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AHHOTanua

Ilenbio HacTosIeil paboThl SIBJASETCS MeMOHCTpalMs BO3MOXXHOCTEN sI3bIKa IPOTpam-
MupoBaHus Julia gjs1 pemeHMss HAyUYHBIX M TeXHMUYECKMX 3a7adu. [IpemcTaBieHbl KpaTKue
CBeJIeHMSI O SI3bIKe, TPUBEIEeHbI IIPYMePbI €T0 MCITOIb30BaHMSI.

ABTOp HazeeTcs, UTO MpeajaraeMbIii TeKCT IIOMOXKET ITOHSITh (unocoduio si3bika Julia,
TTOCJTYSKUT CITPABOYHMKOM TI0 €r0 CTaHAAPTHBIM (PYHKIUMSIM, MO3BOJUT UMTATENI0 O3HA-
KOMUTBCSI C HEKOTOPBIMM YHUBEPCAJbHBIMU M MPUKIATHBIMU OMONIMOTEKaMM, TaKUMU,
kak DataFrames, CSV, Plots, LinearAlgebra, LsqFit, Dates, JuMP, NLopt, Optim, ITockomnb-
Ky Julia pa3BuBaeTcst 1OBOJIBHO OBICTPO, B paboTe MPMBEIEHbBI CCHIJIKM Ha IIEPBUYHBIE pe-
CypchI ceTy IHTepHeT, € TIOMOIIbI0 KOTOPbIX MOKHO IMOYYMUTh Hanbojee akTyaabHYIO MH-
dbopMaLmio 0 TeX WJIM MHBIX BO3MOKHOCTSIX 9TOTO SI3bIKA M CBSI3AHHBIX C HUM ITPUKJIaTHbIX
616MMoTEeKaX.

B paboTre paccMOTpeHbI 1ajieKo He Bce BO3MOKHOCTM Julia, B 4aCTHOCTM, HUUYETO He TOBO-
PUTCS O METAIpPOrpaMMMPOBAHNY, Tapa/lJIeJIbHbIX BBIUMCIEHUSIX, paboTe ¢ 6azamu JaH-
HbIX, pa3paboTke Web-npunoxenmuit. OqHaKO 3aMHTepeCOBaHHbBI UMTATENb JIETKO MOKET
HaiTy 3Ty MHMOpPMAIIO, UCTIOb3YSI IPUBEIEHHBIE CITMCOK JIMTEPATYPhl U CCHUTKM Ha pe-
cypchl ceTu IHTepHeT.



OrnaBneHue

1. CBEEHUST O SIBBIKE........uuvvrreeeeeeeeaaeunrrereeseeeesaasssssssesesssassassssssssssssssssssssssssesssssessssssssssssssssssssesssssssssnnnnn 5
BBEIIEHIIC. .......eevveiiiirieeiiierirererererrtererererererererere—ereeerererereeereresereresesesesssssssssssssssssssssssssnnnessssssssnnneesssnes 5
ranoroBoe OKHO (REPL)......coiiiiiiiiiiiiieeeiieeitecrtte ettt sire st s e e st e s sbe e s sateessataesssssssnaaeeens 6
THTIBI [IAHHBIX. ... . uuuuuuunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsnsnnnnnnnsnnnnnnnnnnnnnnnnnnnnnnsnssssssssnnnnsssssssnnnn 7
OBIITHE CBEMIEHMS. ... eeuveerrereesesseesseassesssessesssesseessesssesssessesssesssessesssesssessesssessssssesssesssessssssssessssessnsens 10
KOMMEHTADHH. ..cceieeeiiiiiiiieeteiieeietteeee e s eseettteteeeessessaeaerataeesesessssssstaaaeessessssssssesaeeessssnssssnsaenees 11
UyBCTBUTEIBHOCTh K PETUCTPY U UCIIOb30BaHNE KOJUPOBOK CUMBOJIOB. .....ccevveerrureeeesnaneenens 11
APHUDMETUUECKHE OTIEPALIMM . ... uveeeerreeenreeessreeenreeesseesssseessssessssssesssseessssessssssssssssssssssesssssssnees 11
Ba30Bbie MAaTEMATHUECKUE DYHKLIA . .....coueererurerreeueetenseensestesseessessesseessesseesseesseessseessseesnes 12
HeKOTODBIE MOIE3HBIE (DYHKLIAH. ....c..veerueeeurernueesreesutessessseesseesseesseesseesaseesseesssessssessssseessnseeens 13

O DYHKIH @VAL()..eeeuvieeieeitienieeiieeeieestteesteesteesteesteesteesseesseesseessseesseesssesssssessssseessnssesessssenennns 14
JIOTHUECKUE OTIEPATOPDBL. . .eveeeeeeerreeuunrrrereeeessasansserereeesssssassssesseseesssssssssssmaseesssssssssssssneseesssssssseees 14
BUTOBBIE OTIEDATOPBL. ..ccuuveeeeeiiiteeeeriiteeeeiiteeeeeritteeeesaatteeeessreeesssastaeeesssreeeessssstaeeeeessssssssssnnnnnes 14
DOYHKLUU TTOATBEPHKICHMS. c....vvveerennrreeereurreeeeaasreeessesmrteesesmetessessseessessseessssssseesssssseessssssssnnnnes 14
COOOIIIEHUST 00 OIIIHAOKAK. ¢ vveeuveerureerreerrerseensressseesssessseesssessseesssesssessssesssessseesssessssessssesssssseesanes 15
VIHTEDBAITBI (TANZES ). .. uveeuteeureenureeteeniteeiseesuteeteesutesstessteeseesssesaseesateestesasessstesssaeesanseeessseeesasseens 15
(@ § 110134 Z FE OO PR U PP PP PPTPPPPPPPPO 15
IMLACEHIBBLL ....ceeiiiiteeieiitte ettt ettt e ettt e s et e e s e sba e e e e ab b e e s e bb e e e s sbbeeeeensstee s e nsaaeesennrsnaaneaees 21
CITOCOOBI OOBABIEHUST MACCHBA. ...vc.vveveesreesresseessesssesseessesssessesssesssessesssesssessesssesssesssssssesssssessees 21
PabO0Ta C /IEMEHTAMU MACCHBA. .....veeuveeurerreereenterseesesssesseessesssessesssesssessesssesssessesssesssessesssessesnns 24
CyMMUPOBAHHE TT0 CTPOKAM HF CTOJTOLIAM. .....uveuvereenrerreruenseeneentensesensensessessesseensessseesseesseesseesnnes 25
BBIOOPKH (SLICE)...uvveeuvieieieeieeitieeieeetee et eeteeete e ttesteesseeeseesssesseessseesseessessseeseessssesansssesesseeens 25
OOBEUHEHUE [TBYX MACCHUBOB. ......eeeteeseerrerseessesssesseessesseessesssesssessesssessesssesssssssssessssssssssssssessees 27
BEBIOOPKA 37IEMEHTOB MACCHBA. ... .ccuveeevreereeneeeenseessseenseesssessssessssesseessssesssssssesssssssssssssesssssssessnsens 27
CopTUPOBKA 371EMEHTOB OAHOMEPHOTO MACCHUBA (BEKTOPA) . veeeuveerereerrureersrreessreesnsreeeesssnnnnees 27
[Torck HOMEPOB 3/1eMEeHTOB MaCCHBa, CO/IEPKALMX 3a/JaHHBIE 3HAUCHHS. ....cccuvveerrnvreeranveeennns 28
MacCHB C TPOU3BOTBHOU MUHIEKCALTEM. ..cc.uuveerureerureernireesssreesssseessseeessseessseessssesssessssessssseens 29
V3MeHEHNE PA3MEPDHOCTH MACCHBA. .....uuuevreeeeeeeeraninnrrreaeeessssssssnssseeessssssssnsesseeessssesssssnnssnnsnnnnnns 29
KOPTEIKI (TUPLES)..eenveeeeieeiieeieeitteeieeeteeiteesttesteeseteeteessaesseesssassseanssessseesssassseessssassssseessssseesensseens 32
VITEPATOD ENUITIETALE. ...ceiieeeeiiiirieeeeeereeiirteeeeeseeseeiarraeeeeesesassssenseaseessssssssnssnsaeesessessssssssssssnnnsnnnnns 32
DYHKLIMS ZIP.uuvveeeeeureeeeennireeeeesuteeeesisteesssssseeesssseeesssssseeesssssseessssseessssssseeesssssseesssssseseeeessessssssssnnns 32
DYHKLIUA TEVETSL.......vveeeieurreeeeeirteesenieeeesesurteeseesnrteesessseessessatesssssteesssssseessessneesssssseeesssssseessessaees 33
(@) (0):%: 1017 0 (6 ) Lol (o] 1 F: 1 L1 SO SORPRUSRRRP 33
A0z (0); (Tl 1= = FO O PP P PP ROUOPPPPPPPPPPPP 35
CTDYKTYDBI IAHHDBIX. . ...vteeeeeureeeeesuneeeesnsusteesesinseeessssseesssssseeesssssseessssssseesssssseessssssseessssssseseesssssssnsnns 36
IMACCHB CTPYKTYP.eveeeeunrreeeeeirteeeeaitteeaasnreeessessrteesessstessssssseessessseeesesssseessssssseessesseeesssnsssesssssnnns 37
Missing, nothing and INAN...........cceciiiiiiiiiieeetee ettt re e sae et esbeesaae st e e ssseeesnsneees 38
KOHCTAHTBLL ..ttt ettt ettt e st e st e e st esat e e e bt e e e bt e seabeeseaseeesaseeesnnnaeaeens 38
O npurcBavBaHUM 3HAUEHUHN U KOTTUPOBAHUU B JULIA.....ccvieriiieiieiieeieesiecieesitee et eeeveee e 38
OrnepaTopbl CPaBHEHUS U YC/IOBHBIE OITEPATOPDL. ....ceeeeurrreereurreeraemreeeeearreessenmreeesssssreeessssmeeessesens 40
Onepatopbl &, &&, |, || (Short-Circuit Evaluation)..........ccccceevvereieenieniieeiieeieeseesieeseeseeeeeeens 41
[eHEPATOPDI CITYUAMHBIX UHCEJT...c..uveeureeruterseenuteaseenstesseesssesseesssesseesssessseesssesssseesssnseessssseessasees 42
LITIKITBL. et eieiteeeeitteeeeeeite e e e ettt e ettt e s e eaat e e e e saatte e e s asbaeesesasbaeeessssaaeesasssaaesasnssaeeessnsaeesnsseeesesnsnsnnnnee 42
DOYHKUANA MAP U FOTEACKH. ......iiiiiiiiiiiee ettt e e 43
UTEHME U 3ATTUCD JTAHHDBIX. ... .00eeeeereeeeeiurrrreeeeesessaassssssesessessssssssssessesssesssssssssssssssssssssssnssnnnnnnsesssses 43
@OPMATUPOBAHUE BBIBOA [TAHHDBIX. ... .uvvteeeeeeeraeuerrreeeeesssansnsmmmmeseesssssassassnsaseessssssssssssesssnnnsnnnnns 44

PA00TA C DAMITAM........cccveereeeeeieeiesteesteestesseeseestesseessesssesseessesssesseessesssesseessessssessssessssessssennes 45



DYHKLITM. ...ceeutieeuieeeiteeesiteeeetteeesteeeatesesbtesembtesenstesesbeesmaeesasteeeasaeeeabaeeanbaeeambeeeasbeeeasbeeesseeeneneesanns 47
TUIT QPTYMEHTOB (DYHKLIAIML. ......veuveetenreenrenneensessesstesseesesseessessesstensesssesseensessesseessessesseessessseens 50
POKYD UL ...eeiiiiieeeetee ettt ettt e s sttt e e s st e e e s s bt e e e s abbaeessabtaeeeeeeenn i nnnnnnaes 50

MHOXeCTBEHHAS JUCTIETUEPUSALIU. .....vveeeeurrreereaireeereenrteeeeanrreessasmreeesesnsseesessssneessenssmssssssseeeeeeees 51

BOKTODMBALIUS. ....vveeieiiiieieeiieee ettt ett e e s st e e s e abe e e s ssbteeessaaaaeeesssbaeeessasaeeessnsaeeessnssaaaaaes 51

OOGaCTH BUTUMOCTH TTEDEMEHHBIX. .. .eeuveeurereererseesseessesseessesssesseessesssessesssesssessesssesssessesssesssessessnses 52

JOTIOTHUTETBHAS MHDODMALIMSI. ...ecuvveeerreeeneeeensreessseesssseesssseessssessssseessseesssseesssessssseesssssesssssssssees 54

2. Vicrionb30BaHNE OUOTHUOTEK (PACKAZES)....veevereieteeienieerieeieetesieeteseeseeesaesseesseessseessseesnsessssessnsens 54

Pabora ¢ TabnuiiaMu (6UOIAOTEKA DAtaFTames).......cccveevuieerieenieeieenieeiieeneeeesiveeeseveeeseneeessneeas 55

Vcnonb3oBanre 6ub6moTeK CSV 1 DelimitedFiles........ccvovveciieierienieeieseeieeeeeee e 59

[TocTpoenue rpaPUKOB (OUOMAOTEKA PIOLS).....cccuiireiiiiiiiieciieiie ettt 60

ArnmporcuMariust JaHHBIX (OUOMHIOTEKA LSQFI)...ueeiirieiieieeieiieieceeeeie e 65
PacueT ¢ UCro/ib30BaHUEM BECOBBIX KOIDDULIMEHTOB. .......evueerereerntenseeierreesueesseeeenseessueesnne 66

TTOVICK KODHEH YPABHEHUS ......uveeuriennreenreenuneereenneeeseesseesseessaessseesseesseesseessseesseesseessneesennseesssnneesas 67

AptomaTtuueckoe JUD(PepeHLUPOBAHUE DYHKLIAM. .. .veerrveerrreernveeesiueessreessaeesssseesssseessseesssssnsnnes 69

VIHTEIPHPOBAHUE (DYHKLIM. .....eeuveeutenueererrenseeseeteestessessesstesseessesstessesasesaeesseenseessseesnseesnseessseesnes 70

[aTa v BpeMsi (OMOTMOTEKA DAES).......cecuierieeirieriieiiienieeiteesaeesteesseesseessseesseesssesssesssssesssssseessssees 71

Cnyuaiitble urcsia (6MO6MOTeKa RANAOM)....c.viviiiiiniieieriieiieteteeete et 72

JluneiiHast anrebpa (6ubmioTeka LinearAlgebra)........cocevveeeieriieiieciectecie e 73
PellieHre CUCTEMBI JIMHEHMHBIX YPABHEHMM. ......ceouveereerireereenieeereenneeeseesseesseessnneeesaneeesaseeesnns 74
Perienue nepeoripefie/ieHHON CUCTEMBI JIMHEUHBIX YPABHEHUM. ... ..veerevreerrureerireeesireeesiueeesannnns 75
ArnmporcrMatiusi Habopa ToYeK TUHEHHOW KOMOUHAIIEH DYHKLIHA. ......ccveeveerveeereeeseneenanens 75
JIvHeliHast arMPOKCUMAL[USL C OTPAHUUEHUIMH......ceeruveeerureersreeessueesssseesssseessssesssseesssseessssssseesns 78
BBITTYKITBIE OOOOUK. .....c..teuteurenreeensensenseestestetentessensessessesseesesstensensesensessessessessesstensensenseensesnne 80

OTITHIMUBALIHSL. «..vvvveeeeeeeeenrrereeeeeseesaasssseesesssesaasssssssssssssssasassssssssssssesssssssssssesssssssssssssnnnssnnnsssssssssssaees 81
BUOMHOTEKA OPHITLJl..c..iiiieiieieeiecieeee ettt ettt ese e s s b e e e e sseensessnenseanns 81
BUOMHOTEKA JUIMP.....ceiiiiiiiiiiteeee ettt ettt et sttt et et st et e b e saeesaneeas 82
BUOTHOTEKA INLODL.....eeuvieiieieeieeitesieeteeteteeste st esteete st esaeeaesseessesseesseensesssensesnsesseessesnsesseensesnns 85
[Tpumenenue 6ubmoteky GLPK g arrpokcuMaliiy Habopa Touek JiMHeHHOW KoMOHHaI[1-
EU (DYHKLIAH. ..c..eeuverieetteteetenitestestesst e bt satesseessesate s st esbe et esbe e st satesseesbeeatesseeasesatesstesesntenseennseennne 87

3. Busyanuzaiuisi JAHHBIX € MaAKI@......ueiiiiiiiiiiiiiiecciteesieecste et ee s te e et sae e s sare e ssaae e sseneeas 89

PaABOTA C OCAMI.....uveveieriiriieiietetetet et st et eat et ettt e st et e s be s bt e bt ese et et et et esbesbesbesaeeseest et ensenseenees 93

VI3MEHEHME OTMETOK HA OCSIX...eeeeurreraureerareerartesastesastesasseesasseesasseesssseesssseesssseeessesnmseseesssssmmsneeeens 96

JlorapupmMuyecKuid ¥ APYTUE MACIITADBT OCEH. ... .ccueruerreruienieteietentententensesiteatetessesseenseesseesseenae 98

N (=] =) V1 £ USSR 99

OOBEKT FIGUIE.....ccuiiieeieieeiteeieseete et et et e st esteeste st esteetesseesseessesseasseessesssensessseessenseensesssensesnseenn 102

ATPUOYTBI TPAMDMKA. «...cuveueeeieteriieniteteetesieestesstesteestesatessessesstesseentesstensesasesstenseestesseensesnsesseensses 103

JIHAT@DATYPA. ceeeuneieeeieiiitee ettt et ettt e ettt e e ettt e e e eae e e e s eeaeat e e e e astee e e asaaeesensateeeensaeeessnsaeeesannsneeesennsnnee 104



1. CBepeHusa o sI3bIKe

BBenenue

SI3pIk porpammupoBanus Julia paspabartsiBaetcs ¢ 2009 roga B MaccauyceTCKOM TeXHO-
ngorunueckoMm uHctutyte (MIT). PacipocTpaHsieTcs 6ecruiaTHO 110 iniieH3uu MIT.

OduumanbHbIit caitT mpoekra: https://julialang.org/.

Bce mcxomHble TEKCThI pa3sMelleHbl B MHTepHeTe Ha GitHub:

https://github.com/Julialang/julia.

KnroueBble naen si3b1Ka M3JI0KEHBI er0 aBTOpaMM B CTaThiX [1, 2].

HoctouHcTBa. Hanmnume KOMIMISTOpa ITO3BOJSIET CO3[ABaTh IPOrpPaMMbI, OBICTpOHEN-
CTBME KOTOPBIX COMTOCTAaBMMO C OBICTPOIEICTBMEM IIpOrpaMM, HamMcaHHbIX Ha C, Fortran.
VcxomHbIl TEeKCT 00IeOCTyIeH M paclpoCcTpaHseTcs: 6ecriiaTHO. SI3bIK Kpocc-TiaTdop-
MeHHbIN. Bonbiias yacts Julia HanmMcana Ha Julia. I3bIK OueHb rMOKMIL, YTO OOJIeTYaeT pe-
anusauyio anropuTMmoB. CuHTakcuc Julia moxoxk Ha cuHTakcuc Matlab u Python, uto 06-
JeryaeT repeHoc MporpamMm C OJHOTO sI3bIKa Ha Apyroii. ObecrieunBaeTcs MoAAepyKKa ma-
paJIeIbHBIX BbIUMCIEHUI. B SI3bIKe MPUCYTCTBYIOT IIMPOKME BO3MOKHOCTU MeTarpo-
rpaMMMpOBaHMs, 61aromapss ueMy MOKHO HamucaThb ITPOrpaMMy, KOTOpasi CreHepupyeT
IIporpaMmy, KOTopast OyIeT BBITTOTHSIThCS B cpefe Julia. SI3bIk oueHb yno0eH [Jisl peann3sa-
IIMM YMCJIEHHBIX METOMIOB C MCIOJb30BaHMEM TOTOBBIX OMOIMOTEK (JIMHEelHas anrebpa,
JMHEeHas ¥ HeJIMHeHasl ONITMMM3aLysl, C OTpaHMYeHusIMM 1 6e3 Hux). ObecrieunBaeTcst
BO3MOKHOCTh MCIIOJIb30BaHMS MPUKIAAHBIX OMOMMOTEK, co3maHHbIX Mt Python. Hako-
Hell, s13bIK Julia JOCTaTOYHO MPOCT MJIS1 U3YUeHMS.

HenoctaTku. SI3bIK OTHOCUTEIBHO MOJIOAOJ, TOSTOMY BO3MOSKHbBI M3MEHEHMSI, YMCJIO ITPU-
KJIaHbIX OMOMMOTEK He TaK BeJMKO, Kak s Python, yue6HMKOB HEMHOTO, HA PyCCKOM
SI3bIKE TIOUTM HET BOOOIIe. BpeMsi KOMIMJISIIMM MOXKET ObITh OIIyTUMbIM. CTOpOHHME
TIpUKJIagHbIe OMOIMOTEKM He BCEraa 10 KOHIIA OTaaskeHbl. [IpukiagHbie 6M6IMOTEKN Bpe-
MSI OT BpeMeHM M3MEeHSIIOTCSI, ¥ TEKCThI IIPOrpaMM, KOTOPbIE UCIIONb3YIOT 3T OMOIMOTEKM
MHOT/IA TepecTaloT paboTaTh, MOCKOJbKY, HallpMMep, M3MEHMIOCh Ha3BaHMe OITHON U3
dbyHkiMit. Cutyanus ¢ 6bICTpoeiicTBMEM ITporpaMMm Ha si3bike Julia He CTOMb OgHO3HAU-
Ha. Ha caiite https://docs.julialang.org/en/v1/manual/performance-tips/index.html mpu-
BOIUTCS TOBOJIbHO OOJIBIIONM TEKCT, IOCBSIIEHHBIN TOMY, KaK ITOBBICUTh 3P (PEKTUBHOCTD
paboThbl MporpaMmbl. M3 TeKkcTa MOKHO TOHSITh, UTO OBICTPOIECTBME — 3TO BO3MOXK-
HOCTb, KOTOPO¥1 HYKHO eIlle CYMeTb BOCITOIb30BaThCS.
O Hauasie paboThI € A3bIKOM Julia cM. CChUTKM

https://docs.julialang.org/en/vl/manual/getting-started/


https://docs.julialang.org/en/v1/manual/getting-started/
https://docs.julialang.org/en/v1/manual/performance-tips/index.html
https://github.com/JuliaLang/julia
https://julialang.org/

JIJ1s TepBUYHOTO 03HAKOMJIEHMSI C I3bIKOM Julia MO’KHO peKOMeHA0BaThb CaiiT

https://techytok.com/from-zero-to-julia/

B kauectBe CITpaBOYHMKa Y,Z[06HO MCIIO/Ib30BaTh MaTepuaJibl caiira

https://en.wikibooks.org/wiki/Introducing Julia

HaxkoHell, BeposITHO caMast ckatast MHpopmalust 1o CMHTaKCHUCy si3bika Julia mpu-
BOIUTCS 3/1€Ch

https://juliadocs.github.io/Julia-Cheat-Sheet/

B kauecTBe yueOHMKOB M0 SI3bIKY Julia MOKHO 1CIIO/Ib30BaTh [3-4]. B yue6HMUKax 110
JVHeHOo anrebpe U onTUMM3aluu [5-7] mpuBeneHbl MHOTOUMCIEHHbIE TIPUMEDDI pellie-
HMSI 3aJ1a4 COOTBETCTBYIOIIMX ITPEIMETHBIX O0JIaCTel C MCIIOIb30BAaHMEM 3TOTO SI3bIKA.
YueOHMKM TT0 UCKYCCTBEHHOMY MHTeJIeKTY [8-10] Takske copepykaT TeKCThbI IIpOrpaMM Ha
si3bIKe Julia. Bosiee TOMHBINM CIMCOK IMTEPATYPbI CM. 3/1€Ch
https://julialang.org/learning/books

Hebonb1110it 0630p obnacTeii mpuMeHeHMs si3bika Julia mpuBoauTcs B ctaThbe [11].

Huanorosoe okHO (REPL)

EcTh HECKOJIBKO CITOCOO0B paboThI co cpemoii Julia. ITpocTeiimmit n3 HUX IIpeaIiona-
raeT MCIOJIb30BaHMe uyepHO-6eymoro auanorosoro okHa REPL (Read Evaluate Print Loop).
OxHo REPL mmeeT Tpu pexkxuMa pabOTbhl: OCHOBHOM, PEXXUM YCTaHOBKM O6ubamorek (pack-
ages) ¥ pe>XKuM CIIPaBKIU.

[ns mepexona B peXXUM YCTAaHOBKM OMOIMOTEK HY>XHO BBecTu cumBoia "]". Coort-
BETCTBYIOIIAs 6MOMoTeKa ycTaHaBauBaeTcst komaHaoii add PackageName (Bmecto Pack-
ageName HY>KHO BBECTU MMSI COOTBETCTBYIOIIEl 610/11MoTeKn). YTOObI BEPHYTHCSI B OCHOB-
HOJI1 pexXuM, HY>KHO HaxkaTb kiaBuiiry BackSpace.

[l Tilepexojia B pesKMM CIIpaBKM HY’KHO BBECTM CMMBOJ Borpoca ?. [lajiee BBOOUT-
csl uMs GYHKIMM, KOMaHIbl MM OIlepaTopa CBEeIEHMSI O KOTOPBIX HY)KHO TONYUMUTb.
CrpaBka (ecu OHa eCTb 10 JaHHOI TeMe) BBIBOOUTCSI Ha 3KpaH Mocjae HaXkaTusl KIaBUIIU
Enter. UTo6bI BepHYTbCSI B OCHOBHOI peskiM, HY>KHO HakaTb KiaBuiiry BackSpace.

TekcT mporpaMMbl MOXKHO 3arpyskaTh HEIOCPeACTBEHHO B IMAJOrOBOE OKHO, MC-
oJb3ysl QYHKIMIO KOMMpoBaHusi. boee ymo6HO 3arpyskarh rporpamMmy u3 daiiia, KOTo-
pbIit B 3TOM C/Tydae JO/IKeH ObITh PacIOIOXKeH B TEKYIIEM KaTajore.

[TonyunuTh pe3ynbTaT MOC/IeTHETO AEMCTBUS - ans

3aBepiieHue paboThl - exit () mam [Ctrl] + [D]

OunmcTuThb 3KpaH - [Ctrl] + [L]

[IpepBaTh paboTy MporpamMmbl (ITPOIIeCcC BBIUMCAEHMIT) - [Ctrl] + [C]

3arpysutb rporpamMmmy u3 ¢gaivia — include ("filename.jl")


https://julialang.org/learning/books/
https://juliadocs.github.io/Julia-Cheat-Sheet/
https://en.wikibooks.org/wiki/Introducing_Julia
https://techytok.com/from-zero-to-julia/
https://en.wikibooks.org/wiki/Introducing_Julia/Getting_started

BoiBecTn Tekyimii katajuor: pwd ()
N3meHUTh TeKynii Kataaor: cd ("newdir"), Hanpumep, cd("d:\\Julia")
Bosnee nmoapobHO 0 paboTe ¢ AMATOTOBBIM OKHOM MOXKHO IIPOYMTATh 3/1€Ch:
https://en.wikibooks.org/wiki/Introducing Julia/The REPL

B kauecTBe IMPOJABMHYTOIO TEKCTOBOTO pelaKkTOpa MOXXHO MCIonab3oBaTh Julia for
VSCode
https://www.julia-vscode.org/

HO,Z[pO6HOCTI/I YCTaHOBKI/I M HACTPOVIKM l'IpI/IBOL[HTCFI 3/1eCh

THUnbl JAHHBIX

Vepapxus TUIIOB JaHHBIX MpeAcTaBieHa Ha pucyHKe 1. Camblit BepxHuii (001Ii1)
TUI (CyrepTun) — Any. Bce ocrasbHble TUITBI — MOATHUITBI (CyOTHUITBI). TUIT Number SB-
JI1eTCcs MOATUIIOM Any. B CBOIO ouepenb, Number SIBIASETCS CYIIEPTUIIOM JJISI TUIIOB Com-—
plex U Real. Tumbl JaHHBIX OBIBAIOT aOCTpPaKTHbIE U KOHKpeTHBIE. [lepeMeHHAasT MOKeT
MIMEeTb TOJIbKO KOHKPETHBIV TUII.

B a3pike Julia ecThb HECKOJbKO LeJIOUMCIEHHBII TUIIOB: CO 3HAKOM +/- IntS8,
Intl6, Int32,Int64,Intl128 MbOe33HaKa UInt8,UIntl6,UInt32,UInt64,UInt128
(8, 16, ...128 — uncy1o 6UT, KOTOPOE OTBOAMUTCS IJIsI XpaHeHMsl JaHHbIX). Hamubonbliee 3Ha-
YyeHMe, KOTOpOe MOKET IPUHSATH IepeMeHHasi MOKHO TOJYYMUTh C MOMOIIbI0 (QPYHKIMK
typemax () : typemax (Int8) =127, PyHKIUS typemin () BbIBOOUT 3HAUeHMEe HaMMeHb-
1Iero Yucja JaHHOTO TUIIa: typemin (Int8)=-128. Tun Int COOTBETCTBYET Int64.

Number
‘ Complex{T<:Real} U Real
- /

AbstractFloat | Integer ‘ Irrational{sym} ‘ [Rﬂ[ioml{quuLe_e_cr}
: s i E / l \‘\1_____
BigFloat | Floatlé | Float32 | Floated ‘ ‘ Biglnt Signed ™ Unsigned

| Intl6 | | Int32

Int128

Inid ‘ Int8 | ‘ Ulnt128 ‘ Ulntlé ‘ ‘ Ulni32 ‘ Ulntéd ‘ Ulntg |

Puc. 1 Uepapxusi TUTIOB JAHHBIX
Haubosnpime 1 HaMMeHbIIIMe 3HaUeHMs YMCeT JAHHOTO TUIIa MOXKHO paclievyaTaTh
B cpefe Julia c ucnonb3oBaHMeM ciaenyoinero dparmeHTa TekcTa

for T in
[Int8,Intl6,Int32,Int64,Intl28,UInt8,UIntl6,UInt32,UIntod,UIntl28]


https://www.julia-vscode.org/docs/dev/gettingstarted/#Installation-and-Configuration-1
https://www.julia-vscode.org/
https://en.wikibooks.org/wiki/Introducing_Julia/The_REPL

println(f,"$ (1lpad(T,7)): [$(typemin(T)),S (typemax(T))]")
end

BriBecTu pesynbTaT B Qaii ¢ uMeHeM "typ_max" MOXKHO TaK
open ("typ max","w") do f

for T in
[Int8,Intl6,Int32,Int64,Intl28,UInt8,UIntlo,UInt32,UInt64,UIntl28]
println(f,"$ (1lpad(T,7)): [$(typemin(T)), S (typemax (T))]1")

end

end

Jlormueckye mepeMeHHble true U false TUIIA Bool SBASIOTCS TaKKe 8-OMTHBIMU
LIeJIbIMU YMcaMu, O COOTBETCTBYeT false, 1 — true. OTpuilaHMe IMIPOMU3BOAUTCS Omnepa-
TopoM ! : ! true=>false. Bool (1)=>true, Bool (0)=>false.

Uncna ¢ miaBawoleii TOYKoil cooTBeTcTBYOT ctaHgapty [EEE 754 u moryt umeTthb
OOUH U3 TUIIOB Floatl6, Float32, Float64, BigFloat. Float32 COOTBETCTBYeET OOM-
HAapHOW TOYHOCTU (eps (Float32)=>1.1920929f-7), Float64 - HOBOMHO} TOYHOCTU
(eps (Float64)=>2.220446049250313e-16). [lepemeHHbIe THMA Float 32 3aMMUChIBAIOTCS
B Buge 3.14f0, 5.6f2=>560; Tuna Float64 - B Bumae 3.14e0, 6.7e2=>670.

Onepanuu € IUIaBAIOLLEl TOYKOWM BBIMIOJHSIOTCA C MAIIMHHOM TOYHOCTBIO (eps).
Hanpumep,

0.2+0.4=0.6000000000000001, COOTBETCTBEHHO, pe3yJbTaT ONepauuyu CpaBHEHUS
0.2+0.4==0.6 =>false

IOnsg BbIUMCIEHUI C TOBBIIMIEHHOM TOYHOCTBIO MOXHO WCIIOJIb30BaTh TUIIbI
BigFloat M BigInt.TOYHOCTH pacuyeToB IIPU 3TOM MOXKHO U3MEHSTH C UCIIOIb30BaHU-
eM QYyHKIUU
setprecision (precision: :Int), 3/leCchb precision - YACI0 OUT, KOTOPbIE OTBOISIT-
Csl HAa XpaHeHMe uucia. Haripumep,
setprecision (1000)
bigpi=BigFloat (pi)
sin (bigpi/BigFloat (6))-1/BigFloat (2)

# = 170141183460469231731687303715884105727

i*i=1 # crencTBMe NEepPENOJIHEHMS PAaBPAIHON CETKU

BigInt (i) *BigInt (1)=289480223093290488558927462521719769629772137994892
02546401021394546514198529

i=typemax (Intl1l28)

Cnoxkutp pgBa umciaa (0.2 m 0.4) ¢ BBICOKOM TOYHOCTBIO MOXKHO TaK:
big"0.2"+big"0.4".

Kpome TOro, MOSKHO MCITOIb30BaTh OMOIMOTEKY [IJIST PACUETOB C UYETBEPHOI TOYHO-
cThiO (Float128) Quadmath.



9

B a3pike Julia peanmMsoBaHa MHTepecHass BO3MOXKHOCTb — JIPOOHbIE€ BBIUMCIIEHUS
IUIST pallMIOHAJIBHBIX YMCell, HallpuMep, MOKHO paccuuTaTb cymmy 1/273+1/91 = 4/273. 3a-
MMCh BBIMISIAUT Tak: 1//273+1//91. UHbIMU Cc/IOBaMM, paljoHaabHble unciaa B Julia samu-
ChIBAIOTCS B BUe Ipobu Buaa a//b, rae a u b — 1esble umcia. ParoHanibHOE YMCIO MOXKHO
1peo6pa3oBaTh B UMCIIO C TIJIaBaIoOIEei TOUKO C MCIIOMb30BaHueM PyHKIMM float ().

KomriiekcHble umciia 3aMuCcbIBalOTCSI B BUe a+bim, e a U b liejible UM Belle-
CTBEHHbIE UMC/Ia, im — KBaApaTHbBI KOpeHb u3 -1, HarpuMmep, 3+2.15im. bazoBbie marte-
MaTuuyeckyue QyHKIMY MOKHO UCITO/Ib30BaTh C KOMILJIEKCHBIMU UMC/IAMMU.

[lepeMeHHBbIEe CMMBOJIBHOTO THUIIA Char 3alMChIBAIOTCA B Buae 'A', 3HaYeHUS
riepeMeHHbIX TUIa Char BapbUPYIOTCS B mpefenax oT '\0' go '\Uffffffff'. 3Have-
HUe TlepeMeHHOMl MOXHO TIpMBECTM K I[eJIOUMCIeHHOMY TuITy: Int, B YacTHOCTU
Int ("A')==65,a Int ('a')==945. 1 HA060pPOT, Char (65)=="'A"', Char (945)==Uni-
code U+03b1 (3bl - uncimo 945 B mecTHAAIIATEPUUHOI KOAMPOBKE.

convert (T, N) — mpeo6pa3oBaTb TuII unciaa N B Tum T:
convert (Into6d4,7.0) = 7

Tumn gaHHbIX MOXeT 3aJaBaThCsl IBHO MJIM OMpenessiTbCsi BO BpeMsi paboThI Ipo-
rpaMMbl. C TOUKM 3peHMs ObICTPOMENCTBUS, AJIsI MAaCCMBOB TAHHBIX, CJIOBapeit 1 COCTaB-
HBIX TUIIOB JIy4llle OmpefessiTh TUII lepeMeHHbIX 3apaHee. TUI epeMeHHOi yKa3bIBaeTCsl
C UCII0JIb30BaHMEeM KOMOMHAIIMM CMMBOJIOB ::, HallpuMep TaK

x::Integer, y::Float64, x::String.
Tumn mepemMeHHOJ BO BpeMsl pabOThI IIPOrpaMMbl MOKHO y3HaTb ITPM ITOMOIIN
byHKIMI typeof (), eltype(): typeof (ans), eltype (ans).

B ]ulia €CTb BO3BMOXXHOCTD OITpeaejaATb COCTaBHbIE€ TUIIbI, HAIIpMMeEP
struct Pixel

x::Int64

y::Int64

color::Int64
end
CocTaBHOJ TUIT MOKHO OIIpeIeNnTh 1 6e3 yKa3aHMs TUIIOB IIepeMeHHbBIX
struct Pixel

X

Yy
color

end
B sTOM C/Tydae mepemMeHHbIe OYIyT MMETh TUIT ANy, YTO 3aTPYIHUT paboTy KOMIIMISITOpA
Y MOXKET CYILIeCTBEHHO CHU3UTb CKOPOCTD BbITIOJIHEHUS pacyeToB.

C ToOuKM 3peHus ObICTPONENCTBHUS U YHUBEPCATIBHOCTY JIJISI JTAHHOTO MpuMepa OIl-
TUMaJIbHBIM SBJISI€TCA TaKOe OoIlpeae/ieHe COCTaBHOI'O TUIIa
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struct Pixel{T <: AbstractFloat}

xX::T
y::T
color::T

end

Cm. Takke https://en.wikibooks.org/wiki/Introducing Julia/Types.

B a3bike Julia Mcrnonb3yeTcs AuHamMuueckast TUTIM3alus IepeMeHHbIX. DTO 0O3Hayva-
€T, UTO TUII TIepeMeHHO OmpeesnseTcss B MOMEHT IpucBauBaHus. Haripumep, repemeH-
Hasl a MOXeT IPUMHMUMATD JII000e 3HaUeHMe
a=1 #uesyoe umcIO
a=1l.1 #BemecTBEeHHOE UMCJIO
a=1.2345+10im #KOMIIJIEKCHOE UMCJIIO
a="'A' #1un Char
a="abc" #cTpoxka

J1s1 peanusauuy AMHaAMMUECKON Tunmsauum B Julia He 3HaUeHMe MPUCBAUBAETCS
TIepeMEeHHO, a IepeMeHHas IPUBS3bIBAETCS K sTUeliKe MaMsITU C COOTBETCTBYIOIIMM 3Ha-
yeHMeM. JTa KOHIeMius Ha3biBaeTcs cBsizbiBaHueM (binding). B nmpuBeneHHOM IIpuMepe
3HauUeHMs [IepeMeHHO a XPaHITCS B Pa3/IMUHbBIX sSiYeiiKaxX MaMsTH.

3adauu

1. CpaBHUTDB pe3yabTaThl BLIUMCIEHUI

1/3ubig(l) /big(3)

sin(pi) U sin(big(pi))

BBITTIOJIHUTb KOMaHIy

setprecision (1024) ¥ CpaBHUTb pe3yabTaThl €lI€ pas.

2. BoiBeCTH Ha mevaTh UMciao «t (pi), BBITOJTHUTD KOMaHIbl

convert (Float32,pi), convert (Float64,pi), convert (Int64,pi).
3. Cnoxkuthb aBe npobu 34/35 1 998/999

4. BbIIOJTHUTb KOMaHbl typeof (pi), typeof (1), typeof(1.0),
eltype(1//3), eltype(1.0/3.0), typeof (2+3.0im), typeof (2+3im).
5. BBIMOMTHUTL KOMaHAbI Char (66), Char (100), Char(1000).

6. BbIImoTHUTh KOMaHAbI eps (Floatl6), eps (Float (32), eps(Floaté64).
7. BBIOJIHUTB KOMaHbl sqrt (-1) M sgrt (-1+04im).

Oo1Me cBemeHus

Texkct B Julia BBoguTcst ¢ ucronb3oBanmeM KogupoBkyu UTF-8. UTF-8-3T0 KogupoB-
Ka TlepeMeHHOI IUPUHbBI, B KOTOPOJ CMMBOJIBI MOTYT OBITh IIpeICTaBAeHbI Pa3HbIM KOJIN-
yecTBOM 0aiiToB. [TosTOMY IpM BhIOOpE TEKCTOBOIO PeIAKTOpa BaXKHO YOEIUTHCS B TOM,
YTO OH MOAJEPKMBAET 3Ty KOAMPOBKY. Pa3paboTumku s13biKa Julia peKOMeHAYIOT MCIO0JIb-
30BaTh B KauecTBe TekcToBoro pepakropa vsCode (https://www.julia-vscode.org/). ITog-


https://www.julia-vscode.org/
https://en.wikibooks.org/wiki/Introducing_Julia/Types
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nepskka UTF-8 BaskHa B TOM cTy4ae, eciu JiM60 B CTPOKOBBIX JIMTEpaax, Jinbo B MMeHax
TepeMeHHbIX, JIN60 B KOMMEHTAaPUSIX UCTIOIb3YIOTCS CMMBOJIBI He 13 KoaupoBKu ASCIIL.

TekcT mporpaMMbl COCTOUT M3 OHOJ MM HeCKOJIbKMX KOMaH I, KOTOPbIe ITPe/ICTaB-
JITIOT cO00Ji BhIpakeHMsI, 3allMCaHHbIe Ha SI3bIKE MPOTrpaMMMpOBaHMs. BhIMosHeHME KO-
MaH/Ibl 3aBepIlaeTcs] BO3BpATOM pesy/abTaTa (MM cooblieHreM 00 ommbKke, eciyu BbIpa-
KeHMe 3amyucaHo HeBepHO). IToMyyeHHbINi pe3yabTaT MOXKHO IPUCBOUTDH IEPEeMEeHHOVA.
[TpucBaMBaHMe OCYIIECTBIISIETCS C MCIIOTb30BaHMEM 3HaKa PABEHCTBA.

JIMHHBIE BbIpakeHMsT MOXKHO 3aIMChIBATh B HECKOIBKO CTPOK 6€3 3HAKOB IePeHO-
ca. B ogHO# cTpoKe MOKHO 3aIicaTh HECKOJIbKO OTIEPaTOPOB, €C/IM UCII0Nb30BaTh pasfe-

n.n

JuTenb ;" (TOUKA C 3arsiTon): a=0; b=3.

KommeHTapumn

MOXXHO MCITOb30BaTh OAHOCTPOUHBIE M MHOTOCTPOUHbIe (6I0UHbIe) KOMMEHTapumn
B TEKCTe IPOorpaMMbl. B mepBoM ciiyyae (OgHa CTpOKA) TEKCT I10C/Ie CMMBOJIA # BOCIIPUHU-
MaeTcsl KOMIIMIITOPOM KakK KOMMeHTapuit. Eciin KoMMeHTapuit JOCTaTOYHO BeIUK U 3a-
HMMaeT HeCKOJIbKO CTPOK, er0 MOKHO 0003HAUMTh TaK: #= TeKCT KoMMeHTapus =#. [lpu
BBOZle KOMMEHTapMeB TakKe ClenyeT MCIOAb30BaTh pemakrop ¢ nopmepxkkoin UTF-8 u
COXPaHSITb TEKCT B 3TOM KOOUPOBKe, ecay ucnonb3yrTcss He ASCII cMMBOIIBI, TTIOCKOIBKY
KOMIWJISITOP aHAIU3UPYeT U TEKCT MOoc/ie CUMBOJIA #, YTOObI 0OHAPYXKUTh KOHEIl, CTPOKN.

YyBCTBUTEIBHOCTD K PETMUCTPY M UCIIOIb30BaHM e KOAMPOBOK CMMBOJIOB

SI3bIK Julia yyBCTBUTEIEH K PETUCTPY, T. €. [IepeMeHHbIe C UMeHaMM a U A SIBJISIOTCS
pasHbiMU, GYHKIMM ¢ Ha3BaHUSIMM Func 1 func sBasioTCs pa3HbIMMU.

Julia mo3BosisieT McMoONb30BaTh CMMBOJbI KoaMpoBKku Unicode (B ¢popmarte UTF-8)
171 0003HAUeHMsI TIlepeMeHHbIX, TT03TOMY JIOMYCTMMbI TaKye BbIpaskeHUs

Ixynua="S3pK nporpaMMmMpoBaHmMa"; cuHyc=sin(a); cunyc/pi. BBectu cum-

BOJI I'peyeCKoro aJI(baBI/ITa B OKHe peJaKTPOBaHMA MOXHO TaK:
\delta + TAB,

T.e. Habupaem \delta ¥ HaxkuMaeM KiaBuiry TAB.

Apudmernueckue onepanmumu

+ - * / ~-0a30Bble apupmMeTHuecKe ornepauym (CJIoKeHue, BbBIUYMTaHMe, YMHOKEHNE,
JlefleHye ¥ BO3BeleHNe B CTelleHb);

+. —-. *. /. ~. -To31eMeHTHbIe 6a30Bble apubmMeTrdecKue orepannm (Ias BeKTO-
POB U MaTpulLl);

// - OeneHue sl paliMOHAIbHBIX YMCeJl, Pe3yJIbTaTOM SIBJISIETCS paliMOHAIbHOE UMCIIO0

-a - OTpULIaHMeE a;

a+=1 - S5KBUBJIEHTHAY 3aIlMCh BbIpa)KeHUsI a = a+1,



12

a—-=1 5KBUBAJIEHTHO a a-1,
a*b,

a/=2 3KBUBAJIEHTHO a = a/2;

a*=b SKBUBAJIEHTHO a

a\b - 9KBUBaJ/IeHT b/a.

Ba3oBbie maTemaTnyeckue GyHKIMMU

div (a - a/b, OKpyIJIeHHOE 10 1IeJIOr0
cld(a nenenue a/b c OKpyrjaeHueM 10 HaubOobIIero 1eJoro
fld(a neneHue a/b ¢ OKpyIJIeHueM A0 HaMMeHbIIero 1eI0T0

b)
b) -
b) -
rem(a, b) WIU a%b- OCTATOK AeyieHus a/b
b)
b)
b)
b)

mod (a — OCTaTOK JeneHus a/b

gcd (a,b) — HaMOOMBIINIA TTONOKUTEIbHBIN OO TeTUTeNb uncen a,b

lcm(a — HayMeHblIlee 00Iee KpaTHOe uncen a,b

min (a — MMHMMaJIbHOE 3HaueHMe M3 CIMCKa (IJi MPOM3BOJIBHOIO YMc/ia 4YMCel B
CHI/ICKe)

max (a,b) - MakKCMMaJIbHOe 3HaueHMe M3 CIMCKa (AJIs1 TPOM3BOJBHOTO UMC/Ia YMcesl B
CIUCKe)

minmax (a,b) - MMHMMAaJbHOE M MaKCHMMaJbHOE 3HAaUEHMS M3 IJIST IBYX 4ucen a, b, pe-
3y/ibTaT B hopmMe KopTeska
muladd (a, b, c) - BRBIUMCIIET 3HaUeHMe a*b+c

AbcontomHsle 3HAUEHUS U KOpHU

abs (a) — abCOMOTHOE 3HAYEHMe YKCIa a

abs2 (a) — KBagpar 4mucia a

sqrt (a) — KBaZpaTHBI KOPeHb YMC/Ia a

isgrt (a) — LeJTOYMCIeHHbIV KBaIPaTHbI/ KOPEHb LIeI0T0 YMciIa a
cbrt (a) — Kyou4yeckuit KopeHb Uncia a

Onepayuu 6038edeHust 8 CmeneHs U Jlo2apugpmol

exp (a) - 9KCIIOHEHTA Yucia a

exp2 (a) - 2BCTelleHM a

expl0 (a) - 10 B cTenneHu a

expml (a) - SKCIIOHEHTa e*a-1 (TOYHO)

ldexp (a,n) -a*2"n) (a momkHO 6bITH THIIA Float)
log(a) - HaATypaJbHbIN JoTapudM UMcIa a

log2 (a) — norapudm a 1o OCHOBaHMIO 2

1ogl10 (a) — AecSITUYHBIN Jorapudm a

log (n, a) -Jorapudm yKcia a o OCHOBaHUIO N
loglp (a) - norapudm 1+a (TOUHO)



TpuzoHomempuueckue pyHKyuu

eCJin X B pagMaHax, To sin(x), cos(x), tan(x), cot(x), asin(x), acos(x),

atan(x), acot(x), sec(x),

eCJi X B rpagycax, To sind(x), cosd(x), tand(x), cotd(x), asind(x),

acosd(x), atand(x), acotd(x), secd(x).

rad2deg (a) — mpeo6pa3oBaTh Yrol a U3 pafyuaH B IPaayChl,
deg2rad (a) — IMpeo6pa3oBaTh Yroji a U3 TPagycoB B payaHbl.
2unepbonuueckue pyHkyuu: sinh (x), cosh (x), tanh (x), coth (x),

T'unomenysa

hypot (a,b) -TurmoreHysaaub
KombunamopHuvie pyHKYUU

factorial (a) — ¢aKTopMaa uMcia a

binomial (a,b) - unwIo couetanuit u3 a mo b (binomial(3,2)==3)

HekoTopbsle nosie3ubie QyHKINUMU

eps () — TOYHOCTb MMPeACTaB/ieHs BellleCTBeHHOTO THMa (MallHHbIN STICUIOH):

eps ()
eps (Floatlo6)

eval (a) — BBIYMCIUTD 3HAUEHME BhIPpAsKeHMS a

real (a) — BellleCTBEHHAs YacTh UKC/Ia a

imag (a) — MHMMas 4acTb YKCIa a

reim(a) — BO3BpallaeT BeNleCTBEHHYIO ¥ MHMMYIO YacTu a (B BUle KOPTeXKa)
conj (a) — KOMILIEKCHOE COTPSKeHHOe YMCIIO a

sign (a) — 3HaK umuciaa a

round (a) — OKPYIVINTD JI0 OIMsKaIIero ymceia

ceil (a) — OKPYIJIUTb A0 OaMsKaiiiero 60ibIIero umucia

floor (a) — OKPYIIUTH IO GMsKaifllero MeHbIIero umucia

trunc (a) — OTOPOCUTH IPOOHYIO YaCTh

modf (a) — KOpTeX, Comepskaluii APoOHYIO 1 1IeJTyI0 YacTy Yucia a

digits(a) -MacCUB AeCITUYHBIX (P, 00pa3yIOUINX IeJI0e YMCIIO

isapprox () - IMO3BOMSIET CPABHMBATH OBa UMC/IA C 32JaHHBIM YPOBHEM ITOTPEHIHOCTU

atol:
isapprox (1.0, 1.05; atol = 0.1) (true)
isapprox (1.0, 1.1; atol = 0.05) (false)
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O dbyukuum eval()

OcTaHOBMMCS UyTh IOAPOOHee Ha GyHKIMMK eval(). IHOrma Bo3HMKAaeT HeOOXOAMMOCTh
paccunTaTh 3HaUeHMe (PYHKLVM, XpaHSsIeics: B 6a3e JaHHBIX B TEKCTOBOM BHe, HAIpy-
Mep, TaKOM:

-156735+4284.1689*T-46.34274*T*LN(T)-0.0029287*T**24+563374*T** (-1)
-.02788144E+09*T** (-3)

3anuiiem 3Ty GYHKUIMIO C UCIIONb30BaHMEM CMHTaKcyca Julia u mepemeHHOI g:
g=:(-156735+284.1689*T-46.34274*T*1og(T)-0.0029287*T*2+563374*T" (-1)
-.02788144E+09*T" (-3))

3agaTh 3HaueHue nmapamerpa T (Hampumep, T=500) mokHO 1160 B cpene REPL, m160 He-
TIOCPeICTBEHHO B TeKcTe m1s1 pyHKumm eval():

g=: (T=500; -156735+284.1689*T-46.34274*T*1og(T)-0.0029287*T"*2+563374*T" (-
1)-.02788144E+09*T" (-3))

Tereps 3HaueHMEe PYHKLIVM MOKHO PACCUMTATh ITyTeM BbI30Ba QYHKIMK eval (g), pe-
3y/JbTaT paBeH -158257.1837.

Jlormueckue onepaTopsl

! - He

§&&-U

| | - unun

== IIpOBepKa KBMBAJEHTHOCTU OOEKTOB, 2==2 .0 BEPHO
! == - He paBHO?

=== [IpOBepKa UJEHTUIHOCTU 0OBEKTOB, 2===2 . 0 JIOKHO, TTOCKOJIbKY TUIT B&JINIMH
pasHbIN

> - Oosple?

>= - GOJIbIIIE UJIM PABHO?

< - MeHblIe?

<= - MeHbllle UM PaBHO?

burtosblie onepaTopsl

~ - BUTOBOE oTpuniaHue not

& - 6uToBOe and

| - GBUTOBOE Or

xor - BUTOBOE XOr

>> - oIepaTop NOOMTOBOIO CABUIa BIIPABO
<< - omepaTop MO6GUTOBOIO CABUTA BIEBO

>>> - oriepaTop Mo6MUTOBOrO caBUra 6e3 3Haka

OYHKIIMY MTOATBEPKIACHUS

isa(a,Float64)-tun uncia a Float64?
isnumeric (a) — 9BISETCS U CMMBOJI YMCIIOM?
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iseven (a) — SIBASETCS JIU 11€JI0€ YMCI0 YeTHBIM?
isodd (a) — SIBASeTCs U 1eJI0e YMCI0 HeYeTHbIM?
ispow?2 (a) — SIBJISIETCS JIM 1IeJI0€ YMUC/IO CTeIeHbo 27
isfinite (a) — SIBISIETCS JIU YMCI0 KOHEUHBIM?

isinf (a) — IBASETCS JIU UMCIO0 OECKOHEYHO OOIbIIM?
isnan (a) — SBJSIETCS JIX YMUCIO «He umucaom» NaN?

CooO01IeHust 00 oImMoKax

error ("text") - 9Ta QYHKINS TeHepUpyeT cooOIIeHNe 06 oImnbKe, BEIBOIS 3aJaHHbIN
TEKCT.
3agaumn

[TomipoOyiiTe OCBOUTDH MepeunrcIeHHbIe Bblllle onepauyy M GYHKIUMU U MOHSITh UX
Ha3HauyeHMe.

HNHaTepBansl (ranges)

VHTepBas 0603HAUAETCsl HAYaIbHBIM 3HAUEHMEM, IIIarOM ¥ KOHEUHbIM 3HaYEHMEM,
CMHTAKCUC BBIVISIAUT CleAylomuM obpa3om (start:step:stop) wim (start:stop), ecau mar
(step) paBeH 1.

[Ipumepsbl

1:10
10:-1.5:0

1 a 1 . 1 VA 1
[IpeBpaTUTh MHTEPBA B KO/UIEKIMIO MOKHO C MCITOJIb30BaHMeM GYHKIUM col-
lect () . Hampumep, pesynbTaToM BbI30Ba (YHKLMM collect (1:5) OymeT maccus

[1,2,3,4,5].

Ctpoku

Crpoka B Julia — 3T0 Ha6Op CMMBOJIOB, 3aK/ITIOUEHHBIX MEKIY IBOMHBIMM KaBbIUKa-
Mu" " o """ """, CuMBOJbI BBOAATCS B KogupoBke UTF-8. CTpoku MOryT comep-
’KaTh CIlel[abHble CMMBOJIbI, HATIpUMep, CUMMBOJI TAOY/ISLIMM '\t' WIM CMMBOJ II€peBo-
JIa Ha HOBYIO CTPOKY '\n': b = "crpoka l\ncTtpoka 2\n"; println(b).

CTpoKy MOXHO pacCcMaTpuBaTh KaK OJHOMEpPHbLI maccuB (BekTop). Hampumep,
ec/iM CTpoKa s="abc", TO s[2]=='b', a s[end]=="c'. OGHAaKO U3MEHSITb 3/I€MEHTbI
CTPOKM MPUCBaMBaHMEM HeJlb3s, T. €. orlepaTop s [3]="d"' SIBJASeTCs OUIMOOUHBIM C TOUKM
3peHus s3bika Julia. B aTom ciryuae ucronb3yercs GyHKIUS replace ().

replace (st, toSearch => +toReplace) - B CTpOKe st 3aMeHUTh Be3le
INOACTPOKY toSearch Ha MOACTPOKY toReplace.
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length () - BO3BpallaeT YMCIO CMMBOJIOB B CTPOKE, KOTOPOE B 0OIIEM C/Tyyae He COBIa-
IlaeT C YMCJIOM ee 3JieMeHTOB (06aiiTOB).

sizof () - BO3BpalllaeT YKCI0 OAJT B CTPOKE (37I€EMEHTOB MacCyBa).

[ToCKO/MBbKY CMMBOJIBI B pa3HbIX KOAMPOBKAX UMEKOT pasHYIO AJIMHY, UMCIIO CMMBO-
JIOB CTPOKM paBHO WIM MeHbIIe uyuciaa Oairt. Hampumep, st = "Koln",
length(st)==4, sizof (st)==5, IOCKOJbKY CMMBOJ '&' 3aHMMAaeT aBa OajiTa.

BoimenuTh MoACTPOKY U3 CTPOKM MOKHO Tak: ss=st[11:12], roe st - CTpoka, SS —
MOJICTPOKA, il — MHIeKC Havyasia MOACTPOKY B CTPOKeE, i2 — MHAEKC MOC/JIeHero 3JieMeHTa.
[ BbIZIeJIeHUS IOJICTPOKY CTPOKM st MOXKHO MCITO/Ib30BaTh Takke (YHKIIMIO
SubString(st, i, len)
i — HavaJio BbIJeNeHus, len — YMCJIO BbIe/IeMbIX OaiiT.

YunuThIBast, YTO CMMBOJIBI KOAMPOBOK MOTYT 3aHMMATh pa3sHOe YncIo 6aiT, «6aiTo-
BbIe» CIIOCOOBI PAbOTHI CO CTPOKAMM He Bceraa MPUBOAUT K yCIexy, Hampumep, st[1] =

'"K',st[4] = 'l',ast[3] BeI3bIBAeT COODIEHME 00 oLIMbOKe.
@parmMeHT
for 1 in l:sizeof(st) println(st[i]) end

BBIZIACT COOOIIeHMe 00 omnbKe.
A 3Tu pparMeHThI BHIBEIYT CUMBOJIbI CTPOKM St.

BapuaHT 1
for letter in st println(letter) end

BapuaHT 2

index = firstindex(st)

while index <= sizeof (st)

letter = st[index]

println (letter)

global index = nextind(st, index)
end

Elle ogMH HI0AHC, CTPOKA M CMMBOJI — CYIIIeCTBEHHO pa3Hble MOHSTHS s3biKa Julia,
T03TOMY paBeHCTBO "A" == 'A"' gB/ISI€TCS JIO)KHBIM.

[IpoBepuTh HanMuMe CUMBOJA S B CTPOKe St MOKHO C MCIIO/Ib30BaHMEM KOHCTPYK-
MM s in st, KOTopas Bo3Bpamiaer true muau false, Hampumep, pesyabTaToM 'b' in
"abc" gBisgeTcd true.

[IpoBepKa TOTO, UTO SS BXOAUT B St OCYIIECTBJSIETCS C MCIOJb30BaHNEM (QYHKIIVN
occursin (ss, st).lIpumep: occursin ("io", "function") — true.
findfirst(ss,st) — HaNTU NepBoe BXOXIEeHMEe TMOACTPOKU WJIM CUMBOJIA SS B CTPOKe
st. Eciu ss - CTpoKa, TO pe3y/IbTaTOM SIBJISIETCS IIEPBBIV U MOCIeSHUI MHAEKChI TTOACTPOKU
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SS B CTpOKe st. Ecnm ss — CMMBOIJI, pe3yJIbTaTOM 6Y,E[eT MHAOEKC, KOTOprVI COOTBETCTBYET HO-
Mepy cMMBoJIa B cTpoke. Ecu rmoAcTpoKa Wiy CMMBOJT He HaliieHbl, QYHKIIMS BO3BpallaeT
nothing.

findlast (ss, st) — HalTH NocjieqHee BXOKIEHME TTOACTPOKM WM CMMBOJIA SS B CTPO-
Ke st. Eumm ss - CTpoka, TO pe3ylbTaTOM SIBJISIETCS MEPBbIA U TOCAeOHUN MHOEKCHI
IIOACTPOKM SS B CTpOKe st. Eciut ss — cMMBOJI, pe3y/IbTaToOM OYIEeT MHIEKC, KOTOPBI COOT-
BETCTBYeT HOMEpPY CMMBOJIa B CTpoKe. ECjin moacTpoka My CMMBOJ He HaiaeHbl, GyHK-
1S BO3BpallaeT nothing.

[Ipumep: st="comment";

findfirst ("m",st) —3:3

findfirst('m',st) -3

findlast ("m",st) —4:4

findnext (ss,st, i) — HailTU MepBOe, HAUMHAS C MHIEKCA i, BXOKIeHMe MOACTPOKM SS

B CTPOKe St, pe3yJIbTaTOM SIBJISIETCS TMEPBbI U MOCAeSHUIN UHIEKCHI ITOICTPOKU SS B CTPO-
Ke st.

findnext ("1","teller",3) — 35
findnext ("1","teller",4) —4:4

Ectu 3aMeHUTb MOACTPOKY HA CUMMBOJ, QYHKIMSI BEepHET MO0 HOMEp MHIEKCa,
ecJIv CMMBOJI OyzieT HaiiieH, b0 nothing.

KonkareHauust (00beayHeHMeE) IIPOU3BOAUTCS C MCIIOJIb30BaHMEM CMMBOJIA 3BE3-
oouka '*'.

[Ipumep.
c="Hello, ";d="world!";e=c*d — "Hello, world!".
Vi3MeHNUTDh Ha 0OpaTHBIN MOPSIIOK JIEMEHTOB CTPOKM St, B KOTOPOi KaXKIOMY CUM-
BOJTy COOTBETCTBYET OIMH 0aiiT, MOSKHO TaK
stlend:-1:1]
randstring (n) — CTpPOKa CIy4aliHbIX CMMBOJIOB JIMHOM N, MOXXHO MCII0JIb30BaTh [JIs

reHepaiuy naposs. [lepen MCIIoMb30BaHMEM BBITIOJIHUTh KOMaHAY using Random.
strip (st), aHasor trim B Pascal-Delphi, yganseT npo6enbl BHauajsie ¥ B KOHIIe CTPOKH,
eI CTPOKa COCTOUT U3 MPO6EJIOB, TO strip (st) BO3BpallaeT MyCTYIO CTPOKY.

isempty (st) — IpoBepsieT, ecTh Ji CUMBOJIBI B CTPOKE, eC/Ii HeT, BO3BpalllaeT true, MHa-
ye — false.

split(st, 'R') — pa3o0paTb CTPOKY Ha 37IeMeHTbI, eC/ii B KaueCcTBe pa3feuTesis uc-
T0JIb3yeTCs CMMBOJI R.

HpMMep: split (st, ', ") -pa3genureiem IBJISETCS 3ardTas.
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join(a, 'R') — Ipeobpa3oBaTh JIEMEHTbI MAacCuBa @ B CTPOKY, UCIIOIb3YsI B KauecTBe
paszenuTesnsi cMMBOI R. §oin -omepaTop, 00paTHbI split.

[lpumep.a=[1.0, 2.0, 3.0], pasgenureinp— 3amngras, join(a,',"'),

pesyanprar "1.0, 2.0, 3.0".

parse (T, st) — IIpeBpalaeT CTPOKy st B uncio tumna T.

[Ipumep: parse (Float64, st).

Eciu copepskuMoe CTpOKM st HeM3BEeCTHO, MOSKHO MCIOAb30BaTh QYHKINIO
tryparse (T, st) — KOTOpas Takke peBpaiiaer CTpoky st B yuwio tuna T, HO eciiu st He-
b3Sl TIpeBpaTUTh B UMUCI0, 3Ta (QYHKIMST BO3BpallaeT nothing, T.e., ewn
tryparse (T, st)==nothing, St Heab3s NIPeBpaTUTh B UMCJIO THUMNA T.

Eciiut Hy>KHO TIpeBpaTUTh CTPOKY UMcesl B MacCUB, TO BHaUaJjle BBIIOIHSIETCS olepa-
TOp split,a3aTeM parse:
a="1.1 2.2"
b=split(a,' ')
c=parse. (Float64,b)

JIBe mocaegHMX orepamyy MOXKHO OObeIMHUTD OJIHMM U3 CITIOCOOOB
c=map (x —-> parse(Float64,x),split(a))
c=parse. (Float64,split(a))

DyHKIMS map () TpUMeHsiIeT PYHKLMI0 parse (Float64,x) K CIOMUCKY apryMeH-
TOB split(a).
uppercase (st) - Ipeo6pa3oBaTh CTPOKY B BEPXHUIT PETUCTD,
lowercase (st) - Ipeobpa3oBaTh CTPOKY B HIDKHUI PETUCTP,
titlecase (st) - mpeobpa3oBaTh B BEPXHUI PETUCTP MEPBbIi CMMBOJ KaXKIOro CJIOBa
CTPOKMN.
string(x) — IpeBpaTUTh YNC/IO X B CTPOKY
string (100)
>"100"
string (100.1)
> "100.1"

B Julia ncnonb3yeTcs Takoe MOHSITHE, KaK uHmepnosiyust. CMbICT €ro 3aK/IiovaeTcs
B ulenywoumeM. Eciu ecTb cTpoka st="123.456", Wi YUWIO a=3.14, TO UX 3HAYEHUS
MOYKHO «BHEIPSITb» (MHTEPIIOIMPOBATH) B CTPOKY C MCIIONIb30BaHMEM 3HaKa mosuiapa $:
"cTpoka comepxuT S$st, umcio a=S$a". llogcTaHOBKA 3HAUYEHUI MIPOU3ONIIET pU
BBIBOJZIe CTPOKM Ha IevyaTb, [I03TOMY BbIBOZ Ha MedaTb CTPOKM "1 + 2 = $(1 + 2)"
oymeT TakKuM
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"1+ 2 = 3"

[TpeBpaTUTH CTPOKY B MaCCUB CTPOK-CMMBOJIOB MOKHO TaK
ast=split(st,"")

Ecnu st=="qgqg", TO noc/ie BBITIOJIHEHNS ITOV KOMaH/Ibl ast MPeBPaTUTCS B MaCCUB
C IByMs sneMeHTamu "g" (He 'g' !). Ilpu HeOO6XOOAMMOCTM 3/IeMEHThl MacCMBa MOKHO
MEHSTb (HallOMHUM, YTO 3JIEMEHTBbI CTPOKM MEHSTb He/b3$), HallpuMep, ast [2]="a"
Wcmonb3yst QyHKIIMIO join, ast MOXKHO CHOBa IMpeoOpa3oBaTh B CTPOKY.

HpeBpaTI/ITb CTPOKY B MaCCMB CMMBOJIOB MO>XHO TadK
ast=collect (st)

B sTom Cjiydae 3aMeHa 3JIEMEHTOB MaCCHBa BBITIOJTHAETCA TaAKMM o6pa30M
ast[l]="a"
[Tosne3HO CcpaBHUTb pasMepbl MaccuBa ast MJISI OBYX IIPUBEAEHHBIX CIIOCOOOB
1peo6pa3oBaHMsI CTPOKM B MacCHB C MCIO/Ib30BaHMeM QYHKIIUM sizeof ().
3agaumu
[TorrpoOyiiTe BBITTOIHUTH CIeayIOIIMe yipaskHeHus1. [ToctapaiiTech TOHSTD JTOTUKY ITPOMC-
Xogsulero.
1.
st="Test 123"
stl=replace(st, "123" => "999")
st2=replace(stl, "9" => "Q0")
st3=replace(st, "1" => "111")

2.
st="abc"
length(st)

sizeof (st)
st[1:3]
for letter in st println(letter) end

st="aoB"

length (st)

sizeof (st)

st[1l:3]

for letter in st println(letter) end
3.

st="123456"

occursin("34", st)

occursin ("43", st)



4.

st="AEBT']"
findfirst("I'O", st)
st="ABCDE"
findfirst ("DE", st)
5.

st="121212"

findlast ("12", st)

findlast ("0", st)

findlast('l', st)

6.

using Random

randstring (10)

randstring (10)

7.

st=" 123 "

sizeof (st)

st=strip(st)

sizeof (st)

8.

st="1,2,3,4"

x=split(st,',")

st=join(x, ';")

for 1 in l:length(x) z=parse(Int32,x[i]); println(z) end
y=parse. (Float64, x)

9.

st="a b c"

x=split(st)

for 1 in l:length(x) z=tryparse (Int32,x[i]); println(z) end
10.

a="1.23 4.56"

c=map (x —-> parse(Float64,x),split(a))
11.

st="abc"

uppercase (st)

st="aoB"

uppercase (st)

20
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12.
st="ABCYZ"
lowercase (st)
st="AEBIOA"

lowercase (st)

13.

string (123.456)

14.

x=0.1
println("sin($x)=$(sin(x))")
15.

st="abc"

x=split(st,™")
sizeof (x)
y=collect (st)

sizeof (y)

MaccusBsbl

MaccuB 3TO CTPYKTypa OAaHHBIX. PasnmMyaioT ogHOMepHble (BEKTOp), AByMepHbIe
(MaTpuLa), MHOrOMepHbIe MaCCUBBI.

DneMeHTbl MaCcCHUBa XPAHSITCS 110 CTOIOIAM, T. €. MaccuB a=[1 3 5;2 4 6] Buma
1 35
2 4 6
xpaHurcs B popme 1,2,3,4,5,6, mpoBepka
for 1 in eachindex(a) println(a[i]) end.

HyMmepaliiys s7ieMeHTOB MaccuBa HauMHaeTcs ¢ 1, TO3TOMY MepBblii 3/leMeHT Mac-
cvBa a[l] wiu al[begin]. [oCTyn K IOCAeOHEMY 3JIEMEHTY MOKHO IOJYYUTh TaK:

alend].

O,ELHOMeprII}JI MaACCMUB XPaHUTCA B IMaMSIATU KaK ,Z[BYMeprII}JI C OOHVM CTO.TI6L[OM,

IIO3TOMY OOCTYII K 3JIeMEHTaM OJHOMEDHOro MacCMBa a MOXHO OCYLIEeCTBJISITb TaK:
all,1], al2,1]...

CrmocoObI 00OBABIEHUS MacCHUBa

B sa3pike Julia cymiecTByeT HOBOJIBHO MHOTO CIIOCOG0OB OOBSIBIEHMSI MacCHBA.
PaccMOTpuM HEKOTOpbIe 13 HUX.
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ITpocreitmmii crtoco6 0ObSIBIEHMS ITYCTOTO OAHOMEPHOrO MaccuBa: T[], rae T - TUII JaH-
HBIX: a=String[]; b=Float64[]; c=Int32[]; a,b,c - OycTble MacCUBBHI TUIIA,
String, Float64, Int32 COOTBETCTBEHHO.

a=Array{Float64, 1} (undef, 3) — OOHOMEPHbLIN MAaCCUB C TpeMs 3jIeMeHTaMM TUIIa
Float64, 371eMeHTbl MacCuBa He oIpenesieHbl (Mycop),

a=Array{Float64,2} (undef, 3,5) — OBYMEpHbIii MacCuB 3*5 — Tpu CTPOKMU, MSTb
cton610B THMa Float64, anemMeHThI MaccuBa He oIlpeiesieHbl (Mycop),

a=Array{Floaté64,n} (undef,il,i2,..,in) — n-MepHbII MaccuB i,*iy*.* i, TUma
Float64, 371leMeHTbl MacCUBa He ompeneieHbl (Mycop),

a=Vector{Float64} (undef, 10) - OMHOMEpPHbI MaCCUB C AECSTbIO 3JIeMeHTaMM TUIa
Float64, 31eMeHTbl MacCUBA He OIpeneieHbl (Mycop),

a=Matrix{Int64} (undef, 2, 5)— OABYMepHbIii MaccuB 2*5 — nBe CTPOKM, MSATh CTOJIO-
LIOB TUIA Int 64, 3JIeMeHThl MacCUBa He OIpeneneHsl (Mycop).

a=[1 2 3 4] - BeKTOp-CTpoKa (37ieMeHThl yepes rpobesn). [Ipu TakoM 00bsSIBIeHUM Ju-
lia co3maeT AByMepHbIi MacCUB C OIHOM CTPOKOI U n CTONOIIaMM, AOCTYI K JIeMeHTaM B
9TOM CJTy4yae MOKHO peaji30BaTh ABYMS CIIOCOOaMM:

2) all,11, all,2], all,3]..

C 9TOit 0COGEHHOCTHIO MOXKHO CTOJIKHYTHCSI TIPU MCIIONb30BaHUM (PYHKIUM COPTUPOBKMI
sort (), KOTOpas moTpebyeT yKa3aTh HOMep CTPOKM WJIM CTOJIOIIA .

a=[1, 2, 3, 4] - BeKkTop-cToibeI] (371eMeHTbl Yepes 3arsITyI0 WIX TOUKY C 3allsITol,
HO IIpU OIpefe/ieHUM MOKHO UCII0/Ib30BaTh Pa3eInTe/I OGHOrO TUIIA),

a=[1 2; 3 4] - OBymMepHas MaTpulia
12

3 4

a=zeros (3) — OLHOMEPHbI/ MAaCCUB C TpeMs dJleMeHTaMU Tulla Float 64, C HyJIeBbIMU
3HAQUEeHUSAMU 3JIEMEHTOB,

a=zeros (3, 4) — IByMepHbIit MaccuB 3*4 Tuma Float 64, C HyJIeBbIMU 3HAUEHUSIMU J1e-
MEHTOB,

a=ones (3) — OOHOMEPHbBIVi MacCUB C TpeMsl jieMeHTaMM Tura Float 64, C eIMHUYHBI-
MM 3HAUEHUSIMU 3JIEMEHTOB,
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a=ones (3,4) — OByMepHbIi MaccuB 3*4 Tuma Float64, C eIMHUYHBIMM 3HAUYEHUSIMU

3/IEMEHTOB,
a=zeros (Int32,0) - OOHOMEpHBI I MAacCUB TUIIA Int 32, 63 3/IeMEeHTOB,
a=Int. (zeros (3)) — OOHOMEPHBI MaCCMB C TpeMs 3JieMeHTaMM TuIla Int 64, ¢ Hyje-

BbIMM 3HAUYEHUAMMU 3JIEMEHTOB,

a=convert (Vector{Int}, zeros(3))— OZHOMEPHbI MAaCCUB C TpeMs 3JeMeHTaMu
TUIa Int 64, C HyJIeBbIMUY 3HAYEHUSIMMU 3JIEMEHTOB,

a=convert (Matrix{Int}, zeros(3,4)) — OBYMepHbIii MaccuB 3“4 Tumna Inte64, C
HYJIeBbIMM 3HAUYEHMSIMU 3JIEMEHTOB,

a=convert (Array{Int,3}, =zeros(3,4,5))— IBYMepHbliI MaccuB 3*4*5 Tuma
Int64, C HylIeBbIMYM 3HaUeHUSIMU 37IEMEHTOB,

a=fi11(0,10) — OOMHOMEpPHBIN MacCUB TUIA Int 64 AauHbl 10, ¢ HYJIEBBIMMY 3HAYEHUSIMU
9JIEMEHTOB,

a=fi111(0.0,10) — OOHOMEpHBIN MaCCUB TUIlAa Float64 pjuHbl 10, C HyJIeBBIMM 3HA-
YeHUSIMU JIEMEHTOB,

a=fill(1,3,3) — OBYMEpHbII MaccuB 3*3 Tuma Int64, C eIMHUIHBIMM 3HAUYEHUSIMU
9/1EMEeHTOB,

a=fill(Float64[],0) - O,E[HOMQprIVI MacCCUB BEKTOPOB TuUmna Float64 HYIIQBOVI A~

HBI,

a=rand(5) — OOHOMEPHbIII MAacCUB U3 5 371eMeHTOB, 3aII0JTHEHHbIN CTydyalitHbIMM YMCIa-
mu ot 0 mo 1, pacripeneneHne OgGHOPOOHOE.

a=rand(1:5,5) — OODHOMEPHBI MAaCcCUMB M3 5 3JIEMEHTOB, 3aIIOJIHEHHBIN CIIy4aiiHBIMU
1IeJILIMM YMCJIaMM OT 1 10 5, paciipenenieHie OGHOPOIHOE.

a=rand(3,5) - OByYMEpHbI# MacCuB 3*5, 3aMIOJIHEHHBIN CayYaliHbIMM 4yucaamu ot 0 1o
1.

Vector{Int64} () — OHHOMEPHbI MacCUB HYJI€BOM OJMHbBI TUIA Int 64,
Vector{String} () — OGHOMEPHbI MaCCUB HYJIEBO OJIMHBI TUIIA String,

[TycToit MmaccuB TUNA Any MOKHO CO3aTh C MCIIOJIb30BaHMEM OrepaTopa a=|[ ] .
a=Array{Float64,1} () - OZHOMEPHbI MacCUB TUIA Float 64 HYJEeBOI OJIVUHBI.

x=collect (a:b:c) — co3maThb OMHOMEPHbBI/ MaCCUB, ITEPBbIN 37IeMEHT KOTOPOTO paBeH
a, BTOpOi a+b, a+2b,..., TIOCJIEOHUMN C.
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Eciu ecTh MaccuB a, MOKHO CO3aTh MacCUB b TOTO K€ TUIIA U TOM XXe pa3MepHO-
CTY C UCTIOJIb30BaHMeM QYyHKIIUM similar () :

b=similar (a)

[Tpumepsr:

x=collect(1:1:10.0) —maccuB Tuma rFloated4: 1.0, 2.0,...10.0.
y=collect('a':1:'z') -MacCcCUB CMMBOJIOB aJ'I(baBI/ITa 'a'...'z".
x=10.0."(-3:3) - maccuB uncen: 0.001, 0.01, 0.1, 1.0, 10.0, 100.0, 1000.0.

a=[x + y for x in [1,2,3], vy in [0.1,0.2,0.3]] - OByYMepHbIi MaccuB 3*3
TuIa Float64. Takoii crmocob co3maHus MacCuBa C OJHOBPEMEHHBIM 3aIlOJTHEHNEeM ero
siYeeK HasbIiBaeTcs comprehension.

PaboTa c 3sieMeHTaMM MacCcuBa

,[[O6aBI/ITb JJIEMEHT v B KOHEI, MdCCMBA a MOXXHO C MCIIOJIb3OBAaHMEM (bYHKL[I/II/I
push! (a,v) :

push! (a,1.23).

,[[O6&BI/ITB 3JIEMEHT v B HAUaAJI0O MACCMBA a MOXHO C UCIIOJIb30BAdHMEM CbYHKLII/II/I
pushfirst! (a,v):

pushfirst! (a,1.23).

rngyn
!

Hanuuue cumeona 8 KOHYe UMeHU (PYHKYUuU 00bIUHO CIIy# UM YKA3aHUueM Hd mo,

umo nepeas nepemMeHHdas 8 Cnucke napamempos 6yaem U3MEHEHU.

[06aBUTh CTPOKY MJIM CTOJIOEL] B ABYMEPHBINI MacCUB MOKHO C MCIIOJIb30BaHMEM (PYHK-
1nit heat () nveat () (cMm. nanee O6beauHeHMEe IBYX MacCUBOB).

s maccuBa a Tuila Vector omnpeesieHa olepanysi BCTaBKM 3JIeMEHTa X B ITPOU3BOJIb-
HYIO IIO3ULIMIO h: insert! (a,n,x).[Ipumep: insert! ([1,2,3],2,8)

[TocnepHMit 371IeMEeHT MacCMBa a MOXKHO YOIUTD Tak: pop! (a).

[TepBbIil 371IeMEHT MacCUBa a MOKHO yOAJIUTb TaK: popfirst! (a).

VOaauTh 3JIeMeHT MacCUBa B IO3ULIMM POS MOXKHO Tak: deleteat! (a, pos).
[ToMeHSTh MOPSIIOK 37IEMEeHTOB MacCyBa Ha OOpaTHbI: a=a[end:-1:1].
[IpoBepuTh, €CTh NaHHBbIM JIEMEHT X B MacCuBe: in(x, a).

OrnpenenuTs IJIMHY MacCuBa: length (a).

OmnpenenuTh pa3mep MaccuBa B OaiiTax: sizeof (a).
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HaiiTu MmakcuMaibHOe 4YMC/I0 MacCuBa: maximum (a).
HajiTy MMHMMaAbHOE 4MC/IO0 MacCMBa: minimum (a).
[Ipeobpa3oBaTh BEKTOP-CTPOKY B BEKTOP-CTONIOEI]: b=vec (a).

Onepaum[ TPaHCIIOHMPOBaHMS OCYIIECTBJISAETCA C MCIIOJIb30BaHMEM d)YHKI_U/II/I trans-
pose () uiu cMMBOJIa 'IOC/Ie MMEHM MaccuBa: a '.

YMHOXeHIe MaTpUIL: a*b.

CyMMMpoOBaHMe 10 CTPOKAM M CTOJIOIAM

CyMMMpOBaHMe 3JI€MEHTOB KOJIIEKI[MM BBITIONHSIETCSI C MCIOAb30BaHMEM (QYHKIUU
sum (). [TycTh ecTh OMHOMEpHBIN MaccuB a=[1,2,3,4,5], TOrma CyMMy 3Ha4eHMIT dJ1e-
MEHTOB 3TOTO MacCKBa MOKHO HaliTU TaK: sum (a) . EciM MaccuB a AByMepHbIii:

123
4 5 6

TO CYMMY 3HAUEeHUI 371eMEeHTOB KakKI0ro CTOJ'I6U,a ] Z a; MOXHO HalTKU Tak: sum(a,

1

dims=1) , a CyMMy 3HAuYeHWUI1 3JIeMEeHTOB KaxkI0il CTPOKM i Za,.j sum(a, dims=2),
j

31ech dims yKa3bIBaeT TUIl CYMMMUPOBaHMUS: 1 — IO IeEpBOMY MHIEKCY, 2 — 10 BTOPOMY
MHJIEKCY.

Bb16opku (slice)

BbIGpaTh 971eMEHTHI BEKTOPA a C i; M0 i5 C MaroM ix: a[il1:i2:i3].

BbI6paTh 971eMEeHThI BeKTOpa a € 310 5:a[3:5].

MOKHO caenaTh BBIOOPKY C IIarom: a [1:3:10]. - BoiOupaem anmemeHTsI 1,4, 7 n 10.
JIJ1sT MaTpUIIbl b BBIOOPKY MOKHO Jie/IaTh Tak

b[2:3,2:3] - BbIOpaTh 371€EMEHTHI MAaTPULIBI U3 CTPOK 2, 3 1 CTONOIIOB 2, 3.
b[1:2,:] -BbIOpaTh CTPOKM 1 1 2.

JIBoeTOuMe Ha MeCTe OJHOTO M3 MHIEKCOB O3HAUaeT «KaXKIblii 3JIeMEeHT 3TOro M3Mepe-
HUSI»:

b[:,2:3] - BLIOpATh CTOJOLBI 2 1 3,

b[1,:] - BLIOPATb 37IEMEHTHI ITIEPBOJ CTPOKM.
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IIpumeHumenvbHO K 3/leMeHMaM MAccuéa MOMCHO UCNOJ1b306aiMb onepayuu ¢ mouKoil
(eekmopusayus 6bIMUCIEHULL)

a.”2 — BBIUMCUINTH KBaZpaT BceX 37IeMeHTOB MacCHBa,
log.(a) — BBIUMCIIUTD HATYPAIbHBIN JIoTapudM BCex 31eMeHTOB MacCHBa.

Ecnin a u b — mBa MaccuBa ¢ OOMHAKOBBIM UMCJIOM 3JIEMEHTOB, TO a . +b BbIJACT MacCUB C
TeM >Ke YMCJIOM JIeMeHTOB, 3HAUE€HM S KOTOPbIX PaBHbI CYMMe COOTBETCTBYIOILINX 3JIeMeH-
TOB a " b.

VHTepecHOV SIBJ/ISIeTCSI BO3MOKHOCTb 3aMeHbI 3JIEeMEHTOB MacCHBa C UCIIO/Ib30BaHMEM Bbl-
pakKeHUI TUIIa

ala.<0].=0 - OOGHYIUTb BCe OTpUIIATE/IbHbIE 3JIEMEHTHI MacCuBa a. B maHHOM ciydae
MICTIO/IB3YeTCSI TO OOCTOSITEIbCTBO, UTO PEe3yJAbTaTOM Omepauuu a.<0 SBJISETCS MacCUB
tuna Bool.

Vcmonp30BaHMe omnepaluii ¢ TOUYKO B COUETAHUM C UYMCIaMU MMeEeT OJHY 0COOeH -
HOCTh. JlecsITUUHAs TOYKA He [O/DKHA BOCHPMHMMATBCS KaK IPM3HAK BEKTOPMU3ALIMN.
Hampumep, ecyiv HY>XKHO 706aBUTh 1 KO BCeM 37eMeHTaM MaccuBa a, TO mocjie 1 Heo6Xo-
IVIM IIpo6esn:

1 .+a

1. .+a

AnemMeHmMobl MACCUBA MOXCHO 3ANOJIHUMG C UCNOb308aAHUEM (PYHKUUOHANBHOU 3a6uUcU-
mocmu (comprehension)

a=[0 for i in 1:10] — OgHOMEPHBII MAaCCUB C AECAThIO 37ileMeHTamMmu Tuna Inté4, 3a-
TIOJTHEHHbI HYISIMU.

a=[x=exp(x) for x = 0.0:0.1:1.0] —OOHOMEPHbI MaCCUB TUIla Float64 C gecs-
TbI0 s5ieMeHTaMu exp(0), exp(0.1),..., exp(1).

a=[z=x + y for x = 1:5, y = 11:15] — IBYMepHbIi1 MacCUB LieJIOUMCIEHHOTO TI-
ma 5*5, sjileMeHThI 3aII0/IHEHBI CYMMO1 3HaUeHMi X n'y, x=1,2,...,5; y=11,12,...,15.

a=[x*y for x in 1:10 for y in 1:2] -OOHOMEpPHBI MACCUB TUNA Int64.

a=collect (1:5) — OOGHOMEpPHBII MAacCMB TUIA Int64, 3JI€MEHThI KOTOPOIO COmepyKaT
ynucna 1, 2,...5.

a=collect (1.0:5.0) — OOHOMEpPHbI MacCUB TUIA Float 64, 37leMeHTbl KOTOPOTO CO-
mepxkat umciaa 1.0, 2.0,...5.0.
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a=collect (2.:2.:8.) — OOHOMEpHbLI/ MacCMB TuUIlla Float64, 371eMeHTbl KOTOPOrO
cogepxkar umucia 2.0, 4.0,...8.0.

O6beanHeHMe IBYX MacCMBOB

Ecny MaccuBbI X M 'y MUMEIOT OAMHAKOBOE UMCJIO CTOIOI0B, TO O0BeAMHNUTD UX (TI0 BepTUKA-
JIN) MOXKHO KOMaHZIoM veat (x,y) Wit [x;vy],

Eciu MaccuBbl X M Y MMEIOT OOMHAKOBOE UMCI0 CTPOK, TO 00beOUHUTH UX (TI0 TOPM30HTa-
JIN) MOXKHO KOMaHZIO heat (x,y) wWin [x vy].

KomaHay vcat MOSKHO MCITO/Ib30BaTh IJIs1 1OOABIEHNSI CTPOK B MAacCMB BMECTO KOMaH/IbI
push !, KoTopas IMpMMeHMa JIUIIb K BEKTOpaM (OIHOMEPHBIM MacCuBam).

[Tpumep. Job6aBuTh K MaTpuiie [1 1] cTpoky [2 2]:
z=[1 1]

z=vcat(z, [2 2])

BpIOOpKa 3/IeMEeHTOB MacCHUBa

KomaHza union () TO3BO/sIET CKOMOMHMPOBATh 3JIEMEHTHI IBYX MM OOee MacCUBOB ,
Hamnpumep, B ZaHHOM CjIy4dae

a=[1, 1]
b=[2, 3]
c=[1, 3]

union (a, b, c)
pesyabTaToOM OymyT uncia 1,2,3.

KomaHza intersect () MMO3BoJsIeT BbIOPATh U3 IBYX MM O0jlee MacCUMBOB COBIAIAOIINE
9JIeMeHTHI. [IJ1s1 IpUBeIeHHBIX BbIIIE MACCHBOB PE3Y/IbTATOM BBITIOJTHEHMSI KOMaHIbl

intersect (b, c) Oymer3.

Komanpa setdiff () mo3BojiseT BbIOpATh T€ 3JIeMEeHThI, KOTOpPbIe eCTh B IIEPBOM MacCCu-
Be, HO KOTOPBIX HET B OCTa/IbHbIX. [IJI IpUBegEeHHBIX BbIllIe MAaCCUBOB Pe3yJIbTaTOM BbI-
IIOJTHEHMSI KOMaHIbl

setdiff (b, c) Oymer2.

KomaHia unique () MO3BOJIsSIeT BbIOpaTh YHMUKa/IbHbIE 3JIEMEHTHI MacCuBa (Hampumep,
unique (a) ), IpM 3TOM BO3BpallaeTcsi MaccuB. [Ij1s1 3TOJ e/ MOXKHO MCII0/Ib30BaTh TaK-
ke KoMaHay Set (Hampumep, Set (a) ), BO3BpalllaeTCsi MHOKECTBO.

CopTHUpOBKa 3JIEMEHTOB OJTHOMEPHOTI0 MacCHUBa (BEKTOpa)

sort! (x) — B HOpsggKe BO3pacTaHu4,
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sort! (x, rev=true) - B IOpsIKe YObIBAHMUSI.

AnanornyHast yHKIus sort (6e3 BOCKIUIIATENIbHOTO 3HAKa) HE MEeHSIeT 3JIeMeHTbl BeK-
TOpA x, & BO3BPAIllaeT HOBbI BEKTOP, KOTOPBIN COOEPSKUT OTCOPTUPOBAHHbIE 37IEMEHTHI.

Vn06HO UCIIOIb30BaTh MaTPUILY IIepPeCcTaHOBOK (COAEPsKUT MHIEKChI 5JIEMEHTOB MacCHBa)
mp=sortperm (x) - B [IOpsOKe BO3pacTaHus,

mp=sortperm(x,rev=true) - BIIOpsSAKe YObIBaHMSI,

xs=x [mp] - OTCOPTUPOBAHHbII MaCCUB.

[TeyaTh OTCOPTMPOBAHHOI'O MACCHBa MOXKHO OPraHM30BaTh TaKMM 00pa3oM:

for 1 in mp println(al[i]) end

Eciu MmaccuB IByMepHbI v [m, n], HY’)KHO YKa3aTbh HOMep pasmepHocTH (1 miu 2), o Ko-
TOPO TIPOBOAUTCSI COPTUPOBKA

y=[4 3; 1 2]

sort! (y, dims=1)

sort! (y, dims=2)

ITouck HOMEPOB 3JIEMEHTOB MaCCBa, CoAep>KalllMX 3aJaHHbIE€ 3HaA4Ye-
HUsA

HaiiTu mHpeKkc 1epBOro sjieMeHTa MacCuBa, Coaepykallero OaHHOe 3HaueHue value:
findfirst(x -> x == value, a)

WUJIU TaK
findfirst (isequal (value), a)

HaiiTu mHpekchl BCeX 3JIeMEHTOB MAacCKUBa, COIepKallux TaHHOe 3HadyeHue value:
findall(x -> x == value, a)

WUJIU TakK
findall (isequal (value), a)
YoannuTb Bce 3J7ieMeHThI MacCUBa, CoOAepsKallie 3HaueHue b:

deleteat! (a, findall(x -> x == b, a)).
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[Ipu Heo6XOAMMOCTHM HAMTU HOMeEp 37eMeHTa MacCMBa MO ero 3Ha4YeHUI0 MOKHO MCIIO/b-
30BaTh PyHKIMIO indexin (). [Ipy HaAMUMM HECKOMbKMUX 3HAUEHUI B MaccuBa QyHKIMS
BO3BpallaeT HOMep MepBOro MOAXOASIIEro /ieMeHTa MacCuBa.

[Tpumepsl.

a=[10,20,30,10,20,30]

indexin (20,a) BO3BpalllaeT MaCCUB, [I€PBbI 3IeMEHT KOTOPOTO PaBeH 2 .
s=["a","b","c"]

b="c"

indexin ([b], s)

BO3BpalllaeT MaCCUB, IIePBbIli 3JIeMEHT KOTOPOTO PaBeH 3.

MOXXHO MCTO/Ib30BaTh PYHKIINIO indexin () ¥ OJIsI TOMCKA HOMEPOB IPYIIIbI 3/IeMeH-
TOB.

indexin ([20,10],a) BO3BpalllaeT MacCUB C 3JIeMeHTaM| KOTOpPOoro 2, 1.

MaccuB ¢ TpOoU3BOJIBHOM MHAEKcalen

Kak ckasaHo BbIllie, MaccuBbl B Julia mHmekcupyetcs ¢ 1. Ecin ecTh He0OXOIMMOCTD MC-
T10JIb30BaTh MHAEKCAI[MIO Apyroro Tuma (Hampumep ¢ 0), MOKHO UCIT0/Ib30BaTh OMOIMOTE -
Ky OffsetArrays. B aTom cjlydyae mMaccuB BHauajie CO3[IAeTCS OMHUM U3 MepeurcIeHHbIX
BbIIIIe CIIOCOOO0B, a 3aTe€M ero rpaHMIIbl MU3MEHSIIOTCSI:

A=zeros (11) # cosmaH MaccuB C MHIekcaumerm or 1 mo 11

OA=0ffsetArray(A,0:10) # MHIeKcalMa BJIEMEeHTOB MacCKMBa M3MeHeHa

s vicrionb3oBanus QyHkuyy OffsetArray He06X0IMMO YCTaHOBUTD OMOIMOTEKY
OffsetArrays.

N3meHeHUe pasMepHOCTH MacCCHUBa

[Tpy HEOOXOAMMOCTM MOXKHO M3MEHUTb Pa3MEPHOCTh MacCHBa C UCIIOIb30BaHMEM (YHK-
1M reshape () . lomycTum, HY>KHO ITpeo6pa30BaTh OJHOMEPHbBI MacCUB
a=[1,2,3,4,5, 6] BABYMEpPHbIi C IBYMSI CTPOKAMM ¥ TPeMS CTOJIOIaMM. ITO MOKHO
cleyaTh CaedyoIIM 06pa3omM

a=reshape(a, 2, 3)
PesyiibTaT BBIVISIAUT TaK
1 35

2 4 6
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IIpeobpa3oBaTh ABYMEPHBIV MAaCCUB a B OJHOMEPHbII MOXKHO aHAJIOTMYHBIM 00pa3oM:
a=reshape (a, 6)

3agaumu

[TompoOyiiTe BHINIOTHUTD CJIEAYIOIIME yIIpaxkHeHMs1. [IocTapaiiTech MOHSITh JIOTUKY IIPOUC-
XO[AIIero.

1.

a=zeros (3)

push! (a, 1)

pushfirst! (a, 9)

insert! (a, 2, 8)

pop! (a)

a

popfirst! (a)

a
deleteat! (a, 1)
2.

a=[1,2,3]
b=alend:-1:1]
3.

x=[1,2,3]

in(l, x)

in (10, x)

length (x)

sizeof (x)

4.

x=rand (10)
maximum (x)
minimum (x)

5.

a=[1,2,3]

a.”n2

a.+1

6.

a=[x=x for x = 0.0:0.1:1.0]7
b=collect (1:11)
a.+b



7.
x=[1,2,3]
y=1[4,5, 6]
z=vcat (x,Vy)
z=[x;Vy]
z=hcat (x,Vy)
=[x vyl

=[10, 31]
union (a, b, c)
intersect (b, c)
setdiff (b, c)
9.
x=rand (10)
sort (x)
sort (x, rev=true)
mp=sortperm (x)
for 1 in l:length(x) println(x[mp[i]]) end
for i in mp println(x[i]) end
10.
x=collect(1:2:20)
findfirst(a -> a == 11, x)
findall (a-> a>11,x)
11.
a=[1,1,1,2,2,2]
findall (isequal(2), a)

deleteat! (a, findall(x -> x == 2, a))
a

12.

a=[1,2,3,1,2,3]

indexin (3, a)

indexin ([1,2],a)

indexin ([2,1], a)

indexin ([20,101],a)

31
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Koprexu (tuples)

Koprexx — rpymniia 3HaueHui i HEKOTOPBIX BeIMUMH (QUKCUPOBAHHOM JIMHBI, , pa3je-
JIEHHBIX 3aIlSITBIMM, MHOTAA 3Ty TPYIITY OKPYKAIOT KPYIJIBIMM CKOOKamm: c= (1, 1.1,
pi,'c', "Julia", 1//3). KopTex — 3TO KOHTelHep reTeporeHHbIX JaHHbIX, B OT-
Jn4yye OT MacCUBa, KOTOPBIN SIBISETCS KOHTEMHEPOM OLHOPOAHBIX (TOMOI€HHBIX) IaH-
HbIX.

KopTesk MOKHO MPeBpaTUTh B BEKTOP TUITIA Any: v=[c..].
BeKTOp MOKHO IPEBPATUTh B KOPTEXK: c= (..., ).

DJIeMeHTbI KOPTeKa M3MEHSTh HeJb3s, B OTJIMUMe OT 3J1eMeHTOB MacCyuBa, oIepa-
TOp c [ 1]=2 BBI3OBET COOOIIEHNEe 06 omMoKe.

MOXXHO MCII0/Ib30BaTh MMEHOBAHHbBIN KOPTeX Buiaa c=(a=1, b=2.2). JocTym K
sjieMeHTaM KopTeska Jinbo uepes MHAEKC, Hampumep, c [1], 1100 1o MMeHU c.a, c.b.

Eci criucok Bo3BpallaeMbIX BeJTMUMH KaKOM-11M00 QYHKINM COIMEPKUT HECKOIBKO
3HAYeHMI1, TO BO3BPAIIAIOTCSI OHM B (popMe KOopTexka MM MaccuBa (KOTrIa BO3BPAIIaeTCs
MacCCUB JaHHBIX).

HUrepaTop enumerate

ILOCTYH K 3j7ieMeHTaM I10C¢/IeJ0BaTeJIbHOCTU (MaCCI/IBa, KOpTe)Ka) MOJXHO ITOJIYUYUTD C
IIOMOIIIBIO UTEepaTopa enumerate, MCII0JIb30BaHME KOTOPOTO uenecoo6pa3Ho B TOM CIy-
Yae, eC/in TpE6y€TCH BBIBECTU 3JIEMEHT II0C/IeJ0BaTE/JIbHOCTU BMeECTEe C €TrOo IMOPAAdKOBbIM
HOMEpOM.

[Tpumep. IlycTe 3aman maccuB a = [10,20, 30], HY>KHO BBIBECTU Ha IeyaThb IIPOHYMeEpPO-
BaHHBbIE I10 ITIOPAOKY 3JIEMEHTHBI 3TOI'O MaCCBa
for (i,v) in enumerate(a)

println("$i S$v")
end

DyHKUMUS Zip

zip - 3T0 QYHKUUSI-UTEPATOP, ITpeqHasHAaYeHHasT 11 00beIMHEeHUST IBYX M 60-
Jlee TIOCTeA0BaTeNbHOCTEN B KOPTEX, MPU 3TOM KaX[blii 37eMeHT KopTeXka COCTOUT U3
9JIeMEHTOB 00beIVHSIEeMbIX T0CTIeI0BATENbHOCTE. IT0 CMBICTY Zip SB/ISIETCSI UTEPATOPOM,
KOTOPbIVi MOKHO MCIOb30BaTh,HAIIPUMeD, [IJIsS1 BbIBOJA HA Ie€YaTh YIIOPSTOYEHHbBIX dJIe-
MEHTOB TOC/IeJ0BATeIbHOCTE!

st="ABC"
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n=[10,20,30]

for x in zip(st, n)
println (x)

end

OYHKIMIO-UTEPATOP Zip MOXKXHO IMTPeBPaTUTh B MaCCUB KOPTEXeNi:
collect (zip(st,n))

Eciiu ucxomHble ocaef0BaTeTbHOCTY UMEIOT Pa3HYIO IJIMHY, TO IJIMHA O0beIVHEeH -
HOJt TTOC/Ie0BaTeIbHOCTM PaBHa JIJIMHE CaMOi KOPOTKOI U3 HUX.

DYHKIMIO Zip MOXHO MUCITOb30BaTh JJIS1 IPOBEPKYM TOTO, COMEPSKUT JI 0ObeINHEH -
Hasl MoC/Iel0BaTeIbHOCTD OTpele/IeHHYIO TPYIIY 3HaUeHUIA.
[Tpumep. ITycTh HY’KHO MPOBEPUTD, €CTb JIM B 00beIMHEHUY TOCTe0oBaTeIbHOCTEN A 1 B

KOMOMHAIMSI 3HAUEHUI (x, v) . YCUIOBME TIPOBEPKYM 3aIIMChIBAETCS TaK
if (x, y) in zip (A, B)

DYyHKLIMA reverse

DyHKIMS reverse TpeJHa3HayeHa ik TOro, YTOObI M3MEHUTD IMOPSIAOK PacIosioxKe-
HMSI 9JIEMEHTOB I10C/IeIOBATEIbHOCTY (MACCUB a, KOPTEX c) HA OOpaTHbIi: reverse (a),
reverse (c). Eciu nocinegoBaTeibHOCTbh M3MeHsieMasi (mutable), To MOXXHO MCIO/Ib30-
BaThb OIepaTop reverse!. B 4aCTHOCTU, JOMYCTUMO BbIpakeHUe reverse! (a), HO BbI-
pakeHUe reverse! (c) He JOMMYCTUMO.

CnoBapu (dictionaries)

CiioBapp — 3TO aCCOLUMATUBHBIN MacCUB, COCTOSILUIMIA U3 Map KIKY-3HaueHue. Ily-
CTOM CJIOBaphb co3maeTcsi Tak: d = Dict (), JioBapb CO 3HAUEHUSIMM:
d = Dict('a'=>1, 'b'=>2, 'c'=>3)
WIN TaK
d = Dict("a"=>1, "b"=>2, "c"=>3),
WIM TaK
d = Dict(10=>1, 20=>2, 30=>3),
WIM TaK
d = Dict("10"=>1, '2'=>"a", 4=>"abc"),
WIN TaK
d = Dict ([ ("one"™, 1), ("two", 2)1).
3aroTHUTD CJI0Baph CMMBOJIaMM ajipaBUTa U UX HOMEpaMM MOSKHO Tak
y=collect('a':'z")
d = Dict ()
for 1 in l:length(y) d[y[i]]=1 end
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CnoBapb MOXKHO CO3/aTh C UCIIONIb30BaHMeM QPYHKIINUY Zip:
d = Dict(zip("abc", [10,20,30])).
I/IH(bopMaU,MIo B CJIOBApSX MOXHO MeHATh: d['a']=100; d['a']+=1.
[ob6aBneHue mapsl KIO4Y-3HAUeHMe B (JIoBapb: d[key] = value, Halpumep,
d["new"]=123.
VnaneHue u3 cioBapsi: delete! (d, key), HaripuMmep,

delete! (d, "new")

pop! (d, "new") - BO3BpalllaeT 3HaUeHMe yaaasseMol napsl 123.
[Touck 3HaUeHMs Mo Kawuy: d['a'].

[TosryuuThb COMCOK KIOUeli: keys (d).

[TonyuynTh COMCOK 3HAUEHUI: values (d).

[TpoBepuTh HaMMUMe KIOYA B JioBape: haskey (d, 'a').

PacneuaTaThb cioBaphb (K/IOU-3HAUEHME)
for (k,v) in d
println("$k - $v")
end
[TocnegoBaTeIbHOCTh 3JIEMEHTOB CJI0Bapsl He (UKCUpYeTcs, T.e. MOXKET ObIThb
IIPOM3BOJIbHON. 3HAUEHMS B (JIOBAPE MOYKHO U3MEHSITb.

B kauecTBe Kioua Ci0Bapss MOXHO MCIONAb30BaTh KOpTex. Hampumep, HYKHO
COXpPaHUTD B CJIoBape substance (substance=Dict()) «leaywilyo MHbGoOpMaIuio 0
HEKOTOPBIX CBOMCTBAX (dfh298, cp298, s298, h298) XMMMUYECKOTO BellecTBa (for-
mula) B JAHHOM COCTOSIHUU (pstate) :
substance[formula, pstate]=[dfh298, cp298, s298, h298]

IlaHHbIE B CJIoBape XpaHsTCAd B HEOTCOPTUPOBAHHOM BUeE. BriBecTy Ha meyaThb OT-
COpTMpOBaHHbIVI CIITMCOK CMMBOJIOB 1 X HOMEPOB MOXXHO TaK

for ¢ in sort (Char. (keys(d)))

println("$c-",d[c])

end

[Tpumep. Co3maTh CI0Baphb, COAEPKAILLUl CIIUCOK CMMBOJIOB U MX KOJIMYECTBO B JAaHHOM

TEKCTe S:

function histogram(s)
d = Dict()
for ¢ in s
if ¢ in keys(d) # haskey(d, c)
dlc] += 1
else
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end
end
return d
end
[TpoBepuTh paboTy PYyHKIUMU
h = histogram("brontosaurus")
h

histogram("akymna, kxapacb")
HaiiTn B cmoBape CMMBOJI, KOTOPbIN BCTpeUaeTCs 3aJaHHOe YuciIo (V) pas
function reverselookup(d, V)
for k in keys(d)
if d[k] ==
return k
end
end
error ("LookupError")
end

[TpoBepuTh paboTy PYyHKIUMI
key = reverselookup (h, 2)

YIopsIoYnUTh CMMBOJIBI TI0 X KOJIMUECTBY B TeKcTe. CO3/1aTh CJIOBAPbh, COMEPsKaIIii CIIM -
COK OYKB X KOJIMYECTBO B JaHHOM cjioBape d:

function invertdict (d)
inverse = Dict ()

for key in keys(d)

val = dl[key]

if !(val in keys (inverse))
inverse[val] = [key]
else

push! (inverse[val], key)
end

end

inverse

end

[TpoBepuThb paboTy PyHKIIMU
inverse = invertdict (h)

[Tpu GobIIOM UMCIIe 37IeMeHTOB MTOMCK 3HaUeHMs 110 KUY B CJIoBape MPOMCXOOUT
ObICTpee, YeM MOC/Ieq0BaTeIbHbBIN MTOMCK B MacCHBe.

MHoOKecTBa

MHoxecTBa (Set) MCIIONB3YIOTCS [OJI1 XpaHEHUs KOJUIeKLMIA HeyIopsA0YeHHbIX
YHUKaTbHbIX 3HAUEHMII: s=Set () - IIyCTOe MHOXeCTBO, s=Set ([1,3,5,7]).lobaBmne-
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HMe 37IeMeHTa K MHOXXeCTBY ITPOU3BOAMUTCS C UCIIOb30BaHMEM orepaTopa push !. Ipyrue
byHKIMM 051 paboOThl C MHOXKeCTBAMM: TIlepeceueHMe intersect (setl,set2),
obbenyviHeHMe union (setl, set2), pasHOCTb setdiff (setl,set2).

[IpeBpaTUTB CTPOKY st B MHOXKECTBO COLEPKAIUXCI B HEell CMMBOJIOB MOYXKHO Tak:
x=Set (st) .

AHaOTMYHBIM 06pa30M B MHOXXECTBO MOKHO IPEBPaTUTh MacCUB z (OJHOMEPHBI
MUY MHOTOMEPHBbIA):

x=Set (z) .

CTpYKTYpBI JAHHBIX

CTpYKTYpbI JaHHBIX SIBJSIOTCS COCTaBHBIMM TUIIAMM, 3TO COBOKYITHOCTbh MMEHOBaH-
HBIX M0JIeli, CTPYNIIMPOBAHHbBIX BMECTe U pacCMaTpUBaeMbIX Kak efuHoe 1ienoe. [Ipumep

CTPYKTYPbI
struct MyStruct

bar
baz::Int
qux::Floato64

end

[Tosie, TUI KOTOPOTO He 3a4aH (bar B JAHHOM CJIyyae), 10 YMOJIYaHUIO uMeeT Tuil Any. Co-
3[aTh 00OBEKT THIIA MyStruct MOXKHO TaK
ms = MyStruct ("Hello, world.", 23, 1.5)
ObpamiaTbCs K IOASIM 00BbEeKTa MOXHO TaK: ms.bar, ms.baz,ms.qux. OmHaKO Me-
HSITh 3HAUEHMSI I10JIe HeJlb3s. ms . bar=3 BBIIACT COODIEHNE 00 omnbKe.

Eciu TpebyeTcss MeHSITh 3HAUEeHMS T10JIeli TTepeMeHHbIX TUIIa CTPYKTYPHI, ee caemy-
eT 0OBSIBUTH C KJIIOUEBBIM CJIOBOM mutable:
mutable struct MyStructM

bar

baz::Int
qux::Floato64
end

OpHako, eI CTPYKTYypa COMEP’KUT MaCCUB, 3HAYEHMS €ro I10JIeil MOKHO MEHSITh He3aBU -
CMMO OT HaJIM4MS ¢JIOBA mutable B ee OOBbSIBIEHNUNA.

Tar=Array{Float64,1}

struct MyStructAr

bar::Int
ar: :Tar
end

f=MyStructAr (1, [1,2,3])
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f.ar[1]1=0
push! (f.ar, 4)

MOHO €c034aThb CTPYKTYPY, KOTOpasi COLEP>KUT CTPYKTYPY:

struct TG

x::MyStructAr

end

MOoKHO cO31aTh CTPYKTYPY, KOTOPasi COLEP>KUT apaMeTpu30BaHHbIe I10JI:
struct TP{T}

x::T

y::T

end

struct TP2{T1l, T2}

x::T1

y::T2

end

struct TP3{T<:Union{Integer, Reall}

x::T

yi:T

end

Tumn noseit mepeMeHHO B 3TOM ciTy4yae OyfeT ornpenensiTbCsl aBTOMaTUUYeCK Ha OCHOBA-

HUY YMCIEHHBIX 3HaUE€HUI1, KOTOpbIe TTPUCBAVBAIOTCS TIOJISIM

t1=TP(1,1) - IOJS LeJOTO TUIIA,

t2=TP(1.0,1.0) M t3=TP{Float64}(1,1.0) - IO BeUeCTBEHHOIO TUIIA.
t4=TP2(1,1.0) -opmHo mnone Tuma Int64, npyroe - Float64.

t5=TP3(1,1) - MO LEIOTOo THUMa, t6=TP3 (1.0, 1.0) - [OJS BeleCTBEHHOTO TUIIA.

Heckonmbko QyHKIIMI 7151 pabOThI C TOSIMU CTPYKTYPbI.
fieldnames (MyStructAr) — IOJYYUTH CIIUCOK IOJIEN CTPYKTYPbI MyStructAr.
isdefined (MyStructAr, :ar) — COLOEPXMT M CTPYKTypa MyStructAr 1mojne ar-?

Maccus CTpyKTyp
Co3paHue IyCcTOro MacCuBa AJ1s1 XpaHeHUs CTPYKTYp Tulla MyStructAr:
af=MyStructAr][]

HOﬁaBHEHI/Ie 9JIeMEHTAa K MaCCHUBY af:
push! (af,MyStructAr (1, [pi, 2pi,3pil))



38

Missing, nothing and NaN

SI3bIk Julia mommepskMBaeT elle HEKOTOpbIe ITepeMeHHbIe: missing, nothing n NaN.
[Tepemennas tuna Nothing (nothing) BosBpaiaeTcss ¢yHKIIME, KOTOpasi He COIEePKUT
BO3BpalaeMbIx 3HaueHmit, aHasor NULL.

[TepemenHas Tna Missing (missing) COOTBETCTBYeT 3HAYEHMI0, KOTOPOe He 3a1aHO
(otcytcrByeT). Kak mpaBmiio, tobast onepauust (C10XeHue, yMHOXKEHMe,...) C TIlepeMeHHOIA
Tuna Missing NpUMBOAUT K pe3y/bTaTy TOTO K€ TUIIA, T. €. IPOUCXOOUT pacIpoCTpaHeHMe
TUIIA.

ITepemennast NaN (no a number) tun Float64 siBasieTcs ciefcTBMeM orepainum, pe-
3yJIbTAT KOTOPOM He orpezneseH (Hanpumep, 0/0).

Pesynbratom genenus -1/0 sisnsietcs -Inf, a mpu genernmun1/0 monyuaem Inf.

KoHcTaHTBI

[TockonbKy TUII TepeMeHHbIX a Julia jerko n3meHsieTcs, 3TO MPUBOAUT K AOTIOTHM-
TeIbHON Harpyske Ha peCypCbl KOMIIbBIOTEDA. YT06bI YMEHbIINUTD 3Ty HAr'Py3KYy, MOKHO UC-
IMOJIb30BATDb OIIpeaesIeHne nepeMeHHoﬁ C MCIIOJb30BaHMeM KJ/II0U4eBOTI'0 CJioBa const:
const amount = 10.00

const z=zeros (3)

3HaueHMs ITepeMeHHbIX, 00BSIBJIEHHBIX TAKMM 00pa3oM MOXKHO M3MEHSTh, OMHAKO UX TUII
MEHSTDb Helb3s, T. €. amount = 4.0 OONYCTUMO, amount = zeros(3) —HeT; z[1]=3
IOMmyCcTUMO, z=3 — HeT. KiloueBoe C/10BO const IM03BoisieT 3adUKCUPOBATh TUI Mepe-
MEHHOJA.

O npucBaBaHMM 3HAUE€HUI U KonupoBaHuu B Julia

[IpucBamMBaHMe OCYlIECTBIsIETCS onepaTopom =. [Ipumep: a=3. [lommyckaeTcsi MHO-
KeCTBEHHOe TIpMCBaMBaHMe Buaa a=b=3. Eciu HeOOXOOMMO MMOMEHSTh 3HAUEHUS Tepe-
MeHHBIX (a Ha b, b Ha a), JOITyCTMMO MCIO/Ib30BaTh KOHCTPYKIINIO a, b=b, a.

JIJ1s1 TOrO YTOOBI COKPATUTh M30BITOUYHOE MCIOIb30BaHMe maMsiTi, B Julia mcmosnb-
3yeTcsl MeXaHM3M KOIMPOBAHMSI CChIJIOK HAa OOBEKThI MpPM MpucBamBaHMu. Hampumep,
eI a U b IBa BEKTOpa,

a=[1,2,3]
TO I10C/Ie IIPYCBaMBaHUS

b=a



39

oba BEKTOpAa yKa3bIBalOT Ha OAHY 006/1aCTh ITaMSITH. HOBTOMY M3MeHeHMe 3HaueHusI ssue-
KM B OOTHOM M3 BEKTOPOB IIPpUBEAET K OJHOBPEMEHHOMY €€ M3MEHEHMIO 1 B IPYT'OM BEKTO-

pe.

Ectn Takas cBSI3b MacCMBOB HeXKejlaTe/IbHAa, BMECTO 3HaKa pPaBEHCTBA CIeAYeT VC-
M0Ib30BaTh QYHKIIMIO copy (), KOTOpasi CO3AaeT He3aBUCUMYIO KOIUIO: b=copy (a). B
5TOM C/Iy4yae CO3[aeTCsl He3aBUCUMBbI 0OBEKT b, B KOTOPBIN KOMMUPYETCSI COMEPKMMOE a.
[Tpy 3TOM B HOBOM OGBEKTE MOTYT COAEPKATHCSI CChUIKM Ha 0671aCTh MaMsITh 06BbEeKTa a,
(HampuMep Ha 06J1acTb MaMsITH, 3aHMMaeMylo MaccuMBOM). Eciu copgepskaHue obimacTy ma-
MSITU (2JIEMEHTOB MacCCHBa) MCXOAHOTO OOBEKTa a MEHSIeTCS, U3SMEHUTCS U comepiKaHue
COOTBETCTBYIOIIETO MaccuBa 0O0bekTa b. UTOObI M36€XKaTh 3TOTO, MOXHO MCIIOIb30BaTh
byHKIMIO deepcopy (), KOTOpast CO3JaeT KOMMUIO MCXOJHOTO 06BeKTa U PEKYPCUBHO KO-
MUPYET B HETO COIEPKMMOE VICXOAHOTO O6BEKTA.

PaccMOTpMM HECKOJIBKO MPYMEPOB, YTOOBI YBUIETh pasHUILY. VICXOIHBIMM SIBJISIOT -
Cs1 MaccuBbI 4, b, ¢, d

a (rr1,21,31,41 # ([([1, 21, 31, 4]

b = a # [[[1, 21, 31, 4]

c = copy(a) # [[[01, 21, 31, 4]

d = deepcopy(a) # [[[01, 21, 31, 4]

N3smeHMM 3HaUeHMe OIHOM U3 TueeK MacCuBa a

al2] = 40

b # [[[1, 2], 3], 40] — sHaueHMe 3JeMeHTa al[2] M3MEeHMJIOCH

c # [[[1, 21, 31, 4] - sBHaueHMd DBJIEMEHTOB MaCCMBa HEM3MEHHELI
d# [[[1, 21, 31, 4] - sHaueHUd BJEMEHTOB MaCCHBAa HEM3MEHHH
NUsmenum TeIepb 3HaUYEHME BJIOJKEHHOT'O MaCCHBa

al[l]l[2] = 30

b # [[[1, 2], 30], 40] — 3HaueHue 3JEeMEeHTa MU3MEHMIIOCH

c # [[[1, 2], 30], 4] — =BHaueHMe 3JIEMEHTa M3MEHMJIOCH

d# [[[1, 21, 31, 4] - BHaYeHMd DBJIEMEHTOB MaCCMBa HEM3MEHHE]
HakoHell, TpUCBOMM a HEKOTOPOE UMCIIO

a=1.23

b # [[[1, 2], 30], 40] — =HaueHMd DBJIEMEHTOB MaCCUBa HEU3MEHHEI
c # [[[1, 2], 30], 4] — =BHaueHMd BJIEMEHTOB MAaCCHUBa HEM3MEHHEH
d # [[[1, 21, 31, 4] - BHAaUeHMd DBJIEMEHTOB MacCHBa HeW3MeHHE
ToXXmecTBeHHOCTh O6BEKTOB ITPOBEPSIETCS C UCITOIb30BaHNeEM orepaTopa ===. Eciiu
a = [1, 2]; b = [1, 2];TOyUulOBUSI a == b U a === a BepHHI (true), a ycaoBue

a===Db JIOJKHO.

PaccmoTpum Teneps CTPYKTYPY IJIs1 XpPaHEHUSI KOOPAMHAT TOYKM Ha TVIOCKOCTU.
1. CHava/ia Heu3MeHsiemMasl CTPYKTypa
struct Point

X

Y
end



pl = Point (1.0, 2.0)
p2 deepcopy (pl)
pl===p2 (pe3yibTaT true).

pl==p2 (pe3yjbTaT true) .

2. Teriepb M3MeHsieMasi CTPYKTypa

mutable struct MPoint

X

Yy
end

pl = MPoint (1.0, 2.0)
pZ2=deepcopy (pl)

pl===p2 (pe3yiabTaT false)
JISTIOTCSI Pa3HBIMM OObEKTaMIU.
pl==p2 (pe3yibTarT false)
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— 3TOT pe3yJabTaT OXXKUAAaeM, MIOCKOIbKY pl m p2 SB-

- HeCMOTpPS Ha TO, UYTO KOOPAMHATHI TOUEK pl U p2 oOu-

HAKOBBI, B JAHHOM C/Ty4ae orepaTop == BeJeT ce6sI Tak ke, Kak oIepaTop ===, T. €. IIpoBe-

pAeTCd He 3KBMBAJIEHTHOCTD, d MAECHTUMYHOCTb 00BEKTOB. ST U3MeHsIeMbIX CTPYKTYDP OaH-

HbIX Julia (Bepcust 1.7) He 3HAET, UTO CUMTATh SKBUBAJIEHTHBIM.

OmnepaTopsl CpaBHEHUS ¥ YCIOBHBIE OIEPATOPbI

OmnepaTopbl cpaBHeHMsi: > (6onbliie), >=(0osbllle MM PaBHO), <
<=(MeHbllle UIU PaBHO), == (paBHO), != (He paBHO).

YcioBHbIE o1repaTopbl paCCMOTPUMM Ha IIpyUMepe UCII0Ib30BaHMA CBA3KU

if-elseif-else-end
[TpocTeimmit cay4dain

if x < vy
println ("x MeHbIIE,
<OpyTmue OolepaTopH,
end

[leriouka cpaBHeHUM

if x <y
println ("x MeHbIIE,
<OpyTmue oIepaTopH,
elseif x > vy
println ("x ©OoJbue,
<OpyTmue OoIepaTopH,
else

uem y")
€CJIY HYXHO>

ueM y")
eCJIM HYXHO>

ueM y")
eCcJM HYXHO>

println ("x paBHO V")

<IpyIrme OoIepaTOopH,
end

Horyctumel BeIpaskeHus Buga: if 0 <= x < 10

ecaIM HYXHO>

(MeHblIIE),
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YcI1oBHBIN (TPOJHOI) orlepaTop Bulaa ? b : ¢ (00s3aTesbHbI TPOOEIBI C/IeBa U
cIipaBa OT CMMBOJIOB ? U :), a — YCJIOBMeE, €CJI OHO BepHO, TO BBITIONHSIETCSI b, MHAaUe BbI-
TIOTHSIeTCH C.

[Ipumep: x > 0 ? println("x>0") : println("x<=0")

Oneparops! &, & &, |, || (Short-Circuit Evaluation)

ITpoBepka ycinoBuit (Short-Circuit Evaluation) — 3T0 KOHIIeIIIMS sI3bIKa IIpOrpam-
MMPOBaHM, O3HAYAKOIIAsl, UYTO NIPU HAJIMUYUU HECKOJIbKMX YCIOBUII MpOBepKa MPOU3BO-
IUTCS IO HEeBBITIOJIHEHMS epBOro u3 HuUx. Hanpumep, ycioBue A BepHO, €CIM BbITIOIHS -
1otcst yoiosusi B, C, D. [IpoBepka ywIoBuMil IIpeKpalaeTcsi, Kak TOJIbKO BBbISICHSETCS, YTO
OITHO 13 HMX HEBepHO. PaccMOTpPMM, KakK 3Ta KOHLIEIIIMS peaqn3oBaHa B si3biKke Julia.

B BeipaxkeHuu a & & b ycioBue b mpoBepsieTcs: TOIbKO B TOM C/Tyyae, ec/ii a BEpHO
(true), B BoipaskeHuu a || b ycioBue b npoBepsieTcs TOIbKO B TOM Cyuyae, eCiu a JIOKHO
(false). OnepaTops! (& &, ||) MOKHO MUCITO/Ib30BATh B KaUeCTBE YCIOBHBIX B BbIPAKEHUSIX

BbIpakeHUd if a then bUa && b 3KBMBaJIEHTHHI,
BbIpakeHUsa if !'a then bua || b 3KBUBAJIEHTHHI.
a=1l; b=1;

a>0 & b>0 (pesynbTaT false)

(a>0) & (b>0) (pe3yabTaT true)
a>0 && b>0 (pe3ynbTaT true)
a=1; b=0;

a>0 | b>0 (pe3ynbTaT false)
(a>0) | (b>0) (pe3yabTaT true)

a>0 || b>0 (pe3yabTaT true)

YconoBue BUga a < x && a > y Ha SA3bIKe ]ulia MOXKHO 3aITlMCaTb TdK

y < a < x. Ilpumep if 0 < a < 10.

Onepatopsbl & & 1 || MOXKHO UCITOIb30BATh B CBSI3Ke C IIPOBEPKOI1 yciaoBus. [Ipumep
a=1

if a > 0 println("a>0") end

MUJIN TaK
a > 0 && println("a>0")

MJIN TaK
a <0 || println("a>0").


https://docs.julialang.org/en/v1/manual/control-flow/#Short-Circuit-Evaluation-1
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NubiMu cioBaMu, & & COOTBETCTBYET «eC/IM YTBEPXKIEHME BEPHO, TO BBITIOJIHUTDY, || COOT-
BETCTBYET «eC/IM YTBEPXKAEeHMEe JIO)KHO, TO BBITIOJTHUTbY.

OmnepaTop(bl), KOTOPbIe NOKHBI ObITh MCIIOJHEHBI TIOC/IE TIPOBEPKU YCIOBUS B He-
KOTOPBIX CJTyYasiX JOKHBI ObITh 3aK/TI0UE€HBI B KPYTJIble CKOOKM.
[Tpumep. Cnenyoiinit pparMmeHT Koga yaasieT mpobeibl U3 CTPOKU st:

source=""
for i in 1l:length(st)

st[i] > ' ' && (source *= st[i])
end

T'eHepaTOpbI CIyYaiHBIX UMCeJT

rand () - ciaydarHoe uMciIo U3 auanasoHa [0:1],
rand (a:b) - crydaliHoe 1Lien0e Y1CI0 U3 AuarnasoHa [a:b],
rand(a:0.1:b) - caydaliHOE YMCIIO U3 AMaria3oHa [a:b] C TOYHOCTBIO OO ITepBOro 3HakKa.

Cwm. Taxske pasgen "CiayuaitHble umcia (6mubmoreka Random)".

HuKIbI

LIK MOKHO OpraHM30BaTh CAeAYIONIMM 060pa3oMm (il - mepBoe 3HaUeHue, 12 - Io-
cienHee, 1 3- mar IMKia, 1o yMoJI4aHuIo i3=1 U mar MOXXHO He 3a1aBaTh.

for 1 in 1l1:1i2

end

for i = 11:12

end

for i in il1:1i3:i2

end

for i = 11:13:1i2

end

[IpMmepsbl BBIBOJA HA I1€YATh

for i in 1:5 println(i) end

for i = 1:5 println(i) end

for 1 in 0:0.1:1 println(i) end # step = 0.1
for i = 1:3:15 println(i) end # step = 3
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Ecnu a — ogHOMepHbIit MacCuB, TO

for 1 in eachindex(a) println(a[i]) end
for 1 = eachindex(a) println(al[i]) end
for x in a println(x) end

for 1 in l:length(a) println(al[i]) end
for 1 in l:size(a,l) println(al[i]) end
while <ycmnoBme BepHO>

. . BHIIOJIHAKNTCS OIepaumn

end
BoIiiTi M3 IMK/Ia MOSKHO C IIOMONIbI0O KOMaHIbl break:
if 1 > 10 break end

KOMaH,Ela continue IepeBOoaAUT IMKJI Ha CJIEAYIOIMYIO UTepalio:
if 1 == 10 continue end

[TpuMepsl BOVHOTO LIMKIIA (Pe3y/abTaThl BBIBOAA OT/IMYAOTCA!)
for i = 1:2, 7 = 3:4
println((i, J))
end
for i = 1:2, j = 3:4
println (i, 3J)
end

®dyukuuu map u foreach

B mmpokom cMmbicie QyHKIINMSI map IpeBpalllaeT oauH HaOOp JAaHHBIX B Apyroii. B
YacTHOCTH, PYHKIMS map (£, c..) MpuMeHseT QyHKINIO £ KO BCeM 3jieMeHTaM KOJlleK-
1IMM c ¥ BO3BpaliaeT pe3yabTaT. MTHbIMU CJI0BaMU, 3TO map - GYHKIIVS BBICIIEro MOpsaKa.
[Tpumepsl.
map (x-> x*2, [1,2,3]) # pesymabTar: 2, 4, 6
map (+, [1,2,31, [10,20,30]) # pesymbTaT: 11, 22, 33

dyHk1MS foreach (£, c..) BbI3biBaeT QyHKIMIO £ [JIST BCEX JIEMEHTOB c, HO He
BO3BpalllaeT pe3y/bTar.

[Tpumepsl.

a=[1,2,3]

foreach (println, a) # IleuaTb BCexX BJIEMEHTOB BEKTOpa a

foreach (x->println (x"2),a) # IleuaTh kBaIpaTa B3JIEMEHTOB BeKTOpa a

YTeHue U 3ar1MCh JaHHBIX

BbiBOI, maHHBIX B daita MaM Ha 3KpaH OCYIIeCTBIISIETCS C UCIOMb30BaHMeM (QYyHK-
Uil print (), println() uwrite ().
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[Tpumepsl
print ("Testl"); println ("Test 2"); write (stdout, "Julia").B mociemHem
cTyyae KpoMe TeKCTa Ha 9KpaH OyJIeT BhIBeIEHO YMC/I0 HalleuaTaHHbIX CMMBOJIOB (5).

UreHMe OaHHBIX OCyllecTBiaseTcs GyHKIuell read(): read(stdin,Char) -
IaHHas KOMaHIa OXHuIaeT BBOLA OLHOTO CMMBOJIA C KiIaBUaTypbl. UTeHMe OaHHBIX U3
daiina mpousBoguTcs PyHKIMUSIMU read () U readline (). KomaHma readline (stdin)
CUMUTBIBAET JAaHHbIE 10 TeX I10P, [I0KA He BCTPETUTCS CMMBOJI IlepeBOofa KapeTKu \n (Haxka-
Tue knasuiin Enter). KomaHpa x=readline () IpoyuTaeT BBeAEeHHbIN C 3KpaHa TEKCT,
IIPMCBOUT €ro MepeMeHHOV X ¥ OTOOpasuT ero Ha 3KpaHe. [lepeMeHHast X MMPU 3TOM CO-
Iep>KUT CTPOKY CMMBOJIOB.

B HeKOTOphIX C/Tydasix (MaCCUMBBI, CTPYKTYPbl MaHHBIX) JJISI BbIBOJA HAHHBIX Ha
9KpaH yI00HO MUCIOIb30BaTh QYHKIMIO show ().

dopmaTupoBaHMe BbIBOJA JAaHHBIX

Inst popmMaTUpOBAaHHOTO BBIBOJA JAHHBIX YIOOHO MCIIO/Mb30BaTh MaKPOKOMAaHIY
@printf (pegBapuTeTbHO HYKHO IMOAKIIOUMUTH COOTBETCTBYIOIIYIO OMOMMOTEKY: using
Printf). [lanHasg MakpoKoMaH/ia I03BojisieT (opmMaTHpoBaTh BbIBOJ, TaK, KaK 3TO AeiaeT
dynkuus printf() s3pika C.

[Ipumepsbl
@printf ("Characters: %c %c \n", 'a', 65)
> Characters: a A

@printf ("Decimals: %d %$1d\n", 1977, 650000)

> Decimals: 1977 650000

@printf ("Preceding with blanks: %10d \n", 1977)

> Preceding with blanks: 1977

@printf ("Preceding with zeros: %010d \n", 1977)

> Preceding with zeros: 0000001977

@printf ("Some different radices: %d %x %o %#x %#o \n", 100, 100, 100, 100, 100)
> Some different radices: 100 64 144 0Oxo64 0144

@printf ("floats: %4.2f %$+.0e SE \n", 3.1416, 3.1416, 3.14106)
> floats: 3.14 +3e+00 3.141600E+00

@printf ("%$s \n", "A string")

> A string

JI7s1 BbIBOIA UMCeNl yIoOHee MCIOoIb30BaTh (OpMAT g, KOTOPbI/ aBTOMAaTUYECKMU
BBIOVMIpPAeT ONTMMAaJIbHBINM CII0CO6 MpeacTaBieHNs JaHHbIX (3HAK "-" B IpuMepe obecrie-
YlBaeT BbIpaBHMBAHME TEKCTa BI€BO):

@printf ("$-12.6g \n", pi)

> 3.14159

@printf ("%-12.6g \n", pi*l.e-10)
> 3.14159%9e-10

@printf ("%$-12.6g9 \n", 1)

> 1
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Bonee mogpo6HO cM. http://www.cplusplus.com/reference/cstdio/printf/

Pa6oTa c ¢aritamu

ITo ymonuanuto pabouum snessiemcs Kamaioz, 8 Komopewlii ycmavoenena Julia!
V3MeHUTh TEeKYIIMii KaTaJor MOXHO C MCIIOIb30BaHMEM KOMaHIbl cd, HaIlpuMmep,
ced("d:\\Julia"). Pab6ora c ¢aiiom HauMHAETCSI C TOTO, UTO YKAa3bIBAETCSI €ro MMSI
(fname="test.dat"). Jasee ¢aia Hy’)KHO OTKpPBITh (f1=open (fname, mode)), mode
XapaKTepu3yeT BO3MOKHOCTY paboTsl ¢ daitiom, cm. Tabm. 1.


http://www.cplusplus.com/reference/cstdio/printf/
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Tabmuua 1. 3HaueHus MapaMeTpa mode

Mode Description Keywords

r read none

W write, create, truncate write = true

a write, create, append append = true

r+ read, write read = true, write = true
w+ read, write, create, truncate truncate = true, read = true
a+ read, write, create, append append = true, read = true

O4eBMIHO, MOKHO Cpa3y BbIIOJIHUTb KOMaHAy fl=open ("test.dat","r+").
ITpu ykazauuu uMeHu aiiia caegyert ykasaThb ITyTh K HeMy. [IJist paboTsl B cpene Windows
IyTh JO/I’)KEH MMETb TaKOM BUI:
"c:\\mytest\\test.dat".

[TpoBepuTh HamMume daiijia MOKHO C MCITOIb30BaHMeM QPyHKLIMM ispath (), KOTO-
past Bo3Bpailaer true, eciu daiin cyiiectByeT, win false, ecsin Takoro daiina Her.
[Tpumep:
ispath ("c:\\mytest\\test.dat").

®OyHKIMSA readdir () BBIBOOAUT Ha 9KpaH Bce (aiiyibl, KOTOpbIEe €CTh B JaHHOM Ka-
tajsiore. Harpumep, BbIBECTHM CITMCOK (aiijioB B TEKYIIEM KaTajaore MOKHO TaK

readdir (pwd()).

MoOKHO ITPOYNTATh BCe JaHHbIe 13 daiijia cpa3y KOMaHI0i1
alldata = readlines (fl)

B stom airyuae alldata comepskuT maccuB CTPOK Array{String,1}.

Jy1st 06paboTKy MHDOpMaLM B MaccuBe alldata MOXKHO MCIIO/Ib30BaTh LIIVKII
for line in alldata

println(line)
. .[IpouMe nOencCTBUA
end
close(fl)

PekoMeHyeTCsI BCera 3aKpbIBaTh (paiis1 1mocsie 3aBepiieHns paboThl C HUM.
Hamb6ostee mpocToii crmocob paboTsl ¢ JaHHBIMM 13 (aiiia ¢ MMeHeM fname BBILISI-
AT TaK
open (fname, mode) do fl

nevictBusa c ¢pamsiom fl
end
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B sToMm citydae daiin 3aKpbIBaTh He HYKHO, OH 3aKpbIBA€TCSI aBTOMATUUYECKHU TT0C/Ie
BBIXO/IA M3 OJIOKA.
open (fname) do f1

for line in eachline (f1l)
nemcrBus ¢ ¢panmyom fl
end
end

Kaxk sicHO 13 Tabmuiel 1, ecyiu mpeamonaraeTcs 3anuch MHGopmaium B ¢aii, TO ero
HYYXHO OTKPBITh C KIIIOUOM "w"
fname = "example2.dat"

f2 = open(fname, "w")

write (f2, "TexkcT sanmcaH B darmia\n")

# BEIBOOUTCH UMCJIO 38 (UMCJIO 3alMCaHHHEX B damni 6anT)
println(f2, "B TOM uMcJIe M KOMaHmoM println!")
close (f2)

OmHako, ecyii C KJIIOUOM "w" OTKPBIBAETCSI CYIIeCTBYOIMi daita, oH Oymer Ie-
pesamucad. Koy "a" mo3BoJsieT OTKPBITh CYIIECTBYIOMNIA (paiii ¢ BO3MOXHOCTBIO J10-
6aBeHMs MHGOPMAIIUL.

B HeKOTOpBhIX CIydasix O uTeHusl ¢aita ygoOHO MCIIONb30BaTh CTPYKTYPY
try...catch...finally
try
open ("myfile.txt","r") do f

end

catch ex
finally
close (f)

end

DOYyHKIUN

[l1a6sioH ornpenenenust byHKIMK B Julia uMeeT Bup,
function name (criMcokx mnapaMeTpoOB)

TeJOo QYHKLUU
end

name — UMS QYHKIIMM (He 00513aTeJIbHO), CITMCOK ITapaMeTPOB TOXKEe He 00s3aTesIeH.
Bo3BpaliiaeMoii BeIM4IMHOMNM SIBJISIETCS MMOCeaHee 3HaUeHMe WM CIIMCOK 3HaueHul (Kop-
Tex). [lepen, CriMCKOM BO3BpalllaeMbIX 3HAUEHMIT MOXXHO MCIIOJIb30BaTh K/IOUYEBOE CJI0BO
return. OyHKIMUS MOKET HMYETO He BO3BpAlllaTh, B 3TOM CJ/Iyyae TUIT BO3BpPalllaeMOil Be-
JIMYMHBI Nothing.
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[Tpumep.

function testl (a)
at+=5
a/2

end

testl (a) Bo3Bpaiaer 3.5. [Ipu 5ToM 3HaueHMe IepeMeHHO a He MeHsieTcs (ITOo-TIpex-
HEMY paBHO 2).

OmHako, eciu B CIMCKe ImapaMeTpoB GYHKIINMY eCTh MAaCCUB WJIM CTPYKTYpa TaHHBIX,
9J1eMeHT(bI) KOTOPBIX M3MEHSIIOTCS B Tejie (GYHKLVMU, TO 3TV U3MEHEHMS BUIHBI U B BbI3bI-

BaIOHLEVI (I)YHKLU/II/I, T. €. TaKMe M3MeHeHMs [JI00aIbHbI.
[Tpumep
function test arr(a)
alll+=1
return nothing
end
a=zeros (1)
test arr(a)
Teriepp a[1l] paBHO 1
[Tpumep
mutable struct SM
a::Int
b::Floatb64
end
s=3M (0, 0)
function test struct(s)
s.a=10
s.b=20
end
test struct(s)

[IpoBepka MoKa3bIBaeT, UTO MOJIs a U b cTpykTypbl SM M3aMeHmnucb. OgHaKo, ecin
CTPYKTYPY OOBSIBUTH Kak HeMsMeHsieMylo (6e3 KaoueBOro ciaoBa mutable), mpu BbI3oBe
dbyHKIIMM OyIeT creHepypoBaHa OIMoKa immutable struct cannot be changed.

Cnemyrommii mpuMep MOKa3bIBaeT, KAKMM 00pa3oM (PyHKIIVS BO3BpalllaeT HeCKOJIb-
KO 3HAUYEeHU.
function test2()

sin(l), cos(l), "Julia test"
end
test2 () Bo3Bpaiaer nBa umuciaa: 0.8414709848078965, 0.5403023058681398 mu
dpaszy "Julia test".

ATU 3HaUE€HMS MOXKHO IMPUCBOUTD ITlepeMeHHbIM ITpU BbI30Be QYHKIUMU
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a,b,st = test (2)

KiioueBoe c10BO return obecrieunBaeT BbIXO[ M3 GYHKIIUM U MOXKET BCTpeuaTbCst
B TeKcTe QYHKLMM HeCKOIbKO pas.
function test3(n)

if n < 0

return "n < 0"

elseif n==

return "n == 0"

else

return "n > 0"

end
end

B HEKOTOpBIX CyTyuasix ObIBaeT yaoOHO UCIOAb30BaTh GYHKIMM 6e3 uMeHu (anony-
mous functions win lambda expression). 11la6iioH aHOHMMHOV GYHKIUM MMeeT BUJ,
(CIMCOK mapaMeTpOB) -> BbIpakeHue
[Ipumepspl: (x) —-> x”~3 — BO3BeAEHME B TPETHIO CTEIEHD,
(x,y,2) —-> x+y+z — CyMMa TPEX CJIara€MbIX.
AHOHMMHYIO (PYHKIIMIO MOKHO ITIPUCBOUTD IIEPEMEHHOI: f= (x, y) ->x"2+y"2.
AHOHMMHbBIe (YHKIMM YaCTO IepealoTcs B KauecTBe IapameTpa Apyroi (QpyHK-
107078

[TpuMmep pacueTa IMPOM3BOAHOM QYHKIIUM £
f=(x)->x"3
function numerical derivative(f, x, dx=l.e-6)

derivative = (f(x+dx) - f(x-dx))/ (2*dx)
return derivative
end

numerical derivative (£, 2) Bo3sBpamaet 12.000000000345068.
3aro/sioBoK (PyHKLMM MOXKET COmepsKaTh IepeMeHHOe YMC/IO apryMeHTOB. B 3ToM
c/Tyyae B KOHIIe CIMCKa ITapaMeTpOB ITOMelljaeTcs TpPoeToune (orepaTop splat).

[TpuMep GYHKIMM, BBIUUCSIONIEN CYMMY CIIMCKa YMCel.
f=function(a...)
sum=0
for i in l:length(a) sumt+=al[i] end
return sum
end
f£(1,2,3) BO3BpallaeTr 6.
3aroyioBoK (yHKIIMM MOKET COIepsKaTh 00s13aTe/bHbIe 1 HeoOsI3aTeIbHbIe (OIILMO-
HaJIbHbIE) IMapaMeTpbl. BHauase 3amat0Tcst 00si3aTe/bHbIE, @ 3aTeM ONIIMOHA/bHBIE T1apa-
MeTpbl. 3HaueHMs OMLMOHAIbHBIX MapaMeTPOB IO YMOJTYAHMUIO 3aJal0TCS B 3arojioBKe

byHKLIMN.
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HpI/IMep. cDy’HKI_U/IFI, KOTOpad 1rnmeyaTtaeT 3agaHHOe UMC/IO 3JIEMEHTOB MaCClBa
function printn(a,n=3)

for i in 1:n println(ali]) end

end

function printarr(a::Array)

for i in l:length(a) println(a[i]) end

end

Bri30B

printn([1,2,3,4,5]) -IeyaTaTb TPpU IIePBbIX 3JIeMEHTa MaCcCUBa,
printn([1,2,3,4,5], 4) -TIleyaTaTh 4YeTbhIpe MePBbIX JIeMEeHTAa MaCcC/Ba.

Twun aprymeHTOB QyHKUUM

Tun aprymeHToB QYHKIMM yKa3bIBaTh HeobOs3aTenbHO. [Ipy He06XOAMMOCTU MOX-
HO B cuMrHaType GyHKIIMY YKa3aTh TUII OTHOM WM HeCKOIbKUX TIepeMeHHbIX
fun(a::Integer, b, c::Float64d) = atbtc
B sToMm ciyuae 1nipu BbI3oBe (PyHKIMM fun () MepeMeHHas a JO/KHA MMeTb Tull Integer,
nepemMeHHas ¢ — Tum Float64, nepemeHnHast b momkHa OBITh YMC/TIOM.

B cnemyomeM npumepe Ipu Bbi30Be GYHKIMM ITPOU3BOAUTCS IeUaTh 3JIE€MEHTOB

MacCCuBa HpOMBBOHbHOﬁ AJIMHbI M TUIIA:
function printarr(a::Array)
for x in a println(x) end

end

printarr([1,2,3,4,5])
printarr(collect (1:10))
printarr([1.1,2.2,3.3])
printarr(['a','b','c','d",'e',"f'])
printarr (["Hello, ", "World"])
printarr([1+2im, 2+4im])

Pexkypcus

DYHKIMS MOXKET BbI3BIBATh cebsl (PeKYpPCMBHBIN BbI3OB). IIpuMep pacueTa umcen
duboHauuM (Kaxkgoe YMcIo MocaeaoBaTeIbHOCTY F, paBHO cyMMe ABYX Mpenbiayux F, =
Fn.-1+F,-2, ipu atom Fy=0, F;=1):
function fib (n)

if n == 0 return 0 end

if n == 1 return 1 end

return fib(n-1) + fib (n-2)
end
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MHoOXeCcTBeHHas AUCIIeTYEpU3anus

B a3pike Julia Temo dyHKUUM SIBASIETCS MeTOAOM. J[OMyCTMMO CyIleCTBOBaHME
HeCKOJIbKMX (QYHKIIMII C OMHMM Ha3BaHMEeM, HO Pa3HbIMM CIIMCKAMM U/WUIX TUTIAMU apry-
MEHTOB M PasHbIMM MeTomaMu. BrIOOp ImOAXOmsero MeTofa Mpyu BbI3oBe (QYHKIIUM B
STOM C/TIy4ae OCYIIECTBJISIETCS 10 CIMCKY M TUITY apTyMeHTOB. Takoii criocob Bbibopa me-
Toma GYHKIMM Ha3bIBaeTCsl MHOKeCTBeHHas aucrnetuepusanys (multiple dispatch).

[Tpumep

fun(x::Integer) = "uejsouuciyieHHad nepeMeHHasa"
fun(x::String) = "cTpoka"

fun(x) = "He cTpoOKa M He LUejioe uucjo"

Beizos GyHKUMM fun () C pa3HBEMM apr'yMeHTaMM IPMBOIMT K Pas3HEM pe-—
3yJbTaTaM:

fun (1)

>"eJjgiounciieHHada nepeMeHHasa"

fun("1")

>"crpoka"

fun(1.0)

>"He CcTpoka M He LeJjioe umcjo"

Ecnu GyHKIMIO ¢ apryMeHTOM 3aaHHOIO TUIIA HAlTU He ynaeTcs, Julia BeigaeT co-
obG1ieHue 06 omuoke.

Bbi6op (pyHKUMM (mycrieTyepmsanusl) MPOUCXOAUT BO BPeMS BBIITOJIHEHMS IIPO-
rpaMMbI, a He BO BpeMs KOMITMJIALINMN.

Bonee mompo6HO 0O MHOKECTBEHHON AMCHETYEPU3aLMM MOKHO ITPOUMTATh 31€Ch

(cratbst "Henoctyokumas 9¢deKTUBHOCTD MHOXKECTBEHHO AMcIIeTYepu3anumn')

BexkTopusanus

B g3bike Julia mpegycmoTpeHa BO3MOKHOCTb BekTopu3anuu (broadcasting) apud-
MeTHYecKuxX orepaiuit u GbyHKIMIA, T. e. 3aMeHa 4yucIa Ha BeKTop. Touka mobaBiseTcs
nepen cMMBoJiaMu +, -, % *) HO rocje uMeHU QyHKIMNA.

[Ipumepsl.
[Tyctp x - MaccuB yucer.
x.”2 -BO3BeCTU B KBaApar BCe 3JIeMEHThI MacCUBa X.

Bce ameMeHTBI MacCuBa MOKHO YMHOXKNUTDb Ha UMCIO U 0e3 BeKTOpPM3aIuy, Hallpy-
Mep, 2x. OgHaKO, BO3MOXHbI HEKOTOPbIE TOHKOCTU. ECIM 371eMeHThl MacCuBa HY>KHO
YMHOXUTb Ha BelleCTBeHHOe 4uciao (Hampumep, 2.0), TO yMHOXeHMe Ha 2. IPUBOAUT K
HEOAHO3HAYHOCTH, ITOCKOJIbKY HEMIOHSITHO, KaK TPAKTOBATh TOUKY - KaK JeCITUYHbIN pa3-
JIeJINTeNlb WM KaK CMMBOJ BEKTOPU3aLUUN. 2 . *x - YMHOXUTH BCE 3JIeMEeHTbl MacCUBa X
Ha 2. [lepen TOUKOI B JAHHOM C/Ty4ae MOJKeH ObITh ITpo0est, MHaYe BO3HMKAET mpobieMma,


https://habr.com/ru/post/468609/
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KaK TPAKTOBATh 3Ty TOUKY - KaK JECITUUHYIO JIJIsT 2 MM KaK CMMBOJI BeKTopu3auum. OmHa-
KO eCJIM 3aIicaTh 3TO BhIpaXkeHe TaK
2.0.*x, TO Ipobes epex TOUKOI He 0bsI3aTeseH.

Ecin a, b — BeKTOPbI OAMHAKOBO IJIMHBI, TO JOITyCTUMO BbIpasKeHe
minmax. (a,b), B 3TOM cJyyae pe3yJabTaTOM OygeT BEKTOP-KOPTEX, ComepsKalimii
MMHMMaJbHbIe ¥ MaKCMMajbHble 3HaUeHMSI KasKI 0¥ ITaphl 3JIEMEHTOB JIBYX BEKTOPOB.

BbipaxkeHye TUIIA sin. (a) MO3BOJISIET BBIUMCIUTD CMHYC KaXXIOTO 3JIeMeHTa Mac-
CHUBa a.

YToO6bI MPUMEHUTh PYHKLIMIO f= (x)->x"3 K 3JIeMEeHTaM MacCuBa a, MOXHO MC-
MI0JIb30BaTh BhIPAKEeHME f . (&), pe3yJbTaTOM OyIeT MacCUB UMCET.

BoipaxkeHe a==b MMO3BOJISIET CPABHUTb BEKTOPHI a U b, pe3yJabTaToOM OyIeT rnepe-
MeHHas Tuna Bool (truelfalse). AHanornuHoe BbIpakeHMe C TOUKOV a.==b JaeT BO3MOX-
HOCTb CPaBHUTD COJePKMMO€e BEKTOPOB IMTOUIEHHO, B 3TOM (Jyuyae pe3y/lbTaTOM SIBJISIETCS
MaccuB TuIa Bool, mosst KOToporo comepskaT pe3yabTaTbhl CPAaBHEHUSI COOTBETCTBYIOIINX
stueek BeKTOpoB (1 — true, 0 — false).

O6acTy BUAMMOCTHU IT€peMEeHHBIX

bnok B Julia onpepeneH KOHCTpyKiMsimu function, for, while, if/else,
do, try/catch ¥ 3akaH4YMBaeTcs omepaTopoM end. [0 yMOTYaHMIO KaXKOblii OJIOK
oIpenesieT CBOI «00acTh BUAMMOCTIU» ITepeMeHHOo. O6/1acTh BUAMMOCTU OIpeesisieT
BO3MOKHOCTh MOoAM(MKaALMM TTlepeMeHHOo. IHbIMIM CJIoBaMu, TiepeMeHHast x BHe 0J0Ka 1
BHYTpM O710Ka — JIBe pa3Hble epeMeHHbIe. [lepeMeHHas, oripeesieHHast B Teje GyHKIUU
He BUHA BHe 3T0V QyHKIMK. [lepeMeHHYI0 BHYTpHM 6JI0Ka MOSKHO OTOXIECTBUTD C BHEIII-
Heli, eC/IM UCIO0/Ib30BaTh KI0UEeBOe CJIOBO global.

[Ipumep

function sum to(n)

s = 0 # HOBas JiOKaJIbHAs MepeMeHHasd

for i = 1:n

S = s + 1 # npucBOMTE B3HAUEHME JIOKAJBLHOM MNEePEMEHHOM
end

return s # Ta Xe JIOKaJIbHAS I[IepPEMEeHHAas

end

sum (3)

>6

S

ITocnemHsist cTpoKa (S) BbI30BET cO00IeHMe 00 omnbke: UndefVarrError: s not de-

fined (mepemMeHHas S He ompepeneHa). JleiiCTBUTENbHO, IIepeMeHHAsI s Olpe/eeHa
TONBKO BHYTPYU PyHKIMM sum to (n).
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B cnenyromeit GyHKIMK TTlepeMeHHast S 00bsiBlIeHa I7106aTbHO, TI03TOMY ee «BUJ-
HO» ¥ BHe QYHKIIUMN.

function sum to(n)

global s = 0 # HOBas ryofajibHAS INepeMeHHAasd

for i = 1:n

s = s + 1 # npucBouTh B3HaueHUe TJOOAJBHOM MNEepPEeMEeHHOM
end

return s # Ta xe rTyoBajibHAS [IepeMeHHAas

end

sum (4)
>10

S

>10

U eme oguH MpuUMep, KOTOPBI MILTIOCTPUPYET BO3SMOXKHOCTD Ilepemaun 17100ajb-
HbIX ITepeMeHHbIX 13 OJHOM QYHKIUY B IPYTYIO
function test 2()
global n
println("n=$n")
end
function test 1 (x)
global n=x
test 2 ()
end
test 1(1)
>n=1
[Ipy HeoOXOOMMOCTM cHeaTh MepeMeHHYIO JIOKAJbHOM MCIOMb3yeTCs KIoueBoe
CJIOBO local.

IIBa nmpumepa.
function £f1 (n)
x = 0
for 1 = 1:n
x =1
end
X
end
£f1(10) BO3BpPATUT 10, IMTOCKOJIbKY B TeJI€ IIMKJIa MUCITIOJIb3YyeTCAd IepeMEeHHAA X, 0OBSIBJICH-
Hasl B Tesie QYyHKIIUN.
function £f2(n)
x =0
for 1 = 1:n
local x
x =1
end
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X

end

B sToM citygae £2 (10) Bo3BpaTtuT 0, IOCKOJIBKY MEPEMEHHAs X B Tejle IMKJIa 00bsIBIeHA
JIOKaJIbHO.

JOKyMeHTaLMsI TI0 3STOMY pa3fiey He SIBJISIEeTCST YCTOSIBIIENCST ¥ MHOTIa M3MeHsIeT -
cs1. Bonee rmoapo6HO cM.

https://docs.julialang.org/en/v1l/manual/variables-and-scoping/

JonosmHuTenbHasAs MHQopManms

B s13piKke Julia gorrycTMma 3amnmch BeIpakeHMit Buaa +(a,b), maHHOe BbIpaskeHue K-
BUBaJeHTHO a+b. [laHHasa dopma gorycTuma AJ1s1 BCeX CTaHIapTHBIX omnepalnii, apudpme-
TUYECKUX U JIOTUYECKUX.

[IpuopuTeT BbIMOMHEHUST omepaiuii B Julia He OT/IMUaeTCs] OT OOIIEIIPUHSITOTO.
BHauasie BBINOMHSIOTCS Ollepalyyi BO3BeLeHMs B CTelleHb, 3aTeM [elleHle-YyMHOXeHMe,
3aTeM (JIOKeHMe-BblUMTaHMe, B MOCJIeLHIO Ouepenb BBITIOIHSIOTCS Ollepaluy CpaBHe-

Husi. bomee mompo6Ho, cm. (https://docs.julialang.org/en/vl/manual/mathematical-

operations/#0Operator-Precedence-and-Associativity-1).

B Julia momycTMmoO omycKaTh 3HAaK YMHOKEHMSI B BhIpakeHMsIX Tuia 10*a KkoTopoe
MOKHO 3anucaTtb Tak: 10a mamnl10.0a.
HomycTUMO MCIO/Ib30BaTh JIOTMUECKME TepeMeHHble KaK 4yuciaoBbie (true 3To 1,

false - 0)
a = true
b = false
c =1.0

PesynbraTom omnepauuu a+c asisetcs 2.0.

2. Ucmonb3oBaHue 0MoOamoTek (packages)

Ileecoo6pa3HOCTb UCIIOAb30BAHMS SI3bIKA MPOTPAaMMMPOBAHMSI BO MHOI'OM 3aBU-
CUT OT ero Ha3HaueHMsl, BOSMOXKHOCTEl M MPUKIAZHBIX OMOIMOTEK, KOTOpble 00pa3yioT
TaK Ha3bIBAEMYIO 9KOCUCTEMY sI3bIKa. B CBOIO ouepedp, SKOCUCTEMA SI3bIKa XapaKTepu3sy-
eTCSI KOJIMYECTBeHHBIMM M KaueCTBEeHHBIMM ITOKa3aTeasiMu. [IpuueM, eciay MOIyIUTh KO-
JIMYECTBEHHYIO OLIEHKY JOBOJIBHO IPOCTO (IOCTAaTOUHO MOCUYUTATh YMUCIO OMOIMOTEK), TO
OLIEHUTh MX KauecTBO ropasio CIO0XKHee, IMTOCKOJIbKY KaueCTBO IPUKJIATHON OMOIMOTEK
orpenessieTcs 1eJbIM psiaoM (pakKTOpoOB, B YaCTHOCTH, YIOOCTBOM MCITO/Ib30BaHMS, HAIEX -
HOCTbI0, OBICTPOIEIICTBMEM, KPYTOM pelaeMbIx 3amau. C 9TOi TOUKM 3peHUs] 6MOIMOTEKN
pasmensiioT MHOrma Ha "3pesbie” u "Hespesbie'. IlepBbie JOBeOeHbI 0 BbICOKOW CTeIleHMU
TOTOBHOCTH, BTOpPbIe HAXOASTCS B CTaAUM pa3pabOTKNA.


https://docs.julialang.org/en/v1/manual/mathematical-operations/#Operator-Precedence-and-Associativity-1
https://docs.julialang.org/en/v1/manual/mathematical-operations/#Operator-Precedence-and-Associativity-1
https://docs.julialang.org/en/v1/manual/variables-and-scoping/
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Cucrema mporpamMmmMmupoBanust Julia mpemocTaBisieT BO3MOKHOCTb MCITOIb30BaHMS
11eJIOTO Psifia YHMBEPCAAbHBIX U CHelMaaIu3upPOBaHHbIX 616MMoTeK. YTOOBI MCII0Ib30BaTh
GYHKIIMM U3 KaKOM-TMO60 OMOMMOTEKM, HY;KHO BBECTM KOMaHIY using PackageName
(BMecto PackageName HY;KHO BBECTM MMsI COOTBETCTBYIOIIEH Oubamoreku). Hampumep,
using LinearAlgebra. Ecnu Ha 3KpaH BBIBOOUTCSI COOOIeHME O TOM, YTO OubIMOTEKa He
HailieHa, cjeayeT MOIbITaThCSI YCTAHOBUTh €e KOMaHAoli add B pexume pabOThI ¢ 6M0O-
nuorekamu (add PackageName). [Ijis iepexoia B pesXuM paboThl ¢ 6MOIMOTeKaMy HYX-
HO BBeCTU cCMMBOJI "]" (cM. [InasoroBoe OKHO).

Voanenue 6MOIMOTEKM TIPOU3BOAUTCS KOMAHAOM rm B peXXume paboThl ¢ OMOIMO-
TeKaMU (rm PackageName).

JIJis TIpoCMOTpa CIMCKa YCTAaHOBJIEHHBIX OMOIMOTEK HY)KHO BBITIOIHUTh KOMaHIY
status B pexuMe paboOThI C 6MOIMOTEeKaMM.

Pao6ora c Tadmmuumamu (ouoamoreka DataFrames)

[TlepemenHas tuna DataFrame ((ppeiiMm maHHBIX) MMpegHa3HaueHa AJIs1 XpaHEeHUsST U
TpefCcTaBAeHNsI JaHHBIX B opMe Tabmuiibl. DataFrame moxosk Ha MaTpPUILy, HO MMeeT Psif
ocobeHHOCTel. [IJ1s1 paboThI ¢ IeEpeMeHHbIMM 3TOTO TUIIA HEOOXOAMMO IOIK/IIOUNTb 610 -
mnoreky DataFrames (using DataFrames).

DataFrame MOXXHO paccMaTpuBaTh Kak 06a3y JaHHbBIX, HAXOMSIIYIOCS B OIepaTUB-
HOJVi MaMSITV KOMIIbIOTepa, C KOTOpOoi yao6HO paboraTh. DataFrame comepskuUT CTONOIIbI,
KaKIbIii M3 KOTOPBIX MMeEEeT CBOIl TUII, IpMUeM oOpalieHue K JAaHHbBIM MOXXHO OCYIIe-
CTBJISITh T10 MMeHM CcTos6Ia. TakMm 06pa3oM, B OTHOM CTOJIOIEe MOTYT CofepskaThCst hop-
MYJIbI XMMUUECKMX BelllecTB (Tum String), B ApyromMm — ux MojsipHbie Macchl (Tun Float32).
ITonst TaGMUIIBI MOTYT He COZepskaTh 3HAUEHMI (3HAUeHMe missing).

[Tpumep co3manus nepemeHnHoi Tumna DataFrame

using DataFrames
df = DataFrame ()

df[!,:Cl] = 10:10:40
df[!, :C2] = [log(10), pi, sgrt(5), 63]
df[!,:C3] = [true, false, true, false]

show (df)

[TepBas cTpoka Tabauibl COAEPSKUAT 3aTOJIOBKM CTOIOIIOB ¥ TUITBI COOTBETCTBYIOIINX
repeMeHHbIX, ITIepBblii cToI6el] (BCTIOMOTaTe/IbHbI) COAeP>KUT HoOMepa CTPOK.
OTMeTHM, UTO JaHHYIO TaOGIUITY MOKHO CO31aTh M TAaKMM 06pa3oM:

df = DataFrame(Cl = 10:10:40, C2 = [log(1l0), pi, sqgrt(5), 63],
C3 [true, false, true, false])

O6paiieHne K JaHHBIM CTOJIOIIa BO3MOYKHO 10 €r0 HOMepYy WM 110 MUMEeHMU
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show (df.C1)
show(df[!,3])
show (df[!, :C3])

MOXKHO M3MEHUTD 3HAUEHME STYeKM TaOIUIIbI (C YYeTOM TUIIA JaHHbIX)
df.C1[3]1=33

O6paineHne K JaHHBIM CTPOKM BO3MOKHO 110 €€ HoMepy: df [2, :]

BoiBecTn maHHbie CTpOK 1 M 2: df [1:2, :]

HanbHeitias getanusainys (ColepsKumMoe TpeThero cToaoma): df [1:2, :C3]

BoiBecTu gaHHbie CTPOK 3 1 4 KomoHOK C1 u C3 Tabauiisel df MOsKHO Tak
df[3:4,[:C1l, :C31]]

BbiBecTM TiepBble N CTPOK TabGAMUIIBI MOXHO C MCIIONAb30BaHMeM GYHKIUMU
first (), Hampumep Tak: first (df, 3).COOTBETCTBEHHO, YTOOBI BbIBECTU MH(POpMa-
L[M/I0 N MIOCTeOHUX CTPOK, MOXKHO MCIT0/Ib30BaTh QYHKIMIO last () : last (df,2).

liMeHa KOJIOHOK TabiuIlbl B BUAE MacCMBa MOKHO IMOTYYUTh TIPU MOMOIIM (PYHK-

I names () : names (df).

Tum KoJOHKM MOXKHO BBISICHUTDH CJIEAYIONIMM 00pasoM: eltype (df.C1l). Turmsl
BCE€X KOJIOHOK: el type. (eachcol (df)).

[06aBUTH CTPOKY (B KOHel TaGaMIbl) MOXHO MPU MOMOIIM (QYHKUIMU push! ():
push! (df, [1,1.1,false]).

®OyHKUMST describe (df) MO3BOJSET MOMAYYUTh MHOpPMALMUIO CTATUCTUYECKOTO
XapakTepa O TexX KOJIOHKaX TaOIuIIbl, 1JIs1 KOTOPBIX 3Ta MH(POpMAaINs MMeeT CMbICT: MUHU-
MaJIbHOE, MaKCMMaJIbHOE, MeiaHHOe, CpeiHee 3HaUeH s, YUCIIO0 T0JIeii, He cofepyKalliux
IaHHbIE U T. 1.

BbiGpaTh OHY WM HECKOJIBKO KOJIOHOK MOSKHO C MCITO/Ib30BaHMeM (PYHKIIUU se-
lect (). Hampumep, BbIOpaTh KOMOHKM C2 wm C3 Tabmunbr df MoxkHO Tak:
select (df, :C2, :C3) MIMUTAK: select (df,"C2","C3").

MOXHO HA0O60POT UCKIIOUUTD OOHY WM HEeCKOJbKO KOJIOHOK, HallpuMep, KOJTOHKMU
C2uC3: select (df,Not([:C2,:C31)).

DOYHKIMS sort () MO3BOJSIET YIOPSIAOUUTD CTPOKM TAOMUIIBI TIO COIEPKMMOMY 3a-
IlaHHOI KOJOHKM. HaripuMep, 4TOObI OTCOPTMPOBATh CTPOKM Tabauiisl df 1o comepskumo-
My KOJTIOHKM C2, HY>KHO BBITIOJIHUTh KOMaHAy sort (df, :C2).

3arpy3uth maHHbie u3 ¢aiaa tuna CSV MOXKHO C MCIIO/NIb30BaHMEM OMOIMOTEKM
CSV.

[Tpumep (B KauecTBe pa3zenuTesns UCII0Ib30BaHa TOUKA C 3aIISITON):
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using DataFrames, CSV

fname = "mydata.csv"

df=CSV.File (fname, delim = ';') |> DataFrame
MU Tak (6oj1ee OBICTPBIN CII0CO0)

df=CSV.read (fname, DataFrame, delim = ';"')
VIV TaK

df=DataFrame (CSV.File (fname))

3ammcaThb JaHHbIe TabaUIIbI B ¢aiit Tuna CSV MOXKHO Tak
CSV.write ("mynewdata.csv", df, delim = ';"')

Ectn daitn a.csv COmepsKUT CMMBOJIbI KUPUJUIUIIBI, 3aTrPysKaTh €ro JIydlle TaKuM

obpazom

CSV.File (open (read, "a.csv", enc"WINDOWS-1251")) |> DataFrame
bubnmuoreka DataFrames mpemocTaBisieT BO3MOKHOCTD Je/1aThb BEIOOPKM 13 Tabu-

LIbI

df [df[!, :C3].== true, :]

[Tpumep. ITycTh JaHa Takasi Tabauila a . csv, B KOTOPOI comepskaTcsl CBeIeHMsT 0 KaKMX-TO

ImapamMeTpax BelleCTB 13 Pa3HbIX MCTOUYHMKOB
"fml", "value", "source"
"O(g)",1, "source 1"

"02(g)",20.0, "source 4"
"02(g)",20.8, "source 5"
"02(g)",20.2, "source 6"

"H(g)",15.0, "source 1"
"O(g)",1.1, "source 2"
"H2 (g)",-12.0, "ucrounuxk 1"
"OH(g)",115.0, "ucrounmuxk 1"
"H20(c)",965.0, "ucrounmuxk 1"
"H20(g)",340.0, "ucrounuk 1"
"O(g)",0.9, "ucrounuxk 3"
"02(g)",19.5, ucTouHuk 1

Eciu TekcT Tabnuiibl coxpaHeH B koaupoBke UTF-8, ee MOKHO 3arpy3uThb B IaMsITh
TaK:
d=DataFrame (CSV.File ("a.csv")).

B npotuBHoM ciyuae (He UTF-8 - kupummia), Ajist 3arpy3ku Tabauibl B ITaMSITh
(pabota B cpene Windows) MOSKHO MCIO/Ib30BaTh OAHY 3 KOMaH[,
d=DataFrame (CSV.File (read("a.csv", enc"windows-1251")))
d=DataFrame (CSV.File (open (read, "a.csv", enc"windows-1251")))

BbiGpaTh MHAEKCHI BCEX MMapaMeTpOB ISl JaHHOTrO BelecTBa (Hampumep, 0x(g)) MOXKHO

TaK
idx=findall (x->x=="02(g)", d.fml)
OrBeT: 2, 3, 4, 12
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Bbl6paTb 9TU CTPOKUM U3 Ta6J'II/ILIbI MOJXHO TaK

dlidx, :]

| Row | fml | value | source |
| | String | Float64 | String |
| | | | |
[ | | | |
| 1 | 02(g) | 20.0 | source 4 |
| 2 | 02(g) | 20.8 | source 5 |
| 3 | 02(9) | 20.2 | source 6 |
| 4 | 02 (g) | 19.5 | MCTOUYHUK 1 |
VJIU TaK

d[d.fml.=="02(g)", :]

MU TaK (Mcrnoyib3oBaHue PyHKIuMU £ilter ())

filter (:fml=>x->x=="02(g)",d)

MU Tak (MCrob3oBaHyue QyHKIUM subset ())

subset (d, : fm1=>ByRow (x—->x=="02 (g) "))

Bonee nmonpo6Hyio nHpopMalnio o pabore ¢ 6mubnnorekoit DataFrames MOXHO HaAWTH 110
azpecy

3agaumn
1. CospnaiiTe TeKCTOBbIN daiis, comepskaliyii caeayouryo MHGopMaluio:

XMnueckasd (I)OpMYJIa BelleCTBa, CIIMCOK XMMHMWUYECKMX 3JIEMEHTOB, 13 KOTOPbIX O6p330Ba-
HO BelleCTBO, YMCJIO aTOMOB KaK0ro XMMMUUYeCKOro sjieMeHTa. Hanuinre YeTbipe (bYHK-
LN, KOTOPbIE ITO3BOJIAKOT OCYHIECTBJIATD BbI60pKy I/IH(I)OpMaLU/II/I N3 3TOro (baﬁna

- 10 3aJJaHHOMY CITMCKY 3JIEMEHTOB, 3 KOTOPBIX 00Pa30BaHO BEILECTBO, TPEAII0IaraeTcs,
yTo hopMysia BellecTBa MOKET COAep>kaTh TOIbKO 3JIeMeHThI 13 3TOTO CITMCKA, BCe WU
YyacThb;

- 10 CITMCKY JIEMEHTOB, BCE 13 KOTOPBIX OJHOBPEMEHHO IIPYUCYTCTBYIOT B (hOpMYyIIe Bele-
CTBa;

- ITO CITUCKY 3JIeMEHTOB, KOTOPBIX HET B (hOpMYyJie BellleCcTBa;

- 110 CIIMCKY 37IEMEHTOB, KOTOpbIe ecTh B (hopMyJie BellleCTBa, IpernonaraeTcsi, 4To B pop-
MyJie MOTYT ObITb U IpyTHe 3JIeMeHTHI.

B dyukumio mepenaetcs nepemenHas Tuia DataFrame, GyHKIIst Bo3BpaliaeT MacCuB
dbopmyi BelecTs.

[Tpumep criucka Bemects: C, H, O, N, H2, 02, N2, CO, NO, OH, CO2, H20, CH4, C2H2.


https://juliadata.github.io/DataFrames.jl/stable/man/getting_started/
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Ucmonbp3oBaume omoanorexk CSV u DelimitedFiles

®@aitn Tuna CSV (ot anrn. Comma-Separated Values) comepXXuUT ymopsigoueHHbIN
HabOp JaHHBIX, KOTOpbIE OTHeJIeHbl IPYT OT ApyTra pa3AenuTeieM. B kauecTBe pasmenuTe-
JIT MOXKHO MCITIOJIb30BaTh 3allSITyI0, TOUKY C 3arsiToi, Tabymsiuyio u ap. daityibl MMeoT
CTPYKTYPY Tabau1Ibl, TepBasi CTPOKa MOXKET CoJepykaTh 3ar0JIOBKM KOJIOHOK. Harmpumep
Temperature;HeatCapacity
0;0
20;1.234

300;50.678

,H,aHHbIe, XpaHdg1umecsda B TAaKOM BMuae MOXXHO ITPOYNUTATDb C MCITIOJIb30OBAHMEM d)YHK'
MM readdlm 6MOGAMOTEKM DelimitedFiles:

fname = "T Cp.csv"
using DelimitedFiles
data = DelimitedFiles.readdlm(fname, ';"')

[TepBblit aprymeHT QyHKUMM — UM (aiiyia JaHHbIX, BTOPO — CMMBOJ pa3eJnTesb I10-
nei. data GygeT comepskaTh MacCUB CTPOK TuIa Any Buaa

"Temperature" "HeatCapacity"
0.0 0.0
20.0 1.234

VIHbIMM C/IOBaMM, 3aTOJIOBOK ObLJT OTHECEeH K JaHHbIM. OmHaKo QYyHKIMS readdlm MMeeT
HECKOJIbKO HaCTpauBaeMbIX MTapaMeTpOB, KOTOpble 06ecrneunBaioT r’MOKOCTh YTeHMUS JaH-
HbIX 13 (aiiia. B Hallem cjrygae MOXKHO MCITO/Ib30BaTh Takoi BapuaHT
data = DelimitedFiles.readdlm(fname, ';', Float64, '\n', header=true)
VYKaszaHbl TUIT OaHHBIX (Float64), pa3menuTesib CTPOK ('\n') , HaJluMuue 3arojoBKa
(header=true). Teneps data comep>KUT HJaHHbIe OTAEIbHO B BuAe KopTeska ([0.0 0.0;
20.0 1.234..], AbstractString["Temperature" "HeatCapacity"]).data[l]
COIepPKUT MaCCUMB AHHBIX TUMNA Float64, data[2] — 3aroJiOBKM KOJOHOK TuIla Ab-
stractString. I[Ipu stom data[1][1,1] comepxur 0.0, data[1][2,1] COOEPXKUT
20.0, data[1][2,2] comepxkut 1.234, data[2][1,1] comepXur "Temperature",
datal[2][1,1] comepsKUT "HeatCapacity".

3ammcaTh gaHHble B ¢aiia Tuma CSV MOKHO Tak
writedlm("my data", data, ';')

C daimtamu Tuma CSV MOXHO paboTaTb, MCIIONb3ySd OMOMMOTEKM CSV U
DataFrames. [Ipumep
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ITycTtp daiin c umeHeM T Cp . csv COLEPXXUT TAKOM TeKCT
T;Cp

10.0;1.0

20;2.0

30;3.0

BBecTu nHpopmanuio u3 sToro ¢aitia B maMsTh KOMITbIOTEPA MOXKHO TaK

fname = "T Cp.csv"
1. using CSV:
data=CSV.File (fname)

data COmep>KMT MacCUB BEKTOP-CTOJIOIIOB, TUIT KasKIOT0 13 KOTOPBIX OIpeIeIsieTCsI
aBTOMATUYECKMU.

Eciu B KadecTBe paspenuTess mojei MUCI0Jb30BaH OOUMH U3 CMMBOJIOB ', ', '\
tt, "', "', ';',pasgmenuTennb onpenesnsieTcs apTomatuuecku. [1o ymonuanuio uc-
[OJIb3YeTCs pasnennTens ', '.

[Tpu HeOO6XOAMMOCTY pa3feauTe/lb MOKHO yKasaTb: delim=X, X - CMMBOJ WIN
cTpoka. I1osist repBoit CTPOKU BOCIIPMHMMAIOTCS KaK MMeHa BEKTOpOB. Eciu cTpoka 3aro-
JIOBKA OTCYTCTBYET, IJIs1 YT€HUSI JAHHBIX MOKHO MCITOJIb30BaTh TAKO¥ CIIOCO0:
data=CSV.File (fname, header=false),

B 3TOM CJTy4ae MMeHa BeKTOP-CTO0II0B OyAyT MMeTh BUI Columnl, Column2,

2. using CSV, DataFrames:

data = CSV.File(fname, delim = ';') |> DataFrame
WJIM TaK:
data=DataFrame (CSV.File (fname, delim = ';"'))

Bo BTOpOM Cilydae data MMeeT TUI DataFrame. 3HAYeHMSI TEMIIEPATYP XPAHSITCS
B CTOJIOIEe data.Temperature, cronben, data.HeatCapacity COOEPKUT 3HAYEHMUS
TeIJIOeEMKOCTel Tuna Float64. data.Temperature[2] comepxur 20.0, da-
ta.HeatCapacity[2] comepXxur 1.234.

Pa6orats ¢ CSV ¢aiiom ¢ ucnoab3oBaHuem 0ubaMoTeku CSV ynobHee, ueM C UC-
II0JIb30BaHMEM OMOMMOTEKM DelimitedFiles.

Bonee mompobHas I/IH(bOpMaI_U/IH o 6ubmmnoteke CSV mpmuBoOaUTCS 31€Ch

ITocTpoeHune rpadukoB (onoamoreka Plots)
IMogpo6Has nHpopMalus Ha caitte https://docs.juliaplots.org/latest/

bubnuoreka Plots obecrieunBaeT HOCTYN K CIIeIMaaM3MPOBAHHBIM OMOIMOTEKAM

(backends), rpemHasHaYeHHBIM [IJIST TTOCTPOEHMST TpadMKOB, KaKaasi U3 KOTOPbIX MMEET
cBou ocobenHoctu: GR, PyPlot, Plotly u T.1. (https://docs.juliaplots.org/latest/backends


https://docs.juliaplots.org/latest/backends/
https://docs.juliaplots.org/latest/
https://juliadata.github.io/CSV.jl/stable/#CSV.jl-Documentation-1
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[TepekoueHne ¢ OGHOM OMOIMOTEKM HaA IPYTYIO OCYIIECTBIISIETCS BBI3OBOM COOTBETCTBY-
tomieit yHkuuu: gr (), plotly (), pyplot()...

[MopxmroueHue 6MOIMOTEKU: using Plots

Ecin kakasg-1mbo Tpebyemast crielMajin3MpoBaHHass 610OIMoTeKa AJ1s1 TTOCTPOeHUS
rpaduKoB, HaTlpuMep, PyPlot, He yCTaHOBJIEHA Ha KOMIIbIOTepe, ee HY>KHO YCTaHOBUTh
KOMaHI0M add.

[TpocTeiimmii cnocob rmocrpoenus rpaduka MMmeeT Bug plot (x, y) . [Ipumep

x=collect(1:1:100.0)
y=x.70.5
plOt (x, Y)

Ecnu HY>KHO m06aBUTh Ha 3TOT IpaduMK elle OOMH, UCIIOAb3YeTCS BbI3OB (PYHKIUM C
BOCK/IMIIATebHBIM 3HAKOM: plot!

x = 1:10; y = rand(10);

plot! (x, v)

Ecny Hy>kKHO 100aBUTh HAJMIMUCY Ha OCH, TO (BBIAEI€HO IIBETOM)

plot(x,y, xlabel="X axis", ylabel="Y axis")

BripaBHMBaHMe TeKCTa mogmnucein. lopn3oHTaabHas 0Ch

xguidefonthalign=

:right - BIIpaBo, : left - BJIeBO, : centexr - 10 LEHTPY.

BepTukanbHas och

yguidefontvalign=

: top - BBEpPX, :bottom - BHU3, : center - 10 LEHTPY.

Eciu Hy>kHO 106aBUTh Ha3BaHMe cepyui Touek (JimHuM rpaduka), To

plot (x,y,xlabel="X axis", ylabel="Y axis", label="Series name")

IT06aBUTD LIBET

plot(x,y,xlabel="X axis", ylabel="Y axis", label="Series name",
color=:red)

N3MmeHUTH TOJNIIMHY JIMHUU
plot(x,y,width=3)

Turm nuHun: linestyle = Bm6paTbM3CHMCKa [:auto, :solid, :dash, :dot,
:dashdot, :dashdotdot]

CrpynmnmpoBaTh HECKOJIBKO TPadUKOB, PUCYHOK 2:
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Puc.2. I'pynmnupoBKa HeCKOIbKUX TPapUKOB

Huke IpUBOAUTCS TEKCT IIPOrpaMMBbl K pUCYHKY 2. Eciv yopaTh TOUKY C 3aIsiTOV B KBaj -
paTHBIX CKOOKax IepBoii CTpoku (I = Q@layout [a b]), TO rpaduKM pacroaoKaTcs He
BepTHUKaJIbHO, a TOPM30HTAbHO.

L = @layout [a ; Db]

x=collect (1:100); y=log. (x);

pl = plot(x,y, title="1ln(x)");

X = x .+ rand(100); y=log. (x);

pl = plot! (x,y,seriestype = :scatter);
x=collect (1:100); y=exp. (x./10);

p2 = plot(x,y, title="exp(x/10)");

X = X .+ rand(100); y=exp.(x./10);

p2 = plot! (x,y,seriestype = :scatter);
plot (pl, p2, layout = L)

Hcnonb30BaTh TOUKM BMECTO JIMHUN

plot(x, y, seriestype = :scatter)
WJIN TakK
scatter(x, y, title = "My Scatter Plot")

WJIM TaK, PUCYHOK 3:

v=[[0.0,1.0],[1.0,1.0],[0.0,0.0],[1.0,0.0],[0.5,0.5717],
p = plot([Singleton(vi) for vi in v])

Pasmep TOukM 3aziaeTcs rapameTpoM markersize, HallpUMep, markersize=2.

O6o3nauenns (legend) Ha rpad ke MOKHO OTKITIOUUTD:
plot(x,y, legend=false)
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Puc. 3. VI306paskeH1e OTOeIbHbIX TOUEK

ITonokeHue legend MOJXHO U3MEHUTH C IIOMOIIBIO K/IIIOUEeBOTI'O CJIOBA:
plot (x,y, legend=position)
position MOKeT IIPUHUMATh OJHO U3 CIeAYIOLINX 3HAYUeHUN

:right, :left, :top, :bottom, :inside, :best, :legend, :topright,
:topleft, :bottomleft, :bottomright, :outerright, :outerleft, :out
ertop, :outerbottom, :outertopright, :outertopleft, :outerbottom-
left, :outerbottomrigh

plot (x,vy,legend=:right)

Ipyrue tunbl rpadukoB (https://docs.juliaplots.org/latest/generated/gr)
bar (randn (10))

histogram(randn (1000), bins=:scott, weights=repeat (1l:5,outer=200))
CoxpaHuTb rpaduk B daiin B popmarte .png

savefig ("myplot.png")

U

png ("myplot.png")

Coxpanutb rpaduk B daitn B popmare .pdf

savefig ("myplot.pdf")

WU TaK

pdf ("myplot.pdf")

[Togpob6Hee 06 aTpubyTax rpaduKoB

https://docs.juliaplots.org/latest/generated/attributes_series/

Cm. Takke craThio "Tips to create beautiful, publication-quality plots in Julia"

plots-in-julia


https://nextjournal.com/leandromartinez98/tips-to-create-beautiful-publication-quality-plots-in-julia
https://nextjournal.com/leandromartinez98/tips-to-create-beautiful-publication-quality-plots-in-julia
https://docs.juliaplots.org/latest/generated/attributes_series/
https://docs.juliaplots.org/latest/generated/gr

64

Jlyist mocTpoeHust rpadMKOB B MOISIPHBIX KOOPAMHATAX HY>KHO ITpU BbI30Be (QYHKIINU
plot () yKasaTb proj=:polar.

[Tpumep. [TocTpouTh rpaduk caenywleit 3aBUCUMOCTH: 1(t)=sin(6t), t€[0;277] B MOMASIPHBIX
KOOpAMHATAaX.

t=collect (range (0,2pi, 100))

rt=sin. (6.0.*t)

plot(t, rt,proj=:polar, legend=false)

Ecny HY>KHO TTIOCTPOUTD HECKOJIBKO I'PadMKOB B IIMKJIE, TO peKOMEHIYEeTCs BbI3BaTh (DYHK-
IIUIO gui () HOCJe 3aBeplieHusd IIUKIIa:

x=rand (10); y=rand(10); plot(x,y)

for i in 1:3

x=rand (10); y=rand(10); plot! (x,Vy)

end;

gui ()

WJIM TaK

x=rand (10); y=rand(10); plt=plot (x,Vy)
for 1 in 1:3

x=rand (10); y=rand(10); plt=plot! (x,Vy)
end;

gui (plt)

3agaumn

1. TTocTpoiite rpadumku QyHKIMI (TIpMMepbl 3aMMCTBOBAHbI € caiiTa grafikus.ru)
2. OKpY>KHOCTB: X=sin(t), y=cos(t), te[0;2m1] .

3. Cniupasib: x=tsin(t), y=tcos(t), te[0;5m] .

4. Jenpronaa: x=2cos(t)+cos(2t), y=2sin(t)-sin(2t), te[0;2m] .

5. Actponpa: x=2sin’(t), y=2cos’(t), t€[0;21] .

6. Tunouuknonpaa: x=20(cos(t)+cos(5t)/5), y=20(sin(t)-sin(5t)/5), te[0;2m] .

7. Kapouonpa: x=(1+cos(t))cos(t), y=(1+cos(t))sin(t), t[0;2m] .

8. dnuuukinonpaa: x=8(cos(t)—cos(4t)/4), y=8(sin(t)—sin(4t)/4), t€[0;2m] .

9. IlonsipHas posa: r(t)=sin(74t),te[0;87] .

10. TTogroToBbTE TEKCTOBBINM (daii, cogepskaiuii 3HaueHus1 X 1 y. HanmuinuTe QyHKIMIO, B
KOTOpYIo TepenaeTcst MMs aiia JaHHbIX, TPOM3BOANUTCS CUMThIBaHME 3HAUEHUN X U Y,
cTpouTcs rpad@uk QyHKIUA Y(X).


http://grafikus.ru/
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AnmnpokcumManus faHHbIX (0MoOamoTeka LsqFit)

[MogxmoueHne 6MOIMOTEKN: using LsgFit

Inst Toro 4yTob6bl HaTU KOIGDOUIIMEHTDHI anmpoKCUMUpYoieit QyHKIMMY, HY>KHO
OIIpeNieINTh MOJIENb, T. €. alllIPOKCUMUPYIONy0 ¢GyHKIM0. [TonpodbHoe ommcaHue 6uO-
JMOTEeKU MOKHO HaiiTu 1o afipecy https://julianlsolvers.github.io/LsqgFit.jl/latest/tutorial

st pacueta Ko3(pbUIIMEHTOB UCIOIb3YeTCs MEeTO/ HeJIMHeiHbIX kKBaapaToB (Levenberg-
Marquardt ).

[Tpumep. ITycTh 3amaH HAbOp Iap 3HaUeHM (X, Y), KOTOPbI/i HEOOXOAMMO aIpoK-
CUMUPOBATh COOTHOLIEHMEM BuAa y=a-e’” ,Ime a u b HeusBecTHble KOI(DULIMEHTDI.
Mopens gist 6ubnuoreku LsqFit B 9TOM ciyuae uMeeT BU
m(t, p) = pl[l] * exp.(p[2] * t)

[l BbI30Ba (PYHKIMM aIllIPOKCUMAILMM TpebyeTcsl 3aJaTh HayajbHbIe 3HAUYEHMUS
HEeN3BEeCTHBIX
p0 = [0.5, 0.5]

BbI130B QyHKIIMM MMeEeT BUL,
fit = curve fit(m, x, y, p0)

Ecnu peltenne HaigeHo, 3HaUeHMsI KO3 DULIMEHTOB COIEPKATCSI B MaCCUBE

fit.param, MaccuB fit.resid COOEPKUT 3HAUEHUS] OTKIOHEHUI (QYHKIUM OT UCXO[-
HbIX 3HAUeHUi, stderror (fit) COAEPKUT CTAaHAAPTHbIE MOTPEIIHOCTU KaXKIOTO mapa-
MeTpa, fit.estimate covar (fit) BbBIUMCIASET KOBApUMALIMOHHYIO MaTpUILy.

OYHKIMSA margin error () BbIUYMCILET MPOM3BELEHME CTAaHIAPTHON IOrPEIIHOCTH I1a-
pameTpoB Ha KoabduiimeHT CThiofeHTa (critical wvalue) C 3aJaHHBIM YPOBHEM 3Ha-
YMMOCTH (110 YMOITYaHUIO, 5%). BenuunHy margin error, ¢ ypoBHeM 3Hauumoctu 10%
MOYKHO HalTU TaK:
margin of error = margin error(fit, 0.1)

Eciu TpebyeTcs BRIYMCINTD JOBEPUTENbHBIN MHTepBaa ¢ 10% ypoBHEM 3HAUYMMO-
ctu (alpha = 0.1), Hy>KHO BBIIIOTHUTb KOMaHAy confidence interval (fit, alpha),
KOTOpasi BBIUUCIUT OLIEHKY parameter value * (standard error * critical

value C MCIOJIb30BaHMEM t—pacnpe,ueneHMH).

[Tpumep mopenu Ajs anmnpoKCUManyy JaHHBIX O TEIVIOEMKOCTU C MCII0/Ib30BaHM-
eM QyHKIMIT DiiHITeliHa-Il1aHKa
function m(t,p)
r=3*%8.3144626
global n
m =0
for i in 1:n


https://julianlsolvers.github.io/LsqFit.jl/latest/tutorial/
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x=p[2*i-1]./t
e=exp. (x)
y=r . *p[2*i].*(e .* x.72)./(e .- 1).72
m=m .+ y
end
return m
end
3HaueHMue 4yucia Cl)yHKLU/Iﬁ n Y HaYaJIbHbIE€ 3HAUYEHUS KOSCl)d)I/IU,I/IeHTOB HY>XHO 3a-
IaTb riepe[ BbI30BOM (YHKIIMM allllpoKkcumanmu. Hampumep Tak
n=3
pO=ones (2*n)
fit = curve fit(m, x, y, p0)
ATy ke QYHKIMIO MOXKHO 3alMCaTh B TAKOM BUJIe
function m(t, p)
r=3*8.3144626
global n
m = zeros (0)
for j in l:length(t)
y=0.0
for 1 in 1:n
x=p[2*1-11/t[]]
e=exp (x)
y+=r*p[2*i]* (e*x"2)/ (e- 1)"2
end
push! (m, y)
end
return m
end

PaccunTaTh cpefHEKBagpaTUUYHOE OTKIOHEHME MOKHO C MCIOIb30BaHMEM (YHK-
1187471
rms (x) =norm(x) /sqgrt (length (x)),
IJIsS1 paboThl KOTOPOJi TpebyeTcst 6ubmmoTeka LinearAlgebra. ITpumep ob6pameHus K GyHK-
187471

rms (y-ycalc),rge ycalc=m(x, fit.param).

PacueT c 1CIIo/Ib30BaHNEM BeCOBbIX KO3(¢PUIMeHTOB

B sTOM Ciyuae, HY>KHO 3a/1aTh MacCUB BeCOBbIX KO3 dUIIMEHTOB wt, OOpalleHue K
GYHKIIMY VMeeT BUJ,

fit = curve fit(m, tdata, ydata, wt, p0)
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3agaumu

1. HanuinuTe mporpammy, KOTOpasi CUMTbIBaeT U3 TeCTOBOTO (paiiyia KOOpAMHATHI
TOUEK (X,Y), alllIPOKCUMUPYET UX
a) IOJIMHOMOM CTerneHu n (n 3aJaeTcs);
b) ¢ ucrionb3oBaHmueM QyHKUMI ditHIITe/iHA-[TnaHKa, yMcio QyHKINU n 3a1aeTcs;
CTpOUT rpaduKy 3aBUCUMOCTHU Y(X) - TI0 TOYKAM U C UCITOJIb30BaHMEM aIllllPOKCUMUPYIO-
e GyHKIUN.
2. AnmpokcuMmanys HAHHBIX O TeIUIOEMKOCTM C MCIOAb30BaHMEM QYHKIMIA
[TnaHka-diiHIITeliHA. [IOArOTOBUTH TEKCTOBBIN ail Cp T.txt Buna
T;Cp
4.81;0.009
6.14;0.08
7.97;0.011
9.4;0.019

B kauectBe pasgenanTesid MCITIOJIb30BaH CMMBOJI ;.

OmnpenennuTb KO3DGULIMEHTHI alIPOKCUMUPYIONEil GYHKUMU U MOCTPOUTH rpaduk, Ha
KOTOPOM 1300 paskeHbl MCXOIHbIE TOUKM M PE3Y/IbTAT alllIPOKCUMAIM.

IloucK KOpHel ypaBHeHUS

OmyH M3 MPOCTENIINX CIIOCOO0B IMOMCKA KOPHEl YpaBHEHMS IMpearojaraeTr Mc-
10/Ib30BaHMe 61bmmoTeku Roots, (moakioueHne 6MOGIMOTEKN: using Roots), B KOTOPOit
peannM30BaHO HECKOJIbKO aJITOPUTMOB ITOMCKAa KOPHSI: C BbIUMC/I€HVEM U 6e3 BbIUMCIEeHUS
IIPOM3BOIHBIX, /IS 3aJaHHOTO MHTepBaJa U JjIs1 3aJaHHOTO HAYaJbHOTO 3HaUYeHMs. Mox-
HO HATV OAVH KOPEHb MM BCe KOPHM HA 3aJaHHOM MHTepBaJe.

[Tpumepsl
f(x) = exp(x) - x™4

## moMCkK KOpHS Ha MHTepBale

find zero(f, (8,9), Bisection()) # pemenme 8.6131694564414
find zero(f, (-10, 0)) # -0.8155534188089607

# MOMCK KOpPHS C 3alaHHBIM HAYaJIbHEIM 3HAUEHUEM

find zero(f, 3) # 1.4296118247255556

# HaTM BCe KOPHU
find zeros(f, -10, 10) # -0.815553, 1.42961 m 8.61317

II71s1 MMHMMM3alMM 41C/ia BbI3OBOB d)YHKLU/II/I PEeKOMEHOYETCA UCITOJIb30BATD ITapa-

MeTp FalsePosition():
find zero(f, (-10, 0), FalsePosition())
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3azaTh MOTPEIIHOCTb pacueTa KOpHei MOKHO C UCIT0/Ib30BaHMEM K/II0UEBOTO CI0Ba
atol:

find zero(f, (-10, 0), atol=l.e-8, FalsePosition())

find zero(f, (-10, 0), atol=eps(), FalsePosition())

Bonee mogpo6HOe omnycaHue MOKHO HaiTH 10 ajipecy
https://github.com/[uliaMath/Roots.jl

Bosnee yHuBepca/lbHbINM CIIOCOO ITOMCKA KOPHEN ypaBHEHMSI MOXKXHO peasiM30BaTh C
MICIOJIb30BaHMeM MeToaa HbI0TOHA, B COOTBETCTBUM C KOTOPBIM peIlleHMe OIpenessieTcs
UTepaIMoHHO Mo ¢popmyJe

Xi+1:Xi_f(Xi)/f’<Xi) .

Metopn HpioTOHa npenIionaraeT HeOOXOAMMOCTb 3a4aHMS Ha4aabHOTO IMIPUOIVIKEHMS Xo.

3HavyeHMe MPOM3BOAHOI MOKHO PacCUMTATh aHATUTUUECKN MU C UCIIOTIb30BaHM-
eM OIHO 13 PyHKLMIT uMcIeHHOTO nuddepeHIIPOBaAHMS :

diff forward(f, x; h=sqgrt(eps(Float64))) = (f(x+h) - f(x))/h
diff central(f, x; h=cbrt (eps(Floatod))) = (f(x+h/2) - f£(x-h/2))/h
diff backward(f, x; h=sqgrt(eps(Float64))) = (f(x) - f(x-h))/h
diff complex(f, x; h=le-20) = imag(f(x + h*im)) / h
[Tpumep. HaiiTu KOpeHb ypaBHEHUS exp (x) - x4 = 0
f(x) = exp(x) - x"4

C UCTo/Ib30BaHMeM QYyHKIIMM findroot () :
function findroot (f,x0,tol)
x=x0
while true

d=diff complex (f, x)

fv=£f (%)

abs (fv) < tol && break

x=x-fv/d

println ("findroot: x=S$x, f(x)=S$fv")
end
return x
end

PesynbTaT obpaiieHuss K GyHKIMM findroot () OGydeT 3aBuUceTb OT BbIOOpa Ha-
yajbHOTO mpubmokenusi. Ecnm x,=1, 6ymer HaiigeH KopeHb 1.42961, ecnmu x,=0, OymeT
HaiigeH kopeHb -0.815553, HakoHel,, eciu x,=10, OymeT HaiigeH KopeHb 8.61317.
K cokanenuio, meton HpioToHa He Bcerma ImpuMeHMM. Hampumep eciu momnbiTaTh-

Cs1 HAliTU C ero NMoOMOIbI0 KOpeHb ypaBHeHUs log (x)-1=0 (f1l(x)=log(x)-1), BbI-
O6paB B KauecTBe Havya/JIbHOTO MpuomskeHus 10, Mbl IOayuYuM coobieHue 06 ombke Do-
mainError mpu obpaimeHuy K GyHKIMM findroot (), MOCKOJBKY Ha OUepelHOM Ilare
3HAYeHMe X CTaHeT OTPUIIATEeIbHBIM. [Ip0o61eMy MOKHO pelnThb, ecyiv B popmyry HbroTo-
Ha BBECTM IapaMeTp peakcalumn


https://github.com/JuliaMath/Roots.jl
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Xi+1:Xi_af(Xi)/f '(X.‘):a<1
function findrootl (f,x0,tol,alpha)
x=x0
while true

d=diff complex(f, x)

fv=£f (x)

abs (fv) < tol && break

x=x-alpha*fv/d

println ("findroot: x=$x, f(x)=$fv")

sleep (1)
end
return x
end
findrootl (£f1,10.0,1.e-8,0.1)
OmHako 1pu 3ToM Bo3pacTteT BpeMst Bbrumciaennii (0=0.1). Ecm 3agats o=0.5,
findrootl (£f1,10.0,1.e-8,0.5)
peleHye OyIeT HaiieHO ObICTpee.

Takum ob6pa3om, Mpu UCIOAb30BaHUM MeToAa HbI0TOHA BaskHO yIauHO BbIOPATh

Hava/JibHOE MPUOIMKEHNE M 3aaTh IIPU HEOOXOAMMOCTHM pa3yMHOe OrpaHMUYeHMe Ha Be-
JIVYMHY UTEePalMOHHOTO 11ara.

3agaumn

1. Haittu xopan GyHKmm x*+e*-10=0 na unrepsanax [0,10], [-10,0], [-10,10].

ABToMmaTnueckoe auddepeHumupoBanme QyHKIIMUI

B cocTaB sKkocucTeMsbl Julia BXOIST HECKOIBKO OMOMMOTEK, TpeaHAa3HAUeHHBIX JIJIST
apromatuueckoro nuddepeniimposanus ynkinii (https://juliadiff.org/). Paccmorpum
MIpUMepbl MCIO/Ib30BaHMsI OgHOM 13 Hux: ForwardDiff.

1. PacueT mpou3BOAHO DYyHKILMM OOHOJ IIepeMeHHO BKIoUaeT co3manne QyHKIum,
yKa3aHye 3HaueHMsI BeJIMUMHBI, IIPU KOTOPOI1 IPOU3BOAUTCS BbIUMCIeHNe TPOM3BOIHOM
1 BpI30B pyHKkIum ForwardDiff.derivative():

f(x)=exp (10x)

c=1

ForwardDiff.derivative (£, c)

3HaueHMe BTOPOI MPOM3BOIHONM MOKHO MTOCUUTATH, 4OOABUB BTOPYIO (GYHKIIMIO BIIA
function £f2(x)

return ForwardDiff.derivative (f, x)

end

CIeIYIOUMIA BbI30B KOTOPOJ BO3BpalllaeT 3HAaUYEHMe BTOPOV MTPOM3BOSHOM
ForwardDiff.derivative (£2, c)


https://juliadiff.org/

2. PacueT mpoM3BOAHOI HECKOIbKUX MTepeMeHHbIX (IpafueHT GYyHKINN) ITIPOU3BOIAUTCS

aHAJIOTUYHO, HO C UCII0JIb30BaHMEM d)yHKLU/IM ForwardDiff.gradient ():
h(x) = sin(x[1]) + x[1] * x[2] + sinh(x[1] * x[2])

x = [1.4 2.2]

ForwardDiff.gradient (h, x)

3. Pacuet reccaHa ¢yHKIMM TPOMU3BOAUTCS C MCITOIb30BaHMEM BbI30Ba (PYHKIUM
ForwardDiff.hessian () :

f(x)=1log(10x[1])-sin(x[2])

x = [10.4 20.2]

ForwardDiff.hessian (f, x)

4. Pacuer siko6MaHa GyHKIIUM ITPOU3BOAUTCS C MCIIOb30BaHMEM BbI30Ba QYHKIIVN
ForwardDiff.jacobian() :

function ff (x)

#set array of functions

return |

X[1]1*x[2]"2*x[3]"3*x[4]"4;

x[1]4+2x[2]+3x[3]+4x[4];

x[1]1*x[2]/x[3]/x[4];

]

end
x=[0.1; 1.0; 1.5; 2.0]
ForwardDiff.jacobian (ff, x)

Bonee uHTEpecHbIV cayuait, Korga B GyHKIMIO AuddepeHIIpoBaHNUsT HY>KHO
repenaTh ITapaMeTphl:

lbs = [1.0, 2.0]
ubs = [2.0, 3.0]
t = [1.0; 2.0; 0.1]

function hfunc(t, lbs, ubs)
n = div(length(t), 2)

h = zero(t)
hlend] = t[end]
for i = 1:n
if t[i] < 0.5
h{i] = -1lbs[i]
h{i + n] = ubs[i]
end
end
return h
end
J = ForwardDiff.jacobian(x -> hfunc(x, lbs, ubs), t)

OmHako Ipy TakoM obpateHnu K QyHKumu auddepeHIMpoBaHms BhIpakeHIE B e CUT-
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HaType 6ymeT KOMOMUIMPOBATHCS TIPU KaxkA0M oOpallleHH, UTO IPUBOAUT K YBeTMUEeHUIO

BpeMeHM BbIUMCIIEHUA.

VinTerpupoBanue QPyHKIIUMI
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JI7sST UMCIEHHOTO MHTerpMpoBaHus (PYHKIMIA MOXKHO MCIIO/Ib30BaTh HECKOIbKO
616/MMoTeK (HampuMep, Cubature.j1, QuadGK.j1).

Bbubnuoreka Cubature.jl mo3Bo/isIeT MHTErpUpPOBaTh UMCIEHHO OJHOMEpHbIE U
MHOTOMepHble MHTerpasbl. [Iofpo6HOe omycaHue O peaqnM30BaHHBIX METOAAX BbIUMCIe-
HUI TIPUBOIMUTCS Ha caiiTe pa3paboTumKa, CChITKA Ha KOTOPBIi TIpuBeeHa Boilie. [ ee
MCII0/Ib30BaHMSI HYKHO YCTAaHOBUTDb 61bmmoTeky Cubature.jl.

Obpartienne K QyHKLIMY MHTETPUPOBAHNUSI UMEET BUJT
(val,err) = hquadrature (f::Function, xmin::Real, xmax::Real;
reltol=1e-8, abstol=0, maxevals=0)

rae
val - 3HaYeHMe MHTerpasa,

err - TIOTPEUIHOCTb BBIYMUCIIEHUIA,

f - moabIHTerpajabHOEe BbIpaXkeHNe,

xmin, xmax - Tpenesibl UHTerpUPOBaHMUS,

reltol - [OOMyCTMMAasi OTHOCUTEIbHAS OTPELIHOCTb,

abstol - morycTumasi abCoM0THAs MOTPEITHOCTD,

maxevals - JOMYCTUMOE YMCJIO BbIUMCIEHUI 3HAaUeHUST (PYHKIUNA.

[Ipumep. PaccunTtaTh 3HaUeHMe MHTerpana GyHkuyy x*3 Ha uHTepBaje ot 0 10 1 ¢ BbIBO-
JIOM BBIUMC/ISIEMBIX 3HaUeHU QYHKIUN:

hquadrature (x -> begin println(x); x*3; end, 0,1)

PaccMoTpuM 6osiee CJIOSKHBIN ITpumMep BbrumcaeHus Gyuxkuyum ebast
HI)

T 4
f—JiE—de
o (e"-1)
function D (x)
ex=exp (x)
return x"4d*ex/ (ex-1)"2
end
x=1
hquadrature (D, 0,x, abstol=1le-8)

Harta u Bpemst (Onoamoreka Dates)

@dyukuMy sk paboThl C JaTaMM M BpeMeHeM copepskaTcsi B 6ubmmoreke Dates,
MTOAK/TIOUNTh KOTOPYI0 MOXKHO C MCIIOJIb30BaHMEM KOMaHAbl using Dates. Mepapxus
TUIIOB JAHHBIX JIS1 XpaHEHMS JAThl ¥ BpEMEHM TPUBOIUTCSI Ha PUCYHKE 4.

OcHoBHbIe QYHKIMM IJ1s1 pabOThI € 1aTOM U BpeMeHeM

today () - BO3BpalllaeT TEKYIIYIO AATY;

now () - BO3BpalllaeT TeKylIlye 3HaueHusI JaThl U BpeMeHH ;


https://github.com/JuliaMath/QuadGK.jl
https://github.com/JuliaMath/Cubature.jl

72

Time (now () ) - BO3BpalllaeT TeKyIlee BpeMs.

[IpeBpaTUTH TEKYIIYIO 1ATY B CTPOKY MOXKHO TaK:
Dates.format (today (), "dd-mm-yyyy")

Bosnee HO,E[pO6H0€ onmcanue 6ubmorexu Dates MOKHO HaTH 110 a/:Lpecy

% |Instant| | CompoundPeriod I | Calendax|

AbstractDateTime DatePeriod | UTInstant IS0Calendar

Puc. 4. lepapxusi TUIIOB JAHHBIX 151 XpaHEHUS 1ATbl U BpEMEeHU
Ecnu HY>KHO orpenennTb BpeMsi BbIuMCIeHni (pasHully t2-tl), 5To MOXHO CaenaTb
TaK:

tl=now () # HaYaJI0 MHTepBaJia BpeMeHU
..... # BBIYMCIIEHUS
t2=now () # KOHeL MHTepBajia BpeMeH!

t2-t1 Bo3BpalaeT pasHMIY B MUUIMCEKYHIAX, IIpMUeM 3Ta pasHuiia mmeet tum Millisec-
ond!

Ec/iu HYy>KHO BBITIOJIHUTD Kakue-To apudmeTrndecke OeicTBUS C ITUM BpeMeHeM, Halpu-
Mep, ITpeobpa3oBaTh €ro B CeKyHAbl, pasaennB Ha 1000, Hy>KHO MCITO/Ib30BaTh QYHKIIUIO
Dates.value (), KOTOpas BO3BpalllaeT YMCJIO:

Dates.value (t2-t1) /1000

Cnyuariabie unciaa (ounonamoreka Random)

Bubnmoreka Random nmpenHasHaveHa 1j1s1 reHepalluy CIydaiHbIX unces. KpaTko
paccMOTpuM Tpu QYHKLMYU U3 3TOI OMOMMOTeKU: rand (), randn (), seed! ().

rand () obecreunBaeT CJIyyaitHyO0 BbIOOPKY sniemMeHTa U3 uHTepsaia [0,1) ¢ uc-
110/Ib30BaHMEeM PaBHOMEPHOTO 3aKOHA pacrnpeneneHus. rand (n) obecrieunBaeT Cayyait-
HYI0 BBIOOPKY N 3JIeMEHTOB (BEKTOp 3HauUeHuit). VIHTepBast aj1st BBIOOPKM 3HAUEHU I MOK-
HO M3MeHUTh: rand (1.0:10.0).MOXHO 3a1aThb MHTEPBAJ C LIArOM:
rand(1.0:0.1:10.0). HakoHell, MOKHO 3aaTh MHTEPBAJ KaK KOpTexX: rand ( (1,
'z',"abc")) wim MmaccuB rand ([1,2,3]) .


https://en.wikibooks.org/wiki/Introducing_Julia/Working_with_dates_and_times
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randn () obecmeuynBaeT CIyvaliiHyI0 BBIOOPKY 3/IeMeHTa C MCII0Ib30BaHMEM HOP-
MaJIbHOTO 3aKOHa pacmpepeneHus (cpenHee 0, craHIZapTHOe OTKJIOHeHMe 1). MosKHO cre-
HepUPOBATh MACCUB CJTyUaifHbIX BeJIMUMH C HOPMaJIbHbIM paciipefiesieHneM: randn (10).

Eciu TpebyeTcst 06ecieunTh BOCIIPOM3BOAMMOCTb BBIOOPKM, iepe]] BbiI30BOM (yHK-
1M rand () M randn () HYKHO BbI3BaTb QYHKIINIO Random. seed! () C OMHUM U TEM Ke
yncioM, HanpuMep, 100: Random. seed! (100) . [Towie kaxkgoro Bbi3oBa Random. seed !
(100) (yHKUMYU rand () M randn () OyIyT reHEePUpPOBATDb OJHY U TY Ke TTOC/IeIoBaTe b-
HOCTb CJTyYaiiHbIX BEJTMUMH.

Bonee mogpo6HO 0 61bMMoTeke Random MOXKHO MPOYMUTATD 34€Ch:

https://docs.julialang.org/en/v1/stdlib/Random/
3ajgaua

1. Hanmummute QyHKIINMIO, KOTOpAst BBIUKUC/SIET YMCIO 7T MeTooM MoHTe-Kapiio ¢ ucmnosb-
30BaHMeM reHepaTopa CayuaitHbIx unces. Ha Bxoa GyHKIIMM TTOAAETCS YMCIIo TTap crydaii-
HBIX YMCel.

2. HanmmmTte nBe GyHKIMM, KOTOPbIe BBIUMC/ISIOT 00bEM IIapa ¥ IMIMHAPA METOIOM
MoHnTe-Kapio.

JIuneiitHaa anreopa (6uonmoreka LinearAlgebra)

B cocraB auctpubyTtua Julia Bxogut 6mubnamoreka LinearAlgebra, koTtopast comep-
KUT Habop ¢GyHKIMIA. [TonkmoueHne 6uOIMOTEKM: using LinearAlgebra. [IpuBemem
0030p HEeCKOJIbKMX TT0JIe3HBbIX (PYHKIINIA 13 3TOTO MOMYJISI M CIIOCO0ax UX MpUMeHeHMUS, UC-
TI0JIb3YST HEKOTOPbIe MaTepuasibl yuebHMKa 110 JIMHEeHO anrebpe [6]

HopMma BeKTOpa X MOKET ObITh pacCUMTaHa OSHUM U3 CIIOCOO0B
1. norm(x)
2. sqgrt(x'*x))
3. sqgrt(sum(x.”2))

CpenHekBagpaTUYHOE OTKJIOHEHME MOXKHO ITOCUMTATh TaK
rms =norm(x) /sqgrt (length (x))

PaccTosiHMe MeXay BeKTOpPaMM X M Y MOKHO PaCCYUTATh TaK
d=norm(x-y)

CpenHee 3HaueHMe Habopa umces (BEKTOPa X) MOSKHO PacCUMTATh C MCITOJIb30BaHM-
eM QYHKIUA
avg (x) = (ones(length(x)) / length(x))'*x

PacueT cTaHAapPTHOTO OTKJIOHEHMUS
stdev (x) = norm(x-avg(x))/sgrt (length (x))

PacueT yrna mexxny BeKTOpaMu X U 'y
ang (x,y) = acos(x'*y/ (norm(x)*norm(y)))

PaHT MaTpUITbI @ MOKHO OIPeIe/INTh C UCII0/Ib30BaHMeM QYHKIIUM rank () :
r=rank (a)


https://docs.julialang.org/en/v1/stdlib/Random/
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gr-dakTopu3salys MaTPUIIbI a OCYIIECTBIISIETCS C UCIIOMb30BaHMeM GQYHKIUK gr (),
KOTOpas Bo3BpaiaeT pe3yiabTaT (MaTpulbl Q 1 R) B BUIe KOpTexa:
Q,R=qgr (a)

Haiitu matpuity b, o6paTHyI0 K AAHHOI MaTpuiie a, MOXKHO C MCIIOJIb30BaHMEM
byHKUIMM inv () :
b=inv (a)

JIpyroit crmoco6 obpalileHMs MaTpuIl MpearioiaraeT MCIOAb30BaHMe pe3yabTaToB
qr-dakTopusaun
b=inv (R) *Q'

PenieHue cuCTeMbl JIMHEHBIX YPAaBHEHU

[TycTh maHa cucteMa JMHENHBIX ypaBHeHUI Buga Ax=b, A - matpuiia nxn, b u x -
BEKTODBDI.

[TpocTeiiiime Cr1ocoObl peleHnsI CUCTEMbI TMHETHbIX YpaBHEeHMI
x=A\b
x=inv (A) *b
Bonee IOXKHBIN CIIOCOO TpexdrionaraeT MCHOAb30BaHMe (QYHKIMM 0OpaTHOM

IMoACTaHOBKM
function back subst (R, Db)

n = length (b)

X = zeros (n)

for i=n:-1:1

x[i] = (b[i] - R[i,i+1l:n]'*x[i+1:n]) / R[i,1i]

end

return x
end;
[Tpumep 1
A=rand (3, 3)
b=rand (3)
x=A\b
x=inv (A) *b
Q,R=qr (A)
bb=Q"'*b
back subst (R, bb)
[Tpumep 2
A=zeros (3, 3);
All,:1.=1; A[2,:].=2; A[3,:]=rand(3)
b=rand (3)
rank (A)

crnoco®

|
AN

crnoco®

H H H
w N -
|
AN

|
AN

crnoco®
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Panr matpuiibl A paBeH 2, MO3TOMY CHocobbl 1 ¥ 2 WUCIIONb30BaTh HEIb3s
(SingularException), OGHAKO MOXHO MCIIOJIb30BaTh CIIOCO0 3, eCiay M3MEHUTH IIPO-
uenypy back subst:
function back subst m(R,Db)

n = length (b)
X = zeros (n)
for i=n:-1:1
if abs(R[1,1]) > 1l.e-15
x[1] = (b[i] - R[i,1i+1l:n]'"*x[1i+1:n]) / R[i,1]
else x[1] =0
end
end
return x
end;
Q,R=qgr (A) # 3-11 cnioco6
bb=Q'*b
back subst m(R,Dbb)
PemieHne nipumepa 2 B 3TOM CIydyae HaliTU MOXKHO.

PenieHue nepeonpeneieHHON CUCTEeMbI JIMHEeVHBIX YPaBHEHU

PelnuTh miepeonpeneeHHYI0 CUCTeMY JTMHEMHBIX ypaBHeHu Buga Ax=b, A — mart-
puiia mxn, b 1 X — BEKTOPbI, C UC0JIb30BaHMEM METOAA HaMMEeHbINX KBAaJpPaTOB MOXHO
HECKOJIbKMMM CITOCO6aMU.

[IpocTeitimii crroco6
x=A\b

Bosee ciioxkHbIN cI1ocob MmpefnosaraeT BbilloHeHNe qr-GakTopu3aiuim.

1. BoImomHUTD qr-dakTopu3ainio MaTpuiibl A, Haiitu Q u R, (Q, R=gr (A))
2. Paccunrats X 110 popmyie x=R'Q'b, (x=inv (R) *Q’ *b)

Anmnpoxrcumanysi Habopa ToYeK JUHENHO KoMOuHanyen QyHKImi

[TycTh MMeeTcss HABOP TOYEK, OIpeeJIeHHbIX 3HAUEeHMUSIMY KOOPAMHAT (BEKTOPbHI X
1 y). TpebyeTcst almmpoOKCUMMUPOBATh 3aBUCUMOCTb Y OT X C UCIIOJIb30BaHMEM JIMHEITHO
KOMOMHAIMY OFHOM WM HECKOAbKUX MYHKIIMIA OJHOV TTlepeMeHHOi fi(x;). IHbIMU cioBa-
MU, HY>KHO HaiiTy Ko3pDUIIMeHThI a; 3aBUCUMOCTY (MO e JaHHBIX) BU1a

m
y:Z ajfj(x) .
j=1
[TpocTeiimmii criocob mpeanosaraeT UCIIOIb30BaHMe ISl alllIPOKCHUMAIIUY ITOJIMHO-

MMAJIbHYIO 3aBUCMMOCTb

_ 2 n
y—a0+a1x+a2x +...+anx
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B sToM crydae 1enecoo6pasHo MOAKIIOUNTE 6MOIMOTEKY Polynomials, KOTOpasi cogep-
KUT QYHKIMIO fit (x,y,n), n - CTeleHb IIOJIMHOMA.
[Tpumep 3. ChopmMupyemM MacCuB TOUEK, UCIIONb3YS hOpMYITy

y=1+ 2(x+cayuatinas nozpewHocms)>
x=collect(1.0:10.0);
y=similar (x) ;
for i in 1l:length (x)
y[i] = 1.0+2* (x[i]l+rand()) "2
end
Boruncimm Ko3hPUIMeHThl IOJIMHOMA CTeIIeHM 3 AJ1s1 JaHHOro Habopa TOUeK:
p=fit(x,vy,3)
> Polynomial (0.43279747887989134 + 5.915795408574915*x + 0.5537789693101738*x"2 + 0.12036222727678979*x"3)
KoadhduiimeHThI ITOTYyYeHHOTO ITOMHOMA P MOXKHO M3BJI€UYb TaK
c=coeffs (p)
>0.43279747887989134

5.915795408574915

0.5537789693101738

0.12036222727678979

MaccuB 3HaUYeHUI TMOJIMHOMA i1 JAHHOT'O BEKTOpa 3HAaueHUI X MOKHO pacCuu-

TAdTb C UCIIOJIb30BaHMEM d)YHKLII/II/I polyval ():

function polyval (c, x)

z=zeros (length (x))

for 1 in l:length(c) z.=z.+c[i].*x.”(i-1); end
return z

end

polyval (c, x)

200 @ Toumm

ANMPOKCUMALIA

150 +~

100

-

2 a 6 8 10
Puc.5. VicxonHble TOUKM M Pe3y/ibTaT alipoKCUMalumn

M300pa3uM 3ajaHHbIE TOUKM M Pe3y/IbTaT alllIpOKCUMMAaIUY Ha IpadyKe, PUCYHOK 5.
scatter (x,y, label="Touxku")
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plot! (x,polyval (c,x),label="annpoxcumaumua")

ANmpoKCMMUPYIONTYI0 GYHKIMIO MOXKHO cOOpaTh 13 MPOM3BOILHOTO Habopa GyHK-
1Mt OmHOV MepeMeHHON. Harmpumep, BblllieNpMBeNeHHbIi HAO0pP TOUEK MOKHO IOTIbI-
TaTbCS AMIIPOKCUMUPOBATh QyHKIMEN BUIA

y=a,+a,x+a,/x+a,In(x)

st pacueTa HEM3BECTHBIX 3HAUEHUI a; COCTaBUM Tab/uILy, TepBast KOJIOHKa KOTOPOii Co-
Oep>XUT 3HAUYEeHUS X, MOCTeNHSISI — 3HAUeHUS Y, B OCTATbHbIX KOJIOHKAX COAEPIKaTCs 3Ha-
yeHUs mpyu Ko3pduiimeHTax a,.

Xi dy a; a ds yi

1 1 1 1 0 6.766986682...
2 1 2 0.5 0.69314718... 14.31765289...
3 1 3 0.333333333... 1.09861228... 28.85710713...
10 1 10 0.1 2.30258509 206.716760...

BoimenenHast 1iBetomM ¢OHa 4acThb TabAuUIIbI 0Opa3yeT MaTpuily A, MOC/IemHSsT KO-
JIOHKa — BeKkTop y. [l pacueTa 3HaueHU KO3QPUIMEHTOB a; Hy>KHO PeIllUTh Iiepeoripe-
JleJIeHHYIO CUCTeMY JIMHEMHbIX YPaBHEHMT Aa=y:
a=A\y

[TockonbKy MOfe/ib JaHHBIX BbIOpaHa ITPOM3BOJIbHO, YTOOBI MPOMITIOCTPUPOBATH
UJe0, TOTyYeHHas! MOTPEIHOCTh aIllIPOKCMMAILMM B HalleM Ipumepe OymeT HOBOJIbHO
BeJIMKa.

Ecny HY>KHO yuecTb BecOBble KO3(hPUIIMEHTbI W;, CTPOKM MaTpUIbl A U COOTBET-
CTBYIOIIME UM 3HaYeHMSI BeKTOpa y HY>KHO YMHOKUTb HA W;.

Bosee cioskHbBI MeTo, oTipeneneHns KoadduiimeHTOB a; OCHOBaH Ha MCII0/Ib30Ba-
HUM MeTOJa HeoIllpeaeleHHbIX MHOKMTeei Jlarpanska. Eciu npeacraBuTh GyHKIMIO Jla-
rpaHxa B Bue

A:; [a,f1(x;)+af,(x)+asf5(x,)+..+a, fm(Xi)_yi]2 )

TO TOJIarasi, YTO A ->min , IOC/Ie HeCJIOXKHBIX ITpeoO6pa3oBaHMii MOKHO ITOTYYUTDb Tab/IM -

1Ty TAKOTr'o Buga

Ne a; ar as . dm
1 2 (f(x)F 2 fifs Dfifs e Yhife XAl
2 > fafs 2 (fa(x) Dfafs - Yhifn X fl
3 > fsfy > faf 2 (F3(x) - Dfafw 2l

n Sfufe fufs Sfufs - X () T falx)y,

It KpaTKOCTU MCTIONb30BaHO ob6o3HaueHue Y. f,f, , osHauaomee Y f,(x)f (x,)
BbifiesieHHas! 1IBETOM 4YacTh TaGauIbl 0O6pasyeT MaTpuily A pasMepoM mxm, IOo-
CJIeIHsISI KOJIOHKA — BeKTop b. [Iis pacueTa 3HaueHMH KO3DOUILIMEHTOB a; HY>KHO PEIIUTh
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CUCTEMY JIMHEMHBIX YpaBHEeHUT Aa=b OgHUM 13 pacCMOTPEHHBIX BbIIIE CITIOCOO0B, HATIPU-
Mep Tak:
a=A\Db
[Ipumep 4. ChopmupyeM MacCUB TOYEK, UCIIONb3Ys GopMyiny y= 1 + 2x* 1 IOIbITa-
€MC$1 OTIMCATh ee MOJIMHOMOM TPeTbel CTeleHu
x=collect (1.0:10.0);
y=similar (x) ;
for 1 in 1l:length (x)
y[i] = 1.0+2*x[i]"2
end

(

fl(x)=1.0

f2 (x)=x

f3(x)=x"2

f4 (x)=x"3n=10; m=4;
A=zeros (m,m); b=zeros (m)

for 1 in 1:n

A[Ll,11+=f1(x[1]); A[l,2]+=f2(x[1i]); A[l,3]+=£f3(x[1]); A[l,4])+=f4(x[1]); b[l]l+=y[i]*fl(x[1i]);
A[2,21+=(£2(x[1]1))"2; A[2,3)1+=£2(x[1])*£3(x[1]); A[2,4]+=£f2(x[1])*f4(x[1]); Db[2]+=y[i]*f2(x[1]);
A[3,3]1+=(£3(x[1]))"2; A[3,4]+=£3(x[1])*£4 (x[1]); Db[3]+=y[i]*£3(x[1i]);

Al4,4]+=(f4(x[1]))"2; bl4]+=y[i]*f4(x[1]);

:?2,1]=A[1,2];
A[3,11=A[1,3]; A[3,2]1=A[2,3];
Al4,11=A[1,4]; A[4,2]1=A[2,4]; Al4,31=A[3,4];
Pe3ynbTaTOM BBITIOJTHEHUS oriepaiiuu A\b 6ymetr maccus [1.0,0, 2.0, 0], T. e. pe-
IIeHMe HalileHO TOYHO.
ATOT 3Kke pe3y/abTaT MOKHO ITOYUMUTh 6€3 OpraHM3aIuy MMUKIa CYMMUPOBAHMS :

All,l]l=sum(fl.(x)); A[l,2]=sum(f2.(x));
A[l,3]=sum(f3.(x)); A[l,4]=sum(f4d. (x)); b[l] = sum(y.*fl. (x))
A[2,2]=sum(f2.(x)."2); A[2,3]=sum(f2. (x).*£3.(x));
Al[2,4]=sum(f2. (x).*f4.(x)); b[2]=sum(y.*f2.(x));
A[3,3]=sum(£f3.(x)."2); A[3,4]=sum(f3.(x).*f4d.(x));
b[3]=sum(y.*f3.(x));

Al4,4]=sum(f4d. (x).72); b[4]=sum(y.*fd. (x));
Al[2,1]1=AT[1,2];

A[3,1]1=A[1,3]; A[3,2]=A[2,3];

Al4,1]1=A[1,4]; Al[4,2]=A[2,4]; Al4,3]=A[3,4];

A\b

Ih{HEih{aﬂEIHIHJOKCRHWHIHIH(ZOFpa}Hqu}HAHRJM

B HeKOTOpbIX Cayuyasix BO3HMKAeT HeOOXOAMMOCTb MCIIOb30BaHMUSI MOMENN [aH-
HBIX, BK/TIOUAIOIIEN IOIOTHUTEIbHbIE JIMHElHbIe orpaHudyeHust. Hampumep, korma ar-
MIPOKCUMMPYIOTCS TaHHbIE O TeTVIOEMKOCTH, BayKHO, UTOOBI 3HaueHMe PYHKLMM ITPU CTaH-
IapTHOM TeMIlepaType MPMHMMAJO olpeneneHHoe 3HaueHne. Eciu Bech TeMmepaTypHbIii
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MHTEepBaj, COOTBETCTBYIOIIUI OIpeaeeHHOMY ()a30BOMY COCTOSIHUSI BellleCTBa, HEBO3-
MOSKHO OIMCaTh OMHOM GyHKIMEN, TPUXOAUTCS TIpuberaTb K KyCOUHO anMpoKCUMaln
BCero Habopa JaHHbBIX, CM. PUCYHOK 6. [Tpy 3TOM BakHO 06eCreuuTb OTCYTCTBME Pa3phl-
BOB (DYHKIIMM U ee TIPOM3BOAHON Ha BHYTPeHHUX IpaHMUIlaxX MHTepBanoB. Pabouas MaTpu-
11a A CTAHOBUTCS OJIOUHO¥, TPUUEM KaXK[Iblii 6JIOK COOTBETCTBYET OIpeieJIeHHOMY TeMIIe-
paTypHoMy MHTepBany. KoadduimeHTsl JMHEIIHBIX OIPaHUUYEHUI TaKKe MOKHbI BXO-
IUTb B COCTaB MaTPUIIbI.

Bewectso: 03(g)

105
100
95+
90
85
80
75
70

Cp, Ox/monb K

65
60
55
50
45

401

500 1000 1500 2000 2500 3000 3500 4 000 4 500 5000 5500 6 000
T, K

Puc. 6. 3aBUCUMOCTD TEIIJIOEMKOCTY 030HA OT TEMITEPATYPbI

Jlist vuutrocTpauum uaeyu pacCMOTPUM CIeAyIoIyii mpumMep. JomyCcTuM, 4TO HY>KHO
alnIpoOKCMMMUPOBATh 3aBUCHMOCTD TEIIOEMKOCTH OT TeMIlepaTyphl Ha yyacTkax [Ty, T1] u
[Ty, T;] Gyskumeii Buga y=a+bT+cT’ Tak, yTo6bl Ipyu Temmeparype T, QYHKLIUS IpuU-
HMMasia 3HauYeHue y,, a Ipu Temrepatype T, BbINOMHAIUCh yoioBus y,(T,)=y,(T,) n

y'(T,)=y",(T,) .Ilns pemenus 3amaun B JaHHOM CJTy4ae MOXKHO MCIIONb30BaTh METO
HeoIlpele/leHHbIX MHOXUTe el Jlarpanxka. IIycTb 4McI0 M3BeCTHBIX 3HaUeHUN TeIlyIoeM-
KOCTY Ha [IepBOM MHTepBaje PaBHO Nnj, a HA BTOPOM - Ny, Torfa GyHkius JlarpaHska uMmeeT
BUT,

n, n,+n,

A:Z[al+b1Ti+C1Ti2_yi]2+ Z [az+b2Ti+C2T1'2_Yi]2+ﬂ1Zl+lzzz+ﬂ3z3 ’

i=1 i:n,+1
raoe Zi - JOIIOJTHUTEJIbHbIE€ OI'paHNYEHNI:
Z1:al+b1T1+C1Ti_Y1 s
Z2:al_a2+Tl(bl_b2)+T?(cl_C2) ’
Z3=bl—b2+2T1(C1—C2)
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HeussectHeiMu gBnswrcs a,,b,,c,,a,,b,,c,, A, A,,A; . PacueTHy0 cuCTemy JIMHENHbIX
ypaBHeHMI1 monyuum mytem auddepenipoBanus GyHkimum Jlarpawxka no a;,b;,c;, A,

DTy 3Ke 3a,a4y MOYXXHO PelLlNTDb U ITyTeM pellleHNs [1epeolpeeleHHOM CUCTeMBbI JIN -
HelHbIX ypaBHeHMIt. [IJi1 9TOTO B CUCTEMY ypaBHeHMIT HeOOXOAMMO BBECTU JIMHEIHbIe
OTpaHMUEeHMs], YMHOKMB MX Ha OOJIbIlINE BeCOBbIe KOIDPUIMEHTHI.

BbINMyKJIbIe 000/I0UKU

JIJIsT TIOCTPOEHMS BBIITYK/IbIX 000JI0UeK MHOMXKECTBA TOUYEK MOKHO MCIIOIb30BaTh
o6ubnmnorexky LazySets (https:/juliareach.github.io/LazySets.jl/stable/),
B COCTaB KOTOPO¥ BXoAUT PyHKuus convex_hull().
[IpuMmep MCIIONb30BaHUSI
using LazySets, Plots
a=fill (Floato64[],0)
for 1 in 1:100 push! (a, [rand(),rand()]) end
hull=convex hull (a)
# hull - on;omepHuﬁ MacCMUB, COIOEpXallMy KOOPIMHATH TOUEK
p = plot([Singleton(vi) for vi in a])
plot! (p,VPolygon (hull), alpha=0.2)
Pe3ynbTaT pabOThI BIIIENIPUBEIEHHOTO (hparMeHTa MpMBeAeH Ha pUCYHKe 7.
Onpenenntb MHAEKCHl 3JIEMEHTOB MAaCCUMBA a, KOTOpPble HAXOMSATCS Ha BBINYKIION
000/104Ke MOYKHO TaK:
z=indexin (hull,a) # z COOEPXUT MCKOMBII1 MaCCUB MHIEKCOB,
al[z] comepXNUT 3JieMeHTbl MacCuBa hull.
[Tpy HeO6XOAMMOCTY MOKHO MMOCTPOUTD BBIMYKIIYIO 000JIOUKY OOJIbIlIel pasMepHO-
CTU, OIIHAKO B 3TOM C/Tyyae He0OXOAMMO ITOIKIIOUNTD 616moTeKky Polyhedra.
[Tpumep
using LazySets,Polyhedra
v = [randn(3) for in 1:30]
hull = convex hull (v)
[TIpoBepUTD, MIPUHAIIEKAT JIM TOUKA X BBIIMTYKJI0J 0007104Ke, MOKHO C UCITOIb30Ba-
HyeMm oreparopa in:
x = sum(hull) /length (hull)
X in P


https://juliareach.github.io/LazySets.jl/stable/
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Puc. 7. BbIHYKIIaH 0060JI04Ka MHOYeCTBa TOUeK Ha IJIOCKOCTU
OnTuMmusanus

Bbu6nuoreka Optim.jl

https://julianlsolvers.github.io/Optim.jl/stable/

Optim.jl - sT0 6GMbGMMOTEKA IJIs1 ONMTUMM3aLMM QYHKIMI 6e3 orpaHuMueHuii. Vcmonb3ye-
Mble peliaTesy IIpu OIpee/IeHHbIX YCIOBUSIX OYIYT CXOAUTHCS K JIOKATbHOMY MUHUMYMY.
B ciyuae, korma TpebyeTcs 171006a/IbHbIN MUHUMYM, MTPEAJIaraloTcs Ipyrue MeToIbl, TaKue
Kak (orpaHmueHHbIi) simulated annealing u particle swarm.

[Tpumep. OntTumu3anys pyHkuuyu PozeHopoka

using Optim

f(x) = (1.0 - x[1])72 + 100.0 * (x[2] - x[1]"2)"2
# 3amaTh HauaJbHOE MPUOIVKEHME:
x0 = [0.0, 0.0]

res=optimize (£, x0)
# ITonmyunThb peleHne ¥ 3HaUeHMe MUHUMYMa QYHKIAN
Optim.minimizer (res)

Optim.minimum (res)

MOYXHO MCTI0/Ib30BaTh OAMH M3 HECKOJIbKMX pellaTesiein:

NelderMead - He TpeGyeTcs rpaaveHT GYHKIVN, UCTIONb3YeTCsI 0 YMOTYaHUIO:
res=optimize (f, x0, NelderMead())

L-BFGS - KBa3syMHbIOTOHOBCKMIIT METO/I, TpebyeTcst rpaguieHT QYHKIAN:

res=optimize (f, x0, LBFGS())

SimulatedAnnealing() - He TpebyeTcst rpagueHT QYHKINNA:

res=optimize (f, x0, SimulatedAnnealing())

Ecnu @yHKIMs Ojis1 pacueTa rpajayieHTa He 3aJaHa, TpaJyieHT BbIYMC/SIETCS aBToOMaTuye-
CKMU.


https://julianlsolvers.github.io/Optim.jl/stable/
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OyHKIMIO J1 pacyeTa rpajyeHTa MOKHO 3a71aTh TaK
function g! (G, x)

G[1l] = -2.0 * (1.0 - x[1]) - 400.0 * (x[2] - x[11"2) * x[1]
G[2] = 200.0 * (x[2] - x[11"2)
end

Toma BbI3OB ITponeaypbl ONITUMM3aALUN OCYITECTBIAECTCSA TAKMM O6p8.30M2
res=optimize (f, g!, x0, LBFGS())
Kpome dyHKIMM 1151 pacueTa rpagyeHTa, MOKHO 3a1aTh QYHKIMIO IJIST pacyeTa MaTPUILIbI

I'ecce
function h! (H, x)

H[1, 1] 2.0 - 400.0 * x[2] + 1200.0 * x[1]"2
H[1l, 2] = -400.0 * x[1]

H[2, 1] = -400.0 * x[1]

H[2, 2] 200.0

4
end

Torma BbI3BaTh MPOLEAYPY ONTUMMU3ALUM MOKHO TaK
res=optimize (f, g!, h!, x0, LBFGS())

buoanoreka JuMP

JuMP - 3TO 6GMOIMOTEKA C OTKPBITBIM MCXOMHBIM KOIOM, B KOTOPOI peaqn30BaH
SI3BIK ajIre6panueckoro MoeaIMpOBaHMsl, TO3BOISIONINIA TTOIb30BaTENISIM (GOPMYIMPOBATh
IIMPOKMIi CIIEKTP 3a4ay ONTMMM3aUuu (JIMHeliHble, HeJIMHeHbIe, C OTPAaHUYEHUSIMU U
6e3 orpanmuenuii). CaM sI3bIK MOJEIMPOBAHMS He pelllaeT 3aJa4 ONTUMU3ALINN, ero 1ejlb
— TepenaTh 3aa4y B MPOIeIypy ONTUMM3ALMK (pemaTeib uian consep). [TonpobHyo g0-
KyMEHTAaIIMI0 MOKHO HaliTy Ha caifTe https://jump.dev/, crimcok 6ubIMOTEK, 06ECIIeunBa-
IOIIMX MOCTYI K peliaTessm, TPpUBOANTCS 30ech: https://github.com/jump-dev.

TexHuueckue 3agaum, KOTOPbIe TOKEH BBIITOIHSITD SI3bIK MOJEIMPOBAHMSI, MOKHO
YCJIOBHO paszie/InThb Ha ABE YaCTy: BO-IIEPBbIX, 3aTPYy3UTh B MAMSITh IPOOIEMY, BBEIEHHYIO
I0JIb30BaTeJIEM, @ BO-BTOPbIX, CTEHEPMPOBATh BXOAHbIE TaHHbIE, TpebyeMble MPOoIeaypoii
OINTMMM3ALIMU B COOTBETCTBUM C TUIIOM IIpo6ieMbl. O6e 5T 3a7aum periaeT 6moImoTeKa
JuMP, koTOpast UCIIO/Ib3yeT TEXHMKY aBTOMATUYECKOTO (MM aJIfopUTMMUecKoro ) audde-
PEHIIMPOBAHMS [IJIsl BBIUMCIEHMS IIPOM3BOIHBIX BhIPasKeHMI1, BBEIEHHbBIX IT0Ib30BaTEIEM.
JuMP, Kak 1 gpyrue sI3bIKM ajaredpanyeckoro MoaeIMpPOBaHMs BhITIOTHSET IIPOCTYIO Pabo-
Ty: IIpeBpPAIAET B CTAHAAPTHYIO GopMy cHOPMYIMPOBAHHYIO MOIb30BATEIEM MaTeMaTH -
YyecKylo IpobiiemMy, repefaeT ee B MPOLeAYPY ONTUMMU3ALINM, OKMUIAET, KOraa Ipolieaypa
3aKOHYMT PaboTy, a 3aTeM IepeaeT pelleHue U3 IPoleayphl IT0Ib30BaTeIo.

Kpome rpaaueHTOB (QYHKUMI MPOLeIypbl ONTUMMU3AIMM YaCTO MCIIONb3YIOT MarT-
PULIBI BTOPBIX MPOMU3BOAHbBIX. TAKOTO pofa MaTPHUIIbl TAKKe MOTYT BbhIUMC/IEHbI 616/I1M0Te -
KoJi JuMP ¢ 1CIo/ib30BaHMe TeXHUKM aBTOMATUYeCKOro AuddepeHIpoBaHusI.

JI71s1 TOTO, YTOOBI PELIUTD 3a7auy, Hy>KHO BBITIOJTHUTH CJIEAYIOIINE TeiCTBUS
1. moax0unUTh 6MbIMOTEKY JUMP 1 6M6IMOTEKY 11 BbI30BA peIaTes;


https://github.com/jump-dev
https://jump.dev/
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2. OOBSIBUTH IepeMeHHYIO-MOOeJ/Ib C YKa3aHMEM pellaTesId;
3. 00BbSIBUTD IIepeMeHHbIe 331aul 1 3a[1aThb OTPaHNYEHUS;
4. OOBSIBUTH 1IeJIEBYIO (DYHKIIMIO M TUM ONTUMM3ANUMU (MUHUMM3ALMS UM MaKCUMM3a-
VIsT)

5. BbI3BaTh peliaTeb;

6. HarevyaTaTb pe3yiabTar.

ITpumep 1. 3adaua nuHeiiHO20 NPOZPaAMMUPOBAHUS
Haiiti min 12x + 20y

TIPU YCJIOBUSIX

6x + 8y > 100

7x+ 12y 2120

x20

y>0

Pewenue

using JuMP, GLPK

model = Model (GLPK.Optimizer)

@variable (model, x >= 0)

@variable (model, y >= 0)

@constraint (model, 6x + 8y >= 100)
@constraint (model, 7x + 12y >= 120)
@objective (model, Min, 12x + 20y)

optimize! (model)

@show value (x);

@show value(y);

@show objective value (model);

Kommenmapuu
GLPK - obecrieumBaeT IOJK/IIOUYEHME K OMOIMOTEeKe JIMHETHOM ONTUMMU3aly ONTUMM3a -
uun (GNU Linear Programming Kit library - http://www.gnu.org/software/glpk/).

# cosmaeMm nepeMeHHyD IJid ofpameHusa kK OubaImMoTeke OINTUMUBALIUU
model = Model (GLPK.Optimizer)
# oObaBJIsgeM OBe TepeMeHHBE UM HaKJIaIbEBaEMBEE OTPaHWUEeHMUS

@variable (model, x >= 0)

@variable (model, y >= 0)

@constraint (model, 6x + 8y >= 100)

@constraint (model, 7x + 12y >= 120)

# 0OBABJIAEM JIMHEMHYID LEJIEBYHD OYHKLMIO M TUI ONTUMU3ALINUNA.
@objective (model, Min, 12x + 20vy)

# BBHI3OB MNPOLEOYPH ONTUMUIBALINN

optimize! (model)

# BHIBOI PEe3yJIbTATOB OMNTUMUIALNNA

@show value (x);


http://www.gnu.org/software/glpk/
https://www.gnu.org/software/glpk
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@show value(y);
@show objective value (model);

ITpumep 2. dyuxkuua PozeHo6poka
using JuMP, Ipopt

model = Model (Ipopt.Optimizer)
set silent (model)

@Qvariable (model, x, start=0.0)

@variable (model, vy, start=0.0)

@NLobjective (model, Min, (1-x)7"2 + 100 * (y-x"2)"2)
#@constraint (model, x + y == 10.0)

#@NLconstraint (model, x*y == 1.0)

JuMP.optimize! (model)

@show JuMP.termination status (model)

@show JuMP.primal status (model)

@show JuMP.objective value (model)

@show JuMP.value (x)

@show JuMP.value (y)

Kommenmapuu

Ipopt (Interior Point OPTimizer) # OubimoTexka IOJsg HEJMHENHOM ONTMMM3ALUMUM 3aldad OOJIbLON

pasmepsocTi - https://github.com/coin-or/Ipopt.

set silent (model) # oTkoYaeM nedaTb COOOWEHMM ONTUMM3ATOPA

@variable (model, x, start=0.0) # MOXHO (ONUMOHAJILHO) 3alaBaThb HAUAJIbHOE NPUOIMXEHUE HEeU3—
BecTHOM (start=0.0)

@NLobjective (model, Min, (1-x)72 + 100 * (y-x"2)"2) # oO6bsaBisgem HEIMHEeVHy LeJjeByl QyHK-—
UMIO0 U TUI ONTUMMBALNU

,HO6&BI/ITB OrpaHMYEeHMEe K MOOe/IM IOBOJIBHO ITPOCTO
@constraint (model, x + y == 10.0) # mo6aBuTbL JIMHEMHOE OTpPaHUUEHUE
@NLconstraint (model, x*y == 1.0) # nmo6aBuUTb HeJMHEMNHOE OTpPaHUUeHUrE

Crmcok rnepeMeHHBIX MO>KHO 3a/1aTh KdK MaCCHB OAHHM OIlepaToOpOM
@variable (model, x[1:5]).
Hp]/[ OoIIpenenIeHnn I.[GJIEBOVI (bYHKLH/H/I nJin OI‘p&HI/I‘IEHI/IVI MO>XHO UCIIO/JIB30BAThb (bYHKLU/[IO

CyMMMpPOBaHMA sum():

using JuMP, Ipopt

model = Model (Ipopt.Optimizer)

set silent (model)

@variable (model, x[1:57)

@NLobjective (model, Min, sum((1.0-x[1])"2 for i = 1:5))
@Qconstraint (model, sum(x[i] for i=1:3) == 1)
JuMP.optimize! (model)

@show JuMP.termination status (model)

@show JuMP.primal status (model)

@show JuMP.objective value (model)

for i in 1:5 println("x[$1i]=",JuMP.value(x[i])) end


https://github.com/coin-or/Ipopt
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s Toro YyTOOBI M3BJIE€Ub U3 penieHnsa 3HaUYeHMA HeoIIpede/IeHHbIX MHOXUTeIen
HarpaHx(a 3agaun ¢ OIrpaHMYEHUSIMMU, HeO6XO,ELI/IMO OJaTb HaMMEHOBaHME COOTBETCTBYIO-

M OTPAaHUYEHUSIM:
@Qconstraint (model, conl, sum(x[i] for i=1:3) == 1)

3HaueHMe MHOXUTEIS HarpaH>Ka MOJXXHO ITOJIYYUTH C MCIIOJIb30BaHMEM (l)YHKLU/H/I

shadow price():
shadow price (conl)

Ecnu OI‘paHI/I‘leHI/Iﬁ HECKOJ/IbKO, B HEKOTOPBIX C/IyUddaX MX MOXXHO O6’be,ELI/IHI/ITb B
MacCCUB
@constraint (model, con, A*x .== b),
340ecCb A, X, b - maccuBsbl. B aTom CJiydae Con TakKe 6y,£[eT MaCCMBOM, U OOCTYII K €TI0 3Jie-

MEHTaM OCYIIeCTBJISIETCS TaK: shadow price (con[i]).

buonanoreka NLopt

https://nlopt.readthedocs.io/en/latest/
https://github.com/[uliaOpt/NLopt.]l

NLopt-3T0 cBO60JHO pacmpocTpaHsemast 6MOaMOTeKa C OTKPBITHIM MCXOIHBIM KOIOM [IJISt
HEeJIMHEeTHOM ONTUMM3AIINH, IIPeIOCTaBIAI0NAas 00IIMii MHTepderic oy psaaa pasIMIHbIX
OecIIaTHBIX MPOIeIyp ONMTUMM3ALMM, TOCTYIIHbIX B IHTepHeTe, a TaKske OpUTHHAJIbHbIE
peanusauyuu pasaMuHbIX IPYTUX AJITOPUTMOB. Ee KiTtoueBbie 0COOEHHOCTH

* BbI3BIBAETCS M3 SI3BIKOB IporpammupoBanmuss C, C++, Fortran, Matlab unun GNU
Octave, Python, GNU Guile, Julia, GNU R, Lua, OCaml u Rust;

e 00muit mHTEpdEIC I HECKOJIBKUX aJITOPUTMOB—BBIOPATh aITOPUTM MOSKHO, M3-
MEHMUB TOJIbKO OAVH llapaMeTp;

*  BO3MOXHOCTh ONTUMM3ALMM 3aa4 OOJBIION pasMepHOCTH (HEKOTOpbIe aJITOPUT-
MbI MaCIITaOUPYIOTCS A0 MUIJIMOHOB IIapaMeTpPOB M ThICSY OrpaHNYeHMIA);

* peasM30BaHbI AJITOPUTMBI JIOKAJIBHO ¥ II00aIbHOM ONTUMMU3aLIVNA;

*  peaqM30BaHbI AJITOPUTMbI, MCITOb3YIOIIE TOJBKO 3HAUeHMS QYHKIMII (6e3 ITpoun3-
BOJIHBIX), & TAaK>XKe aJrOPUTMbI, MCIIO/Ib3YIOIIMe 3alaHHbIe TPaJUeHThI;

* peaaM30BaHbl aJTOPUTMBI [IJISI ONTUMMU3AIMYM Oe3 OTpaHMUeHMI, ONITUMMU3ALIUA C
OTpaHMUYEHUSIMM M OOIIMX HEeJIMHENHBIX OTpaHMUYEHUII BUAA HEepaBEHCTBA /WU
paBeHCTBa.
bubnmoreka NLopt peannusyet unrepdeiic MathOptinterface nyis HenuHetHOI oII-

TUMM3ALVMU, TTIOITOMY €€ MOXXHO MCIIOJIb30BaTh B3aMMO3aMeHSIEMO C APYIMMM OMOIMO-
TeKaMM ONTUMM3AINUY U3 OMOIMOTEK MOAeIMPOBaHMS, TAKMX KakK JuMP.
[MTapameTtpamu pematenst NLopt (NLopt.Optimizer) SIB/ISIFOTCS

* algorithm
e stopval

* ftol rel
* ftol abs


https://github.com/JuliaOpt/NLopt.jl
https://nlopt.readthedocs.io/en/latest/
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* xtol rel

* xtol abs

* constrtol abs
* maxeval

* maxtime

* initial step

* population

* seed

* vector storage

[TapameTp algorithm SIBAsIeTCS 06sI3aTE/IbHBIM, BCE OCTa/IbHbIE HEOOSI3aTETbHBI.
[Ipumep pellleHUS1 3aJauM HEJIMHEMHOM ONTUMMU3ALUUM C orpaHmuyeHusmu u3 NLopt

Tutorial:
using NLopt
function myfunc (x::Vector, grad::Vector)

if length(grad) > O
grad[l] = 0
grad[2] = 0.5/sgrt(x[2])

end
return sqrt(x[2])
end

function myconstraint (x::Vector, grad::Vector, a, b)
if length(grad) > O
grad[l] = 3a * (a*x[1l] + b)"2
grad[2] -1
end
(a*x[1] + b)"3 - x[2]

end

opt = Opt (:LD MMA, 2)

opt.lower bounds = [-Inf, 0.]

opt.xtol rel = le-4

opt.min objective = myfunc

inequality constraint! (opt, (x,g) -> myconstraint(x,g,2,0), le-8)
inequality constraint! (opt, (x,g9) -> myconstraint(x,g,-1,1), le-8)
(minf,minx, ret) = optimize(opt, [1.234, 5.678])

numevals = opt.numevals # the number of function evaluations

println ("got Sminf at S$minx after $numevals iterations (returned Sret)")

ATy Xe 3aJauy MOXHO PelIUTh C MCIOJb30BaHMeM OubamMoreku JuMP, koTopas

rpenocTanisieT MHTepdeiic K NLopt.

using JuMP

using NLopt

model = Model (NLopt.Optimizer)

set optimizer attribute(model, "algorithm", :LD MMA)

al = 2
bl =0
a2 = -1
b2 =1

@variable (model, x1)


http://ab-initio.mit.edu/wiki/index.php/NLopt_Tutorial
http://ab-initio.mit.edu/wiki/index.php/NLopt_Tutorial
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@variable (model, x2 >= 0)

@NLobjective (model, Min, sqgrt(x2))

@NLconstraint (model, x2 >= (al*xl+bl)"3)

@NLconstraint (model, x2 >= (a2*x1+b2)"3)

set start value(xl, 1.234)

set start value(x2, 5.678)

optimize! (model)

println("got ", objective value(model), " at ", [value(xl), value(x2)])

3agaumn

1. HaitTy MuHUMYM GYHKIMY X*+e*-1=0.

IIpumenenne o6uoamoreku GLPK s annmpokcuManyy Hadopa Touek
JIMHEIHOV KOMOMHanuen QyHKkuui

Wcnonb3oBaHbl MaTepuansl KHUT [12, 13].
JlorycTM HaM M3BeCTHbI KOOPAMHATHI n Touek (X, y;). TpebyeTcsi HailTK Mozenb
m
Z a;f j(xi) , KOTOpast SIBJIsIeTCS TMHEeHO KOMOMHAIMe TPou3BOIbHOTO Habopa PyHK-
j=1

1uuit f(x;), OMMUCHIBAIOILYIO C IPYEMIEMOI TOYHOCTHIO 3aBUCUMOCTDb Y(X). 3HaUeHMST KO3(]-
GULIMEHTOB a; HEOOXOAMMO BbIUUC/IUTb.
1. Hopma L;: MUHMMU3UPOBATh CyMMY a0COTIOTHBIX TTOTPELTHOCTEeT

n m
2122 |y1'_z ajfj(xi)|_)min
i=1 j=1
ATy 3a7a4y MOKXHO CPOPMYIMPOBATH TaK.
n
2=, (r+s;)» min

i=1
TIPU BBITIOJITHEHUN YCIIOBUM
ri—5i+z ajfj(xi):yi ’
j=1
r.>0,s,>0,i=1,2,...n
[IpoBepuTh pabOTy aJrOPMUTMa MOSKHO C MCITOJIb30BaHMEM CJIEIYIOIIEro IpumMepa
(anmpoKcUMMpyomas QYHKLIMS UMeeT BULL y=a,+d,X+ds X +a, X +a/ X" )
n=10
x=collect (1.0:n);
y=similar (x) ;
for 1 in 1l:length (x)
yv[i] = 1.0+2*(x[1])"2;
end
m=5
model = Model (GLPK.Optimizer)

# oOBbaBIIgEeM MepeMeHHbBEe U OTPaHUUYEeHUS
@variable (model, all:m]);
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@variable (model, r[l:n]>=0);

@variable (model, s[l:n]>=0);

for i in 1:n

@constraint (model,

r{i]-s[i] +al[ll+al2]*x[i]+a[3]1*x[i]"2+a[4]*x[i]1"3+a[5]/

x[i]"2==y[i]);

end

# oObaBigeM JIMHEMHY LeJeBYH QYHKIMIO ¥ TUI ONTUMUSBALIUMA.
@objective (model, Min, sum(r[i]l+s[i] for i = 1:n))

# BBRIBOB MNPOLIEOYPH ONTUMUBALIUU
optimize! (model)

# BHIBOI pPesyJIbTATOB OINTUMMU3ALINUN

for 1 in 1:m println("a[$i]=",JuMP.value(al[i])) end

# BHIBOJ SBHAUEHMA lejieBOoM OYHKLUN

@show objective value (model);

2. Hopma L.: MUHMMU3MPOBATh MAaKCUMAaJIbHYIO IIOTPEITHOCTD Al PpOKCUMAaIN
m
Z,= max |yi—z a;f;(x;)|>min
1<i<m i=1
ATy 3aauy MOKHO COPMYIMPOBATH CAEAYIOIINM 00pa3oM.
Z->min
TPV BBITIOJTHEHUY YCIOBUIA

z—r;—s=0 ,

ri_si+z ajfj(xi):yi )
=1
r;=0,s,20,i=1,2,...n

Vcmonb3yeMm ciaenyoluii ipuMep OJ1s1 IpOBePKY paboThl aJropuTMa
n=10
x=collect (1.0:n);
y=similar (x);
for i in 1l:length (x)
y[i] = 1.042*(x[1])"2;
end
m=5
model = Model (GLPK.Optimizer)
# oOBaBIISEeM TMEepeMeHHBEe U OTPaHUUYeHUS
@variable (model, al[l:m]);
@variable (model, r[l:n]>=0);
@variable (model, s[l:n]>=0);
@variable (model, z);
for 1 in 1:n
@constraint (model,
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r(i]-s[1] +af[l]+a[2]*x[1]+a[3]*x[1]"2+a[4]*x[1]"3+a[5]/
x[1]"2==y[1]);
end

for i in 1:n

@Qconstraint (model, z - r[i]-s[i] >= 0);

end

# oObaBigeM JIMHEMHY LeJeBYH QOYHKIMIO ¥ TUI ONTUMUSALIUMA.
@objective (model, Min, 2z)

# BBI3OB MNPOLEOYPH ONTUMUIALUNA

optimize! (model)

# BHIBOI pPesyJIbTATOB OMNTUMMU3ALINN

for 1 in 1:m println("a[$i]=",JuMP.value(al[i])) end
# BHIBOI BSHAUEHMS LeJIeBOM (QYHKLMM

@show objective value (model);

3. Busyanusamnua gaHabix ¢ Makie

Makie — skocucTeMa BU3yaau3auu JaHHbBIX, IJIs S3bIKa TporpaMmupoBanus Julia.
Jist paboThl ¢ Makie JoCcTaTOYHO YCTaHOBUTH OAHY 13 61bimmoTek GLMakie.jl (OpenGL),
CairoMakie.jl (Cairo), or WGLMakie.jl (WebGL). ITepekioueHne MeXay STUMU OMOIMO-
TeKaMy ITPOU3BOAUTCS BbI30BOM QYHKIMM activate (), HAIpUMeD,
CairoMakie.activate! ().K coxkamenmnio, REPL ot Julia He mo3BoJjisieT 0TOOpaskaTh
rpaduKy Ha SKpaHe KOMITbIOTEPa, pa3paboTuMKy peKOMEeHIYIOT AJist 9Toii e IDE, koTo-
poe oA iep>KuBaeT BbIBOA, Tpadmku B popmaTe png min svg, Hanpumep, VSCode, Atom/
Juno, Jupyter, Pluto, 1160 ucronab3oBaTh 6M6aMMOTEKY ElectronDisplay.jl.

PaccMOTpUM OCHOBHbIE TPUHLMITEI OCTpoeHMs 2D rpaduKoB ¢ UCIIOIb30BaHMEM
o6uobamorexkn Makie (https://makie.juliaplots.org/stable/tutorials/basic-tutorial/).

JI7s1 Hauasia MoCTPOUM 3aBUCUMOCTD Y = Sin(X), CM. TEKCT IIPOrpaMMbI 1 PUC. 8.

using CairoMakie

x = range (0, 10, length=100);
y = sin. (x);

f=scatter(x, vy)

save ("figure.png", f)


https://makie.juliaplots.org/stable/tutorials/basic-tutorial/
https://github.com/queryverse/ElectronDisplay.jl
https://github.com/JuliaPlots/Makie.jl/tree/master/WGLMakie
https://github.com/JuliaPlots/Makie.jl/tree/master/CairoMakie
https://github.com/JuliaPlots/Makie.jl/tree/master/GLMakie
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Puc. 8. IIpumep nocTpoeHns: 3aBUCUMOCTH Y = Sin(X)

Ec/iu Hy>KHO TTIOCTPOUTh Ha OTHOM Tpad ke HeCKOIbKO QYHKIIMIA, 3TO MOXKHO cle-
JIaTh C UCIIOIb30BaHMeM BbI30Ba QYHKIINIL C BOCKIMIIATEbHBIM 3HAKOM. PaccMOTpUM B
KauecTBe IIpMMepa IOCTPOoeHMe Ha OTHOM I'padyke 3aBUCUMOCTeN Y = sin(x), y = cos(X),
CM. TEKCT U pUC. 9.
using CairoMakie
x = range (0, 10, length=100);
yl = sin. (x);
y2 = cos. (X);
lines (x, yl)
lines! (x, y2)
f=current figure()

1.04

A\

-1.04

o 5 o
Puc. 9. IIpumep nocTpoeHMs HA 3aBUCUMOCTeN y = sin(x), y = cos(x)

Cnemyomnii MpuMep WUTIOCTPUPYET BO3MOKHOCTb pab0Thl C HEKOTOPBIMM aTpuOy-
TaMU I'pa(b]/IKOB. color MO3BOJIAET BbI6paTb OBeT TOUEK UJInN JIMHUNA. ,H,JIH I‘pad)I/IKOB TUIIA
scatter: markersize — pa3mep Touek. JIjist rpaduKoB TMHA 1ines: linewidth — Toml-

1I/HA JIMHUK, 1 inestyle - CTUIb JIMHUU, CM. TEKCT U puc. 10.

using CairoMakie
x = range (0, 10, length=100);



vyl sin. (x);
y2 = CcoOs. (X);
lines (x,

yl, color = :red, linewidth = 5, linestyle
scatter! (x, y2, color :blue, markersize = 10)
f=current figure()
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Puc. 10. [IpyMep uCIionb30BaHMS aTpUOYyTOB

using CairoMakie
X range (0,
2l sin. (x);
y2 = Ccos. (X);
lines(x, v1,

lines! (x, y2,
axislegend ()
f=current figure()

10,

color
color

1.0

:red,

:blue,

label

10

length=100) ;

— "Siﬁ")
label = "cos")

0.5+

0.0+

-0.54

-1.04

0

—sin

—cos

5

Puc. 11. [Ipumep UCI10/1b30BaHMS JIeT€H bl

T
10
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:dash)

Jlo6aBUTD JiereHAy Ha rpadyk oueHb MPOCTO C UCIT0/Ib30BaHMEM K/II0UeBOT0O CJIOBa
label M KOMaHAbI axislegend (), CM.TEKCT u puc. 11.

VHorma BO3HMKaeT He0OXOAMMOCTh KOMIIAKTHOI'O pa3MelleHs] HeCKOJIbKUX Ipa-
(OMKOB B OTHEIbHBIX OKHAX. DTO MOXKHO CHEeJIaTh C MCIIOIb30BaHMEM 00beKTa Figure ().

PasmelieHre OKOH peryaupyeTcs omnuuein fig[row,

col], CMBICI KOTOPO¥ SICeH U3
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MIPUBEIEHHOTO HIKEe TIPMMepa, CM. TEKCT IporpamMmmbl, puc. 12 u pasmen «O6bekT Figure»

HIDKe.
using CairoMakie
x = LinRange (0, 10, 100); # x values, 100 points in [0,10] interval
y = sin. (x);
fig = Figure();
lines (fig[1l, 11, x, y, color = :red)
lines (fig[1l, 2], x, cos.(x), color = :blue)
scatter (figl[2, 1:2], x, y.*cos.(x), color = :green)
fig

1.04 1.04
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0.0 0.04
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Puc. 12. IIpumep pasmelieHMs] HECKOIbKMX TpadUKOB B OTAEIbHbIX OKHAX.
Ocy OKOH MOKHO CO31aTh OTMIEJbHO C TEM, UTOOBI 3aTEM ITOCTPOUTh B HUX I'padu-

KU, CM. TEKCT U puc. 13, 14.
using CairoMakie
fig = Figure()
axl = Axis(fig[l, 1])
ax?2 = Axis(figl[l, 2])
ax3 = Axis(figl[2, 1:21)
fig

10

10

0

0

Puc.

5

10

13. IIpumep pasMellleHUsI HECKOJIBKMX OCei B OTAENbHbIX OKHAX
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A Terneps mocTpouM rpaduk Ha 3TUX OCSAX, MacIITabMpOBaHME OCeli TPOU3BOAUTCSI aBTO-

MaTUYECKMN.

lines! (ax1l, 0..20, sin)
lines! (ax2, 0..20, cos)
lines! (ax3, 0..20, sqgrt)
fig

1.0 1.0+

0.5 0.5

0.0 0.0

-0.5 -0.5

-1.04 -1.04
T T T T T

T T T T T
0 5 10 15 20

Puc. 14. IIpumep noctpoeHus rpapuKOB Ha CO3JaHHbBIX OCSIX.

Pabora ¢ ocsaMmu

O pab6ore c ocsasmu rpadukoB 616MMoTeky Makie MOXKHO 03HaKOMUTHCS 371€Ch:
https://makie.juliaplots.org/stable/examples/layoutables/axis/index.html

Cnenyrommii ¢pparMeHT TEKCTa MpegHa3HAuUeH IS CO3IaHMUsI OCeii ¢ aBToMaTuye-
CKMM BBIOOPOM MHTEPBAJIOB, CO3AaHMEM TUTY/IA U 3aroJIOBKOB oceil. Ha puc.15 mokasaH

pe3yibTaT €TI0 BbITIOJIHEHMSI.

using CairoMakie

f = Figure()

ax = Axis(f[1l, 1], xlabel = "x label", ylabel = "y label",
title = "Title")

f

Ha cymiecTByOIMX OCSIX MOKHO ITOCTPOUTH Tpaduk byHKUMMU. PesynbraT paboTsl
HIDKeeXaliero Tekcra MpuBoguTcsl Ha puc. 16. Ecau mapameTp ax He IepenaeTcsl B
dyHKuMI0 IocTpoeHus rpaduka, OH 0TOOpaxkaeTcss B aKTUBHOM OKHe current axis (),
0OBIYHO, 3TO TTOC/IeHEE CO3TaHHOE OKHO.


https://makie.juliaplots.org/stable/examples/layoutables/axis/index.html

Title
10

y label
w

T
0 5 10
X label

Puc. 15. [Ipumep cosmaHus oceit C TUTYJIOM U 3aTOJIOBKaMM oceit

Title

1.0+

0.5+

0.0

y label

-0.54

-1.04

0 1 2 3 4 5 6
x label

Puc. 16. [Ipumep mocTpoeHus rpad@KoB Ha CO3IaHHBIX OCSIX

lineobject = lines! (ax, 0..2pi, sin, color = :red)
scatobject = scatter! (0:0.1:2pi, cos, color = :orange)
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fIpaduk Ha OCsIX ax MOXKHO YHAIUTh C MCIIONb30BaHMEM KOMaHIbl delete! (ax,
plotoby). [IJig MpUBeIeHHOTO Bbillle TIpuMepa OAMH U3 rpadKOB MOXKHO YAAIUTh TaK:

delete! (ax, lineobject)
f

PesysibTaT 1nokasas Ha puc. 17.
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Title

1.0

0.5

0.0

y label

-0.5

-1.0

T T T T T T T
0 1 2 3 4 5 6
X label

Puc. 17. Ilpumep ynaneHus rpadpuka

I'paHMIIbI MHTEPBAJIOB HA OCSIX MOXHO M3MEHUTb C MCIIOJb30BaHMEM (QYHKIIMIA
xlims! (), ylims! (), limits! (). Ciegyroumue rpumep U puc.18 MIIOCTpUPYIOT
naer
using CairoMakie
f = Figure()
axes = [Axis(f[i, Jj]) for j in 1:3, i in 1:2]
for (i, ax) in enumerate (axes)

ax.title = "Axis S$i"
poly! (ax, Point2f[(9, 9), (3, 1), (1, 3)1,
color = cgrad(:inferno, 6, categorical = true) [i])
end
xlims! (axes

( [ as vector
xlims! (axes|
( [
[

separate, reversed

, 0, 10) separate

, (10, 0)) as tuple, reversed

1, 0, 10, 0, 10) # x1, x2, yl, y2

], BBox (0, 10, 0, 10)) # as rectangle

, [0, 101)
, 10, 0)
ylims! (axes
ylims! (axes
limits! (axes
limits! (axes
f

1] #
2] #
3] #
4] #
[5
[6

I'paHMIIbI MHTEPBAJIOB Ha OCSIX MOKHO 3a/aBaTh YaCTUMYHO (apryMeHT nothing), nu-

60 kimoueBble cioBa low 1 high, cm nmpuMep HyKe ¥ COOTBETCTBYIOMIMIA puc. 19.
using CairoMakie

f = Figure()

data = rand (100, 2) .* 0.7 .+ 0.15

Axis(f[1l, 1], title = "xlims! (nothing, 1)")

scatter! (data)

xlims! (nothing, 1)

Axis(f[1, 2], title = "xlims! (low = 0)")
scatter! (data)

xlims! (low = 0)

Axis(f[2, 1], title = "ylims! (0, nothing)")

scatter! (data)
ylims! (0, nothing)
Axis(f[2, 2], title = "ylims! (high = 1)")
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scatter! (data)
ylims! (high = 1)

Axis 1 Axis 2 Axis 3
10
7.5 7.5
5.04 5.04 54
2.5 2.54
T T 0 T
0 5 10 10 5 0 25 5.0 7.5
Axis 4 Axis 5 Axis 6
0 10 10
5 54 5
10 T T T 0 T 0 T
25 5.0 7.5 0 5 10 0 5 10

Puc. 18. IIpumep n3MeHeHUsI TpaHUI] MHTEPBAJIOB Ha OCSIX rpaduka

xlims!(nothing, 1) xlims!(low = 0)
* e e o
L (] b4 L] [ .
0.754 ° .l" ] .’u 0.754 . 'l'. ] -’u
MACETRIE T C et v,
e o % el s o % % e
(14 H] [} e H [
0.50+ . . ,‘, <, 0.50+ . L] .‘. <
o2 %, ] el % .
- .' PR :‘ - " PO :‘
L] L L] hd
0.254 ?.. @ o°% o o® 0.25- ?.. @ o% o o®
7 s ° * e * I % ]
0.2 0‘4 0!6 0.8 1.0 0.0 0.2 0.4 0.6 0‘8
ylims!{0, nothing) ylims!(high = 1)
e o 2 . . 1.0
e » . » .
.o ) I%.‘ e Lo 081® o g0 Y . .,
061 49 * © e ° ® et * % e g4, " '%l\ d
.
e * o‘- :.. 0.6 L ° .® &) ° * .'.'
0.4 s &, L LA < o
R '. ® ® . : [ ] d . . ° e
¢ '? e "0 e oo t 0.4 o e e ®e
0.2 * ." * % e e oy ° .' " e 4 o° L4 ]
024 o * '; % L]
0.0 T T T T T T T T T T T T T T
0.2 03 04 05 0.6 07 038 0.2 03 04 05 06 07 08

Puc. 19. lcnonb3oBaHue aprymeHTa nothing u kiatoueBbix c1oB low, high

N3MeHeHMe OTMEeTOK Ha 0CsIX

[l U3MeHeHMSI OTMETOK Ha OCSIX UCITO/Ib3YIOTCS aTpUOYThl xticks/yticks U
xtickformat/ytickformat.B Makie ucronb3yeTcs HECKOIBKO TUIIOB METOK Ha OCSIX,

TUII TI0 YMOTYaHUIO - LinearTicks (n) , TAe n — YMUIO METOK Ha ocu. PaboTy ¢ MmeTKamu
WITIOCTPUPYET HUsKecaenytomnuii gparmeHT u puc. 20.

using CairoMakie
fig = Figure()
for (i, n) in enumerate([2, 5, 9])

lines (figfi, 1], 0..20, sin, axis = (xticks = LinearTicks(n),))
end

fig
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1.0
0.54
0.0+
0.5
-1.04

1.0
0.54
0.0+
0.5
-1.04

1.0
0.54
0.04
-0.5
-1.04

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Puc. 20. Pabora ¢ MeTKaMM Ha OCSAX

[IpuBeneM eiile oAVH pumMep 1 puc.21 1 qeMOHCTpaIuy BO3MOKHOCTe hopMa-

TUPOBAHMA METOK Ha OCAX

using CairoMakie

f = Figure()

axes = [Axis(f[i, Jj]) for i in 1:2, j in 1:2]
xs = LinRange (0, 2pi, 50)

for (i, ax) 1n enumerate (axes)

ax.title = "Axis $i"
lines! (ax, xs, sin. (xs))
end
axes[l] .xticks = 0:6
axes|[2] .xticks = 0O:pi:2pi
axes[2] .xtickformat = xs -> ["$(x/pi)n" for x in xs]
axes[3].xticks = (0:pi:2pi, ["start", "middle"™, "end"])
axes[4] .xticks = 0O:pi:2pi
axes[4] .xtickformat = "{:.2f}ms"
axes[4] .xlabel = "Time"
f
Axis 1 Axis 3
1.0 1.0
0.5+ 0.54
0.0 0.04
-0.54 -0.54
-1.04 -1.0
(I) I1 i é zll é é stért mi(idle erl1d
Axis 2 Axis 4
1.0+ 1.0+
0.5+ 0.54
0.04 0.0
-0.54 -0.54
-1.04 -1.0
O‘IUT[ l.bn Z.IOT[ O‘O(I]ms 3‘lﬁllms 6.2flims
Time

Puc. 21. [lemoHCTpaiysi BO3MOKHOCTe popMaTMpOBaHMSI METOK Ha OCSIX
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Cnenytoniuii mpumep (puc. 22) MOKa3bIBaeT, KAK MOKHO M3MEHUTh CETKY Ha OCSX
rpaduka

IntervalsBetween(2) IntervalsBetween(3)
10 10

0 5 10 0 5 10

IntervalsBetween(4) IntervalsBetween(5)
10 10

0 T 0 T T T T T
0 5 10 0 5 10

Puc. 22. K 3amave u3MeHeHMsT CETKM Ha OCSIX rpaduka

using CairoMakie
theme = Attributes(

Axis = (
xminorticksvisible = true,
yminorticksvisible = true,
xminorgridvisible = true,
yminorgridvisible = true,
)
)
fig = with theme (theme) do
fig = Figure ()
axs = [Axis(fig[fldmodl(n, 2)...1]1,
title = "IntervalsBetween ($(n+1))",
xminorticks = IntervalsBetween (n+l),
yminorticks = IntervalsBetween(n+l)) for n in 1:4]
fig
end
fig

Jlorapudmmueckuii u Apyrmue MaclITadbl ocei

Bubnnoreka Makie rpemocTaBisieT JOCTaTOYHO IIMPOKYE BO3MOKHOCTU UCITIO/Ib30-
BaHMS HECKOJIbKMX TUTIOB oceii. Cieayroimmii ipumep (puc. 23) IeMOHCTPUPYET HEKOTO-
pbie BUIbI Oceii rpadhUKOB.
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logl0
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100

logit

150

200

0.75
0.50
0.25

1.0
0.5
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0 50 100
log2
20,
2-13
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2 3
2 4
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2763
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0 50 100
sqrt
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0.8
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0.43
0.2
T T T
0 50 100

Puc. 23. Vcrionb30BaHMe pa3HbIX BUIOB OCEi

using CairoMakie

data = LinRange (0.01,
f = Figure (resolution = (800,

for (i, scale) in enumerate([identity, loglO,
Makie.logit])

row, col = fldmodl (i, 2)

Axis(f[row, col], yscale = scale, title
yminorticksvisible = true,
yminorticks = IntervalsBetween (8))

lines! (data, color = :blue)

end
f

[To ymonmuaHuio aTpuUOYThI xscale U yscale MMEIOT 3HaUeHMe identity. [Ipu

150

0.99, 200)
800))

200

yminorgridvisible

o -

50

100

log2,

string(scale),
true,

150

log,

200

sqgrt,
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MCITOJIb30BaHUM HEKOTOPBIX BUIOB Oceit (Harpumep, jorapupmMmueckimx) Hy>KHO CJIEIUTD

3a rpaHUllaMy UHTEPBasoB (X > 0).

JlereHga

B Makie ecTb HECKOJIBKO CITOCOO0B paboOThI ¢ JJereHaoii. IIpocreiimmii criocob npep-

T1oJIaraeT nepegavy ee oObeKTy TUIIA axes: Axis, LScene wiM Scene. Bce rpaduku,y

KOTOPBIX eCTb aTpUOyT 1abel, 6yayT 0603HAUEHBI B JIeTeH e, puc. 24.

using CairoMakie
f = Figure()

ax = f[1l, 1] = Axis(f, xlabel

title "Title")

"x label",

ylabel = "y label",
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lines! (0..15, sin, label = "sin",color = :blue)

lines! (0..15, cos, label = "cos", color = :red)

lines! (0..15, x -> -cos(x), label = "-cos", color = :green)
f[1, 2] = Legend(f, ax, "Trig Functions", framevisible = false)
f

Title

1.0+

0.5+

Trig Functions
0.0 —sin
— cos

y label

— 05

-0.54

-1.04

x label

Puc. 24. T'paduk c jereHmoii

Bosiee yHMBepCaibHbIl CIIOCOO MpeAIionaraeT repefayvy 3arol0BKOB JeTe€HIbl U TU -
1oB 0003HauUeHMii Kak MaccuB. B nmpuBeleHHOM HIKe TIpMMepe MOoKa3aHa BO3MOKHOCTh
o6o3HaueHus auuuit (lin), Touek (sca) , ux komb6uHamuu ([lin, sca]) 1 MPIMOYTOTbHUKOB,

puc. 25.

f = Figure()
Axis(f[1, 11)
xs = 0:0.5:10

ys = sin. (xs)

lin = lines! (xs, ys, color = :blue)

sca = scatter! (xs, ys, color = :red)

sca2 = scatter!(xs, ys .+ 0.5, color = l:length(xs), marker = :rect)

Legend (f[1, 2],
[l1in, sca, [lin, sca]l, sca?]l,
["a line", "some dots", "both together", "rect markers"])

MHOTIA HA OOHOM PUCYHKE HEOOXOIMMO Pa3sMeCTUTh MHOTO OObEKTOB, ITPYU 3TOM
BO3HMKAIOT TPYJHOCTH C pa3mMellieHeM JiereH ibl. [Ijs1 momo6Horo ciayvas B Makie npepy-

CMOTpEeHa BO3MOXHOCTb CO30aHMsI HECKOJ/JIbKMX KOJIOHOK JIereH bl (banks), puc. 26.
using CairoMakie

f = Figure()

Axis (f[1, 11)

xs = 0:0.1:10;

lins = [lines! (xs, sin.(xs .+ 3v), color = RGBf (v, 0, 1-v)) for v in 0:0.1:1]
Legend(f[1, 2], lins, string. (l:length(lins)), nbanks = 3)

f
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—aline

® some dots
-o-both together
= rect markers

0 5 10

Puc. 25. [lepemaua 3aroJIOBKOB JIET€H/IbI KAK MaCCUB

1.04

TR

i

. /'
|
0‘:’:’:’0 A
NN NN

T T T
0 5 10

0.5+

0.0

-0.54

-1.04

Puc. 26. PasmelieHne 0603HaueHMi1 Ha JIeT€HIe B HeCKOIbKO CTOJIOIIOB

JlereHAy MOKHO pasmMecTUTb BHe rpaduka u BHYTpU rpaduka. Bo BTopom crydae
ucronab3yeTcs: PyHKIMSA axislegend (). Kpome obo3HaueHmii rpad@umkoB B (PYHKIINIO
MOXKHO TIepefaTh 3arojI0BOK JiereHabl. IlookeHne jereHabl (position) ob6o3HavaeTcs
KomOuHaImeii nByx 6yks: (1, r, ¢) — mist ropusoHTanbHoro pasmeiienus (left, right, center)

u (b, t, ¢) nnsa BeptukanbHoro (bottom, top, center), puc. 27.
using CairoMakie

f = Figure()

ax = Axis(f[1, 11)

scl = scatter! (randn (10, 2), color = :red, label = "Red Dots")

sc2 = scatter! (randn (10, 2), color = :blue, label = "Blue Dots")

scatter! (randn (10, 2), color = :orange, label = "Orange Dots")

scatter! (randn (10, 2), color = :cyan, label = "Cyan Dots")

axislegend ()

axislegend ("Titled Legend", position = :1b)

axislegend(ax, [scl, sc2], ["One", "Two"], "Selected Dots", position = :rb,
orientation = :horizontal)

£
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® Red Dots

® Blue Dots

24 Orange Dots
Cyan Dots

Titled Legend ™
® Red Dots

® Blue Dots ]
Orange Dots Selected Dots

-2 Cyan Dots e One e Two

T T T T
-2 -1 0 1

Puc. 27. PasmellleHle jiereHibl BHYTpU rpaduka

1.0

0.5+

0.0

-0.54

-1.04

T T T
0 5 10

| —aline @ some dots —line again |

Puc. 28. l'opu3oHTaIbHOE pa3MelleHue JTereH bl

HaxkoHnern, npuBegemM npumMep ¢ TOPM30HTAIbHBIM pa3MellleHeM JiereHAbl, puc. 28.
using CairoMakie
f = Figure()
Axis(f[1, 11)
xs = 0:0.5:10;

ys = sin. (xs)

lin = lines! (xs, ys, color = :blue)

sca = scatter! (xs, ys, color = :red, markersize = 15)

Legend(f[2, 11, [lin, sca, lin], ["a line", "some dots", "line again"],
orientation = :horizontal, tellwidth = false, tellheight = true)

O6mekT Figure

Oo6mbexT Figure ucIionb3yeTcst s MOCTpOeHUs IpadmKoB. ODTOT 0OBEKT MOKET OBITh
Co3[laH HEeSIBHO TpM BbI30Be (YHKIIMIL, MOJOOHBIX plot (), scatter (), lines(),

MJIN SIBHO:
f = Figure()
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C nomoinpio o6bekTa Figure MOKHO YIIpaB/siTh BHEITHUM BUAOM pucyHKa. Hambo-
Jlee BaXKHBIM CBOVICTBOM SIBJISIETCSI pa3pellieHne pucyHKa (resolution):
f = Figure (resolution = (600, 400))

AprymeHTBI HESIBHO cO3/laBaeMoro oobekTa Figure MoskHO 3a71aBaTh C IIOMOIIbIO

KJII0UeBoro cyiosa figure:
scatter (rand (100, 2), figure = (resolution = (600, 400),))

Ha o6bekTe Figure MOsKHO pasmMeCcTUThb OCU
f = Figure()
ax = f[1, 1] = Axis(f)

[l pasmeltieHust TpadmKOB Ha puc. 29 UCIIONb3YyeTCsl MHIEKCMPOBaHMe 00beKTa
Figure. Cnemyroiye mpuMmep M pUCYHOK WTIOCTPUPYIOT U EI0.

[ J
e 104

0.5 ° .

0.0+

T T T T T
0.0 0.5 1.0 0 50 100 2 4 6 8 10

Puc. 29. NnpekcupoBaHue oobekTa Figure

using CairoMakie

f = Figure ()

scatter (£[1, 1], rand (100, 2))
pos = f[1, 2]

lines (pos, cumsum(randn (100)))
heatmap(£f[1, 3], randn (10, 10))
f

ATpu6yTsI rpaduka

CBenenus 06 oobekTax Figure (£ig), ocsix (ax), 00beKTe MOCTPoeHMsI (pltob)
MOKHO ITOTYYUTD TaK.

fig, ax, pltobj = scatterlines(1:10)
ATpubyTBHI 00BEKTA ITOCTPOEHMS pltobi:
pltobj.attributes

Attributes with 14 entries:

color => black

colormap => viridis

colorrange => Automatic ()
inspectable => true
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linestyle => nothing

linewidth => 1.5

marker => Circle{T} where T
markercolor => black
markercolormap => viridis
markercolorrange => Automatic ()
markersize => 9

model => Float32[1.0 0.0 0.0 0.0; 0.0 1.0 0.0 0.0; 0.0 0.0 1.0
0.0, 0.0 0.0 0.0 1.0]
strokecolor => black
strokewidth => 0

AU aTpMUOYyTHI MOKHO MEHSITh MHTEPAaKTUBHO I0C/Ie ToCTpoeHus Tpadmka. Hampumep,

TaK
pltobj.attributes.color=:blue

Bosnbiiioe KommMuecTBO aTpuOYTOB, KOTOPbIe MOXKHO MEHSITh MHTEPAKTUBHO, €CTh U 'y

oceit (0ObeKTa ax)
ax.attributes
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