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nrPoJor”
Yem XY¥KE BBl IOHHMAETE MHD,
TEM [IPOLIE BaM MNPHHATE PEIISHHUE.
Skowomucm us The Economist
e Mbl HUYEFO
HE 3HAEM O X UPHBIX
XBOCTAX!

Pucynok 1.1: ITpoénema ne & mom, umo mio0u He CIBIUATU O (HCUPHOM XBOCIMEY, A 8 TOM, YMO He NOHU-
Maiom cepwesHocmb e2o nocieocmeuti. Kozoa eam ecmpemuics «iCUpHblil X60Cm», Helbis plOpams

U3 NPUBLIYHOZ0 APCEHANA CMAMUCMUKY COOMEEMCMEVIOWUT 6APUAH KOMIIEKMA UHCMPYMEHMOS,
HYMHCHO CMEHUMB 8€Ch NOOX00 k npuxamuio pewenuti. © Stefan Gasic

I'naBHast ujes B ocHoBe npoekra Incerto — Ta, 4TO IPH Beeil HeonpeeIeHHOCTH
¥ HENPOHHIIAEMOCTH MHUpPa 1 NPH HeXBaTKe HH(OPMAIIUH ¥ IIOHHMAaHHA BCE PABHO
B KaxkK/10# KOHKPETHOH CHTYallHH OKa3kIBACTCS COBEPIICHHO ACHO, KaKHE JeHCTBHA
HYXHO NPEANPHHATL HA OCHOBE TOIO HEMHOIOTO, YTO H3BECTHO H IOHATHO.

Dta kuura cocrout u3 (1) omyOnukoBaHHBEIX cTaTell H (2) GecleH3ypHOro KOMMEHTapHs,
NOCBSIICHHBIX TEM KJIacCaM CTATHCTHYECKHMX Paclpee/IeHHi, 0T KOTOPBIX MOXKHO JKIaTh
SKCTPEMAIBLHBIX COOBITHIA. MBI H3y4YHMM, KaK MCIOJIB30BaTh 3TH PACIPEC/ICHHS IS CTaTH-
CTHYECKHX BBEIBOJIOB M IIPHHATHS PEIICHHIA.
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Pucynox 1.2: Veroocnenue
u3-3a Henowumanus. Ymo
MEOPUMCSA 6 201068aX NPO-
heccuonanos, kozoa onu
NpUMEHSIIOM CIAMUCMUKY
U aHaIU3 OaHHBIX, HE UMES
ACHO20 Npedcmaenenus

06 OCHOBHBIX NOHAMUSX.

© Wikimedia

«CraniapTHas» CTaTUCTHKA 110 Oonbiieil yacTH paboTaeT Ha OCHOBE TEOPEM, BLIBE/ICH-
HBIX [UIsl TOHKHX XBOCTOB. UT00bI paboTaTh C MPedacHMITOTHKO! JKHPHBIX XBOCTOB, 3TH
MEeTOIb! Npujercs JTH00 aJanTHPOBATh HETPHBHAILHEIM 00pa3oM, MO0 BOBCE MCKIIIOYHTD
H3 apCceHasIa MOoJIe3HbIX HHCTPYMEHTOB.

ABTOpY He pa3 NPUXOIMIOCK CIBIIATE (pa3kl BpoJe «ITO U TaK Bee 3HAIOT» U «B xup-
HBIX XBOCTaX HET HHYEro HOBOTO» — HMMH IIBITAIHCH 3AlIMINATECA MpernojaBaTelh WM
NpPAKTHK, NOHMAHHBIC HA COBEPIIEHHO DECCMBICIICHHOH B KOHKPETHOH CUTYaLlMM MOIBLITKE
HCIIONB30BaTh ducnepcuto, 0bobujennylo asmopezpeccuio, kosgguyuenm sxcyecca, Ko3g-
¢uyuenm Illapna Wi cmoumocms noo puckom WIH YKa3aTh CIMAMUCIMUYECKVIO 3HAYU-
MOCMb TaM, IJie OHA He 3HaYUT HHYEro.

ABTOp 060raTUIl CBOI OTIBLIT, KOTJA OCYIECTBUII IPOrPaMMY HAYYHBIX HCCIICI0BaHHIT
H BBIITYCTHJI Pl KHUT cepuH Incerto [226], IOCBALICHHLIX BELKHBAHHIO B PEAJILHOM MHPE
C €ro CTPYKTYpOH HEONpeeICHHOCTH, KOTOpas CIIMIIKOM CJIOXKHA [JI HAIIEro MOHHMA-
HHS.

Hukn Incerto cTaBUT Leiblo O0bEIHHUTE MATH OONacTel 3HAHHS, CBA3AHHBIX C JKHP-
HBIMH XBOCTAMH H 3KCTPEMaJbHBIMH COOBITUSIMH: B MaTeMaruke, (punocoduu, obuie-
CTBEHHBIX HAYKaX, TEOPHU KOHTPAKTOB U TEOPHH MPUHATHS PEILICHUH, — C ONBITOM IpPO-
¢eccuonanon. Ecmu BEI cripocHTe, NPH YeM 3/1eCh TEOPHs KOHTPAKTOR H TEOpHUs IMPHUHATHA
peIIeHHH, TO OTBET TAKOB: MareMarHka OINI[HOHOB OCHOBaHA Ha HJEe YC/IOBHOH BeposT-
HOCTH H OOBEAMHCHHH KOHTPAKTOB C IIE€NbI0 H3MEHHTh KIACC BO3JACHCTBHA B XBOCTaX
pacrnpeeieHus; HEKOTOPBEIM 00pa3oM TEOpHs ONMIMOHOB — JTO MareMaTHYeCKash TCOpHs
KOHTPakTOB. TeopHs NMPHHATHA PEIICHUHA CTABHT LIEJILI0 HE MOHATHL MHp, a BhIOpaThCs M3
HETPUATHOCTEH U BELKHTL. JTOH 3asade Oyner MocesAleH cieayiomuii Tom Texnuieckozo
Incerto, ero Texymee paGouee Haspanue — Convexity, Risk, and Fragility («Beimykinocts
BHHU3, PUCK H XPYIIKOCTbY ).

1 Tlo aHANOTHH ¢ TEPMUHAMH IIPEILICTOPHM? H «IONCTOPHYECKHIT» HEONOTHIMEL preasymptotics W preasymplotic
MOKHO 3aMMCTBOBATE B PYCCKHH f3BIK KaK «IPeIacHMIITOTHKA» H «I0aCHMITOTHYeCKHI. — 3deck u daree,
eci He YKA3aHo UHOe, NPUM. Nepeg.
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3AMEYAHHE O TEPMHHAX

B axajieMH4ecKoM KOHTEKCTe MPH ONMMCAHUM PACTIpE/ie/IeHHs. YacTO UCTIONB3YETCsS TepMUH
«TONCTRIE XBOCTE (thick tails). Ml BMecTO 9TOT0 Oy1eM FOBOPHTB, 4TO «K0IDOHIMEHT 3KC-
1ecca BhbIllle, YeM Y FayCCHAHbDY, 9T0 Oiike K MpodecCHOHATEHOMY KaproHy (pUHaHCHCTA.

TepMHH «OKHPHBIE XBOCTBIY (faf tails) Mbl OCTaBUM 32 0CO0O TOJICTBIMH XBOCTAMH,
KOTOpPbIE XapaKTepPHHI JUIS PACIpe[e/IeH il N0 CTENECHHOMY 3aKOHY HIIH SKBHBAICHTHOMY
(CKHpHEIH XBOCT M CTEIEHHOH 3aKOH, Kak Mbl NMoKaxkeM B I'Mase 8, HeoTAeMMEI ApYT OT
apyra). HekoTopble aBTOpBI MPHAAIOT (GKHPHBIM XBOCTam» Ooree y3kuil cMbICi, TpeOys
TOYHOTO CTENEHHOTO 3aKOHA HIIH XOTs Obl IPABUILHO MeHsowmelics GpyHkuuu. OHAKO MBI,
XOTd ¥ OyleM MHOIMA MPUMEHATEL CTENIEHHBIE 3aKOHEI (B TEX CIIyYasx, KOrjia U3BECTHO, YTO
npouecc paboTacT HMEHHO Tak), JKHPHBIMH XBOCTaMH Oy/leM Ha3bIBaTh BCE HKCTPEMAJILHO
TOJICTBIE XBOCTBI.

Bo usbexanue myTaHuIE! He OyeM IONB30BATLCS JONONHHTEILHBIMH TEPMHUHAMHI
BpOJIe «TSKENBIX XBOCTOBY (heavy tails) Win «UTHHHEIX XBOCTOBY (long tails).

TepMHHBI «TOJICTHIE XBOCTBI» H (OKMPHBIE XBOCTBD) OYAYT IPOSCHEHBI B CIEHLYIOLHX
JBYX ITIABAX.

PELUEHIMA HA KHATY TANEBA
THMUYHGIA TANES.
AOKAILIBAET, YTO
BCE HETIPABMABHO,
HO HE TIPEAMTAET
SABTEPHATHE,

3ATO OHW
AMAYT TEBE

TIOA 284,
LLIAPAATAH!

SSTEFAN SASIC — OFFSHORECOMICCOM

Pucynok 1.3: Knaccuueckas peaxyus, ko20a «aibMmepHamueoiy cuumaemecs moibko mom aHams,
Komopwlil pexomendyem odobpums kpeoum. © Stefan Gasic

BJIATOJAPHOCTH

ITomMumMo yke Ha3sBaHHEIX COABTOPOB, aBTop Onaromapen Wikyo Cu, XKaun-Oumumy bymo,
Pobepry ®paro, Crmpocy Makpunakucy, Mapky Ilnunnaremo, Bpanmony Spxuny,
Padasmo yanu, ITurepy Kappy, Mapko Asenbsnene, Juase Copuerry, ITomo AmGpe,
bpyno Mromupy, xxamumo Basy, amupy Ilemuuy, Suupy bap-fAwmy, Jluero Lisusosuuy,
Jixosedpy Hopmany, One Ierepey, Yurnelonuty Manny, I'appu Kpeiiny — u, pasymeercs,
JIOJITHM, HECKOHYAaEeMbIM JTHCKYCCHAM ¢ BeHKHM benya Mau nens6porom.

MHoro orneyarok HUCHpaBHIN JOOPOBONBHBIE PEJAKTOPHI B COLMANBHBIX CETSX, TAKHE
kak Maxcum Bret, Hao Bunun, [ixeiicon Topemn u Ierpu Xano. OOMHMpPHEIH CIIUCOK OIle-
YATOK H NOTEHIMATBHBIX HOTAIMOHHEIX JIBY CMBICTIeHHOCTeH npucian Kesun Ban Xoph.

Yacrb crareif, CTaBIIMX ITIABAMH JTOi KHUTH, ObLIA IpeJCcTaBleHa Ha KOH(epeHIusX;
agrop Gmaronapur Jlopenna e T'aana, Bepra Llpapua u Apyrux 3a KOMMEHTapHH MO IPO-
GrnemaM, CBA3aHHBIM C HKCTPEMaIbHEIMH 3HadeHusiMuy. Boree Tounsle GnaroxapaoctH cdop-
MYJIHPOBaHbl B KOHKPETHBIX IMasaX. Kak 00b4HO, aBTOp XOTes OBl MOONAroqapuTh IMITAT
pecropana Naya B Hmo-ﬁoplce.
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ABTOp TPEACTAaBHII JaHHYIO KHHTY U INIABHBIC TE3HCHI HA GKEMECAYHOH KOH(EpeH-
muu BriymGepr — Ksaut' B Heio-Mopke B centsibpe 2018 rona. TTocre nekuun ko
MHE MO0 OJHH BBIJAMOUHCS npodeccop PHHAHCOBOI MaTeMAaTHKH.

— TunuuHas TanebIuHA, — CKa3al OH. — BEI JOKa3bIBaeTe, 4TO TAK-TO
H TaK-TO HEIIb3s, HO B3aMEH He IpeyiaraeTe aJbTepHATHB.

TonsTHO, uTO B GH3Hece M M0G0 Apyroil cdepe, rae AeHCTBYeT cyposas
IIKONA PeabHOTO MHpa, Takoi paboTHuUK J0mro Ob He BeKHIL Ho KTO He puckyer
cobcTBeHHOI WKYpoit [236], 10 TOro He JOXOMHT, KaK BaXKHO, CMOTPs 0 06CTOS-
TENbCTBAM, OTIOKHTL CBOM YOEKIEHHSA H KaK IICHHBI CBEJCHHA O HEHAIEXKHOCTH
JUIS IPUHSTHS pelleHUil: He nepedasati NWIONTy HeMoYHble OaHHbIE, HAVYUCH Nepe-
dasamv MOTLKO HAOEHCHYIO UHGOpMayUIo; coobwas nuIomy 0 HeucnpasHoCmu
camonema, mul cnacaewn xcusnu. V1 10 HUX He JOXONHT, Kak d(dekrHBeH mog-
X0l via negativa — Korja Hayka, no Ilonmnepy, pa3BuBaeTcs OTCEYCHHEM Heynad-
ubix Teopuit. ITokoitnerit JIpBun @puamaH npeanpunst Oe3yCHelHy0 MOMbITKY
YKPOTHTb MaHbJKOB OECCMEBICIEHHOTO H OOMaHYHBOIO MOJEIHPOBAHHS B CTATH-
CTHKE, IPOAEMOHCTPHPOBAB, KAK HX IPOrHO3EI ¢ OOIBIINM OTPEIBOM NPOUI PLIBAIOT
COPEBHOBAHHME «HHYEMY», ITyCTOH TCOPHH.

Me:xay TeM B psjie cTarei U I71aB 9TOH KHHTH NpeJUlaraloTcs pelleHHs U allb-
TEPHATHBEL. YBBI, HEKOTOPLIX OHH HE 00pajlyloT, MOCKONBKY TpeOyroT MaTeMaruye-
CKHX YCHJIHii, 9T06bI IIOCTPOUTEL COBEPLIEHHO IPYTHE MOJEIH, MOJCIH Ul CHTYa-
LM ¢ JKUPHBIMH XBOCTAMH.

1 Cemmnap arentcrBa «baymbepr» no ¢punaHcoBoil Matemarnke (Bloomberg Quantitative Finance Seminars).
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IJIOCCAPHUM, ONPEJIEJTEHU S
U OBO3HAYEHUAA

DTO CHCTEMAaTHYECKHUIl KaTajor ¢ MOACHEHWSIMH OCHOBHBIX pasneinos u 0bo3Ha-
dyeHuil. Bce 0603HauCHUS Pa3BACHAIOTCA H B OCHOBHOM TEKCTE; 371€Ch TE JKeE I0-
sICHeHHs! TyOIHpYIoTCs Uit ynoOCcTBa YHTaTeslsl, PElMBIIEro MOCMOTPETh TOIBKO
OT/eNbHBIEC OTPBIBKH. HeKoTOphIe 0003HaueHUS OTIIHYAIOTCS B TOH HITH HHOI I71aBe,
CO3/IaHHOH Ha OCHOBE KOHKPETHOi cTaThH; 3/lech 3T0 yKaskiBaercs. MHorma Hama
TEPMHHOJIOTHs PACXOJMTCA C TEPMHHOIOTHEH JAPYTHX HCCIEA0BATEILCKHX IPYIIIL,
XOTs MbI CTAPAJIMCh HE MPOTHBOPEYHTH CYILECTBYIOIIHM TEPMHUHAM.

2.1. OBIINE OBO3HAYEHHA H YACTO HCIIOJIB3YEMBIE CHMBOJIbI

P — BeposTHOCTB CclydaliHOro coOwITHS; 00baHO B dopme P(X>x), rie X — ciydaii-
Has BEJIMYMHA, a COOBITHEM CHHTAETCs, YTO € pealn3alus IpeB3olLIa 3HadeHue x. bonee
(opMaibHbIe onpeseenns COOBITHH U BEPOATHOCTEH 10 KAHOHAM TEOPHH MEphI H IPO-
umii ppaniysckuit Berpedatores B [ltase 11 u gpyrux Mecrax, rae 3ToT GpopMai3M UMeeT
CMBICIL.

E — oneparop MaTeMaTH4eCKOe OXHIaHue'.

V— omeparop qucrepcHs .

M — cpeaHee aGcoMOTHOE OTKJIOHEHHE;' eCIIH LIEHTPHPYETCs, TO OTHOCHTEILHO Cpef-
Hero (a He Me{HaHBI).

1 Ot anmn. expected value win mathematical expectation. B pycckoii muTepatype obosHadaeTcs Takke M, HO
B 2T0H KkuHTe 0Go3Hagenne M(k) =y, 3apesepBHpOBAHO 3a CTATHCTHYECKHM MOMEHTOM Hopamka k. Ecmm ciy-
yaliHas BeTHYHHA X TPHHHMAET 3Ha49eHHA Ha MHOKeCTBe BeeX JelicTBHTeNbHEIX yncen R, o EX = f a X fe(x) dx,
e f,(x) — NIoTHOCTE BepoATHOCTH. B 5TOMH KHHre 9acTo HCNONE3yeTCH THHEHHOCTE MATEMATHIECKOTO OKH-
jgaans: E(aX)=aEX u E(X+ ¥)=EX+EY, nake ecimi MekIy ClydaifHEIMH BeHIHHaMH X | Y ecTb Koppens-
1Mo, — W MYIETHINIHKATHBHOCTE MAaTEeMATHYECKOr0 (KHIAHHA B CIy4ae He3aBMCHMEIX CITY4aiHEIX BENHYHH:
EXY=EXEY.

2 Ot aumn. variance. B pycckoii mmTeparype obosHagaercsa Taoke D. Ecim cnydaiiHas BenmdamHa X NpHHE-
MaeT 3uadenns Ha R, 10 VX= [p (x—EX) fy(x) dx, rie f;(x) — IIOTHOCTE BEPOATHOCTH. JIpyrHMH ClIOBAMH,
WX = E(X - EX). B 9Toii KHHre 9aCTO HCIONE3yeTCd ToxkTecTso WY = EX*—(EX)™

3 Oraum. mean absolute deviation. B nuteparype BcTpedaercs Takke obosHazenne MAD, Ho B 1ol kanure MAD
3ape3epBHPOBAHO 33 CPEJHHM aDCOMOTHEIM OTKIOHEHHEM OT MeJMaHEl, a He oT cpenHero. Ecmm coywaiinas
Be/uHHA X pHHMMaeT 3Hadenns Ha R, o MX= [ lx— EX] f,(x) dx, re f{x) — mI0THOCTs BEpOATHOCTH.
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@(.) 1f(.) 0OBIMHO 3ape3epPBUPOBAHEI 33 ILIOTHOCTHIO BEPOATHOCTH 3apaHee yKa3aHHOIO
pacrpenencHis. B HEKOTOPBIX IIaBaX JieaeTcs pasauume Mexnay f,(x) u f,(y), ocobenno
KOIJia CIIy4aifHble BeTMYUHbI X H ¥ ClIeyIOT IBYM Pa3HEIM pacipeielIcHHM.

n 00OBIMHO 3ape3ePBUPOBAHO 33 YHCIIOM CJIATaeMBbIX.

p OOBIYHO 3ape3epBUPOBAHO 33 MOPAIKOM MOMEHTA.

HCB — HenpepbIBHas cliyyaiiHas BeJHduHa .

F(.) o6rrun0 3apesepBUpoBaHO 3a QyHKIHUEH pacnpenenenus, To ecTb F(x) = P(X <x).
®ynkuus BepkuBanus P(X>x) 3anuceiBaercs ¢ ueproii ceepxy, F (.) win oGo3Hauaercs
Oyksoit S°.

~ 03HAYaeT, YTO ClydaliHas BeJMYHHA 10 OIHY CTOPOHY OT THJIL/LI pacipeseicHa co-
IJIACHO 3aKOHY, YKA3aHHOMY II0 JIPYT'YIO CTOPOHY OT THIIBJIBL.

() =E ¢ — xapaxrepucruueckas QpyHkums ciydaiinoil semauuns X WHorna s
aprymenra t € R ucnonssyercs apyras Oyksa — w. Cama xapakrepucTHueckas GpyHKIus
MHOTZa 0603HavaeTCs 3araBHoil P,

B 03HaaeT CXOAMMOCTH 10 pacIpe/ielIeHuIo, To ecTs cefytomee. Iyers X, X, ... —
HOCJIe10BaTe/IbHOCTE CIy4aiiHbIX BEIMYHH; TOIJa XNEX 03HA4aeT, 4YTO MOC/IeI0BaATE]Ib-
HOCTB COOTBETCTBYIOIMX QyHKIHiA pacnipesiencHus F, uMeeT mpeaen:

lim F, (x) = F (x)

IPH BCAKOM JCHCTBHTEILHOM X, IPH KOTOPOM F HenpepbIBHA.
F osmauaer cxonumocts o BeposTHOCTH, TO €CTh UTO TpH & > 0 VIS ONMMCAHHOM BHIIIE

MNOCIAe10BATCIIEHOCTH
mP(X,-X| >¢&)= 0.
n—pa

> 03HaYaeT CXOJMMOCTE TIOYTH HaBepHOE", TO ecTh Goslee CHIILHOE TpeGoBanue:

ﬂ»(lmx,,:x): 1.

S 00bIMHO 0003HAYAET CYMMY 71 CIIATAEMBIX.

a, a TaKKe a, U a,. Bo uzdexanue IBYCMBICICHHOCTH MBI OyleM mpuberars K JByM
obo3naveHuaM: og € (0, 2] 1y nokasaress XBOCTa IUIATOHHYECKOTO (IIPEEIbHOTO) YCTOi-
4HBOro pacnpefeneHus; a, € (0, o) g nokasarens XBocTa B pacnpesieneHuu Ilapero
(HoacuMnTOTHYeCKOM). B HeIByCMBICTIEHHOM KOHTEKCTE MOXKEM 00XOIUTBCS POCTO d.

N (u,, o) — HOpManbHOe (rayccoBO) pacHpe/elieHHe CO CPEIHHM i, W JIUCHep-
cHeil o) °.

Jpyravu cnosamu, MX= E.X— EX|. H3sectHa Teopema: MX < JUX; a10 crencrme HepaBeHCTBa Hencena.
«lleHTpHpORATE)», TO €CTh BEMHTATE EX, npuxoauTces B Tex coydanx, rne EX# 0.

1 370 TpaIHIHOHHOE COKpPAIeHHe B Py CcCKoii mTeparype. B opurinane TpaIHIHOHHOE aHTTTHACKOE COKpallieHHe,
1. V. ot random variable.

2 Or anrn. survival function. B pycckoii miTeparype HaskiBaeTcs Takoke (yHKIMell HaleKHOCTH # 0003Ha4aeTCs

Oyksoii R, ot anri. reliability function. BMecTo ocodbIx 0603HageHHIT F(),80), R(.) 5acTo npocTO BEIMHCEIBAIOT

pasHocts 1-F(.).

B nuTeparype Mo:KHO BCTPETHTE Takike 0003HageHHe ¢(1).

4 Ot aurn. almost sure. CHHOHHMEL: CXOHMOCTE TIOYTH Belony (almost everywhere), CXOIHMOCTE TIOSTH BCETA
(almost always).

5 Crmywgaii A (0, 1) HasuBaeTCA CTAHAAPTHEIM HOPMATEHEIM PacTIpe/ielieHHeM, H ero (YHKIHIO paclpeie/eHus
uHoraa oboznagao @, Gez napamerpo. Toraa s NPOHIBONEHOTO HOPMAEHOTO pacnperenenus N (u, o)

L
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L(.,.)wm LN (., .) — NoraopmaisHoOe pacnpesiesiienue, ¢ mwiorHoctsio fM(.). 3necs
1
OOBIYHO MapaMeTphl YKA3EIBAOTCS Kak L Xu——z,a]; TOTJIa MareMaTudeckoe O:KHuuaHue X,
o
W JHCTIepCHst (c"’— 1)X§ g

S(a,, B, 1, 06) — ycToitauBoe pacnpesieNieHHe ¢ IoKasaTeneM Xeocta a, € (0, 2], koad-
dunuentom cummertpu f B uatepsae (—1, 1), koad puuentom nonoxenus u € R u kosd-
¢unuentom macmraba o> 0.

B — KJIacc CTENEeHHOTO 3aKoHa (CM. HIKe).

& — cy0IKCIIOHEHIHAIBHEI KIIace (CM. HIDKE).

8(.) — nmensra-¢ynxuus J{upaxa.

9(.) — rera-pynkuus Xesucaiina’.

erf(.) — ¢ynkuus omubok, npeacTapisiiomas coboif HHTErpal MIOTHOCTH rayccoBa
pacnpezenesus’

erfz:%id! 7

o

(yHKIHS pacupeeneHus @, , mpeicTaBuMa Hepe3 CTaHIAPTHYIO: tD}”(z)=¢,(2 ;-“]_ ABTOp MOCTYTaeT Tak
B paszene 2.2.3 LlenrpancHas npenensHas Teopema (LITIT).
TTapameTp o> () Ha3EIBAIOT KOXPGOHIMEHTOM MacIITaba WM CpeHeKBaIpaTHYeCKHM OTKJIOHEHHEM; BCTpeda-
HOTCA TaKkkKe CHHOHHMEI CpeJJHEKBa/IpaTHIHOE OTKIIOHEHHE, CTaHIapTHOe OTKIoHeHHe, STD.

Jina rayccopa pachpefieNleHHs cO CpeIHHM 4 M MacmmaboM ¢ IUIOTHOCTE BeposTHOCTH f(x)=

o~2n 2\ o
H npolme KyM)mm-lm 0. Jlna cyMMEI 1 CITyYaiHEIX H. 0. p. 0 [ayccy BeIHYHH M0CIeI0BATENEHOCTE KyMYIISH-
TOB k! =np, x; =nc’, k, =0 U Jaiee TONMBKO HYJH; COOTBETCTBEHHO hmx’ =0,

1 JloropManeHOE paclipefieleHHe — 3T0 pacupejielneHne cnylmﬁﬂou pemmuuHEL e”, T1e ¥ — rayccoea ciygaii-
Hag BevauHa. Ecim rayccosa ciydaiinas BenwguHa ¥ MMeeT cpeaHee 4 M JUCIEPCHIO o7, TO IOTHOPMANEHAA
cirygaiinas seymauna X =e” umeet cpemee X, = es*e2 i mucnepenio (e —1)X;. Bemrauna X = e’ npunumaet
TONBKO MONOKUTENLHEIE 3HAYEHNS; ee pacnpesieeHne oqHoropboe H HecHMMeTpHYHOE. TINOTHOCTE BepoATHO-

o ey
il xa2n exp[ 207

(es+2)Ve -1, koa(DumHenT sKcTiecca e + 2 3 + 3 26,

2
:me[_l[ﬂ) ], macrepcus o, koddduument acummerpun 0, skcriece 3, deTBepThii KymysHT 0

} MelHaHa e* =X, e, Mofa e =X e, kod)QUIMEHT acHMMETpPHH

L, x20
2 (Heaviside step function) OyHKIHA CTYEHEKA B HYTE, $(x) £ {D * <0 Ecnu Hy:kHa CTYIIeHbKA B IPOH3BOILHOH
X

., x=K

Touke K, nenomsayior % (x) = { 0. e~ 2 —K); MoxHO mpecTaBuTE U uepes mHAeKCHYI0 dyHKINNO 1, 1

all x> 0
Huorma cauTaroT, 9To 9(x) ={0 z <t
HOCTHEIX pacrpejeie Hiid, rmrn;uy 9TO He BIHAET Ha HHTETPAIEL.
B aroii kaure Qpynkms Xepncaiina 0603Ha9aercsa HeKypCHBHOI ¥, 9TOOBI OTIIHYATE OT JIOKATBHOTO HCIIONE30Ba-
HUsA J UM IPOH3BONBHOTO apaMeTpa HIH (YHKIHH. AHATOTHIHEIM 00pa3oM MHHMas eIHHHIA 0003HaTaeTCs
HEeKYPCHBHOII i, a 4icno Apxumena 0003HadaeTcs HeKYPCHBHOM 7, 9TO0BI OTIHHATE OT JIOKaJEHOIO HCIOME30-
BAHNUA | WIH 7 IS TPOH3BOJIEHOTO NapaMeTpa HIH (DY HKITHH.

; Takoe pasHogTenne 3(0) HecyIeCTBEHHO IPH MOJETHPOBAHHA BEPOAT-

1
3 Ces3b C HOPMATEHEIM pacTIpe/lelieHHeM Takas: HHTerpupyeTcs (ynkums miotroctn S (1) = Te"z pacmpenene-
s N | 0 [ ], HOPMAJLHOTO paclpefeneHus co cpenium 0 B cpeqHeKBaIpaTHIECKHM OTKIIOHEHHEM %, npH-
deM HHKHHH mpefen uaTerpana 0 i pesynsTaT ymMHoMeH Ha 2. MojkHO CBA3aTh CO CTAHJAPTHEIM HOPMATEHEIM
1 z
pacmpeneneHneM u Tak: ®(z) = —[1 +erf —)
2 NE) 5
Bonee ynoOHas CBA3E: B NpejieNsl 4 + o ToNajaet erfaT BCEX HOPMANBHO pachpe/e/IeHHEIX HalIIOTeHHH.

2
Hanpumep, B npejiesl £+ ¢ onajgaeT erf 3 = 68,2 % HabmomeHwHii.
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erfc(.) — nononuurensuas Gynkuus omubdok, 1 — erf (z).
Il "p_ HOPMa; BATO# KHHTIe' IpUMeHseTcs K JeicTBuTenbHOMY BekTopy X = (X, ..., X))"

H onpcxlenﬂe‘rcs Kak 1
1 7
||X||,,é[;Z|X,- |”) :

i=1
O6paruTe BHUMaHHE, 9TO KOMIIOHEHTEI BeKTOpa OepyTcs o abCconoTHOH BeTHYHHE.
F (5 ;) — BRIpOXK/IEHHAA TUNIepreoMeTpHdeckas (yHKIHA:
= g zk
F(a;b;z) =) -£—.
1 |( ) ; b* k!
(s 45 -y -3 ) — perynspusanus 0606men ol runepreomeTpuueckoil pynkumn F),;
B (@ ay3b, by z) 2252 G003 bn 0 2)
[(5)I(5,)

riae o600meHHas runepreoMeTpuueckas hyHKIHsa A5 5 ) packnajeiBaeTcs B paj

e @)
(o) b, B

n=l

C MCTIONIB30BaHHeM cuMBona [Toxrammepa’ (a), = 1_0[ (a+1).
2.2. CHCTEMATHYECKHM KATAJIOT OB X
HHAJUOCHHKPASUYECKHUX IMTOHATHH

Husxe nyOnupyroTes onpeeneHus H3 OCHOBHBIX Pa3/IeiIoB.

2.2.1. Kiace creneHHoro 3axona

TlpunsATO OMpenensaTs KIace CTENEHHOIO 3aKOHA 0 CBOHCTBY (DYHKLIMM BELKHBAHUSA ClIe-
OYIOIIHM 00pazoM.

ITycte X — ciryuaiiHas BellHYHHA H3 KJIacca paclipe]elIcHHil ¢ paBbIM XBOCTOM, I1O/-
YHHAIOIHMCS CINeneHHOMY 3aKOHY, TO €CThb!

P(X>x)=L(x) x 2.1)

rae L: [x,,, +o0) — (0, +00) — MemieHHO MeHstomascs GpyHKIus, onpejeiemas Tpebopa-
HHEeM

tim 259 _

X0 L(x)

ns Beex k>0 [22].

- 1

1 B nuteparype Taxke p-HopmMoii Haskmator ['énsaeposy [-Hopmy (ZIX i |p]n, 0e3 eeHus Ha .

2 Tak cumson [ToxramMMepa HCIONBE3yeTcs B IHTepaType MO THIepreoMeTpudeckoil Qynkimm. B matepatype mo
koMmOHHaTOpHke Kak (a), 0003uaualoT yorIBatomuii GakTopran H: (a—i), ToT/a KaK BO3PacTaONHii (PaKTOPHAI
H:: (a + i) Tam obosnagaioT (a)™.
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Torga roBopsaT, 4TO (YHKUMS BBDKHBAHHMA CIy4aHHOH BelH4YHHBI X IPHHAJUIEKHT
KJIACCY NPABWIbHO MEHAIOWUXCA HA beckoHeuHOCmu (YHKYu L RV;'.

Jagaiite yrousnm: pyukuus /i R* — R" MeHsercs Ha GECKOHEYHOCTH C ITOKa3aTeleM p,
TO eCTh [ € RVP, Koraa

]ij=xP2.
= f(1)

C npaxTu4ecKoil TOYKH 3pEHHs ITO 3HAYHT, YTO PAHO WK NMO3THO L(X) MOAXOAUT K CBO-
eMy mpefeny / ¥ CTAHOBHUTCS KOHCTAHTOH, KOTOPYIO MbI Oy[eM Ha3bIBaTk KOHCIMAHMOU
Kapamampur; pydex, rie 1ocTHraeTcss KOHCTaHTa, OyaeM HaskiBaTh moykou Kapamamut. 3a
9TOH TOYKOH XBOCTBI CTENICHHOI'O 3aKOHA KaIHOPYIOTCA CTAHAAPTHBIMH METOJAMH, TAKHMH
Kak XapakrepucTHKa Xuiia. b. MaunensOpor HaswBal pacrnpeefeHHe B 3TOH obnacTu
cunvuoim 3akonom Iapemo [162], [75].

To ke BEPHO NPH COOTBETCTBYIOIHX OrOBOPKAX JUIs JICBBIX XBOCTOB.

2.2.2. 3akoH GoabIIMX yHce (caadblii)

O6eryno ero mpexacrasnsor tak. Ilycte X, X, ..., X — GeckoHeuHas mocienoBaTeb-
HOCTh HE3aBHCHMBIX OJIMHAKOBO PAacpelelICHHBIX CIYyYaifHbIX BETHYHH, HHTETPHPYEMBIX
no Jlebery, ¢ MaremMaTHYecKHM oxkHaaHueM E X = u (Boobuie rosops, TpeboBaHue H. 0. p.
MOKHO J10 HEKOTOPOii CTENEeHH 0CIabuTh).

Torna BbIOOpOUHOE Cpe/HEe IEPBbIX 71 BEIHYHH X,=+ (X,+X,+...+X) cxonurcs
K MaTeMaTHYECKOMY OXHIAHHIO, X, — 1 TIpH n — <0,

Koneunocts qucrnepcut He 00s3aTelIbHA (OIHAKO BEChMA JKeNlareIbHa: eCIIH JHCIIePCHS]
M NIPOUHE BHICIIME MOMEHTHI PAacCIIpe/ieTIeHHsl KOHEUHEI, T0 X, cxomuTcs GricTpee).

Korna norpebyercs, pacCMOTPUM U CHJIBHEIA 3aKOH OOJIBIINX YHCEI.

2.2.3. llenTpansnas npegeasnas Teopema (IIIT)

Knaccuueckwuii Bapuant L{IIT, reopema JInnaebepra-Jlesn, yreepsxnaer cieayromee. [Tycts
JlaHa OCIEeNOBATENLHOCTE X H. 0. p. BesmumH ¢ E X =y u VX, = 0® < +o0, unycrs X, — 310
cpejiHee 10 BHIOOpKE MEpBLIX 7 BelW4HH. Torja no Mepe npulnmKeHus n K 6eCKOHEeuHO-
CTH IEHTPUPOBAHHOE W HOPMHUPOBAHHOE cperHee V(X —i) CXOMUTCS TI0 PACTpPE/IEICHHIO
k rayccosy [20] [21]

Vn(X,—p) >N (O, o).

1 Ot anrn. regularly varying.
2 Teopus cTpouTcs Tak. MyHKIms f({) TpaBHIEHO MeHsAeTcs Ha OeckoHedHOCTH, eci VxER™ cymecTByeT H KoHe-
S=)

1@

C TOYHOCTEIO JI0 MeUIEHHO MEHsIomerocs coMuoskutens L(7): f (1) = L(1) t*.

Ouernauem 0Opazom BepHo H obparHoe: A ¢yHKIME BAja f(f) = L(f) t* u mucna x € R* npenen
S@)|_ o | Ly | @) - e)”
f() L(ty? L(t)| =] 1”

eH npezen lim Cornacro Teopeme KapamaTsl, Takas (yHKIHS TpeJcTABAMA B BHIE CTEIICHHOr0 3aK0Ha ¢ #

=lim
==

lim
T

=1-lim|x"] = x*,

1=

:lim‘
I—x
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CXoIMMOCTE 1O pacTpe/ieNieHHIo O03Ha4aeT, 4To (YHKUMS pacnpeieneHus s
Jn (X,—u) norogeuno cxogurest k N (0, 07), TO €CTh YTO JUIs BCAKOTO ACHCTBHTEIBLHOTO Z

a o

lg?(ﬁ(f,—#)ﬁz)zﬁp[mgiJ {5} >

rae ©(z) — 3Ha4eHHE CTaHIapTHOIO HOPMAJIbHOIO paclpesielieHHs B TOYKE Z.
Ecte pan npyrux sapuantos LIIT, koTopbie MBI IPEACTABHM 110 Mepe HaJ00OHOCTH.

2.2.4. 3axon cpeanux 4nces, v IperacHMnToTHKa

D710 neHTpanbHas TeMa 3Tol KHUrd. Hac uaTepecyer noseieHue cay4aifHoi BeTHMYHHb] 11
yMepeHHO GOMBIIOrO 71, WX NPeIaCUMITOTHKA. Bompoc He Tak akTyalleH Jis rayccoBa pac-
npeeIeHn s, TOCKOIBKY OHO cxoauTes Grictpo (B cuty 364 u IITIT); apyroe xeno — Hera-
YCCOBEI CITy4aiiHbIe BEIHYHHEL.

Cwmortpurte nanee B pas3jienie o MoKasaTelne Kana.

2.2.5. ITokazaTeL Kanmna

3neck nokasarenb He B anreOpaHdeckoM CMBICTIE, KaK ITOKa3aTe/lb CTEICHH, a B HHXKEHep-
HOM, KaK KOJIHYEeCTBEHHEI nmapamerp Mammue!'. Kanma OLEHHBaeT 10acHMITOTHYECKOS
NOBE/ICHUE CIIYYaiHOH BeJMYMHBL, DTOT MOKa3aTeslb pa3paboTaH aBTOPOM, KaK OIHCAHO
B I'tase 8 u crarse [235]. Kanna npoGeraer untepsan [0, 1]; k=0 s rayccosoii ciy-
yaiiHoi BenM4HHLI U k= 1 1714 pacnpenenenusa Koy uiu uHo# cirydaiiHol BeTHYHHEI, He
MMeIOIIeH MATeMAaTHIEeCKOrO OXKHIAHHS .

Mycts X, ..., X, ... — ciy4aliHble BEIHYHHEI H. O. P. C KOHCUHBIM MareMaTH4ECKHM
oxuyanuem, 10 ecth E X <+oo. Mlycts §, =X, + X, +... + X — wacTuunas cymma. Ilyctsb
M(n) =E|S,~E §,| — maTemaTHueckoe OXHJaHHE AOCOMIOTHOTO OTKJIOHEHHS YACTHYHOH
CYMMBI 71 CIIAracMbIX OT MAaTEMaTHYECKOIO OXHIAHMS 3TOH CYMMBI (KaK MBI YiKe Ipemy-
NpeX/Jaji, Y HAC OTKJIOHEHHE OTCUMTBIBACTCA HE OT MEIHAHEL, a OT cpeuero). Onpenenm
CKOpOCHIb CXOMUMOCTH NIPH YBEIMYEHHH YHCIIA CJIAaraeMbIX OT 1, 10 1!

12—k n
M) _(n (22)
M (n,) My

rae n, n=1,2, ... un>n,> 1; COOTBETCTBEHHO

Inn—Inn, (2.3)

1 B opurumane aBTOp JenaeT APYTyi0 OrOBOPKY, W3-3a HHON omoHuMum: 9to Kappa metric — He MeTpHKa
B CMEICJIE PACCTOAHHSA B TOH HIIH HHOH FeOMeTPHH, @ METPHKA B HIKEHEPHOM CMEICTIE.
2 Kak ¥ JuCliepcHH.



CTATHCTHYECKHE INOCIHEJNCTBHA KHMPHBIX XBOCTOB 235

B paneHeiimem Mb1 Oy[eM 4acTO MONB30BATECA 3HAYCHUAMH n=n,+ 1 H coKpamars
0003HaYEHHE 10 K, .

2.2.6. SNIHNTHYECKOE paclipeielenne

O ciyuaiinoM ektope X pasMEPHOCTH p X 1 TOBOPAT, YTO y HEro UIHNTHYECKOE pacnpe-
JeneHue (WIH paclpeie/ieHUe ¢ JIUTHITHYCCKUM KOHTYPOM) € lIapaMeTpaMH MOJIOMKEHHS [,
HEOTPHLIATEILHOM MaTpHLeH 2 U HEKOTOPOil ckansapHol (yHkiueh ¥, eciu XapakTepucTu-
geckas (pyHKUHMs nNpeacTaBumMa B Buze exp(it’u) P (1Zt").

C npakTHYeCKOH TOUKH 3PEHHUS SILTHITHYECKOE PACIIPEICICHHE IOMKHO COOUpAThes U3
pacrnipeie/icHHH ¢ OfTHO# H TOi *e KOBapUalMOHHOI MaTpHLei. ITepekiioueHue pexuma itk
CTOXaCTHYECKHE KOBAPHALIMY (KOPPEIALIHH ) MEIIAOT PACIIPEIE/ICHUIO OBITh AUTUNTHYE CKHM.
W mbl nokakem B Inase 6, 410 NuHeiiHas KOMOHHALMA CIY4aifHBIX BEITHYHH, CIIEIYIONHX
pacnpe/ieieHHsM ¢ TOHKMM XBOCTOM, CIIOCOOHA I€HEPHPOBATL B3PHIBHBIE TOJNCTOXBOCTHIE
CBOHCTBA, KOI/Ia JUINITHYHOCT HApyIIaeTcs. DToT o eKT, HapsIy cO CIydasMH SKHPHOTO
XBOCTa, JIe/aeT HECOCTOSTENbHOMH 3HAYUTEILHYIO YaCTh COBPEMEHHOH (PHHAHCOBOH HayKH.

2.2.7. CraTHCTHYECKAs He3aBHCHMOCTh

HesaBuCHMOCTE MeXKYy AByMs Cy4aifHeIMH BenuduHamu X u Y ¢ 4acTHBIMH QyHKIHIMH
IUIOTHOCTH BEPOATHOCTH f,(x) M f,(v) 1 coBMecTHOH (QyHKIHEH IIOTHOCTH BEPOATHOCTH
f(x, y) onpenenstercs TOXAECTBOM:

foy)
S ) fr () ’

HE3aBHCHMO 0T Kod(HIMEeHTa KOppelsauHi. B kinacce UMNTHYECKHX pacHpeseieHui,
KOIJIa COBMECTHOE IayCCcOBO pacnpesenenie umeer koddduuuent koppemsiunn 0, caydaii-
HEIC BEIHYHMHEI M HE3aBHCHMEI, U Hekoppenupopansl. MHade o6cTOUT 1e1o ¢ MHOroMep-
HbIMH (opmami t-pacnpenenenus CTeiofeHTa uii pacnpesenenus Kommm.

2.2.8. Ycroiiungpoe pacnpeseiente (ycroiiuusoe no Jlesu)

D10 06001menne LITIT.
Iycrs X, ..., X, — HE3aBUCHMBIEC OIMHAKOBO PACIIPEICICHHBIC CITyYalHEIC BEJTHYHHEL.
Pacemorpum ux cymmy S,. Teopema yTBepikIaeT, 4To

(2.4)

rae X ciefayer ycToi4MBOMY pacnpeseneHuo S, a, U b, — HOpMHpYIOIHE KOHCTAHTEL, a %,
KaK BbI [IOMHHTE, 03HAYACT CXOJHMMOCTS IO pacipe/ie/ICHUIO (pacnipe/ie/IeHHIO X NIPH 72 — 0).

Ceoiictea S OyIyT JOLKHEIM 00pa30M ONPEIEICHEI M PACCMOTPEHBI B CIEMYIONICH
magse. [Toka 3aMeTHM, 9TO PO CITy4alHy10 BeIUYHHY X, TOBOPAT, 4TO OHA CJIEAyeT YCTOlH-



26 HACCHM HHUKOIIAC TAJIEB

4UBOMY (HIIH 0-YCTOHYHBOMY ) pacrpeenenuto, u mumyt X, ~ S(a,, f, i, o), eciiu ee Xapak-
TepuctHyeckas Gpynkuus y(f) = Ee“*s umeer Bun;

o

x() = cxp[i,u: - |f0'|as (l—iﬁ tg sgn ID, rae ag# 1. (2.5)

Orpannuenns: -1 <f<1u0<a,<2"

2.2.9. MuoromepHoe ycTol4HBOE pacnpenejieHHe

O cnyuaiiHom Bekrope X = (X, ..., X,)" TOBOpSAT, 4TO OH HMEET MHOIOMEpPHOE YCTOIHYHBOE
pacrpeieicHie, eclld Kaxias JHHeifHas KOMOHHAIHs ero KOMIOHEHT Y=a X + -+ a X
MMeeT ycToiunBoe pacnpenencuue. To ecTh Kak/as BeKTOpHas koHcTaHTa a € R* nomkua
JaBaTh YCTOHYHBOE OHOMEPHOE pacrpe/e/icHue I cirydaifnol enuunnel Y= aX.

2.2.10. Touxa Kapamarsl

Cwm. Kinace cTeneHHOro 3aKoHa.

2.2.11. Cy0IKCcIOHEHIHAILHOCTE

EcrecTBenHoii rpanuiieii Mex 1y MeIHOKpHCTaHOM” H DKCTPEMHCTAHOM CIIYKHUT CyOdKCIIO-
HEHIHAJLHBIH KIacc, 00Mafaroiui cae1yomuM CBOCTBOM.

IIycts X, ..., X, — noclieoBaTelbHOCTh HE3aBHCUMBIX OIMHAKOBO paclpeie/ieH-
HBIX CIy4aifHBIX Benu4uH ¢ HocuteneM B (R') u kymynstusnol Qynkuueit pacnpene-
nenus F.

Cy063KkcnoneHIMaNBHBIH K1acc onpesenstercs TpebosanueM (cMm. [248], [196]):

1-F* (x)
im———==2 2.6
lim =y =2 (26)
rae F**=F' * F — 310 KyMyITHBHOE pacnipefienienie X, +.X,, CyMMEI JIBYX He3aBHCHMBIX
KOIHHA ciyuaitnoil Benmuuuel X, TpeOoBaHHe 03HAYAET, YTO BEPOATHOCTH TOTO, 4TO CyMMa
X, + X, npeBLICUT 3HAYCHHE X, BIBOC BHIIIEC BEPOATHOCTH TOTO, YTO 3HAYCHUE X OyIeT npe-

1 VeroiaupoMy pachpeleleHHI0, OHO ke a-ycToiiausoe no JIepH, cleayer B npejele CyMMa 7 HE3aBHCHMEIX
CIy4aifHEIX BETHYHH IPH /1 — o0; B Cy4ae CIAaraeMEIX ¢ KOHEIHOH JHCTIepcHel cyMMa B MpejieNie rayccora, a B
Donee obmem crydae — HeT. YCTOHYHBEIM 3T0 paclpeie/ieHHe Ha3BaHO MOTOMY, 9T0 JUId JBYX H. 0. p. X, u X,
maHeiinas komOuHaIMa Bua aX, + bX, cnefyer pacnpeneneHuio Buia cX| +d.
Tipu a,< 1 1 fi= 1 ycToliunBoe pacnpeneneHne ofHocToponHee, X € [u, +oo); npi a < | u f=—1 ycroliunsoe
pacmpeielieHHe OHOCTOpPoHHEe, X € (—oo, i]; B ocTaNBHEIX cnydasx Hocutens R. IIpu f= 0 yctoifanBoe pac-
npenenenue cuMmmetpuaHoe. IIpu a;= | npespamaerca B pactipeneneune Ko, npu a = 2 npespaiaercs B
rayccoso pacnpezenenue. Ilpu | < a,<2 u f= | nassipaerca pacnpenenenuem Ilapero.
Cpemee paBHO Kod((QHUMEHTY MONOKEHNS 4 TIPH o> |; WHage He cymecTsyer. [lucnepcns 2¢° IpH og=2;
unade Oeckonedna. Koaddument acummerpun 0 mpu a,=2; HHade He CyIIecTByeT. Jkcuecc 3 mpH ag=2;
HHa4e He CYIIEeCTBYeT.

2 MemHOKpHCTaH H JKCTPEMHCTaH — BEIMBINUICHHEIE OONACTH, OT aHIL. mediocre (3aypsafHOCTE) H extreme

(kpaifHOCTE).
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BEIIIEHO JIOOBIM OTJENBHO B3ATEIM ClIaraeMbIM. 3HAUMT, 1711 GONBIINX X BCe CIyYaH, KOria
CyMMa IMpeBBIMIAET X, OHA 00sA3aHa STHM TOJBKO OJHOMY H3 claraeMelx — OolbleMy H3
JIBYX, — TOIJIa KAK BKJIAJI JPYTOT0 TpeHedpeskumo Ma'.

OGo06u1as, MOMKHO JI0Ka3aTh, YTO U B CYMMe 71 BeJIMYHH [peofiiafaer o/Ha U3 HHX, MaK-
cuManbHas. QOpMAIBHO CHeAYIOIHE ABa CBOHCTBA KBUBAJICHTHBI YCIOBHIO CY0OKCTIOHEH-
unansHocty [43], [84]. .

JUts nanHoro n>2 mycts S, = 3 X, n M,=max,_, _, X, Torza

=
a) llmw =n
=5 P(X > x)

. P(S,>x) .
DL

Takum 0bpaszoM, cymMMa S, CpaBHHMA 110 BEJTHYHHE ¢ HaHOONBUINM cliaraeMsiM M, npy-
THMH CJIOBAMH — XBOCTEI HTPAIOT IIABHYIO POIIb.

Ha UHTYWTHBHOM YPOBHE Ba)XHO MOHATE, YTO 4aCTOTa COOBITHH B XBOCTE CyOIKCIIOHEH-
LHANBHEIX pacrpeeieHnii nagaeT MeIICHHEE, YeM B SKCIIOHEHIIMATILHOM PacIipe/IeNICHHH,
e coOBITHAMH B JAJIEKOM XBOCTE MOXHO IpeHebpedb.

B camom jene, MOXHO J0Ka3aTh, YTO y CyOIKCIOHEHIHAILHBIX PaclpeIeleHHH HeT
9KCMOHEHIUATIBHEIX MOMEHTOB!

fc“ dF (x) = +o 2.7)

Juisi BeeX € Gonbie Hyns. OgHako oGpaTHOe HEeBEPHO, IOCKOILKY pacipeeleHHs MOTYT He
HMeTh 9KCTIOHEHIHALHEIX MOMEHTOB H BCE PABHO He YIOBJICTBOPSTE CYGIKCIIOHEHIIHANIL-
HOMY YCJIOBHIO.

2.2.12. t-pacnpefiesienne CThIOIENTa KAK NPOKCH

Mer ucnonssyem t-pacnpenenciue CTBIONEHTA € o CTENEHIMH CBOOO/B! Kak ynoOHOe pac-
npejielieHHe CTENEHHOTO 3aK0Ha ¢ IByMs XBocTaMH. Ilpu a=1 oHO mpespamaeTtca B pac-
npexnenenne Koy, a npu o — o0, €CTECTBEHHO, B I'AyCCOBO.

t-pacnpenenenue CThIONEHTA — 3TO IVIABHBIH KOJIOKOJIOOOpA3HEI CTENEHHOH 3aKOH,
TO €CTh IUIOTHOCTE BEPOATHOCTH HENPEPhIBHAA U ITIafIKas, AaCHMIITOTHYECKH IPHONIDKaeTcs
K HYJIIO JUIs OOJBINHX X, OTPULATE/LHBIX HIIH MOJIOKHTELHEIX, H YHHMOJAJIEHA, TO €CTh €€
MAKCHMYM — €JIMHCTBEHHEIH (KpOME TOro, INIOTHOCTE BEPOATHOCTH KBa3HBLINTYKIJIA BBEpX,
XOTH M He BBITYKJIa BBEPX).

2.2.13. Kpyr iHTHpOBaHHHA

3aMKHYThIH MEXaHH3M, IOMOTAIOIHI akaJeMH4YeCcKoH Kapkepe aBTOpOB cTaTeil, KoTophle
CYHTAIOTCS BBIJAIOLIMMHUCS, TOCKONILKY HX IHTHPYIOT, 6e3 QUIbTPaL{y 10 BHELIIHHM KPH-
TEpHUsM; B pe3ylbTaTe MCCIIENIOBATUIIN OCENAIOT 110 YIOTHBIM YITIaM, COCPEJOTOYHBLINCE

1 HmeeTcs B BHITY, 4TO B XBOCTE COORITHA Pe/IKHE H IIPH HEKOTOPOM X B XBOCTE BEPOATHOCTE MPEB30HTH X yBENH-
HHTCA B/IBOE, €CITH PA3PEIIHTE [ABe NOMLITKA: P(X, >x nmi X, > x) = 2P(X, > x). BooGe rosops, eciii pa3pentiTs
CYMMHPOBATE Pe3yNETaTkl BYX TOMLITOK, MAHCE MPeR3oiiTh x eme ysenudarcs: P(X, + X, > x)> 2P(X, >x um
X, > x). Ho 3ameTHoii 5Ta npubaska GyJieT TONLKO B CHTYAIHH, T7le CYIEeCTBEHHA BePOATHOCTE CORIMAIEHHS, 9T0
B KaKJ0H M3 IBYX MOILITOK PE3YILTAT CPABHHM C X.



HayuHo-nonynsipHoe U3jaHue
TaHBIMa FbUIBIMHM GaChUIBIM

HACCMM HMKONMAC TANEB

CTATUCTUHECKWE
MOCIHIEOCTBUA XMNMPHDBIX
XBOCTOB

O HOBBbIX BblYUCNUTENBHbIX MOAXO0AaX

K MPUHATUIO peLleHnin

Pedaxkmopst A.3axaposa, M.TepexoBa
XydoxcecmeeHHbie pedaxmopst [1. 30T0B, M. JleBbIKMH
Texnuuecxuii pedaxmop J1. CHHMIIbIHA
Koppexmop O. JlepuHa
KomnsiomepHan eepcmka H.Kozens, T.KopoBeHkoBa

Topnucado B neyats / Bacnara Kon Koieiaas 12.12.2024.
®opmat 72%100%s. Tapuutypa «Times». Bymara odceTnas. [leuats odcernas. Yen. ney. n. 39,9.
Cepus «Tanmeb: komnexuus Incertos. Tupax 2000 sx3. O-TAL-34926-01-R. 3akas N?
Cepust «Uenoser Mbicismmii. nen, criocoGHble M3MeHHTb MUPs.
Hon. Tupax 2000 sk3. 0-CHM-28300-04-R. 3akas N?

HsroroeuTens:

000 «H3parensckas ['pynna «A36yra-ATTHRYC» —
ofnanmaTent TopapHoTo 3HaKa Kollu6pu

115093, Mockea, BH. Tep.T. MyYHHMIIMIIATEHEI OKPYT
Nauunoeckwuit, nep. [lapruitasii, 0. 1, k.25

Ten. (495) 933-76-01, harc (495) 933-76-19

E-mail: sales@atticus-group.ru

Puman 000 «M3parensckan [pynma « A3byka- ATTHRyC»
B 1. Cankr-TleTepGypre,

191024, r. Canxr-IleTep6ypr, yi. XepcoHckad, 1. 12-14, mir. A
Ten. (812) 327-04-55

E-mail: trade@azbooka.spb.ru

www.azbooka.ru; www.atticus-group.ru

Otneuaraso B Pocou.

OHpipymi:

«Waparenncras [pynma « AsGyka-ArTirycs KK -
KoJlu6pu Tayap Genricinig meci,

115093, Macrey, K, inr. aym. [laHuI0BCK it

MYHH IMIAAILIK oKpyTi, [lapTuitHent T.am., 1-yif, k. 25
Ten. (495) 933-76-01, darc (495) 933-76-19

3n. mowrack!: sales(@ atticus-group.r
Canxkr-IleTep6op KanackHAAFE «A36yKa-ATTHRYC»
Bacna To6kr» KUK dumans,

191024, Cauxr-Iletep6op, Xepcon kemeci, 12— 14 yit, miT. A
Ten. (812) 327-04-55

3n. mowrack:: trade@ azbooka.spb.ru

www.azbooka.ru; www.atticus-group.ru

Peceiine Gackin MEFAPLIFAH.

TexHMKANEIK, peTTey Typaasl PO 3aHHaMackIHA caif 6ackITBIMHEIH COMKeCTIriH
pacray TYpansl MayiMeTTepai METHa afgpec G0 EBIHIIA anyFa Gonagsr:
http://atticus-group.ru/certification/.

3HaK MH(POPMAI HOHHOM MPONYKIMK

(PenepansHEI 3ak0H N2 436-03 or 29.12.2010 1)

AgnaparThK, 6HiM Genrici (29.12.2010 . N2 436-03 denepanmblK 3aH) a



	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 1_1
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 1_2
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 2_1
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 2_2
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 2_3
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 2_4
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 3_1
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part 3_2
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part_4_1
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part_5_1
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part_6_1
	B-CHM-28300_Stat_posled_zhirnyh_hvostov_block_verstka_part_7_1



