degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO
JupexTop meHTpa

A.C. MukyJieHKOB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: [TpakTHKyM 10 IPUMEHEHHIO COBPEMEHHBIX METOIOB aHAJIN3a OMUKCHBIX JaHHBIX
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpoduJIb MOATOTOBKH: @du3KKa MepcreKTUBHBIX TEXHOIOTHIl: albTepHATHBHAS HEPreTHKA, HAYYHOE

IporpaMMHpOBaHue U (YHKIHOHAIBHBIE MaTEPUaIbI

OuzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku

kadeapa MHHOBALIMOHHOM (papMalieBTUKH, MEAULIMHCKON TEXHUKH U OMOTEXHOJIOTUHU
Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JInddhepeHimpoBaHHbIi 3a4eT
2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIx yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
naboparopHsbie 3ansaTus: 0 Jac.

CamocrositenpHas pabdora: 120 gac.
Bcero gacos: 180, Bcero 3au. en.: 4
[IporpamMmy cocraBunu:

@.E. ®penkenb, KaH. OHOI. HAyK
O.10. IInoTHNKOBa

IIporpamma o0cyxieHa Ha 3acefaHuu Kadeapbl HHHOBAIIMOHHOHN (apManeBTHKH, MEAUIIMHCKON TEXHUKH U
ouorexnonornu 04.06.2021



AHHOTANMA

HGJ'ILIO ,I[aHHOﬁ JAUCHUIIIMHBL  ABJIACTCA  OaTb CTYACHTaM HauOoJiee Ba)KHbBIC nNpeaAcCTaBJICHUA O
MAaTEMAaTUYCCKUX OCHOBAX COBPEMCHHBLIX aJITOPUTMOB, UCIIOJIB3YEMBIX [JId aHalinu3a MOCJIeI0BaTeIbHOCTEHM
61/IOHOJ'II/IMepOB, U MPAKTUYCCKHUC HABBIKM I[IPUMCHCHUA MCTOAOB 6I/IOI/IH(1)OpMaTI/IKI/I JJIL  aHalu3a Hu
HUHTCpIHpETallun OHOJIOrMYECKUX JaHHBIX.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

JaTh CTy[AEHTaM HauOoiee BaXKHbIC IPEACTABICHHUS O MaTeMaTHMYECKMX OCHOBaX COBPEMEHHBIX
ITOPUTMOB, MCIIONB3YyEMBIX JISi aHAJIM3a IOCJICAOBATEILHOCTEH OMOMOIMMEPOB, M NPAKTHUYECKHE
HaBBIKM TPUMEHEHUS METON0B OMOMH(OPMATHKH IS aHAIW3a M WHTEPIpETalu OMOJOTMYECKHX
JAHHBIX.

33]13‘[1/[ JAUCHUIIINHBI

O3HAKOMUTH C MCTOJaMH aHajihn3a OMMKCHBIX JaHHBIX. Cq)OpMI/II)OBaTL HaBbBIKU MPAKTUYCCKOTO
MNPUMCHCHHA MCTOAOB aHaJIM3a OMUKCHBIX JaHHBIX B aHAJIN3EC OHOJIOrMYECKHUX JaHHBIX.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS KOMIIETSHIIMH

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBLHOW ~ NIeATeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1 Bnaneer cucremoii ¢pyrnamentanbabix |OIIK-1.2 CrocoOeH 0000maTh W KPUTHYECKH OIICHHBATH
HAyYHBIX 3HAHHI B O0JIACTH ONBIT W PEe3yNabTaThl HAyYHBIX HCCIEIOBaHUI B o001acTu
(hM3UKO-MaTeMaTHIEeCKUX HAyK npodecCuoOHaTbHON e TEIHHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 NpoecCuoHaNbHON e TeIbHOCTH

OIIK-2.1 NmeeT npeacTaBIeHAE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCHoOHaTbHON e TEHHOCTH

OIIK-2 Nmeer npeacrapnenne o0 akryanbHbix |OITK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
npobiemMax HayKd U TEXHUKH B 00JIaCTH CBOEH |McciieoBaHMM B obmacTu  cBoel  mpodeccroHanbHON
npodeccuoHaIbHON JIESTEIbHOCTH, CIOCOOCH | AEATENIPHOCTH U UX MPAKTUYECKYIO 3HAYMMOCTh

Ha HayYHOM SI3bIKE (pOPMYITHPOBATH OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
npoQecCHOHANBHBIC 331291 HCIIOJIB3YEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
W3JIOKEHUSI PEe3yJIbTaTOB HAy4YHOW JAEATEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




YMETb:

- OCHOBHbIE OMOMH(pOPMATHUECKHE ANTOPUTMBI, 0a3bl JaHHBIX, (hopMaThl (Paiiios;

- OBICTPBI MOKCK MOJICTPOKU B CTPOKE — alNTOpUTMBbI HauBHEIHN, KHyTa-Mopuca-Ilparra,

Pabuna-Kaprma, anroputm KeHrypy;

- HHJEKC U peoOpazoBaHue bappoysa-Yuinepa;
- BLAST — unpexcupoBanue, cratucTuka Anprinyisi-Kapiuna;
- OCHOBBHI baiiecoBcKko# CTaTUCTHUKH, TIPABIONOA00HE, METO] HANOOIBIIETO MPABIOIO00US,

MapruHalu3alysl pacnpeneieHuid 1 MapruHajlbHOE PaBIOoNoa00HeE;
- OIICHKA MapaMeTPOB CKPBITOH 1enu MapkoBa, oOyuenne Butepou, meton bayma-Benmia;

- METOJIbl AHAJIN3a TEHOMA, OCHOBAHHBIE HA CKPBITHIX MAPKOBCKUX LEMAX, TOUCK KOIUPYIOIIUX
MOCJIeIOBaTEILHOCTEH, MOUCK OJHOPOJHBIX TOMEHOB XPOMAaTHHA;
- COBEPEMEHHBIC MOJIEKYJISIPHO-OMOIOTMYECKUE METOIBI HCCIIEAOBAHMUS MTPOIECCOB B KIIETKE;
- pu3Hueckre 1 XMMHYECKUE CBOMCTBA HYKJIIGMHOBBIX KHCIIOT;
- OPOLECCHI C YUACTUEM HYKJICHHOBBIX KUCIIOT;

- METOAbI UCCJIICAOBAHUA I'CHOMA U 3BOJIIOIMHU KHUBBIX OPraHU3MOB.

- ITIOJIb30BATbLCs I/IHTepHeT u cnpaBquoﬁ J'IPITepaTypOfI 10 OHUOJIOTHU HAQYYHOI'O U MMPUKJIAAHOTO

XapakTepa JUIsl OICTPOTo MOMCKa HEOOXOAUMBIX TaHHBIX U TIOHSTH;

- IporpaMMHpoBath Ha si3bikax Perl 1 MySQL;
- IMIUIEMEHTHPOBATh M OTJIAXKUBATh OMOMH(OPMATHUECKUE aJITOPUTMBI;
- IPOEKTUPOBATh U3 3aIOJIHATH 0a3bl JaHHBIX;
- HAXOIUTh ONTUMAJIbHBIEC AJITOPUTMBI IS PEIICHUS 33/1a4 aHaIM3a OMOJIOTMYECKUX

MOCJICAOBATCIIBHOCTAX, YMETh OLCHUTD TPYAOCMKOCTDH aJITOPUTMOB.

BJIAJIETh:

- HaBBIKaMH PabOTHI ¢ OONIBIIMMU 00BEeMaMyl OMOJIOTUYECKUX JTAHHBIX;
- KyJBTYpO# TUTAHUPOBAHUSI U OCYIIECTBICHUSI MHOTOCTYIIEHUATOTO OMOMH(POPMATHYECKOTO aHATN3a.

4. Conep:xkanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

Tema (pazmern) TUCITUTUTHHEL

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

Jlexnm

CeMuHapsI

JlaGopar. paboTsl

CaMocT.
pabora

BBenenue B S3bIK MPOrpaMMHPOBAHUS
Perl u oneparmonnyto cuctemy UNIX

OCHOBHBIC ~ TOHATHS  MOJIEKYJISIPHOU
onosoruu 17} AITOPUTMBI
OMoMH(pOPMaTHKHI

AnHoTanus reHoMma. MeToasl
NpeACcKa3aHusi TCHOB

MCTO,I[LI (1)I/IJ'IOF6HGTI/ILICCKOFO aHaJin3a

[V}

buonndopmarnueckue 0azbl  JaHHBIX,
SI3BIK TIporpammupoBanng MySQL

o

e}

Anxanus OOJIBIINX 00bEMOB
OMOJIOrMYECKUX JaHHBIX

BLAST

AnropuT™MBI JUHAMUYECKOTO
[IPOrpaMMUPOBaHUS

O 0 |Q|] &

BrICTpBI NOUCK MTOACTPOKU B CTPOKE

10

WNHpexe u
Bappoysa-Yumnepa

npeobpazoBaHue

11

MCTOZ[LI OIITUMH3AlIUH

Wl W [W &~ [W]

AN N || 0 || ©




12 Mertonsl  QyHKIIMOHATBHON aHHOTAIUN 4 ]
reHOMa

13 |MoTuBBI B reHOMax 3 6
OcHOBHBIE CTPYKTYPBI JAHHBIX:

14  |xom-tabnuma, cyddukcHOe — Jepeso, 3 6
cyhuxcHbIi MaccuB

15 OcHoBrl baiiecoBckoil CTaTUCTHKH 4 8

16 OneHka napaMeTpoOB CKpBITOM LENU 3 6
MapxkoBa

17 [Ipunoxenus QITOPUTMOB 3 6
JUHAMUYECKOTO IIPOrpaMMHPOBAHNUS

18  |CkpeoiThie Ienu MapkoBa 4 8

Hroro wacos 60 120

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. Beenienue B s3Ik iporpammupoBanus Perl u onepanmonnyro cucremy UNIX

[lonsaTne mepeMeHHOW, MaccuBa, XdIIa, cChUIKM. [lukibl, pabora co CTpoKamu, peryisipHbIC
BeIpakeHus. OcHoBHBIE KoMaHApl UNIX.

2. OCHOBHBbIE MTOHATHUS MOJIEKYJISIPHOI OMOJIOrHY U alNTOpUTMbl OMOMH(pOpPMATHKH

[Ipokapuotsl, 3ykapuoThl, reHoMm, reH, xpomocoma, JHK, PHK, Tpanckpunuwus, TpaHchsuus,
TCHETUYECKHI KO/, puOOCOMa, HYKJIEOTHIbl, AMHUHOKHCIOTBHL, KOMIUIEMEHTAPHOCTh, OK30HBI,
WHTPOHBI. AJITOPUTMBI BBIPABHUBAHUSL OMOJIOTMYECKHX IOcienoBaresibHocTerd — Smith-Waterman,
Needleman-Wunsch, BLAST, quramMudeckoe nporpaMmMupoBanue. Sequence

LOGO, IILIP.
3. AHHOTanMs reHoMa. MeTo/IbI peicKa3aHus TEHOB

Pasuuia Mexay NMpoKapuOTHUYSCKUMH M 3YKAPUOTHYCCKHMMHU T€HaMH, CalT CBA3BIBAHHS PHOOCOMBI,
GC%, paMKa CUATHIBaHUS.

4. MCTO,I[BI (bHJ'IOFeHeTI/I‘leCKOFO aHaJIn3a

Apxen. [TonsiTHE  KOHCEPBAaTMBHOCTM M €€  HCIOJIB30BAaHUE  JUIsi  TMPEICKa3aHus
(YHKIMOHATLHO-3HAYUMBIX COOBITHI — POTPAMMHUPYEMBIH CIABHUT PAMKH CUMTHIBAHUS, TICEBIOTCHBI,
Ka/Ks.

5. buonndopmarnyeckue 60a3bl JaHHBIX, SA3bIK MporpamMmmupoBanus MySQL
baswr gannsix NCBI, GENCODE, Genome Browser.
6. AHanu3 60IpIINX 00BEMOB OHOIOTHUECKUX JaHHBIX

Mertonel MccIeIOBaHUS TI'€HOMa M SKCIPECCUHM I€HOB. AHaiu3 [aHHbIX MMKpOUMIIOB MU Next
Generation Sequencing. Metonsl BeisiBieHUsI MyTauuii, SNP, ommOku ceKBUHUPOBaHMS, MaWIUIalH,
APIL. YpoBHM peryisiiuu SKCIPECCUH TeHOB, TPaHCKPHUIIIMOHHBIE (dakTopbl, MUKpOPHK, miuHHBIC
Hekoqupyrome PHK, Bropmunas crpyktypa PHK, aHTHCMBICTIOBBIE  B3aMMOJECHCTBUA,
OMOXMMHYECKHE U PETYISTOPHBIC ITyTH, OMOIOorHueckue HeTBOpKH, 0a3a naHubpix KEGG.




7. BLAST

WNupexkcupoBanue, 3aBUCHMOCTD JITMHBI KJIfoua OT ajdasurta, ucnoin3oBanne BLAST unpekca B
3aJayax NpoTeoMukd, cpaBHeHue monxonoB BLAST um Cmwura-BorepMaHa K NOWCKY JIOKaJIbHBIX
BblpaBHUBaHUM. Craructuka Aunsrinyns-Kapiauna. PacnpeneneHue 3KcTpeMallbHBIX 3HAYEHUH.
Pacnpenenenue ['ym6ens. Ilytu ¢ Boicokum stokasnbHeiM Becom (HSP). P-3nadenne n E-3Hauenue.
buToBBIii CKOD.

8. AropuTMBI JUHAMHYECKOTO MPOTPaMMHUPOBAHUS

ANTOPUTMBI TUHAMHYECKOTO MPOrPAMMHUPOBAHMSA AJISl IMOMCKA KpaTyailliero MmyTH MEXIY ABYMs
BEpUIMHAMM B HampaBIeHHOM anuknndeckoM rpade (bemnmana-Dopaa) m BEIYHCICHUS CyMMBI
BECOB 110 BCEM TaKUM IIYTSAM (CTaTCyMMa).

9. BBICTpBII IOUCK MOACTPOKHU B CTPOKE

Anroput™mbl HaumBHBIM, Kayra-Mopuca-Ilparra, Pabuna-Kapna, anroputm kenrypy. OrueHkn
TpynoeMkocTH. ONTHUMAaNIbHOCTH JUIsl ITOMCKa MOTMBOB pa3HOW AMuHBL. Yyer 3ameH (wildcards).
OnrtumanbHas peann3arus.

Cemecrtp: 2 (Becennuit)
10. Munexc u npeobpazosanue bappoysa-Yusepa

Wnpexc u npeodpazoBanne bappoysa-Yumnepa. Ouenka tpygoemkoctu moucka. [Ipobnema ¢ yuerom
BcTaBoK-Jenenuii. Mcmonb3oBanne B mporpammax BWA u Bowtie ansi kapTupoBaHus pHIOB Ha
TEHOMBI.

11. MeToasl oNITUMU3AITAN

Maxkcummzanuss maroxuganus (Expectation maximization). 3amaua pasgeneHHs ABYX KIIacTEpPOB.
Ponp BbpIOOpa HadanbHbBIX 3HaueHMH. OIGHKAa CXOOMMOCTH. VICHonb30BaHWE IS MOCTPOEHUS
MHOXECTBEHHBIX JIOKaNbHbIX BbipaBHuBaHui (MEME). Meton caommupoBanue ['n60ca. JleranbHblit
6ananc. [Ipobnema olleHKH CXOAUMOCTH.

12. MeTonb! pyHKIIMOHAIEHOW aHHOTAIIMHA T€HOMA

Mertonpl (QYHKIIMOHATBHON aHHOTAIIMM, OCHOBAaHHBIE HA CKPBITBIX MAapKOBCKHX IEMSAX, TMOHCK
KOIHUPYIOLIUX MOCIEI0BATEIbHOCTEN, HOUCK OJHOPOAHBIX JOMEHOB XPOMATHHA.

13. MoTuBEI B TEHOMAaX

MoTHBBI B TeHOMAaX, IOUCK W UIEHTH(PHUKALKS MOTUBOB, MHOXECTBEHHOE JIOKaJIbHOE BHIPAaBHUBAHUE.
IIpencraBneHns MOTHBOB: KOHCEHCYCHAsl CTPOKa, MaTpuIla MO3UIIMOHHBIX BECOB, OaliecoBCKast CETh.
Anroputm  Tyse-Bappe  BbUMCIEHMS  BEpPOSTHOCTH  BCTpEYM  MOTHMBAa B CIy4aillHOH
[IOCJIEI0BATEIbHOCTH. AJTOPUTMBI IIOCTPOEHUS MHOXKECTBEHHBIX JIOKAJIbHBIX BBIPAaBHUBAHUN U
uACHTU(UKALMH MOTUBOB: XkaaHbIi anroputM Ltopmo, MEME. Ancam6nu motusos, ChIPmunk.

14. OcHOBHBIE CTPYKTYPBI JAHHBIX: X3II-Tabnuna, cyddukcHoe nepeBo, cypHUKCHBIN MacCUB
Xsmr-rabnuuna, cyQurcaoe nepeBo, cyhHUKCHBIA MacCuB, TPYIOEMKOCTh MIOMCKA B KaXK/I0M CIIydae.

15. OcHoBrI baliecoBCKOM CTaTUCTUKU



[IpaBnomnonobue, MeTonm HAMOOJBIIETO MPABAONONO0MS, MaprHHAIU3AIM paclpeleieHuil U
MapruHaisHoe npasaononodue. [locnenoBarenpHoe OaliecoBckoe oneHnBanue. Muterpan Jupuxie.
Cmecy  Jlupuxine. ComnpsbkeHHbIe — pacrpeneieHus. Poib  anpHOpHOro  pacmpeseeHHs.
CocTtosiTenbHON 0alleCOBCKUX OLIEHOK.

16. Ouenka napamMeTpoB CKpbITOW 1enn MapkoBa

OOyuenne ButepOu, w™erton bayma-Benma, poib JUHAMHYECKOTO MPOrPaMMHPOBAHUSA U
0alieCOBCKOI0 OLIEHUBAHMSL.

17. TlpuioxeHus anropuTMOB JIMHAMUUYECKOIO IPOTPaMMUPOBaHUS

[IpunoxeHus aropuTMOB JUHAMUYECKOIO IIPOIPaMMHUPOBAHUS. AJITOPUTM IIOMCKA JIOKaJIbHOIO
BbIpaBHUBaHus CMmuTa-Borepmana. Marpunia Cmurta-BorepmaHa v cOOTBETCTBYIONIHIA Tpad.

IIpumepsl myTeil. ANTOpUTM ONTUMAJIBHOW CErMEHTAallMM IIOCJIEIOBATEJIbHOCTH Ha JIOMEHBI,
OIHOPOIHBIE IO cocTaBy. POPMYIHPOBKA Ha S3bIKE IPadoB.

18. CkpeoIThle enu MapkoBa

[lonsiTHE O CKpBITON MapKOBCKOM MOJENH, MEPEXOAHBIE M 3MHCCHOHHBIE BEPOATHOCTH, IOMCK
ONTUMAJIBHOW II0CJIEI0BATEIbHOCTU IIEPEXON0B MEXIY COCTOSIHUAMHU JUIsl IIOCIIENOBATEIbHOCTH,
MOPOXIECHHONW CKPBITOW MAapKOBCKOM Mozenbio (asiroputM BurtepOu), BBIUKCIEHHUE BEPOSTHOCTH
nepexosia B JAHHOW TOUKe (AITOPUTM TyIa-oOpaTHO), MCIIOJIb30BAaHHME AJrOpUTMa JTUHAMHYECKOIO
MPOrpaMMHPOBAHUS JJIsl aHAJIM3a CKPHITHIX 1ierneld Mapkosa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

— y4eOHbIC ayAUTOPUH IS TPOBEACHUS 3aHATHIA JIEKIIMOHHOTO THUIIA;

— ayIUTOPUH, OCHAILICHHBIE KOMIIBIOTEPHON TEXHUKOU € MOAKIIOYEHUEM K ceTh «IHTepHeT»;

— KOMIIBIOTEP U MYJIBTUMEANIHOE 000pyaoBaHue (IIpOeKTOp, 3ByKoBas cuctema), UNIX cepsep ¢
OTZIEJIbHBIM aKKayHTOM JJISl KaXKI0TO CTY/IEHTA.

— UHIUBUAYaJIbHBIC BEIYUCIUTEIBHBIC CPEACTBA CTYACHTOB (IIEpPCOHAIbHbBIE KOMITBIOTEPHI) AJIS
BBINTOJTHEHUSI JOMAIITHUX 3aaHUM.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPaATyPbI

OcHoBHas nuTeparypa

[penocrapnsercs Ha 6a3oBoii Kadeape:

Durbin, R., Eddy, S., Krogh, A., Mitchison, G. Biological sequence analysis, Cambridge University
Press, 1998.

[epeson: dyp6un, P., Onmu, 1., Kpor, A., Mutuucos, I. Aranm3 Onomornueckux
nocleioBarenbHocTel (epeBoq A. MuponoBa). M3narenscTBo: MTHCTUTYT KOMIBIOTEPHBIX
nccnenoanuii, 2006.

Borodovsky, M., Ekisheva, S. Problems and solution in biological sequence analysis. Cambridge
University Press, 2006.

Pevzner, P.A., Shamir, R. Bioinformatics for Biologists. Cambridge University Press, 2011

P. Qyp6umn, I1I. Oa1u, A. Kpor, I. MuTtuncon. AHanu3 610I0THYECKHX M0CIE0BaTeIbHOCTEH.
Perymnsipuas u xaornueckas nunamuka, 20006.

Mapk boponosckuii, Ceetiana Exumesa. 3aiaun u pemeHus o aHaiau3y OHoJI0THIeCKUX
nocienoBareabHOCTe. PeryndpHas u xaotnueckas quHamuka, 2008

JlononHuTenbHAs TUTEpaTypa
[penocrapnsercs Ha 6a3oBoii Kadeape:
TFacduna, [1. Ctpoku, 1epeBbs U MOCIEN0BAaTEIBHOCTH B anroputMax. MHpopmaruka u
BBIUMCIUTENBHAs Ouonorusi, UznarenbctBo HeBckumii quanext, Cankr-IlerepOypr, 2003
Panpgan JI. IBapu, Tom ®@enunke, bpaiian J| ®oii. Usyuaem Perl. Cumson-Ilnroc, 2009



7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

He HUCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

st wactu 3anstuii notpedyercsa Zoom. Google Drive myis qoctyna Kk Marepuaiam Kypcea.
[TpuBeTcTByeTCS HamMuue BO BpeMs 3aHATUI cMapT(GOHOB/HOYTOYKOB AJISl y4acTHsI B UHTEPAKTHBHBIX
YIPaXHEHHUSX.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

B pasmene nmarorcs ykazaHWS 1O OpraHU3alHUH JIEATEIHHOCTH OOyYaloIIErocs 110 OCBOCHUIO
JUCIATUTHHBL: TTOJrOTOBKE K ayJUTOPHBIM 3aHATHSM IJIEKIIMOHHOTO THIIA, CAMOCTOSTENILHOW PaOOTHI,
pEeKOMEHJAIMK 10 ONTHMAJILHOM OpraHM3alMH IIpollecca W3y4YeHHs Yy4eOHOro Marepuana
JCIATUTHHBI, CCBIIKA Ha METOJUYECKHE pa3/ieibl caiita Kadeaphl, CIMCOK METOJMYECKUX YKa3aHUH,
HCITIONIE3YEMBIX B 00Pa30BaTEIHLHOM IIPOIECCE IO TAHHOW TUCITUTLINHE.

OHCHO‘-IHI:IG MaTcpHuaJibl

OneHouHble MaTepHalbl 10 AUCHUILUIMHE (MOIYNI0) OGOPMIISIIOTCS B BUAE NMPHIOKEHHS K paboueit
[IporpaMMe U COZIeprKaT pa3ziesbl:

Komnerenuun, popMupyeMsie B IpoLiecce U3y4eHHs! JUCIUIIHHBI

[Mporpammuposanune Ha Perl 1 MySQL, a Takxke ocHoOBaM paboThl B onepainonHoii cucreme UNIX
YMeHue MoIb30BaThCsl OCHOBHBIMY OMOMH(GOpPMATHIECKHUMHU 0a3aMH JaHHBIX

3HaKOMCTB ¢ 0a30BBIMU aJITOPUTMAMH U OpPMATaMH JJAHHBIX OMOMH(OPMATHKH;

dopmupoBaHHE OCHOBHBIX OMOMH(OPMATHYECKHX HABBIKOB M MPUOOPETCHHWE HMMHU MPAKTHYECKOTO
OIbITA, HEOOXOAMMOTO Ui TIPOBEIEHHS CAMOCTOATENBHBIX HAYYHBIX MHCCIIIOBAaHUM B 001acTH
CHUCTEMHOW OHOJIOTHH.

bazoBble 3HaHNSA 00 OCHOBHBIX AJITOPUTMAX, MPUMEHAEMBIX B 3a/adaxX (DYHKIMOHAJIBLHON aHHOTAIMH
T€HOMOB, MaTEeMaTHYEeCKUX KOHCTPYKLUSX JISKAIIUX B UX OCHOBE, a TAK)KE CTATUCTUYECKHX METOIaxX
OLCHKH TapaMeTpOB OSTHX QJITOPUTMOB M3 pEAIbHBIX OHOJOIMYECKHX IIOCIIEA0BATEILHOCTEMH;
MPaKTHYECKOE OCBOCHHE CTYICHTaMH METOJIOB aHAIN3a OMOJIOTUYECKUX TOCIIEA0BATEILHOCTEN ITyTeM
CO3/IaHUS ONTUMAJIBHBIX CTATUCTUYECKUX MOJEJIeH CErMEHTOB MOCIeI0BAaTeIbHOCTEH OHOIOINMEPOB,
NPUHAUICKANIMX K TEM WM HHBIM (DYHKIIHOHAJIBHBIM KJIaccam;

[TomydeHre OCHOBHBIX BBIYMCIMTENIBHBIX HABBIKOB M HPUOOPETEHHE MMM IPAKTUYECKOTO OIIBITA,
HEOOXOAMMOTO JIUIsl TPOBENCHHS CaMOCTOSTEIBHBIX HAyYHBIX HCCIIENOBaHUH B OHOMH(OPMATHKH
aHaJIM3a.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku

kadeapa MHHOBAIIMOHHON (papMalieBTHKHU, MEIUIIMHCKON TEXHUKH W OMOTEXHOJIOTUU
Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T
PazpaGoTunkm:

@.E. ®penkenb, KaH. OHOI. HAyK
O.10. IInoTHNKOBa



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1 Bnaneer cucremoit ¢pyranamentanbibix |OIIK-1.2 CriocoOeH 0000maTh W KPUTHYECKH OIICHHBATH
HAyYHBIX 3HAHHI B O0JIACTH ONBIT W PE3yNabTaThl HAyYHBIX HCCIEIOBaHUI B 001acTu
(hM3UKO-MaTeMaTHIEeCKUX HayK npodecCuoHaTbHON e TEIHHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2 Nmeer npeacraenenne o0 akryanbHbix |OITK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
npobiemMax HayKd U TEXHUKH B 00JIaCTH CBOEH |McciieoBaHMM B obmacTu  cBoel  mpodeccroHanbHON
npodeccuoHaIbHON IESTEIbHOCTH, CIOCOOCH | AEATENBHOCTH U MX MPAKTUYECKYIO 3HAYMMOCTb

Ha Hay4YHOM SI3bIKE (OPMYITHPOBATH OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
npoQeCCHOHANBHBIC 331291 HCIIOJIB3YEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
W3JIOKEHUSI PEe3yJIbTaTOB HAy4YHOW JAEATEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare wuzyueHus AUCUUIUIUHBI «lIpakTHKyM 1O HPUMEHEHHUIO COBPEMEHHBIX METOAOB aHalu3a
OMHUKCHBIX JJAHHBIX» 00yUYaIONIHICS JOIDKEH:

3HATb:

- OCHOBHbIE OMOMH(pOPMATHUECKHE ANTOPUTMBI, 0a3bl JaHHBIX, (hopMaThl (Paiios;
- OBICTPBI MOKMCK MOJICTPOKU B CTPOKE — alNTOpUTMBbI HauBHEIH, KHyTa-Mopuca-Ilparra,
Pabuna-Kaprma, anroputm KeHrypy;
- HHJIEKC U peoOpazoBanue bappoysa-Yuinepa;
- BLAST — unpexcupoBanue, cratucTuka Anprinyisi-Kapiuna;
- OCHOBHI baifecoBcKko# CTaTUCTHUKH, TIPABIONOA00HE, METO/ HANOOIBIIETO MPABIOIO00US,
MapruHalu3alysl pacnpeneieHui 1 MapruHajlbHOE PaBIooa00He;
- OIICHKA MapaMeTPOB CKPBITOH 1enu MapkoBa, oOyuenne Butepou, meton bayma-Benmia;
- METO/BI aHaJIM3a TeHOMa, OCHOBAaHHbIE Ha CKPBITHIX MAPKOBCKUX LETISIX, MOMCK KOIUPYIOMINX
[10CJIEI0BATENbHOCTEH, IOUCK OJJHOPOIHBIX JIOMEHOB XPOMATHHA;
- COBEpEMEHHBIE MOJICKYJISIPHO-OHOJIOTHYECKUE METOABI HCCIIEIOBAHMUS IPOLIECCOB B KIIECTKE;
- (hm3MUecKue U XUMHYECKHE CBONCTBA HYKIEHHOBBIX KHCIIOT;
- IPOLIECCHI C YYaCTUEM HYKJICHHOBBIX KHCIIOT;
- METOZbI UCCIIEJOBAaHU T€HOMA U BOJIIOLIMHU KUBBIX OPIaHU3MOB.
YMeThb:

- MOJTh30BaThCsl IHTEPHET U CIIPaBOYHOM JINTEPATypOil 0 OMOIOTHY HAYYHOTO Y TTPHUKIIATHOTO
XapakTepa JUIsl OICTPOTO MOMCKa HEOOXOAUMBIX TaHHBIX U TIOHSTHI;
- IporpaMMHpoBath Ha si3bikax Perl 1 MySQL;
- IMIUIEMEHTHPOBATh ¥ OTIAKUBATh OMOMH(POPMATHUECKUE AITOPUTMBL;
- POEKTUPOBATH U3 3aNOTHATEH 0a3bl JaHHBIX;
- HaXOJUTh ONTUMAJIbHBIC aJITOPUTMBI JUTsl PEILICHYsI 3a/1a4 aHalTn3a OMOIOTHYECKHX
MOCJIEIOBATEILHOCTSIX, YMETh OIICHUTH TPYIOEMKOCTh allTOPUTMOB.
BJIAJIETh:
- HaBBIKaMH PabOTHI ¢ OONIBIIMMU 00hEeMaMy OMOJIOTUYECKUX JTAHHBIX;
- KyJBTYpO# TUTAHUPOBAHMSI U OCYIIIECTBICHUSI MHOTOCTYIIEHUATOTO OMOMH(POPMATHYECKOTO aHATN3a.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIleMy KOHTPOJII0




[Iprmepsr BOPOCOB:

ANTOPUTMBI  BbIpAaBHUBAHHUS  OWOJOTMYECKHX  MoOcIemoBarenbHOCTe —  Smith-Waterman,
Needleman-Wunsch, BLAST, nunamudeckoe nporpammupoBanue. Sequence LOGO, ITLP.

BLAST: unaexcupoBaHue U MOUCK JIOKaJIbHO-BRIPOBHEHHBIX yYacTKOB. Beca J0KajIbHO BEIPOBHEHHBIX
y4acTKOB, pacnpeaencHue ['ymOens, cratuctuka Ansrinyns-Kapnvna, P-3nauenne u E-3nauenue.

[TpumMep camocTarosTeNbHON paboThI:

IIpennonaraercs nate cTyneHTaM OMOMH(POPMATHYECKYIO 3aady, MAKCUMaJIbHO PUOIMKEHHYIO
K peallbHOM ucclieoBarenbckoit pabore. CTyneHsl OymyT pa3ouThl Ha 3-4 TPYIIBI U KaKaast
rpymmna OyieT oTBedaTh 3a CBOIO yacThb MpoekTa. Ha nexkuusax Oynem BBICTYIIMBATh U 00CYXKIaTh
pe3yabTaThl, HOITyUYEHHbIE KQKIO0H U3 TPYII 32 HEJeNero.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. OcHoBHBIE KOMaH bl oniepanmoHHON cpeabl UNIX

2. OcHOBHI s13bIKa IporpaMMupoBanus Perl, perynsipHbie BopaxeHus

3. OcHoBHI s13b1Ka nporpamMmmupoBanust MySQL, apxurektypa 6a3bl JaHHBIX

4. OCHOBHBIC MTOHATHUS MOJICKYIISIPHON OMOJIOTHH

5. AnropuTt™ BBIpaBHMBaHUS HYKJICOTHIHBIX MOcieqoBaTenbHOCcTel Smith-Waterman

6. AsropuTM BBIpaBHMBaHUS HYKJICOTHIHBIX mocienoBarensHocTell Needleman-Wunsch

7. Tlomxompl K TIpEeICKa3aHWIO TE€HOB B TeHoMme. PasHuna MeXIy 3yKapUOTHYECKHMH U
[IPOKAPUOTUYECKUMH FE€HAMU.

8. Metozp! (pUIOreHeTHUECKOro aHaIu3a.

9. buonndopmarnyeckue 6a3nl qaHHbIX, Genome Browser

10. Metozbl HccnenoBaHUSl TEHOMA U AKCIIPECCHH TEHOB.

11. MeTons! BBISICHEHUS IEPBUYHON CTPYKTYPHI HyKJICHHOBBIX KHCIIOT.

12. TTonmumepasnas nennas peakmus (ITL[P).

13. Perutukanust, TpaHCKPHUIILIHS, TPAHCIISIIMSL.

14. YpoBHU peryinsium dKkcrpeccuu reHoB. CucTeMHas OHOIIOTHSI.

15. Tpancnauus.

16. I'enetnueckuii koj. YacToTa BCTpe4aeMOCTH KOJOHOB.

17. TTomxoap! k aHAN3Y OOJIBIIUX 00HEMOB OMOIOTHYECKHUX JIAHHBIX.

18. OcHOBHBIE CTPYKTYPHI JaHHBIX: X31I-Tabnuna, cyhdukcHoe nepeBo, cyhOUKCHBIN MacCUB.
19. AnropuTMBI IOUCKA MOJCTPOKHU B cTpoKe: HauBHBIN, KHyTa-Mopuca-Ilparra, Pabuna-Kapma
20. Munexc u npeobpazoBanue bappoysza-Yusiepa.

21. BLAST: uanexkcupoBaHH€ U MOUCK JIOKAJIbHO-BHIPOBHEHHBIX YYaCTKOB.

22. BLAST: Beca nokajdbHO BBIPOBHEHHBIX YYacTKOB, pacrpeneneHue [ymOens, cTaTHCTHKa
Anprmrynsa-Kapnuna, P-3nauenue u E-3HaueHue.

23. TlencraBieHuss MOTHMBOB B T'CHOMAax: KOHCEHCYCHas CTpOKa, MaTpHWIla TMO3MIIMOHHBIX BECOB,
OaliecOBCKas CETh.

24.  Amroputrm Ty3e-Bappe BbpIUMCIEHHMS BEpPOATHOCTHM BCTPEUYM MOTHBA B  CIy4aiHON
MOCJIEI0BATEIbHOCTH.

25. ANTOpUTMBI TOCTPOCHHS MHOXXECTBEHHBIX JIOKAJIBHBIX BBIPABHUBAHHW H WICHTU(UKAINU
MOTHUBOB: xkaaubli anroputm LlTtopmo, MEME. Ancam6mu motueos, ChIPmunk.

26. ANropur™M IMHAMHMYECKOIO IIPOrpaMMMPOBAHUA Ul IOMCKA KpaTdallero ImyTH MEXIYy IBYyMs
BEpILIMHAMHM B HalpaBIeHHOM anukinieckoM rpade (bemnmana-dopaa).

27. ANropuTMBl AMHAMHYECKOTO MPOTPAMMMPOBAHUS ISl BBIYMCIIEHHS CYMM BECOB IIO BCEM IYyTAM
MEXIy JIByMsI BEpIIMHAMH B HaIlpaBJIeHHOM arukindeckom rpade (bemmana-Dopaa)

28. Moaudukanuy aaropuTMOB JAWHAMHUYECKOTO IPOTPAMMHUPOBAHM JJIS IIOHUCKA JIOKAJIBHO
BBIPAaBHUBAHMSI U CETMEHTALIMM TOCIIE0BaTeIbHOCTEH Ha OJIOKH, OJJHOPOAHBIE MO COCTABY.

29. IloHsTHE O CKPBITOW MapKOBCKOM MOJIEIH, IEPEXOIHBIE U SMUCCHOHHBIE BEPOATHOCTH.

30. Aaroput™m BuTtepOu moucka onTUMalbHOM MOCIEAOBATEIBHOCTH MEPEXOJ0B MEXKIy COCTOSIHUAMU
JUIsl TIOCJIEI0BAaTENbHOCTH, IOPOXKICHHONW CKPBITOM MapKOBCKOM MOJIEIIBIO.

31. Aaroput™m «Tyaa-oOpaTHO» BBIYHCIICHHWE BEPOATHOCTU Tepexofa B CKPBITOH Ienu MapkoBa B
JTAHHOM TOYKE.



32. OcHoBbl baiiecoBckoii CTaTUCTHKU. ATIPUOPHOE paciipesieiieHre BeposITHOCTENH. MapruHanu3anmsi.
33. AnroputMmbl Makcummzanmu Matoxuganus (Expectation maximization) W COMIUTMPOBAHHS TIO
['m66cy miist morcka MaKCHMAITLHOTO TPABAOIIOO0US.

34. Ouenka mapamMeTpoB CKpbITOH 1lenn MapkoBa MeTosioM o0yuenus: Butepou.

35. Ouenka nmapamMeTpoB CKpbITOW e MapkoBa ¢ momotpio anroputma bayma-Benmra.

36. [lonck KOOUPYIOIINX [TOCIEAOBATEIBHOCTEH ¢ IOMOIIBIO CKPBITHIX MapKOBCKHX LIETICH.

37. llporpamma GeneMark.

38. Ilouck y4acTKOB ¢ KOHKPETHBIM COCTOSSHUEM XPOMAaTHHA C IOMOIIBIO CKPBITHIX MAPKOBCKUX LICICH.
Anroput™m DpHcTa-Kemnmuca

Kpurepun onennBanus
Onenka ommuyHO (10 OGamnmoB) - BBICTABISICTCSl  CTYAGHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka omm4yHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTU3UPOBaHHBIC, [NTyOOKHE 3HAHUS YIeOHON POrpaMMbl TUCIUIIIMHBI U YMEHUE
YBEPEHHO NPUMEHITh MX Ha MPAKTHUKE MPHU PELICHUH KOHKPETHBIX 3ajiad, CBOOOAHOE U MPaBUIIbHOE
000CHOBaHME MPUHATHIX PELICHUI.
Onenka ommyHO (8 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
[0 CYIIECTBY M3J1araeT ero, yMeeT NPUMEHSTH MOJy4YCHHbIC 3HAHMS Ha MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomro (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHAThH IOJyYCHHBbIC 3HAHWS HA MPAKTHKE, HO JOMYCKAaeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Onenka xopomio (5 0aiioB) - BBICTABISETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO M IO CYLIECTBY H3JaraeT ero, ymMeeT NPUMEHSTh MOIYy4YEeHHBIC 3HAHMS Ha IMPAKTHKE, HO
JOIyCKaeT B OTBETE WM B PEIICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.
OrneHka yIOBIETBOPUTENHHO (4 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN NIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
Omnenka ymoBieTBOpUTENbHO (3 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemy omHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMu y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.
OueHka HEy10BIETBOPHUTENBHO (2 Oaa) - BEICTABISAETCS CTYJACHTY, KOTOPBII He 3HaeT OoJbIIeH YacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIEC 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.
Onenka HeynosieTBopuTesnbHO (1 Oamt) - BBICTABISIETCS CTYACHTY, KOTOPBIM HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omuOKy B (GOPMYITUPOBKAX
0a30BbIX TOHATHM AUCLHMIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHpoBaHHOro 3aueTa o0yyaromemMycs npenocrasiusercs 30 MUHYT
Ha noaroroBky. Ompoc oOywaromerocsi mo Owiery Ha ycTHOM Aud@epeHuHHpOBaHHOM 3avyeTe He
JIOJKEH NPEBBIIIATH OJIHOTO aCTPOHOMMUYECKOI0 yaca.



