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Mopenb FIRI-2018 - 310 Mopens D-o6nactm HeaBpopasibHOM HEBO3MYLLEHHOM
noHocepbl 3emnu, NMOCTPOeHHasd Ha OCHoBe O0/bLIOr0 MaccuBa [AaHHbIX PaKeTHbIX
nyckoB, onyb6nukoBaHHads B 2018 roay B pabore (Friedrich et al., 2018,
https://doi.org/10.1029/2018JA025437) B Buae Habopa OMNOPHbLIX npodmnen Ans
CeBepHoro nosywapus.

PYFIRI — 370 peanusaumsa Ha A3bike nporpammmpoBaHus Python atoro Ha6opa onopHbIX
npodomnen n npoueayp WHTepnonAunn, pasmMelleHHas B CTaHOApTHOM Peno3nTopumn
naketoB PYPI (https://pypi.org/project/pyfiri/). TMaketr pyFIRI pacnpocTtpaHseTca nopa
cBo6oaHon nuueHsneinr Apache 2.0, gonyckaroulein 6€3803mMe3qHOE MCMNOMb30BaHNE Kak
B HEKOMMEPYECKUMX, TaK N KOMMEPUYECKMX Lenax.

Llenb HacTosilleidi paboTbl — npepoctaBuTb Modenb B Buge Python-naketa
nccnegoBatesniaiM, paclMpuTb  COOOLLIECTBO Mosb3oBaTeniein mMoAenn, Mno3HaKOMUTb
BO3MOXHbIX M0Mb30BaTENEN C BO3MOXHOCTAMKU Python ans moaennposaHus D-o6nacTu.


https://doi.org/10.1029/2018JA025437
https://pypi.org/project/pyfiri/

BxogHble napamMeTpbl MOgenu:

- Homep gHA B roay (Day of Year) — B aAnana3oHe [1..365] aHewn;

- 3eHUTHbIN yron ConHua — B Anana3oHe [0..130] rpaaycos;

- cthepuueckan reorpadmueckasn wmpota — B AnanasoHe [0..60] rpaaycos
(T. e. Tonbko CeBepHoe nonylapuve; ana KOXXHOro nosywapusa nosb3oBaresb
NO/HKEH BbIMOMHUTL 3KCTPaNOAUMI0 CAMOCTOATESTbHO);

- nHgekc F10.7 — B ananasoHe [75..200] s.f.u.

BbixogHble napamMeTpbl MOAENN:

- BepTUKaNTbHbIN NPOMUIb 3/IEKTPOHHOW KOHLeHTpaLuuu B AnanasoHe
BbICOT [55..150] KM Hag NOBEPXHOCTbIO 3eM/IN. 3HAYEHNA HKE HKHEN U BbllLe
BepxHeu rpaHuy, D-obnacTtn npuBeaeHbl UCKTYUTENBHO ANA obecnevyeHuns
BO3MOXXHOCTU «I1a4KON CLLUNBKN».
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pPYFIRI MmoxeT GbITb ycTaHoBNEeH B ntob6oe Python-

OKPY)XeHMe, HO Mbl Oyaem [OeMOHCTPUPOBaTh JU pyter
ero BO3MOXHOCTU Ha ocHoBe Jupyter Notebooks —

cBob6oagHOM aHasiore Mathematica.

Ckayatb U1  ycTaHOBUTbL  Jupyter  MOXHO

c odomumnansHoro caira https://jupyter.org/

Project Jupyter exists to develop open-source software, open-standards, and services for interactive computing across
dozens of programming languages.
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YctaHoBKa pyFIRI ctaHaapTHbIM MeHea)XepoM naketoB PIP
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Downloading https://files.pythonhosted.org/packages/20/57/1fcbaBacl1f537565e4a3af8f72bdd50c942e0af731541a4¢c109d876¢5bl

Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Installing collected packages:

| 1.7MB 4.9MB/s
scipy in /usr/local/lib/python3.7/dist-packages (from pyfiri) (1.4.1)
xarray in /usr/local/lib/python3.7/dist-packages (from pyfiri) (0.18.2)
numpy>=1.13.3 in /usr/local/lib/python3.7/dist-packages (from scipy->pyfiri) (1.19.5)
setuptools>=40.4 in /usr/local/lib/python3.7/dist-packages (from xarray->pyfiri) (57.0.0
pandas>=1.0 in /usr/local/lib/python3.7/dist-packages (from xarray->pyfiri) (1.1.5)
python-dateutil>=2.7.3 in /usr/local/lib/python3.7/dist-packages (from pandas>=l.0->xzarr
pytz>=2017.2 in /usr/local/lib/python3.7/dist-packages (from pandas>=1.0->xarray->pyfiri
six>=1.5 in /usr/local/lib/python3.7/dist-packages (from python-dateutil>=2.7.3->pandas>
pyfiri

Successfully installed pyfiri-0.0.1b8
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B Aueilke (0603HAuyeHa KPYXKOM C TPEYrosibHUMKOM BHYTPW) MpuBeaeHa
KOMaHAa, HWKe — pe3y/nbrtar ee BbINo/IHEHNA. KOHKpPeTHble COoo6LleHns
MOrYT OT/INYaTbLCA B 3aBUCMMOCTU OT HACTPOEK OKPYXXEHUA.



Mocne yctaHoBkn naketa pPyFIRI ana BbINOSIHEHMA MOAENUpPOBaHUS
Heob6XxoANMO MOAKNKUYUTL ero B MPOCTPaHCTBO MMEH M cOo34aTb MOAESb.
[Mocne 3Toro CTaHEeT BO3MOXHbIM pPacCUMUTbIBaTb BEPTUKasIbHbIA NPOoduib
9NEKTPOHHOM KOHLEHTpauuM € MNOMOLLUbI OAHOro U3 ABYX METOoAOB —
get_profile nnn interp. MNepBbli METOA OCYLLECTB/ISIET MPOBEPKY BXOAHbIX
3HaYeHN Ha BXOXAeHWe B [ONYCTUMbIA Anana3oH W nopoxaaer
NUCKNIOYEHNE B MNPOTMBHOM CJ/lydae. BToOpoil MeToa TakoW MPOBEPKM He
[enaert, a ANs HeKOpPPeKTHOro ananasoHa 3HavyeHne noacrasnset NaN (Not-
a Number, He-unucno). MNMpumepbl MMNopTa naketa B MPOCTPAHCTBO WUMEH,
co3gaHns Moaenn W BbINO/IHEHUA MoAennpoBaHUA npencTaB/ieHbl Ha
cneaywoLwnx cnamnax.



NMoaknroueHue nakerta pyFIRI, co3gaHne mogenu
U TEeCTOBbIN pacyeT ¢ nomMoubio get_profile
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° # (1) importing firi2018 class into current namespace

Q from pyfiri.firi import firi2018
< # (2) creating the model variable
model = firi2018 ()
(|
# (3) vertical electron density profile calculation
paakalic= e HeliNee & EEakaiiter] s W a e T ehia = SO il 0T G0 = 2L
printE(prekillcMcoenrds))
o Coordinates:
* alt (alk) Eloated: 550 5660 57005820 59 0. ... 14 001480 1496 1500
* doy (doy) floated 42.0
* chi (chi) floated 30.0
* lat (lat) floate4d 30.0
= F BLUSH (f10_7) floated 120.0

® O = I - Y |
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Mpumep BbIBOJA pacCUUTAHHbIX paHee 3HAY€eHUii BePTUKa/IbHOro
npodounsa 3/1eKTPOHHOW KOHLeHTpauuun
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Q ° # (4) accessing electron density values
print (profile.values)
<2 > [[[[[2.23562753e+06 3.15561287e+06 4.42948618e+06 6.14111258e+06
8.35663168e+06 1.11778169e+07 1.51464827e+07 2.14841402e+07
) 3.27292613e+07 5.18169078e+07 8.08854922e+07 1.20207948e+08
1.66702949e+08 2.16037955e+08 2.71489315e+08 3.34959380e+08
4.24938636e+08 5.22900445e+08 6.32892738e+08 7.32151790e+08
8.37795382e+08 9.28467260e+08 1.02335927e+09 1.08943002e+09
1.13741360e+09 1.14037840e+09 1.18398901e+09 1.31414029e+09
1.51681944e+09 1.83913778e+09 2.36729872e+09 3.21842038e+09
4.58225777e+09 6.46699417e+09 9.07033775e+09 1.26715114e+10
1.71867320e+10 2.23830839%9e+10 2.84419893e+10 3.59264137e+10
4.53409814e+10 5.65503540e+10 6.87285831e+10 B.06504233e+10
9.13540818e+10 1.00168437e+11 1.06733773e+11 1.10679935e+11
1.13404039e+11 1.15112554e+11 1.16748555e+11 1.18735003e+11
1.22521524e+11 1.25925343e+11 1.30480323e+11 1.32826661e+11
1.34467839%e+11 1.34492211e+11 1.34066510e+11 1.32750588e+11
1.31908289%e+11 1.31145118e+11 1.30202604e+11 1.29709282e+11
1.29011503e+11 1.28152840e+11 1.27608066e+11 1.27573265e+11
1.27946956e+11 1.2922592%e+11 1.31123393e+11 1.33613429%e+11
= 1.36649626e+11 1.40110935e+11 1.43786990e+11 1.47632303e+11
1.51324474e+11 1.5483278%e+11 1.58281162e+11 1.61696078e+11
v 0s completed at 12:46 PM ® X



Mpumep pacyeTa BEPTUKAILHOTO NPOCOUNA 3NEeKTPOHHOIA
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KOHLIEHTpauum ¢ NoMoLLbi0 MeToaa interp
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‘, # (6) electron density calculation with the interp method
@ 10— 1 |

profile?

print (profile?2.values)

e e - - N e R - e B R I N

.23562753e+06
.35663168e+06
.27292613e+07
.66702949e+08
.24938636e+08
.37795382e+08
.13741360e+09
.51681944e+09
-982257 1712109
.71867320e+10
.53409814e+10
.13540818e+10
.13404039%9e+11
.22521524e+11
.34467839%e+11

.15961287e+06
.11778169e+07
.18169078e+07
.16037955e+08
.22900445e+08
.28467260e+08
.14037840e+09
.83913778e+09
.46699417e+09
.23830839%9e+10
.65503540e+10
.00168437e+11
.15112554e+11
-25925343e111
.34492211e+11

model.interp (doy=42,

B comment
RAM
N Disk
ik
chi=30., lat=30.,

.42948618e+06 6.14111258e+06
.51464827e+07 2.14841402e+07
.08854922e+07 1.20207948e+08
.71489315e+08 3.34959380e+08
.32892738e+08 7.32151790e+08
.02335927e+09 1.08943002&+09
.18398901e+09 1.31414029e+09
.36729872e+09 3.21842038e+09
.07033775e+0% 1.26715114e+10
.84419893e+10 3.59264137e+10
.87285831e+10 8.06504233e+10
.06733773e+11 1.10679935e+11
.16748555e+11 1.18735003e+11
.30480323e+11 1.32826661e+11
.34066510e+11 1.32750588e+11
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Mpumep pacueTa BEPTUKASILHOTO NPOJInNIA 3/1IeKTPOHHOM
KOHLEHTpaLMu ¢ NOMOoLbIO MeToAa interp: BXoAHble NapameTpbl
BHe JOoNyCTUMOrO AgnanasoHa
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Q c, # (7) example of NaN values instead of exception
profile’? — model . anterp(doy—2420, chi—30., llat-30., 10 7-120.)
< print (profile2.values)

D [nan nan nan nan nan nan nan nan nan nan nan nan nan nan nan nan nan nan
nan nan nan nan naln nan nan nan nan nan nan nan nan nan nan nan nan nan
nan nan nan nan nan nan ndan nan nan nan nan nan nan nan nan nan nan nan
nan nan nan nan nan nan nan nan nan nan nan nan nan nan nan nan narn nan

@ nan nan nan n4an nan nan nan nan nan nan nan nan nan nan nan nan narn nan
nan nan nan nan nan nan)




3aknryeHune

B paboTte npuBegeHbI

- onncaHne mogenu FIRI-2018,

- peanmsyrowmin moaesnb FIRI-2018 anga akocuctembl Python naket pyFIRIl,
- NpMepbI Koga Ha A3blke nporpammuposaHuda Python, no3sonsatoume
1CMnosib30BaTb MOZENb MOMNbL30BATEND 63 ANIUTENLHOIO U3YyYeHNs
NCXOAHOro Koga naketa.

XXpgem Bawmx BONPOCOB U NMOXXesTaHUM.
ANeKTpoHHasA noyTta Asisd CBA3N —
ZolotovO@gmail.com
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