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Pa3padoruukmu:

Crapmmii npenogasareis Kapenpbl ASpOKOCMUYECKUX ChbEMOK
Jly6nun /1. 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 Teonesnuecknii | [Ipencenareinn ITonosuer O. B. Paccmotpeno [ 18.03.2025, Ne 2
(baxysprer YY4EHOTO COBETa
¢axynbTera
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1. Heab 1 3a1a4um 0CBOEHMSI TUCUMUIIIMHBI (MOLYJIs1)

HCHL OCBOCHUSA NUCHUIIIMHBI - CIICHAJIbHAA IMOATOTOBKA CTYACHTOB IO TCOPCTUYCCKHUM U
NPAaKTUYECKHUM BOMpPOCAM CO3JMAHMs, OKCIUTyaTallud M MpO(eCcCHOHATBHOTO HCIOIb30BaHUS
aBTOMAaTH3MPOBAHHBIX CHCTEM cOOpa W 00pabOTKU pe3ysIbTaToB IUCTAHLIMOHHOTO 30HAMPOBAHUS C
LEJBI0 UX ACIU(PPUPOBaHHS U (OPMUPOBAHUS TEMAaTHYECKUX TPOJYKTOB

Baﬂa‘II/I HU3YUCHUA NUCHUIIIINHBIL
- copMHpoBaTh CUCTEMHOE TIIOHHMaHUE SBOJIONUM METOJOB JeMHU(pPUPOBaHHUI — OT
TPaJAMIIMOHHOTO BU3YaJIbHOTO aHaju3a J0 COBPEMEHHBIX aBTOMATH3MPOBAHHBIX METOJOB, B TOM
gyucie 0a3upyIOMUXCs Ha aITOPUTMaX NIyOOKOTO 00yUYeHUs;,

- Hay4YUTh MPOCKTUPOBATh U PEATM30BbIBATH KOMITJICKCHBIE TEXHOJIOTMYECKUE IETTOYKH 00pabOTKH U
knaccupukanuu maHHbBIX JI33 — OT mpeaBapUTENbHON MOATOTOBKH CHUMKOB JIO MOCTPOCHUS H
OLIEHKHU MOjIeJIel aBTOMAaTU3UPOBAHHOTO JACIIU(PPUPOBAHHS;;

- obecreunTh KOMIETEHTHOCTh B BHIOOpE U aJlanTallii METOAO0B KiIacCHU(HUKAIUH O] TUIl CHUMKA,
paspellieHre 1 TeMaTHKy 3a/1auu;;

- Hay4YuTh (OPMHUPOBATh U AaHHOTHUPOBATh OOydYaroline BHIOOPKHU M 3TAJIOHBI, OLICHUBATH KaY€CTBO
pe3ynbTaTtoB (METPUKH TOYHOCTH), a TaKXKe IPOBOJUTH IMOCTOOPaOOTKY W KapTorpadudueckoe
ogopmIleHHE UTOTOBBIX MPOTYKTOB;;

- copMupoBaTh MpPEACTABICHHE O TMPABOBBIX, ATUYECKUX U TEXHHUUECKUX OTrPaHHMUCHHIX
aBTOMAaTH3MPOBAHHOTO JeMU(PUPOBaHUS: JHUIEH3UpoBaHUe AaHHBIX U [10, BOCHIPOM3BOAMMOCTD
aHaJIn3a, OTBETCTBEHHOCTD 3a MHTEPIIPETALUIO ABTOMAaTUYECKUX PE3YJIbTATOB;;

- 3aJI0KUTHh OCHOBY JJIsi HAYYHO-HCCJIEIOBATENbCKOM ASSITENbHOCTH WIN MPUKIAAHON pa3paboTKH B
o0lacTi reoaHaJUTUKH Ha 0a3e HCKYCCTBEHHOTO WHTEJUIEKTa, BKIIIOYas MOTEHIHUal Y4yacTHs B
npoekTax Ha ctbike /]33, mammunoro oOyuenus u ['MIC.

2. [Inanupyemblie pe3yJbTaThl 00y4YeHHs 10 TUCUUILIMHE (MO1YJ/II0), COOTHECEHHbIE C
IVIAHMPYEeMBbIMHU pPe3y/1bTaTaMU 0CBOeHHsI 00pa30BaTeIbHON NPOrpaMMbI

Komnemenyuu, unouxamopul u pe3ynomamul 00y4eHus

[TK-1 Cnocoben YIPaBIAThH MIPOU3BOJICTBEHHO-TEXHOJIOTHYECKUMU MpoueccaMu
Tonorpad)o-reoie3nIecKux padboT

[1K-1.1 Pa3paboTka mpoeKTOB MPOU3BOACTBA TONOIPadO-reoIe3nIECKIX padoT
3nams:
[IK-1.1/383 Kommiekc pabor mo o00paboTke a’poKOoCMHYECKOW WHGPOPMAIUA |
HA3eMHBIX JaHHBIX
[1K-1.1/384 CTpyKTypy ¥ CBOMCTBA MPOCTPAHCTBEHHBIX IAHHBIX U METATaHHBIX

[IK-1.1/3u14 Metoas! u cpeAcTBa MOMCKA U TOIYy4YEHHUs, CUCTEMATU3aluu U 00paboTKu
a’pPOKOCMHUYECKON MH(POPMAIIMH U CHUMKOB MECTHOCTH

Ymemns:

[1K-1.1/YM3 BpImonHAT, KOMILIEKC PabOT MO MOHUTOPUHTY MPHUPOAHBIX PECYPCOB,
MPUPOJOTIONIB30BAHUS U TEPPUTOPUI TEXHOTEHHOTO PUCKA

[IK-1.1/YM4 BrIONHIATE OIEHKY, aHajdu3 KadecTBa M 0OpabOTKy MarepuajioB
JTUCTaHIIMOHHOTO 30HANPOBAHUS

[IK-1.1/Ym14 IlnanupoBaTh NpPOLECCHl W OTalbl a’POKOCMUYECKHUX CHEMOK IS
pelIeHns ONPEeAeIEHHOTO Kpyra MPOU3BOICTBEHHBIX M HAYYHBIX 3a7a4

Bnaoemw:
[1K-1.1/HB4 HaBbikamu co3nanus 0a3 JaHHBIX U(PPOBOIT TeMaTniyeckoil nHpopMaLuu

[1K-1.1/HB11 CpaBHUTETBHOTO aHaMW3a WH()DOPMAITMOHHBIX TEXHOJOTHHA B TE€ONC3UU H
JUCTAaHIIMOHHOM 30HJMPOBAHUU AJisi cOopa reomHGopMaIi U PEeUIeHHs MPUKIAaIHbIX
3aja4
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[IK-1.1/HB14 HaBeikamu 00paOOTKHM, aHanmu3a U OO0OOIICHUS  PE3yabTATOB
HKCIIEPUMEHTOB U MCCJIEJOBaHUI B COOTBETCTBYIONIECH 00IaCcTH 3HAHUI

3. MecTo aucuMiuinHbl B cTpykrype OIl

Hucrummuaa (Moxyns) b1.B.JIB.01.23 «ABTomMaTuzanust nemm@pupoBaHusi CHUMKOBY» OTHOCHTCS K
dbopmupyemoii yuacTHUKaMH 00pa30BaTeIbHBIX OTHOLICHUM YacTu o0pa3oBaTeIbHON MpOrpaMmbl U
n3ydaetcs B cemecTpe(ax): 4.

B npounecce wu3yyeHMs ~OUCHMIUIMHBI CTYAEHT TOTOBUTCA K PpEUICHMIO THUIIOB 3ajad
npodeCcCHOHAIBHOW  AedaTenbHOCTH, mnpenycMmorpeHHbix @OI'OC BO wu  obpa3oBarenbHON
IIPOrpaMMON.

4. O6beM aMCUMIJIMHBI (MOYJIs1) M BUABI Y4eOHOH padoThI

2
2]
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OIICHKOM
Bcero 108 | 3 13 | 26 | 69

5. Conepxxanue 1MCUUILTAHBI (MOLYJIS)
5.1. Pa3gennl, TeMbl AMCUUILIMHBI M BUABI 3aHATHH
(4acel MPOMEXKYTOYHOM aTTECTALIMU HE YKA3bIBAOTCSI)

HaumenoBanue paznena, TeMbl

00y4eHHsI, COOTHECEHHBIE C
pe3yJbTaTaMyi OCBOCHUS

[Lmanupyemblie pe3ynbrarhl
~ | mporpamMmsI

JIEeKIIMOHHBIE 3aHATUS
[IpakTnyeckue 3aHATHS
CamocrosiTenpHas paboTa

Bcero

N
=
7

Pa3nen 1. BBenenue B 8 1 2
aBTOMAaTH3AIUI0
AeminppupoBaHus
Tema 1.1. [TousTue 8 1 2 5
nemuppUpoBaHus,
JlemndpoBoUHbIE TPU3HAKU U UX
dhopmanuzarus. [Tomxoms! o
aBTOMaTU3aluu JemudpupoBaHus
Pasnean 2. [IpeaBapuresibHas 18 2 4| 12| IIK-1.1
oOpadorTka nanubix /(33
Tema 2.1. ['eomeTpuyeckas 9 1 2 6
KOppekuus aaHHbIx /(33
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Tema 2.2. Pannomerpuueckas 9 1 2 6
KOPPEKLHUS U IpyTue Onepauu
00paboTKH, BOSHUKAIOIINE HA
JTane npeIBapUTeIbHON
00paboTku

Pa3gea 3. Kinaccudeckue u 17 3 4| 10| IIK-1.1
CTATUCTHYECKUE METOAbI
aBTOMATH3UPOBAHHOIO
AeminppupoBaHus

Tema 3.1. Kinaccuueckue u 17 3 4|1 10
CTaTUCTUYECKUE METOMBI
aBTOMAaTH3HPOBAHHOTO
nemupupoBaHus

Pa3nea 4. Iimybokoe o0ydyeHue B 29 3 8| 18| IIK-1.1
3ajayax JAemuppupoBaHus

nannbix 1133

Tema 4.1. Pa3zMeTka TaHHBIX UIA 15 1 41 10
oOyueHus

Tema 4.2. Merons! 1 ocobenroctu | 14 2 4 8

TyOOKOTO 0OY4YEeHHS Ha TaHHBIX
J33. OneHka TOYHOCTH
PE3yIBTATOB.

Pa3zaen 5. MeToanbl BbISIBJICHHUS 16 2 4| 10| IIK-1.1
H3MeHEeHH I
Tema 5.1. [Togxonpl U aNTOPUTMBI, 16 2 41 10
WCIIOJIb3yEeMBbI€ TSI BBISIBIICHHSI
U3MEHEeHHH 110 JanabeM (33

Pa3znen 6. ABTomaTu3zanus 11 1 2 8| IIK-1.1
NpoueccoB Aemu(pprupoOBaHUA

nanabix 1133

Tema 6.1. [TocTroOpaboTka 11 1 2 8

pe3yabTaToOB AeMU(PPUPOBAHUS.
[Tonxons! 1 pemeHus s
aBTOMAaTHU3alMH [TPOLIECCOB
nemmdpupoBanus 1aHHbIX [[33
Pasnen 7. IlepcnekTuBHBIC 9 1 2 6| IIK-1.1
HANIpaBJIeHHUS B 3aa4ax
aBTOMATHU3alMs NPOLECCOB
nemudpupoBanus

Tema 7.1. [lepciekTUBHBIE 9 1 2 6
HaIpaBJIeHUS B 3a7a4ax
aBTOMAaTH3alMs IPOLIECCOB
e pupoOBaHUs

Hroro 108 13| 26| 69

5.2. Conep:kanue pa3aeyoB, TeM JUCHHUILUIAH U (DOPMBI TEKYIIEr0 KOHTPOJIS

Pa3zoen 1. Beedenue 6 asmomamuszayuto oeumiupuposanus

Tema 1.1. Iousamue oewugpuposanus, Jewugposounsvie npusnaxku u ux gopmanruszayus. I100xo0vl
no asmomamu3zayuu Oewuppuposanus
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JlemmdpupoBaHue:  MOHATHE, THUNBI  (BU3yaJlbHOE,  aBTOMAaTU3UPOBAaHHOE, TUOPUAHOE).
JlemmgppoBoUHbIe MPU3HAKK U UX (QopMaiu3anus (CrIeKTpalbHble, TeOMETPUUECKHE, TEKCTYPHBIE,
KOHTEKCTyallbHbIE). ABTOMaTH3alMsg Kak oTBeT Ha: big data /133, TpeOoBaHusS K CKOpPOCTH U
MOBTOPSIEMOCTH, CHIDKCHHE CYOBEKTMBHOCTH. McTouHumku naHHbIX. [IpaBoBble M JIHMIIEH3UOHHBIC
acTeKThl HCIIOJb30BAHUS JAaHHBIX, NPOTrpaMMHOrO oOecmeyeHus © OOY4YEHHBIX Mojeneil B
00pa3oBaTeIbHBIX/KOMMEPUYECKHX IETIAX.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

[IpakTuueckas padora

Paszoen 2. Ilpedosapumenvnan oopabomka oannwix /{33

Tema 2.1. I'eomempuueckas xoppexyus oaunvix /33

VYpoBHH 00pabOTKM naHHBIX. [IpUYMHBI, BIMSAIONIME HAa KayeCTBO TI'€OMETPUUECKOW IPHUBSI3KU
MCXO/IHBIX JTAHHBIX. Tuns reoMeTpPHUYECKOM KOPPEKLIUU (OpropexTudukanms
(oproTpanchopMupoBaHKE), TEONPHUBS3KA - MPUBI3KA K OMOPHBIM TOYKAM, YTOUHEHHE MPUBSA3KH IO
MeTagaHHbM). DopMaTel U ocobeHHoCTH TponykToB J[33. [mobanbHbIe G pOBEIE Mojenu penbeda
U MecTHOcTH. Mertonsl M Mojaenu TpaHchopmarmu, (GaKTopel, BIUSIONIME HA TOYHOCTb.
ABTOMAaTH3aIUA U BOCIIPOU3BOAUMOCTb.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIS

[TpakTuueckas padora

Tema 2.2. Paouomempuueckas koppekyus u opyaue onepayuu 06pabomxu, 603HUKaowue Ha smane
npeosapumenvHol 0opadbomku

Pagnomerprueckrue MCKaKCHHUS: MCTOUYHUKU BHEIIHHE W BHYTPEHHHUE, CIIOCOOBI M MOIXOIBI B MX
UCTIPABJICHUH. DTambl paJlOMETPUUYECKON 00pabOTKM M 3HAYEHUS B IUKCENIE: ChIPble 3HAYCHHS
SAPKOCTH — MOIIHOCTh M3IYYECHHs HA CEHCOPE — OTpaXkaTelbHash CIOCOOHOCTh Ha BEPXHEH KPOMKe
arMocdepbl — OTpakaTreibHas CIOCOOHOCTh HAa HMKHEH KpOMKe arMocdepbl \ y MOBEPXHOCTHU
3emin. CnextpanbHas IUIOTHOCTh HYHEPreTHUECKOW SPKOCTH. Bumbl armMocdepHOl KOppeKIHu
JAHHBIX JMCTAHIIMOHHOTO 30HAUPOBAHUSA 3eMJIM M3 KocMoca. JlomomHHUTENbHbIE ONepaluu
npenodpaboTku: nanmaprneHuHr (Pansharpening) — ymydieHne npocTpaHCTBEHHOTO pa3pelieHus,
pabota ¢ Mackamu ( oOnaka U TEHEH, CHEI, MaCKM MOJCTUJIAIONICH MOBPEXHOCTH U TP.), MO3aHKH,
HACTpOMKa TMCTOIPAMMBI, TAUIUHT U JP.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIS

[TpakTuueckas padora

Pazoen 3. Knaccuueckue u cmamucmuuyecKue - Memoobvl aAemMoMamu3upo8anHo2o
Odeumugppuposanus

Tema 3.1. Knaccuueckue u cmamucmuyeckue memoosl A8MOoMAmMu3uUpO8aAHH020 0emuppuposanus

[ToporoBas u MynbsrunoporoBas kinaccuukanusa. Kiacrepuzaums: K-means, ISODATA,
uepapxuueckre Meroabl. OOBEKTHO-OpUEHTHUPOBAHHBINA aHAJIN3: CETMEHTalusl — Kiaccu(ukanus.
Heliponnele ceTu mOpsAMOro pacnpoCTPaHEHHUs, CaMOOPraHU3yIOIUECs HEUPOHHBIE CETH.
Pacmmpenune Bo3MoxkHOCTeH Kiaccudukauu (feature engineering): MHIACKCHI, TEKCTYPbI, TEOMETPHUS
CETMEHTOB.

Texymuii KOHTPOJIb
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Bun (hopma) koHTpOIIS

[IpakTuueckas pabora

Pas3zoen 4. I'nybokoe odyuenue 6 3a0auax oewiugpuposanus oannvix /133

Tema 4.1. Pazmemka oanHblx 0151 00yyeHUs

3ayeM Hy)KHa KauecTBeHHas pa3zMmeTka? IIpuHuun «Mycop Ha BXoge — Mycop Ha Bbixone» (GIGO)
s HedpoceTeil. BnusgHHe KadecTBa pa3METKHM Ha CXOAMMOCTb MOJIENH, 0000IIaronIyo
COCOOHOCTh M WHTEpHpeTHpyeMocTh omubok. Tumbl pasmerkun B J[33: mnwukcenbHasd,
nojuroHanbHas ( BEKTOpHas), ToyeyHass\ pamodHas. [logxompl K cOOpy M pa3MeTKe JaHHBIX
JlaraceTra: py4HOM, IOJIyaBTOMATUYECKUH, MEPEHOC pa3METKU Ha APYrOM CHUMOK M ayIMEHTalUs.
OTu4ecKue U MpaBOBbIE aCIEKThI: aBTOPCTBO, JINLIEH3UPOBAHKUE JAHHBIX U Pa3METKH, IPO3PayHOCTh
U BOCIIPOU3BOAUMOCTB. IHCTpYMEHTBI U IPOrpaMMBl I pa3MeTku. Dopmarsl JaHHBIX U AaTACETOB.

Texymui KOHTPOJIb
Bun (hopma) konTpoms

[TpakTuueckas padora

Tema 4.2. Memoovl u ocobennocmu 2enyboxoeo ooyuenuss na oanuwvix /[33. Oyenxa mounocmu
Pe3yIbmamos.

ApXUTEKTYyppl U OCOOEHHOCTH OOyudeHHs B 3aBHUCHUMOCTH OT 3a/ad U BbIOpaHHBIX IOAXOMOB.
Ocobennoctu oOyuenus Ha gaHHbIX J133: HacTpoiika BxoaHoro ciost (RGB+NIR), ¢dyHkiuu notepsb
(Loss), ayrmentanum, crienuduunsie misa [[33, mooOyuenue (Transfer learning), mcmonb3oBaHue
foundation models. Omenka xkadecTBa: Marpuia omuoOok (confusion matrix), METPUKHU
precision-recall, F1, IoU u mp.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

[TpakTuueckas pabora

Pazoen 5. Memoowt éviaenenus uzmenenui

Tema 5.1. I1o0x00bl u ancopummol, UCNObL3YEMbLE 051 BbIAGTEHUSL USMEHEeHUU No OaHHbiM [[33

Tumbl wW3MeHEHWH: TMOCTeNeHHbIE (Ierpajanus Jieca), peskue (BBIpyOKa, CTPOUTENBCTBO),

muKnyeckue  (cenpxo3000poT). [logxompl: pasHOCTHBIE, KiacCH(UKAIMS C  MOCIEIYIOIUM

cpaBHeHneM (post-classification comparison), npsmeie metonsl (IRMAD, PCA-based change

detection), momxoapl TIyOOKOro oOydeHHs B 3ajadax BbISBICHUS u3MeHeHUH. I[IpoOnemsl,

BCTPEUAIOLINECS IIPY BBIBICHUN U3MEHEHUH 1o AaHHbIM J[33. Banuaanus pe3yasratoB H3MEHEHUH.
Texymui KOHTPOJIb

Bun (hopma) konTpoms

[TpakTuueckas padora

Pazoen 6. Asmomamu3zayusa npoueccos oeuwtugppuposanusn oannvix /133

Tema 6.1. Ilocmobpabomka pezynbmamos Oeuwudpuposanus. I1looxodvl u pewenus 0714
asmomamuzayuu npoyeccos oewugppuposanus oannwix /[33

Ne 000006380 Crpanura 8 u3 15



[TocroOpabotka pe3ynbraroB aemmdpupoBanusd. [Ipobrnemsl, npuBOAAIIME K HEOOXOOUMOCTH
nocToOpadOTKU: 3alIyMJIEHHOCTb, Pa3phIBbl KOHTYPOB, U30BITOUHAS JCTaIH3alMs, HECOOTBETCTBUE
TOTIONIOTHH, AyOIMpOBaHUE. DKCIOPT PE3yJbTAaTOB: pacTepu3alus \ BEKTOpHU3AIMs, (UIBTpAIs,
reHepagu3anys u 0000IeHue.

[Mogxompl W pemieHuss JUIsl  aBTOMATH3allMM  TpoleccoB nemudpupoBanus. WHCTPyMEHTHI
aBTOMAaTH3alIHH.

Texyuuii KOHTPOJIb

Bun (hopma) koHTpOIIs

[IpakTuueckas padora

Pazoen 7. Ilepcnekmugnvle HanpaeieHus 6 3A0a4ax  AGMOMAMU3AUUA  NPOUECCO8
Odeuugppuposanus

Tema 7.1. Ilepcnexmuenvie Hanpagienus 6 3a0a4ax asmomMamu3ayus npoyeccos Oeunudpuposanisl

CpaBHUTENBHBIN aHAIN3 U3YYEHHBIX METOJIOB 110 KPUTEPUSM TOYHOCTH, CIIO)KHOCTH B PEAJIM3aLUU U
3aTpayuBacMbIM pecypcam.

Tpennst orpacnu: foundation models ans /133, npumeHeHrne OONBIIMX JTUHTBUCTHUECKUX MOJEIEH
(LLM) B oTpaciau NpOCTPAHCTBEHHBIX JAHHBIX, KOMIUIEKCUPOBaHHME NaHHBIX WU Ip. Pemenus u
KOMITAaHUU POCCUICKOTO PBIHKA, 3aHUMAIOIIMECS pa3BUTHEM JaHHOTIO HAIPaBJICHHUS.

Texymuii KOHTPOJIb

Bun (hopma) konTpoms

[TpakTuueckas padora

6. Illops1oK NpoBeIeHUsI MPOMEKYTOYHOM ATTeCTALUMN

[Topsimok  mpoBeAeHHUS TMPOMEKYTOUHOM  aTTeCTalMM  pPEerIaMeHTUPYETCS  JIOKaJIbHBIMU
HOPMAaTUBHBIMU aKTaMU YHHBEPCUTETA!
- ITlonoxenuemM o Qopmax, MEPUOTUYHOCTH, MOPSAKE TEKYIIEro KOHTPOJS YCIEBAEMOCTH U
MPOMEXKYTOYHON arrecTand OOy4aroUIMXcsi MO OCHOBHBIM OOpPa30BaTENIbHBIM MpOrpammam
BBICIIIETO 00pa3oBaHus — IporpamMmam OakajlaBpuara, mporpamMmam CIEHUalIuTeTa, MporpaMmam
MarucTparypbl B (peaepasbHOM TOCYIapCTBEHHOM OOIKETHOM OOpa30BaTEIbHOM YUPEKIACHUU
BbICIIEro 00pa3oBaHusi «MOCKOBCKHI TOCYIapCTBEHHBIH YHHUBEPCHUTET T'€0/Ie3UH U KapTorpadumy,
1.6 «Opra"nuzanus v NpoBeICHUE MTPOMEKYTOUHOM aTTECTALIUI.
- IlonoxeHneM O MOpPsSAKE OCYHIECTBIEHHS OOpa30BaTEIbHOTO MPOIECCa, MPOBEACHUS TEKYILEro
KOHTPOJISL YCIIEBAEMOCTHM M IPOMEXKYTOYHOW arrecranuu OOydyaromuxcsi C MpUMEHEHUEM
AIIEKTPOHHOTO OOy4YeHUs M JHUCTAHIUOHHBIX OOpPa30BaTENbHBIX TEXHOJOTUH B (¢eneparbHOM
TOCYJapCTBEHHOM  OIOKETHOM  OOpa30BaTE€IbHOM  YUPEXKJACHHH  BBICIIETO  OOpa3oBaHUS
«MOCKOBCKHMI TOCYIapCTBEHHBIM YHUBEPCUTET Teofe3uu W KapTtorpadum», m.8 «lIpoBemenue
MPOMEXYTOUHOM aTTectanuu ¢ npuMmeHeHuem S0 u JJOT».

IIpomesxcymounas ammecmayus: 3auem ¢ oyeHKol, 4 cemecmp.

Brimonnenne Bcex paboT sBhseTCs 00sA3aTeNbHBIM Ui BceX oOywaromuxcs. CTyaeHTbl, He
BEHITIOJTHUBIIIME B TOJTHOM O0BEME Bce 3THU pabOThI, HE NOMyCKalTcs Kadeapoirl K caade 3adéra.
WToroBeIii KOHTPOJIb TIO KypCy: Ui KOHTPOJS YCBOCHHS NAHHOW JAMCIUIUIMHBI YYCOHBIM IJIAHOM
IIPENYCMOTPEH 3a4€T C OLICHKOM.

Ha 3auere cTygeHT OOKEH NOKa3aTh 3HAHUE COAEPXKAHHS IpeaAMeTa, TEPMHHOJIOTHH, YMEHHE
cBOOOAHO omnepupoBarh eto. [Ipu moAroToBke K OTBETY Ha 3a4eTe C OICHKOM CTYIEHTY pa3perieHo
MOJIL30BAThCs paboveii MPOrpaMMOi TUCIUTUTHHEL. ECIH CTyAeHT 3aTpyIHSAETCS C CAaMOCTOSITETbHBIM
M3IIOKEHHEM MaTepuana, TO MpernoaaBarellb UMEET MPaBo 3a4aTh €My Psijl BOIIPOCOB, TOOYXTAFOIINX
Y HaAMPaBJISIONINX CTYICHTOB K TIOJTHOMY BBICKA3bIBAHHUIO 110 TAHHOM TeMe B CITydyae, €CJIM OTBETHI Ha
3Ty TEMY HUCUEPIIBIBAIOT TEMY, OIICHKA 332 OTBET CHU)KAETCSI.
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7. OueHOYHbIC MaTepPHAJIbI TEKYLIEr0 KOHTPOJIS

Pazoen 1. Beeoenue 6 aemomamuszayuio oemiuppuposanus
Koumponupyemvie U/IK: 11K-1.1

Tema 1.1. Ilonamue oewuppuposarnus, /lewiugppogounvie npuznaxu u ux gopmaruzayus. I1o0xoow
no agmomamuzayuu Oeuuppuposanus

®opma KOHTpOJIsI/O1IeHOYHOE cpeacTBo: [IpakTryeckas padbora
Bonpocsi/3ananus:

1. ITouck, moxbop u npeaBaputenbHas omneHka nanubix J[33. [lepBuunas paboTa ¢ TaHHBIMU
B [1O Temarnueckoit 00pabOTKH.

Pazoen 2. Ilpedosapumenvuasa oopabomka oannwix /{33
Koumponupyemvie U/IK: 11K-1.1

Tema 2.1. I'eomempuueckas koppexkyus oannvix 33
dopma KOHTpOJIs/olleHOYHOE cpeacTBo: [IpakTudeckas padora
Bomnpocsi/3ananus:
1. TeomeTpuueckast KOpPEKIUS CHUMKOB

Tema 2.2. Paouomempuueckas Koppekyus u opyaue onepayuu 06pabomu, 603HUKaowue Ha smane
npeosapumenbHol 00pabomxu

dopma KoHTpos1/onieHoUHOE cpencTBo: [IpakTuueckas padora
Bomnpocsi/3ananus:
1. Pagnomerpuueckas kamnOpoBKa U atMocdepHas Koppekius qanubix /(33 u3 kocmoca

Pazoen 3. Knaccuueckue u  cmamucmuuecKkue - Memoovl  AGMOMAMUZUPOBAHHO20
Odeuwiugppuposanusn

Koumponupyemwvre U/IK: 1IK-1.1

Tema 3.1. Knaccuueckue u cmamucmuyeckue memoobl A8MOMAMU3UPOSAHHO20 Oeuuppuposanus
dopma KOHTPOJIS/O1IeHOYHOE cpeacTBO: [IpakTHdeckas padora
Bonpocsi/3ananus:
1. PaGora c mackamu

2. [lpyrue omnepanuy MpeiBapUTeIbHON 00paObOTKHU: MaHIIAPIECHHUHT, CO31aHUEe MO3aWYHbIX
IIOKPBITUM U T.1I.

3. Temaruueckoe aAemuppUpoBaHUE ydacTKa TEPPUTOPUHM C  HUCTOIH30BAHHEM
MHOTOYPOBHEBBIX aITOPUTMOB Kiaccudukanuu 6e3 yuurens (ISODATA)

4. Temarnueckoe JemupupOBaHUE  ydyacTKa TEPPUTOPUU C  HCIIOJIB30BaHHEM
MHOTOYPOBHEBBIX aJITOPUTMOB KJIACCU(PUKAIIMU C YIUTEIEM

Pas3zoen 4. I'nydokoe odyuenue 6 3a0auax oewiugpuposanus oannvix /133
Koumponupyemvie U/IK: 1IK-1.1

Tema 4.1. Pazmemka oanHblx 0151 00yyeHUs
dopma KoHTpoIIs1/01IeHOYHOE cpencTBO: [IpakTudeckas padora
Bonpocsi/3ananus:
1. Pa3zmeTka maHHBIX 119 CETMEHTAINU

Tema 4.2. Memoowt u ocobennocmu 2nyooko2o obyyeHusi Ha Oanuvix /[33. Oyenxa mounocmu
Pe3VIbmamos.
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dopma KoHTpos1/oneHoUHOE cpencTBo: [IpakTuueckas padora
Bomnpocsi/3ananus:
1. O6yuyenne MeToaMH IITyOOKOT0 00yUeHHs U OLIeHKA KayecTBa

Pa3zoen 5. Memoowt évtasnenus uimeneHui
Konmponupyemvie U/IK: 11K-1.1

Tema 5.1. I1o0x00vl u ancopummsl, UCnonb3yeMble OJisl bLAGLEHUS UBMEHeHUl No 0aHHbIM /]33
dopma KOHTPOJIs/o1leHOYHOE cpeacTBo: [IpakTudeckas pabora
Bomnpocsi/3ananus:
1. MeTob! BBISIBICHUS M3MEHEHUM

Pazoen 6. Asmomamu3zayusa npoueccos oeuwtugppuposanusn oannvix /133
Konmponupyemwie U/IK: 11K-1.1

Tema 6.1. Ilocmobpabomka pezynbmamos Oewudpuposanus. I[looxodvl u pewtenus 0714
asmomamuzayuu npoyeccos oewugppuposanus oannwix /[33

®opma KOHTpOJIsI/O1IeHOYHOE cpeacTBo: [IpakTryeckas pabora
Bonpocsi/3ananus:

1. Omepamum mOCTOOpaOOTKU: (QrIIBTpaIusi pacTpa, MPOBEPKA TOIMOJIOTHH BEKTOPHBIX
JAHHBIX, BBISIBIICHUE TyOJTUKATOB

Pazoen 7. Ilepcnekmugnble HanpaeneHus 6 3A0a4ax — AGMOMAMU3AUUA  NPOUECCOE
Odewiugppuposanus

Koumponupyemvie U/IK: 1IK-1.1

Tema 7.1. [lepcnekmughvie HANPasieHus 6 3a0a4ax agMoMamu3ayus NPOYEccos OeuudpPUpOBaHs.
dopma KoHTpoIIs1/01IeHOYHOE cpencTBO: [IpakTudeckas padora
Bonpocsi/3ananus:
1. ®opmupoBaHUE LIETIOYKH 0OPAOOTKH JIJIs 33]1a4 aBTOMAaTH3UPOBAHHOTO eI PUPOBAHMS

8. OueHo4HbIe MaTepHAJIbI IPOMEKYTOUHOM aTTeCTAUM

4 cemecmp, 3auem c oyeHKoU
Konmponupyemvie U/IK: 11K-1.1
Bonpocsl/3ananus:

1. B uyém npuHOMIIUATIBHOE OTJIMYHE AaBTOMATU3UPOBAHHOIO ACMIM(PUPOBAHUS OT
BU3yanbHOro? Kakue pucku u mpeuMyIiecTBa KaxkJJoro u3 MeToI0B.

2. Kaxme pemmdpoBouHble MNpHU3HAKK (opManu3yeMbl (IOJAAIOTCS KOJIHMYECTBEHHOMY
OIMCaHMIO), a Kakue — HeT? [lpuBeauTte mpumMeps! Ui Jieca U ypOaHU3UPOBAHHOM TEPPUTOPHH Ha
CHUMKE BBICOKOTO pPa3peLICHMS.

3. IMouemy npu paboTe C AAHHBIMU BAXXHO IMPOBEPSATH TOYHOCTH TEOMPUBSZKH JaXKE MPH
HaJIMIUu MeTaaauHbix? Kak 3T0 MOKHO BBIITOJIHUTE?

4. Kakue npaBoBbl€ OTpaHUYEHHS Ha JAHHBIE €CTh IPU UX UCIIOJIH30BAHUM?
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5. B xakux cimyyasx n1octaroyHo adpuHHOTO npeoOpa3oBaHus (MOJMHOM 1-ro mopsiaka) s
TeONPUBA3KY, a Korjga Tpedyercss opToTpaHchopmupoBanue ¢ ucnonb3oBanueM LIMP? IlpuBeante
IIPUMEpP U3 NPAKTUKY (HallpUMEP, MOHUTOPUHT CKJIOHOB).

6. IMouemy mpu mepexome or DN k TOA reflectance HEOOXOIMMO YYUTHIBATh COTHEUHBIN
3eHuT-yron? Kak 3totr napamerp Biusier Ha uHTepnperannuo NDVI?

7. CpaBHUTE METOAbl MAHXPOMATHYECKOTO CIHUSHHUS IO JBYM KPHUTEPHUSIM: COXpaHEHHUE
CHEKTPaJIbHBIX CBOMCTB M MPOCTpaHCTBEHHass 4ETKOCTh. Kakoil MeTron mnpenmoyTHTeNeH s
MOCTIEAYIONEH KiTacCu(UKAIINK U TToYeMy?

8. Kakue TuIbl reOMEeTpUYECKUX MCKAKEHUH BO3HHMKAIOT B CHHUMKax J[33 m3-3a ABMKEHUS
KA mo opbute u Bpamenus 3emnn? [louemy oHM 0COOEHHO 3aMETHBI Ha CHHUMKAaxX C BBICOKUM
MIPOCTPAHCTBEHHBIM pa3peiieHueM?

9. Tlouemy mis oproTpaHCc(OPMUPOBAHHS HEAOCTATOYHO HCIIOIB30BaTh MOMAEIb 3eMITH
WGS84 6e3 [IMP? Kakue uckaxeHus COXpaHsItOTCs?

10. CpaBuute ucrounuku [IMP SRTM, ASTER GDEM, CoDEM30, FabDEM wu ap. mo
TOYHOCTH, PA3PEUICHUIO U JIMIICH3MOHHOM T0CTYITHOCTH ¥ MPUMEHUMOCTH B Pa3HBIX KJIaccax 3aj1ad.

11. Yro Takoe RPC (Rational Polynomial Coefficients)? [Touemy ux Hasmuue B MeTaJaHHBIX
YIIPOIIAET OPTOTPaHCHOPMUPOBAHHUE, HO HE OTMEHIET HEOOXOIUMOCTD HCIIONb30BaHus [[MP?

12. Tlepeuncnure 4 OCHOBHBIE NPUYMHBI PAAUOMETPUUYECKUX HCKaKEHUI B cHuUMKax J133.
Kakue n3 Hux ycrpasstorcs npu nepexone or L1IA — LIB — L2A?

13. B uéM cyTh aJrOpuTMOB TEMAaTHUYECKOW KiIacCUpUKAIMK O€3 YUUTENNsl Ha MpUMEpe
anroput™ma ISODATA?

14. B uém cyTh npuHIMNA «0O0BEKTHO-opueHTHpoBaHHOTO aHanu3a» (OBIA)? Ilouemy on
MOXET JaBaTh JIy4YllIM€ pe3yJbTaTbl, YeM IHKCEIbHAs KIAacCU(PHUKAIMA, Ha CHUMKAX BBICOKOTO
pasperienus’?

15. Kakue mpeapsaBistoTcst TpeOOBaHMs K MOATOTOBKE 3TAJOHOB B 3aJayaX KJIACCHYECKOTO
TEMaTU4eCKOro ACIHPPUPOBAHHS C UCTIOIB30BAHUEM AJITOPUTMOB «C yUuTenemM»?

16. O6bsicaute, mouyemy Random Forest ycToWUnMB K MyJbTHKOJUIMHEAPHOCTH MPU3HAKOB, a
SVM — ner. Kak 310 Biusier Ha BBIOOp NMPU3HAKOB (CMEKTPAbHBIE HHACKCHI, TEKCTYPHI) IS
e pupoBaHus?

17. TlpuBeaute mnpumep, kKorma kiactepmsarus (K-means) Moxer aarh comepKarelbHO
MHTEPIPETUPYEMBII pe3yabpTar 6e3 ydacTus SKcrepTa. B Kakux ciydasix 3TOro 0xuj1aTb HeJb3s?

18. Tlouemy mpu oOydenmu U-Net na mganabix [133 Hemb3s HMCMONB30BaTh CTAHIAPTHYIO
ayrMeHTauuIo (HarmpuMep, BepTUKaIbHOE OoTpaxeHue) 0e3 mposepku? I[lpuBemaure mpumep, Korma
9TO NMPUBEIET K CMELIEHUIO.

19. B uém mpeumymectBo Dice Loss mepen Cross-Entropy mpu cerMeHTanuu peaKux
KJIacCcOB (HaIpUMep, «CBaJKa» WM «BbIpyOka»)? 3ammmmre dopmyny Dice Loss u mosichure eé
CMBICIL.
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20. Yto Takoe «IpOCTpaHCTBEHHAs aBTOKOPPEISALMS» U MOYEMY CIydalHOE pa3/iesieHuE Ha
train/val/test mo mukcensM (a He 1o pernoHaM) 3aBhIIIACT OLIEHKY TOYHOCTH MOJIETH?

21. Kakuwe nMIIEH3MOHHBIE PHCKM MOTYT BO3HHMKATh IPH HCIIOJIH30BAHUU OOyUEHHBIX
MOJIENIEN, PACTIPOCTPAHAEMBIX B OTKPBITOM JIOCTYIIE?

22. CpaBHUTE MOAXOMbI K BHISBICHUIO U3BMEHEHUM IO TPEM KPUTEPHUSAM: YyBCTBUTEIBHOCTD K
omuoOKam Ki1accuuKay, BBIYUCIUTENbHAS CI0KHOCTh, HHTEPIPETUPYEMOCTbD.

23. Ilouemy mnpoctras NDVI-pasnocts 2023-2025 rr. MOXET JAaTh JOXHBIE CHUTHAJIBI
M3MEHEHUH B 30HE cMelIaHHoro jeca? Kakue monpaBku HEOOXOIUMO BHECTH?

24. Kakuwe mpu3HAaKH TO3BOJSIOT OTIIMYHTH €CTECTBEHHYIO IMHAMHUKY (CMEHa KYJIBTYp B
ceB0O0OOPOTE) OT aHTPOTIOTeHHOTO M3MeHeHus (TepeBos nantHu oz MXKC)?

25. Jaiire xapakrepuctuky metony IRMAD (Iteratively Reweighted Multivariate Alteration
Detection)

26. Kakue omepamuu mocToOpaOOTKM 00s3aTeNbHBI  JUIsl TOTO, YTOOBI pE3yJbTar
AemuppUpOBaHIS COOTBETCTBOBAJ TPEOOBAHMSIM K KaJacTpOBOil KapTe?

27. B uém paznuuue Mexnay ynpouienueM (simplify) u oboOmennem (aggregate/dissolve)
BEKTOPHBIX KOHTYpoB? Korja npumMeHsITh Kaxaoe?

28. Ilepeuncnure W gaiiTe CPaBHUTEIBHYIO XapaKTEPUCTUKY CIOCOOOB aBTOMATHU3AIlMU IO
KpUTEpHUSM: BpeMs pPa3pabOTKH, TMOKOCTh, BOCHPOH3BOJUMOCTH, TpeOOBaHUS K KBaJTU(DHUKAIIUU
MOJIb30BaTEIIs.

29. IlpuBeauTe apryMeHTHI «3a» M «IIPOTHUB» Ucmoyib3oBaHus foundation models B yaeOHOM
nporiecce.

30. Kakue sTuyeckue mpoOaeMbl BO3HUKAIOT NMPH AaBTOMATU3MPOBAHHOM KIilacCH(PHUKALUU
COLMAJILHO 3HAaUYUMBIX OOBEKTOB (Hamp., HedopMmalbHble TOceneHus, cBanku)? Kak wux
MUHUMU3HUPOBATH?

31. B kakux cmyuasx kmaccudeckue metoasl (RF, OBIA) ocratorcs mpeanodTuTenbHee
nIyOOKOro 00yueHHs B IPAKTUKE TOCYAapCTBEHHBIX OpraHoB (Harmp., Pociecxosza)?

32. Kak obecrneuynTh BOCIPOU3BOAMMOCTH HCCJIENIOBAaHUS IO aBTOMATU3UPOBAHHOMY
nemnpupoBaHuio Tpu MNyOnuKauud B HaydHoMm kypHane? Ilepeumcnure 5 o00s3aTeNbHBIX
KOMITOHEHTOB.

9. MatepuaJIbHO-TEXHHUYECKOE H Y4eOHO-MeTOAMYeCcKoe ofecrevyeHue TUCIHIINHBI
9.1. [lepeyeHb OCHOBHOI U JOMOJHUTEIbLHON Y4eOHOM JTUTEPATYPbI
OcHognas tumepamypa
1. Jlabytnna U.A. [emmdpupoBanre a’poOKOCMHUYECKHMX CHHUMKOB : YueO. mocobwe s

ctyneHToB By30B / M.A. JlaGytuna. - M3mparensctBo Acmekt Ilpecc, 2004. - 184 - 5-7567-0330-6. -
TekcT: HemoCPEeNCTBEHHBIN.
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2. KuamxuukoB 10.®. AspokocMuyecKkue METobl TeorpauyecKux HCCieAoBaHMi: Yuel. Juis
cryd. Bblcm. yue0. 3aBenenuid. / HO0.®. Kumxuumxo, B.W. Kpasumoma, O.B. Tyrybamuna. -
W3narensckuii nentp "Axagemus", 2004. - 336 - 5-7695-1529-5. - TekcT: HENOCPEACTBEHHBIM.

Jlononnumenvuas numepamypa

1. MapuykoB B.C. [lemudpupoBanre IUHAMHKHA PACTUTEIBHOTO IOKPOBA M TPYHTOB TIO
MaTepraiaM JUCTAHIIMOHHOTO 30HIMpoBaHus: YueOoHoe nocodue. / B.C. Mapuykos, 1.A. Muprosa.
- MUUT'AuK, 2009. - 128 - Tekct: HEMOCPEACTBEHHBI.

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

IIpogheccuonanvruvie 6azvi danuvix
He ucnonb3yrores.

Pecypcor « Unmeprnem»

1. http://jr.rse.cosmos.ru - DnekTpoHHas Bepcust kypHaiga  “CoBpeMEHHBIE MPOOIEMbI
JUCTAaHIIMOHHOTO 30HAMPOBAaHUS 3EMIIA U3 KocMmoca”

2. https://disk.sputnix.ru/index.php/s/HbkKc34batcjkSX - OTkpbIThIe JaHHBIE ¢ 0030pHBIX KaMep
rpynnuposku CITYTHUKC

3. https://developers.google.com/earth-engine - Google Earth Engine Documentation

4. https://www.earthdata.nasa.gov/learn - NASA Earthdata: Data User Resources

9.3. [IporpammHoe o0ecnieyeHre U HHPOPMAITMOHHO-CIIPABOYHbIE CHCTEMbI, HCIOJIb3yeMble
NPH OCylIeCTBJIEHUH 00pPa30BaTeIbHOIO NpoLecca no JUCIUNIUHE

Ilepeuenv npocpammnozo obecneuenus

(0bHOBIEeHUE NPOU3BOOUMCSL NO Mepe NOBILEHUSL HOBLIX 8ePCUll NPOSPAMMbl)
1. QGIS;

2. Scanex;

Ilepeuens uHghopmayuoHHO-CRPABOUHBIX CUCEM
(0OHOBIeHUEe BLINONHAENICS €XHCEHEDENbHO)

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

KomnbrorepHsbIit Ki1acc
ABromaru3upoBaHHoe padouee mecto (APM) - 16 mT.
NHtepakTBHAs MaHeN b - 1 WT.

10. MeTonnyeckue ykazaHusi 10 OCBOCHHUIO IMCIUIIMHBI (MOXYJIA)

C uenpio yCHEenHoro OCBOCHUsI JAHHOTO IPeMETa CTYIEHTY HEOOXOIMMO BBITMOIHSTH JOMAIIHUE
paboTHI MO YKa3aHHBIM MpEnojaBaTessiM TeMaM M IMPEICTaBICHHBIM Ha 3aHATHSIX MarepuanaM. J[is
Oosee  yCHEIIHOTO  BBIMOJHEHUS ~ pabOThl  CTYIEHTY  Mpeajaraercs  HCIOJIb30BaHUE
y4eOHO-METOJUUYECKUX MaTeprajoB, COOTBETCTBYIOIIUX YKAa3aHHOH TeMe.

CaMocTtosTenbHast paboTa CTyJJCHTOB ONKCHIBACTCS U PETYIUPYETCS:

- MeronnyeckuMu peKOMEHIAUSIMU IO JUCIUILTUHE;
- MeronnyeckuMy pEeKOMEHJAIMSAMHU IO OpPraHU3alii CaMOCTOSTEIbHONH pabOThl CTYIEHTOB
MUUT'AuK;
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Onucanue 603moxcnocmeii uzyuenusn oucyunaunvt auyanu ¢ OB3 u uneanuoamu

[Tpu HEeoOxonuMOCTH 00YUYEHHS! CTYICHTOB-UHBAIM/IOB U JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMU
3M0POBBSl  ayAMTOPHBIE 3aHATUA MOTYT OBITh 3aMEHEHbl WJIM JIONOJHEHBbl H3yYEeHUEM
MOJTHOTEKCTOBBIX  JIEKIMW, TMpPEe3eHTalluii, BHACO- M  aygAuoOMarepuajioB B  AJIECKTPOHHOU
nHpopmarmonHo-oopazoBarensHoii cpene (DMOC) yuuBepcutera. MHIMBUAYaTbHBIC 3aJaHUS
MOoAOUPAIOTCS B a/allTUPOBAHHBIX 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 Ui MUHBAJIUAOB U JIUI C OFPAaHUYCHHBIMU BO3MOXKHOCTSIMH
30pOBBS pa3zpadaThIBaeTCs HHANBUAYAIBHO C YUETOM 0COOCHHOCTEH MCUX0()HU3NUECKOTO pa3BUTHS,
WHAUBUAYATbHBIX BOBMOKHOCTEH U COCTOSHUS 30POBbS TAKUX 00YUYaIOLIUXCS.

Ne 000006380 Crpanuria 15 u3 15
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