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Peztome. BHenpenve WHQOPMAIMOHHBIX TEXHOJIOTHH B MEIUIIMHCKUE YYPEKACHHUS CIOCOOCTBYET
Pa3BUTHIO MPEAUKTUBHOM, MPEBEHTUBHONW M MEPCOHAIM3WPOBAHHOW MEIUIIMHBI. BO3HUKaromas mnpu
3TOM 3aj]a4a CO3JIaHUs MPOTrPAMMHOTO aHAJIOTa MaIlMeHTa, CIOCOOHOTO YYECTh €r0 WHANBHUIYaLHBIC
MOKa3aTeNId U CIPOTHO3WPOBATH COCTOSIHHE 3/I0POBBS, /IO CHX IOp akTyanbHa. llpencraBmeHHas B
paboTe apXHWTEKTypa CHUCTEMBI IPOTHO3WPOBAHUS COCTOSHHS 3/IOPOBBS MAIlFieHTa HampaBieHa Ha
petienue 3Tol 3agaun. OTIUYUTENBHON 0COOCHHOCTHIO apXUTEKTYPhI CUCTEMBI SIBISICTCS COYCTaHUE
NPUHIMIIOB areHTHOTO MOJEIHUPOBAaHUS M MpPEACTAaBICHHE OpraHu3Ma MaleHTa B BHJE
B3aMMOJICUCTBYIOLINX MEXITY co0oit MOJIyJIEH, YTO OTKPBHIBAET MIMPOKHE BO3MOXKHOCTH JUISI
MOJICJIMPOBAHMS COCTOSHHSI 3I0pPOBbsl OpraHM3Ma MNalKeHTa. B pabore onncaHa nepapxus areHTOB B
APXUTEKTYpPE CHCTEMBI, OMUCAHBI MpaBUiia B3aUMOJEUCTBHS areHTOB M NPUBEACHA MaTeMaTUYecKas
MOJIeIb OICHKH 3()(MEKTHBHOCTH TEPAlleBTUYECKUX BO3JCHCTBUI Ha OpPraHM3M MAlMECHTa, PEIICHUE
KOTOpOI71 OOCTUTACTCA IIYTEM BSaI/IMOJIefICTBHH ar€éHTOB CHCTEMBI. HpOFHOSHpOBaHI/Ie COCTOsSAHHUA
3/I0POBBS MAlMEHTa TIPOU3BOIUTCS C MIOMOIIBIO 3arpyKaeMbIX TPEABAPUTEIEHO 00yUYEHHBIX MOJIEen
MAaIIMHHOTO O0YYeHUsI, MOIETH TPHU 3TOM HETIOCPEJICTBEHHO YYaCTBYIOT B OIPENEICHUN MOBEICHUSI
arcHTOB. ApXI/ITeKTypa CHUCTEMBEI ITPOTHO3UPOBAHUA COCTOAHUA 30POBhA MMAlIMCHTA, p€ain30BaHHAaA B
BUJIE TPOTPAMMHOTO KOMIUIEKCA, MPEICTABISAET COOOW MOIIHBIA WHCTPYMEHT IS TOCTPOSHUS
areHTHBIX MOJIeNell TPOTHO3WPOBAHUS, HAMPABICHHBIX Ha MOJEIUPOBAaHUE (PUIUOJIOTUYECKHX U
MaTOJOTUYCCKHUX ITPOLCCCOB U BO3JICI\/'ICTBI/II\/'I Ha OpraHv3M MalucHTa.

Knrouegvlie cnoea: TPOTHO3UPOBAHHE COCTOSIHHSI 3I0POBBS, 3J0POBhE IMAIMECHTA, AareHTHOE
MOJIeJIMpOBaHKe, IIUPPOBON ABOWHUK MAIIMEHTa, MOIAYIHHBIN TTOIXOI.
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Abstract. The introduction of information technology in medical institutions contributes to the
development of predictive, preventive and personalized medicine. The task that arises in this case is to
create a software analogue of the patient, capable of taking into account his individual indicators and
predicting the state of health, is still relevant. The architecture of the patient's health predicting system
presented in the work is aimed at solving this problem. A distinctive feature of the system architecture
is the combination of the principles of agent modeling and representation of the patient's body in the
form of interacting modules, which opens up wide opportunities for modeling the health status of the
patient's body. The paper describes the hierarchy of agents in the system architecture, describes the rules
of agent interaction and provides a mathematical model for evaluating the effectiveness of therapeutic
effects on the patient's body, the solution of which is achieved through the interaction of system agents.
The prediction of the patient's health status is performed using downloadable pre-trained machine
learning models, while the models are directly involved in determining the behavior of agents. The
architecture of the patient's health predicting system, implemented in the form of a software package, is
a powerful tool for building agent-based predicting models aimed at modeling physiological and
pathological processes and effects on the patient's body.

Keywords: health predicting, patient's health, agent-based modeling, patient's digital double, modular
approach.
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BBenenue

B MemumuHCKMX YYpeXJACHHUSX NPOAODKACTCS BHEApeHHWe WHGOPMAIMOHHBIX
TEXHOJIOTHI, B TOM YUCJI€ B COOTBETCTBUHU C MPUKA30M MHUHHUCTEPCTBA 31paBooxpaHeHus: PO
or 24.04.2018r. «O06 yrBepxkaeHun KoHIENIMU NPEIUKTHBHON, TNPEBEHTUBHOM W
TIepPCOHANM3MPOBAHHON MenuIuEb».,  JlaHHAas KOHIENIHMA HampapieHa HAa pa3BHTHE
WHJUBUIYaIIbHOTO MOJAX0/1a K MaueHTy. MHaIuBUIyallbHBIA MTOAXO/ MPU 3TOM 3aKJII0UAETCS B
JOKJIMHUYECKOM BBISIBICHUM 3a00JI€BaHU, BBISBICHUU IPEIPACIOIOKEHHOCTH K TEM WU
UHBIM OOJIE3HSIM IMAllMEHTa, a TAKXKe pa3pabdoTKe KOMIUIEKCa JIe4eOHBIX M MPOPHIAKTHIECKUX
MEp C YYETOM €ro MHANBUIYAJIbHBIX IHATHOCTUYECKUX MOKa3aTeeH.

Peanu3amusi yTBEpKIEHHOH KOHIICMIIIMK TOJApa3yMeBaeT Moa co0oil pericHue
noj3aa4yil Co3JaHMUs MPOrpaMMHOrO aHajlora TNalleHTa, KOTOpblii BOupaeTr B ceds
WHAUBUAYAITbHBIC TMOKA3aTeNd OpraHu3Ma MalMeHTa, XapaKTePUCTHKY ero odpasza >KWU3HH,
MHTETPAIIbHO COCTOSIHME €ro 370pOBbS M KOTOPBIM CIOCOOEH Ha OCHOBE 3THUX JIaHHBIX
COBepIIaTh MPOTHO3BI MPH PA3IMUYHBIX JIEYeOHBIX Bo3aeicTBusax Ha Hero [1, 2]. Tak kak
OpraHM3M 4YeJOBeKa MPEICTaBISIET COOOM CIOXKHYIO CHUCTEMY, MPEANOYTUTEIbHBIM st
MOJIEJIMPOBAaHUSI TaKOM CIIOKHOM CHCTEMBI SIBJISIETCS HCIIOJIb30BAHME METO/la areHTHOI'O
MojaenupoBaHus [2—8]. DTo moaTBepKmIaeTCS PAAOM paboOT MO MOACIUPOBAHUIO COCTOSTHUS
3I0pOBbS YEIIOBEKA, KOTOPHIC HAMPABJICHBI HA MTPOTHO3UPOBAHKUE Pa3BUTHs 3a0o0NeBaHUM [2—
5], mpoBepKy THUIOTE3 BIWSHHSA oOpa3a >XU3HM M BHEIIHEH Cpeabl Ha 370poBbe [7,9] m
IPOBEPKY TUIIOTE3 Pa3BUTHSA 3a00seBanHuii [6, 8].

! Tlpukas Munucrepctsa 3apasooxpanenus PO or 24 anpens 2018 r. N 186 «O6 yreepxkaennn Konunenmn
OPeJUKTUBHOM,  NPEeBEeHTUBHOW M mepcoHanu3upoBaHHON — menuuuuey.  [APAHT.PY. URL:
https://www.garant.ru/products/ipo/prime/doc/71847662/ (nata odpamierus: 21.10.2024).
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HecMoTpst Ha GOJBIION CIIEKTP MPUMEHUMOCTH areéHTHBIX MOJENICH 10 OTHOIICHUIO K
3/I0pOBBIO YEJIOBEKA, 33]aua MOCTPOCHUS IU(PPOBON MOAETH COCTOSIHUS 3[J0OPOBbS MaIMEHTa
OCTaeTcsi He /10 KOHIAa PEIICeHHOM, TaK KaK areHTHbIE CHCTEMbl B YIOMSHYTHIX paboTax
COZIepaKaT CIIENYIOIIUE JOITYIIECHUS:

1. CucreMbl OrpaHUYEHBI JIUIIb TEMU MOJIEIUPYEMBIMH MTPOLIECCAMH 110 OTHOLIEHUIO K
3I0pPOBBIO TALIMEHTOB, KOTOPHIE HM3HAYAIBHO OBUTM B HUX 3aJI0KEHBI, YTO CYIIECTBEHHO
OTPAaHMYMBAET PACHIUPSIEMOCTh ATUX MOJENEH I0J BKIYEHUE IPYTUX MOJEIUPYEMBIX
IPOLECCOB IO OTHOLIEHHWIO K 3[J0pOBbIO, HE BHOCS CYIIECTBEHHbIE M3MEHEHHUS B
CYILIECTBYIOIIYIO MOJIETb.

2. Cucrembl abCTparupyroT MpecTaBIeHHE COCTOSIHUS OpraHu3Ma ManueHTa, He oeps
B PACCMOTPEHHE €0 MHANBUIYAJbHBIE TOKA3ATEIN.

3. CucteMbl pacCMaTpPUBAIOT IPOTHO3UPOBAHUE COCTOSHUS 3/10POBbsS yKe 3a00JI€BIINX
JI0JIeil, HO HE OTHOCHUTEIBHO 30POBBIX AJs MPOPUIAKTHUKH BO3MOKHBIX 3a00JeBaHUIl U
KyIHPOBAHUS YXKE UMEIOIIMXCSI XpPOHHUECKUX 3a00I€BaHUH.

B nannoii paboTte aBTOpamMu NpeAcTaBlieHa apXUTEKTypa CUCTEMbI MPOTHO3UPOBAHUS
COCTOSIHUS 3/10pOBbs MAallMEHTA, KOTOpask peajin3yeT MOAYJIbHBIN MTOAXO0/ K pelIacMol 3aaaue
0e3 HeoOXOIMMOCTH BHECEHHS H3MEHEHUIl B apXWUTEKTypy CHUCTEMBbl NMpU J00aBICHUH B
CHCTEMY HOBBIX MOJICTUPYEMBIX IPOIIECCOB B OPraHU3ME MAIIMEHTA, a TAK)KE COACPIKUT B cede
MEXaHU3M I[POTHO3UPOBAHUS COCTOSIHUS 370pPOBbsl NMALMEHTA /I OLICHKM OKa3bIBA€MbIX Ha
HEro TepaneBTUYECKUX BO3JECHCTBUH C y4e€TOM HHIUBUAYAIbHBIX IOKAa3aTENel MalleHTa.
OOBEKTOM CHCTEMBI IPU 3TOM MOKET ObITh KaK MPAaKTHUYECKHU 370POBBIA YEIOBEK, TaK U
YEJIOBEK C JUArHOCTUPOBAHHOW WM HE MAarHOCTUPOBAHHOM NATOJOTHEil. ApXHUTEKTypa
CHUCTEMBbI OCHOBBIBAETCS HA IPUMEHEHHUH PUHILIUIIOB ar€HTHOTO MOJIEIIMPOBAHUSI.

MarepuaJbl 1 METOIbI

MeTo areHTHOTO MOJEeNUPOBaHUs. ATEHTHOE MOJCIUPOBAHHUE TPEICTABISAECT COOOM
METOJI HMMHTALMOHHOIO  MOJEIMPOBAHUS, IMPH KOTOPOM MOAEIHpyeMas CHCTeEMa
TIpeCTaBAeTCa B BUJIE B3aHMMOAEHCTBYIOMHUX MEXKITy COOO0M areHToB?, KaXIblii M3 KOTOPHIX
npecieayeT coOOCTBEHHYIO 11eJ1b, HalPaBICHHYI0 HAa MAaKCHUMHU3AIMIO KaKOro-ITu00 mapameTpa
ATOr0 areHTa. ATeHT Ha OCHOBE CBOMX MapaMETPOB U MapaMETPOB BHEIIHEH CpeIbl MEPEXOUT
MEXJly CBOUMHU COCTOSTHUSIMU U, TP HEOOXOAUMOCTH, KOPPEKTUPYET CBOE MOBECHHE.

MonynbHBIM NOAXO0A K NPOTHO3UPOBAHUIO COCTOSIHUS 310POBbsl. MOYJIBHBIN MOIXO0/
3aKJII0YACTCS B BBIICICHUU psAla MOAYJIEH, KaKIbI M3 KOTOPBIX OMNHUCHIBAET KOHKPETHYIO
OMOJIOTUYECKYI0 TOJICUCTEMY OpTaHHW3Ma, U BBIJCICHUU psga MOAYJICH i ONHUCAHUS
BO3JICUCTBUI Ha TalMeHTa M e€ro obOpasa >KW3HHU. buonormdeckas MoACHCTEMa TPH 3TOM
paccMaTpuBaeTCsl ¢ MaTeMaTHYecKuM (opManu3mMoM — Hampumep, AuddepeHnraibHoe
ypaBHEHHUE, CTOXAaCTHYECKas MOJeJb WM MOJAENb Ha OcHoBe areHtoB [13,14]. Ilpu
UCIIOJIb30BAHUM AreHTHOTO MOJEIUPOBAHUS KaXJI0€ MOJEITUPYEMOE COCTOSHHE CHUCTEMBbI
OpraHu3Ma pacCMaTpUBAETCS KaK OTIEIbHBIA areHT, COCTOAIIMA U3  HEKOTOPOU
MaTEeMaTUYeCKOW MOJENIM, YMCIEHHOIO pelIaTeiss U BPEMEHHOr0 HMHTEpBajia (HadadbHOE
BpeMsi, BpEMEHHOM Iar u BpeMs 3aBepiienuns) [11, 12].

PesyabTarhl

Anpo cucrembl. SapoM CHUCTEMBbl MPOTHO3UPOBAHMS COCTOSIHUS 3/10pOBbs MaIlMEHTa
SIBJISIETCS IOCTPOCHHASI ar€HTHAsi MOJIEJIb, B KOTOPOM areHThl ONEPUPYIOT TaHHBIMU O MalUEeHTE
U XapaKTepu3ylT coO0OM MpOUCXOIAIIME B OpraHu3Me MalueHTa (U3MOJOoTHYecKhe u

2 Agent-based modeling. AnyLogic Help. URL: https:/anylogic.help/anylogic/agentbased/index.html (nara
obpamtenus: 21.10.2024).
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MaTOJIOTUYECKHUE TIPOIECChl W OKa3blBaGMble HA OpPraHW3M BO3ACHCTBUS (BO3/CHCTBHE
JIEKapCTBEHHBIM TpenapaToM, BiIHMsHUE Ooje3HH M T. 1.). CTpyKTypa KaXkJIOro arcHTa B
cucreMe mipeacrasieHa B Tabmume 1 [11].

Ta6mmma 1 — CTpyKTypa areHra B CHCTEME ITPOTHO3UPOBAHUS COCTOSIHHS 370POBBS TAITUEHTA
Table 1 — The structure of the agent in the patient's health predicting system

CtpyKTypHas 4acThb Hasznauenue

CocrosiHue OTtcnexxrBaHuE TEKYLIErO COCTOSIHMUSL.

MHoXkecTBO BO3MOXHBIX | Kaxksioe cocTosiHre cofepKuT B cebe OyneBOo BhIpaKEHUE,

COCTOSIHMI areHra BBIIIOJTHEHUE KOTOPOTO OIPEAEISAET TEKYIIEE COCTOSHUE
areHra.

[TapameTpsl Y4acTByIOT B BBIIOJHIEMOM KOAE€ U ONpEleJICHUU
TEKYILIETO0 COCTOSIHUS areHTa.

Brinonnsiemsiit koa [Ipeacrasnsier coboit Habop BBIPKEHUI c
KOHCTpYKuusiMu if-else st pacuera nepeMeHHBIX areHTa.

eneson napamerp IlepemeHHas areHTa, KOTOpas CBOUM 3HA4CHUEM
OJIHO3HAYHO ONPEJENSET COCTOSHUE areHTa.

OyHKUIUS YyactByer B ompeaeneHuu 3PGEKTUBHOCTH BHEIIHETO

MaKCUMHU3AIMH/MUHUMH3AIUHN | BO3JEHCTBHS Ha areHTa. [IpucyTCTByeT TONbKO y areHTOB

1IEJIEBOI0 ITapaMeTpa BEpXHETo ypoBHs u areHTa «llammeHTy.

B apxurtektype cucteMbl BbIIENEHA CIEAYIOIIasl JAPEBOBUIHAS HEPAPXHs areHTOB:
[EHTpaTbHBINA areHT «[lanueHTy, areHThl BEpXHETO W HIKHETO YpoBHEH (PucyHok 1). AreHTsl
HUDKHETO U BEPXHEr0 YpPOBHS JEKOMIIO3HPYIOT OPraHU3M IMAlMeHTa Ha B3aMMOCBSI3aHHbBIC
MOAYJU (BEPXHUM YPOBEHB) M MMOAMOIYIH (HIDKHUM YPOBEHB):

1. Arent «llanyieHT»: IIEHTPaNbHBIN areHT.

CocTosiHME areHTa SBJISETCS COCTaBHBIM W XapaKTEPU3YeTCsl COBOKYIHOCTBIO
COCTOSIHMI areHTOB BEPXHEro YPOBHS. OTO BBIPAXKAETCA B YCJIOBHUSAX MEPEX0Ja MEXKIY
coctosiHusIMU areHTa «llalMeHT», KOTOpbhle OCHOBBIBAIOTCSI HAa HOPMHUPOBAHHOW CyMMe
YHUCIIEHHBIX XapaKTePUCTHK COCTOSIHUI areHTOB BepxHero ypoBHs. Llenbo arenta «[lammeHT»
BCerjaa SIBJIAETCA MaKCUMU3allWs / MUHUMHU3alus 3Toi cymwmbl. Takxke oIHOM u3 3amau
[EHTPAIBHOTO areHTa SBJSETCS MPEIOCTaBICHNE CBA3aHHBIM C HUM areHTaM MHGOpMaIuu o
MOKa3aTeNsaX MaueHTa.

2. ATeHTBl BEPXHErO ypOBHS: XapaKTEePHU3yIOT aHATOMO-(U3HOIOTHUYECKHE CHUCTEMBI
opranu3Ma (CepJe4HO-COCyNuCTasi, AbIXaTeabHas U T.[.), MPOUCXOJSIIME B OpraHU3Me
nporeccsl (cTapeHue, 60J1e3Hb) U BO3IACHCTBHS HA OPraHu3M (TEpareBTHYECKOE BO3ACHCTBHE,
00pa3 KU3HU H T. 11.).

CocTosiHHE areHTOB ATOTO TUTIA SBJISCTCS TAKKE COCTABHBIM U, TI0 aHAJIOTUHU C aT€HTOM
«ITaneHT», XapaKTepu3yeTCsl COBOKYITHOCTBIO COCTOSIHUI areHTOB HH)KHETO YPOBHSI.

3. ATEHTBl HM)XHETO YpPOBHS: CBOMMH COCTOSIHUSIMH XapaKTEPHU3YIOT OTIEIbHBIC
MIPOLIECCHI, KOTOPBIE B CBOEH COBOKYITHOCTH XapaKTEPU3YIOT UX areHTa BEPXHEro YPOBHS.

ArenT «[lanueHT SIBISIETCS CBSI3YIOIIMM MOMIYJIEM JJIsi OCTaTbHBIX ar€HTOB: OH OepeT
Ha ce0s 00s3aHHOCTH OIOBEIICHUS areHTOB JABYX YPOBHEH 00 HM3MEHEHHWM IOKasaTele
MalKEHTa, MOCIIE YEro B CUCTEME IPOUCXOJMUT B3aMMOJCHCTBUE areHTOB M IEpepacueT ux
COCTOSTHUI CHHU3y BBEpX IO HepapXWu: CHayajla HUKHETO YPOBHSI, 3aT€M BEpXHEro M B
MOCIIEAHIOIO O4Yepeib IIeHTpanbHOro areHTa «[lannenT». B 10001 MOMEHT BpEMEHH B CUCTEME
BO3MOJKHO TOJYYUTh MHGOPMAIMIO O COCTOSHMM W CBOMCTBaX areHTOB. B3ammopeicTBue
areHTOB MPU ATOM MIPOUCXOIUT Yepe3 OOMEH COOOIICHUSIMH.
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Arent "TaumedT”

h h 4 v

AreHT BEDXHETD AreHT BEpXHED ATeHT BEpXHETD
ypoEHA M2 1 ypoBHA M2 2 wee YPOBHA MNE n

ATEHT HUHHETD
ypoBHA N2 n.1

AFEHT HUBHETD
ypoeHA M2 2.1

AMSHT HUHHETD
ypoeHA M2 1.1

ATEHT HUHHETD
YPOBHA ME n|

ArEHT HUBHETD
YpoEHR M2 2 kK

AMSHT HUHHETD
YPOBHA M2 1.m

Pucynox 1 — Mepapxust areHTOB B CUCTEME TIPOTHO3UPOBAHUS COCTOSIHESI 3J0POBBS TTAITUCHTA!
m, k, | — yucII0 areHTOB HIKHETO YPOBHA )11 COOTBCTCTBYIOIIHUX UM arCHTOB BCPXHETO YPOBHA
Figure 1 — The hierarchy of agents in the patient's health predicting system:

m, k, 1 are the number of lower-level agents for their corresponding upper-level agents

IIporHosupoBaHue COCTOSIHMS 3/10pOBbsl B cucreMme. [IporHo3upoBaHue COCTOSHHS
3/I0pOBbsI MAllMEHTa MPOMCXOJUT CHU3Y BBEpX, HAUMHAs C areHTOB HUKHEro ypoBHA. Jlis
IIPOTHO3UPOBAHUS COCTOSHUSI areHTa HM)KHErO YpPOBHSI MCIIOJIB3YIOTCSI METOABI MAIIMHHOTO
oOyueHus. B cuctemy B KadecTBEe BXOJIHBIX JAHHBIX 3arpy’karoTcs 3apaHee oOydeHHBbIE Ha
TPEHUPOBOUYHBIX JaHHBIX MOJEIU MAIIMHHOIO 00y4eHUs AJIsl IPOrHO3UPOBAHUS ITOKa3aTesei
NAIMEHTOB, a TaK)Ke JaHHBIE 110 TMOKa3aTeNsIM MallMeHTa Ha TeKYUIHH U MPOLUIbIE MOMEHTHI
BpeMeHH. [Ipu HacTpoilkaXx areHTOB CHUCTEMbI B BBIIOJHSAEMOM KOJI€ areHTa yKa3bIBarOTCs
MOJIENI MAIIMHHOTO 00Yy4eHUs, KOTOpbIe HEOOXOIUMO HCIIONb30BaTh JUIsl TPOrHO3UPOBAHHUS
YKa3aHHOI'O TI0Ka3aTels MalleHTa.

[Iporuo3upoBaHue B cUCTEME MPOUCXOAUT B Bue cumyisaiuidi. Ha Bxox cumymnsuu
IOCTYNAIOT HEOOXOANUMBIE Ul OLIEHKHM TE€pareBTUYECKHUE BO3IAECHCTBUSA AJs NalueHTa [;, i €
[1,..,n], rie n — KOIUYECTBO OLIEHUBAEMBIX TEPANIEBTUYECKUX BO3JICHCTBUM, a TAK)Ke LIeIeBast
OTMETKa BPEMEHU {.

B cumynsanun 3¢ ekTuBHOCTD TepaneBTHYECKOTO BO3JCHCTBUS [; Ans mamueHTta k
YHCIICHHO BBIPAKACTCS B 3HAYCHWH LENEBOro napamerpa Cp arenta «llaunent» 1, nmocne

BO31eicTBHUs [; Ha manueHTta. lleseBoil mapameTp Cj PAcCUMTBIBACTCS IO CIEAYIOLICH
dbopmye:
— vk
Crik _Zl Cj» (D
rac Cj — 3HAYCHHUC LCJICBLIX MapaMCTPOB arcHTOB BCPXHETO YPOBHA, CBA3AHHBIX C ArCHTOM
«ITaument» Il ; j, — KOIMYECTBO CBA3aHHBIX C [l areHTOB BEpXHETrO YpPOBHS.

B cBoo ouepenp, 3HaUYEHUE LETIEBOrO NMapaMeTpa C; areHTa BepXHero ypoBHs Il
paccuMThIBaeTcs 1o cieayrouei Gopmyie:

¢ = Z Cjt» (2)
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TIe Cj; — 3HAYEHHE ILIENEBBIX NapaMETPOB areHTOB HMXKHETO yPOBHS, KOTOPBIE CBA3AHHBI C
arenToM Il ;; [; — xomu4ecTBO CBA3aHHBIX C [1) ; areHTOB HUKHETO YPOBHS.

Jlanee, 3HaUCHUE [ETIEBOTO MApaMETpa Cj; areHTa HIDKHETO ypoBHs 1y j; BeIUUCIACTCS
CJIETYIOIINUM 00pa3oM:

¢y = solver; (t), (3)

rae ¢ — IeneBas OTMETKA BPEMEHM CUMYJSLMH, Solvery — pemarens s arenta Il j,
colepxalMii B cebe MOJAEIM MAIIMHHOIO OOy4eHHUs JUIsl HPOTHO3UPOBAHMS IIEJIEBOTO
napamerpa cj;. Pemarens Ha BXOJI MOJTy4aeT MOKa3aTesu NalueHTa Ha MOMEHT BpeMeHu 7. B
3aBUCUMOCTH OT 3apaHee YCTaHOBJEHHBIX HACTPOEK peIlaTeslb CaMOCTOATENBHO BBIOMpAET
MOJIENb MAIIMHHOTO OOyYeHHs JUIsl pacdyeToB. bosee BBICOKOE 3HAUECHME Cj; XapaKTEPU3yeT
IIOJIOKATEIBHYIO TUHAMHKY LIEJIEBOTO ITapaMeTpa.

3HaueHusl Cj; UEJIEBBIX apaMETPOB arcHTOB HUKHETO YPOBHS, KOTOPBIE CBA3AHBI C
arentoM Il j, macmrabupyrores B otpe3ok [0,1] Ha 0OCHOBE MaKCMMATBLHOTO ¥ MUHMMAJILHOTO
BO3MOKHOTO 3HAYEHHUS, KOTOPOE XapaKTEPU3YETCs LIENIEBLIM MTAPAMETPOM Cjj.

Takum oOpa3om, ompeAeNeHUE B CHUMYJISIIIHM TEPANEBTUYECKOTO BO3ACUCTBUA [,
OKa3aBIllero Hanbosee MO3UTUBHOE BIMSHUE HA OPraHU3M MTALMEHTA, 3aK/II0YaeTCs B PEILICHUH
CIIEyIOIIEH 3a/1a4l MAaKCUMHU3aLlUu:

max(c,ik),i € [1,..,n],

Clik = Cj, (4)

~.
HM”

Lj

Cj = Z le,
1

¢y = solver; ().

Pemenue 3amaunm makcumm3zanuu (4) B CUCTEME JOCTUTACTCS TMYTEM IMOOYEPETHOU
CUMYJISIUU BO3JCUCTBUM Ha IMalMEHTA [;, HA LIEJIEBYI0 OTMETKY BpeMeHHM f. B pesynbrare
CHUCTEMO} BBIOMpAETCS TO BO3ACHCTBUE [; HA ManueHTa k, IMEIolee MaKCUMaIbHOE 3HaUYEHUE
LIEJIEBOTO [IAPAMETPa Cp,j areuTa naruenra I1,.

Oo6cyxaenne

Paccmorpum  ucnonbp3oBaHue — pa3pabOTaHHOM  apXUTEKTYphl Uil  OLIEHKH
3¢ (HEeKTUBHOCTH TepONPOPUIAKTUYECKOTO BO3ACHCTBHSI HA TEMIT CTApeHUs ManueHTa. (s
3TOrO0 BBEJIEM OJHOIO areHTa BEpPXHEro YypoBHsS NoJ Ha3BaHueM «TeMmm crapeHus» u
CBSI3aHHOT'O C HMM areHTa HUKHeTo ypoBHsl «bruoBo3pact». Takum 00pa3oM, nepapxusi areHTOB
npuHUMaeT TuHenHbId Bu «llanuenTy — « Temn crapenus» — «buoBospacty.

B pematens solver;; arenta «buoBo3pact» OblIH 3arpykeHbl 4 MOJIETH MAITMHHOTO
00y4eHus 17151 MPOTHO3UPOBaHUs OMoBo3pacta [15]: mist Mmyxaus mostoxe 40 JeT, 11 My>KIuH
crapiue 40 net, nis xeHuwH Mosioxe 40 ser, 1uist )keHIuH crapiie 40 er.

Kaxnas u3 stux mopeneid Ha BXon monydaeT 10 ¢GyHKIMOHAIBHBIX IMOKa3aTesei
MAIMEeHTa, a Ha BBIXOJIe — OMOJOTHYECKHi Bo3pacT. PemaTens, B 3aBUCHMOCTH OT BO3pacTa u
1oJia ManueHTa, BEBIOMpaeT MOJiellb MAIIMHHOTO 00yueHus s pacueToB. Ha Beixone pemaresnb
areHTa BO3BpAILAET YWCJIEHHOE 3HAUYEHHME Pa3HOCTH KaJeHJapHOro Bo3pacta H
Oouosornueckoro Bo3pacrta naruenta Delta. 3nauenue Delta macmTabupyeTcst B OTPE30K OT
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0 mo 1 — 9T0 HeneBol MoKazaTeNnb Cqq areHta «buoBo3pact». Ha ocHoBe 3nHauenust Delta
ompezensercss cocTosHue areHTa «buoBo3pacT» Mo mnpaBuiaM NOMAgaHUS 3HAUYEHUSA B
COOTBETCTBYIOIINI OTPe30K 3HaUeHU. COCTOSIHUS BAPbUPYIOTCS 10 TEMITY CTAPEHUS OT PE3KO
3aMEJUICHHOTO JI0 PE3KO YCKOPEHHOTO.

Lenesoit napamertp arenta «IIporecc crapenus» ¢; B paMKax MpuMepa XapakTepu3yet
COCTOSHME IIpollecca CTapeHHUs JIMIIb C OJHUM MOJEIUPYEMBIM IPOIECCOM —
MPOTHO3UpPOBaHUEM OnoBo3pacTa. [loaToMy 3HaUYCHHE 1IETIEBOTO MOKA3aTelsl PABHO 3HAYCHUIO
€11 CO 3HAKOM MHUHYC, TaK KaK Jy4Ylllee 3HaUCHHUE C; XapaKTepU3yeTcsi MEHbIIUM 3HAUCHUEM.
[Ipu BKIIFOUEHHH B ar€HTHYIO MOJIEb APYTUX MPOLECCOB, 3aTPAruBarOIIUX MPOIIECC CTapEHUs,
B MOJIEJIb 100aBSITCSI HOBBIE ar€HThl HUYKHETO YPOBHS, CBSI3aHHBIE C areHTOB « TeMIl ctapeHus»,
U, COOTBETCTBEHHO, (POpMyJia pacdera IeJIeBOro mapaMerpa ¢; paclIupsercs.

B pamkax mpumepa ompeneneHue BO3JIEHCTBUS, OKa3aBLIEro Hauboyiee MO3UTHBHOE
BJIMSTHUE HA COCTOSTHUE IIEHTPAILHOTO areHTa, CBOAUTCS K (PYHKIIMM MaKCUMU3AINH 3HAUCHUS
Cr;1-

[Ipu mepBom Bo3jAeiicTBUUM [; Ha ManuMeHTa B Bo3pacte 51 roj, Ha BBIXOJE MOJEIb
MaIIMHHOTO 00yUYeHHs Jajia 3HaueHue Ononornueckoro Bozpacrta B 50,1 ner, 3nauenue Delta
Ha BBIXOJe pemarens areHta «buoBo3pact» paBHO paszHoctu 50,1 m 51, 1.e. -0,9. D10
xapakTepHo s coctosiHusi «lIpuMepHOe COOTBETCTBHE OMOJIOTHYECKOTO M KaJeHIApHOTO
BO3pacToB». MacmrabupoBannoe 3Hauenue Delta (cqq), ucxoms w3  Min-max
MaciTabupoBanusi, Tie min = -50 get, max = 50 sner, npuHumaet 3HaueHue 0,491. ¢; B TakoM
ciy4dae paseH -0,491.

[Ipu BTOpOM BO3EUCTBUM [, HA TOTO K€ MALWEHTA, HA BBIXOJE MOJAEIb MALIMHHOTO
oOydeHus nana 3HadeHne Ouosioruueckoro Bospacra 38,8 ner, 3nauenue Delta = 38,8 - 51 =
-12,2 (Pe3ko 3ameieHHBIA TeMIl cTapenwus). MacmrabupoBanHoe 3HadeHue = 0,378 (cp1).
¢, =-0,378.

B wrore ¢;,; =-0,491, ¢1,; =-0,378, max (cy, 1, ¢1,1) = -0,378. Vicxons U3 101y 4€HHOTO
3Ha4YeHUs, BTOpPOE BO3/CICTBUE OKa3ajao Hauboliee MOJOKHUTEIbHOE BIUSHUE HA COCTOSHUE
37I0pOBBE MAIUEHTA.

3akaroueHue

OTnuuuTeNnbHON  OCOOCHHOCTBIO  Pa3pabOTaHHON  APXUTEKTYPhl  CHUCTEMBI
MPOTHO3UPOBAHUS COCTOSIHUSL 370POBbsl MAIMEHTa SBISETCS KOMOMHAIMS MOIYJIBHOTO
MOJIX0/1a TI0 OTHOIIIEHUIO K 3/TOPOBBIO MAIMEHTAa U METO/Ia arTeHTHOTO MoieTupoBanust. Kax ot
OHMOJOTHYECKON TMOJCUCTEME BBIIESETCS areHT BEPXHEr0 YPOBHS M Psii ar€HTOB HHUKHETO
YPOBHS, KOTOPBIE MOJISTUPYIOT MPOUCXOISAIIUE B TOH MOACUCTEME TIPOIECCHI.

Pa3paboranHasi aBTOpaMH apXHUTEKTypa CHCTEMBbl O0ECIEYMBACT pEIICHHUE 3aJauu
ydeTa WHANBUAYAIbHBIX IMMOKa3aTeleil MalMeHTOB B XOJAE MPOTHO3UPOBAHUS COCTOSHUS UX
3I0pPOBbS. JTO JOCTUTAETCS C IOMOIIBIO PACCMOTPEHHUS NPOUCXOASAIIMX B OpraHU3Me
(U3HONOTHYECKUX U TTATOJOTUYECKUX MPOIIECCOB U BO3JACUCTBUN HAa OPraHU3M IMAIMEeHTa KaK
Habopa B3aMMOCBSI3aHHBIX MOJYJIEH U pealu3aliy 3TUX MOyJIel ¢ IPUMEHEHHEM areHTHOTO
MOJICTTHPOBAHUSI.

ApXUTEKTypa CHCTEMBI, pealu30BaHHas B BHJE NMPOTPAMMHOIO KOMILIEKCA, MOXKET
OBITh TPUMEHEHA MJs MPOTHO3HPOBAHHUS COCTOSHHUS 3J0POBbS OTACIHBHBIX IOJCHCTEM
opranusma (Hampumep, CepIeYHO-COCYAUCTON CUCTEMbI) HA OCHOBE MOJECIUPOBAHUS B HEl €
MOMOIIBIO0 ar€HTOB MPOUCXOMSIINX (DU3HOJOTHIECKHX / TATOJOTHYECKHUX MPOIIECCOB B ATOMH
nojcucteme. bosee Toro, MpUMEHUMOCTh CUCTEMbI HE OTpaHHY€Ha MOJICIMPOBAHUEM JIMIIb
OJIHOTO TIpOIIecca B OPTaHU3Me, a MOXKET BKIIIOUATh B ce0s MOJCIIMPOBAHUE HECKOJIBKHX, YTO
MO3BOJIIET COCTABIIATH 0OJIEe CIOKHBIE MOJIENIA C YUETOM BO3MOXKHBIX B3aMOCBS3EH MeX1y
MOJICTHPYEMBIMU (PU3HOTOTHUESCKUMHU / TATOJIOTUIECKIUMH MPOIIECCAMHU.
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Pe3ynbpTarel MOTYT OBITH IMOJIE3HBI JUISl YUPEKICHUI CUCTEMBI 3/IpaBOOXpPAaHEHUS U

peabmnuranuu. Peanu3anus mpeacTaBIeHHON B JaHHOW paboTe apXUTEKTyphl CHCTEMBI
IPOTHO3UPOBAHMUS COCTOSHUS 3[0pOBbs MALMEHTa B AalbHeHIeM OyaeT ompoOoBaHa JUIs
OLIGHKM BIHUSHHUS TOPMO3SIIUX TIPOLECC CTApPEHUs OpraHu3Ma (TreponpouIakKTHYECKUX )
BO3JICUCTBHH C 1eJIbI0 TI0100pa A3 PeKTUBHOM reponpodUIaKTUUECKON Tepariu.
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