxxy
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KOTOpHIA PHMEHAeM K Za:

zf @@ za
.ftt:::y[ts I, y]

O¢opMaseM TPOMEXKYTOYHEIE BHIMHCICHUA B B DYHKIHH:

preformat[z_/; Nest{Head,z,3] ===

" Derivative] := Module[{aa,ab,cc},
aa = Transpose[{List @@z, List @@ Head @ Head @z }];
ab = Subscript /Q (cc = First{#];
ccd /@Range[Last[]#])& /@zc // Flatten;ac =
SequenceForm[First @ Head @z, Sequence @Qab];
ac@Q@List @Qz]

Hakonel, ¢opMaTHpYeM BCEBO3MOXHbLIE IPOU3BOAHbIE:!
Format{z: (Derivative[..]{][--])] := preformat|z]

IlposepuM, kak paboTaeT GopMaTHpoOBalue:

Dih[x,y},{x,3},y]
h::a:xy[31 y]

Ynpaxuenus

1. [IycTe B pe3ayIbTaTe 3IaHABLIErO MHOTO BPEeMEHM pacieTa B BRIXOJHYIO
AMEHKY TMOMELIEH CIMCOK YMCACHHMX fannuX., Kak BOCHOAE30BATLCH
uME, He NopTopas pacdeta? Caodesupyfime 3TY CHTYAIMIO CREfyiO-
nmM o6pasoM. OTkpoiiTe JANMCHY0 KHMOKKY M BLMMCIMTE BHpakenae
Sin[Range[100]] // N. Coxpamure JamicHylo kHWXKY, HAMHITE HOBYIO
ceccuic , MaremaTnxka” u BHOBE OTKpOMTE dTY JamicHyw KHMXKKY. IIpu-
cBOUTE CEMBOAY ! 3HaveHMe BHDAXEHHAA B BHXOAHOH A4elike, Npejbapm-
TeAbHO MAMEHWB €€ CBOMUTBA, K MPOBEphTE CHPAREATMBOCTL DABEHCTBA
12 == 1 — Cos[Range[100]]~2 // N.
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2.

TpaxcnopTHan KOMNAHHA TOAYYHATa CAEYIOLMME JOKYMEHT O KATerOPHAX
CpPY30B M PABOHAX HX KOCTABKH:

Kareropus rpyaa 5 5 3 2 2 3
Paiton gocTaBku U1 R2 R1 R2 Ltv U2
Kateropusa rpyza 5 4 3 1 2 5
Paror goctabkn U2 R3 R3 Ut U2 R3

IIycts 3ToT AOKYMeEHT HaxOXMTCA B daine transport.val. Beedume jamine
u3 Hero B  MartemaTuxy" u Hapucy@Te rucTarpaMMH YMCIA TDy3oB
KaX JOW KaTeropuM M YMCAA IPY30B B KaX ALK PAHOH JOCTABKH.

Onpedeaume srixoguon diopmat Lin[z] nomutorapucmueckon dyHKmm
PolyLogin,z] B Bmxogsoii miefixe OHa J0JKHA SHITH NpeiCTaBleHa B
3TOM BHJAE B TEX CAY4afX, KOTJa He BLINONHAETCA €€ BHISUCICHHE B ABHOM
BH €.

. Ilycts Tenaop Pwrm Rij*! ompegenen dymxumen Riccili,j k1] Omgop-

Marnupytime 9Ty GYHKUMIO Tak, KaK OHA TPaZHIMOHHO [DAUeTCA B KHITAX,
B JaCTHOCTH B 3TOMH.

Onpedeaume norwaeckylo dyuxusio Implication[x, y], xoropas gaa 6yne-
BHX I, Yy HDHHAMAET 3Ha4eHMe True, 3a MCKNIOYeHMeM ciydad z = True,
y = False. Coadatime prXciH0M bopMaT, TaKo#, YTOOH B ciaydasx, Korja
apryMeHTH He BLIMHCIAIOTCA Ha True mmu False, B BrxoaHoM duefixe co-
AEPXKANOCh Ghl BHPAXEHHE T - Y ¢ BEUCICHHEME £ B . BolacHume, Kak
6yAeT NpeACTaBNeH PeIyALTAT BRMUCICHNA BRIPaXeHHA

Imptlication[LogicalExpand[aj|!a), True)
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I'naBa 2

1.

O6o3Ha'mM Teped a4 MHOrOWieH B AeBOH YAaCTH YpaBHEHHA W JelaeM
[OCe [0BATEILHOCTE NPe0fpa3oBaHuM:

b=ajz? /| Apart,

c=b/.(1/x ~» y~r) // Expand,

d=c/.{1/z* a2 ¢* —2? -2),

3= Solve[d == 0,y],

szl = Solve[z + 1/x ==y /. s[{1,1]], 2],

' 8x2 = Solve[r + 1/z ==y /. 3[[2,1]}, 2]

MpumenuTe Factor.

3. Haiiaute CoefficientList mmorounena z* + y* + 2z — (ax + by + c2)(Az +

By + Cz) // Expand n peumre c nomoumio Solve cooTBeTCTBYBOULYIO
CHCTEMY YPABHEHMWH,

. Hycts int = Integrate[1/(2+ Cos[z]),z]. Hapucyiite rpadux int Ha

oTpeske oT —2% go 27 ¢ noMoumkio dyuximy Plot.

. Iycre e =2y~3 — (2 + 1)~2y + 3 == 0, Torma ez = Dt[e,r] avaserca

JRAEHHEIM ypaBHeHueM oTHocuTexbHo Dt{y, r}, a exz = Dt[er, z) mmesiraem
ypaBHenmeM oTHocuTeasro Dty {r,2}]. Paspewan er oTHocuTen:HO
Dt[y,z) n mogcrasnas r =0, y = 3, naxogum, 910 y'(z) = 21. Ha proporo
ypaBHeHua monyvaeM y''(z) = 1044.

. lIycts € = 275 —xz 4+ y~2 272 -1 == 0, Torga ex = Di[e,z,Constants —

{y}] sBnseTcA MAHENHNM ypaBHeHHEM oTHOCHTebHO Difz, z, Constants —
{y}], oTxyaa maxogum, wro 2:(0,0) = Solvelex, Dt[z, z, Constants —
{uin, 1,2/ {r = 0,y = 0,z 9 1} = 1/5. AmanorudHo HaxoguMm, 9TO
zy(0, 0} =0.

PHC)’EM 3afaHHBE KPDHBHEE, BRYUCIAA BRpaXeHHe

ImplicitPlot{{4y~2 == (x - 1)~5,y~2 == x},{x,0,3}].
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Haxogum, ¥To aScimcca TOYEK nepecedeHHs KPHBRIX NPUSIHMKEHHO DaB-
Ha 2.5, YTouHdeM ee 3HayelMe 9 c noMoupk ¢yHxum# FindRoot:
zp = 2.59701. Oboanauaa S¢ri[t + D[1/2{z — 1)~(5/2),z]~2)!, prrmcasem
N integrate{l,{r,1,2.59701}] u nmonyvaem gamHy MOZOBHHE AYTH, DAaBHYIO
2.43193.

Ynana 3

. ImplicitPlot

. OfHO M2 BO3MOXHHX DelleHus:

hyp = Table[ParametricPlot{{Coshfu]Cos{t], Sinh{u]Sin[t}}, {u, —1,1},
PlotRange — {{—1.2,1.2},{~1,1}}, AspectRatio —+
Automatic], {t,0.1, Pi+0.1,0.2Pi}};

ellip = Table[ParametricPlot[{Cosh[u]Cos[t], Sinh[u]Sin{t]}, {t,0,2Pi},
AspectRatio -» Automatic, PlotRange —

{{-1.2,1.2}, {~1,1}}}, {2,0.1,0.5,0.1}};

Show[hyp, ellip];

6. [pumep: Show[Graphics3D{MoebiusStrip[}], Boxed — Faise);
7. Hpumep: Show[Polyhedron|[Greatlcosahedron], Boxed — False]

. Show[Graphics[Line{{{2,0},{0,0},{0,2},{2,2},{2,0},{0,2},{1,3},

{2,2},{0,0}}]], AspectRatio = Automatic]

TaaBa 4

1.

© PN e e

13 = Last[Transpose[Partition[l, 3}]],
Delete[l, Table[{3i}, {i, Length[l)/3}]}

Delete[l, Positien(l, 0]]

Plus@@ Select{l, Negative]
Plus@@(1~2)/Length[l]

Min[Abs(l]]

Position(l, First{Select[l, Negative]}]
Or @@ PrimeQ /@1
Transpose[Insert][Transpose[m], 1, k]
Table[i~2, {3,0,4}, {5, 0,i}]
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10. Crayata IOPOXKAAEM CIHACOK

t = Table[{2 Random[Integer] — 1,2 Random[Integer] ~ 1}, {i,20}],
3arTeM H3 { noxydaem
m = FoldList[Plus,0,t] // Rest
11. Det[Outer[D, {x +y~3,x~2—y~2—-y}, {x,y}]/ {x =20,y 5 0}}=-1
12. Outer[D, {x y +z},{x,y,2}] // First = {y,x,1}
13. Inner{D,{f[x,y,2],g(x,¥ 2}, h(x,y,2]}, {x,¥,2}]
14. Inner[Rule,l,m, List] wm Thread[Rule[l, m]]
15. Thread[Equal[m.1,r]]

I'naBa 5

1. perfectQ[x.] := Apply[Plus, Divisors[x]j === 2 x

2. CardDeck = Flatten[Outer[List, {s,c,h,d}, Join[{A,K,D,J},
Range(7,10]]}, 1]

3. perfectshuffie[x_,n_] := Nest[Flatten[Transpose[Partition{#, 16]], 1)&, x,n]

4. deieterand[x.,n_] := Nest[Delete[#, Random[Integer, {1, Length[#]}]]4, x,n]

dealfz_] := Function[{x}, Apply[Complement[#1,#2]&,x]] /@

Partition[NestList[deleterand{#1, 8]&,2,4),2,1)

tobase[n.,b.] := Fold[{104#1 + #2)&,0, IntegerDigits{n, b])

Union[Select(l, Countfl, #] > 1&]]

Flatten[Position{l, #]& /@Select[l, PrimeQ], 2}

. {#,Count[l, #]}& /@1 // Union

Quter[Dot, Array[w,4), Array[w,4]]/. Thread{Array{w,4] = 1} =

{{4,10,3,11},{10,30,7,35},{3,7,5,1}, {11,35,1,59}}

@ @ 9 oW

" 10. v = Last[l] — LinearSolve{Transpose{Delete[Transpose{Delete(gs, 4]], 4],
Take[Last[gs], 3]] . Delete]l, 4]

T'saBa 6

1. =1/ {zcu— {x_._},v___} > {7,1,{0,x},v} /; Length[{x}] < 4
2. wronsk{l List, t.Symbol] := Det[NestList[D[#, t}&,1, Length[l] — 1]]
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. Opnoctpounnx: ord[x_] := Plus @@ Head @ Head|x].

Joxansusie npasuna: erd(x] .= x /. Derivativelz __][][..] :> Plus[z)

. newton[f_x0_ eps] := ({z1,22} = {N[x0] — f[N[x0])/f'[N[x0]],

N[x0]}; {z1,22}/ /. {a-,b.} :> {a — f{a]/f'[a].a} /; Abs[b—a] > eps)

. crossproduct[u_List, v_List] /; Length[u] == 3 & & Length[v] ==3 :=

First[Reverse /@ Minoers[{u, v}, 2]]

. dirderiviu_List,f] /; Length[u] == 3 :=u .

Through[(Function[{r}, D[#1,r]&] /@ {x,y.z}){f[x,y.2]]}
decode[l_List /; Depthfl] == 3] := Flattenil//.

{x__.,{a_ k-Integer}, y...} :> {x, Table[a, {k}],v}]
subsets(].List] /; Length[l} > 1 :=

Join[subsets[Rest[1]), Join[{First{l]}, #1) & /@ subsets[Rest[1]}}
subsets[{x_}] := {{}, {x}}

. ksubsets[l_List, (k_Integer)?Positive] /; Length(l] > k && k> 1:=

Union[ksubsets[Rest[l], k], { Append{#, First[l]]&) /@ksubsets[Rest[I], k — 1]]
ksubsets[l_, k] /; Length{l] ==k := {1}
ksubsets[l_, 1] := {#} & /@]

Fnasa 7
1. fact[n.) := Module[{s}, [f{Head{n] === Integer & & Positive[n],
s = 1;Dofs = s+i,{i,n}];s, Print{"the argument is not a positive integer”]]]
2. fib[n.] ;== Module[{r,s}, If[Head{n] === Integer & & Pasitive[n],

r =1;s = &;Do[{r,s} = {r +s,r}, {n — 1}];r,
Print[”the argument is not a positive integer”}]]

3. numberofprimes[n.] ;= Module[{s = 1}, While[Prime[s] <=mn,s =5+ 1};s — 1]

. ent{l List] := Module[{l11 = Union[l]}, Do[For[i = 1;5[j] = 0,i <=

Length{t],i + +, H{1{{i]] === 11[{j]},s[i] = s(i] + 1]], {i, Length{1]}];
Transpose[{11, Array[s, Length[11}]}])

. changeto[n.Integer, x List] := Module{{r,0},r =

(Range[0, #]&) /@ (Quotient{n, #]&) /@ x;
o = Flatten[Outer[List, Apply[Sequence, r]], Length[x] — 1];
Selectfo,x . # === nk]]
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6. latinsquare[(n_Integer) 7 Positive] 1= Module[{difQ,p, €},
difQ{x_List,y List] := Apply{And, Inner[UnsameQ, x, v, List]};p =
Permutations[Range([n}];e = p[[Raindom[[nteger, {1,Length[p]}]]};
differ{z_List, u_} := Select[z, difQ[#, ul&); fl[{z_List, v_List}] :=
{differ{z, First[v]], Prepend[v, differ{z, First[v}]]

[[Random[Integer, {1, Length{differ[z, First{v}]] 1] };
Nest[f, {p, {e}},n - L][[2]]]}

7. orthQx List,y List] := Module[{m,n},
m == MapThread[Inner{List, #1, #2, List]&, {x,y}};
n = Flatten[m, ]; Length{n] == Length[Union{nj]]

T'napa 8

1. ApplyfList, Hold{1 -+ 2+ 3],2] // Releasellold

2. SetAttributes[f, HoldFirst); flx_Plus] :=
Apply{List, Hold{x], 2} // ReleaseHold

3. SetAttributes[information, Listable]

5. Buuscnermse f[3] MoxHO CMOJeIMpOBATE BHPaXKEHHEM

Release Hold[Hold[(z = N[z]; Sqrt[z])]/.x — 3],

[I05TOMY BLIMHCJIEHNE BHpaXemua 3 = N[3] OPMBOAKRT K coobienuo of
oumbke. Onpefefenye MOXHO H3MEHHTS, HANDUMED, TakK:

fle] = (1= N(z], Sgrefzi}).

Taapa 9

1. B nepsou cuyuae {4,9}, o Bropom — {4,9(2]}. Pesymprar {4,9} ne Gyper
MOMY9EH, TaK Kak CUMBORY ¢ SyAeT npHceoeHa HpucTaska Global'. das
‘rara ToGH olpejescHue ANS g paGoTANO, HYXKHO BHYHCINTL BHPAKEHHE

{f[2], ag[2]}-

2. PesymTaTh BHYMcremw#: 7 ¥ z. HeCMoTpA Ha ‘TO 9YTo TekyLMM
KOHTEKCTOM IPH BHYHCIEHWH BHDAXKEHWd 2 = 7 6wl a', aHa%eHne 7 Owao
npucsoeno cumsony (Global'z, Tak xak xoutexcr Global' maxofgwica ua
KOHTEKCTHOR gopoxke. CuMBon @'z NoABMACA TOMRKO NPH BHITONHEHRHA
[MOCTEHEr O BRIMHMCICHHA.
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3. Peaympratm: 2 u Sin{r]. [lpu nogrpysxe maxera koHTexkcT System'
H2XOAWICH Ha KOHTEKCTHOH JOPOXKKE, NOITOMY JKCNOPTHpYEMaR DyHKIHT
Sin me nmozyymaa HOBOM KOHTEKGTHOM NPHCTABKH, OCTABIHCH CO CTADOUH
mpacTasxol System’. B cuny roro uro onpegerenus noimaoBaTelrs MMEOT
[IPMOPHTET [EPEf CHCTEMHRMH ONPEACNEHHAMA, DPE3y.bTAT REMUCIEHUA
¢ymxanm Sin noaywincs . pasueM gByM.  C dynxumedt strange‘Sin
HE CBA3AHC HUKaKUX ONpejefieHWH, [OITOMY BHpakeHue strange'Sin[x]
ocTanoch $AKTHYeCKH He BHYMCIEHHHM. KOHTeKCTHas IMPUCTABKA He
oTofpa3nnack Ha gucillee Jiad strange‘Sin, Tak Kax B, qyxoM " 114 obeux
bynxuuu koHTekcTe (Global xomTekcT strange' wmmeer TpenMyluecTso,
HaXOJACE HA KOHTEeKCTHOM JOpoiKke JeBee KOHTeKCTa System',

T'nasa 10

2. rl = ReadList{"transport.val”, Word|
r2 = ToExpression /@ Transpose[Drop[Transpose{Partition{r1,8]],2]] //

Flatten
r3 == {Count{r2, #],#, } & /@ Union|r2]

datal = Cases[r3, {_Integer, Integer}]

data2 = Cases[r3, {-, Symbol})

<< Graphics'Graphics*

BarChart[datal); BarChart[data2];
3. Unprotect[PolyLog]

Format[PolyLog[n-,z.]] := Subscripted[Li[n, z], 1]

Protect{PolyLog)
4. Format]Riccifi..j., k-, 1.]] := SequenceForm{R, Subscript{3, j], Superseript[k, 1]
5. lmplication[x_,y.]/; MemberQ[{True, False},x] & &

MemberQ[{True, False},y] :=1x || ¥
Format[Literat{lmplication[x.,y.]]] := StringForm{” “ — “ " ,x,y]
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Anrebpauveckye npeo6pa3soBaHuA

Apart[expr] npefcTapngeT panuoHANLHOE BEIpAXEHHE B BHJE CYMMH ApoGel
€ MUHUMAIBKEMH 3HAMeHaTelaMl; Apart(ezpr, var] paccMaTpHBaeT Bce
NepeMEeHHNE, KPOME var KaK KOHCTAHTH, M 3alMCRIBAET EIPr Kak [o-
JWEHOM IO Yar COBMECTHO C CYMMOM OTHOLUCHMHA [IOJMHOMOB, B KOTOPHX
CTEeleHb [0 var KaxAoro NOMHHOMA B YHCINTENe MeHblie, YeM CTeleHb
anaMeHaTend. Apart[expr, Trig — True] paccMaTpHBaeT TPHFOHOMETPH-
Heckye QYHKIMM KaK PAITMOHATHHHE (DYHKIMHA OT CTENEHEH €.

Cancel{expr] cokpalmaeT oSime MHOXUTEIN B MHCINTeE B 3HAMeHaTe e PalM-
OHAJNBHOrQ BHpaxeHua erpr. [Ipu namrom ommn Trig — True paccma-
TpHBaeT TPUIOHOMETPHYECKHE (PYHKIHH KaK pallHOHATbHuIe (PYHKIMH
OT CTeleHeH e.

Coefficient[poly,form] gaer xosddummedr npu form 8 momaHome poly,
npirseM form MaxeT 6KTh u OpomseefermeM. Coefficient{poly,form,n]
AaeT KodpouiumenT npu form™, a Coefficient[poly,form,0] smbupaer
SUfeHH, KOTOPHE He MPOIIopLHOHAILEHE form.

CoeflicientList[poly, var] gaeT crucox xoad¢ulMeHTOB OPH CTENCRAX VAT B
poly, HaumHad ¢ Hynepon cremenn. CoefficientList{poly, {var,vara,...}]
AaeT MarTpHuy kosthgAnueHToB var;., Pa3sMEepHOCTH MATPHIR Koad-
HIDICHTOB ONMpPeJeTAIOTCA 3HaYeHMAMM Exponent[poly,var;]. “lrenss,
HE CcoAepiKaliie MOMMKATEILHEX CTelNeHell KAKOH-IMG0 NepeMcHHON,
BKNIOYAIOTCA B MEPBHIE 2JAeMEHT CIMCKa AaA 3Tod NepeMenmoit. Coef-
ficientList ncerga uMeeT cBoMM 3IHa9eHMEM NPAMOYTONBHYIO MaTpMILY.
Komburamym cTeneHen, He cojepxKaiguecd B poly JalOT HY/JIH MATPHIIH.

Collect[poly,x] rpymmmpyeT ‘WieHH € ofHOH M TOK XE CTENEHLIO IEpeMeHHON
z. Collect{poly,{z\,32,...}] rpymImupyeT *WIeHK C OJHMMM M TEMH XKe
CTENeHAMY TEPEMEHHHIX T, T2, ... ,[lepeMeHHEe" & caM¥ MOTYT GHITB
unpouasepennamu.  Collect[poly, Trig — True) paccMaTpuraeT TpHroHo-
MeTpudecKie GYHKIME Kak DATMOHATLHHE BEPAMCEHHMA OT CTENEHEH ¢,
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ComplexExpand[expr] packiagusaer ezpr B NpegnonoxeHnu, 4TO Bee He-
pemennue BenrecTennue. ComplexExpand{ezpr, {z1,%2,...}] packaa-
ABBAET erpr B NpPeINOA0KEHHHM, YTO BCe NepeMeHHHe, OTBevalole
i, kommuekcene. Omma TargetFunction cocrour 3 dbyHxumi cmic-
xa {Re, Im, Abs, Arg, Conjugate, Sign}. [ipu Hamrom orof ompm
ComplexExpand npusoayT X pesyIbTaTaM ¢ MAKCHMANLHO BOAMOMHEIM
HCHOMBA0RAHMEM (DYHKINHH, YKA3AHHHX B OTELVH.

Decompose[poly,x] — crmcox 6onee wpocTrx nommomop Py, Py, ... , koMo
smmen koTopux Py(Ps(...(r)...)) aBareTca poly. Crmcok nommiomon
P: He ABIACTCA eIMHCTBEKHO BO3MOXHEM. JeKOMIIC3MIMA €CTh onepa-
A, He 3ABMCAMAA 0T DAa3NOKEHHA HA MHOXKMKTENM.

Denominator{expr] — snamenarems erpr. Denominator mamiekaeT “wWieHH
¢ SBHO OTPHIUATENLHHIMH CTeNeHAMH. Numerator — Bce ocTamsHue.
Crenens cmrraeTcs , ABHC OTPRUATEILHOH ", €CIH OHA HMeeT MHOXKMTe-
JeM oTpuLATeNbHOe mMcho. (TamgaprHoe npefCTaBAEHHE PALMOHATL-
HHX BHPAaXEHMH Kak NPOM3BEACHAN CTENeHeH 03HAYAET TO, 9TO HENb3K
pOCTO WCOAL30BATH Part pna Toro, ¥ToOH WIBNEKATH IHAMEHATENH,
Denominator MOXHO HCIOILIOBATE /A IONYYeHUA 3HAMEHATEIEH Dal-
OHANBHBIX YHCEN.

Expand[poly] packpmBaeT npousbejeHHs U TNONOKNTENbHHE CTENEHH, B
To Bpema xax Expand[poly, pattern] maberaeT pacKkiafnpaTh >0eMeH-
TH poly, KOTOpDHE He COJEPXAT “WIEHH, COOTBETCTBYOIME UIatno-
Hy pattern. FExpand pafoTacT TOMRKG € UEIAMHM MONOXHTEThHEMH
CTeneHNAMH M TPWMEHACTCH TOALKO K BEDXHEMY YDPOBHIO BHIDANCHHMA.
Expand[ezpr, Trig — True] TpakTyeT rpHroHoMeTpudeckune yHKImM
KaK pammoHArTbHEE GYHKIMH CTENEHEH € M COOTBETCTBEHHO C ITHM HX
PacCKpPHIBAET.

ExpandAll[expr] packpisaeT NpoHsBefEHHA M HEABIE CTENEHH B JHOGBIX Ha-
CTAX BHpamermua erpr, b To xe speMs ExpandAll[espr, pattern] usfe-
raeT PacKIAAnBATE T€ YACTH BHPAKEHUA €Tpfr, KOTOPHE HE COXEPXKAT
<neHoB, COOTRETCTRYIOUMY Wabniouy pattern. ExpandAlllespr] npume-
nseT akTdeckn Expand u ExpandDenominator k Kaxgoit 1acTi expr.
ExpandAll[ezpr, Trig —+ True] TpaxTyer TpuroHoMeTpiaeckue by HKIMI
KaK palMoHATLHEE BHPAKeHHA OT CTeleHek ¢ H COOTBETCTBEHHO KX Pac-
KHAALIBAET.

ExpandDenominator{expr] packpmpaeT npouspefeHHs ¥ CTeneHH B 3Ha-
MEHATEIAX PHPAXEHNE efpr. JTa (DYHKIHA OPUMEHAETCA TONBKO K
OTPHLATEILHMM NeNhM CTEINEHAM M TOALKC K BEPXHEMY YPOBHIO BEHI-
PaNenwH.

ExpandNumerator[expr] packpuBaeT Mpou3BeAeHA ¥ CTENeHH B YMCIMTE-
nAx BRpaxeHHd erpr. JTa GyHKIKA NMDHMEHAETCA TOMBKO K LEAWM
MOKOKMTENEHEM CTEEHIM M TOMLKO K BEDXHEMY YPOBHIO BHDAaXEHMMA.
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Exponentfexpr,form] gaeT MakcEMaaLHy®O cTeneHs,c KOTopoit form BXoAuT
B expr. Exponent[expr, form, h] npumenser h x MHOXeCTBY nokalsaTs-
nelt, ¢ KoTopuMA form sxogut B expr. Ilo ymomtamao, h ectn Max.
Bupaxeuue form soxer 6uTh npomssejerneM. OTHOCHTENBHO erpr
TMPEANONaraeTCA, YTO 3TO OTAGNLHEI *LieH Amd CyMMa 4aeHoB. Expo-
nent OpUMEHAEYCA TONLKO K BEPXHEMY YPOBHIO eIpr.

Factor[poly] packnagsisaeT noMMHOM Ha MHOKWTENA HajJ KOMLLIOM HEABX M-
cea. Factor{poly, Modulus — p] packiajubacT DOMMMOMH N0 MOAYIIO
npocrore wucna p. Factorfezpr, Trig —+ True] paccmarpusaer Tpuromno-
MeTprueckne GyHKIUMA KAK PAIMOHATLEEE (GYHEKIIE OT CTeleHel yucka
€ M PACKIagHBACT HX.

FactorList[poly] gaeT coucok Muoxwreneit mommoma poly BMecTe ¢ noka-
3aTelAME CTeneHel, ¢ KOTODHRMM OHA BXOJAT B paaioxkenme poly Ha
MHOXHTexd. [lepHLtil JjeMeHT Crucka ecTh OGLIMH YMCNEHHEIE MHOXH-
Tedb, 4 eCMM TAKOT'0 OTMIHOrO OT ¢SHHUE HeT, TO CIACOK AAMHAALTCA
e {1,1}.

FactorSquareFree[poly] sarmicuBaeT nomMroM Kak MPOM3REZEHMe CTeneHel
cBOBOAHKY OT KBAJPATOB COMHOXUTENRH.

FactorSquareFreeList[poly] agaer crmcok Bcex cRo60fHHX OT KBajgpATOB
COMHOXHTEIEH NOMMHOMS poly BMecTe ¢ HX NOKA3ATENAMH.

FactorTerms[poly] -— ofumsi wmenonoit suoxurent s poly, a FactorTerms[poly,
z] PEHOCHT obUDI MHOXKTEAL, He JaBMcAuUnnt oT %. FactorTerms[poly,
{z1,22,...}) mocrefoBaTembro BREOCKT MHOXUTEHM B poly, KOTOPHeE He
3ABMCHT OT KAXAOI'O I,.

FactorTermsList[poly, {x1,xa,...}] — cmucok uMroxuTeneit 8 poly. [lepamit
JNMEMENT B CIMCKE €CTh O6GUMMH THCIOBOM MHOXHTENb, BTOPOM — MHO-
KHMTENh, He 3ABMCALNGI HM OT ofHOro u3 r,. Ilocaegywoume sreMeRTH
£CTh MHOXKHTEN, He JABMCAIIME OT KaK MOXHO GOMLLIEro “IMCIa Ii.

Length[poly] — wmcio caaraemux s poly.

Numerator{expr] — wmcmrems expr. Numerator Bmjenser 4ieHn, He
MMeIHe ABHO OTPHNATEIRHHX NoKa’aTenen. Denominator BuIjZenA-
eT ocTamuie. CTelleH: CINTAETCA ,ABHO OTPULIATENLHOM', €CTM OHa
AMEET OTPHIATEILHOES YACIC MHOMKEYereM. Numerator MOXHO MCHOML-
30BATh AMA M3BMEYEHHA YMCAMTEAA PALMOHAILHOTO YHCIA.

PolynomialGCD[poly, polys] -— sanbomunni ofunt: fexurTess OOIMEOMOB
polyy u poly;. PolynomialGCD[poly;, poly;, Modulus = n] naxoaur
HauSomsumi oSuni feAnTe b MO MOAY/TIO HEAOra m.

PolynomialLCM[poly:, polya] - naumentiree ofilee xpaTHOE NOIMHOMOB
poly n poly;. PolynomialLCM [poly;, polya, Modulus — n] maxoarr HOK
10 MOAYMIO OEeNoro n.
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PolynomialMod[poly,m] — poly, pesymupopannoe no moaymo m. B
ClIy4ae 3afaHus BMeCTO M CIHCKA {m1, m2,...} PEAYIMPYET 10 MOAY IO
BCEX m. .

PolynomialQ[expr, var] nueeT anadensme True, ecan erpr ecTh MOAMHOM 0O
nepeMenroil var, u False — B npoTussoM caydae. PolynomialQ[expr,
{vary,var;,...}] opoBepAer, manAeTCA MK expr NOAMAOMOM IO var;. Bu-
paxeHNs var; He 0623aTeqLHO cuMpBoiK. PolynomialQ[ezpr] aposepaer,
ABAAETCA 4 EZPr MOAMHOMOM OTHOCHTEALHO KaKMX-uG0 NepeMeHHHX.
Peaymrat False MoxeT GniTh, HANpHMep, B CIy4ae, Korga eLpr cojep-
®»uT vucaa Tena Real.

PolynomialQuotient]p,q,x] saet peayasTaT Aenenss p Ha g, pacCMaTpHBa-
eMRhIX KAK OOAHHOMH IO fIEPEMEHHOH I, C 0TOPACHBAHMEM OCTATKA.

PolynoialRemainder{p,q,x] — ocTaTox or Aenemma p wa q, paccMmarpunae-
MEIX KAK [IOJHHOMH HO HNepeMeHHOH .

PowerExpand[expr] packpuisaet pce cTemenu npoussegermni. PowerExpand
npeobpasyer (ab)*c B a~c b c u (a~b)~c B a~(b c), xakoro 6m BEga
B Smno ¢. IIpeoGpasoBamma, cienaHHee ¢ noMoumio PowerExpand,
KOPPeKTHH B ofuieM clydae, TONBKO €CAM € ECTh Uenoe, a a & b —
NONOKHTETEHEE BEUIECTBEHHME YHCHa.

Resultant{poly,,polya,var] pHuHECIAeT pe3yILTAHT NOAMHOMOB polyy ©
poly: mo oTHomenmi©o K nepemerHon var. Resultant[poly;,poly:, var,
Modulus -3 p] BuumcseT peayasTaT 10 MOAYAK OPOCTOrO P.

Simplify[expr] sunommseT NocresoBaTeMSHOCTE AIrebpamdecKux npeobpazo-
PAINGE HAJL €IPr M MPHBOIUT ero K npocreiuen dopme. [Ipn Hamrammn
omm Trig — False rpuronoMeTpydeckie TOXKZeCTBA He MCIOAbIYIOTCA.

Together[expr] opueogHT PHpaxeHMe erpr K ofuleMY IHAMECHATENIO # CO-
KpauaeT oflMe MHOKWTEIM B YACTHTeNe ¥ 3HaMenarene. [Ipn Hamrom
ompw Trig — True TpurosoMeTpueckie QYHKIMN TPAKTYIOTCA KaK Pa-
IMoHAMLHEE DYHKUMH 0T CTeneHeH €.

Variables[poly] — cnucok Bcex sesaBMCMMHX NMepeMeHHHX B MOMMHOMe poly.

I'paduka

ContourPlot{f, {x,xmin,xmax}, {y,ymin, ymax}] pucyer konTypuzit rpa-
drx [ xax hyHKIDN [epeMenHbIX T H Y.

DensityPlot[f, {x, xmin, xmax}, {y, ymin, ymax}] pucyeT naoTHocTuei
rpaguk f xak GYHKIME NepeMeHHLIX T H Y.

ListContourPlot[l] pucyer xourypunit rpadux nmo Mmaccusy pHcot I, xoro-
PHIT JOIKEH MPeACTABIATE CoGOM OPAMOYTOAbHYIO MaTpmily. Kawaasx
BHICOTa COOTBETCTRYET TOUKE C HEAOMMCIEHHEIME Koop JRHATAME (M, 1),
rae m ¥ n HDMEHAKTCH HaMMHAA C 1.
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ListDensityPlot{l] prcyer maornocTHM rpadmk no MaccuBy BHcoT I, KoTo-
PHI JOMAEH NPeACTABAATH cOGOH NPAMOYroNbHYI0 MATpENY. Kawjag
BHICOTA COOTBETCTBYET TOUKE € LCAOYACIEHHMA KOO tuHaTamu (m,n),
TAe m H n HAMEHAIOTCA HavMHad ¢ 1.

ListPlot[l] — rpadmx guckpeTHmx fawmpmx. Ecmt | ecrn crmcok wmcen, To
KaXjoe M3 HHUX HHTepNDETHDYETCA KAK aHAYeHME OPAMHATH! B TOYKe
¢ afcouccolf, paBHOM HOMEDY “MCAAa B CHMCKe, BoaMoXHO 2aja.ue | B
BUJC CIMCKA MAD YMCEN, B TOrAa NEPBOE UHCIO MApH TPAKTYeTCA Kak
3HayenHe a6GCOMCCH, & BTOPAE —— OPAWHATH TOYKH.

ListPlot3D[l] pacyeT ABYXMEPHYI IOBEpXHOCThL, NPeACTABIAIOLIYIO MaCCHB
suicor I. Kaxaoe uncno » | unTepnpeTHpyeTca Kak BuicoTa B TOYKE
LeNoYRCHeHHOM penteTku (m,n), Fke m 1 n MaMeRAIOTCH, HaMHHaH © 1.

ParametricPlot{{f.g}, {t,tmin, tmax]}] pucyer kpmeyio Ba mnockocTH, 3a-
JAHHYIO NapaMeTPHYeCcKH ¢ MoMolmsio f K ¢g. BoamoxHo ogHOPpeMenHoe
OPeACTABEHME HECKONBLKUX KPUBHX, €CIH NMEPRHMN APTYMEHT €CTh CIM-
cok nap ¢ymxpui, Ilapaumerp ¢ uaMeHdeTcda B mpejerax oT tmin Ao
imazx.

ParametricPlot3D[{f, g, h}, {t,tmin, tmax}] — npocrpancreenran xpunas,
3agamHan rapaMeTpudeckH dymximamu f, g v h. BosMoxHO ogHospe-
MeHHOS TIPEACTABICHUE HECKOABKHX KPHMBHX B CAy4ae, KOrfa MepBHI
apryMeHT eCTh CIMCOK Tpoek ¢ymxipoi. [lapameTp ¢ MamenmeTcE OT
tmin go tmar. ParametricPlotaD{{f,g,h},{z, zmin, zmaz}, {y,ymin,
ymax}] pucyeT ABYMEDHYIO IOBEDXHOCTL, [APAMETPH3OBAHHYIO NEpe-
MEHHLIMH T M Y, USMEeHAIOIMMHCA OT rmin A0 ZMAr U OT ymin Jo
ymar COOTBETCTBEHHO.

Plot[f, {x,xmin,xmax}] pucyer rpadpux f xax yHKUMM lepeMeHHOW i,
IAMEHAIOUEHCA 0T ZMin Ao TMaz.

Plot3D[f, {x,xmin,xmax}, {y,ymin, xmax]}] pucyer rpadux f xax bymk-
1MY NepeMeHHHX T ¥ Yy, HIMEHMIOUMXCA B OpejelaX OT £min A0 Tmar
¥ OT ymin 0 yMmar COOTBETCTBEHHO,

MaTeMaTH4YeCKHK aHaIU3

D[f,x] — wacrnaq npomsoanas f mo nepemensoit z. D[f, {x1,n1},{x2,n2},...]
BLIYHCISET CMEIAHHYI0 JaCTHYIO IPOM3BOARYI0 OoT [ o nepeMenHon 1
nopsaka nl, No nepeMeHHod x2 mopAgka n2 U T.1.

Derivative[1][f][x}, mm f’, npouspogHas neproro nopagka oT pyHKm f 0f-
Hoit nepemernoil . Mcnomayerca opu sajamm o6HKHOBeHHH X andde-
pemmuambHeX ypasnemmit. Derivative[nl,n2,...][f][z1,22,..)] — noman
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dopMa BRMcIeHHOro Bupakemus D[f[zl,z2,...],{z1,nl},{z2,n2}...]
B cay4dae, korga ,MaTemaruka“” He MOXKET SBHO BHMHCIKTD 3Ty NPOHI-
BOARYIO.

DSolvefode, y[x], x] — peuraeT o6nxkopennoe guddepenIMamyoce ypasHeHne
ode ¢ Hew3pecTHoH Gyuxudeil y[r] OT HesaBUCHMOM nNepeMeHHOR I,
Ecxm nepsrit apryMeHT — crmcok oSHKHoBeHH: fMddepeHHaAThHEIX
YPaBHeHH#A, a BTOPOH —— CIMCOK HEMIBECTHHX DYHKIMIL, TO pellaeTcs
cucTema. CmMcok ode MOXeT COgepXaTth JanHRe Koum.

Dtf,x] — nomsan npomspogras ot f no r, Dt[f] — suddepenmman f.
B cayqae sagasma Dt{f,z1,22,...] nocaeguee ecTs Nomias cmewannas
NpoMaBOgHAR OT f.

Integrate{f,x] — weonmpegerennmit unterpar or f mo z. Ecmx sropon
apryMeHT 3afad B e {r,a,b}, To paccmaTpunaeMoe BrpakeHue eCTh
olpejercHHRM ATErpan ot f o £ B npejenax oT a jo b, Integrateff,
{z,zmin, zmaz}, {y, ymin,ymax},...] — mopTOpHNN MHTErpam:

InverseSeries(s] — orpesok paga Talnopa Ana dysxim, o6paTHOR K hyHK-
wm f, orpeakoM prga Tamnopa xoropok ABNdeTCA 3.

Product[f, {i,imin, imax}] — npoussegerme f no { ot imin go imaz. Ilo
ymosdammo smin = 1,

Residuefexpr, {x,x0}] — Buver ezpr, paccMaTpupaeMoro Kak yHKIAT
mepeMeHHOMH Z B Touke z0.

Series[f, {x,x0,n}] — orpesok paga Taitaopa f no nepememmioil £ B oKpecT-
uoctr 0, cogepxaupm crenesy Ao (zr — z0)" pxmoymTensro. Mmeer
3aroaopoK SeriesData.

SeriesData[x,x0, {a0,al,...},nmin,nmax,den] — Bupaxerne ,MaremaTn-

KM" ANA HpeXCTABNEHMA CYMMH cTemeHedl Buaa (z — x0)(Pmimto/den 44
i or 0 go {nmaz - nmin)/den c xoaddunmenTamu ai.
Suml[f,i,imin,imax} — cymma f no i ot tmin g0 imar. Ilo ymomrianuio

imin =1.

IIpeaukaTit 1 JorudecKue onepaluuu

And[p,q,..), nm p&& q&& ..., — normyeckas Ppyrxuma M (korbromk-
).

AtomQfexpr] npusmmaer amaverme True, ecaM BLMMCIEHHOE erpr eCTh
aToMapHoe BHpAaXXeHMe, False — B OCTAIBHHX CAYHaAX.

DigitQ[string) npmnimvaeT 3navenne True, e Bce 3HAakM B CTPOKe string
muppH, False — B ocTATBHRX CryHanX.

EvenQ[expr] npmiwmaeT 3navenne True, ecmi BEMHCIEHHOE eXpr ecTh YeTHoE
nenoe wicno, False — B ocTalbHuX cay4anx.
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Equal{ihs, rhs), mm lhs == rhs, npwmmaer anauenue True, ecmt ths n rhs
KAEHTH4HH,

FreeQ[expr,form] npurmmaeT anauehue True, et HW 0jHO M3 [OABHpaXe-
HHI eTpr He COACPXMTCA B Klacce Bupaxenmi  MaremaTuku', onpe-
JAenseMoM wwabSaoHoM forme, u False — b oCTaIbHNX CAYYanx.

Greater(x,y], wis x >y, nprHuMaeT 3Haverme True, e T 9MCreHHO cTPOro
Goumlue .

GreaterEqual[x,y], wm x >= y, npusmMaeT 3Haderne Trie, ecru £ \mcieHHo
GoMblIe AN PABHOD Y.

Implies[p, q] — aoruyeckas uMnMcalma, TprHUMaoad anadenue False, ecom
p euvucaneTca Ha True, a q wa False,

IntegerQfexpr] npmvmaet snauenme True, ecau ezpr Npu BRMHCTEINH faeT
nenoe wmciao, False — B ocTaIpHBIX Cay9dafx.

Less[x,y), mm x <y, npEmmMaeT 3HadeHWe 1rue, €CIM T “MCIEHHO CTPOI'O
MEHBLIE Y.

LessEquallx,y], nm x <=y, npuamMaeT 3navesne True, ecin z MeHsile wam
paBRO y.

ListQ[expr] npummaer sHayvenve True, ecid erpr noclie BEIMHCASHMA eCTh
cixcok, False — B ocranspnx cryuasx.

LogicalExpand[expr] packpHpaeT CkobKH B BHPaXEHHAX, COASPMXAUMX N0
I'HIeckMe oNepaliMy# XoHBLIOHKIME & & ¥ pmeoHkapm ||, wcnomaya
gucTpubyTHBHocTs & & oTHocuTemHo ||

MatchQ[expr, form] onpegenteT, npUHagIeXUT I BHpaXeHHEe eLpr KIaccy
Buipaxerma  Maremardxn®, 3agapaemomy mabiacwoM form. Ecm
OpMHAANEXMT, T AMeeT 3HaucHe True, ecim Her — False.

MemberQ[list, form] npmomMaer snavemme True, eciu kakoit-nfo anemMeHT
list coormeTcTRyeT form.

Negative[x] npirmuMaeT sHaqerte True, ecix T eCTh OTPRIATEALHOE THCIO.

NonNegative[x] npumimaer 3Haverse True, ecmM T eCTh HeOTPHUATEILHOE
qHCHO.

Not — noruteckoe oTpHIaHHE.

NumberQ[expr] opusuaer 3nadenwe True, eciu BHYHCIEHHOE €Ipr ecTh
yncao, False p ocTamHKX cayyanx.

0ddQ[expr) npuauMaeT 3uavenne True, ecad BHYMCICHHOE €XPr eCTh HedeT-
Hoe nesoe Mmcno, False 8 oCcTAIBHBX CIy4asx.

Orlp.,q,...],mm p il ql|... — msormeckoe wenckmowuremsuoe NAHY (guan-
IOHKINA ).

OrderedQfh[x1,x2,...]] npumuaer suavenue True, ecam aemenTH zl, 72 1
T.f. KAHOHWYECKH ynopafodeunl, ¥ False — B npoTHRHOM ciy4ae.
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PolynomialQ[expr, vars] npisniuaer snavenue True, ecan sHUACAEHHOE eXpr
€CTh MHOI'O4IEH 10 nepeMenHny var, u False — B npoTpnoM cryvae.

Positive[x] npmmMaeT auateme True, ecii = £CTh HONDXKHTEILHOE THCAD.

PrimeQfx] npsmumaer agauenue True, ecan z ecrs npocToe meno,

SameQ(lhs, rhs], nmt lhs === rhs, npunmaet snaserme True, ec [hs i rha
HACHTHNHH, K HaveHue False — p npoTHBROM cayvae.

StringQ[expr] npmrmmaer smaderme True, ecas BHYHCIEHHOE €IPr ECThH
cTpoka, u False 5 npoTuenoM cinydae.

TrueQexpr] npmmimaer anagenme True, ecaw BHWMHCASHHOe £Ipr MMeeT
anayense True, u False — B porasHoM caytae.

Unequal[lhs, rhs], wm lhe =! = rhs, mpunuMaer anavemue False, ecmt lhs u
rhs He HACHTHIHEL.

UnsameQ npgunMaeT apadvenue True, ecan BLMMCIEHIOe erpr HMeeT 3HaYe-
nwe True, u False — » npoTHeHOM cayqae.

VectorQ[expr] npwmumaer jnadenme True, ecam BEMHCICHHOE eIpr €CTh
OAHOYPOBHEBHI crHcoK, ¥ False — B mpoTUBHOM Cnyd4ae.

Xor[p,q,...] — normeckoe noxuounTenioe | HITH".

Coueku

Iopoxaerne cnackon

Arrayff,n] — comcok gmm n ¢ saemenramu f[5]. Array[f, {ni,ns,...}] —
BNOXEHHWH cnucox ¢ anemenTamd f[iy,iy,...]). Array[f,dims,origin] —
CIGICOK, DJHAYeHHA HIJCKCOB B KOTODOM HadMHamoTCH € origin (o
yMomiamuio origin = 1). Array{f,dims origin, h] ncnomsayer aaromosok
A BMecTO 3aronopka List Ha KAXKIOM YPOUBHE CITHCKA.

DiagonalMatrix[list} — gHarorarbHas MATPHILE € 3BeMeHTaMu M3 crucka [iat
HA I'IABHOM JHATOHANM.

IdentityMatrix{n) — egmruraras nxn MaTpuua.

Rangefn] — cmacok {1,2,...,n}, Range[m, n] — comcox {m,m+1,...,m+ki},
B xoTopoM m+ ki <n<m-+(k+ 1) Yncia m, n, 1 He obmaTemso
nesle.

Table[expr,n] — crmcox 13 n Komm supakenus expr, a Table[ezpr, {i,n}] —
COMCOK JHAYEHNN BPHPANKEHAN CIPr, IABHCAIErc oT f, AM4 1 oT 1 Jo
n. Cmacok Table[ezpr, {i,m,n}] ra-nntaerce ¢ ¢ = m. [lpa surmacieRrAn
Table[ezpr, {i,m,n,di}] uenomayeTca uar di. Bermcrerne pupaxenys
Table[ezpr, {i,imin,imaz}, {j, jmin, ymaz},...] nopoxgaeT BACKeHHBIH
chscok.
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Buzyanmasanusa couckon

Column¥orm{list] nevaTaeT croaber, 5 KoTopoM NepEsliz sreMenT crMcKa [ist
CTOMT HaBepXyY, HMXKEé UAeT BTopoi ageMenT u T.Z. Jajasue BTOpOTo
apryMeHTa, NpusmMalomero apavedns: Center — B neaTpe, Left —
cresa (mo ymomdammo), Right — cmpasa ompefemser pacnosomerme
3JIEMEHTOR [0 COPU3OHTANM. JajaHue TpPeThero apryMenta: Above —
HMKHIGE 2eMeHT CIMCKa Ha YpoBHe Gasopoil mtw, Below — nepxumi
alleMeHT CMCKA Ha YPOBHe 6a3oBoM mmmK (o ymonwanuro), Center —
cToabel UeHTpupoBal 1o Galonolt IMEMK — ohpejenseT pacliolDMeHwe
37eMeHTOB no BepTukany. Ilepsriil apryMenT dyHkiM He 0643aTeaBHO
MMeeT 3aroacBok List,

ListPiot[{y1,y2,...}] npeacTaBaser rpacduveck¥ TOHYK# C KOOPAHHATAMH
{i,1i}, a ListPlot[{{r:1, 91}, {73,92]},...}] Towmm {x; y} crmcka c z-
KOODAHHATOH Zi H Y-KGODZHHATOH ;.

ListDensityPlot[array] — maoTHOCTHREE rpadumk 110 MacCHBY BHCOT Grray.

MatrixFormlist] newaraer azemeHTH cmucka lisf crepymoums ofSpadom.
Kax Anlit 3:1eMeHT CIIHCKA 2aKAIOYeH B KBAAPATHYIO AYeHKY OJHHAKOBOIO
C OPYTEMH pasMepa. (O IHOYPOBHEBHH CIMCOK TIEYATAETCH B BHAE
cToAfua, a ABYXYPOBHERL — B CTAHZADTHOH MaTpWYHOM ¢opMe,
Cmickn ¢ Gonee raySOKMME YPOBHAMU NMEYATAKOTCA IO YMOJYAHWMIO C
NOCREJUBATEALHEIMH YDOBRAMY HepelyOL(AMHMCE MEXLY CTOIGLAMH
CTPOKaMMU.

TableForm{list] neuaraeT anemenria crmicka list B BHge MacCUBa TPAMOYTOJIE-
HHX f9eeX. DLICOTA KaXjoH CTPOKM M IMpHHA KaXJoro croabua
OTNPEZEAAIOTCA MAKCHMAMLHEMH paiMepaMy aieMenTos. B ormrme oT
MatrixForm, Aueikn, B KOTOPHeE JAKIIOMEHE 2AEMEHTH, OFHOTO M TOrO
xke pa3Mepa. JInHeHHNI CIIMCOK NeYaTacTCA B BHAE cTONGLA, ABYXYPOB-
HEBLIA — B BHMJE XBYMEepHoH TabMmmu.

Hoaysenwe obmeit nEPOPMALIKHM O CIECKE

Dimensions[expr] gaeT crmcok pasmeprocreit expr. Dimensions[expr, n] gaeT
CMCOK pasMepHOCTEH 4O YPOBHA 7. Bre 2acTH nWpaXeHUMA erpr Ha
KaXZOM YDOBHE JO/KHME MMEThL OJUHAKOBYI AmvHy. Kaxkaul ypopers
eIpr AQMKeH COJEPXKATE OFMHAKOBLIE 3aT'0NOBKH.

Length[expr] gaet unucao stemenror B expr. Jaa aToMapHEX 0GBEKTOB 3TO
SMCAC PABHG HYJIO.

Position[expr, patternl A3ET CINICOK TO3MINAA, HA KOTODHX CTOAT 06BbeKTH
B erpr, CGOTBETCTBYIOLMe wabrory patierr. Position[ezpr, pattern,
levelspec) faeT cTMCOK 06BEXTOR HA YPOBHAX, ONpefefeHHEX Criemudn-
xamen ypoeHA levelspec. [lo ymomtammo cuemduxamus levelspec pas-
ma I'nfinity ¢ ommeit Heads — True. Position][ezpr, patiern, levelspec, n)
AaeT NOAMIMK MePBHX n IacTel erpr, OTBEHAIIINX NIAGIORY.
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Onepanum HAJ COHCKAME

Append|list,elem] go6asnser snement elem rocnegueil Mo HOMepy HACTLIO
l1at.

Complement][list,e1,ez,...] aaeT crmcox aneMertop 8 list, He cofepxaumxcs
HK B OZHOM M3 €;.

Delete[list,n] yzanser anement ua nosumnt n B lst. Deleteflist, {1,5,...}]
yAangeT uacThk list ma noswmmm {i,j,...}. Delete[list, {{5i,5,...},
{12,32,...}...}] ynanrer sactu list Ha HeckompbKux no3mmAX. YAaneHue
3aroiopka dieMeHTa 3XxBHBANeHTHO NpuMeHennio Gymapm FlattenAt.

Drop[list,n] gaer list ¢ yjanensuMy n IepBuMu (IPH OTPHIATENLHOM
n nocregumMu) snesmextamyu. Drop(list,{n}] ysamter n-i agemewt.
Drop{list, {m,n}] yaanmer ¢ m-ro no n-if sneMenT.

Firstlist] mwmz list[{1]] menexaet neppris anemenT o list,

Flatten{list] npusogur list x ogHomy ypoemio. [Ipu 3agawmm BTOpOrO
aprymerTa n feficTeyer jo ypoBHA n. Flatten[list,n,h] geitcTyer Ha
TOABHPAXEHNA C 3ar0J0BKOM A. :

FiattenAt(list,n] gekicreyer dymxmen Flatten wa mogcmicox, gatamobm-
ca n-m omemeHToM crscka list. FlattenAt{expr, {i,7,...}] npumetiser
Flatten k wacTv Bupaxenun expr Ha noswmpm {1,7,...}. FlattenAt{ezpr,
{fi1,5,...}. {52,72,.. },...]) — To ke, 9TO M BHeE, HA HECKOIBKHX
TO3MERAX.

Insert(list,elem,n] — 27emenT elem BcTamAgeTCR HA NO3MUMIO R B CIMCKE
list. Ecim smecto n sagan comcox {i,4,...}, To elem ncranaserca
wa nosmmo {i,7,...}. Tlpu saganum TpeTLHM apryMeHTOM CIMCKa
{{t1,51, ...} {32, 52,- . .}, .. .} anement elem acraniteTea Ha HECKAABKO HO-
amwit. Bripaxernse list MoReT UMeTs I MEOH, HeXem List, saronobox.

Intersection[list,, listz,...] faeT yHopaAoTeHHNI CIICOK 2M€eMERTOR, ofugrx
aua Beex list;. Bupaxesus list; JOIKHE AMETH OJWHAKOBEIN 3ATQJIOBOK,
HO He obmsaTemnHo List.

Join[list,, lists,...) gaeT xoukaTenammio crorckoB [f3t;. Join MoXKHO IpEMERATH
K BHPAaXEHIAM, AMEOUMM OAMHAKOBRIL 3aI010BOK, OTIMHMHE o List.

Last[list], wan list[[-1]), — nocregmni snement B list.

Part[list,i}, wm list[[i]], maer i-o wacTe pPnpaxemms list, npwaem list[{0]]
ecTh 3aronosok list. Partflist i, §,...] uanrekaeT i-10 yacTs list, u3 mee
J-1o 9acTh m T.4. Part{list, {i1,12,...}] Raer emmcox wacrest iy, iz M
r.7. wrpaxemus list. MoxHo feraTs npucpoenns snga t{[i]] = value,
yTOGH HIMEHATH i-10 YacThb BHpaxemuda t. B cayuae, ecam list ecTh
cnvcox, list[[{i1,42,...}]] naeT crmcox Yacren. Eemn xe list mueer mHoft
3aI'0J0BOK, TO OH HpAMEHMeTCa K CIMCKY “YacTeH.
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Partition[list,n} pas6upaeT list Ha HenepexpuBaIOINMecs YACTH AMMHE n.
Jajanse TPeTLHM APIYMEHTOM ‘macia d nopoajseT pasbuenme ANHHL
n ¢ orcrynom d. Partition(list, {ni,nz,...},{dy,dz2,...}]] pas6upaer
riocAefoBaTebHAEe YPOBHM B BHIPaXeHHn list Ha HaCTR JZAMHBL 1 C
oTcrynoM d;. IIpr paabueniy Ha 9acTH ZAHHL N Te 2IeMEETH, CTOAIUMe
B KOHIE BApaxeHns {isf, KOTOPHE He BOLLTA B NOCIEIHION YACTDH AJAHL
n, onyckaloTcAd. Ecam d > 1, To ONYCKAKTCA NPOMEXYTORHLIC MEX Ay
nochNe0BaTEABHEMHA YacTAMH 3aeMeHTH. O6nexT [ist He obmareasHo
umMeeT aarononok List.

Prepend[list,elem] gaex list ¢ go6asmermiem elem B xadecTse nepmoro
ANEMENTA.

ReplacePart[list, new,n] upusofuT X PHpaxXeHNIo, B KOTOPOM n-f “HaCTh -
list aameneEa Ha new. ReplacePart{list,new,{i,J,..}] samenger vacs
Ha nosmpn {i,j,...}. ReplacePart[list,new,{{s:,5,...},{62,52,... }}]
3aMEHAET YACTH HA HECKOALKHX [IO3MITMAX.

Rest(list] gaex list c yjanremnnn nepBrM 3aeMEHTOM.

Reverse(list) o6pawmaet mopajox uacrei list,

RotateLeft(list, n] pmcnwraecky nepecrapiaer yacTH Bpamennn list Ha n no-
amnoi Bnebo. RotateLeft[list] mpeamonaraeT, wro n = 1. RotateLeft{list,
{ny,nz,...}] puxmMecks mepecTanAfeT MEMEHTH Ma YPOBHSX { Ha n;
o3Il BAEBO.

RotateRight anarormysa RotateLeft ¢ mmxaggeckuMa nepecTaHoBKaMM
BIpaBo.

Sort[hst] copTHpYeT aneMmeHTH list B cOOTBeTCTRHM C KAHOMMMECKAM NODAJ-
KoM. (DyHKIMIO NOPAJKA p MOXKHO 3A33Th BTOPHM apryMeHToM B Sort.
Kanonureckmit MopAZOK ANA CTPOK ONPEAEAReTca NOPAAKOM CAMBOIOE B
§StringOrder. CHMBOMN YNIOPAZOTIBAIOTCR B COOTBETCTEHM C HX KMe-
aavy. Henrsre, patmoRamusie B pelecTEEHARNE YHCIA YIOPAROIHBAIOTCA
no pemryvHe. BRpaxeEus yNopsiodEBawTcs no raybmme. Boaece xo-
poTKEe pupaxenud HLyT panbuwe. Sort{list,p] npumerser dymamo p
K TapaM 3eMeHTOB M [I€PeCTABARET 3J¢MEHTH B Nape B COOTBETCTRMHE
¢ p. [lo yMomqammo p ecres OrderedQ[{#1,#2}}&. Sort MoxeT npmue-
HATHLCA K AI06HM BHIpaXeHHAM.

Take(list, n] gzeT nepsuie 1 snsementos list. Take[list, {m,n}] gser snemenTn
¢ m-ro no n-i. Bupaxemue li3¢ He 0647aTEMLHO CIMCOK.

Transpose[list] nepecrabiseT nepsne ABa YpoBHE ¥ Pupamemw list, a
prraucaenye awpasenns Transposellist, {ny,ns,...}] nepesmemaer i-i
YPOBeHDb Ha ni;-li ypOBeHb HOBOI'O BHDANKeHMA.

Union(listy, lists, ...} aaeT ynopago4ensui cimicox 31eMeRETOB, COACPXAUMIXCH
XoTA 61 B ofsoM W3 lat,.
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Marpao:

CharacteristicPolynomial[m,x] sumciger xapakTepncTateckuit nomsoM
KBAIDATHOH MAaTpPAUMN M, ABAAOURIICA [TOAWHOMOM IO [EPEMEHHOH I
ctenesm Length{m].

Det[m) srapcaner AeTepMMMAHT KBaAPATHON MATPHIL M.

Dotfa,b,c], wm a.b.c, BUMMCAeT NpoMIPefeHUs BEKTOPOB, MATDHI H TEH30-
por. DBHpaxenwe a.b uMeeT cMmhch, ecad @ # b eCTB CIMCKH NoOgXo-
JAUIX paaMmepHOcTed. IIpH 2TOM HPOMCXOJHT CBEPTHBAHHE IOCTE-
AEero MHAEKCa G ¢ nepBEM mijaekcoM b, Peayiprarom npumenenus
dymxpm Dot x remaopam Ti, iy.in B Uspao jm ABIAETCH TEH3OD
Zk Titvino1 kUk g fm - B caydae, ec aprymearamu ymamm Dot
ABAAIOTCA He clmcky, Ta Dot we suraucanerca. Dot umeer arpudyT Flat.

Eigenvalues[m) — crmcok coBSCTBEeHHMX 3HaYEHWI KRAJPATHON MaTPMIIH m.
Eigenvectors[m] -— cimcok cocTBeHHEX BEKTOPOR KBAXPATHON MATPHUL 1.

Eigensystem[m] — crucox {values,vectors} cobcTreHnHX 3nadesmgh ¥ cob-
CTBEHHHX BEKTOPOB KBAJDATHOM MATPHMUN M. J71a GOyHKIMAI HAXOIHT
YHCAEHHEIEe 3HAYEHHA STHX OBReKTOB, eCAH M COJepXKAT BELIeCTBEHHEIE
YHCAA, JVEMEHTH M MOTYT OHTh KOMIWekcHEME. Bce cofcreenmne
SEKTODH JHeWHa HelaBMCUME. Dot 4iend Co6CTBEHHIIX BeKTopoB
PARHO YHCIY HEHyNeBHX COGCTBEHHHX 3Ha9CHMM, TG BEKTODH ¥ 3Ha-
“MeHmA JAHKE B COOTBETCTHYIOUMX NOHIMAX B MX CIMcKax. Ecmt xe
cofCcTBeHRHX JHaMCHMM SoMblie, YeM HE3ABHCHMHX BEKTODOB, TO Ka-
* Joe JHMuIHee cOBCTREHHOE IHAYEHHEE CIAPMBAETCA C Hy leBLIM BEXTOPOM.

MatrixPower[m, n] paeT n-io crenens. KBagpaTHON MaTPHIK M ANA 0010KHA-
TeNBHHX H OTPHIATEILHEX 1,

Minors[m, k] saeT MaTpuiy, cOCTOALIYIO B3 JeTePMUBANTOR kX K OAMATDHII
MATpHOH m. JeTEpMHRANTHI pACIONaraloTCR B ACKCHKOrpaduMeckoM
topajke.

Transpose[m] — TPaHCIOHMPOBAHHAA € M MaTPHIA.

IIporepka cBOMCTR M HOUCK 3JIEMEHTOB CIHACKA

Count{list, pattern] — wumcao sneMenTos B BHpaxemmn list, oTpevalOLUIMX
pattern. Countfezpr, pattern, levelspec] naeT obuee wicao mogampaxe-
milk B eTpr, oTBEYAOLMX pattern, Ha ypoPuax, 3ajasaemux levelspec.

FreeQ[expr, form] nmeer 3navenue True, ecmy HUKAKOe HOABBIPAXEHUE BE-
PAleHus €IPr We COOTBETCTBYeT fOrm, w HMeer IRaverme False —
B TPOTMBHOM cayyae, Brpaxenme form MokeT OGHTH WaGROHOM.
FreeQ[ezpr, form,levelspec] npoBepgeT Tomsko Te YPOBHW, KOTODHE
offpegeienst chictmdpikanuei ypoena levelspec.
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MemberQ[list, form] umeer anavemme True, ecm Kakoi-m60 NEMERT CIMCKa
list orpedaer form, u False — B nporHBHOoM cnywae. MemberQ[list,
form, levelspec] npoBepaeT 4acTH cmacka, sajannne levelspec. Brpa-
xenme form MoxeT GHTL WaGAoHOM.

TIpamenrenne 3aroroBkop GYHKIRR K CIECKAM

Apply[f,expr], wm f@@exrpr, samenaer sarononox erpr na f; nmpa 3azaHMM
TPETLEM apryMenToM levelspec saronopku GygyT 3aMeHATRCA B 9aCTAX
expr, anpejensemux levelspec.

Inner[f,listy, lists, g] ecTe o6o6werme dpymamu Dot, npuyem f mrpaeT pom
yMHoxeHun, a ¢ choxenun. [lo ymonyanuio g npustmmaet smavenme Plus,
Kaxk 1 Dot, Inner ceeprrpaeT nocregumit MHIEKC NEPBOTsD TeHAopa C
TNEPBHM HMHJIEKCOM BTOPOI'¢ TeHaopa. IIpmmenerme Inner x Temaopam
PaHroB r M $ COOTRETCTBEHHO TPHBOAWT K TEH30pY pamra r+s-—2
Inner(f list),listz,g,n] ceepTHBaeT n-il MHEEKC NEPBROCO TEH3Opa C
NEPBLIM MHAEKCOM BTODOT'0. Jaronobkd lsst u {isis AOMAKHEH SLITL
OAVHAKOBHMN, HO He ofmaTemsio List,

Mapl[f,expr}, wm f/@ezpr, npamenser f K KaXOMYy 2JeMEHTY HA epROM
ypoee ezpr, a Map(f,ezpr,levelspec] mpumenner f x dacram ezpr,
onpegenreMux levelspec.

MapAllf,expr|, mm f//@erpr, npumenaeT [ K KaXZOMY NOABHPAXKEHHIO
ezpr, wra sxeusanentHo Map(f, expr {0, Infinity}].

MapAt[f,expr,n] npuMenser f K a1eMeHTY B nozmpmM n B expr. MapAt[f,
ezxpr, {i,7,...}] npumennmer f k wacTH erpr Ha nosmpm {¢,7,...};
MapAt[f,ezpr, {{i1,51,...}, {42, 52,.. .},...}] npuMenset f k vacTam expr
Ha HECKOIbKKX MOIHIMAX.

MapIndexed[f, expr] npuMendeT f K 3neMeHTaAM eTpr, NOPOXK AR CIEIMBHKA-
LIHIO KaXK JOT'C 3AEMEeHTa kaK BToporo apryMedta f; Maplndexed[f expr,
levelspec] npuMeniaeT f KO BCEM MACTAM eTpr HAa YPOBHAX, 33]aBAeMBIX
levelspec.

MapThread[f, {{a:1,23,...},{b1,ba,...},...}] umeer B xawecrse peaymTa-
ta pupaxeme {flai,b1,...), flaz,b2,...), ... }; MapThread[f, {ezpr:,
expry, ...}, n] npaMenAeT f X 9acTAM expr; Ha YDOBHe 1.

Outer[f,list,, listy,...] — oboGnennoe TeH’OpPHOE NPOMIBEAEHNE APTYMEHTOB
list;, HOMMMAEMBIX KAK T€R30PH cooTReTcTAyI0omero panra. Outer[Times,
listy lists,...] — obHvHOe TeHa0pHOe npomapejedite. Peaymsrarom
npimenetmn Outer k TernaopaM Ti, iy, ¥ Uj, ja,....j, ABAASTCA TEH3OP
Vitsigeoirgin.,2e © daeserTamu f[T5,, ... U 5,]- 3arogopkn list
AOAXKHH COBTIAAATE, HO He ofA3aumn 6LITH List.
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Thread[f{args]] swrawcnrer flargs] m ¢ JaronoskonM BuMMCAeNNOro BHIpa-
xernn pabotaeT xkak MapThread. Thread[f[args], h] npogesaer f
CKBO3b Bee OOLEKTH B args, umeomme 3arogoeox h. Thread|flargs],
h,n] npogepaer f ckBoab BCe OGBEKTH € 3AI0ACBKOM A B DEPBHIX
n args; Thread{flargs), h, ~n] npogeBaer cxsoss mocregume n args;
Thread[f[args],h,{m,n}} upogesaeT B aprymentax c HoMepamu oT m
aa n. Oyrxmm, ameoume atpubyT Listable, anToMaTH4eckn npogena-
JOTCHA CKBO3b cImack¥. Bce aneMeHTH B BRIJe/ieHHNX args ¢ JarofoBKoM
h ZOMEKHB! HMETH OJMHAKOBYI0 ATHHY. ADryMeHTH, He RMeKOLMe 3aro-
NOBKA B, KOMMDYOTCA CTONBKO Dal, KAKOBA AMHA 3MEMEHTOB € 3ArGJOB-
koM h,

Crtpoku

StringDrop{”string”,n] yaaigeT nepehie n 3HAKOB CTPOKH.

Stringlnsert["string”,"new"”, n] BcTaBaseT 3HaK new HA n-e MECTO B CTPUKE.

StringJoin["stringl”,”string2”, .. ] nMeeT 3Ha4YerMeM CTPOKY, ABEAIONLYIOCH
KOHKaTeHalMeH CTPoK stringl, string2 u T.4.

StringLength["string”] — wucno sHakop B cTpoke.

StringMatchQ["string”,"pattern”] nmdeer ssavense True, ecam crpoka
string coOTBETCTRYET CTPOKe pattern, vae patiern MoXeT CojpepXaTh
ceranbile cuMeoln s+ (0 wm Gozee 3maxon), @ (0 mmr Gonee
crpovERX Gyks), \* {cam 3nak *).

StringPosition{"string”,”somth”] umeeT 3Ha1eAUeM CMCOK Tap YMcel, Nep-
BOe M3 KOTOPHX — MNO3IMIMA HavYana cTpoke somih B crpoke string,
BTOpOEe - MO3ULMA KOHUA Somth.

StringQexpr] npurmmaer snaverme True, ecnM shvMcAeHHOE €Ipr ecTh
crpoka, ¥ False — B ocTamsHuX caydanx.

StringReplace["string”,”s1” — "82"] saMeHseT 9acTs 31 CTPOKR siring Ha
82,

StringReverse[ string”] oﬁpamae-r CTPOKY.

StringTake["string”,n] uMeeT anaYeHHEM CTPOKY, COCTORILYIO M3 epBHX N
3HAKOB CTPOKH string.

YpaBueunsa

IIpeacTanneEve ypaBHEHMH B HX pelleHHM

Andle;,ez,...], mm e &z es && ..., ecrs norwaecxas odymkms LM%
PyRximA And MCTIOMB3yeTCA ANA NPEACTABXEHWA CHCTEMH YDaBHeHHH
B Buge thsy ==rhs, L& lhas ==rhs; && ...
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Equal{lhs,rhs}, wm lhs ==rhs, gaer peayasrar True, ecnn ths wu rhs
COBIAKAIT Kak Bupaxenua , MaTemaTmxn®, u False, ecoam lhs u rhs
ABHO HE MJEHTHMHH, YTO YCTZHABINBIETCA, HANDHMED, IPH CPaBHEHMH
4uces WaM crpok. B ocramsHux cnyvasx Equal re mrrucazeTca.
Pyuxuna Fqual ncnomsayeTca ana opejcTasnenus ypasHEHII M CACTEM
YDABHeHWH P CHMBOILHOM chopme. Boamoxma szamuce Equalle], wro
BRMHcHAeTCa Kak True.

Orle;,e3,...], wm e, [| ez || ..., ecTs sorwdeckan pymxama HANY. Henoms-
ayeTcs MPH JaIucH Peltles i,

AnreOpaHdecKie B TPAHCHCHAZEHTHHIE YPaBHCHHA

AligebraicRules{eqns, {x,,3x3,...}] nopoxgaeT crmcok amrebpamyeckux rpa-
BHA, TI0 KOTOPHIM NepeMeHHEE, CTOMIME DAHee B CIIMCKE,3aMEHAITCR
Ha nepeMeHsLe, CTOAIME MOXE, B COOTBETCTBHH C YDABHEHHAMM €gns.
AlgebraicRules mopoxgaer ob6bext AlgebraicRulesData, xoropmii co-
AEPXMT LpejcTaBAeHMe B Buge Gaauca [pebuepa And ypasHemsna egns.

Eliminate[eqns, vars] nciunouaer nepemennne vars B CHCTeMe yPapHEHHH
eqns. Tlepemennnie MOTYT GHTR M0O6MMH BHpaXeHHAME, YpaBHeHHA
AOMXHE GWTh NpeAcTaBAeRH b dopme ths == rhs B ofbeluHeHN B
cucreMy mifo ¢ NOMOIMGIS cMcKa, 6o ¢ nomounio S &. Dyaxmus
Eliminate npeanasuavena raasueid obpaizom ga paboTH € AMHeHHRMH
H NODHOMHATLR LMY YDABHEHMAMMA.

GroebnerBasis[{poly,,polyi,.. .}, {x1,X3,...}] ssmcager cmacok mommo-
MOB, KO'TOPHE€ 06pa3yioT oMK U3 Bo3MOXHAKX Gasucos [peGuepa ugeaxa,
popaxjerioro poly,. Basuc [pe6uepa MoXeT 3aBUCETh OT HOPAAKa, B
KOTOPOM JAHK Ti.

NSolve[lhs == rhs, var] gaeT cmcok NpHSIMAKEHHEX THCIEHHHEX 3HAMEHH
KODHEH NomMAoMuansHoro ypassemus. NSolvefegn,var,n] aaer pe-
IyABTAT C R 3HakaMM nocke sangron. NSolve[egn,var] skeubantenTHo
N[Sclve[egn, var]], 3a nckmowenmer TOMHOCTH BLNMCICHHI,

Reduceleqns, vars] ynpoutaeT ypapReHMSs eqns ¢ TeM, ¥TOGH PelMTL HX OT-
HOCHTEALHO vars. YpabBuewms, nopokAacwmme Reduce, skKBuBaIeHTEH
£qns ¥ COJepiKaT BCE UX BOIMOXHHe peiuenns. Reducelegns, vars, elims)
YOPOUIAET YPABHEHMSA, CTADAACEH HCKNIOYHTDh MepeMeHHHe elims. Ypas-
HEeHMA ROMKHH 6HITL 3ajaHul B dopue lhg === rhs, a CHCTeMH 38AaHH C
noMotplo crucka wu & &, Oyuxima Reduce npegrasnavena p ocqop-
MOM /Il PEMIeHHE NOMMHOMAANLHLIX YpPaBHEeHKH,
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Roots(lhs == rha] npmoanT x JUdLIOHKIMM ypaRHeHMH, KOTOPAaA NpeACTa-
BAAET KOPHM NOAMHOMHAMLECr0 Ypasserns. Roots ucnomsayet dpynxpm
Factor u Decompose 1as Raxoxaermia KopHeR.

Solve[eqns, vars] pemiaeT ypaswenne mmt CHCTEMY YPaBHEHMG OTHOCHMTEILHO
nepeMeHHEX vars. Solvelegns,vars, elims] pewaer ypaprerns oTHOCE-
TEALHO VArs, HCKIIOYAA NiepeMeHHLe elims. YpabHeEns JoaxHu SLTE
Rpeactasiens B opme ths == rha, a cUCTeMa YDABHEHHI € TOMOIILIO
comexa wmy Synepmx onepaumait L& . Solvelegns] pemraer ypasmerna
OTHOCHTENRHO BreX BxoMIUX nepeMmeHHHX. [IpM HADrI HeCKOILKEX
PelleHMil OTHET NPEJCTABIAETCA B BHAE CIMMcKA. Kparaumie pemtenms
DpPeaCTABIAITCA CTOMBKD Pad, KAKOBA MX KPaTHOCTL. Solve npeamnasna-
JaeTca raBHEM ofpasoM Jait PELIeHWA TMHENHMX W ICIHHOMBATDEHX
ypaesemni. Omua [nversFunctions onpefenser, forxan m ncnomsio-
BaThCA o6paTHHE QYHKIMKY /A NpeJCTAaBReHEA Peluewmnt Gojee o6LUax
ypasderuit. [lo ymosgamno omms InverseFunction yeranoenena na Au-
tomatic. B aTom cryuae Solve momsayeTca o6paTHHMH (YHKIBIAMH, HO
NeYaTAET COOTRETCTBYICIIEE Npeaynpexaenye. Solve mer oSume pe-
LIeHHA, UrHOPHPYA YaCcTHHE CIy4a#, BOIHMKAKIME NpH CIIefHAT:HEX
3HAYEHHAX NapaMeTpoR, Bxogmumx B ypabHenus. Ilormoe nccaegonanue
TaKMX cay4aes npopoaut dymxima Reduce. Solve ge scerga noayua-
eT Bce pelueHnA, JTa QYHKUAA NPUBOLHT SBHLE pelIeHMA, KOTGPHE
e yAaJoch HAMTH, ¥ AacT CMMBOJIMYMECKOE NPEACTABJNEHME OCTABLIMX-
CA HEHARACHHEMM pelieHRH B TepMuHax dyrkimu Roots. Solve jpaer
oteeT {}, ecmm ypamHerms He umeoT pewrenmit. Solve[egns,Mode —
Modular] pemaer yparHeNUA, TPaKTY# PaBEeHCTEA 10 MOAYINIO LENOrO
YHC2,KOTOPOe MOXEO 3aJaTh, NpMcocAMHAR ypasHerme Modulus ==p.
Ecmu raxoro ypaseenua HeT, Solve OHTaeTCH HARTE pelleHHd 344 BO3-
MOKHEYX NEARX THCET.

SolveAlways[eqns, vars] jaeT sHaveHWA NApaMeTPOB, TAKMX, YTO YPaBHe-

. HMR COpaBegIMBH NpH MoSHX 3HAMEHWAX NepeMeHHHX vars. Solve-

Always npeanasHawena B OCHOBHOM ANA JHHEMHBIX B TONABOMHANG-

HuX ypabsewnit, OHa NOJAYHaeT COOTHOLICHMA MEXAY NapPAMETDaMH,

ABHO BXOAMMMMA B YDABHCHHA, HO HE BXOAMIMMH B CTHCOK UGTS.
SolveAlways{egnas, vars] sxsusanertro Solve[!Eliminate[legns,vars]).

ToRules[eqns] npumenseTcn K formyeckoll KoMOMEAImM ypasHenmit B dopue,
ropoxgaenmolt pysxumaun Roots u Reduce n npeoGpasyet ux 8 cnmcox
npaskn B dopMe; remepupyemoi Solve. ToRules urnHopupyer mepanen-

. c1ma (! =) 4, CACFOBATEMLHO, JAET TOMLKO ,06uMe” pewreHns,
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ucaa, GyHKINM ¢ YNCAEHHLIME apryMeHTaMH
¥ YUCJeHHLIe MeTOARI

Abs{z] — abcomoTHoe 3HavenKe uMCAa z.

ArcCosfz] — 3navexme dYRKIDM Arccos KOMIVIEKCHOIG aprymenta 2. [Jas
BEINECTBEHHOT'O apryMerTa daMedseTca or 0 fo w.

ArcCosh[z] — smavenye ofparhoit ¢GymaRm x rimepbomrieckoMy KOCHHYCY
07 KOMILIEKCHOIO “HCTa Z.

ArcCot{z] — snadenve pyuximm Arcclg 0T KOMILIEXCHOIO WICHA 2.

ArcSin[z] — suavenne fymcuu Arcsin xomiuexchore aprymesTta x. Jux
BEUIECTHEHHOr0 aprryMeHTa MaMeHAeTcs oT —n /2 jgo w/2.

ArcSinh[z] — snavenme ofpaTHOR X runepfomrieckoMy CHEYCY (YHKIMM
KOMILTEKCHODO apryMeHTa 2.

ArcTan(z] — apKTaHreHC KOMIVIPKCHOTO YHMCIa 2. JHAYCHHA 33K/IIOUeHH
Mexgy —~nf2u /2.

ArcTanh[z] — 3nauerue oSpaTHoRt k¥ rUNepGOMYECKOMY TAHTEHCY (YHKIIAN
OT KOMILIEKCHOI'® apr'yMeHTa z.

Arg[z] — aprymenT KoMmnekcnoro yHcaa x. Hamerseres or —7 go n.

Beta]a, b] — Ditepona Gera-dymama.

- Binomial[n, m] — GunoMmanbuetin KoadbHIHERT.

Ceiling|x] — Haumennutes nenoe, Npesocxoftuee BelecTheHioe NCcIo . fan
woMmmiekcHoro yvucita a4+ Ib ¢ a w b Tvma Real ameer peaymTaTom
xommexcroe uwmcao Ceilingla) 4+ f Ceiling{b).

Chop{expr] saMeHAeT BemecTBeHHKe “MCIa, MeRbume 107'°, B Brpaxerm
expr ua 0. Chaplezpr,eps] samenser Ha 0 BemwECTREHNME uMCAa 1o
aBCORITHON BETIUHE MEHLIME €ps,

Conjugate{z] — xoMiLIexcHOe THCH0, COTPAKEHHOE € 2.
Clos(z] — xocHMHyC KOMILIEKCHOTO MMCIa 2.

Coshz] — runep6ontyecinit KOCHHYC KOMILIBKCHOTO YWACHA Z.
Cot[z] — koTanreHt XOMILIEKCHOT'D apryMeHTa z.

Degree — WMci0o pagHaH B ofHOM rpajgyce. llpaMenseTcs B aprymenTax
TPHCOHOMETPHYECKRX Y HKINGS.

Divide[x,y] — To xe camoe, uTo zy .

Divisors{n]| — crmcok pemmrenei menoroe wucaa n,

E — ocnoBaHmre HaTypaabHEIX N0TapucgMoB.”

Erf(z] — ¢yuxiua oumbok er f.

EulerGamma — 3ittepoBa KOHCTAHTa 'aMMa.
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EvenQfn] — oaHoMecTHNI mpeguxaT, npmmMacwmi sHadeHMe True, ecam
n — YeTHOE Leaoe TMCN0, # 3Hauenre False — p mpoTHBHOM caydae.

Exp[z], wm E*, — oxcrionermmannian GyHKIA.

Factorial[n}, wmt n!, — daxropnman pemoro uwmcna n, A4 Remeawx n
onpegeaseTcA Kak Jineposa dymams [[n+1].

FactorInteger[n] — cImcox mMpocTHX AeMMTeNnell LENOTC YHCAA 11 BMECTE C MX
CTENeIMH.

FindMinimum(f, {x, x0}] mueT soxamasiit MuseMys dyrxmm f(z) B oxpect-
HOCTH Toqkm 0.

FindRoot[lhs == rhs, {x,x0}] muer wicrennce peiermne ypasuenua [hs ==
rhs B oxkpecTHOCTR TOuKH 0.

Fit[data, funs, vars) aMeeT 3payerMeM HawTyDliee CpeAHEKBA PATHIHOE TIPH-
6mKeHNE AHCKPETHHX JARHHX data ¢ TOMOLEI0 cyMMK GyHKIm funs,

Floor[x] — waufioastuee nenoe, He IPeBOCXO/RIES BEUIECTBEHHOE TICAO T,

Fourier[data] — auckpeTnoe npeofpasosamue Pypse.

Gammal(z] -— JittepoBa raMua-yHKima.

GCD{ni,n3,...] — Habomeumsi o6upOl JeIMTeNs MHcen ny, Nz H T.A.

I — muwmMan eqmmna.

Im{z] — MHIMas 9acTh KOMILIEKCHOTD “MHCIA Z.

Infinity — caMeoa, MpeacTABNITIOUMI ONCKHTELHYO GECKOHETHOCTE.

IntegerDigits[n} — cmmcox mmbp’B AECATHYHOM NPEACTABISHMM IEJOrO
YMCIa 7. 3ajaHMue BTOPOro apryméeta b npuBogwT k cnmcky wadp B
MpejCTABNEHUA MACIA N B CHCTEMe HCSMCaeHMda c Gaaon b,

Integer() — ogHOMeCTHNY IPeIHKAT, HMEIOLUDDI 3Ha4YeHMe True, ecsm apry-
MEHT — [enoe 9ucho, ¥ False -— B OCTATBHEX CEYYaAX,

InterpalatingPolynomial{{f;,f2,.. .}, var] Bauncaner nommiom no nepemen-
Hoii var, coBnajaloupi ¢ f; B Touxe i. InterpolatingPolynomial[{{z,,
Fi}) {z2 f2},...},vor] pramcrseT nommoM NMo nepemeHnoit var, coBna~
Aaromph ¢ fi B Touxe x;.

InverseFourier[data] — npea6pasopamme, ofpaTHoe X AWCKPeTHOMY mpe-
o6pasonanmio Pypre.

LCM([n, m] — nauMetibiiee obujee kpaTHOE UeILIX YHCER B B M.

Log(z] — norapudM no HATYPATLHOMY OCROBAHMI0 KOMIUIEKCHOTO YHCAA Z.
Max(x1,x2,...] — makcumamsoe wa uncen £1, £2 1 1.4.

Min[x1,x2,...] — MumIMamHoe wa wicen =1, =2 u 1.4

Mod[m,n} — ocTaTok OT AeItHHA HeJoro YHCIA /i Ha Dedoe n.

Nlexpr] — mpeacTannenme etpr B BHAE BEWECTBEHHOIC “MCAa. JafaHue
BTOPOro APryMeHTa n. OHNpejeadeT BHGICTEHHe eIpr ¢ n JHAYAUMMMHN
udpaMn.
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NDSolvefode,y, {x.xmin, xmax}] gaer pemienme 3agaxm Koum gmn ogmo-
ro gHdxbepeHIMATLHOIG YDABHEHHA WA CHCTEMH ZudibepeHIManhHEX
yYpasHeEmiE. ApPryMenT ode BITIOMAET Kak camM Andibepermmansuuie
YpapHeHWA, 3ajaNHKe ¢ nomoiumio hyHxmmm Equal, =z, TaK M
HaYANBHME YCNOBHA, MOCTABAEHHKE HA KOHIIAX MHTEPBANA HHTEIPMPO-
BaKHd TMmin WM gz, BTopol apryMeHT y eCTh CIMCOK 3a3I°0JOBKOB
HeW3IBCCTHRX PYHKINE, T — He3ABHCHMAR DepeMeHiad.

Negative[x] opmumaer snaverme True, ecmi z ecTh OTPHUATENBHOE HHCAG,
False, ec/m £ ecTh HeOTPUUATENBHOE YHCIHD, H He ONPEZEICHC B OCTATR-
HHX CAy4danx.

Nintegrateff,{x,xmin, xmax}] aaeT wmcieHHOe OpuOMMXERMe Ala Ompege-
JIEHHOrO HHTErpajJa OT f IO IepEeMEeHHOH I Ha OTPE3Ke 0T IMin IO
rmaz.

NonNegative[x] npunumaer auademme True, ecam z ecTh HeoTpHUATEARHOE
yaciuo, False, ecitm r ecTs oTpunaTensHoe 4YMcho, M He ONpefencHO B
OCTAMLHEIX CAYMALX.

NRoots[ihs == rhs, var] — cIMCOK MCIEHHEIX IHAYEHWM XA KOPHeN HOMM-
HOMUATLHOrC ypaBHenus [hs == rhs 0THOCHTEILHO HEMIBECTHOM VGr.

NSolvelegns, vars) “mcrenno pemaer ypaBHemse WM CACTEMY YDaBHEHMI
OTHOCHTEILHO HEH3BeCTHHX vars. Jajanme TPeTherc apryMeHTa elims
onpegfefieT CIMCOX BCKAKIAEMEIX NPH PelleHNy HEH3BECTHRX.

NumberQ - mpefuxar, TpaBuMaoulns sHaverue True, eCH ero apTryMedT —
yucno moboro Tima, ¥ False — B apyrex cayzasx.

QddQ — npegmxar, DpImmMalouyi sBagderme True, ecu ero apryMeHT —
ReweTHOE nenoe Wcho, u False — B8 Apyrux cayvaax.

Pi — mcao w.

Plusfx,y,...] — cyuma z, y u 1.4,

Positive[x] npmmamaet spavenne True, ecom x HeoTpHUATEARHOE “Hcio, False,
€CAHM T OTPHUIATENLHOS MHCIO, He ONpPEfeneHs B OCTANLHRIY CIyYanx.

Prime[n] — n-¢ no cyeTy HpoCcTOE WWHCNO.

PrimePi{x] — xomriecTro APOCTHX WHCEN, MEHBINHX WM PABHEIX MHCIY I.

Prime(Q — npepuxaT, Opusamaonpni sHaYeHne True, eCiH ero APryMeHT —
IpocToe IHCNo, False — B OCTRIBHEIX CHyHanx.

Quotient{m,n] — wacrHoe oT AcHelnd LEJOTO <WICKA It Ha DEIDE 1.

Random opr mocaegopaTelbHOM BHIYMCAeHHM jaeT DPABHOMEPHO paciipefe-
AeHHEE TICEB JOCAYYAIHKE BEWECTBEHHEE YHCAa Ha oTpeake ot O go 1.
Random{type, interval] npn nocresoBaTembHOM BHMHCACHMM JacT pab-
HOMepHO pPACHDEjeNeHHEEe DCEBfoChyvaliHme wMcia THHA type (semre-
CTBEHHEE, NNt WM KOMILISKCHHE ), dakmovueHEHe B o6xacTy interval.
B cayuae xoMmrekcHpx “Mcen o6JAACTH 3aJASTCH MAPOH KOMILIEKCHBX
wacen. .
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Rationalize[x] — pannonansHoe npubmrernse BelleCTBERNOTO "Mcaa . Bro-
POl ApTYMERT MOXET 3a8/1aBaTh TOYHOCTh UPHGMOKEHMY.

Refz} — pewecrrennas 9acTh KOMILIEKCHOTO YACHa 2.

Round[x] okpyrigeT BemeCTREHHOS YHGCAC T A0 GAMAAMUErO EENOrO,

Sinfz] — cmiyc xommrexcHoro umcaa 2.

Sinh[z] — rumepGommecKA CHiYC KOMILIEKCHOrO MCHa 2.

Tan[z] -~ rTanrenc xoMiLieKcHOIC HHCAa z.

Tanh(z] — rumepSomryeck#il TAHTEHC KOMILIEKCHOI'O MHCIA 2.

Times(x,y,...] — npowasegenve =, y 1 T.4.
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