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1. BeBegeHue

K HacrosieMy BpeMeHH CTaj TIOMY/SIPHBIM CrIoco6
YHC/IEHHOTO MO/IE/TMPOBAHUS. C TIOMOILbIO BBIUMC/IUTENBHBIX
6oxkHOTOB. [Tosb30Bate/s uepe3 Be6-6pay3ep BBOAUT KOMaH/bI
U TPOrpamMMbl, a OJIOKHOT WX HMHTEpHpeTHPYeT, MPOU3BOAUT
BBIUKC/IEHHSI, U TIOKa3bIBAET Pe3Y/IbTaThL.

OpHako coBpeMeHHble OJIOKHOTHI HMEIOT He Bcerga
yoobHble Cpe[CTBA BH3ya/lM3alMd JaHHbIX. 1l0  Hamemy
MHEHWIO, 3TO CBS3aHO C TeM, UTO OIKMCAHWe BH/OB
otobpakeHust (CLieH BU3yasu3alii) MPOBOJUTCS Ha TOM JKe
SI3bIKe, UTO M BbIUMC/IeHUs. O[HAKO $I3bIKM BBIUMCJIEHWH He
MIPUCIIOCO6/IEeHbI /11 TaKOHM 3a/jaudl, YTO BJI€UeT 'POMO3AKOCTD
OTNMCAHUM 1 JIULIHKE 3aTPaThl CHII.

Mpe! nipefiaraeM (OPMHUPOBATH OMHCAHKE BHU3yaau3aliud C
TOMOLIIBI0 rpaduueckoro uHTepdeiica ¢ HeGOMbIINM HabopoM
OCHOBHBIX [JeHCTBHii: [00aBUTh BU3yalU3alllio, BHIOpATh
crocob orobpakeHus, yka3aTb HeobOXO[UMbIe TepeMeHHbIe
O/I0KHOTa —  WCTOUHWKM  [JAHHBIX /I TIOCTPOEHHS
rpaduueckoro obbekra.

IpexmonaraeM, 4To 3TOT CIOCOO IIOMOXKET HWH)KEHEepY-
yueHOMy Jierye M ObICTpee KOHCTPYMpPOBATh BH3YalbHOE
Tpe/ICTaB/IeHe TIPOMEKYTOUHBIX W KOHEUHBIX pe3y/IbTaToB
cuéTa.

2. BbluucnurtenbHble 6MOKHOTbI

BeruncurenbHbId 610KHOT (computational notebook, [2]) —
5TO  UeJIOBEKO-MalllMHHBIM  WHTep¢elic,  MO3BOJSIOMINI
C03[aBaTh NPOrpaMMbl U3 [10C/Ie/J0BaTebHOCTH T. H. K/IeToK. B
KJIeTKax MOKeT COZlepyKaTbCsl TEeKCT, IPOrpaMMHBIN KOJi, Apyrre
nanubie. TeKCT 0ToOpa)kaeTcst Kak eCThb, a MPOTrPaMMHbIN KO, —
BBITIO/THSIETCSI, ¥ Pe3y/ibTaT ero paboThl BLIBOAUTCS HA SKpaH
6/I0KHOTA PSIZIOM C UCXOHOM K/IeTKOM.

ITpumep 6710KHOTa TOKa3aH Ha puc 1. 3arosoBKH, TEKCT U
¢hopMynBl — 3TO K/leTKa C TeKCToM. KieTku «in[2]» u «in[5]»
— C TIporpaMMHBIM KofioM. M300pakeHHsi — pe3ysnbTar
BBITIO/THEHUS KOZIa KNeTKH «in[5]».
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In [5): fig, (axl, ax2) = plt.subplots(l,2,figsize(16,5))
axl.plot(x); axl.set_title('Raw audio signal')
axz.set_title(' oY

s Raw audio signal e

Spectrogram

L

- W\’}; i

BRLRoner bt

Puc. 1. BoIUnc/IUTeIbHEIN O/IOKHOT.

BaxkHoi#i 0COGeHHOCTBIO O/IOKHOTOB SIB/ISIETCS  TO, UTO
OOBbIYHBIM TEKCT W TMpOrpaMMHbIA  KOZ TIOCTaB/IEHbl B
paBHO3HauHble MO3ULMKU. TeXHUUeCKu U TO U JIpyroe SIB/sSeTCs
BXOAIOM /i1 WHTepIIpeTal{iM; TeKCT HHTepIIpeTUPYeTCs Kak
naHHble B (opmare markdown, a Koj — WHTepIIPeTaToOpoM
IIpOrpamMm.

TTpoKCXOXKeHe BBIUMC/IUTE/bHBIX OOKHOTOB ~aBTOPBI
CBSI3bIBAIOT CO CJIEYIOIUMH UZesIMU TPOrPaMMHUPOBaHUS:

- Ilukn «urenue-pbuncienve-poiBog» (REPL). Jta upes
pasBuBaeTcsl OJIOKHOTaMH: OuepejHasi KOMaHZa I10/Ib30BaTesIst
He TIPOCTO BBIMOJIHSIETCS, @ COXPaHsIeTCs B OT/e/IbHON KIIeTKe,
KOTOPYIO MOXXHO B IOC/IEACTBUYM PeJaKTUPOBATh U BBIMOIHSATh
TIOBTOPHO;

- 'pamorHoe mporpammupoBanue (literate programming).
Vinest pa3BuBaeTCs OJIOKHOTaMH JI0 COCTOSIHMS, KOT/Id U TEKCT, U
TpOrpaMMHBIN KOZ, CUMTAIOTCSI PAaBHOINPABHBIMH YUaCTHUKaMH
IIpOrpaMMBI.

[II1poKo W3BeCTHblE TPOrpaMMbl, WCIMO/b3YIOLIE WJet0
BBIUMC/IUTENTBHBIX O/10KHOTOB: Mathematica, Maple, Mathcad.

B cBsi3u C pa3BuUTHEM Beb-TeXHOJIOTH TOSIBUINCH HOBBIE
6/I0KHOTBI, HAMIPUMED:

® Observable Notebooks

® Apache Zeppelin

* Apache Spark Notebook

e JupyterLab (Jupyter Notebook, IPython)

® Nteract

¢ R Notebooks

® Google Colab

Opuu  O/IOKHOTBI  TOJ/IEP)KMBAIOT  TPOCTOH  PEXXUM
BBIUMCJ/IEHUST K/IETOK — CBEpPXY BHU3.
[Jpyrve OGIOKHOTHI  MOJ/IEPXUBAIOT  «PEAKTUBHOCTB»:

OTpe/ie/ISIFOT 3aBUCUMOCTH U aBTOMATUUECKU IePeCUUTHIBAIOT
KJIeTKA, eCcJd [JaHHble, OT KOTOPBbIX KJIETKA 3aBHUCST,
W3MEHUTUCh. JTO MOXKET KacaThCs KaK JaHHBIX, PACCUNTAHHBIX
B IDYT'HMX KJIETKAX, TaK U JJaHHBIX U3 BHELIHUX UCTOYHUKOB.

HekoToprle O/IOKHOTBEI TIO/1€P>KUBAIOT MOTOKOBBIA PeKHM
noctyrnieHuss JaHHbIX. Hampumep, Spark Notebook ymeer
obpabarbiBaTb TOTOKM W3 BHELIHUX HCTOUHHUKOB (CM.
Bugieo3anvch Ha crpanure [3]). Takxke Spark m Observable
YMEIOT TIOpOKAATh B K/IETKaX OOBEKThI, SBISIOLUECS
VMCTOUYHWKAMHU TTOTOKOB (MX TEPMUHBI - Streams, generators).

OTKpBITBIN BOTIPOC: MOTYT jii GIOKHOTBI U CAMH SIBJISITHCS
WCTOYHUKOM IIOTOKOBBIX JIaHHBIX, TPU TIOJK/IIOUEHUM UX B
npyrve GJI0KHOTBI B KaueCTBe MOZYJIen?

3. Busyanusauyus B 6/10KHOTax

B1oKHOTBI npeajiararoT Ppa3/IMyHbIe BApHUAHTHBI
BU3ya/IM3aljun [JaHHBIX. Bo-nemex, OHU HMMEIT BCTPOEHHBbIe
CpeAcCTBa BU3ya/IU3allUuU. HaanMep, OHU MOr'yT IpeACTaBUTh
pe3ynbTaT BBLIIIOJIHEHUA KOJA KI/IETKM B BUAE Ta6]’II/ILU:I,


https://www.lightbend.com/blog/scala-and-spark-notebook-the-next-generation-data-science-toolkit
https://en.wikipedia.org/wiki/Notebook_interface

n300pakeHus, rpaduKa UM ArarpaMMbl. ITH CPEJCTBA ITPOCTHI
U [JOCTaTOYHbI I IIMPOKOTO KJlacca 3azad.

Kpome Toro, MHOrue G10KHOTBI Mpe/yIaratoT BO3MOXXHOCTb
BHe/IPeHUsI I0TIO/IHUTE/IbHBIX CPEJICTB BU3ya/IM3aliiH.

AHanu3 TakMX Cpe/CTB 10Ka3ajl, YTO OHU pa3flessiioTCs Ha
[JiBa BUzia:

1. Crieanu3upoBanHbie.  O6GecreunBaOT BU3YalIH3aLUI0
3a/]JaHHOTO THIA 0OBEKTOB C MOMOLIBIO ONPee/IEHHOTO 3apaHee
BH/]a OTOOpaKeHUsI.

2. YHuBepcasbHble. IIpepocrasnstor T10/1b30BaTe/It0
BO3MOXKHOCTb CaMOMy C(OopMHMpOBaTh BHJ OTOOpa)kKeHHUs ero
JJAHHBIX.

Habnropenus 3a G/MIOKHOTaMM TIOKa3ald, UTO OOBIUHBIM
PEXMM HCIT0/Ib30BaHUsI YHUBEPCA/IbHBIX CPEJICTB CJIeAYIOILHH.

IMonb3oBaresb MOAK/IIOUAeT CIelUaabHYyl0 OubIoTeKy
Busyaym3aipi  (Harpumep matplotlib wmm plotly). Bogut
MPOrpaMMHBIN KOJ, B K/IETKY, KOTODbIii 4epe3 NporpaMMHbIH
uHTepdefic OUOMMOTeKH BHU3yanu3alid (GOPMUDYET BH[,
oTo6pakeHusl.

B pesysbrare BITIOJIHEHUsI KOJa 3TOM K1eTku Gopmupyercst
CTaTUYHBIN WIN MHTePaKTUBHBIN rpaduueckuii BEIBOJ,.

Ha puc. 2 noka3aH npumep paboThl B TAKOM PEXUME.
fig = plt.figure(figsize=(14,6))

# ‘ax' is a 3D-aware axis instance because of the projection='3d' keyword argument to add_subplot
ax = fig.add_subplot(1, 2, 1, projection='3d')

p = ax.plot_surface(X, Y, Z, rstride=4, cstride=4, linewidth=0)

# surface_plot with color grading and color bar
ax = fig.add_subplot(1, 2, 2, projection="'3d')

p = ax.plot_surface(X, Y, Z, rstride=l, cstride=l, cmap=matplotlib.cm.coolwarm, linewidth=0, antialias

cb = fig.colorbar(p, shrink=e.5)
ab = fig.cq

coolwarm

colorbar

Puc. 2. Ko Bu3ya/iM3aijyiy ¥ pe3ysisTar ero paborsl.

4. Npes BHegpeHUA BN3YyasIbHOrIO si3blka

Vizes cOCTOUT B TOM, UTOOBI MPE/JOCTaBUTh TOJIb30BATEIO
BO3MO)KHOCTb HACTpPauBaTh IMOJyuyaeMyl0 BH3ya/M3ali0 B
O/I0KHOTaX C TOMOLIBI0 BU3yalbHBIX CpeAcTB. Hampumep, c
MOMOII[BI0 MBIIIKM MEHSIThb THIT TPauKOB, [00aB/sATh HOBbIE
TripeficTaB/ieHrsi (BO3MOXXHO He TOMBKO rpadMKH), HaCTpauBaTh
UX L[BETA U IPYTHe aTpUbyTHL.

To ecTb BMECTO TOTO, YTOOBI THMCATh TIPOTPAaMMHbBIE KOJIbI,
thopmupyoLive BUJ, 0TOOpaXkKeHHUst — 33/laBaTh ero BU3yasbHo.

310 Moo 6bl 06erynTh pabory nosb3oBarens. Benp Ans
HanMCaHWsl KOJOB Ha TMPOrPpaMMHOM si3blKe HEeOOXOAUMO
MepeK/ItoyaTh KOHTEKCT MBILUIEHHs, TaK KakK IpOrpaMMHble
uHTepGerchl TPeOYIOT yep>KaHHsl UX B IAMSITH T10/1b30BaTes.

B cBowo ouepenp Bu3yasbHble HHTePGEMCHI M0 CBOei
TIPUPOJie MIOCTPOEHBbI Ha CHUCTeMe TI0ACKa30K. C MX IOMOILbIO
CHIDKAIOTCSI MEHTaJIbHBIE 3aTparThl 110/Tb30BaTeIs.

ITpumeHeHHe TOZOOHBIX MAell B O/IOKHOTaXx — yxe
HabmogaeTcs, HO B OrpaHUuYeHHOM Buje. Hampumep, c
TOMOIIbI0 BU3Ya/IbHbIX KOMaHJ, MO)KHO HacTPOUTh HEKOTOpbIe
arpubyThl rpadmkoB B 6r10kHOTax Zeppelin.

OfHAaKO K HaCTOAIL|EMY BpeMeHH Mbl He OOHAapyXW/IH HU
OfIHOTO TIO/THOLIEHHOTO TIpUMepa BU3Ya/lIbHOTO Si3bIKa  AJIs
CO3/]aHNs BUZIOB 0TOOpa)keHUs B O/I0KHOTaX.

Msbl mpeAriosnaraeM, 4YTO CKOpee BCEro TaKHe IIOTBITKU
ObLIM, HO OHH MO KaKMM-TO TIPUYMHAM He TIPWKWINCh. [anee
MBI ITOTIbITAeMCS BBISICHUTD 3TH NMPUUMHBL

5. O BusyasibHbIX fi3blKax B G/IOKHOTaxX

Knaccuueckn cucteMbl BU3yalu3aldd pasferstoTcs Ha
CrIerMayu31poBaHHbIe ¥ YHUBepCasbHble [1].

CrenManyM3vpoBaHHble  CUCTEMBbl TIpeJHa3HauyeHbl AJis
pelleHNs KOHKPETHOM W3BECTHOM 3ajjauu Bu3yanusauuu. [1pu
3TOM OHHM YUMTHIBAIOT CrielMUKy He TOAbKO 0 0ObeKTam
BU3ya/u3alMd, HO W 10  HCIIO/Mb30BaHWI0  METOZAUK
KOMITBIOTePHOM TpaiKH, 110 HAyUHBIM HallpaBJIeHVsIM.

YHUBepcanbHble CHCTEMbI BH3yalW3alliMl 3TO Cpejbl, B
KOTODBIX TI0/Ib30BaTe0 TIPe/i0CTaB/eHa BO3MOXKHOCTb CO37/aTh
TpeOyeMbIii eMy BUZ, OTOOpa)KeHHs1 CaMOCTOSITe/ILHO.

MO)XHO cuMTaTh, YTO 3TO CpeZbl MPOrPAMMHPOBAHHUS, B
KOTOpBIX MOJIb30BaTe/b OMUCHIBAaeT (MPOrpaMMMpYeT), KaKoH
BUJ| 0TOOpa’keHUs B JAHHBINA MOMEHT TpebyeTcs.

Hame o6blyHOE TOHMMaHHe YHHMBEPCAIBHBIX CHUCTEM
BH3ya/IM3aljid CTPOUTCST M3 TOrO, YTO OHH TIpeJJiararoT
BU3Ya/lbHBIA S3bIK TPOrpaMMUpoOBaHus. OH MOXET ObITh
TIPOCTOH, HanpUMep MOCTPOEHHBIN Ha KHOMKaX, MeHI U T. [.,
wn Gonee pasBUTHIN, HarpuMep, MO3BO/SAIOLMI CO3/jaBaTh
rpadbl MOTOKOB IaHHBIX C MOMOIIBIO MBIIIKH.

OpHako ¢opManbHO CHCTeMa BH3yanu3alu He oOs3aHa
NPeJOCTaBATh TOMBKO BH3yaJbHbIM s3bIK. OHa MOXET
obecreurBaTh BO3MOXXHOCTh OOILEHHSI U uepe3 MPOrpaMMHbIN
vHTepdeic. JTO XOpOIIO BUJHO Ha TpUMepe MaKpOCOB B
YHUBepCalbHBIX CHCTeMax Bu3yaiau3anuu (Hampumep B Excel
w Paraview). Bosnee Toro, 3T CHCTeMBl YMEIOT HE TOJBKO
rnoTpeb/siTh, HO M TeHepUpOBaTh MAKpPOCHl - HCXOAsS U3
BU3Ya/IbHBIX KOMaH/[, M0/laBaeMbIX I10/1b30BaTeeM.

ITpoBezi€HHBIA aBTOpaMM aHaAM3 I[OKas3aa, 4To A
MOJIy4eHUss BU3yajM3ald B OJIOKHOTax B IOJAB/SOLIEM
GO/IBILMHCTBE C/y4YaeB MCIO/b3yeTCss MMEHHO NpOrpaMMHbIH
SI3bIK, @ He BU3ya/IbHBIM TpadruecKuil HHTepdetic.

BusyasbHble METO/BI, KaK MPUHATO CYATATh, 00ECTIEUNBAIOT
T10/Ib30BaTeII0 HMHTYUTUBHO-TIOHSITHYIO BO3MOXXHOCTh
(hopmMHpoBaHUsT HeOOXOAUMBIX OIHUCAHUH.

IToyemy »<e mpu (OpMHMpOBaHMM BHZOB OTOOpDaXKEHUS B
6/710KHOTaX MO/b30BaTeNM TNPEJTIOUNTAIOT TPOrPaMMHBINA SI3bIK
B3aMeH BU3ya/IbHOT0? U 3TO MPH YCJIOBHUH, UTO B MPOTPaMMHBIX
OIMCAHMSIX, BO BCEX C/TyYasiX, KOTOpble HaM y/a/oCh HAalTH, Mbl
oOHapyxwm  OOMBLIyI0  T'POMO3AKOCTh  koja. Puc. 2
WITIOCTPUPYET 3TO — TOTpayeHo 7 CTPOK Koza JJIsl MO/TydeHust
nByx rpadukoB. B cpezie MiHTepHeT Mbl HabirofaIu MpUMepbI U
B 20, u B 100 cTpok Koja [ NOJyyeHUsl J[OCTaTOUYHO
TPUBHA/IbHBIX BU3Ya/IbHBIX CLIEH.

Bo3moxxHbIe MIPUYMHB, rouemy T0JIb30BaTe/ N
TMIPe/IIOUMTalOT IPOrpaMMHBIe KOZBI B C/Iyuae 6JI0OKHOTOB:

- MpOrpaMMHpOBaHMe BH3ya/lM3alliM BeJIETCS Ha TOM >Ke
A3bIKe, UTO U BBIUMC/IEHU. B 3TOM ciyuae 10/1b30BaTeto Haflo
Mpeo/ioyieTb TOMBKO OfMH KOTHUTHUBHBIA 6apbep — OCBOUTH
Mozienb 6ubnuorekd Bu3yanusalMu. Mbl CUMTaeM, UYTO 3TO
cepbe3HbIi Oapbep, Tak Kak OH HeCET JOTOTHUTENIBHYIO JieTaslb,
KOTOpYyI0 TpeOyeTcsi yAep)XuBaTb B NaMATH I0/Ib30BaTesIst
MOMUMO CaMUX BBIUMC/IEHWMH B IPUKIaAHOM obmactu. Ho
TMpaKTHKa M0Ka3bIBaeT, YTO M0JIb30BaTesiell 3T0 He OTTAlKUBaeT.
Takxe MX He OTTA/JKUBAeT, UTO f3bIK BBIYMC/IEHUN MOXeT He
TIOZIXOZUTD /IS ONMCAHUSI CIIeH U HeCTH W3/UILIHYE JeTaslH.

- BO3MO)XHOCTb IIePeHOCHThH IIPOTPaMMHBIe KOZBI MEXIY
pasHbIMU 610KHOTaMHU. ITosb30Baresb tdopmupyet
TporpaMMHBIN KO7], 3aTpauvBasi Ha 3TO Maccy YCWUIWH, HO B
nocseAytomed pabore OH TPaTUT TOpa3f0 MeHbILe CHIl,
KOTHUPYS ¥ aJialTHPYs MPeJbIAYLIHE KOJbL.

- BO3MOXXHOCTb KOMMEHTHPOBAaHHsl, BCTPOEHHasi B SI3BIKH
MPOrpaMMMPOBAHUsI - CHI)KAeT KOTHUTHMBHbIE 3aTparhl IIPU
TriepeHoCe U NoC/IeyoIleM BOCIIPUATHAH KOJ0B BU3ya/IM3alliH.

- u300M/IMe TIPUMEPOB KOZIOB B cpefie VIHTepHeT, KOTOpble
JIAI0T  TIONb30BATe/N0  BO3MOXKHOCTb  CKONMpOBaTb U
a/larTUPOBAaThb 3TOT KOZ, 1107, CBOU TMOTPeOHOCTH.



B pesynsTaTe y  TI0b30BarTers topmupyercst
TIpe/iCTaB/IeHre, YTO CIeLaJu3UpOBaHHas BU3YyalM3aLs B
O/I0KHOTE C TIOMOILbI0 TIPOrPaMMHBIX KOZIOB — 3TO XOTb U
3arpartHasi, HO I0CTYyITHas U NpeZicKazyeMast IIpoLeAypa.

6. O cOBMeCTUMOCTU BU3YaJIbHbIX f3bIKOB C
KOHUenuuei 6/10KHOTOB

BO3MOXXHO  Take, UTO TPEMsATCTBHe Ha  MYTH
WCIIONB30BaHUsT BU3Ya/IbHBIX SI3bIKOB IMPOrPAMMMPOBAHUS IS
TMOJIyUeHUsl BH3yanu3aluu B OJIOKHOTax JIEKUT B IIOCKOCTH
camMux OJIOKHOTOB. A HMEHHO, B KOHLENLMM K/IETKH Kak
BXOZHOrO OOBeKTa /il  BBIUMC/IWTENss, B  pe3y/brare
BBIYMC/IEHUSI KOTOPOTO (POPMUPYETCST BBIXOAHOH OOBEKT.

B 3TOi KOHIENIUM JIOTWYHO CO37aBaTh OIMCaHHe BHZA
orobparkeHHsI IMEHHO B KJIeTKe, a B BBIBOJ|e K/IeTKH Hab/ofaTh
pe3yneTar paboThI 3TOTO OIMCAHMSI.

ITonyyaeTcsi, HapUMep, YTO HACTPOMKa BH/ja OTOOPaKeHUsT
Ha BHU3ya/bHOM $I3bIKE B CaMOM BbIXOZHOW 00/1aCTH KI/IETKH
MPOTHBOPEUNT 3TOM KOHLenuuu. BmecTte ¢ TeM MHorue
BU3YaJIbHbIE SI3BIKU TOCTPOEHbI Ha rapajurme
HeIroCpeICTBEHHOTO B3aUMOJIeHCTBUs C 0ObekTamu [4].

Cpesyi BO3MOKHBIX DeIEHHM 3TOT0 ITPOTHBOPEYHSI MBI
TIpeziriosiaraeM Ciefyrorue:

1. CMmeHa KOHIIENLMH BBIUMC/UTEILHBIX GJIOKHOTOB Ha YTO-TO
MIPUHLWITHAILHO HOBOE.

2. CoxpaHeHMe OMNHCaHWs, BH3yalbHO  (POPMUPYEMOro
no/p30BaTesieM, B Kofle K/JIeTKM (M0 aHaloTuM  C
(hopmrpoBaHreM MaKpOCOB B CUCTeMaX BU3YaIM3aLlin).

3. CoxpaHeHHue 3TOro OIMKCaHUs B MeTa-WHGOPMALMK BbIXOZa
K/IeTKH (TofiepKHBaeTCsl TOBKO B Zeppelin). OTo MoxeT
OBbITb TOME3HBIM U YJOOHBIM /Il TIO/IB30BATeNs], XOTh U
SIBIISIETCSI HEOOBIUHBIM C TOUKM 3pEeHUs KOHLIETILUH
6/I0KHOTOB.

4. BHeapeHHe BM3ya/lbHOTO f3blKa [JJIsl K/IETOK, KOrja Kof
K/IeTKU (hOPMHPYeTCsl He TeKCTOM, a BU3yalbHO.

5. Bu3yanbHO-TEKCTOBBIM f3bIK, KOLZA KOJ, KJIETKH MOXKHO U
TIpe/ICTaB/IsATh, U PelaKTUPOBaTh KaK B BHJE TEKCTa, TaK U
BH3YaJ/IbHO.

6. Co3zaHue TUMAa KJIETKA «BU3yaan3alus» (B OTOMHeHHe K
WCIIONb3yeMbIM Cefiuac TUaM «KOZ» U «TeKCT»).
B03MOXXHO, CyIL[eCTBYIOT Jpyrve BapHaHThl WM TOYKU

3peHusi; aBTOpbI OYAYT pajibl MX YC/IbIIATE.

7. TectoBaa peanusauus

[l7is BOTUIOLIEHHUST MEM BM3YaJbHOTO TPOrPaMMHPOBAHHs
CLieH BH3ya/IM3aly B OJIOKHOTaX aBTOpaMH pa3paboTaH MOAY/b
nuist Jupyter Notebook.

TTprmep MCIIO/IB30BaHKs MOAY/IS TIOKa3aH Ha pHC. 3:

[61: arr=[1;
for (var i=0; <100043; i++) arr.push(Math.random()+50);

vis("arr")

+

—;— g -

Puc. 3. ITpumep Bu3yanu3aluu B 6710KHOTe,
CO37IaHHOH C TIOMOIIIBIO BU3ya/IbHOTO SI3bIKa.

B 3TOM npuMepe I0/1b30BaTe/Ib PACCUMTA MACCHUB JIaHHBIX
Y JKeJlaeT BU3yalM3UpOBaTh ero B BHJe oOyiaka Touek (MbI
MOCYUTAM 3TO AOCTAaTOUHO TUIIOBOM 3a/iaueil BU3yanr3aljin).

s monyueHusi BU3yanu3aLUy TI0/b30BaTeb B GI0KHOTe
Harcan BBI30OB CreljdaibHON (YHKIWH. B pesynerare eé
paboThI TIOSIBUJIACK Criel{ia/ibHast 00/1aCTh [iJisi BU3yaIH3aLiiH.

B »9Toli 067acTH TIO/B30BaTeNb C TOMOLIBIO  MBILIKA
00aBU/I BU3YalbHLIA OOLEKT - «TOUKH», ¥ HACTPOWI CBAA3b
MeXy UX TOJI0KEHHeM B TIPOCTPAaHCTBE W I[BETOM C
paccuuTaHHBIM B O70KHOTe MaccuBoM. Takum o6pasom,
M0/b30BaTe/ib  BU3yalbHO co3fan TpebyeMblii eMmy BH[
oToOpaXkeHusl.

B Teky11el peasiM3aliiy 1ob30BaTe/lb MOXKET YKa3bIBaTh He
OfIVH, a HECKOJbKO OOBEKTOB JAHHBIX /ISl TIepefaurt CUCTeMe
Busyasm3anpd. Takke OH MOXeT CO37jaBaTb  pasHble
BH3ya/IbHble OOBEKTHI — TOUKH, C(epbl, OTpPe3KH, CTpPeKH,
TPEYTONBHUKY U T. [I.

Hanpumep, Ha  puc.4  mofb30BaTelb  pacCUUTall
[IOTIONIHATE/IbHBIA  MAacCHB, [I00aBUI K/I€TKy C BbI30BOM
(YHKLUMM BU3ya/MM3alyd U MBILIKON CO3/jal BUJ, 0TOOpa)keHus,
COCTOSILIMI 13 TOUEK U 0TPe3KOB. [10/10’KeHHe TOUeK U OTPe3KOB
OH CBSI3a/1 C MEpPBBIM MacCUBOM, a L[BET TOUEK — CO BTOPBIM.
[loTIo/THHTeBHO T10/Tb30BaTesTb MBIIIKOM 3a/ial [IBET OTPEe3KOB.

Annmagns.. | Crumok skpana

arre=[1;
for (var i=0; i<1000; i++) { arrc.push(i/1800.6); arrc.push(6); arrc.push(1-i/1600.0); }

y [15]: h={"scene.background_color”:[0.15,0.11,0.22], "scene.camera_target”: [16.950117981433756 ,30. 205521056335346 ,
vis("arr”,"arrc",h)

»

scene points1.

+
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Puc. 4. Ilpumep ganbHeHIINX AeHCTBUM M0JTb30BaTersl.

[ns  coxpaHeHWs] COCTOSHMSI — CL€Hbl — TPUMEHSeTCS
cnenyroupii  mogxon. EciM  monb3oBatensi  YIOB/IETBOPSIET
TO/TyyeHHasl CLieHa, OH Ha)XUMaeT KHONKY «COXpaHUTb» U
TI0JIy4aeT TeKCTOBYIO 3allCh C ONMCAHWEM HAaCTPOEHHOIO BH/A
oTobpakeHus B opmare json. [lanee rosnb3oBaTe/lb COXpaHseT
ero B TIPOrpaMMHOM KOZle KJeTKU OJIOKHOTa, TnepeiaBasi B
KayecTBe apryMeHTa B (DyHKLMIO BbI30Ba BHU3yanu3aluu. [Ipu
MOC/IEAYIOIEM 3aMyCKe BHJ, OTOOpa)KeHHs BOCIIPOM3BOAUTCS
T10 3TOMY OITHCaHHUIO.

8. 3akntoueHue

HanbHeliliee pa3BuTHe TPeACTaBIeHHOW pabOTbl ABTOPBI
BUJST B CJIEZYIOLEM:

1. TlpoBepka TecTOBOW peanu3aludl C IebI0 TTOHUMAaHUS

Mepbl yA006CTBa UCIIOIB30BaHUS B PeabHbIX 3a/jauax.

2. BriBrenne Habopa BHZOB O0TOOpakeHWH, KOMOHHAIH

KOTOPBIX 3((hEeKTUBHO peIalT 33/jauil BU3ya/lu3alid B
TIPUK/IA/IHBIX 00/1aCTsIX.

3. Co3gaHve y#o0OHOTO BH3Ya/lbHOTO s3blKa (POPMHMPOBaHUS

CreLManu3upoBaHHbIX BU/JIOB OTOOpaXKeHUsI.
Pe3ynbTaThl MPOrpaMMHBIX Pa3paboTOK MyONMMKYyrOTCS Ha
caiite CekTOopa KOMITbIOTepHOH Bu3yanusauu VIMM YpO PAH

WWW.CV.imm.uran.ru.


http://www.cv.imm.uran.ru/
https://en.wikipedia.org/wiki/Direct_manipulation_interface

BnarogapHocTun

ABropbl  BblpakaroT OmaropapHocTh O. I. AHHEHKOBOHM 3a
9KCIepTU3y B 00/1aCTH BBIUMCINTENBHBIX OIOKHOTOB M KPUTHKY
HacTosieit paboTsl.
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