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For this reason, the knowledge base of second version
of HDP is implemented as a network of 200 nodes,
analogous to a Bayesian belief network, representing
common potential heart diseases. The nodes are
linked by probabilities; the probability on the link
may be fixed or dependent on patient data. However,
nodes in the HDP can represent different severity lev-
els of diseases, and feedback loops are permitted.
Mechanisms to reason about the time course of symp-
toms and diseases are incorporated. The output vo-
cabulary of HDP includes over 200 terms and the in-
put vocabulary includes about 500 terms.

Advantages of HDP: HDP is a web based diagnos-
tics system that available from any point on the Earth
24 hours per day, so it spreads the expert knowledge
of a few highly skilled advanced doctors leading ex-
pertsin their fieldsto a much broader medical staff.

Problem of HDP: Time required entering data, ex-
pecting physicians to enter a lot of clinical data like
physical examination, and laboratory tests. Survey of
participating physicians indicates that these difficul-
ties stem from lack of familiarity with computer sys-
tems. For this problem, | suggest instead of enter all
these information extract data directly from patient
record in hospital information system.

Russian equivalent of the expert system is a “Kar-
dioEkspert”. Expert System "KardioEkspert" provides
services to further analyze the results of functional
diagnosis of the cardiovascular system (veloergome-
try and spiroergometry) and the formation of an ex-
pert opinion containing evidence-based conclusions
about the current state of the patient and the potential
for life-threatening diseases in the near future.

Conclusion

In summary, it should be noted that despite all
these limitations, expert systems have aready proved
their entire value and significance in many important
applications.

Table 1. Comparative analysis of two MES

MES
PUFF HDP
E'Xpert System lung heart
iagnose
GUI - +
Easy to use + +
Rules IF- THEN IF- THEN
Knowledge 64 production | network  of
base rules, 69 clini- | 200 nodes
cal parameters
Agreemgnt on 92 98
Diagnosis

In summary, it should be noted that despite all
these limitations, expert systems have already proved
their entire value and significance in many important
applications.
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Beenenne

UckyccrBennsiii Hevipon (MH) — sBisercs mare-
MaTH4ecKod (yHKIMEW, IpeacTaBisomed coboi
MOJIeTb OMOJIOTHYECKOTO HEHpOHa, W SBIISETCS TJIaB-
HOM  CTPYKTYpHOM  €IWHUIIEHl  HMCKYCCTBEHHOM
HeriporHoii cetn (MHC). H momyyaet Ha BXOJ 3Ha-
YEHHS CUTHAJIOB U CYMMHPYET UX Ul TOJNy4YeHHs
3Ha4YeHHs BBIXOAHOTO curHama. Cymma sBiseTcs
B3BEIICHHOM M TIPOIYCKAETCA dYepe3 HEIMHEHHYIO
GbyHKIHIO — GYHKIHIO akTHBauK (puc. 1).
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Puc. 1. Mogens HckyccTBeHHOr0 HelipoHa
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B rtabnuue 1 mpencraBieHsl BO3MOXKHBIE (yHK-
IINH aKTHBAIHH.

Tabmuua 1. Buas! pyHKINYM akTHBAIH
Ddopmyna D(f)

Haspanue
JInnernas

Jlor-curmouiHas
(J10)
I'unepbonuueckuii
tanreHc (I'T)

HckyccTBeHHAs HelipOHHAs ceTh

®opmanbHBIE HEHPOHBI MOXHO OOBEIUHATH TakK,
YTO BBIXOJHBIE CUTHANBI OJHUX HEHPOHOB SBIAIOTCA
BXOAHBIMH JuI1 Apyrux. IlolydeHHOE MHOKECTBO
CBSI3aHHBIX MEXAy C000li HEHpOHOB HA3BIBAIOT HC-
KYCCTBEHHOW HEHPOHHOMU CETBIO.

Paznugator cnenyromue Tpu OOMMX THIIA HEWpO-
HOB, B 3aBUCUMOCTHU OT UX IIOJIOKEHUS B HEHPOHHOU
CeTH:

e  BXOJAHBIE HEHPOHBI, Ha KOTOpPbIE MOJAIOTCA
BXOJ[HbIE CUTHAJIBI;

e  BBIXOJHBIE HEWPOHBI, 3HAYECHUS KOTOPBIX
MPEJCTaBISIOT BEIXOIHBIE CUTHAIBI HEHPOHHOH CETH;

®  CKPBITBIE HEHPOHBIL.

CTpyKTypy HEWPOHHOI CETHM MOXHO paccMmarpu-
BaTh KaK OPUEHTUPOBAHHBIN Ipad), BEPIIMHBI KOTOPO-
TO COOTBETCTBYIOT HEHpOHaM, a peOpa — CBSI35IM MEX-
Jly HEHpOHaMHU.

C nmomompio MHC MoXHO pemiaTh 3ajady Kiac-
cuukaimum o06pazos.

Ooyuenne MHC

Llenbro 00y4eHust siBISETCS KOPPEKTHPOBKA BECOB.
B nponecce o0yueHus ceTh B ONPEICICHHOM TOPSIKE
npocMarpuBaeT o0ydJaronryro BbIOOpKY. OnuH moJj-
HBIIl TIPOXO/1 110 BBIOOPKE Ha3BIBACTCS AIIOXOH 00yde-
HUsA. Habop MCXOMHBIX TaHHBIX JIENSAT HA JIBE YacTH —
00yJaromyro BEIOOPKY M TeCTOBBIC naHHBIE. OOyda-
tomme nanaeie mopatores MHC mns oOydenws, a mpo-
BEPOYHBIE HUCHOIB3YIOTCA i pacyera omuoku MHC.
Takum o00pa3oMm, eciM Ha MNPOBEPOYHBIX HaHHBIX
ommnbka ymensmaercsa, To MHC BemonageT 06001m1e-
HHE.

Mopear» HHC

B manno#i pabore mcmomp3yercs MHC ¢ omgamMm
CKPBITBIM CJIO€M, C MPSMBIM PaclpOCTPAHEHHEM CHT-
Hana. Kaxs1il HEHpOH NMpeabIAyIIero cI0sl COeAUHEH
¢ K&XIbIM HEHPOHOM cieayrouiero (puc. 2).

Puc 2.Monens MHC

O0yyenne MHC npoucxomur mo merony oOpat-
HOTO paclpoCTPaHEHUs OIIHOKH.

Benumapk Probenl

Probenl — na6op 3amau B 06nacTu Kinaccuduka-
MK 00pa3oB, MpeIHa3HAUYEHHBIX JUIl PELICHUs C TOo-
momrsio MHC. On cocrout u3 15 HaOGOpOB, KaXKIbId
U3 KOTOPBIX CPOPMHUPOBAH M3 PEATbHBIX JAHHBIX. B
pabore obyuenme u tectupoBanne NHC mpomsBoau-
Jock Ha Habopax: cancer, glass, soybean.

Mapamerpst UHC

HNHC copepxuT napamMeTpsl, Takue KaKk KOHCTaH-
Ta B popMmynax akTuBauMOHHBIX (yHKuMI (A), cko-
pocTb 00y4eHus (1)), KOJIUYECTBO HEHPOHOB B CKPBI-
TOM CJIO€, KOJMYECTBO 3M0X OOy4eHUsl, BBIOPaHHBIX
UCXOJ1 M3 PEKOMEHAyeMbIX 3HaueHHH. Takke jor-
curmonHas QyHKIUs OblTa BBIOpaHa Kak (yHKIHS
aKTHBAIMM JUIA CKPBITOTO M BBIXOJHOTO cioeB. Jlis
OTIpEZICTICHUs] ONTHMAJIBFHOCTH JaHHBIX I1apaMETPOB
HIDKE OYIyT NpEeACTaBlICHbI 3aBUCHMOCTH PE3yNbTa-
toB pabotsl MHC ot 3THX mapamerpoB. Bece pesyns-
TaThl yCPEAHEHBI IO IISITH 3HA4YeHHAM. PexomeHmye-
MBI apaMeTphl:
A = 1; 1 =0,8; gucno smox = 150; pa3mep CKpHITOTO
cinosi — 20; QYHKIMS aKTHBAIUH — JIOT-CUTMOWIHAS
dhyHKIHSA.

DOyHKIMA AKTHBALMHA

B Tabmune 2 npencraBieHbl pe3ysbTaThl pabOTHI
WHC c¢ pa3nmuuHBIMHA BapuaHTaMU (QYHKIHMA aKTHBa-
MM IS CKPBITOTO CJIOS M AJISl BEIXOAHOTO CIIOS:

o JIC/JIC;

e T[T/IC;

e JICTT.

Ta6mnuua 2. 3aBucumocts pabotsl MHC ot pyHkunu
AKTHBAIMH

Oynukius | Cancer,% | Glass% | Soybean,%
JIC/JIC | 98,46743 | 62,74846 | 90,58826
I'TJIC | 96,55172 | 52,20125 | 82,15686
JICTT | 96,93486 | 5597484 | 89,41176

Kak BumHO M3 TaOiMIE! 2, HAWITYYIINA pe3ynbTaT
JIOCTUTaeTcs IMPH MCHOJIB30BAHUU JIOT-CUTMOUIHOM
(YHKIIMM U1l CKPBITOTO M BBIXOAHOTO ciiosd. Takoi
pe3yJIbTaT JIETKO OOBSICHUTH TEM, YTO 00JIacTh Ompe-
JISTICHNS] W MHOXKECTBO 3HAYEHHWH JIOT-CHTMOMIHOM
(yHKIIMM CcOBMAjgarOT. Pe3ynpTaT MCIOIb30BaHMS
toneko I'T Ha Habope cancer — menee 55%. Jlanb-
Helflllee ero TeCTUPOBAHUE HE UMEET CMBICTIA.

CxopocTh 00yueHHs

B Tabmume 3 mpencTaBieHBI pe3yibTaTsl paboThHI
NHC mpu pa3nuuyHbBIX 3HAYCHUAX 1). 3HAYCHUS BBI-
OpaHbI creayromuM 00pa3oM: MEHbIIE PEKOMEHIIO-
BAaHHOTO, PEKOMEHAOBaHHOE, OOJIbIIE PEKOMEH/IO0-
BaHHOTO, rOpa3/io OOJIbIE PEKOMEHIO0BAaHHOTO.
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Tab6mma 3.3asucumocts pabotet MHC oT 1)

n Cancer,% Glass,% Soybean,%
05| 98,467433 62,748445 90,588235
0,8 | 97,701149 60,377358 91,411764

1 98,084291 55,974842 90,392156
15| 97,701149 57,861635 90,196078
2,3 | 97,701149 59,748427 86,470588

Y CTaHOBJIEHHOE ONBITHBIM ITyTEM ONTUMAJILHOE
kosyectBo 3mox o0yuennss MHC — 200 snox. [Ipu
MaJIOM KOJIMYECTBE 310X 00y4YeHUs] BO3HUKAET HEJ0-
o0yueHue, py OOJIBILIOM KOJIMYECTBE — Iepeodyue-
HHE.

KoncranTta B pyHKIMHM aKTHBANMH
B Tabnmme 6 mpexncraBieHa 3aBHCHMOCTh Pe3yIib-

Kak BumHO U3 Tabnuie! 3, 3HaueHue 1 = 0,5 sBsI-
€TCsI ONTHUMAJIbHBIM 3HAYECHUEM JUI1 BCeX HaOOPOB.
JlaHHOE 3HaYeHHe MEHbIIE PEKOMEHJA0BAHHOTO. DTOT
pe3yabTat 00bsicHsIeTCs HeOobmM pazmepom MHC,
CJeI0BaTeNIbHO Ha KaXKJIOM Illare alirOpuTMa He CTOUT
WU3MEHSITH Beca CBS3CH Ha OOJBINYIO BEIHYUHY.

Heiiponb! cKpbITOrO CJ10s1
B Tabmmme 4 mpencTaBieHBI pe3yibTaThl PaObOTHI

taTta paboter UHC ot 3HaueHms A.

Tabmmna 6. 3aBucumocts padotsl UHC ot A

HHC c pazauuHbIMU pa3MepaMH CKPBITOTO CIIOS:

Ta6mnuua 4. 3aBucumocts pabotsl MHC ot konnye-
CTBa HEMPOHOB B CKPBITOM CJIOE

Heiiponsr | Cancer,% | Glass% | Soybean,%
5 98,275868 | 53,459119 | 62,745098
25 98,850574 | 62,264150 | 91,176470
30 97,892720 | 61,006289 | 89,411764
60 97,701149 | 62,264150 | 86,862745

W3 Ttabmuuel 4 BuaHO, yTO Ipu 25 HelpoHax
CKpBITOTO ciosi pe3ynbTaT pabotel MHC Hanmyumimii
Jutst Becex HabopoB. [Ipu Maom KosmyecTBe HEHPOHOB
CKPBITOTO CJIOS 3aBUCHUMOCTH BBIXOJHBIX JAHHBIX OT
BXOJIHBIX HE SBISIETCS JOCTATOYHO YETKOH, IpH
OOJIBIIOM — CIIMIIKOM O0IIas 3aBUCUMOCTB, IIPH KO-
Topoii Tskeno o0yants MHC.

Jnoxu o0yueHust
Tabnumna 5. Dmoxu o0ydeHus

Dmoxu | Cancer,% Glass,% Soybean,%
50 97,665423 | 25,157232 | 89,411764
100 98,467433 | 45,283018 | 89,411764
150 98,659003 | 52,561953 | 89,215686
200 98,850574 | 62,264150 | 90,196078
250 98,467433 | 59,119496 | 88,627451

B Tabmmue 5 mpexacraBneHa 3aBHCHMOCTB Pe3yJib-
taToB paboTel MHC oT KoiHM4yecTBa 310X 00y4YeHHUSI.

A Cancer,% Glass,% Soybean,%
05 97,892720 | 26,415094 | 88,627451
0.75 | 98,084291 | 39,622641 | 90,588235
1 98,275862 | 62,264150 | 88,039215
2 96,551724 | 58,490566 | 78,627451
Hcxonst u3 TMOTyYEeHHBIX PE3yJbTaTOB, HAMITYY-
mmit  pesynbrar  paborst MHC  HaGmiomaercs
mpu A = 1.
3aki0ueHue

B pesysbpraTe npoBeeHHOTO HCCIIEIOBaHUS yCTa-
HOBJICHO, 4TO BbIOOp (yHKumu aktuamuu MHC 3a-
BUCHT OT MHOXXECTBA 3HAYCHUIN BBIXOJHOTO CHTHAJA;
ckopocts o0ydenus MHC HeoOxommMo BEIOHpATh
HCXOJsl U3 KOJIMYECTBa HEHPOHOB M WX CBs3eil B
WHC; pa3Mep CKpBITOTO CJI0s1 BRIOUPACSTCS TAK, YTOOBI
MOXHO OBIJIO YCTAHOBUTH ONTUMAIbHYIO 3aBHUCH-
MOCTh BBIXOJHBIX IAQHHBIX OT BXOJHBIX; KOJHYECTBO
310X OOYYCHHS JOJIKHO OBITH OCTATOYHBIM, YTOOBI
HE BBI3BIBATH HEM0O0YYCHHE, M HE JOJDKHO OBITh
CJIAIIIKOM OOJIBIITUM, YTOOBI HE BBI3BIBATH MEpeoOyde-
HHE.
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BBenenue

Ha nanHBIE MOMEHT OOJIBIIIMHCTBO BBICHINX y4e0-
HBIX 3aBEJIEHUIl aKTUBHO HCIOJIb3YIOT pa3iInyHbIe
cpenctBa MH(POPMAIMOHHBIX TeXHOJOTrHWA. HHOBa-
UK B YIPaBICHUH O0pPa30BATEIBHBIM YUPEKICHHEM

Ha Oaze WHPOPMALMOHHBIX TEXHOJOTUH SBISIOTCS
KITFOYEBBIM MEXaHHU3MOM, KOTOPBIA MO3BOJIAET CO37a-
BaTh NPEUMYILECTBA B KOHKYPEHTHOH cpezne. B artoit
CBSI3M OCHOBHBIMHM MEPONPUSTHSIMH B Pa3sBUTUU HUH-
(hopmaTH3alMKM CTAHOBATCS CO3JaHUE HAJICKHOH H
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