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AHHOTOLMA

Llenb pa6oTbi: hopmynupoBka MeTOAOMOMMM pa3paboTKN UHTEPAKTUBHbBIX BUPTYarbHbIX KOMMbIOTEPHbIX cumynsaumi (BKC)
C PEVITUHIOBOW OLIEHKOW peLleHnn 06y4aroLLmnxcs U BO3MOXHOCTbLIO YAaneHHoro ocTyna.

Matepuan 1 metoabl. MeToabl MHXEHEPUW 3HAHUI NPUMEHSANNCH OIS U3BNEYEHUs 1 hopmanm3aLmmn aKCNepTHbIX 3HAHWN
0 CTPYKTYpe, BaXXHOCTU U pPeNeEBaAHTHOCTU KIMHUKO-AMarHoCTUYeCKMX ceeageHuin. Matepmanamu ans cosganust BKC cnyxunum
TEKCTbl U3 apXMBHbIX MCTOpUI GonesHu, nabopaTopHble AaHHble, MyNbTUMEAWNHbIE pe3yrnbTaTbl MHCTPYMEHTanbHbIX
MeTofoB uccnegoBaHus. Ons obecneyeHus ygoaneHHOro AoOCTyna NpMMEHeHa ceTeBasi TPEXYPOBHEBAsd apXuTekTypa,
OpraHM3aumMoHHO BbIpaXXeHHas TPeMS KOMMOHEHTaMMW: KIWEHT, Crnon OW3Hec-norvku, Ccrnon faHHbiX. [lporpammHas
KOMMYyHUuKauusi obecneunBaetca Web-npoTtokonamu; MHpacTpyKTypHO cucteMa npeacraBrneHa MMKpocepBUcamm.
Pe3ynbTathbl. lMocne 3kcnepTHOro aHanusa W BbISIBNEHWS AMArHOCTUYECKU M MPOTrHOCTMYECKUM 3HAa4YMMoW MHdopmaumm
Obina npoBeeHa ee dopmanusaumsa U CTpyKTypusauus, onpeaeneHa Moaenb npeaAMeTHON obnacTtu, BblAeneHbl arperatbl
W CBSI3W MEXAY HMMM, CMPOEKTMPOBaHbI NPOrpaMMHbIE M MOMNb30BaTENbCKUE UHTEpdEChl AoCcTyna. Bo3amoxkHble pelueHns
oby4aroLmxca npeacTtaBneHbl B BUAE MHTEPAKTUBHBLIX CNPaBOYHUKOB. ApTedakTbl paboTbl MONb30BaTENs COXPaHSTCH
B XpaHwunviie, NpeAcTaBrneHHOM mMoAynem paboTbl ¢ hannoBo CUCTEMOW cepBepa Y OOBEKTHO-PENSILNOHHON CUCTEMOMN
ynpaBrneHvs 6a3amu faHHbiX. Kaxabii Mogynb 3aadv COOEPXUT CTaTUYHbIE W WMHTEPaKTMBHble GNOKM MHopmaumu.
HasHayeHve cTaTuyHbix GrOKOB — MnpefocTaBfeHne oby4valmumca HeoOXOOUMbIX CBEAEHWA ANA MPUHATUSA KITUHMKO-
OVarHOCTUYECKNX peLleHuin. VIHTepaKTuBHbIE BMOKM NMpeaoCcTaBnsaloT BO3MOXHOCTb BbiOOpa 0A4HOIrO/HECKONBKNX BapnaHTOB
peLueHuii us cnucka. lNocnegoBaTenbHOCTb AanbHENLEro NpeabsBNEHNs U KOHTEHT MHOPMaLUn onpeaensaoTcs OTBeTaMm
obGy4atoLerocss Ha BOMPOChbI MHTEpPaKTMBHOrO 6Gnoka. KomneTeHuuu NpuHATUS pelueHunid obyyalolwmMucs OLEeHMBaloTCs
C nomoLblo 6annbHO-PENTUHIOBOM CUCTEMBI. MTOroBbI MEpCOHanbHbIA PEVTUHT pacCYMTbIBAETCS Kak NpousBedeHune
BCEX KO3(hHMLMEHTOB, CBS3AHHbBIX C MPUHATLIMK OBy4aloWmMMcs pelieHamMn. ITOT noaxon obecneyvmBaeT UHTErpauumio
PENTUHIOBOW CUCTEMbI C TPAEKTOPUEN NPOXOXOEHMS KNMMHUKO-AnarHoctudeckon 3agayum (KO3), BbibpaHHOM 06yyatowmmces.
3aknroyeHue. PazpaboTaHHble B JaHHOM MCCNefoBaHUM OUCTaHUMOHHbIE 06pa3oBaTenbHble TEXHONOMMK AN KIMHUYECKNX
AVCLUMNIVH AOCTaTOYHO HOBbI M MHHOBAUMOHHbLI. [ns COBEPLUEHCTBOBAaHUS METOAMYECKOro obecneyeHns AUCTaHLMOHHOIO
NOBbILLIEHNS KITMHUYECKOW KBanudukaumm BegeTtcs pa3paboTtka penoauntopus BKC.
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Abstract

Aim. To formulate the methodology for developing the interactive virtual computer simulations with a rating assessment of
trainees’ decisions and the capability of remote access.

Material and Methods. The methods of knowledge engineering were used to extract and formalize expert knowledge about the
structure, significance, and relevance of clinical diagnostic information. The materials for creating virtual computer simulations
were based on texts from the archival medical records, laboratory data, and multimedia results of instrumental methods
of study. A three-tier network architecture was applied to provide the capabilities of remote access. It was organizationally
represented by three components: a client layer, a business logic layer, and a data layer. Data transfer was provided by the
Web protocols while microservices represented the infrastructure.

Results. The information was formalized and structured after expert analysis and identification of significant diagnostic and
prognostic data. The process included defining the domain model, identifying the aggregates and connections between them,
and designing software and user interfaces. Possible solutions for trainees are now presented in the form of interactive
reference lists. The artifacts of the user’s work are saved in the storage represented by the module for working with the server
file system and the object-relational database management system. Each task module contains static and interactive blocks
of information. The purpose of static blocks is to provide trainees with the necessary information for making clinical and
diagnostic decisions. The interactive blocks allow selecting one or more solutions from the list. The content and sequence of
further information presentation are determined by the trainees’ answers to the questions of an interactive block. Trainees’
decision-making competencies are evaluated using the rating system. The final personal rating is calculated as a multiplication
of all coefficients related to the trainees’ decisions. This approach integrates a rating system with the trajectory chosen by the
trainee for task completion.

Conclusions. The distance learning technologies, developed for clinical disciplines in this study, are quite new and innovative.
The repository of virtual computer simulations is under development to improve the methodological support of remote clinical
training.
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BBegeHue

YyacTue CTygeHTOB Hapsay ¢ npenogaBaTteneM B rnevet-
HO-OMarHoCTMYECKOM Mnpouecce naumeHToB B Poccuu Bcer-
Aa ObINO NPaKTUKO-OPUEHTMPOBAHHOW COCTaBHOW 4acTbio
MeaMUMHCKOro obpasoBaHnsi — Kak By30BCKOrO, Tak 1 nocrne-
AvnnomHoro. B xode npaktudeckunx 3aHATMIA oBy4atolmecs
pasBMBalOT CBOE KITMHMYECKOE MbILUNEHNe, BbipabaTtbiBaloT
rmnotesbl 06 3TUONMOMMN N MAaTOrEHETUYECKNX MeXaHn3Max
3aboneBaHus nauueHTa n NpoBepsalT nx. PopmMynupoBKa
npobnemel 1 ee aHanu3, a Takke NPOrHo3MpoBaHVe BapuaH-
TOB [anbHeWLero Te4eHns naTtororm4eckoro npowuecca uc-
KIIOYNTENBHO BaXHbl ANS BbIpabOTKM KITMHUYECKOrO MbIL-
nexus [1].

BkritoueHve naumeHToB B 3TOT NPOLLECC YpeBaTo prckamm
B OTHOLUEHUWN pearbHOro 60nbHOro, 0COOEHHO B YCMOBUSAX
cTpaxoBon MeguuuHbl. Kpome Toro, megarorMyeckuii npo-
Lecc otnunyaercst ot o6bIYHOrO neyveHus nauyeHta. Komne-
TeHUMn obyyarLmxcs OOMmKHbI OPMMPOBATLCA U MpoBe-
PSTbCA B MOBTOPSIOLUXCA CTAHAAPTHBIX CUTyaumsiX, Yero B
pearbHOW KNMHUKe AoBUTLCS KpanHe CNoXHO. TpaguunoHHO
B MOArOTOBKE Bpayelr NPUMEHSINUCh MOAENU KIMHUYECKNX
CUTyauuin — KNUHUKO-AnarHoctuyeckme 3agauv (KO3), Bknio-
yawowme nHdopmMaumio o cutyauum u Tpebyrome aTanHbIX
peleHuii obyyaromxcs. KonnyectBeHHas oueHKa npaBunb-
HOCTW/A(PPEKTUBHOCTU peLLeHNA obyyaloLmxcesi, Kak npa-
BWIT0, NPOM3BOAMIIACh NeAaroroMm Ha OCHOBE CyObEKTUBHBIX
KpUTEPUEB.

Bce atm obpasoBaTenbHble TEXHOMOTMW MPUMEHSNUCH
n npumensiotca offline, ogHako B ycnoBusix naHgemum
COVID-19 gucTaHUMOHHbIE CNOCObObI OCYLLECTBNEHUSA Oun3-
Hec-NpoLeccoB cTtann 0cobeHHO akTyarnbHbl. OTO B MOJHON
Mepe kacaeTcsi (hOPMUPOBAHUS KITMHUKO-ANArHOCTUYECKNX
KOMMETEHLUI CTYQEHTOB B paMKax BbICLLEr0 MEAMLMHCKOTO
06pa3oBaHNS 1 NOBbILLEHMS KBAanNUUKaLum Bpaven.

B MupoBol npakTuke ecTb onbIT pa3paboTkn dopmara
KOMMBIOTEPHBIX CUMYNALMIA, UCMONb3yeMbIX ANA Pa3BUTUS
KITMHUYECKOTO MBILLFIEHNS U MPOBEPKU HaBbIKOB MPUHATUSA
pelweHuii. B yacTHOCTU, peyb uAeT O BUPTyamnbHbIX Nauu-
eHTax, T. €. 06 ob6pa3oBaTenbHOW TEXHONOIMKU, OCHOBAHHOM
Ha CUMYNSLUN CUEHapUEB AMArHOCTUKN U NEYEHUs nauneH-
TOB UMW ero oTaenbHbIX Moaynen [2-5]. laHHaa TexHonorng
npuMeHsieTcs ¢ koHua XX B., NO3BONSET HEOOHOKPATHO MC-
nonb3oBaTb CTaHAAPTU30BaHHbIE CUTyauuu U obecnevnTb
anctaHumoHHbin Web-gocTyn k obpasoBaTenbHbIM MaTepu-
anam. B cuctematnyeckux ob3opax n mMertaaHanusax rnoka-
3aHbl Nnegarornyeckas adeKTMBHOCTb BUPTYarnbHbIX nauu-
€HTOB U 3aVHTEpPEeCcOBaHHOCTb NearoroB U 0by4valrLwmuxcs B
aTON 0bpasoBaTenbHON TexHonormm [6, 7].

B Poccuu BupTyarnbHble NauneHTbl peanu3oBaHbl Ha nop-
Tane HenpepbIBHOTO MEAMLUMHCKOTO M dhapmaueBTU4eCcKOoro
obpasoBaHunst MMHUCTEpPCTBA 30paBoOXpaHeHns Poccuiickom

Introduction

The involvement of students along with the teachers
into the processes of diagnostics and treatment of
patients has always been a practice-oriented part of both
graduate and postgraduate medical education in Russia.
The students develop their clinical thinking, propose
hypotheses on etiology and pathogenetic mechanisms
of diseases, and verify them in the course of practical
training. Formulation of a problem, its analysis, and
prediction of further course of pathological processes
are extremely important for establishing clinical
thinking [1].

Inclusion of patients into this process is accompanied
by risks for a real-life patient, especially in terms of
insurance medicine. Besides, the educational process
differs from an ordinary treatment of patients. The
competences of trainees should develop and be verified
in the repeated standard situations, which is extremely
difficult to achieve in a real-life clinic. The training of
medical doctors traditionally involves modelling the clinical
situations or clinical diagnostic tasks (CDT) comprising
information on a situation and requiring making stepwise
decisions by the trainees. Quantitative assessment of
correctness/effectiveness of student’s solutions, as a rule,
is performed based on subjective criteria.

All these educational technologies have been used
offline. However, due to the COVID-19 pandemic,
distant approaches to business processes are
becoming increasingly relevant. This is entirely true for
the development of clinical diagnostic competences of
students in the framework of higher medical education
and advanced professional training of medical
doctors.

The world practice demonstrates the experience for
developing the computer-based simulation format used
for establishing clinical thinking and testing the decision-
making skills. In particular, this refers to virtual patients
i.e. education technology, which is based on a simulation
of scenarios for diagnosis and treatment of patients or
one’s separated modules [2-5]. This technology has been
used since late 1990s allowing to repeatedly use the
standardized situations and to ensure remote Web-access
to the educational materials. The systematic reviews and
meta-analyses show pedagogical effectiveness of virtual
patients and strong interest of teachers and trainees in
this educational technology [6, 7].

Virtual patients in Russia are implemented on the
web-portal for continuous medical and pharmaceutical
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®enepauun, rge pasmelleHbl MHTEPaKTUBHbBIE KIIMHUYECKne
CUTyauum n TpeHaxep OKa3aHWsi HEOTNOXHOW Mnomowm C
yoaneHHsim goctynom [8]. [pyron BapnaHT MHTEPaKTUBHbLIX
CUTyaLMOHHBIX 3a4a4 npeanaraeTca METOANYECKUM LIEHTPOM
akkpeauTaumm cneumanuctoB lMepeoro MockoBckoro meau-
umHekoro yHusepcuteta um. U.M. Cederosa [9]. B Tomcke
€CTb CBOW ONbIT CO34aHUS MyNbTUMEOUAHbIX Moaenen ne-
4ebHO-AMarHOCTUYECKOro npouecca NMHENHON CTPYKTYpbI
(BupTyanbHbIX Kapguonormyeckmx nauneHtos) [10]. HacTos-
wee coobLleHne ABNAeTCs NomnbITKON 0000LWMTL 3TOT ONbIT U
caenatb ero 4oCTosHMeM npodheccrmoHanbHOro coodLlecTea.

Llenb paboTbl: dpopmynupoBka MeTogonorn paspaboTku
WHTEPaKTMBHbIX BUPTYarnbHbIX KOMMBIOTEPHBLIX CUMYMALMNA
(BKC) ¢ penTUMHroBoW OLEHKOW pelueHUn obyvaroLmxcs 1
BO3MOXHOCTbIO YAaneHHOro AocTyna.

MaTepMan n MmetToabl

Matepunanamn ans cosgaHua BKC cnyxunu TekcTbl
M3 apxuBHbIX UCTOpwUi GonesHu, nabopaTopHble AaHHbIe,
MYNbTUMEAWNHbIE pe3ynbTaTbl MHCTPYMEHTAsbHbIX METO-
[OB 1ccrneaoBaHus. TeKCTOBbIE Y MYNbTUMEAWNNHBIE faHHbIE
AenepcoHanManpoBannce U ounMdpoBbLIBANNCL, OOMOSHU-
TENbHO OCYLLECTBMSANCSA NMOWUCK pPesynbTaToB MUCCrenoBaHus
B 6azax anarHocTnyeckux cnyx6. Kaxabin BUpTyanbsHbIi na-
LUMEHT SIBNSIETCA KOMNUNSILUMEN TEKCTOBOW U MYyNbTUMELUIA-
HOWM OMarHOCTUYECKON U KIMHMYECKON MHpopmauunn. KnmHu-
KO-OMarHocTu4eckme martepuarnbl pasMeLLeHbl Ha cepeepe B
noMeHe cardio-tomsk.ru, NpoLuny 3KCNepTHYHO OLIEHKY, UC-
Nnonb30BaHbl NMpU CO34AaHWU BUPTYarbHbIX MNAUWEHTOB C Nn-
HENHOW TpaekTopuen npeabaeneHns nigopmaumm [10, 11].

[nsa BKC c passeTBneHHol TpaekTopuein notpebosanach
JononHutenbHas MHgopmauus, OTCyTCTBOBaBlUAsS B 3a-
BEPLUEHHOM rOCMUTanNbHOM Cryyae, T. €. co3gaHue «aomnor-
HEHHOWN KINMHMYecKon peanbHocTy». NHdopmaunus ob aTon
JOMOMHEHHOW peanbHOCTU Mpoxoauna TLaTenbHyH 3KC-
NepTHYH NPOBEPKY Ha NPEAMET KIMHUYECKOrO COOTBETCTBUS
cnyyaw. [Mpu oueHke peanucTUYHOCTU OOMOMHUTENbHBLIX
TpaeKToOpuii UMEeIoT 3Ha4YeHNe OCHOBHOE 3aboneBaHue u ero
opMbI, conyTCTBYtOLLAsi natonorusi, Aemorpaduyeckme xa-
PaKTepUCTMKV NauneHTa u apyrue napameTpbl. Pesynbrars
WHCTPYMEHTamnbHbIX U nabopaTopHbIX MccneaoBaHU Obinu
nogobpaHbl B COOTBETCTBYHOLLMX Ba3ax OaHHbIX, @ TEKCTO-
Bbl€ ONMUCaHUS COCTOSIHUSI NALMEHTOB B HOBbIX TPAEKTOPUSAX
W KNuHU4Yeckme pas3bopbl CnyvyaeB SABMSOTCS pPe3ynsraTom
TBOpYeCTBa Bpayen.

Ons paspabotku BKC cdopmmupoBaHa MynsTuamMcuunnm-
HapHasi komaHga cneuvanucToB (Bpadu-kapgouornoru, Bpa-
Yn-AnarHoCTbl, MeguLMHCKMe aHanuTukn, UT-cneumnanucTsl).
MeToabl WHXEHepUM 3HaHWI MPUMEHSINUCH aHanUTUKamm
Anst n3BneyeHnst u dopmManusauum aKCNepTHoW UHGopMa-
UMM O CTPYKTYpe, BaXKHOCTU W PEMEBAHTHOCTM KIUHUKO-
AVMarHoCTUYeCKUX ceeaeHuin. NpenmyLecTBEHHO UCNOMb30-
Banocb CTPYKTYPMPOBAHHOE WHTEPBbLIO, @ TaKKe KpUTUYe-
CKuiA 0630p M MO3rOBOM LLTYPM.

KnuHuko-gmarHoctnyeckass uHdopmauuss ans paspa-
6OTYMKOB BU3yanuavpoBanacb MNporpaMMHbIM MPOAYKTOM,
pa3paboTaHHbiM coTpyaHukamm OO0 «3dnekapa-Meay». [Ans
obecneyeHnss BO3MOXHOCTW yAaneHHoro 4ocTyna npumeHe-
Ha ceTeBasi TPEXYPOBHEBAasi apXWMTEKTypa, OpraHu3auuoH-
HO BbIpaXeHHasi TPEMSI KOMMOHEHTaAMW: KIMEHT, Cron 6us-
HeC-Norvku, Cnou fAaHHbiX. [porpaMMHasi KOMMYyHUKaLWs
obecneunsaetca Web-npotokonamu. Cnow 6usHec-norukm
crnpoekTupoBaH no metogonorum Domain Driven Design; nH-
(hbpacTpyKkTypHO cucteMa NpeacTaBneHa MUKPOCEPBUCAMU.

education by the Ministry of Health of the Russian
Federation. This web-portal introduces the interactive
clinical situations and urgent medical aid simulator
with remote access [8]. Another variant of interactive
situational tasks is proposed by the Methodology Center
for Accreditation of Specialists at the .M. Sechenov
First Moscow State Medical University [9]. Tomsk has
its own experience of creating multimedia models of
treatment and diagnostic processes with linear structure
(virtual cardiology patients) [10]. This report attempts
to summarize this experience and to present it to
professional community.

The aim of this work was to develop the methodology
for creating the interactive virtual computer-based
simulations (VCS) with rating assessment of students’
solutions and a capability of remote access.

Materials and Methods

The materials for VCS creation included the texts
from the archival medical records, laboratory data,
and multimedia results of instrumental investigations.
The textual and multimedia data were depersonalized
and digitalized. The search for results of studies in the
diagnostic bases was performed additionally. Each virtual
patient was a compilation of textual and multimedia
diagnostic and treatment information. Clinical diagnostic
materials are available at the cardio-tomsk.ru domain
server; they passed expert evaluation and were used
in the course of creating the virtual patients with linear
trajectory of information presentation [10, 11].

The VCSwithbranchedtrajectories required additional
information, which was absent in the completed inpatient
cases i.e. it required the creation of “augmented clinical
reality”. Information regarding this augmented reality
passed careful expert testing in regard to its clinical
relevance to case. Primary disease, its manifestations,
comorbidities, patient demographic characteristics, and
other parameters were essential for the assessment of
additional trajectory realism. The results of instrumental
and laboratory studies were selected from the relevant
databases whereas any textual descriptions of patients
in new trajectories and clinical analyses of cases were
created by physicians.

The multidisciplinary team of specialists comprising
cardiologists, diagnostic physicians, medical analysts, and
IT specialists was established for the VCS development.
The analysts used the methods of knowledge engineering
to extract and formalize expert information regarding the
structure, significance, and relevance of clinical diagnostic
data. Structured interview, critical review, and brain
storming were primarily used.

The developers Vvisualized clinical diagnostic
information using the software product created by the
JSC “Elecard-Med”. To ensure remote access, the
three-tier network architecture was implemented and
organizationally represented by the three components
as follows: client layer, business logic layer, and data
layer. Data transfer was provided by the Web-protocols.
Business logic layer was based on domain-driven design
methodology; the infrastructure of system was presented
by microservices.
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PesynbraTthbi

B pesynsrate npoeKkTMpOBaHUs onpedeneHa Moaernb
npeameTHON obnacTtu, BblAeneHbl KOHTEKCTbI, 06BbEKTHI, 3Ha-
YeHusi, arperatbl U CBSI3U MexXay HUMW, CNPOEKTUPOBaHbI
nporpaMMHble M Nonb3oBaTenbckue MHTepdeckl 4ocTyna.
ApTedakTbl paboTbl NONbL30BaTENSI C CEPBEPOM NPUNOXKEHUN
nepMaHeHTHO COXPaHSIOTCS B XpaHUnuLLEe, NpeacTaBneHHOM
Mozynem paboTbl ¢ hanoBol cUCTEMO cepBepa 1 06beKT-
HO-PENSALMOHHOM CUCTEMON yrnpaBneHus 6azammn AaHHbIX.

PaspabaTbiBaemble B NPOEKTE UHTEPAKTUBHbIE BapuaH-
7ol BKC c pa3sBeTBneHHON CTPYKTYpOW npeacTaBneHust UH-
dopmauum bynem ob6o3HayaTh kak MynbTMMeauiiHble KO3.
MpenBaputensHas NOAroTOBKa MCXOAHOW MHpopmaumu ans
HUX OblNa aHanorM4YHON CO34aHMI0 BUPTYarbHbIX NaLMEHTOB
Ha npegpigywem atane npoekta. lNocne aHanMTUYecKoro
pa3bopa 3aBepLUEHHOro Cry4vas NPUHUMAaNoChb peLUeHne O
KIMMHUKO-AMArHOCTUYECKOWN 3HAYMMOCTUN KOHKPETHOW MHpOp-
Mauuu1, UMEIOLLENCS B Hanu4um n o HeobxoanmMocTu Jonon-
HUTENbHOWN MHdOPMaLuK No6GOro TMNa Anst HOBbIX TPAEKTo-
puin. Ona ymeHbLleHns «MHGOPMaLMOHHOIO LWyMay B Kelce
OCTaBMSNOCh pasyMHOE KOMMYECTBO ANArHOCTUYECKM HE3HA-
YMMbIX CBEAEHUN.

Bcs uHdopmaumsa 6bina hopmanvsoBaHa; npy Hanmuum
4YacTu CBeAEeHW B Ne4YaTHOM BapuaHTe OHW Gbinu ouundpo-
BaHbl U nepeBefeHbl B hopmart doc n/unu pdf. CTpykTypupo-
BaHHas TEKCTOBas U MyNbTUMEAUNHAS KIMHUKO-AUArHOCTU-
Yyeckas nHopmaumsa xpaHuTcst B Tabnuuax paspabotaHHom
pensiuMoHHoN 6a3bl AaHHbIX. Ha ocHOBe pe3ynbTaToB aHanu-
Tu4eckoln paboTbl ¢ 3kcnepTaMu 3TN CBEAEHUSI NpeacTaBns-
H0TCA B pasHbIX MOAYNSX BU3yanusauuy Ha 3KpaHHbIX cop-
Max Monb30BaTeNbCKOro MHTepdenca.

Kaxabii Moaynb 3ajayn COOepXMT CTaTUYHbIE U UHTe-
pakTvBHble OMoKM MHOpMaUMK; NpUHUMNMANbLHOE 3Ha-
yeHve pana dyHkumoHana BKC wumeer pacnpegeneHue
WHdOopMaunm mexay HumMn. HasHaveHue ctatnyHbIX 61okoB —
npegocTaBneHve oby4varwmumcs HeOOXOAMMbIX CBeAEHUN
6e3 obpaTHo cBsA3n. PeanbHblii ne4ebHo-AnarHoCcTUYecKui
npoLecc MMeET OaHY ONpPeAENEeHHY0 TPAEKTOPUIO OT MOMEH-
Ta NOCTYNMEHNs 0 MOMEHTA BbINUCKU. VIMEHHO CTaTuyHble
Onoku, TUNN3MPOBaHHbLIE MO CMbICIY CoAepXallencs B HUX
MHdOpMauuK, MCnonb3oBaHbl B NPOAYKTE NEpBOro artana
npoekTa (BMpTyanbHbIX NauMeHTax) ¢ Lenbio AeMOHCTpaLmm
peanu3oBaHHOro neyebGHO-guarHocTudeckoro npouecca. B
HUX NpeabsiBMSETCA TEKCTOBAst U MYNbTUMEAUNHASA KINUHK-
Ko-amarHoctTuyeckas nHdopmauus, Heobxognmas aonsi noHu-
MaHus Norukn gaHHoro npouecca (puc. 1, 2).

WHTepakTnBHbIE Bnoku obecnevnBatoT B3aMMoOeNCTBME
C 00y4aroLLMMUCS; UMEHHO 34eCb NMPUHUMAIOTCS KIMHUKO-AU-
arHOCTUYeCKMe pelleHus B Buae BblIbopa OaHOro/HECKOMb-
KMX OTBETOB Ha BOMPOC M3 CNMCKa BO3MOXHbIX BapWaHTOB.
WHTepakTBHbIE BNOKN TOXE TUMM3NPOBAHBI, HO YXXe Ha Oc-
HoBe rpadudeckon mogenun BKC, B KoTopon oTpaxeHbl Bce
BapunaHTbl BO3MOXHbIX TpaekTopuii obydatrowimxcst (puc. 3).
MocnenoBaTenbHOCTb AanbHENLWEro NPeabsBNEHNS U KOH-
TEHT UHdOpMaLUn onpefensaTcst oTBeTaMu oby4yaroLLerocst
Ha BOMNPOCbI MHTEPAKTUBHOIO Groka.

B HacTosiLLee BpeMsi peanu3oBaHa BO3MOXHOCTb M3Me-
HEHUS1 TPAeKToOpUW Mocrne HEeBEPHOW MOCTAHOBKU AuarHosa
UnNn HenpaewunbHOro Bblibopa cTpaTterum nedyeHus. AHano-
rMYHblE BO3MOXHOCTU MMEITCS AN MHTEPAKTUBHBLIX GrOKoB
WHCTpYMEHTarbHbIX U NabopaTopHbIX UCCreaoBaHuii, BblGo-
pa KOHKPETHBLIX CNocoboB NeveHust, Tuna onepauun n oyoyTt
peanu3oBaHbl B nocneagytouiem. Nocne namMeHeHus1 Tpaek-
TOpMM 0Oy4YaloLLMINCH MOXKET BHOBb BEPHYTLCS K MOAYIO, B

Results

The engineering resulted in defining the domain
model, identifying the contexts, objects, meanings,
aggregates, and connections between them, and
designing software and user access interfaces. The
artifacts of user work with the server of applications
are permanently saved in the storage presented by
the module of work with the server file system and
the object-relational system for database mana-
gement.

The interactive variants of VCS with multiple choices
under development will be referred to as multimedia clinical
diagnostic tasks (CDT). Preliminary preparation of initial
information for CDT was the same as for creation of virtual
patients at the previous stage of the project. A decision
regarding a clinical diagnostic significance of an available
information and the need for additional information of
any type for new trajectories was made after analyses
of completed case. Reasonable amount of diagnostically
insignificant data was preserved to decrease information
noise in the case.

Currently, all information was formalized; some data,
if printed, are digitalized and saved as .doc and/or .pdf
files. Structured textual and multimedia clinical diagnostic
information is stored in the tables of the developed
relational database. Based on the results of analytical
work with the experts, these data are presented in
different modules of visualization on the screen forms of
user interface.

Each task module contains the static and interactive
information blocks, which is of key significance for CDT
functionality. The assignment of static blocks is a feedback-
free presentation of necessary data to trainees. A real-life
treatment and diagnostic process has a single definite
trajectory from the moment of admission to discharge.
Just static blocks, typified according to the meaning of
information they contain, are used in the first-step product
of the project (virtual patients) aimed at demonstration of
the completed treatment and diagnostic process. They
present textual and multimedia clinical and diagnostic
information, required for understanding the logic of this
process (Fig. 1 and 2).

The interactive blocks ensure the engagement with
the trainees; the clinical diagnostic decisions are made
there in the form of choosing one or several answers to a
question from the list of potential variants. The interactive
blocks are also typified though it is based on the
graphic VCS model reflecting all the variants of possible
trajectories for trainees (Fig. 3). A sequence of further
content presentation depends on the answers of trainees
to the interactive block questions.

The capability for changing a trajectory after
establishing an incorrect diagnosis or after choosing an
incorrect treatment strategy is currently possible. Similarly,
the capabilities for the interactive blocks of instrumental
and laboratory studies, selection of certain treatment
modalities, and operation types are available and will
be introduced in the future. After changing the trajectory,
trainee can repeatedly return to the module where they
made an incorrect choice or continue following the wrong
trajectory up to the final clinical diagnostic module with an
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KOTOPOM ObINO NPUHSITO HEBEPHOE peLueHne, Nnbo npogon-
XWUTb OBWXEHWE MO HEBEPHOW TpaekTopuu BMMOTb A0 u-
HanNbHOTO KIMHWUKO-AMArHOCTUYECKOro MOAYMNS C 3NMKPU30M
1 pa3bopom peLleHus 3agadyn. SNUKpU3 BUPTYarnbHOro Cry-
Yyasi hopMmpyeTca aBTOMaTUYECKM Kak NepeyeHb BCex peLue-
HWUIA, NPUHATBIX oByyatowmmes B gaHHon BKC.
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epicrisis and revision of task completion. The epicrisis of
virtual case is formed automatically as a list of all decisions
made by the trainees in the given VCS. Decision-making
competences of trainees in the standardized clinical
situations may be quantitively assessed using a rating
score system.
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Puc. 1. CKPUHLIOT TEKCTOBOW MHpOpMaLMK O BUPTYarnbHOM nauueHTe
Fig. 1. Screenshot of text information about virtual patient
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Puc. 2. CKpUHLWIOT MynbTUMEANINHON KIIMHUKO-ANArHOCTUYECKON MHAOpMaLmn O BUPTyarnibHOM nauueHTe
Fig. 2. Screenshot of multimedia information about virtual patient
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Puc. 3. CKPUHLLOT BO3MOXHbIX TPAEKTOPUiA NpeAbABNeHns MHPOPMaLIMK O KIMHWUKO-AMarHoCTUYEeCKON 3aaaye
Fig. 3. Screenshot of possible trajectories of information displaying into the clinical and diagnostic task

KomneTeHumMn npuHATUS obyyalolumMMucs pelleHuin B
CTaHAapTU30BaHHbIX KIMHUYECKMX CUTYaLUSIX KONMYECTBEH-
HO OLIEHMBAIOTCS C MOMOLLBIO 6annbHO-PENTUHIOBON CUCTE-
Mbl. NepcoHanbHbI PEWTUHT WMHTErpanbHO XapakTepusyeT
3(P(PEKTMBHOCTb pELLUEHUN B pamKax KOHKPETHOW 3ajauu.
Jo Hayana pewenus KO3 oH paBeH eguHuue (100%); 6es-
owmnboyHasn pabota ¢ BKC He MEHSIET UCXOAHbIV PEVTUHT, a
HETOYHOCTU CHmXatT ero. CTeneHb COOTBETCTBUS KaXOoro
BapuMaHTa peLLeHns IKCMIEPTHOMY MHEHMWIO OTpaXkeHa B CBS-
3aHHOM C 3TMM BapyaHTOM PeNTMHIOBOM KoadpumumeHTe.

VIToroBbIi nepcoHanbHbIN PENTUHT PacCYUTLIBAETCS Kak
npousBefeHre Bcex KOaMUUNEHTOB, CBA3AHHbIX C MPUHS-
TbiMK oBydalowmumncst perteHnaMmu. CoBOKYMHOCTb PENTUH-
roBbiX KO3(hULMEHTOB oONpedensercs TpaeKTopuen npo-
xoxaeHus KO3, 4To o3HavaeT mx NonHy nHTerpauuio. Mpu
3TOM eCTb BO3MOXHOCTb NoACHETa NEPCOHANbLHOIO periTnHra
obyyatoLmnxcs No oTAenbHbIM KOMMNETEHLUSAM, CBA3AHHBLIM C
OVarHOCTUKOW, Ha3Ha4YeHWeM FNeYeHUs, NHCTPYMEHTanbHbIX
1 nabopaTopHbIX METOAOB MCCNEeA0BaHUS.

CybbeKTVBHOCTb 3KCMEPTHOWM TOYKM 3pEHUst Ha cTe-
NneHb NPaBUMIbHOCTU PELUEHUSI B KaXOOM CryyYae, KOHEYHO,
BO3MOXHa, HO ee 3HaYUMMOCTb CHwKaeTcsl bnarogapst Konu-
yecTBy pelleHun — He meHee 10 B pamkax kaxgon KO3. B
CMNOXHBIX KITUHUYECKNX CUTyaumsax KoadduLumeHTbl onpeae-
NSAMUCb KOHCEHCYCOM 3KCMEPTOB, YTO Takke MOBbILWAET KX
HafeXHoCTb. Mbl cuuMTaem, 4To obecneunnu OOCTaToOYHYH
OOGBEKTUBHOCTb OLIEHKM KOMMETEHUMIA OOy4vatomxcs, no
KpanHen mepe, B pamkax CuOMpcKon Kapaumonornyeckomn
LUKObI.

KomaHpol npoekta Ans CHWXeHus cebectonmocTy,
yckopeHusi paspabotku, obecnedeHust nHterpaumm BKC c
PENTUHIOBOW CUCTEMON CO3AAaH cneunanbHbll UHCTPYMEHT —
NporpaMMHbIA  peaaKkTop  KIMHUKO-AMAarHOCTUYECKUX  3a-
Aad (puc. 4). 31o cpencTeo nossonset npeacrasunts KO3 B
Buae rpada, obecneynBaer BBOA TEKCTOBOW MHOpPMaLWK,
MCMonb3oBaHMe MyNnbTUMEOWAHBIX halnoB pasHoro Tuna,

The personal rating characterizes the effectiveness
of solutions in the framework of a given task. The rating
equals 1 (100%) prior to the CDT completion; an error-free
work with VCS does not change the initial rating whereas
inaccuracies decrease the score. A degree of conformity
of each result variant to the expert opinion is expressed as
a rating coefficient associated with the variant.

The final personal rating is calculated as a
multiplication of all coefficients associated with decisions
made by trainees. The set of rating coefficients is defined
by the CDT trajectory implying full integration of the
rating system and CDT. Moreover, there is a capability
of calculating personal rating for trainees based on the
individual competences in regard to diagnosing, treatment
administration, and instrumental and laboratory methods
of study.

A bias factor in expert opinion regarding accuracy of
decisions in every given case is certainly possible, but its
significance decreases due to at least ten decisions for
each CDT.

The coefficients are defined by the consensus of
opinion among the experts for the complicated clinical
situations, which improves the reliability of coefficients.
We believe that we provide significant objectivity of trainee
competence assessment, at least, within the framework of
Siberian school of cardiology.

The project team created a special tool, a CDT editor
software, which decreases prime cost, speedups the
development, and ensures the VCS integration with
the rating system (Fig. 4). This tool allows to present
each CDT as a graph and ensures the input of textual
information, the use of different multimedia files, and
transitions between clinical diagnostic modules in certain
direction. The interactive blocks have the fields linking
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nepexogbl Mexay KIMHWKO-GUarHoCTUHECKMMM MOAYNAMN B
onpeneneHHoOM HanpasneHuu. HTepakTMBHble GNoku nme-
10T NOrSA, CBA3bIBAOLLME BapUaHTbI PELLUEHWUIN C PENTUHIOBON
oueHkon nx adppektuBHocTu (puc. 5). MNMepeyHn BapraHToB
pelleHui pasgeneHbl Ha nokanbHble (akTyanbHble AN KOH-
kpeTHon K[O3) n rmobanbHble (akTyanbHble AN BCEX KINUHU-
KO-OMarHOCTUYEeCKMX 3afay).
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various decisions to the rating assessment of their
effectiveness (Fig. 5). The lists of decisions are assigned
to the local (relevant to given CDT) and global (relevant
for all CDTs) variants.

Both CDT editor and diverse VCS are supported
by the Web-approach. It allows a remote creation of
methodology support for training in clinical disciplines
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Puc. 4. CKpUHLWIOT 0BLMX CBEeAEeHWIA O KNMMHUKO-ANarHocTMyeckon 3agave
Fig. 4. Screenshot of general information about clinical and diagnostic task
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Puc. 5. CKpVHLLOT MHTEpPaKTUBHOrO 6r1oka, BNMSIIOLLETO Ha TPAEKTOPMIO NpeabsABNEeHUs MHAOPMaLIMK O KITMHUKO-AUArHOCTUYECKON 3ajade
Fig. 5. Screenshot of the interactive block which effects on the trajectory of information displaying about clinical and diagnostic task
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K pegaktopy KO3, kak n k cammm BKC ntoboro tmna, obe-
crneveH Web-goctyn. 910 no3BonsieT yganeHHo co3gaBaTtb
mMetogudeckoe obecrneyeHne npenogaBaHUst KIMHUYECKMX
ancunnnuH — BKC. Bnocneacteuu co3faHHble Kenchbl yaa-
NEHHO MOXHO MCMOoMNb30BaTh A4S AEMOHCTpaLUnN 3aBepLUeH-
HbIX BUPTYarbHbIX Cy4Yaes, ANs U3y4eHUst MynsTUMEeaNNHbIX
KO3 B obyyatoLem pexxmme n ux MCnorb30BaHUS A1151 OLEHKU
BpayeOHbIX KOMMETEHUNI B 9K3aMEHALMOHHOM peXUME.

3akno4yeHue

B HacTosiLlee BpemMsi C MCMONb30BaHWMEM MPOrpamMmMHO-
ro pegaktopa MOET akTMBHOE co3faHue penosutopusi BKC
KaKk MynsTUMeauiiHbIX Moaenen nev4ebHo-aAMarHoCTUYeCcKoro
npouecca. 3ta obpa3oBaTtenbHas TEXHOMOMMs UMeEeT psif,
npeumyulecTs: 6e30nacHOCTb ANS peanbHbIX NalWMeHTOB,
negarornyeckyto  3pEKTUBHOCTb, OTHOCUTEMBHO HU3KYHO
cebecTonmocCTb.

B penosuTtopun 6yayT pasmeLleHsl BKC nuHeliHom n pas-
BETBIIEHHOM CTPYKTYPbI, @ 4OCTYN Nonb3oBaTtener obecneynt
Web-cepBuc. 310T pecypc cTaHeT MeTOAUYECKOW OCHOBOW
ONst UCTAHUMOHHOTO 00YyYeHUsT KNMMHUYECKUM AUCLMNIMHAM
M MOBbILIEHUS KIMHUKO-AMArHOCTUYECKOW KBanvdumKaumm
Bpayen. Mbl Hageemcsi Ha y4acTve Hay4Ho-oGpasoBaTenb-
HbIX yupexaeHuit Poccun B paspabotke HoBbix BKC. BHe-
ApeHne MHPOPMaLNOHHO-KOMMYHUKALMOHHbLIX TEXHOMOTUIA
B 00y4YeHne KIMUHUYECKUM ANCUMNIIMHAM U NOBLILLEHME KBa-
nudukaums Bpaven no3BonuT OCYLLECTBATbL 3TW MPOLIECChI
YaCTUYHO AMCTaHLMOHHLIM Croco6oM.

3apybexHble CTpaHbl MMEKT [OCTATOYHBIN OMbIT opra-
HM3auMM U UCMNonb30oBaHMsA NoAoGHbIX permctpoB [12, 13].
OueBungHo, ans cosgaHua BKC 3a pybexom mcnomnb3ytotes
nponpueTapHble NporpammHble Kommnnekcel. Hawa paspa-
6otka pepaktopa KO3 MOXeT paccmaTpuBaTbCsi Kak WUHHO-
BaLlMOHHAasa uMnopTo3ameLlatoLlasi TexHornorust paspaboTku
uucpoBoro Metogmdeckoro obecnedeHusi, obecnevmsaro-
wasn 6a3y ons AUCTaHLMOHHOW MNOAFOTOBKM MO KMMHUYECKUM
avcumnnuHam.
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i.e. the VCS. Further, the created VCSs may be remotely
used for the demonstration of completed virtual cases,
for the study of multimedia CDT in a training mode, and
for the assessment of physician competences in a test
mode.

Conclusions

The vigorous development of repository for the VCS as
multimedia modeling of treatment and diagnostic process
is currently ongoing using the CDT editor software. This
educational technology has the following advantages:
safety for real-life patients, pedagogical effectiveness,
and relatively low prime cost.

The VCS with a linear and multiple-choice structure
will be available in the repository whereas user access
will be provided by the Web-service. This resource will
become a methodology basis for distant training in clinical
disciplines and for the advancement of clinical diagnostic
qualification of physicians. We hope for the involvement
of Russian academic and educational institutions into the
development of new VCS. Implementation of information
and communicationtechnologies into the clinical discipline
training and continuous medical education will allow to
provide these processes partially based on a distant
access.

Foreign countries demonstrate a sufficient experience
for the organization and implementation of similar registers
[12, 13]. The proprietary software systems abroad
are clearly implemented for the VCS. Our CDT editor
development may be considered an innovative import-
substituting technology establishing digital methodology
support and providing the basis for distant training in
clinical disciplines.
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