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BBepgenmne

AxTyapHas MaTeMaTWKa HEMOCPEACTBEHHO CBA3aHA C AEATEIHLHOCTHIO, KOTOpAs HO-
cuT HasBaHme cTpaxoBanusa. CaMo CTpaxoBaHWe KAK CHCTEMA CO3IAHUA CIEMUATLHBIX
(JOHIOB 1A KOMIEHCAHH YIep6a 0T CIyIauHbIX MOTEPh BO3HAKIO JOCTATOYIHO [aB-
HO. Hampumep, B 1peBHEE BpeMeHa IPABUTENb JI0O0T'0 I'OCY AapCTBa CO3/1aBaJ 3aIackl
3epHa Ha CIydad Heypoxad B OyaymeM. Hambomee 4eTko gaHHAA cCHCTEMa 0003HAYH-
JIaCh B BIIOXY reorpapuIecKnX OTKPLITAU W PA3BATHA MOPCKOU TOprosiu. CyTh memna
B TOM, 9TO B 3TOT IIE€PUO BPEMEHHU OTIPABKA MOPCKOT'0 KOPAbJsa C TOBAPOM B JAalbHEE
mIaBaHue OBLIA BCETa COMPIXKEHA ¢ BO3MOXHEIMYA TOTEPAMHI BCJIEACTBUE KPYITEHUS
KOpabis, THOENbI0 DKAUTIAXKa, YTPATOW TOBAPa W3-33 MHOXKECTBA IMPUYAH, HAYAHASL OT
MOPCKOT'0 IUPATCTBA W KOHYAA MOPYEd OT MODPCKOW BOABI. B Takou cuTyaruu mIio-
[I¥, KOTODbIE BKIAJBIBAIU [E€HLI'M B CHADAXEHWE MOPCKOW DKCIEIUIAN, PUCKOBAJH
KPYIHBIMA CYMMaMHU ¥ yINePOBI BO3HAKAIA JOCTATOIHO YacTo. CTpeMiIeHne CMATYATE
MOCIECTBUSA BO3HUKAIOIMINX CIYIAMHBIX COOLITUM W CBA3AHHHEIX ¢ HAMHM MATEDPUAIb-
HBIX MOTEPHh HA MPAKTUKE JOCTATOYHO OBICTPO IIPHBEIO K ABYM CIOCO6aM TEUCTBUU.
B mepBom ciydae mpeANpUHUMATENW, BKIAJBIBAIONAE CPEICTBA B PUCKOBAHHOE [€-
710, 06BeIMHAIOTCA, CO3aBasA COBMECTHOE MPEANPUATHE W TAKUM 00Pa30M pa3resdsd
CIyYHBITAUCA yIIepO MO yYacTHUKAM. Bo BTOpOM ciaydae mpeanpuHUMATENh MIATAT
OTIpeeNeHHYI0 TJIATY JUIy WA OPraHU3AMUd 33 IMOKPHITHE GYIyIIEero CiIy4IauHOro
ymep6a. 31ech yXe BO3HUKAIOT MOHATHS CTPAXOBATENsA, KOTOPHIM MOIBEPXKEH CIy-
YaWHBEIM yInepbaM ¥ IIATHT 33 KOMIIEHCAIWIO 3TUX yIIepOOB B CIy4dae WX HACTYILIe-
HUA, ¥ CTPAXOBINWKA, KOTOPHIM BO3MEIIAET CIyJIaWHEIE YINepOhl, 3apaHee MOIydas 3a
BTy ycayry genbru. Ha camom jgene 5T CIOCOOBI JEMCTBUU CBA3AHBI MEXIY COGOMU.
B coBpemennou mpakTuke J1060€ IpeAnpuiTre, aKITMOHEPHOE O0IIeCTBO B 3aKOHO Ja-
TEILHOM TOPAAKE O0S3aHEI OBITH 3aCTPAXOBAHBI OT PA3HBIX PUCKOB, B TOM YUCJIE W
0 OCHOBHOMY BHAY AeATeabHOCTH. C IPYroM CTOPOHBI, CTPAX0Bas KOMIAHUA KaK aK-
IMIOHEPHOE 00MIECTBO (PAKTUIECKH PA3JeIdeT OTBETCTBEHHOCTEH MEX Y aKIIMOHEPAMHM.
CreyeT mog9epKHYTh, YTO NETHI0 CTPAXOBAHUA ABAAETCA (PUHAHCOBAA KOMIEHCAIAA
MOCTIEJCTBUYU CIYIYauHBIX COORITHH, MOBJIEKINIWX 33 COO0M MaTepuaJbHLIN yinepb. B
TO Xe BpeMdA, HAIPUMEDP, a3apTHHIE UT'DHI HE ABIAIOTCA MPEAMETOM PACCMOTDPEHUS
CTPaxXOBaHUA, MOCKOJIbKY UX YIACTHUKWA CO3HATENHHO MAYT HA PUCK U CHUTYAIUA MO-
¥KET CIOXUTHLCA B UX MOJb3Y, TO €CTh HT'POKA MOT'YT HE TOJBKO MOHECTH MOTEPH, HO 1
BBRINT'PATh. AHAJIOTWYHAS CUTYAIUA C TOPTOBJIEH IEHHBIME OyMaraMmu: yIaCTHAK TOD-
OB MOXET MOTEPIeTh HeyAady, HO €r0 PUCKU He CTPaXyITCA, B MPOTUBHOM CIydae
CTPaxOBble KOMIIAHUY PACIIAYABAINCH ORI 38 JI060€ HeyIadHOe TOMEINeHne KamnTa-
na. Takum o6pa3om, 37eCh MBI BUJUM [[BA BUa PUCKOB, ME€PBHIE IPUHATO HA3LIBATH
YUCTHIMHU, KAK HANpUMeED, KOpabJIeKpyIIeHne, MoXap, # T. M., & BTOPHIE - CIIEKYJid-
TuBHEIME. [IpeqMeTOM WMHTEpECAa CTPAXOBITAKOB ABIAIOTCA TOJBKO YUCTHIE PUCKH.
[lo cmx mop pedvsh muIa O CTPaXOBAHUM MMYINECTBA, KOT'Ja pa3Mep yriepba deT-
KO OIpEJeNaIcs B JEHEXHOM BBIPAXEHWH. B JUYHOM CTPaXOBAHWW, HAIPUMED, B
CTPAXOBAHWW XW3HHU, I€JI0 OOCTOMT wHaYe. B Takmx CIydasx CTPaxOBble KOMIAHUU
KOMIIEHCHDYIOT He J0JI0 yInep6a, a BRILIAYMBAIOT 3apaHee OTOBOPEHHYI0 cyMMy. [Ipn
DTOM JEIUKATHASA MPO6IEMa ONEHKH YeJ0BEYeCKOW XXU3HU PEIIaeTcs CAMHM CTPaXo-



BaremeM. C Ipyro¥ CTOPOHEI, JJUYHOE CTPAXOBAHME YACTO HANPAMYIO CBA3BIBAETCA C
MOKYIIKOW B PACCPOUKy goma. [Ipu 5ToM pasMep CTpaxoBOr0 BO3MEIICHAA 3ABUCHAT OT
CTOMMOCTH IIPHOGPETAEMOr0 XKUJIUIIIA.

CrenyeT OTMETHTD, 9YTO CTPAXOBaA A€ATEILHOCTE CaMa Mo cebe mepepacipereiieT
JNEeHEXHBIE CPEJCTBA U aKKyMYJUPYeT WX, C OJHOU CTOPOHHI, [JIA HEIOCPEJCTBEHHO
CTPaXOBOU AEATEILHOCTH, & C APYTOd, MHBECTHPOBAHME DTHUX CPEJCTB B PA3IUYIHEBIC
OTPACIHA CIOCOOCTBYET PA3BUTHUIO TAKOBHIX. PaszBuTHe MPOMEIILIEHHOCTH U CETLCKOT'O
XO3AUCTBA HEMBICAUMA, 0€3 Pa3BHTHA CTPAXOBBIX MHCTHTYTOB. B COBpEMEHHOU CHTY-
AllM¥ MHBECTUPOBAHUE BO3MOXKHO JHUIINL B T€ O0HLEKTEI, T'[eé BCE PUCKH, 00YCIOBJIECH-
HEIE IIPUPOJOH 3TUX 00LEKTOB, 3aCTPAXOBAHLL. VICTOPHUA pa3BUTUA IPOMBINLICHHOCTH
MOKA3LIBAET, YTO HACTOAINEE PA3BUTHUE JIOOOr0 TOCYAapCTBA HAYMHAETCS MOCTE CTa-
HOBJIEHUA CTPAXOBOM CHCTEMEI. KpoMme TOro, Ka4ecTBO XU3HE B T'OCYAApPCTBE JET'KO
OIIEHUTE 10 CTEIeHU OXBATa CTPAXOBAHUEM €0 T'DaXKIaH.

BsamMogencTBrE CTPAXOBLIX KOMIAHWU M HX KAXEHTOB OCYINECTBJIACTCA ILyTEM
IPOJAXKH IIOJUCOB - JOI'OBOPOB, B KOTOPHIX YKA3aHLI YCIOBHA CTpaxoBaHma. [Ipum
3aKJII0YEHUN CTPAX0BOI'0 JOT0OBOPA CPa3y BO3ZHUKAET BOIPOC O IEHE MOJUCA. IDTa Ie-
Ha [JOXKHA OBITH MPUEMJIEMOU A KAWEHTA W CTPAXOBOM KOMIIAHHH OJHOBPEMEHHO
I JOMXKHA YIATHIBATHL Takwe (PaKTOPHI, KAK BEPOATHOCTH HACTYILIEHHA CTPAXOBOIO
CIydasd, BeIMYUHY BO3HHUKAIOINET'O NMPH 3TOM yiiepba um T. g. Takum obpaszom, mpu
IpOJaXke MOJMCA CTPAXOBaA KOMIIAHHWA JOKHA CAEeJaTh PACYETHI MO0 (PUHAHCOBBIM
06A3aTeIHLCTBAM KJINEHTa, UMeA B BAAY, 9YTO OHA CAMa BLIMOJHHUT CBOM 00A3aTEILCTBA
mepes HEUM B OyayIleM, OpAYeM B HEKOTOPOHIM CAYIAMHBIA MOMEHT. JTH PACIETEHI
JealoT CIeMUAINCTEI-aKTyapui. B CTPaxoBOd JeATEILHOCTH HEBO3MOXHO OOOHTHCH
6e3 aKTyapHBIX PAcYeTOB M BLIBOJOB. B CTpaxoBaHUM MMYINECTBA W APYTHX BHIAX
KPaATKOCPOYHOI'0 CTPAXOBAHUA HEOOXOAMMO JOCTATOYHO TOYHO OMUCATEH XapaKTep TeX
PHCKOB, KOTOpPBIE CTpaxoBasd KoMmanusa Ha cebsa 6eper. Ha ocmoe mupopMmMamuum o
prCKaxX HeOOXOAWMO ONPENEIUTEL BEIWMYIUHY B3MMAEMOM C KJIHMEHTa CTPAXOBOHU IIpe-
vum. [Ipm sTOM TpebyeTrcsa, ¢ OLHOM CTOPOHELI, NMPHUBJIEKATH OOJBIIOE KOAXIECTBO
JIOTOBOPOB, a C APYTOM CTOPOHBI, HEOOXOAUMO, YTOOHI MO KAXKIOMY 3aKIIOYEHHOMY
JIOTOBOPY MOXHO OBLIO PACIIATHTHCA. DTO 03HAYAET, YTO OTBETCTBEHHOCTH 3a obec-
nevenne GUHAHCOBOU YCTOUIMBOCTH CTPAXOBOM KOMIIAHWH B 3HAYATEILHOU CTEICHH
JEXWUT Ha aKTyapuaX. B JOArOCPOYHBIX BHAAX CTPAXOBAHUA, IIPEXKIE BCErO B CTPa-
XOBAHUU XW3HU, MOABIACTCA NOIOJHUTEILHAA 3a0a9a M3y9YaTh IOBEJEHHE HOPMBI
JOXOOHOCTH ¥ JeJaTh aJeKBATHLIE IIPOTHO3LI IO €€ MoBeAeHmI0 B Oyaymem. Kpome
TOT'0, CIENA(PUKA CTPAXOBAHHUA XUIHE AUKTYeT HEOOXOAUMOCTH MMETH JOCTATOYHO
CPeJICTB, BIOXEHHBIX B GLICTPOJIMKBHJHEIE AKTUBEL JJIA CBOEBPEMEHHON BELIILIATEL IO
CTPaxXOBBIM CaydasM. Kpome TOro, [if CTPAXOBAHHUA XXU3HU M MEHCUOHHOI'O CTPAXO-
BAHMA NPABAILHAA WHBECTUIMOHHAA IIPAKTHKA 00ECIeIMBAET U BO3MOXHOCTH MMETh
JNOIOJHATEILHEIE JOXOALI CTPAXOBATENAM W IIEHCHOHEPAM, HI'PAd TeM CAMBIM B CO-
OAAIBHYI0 poihb. ClaegoBaTelbHO, MHBECTUINOHHAA JeATEILHOCTHh HEMOCPEACTBEHHO
cBA3aHA ¢ paboOTOM aKTyapueB, KOTOPhLIE OOS3aHEI [eIATh ONEHKHW, TPOTHO3ELI IO TI0-
BeJICHUIO IIeHHBIX OyMar Ha PBIHKE.



1 ®Pyskum nosesHocTu. CTpaxoBbie MpeMun

PaccMoTpuM 571eMeHTHI TEOpHUY MONE3HOCTH, I'JIe HATVIATHO IPOCAEKUBAETCA, TOIEMY
JIIOTY, OPTaHU3aNuy NpuOeraloT K cTpaxoBanuio. [Ipemoaoxum, 9To nMeeTcsa KaKOou-
au60 PKOHOMWYECKHAU MPOEKT CO CIyYaWHBIM KCXOJ0M. TOrga O KadecTBe MPOEKTA
MOXHO CYAUTH IO CPeJHEMY 3HAYEHUIO SKOHOMUIECKOT'O PE3YIhTATa, TAKUM 00pPa3zoM
MOXHO CPaBHHBATEL IPOEKTHI MeXxay cobou. Ha meme Takow OpHHINII, HA3LIBAEMEIN
OPWHIIUIIOM OXWIA€MOT0 CPeHEro, He TpuMeHuM. /(1 TOATBEDPX JeHUA 3TOT'O YTBED-
XKJIEeHUS BCErjla MPUBOAUTCA TAKOW mpuMep. IIycTh B mpoekTe A 0XWIAeTCA UMCTASA
npubsLTh, paBaad 50000, ¢ BepoaTHOCTHIO 1, a B mpoekTe B aHAJIOTWYIHBIN BHIUTDHIII
pasen 200000, HO ¢ BepoATHOCTEIO (.5, ¥ C TOM Xe BEPOATHOCTHIO OXUIAETCA YOBI-
Tok BesmauHbl 50000. Y npoexkra A cpenmnaa npubewis pasua 50000, a y mpoekTa B
ona cocrapager 75000. C TOYKM 3peHHMA CpABHEHWA CPeJHeN NpHOLLIA BTOPOU IPO-
eKT 60Jiee IpeAIOYTUTENeH, HO GOMBITHHCTRO Jofen npegnounTaeT npoekT A. Takme
OpPEMEPHI MOKA3LIBAIOT, YTO [JIA OMUCAHUSA TPONECCa TPUHATAS PEIIEHUHA HYXHBI MO-
JIeJId, YIATHIBAIOMIAE YeJI0BEYECKYI0 MCUX0JI0ruio. [lId mTOCTpOeHNa TaKuX MOJEIen
BBE/[EM MOHATHE (PYHKIIUY TOJE3HOCTH, KOTOPOE JOCTATOYHO XOPOIIO MOKA3EIBAET, O-
YeMy BO3HHKAET TOTPEOHOCTH B CTPAXOBAHWY U C IOMOINBIO KOTOPOU MOXKHO Y3HATH,
KaKyI0 CYMMY Y€JIOBEK I'OTOB 3AILIATUTDH 33 CTPAXOBKY.

YenoBek, IpHHIMAOITAY pelneHus, 6y xeT o6o3nadaThea gauee JIIP, orHocuTens-
HO KOTOPOT0 OyJeM CYATATh, YTO OH IPUHWMAET PEIIeHUA, MUCXOAd W3 TPWHITUIA
OXWIAEMOT0 CPeJHEero (PYyHKIWU TOJE3HOCTH, KOTOPasd MPUCYIA TOJILKO eMmy. Pac-
CMOTPUM, KaK MOXET OBITH ONPEeIeHa 3Ta (PYHKINA W KAKOBEI €e cBOUCTBa. [Ipex e
BCEr0 IOJOXWUM, ITO BeAWInHA U4 (w) QYHKIAN HOME3HOCTH €CTh BeIMINHA Ge3pasMep-
Hadg, ApTYMEHTOM 3TOU (PYHKIAW ABAACTCA BEIUINHA, BHIPAXKACIOMIAACA B JEHEXHBIX
equaunax. CregoBaTensuo, u(w) gomxHA OHITH Bo3pacTalomen pyukmuen. Ilycrs w-
CyMMa, IOJBEPXKEHHAA PUCKY, a 3HadeHus pyukruu monesHocTu u(0) = 0, u(w) = 1.
Cunras smagenue w = 1000, 6ygeM OmpegenaTs 3HAUEHUA (DYHKIMA TOAE3HOCTH (L)
ma waTepBaue (0,w). s sroro, caauana coeguums To4ku (0,0) u (w, 1), npamonn-
HEWHBIM OTPE3KOM, OyeM MOCTeJOBATEIHLHO YTOIHATL BU/ rpadhuKa 3TOU (PYHKIIWHA.
[Ipeamomoxum, 9TO PUCK OMUCHIBAETCA CIYyYaWHOW BEIWYMHOM yrmepba X, KoTopas
npuHUMAaeT 3Ha4YeHuA 0 ¥ w ¢ BepoATHOCTHIO (.5. ITO 03HAYAET, YTO C BEPOATHOCTHIO
0.5 cymMMa w HE W3MEHHUTCA W C TAKOW Xe BepoATHOCTHIO JIIIP ocramercs mu ¢ dem.
Cpeauee 3uadenue ymepba 3xech pasao 0.5w = 500. Eciv B Takou cuTyammu cyime-
CTBYET CTPaxXOBasd KOMIAHUA, KOTOPAA MOXeT KOMIEHCUPOBATEL BECh yIepH, TO BO3-
HEUKAEeT BOIPOC: KaKyH MaKCHMAJbHYIO IPEMUIO COTMACHO 3amaaTuTs JIIIP Ha Taxumx
ycrnoBuax? O603HAYUB 3Ty MAKCUMAJBHYIO MpeMuio depe3 (G, UCXOqd U3 TMPWHITUIA
0XWIAEMOT0 CPEeTHEr0 (PYHKIUU TOJE3HOCTH Oy/1eM MMETh PABEHCTBO

w(w — G) = 0.5u(0) + 0.5u(w),

w3 xoroporo Haxogurca G. Coegwmms Tpu Touku (0,0), (w — G,0.5), (w,1) mxoma-
HOM, HOJTy9MM yTOYHEHHE Tpacduka dpyskmun. [lanee, m3MeHAS 3HAYCHEE BEPOATHO-

cTH ymepba, aHATOTHYHO 1A BCeX TO49eK wHTepBata (0, w) ONpeserdoTcs 3HAICHAL
dyaknum u(t),t € (0,w). Ecmm p = E(X), a G > p,T0 TOBOPAT, YTO MOCTPOCHHASA
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(GYHKIUA TOJE3HOCTH NPWHAIIEXUT HepacmonoxennoMy K pucky JIIP. IIpomecc
HOCTPOeHUA rpaduKa (PYHKIMA IOJE3HOCTH HABOAUT HA MBICIb, ITO pyHKIMA u(w)
O HA GBITH HE TOJHLKO BO3PACTAOIIEN, HO U BOrHyTOU. HamoMuuM, 9TO IS BOTHY-
THIX (DYHKIUH CIpaBe InBO HepaBEeHCTBO MeHceHa:

Eu(X) < u(EX).

B mamewm crydae ecmu G— MakcUMaJbHASA TPEMUs, KOTOPYIO I'OTOBO 3amaaTuTh JIITP
3a IIOJHOE BO3MeIleHue yIepba, TO OHa ONIpeJeNdeTcsa U3 yCIOBUA

u(w— G) = Bu(w — X) (1)

3 mepasencrsa Wencena cregyer, aro u(w — G) < u(w — EX) = u(w — y), oTkysa
BEITeKaeT, 4To G > u. Taxum ob6pasom, ecim y JIIIP ¢pyukua nomesHocT CTporo Bo-
reyTa, T0o JIIIP aBIdeTca HEPACIOMOXEHHEIM K PUCKY, TOTOBBIM 3AILIATATEL CTPAXOBOK
KOINAHWY BEIWYMHY OOJBIIYIO, 9eM CPeJHEe 3HAYCHHEe KOMIEHCHPOBAHHOIO yImep6a.
VMenHO 3/€Ch UCTOYHWK BO3HHKHOBEHHA CTPAXOBOM JEATEIHHOCTH.

Ecnr ¢TpaxoBIIK KOMIEHCHpPYyeT He BeCh ymep6, a Jummb k—I0 9acTh €ro, TO
yPaBHEHHUE [JIA OIpe/eNeHra MAKCHMAILHOM IPH TAKOM YCIOBUHU IpeMuH OyLeT BEI-
rIAfeTh aHaJIorm4Ho (1):

BE(u(w — (1 — k)X — G)) = Bu(w — X). 2)

B ToM xe caydae, KOorja cTpaxoBad KOMIAHWA KOMIEHCHPYET He JOJI0 yInepoa,
a BEILIAYMBACT (PUKCHPOBAHHYIO CyMMy A B Clydae BO3HHKHOBEHHS 3TOrO yImepba,
anasorom ypasaerusa (1) 6ygeT

Eu(w—X — G+ A) =pFu(w — X) + (1 — p)u(w),

e p- BepOATHOCTH BO3HUKHOBEHHUA yIepoa.

PaccmoTpum Tenmeph mpobieMy 3aKIIOYEHHWSA CTPAXOBOT'O JOIOBOPA C TOYKH 3pe-
HUA MHTEPECOB HE CTPAXOBATENA, a CTPAXOBIWKA. IIycTs ur(.)- GYHKIUA MOAE3HO-
CTH CTpaxoBIIuKa. Kcam mo ycaoBuio KOMIIEHCUPYEeTCA BeCh yiep6, TO MUHIMATLHAA
npemuda H, KOTOpyI rOTOB IPUHATH CTPAXOBINWK, OIPEAEIAETCA U3 PAaBEHCTBA

’LLI(’LUI) =Eu1(wI+H—X), (3)

€C/IM CTPAXOBIIWK IIPEMET MEHBIIYI0 CYMMY, TO CpeJHee 3HaYeHNEe er0 (DyHKOUH II0-
JIE3HOCTH OKaXeETCA MEHBIIE ITOJE3HOCTH BEINYHUHEI €I'0 KaIlluTaJa Wy. Jj I HEPpaBEHCTBA
IU/IeHCGHa cileayerT, 9To

’LLI(’LUI) < ’LLI(’U)I + H — ,LL),

oTKyaa crexyeT, uro H > u. Ecnu Bumoaneno ycinosue G > H > p, TO BO3MOXHA
clleqKa TO IIPOoAaXKe MOAruca. PacCMOTPUM HEKOTODHIE MPUMEDPH! (PYHKIHY TOJE3HO-
CTH.

OKCIOHEHIIMATbHAA (DYHKIIUA MOJIE3HOCTH UMEET BU[I

u(w) = —e*,a > 0.
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DTO BO3pACTAONAA BOTHYTaA (PYHKIWA, TOCKOILKY
! _ " _
u(w) =ae”™™ > 0,u (w) = —a’e " < 0.

Ora QYHKIWA [OJE3HOCTH MMEET Ty OCOOEHHOCTH, 4TO BenumuuHa G, OnpejenseMas
u3 ycnoBus (1), He 3aBHCAT OT BEIWIWHEL W:

_e—a(w—G) — _Ee—a(w—X) —
log M
eaG:EeaX<:>G: og X(a),
(8%

aneck Mx (o) = Ee®*- npowssoasaman GpyHKIMA MOMEHTOB CIy9alHON BeTWImHE X.

PaccmoTpuM Takon npuMmep: mycTh GyHKus nonesaocta JIIP uveer sug u(w) =
—e % u B pacnopsxenun JIIIP uMeroTca ABa 3KOHOMWYECKWX ILIaHA, KOTODPHIE MEI
OymeM paccMaTpUBaTh KakK ciaydauHbie BenwdwHbl X u Y. [lepBoiu mian wMmeeT HOP-
MaJbHOE paclpeeienne CO CPeJIHUM D W JUCTIEPCHEN 2, & BTOPOU TaK e PACIpeeIeH
co cpenauM 6 u gucnepcuen 2.5. TpebyeTcsa BHIACHATH, KAKOW W3 3THUX ILIAHOB IIPEI-
MOYTUTEIhHEE C TOYKH 3DEHUs NPWHIWIS OXUAAeMOU mojesnocTu. /lnd orseTa Ha
3TOT BOIPOC 3AMETHM, UTO €CITH CIyJIalHad BednauHa Z pacupenenena kak N(u,o?),
TO IPOM3BOLAIIAA (PYHKIINA MOMEHTOB €CTh

1 _ (:c—u)2 1 —:c2—u2 +2u:c+2a:ca'2
Mx(a) = —/ e*e” 27 dx = —/ e 202 dz =
2ro JR V2ro JR

1 —2? +20(utac?) - (ptac?)? -2+ (ptoc?)?
\/2_— € 20° T-e 22 =
o JR
a2a'4+2aga'2 2 92
e 262 — eau+0.5a o

Orcroga cregyer, 9TO
Eu(X) = E(—e ) = —Mx(=5) = -1, Eu(Y)=—My(—6) = —e"® < —1,

OTKyaa ciefyeT, 4To maaH X 06ojee NPeANOYTHTENEH. 3aMeTHM, UTO e€Cau ObI CIy-
JaWHasA BeAWYWHA Y WMeNa OBl JUCIEDPCHIO, PABHYIO 2.4, TO 5TH IIAHBI AMETH OB
OJMHAKOBEIE 3HAYEHUA OXKUJAEMOU TTOJE3HOCTH.

Caeayromut npuMep (HYHKIUE T0Je3HOCTH-IPOGHO-CTEIeHHAA (DYHKIUA-3a,Ta€TCA
dopmyaon

w(w) =w",w>0, ~e(0,1).
[anmHad GYHKIIEA COOTBETCTBYET (PYHKIWY TOJE3HOCTH HEe CKIOHHOTO K pucky JIIIP,
IOCKOIBKY
u=yw >0, u=v(y-1w"2<0.

B oram4me oT npeasigymero npuMepa npemus (G, Haxonumas u3 ycaosus (1), saBucuT
OT CyMMEI, IIOABEPXEHHON PUCKY. PaccMOTpHM ClleyIOMAN IPUMED.

®yrxnusa nonessoctu JIIIP umeer Bug u(w) = /w. Cocrosume Bemmanan w = 10
IOJBEPXKEHO DHUCKY, HMEMINeMy paBHOMepHOe Ha mHTepBale (0,w) pacupejereHHe.
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Tpebyercs HauTH MaKCHMAILHYIO TpeMuto, KoTopyio JI[IP roToBo 3amiaTuTh 3a moj-
HOe BO3MelleHne yimepoa.
[l HaXO0X IeHWs MCKOMOU IIPEMUH PACCMOTPUM ypasHenue (1):

Vw—G = Evw - X <

w Sy — 3/2
\/w—Gz/ UIJLO xd:vz(\/i)) (:>G=w—w3/225=5g.
0

3amMeTuM, 4TO 37eCh oXxuaaeMbin ymepb paser FX =5 < G.
Crengyrolee ceMeNCTBO (PYHKITUN MOJE3HOCTH - KBaJAPATHIHEIE (DYHKIMA

u(w) =w—ow?, ao>0,w<1/2.

Ha paccmaTpuBaeMoM mHTEpBaJe A MEPEMEHHOW w (PYHKIHUA U CTPOr'O BOIHYTA W
BO3pacTaeT:
! "
u=1—-2cw>0, v =-2a<0.

HecMmoTpsa Ha npuBreKaTeILHOCTE BH/A TaKUX (PDYHKIAH, PE3YIbTATHI, TOJyICHHEIE C
7X MOMOIIBI0, YaCTO HE yIOBIETBOPAIOT HCCaemoBaTeaen. [IpuBesem Takou mpuMep.
IIycts dpyrkmua noresuoctu JIIIP gaercsa xak

u(w) = w — 0.01w?, ,w < 50.

OTrocutennuo ymepba umaecTuo, uTo JIIIP coxpanuT cocTosHME BEIWIUHEI W C Be-
poaTHOCTHIO (.5 W MOTEpIUT (PUHAHCOBLIM YORITOK, paBHEM 10, ¢ BepoaTHOCTEIO (.5.
Kak u B mpegbigymmem nmpumepe, TpebyeTca ONpeelnTh MAKCUMAAbHYIO npeMuio G
3a TTOJHOE BO3MelleHue yimepoa.

B garHOM ciaydae ypasHenue (1) IpUBOAUT K KBAAPATUIHOMY YPABHEHUIO, DEIIAs
KOTOPOE [V HEKTOPBIX 3HAYEHUN W, MOJLYIAM TAOIUITY:

Benuuwna xanurana w | Berwumna npemun G
10 5.2769
15 5.3113
20 5.3553
25 5.4138
30 5.4951

W3 npuBenenrOn TAGIUIBI BAIHO, YTO BEIWIWHA MPEMAN BO3PACTAET C POCTOM KaIlu-

TaJa CTPAXOBATENA, XOTA 3/7eCh PE30OHHO CKA3aTh, YTO 4eM GOJBIIEN CYMMOU PACIO-
aaraet JIIIP, TeMm ¢ 6oJbINer CIy4YawHOUM MOTEPEM OH I'OTOB CMUPHUTHLCA W TEM MeHee
MHTEpecHa eMy cTpaxoBka. CreoBaTeIBHO, A TEX CTPAXOBATENEH, KTO IPHUIePKH-
BAETCA TAKOW JOTUKH, MOCHeJHAA (PYHKIUA TOJE3HOCTH MOXKET He mogouTu. Paccmo-
TpuM 6Oee CIOKHBIM TPUMED.

N3BecTHO, 9TO ¢ BepoATHOCTHIO (.75 cOGCTBEHHOCTDL HE 6y IeT MOBPEXJeHA, ILIOT-
HOCTh BEPOATHOCTH ymep6a

f(z) =0.25[0.01]e7 %z > 0.
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OGnagaTens coOGCTBeRROCTH WMeeT pyHKIIO mone3rocTr u(w) = —e~ %005, Tpebyer-

CA BEIYUCIATH OXKHUJAEMBIN YOLITOK M MAKCUMAILHYIO CTPAXOBYIO IIPEMHAIO 33 IOJHOE
BO3MeIeHre yirepoa.
OxugaeMbi yOBITOK BEITUCAAM II0 ONIPEIeNEHUIO:

EX =0.25 / 20.01e~0017 Jy — 95,
0

Hanee, ypasuenve (1) B Hamen cuTyanuu 6y €T BHIMIALETH TaK:

_6—0.005(w—G) — _0.756—0.005111 —0.25 /00 6—0.005(111—:1:)0.016—0.01wdx
0

00056 — (75 4 0_0025/ e 000520 — 1.95,
— 0

orcioga G = 200logl.25 = 44.63.
3aMeTHM, YTO €CI¥ B MPHUBEJEHHOM IPUMEpPE CTPAXOBINWK OIIAYUBAI OBI MOJIO-
BUHY ymep6a, TO YpaBHEHUE 1A ONpefeNeHNsA IPEMUAN BBHITVIANEN0 OBl Tak:

0.75u(w — G) + /Ooo w(w — G = 0.5z) f(z)dz = 0.75u(w) + /Ooou(w — ) f(z)dz,

perIas KoTopoe, MEI HoXy Iuiu Obl 3Havenne G = 28.62. [Ipu 5ToM cpe HIT TOKPBITHIX
puck paBen 12.5.

PaccmoTpum Gomee o0muy cIydan, KOTAa B CIydae yinepba BEIUIUHBI L CTPAXOB-
UK BHIIaYUBaeT cyMMmy, paBuyio I(z) < z. IlockoabKy ymep6 npescTaBiseT co6ou
CIyIaWHy0 BeIwduHy X, TO B Heaje IpeMusd, KOTOPYIO CTPAaXOBATENh JOJXKEH 3a-
IIATATE 3a [ONUC, AOMKHA OeITH paBHa EI(X) < EX. 3ech BO3HUKAEeT BOIPOC:
Kakad PyHKIUA [ ABIAETCA ONTUMAJBLHOU C TOYKH 3PEHUA (PYHKIAU MOJE3HOCTH!
PaccmoTpum cTpaxoBaHue BUA

Li(z) = 0, ecim z < d,
AT z—d, ecmm z>d

Takou BU CTPaXOBaHUA HA3BIBAETCA CTPAXOBAHUEM, OCTAHABIUBAIOMMM ToTepu. [1a-
pameTp d Ha3LIBaeTCA (PPAHIIU3ON, BEIWUWHA NpeMum P, Kak yxe 0TMedaloch, B
maeane MTOMKHA OLITH PABHOW CpeJHEMY KOMIEHCHPOBAHHOMY yIneply, TO €CTh

P= /d°°(x — d)dF ()

Bripaxenue mia BerwumHLI P MOXeT OLITH IPEACTABIEHO B APYT'OM BHJE, ITO ITOKAa-
3EIBAET

Jlemma 1 Fcau y cayuaiinot seauvunbt yuepba X onpedeaeno cpednees mo

EI(X) = /;0(1 _ F(z))dz.



JoxaszareascTBo. Benuuuny 1 — F(z) o603ma4um depes s(z), Torga upu A > d

/dA(:E —d)dF(z) = (A —d)s(A) + /dA s(z)dz,

IpaBasd 9acTh JAHHOI'O DaBEHCTBa mIpw yBenmdenum A crpemurcs X [;° s(z)dz, mo-
ckonbKy 1pu yBenuwdenumn A Bemmdwua As(A) GeckoHedHO Masa:

0<A3(A)=A/AoodF(:v)</AooxdF(:E)—>0, A — o0,

9TO JOKA3LIBAET JEMMY.
B nocremnem Bue CTpaxoBaHUA KIWNEHT OILIAYMBAET JIWINHL PA3HUILY MEXTY BO3-
HUKIIAM yIiepOoM ¥ 3apaHee yCTAHOBIEHHOU (PPAHIIU3ON, €CIH YIIep6 MPeBOCXO AT
aTy ¢panmusy. B crydae manoro ymep6a cTpaxoBaTenb KOMIEHCAIIUY HE IIOTYYIaeT.
[To ycranosienHou (ppaHIu3e BhIe GbLTa yCTaHOBIEHa HeTTO-Ipemusa P. Hanporus,
ecsd 1eHa moauca P ycTaHoBIeHa, TO 3HAYEHNE (PPAHIIU3EL 10 HEH YCTAHABIUBAETCSA
OJHO3HAYHO U3 PaBEHCTBA
EI(X)=P (4)

mocJe MOACTaHOBKY Tyja Beipaxenus EI(X) = EI4(X) = [°(1 — F(z))dz.
CnopasegmuBa

Teopema 1 Iloauc 044 0CMAHABAUBAIOULE20 NOMEPU CIMPATO8AHUSA O0BECTIEUUBAEM
marcumaabnoe 3nauenue seaunwunbt Fu(w — X + I(X) — P) cpedu ecex noaucos
YO0BAEMBOPMOUUL 4 NPU 3a0aHHOM 3HaueHuy P.

JMokasarerscTso. VI3 BOPHYTOCTY (QYHKINE U WMeeM
w(w—z+I(z) — P) —u(w — z+ I(z) — P) < [I(z) — Ii(z)]u (w — z + Ii(z) — P). (5)
IokaxeM nalee CIPaBEJIABOCTD HEPABEHCTBA

[(z) — La(2)]u (w — & + La(z) — P) < [I(z) ~ La(2)]u (w — d — P) (6)

~—

HepasercTso refut6 ouesuguo seinonueno, ecan [(z) = I4(z). B caygae I(x) < Ii(x
BeawaunHa [4(x) > 0, a 3paywr, £ — I; = d, orkyga creayet (6). Ecau xe I(z) > I4(x),
TO w3 HepaBeHCTBa [4(x) — z > —d u BorEyTOoCTH GYHKIVN U AMEEM

u(w— x4+ I(z) — P) <u(w—d—P),
oTCIOfa U U3 HepaBeHcTBa (5) cregyer:
Eu(w—z+I(X)—P)— Eu(w—z+ [4(X)— P) <

E[I(X) - Li(X)Ju(w—d—P)=(P—-P)u(w—d—P) =01

Taxum o6pa3om, mpu 3aJaHHOM 3Ha4YeHUH P OCTaHABIWBAIOIIEE IIOTEPH CTPAXO-
BaHWE ABJIAETCA ONTUMANLHBIM C TOYKH 3PEHUA OXWUIAEMOW TOJE3HOCTH [JA CTPAXO-
BaTend. Kpome Toro, cupaBeaimBa



Teopema 2 Ilpu .06om 3adanrom 3nauenuu P ocmanasausarouee nomepu cmpa’
zosanue munumuaupyem seauuwuny Var(X — I(X)) na mnoncecrnse ecexr @dynryud
I(X), ydosaemsopmouwus —5~—>>

CropaBeIEBOCTEL 3TOU TEOPEMBI CIEAyeT W3 HEPABEHCTBA
(z = I(2))* = (z — La(2))* 2 2(a(z) — I(2))(z — La(2)) 2 2(La(z) — I(z))d

1 PacCyXJeHWH, AaHAJOTAIHLIX JOKA3ATEILCTBY T€OPEMHI 1.

B maEHOM pa3zfene HAME OLLI H3JI0XKEH MATEMATHYECKAN TOAX0[ K O0BACHEHHUIO,
Ho9eMy JIOAW, OPraHT3AIAE MTOKYIAIT CTPAXOBhIE MOJUCH, HO, KOHEIHO, (PYHKIAH
HOJME3HOCTH He MOTYT CAMH 110 cebe JaTh TOYHOM ONEHKH IEHHI MOMNCA B KOHKPETHBIX
caydaax. Ha mpakTuke Bce BUABI pACKOB, KOTOPEIE IPAHAMAET CTPAX0BaA KOMIAHNS,
AMEIOT CBOI KIACCH(MUKAIWIO, B COOTBETCTBAH C KOTOPOM COCTABIAIOTCA IIPABHIA
paGOTHL C T€M WM HHEIM BHAOM DPHCKOB. 1I0MHOE M3I0XEHWe 3THX (DAKTOB MOXKHO
HavuTH B [5, 6].

3ATAYUN
1. lIycTs caydanmsn ymepb X 3amaeTcd MIOTHOCTHIO BEPOATHOCTH
f(z)=0.1e7%%, 2> 0.
a. [lokazaTh, 9TO [ TOJUCOB IPOIOPIUOHAILHOTO CTPAXOBAHUA
I(z) =z/2
¥ OCTaHABIUBAIOLIETO yIepba

Li(z) = 0, ecim z < 10log2,
A= 2 -10log?2, ecmm z > 10log2

IOKa3aTh, YTO HeTTO-peMua P B 060UX CIydasdx paBHA o.
6. Beraucnurs Var(X — I(X)), Var(X — I4(X)).
Pemenne. [lockombky

EX = /Ooo of(2)dz = 10,

To P = FEI(X) = 5. Amanorudso

El(X) = [

d

oo

o0
z — d) f(z)dz = 10e~%14 tetdt = 5.
(
0
Ilocrenmee ciemyeT w3 paBeHCTBA
/te‘tdt = —e (1 +1).

HMamnee, - -
EX2 = / 0.122% %1% dy = 100 / 2e~tdt = 100,
0 0
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OTCIOA
Var(X — I(X)) = Var(0.5X) = 0.25Var(X) = 0.25(100 — 25) = 18.25.

31eCh MBI BOCIIOIB30BAINCH PABEHCTBOM
/ tPe~tdt = (—t* — 2t — 2)e ™.
PaccmoTpuM Teneps caydannyio Benunuuny [X — [;(X)], npuEEMalonyo 3HAY9EHAS

(z — Iy(z)) = z, ecmm x < 10ln2,
A7) 102, ecmm > 10In2.

,Z[JIH BBIYUC/ICHUA €€ NUCIEPCHUU BBIYMC/IUM II€PBBIC IBa MOMEHTA.:

E(X —I;(X)) = EX — EI(X) =5, E(X — I;(X))?=

10log 2 0
/ 220.1e"1%dz + 1001og? 2 / 0.1e~12dz = 100(1 — log 2)
0 101log 2

Orcroga
Var(X — I;(X))? = 100(1 — log2) — 25 = 75 — 1001log 2 = 5.6853,
9T0O IIOYTHU B 4 Ppa3a MEHbIIE¢ JUCIICPCHHU A IIPOINOPIUOHAJBHOI'O CTPAXOBaHUA.

2. JITIP umeer ¢ynkuuio momesHocTu u(w) = —e ",  « € (0,0.5), a Beruuuna
cIydaiHOr0 ymep6a mMeeT Y2— paclpejeleHre ¢ 1 CTeleHAME cBo6oJbL. Iloka3aTh,
9TO BEIWYWHA MAKCUMAJIBLHOU MpeMun (G IpW yCJIOBUU MTOJHOT'O BO3MEITEHUA yInepba
6oJbIe cpefHero ymepba u = n.

Pemenne. [Ipex e Bcero cienyer 3aMeTHTh, ITO MPOW3BOAAIMIAA (PYHKIIAA MOMEH-
TOB X’— pacIpejeleHHA eCTh

1 [s)
— X _ - n/2-1 u{a—1/2) —

Mx(a) = Ee STENCTD) /0 u e du
1 /oo((l/2 — )u)™? e (/2= ((1/2 — a)u)(1/2 — ) ™2 =
2n/2T(n/2) Jo

2n/2

R n/2-1 _ _ -n/2
(1—2a)2"/2F(n/2)/0 e dy = (1= 20)7",

O3TOMY
—N
G = —"log(l — 2a) >
5o og( o) > n,

9TO creAyeT w3 HepasBeHCTBa log(l —t) < —t,t > 0.

3. [lerepbyprckuu mapagoxc. PaccmoTpum 6pocanue MOHETHI, I'/le 3aMeYaeTCA HO-
Mep N— mepBBI HOMED, KOT'Ia BHIIAJAET Opel.
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a. Oupegemuts E(N),Var(N).

6. IlokazaThb, 9TO A1a clydaiHO¥ BeawuweH ymepba X = 2V cpexmee 3madenwme
He OIIPEJEeNEeHO.

c. lnsa pysknum monesnocta u(w) = logw manru Eu(X).

Pemenwne. [Ipegmonaras 6pocanus MOHETH HE3aBUCHMEBIMU, MOMYIUAM, 9TO (PyHK-
WA BEPOATHOCTH CIydannon Beanaunsl N ects f(n) = 27" n=1,2,3,.... omaras
x = 1/2, HalijleM MOMEHTHEI CIyJalHOU BeTUIUHBL N.

E(N)=> nz"=z) nz""' = g'(z),
n=1 n=1

rae pyHKOuA

gl@)=>_a" =z/(1 - z)
n=1
CaenoBaTensHO, ,
(V) 2(1 — z)?
AHarormyno HAXOAUTCA
E(N?) =Y n%" =025 nn—1)z"2+ 3 nz" =6,
n=1 n=1 n=1
OTKY 13
Var(N) = E(N*) — (E(N))* = 2
4. IlycTs

Li(z) = 0, ecim z < d,
A7) z—d, ecnm z>d

P(X =3)=P(X =12) =05, E((X))=3

OIpeNeNuTh 3HAYEHHE d.
Pemenue. [ua c.B. I3(X) B caygae d < 3 cupaseauso

_ 3—d c BepoaTrOCTHIO (.5,
Ia(X)) = { 12 —d, c¢ BepoaTrOCTHIO 0.5

Orcroga E(14(X)) =7.5—d, d=4.5.97003ma4aer, 9yTo d > 3, E([4(X)) =6—-0.5d =
3, oTkyaa d = 6.

5. Musa rpex JIIIP ¢pyuknuu noxesnocta u;(w), 4= 1,2,3 onpegendorca Kaxk

i (w) = 0.075%w — 1, ecmrm w < 10,
N7 0.025w — 0.5, ecmm w > 10
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p () = 0.4bw — 2, ecrm w < 10,
2777 015w 42, ecmm w > 10

us(w) = 3w—10, ecrm w < 10,
BT w410, ecmm w > 10

KT0 w3 HUX mMeeT OJWHAKOBBLIE MPEANOYTEHUSA A BCEX IKOHOMWYECKHAX aJbTepHA-
TuUB?
(A) JIIIP 1 u 2
) JIIP 2 m 3
) JIIP 1 1 3
) JIIP 1,2, u 3
) Hz oguo u3 ycnosuu (A - I') He BepHO.
Pemenue. Hannem ygo6usiz B 1is Bhipaxenun Fu(X) mgua mo6out GyHKIuM

(B
(B
(T
(1

w(w)) = aw + b, ecmm w < wy,
| cew+d, ecmm w > wp.

O6o3navas kak u panee 1 — F(z) depes $(x), DOLy4IuM PABEHCTBO:
Eu(X) = / “(az +0)dF(@) + [ (cx + d)dF(z) =
0 wo

b/owodF(:E)—i-d/oodF(:E)+a/woxdF(:v)+c/ooxdF(:v):

a/owo s(z)dzx + c/u:o s(z)dz 4+ (d — b+ (¢ — a)wg)s(wp) + b.

[na momydeHHBIX KO3(h(PUIUEHTOB BHIMUAIIEM TAOIUIY:

JIIP a | ¢ [d=b+(c—a)wg
1 ]0.075 ] 0.025 | 0
2 | 045 | 0.15 | 1
3 3 | 1 | 0

N3 xoxdpdpunmenToB TaOIUIBI BUIHO,ITO TPEATOUYTEHUA A1A 1 ¥ 3 OJMHAKOBHI.
[Ipm 3Tom mpexanourenua nepsoro u Broporo JIIIP wve coBmagator. IIpuBenem mpumep
GbyHKIHE S 9(T), AT KOTOPHIX Opu wy = 10 mMeer MecTo HepaseHcTBO Euy (X)) <
Euy(X,),H0 B TO %e BpeMa Eus(X;) > Eus(Xo) :

1, ecru z €10,8],
s1(z) =< (11—12)/3, ecm =z € [8,10],
0, ectm x> 10.

1, ecru z €10,9],
s9(z) =< 10 — 10z, ecmm z € [9,10],
0, ecrm z > 10
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,Z[JIH HUX YKa3aHHBIC COOTHOIICHUA BBIIIOJIHEHBI, IIOCKOJBKY

10 1 10 1
/0 1(a)dz =95, /0 sa(a)de =95, 51(10) =1/3, 5(10) =0.

6. Y cTpaxoBaTrend Ha cueTe ocTagochk 2000 y.e., mpu 3TOM ero (pyHKIHAA TTOIE3-
HOCcTH u(w) = Jw,w > 0. MeAUIWHCKIE M3AEPKKW CIyIalHEI X PABHOMEDHO PAacC-
npegenensl B mpegenax or 0 go 1000 y.e. CTpaxoBaTenb NOMXKEH OIPUHATH OJHO W3
IBYX DEITeHUH:

(A) samnaTuTh npeMuro P 3a IOIHOE HOKDPHITHE W3AEPKEK

(B) sammarurs 200 y.e. HAJIOra ¥ IIATUTH 38 JE€YEHAE CAMOMY.

OnpenenuTs Takoe 3HadeHue P, Ipy KOTOPOM 3TH PEIeHUA SKBUBAJICHTHEI.

Pemenune. YpaBuenue ana onpegenenus P :

u(w — P) = Eu(w — 200 — X).

N3 3Tor0o ypaBHEHHS MOTydaeM:

1000
V2000 — P = 0.001/ V1800 — zdz,
0

orcogma P = 716.446.

7. OyHKIUA TIOTE3HOCTH CTPaxoBaTend 3anaerca hopmymon u(w) = —e %0, MTnqa
II0JIUCa ITEHBIL G COpaBEIJIUBHL ABa YCIOBHA:
a. MCKH MMEIOT (PYHKIIHIO PACIIPEeTeHUA

_ —0.02¢
Flz) = { 1—-0.2e , ecm x>0,

0, ectm <0

6. M3epXKKW HA BeJeHHe Jela COCTABIAIOT IOJOBHHY OXUAAEMBIX WCKOB ILIIOC
0.17G.

OnpefemnTs MIHEMAILHOE 3HaYeHVe TpeMuz (G, IPE KOTOPOM CTPAXOBIIZK IPO-
JacT TOJIHC.

Pemenwe. Oxunaemeria ymep6 pasen EX = 0.004 [° ze7%2%dx = 10. 06o3na4us
5+ 0.83G 4epes G, pacCMOTPUM ypaBHEHHE

u(w) = Eu(w — X + Gy),
W3 Hero momydwM PaBEHCTBO Jd onpenenenus Gy :

V10 = 0.8+ 02B¢°% = 0.8+ 0.004 [ e 0%z =12
0

CrepoBarensro, G1 = 1001logl.2, G = 28.
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2 Mogean MHIUBUAYAJIHLHOTI'O PHCKA

B Mogenax vHAMBU LY ATLHOT'O PUCKA W3YIAeTCA MOBEJeHNe OJHOTO BHIIEIEHHOIO CeK-

TOpa u3 BCero Habopa PUCKOB, TPAHATHIX CTPAXOBIIUKOM. B TaKWX MOIENAX CIATAET-
Cs, 9TO UCK MOXKET ObITH IPEIBABIEH C BEPOATHOCTHIO ¢ € (0, 1) ¥ IMCI0 BO3MOXHBIX
MCKOB (PUKCHPOBAHO W paBHO 7. [Ipexmomaras, 9To Bech yiiepd, YKA3aHHBIA B WC-

Ke CTPaxoBaTessd, KOMIEHCUPYETCA CTPAXYIONeN OpraHu3amnuen, 6y 1eM BCIOAY 1ajee
OTOXIeCTBIATH TOHATHUA yiep6a u ucka.CyMMapHEIA UCK 31eCh MPEICTABIAETCA KaK
CyMMa 3apaHee W3BECTHOI'0 YHWCJIa OJWHOYHBIX MCKOB. ECIu OJWHOYHEIN UCK C HOME-

POM § TIPEACTABIAETCA CIyIAWHOU BEIWIMHOU X;, TO CyMMApHBIM UCK Oy AeT paBeH

B Mojenax mEAUBHIYATLHOTO PUCKA M3Y4YaeTCA MOBEJEHUE CAYyIaWHOU CyMMEI S.

2.1 Mogenn oguHOIHOTO yiepba

Cuagana paccmoTpuM npocreurmuu caydar n = 1, X; = X. Cayvannas semwawmaa X
IpeCTABIAETCA B BUJE MPOU3BEJCHUS

X =1IB, (7)

rae [—wHAVNKATOpHAA CIyYaWHAA BEIWYWHA, TPUHUMAIOMIAA 3HAYEHWE, paBHOE 1 B
TOM ¥ TOJTHLKO B TOM CIy4ae, €ClIW UCK IpelbABieTcA, u () B IPOTUBHOM ciIydae, a B
— CIYyYaWHBIA Pa3Mep IPeIbABICHHOrO UCKa. OTHOCHTENLHO CIYYaNHON BEJIWIHHEI
I B (7) Takum o6pasom mpeamonaraercsa, uro P(I = 1) =q, P(I =0) =1-gq.
PaccmoTpum mpumep.

B xpaTkoCpOYHOM CTPaxOBaHUU XU3HA BEPOATHOCTEH CMEPTH 3aCTPAXOBAHHOI'O JIH-
IIa B pe3yJabTaTe HecuacTHOro ciaydasa paBHa (.003, a B pesynabTaTe APYyruX OPpUYIWH
—0.002. ITpm >ToM BenmmumHa cTpaxoBoro Bo3merenua paBHa 10000 npm cmepTm OT
HecuacTHOTO ciaydad u 5000 mpu cMepTH OT APYTUX NPUYHH. DTO O3HAYAET, UTO

P(I =1, B = 10000) = 0.003, P(I =1, B = 5000) = 0.002,
orkyzaa ¢ = P(I = 1) = 0.005. CnegoBaTensHO, YCIOBHBIE BEPOATHOCTH
P(B =10000[] = 1) = 0.6, P(B=5000I=1)=0.4.

Kpome Toro, cpegumii pasmep BoszMermaemoro ymepba ects E(X|I = 1) = 10000 x
0.6 4 5000 x 0.4 = 8000. Orcoga u u3 (7) BeawIHHA

EX=EX|I=1)q+ E(X|I=0)(1-¢)=E(X|I =1)g=40.
OTO 03HAYAET, YTO B JaHHOM CIydae HETTO-IIPEMU:A, PABHAA CpeJHEMY ymepOy, paBHA

40.
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PaccmoTpuMm apyrou, 6osee claoxubM mpuMep. [Ipu cTpaxoBaHmy aBTOMOGHIEH
M3BECTHO, YTO UCK TPEIbABIIETCA ¢ BepoaTHOCTRIO ¢ = 0.1. Pacnpenenenue Bennyun-
HBI UCKA MIPYU DTOM TaeTCA PABEHCTBAMHA

0, ecmm T <0,
P(B<z|I=1)=<{ 0.8(1— (1 —12/2000)?), ecmm z € (0,2000),
1, ecim x> 2000,

P(B =2000[I =1) =0.2.

CﬂeﬂOBaTeHBHO,HHOTHOCTB BEPOATHOCTH BCJIWYIHMHBI UCKa 3aJaeTCA YCIOBHAMHU

PO 0, ecmm x < 0,
Fo(all =1) = 0.0008(1 — 3%;5), ecmm z € (0,2000).

2000

[IpmBenenHEIE COOTHOIMEHMA MOKA3BIBAIOT, YTO CTPAXOBIUK IOTHOCTHIO MOKPHI-
BaeT ymepb BeawduHH OT 0 1o 2000, a cBrmme 2000 mOKPHIBETCA TONLKO BEIWYWHA,
pasrasa 2000.

N3 cooTHOmMEHMA

P(X <z)=P(IB<z|I=0)PI=0)+PIB<z|I=1)PI=1)

ciaenyer, 9To 3Havenue F'(x) GyHKIUWM pACIpeeleHus CIyIalHON BeWInHEL X paB-
HO

0, ecmm x < 0,
2
F(z) =1 0.9+0.08(1— (1—2/2000)), ecm g € (0,2000),
1, ecim x> 2000.

IIpm sTom BeposaTrocTE f(0) = P(X =0)=0.9, f(2000) = P(X =2000)=1-0.9—
0.08 == 0.02. Kpome Toro,

X
— F'(z) = 0.00008(1 — —~— 2000).
flz) = F'(z) 0008 ( 2000), z € (0,2000)
MOMEHTEI CIy9alHOW BeIHYMHEL X B TAKOM CIydae BEIYHCIAIOTCA IO GOpMYyIe
& 2000
E(X*) = 0 x £(0) + 2000 x f(2000)+/ 2* f(z)da.
0

B wacTHOCTH,

2000

T
EX = 2000 x 0.02 -+ 0.00008 / 1— - Vdz = 93.333
x 0.02+ ; ( 2000) o )

E(X?) =133333.333, Var(X)=E(X?) — (EX)? =124622.2284

B panpHenieM HaM OHAO0ATCA W3BECTHBIE U3 TEOPUU BEPOATHOCTEN CJIeVIOIINE
COOTHOITIEHUS [UIA CIyIaUHBIX Beawdna X, Y:

E(X)=E(E(X]Y)), Var(X)=Var(E(X|Y))+ EVar(X|Y)). (8)
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W3 >TuX COOTHOIIEHUY CIEAYET, YTO €CJIN U3BECTHEI CPeJHEe W JUCIEPCUA IPEIb-
ABJIAEMEBIX UCKOB, TO €CTh M3BECTHHI

p=EB|[I=1), ¢*=Var(B|I=1),
TO B CAJIYy PABEHCTB
EX|[I=0)=0, Var(X|[[=0)=0, EX|I=1)=EB|I=1)=u
CIIPaBEIABEI COOTHOIIEHUS
E(X|I)=pl, Var(X|I)=o"1.
Orcroga momry4daeM, ITO
Var(B(X|T)) = ?Var(D) = gq(1 —q), E(Var(X|)) = o%,
EX = uEI = pg, VarX = p?q(1 — q) + o’q.

3aMeTuM, 9TO B NOCIETHEM IPUMEDPE MBI MOTJIA ObI BEIYUCIATHL CPEJHEE W JUCIIe-
PCHIO CIyYaWHOU BENMWIAHBI X, UCXOMA W3 TOJYyIEHHBIX COOTHOIIEHWH, TaK KaK

2000
p=EX|[=1)= / o fpr(z)dz + 2000 x P(B = 2000|I = 1) =
0

2000 T
/ 0.00082(1 — —~)dz + 2000 x 0.2 = 933.333,
0 2000
oTkyAa Beramcaserca o2 = E(X?|I = 1) — (E(X|I = 1))? = 462222.81. Teneps
EX = pg=93.333, VarX = pq(1 — q) + 0°q = 124622.2284.

[Tony4enunie (pOPMYIHI 4JIA BEITUCACHAA CPEHEr0 U JUCIEPCHAN CIYIaNHON BEIUIh-
HBI X IO 3aJaHHOMY pachpeieeHuio yIep6a MO3BOJAIOT BBIYUCIATL AHAJOTHYIHBIE
XapaKTEePUCTUKHA JIA CYMMBI S cyMMapHOro yinepba. [IpeacraBienue ciy4aiHON Be-
auauHBl X B Buje mpousBenenua I B moxeT OHITL pajee 0606meno. Hampumep, mis
CTPAXOBAHUA XW3HW BEJIMIMHA UCKA MOXeT OHIThH ImpeacTaBieHa Kak [.J B, rae waan-
KAaTOPHAA CIyIanHada Beauuuna I paBHa 1 B TOM I TOJIBKO B TOM CIydae, KOT'[a CMEPTh
3aCTPAXOBAHHOT'O HACTYNHUJIA B PE3yJIbTaTe HECYACTHOI'O CIydasd, IPU DTOM 3HAIECHUE
J paBHO 1 B TOM ciy4ae, KOr'Ja HECYACTHHIM CAy9dal MPOM3OIIE] IPU HCIOJTHEHWUH
CIIyX€eOHBIX 06A3aHHOCTEMN.

2.2 XapakTepHCTHKH CyMMapHOTO yiiepba

PaccmoTpuM pasnmynbie TOAXOABI K OMUCAHUIO S- CYMMBI 7). CIYYAWHBIX BEJIWYUWH.
[MockonbKy HAC WHTEPECYIOT HEOTPHIATEILHBIE CIyYaWHbIE BEIUIUHBI, TO B HEIpe-
PHIBHOM ciIy4ae fiaf n = 2 GYHKOUA pacupegenerus cyMMmer S = X 4+ Y ecTh cBepTKa
PYHKIUYU pacrpeaeleHus CIyIaWHEX Beaundua X, Y :

Fs(s) = (Fx + Fy)(s) = [ Fs(s =) fr )y,

17



AHAJOTUYIHOC HEPaBECHCTBO CIIPAaBEAINUBO M4 IINIOTHOCTH CYMMEIL:

fs(s) = (Fx + F)(s) = [ fis(s = y)Fr(v)dy,

B JUCKPETHOM CJIydYae MHTETPAI 3aMeHAEeTCA Ha COOTBETCTBYIOINYI0 cymmy. Ecau Fj-
(YHKIUA pacIpejeleHns CIyIalHON BeInduHs X;, a F¥— QyHKIma pacipegerenus
cymmul Sy, = X1 +Xo+. ..+ X}, To F¥ = F, . «F*. B ToM crydae, Korja claraeMule B
cymMmMe S OJMHAKOBO pacipejeneHsl, GyHKIuA F™ HAa3LIBA€TCA 7n—KPATHOU CBEPTKOU
dyuknuu F' m obosnadaerca kak F*". Heo6xoammMo 3aMeTHUTh, 9YTO B HENMPEPBIBHOM
CIydae HETMOCPeCTBEHHOE BEIYUCIEHUE (GOPMYJIHI I8 BHIPAXKEHUA CBEPTKHU KaK MPa-
BUJIO TPECTABIAET TPYAHYIO 3ajJady. B IucKpeTHOM ciydae 1O 33JaHEIM TabIUIaM
pacmupegenienud f; CIy9IauHbIX BEIXYAH X; MOXKHO MONYYIUTEH 3HAYEHHUA PACIpeE/Iee-
HUA CBEPTKH UCXOMS W3 PEKYDPPEHTHOU (HOPMYJIHI

FHs) = 32 frma(s =) ().

y<s

[logyepkHeM, 9YTO B TAKOM CIydYae MOXHO BHIYWCIUATEH Ji000€ 3HAUYEHWE [IIA Pac-
mpejeneHusa S, HO eciu TpeOyeTcA MOMYyYIUTh KadeCTBEHHOE ONMUCAHWE 3TOT'0 Paclpe-
JleIeHusA, TO B TaKOM CIydYae IOJe3HBI IPOU3BOJAIMNe (PYHKINY MOMEHTOB: IO OIpe-
JIEIEHWIO, TPOU3BOAAIAA (PYHKITUA MOMEHTOB CYMMEI S €CTh

Mg(t) = Ee®® = E(e!*1etX2 ... etXn),
[l719 HE3aBUCUMBIX CIyJIauHLIX Beaudud X, Xo,... X, BeIAIAHA
Ms(t) = Mx, (£) Mx, (t) - - - Mx, (2).

B pannmeummeM HaM TOTPeOYIOTCA MPOW3BOAAIMIAE (PYHKITAA MOMEHTOB [JIA Pa3idy-
HBIX TUIOB PaclpefeleHni. BaXXHO OTMETHTE, 9YTO ¢ OJHOU CTOPOHEI, IPOU3BOIAIIAL
(PYHKIUSA MOMEHTOB OTPEAEIAETCA CBOMM paclIpejleieHneM, a ¢ APYTOH, 0 33 aHHON
IPOW3BOAANMIEN (PYHKIIMA MOMEHTOB MOXKHO OJHO3HAYHO BOCCTAHOBHUTEL PAacCIIpejese-
mue. PaccMOTpUM Takou mpuMmep.

[IycTs Tpu HE3aBUCHMBIE CIyYaWHBIe X; BEIAIAHEI PACIPEIeIeHbl IO SKCIIOHEHTH-
aJbHOMY 3aKOHY ¢ mapaMmeTpamu A; = 4,4 = 1,2, 3. Tpebyerca onpeeauTs MIOTHOCTh
pacupeaenenus cyMMer S = X; + Xy + Xj.

[lia ompeneseHrs UCKOMOW IIOTHOCTH OIPEIeauM IIPOX3BOIAIIYIO (PYHKIWIO Ka-
¥KJIOT0 CIaraeMoro X; : MOCKOJBKY ILIOTHOCTE PACHPEIeNTeHUA CIYIauHON BEeIUINHEL
X; paBHa fx, = e % T0

A

—— i<\
Ni—t ’

o0
_ tr—Ax _
MXi(t)_)\i/O e? Ny =
N3 He3aBHCUMOCTH CIyYaWHBIX BEIWYWH X; CAEAYET, UITO TPOW3BOLAIASA (HYHKIAA
JUIST CyMMBI

M) =TT

i
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Temeps CKOMYIO INIOTHOCTE paclpefielennsa 6yIeM UCKATL B BUIE
_ -z
fs(z) = Zci)\z'e 7
i

rae K03pPUOUEHTHL ¢; HAXOAATCA U3 YPaBHEHUA

cri  ILi
Z)\i -t ILN—1)

i

IoxcTaBIAs 3HAYEHNA IMAPAMETPOB \; B JAaHHOE PABEHCTBO, IOIYHHAM: C; = 3,Cy =
—3,c3 = 1. Temepb HETPYJHO IPOBEPUTH, UTO IPOW3BOAAIMIAA (DYHKIMA MOMEHTOB
A CTy9aiHOUM BEMIWYWHEI ¢ IWOTHOCTBIO fg(t) = 372 — 6e™2% + 3e™3% coBmajaaeT c
HaugeHHOM HaMu dyukmuern Mg(1).

3aMeTHM, 9TO MIOTHOCTH fg(t) MBI MOTVIM 6Ll HAWTH HEMOCDEICTBEHHO, TTOCITEN0-
BATETHHO HAXOMA CBEPTKM:

fix fa(s) =2 /s e e 2y = 2675 (1 — %),
0

fs(8) = fix fox f3(s) = 6/ (770 _ e 2s=®)e30 gy — 3675 — G2 4 373,
0

[l 0603HaYEHNA HATYPAIBLHOTO JOrapudpMa ITPOR3BOAAIIER (PYHKITUA MOMEHTOB
OyeM najlee MCIONL30BAThH 06o3HadeHme ¢(1) = log Mx(t). Pyukiusa ¢(1) mozsouser
BBEIYHCIATH ME€PBEIE TPA MOMEHTA CIyJIaWHOW BEAUIUHBI X :

¢ (0)=EX, ¢®0)=my=EX -EX)*, k=23
[lencTBUTENBHO, TOCKOIBKY

Mx(0) =1, ¢'(t) = Mx(t)/Mx(2),

o ¢'(0) = EX. AHATOrAYIHO COOTHOIIEHNA

M) (8) Mix (t) — My (t)?

$2(t) = M (0 :

@y MY () Mx (8)® — 3MP () My (£) Mx ()? + 2Mx (t) M (£)?
¢ (t) - MX (t)4

Jal0T paBE€HCTBa A BTOPOT'O U TPETHEr'0 NEHTPaJbHBIX MOMEHTOB:

¢P(0) =VarX, ¢®0)=E(X - EX)3.

Tperu#t cioco6 onmcanusa pacupeneeHns CyMMBI S COCTOUT B TOM, 9TO IpHA O0Ib-
IIOM 3HAYEHUH 7 W HE3ABUCHMBIX OJWHAKOBO DPACIIPEIEIEHHBIX CIyJaWHBIX ClIarae-
MBIX X1, Xy, ... X,, HOPMAPOBAHHAA CIyIaWHAS BETHINHA,

S—ES
Var(S)
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CYATAETCA HOPMAJHLHOW CTAHAAPTHO PaCIpeleNeHHOW CIydauHou Beamumuou. Ha
IPAKTHUKE MPOBEPKOW HE3aBHCHMOCTH W CPDABHEHWEM DPACIpEIeNeHUU CAAaraeMbix X
9acTO MpeHe6perarT, MOCKOAbKY MPAKTHYECKM TaKasd MpOBEpPKa OLIBAET 3aTpPyIHU-
TeabHOU. KpoMe TOro, HOpMajbHAS alIPOKCAMAIAA PacupeeneHus S ObIBAeT eIuH-
CTBEHHBIM BBIXOJOM W3 MOJOXKEHUA MPH HEJOCTATOYHOU CTATUCTHKE.
[IpogemoucTpUpyeM, KaK MOXHO WCIOJb30BATH HOPMAJILHYIO AITPOKCAMAIIIO
JUIsT OTBETA HA BOMPOC, KAKOB [OKEH OLITH pa3Mep COOPAHHBIX MpPEMHUU, ITOOHI C
3aJaHHOM BEPOATHOCTHIO P €0 XBATHUIO [JiA BEILIAT MO MCKaM. BequduHy mpeMun,
cooTBeTCTBYyIOmMYIO yinepby X;, 6ygem npexpcrasiaars B Buge (1 + 0)EX;. 3necs 6 -
TakK Ha3bIBaEMas OTHOCUTEILHAS 6e30macHas Harpyska, a F X; - 6e3onacHas HATDY3-
Ka Ha HETTO-IpeMmuio, koTopas pasaa FX;. Cymmapuas Ge3omacHas HATPY3Ka TAKAM
obpasom pasua OFES. [lna snadenusa p = 0.95 6ygeM uckaTh BeIndIuny f w3 paBeHCTBA

P(S < (1+6)ES) =0.95,

KOTOpO€ 3KBUBAJCHTHO

P( S—ES < OES
\/Var(S) B \/Var(S)

[lna cTaEapTHOTO HOPMAJBLHOT'O pacupeaenseHus 95-a1 mporeHTuasL paBHa 1.645, or-
Ky/Zla ¥ W3 PaBeHCTBA

)=0%.

OES
Var(S)

IoJyvaeM 3HAYCHUE BEJIUINHEI 0. Eciu cinaraemuie XZ HE3aBUCHUMBI U OJUHAKOBO pacC-

mpeaenenbl, TO BeIUINHA
1.645¢/nVar(X
6= ( )

nEX
HeTpyaHo 3aMeTHTB, 9TO ¢ POCTOM 7, 3HAYCHUE BEIWIUHEL ) yOLIBAET CO CKOPOCTBIO
1/4/n. PaccMoTpuM mpuMep IpUMeHEHUS HOPMAIBHOU ANNPOKCUMAIUY (DYHKIINE PAc-
npejenenus S, B3ATHIA HaMu u3 [1].
Bernunna MCKOB B aBTOMOOHILHOM CTPAXOBAHHH IOJUMHAETCA YCEICHHOMY DKC-
MOHEHIHAJILHOMY PACIPEIeIeHIIO, [Ia KOTOPOro (PYHKIUA PACIpefeleHns

= 1.645.

0, ecmm < 0,
F(z)={ 1—¢*, ecmm z € (0,L)
1, ecrm x> L

O6nagaTenn MOIUCOB pPacIpefeleHsl 0 AByM Kareropuam. /lna k—u kaTeropum
(k = 1,2) Konm4IeCcTBO KIMEHTOB DABHO 7, BEPOATHOCTEH CTPAXOBOI'O CIydas DABHA
Qk, TapaMeTpPhl PacIpeeleHus BEIWIUHBI MCKA PABHBI Ap, W Lj, 3HAYEHHUA Iepeqn-
CIEHHBIX TapaMeTPOB IPUBEAEHLI B TaOIUIIE:

k] me | ae [ M| Ly |
1]500 ] 01| 1][25]
2000 | 0.05] 2 | 5 |
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Tpebyercs omnpeneruTh 3HAYEHWE OTHOCUTEIHLHOW O€30MACHOW HATDPY3KH 6, mpu
KOTOPOM BEPOATHOCTE MPEBHIMIEHUA CYyMMAPHOT'0 UCKA, BEITUINHEI CyMMaPHOW TPEMAR
pasuo 0.05.

3/ech CyYMMaPHBIA UCK S pa3buBaeTca Ha CyMMY S + S2, COOTBETCTBYIOIIYIO ABYM
KaTeropuam crpaxosarenen. Kaxgas us cymm Sy, k = 1,2 npeacrasigeT co60u CyMMy
N} HE3ABUCUMBIX OJMHAKOBO DACIPEIETIEHHRIX CIYyYaWHBIX BEJIWYIWH UCKOB CO CpPe.-
HUM (i, 4 JUCIEDCHER O :

L A My L—e Ml
P = / e *dx + Lye” " = ————————
0 Ak
Ly 1 — 2X\gLye Mele — e 2L
ol = 22 Ape MEdg + L2e ™ Mie — 2 =
k 0 k )\2
k

Ecmu Teneps Xj;— OPOM3BOIBHOE CIaraeMoe m3 CyMMEI Sy, k = 1,2, To M3 paBeHCTB
EXy = qeug, VarXy = piq(l — qi) + oiqy momyaum

EX{=0.09179, FEX,=0.025, VarX; =0.13411, VarXs = 0.02436.
Orcroga
ES =mEX| +n9EXy=95.89, VarS =nVarX; +nyVarX, = 115.78,

¥ BEIUYIUHA
0— 1.6454/115.78
- 95.89
Takwum o6pa3oM, B 3TOM NpuMepe HeTTO-ipeMusa paBHa ES = 95.89, a mpemus c
ydaeToM 6e30macHON HArpysku pasHa (1 + 0)ES = 113.5913.

3ATAYUN

= 0.1846.

1. IlycTs Tpw ciyvaWHBIe BEIWIWHEL X; HE3ABUCUMBI ¥ PABHOMEPHO PACIPEIeTeHbI
ma maTepBate (0,1). HaiTu mroraoCTh pacupegenenus cymmul S = X; + Xp + X;.

Pemenue. IInoTHOCTE pacupeenenus Kaxaoro craraemoro X; ects f(z) =1,z €
(0,1). Torga ausa s € (0,1) npoussegenue

f(s—z)f(z) =1 <=z € (0,s).
CnepoBatensno, aua s € (0,1) snagenwe f**(s) = [j dz = 5. Ecam xe s € (1,2), To
fs—2)f(z)=1<=z€(s—1,1).

BuaauT, mpu Takux z Beamamaa F*2(s) = [1  dr = 2 — 5. TakuM 06pPa30OM, MBI OIIPe-
, IP s—1 )

JEJUIA ILIOTHOCTL PaclpefeleHus CyMMEI AByX ciaaraeMbrx X; + X,. Temepsn ama
s € (0,1) cBepTka

f3(s) = /0s 2(x)f(s — x)dz = /0s rdr = s°/2.
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Ecmu s € (1,2), To

! s-1 95— 52 4s—s2—3 —2s2+65—3
f*3(s)=/ (s—:v)d:v—i—/ (2—s+2)dz = 828 + 2 ; == +2 iy
s—1 0

HaKOHer[ J1d s € (2,3)

(s=3)*

f*3(s)=/si2(2—s+:v)d:v= 5

2. Havtu 3mavenue p u3 ycaosusa fi x fo x f3(4) = 0.1,ecnu nusa He3aBUCUMEIX
AACKPETHBIX CIy9alHbIX Beam<uH X1, Xo, X3 UMeIOTCA 3HAYEHNA BepoATHOCTEH f;(z) :

fi(z) | fa(z) | fs(=)
04 | 05 | p
04 | 03 [1—p
0.2 0.2 0

N =8

O6o3raunM fi % fo depe3 g, Toraa U3 TAOIWIBI CIEAYET, ITO:
IIpm >ToMm:

9(4) = f1(2) * f2(2), 9(3) = fi(1) * fo(2) + f1(2) * f2(1),
9(2) = f1(0) * f2(2) + fi(1) * fo(1) + f1(2) * £2(0).

[Tockomsky

9(3)=0.14, ¢(4) =004, fs(1)=1-p, f3(0)=np,

TO OTCIOJa ¥ M3 yCAOBUA 3agaquu caepyer, 9ro 0.14 - (1 — p) + 0.04 - p = 0.1, u3 wero
HaxoquMm p = 0.4.

3. Ilpum cTpaxoBaHWM OT OTHA WU3BECTHO, YTO BEPOATHOCTH CTPAXOBOI'0 CIyYasd PaB-
ma 0.01, a BeIMYMHA CTPAXOBOI'O BO3MEINEHUA IPEACTABIACT COOOU CIYyIaWHYIO Be-
JWYWHY, PacUpejeleHHy0 0 3akoHy [lapero ¢ minotHOCTRIO azl/z*t', 2 > ).
[Ipeanonaras HE3aBUCUMOCTDL NIPEbABIAEMEBIX UCKOB, IPA KOIWYIECTBE CTPAXOBaTe-
nen, papaoM 10000, n 3Havennn napamerpa o = 3, g = 10, onpegeanTs IeHy IMOJIUCA,
€C/IM CTPaxXoBas KOMIAHUA HAMEPEBAETCA OBITH CIOCOOHOW MOKDPHITH BCE MCKW C Be-
poATHOCTHIO, He MeHee (.95.

Pemrenme. Ecim X = I B- ciyvaiHas BeIUYHHA KCKA, TO CPeJHEe CTPAXOBOE BO3-
MeITleHre PaBHO

o0
= / azy/z%dz = 15,
zo

HMamnee, -
E(X*I=1)= / azd [z dr = azf /(o — 2) = 300.

zo
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02 = BE(X?|I = 1) — p? = 300 — 225 = 75.

Orcroga
EX = pg=0.15 VarX = p?q(1 — q) + o°q = 2.9775.

Benmunua OTHOCHTEILHON CTPAXOBOUM HATDY3KHE ) OIpeneIaeTca U3 YCIOBHUA

0> 1.645vnVarX

= (0.1892.
nEX

CraenoBaTennbHO, TEHA MOJUCA OMXKHA OLITEH He MeHee (.15 X 1.1892 = 0.1784.
4. TlpousBoaamias PYHKIUA MOMEHTOB CIyYaWHOW BeIMIWHBI X €CTh
Mx(t) =(1-2t)"° t<0.5.

a. OmpegenuTs XapakKTep paclpeJeleHnsa CIyIaliHON BeIuIuHE X .
6. Hautu FX, VarX.
B. OnpegenuTs Benmuuny 2z u3 ycaosusa P(X > z) = 0.05.

Pemmenne. a. PaccMoTpuM ciy9arHyIO BEIVMYWHY, HMEIONTY IO TaMMa-PACIPe JeIeHne
¢ TapaMeTpaMu «, (3, ee IIIOTHOCTh PACIpeeNeHud eCTh

ﬂa —Bz a—l.

flz) = F(a)e x

Torga ana Hee mpom3BoAAIIAA (PYHKITHA MOMEHTOB €CTh

[ e r@ie = (575)"

YTO COOTBETCTBYET HAIIEMY BhIpaXeHmio npu « = 5, (3 = 1/2. Takum o6pasom,
crydauHad BeIwumHA X HMeeT MaMMa-paclpefeleHne ¢ YKa3aHHBIMY IapaMeTDaMU.
6. Mna dyuxmuu ¢(t) = log Mx () umeem

EX =¢(0)=10, VarX =¢ (0)=20.

B. 3aMeTHM, YTO raMMa-pacupefenrenue npu « = n/2, [ = 1/2 comagaer c
X2-pacopejielleEreM C 7. CTeleHAMHE cBOOOALI. B HalleM ciydae MBI MOIydaeM, 9TO
caydaiiHas BemuumHa X MMeeT Yy -pacupejenenue ¢ 10 cTememamu cBobogsl. U3 Ta-
6MUIEL JOBEPUTENbHLIX T'DAHUI JIA X>-paclpejeleHud MOIydaeM, YTO 3HAYUEHHE 2
paBuHO 18.3.

3 Mogean KO/LIEKTUBHOT'O PUCKA
B MOJeIAX KOJUIEKTUBHOI'O PHUCKa pacCCMaTpPpHUBaeTCA BECh IIOqu)eJIB II0JIMCOB, UME-
OIMUXCA B PaCIOPAXKECHUN CTPAXOBIOWUKA, IIPDHA 3TOM KOJHUYIECTBO BO3MOXHBIX HCKOB

3apaHee HEM3BECTHO U MPEACTABIAET COO0U CAyIalHyIo BeauduHy. Takum o6pa3om, B
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OTJWYME OT IPEABIAYIINETO pa3jena Mbl OyaeM paccMaTpuBaTh O0jee OOMIYIO MOJIETh

CYMMapHOI'O HCKa B BHA e
S:X1+X2+...XN7

rae ciaydanabie BemmanHbl N, X1, Xo, ... Xy HE3aBUCHMEI, IpUYEM CIyIaWHbIE BEJIW-
auabl X1, Xo,... Xy OJMHAKOBO paclpeeNeHbl W IMPEeJACTABIAIOT COO0W BEIMIHHEI
uCKOB. U3 CKa3aHHOT'O BHITEKAeT, ITO OOMUU WCK S OmpejenseTca ABYMA Xapak-
TEPUCTUKAMEA: DPACIPEIEIeHNeM AUCKPETHOU CIyIAWHOW BeIWIWHEI N ¥ (PYHKIHEH
pacmpeeienus CIyIauHbIX Beaudud X;.

3.1 Pacmpegerenne cyMMapHOT'0 MCKa

[lia onmcanusa pacupeneIeHns CyMMAPHOTO UCKa TPUMEHUM allapaT TPOW3BO JAIAX
Jyukmun MOMeHTOB. [IOCKONBKY CIydYaWHbIe BEIUYUHBI X; OJMHAKOBO PacCIpejele-
HBI, TO BMecTO X; Bciogy gamee OymeMm mucaTb mpocto X. O6o3HaumM k—¥ MOMEHT
CIyIaWHOU BETWIMHBI X 4Yepes py :

e = E(XP).
Torza m3 (8) cregyer:
ES = E(E(S|N)) =pEN, VarS = E(Var(S|N)) + Var(E(S|N)) =
E(NVar(S|N)) + Var(E(S|N)) =

E(N)VarX + p}VarN = (p; — p})EN + p’VarN.

AnamoruvHO BHIBOAWTCA BHIDAXKEHWE [UIA MPOW3BOJAAIIECH (PYHKIUA MOMEHTOB CyM-
MapHOTO UCKa S

Ms(t) = Ee®® = E(E(e'|N)) = E(Mx(t)") = E(eN'°¢Mx®)) = My (log Mx(t)).

[Mony4yenHoe BHIpaXKeHWE TMO3BOJAET CPaA3y MOMYUATH (POPMYIY IS MPOU3BOAAIIECH
PYHKIUE CIy9IauHOW CyMMBI S, eciu TakoBble mMmeloTes aud Beauwunn N, X. Paccmo-
TPHUM IPUMED.

IIycts N mMeeT reoMeTpmdecKOoe paclpeereHue:

P(N=n)=p¢", n=0,1,2,...,

rrel<g<1l, p=1-gq. Torma

My(t) = Be™ =3 p(ge')" = 5 L,
n=0 - qe
OTKY 2
Mg(t) = ——



Ecmm 31ech cryganas BeqmauHa X WMEET DKCIOHEHIUATLHOE PACIPE/ICTEHrE C Ia-
pamerpom A =1, To Mx(t) = (1 —¢)"', t< 1 m Torga npu t < 1 pynkmusa

q p
Ms(t) =p/(1 = ) = (0= pt)/(p—1) = (° — pt +pg)/ (P — 1) =P+
[Tory4uerHOE PaBEHCTBO MO3BOIAET JETKO HOA06DATE (DYHKIWIO PACIPEJETICHUA CyM-
MapHOTO UCKa S, UMEHHO, S mMeeT (PYHKIWIO PACIpeeIeHus

Fs(z)=px14+gx(1—eP)=1—qe .

ITocnennee cupaBemIuBO, MOCKOJILKY IJIA DTOU (HYHKIWHA PACIPEIEIeHUA IIPOU3BO-
ramasa GYHKITAA MOMEHTOB €CTh

to [ —pz+t q
pe Q/ pe P dr =p+ ——,
0 p—1t
YTO COBIAJAET ¢ BhIpaxenueM masa Mg(t). 3amerum, uro Fs(0) = p, nosromy S umeer
CMeEIIaHHOe PacIpeIeIcHue.
[lna pyHKIIE pacipefenenns CyMMEL S COPaBefINBO OYEBHIHOE PABEHCTBO

Fz)= P(S <) = ip(g < [N = n)P(N = n) = iP*”(z)P(N —n)

[lJia TUCKPETHOr0 CIyYas aHAJOTHIHO MOJIyIaeM PABEHCTBO I PACIpEIeTeHUs TUC-
KPETHOU CyMMEI S :

fl@)=>_ p"(z)P(N =n).

B sTom cayuae BeposTHOcTE p* () = P(X; + X9 + ... X,, = ) IerKo BEIYUCIAIOTCA
0 PeKyPPEHTHHIM (GOPMyIaM

P (@) =3 p(y)p™(z — ).

y<z

B HEKOTODPBIX CIy4Yasx Jd HEMPEPHIBHLIX PACIpPeIeIeHnl IOTHOCTE PACIPEIeTeHus
p*"(z) oupenensercsa anammrudecku. Hanpumep, A1d 5KCIOHEHIMAILHOTO PACIPE/e-
JIeHuA ¢ mapaMeTpoM A = 1 QpyHKIUA

e—wxn—l

*n
p(z) = —.
(z) (n —1)!
JlaHHOE PABEHCTBO OYEBUAHO A CLydas n = 1, I €M NPeJIONOXUTE €ro CIpaBe/-

JUBOCTD A NPOU3BOJLHOIO N, TO NpH 7 + 1 1O onpefiefleHNIO MIOTHOCTD

s E) —(s—w) (3 —_ x)(n_l)
*(n—l—l) :/ *T1 _ -z :/ € —wd —
P (s) P (s —x)e %dx ; (=1 e dx

e—S —ssn

_m/os(s“"”)("_”df”: o
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OTKYyJa CIeAyeT CIPaBEJIUBOCTE BHIpaXeHus gid p*™(x). CrefoBaTeNbHO, AL DKC-
MOHEHIIMAJBLHOTO PACHIpEIeNeHusA CIYyIauHON BeIUINHE X BEPOATHOCTH

0o e—wxn—l e—wxn—l 0o 0o e—wxn—2
P(S > s|N = =/ ——dr=————— /4d=
(S>slN=n)= | G- ~Gm=nik T/, mog®
e—ssn—l N e—ssn—2 N s
... €
(-0 " (n—2) !
OTKYa BBITEKAET, ITO
00 00 n—1 ,—s i
1-Fs(s)=S P(N=n)P(S>s|N=n)=Y P(N=n) ¥ ei,s .
n=1 n=1 =0 '

3.2 Pacnpegenenue umciia NCKOB
IIepBoe pacmpenenenmre, KOTOPOEe MBI PACCMOTDPHUM - 3TO pacupenaenenwme I[lyaccoma:

Ame™?

P(N =n) my

, n=0,1,2,...

B rakom caygae EN = VarN = )\, mosToMy [AJIA MyacCOHOBCKOT'O PacIpejeeHus
amcia N

ES =Ap1, VarS = \ps. (9)
HeTpygHO mOMTyYnTE BEIpaXKeHHE A MPOM3BOLAMICH (DYHKIIAMT:
My (t) = XD,
OTKyIa
Mg(t) = SMxO-1), (10)

Beroay nanee 6yjeM Ha3RIBATh TAKYI0 CIYYAWHYIO BEIWYMHY S CIyIaWHOU BEIWYIH-
HOW, UMEIOIIen 0bobuenHnoe pacnpedeaerue Ilyaccona. Takoe pacupenenenne onpe-
JeaeTc IByMsA XapaKTePUCTUKAMU: 3HAYEHHEM mapaMeTpa A u GyHKIHER pacupe/ie-
nenus P(z) cnydamnon Beawumusl X. Hegkanurasom 0600IIEHHOr0 PaCIpegeNeHus
[lyaccona sBrgeTCA coBIaeHne cpeuero u aucnepcun dnciaa N. B dacTrOCTH, KOT' 18
JMUCIIEPCHA IPEBOCXOANT cpefuee s N, TO JaHHOE pacipejeleHne He TOIXOIUT.

PaccmoTpuMm npyroe pacmpejgenenue dmciaa mCKoB N- ompuuyamenpHoe GuHOMU?
aabhoe pacnpedeserue:

<r+n—1

>qun7 ’I’L:O,1,2,...,
n

rae BEeINYINHBI

(r+n—1> :7"(7"+1)...$7“+n—1)
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CYTh KO2(PUIMEHTH PA3I0XKeHUA PYHKIUN

fla)=(1—-2)7"

no ¢opmyae Makiopera. DTO PaCIpeeleHre ONpeAenaeTca AByMA IIapaMeTPaM:
r>0upe(0,1),¢g=1—p. U3 paBercrsa

0 -1
a-a7 =3 (T e, el <
n=0 n

cleyeT BHIPAXKEHWE [ MPOW3BOAAIeN (GYHKINA MOMEHTOB OTPUIATEILHOTO GUHO-
MUAJILHOTO PacClpefeNeHu:

— (r+n—1 r n_tn
MN(t):Z< )pq e =

n=0 n
X (r+n—-1 [N
T etn:rl_ et—r:4 t<1.
Y R L
Orcroaa 1erko MOIy9IuTh
EN="1 vean=1L
p p

W3 >Tux paBeHCTB ClIeayeT, 9TO Iad paccMaTpuBaeMoro pacnpegereauda EN < VarN.

BymeM roBopuTh, 9TO CyMMAapPHBIA UCK S UMEET 0006U,eHHOE OMPUYaImesbHoe 6u’
HOMUAALHOE PACTPEDEAEHUE, €CIA IUCTO MCKOB MMEET OTPHUIATEIHHOE GHHOMUAIIEL-
HOE pacupejeneHue, a CIyJauHbie BEIWYIWHEI WHIWBHAIYAILHEIX WCKOB HE3ABUCUMBI
7 OJMHAKOBO PACIPEIeNeHHI.

O6061mmerHOE OTPUTIIATETLHOE GUHOMUAIBHOE PACIIPEIeNeHUE ONpPeIeNaeTCa mapa-
MeTpaMu 7,p ¥ GYHKIHEH pACIpeleleHns HHAUBUAYaIbHOr0 ucka P(z). M upo-
M3BOJAIIEH (PYHKIIME MOMEHTOB OGOOIIEHHOT'0 OTPUIATENLHOT0 GHHOMHUAILHOT'O PAC-
TmpeefeHus CIPABEIINBO DABEHCTBO

p T
Mg(t)=(————~ 11
S() (1—(]Mx(t)) ( )
OTcrona moaydaeM, ITO
2

T T T
ES = —qpl, VarS = —qp2 + %pf (12)

p p p

Mu1 paccMOTpeIn HEKOTOPHIE IIPUMEPHI PACIPeIeIeHn IUCIa UCKOB. [IpuBegem
B Tab/wIle OCHOBHEIE CBOMCTBA 3TUX W HEKOTOPHIX APYTHUX PACIPEIeIeHUN:
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Pacnpegenenne N | P(N =n) EN VarN My (1)
Bepaymm | np"+ (1—n)¢"™" P pq pet +¢
| g=1-p,ne{0,1}

Buromuansuoe (:’LL) prgm pm pgm? (pet + q)™
T'eomeTpudeckoe | pq" q/p q/p* p/(1 — ge?)
IlyaccoHOBCKOE | e A" /n! A A e 1)
OTpunarensHoe ‘ (TJ’Z_I)qu" rq/p rq/p? (p/(1 — geH))"
OMHOMUAJIBLHOE ‘

Jlorapudmmseckoe | —p"/(nlogg) —p/(qlogq) | —p/(¢*logg) | log(1 — pe’)/logg

3.3 IIpumepnl pacnpejeeHns MHIUBHIYATbHBIX MCKOB

[Ipw wccremoBaHWE CBOUCTB DACHpENEIEHHM WHIWBUIVAILHBIX WCKOB BCE 3aBHUCUT
OT TPHUPOJLI BO3MOXHBIX ymep6oB. O4eBHUIHO, UTO MPU CTPAXOBAHUU KOCMUIECKUX
PHUCKOB BO3MOXHBIE YMEPOLl UMEIOT pacIpefesleHne, OTINIHOE OT pacIpeeNeHud
yImep60B B aBTOMOOUIBHOM WJIM B MeJUIIWHCKOM cTpaxoBauHmu. PaccMoTpuM HEG0IB-
IO KPYT IIPUMEPOB PaCIpeiejeHrsa WHIUBY Y ATLHEIX UCKOB.

IIpm cTpaxoBaHWE OT OT'HA MOCTECTBUA KAK AJIA IOTEPIEBINErO BIaIeIbIIa TIOBPe-
XK JIEHHOT'O 00BEKTa, TaK W [[JA CTPAXOBOW KOMIIAHWYM MOTYT OKA3aTbCA BECHMa, TAXKe-
JIBIMHF, TIO3TOMY TAKOT'O PO/a YIIePOHI OMUCHIBAIOTCA PACIPEAETEHUAME C ~ TAKETHIMHA
XBOCTaMu,” TO eCTh IJIOTHOCTL TAaKOT'0 PACIPEeIeNIeHNs yORIBAET JOCTATOYHO Me/ITeH-
HO NPH CTPEMJIEHHU apryMeTa K 6eCKOHeYHOCTH. [IpuMepaMu Takux paclupeneieHun
ABIAIOTCA JOTHOPMAJBLHOE paclpeleneHme, pacupegenenue llapero m xombumHamua
SKCIIOHEHIMAIBLHEIX PACIPEIETeHUN C INIOTHOCTIO BUAa p(x) = Y pioye” %% S p; = 1.

B aBTOMOOUILHOM CTPAXOBAHWM PE3YIHLTATOM JOPOXKHOT'O WHIWAEHTA ABIAIOTCA,
KaK TPABUJIO, MEHEE 3HAYAUTENbHEIE C MATEPUATHLHOU TOYKWM 3PEHUA IOCTEICTBUA.
Kpome Toro, craTmcTuka mo TaKMM IPOHUCIIECTBUAM T'Opa3go 6osee 60TaTa W MO3TO-
MY BO3MOXHEIE UCKM MOT'YT OBITH IpeACKa3aHEI 6osee TO4HO. B cumy sTmx o6cTOsA-
TeTHLCTB WHAWBUAYAJIbHEIE UICKA B aBTOMOOMIHHOM CTPAXOBAHUY IPUHATO OMUCHIBATH
raMMa-pacipeieJileHneM, MapaMeTPhl PACIpPeNeIeHns MOAOMPAIOTCA M0 MMEIOIIENCs
CTATHUCTUKE.

B muxecnenyiomen Tabauie IpuBe[eHbl HEKOTOPEIE IIPAMEPHI PACTIPEIeIeHNY WH-
MUBAIYATHHBIX UCKOB ¥ WX OCHOBHBIE XapaKTEPUCTUKH.

Pacnpegenenne X | f(z) EX VarX Mx (t)
DKCIOHEHIUAIBHOE | Ae=A2 /A 1/X2 M(A—1)
Famma ‘ B2z e P [T () a/f o/ B (%)a
HOpMaJIBHoe ‘ ﬁe—o.t’)((w—a)/a)l a o2 eat+0.5azt1
JloreopmaInHOe ‘ ﬁe‘o"r’((log 8-0)[0)" | at050% | plata® (o _ 1) -
ITapeTo ‘ a/(1+ z)ot! L m -
BeuGymna | az® Te=®" r(1+2) I'(1+2) -
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3.4 Csoucrna 0606menHoro pacupejgeaenusa Ilyaccona

Ecam nmapaMeTrp A, onpeaelArul CIyIanHyio Beauduny N, He ABIAeTCA (PUKCHPO-
BAHHOU BEJIUYIUHOM, 8 IIPECTABIAET COOOU CIIyIanHYIO BeIudnHy A, TO pacupejjeHue
umcaa uckoB N sABisgeTcsa croxueM (mixed) pacopegenenuem. Takwe pacupenenenus
OPUMEHAIOTCA, KOT'J[a, HAIPUMED, CTPAXOBATEIN Pa36uTHI Ha HEOJHOPOJHEIE I'PYIIIEL,
UL KaXK IO M3 KOTOPHIX XaPAKTEPHCTHKH CIYIANHOT'0 IUC/Ia HCKOB pasiundHbl. Ecan
CIydaiHasA BeIWYIWHA A MMeeT IJIOTHOCTH pacupefgeneHus u(A,) TO A1 TAKOTO Pac-
peeIeHus

0o \Pe=A

n!

P(N=n) = /0°° P(N = n|A = Nu(N)dA = /0 u(N)dA.

Orcroga cregyer, 9TO
EN = E(E(N|A)) = E(A), VarN = E(A) 4+ Var(A).

TO €CTh, KaK W [ OTPHUIATEILHOT0 6WHOMUAJBHOTO pacupenernenus FN < VarN.
AnajoruaubiM 06pa30M MOIYdIaeM, 9TO

My (t) = E(eV) = B(E(V|A)) = BM—D) = My(e' - 1).
OTcroga ciaenyeT, 9TO [IJid MPOU3BOAAIIEH (PYHKIIMH MOMEHTOB CyMMAPHOI'O WCKa S
Ms(t) = MA(Mx(t) — 1).

PaccmoTpuM creayromui mpuMep.
[IycTs cayyavnaa BemmauHa A mMeeT raMMa-pacipe/ieieHne ¢ IapaMeTpaMu «, [,
TO €CTh INIOTHOCTH %(Z) CIy4alHON BeAWYIWHE! A €CTh

ﬂa a—1_—pBz

u(x)zr(a)x e P, x>0.

HamoMme®M, 9T0 10 ONpejeneHuio dyHKIASA
% -1
I'(«@) =/ z% e %dx,
0

unpu o = 1, [ = n raMma-pacupejeleHne ABIAeTCA X >-paclpejeleHreM C 1 CTe-
meHAMHA CBOOOAHI. [l1a raMMa-pacupeeneHna Tpon3BoaAmad (PYyHKIIUA MOMEHTOB

M0 = (57)" <8,

CIe0BaTEeIbHO,

B B e _ B/(B+1) @
Mst) = (goi=a) = (o gaee)
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J9TO O3Ha4YaeT, 9TO CJIy‘IaﬁHaH BE€JINYINHA N nMeeT OTpuIaTeJIbHOE OMHOMUAILHOE pac-
mpejenenue ¢ mapamerpamu r =, p=p/(f+1), ¢=1/(8+1). Kpome Toro,

5 )a
B+1—Mx(t), "’

Ms(t) = (

OTKyJa clelyeT, 9To

2

apy ap: ap;
ES = . VarS = n .
1+8 T 1+8 T 1+

Bepremcs k caydato, Korja mapameTp pacupegenerus [lyaccona ssiasercs Gpuxcupo-
BamHOU BeawunHOU. COpaBeainBa

Teopema 3 Fcau He3asucumbvie cayuatinvle cymmvt S;,1 = 1,2,...m umetom 0606
wenrnoe pacnpedeaernue Ilyaccona ¢ napamempamu A; u GYHKYUAMY POCTLPEOEAEHUS
seaunumbl uckos P;(z), mo cymma

umeem obobujennoe pacnpedeaenue Ilyaccona ¢ napamemponm

u Pynryuetd pacnpedeseHus 8EAUYUHbL UCKA,

P(z) = i

| >

>

JMoxaszareascTso. VI3 npegcrasienus (10) u He3aBUCHMOCTH CyMM S; mMeeM
m m
Ms(t) = [] Ms,(t) = exp{D_ Xi(Ms, (t) — 1)}.
i=1 i=1

[Tony4YeEHOE PABEHCTBO IEpENNIIeM B B
Ms(t) = exp{A]D_ 3 Ms, (t) — 1]},
i=1

OTKyJa crenyeT, 9To pyHkmua M. S(t) ABIAETCA IIPOU3BOAAINEH (DPYHKIIMEN MOMEHTOB
CIyIaWHOU CYMMBI, MMEOIen 00001enHoe pacupeenenue [Iyaccona ¢ mapaMeTpoM
A u dpyHKnmen pacupejenenus Beanans ucka P(z).Jji

Jemma 2 Ilycmb cayuatinble seauuumbt N;,t = 1,2,...m HE3a8UCUMbL U UMEIOMN
NYACCOHOBCKOE pacnpedeaerue ¢ napamempamu A;. To2da 048 NpouzsosbHbir e’
UWECTNBEHHBIL K03 P PUYyUeHmos 1, Ta, . . . Ly CYMMO

S = ZIEZNZ (14)
i=1
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umeem obobuwenroe pacnpedeaenue Ilyaccona ¢ napamemponm

PACTPECEAEHUE BEAUUUHDL UHOUSUIYAALHO20 UCKA PABHO

A _
p(z) = 3, ecau T =x; € {T1,%,... T}
0, 6 npomMuUBHOM CAYUGE.

JloxazaTeancTBO. 3aMeTHM, 9TO Kax0e ciaaraemoe B cymme (14) mmeer 06061menHoe
pacupegenenme [lyaccona ¢ mapaMeTpoM \; U CIyYaWHOW BEAMYMHOM WCKA, MTPUHE-
MAaloIlled 3HAaYeHWe T; ¢ BepoATHOCTHIO 1. Temeph ocTaeTcs BOCIOAL30BATHCA TeOpe-
mou 3. i

3.5 Tounsle MeTOAHI BHIYTMCJICHHUSA IIAPAMETPOB pacIpefeIeHUA
0600menHoro 3akoHa Ilyaccona B guckpeTHOM ciytae

FEcmu B 0606mennoM 3akoHe [lyaccona mMmeeT MeCTO AUCKPETHOE paclpejeleHre Be-
JWYWHELI UCKa, TO CIPaBEIWBO yTBEpPXAeHUE, 06paTHOEe TeopeMme 3. IMenHO, myCcTh
VHIWBUAYAJIbLHLIE UCKW, KaK U PaHee, He3aBACUMEI, OJUHAKOBO PacIpeeaeHbl U IPU-
HUMAIOT 3HAYEHUA T, T2, ... Ly C COOTBETCTBYIOMUMEA BEPOATHOCTAMM

7 = p(x;). (15)

IIycTts, pmamnee N;-KOIWYIECTBO CJIAraeMbIX B CyMMe S, OIPHHUMAIONIAX 3HAYEHHUE I;.
Torga cymma

IIpm »ToMm, xomeuno, BemmumHa N = N; + Ny + ... N,,. B obmem cryuae cry-
YaWHble BEJIWYIUHLI 3aBUCUMEI, HO MaA 0600IIeHHOro pacupegenenus Ilyaccorna sTm
CIyJaWHbIe BEIUYUHBI OKA3BIBAIOTCA HE3aBUCUMBIMEA. [Ipex e 4eM A0Ka3hBATH DTOT
MHTEPECHHH (PAKT, PACCMOTPHUM MOJMHOMAAJILHOE PACIPEIeIeHre W COOTBETCTBYIO-
ITYI0 TPOU3BOAAITYIO (DYHKIWIO MOMeHTOB. [IycTh mpom3BoauTCA 77 HE3aBUCUMBIX HC-
OLITAHAT, KaXKJ0€ UCIBITAHNE HMEET 77, BO3MOXHBIX UCXO0B ¢ = 1,2, ...m, IPH 3TOM
T; - BEPOATHOCTH MCXOJa 4, HE 3aBUCAT OT HOMepa ucnuiTanusa. /lanee, N;- ciydaunoe
KOJUYIECTBO MCOBITAHWN ¢ UCX0a0M i. Torma

a COBMECTHOE paclipeflejieHne CIydauHbiXx Beaudud Ny, N, ... N, onpeaenseTca Kak

n!
— — — P ni N2 Nm .
P(Ni =n1,No =ng, ..., Ny =) = ————— ' m3° -+ T
ntng! - nyy!

31



Torpma mpomsBoaaAmas PyHKIWA MOMEHTOB [JIA TAKOT'0 PACIpeJeNeHNsa OIpefeadeT A
KaK

m
E{exzpd t;N;} = (m€" + mae” -+ - + mpet™)".
i=1

TaxuM 06pa30M MOIHHOMHUAILHOE PACIIPE/IEIEHAE OIPENeNAeTCA KOMNIeCTBOM HCIIhI-
TaHuy n 1 HabopoM BeposaTHOCTEH {7m;, % = 1,2,...,m}. Cupasegnusa

Teopema 4 Ecau cymma —13~— umeem obobuennoe pacnpedeaerue Ilyacconas onpe>
deasemoe napamempom A u OUCKPEMHbIM PACNPECEAECHUEM BEAUYUH UCKOB “—15~—*< O
cayuatinbie seauyunbt N1, Ny, ..., Ny, HE308UCUMbL U UMEIOTN NYACCOHOBCKOE PACTPE’
deqenue ¢ napamempomu A; = ;.

JokazareabcTBo. OmnpesenuM NpPOU3BOAAIMIYIO (DYHKIWIO MOMEHTOB COBMECTHOT'O
pacmpegenenus CrydauHeix Beauwdun Ni, N, ..., Np,. Ilag 3Tor0 3amMeTwMm, 9TO >TH
CIyJaWHbIe BEIUYUHEI ONPENETIEHEl TaK Xe, KaK COOTBETCTBYIOIINE BEIMIAHBI B IIO-
JIMHOMUMAJILHOM pacupeaenenuu. [losromy npu ycaoBum N = 1 COBMeCTHOe pacIpe-
penerue Ny, No,..., Ny, nommaoMmuaabao. OTCIOLa BEITEKAET, ITO

E{ezpd t;N;} = > E{expd t;N;JN =n}P(N =n) =
i=1 n=1 i=1

fore} e—)\)\n
(7T1€t1 + et + ...+ Wmetm)"— =
=1

!
n n.

[o.0)
e Z()\lmetl + domae” + ...+ Apmet™)" /nl =
n=1

m
exp(—N)exp(Ami e + Ame® + ... + Ampme™) = [[ exp[Ami(e¥ — 1)),
i=1
B IOCJAEHEM DABEHCTBE MBI WCIONL30BAIM yCaoBume Y oo  7; = 1. B aTOM paBencTBe
[OJIy 9eHO pa3bueHue TPOM3BOAANIEH (DYHKIUN COBMECTHOT'O PACIPEIENeHUA HA PO~
U3Be/IeHVe TIPOM3BOJANINX (PYHKIUA C TAPAMETPAMY t;, TIPUIEM B KAXKIBINA {— ¥ MHO-
XWUTENTb BXOAAT TOJBLKO MApaMeTp t;, 9TO O03HAYAET HE3ABACHMOCTEH CIyYaWHBIX Be-
muann N;. Kpome Toro, kaxaeii MuOXUTENs exp[Am;(e — 1)] mpeacrasaer cobon
IPOU3BOAILYIO (DYHKIUIO MOMEHTOB IIYACCOHOBCKOTO DACIPEICNEHNA ¢ IaPAMETPOM
[MokazaHHAA TeopeMa MMeeT BaXKHOEe MPAKTWYIecKoe NpuMeHeHwe. VMeHHO, eciu
CYMMapHHIE UCK mMeeT 0600ImeHHoe pacmpepenenue Ilyaccoma, ompepgenseMoe Ia-
paMeTpoM A\ ¥ [HMCKDETHEIM DACIpeJeNeHWeM BeIWdWH WCKOB 7T; = p(z;), & =
1,2,...,m, To Bepostroctu f(z;) = P(S =1x;), i=1,2,...,m MOXHO BEIIUCIUTE,
[OJIy Y4B CBEPTKY PACIPEICNEHUN 17 CIyIaUHBIX BeawdnH Z; NV;, TO €CTh CBePTKY (hUK-
CHPOBAHHOTO YUCIA CIATAEMEIX.
Kax crefcTBUe U3 JOKA3AHHOW TEOPEMBI CIEAyeT 3aMEeTUTh, YTO A CYMMAapPHOTO
ucka (16) copaBejIuBHL paBEHCTBA

ES = in)\i, VarS = fo)\z
i=1 ;

=1
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PaccmoTpum caegyromuu npumep. [lycTs o6muy uck S mmeeT 0600IMIEHHOE pac-
npegenenue [lyaccona, onpeaenseMoe napaMeTpoOM A X JUCKPETHBIM DACIpefeleHueM
BE€JINYIUHBI UCKa.:

A=05 P(X=1)=05 P(X=4)=P(X=5)=0.25. (17)

Tpebyerca mantu Bemumuunnt f(z) = P(S=1z), =z € {1,2,3,4,5}.
Cravana IPEMEHAM OPAMOM METOJ BEIMHCICHHA CBEPTOK IO (POpMyJIe

00 00 . e—)\)\n
f@) =Y P(S=e|N=n)P(N=n) =Y p™(2)~—, =21,

n=1 n=1 )

f(0) =e™ = 0.6071991.
[lonyyennrie gaHHbIE TPUBELEM B TaOIUIIE
x p(z) | pP() | pP) | p"(2) [ pP() | fl2) |
0 0 0 0 0 0 0.60653
1 0.5 0 0 0 0 0.15163
2 0 0.25 0 0 0 0.01890
3 0 0 0125 ] 0 0 0.001585
4 0.25 0 0 0.0625 | 0 0.0759 |
5 0.25 025 | 0 0 0.03125 | 0.094775 |
n 1 | 2 [ 3 4 5 |
P(N =n) | 0.303265 | 0.0758 | 0.0126 | 0.00158 [ 0.000158 |

Temepb BEIYUCINM Te XK€ BEIUYUHHI f(T) WCIOIB3Ys Pe3yabTaT TeopeMhl 4, uc-
IOJb3yA PaBEHCTBA

f(z) = P(N\ +4Ns +5Ns = ), A\ =025, A= )5 =0.125,
e~ N\t
P(N;=0)=e™, P@N;=z)=-——"1, i=14,5
(z/7)!

7 OpPEACTABIAA JAHHBIE B AHAJOTMIHON TabIUIE:

z| P(Ny=z) | P4N,=2) | PGNs=2) | P(M; +4N, =) | f(2) |
0 0.7788 0.882497 ‘ 0.882497 ‘ 0.687289 0.60653

1 0.1947 0 0 0.171822 0.151632
2| 0.024338 0 0 0.021478 0.01894

3| 0.002029 0 0 0.00179 0.00158

4| 0.000127 0.110312 ‘ 0 0.086023 0.075915
5 | 0.00000634 0 ‘ 0.110312 ‘ 0.01896 0.094775

Kak Bmgmo w3 mocTpoenus TaOIUI], TMOCIETHAA METOA WMEET HTPEHMYIIECTBO IO
KOJIUYIECTBY BBEIUYMCICHWH. PacCMOTPUM TpPETHH METOJ BHIYMCICHHAS BEPOATHOCTEH
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pacupeieleHus, KOTOPHIY IPUMEHUM [UIA IEJOYACICHHBIX 3HAYEHHH WCKOB. IIpe-
XJie BCEro 3aMeTHM, YTO IOCKOJbKY CIyJalHble BeIXYIAHLI OJWHAKOBO DaCIpeiele-
HHI, TO ycroBHEE cpegame E(Xi|X; + Xo + ... + Xpy1 = Z) OAMHAKOBEL JIfA BCEX
k=1,2,...,n+ 1. llockonbKy X CyMMa paBHA T, TO

ans Beakoro k = 1,2,...,n + 1. Ecau Bosmoxubie 3uavenus X cyth {0,1,2,...}, To
OTCIO/Ia U W3 HE3ABUCUMOCTH X; CIE€yeT PDABEHCTBO

i=1

= (@ —i) _ s

CraenoBaTelInbHO, IIA BCAKOTO I > 1 BEpOATHOCTH

o -2 )\n—l—l n 1 T *(n+1 _
2 : G @) =

iie /\HH) n:—:l)ip() (z —1) 2206”/\”“ ()p*™(z — i) =
Z )\p Zp*n - —.—Zm)\f:v—z

CJIe,Z(OBaTeJIBHO, 3/1eCh MBI IPUILIA K PEKYPPEHTHOMY COOTHOIIEHUIO

Sy}
=3 —Xif(z—1). (18)
=17
Hanpumep, ana x = 1,2 oTciofa BEITEKAET, UTO

FA) =Xf0) =X e™,  f(2)=05Mf(1)+2f(0) m. &
B mpumepe ¢ ganueME (17) momydenHsie GOPMYILL JaI0T PABEHCTBA!

f(0) =e™ =10.60653, f(1) = A f(0) =0.151632,
f(2) = 0.5\ f(1) =0.018954, f(3) = %x\lf@) = 0.00158,

f(4) = 0.25M f(3)+ A f(0) = 0.075915, f(5) = %)\lf(4)+§f(1)+)\5f(0) = 0.094775.

Taxum o6pa3omM, ecau paclpejeleHne UCKOB TUCKPETHO W BO3MOXHEIE 3HAYEHUA
WCKOB TEJOYUCIEHHBI, TO INOIyYeHHBIE PEKypPpPEeHTHHIE (hOPMYJIEI MO3BOJAIOT B €IIe
OOJIBIIEN CTENEHN YIPOCTUTEH BHIYUCIEHUE TApPAMETPOB PACIpeIeNeHus CYMMapHOTO
HCKA.
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3.6 AmmpokcuMmalnus HOPMATLHBIM PACIIPE JeJIEHUEM BEJIMTUHBI CyM-
MAapHOr'0 UCKa

,Z[O CHX IIOP HOPpMaJibHad allllPOKCUMAIIAA pacCIpeaeJeHUuA CYMMapHOTO UCKa HUCIIOJIb-
30BaJlaCb HaMH TOJBKO B MOOEIAX WHIWUBUAYAJBHOI'O HUCKaA. ,Z[JIH pacCMaTpUBaCMEBIX
MO,Z{GJIGIZ KOJUIEKTUBHOI'O PACKa UMEEeT MECTO

Teopema 5 Fcau cymmapmvili uck S umeem ob606wWeHHOE NYGCCOHOBCKOE UAU 0606
WEHHOE OMPUYATIEALHOE OUHOMUAALHOE PACNPEJEAECHUE C TLAPAMETMPAMY A UAU T, P
coomeememseno u Pynryuet pacnpedeernus uHouBudYabHo2o ucka P(x)< mo pac
npedeseHue CAYLATHOT 8EAUYUHbL

S—FES
vVVarS

CMPEMUINCA K CINOAHOGDMHOMY HOPMAALHOMY PACTPECACHUIO NPU A — OO0 0aa 0606
WEHHO20 NYACCOHOBCKO20 U NPU T — 0O 044 OMPUYUAMNEALHO20 OUHOMUAALHOZ0 PAC
npedeseHu>

Z =

JNokazareancTBo. Ecmu 05 = v VarS, To npousBojamas GpyHKIIUA MOMEHTOB CIy-
YaMHOW BEIWYWHLI Z PaBHA

Malt) = eap(-) (D),

u TeopeMa OyJeT NOKa3aHa, eCl¥ MEI IOKaxeM, 9To A pyeknmm ¢(t) = log Mz (1)
OymeT
$(t) = 1°/2

opu A — 00 A 0606IIEHHOTO MTyaCCOHOBCKOT'O W IPH 7' — OO JJIA OTPHUIATEILHOTO
OMHOMUAJILHOTO pacupefieieHusa. BymeM majee MCIOTL30BATH PA3I0XEHWE ITPOW3BO-

e pyHKITIn
Mx (u) = 1+ piu + 0.5pau® + o(u?). (19)

[s1 0606IIEHHOT0 TyacCOHOBCKOTO pacipeaenenus u3 (9) umeem:
ES = \py, 0?9 = Apo,
MOJTOMY, HOACTaBIAA U = t/0g B paBeHCTBO (19), momyduM
o(t) = M(Mx(t/os) — 1) —tES/os =

pt | 1pot® 1 tAp 1, 1,
A(\/% 5w o()\> \/)\_m—2t +o(1)—>2t mpE A — oo.

[i1s1 0606IIEHHOT0 OTPHUIIATENLHOI'0 GHHOMEAIBLHOI'O pacupeaenenus u3 (12) cregyer:

ES =r(qg/p)p, o5 =r(q/p)p2+7(¢"/D")P},
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nosromy u3 (19) momydaem

$(t) = rlog lp/ (1 _q (1 + % + % + o(l/r)))] _tES/og =

° - - N Cap, —o(l/r =
riee [1/ (1 p\/T(Q/p)pQ + r(q%/p?)p? 20%(r(q/p)p2 + r(¢%/p?)p?) (1/ ))]

rigp: n rt2qps
p\fr(a/p)pe +r(@@/p?)p?  20(r(a/p)p2+7(¢*/p")p1)
Tt2 2,..2 rt
2 i 5 a2y T o(1) — a1 =
2p2(r(¢/p)p2 + r(¢%/p*)p}) i @IP + 1@ TP
g’ pp+pig 2 £2
o2 +o(l)=++0o(l) >~ mpm 71— c0.
2p% (q/p)p2 + (¢*/p*)p? )=5+oM) =3 [

O6o3Ha4as, Kak U paHee, depes ¢(t) HaTypalbHBIA JorapudM IPOU3BOAAIIEH (pYHK-
) ) p ¢ y
WY MOMEHTOB CYMMapHOT'0 UCKa, a1 0600ImeHHoT0 pacnpeaenenusa [Iyaccorna 6y gem
UMETh:

$(t) = \(Mx(t) =1), ¢®(t) = MP @), k>1,

oTCIONA W W3 pa3fl. 2.2 caeayeT, YTO 1A 0000IMEHHOT'0 MyacCOHOBCKOT'O PAaCIIpe Teie-
HHUA IEPBBIC TPHU HEHTPAJBHBIX MOMEHTA BBEITUCJIAIOTCA JOCTATOYHO IIPOCTO:

ES=¢(0)=Ap1, VarS=¢P(0)=Aps, E(S—ES)=¢D0)=ps. (20)

N3 Teopemur 5 caegyer, 9TO IpH OOJBIMAX 3HAYCHUAX A\ CYMMAPHBIA UCK MOXHO
CYUTATHL HOPMAJILHO PACIPEIENCHHON CIYIAWHOU BEIUYMHOU CO CPEJHMM W JUCIIE-
pcuer, paBHLIME COOTBETCTBEHHO Ap; uAps. Ha camoMm feste CyMMapHBIM HCK MOX-
HO AIIpPOKCHMHUDPOBATHL HE TOJLKO HOPMAJILHLIM pacrpepeineHueM. VIMeHHO, myCTh
raMMa-pyHKINA PacIpeeleHns ¢ mapaMeTpaMa «, 3 eCTh

[e%

I'()

G(z : a,ﬂ) = /Ow ta—le—ﬂtdt,

TOra CMEIeHHAA Ha T( FaMMa-QyHKINA PACIpeJeleHna ONpefelaeTca KaK
H(:E : a,ﬂ,IE()) = G(:E — o - ayﬂ)'

CrnenyeT OTMETHTHL, YTO BBEJEHHAA TAKUM O0OPa3oM (PYHKIUA PACIPEJeNeHUA SBJIA-
eTCsA TpexmapaMeTpuYecKou. FKcam ciaydanHas BeIWdwHa Y WMEET CMEINeHHOe Ha I
ramMMa-paciupeeleHre, TO ee IPOU3BOIAMIAA (PYHKIWA MOMEHTOB

My (t) = e (%)a
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o6ycroBnuBaeT Buj GyHKIME Py () = log My () :

by (t) = txg + alog ﬂﬂ—t
Orciona BrITeKaeT (cM. pasg. 2.2), 4To
_ (e e 3 2a
EY =z + 5 VarS = 5 E(S—ES)’ = ik (21)

Cunrasa Tenepsb BeauvuuHy [ 6€CKOHEYHO GOJIBIION, MOJIYIAM
br(t) = tao + S+ 25 4 o(a2/?)
=tz —t+ —— + ol =
Y 0 /B 2 /82
« 2 o

t(zo + B) + oY + o(at?/3%).

W3 mony4eHHOr0 paBeHCTBA M (PYHKIWMA ¢y (1) HEIOCPEJCTBEHHO CIeyeT

Teopema 6 FEcau napamempvr o, 3, Lo CMEUEHHO20 2AMMA>PACTLPEOEAEHUA TNAKOBIS

ymo o — OQ, /B—) o0,  ,Tg — —O0, NPUYEM
« « 9
$0+E:a, @:0',

mo pacnpedeaenue H(z : a, 8, 10) cxodumes x N(a,o0?)— nopmassromy pacnpedeae
HUIO C NAPAMEMPAMU O, T .

W3 >Tou TeopeMul caenyeT, 9To ecan Auda 0600menHoro pacupeaenenusa [lyaccona
3aJaHel MOMEHTHI (20), TO 5TO pacIpejeJeHre MOXHO ANIPOKCHMUPOBATEH CMEIIEH-
HBEIM T'aMMa-pacipeeleHneM, ONpeelnB IapaMeTphl HOCIe Hero u3 ycaosui (21):

o o 200
)‘pl =Zo+ 7, )‘p2 = o )‘p3 = oa
5 p? p?
KOTOPBIE TAIOT
Ap P Ap?
2 2 D
= 9 ﬂ:2_7 550:)\171— .
p3 Ps P3
Haugennne oTcioga mapamMeTphl «, 3, Ty YAOBIETBOPAIOT YCJIOBUAM TEOPEMEI 6 Ipw
a= M, 02=Apy, X\ — o0o./[laa 0606IEEHOI0 OTPUIATEILHOT0 GMHOMHUATILHOTO
pacipeeNeHnsa IMeeT MEeCTO APYTrod (PaKT, MMEHHO, CIIPAaBeIABA

Teopema 7 Ecau uaenbl nocaedosamesbHocmuy, cayuatinbix seauuun {Sp} umerom
0606WeHHOE OMPUUGMEALHOE CUHOMUAALHOE Pacnpededenue ¢ napamempamy T, p(k)
u Pynryuet pacnpedesenus undusudyaavrozo ucka P(z), npu amom omuowenue

q(k)/p(k) =kq/p, k=12,...,
2de ¢ = 1 — p nocmoanmnac mo pacnpedesenue CAYLATHOT 6eEAUUUHB
Zi = Si/ES

cmpemumes ¥ pacnpedeaenuro G(z : r,r) npu k — oo.
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JMoxaszareascTso. U3 (11) cregyer, 9T0 Hpou3BoAAIIas (PYHKIMA MOMEHTOB CILYyYa-
HOU Benm4wHH 7y = Sy/ESy paBHa

(1 = q(k)lfy‘(ka)(t/ES’“)y.

[Tockoabky mo ycmoBmio TeopeMul ESy; — 0o, TO mpu 3TOM

h 1 b2 2 2
M E =14+ —=—t4+ - 1/(F

a OTCIOMIa

B p(k) T
Ma0) = (1 —4(k) — q(B)pit/ESy — 0.5q(K)pa(t/ES) = o(l/(ESk>>2> )

2 - —-r r
(1—5—1£p22—t—0(1/k2)> —>(1—E) =( r ) mpu  k — oo,
1 r—t
mociefHee BhIpaXeHue, a uMeHHo (1/(r —t))", ecTh Tpou3BoAdmas GYHKIUIA PACIDe-
nenenusa G(z :7,7r). W
Sameuanue. [Ipu 60abmux HOMepax k mpou3BoAAIAd GPYHKIUA MOMEHTOB Sy IPH-
ONMMXEHHO PaBHA

(ﬁ) N (7“ — tq(k;"pl/p(k)> B
(%) rre w=p®)/malk),

u—1

TO €CTh pacupefieserue S ¢ POCTOM k 6EKOHEYHO MAJ0 OTINYIAETCA OT PACIDEfeTeHUA
G(z : r,u). KpoMe TOro, Ipu BHIIOIHEHUY YCIOBUM JOKA3AHHOM TEOPEMEI

Var(Sy/ESy) = VarSy/(ES;)? = PP2_ ! — ! mpu  k — oo.

Crkgp? 7 r

Paccmorpum mpumep. Ilycts cymmapubin uck S mmeeT 0606IIEHHOE MTyaCCOHOB-
CKO€ pacIpejieleHne ¢ mapaMeTpoM A = 12 ¥ CIy9YalHOM BEIWYIWHOW WHIWBHIYAIb-
HOT'O MCKa, PABHOMEPHO pacupejgenenHon Ha muTepsaie (0,1). Tpebyercsa omeHuTh
BepoATHOCTH P(S < 10) ¢ moMoump0 HOpMAILHOY ANTPOKCAMAIIMA U ¢ IOMOIILIO All-
TPOKCHMAITAN CMEMTEHHBIM TaMMa-paclpeIeIeHneM.

Cravanma ompegeqmM MOMEHTHI crydainou Bemmawewl X : FEX =1/2, EX? =
1/3, EX?®=1/4. Orcroga

)\pl = 67 )\p2 = 47 )\p3 =3.

Teneps w3 paBeHCTB

« o 2c
$0+E:6, —:4, @:3



ompenmenaeM « = 28.444, (G = 2.667, xzy3 = —4.667. Takum obpasom, cymmap-
HEIM UCK S amnpokcumupyercs pacupegenenueM N (6,4) wiu pacupenenenuem H(z :
28.444,2.667, —4.667). Torga A1 HOPMAILHOM ANNPOKCHMAIMY BEPOATHOCTD

P(S < 10) = % /_li exp(—@)dx — (2) = 0.97725,

a a4 "aMMa-allli DOKCEMaIlUN Ta XK€ BEPOATHOCTHh OIICHHBACTCA KaK

14.667 9 28.444
/ 2667777 araaa 26674, _ () 968156
0

T'(28.44)

3ATAYUN

1. IlycTs cayvannas Benmumaa N mMeeT GHMHOMMAILHOE PACIIPEJENeHHE C Mapa-
MeTpaMu m, p. [loay4urs Beipaxenus qus ES, VarS, Ms(t) gepes m, p, p1, pe, Mx (t).
Pemenne. [lockombky

My (t) = é (T,:')p’“(l —pF)e* = (pe' + )™,

To guA QyEKnmE ¢g(t) = log Ms(t) nMeeT MeCTO BHIpaXeHWe

¢s(t) = mlog(pMx (t) + g);
6eps ABe MepBEIE IPOU3BOAHEIE ¢5(t) B HyJIe, TOLYIUM
ES =mpp,, VarS = mpp, — mp*p?.

2. llycTs cnyyavnas Beawduna N npumamMaeT 3uadenus 0,1,2,um 3 ¢ cooTBeTCTBY-
IOmuMu BepoaTHOCTAMEU 1/2,1/3,1/8,1/24, a Beruuuna WHAUBEAYAIHHOIO HCKA X
npurrMmaeTr 3uadenus 10,20,u 40 ¢ cooTBeTCTBYIOMIMME BepoaTHOCTAMA 1/2,1/4,1/4.
Tpebyerca Boraucautrs EN,VarN, EX,VarX,ES,VarS.

Pemenne. MomerThl BenmwamH N, X BHIYHCIAIOTCA HENOCDPEACTBEHHO:

EN=1/34+1/44+1/8=17/24, EN?>=1/3+1/2+9/24 =29/24,

VarN = 29/24—(17/24)* = 407/576, EX =20, EX? =550, VarX =550—400 = 150.

MOMEHTHI CIyYAWHOW BEIWYIUHEI S BBIYUCAUM, HCXOAA W3 IPOW3BOAAINECH (PYHKINH
MOMEHTOB: TOCKOILKY

My(t) =1/2+€"/3+e¥/8+€%/24, Mx(t) = e'%/2 + /4 + €' /4, 10

Ms(t) =1/2 + Mx(t)/3 + Mx(t)*/8 + Mx(t)* /24

U Temeph ABe IEPBHIE IPOU3BOAHEIE B HyIe pyEkmmz  ¢(t) = log Mg(t) maror

ES = ¢ (0) =85/6 = 14.167, VarS = ¢ (0) = 12350/36 = 343.0556.
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3. Eciu cymmapabii uck S mMeeT 0606IeHHOe pacupeaenenne Ilyaccona ¢ mapa-
METPOM A\ M JWCKDPETHOE PACIpejeNeHre WHIWBUAYATHLHOTO UCKA

C(B

p(z) =

-, x=1,2,...;c€ (0,1
xlog(1_0)7 ) ) 7 ( ) )7
TO TpebyeTcsA MOKa3aTh, YTO S MMEET OTPHUIATENbHOe GMHOMUAILHOE PACIDEIeIeHIE
7 HAUTH TapaMeTpPhl 3TOT'O0 PACIpeeTIeHns.
Pemenne. [Ipexae Bcero mpowssogdman (pyHKOIUA MOMEHTOB

_ log (1 — cet)
Mi(t) = log (1 —¢)

CrepoBaTensno, gua dyukumn ¢s(t) = log Ms(t) cupaBeqiuBhl paBeHCTBA

Bs(t) = A [l?fg( 21__006;)] = iog (1A —g 8 (11_—Ccet> B

A lo (1_0)—10 4 T
—log(1—c) E\1—cet) =8 1—get)’

A
? —log(1—c) "

4. Cnyuvavinaa BeqwunmHa N WMeeT IIyaCCOHOBCKOE PACIpeeNeHne ¢ MapaMeTPOM
A. Tpebyercsa BripasuTh BepoaTHOCTs P(N =n + 1) gepes P(N = n).

Pemmenne. [TycTts X- ciyvannasa BeIwdwHa, WMEIOMIAS BHIPOXK IEHHOE PACIIPEIeie-
mze, To ectb P(X = 1) = 1. Toraa ciydainas Beruauaa S = N uMeeT 06006IIEHHOE
IIyaCCOHOBCOE PACIIPEJeeHre C IMapaMeTPOM A M BHIPOXJEHHBIM PACIpPeJeJeHueM
uHAMBHAyanbHOrO ucka p(l) = 1. VI3 coornomenus 18 creayer, 9To

r'Jle TapaMeTpHL P, 7 PAaBHEI COOTBETCTBEHHO 1 — ¢

oo

Fln+1) =S idpif(n+1—i)/(n+1) = Af(n)/(n +1).

i=1

5. Cnyuaunnie BewawHbsl Ny, Np, N3 HE3aBUCHMEI U MMEIOT IIYaCCOHOBCKOE Pac-
npefenenune, npu 3toMm EN; = 2, ¢ = 1,2,3. Kakoe pacupejenenne mMeeT CyMMa
S = —2N; + Ny + 3N;?

Pemenne. /I1a mpomsBoabuHOro Habopa KoadduuenToB ki, ko, k3 13 HE3aBUCHMO-
CTH CITyJaWHEIX Beaudud N; cieayeT, 9TO TPOW3BOAIIASL (PYHKITUA MOMEHTOB CYMMBI
S =32 | k;N; pasna

M (t) = Mpy v, (8) My v, (8) Mo, (2),
IIpX 3TOM
My, (t) = exp(Xi(e¥* = 1)),
B namEOUW 3anade \; = i2. O60o3magas 3 \; 9epe3 A, a \;/\ gepes Xi, MOy IAM ITO

3
Mg (t) = exp(AD_ et —1).
i=1
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Orcroga cregyer, 94To S mMeeT 0GOOIIEHHOE MYaCcCOHOBCKOE pACIpe/eleHne ¢ mapa-
METPOM A\ M JUCKPETHBIM PACIPEJeNeHNEM BEIWIUHBI UCKA

plk) =X, i=1,23.

Taxkum o6pazom, moaydeHHOE 0000IIEHHOE TYaCCOHOBCKOE PACIIPeeeHue OIpe 1es-
eTcsa mapameTpoM A = 14 m pacupegenenuem p(—2) = 1/14, p(l) = 2/7, p(3) =
9/14.

6. [lu1s faHEOrO (v ONpEReNuTh [3, To U3 ycaosus, 4To H(z : «, 3, x¢) uMeeT HyIeBOE
CcpeJHEE W eMHUYHYIO AUCIepcuio. K KakoMy pacIpeeneHui0 CTPEMUTCA IMOTydIeH-
HOE pacipejeienne mpa o — 007

Pemenne. W3 (21) cregyer, 4To

To+a/B=0, o/fF=1120=—-Va, B=+0.
IIpomsBogaman GpyHKIUA MOMEHTOB pacupeaenenus H(z : «, v/a, —y/a) paBHa
otV (ﬂ)a
va—t) '
MOTOMY €€ HATYPAJILHEIN JOTapudM, PABHBIT
—tv/a — alog(l —t/v/a) = —tv/a — a(—t/\/a— 0.5t /a+o(1/a)) =
0.5t> + o(1) — 0.5t mpm «a — co.

CraenoBaTennbHO, IpefeIbHOE paclpeieleHre eCTh CTaHJaPTHOE HOPMAJILHOE Pacipe-
JeJeHue.
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4 OJaeMEeHTHI TEOPUHM PA3OPEHHUA

[lo cux mMop MBI PACCMATPUBAIN CBOUCTBA CAYyYAWHOW BEJIWIHHLI O0IIero ucka. [Ipum
STOM HHKAK HE 3aTPATdBaJjCA BOMPOC O TOM, JOCTATOYHO JU y CTPAXOBIIUKA CPEACTB
[T TIOKPHITAS BO3HWKAIOIMUX yiep6os. /lemro 31ecs B ToOM, 9TO, ¢ OJHOU CTOPOHEL,
STHU CPEJCTBA MOT'YT B3ATHCA TOJLKO U3 COOPAHHBIX IPEMUU, IPUIEM DTHU MPEMAHA IO~
CTYIAIOT PEryasapHO B COOTBETCTBHUU C 3AKIIOYEHHBIMU CTPAXOBLIME JOTOBODAMU, a
C APYTrOM - MpPeIbABISEMble UCKHA MOCTYMAIOT HE OJHOBPEMEHHO, & B COOTBETCTBUH
¢ TPOUCIIE UMY YITepOaMu, TPHIEM MOCIe0BATENLHOCTh BOSHUKHOBEHUA TTOCTE -
HUX TPEACTABAAET COOOW CIyIaWHBIM TpOIecc. TakuMm oOpas3oM MEI 0 CHX IIOD He
3aTPArWBaJIl BOMPOC 06 W3MEeHeHWM OOIIEro WCKa BO BPEMEHHW, O COOTHOINEHUHN B Ka-
¥R MOMEHT BDEMEHHU pa3Mepa COOCTBEHHHIX CPEACTB CTPAXOBINAKA W BEJUIUHBI
ncka. B panpmemimem OyaeM HCIOIL30BATL IMOHATHE (HoHO COOCMBEHHLIT CPeoCms
CTPAXOBINWKA A OG03HAYEHUA CYMMEI JeHEer B PACCMATPWBAEMBIM MOMEHT BpeMe-
HA, C(POPMUPOBABIIEUCA B PE3yIbTaTe MOCTYIIEHWA TPEMUU W BBIILIAT 110 HUCKAM.
s xkpaTkocTr (HOHJ COGCTBEHHEIX CPEACTB CTPAXOBINUKA Oy eM WMEHOBATE IIPOCTO
KAIIUTAJIOM.

4.1 W3MeHeHMe KAaMATATA KaK CJIYyIaMHBIM IIPOIECC

[IycTh cymMMapHas BeIWYHHA IIPEMEH, IMOCTYHIAIOIIAX OT CTPAXOBATENCH 33, €JUHUILY
BPEMEHHW, PaBHA C, & HAYAJbHOE 3HAYEHWE KATWTaJa PABHO u. 1OTIa, eCiu B MOMEHT
BpeMenu ¢ > () mOCTymaeT CyMMApPHBIM MCK BeawduHBL S(t), TO 3HAYEHWE KANUTAIA B
MOMEHT BpeMmeHu { 6yeT paBHO

U(t) = u+ct — S(2). (22)

Eciu B kakou-T0 MOMeHT BpeMmenu ¢ Bemuuauna u(t) < 0, To 6yeM TOBOPHUTH, ITO
pom301LI0 pasopenue. [Ipm 3ToM BenmumHa

T =min{t > 0|U(¢) < 0}

HA3BIBAETCA MOMEHTOM pasopenus> Ecau Bermamua T paBHA 00, TO CIATAETCA, ITO
pasoperus e npoucxoguT. Pyrkuus (u) = P(T < 00) HA3BIBAETCA 8EPOATNHOCINGIO
PABOPERUA NPU HAUAALHOM ocmamKe u, a BemmuawHa Y(u,t) = P(T < t) ecTb 6epo>
AMHOCTNb PA3OPEHUAL 00 MOMEHMNA T NPU HAUAADHOM 3HAUEHUY POoHIa cOOCINEEHHBIL
cpedems« pasrom u. Crydaunsii nponecc S(t), Kak # paHee, IPeACTABIAETCA B BAE

Sit)=X1+Xo+ ...+ Xnp,

IIPA 3TOM {—§ UCK BEIUYUHBI X; TOCTYIAET B MOMEHT BpeMeH” T;. 3aBucuMOCTS u(t)
MOXHO NIPEeACTAaBUTH cebe M3 HUXKeCIeAYIOMero puCyHKa:
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| |
Ty T, T :/T/

Puc. 1

Caydauusii mporece S(t) OnUCHIBaeTCA ABYMS XapaKTEPUCTAKAMU: CIYIAUHBIM
nponeccoM uucaa uckoB N (t) u pacupegerenmeM Kaxaoro ucka X;. OTHOCUTEILHO
N(t) 6ynem mpeamonaraTsh, 9T0 N (t) ABIAETCA MyaCCOHOBCKUM IIPOIECCOM:

e—)\h()\h)k
k!

TO €CTh IJ:IaHHBII‘;I Iponmece ABIAECTCA CTaIUOHAPHBIM C HE3aBUCHUMBIMU IIDAPAITICHUAMMN.
IIpu k = 1 oTcrona ciaemyer:

P(N(t +h) — N(2) = k)|N(s),s < t) = k=0,1,2, ...,

P(N(t+h) — N(t) = 1)|N(s),s < t) = e )h,
Ecnu, xpome Toro, mooxuTh h = di, TO mocae HEee PABEHCTBO MPUMET BU:
P(N(t+dt) — N(t) = 1)|N(s),s < t) = e M \dt ~ \dt,

a Wi, - cnydaunoe Bpemsa oxuganus i + 1— ro mcka, pasmoe T; 1 — T; mMeeT 5KCIO-
HEHIIMAJTLHOE PaCIpeeIeHue:

P(Wi1 > h|T; =t,N(s),s <t) =

P(N(t+h)— N() =0|T; =t,N(s),s < t) = e

Ecmu cnydaunbie BemmanHbl UCKOB X1, Xo, ... HE3aBUCUMEI U OJWHAKOBO PaCIpe-
nenensl, a N(t) ABIAETCA MyaCcCOHOBCKEM IIPOIECCOM, TO mpomecc S(t) 6yjaem Ha-
3BIBATH 0000WEHHbIM NYACCOHOBCKUM NPOYECCOMS OTIPEJeNIeMbIM MapaMeTPOM A u
dyakumen pacupepenenus P(z).

[lnsa 0606IIEHHOT0 TYaCcCOHOBCKOT'O ITPOITECCa BEPOATHOCTD

X e MAF
P(S(y+8)~ S) <2) = 3 O priy)
k=0 :
[lomaras y = 0, oTcroga moarydaeM, 9TO
E[S(t)] = Mp1, Var[S(t)] = Mpa, Mg (r) = eMMx0=1), (23)
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4.2 OmneHKa BEPOATHOCTH PA30PEHMA A CJIydas HENPEPHIBHOTO
BpeMeHH

By nem oneruBars Benmunny ¢(u) s serwaussr (22). [Ipegnonoxmm, aro musa My (1)
- IPOW3BOAAIIEH (GYHKIIMA MOMEHTOB CIyJaWHOW BEeIXYNHLI WHAWBATYAILHOI'O HCKA
MOXHO yKa3aTh TaKue 3HadeHusd v,d > 0, J1a KOTOPEIX

My(t) >8>0 ecm t> 1. (24)

[larHOE TpEeAIOM0XKEHNE BRIMOJIHEHO, €CIH, HATPUMED, CIyIaWHbIE BEIUIAHBL X;
IMEIOT TaMMa-pacupeaenenue. /lanee, 6ygeM CIUTATh, YTO BEINYWHA TPEMUH C PABHA
A1 + 0)p;, 60— xak m pamee, OTHOCHUTeIbHAs 0e30macHas HAUPY3Ka. PaccMoTpum

ypaBHEHUE
A+er=AMx(r) (25)

3amucLIBag ero B BUE
(14 60)pir = Mx(r) — 1,

cpa3y BuauM, 9To 1 = () ABAAeTCca pemenueM. Kpome Toro, y ¢pyHKININT
f(r)=QQ+0)pr— Mx(r)+1

npomssogaas f (0) = fp, > 0, a Ipu JOCTATOUHO GOMBIINX 3HAUECHUAX T ycIoBue (24)
ozmagaer, 4T0 f(r) < 0. CmegoBaTenbro, ypaBHeHHE (25) UMEET MOMOXKUTENHHBIN
KOPEHb, KOTOPEIM 0603HAYAETCA KaK R W HA3BIBaeTCA K03 (P Puyuenmom nonpasrku>
CMBICT BBEJI€HHOTO TepMUHA Oy/eT ACEH IO3XKe.

PaccmoTpum npmmep. IlycTh MEAMBHIYATbLHEIE WCKA MMEIOT 3KCIOHCHIHATILHOE
pacupenenenue ¢ mapamerpom [F. Tpebyerca oupegenuts BeauunHy K. [Tockoanky B
nanHOM ciydae pyukmusa Mx(r) = 3/(8 — r), To ypaBuenme (25) npurEMaeT BU[

1+ (1 +6)r/8=p/(6—r1),

orkyzaa koddpdunuent R = 03/(1 + 6) nonydaercsa Kak pelnenue KBaAPATHOTO yDPaB-
HEHUA.
[lJIs OTIEHKY CBEPXY BEPOATHOCTH Pa3opeHus )(u) uMeeT MecTo

Teopema 8 /s 406020 u > 0 8epoAMHOCTID PASOPEHUS

e—Ru

Ele~RUM|T < oo

b(u) =
HoxazareancTBo. /g mpomsBoabHBIX £ >0, 7 >0
Ele ™) = EleVO|T <t]P(T < t) + E[e”"VO|T > ¢]P(T > t),
IIPU TOM JIeBas 9aCTh HTOr0 HEPABEHCTBa BcaeacTsue (22,23) pasHa

MU(t) (—7") — e—ru—rcte)\t(MX (r)-1) )
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Ipeacrasass U(t) B Brge
U)=U(T)+U@)-UT)=U(T)+c(t—T)—[S(t) — S(T)]

¥ y4IuTHBag, 9T0 pasHocTb S(t) — S(T') aBrsercs 0600IIEHHEIM IyaCCOHOBCKEM IPO-
neccoM ¢ mapameTpoM A(t — T') u GhyHKImeN pacupejeleHus WHIUBALYATLHOT'O HCKA

P(z), oTcioga moIyqnM:
—ru—rcte)\t(MX(r)—l) _

e =
Ele TV Memrelt=T)HAET)Mx(")=D\T < {]P(T < t) + E[e "VO|T > ¢]P(T > t)
Bri6upas B mociegHeM paBeHCTBe 3HadeHWe r = R, w3 (25) momydunm

e = Ele DT < {]P(T < t) + E[e"™O|T > t]P(T > t) (26)

Temepb mOKaXeM, 9TO BTOPOe claraeMoe B IPaBoi 4acTy (26) 6EKOHEYHO MaJo IpH
t — oo. Ilna sToro obo3uaduM OAp; = ¢ — Ap; 4epes «, a /Apy depes [, Torma m3
(22, 23) momyaem

E[U®)] =u+ct—Xtpr =u+at, Var[U(t)] = Var[S(t)] = 8.

O6o3nauum ganee depe3 A cobweiTme, cocTosamee B ToM, uro I > ¢, 0 < U(t) <
u+at— (Bt?/3, a cobmTme B BKTIOaeT B cee Te mexogwl, mpu KoTopeix T > t,  U(t) >
u+at—Gt?3. Tlockomsxy R > 0, U(t) > 0mput < T, o e"B® < 1, creoBarensro,

Ele®VO|T > {|P(T > t) =
E[e ™ ®|A]P(A) + E[e V)| BIP(B) < P(A) + ¢~ Rlutot=pt?/%)
N3 mepaBerncTBa YebnImeBa BepOATHOCTH
P(A) =PU(t) —u—at < —pt*3) = PU(t) — EU)] < —/VarU@)]t"/®) < ¢t71/3,

TO eCTh ABIAETCA GECKOHEYHO MaJok, mpomssenerme R(u + ot — Bt%/3) - 6eckomedno
6oawmuM. Cre10BaTEILHO,

Ele®OIT > ]P(T >t) -0 nmpz t— oo.
ITosromy m3 (26) BEITeKaeT
e’ = Ble VDT < o0]P(T < o). W

Sameqanme 1. [lockomky U(T) < 0, To E[e"VD|T < o0] > 1, cregosaTensuo,
BEPOATHOCTH PA30PEHHA

Y(u) < e .

Sameuanue 2. Eciu § — 0, To xoadpdunuenT nmonpasku R — 0, mosToMy eciu npu
Ha3HAYeHWH IpeMuu Oe30nacHasd HArpy3Ka OTCYTCBYeT, TO pa3opeHHEe OyJeT HMeEThb
MECTO IOYTH HaBEPHOE.
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PaccMoTpuM mpuMep, KOTJla WHAWBAIYAJILHbIE MCKA AMEIOT 3KCIOHEHIUATLHOE
pacupenenenue. [l 3TOro HyXXHO ONPEETATE XaPAKTEP YCIOBHOTO PACIIPEIETCHN
cayvavuou eruduasl U(T') upm yerosuu T < 0. C 3TOR UeNbI0 A1 IPOU3BOILHOI'O
z < 0 maugem ycaosayio BeposTHocTh P(U(T) < z|T < 00). O603uauMM COGHITHE,
cocrosmee B ToM, uro U(T — 0) = 2z, X(t) > z qepes C(t,z), a coGEITHE, COCTOAIIEE
B ToM, uT0 X (T) > 2z — z o6o3naunM 4epe3 B(t,z). Temepb, IOCKOABKY yCIOBHAA
BEPOATHOCTD

P(B(t,9)\C(2) = (1= [ pedn/(1— [~ pePidt) = e #Cx+2) o0z = s

—z+2z

ne 3aBucuT 0T t, 2, T0 P(U(T) < z|T < o) = €. Orciona crexyer, 910

Ele VDT < 0] = /0 e Befody = 3/(6 — R).

—00

[logcTaBnaa momydeHHOE B IpeABIAYIIEM IpUMepe BhEIpaXeHwe aia R, oTcioga 3a-

KIHYaeM
e Ru (ﬂ _ R) e—ﬂu@/(l—l—@)

lu) = 3 T 119

4.3 OmneHKa BEepPOATHOCTH PA3OPEHHUA IIA CJIydas AUCKPETHOTO
BPEMEHHU

B peasbHOCTHE IpeMUE TOCTYHAIOT HE HEMPEPHIBHLIM 00Pa30M, a 110 MecAnaM, KBapTa-

JlaM, TOJIaM ¥ B COOTBETCTBUY C DTUMU IEIOINCACHHBIMY KaJeHJaDHBIMEA JaTaMu IPO-

XOAWT OTYETHOCTDH W MOABEJEHUE UTOTOB PAOOTHI CTPaxoBou opraum3anuu. [loaTomy
HAPALY C PACCMOTPEHHOW HENMPEPHIBHOM MOMENBIO0 PACCMOTPUM TeNeph NUCKPETHYIO

MOJeNh W3MEHEHUA KaluTaaa

Up = u+ nc— Sy, (27)

rjie n— HOMEP PACCMATPHBAEMOT0 BPEMEHHOI'O OTPE3Ka, C— pa3Mep IOJYYEeHHBIX 33
3TOT OTPE30K IpPeMuH, S,— CYMMAPHBIA KCK 38 BECh PACCMATPUBAEMEIA IIEPUO U3 7
OTPE3KOB:

Sp=Wi+Wo+ ...+ W,,

W,;,— cyMMapHBEIM HCK 3a {—H OTPe30K. Bemumuumunr W,; mpeamosaraioTca HE3aBUCH-
MBIMU ¥ OJWHAKOBO pacIpeaeleHHLIME, ¢O cpefamM i = EW < c¢. O6o3navum mo
AHAJOTHH C HENPEPHIBHEIM CIy4aeM MOMEHT Pa30peHUA KakK

T =min{n: U, <0},

4 BEPOATHOCTDL PA30PEHMASA ) )
P(u) = P(T < ).

YpaBHeHUWE 1A onpefeneHud KOd(PpPUIMEeHTa TOTPABKHA —RsB MTUCKDETHOM CJIyIae
OyIeT BBRITJAIETH KakK
e "Mw(r) =1. (28)
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Paccmarpusas dyuakuuio f(r) = cr —log My (1), cpasy sugum, uro r = ( ABIgeTCA
peIeHneM JaHHOT'O ypaBHeHUA. Kak M B HEIPEPHIBHOM CIydae, HAC MHTEDPECYeT IIOo-
JIOXKHUTEJIBbHOE DEIICHUE JaHHOI'O YPpaBHCHUA. SaMeTI/IM, 9T0 3HaYEeHUE HpOHBBOﬂHOﬁ B
HYJIe

FO)=c—p=01+0p—pn=0u>0,
To ecTh f(r) > 0 B okpecTHOCTH HyIs. IIpegmomoxum namee, 94To pyHKIMA H(r) =
log My (r) cuabHO BOrHYTA, TOT4a IPYU HEKOTOPOM § > () CIpaBeIuBO HEPABEHCTBO

b (r)>6

npu Bcex 7 > () ¥ JaHHOE IPeIONI0XKeHNe TapaHTUPYET CYIeCTBOBAHAA MOIOXATEIb-
HOro Ko3(pdunuenta R— pemenus (28).

Paccmorpum mpumep. Ilycrs caydawmas Bemwuwmaa W wmMeeT pacupenenenue
N(u,c?). Hangem xosdpdunment monpasku R. [[1g 3TOro pacCMOTpAM yPABHEHUE

cr = pr + 0.50°1r2,

pemasa KoTopoe, Haiigem R = 2(c — u)/a>.
[okaxeM Tenepb NUCKPETHHIA AHAJOT TEOpeMHI (8):

Teopema 9 /fas 106020 u > 0 8epoAMHOCTNG PASOPEHUS
e—Ru

Ele~ U7 |T < oo]

b(u) =

JokazaTeasCTBO. AHAJOIHYIHO HENPEPHIBHOMY CIyYalo, [JIA MPOX3BOILHEIX
n € {1,2, ...}, r > 0Beanuuna

Ele™"Vn] = Ele™U»|T < n]P(T < n) + E[e”"U|T > n]P(T > n),
JeBas 9aCTh HTOTO HEPABEHCTBA U3 omnpenenenus U, paBHa

e—TU—TCTLMW (T)n

BriGupas Temeph B KadecTe r = R, m3 (28) momydaem, uwro E[e V"] = e~Ru B
OCTAIBHOM [OKA3ATEIbCTBO TAHHOUW TEOPEMEI TIOBTODPAET JO0KA3ATEILCTBO TEOPEMEI 9
c3ameHou t Ha n. |

Bameuanue. 3anucuBas ypasuenue (28) B Buje cr = log My (r) u pasznaras GpyHk-
muio ¢(r) = log My (r) no popmyne Maknopera, momxydum

cr = ur +0.50%r% + ...,

OTKyJa cregyer, uTo R = 2(c — i) /0. B 4acTHOCTH, JaHHOE DABEHCTBO CIPABEIABO
KaK TOYHOE, €CJIM CIyYauHAA BEIWMYAHA ABIACTCA HOPMAJLHO pPacIpejeJeHHOU. B
3TOM CIydae ¢ (r) = o* npu Bcex r > 0. Ecim xe caydatimas Bemmumna W mmeeT
00001meHHOe pacTpeieleArne, TO B TAKOM CIyJae

p=EW =pEN, 0> =VarW = (ps — p?)EN + piVarN,
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OTKY a

(po — p?)EN + p?VarN’

Paccmorpum mpumep. Ecom W mmeeT 0600ImeHHOE IIyacCOHOBCKOE paCIpejflesleHue
¢ mapaMeTpoM A uaum 06GO6INEeHHOe OTPUIATEeNbHOEe GMHOMUATILHOE DACIpEIeTIeHne C
IapaMeTpaMu T,p, TO TPe6yeTCa OLeHUTh Beamumuy R. [lns 0GOGIIEHHOro IMIyacco-
HOBCKOT'O pacupegenenuas FN = VarN = A, oTkyna R 20p1/pa. Jaa 06061eHHOrO
OTPHUIATEIbHOI'0 OMHOMUAJBHOT'O PACIpeeIeHnA

IR

R

p=EW =rpig/p2, 0” = (p2 — p})ra/p + pirg’ /v’
CJIeIOBATEILHO,
20p,
p2+pi(l/p—1)
PaccmorpuMm Gostee o0IIHM Coydan, KOT'Ja CAyYaWHbIE BeIUYUHEI W,; He ABIIOTCA
HE3aBUCHMBIMHA. VIMEHHO, PACCMOTPHM ABTOPErPECCHOHHYIO MO IeIh

IR

R

LV;::Y2+'dmﬁ—17i::1727"'7LVb::zU
3/1eCb CJIy‘IaﬁHHe BEINYINHBL }/Z HE3aBUCHUMBI 1 OIMHAKOBO DacCIIpeC/JICHbBI,
a€(-1,1), EY < (1 —a)c,

cinygan mezaBucuMbix W; momygaerca npu a = 0. Takum 06pa3oM, 31eCh BEPOATHOCTD
pPa30peHuA 3aBUCHUT yXe OT IBYX IIapaMeTpPOB:

P(u,w) = P(T < o).
[Tockomsky
W,=Y,+aY,_1+...a" Y] + a"w,
TO

1_ n
EW,=(1+a+a*+...a" YEY +a"w = 1 ¢

EY + a"w;
—a

KpOMe TOr0,

Sp=Y,+(1+a)Y,1+...l+a+a®+...a")Yi+(a+a®+...a"w =

1 — a2 1—a" 1—a"
Y,+—Y, 1 +...+ Yi+a w;
l1—a l1—a l1—a
1 — 2 1 —qag” 1 —ag”
ES,=FEY[1+ ¢ o+ a]+a .
—a l1—a l1—a

Koa¢pdpunmmenT mompaBku R a1d paccMaTpWBAEeMOT'O ciydas OyjaeM OIpenendaTh
KaK TIOJOXWTETHLHOE PEIEeHNe yPaBHEHUA

e_CTMy/(l_a) (7“) =1.
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Hapsany ¢ mocrenoBarenbrocThio U, 6yIeM paccMaTPUBATEL CIYIAWHBIE BETHIHHEL

a

U,=U, — W,.
1—a
3/1€eCh MOIaraeTcsa
A . a
o =U=u-— w.
1—a

CnopasegmuBa

Teopema 10 Jas 06020 4 > 0 8eposmHOCMb PASOPEHUS

. e—Ru

vl w) = Ele~R”Uz|T < o]

JoxaszareascTso. [nsa nocnegosarensaocTu {U, } mOLy4uM peKyppeETHYIO HOPMYITy

U= U= =W, = U1 +c— Wi - —=

—a —a

1
Wi=Ui+e——W;=
l1—a

~

1
Ui_1+c— ﬁ(YZ + aVVi_l) =U;,_1+c—

— Y
1_a (2]

73 KOTOPOU CAEAYeT, UTO

EU; = G4 ¢i—iEY/(1 —a) = 0 +ic(1 — k), VarU; = ?VarY/[(1 — a)?], i = 1,2, ...

rae k = EY/(c(1 — a)) € (0,1); ectm o603mauTs @ = c(1 — k), 8 = VarY/[(1 — a)?],
TO TOJLyIUM

EU; =+ ai, Varl; =i%p (29)

KpOME TOT'0, B CHJIY HE3aBHCUMOCTH CIYIAUHLIX BEJIUYIUH Y;
.. . L. . n—l .o A
E[e_RU“] — e_RuE[e_R(U“_u)] — e—Ru H E[e—R(Ui+1—Ui)] —
=0

~

Y)])n _ e—fm(e—ficMy/(l_a)(R))n _ e—fm_

he - 1
e *(Elexp(—R(c — .

—a
Kpowme Toro, npu mo6om i € {1,2,...,n — 1}
U U n—1 . . R L
Ele™™"T =] = Ele™|T =] [[ Ele”™Us+1U|T =] = E[e”"™|T = {]
k=i

OTcrona paBeHCTBO

E[e‘RUn] _ ZE[@‘RU"|T — z]P(T =)+ E[e_RUn|T > n]P(T > n)

i=1
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OpUHUMaET BUI
~ n PN ~ N AT A ~
e " =3 "Ele ®|T =4]P(T =) + Ele”*"|T > n]P(T > n) (30)
i=1
Ecmu n — 0o, To mepsoe craraemoe B npasou dactu (30) GygeT paBHO

Ele 02| < oo P(T < o0).

Temepb 0CTANTOCH TOKA3ATh, YTO BTOPOE cIaraeMoe B IpaBou dacTi (30) 6eCKOHEYIHO
MaJIo Ipu 1 — 00. 14 3TOro pacCMOTpEM COOBITHA

Ap: T >n, U, < @+ an — Bn??,
By, :T >n, U, >4+ an— Bn??,
Torga BTOpoe craraemoe B mpasou dactu (30) oneHUBAETCA Kak
Ele R0 4,]P(A,) + E[e~R0"|B,]P(B,) < P(Ay) + Ele~R0"|B,] <

P(A,) + e~ Rliton—pn?%),

B nmonyuennom HepaseHCTBe craraemoe P(A) omeHuBaeTCA ¢ IOMOIILIO HEPABEHCTBA
YeGrimena, ucxoas u3 (29)

2/3

P(4,) = P(U, — 4 — an < —pn**) = P(U, — EU, < — VarU,) < n~ %3,

n2

Orcroga P(A,) — 0 ompu n — oo. Ilockonbky «, § > 0, T0o 1 e~ T(@+an—pn®®) _y ]

4.4 PacopejeneHre KanutTaia. XapaKTEPUCTHKH MaKCHMAILHOTO
cymMMapHoro yuiep6a

B mpegbigymux pasgenax ObLIA MOJIYYEHBI ONEHKHA BEPOATHOCTH pasopennusa. OCHOB-
HOM TEIbI0 HACTOAIIEr0 Pa3/eia ABIAETCA ONUCAHNE XaPAKTepa PacupeeaeHus ¢hOoH-
Ja COOCTBEHHBIX CpeacTB. Kpome Toro, 6yIyT MOMyYeHBI COOTHOIIEHUA, UMEIOIINe
CaMOCTOATEILHEIA WHTEPEC B ONUCAHAY HOBEIeHAA CIyIalHOIO IPONecca M3MeHeHI A
BeIMYIMHEL (POHAA. 34eCh MBI BepHEMCA K HeIPEPLIBHOMY CIydalo IPOIecca M3MeHe-
Hua KanuTana U(t). Jaa 0606meHHoro myacCoHOBCKOTO Iporecca (22) cupaseqiusa

Teopema 11 Bepoamnocmb coObIMusA: COCINOAULE20 8 TMOMS UIMO 8EAUNUHA KANUMAAD
NPU €20 NEPEOM NOHUNCEHUU 00 YPOBHA HE MPEBOCTO0AULE20 HAUAALHOU BEAUUHDL U
npumem snauernue Ha uwmepsaqe (u —y — dy,u — y), 2de y > 0 NPou3BoaLHO® PABHA

A

> (1- P(y) dy.
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HokaszareascTBo. [l1d m0Ka3aTeILCTBA TEOPEMEI JOCTATOYHO MOKA3aTh, UTO IPH
u =0
A

PU(T) < —hIT < o)(0) == [~ (1= P(y) dy,

c
MOCKOJLKY OT W3MEHEHUsA BeAUYMHEL U 3HAYCHUE JAHHOU BEPOATHOCTH HE W3MEHHUTCA.
IIycTs w(x) - HEOTPUIATENbHAA ONPAHWYEHHAS (DYHKIUA, ONPEJEeTeHHAA Ha MHOXe-
ctBe = < 0, n1nd Hee onpeaenuM (PyHKITAIO

$(u, w) = Elw(U(T))|T < oolt(u)

nepeMerHoro u. [lia myacCOHOBCKOTO MPOIECCa BEPOATHOCTL BO3HUKHOBEHWHA HCKA
Ha orpeske [0, dt] paBra Adt, mosTOMY W3 (POPMYJIBI MOMHOU BEPOATHOCTH

Y(u,w) = (1 — Adt)yp(u+ cdt, w) + Adt /Ou Y(u—z,w)p(z)dz + Adi /:o w(u — z)p(z)dz,

OTKY 12

¥ () = Lt b0 Z 9 w)

cdt
w(u — x)p(z)d:v) :

oo

> (vww) - [z wlpade - [

Ilockonanky mpu 3ameHe y = u — & WHTETr'PaI

/Oz /Oud}(u—:v,w d:vdu—/ / p(z)dzdy = /z1/1(y,w)P(z—y)dy,

a IpH 3aMeHe y = I — U WHTerpaia

/ / w(u — z)p(z)dzdu = /Ooo /nyrz w(—y)p(z)dzdy =

oC
| w=w)Py+2) - Py,
TO, WHTErpupyA v (u,w) IO mepeMerHOW u oT 0 10 2, MOIyIaeM

Y(zw) = 9(0,u) = > [Tl w)l1 - Pl =)y~ [~ w(-p)[Ply+2) - Ply)ldy.

Yerpemisas 34ech 2z K GECKOHEYHOCTH M y9dTHIBaA, 910 (00, w) = 0, P(oo) = 1,
OIy9aeM PaBEHCTBO

$(0,u) =2 [ w(-y)l1 - P)ldy.

c

[danee, yauThIBasg, 9TO IPHU BHIOODE W = Wy, T'JIe€

wn(z) = 1, ecim = < —h,
700, eemm —h<2<0,

o1



BEIHNYIHNHA

$(0,un) = PU(T) < =hIT < 00)(0) = = [~ un(=p)1-P)ldy = = [~ 11=P(y)]dy,

TO OTCHOJa BEPOATHOCTDb
PU(T) € (—h — dh, —h)|T < 0o)p(0) = %(1 _ P(h)dh. m

Sameuanume. 3 noka3aHHOro ciefyeT, 9TO BEPOATHOCTEH TOT'O, UYTO KAUTAJ KOT' [a-
au60 OMYyCTHTCA HUXE CBOET'0 HAYAJTLHOT'O 3HAYECHUSA, PABHA

A

00 1 00 1
2 [T - Py = T | =Py = o

nockoabKy [5°(1 — P(y))dy = p1, 9ro cregyer npu d = 0 u3 memmu Ha c. 8. Ciegosa-
TEIBHO, BEINIAHA

1

P(0) = a+o

PacemoTpuM caygannyio Benmauy Ly, pasayio pasaoctu u—U(t) = S(t) —ct, upm
YCIOBHH, 9TO B PACCMATPHABAEMEIN MOMEHT BPEMEHH { 3Ta PA3HOCTH IIOJOXATEILHA.
Torjga w3 BHINECKA3aHHOTO CIEIyeT, 9TO IMIOTHOCTEL PACIPEJCICHHAA CIyIaldHOU Be-
auawHb Ly, paBHA

A 1—P(y)
1-Ply)=——"
cyp(0) h
CooTBeTCTBYOIMAA TPOU3BOAAIIAA PYHKITAA MOMEHTOB €CTh
M, () = = [T e = Py = — (S0 - PO+ [ emau)ay)
r)= — e - =—|—(1- — .
Ly o Jo y))ay n \r Y)llo rJo e "ply)ay

ITockonbKy #3 ycaoBusa cyumecTBoBanus My (r) cregyer, 9To

(1 — P(4)) = & /Aoop(y)dy < /Aoo e”p(y)dy — 0

npu A — 00, TO 0TCIO/Ia,
My, (r) = Mx(r) -1 (31)
nr
Paccmorpum mpumep. IlycTs mHAMBEAYyATbHBIE MCKA MMEIOT SKCIOHEHIIUAILHOE
pacupegenenume ¢ mapamerpom (3. TpebyerTca onpeneauTh BHU PacCOpegeleHUs CIy-
JaUHOU BEJIUYIUHEL L.

Nckomoe pacipegenenne TOIyIrM U3 PABEHCTBA
1—-P(y)=e?, y>0,

u3 KOTOpOI‘O IIJOTHOCTH
1— P(y)
Y41

= Be™ M.
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OTO 03HAYAET, UTO CIyJYauHasd BeIUInHa L; IMeeT TO Xe pacipejiejienne, YTO U WHIU-
BUAyaJbHBIe UCKH. [IpomsBogaman GyHKIUA CIyIYaWHON BETWIAHBI L1, HATIOMHUM,

ects B/(B — ).
PaccMOTpEM HOBOE MOHATHE - CIYYAUHYIO BEIWGIUHY MAKCUMAILHO20 Ywiepoa,
OIpee/IeMyIo KaK
L =maz{S(t) — ct, t > 0},

9Ta CAyJaWHAsA BEIUYUHA HEOTPHUIATENbHA, HoCKoabKy L > S(0) —c0 = 0. [as nouy-
yeHusa GYHKIUU pacupegenenus L ucnonbsyem dyHknmio (u) :

P(L < u)= P(S(t)—ct < u, upuz Bcex t > 0) = P(U(t) > 0, upm Bcex ¢t > 0) = 1—1)(u).

B gactrocTE, P(L < 0) = P(L = 0) = 1 — 9(0). Teneps momydum BEIpAXKEHUS s
MPOU3BOAAIMIEH (PYHKINA MOMEHTOB CAYIANHOU BeIWYIWHEI L.

Teopema 12 /s mo06o20 1 < R

_ Opir
14 (14 60)pir — Mx(r)

ML(T)

JoxazarexbcTBO. PaccMOTpIM Te MOMEHTH IpeAbABICHUA UCKOB i] , B KOTODHIE
dyaknusa S(t) — ¢t IpEHEEMAET CBOM PEKODJAHEIE 3HAUECHUS:

S(t7) — ct; > L] = maz{S(t) —ct, t € [0,1])}.

ITockompKy Haml 0GO6IIEHHBIA ITyaCCOHOBCKWU IIPOIIECC ABIAETCA CTAIMOHADHBIM C
HE3aBUCUMBIMY TPUPAMIEHUAME, TO A KaXIOTO HOMEPA i BEPOATHOCTH TOT'O, 9TO
pasHocTb S(t) — ¢t mpeB3ongeT ZOoCcTUrHYTOE B i 3HadeHwme, pasHa 1(0). O6o3HAUIM
pasuoctTb S(tf) — ¢t — L} wepes L;. Torga caydainas Bermdnsa L paBHA

3aecs N - KOTU9eCTBO MOMEHTOB, B KOTODHIX PAa3HOCTH S(t) — ¢t IpEHUMAET PEKOp/-
HBIE 3HAYEHUA, UMEeT I'eOMETPUYIECKOe PacIpe/eeHne:

1

P(N = n) = (1 — $(0)) ($(0))" = 6 (m)"+l n=0,1,2,...

COOTBETCTBYIOIIaA IIPOU3BO AAIITaA (l)yHKI_II/IH €CThb

My (r) -, 7 < log(1 +0).

1 +6—e¢
Torga w3 (31) caegyer, uro ecnu r < Mx(r), To

0 Opir

Mr(r) = Milog Mr(r)) = 19 230, () = 1 (1 + O)por = M (1)’

npu 3TOM, ecad 7 — Mx(r), To My (r) — oc. ]
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ITockonbKy pasHocTh 1 — th(u) ABIAETCA (DPYHKIMEH PACIPEIENEHUS CILYIANHON
BeMW4uHEL L, TO

My(r) = E[e™™] = e "P(L=0) + [~ e™d(L - p(u)) =

oo : 6 oo :
1 —1(0) — /0 e (u)du = T30 /0 e™1 (u)du

IOSTOMY W3 [OKA3aHHOM TEODPEMEBI CIEeAYeT, ITO

e Q(MX( )_1)
_/ v 1+01+(1+0) \r — Mx(r) (32)

[lonygennada ¢opMysna gaeT BO3MOXHOCTL ONPEAENATh AHAJIUTUYIECKOE BEIPAXKEHWE
dyEKuEE 1)(u) B HEKOTOPHIX CIy9asX, HAIPAMEDP, KOTJa IWIOTHOCTE PACIDEeNeHus
VHIWBUIYAILHOTO UCKA PaBHA

=3 AiBe P 2>0,4,>0, A4 +4+...4,=1.

B makom ciryuae

= zn:Aiﬂ.ﬂ_i o T< min{ B, Be, - . . Bn}-
i=1 P

IloxcTaBids JaHHOE BHIDAXKEHUE B ypaBHeHUE (32), momydum:

/00 ru,(/}’( )d i T
— e wdu =) ¢g——
0 P ‘=1’

rJe ¢;, T~ HEKOTOPEIE KOHCTAHTHI, U3 IOCIEAHET0 PABEHCTBA BEITEKAET, ITO BhIpaKe-
Hre 41 1)(u) ecThb

n
= Z cie Y.
i=1

Paccmorpum npumep, koraa p(z) = Be P, To ecTb n = 1, pacupejjeleEre WHABHITY-
aJIBHOIO MCKa YKcmoHeHnmaxsHo. Torga Mx(r) = 8/(8 —r) = 1/(1 — p1r), u npaBas

JacTh B (32) paBHA
1 0 1

1+606—(1+68)pr B
apeck ¢ = 1/(1+6), 1y =6/((1 + 6)p,). Orcroga

¥(u) = cre” ™.

B wacrrocTm, ecim § = 025,68 = 1, to p1 = 1,¢; = 08,11 = 0.2, ¥(u)
0.8ezp(—0.2u). B sTom caygae (u) < 0.05 <= u > 201log2 = 13.863.

B mammOM pa3znene OB H3JIOXEHHEI OCHOBHBIE (DAKThI, KACAIOIIAECA CTOXACTH-
9EeCKOT'0 TPOIECCa MOBEJCHNA MCKOB ¥ H3MEHEHWA BEIHYIMHEL (DOHIA COGCTBEHHBIX

54



CPeJCTB KOMIIQHWH, TEOPUHU PA3OPEHUd. Boiee MOIHOe W3I0XKEHNE STOU TEOPUH MOXK-
HO HauTH B [4]. Bompockl, korjga cTpaxoBas KOMIAHUA He MOXeT 6paTh Ha ce6s 6ob-
e UCKY U JOMKHA 00paIlaThCA K IePECTPAXOBOYHON KOMIIAHUH, JOCTATOIHO XOPO-
IO PA3BUTHL C MATEMATHYIECKOW TOUKM 3penud [1, 3.

3ATAYUN

1. ITycrs N(T')- myaccoHoBckmit nponecc ¢ mapamerpoMm A u P(N(t) = n) = py(t).
[oxa3aTs, 9TO

Po(t) = =Apo(®),  Po(t) = =2pu(t) + Apua(t), n2 1.
Pemenwne. Ilo onpenenenuio BetuduH p,(t) BEPOATHOCTD
po(t+dt) = P(N(t+dt) =0|N(t) = 0)P(N(t) =0) =

(1 = Adt)po(t) <= py(t) = —Apo(2),
Pt + dt) = P(N(t + dt) = n|N(t) = n)P(N(t) = n)+
P(N({t+dt)=n|N@t) =n—1)P(N(t) =n—1) =
(1 — Adt)pn(t) + Adtpn_1 (1) <=
Pt + dt) — po(t) = (= Apn(t) + App—1(t))dt <=
D, (1) = =Apu(t) + Apu_i(t), n>1.

2. MokasaTb, 9To R < 20p; /ps.
Pemmenne. [lockoabKY MOMEHTHI CIyYAWHOW BEMMYAHBI X MOMOXUTENLHBI, TO W3

pPaBeHCTBA
Mx(R) =1+ (1+6)pR

u paznoxenua Mx(R) =1+ pi R+ 0.5p.R? + ... cregyer

20p,
D2

le -+ 0.5p2R2 < le + 0p1R <— R <

3. lycrs gua mpowmssogsment ¢yukmuu Mx(r) cymecTByeT <y, AIA KOTOPOI'O
Mx(r) > o0 mpm r — v —0.Hawtru lim, 5y, R, lime oo R

Pemrenwe. 3amerum, uTo ¢ — Ap; < 6 — 0, mo3TOMy W3 HEPABEHCTBA
R < 20p,/p. crexyer, uro lim, ), R = 0. [Jauee, u3 pasercrsa (25) cregyer, 9T0
lim,_, oo Mx(r) = 00, oTkyga lim, ,, R = 1.

4. V3BeCTHO, 9TO paCIpefeNeHne WHAUBAIYAILHOI'O HCKA JUCKPETHO, IpUYeM
p(1) =1/4, p(2) = 3/4,upu sTomR = log 2. Haitu Bemuuuny 6.
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Pemenne. Haxogum p; = EX =T7/4, Mx(r) = 0.25¢" + 0.75e*, oTkyna ypasme-
HUe I onpenenenuda R 6yner

0.25¢" + 0.75¢*" = 1 + 7r(1 + 6) /4,
u3 KoToporo npu 7 = R Berumumna 0 = (10 — 7log7)/7log 2.

5. Bemmucats Boipaxenus qiaa ELy, VarlL,.
Pemenue. U3 npeacrasinenus (31) u paBeHCTBa

Mx(r) =14 pir +0.5pr? + psr®/6+ ...

crenyer
My, (r) = 1+ 0.5par/p1 + psr®/(6p1) + .. ..

Orcroga

EL, = 0.5ps/p1, E(L1)? =p3/(3p1), VarLi =ps3/(3p:1) — 0.25(pa/p1)>.

6. IlycTs cnygawnwre Beauwuuubl W, npwamMmatoT 3uadvenus (0 wim 2, mpw 3TOM
PW=0)=p>1/2, P(W=1)=1-p. Mnac=1,u € {0,1,2,...} Tpebyerca naidT:
U, R,

Pemenne. ITycts T = n, Torga U, -1 MOXeT IPHHAMATDH TOJLKO HYJIEBOE 3HAYEHIE.

Torga, nockonexy Uy, 1 = 0, To Uy = 0+c—W € {-1,1}, orkyaa caegyer U(T) = —1.
[na onpenenenua R ydrem, 9TO

My (r) = e"p+1—p,

Torjga w3 pasencTsa log My (r) = r maxogum el = p/(1—p), otxyza R = logp/(1—p).
HMamnee,

Plu) = = e R,

7. Oupenemuts Bug My (r), eciv MHAUBUIYATLHBIE HCKW DABHEL 2.
Pemenue. U3 pasencrsa (32) cienyer

7 1 6(e’ — 1) _ 2r6

M = = .
(r) 1+0+1+01+ﬂ1+®r—¥T 14+2(1+6)r—e?

8. BepoaTHOCTL pa3zopeHus
Y(u) = 0.4e72 4 0.2e7%%,

Tpebyerca BoraucanTs § u R.
Pemenne. Tax xak ¢(0) = 1/(14+6) = 3/5, To § = 2/3. 3 Teopemsr 12 m paBercTBa,
(32) cnepyer, uto R = 2.
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9. UsBecTHO, uT0 ¢ = 1, A = 2 m p(z) = e 2 + 2¢~'®. Tpebyerca HaiiTu

D1, 07 MX(T)7 R7 ’(/J(U)
Pemrennme. ITo ompepenenuio Jerko HaUTH

Mx(r)=1/(2=r)+2/(4—-71),

OTCIOa
p1 = Mx'(0) = 3/8.

Manee u3 paserctBa ¢ = (1 + 0)p A nomyuaem § = 1/3. KosddunmerT mompasku
R € (0,2) maxoguM u3 ypaBHEHUS

r/2=1/2—-7r)+1/(4—71)—1,

pemas koTopoe, morydaeM R = 2 — /2. IlogcTaBiaa mONydeHHEE 3HAYEHAS Py, § B
paBeHCTBO (32), MOIy4:M, ITO IPABAA JYACTh ITOI'0 PABEHCTBA PABHA

1/2-r)+2/(4—7r)—1 _ 3/2—1/2

or —4(1/2- N+ 2/E-1)~1) (1= 2tV - (2-V2))

Telephb, 3aMUCHIBAA JEBYIO 9acTh (32) B BUAE

c(2+v2) n (2 - 2)
2+v2—1 2—42-7

¥ IpUPaBHUBAA NOJyUYeHHBIE BHIPDAXKEHUA, HAXOAUM

¢ =(3-2v2)/8, ¢ =(3+2v2)/8,

OTKy 2
_3- 2\/56—(2—1—\/5)11 437 2\/56—(2—\/5)11.

v = " -
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5 XapaKTEepPHUCTHKH JOXKHUTHUA.

5.1 @OyHKIUH BHIXWBaHUA. 1abanIbl CMEPTHOCTH.

g Kaxoro 4enroBeka TPOJOMKATENILHOCTD €r0 XXKU3HU OyJeM CIATATL HEIPepPhIB-
HOW CIy9YaWHOUW BEIWYIWHOU W 0603HAYATH KaK X. 1el0BeK MOXET XUTh B PA3IUIHEIX
YCIOBUAX KAK IMPUPOLHBIX, TaK W CONWANLHBIX, 3QHUMATHLCA TE€M WIA WHBIM BHUIOM
JeATeILHOCTH, UMETh NPEeIPACIONIOXEHHOCTY K OIPeJeTeHHBIM 3a00I€BaHIAM - BCE
DTU W APYrue (PAKTOPHI BAUAIOT HA €r0 IMPOJOMXKWUTEILHOCTE Xu3HU. TeM He MeHnee
OymeM CYMTATh, YTO MHI 3HaeM (PYHKIHIO PACHOpeeNeHus CIyIaWHOU BEIUIUHBI X,
o6o3uauas ee depe3 F(z). Ha mpakTuke 5T0 03Ha9aeT, 9TO OpH paGoTe C JOCTATOYIHO
OOJIBIIION ¥ JOCTATOYHO OAHOPOJHOU 1O YCIOBHAM XW3HA W POAY 3aHATHUA T'DYIIION
HaCeMeHNs W3BECTHA CTATHCTUKA CMEPTHOCTH BHYTDH AaHHOM rpynmnbl. Ha ocHoBa-
HUY 3TOU CTATUCTUKHA u cTpouTca dpyuknus F. [lanee, vHAUBHAYyYMa, HAXOIAMIETOCA
B BO3pacTe z, Oy[eM HMEHOBATH IPOCTO KaK XW3HL & M 0603Ha4YaTh (). PasnocTs
1 — F(z) 6ymem o603HA4YaTH KaK $(r) ¥ Ha3bBATh (YHKIHMEH BEDKUBAHUA, UMesA B
BUAY YKA3aHHYIO I'pynny HaceaeHus. PYHKIUA BEDKUBAHUA $(T) HENPEPHIBHO YObI-
Baet, $(0) = 1, s(4+o00) = 0. U3 onpenenenus caenyet, aro Pa < X < b) = s(a) —s(b).
[anee, BEPOATHOCTH TOT'O, YTO XW3HD () yMpeT Ha wHTEpBate (z,z + t) paBHa

Pz<X<z+tX>z)= s(@) —slw +1) =1—M=1— tDas

s(z) s(z)

I'Jle BEIUYUHA P, €CTh BEPOATHOCTE NOXUTHUA [0 BO3pacTa I+t uaguBHAyyMa X mpu
YCIOBHE JOXHUTHA A0 Bo3pacTa z. PaznocTts 1 — ;p, OyfeM 00603HAYaAThL depe3 qy,
r/le BeIWYINHA 4(, PABHA BEPOATHOCTH HACTYIJIEHUA CMEPTH y XU3HU (Z) JO BO3PACTA
z + t. BBegieM B pacCcMOTpeHME CIy9IalHyI0 BeIm<uHy 71'(Z)— CIy9alHyIo BEIUYHHY
6yaymero spemenu (x). Torga

P(T(z) <1) = t4a

BTO 03HAYAET, YTO BEAUIUHA (, ABIAETCA (PYHKIMEH PACIPeIeNeHus CIy IaunHou Be-
awavesl T'(z). lpu 3nadenvu x = 0 BeIuuuHa 4p, PABHA, OYEBUIHO, 3HAUEHUIO S(1).
Kpome Toro, npu 3nadenuu { = 1 BeIWYIHAHBI ;P;, G, OyAeM 00603HAYATH KaK Py, Gy
COOTBETCTBEHHO. BEPOATHOCTH TOr0, YTO XU3HD (Z) YMpPET HA BO3PACTHOM HHTEPBAJE
(x +t,z +t+u), paBHa

fule = P(t <T(2) <t4+u) = t4ule — 9 = Pz — t+uls

CnenoBaTennHO,
_slz+t) slz+t+u) _s@+t)s@+t)—s@+i+u)
t|qu - S(IE) S(IE) - S(IE) S(IE + t) - tpw qu-i-t'

[Ipu 3navennm u = 1 BeTW9IMHA 41¢; 0003HATACTCA IPOCTO KAK ¢(z. [lO CHX TTOD MBI
paccMaTpUBaJIN HENPEPHIBHLIE CIyYaVHBIE BEIWYUHEI, CBA3AHHBIE C IPOJOMIXKATEND-
HOCTBIO XW3HU WHIWBAAYYMa, HO CTATACHYIECKHE TAOIUOHLI UMEIOT €10 C AUCKPEeT-
HBEIMM BEIMYMHAME, OITOMY BBEJEM IOHATHWE OKPYIJIEHHOU (II0 TOJaM) CIy<IarHOU
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BeIm4uHE Gy gymero Bpemenn xwusnu: [T (z)] = K(z), npu sTom

P(K(IE) = k) = P(k < T(IE) <k+ 1) = Pz — k+1Pz = k|9 = kPzlz+k;

OTKyJa, B YaCTHOCTH, CIEAYyeT, UTO

n

Z kl9z = n+19z-
k=0
PaCCMOTpI/IM IIOHATHEC MHTCHCABHOCTHA CMEPTHOCTH B BO3pacCTe X. HpI/I MaJIbIX 3HA-
YEHUAX [ BEIMUWHA, 4(, PABHA,

s(z) — s(z + 1) s (z)t

s(z) s(z) ’

v !
B IOCTEJHEM BHIDAXKEHWH MHOXWUTEIL, HE 3aBUCALIMKA OT f, a UMEHHO -5 (z)/s(x),
HA3bIBAETCA MHTEHCUBHOCTHIO CMEPTHOCTY B BO3DACTe T M 0003HAYAETCA KaK L. Ilo-
CKOIBKY —py = - (log 5(x)), TO CIpaBeATABBL PABEHCTBA

log( npz) = log(%) =- /:+n et

OTKY 8 CIeayeT, 9To
n
nPx = exp(_/o :uw-l-tdt)-

Kpowme Toro, mpu z = () mosy4eHHOE COOTHOIIIEHUE TAET:

s(n) = eap(— [ ),

TOrJa MIOTHOCTH pacupeetenus f () CIyJIalHOU BemuduHbl X DABHA

—s (z) = exp(— /Ow pedt ) g = $() g

Teneps Moay9IuM BHIPAXKEHHE [JIA IIOTHOCTH PACIPENEIEHUA CIYyIANHON BEIHIXHEI

T(z):

d d 1_3(:E+t) _ s(+t) _ sE+t)s+y)

g(t) = %( th) = %( S(IE) ) - W = S(IE +t) S(IE) = tPalMz+t,

13 KOTOPOI'O BEITEKaeT, B 9aCTHOCTH, 9YTO

)
/0 tpw,uw—l—tdt =1

Ilockonbky np; — 0 (n — 00), TO

z+n
—log( npz) — o0, / pedt = oo (n — 00).
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[Ipumep. Iycts 0 < t < 1, cobutre A = (T(z) < t), a cobuirme B = (t < T'(z) <
1). 3 popmynnr P(AU B) = P(A) + P(A)P(B|A) cregyer, 9ro

9z = 9z + tPx 1-tGz+t-

[Tony4yeHHOE PABEHCTBO O3HAYAET, YTO JA (L) BEPOATHOCTH YMEPETH B TeUeHUE OJIu-
XKAUIETro T'0/Ia CKIAABBAETCA W3 BEPOATHOCTH YMEPETh B T€UEHWE IEPBOU [—U JaCTh
rojia ¥ BEPOATHOCTH yMEPETh B TeUeHUe ocTaBiencs (1 — t)—i J9acTu roga mpa ycro-
BUV BBDKWBAHUA B TE€YEHWE MEPBOU [—U IACTH.

PaccMoTpuM cxeMaTHYeCKME TPOIECC IMOCTPOEHUA TabIWI] BEIUIUH, BBEJICHHBIX
BEITe. [Ipenmosoxum, 9T0 B IOJ€ HAIIEro HAGMIONEHUA MMEETCA UMEETCA HEKOTO-
poe umcio ly (mampumep, 100000) 0JHOBPEMEHHO DOJUBIIVXCA MHAUBULYYMOB, U3
mux L(z) moxmno mo Bozpacta z. OTMeTuM eme pas, 910 L(r) ABIfeTca crydadHON
BeamuMHOU. Ecau aida Kaxjaoro mHI@BAAYyyMa ¢ HOMepoM j,j = 1,2,...,1y 0603Ha-
4uTh depe3 [;(z) MHAWKATOD JOXHATHA GO BO3PACTa &,, TO €CTh BEIMYMHY, PABHYIO
1, ecii yKa3aHHLIM VWHAABUAYYM XKUB K BO3PACTY I, W PaBHYIO 0 B IPOTHBHOM CIy-
49ae, TO, CIMTAaA BCEX WHIUBUIYYMOB HANEICHHBIMYA OJUHAKOBEIME BEPOATHOCTHBIME
XapaKTePUCTUKAME CMEPTHOCTH, u3 paBeHcTBa El;(z) = s(z) momydaem:

EL(z) = lps(z),

Berofy B JaabHEHIIEM CpefHee YUCI0 JOXWBIIEX A0 BO3PACTA T, TO €CTh 3HAYCHEE
EL(x), 6yxem o603ua49aTh depes l,. Hapsagy ¢ semuunnon L(z) pacCMOTPUM BETUIHAHY
nDg— CIydaliHOe YMCI0 yMepIIuX Ha BO3PACTHOM MHTEPBaJE (T, T ~+n) U3 HAYAIbHOMU
rpynmnet [y 9enosex. Torga, 0603Ha97B 9€pe3 ,d, CpeHee YMCI0 YMEPIINX Ha, JAHHOM

WHTEpBaJeE, MOTyIuM:

nlde = E( nDy) = lo(s(z) — s(z + n)).

BrIpaszuMm HEKOTODBIE COOTHOWIEHUA UePe3 BEIWIUHEI [, .

o~

z dw
l—;—l; dw = lw - lw—l—l; qz = E;

tDy =

S
8
X
3

S
8
X
3
I
3

IS

T

nlmqz = Ta n|dz = lw )

_ s(@) _ L _
e = s(:v)_ lw,(:> dl, = lypdz,

I, = loe:vp(—/o pedt),  lpyin = lwe:vp(—/

z+n
:utdt) ’

T+n
Ly — lpsn = / Ltgdlt.
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Puc. 2

3/1ech MBI PACCMATPUBaeM CIy9al, KOT'Ja I— IeJOYUCICHHBIM Bo3pacT. Kpome
TOT'0, HAMAYHAE JOCTATOIHO GOJBITON T'PYIITHI HAOMIOAEHAA TPAKTHIECKA TPYIHO OCY-
mecTBuMoO. [losToMy M1 mOCTpoeHUs TAOGMWI CMEPTHOCTH MPUXOIUTCA B KaXIOM
KOHKDETHOM CJIydae [elaTh CBOM Ipegnomoxenus [2]. Kpome Toro, umeromasncs cTa-
TUCTHUKA, KAK ITPABUIO, HEJOCTATOYHO MOJHA. 3eCh MEI HE OCTAHABANBAEMCS HA DTHUX
BOIIPOCAX, moJjarad TAbIWIy CMEPTHOCTH W3HAYAILHO 3aJaHHOU. JaMedanme. B mpu-
MEHEHUW K 9YEJOBEKY OINEePUPOBATH GECKOHEYHLIME BO3DACTHBIMU KATETOPUAMHU HUa-
CTO OBIBAeT HEYNOOHO, MO3TOMY ONPEAEIAeTCA MpPeNeNbHBIM BO3PACT W TAKOW, 9YTO
s(w) =0.

Paccmorpum mpumep. Iloaesysce, Tabaunen BeauwvuH [, Ha cTp. 68, Tpebyercs
BEIPA3UTh:

a. BepOATHOCTH TOro, 4To (30) goxuser g0 45.

6. BepoATHOCTEL TOro, uTo (30) ymper K 40.

B. BEPOATHOCTEL TOrO0, 4TO (30) YMpPET HA IATOM JECATKE.

Pemenne.

a. 15p30 = las/lso = Soeet = 0.9517.

6. 10g30 =1 —lsg/lsp=1— % = 0.0275.

B. 10/10930 = 10P30 10940 = l40/l30(1 - l50/l40) = 0.04617.
Ha puc 2 - 4 npegcrasieHsl rpaduKy 3aBECAMOCTER OT BO3PACTA L COOTBETCTBEHHO

BEJIWYWH [y, Ly, o pt,. VI3 Bua TaUKOB U COOTHOIIEHNA

d d dl, d?
%(Zwﬂw) = %(—%) = _@lw

clelyeT, 9TO JOKAJbHEE SKCTPEMYMEI (DYHKIAH [y [l COOTBETCTBYIOT TOYKAM IIE€PErH-
6a pyuKIU" [,

[ToryumM BHIpAXKEHUA 1A MOMEHTOB caydanHsix Beam<ud 1'(z), K (z). Jas sToro
JNOKaXKeM [B€ JeMMEI, KACAIOIUECA HEIPEPLIBHOTO U JUCKPETHOT'O CIydaes.

Jemma 3 ITycrmv X — HEOMPUUAMEAbHAA HENPEPLIBHAA CAYUATHAA BEAUUUHA C
Pynryuet pacnpedeaenusn F(z), a z(t)— monomonnas ou @ Pepenyupyemasn Gynx?
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Puc. 3

Puc. 4
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YUAS NPUHUMAIOWAS Heompuyameabrbie anauenus> Toeda npu yeiosuu cywecmeo®
sanus Ez(X) cnpasedauso pasencmso

Ez(X) = 2(0) + /0 Y1 = Fz)da(a).

JMokasareancTBo. /l1a Bcakoro A > 0 umeeMm
| ) dF(z) = — | ! dw)d(1 = F(z)) = 2(0) — 2(A)(1 — F(A)) + | (1 = Fa)da(a).

[loka3aTenbCcTBO TeMMEI Oy JeT 3aBepIleHo, ecliu OyeT INOKa3aHo, ITO

lim 2(A4)(1 — F(4)) = 0.

A—oo

IlocnegHee PABEHCTBO OYEBHIHO, ecau (yHKIUA 2(r) HeBo3pacTaeT. B ciydae He-
yObIBaHUA GYHKIUY 2(Z) CIPABEAIABLL COOTHOIIEHWS

o0 o0

0<2(4)(1-F(A)) = z(A)/ dF(z) < / z(z)dF(z) - 0 mpum A — oo,
A A

IIOCKOJIBKY IO Ipeanonoxernuio uaTerpal [;° z(z)dF (z) cxogurca. OTcioga crexyer

YyTBEDX/IeHNEe JeMMbL. VI3 JaHHOW JEeMMBL JErKO MOMYyYATEh OXUAAeMOe BpeMsa Gyay-

ey XW3HU: moaarad z(x) = x, IMeeM PABEHCTBO

ET(:E) :/0 3 tpw:uw-l-tdt :/0 Dz L.

(e}
Bewoay panee semwamna ET(x) 6yger 0603HAYATHCA KaK €, . AHAJOIMYHO, mojaras
2(x) = z?, mOTyYMM BEIpAXeHWE A BTOPOTO MOMEHTA CIy9alHOU Bemm<wHbl 1 () :

o0
E(T(z))? =2 / t pedt.
0
OTcrofa BEIpaXXeHWe A JUCIEPCUY CIydaiHou BeawdwuHsl 1 (z)0ygeT
o0 0 9
Var(T(z)) = 2/ t 4pedt — (eg)”.
0

PaccMoTpuM Temeph aHAJIOIUYIHEIE IPEOGPA30BAHNA AJIA OKPYTJIEHHOM CIyIalHOU Be-
auaussl K (z).

PaccmoTpuM m06y10 JUCKPETHYIO CILYyYalHY0 BeIWdUHY X, IPHHUMAOILYIO 3HA-
yenua k = 0,1,2,... ¢ coorBercTByommmMu BepoaTaOCcTAMA ¢(k). s Hee pyHKIMA
pacupegenernus G (k) onpegensercsa w3 pasencts g(k) = G(k)—G(k—1) = AG(k—-1),
npu sToM G(—1) = G(0) = 0. Kpome Toro, cupaseiusa

Jemma 4 ITyeme z(k)— npoussosvHas MOHOMOHHAA HEOMPUYUAGNEADHAA GYHKYUSL

makas: wmo cyweemsyem Ez(X). Toeda

o ¢] o ¢]

Ex(X) = Y 2(K)g(k) = 2(0) + 3. (1 — G(k) Az (k).
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JMokasareascTBo. IIpex e Bcero o6osmaumm passHocTs 1 — G(k) depes s(k). Torza

cyMMa
k k

> 2(1)g() =2 2()(s(i — 1) — 5(4)) =

7=0 7=0

2(0)s(—=1) — 2(0)s(0) + 2(1)s(0) — 2(1)s(1) + ... z(k)s(k — 1) — z(k)s(k — 1) =
#(0) = 2(K)s(l = 1) + 32 s(7)A2(3)
CupaBe[TABOCTE JTE€MMEI TETEPh CAEIYeT W3 yCIOBHA
kll)rgo z(k)s(k — 1) =0,

KOTOpOE OYEBHHO IpH HeBo3pacTawoien dbyakuun z(k) u cregyer w3 s(j) — 0 upm
j — oo. s mey6niBatomen ¢pyuxknuu z(k) He yORIBAET, TO W3 COOTHOIIEHUN

0 < 2(k)s(k — 1) = z(k) ig(j) < iz(j)g(j),

rae
o0

> 2(i)9(j) = 0, (n— c0),
j=k
BLITEKAET yTBEPXKJICHUE JEMMEL.
Mus cay4avnon semuawasl X = K (x) passocts 1 — G(k) = y1pg, DOITOMY

Ez(K(z)) = 2(0) + > Az(k) k1P
k=0
Ionaras z(k) = k, monyvaem:
Ez(K(z)) = kt1Ps-
k=0

Ecmu xe B kagecTse z(k) BHIOpATh k2, TO MOMyYrM MPOCTOE BEIPAXKEHWE JIA BTOPOTO
MOMEHTA CIy4anHou Beamduuel K (z) :

oo

E(K(z))* = 2_:(2]“ +1) k+1Ps-

Beroay ganee o6osnadas EK(x) 4epes e, HECIOXKHO IOLYIATE, ITO

oo

Var(K(z)) = 2_:(% +1) g1Ps — €g-

PaccmotpuMm eme 4 ¢yukmuum - xapakTepucTuku cMepTHOCTH. O603HaYMM uepes L,
o6Iee cpejiHee KOJIXIECTBO JET, IPOXUTHIX Ha HHTEpBane (r,r + 1) TeMu, KTO H3HA-
YaabHO OBLT WIEHOM KOT'OPTHI, cocToAmen u3 [y enoBek. Torma

1
L, = lw—l—l +/0 tlw—l—tﬂw—l—tdt-
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NuTerpupysa mo 9acTAM, TOLYIAM:

1 1 1
Lo=loi = [ tdlye=loi + [ Lpsedt = tloly = [ Loyt
0 0 0

Beegem ¢ moMmompio L, Tak HA3LIBAEMBIU MEHTPATLHEIA KOIDPUITAEHT CMEPTHOCTH B
BO3pacTe T, 0003HATAEMEBIN KaK 1M :

_ fol Lotttz yedt _ lg = lgt1
? Jo Lgedt L,

[IycTs Temeps T, 03HAYAET KOJIMIECTBO JET, TPOXUTHIX IMOCTE BO3PACTA T WIEHAMU
YKa3aHHOU I'pynmsl. Tormga

T, = / s pptodt = — / Y tdly = / L gl
0 0 0

W3 nocnenmero BuIipaxeHusa ais 1, ciegyeT, 9TO

T 00
l_w = /0 tpwdt :gwa
T

o
MO3TOMY MOXHO Benmduny 1), OIpeenuTh KaK MIpou3BeaeHue €, I,. Haxomern, cpeanee
BpPEMs XU3HU HA BO3DACTHOM WMHTepBante (r,z + 1) y Tex, KTO yMep Ha yKa3aHHOM
WHTEpBaJe, paBHO

o ST Yt D lpapdt
a(x) — fOl +tiu +t — fOl tP iu +t — E(T(IE)|T($) < 1)
Jo loyettatedt Jo  tPoltatedt

IIpw 3TOM, ecim CMEpPTH pPaBHOMEPHO pACIpejeleHbl Ha JAaHHOM WHTEPBAJIE, TO
lytttzrt = dp 1 TOrga a(x) = 0.5. Kpome Toro, Benmaunna

Lw_lw

lw - lw—i—l ’

a(z) =
YTO 3KBUBAJEHTHO IIPEICTABICHUIO

Lo = a(2)ls + (1 — a(@))lyss %

o cuX TmOp MBI IPeANOJAraId, 9TO APTYMEHTH {,T,U X AP. Y QYHKIHU NOXKHA-
THA TAKAX KAK Py, ly, ABIAIOTCA MEJOYACICHHEIMA. JTO 03HAYAET, 9YTO (PAKTUIECKA
MMEIOTCA TAGIUIBI ONPEeIeIAONMe PACIpefeleHne crydannor seauannsl K (z). By-
JI€M II0 3TUM JAHHLIM CTPOUTH 3HAYCHEA (PYHKIMU JOXATHAA AIA JPOOGHEIX BO3PACTOB
Buga ¢ +t, t€ (0,1). [ 5TOro CymecTByOT TPA OCHOBHBIX IIPE/IOI0XKEHUA:

A. PaBHOMepHOE pacupejeseHwe CMEpTed HA KaXJoM mHTepBane (z,z + 1), rge
z— menoe. 3aech nonaraerca s(z +t) = (1 —t)s(z) + ts(z +t), te (0,1).

B. IlocTosHEAA WHTEHCUBHOCTH CMEPTHOCTY HA KaX/JOM MHTepBane (z,z + 1), rae
z— nenoe. B srom caygae s(z + t) = s(z)exp(—pt), t€(0,1), pu=—Ilogp,.
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C. Ipegnonoxenwe Bangywuu, rae copaseqmuso coorromenuel /s(z +t) = (1 —
t)/s(z) +t/s(x +1).

[lng KaxX[0ro W3 3TUX OpeJIOT0XKEeHNH JeI'KO BLIBECTH BEIDAKEHUA A PasImd-
HEIX (pyEKnEE. HampuMmep, OyCcTh 414 PaBHOMEDHOT'O PacIpejeleHAs CMepTel Tpe-
6yeTca BEIBECTH BHIDAXKEHWE I ;P,. VICIONB3yA JaHHOE IIPEANOI0XKEHAE, Oy IaM

sz +t 1—1)s(z) +ts(z+1
= ) (sl bhse 1)
s(z) s(z)
[lJLs 5TOr0 Xe MPeANOIOXKEHNA Oy IUM BEIDAXKEHUEe M L1y, T € (0,1). ITo ompe-
JeJeHUIO A TaKUX | BeIudIwHa

. :_M:_ s(x+1) — s(z) _ %
et s(x + 1) s(z) +t(s(z +1) —s(z)) 1-tg

Mus npousBonbHbIX t,u € (0,1), ¢+ u < 1 mpemonoxenue MOCTOAHHON HHTEHCHB-
HOCTH CMEDTHOCTH JaeT BHIDAXEHUE I ,(y it -

s(z+t)—s(z+t+u) s(x)e ™ — s(z)e MW
uwldz+t = = =1

e M.
s(z+1t) s(xz)e—Ht

Amnanorwuno, Beipaxas serudmny s(z +1t), ¢ € (0,1) mua Kaxgoro u3 Tpex mpeano-
JIOXKEHNM, MOXKHO MOJTYyIATh BEIPAXKeHAA [1d To6ou ¢pyrknma. [IpusegeM HEKOTOPEIE
BRIDAXKEHHUA A 3TUX PYHKIHE mpu mpegmnonoxeruax A,B,C B Tabamme:

Dyukiua ‘ A B C
tdx th 1— e—ltt tqw/(l — (1 — t)qw)
tDs 1 — tg, e Po/(1 = (1 = t)qa)
wort | UGa/(1—tqe) |1 — €™ | uge/(1 — (1 —u —t)qa)
Mzt Qw/(l — th) H Qw/(l — (1 — t)Qw)
tPe ot e :ue_ut prw/(l — (1 — t)Qw)2

W3 npuBemeHHBIX TPEAIOI0XKEHUH 1A APOOHEIX BO3PACTOB HambOJee IaCTO IpHMe-

HUMBIM ABJIAETCA IMEpBoe. IIpM JaHHOM IpeANnooXeHnH rpadguk (yHKIUA [, mpej-

CTaBIAeT COO0M KyCOYHO-TMHENHYIO JUHUI. PaccMOTpHUM eIre OJHO IMOJE€3HOe CBOU-

CTBO PaBHOMEPHOT'O PaCIIpe/ieleHusa cMepTen. [IpeacTaBuM CIyIauHyIo BeInInHy Oy-
aymero Bpemenn xu3Hu B Buge T'(z) = K(z)+S(z), S(z)— npoGuas 9acTb GyHKIAHA
T(z). Torga pas BCAKOTO Menoro HEOTpULATEALHOrO k u mo6oro s € (0,1)

P(k < T(IE) <k+ 8) = P(K(IE) = k,S(IE) < 3) = k|sQzx = kPz sQz+k-

IIpu 5TOM [ PAaBHOMEDHOI'0 pACIpeleleHus cMepTer Ha wHTepBane (k,k + 1) Be-
AAIMHA  4Quik = Sqpik, B TO Xe BpeMma P(K(z) = k) = pyQuik, DOITOMY YCIOBHAS
BEPOATHOCTD

P(S(a) < sK(z) = k) = L) =R < 9

=38
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He 3aBHCUT OT 3HAYEHWH, KOTOPHIe IPUHAMAET CIydarHas Beruunsa K (). D10 03Ha-
JaeT He3aBUCHMOCTD ClIydawHbX Beam<me K (z)uS(z). Kpome Toro, w3 nomy4erHOro
PaBEHCTBA ClIeAyeT PaBHOMEPHOCTDH pacupefeneHus Ha muaTepsate (0,1) ciaydannon
Beamamubl S(z). [ag cpaBHEHHWA 3aMETHM, 9TO IIPEANON0XKEHNEe IOCTOSHHOM MHTEH-
CEBHOCTH CMePTHOCTE Ha mHTepBaile (k,k + 1) BredeT mpejacrasienue

_ —us __ s
etk =1—¢€ _1_pw+k7

mosToMy ciydannbie BerwdwHE K (2)mS(z) GyAyT HE3aBUCEMEIME B TOM K TOJBKO
B TOM ciydae, ecau orHomenue (1 — ps..)/(1 — pyii) He 3aBucHT oT k. DTO Oyner
CIIPAaBEIUBO, €CIN,HAIPEMED, Py if = P, B TAKOM CIydae BEPOATHOCTH

P(S(z) < ) = (1 - p')/(1 - p).

[lns paBHOMEPHOI'0 PacIpe/eleHus CMePTeR CpejHee U JUCIEPCHUS CILy YalHBIX BeJr-
une T'(z)uK (z)cBA3aHB PaBEHCTBAME

o 1 1
€r= €5 + 2’ Var(T(z)) = Var(K(x)) + o

KOTODBIE CIEAYIOT U3 DABHOMEDHOCTH DACIpEJeTIeHns CLyIalHon Beauyussl S(z) Ha
urTepsane (0,1) u mesasucumoctu K (z)uS(z).

5.2 AHamTHYecKHe 3aKOHHI CMEDPTHOCTH.

[na yro6HOTO TpeJCcTaBIeHUSA 3aKOHOB CMEDPTHOCTH YAOGHO ONEpWPOBATH HE I'PO-
MO3JKUMY TaOJUIAMU PA3IUIHBLIX XapaKTEPUCTHUK, & IPOCTHIMU (pOpMyIaMu, U3 KO-
TOPHIX 3TW TAOIUNEI OIPU HEOOXOJAUMOCTH MOXHO HOXy4YdTh. [Ipm 3TOM, KOHEYHO,
nmapaMeTphl (POPMYJI AOMXKHBI OBITH TAKWMHU, YTOOBI MOJYyYEHHBIE W3 HAX HA OCHOBE
5TUX POPMYJI TAGIUIEI COOTBETCTBOBAIN NMEOIIEUCA CTATUCTAKE cMepTHOCTH. Kpome
yZ00CTBa UCIOIb30BAHNUA, TONLYIEHHBIE HA OCHOBE CTATUCTHIECCKUX JAHHKIX (POPMYIHI
9aCTO MOMOTAI0T CleIaTh Ka9eCTBEHHLIE BEIBOJEI O CMEPTHOCTY B MHTEPECYIOMEM KPY-
re JI0JIed, 9TO OBIBAET MOJE3HEIM B €€ CTPAXOBaHUA Xu3HU. [IpuBegeM B TabauIe
HECKONBKO aHAIUTUYIECKUX 3aKOHOB CMEPTHOCTH, KOTODHIE ONPENENAIOTCA Yepe3 Be-
JUYAHY UHTEHCUBHOCTH CMEPTHOCTH. OTHU 3aKOHLI HA3KIBAIOTCA MO (PAMUIUAM CBOUX
aBTOPOB.

Amrop | i s(x) Orpanmyenus
Jle Myasp(1729) | (w—z)™" 1—xz/w 0<z<w
Tommnepr(1825) ‘ Bc*® exp(—%(cw —1)) B>0,c>1,z>0
Mbsiukxam(1860) ‘ A+ Bc® | exp(—Ax — %(cw —-1) | B>0,A>—-B,c>1,z>0
BeiiGymn(1939) | kz™ exp(— L™t k>0,n>0,z>0

W3 npusenennou TAGIWIEI JEIKO 3aMETUTh, ITO 3akoH Mboukxama mpm A = 0
npeBpamaeTca B 3akoH ['omnepna. Kpome Toro, B 3akone MarkxaMa HHTEHCHBHOCTH
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CMepTHOCTH Pa3buTa Ha ABe cocTapiaomue. [lepBas, COOTBETCBYIOMAA BeTHInHe A,
He 3aBHCHT OT BOpAcTa T, & BTOpad 00yCIoBIeHa Bo3pacToM. Heo6xXoquMo 3aMeThTh,
4TO mapaMeTpel A, B, c HEBO3MOXHO IOA06pATh MOAXONAMAMHE IS BCEX BO3PACTOB
cpa3y. B 9acTHOCTH, I MEPBOTO I'0/la XW3HU 3aKOHBI CMEDTHOCTH [PYyTHUe, 9eM I
APYTHEX BO3PACTOB. DTO 00BACHACTCA OCOGEHHOCTAME TIPAPOIBI MIATEHIECKOR CMEPT-
HOCTH. [l/IA MILTIOCTpATHBHOW TAGIUILI, IPUBEJEHHON HIXKe, mapameTpul A, B, ¢ B3s-

Te paBEEIME 0.001186,0.0000714, 10%% coorBeTcTBeRHO.

Tabaumna cmepTHOCTH A Bo3pacToB 30 - 50 JeT

T e | o 1 el & | m [ a0 ] & | ]
30 | 93757 | 0.002157 | 93650 | 0.002199 | 0.002202 | 0.4808 | 42.37 202 ‘
31 | 93551 | 0.002252 | 93440 | 0.002299 | 0.002302 | 0.4810 | 41.46 | 210.75
32 | 93336 | 0.002357 | 93219 | 0.002408 | 0.002411 | 0.4812 | 40.56 | 220.05
33 | 93111 | 0.002472 | 92989 | 0.002528 | 0.002531 | 0.4813 | 39.65 | 230.22
34 | 92876 | 0.002598 | 92748 | 0.002659 | 0.002663 | 0.4815 | 38.75 | 241.34
35 | 92629 | 0.002736 | 92494 | 0.002803 | 0.002808 | 0.4816 | 37.86 | 253.49
36 | 92369 | 0.002888 | 92227 | 0.002961 | 0.002966 | 0.4818 | 36.96 | 266.77
37 | 92096 | 0.003054 | 91946 | 0.003134 | 0.003139 | 0.4819 | 36.07 | 281.27
38 | 91807 | 0.003236 | 91649 | 0.003324 | 0.003333 | 0.4821 | 35.18 | 297.11
39 | 91502 | 0.003435 | 91335 | 0.003532 | 0.003538 | 0.4822 | 34.30 | 314.39
40 | 91179 | 0.003654 | 91001 | 0.003760 | 0.003767 | 0.4824 | 33.42 | 333.25
41 | 90836 | 0.003894 | 90647 | 0.004010 | 0.004018 | 0.4825 | 32.54 | 353.79
42 | 90472 | 0.004158 | 90271 | 0.004284 | 0.004293 | 0.4826 | 31.66 | 376.19
43 | 90084 | 0.004446 | 89870 | 0.004584 | 0.004595 | 0.4827 | 30.80 | 400.58
44 | 89671 | 0.004763 | 89443 | 0.004913 | 0.004926 | 0.4828 | 29.94 | 427.12
45 | 89231 | 0.005110 | 88987 | 0.005274 | 0.005288 | 0.4829 | 29.08 | 455.98
46 | 88760 | 0.005490 | 88500 | 0.005669 | 0.005686 | 0.4830 | 28.23 | 487.34
47 | 88257 | 0.005907 | 87978 | 0.006103 | 0.006122 | 0.4831 | 27.39 | 521.40
48 | 87718 | 0.006367 | 87420 | 0.006578 | 0.006600 | 0.4831 | 26.56 | 558.34
49 | 87141 | 0.006866 | 86821 | 0.007098 | 0.007125 | 0.4832 | 25.73 | 598.37
50 | 86523 | 0.007416 | 86180 | 0.007669 | 0.007699 | 0.4832 | 24.91 | 641.71

5.3 OT6opouHBIe ¥ MTpefeIbHBIE TaGIUIILL.

Te TabauUIBI CMEPTHOCTH, O KOTOPHIX YIIOMUHAJOCH BEIITE, HA3RIBAIOTCA OOIIUMY, WIN
arperupoBaHHBIMHE, TOCKOJBKY OHM MMEIOT [I€J0 ¢ OOINer IpYNIon HACEJeHud, He3a-
BUCHMO OT POJa 3aHATHUH, COCTOAHASA 3J0POBbA U T.I. B mpakTwdeckou paboTe IacTo
CTPaAXOBINWK MMEET [eJ0 He ¢ OOer I'DYNIOoN HACEJeHUs, 8 CO CBOMMHU KIMEHTAMMU.
OTHOCUTETHLHO 3TUX KIUEHTOB IPOUCXOIUT OTOOP, HAIPUMED, € IENbI0 MCKIIOYUTH
JIUI, CTPAJAOMWX KaKUMU-THOO0 cepbe3HbIMu 3abonaeBanuamu. [Ipm aTom dacTo oT-
60p HOCUT HEABHEIM XapakTep. Hanpumep, Ipu KOIIEKTUBHOM CTPAXOBAHUU XW3HA
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MOXHO CTPaXOBaTh Ha HEOOJBINOW TMEPUO] BPpEMEHU PAOOTHWKOB, 3aHATHIX (PU3UIe-
CKUM TDYIOM, 3apaHee IPHW 3TOM 3HASA, 9TO HA AaHHOW paboTe MOTYT HAXOAUTHCS
TOJBKO JOCTATOYHO 3J0POBHIE MIoau. B TO e Bpema nmpu mpogaxe MOJIUCOB IO CTPa-
XOBAHWIO XW3HW W 3M0POBbA [ BHIE3XKAIMAX 38 T'PAHUIY TYyPUCTOB KAKOU-THOO
0TOOP IPOBECTH HEBO3MOXKHO, IOITOMY HEOOXOIUMO UMETH €0 C arPerupOBAaHHBIMHI
TabmumaMu. TabauIel CMEPTHOCTH, TOJIYYIE€HHEIE [JIA JWI, TPOIITEIIIX 0OTOOD MO COo-
CTOAHUIO 310POBhA, OyAeM HA3BIBATh OTOOPOYHHEIME Tabiaunamu. PaccMoTpuM OCHOB-
HEIe IOHATHUA U 0003HAYEHUA, CBA3aHHREIE C OTOOPOYHRIMEU Tabaunamu. bygem depes
[z] + t 0603HAYATE YelmOBEKa B BO3pacTe I + t, KOTOPHIU HpOIIEa OTGOP IO COCTOS-
HWIO 3JJ0POBbA B Bo3pacTe . [l1a KaXa0r0o TaKOro 4eJ0BeKa BEPOATHOCTH YMEDPETH B
TedeHHe OIMXAUIIero Tofia PaBHA (lz)+¢ 1 aKuM 06pa3oM, 3/1eCh [ HCIOTb30BAHAA
3TOr'0 IapaMeTpa HYXHO XpPaHUTHL HE BEKTOD € KOOpAWMHaTaMu ¢,,r = 0,1,2,..., a
MaTPpHIy, COOTBETCTBYIOIIYIO 3HaUYeHUAM T,t. Tak e BeIWIWHAM P, COOTBETCTBYIOT
BEPOATHOCTH Ply]4¢ DOMEE CIOXKHBIA IPAMEP-BEIAIMHA p|m[z]+¢, COOTBETCTBYIONHE
BEPOATHOCTH YMePETh Ha WHTEPBAJE (IE +it+n,z+t+n+ m) JAJIA 9eJIOBEKa, BO3pacTa
z+1 U mpomeamero 0T60p B BO3pacTe . BeMnImusl ;q[,]1¢ 0603HATAETCA IPOCTO KAK
td[z].

HecmoTpsa Ha 1OCTATOYHO OYEBHAHBIA (HAKT, ITO XAPAKTEPUCTHKY (PYHKIINHA BEI-
XKUBAHUA Yy JIWI, TPOIIEAIIAX OTOOD, JydIlle, HEXKEIN Y BCEH I'PYIIILI HACEAEHUA, TEM
He MeHee ¢ TedeHWeM BpeMeHU 3¢hdekT 0Tb6opa ucuesaer. [losTomy HE MeHEee 0UeBH-
HO, 9TO, HATPAMED, BEPOATHOCTH YMEPETH B T€UEeHUE OAUKAUIIETO T'01a I IETOBEKA,
BO3pacTa HH JeT NpaKTUIECKH TaKasd Xe KaK A4 JeJ0BeKa TOrOo XKe BO3pacTa, Ipo-
meamero camein crporuu or6op 30 geT mazan. [loaTomy BBemeM elmre OJHO MOHATHE.
Benwuwaa 7 Ha3bIBaeTCA MEPUOJOM OTOOpA, €CAU a4 BCAKOTO j > () BEINOJHEHO pa-
BEHCTBO

Qa—gl+r+i = Qlal+r-
3HaK MpUOIMKEHHOI0 PABEHCTBA 03HAYAET, 9TO 3PPEKTOM 0TOOpa B MMEIOIIENCA Ta-
61uie MOXHO IpeHe6pedh. B TakoMm ciIydae BelWYWHA ([z)4rCIATACTCA PABHOW], .
Ecau cocTaBuTh TaGIuUIly BENWYIUH ([4]1¢, OTKIALBIBAA T MO0 N"OPH3OHTAIM U 11O Bep-
TUKAJHU, TO CTPOKH TOJY IUBIIEUCA TAOIUIBI, HAYUHAA C 7"+ 1 — ¥, IPUHATO HA3LIBATH
npeaeIbHON Tabaumned. B npruBeeHHOM HUXe IpHMepe BeIWYWHa T B3ATa PABHOHU 2.

z—1 T z+1
0 | Q-1 | 9] | Q1]
Qz—1)+1 | Qlz]+1 | Qz+1]+1
2 Gz Jx+1 qz+2

[

B obmem crydae, Kak yXe 0TMeYAJIOCh, CIPaBeIJIUBLI HEPABEHCTBA

2] < Gz—1]+1 < Gz-

Bynem o60o3HaYaTh CpemHee UHMCAO JOXKWBIIUAX M0 BO3PACTa I W MPOIMIETIINX B 3TOM
BO3pacTe 0T60p Kak l[;. Torga mo onpejgenennio #MeI0T MECTO PaBEHCTBA,

l[w]—l—r—k = l[w]—l—r—k—lp[w]—l—r—k—l: k= 0,1,...,7r—1,
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_ l[w]—l—r—l—n - l[w]—l—r—l—n—l—m D _ l[w]—l—r—l—l

nimq[z]4+r = y tP[x]+r — )

o+ o+
l[w]—l—r = d[w]—l—r + d[w]—l—r—l—l + d[w]—l—r—l—l +....

Hanmpumep, npu 7 = 2 BemuIdHa 2P[g)l[z] = l[z)42 = lat2-
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6 OcHoBHBIE BHALI CTPAXOBAHUA XKW3IHH.

PaccMOTpeHHBIE DaHee XapaKTEPUCTUKY JOXKUTUA MO3BOIAT TENEPh [JIA PA3TAIHBIX
BUJIOB CTPAXOBAHUA XW3HU HA3HAYATH BEJIWYMHBI CTPAXOBHIX HpeMui. [l 5TOro
IPEJTIOI0XKAM, ITO €CIA B COOTBETCTBUHA CO CTPAXOBBIM IOJUCOM B MOMEHT BPEMEHH ¢
BEITOZI0ONPUOGPETATENb MOTYyYaeT CTPAXOBYIO CYMMY BEIWYUHEL by, TJe t— JIUHA Bpe-
MEHHOT'0 MHTEPBAJIA MOCIe MOMEHTA MOKYTIKY MOJUCA, TO CTOUMOCTE 3TOU BEIWIUHEL
by B HyJIeBOM MOMEHT, TO €CTh MEKYWASL “—COBPEMEHHAA HACTIOAULAA~— CIMOUMOCTIIL
paBHA 2; = bV, Uy— NUCKOHTUDYIOIMA MHOXHUTENIb. HampuMep, eclid MPONEeHTHASL
CTABKa PABHA i, a MOMUC TPEyCMATPUBAET BEILIATY IO CMEPTHU BEAWYIWHEI b, IPH 5TOM
BBIIUIATHL IIPOU3BOAATCA B MOMEHT CMEDPTH, TO BeIuduHa 2z = bv', roe v = 1/(1 +14).
Teneps, ecau momUC 06A3BIBAET CTPAXOBIIAKA BHIILIATATH CTPAXOBOE BO3MEIIEHNUE Be-
JUYAHBL B MOMEHT CMEPTH CTPAXOBATENA, TO TEKYIIAA BEIUYUHA STOTO BO3MEIECHUA
ABIAETCA CIydauHou Bemwaunoun Z = brur, rae T = T'(x) Kak u paHee - CIy<aynHOe
BpEMA OCTATOYHOM XU3HU. SABUCUMOCTE by 0T T OIpenenseTca KOHKPETHEIM JOT0OBO-
pom. Ecim momme npegnonaraer pasmep BHILIAT by, ¢ € A 174 HEKOTOPOT'O MHOXKECTBA
A € (0,00), TO BX AKMYAPHAL HACTNOAWAS 6EAUNUHG DABHA CPEJHEMY 3HAYEHUIO WX
TEKyIel BEIWIUHEL, TO €CTh

EZ = /Abtvtg(t)dtz /Abtvt Dz Hgy4AL.

Bennuuna FZ aBifgeTCA BEIWYIHHOW TEKYIMUX 00A3ATENLCTB CTPAXOBIIAKA IO OTHO-
ITeHWIO K BJIAJEIbIly JaHHOT'O mosauca Ecim cTpaxoBaTenb OIIAYUBAET IOJUC TTOJTHO-
CTBIO B MOMEHT 3aKJIIOYEHHUA JOrOBOPa, TO OYIeM T'OBOPHTH O €OUHOBPEMEHHOUS UAU
Pa30801ic Npemuy. ITa IPEeMEAI BKIIOYIAET B ce6sA He TOIHLKO YKA3aHHLIE BEIILIATHL B 6y-
OYITEM, HO B PACXOIBI IO 3aKTIOYEHUIO JOT0OBOPa, BEJICHUIO IOJNCA U MHOTHE [PYyrue
Pacxobl, KOTOPEIE MEI 3/IeCh YIATHIBATL He OyJeM M IMO3TOMY OIPELEIuM eduH06pe?
MeHHYIO Hemmo npemuro Kak FEZ. B cTpaxoBaHWE XW3HM KaK TPABHIO CTPAXOBOE
BO3MEIIEHNE [0 CIYYal0 CMEPTH BHILIAYABACTCA B T€UCHWE HECKOJILKHUX THEH ITOCTe
HACTYILIEHHS CTPAXOBOI'0 CAy4asd, IO3TOMY B HAeaje MOXHO PACCMATPABATE BEHITLIATY
CTPaxOBOUW CYMMEI B MOMeHT cMepTu. C Apyrou CTOPOHEI, KaK 6y aeT Jajee MOKA3aHo,
[P HEKOTOPHIX MIPEIIOI0XKEHAAX BEIPAXKEHNE A PA30BOU HETTO-IPEMUN B CIyUae
BBIIIATHI B MOMEHT CMEPTH JErKO CBOAUTCA K CIYYal0 BHIILIATHI B KOHIE TOTa CMep-
Tu. [TosTOMy HadYHEM pPACCMOTPEHHE HETTO-IPEMHU CO CAYYasA BBEILIATHI CTPAXOBOU
CYMMEI B KOHIIE T0JIa CMEPTH. 3/eCh TEKYIasa CTOMMOCTh BBIILIAT MO CIYyYIal0 CMEPTH
paBHA CIyYaWHOU BeauduHe Z = b Uk 1. Torjga BEALI CTPAXOBAHUA XU3HA DA3IAIA-
0TCA BAAOM 3aBucuMocTd b oT K. Ilanee cauraeM v 1 = pE+L

6.1 HeTrTo-IpeMuu AjId MOXU3IHEHHOTO M CPOTHOT'O CTPAXOBAaHMUA.

[lepBEIN B CTPAXOBAHUA KU3HU - NOHCUIHEHOE CMPALTosarue> 31ech by MOCTOAHHO
7 TOTOMY MOXKHO cInTaTh by = 1. Tekymas cTOMMOCTD CTPAXOBOU BHIILIATEL

Z = v&+L
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COOTBETCTBYIOIIAA €IWHOBPEMEHHAA HETTO-IPEMHA A TAKOI'O BUAA CTPAXOBAHUA
obosmadaeTca Kak A, :

oC
Ay = EZ = Ev™' =" o"* 1pogays.
k=0

Mucnepcusa ciaydainod BenwduHel Z pasHa Var(Z) = E(Z?) — A2, upu sTtom k—i
MOMEHT CIyYaWHOW BEIUYUHBI 7 BBIYUCAAECTCA JOCTATOYHO JETKO: IS MapaMeTpa
0, HA3BLIBAEMOT'O CUAOT NPOYEHIMA—HENPEPLIBHOT NPOYEHIMHOT CMa8Koli~— B PABHOTO
log(1 + 1),

Ezk — E(e—kJ(K—i—l))

nocieiHee BHIDAXKEHUE ABIACTCA HE 9UeM WHBIM, KAK PA30BOW HETTO-TIPEMWEH IpH
YBEIWYEHHOU B k pa3 Cuie IPONEHTa M 0003HAIAEMOT0 B aKTYapHOM MATEeMATHKE KAK
kA,. Taxmm o6pazom, Var(Z) = 24, — A%
PaccMOTpEM flafee BEAEL CPOYHOTO CTPAXOBAHUA, TJE BHILIATH IPOA3BOLATCA
TOMBKO B TPEIeIaxX ONPEJETeHHOT0 CPOKa. [lepBhIil BUJ - N—TOAIHOE CTPAXOBAHUE
KU3HA. 3/eCh

?

7 vE*tl ecm K € {0,1,...n—1} (33)
] 0, ecru K > n.
[l [aHHOTO BU[Ja CTPAXOBAHUA DA3OBAA HETTO-TPEMHS 0GO3HAMACTCH KaK A} o W

BBIYUCIAECTCA KaK
n—1

1 _ k+1
Aw:ﬁ| - Z v kPxqz+k-
k=0

IIpm sTOoM oueBHAHO
_ 4l
AmamoruvyHo CIydaro MOXW3HEHOT'O CTPAXOBAHMUS,

VarZ = 2A! (A1 )2,

zm 7|

rjle KaK ¥ paHee, 2A916=ﬁ| €CTh HETTO-IPEMUA IS N—TOJAIHOTO CTPAXOBAHUA XKUIHU
C YIBOEHHOW CUJIOU MPOIEHTA.

PaccMoTpuM Temeph CTpaxoBaHHWE wuUCIO20 JoHCUMUA IO BO3pacTa & + n, KOrjaa
CTPaxoBas BHIILIATA MPOW3BOAUTCA, €CIU 3aCTPAXOBAHHBIN TPOXKWUI 71 JET MMOCHTe IO~
KyTKW TOJNUCA. 31eCh

P 0, ecm Ke{0,1,...n—1} (34)

v, ecmm K > n.

B Takom ciydae e[uHOBpeMEHHAA HETTO-IPEMUA DABHA
1 _ —
Ay = EZ =" py,

7 JUCTEDPCUS CIYyIauHOU BEIUIUHBI Z DPABHA

VarZ = v® ,ps(1 — nps).
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Cueayiomuit BHJ CTPAXOBAHUA - T > 200UNHOE CMEULGHHOE CIMPATOBAHUE HCUSHU,
KOT'[Ia CTPaxyeTcs KaK PUCK CMEPTH B TedYeHWe OIMKAWIIAX 7) JET, TaK U PUCK JTOXKW-
THA [0 BO3pacTa T + n. Kcam ¢cTpaxoBbie CYyMMBI IO CIYYal0 CMEPTH U MO JOXKUTHIO
paBHBI by ¥ by COOTBETCTBEHO, TO TEKYINAA CTOMMOCTEH CTPAXOBOU BHIILIATHI PABHA

bivE+t ecrm K €{0,1,...n—1}

7 =
bov™, eciu K > n.

(35)

OdeBUAHO, ITO TpH dTOM Z = b1 2| + by Zs, THE Z), Zy - TEKyIIHEe CTOMMOCTH CTpa-
XOBBIX BHITLIAT CO CTPAXOBBIM BO3MeEIIEHWEM, PABHLIM 1, 1A PUCKA CMEPTH W PUCKA

. _ Al _ 41
JOXWUTHUA COOTBETCTBEHHO; MOCKONBKY FZ| = Aw:m, EZ, = Aw:m, TO

EZ = blA;.:ﬁ| + bQAwﬁl|

B wacTHOM cinydae, korjga by = by = 1, HETTO-TIpeMuA 1A CMEIIAHHOTO CTPAXOBAHUSA
o60o3HaYaeTCA KaK Agg

n—1
Awﬁl =FbZ = A.'/lv:m + Awﬁ1| = Z Uk+1 kPzqz+k + U nPz-
k=0

N3 onpenenenuu (33) u (34) caenyer, aro 7, Zy = 0, mosToMy

Cov(%y1,Zy) = E(Z12,) — EZ1EZy = —EZ\EZy = — Ay Aga.
Orcrooga caegyer, 9TO A JUCIEPCHAA CAYYAWHOW BEJIWYUHLI / CIOPABEIIABO PABEH-
CTBO

VarZ = biVarZy + b3VarZy — 2b1by Ay A

7|’
n3 KOTOpOro cieayer, 9To OJUH IIOJHUC II0 CMEIIaHHOMY CTPaXOBaHWIO XU3HU NOJIXKEH
CTOUTH MEHBIIE, 9€M [ABa OTACJIbHBIX IIOJHCA IIO PUCKY CMEPTH B IIO JOXHUTHIO.
PaCCMOTpI/IM TeIePb OMCPOUEHHOE HA 11 AENTT TLOHCUSHEHHOE cmpazL‘oeaHueD SIIIGCB
COBpEMEHHAA CTOMMOCTE CTPAXOBOU BHIILIATEI PABHA

7 0, ectu K €{0,1,...n—1}
] vE*tY ecrm K > n.

PazoBas meTTO-mpeMua 3/ech 0603HaYaeTCA KaK A, 1 paBHa

— m — 1 — 1
m|Aw = mPzV Aw-l—m - Aw:ﬁ|Aw+m =4, - Aw:ﬁ|7
7, KaK ¥ paHee,

VarZ = fn|Aw — m|A§,

fn|Aw— COOTBETCTBYIOIIAA PA30BAA HETTO-IPEMUA IPK yIBOCHHOU CHUJIE IPOIEHTA.
[lo cux mOp MBI OIpPeeNIAan Pa30Bhie HETTO-IPEMUY A CIydasd, KOT I8 BHITIIATH

CTPaAXOBOI'0 BO3MEIEHUA TPOU3BOIUINCEH B KOHITE CTPaxoBoro roga. O quako Ha mpak-

THKE B JOT'OBOPAX CTPAXOBAHUA XU3HU OTOBAPUBAETCA YCAOBHE BBIILIATHI CTPAXOBOU
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CYMMEI B TeYeHUE HECKOJILKUX THEHW IOC]e MOIYIeHUA NOKYMEHTOB 00 MMEBIIEM Me-
CTO CTPAXOBOM CIydae. DTO O3HAYAET, YTO (PAKTHUYIECKH MOXKHO MPEIIIONAraTh, ITO
BBIILIATEL IPOW3BOAATCA B MOMEHT CMePTH, TO €CTh B Bo3dpacTe z + T'(z). Texymas
CTOMMOCTE €JUHUIHOW CTPAXOBOU CyMMEI PABHA

Z =T,

Pa3OBaH HETTO-IIpEeMHUA M4 Pa3JUYIHBIX BHI0B CTPpaXOBaHHUA C BBIIIJIaTOfI B MOMEHT
CMEPTH HUMeeT 0603HaquHe, AHAJOTHUYIHOE CIAYYaIO BBIILJIaThI B KOHIE I'Oda CMEPTH,
OTJIMYHE COCTOMT B TOM, 4TO HaJ cUMBOJIOM A crasurca depra. Tak, pazoBaa HeTTO-
npeMud jid IMMOXKHW3HECHHOI'O CTpaXOBaHHUA C BBIIIJIaTOfI B MOMEHT CMEPTH oboszuaeTca
kak A, a pasoBag HeTTo-TpeMus Aa8 N—TOJUIHOT'O CMEITAHHOT'O CTPAXOBAHUA 060-
3HAYAETCA KaK A7), IpH 5TOM

Aw:m = Aalv:ﬁ| + Awﬁ1|
BripasuMm Bew4wHY pa30BOM NMPEMUM A CIy4Yas BHEILIATHI B MOMEHT CMEPTH Yepes3
COOTBETCTBYIOIIYIO BEIWYUHY 1A CAydad BHIIIAT B KOHIE rojga cMmepTu. [na sToro
OymeM MpeamoaaraTh paBHOMEPHOE PACIpEeNeIeHrne CMEPTEN Ha KaXOM W3 IeJ0Yh-
CIEHHBIX WHTEPBAJIOB, CBOMCTBA TAKOT'0 PACIpeeleHus mOaPOOHO OBLIH paccMOTpe-
HEI B pa3f. o5.1.
PaccMoTpuM Bu MOXW3HEHHOT'O CTPAXOBAHUA. 3/€Ch

A, = EvT = Eof+5 = EyE+D-(01-5)

[TockoabKy, Kak mMOKa3aHo B pa3f. b.1, ciydanasie BeaudnHsl K 1 S HE3aBUCHUMEL, TO
OTCIOa,

A, = EvETVEQ +40)' 75 = A, E(1 +4)'75.
Kpome Toro, Tak kak cIydanHasd BeIWIHHA 1 — .S paBHOMEDHO pacCIpejesieHa Ha OT-
peske [0,1], To

N1-s _ [ ST
E(1 +1) _/0 (1+0)dt = <,
OTKY 2 .
?
A, = LA,
5

Amamoruvynbie BRIpaXXeHWA CIPABEIJUBEI W [JIA BHJOB CPOYHOr'O CTpaxoBaHusa. Ha-
IpEMeEp, AJIA —TOAUYHOT0 CMENIaHHOI'O CTPAaXOBAHUA

— ?
Agm) =
IIycTs Temeph BHILIATEL IPOU3BOAATCA B KOHIIE M —U YACTH I'0Ja, HAIPAMED, B Tede-
HEe MECAIA WIK KBapTaJa, TO €CTh B MoMenT K + .S, Thae S,,— ClIydauHad BeIW9InHA,

UL KOTOPOU IIPH MPEAINOJ0XEHAN PABHOMEPHOI'O PACIpPEIeIeHNsA CMePTER CIPaBe/-
JUBO

—1
Aw:ﬁ| + Awﬁ1| .

P(Sym=k/m)=1/m, k=1,2,...m,
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npuyeM ciaydaunabie Beaudunsl K, S, HezaBmcuMbl. B TakoMm ciaydae IS TOXW3IHEH-
HOT'O0 CTPAXOBAHUA TEKYINAd CTOMMOCTE €UHUIHOW CTPAXOBOU CyMMEI PABHA

_ , K+S
Z =vp" T,
a pa3oBaf HeTTO-Tpemus o6o3uadaerca kak A™) . TIpu arom pasmocTs 1— S, TpuEIMA-

eT kaxjgoe u3 3Hadenun {0,1/m,...1—1/m} ¢ BepoarrocTsio 1/m. U3 npeacrapienns
K+5,=K+1-1+5,, 70 BIedeT

1 m—1 ;
E,UK—l—Sm — E’UK+1EU_(1_Sm) = A(B— Z (1 + Z)k/m = LA:B?
m = z(m)
rae BeInYInuHa /
. . 144)tm—1
™ = m((1 i - 1) =

HA3BIBAETCA HOMUHAALHOU 2000601 NPOUEHMHOT CMABKOU C 8bINAAINAMY T, PA3 6 200¢
akeusasehmmot > Cre1oBaTeNbHO, TP TMPEANONIOXEHUN PABHOMEDPHOT'O PacCIpee-
JIeHUsA CMePTEeN MMeeT MECTO PABEHCTBO

Am = — A, (36)

IIpenenbHOE 3HAYEHWE BEJTUYWHEI 3™ Opu M — OC PaBHO J, IOITOMY B IIpejene
MOy IaeM

1
o
18 n—roAu9HOTrO CTPAXOBAHUA XKU3HHA TEKYINAA BEIUYUHA €JUHUYHOU CTPAXOBOU
CYMMHEI TIDH 17— PAa30BBIX BHITLIATAX PABHA

A;m) — - A, = A, mpm m — oo.

vE+5m ecrm K € {0,1,...n—1}

Z= 0, ecrm K >n.

1
Pa3zoBas HeTTO-IpEMEUA IIA TAKOTO CIydasd 0603HAYAETCA KaK Aw%) ¥ paBHA

R

’L.(T) x|

Amnanoruvno pa30Bad HETTO-IPDEMHUA OJA 7 —TOAUIHOI'0O CMEIIaHHHOI'O CTPpaXOBaHWA
0603Ha9aeTCa KaK Ag’% U paBHA

g !
(m) Aw:ﬁ| + Aw:ﬁ|'

PaccmoTpuM Teneps so3pacmalowee cTpaxoBaHue. B faHHOM BHE CTPaxoBasd CyMMa
paBHa K + 1, Tekymmas CTOMMOCTH CTPAXOBOM BHIILIATHI PABHA

Z = (K + 1)o**,

75



eJMHOBPEMEHHAS HETTO-IPEMUA /A IMOXU3HEHHOI'O CTPAXOBAHUA 0GO3HAYAETCA KaK
(IA), u paBHa

oo

(TA)z = D> (k+ D" 1pogais, (37)
k=0

a HETTO-IPpEMHUA OJIA 71—I'OJUYIHOI'O CTPaXOBaHUA XW3HN

n—1

k=0

[na ybvisaroue20 n°200uuH020 CMPATo8aHUS HCU3HY CTPAXOBadg CyMMa paBHA
n — K. Torga Tekymas CTOMMOCTH CTPAXOBOU CYMMBI

7 (n— K)v¥*1, eemm K €{0,1,...n—1}
10, ecrm K > n.

Pa3zoBas HeTTO-IpEMUA B TAaKOM CIydae

n—1

(DA)w m Z(TL - k)vk+1 kPzqx+k-
k=0

[TycTs Temeps cTpaxoBas CyMMa BO3PACTaeT HA eIWHUIY KAXKIKIUA I'OJ, TO €CTh PaBHA
K + 1, 5O BRIZIIATA €€ IPOUCXOJUT B MOMEHT cMepTH. Torjga TeKymas CTOMMOCTD
CTPaxOBOUW CyMMEI PABHA

Z = (K+1)"

pa3oBas HETTO-TpeMus o603HaYaeTca cuMBoaoM (I A), 1A TOXM3HEHHOTO CTPaxXoBa-
HUA, IPA STOM IPH TEIOTE3€ PABHOMEDHOT'O PACIPEIeIeHus CMEPTEn

S(IA)w

Ecnu Temeps cTpaxoBas cyMMa BO3pacTaeT He pa3 B I'OJ, a 171 pa3 B I'0J HA BEIWIUHY,
paBHYI 1/m, TO TeKymas CTOMMOCTb CTPAXOBOU CYMMEI

(IA), = E[(K + 1)v"] = E[(K + D" (1 +4)'°] =

Z = (K + Sp)v”

TOTIa pa30oBad HETTO-TpeMua mMeeT obosHadenwme (1™ A), mra moxwmsmeEHOTO CTpA-
XOBaHWA U I PABHOMEDHOI'O PDACIpe/eleHNsA CMEPTEX PABHA

E[(K+Sn)v"] = E[(K+1)v" 0"+, (144)' =50 ] = (I4) g — Ay + A, B[S (141) 5]
ITockombKy

m 1, [k/m R -1
E[Sm(1+i) %] =Y ( 1—— (1+z’)tdt=52(1—k—

)[eké/m_e(k—l)é/m] —
b1 (k—1)/m =1 m

i 1+4)t/m
i (149

§ " om(l— (1 +4)/m) [(m = 1) +4) +1—m(l+i)' /"] =
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(14 a)Y™m[l —im+ (m—1)(1+1)] _ i—d™
dm(l — (1 +4)1/m) T 8dm

3necy Bemrawna d = dY) = i/(1 + i) HOCUT HasBamme duckowmac WIE 2000601 Far>
muueckot cmasky JUCKORMAs a BeIUIAHA

d™ =m(1 - (14+4)~Y™)

HA3BIBAETCA HOMUHAALHOU cMa6kol JUCKOHMAS UIH HOMUHAAbHOY Cmaskot a8aHCo®
8020 MPOUEHMHO020 COT000S BLINAAUUBAEMO20 T PA3 8 200 IKsusasenmmot d. Beau-
qursl d™ m (™ cpazambl cooTHOmMEnMEM
:(m)
G0 —
1+im/m

n3 KOTOPOT'O CleayeT, ITO

d™ — § mpr m — oc.

W3 mosy9eHHBIX COOTHOIIEHUH CIeAyeT, ITO

i i i—dm

Ecmu paccMOTpeTh HEMPEPHIBHO BO3PACTAOIIYI0 CTPAXOBYIO cyMMmy by = 1, TO ee
TeKyIIas CTOMMOCTD

(I™A), = —(IA),

Z =T,

COOTBETCBYIOIIAA €UHOBPEMEHHAA HETTO-TIPEMUA TOMYyIACTCA TIEPEXOOM K TPENery
mpu m — o0 B ypaBHeHUH (38) :
1 1 i—0

5 7t 5

Coorromenve, agagoruvaoe (38) Mg 7n—roIXYHOIO CTPAXOBAHUS XKW3HY, BEIBOJATCS
cIoco60M, aHAJOTWYHEIM BHIBOAY (38) : miu m3 (38), mcmonbays paBeHCTBA

(I(m)z)w = (I(m)A)alvﬁl + Awﬁ1| (I(m)A)w-l-n?

(TA), = +(14), - 4,.

(IA), = (IA)glc:m + Ay (IA) 2 4n, Az = Aslc:m + Az:ﬁ1|Aw+n-

7|
I[JIH N—TOAUYIHOI'O0 CTPpaXOBaHMA XW3HHU C BBIIIJIa,TOfI CTanOBOfI CYMMBI B MOMEHT
CMEPTH B CIydae, KOrJa CTPaxoBad CYMMa YMEHBIIAETCA M Pa3 B I'0j HA BEIXUHHY,
paBHYIO 1/m, TeKymas CTOMMOCTH CTPAXOBOU BHIIIATHI PABHA

7 (n+1/m—K—S,)vT, ecm T e[0,n—1)
10, ecru T > n.

PaszoBas HeTTO-IpeMus JI1 TAKOIO BHJA CTPAXOBAHUA 0003HATACTCA KaK (D(m)Z)glum.

[l71s ee BRIpaXXeHUA Yepe3 yiKe BBEICHHbLIE BEIUIUHBI 3aMETHAM, ITO CAyIauHASd BEJIH-
4WHa / paBHA PAa3HOCTH 4| — Ly, Tl€

7 (n+1/m)vT, ecmn T €[0,n—1)
770, ecru T >n,
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7 (K+ Sp)vT, ecm T €[0,n—1)
0, ecrm T > n.

Hpu strom EZ, = (n+ 1/m)AL_, EZ, = (I'™ A)! _ . Taxum o6pazowm,

x|

(D™ A)gy = (n+1/m) Ay — (1™ A) iy = 5[(n+1/m) zi— (LA) g+ Az =
[MocnegHee paBeHCTBO COPABEIINBO DU IIPEANOJOXEHAA PABHOMEPDHOCTH CMEDTEN.

B sakmodenue mpuBegeM HEKOTOPHIE WHTEPECHBIE COOTHOIMEHUs, CBA3BIBAIOIIAE
Pa30BBIe HETTO-IPEMHUHM C BO3PACTAIONIEH CTPAXOBOM CYMMOM C HETTO-IPEMUEH I
OTCTPOYEHHOI'O0 CTPAXOBAHUA. PACCMOTPUM CHAYAAA CAYyYald BEHILIAT B KOHIE I'OJA.
Mns sroro cHadana (37) mepenmimeM B BHe

i — d™

sdm e

oo k
(IA)w = Z Z’Uk_i_l kPzqx+k,

k=03=0

Iocjae 9€ro, MeHAd IOpALJOK CYMMHUPOBaHUA B IIOCJIEJHEM PaBEHCTBE, IIOJNYYIaeM

oo 00 00
= Z Z Uk+1 kPzlz+k = Z ]|Aw
J=0k=j j=0

[na HepepHIBHOT'O Caydasd, 3aMeHAA OMepaluio CYMMWDOBAHWUA WHTET'DUPOBAHUEM,
COBEPINIEHHO aHAJOIMYHO MOJNYYaeM PABEHCTBO

@@wz/wﬂAm&
0

Taxkum xe 06pa3oM IepenuIneM PaBEHCTBO

n—1 n—1ln—k—1
(DA)w n| — Z(TL - k)vk+1 kPzlz+k = Z Z oFt! kPxqz+k =
k=0 k=0 j=0
—1n—j— n—1 L
Z Z L ePelerk = 2 Arii
: : ]:

[lna HeIPEPEIBHOTO CIyvasd

o n—t n—s
DA wn| _/ / VY Dol pedl = / / 0" Drthoredt = / Awn s|

6.2 PexyppeHTHBIE (POPMYJIHI 1A € [MHOBPEMEHHBIX HETTO-IIPEMHM.

[IpmBoamMEIe HUXE (HOPMYABI TO3BOJAIOT HE TOJBKO CTPOUTH BHIYUCIWTENILHEIE AJl-
JTPATMEL I ONPEAETIEHAAT PA30OBLIX HETTO-NPEMUU, HO IPEACTABIAIOT WHTEPEC C
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TOYKHU 3PEHUA CTPAXOBOM MHTEPIPIETAIMA. PacCMOTPUM JUCKPETHHIA W HEIpPepPhIB-
HLEIA BAPUAHTEHI CMEIIAHHOT'O 7—T'OJUYHOTO0 CTPAXOBAHUA XW3HH. B mepBoM ciaydae
nepenuimieM Agg| B BEIe

n—1 l l n—1 d
Aw:ﬁ| = v + Z Uk—l—l w+k(1 _ w—l—k-l—l) + " Dz = V(g + Z Uk+1w_+k 4" Pz =
k=1 lo Lot k=1 lo
1oyt 1
xz —
vge +vpg | D V"t U P | = VG + 0Pe Ay
k=0 z+1

CieoBaTeNbHO, A JUCKPETHOTO CIydasA MBI 0Ly IWIN PEKYPPEHTHOE COOTHOIIEHRE
Az = vqs + vpr Ay 107 (39)
[l CTPaxoBOM MHTEpIpeTAIUE YMHOXHUM paBeHcTBO (39) Ha (1 4 i), :
lw(l + 7;)Aw:ﬁl =dy + lw+1Az+1:ﬁ|-

Temeps moydYeHHOE DABEHCTBO MOXHO HHTEPIPETHPOBATEL CIEAYIOMIAM OOGDPA3OM.
CyMMa pa30BBIX HETTO-IPEMUH, COGPaHHAA CO CTPAXOBATENEH BO3PACTa I, DABHA
BKJIa1y, KOTOPHIU Yepe3 I'0jJ BMECTe ¢ NPONEeHTAME 1O HeMy OyJeT DaBEH BEIIIATAM
0 CMEPTH yMepIIMM Ha BO3DACTHOM HHTepBate (z,% + 1) u cymMMe HETTO-IIpeMWH,
COGPAHHBIX C JOXUBIIUX 4O BospacTa  + 1. [lanee, pasgelus mociesHee PaBEHCTBO
ma (1 + 1)*T,, nomyumm

z+1 T o z+1 _
v Aw+1:n—1| v A$”| = (qzV (Aw+1:n—1| 1)

Orcroga

z+k _ axtk-1 _ z+k _ —
v Aw+k:n—k| v Aw+k—1:n—k+1| = Qz+k—1V (Aw+k:n—k| 1)7 k= 17 27 - T

IIpocymMupoBaB 3T0 paBeHCTBO 1O k OT 1 10 n, yuuThBag A, +n0| = 1, TOIy MM

n—1
k+1 —
prrtm — UwAw;m = - Z p™ TRt Qo (1 — Az+k:ﬂ|)
k=0
n—1
k+1
Apm =" + 3 0" g (1= A, i)
k=1

ITocreHee PaBEHCTBO MOXKHO HHTEPIPETHPOBATL B TOM CMBICIE, 9TO PAa30Basd HETTO-
OpeMuA A N—TOAUIHOTO CTPAXOBAHUA XKW3HU CKIANLIBAETCA W3 TEKYIIUX CPej-
HEX JOXOJOB BEITOJONPHOOPETATENA OT 3AKIMIOYEHHOM CAENKH IO CTPAXOBAHWUIO.
3/ech TeKyIIU# CpesHEHM NOXOJA, oTHeceHHBX K roxy k € {0,1,...n — 1} pasen
v g (1— A, +k:ﬁ|)7 a TeKyIIUU CPEJHUU JOXOJ IPH JOXWUTHH JO BO3PACTA I + N
pasen v". Takaa WHTepIpeTanua MO3BOMACT PA30BYIO MPEMUIO, BHILIAYEHHYIO CTPa-
XOBaTEIEM, PA3IOXATEL HA BPEMEHHEIE COCTABIAIONIAE TY BLITOAY, 9TO HECET JAHHBIN
JOT'OBOP CTPAXOBATEIO.
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B HenpephIiBHOM CIydYas aHAJIOIOM PEKYPPEHTHBIX COOTHOIEHu Oy aeT nuddepe-
HUAJbHOE ypaBHeHme. PaccMOTpUM ONATE CIydYan 7—rOJAYHOTO CMEMIAHHOT'0 CTPaX0-
BaHWUA XW3HU. [l14 HETO flw;m = flglc:m + Aw:ﬁl|, IO3TOMY CHAYaIa MOIYyIAM BHIDAXKEHUA
[I7IA TPOM3BOHEIX KaXJOT'0 W3 ABYX caaraeMuix. [IpmaaB s = r 4 ¢ B KadecTBe mepe-
MEHHOW WHTETPUPOBAHUSA, PEACTABAM flglum B BHJE

1

z+n
m / v® spophsds
xT T

_ n
Aslv:ﬁ| = /0 vt tpw:uw-l-tdt =

[Auddepernupya JaHHOE TPOU3BEJAEHUE IO T, OTCIOAa MOIYyIaeM

d - _
A = (O 1) Ay + tain A = o

Hanee, maddepeHTUpPYA PABEHCTBO

A —lzvnnpw

7|
0 MEePEMEHHON %, BLINUIIEM DABEHCTBO [JIA BTOPOTO CAATAeMOI0:

d d

n

— _ 1
%Aw:m =v % nPz = Aw:ﬁ| (iuw - ,uw—l—n)

Orcroga cregyer, 9TO

d - _
%Aw:ﬁl = (0 + Nw)Aslc:m + Nw+nAw:ﬁ1| — Ho t Aw:ﬁ1| (Hz = Pain) =

11 1
(6 + :uw)Awm + iuwAw:m — Hg-
[Tomy4yennoe paBeHCTBO O3HAYAET, UTO IIPH 7 — OO IPOU3BOLHAL

d - _
_Aw: wAw_ z-
I (0 + pa) Az — o

[lepenmcas mocieqHee ypaBHEHNE B BHJE
§Azdx = dA, + pg (1 — Ay)dz,

MOXXHO WHTEPIPETHPOBATEL €r'0 CJACAYIONAM 00pa3oM: JOXO0J, MOMYyIEeHHLIA CTPaXOB-
IIIKOM 33 OECKOHEYHO MAJLIA OTPE30K BPEMEHU dI, CKIANLIBACTCA U3 MOBBIMICHAA B
IeHe Pa30BOM MPEMUH 33 TOT ¥XKe OTPE30K W JO0X0a BBRIT'OJ0NPUOOPETATEN B CIydIae
CMEPTH 3aCTPAXOBAHHOT'O B T€YEHHWE YKA3aHHOT'O BPEMEHHOI'O WHTEPBAJA.

6.3 KomMmMmyrammonnbsle GpyHKIIMH.

KomMyTanuonubie (QpyHKIMA CIyXaT I8 KPATKOU 3AlUCH AKTYaPHBIX BHIPAXKEHWWU,
KaK TO HETTO-IPEMUY, BEIUIUH B3HOCOB W T.[. B BHJ€ HEKOTOPHIX TAOIMIHEIX IIapa-
METPOB, YTO IO3BOJIAET, HE IPUOErasa K CIOXHBIM BHIKIAIKAM, II0 COOTBETCTBYIOMMUM
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TAOMUIAM OIPeIeNATh 3HAUYEHNSA HHTEPECYIUX BhIpaXennn. Hamwaue Takux TabauIy
HECOMHEHHO ABAAETCA OONBITAM MPAKTAIECKUM MPEUMYIIECTBOM, C APYTOU CTOPOHEI,
KaK MBI YBHAWM Jajee, MapaMeTPhl 3TUX TAOJIUIl 3aBUCAT OT BEJIWYHHI IPOLEHTA 1,
MO3TOMY B CIy4ae W3MEeHEHWSA BeIWINHEI CTABKY ¢ 3HAYEHUA TAOJUIHLIX TapaMeTPOB
HEOOXOIUMO IMEePECUUTHIBATS.

[lepenumem paBeHcTBO miasa A, :

oo

_ k+1
Ay = Z v kDzqz+k
k=0

B BHUJE
oC oC
_ k+1 T _ z+k+1
I,A, = Z VT dy gy = VA, = Z v dy ik,
k=0 k=0
TOT'Ja IOCJeHee PABEHCTBO Oy JeT BEIMVIALETH OY€HbL KPATKO, €CIM BBECTH B PACCMO-
TpeHre KOMMYTAINOHHLIE ()YHKIHN:

Dw = /lewy Cw = /U:H—ldw = DwUwa

00 00 00
k=0 k=0 k=0
B Takom ciydae paBeHCTBO mia A, 6GymeT BEITVIALETH KaK
M.
Y P —
T D,

Nwves TabauIsl mepeIUCIeHHBIX YeTHIPEX KOMMY TAIMOHHBIX (DYHKIIWH, MOXKHO 3HAYe-
HUA BCEX BBIMIENPABEJEHHBIX PA30BBIX HETTO-IPEMUN BHIYUCIUTE IO STUM TAOIAIAM.
Hanpumep, BenrmawHbL

M, — M
Al._ —_ Tz  “Trin
7| Dw y

Mw - Mw—l—n + Dw—l—n
D,

D
A L= et

) Aw:ﬁ| =

B 6omee croxHOM ciIydae BO3pACTAIONEN CTPAXOBOM CYMMBI Pa30Bad HETTO-IPEMUS

n—1 n—1

(IA)glvm = Z(k + 1)Uk+1 kPzlz+k = Z(k + 1)’Uw+k+1dw+k/(’uwlw) =
k=0 k=0

Zz;é (k + 1)Cw+k — Zz;é (Mw—l—k - Mw—l—n) — Rw - Rw—l—n - nMw—l—n

PaccmoTpum mpumep. [las cTaEgapTHOrO 7N—TOAWYHOTO CTPAXOBAHUA XW3HU CO
CTPaxXOBOW CYMMOM, YOBIBAIOIIEW HA €IWHWIY B T'OJ W BHEILIATOM B MOMEHT CMEp-
Td TpebyeTcsa BHIPA3UTH PA30BYIO HETTO-IIPEMUIO Y€PE3 KOMMYTAIMOHHEBIE (PYHKITHH.
Pacnpegenenne cmepTen paBHOMEDHOE.

[l1a Tpe6yeMoro BHIpAXKEHUSA CHAYAMA 3aMETHM, ITO

i - n—1

_ 7

§=0
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[Manee w3 mpeacTabiesns Al _ 11a KaXJ0ro 1 MOLyIIM

|

i My — My tnMy — Ry + Ry
(DA),. @ = g Z D, R R 3 5; tntl
SAITAYN

1. IlycTs cmepTHOCTH mOg4MHAETCA 3aKoHY [, = 100 — z, = € (0,100), a cuna
nporerTa ¢ = 0.1. CrpaxoBarens Bo3pacTa 50 geT 3akmodaeT gorosop Ha 10-1eTHee
CMEITIAHHOE CTPAXOBAHUE XW3HWU C BHILIATAMHI 110 CMEPTH W TO JOXUTHIO by u bo
COOTBETCTBeHHO. Brrameants Al 7 A2 - [IpuHEMAs by + by = b, oupenenuTh, Tpu
KAKOM OTHOIIEHWUH by /b JUCIEPCUSA TEKYIIUX BEIILIAT MUHUMAIBHA.

Pemenne. IlycTts Z|, Zo— Texymmue BHIIIATHI IO CMEPTH W IO JOXWTHUIO COOTBET-
cTBenHO. Tormga

n 1 — e—&n
A _—EZ = / =% /(100 — 2)dt = - = 0.1264,
= 1=, /A0 —a)dt = Saae
100 —z—n

AL =EZy=e T _ (0943

on) = B2y =" 10— ’
1 — e~20n 100 — z —

AL = e = 0.08647, 24,4 =e T 01083,

95(100 — z) 100 — 2

Cov(Zy, Zy) = = A Ay = —0.0372, VarZ, = 0.0705, VarZ, = 0.02169.

7|

Tenepb PaAaCCMOTPHM 334391y
Var(blZl + b2Z2) = b%VG/I"Zl + bgVarZQ + 2b1b200’U(Z1, ZQ) — min, b2 =b— b1 € (0, b)
FEe pemenuneMm cayxut

. b[VarZy — Cov(Zy, Zs)] _
Y VarZzy +VarZ, — 2Cov(Zy, Z,)

bVarZ, — Cov(Z, Zs))
Varz, — Cov(Zy, Zs)| + [VarZy, — Cov(Z1, Z,))

OTKyJa onTuMajibHOe oTHOmeHue by /b = 0.3535.

2. /14 TOCTOAHHOM WHTEHCHBHOCTH CMEPTHOCTH 4 IpH Z > () W CHWJIe IIPOIEHTa, §
OIIPEJeTATh BEIDaXeHue A Agp).

Pemenwne. [lo onmpeenennio

€ (0,b),

_ n 7 B i ) )
Agim| = /0 V! i Polosedt + 0" 1Dy M+ 6(1 — e~ WHon) 4 o=(utd)n

3. IlokaszaThb, uTo A, paBHA IPOM3BOAAIIEH (PYHKINE MOMEHTOB CIYIAMHON BeIH-
YMHEL OCTATOYHON XW3HM 1 () IpW 3HAYEHWU apryMEeHTa, PABHOM —O.
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Pemenwme. [lo onpeaenennio

Ay = /0 V" ipytoedt = /0 ™% freey(t)dt = Mgy (=0).

4. IlycTs cayvannas BeawanHa T'(x) uMeeT raMMa-pacupeseseHne ¢ IapaMeTPaMu
o, 3. Hauru 3nagenue Ag.
Pemenue. Vcnonssyem 3ameny y = (3 + 0)z 44 BHIYHCIEHUA UTErPaja B BHIPA-

XKEeHuHn o
_ ﬂa 0 B 1
A = (B+d)z ld — )
* = T(a) /0 ¢ TME\1y4/8

5. llycts by = t, pyiy = i, 6 = 6 upm Beex t > (0. BeipasuTs depes 0§, |4 BeTAIUHEL

(IA), = E(brvT), Var(broT).
Pemenne. Vcnonbsys 3ameny y = (u + )2, BEIMUCAAM MHTETDA:

(TA), =/ te e M udt = L/ ye Ydy = a
0 0

(1 +0)? (n+6)’
OTKY 13
2
27y K Ty _ u _ 2
Ud)e = Gagye Varlrv) = 055 ~ (i oy

_ _ _ 1 1
6. U3BecTro, uTo A; = 0.3, Ayi10 = 0.4, Aw:10| = 0.5. BerauciuTh Aw:m, Aw:m.
Pemenwne. N3 ycnoBus mmeeM aBa YpPaBHEHUA

1 1 _ 1 1 _
Ao+ Agpag) = 0.5, Apqg + 044,75 =03
141 1 1 _
OTHOCHTENHLHO Aw:m, Aw:m. Pemras ux kax cucTeMy, HAXOAAM Az:m =1/6, Az:m = 1/3.
7. Vlcnionb3y A peImoI0XeHre PABHOMEPHOT'O PACIPEEIeHNA CMEPTEN, BRHIPA3UTE
B TePMEHAX KOMMYTAINUOHHHIX GyHKnuE Benwaury (1A)sz035-

Pemmenne. [Ipw yka3zaHHBIX yCIOBHAX CIydawHbie BeamduHbl K, S HE3aBUCHMEL.
[TosTomy

A ' i Ry — Res — 35M
(I D)035 = (1/0) T Ao = 52—
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7 AHHYUTeTHI B CTPAaXOBAHUM XWU3HH.

[Mox amHyuTeTaMM MOHUMAETCA IOCIEIOBATEALHOCTE PECYIAPHO MOCTYMAIOIIAX ILIa-
TeXeU C 3apaHee OIMOBOPEHHBEIM CPOKOM [eUCTBHUA. TakwMm 06pa3oM, TOHATHUSA PEry-
JAPHOT'O B3HOCA W AHHYUTETA COBIAAAIOT U MIPUHATO HA3LIBATEL B3HOCAMHA T€ IIATEXKH,
KOTOpPBIE MOCTYMAIT OT CTPAXOBATENA K CTPAXOBINWKY, a IJIATEXW, UAYIIAE B aapec
CTpaxoBaTelsA, IPUHATO HA3LIBATL aHHyHTeTaMu. Hampmmep, IpW TOKyIKE MOIUCA
B IOT'OBOPE CTPAXOBAHUA KIUEHT MOXKET MOJYyYIATH HE CTPAXOBYIO CyMMY, 8 IEHCHIO,
BRIIJIAYABAEMYIO B T€YEHUE ONMPEAETEHHOT0 EPHOIa BPEMEHN ¥ HAYUHAA C HEKOTOPO-
ro BospacTa. EcTecTBEHHO, CTOMMOCTL >TOW MEHCUH JOJXKHA COOTBETCTBOBATL CTPA-
xoBou cymme. CienoBaTenbHO, MEHCUSA ABIAETCA HE Y€M WHBIM, KAK OTCPOYEHHBIM
HA ONMpEeJeNTeHHBIN CPOK aHHHEyHTeTOM. C APYroM CTOPOHEI, PA30Basd MPEMHUSI MOXKET
OBITH CYMMOW, 3AIIATHTH KOTOPYIO OBIBAET 3aTPY IHATEIHHO W MO3TOMY CTPAXOBATETh
BMECTO BBIILIATHI PA30BOU IIPEMHUM MOXKET BHIILIAYABATE B3HOCHI, IPAYEM CYyMMAapHASL
CTOMMOCTE 3THWX B3HOCOB JONXKHA OBITH DKBHBAJEHTHOU DA30BOU MpPEMUH. JITHM 00-
CTOATEIHLCTBOM OOBACHAETCA TEPMUH ~'HETTO-NIPEMHUA aHHYHTETa  , KOTOPBIM MBI 0y-
JIeM TOMb30BAThCA. AHHYUTETH MOT'YT Pa3iudaTbCA YaCTOTOW MOCTYIAIONAX ILIaTe-
XKeW, CPOKOM JEeUCTBUSA, BeIUIMHOU. [[05TOMY, KaK W [ PA30OBBIX HETTO-IIPEMUMN,
MBI Ha9HEM ¢ 60Jiee TPOCTHIX 10 MEPUOJUIHOCTH B3HOCOB.

7.1 ExerojgHrie aHHYUTE€THI.

AHHYUTETHI, BHIILIAYABAEMEIE €XET'0THO, PA3AeNdiOTCa Ha IBA BU/A - BHEILIAYABAE-
MBI€ IPeABAPUTENBHO, TO €CTh B HadaJe TEKYIIEero I'ojla, ¥ BEILIAYNBAEMEBIE BIIOCIE -
CTBUH, TO €CTh BHIILIAYABAEMEIE B KOHIE TeKyImero roja. llepBoie HOCAT Ha3BaHUme
nperwymepardoc BTOPHIE - NocmHymepando> PaccMOTpuM aHHYHTET IpeHyMepaH/o,
BBIIJIAYMBAEMEIN B T€IEHUE 7 €T, TO €CTh B MOMeHTHI 0, 1,...n — 1. Bernunny ammy-
ureTa OyaeM CIMTATh PABHOW equHuUIE. TOorga TeKymas CTOMMOCTEL 3TOI'0 aHHYUTETA,
0603Ha9aeTCA KAK (7 W DaBHA

N _ 1—2" 1-92"
aﬁ|=1+v+...v"1=1_v= g

Tenmeps IPeANONOXEM, YTO TOT XK€ AHHYUTET BHILIAYUMBAETCA yXKe B TEUEHHE BCEH
XU3HA CTPAaXOBaTelsd, TO ecTh B Tedenwe K = K(z) mer B moments 0,1,...K(z).
Torga ero Texymas CTOMMOCTH ABAACTCA CIYIAWHOW BEIWIWHOW W PABHA

1 — oK+t

aK+1| = d

Hemmonpemus TaHHOTO AHHYHTETA aBHaA €ro aKmyapHolt HACMosWweld —mery’
s
wezi%oepe.MeHHozi\— BEAUYUHES OIPEeaeNAeTCA KaK MaTeEMaTHIeCKOE OXKMJaHUE €I'0 Te-

KyIen CTOMMOCTH:
) 1-A
E (a‘K+1|) = T4 .
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7 0603HAYAETCA KaK (.. OTCI0Ma CIefyeT COOTHOIIEHHNE
1 =di, + Ag,

KOTOPO€ 03HAYAET, YTO HETTO-NIPEMHUA TOXKUIHEHOT'O I'OJOBOI'0 AaHHYUTETa-IPERYMEPAHI0
BEJIWYUHEI d BMECTE C PA30BOU MPEMUEN MTOXMW3HEHHOT'O CTpaxoBanusa pasHa 1. Kpome
TOT'0, U3 ONpeeJeHnI HeTTO-IPEeMUN aHHYUTEeTa U U3 JeMMEI 4 pa3j. 5.1 crexyer

[o.0) [o.0)
ty = E(lg) = > URF1| kPalotk = > ok kpg.
k=0 k=0

OTcroga caefyeT BaXHad PEKyPPEHTHAA (POPMYJIa, JJId AHHYUTETOB:
i, =1+ 'Upwéw+1 (40)

BrIpaxenue [id JUCIEPCAA TEKYIMEH CTOMMOCTH MOMYIAETCA JOCTATOTHO IIPOCTO:

1 — K+t

g =Var[p*™)/d®* = [ %A, — A2]/d>.

Varligs) = Var

B Tom ciydae kormga paccMaTpUBAETCA AHHYWTET-TIOCTHYMEDAHO, BHIILIAYABAE-
MBIM B Te4YeHHe 7 JeT, ero TeKylas CTOMMOCTh, 0603HaYaeMad KaK (y|, PaBHA

aﬁ|=v+v2+...v"=vdﬁ|.

TeKymaﬂ CTOHUMOCTB ITOXKHW3HECHHOI'O aHHYUTETA-IIOCTHYMEPaHI0 U €I'0 HETTO-IpEMUA
COOTBETCTBECHHO DaBHHEI

L= (L™ 1 (1404
d e d '

Kax w B cryuae amHyunTeTa-IpEHyMEPAHI0, COTIIACHO JeMMme 4 pasg. 5.1

a?| =7

o ¢] o ¢]
Gy = Z x| kPzQe+k = Z v gy = Gy — 1.
k=1 k=1
Kpowme Toro,
1 =iaz + (1 +1)A,.

PaccMoTpuM Temeph CpOYHBIE B3HOCH €MHWYHOW BeAMYWHBL. JIa 7—Togu<dHBIX
B3HOCOB-IIPEHYMEPAHJ0 UX TEKYIIaA CTOMMOCTE OIPEAEIACTCA CIYIANHON BEIMINHON
Ggyip, ecm 0SS K <n

Y=4¢.
Q| ecrm K >n.

HeTTo-mpemus 3TOro aHHYHTETa PABHA (4.5 = EY. Ecam yects, uto Y = (1 — Z)/d,
rje CIydIauHad BeInIHHA

,UK+1

ec 0<K
7 — i , JIA < <n

", ecrm K > n,

85



TO MOXHO CPa3y CKa3aTh, 9TO

. 1 1

Orcroga cienyeT paBeHCTBO, AHAJOTHIHOE CAYYal0 MOXU3HEHHEIX AHHYUTETOB
1= dawﬁ| + Aw:ﬁ|-

Kpowme Toro, Bermaumua
n—1

. _ k
Qym| = Z V" gDz
k=0

[ IMCIePCHN TeKyIMWX BEILIAT HMeeM
Y = = ’A A?
VarY = d—2Va7"Z = @( v — Agm))-

PaccMoTpuM cIydal OTCPOYEHHBIX Ha M JeT aHHYHTETOB, KOTOPEIE HAYXHAIOT BhHI-
IIa49MBATCA O JOCTHXEHUN CTPaxoBaTeleM BO3pacTa z + m. HerTo-mpemua Takoro
aHHYHTETa
Aw:ﬁ| - Aw

d

paBHA CpeJHEMY 3HAYEHHUIO TEKYIIeH CTOMMOCTH Y, I'ie CAyIAMHAA BEIMINHA

o0
m|Gz = E : V" gPx = Oz — Qgm| =
k=m

v — 0=dg —ag, ecm 0<K<m
o iz — Gy, ecrm K > m.

Kpome Toro, 3Ty meHy MOXHO IPEACTABATH KaK
mllis = E(dgr7 — Gm)y  mibe = Agimlotm.

Kak yxe OBLIO CKa3aHO, OTCPOYEHHBIE HA ONpEeNeHHBIM CPOK AHHYWTETHl pea-
JU3YIOTCA B BHUJE MEHCUU NMPH JOCTHXXEHUU COOTBETCTBYIOIEro Bo3pacTa. Ilpu sTom
JULS IOy IeHUA STOU MEHCHH CTPAXOBATENh ILIATAT PEryJIApPHBIE B3HOCHL B B TEYEHUE
3apaHee 00yCJIOBIEHHOT'O ITEPUOa BPEMEHN; KPOMe TOT'0, BEINIWHA I'0JOBOT'0 B3HOCA
JOJIXKHA HAXOAUTHCA B COOTBETCTBHU C BeauduHou Oy aymen mencuu. [lamree BOmpoc o
BEJIWYWHE B3HOCA, COOTBETCTBYIOIMIEN OyAYIIEMY CTPAXOBOMY BO3HATDaXIEHHIO, GY-
neT paccMoTpeH. [loka TOTLKO OTMeTHM, 9TO Ha MPAKTUKE IPUBEJEHHEIE 3/1€Ch BU IHI
CTPaXOBBEIX AaHHYUTETOB IPAMEHAIOTCA B COYETAHUU APYT C APYT'OM.

CraeayeT 3aMeTUTh, YTO B BBIPAXKEHUAX IEHLI AHHYUTETa B BUJE CYMMBI IIPHUCYT-

CTBYIOT ciaraemere suaa v* ;p, = A 1. Haopume I —TOAWYHOIO aHHYHUTETA
7| 3 y

n—1
.o 1
Oy = Z Awk|
k=0
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OTO 03HAYAET, YTO MeHA AHHYUTETa PABHA COOTBETCTBYIOIIEN CYMMe HETTO-IPEMUY IH-
cToro goxuTusa. lndg yao6cTBa 0603HAYMM BEIXIAHY Aw:ﬁﬂ Kak F,. Onpegenum Te-
0ephb AKKYMYAUPOBAHHYIO 8EAUNUHY N—TOJAIHOTO aHHYUTETA-IIPEHyMEePaHI0 B KOH-

e CpOoKa KaK OTHOIICHUE
" I
Syim| = Qg7 -
nEy

Ecnu Bemuauna ;.5 XapakTepusyeT MEHHOCTb N —TOJUYIHOI0 AaHHYUTETa ¢ TOYKHA 3pe-

HUA MOMEHTA BO3DACTA T, TO MOKA3ATENb 555 ONPEJEIAET Ty Xe NEeHHOCTh B Oy IyImeMm,
TO €CThb 9epe3 7 JeT. Bemwauna ;.5 HECTOXHO Ipeobpa3yeTca K BHIY

nlkE n—1

5w:ﬁ| = Z

k=0 n w k=0 n—k Ew—l—k

B nomonmenwe K BBeJeHHHIM paHee KOMMYTAIWOHHBIM (PYHKIUAM PaCCMOTDPHUM
dyrxnuio N, = > 32 Dyyk, TOTJa I€TKO BHJAETH, YTO IEeHA AHHYHTETa MOXET OHITH
KPaTKO BHIpaXeHa 4depe3 31U (pynknuu. Hanpumep,

Oy = — OQgqp| = ——(« -
D, | D,

7.2 AHHYWTETH C BHIILIATaMM 17 pa3 B I'OJ

3/1ech MBI PAaCCMOTPHM AHHYUTETHI B KOTOPHIX BBIILIATEI MPOW3BOAATCA M Pa3 B TOJ
¥ OpPH 3TOM BEIMYMHA KaXJOU BHILIATH PaBHA 1/m, HO3TOMY I'00Bas BHIIIATA IIO-
npexxaeMy pasHa egunuie. [To ycrosuro BeimaaTst Ha (k+1)—M roay 0CyIecTBIAAIOTCA

B MOMeHTH k,k + 1/m,...k+ (m — 1)/m pna aHEywTeTa-IPEHYMEPAHLO U COOTBET-
CTBEHHO B MOMeHTHI k + 1/m,k + 2/m,...k + 1 gna caydas mocraymepango. [lusa

KaXou mapel £, s, $ > 1 HEOTpUNATENTLHBIX METRIX YUCET TEKYINasd IeHa aHHyWTeTa-
IPEHYMEPAH/I0, BHIIAIYABAEMOr'0 B T€IEHWE CPOKA 1 + $/m, paBHa

"( 1 nzlmzl ,Uk-l-]/m + = Z ,Un-l-]/m _
n+s/m| m -
k=0 =0
k(1 —w) Lom 1—9° _ 1—w 1_Un+v" 1 — ps/m _ 1 — pnts/m

Z _ ml/m _ ml/m _ ml/m _ _ al/my m
m(l—otm) " m(l—otm) m(l—ovYm) 1—w m(l — vt/m) d(m)
CnefoBaTeNLHO, €CIM MBI PACCMOTDHM TOXW3HEHHEIM AHHYHTET-TIPEHYMEPAH0 C
M—Pa30BEIMEA BEIIATAMHE, TO €T'0 TEKYMIaA CTOMMOCTE KaK CTyJallHasA BeJINIHHA PaB-

Ha

é(m) _ 1 _ /UK+Sm
K+Sm| —  (m)
31ech Kak W paHee, ciydawHas BemmumHa K = [T(z)], a cay4aimas BeamumHa

Sm = (m(T—K)|+1)/m € {1/m,...(m—1)/m,1}. Orcloga HeTTO-IIpeMU JAHHOTO
AHHYWTETA KaK CpejHee 3HAYECHUE €r'0 TEKYINeH CTOMMOCTH DaBHA

) 1— Afm
i = Bligrs, = —m —
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Orcroga momydaeM coOTHOMEHHE, 0600Mmarormee crydad m = 1 :
1 =d™am 4 Am), (41)

Ecau apmywmTeT ABIAETCA CPOYHBIM HA 7 JE€T, TO B TaKOM CIyYae €ro TeKyIas
CTOUMOCTD

wm) | (=0 /dm™ ] ecmu K+ S, <n
R Sm T (1 —o™)/d™, ecru K+S,>n
OIIpeleAeT HeTTO-PEMUIO
(m)
a(m_) _ 1 - Aw:ﬁ|

OTO PaBEHCTBO DKBUBAJEHTHO

1=d™aly + Al

7|

ITony4ueHHOE PABEHCTBO IpHU 7 — 0O mpeBpamaeTca B (41).
PaccMmoTpuM omcepouenmbith Ha g Aem n2200uuHbll aHHYUMem ¢ ebiniamamy m
pa3 6 200> JliA HEr0 HETTO-IPEMHUA PABHA,

q|na§vm) _ ag(vm) . m) z:q| w:q+n|.

[Ipm 5TOM TeKymas CTOMMOCTE TAKOT'O AaHHYUTETa €CTh PA3HOCTD CAYyYAWHBIX BETUIHH
Z —Y, rme Z— TeKymas CTOMMOCTD ¢ + N— TOAUYHOTO aHHYHTETA, & ¥ — aHAJOTUIHAS
CTOMMOCTh ¢— TOAWYIHOTO AHHYHATETA.

[lony4unm BEIpaXkeHUA AJIA AHHYUTETOB C 1M —Pa30BEIMY BHIILIATAMY Yepe3 aHHYU-
TETHI C BRIIIATAMY OJWH Pa3 B roj. OTpaHUYNMCA CIydIaeM MOXW3HEHHBIX aHHYUTE-
TOB, IOCKOJLKY JJIA APYTHUX CIydaeB MOMyIal0TCA aHAJOTTIHEIE (hOpMYIsl. Bripazum
BemmawEy (™ w3 pasencTsa (41) :

d 1

w(m) _ @4 . (m) _ N

@;" = G e = g — Aal =
W™ a, — aTAm — A,).

[IpeAnONOXUM TeIeph PABHOMEPHOE DACIPE/ETIeHAEe CMEPTEH, TOTAa PaBeHCTBO (36)
JaeT

i = Vg — il — 1A, = iV, —
rJie BeIn9InHa

s%n) = a%n) (144"
HOCHT HA3BAHUE HAKONACHHOU CTMOUMOCTINU T>200UYHLL AHHYUITLEMOB>TLOCTNHYMEPAHIO
C ’Pa308biMU 8bindamamu> B gacTrOCTH Tpy 1 = 1 BerwyamHA s%n) =1/ i™ . TIoxcra-
BJIAA CIOJ1a BEIDAXKEHWE A G, w3 (41) npm m = 1, moxyqmm:
o (m) _ s (m) i

(m) — glmlg
Gy =y lg

(1 - daw) =



(m)

)« (1) sy — 1
sty = dm)
TIOCKOIBKY d(m)d%n) = d. O6osmasms a(m) = s$Mal™ = id/@E™d™), B(m) =
(s%n) — 1)/d™ = (i — ™) /({{™d™) momyamm xpaTkyio 3ammch
6" = a(m)i, — B(m)

Kosddunuentsr «(m), f(m) Ipu MATBIX OIPOLEHTHHIX CTABKAX BHIYHACIAAIOTCA TOCTA-
TOYIHO JIerKO. II0CKOMLKY BHIpaXKeHUe A

B i2 (1+7;)1/m B (65— 1)2 ed/m B f(5) B
o) = im0 =1 @ e = DF ~ f6m) 1O
rae pyHKIUT
m e&/m _ 2 eJ/m
plomy =TTy - 8 L0V gy o g

¢ 1+0/m+y(6/m) "

IIpX 3TOM

Orcroga cregyer, 9TO
a(m) =1+ o(9).

Amnasormuno u3 npegcTasieHus Ko3pPUITHCHTS,

0.5(1 — 1/m) + ¢(6)/6* — 4(6/m) /8

(14 0.56/2m)> , P(8) 2 8°

p(m) =

cresyer, 9To
B(m) =0.5(1—1/m) + o(1),

TakuM 06pa30M, IIPU MAJKIX BEIMIMHAX ¢ KOIDPUATAECHTHI
1
o(m) =1, f2 (1~ 1/m).

,Z[JIH OTCPOYCHHBIX Ha LOEJ0€ YUCIO 71 JEeT aHHYUTETOB C 77l—Pa3O0BBIMU BHIILIaTaMHA
IIOJIYYICHHBIC BEIPDaXKECHUA IMO3BOJJIAIOT HAIIUCATh PaBEHCTBO

™ = L Eilh, = nEg[a(m)igyn — B(m)]

OTCIO,IIa HeTTO—HpeMI/IH rZUIH TL—I‘O,Z(I/I‘IHBIX aHHyI/ITeTOB—IIpeHyMepaH,/IO
=al™ — [ Ea™ = a(m)iy — B(m) — WEyle(m)iigsn — B(m)] =

a(m)lgm — B(m)(1 — nEg).

[Ipw cpenraHHOM NPEATONOXKEHUN DPABHOMEDHOT'O PACIPEIETeHUus CMEPTEH IIOo-
JydeHHBIE (DOPMYJABI MO3BOJAIOT IPEJACTABUATL HETTO-IPEMUHU 14 AHHYUTETOB C
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M—PpPa30BBIMHU BHIILIATAMHA BBEIDA3UTh CHaYaJa Yepe3 pa3dOBble HETTO-IIDEMHUU COOTBET-
CTBYIOIIUX BHJO0B CTPDaXOBaHUA, a 3aTEM 4YE€pe3 KOMMYTalUOHHBIC YUAC/IA:

1— A,
d

Dw—l—n Dw—l—n - Mw—l—n
5 atm) P 2ot ),

o(m) __ Dw - Mw + Mw—l—n - Dw—l—n
aw:ﬁ| - (m) |: dDw

Dw_Mw

~ B(m) = a(m) ="

p(m),

alm) — a(m)

7.3 HenpepriBHBEIE aHHYHUTETHI

HerepBIBHBIe AHHYUTETHI IIOJYYal0TCAd U3 aHHYUTETOB C 771— Pa30BBEIMHM BHIILIaTa-
MH IIDA HEOI'DAHWUYICHHOM YBCJIUYICHUUW 771. TaK,TeKyIIIaH CTOMMOCTB HEIPEPBIBHOI'O
IIOXKNU3HEHHOT'O aHHYUTETa PaBHA

T
C_lT| == /0 Utdt.

Taxum 06pa3oM, B TedeHUe GECKOHEYHO MAJOT'0 MPOMEXYTKa BpeMeHu di 371eCh BEI-
IIaYABAETCA CyMMa, PaBHAA df, e COBpEMeHHAA CTOMMOCTE paBHa vidi. B 6omee 06-
meM CIyd4ae, eCIu B MOMEHT BPEMeHU { YPOBEHDL BHIILIAT PaBeH by, TO TEKyINas CTOW-
MOCTBH MOXHW3HEHHOI'O aHHYWTETa PaBHA

/wmwﬁ.
0

HeTTO—HpeMI/IH HEIIPEPBIBHOI'O IMOXKU3HEHHOT'O aHHYUTETa PaBHAaA

)
Gz = E(aﬂ) = /0 aﬂ tpw'uw-l-tdt-

B cooTBeTCcTBUE ¢ IeMMOU 3 MOCTE[HEE BHIPAXKEHUE PABHO

oC
/0 vt pgdt.

C Apyrou CTOPOHHI, CIY9aMHYIO BEIXIMHY TEKYINel CTOMMOCTH MOXW3HEHHOT'O aHHY-

ATEeTa MOXHO IPEJCTABATEL KAK

1—w
6 ?

OTKyAa HeTTO-TipeMus a, = (1 — A;)/d, 9T0 gaer pasencrso 1 = da, + A,, KOTOPOE

ABJAETCA HENPEPHIBHEIM aHAIoroM pasencTsa (41). Ilpu sToM gucmepcusa Tekylmen

CTOMMOCTH

aT| ==

i 1-oT. 1 S T,
Var(az) = Var(T) = 6—2Va7"(v )= 5_2( A, — AY).
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PaccmoTpuMm crienyromuu npuMep.

[Ipw mpeamONOXeHNN MOCTOAHHOW WHTEHCUBHOCTH cMmepTHOCTH 4 = (.06, m mems-
MEHHOU HEIPEPHIBHOM MPOIeHTHOU cTaBku 0 = 0.1 mauTu:

a.BRIPAYXKEHWE [JIA TEKYIIeW CTOMMOCTH TOXW3HEHHOT'0 AHHYHUTETA,

6.e1'0 HETTO-IIPEMHUIO,

B.IUCIIEPCUIO TEKYIIEU CTOMMOCTH H

I.BEPOATHOCTHL TOTO, YTO TEKyIIad CTOMMOCTL AHHYHUTETA NPEBEICUT BeIUIWHY
HETTO-IIPEMUH.

a.Benmwuwna Tekymmen crouMmocTn

T
ar = | e "Mdt =10 — 10e7 7,
T 0
6.HerTo-mpemus

[o.0) [o.0)
d, = / o—0-1t,—0.06 7y _ / e=016 7 — 6.95.
0 0

A, = E(e™00T) = / e~ 0:1tg=006) 06t = 3/8 = 0.375,
0

24, = / e~0:2=00640 06t = 3/13 = 0.2308 =
0

Var(az) = 100(0.2308 — 0.375) = 9.0144.
r.Mckomas BepoaTHOCTS P (a7 > 2a,) paBHA

1 -7

P
( 0.1

> 6.25) = P(e™®'T < 0.375) = P(T > —1010g0.375) =

P(T > 9.8083) = / e~ %0%80.06dt = 0.5552.

9.8083
I[JIH N—IroIUYIHOI'O HEIIPDEPBIBHOI'O aHHYUTETa BECINYHUHA TeKyHIeﬁ CTOUMOCTH paB-

Ha
Y—{aﬂ’ ectu 0<T<n

am|, ecmm T >n.

NuTerpupysa mo 9acTAM, TOLYYIUM BEIpAXKeHWE IIA HeTTO-IIPEMUMN:

n n
Qzm| = EY = /0 aﬂ tpw:uw—l—tdt + Q| nPz = /0 v tDzdL.

W3 Buga CIyIadHOM BEIUYUHEL Y CIEAyeT, 9TO

Qg.m| = EY = %(1 - Awm)

Kpome Toro, BeIpaxkenue id JUCIHEPCAA BEAMYUHBEI TEKYIEX CTOMMOCTH HeEIpPepPhIB-
HOT'O N—TOAWYIHOTO aHHyuTETa OyIeT

1

_ _ 1 B .
= 5o Mem — 4 1 — 20 g — (1 — Oagm))?] =

Var(y) ) = 1
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2 _ _
_[aw:ﬁ| - 2aw:ﬁ|] - ai:m'

)

,Z[JIH OTCPOYCHHOI'O Ha 71 JIET HEIPEPLEIBHOI'O aHHYUTETa HETTO-IIpEMUAA DaBHA

Aw:ﬁ| - Aw

i t i t " t
n|aw = / v tpwdt = / v tpwdt - / v tpwdt =0z — C_’*:/v:ﬁ| =
n 0 0 4]

HpI/I ITOM TeKyllad CTOHUMOCTH OTCPOYCHHOI'O aHHYUTETa PaBHa

v — 0 = 7| — ), ectm 0<T<n
’l)nc_lT—_n| = C_lﬂ — Qp|, ecIn T > n.

SaMeTI/IM, 9TO HETTO-IPpEMUA

n|aw = nEwaw—l—n-

[lonyunm BEIpaXXeHWsA, CBA3BIBAIOIIAE HETTO-IPEMUM HENPEPHLIBHLIX AHHYHTETOB
C COOTBETCTBYIOMNMY AUCKDETHHIME aHajdoraMu. Kak m pasee, 6y1eM IpeANOIaraThb
pPaBHOMEDPHOE pacupejeleHne CMepPTer Ha KaXOM MeJOYnCIeHHOM mHTepBate. Pac-
CMOTPUM TIOXW3HEHHBIN AHHYUTET, /A HErO HEMPEPLIBHASA HETTO-IMPEMUA PABHA

_ _1—/_195_1—(71/6)1495_5—iAw_5—i+ﬁd
Ge =5 = 5 T e e e

ARanOorm9ELIM 06Pa30M MOXHO ANIPOKCAMAPOBATE HEIIPEPHIBHEIE AHHYATETHL APYTHX
BH/IOB.

[0 cuX TIOP MBI IPEANOIATAIH, 9TO HATATLHEIN BO3PACT ABIAETCA MEABIM IACAOM.
Ecim maEHOE IpeAmoNoXeHne He BEIIOJHAETCA, TO €CTh HAYAMLHEIA BO3PACT PAaBEH
z+u, z€{1,2,...},u €[0,1), HeTTO-IpEMUA

N Y
. _ klz u
giu = YU 4
k=0 T+u

Ecam npeamonoxenune paBHOMEPHOT'O PACIPEEICHUA CMEPTEH HAME MPUHUMAETCH,
TO OTHOIIIEHHUE

lw—l—k—l—u _ lw—l—k—l—u lw—l—k lw _ lw—l—k—l—u lw _ kpw(l - quv—l—k)
kDz = .
lw-l—k lw-l-u 1- UGy

l;z:-|—u B lw—l—k lw lw+u

Orcioga u B cury (40)

. 1 =k iy u(l + i) Ay
= 1 — = —_ —
Ayt 1 — ug, kzov kpw( quv—l—k) 1 — ug, 1 — ug,

G w4 i) —ddy) _ (1+iw)is — (1+i)u _

1_qu_ 1_qu 1_quv
(1 +4)ag + (iu—9)ag —u(l +10) 140+ pylgpr +i(u—1)a, —u(l +10)
1—ug, B 1—ug, B

92



(1 —u)(1 40— idy) + prlzi1
1- UGy .

IIpeacrasus pasencTso (40) B Buge
1+1 — iy = dg — pwéw—l—l:

n3 mocjeqHero paBeHCTBa IIOJdyYIaeM

(1 - ’LL) (aw - pwéw—l—l) +pwéw+1 — (1 - u)aw + upwéw—i—l
1- Ugz 1- Ugz .

(42)

Ogty =
IIpu MATEIX 3HAYCHAAX , BEIAIWHA
e (] — ) .
Ugin = (1 — u)ly + ulgir-

[Ipeacrasnenwe (42) BredeT 3a OG0 COOTBETCTBYIONIEE NPEACTABICHUE IIA PA30-
BOU HETTO-peMud. VIMEHHO, U3 PABEHCTBA BHIPAXKAA (i, (g1, U3 paBeHCTBA (41) mpm
m = 1, paBencTBo (42) 3anumem B BUAE

(1—u)A; + up,Azia

Aw—l—u = 1— ug
z

Paccmorpum mpumep. Tpebyercda mokasaTh, ITO A JIOO0T0 3aKOHA CMEPTHOCTH
ClIpaBeIJIMBEI HECPDABECHCTBA
Gy < 05, Az < G-
ezl

Jlns o6ocHOBaHMA TEPBOTO HepaBEeHCTBA paccMoTpum dymkmmio f(t) = G Torga
yCIoBHe

f(t)=—-de <0

03HAYAET CTPOT'YI0 BOCHYTOCTBL 3TOM (PYHKIWH, JIA KOTOPOU HepaBeHCTBO Vencena
BJIEYIET
A, = E(C_lﬂ) < C_lﬁ| = G5

ezl

s BToporo HepaseHcTBa paccMoTpuM dyrkmuio f(t) = (1 —vt)/i. Torga sTa dyHK-
nua audpdepeHupyeMa U TakK Xe CTPOrO BOTHYTA:

H 62
f (t) = ——.’Ut < 0.
1
Toraa mepaBeHCTBO Vencena TaeT:

a; = E(ag)) < oz = e)-

3ATAYUN

1. Hawrrw Bripaxenue s Cov[daz, v ].
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Pemenne.
Cov[éaﬁ,vT] = E((SaﬂvT) — E((SaTl)E(vT) =E@" — ") - BE(1 —v")EQ@T) =

— 24, + A2 = —Varv".

2. llokaszaTh paBEHCTBO B
§(Ia)g) + Tv" = agy.

Pemenune. UaTerpupoBanme mo 4acTaM aeT

T T 7
ag| = /0 e %dt = ']y + 5/0 whdt = T + 0(Ta)r

3. BeIpasuTh BeImuuHEy 2A, depe3 HeTTO-IPEMEIO IOXM3HEHHOI'0 aHHYHUTETA.
Pemrenme. PaserncTso 1 = di, + A, mpeacTaBuM [iA yABOEHHOU CUJIBLI IPOIEHTA
KaK

1
A, =1— 24,4+ —

5 2hy <= 2A, =1— (1 =27 %G, = 1 — (2d — d?)id,.

4. Bripa3suTb npou3BOAHYIO di,/di B TEDMUHAX HETTO-IPEMUN NOKM3HEHHBIX AH-
HYHUTETOB.
Pemrenme. N3 paBencTBa [IiA IPOU3BOSHON WICHA PALA,

d
%(Uk kpw) = —koFH! Pz

ciaenyeT, 9To

5. [JokazaTb paBeHCTBO
a(m) — B(m)d = &™.

Pemenne. [lockomnky d%n) = d/d(m), TO MCXOAHOE PABEHCTBO 3KBUBAJEHTHO Ka-
X/IOMY W3 HUXENPUBEJIeHHEIX PABEHCTB
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8 Peryaspabie ipeMun

Panee enmHOBpeMeHHBIE HETTO-IPEMUH ONMPEEIATUCH KAaK CpeJHee 3HAYEHUE TeKY-
IMUX CTPAXOBBLIX BBHIIAT. TeM caMbIM TOAPa3yMeBaJOCh, YTO, €CIW OTBIECYLCA OT
PHCKOBOM HAA0ABKH, OT HAJ0ABOK, CBA3AHHBIM C HEOOXOJAMMOCTBIO BECTH TEKYIIUE
JIena, IATATH HAJOTW U T. J., CTPAX0BATENh 33 Oy AyIee CTPax0BOe BO3HATPAXK JeHTE
MOIXKEH 3alIaTUTh yKa3aHHYIo npemuio. Takum o6pa3oM, Ipu ONpeaeleHud HEeTTO-
IPEMUU MBI MCXOAWIA W3 PABEHCTBA CPEJHUX TEKYIMUX 00A3aTEThLCTB CTPAXOBaTENA
¥ CTPaxoBIMUKa. Kak yxXe ObLIO paCCMOTPEHO PaHee, CTPAXOBATENb BMECTO BBITLIATHI
Pa30BOM MPEMUH BHILIAYUBATHL PErYIAPHBIE B3HOCHI ONpEAeIeHHON Beauduubl. [Ipu
3TOM pa3Mep AaHHOTO B3HOCA OyJeM Ha3BaTh pe2yaapHol npemued.

8.1 IIpumHIMN >KBMBATEHTHOCTH

BeesneM nomATHE cayuatinot 8eauuumbl YobmMKa KaK Pa3HOCTH MEXY TEKYIIEU CTO-
MMOCTBIO CTPAXOBHIX BBILIAT W TEKYIEW CTOMMOCTBLIO MPEeMu W 0603HAYATH Kak L.
Hampumep, ams pacCMOTpPEHHBIX paHee PAa30BHEIX IPEMUU B CIAyYae MOXWIHEHHOT'O
CTPaxXOBAaHUA C eJUHNYHOM BEIILIATOM B MOMEHT cMepTy BemmuawmHa L = v — Ay, lpm
STOM BeawuWHa A, ompejeneHa HAMW W3 YCIOBHUSA

E(L) =0. (43)

Ananormdno 06CTOUT [es0 ¢ ADYTUMU BHIIIE PACCMOTPEHHEIMYU BHIAMU CTPAXOBAHUA.
Yenosue (43) 6yneM Ha3bIBATH IPUHIWIOM SKBUBAJIEHTHOCTY M B [JAJbHEUIIEM HUC-
HOJB30BATH JJIA ONPeJeleHUsA HETTO-IDEMUM B PETYIAPDHOM CIydae.

8.2 Exerognnlie HETTO-IPEMHUU

PaccMoTpuM mOMHOCTHIO IUCKPETHBIN CIyYad, KOT'/Ia CTPAX0BasA CyMMa BHIILIAIABETCA
B KOHIIE I'0JIa CMEPTH, B3HOCKHI CTPAXOBATeNA BHIIJIAYABAIOTCA B Hadasue roja. Bemn-
YKMHA T'0J0BOT0 B3HOCA Gy €T OUpeeneHa U3 ycaoBus (43) Ama Kaxoro BEAA CTPaxo-
BaHUA. TaK, MIyCTh eIMHUYHAA CTPAXOBAA BHIIIATA A MOXU3HEHHOT'O CTPAXOBAHUA
NIPOM3BOAUTCA B KOHIIE I'0J1a CMEPTH, & CTPAX0BaTeNb BHILIAYUBAET B Hadale KaXA0T0
rojja IPEeMUIO BeIUIUHBL P, Toraa ciaydauHas BeTwdnHa L ompeaenseTca Kak

L =v"*" - Py, K=0,1,2,...,

1 IPpUHIOWUII SKBUBAJCHTHOCTH OaeT
, Ay
E(L)=A; — Pyi, =0, P, = —.
g

Cay4daunyio BeaudnHy L MOXHO Temephb IIPeJACTaBUTL B BHE

1 — oK+l A A 1 A
L=ovKt' P, — (14 25K 22 — ()Rt - =2
v d (1+ i Jv diiy (ddw)v diiy’
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OTKYJa BBIDaXKCHHUE A TUCIEDPCHUA BBITECKaET KaK

24, — A2

Var(L) = W

B o6mewm crydae ¢hyHKIIEA TOTEPH BRIMVIAAUT KaK Pa3HOCTH
br1vx 41 — PY,

e bixy1, Uk4+1— COOTBETCTBEHHO CTPAXOBasA CYMMa M JUCKOHTHUDYIOMAA (PYHKIUA, a
P, Y — moamermas ompeeqeHnio HETTO-IPEMUA U TEKYINad CTOMMOCTh PACCMATPHUBA-
€MOT'0 AHHYHTETA.

PaccmoTpuM n—rogmdnoe CMeIaHHOE CTPAXOBAHUE XU3HU € eIWHUIHOU CTPAXO-
BOU CyMMOW ¥ BHIIIATAME €XKEr0JHOW MPEMUK-TIPEHYMepaH 0B Tedenne h aer. 31ech
BEJIUYINHA TOTEPD

L=7-PY,

CIyJaWHbIe BEIUIUHEL Z, Y DPaBHEBI

vEtL eemm 0K K <n

", ecrm K > n,

éK_-|—1|7 ecaIn 0<K<h
A, ecm K > h.

B Takom ciaydae ycaosue (43) paer

I

T

P = th:ﬁ| =

a‘w:h

[IycTs Temeph CTPAxXOBHIM BO3HATDAXKIEHUEM ABIAETCA OTCPOYCHHBIA HA 7 JET IIO0-
KW3HEHHLIM AHHYWTET, 8 CTPAXOBhIe MPEMUM BHIILIAYAUBAIOTCA B TedeHme h < 7 JeT.
Torga cnygannasa semmunna L = Z — PY, onpegensgercs MO CIyYaWHBIM BeTHIXHAM
Z,Y .

0, ecrm 0< K <n
Z =3 . N
Ugsy) — Gn|, ecmm K >mn,
v — aK_—|-1|7 ecau 0<K<h

dm, ecm K > h,

HerTo-ipemMus ana maHHOro crydas paBHA

G A
. n|Qz z:m|Prt+n
P = ,P( gjiig) = 222 = =0 2"

a‘w:h| a‘w:h|

W3 npuBemeHHBIX CIy4YaeB BUIHO, YTO OONAU TPUHITUAN OOO3HAYEHWU [JIA PEryJsiap-
HBIX HETTO-IPEMAU COCTOUT B TOM, YTO MPEPUKC Y CUMBOIA P CIyXuT 1 XapakTe-
PUCTHKY B3HOCOB CTPAXOBATENA, a HHAEKC, WK B CIOXKHEBIX CIydadx TUIA OCAeTHETO
NIPUBEEHHOIO BHIIE, B CKOOKAX - JJIA ONMUCAHUA CTPAXOBOI'0 BO3HAT'DAXKAEHUA.
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PaccmoTpuM cIydauHyio BEIWYWHY TOTEDPDH [IA CTPAXOBAHWA YUCTOTO TOXKUTHUA
[0 BO3pacTa T + N, OIPH YCIOBWHU BHIMLIAT B3HOCOB B HAYaJe KAXJIOT'0 T'0ja. 3IecCh
yOBITOK

I = —PaK—Jr”, ecrm 0K K<n
v" — Py, ecim K >n,
OTKYJa €XerogHas HeTTO-IPEMUS [N CTPAXOBAHUA UUCTOTO MOXKWTHUA C BHIILIATAMUA
B3HOCOB B TEUYEHWE 7 JET PABHA

P=pP 1|: z:

T:n| .
G

— Al 1
U3 pasercTBa Ayq = Ay p + A, 7 TOTyTIaeM, ITO eXerOfHAA HETTO-IPEMHAS JIA CMe-
ITaHHOI'O CTPpaXOBaHUA XKW3HKW paBHa CYMME€ HETTO IpEeMUU JA 7 —IT'OJUYHOI'O CTpa-
XOBaHUA U YACTOI'O JOXHUTHUA:

Pw:ﬁ|:P;;ﬁ|+P !

7"

8.3 IIpemun, ywraumBaeMbi€ 771 pa3 B I'oJ

BJIGCB MBI paCcCMOTpPHUM CJIy‘I&fI, KOI'la IIpE€EMHHU BBIILJIAYABAIOTCA 717 pa3 B I'OJ, IIpK
ITOM pa3Mep O,Z{HOI& BHIIIJIATHI PaB€H 71— YaCTH I‘O,Z{OBOfI IIpeMHun. B Takom ClIy4dae
roaoBad IIpeMud 0603HaYaeTCA B 3aBUCUMOCTH OT BHU1a CTpaXOBaHUA KaK

ng )7P;1;;ﬁ|7 hP( n|aw)( )7
TO €CThb IIpI/IﬁaBJIeHI/IeM BEPXHET'O HHICKCa (m) K COOTBeTCTByIOII_Ieﬁ I‘O,Z{OBOfI HETTO-
npeMun C BBIILIATOR OOWH pa3 B I'OJ. HpI/I 9TOM IIPHUHITAII BEITUCJICHUA TaKUX IIpeMI/Iﬁ

HUYEM HE OTJIMYaeTCAd OT Cilay4dad I'OJOBBIX BEIILIAT. HaanMep, €XerojJHad HEeTTO-
npeMud Iad CMEIIaHHOT'O CTPpaXOBaHUA XKW3HW PDaBHa

Aw:ﬁ|
- (m) °

aw:ﬁ|

P("l) —

Z:

CpaBHUM BeJIWYWHEI TOJOBLIX IPEMUU B CIy4Yae 1M —PA30BLIX W €XKErOJHBIX BHITLIAT.
PaccmoTpuM ciiydad MOXW3HEHHOT'O CTPAXOBAHUA. 3A€Ch UMEEM PABEHCTBO

A, = Pi, = P™al™ = Pi™ (a(m)i, — B(m)),

OTKY 12

S P,

2 = am)ae — B(m)  olm) = Bim)jas =
Amnajoruynnie HEPABEHCTBA, CIPABEIUBEL M [IA JPYTHUX BHIOB CTPAXOBAHMUA.
Paccmorpum npumep. CTpaxoBaTesisb Bo3pacTa 35 JeT MOKYIaeT MOIUC 2 - XT'OuY-
HOT'O CMEIIIAHHOI'0 CTPAXOBAHUA XKU3HHA ¢ 00men crpaxosor cymmon 10000. BrurmaaTa
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IO CIyYal0 CMEPTH B KOHIIE I'0JIa CMEPTH, B3HOCH-IIPEHYMEPAH0 MOJYT'0J0BEIE, HOD-
ma goxomuaocTH ¢ = (.1. TpebyeTcsa BEIYACIUTE TOJOBYIO HETTO-TIPEMUTIO, TPEATIOIAT A
PaBHOMEDHOE paclpeeieHre CMEPTer Ha KaXJI0M BO3DACTHOM IEJOYMCIEHHOM WH-
TepBaJe W MOAb3yACh Tabauren Ha cTp. 68. Kak w3aMeHnTCA 5Ta HETTO-IPEMUS, €CIU
BBIIIATHI IO CMEPTH 6yAyT B MOMEHT CMEPTH?
Cravaira BBEIYUCIAM
_11s6 92369

e =14 (1.1)7138 =1 4 7207 4 9065,
Ggs) =1+ (11)" 7 = =1+ 177 99639

35— l3e Isg — I3z 92629 — 92369 = 92369 — 92096

Al = = = 0.004987
3520 T 11 x lsg | 112 x lgs 1.1 x 92629 T 117 x 92629 ’
Is7 92096
AL = = = 0.821691
320 7112 x I35 1.12 x 92629 ’
0.1 x0.1/1.1

a(2) = = 1.000568, B(2) = v/1.1/4 = 0.262202.

2(v1.1 — 1)2(1 — 4/1/1.1)

Orcroga cregyer, 9TO

Q05 = 0(2)iagsz—B(2)[1— Agsy] = 1.000568 x1.9065—0.262202(1—0.821691) = 1.86083,

U 3HA'YECHUE HCKOMOﬁ HETTO-IIPDEMHUU DAaBHO
10000P(Ags3) ) = Agsz /iy = 10000(0.004987 + 0.821691)/1.86083 = 4442.52.
[lna cpaBHEHWA HETTO-TPEMUA B CIydae T'OJOBHIX B3HOCOB PaBHA
10000P(Ag55) = 10000(0.004987 + 0.821691)/1.9065 = 4336.1.
,Z[JIH BHIILJIAT B MOMEHT CMEPTHU BCIWYIUH IIPDEMUN
10000 P(Ags)? = (1.049206 x 0.004987 + 0.821691)/1.86083 = 4443.84,

KaK BHJIHO OTCIOMa, W3MEHHTCSA OYEHbL HE3HAUYUTETLHO. JTO OODLACHAETCA TEM, UTO
A BRIOPAHHOT'O BO3PACTa MOKA3ATENIN CMEPTHOCTY HU3KHW W BHIILIATHI IO CMEPTH HE
BJIUAIOT CYIIECTBEHHO HA ITPEMUIO.

SAAYN

1. CTpaxoBIUK TPOJAET MOJUC O 4-XTOAAUIHOMY CTPAXOBAHUIO XU3HU KIWEHTY,
711 KOTOPOT'0 BEPOATHOCTH CMEPTH HA IMEPBHIX YETHIPEX I'0JaX PAaBHHI COOTBETCTBEH-
O 0.125, 0.125, 0.25 u 0.5. CTpaxoBas cymMa, paBHad 1, BHIILIAYUBAETCA B KOHIIE
rojfia CMEPTH, & CTPax0oBad IPeMUA BeIWINHEI PP BHOCUTCA B Hadaje KaXJOT0 U3 de-
THIPEX JIET IPX YCJIOBUHA TOXUTHA. 1 pebyeTcsa onpeennTs BeandnHy P U JUCTIEPCHUIO
CIIyIaWHOW BEJIWYWHEI yinepba, ecau 3uadenne ¢ = (.1.

Pemenne. [Ina pemrenus 3aga<vu pacCMOTPUM TaOIHUITy

98



T g | PK=K) |

0.909 1 0.125
0.826 | 1.909 0.125
0.751 | 2.735 0.25
0.683 | 3.487 0.5

W=D =

V3 pamHo¥ TaGmuisl, coracuo yciopmo 6ananca EL = B! — Pig] = 0,

nonyaaem P = E[v**')/ iz = 0.3058. Teneps Var(L) = E[L?] = 0.122.

2. JlokaxXuTe, 9TO eCIM WHTEHCHBHOCTH CMEPTHOCTH [i; BO3PACTaeT C BO3PACTOM
z, To Bemmamna P(A,) > g

Pemenne. [lockombky

oo

_ o0
Ay =/0 0" 1Deptoredt > Mw/o vt ppdt = e,

o P(A) = A/t > phy-
3. JokaxuTe paBeHCTBO

20P,.35 — Prag) = 20P( 20j104z)-

Pemenue. TpeGyemoe paBeHCTBO IOLY4aeTCA JEICHIEM HA (55 PABEHCTBA

1 _ o4
Aw:%| - Aw:20| + 20|1014-7"

4. [loxkaxwuTe PaBEHCTBO

1 1

G| Sz

Pemenune. Tpebyemoe paBeHCTBO NOIYyYIaeTCA W3 MENOYKW SKBUBAJEHTHHIX pa-

BEHCTB
1 1

1- L E,
=Pptde—= ——""=Pg+d=

Gy Sg:m| Gy

1
T

1 — diigim) — nEy = Prajliom < Agm = A
OCKOMBKY 1 — diigpm = Agm-
5. Onpegenure 3Hadenue P!
0.06, Agin = 0.725.

Pemenwe. [lockombky A; = Pyligs), TO, Iepenncas PaBeHCTBO

€cTd W3BECTHO, 49T0 P = 0.04625, Ppg =

|2

1 1w
Aw = w:ﬁ|aw:ﬁ| + Pz;ﬁ|aw:ﬁ|Aw+n

+ P,L = 0.06, noxy4aem

1 1
+ P - A,., u yuuTwBasg, aro P &

x| x|

B BUge P, = Pwl:ﬁ|
1 _
Pl = 0.01.
6. CTpaxoBaTenb B BO3pacTe T MOKYIAET MOJUC O6ECCPOTHOTO CTPAXOBAHUA XW3HA
CO CTPaxXOBOM CyMMOM paBHOM 1. BHIIaTa 1m0 cMepTH HpOM3BOJUTCA B KOHIE I'OJa
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CMEPTH, CPOK YILIATHI IPEMHUH - HAYAIO Ka¥XJO'0 I'0jIa B TeUeHWE BCEW XW3HU. Han-
JUTE BeIWYZHY I'OJOBOY IPEMUU B CIEAYIOMXX CIydasx:

a. M, =100, N, = 2000.

6. M, =100, ¢« = 0.0526, D, = 200.

B. M, = 100, N, = 2000, D, = 200, a npemMuu yImIaduBaiOTCA B HaJaJe KaXJI0T'O
MecATa.

Pemenue. a. [lockonsky A, = M,/D,, i, = N,/D,, To Bemuuuna P, = M, /N, =
0.05.

6. Py = Ay /iy = dAg /(1 — Ag) = 0.0499 2/ De — 0.0499.

B. P12 = A /al1Y = A./(a(12)d, — B(12)). Hyxnsie kodbUTHERTH HaH-
nem u3 pasenctBa 1 = dd, + A, = d(N./D,) + M,/D,, otkyaa d = 0.05,i =
1/19 = 0.0526316, i'» = 0.051403, d'? = 0.0511836, a(12) = id/(i1Pd1?) =
1.000224, 3(12) = (i — i1?)/(i12d12) = 0.4669724. Tenepn

P(12) _ Mw/Dw

= = 0.0524368.
* T &(12)N,/D, — 5(12)

7. CTpaxoBaTelb B BO3PACTe I MOKYIAET MOJWC CTPAXOBAHUA XW3HU HA CPOK 7
JeT co cTpaxoBou cyMMmou paBHou 1. ['ogoBas mpemus - mpeHyMepaH0 3a MepBLIU
rox pasHa P, 3a mocaenyromue roaet - 2P. Tpebyerca onpeaenuTs 3HadYeHue P, ecnn
M, =100, Mgy, =75, N, = 2000, D, = 200, Ny, = 1500.

Pemenne. Bervamna P nomydaeTca u3 paBeHCTBA A:/lv:ﬁ| = 2Pag.z — P, m3 xoTOPOTO

Mw - Mw—l—n

P =
2(Ngy — Nyyn) — Dy

= 0.03125.
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