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lpeducnosue

HPEJUCJIOBUE

B mociennue robl 3HAYUTENBHO YBEIUYMIOCH KOJIMYESCTBO JHO/ICH,
cdepa IeATEIBHOCTH KOTOPBIX CBsS3aHa ¢ pabOTOM Ha (MHAHCOBBIX
pBIHKAX. J[JIs 3TUX CIEIUAIUCTOB HEOOXOAUMO XOPOIIee 3HAHUE OC-
HOB TEOPUHU BEPOSTHOCTH U MATEMATHYCCKOW CTATHCTUKH, TaK Kak
pe3yIbTaThl pelieHruss 00 WHBECTHPOBAHUM B Pa3IMvHbIe (HHAHCO-
BbIC MHCTPYMEHTHI (QKTHBBI) BCETra UMEIOT Ty WM HUHYHO CTEICHb
HEOMpeCICHHOCTH. B 9TOW KHUTe c/eiaHa MOMbITKA CHCTEMATH3H-
POBaHHO PAacCMOTPETh MPAKTHYECKHE METOJBI CTATUCTUKU IMpHME-
HUTEJBHO K (puHaHcaMm. Hanbonbmmii nHTEpEC JaHHAS KHUTA MOYKET
MPEACTaBIATL sl TpehaepoB/mopTHETbHBIX MEHEIKEPOB, TO €CTh
CTCIUATUCTOB, MPUHUMAIOIIUX CAMOCTOSATEILHBIC PEHICHUS Ha (U-
HAHCOBBIX PBIHKaxX B YCJIOBMSX HEONPEAEICHHOCTH. M310%KeHue ma-
Tepuajia HaYMHAeTCs ¢ 0A30BBIX MOHITUN, U TIOCTEIICHHO MEPEXOIUT
K JIOCTATOYHO CIIOXHBIM METOJaM, MPUMEHSIOIUMCS TIPU aHAJTH3e
WHBECTUIIMOHHBIX PUCKOB. B KHHTe COIEpIKUTCS OOJIBIIOE KOJIHYeE-
CTBO MPAKTHYCCKHX AJIIOPUTMOB BBIYMCJICHUA W ONTHMHU3ALMN pas3-
JINYHBIX ()UHAHCOBBIX CTOXACTUYECKHUX TIEPEMCHHBIX.

JlaHHast KHUTA COCTOUT U3 16-TH riaB.

B 1-if rmaBe paccMOTpEHO MOHATHE BEPOATHOCTH, CITy4aifHOrO COOBI-
THS, CIy4YailHON BETMYMHBI, JaHO ONpeiesieHHe 3aKOHa pacrpesene-
HUSL CITyYailHOW BETMYMHBI, a TAK)KE U3yYEHbl OCHOBHBIE ITapaMeTphl
3aKOHOB pacIipefesieHHs, TaKue Kak I0Ka3aTeld LEHTpa paclpere-
JIeHUs1, TIOKa3aTelld Mephl paccesHusl, MoKa3aTelIn GOpMBI pacrpee-
JICHUS.

Bo 2-it rmaBe pacckazaHo o HanOollee yHOTPEOMTEIBHBIX 3aKOHAX
pacmpeacicHusd CﬂyqaﬁHBIX BCJIMYMH U OCHOBHBIX ITapaMETpax 3TUX
3aKOHOB. [laHBI METOMBI MOUCKA (PYHKIIMU PACIPEIICICHUS BEPOST-
HOCTH CIy4ailHOM BEIWMYMHBI B CiIydyae HEMHTETPUPYEMOH TIJIOTHO-
CTHU BEPOATHOCTHU, a TAKIKEC AJITOPUTMBbI IOJYUCHHA IOCICI0BATCIb-
HOCTEH CIy4aiiHBIX BEJIMYUH C IPOU3BOJLHBIM 3aKOHOM pacmpe/ie-
JISHWsI, 9TO HEOOXOAUMO TPH MOJCIUPOBAHUH CITYYaWHBIX IMPOIIEC-
COB.

B 3-ii rmaBe u3yueHs! crielalibHBIE paclpeelieHHs BEpOsSTHOCTEH,
HCIOIb3yEMBIE AJI IPOBEPKU CTATHCTUYECKHUX TMIIOTE3 U MPH OIpe-
JEJICHUH TOBEPUTENBHBIX MHTEPBAJIOB IS CITyYalHBIX BEITUYHH.
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4-5 T1aBa MOCBSILEHA METOJIaM OLIEHKU 110 SMIMPHYECKON BBIOOPKE
[apaMeTpoOB PACIpeeieHus CIydalHONW BENMYMHBI, yKa3zaHbl (op-
MYJIBI ISl OLEHKM IEHTpa pachpenesieHus, AUCIEPCUU U TMoKa3aTe-
neil popMel pacripeneneHns, a TaKKe MPaKTHIeCKue MpUeMBl yiaie-
HHS aHOMAJIBHBIX 3HaYEeHHUH (TPOMaxoB) U3 BEIOOPKH.

B 5-if rmaBe pacckazaHo 0 MeTOJaX MPOBEPKU CTATHCTUUCCKUX TH-
IMoTe3 W METOAAxX OIPCACICHUA TOBCPUTCIBHBLIX HWHTCPBAJIOB IJIA
CIIy4aliHBIX BEJINYHH.

6-s1 rnaBa MOCBSIICHA BOIPOCY O TOM, KaK IO SMIHPHUYECKOH BbI-
00OpKe WICHTU(QHUIMUPOBATH 3aKOH Pacrpe/ieieHus] CIlydyailHON BeIu-
yuHbl. [TogpobHo paccMoTpena mpobieMa rpynmUupoOBKH AaHHBIX, TO
€CTh PacyeT ONTHMAaIBHOIO KONWYECTBA HHTEPBAIOB TPYIIIUPOBKH U
ONITUMANbHOM IIMPHUHBI HHTEPBAJIA, a TaK)Ke MOCTPOEHHs MO CrpyT-
MUPOBAHHBIM JaHHBIM T'HCTOTPAaMMBI paclpeieicHus] TakuMm oOpa-
30M, YTOObI MAaKCHMAJIBHO BO3MOYKHOE CIVIXMBAHHE CIYy4YalHOTO
IIyMa COYeTajloCh ¢ MHUHUMAJIbHBIM HCKaKCHHEM OT CIVIa)KUBaHUS
CaMoro pacipezeaeHus.

B 7-ii rmaBe paccCMOTpPEHO MOHSTHE TMHEWHON KOPPEISALMOHHON CBSI-
31 MEXly CITy4allHBIMU BEIMYHHAMU.

8-s1 ri1aBa MOCBSIIIICHA M3YYCHUIO PErPECCHOHHOIO aHalu3a, TO €CTh
METO/JaM pacyeTa MapaMeTPOB MATEeMAaTHUYCCKONH MOJENH, CBSA3bI-
BaIOIIEH pa3IMYHbIC CTOXACTHYCCKHE TIEPEMEHHBIE.

B 9-if rmaBe m3nmaraercss METOJ alIPOKCUMAITUH SMITHPUYCCKON 3a-
BHCUMOCTH TPHUIOHOMETpHUUECKUM psiioM Dypre. Jlaubl hopmysr,
MO3BOIISIONINE IO PeaTbHONH BBHIOOPKE BBIYHCIUTH KOI(PPHUIIMESHTHI
®dypre, aMmmuTyny U ¢asy rapmMoHHK. PacckazaHo, KaK CTPOHUTCS
AMIUIUTYIHO-4aCTOTHAd XapaKTCPHUCTHKa pPAa3JIOKCHHA, WU KaK OHa
WCIIONB3YETCs JUIsl BBIACICHUS TapPMOHHMK C MAKCUMAaJIbHOM aMILIH-
TYJI0M.

B 10-ii rmaBe paccMOTpPEHO NMPUMEHEHHE PErPECCHOHHOTO aHaIH3a
NPU U3yYCHUH JMHAMUYECKHUX (BPEMEHHBIX) PSIOB.

B 11-i1 rmaBe pacckazaHO O METOAAX CTIIAKUBAHUS JUHAMHYECKUX
pSAIOB, 0a3MPYIONTUXCSI HA pacdeTe CKOMB3SIMUX cpeaHux. PaccMmor-
PEHBI Pa3TUYHBIC TUIBI CKONB3SIIUX CPEIHUX M JNaHBI UX CpPaBHU-
TEJbHBIE XapaKTePUCTUKH.
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B 12-ii rmaBe u3y4eHbl METOJbI AJAANTUBHOTO MOJCITUPOBAHUS -
HAMHUYECKHX PSIO0B, KOTOPHIE OCHOBAHBI HA O3KCIIOHEHIIHATHFHOM
CraXuBaHuM (IKCIIOHEHIMANBHOW CKONB3sAINel cpenaneit). Ilpe-
MMYIIECTBOM 3THX METOJIOB SIBJISICTCSI YYET BPEMEHHOM LIEHHOCTH
JAHHBIX H, CJEIOBATENbHO, MOCTOSHHOE aJanTHpPOBaHUE K H3Me-
HSIONIMCST YPOBHSAM TUHAMHYECKOTO Psifia, YTO MMEET pelIaromiee
3HAUYCHUE MPU MOJCITUPOBAHUH M TPOTHO3UPOBAHUU BOJATHIIHHBIX
PAIOB.

13-s rmaBa mocBsIIeHa MEXaHUIECKIM TOPTOBBIM CHCTEMaM, TO €CTh
ITOpUTMaM, KOTOpbIe (OPMATU3YIOT MpaBHia OTKPHITHS U 3aKpbI-
THUS TIO3UIUH B OUpkeBoit Toprosie. [1oapoOHO paccMOTpEHBI OTYe-
THI 0 paboTe TOPTOBOW CUCTEMBI U JaHbI MPAKTHYECKUE PEKOMEH/[a-
MK O TOM, KaK IO BEJIMYMHE, pa30dpoCy U yCTOWYUBOCTH MOKa3aTe-
JIel CUCTEMBI CIENaTh BHIBOJ O €€ Ka4eCTBeE.

14-g rnaBa sABISAETCS MPOJOIDKEHHEM Tpeaslayieii. B Helt m3yueHsl
QITOPUTMBI BEIYHCIICHUS 0N YIACTBYIOMIECTO B KOHKPETHOM CHIEIKE
KanuTaaa, KOTOphle MAKCHUMHU3HUPYIOT MOKA3aTeNd JTUHAMUKHA TOPTO-
BOT'O CYETa.

B 15-it rmaBe paccMaTpHBAIOTCS BOMPOCHI, CBS3aHHBIC C ONTHMH3a-
el nmoprdens akTHBOB. V3ydaercs BIMSHHE KOPPEISALUH MEXKIY
OTJICIbHBIMU TIapaMHU aKTUBOB Ha OOIIUN PUCK MOPTdENs, Mpu 3TOM
B KaueCTBE MEPhI PUCKA MPUHUMACTCS TUCTepcus (WK CPeIHECKBA -
paTnyHOe OTKJIOHeHHE). PacckaszaHo o TOM, 4To Takoe 3P PeKTHBHASL
IUBepcU(UKAIUSA U KaK OOIIMNA PUCK MOPTQEIis, COCTABICHHOTO U3
MPOU3BOJBHOTO KOJMYECTBA AKTUBOB, MOXKHO Pa3/ICNUTh HA HECHC-
TeMaTH4ecKuil (muBepcH(UITPYEMBI) PHCK M PHIHOYHBIN (HE IHU-
Bepcupunupyemerii) puck. IloctaBmeHa 3agada MO ONTHMH3AIMH
nmoptdens ¢ y4eToM OrpaHWYCHHUH Ha COCTaB M Beca aKTUBOB B
noprdene (JMMUTOB), U PUBEICH AJTOPUTM TTOMCKA PELICHHHA 3TON
3amauu MeTogoM MonTe-Kapio.

16-s riaBa MOCBSIICHA H3YYCHUIO KBAHTHIIBHBIX MEp pucka moptde-
7Sl U3 TIPOU3BOJILHOTO KOJMYECTBA aKTHBOB M YIPABICHUS PHCKOM
optderns Ha OCHOBE WX aHAII3a.

Bce 3ameuanus no coodepowcanuro u ogopmaeHuio KHueu npocbba Hanpas-

asame aemopy no adpecy ilion@onlineru
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1. BEPOSITHOCTHOE OIMIMCAHUE CJTYYAHHBIX BEJIH-
YUH

1.1. BBeaenue.

Teopust BeposTHOCTEH WIpaeT 3HAYUTEIBHYIO POJIb BO MHOTHX
00JTacTSAX YEeNOBEYECKON NEATENbHOCTH, B TOM 4YHCIEe B (PHHAHCAX.
DTO CBSI3aHO C TEM, YTO PE3yJIHTATHl PEIIeHHs] 00 MHBECTUPOBAHUH B
(rHAHCOBBIE MHCTPYMEHTHI (aKTHBBI) BCETa MMEIOT Ty HJIH HHYIO
CTEIEHb HEONIPEACICHHOCTH.

B OGupxeBBIX TOprax Mo pa3IMYHBIM aKTHBAM MPHHUMAIOT yda-
cTre 00JIbIII0E KOJHMUECTBO MHBECTOPOB U CNIEKYJISIHTOB. KaxapIil u3
Y4aCTHUKOB UMEET CBOE IMPEJCTABICHUE O TOM, KyJa JBUXKETCS pPhI-
HOK, y KaXKIOTO U3 HUX CBOM TOPU30HT UHBECTUPOBAHUS U CBOS TEX-
HoJIoTUsl pabOTHl Ha pBIHKE. M3-32 CTONKHOBEHUS WHTEPECOB 0OJb-
LIOTO KOJMYECTBA JIFOACH LEHB aKTHBOB MPHOOPETAIOT CITydYailHbIH
xapaktep. CiencTBUeM ATOrO SIBISETCS HEBO3MOXXHOCTh TOYHOTO
npenckazanus Oyaymiei 1eHsl. [[porHo3 cTaHOBHTCS BO3MOKHBIM
TOJIBKO B BEPOSITHOCTHOM CMBICJIE.

C npyroit CTOpOHBI, pe3ynbTaThl WHBECTHUPOBAHHUA B HHCTPY-
MEHTHI C (PUKCHPOBAHHOH TOXOIHOCTBIO TaKXKe SIBIIAIOTCS HEOIpe-
JIeNIEHHBIMU M3-3a TOTO, YTO CYIIECTBYET PHCK HEBBITIOJHEHUS dMU-
TEHTOM (3aEMIIIMKOM) CBOUX 00S3aTEIIbCTB.

B 5T0i1 rmaBe Mbl pacCMOTPUM HAa KaU€CTBEHHOM YPOBHE IOHSI-
THE BEPOSITHOCTH, CIIYIAHOTO COOBITHS, CITyIaifHON BEIMYHHEI, /1a-
UM OIIpeJeNIeHue 3aKOHa pacHpelesIeHus] CIy4ailiHOM BEJWYMHBI.
Hanee OyayT u3yueHbl OCHOBHBIC TTapaMETpPhl 3aKOHOB pacripeere-
HUS, TaKHE KaK MOKA3aTeau LEHTpa PacIpeesIeHus, I0Ka3aTeNIn Me-
PBI paccessHuUs, MoKa3zaTeny (GOpMbl pacTipeieIeHHs.

1.2. Caryuaiinoe coobiTie. BeposiTHOCTD.

Cryuatinoim cobvimuem HA3BIBACTCA TaKO€ COOBITHE, KOTOpPOE
MOJKET KaK MPOU30UTH, TaK U HE IPOU3ONTH MPHU COOIIONEHUH OIpe-
JIENIEHHOT0 KOMIUIEKca ycinoBUi. byneM mpennonaraTs, 4To ykas3aH-
HBI KOMITJIEKC YCIIOBHI MOXET OBITh BOCIIPOU3BENICH HEOTPAaHUYCH-
HO€ KOJHYEeCTBO pa3. Mcnvimanuem OyneM Ha3bIBaTh KaXKAOE OCY-
IIECTBIICHHUE ITOT'0 KOMILIEKCa YCIOBUH.
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OmHOCUmMenbHOU YacCmomou Cay4aino2o coOblmus Ha3bIBACTCS
OTHOIIICHUE KOJMYECTBA CIy4aeB IMOSBJICHHs 3TOro coObiths M k
00IIIeMy YHCITy TIPOBEICHHBIX UcTibiTaHuil N.

OnBIT MOKA3bIBAET, YTO MPU MHOTOKPATHOM ITOBTOPCHHUH UCTIBI-
TaHui oTHocuTenbHas yactora M/N ciydaitHoro coObITHs 00sagaeT
YCTOMYMBOCTBIO. B pasHbIX JOCTATOYHO JJIHUHHBIX CEPUSX HUCIBITA-
HUN OTHOCHUTENIBHBIC YaCTOThI CIYYAHHOIO COOBITHS TPYIIUPYIOTCS
BOKPYT HEKOTOPOTO OMPEJCICHHOr0 Yucia. Y CTOHYUBOCTh OTHOCH-
TEITLHON YaCTOTHI MOKET OBITh OOBSICHEHA KakK IPOSBIICHHE O0BEK-
THBHOTO CBOWMCTBa CIy4YailHOrO COOBITHSA, KOTOPOE 3aKJI0YaeTcs B
CYIIIECTBOBAaHUH OMPE/ICIICHHON CTEIICHN €r0 BO3MOKHOCTH.

TakuM 00pa3oM, CTENEHb BO3MOXHOCTH CIyYailHOTO COOBITHS
MOJXXHO OIHMCATh YUCJIOM. DTO YHUCIO HA3BIBACTCS GEPOSIMHOCHIbIO
cayuaiino2o cobvimusi. IMEHHO BOKPYT BEPOSTHOCTHU TPYHIHPYIOTCS
OTHOCHUTEJIbHBIC YacTOThI JAHHOTO CIy4YalHOrO cOOBITHS. OTHOCH-
TeNbHAsl 4acTOTa M BEPOSATHOCTH CIyYallHOTO COOBITHS SIBIISIOTCS
0e3pa3MepHBIMU BETMYMHAMH, KOTOPBIE MOTYT IPUHUMAThH 3HAYCHUS
ot 0 10 1. BepoaTHOCTD SBISIETCS TIEPBUYHBIM, 0A30BBIM IMOHSATHEM,
U B 00IEeM cilydac €€ HeNb3s OINpeneiuTh depe3 0oyiee MPOCThIC
TEPMHUHBI.

1.3. Cayuaiinasi BeJIHUMHA.

Cryuatinou 6enuyuHou Ha3bIBACTCA TaKas BEIUYMHA, KOTOpas
MPUHAMAET Te WJIM WHBIE 3HAYEHUS C ONpeIeNeHHBIMH BEPOATHO-
cramu. CryyaifHble BETWYHHBI MOTYT OBITh AMCKPETHBIMHU M HEMpe-
PBIBHBIMH.

Jluckpemuoil ciy4atiHot geIuduHol Ha3bIBACTCS Takas BeIUYHU-
Ha, BCE BO3MOXKHBIE 3HAYEHMS KOTOPOIl 00pa3yloT KOHEUHYIO WU

OECKOHEYHYI0  IOCIEA0BATENLHOCT  YHCEI ()(1,X2,...,Xn) Hu
NPUHATUHE €M KaKIOro M3 YKAa3aHHBIX 3HAYCHHMH €CTh CIlydalHOe
COOBITHE, XapPaKTEPHU3YIOIIEECs] COOTBETCTBYIOIIECH BEPOSATHOCTHIO
(pl, Py pn). [Ipu 3TOM NOMKHO COOMIOAATHCS YCIOBHE HOPMHU-

pOBaHMs, TO €CTh Z p,=1.
n

Henpepuvisnoti cayuatinou eenuuunoti Ha3bIBa€TCSl TaKas BENU-
YKMHA, BCE BO3MOXHbIC 3HAYCHUSI KOTOPOH LEIMKOM 3aIlONHSIOT He-

KOTOpBIil TIPOMEXYTOK M IONagaHue B 000l uHTepsan (X,X,)
14

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



aea 1. BepogmHocmHoe ornucaHue Cﬂy'-lalebIX 8eJlu4uH

€CTh CIydyaifHoe COOBITHE, XapaKTEPH3YIOIIEECS COOTBETCTBYOIIEH
BeposTHOoCThIO  P{X <X<X,}. Tlpu 3TOM  BepOATHOCTH
n0cToBepHOro cobbitus P{—00 < X < +oo} =1.

FenepaﬂbHod COB0OKYNnHOCmMbio 6YI[GM Ha3bIBaTh BCC BO3MOXKHBIC
3HAYUCHUS, KOTOPBIC MOXCET IPUHHUMATDh cnyqaﬁHa;I BCIINMYMHA.

1.4. 3akoHbI pacnpeejieHUs CIy4YaiiHON BeTHYHHBI.

[ XapakTepHCTHKH BEPOATHOCTH TIOSIBIICHHUS — Pa3NUIHBIX
3HAYEHUN CIIy4alHOW BEJIMYMHBI UCIOJB3YIOT 3AKOHbI pacnpedeneHus
geposamuocmell ciyyauHou eeauyunsl. IIpy 3TOM pa3nuyaroT aBa BUJA
NPEACTABICHUS  3aKOHOB  pACIpelelICHUS:  WHTETPANBHBIN U
TG hepeHIATBHBIN.

Unmeepanvnoim — 3axonom, WA yHKyuell  pacnpeoeieHust
6eposimHocmeti CITy4aitHON BEMYMHBI X, Ha3bIBaeTCcd (QDYHKITHS, 3HAYeE-
HHUE KOTOPOH IJIS IFOOOTO X SIBIISICTCS] BEPOSTHOCTHIO COOBITHS, 3aKITIO-
YaoMIerocsi B TOM, YTO CIIydYaifHas BeNMWYMHA X MPUHUMAET 3HAYCHUS,

menpmme X, To ecth ¢ynkmus F(X)=P{X <X}. ®yuknus
pacnipenenenust  BepostHocteit  F(X)  obmamaer  ciemyrommmu
CBOMCTBaMH:

1) O0<F(X)<1 ana moboro X

2) F(x) S F(X,),ecmu X <X,

3) F(-0)=0, F(+0)=1

HAns ciydaiitHOW BeNMMYMHBI C HeEmpepblBHOW W auddeperuupyemont
dynkimeii pacnpenenenus sepositiocteit F (X) Moo Haittu dugpghe-

PEeHYUAnbHbILL 3aKOH pacnpeoenenus 6epoamHocmeti, BEIpaxaeMblil Kak
IIPOMU3BOIHAS F(X), TO €CThb p(x) =dF (X)/ dX. Dra 3aBucuMoOCTH

Ha3bIBACTCS MJIOMHOCHbIO pacnpedenenus geposimuocmeli. [IMOTHOCTh
pacrmpeneneHus p(X) obnazaeT caeayonMu CBOMCTBAMH:

1) p(X)=>0 g moboro X

2) P(X<x=F(x)= Jx'p(t)dt
3) Pla<X<bl=F(b)-F(a) :Jki p(t)dt
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4) +jnp(x)dx =1

Pacnpej:[eneHHe Ha3bIBACTCA npedeﬂbﬁo nojiocum, €CiIn Tpu

1+0

X —> t00 ero muotHocts BepostHoctu P(X) =1/| X[, rme § -

CKOJIb YTOAHO MAaJIOC MOJOKUTCIBHOC YUCIIO. HpI/I bolee IIOJIOTUX,

gem 1/ | x|

BBITIOJIHACTCA YCJIIOBUE HOPMHPOBaHHA, U TaKHE KPHUBBIEC HE MOT'YT
OIMMCHIBATH INIOTHOCTH PACIIPEACIICHUA BepOHTHOCTeﬁ.

cragax, IIomaah Mo KpUBOH OECKOHEUHA, TO €CTh He

1.5. Iloka3aTeJu HEHTPa pacnpeaesIeHus.

KoopnnHara neHTpa pacnpeneieHusi ONpelersieT MOJO0KEHUE
CIy4ailHOW BEJIMYMHBI Ha 4YHCIOBOM ocu. J[laTb oaHO3HAYHOE
ONPENEIICHUE ATOTO MOHATUS HEBO3MOXKHO. LleHTp pacmpeneieHus
MOJKET OBITh HaliJIeH HECKOJIBKUMH CIIOCO0aMHU:

- Kak MeJuaHa pacrpeneacHus,
- Kak MoJa pacnpeleseHus,
- Kak MaTeMaTUYECKOE OXHUIAHUE.

Meouana

Haubonee o01mMm, a CJIEZIOBATEIHHO Haunboee
(yHIaMeHTaJIbHBIM, SIBIACTCS OTpEAeIeHUE LIEHTpa paclpeaeeHus
COIVIACHO NMPHUHIMITY CUMMETPHH, TO €CTh KaK TaKOW TOYKH Ha OCH X,
CleBa M CIIpaBa OT KOTOPOH BEPOSATHOCTH IOSIBICHUS CIlydailHON
BeMMYMHBI oquHaKkoBel W paBHbl 0.5. Takoil mokazaTenb LEHTpa
pacripenencHus HasbIBaeTcd Meduanoi. B oTauume OT APYrHX
IOKa3aTesiell  IeHTpa, MeOuaHa  CyIIeCTByeT y  Jro0oro
pactipenenenust. Mennany o0brdHO 0603HauaroT kak Me.

Mooa

Touka Ha OCH X, COOTBETCTBYIOIIAs MAaKCUMYyMYy KpPHBOMU
TUIOTHOCTH paclpeieeHns, Ha3bIBaeTCs MOOOL, TO €CTh MOJia — 3TO
HanOoJjiee BEPOATHOE 3HAYCHHE CiydaiHOW BemmuuHbL. OmHaKo,
MOJa CYILECTBYET HE y BCeX pacmpeieneHuil. B kauecTBe mpumepa
MOXHO TPHBECTH paBHOMEpHOE pacmpezaelieHre. B 3rtom ciydae
OTIpEJICIICHNE TICHTPa paclpe/ecHIe KaKk MOIBI HEBO3MOXKHO. Moy
00b14HO 0003HauaroT kak MO.
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Mamemamuueckoe odcuoanue

Haubonee dacTo wuCHOibB3yeMBIM METOIOM OLIGHKH ILIEHTpa
pacipeneneHus ABISIETCS mamemamuieckoe odrcuoanue.
[IpenMy1iecTBEHHOE HCIOIB30BAaHHE MAaTEMaTHYECKOTO OKUIaHHA
OOBACHSETCS TEM, YTO 3TO €AWHCTBEHHAs OLICHKA, KOTOPYIO MOXKHO
BBIPA3UTh AaHAJIMTUIECKU.

MaremaTtudyeckoe  OXpjaHue oOOO3Ha4aeTcss Kak 4 |
BBIUHCIISIETCS TIO (hopMyJiam:

- A AMCKPETHOTO pacIpeneeHus

M(X)= =) %P,

- IJIA HEMIPEPBIBHOT'O paCclpeaACICHUA

M(X)=pu= fxp(x)dx

HeoOxoguMo OTMETHUTh, YTO MaTeMaTHYeCKOe OXHIaHHE
CYIIIECTBYET TOJIBKO y T€X paclpeAeNeHHi, y KOTOPhIX Tpu X —> 00

2+6
IIDIOTHOCTH BEPOATHOCTHU CIIAAAacT KakK 1/ | X| WA Kpyde, raec o -

CKOJIb YTOAHO MaJio€ MOJIOKUTCIIBHOC YUCIIO. HpI/I boiee IIOJIOTHUX,

2+5
yeMm 1/ | Xl cnagax, MaTEMaTH4YECKOEC OXKHUIAHUEC HE CYIICCTBYCT,

TaK KakK onpez[enmoumﬁ €TI0 MHTCTPAJI paCXOAUTCH.

1.6. MomeHTHI pacnipe/ieIeHusl.

Jlyis orricaHUWs CBOMCTB paclpeeieHui HaM TTOHAJ00UTCS TIOHSATHE
MoMeHTa pacmpeaencHusi. CymmecTBYlOT JBa THIAa MOMEHTOB!
HavajgbHblE W ICHTpaJbHBbIE. HauanbHbiM  Ha3BIBACTCI MOMEHT
pacrpenencHus, HaWJACHHBIA 0e3 WCKIIOYEHUS CHCTEMAaTHYECKOM
coctaBisitoriei. COOTBETCTBEHHO, UYEHMPAIbHbIM SIBIISIETCS MOMEHT,
BBIYMCJICHHBIN C HCKIIFOUCHUEM CUCTEMATHUYECKOM COCTABIISIONICH.

HauanpHbiii MOMEHT K-20 MOpsiIKa BEIYUCISIETCS IO GOpMyIiam:

- Ui JACKPETHOTO PaCIpeneIIeHUs

k
M, =>x'p,
n
- U1 HEIPEPBIBHOTO PACIIPEICIICHUS

M, = ka p(x)dx
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[epBblii HayambHBIE MOMEHT OBUI YK€ PAacCMOTPEH BBIIIE - 3TO
MaTeMaTHYeCKOe OKHIaHHE.

LleHTpanbHbIi MOMEHT K-20 TOpsifKa BBIYHMCISETCS IO
¢dopmynam:
- JUIA TUCKPETHOTO PaCTIpe/Ie/iCHUsI

m =2 (%~ )P,
- JUIA HEMIPEPBIBHOT'O paCOpeCaACICHUA
m = [ (x=u)* p(x)dx

[lonsiTie MOMEHTOB pacrmpeneieHus OyJIeT WCIOIb30BaHO TMPH
M3yYEHUM TIOKas3aTesledl paccesHUs CiIydyalHOW BEJMYMHBI U
nokasaresneii popMbl pactpeeneHus.

1.7. Iloka3aTeju Mepbl paccesiHus.

OueHuB BeNUUMHY LEHTPA pacHpeneeHus, HaM HEoOXOIMMO
MMETh IIPEJICTaBIEHUE, KaK CilydyaiiHas BEIMYMHA paccesHa BOKPYT
3TOU TOYKH. [[JIs1 OLIEHKH MEpBI PACCESHUS UCIIONb3YIOTCS, KaK IIpa-
BWJIO, JIBa crioco0a:

- KBAaHTWJIBHOE OTKJIOHEHHE CITy4alHOI BEIUYHHEI,
- JIUCIIEpCHs U CPEAHEKBAIPATUYHOE OTKIOHEHHE CIIy4alHON Be-

JIUYMHBL.

Keanmunvnoe omknonenue

ITnomane, 3aKiIOYeHHAs MMOX KPUBOHM IJIOTHOCTH pPACIpEIeICHUS
p(X), corjmacHo mpaBWIy HOPMHPOBAHHMSA, paBHA EJWHMIE, TO €CTb
OTpa)kaeT BEPOSITHOCTh BCEX BO3MOXKHBIX COOBITHH.

Bribepem Touky X3 Ha ocH X TaKUM 00pa3oM, YTOOBI ILIOMIAb MO/
KpuBOH p(x) cieBa or To4ykk X; Oblta Obl paBHA, Hampumep, 5% oT
o0r11ie# IoIaau, TO €CTh BEPOSITHOCTh TOTO, YTO CIIydYaifHas BETMYMHA
MeHblre, yeM X; coctasiser 0.05. B atom cinyyae ropopsit, 4to X; - 3TO
5%-nas xeanmuav pacnpedenenus. Ee ymo6HO 0003HAYMTH Kak

X1 =Xoos-
Bribepem manee Touky X3 Ha OCH X TakuM oOpa3oM, YTOOBI

IUIOIIAAb TTOX KPHUBOWH p(x) ciieBa oT TOYKH X3 Obuta Obl paBHa 95% oT
00IIe# MIoN@aaH, TO €CTh BEPOSTHOCTD TOTO, YTO CIydYaiHas BeIHYHHA

18

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



aea 1. BepogmHocmHoe ornucaHue Cﬂy'-lalebIX 8eJlu4uH

Menble, yeM Xz cocraBiser 0.95. Torma Xz - omo 95%-nas xkeanmuns
pacnpedenenus. O603naunM ee kak Xy = Xgs -

Menuana pacnpenenenus - 3to 50%-nas xeanmunb, Tak Kak OHA
IETUT IUIOIIAAb IO KpHBOH p(x) Ha aBe paBHbIe 4YacTH. MeauaHy
MOXKHO 0603Ha4HuTb Kak X, = X -

Bamernm, uto ToUkH X; = X0 B X3 = X g5 CHMMETPHYHEI B TOM

CMBICIIE, YTO

- BO-TIEPBBIX, BEPOATHOCTh TOTO, YTO CiydaiHas BeJIMYNHA MEHbLIC
X1, ¥ BEpOSITHOCTH TOrO, YTO CIy4aiiHas BeNWYWHA OOJjbine X3,
PaBHBI MEXIY COOOH,

- BO-BTOpBIX, BEPOSTHOCTh TOTrO, 4YTO CiydaiHas BeIWYHHA
HAXOAUTCS B WMHTEpBalie OT X; A0 Xp, M BEPOSTHOCTH TOTO, YTO
cily4yaliHasi BeTMYMHA HAXOJWUTCS B MHTEpBale OT X» 10 X3, Takke
PaBHBI MEXTY COOOM.

Untepsan 3Hauennit x mexay X; = Xgos # Xz = X,gs Ha3bBaroT
unmepkeanmuioHolm npomesicymrom ¢ 90%-noti éepossimuocmoio. Ero
npoTspkeHHOCTE Aoy = Xogs — Xpgs-  1IONOBHHY — yKa3aHHOTO
NPOMEXKYTKA, KOTOPYIO OYAeM Ha3bIBATh KGAHMULLHbIM OMKLIOHEHUEM C
90%-noti 6eposimmocmpio, 06o3naunM kak ygy = Aggy /2.

Ha ocHOBaHMM BBIIICH3IOKEHHOTO TIOAXOAa MOXKHO BBECTH
MOHATHE KBAaHTUJIBHON OLEHKM paccesHus CIydyaliHOH BEJIMYMHBI, TO

€CTh 3HAUEHUS paccesHus C 3aJaHHOM JOBEPUTEIbHON BEPOSTHOCTBIO.
JUii  CUMMETpUYHBIX pacHpefci]CHUM KBAaHTWIBHOE paccesHue ¢

3aJJaHHON Qosepumenvhoil eeposimiocmoio P - 510 Takol mHTepBan
neonpeznenennoctn (X, —dp, X5, +dp) , BHyTpH KOTOpOTO JNEKAT

100P mnporienToB Beex 3HaueHuit cinyyaiinoii enmuunsl, a 100(1— P)

IIPOLICHTOB JIEXKAT BHE DTOT0 HHTEPBAa.

Tak kak KBaHTWJIY, OTPAHUYMBAIOIINE JOBEPUTEIbHBI MHTEPBAI,
MOTYT OBbITh Pa3IM4HBIMY, IPH YKa3aHUU KBAHTHIBHOI OLIEHKH pacces-
HUS 0043aTENbHO JOJDKHA OBITh yKa3aHa JOBEPUTEIbHAsl BEPOSTHOCTD
Takol oneHKH. KBaHTHIIbHAs OLIEHKA paccesHHs NPUMEHUMA sl JIIo-
ObIX 3aKOHOB PACHPEENICHHS CIIyJaiiHON BEIMNUUHBI.

ITpu paccMOTpeHNH KBaHTUIBHOTO OTKJIOHEHHS, MbI HE CIIy4aliHO B
KadecTBe IpHMepa MCHoNb30Banu oTkinoHeHne ¢ 90%-Hoii 1oBepuTeIs-

HOH BeposTHOCTBIO. Jleno B ToM, uro Benmumna Oyq, oGmamaer

YHHUKAJIbHBIM CBOﬁCTBOM, KOTOPOE€ 3aKJIYac€TCd B TOM, YTO TOJIBKO
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KBAaHTHJIbHOC OTKJIOHCHHC d0.90 HUMCCT OAHO3HAYHOC COOTHOIICHHUE CO

Cpe/IHEKBAIPaTHYHBIM OTKJIOHEHHEM G (KOTOpoe OyAeT paccMOTPEHO
nwke) B Buge Uyoo ®1.60 s ouens mmpokoro kmacca Hambolnee

yIOTpeOUTEbHBIX 3aKOHOB pachpenencHus. [103ToMy, pu OTCYTCTBUU
JaHHBIX O BH/C 3aKOHA PACHpPEACTICHUs, U1 OLEHKH KBaHTHJIHHOTO
OTKJIOHEHHS peKOMEeHyeTCs MOJTB30BATHCS JIOBEPHUTEIbHON
BeposATHOCTHIO, paBHoi 0.90.

Hucnepcus u cpeonexeadpamuunoe omrkioHenue

Ecin B xauecTBe mokazaTtens IeHTpa paclpeiesieHus] BEIOpaHO
MaTeMaTU9IeCKOe OKUIAHUE, TO B Ka4eCTBE MEPBI PACCESHUS CITy-
YaifHOI BETMYWHBI UCIIONB3YIOT AUCIIEPCHUIO. JJucnepcus - 3TO Cpea-
Hee 3Ha4YeHUE KBAJPAaTOB OTKJIOHEHWW CIy4yalHOW BEJIMYMHBI OT €€
MAaTEMATUYCCKOI'O OXUJIaHUA. I[I/ICHepCI/IH ABJIACTCA BTOPBIM 1LI€H-
TpaJIbHBIM MOMEHTOM pacIpeleICHUS.

Hucnepcust o603Havaercs kak D u Beramcisercs mo Gpopmynam:

- I AUCKPETHOTO pacIpeaeneHus

D= Z (Xn —H )2 Pn
n
- JUIA HENPEPLIBHOTO PACTIPEIeIEH s

D= [ (¢ " P

B ¢dopmyne nns qucnepcun B Ka4ecTBE LEHTPA PacHpeAeIeHus
HCIIOJIb30BAaHO MaTEMaTHIECKOE OKUIaHUE. DTO HE ciydaitHo. Jlemo
B TOM, YTO HCIOJBb30BaHHE B KadyeCTBE LEHTPA paclpeneiIeHUs
MaTEMAaTHYECKOTO OXHIAaHUS MHUHUMH3MPYET CpPENHHN KBaapar
OTKJIOHEHUsI CIIy4yallHOM BeJW4YuHBl OT €€ ueHTpa. [Ipu 3TOM
MUHUMYM CpEIHEro KBajJpaTa OTKIOHEHMH Kak pa3 U pPaBeH
nucniepcud. Jlucrepcus W MaTeMaTHYeCKOE OXHIAHUE CBS3aHBI
COOTHOIIICHUEM!

D(¥) =M (x*) ~[M (x)]*
,HI/ICHCPCI/IH HUMCET pasMCEpPHOCTh KBajpaTa cnyqaﬁﬂoﬁ BCIIN4YH-

Hel. [ToaToMy mnst Gosee HATNIATHOW XapaKTePUCTUKH PacCesHUS UC-
MOJIE3YIOT KOPEHb KBAAPATHBIN U3 IUCIEPCHH, KOTOPBIH Ha3bIBaeTCA

cpeonexsaopamuunvim omrnonenuem (c.k.0.): o =D .
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Hucnepcus - HauboJiee MIMPOKO MPUMEHsIEMasl OIlCHKa pacces-
HUSl CIyYalHBIX BEJIMYUH. DTO CBA3aHO C TEM, YTO OHa OO0Jajaer
CBOMCTBOM aJIUTUBHOCTH, TO €CTh JUCIEPCUS CYMMBI CTaTUCTHYE-
CKM HE3aBHUCHUMBIX CIyYallHBIX BEIMYUH paBHA CyMMeE OUCHEpPCUU
ATHX BEJIMYHH, 0E30THOCUTEIFHO K Pa3HOOOpa3uio 3aKOHOB pacIipe-
JeNIeHUs] KaXKI0H M3 CYMMHPYEMBIX BEIHMYMH W BO3MOXKHOHN aedop-
Malliy 3aKOHOB paclpeAciieHus Mpu cyMMUpoBaHuu. OTMETUM, UTO
CPEIHEKBaAPATUIHOE OTKIOHEHUE HE aJIUTUBHO.

Takum 06pa3zoMm, st TOTO, YTOOBI PACCESTHUS CIIy9aiHBIX BEITH-
YUH MOXXHO OBUIO CYMMHPOBATh AHAIMTHYECKH, DTH PACCESHUS
JIOJDKHBI OBITH TIPEJICTaBJICHB CBOMMH JHCIEPCUSMH, a HE KBaH-
THUJIBHBIMU (JIOBEPUTEIHHBIME) OTKIOHCHUSMH.

OpmHako, KOHEYHAs MAWCIEPCHs CYIIECTBYET TONBKO Y TeX
pactpefeneHuid, y KOTOPhIX MpH X —> 200 TUIOTHOCTh BEPOSTHOCTH

3+0
cnamaer kak 1/ | X[ wm kpyde, rae & - cKomb yrogHo Mmanoe

3+0
noJoxkutTeasHoe unucno. [pu 6onee momorux, wem 1/ | X[™° cmanax,
ONpE NSO JUCTIEPCUIO HHTETPAl PACXOIUTCS.

1.8. MMoka3aTeau Gopmbl pacnpeneneHusi - KO3GPUIHEHT acUM-
METPHUH.

Ilpn wm3ydeHnn QopMBI pacrpeneneHHs CIy4alHOH BEIUYHHEI
Ba)KHO BBISICHUTH, CHMMETPUYHA JIM OTHOCUTENIBHO LIEHTPA paclpesese-
HUS KpHBas IJIOTHOCTH BepossTHOCTH. IlokazaTeneM cTeneHHW HeECHM-
METPUYHOCTH 3TOH KPHBOH sBiIsieTcsl Oe3pa3MepHas BEJMYMHA, Ha3bl-
BaeMass koapuyuenmom acummempuu. KosppuuueHt acummeTpuu
o6o3Hauaercs kak y win AS. PaccMOTpUM Ha KaueCTBEHHOM YPOBHE
MOHATHE ACUMMETPHUHU.

B cnyuae, ecnu kpuBasi INIOTHOCTH BEPOSTHOCTU UMEET KPYyTOil Jie-
BBl U IOJOTWM IPaBbI cHaj, TOBOPST, YTO PACIpPENEICHUE UMEET HO-
JlooicUmenvuyo acummempuro. B 3ToM cilydae KOOpAMHATHI MOKa3aTe-
Je NEHTpa pacHpenieNeHus pacnoaaratoTcsl Ha ocu abcuce, Kak mpa-
BUJIO, CIICAYIOIUM 00pa3oM:

Moda < MeAuaHa < MaTeMaTHYCCKOC OXKHJAaHHEC.

Ecnu kxpuBasi MIOTHOCTH BEPOATHOCTH HMMEET IMOJOTMH JIEBBIH U
KpYTO#l NpaBblii CHal, PACIHPENECICHUE UMEET OMPUYaAmenbHyro acum-
Mempuio. B 3TOM citydae Ai1s nokas3areael LeHTpa pacipeesIeHus UMe-
CM:

MaTeMaTH4YeCKoe OkKHJaHue < MeanaHa < MOAa.
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Haxkownen, y cummempuunpix pacupeeicHuid, MeinaHa, Mojia U Ma-
TEMaTUYECKOE OKUAAHUE COBIAAAIOT.

PasymeeTcs, Bce BhIlIecKa3zaHHOE O COOTHOIICHWH IMOKa3aTeneit
LEHTpA, CIPaBEAJIMBO TOJBKO JAJIS TeX PacIpeleNieHui, Y KOTOPBIX Cy-
MIECTBYeT MOJa H/WiIM MaTeMaTHyeckoe oxuaaHue. HamomHuMM, 4TO
MOHSATHE MEIMAaHBI IPUMEHUMO K JIF000MY pacIpeaeIcHUIO.

Cy1iecTByeT HECKOJIbKO METONOB HJsl OLEHKH Ko3(hduuueHra
aCUMMETpPHUHU.

Ouenka KoIppuyuenma acummempuu ¢ nOMOWbI0 KéanmuJei pac-
npeodenenusn

PaccMmoTpuM, HanpuMep, HHTEPKBAaHTUIIBHBIN MTpoMexyTok ¢ 90%-
HOU BepOATHOCTHI0. HamoMHIM, 94TO OH 00pa3oBaH ¢ moMoImblo 5%-Hoit
n 95%-Hoi KBaHTHJCH pacmpeneneHus. Torma COOTBETCTBYIOIIMIMA
KOX(pGUIHEHT aCUMMETPUH BBIYHCIISETCS IO Cleayomei Gpopmyie:

(X0.95 B Xo.so) B (Xo.so B Xo.os) _ Xoss T Xoos ™ 2X050
Xoos ~ Xoos Xoos ~ Xoos

Paszymeercs, TakuM cmocoOOM MOXKHO BBIYHMCIUTH KO3()(HUIMEHT
acCUMMETPHHU Ha JII000M MHTEPKBAaHTHIBHOM IPOMEXYTKE, OTHAKO ClIe-
IyeT cKa3aTh, YTO NOAOOHAs OLEHKa OYAET 3aBHCETh OT BBIOOpa HHTEP-
KBaHTWJIHOTO MPOMEXKYTKa, TO €CTh, Harpumep, olleHka Ha 90%-HoM U
Ha 50%-HOM mpoMexyTKax OyAyT IaBaTb BOOOIIEC TOBOPS pasHBIC pe-
3yJbTaThl. JJOCTOMHCTBOM JaHHOTO METOZA SIBJISIETCS TO, YTO C €ro Io-
MOIIIBI0 MOKHO paccuuTaTbh KOd()(OUIMEHT acUMMETpHH Ui JII000ro
pacrpeseneHus.

Ouenka KoIppuyuenma acummempuu ¢ RnOMOWDBIO MPEMbE2O
UEHMPATLHO20 MOMEHMA PACRPEOCTEHUS

Ecnu B kadecTBe MOKa3aTelsl IICHTPA pacHpeeieHus BEIOpaHO Ma-
TEMAaTHIECKOE OKUAAHHE, TO KOI(DHUIIMEHT acCHMMETPUN PacCUUTHIBA-
0T, UCIIOJIBb3YS TPETUH EHTPaJIbHBIX MOMEHT paclpeieIeHus.

B stom cnyuyae ko3((UIMEHT aCUMMETPHUH - 3TO OTHOILEHHE
TPEThEro LEHTPAIbHOr0 MOMEHTa (MMEIOIEro Pa3MepHOCTh Ky0a City-
YalHOW BENMYHHBI) K CPEIHEKBAJAPATHYHOMY OTKIOHCHHUIO (pa3mep-
HOCTh KOTOPOTO COBIAJACT C Pa3MEPHOCTHIO CIYYailHOW BEIHYHHBI),
BO3BEJICHHOMY B TPEThIO CTCIICHb.

KoaddummenT acuMMeTprn BEIMHUCIICTCS TTO (OPMYJIaM:

- 7S TUCKPETHOTO paclpeieleHus
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3
> (% - )P,
y=-"
O_S
- JJIsL HCHpeprBHOFO pacnpeneneHI/m

+00

[ (x=12)* p(x)lx
y== 3
O

1.9. Noka3aTenau ¢popmbl pacnpeaeaeHus - IKCIECC.

Upe3BbIlUaliHO BaKHBIM TIOKa3arejaeM (QOPMBI  pacipeeeHIs
sIBIIsIeTCsT Oe3pa3MepHBIN TTOKa3aTelb, HA3bIBACMBIH 9Kcyeccom. JKCIece
obGo3navaercs kak € mmu EX. Dkcnece xapakrepusyer:

- BO-TIEPBBIX, OCTPOTY ITHKA paclpeacICHuUs,

- BO-BTOPBIX, KPYTU3HY CIIaJla XBOCTOB pacIipeaeIcHuUs.

Ecnu 3a ToUKy OTCUeTa MPHUHITH HOPMAIBHOE pacrpeaeiaeHue (KoTopoe
Oyner moApoOHO PACCMOTPEHO HHUIKE), TO PACHpPEIENICHUS TUIOTHOCTH
BEPOSTHOCTH MOKHO YCIIOBHO Pa3JIeNIUTh Ha TPU TPYIIIIbL:

- OCTpOBEPIINHHEIC,

- CpeIHEBEpIIMHHBIEC,

- IUIOCKOBEpPIIMHHEIC.

Ocmpogepuunnvle  pacrpene’IcHus XapaKTepPH3YIOTCS Oonee
BBIPOKEHHBIM, YeM y HOPMAJIBHOTO PACIpPECICHHUS, MTUKOM M MOJIOT0
CHANAIOIMMHU, THKEIBIMU XBOCTAMMU.

Cpeonegepuiunnvle pacTpenelicHUss HE3HAYUTENFHO OTINYAIOTCS OT
HOPMAJIBHOTO.

ITnockosepuiunnvle pactipeficICHUST UMEIOT CJ1ab0 BBIPAKCHHBIA UK
WA COBCEM HE MMEIOT MHKa M, COOTBETCTBEHHO, MOIBI. Kpome TorO,
OHU XapaKTEPU3YIOTCS PE3KO CIAJAIONIMMU XBOCTAMH.

OmnpenenuM 3KCIECC KaKk OTHOIICHHE YETBEPTOrO IEHTPATBHOTO
MOMEHTa paCIpeeNiCHHsI K CPeIHEKBAIPaTHIHOMY OTKJIOHEHHIO, BO3-
BEJCHHOMY B YETBEPTYIO CTEMEHB. DKCIECC BBIYHCISIETCS MO (hopmy-
JaMm:

- UL TUCKPETHOTO pacrpeesieHus
2.6 =)' p,
— n

E =

4
(o2

- JUIA HEMIPEPBIBHOI'O paCpCACIICHUA
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+00

J (x= )" pO9lx

—00

E =
4
(o}

Jns  pa3nmuYHBIX 3aKOHOB pACIpeleNiCHHs DJKCIECC MOXET HMETh
3HaueHne oT 1 mo +oo. HopmanbHoe pacmpeneneHue MMeeT dKCIecc,
paBHBII TpeM.

Okcuecc yAOOHO HCHOJIB30BATh MJSl XapaKTEPUCTHKH OCTPOTHI
MWKa ¥ KPYTH3HBI CIIaJJ0B XBOCTOB PaCTIpeICICHUS:

- OCTpOBCPIIMHHEIC PACHpEACICHIS HMEIOT dKcece > 3,
- CpeAHEBepIIMHHBIE pacpeaeiCHHs UMEIOT dKCIece = 3,
- IUTOCKOBEpPIIMHHBIC paclpeaeICHUs UMEIOT dKctece < 3,

Yacmo 6 kauecmee dKcyecca  UCHONLIVIONM — OMHOULEHUE
uemeepmo20  YEeHmpanibHo20 MOMEHma K uYemeepmoli CcmeneHu
CPeOHeK8aAOpAmMUYHO20 OMKIOHEeHUs, 3a ebluemom uyucia mpu. OOHaxo
30ech u oanee mvl OyOeMm pACCUUMBIEAMb IKCYECC NO NPUBEOCHHBIM
svlue hopmynam.

1.10. [InoTHOCTH pacnpeneeHusi (PYHKIIUH OT CJOyYaliHOW BeH-
YHHBI.

Ilycte X - 3T0 cnydvaiiHas BenM4YMHA, WMEIOMAs IUIOTHOCTb
pacripenienenms P, (X) . Haitnem miotsocts pacnipenenenns P, (Y)
ciydaifHol BennuuHs! Y, KOTOpast ABysieTcs PyHKuuei ot X.

Hycts Gyrkius Y(X) MonotoHHo Bospactaet. Torna mo6oil uH-
tepBan (X;,X,) B3aMMHO OJHO3HAYHO OTOOPAKAETCA HA HMHTEPBAN
(Y1, Y,) . CrenoBatensto, BEpOATHOCTH MONANAHUs CITyYailHBIX BENH-

gH X 1 Y B COOTBETCTBYIOIINE MHTEPBAIBI PaBHBI. B mpuMeHEHHH K
MaJIbIM HMHTEpBajaM 3TO O3Ha4yaeT paBeHCTBO auddepeHnnanoB Bepo-
SITHOCTH:

P, (X)dx = p, (y)dy
Crenosatensro P, (Y) = p[X(Y)] g_;

rie X(Y) - s10 dynkums, obparnas pynximu Y(X) .
Eciu pynkuus Y(X) MOHOTOHHO YOBIBAET, TO MOJNOKHTETHHOMY
3HaueHMI0 OX  COOTBETCTBYeT OTpuIaTenbHoe —3HaueHue  dy.
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CnenoBaTenbHO, B YPaBHCHHH paBeHCTBA AHGD(GEPEHINAIOB HYKHO
samenuTh dy Ha -dy=|dy|. DTo mpuBOAUT K GosIee OOIICH 3aBUCUMOCTH:

P, () = PO

JUI MImIoCTpaluy BBIILIECKA3aHHOIO PAacCMOTPUM HECKOJBKO IpUMeE-

pOB.

1) y(x)=ax+b,az0
B 3aBucuMocTH oT 3Haka mapamerpa @ 3Ta (QYHKIHS MOXET ObITh
Kak MOHOTOHHO BO3pacTarolledf, Tak ¥ MOHOTOHHO YOBIBaIOIIEH.
IlepeMeHHBIE X U Y OIIpEJENeHbl Ha BCEU YUCIOBOM OCH.

y—-b dx 1
X(y)=— a d_y_a
py(y)— (y bj

II a
2) y(x)=x

Ota ¢yHKIMS SBISETCS MOHOTOHHO Bo3pacTtatommeil. IlepeMeHHble
X ¥ Y OTIIpE/IEIICHBI Ha BCEIl YNCIOBON OCH.

dx 1
X — 1/3
(V=Y dy 3y2,3
P, (¥Y) === P (Y")

3y2/
3) y(x)=In(x)

Orta (yHKIWS SIBJIIETCS MOHOTOHHO Bo3pacratonieid. [lepemennas x
onpeneneHa Ha uaTeppaie ot 0 1o +oo. [lepeMenHas Y onpenencHa
Ha BCeH 4McII0BOI ocH.

=g e
dy
P, (0 =ep,(@)

4 y(x)=e”
Ota ¢yHKIMS ABISETCS MOHOTOHHO yObIBatouieil. IlepemeHHas x
ompejeeHa Ha Bcel uncioBoit ocu. [lepemennas y onpenenena Ha
untepaie ot 0 1o +oo.
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x(y) =—In(y) = In(1/ y) j_;:_%

pﬂw=%pNMﬂy» y>0

p,(y)=0  y<0
5  y(x)=x*

Ota (QyHKIMS MOHOTOHHO yOBIBAaeT Ha MHTepBaje OT -0 10 O u
MOHOTOHHO BO3pacTaeT Ha uHTepBaie oT O mo +oo. [lepemennas x
oIpezeeHa Ha Bcel uucioBoi ocu. IlepeMeHHas Y onpezneneHa Ha
unTepBaie ot 0 1o +oo.

dx 1
Xx<0: X = —yY? —_— =
(y) y dy 2y1/2
dx 1
x>0: x(y)=y*? — =
=y dy 2y1/2

CrnenoBaTeinsrHO

1/2)

1 1
py(y):W px(—y1/2)+w p, (Y y>0

p,(y)=0  y<O

1.11. MaremaTnuyeckoe oxxugaHue (PyHKOHU OT CIOy4ailHOH Be-
JINYMHBI.

MatemMaTHIecKoe OKHIAHUE CITyYalHON BETWYIHHBI Y, KOTOpas
sBIIsIeTCS QYHKIMEH ClydailHOW BeIMYUHBI X, MOKET OBITh BBIUHKC-
JieHO Oe3 HaXOXKICHHS TUIOTHOCTH BEPOSTHOCTH 3TOW (QYHKIIUHU, TO
€CTh HEMOCPEACTBEHHO IO PACIpPEACIICHUIO CTy4YailHON BEMUYUHBI X.

Eciu 00603HaunTh MaTeMaTHYeCKOE OXKUAHHUE CIyJailHOW BEIH-
YMHBI Y KaK [/, , TO CHPAaBEUINBBI CIICYIOMIHE HOPMYIIbL:

- I JUCKPETHOTO PACIIPEACIICHUA

:uy = M[y(X)] = ZY(Xn) pn

- JUIA HEMIPEPBIBHOT'O paCOpeaACICHUA
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12, =MLY = [ Y00 PO

3amernm, uTo B o0mem ciyuae 4, # Y(u,).

1.12. JInneiinoe mpeoOpa3oBanme cay4aiiHOW BeJTUIHHBI.

B nanbHelimem Hauboliee 4YacTo Mbl OyJeM HCIOIB30BATh
NUHEMHOE TNpeoOpa3oBaHWE CIy4YaiiHONM BENWYMHBI, TO €CTH
npeobpaszosanue Buaa Y(X)=ax+b. B srom cinyuae mapamerpsr

pacripeaeyacHd BEJINIYNH X u 'Y cBsi3aHbl COOTHOILIEHUSIMU:
My =2au, +b
A2
D,=a"-D,
o, =|al-o,
OfHUM M3 BOXHEHUIINX MPUMEPOB JTHHEHHOTO MpeoOpa3oBaHUs

SIBJISICTCS. IPeoOpa3oOBaHUe CIyYaiHON BENUYMHBI K CTaHAAPTHOMY
Buy (HOpMHUPOBAHUE):

t=t(x) _ X7 Hx
X

To ecTb ciywaiiHas BeJlMYMHAa X C  IPOU3BOJBHBIM
MaTeMaTU4ecKUM OXKHIaHMEM | TPOU3BOJIBHOM  Jucrepcuen
npeoOpasyercs B cny4yaliHyl0 BeqUUMHY t ¢ HyJleBBIM MaTeMaTHue-
CKAM OXUJAHWEM W €AWHUYHON IWCIIEPCHENH M CpelHEKBagpaTH4-
HBIM OTKJIOHeHHeM. Bennunna { HasbpIBaeTCs CTaHIApPTH30BaHHOU
(HOPMHUPOBaHHOI) CiTy4ailHOW BETMYMHOM.

1.13. O0uiue cBoiicTBa CJHYYaiHBIX BeJIUYHH C MPOM3BOJIbHBIM
3aKOHOM pacrpe/eIeHHus .

HeszaBucuMo OT 3akoHa pacupenesieHHs] CIy4YalHOW BETUYUHBI
CYIIIECTBYIOT OOIIME CBOICTBa pacmpeneneHuii BeposTHocTed. K
HUM MO’KHO OTHECTH:

-  HEpaBEeHCTBA, ONpeAeIISIOIINe TrpaHUYHbIE 3HAYECHUS
BEPOATHOCTH TNONAaJaHUsl CIIy4YalHOM BEJIWYMHBI B 3aJlaHHbIN
HWHTEpBal,

- 3aKOHBI OOJIBIINX qucel, OonpeacIsaommnuc CBOMCTBa JIOCTATOYHO
OOJIBIIOr0 KOJIMYECTBA cnyqaﬁHbe BCIIMYHH.
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Hepagencmeo Yeoviuiesa

Hepasernctso UYeOrnimeBa ompenmeiseT TpaHUIHOC 3HAYCHUE
BEpOSITHOCTHU MOMAJAHUS CITy4aliHON BEIUYUHBI X C MPOU3BOJIBHBIM
3aKOHOM pacIipe/ieIeHns, UMEIOIeil MaTeMaTH4ecKoe OXUAaHue [

2 o
" JUCTICPCUIO O , B 3alaHHBIM MHTCPBAJI BOKPYTI' MaTCMaTH4€CKOTO
OXXHJAHUA:

1 1
P{|X—,u|2/1(7}ﬁ? P{|X—,u|S/1(7}Zl—?

WHpIME  cOBaMU, BEpOSTHOCTH TOTO, YTO B HEKOTOPOM
WCTIBITAHUM CIy4yaifHas BeIMYMHA X OKaXKeTCsl 3a IpenelamH
WHTEepBaja, J/JIUHAa KOTOPOrO TPSMO MPOMOPIHOHANBHA C.K.O.,
yOBIBacT 0OpaTHO TIPOMOPIIMOHAIBHO KBamapatry KoddduimenTa
HPOHOPIMOHATBHOCTH A .

HepasencTtso YeOnimieBa OIpEeIENseT BaYKHOCTb
CPeAHEKBaAPATUYHOTO OTKIOHEHHS KaK XapaKTEPUCTHKH PACCESTHUS
CIIy4aiiHOW BEJIMYWHBI OTHOCHTEIBHO IIEHTPA paclpeIeTICHHS.

[loncraBuB B HepaBeHCTBO YUeObIeBa HECKOIBKO KOHKPETHBIX
3HAYEHWH BEJIMYMHBI A, TOJY4HM, 4YTO JUIS JIOOBIX 3aKOHOB
pacrpeneneHus ¢ MaTeMaTHYeCKUM OXKUAaHWEM [/ W IUcCTepcueit

2 .
O CHOpaBEIJINBO.

A=1: P{|x-pul|zo}<1 P{|x-u|£0}20
A=2: P{|x-u|z220}<1/4 P{|x—u|£20}>3/4
A=3: P{|x—ul|>3c}<1/9 P{|x—u|<30c}2>8/9

3akonbl boabuIUX HUCEN

HeBo3MokHO mpeaBHIeTh, KaKOe 3HAUEHUE MPUMET clydaiiHas
BEeJIMYWHA B pe3ylbTaTe OTMENBHOTO HCIbITaHus. OgHAKo, MpH
JOCTaTOYHO OOJIBIIOM KOJIMYECTBE MCIBITAHUI OLIEHKU 110 BBIOOPKE
MapaMeTpoB PACIpENeNeHUs] CIy4YalHbIX BEJIMYMH B JIOCTaTOYHOM
CTETIEHNW yTPA4MBaIOT CIy4aiHbBIH XapakTep. To ke camMoe MOMXKHO
CKa3aTh U B OTHOIIEHHUH CYMMBI OOJBIIIOTO KOJMYECTBA CIyYaiHBIX
BenuyuH. [IpyM  yBelmMYeHWH YHcIa cJaraeMbelx — KoJieOaHHA
OTIENBHBIX  BEJIWYWH  B3aUMHO  CIJIAXKUBAIOTCS W 3aKOH
pacupeneneHusi ~ CyMMBl — NPUOMIDKAaeTcss K HOPMaJbHOMY
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pacrpeacjCHnIO. Pazanunsie YTBCPKACHHA, OTHOCAIIUECA K 3TUM
MPEACIbHBIM CIIy4YasiM HOCAT Ha3BaHUSA 3aKOHOB OOJIBIIINX YHUCE].

Teopema bepnynnu

Ecmu B mocnenoarensHocTd U3 N HE3aBHCHMBIX HCTIBITAHUI
BEPOSITHOCTh [0 HEKOTOPOIO CIy4alHOTO COOBITHSA OCTaeTcs
MOCTOSIHHOM, TO BEPOATHOCTH TOTO, YTO OTKJIOHEHHE dMIUPUIECKON
gactoTel 3Toro cobbituss M /N or P He npessoiiner 3apanee

3amanHoe yncio O > 0 crpeMuTCs K eqUHUIIE:

lim P ——p<5 =1

N—o0

Teopema Yeovluesa

BeposTHOCTH TOTO, 4TO OTKJIOHEHHE CpEHEro
apupmeTraeckoro N HE3aBHCHMBIX CIyYaiHBIX BENWYMH C
KOHEYHBIMHM JUCIIEPCHSAMH  OT CPEOHETO0 apHu(PMETHYECKOTO HX
MaTeMaTUYECKUX OXKUIAHUM He IIPEB30MIET 3apaHee 3alaHHOE
yucio O >0 CTpeMI/ITCH K eIMHULIE

N
limP Zxk Zﬂk <dp=1
N—o k=1

U3 Teopemsl YebbllieBa CaeayeT, 4To ¢ yBeanueHneM yncia N
cpenHee apuMETHYECKOe CIIy9alHBIX BEJIHYHWH ITOCTENEHHO
yTpayrBaeT XapakTep CIy4aliHOW BEJIMYMHBI U Bee 00Jice CTPEMUTCS
K KOHCTaHTE.

Ilenmpansnas npedenvnan meopema (meopema JIanynosa)

Pacnpenenerne cymmbl N HE3aBHCHMBIX CITyYailHBIX BEIHYHH
C KOHEYHBIMHM JUCIEPCUSAMHU U C IIPOU3BOJIBHBIMH 3aKOHAMU
pacrpeneneHusl CTPEMHUTCS K HOPMalIbHOMY pacHpeeNieHHI0 IpH
N — 00, eciu BKJIa/l OTACNIBHBIX CIAraeMbIX B CYMMY Mall.

Teopema JlsamyHOBa OOBSACHSET LIMPOKOE pAcCHpOCTpaHEHHE
HOPMAaJIbHOTO 3aKOHA paclpelesieHHss TeM, 4YTO paccesHHe
CIlyyallHBIX BEJIMYMH BBI3BIBAETCS MHOXECTBOM  CIIy4alHBIX
(hakTOpOB, BIUSHUE KAKIOTO U3 KOTOPBIX HUYTOKHO MaJIo.

29

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



Maea 2. AHanumu4yeckue 3aKOHbI pacnpe@eneHun Cﬂy‘-IaLijIX 8eslu4yuH

2. AHAJIUTUYECKME 3AKOHbI PACIHPEJIEJEHUSA
CJIYYAVHBIX BEJIUWYUH

2.1. Beenenue.

B 3T0if T71aBe MBI pacCMOTpPUM HanboJiee yIOTPEOUTEILHBIC 3a-
KOHBI PACIPEICICHUS CAyYailHbIX BEJIMYHMH, a TAK)KE OCHOBHBIC TTa-
paMeTphl 3TUX 3aKOHOB. ByIyT MaHbl METOIBI TOUCKA (PYHKIIUH pac-
MpeaACICHUA BEPOATHOCTU CHy‘-IafIHOfI BCJIMYUHBI B CIIy4a€ HCUHTET-
PHUPYEMOIi TUTOTHOCTH BEPOSATHOCTH, a TAK)KE AITOPUTMBI TIOJTyYCHHUS
MOCJICTIOBATEIBHOCTEN CIYYalHbIX BEJIMYMH C MPOU3BOJIBHBIM 3aKO-
HOM paclpeje/icHus, YTO0 HEeOOXOAUMO TNPH MOICTHPOBAHUH CITY-
YaifHbIX nporeccoB. Ocoboe BHUMaHUe OYIeT YIeIeHO 0000IIeHHO-
My 3KCHOHEHIMAIbHOMY pacIpeelieHHio, KOTopoe Haubosee mpu-
TOAHO IMPpHU U3YUCHUU HeHOO6pa3OBaHI/IH AKTHUBOB.

2.2. BuHOMHAJILHOE pacnpeneeHue.

ITycTe HexOoTOpOE COOBITHE MOXKET UMETh TOJIBKO ABa MCX0[a, KO-
TOopble Ha3zoBeM "ycmex" W "Heyzaaua', MpU 3TOM BEPOSTHOCTH ycIieXa
paBHa [, BepoaTHOCTh Heynauu pasHa (1— ).

Ecin npooautcs cepus u3 N He3aBMCHMBIX HCHBITaHUH, TO Be-
POSITHOCTB TOTO, UTO yCIIEX B JAHHOM CephH MOBTOPHUTCSA X pa3, a He-
ynaua (N — X) pas, Gyner paBHa IpoU3BEICHUIO YHCTA CIIOCOOOB, KO-
TOPBIMH MOKHO BbIOpath X u3 N, Ha BepOSTHOCTBH TOTO, 4TO CHaJana
X pa3 nosropurcs ycnex, a 3ateM (N — X) pa3 nosropurcs Heynaua.
CrieloBaTenbHO, BEPOATHOCTE X ycrmexoB B N He3aBHCHMBIX HCTIBITA-
HUSX paBHA:

N!
" X N-x
p(X) =———— p*(1- p) x=01,..,N
(N - X)!
HanHast ¢opMyia omuChBacT OMHOMHANBHBIA 3aKOH PacHpeacICHUS
ciTydaifHOW BeNMYUHEL. M3 QOpMyJBl HEMOCPEICTBEHHO CIEAYET, UTO
OWHOMHAIIBHBIA 3aKOH MOJIHOCTBIO XapaKTepH3yeTcs IBYMs IIapamer-
pamu: komudectBoM ucnbitanuii N u BepositHOCTBIO yerexa P . Ha
PHCYHKE TIPHBEICHA IUIOTHOCTH OMHOMHAIBHOTO pacIpelelcHus Mmpu
N =10 u pasnuunbix 3HaYEeHHAX BEPOSTHOCTH ycmexa P . Pacmpene-

JICHUC SABJIACTCA OUCKPECTHBIM, ITO3TOMY TOYKHU COCAMHCHBI Ha rpa(bHKe
JIMIIb OJ1 HAarJIIAHOCTH.
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0.50
0.45
0.40 A
0.35 4
0.30 +
0.25 A
0.20 A
0.15 +
0.10 +
0.05 A
0.00

Mamemamuueckoe oxcuoanue u Oucnepcuss OUHOMHAIBHOTO pac-
HpeesIeHNs] COCTABIISIOT:

4 =Np

D =Np(-p)

Tpemuii yenmpanvuvili MOMeHM TAHHOTO paCIpeeNICHUsI paBeH
m, = Np(1- p)(1-2p)

CrnenoBaTensHO, KO3 duyuenm acummempuu COCTaBISACT

__1-2p

}/ . —

VNp(-p)
3Hak K03(h(HUIMEHT aCHMMETPHH 3aBHCUT OT BEPOSITHOCTH ycriexa P :
y<0, ecmu p> 0.5
y=0,ecmu p= 05
y>0,ecmu p< 0.5
Ecnu BepositHOoCTh ycmexa [ (UKcHpOBaHa, TO KO3((HUIMEHT acuM-
merpuu ¥ —> O npu konuuectse ucnbrranuit N — 00 st moGoii P .
Yemeepmulil yenmpaibHulll MOMEHM JTAHHOTO pacIpe/elicHus] paBeH
m, = Np(1- p)[1+3(N —-2) p(1—- p)] . Cnenosarensho, oxcyecc
COCTaBIISICT
o 1+3(N-2)p(-p)
Np(1-p)
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IIpu komuuectBe mcnbiranuii N — 00 skcecc GuHOMMANBEHOrO pac-
MPEIETCHUS CTPEMHUTCS K YHCITY TPH, TO €CTh K YKCIIECCY HOPMAIBLHOTO
pacrpeneneHusl.

2.3. Pacnpenenenne Ilyaccona.

Pacnpenenenue IlyaccoHa Ha3bpIBalOT ellle paclpeleleHueM pel-
KHUX COOBITHI. EMy MOTUMHAIOTCS CllydaiiHble BEIMYMHBI, BEPOSTHOCTD
TMOSIBJICHUS] KOTOPBIX B OT/ACIHHOM HCIIBITAHUU Majia U TIOCTOSIHHA.

Pacnpenenenne Ilyaccona sBnsercs npeaenbHbIM cliyyaeMm OHHO-
MHUAJIBHOTO pacnpeaeneHus. Ero MoKHO NPUMEHUTh, KOTAa KOJIHMYECTBO
ucnsiranuit N nocrarouno Benuko, a BEpOATHOCTH ycrexa [ Mana,

HO Tak uro mpoussenenue L = NP - 3T0 HekOTOpoE KOHEUYHOE

IIOCTOSIHHOE YHUCIIO.

Ecmn MBI 0003HAUYMM MaTeMaTH4ecKoe OXHIAHUE KOJIUYECTBA
YCIEXOB 3a HEKOTOPBIH MPOMEKYTOK BpeMeHH (MM 32 HEKOTOpOe
KOJIMYECTBO MCIBITAHMUI) KaK [/ , TO BEPOSITHOCTh MMOJIYYUTh X YCIIEXOB

3a OTOT HPOMECKYTOK BpPEMCHH [MOAJYHUHACTCA  PACHPEACICHUIO

Ilyaccona:
X

—H
p(x)zeTlﬂ x=012,...

JlanHOe pacnpesieIeHHe 3aBUCHT OT €AMHCTBEHHOTO NapaMmeTpa /f ,

KOTOPBIA MOJKET NPUHUMATh KOHEUHBIE IIOJIOKUTENIbHBIE 3HAYEHMS.
HanmomuuM, 4ro Benmn4ymHa X - 3TO KOJHMYECTBO YCIEXOB, a MOTOMY
JUCKpETHa.

W3 dopmynsr miast pacnpexnenenus [lyaccoHa HEmocpeICTBEHHO

cienyer, uro P(X+1)/ p(X)=u/(X+D). Eemm wu<1, 10
pP(X+1) < p(X) mpu mobom X u MakcumanbHoe 3Hauenue P(X)
nocruraercs pu X = 0. Ecim ke 1 > 1, 10 p(x) CHayJaJia pacTer C
yBEJIUYEHHEM X , TOCTUTas MaKCUMyMa IpH X & [/ , a 3aTeM yObIBaeT.

Mamemamuueckoe oxcudanue M oucnepcus pacupenenenus Ilyac-
COHA PaBHBI [ .

Tpemuii  yewmpanonoii  Momenm I,  TaKkKe paBeH U .

CnenoBaTensHO, K03 puyuenm acummempuyu  COCTaBISIET

y=1/ \/; , TO ecTb pacmpenenenue [lyaccoHa uMeer OI0KUTEIh-

HYI0 aCHMMETPHI0. ACHMMETPHSI CTPEMHUTCS K HYJIIO TIpU L —> o0 .
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Yemsepmouii yenmpanvhviii momenm M, = 3;12 + 4 . CnenoBatenbHo,
okcyecc  coctapnser £=3+1/p. Tlpu g —>o00  skciece

pacnpenenenus IlyaccoHa cTpeMHUTCs K YHCITY TPH, TO €CTh K 3KCLECCY
HOPMAJBHOTO PACIIPEICIICHHUS.

Ha pucynke npuBezeHa ioTHOCTh pacupeneneHus Ilyaccona mpu pas-
JMUYHBIX 3HAUYCHHUSX MATeMaTHYECKOTO OXUAaHWs. PacrpenencHue sB-
JISETCS TUCKPETHBIM, TTIO3TOMY TOYKH COEAMHEHBI Ha TpaduKe JIUIIb JJIs
HaIJIAJHOCTH.

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

—<——mar. oxuganme = 0.8
—l— mar. oxunganue = 2

- - A- - - MaT. oxmagaHme =5

2.4. PaBHOMepHOE pacmpeesieHue.

Ecnu Bce 3HaueHUs HENPEPHIBHON CIy4alHOUM BEIUYMHBI B HE-
KOTOPOM MHTepBase oT & 10 D, paBHOBEpOATHBI, TO aHATUTHYECKH
3TO MOJKHO 3aIluCaTh B BUJE!

p(x)=0 Xx<a, x>b

p(x) =1/(b—a) a<x<b

Pacnipenenenne ¢ Takoil IIOTHOCTBIO BEPOSITHOCTH HA3bIBACTCS
paBHOMEpHBIM  (PaBHOBEPOSATHBIM, NPSMOYTOJbHBIM). JlaHHOE
pacrnpenencHie 4acTO HCHOJB3YIOT U1 KaueCTBEHHOT'O aHalIHu3a
CTaTHCTUYECKHX MPOLIECCOB.

Mamemamuueckoe odxcuoanue u oucnepcusi PABHOMEPHOI'O paclipe-
JIEJIEHUS] COCTABIISAIOT:

1u=(a+h)/2
D=(b-a)®/12
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Meouana  pacrupeneneHuss — COBMNazaeT C  MaTeMaTHYeCKUM
OKUTaHNEM, MOObl HE CYIIECTBYET.

Kosppuyuenm acummempuu u sxcyecc pasust: ¥ =0, £ =1.8.

i1 paBHOMEpPHOTO pAacIpeleleHnss MOXHO B SIBHOM BUJAE HailTH
(YHKIMIO pacpeieNieHHsI BEpOSTHOCTEH:

F(x)=0 Xx<a
F(x)=(x—a)/(b—a) as<x<b
F(x)=1 x>b

BceTpoeHHBIE B KOMIIBIOTEp TEHEpPaTop MCEBIOCTYYalHBIX YHCEN
BBIZIACT YKCIIa, pABHOMEPHO pactpeseieHHbie B nHTepBane ot 0 10
1. C ux HOMOIIBI0 MOKHO MOJEIUPOBATH CIyYaiHbIE IPOIECCHI C
Mpou3BOJbHON (yHKIMEH pacnpeneneHus. [logpoOHee o ToM, Kak
3TO Henaercs, OyleT pacckazaHo Jajnee B 3TOH I1aBe.

2.5. HopmasbHoe pacnpe/esieHne.

OnHMM U3 BaKHEWITUX paclpesieNie i, BCTpevalomuxcs B cTa-
TUCTHKE, SIBISCTCS HOpMallbHOE pachpenencHue (pacnpenericHue
l'aycca), oTHOcsmeecss K Kiaccy SKCHOHEHIHAIBHBIX. [II0THOCTH
BepOHTHOCTI/I 3TOTO PaCIpeIEIeHUS:

2
(X) _ (X B ﬂ)
\/ a 262
Pacnipenenenre nMeeT BUI CHMMETPUIHON KOJIOKOJIO00pa3HOU KpH-

BOH, pacHpoCTpaHsIOLIECs 10 BCEH YUCIOBO ocu. Pacnpenenenue
[aycca 3aBUCHT OT ABYX nmapametpoB: (i, o).

— 00 < X< +00

Mamemamuueckoe odicuoanue, meouana u mMooda TaHHOTO pac-
NpeeICHUs PABHBI L , A Oucnepcus O ° . KpuBas IIOTHOCTH BEpO-
STHOCTH CHMMETPHUYHA OTHOCHTEIIBHO MaTeMaTHYECKOTO OXKUIaHHS.
Kosppuyuenm acummempuu u sxcyecc pasust ¥ =0, & =3.

YacTo II0THOCTh HOPMAJILHOTO PACTIPEICTICHHS 3aIChIBAIOT HE
Kak (YHKIHIO TIEpeMEHHOH X, a Kak (YHKIHIO IepeMEHHOH
z=(X—u)/o, xoTopas WMEeT HyJNEBOE MaTEMATHYECKOE

OXXuAaHue M aucnepcuio, paBHyto 1. I[InoTHOCTs BeposiTHOCTH IpH
3TOM paBHa!
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1 z°
p(2) ZEGXP )

Takoe pacmpeneneHie Ha3bIBAlOT CTAHAAPTHBIM HOPMAIBHBIM pac-
npeaecHueM.

[110THOCTE BEpOSITHOCTH pacmpeeneHus ['aycca Henb3s MponH-
TErpupoBaTh IJIsl MOJMYUYCHUS] WHTETPAIbHONW (QYHKIMH pacrpejene-
Hus BepostHocteil F(X) B siBHOM Buze. F(X) MOXKHO HallTH ¢ HCIIOJB-
30BaHHEM:

- YHCJICHHBIX METOJOB MHTErpupoBaHus QyHKIMH p(x),
- myTeM pasiokeHus GYHKIMHU p(x) B psAA ¢ MOCICIYIOUINM aHa-

JUTHYECKAM MHTETPHUPOBAHUEM ITOTO Psijia.

[IIupokoe npumeHeHue pacnpeneneHus ['aycca B CTaTHUCTHKE
OCHOBaHO Ha JIOKa3aHHOM B TCOPUHU BEPOSTHOCTEH yTBEPKIACHUH,
YTO CilydyaiiHas BEJIWYMHA, SBISIONIAACS CYMMOW OOJIBIIOrO 4Yucia
HE3aBUCHMBIX CIyYaiHBIX BEJIMYUH C KOHCUHBIMU THCIEPCHIMH H C
MPaKTUYECKN MPON3BOJIBHBIMHU 3aKOHAMH DPACIpeeNIeHus], pacipe-
JieieHa HOPMAJTBHO.

To ecTb yciioBHEM HCIIOJIB30BaHUS HOPMAIBHOTO pacmperene-
HUS IS ONMCAHMS CIyYaliHOM BEIMYMHBI SBISIOTCS CHTYaIMH, KO-
r7ia U3y4aeMyro CIy4ailHyl0 BEJMYMHY MOKHO TPEACTaBHUTH B BUIE
CYMMBI JIOCTAaTOYHO OOJIBIIOrO KOJWYECTBAa HE3aBHCHUMBIX Cllarae-
MBIX, KaXJ10€ U3 KOTOPBIX MaJIO BIHACT HA CYMMY.

Pacnipenenenue I'aycca MOKHO HCIIONB30BaTh B Ka4yeCTBE IIEp-
BOT0 MPHUOIMKEHUS U ONHCaHUsI, HAPUMED, 102apudmos omHo-
cumenbHo2o u3mMeHeHus yeH akmueos. OTHAKO, TOIBKO B KayecTBE
MEepPBOTO MPUOIIKEHUS, TOTOMY YTO Ha IIPAKTHKE PacIpeleCHUs
3THX BEJUYMH OTJIMYAIOTCS OT HOPMAJbHOTO, TO €CTh MUMEIOT Kak
MpaBwiio OoJiee SIPKO BBIPAKEHHBIN MUK U OoJiee "TspKenble” XBOCTHI.
CretoBaTeIbHO 3TH paCIpeeNIeHHs SBISIOTCS OCTPOBEPIIMHHBIMH
U MMEIOT JKCIIECC, MPEBbIMIAONNN Tpu (MHOTIA OYEHb CYIICCTBEH-
HO).

Botuucnenue nopmansnozo pacnpedenenusn ¢ nomouipio Microsoft
Excel

[IpuBemeM HECKONBKO MPUMEPOB BBIYUCICHUS XapaKTEPHCTUK
HOPMAaJILHOTO pacrpeneneHus. Bee ucmonb3yeMbie GyHKIIMA MOXKHO
HaiTh B pazgeine "CrarucTruueckne GyHKIANA AIEKTPOHHBIX TaOIHI]
Microsoft Excel.
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[lycts ciydaiinas BenmuumHa X — HOJUMHSAETCS HOPMAIBHOMY
pacnpenernenuio ¢ napamerpamu (i, o).
1) IInoTHOCTH pacmpenencHus B Touke X = X:
HOPMPACII(x, u,0,.105%cb)
2) BeposrtHocTb TOrO, uTo X < X:
HOPMPACII(x, 1,0 ,ucmuna)

3) BeposTtHOCTb TOTO, 4TO X > X:

1- HOPMPACII(x, i, o ,ucmuna)

4) Ecmu wusBecTHa BEPOATHOCTH Toro, uro X < X, TO €cTh
P=P{X <X}, 10 coorBeTcTBYIONIEE 3HAUECHNE X MOKHO BbI-
YUCITUTD KaK:

X= HOPMOFP(P, u,0)

5) Jlns mpuBeleHHsS HOPMAJIBHO DACIpENEIEHHON CIydailHON Be-
JUYMHBl K CTaHJAPTHOMY BHIY, TO €CTh Ui BBIYMCICHUS
z=(X— u)! o ucnonwzyercs GyHKIUs:

z = HOPMAJTH3ALIAA (x, 1, &)

[lycte cnydvaiiHas BenauunHa Z  MOAYMHSIETCS —CTaHAAPTHOMY
HopmansHOMy pacnpenenennio (¢ =0, 0 =1).
1) BeposTHOCTH TOTO, uT0 Z < Z:
HOPMCTPACII(2)
2) BeposATHOCTH TOro, uT0 Z > Z:

1- HOPMCTPACTI(Z)

3) Eciau wusBecTHa BEPOATHOCTH TOro, 4ro Z <Z, TO €CTh
P=P{Z < Z, 10 cooTBeTcTBYIOIIEE 3HAYEHUE Z MOYKHO BBI-

YHUCIUTDH KaK.:

z= HOPMCTOFP(P)
4) BeposTHOCTB TOrO, uT0 —Z< Z < Z:

HOPMCTPACII(Z) - HOPMCTPACII(-2)

5) Ecnm u3BecTHa BEPOATHOCTH TOro, yto —Z< Z < Z, TO €CTh
P=P{-z<Z < Z, 10 coorBercTBYIOLICE 3HAUEHUE Z MOXK-

HO BBIYHCIIUTH KaK:

z= HOPMCTOBP((1+ P)/2) nm

36

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



Maea 2. AHanumu4yeckue 3aKOHbI pacnpe@eneHun Cﬂy‘-IaLijIX 8eslu4yuH

z=—-HOPMCTOBP((1-P)/2)

2.6. JlorHopMasibHOe pacnpeaeeHue.

[Tycth x - HOpMaIBHO pacHpeiesieHHas cllydaiiHas BEJTUYHHA C
TUIOTHOCTBIO PacpeesIeHus:

_ 2
Lexp _M — 00 < X< 400

px(X) = \/EO' 2%

Torpa cinyyaiiHas BeIM4MHA ), CBA3aHHAS C BEIUYMHON X COOTHOLIE-
nuem Y(X) =€ Gyzer pacnpesieneHa JOrHOPMAIbHO. 3aMETHM, UTO

Y MOXET MPUHUMATh 3HaueHUs1 Toybko ot O g0 +oo. Halizem ocHOB-
HBIE MTapaMeTPhl JOTHOPMAIBHOTO pacpeIeICHUsI.
O003HaYNM HEW3BECTHYIO TMOKa IUIOTHOCTH JIOTHOPMAIIEHOTO

pacnpesienenus depes P, (Y), KOTopyko onpenesum HCXOAs U3 pa-
BeHCTBa muddepeHnaios:
p,(Y)dy = p,(X)dx= p,(y) = p,[x(y)]-dx/dy
Tak xak X(y)=In(y), u dx/dy=1/y, ms wnorHocTH
BEPOSATHOCTH  JIOTHOPMAJBHOTO  pACHpEeeHusl  TONydYaeTcs
cnenyromas Gopmya:

2
P, ()= e - 21

[lapaMeTpbl JIOTHOPMAJIBHOTO PaCIPEACICHHUS BBIPAKAIOTCS Yepes
napamMeTpbl COOTBETCTBYIOIIETO pacipeseneHus ['aycca cieyonm
obpazom:

iy =exp(u+ c?12)

O<y<+o

D, =exp(2u +o?)-(exp(c?) -1)

Me = exp(x)

Mo = exp(u - o%)

Pacnipenenenue uMmeeT KpyTO JIEBBI U MOJOTUM INPaBbIA CHAaJ, TO
€CTh UMEET MOJIOKUTENBHYIO0 aCUMMETPHIO.

Kak u B cinyudae pacnpenenenusi I'aycca, MIOTHOCTh BEPOSITHO-
CTH JIOTHOPMAJLHOTO pAaCHpeleNCHUSI HENb3sl MPOUHTETPUPOBATH
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Uil TIoNy4YeHus: (pyHKIHMM pacrpelesieHHs BEpOSTHOCTEH B SBHOM
BHJIE.

Opnaxo, 3Ha4YeHWS HMHTErPANbHON (YHKIMHM JIOTHOPMAJIEHOTO
pacupeneneHuss MOXHO HaWTH, UCIHOJIb3Ysl 3HAUEHUS WHTETPAIbHON
¢byHKUMH pactipeneneHus ['aycca, Tak Kak OHU CBSI3aHBI COOTHOILE-

mnem F, (y) = F,[In(y)], nm B serom suge:
In(y)

fmmmzjmmm

JlorHopMarnbeHOE pacrpezieieHHe MOYXHO HCIIOJIb30BaTh B Kade-
CTBE IEPBOTO NPUOIMKEHHUS AJISI OIMCAHUS OTMHOCUMENbHO20 UMe-
HeHUsl YeH aKkmugog, OJHAKO, C TEMU OIPAaHMUYCHUSMH, O KOTOPBIX
ObBLTO CKa3aHO MU 00CyKAeHUH pacnpeaenenus [aycca.

2.7. Pacnpenenenne Jlanaca.

Eme omHUM THITIOM 5KCIIOHEHIMATBHOTO pacIpeesieHus, Haps-
Iy C HOPMAJIbHBIM, SIBIISIETCS pacmpeneneHue Jlammaca, TUIOTHOCTB
KOTOPOTO BEIpaxaeTcsi (hOpMyJIIOii:

_ 1 x|
p(X)_\/EO' O'/\/E

Kaxk u pacnpenenenue ['aycca, pacnpenenenue Jlannaca:
- 3aBMCHT OT ABYX napametpoB (i, o),

— 0 < X<+

exp| —

- Mamemamuyeckoe 0Jicuoanue, MeouarHa u mood IAHHOTO pac-
2
npezeNieHUs] paBHBI L , a Qucnepcusi o~ ,

- KpHBas IUIOTHOCTH BEPOSTHOCTH CHMMETPUYHA OTHOCHTEILHO
MaTEeMaTUYECKOTO OXKUIAHHS, KOdpuyuenm acummempuu pa-
BEH HYJIIO.

OnHako sxcyecc pacnupeneneHus € =6, To ecTh BABOE IPEBBIILIAET

9KCIIECC HOPMaJbHOIO pacmpesaeinenus. CienoBareiabHO, pacupese-

neHue Jlarmmaca OCTPOBEPUIMHHOE, TO €CTh MMEET BBICOKHH MHK M

"TsoKelble” XBOCTHI.

Kpome Toro, mioTHOCTh JaHHOTO PACHpEACICHUS WHTErpUpYe-

Ma, U (DYHKIIUS Pactpe/IelICHUsI MOKET ObITh MOJyueHa B SIBHOM BH-

ze:
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F(xX)=0.5-exp —M X< u
o/\2
F(X)=1-0.5-exp —M X> u

o/2

Pacnpenenenne Jlamiaca MOXHO MCIOJIB30BATh JJIsI OMUCAHUS
JL02APUPMOE OMHOCUMENbHO20 USMEHEHUsL YeH AKMUB08, 3aUaCTYIO C
OOJBIIMM YCIIEXOM, YeM HOpMalbHOEe pacmpeneicuue. OqHako, ¢
ere GOJIBIIIEH TOYHOCTBIO, pealibHBIE PacIpeeeHNsT BEPOITHOCTEH
OIUCHIBACT 0000WeHHOe IKCNOHEHYUANbHOe pacnpedeiienue, KOTo-
poe OyIeT TakKe pacCMOTPEHO B 9TOH IJiaBe.

2.8. Pacnpenenenue Komru.

Pacnpenenenne Komm sipnsgercss oIHUM M3 MPOCTEHIIMX 3aKO-
HOB pacnpezeneHus. Ero mioTHOCTh BeIpaxaercs (opMyJIIoi:

p(x) = -
bz1+[(x—a)/b]?)

[InoTHOCTE pacnpenenenus Komm umeer BUA CHUMMETPUUYHOM
OTHOCUTENBHO TOUYKH X = @ KpPUBOH, BU3yaJIbHO OYEHb ITOXO0XEH HA
IJIOTHOCTh HOPMAJIBHOTO PacipeiesICHUS.

Kpome Toro p(x) uHTErprpyemMa, modToMy (QYHKIHIO pacrpese-
nennst Komm Mo)KHO 3ammcaTh B SBHOM BUJE M HE NPUOETraTh MpH ee
BBIYMCIIEHUH K TTIOMOIIM YUCJIEHHBIX METOOB!

Hm=%+%wamu—muﬂ

Kazanocek Obl, pacnpenenenrne Koy BRINISIIUT OYSHB MPHBIIC-
KaTeNbHO NJISl ONMHCAHUA U MOJCITUPOBAHUS CIyYaWHBIX BEITUYHH.
OpnHako B NEHCTBUTEIBHOCTU ATO HE Tak. CBOMCTBA paclpeaeieHus
Ko pe3ko oTauyHbl OT CBOMCTB pactpenenenus ['aycca, Jlannaca
U JPYTUX SKCIIOHCHIIUANBHBIX paclpeIeeHUH.

Hemo B ToM, uto pacmnpeaeneHue Komm OnIM3K0 K TpeeNbHO
royioroMy. HamomMHmMM, 9TO pacmpeneieHne Ha3bBaeTCs MPEIeabHO
MOJIOTHM, €CITM Tpu X —> 100 ero MIOTHOCTh BEPOSTHOCTH

p(X) =1/ | x[*’, rae & - cKoIb YroZHO Manoe MONOKHTEIBHOE

ancno. Tlpu Gonee momorux, wem 1/ | X[ cmamax, momans mox
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KpUBOW OECKOHEYHa, TO €CTh HE BBINOJHSACTCS  YCIIOBHE
HOPMHUPOBAHHsI, M TaKUE€ KPHUBBIE HE MOI'YT OIMCBHIBATh ILUIOTHOCTH
pacnpeneneHust BEpOSITHOCTEN.

Hdns  pacnpenenennst Komm He cymecTByeT [axe IEpBOTO
HA4YaJbHOTO MOMEHTa paclpeleleHusl, TO €CTb MAmeMamuiecKo2o
odrcudanus, Tak Kak ONpeAessIoImni ero mHTerpan pacxogurtcs. [lpu
3TOM paclpefelcHue UMEeT U Meduany U MoJy, KOTOPHIC PaBHBI
napamerpy a.

Pasymeercs,  Oucnepcus ~ 3TOro  pacmpeneneHus  (BTOpoi
[EHTPAJIbHBIA MOMEHT) TaKke paBHa OeckoHeuHOCTH. Ha mpaktuke 310
03HAYaeT, YTO OIEHKa IUCIIEPCHH IT0 BEIOOPKE 13 pacupeneneHust Komu
OyZeT HeorpaHUUEHHO BO3pPacTaTh C yBeJIHMueHHEeM 00beMa JaHHBIX.

4K BBIIICCKA3aHHOTO CIIeTyeT, 4TO anmpOKCUMAIINS
pacmpeneiaeHrueM Komm  caywaiiHpix  mporieccos, KOTOpbIE
XapaKkTepU3yIOTCS  KOHEYHBIM  MaTeMAaTUYeCKUM  OXHIAHHEM H
KOHEYHOM Jucrepcueit, HerpaBoMepHa.

2.9. Pacnpenenenue [apero.

Pacnpenenerue [lapeTo - 3TO ycedeHHOe cleBa paclpeacieHue,
IUIOTHOCTh BEPOSITHOCTH M (DYHKIMS paclpeneieHUs] KOTOPOTrO BHIpa-
KaIoTCs B BUJIE:

X< B: p(x) = F(x)=0
x>B>0,a>0: p(x)=%(B/x)1+“ F(X) =1- (B/x)"

[InotHOCTS p(X) pactupenenenus pasHa Hyo npu X < B, umeer max-

cumaipHoe 3Hauenne npu X = B u Mmonoronuo y6siBaer mpu X > B .
Pacnpenenenue ITapeto MOXHO MOIHGMHIHPOBATH TAaKKUM 00pa3oM,

4TOOBI €r0 MOXHO OBLIO HCIOJB30BaTh IS OMHCAHUS CHMMETPHYHBIX

pacnpeneneHuil BEpOSATHOCTEH.

BBenst HOBy10 nepemennyto t = X— B, nonyunm

o Lta _g. o
p(t)="2 [B(B+"* =T [+ 1/B)]

O<t<+4w, B>0, >0

B3sB Bennuuny t Mo Moayito, 3Ty GopMyIly MOXKHO PaclpoOCTPaHUTh Ha
BCIO YHCIIOBYIO OCh, BBEIS IIPH 3TOM HOPMHPOBOYHBIN K03(duIment

2.
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(24 +a
p(t) =5 [+ [t/B)]

—wo<t<+4w, B>0, >0

OnwuceiBacMoe TocienHedl GopMyJol paclpeneieHne UMeeT IICHTP B
touke t =0. Jlnga pacnpenenenus ¢ HEHTPOM B NMPOM3BOJIBLHON TOYKE
t = A nonyuum

a lta
p(t) =E-[1/(1+ |t—A|/B)]

—wo<t<4w, B>0, >0

WTak, Mbl OJTyYMIIH CHMMETPMYHOE PACTIPE/IEICHUE, 3aBUCSILEE OT
Tpex MapaMeTpoB, ¢ MOMOIII0 KOTOPOTO MOYKHO OTHMCHIBATH BBIGOPKHU
CIlydyalHBIX BEJMYMH, B TOM YHCIE C MOJNOTMMH criagamu. OHAKo, 3TO
pacnpe/ienieHue 00MaaeT HeOCTATKAMH, KOTOPBIE ObUTH PacCMOTPEHBI
npu 00CyXIeHUH pactpeneieHuss Komm, a UMEHHO, MaTeMaTHIECKOe
OKUJIaHME CYLIECTBYET TONBKO MpH & > 1, nucnepcust KOHEUHA TOIBKO
npy @ > 2, u BOOOWIE, KOHEYHBI MOMEHT DACHpPENEIEHUS K-20
Tnopsijika CyIecTByer npu o > K .

2.10. O6001IeHHOE IKCTOHEHIINABLHOE PacnpeaeeHHe.

Beime B 9r0oil  TmaBe ObUIM  pacCMOTpPEHBI JBa  BUIA
SKCIOHEHIMANBHBIX pacnpenencHuii: ['aycca u Jlammaca. Y HUX MHOTO
00IIero: OHM CUMMETPHYHBI, 3aBUCAT OT JBYX IapaMeTpOB (,u,O'),

HUMEIOT KOHEYHbIE MOMEHTHI JII000T0 mopsiaka. OTiIu4me ke COCTOUT B
TOM, 4TO W3-3a TOTO, YTO MEPEMEHHAs X BO3BOJIUTCS B Pa3HYIO CTEIICHb
MOJI 3HAKOM JKCIIOHEHTHI (B KBaJpar y pacmpejeneHus [aycca u B nep-
BYIO CTENEHb y pacmpeseneHus Jlamnaca), skcuece y Hux pasubiii. Ha-
MMOMHHUM, YTO IKCIIECC XapaKTePU3yeT OCTPOTY IMHKa paclpeesieHHs U
KpYTU3HY CIIafia XBOCTOB pacupezeneHus. Bo3HukaeT Bompoc: MOKHO
I 3anucarhb bopmyy JUISL IJIOTHOCTH BEPOATHOCTH
SKCMOHCHIIMAILHOTO paclpesieiieHuss B 00IeM BHUAE, TO €cTh C
IIPOM3BOJIBHOM IOJIOXKUTEIBHOM CTENEHBIO IEPEMEHHOM X 110/ 3HAKOM
SKCIOHEHTHI ? OKa3bIBaeTCsl, TaKast (pOpMyJia CyIECTBYET:

[x=a

— % _exp — 00 < X< +00
2I U a)lo Ao

p(x) =
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A= TUa)/I3Ea)

rne I'(t) - oTo ramma-pynkuma. O ToM, Kak BBIYHCIAETCS raMma-

¢ynkius, pacckasano B [IPUJIOJKEHNU 2.1 k stoit rnase.
PacnipenenieHre ¢ MPUBEACHHON BBIIIE MIOTHOCTHIO BEPOSTHOCTH

MEI Oynem Ha3bIBATh 0000w eHHbIM DKCHOHEHYUATIbHBIM

pacnpeoenenuem, KOTOPOE XapaKTEPU3YETCs TPEMsI TapaMeTPaMH:

- MareMaTHYeCKHM OXujaaHuem (MeanaHoi, MOJoH)

- CpemHEKBaJpaTHYHBIM OTKIOHEHHEeM O (mucnepcueit 62),

- TIOKa3aTeleM CTEIeHHU pachpeeieHus ! .

[Tokazarens cTeNEeHN (¢ XapakTepu3yeT GOpMy pPacHpEICICHHUS.

- 1pu «a <1 pacnpeneneHue MMeET OYEHb OCTPHIM NHUK M OYEHb
TIOJIOTHE CTIAJIBI,

- npu «a =1 opacnpenenenue TOXKIECTBEHHO PACIIPEIETEHUIO
Jlamnaca,

- mpu Q=2 pacupeieieHHE TOXKIECTBEHHO PACIPEIETIEHHIO
laycca,

- mpu @ >2 pacmpelelcHHE  CTAHOBUTCA  MOXOXKHM  Ha
PaBHOOEAPEHHYIO TpAIElHIo, TO €CTh UMEET IUIOCKYIO BEpIIMHY U
PE3KO CIaaroIire XBOCTHI,

- IOpH ( —>00 pacIpeneicHue TOXICCTBCHHO PaBHOMEPHOMY
pacnpeieseHUIO.

DKclece pacnpeneIeHUs] OAHO3HAYHO ONpeAesIeTCs MoKa3aTeneM cre-

newn @ &= I(Ue)T(5/a)[T(3]a)]?.

COOTBETCTBEHHO, M3 BBIYHCICHHOTO IO BHEIOOPKE CIyYalHBIX BEIHYHH

3HAYCHHsI OIEHKH JKCIecca, MOXKHO OIPEICTHTh OICHKY MOKa3aTelsd

a.

OOBIYHO B CIIPaBOYHHWKAX pacrpeneneHus [aycca, Jlammaca u pas-
HOMEPHOE PacCMaTPHUBAIOTCS KaK Pa3HBIC paclpeleCHUs, XOTs B U3Ja-
raeMoil 31ech KOHLEIIMH - 3TO OJIHO U TOXe pacmpenenenue. Equnct-
BEHHBIM MapaMeTPOM, XapaKTepH3yrUuM GopMy (a 3HaYUT U CBOICT-
Ba) 3TUX PACHPECIICHUI ABIACTCS MOKA3ATENh X .

B nanpHeiimem, ecay NpuHATa TUIIOTE3a O TOM, YTO IJIOTHOCTH Be-
POSITHOCTH CITy4YaifHOM BEJIMYMHBI MIMEET SKCIIOHCHINAIBHBIN XapakKTep,
IUTSL OTIMCAHMUS 3TOM BETMYUHBI OyIeM HCIIOIh30BaTh IMEHHO 0000IICH-
HOE€ SKCMOHEHINATIbHOE pachpeesieHue.

Ha pucyHke mpuBeneHa IJIOTHOCTh CTaHAAPTHOTO 00OOIIEHHOTO
SKCMOHEHIIUAILHOTO PACIPEeNICHUS IPU Pa3INYHbIX 3HAYCHUAX X .
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0.80 A

alpha = 1 (Jlannac)

alpha = 2 (Faycc)
........ alpha = 100

B o0mem ciy4yae MiIOTHOCTh BEPOSTHOCTH OOOOIIEHHOTO 3KCIIO-
HEHIIMATBHOTO PACTIPEICIICHHUsI HEllb3sI TIPOUHTETPHPOBATH JUTS TONTyde-
Hust QYHKIMU pacmnpeseneHus BepostHocteit F(X) B siBHOM Bume. F(X)
MOYKHO HalTH ¢ UCIIOIB30BAHUEM:

- YHCIICHHBIX METOJIOB MHTETPUPOBaHUs QYHKIHH p(X),
- TyTeM pa3nokeHus QYHKIUH p(x) B PA C TOCIENYIONMM aHAINTH-

YECKUM HHTETPUPOBAHUEM 3TOTO Psia.

O ToM, Kak 3To jaenaercsi, OyJeT paccka3aHo B CICAYIOMHUX naparpadax.

Buviuucnenue unmezpanvHoil (ynKuuu 0600uEHHO20 IKCNOHEHYU-
anwvrozo pacnpedenenus ¢ Microsoft Excel

He nmpuBoas noka3zaTenbCTBA CKaXeM, YTO MHTErpaibHAas (YHKIHS
0000IIEHHOTO 3KCHOHEHIMATBHOTO PAaclpeieNICHHs] MOXeT OBITh
BBIDAKEHA 4Yepe3 HHTErpalbHyl0 (GYHKIHIO TaMMa-pacripeeraeHus
(BcTpoennas pyukuus Excel) crnemyrommm obpasom:

(23
X — 1
x> F(X)=05+05- TAMMAPACIT 2 =1 ucrunA
Ao a
(04
X—u 1
X< u: F(X)=05-0.5- TAMMAPACI \— 1, HCTHHA
Ao a

2.11. Tlouck WHTerpajbHOi (YHKIMH pacnpenejeHus] MyTeM
YHCJIEHHOT0 HHTETPUPOBAHUSI TVIOTHOCTH PacnpeaeIeHusl.

Ilycte maHa ciyuaiiHas BeIM4YMHA, KOTOpas MOAYMHsIETCS 0000-
IIEHHOMY OKCIIOHCHIMAIBHOMY pACIpENCICHUI0 ¢ MapamMeTpamMu
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(ﬂ, 6,0{) y TO €CTb IIJIOTHOCTDb BEPOATHOCTH UMECT BU.
a x—pul”

2 exp-|2H

2I' U a)lo Ao

TpebyeTcst HAUTH UHTETPATIBHYIO (PYHKIUIO pacTpeeIeHHs:

F(¥) = [ p(2)dz

TIpesxe BCEro 3aMeTHM, UTO 3a71a4y MOXHO YHPOCTUTD, MEpei/is K
nepemennoii t = (X— )/ o . Cnyuaiinas Bennuuna t umeeT MaTeMaTu-

—00 < X< 400

p(x) =

YecKoe O)KUIaHWE, PaBHOE HYJIO, M AUCIEPCUIO, PaBHYIO €IUHUIIE.
@®opMynBl IS TUIOTHOCTH BEPOSTHOCTH M (DYHKIMH pPAaCTIpPEISIICHHS
MPUMYT BHIL!

(94 a
p(’[)—mexp(—|t//l| ) —wo<t <40

F(t)= jp(z)dz

HJ'ISI peueHusn MMOCTABJICHHOM 3aJa4u JOCTATOYHO:
- pa3ouTh BClO 0o0JacTh ompezaencHus nepeMeHHou t Ha N mHTEepBa-
JIOB, TIPH 3TOM Y3Ibl pa30umeHus OyayT oOpa3oBHIBATH MAacCCHB

{T.},k=0,.,N.
- BBIYMCIIMTH B y3Jax pa3OMEHHsi MACCHB 3HAYEHUH HMHTErpaJbHOM
dysxuwmn {F,},k=0,...,N.
Torzma s NPOM3BOJIBLHOTO 3HAYEHHs MEPEMEHHOH t, TaKoro, uTo
T, <t <T,,, 3Hauenue unrerpansHoit Gpynkuun F(t) Moxer ObIT mpH-

OJIMKEHHO OTIPE/ICTICHO B BUJIC:
F(t) = Fk + (t _Tk)(Fk+l - Fk)/(Tk+l _Tk)

Tak kak  Mexay  y3damu  pa3OueHus  BenuumHa  F
aNMPOKCUMHUPYETCS TMHEWHOM 3aBHCUMOCTBIO, TO HHTEPBAJ pa3OHeHUs
JIOJDKEH OBITh JOCTATOYHO Mall, TO €CTh KOJUYECTBO Y3JIOB pa3OHCHHS
JIOCTATOYHO BEIIHKO.

OpnHako, MIOTHOCTh BEPOSITHOCTH OTpeZiefieHa Ha BCEW YHCIIOBOM
ocH, a pa30ouTh OCCKOHECYHBIN WHTEPBAT Ha KOHEYHOE KOJMYECTBO WH-
TEpPBaJIOB KOHEYHOU JUIMHBI HEBO3MOXXHO. [ToaTOMYy mpuOIMKeHHO Oy-
JIEM CUUTATh, YTO
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a a
p(t):mexp(—“//” ) —-R<t<R

pt)=0 |t|>R

F(t)= [ p(2)dz

r7ie BennurHy 2R Ha30BEM pa3MaxoM pactpe/ielieHHs.

OueBugHO, WHTEpBAI OT - R 1o R MoOXHO TpakTOBaTh Kak
WHTEPKBAHTIIBHBIM IPOMEXYTOK C HEKOTOPOHl ONHM3KOH K eIUHHIIE
JIOBEPUTEILHON BEPOSTHOCTBIO. Jost 000011IEHHOTO
SKCTIOHCHITNATBHOTO PACTIPEICIICHHS IOJIOBUHY pa3Maxa MOKHO 33/1aTh
SMIIMPUIECKHU TTOJTyYCHHON (hOPMYIION:

R=+/3+4.788- (¢ —1.8)%"

[Tocne BBeneHUS MOHATHS pa3Maxa pacrpeesieHus, Bce TOTOBO sl Ha-

MNMUCaHUA aJirOpUTMa pCIICHUA 3aJauu.

1) 3ajaeM BXOJHBIC JAaHHBIC: TIOKA3aTeNlb CTETICHN PACIPE/ICICHIS & U
KOJINYECTBO MHTepBaioB pa3ouenus N (1eg0e 4eTHOE YUCII0).

2) BeruuciseM sKCIece pacmpeneneHus

e=T(Ua)(5/a)[T(3la)]
3) BrrumnciseM MMONOBUHY pa3Maxa pacipeeaeHus
R=+/3+4.788- (¢ —1.8)?°

4) BpluKciaseM MHHUMAaIbHOE M MaKCHMalbHOE 3HAYCHHE Tepe-

MeHHou t
Tmin =-R
Tmax =R

5) BeIuncisieM MacCHB y3710B Ha OCH t
T =Tn+ (Toa — Toin)K/ N k=0,..,N

6) BrrunciseM HOMep LEHTPa pacIpeneIcHHs
M=N/2

7) BelunciseM MacCHB 3HAYEHHUM TJIOTHOCTH BEPOSATHOCTH i K
om0oo M

Py exp(—|Tk//1|“) k=1..,M

B a
2/ a)A

Po =0
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8) Brluncisiem BcnoMoratreiabHBI MacCuB, B KOTOPOM BCJIWYHHBI pk

CYMMHUpYIOTCS HapacTaromwm uroroM s K om 0 do M

S, =ipi k=0,.,M
i=0

9) Tak Kak 3HaYEeHHE UHTETPAILHOM (QYHKIMH B LIEHTPE pacipeerie-
Hust (TO ecTh B y3ie ¢ HomepoM M) paBao 0.5, TO MOXHO BBIYHC-
JHUTH JICBYIO YacTh MacCHBa, B KOTOPOM COACPKHUTCS (DYHKIHUS pac-
IpeaeIeHUs

10) Tak kak pacrpeaeneHre CHMMETPHYHO OTHOCHUTEIBHO IIEHTPA, BbI-
YHUCISEM OCTaBILYIOCS YacThb MaccHBa, B KOTOPOM COIEPKHUTCA
(yHKIMS pacrpeeneHus

F=1-F,, k=M=+1.,N
Urak, MBI TONYYMIM MAacCHB 3HAYEHUN CIIyYalHOW BEIUYHHBI {Tk} "
COOTBETCTBYIOIIUH emy MacCHuB WHTETPATbHON byHKIAH
pacnpenenenust {F,}, To ects 3amanm dyukumio pacnpenenenus B

TaOJIMYHOM BHIIE.
1 TpOHM3BOJIBHOTO 3HAYCHUS IMEpeMEeHHOW ! 3HAa4YeHHWe WHTe-
rpanbHoit GpyHKImH F(t) MoxeT ObITh OmpeneseHo mo Gopmytam:

t<T,: F()=0
T, <t<T,, k=0..N-1:
F (t) = Fk + (t _Tk)(Fk+l - Fk)/(Tk+1 _Tk)
t=T,: F =1
HanomHuM, 4TO0 mepeMeHHas ! MMeeT HyJeBO€ MaTeMaTHUECKOe
0XHJIaHVE U eAMHUYHYIO Aucriepcuto. [lepeMeHHast x ¢ MpOU3BOJILHEIMHU

MaTeMaTUYEeCKUM OXHUJAAHUEM U TUCIEPCHUEN CBsI3aHA C MEepeMEHHOH t
cooTHoureHneM X = (+ot.

2.12. Mouck uHTerpaidbHoOl (YHKIMU pacnpenesieHHs] IyTeM
Pa3/105KeHUs IJIOTHOCTH pacnpeneeHds B Pl € MOCJAe y0LHM
AHAJTUTHYECKMM HHTETPUPOBAHUEM ITOI0 psiaa.

3amavy, MOCTaBICHHYIO B MpebIAylIeM maparpade, MOKHO
pPEeIINTh TYyTEM pa3JOXKEeHHsS CTOAIIEH TIOoJ 3HAKOM HHTerpaita
¢ysxum B pan Telnopa ¢ mocCieayOmuM HHTETPUPOBAHIEM TOTO
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psna. Utak, HaM Hy»KHO TIPOMHTETPUPOBATH 0OOOIIEHHOE IKCIIOHEH-
umnanbHoe pacnpenenenne (¢ =0,0=1):

p(t) =

—wo<t< 4w

gfafj; expl-1t/4")

F(t)= j p(2)dz

Tak xak IIOTHOCTH pacrpeaciacHud CUMMMETpPHUYHA OTHOCUTECIIb-
HO ICHTpA, A1 HAXOXICHUA HHTeI’paJ’IBHOﬁ (I)YHK]_II/H/I pacmpeaeie-
HUA JOCTAaTOYHO BBIYUCIIUTD

a0 = pra)iz= o ool (212) -

mjexlo( (2/ ) )d(2/ 2) _m {exp(— Yy

OYHKIUIO MO 3HAKOM MHTErpaja MOKHO Pa3ioxKuTh B psa Teitnopa
CJIEIYIOIUM 00pazoM:

expl- y* )= 3 (-1)* i—,

HOI[CTaBI/IB OTO Pa3JIOKCHUC 1104 3HAK UHTETpala U NPOBEAA UHTCI-
pUpOBaHHKE, IOy YUM
()= S WA

2r(1/ )& K ak+l
[TpakTHYECKH, CYMMUPOBAHUE MPOU3BOAUTCS HE 0 o0, @ 10 HEKOTO-
poro k=N, takoro, 4o

aN+1
1 UNT s
N!' aN+1

re § - 3TO HEKOTOpOEe HAIepes 3aJaHHOE MAloe MOJIOKUTENBHOE
4o (TOYHOCTh BbIUMCIEHHS). TO €CTh MBI JOJDKHBI BBIYMCIUT
YACTHYHYIO CyMMY PAJa.

®ynkuus pacnpeneienus F () cessana ¢ q(t) coorHomenunsmu:

t>0: F(t)=0.5+q(t)
t<0: F(t)=05-q(t])
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2.13. MoaennpoBaHue ¢ MOMOIILI0 PABHOMEPHOIO pacmpejeie-
HUSI CJIYYAHBIX YHCe] ¢ MPOU3BOJIbHOI MJIOTHOCTHIO pacrpeie-
JIEHMSI.

BeTpoeHHsIil B KOMITBIOTEp TEHEPATOP ICEBAOCITYYaHHBIX YHCEIN
BBITACT YHCJIA, PAaBHOMEPHO paclperneicHHble B uHTepBaie ot O mo 1.
Tak kak mr00as wHTErpaibHas (GyHKuus pacmnpenencHus F(X) umeer
obnacte 3HaueHnit or O g0 1, TO ¢ TOMOIIBIO PaBHOMEPHOTO
pacripenieliecHns] MOKHO IOJYYHTh CIIyYaifHOE YHCIIO C MPOHW3BOIBHBIM
3aKOHOM pACIpEleNiCHHs MyTEeM pEIICHUs OOpaTHOW 3aja4u, TO €CTh
BOCCTAHABJIMBAas 10 HW3BECTHOMY 3HadyeHHto F(X) 3Hauenue x. B
KadgecTBe IpUMepa OyneM MOIEIHPOBaTh CIyYalHYI0 BEJIHYHHY,
MO JUUHSTFOLTYOCS 00001IICHHOMY SKCIIOHCHIINATHHOMY
pacupeneneHuo. [ns perneHuss SToW 3amayn OyaeM HCIOJIB30BaTh
pe3yIIbTaThl, HOJTyYEeHHBIEC B IBYX MPENbIIYyIINX Haparpagax.

Ilocmanoeka 3a0auu

Jlano ciyvaifHoe 4YMCIIO Z, DAaBHOMEPHO pacrpesie/ieHHOe Ha
uaTepBaie ot 0 o 1.

TpeGyeTcs MOMyYMTH 4MCIO X, MOMYUHAIOMIEECS 00OOIIEHHOMY
SKCTIOHEHIMAILHOMY pacripeieNieHnto, ¢ napamerpamu (4,0, ) .

Pewenue nymem npeogapumenbHozo HUCIAEHHO20 UHMEZPUPOBAHUA
RIOMHOCIMU PACHPEOeIeHUA, MO eCMb 3a0anUs YHKUUU pacnpeoe-
JleHus 8 MadIuYHOM 8UOe.

J1st  monmydeHWssT ~HMCKOMOTO 4YHCla X, HalgeM cHavana
BCIIOMOTAaTENbHOE YHCIO {, KOTOpOE MOAYUHSAETCS 0000IIEHHOMY KC-

TNIOHEHIMANbHOMY pacrpesesienuto, ¢ napamerpamu (1 =0,0 =1).

Jnis1 9TOTO MO METOMUKE, H3N0KEHHOU B maparpade 2.11, moxydaum
MACCUB 3HAQUYEHUH CIy4YalHOW BEIMYHHBI {Tk} U COOTBETCTBYIOIIUI
eMy MaccuB MHTerpanbHoil ¢ynkumu pacnpenenenns {F .}, To ects
3amaauM (YHKIHMIO pacrpenesieHuss B TabnumuHoM Buzae. s mpowms-
BOJIFHOTO 3HA4YEHUs INEPEeMEHHOHN ! 3HaueHHe MHTErpajJbHON (DyHKINH
F(t) MmoxxeT GBITH OMpeneNIEHO KaK:
t<T,: F()=0
T, <t<T,,, k=0,.N-1:

F(t) = Fi + (t_Tk)(Fk+1 - Fk)/(Tk+l_Tk)
t>T,: F(t)=1
48

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



Maea 2. AHanumu4yeckue 3aKOHbI pacnpe@eneHun Cﬂy‘-IaLijIX 8eslu4yuH

Ha unrepBane Ty <t <T, Benuunns t u F cBs3aHb IMHEHHO.

Ecnu mpunsaTh, 4To BenmuuuHa t HE MOXKET OBITH MEHBIIE To U HE
MOXeT ObITh Oombmie Ty , TO MOXHO TIONYYHTH OOPaTHYIO
zasucumocts t(F) B Buze:

F=0: t(F)=T,
F=1: t(F)=T,
F.<F<F., k=0,..,N-1:
t(F) =T, +(F-F)(T. —T)/(Fea —F)

Ecnu cuurare, 4TO TONyYeHHas C TOMOILIBIO TeHepaTropa
CIy4YaifHbIX YMCEN BEJIMYMHA Z SIBJISETCS 3HaueHHeM (YHKIMH pac-
npeneneHuss F B HekoTopoil Touke t, To BemuuuMHA t MOXeT OBITH
HaliZieHa 10 TMPHUBEACHHBIM BbIlIE (opMyIam, TJe BMECTO MEPEMEH-
HOit F mozcraBieHa BenuumHa Z. ICKOMOE YHCIIO X BBIYHCIISETCS KaK
X=u+ot.

Pewienue memooom umepayuii, ¢ UCHOIb30BAHUEM GLIYUCAEHUA
dyukyuu pacnpeoenenusn uepes pao Teitnopa.

Kaxk n B mpezpinyIiem cirydae, A TOJMydeHHs HCKOMOTO 4HCiia X,
HaliJileM CHa4aja BCIIOMOTaTelbHOE YHCIO t, KOTOpoe HOAYMHsETCS
0000IICHHOMY SKCITOHCHITHAILHOMY paclpe/esieHHI0, C TTapamMeTpaMu
(u=0,0=1).

B maparpade 2.12 6110 TIOKa3aHO, YTO MOXKHO BBIYHCIHUTH (DYHK-
o pactpeneneHuss F(t) B Touke t ¢ TpeOyeMoil TOYHOCTBIO Kak
YaCTHYHYI0 CYMMY COOTBETCTBYIOIETO psjma. Temepb HaM HYXHO
pennTh OOpaTHYIO 3aaady, TO €CTh MO HM3BeCTHOMY 3HaueHHio F(t)
HalTH Hen3BecTHOe 3HauyeHue t. ToyHee, B COOTBETCTBHU C YCIOBHAMH
MIOCTaBJICHHOH 3aJla4M, MbI JIOJDKHBI PEIIUTh OTHOCUTENBHO t ypaBHEeHNE
F(t)—z=0.

JInsl 9MCIEHHOTO PEIIeHMsI 3TOTO YPaBHEHHs MBI HCIONB3yeM Me-
moo Oenenus nonoaam. JIast Toro, YT00BI MPUCTYIHUTH K PELICHUIO 3TUM
METOZIOM, HEOOXOAMMO 3a/1aTh KOHCUHBIH HHTEPBAJ, B KOTOPOM JIOJKCH
JIeXaTh KOpeHb ypaBHEHHUs. B xauecTBe 00macTH BOZMOXKHBIX 3HAUCHHUI
t BetOepem muuTEpBal oT -R 1o R, rae 2R - 310 paccMOTpeHHSBIH BbIIIe
pasmax pacnipesienenusi. Cunraem, uto F(—R) =0, F(R) =1.

UYucnennoe pemenne ypasuenus F(1)—z=0 ¢ s3anannoit

TOYHOCTBIO O3HAYacT, YTO NOCTATOYHO HAUTH Takoe {, Mpu KOTOPOM
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|F ('[) — ZI <0, rae & - 5TO HEKOTOPOE HaIepe 3aJaHHOE MaJoe T0JIO0-

YKHUTEJILHOE YUCIIO (TOYHOCTD BBIYKMCIICHUS).

PeiieHne COCTOMT B IOCIENIOBATEIBHOM I[OBTOPCHUM IIArOB
(uTeparmii), 10 Tex mop, MOKa He OyIeT JOCTHTHYTa HEOOXOauMast
TOYHOCTb:

1) 3amaeMm HavanbHbIC BEIUYHHBI IPAHUYHBIX 3HAYCHHUH MEPEMEHHbIX t
ukF

Tmin =-R I:min =0
Tx=R F.,=1

2) BeuuciosieMm Tekyiiee 3HaYeHUE { Kak CpeHee 3HAYCHNE MEKAY Tin
HA Tirax

t= (Tmin +Tmax)/2
3) Brruucisiem mo Metojuke u3 naparpada 2.12 penuunny F(t)

4) TIpoBepsieM  YCIIOBHE | F- ZI <0. Ecmm  HepaBEHCTBO

CIIpaBCAJIMBO, TO HeO6XOI[I/IMaSI TOYHOCTb PCIICHUA ONOCTUTHYTA U
TEKYIIEC 3HAYCHUC t sBsieTCS PECIICHUCM.

5) B cayuae |F - Z| >0 u3MEHAEM 3HAYCHUS BEIMYUH Tpin, Tmax
Frin, Frmax:
- e F<Z,10
Tmin =t’ I:min = F
Toaxr F
- ecm F>2Z,10
Teins Frin OCTatoTCst 663 H3MeHeHus
Tmax = t’ I:max = F

6) BosBparaemMcs Ha nrar 2.

max OCTAIOTCs 6€3 M3MEHEHUs

ITocie Toro, kak He0OX0AMMasi TOYHOCTh BBEIYMCIIEHHS BEIUYUHEI T JOC-
THTHYTA, HCKOMOE YHCIio X Haxomures kak X = 4 + ot . Ha nmpaktuke

YaIe BCEro HeoOXOIMMO MOTyUHTh HE OTAENBHOE CIydaiHoe 9HCIo X
C 3aJaHHBIM 3aKOHOM pACIIPEEEHHs, a TOCTeJOBATENFHOCTh TaKHX
ancen {X,},Kk=0,...,N. D10 HE0OX0MMO, Kak mpaBuiIO, MPH MOJIE-
JUPOBAHUH CIy4aiHBEIX MPOIECCOB. B 3TOM cilyuae ONMMCaHHBIE B JaH-
HOM maparpade IpoLeayphl Hy’KHO HOBTOPHTH COOTBETCTBYIOLIEE KO-
JIYECTBO Pa3.
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MNPUJIOXEHMUE 2.1. 'amma-dynkuus Jiinaepa.

lamma-dynkms, obodmaromas moHsaTHe hakTopuaia, SBISICTCS
OJTHOM M3 BOXHEHIINX CHEIHUAIbHBIX (yHKIUN. [[1s MTpOU3BOIBHOTO
HOJI0KHUTENBHOr0 X , 3HaueHue /' (X) 3amaercs popMyoii:

ry=[e'tid x>0
0

B 3TOM NPHIIOKEHAN Mbl PACCMOTPHM AITOPUTM BBIYMCIEHHS TaM-
Ma-QyHKIMH. JIaHHBIA aJrOpUTM OCHOBAH HA CIEIYIOUIEM €€ CBOM-
cree: ['(x+1) =x-I'(x) ana moGoro X>0. Dro croiictBo mMO-

3BosIseT cBecTH Bhruucienne [(X) or mo6oro X K BBIYMCIECHHIO

ramma-QyHKIMd Ha uHTEpBade 1< X< 2, Ha KOTOPOM €€ MOXHO
aNmpOKCUMHUPOBATH TIOJIMHOMOM MATON CTENEHH:

I(X) =a, + ax+a,x* +a,x> +a,x* +a,x’
a, = 3.69764701987851

a, = -6.60156185480728

a, = 6.37763107208549

a, =-3.26329362313704

a, = 0.885309940132118

a; =-0.0957403771932692

O6nacte 3Havyenuii BenumuuHbl X>0 MOXHO pa3dUTh Ha TpH
WHTEpBaNa, Ha KaxaoM u3 kotopeix ['(X)  BBIUHMCHseTCs
CIIEMyIOMUM 00pa3oM:
1) 1<x<L2
B stom ciyuae, /'(X) HEmocpenCTBEHHO BBIYMCISETCS C IOMO-
1[I0 IPUBEAEHHOTO BHIIIE TIOJUHOMA.
2) O<x<1
B srom ciyuae, I'(X) = I'(X+1)/ X, u tak kak 1< X+1<2,
1o I'(X+1) BBEMHUCIAETCA C TOMOMIBIO TIOJIUHOMA.

3) x>2
B oToM cilyyae BeNMYMHY X MOXHO IIPEICTABUTH B BHJIE
X=N+2Z, roe
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N - o0 menast gacte X (N > 2),

Z- 910 apodHas yacth X (0< z<1).

Torna
I'xX)=I'(N+2)=(N+z-)I'(N+z-)=...=

=I'(1+ z)ﬁ(N +z-k)

v tak Kak 1< Z2+1<2, 10 I'(z+1) BblumciseTcs ¢ MOMONIBIO
TOJIMHOMA.

Botuucnenue zamma-pynxuyuu ¢ nomowgvro Microsoft Excel

B Microsoft Excel ramMmma-¢GyHKITHIO MOKHO BBIYHCINTD, UCIIOIB3Y S
CIIEIYIONLYI0 KOMOWHANNIO (DYHKIIUH:
I'(x) = EXP(I'AMMAHJIOI (x))
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3. CHEIIMAJIbHBIE PACTIPEJIEJIEHUAS BEPOSATHOCTEN

3.1. t-pacnpenenenue CThIO€HTA.

TInoTHOCTS pacnipenenenus CThIOEHTA OMHCHIBACTCS (HOPMYIOi:
((V +1)/ 2) 2 A\ (VD)2
p(X) =—F——"1+X"/2
v (v12) ( )

Pacnipenenenue uMeeT BU KOJOKOI000pa3HOH KPUBOW, CAMMETPHYHOM
otHocutenbHo Touku £ =0, u 3aBHCHT OT eIMHCTBEHHOro MapaMeTpa
V , KOTOPBIY MIPHUHATO HA3BIBATh YMCIIOM CTereHel cBoOoabl. [IpuBeaem
3HaYEHUs OCHOBHBIX XapaKTEpPUCTHUK pacupeeneHust CTbIoEeHTa:

—00 < X< 400

Mamemamuueckoe odxcuoanue, 0 npuv>1
Meouana, Mmooa
Hucnepcus v
npuv >2
v—2
Kosgpgpuyuenm acummempuu 0
Oxeyecc 3(v-2
v=2) npuv >4
(v-4)

[pu umcne cremeHei cBoOOmBl V — 00, pacmpenaencHue CTbIOCHTA
CTPEMHTCS] K CTaHAapPTHOMY HOPMAaIbHOMY DPAaCIpEIeIICHHIO, TO €CTh K
HOpMAJILHOMY pactpezeneHuro ¢ ieHrpom O n nucniepeueit 1.

Tunuunas unmepnpemauus

1) Ilycrh cnyuaiiHas BenuunHA X UMeET HOPMAIBbHOE paclpe/ieieHue
C MATeMaTHUCCKIM OKUIAHHEM [/ W JMCIICpCHeil O~
Ecnmu  wmeercs  BbIOOpKAa  OTOW  CIlydyallHOH  BEJIMYHMHBI
(X5 X5 5.y Xy ) » TO COCTOATENBHBIMA M HECMELIEHHBIMH OLIEHKAMH

MAaTEMaTUYCCKOro OXWAaHHud W JUCHCPCUU I10 BBI60pKe 6y,Z[YT
CJICAYIOIIHEC BEIUYUHBI:

X = iZN: o =1 S Xy
N 4 N-1&"%
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2)

X — M X-p
Tl/lt 6,[[T
o 0'/«/ ad

noquuHAThECs pacnpenenenuto Cteronenta ¢ V = N —1 crenensavmn
CBOOO/IBI.

Torma cinyuaiineie BeauuuHbl { =

[Iycts cnyuaiinpie BenwumHBl X ©w Y HWMEIOT HOPMaIBHOE
pacmpeneieHie ¢ MaTeMaTHYECKUMH OKUAAHUSIMH U JUCTIEPCUSIMU

2 2
(4y,05) u (1,,0,) coorsercraento.
Ecnin  uMeloTcs  BBHIGOPKM — JTHX  CIyYaifHBIX  BEJHUMH
(X Xpyes Xy) ¥ (Y1 Youre Yy) s TO  COCTOATENBHOH W

HECMEIICHHOM OLeHKOH K03 duUIIeHTa KOPPEIAIIH MEXITy STUMH
BEJIMYWHAMH T10 BEIOOpKE OyJeT:

> (%~ X))

/0_= N N _
204 =X D (3= Y)?

Torma cinyvaiinas Bemuumna t=+/N —2-% Oyner
1-p

noquuHATEC pacnpeneneanio Crerogenta ¢ V=N —2 crenensamu
CcBOOO/IBI.

Botuucnenue pacnpeoenenus Cmoiooenma ¢ nomouypro Microsoft
Excel

IIpuBeneM HECKONBKO IIPUMEPOB BBIUUCIEHHUS XapaKTEPUCTUK

pactipenencaust CtpioneHTa. Bcee wucmonms3yeMble (YHKIMH MOXKHO
HaliTh B pasnene "CratucThueckue (QyHKIUH' 3JICKTPOHHBIX TaOJIHII
Microsoft Excel.

[Iycts cinydaiinas BenuuuHa X TOJUHHAETCS pacHpeeeHHIO

CTBIOJIEHTA C YHUCIIOM CTEIEHEN CBOOOIBI V .
1) BeposTHOCTB TOTO, 9T0 X < X

1— CTBIOJIPACII(X,v,))

2) BepositHOCTH TOTO, uT0 X > X:

CTBIOJPACII(X,v,))
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3) BepostHOCT TOrO, uT0 — X < X < X, BHIUKCIISAETCS KaK:
P =1- CThIOHPACII(X,v,2)
4) BeposTHOCTB TOTO, uTO | X | > X, paBHa:
g = CThIOJPACII(X,v,2)
BenuunHa ( - 3TO BEpPOSATHOCTH TOTO, YTO CIIydaiiHas BETHYHMHA

X momamaer B KPUTHYECKYH 0O0JIaCTh  paclpeiesieHus
CrprozeHra.
5) Ecioum wussecTHa BeposTHOCTh ( Toro, uro | X |>X, 1o

COOTBETCTBYIOIIICE 3HAUEHNE X PaBHO.

X = CTbIO[PACIIOEP(q,v)
6) Ecmu wu3BectHa BepostHOcTh (] Toro, uro X > X, TO
COOTBCTCTBYIOIIICC 3HAUCHUC X paBHOZ

X = CTbIOJIPACIIOFP(2q,v)

3.2. x>-pacnpenenenue.

TII0THOCTD -pacripeesneHus 3a1aetcs hopMyIIoii:
x<0: p(x)=0
X212 exp(- x/2)
r(vi2)-2"?
II;moTHOCTE 3aBUCHUT OT CANHCTBCHHOI'O MapamMeTpa v, KOTOpBIﬁ

TIPUHATO HA3bIBATh YHCIIOM CTerneHel cBoOonbl. [IpuBenemM 3HadeHHs
OCHOBHBIX XapaKTEPHCTUK paclpeIeIeHN:

x>0: p(x)=

Mamemamuueckoe odcudanue v
Mooda v-2 (v=2
Jucnepcus 2v
Kosgppuyuenm acummempuu 2.2/ v
Dkeyecc 3v+12
14
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Ipu umcie cremeHeil CBOGOIBI V —> 00, y’-pacrpejielieHne
CTPEMUTCS K HOPMAIbHOMY pacHpeleeHu0 ¢ IEHTPOM V U
aucrepcuei 2v .

Tunuunas unmepnpemayus

Ilyctp  cnywaiiHags BenuunHa X HMMEET  HOPMAaJIbHOE
pacrpesneneHie ¢ MaTeMaTUYeCKUM OXHJIAHUEM LI U JUCIHepcuei
2
o°.

Ecmm  wmeercs  BBIOOpKA 3TOW  CIy9aWHOH  BETMIWHBI

(Xl,Xz,...,XN), TO COCTOSITEILHBIMH M HECMEIICHHBIMHM OILIEHKAMU

MaTeMaTUYeCcKOro OXUIaHWA W JAHUCIEPCHH TIO0 BbIOOpKE OyayT
CIIEIyIOLIUE BENUYUHBIL

X = ii o =13 (% - X
N 4 N-1&"7%
N
Torna ciydaiiHas BenuumWHA ¥~ :Z((Xk —/J)/G)Z Oyzmer
k=

NOJYHUHATHCA ;f—pacnpe):[ene}m}o ¢ v=N crenensamu CBO6OZ[I:I, a

—2
ciyuaitnas Bemmunna x> =(N—-1)-(o /0?) Gymer mogunusThCs
-pacnpenenenmio ¢ V= N —1 crenensmu cBo6obL.

Buiuucnenue y-pacnpedenenus ¢ nomougsio Microsoft Excel

HpI/IBe,Z[eM HECKOJIbKO NPHUMEPOB BBIYHCIICHUSA XapaKTCPUCTUK
2 o
A -pacnpeaciICHud. Bcee HCIIOJIb3YEMbIC ®YHKHHH MOXXHO HAWTH B

pasnene "Craructudyeckue QyHKIMU' 3JICKTPOHHBIX Tadbmun Micro-
soft Excel.

[ycts  cnyuaiimas BenmuumHa X [OJUMHSETCH Y-
pacIIpe/IeIICHHUIO C YHCIIOM CTeTeHel CBOOOBI V .
1) BepositHOCTb TOTO, 4T0 X < X, BBIYHCISETCS KaK:
P=1- XU2PACII(X,Vv)
2) BepositHOCTH TOTO, uT0 X > X, paBHa:

= XU2PACII(X,v)

Benuunaa ( - 3TO BEPOSITHOCTH TOTO, YTO CIydaiiHas BEIHYINHA
X momanaer B KpUTHUECKYIO 06IaCTh ¥ >-pacrpeie/IeHHus.
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3) Ecmu wusBectHa BeposiTHOCTH P wiam BeposTHOCTE (], TO
COOTBETCTBYIOIIleE 3HAUYE€HHE X, OINpelessionee TpaHUIly

unTepBana X < X paBHO:
X = XU 20BbP(q,v) uma X = XU 205P(1- P,v)

3.3. F-pacnpeneienne (pacnpeneenue V).

[TnotHOCTE F-pacnipenenenus 3agaerca GopMynoit:

x<0: p(x)=0
x>0:
p(X) = (Vl/vz)vllz . F((Vl +v2)/2) 1212 -(l+ v, 1v,)- X)—(mvz)/z

r(v,12)r(v,12)
[InotHOCTE F-pacmpeneneHuss 3aBUCHT OT JBYX IapaMeTpOB
(v,,V,), KOTOpBIE NIPHHATO HA3BIBATH YHCIOM CTENCHEH CBOOOJBL.
[TpuBeneM 3HauUEHHUS OCHOBHBIX XapaKTepUCTUK F-pacmpenenenus:

Mamemamuueckoe v,
oorcuoanue npuv, > 2
V,—
Mooa v,(v, -2
v,(v, +2)
Lucnepcus 21/22 (v, +v,-2)

npuv, >4
vi(v, — 2)2(V2 —4) ’

Tunuunaa unmepnpemayus
[Tycte cnyvaiinple BenmuunHBl X u Y HMEIOT HOpMallbHOE

2 2
pacnpeneienne ¢ IMCuepcusmMn o, u Uy COOTBCTCTBCHHO.

Eciu  uMmerotcss  BBIOOPKM — OTHX — CJIyYallHBIX — BEJIMYUH
(X, Xopn Xy) ¥ (Y1, Yoren Yy ) TO  COCTOATENBHBIMH U

HECMEIIIEHHBIMU  OIICHKaMH JUCHEepCHi 10 BBIOOpKE OymyT
CIICIYIONTNE BEITMYNHEI.
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o -t ZN:(X ~X)? R ZN:(y -Y)?
X N_1k=l k Y M _1k=l “

[Iycte BBIOOpOYHAs AWCHEpCHs BeIWYWHBI X Oosbime
BBIOOPOYHOI qucnepcuu BennuuHbl Y . Toraa ciyvaiiHas BEIUYHHA

—2 —2
F=0o, / o, Oymer momumHAThCS ~ F-pacmpenenenuto ¢
v, =N-1v, =M -1 crenensmu cBoGOIbI.

Butuucnenue F-pacnpedenenus ¢ nomowpro Microsoft Excel

[MpuBeseM HECKOJIBKO TMPUMEPOB BBIYHCICHUS XapaKTEPHCTHK
F-pacnpenenenus. Bce ucnonb3yemple (yHKIHM MOKHO HAWTH B
pasnene "Craructudyeckue QyHKIMU' 3JICKTPOHHBIX Tadbmun Micro-
soft Excel.

ITycth ciydaiinas BenmuuuHa X momumHsercss F-pacnpenenenuio ¢
YHCIIOM CTENEHEN CBOOOIBI Vy, V,.
1) BeposiTHOCTB TOrO, 4T0 X < X, BBIYHCISCTCS KaK:
P =1-FPACII(X,v,,v,)
2) BeposTHOCTB TOTO, 4TO X > X, paBHa:
q= FPACII(X,v,,v,)
Benuuuna ( - 9T0 BEPOSATHOCTb TOTO, UTO ClydaifHas BeIUYMHA

X momajaer B KpUTHIECKYI0 obnacTh F-pactipenenenus.
3) Ecnum wusBectHa BepositHocTh P mim BepostHOCTH (], TO

COOTBETCTBYIOIlIEE 3HAUCHHE X, ONpEACNsoNee TIpaHUILy
uaTepBaia X < X paBHO:

X = FPACIIObP(Q,v,,v,) nn
X = FPACIIObP(1- P,v,,v,)
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4. OIIEHKA ITAPAMETPOB PACIIPEJEJIEHUS IIO BbI-
BOPKE CJYYAMHOM BEJIUYUHBI

4.1. Beenenue.

Orta T7aBa MOCBSIIEHAa METOJaM OIICHKH I10 dMITHPHYECKOH BHI-
OOpKe MapaMeTpOB paCHpeIe/ICHUs] CIIy4alHOW BEJIUYMHBI. BymayT
yKa3aHbl (hOPMYJIBI JUIS OLIEHKH I[EHTPa pacripeAeiicHusl, JUCTICPCHH
M ToKazaTtenedl (OpMbI pacmpesieNieHus, a TaKkKe MPaKTUIEeCKHe
MPUEMBI YIaJeHHS aHOMAIbHBIX 3HAYCHUI (POMax0B) M3 BHIOOPKH.

4.2. OueHKH LeHTPa pacnpeaeaeHus .

[To BO3MOXKHOCTM HamOoJee TOYHAs OLEHKAa IEHTpa pachpene-
JISHUS TT0 BBIOOPKE CITyYaiHBIX BETMYNH UCKITIOUATENBHO BaXKHA, TaK
KakK LEHTP paclpeAesieHUs UCIIOIb3YEeTCS B (pOPMYIIax JUIsl BEIUUCTIE-
HUS TUCTIEPCUH, CPETHEKBAIPATUUYHOTO OTKIOHEHHS, K03 duImeHTa
aCIMMETPHH U JKCIlecca pacrpeneienns. HekoppekTHoe ompenene-
HUE [EHTpa BIIeYeT 3a COOON OMMOKHU B ONPENEIeHUN BCEX ITHX Be-
JIUYYH.

OneHKy IeHTpa pactpeesieHus 10 BHIOOPKE MOKHO TPOBOTUTH
pasaugHBIMU criocobaMu. He 3Has anpropHO 3aKOHA pacTpeneseHus
CIlyyaifHOW BENUYMHBI, HEBO3MOXKHO 3apaHee YyKaszaThb HauOoJjee
npueMieMbiil crocod. K ToMy ke, HEKOTOpbhIe U3 ATHX OLIEHOK YyB-
CTBUTEJIbHBI K HATUUUIO AHOMALbHBIX 3HAUEHUll 8 6blOopKke (npoma-
X08).

[TosTOMY I KOPPEKTHOH OLIEHKH LEHTpa paclpelelicHUs MbI
OyZieM BBIYHCIIATH €T0 MATHI0 pa3nuyHbIMU criocobamu. [locie aToro
IATh NOJIYYCHHBIX OLICHOK YIIOPAAOYXM I10 BO3paCTaHUIO U BBI6epeM
W3 HUX B KauyecTBE LEHTPa pPaclpeAeieHUs CepeAuHHOEe, TO eCTb
TpeThe MO CUETy, 3HAUCHHE.

Bribopky ciaydalHBIX BenmuMH OyaeM o0o03HA4aTh Kak
{x},k=1..,N. YnomsHyTsle Bblle [ATh OLEHOK LEHTPA MO BbI-
OOpKe CIeayIoNIHe:

- Meauana Xyeouana,
- neHtp 50%-HOro MHTEPKBAHTHIBHOTO MPOMEXyTKa (IIEHTpP CTH-
60B) Xuenmp_czu&)m

- cpenHee apupMETHIECKOE T10 Beeii BIOOpKe X
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- cpeanee apupmerndeckoe 1mo 50%-HOMY WHTEPKBAHTHILHOMY
HPOMEXYTKY Xeg,

= LICHTP pa3sMaxa AXVt;eHmp _pasmaxa+
CepeauHHOE 3HAUCHUE YTUX OIIEHOK Oy1eM 0003Ha4YaTh Kak Xyzyrp,

Meouana

[lepen BBRIUMCIICHHEM MEIUAHBI BBIOOpPKA {Xk} OJDKHA OBITh

YIIOPSTOYEHA TI0 BO3PACTaHUIO, TIOCE YeTr0 MEIuaHy MOKHO OTIpe-
JIeNTUTH CIEAYIOMNM 00pa3oM:
- eciu o0beM BIOOpKH N SBIISETCS HEYETHBIM, TO
xMe()uaHa = X(N+l)/2
- eciu o0beM BeIOOPKH N SIBIISIETCS YETHBIM, TO

X,ueduaHa = (XNIZ + X(N/2)+l)/ 2
MCI[I/IaHa HEYYBCTBUTEJIbHA K [IpOMaxaM B BLI60pK6.

Henmp 50%-n020 unmepkeanmunvnozo npomedxcymka (yenmp
c2ub6oe)

[lepen BbIYUCIEHHEM 3TOM OLEHKH BbIOOpKa {X,} Tarxke J0OIKHA

OBITH yIOpsIZIOUeHa 110 Bo3pacTanuioo. O603HaunM Kak M 4eTBEpTYIO
4acTh OT 00BeMa BEIOOPKH, TO ecTh M=IJEJIOE(N/4).
Torma neHTp cruboB onpeensercs mno GpopmyJie:

= (XM+1+XN—M)/2

yenmp cauboe

LlenTp cru6oB HEUYBCTBUTENIEH K IIpOMaxaM B BEIOOPKE.
Cpeonee apugpmemuueckoe no eceil 6plo0pKe

Cpennee apudmernueckoe (BHIOOpOUYHAS CPENHSA) SIBISETCS CAMBIM
pacipoCTpaHCHHBIM ME€TOJIOM OLICHKU LECHTPa pacnpeaeneHI/m:

_ 1 N
X == Z X,
NS
OTa BeIWYHHA SABIIETCS HECMEIIEHHON M COCTOSTEIBHONW OIEHKOM

MaTeMaTHYECKOTO OXHIaHus (TeHepalbHON CpefHel) 4 clydaiHOoM
nepeMeHHOW x. HecMemeHHOCTh 3akio4aercss B TOM, 4YTO

MATEMATHYCCKOC OXUIAAaHUC BCIMYMHBI X paBHO L. CocTosTenb
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HOCTBb 3aKJIFO4YacTCA B TOM, UYTO IIpU o0BeMe BI:I60pKI/I N —> 00,

3HAYCHUE BENMYMHEL X —> M.

CpenHee apu(pMETHUECKOE CIyYalHBIX BEIMYMH CaMoO SBISIETCS
clydailHOW BenWuuMHOM. Jlucmepcuss MW CpelHEKBaJpaTUYHOE
OTKJIOHCHHE CPEIHEro apu()METHUYECKOIrO 3aBUCAT OT IUCICPCUH U
CPEIHEKBaAPATHYHOTO OTKJIOHEHHUS CaMOW CITydaifHOW BEIIMYHMHBI U
00BeMa BEIOOPKH:

D(X)=D/N=c2/N
o(X)=c /N

DTO COOTHOLICHHE CIIPABE/INBO ISl HE3AGUCUMbIX TAHHBIX C KOHEYHOM
JHcIiepcreld U ¢ Jr0OBIM 3aKOHOM pacrpejielieHus. Takum oOpa3om,
C.K.0. CPEIHEro 3HAa4YCHUs MEHbBINE, YeM C.K.0. caMoil ciydJaiiHoi

BEJINYUHEI B \/W pas. U3 aToro cienyer, 4T0 TOYHOCTH OLIEHKH MOYKHO
MOBBICUTh ~ IyTeM  yBenuueHHs oOsema  BelOOpkH. CpexHee
apu(MeTHUeCKOoe He 3allUIIeHO OT mpomaxoB. OcoOeHHO OoibIoe
BIMSHUE Ha HETO OKAa3bIBAIOT MPOMAaXH IPH MalioM o0BeMe BBEIOOPKH.
Ilpu yBenuuenun oObeMa 0JTa OIEHKAa CTaHOBUTCA Bce Oouiee
YCTOWYHUBOIA.

Cpeonee apugmemuueckoe no S0%-my unmepkeanmunipbHomy
nPOMEHCYmMKY

[lepen BBIYMCIICHHEM STOW OIICHKH BEIOOpKA {Xk} IOJDKHA OBITH

YHOPAOOYCHA 10 BO3pacTaHuIo. [laHHas OIEHKa SIBIISETCS aHAaJIOroM
MIpEeABIAYIEeH, HO yCpeaHEeHHEe TPOBOIUTCS 1O ycedeHHOH Ha 25%
clieBa u cnpasa BeIOOpKe. Ecii 0003HauuTh Kak M 4eTBEepTYyIO 4acThb
oT o0beMa BbIOOpKH, To ectb M=I[EJIOE(N/4), To

1 N-M
Xepyp =———— X,
P N-2M kz

Cpennee apudmerrueckoe no 50%-HoMy WHTEPKBAHTUIBEHOMY TPO-
MEKYTKY HEUYBCTBHTENBHO K IPOMaxaM B BBIOOPKE.

Lenmp pazmaxa

[enTp pazmaxa omnpeaensieTca Kak cpeHee MexAy MaKCUMaJbHbIM
1 MUHUMAJIbHBIM 3HAYCHUEM B BI:I60pKe:
=[max(x,)+min(x,)]/2

61

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).

yenwmp pasmaxa



aea 4. OueHka napamempos pacrnpedesieHus no 8bibopke cnydyalHol eenu-
YUHbI

L[eHTp pa3Maxa HC 3allUIICH OT MPOMaxoB B BBI60pKe. Bbonee toro, B
OTIIMYHEC OT CPEAHErO apI/I(i)MeTI/I'-IeCKOI‘O, 00BeM BI>I60pKI/I OKa3bIBaACT
ropasao MCHbBIIIEE BJIIMAHHUC HA TOYHOCTDH ITOH OICHKU.

4.3. OueHka AUCTIEPCHH U CPETHEKBAAPATHYHOT0 OTKJIOHEHUS.

OlEHKH IUCTIEPCHU M CPEIHEKBAAPATUYHOTO OTKIOHEHMS II0
BbIOOpKE ciyuaiinoit Bemnunnbl { X, }, K=1,...,N Bbraucnsiores mo

¢dhopmynam:

5=—Z(xk X)?
o=+D

B cnyuae HeOombIIMX BBIOOPOK W TIPU HAIWYMU TPOMAXOB
BMeCTO cpeHero apudmerndeckoro X cienyer NpUMEHSTh Xyurp,

OTH OICHKM Ha3bIBAIOT €lle BBIOOPOYHOW JMCcIiepcHed U
BBIOOPOYHEIM C.K.0. OHH ONpENEeIIOT paccesHue ClaydaiHOM
BCJIIMYUHBI, OHAaKO caMu TaK¥XE SABJISIFOTCS CHy‘IaﬁHBIMH
BEIMYMHAMY CO CBOMMHU ITOKA3aTEIISIMHA PACCESHUSI.

[MpubnmxeHHbIe GOPMYITBI ISl BEIYUCICHUS JUCTIEPCHH H C.K.O.
BBIOOPOYHOI AMCIIEpCHH, a TaKKe TUCTIEPCUH U C.K.0. BBIOOPOYHOTO

C.K.O. CIIEAYIOLIHE:
—4

s _ _
D(D)~ ™ - (D) =+/D(D)
— —a
D(o)» ——- o(c)=4/D(0)
4No
rge M, - 3TO ONEHKAa YETBEpPTOr0 LEHTPAIBHOTO MOMEHTa
pacrmpesieNienns, KoTopas IIpHUBEIeHa B CIIeyIoIIeM maparpade.

4.4, Ouenka ko3¢ punuenTa acCHMMeTPUH U JKcIecca.

OLIEHKH TPETHEro U YeTBEPTOrO MOMEHTOB PacIpesieIeHHs 10 Bbl-
oopke { X, }, K=1,...,N onpenensrorcs kak:

TN 1)(N T
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— N2-2N +3 N
= NN -2 -9 =

32N -3)
TN(N-D)(N-2)(N— 3)z(k_x) Z(Xk Xy

CrnenoBaTenbHO, OLIGHKH KOd((HUIHEHTa aCHMMETPHH M JKclecca
MO’KHO HaWTH 110 (bopMynaM'

1

7T (N- 1)(N 2)2“
1 N2—2N+3 Z( —4_3(2N—3)(N—1)
o (N=D)(N-2)(N-3) &5~ N(N -2)(N-23)

B cnyqae HEOOJIBIINX BHIOOPOK M TPW HAJTHMYWUU MMPOMAXOB BMECTO

™
II

cpezHero apupmMernyeckoro X clemyeT IpuMeHsTb Xypprp.
Jlucnepcun onieHOK K03 GUIINEHTa ACHMMETPHH M DKCIIECCa MOXKHO
OLICHUTDH KaK:

- B(N-1)
D(y)_(N+1)(N+3)
D)= 24N(N - 2)(N —3)

(N-D*(N+3)(N+5)
CumnTaeTcs, 4To €CIu |7_/|/ \/D(]_/) >3, TO pacmpeeneHne HECUM-
merpuyHo. Ecin ke |7_/|/ < D(]_/) <3, TO acUMMeTpusl HeCyIecT-

BEHHA U €¢ HAJIMYHUE MOXKET OBITh OOBSICHEHO CITy4allHOCTBIO BHIOOD-
KH.

4.5. UckiioueHne MpoMaxoB U3 BHIOOPKH.

[IpomaxamMy B BBIOOpKE CIyYaHBIX BEIWYHH OyJeM Ha3bIBaTh
aHOMaJIbHO OTKJIOHSIOLINECS OT IIeHTpa paclpeneieHus 3HAa4eHHS
0 CPAaBHEHHIO C OCHOBHOW MacCOl JTaHHBIX.

B mpuMeHeHMM K I1IeHaM aKTHBOB, 3TH aHOMAJIWH MOTYT OBITH
BBI3BaHBl CMEHOW MPE3UICHTA WU TMPABUTEIHCTBA, OAHKPOTCTBOM
KPYIHBIX KOMIaHUN, TEPPOPUCTUICCKUMHU aKTaMH U T.II.
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Pemenue o ToM, GUIBTPOBATH IPOMAXH WM HET, KaXKIbIH MPH-
HuUMaeT 1y cebq caMm. OHAKO CleAyeT yuecTh, UTO IIPOMAaXH MOTYT
CYILECTBEHHO MCKa3UTh OLICHKY MapaMeTPOB PacIpeeICHUs.

B stom maparpade mznaraercs (hopmaan3oBaHHAS IPOIEIypa
yAaJeHus] aHOMallbHBIX BEJMYMH W3 BHIOOPKH. [Ipexkne Bcero, BBe-
JeM ToHsATHE Kod(ddunueHTa nensypupoBanus. KosgounueHt uen-
3ypUpOBaHHUs - 3TO Oe3pasMepHas BenumunHa G, Takas, 4TO Bce 3Ha-

ueHuss u3 BbIOOpKU { X}, Jexamme 3a mpepenamu HHTEpBala

Xygup =G0 SXS X gy + G- 0, cumTaroTcs mpomaxamu 1

MOJIEKAT UCKITIOUEHHUIO U3 BEIOOPKH.

VHTYUTHBHO TMOHATHO, 4YTO KOA(MQUIMEHT I[IEH3ypHUPOBAHUS
JOJDKEH 3aBUCETh OT o00beMa BBIOOPKH W PACCUUTAHHOTO TIO
BEIOOpKE 3HaUCHHS dKcIecca. [leficTBUTENbHO, TaAKOEe OTKIOHEHHE OT
IIEHTPa, KOTOPOE SIBISICTCA MPOMAaxoM JJisi CPETHEBEPIIMHHOrO (a
TeM Ooutee IUTOCKOBEPIITHHHOTO) pacrpezeneHus, JUTS
OCTPOBEPIINHHOIO PACHPE/CIICHUS] C €r0 JUIMHHBIMH ' TSKEJIBIMH"
crajaMy MOXeT 0e3yCIIOBHO MPUHAICKATh BRIOOPKE.

Owmnupuyeckas dhopmyna st koddunumenTa 1meH3yprupoBaHus
Kak ¢yHKIHH OT oO0beMa BbIOOpkm N u 3Kclecca & MPHUTOIHAs K
MPUMEHEHUIO Ul IIHPOKOTo Kiacca paclpelesieHHH cIeayromas:

G=1.55+0.8-1g(N/10) e —1.
TeHepL BCE€ TOTOBO MJId HAIIUCAHUA aJIFOpI/ITMa yIIaJ'IeHI/ISI

MPOMaxOB U3 BEIOOPKH:
1) BbUUCTUTD BeMUIUHY XjEnrp,

2) BBIYHCIUTD OIEHKY CPEAHCKBAIPATUIHOTO OTKIOHEHHS O , TIPH
3TOM B Ka4decTBe IIEHTpa pacipeesieH s HCII0JIb30BaTh X enrp,

3) BBIUHCINTE OIEHKY JKCIlecca &, MPH 3TOM B Ka4eCcTBE ICHTpPA
pacrpeneneHus UCToIb30BaTh Xyryrp,

4) Beramcants K03GGHUIUEHT IeH3ypupoBanus G,

5) WckmounTs W3 BBLIOOPKH 3HAUEHHS, JICKAIIHE 3a MpeaeiaMu

unrepsana X —G-0 <X< X +Gro
[Tocne ynameHuss TPOMAxOB HYKHO MEPECYMTATh MapaMeTph
pacnpenesnienus. [Ipu 5TOM B KaueCTBe IIEHTPA PACMIPEIEIIEHUS YIKE

MOKHO KCIIOJIb30BaTh cpeiHee apudmerndeckoe X, Kak COCTOS-
TENBbHYI0 U HECMEIICHHYO OI[CHKY MaTeMATHUECKOTO OXKHTaHHS.
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5. CTATUCTHYECKHE BbIBO/IbI

5.1. Beenenue.

Kakue BBIBOJIBI O HEKOTOPOM IapaMmeTpe TeHepalbHOH COBO-
KyHHOCTH MBI MOXEM cJeNlaTh, UMesl BEIOOPOYHOE 3HAUYEHHE 3TOTO
napamerpa? OTBET Ha 3TOT BOIIPOC 3aBUCUT OT TOTO, UMEEM JIA MBI
anprUOpHYO HH(OPMAITHIO O BETMYNHE TeHEPATHHOTO TTapaMeTpa.

Ecnu ampuopHast uHpOpMaIus O BEJIWYWHE TeHEpaTBHOTO Ta-
pameTpa OTCYTCTBYET, TO MBI MOXEM IO BBIOOPOYHOMY 3HAYCHHIO
OYeHUmsb 3Mom napamemp, 3aJaB A1 HETO 008epUMebHbll UHmMep-
6aJl, TO €CTh TPAHMIIbI, B KOTOPBIX €ro BEJMYMHA JISKUT C Ompere-
JICHHOM TOBEPUTENBHOI BEPOSITHOCTHIO.

Ecmu ectp anmpuopHbIe cOOOpakeHUsI O BETMYHWHE TEeHEPAILHOTO
rapaMeTrpa, TO Mbl MOXKEM 1pogepums 2unomesy 0 TOM, COOTBETCT-
BYET JIM BEIOOPOYHAS OLICHKA allpHOPHOMY 3HAUYEHHIO T€HEpaTbHOTO
napaMerpa.

5.2. Bei0opouHoe pacnipeaeieHue BHIOOPOYHOI CpeTHEN.

[TycTtp cmydvaitHas BeanmunHa X MMEET MAaTEMaTHYECKOE OKUIaHHe

2
M ¥ TeHepanmpHyIO aucrepcuio O . ONeHKaMH MaTeMaTHYECKOTO
OKHAaHHS W aucmepem 1o BbiGopke (X, X5,...,Xy)  OymyT

BBIOOPOYHAS CPeAHSS U BEIOOPOYHAS THCHIEPCHS:
X =2 i X P i (X, — X)?
= — K O =—— K~
N i N-1i5
Paccmotpum citywaitnyro enmunny t= (X — 1) /(o /4/N). Tax

kak M(X)=u n o(X) = /N, 10 512 CilydJaiiHas BeIHYHHA
MMeET HYJIEBOE MATEMATHIECKOE OKH/IAHUE U EIMHUYHYIO UCTIEPCHIO.

Byznem cuurath, 4To BenMuMHA ! MOMYMHSETCS pacTIpeENICHHIO
Cretonenta ¢ V= N —1 crenensimu cBoGOibI, X0Ts B 00UIEM CIlydae
3TO YTBEPXKIEHHE HEKOPPEKTHO. J[€J0 B TOM, YTO CTPOrO TOBOPS
BenmunHa [ momumHsercs pacnpeneneHuto CTBIONEHTAa TONBKO B

cly4ae Korja BbIOOpKa (Xl,XZ,...,XN) B3jTa U3 HOPMAJIBLHO

pacrpeeneHHOi COBOKYITHOCTH.
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5.3. loBepuTe/ibHBII HHTEPBAJI 1151 TeHEPAJILHOI cpeIHeii.

JloBepUTEIbHBIN HHTEPBAJI BO3MOXHBIX 3HAYCHUN BEJUYMHBI
XapakTepU3YIOIIUICA  JOBEPUTEIBHOM BeposiTHOCThIO P wimn
ypoBHeM 3HaunmoctH (=1— P, 3T0 Takoil MHTEPKBAHTHJIbHBIN

npomMexyTok g, <U<t _,, , BHyTpH KOTOpPOro Jexar 100P

NPOILIEHTOB BCEX 3HAa4eHWil ciydaiinod Benmumnbl {, a 100q
HPOLEHTOB JIeXKaT BHE 3Toro mpomexytka. Ilpu stom 100q/2

nporenToB yexut ciesa ot t,,, u 100q/2 mporentos nexwur
cpasa oT by /5, .

Benmnuuner t n tl— 9TO KBAHTWIIM PpacCOpCACIICHUS

q/2,v q/2,v
CTLIO,E[CHT& ¢ V=N —1 crenensimu CBO60)_'[I:I, IIpHUYEM, TaK KakK 3TO
pacupeacicHue CUMMETPUYHO W HMECT HYJICBOC MAaTCMAaTHYCCKOC

oxupanne, to t,,,  =-t, ., . Vcnons3ys nocnesHee paBeHCTBO U

NOJCTaBUB 3HadeHne t = (Y —u)l (;/ JN ) mosy4aem, 4To

< ZTH <t
1—q/2,v /\/_ 1-q/2,v
Orcioga ciaemyer, 4YTO JOBEPHUTEIBHBIM  HHTEpPBAI IS
MATEMATHYCCKOT'O OXHUIAAaHUA lU qepe3 BLI60pO"IHyIO CpCAHIOKO "

-t

BLI6OpOLIH06 C.K.0. 33Ja€TCA B BUJC.

X —t <p< X+t

o o

1—q/2,vﬁ q/2,vﬁ
[[lupuHa nOBEPUTENLHOTO HHTEpBaia IJii MaTeMaTHYeCKOro
OXUJAHUS OYECHb CYIIECTBEHHO 3aBHCHT OT OOBEMa BBIOOPKH.
[Iponmnmtoctpupyem 310 Ha npoctom npumepe. Ilycte B AByX
HUCIIBITAHUAX  IIOJIyYEHBI OJWHAKOBBIE 3HaquI/Iﬂ BBIOOPOYHO¥

cpenHeit X=12 u BbIOOpOYHOro ¢.K.0. 0 =2.5. Ho B mepsom
cilly4ae OTH JaHHbIE OBUIM IIOJNy4eHBl 10 BBIOOpKE OOBEMOM
N =100, a Bo BrOopoM ciy4ae mo Bbibopke oobemom N =25.
3anagumcs yposaeM 3Haunmoctu ( = 0.05.

Beruucnmum ¢ momompto  ¢ykuuit - Microsoft  Excel
JIOBEPUTEIBHBIC HHTEPBAIIBI JJIS1 MATEMATHUECKOTO OXKH/IAHHS:
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1) PFoavuas evibopka
X=12 =25 N=100
tl—q/2,v = CTbIOﬂPACHOBP(q, N —1) =
= CThIO[IPACIIObP(0.05,99) =1.984

25 25
12-1.984-2> < ;,<1.2+1.984 >

N /100
0.704< 11 <1.696

Hupuna noseputensHoro natepBana = 1.696 - 0.704 = 0.992

2) Manas svibopka

X=12 o0=25 N=25
t 2, = CTBIOJPACITOBP(q, N —1) =

= CTBIOJIPA cnosp(o.os, 24) = 2,064
25

V25

12— 2064—£,u<12+2064

0.168< 4 <2.232

upuHa noseputensHOro nHTepBana = 2.232 - 0.168 = 2.064
To ecTs pnns HNaHHBIX 3HAYEHUN BBIOOPOYHOU CpemHEH W
BBIOOPOYHOTO C.K.0. yBenuueHue oobema Boibopku B 100/25=4 paza

NPUBETIO K YMCHBIICHUIO ITUPUHBI JOBEPUTEILHOTO MHTEPBAIA IS
MaTreMaTHyeckoro okumaanus B 2.064/0.992=2.08 pasza.

5.4. BbiGopouHoe pacnpe/ejieHue BLIOOPOYHOIi THCTIEPCHH.

[lycte cnywaiiHas BenuuMHa X HMMEET MaTeMaTHYECKOe
OXHIAHHE [/ W TEHEPANBHYIO HCIEpCHI0 o . ONeHKaMu
MaTeMaTHYeCKOTO  OXHIAHMWS W JUCIEPCHH IO  BBIOOpKE
(X(s X5,y Xy)  OymyT BbIOOpOYHAsE CpelHssi W BBIOOpOYHAsS

JUCTIEPCHSL:
— 1\ — 1 & —
=—) X o =——) (x —X)?
N2 N1 X)
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—2
y 2 2
Paccmotpum crywaitnyio Bemmunny - =(N-Do /o°. Dra
2
BeMYMHA ToauuHseTcs y-pacnpenenendio ¢ vV =N —1 crenensmu

cBOGO/IBI, €M BHIOOpPOYHas cpemHss X HOPMAlbHO pacrpeieleHa.
JUIst MalbIX BBIGOPOK 9TO y°-pacipeielicHie MMEeT MONOKHTEIBHYIO
aCUMMETpPHIO, HO C YBEIHUCHHEM 00beMa BBIOOPKH €ro acUMMETpHs
CTPEMHUTCS K HYJIIO.

5.5. loBepuTeabHbIii HHTEPBAJ AJI TeHEPAJBHOM TUCTIEPCHH.

o o 2
I[OBepI/ITeHLHI)II/I HUHTCPBAJI BO3MOXXHBIX 3HAYCHUU BCIIMYUHBI x y

XapaKTepU3YIOIIMNCS T0BEPUTEIBHOM BEPOATHOCTBIO P umu yposHem
snaunmocty (| =1— P, 310 Takoil uHTEpKBAHTUIBHBI MPOMEKYTOK

2 2 2

Xaizw S XS X1 g, » BHYTPH KoToporo nexar 100P mponentos
y G 2

BCEX 3HAYEHWH ciydainoit Bemmunusl ¥~ , a 100 npouenTos nexar

BHe 9Toro mpomesxyTka. [Tpu sTom 100Q/2 nporentos nexur ciepa

2 2
OT Yq/2,, 1 1000/ 2 npouentos nexut cnpasa ot ¥y 45, -

2 2 2
Bemmaunbl ¥ g5, M X1 g, - 9TO KBAHTHIH Y * -pacmpe/ienienus
¢ v=N-=-1 crenenssmu cBobomsl. IlojCTaBUB  3HAUYCHHE
—2
2 2
7°=(N-1)o /0o° nonyuaem, uto
—2
2 o 2
Xarzw = (N _1)_0_2 < Xiqizw

OTcroa cleyer, 4To TOBEPUTEIbHBIA HHTEPBAJ JJIs TeHePaTbHOM
JCTIEPCHU Yepe3 BBIOOPOUYHYIO AUCIIEPCHIO 3a]1aeTCs B BUJIC!

—2 —2
(N2—1)0' SO‘ZS(N_Z:L)O-
Xiqi2,v Xaqiz,v
HyCT]) B HCIIBITAHUU HOJIyIleHO 3HAYCHUC B])I60pO‘IHOFO C.K.O.
0=25 no BeilGopke ob6vemom N =25. 3amamumcs yposHeMm

smaunmoctu = 0.05.

Beruncium ¢ nomomnipio Gyskmmii Microsoft Excel moBepurenbHbIit
MHTEPBAJIBI IS TCHEPAIBHOM JIUCIIEPCHU:
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c=25 N=25

y=N-1=25-1=24

q/2=0.025= 20 5 = XM 20BP(1—0.025, 24) =12.40
1-q/2=0.975=> 245 2 = XM 205P(1-0.975, 24) = 39.36

2 2

24—2'5 <o%<24 2.5
39.36 12.4

3.81<05?<12.10

[Inpuna noBepuTenpbHOro nHTEepBaia = 12.10 - 3.81 = 8.29

5.6. CTaTucTH4ecKkasi MpoBepKa rumoTes.

Cmamucmuueckaa 2unome3a - 3TO IPEANOIOKHUTEIBHOE CyX-
JICHHE O 3aKOHOMEPHOCTSX, KOTOPBIM MOJYMHAETCS CllydaiiHas Be-
nruuHa. Mbl OyzeM paccMaTpuBaTh THIIOTE3bl O BEJIMYHMHE IIapaMerT-
POB 3aKOHA pacHpeleNeHNs BEPOSTHOCTEN U O €T0 BUJIE.

Cmamucmuueckas npogepka 2unome3 - 3T0 CUCTEMa IIPHEMOB,
MpEeIHa3HAYECHHBIX M TPOBEPKH COOTBETCTBHS OMIIMPHYECKUX
JAHHBIX HEKOTOPOM cTaTUCTHYECKOW runorese. IIpouecc mposepku
OazupyeTca Ha QOpMyIHpPOBaHUM 2-X THUIIOTE3 - HYJIEBOW U albTep-
HaTUBHOU:

- Hynesas eunomesa H, - 3To rumoresa, kotopas cuuTaeTcs Bep-
HOH 10 TeX mop, moka He OyAeT IToKa3aHO oO0paTHOE MUCXOMS U3
PEe3yJIbTaTOB CTATHCTUYECKON TIPOBEPKH,

- amwmepnamugnas cunomesza H, - 310 rHmoresa, koTopas mpu-

HUMAETCH, €M B Pe3yJIbTaTe CTaTUCTHIECKON IPOBEPKH OTBEP-
raeTcs HyJieBas TUIO0Te3a.

Kpumepuii nposepku

[IpaBuiio, Mo KOTOpPOMY NPHHUMAETCS WM OTKJIOHSETCS HyJeBas
TUIOTe3a, HA3BIBACTCS CHMIAMUCHUYECKUM Kpumepuem nposepKu.
[TocTpoenne kpurepusi ompenensercss BHIOOPOM HEKOTOpod (yHK-
mun Q OT pesynbTaroB HAONIOAEHMI, KOTOPas CIIyKUT MEPOM pac-
XOXICHUS MEXITY SMIUPUIECKUMA U TEOPETUIECKUMH 3HAYCHUSMHU.
®ynkius Q HasbIBaeTC cmamucmuxon Kpumepus W SIBJISETCS
CIIy4ailHOW BETMYMHOM.
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ITo pacnpenenennto cratucTukd Q HaXomUTCs Takoe 3HAYEHUE
Q,, 4ro ecim rumoresa H, BepHa, TO BEpOSTHOCTH TOrO, YTO
Q> Q, paBHa (, rae ( - 3TO 3aJaHHBINA 3apaHEe YPOGEHb 3HAUU-
mocmu. Ecrm Q£ Q,, o rumoresa H, npunumaercs, a ecau

Q> Q,, To rumoresa H, orBepraercs.

Ouwuoku 1-20 u 2-20 pooa

[Ipu peureHHH BOIpOCa O CIPaBeIIMBOCTH rumote3sl H, moryt

OBITH JOMYIIEHBI OLIUOKH JIBYX BUJIOB!

- owubKa nepeo2o poda TPOUCXOAUT TOTIA, KOTAa OTBEPraeTCs
BepHas runotesa H,

- owubKa 6mopozo poda MPOUCXOAUT TOT/IA, KOTIa IPUHUMAETCS
noxHast runoresa H .

YPOBEHIJ 3Havumocmu

OueBUIHO, YTO YPOBEHb 3HAYUMOCTH (] - 3TO BEPOSTHOCTH OLIMOKU
nepBoro poxa. Ecnu oH upe3MepHO BeNIMK, TO B OCHOBHOM yIIepO
OyzeT cBsi3aH ¢ OLIMOOYHBIM OTKJIOHEHHEM BepHOiH rumoressl H,,

€CJIM K€ OH Ype3MepHO Maj, TO yIepO OymeT BO3HHKATh OT OIIH-
0O0YHOrO NPUHATHS JI0XKHOI runoTe3sl H . Ha mpakrtuke B kauecTse

YPOBHS 3HAYMMOCTH BBIOUPAIOT BeposiTHOCTH B mpeaenax ot 0.01 mo
0.1

5.7. [IpoBepka rumore3 0 BeJINYHHE TeHEPAJBLHON CPeTHEN.

Pacmonaras ANPUOPHBIMU CYXXACHUSAMU O BCJIMUYMHE TI'€HEpPAJIb-
HOU cpefHell (MaTeMaTHYecKOro OXKHAAHUS) MBI MOXEM MPOBEPHUTH
THIIOTE3y O TOM, COOTBETCTBYET JM BBIOOPOYHAS CPEIHSS arpuop-
HOMY 3HAQYCHHUIO MAaTCMATUYCCKOI'0 OXKHUJaHUA.

ITpoBepka THIOTE3BI O COOTBETCTBHU BBIOOPOUHOM CpeHEH ar-
PHOPHOMY 3HAYCHHIO MATEMATHYCCKOTO OXKHIAHHS MOXET OBITh OJI-
HOCTOPOHHEH (IIPaBOCTOPOHHEN WIIM JIEBOCTOPOHHEN) WM JBYCTO-
pOHHEN:

- 08YCMOPOHHSAS NPOGEPKA UCTIONB3YETCS B TOM CJyvae, KOorjia He-
00X0IMMO TIPOBEPHUTH, paBHA JIM BHEIOOPOYHAS CPEIHSS alpHOp
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HOMY 3HAUCHUIO MaTEMATHUYECKOT0 OKHUIAHHS, ¥ THIIOTe3a (Gop-
MYJIUPYETCs B BUJE!

Ho: X=u
H,: Y;ty

NpasoCMOPOHHSISL NPOGePKA UCTIONB3YETCs B TOM Cllydae, Koraa
HEOOXO0AMMO POBEPHTH, YTO BHIOOPOUHAsS CPEIHSA OOIbIIE, YeM
anpHOPHOE 3HAYEHHE MATEMATHYECKOrO OXKHUIAHHUS, W THIIOTE3a
(Gopmysupyercs B BHIE:

Ho: X=u

Hi: X>u

NIe60CMOPONHAS NPO6EPKA WCTIONB3YeTCs B TOM Cilydae, KOria
HeO6XOZ[I/IMO IIPpOBEPUTH, YTO BBI60pO‘-IHaH CpeaHsad MCHBIIC,

4YeM anpuoOpHOE 3HAYCHUE MAaTEeMATHYSCKOTO OXHIaHUs, U TUIIO-
Te3a GOPMYIIHPYETCSI B BUJIC:

Hy: Y:,u
H,: Y<y

HpOI/IJ'IJ'IIOCTpI/IpyeM IMPOBCPKY T'MIIOTE3 HA IIpUMEpaAx.

Jleycmoponnssn nposepka zunomes

1)
2)

3)

4)

5)

6)

C.B.

Anpuopnas ungopmayus
Maremarndeckoe oxuganne f =1
Pezynomamor ucnoimanus

N=100 X=12 =25
Tunomesa

Hy: X = y7;

H,: X # Y7,
Tpunsamas eenuuuna yposHs 3HA4UMOCMU
g=0.05
Kpumepuui nposepxu
_ X-u

o/JN
Ilpasuno npunamus pewenus
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7)

8)

9)

Hpuuste Ho, ecma —1ty 4, , STt )5,

B npotuBHOM cnyyae mpuHATH Hi , TO ecTb Hi TpuUHHMAaeTc,
KOTJa KpUTEpU MPOBEpKH t momazaer B KPUTHUECKYIO 001acTh

[t]>1,
Pacuem cpanuy Kpumuqecmﬁ obracmu

tl—q/Z,v = CThIO/[PACIIOFP(q, N -1) =
= CThIO/[PACIIOFP(0.05, 99) =1.984

Pacuem kpumepus nposepxu
C X-p  12-1
o/N  2.5/4100

Ilposepka cunomesoi

q/2,v "

t

Tak kak —1, ,, , <t<t, ,,, T0 kpuTepuii nposepku t = 0.8
HE [I0I1alaeT B KPUTUYECKYIO 00JIACTh M MBI IPUHHMAEM THIIOTe-
3y Ho . DTO 0O3HAYaeT, 4TO IPH 3aJaHHOM YPOBHE 3HAYMMOCTH

BeIOOpOuHas cpenusas X =1.2 craTHCTHYeCKH HE3HAYMMO OT-
JIMYaeTCa OT aHpHOpHOﬁ BCIIMYUHBI MATEMATHUYCCKOI'O OXHIaa-

s p =1,

Ilpasocmopounssn nposepka zunomes

1)
2)

3)

4)

5)

6)

Anpuopnas ungpopmayus
Maremarnyeckoe oxunanne f = 0.7
Pesynomamot ucneimanus

N=100 X=12 =25
Tunomesa

Hy: X = y7i

H,: X > y7i
Tpunsmas éenuuuna ypoeHs 3HAUUMOCMU
g=0.05
Kpumepuui nposepxu
_ X-u
~olN

Ipasuno npunamus pewenus
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7)

8)

9)

[Mpunste Hy, ecmn t < tl_q’ L

B npotuBHOM cnyyae mpuHATH Hi , TO ecTb Hi TpuUHHMAaeTc,
KOTJa KpUTEpU MPOBEpKH t momazaer B KPUTHUECKYIO 001acTh

t>t ..
Pacuem cpanuy Kpumul{ecmﬁ obracmu

t, o, = CThIOIPACIIOEP(2q, N —1) =
= CThIOJPACIIOBP(2x 0.05, 99) = 1.66

Pacuem kpumepus nposepxu
_X-p _12-07 _,
o/N  25/4100

Iposepka cunomesol
Tak kak t>t

t

1 q,v+ TO KpuTepuii nposepku t = 2 HaxXoauTCA B

KPUTHYECKOW 00JacTH M MBI OTBepraeM runoresy Hy u mpuHU-
MaeM rumnore3y ;. JTO O3Ha4aeT, YTO MpH 33JaHHOM YPOBHE

3HAUUMOCTH BbIOOpouHas cpemnsas X =1.2 crarucruuecku
3HAYUMO OTJINYACTCS OT aHpHOpHOﬁ BCIIMYNUHBI MAaTECMATUYICCKO-
ro oxumanus i = 0.7.

Jleeocmoponnns npoeepka zunomes

1)
2)

3)

4)

5)

6)

Anpuopnas ungpopmayus
Maremarnyeckoe oxuganue (4 =1.5
Pesynomamot ucneimanus

N=100 X=12 =25
Tunomesa

Hy: X = y7;

H,: X < y7i

Tpunsmas éenuuuna ypoeHs 3HAUUMOCMU
g=0.05

Kpumepuui nposepxu
_ X-u

“o/IN

Ilpasuno npunsmus pewenus
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7)

8)

9)

5.8.

[Mpunste Hy, ecu t 2 —tl_q’ .

B mpotuBHOM ciiydae npuHATH Hi , TO €cTh H; NpUHUMAeTcH,
KOIJa KPUTEPHUH MPOBEPKH t IOMagaeT B KPUTHUECKYIO 00JIACTh
t<—t .-
Pacuem epanuy kpumuueckoi obnacmu
—t, ., =—CTBIOJIPACIIOBP(29, N -1) =
=—CThIOIPACIIOFP(2x0.05, 99) = —1.66
Pacuem kpumepus nposepku
_ X-=p 12-15
o/\N 2.5/,/100
IIposepka zunomesvl
Tak kaxk t > —t, , To kpurepuii nposepku t =—1.2 ne nomna-

t

Aac€T B KPUTHUYCCKYIO 00J1aCTh U MBI IIPpUHUMACM THUIIOTE3Y Ho.
210 03HavacT, 4YTO IpHU 3aJdHHOM YPOBHC 3HAYMMOCTH BBIOO-

pounast cpennss X =1.2 craTHCTHYECKH HE3HAYMMO OTIIMYAET-
ca OT aHpHOpHOﬁ BCIIMYHWHBI MATEMATUYCCKOI'0 OXHUIAaHUS

u=15.

IIpoBepka rumnoTtes 0 BeJIM4NHe reHePaIbHON JUCIIEPCHH.

Pacnonaras ANIPUOPHBIMU CYKACHUAMU O BCIWMYUHE I'€HEpPAJIb-

HOW JUCIIEPCUU MBI MOKEM MPOBEPUTH TMIIOTE3Y O TOM, COOTBETCT-
BYET JIM BHIOOPOYHAS JUCIIEPCHsI alPHOPHOMY 3HAYCHHIO T€HEepab-
HOMW JUCIIEPCHUH.

HpOBCpKa TUNOTE3bI I JUCIICPCUNU MOKET OBITH OAHOCTOPOH-

Helt (MpaBOCTOPOHHEH WITH JICBOCTOPOHHEH) WK IBYCTOPOHHEH:

08YCMOPOHHAS NPOBepKa NCTIONB3yeTCs B TOM ClIydae, Korja He-
00XO0ZMMO TIPOBEPUTH, paBHA JIM BHIOOPOUYHAs AWCIIEPCHSI arlpH-
OpPHOMY 3HAuU€HHIO TCHEPaJIbHOW AMCIEPCHH, M rumore3a ¢op-
MYJIMPYETCS B BUIE!

—
Hy: o =0
—2
H: o #0
npasocmopoHHAA npoeepKka UCHOJIB3YETCSI B TOM Cliydac, Koraa
HEOOXOMMO MPOBEPUTH, YTO BBHIOOPOUYHAS JUCIIEPCUs OOJIBIIE,
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4eM anpuOpHOE 3HAUYCHHE TeHEPANBbHOM IMCIEPCUH, U TUIOTEe3a
hopmyHpyeTCs B BUIE!
Hy: o =0
H: o >0

- JIeBOCMOPOHHSSL NPOGEPKA WCTIONB3YeTCs B TOM ciydvae, KOraa
HeO6XO)Z[I/IMO IMPOBECPUTH, YTO BBI60pO‘-IHaH AUCTIEPCHA MCHBIIC,
4eM anpUOpHOE 3HAUYCHHE TeHEPAIbHOM IMCIEPCUH, U TUIOTe3a
dbopmynupyercs B BUIC:

Hy: o =0

H: o <o
[IpounatocTpupyeM IpOBEPKY TUIIOTE3 HA IPUMEPaX.
Jleycmoponnasn npoeepka cunomes

1) Anpuopnas ungopmayus
TenepanbHas gucnepens o - = 4
2) Pesynbmamul ucnvimanus

N=25 =25 o =625
3) T'unomesa
Hy: o =02
H,: o 2o
4) [lpunsmas 6eruyuHa yposHs 3HAUUMOCIU
g=0.05

5) Kpumepuii nposepku
—2

2 o
X = (N _1) 2
o
6) Ilpasuno npunsmus pewienus
2 2 2
Hpuaste Ho, € Y g5, S X < X1 qiz.v
B nportuBHOM ciydae mpuHATH 1 , TO ecTh /i NpUHHUMAETCH,

. 2
KOTJa KpUTEpUH NPOBEPKH )~ TOHagaeT B KPUTHUECKYIO 00-

2 2 2 2
JaCTh ¥ < Yqjp, WL ¥ > Xiqi2v
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7) Pacuem epanuy Kpumuueckou obracmu

X2 = Yooz, 2 = XM 206P(1—-0.025, 24) =12.40
Xt qizw = Xoors.2a = XM 20B5P(1—0.975, 24) = 39.36

8) Pacuem xpumepus nposepku

—2
2
22=(N-17_=245% _3750
o 4
9) Ilposepka cunomesol

2 2 2 .
Tak xak g0, <X =< Xiq2,» TO KPHUTEDHH NPOBEPKH

2
y° =37.50 He momazaer B KPUTHIECKYIO OOJIACTH W MBI MPH-
HMMaeM runotesy Ho. TO 03HAYAET, YTO NMPH 3aJaHHOM YPOBHE

—2
3HAYMMOCTH BBIOOpOUHas aucrepcus o = 6.25 crarucruuecku

HC3HAYUMO OTJIHMYACTCA OT aHpHOpHOﬁ BCIIMYHMHBI FeHepaJILHOﬁ

2
aucnepeun o = 4.
IIpasocmoponnss nposepka zunomes

1) Anpuopnas ungopmayus
TenepanbHas gucrepens o - = 3.6
2) Pesyrbmamol ucnvlmanusi
N=25 =25 o =625
3) Tunomesa
Hy: 52 =g’
H: o >o?
4) [Ipunsmas 6eruyuHa yposHs 3HAUUMOCTU
g=0.05

5) Kpumepuii nposepku
—2

2 o
7P=(N-07;
o
6) [Ilpasuno npunamus peuienus
Ipunste Hy, ecmn y° < ziq’V
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B npotuBHOM cnyyae mpuHATH Hi , TO ecTb Hi npuUHHMAaeTc,
. 2
KOTJa KpUTEpUH NPOBEPKH )~ TOHagaeT B KPUTHUECKYIO 00-

J1aCTh ;(2 > Z]iq,v
7) Pacuem epanuy kpumuueckoi obracmu

Xiaw = Xoss, 24 = XM 205P(1—0.95, 24) = 36.42
8) Pacuem kpumepus nposepku

—2
7=(N-Z = 24925 _ 41 67
o 3.6
9) Ilposepka cunomesvl
Tak kak y° >y q.v + TO KpUTEPHiA IPOBEPKH 7% =41.67 na-
XOJUTCSI B KPUTHYECKOW OOJIACTH M MBI OTBepraeM rumoresy Ho
U TIPUHUMAeM THunote3y H;. DTO 03HadaeT, 9TO MpH 3aJaHHOM

2
YPOBHE 3HAYMMOCTH BBIOOpOYHas aucrnepcus o = 6.25 craru-
CTUYCCKU 3HAYUMO OTJIUYACTCS OT aHpHOpHOﬁ BCJIIMYNHBI I'CHEC-

panbHoii ucnepenn o> = 3.6.
Jlesocmoponnsna nposepka cunomes
1) Anpuopnas ungopmayus
TenepanbHas gucnepens o> =9
2) Pesynomamul ucnvlmanus
— —2
N=25 o=25 o =6.25
3) Tunomesa
—2
Hy,: o =0
H: o <o
4) Tlpunamas eenuuuna ypoeHs 3HAUUMOCIU
g=0.05

5) Kpumepuii nposepku
—2

2 o
22=(N-DZ;
o
6) IIpasuno npunamus pewenus
[Ipunare Hy, ecu ;(2 2 Ziv
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7)

8)

9)

B npotuBHOM cnyyae mpuHATH Hi , TO ecTb Hi npuUHHMAaeTc,
. 2
KOTJa KpUTEpUH NPOBEPKH )~ TOHagaeT B KPUTHUECKYIO 00-

JIacTh ;(2 < ;(;V

Pacuem epanuy kpumuueckoi obnacmu

Xey = Xoos, 24 = XM205P(1-0.05, 24) =13.85
Pacuem kpumepus nposepxu

—2
7=(N-Z = 24925 _1567

o 9
IIposepxa cunomesvl
Tak kak y° > Zilf’ TO KpuTepuii npoBepkn y° =16.67 He
MOMAaeT B KPUTHYECKYIO 00JACTh M Mbl TIPUHUMAEM THIIOTE3Y
Hpy. DTO 03HAYaeT, 4TO MPHU 3aJaHHOM YPOBHE 3HAYUMOCTH BbI-

2
Oopounas mucnepcus © =6.25 craTHCTHYECKH HE3HAYUMO
OTJIIMYAETCS] OT alpUOPHON BENIMYMHBI T€HEPAIBbHOM AMCIIepCUU

c?=9.
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6. AIEHTUO®UKALIUS 3AKOHA PACHPEJIEJEHUSI 110
BbBIBOPKE CJOYYAMHOM BEJIUYUHDI.

6.1. Beenenue.

B nmanHO# Ti1aBe OyAeT pacCMOTpPEH BOIMPOC O TOM, KaK IO M-
MUPUYECKON BBIOOPKE HIEHTH(QHUIMPOBATH 3aKOH paclpeneieHus
CIly4yallHOW BEJIMYUHBL.

[MompobHO paccmoTpeHa mpoOiema TPYNIIMPOBKH HAHHBIX, TO
€CTh pacueT ONTUMAIBHOTO KOJIMYECTBA HHTEPBAJIOB TPYIMIIUPOBKU U
ONTUMANIbHOM IIMPHUHBI UHTEpBAa, a TAK)Ke MOCTPOEHUs MO Crpym-
MUPOBAaHHBIM JaHHBIM THCTOTPaMMBbI PacIpe/IeIeHuUS.

[TomydenHoe sMmHUpHYecKoe pacrpeneieHne OyneT anmpoKCH-
MHPOBaHO HEMPEPHIBHON aHATUTHUYECKOW (DyHKIIMEH, TO ecTh OyIeT
UACHTU(QULIUPOBAH 3aKOH paclpeleficHus CIy4aiHOH BEITMYUHBEI.
Takxe paccMOTPEHO WCIIONIb30BaHUE KPUTEPUEB COTIACHS TPH
UAeHTH(PUKALIUH 3aKOHA pacIpeeTICHNSI.

B kauecTBe BBHIOOpKH CIy4YaiHOW BENWYHMHBI UCIIOJIB30BaHA BBI-
OOpKa, cocTosmIas U3 Jorapu(p)MoB OTHOCHTEIHHOTO U3MEHEHHUsI Be-
JIHYUHEI HHIeKca Poccuiickoii Toprosoii cucreMsl (naaekca PTC) 3a
nepuof ¢ 1 cenrsops 1995 rona nmo 31 nexadps 2002 roxa.

6.2. 'pynnupoBka AaHHBIX. ONTHMAJIbHOE YHMCJI0 MHTEPBAJIOB
rPYNIHPOBKH.

Jnist pacueTa OLIEHOK MaTeMaTHYeCKOTO OXKUAAHUS, TUCIICPCUH,
CPEIHEKBAAPATUYHOTO OTKJIOHEHUs, KOd(D(UIlMEeHTa aCUMMETPUH U
skcriecca (Ha OCHOBE MOMEHTOB pACHpeNeNeHus) He TpeOyeTcs
MpeIBAPUTEIHHOTO YIOPSAOUMBAHNS U TPYNIUPOBKH JAHHBIX. DTH
BEJIMYMHBI MOTYT OBITh HalJCHbl HEMOCPEICTBEHHO MO HCXOAHOM
BEIOOpKE.

Jlns onpenernieHUs MeJMaHbl, KBaHTHICH pacnpeneicHus, Ui
yAaJeHus] MPOMaxoB W3 BBIOOPKH IaHHBIE HEOOXOAWMO pPAacmojo-
JKHTh B MOPSAIKE BO3PACTAHUS, TO €CTh YIOPSAIOYUTEH BHIOOPKY .

I'pynmupoBKa NaHHBIX HEOOXOMMUMAa JUIS TOTO, YTOOBI HAWTH
(opMy pacmpeneneHusi, TO €CTh, B KOHEYHOM UTOTe HUAECHTUDHUIHPO-
BaTh 3aKOH pacrpecIcHus.

B pesynbraTe rpymnmupoBKH BBIOOpKA MPEICTABISICTCS B BHUJIC
THCTOTpAaMMBI,  coctosmeid w3 L cromOmoB  (MHTEpBaIoB
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IPYIITUPOBKH), KaKABIA M3 KOTOpbIX uMmeer mmmupuHy 0. ITocie
HOPMHUPOBAHUS THCTOTpaMMa IPEICTaBIsIeT cO00 AIMIHMPUYECKYIO
IUIOTHOCTH paclpeiesIeHusI CITy4aiiHON BETMYMHBI.

N3 KkadecTBEHHBIX COOOpPaKEHWH ClIemyeT, dYTO JOJDKHO
CYIIIECTBOBATh ONTUMAIFHOE YHCIIO HHTEPBAJIOB IPYIITMPOBKH.

[HeiicTBuTenbHO, Tpu OONBIIOM KOJIHYECTBE CTONOLOB U
MO3TOMY MajioOl LIMPHUHE CTOJOLA, M3-3a CIy4aHHOCTH BBIOOPKH
rucTorpamMma OyzeT 3arojHeHa OYeHb HEPaBHOMEPHO, UMETh CHIIBHO
W3PE3aHHBIA BUM, COCTOATH U3 OOJBIIOTO KOJIHYECTBA BCIUIECKOB H
MIPOBAJIOB.

[Ipu npyroif kpaliHOCTH, TO €CTh OYCHb MAJIOM YHCIIE CTOJIOIIOB
OOJIBIION WIMPHHBI, THUCTOTpaMMa OyJeT W3IUIIHE CIIaKUBaTh
pacmpeneneHie, YHHYTOXKATb €ro XapaKTepHble OCOOCHHOCTH.
Hanpumep, eciu BbIOpaTh TONBKO OAWH MHTEPBAJ I'PYNIIUPOBKHU C
IIMPUHON, paBHOW pa3Maxy BBIOOPKH, TO Jl000Oe pacrpejaereHue
cBeleTcs K MpsIMOyronbHoMy. J[Ba cronOua BbIOMpaTh HENb3sl, TakK
Kak J11000€ CHMMETPUYHOE PacHpeAceHue, Kak U B MpeablIyLIeM
cllyyae, CBEIETCs K IpAMOyroipHoMy. Tpu crombua Takxe AaroT
MaJio nHpopMauu o popme pacrpeneneHusl.

OTH cyry00o KadeCTBEHHBIE pacCyKICHHUS MOKAa3bIBAIOT, YTO
JOJDKHO CYLIECTBOBAaTh HEKOTOPOE ONTHMAIbHOE KOJIUYECTBO
WHTEPBAJIOB TPYIITUPOBKH.

Ecnmu ucxoguth M3 TOPEANONOKEHHsS, UYTO TeHepaibHasd
COBOKYITHOCTbH, M3 KOTOPOM IMOJIyyeHa JaHHAas KOHKpeTHasi BBIOOpKa,
MMEET IJIAJIKyI0 KPUBYIO TUIOTHOCTH BEPOSTHOCTH (9TO CIIPAaBEAIHBO
B OOJIBIIMHCTBE CIy4aeB), TO HEPABHOMEPHOCTH T'HCTOTPAMMBI
SBISIIOTCSA  CIy4allHBIM IIyMOM, OOYCIIOBJICHHBIM CIy4alfHOCTBIO
BBIOOPKH. YBeNMYEGHHE IIUPUHBI CTOJNIONA M yMEHBIIEHHE
KOJIMYECTBA CTOJNIONOB (PUIbTPYIOT 3TOT iyM. OnHaKo, NaibHeiee
YBEJIMUEHHE INUPUHBI CTOJMOLA HAYMHAET CIJIaXKHBAaTh YXKE CaMo
pacrpeneneHue.

CrnenoBaTenbHO, oTpesiesieHne ONITUMAJIBHOTO qrcia
WHTEPBAJIOB TPYIIIMPOBKH NPU MOCTPOSHUU TUCTOTPAMMBI SIBIISIETCS
3amadell onTuManbHOW (¢unbTpanmu. [lpum 3TOoM onmumanvHoe
KOIUYECmeo CMoNOYo8 2UCMOZpamMmyvl - 3MO MaKoe Koaudecmeo,
npu KOMOPOM MAKCUMATbHO GOZMOICHOE CeNANCUBAHUE CYUAUHO20

utyma couemaencs C  MUHRUMATTbHbIM UcCKasiceHuem om
CeNax)CueaAruUs camozo pacnpe()eﬂeHuﬂ.
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OnTuUMansHOE YMCIIO CTOJIOIOB JOJDKHO 3aBHCETh HE TOIBKO OT
o0beMa BBIOOpDKHM, KaK 3TO yKa3aHO B OOJBLIIMHCTBE MOCOOWH MO
craructuke. OYEeBUIHO, YTO 3TO YUCIIO 3aBUCHT €IIe U OT (OpPMBI
pacnpenenenus.  JIeHCTBUTENbHO,  €CIM  IUIOCKOBEPIIMHHBIE
pacrpefefieHdss ~ MOXXKHO — TPUOJIHM3HTH  JOCTATOYHO  MAaJbIM
KOJIMYECTBOM CTOJIOLIOB, TO JUISI OCTPOBEPIIMHHBIX PACIpEACICHHUN C
WX JUIMHHBIMH, TIOJIOTHMMHU CIIaJJaMH 3TO KOJHMYECTBO €CTECTBEHHO
JIOJIKHO OBITEH OOJIBIIIE.

KonuuectBO  WHTEPBAIOB  TPYNIUPOBKH  JIOMKHO  OBITH
HEYETHBIM 4HCIOM. [Ipu YeTHOM uucie cTonOIoB 001IacTh BONM3H
[IEHTpa pacupezeneHuss OyIeT OMUCHIBATHCS IBYMS CHMMETPHYHO
PacToI0KEHHBIMA OTHOCUTENIBHO LIEHTPA CTOJIOI[AMH THCTOTPaMMBI,
TeM CcaMbIM MUK  pachupeieicHuss OyaeT  HeolpaBJaHHO
CTTIQKMBAThCSA. DTO OCOOEHHO KPHUTHYHO JJISI OCTPOBEPIIMHHBIX
pacnpenencHuii. Kak yxe TOBOPWJIOCH BBINIE, TPU CTOJIOIA JArOT
o4eHb Mano nHpopmaruu o Gpopme pactupenenenus. [losTomy Oynem
CYNTaTh, YTO KOJHMYECTBO CTOJOIIOB THICTOTPAMMBI JOJDKHO OBITH
HEYETHBIM YHCIIOM HE MEHee TISTH.

OMmnupuueckas  ¢GopMmyia Ui OLEHKA  ONTHUMAJILHOTO
KOJIMYECTBA CTOJIOIOB THUCTOTpAaMMBI KakKk (QYHKIHMH OT o0Bbema
BBIOOPKH N wu nskcuecca &, NpUrogHass K IPUMEHEHUIO 1A
IIPOKOTO KIIacCa paclpeie]eHHH CIIeyomas:

L 8+1.5N0_4
6

BrramciieHHoe 1m0 3TOW (opMysie 3HAYEHUE [OJDKHO OBITh
OKpPYTJICHO BHHU3 10 Oyvkaiiiero OOJIBIIEr0 WM PaBHOTO IISITH
HEYETHOTO IIEJIOTO.

Wcnone3ys 3Hadenwe L, mupuHy crosdna THCTOrpaMMbI

2max(| %, — X |)
L

MOKHO Haiitu 1o popmyste: d =

6.3. ITocTpoeHue rUCTOrpaMMBbI pacnpeaeaeHus.

W310UM aJrOpUTM TMOCTPOCHHS THUCTOTPAMMBI 10 BBIOOpKE
ciyyaiinsix Bemmune { X}, K=1,...,N:
1) VYoopsmouuTh HCXOOHYIO BEIOOPKY 110 BO3PACTAHHUIO.
2) BBIUHCINTE OIIEHKH IIEHTPA PACTIPEICTICHUS
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Xwebuauaa XueHmp_czuﬁosa X ) Xso% ’ Xueump _pasmaxa-

YHOPSI0YHUTE 3TH OIICHKU MO BO3PACTAHHIO M BHIOPATH U3 HUX B
Ka4yecTBE IIEHTpA PAaCIpE/ICICHUs] CEpeIMHHOE, TO €CTh TPEThE
O CYETY, 3HaYeHUE, KOTOpoe 0003HAYUTh KaK Xjzy7p,
3) BBIYUCIUTE OIIEHKY CPETHEKBAAPATHYHOTO OTKIOHCHHUS
N

— 1
o= —Z(Xk - XZIEHTP)2

N-1i3
4) BriuncnuTh OLEHKY JKclecca
- 1 N2—-2N+3 N
E =
—4 (N-D(N-2)(N-3) kz Xuewre)' =
~ 3(2N ~3)(N-1)
N(N = 2)(N -3)

5) Bb4HuCIUTD KOIPPUIHMESHT [ICH3YPUPOBAHHUS

G=1.55+0.8-1g(N/10)-y/e -1
6) WckmrounTh U3 BEIOOPKM BCe 3Ha4eHHUs (IpOMaxH), JeKallhe 3a
npeesioM HHTEpBaia

Xgurp — G 0 XS Xy + G0
Ecnmm B BBIOOpPKE TPHICYTCTBOBAIM IIPOMaxu, TO €€ 00beM
ymenpmics. O6osnaunm kaxk { X}, K=1...,M ounmennyro

ot npomaxoB BeIOOpKy (M < N). Bce nanbHeiimue onepanun

OyayT MPOBOJMUTHLCS C OYMIICHHOW BBIOOPKOH.
7) 3aHOBO BHIYMCIHUTD HApaMETPhI pacipeneaeHus

Xty
M=
o= S 4 %)
7= M—lkzlxk
-1
=Y 1)(M 2)2““
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" M2_2M +3 M
T MM -2(M -3 Z -
k

) 3(2|v| _3)(M 1)

M (M —2)(M —3)

8) PaCCLII/ITaTB OIITUMAJILHOC KOJIMYCCTBO CTO.H6]_[0B FI/ICTOFpaMMLI
L £+15 415,04
6

[Tonmy4yeHHOE YKMCI0 OKPYTINTH BHU3 10 OnMKaniero OoJbIero
WJIM PaBHOTO ISITH HEYETHOTO LIEJIOTO.
9) PaccuuTats neByIO U MPABYIO TPAHHILEI THCTOrPAMMbI

X iy = X — max(| %~ X )

Xmax = X +max(|x, — X |)
10) PaccunTath LIMPUHY CTOJIOIA TUCTOTPAMMBI
Xmax — Xmin — 2maX(| X — X |)
L L
11) PaccuuTarh MAacCHB y3J10B pa30MEHHsI HA OCH X
X =X +(i-1)-d
i=1..,L+1
WHTepBansl MeXIy COCEAHUMH y3JIaMH SIBJISIFOTCS HHTEpBAIAMH

pa3oueHus.
12) PaccunTarh KOJHMYECTBO CIIyYaWHBIX BEIWYHH W3 BBEIOOPKH

d=

{x.}, k=1...,M, koTopoe monanaer B KaxIplii U3 HHTCPBAJIOB

pa3boueHus. B pesynbraTe TOIy4YUTCS HEHOPMHUPOBaHHAs
TUCTOTpaMMa paclpeelieHus] WM TUcTorpamMma dvactoT. OHa
3aJlaHa B BHJE MAacCHBa, KOTOPBIM O00O3HAYMM  Kak

{s}i=1..L.

13) B caydae, eciu eCThb OCHOBaHMs IOJaraTh, 4YTO IUIOTHOCTh
BEPOSITHOCTH JOJKHA OBITh CHMMETPUYHOM, U B IOATBEPKACHHUE
3TOrO, BBIYMCIICHHBIH Ha mare 7 KO3(QQUIUEHT acCHMMETPUH
HE3HAYUTEIbHO OTIMYAETCS OT HyJsA, TO MOXKHO TIPOBECTH
pacueTHOE CUMMETPUPOBAHHE TUCTOrpaMMbl. LleHTpanbHbII
cronbery ocraercs 0e3 MW3MEHEHHUs, a B CHMMETPHYHBIX
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OTHOCHUTEIBHO HEro Iapax CTOJOIOB KOJWYECTBO OTCYETOB
yCcpeaHseTcs.

14) Beraucnuth mionaas S HeHOPMHUPOBAHHO#M TuctorpamMel. OHa
JOJDKHA OBITh paBHA MPOW3BEICHHIO IMUPHHBI cTosOma d Ha
00beM BIOOpKH M.

15) HopmupoBaTh rucTOrpaMMy IIyT€M JCJICHHS KOJIUYECTBa
OTCYETOB B KakaoM croibime Ha S Takum o0Opa3oM Ha 3TOM
IIare MoJydeHa Ucmoepamma niomHOCmu 6epoSmMHOCI.

=5/S=s/(d-M)
i=1..L

16) PaccuuTarh 3HAUCHUS UHMESPANLHOU DYHKYUU pACHpedeNeHUs B
y3Iax pa3oneHus

F, =0
F=F,+p,-d

=2,.,L+1
DaKTHYECKH, HA OJTOM IIare Mbl HOJYYWIH  (YHKIHIO
pacmpeienieHus B TaOIMYHOM BHJIE, TO €CTh Mbl HIMEEM MACCHUB
3HaYeHMH ciydaiiHoii Benmumubl { X;} ¥ cooTBeTCTBYOLIMIA

emy maccus 3Hauvenuit {F.},i =1,...,L +1.

6.4. 'mcTorpamma Jiorapu()moB OTHOCUTEILHBIX H3MEHEHUI WH-
aexca PTC.

PaccmoTpum BPEMEHHOM pan, COCTOSALIUI u3
[OCIENOBAaTEeNbHBIX ~ 3HAUYEHMH  LEHbl  HEKOTOPOro  aKTHBa

{R},t=0,..,T. Torna ueny B MOMEHT BpeMeHH | MOXKHO NpeJ-

CTaBUTh, KaK
p-phk R R
RRRL R

JIBM>KeHUE 1IEeHBI aKTHBA - ATO CIIy4alHbIN MPOIECC, BHI3BAHHBIMN
JNEHCTBUAMHU OOJIBIIOrO KOJIMYECTBA YUYACTHUKOB pbhIHKA. [Ipenmoio-
UM, YTO OTHOIICHHS IICH aKTHBOB B JIFOOOW MOMEHT BPEMCHU SIB-
JISFOTCS. CIIyYailHBIMHU BEITMYMHAME C OJJMTHAKOBBIM 3aKOHOM pacrpe-
JIeTICHUSI.
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Torma mo BEIOOPKE ATUX CIIYIAWHBIX BEIMYHH, KOTOPas MOXKET
OBITh TIOJy4YeHa M3 IICHOBOTO PsJia, MOXHO ONPEACIUTh X 3aKOH
pactpeneneHus.

Ho wccnenoBath HEMOCPEACTBEHHO OTHOIIEHUE IIEH IPEICTaB-
JIICTCSI HE COBCEM YIO0OHBIM. [/[eJio B TOM, YTO TaK Kak IICHAa HE MO-
KET yHnacTh HUXKE HYJIS, TO OTHOIICHUE IIEH TaK)KE HE MOXET OBbITh
MeHbIIe Hyna. C Ipyroi CTOPOHBI, IIeHa MOXET CKOJIb YTOJTHO CHJIb-
HO BBIPACTH, TO €CTh OTHOIICHHE IICH MOXKET OBITh HEOTPAaHWUCHHO
0ONBIIUM. DTHUX KAuyeCTBEHHBIX PACCYKIACHUH TOCTATOYHO, YTOOBI
MOHSATB, YTO TUIOTHOCTh BEPOSATHOCTH OTHOIICHUS IIeH OyJeT MMETh
TTOJIOKHUTENbHYI0 acuMMeTprto. OIHAKO, eCIT MBI TIEpeHIeM K Jiora-
pudMaM OTHOIICHHUS 1ICH, CUTYaIUs U3MEHUTCS.

In(P,) = In(R,) = In(%)+ln(%)+...+ In(=20) 4 In(=)
0 1 t-1 T-1
Pacnipenesnierne jorapu()MOB yXKe MOXKET OBITH CHMMETPUYHO H
BO3MOKHa €ro amnmmpoKkCuMalugd OAHUM U3 aHAJIUTUYCCKHUX 3aKOHOB
pacripe/ieNieHust, KOTOpbie ObLIM PACCMOTPEHBI BO BTOPOH IJaBe.
B kadecTBe mpuMepa IEHOBOTO psiZia pacCMOTPUM HMHeKc Poc-
cuiickoit Toprosoii cucremsl (mHIekc PTC) 3a mepuon ¢ 1 ceHTAOps

1995 roaa no 31 nexabps 2002 rona. ['paduk sToro psaa nuzobdpaxeH
Ha PUCYHKE:

Unpekc PTC

600

500 -+

400 A

300 -+

200 A

100 A

0 r  r +r  *rr— 1+ ° '+ 1 " '1— " T1T /"1 /7
n © ©O© K~ N~ 00 0O O O O d d N
2 92 o 9 92 9 9 9 Q 9o o <o <9 o
I QO FEE 9 ® I XX § o = m I Q
8 ¢ 8 5 2 2 & ¢ &8 8 8 5 3

Hccnenyemoii BBIOOPKOW CIy4allHBIX BEIMYMH OyAyT Hamy-
paivhbie no2apugmel omuoweHus yer 3akpvimus nagexca PTC.
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[ToapoOHBIH anTOPUTM BBIYUCIICHHS TTapaMETPOB pacipeseiie-
HUS, IOCTPOCHUS TPA(UKOB IIOTHOCTH pachpeAesicHuss U QyHKINH
pactpefeneHrsi pacCMOTPEH B TPEbIAyIeM Maparpade, mo3ToMy
3[1eCh TIPUBEAEM TOJBKO PE3yIIbTATHI.

Haumenosanue oyenxu Benuuuna

Lenrp pacnpenenenus (maremaruueckoe 0.0007
OKUJIAHHE)

CpenHexBagpaTHYHOE OTKJIOHCHHE 0.0324
Koaddunuenr acummerpun -0.3064
Oxcuecc 7.4301

MnoTHOCTL BEPOATHOCTHU
18 +

-0.20 -0.10 0.00 0.10 0.20

®DyHKLMA pacnpeeneHus
1.0 4

0.8

-0.20 -0.10 0.00 0.10 0.20
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OTMeTnM, 9TO C.K.0. IPEBHIMIAET MaTEMAaTHYECKOE OXHIAHUE
Oosiee yeM B 46 pas, TO eCTh HccieayeMast CllydaifHasi BeJTHYNHA SIB-
JsIeTCs. BRICOKOBOJIATHIIBHOW. Pacmipenenenue nmeer oueHb HeOOIb-
IIyI0 OTPHULATENFHYI0 aCHMMETPHIO, KOTOPasi BEPOATHO HOCUT CIIy-
YallHBIH XapakTep, MO3TOMY T'MCTOIpaMMa IIOTHOCTH BEPOSTHOCTH
ObLJ1a IICHTPHPOBAHA.

DKcIecc pacrpe/elieHuss CYIIECTBEHHO IIPEBBINIAET JKCIECC
HOPMAJIBHOTO pAacTpeAeieHus, TO eCTh JaHHOE PacIpeesieHue sB-
JISIETCS. OCTPOBEPIIMHHBIM.

I'mcrorpamma pacrpenenenuss umeer 27 ctonduoB. s 6omb-
el HaTJSTHOCTH IUIOTHOCTh BEPOSATHOCTH TIPHBEACHA HE B BHIE
THECTOTPAaMMBI, a KaK IUIaBHAs JIMHHMS, POXOAAIIAs Yepe3 CepeaHHBI
WHTEPBAJIOB Pa30OHCHUSI.

6.5. Ucnonb30BaHue KPUTEPHEB COTJIACHS NMPH WIeHTHPUKANNHA
3aK0HA pacnpeaejJeHus CJIy4YailHOi BeJHYNHBI.

Ilocne mocTpoeHUs] TUCTOrpPaMMBl pacHpeeeHUs] MOYKHO BBI-
JIBUHYTH THIIOTE3Y O TOM, YTO JaHHAs THCTOTPaMMa MOXET OBITh afl-
MPOKCHMHUPOBaHa OJTHUM M3 N3YYCHHBIX paHee 3aKOHOB pacrpeee-
Hust. [Ipu 5ToM cTeneHp OIU30CTH TUCTOTPaMMBI U IPUHSITOH aHAIU-
TUYECKON MOJIEN MOKET OBITh MPOBEPEHA C UCIOIH30BAHUEM KPH-
TEpHEB coriacus. 31ech OyIeT pacCMOTPEH OJIUH M3 3TUX KPUTEPHEB
- kpuTepuit ¥ ITupcoHa.

[Ipu ncnonp3oBarmy KpuTepus cormacus [lupcona HeoOXoaMMO
BBIYHUCIIUTH BETUYNHY:

L 2
» (T -5)
r = T
i=1 i
riue
L - xonudecTBO CTOJIOIIOB TUCTOI'PAMMBI,
S - Q)aKTI/IquKaH yacToTa NOIaNaHus B i-i croioel,

Ti - TCOPCTUUCCKAsA 4aCTOTa MonaiaHus B i-i CTOJ'I6CLI.

Jlist uneansHo noxobpanHoii Mogenu Bee pasHoct (T, —S;) paBHbI
HYJIIO M, CIIe[0BAaTENbHO, BEIMUMHA y° TAaKke paBHA Hymo. Takum

00pa30M, HeHyJIeBOE 3HAUCHHE j° SBIAETCS MEPOil CyMMapHOTO pac-
XOXKICHUS MEXKAY (PaKTUUECKUM paclpeesCHUEM U MOJEIBIO.
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Hackonbko BEIHKO 3TO PAcXOXKJICHUE MOKHO TPOBEPHUTH, CPaB-

o o 2
HUB (baKTI/ILICCKOG 3HA4YCHUC Zz C TCOPETUYCCKON BCIIMINHOU Zl—q, v

KOTOpast ONpeaesieT MaKCUMaIbHO BO3MOXKHOE PACXOXKIECHUE MEXK-
ny (haKTUYECKUMHU JTAaHHBIMU U MOJICIIBbIO, COOTBETCTRBYIOIEE MPHHSI-
TOMY YPOBHIO 3HAYMMOCTH (] .

YpoBeHb 3HaUMMOCTH (] oTpenensieT BepoATHOCTh OMHOKH 1-r0
polia, TO €CTh BEPOSTHOCTh TOTO, 4TO OyJeT OTBEPrHyTa HE MPOTH-
BOpeYaIas SMIUPHIECKAM JTaHHBIM MOJIEINb.

Bemmumaa VvV - 3TO UYHCIO  CcTeleHEH  CBOOOIBI ;(2-
pacmpenencHus. Yncno creneHeil cBOOOIBI 3aBUCHT OT KOJIWYECTBA
CTOJIOIOB THUCTOTPaMMBI AMIHUPUYECKUX HaHHBIX L W KomudecTBa
mapaMeTpoB I,  ONHCHIBAIONIMX  TEOPETHYECKYI0  MOJIENb.
v=L-1-r.

Bennuuna le_ q,v - OTO TaKas KBaHTUIIb ){2 -pacIpeneseHus, 4YTo
100(1— () TPOLEHTOB BCEX 3HAYCHWH CIyYaiHON BENHUUHBI }2

2 o
nexar cnesa ot ¥, ., a 100Q mnpouentoB Bcex 3Hauenuii
Lo )y 2
CITyHaiHOM BEMUMHBI ¥~ JIekKAT CTIpaBa OT Y 4 -

2 2
Ecmm y° <y, TO CUMTAIOT, YTO MOJEINb HE IPOTHUBOPEUHUT

q.v?
(haKTHIECKNM JaHHBIM IIPH 33aHHOM YPOBHE 3HAYNMOCTH.

2 2
Econ > ¥ TO CYHTAIOT, YTO NpPHU 3aJaHHOM YpPOBHE
1

q,v
3HAYUMOCTH MOJIEIb HE OIUCHIBACT YAOBICTBOPUTEIHLHBIM 00pa3oM
q)aKTI/IT-IeCKI/Ie JAaHHBIC U JOJIXKHA 6LITI) OTBepFHYTa.

Crnenyer 0co00 MOMYEPKHYTH, YTO MPU MPOBEPKE MOICITU IO
KPHUTEPHIO COTJIACHS OIPEICIICHHBIM SBJISCTCS JIMIIb OTPHIIATEIh-
HEIH OTBET, TO €CTH OTKJIOHEHNE MOIEIH.

HOHOX(HTGHLHBIﬁ OTBET O3HAYACT JINIIIb TO, YTO MOJACIIb HE HpO'
THBOPCUYUT SMITHUPUUCCKUM JaHHBIM. DTO BOBCE HE O3HAYACT, UTO
AMEHHO DTOM MOJENBIO JaHHBIE OMMCHIBAIOTCS HA CAMOM JEINE, YTO
9TO HAWJIy4Iasi MOJICIIb, YTO HEJb3s MOA00paTh APYTYO MOJCIb IS
OINKCAHUS JAHHBIX U T.1. DaKTUYECKHU, MOJOKUTEIBHBIA OTBET MPHU
MPOBEPKE MO KPUTEPHIO COTJIACUS CIEIyeT MOHUMATh KaK "BO3MOXK-
HO OTH JaHHBIE ONMMCHIBAIOTCS TaKOH-TO MOJAEIBI0", M He 00jee TOoro.
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BepHeMcss k TONydeHHOW B TpembIAyIeM maparpade THCTO-
rpaMMe HaTypaJIbHBIX JIOTapu(MOB OTHOCHUTEIHFHOIO U3MEHEHHUS Iie-
HbI 3aKkpbiTus uHaekca PTC.

I'mcrorpamMma mMMeeT SIpKO BBIPRKEHHBIA MUK W AOCTATOYHO I10-
JIOTHUEC CIiaabl. OCTpOBepHH/IHHOCTL IMMOATBCPIKAACTCA €1IC U 3HAYCHU-
€M DKCIecca, CYIMIECTBEHHO IMPEBBIIIAOIINM 3KCIIECC HOPMAJIBLHOTO
pacupenenenusi. Kak HaMm yke W3BECTHO, pacIpeeNeHus: ¢ 1o00-
HBIMH XapaKTePUCTUKAMHA MOTYT OBITh OIHCAHBI 000OIMIEHHBIM JKC-
MOHCHIIUAIBHBIM PaclpeIeICHHEM C TI0Ka3aTejIeM CTEIICHH MEHBIIS
IBYX.

BriiBuaeM rumorte3y o ToM, 4TO (haKTUYecKoe pacrhperiesieHue
OIUCHIBACTCS MOJICIIBIO

a x— p|”
X)=—eXp| —|————
P(x) 2I' U a)do D Ao

— 00 < X< +00

rie
matematuueckoe oxunanue 4 = 0.0007

cpennexBaaparuynoe orkiaonenne o = 0.0324
noka3zateins crenenn o = 0.87

Ioka3arenp cTENEHU ObLT HAEH U3 3HAUEHUs OLIEHKU JKCILEC-
ca pacnpe/eseHts, Tak KaK Uil 0000IIEHHOr0 SKCIIOHEHIIUAIBHOIO
pacrpeieNieHus TOKa3aTeNlb CTENEHN U SKCIECC MMEIOT B3aUMHO O]
HO3HAYHOE COOTBETCTBHUE:
e=T'Ua)l(5/a)/[T(3a)]

Hccnenyemoe sMmupuyueckoe pacipesaeneHue umeer 27 cronod-
1OB. AHaIUTUYECKass MOJEeNb uMeeT 3 mapamerpa. ClieqoBaTebHo,
YUCIIO  CTENEHeW CcBOOOABI Ui KpuTepus IIMpcoHa paBHO
v=L-1-r=27-1-3=23.

DaKTHYECKHE M TEOPETHIECKUE JaCTOTHI TONAJAHUSA B CTOIOLBI
THCTOrPaMMBI JIAJUM JUIs HATJIAAHOCTU B TpaUIECKOM BHIE.
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PacnpepeneHue d)akTUYECKUX U TEOPETUYECKUX YaCTOT

600 -

* dakTnyeckas

500 4

yacToTa .
‘4

------- Teopetuyeckas  400;7

vyacTtoTa 300' 1l e

#07
4100 A ¢
W = "" 0o .."Q~‘-... o100

-0.20 -015 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20

®dakriaeckoe 3Hadenne y - = 35.635. IIpoBepuM rHIOTE3y O

TOM, ut0 ¥ ° S;(ﬁqu.
. 2 2
HO : /’{ SZl—q,v

. 2 2
H 1- /’{ > Z 1-q,v

[Tycts yposens 3naunmoct ( = 0.01. Torma rpanumna xputu-
Y4ECKOM 00JIaCTH BBIYHUCIISETCS KaK:

XL, = XM205P(0.01, 23) = 41.638

2 2
Tak kak x° < y;,,, TO HCCICAYEMOC PACHPECICICHHE IIPH

3aJaHHOM  YPOBHE 3HAYUMOCTH MOKHO  allpPOKCUMHUPOBATH
00001IIeHHBIM 3KCITOHCHITMAILHBIM paclpeacIiCHUEM.

B 3akmioueHnu cneyeT cka3aTh, YTO IS JIMKBHIHBIX
poccuiickux akuuid, Toprytouuxcs B PTC, takux kak PAO EOC,
Jlykoiin, CypryTtHedTeras, Pocrenexom, Mocauepro,
pactpeneneHus Torapu(pMoB OTHOCHTEIHHOTO W3MEHEHUs IIeHbI 3a-
KPBITHS TaKXe MOXKHO OMHCATh OOOOIICHHBIM SKCIOHEHIIMATHHBIM
pacnpeneneHueM c COOTBETCTBYIOIUM MaTeMaTHYeCKIM
OXKUIAaHWEM, CpEeIHEKBaIPATUYHBIM OTKIOHEHHEM U IIOKa3zaTeleM
CTETICHH.
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7. KOPPEJISIIIAA CIYYANUHBIX BEJIUYAH

7.1. Beenenue.

CymiecTByeT JBa THIA 3aBUCHMOCTEH MEXIy NEepeMEHHBIMHU:
(GyHKIMOHANBHASL (CTPOTO NETEPMHUHUPOBAHHAS) U CTAaTUCTUYECKAs
(cToxacTHUECKH JeTePMUHHUPOBAHHAS).

B cnywae ¢yuxyuonanvroti 3aBUCUIMOCTH KaXXIOMY 3HAYSHHIO
OJTHOM TIepeMEHHON COOTBETCTBYET OJHO MJIM HECKOJBKO CTPOTO 3a-
JAHHBIX 3HAYCHUM Apyroil mepeMeHHOU. (DyHKIMOHAJIbHAsI CBS3b
JIBYX MEPEMEHHBIX BO3MOXKHA, €CIIM BTOPAsl IEPEMEHHAs 3aBUCHUT OT
NepBO M HU OT 4yero Oonee. Ha mpakTuke Takux CBs3eH HE CyIIECT-
BYET, TO €CTh (P)YHKUMOHAIIbHASI CBS3b SBIISETCS YIPOIIAIOMIEH pe-
AIBHOCTH a0CTPaKINEH.

B cnyuae cmamucmuueckoti CBS3U KaXI0OMY 3HAYEHHIO OJHOM
BEJIMUYNHBI COOTBETCTBYET ONpEACICHHOE paclpeiesieHue BEpOITHO-
CTH IPYTOW BETMYHHBI. DTO CBS3aHO C TEM, YTO B JIFOOOW MaTeMaTH-
YECKOM MOJEIN Ha OINKCHIBAEMBIM NOKA3aTeb BIUSAIOT HE TOJIBKO
SIBHBIM 00pa3oM BXOJSIME B MOJENb MepeMEeHHbIE, HO U 0OJbIloe
KOJINYECTBO (paKTOPOB, KOTOpPBIE CYMIECTBYIOT B JCHCTBUTEIBHOCTH,
HO HE YYUTHIBAIOTCS MOJEIBIO, IPUYEM YacTh M3 ATHX (PAKTOPOB -
3TO CIy4aifHble BEJIMYMHBI. DTUM MOXHO OOBSCHUTH CIydaitHBIN Xa-
paKTep MHOTUX (PMHAHCOBBIX MEPEMEHHBIX M B3aMMOCBSI3EH MEXIY
HUMH.

Ba)kHeHIINM 4aCTHBIM CIy4YaeM CTaTHCTUYECKOMN CBSI3U SIBIISET-
Csl KOppenAyuoHHas CBsI3b, KOTJa KaXXJIOMy 3HAUEHHMIO OJHOU Iepe-
MEHHOW COOTBETCTBYET ONpEACICHHOE MAmeMamuieckoe 0xcuoa-
Hue Npyrou nepeMeHHoM, U Mpu U3MEHEHUH 3HAY€HUs OJIHON BeJU-
YUHBl MaTeMaTHYeCKOoe OXXHJAHHE JPYrod BENIUYHHBI H3MEHSeTCS
3aKOHOMEpHBIM 00pa3zoM. Eciu ske pu M3MEHEeHUH 3Hau€HUs OJTHOM
MepeMEeHHOW 3aKOHOMEpPHBIM 00pa3oM H3MEHSIeTCS Ipyras CTaTH-
CTHUYECKAasl XapaKTEePUCTHKA BTOPOH MepeMEeHHOH (Iucnepcusi, acum-
METpHsi, IKCLECC U T.1.), TO CBS3b SIBIISICTCS CTATUCTUYCCKOM, HO HE
KOppesLMOHHOM. [laHHas Ti1aBa MOCBSILEHA W3YYEHUIO JTUHEHHOM
KOPPEJISILIMOHHOM CBSI3U MEXAY CIIy4YailHbIMH BEJIMYMHAMM.

7.2. OyHKUHA perpeccum.

PaccMoTpuM aBe HempepbIBHBIC ClydaiHble BeTUYUHBI X U Y.
Tornma BEpOsTHOCTh TOTO, YTO B HEKOTOPOM HCIIBITAHUH BEIUYUHA X
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OKaXXETCsA B MHTEpBAJIE OT X OO0 X+ dX, a BeimunHa Y OKaXXeTcsd B
unTepsane or Y jo y+dy passa P, (X Yy)dxdy. Bemnunua

pxy(X, Y) HasbBaeTCs IUIOTHOCTBIO JBYMEPHOTO PAaCHpeleNieHus]

BeposSTHOCTEH Beu4nH X U Y.
Jns nByMepHOro pacupelesieHus BepOsSTHOCTEH IUIOTHOCTD
pactpeneneHusi KOOPJMHAT X U Y BhIpakaeTcsl (opMyIaMu:

P (%) = [ by (% y)dly

B, (¥) = | Py (X)X

CnyyvaifHple BenwuuHbl X W Y HaxoIsATCd B KOPPEISITHOHHOU

3aBUCHMOCTH, CITH:

- KaXIOMYy 3HAYCHHIO TIEPEMEHHOH X COOTBETCTBYET ONpeesieHHOE
MaTeMaTHIEeCKOE OKUIaHUE TIEPEMEHHOH Y,

- KaXIOMYy 3HAUCHHIO TIEPEMEHHOH Y COOTBETCTBYET OIPEICICHHOEC
MaTeMaTUYeCKOe OXKHUJIaHUE TePeMEHHON X.

PaccmoTpuM ycnoBHOe pacmpezeneHHe BEpOATHOCTH NEepPEMEHHON
Y npu (GUKCUPOBAHHOM 3HauYeHUM mepeMeHHOH X. OHO omuchIBaeTcs
YCIIOBHOH IJIOTHOCTBIO PacCIIpeIe/ICHUS:

py|x(X' y) = pxy(X, y)/ px(x)
Hcrnonb3yst yCIOBHYIO IUIOTHOCTB PAacHpEleNICHHs MOKHO HalTH
MaTeMaTU4YecKoe OXHUIAHHE CIy4allHOW BENWYMHBI Y , MPH YCIOBHUHU

TOTO, YTO CIy4aiHasi BelIUunHa X paBHA (PUKCHPOBAHHOMY 3HAYCHUIO X
(ycroBHOE MaTeMaTHYECKOE OXKHIIAHKE):

M y|x(X) = J.y py|X(X, y)dy

VenoBroe Matematuueckoe oxunanue M (X) HasweiBaior eme

yix
@ynxyueti pecpeccuu Y nHa X. DyHKIHS perpeccun oOmagaet
Ba)KHCHITNM CBOHCTBOM: CPEIHEKBAIPATHUYHOE OTKIOHCHHE CIyJIaiHOH
BeNMUYMHBL Y OT yHKUUU perpeccuu Y Ha X MEHbIE, YeM ee CpeaHe-
KBaJI[paTUYHOE OTKJIOHEHHE OT JIF000H Npyroit GyHKIUH OT X.

Ecnu ¢yHKINIO perpeccun MOKHO YIOBJIETBOPUTEIBEHBIM 00pa3oM
aNMpoOKCUMUPOBATh JTMHEHHON 3aBUCHMOCTBIO, TO TaKas PErpeccHs
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Ha3bIBacTCs JIMHEHHON. JInHelHas perpeccus 001agaeT TeM CBOWCTBOM,
4TO ecnu perpeccus Y Ha X JuHeEWHa, TO perpeccus X Ha Y Takxke JH-
HEMHa.

3ameruM, uto ¢yHKIMH perpeccun X Ha Y U Y Ha X He ABIAIOT-
Csl B3aMMHO OOpaTHBIMH M COOTBETCTBYIOIIWE JIMHUU PETPECCHH
COBIAJAIOT TOJBKO B cliy4yae, KorJa BeduuuHbBl Y M X CBs3aHBI
¢yHKUMOHANBHO. Ecny 3T BeMUUMHBI CBSI3aHBI KOPPEISIMOHHO, TO
muHnn perpeccun X Ha Y u Y Ha X pa3inyHbl.

B nmanpHeiimeM MBI OTpaHHYMMCSI PACCMOTPEHHUEM TOJBKO TEX
cllyyaeB, KOrAa GyHKLUS pErPeCCHH SBJISIETCS TMHEHHOH.

7.3. JIuneiiHas Koppeasiuus.

KoppensiunoHHasi 3aBUCHUMOCTh MEXKAY CIIyYailHBIMH BeIUYH-
Hamu X 1 Y Ha3bIBaeTCs TMHEHHON Koppesuuei, ecian 06e QyHKIH
perpeccun X Ha Y 1 Y Ha X SBJISIOTCS TMHEHHBIMH.

[Iyctp MaTeMaTH4eCKOe OXXUJAHWE U JHUCTEepPCHs CIIydyalHOU

2
BENMYMHEl X DPaBHBl [,,0,, @ MaTEeMaTHYECKOE OXMIAHUE H
- 2
JUCTICPCHst CITyYaiiHON BEMYNHEL Y PaBHBI L, O .

BriBenem ypaBHeHHe perpeccuu Y Ha X, TO eCTh Haiaem Ko3¢-
unrenTsl MuHelHON QyHkmu Y = ax+b.

1) Bsipazum kodddunment b yepes marematuyeckue oxumanus X
nY

1y, =M(y)=M(ax+b)=aM(x) +b=au, +b
b = /uy - a/ux
2) Toraa ypaBHEHHE PErPeCcCHH MOXKHO TEPENHCcaTh B BUIC
y=ax+ :uy - a'/ux
Y-ty =a: (x— )

3) Haiinem rosgppuyuenm pecpeccuu a dYepe3 MaTeMaTHUESCKOES
OXKHIaHHEe TIPOU3BEICHHUS CITyYaiHbIX BeUuuH X 1Y

M (xy) = M[x(ax+ u, —au,)]
M (xy) = aM (x*) + M (X) 2, —aM (X) 11,

M (xy) = aM (X?) + g, p1, — B
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4)

5)

6)

7)

8)

M (xy) = a[M (X*) = p] + s pt,
M (xy) = aoy + s,
a= M (Xy) —HyHy

2
O-X

HazoBem koapuyuenmom roppenayuu wmexny X u Y
CIemMyIoNTyro 0e3pa3MepHYI0 U CHMMETPUIHYIO OTHOCHTEITEHO X

u Y BEJIMYUHY

e M[(x—ux) | (y—ﬂy)j: MI(X= (Y = 14,)]

o o

X y
Torma mMareMaTH4ecKoe OXHAAHUE MPOU3BEACHUS CIYYaWHBIX
BemumanH X W Y MOXHO BBIpa3WTh dYepe3 Kod((OHUIHECHT
KOppENSIun

M (Xy) = MI(X— s, + 1, )y = 1y + p2,)]

M (xy) = M[(X= )y — s, )]+ M (y— ) +
+ M (X= 1,) + gt

M (xy) = M[(X— 2£,)(Y — 22, )]+ gt

M(xy) = poo, + ph,

OxoHuaTtenbHO A KodduuuenTa perpeccur Y Ha X momyyaem

a:p'(o-ylo-x)

0,0,

B utore ypasaenue perpeccun Y Ha X mpuoOpeTaeT BUI

y-H, = p(o-ylo—x) ’ (X_:ux)

TaHrenc yria HaKk/IOHA, IIOA KOTOPBIM 3Ta NpsiMas IepeceKaeT
ock x pasen p-(o,/0,).

AHaNOTUYHO MOKHO TOJTyYUTh YpaBHEHHUE perpeccun X Ha Y
X=p,=p-(o,l0,)-(y-py)

TaHreHc yriia HaKkJIOHa, IO/ KOTOPHIM 3Ta TMpsMas TepeceKkaeT
ock x pasen (1/ p)-(o,/0,).

3aMeTuM, 4To mpsaMble perpeccuu Y Ha X 1 X Ha Y IEPECcEKaroT 0Ch X
0/l Pa3HBIMH YIJIAMH. JTH OPSAMbIE COBMAAAOT TOIBKO TOT/A, KOTIa
Moyb Kodduumnenta koppensiuu | p = 1. OGe npsmsie perpec
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CHM  TOPOXONAT Yepe3 LEHTP JABYMEPHOIO  pacHpeeNeHuUst
BEpOATHOCTEH BeaiH X 1 Y - TOUKy ¢ KoopauHaTamu (44, 4, ) -

7.4. Koa¢ppuuuent xoppensiuuu. Kopapuauus.

PaccmoTpum monpoOHee BBEACHHBIN B IIPeAbIAyIEM mmaparpade
K02hpuyuenm xoppensyuu. beiIo BBISICHEHO, YTO OH paBeH

(x=p) (Y=p) ) MOY) - pu,

o, o, 0,0,

CrenoBaTellbHO, KOY(POUIIUEHT KOPPEISIIUA  XapaKTEPU3yeT
OTHOCHUTEJIBHOE  OTKJIOHGHHE  MaTeMaTHYeCKOr0  OXKUIAHUS
MPOU3BENCHNSI JIBYX CIy4allHBIX BEJIMYMH OT TPOU3BEIACHHUS
MaTeMaTHYeCKNX OXXUIAHWH 3TUX BEIMYMH. Tak KakK OTKJIOHEHHE
WMEET MECTO TOJBKO ISl 3aBHCHMBIX BEJIMYHH, TO KO3 UIIHEHT
KOPPEJNSIUN XapaKTepU3yeT CTEICHb STOW 3aBUCUMOCTH.

Koadpdpunment KOppEJAnu oOagaer CIIeYFOIIUMHU
CBOICTBaMU:

1) Jluneitnsie mnpeoOpa3oBaHus CiydaiiHbix BenmauH X u Y He

U3MEHSIOT KO3 QHUIMEHTa KOPPEIAILIMH MEXITY HUMHU

pP(XY) = p(8g + X0, +by)
JuTs MoOBIX KoHCTaHT 8,, a, >0, by, b, >0.

2) KosbdurmeHT KOppemsiuu CTydailHbIX BeTUuH X U Y 3aKII0UYCH B
npenenax Mexay -1 n +1, mocturas 3TUX KpaltHUX 3HAUYCHHUN TOJb-
KO B ClTydae JUHEWHOW (PYHKIIMOHATHHON 3aBUCHUMOCTH MEXay X H
Y.

3) Koadduiment koppensnuu Mexay HE3aBUCHMBIMH CIIy94aidHBIMH
BEIMYMHAMH PaBEH HYJIIO.
OO6patHoe yTBEp:KACHHE BOOOIE IOBOPSI HEBEPHO, TO €CTh €CIH
KO3(p(UIEHT KOppeNsluN paBeH HyN0, TO 3TO HE O3HAYacT
HE3aBHCHMOCTH COOTBETCTBYIOIIMX BeNWYMH. B sTOM cCiydae
TOBOPSAT, YTO BEITMYNHBI HEKOPPEIHPOBAHBI.

Kak yxe roBopmiochk Bbille, KO3()OUIHEHT KOPPETALUH SBISETCS

Oe3pasmepHoii  BenmmumHOW.  IlpomsBemenme — kodddummenrta

KOppeJsILUKA Ha CPEJHEKBAAPATUYHBIE OTKIOHEHUS CIIy4alHbIX

Benn4yrH X 1 Y UMeeT pa3MEepHOCTh AUCIIEPCHU M Ha3BIBACTCS KOGA-

puayuetl CIy4aiHbIX BemndrH X 1 Y.

COV(X,Y) = 0, = &, = MI(X= 21,)(Y ~ 1,)] = M (%) — p1, 40,
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7.5. MaTtemaTu4eckoe O:XKHJAaHUE U JUCHEPCHUNA JTUHEHHOH KOM-
OMHALMHU CJIYYAHHBIX BeJIUYHH.

B sToM maparpade MBI paccCMOTpPUM IIpaBHJa BBIYHUCICHHS
MaTeMaTUYeCKOTO  OXHUIAHUS W JUCIEPCHH  MHOTOMEPHOM
CIIy4allHOW BEJNHWYMWHBI, SBISIONICHCA JIMHEHHOW KOMOWHaImen
KOPPEITHPOBAHHBIX CITy9YalHBIX BEIIMIHH:

N N
M| a,+> ax, | uD|a,+> ax
P pa=i

Mamemamuueckoe oxcuoanue

Matematndeckoe OXKHUJIaHue 00JIafaeT CIeYOIUMH CBOHCTBAMH:

1) TlocTOSHHBIA MHOXHTEIb MOXHO BBIHOCHTH 3a  3HaK
MAaTEMATHUYCCKOTI'O OXKHUAaHUA
M (ax) = aM (x) = au,

2) MareMaTrueckoe OXHIAHHE CYMMBI CIYYaifHOW BENIUYHUHBI U
KOHCTaHTHl PaBHO CYMME MAaTeMaTH4eCKOTO OXUIAHHUS STOH
BCJIMYUHBI 1 KOHCTAHTBI
M(x+a)=M(X)+a=u, +a

3) MareMaTruecKoe 0KUIAHHE CYMMBI CIYYaWHBIX BEITUYNH PABHO
CyMMe X MaTeMaTUYECKUX OXKHUITaHUH

M(X+y)=M(X)+M(y)=u, +u,
CrieoBaTeNbHO, ISl JTMHEHHON KOMOMHAIIME POU3BOJIBLHOTO KOJIH-
YeCTBA CITy4YaiiHbIX BEJMYUH MOTyYaeM

N N N
M ao+k2=;akxk =ao+;aklvl(xk)sao+§akﬂk

Hucnepcus

AHaorn4yHBIE CBOMCTBA JJI TUCTIICPCHUM CICOYIOIIUC:
1) IlocTOSIHHBIIT MHOXKUTEIb MOKHO BBIHOCHTH 3a 3HAK JAUCTICPCUH,
BO3BC/s €T0 B KBaJgpaT

_ a2 a2 2
D(ax) =a°D(x) = a‘o,

2) [ucrmepcust CyMMBI CIIyYaiHOW BEIMYMHBI W KOHCTAHTHI pPaBHA
JIUCTIEPCUU CITyHYailHOW BETUYHHBI

D(x+a)=D(x) =0}
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3) Mucmepcusi CyMMBI CIOyYaWHBIX BEHYMH pPaBHO CyMMe HX
JWCTIEPCHI TITFOC YJBOCHHOE MpOW3BeNeHHEe uX KoddduimeHra
KOPPEJSIIUY HA CPETHEKBAPATHIHBIC OTKIOHCHHUS

D(X+Y) = M(X+Y) = (g +1,))" =
=M (X=1,)* + M (y = p,)* + 2M[(X= )y~ u1,)] =
=0 +0,+2p,0,0,

CnenoBatenbHO, JUIA JIMHEHHONH KOMOWHAITMKM TPOU3BOJILHOTO KOJIMYE-
CTBa CITyYaiHBIX BETHMYUH MOJTydacM
N

N N N
D| 8+ D &% |= 2 &0 +2) D a8 py0i0;
k=1 k=L k=Li=k+1
Ecnn Bce cnyuwaiiHple BETMYMHBI HE3aBHCHUMBI, TO TaK Kak

KO3 PUIIMEHTE! KOPPEINKUU ISl Pa3jInUHbIX CIyYalHBIX BEIMYUH

paBabl O, a k03 QUIMEHT KOpPPESIIUU CITy4allHOH BENUYHHBI C

camoii coboii paBeH 1, popmyna ympomaercs

N N
D| &+ aX% | = &0
k=L k=L
ITomydeHHBIE BBIpa)KCHHUSA Ul MAaTEeMaTHUECKOI'O OXKUAAHUS U

JUCTIEPCUM JIMHEHHON KOMOWHAIMKM IPOW3BOJBHOTO KOJIWYECTBA

KOPpPENHPOBAHHBIX CIyYaWHBIX BEJIWYMH IO3BOJSIOT  CHENaTh

CIIEAYIOIINE BBIBOBI:

- Mamemamuyeckoe 0dJCcudanue IUHEUHOU KOMOUHayuu cayuatl-
HbIX 8eUYUH - 3TO B3BEILIEHHAs cyMMa MaTeMaTH4eCKUX OXKuia-
HUH OTIOENBHBIX CIyYalHBIX BEJIMYHH,

- Oucnepcus JTUHEUHOU KOMOUHAWUU CAYYAUHBIX BeIUYUH - DTO
B3BEIlIEHHAs CyMMa KOBapHaIfil Bcex map cilydailHbIX BEIHYHUH,
IIPU 3TOM BeC KaX/J10i KOBapHallMU paBEH NMPOU3BENECHUIO BECOB
COOTBETCTBYIOIEH Mapbl CIy4YalHBIX BEIMYMH, a KOBapHaIHs
CIIy4ailHOM BEJNIMYMHBI C caMOW cOOOM sBIsSETCS Aucrepcuen
JTAaHHOH BETMYHHBI.

7.6. Ouenka koBapuauuu 1 k03¢ puuneHTa Koppeasiiuu Mo Bbl-
0opKe cIy4ailHbIX BeJIUYHH.

Jnist olleHKH KoBapualuy U Kod(QGUIHEHTa KOPPEIALUN MEKIY
CIIy4aliHBIMA BenndrnHaMd X U Y MBI JOJDKHBI PAcIoyiarath JBYMS
COOTBETCTBYIOIINMH APYT APYTY BEIOOPKAMHE STHUX BEITHYUH:
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{x}{v} k=L..N

Ouenka Kosapuayuu

B kadecTBe OLIEHKM MaTeMaTHYECKOTO OXHMIAHUS CIy4YaiHbBIX
BeIMUMH X U Y HCIIONIb3yeM CpeqHHe apu(pMeTHUeCKrue 3HaUYSHH 10
COOTBETCTBYIOIINM BBHIOOpKaM:

. 1 N _ 1 N
_W;Xk Y—szziyk

Torma BEIOOpOYHAS KOBApHAITU CIIYIAWHBIX BeTUInH X U Y 3a-
naercs (bopMyﬂoﬁ'

Z(Xk X)(%-Y)

Xle

Q

Ouyenka Koyppuyuenma xoppenayuu

Jnst oneHKH Kod(GUIMEHTa KOPPEISAIUU MEXKIY CIyYaiHBIMH
BenuunHamMu X w®w Y HaM  TOHAnoOATCS  BHIOOPOUYHBIC
CpeIHEKBaAPATUIHBIC OTKJIOHECHHS dTUX BEIIMUNH:

J— J— - 1 N
= —Y" (%, - X)? = |— -
N P AR U ) 01

Torma BBIOOPOYHBIH KOA(DDHUIMEHT KOPPEIAINNH CIyYalHbIX
Benmn4rH X 1 Y 3aaercst popMyIIo:
N — —
o Z(Xk_x)(yk _Y)
Xy k=1

P :o__xo-_y ) - Y2 - v\2
Z(Xk_x) Z(Yk _Y)
k=1 k=1

Hucnepcuio ¥ C.K.0. BBIOOPOYHOrO KOX(PQHUIMEHTA KOPPEISLHH
MOJKHO OLICHUTh KaK
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7.7. Onenka ko3¢ puuneHTOB JUHEHHOIH perpeccun Mo BHIOOPKe
CIyYalHbIX BeJIMYHH.

B maparpade 7.3 Obuio monmydyeHo, 4YTO B Ciydae, Korma
BeMYUHBL X ¥ Y TIpeICTaBICHbl CBOMMH TeHEPaJIbHBIMH COBOKYITHO-
CTSIMH, YpaBHEHHE perpeccun Y Ha X UMeeT BUI:

y—uy=p-(o,/0,) (X~ 1)

Crnenoarensno, Tak kak p-(o,/o,) =0,/ o2, 10 Ko3bduIHeH-
th1 (@,0) muneiinoii perpeccun Y = ax+b moxHO npencTaBuTh B
BHJIE:

a=o,/o; b=u,—au,

Hepexozlﬂ K BLI60pO‘{HI>IM OII€CHKaM nonyqaeM'

Z(Xk x)(yk Y) Zxkyk Y?

a O-Xy:kl _
—2 _ N —2
Oy Z(xk—X)2 > xE-N-X
k=1 k=1
b=Y-a-X

AHaJNOTUYHBIM 00pPa30M MOXKHO TOJIYYHUTh OIEHKY K03()(UIIMEHTOB
TMHEHHOH perpeccun X Ha Y.

7.8. JIuneiinas perpeccusi KaK HAMJIYYIIAasi OIleHKA 10 MeTOxY
HAaMMEHbIINX KBA/IPaToB.

JlokaxkeM, 4TO MOJyYEeHHBIC B TIpEABIAYIIEM Taparpade OleHKH
ko3 umeHToB NrUHEHHONW perpeccur Y Ha X ONpPEACISIIOT TaKylo
HPAMYIO JINHUIO, YTO CyMMa KBaJIpaTOB OTKIOHEHUH BeIUYUHBI Y OT
3TOM MNpsSMON MMEET MHUHUMAIbHOE 3HAYEHHUE, II0 CPABHEHUIO C
CYMMOH KBaJpaToOB OTKIOHCHWH BenuuuHBI Y OT J1000W Apyroi
IpsIMOA.

ITycts Bennumnabl X 1 Y IpeCTaBICHbI CBOMMHU BBIOOPKAaMU:

{x}.{v} k=1..N

[Ipenmnonoxkum, 4TO 3aBUCUMOCTh BEJIUYHUHBI Y OT BEIUYUHBI X
MOKHO alpPOKCHMHUPOBATh NpsAMON JuHueil Y = aX+ [ . Haiinem
KO3(PGUITMEHTHl @ U fJ, KOTOPhIE MUHUMHU3UPYIOT CYMMY KBaJIpaTOB
OTKJIOHCHHUH BETUWIMHBI Y OT 3TOM MPSIMOI:
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S:Z(yk — X, _IB)Z

Bo3pmeM yacTHBIE IPOU3BOAHBIE STIO ¢ ¥ 11O [, M IPUPaBHSAEM UX K
HYJIIO!

S _ 2

o5~ 22— f)=0
0S -

PO RACELSORD

CrnenoBaTebHO:

N N
D Ye—a) . x —MN=0
k=1 k=1

N N N
2

DY@ X =B % =0

k=1 k=1 k=1

N3 nepBoro ypaBHeHUs! 3TOM CUCTEMBI CIEAYET, YTO
18 13 S ~

B==YV—a=>x=Y-a-X
Nia N

[loncTaBuB 3TO BBIpaXEHHE BO BTOPOE YpaBHEHHE CHCTEMBI ITOCIE
HECJIOKHBIX MTPeoOpa3zoBaHUN TOTYUHM:

N .
ZXKyk—N-X-Y

k=1

N —

> Xt -N-X

k=1
Hcnionb30BaHHbI METO/ MOUCKa KOIQPUIMEHTOB « U [3 Ha3bI-
BaeTcd  METOAOM  HaWMEHbIIMX  KBaapartoB.  CpaBHHBas
K03 PUIMEHTH ¢ U [ ¢ TIONyYEeHHBIMH B TpeIbIayIeM naparpade
BBEIOOPOYHBIMU KO3 (UIIMEHTaAMHU JIMHEWHOW perpeccud BHIUM, YTO
oHn coBmagaoT. CrenoBaTeabHO, YTBEp)KACHHE O TOM, 4TO
ko3 uIMeHTs THHEHHON perpeccuu Y Ha X ONpENENsIOT TaKylo
OPAMYIO JINHHIO, YTO CyMMa KBaJIpaToOB OTKIOHEHUH BEMTUYMHBI Y OT
ITOW TPsAMOH HMMEeT MUHHMMAlbHOE 3HA4YCHHUE, 10 CPAaBHEHHIO C
CyMMOW KBaJpaTOB OTKIIOHCHWH BeTWYWHBI Y OT 000N npyroi
NpAMOM, T0Ka3aHO.

a =
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8. PETPECCHOHHBIN AHAJIN3

8.1. Beenenue.

Paznuanbie sKoHOMUYecKHe W (PUHAHCOBEIC MEPEMEHHBIC CBSI3aHBI
Mexy coboi. Ecin He mpuHUMaTh BO BHUMaHHE CIydaiiHbIN XapakTep
9THX TEPEMEHHBIX, TO JUIS OMHCAHUS CBSI3CH MEXIy HUMH MOXHO IPHU-
MEHHTH (PYHKIIOHATIBHBIA MOJXO0M, TO €CTh MPEANOI0KUTH, YTO CBSI3b
OJTHOM M3 MEPEMEHHBIX Y ¢ HEKOTOPHIM KOJIHYECTBOM JPYTHX MEPEMEH-
ubix (X,,..., X};) MOKHO BBIPa3uTh HEKOTOPOH (yHKIMEH (MaTema-
THYECKOM MOJIEITBIO):

Y="f(a,..a,X.,X,), rze
- (X{y X}y ) - 2TO HaGOp HE3aBUCHMBIX MEPEMEHHBIX, KOTOPHIE

OyzeM Ha3bIBaTh (hakmopamu,

- Y - 9oT0 3aBHcHMas IEpeMEHHas, KOTOpYylo OymeM Ha3bIBaTh

OMKIUKOM,

- (a,..,& ) - 5T0 HabOp KOHCTAHT, KOTOpbIE OyJeM HA3BIBATH
napamempamu MaTeMaTHIeCKOH MOJICITH.

B cnydae, xorna oTKIUK Y 3aBUCHT TOIBKO OT €IUHCTBEHHOTO (paKTOpa

X, Mozenb HasbIBaeTcs ooHogpaxmopuoti. Ecin oTkiMK Y 3aBHCHUT OT

neckonbknx  Qakropos  (X,,..., Xy, ), Momens  HasbBaeTcs

MHO20(aKmopHOI.

Marematndeckas MOJIETb, CBS3BIBarOmas (aKTOPhl M OTKIHK,
MOJXeET OBITh HaiiJicHa TOJILKO Ha OCHOBE pEabHBIX BBIOOPOK 3THX
BennarH. OnpeaeneHie MOJICIH BKIIIOUaeT B ce0sl [Ba dTara;

- BBIOOp BHAA MOJIEIH, TO €CTh BUAa GyHKIuH f,

- pacudeT mapameTpoB BeiOpanHoi Moxemn (8,...,d, ).

[lepBeIii Tam, TO €CTh BEIOOP BUAAa MaTEMAaTHYCCKOH MOIEIH, SBISCTCS
He (opmanmmsyemoil 3amaueif. DTO pelleHHe NPUHUMACTCS C YYETOM
MIPOCTOTHI ¥ YAOOCTBA MCIOIB30BAHHUS MOJICNH, COACPKATEILHOCTH MO-
JeT U APYTHX cooOpaskeHHi. BTopoii sTam, To ecTh pacuer mapamer-
POB BBHIOpAaHHOW MaTeMaTHYECKON MOJETH, SBISETCS 3aaadei, KoTopas
pemIaeTcsl ¢ MOMOIIBIO pecpecCUOHHO20 AHAAU3A PEATBHBIX BBIOOPOK
(aKTOPOB M OTKIIHKA.

8.2. Boi0op BH1a MaTeMaTH4eCKOii MoJeH.

PaccmoTpuM 0HO(AKTOPHYIO 3aBHCHUMOCTh. DTOT Clydall HaW-
Ooyiee TIpOoCT M MOXKET ObITh M3ydeH Tpaduyecku. [Ipeamonoxim,
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YTO UMEETCS MacCHUB 3HAUCHUI @aKTopa Xu COOTBCTCTBy}OH_[I/Iﬁ eMy
MaccuB 3HaueHHH orkiauka Y. Hanecem COOTBETCTBYIOINHUE TOYKH

(%> Vi), k=1...,N Ha rpapuk. Eciu akrop n oTkimmk - 310 pe-

aJbHbIE CTaTUCTHYECKHE JAaHHBIE, TO YKa3aHHbIE TOUKH HUKOTAA HE
JSTYT HAa MPOCTYIO JMHHIO (MpsMyo, mapaboiy, TUIepooIry, IKCIo-
HEHTYy, CHHYCOHMIy U T.1.). Bceraa OyayT mpUCYTCTBOBATh OTKIIOHE-
HUS, CBSI3aHHBIE CO CITyJailHBIM XapaKTepOM paccMaTpUBAEMBIX Iie-
PEMEHHBIX U/WJIH C BIMSHUEM HEYYTCHHBIX (hPaKTOPOB.

Kpome Toro wacto okaswiBaeTcs, 4TO OJWH U TOT K€ HAOOp TO-
YeK MOXXHO C MPUMEPHO OJMHAKOBON TOYHOCTBHIO OMUCATh Pa3JIdd-
HBIMU aHamUTHYeCKUMU (QyHKImsAMU. CilenoBaTesbHO, BEIOOpP BHIA
MaTeMaTH4YecKoil MojenH - 3T0 He (opMmanu3yemas 3azava. Pammo-
HAJIBHBIA BBIOOp TOW WM WHOW MOJIENHA MOXET OBITh O00OCHOBaH
JIUIIB C YYETOM OIpe/IeIeHHBIX TpeOOBaHuil, a UMEHHO!

- TIPOCTOTHI MOJIEJIH,
- COIepXaTeTbHOCTH MOIECITH.

IlIpocmoma moodenu

Haubounee pacrnpocTpaHeHHOW OMMOKOHM MpH ONMMCAaHUU (haKTHUe-
CKOM 3aBHCHMOCTH SIBIISICTCS ITOIBITKA JCTEPMUHUPOBAHHOTO OIHUCAHUS
3TOI>1 3aBUCUMOCTH, TO €CTh BKIIFOYCHHEC B MaTeMaTqucxy}o MOACIIb
BCcEX HAOIFOMAIONIMXCS OCOOCHHOCTEH KOHKPETHOW BBIOOPKH, B TOM
YHClIe W TeX, KOTOPBIE B JCHCTBUTEIBHOCTH HOCST CIyYallHBIA Xapak-
Tep.

Hanpumep, moGoii na6op touex (X,VY,),K=21..,N moxno
omucarh abcomoTHO TouHO moauHoMOM (N-1)-it cremeHH, 3aBHUCAIIUM

ot N napamerpos (8,8, ,...,8y ;)

N-1
y=> ax

k=0
Ho Ha mpakTHKe Toy4aercst, uTo nosipistontasicst Hosast (N+1)-st Touka
yke He OymeT yAOBJICTBOPATh NodydeHHOH (opmyne. To ke camoe
MOKHO CKa3aTh 000 BCeEX HOABJIAIONINXCA AaJICC HOBBIX TOYKaXx. HpI/I
9TOM PACXOKACHUEC MCXKIY pCaJIbHBIMU JaHHBIMH U MOJCIIBIO 6y}1€T Ha-
pacTaTh ¢ YBEIIMYCHUEM KOJIMYCCTBA HOBBIX TaHHBIX.

B TO ke BpeMs MOXET OKa3aThCsA, YTO HCXOITHBIA HaOOp
sHayeHni (X, Y,) MOXKHO NPHOIMKEHHO OIKMCATh KaKOW-IHOO

npocroit ¢yukiuei (mpsmoit, mapabosoi, rumepboIoi, SKCIOHEH
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TOW, CHHYCOUION U T.M.), U 3Ta MOJIENb, 3aBHUCAIIAsS OT HEOOJIBIIIOTO
qKclia apaMeTpoB, OyIeT yCTONYMBA K MOSIBICHUIO HOBBIX JaHHBIX.
CrnenoBarenbHO, HEOOXOAMMBIM TpeOOBAaHMEM K MaTeMaTHUECKOU
MOJICJH SIBIISIETCS €€ IPOCTOTA.

Cooeporcamenvnocmsy mooenu

[Tox comepkaTenbHOCTHIO MaTEMaTHIECKOW MOJENH OyaeM IIo-
HUMAaTh Pa3yMHYIO HHTEPIPETUPYEMOCTE PE3YIbTaTOB, KOTOPBIE MO-
T'YT OBITH MTOJTy9EHBI TTPH BEIYMUCIICHUH TI0 3TOH MOZEIH.

[ToscauM 370 yTBepkAEHUE Ha MpocToM Ipumepe. Ilycth Hamia
3aa4a COCTOUT B TOM, 4TOOBI OIMKUCATh KPUBYIO 3aBUCUMOCTHU LICHBI
OCCKYITOHHOHM O00JMranuu OT CpokKa J0 morameHus obiuranuu. B
JAaHHOM citydae (akTopoM X SBISIETCS CPOK JO MOTAIIeHUs, OTKITHU-
koM Y sABIsE€TCI ocHa. Ha 9Ty MAaTCMAaTUYCCKYIO MOACIIL MOXHO Ha-
JIOKUTh OYEBUIHBIC OTPAHUYUCHUS:

1) ¢ynkuus Y = f(X) momxna ObIT HEOTPHIIATETBEHOM,

2) ¢yukums Y = f(X) nomkua GbITE MOHOTOHHO YOBIBAKOIIEH,

3) smauenue Qpynkuum Y= f(X) nmpu X=0 gomxno 6bITE paBHO
KOHCTaHTe (HOMHHAIy OOJIUTAaIUH),

4) s3nauenue pyukuuu Y = f(X) npu X — 00 10KHO CTpeMUTHCS
K HYJIIO.

[MpuBeneM npumepbl HYHKIUIHA, KOTOPbIE HE YAOBIETBOPAIOT XOTS

OBl OJIHOMY M3 OTPaHUYEHHIl M TI0ITOMY HE MOTYT OBITH HCIIOJB30-

BaHbI JUIS TIOCTPOEHHSI PACCMATPMBAEMOM MOJIENM U3 CO0OPAdiCeHull

cooeporcamenbHOCmu:

- uueiinas ¢yukuus Y =D—ax we ymosnerBopser mepBomy u
YETBEPTOMY YCIIOBUIO, TAK KaK IPU X —> 00 BEJIMYUHA Y —> —00 ,

- rtunepbona Y =D+ a/X He COOTBETCTBYET TPEThEMY yCIOBHIO,
Tak Kak ipu X — O Benuunna Yy — 0.

[Ipu >ToM jmaHHble GYHKIMU MOTYT YIOBJIETBOPUTENLHBIM 00pa3oM

ONHCHIBATH HAOOP UCXOMHBIX AaHHBIX (X, Y, ) -

8.3. PacyeTr mapaMeTpoB MaTeMaTH4eCKOH MOJEIH.

Ecnm BEIOOp BHIa MaTeMaTHIECKOW MOJAETH - 3TO He (Gopmanm-
3yemasl 3aJa4a, TO pacueT IapaMeTpoB y)Ke BBIOpAaHHOW MaTemaTu-
YECKOW MOJICIH SBIISETCS YMCTO (DOpMaIbHBIM TpolieccoM. B obmiem
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cJly4ae OH COCTOUT B PEUICHHH CHUCTEMbI BOOOIIEC FOBOPS HEIUHEH-
HBIX YpaBHEHUH.

PaccMoTpuM Mpou3BOJIBHYI0 OJAHO(MAKTOPHYIO 3aBUCHMOCTbD, TO
€CTh MOJICIIb, B KOTOPO# CBs3b (pakTopa X M OTKIUKa Y BhIpaXKaeTcs

dyuxuuert Y = f(a,,...,a,,X). Bun ¢yskuun mnpexamnonaraercs
n3BecTHBIM. Hamra 3amada coCTOMT B TOM, YTOOBI TIO WMEIOIIeHCS
BBIOOPKE J@HHBIX, TO €CTh 1o Habopy Touek (X,Y,),K=1..,N

BBIYKCIIMTH HEM3BECTHBIE MapameTpsl Mogenu (&,...,a, ). s aro-
r0 HaM HY>KHO PEIINTh CUCTEMY YPaBHEHHUI!

i = F(@,a,%)

yy = f(ag,..,a., Xy)

Orta cuctema coctouT U3 N ypaBHeHuil ¢ L Hen3BeCTHbIMM Ma-

pamerpamu mogenu (8,,...,8, ) . BO3MOXKHBI TpU BapuaHTa COOTHO-

IIEHU MEXIy KOIU4YecTBOM ypaBHeHHMH N W KoIHuecTBOM

HEM3BECTHBIX L:

1) N<L
B aroM cnydae oObeM BBIOOPKH SIBISETCS HEAOCTATOYHBIM ISt
ONpENeNicHusT TapaMeTpoB Mojend. HeoO0XoauMo yBETUYUTH
KOJIMYECTBO (AKTUYECKMX JAHHBIX W/UIH YIOPOCTHTH MOJENb,
YMEHBIINB KOJIUYECTBO €€ IapaMeTPOB.

2) N=L
Ecin oObeM BBIOOPKH COBMAJaeT C KOJWYECTBOM HEH3BECTHBIX
napaMeTpoB, TO pEUICHHE CHUCTEeMbl elWHCTBeHHO. Ho Tak Kak

TIPEIONAraeTcs, 4ro uexoansie nanuble (X, ,Y,) MOTyT MMETh

ciyuaiiublii xapakrep, To u pemenne (&,,...,8, ) Takke ciydaiino,

Tak KaKk OHO B TOYHOCTH COOTBETCTBYET CIYYaWHBIM HCXOIHBIM
JIaHHBIM.
3) N>L
[Ipu o6beMe BBIOOPKH, MPEBBIIIAIONIEM KOJWYECTBO HEH3BECTHBIX
rapamMeTpoB, CHCTEMa YpaBHEHUH SBISETCS W30BITOUHOW. U3
HCXOTHOHN CUCTEMBI YPAaBHCHUI B Pa3NUYHBIX KOMOMHAIUAX MOXKHO
COCTaBUTh HECKOJIBKO cUcTeM 1o L ypaBHeHHi B kaxmoil. Kaxxnas
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W3 CHUCTEM JIaCT CBOE pEeIlleHHe, U BCe ATU pelleHus OyayT BooOIe
roBopsi pasHeiMH. Ecnm mx HaHecTH Ha TpaduK, TO MOIYIUTCS
LENBId MyYOK ammpOKCHMHUPYIONMX KPHUBBIX. ECIM 3T KpHBEIC
KakUM-TH00 00pa3oM YCPEOHUTH, TO TOJYUCHHOE YCPEAHCHHOE
pemenne Oynmer Topas3 o JOCTOBEPHEE OIMCHIBATH HCTHHHYIO
3aBUCHMOCTh MeXIy X 1 Y, Tak KaKk OHO B 3HAUUTEIHHOU CTCIICHH
OyZeT 3alUIeHO OT CIy4YalHOCTH BbIOOpKH. DTOT 3ddekt ycpen-
HEHUS TeM Ooutblie, yeM Oosbie 00beM BeIOOpKH N.

Hawn6Gomee 3 dheKTHBHBIM METOIOM YCPETHEHUS PEIICHUN U30BITOY-

HOW CHCTEMBbI YPaBHEHUH SIBIIAETCS pecpecCUonHblil aHaiu3 Wi me-

moo nHaumenvuux xeaopamos (MHK).

8.4. CymHOCTh MeTO0/1a HANMEHBIINX KBA/APATOB.

[ycTh mocie MpeIBAPUTENBHOIO aHAIM3a IPUHATO PEHICHUE O
TOM, 4TO CBsi3b (hakTopa X U OTKIMKA Y BbIpaxkaeTcs (yHKIMei
Y = f(a,...,a, ,X). Hama 3agada coctouT B TOM, YTOOBI MO
UMeroIelics ~ BBIOOPKE, TO  €cTb 10  Habopy  TOUYeK
(%> Y ), k=1...,N BbrumciIuTh HaWIydYlIMe OLECHKH HEM3BECTHBIX
napamerpoB Mmozean (&,...,8, ). 3aMeTHM, YTO BCe 3HAYCHHS
(X» Yy) - 2TO He IEpEMEHHbIE, 8 KOHKPETHBIE YMCIIA.

Memny paCcCYNTAaHHBIMHU IO MOJCIN 3HAYCHUAMU OTKIIMKaA fk n

peanbHBIMU 3HAYEHUSMU M3 BBIOOpKU Y, OyIdyT HpHCYTCTBOBAaTh
PacXoKIeHYsI, KOTOPbIC 0003HAYNM KaK
€ =Y« — fk =Y - f(al""’aL’Xk)

MeTo HauMeHbBIINX KBAIPATOB TMO3BOJSAET HANTH TaKOW HAOOP
MapaMeTpoB MOJIEIH, MPU KOTOPOM CyMMa KBaJpaTOB BCEX PACXOXkK-

JCHUMN MECKAY 3HAYCHUSAMU 110 BI:I60pKC 1 BBIYHMCJIICHHBIMH IIO MOJIC-
JIN 3HAYCHUAMU 6y,Z[GT MPIHPIMaJ'II;HOﬁ, TO €CThb

N
S=> €& —>min
k=1

N
S= Y[V~ f (@ %) - min
k=1

Bennunna Ssisiercst GpyHkupeit ot L nepemenssix (8,,...,a, ) .
MuHUMYM 5TOH (PYHKIMH MOKHO HAaWTH, IPUPABHSB K HYJIO BCE €€
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YACTHBIC TPOU3BOJIHBIC TI0 KAXKIOMY M3 HEHU3BECTHBIX MApaMETPOB H
pEIINB MOTYYeHHYIO TAKHM 00pa30oM cHcTeMy U3 L ypaBHEHHIA:

0S X of (a,...,a , %)
—:—22 - f(a,....,.a, Lk2 =0
aal = [ yk (al aL Xk )] aai

0S N of (&, a,, %)
2= 2Dy - f(ayemay, L)
oa, k=1[yk (8,80, %)] oa,

Pemenue Takoil cUCTEMBI ypaBHEHUH B Cllydae HEJIMHEHHON 3a-
BUCUMOCTH MeXay X U Y MOXKET ObITh CONPSDKEHO CO 3HAYUTENIbHBI-
MU TpyInHocTsAMHU. [loaToMy B manbHeWIIEM Mbl OrpaHHUYUMCS pac-
CMOTPEHHEM JINHEHHON 3aBUCUMOCTH MeXTy X u Y, TO €CTbh JiuHell-
Hou peepeccuu. K Tomy ke, BO MHOTHX CiIy4dasx HEJIMHEWHas 3aBU-
CHUMOCTh MOJKET OBITh CBE/ICHA K JIMHEHHOW MOCTaTOYHO MPOCTHIMU
npeoOpa3oBaHUsIMU JaHHBIX.

8.5. CpoiicTBa 000K MeTO/1a HANMEHBIINX KBA/PATOB.

Paccmotpum noapoOHee omuOKH, BO3HUKAIOIINE MPU ITPUMEHe-
Huu MHK, 10 ecTh pacxoxaeHust MeXIy pacCUYMTaHHBIMU IO MOJe-

JIM 3HAYCHUAMMA OTKJIMKaA fk " pCAJIbHBIMU 3HAYCHUAMU N3 BBI60pKI/I

Y » KOTOpBIE MBI 0003HAYMIIN KaK

& =Y~ fu =Y —fla,..a,%)

Jlnst Toro, 4ToOBI MBI MOTJM CKa3aTh, YTO MOJEIb aJCKBaTHA

SMIIUPHYECKUM JAHHBIM, 3T OIMHOKU JIOJDKHBI 00JIafaTh ompese-

JICHHBIMU CBOMCTBaMHU:

1) Ouwubku 0onxHCHbL AGIAMBCS peanu3ayuell HOpMAlbHO pacnpede-
JIEHHOU CIY4auHOU nepemMenHOll.
DTO 03HA4YaeT, YTO XOTs CYUIECTBYET TOJILKO OJIUH TJIABHBIN
dakrop X, onpenensromMii MOBEICHHWE OTKIUKA Y, HO
MPUCYTCTBYET TaKKe OONBIIOE KOJNMYECTBO MATOCYIIECTBECHHBIX
(baKkToOpoB, COBOKYITHOE BO3ICHCTBHE KOTOPHIX Ha OTKIHK Y
COIJIACHO  ICHTPAJIbHOW  TNpeIeiabHOW  TeopeMe  HMeeT
HOpPMAJIbHOE pacmpeieicHuE.

2) Mamemamuueckoe oodcudanue owubKU OOINHCHO ObIMb PABHO

nymo: M(g,) =0.
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JTO O3Ha4aer, 4TO OTCYTCTBYET CHCTEMAaTHUecKas OINnOKa B
OTIPENICICHNH JIMHUWA PETPeCcCHH, CJIEAOBATEIHLHO  OICHKH
MapaMeTpOB PErPecCUu SBISIOTCS HecMeujeHHbIMU, TO €CTh
MaTeMaTU4YeCKOe OKUIAHUE OLICHKH KaXXIOro mapaMerpa paBHO
€r0 HCTHHHOMY 3HaYEHHIO.

2
3) Hucnepcus owubru dondxicna 6vims nocmosnna: D(€) =0 .

4)

JTO oO3Ha4YaeT, YTO TPU VYBEIMYCHHH o00beMa BBIOOPKH
JUCIIEPCHsI OLICHOK MapaMeTPOB PErpecCUu CTPEMHUTCS K HYIIIO,
TO ©CThb OICHKM  TapaMeTpOB  PErPecCUU  SBISIOTCS
COCMOSMENbHBIMU.
Ouwubrxu  00adICHbL  ObIMb  HE3A6UCUMBIMU, MO  eCmb
0 K# |
cov(e.e) =1 , ]
o K=]

DTO 03HAYaeT, YTO OIIKMOKA B OXHOM M3 BEJIMYHH OTKIHKA Y HE
MPUBOJUT aBTOMATMYSCKH K OIIMOKaM B  IOCIICAYIONIUX
BEIUYMHAX.

Kpome toro, 8 MHK mnpenmonaraercst 9to ¢haxmopwi (nesasucumoie
nepemennbie) He SGISIOMCsL CLYYAUHBIMU eTUYUHAMU.

8.6. Ouenka napameTpoB ogHO}aKTOPHOI TMHEHOII perpeccumu.

JomycTuM, 4TO MpUHATA TUIIOTE3a O TOM, YTO CBA3b (akropa X

u otkauka Y BeIpakaercs nuHeiinon gpynkuueii f(X) = ax+b. Ha-

JUYhe OTKJIOHEHUH, CBA3AHHBIX CO CIIy4ailHBIM XapaKTepoM pac-
CMATPUBAEMbIX TEPEMEHHbBIX H/WIHM C BIMSHHEM HEYYTCHHBIX (ak-
TOPOB TPUBEAET K TOMY, YTO CBSI3b MEXIY PACCUMTAHHBIMH IO MO-

JCIM 3HAYCHUAMH OTKIHKaA fk U pCaJbHBIMU 3HAYCHUSIMU U3 BbI-

Oopku Y, OyzeT BbIpakaThCs B BUJE:

Yy, =f,+e =ax, +b+e

rac ek - 9TO PACXOKACHUA MCIKIAY MOJACIIBIO U BI:I60pKOI\/’I.

Ouyenka napamempoe NTuHelnoll pezpeccuu

BbruncnuM Takold HaOOp mapaMeTpoB MOJIENH, NMPH KOTOPOM

CyMMa KBaJIpaTOB BCEX PACXOXKIECHUW MEXIYy 3HAYEHUAMH IO BbI-
OOpKe U BBIYMCICHHBIMU 10 MOJICIHM 3HAYCHUSIMHU OyJeT MHUHUMAJb-
HOH, TO €CTh
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N
=Y & > min
k=1

S=> [y, —ax —b]* - min
k=1

Bennuuna S ssnstercs pyukuumeit or 2-x nepemennsix (a,b). Mu-

HUMYM 3TOM (YHKIMM MOKHO HalTH, NPUPABHAB K HYJNIO €€ 4acT-
HBbIE IPOU3BOJHBIE IO KaXKJOMY M3 HEH3BECTHBIX IApaMETPOB U pe-
IIMB TIOJYYEHHYIO TaKMM 00pa3oM CUCTEeMY U3 2-X ypaBHeHHiH. Tak
KaK BBIYHMCJICHUE MapaMeTpoB MBI OyAeM MPOBOIUTH MO KOHEYHOM
BBIOOPKE, TO B pe3yJbTaTe Mbl MOJYYHM JIMIIb OLEHKY 3THX Hapa-

metpos (a,b):

0S N

=-2 ax, —b
5 ;[yk «—b]=
oS

—=-2 ax, —bJx, =
a kZ;[yk  —blx, =

W13 1-ro ypaBHEHHs CHCTEMBI TIOJIyYaeM:

N _ N _ o
Y Ye—a) % -bN=0=b=Y-a-X
k=1 k=1
U3 2-ro YpaBHCHUA CUCTEMBI HOquaeM:

iykxk —Eixﬁ —Bixk =0= iykxk —EZN:xf ~bNX =0
k=1 k=1 k=1 k=1 k=1

[oacTaBuB B 9TO ypaBHEHME BHIPAKEHHUE IS OLEHKH mapamerpa D
Haﬁ}.‘[eM OIICHKY MapamMeTpa a'

_ Zxkyk N-X-Y (xk X)(Y -Y)

a=
Y -N-X Y (%~ X)?
k=1 k=1

M3 nocneqHero paBeHCTBA CIEAYET, YTO OLCHKY Iapamerpa a MOX-
HO BBIPa3UTh UYepe3 KOBAPHALUIO MM KO3()(UIMEHT Koppersuuu
nepeMeHHbIX X 1 Y:

x
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- O O
Xy
a=—=p—

O Ox

[TapameTp @, KOTOpPHIH erie Ha3BIBAIOT KOAPHHUITUEHTOM PETPECCHH,
YHCJICHHO paBC€H TAHTCHCY yIJia HAKJIOHA HpHMOﬁ PErpeccuu K OCH Xx.

Hucnepcusa oyenok napamempoe 1uHeHOI pezpeccuu

Tak Kak OIIEHKH MapaMeTpoOB JIMHEHHOW perpeccuu MOJy4eHbl
[0 CITy9ailHON BBIOOPKE, TO CAMH ITH OIEHKH SIBIISIOTCS CITyYalHbI-
My BenmunHamu. OIeHKa TUCTIEPCHH TapamMeTpa & BBIpaXaeTcs
(dbopMyoii:

—2 o

e
Ga

N _
2
D> (% —X)
k=1
_2 .
¢ BCINYHUHA O'e - OTO OILICHKa zmcnepcm/l CJ'IyT-IaI/IHBIX OTKJIOHEC-

HUH OTKIIMKA Y OT JINHUM PErpeccuu.
—2

% T N-m- 1Zek

rae M - gucno GakTopoB (HE3aBUCUMBIX IIEPEMEHHBIX).
B cnyqae HapHoﬁ HHHeﬁHoﬁ perpeccym

oo Zek— Z(yk ax, —b)?

Tak kak b=Y-a-X u T1ak Kak ¢dakrop X mnpenmonaraercs
HECTOXaCTHYECKAM, TO I OIEHKM JHWCIEPCHH Iapamerpa b
CIIPaBETHBO:
—2 —2 52 —2
o, =0y +X -0,

—2
1€ BCIMYHNHA O'? - 3TO OLCHKAa AUCIICPCHUU CPCAHCTO 3HAYCHUA OT-

kianka Y:
—2 11—
N

[Tocne HECTOXKHBIX TIPeoOpa3OBaHWKA IS OICHKHA  JTUCIICPCHH
mapametpa b monygaem dpopmyiy:
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N
I "
oy T _ 'k=lN
D> (% —X)?
k=1

—2
BCJ'H/I'-II/IHy O, HAa3bIBAIOT CHIC HeOOBACHEHHOU ducnepcueu.

Yem MeHbIIe HEOOBSICHEHHAsT AUCTIEPCHs (TO €CTh YeM MEHbBIIE OT-
KJIOHEHHSI BETMYMHBI Y OT JIMHUU PErPECCHU), TEM MEHBIIIE OIIHOKH
B ONpEJENIEHNH TapaMEeTPOB PErPECCHH, U, CIEI0BATEIbHO, TEM TOY-
Hee MOIeNb O0BsICHAET (haKTUIEeCKHE JaHHbIE.

Kpome toro, u3 dbopMyn s QUCTIEPCHH TTapaMeTpoOB CIEAyeT,
9TO 4eM Ha Oosiee MIMPOKOM AMana3oHe u3MeHeHus (akropa X ore-

V2
HUBAETCSI PErpeccusi, TeM OOJbIlle BETHYNHA Z:(Xk — X) , a 3Ha-

YUT MEHbIIIE AUCTIEPCHS TapaMEeTPOB.
U3 Tex ke caMbIX cOOOpaXKeHHH ClIeAyeT, 4To yeM OoJbIne 00b-
eM BbIOOpKHU N, TeM MEHbIIIE JUCIIEPCHUs] TAPaMETPOB.

8.7. KoagpuuueHT nerepMUHAIINHA.

U3 Toro, 4to cBs3b (akTopa X 1 OTKIHKA Y BBIpaXKaeTCsl B BUAEC
Y = fy +e =ax +b+eg
CIIeIyeT, 9TO pa3dpoc OoTKINKa Y MOXKET OBITh OOBSCHEH pa3dpocoM
(hakTopa X u crmydaiiHO#H OmuoOKoi e. HeoOXoaumMo ompenennTs WH-
JTUKaTOp, KOTOpPHIM OBl TOKa3bpIBajl, HACKONbKO pa3dpoc Y
ompezensercss pa3dpocoM X M HACKONBKO CIyYalHBIMU MPUYHHAMH,
TO €CTh HACKOJIBKO XOpOmIo (DaKTHYecKHe NaHHBIC OIHCHIBAIOTCS
(yHKIHEH perpeccu.

B kauectBe 0bweil mepvl pazdpoca nepeMeHHON Y eCTECTBEHHO
WCIIOJIB30BaTh CYMMY KBaJIpaTOB OTKIIOHEHWH 3TOW BEIHYUHBI OT €
cpemHero 3HaveHMs. Torma B KadeCTBE 00BsCHAEMOU pecpeccuell
Mepwl  pazbpoca TiepeMeHHOW Y OyleM HCIOJb30BaTh CYMMY
KBaJIpaTOB OTKJIOHEHHH TPOTHO3HPYEMBIX IMHHEW perpeccuu
3HAYeHHUH OT CPETHETO 3HAUCHUS BETNIUHEI Y.

NuaukaTopoM KayecTBa JIMHUKM PErPECCHH SIBISCTCA KOdp@u-
yuenm oemepMuHayuu.
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(-9 (%, +b- VY
R2 — k'\=ll — k=lN —
Z(Yk _Y)Z Z(Yk _Y)z

NI

B cnyqae 0THO(AKTOPHOU JTMHEHHOW perpeccuu KodpPHUImeHT
JeTepMUHALIMU  paBeH KBajpaTy KoddduuueHTa Koppensuun
BearunH X u Y.

Wnorma mpu pacuere kodhGHUIMEHTa ACTCPMHUHAIMHA IS
MOJMYYCHUS] HECMEIICHHBIX OIICHOK JUCIEPCHH B YHUCIUTENC H
3HaAMEHaTelle JIeNacTCsl MMOMpaBKa Ha YHCIIO CTEeleHel CBOOOJbI, TO
€CTh  CKOPPEeKMUPOBAHHBILL  KOd(Quyuenm  OdemepMuHayuu
BBIYUCIISIETCS TI0 Q)OpMyne'

N — mlZek

j;(yk _Y)2

rae M - gucno GakTopoB (HE3aBUCUMBIX IEPEMEHHBIX).
Ilpn noGaBieHMKM B ypaBHEHUE PETPECCHU JIOTIOJHHUTENbHBIX

R?>=1-

o 2
OOBACHSIOIINX MEPEMEHHBIX ((PaKTOPOB) HECKOPPEKTHPOBAHHBIA R
)
Bceryia pacret. [Ipu 95TOM CKOppeKTHpoBaHHbIH R® MoxeT ymeHb-
IIUTHCS 3@ CYET YBEIMUCHUS 4yuciia M, eciau HOBBIM (hakTop MPUBO-
JIUT K HeOOJIBIIIOMY YMEHBIIICHUIO HEOOBSICHEHHOU TUCTIEPCHH.
B ciyuae mapHoW JIMHEWHOW pErpeccuu CKOPPEKTHUPOBAHHBIN

2 .
R Beruncngercs kak:

1 & 5

R>=1 N- Zéek
NS

N-1&""
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KoapduiumenT nerepMuHaiiu MOXKET NPHUHUMATh 3HAYCHHS OT
Hyns (korma Y He 3aBHCHT OT X) 10 euHUIb (Koraa X MOTHOCTHIO
omnpenensieT Y, TO €CTh MEXKAYy HHMH CYIIECTBYET CTporas
(yHKIMOHAIIbHASL 3aBUCHMMOCTB). YeM OoJIbIlie 3TOT KOIPPUIIMEHT,
TEM BBIIIE KAYECTBO JIMHUH PErPECCHU.

2
Banumem Gopmyiy mist R B kommaktHOM BHe
2

o-e
R2 :1——2

Oy

OTHOILIEHHE LIUPHUHBI MOJOCHl PACCESIHUSI JAHHBIX OTHOCUTEINb-
HO UX CPEIHEro 3HA4YCHMs K IIHPUHE IOJIOCHI PAaCCESIHUS AAHHBIX
OTHOCHUTENBHO JMHHUU PETPECCUU HA3bIBACTCA YUCIOM PAIULUMBIX
epadayuii omxauka. ECM B KadyecTBe MepbI pacCessHUs MPUHSATH CO-
OTBETCTBYIOIINE CpPEAHEKBAApaTHIHBIE OTKIOHEHHSA, TO (opmya
JUISL 9UCIia Pa3InYMMBIX TPafaldil OTKIMKa OyIeT UMETh B

Ngrap = O-y/ O,

Kak 1 K03 PUIHMEHT NeTEPMUHALINM, YUCIIO PA3TMYMMBIX Ipagaliii
SBISETCA TMO3MTHBHOM OIIEHKON KOPPENIALMOHHOM CBA3H, TO €CTh
geM Ooutbiie N gy , TEM BBILIE KAYECTBO yPAaBHEHHS PEIPECCHH.

R*= 1_1/(NGRAD )2

HeratuBHO! OLIEHKOW KOPPENSILIMOHHOMN CBSA3H SIBISIETCS OMHO-
cumenbHasl NPUBEOeHHAs NOZPeutHoCmb, KOTOpast SBIIIETCS OTHOIIIE-
HHEM TIOJIOBUHBI IIMPUHEI TIOJIOCHI PACCESTHUSI JTaHHBIX OTHOCHUTEIh-
HO JIMHUM PErPEeCCUU K IIUPUHE MOJOCH PaCCeIHUs JaHHBIX OTHOCH-
TEJIHHO MX CPEJHETO 3HAUSHIS U BEIYUCIISIETCS 10 (hopMyIie

y= 0.5-%, 10 eers R2 =1—(2y)%.
y

Ces3b Mexay 7 U Nggap 3aaetcs hopmynamu
1 1

- = N - =
4 2 Nepo GRAD 2.y

[IpuBenem TabIUITy, MOKA3BIBAIOIIYIO CBSA3b MEKIY KOIPHHUITHEHTOM
ACTEpMUHAIIUN, YHUCJIIOM Pa3JIMUYMMBbIX rpa):[aum‘/'l OTKJIMKa 1 OTHOCHU-
TEJIHHON MPUBEIACHHOMN MOTPEITHOCTEIO.
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2
Ngrap Y R R

1 50.0% 0.00 0.00
141 35.4% 0.50 0.71
2 25.0% 0.75 0.87

3 16.7% 0.89 0.94

4 12.5% 0.94 0.97

5 10.0% 0.96 0.98

6 8.3% 0.972 0.986

7 7.1% 0.980 0.990

8 6.3% 0.984 0.992

9 5.6% 0.988 0.994

10 5.0% 0.990 0.995

OTMETHM CIIeYIOIIHE BaXKHBIC CITyYaH:
- Koopdumment nerepmunammn R = 0.5 (R~ 0.71), 1o ects

TOJILKO  TIONIOBMHA  pa30dpoca OTKIMKAa Y  OOBSACHSETCS
ypaBHEHUEM perpeccud. B 3Toll cuTyalluu TOBOPAT, YTO
BiusiHUe curHana (¢pakropa X) paBHO BIUSHUIO momexu (ciy-
yaiiHoit  ommbku  e). Ilostomy mpu  koddduimente
nerepMuHanuu Menbpmie dem 0.5, momMexu HAYMHAIOT BHOCHTH
OCHOBHOHM BKJIaJ] B BapHalldi0 MEpEeMEHHOW Y, U Takas MOJEIh
perpeccuu A0KHA OBITh OTBEPrHYTA.

- Ecmu c.x.0. ommOK# e poBHO B JIBa pa3a MeHbIIE, YeM C.K.0. OT-
KiuKa Y, TO €CTh YHCIIO Pa3HYUMbBIX Tpajgaryii OTKJINKA PaBHO

2, 10 R?’=0.75(R~0.87). Hwvenno 510 3HaucHHe

PEKOMEHTY€ETCS IPUHATL B KAYECTBE MUHUMAJILHO ITPUEMIIEMOTO
3HaYeHHs Kod(dHIMEHTa JeTEPMUHALINY.

[IPUMEYAHUE. I1pn ouetke Bemuund ¥ U Nggpap MBI Ipeamnonara-

7M1, 9TO MEPOH IIMPHHBI MOJNOCH PACCESAHNUS JAHHBIX OTHOCHUTENIBHO UX

CpCAHCTO 3HAUYCHHUS U MCPOU HIMPUHBI MOJIOCHI pAaCCeAHUs JaHHBIX OT-

HOCUTCJIIbHO JIMHUU PETPECCUU ABJIAKOTCA COOTBECTCTBYIOIIHUE CPEAHC-
KBaApaTUYHBIC OTKJIIOHCHUA. Ecnu B kauectBe MEpPBI NPUHATH OOBECPU-

TCJIbHBIC UHTCPBAJIbI, TO (I)OpMy.l'H:I o Yy a NGRAD HU3MCHATCA, TaK KaK

oTKMK Y ¥ OmIMOKa YpaBHEHHS! PETPECCHH € - ITO CIydaiiHbIE BEJU-
YUHBI ¢ BOOOIIE TOBOPSI PaslMYHBIMHU 3aKOHAMH pacmpenencHus. Pac
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npejernienre BeMuIunbl Y , 0COOEHHO MPH SPKO BBIPAXKEHHOM JTMHEHHON
3aBICHUMOCTH, OJIM3KO K paBHOMEpHOMY. PacmpenencHue BeIUIHUHBI € B
OOJBIIMHCTBE CITydaeB OIM3KO K HOPMAJIBHOMY.

8.8. HeodpaTumocts pemennii MHK.

Ecnu oTBneYbCsl OT MPUYUHHO-CIICCTBEHHON CBSI3U U paccMaTpu-
BaTh TMepeMeHHble X W Y Kak paBHOIPABHBIE, TO MO METOIY
HAaUMEHBIITNX KBAJIPATOB MOXXHO HAWTHU JIMHEHHYIO perpeccHro kKak Y 1o
XTtakm Xmo Y.

ITycte nuueiinas perpeccus Y 1o X BbIpaXkaeTrcs (QYHKITUCH

Y=aX+b, a onuneiinas perpeccus X mno Y dynkumeis

X=aY+ bz. Ouenku mapamMeTpoB &, W &, BEIPAKAIOTCA 4epe3 Ko-
3} duLrenT Koppensauuy Mex Ty IepeMEeHHBIMU X U Y KaK:

2 (%= X% =)

_ _ %
ai_ N o =p
> (% — X)? Tx
k=1
N _ _
> (%= XXy —Y)
a2= k=1 =p X

N
= o
Z(yk _Y) Y
k=1
Taurenc yriaa Hakiona ¢yskumn Y = X + bl K OCH X paBeH

a,=p-(o,/0,), a ranrenc yria naiona pynkumn X = a,Y +b,

x ocn x pasen 1/@, = (1/ p)-(o,/0,). D10 pasusic BemmammeI, cie-
J0BaTeNbHO THHUH perpeccu Y Ha X 1 X Ha Y - 3T0 pasHble IpsIMBIE.
OHHM COBNAJAIOT TONBKO TOrAA, KOrAa MOIYIb Kod(dHIMeHTa
koppensiuu | o =L, To ecth korma Mexay nepemeHHbIMH X H Y
CyIIeCTBYeT cTporas (pyHKIIHOHAIbHAS 3aBHCHMOCTb.

B nHecoBnanenun nuHMH perpeccun Y Ha X u X Ha Y U COCTOUT
HeoOpatumocTs periennit MHK, To ecTb Hemb3s HCHOIB30BAThH

Benmunnsl (8,,0,) ans Berancnenus ennunn (@,,0,) 1 HaoGopor:

aiszti bl;t—& agii bz;t—&

a, a, a &
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8.9. Crarucruyueckue BbIBOAbI O BeJIWYHHE NMAPAMETPOB OHO-
(axTopHOIi TUHEelHOH perpeccum.

[lonyyeHHble B 3TOi riuaBe (OPMYNBI Ul BBHIOOPOYHBIX
K02 (PHUIMEHTOB 0HO(AKTOPHON JIMHEWHON pErpeccuy JaroT JIULIb
OLICHKH HCTHHHBIX 3HAYEHH STHX KO3((PUIIUEHTOB.

Beenem o003HaueHUS:

- HMCTUHHbIE 3HAYEHHs MapaMeTPOB JMHelHoi perpeccun (a,b),
- BHIOOPOYHBIE 3HAYCHUS IAPaMETPOB JIMHEHHOH perpeccuu

(ab),

—2 —2
- BbIOOpOUHBIE AUCTIepcHy napametpos (o, ,0, ).

Buibopounoe pacnpedenenue napamempos 1uHelinoll pezpeccuu

Ilpu ananuze Koa(bq)nuneHTOB perpeccuy CUMTAlOT, 4YTO

. a—-a b-b
cioydaiiHple BenuuuHbl [, =— u [, =—== mnoxuuHsAIOTCA
O-a O-b

pacupenenennto Creromenta ¢ vV = (N —2) crenenamu cBoGomsl,

rae N - o0beM BeIOOpKH. B aTHX opmynax:

=X )

_ 1 N _1 N
a=X1 N — b:NZyk—aﬁZXk
Z(Xk _ x)2 k=1 k=1
k=1
—2 o, —2 o, 13
T e DL
Z(Xk_x)z Z(Xk_x)z K
-1 k=1
oot Z(y —ax, —h)?
e N — 2 k k

Hoeepumenvnuliit unmepean 011 napamempos JTUHEHHOU pezpec-
cuu

JloBEpHUTENBHBIN HHTEPBAT BO3MOXKHBIX 3HAUCHHUI BEIUYHHBI 1,
XapaKTePU3YIOLINICS  JOBEPUTEIBHON BEPOSTHOCTBIO P wmim
ypoBHeM 3Haunmoct (=1— P, 3T0 Takoii MHTEPKBaHTHIIbHBIM
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npomexytok to,, <t<t .., , BayTpu Koroporo nexar 100P
NPOIIEHTOB BCeX 3HauyeHWi cinydvaiinoi Bemmumbel t, a 100Q
NPOLEHTOB JIeXKaT BHE 3TOoro mpomexytka. Ilpum stom 100q/2

nporenToB nexut ciesa ot ty,,, u 100q/2 mpornentos nexwut
cpasa oT by /5, -
Bemuunner t,,,, u t,,,,, - 9TO KBaHTWIM pacmpeeseHus

Crerogenta ¢ Vv = N — 2 crenensamu cBoOOIbI, IPUYEM, TAK KaK 3TO
pacrpe/ieliecHie CUMMETPUYHO M MMEET HYJIEBOE MaTeMaTH4eCKOe
oxupanue, 1oty =—t .

[oxcraBu 3HaueHus: t, = (a-a)/ O'_a u t, = (b—b)/ O'_b B

JIBOMHOE HEPaBEHCTBO —bgqo, STt g0, MOJTy4YnM

JIOBEPUTENBHBIC MHTEPBAJIBI JUIS MCTUHHBIX 3HAYECHUH MapaMeTpoB
nuHelHoM perpeccun (@,b):

a—tlfq,zyvaa <ac< a+tl—q/2,vaa

b—tl_q,Z’VO'b <bh< b+tl_q,2’V(7b

Tunome3wl 0 6eruuune napamempos TUHENHOU pezpeccuu

Koraa peub uaer o MUHEWHOU perpecchu, He0OXOAUMO 3HATH,
HACKOJIBKO 3HAYMMO OTJIMYAIOTCS OT HYJSl BEJIMYMHBI MapaMeTpoB
perpeccun. [ IpOBEpKH 3TOTO BBIABUTAIOTCS THIIOTE3bI:

H,: a=0 H,: b=0
_ WIN _
H,: a=0 H,: b=0

IIpoBepka JaHHBIX TUIOTE3 OCYIIECTRISETCS B OTACIBHOCTH JIJIS

Ka)XJIOTO U3 ITapaMeTPOB IO CIEAYIOIeH cxeme:
1) Anpuopnvie npeononosicenus
VcTrHHBIE 3HAYCHUS TAPAMETPOB PETPECCHH PABHBI HYJIHO

a=0
b=0
2) Pesynbmamul ucneimanus

Bribopounbie  KO3Q@HUIUEHTBI pErpeccud M WX BBHIOOPOUYHBIE
C.K.0.
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pu o0beme BeIOOpKH N.
3) Tunomesa
H,: a=0 H,: b=0
WITH

H,: a=0 H,: b=0
4) [lpunsmas eeruyuHa yposHs 3HAUUMOCIU

g=0.05 wmu q=0.01
5) Kpumepuii nposepku

a—a a
ta:T:=
O-a O-a
L_bb_b
Op  Op

6) [Ilpasuno npunsmus pewienus
Hpuuste Ho, ecma —1y ), SUST )0
B nportuBHOM ciydae nmpuHsTH [, TO ecTh /i IpHUHHUMAETCH,
KOTJa KpUTEpU MPOBEPKH t Momanaer B KPUTHUECKYIO 001acTh
|t | > t1—q/2,v )
I'pannnia kpuTH4yecKoil 0071aCcTH BEIUUCIIAETCS KaK

tyq/2, = CTBIOJIPACIIOBP(q, N - 2)

B xagectBe kputepus nposepku t ucnonssyrores t, u t .

7) Ilposepka cunomesvi
- Eem -t ,,,, St<t_ ., TO Kpurepuii nposepku t He noma-

JaeT B KPUTHYECKYIO OOJNIacTh W MBI MPUHUMAaeM rumnoresy Ho .
OTO0 03HAYAeT, 4TO MPH 33JaHHOM YPOBHE 3HAYMMOCTH COOTBET-
CTBYIOUIUI MapaMeTp PErpecCuu CTaTUCTUYECKU HE3HAUHUMO OT-
JUYaeTCs OT HYJISL.

- B npotuBHOM ciydae MBI IpUHUMAaEM THIIOTE3y H; . DTO O3HA-
YaeT, YTO MPH 33JJaHHOM YPOBHE 3HAYMMOCTH COOTBETCTBYIOIIUN
MapaMeTp PEerpeccHyd CTaTHCTUYECKH 3HAYUMO OTINYAeTCS OT
HYJIS.
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8.10. CraTucTHYeCKHNE BBIBOIBI 0 BeJIHYNHE KOd(puImenTa jae-
TePMUHALN.

Koaddunuent nerepmMuHanium SBIsSETCS HHAMKATOPOM TOTO,
HACKOJIbKO XOPOIIO 3MeHeHust (haktopa X OOBSICHIIOT H3MEHEHHS
otkiuka Y . YeM OH OvKe K €IMHUIE, TEM BBILIEC KAYECTBO ypaB-
HEHUs PETPECCHH.

Tak kak KO3(Q(UIMEHT JeTepMUHALMU BBIYUCISAETCA TI0
KOHEYHOH cIy4alilHOH BBIOOpKE, TO OH caM SABJSETCS CIy4YaiHOH
BennunHOM. [IpoBepka 3HauMMOCTH KOA(QPULIMEHTA ETCPMUHALIUH -
3TO INPOBEPKA THUIIOTE3bl O TOM, YTO OH 3HAYUMO OTJIMYACTCS OT
HYJIS.

H,: R*=0
H,: R°>0
Kputepuii mpoBepku paccUUTHIBACTCS MO0 POpMYyJIe:
B R*/m
C(A-R)/I(N-m-1)
rne N - o0Obem BBIOOpKHM, M - KOJMYECTBO HE3ABHCHMBIX

nepemeHHbIX (aktopoB). Kputepuit mposepku momuunsercs F -
pacnpeneneHuio ¢ M CTeNeHAMHU CBOOOABI JUIS YHCIHUTENS |
(N —m=—1) crenensmu cBOGOIBI 111 3HAMEHATEIIS.

B cmydae omHOdakTOpHON JIHMHEWHOH perpeccHu KpUTEpHM
IIPOBCPKU IPUHUMACT BUI.

2
= R
- 2
1-R)/(N-2)
KonuuectBo cremenedt cBOOOABI AN YMCAMTENS paBHO 1,
KOJIMYECTBO CTETEHel cBo6o bl st 3HaMenarens papHo (N —2) .

Eciu B gelicTBUTENbHOCTH mepeMeHHass Y HE 3aBMCUT OT

nepeMeHHO X , TO KO3)OUIHMECHT JAeTepMUHALNN R* u KpUTEpUil
nposepkr F  paBHbl Hymo. [Ipu 3TOM MX OLEHKH IO CIIy4allHON
BBIOOpPKE MOTYT OTJIMYATHCS OT HyJIsl, HO YeM OOJblIe 3TO OTJINYHE,
TE€M MEHEE OHO BEPOSITHO.

Ecin ke kpurepmii npoepkn F  Gonbmie HexoToporo
KPUTHUYECKOTO 3HAa4eHMsA IpPU 3aJaHHOM YPOBHE JOBEPUTEIBHOM
BEPOSITHOCTH, TO 3TO COOBITHE CUUTAETCS CIUILIKOM MaJIOBEPOSITHBIM
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U Mbl oTBepraeM rumnoresy H, u mpuaumaem rumoresy H,. Dro

3HAYMT, YTO MepeMeHHasi Y 3aBUCHT OT epeMeHHoi X .

[IpoBepka rumoTe3sl At OAHOMAKTOPHOH JTHHEHHON perpeccuu
MIPOBOJIUTCS 10 CIIEAYIOLIEH cxeme:
1) Tunomesa

H,: R*=0
H,: R®>0
2) Ilpunsmas eenuyuna yposHs 3HAYUMOCHU
g =0.05 wm q=0.01
3) Kpumepuil nposepku
RZ
——(N-2)
1-R
4) Ipasuno npunamus peueHust
Hpunsite Hy, ecmn F < F

F =

q,viv2 -
B npotuBHOM ciydae npuHATh /1, TO €cTh /{1 IpUHUMAETCs, KOTAa
KpUTEpUH TIpoBepkd F  momagaer B KpUTHYECKYIO 06IacTh

F>F_

Bpmecs  F

q,viv2 "

qviv2 5T0  KBaHTHIBL  F -pacmpenerneHus,

COOTBCTCTBYIOIIasA YPOBHIO 3HAYUMOCTHU q C Vl =1 CTCIICHAMMU

CBOOOIBI 11l YUCIMTENL U V, = N — 2 cremensmu cBoOOIBI IS
3HaMEHATEIIS.

BGHI/I‘II/IHy F17 2 MOJXHO BBIYHUCJIMTH C HOMOIIBIO 3JICKTPOHHBIX

q,vLv
Tabmun Microsoft Excel:
F_ = FPACHOEP(q,Vl,vz)

5) [Ilposepxra eunomesvi

q,viv2

- Eemn F<F_, 5 ,,, 7o kpurepnii nposepku F ne nomanaer »

KPUTHYECKYIO0 O0NACTh U MBI IPUHUMAEM runoresy Hy . 310 03Ha-
YaeT, 4TO NPH 3aJ[aHHOM YPOBHE 3HAYMMOCTH M3MEHEHHs (hakTopa
X He OOBSCHAIOT WM3MEHEHHS OTKIUKa Y M PErpecCHOHHAs MO-
JIeNTb TOJDKHA OBITH OTBEPTHYTA.

- B mpotuBHOM ciyuae MbI IpHHEMaeM THIOTE3y H; . DTO O3HAUaeT,
YTO TIPH 33J1aHHOM YPOBHE 3HAYUMOCTH IepeMeHHast Y 3aBHCHT OT
nepemennoit X .
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8.11. IMojsioca HeompemeJeHHOCTH OMXHO(PAKTOPHON JIMHeHHOH
perpeccus.

Tak kak mapameTpbl JIMHEWHOH PErpecCUM 3aBHUCHUMBI MEXIY
coboii (5 =Y-a- X ), TO YypaBHEHHE pErPECCHH  MOKHO
nepenucath B Buge | = ax+b=a- (x— Y) +Y . Kamas Touxa Ha

JIMHWHU PETPECCHH BBHIPAKAETCS Yepe3 BbIOOpounble 3Havenus (a,Y),

2

—2 —2
umeromue  BeIGopounsie wcniepcun (0, ,0y ), W TOTOMY

SIBJISIETCSL CIIy4alHON BEJIUYUHOM.
Hucnepcus nunuu pezpeccuu

Tak xak B MHK mnpenmomaraercs, urto ¢aktop X
HECTOXAaCTHUYCH, TO JUCHEPCUIO TOYKH HA JIMHUU PETPECCUU MOKHO
BBIPa3UTh CIEAYIONUM 00pazoM:

o, g (x—X)? -aaz +a\72

W3 aToit hopMyItI ClieyeT, 9To:

- jgucriepcust BenmudYrHbl Y BIIMSET HA AUCTIEPCHIO TOYKU HA JIMHUA
perpeccun aooumusHvim 00pasoM, TO €CTh €€ BKJIAJ IMOCTOSTHEH
Y HE 3aBUCHT OT BEIMYUHBI (hakTopa X,

- AUCTIEPCHA BEJIMYNHBI ad BIIMACT HaA AUCIICPCHUIO TOYKH HaA JIMHUU

PErPECCUN MYIbMUNIUKAMUBHbIM 00pa30oM, TO €CTb €€ BKIIAa
TeM Ooubie, yeM Oolble abCOMOTHOE OTKIIOHEHHEe (akTopa X
or X.
C y4yeroM TOro, 4YTO
—2
J—) o —2 1 —2
e
O-a

=N — Y e
Z(Xk_x)z N
k=1

JJI1 TMCIIEPCUM TOYKH Ha JIMHUH PETPECCHA MOJTYIHM:

—2 —2 |1 (X—Y)2

e v e T—
Z(Xk_x)z
k=1
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Hoeepumenvnuliit unmepea TUHUU pezpeccuu

AHaJIOTHYHO TOMY, KaK MBI HallUIM JOBEPUTEIIBHBIC HHTEPBAIIBI
JUIsL UCTUHHBIX I1IapaMETPOB JIMHEWHON PErpeccud, Mbl MOXXEM
3alKCcaTh JOBEPUTEIbHBII UHTEPBAI AJIS TMHUYU PEIPECCUU B BUJIE!

f =1, 42,0 < f<f +1, 42,0
Hlupuna oosepumenvroco unmepsana TUHUU pespeccuy paBHa
2tl—q/2,vo-f . 9Ty BCJ'II/ILII/IHy HAa3bIBAKOT CLIC wupunou nojocsel

Heonpe()eﬂeHHocmu JUHUU peepeccUul.

8.12. IIporno3upoBaHue Ha OCHOBe OAHOG(AKTOPHOI JMHEIHOM
perpeccus.

Ilpu npoecnozuposanuu, TO €CTh TPH IKCTPANOSIUH JTHHUH
perpeccun 3a Impenesbl Mojs TOYEK, MO0 KOTOPHIM ObLTa MONydeHa 3Ta
JIMHUS, MBI JIOJDKHBI YUYWTHIBATH HE TOJBKO HEOTPEIEICHHOCTh
MOJIOKEHUST CaMOM  JIMHWM  perpeccud (0 YeM TOBOPHIIOCH B
npenpiayieM naparpade), HO i AUCIICPCHIO CIYYalHBIX OTKIOHEHHUH OT
uee (omm6ox MHK).

ucnepcus npocnosa

Jucnepcuio ciyyaitnoit semuuunnl Y= f +€ B npoussosnbHoi
TOYKE X MOXKHO BEIPA3UTh CIICAYIOIINM 00pa3oM:
2 —2 —2
Otie =0¢ +O_e

Hcnone3yst mOydeHHY0 B MIPEABIAyIIeM maparpade GopMyTy s
JUCTIEPCHUU JIMHUHU PETPECCUU TIOTydaeM:

o )2
O-f+ez =0 2 . 1+i+&

N Z(XK—Y)Z

/losepumenvHulii unmepea nPozHo3a

Tak kak MaTemarnueckoe oxuganue ommOku MHK e paBHO Hy:rO,
TO IOBEPUTEIHHBIA MHTEPBAN JJIS MPOTHO3HOTO 3HAYEHHS OTKIHKA Y B
TOYKE X ONpPENEIAETCS HEPAaBEHCTBAMM .

f _tl—qlz,vo-f+e£ ys f +t1—q/2,vo-f+e'
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Hasosem emmumny AYy=2% ,, 0., wupunoii noroce

Heonpe()eﬂeﬂﬁocmu npocHo3a.
Fopu3oum RPOCHO3UPOGAHUA

[upuHa noNOCH HEONPEAEIECHHOCTH NPOTrHO3a MUHUMAaJbHA MpPU
X=X W BO3pACTAET NpHM YBEIMYECHHH aOCOTIOTHON BEIMYUHBI
OTKJIOHEHHs TepeMeHHOM X 0T X . TOYHOCTH MPOTHO3a ONMpPEENSIETCs

HalHHOﬁ MOJIOCHI HCOITPCACIICHHOCTH.
HyCTI) MBI alfpyuOpPHO 3aaa€M MAKCHMAJIbHO BO3MOXXHYIO IHIMPUHY

HEOIIPEJIENICHHOCTH TIporHo3a AY, . M cuMTaeM, dYTO TOYHOCTb
MIPOTHO3a SBJSICTCSl YJOBJIECTBOPHTENBHON, €CIM B TOYKE IIPOrHO3a
Ay < AY,... Tlpu ynageHuH OT OIS TOYEK, 1O KOTOPBHIM ObLIa

nonydeHa JuHMs perpeccun, AY obssarensHo jgocturHer Ay, .

CooTBeTcTBYIOLIEE yaajeHue Ha3bIBaeTCA 20PU30HMOM
npoeHo3uposanus. JlanpHelinee ynaneHue NPHBEAET K TOMY, 4YTO
Ay npesbicur Ay, . WNHTepBan 3HadeHuil x, B HpeleIax KOTOPOTO

TOYHOCTb TIPOTHO3a ABJISICTCA yHOBHeTBOpHTeHLHOﬁ, BBIpAXKaCTCA
HEpPaBEHCTBOM:

|X_X |S Xmax

2

A N
VY [ B PN
2t1—q/2, vOe N k=1

8.13. [IpoBepxka nonymennii MHK.

N3ydas ypaBHeHHE JTUHEWHOW PErpeccHMM Mbl Mpenojaraiu,
YTO peanbHas B3aWMOCBs3b (akTopa X W OTKIMKA Y JMHEWHa, a
OTKJIOHEHHUS OT MPSMOM perpeccuu ciiydyailHbl, HE3aBUCUMBI MEXAY
co00H, UMEIOT HyJICBOE MaTeMaTH4eCcKOe OXKUAAHUE U MOCTOSHHYIO
nucniepcuto. Ecnm 3T0O HE Tak, TO CTAaTUCTUYECKUH aHaNIM3
[apaMeTPOB PErpecCUU HEKOPPEKTEH U OLEHKH 3THX I1apaMEeTPOB HE
001agaroT CBOMCTBaMH HECMELICHHOCTH U COCTOSITEIBbHOCTH.
Hanpumep, 310 MOXeT ObITh, €CIM B JEHCTBUTEIBHOCTU CBS3b
MEXIy IEpEeMEHHbIMU HenuHelHa. IloaToMy mocne nosydeHwus
yYpaBHEHUS perpeccu He0OX0IUMO HCCIIEA0BATh €ro OMNOKH.
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OmmbKky METO/]a HAMMEHBIIMX KBaJPaTOB, TO €CTh BEIUYMHBI
& =Y.~ fk IOJKHBI 00J1a1aTh CJIEAYIOIMMU CBOMCTBAMH:
1) OmuOKH JOIKHBI ABIATHCS peann3alieil HopMaabHO pacipeje-

JIEHHOM CIy4ailHO! IIEpEMEHHOM.
2) MareMaTH4ecKOe OKHIAHUE OUIMOKH JIOJDKHO OBITh PaBHO HY-

mo: M(e,)=0.
2
3) ucnepcus oumbky gomkHa ObiTh noctosuua: D(e ) =0 °.
4) Omubku  JOWKHBI  OBITh  HE3aBUCHMBIMH, TO  €CTh

( ) 0 K+ |
cov(e,,e) =
. o> k=]

ITocne Toro, kak MOIY4YEHO ypaBHEHUE perpeccun Y = ax+ b+e,
KXKJI0€ U3 3TUX JIOMYIICHUH TOIKHO OBITh MPOBEPEHO.

Hpoeepka 2Unomesvl 0 MoM, YMmo OWUOKU HOpMAIbHO pacnpede-
JICHbl

WNnentndukanus 3akoHa paclpelesieHus] CIyYallHOW BEIMYHHBI
W3ydyeHa B TJaBe O, MMOITOMYy 3IeCh MBI He OyaeM HOApPOOHO
paccMaTpuBaTh 3TOT BOIpoc. KpaTko MOXXHO cKa3aTh, 4TO MpPOBEpKa
rumoTe3sl 0 ToMm, 4ro ommbku MHK HOpMmambHO pacrpenereHsl,
MIPOBOIMTCS B JBa dTamA:

1) Mo  BeiGopke  (€,€,,...,€y)  CIPOMTCA  THCTOTpamMMa

pacnpeseneHus CIIy4aiiHONW BETMYUHEI e.

2) Tlomy4yeHHas THCTOrpaMMa IpOBEpsieTCS Ha  COOTBETCTBHE

HOPMAJbHOMY DAaCHpENEIICHHIO C IIOMOINBI0 KPUTEPHS COTJIACHS

[Iupcona.

Ilposepka zunomesvt 0 Mmom, YUMo MaAMEMAMUYECKOE OHCUOAHUE
OWUOKU PAGHO HYJIIO

ITycts ommbka MHK e nmeer MmaremaTtuueckoe OKMIAHUE [, U

2
reHepabHY0 JUcnepcrio O, . COCTOATENBHBIMU H HECMEIEHHBIMH

OLIEHKAMHM MaTeMaTHYECKOr0 OXXHUIAHUS U JUCIEPCUH OLIMOKU
OyayT BEIOOpOYHAsI Cpe/IHSS M BRLIOOPOYHAS TUCTIEPCHSI:

B -
o= (¥~ % ~b)
k=1
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o =Ly —ax by
e N -2 — k k

MBI JO/KHBI IPOBEPUTH THIIOTE3Y
H,: e=0

H,: e=0

IMpoBepka 3Toit rTHIOTE3bI OCYIIECTBIAETCS 1O CIIENYIOIIeH cXxeme:
1) Anpuopusie npednonodicenus
MaremMaTu4eckoe 0XKHIAHUE OIUOKH PaBHO HYIIO
#e=0
2) Pesynvmamoi ucnvslimanus
Br16opouHast cpeqHsist OIMOKH B BEIOOPOYHOE C.K.O. OIIHOKH
e o,
npu oobeme Beioopku N.
3) Tunomesa

H,: e=0
H,: e=0

4) [Ipunsamas @eluyUHA YPOGHS 3HAYUMOCTU

g=0.05um q=0.01
5) Kpumepuii nposepxu

_& K _ €

t

O O

e e

6) Ilpasuno npunamus pewrenus
Hpunste Ho, ecmn —t ), , SU<t )5,

B npotuBHOM citydae npuHsaTs H; , TO ecTh Hy MpUHUMAaeETCs, Koraa
KpUTEpUi TpoBepkH I TmomagaeT B KPUTHUYECKYIO 0OOJIACTb

|t |>tl—q/2,v .
7) Ilposepxra eunomesvl
- Eem —t_,,,, <t<t,_,, 70 kpurepuii nposepku t He monana-

€T B KpPUTHUYECKYIO 00JacTh M Mbl MPUHUMaEM rumnoresy Hp . 310
03HA4aeT, YTO NpU 3aJaHHOM YPOBHE 3HAYMMOCTH BBIOOpPOYHAA

CpeaHssa OIIMOKKA € CTAaTHCTHYECKH HE3HAYMMO OTIMYACTCS OT HY-
JIA.
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- B mpoTuBHOM ciy4ae MBI IpUHUMAaeM Tunoresy ;. OTo o3Hadaer,
YTO NpH 33JaHHOM YPOBHE 3HAUMMOCTH B YPaBHEHUH PErPeCcCHU
HNPUCYTCTBYET CUCTEMaTHUEeCKas OIMOKA, U ATO YPaBHEHUE JTOJDKHO
OBbITH YTOYHEHO.

Hpoeepka sunomes3bl 0 mom, umo ducnepcuﬂ OWUOKU NOCMOAHHA

VYropsmouum ucxoanyro Beiopry (X, Y, ), K=1...,N no Bos-
pacranuio Bennauebl X . OGosHaunm kak N, monosuxy or oGbema
BeiGopkn, TO ectb N, = JEJIOE(N/2). Bribepem wucio

M < N,,, . ITocite 3T0ro 1o yrnopsi04eHHOI 0 BO3PACTAHHMIO BEIHYH-
HBl X BBIOOPKE PAacCYMTAEM OTKIOHEHHS OT JIMHMH PETPECCHH, EPBOE
ais K=1..,M (ana Menpmmx s3HaueHuii X), BTOpoe I
K=N-M+1..,N (a11 Gompmux s3mauenmii X). J{ns mydmero

pasTpaHuYeHMs MEXIy ABYMs TpyIIIaMU HAaOMIOAEHUH yucio M MOXKHO
BBIOpaTh TakuM o00pa3oM, 4ToOBl HCKMIOUNTh 0 20% cepeauHHBIX
TOYEK.

B ciyuae nocrosucTBa mucniepenn ommoox MHK HeoObsicHeHHas
IWCTIEPCHST AT MEHBIINX 3HAYCHUH X JOJDKHA OBITH MPHOIM3UTEIHHO
paBHa HEOOBACHEHHOH AMCIIEPCHHU UI OOJBIINX 3HAUYEHHH X, TO ecTh
JIOJKHO OBITH CIIPaBEAIMBBIM CIIEAYIOIIEee PaBEHCTRO:

M N
D&~ D&
k=1 K=N—M +1

2 2

OG603Ha4YMM GOJIBLIYIO M3 3TUX CYMM Kak S , @ MCHBIIYIO Kak S, .

22 .

Uem Ommke K eaunuue otHomenne S /S;, Tem Goiblue ocHOBaHMi

paccuuTBIBaTh HA TO, uTO Aucnepcus omu6ok MHK mocrosuna. Ciy-

. 2 12
vaiinas Bermumna F =S /S; nomunnsercs F -pacnpenenenmio

Oumepa ¢ v, =M =2, v, =M —2 crenensimn cBoGoxst. [Tposepka

TUIOTE3Bl O TOCTOSHCTBE JUCIIEPCUU OLIMOOK OCYIIECTBIISIETCS MO Clie-
JYIOIIEH CXeMe:!

1) T'unomesa
Hy: S.I.2 = S22
H,: §>S?
2) [lpunsmas éeauduna yposHs 3HA4UMOCMU
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g =0.05 wm q=0.01
3) Kpumepuii nposepku

S

4) [lpasuno npunsmus peuleHus.

HpHHHTL Hy, ecnu F< I:l—q vl v2

B nportuBHOM ciydae nmpuHsTH [, TO ecTh /i NpHUHHUMAETCH,
KOrJa KpuTepuil mpoBepku F momagaer B KpHUTHYECKYHO 00-

macte F>F 1,

5) Ilposepka eunomesvi
- Bem F<F_, 5 ,,, To kputepuit nposepku F ne momanaer B

KPUTHUYECKYIO 00J1aCTh U MBI IPHHUMaeM rumnoresy Hy. 310 03-
HA4yaeT, 4TO IPHU 3aJaHHOM YPOBHE 3HAYUMOCTH AMCIIEPCUs
omNOOK ypaBHEHHS PErPECCUU NTOCTOSIHHA.

- B mpoTuBHOM ciy4ae Mbl IpUHUMAaeM THIOTe3y H; . DTo o3Ha-
4aeT, YTO IIPpU 3aJaHHOM YPOBHE 3HAUMMOCTU YPaBHEHHUH per-
peccun He SIBISCTCS HAWIyYIIMM HPUOIIKEHHEM HCXOIHBIX
JAHHBIX.

HenocrostHcTBOo mucniepcun ommbok MHK Bo3HHKaeT Kak MpaBHIIO B

TOM ciIydae, €CJIM HeTPAaBWIFHO BEIOpaH BHJ MaTeMaTHYECKOW MOJCIH

3aBUCHMOCTH (hakTopa X u oTkiuka Y. Hampumep, ecnu HelnuHEHHY0

3aBUCHMOCTb TIBITAIOTCS alNPOKCHMUPOBATh THHEHHON (QyHKIHEH.

Hpoeepka cunomes3bl 0 mom, umo oMmuUOKU He3a8UCUMBL

OmHUM M3 TpPENNoiaraeMbIX CBOWCTB YPaBHEHHs PErpeccHH
y=ax+Db+e sBuasercs To, 4T0 OMIMOKK e HE3ABUCHMBI MEXIY
coboit. Ha mpakTWKe TpPOBEPAETCS HE HE3aBHUCUMOCTH, 4
HEKOPPEIMPOBAHHOCTh ~ OTHX  BENMYHMH,  KOTOpas  SBJISAETCS
HeO6XOI[I/IMBIM, HO HCEIAOCTATOYHBIM IIPU3HAKOM HC3aBHCHUMOCTH.
[Ipy 3TOM MpOBEPSETCS HEKOPPENTMPOBAHHOCTh HE JIHOOBIX, a
COCEIIHUX BEJMYUH OMIMOOK, KOTOPbIE MOXHO MOJIYYHTb, €CIU HC-
xonnast Beidopka (X, Y,)K=1...,N ymopsmouena no Bospacra-
HUIO BEJIMYHHBI X.

PaccMOTpHM HalpUMep KOPPENSIHUIO OMUOOK, CABUHYTHIX APYT
OTHOCHUTENLHO JPYyra Ha OJUH IIIAr.
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e € € ... 6 .. g

e & ... €,... &, €
Torna 3HaueHHe BEIOOPOYHOTO KOAPQPUIIHEHTA KOPPEIALIUE MEXKTY BBI-
6opkoii (&,,6,,...,€y) u BbiGOpKOil (€,€,,...,€, ;) 3anuuiercs B

BHJIE.
N-1 _ _
D (e -€)(e..—9)
_ k=1
Piksr =

Y (e -9 (6. -9’

OTy BeNWYMHY HAa3BIBAIOT €IIE KodpuyueHmom asmoropperiyuu
nepeoco  nopsaoka. Tak kak corjgacHo jgonymiennsM MHK
MaTeMaTU4YeCKOe OKHUJaHHEe OIMOKHA paBHO HYIIO, TO (hOPMYITy MOMKHO
YIPOCTHUTE!

N-1
ekek+1
_ k=1
Pkl = T N1
2 2
SN
k=1 k=1

Mpbl MOXEM CUMTaTh, 4YTO aBTOKOPPENSIUA OTCYTCTBYET, €CIH
BBEIOOPOYHBI KO3((HUIIEHT aBTOKOPPEILIINA HE3HAYUMO OTIHYACTCS
OT HyJISl, TO €CTh B IJAaHHOM CIIy4ae MbI IOJKHBI IPOBEPUTDH THIIOTE3Y:

Hy: pk,k+1:O
H,: pk,k+1¢0

B cnyuae onpHOGMaKTOpHOW JMHEHHOW perpeccuu ciaydaiHas

P k+1

2
\/1_ Pk k1

pacnpenenenuio CThIOAEHTa C V = (N —l) — 2 cremeHsAIMH CBOOOIEHL

BEJIMIMHA t=+vN-3- Oyner MTOTYUHSTHCS

TMoaToMy TUIIOTE3a GYAET MPOBEPITHC CIIEAYIOMIUM 00pa3oM:
1) Tunomesa

Ho' pexia=0
H,: pk,k+1¢0
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2)

3)

4)

5)

HpuHﬂmaﬂ 6eIUHYUHA YPOBHA 3HAYUMOCMU

g=0.05uwm q=0.01

Kpumepuui nposepxu

t=JN_3. Pk

T —
1- Pk k+1

Ipasuno npunsmus pewienus
[punste Hy, eciu — tl—q/2, , St< tl_q,Z’ b

B npotuBHOM ciydae npuHaTh H; , TO ectb H; mpuHUMAaeTcs,
KOTJIa KpUTEpUil TIpoBepkHu t MmomagaeT B KPUTHUECKYIO 00JIacTh

[t]>t,

Ilposepka cunomesoi

q/2,v"

Eemn -1, ), , St <t ., , TO KpuTepuii nposepku t He nona-

JaeT B KPUTUYECCKYIO OOJIACTh U MBI MPUHUMAEM runoresy Ho .
DTO 03HAYaeT, YTO MPH 33JAHHOM YPOBHE 3HAYMMOCTH BBIOO-
pOUYHBIN  KOX(M(UIMEHT aBTOKOPPEIAIUN IEPBOTO  TOPSIKA

P ks1 CTATUCTUYECKH HE3HAYUMO OTJIMYaeTcs oT Hyns. Cueno-

BaTeIHLHO, aBTOKOPPEIISAIHSI TIepBoro mopsiaka omuook MHK ot-
CyTCTBYET.

B mpotuBHOM citydae MBI IpUHUMAeM TUIOTE3Y Hi . DTO MOXeT
03HauaTh, YTO HYKHO MPUHSATH JPYTYIO aHATHUTUYECKYIO MO/IENb
3aBHCHMOCTH MEX[y ITepeMEeHHBIMU X 1 Y.

8.14. CBenenne HeJMHeiTHOI (PYHKIMOHAJIBLHON 3aBHCHMOCTH K
JIMHEHHOM MyTeM NMpeo0pa3oBaHNs JaAHHBIX.

Jlo cux mop MBI OOCYXITanu JHHEHHYIO 3aBUCHMOCTH MEXKITY

tdaktopom X u orknmkoMm Y. Korma uCTHHHAST B3aUMOCBSI3h MEXKIY
HUMH HOCUT HEJHMHEHHBIH XapakTep, B psAe CIydacB €€ MOXKHO
CBECTH K JIMHEHHOH ITyTEM COOTBETCTBYIOIIETO IpeoOpa3oBaHUs
naHHbIX. [locme 3Toro k mpeoOpa3oBaHHBIM JAaHHBIM MOXKET OBITH
nprUMeHeHa JruHelHas perpeccus. [IpeoOpazoBaHHbIE TEpEMEHHBIE H
mapaMeTpsl MbI OyIeM OTMeUaTh CHMBOJIOM M (Harmpumep X ).

B oroM maparpade MBI paccMOTPHM HECKOJBKO Haumbolee

yHOTpe6I/ITeJ'IBHLIX BUI0OB HEJIMHCHHOMN 3aBUCUMOCTH.
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1) Dxcnonenyuanvuasn pynxyus Y = be™
DKCMOHCHIMATbHAS (YHKIHUS UCIOJB3YETCsl, KOTAa MPU yBEIH-
uenun (akropa X orkimmk Y pacrer (@>0) wnm cHmkaercs

(a<0) ¢ [OCTOAHHOM  OTHOCHMTENBHOH  CKOPOCTBIO.

[IpuBenenne K  JMHEMHOM  3aBUCUMOCTHU y=ax+b
OCYILECTBIISIETCS IyTEM CIIEAYIOIETo peoOpa3oBaHus JaHHBIX .

y=Inly) x=x a=a b=In()

2) Jlozcapupmuueckas gynxyus Y = b+ aln(x)
Jlorapudmuueckas (pyHKIHUsS UCIOJb3YeTcsl, KOraa IpU yBelH-
uennn (aktopa X orkmuk Y pacrer (@>0) wmnm cHmkaercs
(a<0) ¢ yMeHpmaromeics CKOPOCTBIO TPH  OTCYTCTBHH
npeiebHO BO3MOKHOIO 3HadYeHus. [Ipeobpa3oBaHue JaHHBIX:

y=y X=In(x) a=a b=b

3) Cmenennas pynxyus y = bx?

CrenieHHast (QYHKIUS HCIOJB3YETCSl KOTZA TPH yBEITHMYCHUH
¢axTopa X OTKIMK Y pacTeT WIM CHHKACTCS C pa3HOH Mepoi
nponopuuoHansHOCTH. [IpeoOdpa3zoBanue TaHHBIX:

y=Iny) x=In(x) a=a b=In(b)

1

Jloructuueckast KpuBasi IMEET BUJI TOJIOKEHHOH Ha OOK JIaTHH-
ckoii OykBel S, OHa ONKCHIBAET CIy4ail KOTJA MPH yBEIMYCHUH
dakropa X orkmuk Y mamensiercss (cHmkaercs npu a>0 wim
pacrer npu &< 0) B npenenax or 0 mo 1. [Ipu 9TOM H3MeHEHHUSI
npoucxoaaT npu X < b ¢ yBenuumBaromieics cCKOpOCTHIO U IPH
X>b ¢ ymenbmaromieiics ckopocteio. IlpeoGpasoBanue
JTaHHBIX:

y=Inl/y-1) x=x a=1la b=-b/a

4) Jloeucmuueckas pynxkyus Y =

a
5) T'unepbonuueckas pynxyus Y =C+ —b
X+
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Bo MHOrHX cimyyasx Juis annpOKCHUMAIMU HEJIWHEHHOW 3aBUCH-
MOCTH OY€HBb yIOOHO WCITOJIb30BaTh TUIIEPOOITY, OJHAKO 3avac-
Ty 00 3TOM TPYAHO Joraaathcs. JIeIo B TOM, YTO MbI JIETKO
Y3HaeM TOJbKO MPOCTYIO THUIEpPOOTy, aCUMITOTAMH KOTOPOI
SIBIIAIOTCS OCH KOOpPJMHAT, TO €CTh Y = al/ X. Eciu ata Tumnep-
OoJa caABUHYTA BAOIL OJHOM M3 OCeH MM BIOJb 00€HWX OCeil, TO
ee KaK IPaBUJIO HE Y3HAIOT.

[IpoBepka Toro, sABiIsIeTCAs U MaHHAs KpHUBas THIEPOOION co
CIBUTOM TOJIEKO BJIOJIb OCH X, To ecth Y =a/(X+b), nposo-

JIATCS ITyTEM CIIEAYIONIETo MpeoOpa3oBaHusl JaHHBIX !

y=1/y x=x a=1la b=bl/a

[IpoBepka Toro, sABNISIETCA U JaHHAs KpHUBas THIEPOOIION CoO
CABUI'OM TOJIBKO BJIOJIB OCH ), TO €CTh Y =C+ al X, IpOBOJUT-

s TIyTeM TIpeoO0pa30BaHus JaHHBIX:

y=y X=1/x a=a b=c
Oco0eHHO CIIOKHBIM SIBIISIETCS CIydaid, Korjga runepooia cIaBu-
HyTa OJHOBPEMEHHO MO O00EUM OCsM, TO €CThb HMEET BHJ

a
y= C+—b. B sTOM cnyuyae Hy>KHO ABHIaThCS METOJOM IIO-
X+

CIIENOBATENBHBIX IPUOIMKEHHUI, TO €CTh
- 3ajaBath psijl 3HAYECHHMIT mapameTpa b,
- BBIUMCIATH 3HaueHus 1/(X+D),

- cTpouTh TpaduKH, TA€ MO OCH abCLHUCC OTKIAAbIBaTh
1/(x+b), nmo ocu opaunar y,

- BbIOpaTh TO 3HaueHHE mapameTpa D, mpu koropom rpaduk
HanboJsee OJM30K K MPSIMON JINHUH.

8.15. ®dynkuus perpeccuu Kak KOMOMHAIMS HECKOJBKHX (pyHK-
1107078

Ha mpakTuke MOXET OKas3aTbCs, YTO (QYHKIHUIO PETPECCHU He-
BO3MOXXHO OIKCaTh YJOBJIECTBOPUTEIBHBIM OOpa3oM HH JIMHEHHOM
3aBUCUMOCTBIO, HU JIF00O0M U3 MEPEUHCIIEHHBIX B IPEbIAYIIEM Hapa-
rpade HenmuHEeHHBIX QyHKIMH. Torga cTOUT MOMBITATHCS ANIPOKCH-
MHUpOBATh ee KoMOHMHanuen >Tux ¢yHkuuil. [lemaercs ato crnemyro-
M 00pa3oMm:
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- B obmiem ciydae cyutaeM, 9TO 3aBHCUMOCTh MEXIY (HakTopoMm
X u otkimkoM Y HenmuHeiHa. Torma, HCIONB3ysT Pe3yIbTaThl U3
MpebIIyIIero mnaparpaga, mpeodpasyeM HCXOTHYIO BBIOOPKY
(%s Vi), k=1..,N Ttakum oGpa3om, uTOObI B MEPBOM MpU-
OJIOKEHUH MOYKHO OBUTO CUHTATh, YTO CBA3b MEXKAY Mpeodpaso-
BanHbiMH JaHHbME (X, Y, ), K =1,...,N Hocur nuHeiinsii xa-

paxrep.
- BepluucnsieM napaMeTpbl JMHEHHON perpeccuu.
- Bsruncnsem o6k MHK €,k =1,...,N..

- IIposepsiem cpoiictBa ommboxk MHK. Eciu ommbku He yaosie-
TBOpsitoT nomymeHusM MHK, To momydeHHas anmpokcumanus
SIBIISIETCS CIIUILKOM I'pyOOH.

- JlanbHeiiee yTOUHEHHE MOJEIN MOXHO CIEJaTh, €CIH B Kaue-
CTBE 3aBUCHMOM MEPEMEHHOW HCIMONB30BaTh IOIy4YCHHEIE
OIINOKH, TO eCTh BEIOOpKa nmproopeTaet BH/T

(X, &), k=1,...,N. Dty BBIGOpKY HEoGX0AUMO 06paGOTATH 110

TOM ke cxeme. [Iponecc npogoikaercs 40 TeEX MOp, MOKa HA OI-
PEACICHHOM IlIare OMMOKKM HE CTaHYT yJIOBJIETBOPSATH JOIYIIle-
HusasM MHK. [Ipu 5ToM Ha0 NOMHUTB, UTO HENb3s U3IUILHE T1e-
PEYCIIOXHATH MOACIb, M YTO MOTYYEHHBIC TT0 MOJEIH pe3yiIbTa-
THI JIOJDKHBI pa3yMHBIM 00pa30M MHTEPIIPETUPOBATHCS.
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9. AHAJIU3 ®YPBE

9.1. Beenenue.

B aT0i1 rmaBe M3maraercs METOJ anlIpOKCHUMALMM SMIIApUYe-
CKOM 3aBHCHMOCTH TpHUrOHOMeTpuueckuM psnom Dypee. [laHbl
(hopMyIbl, TTO3BOJISIOIIKE IO PEATBHONW BBHIOOPKE BBIYMCIUTH KO-
¢unuentsr Oypbe, amMmuTyny u ¢asy rapMoHuk. PacckasaHo, Kak
CTPOUTCA aMIUTUTYJHO-4aCTOTHAS XapaKTePUCTHKA DPA3JIOKEHUs, U
KaK OHa MCHOJB3YeTCs Ul BbIIEJICHHUS TapMOHUK C MaKCHMalbHOM
aMILUTATYI0M.

9.2. Yncsaennslii anaan3 Oypoe.

I[TycTh BBIOOpKA 3HAUEHHMIT (pakTOopa X M OTKIHMKA Y 3a1aHA B BU-
ne wmaccuBa (X,,Y,),N=0,..,N, comepxamero N+1 touky,
npudeM Bce 3HadeHHs (pakTopa X yIopsI0UeHbI 110 BO3PACTAHUIO U
PaBHOOTCTOST APYT OT Apyra. byaem cumTarh, 4To BennunHa X W3-
menstercs B untepsaie (0, X, ), cnenoBarensHo BbIGOpKa pakTopa

X sapaercs psgom X, = X, -N/N.

Eciu NpUHSTO pelieHre 0 TOM, YTO CBs3b IepeMeHHbIX X u Y
HOCHT TMEPUOANYECKHI XapakTep, TO amlpOKCHMHPOBATH 3aBUCH-
mocth Y ot X Ha untepsane (0, X ) HE0OXOAMMO TPHIOHOMETPH-

YECKUM PSIOM, TO €CTh (DYHKIMEH BHUIA:

M
f(X) :i+z a,, co m2Zx +b,sin m2x
2 m=1 Xmax Xmax

Jannas  ¢yHkuoust  3aBucut ot (2M+1)  mapamerpa

(ay,8y,..,ay,0;,...,0,, ) . Tax Kak KoMMUECTBO HEM3BECTHBIX Mapa-

metpoB 2M +1 He momkHO npeBbimats 06beM BoIGOpk N +1 | To

M<N/2.

HaunyummM npubnmxeHneM OyJaeT TPUTOHOMETPHUSCKHH psit
TaKuM HAOOpOM IapaMeTpoB, KOTOPHI MUHHUMHU3UPYET CyMMY KBajpa-
TOB OTKJIOHEHHMH 3TOTO Psfa OT BIOOPOUHBIX 3HAYEHUM OTKIMKA Y, TO
ecTb

S= i[yn — f(x,)]> = min
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bes nokazarenbctBa mpuBedeM (GOPMYIBI IS ONPEACICHHUS
HCKOMBIX ITapaMeTpOB:

N-1
am:EZynco mZn 0<m<M
N = N
N-1
bm=32ynsin mZm 1<m<M
N = N

OnpeferieHHbIe IO 3TUM  (QOpMyJiaM IapaMeTpbl Ha3bIBAIOT
Koappuyuenmamu Dypve, a TPUTOHOMETPUICCKHU PsJl C TaKHUMH
kod(pummerTamu  ABIsETCS psidom Dypwve. Torma anmpoKkcHMAIIHS
BexmunHsl Y psigoM @ypee B Touke X, = X, N/ N Oyzer pasHa:

8  ~ 27m : 27
f :?+Z &, 008 M=~ +b_sin M=
m=1

[Ipu yBenuueHun KOJIUYeCTBa FapMOHKK M 3Ta anpOKCUMAIIHS
BCE TOYHEE OIMHUCHIBAET BHIOOPOYHBIC 3HAYCHHS BEIUYHHBI Y, H
HaKoOHell IIpU M = N/2 nns mo60oro N craHOBHUTCS CIpaBeJINBBIM
pasencteo Y, = f .

Opnako, Halla 3aa4a COCTOUT HE B TOM, YTOOBI ¢ aOCOIFOTHOM
TOYHOCTHIO alIIPOKCUMHPOBATE HCXOAHYIO BI)I60pKy, TO €CThb
BKIIFOYUTh B MaTEeMaTHYCCKYH) MOJICNIb BCE HAOIFOMAIONIUECs] 0CO-
OCHHOCTH KOHKPETHOW BBIOOPKH, B TOM YHCIIE U T€, KOTOPBIC B JICHi-
CTBUTEJIBHOCTH HOCST CIy4ailHbId XapakTep. Ham HyX HO HalTH BCe-
ro HECKOJIbKO HauOoJiee 3HAYMMBIX TapMOHMK, TO €CTh TapMOHHK,
MMEIONINX MaKCHUMAaJIbHYI0 aMIuaTyay. /i 3Toro Heo0Xoammo I1o-
CTPOWTH M MPOAHAIM3UPOBATH AMIUTUTYJHO-9aCTOTHYIO XapaKTepH-
CTHKY Pa3JI0KCHUS.

9.3. AMH.]'[HTyIlHO-‘laCTOTHaH XapaKTEepUCTUKA.

Beeznem napamerpsl (R,,6,), KOTOpble HAa30BeM amniumyoa u

¢haza COOTBETCTBEHHO. DTHM BEIMYMHBI CBA3aHBI C IapaMeTpaMu
(a,,b,,) caenyromumu cooTHOLICHHUSIMU:

R,=+a%+b? Hm:—arctgb—m —n<0 <rx
a,

a, =R, cosb,, b,=-R,siné,
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Torna, 3amenus mapamerpsl (8,,,D,,), pasnoxkenune ®ypbe MOKHO

nepenucaTtb B BUAC
M 2 . . 2
f Z%-f-z R cosé,, co mwﬂn ~R,sing_sin mwﬂn
m=1

M
f :i+ZRmco m@+¢9m
2 ™ N

HasoBeM uacmomoti xonebanuit Benmuunny @, =M/ N . Ionusit

HaOOp YacTOT HA3BIBACTCS CHekmpoMm pasioxeHus. Torma oxoHYa-
TEJIHHO TOTydaeM

ao M
fo=" > R, cos2za,n+6,,)
m=1

CMBICI IPHBEIECHHBIX BhIIIE NPE0OPa30BaHHil COCTOUT B TOM, YTOOBI
HEPEHTH OT PsAla U3 CHHYCOB M KOCHHYCOB K PSIIy U3 OJHUX KOCHUHY-
coB. Eciu Tenephb mocTpouTh rpaduk, rae mo ocu abCIuce OTI0KEHA
4acToTa, a 10 OCH OPJMHAT OTJIOKEHA aMILUIMTY/a, TO €CTh IpauK B
koopauHarax (@, R,), To HarmsaHO GyxeT BUAHO, IPH KAaKUX 3HA-
YEHUAX YACTOTHl HAONIONAIOTCS MaKCHMyMbl aMIUIMTYIbI. Takoi
rpauK Ha3bIBACTCH AMAIUMYOHO-YACTOMHOU XAPAKMEPUCTUKOLL
(44X). C nomommpro AYX MBI OJIy9aeM BO3MOKHOCTH BHIOpATh M3
pasnoxkenus Oypbe TOIBKO CaMble 3HAYMMbIE TAPMOHUKH M MPEHE0-
pedb OCTAIBHBIMH. 3aMETHM, 4YTO IEpPHOJ KojleOaHWs CBA3aH C

4acToToli cootHouenneM T, =1/ a@,,.

[Tpu HEOOXOAMMOCTH aHATOTUYHBIM 00Pa30M MOKHO MOCTPOHUTH
@azouacmomnyio xapaxmepucmuxy (@YX), To ecTb rpaduk B KOOp-

nuHarax (@,,,0,,) .

9.4. Ilpumep BbIAeeHUS] OCHOBHOW TapMOHHKH € TOMOIIbIO
anaaun3a Oypoe.

PaccMOTprM BBIZICICHHE OCHOBHOM TapMOHUKH C IOMOIIBIO
anammsa Oypre Ha mpuMepe BBIOOPKH, cocTosmel n3 256-tu Touek

(Xn,yn),nzo,...,255. I'padmk HMCXOIHBIX NaHHBIX TPUBCIACH HA
pHUCYHKE.
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6_
. + VicxoaHble AaHHble
* N
4 o .
) St
L .
2 'y o Catt
1 L X0 **
LN SR K cold
? ‘0 * . * M 0'0 TN
* 4 *
0 g lv: LA M T M .‘r .? 1
e . * ”
X3 e
. R :50 1 .‘“ 9}50 20 ‘.. . %50 300
*
-2 7 0: .0 ." o ~. . A AL 0: ”
: N ?’. A4 * * ‘ ¢ ’.'. ‘.
% o
ot -, 0
44 ¢ 0’. 0"
*
M *
6

OTOT TpadK JaeT OCHOBAHHUS MPEIIIONIOKHUTH, YTO CBS3h MEPEMEH-
HBIX X 1 Y HOCHUT mepuoaudeckuii xapakrep. [lo meTomuke, m3io-
YKEHHOH B MpeapIaymux 2-X naparpadax, mpecTaBuM anmpoKCUMU-

PYIOIIYIO  (PYHKITHIO

pagom @Dypbe W TMOCTPOMM aAMIUIATYIHO-

YaCTOTHYIO XapaKTEPUCTHKY.

amnnutyna

AYX

0.1

0.2 0.3 04 05

Yyacrora

MaKCI/IMYM AMIIIUTY bl HAXOJUTCA B Ha4aJbHOM YacTH CIICKTpa.
PaCCMOTpI/IM HO,I[pO6HCC 9TOT Y4aCTOK.
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AYX

aMnnutyaa

0 001 002 003 004 005 006 007 008 009 01

Yyacrota

[Ipu GuKalIeM PacCMOTPEHUH OKA3bIBAETCS, YTO MAKCUMYM
ammuty bl ipuxoautcst Ha yacrory @ =~ 0.01 (nepuox T =~ 100).
VYuutsiBasi, ut0 @,, =M/ N, paccanraem 1yist 9T0ro 3HaUEHHs Yac-
TOTHI KO UIMEHTHI pasioxkenus Pypoe:

a, =a(w,,) =-0.1049

b, =b(w,,) =-2.8918
Ucnonb3yst 3TH JIaHHBIE, BBIYMCISEM aMIUIATYLy W (a3y OCHOBHOM
rapMOHUKH:

R, =2.8934
6, =1.6070

Takum obOpasoM, Pypbe-anMpOKCUMANUS HCXOMHBIX JAaHHBIX H
OIMOKH MOAEITH OYIyT BEIYUCIATHCS 10 (hopMyIam

f =R, cos2zw n+6, )= 2.8934-cos(2z -0.01-n+1.607)

€& =Yn— fn
[IpuBenem rpaduk HUCXOAHBIX JaHHBIX BMecTe c Dypbe-
anmnpokcumarnueil u rpaduk ocTaTkoB (OIIMOOK MOJEIHN).
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+ llcxooHble gaHHble

—— dypbe-annpokcyMaLms

300
-6 -
6 -
+ Ocrarku
4
2 AR ¢ 0‘
1 . . .
:0 '.0 y NN s ’“.; ’0 ¢ .° :\?0
* *» 9, J
04 *? “,:0 AR X .::.N oa *® \or R
) (4 LR ) *
EANNE P3N S T J80 %o Toqp weet 4250 300
PR 2 * * * ‘0 4
24,8 . . o . . N
* * *
4 4
64

O4eBHUIHO, YTO OMIMOKM aNMpOKCHMAIMU HOCAT HENepHoanYe-
CKUH Xapakrep. B mpoTuBHOM ciydae HyXHO ObUIO OBl TOBTOPHUTH
BCIO IPOLEAYPY, HUCIONB3YS B KaueCTBE HCXOJHOH BBIOOPKH 3TH
omuOKH, ¥ IOBTOPSTH €€ 10 TeX MOp, MoKa He OyIyT BBIACICHBI BCE
3HAYMMBbIE TAPMOHUKH.

Ila mpaxTrke, Ipy U3YUEHUH TUHAMHUKYU IIEH aKTMBOB HE PEKO-
MEHJTyeTCsl MCIIONb30BaTh ISl aNlpOKCUMAIIMK 3THX DPANOB Oojee
Tpex rapMoHUK Dypre.
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10. NPUMEHEHUE MHK NPU U3YYEHUU JAWUHAMMU-
YECKHUX PAA0B

10.1. Beaenwue.

AHanuTHYeckasl anmpoKCUMaIusl JUHAMUYECKOTO BPEMEHHOTO
psiaa, coAep KaIero eHbl HEKOTOPOTO aKTHBa B MOCIIEIOBATEIbHEIC
MOMEHTHI BPEMEHH, MPEACTaBIAeT COOOH MaTEeMaTHYECKyI0 MOIENb
pa3BUTHS BO BPEMEHHU 3TOrO JIMHAMUYECKOTO psja M OIMHCHIBACT
MIPHUCYIINE €My CTATUCTHYECKUE XapaKTEPUCTHKH.

AHanuTuveckas anmpoKCHMAaIHUs COAEPKHUT B cebe HEKOTOPYIO
YCJIOBHOCTB, CBSI3aHHYIO C T€M, YTO I[€HA aKTHBa PacCMaTPHUBACTCS
kak (yHKIUS BpemMeHn. Ha camMom Jene 1ieHa 3aBHCHT HE OT TOTO,
CKOIIbKO BPEMEHH IPOILIO ¢ HA4aJhbHOTO MOMEHTA, a OT TOTO, KaKue
(akTOphl Ha HEe BIUSUIM, B KAKOM HANpPaBJICHWU U C KaKOW WHTCH-
CHUBHOCTBIO OHHM JCHCTBOBAIM. 3aBUCHMOCTH OT BpPEMEHH MOXKHO
paccMaTpuBaTh Kak BHEIIHEE BHIPAKEHHE CYMMAapHOTO BO3JIEHCTBHS
3THX (aKTOPOB. Y JOBIETBOPUTEIHHBIM 00pa30M ammpOKCHMHPOBATH
JTUHAMAYCCKUM P C MOMOIIbI0 METOJa HAWMEHBIIMX KBaJApPaTOB
BO3MOJXKHO JIIIH TOT/Ia, KOTJIa BO3JICHCTBHE BCEX BIUSIOMIMX (HaKTO-
POB OHOPOAHO HA BCEM pacCMaTPUBAEMOM MTPOMEXKYTKE BPEMEHH.

B ciydae, ecnu nMHAMUYECKUU Pl LIEHBI aKTHBA yJaeTCs aIl-
MPOKCUMHUPOBATh aHAUTHYECKON (DYHKIMEW BPEMEHH C COOIIOfIe-
HueM ponyuiennit MHK, craHoBUTCS BO3MOXHOM SKCTpPANOJIALIMS
9TOW (PyHKIWH, TO €CTh MPOTHO3 IIeHHI B OyAyIIne MOMEHTHI Bpeme-
HU. OHAKO TIPHU 3TOM CTOMT MIOMHUTH, YTO TPHU MPOTHO3E HESBHBIM
0o0pa3oM Mpenrnoaraercsi, 4To T€ e CaMmble YCIOBHSA, B KOTOPBIX
(hopMHpPOBANKCH IIEHBI B TPOIIOM, OYAYyT CYIIECTBOBATh U B OyIy-
meM. Vcnonp30BaHUE SKCTPANONSIMA B M3MCHHUBIIUXCS YCIIOBHUSIX
OyJeT IPUBOAUTH K OIIUOKAM, BBIXOSIINM 332 PAMKU OOBIYHBIX ISt
MHK mnorpemHocTeld, CBSI3aHHBIX C IIMPUHOW MOJOCH HEOIpeJie-
JICHHOCTH JIMHUM perpeccuu. J{oJrocpoYHbIe MPOTHO3bI COMPSIKECHBI
¢ OOJBIIMMU OIIMOKAMU, YeM KPaTKOCPOUYHbIe. Bo-niepBhIX, 3TO CBS-
3aHO C pacCIIMPEHHEM TOJOCHl HEOIPEIEIeHHOCTh JINHUU PETPECCHU
MIpH YAAJIECHUH OT IEHTPA THKECTH SMITUPUIECKIX JaHHBIX, IO KOTO-
pPBIM 3Ta TUHUS ObUIa TOTydeHa. Bo-BTOPHIX, 3TO CBSI3aHO C BO3pac-
TaHUEM BJIHMSIHHUS HOBBIX (PAKTOPOB TPH YBEIWYCHHUU IEPHOJA TPO-
THO3A.

138

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



asea 10. lNpumeHeHue MHK npu udyyeHuu OuHamu4eckux psidos

st Toro, 4ToOBl AUHAMUYECKUN DA MOXKHO OBbIIO 3P PEeKTHB-

HBEIM 00pa3oM amnmpoKcUMHupoBaTh ¢ mpuMeHenneM MHK, atot psng

JIOJDKEH YJIOBJIETBOPATH CIEAYIOUIIM YCIOBUSIM:

- OBITh IOCTaTOYHO JAJTUHHBIM,

- OBITh KaK MOYXHO MEHEE BOJATHUIIHHBIM.

IIpu sTOoM crnenyer cka3atrb, uro npumeHeHne MHK npu uzyuenuun

BPEMEHHBIX PSAJIOB UIMEET CIIEAYIOLIHe 0COOCHHOCTH:

- A afJanTUpPOBaHUSl PETPECCHOHHON MOJENN K M3MEHSIONIMMCS
YCIOBUSIM HEOOXOIUMO MEPHOANYECKH IepPEeCYUTHIBATh Tapa-
METpPbl MOJIEI C yYETOM HOBBIX JaHHBIX, @ WHOT/Ia BO3MOXHO
nepecMaTpuBaTh camy MO/IENb,

- TIpU pacyeTe mapaMeTpOB PETPECCHUHU BCE SMITUPUUECKIE JTaHHBIC
BXOJAT C OJMHAKOBBIM BECOM, XOTS WHTYUTHBHO TOHSATHO, YTO
OoJiee MO3/AHME JaHHBIE UMEIOT OOJBIIYIO IEHHOCTb.

10.2. Moaeab AMHAMHMKH II€H AKTHBOB.

buprxeBrlie 11eHBI aKTHBOB (DOPMHUPYIOTCS KaK pe3ybTaT COBMe-
CTHBIX I[eﬁCTBPIfI OOJIBIIIOT0 KOJNYECTBA Y4aCTHUKOB pPbIHKA H, KakK
CJIEJICTBUE 3TOTO, B HUX IIPUCYTCTBYET CIydaiiHas COCTABIISIFOIIIAS.

PaccMoTpuM BpeMEHHOW psijl, COCTOAIIUM M3 TOCIIEN0BATENb-

HBIX 3HaueHHil LeHsl Hekotoporo aktusa P, P,,..., P . Ilena ne mo-

JKET OBITh OTpHHaTeHBHOﬁ, HO MOXKET HNPHUHHUMATH CKOJIb YI'OJHO
OOIIbIINE MOIOKUTEIbHEIC 3HAUCHUS. CHCZ[OB&TCJ'ILHO, 1 OTHOLICHHUC

IIEH B IIOCJICIOBATEIbHBIE MOMEHTHI BpEMEHU F}(/ P, Ttakxe He

MOJKET OKa3aThCid HUXKE HYJA, HO MOXET OBITh CKOJb YTOJHO 0OJb-
M. 3HAYUT IUIOTHOCTH BEPOATHOCTH IIEH aKTHBOB W ILIOTHOCTB
BEPOSITHOCTA OTHOIICHUS IEH JOJKHBI KMETh MOJIOXKHUTEIBHYIO
ACMMETPHIO.

Curyanus MeHseTCs TIPH Hepexoie K JIoTapu(maM OTHOIICHHS

ueH, To ectb k Bemunne Ay, =IN(R, /R_;). Pacnpenenenue nora-

PUPMOB yKe MOXKET OBITh CHMMETPHYHO M BO3MOXKHA €T0 arpokK-
CHUMallMs OJIHUM U3 aHAIMTUYECKHUX 3aKOHOB pacrpeiesieHUs], KOTO-
pBle OBLUIH pacCMOTPEHBI BO BTOPOi rimaBe (Kak IpaBHiIo 000OIIEH-
HBIM 9KCIOHEHIMAIBHBIM pachpenesieHuem). [pu 3Tom norapupm
IIEHbl B MPOW3BOJIBHBII MOMEHT BPEMEHH CKJIAJbIBACTCS W3 JIOTa-
pudMa IIeHbl B HAYAIbHBII MOMEHT BpeMeEHH (3Ta BEIUYUHA TIPE/
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nojJaracTcsa HeCTOX&CTH‘ICCKOﬁ) U CYMMBI HOFapI/I(I)MOB OTHOIICHUS
LICH:.

In(R) =In(R) + ' In(R,/ R,

Ecnu Benmunnel Ay, = IN(P, /B,_,) He3aBucumbl u ume0T KoHEY-
HYIO JHCIIEPCHUIO, TO COTJIACHO LEHTPAJbHON MPEIeIbHON Teopeme
senmunna Y, = IN(R) Gyner nopmanbHo pacnpenenena npu 06om

3aKkoHe pacnpenenernst AY, . Tak kak jorapudm HeHbI pacrpeneneH

HOPMAJIbHO, TO LCHa MOAYHUHACTCA JIOTHOPMAJIIBHOMY paCIpCacic-
HHIO.

I/ITaK, €CJIN BCC CJIy‘{aI;'IHBIG BCIINYHMHBI Ayk HC3aBHCHUMBI U 110~

YUHAKOTCA OAHOMY U TOMY K€ 3aKOHY pacCOpcACsiCHUusA ¢ MaTCMaTu-
v 2 o

YECKUM OKUIAHUEM [ W OJUCNIEPCUEU O , TO CllydanHas BEJINYUHA

IN(R,) Gyzmer umers HOpManbHOE pacHpeleleHHe ¢ MaTeMaTHue-

o 2

CKUM OXHIAHUEM ,U t u Jucrepcucu (o2 t CJ‘IQI[OBaTeJ'ILHO, Jiora-
pI/I(l)M IICHBI B HpOHSBOJ‘ILHHﬁ MOMCHT BPpEMCHH MOKHO 3aIllUCaTh KaK
In(R)=In(P,) + ut + ot z
rac Cﬂy‘{aﬁHaﬂ BEJINYUHA Z NOAYUHACTCA CTaHAAPpTHOMY HOPMAaJlb-
HOMY pacIpelesICHUIO.

PI/ICKOBHG AKTHUBBI HUMCHOT IIOJOXUTCIBHOC MATCMATHUYCCKOC
O)KUJaHHe 10X0Ja, CJIENOBATEIBHO LI > 0. BenuuuHa M omnpenens-

€T TPEHJ aKTHBA, TO €CTh BO3JCHCTBUE HA IEHY IOCTOSHHO IEHCT-
BYIOIINX CHCTEMaTHUECKUX (PaKTOPOB.

BennunHa O omnpenenseT BONATWIBHOCTh aKTHBA, TO €CTh BO3-
JIeHiCTBHE Ha [IEHY MHOXKECTBA CITy4aiHbIX (haKTOPOB.

OTHOLIEHHE 0)XKUIAEMOT0 T0X0/1a K 0XKHMJIAaeMOMY PHUCKY 3a elu-
HUILY BPEMEHH fL] O XapakTepusyeT CTENEHb YCTOMYUBOCTH POCTA

IIEHBI aKkThBa. YeM BBIMIE ATO OTHOIICHWE, TEM IpHUBJICKATEIbHEE
[IPU OPOYMX PABHBIX YCIOBUSX MHBECTHUIINH B TaHHBIN aKTUB.
Hapsnmy ¢ BiusHHEM NOCTOSHHO ACWCTBYIOIIMX (DAaKTOpOB H
CITy4JaliHBIX KOJIeOaHWH, IieHa aKTHBA MOXKET HUCITBITHIBATH BO3ICHCT-
BHUC HpI/IT-II/IH, xapaKTepmonumxc;I IMUKJIINYCCKUMHU KOHe6aHI/I$[MI/I.
Bo3HNKHOBEHHE IIMKIIOB CBS3aHO C M3MCHEHHEM OIICHKM WHBECTO
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paMu OKHUAAEMOr'o J0XO04a aKTHUBA. C YUE€TOM IMCPUOANYCCKUX KOM-
IIOHCHT MOAECJIb NTMHAMUKHA LEHBI MOXKHO ITPEACTABUTH B BUIEC

In(P) =In(F{))+yt+§:Rmcos(27rt/Tm +0.)+ovtz

m=1
rac T, -me nozna KOJ‘ICGaHI/IS{, - aMILIMTyaa KOJ‘Ie6aHI/I$I, 9 - Ha-
m m

yanpHas (aza. CylecTByeT SMIUPUYECKOE TIPaBUIIO, KOTOpPOE Ha3bl-
BAIOT NPUHLUIIOM MPONOPLUUOHAIBHOCTH, COTJIACHO KOTOPOMY am-
IUIATYbl KOJIeOaHUH MPSMO NMPONOPLMOHAIBHEI UX Tepuoaam. s
BBIJICJICHHS OTACIBHBIX TAPMOHHUK M3 BPEMEHHOTO PsiJia LIEHBI aKTHBA
UCTIONB3YIOT aHanu3 Dypee.

C ydeToM BBIIIECKA3aHHOTO, HCCIECJOBAHHE IUHAMUKU IICHbI
aKTHBA JIOJDKHO BKIIOYATh B Ce0s CIEIyIOIINE ITAIIbI:
- olpexeseHHe TPeHa,
- OHpeAereHUE HUKIMYECKUX KOMIIOHEHT,
- COCTaBJICHHE IPOTHO3a IICHbI aKTHBA.

10.3. Onpenenienne Tpenaa.

B kauectBe HUCXOOHBIX JAHHBIX PACCMOTPUM ILCHBI 3aKPBITUA 10

unjekcy oy JxoHca Ha mocieHui TOProBbIil IeHh Mecslia 3a Ie-
puon ¢ 1932 o 1999 rox.

Wnpekc Ooy MhxoHca
12000 -
10000 -
8000 -
6000 -
4000 +
2000 -

0 T T T T T T T T T T
— (o] n N [o0] n N o (e} [s2] (2]
™ ™ < n n (] N~ N~ [ee] [e)] [o)]
: 2§ 2 £ 5 3 % § O 3
§ @© S x T o g b S = g

Paccmotpum TOT ke rpaduk B moiryorapuMuIeckoM MaciTaoe.
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WHpekc Ooy [xoHca

100000 -

10000 -

1000 -

100 -

10 T T T T T T T T T T
% 8 ¢ 3 88 8 2 8 3 8
i 2§ £ % 3 5 % 8§ % 8
S © s ® T [$) S = = x g

[Monmynorapudpmuueckuii rpaduk JaeT OCHOBaHH MOJarath, YTo TPEH]

norapudMa [EeHBI 3aKPBITHSI MOXKHO B MEPBOM NPHOIMKEHUH ONUCATh
JUHEHHOH (QyHKIMEH BpeMEHH.

Jlyist MOCTpOEHHMST PErpecCHOHHOM MoIeH B KauecTBe (akropa (He-
3aBHCHMOIl MepeMeHHO#H) OyJIeM HCIoip30BaTe HOoMep Mecsna. Ilpu
9TOM TIEPBBIH Mecsii B BeiOopke (suBaps 1932 roma) momydaetr Homep O,
mocieaHuii Mecsai B BeIOOpke (mexabpp 1999 roma) moaydaer HOMEp
815, to ectb t, =0,...,815. O6bem BeiGOpkn N =816 Touex.

OTKIMKOM (3aBHCHMOI TEPEMEHHOM) SIBISETCS JIOTapU(pM IEHBI

sakpoitust Y, = IN(P,). DMmupuueckas sasncumocts orkimka ot dax-
TOpa IpUBECHA Ha PUCYHKE!

AMnupurye ckaa 3aBUCUMOCTb
10.00 -

9.00 -

8.00 -
7.00 4
6.00 4

5.00 A

4.00

3.00 +

100 +
200 A
300 A
400 A
500 A
600
700 A
800 -
900 -
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Ouyenka napamempos TUHelHOI pezpeccuu

[IpuMeM TUIIOTE3Y O TOM, YTO CBA3b (PAKTOPA U OTKJIMKA BBIPAXKAET-
ca nmuedinon ¢Qynximenn  f(t) =at+Db. Ouenkun napamerpos
JIMHEWHOM PErpeccry MPOBOAATCS 1O GOpMyJIaMm:

Dty -N-T-Y
a=-+L b=Y-a-T
=2

DtZ-N-T

k=1
rae
- 1 o 1
T N;tk Y N;yk

BrruncneHnabie 3HaYCHUS mapaMeTpPOB COCTABIIAIOT.

a=0.005, b =4.402

OMIupUYecKas 3aBHCUMOCTh M JIMHEHHAS amnmpoKCUManus n3o0pa-
JKEHBI Ha PUCYHKE!

AMnupuyeckas 3aBUCUMOCTb U NIMHENHasA annpoKcumauus

10.00 ~
9.00 +
8.00 A
7.00 +
6.00 A
5.00 A

4.00

3.00 +
=}

T T T T T T
o o o o o o
o o o o o
— N [32) < Yol ©

700
800 A
900 -

[Tpu 3TOM rpaduk OmMUOOK anmpoOKCUMAIIH
e =Y, —at, —b=y, —0.005t, —4.402

HUMECT BU:
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OwnB KN NMHeMHON annpoKkcumauumn

)l ]

T T " T T 1
o o v o o o
o o o o o o
™ < O M~ [e5] o

Jucnepcus ouenox napamempos 1UHeNHOU pezpeccuu

OneHka AUCIEPCHU CIy4YalHBIX OTKJIOHEHHWH OTKIHMKa Y OT JMHHUU
perpeccpm (H606I>${CHCHH8.${ L[chepcpm) BBIYHUCISETCS IO popMyIie

Zek_ Z(yk at, —b)”

BBI‘II/ICHGHHI:IC 3HA4YCHUA HCO6’L}ICHCHHOI/I AUCTIEPCHUU U COOTBETCT-
BYIOIIIEC C.K.O. PABHBI:

c2=0098 o, =0313

Orenka aucriepceun napametpoB & u D Bepakarorcs Gopmynamu

2

EN 2

o} 0'2 Xk
2 _ e 2 _ e

Ga——N o, =

_ N _ N

> (%= X)? 2 (%= X)?

k=1 k=1

PacueTHrIe 3HAaYEHUS 3THX BEIMYHH 110 BLIGOpKe COCTaBJIAIOT
c:=2210"°

o, =47-10"
o, =22-10

Koaghgpuuyuenm oemepmunayuu

=48-10"

KauectBo nmuHMM perpeccun xapaxrtepusyercs kodhduimeHToM Je-
TEPMHHAIUH:
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2
B paccmatpuBaeMoM ciydae 5Ta BeauunHa paHa R =0.9348. Tak
KaK CpeJHEKBaApPAaTUYHbIE OTKIOHEHHS OTKIMKAa Y M OIIMOOK ammpoK-
/ 2
CHMAIuH € CBSA3aHbI cooTHOmeHueM O, =V1—R" -0, 10 nomyuaem,

4TO C.K.0. OIIMOOK NPMOIU3UTENLHO B YETHIPE Pa3a MEHBILE C.K.O. OT-
KINKa: Oy = 0.2550'y.

10.4. CtaTucTH4yecKHe BBLIBOALI 0 BeJMYHHE MAPAMETPOB per-
peccum.

HCO6XOI[I/IMO y6eI[I/ITBC$[, 4YTO 3HA4YCHUA IapaMETpOB pPErpeCcCuu
3HAYMMO OTJIMYAIOTCA OT HYIJIA. 21.]15[ IMPOBEPKHU OTOIO BBIABUT'AKOTCSA
TUIIOTE3HI.

H,: a=0 Hy,: b=0
H,: a=0 H,: b=0
1) Ipumem seruuury yposHs SHAUUMOCIU
q=0.05
2) Paccuumaem kpumepuu npoeepru
=2 005 pe4
o, 4.7-10
VD 2y
o, 22-10

3) [Ilpasuno npunamus peuierus

Mpusste Hy, e — tl-q/z, , St< tl—q/2, .

B mpoTuBHOM cityuae NpUHSTH M1, TO €CTh {1 IPUHUMAETCS, KOTJa
KpUTepuil TpoBepku 1 momagaeT B KPUTHYECKYI0 OOJIACcThb

|t |>tl—q/2,v'

4) Pacuem epanuy Kpumuueckoi oonacmu
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tq/0, = CTBIOJPACIIOBP(q, N - 2) =
= CTBIOJPACIIOFP(0.05, 814) =1.96

5) TIlposepxra eunomesvl
Tak kKak KpUTEpUH TPOBEPKH UII OOOMX IapaMeTPOB PETrpecCHH
HaXOJATCs B KPUTHUECKOI 001acTH, Mbl IPUHUMAEM THIOTE3Y H.
OTO 03HAYaeT, YTO IPH 33JaHHOM YPOBHE 3HAUMMOCTH IapaMeTphl
perpeccuu CTaTUCTUYECKH 3HAUUMO OTIMYAIOTCS OT HYJIS.

Cmamucmuueckue 6bl600bl 0 geuduHe Kodppuuyuenma oemepmu-
Hayuu

Yo6emumcss B TOM, YTO KOI(PQPHUIMEHT JETCPMHUHALMU 3HAYUMO
OTAMYaeTcs OT HyJs. J[Isk IpOBEPKH 3TOT0 BBIIBUTACTCS THIIOTE3A:

H,: R®=0

H,: R°>0

1) Ilpumem éeruuuny yposHs 3HAUUMOCHU
g=0.05

2) Paccuumaem kpumepuii Rpogepxi

- R’ 09348
1-R?)/(N-2) (1-0.9348)/814

3) [Ilpasuno npunsamus peuierust

11671

[punsts Hy, ecmu F < Fl—q,vl,v2'

B npotuBHOM ciy4ae npuHAThE 1, TO €cTh /{1 IpUHUMAETCS, KOTAa
KpUTEpUH TIpOBepkd F  momagaer B KpUTHYECKYIO 06IacTh

F>F_
=

1-q,viv2

q,viv2 "

- OTO KBAaHTWJIb F -pacOopeacicHus, COOTBETCTBYIOIIAsA

YPOBHIO 3HaumMoctd ( ¢ V; =1 cremeHAMH CBOOOZBI IS

aucnutens 1 V, = N — 2 crenensimu cBoGOBI 115 3HAMEHATEIIS.
4) Pacuem epanuy Kpumuueckoi oonacmu

Foqve = FPACIIOBP(Q,v,,v,) =
= FPACIIOBP(0.05, 1, 814) = 3.85

5) [Ilposepra eunomesvl
Tak kak KpUTepwii MPOBEPKU s KOd(PHUIMEHTA ASTSPMHUHAIIUH
HAXOIUTCSl B KPUTHIECKOW OOJIACTH, MBI MIPUHUMAaEM THITOTE3y Hj.
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DTO O3HAYaeT, YTO IMPH 3aJJaHHOM YPOBHE 3HAYMMOCTH W3MEHCHHUSI
OTKJIHKA Y OOBSICHSIOTCS n3MeHeHneM daktopa t .

10.5. Tlonoca HeompeneJeHHOCTH PACCESTHHS IMIUPUYECKHX
JAHHBIX OTHOCHTEJILHO JIMHUH PErPecCHH.

Jucnepcus caydaiinoii Benmuuunsl Y = f +€ B nmpoussosnbHoi Touke t
BBIYUCIISETCS 110 popmyIie:

__ 2
0$+e :O'Z . 1+i+%
24 -T)°
k=1

e

rae B
o, =0.313 N =816 T =4075

N

> (t, —T)* =45278140
k=1

B nmamHOM cnydae Ha OGombIIOM Juama3zoHe wu3MeHenus (o 6e3
CYIECTBEHHOH IOTEPU TOYHOCTH BTOPBIM W TPETBUM CIIaracMBIM B

2 2
CKOOKaX MOYKHO ITPeHeOpeyb, TO ECTh O, , = O, .

Bemanna Ay = 2tl—q/2,vo-f +e HasbIBacTCd IIMPHHOH  IIOJIOCHI
HEOTIPEJIENIEHHOCTH.  3a/aiuMCsl  JIOBEPHUTEILHOW  BEPOSTHOCTBIO
P=0.95 (q=0.05). Torna xBautunb pacnpeneneaus CThIocHTa
paBHa

ty /2., = CTBIOAPACIIOBP(q,v) =
= CTBbIOJJPACIIOEP(0.05, 814) =1.96

[lluprHa MOIOCHI HEONPEAETEHHOCTH COCTABHT

Ay =2-196-0.313=1.226

CnenoparensHo, ¢ BepostHocThio P = 0.95 cnyuaiinas Benwuuna
y= f+e 6yaeT JIS)KaTh B IIpeaciiax.:

f—Ay/2<y<f+Ay/2
(0.005t + 4.402) — 0.613< y < (0.005t + 4.402) + 0.613

SMHI/IpI/I'-IeCKaSI 3aBUCUMOCTDb U €€ IMO0JI0Ca HCONPCACICHHOCTH H306pa—
JKCHBI Ha PUCYHKE!
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3Mﬂupuqecxaﬂ 3aBUCUMOCTb M nNoyioca HeonpeaeneHHOCTHU

10.00

9.00
8.00
7.00
6.00
5.00

4.00

3.00

T T T
o o o

o
< Yo} (s3]

100
200 -
300 A
600 -
700 A
900

[Ipusenem taxxe rpaduk ommbok MHK u ero momocy neompene-
JIEHHOCTH.

OwunMGKM NMHeWHOW aNnnNpoKCMMaLMmM M nonoca
HeonpeneneHHOCTHU

1.00

0.80 :| [l
0.60 A
0.40
0.20
0.00
-0.20
-0.40
-0.60

¥
-0.80 :| v
-1.00

KoauuectBo TOYCK, HaXOaAIIEECd BHYTPU ITOJIOCHI HCONPECACIICHHO-

ctH, paBHO 774, uto cocraBuser (774/816)-100% = 94.85% or

o0beMa BBIOOPKU. DTO COOTBETCTBYET JOBEPUTEIBHON BEPOSTHOCTH

P=0.95.

10.6. ITpoBepka nomymenuniit MHK.

Jng Toro, 4ToObl MBI MOTJIM CKa3aTh, YTO MOJETh aJeKBaTHA
SMIUPUYECKUM JAaHHBIM, OLUIMOKU e JOJDKHBI 00JaJaTh CIIeIyFOH-
MU CBOMCTBaMHU:

1) OmuOKH JOMKHBI SBIATHCS pearn3aleil HopMaabHO pacmipeje-

JIEHHOM CIIy4allHO! IIEPEMEHHOM.

2) MareMaTrueckoe OKHAAHUE OMIMOKU JOJDKHO OBITH PaBHO HY-
mo: M(e,)=0.
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3) Mucnepcus oumbky fomkHa ObiTh HoctosiHua: D(g,) = o?.

4) Ommbku  JOWKHBI  OBITh ~ HE3aBUCHMBIMH, TO  €CTh

( ) 0 K# |
cov(e,e )=
. o> k=]

Ilposepka zunomesvt 0 Mmom, Umo OWUOKU HOPMATLHO pacnpede-
J1eHbl

OIICHKM OCHOBHBIX TapaMeTPOB pPaCHpECICHHS BEITUYHHBI e
MIPUBEICHBI B TA0JIHIIC:

Haumenosanue oyenxu Benuuuna
HenTp pacnpenenenus € 0.01
CpenHexBagpaTHYHOE OTKIOHEHHE O 0.313
Koaddunuent acummerpun Y 0.063
C.x.0. ko3 dureHTa acuMmMeTpun & p 0.085

Js TpoBEpKHM THIIOTE3Bl O TOM, YTO OIIMOKH HOPMAJIEHO
pacrpeneneHsl, HaM HEOOXOONMO TMOCTPOUTH THUCTOTPaMMYy
BBIOOPOYHOTO pacrpeeNCHHs BETUIHUHEI e.

OnTUManbHOE YHCIO CTOJIOIOB TMCTOTPAaMMBI MOXKHO HAaWTH,
OKPYTJIMB BHHU3 JI0 OJIMKaimero OOJBIIEro WM PaBHOTO IIATH
HEYETHOTO LIEJIOTO BEINYNHY, OIPEIeIeHHYIO 110 (hopMyJIe:

L e+15 N
6

Beiuncinennoe 3mauenne L =9. Takum o6pasom, o001acTh
W3MEHEHUS BEINYHMHEI e pa30onBaeTcs Ha 9 HHTEPBAJIOB, B KAKIOM U3
KOTOPBIX ~ HEOOXOJUMO  PACCUMTATh SMIIUPHYSCKUE  YACTOTHI
TIOTIaJaH¥sI B COOTBETCTBYIOIIUI HHTEPBAI.

[Ipu ncnonp3oBarmy KpuTepus cormacus [Iupcona HeoOXoaMMO
BBIYUCINUTH BCJ’II/I‘II/IHy:

2 LTi_ ?
Z:Z:l:( Tsﬁ)

rae
L - KkoaM4ecTBO CTOJIOOB THCTOIPAMMBI,
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S - SMIMpUuecKas 4acToTa MOMajaHus B i-if cTonoer,

T. - Teopernueckas yacTora rmomagaHus B i-if cronber.

[TpuBeneM TaOIUIy SMITUPUIECKUX YACTOT.

Howmep un- Jlesas  Ilpasas Omnupuyeckas

mepeaid  epanuya  eparuya  ygcmoma S,
1 -08732 -0.6791 5
2 -0.6791 -0.4851 46
3 -04851 -0.2911 87
4 -0.2911 -0.0970 166
5 -0.0970 0.0970 206
6 0.0970 0.2911 139
7 02911 04851 124
8 04851 0.6791 22
9 06791 0.8732 21

Tak kak oOTHOIIeHWE KO3(PUIMEHTA AacCHMMETPHUA K  €ro
CPeIHEeKBaAPATHYHOMY OTKJIOHEHHUIO MEHBIIIE TPEX

ylo,=0.063/0.085=0.738< 3

TO  HECUMMETPUYHOCTH  HOCHUT  CIy4allHBI  Xapaktep U
pacmpenencHue 4acTOT MOKHO pacyYeTHBIM oOpa3zom
CUMMETPHPOBATh OTHOCUTEIHFHO IEHTPAIBHOTO TISITOTO CTONOIA!

Homep un- Jlesas  Ilpasas Omnupuyeckas

mepeand  epanuya  epanuya  ygcmoma S,
1 -08732 -0.6791 13.00
2 -0.6791 -0.4851 34.00
3 -04851 -0.2911 105.50
4 -0.2911 -0.0970 152.50
5 -0.0970 0.0970 206.00
6 0.0970 0.2911 152.50
7 02911 04851 105.50
8 04851 0.6791 34.00
9 06791 0.8732 13.00

Beraucnum TEOPETUYECKUE YaCTOTHI MONaIaHus B

COOTBETCTBYIOIMIT MHTepBaa jii HOPMAJIbHOTO paclpeieleHus C
(1 =0.01, o = 0.313) u paccunraeM BenuduHy ¥ :
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Howmep un-  Jlesass  Ilpasas Omnupuueckas Teopemuueckas (T _ 51)2

mepeana epanuya epanuya .o o S wacmoma '|'I ! T
i

1 -0.8732 -0.6791 13.00 10.03 0.88

2 -0.6791 -0.4851 34.00 37.08 0.26

3 -04851 -0.2911 105.50 94.29 133

4 -0.2911 -0.0970 152.50 165.03 0.95

5 -0.0970 0.0970 206.00 198.88 0.25

6 0.0970 0.2911 152.50 165.03 0.95

7 02911 04851 105.50 94.29 1.33

8 04851 0.6791 34.00 37.08 0.26

9 0.6791 0.8732 13.00 10.03 0.88

UTOI'O ZZ =7.09

3agagumcs yposrem 3naunmoctu ( = 0.05. Torma ¢ yuetom toro, uro
KOJIMIECTBO CTETIEHEH CBOOOIBI PABHO

v=L-1-r=9-1-2=6

IPaHUIa KPUTHYECKOI 06IACTH BBIYMCIAETCS KaK:

Xiq, = XU20B5P(0.05, 6) =12.59

Tak kak Zz < Zf_ TO pacnopeacjacHue OTKJIOHEHUM OT JIMHUU

q.v?
perpeccuy MOXKHO alNpOKCUMHUPOBATh HOPMAJbHBIM paclpe/iesieHuEM
IIPY 33IaHHOM YPOBHE 3HAYMMOCTH.

Ilposepka zunomesvl 0 MOM, YMO MAMEMAMUYUECKOE O0NHCUOAHUE
OWMUOKU PABHO HYTIIO

ITpoBepka rumoTess! OCyIIECTBISIETCS IO CXeMe:
1) Anpuopusie npednonodicenus
MareMaTndecKkoe 0KHIaHNe OMUOKH PaBHO HYJTIO
#e=0
2) Pesynbmamoi ucnvlmanus
Bri0opounas cpeHsist OMIHOKH U BEIOOPOYHOE C.K.0. OIIHOKH
e=0.01
o, =0313

npu o6veme BeiGopkn N = 816.
3) [Tunomesa
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Hy: e=0
H,: e=0
4) [Ipunamas éeauuuna yposHs 3HAYUMOCIU
q=0.05
5) Pacuem xpumepus hposepxu
B L
o 0.313

e
6) [lpasuno npuramus peuierus

[punsare Hy, ecin — tl—q/2, , St< tl—q/2, ”

B npotuBHOM ciyyae npuHATH /1.
7) Pacuem epanuy kpumuueckou obracmu

t, 412, = CTBIOJPACIIOBP(q, N - 2) =
= CThIO/[PACIIOFP(0.05, 814) =1.96
8) Ilposepra cunomesvl
Tak Kak _tl—q/2,v <t< tl—q/2,v TO MBI MIPUHUMAaEM TUNOTE3y Ho,
TO €CTh NPHU 33JaHHOM YPOBHE 3HAYMMOCTH BBIOOPOYHAs CpEIHSSA

OIIMOKKH € CTAaTUCTUYCCKH HE3HAYNMO OTIMYACTCS OT HYJIA.
Hposepka cunomesbl 0 mom, Uumo ()ucnepcu}l OMUOKU NOCMOAHHA

Jns TmpoBepKHM 3TOM THUMOTE3bl Pa3feiuM 3MIUPUYECKUE
naHHble Ha aBe rpymnsl mo 350 touek: ¢ 1-i mo 350-10 u ¢ 467-i no
816-t0 Touku. Cepeaunnbie Touku ¢ 351-if mo 466-t0 (14.2% or
o0beMa BBIOOPKH) MCKITIOYAEM ISl JTyUIIero pa3rpaHuueHUs] MEKITY
rpynmnamu. PaccuntaeM CyMMBbI KBaJpaTOB OIIMOOK JJIs KXKIOH U3

9THUX TPYIIII.
816 350
S =) € =5037 S, =) € =1967
k=467 k=1

ITpoBepKka TUIOTE3RI O TIOCTOSHCTBE AUCTIEPCHH OCYIIECTRIISIETCS
0 CXeMe:
1) Tunomesa

Ho : 812 = 822
H S5 S
2) Ipunsamas eenuuuna ypoeHs 3HA4UMOCMU
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g=0.01
3) Pacuem kpumepus nposepku
2
LSS0
S 19.67

4) [lpasuno npunsmus peuleHus.

HpHHHTL Hy, ecnu F< I:l—q vl v2

B nportuBHOM ciydae nmpuHsTH [, TO ecTh /i NpHUHHUMAETCH,
KOra KpuTepuil mpoBepku F momagaer B KPHUTHYECKYHO 00-

macte F>F 1,

5) Pacuem epanuy kpumuueckou obracmu

Fige = FPACIIObP(Q,v,,v,) =
= FPACIIOFP(0.01, 350-2,350-2) =1.284
6) IIposepka eunomesvl

Jaxe npu yposHe 3naunmoctu (= 0.01 kpurepmii nmposepku

F nomamaer B kputnueckyto obmacte F > F TO €CTb

-q,vl,v2?
MBI OTKJIOHAEM THUIIOTE3Y Ho U IPpUHUMAEM TUIIOTE3Y Hl . Cre-
AOBATCIIbHO OUCIICPCHUA OIIHOOK perpeccruu HE NMOCTOSAHHA.

Hpoeepka 2UNnoOmesvl 0 MOM, YMO OUWLUOKU He3A8UCUMDL

Ha  mpaktmke  mpoBepsieTcssi  HE  HE3aBHUCHMOCTh,  a
HEKOPPEITUPOBAHHOCTh OIMOOK, KOTOpas SIBISICTCSI HEOOXOIUMBIM,
HO HEJOCTATOYHBIM YCJIOBHEM HE3aBHUCHUMOCTU. [l 3TOTO HYKHO
paccuuTath KO3(hGUIMEHT aBTOKOPPEIISIMH TIEPBOTO TOPSIKA

N-1

D a8

k=1
N-1 ) N-1 5
Y Del
k=1 k=1

HJ’IH paccMaTpuBacMoro 3A€Chb Ciiydass 3Ta BCJIMYMHA paBHA

Prksr =

Pi e = 0.987. Ouesmano, u9t0 K0dDOUIMEHT aBTOKOPPENAIMH

3HAYUMO OTINYACTCA OT HYJIA U OIIHOKH YpaBHCHUS BBICOKOKOppE-
JINPOBAHBI.
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Buoieoowr

Crenyer mpu3HATh, YTO AMMPOKCHMAITHS JTHHEHHOW (hyHKIIHEH
morapugMa IeHbl aKTHUBA SBIIICTCS HEYIOBICTBOPUTEIHHON, TaK KaK
He COOJII0Iat0TCs J1Ba U3 YeThipex gomymeHuit MHK.

He npuBons Aoka3aTenbCTB CKa)eM, YTO MOMNBITKA YTOUHUTH
MOJEJb IIYTEM BBEICHUS LUKINYECKUX KOMIIOHEHT HE MPUBOIUT K
YIIYUIICHUIO Ka4eCTBA OIMUOOK PErPECCHH.

Ha npaktuke npu u3y4eHUN JUHAMUYECKUX PSIOB LIEH aKTUBOB
WCTIONB3YIOT Memoobl a0anmueHo20 MOOeauposanus, O KOTOPBIX
OyJeT paccka3aHo B CICAYIOUIUX TIaBaX.
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11. CTJIA’KUBAHUE JMHAMUWYECKHUX PALOB

11.1. Beaenwue.

Lenpio crinaxuBaHUs TUHAMHYECKOTO psAna sBisercs GuibTpa-
U CIy4YaiiHBIX KOJICOaHWI YPOBHEW 3TOTO psja U BBISABICHHE HaW-
OoJyiee yCTOMUYMBOW TEHJICHIMH JBIOKEHHS. MBI OyneM paccMaTpu-
BaTh METOJBI CTIaKUBAHUs, OA3UPYIONIHECs Ha BHIYACICHUH CKOJIb-
39X cpenHux. JIioboe ckomp3siiee cpefHee - 9TO METOJ OIpee-
JICHUSI CPETHETO YPOBHS JMHAMHUYECKOTO PsAAa 32 HEKOTOPBIH mepu-
o BpeMeHH. TepMuH "CKoyb3sIiee” IMoapa3yMeBaeT, 4TO CpeIHee
3HA4YCHHC Ka)KIIBIﬁ pa3 3aHOBO BBIYHCIIACTCA B ITOCJICA0OBATCIILHBIC
MOMEHTHI BpeMeHH. B 3TOH riiaBe MmoJ JMHAMUYECKHM DPSIIOM MBI,
KaK MpaBuiio, OyZeM MOHUMATH Psijl, COCTOSIIUI U3 IIeH aKTHBOB.

11.2. Tunsl CKOJBL3AIMX CPETHUX.

B o6riem Buae GopMyiia s BEIYHCICHUS JTIO00N CKOMB3SAIIEH
cpenHeit (mMoving average) umeer BUI:

MA = zwkyk
k

rae {Y,} - Maccus uen aktuBa,

{w,} - maccus BecoB, ¢ KOTOPBIMHU LIEHBI BXOIAT B HOPMYTy.

HpI/I 3TOM IJId Ha60pa B€COB JOJIDKHO CO6J'IIOZ[EITLC$1 MMpaBUJIO HOP-
MHPOBAHUA:

> w, =1
k

Ckonp3sias CpeHsisl XapaKTepU3yeTCst:

- 00BEeKMoOM GbIYUCAeHUs, TO €CTh TeM JUHAMUYECKHM PSIOM, KOTO-
PpBIi HEOOXOIUMO CTJIA/INTh,

- nepuooom CKONB3SIIEH CpeTHeH,

- Munom CKONB3SIIEH CpeHel, KOTOPHIN ONpeAessieT alrOpUTM BbI-

uncinenns Habopa Becos {W, } .

Pa3nu9arot Tpu OCHOBHBIX THITA CKOJB3AIINX CPETHHUX
- mpocras ckoab3siias cpeauss (SMA - simple moving average),
- B3BemieHHas ckojp3smas cpenmsst (WMA - weighted moving aver-
age),
- OKCIOHEHIManbHas ckonb3smas cpeanss (EMA - exponential
moving average).
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11.3. IpocTasi cKoJb3sIAs CPETHSIS.

[Ipocrast CKOMB3SIMIAst CPemHssA TMOpsAKa | - 3TO CpemHsis
apudmeTnyeckas 1eH 3a nepuos Bpemenu [t —T +1, t], 1o ects
1
MA = ? z Yi
k=t-T+1

Buytpu wmurepBana t—T +1< k<t Bce Beca, ¢ KoTopbIMH
BXOST IIEHBI INPH pacyuere CKONB3SIICH CpPEeIHEH OJMHAKOBBI U
pasust W, =1/T . 3a npenenamu 3TOro MHTEpBala, TO €CTh NPH

kK <t—T +1 Beca pasubI HyJI10.

IMepBbiM HemocTtaTkoM SMA  siBNsSieTCS PaBEHCTBO BECOB B
npeaciax MHTCpBajla pacye€Ta, TaK KaK MHTYUTUBHO IIOHATHO, YTO
MOCJIeHUE JTaHHbIE JOJDKHBI MMETh OOJNBLIYI0 LEHHOCTh, TO €CThb
BXOJIMTh B (QOpMyIy Al pacyera ¢ OONBIINM BECOM.

Bropoit wHemoctatok SMA  CTaHOBUTCS TOHATHBIM  IIPH
PacCMOTPEHUU PEKyPPEHTHON POPMYIIBI IJIS1 €€ BBIYUCIICHIS:

1 1
SV'A = SVIA—l +?Yt _?yt—T

OueBuHO, yTo SMA Ha Kaxaylo [IEHY pearupyeT JABaXKIbI: MESPBBIN
pa3, Korja 1eHa BXOAUT B MHTEpBaJ pacyeTa, U BTOPOU pa3, Korja
IIeHa BBIOBIBACT W3 HEro. BTopas peakius HHUKaK HE CBsI3aHa C
TeKyllell AMHAMUKOU U, CIIeIOBATENIbHO, HEXKENaTEIbHA.

TpaauLUOHHO, CKOJB3AIIYI0 CPEIHIO COOTHOCST C MOCEeAHEN
TOYKOW MHTEpBaJia pacyera, TO €CTh C MOMEHTOM BpeMeHH t, XOT,
CTpOTO TOBOPS, 3TO HEKOPPEKTHO. BrrumcienHoe 3HaueHne SMA
HY>KHO CTaBUTb B COOTBETCTBHE C TOYKOH Ha OCH BpPEMEHH,
MMEOIIEH KOOpIAUHATY

le ik:t—M

TO €CTh C TOYKOH, CIBUHYTOH BJICBO TI0 OCH BPEMEHH OT MOMEHTa {

na senuunny At = (T -1)/2.

11.4. B3BemieHHasi CKOJIb3SIIIAS CPETHSIA.

B3BemieHHas CKOIB3AMAs CPEHHSSI MPUIACT OOJBIIHMIA BEC ITO-
CJeIHUM JNaHHBIM. OHa PacCUUTHIBACTCS MyTEM YMHOXKEHUS KaxKIO0U
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neHbl B npemenax nepuoxa Bpemenn [t—T +1t] wma
COOTBETCTBYIOIIMI Bec. B mpocreiiiiem ciiydae Tpu JIUMHEHHO
yObiBaronux Becax ot MomeHra t no momenta t—T +1 dopmyna
MMeeT BUJI
__ 2 t k—(t-T)]

A =T, D

[lena B MomenT Bpemenn K =t Bxomut B hopmyiy mist pacuera
¢ makcumanbhbiM Becom W= 2/(T +1), a nena B MOMEHT BpeMeHH

K=t—T+1 Bxomur B QopMydy mis pacdeTa C MHHHMAILHBIM
Becom W=2/(T - (T +1)).

IIpu OTCYTCTBUU CIIeIIMAIM3UPOBAHHBIX MporpamMmm
TEeXHUYECKOTO aHajiu3a, Jid pacyera JMHEWHO B3BEIICHHOU
CKOIIB3SIIIEH CpeIHel MOXKET OBITh TIOJIe3HA pEKyppeHTHAs (opMyia

2 2 2
WMA =VWM +=V, - - M
A Aatoh T T T A
W3 atoit popmynel cienyer, uto peakims WMA Ha BBHIOBITHE IIEHBI

13 MHTCPBAJa pacy€Ta MCHCC BBIPAKCHA, YEM Y S'VlA, " 9Ta pCaKkuusa
TEM MCHBIIEC, YEM OouIblIIe nepuon CKOJIBSSIH.[eﬁ CpCZ[Heﬁ.

11.5. DkcroHEHITUATbHAS CKOJIB3SIIIAS CPeTHSAA.

Kak m B crmydae B3BEIIEHHON CpeaHEl, OSKCIOHEHIHATbHAS
CKOJIB3SIIAsl CPENHASA MPHUAACT OOJNBINMHA BeC TOCICTHUM JIaHHBIM,
OJIHAKO TIPHU pacyeTe HCIOJB3YETCS BCS WCTOpHUsS IeH. PexyppeHTHas
(dbopMmyna Juist ee BRIYUCICHHUS UMEEST BH/L:

EMA =a-y, +(1-a)-EMA ,

O<a<l
[TokazaTenbHBIA MPOLEHT (X OMpeAesseT CTENEHb CrilaXkuBaHus. Uem
OoNbIlle ( , TEM MEHBIIE CTENeHb criaxuBanus. [lpu o =1 skcmo-
HCHIMaJIbHAas CKOJIb3A11asa CpeﬂHﬂﬂ paBHa OCHE.
EMA numena nemocratka, npucyniero SMA u WMA, cBsizaHHOTO
¢ (DUKCUPOBAHHBIM HHTEPBAJIOM PacyeTa CKOJB3SIICH CPETHEH.
®opmyny s BeuucieHuss EMA MoxxHO 3ammcaTh B SIBHOM
BHIIC, ©CIH TIPEHAINOJIOXKUTh, YTO B HYJICBOM MOMEHT BPEMECHH

CKOJB3sIast cpennsis copnanaet ¢ nenoit (EMA, =y, ):
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EMA=a-y,+(1-a)-EMA , =
=a-y,+a-(1-a) Y, +(1-a)*-EMA , =

=a-y+a-(1-a) y,+a-(-a)’ y_,+(1-a)®-EMA_, =
=a-y+a-(l-a) Yy, +a-@-a)’ Yy ,+..+(1-a) -y,

CrnemoBaTelnbHO
t-1 _

EMA =a) (1-a) -y +1-a)' -y,
i=0

Wi (9KBUBANICHTHAS (POpMa 3aTIHCH)

t
_ t-k t
EMA = 0(2(1— a) Y +1-a) -y,
k=1
Berunciiennoe 3nauenne EMA HYXHO CTaBHTb B COOTBETCTBHE C
TOYKOM Ha OCH BPEMEHH, UMEIOIIEN KOOPIHHATY

f:ai(l—a)i(t—i) =ta§:(l—a)i —ai(l—a)ii

CYMMBI B TIOCJIeIHEH POpMYyIie BRIYUCIISIOTCS KaK
1-(1-

Z (1 CZ) — ( C()

i=0 o

(l-a)-(1+at—a)1l-a)

2

S A-a) i =

i=0 (24
[locie HECTIOKHBIX MPEOOPA3OBAHMUH TTOIYYAEM, UTO
l-a) (L-a)*
+
(24 (24
Ilpu gocratouno Gomsmom t, T.k. (1—a) <1, To (1-a)™ =0,

t=t—

3HA4YUT MOXKHO npeHe6peqL OOCJICAHUM CJIaraCMbIM MW HaIlUCaThb

NPUGITIKEHHOE BHIPAKEHHE trt— Ql-a)la.
Ilepuoo EMA

MoMmeHT BpemeHn ! CHBHHYT BIEBO MO OCH BPEMEHH OT
momenta t na Bemmumny At =(l—a)/a. Eciu mo amanoruu c

MPOCTOM CKONMB3AIeH cpenHedl 0003HAYUTh ATy BEIMYMHY Kak
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At=(T-1)/2, rne T sBasercs mepHOaOM, TO CBA3b MEPUOJAA M
TI0Ka3aTeTBLHOTO TIPOLIEHTA 331a€TCsl BHIPAKEHUEM:

(1-a) _(T-1
a 2

Ortcrona crienytoT HopMyIbl JJisi KOHBEPTHPOBAHUS MTOKA3aTEIEHOTO

MIPOIICHTA B MIEPHO]T ¥ HA0OOPOT:

T=E—1 0{=i
a T+1

C y4eToM 3THX COOTHOIIEHHH MOKHO INEperucarh PeKyppeHTHYIO
dbopmyny st EMA:

2 -1
EMA = -y, +
T+1 Y T+1

EMA npou3eonvnozo nopsaoka

-EMA,

o cux mop Mbl paccMaTpUBajiId SKCIOHEHIIMAIBHYIO CKOJIB3SIIYIO
CPEIHIOI0 TEpPBOTO TMOpsAKAa, TO €CTh CIVIAXKUBAHUIO IOJBEPrajcs
HETOCPECTBEHHO UCXOIHBIN TUHAMUYECKUH P
EMA® = ¢ -y, + (1-a) - EMA®Y
[Ipu o6o3nayeHnn EMA mepBoro mopsijka BEPXHHH HHICKC OOBIYHO
OIyCKaeTcsl.

OKCIOHEHLIMANbHAs CKOJB3AlIas CpelHss NPOU3BOJIbHOrO MN-ro
TopsIIKa 3a1aeTcst POpPMYIION:

EMA"™ = - EMA™ + (1-a) - EMA")
DEMA
Paccmotpum ommbky EMA, 1o ectb Bennunny € =Y, — EMA, .

Ecnu nprbaBuTh K 3HAYCHUIO SKCITIOHEHITMAIBHOMN CKONB3SAIICH cpeHeit
LIEHbl 3HAYCHHE SKCIIOHCHITMAILHOW CKONB3SIIEH cpeqHei ommOKd, TO
TakKas BEJIMYMHA HA3bIBAETCS ABOMHON DKCIIOHEHIIMAILHONW CKOJIbB3SIIEN
CpeaHen:

DEMA = EMA + EMA(g) = EMA + EMA(Y, — EMA) =
= 2.EMA — EMA(EMA) = 2- EMA® — EMA®

159

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



aea 11. CenaxusaHue OuHamu4YecKux psidos

TEMA

Paccmorpum  ommbky DEMA, TO  ecTh  BETHYHHY
€ =Y, — DEMA, . Torna tpoiinas skcrnoHeHIMAaNbHAsS CKONIB3SIIAs
CpeHsIst BBIYUCIISETCS 0 (hopmylre:

TEMA, = DEMA + EMA(g ) = DEMA + EMA(yY, —- DEMA)
ITocne nmpeoOpa3oBaHuUii OIYYHM, YTO

TEMA =3.-EMA -3- EMA(EMA ) + EMA(EMA(EMA))) =
=3.EMA® - 3.EMA® + EMA®

11.6. Touku nepecevyeHust IKCNOHCHIINAJIBbHO CIJIAKCHHBIX KPHU-
BbIX.

Yacro B MomeHT BpemeHu U (“ceromus") HE0OXOAMMO 3HATH,
Kakas IeHa J0JbKHA ObITh B MOMeHT Bpemenu U +1 ("3aBrpa"), uro-
OBl MPOM30NIIO MepecedeHne MeHbl Y C KaKOH-JIMOO >KCIIOHEHIIH-

QJIBHO CIVI)KEHHON KPUBOW WMJIM IIEPECEUCHUE JIBYX PA3IUUHBIX IKC-
MMOHEHIIMAIBHO CTIAXKEHHBIX KPUBBIX. [IprBeneM COOTBETCTBYIOIINE
(bopMyIBI U1l HEKOTOPBIX HanboJiee BasKHBIX CIIyYacB.

1) Tlepeceuenue nenst Y u EMA 1-ro nopsiaka

Yo = EMA?
2) Ilepeceuenue nensl Y u EMA 2-ro nopsiaka
_ EMA? +a-EMAY

1+«
3) Ilepeceuenue nensl Yy u DEMA

_(1-a) ((Z—a)- EMA® — EMA(Z))
t+1 — 1—6¥'(2—0{)

nimn

yt +1

. -a): (DEMA —a - EMA®)
o 1-a-(2-a)
4) Tlepeceuyenue neyx EMA 1-ro mopsiaka pa3invHbIX MEPHOIOB

v = (1-a,)- EMA2® —(1-a,)- EMAIY
t+1

a, —a,
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EMAll(l) XapaKTepU3yeTcsl IIOKa3aTeNbHbIM IIPOLEHTOM
EMAZfl) XapaKTePHU3YeTCs OKA3aTEIbHBIM IPOLICHTOM (.

5) Ilepeceuenue nByx EMA 2-ro mopsiaka pa3inyHbIX MEPUOIOB
You =[a; - (1-a)- EMAZt(l) +(1-a,)- EMAZt(Z) -
—a,-(1-a,)- EMALY — (1- o) - EMAIP) [} - &)

EI\/IAll(l) u EI\/IA].I(Z) XapaKTepU3YIOTCs MOKa3aTelIbHBIM TIPO-
LEHTOM O, ,
EMA2® u EMA2{® xapakTepu3yloTcsi MOKa3aTebHBIM TPO-

LEHTOM O, .
6) Ilepeceuenne EMA 1-ro mopska (mokasaTelbHBIH IPOLECHT ;)
1 EMA 2-ro nopszka (moka3aTenbHblil IPOLEHT )
You =@, - (1-a)- EMAZt(l) +(1-a,)- EMAZt(Z) -
- (1-a)-EMAP] [, - 23]

11.7. Boi0op BeJHMYHHBI MOKA3aTEJHLHOT0 MPOLUEHTA JIsI DKCIO-
HEHIHAJBHOM CKOJb3sIIel cpeIHei.

Jnst Toro, 4TOOBI OIIEHUTH, HACKOJIBKO XOPOIIO MogoOpaHa Be-
JUYUHA TOKA3aTeJIbHOTO MPOLEHTa (¢ , HEOOXOOMMO PacCMOTPETh
OIIMOKH, BO3HUKAIOIIHE TIPH IIPOTHO3UPOBAHUH YPOBHS IIEHBI B MO-
menT Bpemenu t+1 ("3aBtpa") 3HaueHnem EMA B MOMEHT BpeMeHU
t ("ceromns"). BBenem 0003HaYCHUS:

- Y, - IeHa B MOMEHT BpeMeHH 1,

- (¢ - TIOKa3aTeIbHBIN MPOIEHT CIIAXUBAHMS Psfia IIeH,

- Y, -EMA mpspanen, re. Y, =« - Y, + 1-a) Y,

- f, - nporuos uenst, npuuem f,,, =Y,,

- € -omubKka NporHosa, T.e. € =Y, — ft,

- [ - moKa3aTeNbHBIA MPOLEHT CrIAXUBAHUS psia KBAIPaTOB

OIIMOOK MPOTHO3A,

- Q - EMA i psma KBaipartoB OMMOOK IPOrHO3a, T.C.
_ 2
Qt _ﬂe[ +(1_ﬂ)'Qt—l'
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OnTuMu3anus BeTMYMHBI [TOKA3aTEIBHOTO MPOLEHTa & - 3TO TMOJ-
OOp TaKOro ero 3Ha4YeHus, YTOObI IPH PUKCUPOBAHHOM [3 TOOHUTHCS

Toro, 4robsl Q, — MiN. O6buHO BennuuHy / BBIOHPAOT B Ipe-

nenax ot 0.1 mo 0.2, 4To MPUOIM3UTENHHO COOTBETCTBYET MEPHOILY
crnaxuBanus B mpeaenax ot 10 go 20.

11.8. DkcnoHeHIUAJBHASI CKOJIb3SIIAsI CPEIHSs ¢ MepeMeHHbIM
NMOKAa3aTeJIbHbIM MPOLEHTOM.

Ha HecTaOMIBHBIX PBHIHKAX UMEET CMBICH UCTONBh30BaTh EMA ¢
MIepEMEHHBIM TOKa3aTeIbHBIM TIPOIIEHTOM, KOTOPHIH 0 Mepe TOoITy-
YEHUSI HOBBIX JAHHBIX MOCTOSIHHO MOJCTPAMBACTCS K TEKYILEH phI-
HOYHOM cuTyanuu. Beenem 0003HaueHUS:

- Y, - leHa B MOMEHT BpeMeHu 1,

- O, - IIEPEMEHHBIN T10Ka3aTeIbHBIN IIPOLEHT CIIIAXUBAHUS Psiaa
ICH,

- Y, -EMA mpspa en, te. Y, =, - Y, + (1—,) - Y4,

- f, - nporuos uenst, npuuem f,,, =Y,,

- € -omwubKa nporHosa: € =Y, — ft,
- [ - mokasaTeNnbHBIN MPOIEHT CrIIAXKHBAHUS OMIKOOK MPOrHO3a
U MoayJieil oInO0K MPOrHo3a,

- E, - EMA owmbox nporuosa: E, = f-¢ +(1- ) -E, ,,
- A - EMA monyseii oumbok : A = S-1e |[+(1-5)- A ;.

3HaYEHUE TIEPEMEHHOTO MOKA3aTENBHOTO TPOIEHTA B KAXKIBIA MO-
MEHT BpeMeHH BbUMCISIOT 1o dopmyrne ¢, =|E, / A |. Bennunny

[ Boibupator B npeaenax ot 0.1 g0 0.2.

11.9. Incniepcusi CKOJb3SIIUX CPETHMX.

PaccMoTpuM Ha KaueCTBEHHOM YPOBHE BOIIPOC O TOM, KakK CO-
OTHOCHUTCS JUCIIEpCUA 3HAYEHUN MCXOJHOr0 JMHAMUYECKOro psAna
JUCIIEPCHEH CKOJIB3SINEH CpeHeli 3Toro psjaa. Jlns mpoctoTel Oyaem
MpeAnojiarate, YT0 UCXOAHBIA JUHAMUYECKUI Psii COCTOUT U3 CIy-

. 2

YalHBIX BEJIMYUH, UMEIOIIUX OJMHAKOBYIO JUCIEPCUI0 O, IpUYEM

B IMpeJeiiax MHTEpBalia CIIIAKUBAHUS CPEIHSS BeIUUnHaA K03(duim
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CHTa KOPPENSAIUH MEX Ty 3HAYCHUSIMH UCXOIHOTO PS/a B Pa3IUIHbIC
MOMEHTBI BDEMEHU paBHA PO .

B o0miem Buzme hopMysia 11 BRIUMCICHUS JTHO00H CKOJB3SIICH
CpeqHEN UMEET BUL!

Y:Z\Nkyk
k

Hucnepcust  cinydyallHOW  BEJMYMHBI,  SABJISIOIICUCS  JTUHEHHOMU
KOMOWHAIINEH KOPPETMPOBAHHBIX CITyYaiiHbIX BEIMYMH paBHA!

ZWkak +222kap,ka o\

i>k
HCHOJ‘IBSyH JOIIYIICHUSA O IOCTOSAHCTBE I[I/ICHepCI/If/'I )51 KOB@)(bPILII/IeH-
TOB KOppCJ‘IHL{I/II‘/'I, oTy (I)OpMyJ'Iy MO>KHO YIIPOCTHUTh:

= O'ZZWK +2pGZZZWWk

i>k
CJ‘ICL[OB&TGJ‘ILHO

UY Zwk + ZpZZWWk

i>k
COFJIaCHO MpaBUIly HOPMHUPOBAHHUS BECOB CIIPABEJIMBO PABEHCTBO

Zwk +ZZZWWk =1
i>k

2 2
OTcrona MOKHO cAenaTh BBIBOJ, YTO Tak Kak O < 1, o oy <o

Jucnepcus npocmoii ckonv3auieii cpeoneil

CDopMyna z[nﬂ MPOCTOM CKOJIB3SIICH CpeTHEN UMEeT BUI:

Zyk

=t-T+1
HaI/meM CYMMBI BECOB, BXOAsmue (OpMyIly Ui BBIYUCICHUS
OTHOIIIEHUS] JUCIIEPCHUU CKOJIB3AIIEH CpeaHe K JuCHepCcuu

HCXOIHOTO psma'
t

> W Z(l/T)

k=t-T+1 k=t-T+1

2 Z wak 2 Z Z(l/T)

k=t-T+1li=k+1 k=t-T+1li=k+1
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2
2 1 T-1
B urore nonysaem: — =—+ p-——
o- T T
ucnepcus IKcnonenyuanbHoil CKoAb3auiell cpeoneii

@opmyJia 115l IKCIIOHEHIIUATBHON CKOIB3SIIEN CPEIHEN UMEET BU:
-1
i t
Y=a) (1-a) -y, +{1-a) Y,
i=0
[IpuBenem BBIpaXKe€HUS JJIT CYMM BECOB, BXOJSIHE B HOPMYITY IS

BBIYMCIICHUS OTHOLICHMWS JUCHEPCHM CKOJIB3AIIEH CcpegHedl K
JUCIIEPCUU UCXOJHOTO psla:

t t
SW=(1-a)* +a?Y 1-a)* ="+
k=0 k=1 2—CZ

L 2-2a 2-2a
2 WWw, = —~ (1-a)*
g)i;l “ 2—-a 2-a

2-2a

(1_ a)2t

IIpu nocrarouso Gomsmom t, Tak kax (1—a) <1, 10 (1-a)® = 0.
ol «a 2-2a 1 T-1
CrnenoBatenbHo —; = == — =

+ +
o2 2-q P2 g TP
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12. AJANITUBHOE MOJAEJIWUPOBAHUE JIWHAMMUYEC-
KHUX pA10B

12.1. BBeaenwue.

AHanmuTH4eckasl anmpoKCUMAaIUs JUHAMHUYECKOTO psia Kakoil-
6o mMopensto ¢ momomblo MHK nmMeer psn ocobeHHOCTEH, KOTO-
phIe HAKJIAIBIBAIOT OTPAaHUICHHSI Ha €€ TTPUMEHEHHE!

- TUHAMUYECKUHN PAMl, K KOTOPOMY MPUMEHSETCS anpOKCUMAIIHS,
JIOJDKEH OBITh JOCTATOYHO JJITMHHBIM,

- TNpUMEHEHHE AaHAIMTHYSCKOH ammpokcuMarnuu 3PGEeKTHBHO
TOJIBKO B CIydae, €ClId YPOBHHU ITUHAMUYECKOTO Psiia MEHSIIOTCS
JOCTAaTOYHO IJIABHO M MEJJICHHO, TO €CTh PSJl IOJKCH OBITh He-
BOJIATHJIBLHBIM,

- aHaJUTHYeCKas anmpoKCUMAIUS HE aJanTHPYETCs K MOSBICHUIO
HOBBIX JIaHHBIX, TO €CTh IPH TOSBICHUH HOBBIX JAaHHBIX HEOO-
XOJIMIMO TIePEeCYUTATh MapaMeTpbl MOJIENH, a WHOTJa BO3MOXKHO
MIePECMOTPETH CaMy MOJICITb,

- IpU pacuere mapaMeTpOB MOJEIH BCE AMITUPHUYCCKHE TaHHBIC
BXOJAT C OJMHAKOBBIM BECOM, XOTS IOHSATHO, 4YTO OOjee MO3A-
HUC JaHHBIC UMEIOT OOJIBITYIO IIEHHOCTD.

OnHako psAnBl 1IEH aKTUBOB KakK MPaBUJIO IOJBEPKEHBI 3HAUYUTEIH-

HBIM KOJICOAHUSIM, KOTOPBIC AMMPOKCUMAITUS HE MOXKET MPEIABUJIETh.

[TosToMy Ha MpakTHKE MPUMEHUTENHFHO K TAKUM PSAIaM UCIIONB3YIOT

METOABl QJAaNTHBHOTO MOJCIHPOBAHUSA, KOTOpPBIC Oa3HpYyIOTCS Ha

9KCTIOHCHITHAILHOM CTIQXKHBAHUU JTHHAMUYECKOTO psija (IKCIIOHEH-

IUATTBHOM CKONB3AIIeH CpeHei).

OCHOBHBIM TIPEUMYIIIECTBOM METOJIOB, OCHOBAaHHBIX Ha 3KCIIO-
HEHIIMAJHHOM CTJIQKUBAHUH, SBISETCS y4€T BPEMEHHOHN IEHHOCTH
MAHHBIX U, CIEAOBATENBHO, MOCTOSHHOE AJalNTHUPOBAaHUE K H3Me-
HSAIOIIUMCST YPOBHSIM THHAMHUYECKOTO psIia, YTO MMEET peraroiee
3HAUYCHHE MPU MOJCITUPOBAHUH M TIPOTHO3UPOBAHUU BOJATHIIHHBIX
PSIOB.

12.2. AnanTuBHOEe MOJeTUPOBAHUE JHHEHHOI0 TPeHIAa ¢ MOMO-
HIBI0 IKCIIOHEHIIUAIBHBIX CKOJIb3SIIINX CPeTHUX.
IIycth ecTb OCHOBaHHUs MoOJlaraTh, YTO HMCXOJHBIA JHHAMHU4Ye-

ckuit  pax  {Yy,} MokHO ommcarh JMHEHHON — QyHKIHMeH
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0 1 N .
f(t)=a® +a® -t. Hannune cayuaitbix oTKIOHCHHH IpUBEaET K
TOMY, YTO CBSI3b MEXK/LY PACCYMTAHHBIMH 110 MOJEIN 3HaUeHUAMHA T,

¥ pealbHBIMH yPOBHAMHU JUHAMHYECKOro psifa Y, OyzAeT BhIpaKaThb-
CAa B BUJIC.

y,=f,+g=a%+a% -t+g

rae € - 9TO PACXOXKICHHS MEXTy MOIEIbI0 U PeabHBIMU

YPOBHAMH. MCTIONB3ysl SKCHOHEHIMATbHBIE CKOJB3SAIINE CPETHHE
0 1
BbruncinM Hemssectrbie mapamerpel (A, a®) .

Oobo3nauenusn

Beenem creayrolie 0003HAYCHUS:

- Yt(l) - EMA 1-ro mops/ka UCXOHOTO THHAMHYECKOTO Psaa,
- Yt(z) - EMA 2-ro nopsiika uCX0HOTO THHAMHYECKOTO psja,
- Et(l) - EMA 1-ro mopsaka ommboK MOJIEIH,
- E(z) - EMA 2-ro mopsaka OnmooK MOJIENH,

-« - moka3zaTenbHBIN mporeHT EMA.

Boiuucnenue Yt(l)
-1 _

YP=a) (1-a)y, +1-a)'y, =
i—0

= ai(l— a)i(a(o) +a® t—i)+ e, )+ 1- a)t (a(O) +eo) _

i=0

t-1 _ t-1 _
=a(@®+a%)) (1-a) -ca®> (1-a)i+1-a)a® +

i=0 i=0

{ai(l—a)iet_i +(1- a)teo}

i=0
CymMmbI B iociieiHel (opMyJsie BBIYUCISIIOTCA Kak

t-1 P 1_ (1_ a)t
iZ(;(l—oz) -
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Sy Ama)- @ dt-a)i-a)
i=0 az

t
pu nocrarouno Gombuiom t, tak kak (L—a) <1, 10 (1-a) =0 n
MOKHO HATIHCATh TIPUOIIKEHHBIE BHIPAKECHUS

t-1 | ~£
iZ:O:(l—oz) b

O (1_a)|| ~ (1_26¥)
i=0 a

BrlpakeHHE B KBAIPaTHBIX CKOOKaX PaBHO Et(l) :

YUETOM BCEr'0 BBINICCKA3aHHOT'O (bOpMyJ‘Ia pIuE o IpUMCT BUI.
YO Za® 4 a0 _ a0 122 | po

t

o
niIn

YO = f —q® "% (1-a)

a

Et(l)

OueBuano, uto Mexny EMA 1-ro nmopsiaka Yt(l) U MOJEJIBIO ft cyie-

o . 1
CTBYET MOCTOSHHBIN CIBUT, PaBHBIA — a®. (1-a)/ . Benuuuna sto-
rO CIBUTA MOKAa HEM3BECTHA, TaK KaK OHA BBIPAXKAaeTCsl uyepe3 HEU3BECT-

HBIH ITapaMeTp a®.

2
Buwuucnenue Y2

-1 _
YO =a (1-a)YE + (1-a)'Y" =
i=0
R < PR © 4 q® (1)( ) ©)
—aZ(l a)|a” +av(t-i)—a +E7
i=0

+(1-a) (a“” PN Eél’j
a

JanpHeHIIne BBIKIAIKN MOTHOCTHIO aHAIOTHYHBI TEM, KOTOPHIC OBLTH
1 .
cenaHbl MPU BBIYUCIICHUH Yt( ). [IpuBenem cpa3y KOHEUHBIH pe3yJib-

Tar:
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Y@ =a® 4 gt - oq® 1=9) e
(24
nin

YO = f —2a® ="%) 1- “)

Et(Z)

Buvluucnenue napamempog 1uneiinozo mpenoa

Nmeem cuctemy ypaBHEHUH ¢ IBYMs HEU3BECTHBIMHU (a‘o) ) a(l’) :

1-«o
Yt(l) — 3@ 4 g®t_g® u n Et(l)
a

Y@ Z g0 4 50t _9q® d-a) +E®@
t
a

Pemmast 3Ty cucteMy HaX0AUM HEU3BECTHBIE MTapaMeTpPhl (a(o) ) a‘l))

a® =y ¢ [(Yt(l) Ve )_ (E(l’ _E® )] [1_%@ —E®

@_ [ @ _v(© @ (2)]
a® =[O -v@)- (" -E?)
l1-«
ITpu mepenoce Havana oTcyeTa B TOUKy t momydnm

a® = (20 -7 )-(2e® -E?)
a = [V )~ (” -]

B pasubie MomenTsl Bpemenu { 3HaueHus koddouimeHtoB GyayT
pasnuuHel. IloaToMy B popMysax OHHM OTMEUEHBI COOTBETCTBYIOLIMMHU
MOMEHTY BPEMEHU HHAEKCAMH.

Ilpozno3 yposneit ounamuueckozo paoa

HpOFHOSHOe S3HAYCHUC OWMHAMUYCCKOro psdgaa B MOMCHT BPEMCHH
t+7 pasuo f, =a” +a®
3ameuanue

B ¢opmynax mis BEYHCIEHHS HTapaMeTpOB JHHEHHOW perpeccHH

(afo),at(l)) MPUCYTCTBYIOT BEJIMYMHBI Et(l) u Et(z), KOTOpBIE SBJISIIOT
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cst EMA or ommbok ypasxenus perpeccun € =Y, — f,, To ects npn

0 1
BBIYHCIICHHUN (a[( ),a[( )) BO3HHUKACT TMEPEKPECTHAA CCBhIJIKA. HOSTOMy

Ha TIEPBOM JTalle HY>KHO HCIIOJB30BaTh YIPOIICHHBIE (DOPMYIBI, HeE
VYUTHIBAIOIIUE CKOJB3SIINX CPEIHUX OMIAOOK.

Anzopumm evluucieHuUs NAPAMEMPO8 TUHEHHO20 MPEHOa

1)

2)

3)

4)

5)

6)

Paccuntath EMA 1-ro 1 2-T0 mopsiika HCXOIHOTO Psja:
® (2
YO uy,
Bprucianth B mepBoM MPUOIMKEHUH MapaMeTphl TUHEWHOTO TPEH-
na.
at(O) _ 2Yt(l) _Yt(Z)

! = 7 (v )
-

JUist Ka)k1oro MoMeHTa BpeMeHu [ HaliTi pOrHo3HOE 3HAYCHHE Ha
7 waros Brepen (7 = 1) cornacHo ypaBHeHuIO perpeccum:
— 1(0) @ .

f.=a " +a" 7
PaccunrtaTh ommOKy MporHo3a:
&=Y.—f
Berunciaute EMA 1-ro u 2-ro nopsijika ommOoK MporHo3a:

@ (2)
E~ uE

OnpenenuTh OKOHYATENbHBIC 3HAUEHHS MapaMETPOB JIHMHEHHOTrO
TpeHpa:

a® =(2¢ ) (28" - )
al = v ) (0 -E?)

EMA omm0ok MOTYT yXyALIMTh Ka4eCcTBO MpPOrHO3a. B 3ToM ciy-
Jae MPU pacdeTe MapaMeTpoB JIMHEIHOrO TpeHIa HyXKHO OCTaHO-
BUTHCS Ha IIare 2 3TOTo aJrOpUTMA.

12.3. AnanTuBHOEe MOJEJMPOBAHME NMAPa0OIUYECKOr0 TpPeHIa ¢
MOMOIIBIO IKCIIOHEHIIMATBHBIX CKOJIB3SAIIHX CPETHUX.

IycTs nexonusiil nuHamMudeckuii psaa { Y,} MoxHO onmcars nmapa-

oonoit f(t) = a® +a® +a®t?. Hammune cnyuaitapx oTknoHeHMit
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MPUBENET K TOMY, YTO CBSI3b MEXAY PACCUMTAHHBIMM I10 MOJENIH 3HAYE-
HUAMU ft U pEalbHbIMHM YPOBHSAMH JMHAMHMYECKOTO psama Y, Oyzer
BBIpaXKaTbCs B BUIE!

y,=f +e =a® +a®t+a%t’ +¢

rae € - 3TO PacXOKICHMS MEXTY MOIEIbIO0 U PEalbHBIMU YPOBHIMH.
Hcnonp3ys 5KCIIOHEHIUAIIBHBIE CKOJIB3ALINE CPEJHUE BBIYUCIAM HEH3-
BECTHBIE MTapaMeETPhI (a“” ) a® ) a(z)) .

Obo3nauenusn

BBenem 0003HaueHUs:

- Yt(l) - EMA 1-ro nopsiaka UCXOJHOTO TUHAMUYECKOTO Psijia,
- Yt(z) - EMA 2-ro nopsiaka HCXOTHOTO THHAMUYECKOTO Psa,
- Yt(3) - EMA 3-ro mops/ika uCX0HOTO THHAMHYECKOTO psfa,
- Et(l) - EMA 1-ro mopsaka ommboK MOJIeINH,
- E(z) - EMA 2-ro nopsiika omu00K MOJIEIH,
- E(s) - EMA 3-ro mopsaka onmooK MOJIEINH,

-« - moka3aTenbHbIN mpoueHT EMA.

Buouucnenue YO, YO u YO
-1 .

YO =a) (1-a)' i +(1-a) Yo =
i~0

= ai(l— a)i (a(o) +a® ('[ _ i) +a®@ (t _ i)2 +e. )+
+(1-a)'(@? +g)

t-1 _ t-1 )
YO =a(@® +a%+a®t?)y (1-a) ~a@” +2a%)3 (1-a)i+
i=0 i=0
t—

+aa?y (1-a)i’+(1-a)'a” +[a§(1—a)‘ & +(1—a)‘eo}

1
i=0 i=0
Ipu pocrarouno Gomsuiom t, Tak kak (1—a) <1, 10 (1-a)' =~ 0.

CrnenoBaTebHO:
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t-1 )
(1-a) = 1

i=0 (24

t-1 ) _

-0 (04

,_,__.
=

. 2 (-a)(2-a)
l-a)'i S —

I
o

1
BripakeHne B KBaApaTHBIX CKOOKax paBHO Et( ),

C y4eroM Bcero BBIIIECKa3aHHOTO (OpMYyJIa st Yt(l) MIPUMET BU:
@ _ KO @ (242 @
Y, =b"™ +bVt+at” + E

rac
l-a l-a)2-«a
b© = 2 _ g® L@ )(2 )
o (04
l-«
b® — 50 _25®
o

Pacuer Yt(z)n Yt(g) MPOBOJSATCS 1O ToM ke cxeme. [IpuBenem cpasy

KOHEYHBIH pe3ynbTar.
2 _ o0 L Ot 4 @12 L ED
Y7 =c” +cVt+a’t” + E

rae
-« l-a)(2-a)
0 _ 1O 1o )
c” =b"Y —-b 7+a S
D _ p® @l-a
cV =b" —-2a"Y ——=
a
YO =d@ 4 dVt + a®t2 + E®
t t
rac
l1-« Ql-a)(2-a)
0 _ (0 _ A @)
d¥=c” -c¥—+a" ———+
a a
1-a
d® = c® _25@
[04
171

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



aea 12. AGanmueHoe mModenupogaHue OUHaMU4ecKux psi0os

Buviuucnenue napamempos napabonuueckozo mpenoa

Vcnonb3ys 5T pe3yibTaThl HalileM HEH3BECTHBIE MapaMeTpPhl
0 A0 L2
napa6omnueckoro tperpa (a'”,a®,a'?). Mepenecs mavano cuc-

TeMbl OTCYETa B TOUKY { mocnme JOBONBHO T'POMO3IKHX
peoOpazoBaHM MOXKHO TTOYYHTh!

al® = (3Yt(l) AL +Yt(3))_(3Et(1) ~3E® + Et<3>)

a® = m(W)(es 5r) - Y,? (10— 82) + Y,¥ (4—3at) -
m(ﬁ‘% 5a) ~ E® (10~ 8a) + E® (4-3a))
a® = ﬁ(w” 2 +Y)-

(B 220 )

IIpozno3 ypoeneil ounamuueckozo paoa

HpOFHOBHOC 3HAYCHUEC NTUHAMHUYCCKOTO psi/ia B MOMECHT BpEMCHU

t+7 paso f,, =a®+a®.z+a? .72,

t+r

3ameuanue

B dopMmynax mius BBEIYHCICHHS TapaMeTpPOB MapaboimaecKon

(2)

perpeccun (afo) ,a[(l’,afz’) HPUCYTCTBYIOT BEJTHYMHBI Et(l) JE7 m

3
Ef ) KOTOpBIe SABISIIOTCI EMA OT OommOOK ypaBHEHHS PETPeCcCHH

g =Y, - f,, 1o ects npu Berancnennn (2% ,a”,al”) Bosuukaer

MepeKpecTHas cchuika. [103TOMy Ha MepBOM 3Tare HY>KHO UCIOJb30-
BaTh YNPOIICHHBIC (POPMYJIbI, HE YUNTHIBAIOLINE CKOJIB3AIIMX CPE-
HUX OLINOOK.

Anzopumm evluucieHus nApamempos napadoIudecKozo mpeHoa
1) Paccuurate EMA 1-ro, 2-ro u 3-ro nopsaKoB HCXOAHOTO psija:
@ (2 ©)
YO, Y@ u,
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2) BbIUHCITHTH B IEPBOM IPHOIMKSHAH TAPAMETPBI MapaboIHIecKOTo

TpeHaa:

at(O) — 3Yt(l) _3Yt(2) +Yt(3)

(24
a® =—% (Y (6-50) - Y2 (10-8a) + Y, (4-3a))
2(1-a)
2

@__ ¢

& = 7

2(1-«x)

3) Jlns Kaxaoro MOMEHTa BpeMeHu { HaiiTi MpOorHO3HOE 3HAYCHHE Ha

7 maros Brepen (7 > 1) cormacno ypaBHenuo perpeccun:

— a(0) @ @, .2

fo.=a”+a? r+a® .7
4) PaccunTath OMIMOKH POTHO3A!

g=Y—f
5) Beruucaurs EMA 1-ro, 2-ro # 3-ro mopsAaKoB OIMIMOO0K IMPOrHO3a;

@ 2 (3)

E7, E7u E
6) OmnpenenuTs OKOHYATETBHBIC 3HAYCHHS MMApaMeTpoB Mapaboimde-

CKOTO TpeH[Ia:

(Yt(l) _ 2Yt(2) +Yt(3))

al® = (3Yt(l) ~37® +Yt(3))_(3Et(1) ~3E® + Et(S))

A = 7 6 (6-52) -7 (10-8a) + Y, (4-30))-
-

__ W(a_ _E®n0_ @ (g_
2(1_a)2(a (6-5a)— E? (10-8a) + E® (4-3a))

2 2
@__ % (yo_oy@ yO@)__<% W _og®@ L E®
A7 = gy W AN ) (B 280 4B
EMA omm6ok MOTYT yXyAIINTh KauecTBO NMPOTHO3a. B 3ToM ciyuae

IpU pacyere MapaMeTpoB MapabOJHMYecKOro TPEHAa HYKHO OCTaHO-
BUTHCS Ha Iare 2 3TOro allrOPUTMA.

12.4. BoiGop BeJMUHMHBI NMOKA3aTEJLHOI0 NMPOLEHTA MPH ajamn-
THBHOM MO/€JTHPOBAHHUH.

s Toro, 4roObl OLIEHUTh, HACKOJIBKO XOPOIIO MOA00paHa Be-
JUYMHA TT0Ka3aTeIbHOTO TPOICHTa ¢ , HEOOXOIMMO PacCMOTPETh
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omMOKH, BO3HUKAOIIME TPU MPOTHO3UPOBAHUH YPOBHS LIEHBI B MO-
MeHT BpeMeHH [ + 7 Mozensio:

f..=a®+a® ¢ wm f
BBenem 0003HaUCHHS
- & - oumbka nporuosa (&, =Y, — f,):

—a® +a% .7 1a®@ 72

t+7

JULSL INHEHHOM MOJeNH &, = (afo) afl) 7),

st mapabonsl &, =Y, — (8, (0) al .r+a®? .r?).
3aMeTuM, 4TO OMIMOKH MPOTHO3a 3aBUCAT HE TOIBKO OT ¢f , HO H
OT UHTEpBaja MPOTHO3UPOBAHUS T .

- [ - mokasarelnbHBIA MPOIEHT CrIaKWBAHUS DsAla KBaJpaToOB
OLIMOOK MPOTHO34,

- Qt - EMA s psiga kBapaTtoB onrnOOK MporHo3a!

_ 2

—:B'gt +(1_ﬂ)'Qt—1'
Onrtumusanys BEIMYMHBI MOKA3aTEIbHOTO MPOLEHTa ¢ - 3TO MOA-
0Op TaKOro ero 3Ha4eHus, YTOObI IPU PUKCUPOBAHHOM [ 1OOUTHCS
Toro, urobbl Q, — MIN. O6bruHO BenuuuHy [ BBIOUPAOT B IIpe-

nenax ot 0.1 no 0.2, 4ro nmpUOIU3UTENHFHO COOTBETCTBYET MEPUOTY
crnaxkuBanus B npezaenax ot 10 go 20.

12.5. AnanTuBHOEe MOJeTHPOBAHNE C TIEPEMEHHBIM NMOKA3aTeJIb-
HBIM NPOLIEHTOM.

Ha HecTaOMIBHBIX PHIHKaX HMEET CMBICT HCIOJIb30BaTh ajarl-
THUBHOE MOJICTTMPOBAHUE C NIEPEMEHHBIM MOKa3aTeIbHBIM IPOIIEHTOM
at, KOTOpLIﬁ Mo MEpEC MOJYUYCHHS HOBBIX AAHHBIX IMOCTOAHHO 1O~

CTpauBaeTCs K TEKYyIIeH phIHOYHOUN CUTyaIluu.
Benem o003HaueHUS:

- & - oumbka nporuosa (&, =Y, — f,):
JJ1s TMHEWHON MOJENH &, = ( (0) (1) Z') ,
st mapabonsl &, =Y, — (8, (0) al’ -+ afz’ 7%).

- [ - mokasarenbHbIA NPOLEHT CIIIAKMBAHUS OMIMOOK MPOrHO3a
¥ MOJIyJIeli OmMBOK MPOrHO3a,

- E, - EMA omm6ok mporHo3sa:
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E =p-¢ +(1_13)'Et—11
- A - EMA mogyneit onmm60k porsosa,

A=plel+1-5)- AL
3HaueHHe TEPEMEHHOTO TIOKA3aTENBHOTO MPOLEHTA B KAXKIBIA MO-
MEHT BpeMeHH Bbiumcisior no dopmyne ¢, =|E,/ A |. Bennunny

f Boibupator B npeaenax ot 0.1 10 0.2.
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13. MEXAHUYECKHE TOPTOBBIE CUCTEMbI

13.1. Beaenue.

OnpenenuM HWHBECTUPOBAaHHE KaK BIIOKEHHE CBOOOJIHBIX Je-
HEXHBIX CPEJICTB B Pa3IMYHbIC BBl (PUHAHCOBBIX AKTHBOB C IICIIBIO
momydeHuss npuObu. llpw  QopMupoBaHWM HWHBECTHIIMOHHOTO
moptdens BeIOMpaeTcs Takod HA0Op aKTHMBOB M TaKOH CIOCO0
YIPAaBJICHHSI KIMU, KOTOPBIE Obl 00ECTIICUNBAIN 0XKHIAEMbIH JOXO]] HE
HWKE 3apaHee 3aJJaHHOT0 MHHUMAIBHOTO 3HAYEHUs NIPH PUCKE II0-
JMydeHHs TOX0Jla HE BHIIIE 3apaHee 3aJaHHOTO MaKCHMaJIbHOTO 3Ha-
yerus. CyIIECTBYIOT JIBa OCHOBHBIX CIoco0a yIpaBiieHHs mopTde-
JIEM IIEHHBIX OyMar: akTUBHBIN U TACCUBHBIN.

CyTb IaCCHBHOTO YIIPABJICHUS! COCTOHUT B CO3JJAHUH XOPOIIIO JTU-
BEPCU(PUIIMPOBAHHOTO, COCTOSIIETO U3 OOJBIIOrO KOJMYESCTBA aKTH-
BOB MOpPT(Hes, U MPOJODKUTEIBHOTO YACPKUBAHUS €r0 B HCH3MCH-
HOM coctosiHuH. [laccuBHBIN mOpTdens XapakTepusyercs HU3KHM
000pOTOM M MaJIbIM YPOBHEM HAKJIaTHBIX PACXOJIOB.

MpbI CKOHIIGHTPUPYEM BHHUMAaHHUE Ha PACCMOTPEHUM AKTHBHOTO
yhpasjieHus moprdenaeM, KOTOpoe HalleJIeHO Ha MONyYeHHUE J0XOia
BEIIIIE CPEIHEPHIHOYHOTO YPOBHSA. AKTHBHOE YIIpaBJICHUE IOAPa3y-
MEBaeT:

- BbIOOp HEOOJBIIOrO KOJIHYECTBA BBICOKOJIMKBUIHBIX AKTHBOB
it hopMupoBaHus mopTdes,
- OomlpenereHHe MPABWII OTKPBITHS M 3aKPBITUS MO3WINI MO Kax-

JIOMY W3 aKTHBOB,

- ompenereHne 00beMa OTKPBIBAEMBIX MTO3UIIHIA,
- ONTHUMU3AIUIO TOPTQENS, TO €CTh METOBI CHIDKEHHS PUCKOB.

OnpeenuM HEKOTOPbIE MOHATHSI, KOTOPbIe OyIeM UCIOIb30BaTh
B JJaJIbHCUIIIEM.

Mexanuueckas mopzosas cucmema (MTC) - Habop mpaswi, of-
HO3HAYHO OIPEICNISIONUX MOMEHTBI OTKPBITHS M 3aKPBITHS IO3H-
muit, To ectb MTC 3amaer mpaBuia BXoJa B TO3UIMIO, MpaBUiIa
BBIXO/Ia W3 BBIMTPHIBAIONIC TO3WIMM, TIPaBWIA BBIXOAAa U3
MPOUTPHIBAIOIIEN TTO3UITUH.

VYnpasnenue kanumarom - Ha0Op TpPaBHJ, ONPEACISIONINX
00BEM  OTKPBHIBAEMBIX TIO3MIUHA B  MOMEHT  IOCTYIUICHHUS
cooTBeTcTBYIOmMUX curHaios ot MTC.
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Onmumusayus nopmeenss - METOAbI, MO3BOJSAIOIINE BHIOPAThH
TakOW cocTtaB mopTdens akTUBOB M TOPIYIOLIIMX 3TH aKTHBbI
MEXaHWYEeCKHX CHCTEeM, KOTOpble Obl B HauOOJNBIIEH CTENEeHU
COOTBETCTBOBAIM WHBECTHLIMOHHBIM IPEANOYTEHUSIM KOHKPETHOTO
Tpeiaepa.

13.2. MexaHn4ecKknii ¥ HHTYUTUBHBII MOIX0/ K TOProOBJIe.

JluHamMuKy OUpP)KEBBIX IICH AKTUBOB MOXXHO IPEICTaBUTh KaK
CTOXaCTUYECKUI U HECTAlMOHApHBIA mpouecc. OQHAKO, 3TO HE HC-
KITFOYaeT BO3MOKHOCTD HaXOXKIEHHUS TaKOro Habopa SMIUPUIECKIX
MIpaBUJI, YTO MPOBEICHUE B COOTBETCTBUM C HUMHU TOPTOBBIX OIepa-
IUH TI03BOJIAET YBEJIHUYUTH JOXOMHOCTh H/MIIH YMEHBIIUTh PHCK
BJIO>KEHUSI B TaHHBIN aKTHUB [0 CPABHEHUIO C MMACCUBHOU CTpaTerueit
"Kynui 1 gepxu’.

Co3naHue MeXaHWYeCKOH TOProBOM CHCTEMBI - 3TO IOJIHAA
(hopManuzanus Takux mnpasuil. [Ipy 7TOM HY)XHO TOHUMAaTh, YTO TaK
KaK TpaBWjIa OTKPBITHS M 3aKPBITHS MTO3UIMI pa3pabaThIBarOTCS Ha
OCHOBE MPOIIJION MCTOPUH II€H, TO HE CYIIECTBYET rapaHTHUH TOTO,
yto MTC Ha ux ocHOBe OyneT ycrenHo padorats u B Oymymem. Ho
geMm 0OoJiee KaueCcTBEHHO MpoBeaeHo TectupoBanue MTC, tem 601b-
IIle OCHOBaHUI HaJIeAThCS HA TO, YTO €€ PEe3yNbTaThl P peaTbHOU
TOpProBiie OyJIyT HaXOAUTHCS B MPHEMJIEMBIX JIs Tpeiepa mpene-
nax.

Y MeXaHHYecKOro MOAXOIa €CTh JBa MPEHMYINECTBA IO CpaBHE-
HUIO C YaCTO MPAKTUKYEMBbIM HHTYUTHBHBIM TIOAX0JO0M K TOPTOBIIC:

- TIpU IPUHATUM TOPTOBBIX PEUIEHUN HCKIIOYAETCS dMOLMOHAIBHBIN
¢axrop,

- NPUHATHIC TOPTrOBBIC PEIICHUS HE SBISIIOTCS CyOBEKTUBHBIMH, Clie-
JIOBAaTeNIbHO ONpaBJaHO (OpPMaIbHOE CTATHCTHYECKOE HCCIe0Ba-
HUe pe3ynbraToB paboTel MTC, mo3Boistoliee HAUTH U CKOPPEKTH-
poBaTh ee ciIabble MecTa.

Crienyer ele pa3 MOJ4epKHYTh, YTO ISl JTF000I MEXaHHYECKOW chcTe-

MBI CYIIECTBYET BEPOSITHOCTH TOTO, YTO MO MCTEUYECHHH JIFOOOTO HHTEp-

BaJla BPEMCHH B pe3yJbTaTe IPOBEACHUS TOPTOBBIX OIEpanuii Mo ee

CHrHanaMm OyzeT moiydeH yObiTok. OJHaKo, JUIs JOCTaTOYHO XOPOIIEH

CHCTEMEBI 3Ta BEPOSITHOCTh TEM MEHBIIE, YeM OOJIbIIe BpeMsi TOPTOBIIH.

[MosToMy cumraercs, uto mist Toro, 4rodsl MTC cMmoria peamn3oBaTh

CBOE CTaTHCTHYECKOE NMPEUMYIIECTBO, HEOOX0MMO He MeHee 2-3 JIeT.
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13.3. CBoiictBa MTC.

Toxazamenu MEXaHUYECKON TOPTOBOM CUCTEMBI XapaKTEPU3YIOT
pe3ynbTaThl ee paboTel. BennunHa, pazdpoc U yCTOHYHMBOCTH TIOKa-
3aTeneil ompenensioT KadecTBO cucTembl. [logpoOHO mokazarenu
MTC u MeTonsl WX CTaTUCTHUYECKOTO HCCIe[OBaHUS OyayT pac-
CMOTpPEHBI HIXKE.

Iapamempamy MeXaHUIECKONH TOPTOBOW CHUCTEMBI HAa3bIBAIOTCS
TepeMeHHbIe, IPUCYTCTBYIOININE B TMPABWIIAX OTKPBHITUS U 3aKPBITHA
ro3unuid. B pesynprare TectupoBanus u ontumusanuu MTC ompe-
JeNsieTcs Takoi Habop mapameTpoB, MPH KOTOPOM BEJNWYHHA, pa3-
OpocC M YCTOMUMBOCTD BaKHEUIINX MOKa3aTeIeld CHCTEMBI HaXOISATCS
B OINTUMAIIGHBIX ISl KOHKPETHOTO Tpeijepa mpepenax. Xoporras
MTC nomxHa 0671a1aTh CIEIYIOIUMHI CBOHCTBAMH:

- MMeTb HeOOJbIIOE KOJIMYECTBO ONTHMHU3UPYEMBIX TapaMeTpOB,
- UMETh YJOBIETBOPHUTEIbHBIE MTOKa3aTeNn PabOTHI MPH PEAbHBIX

PBIHOYHBIX KOMHCCHSX,

- o0namaTh yCTOWYHMBOCTBIO TOKazaTeleid paboThl B 00JacTH OM-

TUMAaJIbHOCTH MapaMeTPOB,

- JIOJDKHO CYIIIECTBOBAThb MO KpailiHEeW Mepe HECKOJIbKO aKTHUBOB,

Ha KOTOPBIX CHCTEMa MMeeT MpHEeMIIeMbIe pe3ylbTaThl 0e3 To-

BTOPHOU ONTHUMH3AIUH.

Yucno onmumusupyemsix napamempos

UeMm OoitbIlie ONTUMU3HPYEMBIX HapameTpoB mMmeer MTC, Tem
MEHBIIIE BEPOSITHOCTh TOTO, YTO OHAa OYyJeT yAOBJIETBOPUTEIBHO pa-
00TaTh NIPH peanbHON TOProOBIe. DTO CBA3aHO C TEM, YTO MPH OOIb-
LIOM YHCIIE MapaMeTpPOB CHUCTEMa IMOJATOHSETCS IMOJ HCTOPUYECKUI
PSA LIeH, Ha KOTOPOM MPOUCXOIMIIO TecTupoBanue. Ho psbl 1ieH ak-
THUBOB B OOJIBILION CTETIEHH HOCST CIIy4alHbBII XapakTep. 3agadeil xe
XOpOIIeH CHCTEMBI SBISIETCA HE yUeT BCEX OCOOCHHOCTEH KOHKPET-
HOW CJTy4aiiHO#M BBHIOOPKH, a BBIABICHHE 00JICEe WM MEHEE MOCTOSH-
HO JEWCTBYIOIIMX Ha pBIHKE 3aKOHOMEPHOCTEH. 371ech yMECTHa aHa-
JIOTUA C PErPECCUOHHBIM aHAM30M, I'ZI€ TAKXKE HYKHO C OCTOPOKHO-
CTBIO OTHOCUTBCS K M3JIHILIHEMY IEPEYCIOXKHEHUIO MOEIIH.

Benuuuna komuccuu

Baxxupim MomentoM mpu tectupoBanun MTC sBusieTcst Benu-
YUHA KOMHCCHUH, KOTOpas MOJDKHA COOTBETCTBOBATH PEANHHBIM Ha
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KJIQJHBIM PacXojaM MPH COBEPIICHUU CACIKH, TO €CTh OHA JIOJIKHA

YYHUTHIBAT CIEAYIOIINE BEJINIHHEL

- KOMHCCHIO ¢ 000poTa (OpOKEpPCKyI0 U OUPIKEBYIO),

- cnpaj (pasHUIY MeXTy KOTHPOBKAMH HA TIOKYTIKY U MTPOAAKY),

- mpocKaib3biBaHKe (pa3sHUIly Mk Iy BennunHO# curtana MTC u
peanbHOM 1IEHOM MCTIONHEHNS CAEKH).

Ecnu OuprkeBas U Opokepckasi KOMUCCUH HE 3aBUCAT OT BHJA aKTH-

Ba, TO Ha BEJIMYUHBI CIP3JOB M MPOCKAIB3BIBAHUIA CYIIECTBEHHOE

BIUSHUE OKa3bIBaeT JIMKBHIHOCTH KOHKPETHOTO aKkTHBa. B memom

MOXXHO CKa3arh, 4TO Npu TectupoBannn MTC cymmapHy0 KOMUC-

cHio cienyer Beiouparh He MeHee YyeM 0.5% OT CyMMBI CACTKU Jaxe

Ut HanboJlree JINKBUIHBIX aKTHBOB.

Ycmoiiuueocmov noxkazameneii 6 oonacmu onmumanvHocmu

VcroitunBocts mokasareineii MTC B 00J1acTH OINTHMAalIbLHOCTH
MapaMeTpoB TPOIIE BCETO MPOMIUIIOCTPUPOBATH TI'padUIecKH IS
CHUCTEMBbI, 3aBUCAIICH OT €IMHCTBEHHOro mapamerpa. PaccMoTpum
rpadK 3aBHCHMOCTH OJHOTO W3 TIOKa3aTeliell CHCTEeMBI (IOXOIHO-
ctv B % rojioBbIX) OT BEIMYMHBI ONTHMU3UPYEMOTO MapamMmeTpa.

100% A
90%
80%
70%
60%
50%
40%
30%
20%
10%
O% T T T T T T T T T 1

0O 2 4 6 8 10 12 14 16 18 20

MapameTp

OoxonHoCcTb
1 1 1 1 1 1 1

B nanHOM ciy4ae BBIOOp B Ka4eCTBE ONTHMAJIHHON BEIIMYHMHBI I1a-
paMmeTpa 3HayeHHE, COOTBETCTBYIOImIee Touke A (mapamerp=6, moxom-
HOCTH~95%r0/.), HE SABISIETCS MPAaBHIBHBIM, TaK KaKk B paiiOHE 3TOH
TOYKH BEJIMYUHA JOXOJHOCTH SIBISCTCS HEYCTOWYMBOW M CTOJb PE3KHH
MUK BEPOSTHEE BCETO OOBICHAETCS OCOOCHHOCTSIMH KOHKPETHOW CIy-
JaifHOH BBIOOPKH, HA KOTOPOIl IPOUCXOANIO TECTUPOBAHHUE.
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Bonee pasyMHBIM nipejicTaBseTCsA BEIOOpP B KaUECTBE OMTUMAIBHOM
BEJIMUMHBI MapaMeTpa 3HaueHHe, COOTBETCTBYMoIlee Touyke B (mapa-
Metp=13, moxomHocTb~35%ro.), Tak Kak B 00JIACTH 3TOW TOYKH JO-
XOZHOCTh yCTOWYMBA K M3MEHEHHUIO MapaMeTpa B JOCTATOUYHO IIHPOKHUX
npenenax.

Ha yctoituuBoCTb clielyeT MpoBepATh BCe BaxKHbIE Ui Tpeilnepa
MOKa3aTelln pabOThl CUCTEMBI. Y pa3HBIX IMoKa3aTelei 00JacTH yCTOM-
9uBOCTH OyIyT BOOOIIE TOBOPSI Pa3HBIMH. B KauecTBe ONTUMAIBHOTO
cilenyeT BbIOpaTh Takoe 3HaueHHE IapameTpa, KOTOpoe HaXOIUTCS B
00nacT yCTOWYMBOCTH OOJIBITMHCTBA HanOosee BAXKHBIX I Tpeinepa
MOKAa3aTeNeil CHCTEMEI.

YOoeﬂemeopumeﬂbnbtepe3y.f1bmambt Ha pa3iudHbIX AKMuUeax

MexaHndeckasi CHCTEMa KakK IPaBIIIO CO3IACTCS, TECTHPYETCS H
ONTUMHUBUPYETCS Ha UCTOPHUYECKOM psijie LieH OJHOro akTuBa. OaHON u3
IJIaBHBIX 3a7a4 co3nanus xopoied MTC sBisieTcst mpeIoTBpallieHUE ee
MIOJTOHKH 0 KOHKPETHBIE MICTOPHUYECKHE TaHHbIE, KOTOPHIC HaBEPHSIKA
He ToBTOpATCs B OynymeM. D¢ deKkTHBHBIM criocodoM mpoBepkun MTC
Ha M3IUIIHIO TIOJTOHKY SBJISETCS MEPEX0]] Ha JIPyTHe aKTHBHI 0e3 W3-
MEHEHUS IapaMeTpoB CHCTeMBl. Ecim mpu mepexone Ha NCTOPUYECKHUE
PSOBI IIEH OPYTHX aKTHBOB 03 MOBTOPHOHM ONTHMU3AIMU MApaMETPOB
CHUCTeMa MPOJOJKAET MOKA3bIBaTh YJOBIETBOPHUTEIbHbBIE PE3YJIbTATHI,
TO 3TO TOBBIIIAET BEPOSTHOCTH TOTO, UYTO OHA OKAXKETCS] MPUOBUTHFHOM B
peanbHOH Toprosie. [Ipu 5TOM HamO MMETh B BHIY, YTO €CIH aKTHUBBI
BBICOKOKOPPEIUPOBAHbI, TO 3TO CYLIECTBEHHO CHIKAET LIEHHOCTh TaKOH
npoBepku. Eciu ke mpu mepexoje ¢ psaa [EeH UCXOIHOrO akThBa (Ha
kotopoM MTC co3aaBanach 1 ONTUMHU3UPOBAIACH) HA PSIJ LIEH BBHICOKO-
KOPPEJIUPOBAHHOTO C HUM aKTHBa CHUCTEMa pa3BaJIMBAETCs, TO JTO CIIy-
KHUT BECKUM OCHOBAHHEM JIJISl OTKa3a OT Hee.

13.4. MuHHMAJILHOE YHCJI0 CIEJI0K.

Jli1st TOCTOBEpHOM OLIGHKH BENWYMHBI U pa3dpoca MoKkaszaTenaei Me-
XaHUYECKOU TOPrOBOM CHCTEMBI KOJIMYECTBO CAETIOK HA NMEPUOE TECTH-
POBaHUsI HE JOKHO OBITh MEHBIIIE HEKOTOPOrO MHHHUMAJIBLHOIO 3Hade-
uust. Cyuras, 4TO PE3yNbTaT OTACIBHOW CHEIKM (HAIpHMEp pasMep
MpUOBUTH) SIBISICTCS CIyYaWHOW BETMYMHOW, OLIECHMM MHHHMAJIbHBIN
00BbeM BBIOOPKH ISl HACHTH(DHUKAIINK 3aKOHA PacIpelIeIiecHus ITOH Be-
nrauHbL. 15 naeHTHHKAINT 3aK0Ha paclpeesIeHus] He0OX0aUMO I1o-
CTPOUTHh TMCTOrpaMMy SMIMPUYECKHUX YaCTOT U IIPOBECTH CpPaBHEHME
SMIMPUYECKUX M TEOPETUYECKHX YacTOT IO KPUTEPUIO XHU-KBajpar.
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HaHOMHI/IM, 4YTO MHHUHMAJIBHOC KOJIMYECTBO CTOHGHOB TUCTOTpaMMBbI
JIOJKHO PaBHATHCS MATH.

Tak Kak NPUBOJMMBIE HUKE BBIKIAJKU OyIyT HOCHTH OLEHOYHBIH
XapakTep, MPeNookKUM 3apaHee, UTo HccleayeMas clydaiiHas Beiu-
YHHA TIOTYMHSETCS HOPMATBHOMY 3aKOHY Pacrpe/iesICHHS.

TIpuMeM B KauecTBe HHTEPBaa BO3MOKHBIX 3HAYEHMI JTOH BeH-
urHBl IpoMexyTok (1 — 20, 1+ 20°) . BeposATHOCTh OKa3aThesl BHYT-

pu storo mHTepBana 95.45%. Illupuny crondia THCTOrpaMMBI MOXKHO
HalTH, pa3ieiuB LIUPUHY MHTEpBaja BO3MOXKHBIX 3HAYEHUH, TO €cTb
40, Ha MMHUMAIBHOE KOJIHMYECTBO CTOJNOLOB T'MCTOrPAMMBI, TO €CTh
grcno 5. B urore momyunm, uro mmpuna cronona pasaa 0.80 . B Ta6-
JULEe NPUBEACHBl 3HAUEHUS] HOPMHUPOBAHHBIX TEOPETUYECKUX YacTOT
MOMAaJaHus B COOTBETCTBYIOIIME CTOJIOIBI TUCTOTPAMMBI [T CTaHAapT-

Hoit HopmanwsHoit Bemuunnsl (¢ =0, 0 =1) .

Howmep unmepeana Jlesas epanuya  Ilpasas epanuya Hopmuposannas
yacmoma

1 -20 -1.2 0.0923

2 -1.2 -0.4 0.2295

3 -0.4 04 0.3108

4 04 12 0.2295

5 12 2.0 0.0923

HTOI'O 0.9545

JUis IPOBEPKM 3aKOHA PacTIpeiesIEHHsl 0 KPUTEPHIO XU-KBAJIpaT B
TabNMIle JOKHBI TIPHCYTCTBOBATh HEHOPMHUPOBAHHBIE YaCTOTHI, HPH-
4eM MHHHMMAJIbHOE 3HAYEHHME YaCTOThI HE JOJIKHO OBITh MEHBIIE TISITH.
CieI0BaTENBHO, TEPEXO]] K HEHOPMUPOBAHHOI YacTOTE MOXKHO CIIEJIATh
nyTeM ymHosxkenus Ha kodpunuent 5/0.0923 =54.16 u oxpyrmus
pe3yJIbTaT JI0 11eJI0r0. B MTOre TabiuIa 9acToT MPUMET BHL

Homep unmepeana Jlesas epanuya  Ilpasas epanuya Yacmoma

1 -2.0 -1.2 5
2 -1.2 -0.4 12
3 -0.4 04 17
4 04 12 12
5 12 20 5

HUToro 51
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Takum 00pa3oM MBI MONYYHIH, YTO ISl OLCHKH TOKa3aTeled MeXaHu-
Y4ECKO TOPTOBOM CHCTEMBI 00beM BRIOOPKHU (KOJTHYECTBO CCIOK Ha Tie-
pHOie TECTHPOBAHHMS) HE MOJDKEH ObITh MeHble 51. 3amernM, 9T0 mpH
BBIYUCIICHUH 3TOTO 3HAYCHHS MBI UCTIOIB30BaIH MHUHHUMATBHO BO3MOX-
HOE YHCII0 CTONOIOB rucTorpammsl (5 CTOJIOIOB) U HE OYEHD ITHPOKHUI
noseputenbHblii naTepBan (95%). C yBennyeHHeM KOJINYeCTBa CTOJIO-
110B (YMEHBILICHHEM LIUPUHBI CTOJOIA) U YBEIHYCHUEM [OBEPUTEIHHO-
ro WHTEpBaJia MUHUMAJILHO HEOOXOJAUMBIH 00beM BBIOOPKH MOXKET CY-
IIECTBCHHO BBIPACTH.

13.5. TectupoBanne MTC.

Henpio TecTupoBaHMsI MEXaHMUYECKONW TOPTOBOW CHUCTEMBI SIBISICTCS
TpoBepKa ee paboTHI Ha MCTOPHYCCKOM psife HeH. TecTHpoBaHHE Kak
MIPaBUIIO MPOBOJIAT, UCTIONB3Ysl MAaKeThl TEXHUYEeCKOro aHamusa. [1o pe-
3yJIbTaTaM TECTHPOBAHUS IporpamMma (GpopMHUpYyeT OTYETH, Ha OCHOBa-
HUU KOTOPBIX J1enatoTcs BeIBoAbI 0 kauectBe MTC.

[Ipu onTUMM3aLKMK CUCTEMBI, B IIPaBUJaX, OMUCHIBAIOIIUX OTKPHI-
THE U 3aKPBITHE TO3UIINH, TOCTOSHHBIC TTApaMeTPhl 3aMEHSAIOTCS Ha OIl-
tumusupyembie nepemernbie (OPT-mepeMeHHbIC), A KOTOPBIX 3aja-
I0TCS JMana3oH W IIar U3MEHEeHHs. 3aTeM MporpamMma MPOBOAMT Psij
TECTOB AJISI BCEX BO3MOXKHBIX coueTaHnid OPT-nmepemeHHBIX 1 hopmu-
pyer cooTBeTcTBYylOIME OTUeThl. Ilo pesynpTaraM aHanusa 3TUX OTYe-
TOB BbIOMpaeTcss Takoil Habop mapameTpoB, MPH KOTOPOM BEJIHYMHA,
pa3dpoc M yCTOMYMBOCTH TOKAa3aTeNel CHCTEMBbI SBISIOTCS ONTHMAIb-
HBIMU 7151 Tpenaepa.

TecTupoBaHue M ONTHUMHU3ALUIO CUCTEMBI PEKOMEHIYETCs MPOBO-
JUThH Pa3AesbHO AJS IJIMHHBIX U KOPOTKUX CHEIOK.

Msr Oynmem paccMaTpuBaTh CICAYIOMIME OTYETHl O TECTHPOBAHUH
CHCTEMBI. OTHYET O BeJIMYMHE TOProBoro cuera (equity report), crpymmu-
POBaHHBI OTYET O BEIMYHHE TOPrOBOTO CUETa, OTUYET O caenkax (trades
report), ceoausIii oTuet (results report).

[MPUMEYAHUE: nanee B TEKCTe COAECpIKAHUE OTYETOB, & TAKKE
o6o3Hauenus nokaszareneid MTC u ¢opMysbl 111 UX BBIYUCICHUS MO-
T'YT OTJIMYAThCS OT MPUHATHIX B MAKETaX TEXHUYECKOTO aHAIM3a.

13.6. OTueT 0 BeJIMUMHE TOPTOBOIO CYETA.

OTyeT O BEeMWYMHE TOPTOBOIO CYETa MOKAa3bIBACT M3MEHEHUE
CTOMMOCTH TIOpT(enst Ha KaxaoM IeHOBOM Oape. OT4eT COAepKUT
CJIeIYIOIITUE TIOJIS:
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bar number [TopsiAKOBBI HOMEP TEKYIIETrO0 BPEMEHHOTO
neproa (6apa).

date Hata/pems Tekymiero 6apa.

position Toprosast MO3UIKsI HA KOHEI[ TEKYIIIETO
6apa. Bo3MOXHEI CIIeyOIINe THITHI
MO3ULHI:

"OUT" - BHe pHIHKA,
"LONG" - qimuHHAS TO3ULNA,
"SHORT" - xopoTkast mo3umus.

price Tekyrmas eHa akTHBa.

net change price V3MeHeHue IIeHBI aKTHBA 38 TEKYIIHii
TepHO/I.

% change price IIpoieHTHOE N3MEHEHHUE [IEHBI aKTHBA 32
TEeKYIIUHA epuoz.

equity Tekyias BeIMuMHa TOPrOBOTO CYETA.

net change equity W3MeHeHne BEIMYUHBI TOPrOBOIO CYETA 3a

TEKYLIUI epuo/I.

% change equity IIpoueHTHOE N3MEHEHNE BEINUHMHEI
TOPrOBOTO CYeTa 3a TeKYIUI NEepPUOL.

13.7. CrpynnupoBaHHBIIi 0TYET 0 BeJINYHHE TOPrOBOT0 CYETA.

CrpynmipoBaHHEBIH OTYET O BEIWYHHE TOPTOBOTO CUeTa (GOPMHUPY-
€TCs Ha OCHOBE OTYETa O TOPrOBOM CUETE U IIOKa3bIBAE€T M3MECHEHUE
CTOMMOCTH MOPT(eNs [0 YKPYIHEHHBIM IepuojiaM BpeMeHu. OTder co-
JEPAKUT CIENYIOLINE OIS

period grp [lepuon rpynmupoBKy:
"D" - neus,
"W" - menens,
"M" - mecs,
"Q" - kBaprai,
"Y" - rox.

period number [TopsAKOBBIN HOMEP TEKYILETO BPEMEHHOTO
Hepuoa.

first date IMepBast qata/Bpemst TEKYILETO MEPHO/IA.
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last date
price

net change price

% change price

equity

net change equity

% change equity

13.8. OTuer o caejKax.

[ocnenuss nara/BpeMs TEKyILETo MepUOIA.
Ilena axTrBa Ha KOHELl TEKYLIETO NEPUOJA.

W3MeHeHHe 1IeHbl aKTHBA 33 TEKYIIHi
MEePHO/I.

[IponeHTHOE M3MEHEHNE LICHbI aKTHBA 32
TEKYLIUI EPUO.

Benuuuna TOPTOBOI'0 CYETA HA KOHEIT
TEKYLIEro nepuoaa.

M3MeHeHne BeTMUUHBI TOPTOBOTO CYETa 32
TEeKYyIIUHA TepUuoz.

IIporieHTHOE N3MEHEHNE BETUUNHBI
TOPTOBOTO CYeTa 3a TeKYIIUil MepUoOI.

Otuert o caenkax (GopMHUPYETCsS Ha OCHOBE OTYETa O TOPrOBOM Cue-
TE€ U OIHUCHIBACT KAX/IYI0 TOPTOBYIO OIIEPAIIHIO, CTEHEPHPOBAHHYIO CHC-
TeMoii. [IpuBesieM CIIMCOK TMOJIeH OTYeTa O CICIKaX U HEKOTophie (op-
MYJIBI U BEIYUCICHUS ITOKa3aTeNei CHCTEMBI:

Obwas ungopmayusi o coenke

trade number

trade type

barsin trade

daysin trade

max pricein trade

min price in trade

ITopsaxoBbIil HOMEP CreHepUPOBAHHON HpU
TECTUPOBAHUM CHEIKU.

Tun cnenku.
"LONG" - mimHHag chemka,
"SHORT" - xopoTkas crenka.

KommgectBo 6apoB, B TeueHNE KOTOPHIX ObLIa
OTKPBITA JaHHAsI TIO3ULIHSL.

Yuco kaleHAapHbIX THEH, B TEUEHHUE KOTO-
PBIX OBLTAa OTKPHITA TaHHAS TTO3UITHS.

MakcumanbHas II€HA aKTHBA OT MOMCHTAa OT-
KPBITHA TO3UIHUU 1O MOMCHTA €€ 3aKPbITHA.

MunumanbpHas 1ieHa akTHBa OT MOMEHTA OT-
KPBITHA TO3ULIAU 1O MOMEHTA €€ 3aKPbITUS.
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HOK‘(ZS’(ZW!@JZH, xapakmepusyrowue 6x00 6 nosuyuro

enter bar

enter date

enter price

enter equity

enter comission

enter efficiency

Howmep 6apa, Ha KOTOpOM ObliIa OTKPHITA T0-
3HIHA.

Jlara Bxoaa B O3UIIHUIO.

Lena aktuBa, 1Mo KOTOPO# ObLIa OTKPHITA TO-
3HIHA.

Benuuuna TOProBOro cuera A0 BXoda B 11031~
OHIO.

CyMMa yninadeHHOH KOMHCCHH 38 OTKPBITHE
MO3ULINN.

OddexTHBHOCTH BXO/1a B MO3HUIIHIO.

Hoxa3ameﬂu, xapakmepusyrowue 6bIX00 U3 nosuyuu

exit bar

exit date

exit price

exit equity

exit comission

exit efficiency

Howmep 6apa, Ha KoTOpOM ObIJIa 3aKphITA I10-
3HIHA.

I[aTa BbIXOJa U3 IMO3HIIUHU.

Lena akTuBa, Mo KOTOPOH ObLTa 3aKPHITA TO-
3HIHA.

Bemnuuna TOProBOTO CYETA ITOCJIE BBIXOAA U3
TIO3HUIIHH.

CyMMa yniauyeHHON KOMHCCHH 32 3aKpPBITHE
MO3ULINN.

O¢ddekTHBHOCTD BHIXO/A U3 O3UIIUH.

Toxaszamenu, xapaxmepu3sylowjue cOexy

net profit

% profit

net drawdown

% drawdown

BenuumHa 10X0/a M0 JaHHOMU clenke (B IeHb-
rax).

BenuunHa 10x0/1a 10 JaHHOHU crenke (B %0).

Haubobliiee CHUKEHHE TOPTOBOIO CYETA B
TeYeHUEe JAHHOM OIepali OTHOCUTEIBHO
BXOJla B MO3MLUIO (B JIEHBIAX).

Haubosbliee CHUKEHHE TOPrOBOIO CYETA B
TeYEHUE JAAHHOM OIEepalii OTHOCUTEIBHO
BXO/a B mo3uiuio (B %0).
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comission in trade CyMMa ymiiayeHHOH KOMHCCHH 32 OTKPBITHE U
3aKPBITHE TTO3HLHH.

trade efficiency 3¢ hEeKTHBHOCTD CAENKH.

Dpghexmusnocms 6x00a 6 no3uyuro TOKA3bIBACT, HACKOJIBKO XO-
pomo MTC B xo/ie KOHKPETHOH CHEIKH pPEaTu3yeT MOTCHIMAIbHYIO
MpUOBLTE OTHOCHUTENBHO IIEHBI BXOJa B IMO3HWIHUIO M BBIYHCISICTCS IO
dhopmynam:

- JUIS TMHHBIX TTO3HITUH
max priceintrade—enter price

max priceintrade—min priceintrade
- JUIS KOPOTKHUX MO3UIINH
enter price—min priceintrade
max priceintrade—min priceintrade

D} PekTHBHOCTH BX0J]a MOKET MpUHUMAaTh 3HadeHus ot 0 g0 1.
3(ﬁd)€Kmu6HOCan 8bIX00A U3 no3uyuu 1mMOKa3bIBaCT, HACKOJIBKO XO-
pouio MTC B Xone KOHerTHOP'I CACJIIKM PCAIM3YET NOTCHIUAJIBbHYIO
HpI/I6I:IJ'H> OTHOCUTCJIBHO ILICHBI BBIXOJAa U3 INO3UIUU U BBIYUCIISICTCA ITIO
dbopmynam:
- I JJIWHHBIX HO3UIAN
exit price—min priceintrade
max priceintrade—min priceintrade
- 711 KOPOTKHUX MO3HLINI
max priceintrade—exit price
max priceintrade—min priceintrade

D¢ dekTHBHOCTH BBIX0OIAa MOXKET MPUHUMATH 3HaueHus ot 0 mo 1.
Dghexmusrocms coenku MoOKa3bIBaeT, HACKOIBKO Xoporo MTC B

X0J1e KOHKPETHOH CIEIIKH Peau3yeT OOy NOTCHIMAIBHYIO MPUObLIb

Y BBIUHCIISAETCS 1O hOpMyIIam:

- JUTA IJIMHHBIX TO3HIUHA

enter efficiency =

enter efficiency =

exit efficiency =

exit efficiency =

exit price—enter price
max priceintrade—min priceintrade

- JUIS KOPOTKUX MO3UIUH

tradeefficiency =

enter price—exit price
max priceintrade—min priceintrade

tradeefficiency =
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- obmas dpopmyrna

trade efficiency = enter efficiency + exit efficiency -1

D PeKTHBHOCTD CACTKHA MOXKET MPUHUMATh 3HaueHus oT -1 j0 1.
Cuauraercs uro y MTC cpennsist 3pGeKTHBHOCTh BXOJOB U CPEIAHSS

3¢ (EeKTUBHOCTL BBIXOJOB J0JDKHA OBITH Oonbmie 0.6, To ecTh cpeaHss

3¢ PEKTUBHOCTD CACIKU AoJDkHA MpeBbimath 0.2. Ananu3 3 QeKTuBHO-

CTEeH HATJISTHO TIOKA3BIBACT HAINPABJIICHUS YCOBCPIICHCTBOBAHUS CHCTE-

MBI, TaK KaK IO3BOJISICT Pa3IelbHO OICHUTh KAYeCTBO CUTHAJIOB Ha BXOJ

B MO3MIIMIO U CUTHAJIOB HA BBIXOJI U3 HEE.

13.9. CBoaublii oTYET.

CBOJHBIN OTYET (OPMHUPYETCS HA OCHOBE OTYETA O TOPTOBOM
cUeTe M OTUeTa O CACNKaX M JaeT oOMIyro WH(OpMAITHIO O pe3yibTa-
Tax TECTUPOBAHUS CUCTEMBI. [IpuBeieM CIIHUCOK TOJICH CBOJHOTO OT-
4yeTa U HEKOTOpbIe (OPMYIIBI /I BBIYMCICHUS MOKAa3aTeNeil cucTe-
MBI

Ho;<a3amezzu, xXapakmepusyrowue JTUHUIO nMopeoeo2co cuema Ha nepuode
mecmupoeaHus.

start date Jlata Havama TeCTHPOBAHMSI.

start equity Benuunna TOproBoro cuera Ha Hayajuo TECTU-
poBanust (HadaTbHBIC HHBECTUIINH).

finish date Jlata oKOHYaHHS TECTHPOBAHUSI.

finish equity BennunHa ToproBoro cuera 1mocie OKOHYaHHUS
TECTUPOBAHMSL.

total bars KonugectBo 6apoB, B TeYeHHE KOTOPHIX MPO-
HCXOHIIO TECTHPOBAHHE.

total days YucIno KaJeHIapHBIX JHEH, B TEUEHHE KOTO-
PBIX IIPOHCXO/IHIIO TECTHPOBAHHE.

net system drawdown HawuGospliiee CHUKEHUE TOPTOBOTO CUETA OT-
HOCHTEJIbHO HaYaJbHBIX HHBECTHIIUH (B ICHB-
rax).

% system drawdown Haubonbliee cHIKEHHE TOPrOBOTO cyeTa OT-

HOCHTENIBHO Ha4yaJIbHBIX HHBECTULINH (%0).
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Hokazamenu, xapaxmepu3syouue 00xo0HOCmb cmpamezuu " Kynui u oep-
Jrcu’" Ha nepuode mecmuposanus.

buy& hold net profit Joxon crpaternn "Kynui ¥ Jep>Ku” Ha Te-
pHoe TeCTUPOBaHUS (B IEHBTaXx).

buy& hold % profit Jloxo cTpaTernu "KyIui v IepKu” Ha Tie-
puone TectupoBanus (%6).

buy&hold % profitinyear  JloxomHocTs cTpareruu "KyIui U AepXu' Ha
nepuoe TecTupoBanus (B % rogoBbIX M0
(bopMyIIe CIIOKHOTO TPOIICHTA).

Tokazamenu, xapaxmepu3syiouue doxoonocmov MTC na nepuode mecmupo-
8aHUA.

total net profit JHoxox Ha mepuoe TectupoBanus (B A€Hbrax).
total % profit Hoxox Ha nepuoae tectupoBanus (%0).
total % profit in year JloXOAHOCTB Ha Meproe TecTUpoBaHus (B %

T'OJOBBIX 11O (bOpMyJ'Ie CJIOKHOTI'O HpOHeHTa).

Tlokazamenu, xapaxmepu3syrowjue cOeiKu.

total trades OO0mIee YHCIIo CAENIOK.

% in trade Jloist BpeMeHH Ha TIepHojie TECTHPOBAHHYS, B
TEYEHNE KOTOPOTO CUCTEMA MMea OTKPBITHIC
MO3HLHH.

% out trade ot BpeMeHU Ha IEPUOAE TECTUPOBAHUs, B
TEYEeHHE KOTOPOTo CHcTeMa Obliia BHE PBIHKA.

avg net profit Cpennuii 10X0/ cIeNoK (B ICHbIax).

stdev net profit CpenHekBaipaTHYHOE OTKJIOHEHUE J10X0/1a
CHIENOK (B ICHBrax).

avg % profit Cpennuii noxon caenok (%).

stdev % profit CpenHeKBapaTHIHOE OTKIIOHEHHE 0X01a

cuenok (%).

avg net drawdown CpenHee HAaMOOJBINNX CHUKEHUN TOPTOBOTO
cuera (B A€Hbrax).

stdev net drawdown CpeHeKBaIpaTHYHOE OTKIOHEHHUE HANOOIb-
[IMX CHIDKEHHUM TOProBoro cyera (B JA€HBrax).
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avg % drawdown

stdev % drawdown

max net drawdown

max % drawdown

avg net win/ |Javg net loss|

total comission

CpenHee HaHOOJNBIIMX CHIKEHUI TOPTOBOTO
cuera (%0).

CpenHeKBaIpaTHIHOE OTKIOHEHHE HANOOIIb-
MIUX CHIDKEHHUH ToproBoro cuera (%).

Haubobliiee CHUKEHHE TOPrOBOIO CYETA 32
OTJIENTBHYIO CHENKY (B JEHBrax).

HauGosibiee CHIKEHIE TOPTOBOTO CYETa 38
OTENBHYTO CIenKy (%0).

OTHoIIEHNE CpeHe MPUOBUTH BEIUTPBIITHBIX
CHIEJIOK K CPEHEMY YOBITKY HPOMIPBIIIHBIX
CJICJIOK.

OO1ast cymMMa yIjIadeHHON KOMUCCHHU.

HOK(ZS’(ZmeJlM, xapakmepusyrouwue eblucpobluiible coenKu.

win trades
win trades %
win amount

avg net win

stdev net win

max net win

avg % win

stdev % win

max % win

avg barswin

stdev barswin

KonrdecTBo BRIUTPHIIIHBIX CIICIOK.
[IponeHT BBIMTPHIITHBIX CHACTIOK.
OO0mast MpuOBLTH BCEX BEIMTPHIIIHBIX CIEITOK.

Cpenssst npuObLIb BHIMTPHILIHBIX CAENOK (B
JEHbIax).

CpeanexBaJpaTUIHOE OTKIIOHEHHE TPUOBLTH
BBIMIPHIIIHBIX CAENOK (B IE€HBraX).

MaxkcumanbHast IpUOBLIb BEIMTPHIIIHON Cei-
KH (B JIeHbrax).

Cpenssist TpUOBLTH BBIMTPBIIIHBIX cenoK (%0).

CpenHeKBaipaTHYHOE OTKIOHEHHE MPUOBLTA
BBIUTPBILIHBIX ce0K (%0).

MakcuMainbHast IPUOBUTE BEIMTPBIIIHOMN CIe-
ku (%).

CpeaHsst IpOI0IKUTENBHOCT BBIMIPBILIHBIX
crenok (B 6apax).

CpenHekBagpaTHIHOE OTKIOHEHHUE TPOIOII-
JKHUTEITBHOCTH BBIMTPHIIIHBIX CIETOK (B Oa-

pax).
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max barswin

max consecutive wins

MakcuManbHasl POJI0JKUTEIbHOCTh BBIUT-
PpBILLIHOM caesku (B Oapax).

HaubGoutbIiee KOMMYECTBO BBIMTPHIIITHBIX ClIE-
JIOK, CJICZIOBABIIINX OJHA 32 IPYTOil.

Tokaszamenu, xapaxmepu3syloujue npouspbluiHble cOeK.

loss trades
loss trades %
|oss amount

avg net loss

stdev net loss

max net loss

avg % loss

stdev % loss

max % loss

avg barsloss

stdev barsloss

max bars loss

max consecutive losses

KonuecTBO MPOUTPHIIIHBIX CACIOK.
[IpoLeHT NpOUTPHILIHBIX CENIOK.
OO6u1mii yOBITOK BCEX MPOUTPHIITHBIX CIENIOK.

Cpenauii yOBITOK MPOUTPBIMIHBIX CACTOK (B
JICHbIax).

CpenHeKBapaTUIHOE OTKIIOHCHUE YOBITKA
NPOUTPBIIIHBIX CIETOK (B JCHbrax).

MakcuMalbHbIH YOBITOK IIPOUTPBILIHON C/1en-
KU (B ICHBrax).

CpenHuil yOBITOK MPOUTPHILIHBIX cleNoK (%0).

CpenHeKBaApaTHIHOE OTKIIOHEHHE YOBITKA
MIPOUTPHIIIHEIX cIeoK (%6).

MaxkcumanbHBIN YOBITOK MPOUTPHIITHON CIe-
ku (%).

CpeaHsist IPOJOIKUTEIBHOCTD MPOMTPBIIIHBIX
crenok (B Oapax).

CpenHeKkBapaTUYHOE OTKIOHEHHE MPOIO0II-
KUTETBHOCTH MPOUTPBILIHBIX CIETIOK (B 6a-

pax).
MakcuMaibHast POJ0JKUTEIbHOCTD [IPOUT-
PpBILLIHOM caesku (B Oapax).

Hawubospiree KOMMIecTBO MPOUTPHIITHBIX
CJIEJIOK, CJICZIOBABILINX OJIHA 32 IPYTOH.

Toxaszamenu, xapaxmepu3syrowjue 3pghexmuenocms coenox.

avg enter efficiency

stdev enter efficiency

Cpenmnsist 3 PeKTUBHOCTh OTKPBITHS TTO3UITHUH.

CpenHeKBaapaTHIHOE OTKIOHCHHE 3 dek-
THBHOCTH OTKPBITHSI TIO3HIIHH.
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avg exit efficiency Cpennsist 3 (HheKTHBHOCTD 3aKPBITHS TTO3ULINH.

stdev exit efficiency CpenHekBaipaTHUHOE OTKJIOHEHUE (P dek-
THBHOCTH 3aKPBITHS O3ULHH.

avg trade efficiency Cpennsist 3p(HeKTHBHOCTH CIEIOK.

stdev trade efficiency CpenHekBapaTHIHOE OTKIOHEHHE S dek-

THUBHOCTH CACIIOK.

[MpuBenem HekoTOpble (OpMYJIBI AL BBIYUCICHHS ITOKa3aTelei
MEXaHUYECKON TOPTrOBON CHCTEMBL:

- IMoKa3aTeiau JOXOAHOCTU CUCTEMBI.
total trades
total net profit=" > net profit (i)
i=1
total trades
total % profit="[[(@+% profit (i))-1
i=1

total % profit in year = (1+total % profit)

365/total days 1

- cpenHee 3HAYCHHUE M C.K.0. J0X0/a CAEIOK (B JEHBIaX)
total trades

i 1 o
avg net profit=————— net profit (i
g P total trades ,2_,1: P )

stdevnet profit=

1 total trades o 2
= |— net profit (i) —avg net profit
\/total trades—1 ,Z:;‘ ( )

- cpenHee 3HaYCHHUE M C.K.0. H0Xx0j1a caeiok (B %0)
total trades

1/total trades
avg % profit :( [ 1@+ % profit (i))j ~1=

i=1

1 total trades . )
=exp ——— In(1+ % profit (i))| -1
IO[total trades IZ:; (1+96 profit ))}

stdev % profit = (1+ avg % profit) x
1 total ”ades(ln(l+% profit (i) — jz

total trades—1 45 | —In(1+avg % profit)
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- CpeaHee 3HA4YCHUEC U C.K.O. HanOOJBIINX CHUKCHUN TOPTOBOTO

cueta (B JCHBIAX)
1 total trades

avg net drawdown=————— net drawdown (i
J total trades ; )

stdev net drawdown=

1 total trades ) 5
= |— net drawdown (i) —avg net drawdown
\/total trades—1 ; ( )

- cpemHee 3HAYEHWE W C.K.0. HAWOOJBIINX CHIKCHHH TOPTOBOTO
cuera (B %)

total trades 1/total trades

avg % drawdown=| [ [(1+ % drawdown(i)) ~1=
i=1

1 total trades
=expg ———— » In(1+%drawdown(i)) | -1
total trades 43

stdev % drawdown = (1+ avg % drawdown) x

1 todl trades | n(1+ % drawdown(i)) —
total trades—-1 4% | —In(1+ avg % drawdown)

[Mokazatenu MTC, xapakTepHu3ylolie TOJIbKO MPUOBLIBHBIE U TOIBKO
yOBITOYHBIE CACTKH, BEIYHUCISTIOTCS] aHAJIOTHYHBIM 00pa3oM.

13.10. MaTemMaTH4ecKoe 0KMIAHUE J0X01A CACIKH.

Baxnelmum mokazartenem, xapakTtepusyromuM kadectBo MTC,
SBIIETCS MAaTEMAaTHYECKOE OKUAAHUE NO0XONA OTHCIBHONW CHEIKd. Y
NpUOBUILHOM CHCTEMBI Ta BEJIMYMHA OOJbINE HyJsA. 3ajada COCTOUT B
TOM, YTOOBI IO BBIOOPKE CHEIIOK OLIEHHTh MaTEMAaTHYECKOE OKUIAHUE
J0X0Ja U YOEIUTHLCS B TOM, YTO MOJIyYCHHAs OLECHKA MOJOKUTENbLHA U
3HAYMMO OTJHMYAETCS OT HyJjs. BeIOOpKamMy Cioy4alHBIX BEIMYMH, Ha
OCHOBE KOTOPBIX MOKHO PacCUUTaTh BHIOOPOUHYIO CPEIHIOI WU BBIOO-
POYHOE C.K.O. ABISIOTCS;

- B JICHEeXXHOM BhIpaxkeHuu Net profit,

- B mpouenTrax % profit.

ByneM cumrark, 4TO BEIMYHHA TOPTOBOTO CYETA HE MOXKET YIIACTh HIKE
Hyas. CrenoBaTelbHO YOBITOK IO CHEIKE HE MOXKET OBITh MEHBIIE
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TOProBOr0 cYera Iepe] IpoBeAcHUueM caenku. C Apyroid CTOpPOHBI,
NpUOBIIb TIO CHEIKE MOXET OBITh HEOTPAaHWYECHO OONBIIONW. 3HAYHT
IUIOTHOCTh BEPOSATHOCTH J0XOAA M B JCHE)KHOM M B MPOLIEHTHOM BBIpa-
KCHUU UMCCT IMOJIOKUTCIbHYIO aCUMMETPUIO. I[.HH MIPOBEPKU TUIOTE3bI
0 BEIMYMHE MAaTEMaTHYECKOTO OXHIAHHUS J0XOAa OTACIbHON CHENIKU
NpaBUIIbHEE Oyzaer TEepEenUTH K CITy4aitHOM BEJINYMHE

X =In(1+ % profit) .

IIycTh cryuaifHas BeNMYMHA X MMEET MATEMATHUECKOE OKHIAHHUE
[l W TeHEpAIbHYIO AMCIICPCHI0O O . OLCHKAMH MaTeMAaTHUeCKOTO
OKHMJAHHUS W aucmepcuH 1o BbIGOpke (X, X5,...,Xy)  OymyT

BBIOOpOUHAs CpeAHAA U BBIOOPOYHAS JUCTIEPCUS:
X =t ZN:x oot ZN:(X X)?
= — o =—— —
k k
N = N-1i3
rne N = total trades.
HpI/I JA0CTAaTOYHO 6OJ'ILH.IOM YUCJIE CHOCIOK Z[OBepI/ITeJILHBIﬁ I/IHTepBaJ'I

A AL, XapaKTepU3YIONIUHCS JOBEPUTENLHON BeposTHOCThIO P,
3a7jaeTcsl B BUJE!

(o2

q/2,v \/N

X - tl—q/2,v L
JN

rmev=N-1,g9=1-P.

['umoTe3a 0 TOM, YTO OICHKA MaTEMAaTHYECKOTO OXHIAHUS J0X0Ja OT-

JICTBHOW CACIKH OOJIbIIE HYISI (JOPMYIIUPYETCS B BHIIE:

H,: X=0
H,: X>0

ITpoBepka MOAOOHBIX TMIOTE3 MOAPOOHO PACCMOTPEHA paHee B ITOH
kHure. Jlns  Oojee  JKECTKOM  TNPOBEPKH THIOTE3bl  BBIOOPKY

Spu< X+t

(Xl, X5 1oy Xy ) ycekaloT crpaBa, TO €CTh M3 Hee MCKIIIOYaloT 3HAUEHHS,
MIPEBOCXO/ISIINE MPABYIO TPAHUILY AOBEPUTEIBHOTO WHTEPBaa, MOCIE

Yero MepeCYUTHIBAIOT BENHIMHEL X H O .

IIpy mM3yd4eHHMH MAaTe€MaTH4YECKOrO OKUAAHUA JOXOAa OTICIIBHOW
CHEIIKU MOJIE3HO PACCMOTPETH BOIIPOC O TOM, YTO ONPEAEIAET ITY BEIH-
yuHy. BepHemcs k ¢opmyre Ui BBIYMCIEHUS CPETHETO 3HAUCHHS J0-
X0J1a CHCIIOK:
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total trades

! 1 o
avg net profit=———— net profit (i
g P total trades ,Zzll P )

Oty GopMysy MOXKHO 3alHcaTh B JPYrOM BHJE, PA3ICIUB CICIKH Ha
MPHUOBIIHHBIE W YOBITOYHBIC:

avg net profit =
_ wintradesx avg net win —losstrades x | avg net loss|

total trades

Tax xak

wintr .
_wintrades =wintrades %

total trades

| tr i
losstrades _ losstrades % =1— win trades %
total trades
TO

avg net profit = wintrades%x avg net win—

—(1—wintrades %)x | avg net loss |
W3 mocnequeit popMynsl clieyeT, 9To CUCTEMa MOXET OBITh TPUOBLITL-
HOM 0O 3a cYeT yBEIMYCHHS MPOLEHTa MPUOBUILHBIX CAETIOK, MO0 3a
CYeT YBEJIMUYECHUsI OTHOIIEHUSI CPEIHEH MPUOBUTA BBIMTPBINTHBIX CICIOK
K CpelHEeMYy yOBITKY MPOUTPHINIHBIX CAEIOK. Y NMPUOBLILHOW CHCTEMBI
cpelHee 3HAYSHHE JI0X0Ja OOJbIle HyJs, TO €CTh OTHOLICHHUE CPeIHEH
MPUOBITN BBIMTPHIINIHBIX CIEIOK K CpPEeIHEMY YOBITKY MPOUTPBIITHBIX
CICIIOK COOTHOCHUTCS C MPOIEHTOM BBIMTPBIIIHBIX CACIOK CICAYIONIMM
o0OpazoM:
| avg net loss|

avg net win + | avg net loss|

wintrades% >

501070
avg net win S 1-wintrades %
|avg netloss|  wintrades %

AHaJOrHYHOE COOTHOIICHHE JUIS IPOIICHTHBIX MOKa3aTeleH MOYKHO TO-
JYYIHUTh, UCTIONB3Ys ()OPMYITY JJISl BEIYHCICHUS CPETHETO 3HAUCHUS JI0-
XoJ1a caeiok B %0:

(1+avg % profit)**® "= =
= (1+ avg % wi n)Wi” trades o (]_+ avg % | 0ss)'oss trades
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U3 storo BBIpAXKCHUA CICAYET, YTO
In(1+ avg % profit) = wintrades %x In(1+avg % win) —
—(1—wintrades %)x | In(1+ avg % l0ss) |
Jist npruOBUTBHOM CHCTEMBI BBITIOHACTCS yCIIOBHE
In(1+ avg % win) S 1-wintrades %
[In(l+avg %loss)|  wintrades%

CBs13p MEXIy HPOLIEHTOM BBIUIPBIIIHBIX CAEJIOK M OTHOIIEHHEM
cpenHeil MpUOBLIM BBIMTPBILIHBIX CIACIOK K CpelHeMY YOBITKY MpOUT-
PHBIMIHBIX CAETOK MOXKHO MPEACTaBUTh IPahUICCKH.

10.0 ~

8.0

6.0 1

4.0 1

2.0 4

avg net win / |avg net loss|

0.0 T T T T 1
0 0.2 0.4 0.6 0.8 1

win trades %

JluHus Ha rpaguke COOTBETCTBYET CUCTEMaM C HYJIEBOH JOXOIHO-
CTBIO. HpI/I6I>IJ'H>HI:Ie CHUCTEMBbI HaAXOOATCA BBIIIC 3TOM JIMHWUH, TIpUYICM
9YeM BBIIIE, TEM OOJIBIIE y HUX 3arac IPOYHOCTH, TO €CTh OOJIbINE BEpO-
ATHOCTB Toro, 9T0 MTC OyzmeT nmpomokaTe ocTaBaThesl NPHOBUILHOM B
peallbHON TOProBIIE.

CooTHOIIEHHE MEXAY MPOIEHTOM BBIMTPHIIHBIX CIEIOK U OTHO-
IIEHWEM CpelHel NMPUOBIIH BBIUTPHIIIHBIX CAETIOK K CPEIHEMY YOBITKY
IPOUTPHIIIHBIX CHAEIOK MOXHO YXKECTOUMTh, UCIIONB3Ysl MOKa3aTeIu
paccesHus:

avg net win —5><( stdev net win _avg net winx stdev net IossJ S

| avg net loss| | avg net loss| | avg net loss|?
1-wintrades %
win trades %
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rie O - HEOTPHIATEILHOE YHCIIO, XapaKTEPHU3YIONIEE 3arac IPOYHOCTH
MTC - 4em Gonbie O , TEM BBILIE 3aMac MPOYHOCTH. Y XOPOLIMX CHC-
TEM TIOCJIETHEE HEPABEHCTBO cnpaseumuBo npu O > 0.5.

13.11. KymyassTuBHAsI KpUBasi 10X0/1a CIEJIOK.

KymynaruBHas KpuBasi 10X0Ja CACNOK MMOKa3bIBAeT MU3MEHEHHE
TOPrOBOIO cYeTa OT CHENKH K caenke. Ilpu oneHke kauecTBa Topro-
BOM CHCTEMbI MOJIE3HO M3YyYUTh 3Ty KPHUBYIO B IOIyJorapudpmuye-
ckoM MacmTabe. [{nsa uckinroueHus BIMSHUS BEIMYMHBI HaYaJbHBIX
WHBECTULIMH KPUBYIO MOXXHO HOpMupoBatb. [locie sToro momyuen-
Has 3aBUCHUMOCTb MCCIENyeTCs C HPHUMEHEHHEM pPErpecCHOHHOTO
aHajM3a. 3aBUCUMOCTh BEJIMYUHBI TOPIOBOTO CYETa OT HOMEpa CAed-
KU MOXHO TIOJTyYHUTh HETIOCPEICTBEHHO U3 OTYETa O CACTKaX.

PaccmoTrpum pesynbratel pabotel MTC, TecTupoBaHue KOTOPOM
MIPOBOAMUIIOCH HA BPEMEHHOM psJie IIeH 3aKkphITus o uaaekcy PTC B
nepuof c siaBaps 1996 r. nmo centaops 2002 r. 3a 3T0 BpeMs cucremMa
coBepmia 65 crenok, To ecTh 00beM BEIOOPKH paBeH 66: pe3ynbTa-
THI mociie 65 crnenok + pe3ynpTaT 10 MepBoil caeiku (HavaibHbIC
uHBecTuMn). Ha pricyHke H300pakeH jorapudm SMIUPUUECKOIT
HOPMHUPOBAHHOW KyMYJIATHBHOW KpHBO# moxona caenok (Y), jiu-

neiinas anmpokcumanus ( T ) u 95%-Hblil JOBEpUTENBHBIN MHTEPBAT

JIMHUU PETPECCUU.

In (exit equity / start equity

y

0 10 20 30 40 50 60 70
x = trade number

[Tokazarenem, xapaktepusyomumM goxoanocts MTC, sBisiercst
yroJl HaKJIOHA JINHUY perpeccuu K ocu abcuucce. Yem BbImIe yron Ha-
kioHa, TeM Oonee noxonHa MTC. Puck MTC xapakrepusyer HEOOb
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SICHGHHAs JUCTICPCHSI PACCESTHUS AMIIMPUICCKUX JTAHHBIX BOKPYT JIU-
HUU perpeccuu. YeM B HEOOBICHEHHAS TUCIICPCHS, TEM OOJIBIIe
pa3dbpoc AMIUPUYECKUX TOYEK, TO €CTh BBIINIE PUCK CHUCTeMbl. OT-
HOIIIEHUE TAHTEHCA YIJIa HAKJIOHA JIMHUM PETPECCUU K BEIMYMHE He-
OOBSICHEHHOTO C.K.0. SBIISIETCS CBOJHBIM TOKa3aTeleM, XapaKTepH-
3YIOIIUM U JOXOJTHOCThH M PUCK CHCTEMEI.

KyMmynaTuBHas KpuBasi 10X0/a CACJIOK MOKa3bIBaeT W3MEHEHHUE
TOPTOBOTO CUETa OT CIENKH K cenke. s aHamn3a moBeIeH s cueTa
80 8peMeHU UCTIONB3YIOT CTPYIITHPOBAHHBIA OTUET O BEIMYHUHE TOP-
roBOro cuera. M3ydenue noBeaeHus cueTa Mo yKPYIMHESHHBIM IIEPUO-
JlaM BPEMCHHU IOJIHOCTHIO AaHAJOTHMYHO W3YyYCHUIO KyMYJISTUBHOU
KpUBOHU oXoAa caenok. i Tol xe MEeXaHUYEeCKOU CUCTEMBI Ha pU-
CYHKe M300pakeH Jiorapu(m SMIHUPUIECKON HOPMHUPOBAHHON BEJIH-
YUHBI TOPTOBOTO CYETa Ha KOHEI[ KaKJIOro KBapTaja Ha TEPUOJIe
tectuposanus (Y ), muueiinas anmpokcumanus ( T ) u 95%-mwrit mo0-
BEpUTEBHBIA MHTEPBAN JUHUU perpeccuu. Kak mpaBwito, i aHa-
JIU3a JIMHUU TOPrOBOTO CUETa BBIOMPAIOTCS MECSYHBbIC WA KBap-
TallbHbIC JJAHHEIC.

> °7

E * y

g %1 —f

s

(%]

>

E

o

k)

E

1

4
0 -9 T T T T T T 1
1996 1997 1998 1999 2000 2001 2002 2003

X = last date

13.12. BeposiTHOCTH MOJy4YeHHs YObITKA B CepHH TMOCJIEI0BA-
TeJbHBIX CIEI0K.

B atom maparpade Oyzaer mokazaHo, Kak Ha OCHOBAaHHH IOKa3a-
teneit MTC oIleHUTh BEPOATHOCTH TOJNyYCHHUS YOBITKA B CEPHH I10-
CJIEZIOBATEIBHBIX CACIOK.

Jls yIpoIEHHOTO pacyeTa BEPOATHOCTU YOBITKA HCIOIB3YyeM
Tpu nokazarenss MTC, KoTopble IprBeIeHBI B CBOJIHOM OTYETE!
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wintrades % - MIPOLIEHT HpI/I6LIJ'H>HLIX CIIEJIOK CUCTEMEI,
avg %win - cpennss Benvuuna BeMrpbima (%),

avg %l0ss - cpennsis Besmuuna npourpsima (%6).
Benem o0o3HaueHUS:

N - 3amanHas aiMHa cCeprn CIEIOK,

N - KOJIMYECTBO BBIUTPHILIHBIX CIICIOK B CEPUH,

(N —nN) - KonMYeCTBO MPOMIPHIHBIX CAETIOK B CEPHH,

P - BeposTHOCTh BeIMrphma ( P = Win trades %),

total % profit - noxox mo uroram cepum cuenox.

Byaem mpuOnmkeHHO CYHMTATh, YTO BCE BBIMTPHIIIHBIC CICIKH
OyIyT MPUHOCUTH OJWHAKOBBIA A0X0# avg %Wwin, a Bce mpour-
pBINIHBIE  CAENKH OyAyT TPHUHOCHTh OJWHAKOBBIA  YOBITOK
avg %l 0ss . Torma, ecnu 3amaHO KOIHYECTBO CHEIOK H BEpOSIT-
HOCTH BBIMTPBIIIA, TO MOXOJ SBISAeTCS (PyHKIHEH OT Yrcia BBIWT-
PBILTHBIX CAENIOK M paBeH
total % profit (n) = (1+avg %win)" x (1| avg %loss|)" " -1

BeposTHOCTH MOSIBJICHUSI B CEPUU OIPEICICHHOTO YUCIIA BIMI-
PBILIHBIX CICIIOK OMUCHIBACTCS OMHOMHATBLHBIM PACIIPE/ICIICHUEM:
Prob(n)=L p"(1-p)" " n=0,1,..,N

n (N —n)!

KonuuecTBO BceX BO3MOXKHBIX KOMOMHAIMN YHCIa BBIMTPBIII-
HBIX ¥ YKCJIa TPOMIPHINIHBIX CAENOK B cepur amuHoi N Oymer
pasao N +1. [ Bcex 3TMX KOMOMHAIUI HEOOXOJUMO PACCUNTATh
senmuuny poxoza total %o profit(n) u coorBercryromyto eii Bepo-

atHOCcTh Prob(n) . Torma BepOATHOCT yOBITKA MOKHO HAWTH Kak:

N
Probloss= )" Prob(n)

n=0
I7Ie COOTBETCTBYIOIIEE ClIaraéMOe BXOIUT B CYMMY IIPHU YCIIOBHUH,
uro total % profit(n) < 0.

[IpuBenem npumep TAaKOro pacyeTa AJisg TOPrOBON CUCTEMBI NMPU

JJKMHE cepuu mocnenoBarenbHbix caenok pasHoir N = 20. Ilycts
BEJIMYMHA ITOKa3aTeNeld CUCTEMBI COCTABIISIET
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p = win trades % = 45%

avg %win = 8% avg %loss = -5%

OTa cHCTEMa HMMEET IIOJIOKUTEIHLHOE MaTEMAaTHYECKOE OXHUIJaHUC
JI0X0Ja B pacuere Ha OHY CHAEIKY

avg %profit = (1+ avg %win)® x (1- | avg %loss|)* * -1

avg % profit = 0.64%

B HpI/IBe,Z[CHHOfI HHNXKE Ta6J’II/II_I€ COACPIKATCA BCEC BO3MOIKHBIC KOM-
GI/IHaHI/II/I YucCjia BBIMI'PBIIOHBIX W YWCJIa HNPOUTIPBIIIHBIX CACIOK, a

TAKXXC COOTBETCTBYIOIIUC 3TUM KOMGI/IHaLII/ISIM BCJIIMYMHBI 10XO04a I10
HUTOraM CEpUuHU CACIOK U BEPOSATHOCTH.

n (N-n) total % profit Prob Prob loss
0 20 -64.15% 0.0006% 0.0006%
1 19 -59.25% 0.0105% 0.0105%
2 18 -53.67% 0.0816% 0.0816%
3 17 -47.33% 0.4006% 0.4006%
4 16 -40.12% 1.3930% 1.3930%
5 15 -31.93% 3.6471% 3.6471%
6 14 -22.61% 7.4600% 7.4600%
7 13 -12.02% 12.2072% 12.2072%
8 12 0.02% 16.2300%
9 11 13.70% 17.7055%

10 10 29.26% 15.9349%

11 9 46.95% 11.8524%
12 8 67.06% 7.2731%
13 7 89.92% 3.6620%
14 6 115.91% 1.4981%
15 5 145.46% 0.4903%
16 4 179.05% 0.1254%
17 3 217.23% 0.0241%
18 2 260.64% 0.0033%
19 1 309.99% 0.0003%
20 0 366.10% 0.00001%

UrToro 100% 25%

B PE3YJbTATC MOJIYyYaeM, UTO BEPOATHOCTDH y6LITKa B C€puu CACJIOK

Probloss=25%.
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B nanHoM ciyuae cucTema ¢ MOJ0KUTEINbHBIM MaTEMATHUYECKUM
OXXUJIaHWUEM J0XO0Ja IOCTE NOCTAaTOYHO JJIMHHON CEpUM CIENOK C
BeposATHOCTBIO 25% mpuHeceT yOBITOK. MOXXKHO NPHUBECTH APYTHE
npumepsl, rae MTC ¢ oTpunatenbHbBIM MaTeMaTHYECKUM OXKUIaHU-
€M IIOCJI€ CEpUU CIIEJOK C JOCTATOYHO BBICOKOH BEPOSITHOCTHIO IIPU-
HOCHUT TIpHUOBLIL. TO €CTh Mpu OWP>KEBOM TOPTOBIIE B CHIIy €CTECT-
BE€HHBIX 3aKOHOB CTaTUCTHKHU IpPaBUIBHBIE PEILIEHUS HE BCEraa co-
MTPOBOXKIAIOTCS MPUOBLIBIO, 3 HETIPABMIIEHBIE - YOBITKOM.

Crenyer IOMHHTD, YTO TIPUBEACHHAS BEHIIIEC OICHKA BEPOSTHO-
CTH yOBITKA TOCJIE CEPUH CICIIOK CTPOMJIACh HA TOM, YTO BCE BBIWT-
pBIIIHBIE CACIIKH IIPHHOCAT OIVMHAKOBBIA T0XO0JI avg %Win, a BCE

MPOUTPBIIIHBIE CACIKU MIPHHOCAT OJMHAKOBBIN YOBITOK avQ %loss .

OTO sABIsiETCA JOCTAaTOYHO TPyObIM MPHUONMKEHHEM, KOTOpOE He
YUUTBIBaeT pa3dpoc pe3ynbTaToOB KOHKPETHOU caelku. bornee Tou-
Hasl OLIEHKA BEPOATHOCTH yOBITKA OCHOBaHA HA MHOTOKPAaTHOM YHC-
JICHHOM MOJEJIMPOBAHUM PE3yJbTaTOB CEPUHM CHAEIOK IO METOMY
Mounre-Kapno. IlpuHnunuanbHas cxemMa Takoro alaroputMa MUMeeT
BUJ:

1) 3aganHue BXOAHBIX JaHHBIX
1.1) U3 otyera 0 caeakax MacCHB 3HAYCHHUM JOXOIOB CACIOK

{%profit(k)}
k =1,...,total trades

1.2) Konuuectso poswirpeimieit M (uem Gonblie posbIrphImieii,
TEM JIOCTOBEPHEE PE3YIILTAT).
1.3) [lnuna cepum caenox N .
2) Beruncnenue secriomorarensHoro maccusa { X(K)}

X(k) = In(L+ % profit(k))
k =1,...,total trades

3) Brruncnenue B TaOIMYHOM BH/E THCTOTPAMMbI IUIOTHOCTH BEPOST-
HOCTH 3HAYEHUU BENUUYMHBI X (METOAWKA MOAPOOHO H3JI0KECHA B
riase 6).

4) BeruncieHue B TaOJMYHOM BHIE HHTEIPAIbHON (YHKIMH pacipe-
JICTICHUs] 3HAYCHWH BENMYMHBI X HA OCHOBAHUU IIOJyYCHHOW B
MIPEABIAYIIEM IIyHKTE TUCTOIPAMMBI.

5) BamaeM crapToBOe 3HAYCHHE HOMEPa TEKYIIEr0 pPO3BITPHILIA
m=0.
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6) 3amaeM CTapTOBbIE 3HAUEHHS KOJIMYECTBA PO3BIIPHILIEH, TIPHBOJIS-
mux k yosirky N 10ss=0

7) Homep Texymero possirpeima M= mM+1
8) TIIpoBoaMM OTAETBHBII PO3BITPHIII PE3YIBTATOB CACTOK:

8.1) T'enepupyem Habop ciydaiiupix uncen B konudectse N, pas-
HOMEPHO pacrpe/ieNeHHbiX B unTepsae ot 0 1o 1.

8.2) U3 paBHOMEPHO pacIpeIeTIeHHOr0 Habopa CIyYailHbIX YHCEN ¢
IOMOILBIO TIOJYYEHHON Ha mare 4 HHTerpanbHOM (yHKIUN
TOJTyYaeM Habop CIydaiiHbIX YHCE, PACTIPEIEIECHHBIX KaK Be-
mvumrHa X . O603HauumM stot Habop kak { Y(I)}, i =1,...,N.

8.3) Haxomum cymMMy MaccuBa CITy4ailHbIX ducen Y
N
S=>y()
i=1

8.4) HaxomuM Tekylee 3HAYCHHE KOIMYECTBA PO3BITPHIICH, MPH-
BOJSIIINX K YOBITKY:
ecrt S<0,10 Nloss= N loss+1
9) Ecau HOMep TEeKyIIero po3sirpeiiia M MeHbIe, 4eM 00Iee YUCIIo
possirpeimieii M, To nepexonum Ha mar 7.
10) ITocne Toro, KaK caeiansl Bce po3srpeimm (To ectb M= M ), BBI-
YHCIISIEM BEPOSTHOCTD YOBITKA

N |
Probloss:ﬁ

13.13. BeposiTHOCTHL pa30peHHs] B CePHH MOCJIeT0BATEIbLHBIX
CIEJIOK.

BeposarHocTh pa3zopeHHs - 3TO BEPOSTHOCTH TOTO, YTO B CEPHH
MoCJIe0BaTeNbHBIX cAeoK o curHanam MTC BennunHa yOBITKOB B
CHJIy €CTECTBEHHBIX 3aKOHOB CTATUCTUKU MPEBBICUT 3apaHee 3a/laH-
HO€ KPUTHUYECKOE 3HaYeHHEe. ITO MOXKET IIPUBECTU K OCTAaHOBKE TOP-
TOBJIM ¥ OIIMOOYHOMY OTKa3y OT Ha caMoM jenie mpuOsutbHoi MTC.

AHaUTHYECKUH pacdeT BEpOSTHOCTH DPa30peHUsl CBS3aH CO
3HAYUTENFHBIMU TPYJHOCTSMH BBHIY TOTO, YTO TOJyYE€HHUE KPUTH-
4eCKOro yObITKa 3aBUCHT HE TOJILKO OT TOKa3areseil cucremsl (mpo-
OeHTa HpI/I6I)UIbHI>IX CICJOK, CpeIIHeﬁ BCJIMYUHBI BBIMI'PbINIA, CPEI-
Hell BETMYMHBI NPOUTPHIIIA), HO U OT OYEPETHOCTH MPHOBUIBHBIX U
yOBITOUHBIX CHENOK. B pe3ynbraTe HEOIAarompuaTHOW MOCIen0Ba
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TEJLHOCTH C/ICJIOK NP paboTe ¢ MPUOBUILHOI CHCTEMON pa3opeHHe
MOJKET HACTYNHUTh PaHbIIIE, YEM CHCTEMa JIOKaXET CBOE CTaTUCTHYE-
CKOE€ IIPEUMYIIECTBO.

Tak Kak KpUTHYECKUH yOBITOK MOXKET OBITh TOJIyYEH JI0 OKOH-
YaHUS CEPUU CHEJIOK, TO AHATMTHYSCKHI PacyeT BEPOSTHOCTH Pa3o-
peHHsI MPUBOAUT K HEOOXOIMMOCTH y4eTa He TOJBKO BCEX BO3MOXK-
HBIX COYETaHUH YHCIa HpI/I6BIJ'II)HBIX Hn 4uciia Y6I)ITO‘IHBIX CICJIOK B
CepHUH, HO U aHAJM3Y JUIs KaKIOr0 TAKOrO COYCTaHHUs BCEX BO3MOX-
HBIX [OCJIEIOBATENIBLHOCTEI! C/IeNIOK. DTO BecbMa TpyJIoeMKasi 3a/1a4a,
0COOEHHO ISl ATTMHHBIX CEPUH.

B naHHOM ciy4ae BBIYMCIICHHE BEPOSTHOCTH Pa30peHHs ropas-
10 TIPOILIE MOKHO MPOBECTH YKCICHHO MyTEM MHOTOKPATHOTO MOJIe-
JIMPOBAHUS PE3yJIbTATOB CEPHU CHEIOK 1Mo Merony Monte-Kapio.
W31105KMM IPUHIMITHATIBHYIO CXEMY alrOpUTMa!

1) 3agaHne BXOIHBIX TAHHBIX
1.1) "3 oTueTa 0 cuenkax MacCHB 3HAUCHHH JTOXO00B CICIIOK

{%profit(k)}
k =1,...,total trades

1.2) KonmnuectBo pospirpeimieii M (dem Gonbie posbirphimeii, Tem
JIOCTOBEPHEE PE3YIILTAT).

1.3) Jlnuna cepun cnenok N .

1.4) Kputiueckoe 3Hadenue yositka % max |0Ss.

2) Beruucnenue scriomorarensHoro maccusa { X(K)}
X(k) = In(L+ % profit(k))
k=1...,total trades

3) Brruncnenue B TaOIUYHOM BH/E THCTOTPAMMbI IUIOTHOCTH BEPOST-
HOCTU 3HAYEHUU BeMUUYMHBI X (METOAMKA MOAPOOHO H3I0KCHA B
riase 6).

4) BrruncieHue B TaOJMYHOM BHIE HHTEIPAIbHON (QYHKIMH pacipe-
JICTICHUs] 3HAYCHWN BENMYMHBI X HA OCHOBAHUU IIOJyYCHHOW B
MPEIBIIYIEM TYHKTE THCTOTPAMMEL.

5) 3BamaeM crapToBOe 3HAYCHHE HOMEPa TEKYIIEr0 pPO3BITPHILIA
m=0.

6) 3amaeM cTapTOBBIC 3HAYCHUS KOIMYECTBA PO3BITPHILICH, TPHBOJIS-
mux K pasopesmo N max loss=0

7) Homep Tekymiero possirpsima M= mM+1
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8)

9)

IIpoBoaMM OTAENBHBIN PO3BITPHIII PE3YJIBTATOB CACIOK:

8.1) T'enepupyem Habop ciyvaiinbix uncen B konudectse N, pas-
HOMEPHO pacmpeesieHHbIX B nHTepBaie ot 0 1o 1.

8.2) I3 paBHOMEPHO paclpeeNeHHOro Habopa CaydalHbIX YHCeN C
MIOMOIIIBIO MOJTyYCHHON Ha mare 4 HHTErpaibHON (YHKIHH I10-
JydaeM Ha0Op CIy4aiHBIX YHCEll, pacTpEIeICHHBIX KaK BEIH-
uuna X . O603nauum 1ot Habop kak { Y(i)}, 1=1...,N.

8.3)3amaeM cTapTOBOE 3HAYCHHE CYMMBI (HAPACTAIOIIUM HTOTOM)
MaccuBa ciydainbix uncen Y: S=0

8.4)3amaemM crapToBOC 3HAUCHHE HOMEpa CIyYalHOTO 4YHCIa W3
maccupa Y: i =0

8.5) Homep Tekyero ciydaiiHoro uncna u3 maccusa Y: I =1+1

8.6) Haxonum Tekylliee 3HaUYeHUE CYMMbBI MAacCHBa CITy4allHBIX YH-
cen Y: S=S+y(i)

8.7) [IpoBepsieM, HACTYITIIIO JIU PAa30PCHUE!
ecmn S<IN(1-| % max loss|)

TO pa3opeHHe JOCTUTHYTO, IOATOMY HAaXOIWUM TEKyIlee 3Hade-
HUEC KOJMYECTBA PO3BITPHINICH, MPUBOISIINX K Pa3OPCHHUIO
N max loss= N max loss+1

U TIepeXOAHM Ha Imar 7.

8.8)Ecnu HOMep TeKyIero caydaiHOro dmciaa | MeHbIIE, 4eM
mmuHa cepur N, To mepexogum Ha mar 8.5. B mportuBHOM
ciIyvae mepexoauM Ha mar 9.

Ecnn HoMep Tekymiero po3sirpsima [T MeHsbIe, 4eM o0Iee YHCIIo

posbirpeimieit M | To nepexomum Ha mar 7.

10) Tlocne Toro, Kak ceaansl Bee po3sirpeimm (1o ecth M= M ), BoI-

YHCIISIEM BEPOSITHOCTh PA30pEHUs

Probmaxlos.szl\lLIOSS
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14. YIIPABJIEHUE KAIIUTAJIOM

14.1. Beenenue.

VYnpasieHue KanuTaioM - 3TO Ha0Op MpPaBWII, ONPEACISIFOIIIX
00beM  OTKpbIBAa€MBIX MO3MIMHA B  MOMEHT  IOCTYIUICHHUS
COOTBETCTBYIOIIMX CHUTHAJIOB OT MEXaHUYECKOH TOPTOBON CHCTEMBI.
Tax xkak MeToJ] yIpaBJIeHHUs KalluTalOM HEIIOCPEACTBEHHO BIIMSIET Ha
JUHAMUAKY TOPrOBOI'O CUETa, TO MPHU €ro BBIOOpPE HYKHO YETKO
OIIPEIETUTh CBOU HHBECTHLIMOHHBIE LIEIIH.

TexHuuecku 3amada CBOOUTCS K TOMY, YTOOBI 3aJaTh TAaKOH
ITOPUTM BBIYUCIEHUS JOJHM YYacTBYIOLIETO B KOHKPETHOHM CIeNKe
KamuTajaa, 4YroObl MaKCHUMH3HMPOBaTh OAWH M3 IIOKa3aTelel
OUHAMHUKH TOPrOBOTO cYeTa. DTUMH I[OKa3aTesIIMH MOTYT OBIThH
CpeqHM JO0XO0J Ha OJHY CHAEIKY, COOTHOIIEHHE J0XOAa W pHUCKa
CHENOK, CPeIHHH MPUPOCT TOPTOBOTO cueTa Mo (PUKCUPOBAHHBIM
NPOMEXYTKaM BpeMEHHU (HapHMep MO MeCsLam) U T.1.

Kak u ToproBas cucrema, METOA YIPABICHUS KalUTaIOM
JOJDKeH OBITh TIIATENBHBIM 00pa3oM NpoTecTHpoBaH. [Ipu 3Tom
TpeOOBaHMsI K HEMY CXOXH C TpeOOBaHUSIMH K TOPTOBOH CHCTEME:

- HeOOIBLIOE KOJIMYECTBO ONTUMHU3HPYEMBIX I1apaMETPOB,

- yCTOMUYMBOCTbH B 00JaCTH ONTUMAIBHOCTH MTAPaMETPOB,

- JIOJDKHO CYyILECTBOBATh IO KpaiHEN Mepe HECKOJIbKO aKTHBOB,
Ha KOTOPBIX COBOKYIHOCTb W3 TOPIOBOH CHCTEMBI M METOIA
yIpaBJIEHHUsI KAIIUTAJIOM MMEET YAOBJIETBOPUTEIIbHBIE PE3yJIbTa-
ThI 0€3 MOBTOPHON ONTHMHU3ALIHH.

14.2. Orpannyenue cyMMbI YOBITKA B CIEJIKe.

IlycTh Topropas cucTeMa Jana CUTHal O TOKYTKe aKTHBA MO LeHe
enter price, npuyem BenuuMHa pucka Mo caenke coctasuser Yorisk,

TO €CTb B CJIydac ABUIKCHUS IPOTUB OTKpLITOﬁ IIO3UIINHN CACJIKA JOJIZKHa
OBITH 3aKpbITa MO LCHE
exit price=enter pricex (1—%risk) .

PaCCMOTpI/IM BOIIPOC O TOM, KakK BBI6paTB JOJII0 YYaCTBYIOIIETO B
CHENKe KalmuTajga TaKuM o0pa3oM, YTOOBI B cilydae HEOIarompUsTHOTO
pPa3BUTHUSl CHTyallMd YOBITOK HE NMPEBBICHII 3apaHee 3aJaHHOTO 3Haue-
HUA. Pa3Mep KamnuTajla 10 M II0CJIC HpOI/IFpLILLIHOfI CACJIKM U BCIIMYHMHA
MaKCHMAJIBHOTO YOBITKA (B A€HBrax) CBSI3aHbl COOTHOIICHHEM
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max net 10ss = exit equity — enter equity

O003HaYNM KaK ¢ JIOJII0 YYaCTBYIOIIETO B CACTKE KaluTaia, mpu-
yeM O < a <1. Torma KomM4ecTBO MOKyMaeMbIX LEHHBIX Oymar (j1o-
TOB) PaBHO

a x enter equity
enter pricex (1+ %comission)
[Tocre 3aKpbITHS CACTKA BEIMYMHA KaruTaia OyIeT paBHa
exitequity = (1— «r) x enter equity +
+ exit pricex (1-%comission) x volume
[Moncrapnsas B mocneaHO0 (GopMyJly HAlMCAaHHBIE PaHee COOTHOLICHHUS
II0CJI€ HECCIIOKHBIX HpeO6paSOBaHHI>'I moJIydya€M BBIPAXKCHUC I HOJIN
Y4aCTBYIOLIETO B CACIIKE KalluTala
a:|maxnetI0$|X 1+ %comission
enter equity  2x %comission+ %orisk x (1— %comission)

Ilpy  OmpeHeNIEHHOM  COOTHOIICHHH  MEXKIY enter equity,

volume=

max Net10ss u %risk seruncnennas mo stoil Gopmyie BeIUUMHA O

MOJXKeT okazatbest 6ospire 1. B aToM ciyuae B JaHHOM CHENKE y9IacTBY-
€T BeCh KamuTaj. BeipaxkeHue 11l KOJMUeCTBa MOKYyIMaeMbIx Oymar (J1o-
TOB) UMEET BHUJT

a x enter equity
enter pricex (1+ %comission)

volume= [JEJIOE

I[aHHBIfI MCTOA YHPABJCHUA KallUTaJlOM HMECT OYCHDb HpOCTOﬁ
CMBICII - OTPAaHUYHTh IPEACNBHO AOIMYCTUMBIN YOBITOK IO KOHKPETHOI
CJIeTTKe HE OTPaHHYUBAs IPH 3TOM BO3MOXKHYIO MPHOBLTH. ONTHMH3AIHS
MCTOAda MPOBOAUTCA IO BCIWYUHE MPCEACIbHO OJOIIYCTUMOIO y6E>ITKa
max net 10ss.

OCHOBHBIM HCOOCTAaTKOM JTOro METoAa SABJIICTCA OTCYTCTBUC
ajanTtanuu K TeKyHIeﬁ BCJIMYHUHE TOProBOro cyera. HpI/I CYHICCTBEHHOM
W3MEHEHHMH KaluTajla OTHOCUTEIbHO HadadbHBIX WHBECTHIINH BCIIMYUHY
OpeaAciibHO AOITYCTUMOTO Y6BITKa HYXHO NI€peCMaTpuBaTh U 3aHOBO OII-
TUMHU3UPOBATH.

14.3. OrpannyeHue NpouEeHTa YOBITKA B CIEJIKE.
B oTimune oT paccMOTpEHHOIO B IpeablaylieM naparpade, Me-

TOJl prcKa (PUKCHPOBAHHBIM MPOIEHTOM KallHTaJla B KOKIOH CHEeiKe
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ABTOMATHYCCKHN aallITUPYCTCA K TeKyLLIeI‘/'I BCJIMYMHE TOPrOBOI'0 CUC-
Ta.
Pa3Mep KarnuTaljla 10 M ITOCJIC HpOPIFpBIHIHOﬁ CACIIKHM W BCINYHWHA
MaKCHMAaIbHOTO YOBITKA (B %0) CBSI3aHBI COOTHOIICHUEM
exit equity 1
enter equity
HpOBe}lfI BBIKJIAIKW, aHAJIOTUYHBIC CACIIAHHBIM B NPCAbLIAYLICM I1apa-

rpade, MOXKHO MOJYYUTh BBIPAKCHUE JUIS IO YIAaCTBYIOIIETO B ClIEI-
K€ Kanurana

max %l 0ss =

1+ %comission
2x % comission+ %risk x (1— %comission)

Ipu onpeneneHHoM cooTHomeHHd Mexay Max %10Ss u %risk soI-

a =| max %l oss | x

YUCIICHHAS 10 3TOH (hopMyJie BeTHUWHA (¢ MOXET OKa3aThCsl Oombie 1.
B sToM ciywae B maHHOM cenke ydacTBYeT BeCh KamuTai. BeipakeHue
JUTSL KOJTMYECTBA TIOKYaeMbIX OyMmar (JI0TOB) UMEET BUJL

a x enter equity
enter pricex (1+ %comission)

OTOT METO/] TO3BOJISIET ABTOMAaTHYECKH PENHBECTHPOBATH IPHOBLIL
BeiurphiHON MTC. C npyroii cTOpOHBI, B clTydae MONa aHus B TIOJIOCY
yOBITOYHOCTH, BEIMYMHA MPEACITHHO AOMYCTUMBIX MOTEPh B JICHEKHOM
BBIP@XEHUU IOCTOSIHHO YMEHBINAETCS IMOCJE KaXKAOH MpPOUTpPHIILIHON
CHEIKU.

volume= IJEJIOE

14.4. Makcumu3auusi cpeaHeii Bessmuunbl goxoana MTC.

PaccmoTpum popmyity TSl BBEIYHCIICHHS CPEIHETO 3HAYCHUS
aoxoga CIOEIOK (B %) U cily4as, KOrja B KaXJOW CHENKE
Y4aCTBYCT BEChb Karural.

total trades 1/total trades
avg %profit=| []@+%profit (i)) -1
i=1
Ecmn B Ka)l(,[[ofl CACJIKE YYaCTBYCT TOJIBKO JOJId KaluTalla o,
npuyeM O<acx< 1, M dTa O0JIs OJJUHAKOBA JJISI BCEX CICIIOK, TO

total trades 1/total trades

avg %profit (@) =| [ ]@+ax%profit (i) -1

i=1
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B oTnmenpHBIX citydasix BEIOOPOM COOTBETCTBYIOWIETO 3HAYECHHS
MOHO MakcUMHU3UpoBath Bennuuny avg % profit () rax, uroOst
avg %profit () > avg % profit .

B oOmem ciygae U1 POM3BOJIBHON IOCIIENAOBATEIBHOCTH CHEIOK
3ajjaya pelaercsl YUCICHHO MyTeM Iepebopa BceX 3HAYEHUH ¢ ¢
HebompImM 1arom m3menenus (Hanpumep 0.01). Omnako, Tak Kak
3Ta omepanusi JOCTaTOYHO TPYAOEMKa, TO XOTENOCh Obl HaWTH
MPOCThIE  XapaKTepUCTUKH TOPrOBBIX CHUCTEM, KOTOpble OBl
OIPEIeIISUTN BO3MOKHOCTD TAKOH ONTHMHU3ALINH.

Bepuemcst k GopmyIie cpeqHero 3HaueHHs J0Xoja cAenok. Ee
MOJKHO 3amlMcaTh, HCIONb3Yysl CPEeJHHE 3HAYCHHsS BBIUTPHIIIHBIX H
MPOUTPHIIIHBIX C/IEJIOK, @ TAK)KE MPOIEHT BBIUTPBIIIHBIX CACTOK IS
CITydasi, KOTJa B KaXJIOH CIEJIKe yJacTBYeT BECh KallnTa.
1+ avg % profit =

1-win trades %

= (1+ avg %win)"" =% (1— | avg %l oss )
Bynem npubnukeHHO CUUTATH, YTO
1+avg Y%profit (a) ~

win trades% 1-win trades%

~ (1+ a x avg %owin) x(1-ax|avg %loss|)
[loceHee PaBEHCTBO HE SBISETCA CTPOTHM, OIHAKO Ui OHO
BIIOJIHE TIPUTOJHO JUIS OIEHOYHBIX BBIYMCIECHUH ONTHMAIBHOM
BEJIMYMHBI X .

Beenem dyuxkumio S(ar) = In(1+ avg % profit (). Tak kak
HATYpAIbHBIA JIorapudM SBISETCS MOHOTOHHO —BO3DACTAIOIIEH
ynkimeit, To Makcumym QyHkmuu  S(@)  COOTBETCTBYET
makcumyMmy ynxun avg % profit («) .

Banmumem S() B sBHOM BHJE!

S () = win trades % x In(1+ « x avg %win) +

+ (1—win trades %) x In(L— a x | avg %l 0ss |)

BosbmeM npoussoanyio S(a) no « :

dS(«)  wintrades%xavg %win  (1-wintrades%o)x | avg %loss|
de  l+axavg%win 1-ax |avg %loss|

[pupaBHSB MPOU3BOAHYIO K HYJIO, MOIYYHUM (OPMYITy JUisi BBIYHC-
JICHHsT ONITUMAJILHOTO 3HAUCHUsI ¢ (B TOM CiIydae, eCiiid SKCTPeMyM
CYILECTBYET):
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_ wintrades %x avg %win— (1-win trades %)x | avg %loss |

Fopt = AW 0

avg %winx | avg %loss|
Tak KaK ¢y >0 To wintrades % > win trades % min
riue

| avg %ol oss|
avg %win + | avg %loss|
Ecmu nocjieAHeC HCPABCHCTBO HE CO6J‘II—O,Z[3,6TC$I, TO 3KCTpEMyMa HE
CYIIECTBYET U aopt =0, o ecth no Takoit MTC TOProBaTh HEJIb3A.

wintrades % min =

Tak kak .. <1, o Win trades % < win trades % max

opt
riue

| avg %ol oss|
avg %win + | avg %loss|

Eciu nocjieAHeC HCPABCHCTBO HC CO6H}O,I[3,€TCSI, TO 3KCTpEMyMa HE

win trades % max = -(1+ avg %win)

CYLIECTBYCT U Qo = 1, to ectp mo Takoit MTC HyKHO TOProBarh

BCEM KaIluTaJIoOM B Ka)K)lOﬁ CHCIIKE.

[IpuBeneM HECKONBKO MPUMEPOB PEIICHUS 3aaddl ONTUMHU3AIUU
noxomuoctu MTC.

Heonmumuszupyemas cucmema ¢ RONOHCUMENbHBIM MAmMemd-
MUYECKUM 0ICUOAHUEM 00X00a

Pesynbratel TectupoBanus MTC:

win trades % = 50%

avg %win =15% avg %loss = -10%

HeonTuMuzupoBanHas IpuObLIL HA CIEIKY

avg %profit =1.73%

I'panuisl 06acT ONTUMU3ALMH:

win trades % min = 40% win trades % max = 46%

Tax xak wintrades% >wintrades% max, to ¢ysakus
avg % profit (o) e umeer sKcTpeMyMa ¥ MOHOTOHHO BO3pacTaeT
IIPY YBEIUYCHUH C .
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2.00% -~

1.50% A

1.00% +

0.50% A

avg %profit (alpha

OOO% T T T T T T T T T 1
00 01 02 03 04 05 06 07 08 09 10

alpha
ITo takoit MTC Hy»HO TOpProBaTh BCEM KallUTAIOM B Ka)KJOU CHEIKE.

Heonmumusupyemas cucmema ¢ OMPUUAMETbHOIM MAMEMA-
MUYECKUM 02CUOAHUEM 00X00a

Pesymerater Tectuposanmns MTC:

win trades % = 35%

avg %win =15% avg %oloss = -10%
HeOHTI/IMI/ISI/IpOBaHHa}I HpI/I6BIJ'IB Ha C):[GJ'IKy:

avg % profit = -1.94%

I'panuust 00JIaCTH ONTUMU3ALNH.

win trades % min = 40% win trades % max = 46%

0.00%
0
-0.50% A
-1.00% A

-1.50% A

avg %profit (alpha

-2.00% A

-2.50% -

alpha

Tak xak Wintrades% < wintrades% min, 1o dyukuus
avg %profit (@) ne umeer skcTpemMymMa W MOHOTOHHO yOBIBaeT
pu yBenudeHun « . [1o takoit MTC ToproBath HEIB3s.
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Onmumu3zupyemas cucmema ¢ HOJTONHCUMETbHBIM MaAmemamu-
YeCcKUM 0XHCUOAHUEM 00X00d

Pesynbrare! TectupoBanus MTC:

win trades % = 44%

avg %win =15% avg %loss = -10%
HCOHTI/IMI/ISI/IpOBaHHaH HpI/I6LIJ'II> Ha C,HeJ'IKy:

avg %profit = 0.25%

['panuIp! 00J1ACTH ONTHMH3AIINN:

win trades % min = 40% win trades % max = 46%

B JAaHHOM cnytlae BO3MOJXHA OIITUMHU3AIUA CUCTEMBI, TAK KaK
win trades % min < win trades % < win trades % max .

®dyuxkums  avg %oprofit () umeer oskcTpeMmym B Touke
Qo = 0.67, mpu sTom avg % profit («,, ) = 0.33%.

opt

0.35% -
0.30% A
0.25% A
0.20% A
0.15% A
0.10% A
0.05% A
0.00% T T T T T T T T T 1

00 01 02 03 04 05 06 07 08 09 10

avg %profit (alpha

alpha

Mbl noay4ywsiv, 4YTO B pe3yJsibTaTe ONTHMM3ALMM TOBBIIIAETCA JO-
XOJTHOCTh HPUOBUIBHON CUCTEMBI.

Onmumusupyemas cucmema ¢ OmMPUUAMETbHBIM MaAmeMamu-
uecKum 0Xcuoanuem 00xooa

Pesynbrarer TectupoBanus MTC:
win trades % = 42.5%
avg %win =15% avg %loss = -10%
HCOHTI/IMI/I3I/IpOBaHHaH HpI/I6LIJ'II> Ha C,HeJ'IKy:
avg % profit = -0.12%
['panuIp! 00J1ACTH ONTHMH3AIINN:
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win trades % min = 40% win trades % max = 46%
B JAaHHOM cnytlae BO3MOJXHA OIITUMHU3AIUA CUCTEMBI, TAK KaK
win trades % min < win trades % < win trades % max .

®ynxmus  avg %profit (¢) wumeer skctpemym B TOuKe

Aoy = 0.42, mpu sTom avg % profit («,, ) = 0.13%.
0.15% -+
< 0.10% -
=3
S 0.05% A
S 0.00% ———
Q
C; -0.05%Q0 01 02 03 04 05 06 07
3
-0.10% A
-0.15% -

alpha

MBI OITy9rIiId, 94TO B Pe3yJIbTaTe ONTHMU3ANNN yOBITOYHAS CUCTEMA
CTaHOBUTCS MPUOBLTEHOM.

14.5. OnTuMu3anusi COOTHOILEHUsI Aoxoaa u pucka MTC.

Jns ontumuzauuu cootHoueHus noxona u pucka MTC HyxkHO
HaWTH TaKylo JOJNIO ( YYacTBYIOIIETO B CAEJKE KalmuTajia, KoTopas
MaKCHMHU3HPOBaja Obl CIEIYIOITYI0 (PYHKIIHIO:

Q () = (1+ a x avg Ywi n)win trades%6
x (L—arx | avg Yoloss[)" 9% x (1— o x Yorisk) —1

B nannoit popmyne %risK - 510 oaun u3 nokasareneii pucka MTC,
KOTOpBI B 3aBMCHMOCTH OT HPEANOYTEHHMI KOHKPETHOro Tpeiiaepa
MOKeT IIPUHMMATh, HATIPUMeED, CleIyIONIUe 3HAUECHHUS:

% risk = stdev% profit

% risk =| avg % drawdown |

% risk =| max % drawdown |

[epeiinem k dpyuxkunn S(@) = IN(L+ Q(«r)), sxcTpemym KoTOPOIA,
€CIIM OH CYIIECTBYET, COBMaaaeT ¢ skcrpemymom Q(a) .
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S () = wintrades % x In(1+ a x avg %win) +
+ (1—wintrades %) x In(1— a x | avg %0l 0ss|) + (1— a x %risk)
Bsss npoussoanyo S(@) no @ ¥ NpupaBHSB €€ K HyJIIO ONYYHM:
_a—a —4aa,

2a,

aopt

rac

aH0 = win trades% x avg %win— (1—win trades%) x | avg %loss | —
—%risk

a, = avg %winx (%risk+ | avg %loss|) +

+ win trades%x %risk x (avg %win + | avg %loss|) —
—2x%risk x| avg %oloss|

a, = 2xavg %win x | avg %l oss|x %risk

Tak KaK &,y >0 o wintrades % > win trades % min

rac
. : %risk + | avg %ol oss
wintrades % min = - lavg |
avg %win + | avg %loss|
Tak kak &,y <1, 10 Wintrades % < win trades % max
rac

%risk + | avg %oloss|—2x %risk x | avg %Ioss|><
avg %win + | avg %loss|

win trades % max =

5 1+ avg %win

1-9%risk
ECJ‘II/I HC CO6J‘I}OI[aeTC${ ,Z[BOI>'IH06 HepaBeHCTBO
win trades % min < win trades % < win trades % max ,
TO IKCTPEMYMA HE CYILECTBYET, TO €CTh 10 JAHHON METOJIUKE HEJb-
3s1 (hOpMaABHBIM 00Pa30M BBIOPATh HAWIIYYINIEE COOTHOIIEHUE JTOXO-
Jla ¥ puckKa.

[IpuBenem mpuMep pemIeHHS 3aAadd ONTHUMH3AIMHA COOTHOIICHHS
noxoaHocTu u pucka MTC.

Pesynbrarer TectupoBanus MTC:
212

C.B. bynawes. Cmamucmuka 0nsi mpelidepos (351eKmpoHHasi 8epcusi).



aea 14. YnpaeneHue kanumasiom

win trades % = 64%

avg %win =15%

avg %loss = 5%

HeontumusnpoBanHas IpuOBUTb HA CACIKY:
avg %profit = 7.36%

HpI/IHSITaSI BCJIIMYHHA pI/ICKa:

%risk = 7%

Haﬁ):[eM IMMOKa3aTeC/I, XapaKTCPUIYIOIIUC COOTHOIICHUC O0XO0da H

pucka 1o ONTUMH3ALINU.

(1+avg Y% profit) x (1—%risk) —1=

=(1+0.0736) x (1-0.07) —1=-0.0016

avg Y% profit  7.36
%risk

=1.0509

['panuip! 061aCTH ONTHMH3AINN:
win trades % min = 60%

win trades % max = 70%

B JAaHHOM cnyqae BO3MOXXHa OIITUMU3alUA CUCTEMBbI, TaK KaK
win trades % min < win trades % < win trades % max .

Oynxmms Q () umeer sxeTpemym B Touke &,y = 0.41, mpu stom
avg %profit (a,,) = 3.12%,
%orisk (ayy ) = oriskx a,, = 7%x 0.41= 2.87%

0.0020 ~
0.0015 A
0.0010 o
0.0005
0.0000 T T T T T T T
-0.000500 0.1 02 03 04 05 06 07
-0.0010 +
-0.0015 A
-0.0020 -

Q(alpha)

alpha
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CooTHoOIICHHS A0X01a 1 PHCKa II0CJIC ONTUMU3ALUN:

Q@) = (1+avg %profit (o)) x (1-%risk (o)) —1=

= (1+0.0312) x (1- 0.0287) 1= 0.0016

avg %profit (a,,) 3.12
%orisk (crpy) 287

Kak BH/IHO U3 MOJYYSHHBIX PE3yJIbTATOB, MOCIE ONTUMHU3AINHU J0BOJIb-
HO CYILIECTBEHHO CHU3WIICS JOXOJ Ha OIHY CHCIKY, OJHAKO YIydIlIH-
JIUCh COOTHOIIICHHS J0X0a U prcka. Kpome Toro, HeOObIas BeIHYH-
Ha JIOJIM KalWTaja, Y4acTBYIOUIEro B CleNKax, MO3BOJISIET YyBCTBOBATh
ce0st 6oee KOM(OPTHO Ha BONATHUIIBHBIX PhIHKAX.

=1.0878

14.6. AHanu3 COOTHOUIEHHSI CKOJIb3SIIIUX CPEAHUX OT KyMY.JIsl-
THBHOI KPHUBOIi 10X0/1a CHAEJIOK.

B nmpenpiaymux maparpadax paccMaTpHBaIECh METOABI ONTHMH3a-
LMY J0JH YYacCTBYIOILETro B CIEJIKaX KaluTala B 3aBUCUMOCTH OT IOKa-
3ateneii MTC (mporieHTa OPUOBUTBHBIX CHEIOK, CPEIHEH BEITUYUHBI
BBIUTPBILIA, CpeHEll BeMn4nHbI npourpaiia). OqHako, He OblIa yuTeHa
BO3MOYKHOCTh KOPPEJALIMU MEXIY pe3yJbTaTaMu MOCel0BaTeIbHbBIX
CIENOK, TO €CTh BO3MOXKHOCTh BO3HUKHOBEHUS CEpUN U3 MPUOBLIHHBIX
WK yOBITOUHBIX CHIEJIOK.

@dopmanbHO, HAIMYME KOPPENALUU B AOXOAAX CIEIOK MOYKHO BbI-
SIBUTh, Halasd Kod()(UIMEHT aBTOKOPPENALUH AWHAMHYECKOTO psiaa

% profit (trade number), rne tradenumber - womep cuenxwu,
%profit - sennuuna moxona mo nanHoit caenke (%). Iocne 3Toro

HYKHO POBEPUTH TUTIOTE3Y O TOM, 3HAYUMO JIH OTIMYACTCS BHIYUCIICH-
Has IO BEIOOPKE BeNUYHMHA KOI(P(HUIHEHTa aBTOKOPPEISALUH OT HYJIS.

Bricokas mosoKuTeIbHas Koppeianus CBUIACTCILCTBYET O TOM,
YTO 32 BHIMTPBIIIEM Yallle CleyeT OUYepeJHOH BBIMTPHILI U PEXe CICIy-
eT MPOUTPBIIT U HA000POT. [IpH BBHICOKOI OTPHUIATEIBHON KOPPESAIHU
3a BBIMTPBIIIEM Yalle CICAYET HMPOUTPHINI U PEKE - OUSPETHOMN BBHIUT-
PBIII B HA0OOPOT.

Hanuyue Koppemsiiuu MexIy pe3ysbTaTaMd CISIOK MOXHO HC-
MOJIb30BaTh B TOPTOBIEC ABYMs crioco0aMu. Bo-mepBbix, Moauukanmeit
pelIarouX MpaBui TOPTOBOM CHCTEMBI, OJJHAKO 3TO MOXET MPUBECTH K
ee M3IHUIIHEMY MepPeyCI0KHEHUIO. BO-BTOPBIX, HCIIOIb30BAHUEM METO-
JIOB YIMPABICHUS KAIMTAJIOM, YTO MPEACTAaBIIETCS Oojee MPEenrnovTh-
TelbHBIM. Kak IpaBujIo, €CJIM Koppeaauus MpPpUCYTCTBYCT, TO OHa IO
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JIOKUTENbHA, CIEJOBATEIbHO BO3MOXKHBI JJOCTATOYHO JUIMHHBIE CEPUH
U3 NPHUOBUIGHBIX WM YOBITOUHBIX cHeinoK. OYeBHIHO, YTO B IOJIOCE
NPUOBUTEHOCTH HY’KHO YBEJIMUYHMBATh JIOJII0 YYaCTBYIOIIETO B CAENKE Ka-
MUTaNA, a B TI0JIOCE YOBITOUHOCTH - YMCHBIIATD.

[Ipy HanM4MKU BBICOKOM MOJIOKUTEIBHOW KOPPEJSIUU 10X0/10B
CHEJNOK OYCHb MPOCTHIM M AOCTATOYHO AS(PQPEKTUBHBIM CHOCOOOM
yIpaBJIeHHUs BEJIMYMHON YJAaCTBYIOILIETO B CIEJIKE KaluTaja sBJseT-
Csl METOJl, OCHOBaHHBIN Ha COOTHOLIEHUH CKOJB3ALINX CPEIHUX Pa3-
JIMYHBIX TIOPSAKOB OT pa3Mepa TOProBOIO cyeTa IMOocie Kaxaoi
cnenku exit equity (trade number) .

O6o3naunm kak short line u long line xopotkyo u wuHHyIO
IIPOCTYIO CKOJIB3AIIYIO CPEIHIOIO OT BEJIMYMHEI exit equity.

Eciu short line>long line, to B cpennem B Hacrosimee Bpe-
Ms TOProBasi CUCTEMa MOKAa3bIBAET JIyUIINe pe3yJIbTaThl, Y4eM B Cpe-
HeM B npomuioM. CrenoBaTeNbHO, CUCTEMA HAaxXOJHUTCA a IOoJIoce
NpUOBUIBHOCTH M HYKHO YBEIMYMBATh 00BEMBI cliesiok. Camoe mpo-
CTOE€ PELIEHUE - y4aCTBOBATh BCEM KallMTAJIIOM B K)XKJOU CIEIIKE.

Ecou short line<long line, to B cpennem B Hacrosimee Bpe-
Ms1 TOProBasi CCTEéMa MOKa3bIBACT XY/IINE Pe3yIbTaThl, YEM B Cpel-
HeM B mpouwioM. CienoBaresbHO, CHUCTEMa HaxXOXUTCA a II0JIoce
YOBITOYHOCTH U HYKHO YMEHBIIATh 00beMbI c/ieoK. Camoe MpocToe
peleHne - BOOOIIe HE OTKPHIBATH MTO3ULIHH.

OpHako, BO3MOXKHBI CUTyalllu, KOIja €MHCTBEHHAs! HE IIPOBE-
JICHHAs TMPHUOBLIbHAS ClIEJIKAa TI0 YMYIICHHOW BBITOJIE MEPEKPHIBACT
SKOHOMHIO OT HECKOJBKMX HE NPOBEACHHBIX yOBITOYHBIX CIIEJIOK.
JU1sl MCKITIOYEHUS TAaKUX CIIy4aeB MOXKHO MPEIUIOKUTH CIIETYIOLIYIO
METOAUKY

1) Paccunraem HaGOp ciy4ailHbIX BenuuuH { X, }
rie X =In(short line/long line) .
2) Tlo monyyeHHOU BHIGOPKE HAl[eM OLICHKU CPEIHEro 3HAUCHUS 1

C.K.0. BeIm4uHbI X . Tak Kak 3TH BEIWYMHBI JTOJKHBI nepecyu-
TBIBATBCS MOCIEC KaxJ0H 3aKpLITOﬁ CACJIKHU, TO 0003HAYUM HX

kak X, U O}.
3) Ecinu npubiamKeHHO CYMTATh, YTO CllydaiiHas BEJIMYMHA X MOJI-
YHUHAETCS HOPMAJIbHOMY paCIpEIEICHHIO, TO B KAueCTBE JOJIH
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YYaCTBYIOIIIETO B OYEPETHOM CHEIKE KamuTajla MOXHO BhIOpaTh
3HAaYeHHNE MHTETPATbHON (PYHKIIMU paclpeneseHus B MOCIeIHEH
nepes IJIaHUPYEMOM CHeNKod Touke BbIOOpku. Icmonb3ys

¢ynkimn Microsoft Excel mMo)kHO HaiiTH JONI0 KamuTajia 1o
dhopmye:

Xk_xk

Oy

a,,, = HOPMCTPAC

Bo3moxHBI CJICOYIOIINEC BaApUAHTLL
X <<Xy, = o.,=0

X, <X_k = 0O<ea,, <05

=X, = «,=05
Xy >X_k = 05<¢,,, <1
X >> X_k = g, ~1
Takum o6pasom, npu Short line=long line nmons ywacreyro-

mero B  cHOeNke Kanuraga Oyaer paBua 50%, npu
short line>long line nons Gyxer Bospactars or 50% BILIIOTH 10

100%, a mpu short line<long line nons Gyner ymensmarses ot

50% Bonots 1o 0%.

MCTOI[ yYHOpaBJICHUA KallUTAJIOM IO COOTHOIICHUIO CKOJIBL3AMIUX
CPEHUX MOXET MOXET ObITh OITUMHU3UPOBAH I10 JIBYM HapaMeTpam:
MEepUOJly KOPOTKOM CKOJIB3SIIEN CpelHed W TEepuoay JIMHHOU
CKOJIB3SLIEN CpeIHEN.

14.7. Kputepwuii cepmii.

OHUM U3 BaXKHEWIIUX MOKa3aTelell MEXaHWUYEeCKOHM TOpProBOU
CHUCTEMBI SIBJISIETCSI NOJIA BBIMTPBIIIHBIX CHCIIOK win trades %. On-

HAaKoO, 3Ta BEITUYMHA HUKAK HE XapaKTepU3yeT HANUYUE UITU OTCYTCT-
BHE KOPpEISILUU MEXKIY pe3yJibTaTaMu cAejoK. Bo3MoxHBI cre-
JQYHOLINE BapUaHTHhI:

1) Hcxompl MOCIEA0BATEIBHBIX CIEIOK HE3aBUCHMBI IPYT OT JPYyTa,
TO €CTh BBIUTPBIIIU U TMPOUTPHIIIN YEPEAYIOTCS CIIydaliHbIM 00-
pazoM. B 3TOM cilydae Mbl IMEEM HYJIEBYIO KOPPEISLHUIO MEKIY
pe3yabpTaTaMu CIIEJIOK.
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2) 3a BBIMIPBINIEM Yallle CJICAYET BBIMIPHINI, 32 MPOHUIPHIIIEM —
MIPOUTPHIII, TO €CTh BOSHUKAIOT IOJIOCH IPUOBIIFHOCTH U yObI-
TOYHOCTH. B 3TOM ciiyyae Mbl IMeEEM MOJIOKHUTENbHYIO KOppens-
LUIO MEXY pe3yJIbTaTaMU CAETIOK.

3) 3a BBIUrpHILNIEM Hallle CICAyeT MPOUTPHIII, 32 MPOUTPHINIEM —
BEIMTPBITI. B 3TOM ciiydae MbI IMEEM OTPHILIATENBbHYIO KOPPEs-
LUIO MEXIY pe3yJIbTaTaMu CIEIOK

PaccmoTpumM pesyibpTaThl MOCIEAOBATENBHBIX CACIOK TOPTOBOM
cucreMbl. HazoBeM cepueli HECKONBKO CIENYIONIMX MOIPSII IPH-
OBUTBHBIX CJIENOK FIIM HECKOJIbKO CIEAYIONIMX TMOAPSA yOBITOYHBIX
CHENIOK. B ciyyae IoJIOKUTENBHON KOPPEsALUN KOJUYECTBO CEPUN
Ha TMEPUOJC TECTHUPOBAHUs OYJET MEHBIIE, YeM KOJIUYECTBO CEpHi
MpH HE3aBHCHMOM 4YepeloBaHWM MpuObLIiel u yobITKOB. [Ipu otpu-
[aTeIbHOW KOPPEISIUNA CUTyaIusl OyaeT oOpaTHOW. 3aMeTHM, d9TO
[IPU pacyeTe CepUil YUUTHIBACTCS TOJBKO 3HAK JOXOJa IO CIETKE, a
He ero aOCoIOTHAs BEIWYMHA, MTPH STOM CIEIKH C HYJEBBIM J[0XO-
JIOM yYUTBIBAIOTCS KaK yOBITOYHEIE.

Kpurepwuii cepuif o3BONSET ONMpeneanuTh, HACKOJIBKO 3HAYUMO OT-
JMYKME TOJNYYEHHOTO MO BBHIOOPKE CAENOK SMIIMPUYECKOTO 3HAYCHUS
YHCIa CePUil OT 0XKUAAEMOI0 YMCIia Cepuil IPU HEe3aBUCHMOM pacIipe-
JIeTICHUY TTPUOBIIeH U yOBITKOB. BBe1eM 0003HauCHHS
N - xommuectso caenox (N = total trades).

P - BepositHOCTH MPUOBLIBEHON caenku (P = win trades %).

R - sMnupuueckoe 3HaueHue uncna cepuii Mo BHIGOPKE CENOK.

Ipu nocratouno Gomsmom N (6omsime 50) u Tpu OTCYTCTBHH Koppe-
NSAUME MEXKTY pe3ylbTaTaMH CHENOK ciydaiinas BenmumHa R Gymer
TIOTYMHATHLCSA HOPMATLHOMY PACTIPEIETICHHIO C MApaMeTPaMHu:

2p(L— p)N - oxunaemoe 3HaUCHHE UKCTA CEPHIA.

2p@- p)\/ﬁ - C.K.0. YHCJIa CEPHH.

JUist mpuBeneHus ciydaiiHoi Bemmumubl Rk crammaprHOoMy By
(TO ecThb K BENMYMHE C HYJICBBIM MAaTEMAaTHYECKHM OXHJAHUEM H
SIMHUYHOM UCIIePCHEii) Hy)KHO cJIeIaTh IpeoOpa3oBaHue

7 R-2p@@- p)N
2p(1- pVN

[Toy4yeHHy0 TakuM 00pa3oM HOPMHPOBAHHYIO CIIYIAHYIO Be-
JUYUHY Has3biBaloT Z -cyetoM. IlonmokutenbHbiii Z -CU4eT BO3HHKA
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€T, €CIIM KOJIMYECTBO CEPUil OOJIBLIE 0KUIAEMOTO, TO €CTh IPU OT-
puaTenbHOM Koppensimyi. OTpuiaresbHblii Z -CueT BO3HUKAET, €C-
JIM KOJIMYECTBO CEPHI MEHBILE OKHMAAEMOTO, TO €CTh MPH MOJOKH-
TEJILHOM KOPPEJIALHH.

BeposTHOCTL TOTO, YTO CTaHAAPTHAs HOPMAJIbHAS BEIMYMHA
Haxoautcs B uatepBane ot —|Z | no |Z |, wim coorBercTByMOIILYIO

BenuuuHe Z -cyeTa JOBEPUTENLHYIO BEPOSTHOCTH, MOYKHO BBIYHC-
JINTH c IIOMOILIBIO Ta0JIHIL Microsoft Excdl:
P(Z)=2- HOPMCTPACII(|Z])-1.

Kak mpaBuno cuurator, yro npu |Z [£1.96 (P(Z) <95%),
OTKJIOHEHHE SMIIMPHUYECKOrO0 YHCIA CEPUH OT OKMIAEMOrO HE3Ha-
YUMO U OOBACHAETCS CIIy4alHOCTBIO BHIOOPKU. B sTOM ciiyuae He-
1IEJIeC000pa3Ho MOAM(HUIIMPOBATH TOPTOBYIO CTPATEIMI0 HA OCHOBA-
Hun Z -cyera.

Ecin ke MBI HMMeeM cucteMmy, y kortopoi |Z [>1.96

(P(Z) > 95%), T0o MOXkHO MCIIONB30BaTh TIOTYYEHHYIO 3aKOHOMED-

HOCTB CJICYIOIIUM 00pa3oM:

1) Tlpu GONBIIOM MO MOAYIIO M TOJOKHUTEIBHOM MO 3HaKy Z -CyeTe
3a TIPUOBUTBHOM CHIEJIKOW CKOpEee BCETO MOCHIEAyeT yObITOUHAs, a 3a
yOBITOUHOH - TpuObUThHAsL. CIeqOBaTENIbHO, IOCIE BBIUTPHIMICH
HY’»KHO YMEHBIIATh 00BEM CIEAYIOIEH CIENKH, a MOCJe MPOUTPHI-
el - yBeINUNBaTh.

2) Tlpu GONMBIIOM TI0 MOJIYJIKO ¥ OTPULIATENLHOM T10 3HaKy Z -CdeTe 3a
NpUOBUTEHOM CHENTKOH CKOopee BCero IMocieayeT odepenHast Ipu-
ObUTbHAs CJIeNKa, a 32 YOBITOUHOH - odepenHas yowiTtounas. Crueno-
BaTEIBHO, IIOCIIC BHIMTPHINICH HYKHO YBEIHYUBATH OOBEM Clie-
IYIOIIEH CIENKH, a TIOCIIe MPOUTPHINICH - YMEHBIATb.

OTMeTUM, 4TO KPUTEPHUI CEPUIl MOXKET CIIYKUTh (DMIIBTPOM JJIsL pac-

CMOTPEHHOTO B MPEABAYIIEM maparpade MeTofa CKOIB3SIIUX CPea-

HUX.

14.8. YBeaunueHue 00 beMa BHINTPHIBAKOIIEH MO3UIINHA.

B sTom maparpade OyneT u3nokeH MeTo]| yBeITU4eHUs: o0bemMa
BBIUTPHIBAIOIIEN JJIMHHOW MO3UUMU I TPEHJOBbIX cucTeM. Kak
MPAaBWJIO TAKUE TOPrOBbIE CHCTEMBbI UMEIOT CPABHUTEILHO HEOONb-
IIOW TPOIIEHT BHIMTPHIIIHBIX CIEIOK U BEICOKOE OTHOIICHUE CPeIHEH
MIPUOBUIN K CPpEeTHEMY YOBITKY.
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[IycTe TOproBas cucrema jajna CUTHAJ O MOKYIKE aKTUBa B MO-
meHT Bpemenn t; no nexe P,. B oTom ciyuae npoBoautcs mepast

HOKYTIKa, IPUYEM CyMMa CJIEJIKH PaBHA (f; NPOLEHTOB OT TEKylIeH
BEJIMUMHBI CBOOOIHBIX ACHEXKHBIX CpelcTB. Eciau neHa npomoikaer
pocT, TO B MOMEHT BpeMeHu t, nemaercst BTopas MOKyIIKa IO IeHe
P, Ha cymMy @, TIpOLEHTOB OT TEKyLICH BEIHYUHBI CBOOOJHBIX

JEHEeKHBIX cpeacTB. HapamuBanue o0beMa Oymar mpoaoinKaeTcest 10
TeX TOp, MOKa pacTeT PbIHOYHAA IleHa. 3aMEeTHUM, YTO Ha4dMHAasg CO
BTOPOH CHENKU CPEeNHSs LeHa MOKYIKH MEHbIIE TEeKyIleH LeHbl aK-
tuBa. [Ipu pa3BopoTe pHIHKA U JOCTIKEHUH IEHOH HEKOTOPOTO KPH-
THYECKOTO YPOBHSI BCE MO3UIINHU 3aKPBIBAIOTCSL.

Wznoxum 3Ty MeToauky (opmansHbeiM 00pazoMm. Beemem 060-
3HAYEHUS:

X, - HavaJbHas BETMYNHA CBOOOIHBIX ACHEKHBIX CPE/ICTB,

N - obmiee 4nCI0 MPOBEACHHBIX CIETOK,
P, - uena, no xoropoit mposoautes K -5 caenka (ppiHouHas nena),

C - komuccus 3a nmpoBeaeHue caenku (%),
X - Benu4nHA CBOOOIHBIX ACHEXKHBIX cpencts mociae N caernok,
Y® - 06 N 6
N IIME 3aTpaThl Ha MOKYIKY MOCIe crenok (banancoBas
CTOMMOCTB OyMmar),
V,, - koimuectBo Gymar B oprdene mocie N cuenox,
P® -¢ N 6 -
N pEIHsIs [IeHa TOKYNKHA aKTHBA IOCIIC crenok (bananco

Basl LICHA).
ITocne nposenenuss N cuenok, rae cymma K -if cienkm cocras-
JSI€T ¢, TPOLEHTOB OT TEKYILEH BEIUYMHBI CBOOOIHBIX JEHEKHBIX

CPEJICTB, TEPECUYKUCICHHBIC BBINIC MEPEMEHHbIC OYIYT BhIpAXKAThCS
dhopmynamu:

N
Xy =X 'H(l_ak)
k=1

N
Y& = Xo =Xy =X, - 1_H(1_05k)
k=1
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pB — YN =(1+0c)- k=1
N N (g K
N > =T«
a\ R

JUis mocneayonmx paccykaeHu 3TH (OPMYJIIbI HY)KHO Pa3yMHBIM
obpazom ynpocTtuTth. ClenaeM aBa TOMYIICHUS.
1) Bce o, 0IMHAKOBHI U PaBHBI I .

2) Bce MoKynku, HAYMHAsI CO BTOPOH, MPOUCXOIAT MPU ONPEICIICH-
HOM IPOLIEHTHOM IPUPOCTE PHIHOYHOM IIEHBI OTHOCUTEBHO Iie-
HBI IPEBITYIEN CENKH, TO €CTh

R =R+ )"
[Tocne aTux yrpomeHu#t GopMyIbl IPUMYT BUT:
Xy =X, - l-a)"
Y = X, -[1-1-a)")

_a Xy, 1+p 1- 1-a)
"TR.(1+c) a+p 1+ S

1a+p 1-(-o)"

1+p 1- l-o §
1+ 4

PaCCMOTpI/IM 3aBUCHUMOCTD 3TUX NEPEMCHHBIX OT KOJIMYECTBA CACIIOK

N na npumepe. [Ipumem creayromye 3HaYCHUST BXOAAIHX B (Hop-
MYJIbI TApaMETPOB:

a=30% B=5% c=02%
R=1
X, =100 000

P® =R (1+0)-

Pe3ynbTaThl pacyeToB ¢ STUMH 3HAYCHUSIMH MTApaMETPOB MPUBEICHBI
B Ta0JIULIE!
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N 1 2 3 4 5
P 1.000 1.050 1.103 1.158 1.216
X, 70000 49000 34300 24010 16807
Y@ 30000 51000 65700 75990 83193
v, 29940 49900 63207 72078 77992
p® 1.002 1.022 1.039 1.054 1.067

[Ipu pabote no Takoil MeTOAUKE 3aKPbITHE MO3ULUNA MOXET OCYIECTB-
JISATHCS CIAEIYIOIUM 00pa3oM:

1)

2)

3)

Ecnu nocine nepBoi c€IKHU PHIHOK IIOLIE IPOTHB OTKPBITOH MO3U-
1Y, TO BBIXOJ OCYILICCTBJISIETCS 110 CUTHAILY StOp |OSS, Ipu4YeEM

Tak Kak 00bEM CHEJIKH CPaBHUTEIBHO HEBEIHUK, TO YOBITOK OymeT
HEOOIBIIINM.

IMocne BTOpOIt caenky 1eHy BBIX0/a MOXKHO TIOCTaBUTh Ha TPAHUILY
6e3yOBITOYHOCTH (c YYETOM KOMHCCHH), TO ecTh

P _ p®) /(1)
Tl mansoro npumepa PL™Y =1.0022/(1-0.002) = 1.024.

[Tocne BTOpO# ClENKH, eciau HE MPOU30UIYT (Popc-MakOpHBIE CO-
OBITHs, TOPTQENTs 3aCTPaxoBaH OT YOBITKOB IPH HEOTPAHHICHHOM
MOTEHIHAJE TPUOBLIH.

Hauwmnas ¢ Tperbeil clenky mmeHa BBIXOAA MOXKET PaBHATHCS ILICHE
BXOZa U TIpensiaymieii caenku. Hampumep, 1ieHa BBIXOA IOCIE
MSTOM CHOENMKH paBHA LIEHE BXOJa IO YETBEPTOW CHAEJIKE, TO €CTh
1.158, mpu 3TOM CpenHss IeHa MOKYIKH C Y4eTOM KOMHCCUH paBHA
1.067.

Ecnu oTkpbITHE MO3UIUN OCYIIECTBISETCA YaCTSIMHU, TO BBIXOJ IPOHUC-
XOJIUT BCEM O0BEMOM EIMHOBPEMEHHO. BBIXOJ YacTsIMH MOXET OBITh
eecooOpaseH TOJbKO B clydae, KOTJla PasHHIA MEXIY TEKyIIeH pbI-
HOYHO! [IEHOW U CpellHeN IEHOM MOKYNKU JOCTATOYHO BEJHKA, TO €CTh
€CIIK BXOJIbI OBITH cJieNlaHbl Ha CUJIBHOM U MPOJOJKUTEIIEHOM BOCXO-
JISIIEM TPEHTIE.
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mueoe

15. YOPABJIEHUE PUCKOM HNOPT®EJIsI HA OCHOBE
AHAJIN3A KOBAPUAIIUU AKTUBOB

15.1. Beenenue.

B sTo0lt rmaBe paccMaTpuBarOTCsl BOMPOCHI, CBSI3aHHBIE C ONTH-
MU3alMel mopTdens akTHBOB. M3ydaeTcs BIMSHUE KOPPENALUN Me-
Iy OTICIBHBIMU MApaMu aKTUBOB HA OOLIUI pUCK MOpTdens, mpu
3TOM B Ka4eCTBE MEphl PUCKa NMPUHUMAETCs aucnepcust (Wi cpen-
HEKBaJ[paTHYHOE OTKJIOHEHHE). PacckazaHo O TOM, YTO Takoe 3¢-
¢exTrBHAs TUBepcH(UKaLUI U Kak OOIIUil pUCK mopTdens, cocTas-
JIEHHOTO W3 MPOU3BOJIHHOTO KOJMYECTBA aKTUBOB, MOXHO Pa3AeiuTh
Ha HECHCTEMATHUYECKHH (OUBepCHMUIMPYEMBI) PUCK W PHIHOYHBIH
(HemuBepcuduIpyeMblil) puck. J[aHO TOHSATHE TpaHULbl dPPek-
TUBHOCTH Ha TpuMepe moptdens U3 ABYX aKTUBOB U TPUBEICHBI
(hopMyIIBI, KOTOpPBIE TTO3BOJISIIOT BBEIOpaTh HA rpaHuIle G HEeKTHBHO-
cTH TopT(heNnb ¢ MUHUMAIBHBIM OXHIAEMbIM PUCKOM U MOPTQEINs ¢
MaKCHMaJbHBIM OTHOIIEHHEM OXHMIAEMOT0 J0XO0Ja K OXKHUAAEMOMY
pucky. IlocraBnena 3amadya mo onTUMH3AaNWU TOPTQENST U3 TPOU3-
BOJIBHOTO KOJITYECTBA aKTHBOB C YYETOM OTPaHHYEHHUH HA COCTaB H
Beca aKTHBOB B nopTderne (JJMMUTOB), M MPUBEJICH AITOPUTM ITOUCKA
peuenuit atoit 3agaun MmerogoM Monte-Kapio.

15.2. Koppeasinus akTHBOB H PUCK MOpT(dens.

PesynbTathl pemienns: 00 MHBECTUPOBAaHUU B TOT WIIM MHOW (pUHAH-
COBBI MHCTPYMEHT (aKTHB) BCErga MMEIOT HEKOTOPYIO HEOMpeeseH-
HOCTh. B OOJBIIMHCTBE CIydaeB pPealbHO MOMYUYECHHBIH JTOXOJ OT BIIO-
KEHHs B HEKHI (PMHAHCOBBIH MHCTPYMEHT HE COBIMAJACT C OXKHIAEMbBIM
JIOXOJIOM IO 3TOMY HHCTPYMEHTY HAa MOMEHT MPUHSATHS PEIICHUs 00
HWHBECTUPOBAHUM, TO €CTh HHBECTHPOBAHUE - 3TO chepa AeATeTBHOCTH,
CBSI3aHHAS C PUCKOM.

Mepy paccesnusi peanvho ROIYUEHHVIX O00X0008 OMHOCUMENLHO
00ICUOAEMO20 00X00A, MO eCMb PUCK AKMUBA, OyOoeMm XapaKmepu3osams
Ooucnepcueti (U cpeoHeKsaopamuUHbIM OMKIOHEHUCM) 00X0008 HO
OAHHOMY AKMUBY.

PaccmoTtpum citydaif, KOoria HHBECTUPOBAaHUE MTPOBOJINUTCS B He-
CKOJIbKO akTHBOB (moptdens). [lopTderp sBiseTcs TMHEHHOH KOM-
OWHaIMell aKTUBOB, KX/ M3 KOTOPHIX UMEET COOCTBEHHOE MaTe-
MaTHYeCKOe OXKHJIaHUE TOXO0/a ¥ TUCTIEPCHIO I0XO0/A.
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naea 15. YnpasneHue puckom rnopmebesisi Ha OCHO8e aHanu3sa koeapuayuli aK-
mueoe

BcmomanM  opMynsl 1A BEIYHCICHHS — MaTeMaTHYECKOTO
OXKUJAHUA U JUCIEPCUM MHOTOMEPHOM cly4yaillHOH BeIUYMHBL Y,

SIBIIAONICHCS TUHEWHOW KOMOHWHAITUEH KOPPEITMPOBAHHBIX CIydYailHBIX
BEJINYMH:

N
y= Z a, Xy
k=1
N
;uy = Z akluk
k=1

N N N
2 2 2
o, = Z a, o, + 22 Z a,a, 000,
k=1 k=1i=k+1
HOSTOMy AJI1 MaTEMAaTHYCCKOIro OXXKUAaHWA U JUCIICPCHUU J0XO0Ja MOpT-
(et akTHBOB MOYKHO HCITOJIL30BaTh CIICIYIOIINE ()OPMYIIHI:

N
luy = zwk/uk
k=1

N N N
0'5 = Z W/ ol + 22 Z W,W, p0,, 0,0
k=1 k=1 i=k+1
r7e W - Beca akTUBOB B IIOpTQere.
B omiimume oT MpoM3BONBHON JTMHEHHOW KOMOHMHAITUH CITy4YaiHBIX
BEJIMYHH, Beca aKTUBOB TOAYHHSIOTCS IPAaBUITy HOPMHPOBAHMS:

iwk =1
k=1

CieqoBaTenbHO:

- Mamemamudeckoe oxcudanue 00xo0a nopmebens - 3T0 B3BEIICHHAS
CyMMa MaTeMaTHYECKUX OXKUAAaHHH JJOXOJIOB MO OTJACIbHBIM aKTH-
BaM,

- puck 0oxooa nopmaeenisi - 3TO B3BEIICHHAs CyMMa KOBapHaIluil Bcex
map aKTHBOB B MOPTQee, MPU 3TOM BEC KaKI0H KOBapHAIUU PaBeH
MPOU3BEJICHHIO BECOB COOTBETCTBYIOIIEH Mapbl aKTUBOB, a KOBa-
pHualMs aKTHBa ¢ caMHUM COOOMH SABISETCS AMCIEpPCUEH TaHHOTO akK-
THBA.

15.3. [lonukenue pucka noprdess. Aupepcudpuxanusi.

W3 dhopmysl st nucnepciu NOpTdens akTHBOB OYEBUAHO, YTO
PHCK OPTQETS MOKHO Pa3AeIUTh Ha JBE IPYIIIb] CIAraeMblX.
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mueoe

2 _2
Cnaraemble Buzma W, O, , KOTOpbIE XapaKTEpH3ylOT PHUCK OT-

JIeTIbHBIX aKTUBOB, BCEIZA MOJIOXKUTENbHBL. ClleI0BaTENbHO OHU MO-
T'YT TOJIBKO YBEIMUUBATH PUCK TOPT(HEs.

Cnaraemsle Buna W, W, 0, 00, , KOTOpbIE XapaKTEPU3YIOT KO-

BapHaIl{I0 PA3JIMYHBIX NIAp aKTHUBOB B MOPT(dere, MOryT OBITh IMOJIO-
JKHUTEIBHBIMHU, PABHBIMU HYJIIO U OTPHIIATEILHBIMU. Bce 3aBHCUT OT
BEITMIMHBI KO GUIIMEHTA KOPPEISIITIN MKy aktuBamu. ClieoBa-
TCJIbHO, 3TU CJIara€MbIC MOTYT YMCHBIIUTL PUCK HOpT(bCHSI B II€JIOM
MO CPAaBHEHUIO C PUCKOM OT/ICIBbHBIX AKTHBOB.

[IpowmmrocTpupyem 3ToT 3P dPeKT muBepcudUKaAIIK Ha TIPIMEPE
noptderst, COCTOSAIETO U3 IByX aKTHBOB. PaccMoTpuM Tpu citydas,
B KQXJIOM U3 KOTOPBIX MaTEMAaTUYCCKUE OXKHUIAHUS U JUCIICPCUU aK-
THUBOB OJIMHAKOBBI, & PA3ITUYHBIMH SBJISIOTCS KOG DUIIMESHTBI KOppe-
JISIUA MEXIY HUMMU:

1) Axmuevl norHocmvio KOpperupo8anHol

B sTOM ciiyyae KO3QQHUIMEHT KOPPETSIUU MEKAY aKTHBAMH pa-

BeH 1. CreoBaTenbHO IS TUCTIEPCHH U C.K.0. TIOPThes moy-

Jaem

2 a2 2 2 2 _ 2
oy, =W, 0, +W,0, + 2WW,0,0, = (Wlal + WZO'Z)
o, =W0,; +W,0,
CrnenoBarenbHO, C.K.0. TOPTEIsT paBHO CpPeIHEH B3BEIICHHOMN
C.K.O. OT/ICJIbHBIX aKTHBOB, TO €CTh IIOHMKCHHUE PUCKA MOPTQEIis
OT IUBEPCUPHUKAIINN OTCYTCTBYET.

2) Axmuebvl He KOpPeUPOSaHHbL
Koaddunuent koppensauuu Mexay akruBamu pases 0.

2 2.2 )
o, =W, o, + W0,

_ 2 2 2
o, = WG + W0

B sTom ciygae c.x.0. mopTdenss MEHbIE CpeaHeH B3BEIICHHOU
C.K.0. OTJCNIbHBIX aKTUBOB, TO €CTh MPHUCYTCTBYET NMOHWKCHUC
pucKa TopTdens oT AUBEPCUPHUKAINH, OAHAKO C.K.0. MOPThEmst
OoJpllie HyNA TPU JIIOOBIX HEHYJEBBIX IUCHEPCUSX OTIAEIBHBIX
AaKTHBOB.

3) Axmuevbt anmuxopperuposanvl
Koaddumment koppensuun Mexxay aKTHBaMH paBeH -1.
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) 2 2
=W o, + W220'2 - 2WW,0,0, = (Wlo-l - Wzo'z)
o, =|Wo, —W,0,|

B atom citygae apdext quBepcudukanuy Hanoosee 3HaYUTEINICH,
C.K.0. opTenst MOXKeT ObITh CBEJCHO K HYJIIO COOTBETCTBYIO-
MM BBIOOPOM BECOB OTIENLHBIX aKTHBOB B MOpT(erne, TO eCTh
MOXET OBITH IMOTy4YeH O€3PUCKOBBINA MOPTHEIH.

3aMCTI/IM, YTO BO BCEX TpPCX ClIydasdaX MATCMAaTUUCCKOC OXKHUIAHHUEC

JI0X0z1a MOPTQeIst OMHAKOBO U PaBHO 1, = W, 14 + W, 1L, .

MoxHo cka3aTh, 4yTO 3((HEKTUBHAS Jusepcugurayus - 310 10-
0aBJICHUE TAKUX aKTHBOB B MOPT(EIb, J0XOAbI MO0 KOTOPHIM UMECIOT
HAaMMEHBIIUN KOXPQHUIMEHT KOPPEJSIIUN C aKTUBAMH, YXKE HMEFO-
muMucs B noptderne.

Paccmotpum Teneps mopTdelib, COCTOSAIUN U3 OONBIIOTO KO-
yecTBa akTHBOB N, K&XIbIii U3 KOTOPBIX BXOJMUT B MOPT(HENb C 0/-
HakoBbIM BecoM 1/N. B ciiyuyae Gosee 2-X akTHBOB HEBO3MOXKHO JI0-
OHUTBCS TOTO, YTOOBI KaXK/asl Mapa aKTUBOB UMelia Obl KO3 PUIIMESHT
Koppensiiuu, paBHbii -1. [TycTh Bce aKTHBBI HMEIOT BOOOIIE TOBOPS
pa3invHbie KOHEUHBIC JMCIEPCHH M KaX7as Mapa aKTHBOB MUMEET
BOOOIIE TOBOpsl pa3Hbie K0d(QduIeHTs Koppensiunu. Torma ¢op-
MyJia I[J'I)l zmcnepcml nopT(beJm MPUMET BUJL:

a z Jk+ZZZ Zplkaak

k=li= k+l
Hpeo6pa3yeM ITY (bopMyJIy'

oj=tS o NAS S O

Y Nk=l N k=1i= k+lN(N 1)/2
[epBasi cymMa - 9TO CpeiHssl JUCIEepCUsl aKTHBOB, BTopasi (YABOCH-
Haf[) CYMMa - 9TO cpeanm KOBapI/IaI_II/IH BCECX r[ap pa3J'II/I‘IHI>IX AdKTH-
BOB, CJIGILOB&TCHBHO:

, 1 — N-1—
oy :N-ak + N X
[TosTomy, mpHu AOCTATOYHO OOJBIIOM KOJMYECTBE aKTHBOB N TepBbIM
ciaaracMbIM MOXXHO npeHe6pefH, nu s zmcnepcpm HOpT(bCJ'ISI MOXHO

2
HamucaTtb HpI/I6J'II/I)KeHH06 BBIPpaXXCHUEC O'y ~ o-ik , TO €CTb OUCIIEPCUA

noptdens npudImKEHHO paBHA CPEeJHEH KOBapUaIlMU aKTHBOB.
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Takum 00pazoM, oOmIHil puUCK TOPTHEIT MOKHO pa3IeiIuTh HA

JIBE YaCTH:

- Hecucmemamuyeckuu puck, ONpeAesieMblid CpeqHel Aucnepcu-
€l aKTMBOB, KOTOPBIII MOKET ObITh UCKIIIOYEH IIyTeM (OpMHpPO-
BaHMs OpTQesnst U3 OONBIIOro KOJIMYECTBA aKTHBOB (IMBEPCH-
¢ukammei),

- cucmemamuyeckuil (pblHOUHBLIL) pUCK, OTIPEICISIEMBINA CpeIHeH
KOBapuauyeil map pasJIM4HbIX AaKTUBOB, KOTOPBIH HE MOXET
OBITH UCKIIIOYEH IyTeM (HOpMHUPOBaHUS MOPTdeist u3 OOIBIIOTO
KOJIMYECTBA aKTUBOB (AuBepcUduKaiueii).

IIpu 3ToM MaremaTHdeckoe OXHIaHHWE J0XOoAa IHOopTdens paBHO

CpelHEMY MaTeMaTHUYECKOMY OXHJIAHHIO I0XO0Ja BXOJSIIUX B MOPT-

(enb aKTUBOB!

- He
py =D L=
k=1

15.4. I'pannna 3¢)peKTHBHOCTH.

B npenpinymem naparpade ObUIO moKa3aHo, 4TO B Ciiydae, Ko-
raa ko3 (QUIMEHT KOppeIsui MeXly akTHBaMu MeHbIe 1, nuBep-
cudukamnys mopTdess MOKET YIyUIIHNTh COOTHOIIEHNE MKy OXKH-
JAEMBIM JIOXOJIOM U O0KHJa€MBIM PUCKOM. DTO CBSI3aHO C TEM, UYTO
OKUIAaeMbI J0X0A TOPTQeNs SBIAETCS JIMHEHHOW KOMOWHAImen
OKHAJAEMBIX JTOXOJOB II0 BXOJSANIUM B MOPT(ETs akTHBaM, a IWC-
nepcust noptdens sBiaseTcs KBaapaTudHONW (PyHKIMEH OT C.K.0. BXO-
JSIIUX B TOPT(HETh aKTUBOB.

[Ipu 3agaHABIX MaTEMaTHICCKAX OXKHIAHUSIX M TUCIEPCHIX aK-
THUBOB, a TaKkKe KO3(PPUIMEHTAX KOPPEIALUUA MEKIY Pa3InIHBIMU
napaMy akTHBOB, ITyTEM ONTHMU3AIMU BECOB aKTUBOB B IMOpTQere
MOJKHO JIOOWUTBCS yITyUIIEHNUs COOTHOIIEHHS MEXKIY JOXOJIOM M PHUC-
KOM TTopTders.

Paccmorpum moprtdens, cocTosmuii U3 IByX aKTHBOB, C KO3(}-
(umenToM Koppesuuu Mexy HuMu paBubiM o = 0.5:

- 1-u akmue
oxxuaemslit goxon L =10%

¢.K.0. oxuaemoro goxona (puck) o, =15%
- 2-ii akmus
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OKHIaeMblil oxox i, =13%
C.K.0. oxxuaemMoro goxona (puck) o, =16%

O)KI/I}_'[aGMLIf/i A0X04 U CPCAHCKBAAPATUYIHOC OTKIIOHCHHUC HOpT(l)CJ]}I
13 IBYX aKTUBOB BBIYHCIISIFOTCA 11O (1)0pMYJ'IaM:

- 2 _ 2, 2 2 2
Hy =Wty + Wy i, o, =W 0y +W,0; +2pWW,0,0,
PacueTHbIC 3HAYCHNUS ITHX BEJIMYHH IIPH PAa3IMYHOM COOTHOLICHUH
BECOB aKTHBOB NPE/ICTABIICHEI B TAOJIHAIE.

Bec 1-20 akmusa Bec 2-20 akmuea C.x.0. nopmgbens /Joxoo nopmeens
W, w, o, Hy
0.0 10 16.00 13.00
0.1 0.9 15.21 12.70
0.2 0.8 14.54 12.40
0.3 0.7 14.01 12.10
0.4 0.6 13.64 11.80
0.5 0.5 13.44 11.50
0.6 0.4 13.41 11.20
0.7 0.3 13.56 10.90
0.8 0.2 13.89 10.60
0.9 0.1 14.37 10.30
1.0 0.0 15.00 10.00

3aBHCUMOCTD OXKHJIAEMOTO J0X0Aa TopTdens OT C.K.0. moptdens
(pucka) mpuBeeHa Ha PUCYHKE

IpaHuua acpcbekTUBHOCTU

14.00 ~
13.00 A
12.00 A
11.00 A

10.00 +

poxop noprtdens

9.00 A

8.00 T I T T T T 1
13.00 1350 14.00 1450 15.00 1550 16.00 16.50

c.K.0. noptdens (puck)
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Ha muuun ABC nexxaT Bce BO3MOYKHbIE KOMOMHAIIMKM JOX0Ja U
pucka noptdens. Touka A COOTBETCTBYET HMOPTQEII0, COCTOSIIEMY
Tonbko W3 1-ro aktuBa, Touka C COOTBETCTBYET MOPTQEIio,
COCTOSIIIIEMY TOJIbKO W3 2-r0 aKTHWBa, TOo4Yka B cooTBeTCTByeT
MOPTQEII0 ¢ HANMEHBIITUM PUCKOM.

AHanuTUYECKH KOOPUHATHI TOUKH B B cirydae noptdens u3 2-x
AKTHBOB MOXKHO HAWTH M3 CIEAYIOIUX cooOpaxeHuil. Tak kak Beca

AKTHUBOB CBsI3aHbI COOTHOLICHUEM W, = 1- W, , TO MaTEMaTUYECKOE
OXHJIaHWE M JUCIIEPCUI0 TOPTQEIsi MOXKHO MPEJCTaBUTh Kak (yHK-
LIMIO TOJIBKO OT W, !

Hy =Wty + (1= W) p1,
2 2 2 __2
oy =Wy +(1-w)?o; +2om (1~ w)o,0,
ToYKy ¢ MHHMMAJIbHBIM 3HAa4eHHEM aucrepcuu (C.K.0.) mopTdes
MOKHO HaﬁTH, B3sB IIPOMU3BOJHYIO BCJIIMYHUHBI O 5 10 Wl " 1IpupaB-

HSAB €€ K HyJI0. PelIuB ypaBHEHHE OTHOCUTENBHO W, TIONy4nM:

2
0, — PO,0,

W, =
ol +o;-2po,o,

Hoxcrasue 310 BbIp@XCHHEC B GOPMYJIB! ISl [, U O, MOXHO

y )
HAMTH OKUIaeMBIN HOX0a U puck mopTdens (c.k.0.) B Touke B. J{is
PaccMOTPEHHOTO 3/1€Ch IPUMEPA MOTYUUM:

w, = 0.56 w, = 0.44 u, =11.32% o, =13.39%

Jlunus ABC:

- BOTHYyTa BIIEBO Npu Kod(ddumuente koppemsimun O < 1, mpu stom
BOTHYTOCTH TEM CHIIBHEE, YeM MEHBIIe K03 OUIHEHT KOPPEIALINH,

- SABJSIETCS OTPE3KOM MPSIMOM, coemuHstonmM Touku A u C, mpu
ko durmente xkoppensun O = 1.

Bepxusst uvacte muanu ABC (muams BC) sBasercs epanuyet
appexmuenocmu. Jluaus BC  sBisercas >¢QQexkTHBHOH B TOM
CMBICJIE, YTO Ha HEH HEBO3MOXKHO MOBBICUTH J10X0J 0€3 MOBBIILICHHUS
pHCKa U CHH3HUTh PUCK 0€3 CHMKEHHs 10X0/a (B OTJIMYHE OT JIMHUU
AB). Brimte nmuann BC HaXomaTCsl HEIOCTIKAMO TIPUBIICKATEIBHbIE
KoMOMHaIMu 1oxoaa u pucka. Hmwke nuann BC Haxoparcs Xyamme
KOMOWHAIIMU JIOXOJa M PHCKA, KOTOPbIE MOTYT OBITh YJy4IICHBI
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nepexogom Ha juHuo BC. Hampumep, nepexon u3 Touku T2 B
Touky T1 mOpUBOIMT K YBENUYEHHWIO Jjgoxona mnoprdens npu
HEM3MEHHOM YPOBHE PHCKA.

Ha rpamwmme »>¢dekTHBHOCTH HE CYIIECTBYET HAFITYYIIETrO
noptdens. Bpibop Toukum Ha ITOH JIMHMM  3aBUCHUT  OT
WHBECTUIIMOHHBIX MPEINOYTEHHH MHOPT(HENbHOr0 MEHEemkKepa, TO
€CTh KaKyIo IUIaTy, BRIPAXKAEMYIO B SIMHUIIAX PHCKA, OH TOTOB HECTU
3a JI00ABOYHYIO SIMHUILY JTOXO/IA.

PacnpocTpaHeHHBIM METOJOM BBIOOpPa TOYKM Ha TpaHHULE
3¢ (heKTUBHOCTH SBJISIETCS BBIOOp Takoro moptdens, st KOTOPOro
OTHOIICHUE OXHJIAEMOTO J0XO0Ja K OXKHJIAEMOMY PHUCKY SIBISICTCS
MaKCHUMaJbHbIM. AHATUTUYECKU B Cllydae MopTdens u3 2-X akTUBOB
3Ty TOUKY MOKHO HAaWTH, NPUPABHSIB K HYJIO HPOU3BOAHYIO 1O W,

oT QyHKIUH
Hy _ Wiy + (1—=wW)
Oy \/leo-lz +(1-w) o3 + 2o (1-w) o0,

PewiyB nosyueHHoe ypaBHEHHE OTHOCUTENBHO W, HaleM, uTo:
2
HyP0,05 — a0,
2 2
(1,010, = 11,07 ) + (1, pOC, — 11,075)

I[J'ISI PaCcCMOTPCHHOI'O0 31CCh MpHUMEpa TOYKA C MAKCUMAJIbHBIM
OTHOIICHHUEM J10X0Ja K PUCKY.

w, =0.37 w, = 0.63 w1y, =11.89% o, =13.72%

W, =

15.5. IlocTaHoBKA 3a7a4H M0 ONTUMHU3AIUHN MOPT(heIs.

[Mon ontumu3zanueit moptdens, COCTOANIETO U3 TPOU3BOJIIEHOTO
KOJIMYECTBA aKTHBOB, MBI OyJleM TMOHUMATh MOMCK TaKMX HAaO0OPOB
BECOB aKTHBOB, KOTOPBIC 0OecriednBaiy OB
- OXuaaeMblil 10xoxa moptdens OONbIIMKA WM PaBHBIM Harepe.

3aJaHHOMY MUHUMaJIBHOMY 3HAYEHUIO JOX0/1a,

- OXHIaeMBIH PUCK MOPTQENs MEHBINN WM paBHBIA HAmepes 3a-

JAHHOMY MaKCHUMAaJIbHOMY 3HAYCHHIO PHUCKA.

CrnenoBatenbHO, €CIU TMPEANONararoTCs M3BECTHBIMHU OXHUIAcMbIe
JOXO/IbI 10 KaXIOMY H3 aKTHBOB, OXHIAaeMbIe AHCIepcuH (C.K.0.)
J0X0/1a TI0 KaXIOMY M3 aKTHBOB, KoBapuanuu (ko3(duimeHTsr Kop
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peISLMN) MEXIY KaKIOW Mapoil passIMyHbIX aKTHBOB, TO 3aJa4a Oll-
TUMH3ALWHU TTOPTQEsi CBOAUTCS K TOMY, YTOOBI HAWTH Takue HaOOPHI
BECOB aKTHBOB, KOTOPBIE OBl YJJOBJIETBOPSUIN CUCTEME

N
:uy = Zwk/uk 2 Himin

k=1

N NN
2 2 2
Oy = E ,\leak +2§ , E VW, 0T 0 < Oy

)

k=1i=k+1
N
2w =1
k=1

Bynem mpennonarare, 4To B cocTaBe HOpT(ens B Ka4eCTBE OA-
HOT'O M3 aKTUBOB MOTYT HaXOJOUTBCA ICHEKHBIE CPEICTBA, TO €CTh
0E3pUCKOBBI aKTWUB, UMEIOLMHA HYJIEBOE OXHMIAHWE NOXOAa, HyJie-
BYIO JUCIIEPCHI0 JOXOAa U HyJEeBOH KO3((QHUIMEHT KOPPEJSLUH C
J0OBIM JPYTUM aKTUBOM, II03TOMY PaBEHCTBO €AMHUIIE CyMMBbI Be-
COB BCEX aKTUBOB SIBJISIETCS] CTPOTUM.

OsxnmaeMslil 10Xox MopTderst U oKumaeMas Jucrepcus moprdens
ABJIAIOTCA yenegoimu @ynkyuamu. llenessle HYHKINN ONpENENsioT 3a-
Jlady KoTopasl H0JDKHA OBITh pellieHa B Mpoliecce onTUMU3anuu. B nan-
HOM cIydae 3ajauci sSBIseTcsS MaKCUMH3UPOBATh JIMHEHHYIO (DYHKITHIO

o o 2
/uy opru OJHOBPEMCHHOU MUHUMU3AIIUNU KBaAAPaTUIHOU (bYHKIII/II/I O'y C

YYE€TOM 3aJaHHBIX Ol"paHI/I‘IeHI/II‘/JI.

15.6. BBeneHue orpaHuyeHHii HAa COCTAaB M Beca AKTUBOB B
noprdeJie (JIMMUTOB).

B mocraHOBKe 3amaud MO ONTHMHU3AIMK TMOPTQENs aKTHBOB,
CIIENIaHHOW B MpeAbIaylieM maparpade, HeslBHBIM 00pa3oM IPe.rno-
J1arajnock, 4To:

- HOpT(bCJH)HI)II\/'I MCHCXKEP UMECT BO3BMOKXHOCTh HHBCCTHPOBATHL B

Jr00ObIe aKTHBBI, 00OpALIAIOIINECs Ha PBIHKE, TO €CTh OTCYTCTBY-

IOT OIpaHHYCHHsI HA COCTAB aKTHBOB B MOpTdere,

- OTCYTCTBYIOT OTPaHHYCHHS Ha BEC OTJCJBHOTrO aKTHBAa B IOPT-
derne.

Kak npaBuiio nprcyTcTBYIOT 06a BHAa orpaHudeHuid (JIuMuThl). J{o-

HOJIHMM 33j1ady ONTHMM3AIMH BBEICHHEM JIMMHTOB, TO €CTh OylIeM

npeanoiaraTh, 4To:
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- B (dopMyax Js HeNeBbIX QYHKIUN MPUCYTCTBYIOT TOJBKO pa3-
pEIIICHHBIC aKTHBHI,
- BBOJSITCS OIPaHMUYCHHS HA BEC KAXKIOTO KOHKPETHOTO aKTHBA B
roptderne.
OrpaHudeHus Ha Bec JrO0Oro akThBa OyJeM BBOAMTH KakK CBEpXY,
TaKk ¥ CHu3y. Ha mpakTvKe HHU3KOE OrpaHUYCHUE CBEPXY BBOMASAT HA
MOTEHIIMATBEHO OYCHb JOXOJHBIC, HO U OYCHb PUCKOBAHHBIC AKTHBHI.
Camble HU3KHE OTpaHUYCHUS CBEPXY BBOJSIT HA BECa aKTUBOB, WHBE-
CTUIIMU B KOTOPBIE C BEICOKOI BEPOSTHOCTBIO MOTYT OBITh OTEPSIHBI
MOJHOCTBI0. B nydiiem ciydae 3TH aKTHBBI MOTYT HPUHECTH JOXOJ
3a TpejiellaMd TOPU30HTa WHBECTUpOBaHUs. OrpaHHYCHUE CBEPXY
HEe MOXeT npeBbinath 1. HeHyneBbie orpaHUYeHHs CHU3Y BBOJISITCS
KaK MpaBWIO JJIs CO3JIaHUS B cocTaBe moptdens "momymku 06e30-
MacCHOCTH" M3 HU3KOJOXOJHBIX, HO U HU3KOPUCKOBAHHBIX AKTHBOB.
Orpanndenue cHuzy He MoxeT ObiTh MeHbIe 0. Kpome Toro, u Ha-
0op orpaHuuYeHUil CBEpXy, U HAOOP OrPaHUYCHUI CHU3Y UMEIOT CBOH
MpaBUiIa HOPMUPOBAHHSI.
Urak, orpannyeHus Ha Beca akTUBOB B IOpT(ere BBOAITCS Clie-
JYIOIUM 00pa3oMm:
Vv(mm)k - Wk < VV(max)k

O< Wik <1 O< W <1
N N

Z\N(min)k = 1 Z\N(max)k 2 1
k=1 k=1

15.7. UncneHHoe pelieHMe 3aJavd ONTHMU3ALMU NOpTdeass ¢
y4yeToM JUMHTOB MeTogoM MonTe-KapJro.

Wrak, 3amaqy 00 onTtuMu3anuu HOPT(EIs aKTUBOB C yUETOM
JMMHUTOB MOXHO c(hOpMYJIMPOBATh B BUAE:

Hy = zwkﬂk Z Hrin

N

ZWZO'k +22 ZWWkaKO' o, <o’
k=1i=k+1
S= ZN:szl
k=1
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\N(min)k < Wk < VV(max)k

O < Wi <1 0 < Wpg <1

N N
S(min) = Z\N(min)k < 1 S(max) = Z\N(max)k 2 1
k=1 k=1

B aT0i1 3amaue HCKOMBIMHM BETUYWHAMHU SIBJISFOTCS Ha6op1>1 BC-
COB AKTHBOB {Wk} y YAOBJICTBOPAIOIINEC BCEM YPABHCHHUAM U HEpa-

BEHCTBaM. PemmTh Takyro 3ajady ONTHMH3ALUU AHATUTHYECKUMHU
METOaMH JIOCTaTOYHO TPYAHO, OCOOCHHO B ciiyyae OOJBIIOTO KO-
JmryecTBa akTUBOB. IloaTOMy ecThb CMBICH MONPOOOBaTH HAWTH €€
peleHrue YucieHHo merogoM Monte-Kapio, reHepupys ciydaiHbIM
00pa3oM Ha KOMITBIOTEpPE yIOBIETBOPSIOLINE OIPaHUYCHUSIM Habo-
PBL BECOB aKTHBOB M IIPOBEPsisi 3TH HAOOpBI HA COOTBETCTBHE LiEJie-
BBIM (DYHKITHSIM.

Pasymeercs, B KOHEYHOH IOCIEAOBATEIBHOCTH PO3BIIPHILICH
(renepaumii HAOOPOB BECOB) CKOpEE BCEro HE YIAaCTCs HAWTH Bce
peweHus 3axaun onTuMuzanuu. OQHAKO, KaX10e HalJeHHOe pelle-
HUE OyJeT yJOBIETBOPSATH BCEM YCIOBHSIM 3aJaud, TO €CTh MOPT-
(e, TOCTPOEHHBIH C MOMOIIBIO 3TOro Habopa BecoB OyzaeT " nocra-
TOYHO onTuMaibHBIM'. Ecnu pemeHnil OyZeT HECKOJBbKO, U3 HHMX
MOJKHO BBIOpATh TO, IIPU KOTOPOM OTHOLIEHHE OKHAAEMOI0 J10X01a
noptdest K 0)KUAaeMOMY PUCKY OYJeT MaKCUMAIIbHBIM.

Anzopumm pewienua 3a0auu ORMUMUIAYUN

1) 3amaeM BXOAHbIE JaHHBIE
1.1) HaGop 0XKHJTaeMBIX JI0OXOJIOB o aKTHUBaM.

{ud k=1 N
12) HaGop cpenHEKBagpaTUYHBIX OTKJIOHECHHH aKTHBOB:
{o.},k=1..,N

1.3) Ha6op k03(hGHIHCHTOB KOPPESIIUI MEKITY PA3THMIHBI-
MH aKTHBaMH

{ou}

k=1..,N
i=k+1..,N
14)  MuHUMAaIBEHO OXKUIAEMBIN TOXOX MOPTHEIS: £L -
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1.5) MaxkcuManbHO 0KHIaeMablil PUCK HOPTPENA: O

16) Habop orpaHnnyeHuii CcHH3y Ha Beca aAKTHBOB.
{Weinye} K=1...,N

17) HaGop orpaHuyeHuii CBEpXy Ha Beca aKTHBOB:
{Woagd K =1, N

1.8)  KonmuecTBO po3bIrpsiiieii (reHepanuii HAOOPOB BECOB):
M

19) TouHOCTE HOPMHPOBAHMS (MAJIOE MOJIOKUTEIBHOE YHC-

10): 6

2) 3amaeM cTapTOBOE 3HAYCHHUE HOMEpa TEKYIIEro pPO3bITPhINIa

m=0

3) Homep Tekyiero po3sirpeima M= m+1
4) PaswIrpeiBacM CIOy4aiiHeIM 00pa3oM HabOp BECOB, COOTBETCT-
BYIOLIMI HA0OPY OrpaHUuCHHUIT HA Beca aKTHBOB

4.1)

4.2)

4.3)
4.4)
4.5)

4.6)

4.7)

4.8)
4.9)

3aILB.6M Ha4YaJIbHbIC MHMHHMAJIBHO BO3MOXKHBIC 3HA4C-
HH BECOB

W = Wik K =1, N

Brrancisiem Tekymyio CyMMy BECOB

N
S=>w,
k=1
k=0
k=k+1
PasbirpbiBaeM MpUpAIICHUE BeCa K-TO aKTHBA
dW = CJIVYAHMHOE _4HCJIO(0,
MUHUMYM (1- S, W — W)
BblunciisieM TeKyIuii BeC K-T0 aKTHBa
w, =w, +dW
BblunciisieM TEKYILY0 CyMMY BECOB
S=S+dw
Ecmu k<N, To iepexoaum Ha miar 4.4
Eciu He co0J012€TCA TOYHOCTH HOPMUPOBAHHMS, TO
ectb (1-S) > &, 10 mepexoaum Ha mmar 4.3
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5) TIpoBepsieM, COOTBETCTBYET JH MOPT(EIb, COCTABICHHBIN M3 MOMY-
YEeHHBIX Ha mare 4 BECOB, OTPAHUYCHUAM Ha MUHUMAJIBHO OXKHae-
MBI TOXOJ 1 MaKCUMAaJIbHO O’KUAAEMBII PHCK NOpT(hers

N
/uy = Zwk:uk 2 :umin

k=1
N NN
2 _ 2 2
Oy = zwfo'k +22 Z\Niwkpikaio-k < O
k= K=Li=k+1

Ecnm pemenne cooTBETCTBYET STHM HEPAaBEHCTBAM, TO (PHKCHPYEM
€ro, TO €CTh 3allOMUHAEM TEKYIIUil HabOp BECOB M COOTBETCTBYIO-
[IMe eMy OKHUAAEMBIi JOXOM, OXHUIACMBIA PUCK, OTHOIICHUE JJOXO-
Jla K pUCKy. TeKyIIuil po3bIrpsIil 32 HOMEPOM M 3aBEpILIEH.

6) Ecnu HOMEp TEKyLIero po3bIrphiiia M MEHbIE, 4eM 00IIee YHCIIo
PO3BITpEILICH M, TO IEpeXoIUM Ha Imar 3

7) Tlocne TOro, Kak CAeNaHbl BCe PO3BITphInH (To ecth M=M), cpeau
BCEX HAWJCHHBIX PEUICHUI BEIOMpPAEM TO, IPU KOTOPOM OTHOIICHHE
OKHIAEMOTO J0X0Ja TOPTQens K 0XXKAIAEMOMY PHCKY MmopTdens
OyZeT MaKCUMAaIIbHBIM.

Eciu He OBII0 HalIeHO HU OJHOTO PEIICHUS, TO HEOOXOAMMO:

- 00 YBEJTUYNUTH KOJUUECTBO PO3BITPHIIICH,

- 00 OCNa0UTh OrpaHUYCHUS IO IEJNCBBIM (YHKIMSIM, TO €CTh
YMEHBIIUTH 0KUAAEMBIA JOXOI H/MIM YBEIHMYUTE OXKHUIAEMBINA PUCK
nopTderns,

- b0 MepecMOTPEeTh OrpaHUuCHHs Ha Beca aKTUBOB B moprdele B
CTOPOHY pacIIUpEHUs] HHTEPBAJIOB Pa3pelICHHBIX 3HAYCHHH BECOB.

Ilpumep pewrenus 3a0auu onmumusayuu

PaccMoTpuM HOpTdhEs, COCTOAIINN U3 TPEX aKTHBOB!
- 1-ii akmus
oxunaembrid noxon 10%
C.K.0. oxuaemMoro poxona (prck) 15%
otHoenue goxoa/puck = 0.67
MUHUMAaIBHBIN Bec B mopTdene O
MaKkcHUMaJbHBIH Bec B mopTdene 0.50
- 2-i akmue
oxugaeMblil goxona 13%
C.K.0. oxxumaemMoro poxona (prck) 20%
otHomrenue gqoxona/puck = 0.65
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MUHUMaJILHBIN Bec B mopTdere O
MaKcHMaNbHBIN Bec B mopTdene 0.50
- 3-ii akmug
oxxunaeMblid noxon 18%
C.K.0. oxumaemoro goxona (puck) 30%
otHoenue goxox/puck = 0.60
MHUHUMaJILHBIN Bec B mopTdere O
MaKcHMaNbHBIN Bec B moptdene 0.50
KoaddhurmeHTs! Koppesnun Mexy akTHBaMU:

- Lt u 2.0 akmuswr: p;, = 0.5
- L u 31 akmuswr: py; =—0.5
- 24 u 31 akmuser: P,y =0

3amaauM MUHUMAIBHO OKUAaeMblid noxon moptdens 15%, makcu-
MaJIbHBIA O)KHmaeMblil puck moptdens 18%, Konmu4ecTBO pO3BITPHIIIEH
Becos aktuos 10000.

Toraa pelicHue 3aayd ONTUMH3AIMU 10 MPUBEICHHOMY B 3TOM
nmaparpad)e alIropuTMy ¢ BBIOOPOM CpeId IONYyYEHHBIX pPEIIeHHH TOTo,
KOTOpO€ 00ECIeYnBaET MAKCHMAJIbHOE OTHOIIEHHE OKUAAEMOIO JI0XO-
J1a K O)KUIaEMOMY PHCKY CIIEAyrolIee:

- Bec l-roakrusa W, = 0.1141

- Bec 2-ro aktusa W, = 0.3859

- Bec 3-ro akrua W, = 0.5000

- OKumaeMblif oxon noprdens 4, = 15.16%
- oxumaemblif puck noprdens o, =16.58%

- ornomenue goxoxa/puck = 0.91

MsI nosyynii 10XoJ moptdens OoJblle CpeJHero apu(MeTHIeckoro
noxomoB akTuBoB (13.67%), puck moptdens MeHbIe CpeaHero apud-
METHYECKOTO PUCKOB akTHBOB (21.67%), W CyHICCTBEHHO YJIYUIIIH
COOTHOILICHHE I0X0Ja M PHCKA MO CPABHEHUIO C 3TUM COOTHOIICHHEM
11 II000T0 OTHeNbHOro akTHBa. Ciedyer ele pa3 IMOJ4epKHYTh, 4TO
9TO pelICHUE HABEPHSKA HE SIBISICTCS ONTHMAIbHBIM. bojee anuHHbBIC
CepHHU PO3BITPHILICH BEPOITHO CIOCOOHBI ero ynydminth. OHAKO, 1aH-
HOE pEIICHHE SBISETCS " OCTATOYHO ONTUMATbHBIM", TaK KaK yJOBIIE-
TBOPSICT BCEM ITOCTABJICHHBIM YCJIOBUSIM.
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16. YIPABJIEHUE PUCKOM IIOPT®EJISI HA OCHOBE
AHAJIN3A KBAHTUWJIBHBIX MEP PUCKA

16.1. Beenenue.

B npenpiayieii riaBe ObUIM PacCMOTPEHBI BOIIPOCHI, CBSI3aHHbIC
C YIpaBJICHHEM PUCKOM MOPTQEIs, MPU ITOM B KauecTBE MEPhI pac-
CesTHHUS 0)KUIAEMOT0 J10X0/1a [0 KOHKPETHOMY aKTHBY H 1O MOpTde-
JI10, TO €CTh B Ka4ECTBE MEPbI PUCKa, ObliIa UCIOJIB30BaHA UCIICPCHS
(unm cpemHEKBaApPATHYHOE OTKIOHEHHE).

[Iupokoe MCIONB30BAaHUE AUCIIEPCUH B KAYeCTBE OLCHKU pac-
CesTHHUS 0)KUIAEMOTr0 J10X0/1a TTOPT(ENsi CBI3aHO C TEM, YTO €€ MOX-
HO BBIYHMCIIUTH QHATUTHYECKH, €CJIM U3BECTHBI JTUCIEPCUH KaXKIOTO
aKTHBa U KO3()(UIMEHTHl KOPPEJSIUN MEXKAy akThBamu. [lelicTBu-
TENBHO, JUCHEPCUsT 0XKUAAEMOT0 J0X0Ja MOPTdENs - 3TO B3BEILICH-
Hasi CyMMa KOBapHaIMii BCeX Map aKTHBOB B MOpTQeIe, IpHIeM Bec
Ka)XJI0il KOBapHallMd paBeH MPOHM3BEICHHIO BECOB COOTBETCTBYIO-
IIei mapbl aKTHBOB, & KOBApPHAIIUS aKTHBA C CAMUM COOO# SBISIETCS
AUCTIEpCHei JaHHOTO aKkTHBa. [IpH 3TOM CyMMUPOBAHUE MIPOBOIUTCS
O€30THOCHUTENBHO K Pa3HOOOPa3nIo 3aKOHOB paCIpe/IeIeHHI Kax10-
r0 M3 ClIaraéMbIX U BO3MOXKHOW Je(opMalMi 3aKOHOB pacripeiere-
HHSL IPU CYyMMUPOBaHHUH.

Curyanus CyIecTBEeHHBIM 00pa3oM YCIIOXKHSETCS, €CIi B Kayde-
CTBE MEphI paccesHUS 0XKUAAEMOr0 J0XoAa noptdernst HeoOXoaAuMO
yKa3aTh KBAaHTHJIBHOEC OTKJIOHCHHE C 3aJaHHOM [OBEPHUTEIBHON Be-
POSITHOCTBIO, TaK KaK 3TO HEBO3MOXKHO C/eNIaTh, €CIM HEH3BECTCH
3aKOH pAacCHpelesieHus] J0X0J0B mnoprdens. TeopeTHdeckd, 3aKoH
pacrpeneneHusi JOX0M0B MOPTQeass MOXKHO HAaWTH, €CITH HU3BECTHBI
3aKOHBI paclpeesieH s J0X00B BXOSIIIMX B HEro akTuBoB. OHa-
KO Ha MPAKTUKE aHAJUTHYECKOE PELICHHE TAKOW 3a1a4d CONPSHKEHO
CO 3HAYUTCIBbHLIMU TPYAHOCTAMHU AAXKE IJId MAJIOTO 4YHKCJIa aKTUBOB
(32 MCKITFOUCHHUEM HEKOTOPBIX YaCTHBIX CIydYaeB). DTO MPOUCXOAUT
HOTOMY, YTO, BO-IIEPBBIX, JOXOJbI 110 BXOSAIIUM B MOPTQEIb aKTH-
BaM MOTYT OBITh KOPPEIHPOBAaHHBI MEXKIy COOOH, BO-BTOPBIX, MPH
CYMMHPOBAHHHU J0XOJI0B aKTHBOB 3aKOHBI UX PACIPEACICHUS] MOTYT
CYLIECTBEHHBIM 00pa3oM 1e(OpMHPOBATHCS, MTOITOMY pachpe/ese-
HHE J0X07a NOpTdess MOXET CHIIBHO OTIMYaThCs OT pacipesene-
HHI JJOXOJI0B COCTaBIISIFOIINX €r0 aKTHBOB.
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B o710i1 TmaBe OyayT paccMOTpeHBI MPAKTUYECKHE METOBI BBI-
YUCJICHUS] KBAaHTUIBHBIX MEP PHUCKa J10X0ja MHOpTdens u3 mpowus-
BOJIGHOTO KOJIMYECTBA aKTHBOB M YIPAaBICHHUS PUCKOM HOPTQeIns Ha
OCHOBE MX aHaJIM3a.

16.2. IlonsaTue Value-at-risk u Shortfall-at-risk.

HonyctuM, uTto mpennonaraercss chopMHpOBaTh MNOPTdEb,
COCTOSIIIMI U3 HEKOTOPOro Habopa akTUBOB. BBenem 00603HaueHuUs:
N - konuyecTBO aKTHBOB B MOpTdheEre,
T - mpoMexxyTOoK BpeMeHH, B TEYCHHE KOTOPOTO MPEIIONaraeTest
MOJ/ICP’KUBATh IOPT(HENb B HEU3MEHHOM COCTOSIHUH,

{w,} - nabop BecoB, ¢ KOTOPBHIMM aKTHBBI BXOJAT B MOPTdEND HA
MOMEHT €ro ()OpMHUpPOBaHHS,

{x,} - HaGop ciyuaiiHbIX BENMMUMH, PABHBIX JOXOAAM MO KAXKIOMY
W3 aKTHBOB, KOTOpbIE OyIyT PEalbHO IOMy4YeHbl MO HCTEUYECHHH
POMEKYTKA BpEMEHH | ,

Y - cioydaiiHas BeJIMYMHA, paBHas PEaIbHO TOMYYEHHOMY JOXOIY
NOPTQENS MO UCTEUEHUH IPOMEKYTKA BPEMEHH T

{u,} - Habop oxumaeMbIX 3HAYCHUH [OXOAOB MO KAXKIOMY M3
aKTHBOB,

[, - OXKHJIAEMOE 3HAUEHHE JIOXOIa OPTdhers.

PeanbHO mMOJIyYeHHBIA JOXOA HOPTQEIs M OXUIAAEMOE 3HAYCHHE
710X0/1a MOPTQEs 3a BpeMs | MOMHO BBIUMCIIUTD 110 (OPMyJIaM:

N N
y=2 WX, =D W
n=1 n=1

B GonbLIMHCTBE Clly4aeB OKa3bIBACTCs, YTO BEIUYMHBL Y U L,

HE paBHBI JPYT JApYyry. B 9acTHOCTH, MO HCTEYCHUH MPOMEKYTKA
BpeMEHH | pe3yJibTaTOM WHBECTHPOBAHUS MOXET OKa3aThCs
yOBITOK, TO ecTh Y < 0.

B kayecTBe KBaHTHJIBHOW MEPbI PUCKA MOPTHEIS MCIOIb3YeTCs
BenmunHa Value-at-risk (VAR), To ects VAR - 3T0 Mepa pricka ImopT-
(benst ¢ 3aJaHHON TOBEPUTEILHON BEPOSITHOCTHIO.

VTBepXKICHHE O TOM, YTO MOPTQEIh UMEET ONpeeIeHHOE 3Ha-
gyeane VAR (akTHdecKu O3HA4yaeT CJCeAyIolIee. B TCUCHHE IMPOME
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JKyTKa BpEMEHU | C JOBEPUTEILHON BEPOATHOCTRIO P abGcomoTHas
BeJIMUMHA yOBITKA 110 MOPTQENI0 HE MOXKET ObITh 0oJbie, yeM VAR
(moxox mo moptdento He MOXKET ObITh MeHbIe -VAR), pu 3ToM ab-
COJIIOTHAS BeNWYWHA yOBITKA, TIpeBocxomsamas VAR, Takke HE WC-
KJIFOYEHA, OJHAKO TaKOH YOBITOK MOXET CIIyYWTHCS JHIIb C MaJloH
BepositHoCcThiO 1— P .

ITyctp ciydaitnas BenuunHa Y (moxon moptderis) UMeeT IUIoT-

Hocts pacnpenenenus P(Y) u dyuxumro pacnpenenenus F(Y).
3amaanM JOBEPUTENBHYI0 BeposiTHOCTH P . O603HaunM kak Y, p
TaKyH KBAHTHIIb PACTIPEIEIICHHS TIEPEMEHHOM Y , UTO

- BEPOATHOCTH TOTO, 4YTO CiydaliHas BEIMYMHA Y OKaKETCs

MEHbIIIE WIH PaBHOH Y, p, paBHa 1— P, T.c.

Prob{y<y, p}=1-P

- BEPOATHOCTH TOTO, YTO CIy4aiiHas BEIMYMHA Y OKaXeTcs
oosbie Y, p, paBHa P, T.e.
Prob{y>y, ,} =P
JIOBEpUTEIIbHYIO BEPOSITHOCTh P Kak MpaBuiio BHIOMPAIOT B Mpele-
nax ot 0.95 no 0.99. B sToM ciyyae KBaHTUIIb Y, , ABJISETCA OTPH-

OaTCJIIbHBIM YHCJIOM. TOF,Z[a penmnunHa VAR paBHa MOAYJIKO ITOIO0
qucia.

VAR=|Yy, ;|
Jus Toro, uro6s! Haiitn VAR ciry4aiiHOW BeTUYMHBI Y, HYKHO pe-
IIUTh YPaBHEHHE

1-P=F(-VAR)
i (3KBUBAJICHTHAs (hOpMa 3aIicH)
~VAR

1-P= [ p(y)dy

VAR sBisieTcss 1OCTaTOYHO PacIpoCTPaHEHHOH Mepod pHUCKa IMOpT-

(est, KOTOpast UMEeT OAHAKO PSII CYIIECTBEHHBIX HEIOCTATKOB!

1) B ommuwme ot aucnepcun, VAR He o6iamaeT CBOWCTBOM ajifu-
TUBHOCTH. DTO O3HAYACT, YTO JAXKE €CIIM M3BECTHBI BEIIMYMHBI
VAR cocTtaBisomux nopTdeias akTHBOB U KOYPPHUITHEHTHI KOp-
peNISALIMN MEXIy aKTHBAaMH, TO B OOIIEM Cliyyac Ha OCHOBaHHUH
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ATUX NaHHBIX HEBO3MOXKHO paccuutarh VAR moptdens. 1o cBs-
3aHO ¢ TeM, 9To VAR sBisIeTCsl KBAaHTHIIBHON OLIEHKOU, IIOITOMY
€€ HeNb3sl BHIYMCIUTH 03 3HAHHs 3aKOHA pacHpeeNieHus T0X0-
na noptdens. Ho mpu cyMMupOBaHHUN TOXO/IOB AKTHBOB 3aKOHBI
MX paclpe/esieHUs] MOTYT Je(OpMUPOBATKLCS, TIOITOMY pacipe-
JICNICHUE J0X0ja MOPTQEesi MOXKET CUIBHO OTJIMYAThCS OT pac-
TIpEJIeIeHNH T0X0I0B COCTABIISIFOIINX €0 AKTHBOB.

2) VAR He yYuTBHIBA€T BO3MOYKHBIX OOJBINNX YOBITKOB, KOTOpBIE
MOTYT IIPOU30UTH C MAJILIMH BEPOSTHOCTSIMHU.

3) Ilpu yka3aHuu B Ka4eCTBE MEPbl PHCKa TOJBbKO BennunHbl VAR,
MBI HE WMeeM HH(OpPManruu O BUAE PACIPENEICHUS JOXOI0B
noptdens. [Ipu atoM, eciu pacnpesesieHUe T0XO0A0B MOPTQheis
SIBJISICTCSA  OCTPOBEPINUHHBIM (3Kciiecc Oosbiie 3), TO PHUCK
noptdens OyaeT HETOOICHUBATLCSA, a €CITH pacIpeneiIcHue 10-
XOJIOB SIBIISICTCS TUIOCKOBEPINHHHBIM (IKCIIECC MEHbIe 3), TO
PUCK OyAET NepeoIlCHUBAThLCS.

Hcxons u3 nepeuncineHHbpIx Boie HeqoctaTkoB VAR, X0oTenoch Ob

MMETh XapaKTEPHUCTUKY PHCKa MOpTQes, KOTopas OMUCHIBAaeT pea-

JIU3YIONIUECS C MaJbIMA BEPOATHOCTSAMH aHOMAIBHO OOJBIIUE

yobiTKH. Takoii Mepoii pucka siBisercs Shortfall-at-risk (SAR). SAR -

9TO OXKHMJIaeMO€ 3HAUYCHHE yOBITKA TTOpTdens, Py yCIOBUH, UTO ald-

COJIIOTHAsI BesinunHa yObiTKa npeBocxoaut VAR. Micxons U3 TaHHOTO

omnpeneneHus, 3HaueHne SAR MoxeT ObITh BBIYHCIIEHO IO (opMyIie:
~VAR

SAR= [y p(y)dy

CoBMecTHOE HCToNb30BaHKe B KauecTBe Mep pucka VAR n SAR to-
3BOJIIET UMETH OoJiee TOJMHYI0 MHGOPMAIMIO O XBOCTaX pacmpese-
nenus JoxonoB noprdens. [Ipu sToM nmpeacrasiseTcs 1enecoodpas-
HBIM PacCUUTHIBATH 3TH BEIWYMHBI OJHOBPEMEHHO IJISI HECKOJIBKUX

Pa3NMYHBIX 3HAYCHUI JOBEPUTENBHON BepostHOCTH P (Hampumep
0.950, 0.975, 0.990, 0.999).

16.3. Beruncaenue Value-at-risk u Shortfall-at-risk.

Ipexne Bcero paccMOTpPHUM, KaKUM 00pa30M MOXKHO HAWTH 3HA-
yerns VAR u SAR 11 oTaenpHOro akrtusa. Jljis pacuera 3THX BEJIH-
YUH HeoO0Xo[uMa WHGOpPMAIMs O IUIOTHOCTH PACIPEACICHUS J0XO0
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TI0B, KOTOpasi MOXKET OBITh Haii/leHa O YMITUPUUECKOM BEIOOPKE pBI-
HOYHBIX IICH JaHHOTO aKTHBa. BBenem 0003HaueHNI:

0,...,t,, - HHTEPBAI BpeMEHHU, Ha KOTOPOM MPOU3BOIUTCS BEIOOPKA
LCH,

Price, - uena akrusa B Moment Bpemenn t (0<t <t ).

Torma BeNMYUHOM, XapaKTEPUIYIOIIEH OJJHOAHEBHBIN JOXO0M OT BJIO-
KEHUS B IaHHbIH akTuB oT MoMeHTa t —1 10 MmomenTa t Gyzer

x = In(Pricg /Pricg ,) ,tne 1<t <t .

3uauenuss VAR 1 SAR moryT ObITh OmpejiesieHbl 110 BBIOOPKE CIty-
yalfHbIX BenuunH { X,} CieayomumMu crocodamu:

1) Henocpedcmeenno no evibopre { X} .

[lpu wucnonb3oBaHuM 3TOro criocoba BbiOOpka {X,} momkHa

OBITH yHIOpSIOUYCHA 110 BO3pacTaHuio. [locie 3Toro Hy >XHO HalTH
Homep M B ynopsimoueHHOM 10 BO3pacTaHHIO BHIOOPKE, COOT-
BETCTBYIOIIMI JIOBEPUTENLHON BEpoTHOCTH P :

M =1+ [JEJIOE((1- P)-(t,. 1))
Torna

1 M
VAR =|x,| SAR=—"">"X
t
max t=1
JlaHHBIA METOJ SIBJIAETCSI CaMbiM HPOCTBIM W CaMbIM TI'PyOBIM.
OH HCKIIIOYUTENBHO YYBCTBUTENEH K KOHKPETHOH cirydaiiHON

peanmsaimu ned Ha uaTtepane O,...,t . . Kpome Toro, sror

CIIOCO0 CHIIBHO 3aBUCUT OT 00beMa BLI60pKI/I. HeﬁCTBHTQHLHO,

npu Manoii Beanuune i, Mbl MOXKEM A7 Pa3IMYHbIX 3HAYEHHI

ax

P nonyyars ogun u ot ke HOMep M | 1 Kak clieacTBue 3TOrO,
onuu u te xe Beanuuabl VAR 1 SAR.

2) Ilymem uoenmugpurxayuu 3aKona pacnpeoenenus CiyHautou ee-
JIUYUHDL X.

Jist aToro 1o BeIGopke { X, } , HCIIONB3Ysl M3II0KEHHYO B ri1aBe 6

METOJUKY, HEOOXOUMO MOCTPOUTH IMIIMPHUUECKYIO THCTOTPaM-

MYy pachnpeliesieHus] CIyd4ailHOW BeJIMYMHBI X, MOCJe 4Yero arm-

IMPOKCUMHUPOBATL 3Ty TUCTOTpaMMy OIHUM H3 AHAJIUTHUYCCKHUX
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3aKOHOB PACIpe/IeIeHus, KOTOPhIE OMMCaHbl B Tiiase 2. Tem ca-
MbIM OyJeT HaiijieHa (opMysa JUis IUIOTHOCTH PaclpeIeiCHUs
P(X) . Jlns 3amaHHON MOBEPUTEIHLHON BeposiTHOCTH P Benmum-

Hbl VAR 1 SAR MOryT OBITh HaliIeHbI U3 YPaBHEHUH
~VAR ~VAR

1-P= J' p(x)dx SAR= J'x- p(x)dx

Pemenne 3TuX ypaBHEHHH TPOBOIUTCS KaK MPABUIIO YHCICHHO,
METOJIUKA TIPUBE/ICHA B TJIaBe 2.

3) Ilymem mmoeokpammnozo moodenuposanus memooom Monme-
Kapno
Kax ¥ B npesLIyIem ciydae, 1o SMIMpUYecKol Beoopke { X, }

HEOOXOUMO HaWTH aHAIUTHYECKYI0 (POpMyIy Ui TUIOTHOCTH
pactipenenenus P(X). Jlanee, UCmonb3ysi TEHEPATOp ICEBIO-

CIyYaiiHbIX YMCEN, HY)KHO MPOBECTH MHOTOKPATHOE MOJCIUPO-
BaHUE CIyYalHOM BeMUYUHBI X (METOHKa MOAPOOHO M3JI0KEHA
B rmase 2). ITocie storo Beamunnabl VAR 1 SAR ompemenstorcs
yKe TI0 CMOJIEITMPOBAHHOM BBIOOPKE.

[MPUMEYAHHUE. Takum ob6pazom Mbl Hanu ogHogHeBHBIE VAR 1
SAR. Eciu HeoOXOJUMO BBIYMCIIUTH HANPUMEp MSTUIHCBHEIC 3HA-
YeHHS 3TUX BEIIMYHH, TO BMECTO JHEBHBIX 0apoB II€H UCIIONB3YIOTCS
HeJeNbHBIC Oaphl U T.1.

ITocne Toro Kak M3BECTHO, KaKUM 00pa3oM MOXXHO HaWTH 3Ha-
yeans VAR u SAR U1t OTZIENBHOTO aKTHBa, MOXHO OIUCATh TIPOIe-
Iypy TIOWCKA 3TUX BEIMYWH IS TOPTQEIs.

IMpome Bcero VAR 1 SAR asist moptdernst MOKHO HalTH, ey Ha

unrepsane Bpemenu 0,...,t . paccMorpers moBejneHHe BHPTYallb-

Horo moprdens, chopmupoBanHoro B momeHnt t =0 wu3 wunrepe-
CYIOIIUX HAC aKTUBOB, KXl U3 KOTOPHIX BXOIUT B MOPTQEIb C
3aiaHHbIM BecoM. Ecnu cunratk, uto PriC€ - 3T0 CTOMMOCTH BUp-
TyaJIbHOTO MOpTQesi B MOMEHT BpeMeHH U, To Bcs mpoueaypa mo-
ncka VAR u SAR 1t Hero yxe omnucaHa Bbllie. Takoi moaxoj 00-
JaaeT CICAYIOIMUMH JOCTOUHCTBAMH:
- OTCYTCTBYET HEOOXOJMMOCTh y4YeTa KOPPENISIUN MEXIy BXOJIs-
HIUMH B TOPT(desb aKTUBaMH (3TO MPOUCXOJUT ABTOMATHYECKH),
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- OTCYTCTBYeT HEOOXOAMMOCTh y4YeTa 3aKOHOB pacCIpeeeHus
BXOZSIIKX B MOPTQeNb aKTUBOB, TaK KaK HAC UHTEPECYET TOJILKO
3aKOH PacCIIpellelieHrs] Pe3yJIbTUPYIOMIET0 BUPTYaIbHOTO TOPT-
e, a ero MoxkHO onpenenuTh 110 BeIGopke { Price} .

Cy1iecTBEeHHBIM HEJOCTATKOM TaKOTO TOAXO0/a SIBIAETCS TO, UTO Te-

KyIIME Beca aKTUBOB B MOpPT(dese paBHBI 3aJJaHHOMY HaOOpYy BECOB

{w,} rtonsko B HauanbHbii MOMeHT Bpemenu t = 0. Dro mpoucxo-

JUT TIOTOMY, YTO JHMHAMHUKA IICH BXOSIIUX B BUPTYaJIbHBIA TOPT-

(henb aKTHBOB pa3NiM4HA JUJIS Pa3HBIX aKTUBOB, PE3YyJIbTaTOM YEro

SIBIISIETCS TTOCTOSTHHOE M3MEHEHUE COOTHOIICHHS TeKYIIIMX BECOB aK-

THBOB B BUPTYaJIbHOM MOPTQENie B pa3IUYHbIC MOMEHTHI BPEMEHHU

(KaXIpIii aKTUB YYUTBIBACTCS IO €r0 TEKYIIeH PBHIHOYHOW IICHE).

JIeHCTBUTENBHO, €CAH CYUTAaTh, 4TO B MOMEHT { = 0 croumocThb

BHPTYAJILHOTO TIOPTQhEst Priceo =1, T0 B mocieayOUEe MOMEHTBI

BPEMEHH €r0 CTOMMOCTH BBIpaXKaeTcsi POPMYJIION:

N Price,
Pricg =) w, ——- i : t=1.t
n=1 en 0

rae Pricen ¢ - 9TO IIcHa N-ro akTHBa B MOMCHT BPECMEHU t.

W3 aToii cuTyanmu Moxer OBITh JBa BBIXOJa. Bo-TIepBBIX, MOXHO
MpeHeOpeys M3MEHEHHEM COOTHOIIEHHS BecoB. Bo-BTOpHIX, mocie
KaXJIOTO TOPTOBOTO JHS MPUBOAUTH TEKYIIHE BECa aKTUBOB B COOT-

BETCTBUE C 3aJ]aHHBIM Ha0OpPOM {Wn} . B atom ciydae croumocthb
BUPTYaJIbHOTO MOPTQENs B MPOU3BOJILHBI MOMEHT BpeMeHH OyJIeT
paBHa:

Price, =1

N Price, ,

Pricg = W, ———— t=1..t
H ; " Price, b

Bonee ynoOHO HCIONIBb30BaTh PEKYPPEHTHYIO (hOpMYJTY
N Price,

Price = Price ,- » W ———
8 & Z{ " price, .

B mekotoprix acTHEIX ciaydasx VAR moprdens MoXKHO HaWTH aHa-
nutnyeckd, ecian ussecred Habop {VAR } Bxomsamux B noprdens
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aKTUBOB M KOX()(PHUIMEHTH KOPPEIAIMH MEXAY aKTHBAMH. OTO

CIICYIOIINE CITyYau:

1) Ecnu noxomsl BceX aKTHBOB PacIpee/ieHbl HOPMalbHO, TO HX
cymma (moxon mopTdens), TakkKe paclpeaeieH HOPMallbHO, TO
€CTh HE MPOUCXOIUT AeOpMalii 3aKOHA PaCHpeAeIeHUs MPH
CYMMHUPOBaHHH.

2) Ecium mnpu He 00s3aTEIbHO HOPMAIBHOM  paclpeeeHUH
JI0XOJI0B ~ AKTHBOB  BBIOpaH  YPOBEHb  JIOBEPHUTEIIHHOM
sepositHoctd P = 0.95. Jleno B ToM, 4ro i GOJIBIIOro ducia
HaunboJiee yMOTPeOUTENBHBIX 3aKOHOB pactpenaeneHus S5%-Has
KBaHTWJIb PACIPEICICHUS BBIPAKACTCS Yepe3 MaTeMaTHYECKOE

OXKUIAHHEC U C.K.0. 10 SANHON popmye X,o = 1 —1.60 .

B oboux cnydasx VAR moptdens Be™ucaieTcs 1Mo  Gopmydie,
aHAJIOTMYHOH (hopMyJie ISt TUCTIePCUU TTOPTQEs:

VAR] = iwﬁ VAR? + 2&“ iwiwk £, VAR VAR
k=1

k=1i=k+1

16.4. Ontumm3zanust noprdeinst ¢ yderom Value-at-risk m Short-
fall-at-risk.

AJTOPUTM YHCJIEHHOTO PELIeHMs 3aJadd ONTUMH3ALUU MOPT-
(ens MO COOTHOLICHHI0 MAaTeMaTU4eCKOro OKMAAHUsS [0XoJa Hu
CPEAHEKBaJAPaTUIHOIO0 OTKJIOHEHMS A0XOJa IPUBEAEH B IyaBe 15
naparpade 15.7 sToli kauru. BBeaenue B paccMOTpeHHE Mep pUCKa
noprdenst VAR u SAR jump JONOJHAET STOT auroput™m. Buidop
KOHKPETHOTO PEIICHUs M3 MHOXKECTBA PEILICHUM 3alaud ONTUMH3a-

uun nopTdens (To ecTh ONTUMANBHOE COOTHOLIEHHE BENMYMH L,
oy, VAR, u SAR)), kaxptii oprdenbHblii MeHepKep oCymecTs-

JISI€T € Y4€TOM CBOUX MHBCCTULIMOHHBIX HpeZ[HO‘{TGHI/Iﬁ.
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