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INPOIHO3UPOBAHUE PUCKA B CUCTEME .
MEJUIIMHCKOI'O CTPAXOBAHUSA ITPOPITATOJIOT'UHN

B pabore ommcaH MeTox MpOrHO3a pHCKa pa3BUTHA mpoh3aboieBaHUil, OCHOBAHHBIN Ha
IPUMCHEHNH KOHEUHBIX HEOJHOPORHBIX Iemelt Mapkosa. IIpornosupyeMsie 3Ha4eHHS pUCKa B
3aBHCHMOCTH OT CTaka M MecTa pabOThl HA MPEANPHATHH ONPENETAIOTCS CTOXAaCTHYECKHMU
MaTpunamu. ITomydeHHbIE OLEHKM PUCKA SIBIIAIOTCS OMOPHBIMU 3JIEMEHTAaMH B IPOrHO3UPOBAHUH
HACTYIUICHUST CTPAaXOBOTO cCiydass — pasBHTHA Npod3adoneBaHuil y pabouux NpeRnpHATHH
XUMUKO-(papMarieBTHIecKoit orpaciu. Mi.: 2. bubmorp.: 10 Ha3B.

KuroueBsie ciioBa: npod3zaboneBanus, nenu MapkoBa, CTOXaCTHYECKHE MaTPHLIbI, OLIEHKH
pucKa.

IMocTanoBKka mpodaemMbl W aHAAU3 JurepaTypbl. OmHON W3 (dopm
rapaHTHH TOJyYeHNS! KaYeCTBEHHON MEIMIIMHCKOM MOMOIIN TIpH 3a00JIeBaHUU
ABJSIETC ~HAJMYUE MEIUIMHCKOH CTPaxOBKH. B MHpOBOH mpakThke
CYIIECTBYET CTPaxOBaHHE Ha CIydali BO3HMKHOBEHHUS OJHOTO KaKOTO-1100
3abosieBanms. Takoil BHI cTpaxoBaHUs OOEcIEUYMBAET BECh CHEKTP
MEIMIIMHCKUX YCIyr IpH BO3HMKHOBEHHMH 3a0o0yieBaHUs, YKa3aHHOTO B
cTpaxoBoM moce [1].

[Ipupomna  oOmEero WHAWBUAYaJbHOTO pPHUCKA B MEIUIUHCKOM
CTpaxOBaHMHM W MPOOJIEMBbI €ro NpHMEHeHHs paccMoTpeHsl B [2]. OmeHka
PHCKOB CTajla OCHOBOW 3/I0pOBbsi M NPOGHIAKTUKK MPOHECcCHOHATIBHBIX
3aboseBaHnii B crTpaHax EBpomsl, B uacTHOCTH, B BemukxoOpuranuu.
PaboTomatenn HecyT IOpHMAMYECKYIO OTBETCTBEHHOCTh 33 IIPOBEICHUC
JIOKA3aTEJIbCTB OLIEHKH PUCKA M 00eCIIeYeHHUs! YCIOBUI ero MUHUMU3anuy [3].

IIpodeccronanbuble nm IpoQecCHOHANTBHO 00yCIIOBIICHHBIE
3a0oyieBaHUsL  CIIOCOOCTBOBAJIM PAa3BUTHIO MW OPTaHHU3ALMH  CHCTEMBI
KOPIOPATHUBHOTO ~ MEOULMHCKOrO  CTpaxoBaHus [4], rapaHTHpYyIOLIEro
CBOEBPEMCHHYIO HMX NPOGHIAKTHKY M JieueHHe. TepMuH "KopropaTtuBHoe"
O3HayaeT, 4TO JaHHAs MOJENb CTpaxOBaHHS pa3pabaTeIBaeTCs I paboumx
MPEeNNpUsITHA ONHOM oTpacnu. PemraromuM B OOBEIWHEHUH IPEATIPUATHI
ABJISIETCA OOIIHOCTh BHEINHHX (DAaKTOPOB PHUCKA, a TAKXKE AOCTATOYHO UYETKO
OYEPUCHHBIA KPYT XapaKTePHBIX MPo§3a00IeBaHUIM.

BBenenne KoOprmopaTHMBHON CHCTEMBI MEIUIIMHCKOTO CTPAaxOBaHUS Ha
0a3ze BHeJpEHMsI HA NMPEANPUSTUAX IKCIEPTHBIX CHCTEM IO OLIEHKE PUCKa HX
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pasBUTHSL  1acT BO3MOXKHOCTb  OCYLIECTBJISITH  MEPCOHU(UIIMPOBAHHBIN
KOHTPOJIb 32 JUHAMHKOM COCTOSIHHSI 3[0POBbSI PabOYMX WU CIIy’KalluX,
HpeAyNpeauTh BO3HUKHOBEHHME IPOQecCHOHaNbHOTO 3aboneBanus. Takas
CHCTEMa MEIUIMHCKOTO CTPAXOBaHMS SABJIAETCS HOBBIM IIaroM B Oopnde c
npodeccronanpHBIMH 3a001eBaHUsIMU. Lleny U 3agadn, 4eTKO ONpeeIcHHbIE
9KOHOMHYECKHE, OPHIMYECKHE, MEIUIMHCKHE ¥ HEKOTOphle Apyrue
COLMAIBHBIE  acCleKThl  3TOr0  BHUAA  CTPAXOBaHUS  TapaHTHPYIOT
3aMHTEPECOBAHHOCTh B €r0 BBEJICHHWU KaK NMPO(ECCHOHATBHBIX KOJUIEKTHBOB
pabouMX U CITyKallUX, TaK U aIMUHUCTPAL[MH IPOU3BOJICTBA.

Leanio HacTosIEel padoThI SIBISIETCS pa3paboTKa CUCTEMBI MOIEPKKH
NPUHATUS PElICHUH B MEIUIMHCKOM CTPaxOBaHWM IpOQraroioruii ¢
HCTIONBb30BaHUEM Ilenieif MapkoBa Ha 6a3e MaTeMaTHYeCKOr0 MOAETHPOBAHUS
COCTOSIHHS 3/10pOBbS pabOTAIOIINX B YCIOBHSIX BPEIHOTO MPOU3BOICTBA.

OcHoBHas yacTh. [Ipyu BO31eHCTBUSIX XUMUYECKUX BEIIECTB HAa YPOBHSIX
MaJlbIX WHTEHCHBHOCTEH, KaK 3TO MMEET MECTO Ha MPEINpPUATHAX XUMHKO-
(hapmaneBTHUECKOW  OTpaciy, Haubonee 3HAYMMBIMH  IIPEICTABIISIOTCS
BOIIPOCHI, CBSI3aHHBIE C AMArHOCTHKOM MPO(EecCHOHAIBLHO O0YCIOBICHHBIX
3a0oyieBaHMII Ha paHHEH CTaguM pa3BUTUSA, W TIPOOJEMBI ajanTanuu
OpraHu3Ma K BpeJHBIM yCIOBUAM Tpyna [5, 6].

BcenencTBre TOKCHYECKOTO BO3JCHUCTBHS COCTOSIHHE 3/I0POBBSI MOJKET
XapakTepu3oBaTbcss  JMOO  Kak  MArojorusi, JIMOO Kak  COCTOSIHUE
OTHOCHUTEJIFHOH HOpMBI. PemaiommMm  KpuTepHeM, OTIHYAOLIUM 3Ty
OTHOCHUTEJIbHYI0 HOPMY OT IIaTOJIOTHH, SIBJISIOTCS JAOCTOBEPHBIC MU3MEHEHUS,
BBIXO/SIIINE 32 TpeZesbl a0COMIOTHOW HOPMBI M "MapajuieIbHOr0 KOHTPOJI™
HE TOJIBKO YaCTHBIX MOKa3zaTeJeH, a TakkKe OTICNbHBIX (YHKIHOHAIBHBIX
MoKa3aTeseH.

Jns u3ydeHWs IMHAMHKH COCTOSHHS 3/I0POBbS M PEIICHMS 3aJaqn
BBIOOpA COOTBETCTBYIOIINX Mmep npoduIaKTHKH HEo0XoANMO
CTPYKTYPHPOBaTh 3TO IOHSITHE, IPEICTABUB €T0 B BHIEC OPHEHTHPOBAHHOTO

rpad-nepeBa, BepinuHbBl KoToporo — coctostHus S; () (i=1,n) 310poBEs B
nuckpernsle MomeHThl Bpemenu t, (K=0,N), a BerBu — BO3MOXHbBIE
HePexXo/sl MEXIY cocTosHMAMHU S;. Torma 3agada MPOTHO3UPOBAHHS PUCKA

pa3BUTHUA HpO(l)CCCI/IOHaJII)HO 06YCJ'IOBJ'ICHHOFO 3a007€BaHUsI B MOMEHT
BPEMCHU tk+1 npu (bHKCI/IpOBaHHI)IX BHCIIHUX YCIOBHUAX CBOAUTCA K

OTBICKAHMIO BEPOSTHOCTH P; Mepexona cucrembl u3 cocrosuus S;(ty) B

cocrosiume S (ty ;) CTpPaxoBoro ciyyas.
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IpexcraBieHue mpoLecca SBOIIOLNHE CUCTEMBI T/ ACHCTBUEM BHEIIHHUX
¥ BHYTPEHHHMX (DAKTOpOB B BH/IE I[OCIELOBATEIBHOCTH IMEPEXOLOB MEXIY
cocrostauamMu Si(te) 1 Sj(ty,y), OTHOCAIMMUCA K CMEKHBIM MOMEHTaM
BpeMeHu t, U 1l 4, sBisercd 3(GEKTUBHBIM CIOCOOOM HCCIIEIOBaHUS

JAUHAMHWYCCKUX CUCTEM C IUCKPETHBIM BPCMCHEM.

CBeZleHl/Iﬂ O XapaKTepeC BbIABJICHHBIX 3aKOHOMepHOCTeﬂ JUHAMUKH
COCTOSIHUH 3/I0pOBBSI COCPEIOTOYEHBI B 0a3e¢ CTAaTHCTHYECKUX JaHHBIX,
CO3/IaHHOH B XOJ€ HAayJHO-HCCIEeNOBAaTEIbCKUX pabor coTpymuukamu HTY
"XIIN" cosmectro ¢ I'TT HUNBuJ AMH Vkpaunsr [7].

O6ocHOBaHMEM [UIA TPENOCTABICHUSA TOW WM HHOM WHIUBUAYaTBHON
(hopMBI paccMaTpUBAaEMOTO KOPHOPATHBHOTO CTPAaXOBOTO IIOJIUCA CTAaHYT
MAaTpHLbl yCIOBHBIX BEPOATHOCTEH Pjj , yIUTHIBAIOLINE BIMSHUEC BHYTPECHHUX

(hakTOpOB pHCKa pa3BUTHA MPOPECCHOHAIBHBIX 3a00JCBaHUN y pPabOYMX
IpEeAIPUATUNA JaHHON IIPOMBIIIEHHON OTPACIIu.

IMycte A Meauko-OuoOrMyeckas CHCTEMa, B KOTOPOW MPOTEKaeT
JIMCKPETHBIH MapKOBCKMH ciydaiHelii npomecc S(f) ¢ AHCKpETHBIMH

"KaueCTBEHHbIMHU" COCTOSHUAMU S, S,,...,S, U JUCKPETHBIM BpEMEHEM
to, 4,15, ...,ty . OTO O3Hauaer, 4TO BEPOSTHOCTh IEpeXxona cCUcTeMbl A B
cocrosune S; Ha (K+1)-oM Iuare 3aBUCHT TOJNBKO OT TOTO, B KaKOM
COCTOSIHMM S; HaxoAuigach CHCTEMa Ha mHpenplaymieM K-oM Imare M He
3aBHCHT OT TOr0, Kak OHa Beja ceds 1o K -ro mara.

Iycts  p; (ty) (i:l,_n, k:O,_N) — BEPOSATHOCTH TOTO, YTO CHCTEMa
A B MoMeHT BpeMeHH 1, OymeT HaXOIWTbCI B cocTosHHM S;. Jlms
HaxOXIeHust BeposTHocTed  P;(fy)  HEOOXOmMMO 3HATH  YCIOBHBIE
BepositHocTH Py (t) mepexona cucrempr A na (K +1)-om ware B cocTosHue
SJ )

PaCHpC,I[CJ'IeHI/IG BepOHTHOCTGﬁ CHCTEMBI A Ha KaXxJIoM mare tk

€CIIM M3BECTHO, 9TO Ha K -oM Imare cuctema ObLla B COCTOSIHHH S; .

n
ONpefieNseTcss MO peKyppeHTHOH (popmyne:  Pj(ty) = z Pi (tee) - Pij (t) -
i=1

Bo3moxHOCTh nepexoga M3 COCTOSHUA Si B COCTOSHHUC Sj

OITMCHIBACTCS
OpHEHTHPOBaHHBIM IpadoM (puc. 1).

UccnenoBanus, nposeaeHusie B [8, 9], mo3Bommin BBIAEIUTD Y pabounx
NPEANPUATHAS  XUMHUKO-(apMaleBTUYECKOH OTpaciy CIeyIOIe YeThIpe

cocrosnus: S; "Ilpaxruuecku 3poposbiit” (I13), S, "I'pymna pucka 2" (I'P2),
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S; "I'pynna pucka 3" (I'P3), S, "I'pynna pucka 1, boasneie” (I'P1, B),

OTpaXalollue HaJUuue Yy OOCJeOBAHHBIX OIPEACICHHBIX BHYTPEHHHX
¢axropos pucka. [Ipu sToM S, ABIsSETCA NOMIOMAIONIUM COCTOSHUEM.

l \
S,(t,)

o ‘r/// <;
Si(t) - Sa(t) Si(t) - Si(t) - 37/;

S, (%)
N
S, (L)

Puc. 1. I'pad nepexoza Mexty cocTosHuAME Sj H S

[TocTpoeHne CTOXaCTHYECKHX MAaTpPHUI] " Pij (tk)" OCYIIECTBIISUIOCH IO

pesynpraTaM  0o0paboTkm  0a3el  HaHHBIX ~ oOciemoBaHWs — pabodymx
(apmaneBTrUeckoil Gpupmsl "3a0poBbe”, T. XapbKoB [7].

HacrymieHnto cTpaxoBoro ciry4asi COOTBETCTBYET EPEXO0J] U3 COCTOSHMUIA
Siy S, wmu S; B cocrosiHue S,. Beenem HoBble 0003HaueHUs. O603HaUUM

*
cocTOostHHE Omosormgeckoro obbekrta A depes S;, eclnu OH HaxoguTcs B

*
cocrosHuU S;, S, WU Sy, Muepe3 S,, eCI OH HAXOAUTCS B COCTOSHHU S, .
Coo0TBeTCTBYOLINI OPUEHTUPOBAHHEIN Tpad) M300paXkeH Ha puc. 2.

/Si(o\
S, (t,) S,
N\

Si(t)  S:(t)

Pic. 2. 'padh nepexoa Mexry COCTOSHHAME S, 1 S;

B »TOM ciywyae MaTpuma nepexoaHbIX BEpOATHOCTEH OyJIeT NMeTh BUA:
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Pi1 P2

, (k=0,N).
P21 P22

P(t) =

Tak xak cocTosHUE S, fABIAETCS MOITOLIAIOIUM, TO Py =0, Py, =1 B

mo6oit momeHT Bpemenu ty, (k =0,N). PacueTs! o nmeromeiicst 6a3e JaHHBIX

TOKa3ald, 9To, Hampumep, Pp,(t,)=0,25, torma p;4(t,)=0,75. A marpuma

0,25 0,75
HepeXOIHbIX BeposiTHOCTel npumer Bua: P(t,) = 0 i anpu t=t;:
0,625 0,375
Pr2(t3) =0.375, pia(ts) =0,625 u P(t3) = 0 1

CpaBuenne Marpun P(t,) m P(t;) moxassiBaeT, 4TO BEpOSTHOCTB

pa3Butusi npodecCHoHaTbHO OOYCIIOBICHHBIX 3a00JeBaHMI BO3PAcTaeT I10
Mepe YBEIMYEeHHs CTaka paboThl Ha MPEANPHUITHH C BPEIHBIMH YCIIOBHSIMHU
Tpyna. IIpuHATHE pemeHnii N0 YCIOBHSAM MEIUIMHCKOTO CTPAaXOBaHUS
npodmaromorunit mpum  oQOPMIICHHH  CTPaxOBOTO  MOJNHCA  JOJDKHO
MPOU3BOJUTECS HA OCHOBAHWHM KOMIUIEKCHOH OIIGHKH COCTOSHHS 37I0POBbBS
pabodero ¢ y4eToM UMEIOIUXcs (PakTOPOB PUCKA U OLIEHKH PHCKA CTPAXOBOTO
ciryJas.

Pa3zpaboTannas aBTopamu HedeTkas dkcrieptHas cucrema (HOC) omenku
pucKka pas3BUTHS OPO(ECCHOHANBLHO 00yciaoBIeHHBIX 3aboneBanuii  [10]
YUUTHIBAET BO3JCHCTBHS KaK BHYTPEHHHX, TaK W BHEUIHHX (AKTOPOB Ha
OCHOBE HX KOJMYECTBEHHOH OLEHKH ¢ mocienyromei auddepennnanmen
YPOBHe#l prcka Juisi Kakoro padotnuka npeanpusrtus. Jobasnenne k HOC B
BUZIE€ JOMOJHUTENHHOTO MOMYJSA PE3yJIbTAaTOB HACTOSIIUX HCCIEIOBAHUHN IO
OLIEHKE pHCKa pa3BUTHUS MPOQECCHOHANIBHO OOYCIIOBJICHHBIX 3a00JIeBaHUI
MO3BOJIUT PACHIMPUTh BO3MOXKHOCTH €€ NPHMEHEHUs HpH (HOPMHPOBAHUH
WHIVBHIYaJIbHBIX  CTPaxOBBIX  IIOJIMCOB  KOPIOPAaTHBHOW  CHCTEMBbI
MEJMIMHCKOTO CTPaxOBaHMS MPOPIaTOIOT Ui,

BruiBoapl. [lomydeHHble B X0#€ HACTOSIIMX HCCIEIOBaHUN PE3yJIbTAThI
coBMecTHO ¢ paspaboranHoi HOC cocTaBisioT cHCTEMy MOJACPIKKU
NPUHATHS peUIeHNH B  pa3pabaThiBAEMOM  aBTOpaMH  KOPIIOPaTUBHOM
MEIHIIMHCKOM CTPAaxOBaHMHU pabodunx M CIyXamuX HPEATPHITHH XUMHKO-
(hapmarneBTHUECKOH OTpacIIy.

Cnucox Jguteparypoi: 1. Emmett J.V. Fundamentals of Risk and Insurance, 10th Edition
/ Emmett J. Vaughan, Therese M. Vaughan. - John Wiley & Sons, Inc., 2008. — 720 p.
2. Melnikov A. Risk analysis in finance and insurance / Alexander Melnikov. - Chapman &
Hall/CRC monographs and surveys in pure and applied mathematics, 2004. - 252 p.
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IlpornozyBanHsi pH3MKYy B CHCTeMi MeJIHYHOIO CTPaxyBaHHs NpPoQnaToJIoriii
/ Yikina H.O., Antonosa L.B. / Bicauk HTY "XIII". Cepust: lnpopmarika Ta MOJICIFOBAHHS. —
Xapkis: HTY "XTII". — 2013. — Ne 39 (1012). — C. 199 — 205.

B po6orti omrcaHo MeTo IPOrHO3Y PU3MKY PO3BUTKY MPO(3axXBOPIOBaHb, 1110 0a3yeThCs HA
3aCTOCYBAaHHI CKiHYEHHMX JaHIOTiB MapkoBa. 3Ha4YeHHs pU3MKY, IO HPOTHO3YIOTHCS, B
3aJIOKHOCTI BiA cTaxy 1 Micus poOOTH Ha MiANPUEMCTBI y MPOCTOPI CTaHiB 30pOB’s
BU3HAYAIOTHCS] CTOXACTHYHUMH MaTpUIIMH. OTpHUMaHi OLIHKYM PH3UKY € OHOPHHUMHM €lIeMEHTaMU
y TpPOTHO3YBaHHI PO3BUTKY Npod3axBOpIOBaHb y POOITHHKIB MiJNPHEMCTB  XiMiKO-
(apmaneBTiyHOi ramysi. In.: 2. Bibmorp.: 10 Hass.

Kurouosi ciioBa: npo3axBoproBaHHs, JIAHIIOTY MapKoBa, CTOXaCTHYHI MaTpHUIl, OLIHKH
PH3HKY.

UDC 681.518

Risk prognosis in medical insurance system of professional pathology / Chikina N.A. ,
Antonova 1.V. // Herald of the National Technical University "KhPI". Subject issue: Information
Science and Modelling. — Kharkov: NTU "KhPI". — 2013. — Ne. 39 (1012). — P. 199 — 205.

The method of prognosis of risk dynamics of professional pathology, based on application
of eventual heterogeneous Markov’s chains is described. The estimation of risk depending on
experience and work places on an enterprise in problem of health states space are determined by

204



ISSN 2079-0031 BecmHuk HTY "XITN", 2013, Ne 39 (1012)

stochastic matrices. The got estimations of risk are supporting elements in prognostication of
offensive of accident insured - dynamics of professional pathology at the working enterprises of
chemical and pharmaceutical industry. Figs.: 2. Refs.: 10 titles.

Keywords: professional diseases, Markov’s chains, stochastic matrices, risk estimations.
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