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Pestome

Beepenne. B 063ope paccmaTtpuBaloTCi  BO3MOXHOCTM  WUCMOMNb30BaHUS  OMOMEAMLMHCKOM WMHOpMaTUKKM B
NpoLBMKEHMM ccneaoBaHni bpoHxoneroyHon aucnnasuu (BJI), a Takke peleHun npobnem 1 OTKPbITUM BO3MOXHOCTE
ANs NepcoHan13npoBaHHON MeAWLMHbBI 1 MPOTHOCTUYECKOW aHaNUTHKK.

Llenbto gaHHoro 063opa SBNSETCS aHanu3 BOIMOXHOCTEN UCMONb30BaHNS BUOMEANLIMHCKON MHAOPMATUKA B U3Y4eHUN
OpOoHXONeroYHomn aucnnasmm.

Crpateruss noucka: [ns mgeHTuduKaLmM MCCNEOOBaHWA, MOCBALYEHHbIX POnM BGUOMEAMLMHCKON MHGOpMaTUKA B
“3yyeHnn BPOHXONeroYHoi aucnnasuum, 6bin NPOBEAEH MOUCK HayyHbIX Nybnukaumin B 6asax aaHHbix PubMed n Google
Scholar. IybuHa noncka coctasuna 7 net ¢ 2018 no 2024rr. Kpumepusmu 8KIMOYEHUs A8/ISLCK: NONHOTEKCTOBLIE CTaTby
Ha aHrMUIACKOM 5i3bIke. Kpumepusmu UCKToYeHuUs Bbiu: CTaTbi Ha APYTMX Si3blkax, W 3aKpbIThIA 4OCTYN.

Pesynbratbl: BuomegnunHckas uwHdopmatuka (BMW) sBnseTtcd MowHbIM HAabopOM MHCTPYMEHTOB, KOTOPbIN
npeaHasHayeH [ANns YnpaBNeHWs M aHanu3a OBWWpHbIX M pa3HOOOpasHbiX OGuMoMemMUMHCKMX daHHbIX. Kpome aToro,
OvomeanuMHCKas MHGopMaTHKka MOXKET NMPOU3BECTY PEBOMIOLMIO B UCCeAoBaHusX no noogy bJ1[, oxaTbiBasi reHOMYKY 1
NMepCOHaNM3NPOBaHHYI MeauUMHy, YTODbl BbISIBUTH MOTEHUManbHble Ouomapkepbl W pa3paboTath MHAMBMOYaNbHblE
cTpatermu neyeHus. [porHOCTWYECKas aHanuTMKa CTaHOBUTCS KItoveBbiM acnektom BMW, obecneunBas paHHiow
QMarHoCTUKY W OLEHKY puCKa AN CBOEBPEMEHHOTO BMeluaTenbcTBa. bonee TOro, paccmaTpuBaloTCs 3TUYECKME W
OpUANYECKME aCmeKTbl, CBA3aHHble ¢ BHeapeHuem BMW B uccnepoBanusix BII[, kotopble yaensioT ocoboe BHUMaHWe
BOMpOCaM KOH(MAEHUManbHOCTU, Be30MacHOCTM AaHHbIX 1 MHPOPMUPOBAHHOIO cornacys.

BbiBoabl: BuomepmuuHckas uHcbopmaTika noTeHUManbHO crnocobHa obecneuntb 6ornee NOMHOE MOHWMaHWe
natoreHesa BJ1[], cnocobcTByst nepcoHanuaupoBaHHOMY W TOMHOMY MOAXOAY K HEeOoHaTanbHOW momowy. [lockonbky
NPOAOIKAIOTC PACLUMPEHNS TpaHWUL, BUOMEOULMHCKMX WMCCMEeAoBaHWN, BuomMeamnumMHCKkas MHAOpMaTHKa, HECOMHEHHO,
OyneT nrpatb KMHOYEBYHO PONb B OTKPbITUM HOBBIX FPaHML, B MOHUMAHWUK, NPOUNaKTUKE W NeveHnn 3abonesanuii.

Knioueenle cnosa: 6poHxoneaoyHas ducnnasusi, buomeduyuHckas UHghopMmamuka, 2eHoOMUKa

Summary
THE ROLE OF BIOMEDICAL INFORMATICS IN THE STUDY
OF BRONCHOPULMONARY DYSPLASIA
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Introduction. The review examines the potential for using biomedical informatics to advance bronchopulmonary
dysplasia (BPD) research and address challenges and opportunities for personalized medicine and predictive analytics.

This review aims to analyze the possibilities of using biomedical informatics to study bronchopulmonary dysplasia.

Methods: This review was conducted using electronic search engines such as PubMed and Google Scholar to identify
publications exploring the application of biomedical informatics in the study of bronchopulmonary dysplasia. The search
depth was 7 years, from 2018 to 2024. Inclusion criteria were full-text articles in English. Exclusion criteria were articles in
other languages and closed access.

Results: Biomedical informatics (BMI) is a powerful set of tools designed to manage and analyze large and diverse
biomedical data. In addition, biomedical informatics can greatly contribute to BPD research, embracing genomics and
personalized medicine to identify potential biomarkers and develop personalized treatment strategies. Predictive analytics is
becoming a key aspect of BMI, providing early diagnosis and risk assessment for timely intervention. Moreover, the ethical
and legal aspects associated with implementing BMI in BPD research are addressed.

Conclusion: Biomedical informatics has the potential to provide greater insight into the pathogenesis of BPD, facilitating
personalized approaches to neonatal care. It will play an important role in opening new frontiers in BPD prognosis,
prevention, and treatment.

Keywords: bronchopulmonary dysplasia, biomedical informatics, genomics.
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Tyvingeme
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1 «C.XK. AcdeHauspoB aTtbiHaarbl Kasak ¥nTTelKk MeanunHa yHuBepcuteTi» KEAK,
A.A.lLlopTaHbaeB aTbiHAAFbI Xannbl UMMyHonorusa kacgpeapacel, AnmaTbl K., Kazakctan Pecny6nukachbl.

Kipicne. byn wony makanacbiHaa bpoHxeknenik gucnnasusira (BO[) kaTbiCTbl 3epTTEYNEpPai inrepineTyae, CoOHbIMEH
Katap pgepbec MeguuuHa MeH 6omkamablK aHanuMTMka YWiH MYMKHOIKTEp ally X8He Macenenepgi Lewyge
BromegunuMHanbIK HopMaTUKaHbl KongaHy MyMKIHAIKTEpI KapacTbipbinagbl.

Makcatbl: byn wonyasiH Makcatbl - OpoHXeKnenik AucnnasusHbl 3epTTeyde buomeanumHanblk WHGOPMaTUKaHbI
KonaaHy MyMKiHIIKTEpiH Tangay.

Ogictep: LLony bpoHxeknenik aucnnasusHel 3epTTeyae GromeanumHarnblk MHPOPMATUKAHbIH, KONAaHbIMybH 3epTTENTIH
XapusinaHbiMaapabl aHblkTay yiwiH PubMed, Google Scholar cuskTtel anekTpoHAb! i3gey xynenepi apkbinbl xyprisingi. l3gey
TepeHgiri 7 xbin, 2018 xbingaH 6acran 2024 xbin apanbiFbiH Kypagbl. Kocy Kpumepulnepi: aFbinlibiH TiNHAEM TONbIK MTIHA
Makananap. backa Tinaepgeri xxoHe TomnbIK MaTiHI KO XeTiMCI3 Makanarnap isaeyaeH asnbiHbin Tactangb!.

Hotmuxenep: bruomeaumumHaneik nHdopmatuka (BMW) - ynkeH xaHe apTypni buomeamumHansik gepektepai backapyra
XOHe TangayFa apHanfaH KyaTTbl Kypangap XwblHTbiFbl. COHbIMEH KaTap, buomeanumHanbik MHGOpMaTUka aneyeTTi
Ovomapkeprepai aHblKTay JKSHE  KEeKeneHgipinreH empey cTpaTervsnapbliH 93ipfiey YLiH TEHOMUKaHbl XoHe
AepbecTeHaipinreH MeauUyHaHbl KonaaHy apkbinel BO[] 3epTTeynepiHae peBontoums xacay MyMKiHAiriHe ne. bomkamabl
aHanuTUKa yakbITblHAA apanacy YLiH epTe AMarHocTika MeH kayin (akTopbiH 6aFanayabl kamtamachi3 etetiH BMW Heriari
acnekTiciHe aitHanyaa. CoHbiMeH kaTap, O[] 3epTTeyiHae BMW eHrisyre KaTbICTbl 3TUKANbIK XOHE KYKbIKTbIK Macenenep
KapacTblpbinagbl.

KopbITbiHAbI: BruomeauumHansik WHGOpMaTka HeoHaTanbdbl KYTIMre Xeke oHe HaKTbl Ke3KapacTbl XeHinaeTe
oTbIpbin, O[] naToreHesiH HeFypbIM TOMbIK TYCIHYAI KaMTaMachI3 eTy MyMKIHAirHe ve. bruomeanunHansik 3epTTeynepain,
Lekapanapbl keHene GepeTiHaikTeH, GuomeanumHanbiK MHopMaTKa aypyasl TYCiHy, angbliH any XaHe emaeyae XaHa

LueKapanap/pl alllyaa MaHbl3abl pen aTkapaTblHbl CO3CI3.

TyliiHdi ce3dep: 6poHxeknenik ducnnasus, buomeduyuHarbIK UHGOPMamuKa, 2eHOMUKA.
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BeeneHue

BpoHxonerouHas gucnnasus (BI1) npeacraenser cobo
MyNbTUAKTOPUANBHOE XPOHUYECKOE NEroYHoe 3abonesaxme,
pa3BMBAIOLLEEC Y  HEJOHOLIEHHBIX HOBOPOXOEHHbIX B
pesynbTate KOMMMekca MaToreHeTUYecKUX MEXaHW3MOB,
NPVUBOZSALMX K HapyLleHuo mopdoreHesa U pereHepaLim
neroyHon TkaHu [16]. YactoTta «cTapoity BpPOHXONEro4HoN
QVUCTINA3nK, OMWCaHHOW B  paHHWX WCCMEOOBAHMSX, B
COBPEMEHHBIX ~ YCMOBWSIX  3HAYMTENbHO  CHU3MNack. B
HacTosiLLiee BpeMsi BCe Yallie auarHoctupyertcs «Hosas» B[,
XapaKTepuayloLwasca  CrieUuPUYEckM  KIUHUYECKUM 1
Mopdonoruyeckum deHotnom [9, 21]. AHanua coBpemMeHHbIX
3MUOEMMOMOTMYECKUX  MCCMEAOBAHUA  MOKA3bIBaeT,  YTO
3abonesaemoctb focturaetT 50% cpeau HOBOPOXAEHHBIX C
rectalMoHHbIM Bo3pacTom MeHee 28 Hefenb u 30% cpeau
LeTel, poxaeHHbIX Mexay 28 u 32 HefensMu recrauuu. OTu
nokasaTenu CBWOETENbCTBYOT O 3HAYUTENBHOM  BIUSHUM
CTEMEHW HEMOOHOLEHHOCTW Ha PUCK PasBUTUS  AAHHOTO
3abonesaHus [48]. TeHgeHums Kk pocTy 3aboreeaemocTy
MOoXeT ObiTb ODyCroBMeHa  HECKONMbKUMM  (hakTopamm,
BKMKOYAs YMyulleHWe HeoHaTanbHOW WHTEHCWBHOWM Tepanuu,
YTO MPUMBOAMT K MOBBILEHNID BbDKMBAEMOCTU  MyBOKO
HEOOHOLLEHHbIX [eTell, KoTopble B Oomblueit  cTeneHm

nogeepxeHbl pucky passutus  BIO  [12,15]).  Mockombky
JOCTVKEHWS B CTPaTerUsX NeYeHnss MpuBenu K MoBbILLEHMO
rokasaTernen BbDKWBAEMOCTW cpeau ryBOKOHEAOHOLLEHHbIX
JeTell, CyllecTByeT ocTpas HeobxogumocTe B Bonee
OCHOBATENBbHOM  M3Y4eHWM [OMTOCPOYHbIX 3abomneBaHui, C
KOTOPbIMM CTaNK1BALOTCS 3TV YS3BMMbIE AETU.

B nocnegHue rogbl 3HauuTenbHble ycrexw B obrnactw
TEHHON WHXEHEepUM W MONeKynsipHOA BKuomorn MponoXmnm
NyTb K aKTUBHOMY MccrieoBaHio natodpuauonorim BI1. Xotsa
MHOMOYMCNEHHbIE  (DaKTOPbI  TPAHCKPUMLWKM, FeHeTUdYeckue
MapKepbl Janu LEeHHyo WHcopmaumio o passutun BIIA,
OCTaeTcd  3adaya  OnpegenuTb  Hauboree — BaxHble
perynsaTopHble aktopbl. K cyacTbio, brarogaps 3HauMmomy
nporpeccy, [HOCTUrHyTOMy B 00nactv GuouHgopMaTUKK,
uccrenoBaTeny Tenepb MMET BO3MOXHOCTb CUCTEMATUYECKM
OLieHMBaTb [ECATKM ThICSY reHoB 1 Bernkos B koHTekcTe BJIf
[59]. 3ta npeobpasytowlas  CnocobHOCTb  ympowlaeT
VCCMENOBaHNE  CIOKHBIX  MOMEKYMAPHbIX — MEXaHW3MOB,
nexawmx B ocHoee bJ1[l, npegnaras Gonee nornHoe u
rny6oKoe NOHUMAHWE 3TOTO COCTOSIHMS.

BuomeauumHckas uHdopmatka (BMW) — ato obnacr,
koTopast 06beanHAeT MHAOpPMATHKY, MaTemMaTuKy, CTaTUCTUKY,
SMMOEMMOMNOTVIO M VHXKEHEpUIO Ans  pelleHnss npobnem

165


https://orcid.org/0000-0003-3702-5642
https://orcid.org/0000-0003-3702-5642

Reviews

Science & Healthcare, 2024 Vol. 26 (6)

Buormorim - megumumHbl. OHa nmpegnonaraeT MpUMEHEHMe
BbIYACTIUTENbHBIX METOZOB AN YNpaBreHus, aHanusa u
WHTEpNpeTaLun Gronornyeckux U BUOMEULMHCKAX AaHHBIX,
TakMX KaK TEHOMHblE, KMMHWYECKME [aHHble WNM OaHHble
n3obpaxeHui [10].

3a  nocnegHve  pecAtunetsss  BuomenovUMHCKas
MHGopMaTUKka CTana HeoTbEMIIEMON YacTblo COBPEMEHHO
mMeavuuHbl. HepasHue poctukeHust B obrnactm BMU BHecnmn
3HaUMTEMbHBIA  BKNA4 B pasniyHble  MpoLeccCh
30paBooxpaHeHns. Hanpumep, paspaboTka WHCTPYMEHTOB
MOLAEPKKN MPUHSTUS KIMHUYECKMX PELUEHWA B SMEKTPOHHBIX
MEOVLMHCKNX KapTax MoBbicunia Ge30macHOCTb MauyMeHTOB.
O  MeTogbl  Takke — mo3sormnM  Bonee  TOUHO
npoaHanuanpoBatb  GOMbHWYHbIE  pacxofbl W BbISBUTH
HepaBeHCTBO B 3apaBooxpaHeHun [54]. BMU Tawke crana
3aMETHOM B KIMHWYECKWX WCCMEOOBaHMAX W MOHUMaHUM
3aboneBaHN Ha MOMEKYNSPHOM YpoBHE. JTOT OXBaT, B
YacTHOCTW, BKMIOYaeT B ceba psg obnacten  «OMMKMy,
KoTOpble ~ MO3BONSOT  6Gonee  KOMMMEKCHbI  aHanu3
Ovonornyeckux  cCUCTEM,  TakMX  KaKk  TEHOMUK,
TPaHCKPUNTOMMKA, MPOTEOMMKA W MeTaboromuka. OHu Takke
MOTYT MOZBEPrHYTLCA LarnbHEeMwen cneLmanmaauni B Takux
obnacTsix, kak anureHoM1Ka U MeTareHoMuKa [7,34].

Llenbto gaHHoro 063opa SBNSIETCS aHanm3 BO3MOXHOCTEN
CNOMb30BaHNS BUOMEONLIMHCKON MHAIOPMATUKKA B W3y4eHUN
BpOHXONEroYHoit Ancnnasmu.

Crpaterua nowmcka. [ouck craTeii OCywecTBnAncs ¢
MOMOLLIbHO 3MEKTPOHHO-MOMCKOBBIX CHCTEM, Takux kak PubMed,
Google Scholar B nepuog 2018-2024rr. Bbinn 1cnonb3oBaHsl

cregylole  KoyeBble  cnosa:  «BuomennumMHCKas
WHdopmaTukay,  «BuomHdopmaTukay,  «BpOHXoMeroyHas
pucnnasusly M- «omukay. [lonmyyeHHble  WCCMELOBaHMS

OLIEHMBANMCL Ha OCHOBE MX Ha3BaHW U aHHOTaLMIA, @ TaKkke
TeX, KOTOpble CYATanMCb perneBaHTHbIMM Ans  063opa.
Kpumepuu  ekmioyeHus:  MONMHOTEKCTOBblE  CTaTbM  Ha
aHITMIACKOM 513bIKke. Kpumepuu UCKITFOYEHUS:: CTaTbi Ha ApYriX
A3blkax, 3aKpbITblit UK foctyn. OTCYTCTBUE PYCCKOA3bIYHBIX
HayuHbIX MybnvKaLWMi, paccMaTpuBalOLMX — MPUMEHEHVe
BroMeLMLIMHCKON MHAOPMATIKK B KOHTEKCTE BPOHXONEro4HON
pucnnasin, obycnosun BbIBOP aHMMON3bIYHBIX MCTOYHWKOB
ANs HanucaHus gaHHoro ob3opa. B pesynbTtate noucka Obino
npoaHanuauposaHo 261 nybnukavum, B AaHHbIA 0630p Obinn
BKMtOYEHbI 59 cTaTein.

Pe3ynbTathbl.

0630p GroMeAULIMHCKON MHChOPMATUKK

BuomeauumHckas wHgopmatka (BMK) BbicTynana B
KauecTBe HEOTHEMIIEMOrO KOMMOHEHTa, CnocobCTBYHoLLEro
MOSIBMEHMIO HOBBIX MEAMLIMHCKMX PELLEHUA Ha MPOTSHKEHUN

nocnegHux — gecatuneTwid.  [aHHas  obnactb  moxet
paccMaTpuBaThCs KaK MeXayCUMnIMHapHas
uccrepoeatenbckas M obpasoBaTenbHas  0bmactb,

PacronoXeHHast Ha CTbIKE BbIYMCIIUTENBHBIX HAYK, G1onomm u
mMeauuuHbl. OHa obbedmHsieT TakMe nogobnactv, Kak
BronHdopmatika [41], KuHuYeckas WHgopmatuka [43],
WHCopMaTUKa  BU3yann3aLmmM, CECTPUHCKas MHdopmaTika
[19], dapmaueBTMyeckas UMHGoOpMaTKa,  MHGoOpMaTmKa
0B6LLECTBEHHOTO 3APaBOOXPAHEHNS U T. A.

Vcnonb3ys HayuHble Noaxodbl, OCHOBaHHbIE HA AaHHbIX,
OvomeouUmMHCKas  MHGopMaTKa  CTPEMUTCA  M3BMeKaTb
MONE3HYID WHGOPMALMIO M3 OMOMEIMLMHCKMX [aHHbIX W
TpaHcgopmmupoBaTh ee B 3HaHus. 1o CyTW, OHa BpallaeTcs
BOKPYI TPEX OCHOBHbIX MEPapXWUYECKUX KOHLIEMLMKM: AaHHbIE,
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vHGopMaUms M 3HaHWS. BromemuMuMHCKME OaHHble MOryT
ObITb NONYYEHbI U3 PA3NNYHBIX MPUIOXEHMI BOMEAMLIMHCKON
MHEOPMATUKM, BbIYMCIINTENBHON GMOMOTM U MEAMLIMHCKOMN
nNpakTWKK,  BKMKYas  aHaTtomuo,  GuomoaenvpoBaHue,
OHKOMOTWIO, ~ 9BOMKOLMOHHYIO  BMOMOTVIO,  TEHOMMKY,
HeMpoHayKu, HenponcuxmaTpuIo, thapmanmio "
thapmakonoruto. Mpumepami Takux GUOMELMLIMHCKMX JaHHBIX
MOryT  ObiTb  Buonordyeckue,  fdaHHble  KIMHUYECKMX
UCTIbITAHWIA,  PEHTIEHOBCKME  U30OpaeHus,  faHHble
30PaBOOXPaHEHNsl, Takue KaK SMEKTPOHHbIE MeaMLMHCKWE
kapTbl (OMK).

BMW oTnnyaeTtca ot TecHo CBA3aHHbIX oBnacTen, Takux
Kak  MHGopmaTMKa, ~ MaTemaTuka,  cTatucTuka M
OvomMeamMUMHCKME HayKM, MOCKOMbKY Kakdash M3 HWUX UMeeT
CBOKW COOCTBEHHYK) HaMpaBMEHHOCTb W OrpaHuyeHus [22].
WHcbopmatka B Mepeyld oyepedb [AenaeT ynop Ha
pa3paboTky 3hHEKTUBHBIX ANrOpUTMOB peLLeHust mpobnem,
HO el He XBaTaeT BO3MOXHOCTEN PacKpbITb OCHOBHOM CMbICHT
3TUX pesynbTatoB. MatemaTtka W CTaTUCTMKa  criyxat
OeCLeHHbIMM  MHCTPYMEHTaMM B MHGhOpMaTuKe, NomMoras
BbISBNATb  aHOMarlbHble 3aKOHOMEPHOCTU M 0CODEHHOCTH
JaHHbiX. OpHako WX  BO3MOXHOCTM  OTPaHUYMBAKITCS
pacro3HaBaHeM aHoMamnui, YTo JaeT Maro MHgopmauum o
MpUYMHAX 3TUX SBMEHUA. BUOMERULMHCKWE Hayku, KOTOopble
4yacto  OWMBOYHO  MpuHMMaOT 32 BUOMHAOPMATHKY,
BpALLAOTCA BOKPYr paspaboTkv peLleHnin BroMemmLmMHCKINX
npobmem  NOCPeACTBOM — CO30aHMst  YCTPOWCTB UMK
nporpaMMHOro  obecrneyeHnsl,  MpenHasHayeHHbX  Ans
MoLenv1poBaHns GUOMEAMLIMHCKMX npoLeccoB. OTa obnacTb
He COCpedoTOueHa Ha [daHHbIX, WX MHTEpRpeTauum umm
3HaHUSIX, NOMyYeHHbIX U3 HUX [32]. TeM He MeHee, y4nTbIBas
CITOKHYIO CTPYKTYPY YENMOBEYECKOrO Tena, aHamnm3 OTAEMbHbIX
CMCTEM OpraHu3ava 6e3 npuaHaHs Ux B3anMoCBSA3aHHOCTH Mo-
MpeXHeMy NPEeACTaBNsAeT WCKIOUMTENbHYK TPYAHOCT Ans
obnactn GromeanumMHCKoN MHopmaTmkm [18].

Ponb OromeanUMHCKO UHopmMaTUKK
3APaBOOXPAHEHUM U UCCNEAOBaHUAX

BbqucnumensHas 6uonoaus u meduyuHa

lMpuMeHeHNe  BbIMMCIIMTENBHBIX METOAOB B 0OMmacTsx
Bronorum, GuotexHonorMm, GUOMEANLIMHCKAX UCCIIeA0BaHNIA,
a TaKke 34pPABOOXPAHEHUS] W MEAULMHCKOM  MpaKTUKA
BKITHOYaAET MCMONb30BaHMe aHanuaa JaHHbIX,
MaremaTUyeckoro MOLENMPOBAHUS U CUMynsLM. 3T
MEeTOAbl NO3BONSIOT NOMYYMTb NPELCTABrEHNE O CIOXHbIX
Oronornyeckux cucTemMax M paciumdpoBaTtb MOMEKYNSPHbIE
OCHOBbI 3abonesanuit. WHTerpaups Bronoruw,
OronHopMaTUKW 1 BBIMMCITMTENBHBIX NOAXOAO0B HanpasneHa
Ha YNyYlleHWe MOHUMAHUS M3HEHHBIX MPOLECCOB M
MOBbILUEHNE TOYHOCTU MPUHSTUS MEAMLMHCKUX pelleHui. B
nocnegHue rofbl BbiCTpas 9BOMIOLMS SKCMEPUMEHTAMbHbIX
METOZONOMI,  HampaBMneHHbIX Ha  PackpbiTWE  CIIOKHbIX
CTPYKTYp TeHOMa U MpoTeoMa uYemnoBeka, mnpueena K
CTPEMUTENBHOMY POCTY LMchPOBOI MHEpOpMALINK.

Kak OypHo passuBatoLasics obnacts, GuonHdopmaTuka
obbeanHseT cepbl KOMMBIOTEPHOM Hayky, Guororun
xummn. OHa 0ObeaumHIET MCKyCCTBEHHbIN uHTennekT (W),
oxBaTbiBas MalmHHoe obyyenme (MO) u MCKyCCTBEHHbIE
HelipoHHble cetn (MHC), u katanusupyeT npeobpasyiolme
MPOPbIBbI KaK B BMONOMMYECKNX, Tak U B MEAMLIMHCKIAX HAyKaX.

Hanpumep, Athanasopoulou K. u dp. [2] nposenw
BCECTOPOHHMIA  00630p, KOTOPbIA  ONpPedensieT  OCHOBHblE
kateropum MM 1 obecneunsaeT yrnybneHHoe uccnenoBaHiie
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(hyHOAMEHTANbHBIX MPUHLMMOB, NEXALLMX B OCHOBE LUMPOKO
ucnonb3yemblx nogxogos MO, MHC wu rny6okoro obydeHus
(FO). Kpome Toro, 0630p MOAYEPKMBAET KIOYEBYIO POIb
mMeTogoB Ha ocHoBe WW B pasnuubbix - obrnactsx
Bronoryeck X 1CCnenoBaHwiA, yaenss ocoboe BHUMaHWE 1X
MPUMEHEHKO B MPOTEOMIKE U METOAax pa3paboTku NekapcTa.
lMomumo nabopatopuu, 1CCregoBaHWe pacrnpoCTpaHAEeTcs Ha
rnybokue nocreactsus MM B NOBCEAHEBHON KIMHUYECKON
npakTMke 1 CuUCTeMax 30paBOOXPaHEHWs, OCBeLas ero
noTeHUMan ans pPeBOMIOLMOHHOTO W3MEHeHWs yxoda 3a
naumeHTamu.

Ponb MawuHHO20 0By4eHusi @ 6uouHghopmamuke u
30pasooxpaHeHuU

MawwmHHoe 0Byyenme (MO) npuBMEKNO 3HAYMTEMBHBIN
WHTEpEC cpeau uccneposatenen B 00MacT Hayku U TEXHUKA.
Ero nporpecc obycrosneH nepenosbiM 060pySOBaHWEM W
MHHOBALMOHHBIMM MOAX0AAMM K PELUEHNIO pearnbHbIX 3adau.
Cpenw pasnuuHbIx obracteit npuMeHeHns BronHgopmaTika
W 30paBOOXpaHeHWe BbldensioTcs kak obrnactu, roe MO
MOXET MO-HaCTOsLEMY PacKpbiTb CBOW noTeHuman. Jta
obnactb 4acto cBsi3aHa C OBLUMPHBIMM [aHHbIMY, peLiaeT
KPUTMYECKM BaXHble 334auM M MMEET  CyLIeCTBEHHOe
COLMarbHO-3KOHOMIMYECKOe  3HaveHne [ans  obectea. B
3opaBooxpaHeHum MO urpaeT BaxHyld pofb B aHanuse
MEOULMHCKUX  M30DpaXeHnn, [anarHoCTike 3abomnesaHuii,
pa3paboTke MneKkapcTB M WHOMBMOYanbHOM  MNaHMPOBAHMN
neyeHnst. CnocoBHocTb Mogenm MO aBTOHOMHO W3y4aTb
CIOXHble 3aKOHOMEPHOCTM Ha OcHoBe Bormblunx Habopos
faHHblx  npeobpaswna oty  obnacte,  npeanaras
WHHOBALMOHHbIE  pelleHus U yrnybnsas  noHuMaHue
Ouonoryeckux cuctem Ans ynyuweHns GMOMEOMLMHCKIX
uccnegosaxmi [3].

Unbopmamuka uzobpaxeHutl

VHdpopmaTiKa BM3yanuaaLmu okasana MonoXuTensHoe
BMsHME Ha npeobpa3oBaHue MEOVLMHCKONM Bu3yanuaaLum,
ynpocTuB 06paboTky, XpaHeHwe, mouck, fobbiMy M aHanua
ObLMPHbIX HAOOPOB AaHHbIX BM3yanu3auun. BkmtoueHue
anroputmos U 1 MO B MeOULIMHCKYIO BU3yannu3aLmio CIyXuT
MOLUHbIM  MEXaHU3MOM [AMS1  BbISBNEHUS OTKIOHEHWIA 1
OKa3aHMs MOMOLLM MeLWLMHCKMM pabOoTHMKaM B MOCTaHOBKE
Bornee TOuHbIX AwarHO30B. Bbino pa3paboTaHo Heckomnbko
mogeneit Ha ocHoBe MO ansa BbisiBneHust onyxonen [50],
nopaxeHun [26], nepenomos [14], paspbiBoB [4, 29],
HeoHaTarbHbIX 3aboneBaHui [44].

Mopxoabl  GuomeguUUMHCKON
uccnegosanuto bI[

Céop u ynpagneHue OaHHbIMU U3  3MEKMPOHHbIX
MEOULUHCKUX Kapm

OneKTpoHHble MeauLmHCKue kapTbl (OMK) npeacrasnsior
coboit BoraTble MCTOYHMKM KaK CTPYKTYPUPOBAHHBIX (PELenTbl,
nokasaTenu KM3HeLesTenbHOCTY, NMabopaTopHble AaHHbIE),
Tak UM HECTPYKTYPUPOBaHHbIX  [aHHbIX  (MeOMUMHCKME
n306paxeHns, KMHUYeckue 3ameTki). XpaHswmecs B MK
ucYepnbiBaiolLe  UcTopu  OOMesHW MauneHToB  CO3LaloT
OCHOBYy Ans MpOBEAEHUs YrybreHHbIX  BroMeanLMHCKIX
UCCNE0BaHNIA.

AHanu3 BpeMmeHHbIX PSOOB AaHHbIX, M3BMEKAEMbIX W3
OMK, OTKpblBaeT HOBble MepcrekTMBbl B obnacty
MepCoOHaNN3MPOBaHHOM  MeauumHbl. B vactHocT,  OH
nosgonsieT  paspabatbieatb  Oonee  TOWHble  MOZENM
MPOrHO3MPOBaHNS  pasBuTMA  3aborneBaHui,  OLEHVBATb
3h(heKTMBHOCTL PasnUuHbIX TepaneBTUYECKUX CTpaTernii

MHopMaTUKM K

0030p JAuTEPATYPHI
BbISBMAT  MOTEHLMarbHble nobouHble  3chchexTbl
NeKapCTBeHHbIX — nmpenapaToB. Takum  obpasom, OMK

CTAHOBATCS HE3aMEHUMbIM WHCTPYMEHTOM Ans  WU3y4eHus
anuoemvononn 3abonesaHnin 1 paspaboTki HOBbIX METOA0B
NpochunakT KM U nedeHmns [55].

CraHpapTu3auns AaHHbIX B 3MEKTPOHHBIX MEAULIMHCKIX
KapTax CMyXWT OCHOBOW [Aff MOBbILEHMS  KayecTsa
MEOULIMHCKMX WCCMEOOBAHMIA 1 YNyULIeHUs COTPYOHMYECTBa
Mexay MeAMLIMHCKAMM cneyumanucTamm [13].
YHUUUMPOBAHHEIN  OpMaT  KIMHWYECKMX  [aHHbIX
MUHUMW3MDYET ~ PUCK  BO3HWKHOBEHWS  OWNOOK 1
HEOOHO3HaYHbIX  MHTEPMPETALUMA,  XapaKTepHbIX  Ans
TPaOuUMOHHbIX  OymaHbIX — HocuTenei.  Bnarogaps
CTaHgapT13aLmy, buoMeauUmMHCKME MHAOPMATVKA NOMyYaoT
BO3MOXHOCTb  MPOBOAMTL  MaclUTabHble  CPaBHUTENbHbIE
aHanmu3bl [aHHblX, OXBaTbiBAKOWME PA3NMYHble MOMYNALMN
NaLMEHTOB U reorpacuyeckine pemoHbl. 310 cnocobeTeyeT
PasBUTUIO [0KA3aTENbHON MEOWLMHbI WU OTKPbIBAET HOBblE
BO3MOXHOCTU Ans  pa3paboTkn  3ddeKTUBHBIX  CTpaTerni
neyeHns 1 npodunakTikm 3abonesanmi.

PexuMm peanbHOTO BpeEMEHM [OCTyna K [daHHbIM B
9MEKTPOHHBIX ~ MERWLMHCKMX  kapTax  obecneuusaeT
aKTyanbHOCTb ~ MHGopMaumu  ans GMOMEeAMLMHCKIX
MCCMENOBaHNA U KIMHUYECKOn npakTukm [51]. duHamuueckuin
Xapaktep [aHHblX MO3BOMSET  MPOBOAUTb  MOHMTOPUHT
COCTOSHWSI MaLWEHTOB B PEXMME OHMaMH, YTO KPUTUYECK
BaXHO NS CBOEBPEMEHHOIO MPUHATIS JTe4eBHbIX PeLLEHN 1
pa3paboTku MpOrHOCTMYECKMX Mopeneir. B vactHoctw, B
obnactn HeoHatonorvu, OMK nos3BonstoT  OTCREXMBaTh
AVHaMuKy passuTua BpoHxonerouHon gucnnasu (BI1O) vy
HOBOPOXAEHHBIX, OLieHMBaTb 3tbbeKTUBHOCTL
TepaneBTMMECKMX BMELLaTenbCTB W MOeHTUMLMPOBaThL

GhakTopbl  pucka, CnocobCTBytOWME  Pa3BUTUID  [AHHOrO
3abonesanms.
ONeKTpOHHble  MefuuMHCKVE  KapTbl  obecneumsatoT

YHWKaMbHYI0 BO3MOXHOCTb cOopa M aHanmu3a MpogonbHbIX
AaHHbIX NALMEHTOB, YTO NO3BOMSAET NPOBOAUTL YrnybneHHble
VccnegoBaHNa AnHamuky 3abonesaHuit U 3PEKTUBHOCTM
pa3nuuHbIX TepanesTUYeckux nogxodoB [53].  XpaHeHue
MHCOPMALM O NaLMEHTaX B TEYEHME ANMTENbHbIX NEPUOSOB
BPEMEHI MO3BONSET OTCIEXMBATD 3BOOLMIO NATOMOMNYECKNX
MpoLeccoB,  OUEHWBaTb  [OMFOCPOYHble  MOCNEeACTBAS
3aboneBaHuit M BbISBMATb  CKPbITbIE  3aKOHOMEPHOCTH,
KoTopble MOryT ObiTb HEAOCTYMHbI MPU aHanu3e pasoBbiX
cpe3oB AaHHbIX. OCOBEHHO LieHHbIM MPOAOMbHBIA aHanms
SBNSETCA MPU U3YYEHUM XPOHUYECKNX 3aB0NeBaHNI, TaknX Kak
MOrpaHMYHOE  PACcCTPOICTBO  NIMYHOCTW, T[Ae MOHWUMaHue
JOMNrOCPOYHON TpaekTopuu 3abomneBaHus MMEEeT KIo4eBoe
3HaueHve Ans pa3paboTk APEKTUBHBIX CTPATErMil NIeveHIs!
W YNYYLIEHWS KAYECTBA KU3HN NALMEHTOB.

FICHOCTb 1 CTPYKTYPUPOBAHHOCTb HAHHBIX, M3BrEKaemblix

M3 OMEKTPOHHbIX  MEAMUMHCKMX  KapT,  SBMSOTCS
(hyHAAMEHTaNbHBIMM NpYHLMNamu COBPEMEHHOVA
OromeauLMHCKoM MHOPMATUKA. ObecneunBast
uccnegoBaTenen CTaHOaPTM3VPOBaHHBIMN "
CBOEBpPEMEHHbIMM  AaHHbiMM,  OMK  crmocobeTsyroT

yriybneHHOMY U3y4eHUio PasnuyHbIX NaTomNoMi, B TOM Y1Cre
OpoHxonerouyHoir  gucnnasuv  (BJIO).  SdpcpekTvBHOE
1Cnonb3oBaHue noteHunana MK ctumynupyeT passuTie
MHHOBALMOHHbIX METOZOB AWATHOCTUKM M NIEYEHIS, NOBbILLIAET
Ka4eCTBO MEAMLIVMHCKOM MOMOLLM W criocobCTBYET Nporpeccy B
obnacTi BroMeaNLMHCKIX UCCTIeA0BaHNIA.
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Pacryuiee BHUMaHWe K 1ccnenoBaHnsam BpOHXOnerovHow
pucnnasun (BJ1) wcnonbayet WKW, B nepsyto ovepedb C
MOMOLLBK) Pa3NiyHbIX MOZEnel MalMHHOrO 0BydeHus. T
MOLIENM OPUEHTUPYIOTCA B CTIOKHOM NaHAwadTe KITMHUYECKUX
W TeHeTWyeckux (pakTopoB pucka, 4ToObl pasnnyatb
mnageHues ¢ b1 B vccneayemMbix nonynsumsix.

B 2021 ropgy Lei J. u Op. cchopmynupoBans MOOENb,
UCMONb3ys METOA, MALUMHHOTO OOy4eHwsi, KoTopasi MOXeT
noMoyb  BpayaMm  MpeackasaTb — 3abonesaHue,  4TOObI
chopMynMpOBaTH HaUMTyYLLWIA MNaH neyeHns. JaHHas Mogenb
nokasarna XOpOLLYtO MPOM3BOAUTENBHOCTD Ans
nporHoauposanus [30].

B apyrom uccnenosaHum, nposeseHHbiM Dai D. u Op. ¢
MOMOLLbK  MallMHHOTO  0byyeHuss  Obinu  MOCTPOEHbI
MPOrHOCTUYECKME MOZENM, BKIKOYAlOLLME  KITMHWYECKME W
reHeTWYeckve faHHble. VM yaanoch ycrnewHo npenckasath
kak BJ0, Tak u Tsxenole opmbl BJI. TouHoCTb 3TUX
MOZENeN npeBbica TOYHOCTb MOAENEN,  BKITHOHAIOLLMX
TONBKO KIMHUYECKIe AaHHbIe [8].

Morag I. u dp. ncnonb3oBanu MalMHHOE obyyeHue ans
OLIEHKW BMUSIHWSE HECKOMbKWX (DAKTOPOB OKPYXatoLen cpesbl
Ha UCNONb30BaHWE MHIrangaTopoB y AeTen, poamelumnxca ¢ BI1A.
YactoTa MCNONb30BaHWA MHransitopoB  Cryxurna Mepou
LONTOCPOYHbIX PECTIMPATOPHBIX MCXOZOB ANs 3TWX IoAed.
Vcnonb3oBaHue WHransaTopos Obino Gornee 3HauMMbIM (p =
0,0014) y Tex, y koro Obino Gorblue ¢hakTopoB pucka W
ymepeHHo-Tsikenast dopma BJ1. BoisiBneHne atvx aktopos
MOXET MO3BOMWTb BPaYy 1 POAUTENSM BMELLATLCS Ha paHHeN
CcTagum 4ns orpaHnyeHus BosaeincTaus [35].

l'eHoMuKa u nepcoHanu3upoeaHHasi MeduyuHa

TpaHckpunTOMMKa, HOBaTopckasi 00macTb, MCronb3yeT
nepesjoBble  TEXHOMOTMM, Takue Kak  MUKPOYMMbl W
cekBeHupoBatue PHK, uytobbl yrnybutecs B CrOXHbIE
MOIEKYNSPHbIE MEXaHW3MbI, YNpaBnsioLLme GPOHXONErouHomn
pucnnasvein  (BJI0). [onmonHss 370, npoTEOMMKa W
MeTabonoMMKa  XapaKTepuayloT — OTAENbHble  3KCTPeccum
OenkoB 1 MeTabonuToB, YacTo cobupaemble M3 06pasLOB,
TakMX KaKk aMHWOTWYECKAs KMOKOCTb, MOYa W MeroyHas
XUOKOCTb. HepaBHWe ycnexu B 3TUX 0BnacTsx 3HAuUMTEmNbHO
yNyyqwmnv - Hawe noHumanve BJ, nponveas ceeT Ha
TOHKOCTM pa3BuUTWs nerkux vernoseka [1].

lNpoeHocmuyeckoe modesiupogaHue u uMumayusi

MMpeoukTMBHOE  MOOENMPOBAHME,  OCHOBaHHOE  Ha
MaTemMaTU4ecKo  3KCTPanonsuMW  U3BECTHbIX  CBOWCTB
CUCTEMBI, YCMELIHO MpUMeHseTcs B OuomHopmaTuke ans
MPOrHO31POBaHNS paHee HEN3BECTHbIX unm
TpyaHOM3MEpUMbIX  Bromnormyeckux  xapakTtepuctuk  [39].
WHTErpvpys  OMUMKCHble  [aHHble € KIMHUYECKON
MHChOpMALMEN, MPeaVKTUBHbIE MOZENN NO3BONSIHOT BbISBNSATH
CKpbITble B3aWMOCBSA3N MEXOY TEHOTUMOM, (HEHOTMMOM W
BHELLHUMM (PaKTOpamyl, BIMSIOLMMM Ha 300POBLE YEroBeka.
PaspaboTka Takux Mopenei OnupaeTcst Ha LUMPOKMIA CrIEKTP
METOAOMOMI BMOMEIMLIMHCKOI MHOPMATUKM, MO3BOMSHOLLMX
W3BnekaTb M aHanMaupoeaTb OonbluMe 0ObEeMbl AaHHbIX,
MONyYEHHbIX  3KCMepUMeEHTanbHbIM - MyTeM. B pesynbTate
NPEOMKTMBHOTO — aHanusa  YOaeTcsl  packpbiTb  HOBblE
Ovomapkepbl  3aboneBaHWi,,  OLEHUTb  3dhdEKTUBHOCTb
Pa3nuuHbIX TepaneBTUYECKMX CTpaTerit 1 paspabotatb
NepCoHaNN31pPOBaHHbIe NOAXOAbI K NEYEHMO MaLMEHTOB.

lMepcnekTMBHbIM  HampaBreHMeM B UCCIeAoBaHWM
BpOHXONEroYHoN aMcnnasv SBNSETCS NpUMEHEHNe METOLOB

MPeaVKTVBHOMO MOLEenvMpoBaHIs. B HeaBHIX uccregoBaHNsX
NPOLEMOHCTPMPOBaHA 3 EKTUBHOCTL  MCMONb30BaHMS
TPaHCKPUNTOMHbBIX  AaHHBIX  NEpUEEpUIEckon  KposM AN
nporHosupoeanus paseutus BI1L. Moreira A. u coasmopbi
paspaboTamM MOLENN MalMHHOTO 0ByyeHusi, KoTopble C
BbICOKOI TOYHOCTBHO MpefcKasbiBany passuTie 3aboneBaHus
Ha OCHOBE KOMOMHALMM KIMHWYECKMX (haKTopoB (BEC Mpw
POXOEHUW, TECTALMOHHbIA BO3PACT) M 3KCTIPECCM TeHOB.
Mogenu, ucnonb3yioLLme BEC NpK POXOEHAN W reCTaLMOHHbIN
BO3pacT, TouHo npeackasbiBany Bl ¢ AUC 87,2% v 87,8%
COOTBETCTBEHHO. YeTbipe Mogenv MalMHHOrO obyyeHms,
VCMOMb3yIOLLMe CUTHATYPY W3 NATU reHoB, nokasann AUC ot
85,8% 00 96,1% [36].

Jpyrum BaXHbIM HanpaBneHem SBNSETCH
uaeHTuMKaLma aHaoTMnoB BJ1[ — MonekynsipHbIX NOATAMOB
3aboneBaHns,  XapaKTepusylowmxcs  creumdundeckumm
npocunsMM  3KCMPECcCM  reHoB.  BbisiBneHne  3HOOTMMOB
nossonseT rnybxe MOHATb reTeporeHHocts  BIIO  w
pa3paboTaTtb NEpCoHanM3nNpoBaHHbIe CTpaternn nevenms. B
OOHOM  WCCMEdoBaHMM  OMCHIBANMMCL  YETHIPE  3HOOTWMA,
CTPYNNMPOBaHHbIX C ucronb3oBaHneM MO C fgaHHbIMKM 13
reHomHoro npocouns 62 peteit. Takke ObiNO MoKasaHo, YTo
SHOOTWMbI  MPEACTaBMSIOT  PasiMuMs B reCTaLMOHHOM
BO3pacTe, BeCe NP1 POXOeHM 1 auddepeHumaLmm knetok T-
xennepos 17 [37]. PesymbTathl 9TUX  MCCRELOBaHWIA
CBMLETENbCTBYT O 3HAYUTENBHOM noTeHumane
MPEaVKTUBHOTO MOLENMPOBaHNS ANS YITyULIEHNS QNarHOCTUKNA
u nporHoaupoaHus  BJI.  Mcnonb3oBaHne — MeTogdoB
MalMHHOTO OOYYeHMs W aHanM3a OMUKCHbIX  AaHHbIX
OTKPbIBAET HOBble BO3MOXHOCTM Ans pa3paboTkm Gonee
TOYHbIX 1 MHGHOpPMATHBHBIX BrOMapKkepoB 3aboneBaHus, 4YTo B
KOHEYHOM WUTOTE MO3BOMAT  MOBLICUTL  3GHHEKTMBHOCTb
NeYeHNs 1 yNYYLIMTb Ka4ecTBO XM3HM naumeHTos ¢ BJ1,

BuomeduyuHckas uHghopMamuka uzobpaxeHull

CoBpeMeHHble [OCTVKEHMSI B 0BMaCT UCKYCCTBEHHOTO
uHTennekta (M) n mawumHHoro obyyeHus OTKpLIBAIOT HOBbIE
MEPCNEKTMBLI B MEAWLMHCKOI BU3yanu3aLym, B YacTHOCTH, B
paHHel auwarHocTike OpoHxonerouHoi avcnnasmm (BIO) y
HEeJOHOLLEHHbIX JeTeit.  BuomeouumHckas  MHopMaTUKa
1300paxeHmi (BMK) [EMOHCTpUpyeT BbICOKYIO
3eKTMBHOCTb B aHaNN3e PEHTTeHOrpaMM rpYAHON KNeTKM,
Mo3BoNsist BbISBNATL paHHMe npuaHaky BJIM, koTopble moryT
ObITb HEAOCTYMHbLI ANS BU3yarlbHOM OLEHKU Crieuvanictamu.
AnroputMbl ryBokoro obyqeHus, obydeHHble Ha 6onbLumMX
obbemax  MemuUMHCKWX  W300paxeHnn,  CriocobHbI
aBTOMAaTM4YeCKn  ObHapykuBaTb  TOHKME  BM3yambHble
naTTepHbl, XapakTepHole ans BJ1[. 310 no3BonseT noBbICUTL
TOYHOCTb U OBBLEKTMBHOCTbL [MArHOCTUKMW, @ TakKe COKpaTUTb
Bpems, HeoOXoguMoe A MOMyYeHWs  PesynbTaTos.
PaspaboTka aBTOMaTWU3MpOBaHHbIX cUCTEM Ha ocHoe WV
OTKPbIBAET HOBble BO3MOXHOCTA ANst PaHHEro BbISBIIEHMS

Bl w» nporHosvposaHus ee passuTws.  Hanpumep,
uccrefosaHue,  MpoBedeHHoe  Xing M coaBTOpamy,
NPOAEMOHCTPMPOBArIO BO3MOXHOCTb CNoNb30BaHMA

rnybokoro obyueHust Anst 0BHapPYXeHNs PEHTTEHOMOMMYECKIX
npusHakoB bBJ1[l Ha peHTreHorpammax rpyaHou  KreTku
HOBOpPOXOEHHbIX  [56]. Ota  HoBaTopckas  pabora
JeMoHcTpupyeT noTeHuuan BWW ans nomowy Bpavam,
npenocTaenss ObICTPYID W TOYHYK OueHky pucka BIIf,
rno3Bonsis MPOBOAWUTL CBOEBPEMEHHbIE BMELLATENLCTBA W
pa3pabarbiBaTb NEPCOHANM3VNPOBaHHbIE CTPaTErn yxoaa Ans
MFageHLEB U3 rpynibl prcka.
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B 3akmioueHve criegyer OTMETWTb, YTO MHTErpaLms
aHanuaa wn3obpaxeHnn Ha ocHoee WM € KMHUYECKUMM
JaHHbIMK, @ TaKKe TeHOMHOW MHopMaLuen OTKpPbIBAET
HOBblE BO3MOXHOCTW ANS WCCMEOOBaHWA W KIMHUYECKON
npaktuki. Tockonbky BWW npogomxaeT passuBaThCs W
HabupaTb 000pOTbI, ero nmpuMeHeHne npu BIIO n gpyrux
HEOHaTamnbHbIX COCTOSHUSIX MOXET BHECTW CyLLECTBEHHbIN
BKMag B 3Ty 06nactb.

BuonHdopmatika u 06MeH faHHbIMK

Mockomnbky 06beM AaHHbIX, KOTOpble MOXHO cobpaTb,
MPOAOMKAET PacTh B rEOMETPUYECKON NPOTPECCN, HE MEHEE
BaXHO  MOAdepkvBaTb  cucTeMy,  0DecneuvBaioLLyio
BO3MOXHOCTb ~ WCMOMb30BaHWA  AaHHbIX.  HepasHue
LOCTVKEHUS B CBOpe AaHHbIX Oblnu 4ONOMHEHb! pa3paboTkoil
CMOXHbIX CUCTEM XpaHeHus Gronornyeckmx aaqHbIx [11]. 3to
WMENo psAg  MPEWMYLLECTB, BKIlOYas  MeXOyHapogHoe
COTPYOHUYECTBO W co3gaHue 0a3  [aHHbIX, YnyulleHne
kayecTea  OaHHbX WM nomowps B obecneveHm
OTCMIEXMBAEMOCTI W MPO3paYHOCTH [28].

O Gasbl AaHHbIX YacTo 0GbEAUHAIOTCS, YTODbI MOMOYbL
uccnegoBaTensam Nepert 0T  BbISIBMEHUS  TEHETUHECKUX
WM3MEHEHWIA K BbISICHEHWIO TOTO, K KaKiM 61ONorMyeckum nyTam
MpuHagnexar paccMatpvaemble reHbl. [locne BbIsIBNEHUS
9TV nyTn 0BecneymBaloT KOHTEKCT ANs pe3ynbTaTtoB U MOryT
ObITb MCMIONb30BaHbI Anst 06BACHEHS OCHOBHOM (HN3MONOMM.

[ns npunoXeHwii B HeoHaTonoruu Guopenosutopuem, B
KOTOPOM XpaHsiTcd  AaHHble o BlI, sBnsetca Gene
Expression Omnibus (GEO) HauwoHansHoro —LeHTpa
BroTexHonormyeckon MHchopmaLmm (NCBI). OTa
obwenoctynHas 6asa AaHHbIX, pa3paboTaHHas B Havarne
2000-x rofoB, COOEPXMT OFPOMHbIN maccuB
OvonHdopmaTieckux AaHHbIX. JTa 0asa AaHHbIX MMeEeT
BCTPOEHHbIE  WMHCTPYMEHTbI, MOMOralolLme 3arpyxatb W
WHTepnpeTUpoBaThb pesynbTathl. HecmoTps Ha 1o, yto GEO
CyLLEeCTBYeT yxe 24 roga, OHa NpOLOIKaeT CTPEMMTENbHO
pactn. KommuectBo ob6paboTaHHbIX — uccriegoBaHuil B
HacTosILLiee BpeMs YBENWYMBAETCS NPUMEPHO Ha 15% B roa.
Ha ceroaHsiluHui feHb 6as3a aaHHbix GEO copepxut Gonee
6,5 wmunnmoHoB obpasuoB u3 Gonee uem 200 000
uccnenosanmia, 3 bonee yem 6000 pasnuyHbIX OpraHU3MOB,
npegoctasneHHbix 70 000 yHWKanbHbIMKM - @BTOpaMK, YTO
[ENaeT ee OfHMM U3 CaMblX OOLUMPHBIX 1 pasHOOBpa3HbIX
XpaHUIULL, (hyHKLMOHANBHBIX FEHOMHBIX JaHHbIX B MUPE [6].

AnoHckas 6a3a aanHbIx Kyoto Encyclopedia of Genes and
Genomes (KEGG) dyHkumoHupyeT, 6eps  AaHHble 0
MocrnedoBaTenbHOCTM  FeHOMa WM CBA3biBag WX C
COOTBETCTBYHLLMM KNETOHHbIM/BrONOryeckim nytem [24,25].

Ontonorus reHo (GO) ucnonb3yeTcs B UCCneaoBaHNsIX
Kak Ha MioAsiX, Tak U Ha XMBOTHbIX ANs CBA3W ONpeaeneHHbIX
FeHOB C 1x Bronornyeckon coyHKLnei [40].

Reactome - 6a3a gaHHbIX nyTei ¢ OTKPbITbIM UCXOAHBIM
KOOOM, MpOLUeAWas 3KCMEPTHYIO OLEHKY, LeNbio KOTOpOW
SBNSETCA NPEeAOCTaBNEHNE MHCTPYMEHTOB G1OMHEOpMATIKLA
LN BU3yanu3auMW, WHTEpripeTauum W aHanmsa nyTed,
aHanu3a reHoma, MOOEnupPOBaHMs, CUCTEMHON Gronorun wn
obpasoanws [17].

Passute BuonHdopmaTuiecknx 6a3 AaHHbIX SABMSETCH
OOHWM 13 KIo4eBbIX (DAKTOPOB, OMPESENsIOLLMX MPOrpece B
COBPEMeHHOI BromeayLyHe. LieHTpann3oBaHHOE XpaHeHKe 1
aHanua  Oonblumx  0GBLEMOB  BMOMOTMYECKMX  [aHHbIX
MO3BOMNAIOT MCCEAOBaATENAM NEPEXOAUTb OT OMMCATENBHOMO
aHanmu3a K MOCTPOEHWIO  KOMMMEKCHbIX  MOAEne

Bronoryeckx CUCTEM, YTO B KOHEYHOM UTOre CriocobCTByeT
pa3paboTke HOBbIX METOZOB AMarHOCTMKW, MPOCMNAKTUKM W
neyeHus 3aboneBaHui, B TOM YMACTIE W Y HEOOHOLLEHHbIX
HOBOPOXAEHHBIX.

BuonHhOpMaLMOHHBIA aHanM3 Npu GPOHXONEroYHOM
Avcnnasumn

CoBpeMeHHble MCCnenoBaHms
OpOHXOMErOYHOM  AMCMMasMM  akTMBHO  UCMOMb3YHT
BbICOKOMPOM3BOANTENBHBIE  TEXHOMOTMW  CEKBEHMPOBAHUS
HOBOTO  MOKOMEHMS B COYETaHMM C  MOLLHBIMM
BronHdopMaTuieckumn  MHCTpyMeHTamn.  KomnnekcHbIi
aHanM3 TeHOMHbIX AaHHbIX MO3BOMNSET MOEHTMMLMPOBATL
KMKOYEBBIE reHbl U CUrHAMbHbIE MYTH, UTPatOLLME KPUTUHECKYHO
porb B passUTUN 1 MPOrPECCHPOBAHNM JaHHOIO 3ab0rneBaHus.

OpHvM 13 KMoYeBbIX MOAXOLOB SBMSIETCS  aHanmM3
AnddepeHLmansbHon AKCNpeccui reHoB. McxoaHble faHHble
Ons TakMX  MCCnepoBaHMd  OBbIMHO — M3BMEKakTCs 13
obwenoctynHon  Gasel  paHHbx  GEO. C  nomowbto
CreLManmanpoBaHHbIX BeB-MHCTPYMEHTOB, Takux kak GEO2R
[23] n GEOQexplorer [20], npoBoguTCs ugeHTMMKaLMS
vddepeHumansHo  akenpeccupyemblx reHoB (DEG). 3t
VHCTPYMEHTbI MO3BONSIOT CPaBHUBATL NPOCMAM IKCTIPECCHM
reHoB B rpynnax obpasuos ¢ BI1[l v KOHTpOMbHbLIX rpynnax,
BbISIBMAS TEHbl, YPOBEHb SKCMPECCUM KOTOPbIX  3HAYMMO
otnuyaetcs.  [locne  BbisBneHus  auddepeHumansHo
9KCTIPECCUPYEMbIX TEHOB BbIMONHSETCS aHanm3 oboralleHus
FEHOB W NyTei. [JaHHbIN aHanM3 OCHOBbLIBAETCS Ha Takux 6asax
JaHHbIX kak Gene Ontology (GO) u Kyoto Encyclopedia of
Genes and Genomes (KEGG). [ononHutensHyto
MHOPMALMIO O MONEKYNSPHbIX MeXaHu3Mmax, nexaliyx B
ocHoe BJI[, MOXHO MOMy4nTb MyTEM NOCTPOEHWS CeTei
Oenok-6enkoBoro  B3aumopgerictens  (PPI) gna DEG.
WHctpymeHt  STRING  nossonseT  ugeHTUMUMpoOBaTH
(OYHKLMOHamNbHbIE CBA3W Mexay OenkoBbIMM MpOZyKTaMu
AvdepeHLmansHo 3KCMpeccupyembIx reHoB "
BM3yann3npoBaTtb nomyyeHHble cetn [57]. Ocoboe BHUMaHWe
yOenseTcs  WAEHTMMMKALMM  reHoB-KoHLUeHTpaTopoB  (hub
genes), KOTOpble  [EMOHCTPUPYKOT — BbICOKYO  CTEMEHb
Koppensuuu ¢ passuTUEM U TSKECTbO 3abornesaHus. Takue
reHbl MOTYT CRyXMTb MOTEHLManbHbIMKM Bromapkepamu ans
JMarHoCTUKA 1 mporHosupoBaHna TeveHus b1, a Tawke

natoreHesa

MULLEHSAMW NS pa3paboTkM  HOBbIX — TepaneBTMHECKUX
ctpaterui [31].

O6cyxpeHune

Mpobnembl ¥  3TMYeckMe  coobpaxeHus B
onoutdopmartmke

Pactywas  akoHomuMueckas — 9(PEKTMBHOCTb U

JOCTYMHOCTb BOMHEOPMATAYECKIX MHCTPYMEHTOB MOPOAUIMW
HOBbIN Habop npobnem. Hanbonee BaxHOI 13 HIX ABNSIETCS
3afava BHEAPEHUS STUX OTKPBITUIA B KIMHUYECKYIO MEAULIHY.
HecmoTps Ha TO, 4TO C KaxabiM OHEM reHepupyeTcst BCe
Oonblie  MHopMauuM,  elwe  MpeacTouT  W3yunTb
3HAUUTENBHYK MHCOPMALMIO O TOM, KaK 1 Kora ee myulle
BCErO UCMONb3oBaTh. OTW pesynbTaTbl WMEKT CepbesHble
nocneacTBys Mpu 0BCyXKaeHnn ¢ naumeHTamu, 1 byaeT kpaiiHe
BaXHO, UTOObI MEAMLMHCKWAA NEpPCOHan, UCMONb3YIOLWMiA 3Ty
MHOpMaLO,  MOT  MPaBWMbHO  MHTEPMPETMPOBaTb
pe3ynbTaTbl  MCCNEdOBaHUA — «OOMbUMX  A@HHBIX® W
«OMMHECKMX»  UCCNedoBaHMA UM Mmomelatb WX B
COOTBETCTBYIOLMIA  KOHTEKCT.  YuuTbiBasi reTeporeHHoCTb
teHotunos  BIII  »  MHOrodpakTopHylo  npupogy  ero
BO3HUKHOBEHMS, moaxon «omuH SNP, BbisbiBatoWMA OOuH
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heHOTUM» HepocTaToueH U TpebyeT AanbHEeMWero uayyeHus
CMOXHbIX B3aMMOAENCTBUIN TEH-TEH U FeH-OKpYyXKaloLLas cpeaa
[58]. Xota GWAS Lumpoko 1crnonb3oBancs Ans YCTaHoBMEHNs!
cratuctieckux  cesen mexay SNP u 6onesHeHHsIMun
COCTOSHUSIMW, OHU HE MH(OPMMPYIT O  BMONOrMHECKoN
OCHOBE B3aMMOCBSA3W MEXOY reHEeTUYECKMMW BapuaHTaMu
cheHoTUNMYECKMMI  Npu3HakaMn  [52]. 3TO  OTHOCUTENBHO
HoBasi 06rMacTb NMpUMEHeHUs! B MeOuumHe. JTO MPUBENO K
TOMY, YTO HECKOMbKO YYPEXOEHWA Hayanu NpoBOAWTL CBOU
COBCTBEHHbIE NEPBUYHBIE UCCTIENOBAHNS, HO eLUe NPeacTouT
yBuoeTb  6oree  KpynHble, OObEAMHEHHblE — aHanu3bl,
CpaBHMBAIOLLME pe3yrbTaThl CPeau rpynn HaceneHus unu B
pasHble MOMEHTbl BpemeHu. Kpome aToro, OTCyTCTBYET
MHOTOMHCTUTYLIMOHANbHBIA  aHanu3  auddepeHLmansHO
9KCMPECCMPYeMbIX reHOB WUr MyTel, O KOTOPLIX B HACTOSILLEE
BPeMSs M3BECTHO MeHbLUe, YTO He JaeT BO3MOXHOCTW y3HaTb
ornbLLe 0 TOM, Kak BCe 3TV BapuaHTbl MOTYT CriocobCTBOBaTb
WHTEpecylolemy pesynbTaty. [logxod, OCHOBaHHbIA Ha
cucTemMHon  Buororun, KOTopbin  OBbeanHseT AaHHble C
HECKONbKMX ~ BMOMOTMYECKX  YPOBHEW, BKIKOYAS  FEHOM,
TPaHCKPUNTOM 1 NPOTEOM, MOXeT ObITb YCMEWHbIM B
BbISICHEHUW 3TUX B3AUMOCBA3EN, HO Ans NOATBEPKOEHUS TUX
TEeHeTUYeCkUX — accoupaumin  Heobxomumbl  panbHeilume
KIMHUYECKIE M TPaHCNALMOHHbIE nccregosanns [33, 5.
HakoHeL, kak 1 B nto6oi HOBOM 06MacTu 1ccnesoBaHni ¢
yJacTveM niogeit, GromHgopmMaTMYeCKue MCCresoBaHus U
WCIONb30BaHWE arropuTMOB WCKYCCTBEHHOTO WHTENNeKTa M
MalMHHOTO  OOYYeHWS  JOMKHbI  MPOBOAMTLCH  STUYHO,
cnpaBeanmeo 1 becnpuctpactHo  [46,47].  Heobxogumo
MPOSIBNATL ~ OCTOPOXHOCTb,  4TOObI  M30EXaTb  yTeukm
KOH(bMAEHLMANbHOM MHAOPMaLMK O NaLuUeHTax, TeM cambiM
COXpaHsis MpMBaTHOCTb W KOHdMAeHUManbHoCTb  [38,27].
Tawke HeoOXo4MMO y4MTbIBATb MEAMKO-NPABOBbIE PUCKW 1
noTeHUmarnbHble NPoBnembl, CBA3aHHbIE CO CTPAXOBKOW, €CI
HebnaronpusTHbIe AONrOCPOYHbIE nocrneacTeus
MPOrHO3MPYIOTCA  Ha paHHeit cragum  [42].  [Monynsuus
MEHbLUMHCTB  TaKKe MOCTOSHHO —HedonpeacTaBneHbl B
uccnenoBaHusix M 6asax AaHHbIX [49,45], 4T sBNsiETCs He
TONbKO NMPOBNEMON COBPEMEHHON KITMHWYECKOW MOMOLLM, HO
Talke OygeT uMeTb MEepBOCTEMEHHOE 3HAYeHWe, MOCKOMbKY
3TM MOAENMW HAYHYT BMWATb HA [W3ailH UCCNeoBaHWA W
NPUHSATUE KNWHUYECKUX PELLEHW. JTO Takoke nofyepkuBaeT
3HAYMTENBHYIO NOTPEBHOCTL B MPO3paYHOCTV Mopeneit n 6a3
[aHHbIX, 4TODbl rapaHTUpoBaTb, 4TO 3Ta WHOPMaLMS

OCTaHeTcst  [OCTYMHOM,  MOCKOMbKY — paccmatpuBaeTes
BOSMOXHOCTb €€ MPUMEHUMOCTW K PasNuYHbIM - Fpyrnam
HaceneHus. Bynywime ncenenoBaHus LOMKHbI

cOanaHcupoBaTb 3TMYECKME ACMEKTbl MONb3bl 3TUX HOBbIX
OTKPbITUA ~ C  BO3POCILEM  HEOMPEAENEHHOCTBI) W
BecrokonCTBOM, KOTOPbIE OHI MOTYT MPUHECTW POAUTENAM W
nMuaM, OCyLLECTBIAIOLLUM YXOf.

BuiBog. Obnactb OUOMEAWLMHCKON MH(OPMATHKM
ObicTpo  HabupaeT 000pOTHI B MUpE  HayuHbIX
nccnegoBaHui. B otnnume oT apyrux obnacteii usyyeHuns,
BuomeanumHckas wHQopmaTUka BkMovaeT B cebs
WH(OPMaLWMo, AaHHble W, YTO CamoOe BaxHOE, CMbiCH,
ytoObl  MOTEHUWanbHO MpOnMTL  CBET Ha  nobble
HegocTawwme dparmeHTsl MHGopmauun. OpHuM 13
npumepoB aensietca natodmanonorus bJ1[, kotopas
BHOCWT 3HAuMTENbHLIA BKMap B 3aboneBaeMocTb M
CMEpPTHOCTb ~ ManeHbKUX  HEOOHOLWEHHbIX  AeTel.
Bnarogaps  HegaBHMUM  JOCTXeHusaM B obnacTu

OMOMEAMLIMHCKON MHOPMATUKM Bpauu Tenepb Ha OAWH
war 6nuxe K NOMHOMY NOHUMAHWIO TOHKOCTEN Pa3BUTUS
BJ10. YuntbiBas HOBU3HY GUOMEAULIMHCKON MHOPMATHKK,
KpaiiHe BaXHO yNy4lNTb NOHUMaHWe U 0CBEAOMIIEHHOCTb
LINPOKO/A  OBOLIECTBEHHOCTM O ee MPUMEHMMOCTM B
MEIMLMHCKNX U Hay4HbIX CO0bLLecTBax.

Kondgphnukm unmepecos. He 3assneH

Bxnad aemopos: Bce asmopbi 8 pagHol Mepe npuHuManu
yyacmue @ noucke, nposedeHuu aHanusa JumepamypHbIx
UCMOYHUKOB U HanucaHuu pa3desnos cmamau.

®uHaHcuposaHue. [JaHHas 0630pHas cmambs HanucaHa
pamkax npoekma  huHaHcupyemozo Komumemom  Hayku
MuHucmepcmea Hayku U ebicwe20 obpasosaHus Pecnybnuku
Kasaxcman (MpaHm NeAP22786227).

CeedeHusi o nybnukayuu: Asmopb! 3asensom, Yymo Hu
00uH u3 b6s0k08 OaHHOU cmambu He 6bin onybnukosaH 6
OmKpbIMOL neyamu u He Haxo0UMCS Ha PacCMOMPEHUU 8 Apyaux
usdamenbcmeax.
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