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AHHOTauusa. PaboTa NocBsLLeHa NPakTUYeCKOMY MPUMEHEHNIO MOZEE KPaTKOCPOYHOIrO CTPaxX0BaHUS YU3HW.
MprBeaeHbl TEOPEMbI, HA KOTOPbIX OCHOBaHbI NMPUO/KEHHbIE METOAbI pacyeTa BEPOSTHOCTHBIX XapaKTepUCTUK
CYMMapHOrO MWCKa W aHa/IMTUYECKMe peLleHMst  K/YEBbIX MPUMEPOB, OMUPAIOLMXCA Ha  AaHHble
maremaTmyeckme mogenu. INpoBefeH CpaBHUTENbHBIN aHaIM3 Pesy/bTaToB peLleHnid No Mogensm lMyaccoHa u
laycca. NokasaHO MpuMeHeHKe Gonee o6Lleli Modenn Faycca K Ciyyasm pasHbiX FPynn 3acTpaxoBaHHbIX B
CTPaxoBbIX KOMMaHWSAX C pa3/INyHbIMM YCIOBUAMU [OrOBOPOB CTPAax0BaHWA WX XKU3HW Ha 1 rog, ANroputmbl
PeLeHNn pean3oBaHbl TakKe B KOMMbIOTEPE - CO3f4aH NPOrpaMMHbLIA MOAY/b A/ pacyeTa BEPOSTHOCTHbIX
napameTpoB CyMMapHOrO WUCKa: HETTO-MPeMUM, PeanbHOli BbiMiaThl 3a CTPAXOBKY, CTPaxOBON HafbaBKw,
OTHOCWTE/IbHOW CTPaxoBon Haabasky. Kogbl MNpPOrpaMMHOTO MOZY/SSl  KOMMWIMPOBaHbI Ha OOBEKTHO-
OpVEeHTUPOBaHHOM A3blke C# ¢ vcnonb3oBaHveM cpegbl Visual Studio. Moaynb NpoBOAWT aKTyapHble pacyeThbl
XapaKTepuUCTUK paboTbl CTPAXOBOM KOMMAHWWM NPY BXOAHLIX AaHHbLIX, TaKMX KaK KOSM4YeCTBO [OroBOPOB,
cTpaxoBasi CyMma MNpW HacTYMNIeHUM CTPaxoBOr0 Ciyyasi, BEPOATHOCTb MpeLbsB/eHVs TpeboBaHWIA W T. [,
MprMeHeHWe MPOrpaMMHOIO  MOAYNS K TakMM  BEPOSTHOCTHbIM — pacyeTaM MO3BOMSET  PaLMOHa/IbHO
MCMO/b30BaTh BPEMS pab0Thbl CTPAXOBbIX KOMMAHWI 1 YCKOPSIET NPUHATUE MW TEKYLLMX PELLIEHUIA, OCOOGEHHO B
CNyYasix peanvsaumny nopTgeneld pasHbIX BULOB KPaTKOCPOYHOIO CTpaxoBaHus.

KntoueBble CoBa: MOLE/IN KPAaTKOCPOYHOIO CTPaxoBaHWs, BEPOSTHOCTHbIE MapameTpbl, Mogenb MyaccoHa,
mogenb [Maycca, peasnbHas nnara 3a CTPaxoBKy, HeTTo-npemus, Visual Studio, A3bIK nporpamMmmupoBaHms CH,
MPOrpaMMHbI MOLY/1b, BXOAHbIE U BbIXOAHbIE AaHHbIE
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Abstract. The work is devoted to the practical application of short-term life insurance models. Theorems are
given on which approximate methods for calculating the probability characteristics of the summary risk and
analytical solutions of key examples based on these mathematical models are based. A comparative analysis
of the results of decisions on Poisson and Gauss models was carried out. The application of the more general
Gauss model to cases of different groups of insured in insurance companies with different conditions of their
life insurance contracts for 1 year is shown. Solution algorithms are also implemented in the computer -
a software module has been created to calculate the probabilistic parameters of the total claim: net premium,
real payment for insurance, insurance premium, relative insurance premium. Software module codes are
compiled in object-oriented language C # using Visual Studio. The module allows you to carry out actuarial
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calculations of the characteristics of the work of the insurance company with input data, such as the number
of contracts, the insurance amount in case of an insured event, the probability of presenting claims, etc. The
application of the software module to such probabilistic calculations allows rational use of the operating time
of insurance companies and accelerates their adoption of current decisions, especially in cases of
implementation of portfolios of various types of short-term insurance.

Keywords: short-term insurance models, probabilistic parameters, Poisson model, Gauss model, real
insurance fee, net premium, Visual Studio, C# programming language, software module, input and output
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BBegeHune

V3BECTHO, YTO XMW3Hb KaXJ0ro YenoBeKa CBA3aHa C PUCKOM BO3MOXHbIX Pa3fIMUHbIX NOTepb,
CpeAmn KOTopbiX 0CO6YK poOnb Crefyet OTBECTU PUCKY, COMPSXXKEHHbIM CO CNY4YaliHOCTbIO HacTyn-
NEeHNA MOMeHTa CMepTW. YUYeTOM Takoro pmcka u MOAenmpoBaHMEM B [aHHOW cthepe 3aHMMaeTcs
aKTyapHas Hayka, KOTOPYK MOXHO OTHeCTW KakK K (PyHAameHTaNbHOM, TaK U NPUKNagHoOW matemMa-
TUKe.

ViccnepgoBaHma HayvyHOro U NPUKNafHOrO xapakTepa B aKTyapHOR cgepe KacaroTCA MHOrOo-
YMC/IEHHbIX BOMPOCOB, NpUYem fLeNnaTcs Ha 6a30Bble TPynnbl CTPAXOBaHUSA: KPaTKOCPOYHOE - He
YyUYUTbIBalOLLLEE YCNOBUSA N3MEHUYMBOCTU PbIHKA M CTOUMOCTW [EHEXHbIX CYMM BO BPEMeHW, LONT0-
CPOYHOe - yuuTbiBatoLlee 06a aTUX yCnoBus.

TeopeTnyeckMM (hyHAaMeHTa/IbHbIM MONOXEHUAM aKTyapHOW MaTemaTUKW CO creunduye-
CKUMWU ee 0603HAYEHUAMM KaK B TeOPUWM KPATKOCPOUHOrOo, TaK M LONTOCPOYHOr0 CTPaxoBaHMUs
YKW3HU, MOCBALWEHO 60/bLLIOE KOMMYECTBO Hay4dHbIX Tpygos [[ony6uH, 2003; MoxmaH, 2008; Ka-
cumoB, 2005; danuH, 1994]. 3Tm Tpyabl paccmaTpuMBaldT mMaTeMaTU4ecKuMe MOAEeNN TOYHOro U
NPUGNMXKXEHHOT0 pacyeTa Kak WHAMBUAYANIbHOTO, TaK M CyMMapHOro MCKa CTPaxoBbliX KOMMaHWA.
Oco60e BHMMaHMe B akTyapHbIX Tpyfax OTBOAWUTCS PUCKY, CBA3aHHOMY C BEPOSATHOCTbIO pasope-
HUA UM Hepa3opeHUs CTPaxoBbiX KOMMAaHWMA, aHann3y Takux PUCKOBbIX XapakTepucTuK, 0T KOTO-
PbIX 3aBUCUT PYHKLUMOHMPOBaHME U yCMnelHan AeaTenbHOCTb Komnannuin [LLaxos, 1999; Akosnesa,
LeByeHko, 2003]. MpaKTUYECKOMY NPUMEHEHUIO MOZENEN CTPaxoBaHUSA XMU3HWU, KaK TOYHbIM, Tak
N NPUGANXEHHBLIM METOAAaM, MOCBSLLEHO TaKXKe MHOMO uccnefoBaHuii [PannH, danuH, 2002; bac-
KakoB, Pa6uknH, Tuxomupos, 2009; CagumHa, 2013].

MOHATHO, YTO AN CTPaxOBblX KOMMaHW CYLWEeCTBEHHbIA UHTEpPeC U NPaKTUYECKYH 3Hauu-
MOCTb MMEET UMEHHO CyMMapHbIi UCK, NpeAbABaseMblli CO CTOPOHbI BCEX 3aCTPax0BaHHbIX NUL, B
JaHHOW KOomMnaHuu. [ns pacyeToB CyMMAapHOro MCKa NPUMEHUMbl KaK TOYHbIE, TaK U NPUGIKEH-
Hble MeToAbl. HO anropuTtmbl TOYHOrO pacyeta CyMMAapHOro UCKa faxke C UCMO/b30BaHUEM Mpo-
rpaMMHbIX CPeACTB 4acTo NPUBOAAT K npobsemMam pacyeToB: YMCNO 3aCTPaxOBaHHbIX /UL, B KOM-
naHUM O0ObIYHO BE/INKO, & BEPOATHOCTb CMEepTM 3acTPax0BaHHOr0 B TeYeHMe rofa OYeHb Mana
[CathmHa, 2020]. MosToMy ANS CTPaxOBbiX KOMMAHWA BaXXHO MPUMEHEHWE MMEHHO MPUBAMIKEH-
HbIX MOfZenein N MeTo40B, Y4MTbIBAOLLMX 002 NpeablAyLLMX 06CTOATENbCTBA.

VIMEHHO TakKoMy anropuTMUYECKOMY MPUMEHEHUID NPUBAMXKEHHbIX METOLOB MOCBSLLEHA
JaHHasa paboTta. MpMBOANTCSA CPaBHUTENbHbIA aHanu3 ABYX NMPUBAMKEHHbIX METOA40B U MOKa3blBa-
eTcs NpuMeHeHne Metoga Maycca K cinyyald UCnonb3oBaHUS MopTdenel ¢ pasHbIMU rpynnamm 3a-
CTpaxoBaHHbIX . K anroputMmMyeckoMy peLleHnio npuBefeHa KOMMNbOTEPHAA peanusauns, nos-
BONAKOLLLAA aBTOMATU3MPOBaTh NPOBOAUMbIE BEPOATHOCTHbIE pacyeThl.

O6beKTbl U MeTOAbI UCCNef0BaHUS

PaccMOTpMM CTaHAapTHbIA Cny4valh cTpaxoBaHWA XW3HWM 4YenoBeka Ha 1 rog: TpyAocnocob-
Hbl Ye/lOBEK BO3pacTa X /eT obpallaeTcsa B CTPaxXOBYH KOMMaHWIO U npuobpeTaeT Mo LOroBopy
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CTpPaxoBOli NoAUc 3a p 4. e., NepeknajbiBas PUCK, CBA3AHHbLIA CO CMy4YaliHOCTbHD MOMEHTA CBOEW
CMepTW, Ha CTPaxoBYH KOMMaHM0. PUCK )Ke KOMMaHUN 3aK1K4aeTCca B pa3/IM4HOM 3Ha4YeHUn cTpa-
X0BOW BbINMaTbl (CTPaxoBOW Npemuun) B TeYeHMe CNeAytoLlero roga Aorosopa: npu HacTynjaeHun
CTpPaxoBoro cnyyas - b a. e., npu HeHacTynaeHuun - 0 4. e.

T. K. NpeAbABNSEMbIA UHAMBUAYANbHbIA UCK B 3TUX CyYasx Pas/IMyHbIin, TO ero MOXHO pac-
cMaTpmBaTb AWCKPETHOW CMy4aliHON BENMUYMHOW X C COOTBETCTBYHLMM 3aKOHOM pacnpejene-
HuA [PanuH, 1994]:

X —xt 0 b
=9 =
2 =< = P x 5X

34ecb NPUHATHI 0603HAYEHUA: PX- BEPOSTHOCTb TOrO, YTO 3aCTPaxOBaHHbIW MPOXMBET cre-
AYHOLWMWIA rof CTpaxoBaHMA XU3HW (CTPaxoBOW Clyvail He HacTynuT), a gx=1- pX- BepPOSATHOCTb

CMepTM 3aCTPaxOBaHHOr0 B TeYeHMe roga (CTpaxoBol cnyyaid HacTynuT).
Ha npakTuke yalle BO3HWKaeT He OMWCAHHbLIA NPOCTEWLLNIA Cny4dail cTpaxoBaHus, a 6onee

06w uMiA, NnoapasyMeBaroLLMii B AOrOBOpe CTpPaxoBaHWUS pasHblie BbiNAaTbl bt (i =1n) npu BO3MOX-

HOCTW BapvaHTOB HACTYMNeHUs CTPAxoBOro ciayyas, Hanpumep, No 60/1e3HK, NPU HECYACTHOM CNy-
yae M T. 4. 3aKOH pacnpeaeneHns WHAWBMAYANbHOIO NCKA B TaKMX CMy4asx NpuMeT BUf;

| 0 b b2

%= = P X 51x 52x 5nx

Ans MHAMWBUAYANbHOTO WCKa, KaK U ANA N0 6GblX ANWCKPETHBI X CNYyYalHblX BEAUUYNH, NPUHATSHI
0603HaAaYeHMA MW NOHATUSA YNCNOBBLI X XapakTepuctuk [Cabhurna, 2013; AxTamos, 2005]:

- MaTeMaTMyecKOe OX MJaHUe - CpefHAA BeNMYMHaA ybbl TKa:

EX = £ x,p,; C1)
i=1

- Aucnepcus - pa3bpoc 3HaYeHUW McKa OT cpefHero yb6bo TKa:

A )
VarX = EX2-(2X)2, r e EX = £ xtpt, EX2= £ x2tpt; (2)
i=1 (=i
- cpeaHee kBagpaTuueckoe oTknoHeHnue y/VarX - senmumHa, Ha KOTOPYWw OTANMYAl TCA 3Ha-

UeHNWs MCKaA OT cCpefjHEero y6bo TKa C OAHOIO 3aCTPaxoBaHHOTO.
MpPpUHATH TakXe CNejytolne pacyeTHbl e mnapamMeTpbl 418 UHAWBUALYANbHOTO MCKA:

- HeTTo-npemus pO- cymma (A. e.), obecneuynmBatw W asgs HynNeBol AOXO0OA KOMNAHWUU OT OLHOTO
mcka

EX =PO; (3)

- 6pyTTO-npemus p- peanbHaa Nnnata 3a CTPaxoBKY,;

- cTpaxoBas | n oTHocuTenbHas cTpaxoBas B Hapg6aBku - cymMMmb (4. e.), NOKpbiBalo W e Te-

Kyl ne pacxoAbl CTPaxXxoBOW KOMMNAaHUM:
1=P - po0; (4)

B=L =P-P» (5)

CymMmmMma BblnnatT Mo BCeM N pgorosopaM Ha3blBaeTcs CYMMAapHbL M WUCKOM U TOXe ABnAaeTcH

cnyvyahHoWw BenMUYMHOI

S =X!1+ X 2+ X3+ ..+ Xn=E Xi. (6)
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PYHKUNA pacnpegeneHns cymmapHoro ucka (6), 1. e. P(S <u) (u- kanuTan KommnaHun), 3a-
[aeT BEPOSITHOCTb HEPa30pPeHUS CTPax0oBOM KOMMNAHMM N UFPaeT BaXXHYH Posb A1 NPUHATUSA BEpPO-
SATHOCTHbIX PELLIEHNIA.

[Onsa cymMmapHOro mcka CyLlecTBYHT aHanornyHble (1)-(3) umcnosble XapaKTepuUCTUKW -
CPefHWNA CYMMapHbIA UCK, CyMMapHasi AUCnepcus U cyMmMapHoe cpefHee KBafpaTu4yecKoe OTK/I0-
HeHVe, KOTOpble 3ajatTca hopmMynaMn, COOTBETCTBEHHO: ES =N mEXt, VarS =N warXt, VVarS .

OnpeaensitoTcs TakXke BEPOSITHOCTHbIe MapaMeTpbl, TaKMe Kak CyMMapHasi cTpaxoBasi HagbaBKa M
OTHOCUTE/bHAsA CyMMapHasi cTpaxoBasi HajbaBKa:

I =np - NPO=N(p - PO); (7)

| N(p- p) p- pO
(8)

Mpruem (8) NokasblBaeT, UTO OTHOCUTE/IbHAsA CTpaxoBas HajbaBKa B AB/IAETCA OAMHAKOBOW
Kak 411 UHAMBUAYASIbHOTO, TakK U /11 CYMMaPHOI0 VCKOB.

PacueT cymmapHoro mcka (6), T. e. cocTaB/ieHUe ero 3akoHa pacnpejesnieHus, a Takxe QyHK-
UMK pacnpegeneHns Kak BEPOSATHOCTHON XapaKTepuCTUKK, YL00HO NPOBOAUTL KaK CyMMbI C/lyyai-
HbIX BE/IMYNH TONbKO NMPU HEOO/bLLIOM 4YnC/le 3acTpaxoBaHHbIX B CTPAxoBOW KomnaHuu. B pa6oTe
[CadmHa, 2013] paccMOTpeHbl TakMe METOLbl TOUHOr0 pacyeta, Kak MeTof CyMM W METOZL Mpowus-
BOAALLEN PyHKUMK. [Mpy 601bLLIOM YmMCe 3acTpaxoBaHHbIX Iny (N Aro) MeToAbl TOYHOIO pacyeTa
BeAyT K npobsieMe 60MbLUIMX BbIYUC/IEHUI C MasiOi BEPOATHOCTLIO, [aXe C MUCMOJb30BaHWEM MPO-
rpamm. Takue Npob6sieMbl MOXXHO PeLUNTb NPUGIVKEHHBIMW METOLaMKN pacyeTa CyMMapHOro Ucka.
[eiicTBnTENbHO, NPU POCTE 4MC/a 3acTpaxoBaHHbIX BEPOSATHOCTb P(S <u) Hepas3opeHusi CTpaxo-
BON KOMMaHUK ((PyHKUMA pacnpegeneHnss CyMMapHOro Ucka) MMeeT onpegesieHHbIN npegen, KoTo-
PbIi U NEXUT B OCHOBE NPUG/IVXKEHNI CYMMapHOro 1cKa.

Pe3ynbTaTbl U UX 06CYXAeHWe

MpubnuxeHune MyaccoHa A1 CyMMapHOro UcKa NPUMEHSETCS Mpu NpocTelemM Buae Kpat-
KOCPOYHOI0 CTpaxoBaHWs XWU3HU (CTPaxoBOW cry4vail HacTynuT UM He HacTynUT) U OCHOBAHO Ha
COOTBETCTBYIOLLEN TeopeMe [AxTsimoB, 2005].

Teopema [MyaccoHa. Ecnu cnydaiiHble BennMUMHbl - UHAMBUAYanbHble UCKN Xf (i =1LN)-

OAVMHAaKOBO pacrpejesieHbl, HE3aBUCUMbI U MPUHUMAIOT 3HaveHust 0 (CTpaxoBoW cryyali He HacTy-
nnn) n 1 (cTpaxoBoOi c/yvail HaCTynu/1) C COOTBETCTBYIOLMMUN BepoATHOCTAMU P(Xt=0)=px u

P(Xi=1)=gx, To npy N <1 1 =N *EXt PyHKUNA pacrpefesieHnss CYMMapHOro UCKa MMeeT rpe-
[en, paBHbIl

(9)

B (9): 1 - MHOXUTenNb [NyaccoHa, 3Ha4YeHNA KOTOPOro cobpaHbl B Tab/nLbl B COOTBETCTBUN C
KanuTasioM CTPaxoBOW KOMMaHUWU (KBaHTWU/MbIO XU = 1 ), 0becrnevynBaloLL MM BepOATHOCTb Hepasope-

HWUS1 KOMNaHUn nopsiaka (He meHee) a %, T. e. P(S<xa) >a .lMpuBegeHa Tabnuua 1 ana a = 95%.

MpnbnmxeHHy0 moaens MNyaccoHa pacCMOTPUM Ha YMC/IEHHO 3adaude.

3apayva 1. CTtpaxoBas KOMMNaHWsi peanin3yeT NpPOCTelillne JoroBopa Co CTPaxoBOW BbINaTon B
pasmepe 250 Tbicad py6elt Npu HaCcTYNIEHUN CTPAxXoBOro ciydas. Ha aTux ycnoBmsix 3acTpaxoBaHo
3000 uyenosek Bospacta 30-40 neT. HeobxogMMOo paccuMmTaTb HETTO-MPEMUID N PeasibHY0 CYMMY
CTPaxoBOro rnosuca, a Takxke CTpaxoBble HafbaBKM Mpu ycnoBumM yacCOHOBCKOro MpUBAMKeHUA
CYMMAapHOro 1cka n BepoATHOCTWN Hepa3opeHusa KomnaHum 95 %
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Tabnuua 1
Table 1
3HayeHUs KBaHTUNeN ana pacnpegeneHus MyaccoHa npn a = 95%
Quantile values for Poisson distribution at a = 95%

X Xa P(S <Xa) X Xa e Uxg
08 2 95,26 % 5 9 96,82 %
0,9 3 98,85 % 6 10 95,74 %
1 3 98,10 % 7 12 97,30 %
2 5 98,34 % 8 13 96,58 %
3 5 96,65 % 9 14 96,55 %
4 8 97,86 % 10 15 95,13 %

Pewenune. Mo ycnoeuto nmeem: N =3000 uyenosek, a =95%. Mo cTtatuctuyeckum tabamuyam
NPOAO/MKUTENBHOCTU XU3HU onpefensem T1akxe, 4to DD« 0,003. 3a ofHY YC/NIOBHYIO efuHULY

npumem: 1y. e.= 250 Tbic. py6. Torga ans Kaxaoro MHAMBMAYanbHOro Ucka Xt umeem:

X = xt 0 1

pt="P (X =x,) 0,997 0,003

Onpepennm MHOXMUTenb NMNyaccoHa (M3 (1), (3), (9)): X =N *cEXt=9y.e. lanee ¢ yyeTom Tab-
AuMyb 1 HaxoAWM COOTBETCTBYW W WA HaMMeHbW Ml kanutan (KBaHTUAbL): Xa = U-=14 y. e.

Torpa peanbHas BbinnaTa 3a CTpaxoBKYy 6yfAeT paBHa (OTHOW eHMe KanuTana K YMcny sactpa-

u o X 14
— = A = =0,004(6) y.e. unu p =0,0047+250000 = 1161 py6.

N N 3000

XO0BaHHBI X): p =

C yuyeToMm (3) onpefenum TakxXe HeTTo-NpeMuio:
po= EX, = 0.0,997 + 1.0,003= 0,003 y. e. unu po= 0,003.250000 = 750 pys.

Mo (4) mn (5) paccuyntaemM cCTpaxoBYy Haj6aBKy MW OTHOCUTENbHY CTpaxoBYyl HapgbaBKy:

l=p- po=1175- 750= 425 pys., B=— =pP~p =— = 0,56=56%.
0 PO PO 750

Hannpgem Takxe no (8) m (9) BepoATHOCTHbLI e NapaMeTpbl AN8 CYMMapHOTro MckKa:

IS=N(p - p0)=3000e425=127571ec. py6., 0s = 0,56 = 56%,

OcTaHOBUMCSH Tenepb Ha NPUBGAMXEHUN FTaycca ANA CYMMapHOTro mcka. OHO TakKXe OCHOBAHO
Ha TeopemMe M3 TeOpPUU BepOATHOCTEN, a UMEHHO Ha LeHTPaNnbHOW NpegenbHOW Teopeme, U MO Cpas-
HeHMW ¢ npubnuxeHmem fMyaccoHa OHO NPUMeHUMMO ANns 6Gonee 0o6WNUX CTPaxOBblX BapuMaHTOB
[AxTamoB, 2005].

TeopeMa Faycca: Ecnu cnyuyaliHble BENUUYNHB - UHAMBUAYaNbHb e ucku X (,:].;N)- oan -

HaKOBO pacnpefeneHb , He3aBUCUMb MW UMEWT YNCNOBbLI € XapakTepuctukm EXt=a, VarXt=a2, 710

npu N hyHKLUMUS pacnpefjeneHnsa LEHTPUPOBAaHHON U HOPMUPOBAHHON cAyyYyalWHOW BeNUUYUHDSI
S ~ES .
Z = MMeeT npepgen, paBHbl il
y/IVarS
P(Z <x)=P (4 ~ " <X1*® (X), (10)
VvVars y
1 x ©
roe Px) = ___fe€ 2dt - MHTerpanbHas GyHKuUMA Jlannaca.

M3 Teopembl CcnepgyeT, 4TO ecNU ecTb NopThenb M3 OAMHAKOBHL X JOFOBOPOB CTPaxoBaHWSA

XU3HW Ha 1 ropg, T.e. UHAMBMWAYaNnbHble UCKW MMEWT OAMHAKOBbL & 3aKOHbL pacnpegeneHuim (Hesa-
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BMCUMO OT BUfAa pacnpefeneHus: 6MHOMWANbHOE, paBHOMEPHOE, FeOMeTpuYeckoe U T. 4.), TO CyM-
MapHbI UCK S, cogepXawmiics B BenuunHe Z n3 (10), umeeT 0643aTeNbHO HOpManbHOe (rayccoB-
CKOe) pacnpegeneHue.

Ons npnbnmxkeHns Maycca Takxe cyllecTByeT Tabnmua KBaHTUAEN, KaK U Ansa NpuonmkeHns
MyaccoHa. B gaHHOM MpubAMXKEHUN HaMMeHbLWIA KanuTan (KBaHTU/b) OMNpefenseTcs Kak KOpeHb
ypaBHeHus ®(xa)=a . B Tabnuue 2, Hanpumep, npuBefeHbl 3Ha4YeHWA HauMeHbLUero Kanurana,

COOTBETCTBYHOLLME BEPOATHOCTU HepasopeHusa [95 %; 99 %].

Tabnuua 2
Table 2
3HayeHns KBaHTUNen B npubnmxeHumn Maycca
The values of the quantiles in the approximation of Gauss
a 99 % 98 % 97 % 96 % 95 %
xa 2,33 2,05 1,88 1,75 1,645

MprvMeHeHWe [aHHOTOo NPUBAMKEHNUA MOKaXKEM Ha ycnoBusax 3agaum 1 T. K. B npubAvmKeHUn
Faycca cymMMapHbIii MCK 1 ero XxapakTepuCcTMKK codepXKaTcs B cnydaiHoin sennumHe Z u3 (10), TO
HailZem YMCNoBble XapaKTePUCTUKN UHANBUAYANbHbBIX UCKOB N CYMMaPHOro WCKa:

EXt=0,003 y.e.; VarXt=EX? - (EXt)2=0,0029y.e.; ES =N sEXt=9y.e.;
VarS =N warxXt=8,9 y.e.

Torpa c y4eToM BEPOATHOCTM HepasopeHuns komnaHum 95 %, 1. e. P (S <u)«95% nopsesem

[aHHYI0 BEPOATHOCTb K Be/IMUnHe Z npubnmxeHus Maycca:

- - n-ES
B <uy=py 3 ES MBS gy rhe x=m
w/VarS AlvarS) w y/VarS
B npubnuxeHun aycca KBaHTUNb Xa HaxX04MM KaK KOpPeHb ypaBHeHus P(xa)=a, Torga
umeem: V- Ez =X, .I10 Tabnuue 2 Haxo4MM COOTBETCTBYHOLWMNIA KBaHTUNb: XBO=1,645, 1 c yye-
siVar

n-9
TOM 3HauyeHuii ES =9, VarSN =89 onpegenvm kanutan KOMNaHuw: =1,645 nan wn=1377

y. e. OcTaeTca paccunTaTb peanbHYH BbiNaaTy 3a CTPaxoBKY U HETTO-MPEMUIIO:
p BT 0,0046 y.e., unn p =0,0046m 250000 = 1150py6.
3000
p0=EXt=0,003 y.e., unn p0= 0,003 50000 = 750 pyo6.

Ecnn cpaBHMBATb pe3ynbTaTbl pelleHns 3agadun 1 AByms NpUOMKeHMAMN CyMMapHOro 1cka,
TO BMAMM, YTO HETTO-MpPeMuUa OfHa U Ta Xe B 060Mx cnyvasax M paBHa 750 pybneir. PeanbHas xe
BbIM/aTa 3a CTPaxoBOl NONNC OTAMYAETCA: B NpubnmxeHnn MyaccoHa coctaBnset 1161 py6. Takoe
He60NbLIOe pa3finyve B pesysibTaTaX OOBACHAETCA MPOMEXYTOUHbIMU MPUGANXKEHUAMWN B BbIMON-
HAEMbIX pacyeTax Nno MoAensM, a TakXKe npusegeHMeM KoapguumneHTa MNMyaccoHa K LenoMy 3Have-
HUIO N9 NoABeAeHUA K CYLLECTBYHOLW UM Tabnuuam 3Ha4eHUn KBaHTUNENR 1 MHOXUTENEIA.

OcTaHOBMMCS Janee Ha BO3MOXHOCTU NpPUMeHeHUs npubanxeHus Maycca K 60nee WNPOKO-
My Kfaccy 3afiady CTpaxoBaHusl, CBA3aHHOW C pa3/iMyHbIMU NOPTHENAMUN CTPaxoBaHMA XU3HW. Mpu
pelweHnn TaKoro Knacca 3afay Mcnosib3yeTcs paHee YUYTEHHbIi MOMEHT O PaBEHCTBE OTHOCUTESIb-
HOI CTpaxoBoi HagbaBky B =9S Kak ANnd NHAMBUAYANbHbIX UCKOB, TaK U AN CYMMapHOro 1CKa.

Mpun peann3auum cCTpaxoBOil KOMMNaHMEWR pasHbIX TPYMn LOrOBOPOB CTPaxOBaHMA XU3HU C
pas/IMYHbLIMU YCIOBUAMM HAXOAMTCA OTHOCUTENIbHAs CTpaxoBas HafbaBka Mo onpefensembiM Yuc-
NOBbIM XapaKTepuCcTUKam CyMMapHOro UCKa:

B=a 'Vars

ES (1)
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u- ES i

d®opmyna (11) cnegyet u3 (10): =X , OTKyjga u=x n/VarS+ES.B nocnefjHem Bblpa-
yIVOS a a

XeHun: €S =N°EXt=p0 - HeTTO-NnpemMums CymMMapHOro wucka, xa*VarS =1I1S- cTpaxoBasfs Hafjb6aBka

TaKXe CyYyMMapHOro mcka. Torga ¢ yyuetom (8) nonyuum (11). Lanee c nomMmouwbto (5) Bblpa3um pe-

anbHYyW nnaTty 3a cTpaxoBKYy: p-p O0O=¢ 0 mann p=p0(l+B). MocnefHee paBeHCTBO ANA KaX AoW

rpynnbl 3acTpaxoBaHHB X NPUMET BUL:

PR =p0R(L+e) =EX(K(1+B). (12)

rie K- HOMEpP rpynnbl 3acTpaxoBaHHbL X Nuuy.
PaccMoTpuMM W pew M Tenepb akKTyapHYl0 3ajayy B cAyyae pa3Hbl X Tpynmn 3acTpaxoBaHHSL X.
3a,u,aqa 2. CTpaxoBaf KOMNaHWs umeeT 2 nopTdhens JOroBOPOB KPaTKOCPOYHOrFO cTpaxoBa-
HWS C pasNMUYHBIMU ycnoBuaAMun. lnsg nepBol rpynnbl 3acCTpaxOBaHHbB X CTpaxoBas BblnnaTta cocTas-
naet 150 TeicAy pyb6bneil B cnyvyae cmepTu no Bo3pacTy (0T ecCTeCTBEHHbI X NMPMUYMH) U 450 ThoiCAvY
py6neidi npm cMmepTW OT HecyacTHOro cnyyas. [ ns BTOpPOW rpynnb BblANNaTbl NO aHaNnOTUUYHBIM
CTPaxoBblM CAy4YyasisM, COOTBETCTBEHHO, paBHbl 200 Tbicay pyb6bneih m 650 Toicay pyb6bneil. JoroBopbhl

nepsoro Bmpga (NepBoro nopthens) cocTaBNeHb C 5 ThicAYaMM 3aCTpaxoBaHHbB X UL, BTOPOTo Bupaa

(sToporo noptdpena) - ¢ 3 TbicAYaMMU. MN3BeCTHBH TakXe: BepoOATHOCTb CMepTM NO JOCTUXEHWUIO
Bo3pacTa ANs nepBoiW rpynnbe cocTaBnsetr 0,05, ans BTOopoM - 0,002, BeposATHOCTW CMepTu OT
Hec4YyacTHOro cny4yas, COOTBETCTBEHHO ANna rpynn, pasHb - 0,01 n 0,05. Heobxogumo onpefenunTs

BEPOATHOCTHBIE CYMMBbl g KaX 4OW rpynnb 3acTpaxoBaHHBL X nuy npu FayccoOBCKOM npuébnumxe-
HUU CYMMAapHOTro WCKa U BEPOATHOCTU Hepa3oOpeHUs CTpaxoBOMW KoMnaHum 97 % .

PeweHne. M meem no ycnosusm nopTheneit (LorosopoB) cnefytowume gaHHole: N1=5 TbicC.
yen., n2=3 Tbic. yen., L y.e. = 50 Toic. py6., a =97% , a TakxXe Cnefyt W ne 3aKoOHb pacnpepgene-

HUW rpynn MHAMBUAYANbHbBI X UCKOB:

X, (1): X 0 3 9 X (2):x, 0 4 7

pt 0,94 0,05 0,01 . 0,948 0,002 0,05
Pl

HaigeM unMcnoBble XapakKTePUCTUKN UHAMBUAYANbHbIX MCKOB A5 KaXAoro noptdens no ot-
0eNbHOCTM U 3aTEM YUC/OBble XapaKTepUCTUKU CYMMapHOro MckKa € y4yeTtoM 060ux nopTtdenei.
Nmeem:

EX(]=0,24 ye., VarX(d =2,482-0,3582=2,3538 y.e,,
EX{)=0,358 ye., VarX* =126- 0,242=12024 y..,
ES = NJE X (]+ NZEX\2 = 5000 0,24 + 3000 +0,358 = 2274 y.e.,
VarS = NyarXfl+ N2VarX,2 = 5000+1,2024 + 3000 «2,3538 = 13073,51y.e.

Mo Tabnuue 2 ¢ yyetom a =97% onpegensem KBaHTUb: XA = 1,88. C yyeTom (11) paccum-
TbiBAEM OTHOCUTE/IbHYIO CTPaxoBYH HajbaBKy:
B=x"VarS 1,88V 1307351 0~

ES 2274 o
Torga no (12) ans KaXAoi rpynnbl 3aCTPax0BaHHbIX /UL, UMEEM CleaytoLLne peanbHble nna-
Thl 32 CTPAX0OBKW 1 HETTO-NPEMUN:

p@=EX,@@+8)=0,2627 y.e., nuim p@ «13137 py6.;
p@ =EX,(1+8)=0,3918 y.e., unn p(d «19592 pyod.
pOlz EX(I) = 0,24 50000 = 12000 py6., pP@=EX{ =0,358 +50000 = 17900 py6.

Mpusegem Tenepb KOMNbIOTEPHYIO peann3aumnio pacCMOTPEHHbIX NPUBAVMKEHUIA CyMMapHOTo
ncka. [ns aBToMatm3aunm NPOBOAUMBIX aKTyapHbIX pacyeToB pa3paboTaH MPOrpamMHbIA MOAYNb
B cpeae Visual Studio. Cpena coaepXuT ya06HbIA BCTPOEHHbIA pefakKToOp MCXOAHOro Koaa, KOTo-
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Pbli MOXHO AOMONHATbL HabopaMM HOBbIX HEOOGXOAMMBI X MHCTPYMEHTOB M paclWwl MpaTb TeM CaMbl M
hyHKUuMOHAnN cpepfgbl. Cpega xopowo coBMew aetcs ¢ Windows XP u Windows 8, a TakXxe agns 3a-
nycka nofg W indows nos3BonseT KOMNUAMPOBATb MPUNOXEHMUSA Ha Pa3NMUYHb X A3blKax, B TOM 4Yucne
C++, Visual Basic n C# [ pumen, 2014]. Kogb nporpaMMb peanm3oBaHbl Ha f3bl ke C#.

M oaynb coaepX T ABe OCHOBHble GOpPMb - OKHa. MNepBas M3 HUX NO3BONAET NPOBOAUTL aB-
TOMaTW3WpOBaHHBI € pacyeTbl BEPOATHOCTHbLI X MapaMeTpoB B cClyyae OAHOro noptdhens AOroBOpPOB
no NnpubnmMXeHHbIM MeTogamMm lMyaccoHa M Naycca. BXOAHBI MW AaHHBIMU ABNA TCA KONMYECTBO AO-
roBopoB, NponNMcaHHbIe B CTPAaX0OBOM AOF0OBOPEe CYMMb BbNnnaT MPWM CNyyasx CMepTW MO BO3pPacTy
MAWN HecyYaCTHOMY CcnAy4yal , a TakKXe BepPOATHOCTM CMEepTWM 3acCTpaxXxOBaHHbB X NUL B TedyeHue ropga
(cpepHecTaTMcTMyeckmne Tabamus , cogepxauwmecs B o6WMX M cneumanmampoBaHHbB X Tabnuuyax
NPOAONXMTENbHOCTUN X N3HN).

Bb XOAHBI MU JAaHHbBIMUW SABNATCHA BEPOATHOCTHbB € NnapameTpb : o6GecneymBaemas BepoOAT-
HOCTb Hepa3oOpeHMA KOMNaHUW, peanbHas nNnnaTta 3a CTpPaxo0BKY, HeTTo-NnpemMus, cTpaxoBas Hapjg6as-
Ka, MO3BONSA W Me rapaHTUpoBaTb COOTBETCTBYO WY BEepPOATHOCTb Hepa3opeHUsSs CTPaAaxOBOMN KOM -
naHuu. NMpruuem dhopmMa COAepXUT OTAENbHbBIE KHONKW [NA pacyeToB TeM MAWN MHBIM MPUBANXKEH-
HblM MEeTO[OM, Y4TO NO3BONAET CPaBHMBATbL Pe3yNbTaThl pacyeToB.

[l aHHOe Xe OKHO MOo3BONAEeT NPOBOAUTbL pacyeThbl KakK MO OTAENbHbB M NPpefbABAAEMb M UHAMN-
BUAYanbHbB M MCKaM, TakK W NO MCKaM OT BCeX 3aCTpaxOBaHHbL X NuUL, T. €. AN CYMMAapHOTo uckKa.
Tabnnub KBaHTUNEeh Ans pacyeToB MeTofOoOM MyaccoHa Mam MmeToAaoM Faycca 3afaHbl B Kojge npo-
rpammbl.

O KHO BTOpPOWh# popMbl MOAYNs paccymMTaHO Ha NMpUMeHeHWe Mofgenun Faycca B cayvyaax ABYX U
6onee nopTtheneil cTpaxoBbl X AOFTOBOPOB, T. €. MPW Pa3sNMWUYHbL X Tpynnax 3acTpaxoBaHHbL X AWl C pas-
HbIMMW YyCNOBUWAMMKU CTPaxoBaHWA MU BO3MOXHbB X BblnaaT No nonmcam. BblXOAHBI MU AaHHBIMU B 3TOH
hopmMe ABNA TCA BEPOATHOCTHbLI € pacyeThl ANSA KaX AOW rpynnbl B OTAENbHOCTWN, a TakXe ANA BceX
rpynn JOroBOpPOB B CPEeAHEM.

Ha pucyHkax 1 u 2 npepgcTaBneHbl pe3ynbTaTbl TeCTUPOBAHMSA NMPOrpamMMHOr0o MOAYNA No
ycnosuamM npeacTaBANeHHb X BbllWe 3agay. PeaynbTaTbl TeCTUPOBaHMA coBMajatlT C MPOBEAEHHbB MW

BbllWle aHANMNUTUUYECKMUMUN pell eHUMAMN 3agad.

CTpaxoBaHue XX13HU

MpocToit pacyeT |Pacuet gna rpynn

Knuentxus HecyacTHblit cayyait KonuyecTso forosopos Cymma Bbinnathl 3a 1y.e.

Buinnatel 0

BepoatHoCTb(%) 0.997

Paccuntatb metogom lMyaccoHa PaccuutaTh MeTogom laycca
3a 1 MHANBMAYANbHbIN NCK 3a 1 uHANBUAYanbHbIi NCK
PeanbHas nnarta sa ctpaxosky 11175 ~ PeanbHas nnata 3a cTpaxosky 11161
HeTtrto-npemus 750 Hetto-npemusa 750
CtpaxoBas Haj6aBka 425 CtpaxoBas HagbaBka 411
3a cymmapHblii nck 3a cymmapHblit uck

PeanbHas nnata 3a cTpaxosky [3525000 PeanbHas nnata 3a cTpaxosky 13483000
HeTtTo-npemus 2250000 HeTtro-npemuna [2250000
CtpaxoBas Haj6aBka 1275000 CtpaxoBas HapbaBka 1233000

Puc. 1 Pe3ynbTaTbl pelleHns 3afaqun 18 nporpaMmMHOM Mofy/e NPUGAMKEHHbIMU METOAaMM
MyaccoHa n Naycca
Fig. 1 Results of solving task 1in the software module using approximate methods Poisson and Gauss
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Puc. 2. Pe3ynbTaTbl peLleHns 3afaqun 2 B NPOrpaMMHOM MOfyne NpubamKeHHbIM MeToaoM [Faycca
Fig. 2. Results of solution of problem 2 in software module by approximate Gauss method

3aK/10YeHne

B pa6oTe paccMOTpeHbl OCHOBHbLle NOHATUA, CBA3aHHbIe C Teopueh M NpPpakKTWKONK KpaTKo-
CPOYHOTO CTPaxXxoOBaHMA XW3HW, MpoaHanM3NpPOBaHbL NPUGAUXEHHbB € MOJEeNNW CYyMMapHOTro MWCcCKa B
cnyyadax 60nbW Oro 4ynmcna 3acTpaxoBaHHBI X B CTPaxO0BblX KOMNaHWAX AuLy. PasobpaHb anroputmiu-
YeCKUEe pelWw eHUSA KNI YeBbl X CTPaxXoOBblX CAy4yaeB C NPUMeHeHUEM NPUBGNUXEHHB X Mofjeneidn Cym -
MapHoOro nmcka: mogenu MNyaccoHa M mofgenun Faycca. NpuBefeHb pacyeTbl OCHOBHbL X NapaMeTposB,
TakKMX KakK peanbHas BblnnaTa 3a CTPaxOBKY, HeTTOo-npeMus, cTpaxoBas Hafjb6aBka, NMO3BONAI W UX
rapaHTMupoBaTb Heob6XO[MMYI BepoATHOCTb Hepa3oOpeHMA CTPaxoBOW KoOMNaHWuU, Beaylweh K
ycnewHoOMY ee QYHKLMUOHMPOBAHNIO .

C uncnonb3oBaHMeEM Mofjened nNnpubNuUXeHWS CYyMMapHOro ucka pa3paboTaH nNnporpammHbli
NPOAYKT, NO3BONSAI W MK aBTOMAaTM3MpOBaTb YMCNEHHbl e pacyeTbl. M ofynb paccyMmTaH He TONbKO
Ha OAWH nNopTthenb AOFrOBOPOB CTPaxOBaHMA XWU3HU, HO W Ha pa3Hble rpynnb NnopThenet goroso-
poB (C pPa3NMUYHBLIMU YCNOBUAMMW CTpaxoBaHWA), YalWw e peannmsyeMbl e CTPaxOBbIMU KOMMAHUAMMN.
MpopagykT paspa6oTtaH B cpege Visual Studio ¢ kogom Ha A3blke C#. Pe3dynbTaTbl pac4yeToB C Npume-
HeHMWEeM NpPpOrpamMMHONO MOAYNA MAEHTWYHbL aHaNOrNMUYHLIM aHaNMWTUMYeCKMM pacyeTam. B To Xe
BpeMs NPUMeHEHWE MOAYNA NO3BONAET MONYYUTb pe3ynbTaTbl MpakKTMUYeCKW cCpa3y Xe nNocne BBe-
fLeHWA BXOAHB X JaHHbB X W3 YycnoBWW [OroBOPOB CTPaxoOBaHWSA XWU3HM U BblGoOpa NMPUOBGANXEHHON
MOAenn pacyeTa.

MpakTuyeckas 3HAYMMOCTb pa3paboTaHHOINO0O KOMNbLI TEPHOTO NpPpojykTa COCTOMT B aBTOMa-
TM3auMmM pacyeToB, M COOTBETCTBEHHO, COKpPall eHUN BPeMEHUN NMPUHATUSA pelw eHNH NOo TeKylWw MM ak-
TyapHb M pacyeTHb M Bonpocam. Mcnonb3oBaHue cpeabl Visual Studio ¢ ero GYyHKLWOHANbHbL MK
BO3MOXHOCTAMMU M BCTPOEHHbLI MU KOAaMW NOATBepX daeT YyHWBepCanbHOCTb ee NPUMEHeHNWS ANA

W MPOKOTFO Knacca npo6nemM, B TOM YMUCNe AN 3ajay aKTyapHOW MaTeMaTuKu.
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