MunmcTepcTBO Hayku U Bbiciiero oopasosanus Poccuiickoit deaeparuu
JIvichBeHCKMIA (rmran
(denepanbHOro TOCyJapCTBEHHOIO aBTOHOMHOT'O 00pa30BaTEIbHOIO YUPEKIACHUS
BBICIIIET0 0Opa30BaHUs
«IlepMCKMH HALMOHAJIBHBIH UCCJIEA0BATEIbCKUMN
NOJIMTEeXHNYECKHI YHUBEPCUTET)

®OH/I OONEHOYHBIX CPEJCTB
JJI51 IPOBeIeHUs1 MPOMEKYTOYHOM aTTecCTAIUM 00y4AIOIIUXCS 10 IMCHUILIHHE
«CucTeMbl UICKyCCTBEHHOTO UHTEIIJICKTa»
Ilpunoosicenue Kk padoueii npozpamme OUCUUNTIUHBL

HanpasJieHue nNoAroToBKu: 13.03.02 DneKkTposHepreTuka 1 3JIEKTPOTEXHHUKA

HanpasiaenHocts (mpoguJib) DnekTpocHab)KeHHe
o0pa3oBaTe/IbHOI IPOrpaMMBbl:

Kamudukanusi BIMYCKHUKA: «bakanaBp»
Beinyckawmas kageapa: TexHn4eCKuX NUCUUILUINH
®opma 00y4yeHuUs: Ounast/04HO-3a049Has/3a09HAs
Kypc: 2/3/3 Cemecrp: 4/5/5
Tpynoémkocrtb:

KpenuToB no pabouemy yueOHOMY IJIaHY: 33E

YacoB no paboueMy y4eOHOMY TUIaHY: 108 .

Dopma NPOMEKYTOYHOM aTTECTALMM
3auert: 4/5/5 cemectp

JIpiceBa 2024



@oHI OLEHOYHBIX CPEICTB Jisi TPOBEICHUS MPOMEKYTOUHOM aTTeCTalUH
oOy4Jaronuxcs o JUCHUIIIMHE SBIISETCA YaCThIO (MPUIIOKEHHUEM) K pabouei mporpamme
TUCIUIUINHBL. DOHJ OIEHOYHBIX CPEICTB ISl TPOBEACHUS MPOMEKYTOUHON aTTeCTalluu
oOy4Jaronuxcsi Mo JUCHUIUIMHE pa3padOoTaH B COOTBETCTBUHU € OOmIeH vacThio (oHaa
OIICHOYHBIX CPEICTB [JIi TPOBEACHUS MPOMEXKYTOUYHOM aTTecTallid OCHOBHOM
00pa3oBaTENbHOM MPOrpaMMbl, KOTOpash YCTAHABIMBAET CHUCTEMY OLICHUBaHMS
pEe3yJAbTaTOB MPOMEXYTOYHON aTTeCTallid U KPUTEPUU BBICTaBIEHUSA OlleHOK. DoHI
OIICHOYHBIX CPEJCTB MJI MPOBEACHUS MPOMEKYTOUHOW aTTeCTallud OOYYaroIIuXCs IO
TUCITUTUTMHE YCTAaHABIMBACT (DOPMBI M TIPOIEAYPhI TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH U
MIPOMEXKYTOUYHOM aTTeCTAIMU O0YYaIOIIMUXCS MO TUCIUILINHE.

1. IlepeyeHb KOHTPOJHUPYEMBIX pe3yJbTATOB 00y4YeHHMs] MO JAUCIHUIJIMHE,
00beKThI OLIECHUBAHNS U BUIbI KOHTPOJIA
Cornacno PIT/] ocBoenne yueOHOTO MaTepualia IUCIMIUIMHBI 3aTUIAHUPOBAHO B TCUCHUE
ogHoro cemectpa (4-ro cemectpa ydeOHOro IiaHa O4YHOM (OPMBI OOy4eHHS; 5-TO
ceMecTpa y4eOHOro IUIlaHa OYHO-3a0YHOM W 3a04yHOM (opmbl 00yueHus). B kaxgom
CEMECTPE MPEyCMOTPEHBI AYAUTOPHBIE JICKIMOHHBIE, MPAKTUYECKUE 3aHITHUS, a TAKKE
caMoCTodATeNIbHasg pabdoTa CTyIeHTOB. B paMmkax ocBoeHHs ydyeOHOro Marepuana
JTUCHUTUIMHBL  (DOPMUPYIOTCS KOMIIOHEHTHI KOMIIETCHIIMM 3Hamb, ymems, 61a0emy,
ykazanHble B PIIJI, koTopbhie BBICTyNalOT B Kaue€CTBE KOHTPOIUPYEMBIX PE3YJIBTATOB
oOydeHwus o aucuuiiuae (tadmn. 1.1).

KoHTponb ypOBHSI YCBOEHHBIX 3HaHHWI, OCBOCHHBIX YMEHUH M MPUOOPETEHHBIX
BIIQJICHUM OCYIIECTBIAECTCS B paMKaX TEKYIIEro, pPyOekHOT0 M MPOMEKYTOYHOIO
KOHTPOJISI TPU M3YYEHUH TEOPETHYECKOTO Marepuala, claade MpaKkTUYeCcKuX padoT,
3adeTa. Buabl koHTpOIIs cBeeHsl B Tabmumiy 1.1.

Tabnuma 1.1. TlepedeHb KOHTPOIUPYEMBIX PE3YJILTATOB OOYUCHUS IO TUCITUTIIINHE

Buja xonTpoasn
Koutposmpyembie pe3yabTaTbl 00y4eHHs 10 Texymmii Py0esxublii HTorosblii

aucuunimae (3YBbi) C To | om3 | T/KP 3auér

YcBoeHHbBIE 3HAHUSA

B cootercTBUM ¢ paboueii nporpaMmoil ‘ ‘ TO ‘ ‘ ‘ TB
OcBoeHHBbIE YMEHHU
B cooTtBercTBUM ¢ paboueii mporpaMMoii | | | om3 | | 113
IIpnoOpereHHbIE BJIA/ICHUSA
B cootBercTBUM ¢ paboueil mporpamMmoit ‘ ‘ ‘ OIT3 ‘ ‘ 113

C — cobecedosanue no meme, TO — konrokeuym (meopemuyeckuii onpoc);, K3 — xeiic-3a0aua (unousudyanivhoe 3aoanue),
OIl3 - omuem no npaxmuueckomy 3ausmuio; T/KP — pybescnoe mecmupoganue (kommponvhas paboma), TB —
meopemuueckuii gonpoc, 113 — npakmuueckoe 3adanue.

W TOroBO# OLIEHKOM TOCTUKEHUS PE3YJIbTATOB 00YUYEHUS MO AUCLUILIMHE SBIISIETCS
MIPOMEKYTOUHAas arTecTauus B (QopMe 3auera, MpoBOAUMMAs C YUYETOM peE3yJIbTaTOB
TEKYLIEro U pyOeKHOTr0 KOHTPOJIS

2. Buabl KOHTPOJIsI, TUIIOBbIe KOHTPOJIbHbIE 32IaHUS U HIKAJbI OIlCHUBAHUSA
pe3yJibTaToB 00y4eHust
Texymuii KOHTPOJIb YCIIEBAEMOCTH MUMEET IIeJIbI0 00ecreueHne MaKCUMaIbHON
3¢ (deKTUBHOCTH ydyeOHOro Tmpolecca, yhpaBieHHEe MpoueccoM (OPMUPOBAHUSA
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3aJlaHHBIX ~ KOMIIETEHIIMM 00y4aeMbIX, TIOBBIIEHWE MOTHBAMU K Yyuebe u
npealycMaTpUBaeT OLICHMBAHUE XOJa OCBOCHHUS JUCUUIUIMHBL. B cooTBercTBUM C
[TonoxeHueM O MPOBEJAECHUU TEKYIIErOo KOHTPOJS YCIEBAEMOCTH U MPOMEKYTOUHOU
aTTecTaly OOy4JaroIIuXcs 1Mo 00pa3oBaTeNbHBIM IIPOrpaMMaM BBICIIETO 00pa3oBaHUs
— mporpamMmam ©OakaiaBpuaTa, crenuanurera W maructpatypel B [THUITY
MPEAYCMOTPEHBl  CIEAYIOIIME BUIAbl W MEPUOJUYHOCTh TEKYLIEr0 KOHTPOJIA
YCIIEBAEMOCTH O0YUaAIOIIUXCS:

- BXOJHOH KOHTpOJb, MIPOBEPKA HMCXOJHOTO YPOBHS MOATOTOBIEHHOCTH
00y4aeMoro 1 €ro COOTBETCTBHS NPEIbSABISAEMbIM TPEOOBAHUSM I U3YyYEHUS JTaHHON
JTUCLUIUINHBL

- TeKYIIUH KOHTPOJIb YCBOCHUSI MaTepuaia (YpOBHSI OCBOCHUSI KOMIIOHEHTA «3HATh
3aJIaHHBIX KOMIIETCHIIUI) Ha KaXXJIOM T'PYIIOBOM 3aHSATUU M KOHTPOJIb MOCEIIaeMOCTH
JIEKIIMOHHBIX 3aHSATHH;

- IPOMEXYTOUHBIM M PYOEXKHBIII KOHTPOJIb OCBOEHHUS O0y4aeMbIMU OTAEIBHBIX
KOMITIOHEHTOB «3HaTh», «yMETb» 3aJaHHBIX KOMIIETCHLIHUHA ITyTEM KOMIIBIOTEPHOTO WIIU
OJJaHOYHOTO  TECTUPOBAHUSA,  KOHTPOJBHBIX  OINpPOCOB,  KOHTPOJBHBIX  PadOT
(MHIMBUYaJbHBIX JOMAIIHUX 33JaHUi), 3aLIUTHl OTYETOB MO MPAKTUYECKUM 3aHATHM,
pedeparos, acce u T.1.

PyOexHbIil KOHTPOJIb MO TUCHUIUIMHE MPOBOJMUTCS Ha CIEAYIONIEH Heaene Mocie
MPOXOXKJICHUS MOIYJsSl JUCUUIUIMHBL, a MPOMEXYTOUHBIA — BO BpEMs KaxXJ0ro
KOHTPOJIbHOTO MEPOIIPUATHS BHYTPU MOJYJIEH TUCUUILIIUHBL,

- MEXXCECCHOHHAsl aTTecTals, €AMHOBPEMEHHOE IIOJBEJECHUE HTOTOB TEKYIIEH
YCIIEBAEMOCTH HE MEHEE OJHOrO pa3a B CEMECTp MO BCEM AUCHUIUIMHAM JJIA KaXKI0Tro
HaIlpaBJIEHUS NOATOTOBKY (CIELMAIBHOCTH ), Kypca, TPYIIIbL;

- KOHTPOJIb OCTaTOYHBIX 3HAHUH.

2.1. Tekyuuii KOHTPOJIb YCBOCHUSI MaTepHaJia

Texyuuii KOHTpOJIb YCBOEHHsI MaTepuana B Qopme cobOecenoBaHUs WU
BBIOOPOYHOTO TEOPETHUYECKOTO OMpPOCa CTYACHTOB MPOBOAMUTCS MO KaXKIOW TeMe.
Pesynbratel o 4-0amibHOM IIKasie OICHUBAHUS 3aHOCSTCS B KHUXKKY MpEToAaBarels u
VYHTHIBAIOTCS B BHJEC HMHTETPAIbHOM OIICHKH TP MPOBEICHUU IMPOMEKYTOUHOM
aTTeCTaIuy.

2.2. PyOe:kHBIM KOHTPOJIb
PyOexxHbIiI KOHTPOJIb JJIsI KOMIUJIEKCHOTO OIICHMBAHUS YCBOCHHBIX 3HAHUMH,
OCBOCHHBIX YMEHUM M TPUOOpPETEHHBIX BiajgeHuil (Tadn. 1.1) mpoBomutcs B dopme
3aIIUATHI TPAKTHYIECKUX PadoT.
2.2.1. 3amuTa npakTHYeCKHUX 3aHATHIA
Bcero 3ammannpoBaHo 7 MPaKTUYECKUX 3aHATUN 1J1s1 O4HOU (HOpMBI 00ydeHws; 6
MPAKTUYECKUX 3aHITHU NI OYHO-320YHON (POpMBI O0yUEHUST; 2 MPAKTHICCKUX 3aHATUS
Tt 3204HOM (popmBbl 00ydeHUs. THUMOBBIE TEMBbl MPAKTUUECKUX 3aHATUNA TPUBEIICHBI B
PIT/I.
3ammMTa TMPAKTUYECKUX 3aHATHH TPOBOAWTCS  HWHAMBUAYAJIbHO  KaXKIIbIM
CTYICHTOM WJIW TPYIIION CTyACHTOB. THIOBBIC IIKala U KPUTEPUHU OICHKH MPUBEIACHBI B
obmeit yactu ®OC 00pazoBaTeabHON MPOrPaMMBI.
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2.3. Ilpome:xxkyTouHasi arrecTanusi (MTOrOBbIi KOHTPOJIb)

Jlomyck K MNPOMEXYTOYHOM arTecTallid OCYIIECTBISETCS IO pe3ylbTaTram
TEKYIIET0 U PyOEeKHOTO KOHTPOJISI. YCIOBUSIMU JIOMyCKa SIBJISIIOTCS YCIIEIHAs c/ladya BCeX
MPAKTUYECKUX 3aHATHUI M IOJOXKUTEIbHAs WHTErpajbHas OLEHKa IO pe3ysbraraM
TEKYILEro U pyOe>KHOTO KOHTPOJISL.

2.3.1. Ilpoueaypa NpPOMEKYTOUHOIl aTTecTaUMu 0e3 JAONOJHUTEIbHOIO
aTTeCTAIMOHHOTO UCTIBITAHUSA

[TpomexxyTouHast arTecTals IPOBOAUTCS B opMe 3aueTa. 3a4eT MO0 JUCITUILINHE
OCHOBBIBAETCS HA PE3yJIbTAaTaX BBIMOIHEHUS NPEAbITYIINX WHIANBUAYAJbHbBIX 3aJaHUAN
CTYJIEHTA IO TaHHOW AUCIUIUIMHE.

Kpurtepuu BeiBe1eHHsI HTOTOBOM OLIEHKH 32 KOMIIOHEHTBI KOMIIETEHIIUM MTPU
POBEJICHUU MTPOMEKYTOUHON aTTECTAIllMU B BUJIE 3a4€Ta IPUBEICHBI B 001N YacTH
®OC o6pazoBarebHON TPOrPAMMBI.

2.3.2. Ilpouenypa mnpOMEKYTOYHOIl  aTTecTalluu ¢  TNPOBeJeHUEM
aTTeCTAIHOHHOTO UCTIBITAHUSA

B otnenpHBIX ciydasx (Hampumep, B Ciy4yae IepearTecTaldd JAUCIUIUIUHDI)
MIPOMEKYTOUHAsT aTTeCTalys B BHJE 3a4e€Ta MO AWCLUIUIMHE MOXKET MPOBOJUTHCS C
MPOBEICHUEM  aTTECTAlMOHHOTO HCMbITaHWA 1o OwieraMm. buier cogepxur
Teopernueckue Bompocskl (TB) nns mpoBepku YCBOEHHBIX 3HAHUM, MPAKTUYECKHUE
3aganus (I13) nug mpoBepKU OCBOCHHBIX YMEHMU M KoMIUlekcHbIe 3amanust (K3) s
KOHTPOJISI YPOBHS IPUOOPETEHHBIX BIIAJICHUN BCEX 3asBIICHHBIX KOMIETEHIUH.

buner dopmupyercs Takum 00pa3oM, 4TOOBI B HEro MOMaJdM BOMPOCH M
NPAKTUUECKHE 3a/laHusl, KOHTPOJUPYIOLIME YpPOBEHb CQOPMHUPOBAHHOCTU  6cCex
3asIBJICHHBIX KOMIIETEHIU.

2.3.2.1. TunoBble BONPOCHI M 32aHUS /151 3a4€Ta N0 JMCUMUILINHE
TunoBbie BONPOCHI 115l KOHTPOJIsI YCBOCHHbBIX 3HAHMIA:

buner 1.
1.1 BaitecoBckuii kinaccudukarop. Ouenka npusHakoB (Gaussian, Bernoulli,
Multinomial). EM anropurm.
1.2 Knactepuzauus. kMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aacam6au. Soft and Hard Voting. Bagging. Ciyuaiinbiii jec.
2.2 Metpuueckuii knaccupuxatopsl. KNN. WKNN.

buner 3.
3.1 JIuneiinas perpeccusi. LASSO, LARS. CART.
3.2 JlepeBbs pemenuit. Madbopmarmonnsiii Beurpsiir. Ommoka kiaccudukaimy,
sHTponus, kpurepun xuau. I IpyHuHr.

buner 4.
4.1 I'noGanbubiii mouck. Ciayyaitaeiii mouck. Grid search. CiydaitHoe Oy xaaHue.
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bariecoBckas onrumusanus.
4.2 Jluneitnas perpeccus. [lommHomuansHas perpeccus. [ peOHeBast perpeccusi.

buner 5.
5.1 AdaBoost. I'pagueHTHBII OYCTHHT pelIaronX AePEBbEB.
5.2 Knacrepuzanus. Agglomerative Clustering. MeTpuku Kiactepuzaiuu.

buner 6.
6.1 Onenka knaccudukanun. D dekTuBHOCTH MO [1apeTo. Precision-Recall 1 ROC
kpusble. AUC.
9.2 Heiipounbie cetu. Ilepuentpon Posenbnarra. OOpaTHOoe pacnmpocTpaHEeHUE
rpaJieHTa.
OyHKIMU akTUBaIK. Softmax.

buner 7.
7.1 Jlokanbnbiit mouck. Hill Climb u ero paznoBugnoct. Otxur. I'eneTndeckuii
AJTOPUTM.
7.2 MeTton onopHBIX BEKTOPOB. A ipa.

TunoBbie BONPOCHI U NPAKTHYECKHE 3aJaHUA I KOHTPOJS OCBOEHHBIX
YMEHMU M IPUOOPETEHHBIX BJIAJACHUMN: !

3aganue 1:
Pa3nenure natacer Ha 00y4aromuii U BaTMAAIMOHHBINA C COXPAaHEHUEM IPOMOPLIHIA
knaccoB. Krnaccuduuupyiite TOukd U3 jgaraceta ¢ nomouiplo anroputmoB kNN,
noructuueckor perpeccun, CART, cmydaitnoro neca, CatBoost. Tlogbepure mydrine
napamMeTpbl JIrOPUTMOB C TIOMOIIBI0 BalUJAIMOHHOW BbIOOpKU. CpaBHUTE Bpems
paboOThI AITOPUTMOB U 3aBUCUMOCTH OT MPEA00pabOTKH TaHHBIX.

3amanue 2:
[IpumenuTe MeTON TMHEHHOM perpeccuu Jyisl penieHus 3a1ayu Ha naracere. JlobaBbre B
JaTaceT MOJMHOMMAJIbHBIE TpU3HaKu. JloOaBisiiTe MNpPU3HAKKM T1OKA HE YBHJWUTE
nepeoOydyeHHe Ha BalUMJAMOHHOM pataceTe. [IpuMeHuTe TpeOHEBYIO perpeccuro u
LASSO, uTo0bl n30aBUTHCS OT MEPEOOYUECHHUS.

3ananue 3:
1. OnTumMu3upyiiTe IIMHY MapuIpyTa B 3a1a4€ KOMUBOSIKEPA C IOMOILBIO
anroputMoB hill climb, oTkura u reHeTUYECKOTO aNropuT™Ma. BhIBEUTE MOTYIUBIITHIICS
MyTh U €T0 JJIUHY.
2. OnTUMHU3UPYNUTE TUTIEPTIAPAMETPhI AITOPUTMA MAITMHHOTO 00y4YeHus (Ha BEIOOP) €
MOMOIIBI0  CIIy9aifHOTO TOWCKa, TMOWCKa 1o pemeTrke, anroputMa hill climb,
TeHETUYECKOTO aITOPUTMA.

3amaunue 4:
3arpy3uTe JaTaceT U CO3AalTe UTEPaTOp sl MOJETH IIyOoKoro oOyueHus. 3arpy3uTe
npenobyuennyto Ha ImageNet cBeprounyio cetrb (AlexNet, VGG wmu ResNet) u
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nobaBbTe K backbone nmosiHOCBS3HBIN cllok 151 00ydyeHus. OO0ydnuTe HEMPOHHYIO CETh Ha,
BU3YyaIM3UPOBaB rpaduk QpyHKIHUM OTEeph Ha 00ydYaromeld U BaTMIAIIMOHHON BEIOOPKE.
Peanu3yiite Momynb TpUMEHEHUS HEHPOHHOW CETH K JaHHBIM, IPOBEPHTE KAdeCTBO
00y4eHHUs Ha TECTOBOM BBIOOPKE.

3ananue S:
CkauaiiTe npegoOyueHHbIe BeKTOpa Is cioBaps. C moMoIibio 1r000ro KiaccuukaTopa
mamuaHOTO 00yueHus (KNN, SVM, CatBoost) kraccudumupyiite TEKCTBI U3 aTacera
o cymme BeKTopoB clioB. Kimaccudunupyiite Texctsl ¢ momoribio LSTM cetn.

3ananue 6:
OOyuwrTe MPOCTYIO MOTHOCBA3HYI0 Q-CceTh A penieHus okpyskenus LunarLander.

2.3.2.3. llIkajibl olleHNBAHUS Pe3y/IbTATOB 00yUE€HHUsI HA 3a4yeTe
Onenka pe3ynbTaToB O0ydeHHS TIO0 JWCHHUIUIMHE B  (opmMe  ypOBHS
c(hOpMHUPOBAHHOCTU KOMIIOHEHTOB 3HAMb, yMemb U 61a0emsb 3asBICHHBIX KOMITETCHIIUN
MIPOBOJIUTCS B PEKUME «3AUMEHO» U «HE 3AUMEHO ).
TumoBsie mIKaga U KPUTEPUH OIICHKH PE3yJIbTaTOB OOYUCHHs MPHU caade 3auéra AJis
KOMIIOHEHTOB 3Hamb, yMemb U 6lademv  TpuBeleHbl B oOmei yactu DOC
00pa3oBaTebHON MPOTrPaMMBI.

3. Kpurepuu oueHMBaHUsI YPOBHS C(POPMHPOBAHHOCTH KOMIIOHEHTOB H
KOMIIeTeH Uil

3.1. Ouenka ypoBHsi cGpOPMHPOBAHHOCTH KOMIIOHEHTOB KOMIIeTEHIM I

[Ipu onenke ypoBHsI c(hOPMUPOBAHHOCTH KOMIIETEHIIMHA B paMKaxX BBIOOPOUYHOTO
KOHTPOJIS TIPU 3aYETE CUUTACTCS, UTO NOJIYUeHHAS] OYEHKA 3a KOMNOHEHM NPO8epseMOl 8
buneme KomnemeHyuu o00600waeMCcs HA COOMBEMCMBYIOUWUL KOMNOHEHmM  8CeX
KoMmnemeHyutl, popmupyemulx 8 pamkax OaHHOU y4eOHOU OUCYUNTUHBL.

OO6mrast orneHka ypoBHA CGHOPMHPOBAHHOCTH BCEX KOMIIETEHIIUNA MPOBOIUTCS
IyTEM arperupoBaHusi OLICHOK, IOJYYEHHBIX CTYJEHTOM 3a KaXKIbli KOMIIOHEHT
(hopMUPYEMBIX KOMIETEHIIUNA, C YIETOM PE3YyIbTATOB TEKYIIETO U PyOEKHOTO KOHTPOJIS
B BHUJE WHTErPAJIbHOM OlLIEHKK MO 4-X OauibHOM mikane. Bce pe3ynbTarhl KOHTPOJIS
3aHOCATCS B OLICHOYHBIM JIUCT W 3alOJIHSIOTCA MOPEnoAaBaTeIeM M0 HWTOraMm
ITPOMEKYTOUYHON aTTECTALNH.

dopma OIEHOYHOTO JIUCTA U TPEOOBAHUS K €ro 3alO0JHEHUIO MPUBEICHBI B 00IIIEH
gactu ®OC 006pa3oBareabHON NPOrpaMMBbl.

[Ipu QopmupoBaHUM HTOTOBOW OIEHKH TPOMEXKYTOYHOW AaTTECTAIlMA B BHJIEC
3a4eTa WCTOJB3YIOTCS THUIIOBBIE KpUTEpPUH, MpuBeAeHHbIEe B o0mer yactu DOC
o0pa3oBaTeIbHON MTPOTPAMMBI.



