MuHHCTEPCTBO HAYKHU M BbICIIero oopazosanus Pocculickoit @enepainuu
HmKHEKaMCKHIM XUMHUKO-TEXHOJIOTMYECKUI HHCTUTYT ((unan)
¢benepanbHOrO rocyAapcTBEHHOr0 OI0KETHOT0 00pa30BaTEIbHOIO YIPEXKACHUSA

BBICILIEr0 00pa3oBaHus

«KazaHckuii HallMOHAJIBHBIN HCCIIEI0BATEIbCKUN TEXHOJIOTUYECKUH YHUBEPCUTET»

(HXTU ©T'BOY BO «KHUTVY»)

.

P YTBEPXIAIO
s
( ) y/ W
JOKYMEHT NOAMUCAH // -
SMEKTPOHHO / E 3amecTuTeNb IMPEKTOpa 10 YP
l\ = onsov 0 e & <~ H.U. Hukudoposa
o e o oW/ 3 »__ 05 2023r
[LleiicteuTenen: ¢ 28.04.2022 po 22.07.2023 \ y

®OHJA ONEHOYHBIXCPEACTB
N0 AUCUHUIUIMHE(MOIYJIIO)

b51.0.09 BBenenue B UCKYCCTBEHHBIN MHTEIIEKT
(Ko M HAUMEHOBAHUE AUCLMIUIMHBI(MOYIA))

09.04.01 «MuadopMaThKa U BEIYHUCIUTEIbHAS TEXHUKA)
(KOII U HAUMECHOBAHUEC Hal’lpaBHCHMﬂ ﬂOﬂFOTOBKM/Cl’leU.MaJIbHOCTH)

ABTOMaTU3UPOBaHHBIE CUCTEMBI 00Pa0OTKH MHGMOOPMALIMU U YIIPABJIEHHUS
(HaumeHoBaHUe MpouIs/crielain3aLnm)

mazucmp

KBaJIU UKL

O4YHas, O4YHO-3a04YHas

HuwxuHekamck 2023




Cocrasurens @OC:
JOLIEHT @ JI.P. BoTrsakoBa
(10JKHOCTD) (roxarmice) (®.1.0)

®OC paccmoTpeH u ono6peH Ha 3acenanuu kadeapst UCT,
mpoToKoJ oT _29.03.2023 r. Ne 7

3aB. kadenpoi : H.B. JlexxueBa
(noanucek) (®.1.0.)

DKcmeprT: JI.P. BoTsikoBa

PykoBoaUTENb IPOrpaMMbl MaruCTPaTyphl, v
pa3paboTyuk y4eOHOro 1mjiaHa /%/
i 4

®.1.0., 101KHOCTb, OpraHu3aLus, MoJArn1uch




Ilepeuens Komnemenyuili u UHOUKAMOPOE 0OCMUINCEHUA KOMNEMEHYUIL C YKA3AHUEM IMAN06 hopmMupoeanus 6 npoyecce 0C80CHUs OUCUUNTUHDL
OIIK-1 CriocobeH caMOCTOSTENBHO PHOOPETaTh, Pa3BUBATh W MPUMEHATH MaTEMATHYECKUE, €CTECTBEHHOHAYYHBIE, CONUAIbHO-YKOHOMUYECKHE U TTPOdeCccHo-
HaJIbHBIC 3HAHUSA JIJISl PEIICHUS HECTaHIaPTHBIX 33J1a4, B TOM YUCJIE€ B HOBOM WJIM HE3HAKOMOM Cpejie M B MEXKAUCIUIUIMHAPHOM KOHTEKCTE;

OIIK 1.1 3naer MaTemMaTH4eCKHE, ECTECTBEHHOHAYYHBIE U COLIMAILHO-3KOHOMUYECKHE METO/IbI /111 UCIIOJIB30BaHUs B MPO(ecCHOHANbHOM es-
TEIbHOCTH

OIIK 1.2 YMmeer pemaTh HecTaHIAPTHBIC MPOGECCHOHATBHBIC 337241, B TOM YHCJIE€ B HOBOW MJIM HE3HAKOMOU Cpe/ie ¥ B MEKIUCITUTIIIMHAPHOM
KOHTEKCTE, C IPUMEHCHHEM MaTeMAaTHYECKUX, €CTECTBEHHOHAYYHBIX, COLIUAThHO-9KOHOMHYECKUX U MPO(ecCHOHALHBIX 3HAHUN

OIIK 1.3 Brnaneer HaBbIKAaMH TEOPETUYECKOTO U IKCIEPUMEHTAJIHHOIO HCCIETOBAHHUS OOBEKTOB MPO(ECCHOHANBLHON NESTENIbHOCTH, B TOM
YHCJIe B HOBOW MJIM HE3HAKOMOM CpE/ie U B MEXKIUCLIUILUIMHAPHOM KOHTEKCTE

OIIK-2 CnocobeH pa3pabaTbiBaTh OPUTHHAIBHBIC AJITOPUTMBI U TIPOTPAMMHBIE CPEJCTBA, B TOM YHUCIE C HCIOIb30BAaHUEM COBPEMEHHBIX WH-
TEJUICKTYAJIBHBIX TEXHOJOTHH, JUIsl pEIIeHUs TPO(hEeCCUOHATLHBIX 3a]1a9;

OIIK 2.1 3naer coBpeMeHHbIe HHPOPMAIIMOHHO- KOMMYHUKAIIMOHHBIE M MHTEIJICKTyalbHbIE TE€XHOJIOTUH, HHCTPYMEHTAIIBHBIE CPEJIbl, TpPO-
IrPaMMHO-TEXHUYECKHE IIaTGOPMBI IS PeIIeHUs TPO(hEeCCHOHATBHBIX 3a1a4

OIIK 2.2 Ymeetr 060CHOBBIBATh BHIOOP COBPEMEHHBIX MH(GOPMAIMOHHO-KOMMYHUKAIIMOHHBIX M WHTEJUIEKTYallbHBIX TEXHOJIOTUHN, pa3padarhl-
BaTh OPUTHHAILHBIC TPOTPAMMHBIC CPEJICTBA JJIS PEIICHUS TPO(HECCHOHATBHBIX 3a1a4

OIIK 2.3 Brnageet HaBbIKaMH pa3pabOTKU OPUTHHAIBHBIX IPOTPAMMHBIX CPE/ICTB, B TOM YUCJIE C UCIOJIH30BAHUEM COBPEMEHHBIX MH(POpMAIH-
OHHO-KOMMYHUKAIIMOHHBIX M WHTEJUICKTYAIbHBIX TEXHOJIOTHA, TS PeIIeHUs TPOGECCHOHATBHBIX 3a/1a4

Huouxamopul 0o- Imanwt hopmuposanusn é npouecce 0C60eHUA OUCYUNTUHDBL
CIudIcenun Kom- (ykazamo 6ce memvl uz PII])
nemenyuu Jexyuu Ilpakmuueckue Jlabopamopuwie | Kypcoeoii npoekm Haumenosanue ouenounozo cpeo-
3anamusa, nabopamopi 3anamus (paboma) cmea
npaKmuKym
OIlK-1.1 Tema 1-5 He npedycmompenvt | Tema 1-8 He npedycmompe- | BBITIONHEHHE MHIUBHUYaIEHOTO
Hbl 3aJ1aHus
OIIK-1.2 Tema 1-5 He npeoycmompenwvt | Tema 1-8 He npedycmompe- | BBIIOTHEHUE WHAWBHYaTHHOTO
Hbl 3aJaHus
OIIK-1.3 Tema 1-5 He npeoycmompenwvt | Tema 1-8 He npedycmompe- | BBIIOTHEHUE WHAWBHYaTHHOTO
Hbl 3aJaHus
OIlK-2.1 Tema 1-5 He npeoycmompenwvt | Tema 1-8 He npedycmompe- | BBITIOTHEHUE WHAWBHYaTHHOTO
Hbl 3aJaHus
OIIK-2.2 Tema 1-5 He npeoycmompenwvt | Tema 1-8 He npedycmompe- | BBITIOTHEHUE WHAWBHYaTHHOTO
Hbl 3aJaHus
OIIK-2.3 Tema 1-5 He npeoycmompenwvt | Tema 1-8 He npedycmompe- | BBITIOTHEHUE WHAWBHYaTHHOTO
Hbl 3aJaHus




Ilepeuensv oyenounvix cpeocme no oucyuniune (MooyJio)

Oyenounvle cpedcmaa Kon-60 Min, 6anroe Max, bannoe
(bazoswiil ypo- (noswviuenHblil ypo-
6EHb) 6€Hb)
Kommnekr uHAMBUIyaIbHBIX 1 60 100
3aJaHUN
HUmoeo: 60 100




HlIxana ouenusanus

IMudposoe | Boipaskenue B | CiaoBecHoe Kpurepum o1ieHkM HHAUKATOPOB JOCTHKEHUA NPU GopMe KOHTPOJIS:
BbIPa:KeHH e oaJjIax: BbIPa)KeHH e IK3aMeH / 3a4eT ¢ OLCHKOM 3aqyer
5 87 - 100 Otiinyno (3a- | OlieHKa «OTJIMYHO» BBICTABIISICTCSI CTYACHTY, €CIIH TCOPETHUYECKOE COACP-
YTEHO) KaHUe Kypca OCBOCHO MOJIHOCTHIO, Oe3 Mpo0esioB; ucuepnbIBaiole, nocie-
JIOBAaTEIbHO, YETKO W JIOTMYECKH CTPOWHO HM3JIaraeT marepHuali; cBOOOIHO
CIpaBIsieTCs] C 3a/JadaMy, BONPOCAMH W JPYTHMH BUIAMH TNPUMEHEHUS
3HaHWI{; UCTIOJIB3YET B OTBETE JOMOIHUTEIBHBINA MaTeprall BCE IPEAyCMOT-
PEeHHBIE TPOTPaMMOIA 3a/TaHUS BEITIOTHEHBI, KAYECTBO X BBIITOIHEHHUS OIIe-
HEHO YHCJIOM 0alljIoB, OJIM3KUM K MaKCHMaJbHOMY; aHAITU3UPYET MOTyUYeH-
HBIC PE3YJbTaThbl;, MPOABIIACT CaAMOCTOATCIBHOCTL IIPU  BBINIOJIHCHUN
3a/laHUI OleHKa «3a4T€HO» BBICTABIIAETCS CTy-
4 74 - 86 Xopomo (3a- |OneHKa «XOpOII0» BBICTABISAETCS CTYIEHTY, €CIU TEOPETUIEeCKOe COAEp-|IEeHTY, €Cli OTBETHI Ha BOIPOCHI IO Te-
YTEHO) JKaHHe Kypca OCBOEHO MOJTHOCTHIO, HEOOXOAWMEBIE NMPAKTHYECKHE KOMIIe-|MaM IAVCIHILINHBI TOCIEeI0BATENbHEI, JIO-
TEHIIMX B OCHOBHOM C(OPMHUPOBAHBI, BCE TPEAYCMOTPEHHBIC MPOTPaMMON [THYEeCKH H3J107KEHBI, JIOITYCKAarOTCs
oOydeHus yueOHbIe 3a/1aHUs BHITIOJTHEHBI, KAYECTBO MX BBIITOJIHEHUS JIOCTA-|HE3HAYUTEIbHBIE HE0YETHl B OTBETE CTY-
TOYHO BBICOKOE. CTYACHT TBEpPAO 3HAET MaTepuai, TPAaMOTHO W IO CYIIe-|/IeHTa, TaKhue KaK OTCYTCTBHE CaMOCTOS-
CTBY HU3Jlara€Tt €ro, HE JOIMyCKas CYIICCTBCHHBIX HETOYHOCTEH B OTBETE Ha|TECIHLHOIO BbIBOJIa, pCUCBBIC OHH/I6KI/I U 11p
BOIIPOC.
3 60 -73 YnoenetBo- |OrneHKa «yIOBIETBOPUTEIHHO» BHICTABISETCS CTYACHTY, €CIIH TeopeTHYe-
puTenBHO (3a- [CKOe cojiepikaHne Kypca OCBOEHO YaCTUYHO, HO MPOOEesl HE HOCAT CyIIIe-
YTEHO) CTBEHHOT'O XapakTepa, OOJBIIMHCTBO MPETyCMOTPEHHBIX MPOTrpaMMOi 3a-
I[aHI/Iﬁ BBITIOJTHEHO, HO B HHUX HMCIOTCA OHII/I6KI/I, npu OTBETC Ha
[TOCTABJICHHBI BOIPOC CTYACHT JONMYCKAaeT HETOYHOCTH, HEIOCTaTOYHO
MpaBWIbHBIE (OPMYJIUPOBKH, HAOIIOAAIOTCS HAPYIICHHS JIOTHYECKOW MO-
CJICZIOBATEIHHOCTH B M3JIOKEHHUH MPOTPAMMHOTO MaTepHaa.
2 Hwmxe 60 HeynornerBo- |OnieHka «HEYJOBIETBOPUTEIEHO» BBICTABIACTCS CTYIEHTY, eciu OH He|OleHKa «HE 3a4TE€HO» BBICTABIAETCS
PUTENHHO  |3HAET 3HAYHMTEIHHOW YacTH MPOTPAMMHOTO Marepuaia, JOIyCKaeT CYIe-|CTyIeHTY, €Cli CTYACHT He 3HaeT OCHOB-
(HeSa‘ITeHO) CTBCHHBIC OHH/I6KI/I, HCYBEPECHHO, C OOJIBIIINMU 3aTPYAHCHUSAMU BBIIIOJIHACT | HBIX MOHATHHA TEMBI JUCHUIIIIMHBI, HE OT-

MpaKkTUYeCKue padoThl, HEOOXOAWMBIE TPAKTHUYECKHE KOMIICTECHIIMH He
chopMHPOBaHbI, OOJBIIMHCTBO MPEIYCMOTPEHHBIX IPOrpaMMoOn 00y4eHuUs
yueOHBIX 331aHUI He BBITIOJIHEHO, KAYECTBO UX BBITIONHEHHS OI[CHEHO YHC-
JIOM GaJIOB, OJIM3KUM K MUHUMAIEHOMY

BC€YACT Ha JOIIOJHHUTCIIbHBIC 1 HABOAANIINEC
BOIIPOCHI IIpCrioaaBaTeIIA.
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Hanpasnenne noxaroroku: 09.04.01 MuadopmaTuka U BBIYHUCIUTEIbHAS TEXHUKA
[Tpoduns/mporpamma: ABTOMaTU3UPOBAHHBIE CUCTEMbl 00pabOTKU HHOpMAIMU U

YIIPABJCHUA

KoMmiekT MHAMBHAYAJBHBIX 321aHUI
no gucuuiuinae 51.0.09 Beenenne B MICKYCCTBEHHBIN UHTEILUIEKT

1. Co3nath MpocTyIo MOTHOCBI3HYIO HEUPOHHYIO ceTh B makere Keras
B kaxmoMm BapuaHTe JOKHA OBITh peaiu30BaHa U 00y4YeHA MOJHOCBS3HAsS

HeliponHas cetb (HC) mpsmoro pacnpocTpaHeHus ¢ HECKOIBKMMH BXOJaMH U OJI-
HUM BBIXOJHBIM HelpoHOM. [IpeocTaBuTh TEKCT MpOrpaMMBbl U pe3ysbTaT paboThI
IIPOTrPaMMBL.

Huxe MMpCaACTaBJICHBI 3aJaHUA, OJIs1 KOTOPBIX UCIIOJIB3YCTCA TaKasd HC.

Bapuant | 3aganus

1 Bpranciauts cymMMy ABYX ITPOU3BOJIBHBIX JEUCTBUTEIBHBIX YUCET.

2 Boruucnuts cpennee apudmMeTnyeckoe ABYX MPOU3BOJIBHBIX JIEUCTBU-

TCJIBbHBIX YHUCCII

3 Bprauciaute cymMmy TpeX IPOU3BOJIBHBIX AEHCTBUTEIIBHBIX YHCEI

4 BrimonauTth crnenytomiee mnpeoOpa3oBaHUe JIBYX MPOU3BOJIBHBIX JICH-

CTBUTEIBHBIX uncel: x1+0,5x2+2

5 Boruucnuth PA3HOCTL ABYX IIPONU3BOJIBHBIX )ICfICTBHTCJ'IBHBIX quceia

6 BrimonauTh ciemyroiiee mpeodpa3oBaHUE TPeX MPOW3BOJBHBIX JCH-

CTBUTEIBHBIX uncel: X1-x2-x3+4

7 BrimonHuth criepyroiiee mpeodpazoBaHUe ABYX MPOU3BOJILHBIX JCH-

CTBUTEJBHBIX yucel: 5-(x1+x2)

8 Breimonuuth criemyromee npeodpa3oBaHUE TPeX MPOU3BOJIBHBIX JCH-

CTBUTEJILHBIX yncen: X 1+2x2+3x3




9 Beruucnuth 3HaueHus TMHEWMHOW GyHKIMM BUaa: 3X+5

10 Beruucnuth 3Hauenust TuHeHOM GyHkiuu Buja: 0,5x-3

2. Bnakere Keras co3mate CHC st yBepeHHOU Kitaccudukanuyu n3oopaxke-
HUU JIHIIa CTYACHTa OT APYTHUX JIUI] CTYJEHTOB TPYIIIbI.

Hetanmu peanuzauun: CHC Ha BX0A J0KHA MOJy4aTh MOJHOIBETHOE M300-
paxenne B ¢popmare RGB pasmepom 256x256 nmukceneit (crangapt JPEG). Umets
HECKOJIBKO CBEPTOYHBIX CJIOEB (KOHKPETHOE MX YHMCIIO, pa3Mephl siep, YUCI0 KaHa-
JIOB B KQXKJIOM CJIO€ BBIOMPAIOTCS CTYACHTOM CaMOCTOsITENbHO). Ha BbIX0ole nomKkHa
unTu nosHocBsazHas HC ¢ aByms ciosimu (BKJItOYask BBIXOJAHOM € JIByMs HEMpoHa-
Mmu). Ha BrIxoze ceTh qoipKHA GopMUpOBaTh OTBET, cTpemsiuiics K [1; 0], eciu Ha
M300paKEHUH Ballle JUI0 U cUrHai, ctpemsmuiics k [0; 1], ecnu mpencraBieHbl
JpyTHe JIUIIA.

OO6yuaroiias BeIOOpKa I0KHA cosiepkaTh He MeHee 100 ¢ororpaduii nuir B
dac kaxoro cTyaeHTa rpymnmsl (poTorpaduu OAHOTO U TOTO K€ JIMIA JTOJKHBI He-
CKOJIBKO OTIMYAThCS APYT OT JIpyra, UMETh pa3HbIi (HOH, WHAYE, CETh MPOCTO BHI-
YUUT UX HauzycTh). Yucno doTtorpaduil Kaxxaoro juia B oomed o0yJyaromieil Bbl-
OOpke ITOJKHO OBITh MPUMEPHO OJMHAKOBBIM (B uieane mo N dotorpaduii ot
KaXJI0TO cTyAeHTa). B mporecce o0ydenust pororpaduut J0IKHBI OBITH IEpeMeIa-
HBI (IPEABSIBIATHCS CETH B CIIyYaitHOM MOPSAKE HA KaXKOM dI10Xe).

KountponupoBats 3¢ ekt nepeodydeHus: no rpadukam morepp st o0ydaro-
el BEIOOPKU M MHOKeCTBa Banuganuu. [Ipu HeoOX0AMMOCTH YCTPaHSITh 3TOT 3(-
¢dekt myrem usmeHenus: crpyktypbl CHC, a Takke ¢ nmomombto cioeB Dropout u
BatchNormalization.

HomxHa ObITh chopMUpOBaHa TeCTOBas BbIOOpKa u3 ¢oTorpaduii, He ydact-
BYIOIIMX B 00y4ueHuu (He MeHee 20 OT KaXKJ0TO CTYACHTA).

[IpoBepuTth paboOTy CETH Ha TECTOBOM BBIOOPKE.

B xose paboThl 1OOUTHCS KaK MOKHO JIYUIIIUX PE3yJIbTaTOB KiIacCU(PHUKaAIIUU.

[IpenocTaBuTh TEKCT MPOTPAMMBI, PE3yJbTaThl OOYYCHHUS] W TECTUPOBAHUS
HC (BmecTe ¢ rpadukamn)

3. [ToaroroButk 1m0 50 BBHICKA3bIBAHUMN JISI TECTOBOW BBIOOPKH (25 — TIOJIOXKH-
TEJbHBIX, 25 — OTPULATENbHBIX ).

Pasmep TectoBoii BeIOOpKU cocTaBuT: 50-N HaOIMOAEHUT.

PeaimzoBate PHC no moaemn ManytoOne ¢ ucnonb3oBannem LSTM sueiiku
(4ncno HEHPOHOB B sYEWKaX CTYIEHT OIPEAENAET CaMOCTOSATENBHO) C BXOJHBIM
Embedding cnoem. Ha BbIXOze MOCIACIHET0 PEKYPPEHTHOTO CJOS JODKHA HATH
nonHocBsizHass HC (cTpykTypa ompenensieTcss TakKe CaMOCTOSATENbHO) C YUCIOM
BBIXOJIHBIX HEWPOHOB, PAaBHBIX JIBYM (ITOJIOKHUTEIBHOE WM OTPULATEIBHOE BBICKA-
3bIBAHUE).

B nportecce o6yuenus PHC Ha BbIXoje JOMKHA JaBaTh OIEHKY OKPACKH TEK-
cTa (MOJOKUTENbHBIN WK oTpuuaTenbHbiid). 6. Ilpu o6yuennn PHC kontpomnupo-
BaTh Ipoliecc nepeoOyyeHuss U YCTPaHITh ero (Mpu HeoOXOJAUMOCTH) MMyTEM H3Me-
HEHUs CTPYKTYphl Ce€TH, a Takxke (BO3MOXHO) ¢ mnomompbo Dropout wu
BatchNormalization. Ouenuts pe3ynbratsl padoTsl noaydennot PHC Ha TectoBoi



BBIOODKE.

Cnenatp 10 xe camoe oOyuenue PHC, o Ha 6aze sueitku GRU. CpaBHUTB
CKOPOCTh OOy4YeHHUS M KayecTBO pabOThl C MpeAblAylleil peanu3anueil Ha Oase
LSTM.

B xone paboThl AOOMTHCA Kak MOHO JyYIIUMX pPE3YJbTaTOB CEHTHMEHT-
aHaJln3a TeKCTOBBIX BBICKa3bIBAaHHIA.

[IpenocTaBUTh TEKCT MPOTPaMMBbI, pe3yiabTaThl OOyYEHHS U TECTUPOBAHUS
HC (BmecTe ¢ rpadukamn)

KpurepunoneHku:

Ne KounuyecrBo 0a/1;10B Kpurepuu oueHuBanus

1 100 GamtoB paboTa BHITIOJIHEHA TTOJTHOCTHIO; B JIOTHYECKUX
PacCyXJICHUSX U 000CHOBAHHUH PEIICHUS HET
po0esIoB U OMMOOK; B PEIIEHUU HET MaTeMaTH-
YECKUX OIIMUOOK (BO3MOKHBI HEKOTOPHICHETOY-
HOCTH, OITUCKU, KOTOPAsl HE SABJISICTCSI CJICJICTBU-
€M HEe3HAHUS WX HETIOHUMaHUsS Y4eOHOTO
MaTepuaa), T.e. MpaBUiIbHO BhIMoaHeHO 86—100
%paboThI.

2 80 6aymoB paboTa BHITIOJIHEHA MTOJTHOCTHIO, HO 000CHOBAHUS
[IaroB PeUICHHs HEJOCTaTOYHBI (€CITH YMEHHE
00OCHOBBIBAThH PACCYKICHHS HE SBISIIOCH CIie-
LUAJbHBIM 00BEKTOM MPOBEPKH ); TOMYIIEHBI
OJlHA OIITMOKA, UM €CTh JBA — TPH HEJ0UYETA B
BBIKJIAJIKaX, pUCYHKAX, YePTEeKax UM rpadukax
(ecnu 3TH BUBI pabOT HE SABJSUIMCH CIIEUAb-
HBbIM 00BEKTOM MPOBEPKH ), T.€. IPABUIILHO BbI-
notHeHO 74 — 85 %paboThl.

3 600am10B CTaBHTCS, €CJIU: JOMYIIEHO HEe 0oJiee IBYX OIIIH-
00K niu 6oJiee IByX — TPEX HEJOUETOB B BhI-

KJIaJIKaX, yepTexax win rpadukax, Ho o0y4daro-
muiics o0aaaaeT 00s3aTeIbHBIMU YMEHHUSIMU 110
IPOBEPSEMON TeME, T.€. MPABUILHO BBITOJTHEHO

60 — 73 %paboThl.
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