degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTesibHOe
y4peKIeHHe BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PM3UKO-TEXHUYECCKUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKXKAEHO

JupexTop pu3TeX-IIKOJIBI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)
10 JMCHMILIMHE: JomnonHuTtenbHbIE TIaBbl OMOMH(POPMATHKH

NporpamMMa acnupaHTypbl: XHUMUYECKHE HAyKU

kageapa OnonH(HOpPMATUKU U CUCTEMHON OMOJIOTHH

Kypc: 1

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsbl: 0 yac.
naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 48 dac.
Bcero gacos: 78, Bcero 3ad. ef.: 2

KonmuecTBo KOHTPOJIBHBIX padoT, 3a1aHui: 2

[Iporpammy cocraBui: B.1O. Makees, n-p ¢uz.-mart. HayK, mpodeccop

[Iporpamma obcyxneHa Ha 3acefanuu kKadeapsl ononHpopMaTuky U cucreMHon ouonoruu 18.05.2023



AHHOTANMA

HGJ'ILIO OUCIIMHBI  ABJIACTCA 3HAKOMCTBO MW  OCBOCHHC Hpe,I[CTaBJIeHI/Iﬁ O MAarcMarndcCKux OCHOBax
COBPEMCHHBIX aJITOPUTMOB, HCIIOJIB3YEMBIX JI aHaJIu3a MOCJIeI0BAaTEILHOCTEHM 6I/IOHOHI/IMep0B, OCHOBHBIX
OMOJIOTHYECKHUX 3ala4yax, B KOTOPBIX BO3HHUKACT HOTpeGHOCTB B 9THUX aJropuTtMax, " 00 IMPAKTUKE U
OIrpaHUYCHUAX UX NIPUMCHHUMOCTHU.

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

JaTh CTyAGHTaM HanOoliee BaKHbIC MPEACTABICHHS O MaTeMaTHUECKUX OCHOBaX COBPEMEHHBIX
QITOPUTMOB, HCHOJNB3YEMBIX [UId aHalu3a I0CJe0BaTeIbHOCTe OHOMONIMMEPOB, OCHOBHBIX
OMOJIOrMYECKHX 33/1a4aX, B KOTOPHIX BO3HHMKAET MOTPEOHOCTh B ITHX aJrOpUTMax, U 00 MpaKTHKE U
OTPaHUYCHUSAX UX IPUMEHUMOCTH.

33]13‘[]([ JAUCHUIIINHBI

- (dopmupoBanue 0a30BbIX 3HAHWH OO0 OCHOBHBIX QIrOpUTMaX, NPUMEHAEMBIX B 3aJadax
(YHKIIMOHATILHOW aHHOTAIlMM T€HOMOB, MaTeMaTHYECKHX KOHCTPYKIHMSIX JISKAIIMX B MX OCHOBE, a
TaK)Ke CTATUCTUIECKUX METOJ[aX OIEHKH MapaMeTPOB dTUX aJTOPUTMOB U3 PEATbHBIX OMOIIOTUYECKHIX
MOCJIEI0BaTEILHOCTEH;

- TPaKTHYECKOE OCBOCHHE CTYJACHTAaMH METOJOB aHalln3a OWOJIIOTWUYECKHX IOCIIE0BATEIbHOCTEH
MyTeM CO3JaHUS ONTHUMAaJbHBIX CTAaTUCTUYECKHMX MOZENe CErMEeHTOB IOCIeI0BaTeIbHOCTEN
OHMOITOIMMEPOB, MPUHAIISKAIIUX K TEM HITU WHBIM (DYHKITMOHAIILHBIM KJIACCaM;

- (dopmupoBaHre y CTYIEHTOB OCHOBHBIX BBIYHCIHTEIBHBIX HABBIKOB W TPUOOpPETEHHE WMH
MPaKTUIECKOTO OIBITA, HEOOXOAMMOTO JJIs MTPOBEECHUSI CAMOCTOSATEIBHBIX HAYYHBIX HUCCIIECIOBAaHUN B
OMOMH(OPMATHKH aHAJIH3A.

2. [lepeyeHb MIAHUPYEMBIX Pe3y/IbTATOB 00y4YeHHs MO JUCHHILIHHE (MOAY.II0)
B pesynbrare 0cBOHUS AUCLUIIMHBI 00y4alOIINecs JOIKHbI

3HATb.

YMETb:

- OCHOBHBIE CTPYKTYPBI IaHHBIX: X31I-Ta0nuia, cyppukcHoe aepeBo, cyPpPpUKCcHbI Maccus;

- OBICTpHI TIOMCK TIOACTPOKH B CTPOKE — auropuTMbl HauBHbBIH, Kayta-Mopuca-Ilparra,
Pabuna-Kaprma, anroputm KeHrypy;

- HHJIEKC U peoOpazoBaHue bappoysa-Yuiepa;

- BLAST — unpexcupoBanue, ctatucTuka Anprinyisi-Kapiuna;

- MOTHBBI B TeHOMaX, TOMCK U UICHTH()UKAIMS MOTHBOB, MHO)KECTBEHHOE JIOKAJIbHOE BHIPAaBHUBAHUE;

- METOABI ONTUMH3ALNN MAKCUMHU3aLMU MaTOKUJAHHUS U COMILIMpoBaHus [ u00ca;

- QIroOpuUTMbl AMHAMUYECKOIO IPOrpaMMHPOBAHUS I IIOUCKA KpaTdalllero IyTH MEXIy IBYMs
BEpILIMHAMHM B HANpPaBICHHOM alUKIMYECKOM rpad)e W BBIYHCICHUS CyMMBI BECOB IO BCEM IIyTSIM

(crarcymma);
-  QITOPUTM  ONTUMAJbHOW CETMEHTAI[MM  TOCIEAOBAaTEIIbHOCTH  METOJOM  JTUHAMHUYECKOTO
MPOrpPaMMUPOBAHUS;

- TOHSTHE O CKPBITOW MAapKOBCKOW MOJCNH, MEPEXOMHBIC W SMHUCCHOHHBIC BEPOSITHOCTH, TOUCK
ONTUMAIILHOW TOCIICIOBATEIILHOCTH TIEPEXOJOB MEXJIY COCTOSHHSIMU JUI MOCIEI0BATEIbHOCTH,
MOPOXICHHOW CKPBITOM MapKOBCKOW Mojenbio (anroputM ButepOu), BBIYUCICHHUE BEPOSTHOCTH
nepexoja B JAHHOW TOYKE (aNTOpUTM TyAa-oOpaTHO), MCIOIb30BAaHHE aJrOPUTMAa JUHAMUYECCKOTO
MPOrpaMMUPOBAHUS JIJISl aHAJIHM3a CKPBITHIX Iiernell MapkoBa;

- ocHOBbl bailiecoBCKOl CTaTMCTHKH, MPaBIONON00MEe, METOA HaWOOJBIIET0 MPaBIONON00HS,
MapruHaTU3aIUs pacipeieICHUN 1 MapruHAILHOE MTPABONO00HE;

- OIICHKA MapaMeTPOB CKPBITOH 1enu MapkoBa, oOyuenne Butepou, meton bayma-Benmia;

- METOJBI aHajK3a TCHOMa, OCHOBAHHBIC HA CKPBITHIX MAapKOBCKHX IICMSX, MOWCK KOIUPYIOIINX
MOCIIEI0BATEIBHOCTEH, TOUCK OJJHOPOIHBIX JIOMEHOB XpOMaTHHA.

- TOJIb30BaThCs MHTEpHET M CIPaBOYHOW NHWTEPATypod MO OWOJOTHM HAYyYHOTO W TMPUKIATHOTO
XapakTepa JUIsl OICTPOTo MOMCKa HEOOXOAUMBIX TaHHBIX U TIOHSTHI;

- HaxOJWTh ONTHMAJIGHBIC aNTOPUTMBI JJIS  peUmIeHUS 3a7ad  aHalu3a  OHOJOTUYECKUX
MOCJIEeI0BATEIbHOCTIX, YMETh OLIEHUTh TPYI0EMKOCTh aJTOPUTMOB;

- TIPEJICTaBIATh Ha3HAYCHHE YIPABIAIONINX MapaMeTPOB B KIACCHUECKUX MPOTpaMMaXx, peaau3yromnx
AJITOPUTMBI.

BJIAJIETD:



- HaBBIKAMH OCBOEHUS 00IBIIOT0 00BhEMa HHPOPMAITNY;
- KyJIBTYpOH MOZICITMPOBaHUS (PYHKIIMOHAIBHBIX MOTUBOB B OMOJIOTHYECKUX MOCIIEI0BATEIbHOCTSX.

3. Coaep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

3.1. Paznensl qucnuiuinHbl (MOAYIS) U TPYAOEMKOCTH 110 BUIaM YUeOHBIX 3aHITHN

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 BLAST 2 4
) AnropuT™MBI JUHAMHAYECKOTO ) 4
POrpaMMHPOBAHUS
3 BricTphIii MOMCK MOACTPOKU B CTPOKE 2 4
4 Hunexc u npeobpazoBaHue ) 4
Bappoysa-Yumnepa
5 MeToapl ONTHMHM3AINHA 3 4
6 Mertonsl (QyHKIMOHAIBHON aHHOTALWUU 3 4
reHoma
7 MoTHBBI B TeHOMax 2 4
OcHoBHbIE CTPYKTYPBI JTAHHBIX:
8 xoul-rabnuna,  cyukcHOEe — Iepeso, 2 4
cybduKCHBIN MaccuB
9 OcnoBsl baiiecoBckoil cTraTHCTUKN 3 4
10 Onenka mapaMeTpoB CKPBITOH LIEMHU 3 4
MapkoBa
1 [Ipunoxenus aJTOPUTMOB 3 4
JUHAMUAYECKOTO MTPOrpaMMHUPOBAHUS
12 CkpsiThie e MapkoBa 3 4
Hroro yacos 30 48
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 78 4ac., 2 3a4.ej.

3.2. CopepxkaHue TUCHMILIMHBI (MOIYIISA), CTPYKTYPHUPOBAHHOE 10 TeMaM (paszesnam)
Cemectp: 1 (Ocennuii)

1. BLAST

UnpexcupoBanue, 3aBUCUMOCTb AJMHBI Kitoua oT ajdasura, ucnois3zoBanne BLAST ungekca B
3amadax mpoTreomMuku, cpaBHeHue mnoaxofgoB BLAST u Cmuta-Borepmana K MOHWCKY JOKaJbHBIX
BblpaBHuBaHui. Craructuka Aunsrmryns-Kapiauna. Pacnpenenenune 3KcTpeMalbHBIX 3HAYCHUH.
Pacnpenenenne ['ymbens. [lytu ¢ BoicokuM JokaibHbIiM BecoM (HSP). P-3nauenne u E-3Hauenwue.
buToBslii ckop.

2. AIIl"OpI/ITMBI AUHAMHUYCCKOI'O ITPOrpaMMHUPOBaHUSA

AJITOPUTMBI JMHAMHYECKOTO MPOrPAMMHPOBAHUS Ul TOMCKA KPAaTYaWIIero IyTH MEXAy ABYMs
BEepUIMHAMH B HampaBlIeHHOM anukindeckoM rpade (bemnmana-dopna) M BEYHCICHUS CYMMBI
BECOB 110 BCEM TAKUM IYTAM (CTaTCyMMa).




3. BeICTpBIit TOUCK MOACTPOKHU B CTPOKE

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

4. Unpexc u npeobpaszoBanue bappoysa-Yuiepa

Wunexc u npeodpazoBanne bappoysa-Yumiepa. Ouenka TpygoeMkoctu noucka. [Ipobnema ¢ yuerom
BcTaBoK-nenenuil. Mcmonb3oBanne B mporpammax BWA u Bowtie ansi kapTupoBaHusi pHIOB Ha
TEHOMBI.

5. MeToap!l ONITUMH3AINT

Maxkcummzanust mMatoxuganus (Expectation maximization). 3amaua pasueneHHs JABYX KJIacTEpPOB.
Ponp BbIOOpa HauanbHbIX 3HayeHWd. OueHka cxoauMocTH. lcmonb3oBaHWE UIi TOCTPOCHUS
MHOXECTBEHHBIX JIOKATbHBIX BhIpaBHuBaHWi (MEME). Meton commupoBanue ['n66ca. JleranbHbiit
6ananc. [Ipobiema oLeHKH CXOAUMOCTH.

6. MeTonp! GYHKITMOHATBHOW aHHOTAIIMHA TeHOMA

Metoapl (yHKIMOHATHHOW AaHHOTAIIMH, OCHOBAHHBIE HA CKPBITHIX MAapKOBCKUX IEMAX, IMOWCK
KOIUPYIOILIUX MTOCIIEeI0BATEIbHOCTEH, MOUCK OAHOPOIHBIX IOMEHOB XpOMAaTHHA.

7. MOTHUBBI B TEHOMAaX

MoTuBBI B T€HOMAX, HOUCK U UAECHTH(UKAIMI MOTHBOB, MHO)KECTBEHHOE JIOKaJIbHOE BHIPABHHBAHUE.
[IpexcraBneHnss MOTUBOB: KOHCEHCYCHAsI CTPOKA, MaTpUIla TO3UIIMOHHBIX BECOB, OaiieCOBCKast CETh.
Anroputm  Tyze-Bappe  BhIUMCIEHHS  BEpOSTHOCTH  BCTPEUYM MOTHBA B  CIly4ailHOM
MOCJICIOBAaTEIbHOCTH. AJITOPUTMBI TIOCTPOCHUS MHOXECTBEHHBIX JIOKAJbHBIX BBIPABHUBAHUN H
UACHTU(UKAITME MOTHUBOB: kaaubli anroputm Lltopmo, MEME. Ancam6mu motuos, ChIPmunk.

8. OCHOBHBIE CTPYKTYPHI JJAHHBIX: XdNI-Tabnuia, cypPukcHoe JiepeBo, cyhOUKCHBIN MaccuB
Xom-Tabnuna, cypdurcHoe nepeBo, cyhHUKCHBINA MacCHB, TPYIOEMKOCTh MIOMCKA B KaXIOM CiIydae.
9. OcHoBsl baiiecoBckoil craTuCTUKU

[IpaBnomnonobue, MeTon HAMOOJBIIETO MPABAONONO0U, MaprHHAIU3AIM paclpeleieHuil U
MapruHaisHoe mpasaononodue. [locnenoBarenpHoe OaliecoBckoe oneHuBanue. Muterpan Jupuxie.
Cmecy  Jlupuxie. ComnpsbkeHHbIe — pacrpeneieHus. Poib  anmpHOpHOro  pacmpeseeHHs.
CocTtosiTenbHON 0alleCOBCKUX OLIEHOK.

10. Ouenka napamMeTpoB CKpbITOW 1enn MapkoBa

OOyuenne ButepOu, w™erton bayma-Benma, poib JUHAMHYECKOTO MPOrPaMMHPOBAHUSA U
0aiieCOBCKOI0 OILEHUBAHMSL.

11. IIpunoxeHus alropuTMOB JTUHAMUYECKOTO IIPOrpaMMHUPOBAHNUS

[IpunoxeHus ajaropuTMOB AMHAMUYECKOIO IPOrpaMMUPOBAaHUS. AJTOPUTM IIOMCKAa JIOKAJIBHOI'O
BblpaBHUBaHus Cwmwura-Borepmana. Marpuna Cwmura-Borepmana W cooTBeTcTByIOmMK Tpad.
IIpumepsl myTeil. ANTOpUTM ONTUMAJIBHOW CErMEHTAallMM II0CJIEIOBATEJIbHOCTH Ha JIOMEHBI,
OIHOPOIHBIE IO cocTaBy. POPMYIHPOBKA Ha SI3bIKE IPadoB.

12. CkpeoiThle nenn MapkoBa



[ToHATHE O CKpPBITOM MapKOBCKOM MOZENH, MEPEXOAHBIE M 3MHCCHOHHBIE BEPOSTHOCTH, ITOMCK
ONTHUMAJIBHOM MOCIEI0BATEIBHOCTH MNEPEXOA0B MEXKIY COCTOSHHAMM I IOCIIENOBATENBHOCTH,
MOPOXKICHHOW CKPBITOM MapKOBCKOH Mojenbio (asroputM BurtepOu), BBIUKCIEHHUE BEPOSTHOCTH
nepexoja B JaHHOW TOYKe (aJITOpUTM Tyda-oOparHO), MCIONB30BaHHE AITOPUTMA JMHAMHUYECKOTO
pOrpaMMUPOBAHMUS I aHAIM3a CKPBITHIX Leneid Mapkosa.

4. Onucanue MaTepraIbHO-TEXHUYECKOI 0a3bl, He00OX0AUMOI [JI51 OCYlIeCTBJIeHNs 00pPa30BaTeIbHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIbTUMEIMHHBIM 000py10BaHUEM (TIPOEKTOP,
3ByKOBas cucrema). IHIuBuayalibHbIe BEIYUCIUTENILHBIC CPEACTBA CTYACHTOB (IIepPCOHATILHBIC
KOMIIBIOTEPHI) AJIs1 BBIIOJHEHUS JOMAIIHUX 3aJaHUH.

S.1lepeyeHb peKOMEHAYEMOM JIUTePaTyphl

OcHoBHas 1uTEparypa

ITpenocrasnsiercs Ha kadenpe:

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

la. IlepeBon: dypoun, P., Onmu, 1., Kpor, A., Mutuucon, I. Ananmu3 Onorornueckux
nocleioBarenbHocTel (epesoa A. MuponoBa). M3narenscTBo: MTHCTUTYT KOMIBIOTEPHBIX
nccnenoanuii, 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

JomnonHurensHas aureparypa

[Ipenocrapnsiercs Ha Kadenpe:
lachunn, /1. Crpokwu, AepeBbs U MOCIIEAOBATEIBLHOCTH B anroputMax. Mudopmaruka u
BBIYHCIUTENBbHAS Ononorus, M3narensctBo Hepckuit nuanekt, Cankt-IletepOypr, 2003

6. Ilepeuyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. Huxonenko C. BepositHocTHOe 00ydenue. Kype CSIN-RU, nexuu 6,7
http://www.csin.ru/courses/probabilistic-learning.html

2. Hay4no-6ubnuorpaduueckue 1 maTeHTHbIC 0a3bl JaHHBIX B 00JIACTH (PH3UKO-XUMHUYECKON
Ouosioruu, focTynHele 1o cetd MuTepHeT B OecruiatHoM pexxume - Science Citation Index (Web of
Science), Medline (PubMed), Hayunas snexrponnas 6ubnuoreka (HOB),

Poccuiickas narentrnas bl ®I'Y ®UIIC u amepukanckas nateaTHast b/l USPAFULL; sanekrpoHHbIe
azipeca KpyIHBIX HayYHBIX W3AaTEIbCTB, IPEJOCTABIISIOIINX JOCTYI K MOJTHBIM TEKCTaM TEKYIINX U
APXUBHBIM BBITyCKaM ATHX >KypHAJIOB.

7. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

st wactu 3austuii notpedyerca Zoom. Google Drive myis qoctyna Kk MarepuaiaM Kypea.
[TpuBeTcTByeTCS HamMuue BO BpeMs 3aHATUI cMapT(GOHOB/HOYTOYKOB AJIsl y4acTHsI B UHTEPAKTHBHBIX
YIPaXHEHHUSX.

8. MeTonnueckne yKazaHus AJsi 00y4aHOUIMXCS 0 OCBOEHUI0 TUCUUILTHHBI (MOLYJIs1)

CryneHT, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOW CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.



B pe3yabTaTe U3YyUCHHUA AUCHUIUIMHBI CTYACHT AOJIKCH 3HAaThb OCHOBHBIC ONPEACIICHUSA NUCHUIIINHBI,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

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

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

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

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcs 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

NporpaMMa acnupaHTypbl: XHUMUYECKHE HAyKU
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kageapa OnonH(HOPMATUKU U CUCTEMHON OMOJIOTHH
Kypc: 1

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3zpaGoTunk: B.1O. Makees, n-p ¢uz.-mart. HayK, mpodeccop



1. Iloka3aTe, i OLleHNBAHUS KOMIIETEHIIHH
B pesynbrare uzydeHus JUCIUILTAHEI «J[OTIOTHUTENBHBIE TIIaBhl OMOMH(OPMATUKNY 00YJAFOIIUNACS JOIDKEH:

3HATh:
- OCHOBHBIC CTPYKTYPBI IaHHBIX: X31I-Ta0nuIa, cydhdukcHoe aepeBo, cyGpPHUKCHbII MacCHB;
- OBICTpBI TIOMCK TIOACTPOKM B CTPOKE — airoputMbel HauBHbIH, Kuyra-Mopuca-Ilparra,
Pabuna-Kapra, anroputm KeHrypy;
- HHZAEKC U npeobpaszoBanue bappoysa-Yuinepa;
- BLAST — unnexcupoBanue, craructuka Ansrinyns-Kapnuna;
- MOTHBBI B TEHOMAX, IIOMCK U UACHTU(HUKAIMS MOTHBOB, MHOXXECTBEHHOE JIOKAJIbHOE BHIPAaBHUBAHNUE;
- METO/bl ONTUMH3AIMY MAaKCUMU3ALMH MaTOKUAAHUS U coMIuinpoBanus [ m60ca;
- aNrOpuUTMBbl AMHAMUYECKOTO MPOrpaMMHPOBAHHUS IJIi MOWUCKA KpaTdallero MmyTH MEXIy IBYMs
BEpUIMHAMH B HAIPABICHHOM AalMKINYECKOM Tpade M BBIYMCICHHS CYMMBI BECOB II0 BCEM MYTSIM

(crarcymma);
- QITOPUTM ONTHMAJIBHONW  CErMEHTAllMM  IOCJIEAOBATEIBHOCTH  METOAOM  JAMHAMHUYECKOTO
MPOrpaMMHUPOBAHUS;

- INOHATHE O CKPBITOM MAapKOBCKOM MOJENH, IMEPEXOIHBbIE M 3MUCCHOHHBIE BEPOSTHOCTH, IIOUCK
ONTHUMAJIBHOM TOCIEA0BAaTEIbHOCTH MEPEXOAOB MEXKIY COCTOSHHMSIMHM JJIs IOCJEN0BaT€IbHOCTH,
MOPOXICHHOW CKPBITOM MapKOBCKOW MOjenbio (anroputM ButepOu), BhIUUCIEHHE BEPOSTHOCTH
nepexoja B JAHHOW TOYKE (aJrOpUTM TyAa-0OpaTHO), HCIIOIB30BaHHE AJITOPUTMa JUHAMUYECKOTO
POrpaMMUPOBAHHUS IJIsl aHAJIM3a CKPBITHIX Lieneld Mapkosa;
- ocHOBbl bailiecoBCKOW CTaTUCTHKH, MpaBIoNono0ue, METOA HaumOOJIBLIEr0 MPaBIONOAo0Hs,
MapryuHalIu3alys pacnpeiesieHHii 1 MapruHaJIbHOE TpaBIooaooue;
- OLICHKA MTapaMeTpPOB CKPBITOH 1enu MapkoBa, oO0yuenune Butep6u, meton bayma-Bena;
- METOABl aHaju3a IEHOMA, OCHOBAHHbBIE HA CKPBITBIX MAapKOBCKMX ILEMAX, NOMCK KOJUPYHOIUX
[TOCJIE0BATEIbHOCTEN, TOMCK OAHOPOAHBIX IOMEHOB XpOMAaTHHA.

yMeTh:
- TOJIB30BaThCA VIHTEpHET M CHIPaBOYHOM JMTEpaTypol MO OWOJOrMM HAyYHOTO M IPUKIIATHOIO
XapaxTepa JiJIsl ObICTPOro MOMCKa HEOOXOAUMBIX TaHHBIX U IOHATHH;
- HaxOQWTh ONTUMAJbHbIE ANTOPUTMBI JUIA  PELICHUS 3a7ad  aHaJInW3a  OMOJIOTHMYECKUX
[IOCJIE0BATENBHOCTSX, YMETh OLIEHUTh TPYOEMKOCTb aJTOPUTMOB;
- IPEACTaBJIATh Ha3HAYCHUE YIPABISIIOIUX [IapaMEeTPOB B KJIIACCHUECKUX IIPOrpaMMax, peaau3youx
aJITOPUTMBI.

BJIaJeTh:
- HaBbIKAMH OCBOEHUS 00JpII0T0 00BhEMa HHPOPMALINY;
- KyJIbTYpOH MOZICIHMPOBaHUS (PYHKIIMOHAIBHBIX MOTUBOB B OMOJIOTHYECKUX MOCIIEJ0BATENbHOCTSX.

2. IlepeyeHb THNOBBIX (IPUMEPHBIX) BONIPOCOB, 32/IaHUI, TeM /ISl HOATOTOBKH K TeKyIIleMy KOHTPOJII0

JUJ1s yCIenHoro MpOoXOKISHHsI TUCIIUILIMHBI HEOOXOAMMO:

1. ITocemarp NeKuuu

2. JInsg MOATOTOBKM K WTOTOBOM aTTECTAIlMH MO MPEAMETY JIydIlle BCETO MOJIb30BaTbCci MaTepHalaMu
JICKITUH.

CryzneHT, mpoCIymaBIui Kypc, TOJDKEH 3HATH:

- OCHOBHBIE CTPYKTYPBI JJAHHBIX: X3MI-TabnuIa, cyPpurcHoe nepeBo, CyhHUKCHBIN MacCHB;

- OBICTpBI TIOMCK TIOACTPOKM B CTPOKE — airoputMbel HauBHbIH, Kuyra-Mopuca-Ilparra,
Pabuna-Kapra, anroputm KeHrypy;

- HHJIEKC U peoOpazoBanue bappoysa-Yuinepa;

- BLAST — unnexcupoBanue, craructuka Ansrinyns-Kapnuna;

- MOTHBBI B TEHOMaX, TOUCK U UIACHTH(UKAIMS MOTHBOB, MHO)KECTBEHHOE JIOKAJIbHOE BHIPABHUBAHUE;

- METOJbl ONTUMH3AIMY MAaKCUMU3AILIMH MaTOKUAAHUS U coMIuinpoBanus [ m60ca;

- aNrOpuUTMBbl AMHAMUYECKOTO MPOrpaMMHUPOBAHUS IJI MOWUCKA KpaTdallero MyTH MEXIy IBYMs
BEpUIMHAMH B HAIPABICHHOM AalMKINYECKOM Tpade M BBIYMCICHHS CYMMBI BECOB II0 BCEM MYTSIM
(crarcymma);

- aJNropuTM ONTHMANBHOM CErMEHTAlMM  [OCJEA0BATEIbHOCTH  METOAOM  JUHAMHUYECKOIO
[IPOrpaMMUPOBAHUS;



- INOHATHE O CKPBITOW MAapKOBCKOM MOJENHM, I[E€PEXOIHBblE M 3MUCCHOHHBIE BEPOSTHOCTH, IIOUCK
ONTHUMAJIBHOM TOCIEA0BAaTEIbHOCTH MEPEXOAOB MEXKIY COCTOSHMSMHM JJIs IOCJEN0BaT€IbHOCTH,
MOPOXICHHOW CKPBITOM MapKOBCKOW MOjeNbio (anroputM ButepOu), BhIUUCIEHHE BEPOSTHOCTH
nepexoga B AAHHOM TOYKE (AJrOpUTM TyAa-0OpaTHO), HCIIOIB30BAaHHME AJITOPUTMa JUHAMUYECKOTO
POrpaMMUPOBAHHUS U1l aHAJIM3a CKPBITHIX Lieneld MapkoBa;

- ocHOBbl bailiecoBCKOl CTaTMCTHKH, MPaBIONON00MEe, METOA HaWOOJBIIET0 MPaBIONON00HS,
MapruHaU3aIUs pacipeieICHUN 1 MaprUHAILHOE MTPABIONO00HE;

- OLICHKA [TapaMeTpPOB CKPBITOH enu MapkoBa, oO0yuenne Butep6u, meton bayma-Benma;

- METOJbl aHaju3a [EHOMA, OCHOBAHHBICE HA CKPBITBIX MAapKOBCKUX LEMSAX, MOUCK KOAUPYIOLIUX
MOCJIeIOBATEIbHOCTEH, TOMCK OAHOPOIHBIX JIOMEHOB XpOMAaTHHA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JIEKIUH, yueOHOM 1 HaydHOU JTuTepaType),

— YTEHHE U KOHCIIEKTHPOBAHUE JIOTIOJIHUTEIBHOI JIUTEPaTyPHI,

— MO/ITOTOBKY OTBETOB HA BONPOCHI, IPETHA3HAYCHHBIX ISl CAMOCTOSATEIBHOTO N3YYCHHS,

— pelIeHHe 3a/a4, PeAIaraeMpIX CTYJCHTaM Ha JICKIUSIX/CeMUHapaXx,

— TMOJITOTOBKY K UG GEPEHIIUIPOBAHHOMY 3a4ETYy.

PykoBOACTBO M KOHTPOJIb CaMOCTOSITEIBHOM pPabOThI CTyJIEHTa OCyLIeCTBIsieTcss B (opme
WHIMBUyaJ bHBIX KOHCYJbTammid. Iloka3areneMm BiaJeHUS MarepualioM CIY)KUT YMEHHE pelIaTh
3amaun. Jlnst OpMHPOBAaHUS YMEHHS INPUMEHSTH TEOPETHYECKUE 3HAHHMS HA MPAKTUKE CTYICHTY
HEOOXOAMMO pelaTh Kak MOKHO Ooublie 3amad. [Ipu pemieHun 3a1a4 Kaxaoe JAeHCTBHE HEOOXOIUMO
apryMEHTHPOBATh, CChIIAsACh HA PACCMOTPEHHBIN paHee TEOPETUUSCKHI alapar.

OOBIYHO MPUAEPKUBAIOTCS CIESIYIOIICH CXEMbI: H3yUeHHEe MaTepHalia JICKIHH 110 KOHCIIEKTY B TOT ke
JIeHb, Korza Obu1a mpociymrana Jiekius (10-15 MuHyT); MOBTOpeHHE MaTepHraia HakaHyHe Cleayronien
nexiuu (10-15 MuHyT), MpopaboTka yueOHOro Marepuana 1o KOHCIIEKTaM JIEKIIWH, y4eOHOH 1 Hay4IHO
JUTEpaType, MOATOTOBKA OTBETOB Ha BONPOCHI, penieHue 3a1ad (1 gac).

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
nextopy. OOs3aTelbHBIM TpeOOBAaHUEM SIBISIETCS  BBIIOJIHEHME JOMAlIHUX paboOT, KOTOpbIE
CUCTEMAaTUYECKH CIIAlOTCs Ha IIPOBEPKY.

3. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. OcHOBHBIE CTPYKTYPBI JaHHBIX: X3UI-TabnauLa, cypPuKcHoe aepeBo, cyPpPHUKCHbIH MaccuB.

2. AIropuT™MBI OMCKa MOACTPOKH B CTpoKe: HauBHBIN, KHyTa-Mopuca-IIparra, Pabuna-Kapmna .
3. Unnexc n npeobpazoBanue bappoysa-Yunnepa.

4. BLAST: unnekcupoBaHHe U MIOUCK JIOKAJIIbHO-BBIPOBHEHHBIX YYaCTKOB.

5. BLAST: Beca nokambHO BBIPOBHEHHBIX Y4YacTKOB, pacnpeneneHue ['ymOens, craructuka
Ansrimryns-Kapauna, P-3nauenne u E-3nauenue.

6. IleacraBieHus MOTHBOB B T'€HOMAax: KOHCEHCYCHAasi CTpPOKa, MarpHlla IO3MIIMOHHBIX BECOB,
OaiiecoBCKasl CETh.

7. Agroputm Tysze-Bappe BbluuCIEHUSI BEpPOATHOCTH BCTPEYM MOTHBA B  CIy4alHOU
MOCJIeIOBATEIbHOCTH.

8. ANropUTMBI TOCTPOSHHS MHOKECTBEHHBIX JIOKAJIbHBIX BBIPABHUBAHNHN M MICHTU(PHUKALMH MOTHBOB:
xanueiid anroput™ Itopmo, MEME. Ancam6iu motuBoB, ChIPmunk.

9. ANroput™M AMHAMHUYECKOTO MPOrpPaMMHUPOBAHHUS Ui MOWUCKA KpaT4dallero MmyTH MEXIy IBYMS
BEpLIMHAMHU B HalpaBJIEHHOM arukiandeckoM rpade (bemmana-dopaa).

10. Asropurmbl JTMHAMHYECKOIO IPOrPaMMUPOBAHUS AJISl BBIUMCIIEHUS] CYMM BECOB IIO0 BCEM ITyTAM
MEXly JBYMS BEpIIMHAMH B HaIlpaBJIeHHOM anukinyeckoM rpade (bennmana-dopaa)

11. MO)II/I(l)I/IKaLII/II/I AJITOPUTMOB  TIMHAMHUYCCKOIO IIPOrpaMMUpPOBAaHU  JId TIOUCKA JIOKAJBbHO
BbIpaBHHUBAaHUA U CCTMCHTAIIUN MOCJIEI0BaTEILHOCTEM Ha 6J'IOKI/I, OJHOPOJHBIC ITO COCTABY.

12. TloHaTue 0 CKpHITONH MapKOBCKOM MOJIEIH, IEPEXOIHBIE U IMUCCUOHHBIE BEPOSTHOCTH.

13. Anroput™ ButepOu moncka onTUMaabHOM MOCIEIOBATEIBHOCTH MEPEXOI0B MEXIY COCTOSHUSIMH
JUTSI TIOCJIEIOBATENbHOCTH, TOPOXKIEHHOM CKPBITOM MapKOBCKOM MOJIETIBIO

14. Anroput™m «Tyga-oOpaTHO» BBIYMCIIEHHE BEPOSTHOCTH IEpEXola B CKPHITOW mernu Mapkosa B
JAHHOU TOYKE



15. OcHoBbl baiiecoBckoil cTaTUCTHKH. ATIPHOPHOE paciipesiesieHle BeposITHOCTeH. MapriuHaiu3arus. .

16. Anroputmbl Makcumu3anu matoxuganus (Expectation maximization) w cOMIUIMPOBaHUSI TO
['m66cy miist morcka MaKCHMAITLHOTO TPABAOIIOO0US.

17. Ouenka napamMeTpoB cKpbITON 1lenn MapkoBa MeTosioM o0yueHus: Butepou.

18. Ouenka napameTpoB cKpbITOW e MapkoBa ¢ momoiipio anroputma bayma-Benmra.

19. Tlomck KOAMPYIOIMMX TOCIEAOBAaTENBHOCTE € TIOMOIUBIO CKPBITBIX MapKOBCKMX IIENei.
[Iporpamma GeneMark.

20. ITouck y4acTKOB C KOHKPETHBIM COCTOSIHUEM XPOMAaTHHA C ITIOMOILBIO CKPBITBIX MAPKOBCKUX LIETIEH.
Anroputm DpHcra-Kemnuca

[Tpumepsl OuIETOB:

Buner Nel

OcnoBsl baiiecoBCcKoil cTaTHCTUKU. AIPHOPHOE paclpeaesieHne BEPOSITHOCTeH. MapruHanu3anus..
buter Ne2

IlencraBneHnss MOTHBOB B T'€HOMAax: KOHCCHCYCHas CTpOKa, MaTpulla TO3UI[HOHHBIX BECOB,
OaliecOBCKas CETh.

bunet Ne3

AJNropuT™MBI IOMCKA NOACTPOKH B CTPOKE: HAUBHBIN

buner Ne4

ANTOopuUTMBI IOMCKA OACTPOKH B cTpoke: Kuyra-Mopuca-Ilparra

bunet Ne5

Orenka mapaMeTpoB CKPBITOH 1eru MapkoBa MeTo/ioM o0ydeHus: Butepou

Kpurepun onennBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI CTYACHTY, [TOKa3aBIIEMY BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YeOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELLICHAMN.
Onenka ommyHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, II0Ka3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka ommyHO (8 OamwioB) -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomuio (7 6ayuIoB) - BBICTaBIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHbIC 3HAHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Onenka xopoio (6 6ayuIoB) - BHICTABISIETCS CTYACHTY, €CIIH OH TBEPJIO 3HAET MaTephall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JIOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka xopomo (5 0aiIoB) - BBICTABISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTH IOJIy4EHHbIC 3HAHUS Ha NPAKTUKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUHU 3aa4 JOCTATOYHO OOJIbILIOE KOJTUYECTBO HETOUHOCTEH.
OneHka ymoOBIETBOPUTENBHO (4 Oama) - BBICTABISETCS CTYACHTY, NOKa3aBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKON MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
Onenka ymoBieTBOpUTENbHO (3 Oama) - BBICTABISETCS CTYACHTY, NOKa3aBlleMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIero o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHON CUTYalHH.



OueHKa HEYJIOBJIECTBOPUTEINILHO (2 Oaiia) - BHICTABIISICTCS CTYJCHTY, KOTOPBII He 3HaeT OoJbliIeil yacTu
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

Ouenka HeynoBieTBOpuTenbHO (1 0Gayur) - BBICTABISETCS CTYACHTY, KOTOPBHIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX

0a30BBIX MHOHSITHHA JUCIHHUIIIIMHBI U BOO6H_IC HC HMMCCT HABBIKOB PCHICHUSA TUIIOBBIX MPAKTUYCCKHUX
3aJga4.

4. MeTonnuyeckue MaTepuaJbl, ONpeaesonue Npoueayphl OlleHUBAHNSA 3HAHMIN, YMEeHHI, HABBIKOB M
(W) onbITA AESATEJIbHOCTH

ITpu nposenenun auddepenpoBaHHOro 3adera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noaroroBky. Onpoc oOydvaromierocsi o OWJIETy HE JOJDKEH MHPEBBILATh OJHOTO acCTPOHOMHYECKOTO
yaca.



