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AHHOTANMA

B pamkax mucnurnabl « COBPEeMEHHBIE METOJIBI aHAIIM3a OMUKCHBIX JIAHHBIX)» 00YYarorecs O3HAKOMSITCS C
0a30BBIMH 3HAaHMSIMH OO0 OCHOBHBIX aJrOPUTMax, MPUMEHSEMBIX B 3ajgadax (pyHKIMOHAIBHOW aHHOTAIUU
TeHOMOB, MaTEMaTHYECKUX KOHCTPYKITUSX, JICKAIIUX B UX OCHOBE, a TAKXKE CTATUCTUICCKUX METOIAX OIICHKU
MapaMeTpoB OSTHUX alTOPUTMOB W3 peallbHBIX OHMOJIOTMYECKUX MocieaoBaTenbHocTell. Ha 3aHsTHsIX
oOydaronuecss OCBOAT METOAbI aHaNM3a OWOJIOTHMYECKUX TMOCJEIOBATEIHbHOCTEH MyTeM CO3IaHMs
ONITUMAJILHBIX CTATUCTHYECKUX MOJICJICH CETMEHTOB MOCIIEIOBATEIBHOCTEH OHOMOIMMEPOB, MPUHAIICKAIITIX
K T€M WIW WHBIM (YHKIMOHAIHHBIM KjacCaM M TIOJydYaT OCHOBHBIC BBIYMCIIMTEIHHBIC HABBIKH, a TaKkKe
MPAKTUYECKUH OMBIT, HEOOXOMUMBINA JJIsl TPOBEJCHHUS CAMOCTOSTEIBHBIX HAyYHBIX WCCIC/IOBAHUN B
OnonH(pOpMaTHKe aHAIIM3A.

1. leau u 3apauu

eap AUCUMNIMHBI

Jlate cTymeHTaM HamOoJsiee Ba)KHBIC MPEJICTABICHHUS O MaTeMaTHYeCKUX OCHOBaX COBPEMEHHBIX
QITOPUTMOB, HCIOJIB3YEMBIX JUISI aHAIHW3a MOCIEI0BaTEeIbHOCTEH OMOMOIMMEPOB, U TPAKTHYECKHE
HaBBIKA TPUMEHEHHS METONOB OMOMH(DOpPMATUKH ISl aHAM3a W HWHTEPHPETAlyd OMOJOTHYECKUX
JIaHHBIX.

3agaum AUCHUILUIMHBI
- [Iporpammuporanue Ha Perl 1 MySQL, a Takxke ocHOBaM paboThl B oniepaiiuonHoii cucreme UNIX
- YMeHue Mmob30BaThCsl OCHOBHBIME OMOMH(OpPMAaTHYECKUMHU 0a3aMH JaHHBIX
- 3HaKoMCTB ¢ 0a30BBIMHU AJITOPUTMAMHK U OpMaTaMH JJAHHBIX OMOUH(POPMATHKH;
- ®opMUpOBaHUE OCHOBHBIX OMOMH(OPMATHYECKHX HABBIKOB U NMPHOOPETEHHE MU IPAKTHYECKOTO
OIlbITA, HEOOXOAMMOTO Ui TPOBEIEHHS CAMOCTOATENIBHBIX HAYYHBIX MHCCIIEIOBAaHUM B 001acTH
CHUCTEMHOW OMOJIOTHH.
- ba3oBble 3HaHUS 00 OCHOBHBIX aJITOPUTMaxX, IPUMEHSAEMBIX B 3a7a4ax (PyHKIIMOHAIbHOW aHHOTAIUU
T€HOMOB, MAaTEMaTHYECKUX KOHCTPYKIHAX, JISKAIIUX B UX OCHOBE, a TAKXKE CTATHCTHYECKUX METO/AX
OLICHKH [TapaMeTPOB 3TUX aJITOPUTMOB U3 PEAbHBIX OMOJIOTHYECKUX TTOCIEA0BATEILHOCTEH;
- IlpakTHyeckoe OCBOCHHE CTYISHTaMH METOJOB aHaIM3a OWOJOTMYECKHX MOCIEI0BaTeIbHOCTEH
IMyTEeM CO3[aHUS ONTHUMAJbHBIX CTAaTUCTUYECKHUX MOJENEH CerMEHTOB IOCIIEA0BATeIbHOCTEN
OMOTIOIMMEPOB, MIPUHAUICKAIIUX K TEM WM HHBIM (DYHKIIHOHAJIBHBIM KJaccaMm;
- IlomyuyeHne OCHOBHBIX BBIYMCIHMTENbHBIX HABBIKOB M NPUOOPETEHHE MMH IPAKTUYECKOIO OIbITA,
HEOOXOAMMOTO ISl TIPOBEACHUSI CAMOCTOSTENBHBIX HAyYHBIX HCCIENOBaHMA B OMOMH(OpMATHKE
aHaJIM3a.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananuzupyet npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1 Cnocoben ocymecTsists kputudeckuii  |YK-1.3  PaspabarsiBaecT  CTpareruio  JIOCTHKEHHUS

aHayM3 NpOOJNIEMHBIX CHTyalMi HA OCHOBE [OCTABJICHHOW [EJIM KakK [OCJEIOBATeIbHOCTh ILAroB,

CHUCTEMHOTO TIOIX0/1a, BEIPaOaThIBATh HPEIBUSL PE3YIBTaT KaXIOr0 M3 HHUX M OLCHUBAs HX

CTpaTeruro AeUCTBUI BJIMSHUE HA  BHEIIHEE  OKPYKEHHE  IUIAHUPYEMOU
JESTENBHOCTH W HA B3aMMOOTHOIICHUS YYaCTHUKOB 3TON
JeATEIbHOCTH

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
OIIK-3 CniocoOeH BRIOMPATh U (HITH) peeHus

paspabarbiBarh noaxos! K pemeHnio TunoBbix |OITK-3.2  CnocobeH ucmonb30BaTh HCCIENOBATEIBCKHE
1 HOBBIX 33724 B 00acTi npoecCHOHaIbHON |METOABI NPU PELICHWH HOBBIX 3a/1ad, NPUMEHsS 3HAHHS B
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U pas3IUYHBIX 00JIACTAX HAyKH (TEXHUKH)

OTPaHNYCHHU Pa3JIMIHbIX METOAOB PCIICHUA OIIK-3.3 Brmameer aHaIUTHYECKUMH M BBIYHCIUTEIHLHBIMU
METOJJaM{ PEIICHHUs, TIOHUMAET U YYUTHIBAECT HA NPAKTHUKE
T'PaHUIBI TPUMEHUMOCTH TOIY4aeMbIX peIIeHHN




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
EITENLHOCTH

[IK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN

HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl
[MK-3.1 Tlonmmaer npuHOUNBI pPabOTHl HUCIOIB3YEMOTO
K3 C 5 5 00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
-3 Criocob6en npogeccuoHanbHO paboTars ¢ NPUKITAHBIX TIPOTPAMM)
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMHE MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON ITPEIMETHOM 00IacTH

(MonenupoBaHKUe) C HCIOIb30BAaHMEM HCCIIEIOBATEIBCKOTO
00opynoBaHus (MIAKETOB MPUKIIAAHBIX IPOTPaMM)

IK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- OCHOBHBIE OMOWH(pOPMATHYECKHE ATOPUTMBI, 0a3bl JJaHHBIX, (hopMaThl (Paiisios;

- 6LICTpLII>i MNOUCK TNOACTPOKH B CTPOKEC — aJI'OPUTMBL

Pabuna-Kapra, anroputm KeHrypy;

HauBHbIM, Kayra-Mopuca-Ilparra,

- HHAEKC U peobpaszoBanue bappoysa-Yunepa;
- BLAST — unnexcupoBanue, craructuka Ansrinyns-Kapnuna;

- OCHOBBI balieCOBCKOW CTaTUCTHKH,

MpaBaonoo0rue, METOA HauOOIBIIETr0 IMPAaBIONION00wHs,

MapryuHalIu3alys pacnpeiesieHHii 1 MapruHaJIbHOE TpaBIooaooue;

- OLICHKA [TapaMeTpPOB CKPBITOH 1enu MapkoBa, oO0yuenune Butep6u, meton bayma-Benma;

- METOABl aHaju3a IEHOMA, OCHOBAHHbBIE HA CKPBITBIX MAapKOBCKMX ILEMAX, MOMCK KOJUPYHOIUX
[IOCJIEI0BATENbHOCTEN, MOMCK OJHOPOJHBIX TOMEHOB XPOMAaTHHA;

- COBPEMEHHbIE MOJIEKY/ISIPHO-OHMOIOTNYeCKNEe METO bl NCCIIEOBaHUS IIPOLIECCOB B KIIETKE;

- (pu3nuecKkre U XMMUYECKUE CBOMCTBA HYKJIEMHOBBIX KHCIIOT;

- IIPOLIECCHI C YYACTUEM HYKJIEHHOBBIX KHCIIOT;

- METOJIbI HCCIIEOBAHUS T€HOMA U BOJIIOLIMH KUBBIX OpPraHU3MOB.

YMETB:

- TOJIB30BaThCA VIHTEpHET M CHIPaBOYHOM JMTEpaTypoll MO OWOJIOrMM HAyYHOTO M IPUKIIATHOIO
XapaxTepa JiJ1sl ObICTPOro MOMCKa HEOOXOAUMBIX TaHHBIX U TIOHATHH;

- IporpaMMHpoOBaTh Ha si3bikax Perl u MySQL;

- IMIUIEMEHTHPOBATh M OTJIAKUBATh OMOMH(POPMATHUECKUE AJITOPUTMBL;

- IPOEKTUPOBATH U3 3aIOJHATH 0a3bl JaHHBIX;

- HaxoauThb OIITUMAJIBHBIC

AJITOPUTMBI

JUIA pCIICHUA 3aaa4y aHaJin3a OHOJIOrHYECKUX

MOCJICAOBATCIIBHOCTAX, YMETh OLICHUTL TPYAOCMKOCTL aJITOPUTMOB.

BJIAJIETD:

- HaBbIKAMH Pa0bOTHI ¢ OONBIIMMU 00ObeMaMH OUOJIOTHYECKUX JJAHHBIX;
- KyJBTYypO# TTAHUPOBAHUS U OCYIIECTBICHUS MHOTOCTYTIICHUATOTO OMOMH(POPMATHUCCKOTO aHATH3a.




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

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

No Tema (pazmen) TUCITUTUIHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora

| BBenenue B A3bIK IIPOrpaMMHPOBAHUS | 1 4
Perl u onieparmonnyto cuctemy UNIX
OcHOBHBIE ~ TOHSTHS ~ MOJEKYISIPHOR

2 onosoruu 17} AITOPUTMBI 2 2 8
OMoOMH(pOPMaTHKHI

3 AHHOTaMS reHOMa. Merozsl ) ) ]
MpeacKa3aHusi TeHOB

4 MeTtozp! (HUIOTEHETHYSCKOTO aHaTN3a 2 2 8

5 buonndopmarnueckue 0azbl  JaHHBIX, 1 5 ]
SI3BIK TIporpammupoBanng MySQL

6 Amnanus OobIINX 00BeMOB ) ’ 3
OMOJIOTMYECKUX JAHHBIX

7 BLAST 2 2 8

] AnropuT™MBI JUHAMHAYECKOTO ) 1 4
[IPOrpaMMUPOBaHUS

9 BricTphIii MOMCK TOACTPOKHU B CTPOKE 1 1 4

10 Hunexc u npeobpazoBaHue 1 1 5
Bappoysa-Yumnepa

11 MeToabl OnITUMH3AIIAT 2 2 10

12 Mertonsl (QyHKIMOHAIBHON aHHOTALWU 1 1 5
reHoMa

13 |MoruBsl B reHOMax 2 2 10
OcHoBHbIE CTPYKTYpbI JaHHBIX:

14 |xow-tabnmuma, cyddukcHOE  Oepeso, 1 1 5
cybduKCHBIN MaccuB

15 OcnoBsl baiiecoBckoil cTraTHCTUKN 2 2 10

16 Onenka mapaMeTpoB CKPBITOH LEMHU ) ) 10
MapkoBa

17 [Ipunoxenus aJTOPUTMOB ) ’ 10
JUHAMUAYECKOTO MTPOrpaMMHUPOBAHUS

18 CkpsiThie e MapkoBa 2 2 10

Hroro yacos 30 30 135

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

225 ygac., 5 3au.eq.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemectp: 1 (Ocennuii)

1. BBenenue B s13bIk nmporpammupoBanus Perl u onepaunonnyto cucremy UNIX




[NonsTHe MepeMeHHO, MaccHBa, X3111a, CChUTKU. [[MKITbI, paboTa co CTpOKaMH, perylspHbIe
BbIpakeHus. OcHoBHBIE KoMaHAbl UNIX.

2. OCHOBHBIC MTOHATHS MOJICKYIISIPHOIM OMOJIOTHU U allTOPUTMbI OnOrH(pOpMaTHKH

[IpoxapuroTsl, 3ykapHoThl, TeHOM, reH, xpomocoMma, JIHK, PHK, Tpanckpumnius, Tpancusus,
TeHeTUYeCKUH KoJl, pudocoMa, HyKJICOTH/Ibl, aMUHOKHUCIIOTHI, KOMIUIEMEHTapHOCTh, 9K30HBI,
MHTPOHBI. AJITOPUTMBI BBIPAaBHUBAHUS OMOJIOTHUECKUX TOCIea0BaTeIbHOCTeH — Smith-
Waterman, Needleman-Wunsch, BLAST, quramMuveckoe nporpamMmMupoBaHue. Sequence
LOGO, IILIP.

3. AHHOTanMs reHoMa. MeTo/IbI MpeicKa3aHus TEHOB

Pasuuia Mexay NpoKapuOTHUYSCKUMH U 3YKAPUOTHYCCKHMMHU T€HAMH, CalT CBA3BIBAHHS PHOOCOMBI,
GC%, paMKa CUATHIBaHUS.

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

Apxen. [loHsTHE KOHCEPBATUBHOCTH U €€ UCIOIB30BAHUE JUIs TPecKa3aHusl PyHKIHMOHAIBHO-
3HAYUMBIX COOBITHI — IPOrPaMMHUPYEMBIN CABHUT pAMKH CUUTBIBaHUsI, iceBroreHsl, Ka/Ks.

5. buoundopmarrndeckue 0a3bl JaHHBIX, S3bIK porpammupoBanns MySQL
Bbasel manasix NCBI, GENCODE, Genome Browser.
6. Ananu3 601pIIMX 0ObEMOB OMOJIOTHUYECKUX JaHHBIX

MerToabl HCCIIEIOBaHUS TE€HOMAa M OKCIPECCHU TEHOB. AHAIM3 JAHHBIX MHKpPOYMIIOB M Next
Generation Sequencing. MeTo/ipl BeIsiBIeHHS MyTannii, SNP, ormOky ceKBUHUPOBAHMUS,

nanmiaiin, API.

VYpOBHU peryiasiqud SKCIPECCUH TEHOB, TpaHCKpUMUMOHHBIE Qakrtopel, MuUKpoPHK, nnuHHBIE
nekomupytouie PHK, Bropuunas crpyktypa PHK, aHTuCMBICTIOBRIE B3auMOJEHCTBUS,
OMOXMMHYECKHE U PETYISTOPHBIC ITyTH, OMOJIOrHuecKue HeTBOpKH, 0a3a nanubix KEGG.

7. BLAST

WNupexkcupoBanue, 3aBUCHMOCTD JITMHBI KJItoua OT ajdasurta, ucnoinr3opanne BLAST unpekca B
3aJayax NpoTeoMukd, cpaBHeHue monxonoB BLAST um Cmwura-BorepMaHa K NOWCKY JIOKaJIbHBIX
BbIpaBHUBaHUN. Ctaructuka Ansrinyis-Kapnuna. Paciipenenenue skcTpeMabHbIX 3HAYEHUH.

Pacnpenenenne ['ymbens. [Iytu ¢ BoicokuM JokaibHbiM BecoM (HSP). P-3nauenne u E-3Hauenwue.
buToBsIii ckop.

8. AIIFOpI/ITMBI AUHAMHUYCCKOI'O IIpOrpaMMHUPOBaHUSA

AJITOPUTMBI JMHAMHYECKOTO HPOrPAMMHPOBAHUS Ul MOMCKA KPAaTYaWIIero IyTH MEXAy ABYMs
BEepUIMHAMH B HampaBlIeHHOM anukiniyeckoM rpade (bemmana-dopra) W BEYHCICHUS CYMMEI
BECOB 110 BCEM TAKUM IYTAM (CTaTCyMMa).

9. BeICTpBI TOUCK MOACTPOKHU B CTPOKE

Anroputmbl HauBHbBIM, Kuyra-Mopuca-Ilparra, Pabuna-Kapmna, amroputm kenrypy. OueHku
TpynoeMKocTH. ONTHMAaIbHOCTh JUIsI MMOWCKA MOTHUBOB pa3HOW JMWHBL. Yder 3ameH (wildcards).
OnTumManbHas peanu3anusl.

Cemecrtp: 2 (Becennuit)

10. Munexc u npeodpazoBanue bappoysa-Yusepa



Wnpexc u npeodbpazoBanne bappoysa-Yumiepa. Ouenka tpygoemkoctu moucka. [Ipobnema ¢ yuerom
BcTaBok-Jenenuii. Mcmonb3oBanne B mporpammax BWA u Bowtie ansi kapTupoBaHus pHJIOB Ha
TEHOMBI.

11. MeToasl ONITUMU3AITAN

Maxkcummzanus maroxuganus (Expectation maximization). 3amaua pasgeneHHs ABYX KIIacTEpPOB.
Ponp BBIOOpa HadanbHBIX 3HaueHWH. OIGHKAa CXOOMMOCTH. VICHonb30BaHWE IS MOCTPOCHUS
MHOXECTBEHHBIX JIOKaNbHBIX BblpaBHuBaHui (MEME). Meton caommnupoBanue ['n606ca. JleranbHblit
6ananc. [Ipobnema olleHKH CXOAUMOCTH.

12. MeTonb! pyHKIIMOHAIEHOW aHHOTAIIMHA T€HOMA

Mertonsl (QYHKIIMOHAIBHON aHHOTAIIMM, OCHOBAaHHBIE HA CKPBITBIX MAapKOBCKHX IEMAX, TMOHCK
KOIHUPYIOLIUX NOCIEI0BATEIbHOCTEN, HOUCK OJHOPOAHBIX JOMEHOB XPOMATHHA.

13. MoTuBEI B TEHOMAaX

MoTHBBI B TeHOMAaX, IOUCK W UIEHTH(PHUKALKS MOTUBOB, MHOXECTBEHHOE JIOKaJIbHOE BRIPAaBHUBAHUE.
IIpencraBneHns MOTHBOB: KOHCEHCYCHAsl CTPOKA, MaTpuIla MO3UIIMOHHBIX BECOB, OaliecoBCKas CETh.
Anroputm  Tysze-Bappe  BblUMCIEHMS  BEpPOSTHOCTHM  BCTpEYM  MOTHMBAa B CIy4aillHOH
[IOCJIEI0BATEIbHOCTH. AJTOPUTMBI IIOCTPOEHUS MHOXKECTBEHHBIX JIOKAJIbHBIX BBIPAaBHUBAHUN U
uAeHTU(UKALMH MOTUBOB: JkaaHbIi anroputM Lltopmo, MEME. Ancam6iu motusos, ChIPmunk.

14. OcHOBHBIE CTPYKTYPHBI JAHHBIX: X3II-Tabnuna, cydhdukcHoe nepeBo, cypHUKCHBIN MacCUB
Xosmr-rabnuuna, cyQpurcHoe nepeBo, cyhHUKCHBIR MacCuB, TPYIOEMKOCTh MIOMCKA B KaXK/I0M CiIydae.
15. OcHoBbl baliecoBcKoii CTaTUCTHKH

[paBnononobue, METOM HAUOOJBIIIETO MPABIOTION00US, MAPTUHATHU3AINS PACTIPEICICHUN 1
MapruHaisHoe npaBonogaooue. [locnenorarensHoe baiiecoBckoe oneHuBanue. MHTerpat
Hupuxie. Cmech [Iupuxie. ConpskeHHbIC pacipeaeicHus. Poiab ampropHOro pacipeae/icHusl.
CocrosTensrHOM 0aiieCOBCKHUX OLICHOK.

16. Ouenka napamMeTpoB CKpbITOW 1enn MapkoBa

Oo0yuenue Burepbu, meton bayma-Beniia, posib AMHAMUYECKOTO IPOTPAMMUPOBAHUS
0aiieCOBCKOTO OIICHUBAHU.

17. HpI/IJ'IO)KCHI/ISI AJITOPUTMOB TUHAMUYCCKOTO IPOIrpaMMUPOBAHUA

[IpunoxkeHns anropuTMOB THHAMHYECKOTO TPOTPAMMUPOBAHUS. AJITOPUTM ITOMCKA JIOKAJIBHOTO
BbIpaBHUBaHus Cmuta-Borepmana. Marpuna Cmurta-BorepmaHa v cooTBEeTCTBYIOLIHIA Tpad.
[Ipumeps! myTell. AITOpUTM ONTUMAJIBHON CETMEHTAlU MTOCIIEA0BATENBHOCTH Ha JIOMEHBI,
OIHOPOIHBIE IO cocTaBy. POPMYIHPOBKA Ha S3bIKE IpadoB.

18. CkpeoIThle enu MapkoBa

[lonsiTHE O CKPBITON MapKOBCKOM MOJENH, MEPEXOAHBIE M 3MHCCHOHHBIE BEPOATHOCTH, IOUCK
ONTUMAJIBHONW II0CJIEI0BATEILHOCTU IIEPEXON0B MEXKIY COCTOSIHUAMHU JUIsl IIOCIIENOBATEIbHOCTH,
MOPOXICHHOW CKPBITOM MapKOBCKOM Mozenbio (ayroputM BurtepOu), BBIUKCIEHHUE BEPOSTHOCTH
nepexosia B JAaHHOW TOUKe (AITOPUTM TyIa-oOpaTHO), MCIIOIb30BaHHE aJrOpUTMa JTUHAMHYECKOIO
MPOrpaMMHPOBAHUS JJIsl aHAJIM3a CKPHITHIX 1ierneld Mapkosa.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

3aHATHS TI0 Y4eOHOW JUCIUTUTHHE TPOBOAATCS C HCIIONB30BAHUEM JIMCTAHIIMOHHBIX 00pa30BaTeIbHbBIX
TexHoioruil. Kax el oOydaromuiicst o06ecriedeH JOCTYIOM K 00pa30BaTeibHOH Tu1aThopMe
bostongene.com

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. AHanu3 GMONOTHYECKHX MOCIeI0BaTeIbHOCTEN. BeposiTHOCTHBIE MOIeNTN OEITKOB M HYKJIEMHOBBIX
kuciot [Teker]/P. Ayp6us [u np.] , -M. : Mxesck, PerynspHas u xaorudeckast tuHamuka, 2006
1. Durbin, R., Eddy, S., Krogh, A., Mitchison, G. Biological sequence analysis, Cambridge University
Press, 1998.
[epeBon: dyp6un, P., 3mmu, 1., Kpor, A., Mutuncosn, I. AHann3 OMOIOrHYECKUX
nocienoBarenbHocTel (mepesog A. MuponoBa). M3natenscTBo: MTHCTUTYT KOMIIBIOTEPHBIX
uccaenobanuii, 2006.
2. Borodovsky, M., Ekisheva, S. Problems and solution in biological sequence analysis. Cambridge
University Press, 2006.
3. Pevzner, P.A., Shamir, R. Bioinformatics for Biologists. Cambridge University Press, 2011
4. Mapk boponosckuii, CBetnana ExumieBa. 3agaun v pelieHus O aHAIN3Y OUOJIOTHYECKUX
rocnenoBarenbHOCTEN. PeryndpHas u xaotnueckas quHamuka, 2008

JomnonHurensHas auTeparypa

1. Tachunp, 1. Ctpoku, gepeBbs B MOCIEN0BATENBHOCTH B anroputMax. MHpopmarika u
BBIYHCIUTENBbHAS Ononorus, M3narensctBo Hepckuit nuanekt, Cankt-IletepOypr, 2003
2. Panpan JI. IBapn, Tom ®enunke, bpaiian /| ®oii. Uzyuaem Perl. CumBon-ITiroc, 2009

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

baza mannapix HanmoHanpHOTO HHCTHTYTA cTaHAapTu3anun u Texuonorun CIIIA o cBoiicTBam
coenunaeHuit: http://webbook.nist.gov/chemistry/

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

AKKayHT B Zoom.
[lepconansubie komnbroTepsl ¢ UNIX cucremoit, Perl, MySQL, Python.

9. MeToauyeckue yKazaHus AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMid IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUsA AUCHUIUIMHBI CTYACHT NOJIKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.



[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JIMCITATUIAHEL.

BaxHo 10OWTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMU K
MIpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMaTHKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: Boruncnurensaas 6nonngopmarika (on-line-mporpamMma)
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kaeapa Onopusnku

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH
PaspaGorunkm:

®.E. ®penkenb, KaH/. OHON. HAyK
O.10. IT;toTHHKOBA, ACCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIpAa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-1.3 Pa3pabarsiBaeT CTpaTeruro JOCTHKEHUS
[IOCTABJICHHON 1eJId Kak I10CJIE0BaTeIbHOCTh I1aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE  HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyeMOI
JEATENBHOCTH W Ha B3aUMOOTHOIIEHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-3 CriocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THITIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHUTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlIK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B 00JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[IK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAETH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAYeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN

HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl
[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
K3 C 5 5 00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
-3 Criocob6en npogeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMHE MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

(MonenupoBaHUe) C HCIOIb30BAaHHEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA JUCHUIIINHBI «COBpGMeHHBIe MCTOAbI aHaJIn3a OMHUKCHBIX JaHHBIX) 06yqa101u1/1171c5{

JOJIKCH:

3HATb:



- OCHOBHbIE OMOMH(pOPMATHUECKHE ANTOPUTMBI, 0a3bl JaHHBIX, (hopMaThl (Paiiios;
- OBICTpBI TIOMCK TIOACTPOKH B CTPOKE — alropuTMbl HauBHbBIH, Kayta-Mopuca-Ilparra,
Pabuna-Kaprma, anroputm KeHrypy;
- HHJEKC U peoOpazoBaHue bappoysa-Yuinepa;
- BLAST — unpexcupoBanue, cratucTuka Anprinyisi-Kapiuna;
- ocHOBbl bailiecoBCKOl CTaTMCTHKH, MPaBIONON00MEe, METOA HAWOOJBIIET0 MPaBIOMOA00MS,
MapruHalu3alysl pacnpeneieHuid 1 MapruHajlbHOE PaBIOoNoa00HeE;
- OIICHKA MapaMeTPOB CKPBITOH 1enu MapkoBa, oOyuenne Butepou, meton bayma-Benmia;
- METOABI aHaju3a TeHOMa, OCHOBAHHbBIE HA CKPBITHIX MAapKOBCKHX IIEMAX, MOMCK KOJUPYIOIINX
[10CJIEI0BATENbHOCTEH, IOUCK OJJHOPOIHBIX JIOMEHOB XPOMATHHA;
- COBpEMEHHBIE MOJICKYJISIPHO-OMOIOTUYECKUE METOABI HCCIIEJOBAHMUS IIPOLIECCOB B KIICTKE;
- (hm3nUecKue U XUMHUYECKHE CBONCTBA HYKIEHHOBBIX KHCIIOT;
- IPOLIECCHI C YYaCTUEM HYKJICHHOBBIX KHCIIOT;
- METOZIbI UCCJIEJOBAaHUA T€HOMA U BOJIIOLIMU KUBBIX OPIaHU3MOB.
YMeThb:
- Tonb30BaThCcsi VHTEpHET W CIPaBOYHOM JMTEpaTypod MO OHOJOTMHM HAyYHOTO W HPUKIIAIHOTO
Xapakrepa JuIst ObICTPOro MoNCKa HEOOXOAMMBIX TaHHBIX U HOHSATHH;
- IporpaMMHpoBath Ha si3bikax Perl 1 MySQL;
- IMIUIEMEHTHPOBATh M OTJIAXKUBATh OMOMH(OPMATHUECKUE aJITOPUTMBI;
- IPOEKTUPOBATh U3 3aIOJIHATH 0a3bl JaHHBIX;
- HaxOQWTh ONTUMAJbHbIE ANTOPUTMBI JUIA  pPELICHUS 3a7ad  aHaJInu3a  OHMONOTHMYECKUX
MOCJIEA0BATEIBHOCTSIX, YMETh OLICHUTh TPYIOEMKOCTh aJITOPUTMOB.
BJa/IeTh:
- HaBbIKaMH paloOTHI ¢ OONBIIMMU 00beMaMH OMOJIOTHYECKUX JaHHBIX;
- KyJIbTYpOH IUNIAaHUPOBAHMS M OCYIIECTBICHUS MHOTOCTYIIEHYaTOro OMOMH(OPMATHUECKOTO aHAJN3a.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylIeMy KOHTPOJII0

[Iprmepbr BOPOCOB:

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

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

[TpumMep camocTarosaTeNbHON paboThI:

ITpeamnonaraercss nath cTyneHTaM OHMOMH(DOPMATHUECKYIO 33Jady, MAKCUMAaJIbHO MPUOIMKEHHYIO K
peanbHOM HccaenoBatenbckoid padore. CtyneHsl OyoyT pa3OuTel Ha 3-4 TPYINIBl U KaKAas rpynna
OyzeT oTBeuarh 3a CBOIO 4YacTh MpoekTa. Ha nekumsax Oyznem BbICIyIIMBaTh M 00CYXIaTh pe3yJbTaThl,
MOJTyYCHHbIE KKAO0H U3 TPYII 33 HEACTCHO0.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

9 cemecTp:
. OcHoBHBIE KOMaH/bI onieparinoHHoM cpensl UNIX
. OcHOBHI s13bIKa IporpamMMupoBaHus Perl, perynspHbie BIpaXeHUs
. OcHOBHI s13bIKa porpammupoBannsg MySQL, apxuTtexTypa 6a3bl JaHHBIX

1

2

3

4. OCHOBHBIC TIOHSITHS MOJICKYJISIPHOM OMOJIOTHH

5. ANTOpUTM BBIPaBHHUBaHUS HYKJICOTHIHBIX MOCieA0BarenbHoCcTel Smith-Waterman

6. ANTOpUTM BBIPaBHUBaHUS HYKJICOTHIIHBIX MocieaoBarenbHocTell Needleman-Wunsch
7

Ilonxompl K TIpencKa3aHHI0 TE€HOB B TeHOME. PasHuIla Mexay OJYKapUOTHUYECKHMMH H
NPOKAPUOTUYECKUMU I'€HAMH.

8. MeTtonp! (puoreHeTHUECKOro aHaIu3a.

9. buoundopmaruueckue 6a3bl fanHbIX, Genome Browser

10. Metozbl HecnenoBaHUS TEHOMA U OKCIIPECCUH [EHOB.

11. MeTozaps! BBISICHEHUS IEPBUYHON CTPYKTYpPHI HYKJIIEHHOBBIX KHACJOT.



12. TTonmumepasnas niennas peakmus (ITL[P).

13. Perutukanust, TpaHCKPHUIILIHS, TPAHCIISIIMSL.

14. YpoBHU peryinsiuu dKkcrnpeccuu reHoB. CUcTeMHas OHOIIOTHSI.

15. Tpancnauus.

16. I'enernyeckuii koj. YacToTa BCTpe4aeMOCTH KOJOHOB.

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

18. OcHOBHBIE CTPYKTYPHI JaHHBIX: X31I-Tabnuna, cyhdukcHoe nepeBo, cyhOUKCHBIN MacCUB.
19. AnropuTM™BI IOUCKA MOJCTPOKHU B cTpoKe: HauBHBIN, KHyTa-Mopuca-IIparra, Pabuna-Kapma

10 cemectp:
1. Wunekc u npeobpazoBanue bappoysa- Vuiepa.
2. BLAST: unnexcupoBaH#e U MOUCK JIOKaJbHO-BHIPOBHEHHBIX Y4aCTKOB.

3. BLAST: Beca JOKaJbHO BBIPOBHEHHBIX YYacTKOB, pacmpejencHue [ymOensi, craTHCTHKa
Anprirynsa-Kapnuna, P-3nauenue u E-3HaueHue.

4. TlenacraBneHWs MOTHBOB B T'CHOMAax: KOHCEHCYCHAs CTPOKA, MArpHIla IMO3UI[MOHHBIX BECOB,
OaliecOBCKas CETh.

5. Anroputm Tysze-Bappe BbIUMCIEHHMS BEpPOATHOCTHM BCTPEYM MOTHBA B  CIIy4ailHOH
[TOCJIEI0BATEIbHOCTH.

6. AJNTOPUTMBI TOCTPOCHHSI MHOKECTBEHHBIX JIOKAJILHBIX BRIPABHUBAHUHN M UICHTH(UKAIIMA MOTHBOB:
xanueiid anroput™ [Itopmo, MEME. Ancam6nu motuBoB, ChIPmunk.

7. AJropuT™M JUHAMUYECKOIO IPOrpaMMUPOBAHUS Ui IOMCKAa KpaT4aWllero MmyTH MEKIY IBYMs
BEpILIMHAMHM B HalpaBJIeHHOM anukinieckoM rpade (bemnmana-dopaa).

8. ANTOpUTMBI TMHAaMHYECKOTO MPOrpaMMHPOBAHMS ISl BBIYMCICHHS CyMM BECOB IO BCEM IyTIM
MEXIy JIByMsI BEpIIMHAMH B HaIllpaBJIeHHOM arukindeckoM rpade (bemmana-Dopaa)

9. Monmudukamuy aaropuTMOB JAWHAMHUYECKOTO IPOrPaMMHUpPOBAHM JUISL IIOHUCKA JIOKAJIBbHO
BBIPAaBHUBAHMSI U CETMEHTALIMM TOCIIE0BaTeIbHOCTEH Ha OJIOKH, OJHOPOAHBIE MO COCTABY.

10. ITonsTHe O CKpLITOﬁ MapKOBCKOf/'I MOZACIIH, ICPEXOAHBIC U SMUCCUOHHBIC BEPOATHOCTHU.

11. Anropurm Butepbu noncka onTUMalbHONW MOCIEIOBATEIBHOCTH NEPEXOJ0B MEXIY COCTOSIHUAMU
JUIs1 TIOCJIEI0BAaTENbHOCTH, IOPOXKICHHONW CKPBITOM MapKOBCKOM MOJIEIIBIO.

12. AnroputMm «Tyaa-oOpaTHO» BBIYHCICHHWE BEPOATHOCTH Tepexofia B CKPHITOH Ienu MapkoBa B
JTAHHOM TOYKE
13. OcHoBbl baiiecoBckoii CTaTUCTHKH. ATIPUOPHOE pacIpeiesieHue BepossTHOCTel. MapruHanu3amnusi..

14. Anroputmbl Makcumuzanuu Matoxuganus (Expectation maximization) u c3MIUIMPOBaHUS MO
I'u60cy a1 MoMcKka MaKCHMATBHOTO MTPABOMIOIO0USL.

15. Ouenka mapameTpoB CKpbITOH Tienn MapkoBa MeTosioM o0y4eHus Butepou.

16. Onienka mapaMeTpoB CKphITON IIenu MapkoBa ¢ moMoIIbio anroputma bayma-Bemnma.
17. Tlouck KOAUPYIOMIKX MOCTIEA0BATENIHOCTEN C MOMOIIBIO0 CKPHITHIX MapKOBCKHUX IEMeH.
18. TIporpamma GeneMark.

19. Ilouck y4acTKOB ¢ KOHKPETHBIM COCTOSSHUEM XPOMATHHA C IIOMOIIBIO CKPBITHIX MAPKOBCKUX LIEIEH.
Anroputm DpHcra-Kemnnuca

[Tpumep sx3amenanmonHoro 6usera B 10 cemectpe:
burer 1.
1. BLAST: unnexcupoBaHue 1 MOUCK JIOKaJIbHO-BBIPOBHEHHBIX Y4aCTKOB.

2. ANropuTMBl TMHAMHUYECKOTO NMPOTPAMMHPOBAHUS JUIsl BBIUMCIEHHMS CyMM BECOB IO BCEM IyTAM
MEXIy JIByMsI BEpIIMHAMH B HaIllpaBJIeHHOM arukindeckom rpade (bemnmana-Dopaa)

Kpurepun onennBanus
Onenka ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.



Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEOUETAMH.

OHGHKa XOpouIo 7 0alIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHUA HaA IPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYyYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0alIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MAaTCpuall, rpaMOTHO
1 IO CYHIECTBY HU3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

OreHka yIOBICTBOPUTEIBHO 3 Oamia - BBICTABISIETCS CTYICHTY, MOKa3aBIIEeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW ITOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBL, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THUIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0ai - BBICTABISACTCS CTYACHTY, KOTOPHIH HE 3HAET OCHOBHOIO
coziepKaHusl yu4eOHOW MpOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4eT U IK3aMEH MPOBOMSATCS B yCTHOU Popme 1o Omiteram. B kaxmom Ounete
NPE/ICTaBICHO [Ba TEOpeTHYECKHX Bompoca. [Ipu mpoBeneHnn IudQepeHIupoBaHHOTO 3adeTa |
9K3aMeHa oOydaromemycs npefoctasisiercs 50 MMHYT Ha moarotoBky. Ompoc oOydvaromerocsi He
JOJDKEH TIPEBHIATh OHOTO aCTPOHOMHYECKOTO Yaca.



