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faLrysr 3HaHb, uru$p ra
Ha3Ba cneqia.rrrnocri

16 XiNri.{ua ra 6ioiuxeHepix, 162 - fiiorexno:roi-ii'r'a 6ioiHxeuepir

Bux,raAaqi Aucquurinu Tapuorcsra AHronisa Bo:ronuunpiena. KaHArrAat 6io,l. Hayn- AoIIcHr"

AorIeHr xaSe4pIa 6iotpiemra ra 6ioin(f opMarl4Krr ;

Konrarcrna inQoprraqir
nur<;ra4auin

聾 tol童ュ立型コ墾 量【墾墜聾謹墨塁

http s : //bioweb. lnu. edu.ualemployee/tarnovska- a-v

Koucy.nrraqii s rrrraHb
HaBrraHHg no Aucuuu,rini

ni46ynarorscn

3riario po3KnaAy na raSeepi (eyl. fpyurencrxoro.4. ayl323). Taxox
lpoBoAqrbcs oH-rafiH KoHcynbrartii ua n:rar@oplaax Teams, Zoom

Cropinr<a Anculru,rinlr
IH{opuaqir

rrpo rrrcqrlu.uiny
flucqun:rina <<Anali: AaHHx s 6iorexHo.rorii> e r]Icuurniuorc ni:rsHo-
ro nrz6opy cryAeurie s cueqianrnocri G 21 - Eiorexso:rorii ra 6ioiH-
Neuepia" qKa BuKnatraerl,c.fl n 3 ceuecrpi a o6cxsi 4 rcpelmrin (:a en-
poneficsxorc Kpe4nruo-Tpanc$epHolo Cucreuoro ECTS).

Koporna aHorauiq Arrcuu-
u,rinu

I-ls Ar.icuNrr:risa e KJrroqoBoro A:rs Maricrpin. rqo upallloiorb i: eeruxu-
rrau o6cqranru 6iolori.{Hr.rx AaHr.rx. Boua HaAa€ cryAeHTana neo6xilni
TeoperaqHi 3HanHq ra [paKTurlui Hanu.{xu a.irr eSexr:HBHoro :6opy"
o6po6xn. aua,ri:1' ra iurepnperauii pi :uorraui:rHux raHl{x. orpuMa}Illx
y Siorexuo.rroriqHax .{oc:riAxeunxx. K-vpc oxo[.]r]oc craruc'rtz'{Hi N,{e-

ToAr.{. MeroArr MarrurHHoro HaBqaHHq ra nisya,Tisauii. ur,o 3acrocoBy-
Iorbcs Ao feHoMHIrx, tlporeoMHlrx, uera6o:rorvti.{ulix ra iuruux runis
6io:rori.rHux AaHr4x. Oco6:ruea yBara npu4i:uemcfl [paxrur{HoMy 3a-

crocyBaHHro rrporpaMnux iucrpyNteHrie ra MoB nporpaMyBaHH, Anf,
nupiureuul peaJrbHr.rx 3aBAaHb,v 6iorexno:rolii.

Mera ra qi,ri,rucqlrnninu Meroro BHBrreHHfl Auc[uu:riul4 e po3BHTox .v" :4o6yna,{ie nnuoi ocsirz
KoMrrJreKcHr.Ix KoMllerenuifi An.s caMocrifiuoro ra eSexruBHoro rlpo-
BeAeHHs ana,ri:y BeJrrrKrrx 6io.iroriqnlrx iIaHI{x, ix inrepnperauii ra
npeAcraBneHH, pe3ynrrarie 3 BlrKopHcraHHqM cyqacHux o6'tucrloea-
jrbHr.rx naero4in ra nporpaMnoro :a6e:rer{eHHq.. Ui:rsltu e Sopru-vean-
rir Saxoeux KoMrrerenurocrefi lraricrpa 6iorernolorifi ra 6ioiHxeue-
pii.

Jlireparyp a Dilfl BrrBrreHHfl

Aucrluu"rirur
OcnosHa:

1" Forthotbr, R. N.. Lee, E. S., & Hemandez, M. (2006). Biostatistics:
A Guide to the Design, Analysis, and Presentation of Researr:h Resul.ts.

John Wiley & Sons.

2. James. G., Witten, D., Hastie, T., & Tibshirani" R. (2013). An In-
troduction to Statistical Learning with Applications in R. Springer.
(.{ocrynHa oruafiu)"
3. Grus, J. (2019). Data Science Jrom Scrotch: First Principles w'ith

Py thon. O'Reilly Media.
4. Selected online documentation fbr Plthon libraries (Pandas,

NumPy. Soikit-leam, Matplotlib, Seabom) or R packages (Tidlverse,
ggplot2).

AoAarxona:
1.Hastie,T.,Tibshirani,R,,&F五 cdman,J.(2009). The Elements o{



Statistical Learning: Data Mining, In/brence, and Prediction. Springer.
(!ocr-vnHa clunafiH).
2. Zar. J. H" (2010). Biostatistical Anulysis. Pearson Edusation.
3. Kypcu ra ryropia,ul Ha ou:raitn-u:rartfopuax (Coursera, edX,
DataCamp. Kaggle) : anali:y AaHIax, MaIIrI,IHHoro HaBqaHHq ra
6ioiu$optraruKh.
4" Hayrori crarri ra ornqAlr 3 aKryanbHux tae'roAin aHa,risy "qaHux y
Siorexuo:rorii (uanprarrag, ny6rixauii B xypHanax BioinJbrmatics,
,\ a t urc B i otet'hno I ogr l.
IH$opuauiitni pecypcu
HaeqanrHi n:rar$opuu (Moodle. Google Classroom rouo).
Peuo:nropii aanux (NCBI GEO. TCGA, PDB).
Bi4rpuri oceirni pecypcl4 ra sileo,rexuii (Coursera. edX. Khan
Academy - Kypcu : 6as AaHux ra 6ioin$oprtarurcrl).

Tpuna;ricrb r(ypcy oAr4H CeMeCTp

O6csr Kypcy 120 roawu. 3 uax 32 rol'uww:rexuiii, 16 rol'LrH rpaKrurlHux 3aHqrb ra
72 roLtutt cauocrifiiroi po6ona.

O.rircynaui pery,rnraru
HaBЧ allIIЯ

Iliclq 3aBepueHHs uboro Kypcy cryAeHr 6yae:
3Harrr ocuoeHi xouuenuii Ta Mero.[I4 crarl4crlIqHoro aHa:ri:y

naHrrx! rrpHHIII,In[I po6orrz a,rropltruin MaIrIIrHHoro HaBqaHH.s

ra ix :acrocyBaHHtr y 6iorexuo:rorii. pisrii runra nitya.'ri:auii
iraHr{x ra ix eSer<THBHe BLIKop}IcraHH.f,, MeroAI4 oqarqeHH.s ra
ilonepe.[Hboi o6po6ru 6io:rori.rHux /]aHLIK.

sMiru r6uparu, oqfiurarll Ta no[epeAnuo o6po6;r.flrlr 6ionori'{-
ni aasi : pisHrlx Axepen 3acrocoBvBaru si.{nosiAni crarucru.{-
ui recrz g:rx uepenipxu riuore:. 6y,tyea'ru ra oqirixrBarll Nlo-

Ae:ri uauruHHoro HaBr{aHHfl 4,rr ruraca$ixallii" Knacrepu3auii ra
rporHo3yBaHH.,I. nirya,ri:yna ru cr.ra.4ui 6i o"noriqHi narii 

"qns i,r
iurepupelauii. fipoBolII4rI4 roun,rexcnr'rfi aHa,'Ii: teHoMHI4X.

rrporeoMHlrx,'rpaHcKpIrIIToMIII{x ra i surux 6 io:rori'{uux .raH llx 
"

,xeMoHcrpyBarrr 3rarHicrr, ao cauocriiinoro nupiruenss auani-
TuqHrrx 3aBAaHb y 6iorexHo:rorii, HaBHr{KH KpLITur{Hoto Mrrc-

ireHHs upu iurepuperaqii pe:ry:mrarin aua,riay- :Aarsicll, Ao

npeseuraqii cr.naruux anariruqnux pe3ynbrarie y :poayui:rifi
ifopui, roronnicrr go 6e:nepepBHoto HaBqaHHs ra ocBoeHH,

HoBr{x incrpl,ueurin ana,ri ay raHl4x.
K,rroqoni c.rroBa 6ioin$opuaqift ui 6asra AaHux.

@oprrar Kypcy OqHEfi
I‐IpOBeДeHHЯ ЛeKЦiЙ,ⅡpaKTИЧHИX p06iT Ta KOHCyЛ ЬTaЦ ii ДЛЯ KpaIЦO「O

po3yMrHHf, TeM

Temu llaeederrc v ma5:1. I
Iligcyrrrconufi rconrpo,lr,

fropua
3zr,rir< y rciuqi ceMecrpy

flpepenniruru fl,tn eunueHHs Kypcy cry,{eHTI4 norpe6ymrb Gasonur 3HaHL 3 rrl{cuurr-
-rrinu reueuEra, 6ioin$opMarlrxa

Han.ra,rrni nrero[u ra re-
xnircu, rni 6yayrr Br{Ko-
prrcroByBar[cs nil .rac

BIIKJIAAAHHfl KYPCY

.ilercuii. upeseurauir (i:tocrpauis. aenoHcrpauix). po:noei4i. rorlc-
HeHHs. po:n' rsyraHH.f, clrryari.rBHux 3aAarl. gucxycix.

Heo6xigne od,raAnannq flepcona,rsuufr rcotran' Iorep, 3ararrbuoBxunani xol,tu'torepui uporpanru
l oⅡ epaЦ lИHl cИcTe:MИ ,ⅡpoeКTop.

Kpnrepii oqinronaHun OuiurosaHH, IIpoBoAI,ITbc{ 3a 100-6anrnom IrrKaJIo}o [iarr.r napaxo-



ByIOTT,CS 3 a HaCTyIIHr.rM CIIIBBI,IH OIr]eHI{rM :

floroqnr.rfi KoHrponb:
. (ea pe:y,rbraraMl{ npeAcraBneHug i 3axucry npe:enraqift,

yuacri n gucxycii Ha rrpaKrl4qHlrx 3aHrrrxx): 4A % ceMecr-
poroi orliHxu; MaKcLIMaJibua ri;mxicrr 6a,ris - 40;

BrrKoHaHH, upe:euauifi ra ix npe4craBJleHH.s - MaKcIr-

MaJrbHo 5 6a,rir :a 1 upe:eHrauiro (4 npe:enrallii no 5 6a-

,rin rcoNua), yqacrb y aucrycii - MaKcl4Marrrno 20 6a,rin sa

ceMecrp.
. KoHrporlbni :anipu (uoay:ri): 60 7o ceuecrponoi oqinxn: lta-

KcuMaJIbHa xinrr<icm 6a,ris - 60.
Mo.qym s4o6yeau orpuMye ua ni4crani recrynanus B clrc-
reui Moodle (2 uoay:ri no 30 6a,ris xoxeu) - MaKCIrMarrh-

sa xim,ricrr 6a:rin - 60.

ArcaAe*ri.rna goOpoueuricrr: ouixyerrcx. uto po6orl{ cryAeHrie 6y-

4-vm ix oparinalsul4Mpl Aoc.rritrxenHglaa uu uipxyBaHH.aMI4. Bil-
cy'rHicm [ocr{JraHb Ha BI{KopLIcrani gxepe:ra. $a6puKyBaHHs .{xepen"
cnllcyBaHHfl, BTpyr{aHnx n po6ory inrurax cryleurir craHoBJrflTt,, tL'Ie

ne o6l.rexyrom, flp]rKnanll Naox,rrlsoi araneNli.iHoi He4o6pouecuocri.
Br4-f,ereHHq o3HaK ararleltiqnoi uelo6pouecHocri B [IrcbMoBifi po6ori
cryreHTa e ni4cranolo An, ii nesapaxyBaHH-f, B[KnaraqeM. He3a,rexHo

ei4 laacmra6ie urariary uu o6uauy. BigninaHHfl 3aHrrrb e BaxJIuBoro

cKJraAoBoro HaBrraHH.[. Ouixyerrcl, uIo sci cryAeHrl4 eignigamrs yci
:reruii i nparruuni zauqrrs Kypcy. Cry4enru Malorr intfopnrynaru
Burnararra npo neuox;rrnicrr eiaeilarra 3aH{TTr. y 6,v.lr,-.axonty

BrarrallK,v cryAeHrLI :ro6os's3aHi ao'rpulryn'arucfl ycix crpoxis su:lHaqe-

Hnx An, tsrrKoHaHH{ 5,cix er4ir IrHcbMoBI4x po6ir" nepeg6aueHi{x Kyp-

cou" Jlireparypa. Ycx :rireparypa, rK-y cryreHTlr He 3Mo'r(,vrt" sHafiru
cauocrifino, 6yAe HaILalaBuKnaraqeM BLIKJIToT{Ho e ocsirHix rli:rqx 6e:
npaBa ii nepe4aui rperiu oco6arr,r. CryAeurz 3aoxoqvlorEc.f, .4o BI{Ko-

plrcraHHfl TaKox fi inuroi :rireparypa ra nxepen, sKI{x HeMae cepe.q

peKoMeHnoBaHLIx.

flo,rirurca Br{craB,'IeHns 6aaie. Bpaxonyrorsct{ 6ana Ha6paui Ha IIo-
loqHoMy recryeaHni. cartocrifisifi po6ori ra Swru rigcyuxoeoro rec-
TyBaHH-fl. Ilpa rlrolry o6oe'-f,gxoeo BpaxoByorbc{ [pplcYrHicrs Ha sa-

Hsrr.flx ra amueHicrb cryneHra nia qac ilpaKTlrqHoro 3aHqrrs.; He.4o-

nycrunic'm nponycxin ra :auisHeHr, Ha 3aHrrrq; Kop[cryBaHH{ lro6i-

"lr6Hr{M re:re$onou, rIJIaHlIeroNr'{Iz inruuull uo6i:u'HHMI4 npl'IcrpoflMrr

uiA qac 3aHflTTs e uirsx He roB'fl3aHux 3 HaBqaHHflM: crll{cyBaHurl ta
rurariar; HecBo€r{acHe BLIKoHaHHII nocraBJreHoro 3aB.[aHirrl i r. in.
Xo.qHi $opuu ropylxeHHs arareNai'{iroi 4o6poqemrocri He ronepy-
loTEcr{.

(orcpenro AJrfl Ko)rffioro BI{-

try HaBrraJmuoi gin.rrrnoc-
ri)

l.   :BCTyΠ  ДO aHaЛ i3y ДaHИX B 6ioTcxHoЛ o「if.

2.   3HaЧ eHⅡЯ ДaHИx y cyЧacHlII oloTcxHoЛ o「 11.

3.   )KИ TTcBИЙ ЦИKЛ ДaHИX:36ip.36cpi「 aHHЯ ,o6po6Ka,aHaЛ i3,iH―

TcpⅡ pcTaЦ lЯ ,ΠpcДcTaBЛ cHHЯ .

4.   
‐́

「
ИⅡИ  6iOЛ OFiЧ HИX  ДaHИX  (HyKЛ COTИДHi,  1lpOTCTHOBi,

CKCⅡpeCiЙHi,MeTa60JIO:MHi,КЛiHiЧ Hi).

5.   1loⅡ cpcД HЯ o6po6Ka Ta oЧИIЦcHHЯ ДaIIИx.

6.   lMΠ OpT Ta CKCΠ OpI.ДaHИX.

T′    06po6Ka ΠpoIIyIЦ eⅡИX 3HaЧ eⅡЬラBИKИДiB.

8 ДaHИx.Ta

fluranns go icnlrry
(:amipin:Hanr,)



9. 3ruIms ra rpairc$opnaqil naHl{x.
10. OnuconacrarlrcrplKa.
1 1. Mipu rleHrpalrbHoi reu.qeuilii (cepe4He, ue4iaua, nto4a).

12. Mipu posciroeaunx (4racuepcix. cran4aprHe siAxareHH{, KBap-

ru:ri)"
13" Posuo.qirll AaHI{x (nopna-urnuft po:noain).
14. Ocnoeu crarl{cllrqHoto BI4cHoBKy.

15. Tecryeanng rinores (uy:rcona ra anbrepHarlrBHa rinore:u).
i6. Ilouu:ucr.t'ruuy i ra uEny IL
17 " Crarucru.rHa 3Har{yqicrs (p-:naueuu-a).

18. flapalrerpzuni ra HerlapaMerpuuiri recrl4 (t-xpr'rrepifi,

ANOVA, rpurepiii xi-rnagpar, rcprarepifi Manna-Birrii).
19. Tuuu MaIIrIrHHoro HaBqaHHfl: HaBTIaHH{ 3 ytII'ITeneM

(supervised). 6e: yql4ren.f, (unsupervised). : ni4xpin:rennant (rein-

forcement).
20" OurosHi roHsrr{: o3HaKIr (features). rtirxu (labels). MoAeiIb,

uaBqaHHrI, uepe46a.rennr.
21. Oqiirrca uo4e:refi (uerpuxu).
22. K:raca$irauis ra perpecix.
23. A:ropurua uactsixauii: loricrurlHa perpeciq, SVM (uerog
olopurrx nerropin), nepeBa pirueHr, BI4narKoBIrfi nic"

24. Arropurrrtn perpecii: :riuifina perpecix.

25. 3acrocynanux e 6io'rexHo:rorii (nporriosynauHx ar<rnsHocri

cnonyK. AiarHocruxa rax nopronaus).

26" K:racrepu:aqis ra 3HIrxeHH-f, po:nripHocri.
27 " A;rropurrtu Knacreplr3aqii: k-means, iepapxi'rHa Knacreprr3a-
qis. DBSCAN.
28. 3ulrxennq po:rraipuocri: PCA (uero4 toJroBHLIx t<oir,ruoneur), t-
SNE, UMAP.
29. 3acrocyeaunr (nuxn:renux niarunin rlirrau, rpyryBaHnr
lenin).
30" Bi:ya,tiraqisnanux"
31. llpuHqunu e$errunnoini:ya,'li:allii.
32. Turru rpa$ircin (ricrorpanu, giarpault po:ciroeaHH.fll box plot,

heatmaps, volcano plots, PCA plots).

33. Buropacrannr 6i6:riorex Matplotlib, Seabom (P1'thon) I
ggplot2 (R).
34. Aua,ri: BI4coKorIpoAyKTLIBHLIx 6ioJroriqurx raHrrx"
35. Alra,ris AaHI.Ix ceKBeHyBaHHs HoBoro noxo:riun"s (RNA-Seq.

scRNA-Seq. ChIP-Seq).
36. AHa.rig flporeoMHllx ra rtera6oJIoMHI'Ix AaHIzx'

37 " Po6ora r ouixcnuull raHlrMl{.
38. IHrerpaqia AaHI4x ra cI'IcreMHa 6ionoris.
39. My:rr,rrz-onircnufi aseui:t"

40. flo6ylona Mepex sgaeMorifi (reu-reH, 5i:rox-6ilor)' Cacreuna
,TaTlB.

Auxery-ouirryy : Meroro oqiiloeaHHs sxocri Kypcy 6yae ua4aHo rloOnlrrvranns

Tab;uaus 
.l



Cxelra <Ana,'ri3 ilalkrx s 6iorexHo:rorii>
Oopnra AismHocri
ra o6cgr roAr.rH

Aoralr<osa
:rireparypa I
pecypc Irlf
ts}IKOHAHHg

:aeAaHs (3a

norpe6u)

BИКollaHHЯ

TeprvrinИ

Д

ｌЬ

Ｔ
Ｆ
　

Ж

　

ｅｌ

Tenaa 3aHflTb (uepe:rir uraranr)

3nricronnnft uogym 1: Ocnonra crarlrcrtirrHoro auaJriay 4anrnx ra lrporpaMyBaHHs
A.[s 6iorexno,rorii

Ileruii - 2 rol.,
nparrut{H po6ora

- 2 roa,
cauocrifisa po6ora

- 20 ro.u

I lu>rreur,Ilcryn Ao auariry Aaurrx s 6iorex-
Ho;rorii. 3naqenus .[aHux y cyuacHifi
6iorexso:rorii. }(ll:mesufi u.IKn ra-
HHx: :6ip. :6epiranux, o6po6xa.
auani:. iurepuperaqix, upe4craBJleH-
Hs,. Tul:w 6io:rori.{Hux gaHltx (nyx-

-.reoraAni" rrporeiuoni. ercnpeciirui.
ntera6orontui, r:riHi.{Hi).

2 flouepegna o6po6ra ra oqrqeHlrfl
AaHrrx. Iwrnopr ra ercrropr .qaHr{x.
O6po6xa rporyueHr.rx 3HaqeHb, Br.r-

xraAin. Hoprraanisaqis ra craHAaprrr-
garlis AaHux. 3nurrs ra rpanc(fop-
rr,rauis Aanr{x.

Ilexuii - 4 roA,
canrocrifiHa po6ora

- 10 roa

2 ruxgens

Ilexqii - 4 ro!,,
flpaKrprrrHa po6ora

- 4 rol.
cauocrifina po6ora

- 10 roa

2 Tuxrelc'v3 Onlrcona crarr{crrrKa. Mipu rIeH-
'rpamuor ren.qeuuii (cepe4He.

lre,liana" ruroga). Mipu po:cironannx
(4ucnepcix- craHlaprHe einxrareHHr.
xuaprn:ri). Posnoairu naHr.rx (nop-
uzurunufi po:nogiir).

4 Ocnos[ crarr{crrrqHoro BrrcHoBKy.
Tecrynanns riuores (uy:rr,osa ra a,rb-

TepHaraBHa rinore:u). flolru:ircvr. Tr4-

ny I ra ruuy [I. Crarrlcrra.{Ha 3uaqy-
ruicrn (p-sHaqeHHs).

Jlerqii - 2 ro4,
cauocrifiua po6ora
- 10 roa

1 rux4eHr,

5 Ilaparrerpu.rni ra HerrapaMerpuuni
Tecrrr (t-rpurepifi, ANOVA, Kplrre-
pift xi-xnagpar, xpurepifi Mausa-
Birni).

Ilerqii - 2 t-og.
npaxrvrrHa poSora

- 2 rog,
calrocrifiua po6ora

- 10 roa

2 ruxrenr

3uicronulrii uogy,rr 2: MeroAu Marrrr{HHoro HaBrraHHn ra cueqia,ri:onanuft ana"ri:
6ionori.urux Aaurrx

6 Bc'ryu go MaIIrIrHHoro HaBrraHHs.
'Tunu MaIrrI{HHoro HaBqaHHfl: HaB-
LraHH, 3 yrrureneu (supervised), 6e:r

,yr{Hre.rrs (unsupervised). : ui4xpin-
ireHHrrM (reinfbrcement)" OcHosHi
rloHslr-f,: 03Haxa (features). r,rirxr.r
(labels). Mo4enh. HaBr{aH}rs. nepe46a-
qegHfl. Oqinxa nogerefr (nerpulor).

Jlexqii - 4 rol.
cauocrifisa po6o"ra

- 10 roa

2 rux,reur,

1 rrEN.qeur7 KnacraQiraqin ra perpecia.
Anropranrua rnacu(pixaqii: noricruqna
perpecia, SVM (rraerog oropHl4x

Jlercuii - 2 ro.q,

flpaKTr.rrrHa po6o'ra

-2 rog,



caM0crifiHa po60ra

- 10 roa
eexrcrpin), nepeBa pimenr,
ennagxonuii :ric. A,rropu'rmu pe-
rpecii: :liuifina perpecix. 3acrocysan-
iix n 6iorexno:rorii (upomro:ynanHx
aI(TIrBHocri cuo:r-vx,,{iarHocruxa sa-

xeoproranr).
Jlerrrii - 2 rog,
cauocrifiua po6ora

- 10 roa

1 ruxrenr8 lK:Л acTepИ3aЦ iЯ Ta 3HИЖieHⅡЯ p03…
MlipHocTi.∠へЛ

「
OpИTMИ KЛ aCTepИ 3aЦ iI:

k―In cans, iCpapXiЧ Ha KЛ aCTepИ 3aЦ iЯ ,

DBSCAN.3HИ Ж cHHЯ  p03MipHOCTi:
PCA (McTOД

「
OЛOBHИX KOMⅡ OHCHT),

t… S]ヽ
「
E、 モ」M′ Pヽ. 3acTocyBaHHЯ (、

BИЯB―

J:leHHЯ  I1lДTИΠlB КJIITИ H, IヽpyΠ yBaHHЯ

「
CHiB).

1 rraNAeurJlerqii * 2 ros,
npaKTr4r{Ha po6ora

-2 ron,
cauocriiisa po6ora

- 10 roa

9 Biryani:auin AaHrrx. flpznquuu
edrer<rreHor ei:ya,ri:rauii. Tr.uu
rpa@ixin (.ricrorparrara. .tiarpanrll po3-

cironauHx, box plot, heatmaps, volca-
no plots, PCA plots). BuropacraHHq
6i6:riorex Matplotlib. Seaborn (Py-

thon) / ggpiot2 (R).
Ilexqii - 4 ro4,
lpaKTHr{Ha po6ora

- 2 rog,
canaocrifiua po6ora

- l0 roa

2 rraxAenn10 Ana.,ri: BrrcoKo rrp oAyKTrrBHIrx
6io,roriqnux .qaHrrx. Ana,ri: "[aHxx
ceKBcHVBaH H,{ r roBoro nLlKt-rJI i H H q

( RNA-Seq, scRNA-Seq, ChtrP-Seq).

AHaJi3 nporeoMrrr{x ra uera6oJroM-
Hr.rx AaHHx. Po6ola s or\aiKcHl{N{u Aa-
HHMH.

Jleruii - 4 ros,
rpaKTr,rqHa po6ora

- 2 ror,.
cauocrifiua po6ora

- 10 ro4

1 ruxAeurIurerpaqifl AaHIrx ra crlcreMHa
6io,roriq. My:mru-ouixcuufi ana-iris.

Ilo6yaona Mepex rraelto4ifi (ren-
ren, 6irox-6iror). Ctcreuna
iHrepuperaqix pesymrarin.

Anrop 少ら AHToHiⅡa TAPHOBCЬ KA

'floroAxeuo

I-oroea MeroALItIHoi paga

5io:rori quoro 
dt ary"irr,rery

「
OHЧAPEHKO

″口″ 2025 p.

fapaur OIIII

EorAan Ocram

/θ ′ル 2025p.


