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CoBpemeHHOoe 00pa3oBaHuEe B OMOJIOTMHM UM METUIMHE TpeOyeT HCIOIb30BaHUs CTYJEHTaMHU
OTKPBITBIX ~ KOMIIBIOTEPHBIX ~ CPEACTB  JUII ~ MOJCIUPOBaHHUS  (OHJIAHH-MHCTPYMEHTOB).
Hcnonb3oBanre OHIIaWH-UHCTPYMEHTOB OMOMH(OPMATUKH TO3BOJISIET PEKOHCTPYHPOBATH OEIOK-
OeTIKOBBIE U F€HHbIE CeTH, OTPabaThIBaTh HABBIKM CHCTEMHO-OMOJIOTHYECKOI0 MOJICIIUPOBAHUS IS
ctyaeHToB. [Ipu 3ToM BMecTe ¢ OMONIOrMUeCKUMU U MEJUIIMHCKUMU JTAHHBIMU HEOOXOAMMO 3HAHUE
MaTEMaTUK{, KOMIIBIOTEPHBIX METOAO0B. Mpbl paccMaTpuBald  BOIPOCHl  KOMIIBIOTEPHOMU
PEKOHCTPYKIMU T'€HHBIX CETell — KOMIUIEKCOB B3aWMOJEUCTBYIOUIMX MaKpOMOJIEKYJ — IO CHHUCKY
I'€HOB, aCCOLIMUPOBAHHBIX C TEM WJIM UHBIM 3a00JIeBaHUEM WM KOMIUIEKCHBIM PAacCTPOMCTBOM Ha
OCHOBE O0IIEOCTYIHBIX OHJIaH-UHCTpyMeHTOB OuonHpopmatuku — STRING-DB, GeneMANIA,
npunoxeHuid Metascape, Cytoscape. OmyOnMKOBaHbl MPUMEPbl KOMIBIOTEPHOTO MOCTPOCHUS U
BU3YaJIM3alluU T€HHbIX CETEel OHKOJIOTMYECKUX 3a00JIeBaHUI — IIIMOMBI, paka MOJIOYHOMU KeJe3bl, a
TaKXKe CJI0KHBIX MEHTAJbHBIX PACCTPOMCTB, TakuxX Kak Ooze3np I[lapkuHcoHa, mm3odpeHus, B
POCCHUICKHX U MEXKIYyHApPOJHBIX XypHanax [1, 2].

Vcrnonb30BaHUE TOJIBKO OHJIAWH-MHCTPYMEHTOB OMOUH(OPMATUKH UMEET yUeOHbII Xapakrep,
OPUEHTHUPOBAHO Ha CTYJEHTOB KaK MaTeMaTH4YecKoro MpoQuiis, TaK U €CTECTBEHHO-HAyUYHBIX U
MEIMLUMHCKUX  JUCHMIUIMH, Yy  KOTOPBIX  HEJOCTaTOYHO HAaBBIKOB B  HH(OpPMATHKE,
MPOrpaMMUPOBAHUH, HAMKWCAHUU COOCTBEHHOTO KoJa. ABTOMAaTHYECKOE IOCTPOEHHE CIIHCKOB
T'€HOB, aCCOLIMUPOBAHHBIX C 3a00JIeBaHHEM, C HCIOJIb30BAHUEM OTKPHITHIX 0a3 maHHbIX (OMIM,
GeneCards.org, MalaCard.org), KxoMmmblOTEpHas PpPEKOHCTPYKLHS TEHHBIX CeTeil, pacyeTsl
CTaTUCTHKH OOOTAIlIEHHOCTH KaTerOpuil T'€HHBIX OHTOJIOTHI HCIOJIb30BAINCHE B METOJIUKE
npenojaBaHusl OMOMHPOPMATUKU U WHGOPMALMOHHBIX TEXHOJIOTMM, MPEJICTaBICHBl B CEPHUH
JUIJIOMHBIX PabOT W HayyHBIX MyOnukanuil. PaccMoTpeHbl mpoOieMbl OCBOGHHS CTYyJIEHTaMHU
y4eOHBIX MaTepuaioB Ha ocHoBe mnpenojaBanuss B HIY, JIB®Y, PY]IH, ®unancoom
yHuBepcurete npu llpasurensctse PO, CeueHOBCKOM YHUBEPCUTETE.

3anaun nudpoBU3auu MeIULMHBL, ocBoeHUss U T-TexHOoIoruil SBISIFOTCS IPUOPUTETHBIMU B
Poccun. CymniectBoBaBiasi ociaeAHUE FOJbl SIUAEMUUYECKAs CUTYallsl U BBIHYKJIEHHBIN N€pexo
Ha JIMCTAaHIIMOHHOE OOy4eHHE YCKOPHIU MPUHATHE MEp MO0 U3MEHEHHI0 (hOopMaToB 0Opa30BaHUS,
MOSIBIICHUIO HOBBIX y4eOHBIX TaTGopM. OTAENbHBIN HHTEpEC MPEACTABISET KOMIBIOTEPU3ALUS U
aBTOMAaTH3alMsl IPENoIaBaHusl COOCTBEHHO TMCIUIUINH, CBA3aHHBIX ¢ MHOOPMATHUKOMN, B TOM YHCIIE
B MEIMLMHE — B OOJIACTAX TEJIIEMEAULUHBI, 3JEKTPOHHOTO 3/paBooXpaHeHus. OTMETHM psil
KauecTBEHHO HOBBIX 3a/ad 00pa3oBaHMsS B 001acTh LU(POBOrO 3ApaBOOXPAHEHUS, TaKUX Kak
UCHOJIb30BaHUE OJOKUYEHH-TEXHOJIOTHM, HCMOIb30BAaHUE METOJI0OB HMCKYCCTBEHHOTO WHTEIIEKTa
(M) B monaepxke NpUHATHS BpaueOHbIX pemeHui [3].
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Modern education in biology and medicine challenges students to use free online computer
modeling tools. The usage of online bioinformatics tools allows reconstruct protein-protein and
gene networks, to practice the skills of system-biological modeling for students. At the same time,
knowledge of mathematics, computer methods, along with biological and medical data is necessary.
We considered the issues of computer reconstruction of gene networks — complexes of interacting
macromolecules — according to the list of genes associated with a particular disease or complex
disorder based on publicly available online bioinformatics tools — STRING-DB.org,
GeneMANIA.org, Metascape.org, Cytoscape.org applications. Examples of computer construction
and visualization of gene networks of oncological diseases — glioma, breast cancer, as well as
complex mental disorders such as Parkinson's disease, schizophrenia, have been published in
Russian and international journals [1, 2].

The use of only online bioinformatics tools is educational in nature, it is aimed at students of
both mathematical profile and natural science and medical disciplines who do not have enough
skills in computer science, programming, writing their own code. Automatic generation of disease-
associated gene lists using open databases (OMIM, GeneCards.org, MalaCard.org), computer
reconstruction of gene networks, calculations of statistics on the enrichment of categories of gene
ontologies were used in the methodology of teaching bioinformatics and information technology,
presented in a series of theses and scientific publications. The problems of mastering educational
materials by students on the basis of teaching at NSU, FEFU, RUDN, Financial University under
the Government of the Russian Federation, Sechenov University are considered.

The tasks of digitalization of medicine and the development of IT technologies are priorities
in Russia. The epidemic situation that has existed in recent years and the forced transition to
distance learning has accelerated the adoption of measures to change the formats of education, the
emergence of new educational platforms. Of particular interest is the computerization and
automation of teaching disciplines related to computer science, including in medicine — in the fields
of telemedicine, e-health. We note a number of qualitatively new tasks of education in the field of
digital healthcare, such as the use of blockchain technologies, the use of Artificial Intelligence (Al)
methods in supporting medical decision-making [3].
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Benok-6enkoBbie B3aMMOJEHCTBUS SIBISIFOTCSI OCHOBOW MHOTHX OMOJIOTHYECKHX IMPOIECCOB.
BONBIIMHCTBO TakWX B3aUMOJECUCTBUM OMPENCISIOTCS TPEXMEPHOM CTPYKTYpOd W AMHAMHKON
00BekTOB. IIpu 3TOM B3aMMOJEHCTBUS MEXAy O€lIKaMH MOTYT OBITh KaK MOCTOSHHBIMH, TaK U
BPEMEHHBIMHU.

Jlyist onpenienieHust TOro, Kak MPOUCXOAT OEeIOK-O0eKOBBIE B3aUMOACHUCTBUS, UCTIONB3YIOTCS
AITOPUTMBI MOJICKYJISIPHOTO AOKHHTAa. OIHAaKO BO MHOTHUX QJITOpPUTMax HCIoJyb3yeTcs rigid-body
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