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1. OOue cBeaeHus 0 JUCHUILIMHE (MOTYJIE).

[lenbio OCBOEHUS JNaHHOW IMCUUIUIMHBI SIBISIETCS IOJydyeHHE Oa30BBIX,
TEOPETUYECKUX 3HAHUM M HaBBIKOB B 00JaCTU pabOThI C TaHHBIMU M MPUMEHEHUS
MPOrPaMMHBIX CPEJCTB paOOTHI C JAHHBIMU IS BBITIOJHEHUS MpeoOpa3oBaHUiA
JaHHBIX, aHAIM3a TAHHBIX U BU3yalu3allid Pe3yIbTaToB.

B pamkax gucnMiiiHbl |y oOydarommxcs  (GopMupyroTcs  6a30Bble
NpeACTaBICHNUS W 3HAHHUS O JKU3HEHHOM LIMKIIE Pa3pabOTKu Mojesel aHau3a
JaHHBIX ¥ MALIMHHOTO 0O0YYeHUs, TyUYIIUX MPaKTHKaX aBTOMATH3AIMH [TPOIIECCOB
aHaJIM3a JaHHBIX B COOTBETCTBUM ¢ MeTogosorueii MLOps.

Ha naGopaTtopHbix padboTtax y o0yyaromuxcsi GOpMHUPYIOTCS HABBIKU PaOOTHI
C MHCTpYMEHTaMH cO0pa 1 MOATOTOBKH JaHHBIX, KOHTPOJIS BEPCUN, ONTUMH3AIUH,
oOyueHusi, pa3BEepPTHIBAHWS W MOHUTOPUHTAa MOJENEH aHanmM3a MaHHBIX W
MAIIMHHOTO O0yYEeHUsI.

2. [Inanupyembie pe3ybTaThl 00y4EHUS M0 TUCHHUILTHHE (MOIYIIIO).

[lepeuenb GopMUpPYEMBIX pe3yJbTaTOB OCBOCHUS 00pa3oBaTEIbHOU
porpamMmsbl (KOMIIETEHIIUI) B pe3ysbTaTe 00y4eHUs 10 AUCHUILUIUHE (MOIYIIO):

IK-2 - CnocobeH ocymiecTBUTh COOp, OYMCTKY, MOATOTOBKY W Pa3METKY
JTAHHBIX HUCoNb3yst MeTonosiorutro ETL s nanbHeimero oOydeHusi Mojenei
HMCKYCCTBEHHOTO MHTEJICKTA;

IIK-3 - CmocobeH crpoeKkTupoBath, pa3padoTarh, OOY4YHTH, OIICHUTH H
pa3BEepHYTh MOJEIM HCKYCCTBEHHOTO WHTEIJIEKTA B  COOTBETCTBUU C
Mmetoaonorueir MLOps.

OOyueHue 1Mo JUCIUILTNHE (MOJIYIIIO ) IIPEIIoIaraet, 4YTo 1o ero pe3ybTaTaM
oOyyJarommuiicst Oyier:

Ymern:

- pa3pabarbiBaTh TpeOOBaHUS K IKCIUTyaTallMud MOJENICH aHain3a JaHHBIX U
MaIIMHHOTO O0y4YEeHHS;

- ICTIOJIb30BaTh CUCTEMBI KOHTPOJIS BEPCUH ISl BEPCUOHUPOBAHUS MOJIEIICH
Y JTaHHBIX;

- ucnoib3oBaTh Apache Airflow nns opranuzanuu BOCITPOU3BOJIUMOTO
KOHBeiepa MalliMHHOTO 00Yy4YeHUS;

- ICMIOJIb30BAaTh CPEJICTBA MOHUTOPUHTA Pa0OTHI MOJIeNIeH aHaIN3a JaHHBIX U
MaIlIMHHOTO O0Yy4EeHUS.

3HaTh:
- 0COOEHHOCTH TOCTAaHOBKU OM3HEC-TPEOOBAHUIN K aHANIM3Y JaHHbIX;



- OCHOBBI JOKYMEHTUPOBAaHUSI 3TAIOB MPOIECCa aHAIN3a JaHHBIX;

- OCHOBHBIE (pOpMaThl MOJIEJICH aHaIN3a TaHHBIX U MAIIMHHOTO 00Y4YEeHMUS;
- OCHOBBI pa0OTHI C XPAaHUJIUIIIAMH MOJIENEH;

- 0CHOBBI paboThl B MLOps uHCTpyMeHTax u miatopmax.

Buaangers:

- HaBBIKAMHU PAOOTBI C WHCTPYMEHTAMH cOOpa, XpaHEHHS] W TOATOTOBKU
JIAaHHBIX B COOTBETCTBUU C KoHIemuei ETL;

- HaBBIKAMH ONTUMHU3AIMU TUIEPHapaMETPOB MOJICIEH aHaIu3a AaHHBIX U
MaIMHHOTO O0YyYEeHUS;

- HaBBIKAMU pabOTHI ¢ HHCTPYMEHTaAMHU 00YUYEHUsI MOJCIICH aHaIn3a TaHHBIX
¥ MaIllMHHOTO OOyYCHUSI;

- HaBblKamu paboThl ¢ ¢peitmBopkoM Flask m FastAPI nns peanuzaumu
pa3BepPTHIBAEMBIX CEPBUCOB MO/ICTIEH;

- HaBbIKaMU MHTETPALIMKU MOJIEJICH B TEKYIITUX IU(PPOBBIX UHTEIIEKTYaJIbHBIX
CHCTEMaXx.

3. O6beM AUCIUTLIUHBI (MOTYJIS).
3.1. O0mias TpyA0€MKOCTb JUCUUILIMHBI (MOJTYJIST).

OO0mast TPyIOEMKOCTh AMCIHUIUIMHBI (MOIyJisA) coctaBisier 4 3.e. (144
aKaJeMHYECKUX vaca(oB).

3.2. O6bem paucuMIUIUHBL (Monaynsi) B (OpME KOHTAaKTHOW pabOThI
oOyJarommxcsi C  MeJarorM4ecKuMM  paboTHUKaMU HW  (WIM)  JIMIIAMH,
MPUBJIEKAEMBIMU K peaau3alii 00pa30BaTEIbHONW MPOrpaMMbl Ha UHBIX YCIOBUSAX,
IIPU MIPOBEJICHUH YUEOHBIX 3aHATUM:

KomnuectBo yacos

Tun yaeOHBIX 3aHITHI
Bcero | Cemectp Nel

KonrtakTHas paboTa mpu npoBeieHIH yIeOHBIX 3aHATHH (BCETO): 32 32
B ToMm uncne:

3aHATHSA JIEKITMOHHOTO THITA 16 16
3aHATUS CEMUHAPCKOTO THIA 16 16

3.3. O6bemM auCHMIUIMHBI (MOAYJsl) B (opMe caMOCTOATENbHOU pPabOThI
oOyyarommxcsi, a Takke B (opMe KOHTAKTHOH pabOThl OOydYArOUIUXCSA C
MeJarorn4ecKuMU pabOTHUKAMHU | (WJTH) JTUI[AMU, TIPUBJICKAEMBIMH K peaTi3aiiu
oOpa3oBaTrenpHON TpOrpaMMbl Ha HWHBIX YCIOBUSX, TPH MPOBEICHUU
IIPOMEKYTOUYHOM aTTecTalu coctasiisier 112 akagemuyeckux vaca (0B).




3.4. Ilpu 0Oy4eHnu no MHANBUAYAIBHOMY Y4eOHOMY IIJIaHy, B TOM YHCIIE IIPH

YCKOPEHHOM O0YYeHHH, 00BEM JUCHHUIUIMHBI (MOJYJIsI) MOXKET OBITh peaan30BaH
MOJTHOCTHIO B (hOpME CaMOCTOATEIHHON paboThl 00yJarommxcs, a Takxke B hopme
KOHTAKTHON pabOThl 00YYarOIMIMXCs C MeAarorndyecKuMU paOOTHUKAMHU M (VUM )

JIMaMu, IPpHUBJICKACMBbIMU K pCaJIn3alilun O6p330B3TCJ'IBHOI>i nporpaMmbl Ha MHBIX

YCIIOBUAX, IIPU IPOBCACHUN HpOMe)KYTOqHOfI aTTeCranuu.

4. ConepkaHue JUCHUTUIUHBI (MOIYJIA).

4.1. 3aHATHA TEKIIMOHHOTO THUIIA.

/o

TemaTnka JEKIMOHHBIX 3aHATUH / KpaTKO€ COACPIKAHUC

IIocTranoBKa 3a/1a9u ¥ aHAIIN3 JaHHBIX.

PaCCManI/IBaeMHe BOIIPOCHI:

- BBEJICHUC B 6H3HeC-Tpe6OBaHI/I$I K aHaJIM3y JaHHbIX, CHeL[I/I(I)I/IKaLII/IﬂM u TpeGOBaHI/IﬂM K SKCITyaTaliun
pa3pa6aTLIBaeM0171 HHTGJ’IJ’ICKTyaJ’IBHOﬁ CUCTEMBI,

- JOKYMCHTHUPOBAHUEC 3TAIIOB IMTPpOLECCa aHaJIn3a JaHHbIX, pa3pa60TKM 1 pa3sBEPTHIBAHUA
UHTEJIEKTYaJIbHOM CUCTEMBI;

- )KU3HEHHBIN UK aHaJIn3a JaHHBIX U UX CBA3b C MHCTPYMCHTAMU aHaJIn3a JaHHBIX.

COop, XxpaHeHHEe U TOJITOTOBKA JaHHBIX.

PaccmarpuBaeMbie BOTIPOCHI:

- BBEJICHHE B TIOHATHE cOOpa, MalfHIUHTA TAaHHBIX, OYHCTKA TAHHBIX, OaTaHCUPOBKA TAHHBIX;
- konnernmusa ETL;

- OaHKM ¥ 0a3bl TaHHBIX, 1aTa-CETHI, OTKPHITHIC TaHHEIC,

- 0030p HHCTPYMEHTOB cOOpa, OUHUCTKH, OaTaHCUPOBKH U XpaHEHUS JaHHBIX;

- BBC€JICHHUC B IIOJATOTOBKY JaHHBIX, PasMETKY JaHHBIX;

- 0030p MHCTPYMEHTOB Pa3METKH JaHHBIX.

KonTpons Bepcuii.

PaccmarpuBaemble BOIPOCHL:

- BBEJICHHE B IPOOIIEMATUKY BOCIIPOU3BOIMMOCTH B aHAIIM3E JaHHBIX;

- BEpCHOHHPOBAHUE KaK JAQHHBIX, TaK U MOJIEJIEH, IPUHLIMIIBL H TTOIXO/IBL;
- 0030p HHCTPYMEHTOB KOHTPOJISI BEPCHUIA VIS JAHHBIX U MOJEIEH.

OnTtumusanys rurnepnapameTposB.

PaccmarpuBaemble BOIPOCHI:

- MOJIEJTM MAIIMHHOTO OO0YYEHUs W aHaJN3a JTaHHBIX U MX ITapaMeTpEhl;

- [IOHATHUE TUIIEPIIAPAMETPOB, OIIPEIEICHUE U HACTPOMKA rMIIepIIapaMeTpOB;

- IPUHIMIBI U TOAXO/IBI: TIOUCK MO peméTKe, CIyyalHbIi oKCK, baliecoBckas onTuMu3anus,
ONTUMM3ALYSI HA OCHOBE I'PAJMEHTOB, 3BOJIIOLMOHHAs ONTUMU3ALINS;

- 0030p MHCTPYMEHTOB JUISl ONITHMH3AINs TUIIEPIIapaMeTPOB.

OO0yueHne MOJIeNIei.

PaccmarpuBaeMbie BOIPOCHI:

- pa3paboTKa MOJeNei aHaIn3a JaHHBIX, MAITHHHOTO 00YYCHUS,;
- Jupyter Notebook, smpa, Python, Google Colab;

- cpena paspabotku Spyder, DataSpell, Anaconda;

- popmaThl MOJIETICH, XpaHUIIHIIA MOJIEIICH.

Kongeiiep MammHHOTr0 00ydeHus.
PaCCManI/IBaeMLIC BOIPOCHI:




TemaTuka JTEKIMOHHBIX 3aHATUHN / KpAaTKOE COJIEpKAHNE

/1
- HOHATHE OPKECTPaLUK MOJeIIeld MAIIMHHOTO O0YYEeHHUS U aHAIN3a JaHHBIX;
- IOCTPOEHHE M aBTOMATH3al1sI KOHBEHEPOB MAIIMHHOTO 00yUYeHNS;
- MLOps - Machine Learning Operations;
- 0030p MHCTPYMEHTOB aBTOMATH3aIHsl KOHBEHEPOB U OPKECTPaLHH.
7 |Pa3BepThIBaHHE MOJICIICH.
PaccmarpuBaeMble BOIIPOCHL:
- TpeGOBaHU K SKCIUTyaTallld MOJeNIed MAIIMHHOTO OOYYCHUS M aHAIN3a JAHHBIX;
- cpenbl 00y4eHHs U BBIITOJTHCHUS MOJENICH MAIIMHHOTO 00YYCHHUS U aHaIHM3a JaHHbIX;
- BapHaHTHI HCIIOJIb30BaHUS MOJEIICH, BUBI pa3BePTHIBAHNUS;
- 0030p MHCTPYMEHTOB Pa3BEPTHIBAHUSL.
8 |MuTerpamnus Moaenei.
PaccMarpuBaeMble BOIIPOCHL:
- 0COOEHHOCTH MHTETPaLUK MOJIeIel MalllMHHOro 00Y4eHHs U aHaJIM3a JaHHbIX B PaCHpeIeIeHHBIX
cucTeMax;
- THUIIOBAsi apXUTEKTypa CEpBUCOB JJIsi OOYYCHHUS U BBINOIHEHHS MOJIeNeld MAITMHHOTO O0y4YCHHS H
aHAJIN3a JAHHBIX;
- IPOSKTUPOBAHKE U PeATU3aLis IPHKIaIHOTO HHTepdeiica.
9 |MOHUTOpHUHT.
PaccMarpuBaeMble BOIIPOCHL:
- 0COOEHHOCTH MOHUTOPHHI'a MOJIeJIel MAIIMHHOTO O0YYeHHs M aHAJIHU3a JIaHHbIX;
- METPHKH, OIIEHKA U TI0Ka3aTeJ MOJIeIEH;
- JJOTUPOBAaHHUE U aHAJIU3 JIOTOB;
- 0030p MHCTPYMEHTOB MOHUTOPUHIa MOJIEIICH.
4.2. 3aHATHS CEMUHAPCKOTO THUIIA.
JlaGopatopHbie pabOThI
Ne
e HanmeHoBaHue 1a60paTopHBIX paboT / KpaTKoe coiepikaHue
1 ITocTanoBka 3aJa4u U aHaJIu3 JaHHBIX.
B pesynbTaTe BBIIOIHEHHMS JTa00PAaTOPHOU pabOThI CTYJEHT 3HAKOMHUTCS ¢ 0COOCHHOCTSIMHU MOCTaHOBKH
Ou3Hec-TpeOOBaHUIT K aHANM3Y AaHHBIX, CICHU(UKALMSIM U TPEOOBAHHAM K DKCIUTyaTaIlMH
pa3pabaTbIBa€MOM MHTEIIEKTYaIbHOW CHCTEMBI.
2 |COop, XxpaHeHHE U TTOATOTOBKA JAHHBIX.
B pesynprarte BRIIOTHEHUS Ta00paTOPHOIT pabOTHI CTYJSHT MOIyYaeT HaBBIK paOOTHI C HHCTPYMEHTaMHU
cOopa, XpaHeHHUs ¥ TIOATOTOBKHU JTaHHBIX.
3 |KoHTpOmas BepcHid.
B pesynbrate BBIIOIHEHHS 1TA00PATOPHOH pabOTHI CTYJEHT MTOJy4aeT HaBbIK BEPCHOHUPOBAHUS JaHHBIX U
MoJenel ¢ momolnkio nHCTpyMenToB Data Version Control u Liquibase.
4 |OntuMu3anus TUIeprapaMeTpoB.
B pesynprarte BRIIOTHEHHUS 1aO0OPaTOPHOI pabOTHI CTYICHT MOyYaeT HABBIK ONTUMH3AIINN
THIepIapaMeTpoB Mozenei ¢ momomsio HyperOpt u Optuna.
5 |OOyuenue mojenei.
B pesynbrate BIOIHEHHS 1a0OPATOPHOH pabOTHI CTYJEHT MOJIydaeT HaBbIK paboTsl ¢ Jupyter Notebook,
Spyder, DataSpell, Anaconda u Google Colab.
6 |Konseliep MmammmHHOTO OOy4YCHHUS.

B pesynbTate BhINOIHEHHS 1a00PAaTOPHON paboThl CTYEHT MoJly4aeT HaBbIK paboTsl ¢ Apache Airflow u
Kedro a1 opraHuzaimy BOCIPOU3BOANMOTO KOHBElepa MAaIIMHHOTO O0YYEHHUSL.




HanmenoBanue 1a60paTopHBIX paboT / KpaTKoe coepikaHue

7 |Pa3BepteiBaHue Mozeneid. Python.
B pesynbTate BIOIHEHHS 1a00PAaTOPHON pabOThl CTYJEHT MOy4aeT HaBbIK paboThl ¢ (peiiMBOPKOM
Flask u FastAPI s peann3anuu pa3BepThIBa€MbIX CEPBHCOB MOJIEIIECH.

8 |PasBepreiBanue Mozeneit. MHTerparusi.
B PE3YIbTATC BBINIOJTHCHUSA na60paTopH017I pa6OTI)I CTYACHT NOJY4acT HaBbIK MHTETpaAllUN Moueneﬁ B
TEKYIIUX II(PPOBHIX UHTEIICKTYaIbHBIX CHCTEMAX.

9 |MOHHUTOpHUHT.
B pesynprarte BRIIOTHEHHUS TaO0OpaTOPHOI pabOTHI CTYICHT MOJyYaeT HABBIK Pa3BePTHIBAHUS CPEIICTB

MOHHUTOPHHTA pabOThI MOZETICH.

4.3. CamocrosiTenbHas paboTa 00y4arOIuXCs.

Ne Bun camocrositensHO# paboThI
/1

1 |H3yueHue peKOMEHJOBaHHOM JIUTEPATYPHI.

2 |IloaroroBka K NpakTUYECKUM paboTaMm.

3 | IloaroroBka K NpOMEXYyTOYHON aTTEeCTALUH.

4 | IloAroToBKa K TEKYyIIEMY KOHTPOJIIO.

5. IlepeueHp wu3NaHMM, KOTOpPBIE PEKOMEHAYETCS MCIIOIb30BATh IIPH
OCBOCHUU JUCUUIUIUHBI (MOYJIA).

Ne | bubnuorpaduu
1/ €CKO€e Mecto noctymna
0| oTHCcaHue
1 | Xamnke, X. https://e.lanbook.com/book/241088 (nata obpamenus: 10.04.2025)
Pa3paboTka
KOHBEHEPOB
MaIIMHHOTO
oOy4deHus :

PYKOBOACTBO /
X. Xamnke, K.
Hemnscon ;
MepPEBOJI C
AHTJIMHCKOTO
H. b.
Kennopoit. —
Mockaa : JIMK
IIpecc, 2021.
— 346 ¢c. —
ISBN 978-5-
97060-886-9.




— Tekcr :
ANEKTPOHHBIN

baitmyparos,
H. P. Metoan!
aBTOMAaTH3AIH
Y MAIlIMHHOTO
00yJeHus :
yuebHoe
nocobue / U.
P.
baitmyparos.
— CaHkr-
[TetepOypr :
HUY UTMO,
2020. — 40 c.

https://books.ifmo.ru/book/2388/metody_avtomatizacii_mashinnogo_obuchen
iya:_uchebnoe_posobie..htm (nata obpamienus: 10.04.2025)

XapeHcnak, b.
Apache
Airflow u
KOHBEMEPHI
00paboTKu
naHHbix / B.
XapeHcinak, P.
A. ne ;
[IEPEBOJ C
AHTJIMHACKOTO
. A.
bennkosa. —
Mockga : JIMK
ITpecc, 2022.
—502c.—
ISBN 978-5-
97060-970-5.
— Tekcr :
3JIEKTPOHHBIN

https://e.lanbook.com/book/241133 (mata obpamenus: 10.04.2025)

[Tapnen, b.
Kpynnomacmr
abHoe
MaluHHOe
oOydeHue
BMECTE C
Python :
yueOHoe
nocobue / b.
[Tapnen, JI.
Maccapos, A.

https://e.lanbook.com/book/105836 (nata oopaienus: 10.04.2025)




Bbockertn ;
nepeBoj ¢
AHTJIMHACKOTO
A.B.
JlorynoBa. —
Mockea : JIMK
IIpecc, 2018.
—358¢c.—
ISBN 978-5-
97060-506-6.
— Tekcr :
AIEKTPOHHBIN

Pamka, C.
Python u
MAaIIMHHOE
oOyueHue:
KpanHe
HE0OX0aMOe
nocodue 1o
HOBEHIIIEH
npeJcKas3aTelnb
HOM
aHAJIUTUKE,
o0s3aTenpHOe
s 0omee
ri1y0oKoro
MTOHWUMAHHUS
METOJIOJIOTUH
MAIIMHHOTO
oOy4deHus :
PYKOBOJICTBO /
C. Pamxa ;
MIepeBOJI C
AHTJIMHACKOTO
A. B.
JloryHoBa. —
Mockaa : /IMK
ITpecc, 2017.
— 418 c.—
ISBN 978-5-
97060-409-0.
— Tekcr :
3JIEKTPOHHBIN

https://e.lanbook.com/book/100905 (nata obpamenus: 10.04.2025)




6. IlepedueHb COBpPEeMEHHBIX MNPOQPECCHOHANBHBIX 0a3 JaHHBIX U
WH(POPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPBIE MOTYT HCIOJB30BaThCS IPH
OCBOCHUHU JUCHUIUIMHBI (MOIYJIA).

DneKkTpoHHO-OMbMMoTeyHas cucrema HaydHo-TexHMuYecKkoi OuOIMOTEeKH
PYT (MUUT) (http://library.miit.ru/)

DNEeKTPOHHO-O0MOIMOTeUHAs cucrema U3/1aTeJIbCTBA «JIanby
(http://e.lanbook.com/)

DnexTpoHHO-0MOmMoTeuHas cuctema ibooks.ru (http://ibooks.ru/)

Ortkpeiteie nekiuu (https://sphere.vk.company/materials/video/#6)

Otkpeithie aekuuu (https://sphere.vk.company/materials/video/#7)

Otkpeiteie nekiuu (https://sphere.vk.company/materials/video/#12)

7. IlepedyeHb  JHUIIEH3MOHHOTO U  CBOOOJHO  PacHpOCTPaAHSIEMOTO
MpOrpaMMHOr0 OO€CTedYeHus, B TOM 4YHUCIE OTEYECTBEHHOIO MPOU3BOICTBA,
HEO0OXOIMMOTO /I OCBOCHUS JUCIUTLIMHBI (MOIYJIs).

Bbpaysep Microsoft Internet Explorer nnu ero ananoru
[Taket oucubix nporpamm Microsoft Office unu ero ananoru
Python 3.6 u BeIIE

Anaconda

Data Version Control

Liquibase

HyperOpt

Optuna

Spyder

DataSpell

Apache Airflow

MLflow

Kedro

8. OmmcaHne MarepuaJbHO-TEXHUYECKOW ©0a3pl, HEOOXOJAMMOM IS
OCYILECTBJICHUSI 00pa30BaTEILHOrO Mpoliecca Mo TUCIUILTHHE (MOIYIIIO).

YueOHble ayIUTOPUU ISl TMPOBEACHUS YUEOHBIX 3aHATHM, OCHAICHHbBIC
KOMITHIOTEPHOU TEXHUKON 1 HaOOpamMu JIEMOHCTPAIMOHHOTO 000PY10BaHMSI.

Jnsg npakTUYeCKUX 3aHATHM — HAJIMYME IEPCOHAIBHBIX KOMIIBIOTEPOB
BBIUHCIIMTEIBLHOIO KJIacca.

9. ®opma POMEKYTOUHOM ATTECTALNU:

3aueT B 1 cemectpe.



10. OueHouHbIE MaTEpHUATIBI.

OneHOYHbIE MaTepUalIbl, TPUMEHSIEMBIE TIPU MPOBEICHUHN MPOMEKYTOUHOU
aTTeCTaIlui, pa3padaThIBAIOTCA B COOTBETCTBHH C JIOKAJIHHBIM HOPMATHBHBIM
aktom PYT (MUUT).
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