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Pa3padoruukmu:

Crapumii npenogasatens kadenps! Madopmaruku u
reonH(popMaoHHbIX TexHojorui CrpensuoB A. C.

Pabouas mporpamMma ITUCHMILIMHBEI (MOIYJsI) COCTaBI€Ha B COOTBETCTBUH C TpeboBaHusmu OI'OC
BO no mwnanpasnenuto mnoarotroBku 21.04.03 Teome3us W JUCTAHIIMOHHOE 30HAUPOBAHUE,
yTBEpKACHHOTO MpukazoM MunHoOprayku ot 11.08.2020 Ne 938

ComnacoBaHue U yTBEPKACHUE

Ne |TMonpasaenerne OTBeTCTBEHHOE DUO Busa Jlara, mpoTOKOII
JIALIO (Ipu HaNMUYUN)
1 Teonesuuecknit | [Ipexcenarensb ITonosues O. B. Paccmorpeno | 18.03.2025, Ne 2
(baxysprer YY4EHOTO COBETa
¢axynbTera
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1. Heab 1 3a1a4um 0CBOEHMSI TUCUMUIIIMHBI (MOLYJIs1)

Llenb ocBOEHUSI TUCHMIUIMHBI - (OPMUpOBaHHE y OOy4aromuXcsi KOMIIETEHIIMKA B 00iacTu
MNPUMCHCHUA MCTOHAOB HUCKYCCTBCHHOI'O HHTCIUICKTA W MAUIMHHOI'O 06y‘-ICHI/I$I AJid pCHICHUA
npodeCCHOHANIBHBIX 3a/ad 00paboTKH, aHalu3a M UHTEPIPETAlUU MPOCTPAHCTBEHHBIX IAHHBIX B
reoJIe3uu 1 KapTorpaduu.

Banatm HU3YUCHUA NUCHUIIIINHBIL
- OcBoenue (¢yHIaMEHTAJIBHBIX OCHOB IpOrpaMMHpOBaHMs Ha  s3blke  Python wu
CHEIUATU3UPOBAHHBIX OMONMMOTEK /I paboThl ¢ TMpocTpaHCTBeHHbIMU naHHBIMH (GeoPandas,
RasterlO, Google Earth Engine), HeoOXomuMBbIX 1Jisi aBTOMAaTH3alldd TPOIECCOB 00pabOTKH
reo/ie3nuecKux 1 KaprorpaduiecKkux MaTepuasos.;

- M3yuenue TeopeTHyeCcKUX OCHOB M NMPAKTUUYECKOE MPUMEHEHHE METOJJ0B MAIIMHHOTO 00yueHus (c
yuuTeneMm, Oe3 yuuTenas) U TIIyOOKoro oOydeHus IS peIIeHHs 3aaad  KiIacCU(HUKAINH,
KJIaCTepU3allMd U CETMEHTAIlMM T'€ONpPOCTPAHCTBEHHBIX JAHHBIX, BKIIOYAs aHAIM3 CITyTHUKOBBIX
CHUMKOB U BEKTOPHBIX MPOCTPAHCTBEHHBIX 00BEKTOB.;

- @opmHpoBaHHE HABBIKOB Pa3pabOTKU W BHEAPEHUS HMHTEJUIEKTYyaJIbHbIX CHUCTEM ISl pelIeHHS
MPUKIAIHBIX 3a]a4 B 00IacTH T'€0/Ie3UH, BKIIIOYasi T€OMApKETUHTOBBIE UCCIIEOBAHUS TEPPUTOPUH,
HKOJIOTMYECKHUII MOHHUTOPUHI TOPOJACKOW Cpenbl, aBTOMATU3UPOBAHHYIO O0OpabOTKY JaHHBIX
JUCTAHIIMOHHOTO 30HAMPOBaHUS 3e€MJIM M CO3JaHUE BEO-NIPWIOKEHUN s BU3yalIH3allu
pe3yabTaToOB aHAJIM3a..

2. IInanupyemble pe3yJbTaThbl 00y4eHHs M0 JUCHHUILINHE (MOYJII0), COOTHECEHHBIE C
IUIAHMPYEMBIMH Pe3yJ1bTaTaMH 0CBOCHHS 00pa30BaTeIbHOM NMPOTrPaMMbl

Komnemenyuu, unouxamopul u pesynvmameol 00y4eHus.

IIK-1 Crniocoben IJIAHUPOBATb, OpraHU30BbIBAThH u YIIPaBIIATh
IIPOU3BOACTBEHHO-TEXHOJIOTMUYECKUMHU  TIPOLECCAMU  CO3/laHus, NOJAEpPXKAaHUS M Pa3BUTHSA
re0/Ie3NYEeCKO OCHOBBI, Q9POKOCMHUYECKUX ChEMOK U 00pabOTKH Pe3ylIbTaToB

IIK-1.1 IlnanupoBaHue, opraHu3anuss W YNPaBICHHE IPOU3BOACTBEHHBIMU IPOLECCAMU
CO3JIaHMs, TIOAJICPKAHUS U PA3BUTHUS I€O€3MUECKONH OCHOBBI, 00paOOTKH PE3yIbTaToB

3nams:
[K-1.1/3u10 OcHOBBI HCKYCCTBEHHOTO MHTEJUIEKTA
Ymems:

[IK-1.1/¥YM9  TlpuMeHSTP  MCKYCCTBEHHBI  HMHTEUIEKT B  HpoQecCHOHATbHOU
JESTEIIBHOCTH

Braoems:

[1K-1.1/HB8 HaBbikamMu TIpUMEHEHHS METOAOB MCKYCCTBEHHOTO WHTEJUICKTA IS
penieHus MPUKIAIHBIX 33]1ad TeOJIE3UH U KapTorpadun

3. Mecto aucuumimHbl B cTpykrype OII

Hucuunnuna (Monyinb) b1.B.05 «TexHOnMOruu UCKYyCCTBEHHOTO MHTEIIEKTa B T€0/1€3UN» OTHOCUTCS
K (hopMupyeMoil ydacTHUKaMU 00pa30BaTEIbHBIX OTHOIICHHWI YacTu 00pa30BaTeIbHON MPOTPAMMBI
U u3ydaeTcs B cemecTpe(ax): 2.

B nmpomecce wu3ydeHMs AMCHMIUIMHBI CTYIACHT TOTOBUTCS K PEIICHHIO THIOB  3aaa4
npodeccuoHaIbHON  AesTenbHOCTH, mnpeaycmorpeHHbix @OI'OC BO wu  obOpaszoBarenbHOM
MPOTPaMMOil.

4. O0beM TMCHUIIMHBI (MOXYJISAA) U BUAbI y4eOHOI padoThI
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5. Conepxxanue 1M CUUILTAHBI (MOLYJIS)
5.1. Pa3gennl, TeMbl AMCUUILIMHBI M BUABI 3aHATHH
(4acel MPOMEXKYTOYHOM aTTECTALIMU HE YKA3bIBAOTCSI)

pacTpoBbIX A1aHHbIX /(33

Ne 000006329
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Paznen 1. OcHoBBI 36 3 31 30| IIK-1.1
NMPOrpaMMHUPOBAHUS HA A3bIKE
Python nas
reonpoCTPaHCTBEHHOT0 aHAJIN3a
Tema 1.1. Beaenue B si3b1k 12 1 1] 10
nporpammupoBanus Python
Tema 1.2. Ynpasnsromue 12 1 1| 10
KOHCTPYKIIMH U (PYHKITUH
Tema 1.3. Moaynu u nakeTsl 12 1 1 10
Python
Paznen 2. 24 2 2] 20| IK-1.1
O0BbeKTHO-OPHEHTHPOBAHHOE
NMporpaMMHpPOBaHUeE s
reonH(popMaIHOHHBIX 32124
Tema 2.1. Ocnossl OOII B Python 12 1 1| 10
Tema 2.2. HaciienoBanue u 12 1 1 10
nosimMophu3m
Pa3znea 3. PaGora ¢ BekTOpHbIMH | 25 2 3| 20| IIK-1.1
NPOCTPAHCTBEHHBIMH JAHHBIMH
Tema 3.1. bubnuorexa GeoPandas 12 1 1| 10
JUIS. BEKTOPHOTO aHan3a
Tema 3.2. UnTerpanus ¢ 13 1 21 10
BHEUTHUMH UCTOYHUKAMU JTaHHBIX
Pasnen 4. O6padorka 26 2 4| 20| IIK-1.1
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Tema 4.1. bubnunoreka RasterlO 13 1 21 10
111 paboTHI C pacTpamu
Tema 4.2. Google Earth Engine 13 1 21 10
JUIS @HAJIM3a CITy THUKOBBIX
JAHHBIX

Pasnen S. Teoperuyeckue 22 2 20| TIK-1.1
OCHOBBI HCKYCCTBEHHOI0
HHTEJ/UIEKTA

Tema 5.1. Brenenue B 11 1 10
HCKYCCTBEHHBI MHTEJUICKT U
MalIMHHOE O0Y4YCHHE

Tema 5.2. IToaroroBxa qJaHHBIX 11 1 10
JUTSI MAIIIMHHOTO OOyYeHHS
Pa3zagen 6. MeToabl MAIIMHHOTO 22 2 2| 18| IIK-1.1
00y4eHHs ¢ yUuTeIeM J1JIs

00padoTKM NMPOCTPAHCTBEHHbBIX

AAHHBIX
Tema 6.1. AropuTMBI 10 1 9
KJIaCCU(PUKAIIUN U PETPECCHH

Tema 6.2. [eoMapKeTUHIOBBIE 12 1 2 9

WCCIIEIOBAHUS TEPPUTOPUIL
Paszagen 7. MeToabl MAIIMHHOTO 25 3 2| 20| IIK-1.1
o0yueHus1 0e3 yunTeJisi 1Js

NPOCTPAHCTBEHHOI'0 AHAJIM3a

Tema 7.1. AnropuTMmsl 12 2 10
KJIaCTEepU3ALNU

Tema 7.2. Dxonoruyeckuit 13 1 21 10
MOHUTOPUHT TOPOACKOU CpeIbl

Paznean 8. Iimy6okoe oOyuenune 36 3 3| 30| IIK-1.1
Jis1 00padoTku JaHHbIX /133

Tema 8.1. Heiiponnsie cetu st 11 1 10
KJIaCCU(UKAIIUU CITy THUKOBBIX

CHHUMKOB

Tema 8.2. CemanTHUECKAst 13 1 21 10
CerMEeHTalus U IeTeKIINs

00BEKTOB

Tema 8.3. Pa3BeprriBanue 12 1 1| 10
MojIeneil B BeO-IPHIIOKEHUSIX

Hroro 216 19| 19| 178

5.2. Conep:kaHue pa3aesioB, TeM AMCHHUILIMH U (JOPMBI TeKyIIero KOHTPOJIA

Pa3zoen 1. Ocnosvl npozpammuposanus na azvike Python ona zeonpocmpancmeennozo ananusa

Tema 1.1. Beeoenue 6 szvik npoepammuposanus Python

VYcraHoBka M HacTpoiika cpensl pa3zpaboTku (Anaconda, Jupyter Notebook). OcHOBHBIE THUTIBI U
CTPYKTYpHI JaHHbIX B Python. ®yHkiuu BBoma-BeiBoAa. [lepemennsie u oneparopsl. OCOOCHHOCTH
npumeHeHnus Python B reonHpopManiMoHHBIX cucTeMax U 00pabOTKe MPOCTPAHCTBEHHBIX JTIAHHBIX.

Texymui KOHTPOJIb

Bun (hopma) konTpoms
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[TpakTuueckas padora

Tema 1.2. Ynpasnarowue koncmpykyuu u pynkyuu

VYenosueie oneparopsl if-elif-else. Iuxaer for m while. Co3nanue u ucnonb3zoBanue QyHKIUI.
O6paboTtka uckmodeHuit try-except. Pabora ¢ tekctoBeiMu (haitnamu. [IpumMeHeHue ynpaBisiiomux
KOHCTPYKITHH JIJTsl aBTOMATU3aIMU 00PaOOTKH T€OJaHHbBIX.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIS

[TpakTuueckas padora

Tema 1.3. Mooynu u nakemwt Python

NmMmopT u ucnonk30BaHWE CTaHAAPTHBIX Momaynei. Co3maHne COOCTBEHHBIX MOJYJICH M TaKETOB.
CrpykTypa makeTa geometry ajsi pabOThl ¢ TEOMETPUYCCKUMH OOBEKTaMH. YCTaHOBKAa CTOPOHHHX
OoubamoTex uepes pip u conda.

Texymuii KOHTPOJIb

Bun (hopma) konTpoOms

[TpakTuueckas padora

Pazoen 2. O6vekmuo-opueHmupo6anHoe npozpamMmuposanue 0nsa 2e0uH@OpMayUoOHHbIX 340ay

Tema 2.1. Ocnosvr OOII 6 Python

Knaccel u 00beKThl. ATpUOYTHI U MeTOBI. KOHCTPYKTOPBI U IECTPYKTOPHI. MIHKANCysIus JaHHBIX.
Co3znmanue KJ1accoB JUIsl PECTaBIEHUS TeorpadudecKuX 00bEKTOB (TOYKH, JJMHUH, TIOJTUTOHBI).

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIS

[TpakTuueckas padora

Tema 2.2. Hacnedosanue u nonumopghusm

[Tpunnumner HacnenoBanus. [lepeonpenenenue meroqoB. AocTpaktHbie kiaccbl. OOII-pedakropuHTr
reoMeTpuyeckux Oubmuorek. [IprMeHeHHe NaTTepHOB MPOEKTUPOBAHUSA B T€OMH(POPMAIIMOHHBIX
CUCTEMaXx.

Texymui KOHTPOJIb

Bun (hopma) konTpOss

Perenune 3agau

Pazoen 3. Paboma c 6eKmopHbvimu npocmpancmeeHHbIMU OAGHHbIMU

Tema 3.1. bubruomexa GeoPandas 0113 6ekmopro2o ananuza

OcHoBbl pabotel ¢ GeoPandas. Co3manne n manunyaupoBanne GeoDataFrame. Utenue u 3anuch
BekTOpHBIX (popmaroB (Shapefile, GeoJSON, GeoPackage). IIpocTpaHCTBEHHBIE OTEpAIH:
Oydepusanus, nepecedeHue, O0beTMHECHHE.

Texymui KOHTPOJIb

Bun (hopma) konTpoms

[TpakTuueckas padora

Ne 000006329 Crpanuria 7 u3 16



Tema 3.2. HHmezpauuﬂ C BHEUHUMU UCTOYHUKAMU OAHHBIX

Pa6ora ¢ API reocepBucoB. Ilonyuenue BexkTopHbIX maHHbIX U3 OpenStreetMap uepe3 Overpass
API. I'eokonupoBanue u 00paTHOE TeokoaupoBanue. [locTpoeHrne HHTEPAKTUBHBIX KapT C TIOMOIIBIO
Leafmap u Folium.

Texymuii KOHTPOJIb

Bun (hopma) konTpOss

Perenune 3anau

Pazoen 4. Oopabomxka pacmpoevix dannwix /[33

Tema 4.1. bubruomexa RasterlO ona pabomul ¢ pacmpamu

Urenne u 3amuch pactpoBbix (opmaroB (GeoTIFF, HDF). OcHoBHBIE omepammu ¢ pacTpamu.
N3Bneyenne  MeTagaHHBIX W NPOCTPAHCTBEHHOW  mpuBs3ku.  llepempoenupoBanue u
peceMIUTHPOBaHKUE PACTPOB.

Texymui KOHTPOJIb

Bun (hopma) konTpoOss

[TpakTuueckas padora

Tema 4.2. Google Earth Engine ona ananusza cnymuukogulx OaHHbLX

[TonroroBka cpensr Google Earth Engine. PaGora ¢ xaramoramu cmyTHuKoBBIX naHHBIX (Landsat,
Sentinel). BpemenHo# ananu3 u co3mganue KoMIo3uToB. Pacdyer BereTarmoHHbIX uHAECKCOB (NDVI,
EVI). Dkcniopt pe3ynsraroB 00paboTKH.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

Penrenue 3amau

Pa3zoen 5. Teopemuueckue 0CHOBbl UCKYCCHBEHHO20 UHMENIEKMA

Tema 5.1. Beeoenue 6 uckyccmeerHulll URMENLIEKM U MAWUHHOE 00VYeHUe

OcHoBHbIe OHATHS U TepMuHONorus M. Tunsl MammmHHOTO 00y4YeHHS: ¢ yUuTeaeM, 6e3 yuuTens, ¢
NOAKPEIUICHHEM. DTarnbl pa3paboTKH MojeIe MAalIIMHHOTO O0ydeHHs. MeTpUKH OLEHKH KauyecTBa
MoJIenei U1 3a1a4 perpeccuu M KJlacCu(pHUKaLuu.

Tema 5.2. Iloocomoska 0aHHbIX 0158 MAUWUHHO20 0OYYeHUs

COop W OYNCTKAa TEONMPOCTPAHCTBEHHBIX JMAaHHBIX. PasBemounwni anamm3 paHHbix (EDA).
Hopmanuzanuss u cranpaptuzanusi npusHakoB. KoaupoBaHMe KaTeropuaibHBIX MEPEMEHHBIX.
Pa3nenenue nanHpIX Ha 00yYaIONIy10, BAJTUIAIMOHHYIO U TECTOBYIO BRIOOPKH.

Pazoen 6. Memoovl mawmunno2o 00yuenus c yuumenem 0711 00padOmMKu NPOCMPAHCHIBEHHBIX

OanHbIX

Tema 6.1. Aneopummul kraccugpuxayuu u pecpeccuu
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Meton k-Ommxaiimux cocemeir (KNN). JluneiiHas um noructuueckas perpeccus. Pemraromue
JepeBbsl W chayd4aiiHbli Jsiec. Meton omopHbiX BekTopoB (SVM). Hausnblii GaifecoBckuit
Kkiaccudukatop. AHCAMONIEBbIE METOIBI.

Tema 6.2. 'eomapxkemurnzogvie Uccied08aHUus meppumopuil

[IpumeHeHne anropuTMOB Kilaccuukauumu Ui aHanuza Ttepputopuil. I[IpornosmpoBanue
CTOMMOCTH HeIBWXHUMOCTH. OIlLleHKa TPaHCIOPTHOM JOCTYMHOCTH. AHaIN3 JeMOorpaduyecKux
nokasaresnen. Busyanusanus pe3ysnbraToB Ha MHTEPAKTUBHBIX KapTax.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

[IpakTuueckas padota

Pa3zoen 7. Memoowvt mauunnozo odyuenusn 6e3 yuumens 0aa nPpoCmMpPAHCMEEHHO20 AHAIU3A

Tema 7.1. Ancopummel kK1acmepuzayuu

Merton k-cpennux (k-means). Hepapxuueckas wxinactepuzanus. DBSCAN g BbIBICHHUS
IIPOCTPAHCTBEHHBIX Ki1acTepoB. IIpuMeHeHne KinacTepu3aunu 4Ji1 30HUPOBAaHUS TEPPUTOPUIA.

Tema 7.2. Dxonozuyeckuti MOHUMOPUHE 20POOCKOU Cpedbl

Knactepuzanust skojormueckux (akropoB. AHANW3 3arpsi3HEHUS BO3AyXa M LIYMOBOTO
3arpsi3HeHus. BbIsBIeHHWEe 3€JeHbIX 30H W WX BIUSAHUSA Ha H3Konoruto. [IpocTpaHcTBeHHas
MHTEPIIONALNS SKOJIOTHUECKUX MTOKa3aTeNeH.

Texymui KOHTPOJIb

Bun (hopma) konTpoms

[TpakTuueckas padora

Pazoen 8. I'nyookoe odyuenue ona oopadbomku oannwvix /{33

Tema 8.1. Hetiponnvie cemu 05 Knaccugpukayuu cnymHuKo8blX CHUMKOS

OcHOBBI TiIyOOKOTO OOydYeHHMs W CBEpTOUHBIX HEUpOHHBIX cereil (CNN). ApXuTekTypsl i
o0paboTkn u3o0pakenmit. Kiaccupukamuss 3eMHOTO TIOKpOBa 110 CIyTHUKOBBIM JaHHBIM.
CpaBHHTENBHBIN aHATN3 TPAAUIIMOHHBIX METOA0B ML 1 Tiry0okoro oOydueHus.

Tema 8.2. Cemanmuyeckas ceemenmayusi u 0emexyusi 00beKmoa

ABTORHKOJIEPHI ISl CETMEHTAIIMA CHUMKOB. BEIsIBIIEHHE N3MEHEHUH Ha Pa3HOBPEMEHHBIX CHHUMKaX.
Jletexknust 00BEKTOB HMHQPPACTPYKTYphl (3MaHUsA, JOpOrH, BomoeMbl). OIleHKa TOYHOCTH
CerMEHTAIINH.

Texymui KOHTPOJIb

Bun (hopma) konTpOss

[TpakTuueckas padora

Tema 8.3. Pazeepmviearue mooeneu 8 6e0-NpuniodceHusx
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Co3nanue BeO-NpUIIOKEHHH ¢ Hcmoib3oBaHueM Streamlit. MHTerpanus oOyueHHBIX Mojenel B
BeO-uHTepdeiic. Pa3zBepTeiBanue mnpuioxkeHud Ha obOmayHbix mardopmax. Cosznmanme APl s
goctyna K wmozaensMm. [IpuMepsl peanbHBIX NPUIOKEHUH Ul KJIACCH(PHMKALNU CITyTHUKOBBIX
CHHMKOB.

Texymuii KOHTPOJIb

Bun (hopma) konTpoOms

PacueTtHo-rpaduueckas padora

6. ITopsinok nmpoBegeHUs MPOMEKYTOUHOM aTTeCTANMHI

[Topsimox  mpoBeAeHHS TMPOMEKYTOUHOM  aTTeCTalMM  pPerIaMeHTUPYETCS  JIOKaJIbHBIMU
HOPMaTUBHBIMU aKTaMU YHHUBEpPCUTETA:
- ITlonoxenueM o Qopmax, MEPUOTUYHOCTH, MOPSAKE TEKYIIEro KOHTPOJS YCIEBAEMOCTH U
MPOMEXKYTOYHOM arrecTand OOy4aroUIMXcsi MO OCHOBHBIM OOpPa30BaTENIbHBIM MpOrpammam
BBICIIETO O0pa3oBaHHs — HporpamMmmam OakajlaBpuara, mporpamMmam CIEHUalIuTeTa, MporpaMmam
MarucTparypbl B (eaepasbHOM TOCYIapCTBEHHOM OOIKETHOM OOpa30BaTEIbHOM YUPEKIACHUU
BbICIIEr0 00pa3oBaHusi «MOCKOBCKHI TOCYIapCTBEHHBIH YHHUBEPCHUTET T'€0/Ie3UH U KapTorpadumy,
1.6 «Opranuzaius v NpoBeICHUE MTPOMEKYTOUHOM aTTECTALIUI.
- IlonoxeHneM O MOpPsSAKE OCYHIECTBIEHHS OOpa30BaTeIbHOTO MPOIECCa, MPOBEACHUS TEKYILEro
KOHTPOJISL YCIIEBAEMOCTHM M IPOMEXKYTOYHOW arrecraluu OOydyaromuxcsi C MpUMEHEHUEM
AIIEKTPOHHOTO OOy4YeHUs M JHUCTAHIUOHHBIX OOpPa30BaTENbHBIX TEXHOJOTUH B (¢eneparbHOM
TOCYJapCTBEHHOM  OIODKETHOM  OOpa30BaTEIbHOM  YUPEXKJACHHH  BBICIIETO  OOpa3oBaHUS
«MOCKOBCKHMI TOCYIapCTBEHHBIM YHUBEPCUTET Teofe3nu W KapTtorpadum», m.8 «lIpoBemenue
MPOMEXYTOUHOM aTTectanuu ¢ npuMmeHeHuem 30 u JJOT».

Hpomeofcymowaﬂ ammecmayust. 361'-!61’1’1, 2 cemecmp.

7. OueHOYHbIC MaTepPHAJIbI TEKYLEr0 KOHTPOJIS

Pazoen 1. Ocnogvl npozpammuposanusn na azvike Python ona zeonpocmpancmeennozo ananusa
Konmponupyemvie U/IK: 11K-1.1

Tema 1.1. Beeoenue 6 szvik npoepammuposanus Python
dopma KOHTPOJIs/O1leHOYHOE cpeacTBo: [IpakTudeckas pabora
Bomnpocsi/3ananus:
1. ®yukunn BBoJA-BbIBO/Ia. OCHOBHBIE TUIIBI U CTPYKTYPBI JAHHBIX

Tema 1.2. Ynpasnarowue koncmpykyuu u pynkyuu
®opma KoHTpoIst/oLeHoYHOE cpeacTBo: [IpakTuueckas pabora
Bonpocsi/3ananus:

1. Yopasmstomnue koHcTpykinn. Oynkiuu. O6paboTka uckimodeHuii. Pabora ¢ TeKCTOBBIMU
dbatinamu

Tema 1.3. Mooynu u nakemot Python
dopma KoHTpoJIst/oLeHoYHOE cpeacTBo: [IpakTuueckas pabora
Bonpocsi/3ananus:
1. Moaynu u nakeTsl

Pa3zoen 2. O0vekmno-opuenmupo8anHoe nPoZpammuposanue 0isa 2e0uHpopmayuoHHbIX 3a0ay
Koumponupyemvie U/IK: 1IK-1.1
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Tema 2.1. Ocnosvr OOII 6 Python
dopma KoHTpos1/onieHoUHOE cpencTBo: [IpakTuueckas padora
Bomnpocsi/3ananus:
1. OcHOBBI 00BEKTHO-OPUEHTUPOBAHHOTO MPOTPAMMHUPOBAHUS

Tema 2.2. Hacrneoosanue u nonumopghuzm
dopMa KOHTPOJISI/OTICHOYHOE CPeACTBO: Pemnenue 3ama4y
Bonpocsi/3ananus:
1. Mepapxusi KjaccoB MpoCTpaHCTBEHHBIX 00beKkTOB (HacnenoBanue)

KonTekcer: Pa3zpaboTka 6a30BOil CTPYKTYpbl JAHHBIX Ul XPAHEHUS T€OMETPHUECKUX TPUMHUTHBOB B
I'NC (I'eonndopMaiMOHHBIX CUCTEMAX).

Texanueckoe 3agaHue:

1. Copoekrupyiite 6a30BbIii kiacc SpatialFeature, comepkammii atpuOytsl: id (uneHtudukartop),
srid (uaeHTHUKATOpP CHCTEMBI KOOpAWHAT) W MeTox get wkt(), Bo3Bpamaromuil CTPOKOBOE
npezcrasieHue oobekra B popmare Well-Known Text.
2. Peanu3yiite mpou3BoaHbIN kiacc Point, pacummpsitoniuii 6a30BbId (QyHKIMOHANT aTpuOyTaMu
koopauHar x (float) u y (float).
3. Peanuzyiite nmpou3BoaHbIil kinacc LineString, mpuHUMAIOMKK CIIMCOK KOPTEXeW KOOpAMHAT points
(list of tuples).
4. B mpou3BOOHBIX KJlaccax mepeornpenenute meron get wkt() Tak, 4TOObBI OH BO3BpAaIal
koppekTHyto reomerputo (Hanpumep, POINT(10 20) unu LINESTRING(O0 0, 1 1)), ucnosnb3ys BbI30B
KOHCTPYKTOpa cynepkiacca uepes super().

2. ITomumopdusm anroputmoB penykinu usmepennit (Ilomamopdusm)
Kontekcr: Peanu3zanus pasinyHbIX MaTeMaTHYeCKHUX MOJENCH Ui BBIYMCICHUS IOINPABOK MpHU
nepexozie 0T U3MEPEHHBIX HAKJIOHHBIX PACCTOSHUIM K TOPU30HTAIBHBIM IPOJIOKECHUSM.

Texanueckoe 3agaHue:

1. Paspaboraiite knaccel-oOpadorumku: TrigonometricReduction (Tpuronomerpuyeckuii MeTox
gyepes yrou HakioHa) u DifferenceReduction (MeTox uepes nmpeBbIIIeHNE MEXTy TOUKAMU ).

2. B xaxnmoMm kiacce peanu3yiite Mmerton calculate horizontal(slant distance, parameter), rae
parameter — 3T0 JIMOO YTroJI B pajraHax, JM00 Pa3HOCTh BHICOT COOTBETCTBEHHO.

3. Peanusyiite kmmeHTckylo QyHKIU0 compute projection(reducer, distance, param), KoTopas
MPUHUMAET OOBEKT JIF0OOTO U3 BBIIIEYKa3aHHBIX KIACCOB U BBIMOIHSIET PacyerT.

4. TlponemoHCTpUpyiTEe NOpUHLMI monuMopdu3Ma, mnepeaaB B (yHKIMIO compute projection
pa3NIUYHbIC SK3EMIUIIPBI PEYKTOPOB, 00ecieurBas eAMHO00pa3HbIid HHTEp]elic BbI30Ba MPU pa3HOU
BHYTPEHHEH MaTeMaTU4ECKOU JIOTHKE.

Pazoen 3. Paboma c 6eKmopHbimMu npocCmpancmeeHHbIMU OAGHHbIMU
Konmponupyemvie U/IK: 11K-1.1

Tema 3.1. bubruomexa GeoPandas 01131 6ekmopro2o ananuza
dopma KOHTpOJIsI/O1LIeHOYHOE cpeAcTBO: [IpakTHyeckas padbora
Bomnpocwi/3ananus:

1. Bexropnslie nanusie B GeoPandas

Tema 3.2. Unmeepayus ¢ 6HewHUMU UCTMOYHUKAMU OAHHBIX
dopMa KOHTPOJISI/OTICHOYHOE CPeACTBO: Pemenue 3ama4y
Bonpocsi/3ananus:
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1. Ananus rpada nopoxnoii cetu (OSMnx)
Iens: [Toctpouts rpad Oopor roposa v BEIYUCIUTE €70 TONOJIOIHYECKUE XapaKTEPUCTHKH.

1. Ucnonwayitte dynkuto ox.graph from place(), 9ToOsI 3arpy3uTh JOPOKHYIO CETh KOHKPETHOTO
paiiona (Hanpumep, "llenTpanbubiii paiion, Cankr-IleTepOypr").
2. Ouucture rpad: oCTaBbETE TOIBKO MPOE3KYIO YacTh (network type='drive').
3. Buzyaimmsupyiite rpad ¢ momompio ox.plot graph().
4. PaccumraiiTe 0oOIIyI0 TPOTHKEHHOCTh BCEX JOPOT B METpaxX W CPEIHIOI CBSI3HOCTH Y3JI0B
(ucnomp3yiTe ox.stats.basic_stats).

2. VI3Bnedenue MoMuroHoB 3AaHuil 1 pacdyeT mioTHoCcTH (OSMnx)

Ienp: I1omy4nTh BEKTOPHBIN CJI0U 3aCTPOUKU JJI CONIOCTABIEHUS C PACTPOBBIMU JaHHBIMHU.

1. Ucnone3yiiTe ox.geometries from_ place() (B HOBBIX Bepcusix ox.features from place()) ¢ Terom
{"building": True}.

2. IlpeoGpa3syiite pesynsrar B GeoDataFrame u cnpoeuupyiite ero B nokansHyto UTM-30ny st
KOppeKTHoro pacuerta riommazneit (gdf.to crs()).

3. PaccunraiiTe cyMMapHYyIO IUIONIA/lb 3aCTPOMKHU B BHIOPAaHHOM KBapTale.

4. Coxpanute pesynsrar B ¢popmar GeoPackage (.gpkg) nns mocnemytromiero ummnopra B QGIS wim
GEE.

Pazoen 4. Oopabomxka pacmpoevix oannwix /[33
Konmponupyemvie U/IK: 11K-1.1

Tema 4.1. bubruomexa RasterlO ona pabomul ¢ pacmpamu
dopma KOHTPOJIsT/O1leHOYHOE cpeacTBo: [IpakTudeckas pabora
Bomnpocsi/3ananus:

1. PactpoBrie nanuslie B Rasterio

Tema 4.2. Google Earth Engine ons ananusza cnymuukogulx OaHHbLX
dopMa KOHTPOJISI/OIICHOYHOE CPeACTBO: Pemnenue 3ama4y
Bonpocsi/3ananus:

1. Anroputmuueckass 00pabOTKa [aHHBIX MYJIBTHCIEKTPAIbHOTO CKAaHUPOBAHUS JUIS
MouuTopunra Beretanuu (GEE)
1. Chopmupyiite BpemeHHYI0 ceputo (Time Series) cmyTHUKOBBIX CHUMKOB Sentinel-2 wm Landsat 8
B cpeae Google Earth Engine Python API.
2. PeanusyiiTe anropuT™M TIONMUKCEIBHOW MAaCKUPOBKH OOJAYHOCTH U aTMOC(EpHBIX IOMEX,
ucrnonb3ys outoBeie Macku kauecTBa (QA PIXEL / SCL).
3. OcymecTBuTe CHUHTE3 0€300J]a4HOTO KOMITO3UTAa METOJOM MEAMAHHOW PEIyKIMH 3a JICTHUH
BEreTAIMOHHBIN IEPUO/I.
4. Bpryucnute HOpMaJU30BaHHBIH OTHOCUTENBHBIM MHACKC pacTuTenbHoCcTH (NDVI) n npoBeaute
peKIaccuPUKAINI0 TEPPUTOPUHU IO 3aJaHHBIM OPOTOBBIM 3HAYEHUSIM.

2. UHuterpauusi TeTEPOreHHBIX TEOJAHHBIX JUIs OLIEHKH BIMSHHUS penbeda Ha
MIPOCTPAHCTBEHHbBIE OOBEKTHI
1. W3BnekuTe MOJWTOHANIbHBIE JaHHBIE O (YHKIMOHAJIBHBIX 30HaX (Hampumep, landuse=forest)
cpencrBamu Oubmmorekn OSMnx.
2. [Tlpeobpa3yiite monyueHHble BeKTOpHBbIe naHHble B (opmar ee.FeatureCollection s
nocaenytomei 00padotku B cpene Google Earth Engine.
3. Crenepupyiite npou3BogHbIe MOpPOMETpHUUECKHE CIOU (KPYTU3HY U SKCIO3UIMIO CKIOHOB) Ha
0a3e mobaneHbIX U(PPOoBEIX Mozenel peabeda (SRTM nnu NASADEM).
4. TlpumenuTe MEeTO 30HAIBHON cTaTUCTUKH (reduceRegions) /1t BEIYKMCIICHUS CPETHEB3BEIICHHBIX
XapaKTEePUCTUK pesbeda BHYTPH IPaHUIL KaXKIO0r0 BEKTOPHOTO MOJUTOHA.

3. MOHUTOPUHT TUHAMHUKHN OeperoBoi JTUHUU U BOIHBIX 00beKTOB (GEE)

1. ChopmupyiiTe MHOTONIETHHI BpEMEHHOU Psi/i paAHOJIOKAIMOHHbBIX JaHHbIX Sentinel-1 (GRD) mst
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MUHUMU3ALNN BIUSHUS 0OJaYHOCTH.

2. Peamm3yiiTe TOPOTOBYI0 CETMEHTAIIMIO BOJAHOW ITOBEPXHOCTH, HCIONB3YSd KOA(DOUIIMESHTHI
oOpatHoro paccessHust B mojsipusanusx VV u VH.

3. OcymecTtBuTe MOP(HOIOTHIECKYI0 (GUIBTPAIMIO pacTpa (yaajJeHUE IIyMOB THUIIA «COJb M TEPEI»)
cpenctBamu nBrkka Google Earth Engine.

4. Boruncnute miomanb OOBEKTOB TuAporpaduu Ui pa3IUYHbIX THIPOJOTHYECKUX CE30HOB U
MIPOBEJUTE CTATUCTUYECKHUI aHATN3 MEKTOJ0BbIX N3MEHEHUH.

Pazoen 6. Memoovl mawmunno2o 00yuyenus c yuumenem 0711 00padOmMKu NPOCMPAHCHIBEHHBIX
OaHHBIX

Koumponupyemvie U/IK: 1IK-1.1

Tema 6.2. 'eomapkemurnzogvie Uccied08aHUus meppumopuil
®dopma KoHTpoJIst/oLieHoYHOE cpeacTBo: [IpakTuueckas pabora
Bonpocsi/3ananus:

1. TeoMapKEeTHHIOBOE HCCIIECIOBAHUE TEPPUTOPUM C MPUMEHEHHEM METOAOB MAIIMHHOTO
oOyueHus

Pazoen 7. Memoowt maumunnozo odyuenusn 6e3 yuumens 011 RPOCMPAHCHMEEHHO20 AHAIUZA
Konmponupyemvie U/IK: 11K-1.1

Tema 7.2. Dxonozuyeckuti MOHUMOPUHE 20POOCKOU Cpedbl
dopma KOHTPOJIsT/OlleHOYHOE cpeacTBO: [IpakTudeckas pabora
Bomnpocsi/3ananus:

1. TeoaHanu3 5KOJOTHMUYECKUX (PAKTOPOB TOPOICKON cCpenbl ¢ NPUMEHEHHEM METOJOB
IIPOCTPAHCTBEHHOM KJIaCTEpU3ALIUU

Pa3zoen 8. I'nybokoe odyuenue ona oopadomku oannvix /133
Koumponupyemvie U/IK: 1IK-1.1

Tema 8.2. Cemanmuueckas ceecmenmayus u 0emexkyusi 00beKmos
dopma KOHTpOJIsI/oTIeHOUHOE cpeacTBO: [IpakTuyeckas padora
Bonpocsi/3ananus:
1. O0yueHre MOIeNT CEMaHTUYECKON CerMeHTauu JaHHbx /33

Tema 8.3. Pazsepmuiganue mooenell 8 e0-NPUnioHCeHUsIX
dopma KOHTPOJIs1/0LIeHOYHOE cpenicTBO: PacueTHo-rpaduyeckas padora
Bomnpocsi/3ananus:

1. Pa3paboTka mporpaMMHOTO KOMIUIEKCa € BeO-MHTep(delcoM Ui MHTEIEKTYaJIbHOTO
aHaJIM3a reoNpOCTPAHCTBEHHBIX JAHHBIX B 3a/1a4aX Ie0JIe3Ud U JUCTaHIIMOHHOTO 30HIMPOBAHUS

8. OueHo4HbIe MaTepHAJIbI IPOMEKYTOUHOM aTTeCTALUM

2 cemecmp, 3auem
Konmponupyemvie U/IK: 11K-1.1
Bonpocsl/3ananus:
1. IlonATHE CHCTEMBI HCKYCCTBEHHOTO MHTEJUIEKTA

2. llenp mpoBeneHUS HAyYHBIX M TEXHUUYECKHX pa3paboToK B 0OJACTH HCKYCCTBEHHOTO
UHTEIJIEKTa
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3. Kimaccudukanusi cicTeM HCKYyCCTBEHHOTO MHTEIIJIEKTa

4. OyHKIIMOHAJIbHAS CTPYKTYpa CUCTEMBI HCKYCCTBEHHOT'O MHTEIIEKTa

5. OcHoBHBIE 00JIaCTH MPUMEHEHUS! CUCTEM HCKYCCTBEHHOTO MHTEIIEKTa

6. Jlanabie 1 3HaHUs. Moienu peacTaBIeHUs] 3HAaHUI

7. CriocoOblI OlleHKH KauecTBa paboThl CUCTEMbI HICKYCCTBEHHOTO MHTEIIEKTa

8. OcobeHHOCTH MOATOTOBKU OOydYaroliel BbIOOPKH Ha OCHOBE MPOCTPAHCTBEHHBIX JaHHBIX
JUIS UCTIONIb30BaHUS B CICTEMaxX UCKYCCTBEHHOTO MHTEIJICKTa

9. IlonsiTue sxcnepTHOM cucteMbl. CTPYKTypa SKCIEPTHOM CUCTEMBI
10. Knaccudukanus 3KCIIepTHBIX CUCTEM

11. IlonsTHE HEPOHHOI ceTn

12. Knaccuduxanust HCKyCCTBEHHBIX HEUPOHHBIX CETEH

13. 3agaun, pemnraeMple HEHPOHHBIMU CETSAMHU

14. HenocTaTku ¥ IpeMMyLIECTBA HEMPOHHBIX CETEN

9. MaTepuajibHO-TeXHHUYECKOE H Y4eOHO-MeTOAuYeCcKoe odecneyeHue QU CIUTIIUHbI
9.1. IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON Y4eOHOH JTUTEPaTypPbl

Ocnognas numepamypa

1. MutskoB E. C. McKycCTBeHHBIM MHTEUIEKT U MalIMHHOE OoOydeHue: yueOHoe mocolue uis
By30B / E. C. Murtsikos, A. I. [llmenesa, A. U. Jlagpiaun. - Cankr-IlerepOypr: Jlans, 2025. - 252 c. -
978-5-507-51465-6. - Tekct: onekrponnblii // WspmarensctBo Jlaws: [caiit]. - URL:
https://e.lanbook.com/book/450827 - Pexum mocTyrma: o moamucKke

2. JIsicakoB K. @. Ilpaktuueckoe mporpammupoBanue Ha Python: yuebnoe mocobue / K. ©.
JIpicakoB. - IlpakTnueckoe mnporpammupoBanue Ha Python - HoBocuOupck: HoBocubupckwuii
roCyIapCTBeHHBIN yHUBepcutet, 2023. - 75 c¢. - 2227-8397. - Tekcrt: anexrpouusiii / IPR SMART:
[caiiT]. - URL: https://www.iprbookshop.ru/134584.html - Pexwum mocTyma: 1o moamnucke

Hononnumenvnasn rumepamypa

1. Anyppue C. O. Texnomorun cOopa NPOCTPAHCTBEHHBIX TaHHBIX a’3POKOCMUYECKUMHU
MeTtomamu: yueOHoe mocobue ans By3oB / C. O. Anydpues, O. C. Anydpues. - Cankr-IletepOypr:
Jlanb, 2024. - 144 c. - 978-5-507-49736-2. - Tekct: anekrponnblii / U3narensctBo Jlanb: [cait]. -
URL: https://e.Janbook.com/book/427799 - Pexxum noctyna: 1o noamnucke

9.2. [IpodeccuonanbHblie 0a3bl JAHHBIX U pecypcbl «MHTEpHET», K KOTOPBIM 00ecneuynBaeTcs
AOCTYN 00YYAKOIIMXCS

IIpogheccuonanvruvie 6azvi Oanuwix
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He ucnonb3yrores.

Pecypcor « Unmeprem»

1. https://docs.python.org/3/index.html -  TexHuueckas  JAOKyYMEHTamusi TIO  SI3BIKY
nporpammupoBaHusi Python

2. https://sdo.miigaik.ru/ - Cucrema nuctannuonnoro ooyuennss MUNTAuK

9.3. [IporpammHoe o0ecniedeHre U HHPOPMAITMOHHO-CIIPABOYHbIE CHCTEMbI, HCIOJIb3yeMble
NPH OCylIeCTBJIEHUH 00pPa30BaTeIbHOIO Npouecca no JUCIUIIUHE

Ilepeuenv npoepammnozo obecneueHus

(0obHO8GNEHUE NPOU3BOOUMCS NO Mepe NOSBLEHUS. HOBbIX 8ePCULL NPO2PAMMDbL)
1. ArcGIS;

2. QGIS;

3. Anaconda;

4. Microsoft Visual Studio;

Iepeuenb uHGOPMAYUOHHO-CRPABOUHBIX CUCTEM
(0OHOGIEHUE BBINOTHAEHCA eXHCEHEOETbHO)

He ucnonb3yercsi.
9.4. O6opynoBaHue U TEXHHYECKHE CPeACTBA 00yUeHH s

KomnbrorepHsbIit Kitacc
Mapkepnas gocka - 1 mr.
Mono00K - 48 mT.
[TpoekTtop - 4 mT.
ABromaru3upoBaHHoe padouee mecto (APM) - 15 mT.
[TmoTTep - 1 T
Cxkanep - | mr.

10. MeTonnyeckue ykazaHusi 10 OCBOCHHUIO IMCIUIIMHBI (MOXYJIA)

C uenpio yCHEenHoro OCBOCHUSI JAHHOTO IPeMETa CTYIEHTY HEOOXOIMMO BBIMOIHSTH JIOMAIlIHUE
paboThI MO YKa3aHHBIM MpEnojaBaTessiM TeMaM M IMPEICTaBICHHBIM Ha 3aHATHSIX MarepuanaM. J[is
Oolee  yCHEIIHOTO  BBIMOJHEHUS ~ pabOThl  CTYIEHTY  Mpeajaraercs  HCIOJIb30BaHUE
y4eOHO-METOJUUECKUX MaTeprajoB, COOTBETCTBYIOIIUX YKAa3aHHOI TeMe.

CamocTtosTenbHast paboTa CTyJI€HTOB ONKCHIBACTCS U PETYIUPYETCS:

- MeronnyeckuMu peKOMEHIAUSIMU IO JUCIUILIUHE;
- MeronnyeckuMu PpEKOMEHJAIMAMHU IO OpPraHU3alii CaMOCTOSTEIbHONH pabOThl CTYIEHTOB
MUUT'AuK;

Onucanue 603moxcnocmeii usyuenusn oucyunaunvl auyanu ¢ OB3 u uneanuoamu

[Tpu HEoOxonUMOCTH 00YUYEHHS! CTYICHTOB-UHBAIM/IOB U JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMU
3M0POBBSl  ayAMUTOPHBIE 3aHATUA MOTYT OBITh 3aMEHEHbl WJIM JIONOJHEHBl H3yYEeHUEM
MOJTHOTEKCTOBBIX ~ JIEKIMW, TMpPE3eHTallUid, BHAECO- M  aygAuOMarepuajoB B  AJIECKTPOHHOU
nHpopmarmonHo-oopazoBarensHoii cpene (DMOC) yuuBepcutera. MHIAMBUAYaTbHBIC 3aJaHHS
MoAOUPAIOTCS B aallTUPOBAHHBIX K OTPaHUYEHUSIM 310pOBbs (hopMax (MUCBMEHHO WM YCTHO, B
dbopme mipeseHTarnuii). BeiOop MeTo0B 00ydYeHUSI 3aBUCHT OT WX JOCTYIMHOCTH JUIsl UHBAIUIIOB M
JIUI] C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMU 3710POBbSI.

PaGouas mporpamma AMCHMIUIMHBI U1 WUHBAJIUAOB U JIUI C OFPAaHUYCHHBIMU BO3MOXKHOCTSIMHU
3I0POBBS pa3padaThIBACTCS UHINBUIYAIBHO C yU€TOM OCOOCHHOCTEN NCUXO(PU3UUECKOTO Pa3BUTHSI,
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HWHIAUWBHUIYAJIbHBIX BO3MOXXHOCTEH M COCTOSTHHS 310POBbS TaKHUX 06yqa}onmxcs{.
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