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PEJANCIOBHUE

B mociense romsl 3HaUMTElEHO YBETHHUIIOCh KOJIHYECTBO JI0/IeH,
cdpepa AEATENHHOCTH KOTOPBIX CBA3aHa ¢ pabOTOH Ha (HUHAHCOBBIX
phitkax. Jlis STHX CeHanicToB HeoOX0AMMO X0poiee 3HaHHE 0C-
HOB TEOPHH BEPOATHOCTH ¥ MAaTeMaTHUYECKOH CTATHCTHKM, TaK Kak
pe3yALTATH PeLleHns 00 MHBECTHPOBAHMM B pasnnuHbie (HHAHCO-
BBIe HHCTPYMEHTHI (AKTHBBI) BCEr/la MMEIOT TY MITM MHYIO CTETEHb
HeornpeeleHHOCTH. B 3Tol kHure cienaHa MOMbITKA CHCTEMATH3U-
POBaHHO PACCMOTPETh TIPAKTHYECKME METOAbl CTATHCTHKM TpHME-
HUTENBHO K (huHancaM. Hanbonpinmii uHTEpec naHHas KHHIA MOXET
MPEeACTaBIIATL 1A TPeHAEPOB/MOPTQENbHBIX MEHE/DKEPOB, TO €CThb
CHEIMAIACTOB, MPHUHIMAIOIMX CAMOCTOSATENEHBIE PElleHns Ha (u-
HAHCOBBIX PHIHKAX B YC/IOBHAX HeompeaeneHHocTh. Msnokenne ma-
TepHasla HaYMHAETCA C 6a30BBIX MOHATHH, W MOCTENIEHHO MEPEXOAUT
K JOCTATOYMHO CIOKHBIM METOJaM, MPUMEHSIOLIMMCS [PH aHAIU3e
MHBECTULMOHHBIX PHCKOB. B KHHTe cojiepskuTCs OOJIbLIOE KONHYe-
CTBO NPAKTHYECKHX AITOPUTMOB BLIMHCIEHHS W ONTHMU3ALMH pa3-
JHYHBIX (PUHAHCOBBLIX CTOXACTHUECKHX MEPEMEHHbIX.

Jlannasi KHUra COCTOUT U3 16-TH rnaB.

B 1-ii rnaBe paccMOTPEHO MOHATHE BEPOSATHOCTH, CIIy4aitHOro codbi-
THsI, CIYYaiiHOH BEJIMYMHEL, JaHO ONpejelieHie 3aKoHa pacipe/iele-
HUS CayHaifHoil BeJMYMHBI, @ TAKKE W3YUEHBI OCHOBHBIC NapaMeTphl
3aKOHOB paclpeleneHus, TakHe KaK MoKasaTend LEHTpa paciipeje-
TEeHUsI, TTOKa3aTenyu Mepbl paccesHus, mokasarenu Gopmsl pacnpese-
TEHHS.

Bo 2-if rnaBe pacciazaHo o Haubosiee ynoTpebuTelbHBIX 34KOHAX
pacnpeaciacHus CJIy'-[ElﬁHbIX BEIIMYHH U OCHOBHBIX lapaMeTpax 3THX
sakoHOB. JlaHbl MeToabl moucka GYHKUWH pacnpeieneHus BepoAT-
HOCTH CJIyHaﬁHOﬁ BEJIHYHHEBEI B ClTyvyac HEHHTeI'ppr.eMOﬁ MJIOTHO-
CTH BEPOATHOCTH, & TAKKE alITOPUTMBI TIOJNYUEHHA MMOCICIOBATE/1b-
HOCTEH C/Ay4alHbIX BENHYUH C MPOM3BOJIBHBIM 3aKOHOM pacnpene-
JIEHHA, YTO H606X0,E{PIMO npH MOJAENHPOBAHHUY CJ’I}"-[&FIHBIX npouec-
COB.

B 3-ii rnaBe u3yueHbl clelManbHble PACIPENEIeHHA BEPOSTHOCTEH,
MCITONB3YEMBIE TS TIPOBEPKH CTATHCTHYECKHX THIOTES W MIPH ONpe-
JENeHHH IOBEPHTENIBHBIX HHTEPBAJIOB I CTy4aiHbIX BETUYHH.
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4-5 rnaBa MOCBSILEHA METOAAaM OLEHKH 10 AMITMPUYECKOil BLIGOpKe
[apaMETPOR PacNpeIe/IeH s ClyYaiiHONW BEIHUYHHBI, YKa3aHbsl (op-
MyJBl A7 OUEHKH LeHTpa pacrpefeneHns, IUCIepCHH 1 MoKa3aTe-
neil Gopmbl pacnpenencHus, a Takke NpaKTHYECKHe MpUeMbl yaame-
¥ AHOMAJIbHBIX 3HaUeHHiT (MPOMAaxoB) H3 BEIDOPKH.

B 5-if rnaBe paccka3aHo O MeTOJax MPOBEPKH CTATHCTHYECKHX TH-
[I0TE3 W METOAAaX ONpEHeNeHHs AOBEPHTENbHBIX HHTEPBANOB Il
CAy4alHBIX BENHYHH,

6~ T71aBa [OCBSLUEHA BOMPOCY O TOM, KaK N0 3MIHPUYECKOH Bbl-
Gopke MASHTHOUIIMPORATE 3aKOH pachpeieNeHus ciryyaiiHol Belu-
yunbl [loapobso pacemoTpena npobnema rpynNHpPOBKH JaHHLIX, TO
€CTh PACYET OTNTHMAJILHOI0 KOJIM4YECTBA HHTEPBAIIOB I'PYNINyUpPOBKH H
ONTHUMAIbHOH LIUPHHBL MHTEPBAA, d TAKKe TTOCTPOSHHS 10 Crpyr-
[NHPOBAHHBIM JaHHBIM I'MCTOIrpaMMBl pacrnpeieneHud TakuM o6pa—
30M, 4TOOBl MaKCHMalbHO BO3MOKHOE CrIaKMBaHWE CIyHaiiHOro
mymMa CoYeTanoch ¢ MUHHMMAIBHbIM HCKa)KEHHEM OT CrIIa*KHBaHUHS
CaMoro pacrpeaeneHus.

B 7-ii rnaBe paccMOTPeHO NOHATHE THHEHHOH KOppessilnOHHOK CBsi-
34 MEKAY CIyHalHBIMU Belln4iHAMU.

8-1 r7aBa MOCBAIICHA M3YHEHUIO PErPECCHOHHOI0 aHANIN3A, TO ECTh
METOJAaM pacueTa MapaMeTpoB MATeMaTHYECKOH MOJENH, CBSI3Ei-
BAOLLEH pa3NUYHbIE CTOXACTUUECKHE EPEeMEHHETE.

B 9-ii rmaBe M3naraeTcs METO/ ANMPOKCHMAINH SMIMPHYECKOH 3a-
BHCHUMOCTH TpPUTOHOMETpUUECcKHM psinoM Dypee. Jlansl GopMyel,
NO3BOJIAIOLINE MO pealikHoi BhIOOPKe BBIYHCITUTE KO3hGhHIHEHTER
Dypbe, aMIIUTYOy W (a3y rapMoHHK. PacckazaHo, kak CTPOMTCS
aMIUTHTYAHO-4acTOTHAs XAPaKTEPHCTHKA Pa3fiokKeHKs, M KaK ‘OHa
HCIIOAB3YETCS OISl BRIIETCHMUS! FapMOHHK ¢ MAKCHMAJILHOM aMIlin-
TYOOH.

B 10-#f rpase paccMOTpeHO NPHMEHEHWE PErPecCMOHHOT0 aHamu3a
MPH U3YHYSHHH THHAMUYECKHX (BpeMeHHbIX) PAa0B.

B 11-ii rnmaBe pacckazano 0 MeTOAax CrIRKHBAHHS THHAMHYECKHX
pAmoB, Oa3MPYIOLLMXCA HA pacHeTe CKOMB3AMIMX cpeaHux. Pacemor-
PEHBI pa3/iiyHbIE TUMBl CKOMB3AIIAX CPEAHHX M JAHBEI HX CPaBHU-
TeNBHBIE XaPAKTEPUCTHKH.

11
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B 12-ii rmaBe u3y4eHBl METOABI aAaNTHBHOIO MOAENMPOBAHUSA JH-
HaMHWYECKUX psJ0B, KOTOPBIE OCHOBAaHBI HA HKCMOHEHLHAILHOM
CrUTXKUBAHKM  (DKCTIOHEHLMAALHOH cKonb3sel cpejueii). [lpe-
MMYLICCTBOM 3THX METO[OB fABNSETCA YUeT BpeMeHHOM HeHHOCTH
JAHHBIX W, CIIEJOBATe/IbHO, MOCTOSHHOE ajalnTHpOBaHHe K H3Me-
HAIOLMMCSA YPOBHAM AMHAMMYECKOrO psajd, 4TO MMEET peliarinee
3HAUEHHe TIPU MOJEIMPOBAHHHM U IPOTHOZNPOBAHHH BOJATHIIEHBIX
PAIOB.

13- rnaBa nocesieHa MEXaHH4ECKHM TOPrOBBIM CHCTEMAaM, TO €CTh
ajropuTMamM, KoTopble QOPMATH3YIOT MMpaBuila OTKPBITHS W 3aKpblL-
THs N03ULHH B Gupikeroil Toproeme. [MoapobHo paceMOTpeHB! 0T4e-
Thbl O pa60Te TOpFOBOﬁ CHCTEMBI ¥ JIaHbl NPaKTU4YECKHE PEKOMEHOAa-
LMK O TOM, KakK I10 BEJIHYHHe, pa3bpocy H yCTOHUHBOCTH MOKA3aTE-
el cHcTeMBI c/ie/iaTtbh BRIBOJA O €€ Ka4YCCTBE.

14-1 rnaBa sBNsETCH NPONOKEHUEM Mpeabiayuiei. B Hell usyueHsl
aIFOPUTMbL BBIMHCISHUS 00 Y4ACTBYHILETO B KOHKPETHOH clenke
KanuTana, KoTopble MaKCHMH3NPYIOT NOKa3zaTellM JUHAMUKH TOPro-
BOTO CHETA.

B 15-if rnase paccMaTpHBaIOTCsI BONPOCH], CBA3AHHbBIE C ONTUMH3A-
uuedt noprdenst akrupop. M3yvyaercs BIUSHHE KOPPEIALUM MEXKIY
OTZENIBHBIMU [1apaMH aKTHBOB Ha 00Kl pUcK nopTdens, npyu ToM
B KAUeCTBE Mephl pucka MPUHUMaeTcs aucnepeus (MK cpeiHexsa-
paTH4HOe OoTKIOHeHHe). Pacckazano o tom, uto takoe ahdexrunnas
AUBepcHbHKALMS 1 Kak oOLWi puck mopTdens, coCTaBIeHHOro U3
TIPOH3BOIBLHOTO KOTUYECTBA AKTHBOB, MOXHO pa3de/iHTh Ha HECHC-
TeMaThyeckuil (AuBepcHUIHPYEMBIi) PUCK W PHIHOUHBINA (He au-
Bepeupuuupyemelii) puck. [locrtarnena 3ajga¥a Mo ONTHMH3ALWM
- mopTdens ¢ yuyeroM OrpaHHHYeHMI Ha cOCTaB W Beca aKTHBOB B
noprdene (JUMATOB), ¥ TPHBEJIEH AJITOPUTM MOWCKA PElEHUH 3TOH
3anauu MeTosiom MonTe-Kapro.

16-5 rimaBa MocsilleHa H3YHEHHIO KBAHTHIBHBIX Mep pHcKa noprde-
Ji U3 NMPOHU3BOJILHOIO KONMHYECTBA aAKTHBOB H YIIPAB/ICHUS PHCKOM
noptdens Ha OCHOBE UX aHANTH3a.

Bee 3ameyanus no codepicanuio y oopMiaenuio kHu2U npocebd Hanpas-
aame agmopy no aopecy  ilion{@online.ru.

Fnaea 1. BepoamHOCMHOE onucanue criyyYalHbiX 8enuHuH

1. BEPOSITHOCTHOE OTTMCAHUME CJIYYAHWHBIX BEJH-
YUH

1.1. Beenenne.

Teopusi BeposTHOCTEH HTpaeT 3HAUUTENBHYI) POIbh BO MHOIMX
00NacTAX 4eNOBeUECKOl AEATETbHOCTH, B TOM 4HCIe B (uHaHcax.
ITO CBA3AHO ¢ TEM, YTO PE3YNbTATEL PELIEHHS 00 HHBECTUPOBAHHH B
(puHaHCOBbLIE MHCTPYMEHTLI (AKTUBLI) BCeraa HMEIOT Ty MM HHYIO
CTEMEHb HEONPEENEHHOCTH.,

B 6HpKeBBIX TOprax [0 pa3iivHBIM AKTHBAM NPHHAMAKT yua-
crTye DoaBLIOE KOMHUECTBO HHBECTOPOR M CIEKYIAHTOB. Kaxaplii us
YHACTHUKOB MUMEET CBOE MPEeACTABIIEHHE O TOM, KYAa JABHIKETCS Pbl-
HOK, Y KaKI0I0 W3 HHX CBOH FOPH30HT UHBECTHPOBAHUS U CBOS TEX-
HomorHs paboThl Ha phiHKE. M3-3a cTONKHOBEHHS HHTEpecoB DOIb-
IIOTO KOJWYECTBA JIOAEH LEeHBl akTHROB MPHOOpPETArT CliyHakHbli
xapakrep. CrnefcTBHEM 3TOTO SBIASTCS HEBOIMOMXHOCTE TOUHOIO
npenckazauus Oyayiieil nexsl. [TporHo3 CTaHOBHTCS BO3MOMCHBIM
TOJBKO B BEPOSTHOCTHOM CMBICIIE.

C [pyrodl CTOpOHBI, Pe3yAbTaThl WHBECTHPOBAHHA B HHCTPY-
MEHTEl ¢ (PHKCHPOBAHHOH AOXOTHOCTHIO TAKKE ABIAKOTCH HEOMpe-
JMENEHHBIMH W3-3a& TOTO, YTO CYLISCTBYET PHUCK HEBBIMOIHEHMS SMU-

TEHTOM (SaeMlIlI/[KOM) CBOMX 00S3aTENRCTB.

B 370ii T7aBe MBI PACCMOTPHM Ha KaueCTREHHOM YPOBHE IOHS-
THE BEPOSTHOCTH, CIyYaifHoro coGBITHSA, cnydaliHol BeMTHIHHBI, Aa-
AMM OMNpeleneHlie 3akoHa pachpefeneHus ciydaifHol BenUYHHL.
Hanee OymyT H3yueHB OCHOBHBIE MAPAMETPhl 3aKOHOB pacrpenene-
HUS, TAKWE KaK TTOKA3aTeNu LUEHTPA pACTpee/leHus, MOKA3aTEH Me-
Ppbl paccesHUsL, MoKa3aTeau GopMbl PACTIPEIeIeHUS.

1.2. Cayuaiinoe cobbiTne. BeposTnocts.

Cryuainsiyv codvimuem Ha3bIBaeTCs Takoe cobbITHe, KOTOpoe
MOKET KaK IHPOH3CHTH, TaK H HE TIPOU30HTH NpH COOMIOACH M OIpe-
JICJICHHOIO KOMILIeKea YenoBri. Bynem npeanonarars, 4To ykaszaH-
HBIH KOMIUICKC YCJIO0BHI MOXKeT ORITH BOCIPOU3BE/CH HEOTpaHUYEH-
HOe KOJIWYecTBO pa3. Hcnwimanuem OyaeM Ha3blBaTh Kaw10€ OCY-
HIECTRIICHUE 9TOr0 KOMIIIEKCa YCI0BHH.



Ihasa 1. BeposmHOCMHOE OMUCaHUE CryYalHbiX e/TUYUH

OMHOCUMERBHOT YACMOmMOoU CAy4aiino2o cobbimus Ha3bIBASTCS
OTHOHIEHHE KOJIMYECTBA CIy4acR MOSRIeHHs 3Toro colbitha M k
06IEMY YHCITY NPOBEASHHBIX HCHbITAHUH N,

OMBIT MOKA3BIBAET, YTO TIPH MHOTOKPATHOM MOBTOPEHUH HCIIbI-
TaHWH OTHOCHTENbHAS YacToTa M/N cnydaiiHoro cobeiTis obnagaer
YCTOMUHBOCTEIO. B pa3HBIX JOCTATOYHO JJIMHHBIX CEPHAX MCIbITA-
HMI OTHOCHTENBHRIE 9aCTOTEl CTy4aiiHOTO COOBITUS IPYNITHPYIOTCSA
BOKPYI' HEKOTOPOro OIpPEeACICHHOro YHCIa. Y CTOHUMBOCTL OTHOCH-
TENBHOH 4acTOThl MOKET ObITh 0OBACHEHA KaK MPOsBIEHHE 00BEK-
THBHOTO CBOHCTBA Cly4aHHOro coOBITHS, KOTOpPOE 3aKiovMaeTcs B
CYLIECTBOBAHMU ONPEALIIEHHOHN CTENEHH ero BO3MOKHOCTH.

TakumM 0bpazom, cTeneHb BO3MOXKHOCTH ciiydaHHOTO cobbITHs
MOXKHO OMHCATE HHCIOM. DTO YHCIIO Ha3blBAETCSA GEPOAMHOCHIBIO

cyuqino2o cobsimus. VIMEHHO BOKPYT BEPOSTHOCTH TPYNIMPYIOTCS |

OTHOCHTEIBHEIE YACTOTHI JAHHOTO chyvaiiHoro cobuitus. OTHOCH-
TENLHAY YACTOTA M BEPOSTHOCTH CYHaHHOTO COOBITHS SBISIIOTCH
6e3pa3MepHBIME BEMHUHHAMH, KOTOPbIE MOIYT NPHHUMATE 3HAUECHHS
or 0 1o 1. BeposiTHOCTE SBASETCS NMEepBHYHBLIM, OA30BbIM MOHATHEM,
H B 0DmieM ciydae ee Hejb3sl OnpeleluTh depes Ooiee HpocTbie
TEPMHHBIL.

1.3. Cayuaiinas BeJiH4MHa.

Cayuaiinou geauyuHon HA3BIBAETCS Takas BEIMYMHA, KOTOpas
TIPHHUMAaeT Te WK MHble 3HayeHHs ¢ ONpeleNeHHBIMH BEpOsSTHO-
cravu. CrydaiiHbie BeTHYHHBI MOTYT ObITh AHCKPETHBIMU M Henpe-
PBIBHBIMH.

Juckpemuol cayuaiinoil genudunoll Ha3bIBACTCS TaKas BEJIWYH-
Ha, BCE BO3MOXHBIE 3HAUEHHA KOTOpOH 00pasyloT KOHEYHYIO HIH

GeCKOHEUHYIO MOC/IeIOBATENBHOCTE YHCRN (X, X),... X, ) H IPHHA-

THE elf KaKIO0ro U3 yKa3aHHLIX 3HaYCHHH ecTh ciyuaiHoe colbiTue,
XapaKTepU3yIoLEeecs COOTBETCTBYHOLLEH BEPOSTHOCTLIO
(D1 P30 P,) - Tlpu 3TOM DOMKHO COOMIONATHCA YCTIOBHE HOPMH-

POBAHUS, TO €CTh Z p,=1.
n

Henpeproiernoii cayuatinoli 6eauyyHol Ha3blBaeTCAd Takas Bel-
YHHA, BCE BO3MOKHBIE 3HAMEHHA KOTOPOH LEeNHKOM 3amlofHsAIT He-

KOTOPbIH NPOMEKYTOK W monajanue B moboH uurepsan (X,,X,)
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ecTh ciyyaiinoe coObiTHe, XapaKTepH3ylOleecs COOTBETCTRYIOIIEH
BeposTHOCTHIO P{x, Sx < x,}. IIpu 3TOM BEPOATHOCTE HOCTOBEP-
HOTO cobbiTHa P{—oo < x <40} =1.

b FGHQPCUIb]!Oﬁ COBOKYNHOCHbIO GY,HGM Ha3bIB4Th BCC BO3MOJKHBIE
3HAYEHWH, KOTOPLIC MOMKET [IPUHUMATh cnyqaﬁﬁas{ BEJIIH4YHHA.

1.4. 3akonkI pacnpefenenns ciygainoil BelHYHHEL

JIns XapakTepHCTHKN BEPOSTHOCTH MOSBACHUA PA3IMYHBIX 3Ha-
YEHHH CNyYalHOH BENUYMHBI HCOOJbL3YIOT 3AKOHbl PACHPEOeneHUs
GEPOSAMHOCEN CAYHAUHOT genuyunbl. [Ipn 3TOM pa3uyaroT JBa BH-
Aa TpeficTaBieHys 3aKOHOB PacipeaeneHus: HHTerpaabHeld 1 qud- -
(pepeHLalbHbIH.

Humezpanbrbi;m 3aKOHOM, WIH (yuryuell pacnpedeneniis 8epo-
amnocmen cayvainoil BennuuHbl X, HazbiBaeTcs (YUKW, 3HAUE-
HUE KOTOPOH s J0Oro X sABNAETCS BEPOSTHOCTLIO cobbiTud, 3a-
KJIFOHAIOULErocs B TOM, HTO cliydalHas BenuuuHa X npuHuMaer 3ua-
ueHMsl, MeHblIde X, TO ecTh GyHKuus F(x) = P{X < x}. @yukuus
pacnpeneneHus BepositHocrel F'(x) obnagaer clieayroliHMK CBOMH-
CTBAMI:

1) 02 F(x)=Z1 gns moboro x

2) L Fx) ) S K0 ), ecnu x| =X,

3) F(-%)=0, F(+w0) =1

s cnyvaifHo#l Be/MYMHBL ¢ HempepblBHOH u AudidepeHHpyeMoi
dyHkuneil pacnpesieneHus BepoATHOCTeH F(X) MOXHO HaliTH
Qudpheperyuanvrblii 3aKoH pacnpedenenus eposMHOCMel, BbIpa-
KaeMblii Kak npoussogHas F(x), 1o ects p(x)=dF(x)/dx. Dra
38BHCHMOCTb HA3bIBACTCH WIOMHOCHIBIO PACHPEOCeHisl GepOsSmno-
cmeii. TlnotHocTh pacnpemeneHus p(x) obnamaer clemylouliMy
CBOMCTBAMH: r

1) p(x)=0 mna noboro x

2) P{X <x}=F(x)= ij(z)d:

b
3) Pla<X <b}=F(b)-F(a)= jp(:)d:

15
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4) +]it)(.:c).:bc =i

PacnpeneneHie Ha3biBACTCS AMPeOeibHO NONO2UM, €Cld [pH
X —» 20 ero muotHocts Beposthoetn p(x)=1/|x|", rme § -
CKOJIb YIGAHO MaJlog ITOJOXKHTEIBHOE YHCIIO. Hp[—i toJee TTOJIOTHUX,
gem 1/| x|"® cnagax, nnomans mos kpuBoi GecKOHEUHA, TO €CTh He

BBIMTOJTHACTCA YCIOBHE HOPMHUPOBAHHA, H TaKHWE KPUBBIE HE MOTYT
OMUCLIBATE MITOTHOCTL PaCpenCICHHA BepOﬂTHOCTeﬁ.

1.5. TokazaTens NeHTPa pacupeeIeHu.

KoopauHata neHTpa pachpese/ieHus ONpeienseT MNOI0KEeHHEe
cityqaiiHo# BETHYHHEI Ha YHCTOBOH ocu. JlaTh OfHO3HAaYHOE onpe-
JeNieHHe 3TOT0 MOHSTHS HEeBO3MOXKHO. LIgHTp pacripeneneHus MOXKeT
OBITh HAlIEH HECKOJIBKHMH CTIocODaMu:

- KaK MeIHaHa pacrpejereHus,
" - KakK MOJa pacrpeneneHus,
- Kak MaTeMaTHYecKOe O/KUAAHUE,

Meouana

Haubonee obumm, a cie1oBarebio naubonee hbyHiaMeHTalh-
HBIM, SBIfETCA ONpejelieHde UeHTpa paclpefelieHHs COMacHo
NPUHLKANY CHMMETPHH, TO €CTh KakK TAKOH TOYKYM Ha OCH X, CJICBA W
CrpaBa OT KOTOPOH BEPOSTHOCTH MONBICHHS clydHaliHOH BeIHUMHBbI
onunakossl 1 paBHbl .5, Takol mokasaTeNb LEHTPa pacnpeae/ieHus
HA3bIBACTCS Meduaroi. B oTiuune oT Apyrux nokasarenei LeHTpa,
MeIuaHa CyLIeCTBYET y N1000ro pacnpenelesns. MennaHy oObIYHO
ofo3HavarT kak Me .

Mooa

Touka Ha OCH X, COOTBETCTRBYIOIAs MAKCHMYMY KPWBOH [1J10T-
HOCTH PacrnpeieNeHts, Ha3biBaeTCs MOJOU, TO eCTh MOJA — 3TO HaH-
Oonee BepoATHOE 3HAYEHWE ciydaiiHol BenduuHbl. OpHAKO, MOAA
CYILIECTBYET He y BCeX pacmpenelieHuil. B KauecTBe mpuMepa MOIKHO
NpPUBECTH paBHOMEpPHOe pacrpejenende. B aTom ciydae onpenene-
HHE [EHTpa pachpesienenne Kak Mo/ibl HeBO3MOXHO. Moy oObiuHO
o0o3nauaror kak Mo .

16
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Mamemamuueckoe 03cuoanue

HanboJiee 4acTo MCMONBb3YEMBIM METOJOM OIEHKH LEHTpa pac-
NPE/ICNICHUA ABNAETC Mamemamuueckoe odxcuoanue. Tlpenmyinect-
BEHHOE HCIMONB30BAHHE MAaTEeMaTHYECKOrO OXKHIAHHS 0OBSICHAETCS
TEM, YTO 3TO CJAHHCTBEHHAs OLEHKA, KOTOPYK) MOYHO BbIPa3HTh
AHAIMTHYECKH.

Maremaruyeckoe 0xu/jaHHe 0D03HAYACTCS KaK 4 H BBIYHMCIACT-
cst o Gopmynam:

- V1 JMCKPETHOTO pacnpeseneHus

M(x)=p=3 x,p,

- JUIs HETIPEPHIBHOTO PacTIpeeNeH s
M(x)=pu= pr(x)dx

Heobxonumo oTMETHTE, 4TO MaTeMaTH4ECKOe OXKHIAHHEe CYLIe-
CTBYeT TONBKO y TeX pacmpefelieHuil, y KOTOPBIX TpH X —» 10
%y kpyde, rae S -
CKOJIb YTOJHO Majioe MoJoKUTeNnsHoe uncio. [pu Gonee nonorux,
uem 1/|x[**? cnapmax, MatemaTHueckoe OXHIAHHE HE CYLIECTBYET,

TaK Kak ONpeAeNsolui ero MHTerpan pacXogHTCA.

TJIOTHOCTL BEPOATHOCTH cnaaaer Kak 1/ | x|

1.6. MomeHTH! pacnpefeaeHus.

Jlis onMcaHus CBOHCTB pacripejiesieHdii HaM moHanoOurces no-
HATHE MOMEHTa pacnpelenedus. CyniecTByioT ABa TUIIAa MOMEHTOB:
Ha4aJlbHbIE H LUECHTPaJbLHBIC. Hauansnvim Ha3pIBAETCHS MOMEHT pac-
npenelieHus, HaiaeHHbl 0e3 MCKIIOUEHWS CHCTEMATHHYECKOM co-
crasnawomeli, COOTBETCTBEHHO, yeHmpaivHbiM ABIAETCA MOMEHT,
BBIYMCIIEHHBIH C HCKITHOYEHHEM CHCTEMaTHUECKOH COCTaBIIsIONIEH.

HauaneHbeiit MOMEHT k-20 NOPSIKA BEIYHCSETES 0 (HOPMYNIam:

- Ul JUCKPETHOTO pacnpe/ieeHHs

k
M, = Z XD,
n
= OIS Hel'lpepb[BHOl"O pacnpeneieHus

M, = |x*p(x)dx

—o0

17
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IlepBbIii Ha4anbHBIH MOMEHT OBIN YK€ PACCMOTPEH BLILIE - 3TO Ma-
TEMATHHECKOE OXKHaHHe.
LleHTpanbHBIiH MOMEHT k-20 NOpA/AKA BBIMHCAAETCA MO (HOPMY-
nam:
- JIs JUCKPETHOrO pacipeieneHus
m, = Z(xn _}u)kpn
n

- JUTS HETIPEPLIBHOTO PaCHpe/IeneH s
, +afy
my = [(x = p)* p(x)dx

TToHATHE MOMEHTOB pacnpefeneHHs OyAeT HCMOIB30BAHO NPH H3Y-
YeHMM MoKazarenell paccesHusd cnydaiiHON BEIMUYMHBL U [10Ka3aTe-
neti (hopMbl pacnpeneneHus.

1.7. Iloka3aTenu Mepbl paccesHHs,

OlieHHB BeIHYHHY LIEHTpa pacrpeiesicHus, HaM HeoOXOomHMo
MMeTb TIpeJcTaB/IeHte, KaK clydaiiHas BeTUUHHA paccesHa BOKpYT
9TOM TOYKH. [l OLIEHKH MEphbl PACCESHUS UCIONB3YHOTC, KAK mpa-
BHJIO, 1BA CIIOCODA;

- KBaHTHJILHOE OTKJIOHEHHE CITy4aiiHOH BEJTHUHHEIL,
- IOACIIepPCHs W CpeAHEeKBaJpaTHYHOE OTKJIOHEHHE CIy4aiHOH Be-

JTYNHEL

Keanmunbroe omrioHeHue

[Tnomane, 3akiioueHHas Moj KpHBOH INIOTHOCTH pacmpenelne-
HUS p(X), COrNMacHO NpPaBUIly HOPMHPOBAHMSA, PABHA EAHHULE, TO
eCTh OTPakaeT BEPOSTHOCTh BCEX BO3MMKHBIX COOBITHIA.

Beibepem Touky X; Ha OCH X TakuM 00pazoM, YTOOBI MIIOLIAAE
[oj, KpHBOH p(x) ciesa ot ToukH X; Obina Obl paBHa, Hanpumep, 5%
OT QOlIeH TUIOMAAH, TO eCTh BEPOATHOCTEL TOTO, YTO Cily4daiiHas Be-
npuKrHa Menble, yeM X, coctaenser 0.05. B atom ciyuae roBopsr,
uyro X, - 970 5%-nas keanmuns pachpedenenus. Ee ynobHo obo3Ha-

uuTh Kak X, = X ..

BeifbepeM aanee Touky X; Ha ocH x TakuMm 00OpazoM, 4TOOBI
IUIOLIA/AL 0/, KpHBOH p(x) cneBa oT Touku X3 Oblia Ob1 paBHa 95%
oT obIiel NIoWanH, To €CTh BEPOATHOCTE TOTrO, YTO ClydaliHad Be-

18
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nuquHa MeHblue, yeM X; coctasmsier 0.95. Torna X; - smo 95%-nas

Keanmune pacnpedenenusn. O603naunm ee kak X, = X ..

Memana pacnpenenenus - 3To 50%-nas keanmuas, Tak Kak oHa
ACTHT IUIOWAME MM0J KPHBOH p(x) HA ABe paBHbIe yacTH. Meauany

MOXHO 0003HauuTh kak X, = X ;.

3ametum, uto Toukn X, = X . u X, = X o cHMMETpHUHEI B TOM

CMBICJIE, YTO

- BO-TIEPBBIX, BEPOATHOCTE TOTO, YTO CIOyJaifHas BeJHYHHA MEHb-
e X, H BEPOATHOCTh TOTO, YTO ciy4aliHas BequuuHa OOINBIIE
X, paBHBI MeXKITY COOOH,

- BO-BTOPEIX, BEPOATHOCTL TOTO, YTO CIy4alHas BeqM4YHHA HAXO-
OUTCA B MHTepBane oT X; 1o X,, U BEPOSATHOCTL TOTO, MTO CIY-
yaiiHas BelWMYHHa HAaXOAWTCH B HHTepBane oT X, 00 Xj, TaKke
PaBHBI M&XTY COBOIA.

WMnrepsai snadennit x mexay X, =X, u X, =X, HazbBatoT

UHMEPKBAHMUTbHBIM  npomedicymkom ¢ 90%-noii eepoamuocmuio.

Ero npotskeHHoCTh Aggy = X (g5 =X p5. [onOBHHY yKkazaHHOrO

MPOMEXYTKA, KOTOPYIO Oy/1eM HAa3bIBATE KEAHMUNLHbIM OMKIONEHU-
em ¢ 90%-nou 6eposmuocmuio, 0003Ha9uM Kak dyg = Ajgo /2.

Ha ocHOBaHHH BBILIEH3MOKEHHOIO MOAX0Ja MOYKHO BBECTH I10-
HATHE KBAHTHIBHOH OUEHKM paccesHus CIy4alHOH BeTHYHMHEL, TO
€CTh 3HAYEHHMA PaCCesHMsA C 3aJaHHOH [OBEPHTENBHOH BEpOATHO-
CThi0. JINIsi CHMMETPHYHBIX pacnpefeeHnil KBaHTHIBHOE paccesHHe
C 3a/laHHON dosepumenvrou eeposmuocmolo P - 3T0 Tako# uHTEp-

Ban HeonpeneieHHoctd (X s, —dp. X5 +d,), BHYTPH KOTOpOro

nexar 100P npouedToB BeeX 3HaueHuii ClyyvaHONW BENMYMHBL, a
100(1 — P) npolieHTORB JieKaT BHE HTOTO HHTEPBAIA.

Tak kak KBaHTWJH, OTPAHAYMBAIOLLME JOBEPHTENbHbIH HHTEp-
BaJI, MOTYT OBITH Pa3NM4HBIME, MPH YKA3AHHH KBAHTH/ILHOH OLIEHKH
paccesHus 00s3aTe/IbHO HOMKHA OBITh YKa3aHA JIOBEPUTENBHAS Be-
POATHOCTE Takoi oueHkH. KBaHTHIbHAA OLIEHKA paccesHus TMpUMe-
HHMa 171 H00bIX 3aKOHOB pacnpeielieH s ClyqaliHol BeTHIHHEL

Ilpy paccMOTpeHHH KBAHTHIBHOrO OTKIOHEHHSA, MBI HE' Cayyaii-
HO B KauecTBe [PMMEPA MCTOJB30BAIH OTKIOHEHHE C 90%-Ho# n10-

BEPUTENIbHOM BEPOATHOCTHIO. JIeNi0 B TOM, 4TO BemHuuHa dy,, 06-
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JlajlaeT YHHKaTBHBIM CBOHCTBOM, KOTOPOE 3aKIIIOYAETCS B TOM, YTG

TOJBKO KBAHTHIBHOE OTKIOHCHHE dﬂ,‘)&) HMEET OJIHO3HAa4YHOE COOT-

HOLIEHHE CO CpeoHEKBaApaTHYHbLIM OTKIIOHEHHEM G (KOTOpOG Gy,ﬂeT
paccMOTpPeHo Huxke) B Buae dyq ~1.60 ans ouens wmmpokoro

knacca Hawbomee ymoTpebUTEeNbHLIX 3aKOHOB pacrnpezneneHus. [lo-
3TOMY, IPH OTCYTCTBHH JIaHHEIX O BHJIE 3aKOHA pacmpeleneHus, s
OLEHKH KBAHTH/IBHOTO OTKJIOHEHHS PEKOMEHIYETCH I[0J1b30BaThCH
JIOBEPHTENBHON BEPOSTHOCTBIO, paBHoii 0.90.

Hucnepcus u cpeoHeKeaopamuiHoe Omxionenue

Ecnu B KauecTBe MoOKa3aTens LEHTpa paclpefe/ieHusl BeIOpaHO
MaTeMaTHYeCKoe OXKMJaHHe, TO B Ka4eCTBE MEpBl pacCesHHs Ciy-
YaifHON BETMYMHBI HCIIONB3YIOT AHCHepcHio. Jucnepcus - 310 cpef-
Hee 3HaueHWe KBAJpaTOB OTKIOHEHWH cliydyalHOW BEIIHYHUHBI OT ee
MaTeMaTHyecKkoro oxuaaHus. JucrmepcHs ABISETCS BTOPBIM LIEH-
TpaJbHBIM MOMEHTOM pacTpeieneHHs.

Jucniepeus obozHavaeTcd kak D ¥ BBIMHCAAETCA 10 GopMyTam:
- ]IS IMCKPETHOTO pactpesieNieHus

Di=% {x)~#)op,
- JUISl HEMPEpPBIBHOTO pacripefeneHns
D= [(x-p) p(x)dx

B dopmyiie aas qucnepcud B KaYecTBe L@HTPA paclupelesieHus
HCIO/Ib30BAHO MAaTeMaTHUECKOe OKHIaHKHe. DTo He cayyaiino. Heno
B TOM, YTO HMCIOJBL30BaHHE B KauecTBe LIGHTpa paclpeneeHus Ma-
TEMaTHYECKOro OXXKHUaaHusd MUHUMH3IHPYET cpemmﬁ KBaapar OTKJIO-
HEHUsS CIydYaliHOW BenwuMHBI OT ee meHTpa. [Ipu 3TOM MHHMMYM
CpelHero KBajpara OTKJIOHEHHH Kak pa3 M paseH aucnepcuu. [luc-
nepcus 1 MareMarTHyecKoe OKHJAaHHe CBA3aHEI COOTHOLICHHEM :

D(x)=M(x*)~[Mx)]’
Jlucriepcus MMeeT pasMepHOCTh KBaJpaTa Cily4alHOH BeIH4M-

ubl. [Tosromy s Gonee HarnsgHON XapaKTePHCTHKH paccesHus Hc-
NOJB3YIOT KOPeHb KBAJPATHbIH H3 JMCIIEPCHH, KOTOPbIH Ha3blBaeTCA

CpedHeK8adpamuiHbLIM OMKIOHeRueM (c.x.0.): o =D .
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Jlucnepeus - Haubosee MUPOKO MPHUMEHAEMas OLEHKa pacces-
HHS Clly4alHBIX BETHYHH. DTO CBA3aHO C TeM, YTO OHa obnamaer
CBOHCTBOM a/UTUTHBHOCTH, TO €CTh AMCIIEPCHS CYMMbI CTATHCTHYE-
CKHM HE3aBMCHMBIX C/y4aHHbIX BEIMYHH PaBHa CyMMe JHCIEpCHi
ITUX BEJIMUMH, OE30THOCHTENBHO K PA3HOOOPA3HIO 3aKOHOB pacnpe-
AeNeHus KaxI0i M3 CYMMHMpPYEMbIX BEIMYHH U BO3MOXHOH aedop-
Malli{ 3aKOHOB pacnpeneseHus NpH cyMMHpoBaHun. OTMeTHM, 4TO
CpPeIHEKBAIPATHYHOE OTKJIOHEHHE HE aJIMTHBHO.

Takum obpazoM, Ans TOro, YTOOBI paccesHUs Cly4aiiHBIX BeIH-
YHH MOXHO OBbLIO CYMMHpPOBaTh AHAIMTHYECKH, STH pacCesHus
JOJDKHEL OBITH MpPEICTaBIeHBl CBOMMU JUCIEPCHAMH, 4 HE KBaH-
THIEHBIMH (ACBEPHTENbHBIMHA ) OTKJIOHEHHIMH.

Onnako, KOHeuHas JMCIepCHs CYLIECTBYET TONBKO y TeX pac-
nOpefeieHHi, ¥ KOTOPBIX MpHM X —> +00 [UIOTHOCTH BEPOSTHOCTH

3
crianaet kak 1/|x|**® umi kpyde, rie § - ckonb yroaHo Manoe fo-

noskutensHoe 4ucno. [pu Gosnee nonorux, yem 1/|x|*° cnanax,
onpeaensioHii MCIePCHIO UHTErPal PACXOHTCS.

1.8. Ioka3zarenn ¢Gopmbl pacnpeeienns - KOIQPHIHEHT ACHM-
MeTpHH.

Ilpy w3yuenun Gopmsl pacnpefeneHus caydaliHOM BeTHYHMHBI
B&XHO BBISICHHTb, CHMMETDHYHA JIH OTHOCHTENBHO LIEHTpA pacrpe-
JEJEHHS KPHBasd IUIOTHOCTH BEPOATHOCTH. [lokasaTeneM cCTeleHu
HECHMMETPHUYHOCTH JTOH KpHBOH sABNdeTcs Oe3pasMepHas BelHYH-
Ha, Ha3eiBaemas xoagduyuenmom acummempuu. Kosdduiment
acMMMeTpuH 00o3HauaeTcs Kak ¥ M As. PaccMoTpum Ha KauecT-
BEHHOM YPOBHE MOHATHE ACUMMETPHH.

B crmy4ae, eciii KpuBas [IOTHOCTH BEPOSTHOCTH MMEET KpPYTOii
JIEBbIii ¥ TIONOTHI NIPaBbIH Craj, roBOPAT, YTO pacnpe/ielieHHe HMEET
RONONCUMERLHYIO acumMmempuio. B 3TOM ciiydyae KOOpIHHATEI 1OKa-
3aTENEl LEHTpa paclpeleneHus pacloNararoTcs Ha ocu abciucc,
Kak TIPaBUIIO, CELYIOIKM 00pazom:

MOAa < MeJHaHa < MaTeMaTHYECKOE OKHIAHHE,

Eciv KpuBas n10THOCTH BEPOSTHOCTH MMEET MOJIOTHH JIEBbIi H
KPYTOH TpaBbii cnan, pacmpeliefieHHe HMEET OMmPUyamensHyio
acummempuio, B sToM cnydae ams mokasarenel UeHTpa pacrpene-
TeHHS HMeeM:

MaTeMaTHYeCcKoe OXKHOaHue < MenaHa < Moaa.
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Hakoneu, y cummemipuunblx pacnpeieieHuii, Meauada, Mojaa |
MaTeMaTHIYeCKOE OyKH/IaHHe COBMAIAOT.

PazyMmeeTcs, BCE BBILIECKA3aHHOE O COOTHOLIEHHH MOKazaTelei
LEHTPa, CNPaBeiMBO TOILKO [/ TeX paclpefielleHHH, ¥ KOTOpbIX
CYLUECTBYET MOJa H/WIIM MaremaTHdeckoe oxujanue. HamoMauM,
4TO MOHATHE MEJHAHBl TIPHMEHHMO K THOO0MY pachpeneieH .

CyuiecTByeT HECKONIBKO METONOB Jisl OLEHKH KoadduuueHTa
acMMMETpPHH.

Ouenka KOIPpuyuenma acuMmMempuy ¢ HOMOWbIO KeAHMULeH
pacnpedenenusn

PaccMoTpuM, HampuMep, WHTEPKBAHTHABHEBIH TMPOMEKYTOK C
90%-Hoit BeposiTHOCTHI0. HannomMBuM, 4TO OH 00pazoBaH ¢ NOMOLIBIO
5%-noit u 95%-Ho#t xBauTHNeH pacmpenensenns. Toraa cooTBercT-
BYIOIIKH KOd(PUIHEHT acHMMETPHM BBIMHCIAETCA MO CIENYIOLeH
(hopmye:

(Xoss = Xos0) T Xoso ~ Xioos) _ Xoos T Xoos 245

Xogs ~ Xoos i Xoos ~ Xoos

PazymeeTcs, TAKMM CITOCOOOM MOYKHO BBIYHCIHTE KOID(MHIHEHT
acHMMETpHH Ha JII00O0M HHTEPKBAHTHUILHOM MPOMEKYTKE, OJHAKO
ClelyeT cKaszaTh, 4TO monolHas oueHka OyaeT 3aBHCETh OT BhIOOpa
MHTEPKBAaHTH/ILHOTO HPOMEXYTKA, TO €CTh, HANpPHMEp, OLEHKa Ha
90%-nom u Ha 50%-HoM npomexcyTKax OyAyT ZaBaTk BOoOILE TOBO-
ps pasHbie pe3yibTaThl. JIOCTOMHCTBOM AAHHOTO METOAA ABISETCH
TO, YTO C €ro NMOMOLIBI0 MOKHO PaccHUTaTh KOd(pOHLUHEHT acHM-
MeTpHH 111 J11000ro pacnpeaeneHus.

Ouenka KoOIPuyueHma acumMmempuyu ¢ HOMOWBIO HIPEMbE2O
HEHMPAAbHO20 MOMEHMA PACHPE)eIeHUA

Ecnu B kadecTBe mokasaTens LEHTpa pacrpeAeneHus BeIOpaHo
MaTeMaTHYeCKOe OXKHIAHHE, TO KOIQPHUIHEHT aCHMMETPHH paccyu-
TBIBAIOT, UCTIOJIL3YS TPETHH LIEHTPanbHEIH MOMEHT pacipenieNeHnsl.

B sToM cnyuae ko3puUHEHT acCHMMETPHH - 3TO OTHOLUEHHE
TPETBEro LEHTPATBHOTO MOMEHTa (HMEIOLIEro pa3sMepHOCTh KyOa
crmyuaifHol BETHYMHBI) K CPEJHEKBAAPAaTHYHOMY OTKIOHEHUIO (pas-
MEpPHOCTE KOTOPOro COBMANAEeT C Pa3sMEpHOCTEHIO clydaiHOi Bemu-
YHHEI), BO3BECHHOMY B TPETLIO CTEIEHE. i

KoadduumenT acimMeTpun BeMUCIsETCs 110 GOpMYyJIaM:
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- NSl AUCKPETHOTO PacrpeieneHus
q
Moo=
}/ Rl (ST S G
_ o’
- Iasi HEMPEPLIBHOTO pacrpeneneHus

+o0

[(x = 1)* p(x)elx
i 3
a

1.9. INoxazaTenn GopMBI pacnpeseneHud - JKCLECE.

UpesBplMaiiHo BaKHBIM MoKazaTeneM (OpPMBI pacipeneneHus
ABNseTCsA Oe3pa3MepHBIil TToKa3aTellb, Ha3bIBAEMBII HKCyeccom. DKe-
ecc obo3HavaeTcs Kak € WM Fx . DKcuece XapakTepHuzyeT:
~  BD-NEPBBIX, OCTPOTY MHKA pacnpeeeHH s,

- BO-BTOpPBIX, KPYTH3HY Claja XBOCTOB paciipeiesieHHs.

Ecnm 3a TouKy ‘'0TCHeTa NMPHHATHE HOPMAlbHOE paclpeaeieHne (Ko-
Topoe Oyzer noapobHO paccMOTPEHO HMKe), TO pacnpeleleHus
IUIOTHOCTH BEPOSTHOCTH MOYKHO YCIOBHO pas/eluTh Ha TPH Ipyll-
1Bl ,

- OCTpOBEpLIHHHEIE,

- CpelHeBeplLUHHHEIE,

- IJIOCKOBEpLIWHHBIE.

Ocmposepuiinnble pacnipefeNeHus XapakTepuayrores Gosiee Bbipa-
JKEHHBIM, €M Y HOPMAaJBHOTO pPACTIpefieNicHHs, MHKOM H TI0J0ro
cnajgaroluMH, "TSHOKeTbIMH" XBOCTaMU.

Cpeonesepuiunnble PacTipefieNeHHs He3HAYHTEIBHO OTIHYAIOTCS OT
HOPMAaJILHOTO. :

IInockosepuiunnble pacTipefieieHus HMEoT ciabo BhIPaKeHHBIH NHK
UJIH COBCEM He HMEIOT MHKA U, COOTBETCTBEHHO, Moibl. Kpome Toro,
OHH XapakKTepPH3YIOTCS PE3KO Caam0iME XBOCTAMH.

Onpenenum dKcLece Kak OTHOLICHHE YETBEPTOI0 LEHTPAILHOTO
MOMEHTa pachpefielieHuss K CpeaHeKBaJpaTHYHOMY OTKIOHEHH!O,
BO3BE/ICHHOMY B YETBEPTYIO CTelleHb. JKCLECC BbIMHCISNETCH M0
(hopmynam:

- JuIsl AMCKPETHOTO pacipe/ieieHus
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>, -0 p,

D=
0,4
= JUIST HEMPEPBIBHOTO pacripeaeiceHmns
a0
NS
[(x—s)* p(x)ax
g== pr

Jlna pasid4HbIX 3aKOHOB PAaclpefeieHds 3KCIecC MOXET HMETh
3HavyeHne oT 1 no +eo. HopmanbHoe pacrpeieieHue uMeeT 3KCIece,
paBHBIH TpeEM.

DKclece YI00HO MCMONbB30BaTh MUl XapPaKTEPUCTHKH OCTPOTHL
MHKA H KPYTH3HBI CNIA0B XBOCTOB PaclpeeeHHs:

- OCTPOBEpIIHHHbIE PACTIPEAENECHNS HMEIOT IKCLECC > 3,
- cpenHeBeplIMHHbBIE PACTIPECTEHHA UMEIOT JKCLece & 3,
- IUIOCKOBEPUIMHHBIE pacrpeeeH s HMEIOT JKcuece < 3,

Yacmo 6 Kauecmse SKCYecca UCHONb3VIOM OMHOWeHue Yem-
8EPMO20 YESHMPATLHO20 MOMEHMA K Yemeepmou Cmeneny cpeome-
KBAOPAMUYHO20 OMKIOHeHUs, 3a ebivemom wucia mpu. Oonaxo
30ece u Oanee Ml HYOeM paccuumuleanb IKCYecc no NPUBEOCHHBIM
gbiuLe hopmynam.

1.10. IlnoTnocTs pacnpeneienns GYHKUHH OT CIy4aiHOH BeJIH-
YHHBI.

[Myers X - 370 cnyvaliHas Be/HYHHA, HMEIOIas MIOTHOCTL pac-
npenenenns p, (x). Haiinem miornocts pacripenenenus p,(y)

ciydaifHOH BeMmH4YHHBL ¥, KOTOpas ABASETCA dyukupe# ot X,
Mycts dyHkuus y(x) MOHOTOHHO Bospactaer. Toraa aoboi

uHTepBan (X,,X,) B3aHMHO OJAHO3HA4YHO OTOOpaXAeTCsl HA MHTEp-

Ban (y,,¥,). CnenoBatensHo, BEPOATHOCTH TONAAAHMS CI1y4aiHBIX

BelMuHH X 1 ¥ B COOTBETCTBYIOLIHE HHTEPBA/bI PaBHEL B npumene-
HHM K MaJbiM MHTEpBAJaM 3TO O3HAYaeT PaBeHCTBO AH(depeHiHa-
JIOB BEPOSITHOCTH:

p.(x)dx = p, (y)dy
Cnepiosatensio p,(y) = p.lx(»] ﬂ
; &
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rae x(p) - aro gynkuus, obpatHas Gyukuun p(x).
Ecnu dyHkuus y(X) MOHOTOHHO YOBIBACT, TO MOJOKHUTENBHO-

My 3HA4YeHHIO dX COOTBETCTBYET OTpULATENBHOE 3HaveHue dy. Cue-
ZOBATE/bHO, B YPaBHEHHH paBeHCTBA AH(pepeHlLHaNloB HYXKHO 3a-
MEHHTE dy Ha -dy=|dy|. DTo NpHBOANT K HoJice OBLIEH 3aBHCHMOCTH:

p,() =PI
dy

Jlis unmrocTpanyy BhILIECKa3aHHOTO PACCMOTPUM HECKOTBKO TPH-
MEpOB.

) y(x)=ax+b,a#0
B 3aBuCHMOCTM OT 3Haka mapaMeTpa ¢ 3Ta (YHKIHS MOXKET

ObITE KaK MOHOTOHHO BO3PACTAOIIECH, TAK ¥ MOHOTOHHO YOBI-

Batowed. [lepemennsle x ¥ y onpeneneHbl HA BCeH HMCIOBOH
OCH.

S R SLC)

2) y(x)=x

Ota QyHKUMS aBAeTcs MOHOTOHHO Bospactatoueif. Ilepemen-
HBIC X U y Oﬂpe,[leHeHI:I Ha Bceit ‘iHCﬂOBOﬁ OCH.

dx 1
& "

l 173
py(y)=§2,-;p,(y )
3) y(x)=In(x)

Dta (QyHKIMS ABIAETCS MOHOTOHHO Bo3spactaroiiei. Iepemen-

Haf x onpezesieHa Ha uHTepsaie ot 0 no +oo. [Tepemennas y on-
penenena Ha Bcell YHCIOBOH OCH.

x(y)=y"

x(y)=e” —=e’

dy
p,(y)=e’p.(e”)
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=%
4) y(x)=e
Jra QyHKIHS ABISETCS MOHOTOHHO yOwiBaromeH. [lepemetHas
x onpezeneHa Ha Beeil uncyioBoi ocu. [lepemenHas y onpezene-

Ha Ha uHTepeane oT 0 1o +oo.

x(y)=-In(y)=In(1/y) _=_;

py(y)fpx(ln(l/y)) >0

p,(»)=0 y=<0
5) y(x)=x’

Jra (yHKIHS MOHOTOHHO yOBIBaeT Ha HHTepRasie oT -0 10 0 1
MOHOTOHHO BO3pacTaer Ha WHTepBaie ot 0 o +wo. [TepemenHas
X onpefieneHa Ha Beeil yucnoBoit ocu, [lepemennas y onpesene-
Ha Ha uHTepsane ot 0 no +oo.

12 oix ].
x<0: .x(y)=-y" — =
dy a2y
|
x=0 X =" £=—W
dy 2y

CrnenoBaTelbHO

1 12 1 12
p,(»)= o Eres R ympx(y SR el
p,(»)=0 y<0

1.11. MaTemaTHuecKoe okEnaHHe (QYHKIHH OT ciayuaiiHoil Be-
JHYHHBI. 7
MaTeMaTHYeCKOS OKK/anne cayHalinoil BenveuHel ¥, Koropas
spnsercs dyHkiued caydaiinoll BenuunHbl X, MOXKeT OBITH BBIYMC-
neHo Ge3 HaXOXJICHHS MJIOTHOCTH BEPOSTHOCTH HTOM (YHKIHH, TO
eCTh HENOCPEACTBEHHO N0 PACHPEICNEHHIO Clly4aHHON BETHYHHBL X.
Ecnn 060o3HauuTh MaTeMaTHuecKoe oKHAaHue cllyqaiHoH BeTH-

annbl ¥ KaK f2,, TO ClpaBe/UMBEI Clieflyiotue GopMymb:

o Ig JUCKPETHOTO paclpeaeIeH st
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= M[y(x)] = Zy(xn )pn

- IS HEMPEPBIBHOTIO pacipeneieHus
, =My = [y(x)p(x)dx

3ameTim, 4To B 00UieM ciiyuae 4, # V().

1.12. Jinneiinoe npeo6pasoBanue CAyYaiinON BeJHUHHBI,

B nanpnelimem nanbosee yacto Mel OyAEM HCHOMB30BATH JH-
HelHOe npeodpa3oBaHue ClydaliHON BENHHMHEL, TO eCTh 1ipeolpazo-
Banue Buja y(x)=ax+b. B stoM ciiyuae napaMeTphl pacmpegene-
HMs1 BeIHUHH X 1 ¥ CBS3aHBI COOTHOILEHHAMH:

H,=au +b
Dy=a‘-Dx
o,=|aloc

OnnuM U3 BaKHEKIIKX IPHMEPOB JIHHEHHOTO NpeoOpasoBaHHs
ABJSETCS NpeodpazoBalue CIydaiHON BeJIMUMHBLI K CTAHAAPTHOMY
BH/Y (HOpMHpPOBaHue):

= f( .Y) = _'Y_’u_-"
X s

To ectw cityualinas BeMUMHA X C MPOW3BOIBHBIM MaTeMaTHYe-
CKHM OXHIAHHEM M TNPOHM3BOJLHOM aucmepcHel npeobpasyercs B
CITYYalHYI0 BENIMUMHY [ C HYNEBBIM MaTeMaTHYeCKUM OMMAAHNEM W
€AMHHYHOW AUCTIepcHell U CpeaHeKBaApaTHYHBIM OTKIOHEHHeM. Be-
JHYMHA [ HA3BIBACTCH CTAHAAPTH30BAHHOH (HOPMUPOBAHHOM) cry-
YaHHOH BENTMYHHOI.

1.13. O6mne cBolicTBA CAyYaliHbIX BEIHYHH € TPOH3BOJLHBIM
32KOHOM pacmpe/e/eHHs.

He3aBucHMO OT 3aKOHa pacnpesiesieHus CayqaiiHoOH BeIHUHHbI
cyllecTByoT oOIIne CcBOWCTRA paCHpe,EleJIeHHH BepositHocTell, K
HHM MOYKHO OTHECTH:

-  HEepaBeHCTBA, OMpefelfiouye IPaHuuHbIe 3HAYEHHS BEPOSTHO-

CTH NONANaHUs CIy"HaliHOH BeJIMYMHBI B 3a/laHHBIN HHTEPBAI,
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- 3aK0HBI DOJBIIMX qucell, onpeiensoume CBOHCTBAa JJOCTATOYHO
DONBIIOTO KOJHYECTBA CHyLlaﬁHbIX BCJIMYHH.

Hepaeencmeo Yedvinieea

Hepapencteo YebrpiieBa onpefensieT rpaHHYHOE 3HAYCHHE Be-
POSATHOCTH MONAJAHUs CIIy4aiHO# BENTHYHHBI X C MPOHM3BOJBHBLIM
3aKOHOM pacrpe/enenus, HMeloleH MaTeMaTuieckoe oXKHAaHue i

H JIUCIEPCHIO 0'2 , B 3aJaHHbIi HHTEPBAJI BOKPYI' MATEMaATHYECKOTO
OXHOaHHA:

1 1
P{lx-—,ulzicr}SF P{Ix—,ulsla}zl—?

WHBEIMH CIIOBaMH, BEPOATHOCTL TOIO, YTO B HEKOTOPOM HCIIBITa-
HUM CyvaliHas BENWYHMHA X OKaXETCA 33 NpejiejaMu MHTepBana,
JUTHHA KOTOPOTro NpAMO [POIOpHHOHANBHA C.K.0., yOBIBaeT 0OpaTHO
TIPOTIOPIHOHANBHO KBaZpaTy Ko3(p@uuKeHTa npornopiuHoHanbHOCTH
A.

Hepagencreo Yebbiesa onpenendeT BaKHOCTh CPEAHEKBAPA-
THYHOTO OTKJIOHEHHs KaK XapaKTEpPHCTHKH paccesHUs Ccay4qaliHoii
BETHYHHBI OTHOCHTEILHO LIEHTPA pacTpeae/eH .

[NopcraBuB B HepaBeHCTBO YeOBIleBa HECKONbLKO KOHKPETHBIX
3HAYEHHH BENMYHHBI A, MONYYHM, UTO A7s MOOBIX 3aKOHOB pac-

2
npefeienusl ¢ MaTeMaTHYeCKUM OKUIAHHEM L/ H JUCIepcHed o
CTIpaBeJIHBO:

A=1: P{x—u|zo}=l P{lx—ul£c}=0
A=2: P{x-u|z220}<1/4 P{|x—pu|£20}23/4
A=3: Pllx=p|23c}<1/9 P{l{x—u|<3c}28/9

3axombl GoabUIKX HlLCEN

HeBozmoikHO npeasuiers, Kakoe 3Ha4YCHHE MPHUMET ciaydaiiHas
BENHYHHA B Pe3y/ibTaTe OT/ASNbHOro HenbiTanus. OnHaKo, [pu 1oc-
TATOYHO DOMBIIOM KOJMYECTBE HCIIBITAHUI OLEHKH MO BHIOOpKE Ma-
paMETPOB pacnpee/eHus Cy aiHbIX BETHYHH B JOCTATOYHOM CTe-
TeHH yTpa4yuBalOT Ciy4alinblil xapaxtep. To ke camMoe MOXKHO CKa-
3aTh H B OTHOLIEHHH CYMMBbI OOJIBIIOTO KOMHYECTBA ClIy4aliHbIX Be-
guunH. [lpu yBenuuenuu uvcna ciaraeMelx kosiebGaHus OTIOEIBHBIX
BEMYHH B3aMMHO CIVIKHUBAIOTCS W 3aKOH pacnpejieNeHus CyMMEI
NpUOIHKAETCH K HOPMAallbHOMY pacnpejleienuio. PasnuuHbie yT-
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BEPAKACHHKS, OTHOCALIHECA K STHM MPEAEIbHBIM CITY49asAM HOCAT Ha-
3BaHUA 3aKOHOB OONIBIINX YHCEN.

Teopema Bepuynnu

~ Ecnu B NocJIeN0BaTEeIbHOCTH H3 N He3aBHCHMBIX WCIBITAHHH
J b
BEPOATHOCTL P HEKOTOPOro Cily4adHOro COOBITHS OCTaeTCs MOCTO-

SHHOH, TO BEPOATHOCTH TOrO, YTO. OTKIOHEHHE IMIHPHYECKON Yac-
TOTHI 3TOTO cOOBITHA M /N o1 p He npessoiizer 3apaHee 3anau-

Hoe uuciio & > 0 cTpeMuTCA K eMHKIE:

fim P{!%-—p <oi=1

Now
Teopema HYebviuiesa

BeposTHOCTE TOTO, YTO OTKIOHEHHE CPEeIHero apu(MeTHIecKo-
ro N He3aBUCHMBIX CﬂyqaﬁHbIX BEJIM4YHH C KOHEYHBIMH OHCIIED-
CHAMH OT CpEIHEero ap"(bMCTPI‘[ECKOT‘O HX MaTeMaTHYCCKHX OXHIa-
HHI He mpeB3oijeT 3apaHee 3amanHoe uuciao O >0 crpemuTCs K
eNHHULE

Y ] N 1 N
lim P> - <o =1
N—o N k=1 N k=1

W3 Teopembr Yebbllena ciienyer, 4To ¢ yBeauueHHeM yncna N

cpeaHee apH(pMEeTHUECKOe CITyvalHBIX BETHYHH MOCTENEHHO yTpa-

YHBACT XapaKTep CyyalHOH BeNWuMHBI H BCe Oonee cTpeMHTCs K
KOHCTaHTE.

Henmpansnan npedenvran meopema (meopema Ianynosa)

Pacripenienenne cymmbl N He3aBHCHMBIX CIYYalHBIX BEJIHUHH
C KOHEYHBIMH JHCTIEPCHAMH M C MPOU3BOJIbHBIMH 3aKOHAMH pacrnpe-
JIEJIEHHA CTPEMUTCSA K HOPMalbHOMY pacrnpenenexuto npu N —» o,
€CJIM BKJIAJ OTASAbHBIX CIAraeMblX B CYMMY Mail.

Teopema JlanyHoBa OOBACHAET WIMPOKOE pACHpPOCTPAHEHHE
HOPMANILHOIO 3aKOHA PAClpEele/eHus TeM, YTO PacCesHHe Cirydai-
HbIX BEJMYMH BBI3bIBACTCA MHOXKECTBOM CilydaliHbiX (akTopos,
BIIHSHHE KXKJIOTO U3 KOTOPBIX HUYTOKHO MAJIO.
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2. AHAJMTHYECKHE 3AKOHBlI PACIIPEJIEJNEHHUS
CJIYUAMHBIX BEJIUYHH

2.1. Beenenme.

B o1oif riae MBI paccMOTpHM Haubgnee yrmoTpebuTe/bHbie 3a-
KOHBI pachpeleeHus cly4aiHbIX BeJIUYHH, a8 TAKKe OCHOBHBIE Ma-
paMeTphl STHX 3aKOHOB. ByayT naHbl METO/BI MoHcka hYHKLUK pac-
npeseneHus BEPOSTHOCTH ClydaliHON BeNWYHHBI B CIlyyae HEHHTEr-

pUpyeMol MIOTHOCTH BEPOSTHOCTH, & TAKKE AJITOPUTMBI MONYYEHUs -

[OC/IEIOBATENBHOCTEH CllydaifHblX BEIHYUH ¢ IPOU3BOIBHBIM 3aKO0-
HOM pachpesie/ieHns, uTo HeoOX0aMMO NpH MOJEIHPOBAHUH Clly-

"yaiiHeiX mpomeccoB. Ocoboe BHUMaHKE OyIeT YAeNeHO 0000IeHHO-

MY IKCIIOHEHLHANbHOMY paclpe/ieNieHHI0, KoTopoe Hambonee mpH-
FOAHO MPH M3YMEHHH [IEHO0DPA30BAHKA AKTHBOB.

2.2. BuHOMHaJ/ILHOE pacnpeaeseHue.

[TycTh HEKOTOPOE COOBITHE MOXKET HMETh TONBKO JBa MCXO0.a,
KoTopble HazoeeM "yenex" W "Heymaua', MpU HTOM BepPOATHOCTE yC-
mexa paBHa p , BEPOATHOCTH Heylauu pasha (1— p).

Ecnu mpoBomuTes cepus u3 N HE3aBHCHMBIX MCIIBITAHHH, TO
BEPOATHOCTH TOTO, YTO YCHEX B JAHHOH CEpPHH MOBTOPHUTCA X pa3, a
Heynaua (N — x) pas, Oyner paBHa IPOH3BEIEHUI) YHCIIa CIOCO00B,

KOTOPbIMH MOXKHO BbIOpath X W3 N, Ha BEPOSTHOCTL TOTO, YTO
CHayaja X pa3 NOBTOPHUTCS ycrex, a 3ateM (N — x) pas noBTopHTCS

HEyaa4a. CrnenoartesbHO, BEPOATHOCTE X YCIEXOB B N HezaBHCH-

MBIX HCIBITAHHAX paBHa!

—p (=-p)" x=0,,...N

xI(V —x)!

Jannas GpopMyna onuchbiBaeT OHHOMHUAIIBHBINA 3aKOH pacrpeieeH s
caydalinoit BenmuuuHbl. M3 GopMyIibl HENOCPENCTBEHHO CIIEAYeT, YTO
OUHOMHANBHEBIH 3aKOH MOJHOCTRID XapaxTEepH3yeTcs IBYMs Tapa-
MeTpaMi: KOMHYECTBOM HCIBITaHHH N M BEPOATHOCTHIO yenexa p .

p(x)=

Ha pucyHKe nprBefeHa MIOTHOCTE OMHOMMANBHOTO PACTIpeae/eHus]
npu N =10 u paznuyHbIX 3Ha4YEHHAX BEPOATHOCTH ycmexa p .

Pacnpenenenue sBNSeTCS AHCKPETHBIM, NO3TOMY TOYKH COEIHHEHBI
Ha rpaduKe JTUILL 115 HATTAIHOCTH.
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Mamemamuyeckoe oxcudanue u Oucnepcus GHHOMHATBHOTO pac-
NPeeeHUs COCTABNSIOT:

#=Np

D= Np(1- p)

Tpemuii yenmpanonviii MOMeHmM JAHHOTO pacrpe/ielieHus paBseH

m; = Np(1- p)(1-2p)

CrenoBarensro, koagguyuenm acummempuu coctasnser
=2

VAP(1-p)

3HaK KOS((HIMEHT acHMMETPHH 3aBHCHT OT BEPOATHOCTH yerexa
p:

y<0,ecnup > 0.5

y=0,ecnup =05

Y>0,ecinp <05

Ecau BeposTHoCTe yerexa p  dukcuposasa, To kos(uuEEHT
acummeTpu ¥ — 0 npu konuyectse ucnbitaHut N — o0 ans
moboi p .

Hemeaepmutii yenmpanvruviti MOMerm JAHHOTO pacrpesie/ieHus paBeH

my = Np(I=p)[1+3(N -2)p(1- p)]. Cuenosatenso, sxcyece
COCTaBNseT

o2 13 -2)p(i~p)
Np(1-p)
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[Ipu KomuyectBe HCembITanuii N —> 0 2JKcuece OMHOMHANLHOTG
pacrpesieNieHHs CTPEMUTCA K YMCIY TPH, TO €CTh K JKCLECCy HOP-
' MaJIbHOT'O paclpeieneHusl.

2.3. Pacnpenenenne Ilyaccona.

Pacnpenenenne [lyaccoHa Ha3plBalOT elle pacmpefencHHEM
peakux coObiTHH. EMy nogunusiorTcs ciyvaiiHple BEJIHIHHBI, Bepo-
ATHOCTH MOSABIEHHUA KOTOprX B OTJENBEHOM HCNOBITAHWU MaJla H 110-
CTOSHHA.

Pacnpenenende Ilyaccona aBiseTCs NpeNeNbHBIM CILyHaeM Ou-
HOMHAIBHOrO pacnpeneneHus. Ero MOXHO NpUMeHHTb, KOTra KO-
4ecTBO McNblTaHuid N JOCTATOMHO BEJIMKO, a BEPOATHOCTL ycrexa
P Maja, HO TaK 4YTO MPOH3BEAEHHE K = Np - 3T0 HeKoTOpOE KO-

HEHHOE MOCTOSHHOE YHCIIO.

Ecnu Mbl 0003HaUMM MaTeMATHYECKOe OKHaHHE KOJM4YecTBa
yCIEX0B 3a HEKOTOPhIH NPOMEXKYTOK BpPEMEHM (MM 332 HEKOTOpOe
KOJIMYECTBO MCIBITAHHMI) Kak £, TO BEPOATHOCTH MONYYHTH X YC-

MIeXOB 3a 3TOT NPOMEKYTOK BpeMeHH MOAYHHAETCH PacipeneneHnio
[Nyaccona: _
a
=L x=012,..
x!
Jlannoe pacnpefeneHue 3aBHCHT OT ¢IMHCTBEHHOTO mapaMerpa
J4 » KOTOpBIl MOXET PHHUMATL KOHEYHBIE MONOKHTE/IbHBIC 3HaUE-

X

aus. HaroMHuM, 4TO BEMYHHA X - 9TO KOJMYECTBO YCTEXOB, a M0-
TOMY JHCKpETHA. -

U3 dopmyisl ans pacnpeaenenus [lyaccoHa HEMOCPEACTBEHHO
cneayer, uro p(x+1)/p(x)=pu/lx+1). Ecmu pu<l, 10
p(x+1) < p(x) npu moGom x H MakcCUMaibHOe 3HaueHue p(X)
noctaraercs ipu X = 0. Ecim ke 4> 1, o p(x) cnayana pacrer ¢
yBETMUEHHEM X , AOCTHTas MAKCHMYMa [IPH X ~ /¢, & 3aTeM yObiBa-

€eT.
Mamemamuyeckoe oxcudanue W Oucnepcus pacnpeaenesus Ilyac-
COHa paBHBI U .

Tpemuil yenmpatonvlii MoMenm m, Taike paseH A . Cnenosaresib-

HO. Koo(puyuenm acummempuu cocrapnser ¥ =1/ p , 10 ecth
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pacmipenenense IlyaccoHa HMEET NOJOKHTENBHYIO ACHMMETPHIO.
ACHMMETDHUS CTPEMHUTCS K HYJIIO [IPU 4L — o0 .

Hemaepmulil yenmpaibuolii MOMEHm m, = 3,&3 + 4 . Cienoparenn-
HO, oxcyecce coctapnser &=3+1/p. [pu g —> o0 skeuece pac-

npezenenus IlyaccoHa cTpeMHTES K YHCIY TPU, TO €CTh K DKCLECCY
HOPMaJIbHOIO pacnpeieneHHsl.

Ha PUCyHKE TIPUBENCHA NMNOTHOCTL. pacnpeaeiienis ﬂyaccoﬁa TIpu
PA3JIHYHBIX 3HAYCHUSIX MATEeMATHYECKOIO OXHIaHW4. ,Pacnpeﬂeﬂ&
HHE ABNAETCS OUCKPETHBIM, IOITOMY TOUKH COEIHHEHBI HA 1‘pa(bmce
JIMLB OJ1s1 HATJIS AHOCTH.

0.50
045
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

—C——maT. oxuaadve = 0.8
—8— Mar. oxuaaHue = 2

- - -4 - - MaT, OXKuaaHue =5

2.4. PapuomepHOe pacupeae/ieHue.

Eciu Bce 3Ha4eHHs HeNPepBIBHOMN ciydalHON BETHYNHE B He-

KOTOPOM HHTEpBajie 0T d 10 b , PABHOBEPOATHBI, TO aHATUTHYSCKH
3TO MOYKHO 3anudcaTtb B BUIE:

p(x)=0 X <a,x>h

p(x)=1/(b-a) asx<bh

Pacnipesienenue ¢ Takol MIOTHOCTBIO BEPOATHOCTH HA3BLIBAETCS PAB-
HOMEPHBIM (PaBHOBEPOSATHBIM, MOPIMOYroibHbIM). JlaHHOE pacmpe-

AENEHHE 9acTO HCHOAB3YIHOT A Ka4YeCTBEHHOIO aHaliM3a CTATHCTH-
YECKHX poLecCoB.

Mamemamuuecxoe oxcudanue u Ouchepcus PABHOMEPHOTO PACIIPe-
JICJICHUS COCTABIIAOT:
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p=(a+b)/2
D=(h-a)*/12

Meduana pacnpeieneHusi coBlnagaeT ¢ MaTeMaTHYecKHM O¥KHAaHH-
eM, MOObL He CYLIEeCTBYET.

Koagpuyuenm acummempuu v sxkcyecc pasusl: ¥ =0, =1.8.

Jlns paBHOMEPHOI0 pacnpeae/eHHsi MOXKHO B SBHOM BHAE HaWTH
GyHKunio pacnpeeneHus BeposTHOCTEH:

F(x)=0 x<a
F(x)=(x—a)/(b—a) a<x<bh
Fix)=1 x>b

BeTpoeHHbli B KOMIBIOTEP FEHePaTop MCeBIOCTyHaliHbIX YHCe Bbl-
JIAET YKCiia, paBHOMEPHO pacrpeieneHHblie B HHTepBane ot U no 1. C
HX TOMOLIBI MOJKHO MOJETUPOBATE ClyYaiiHbIe MPOLECCHl ¢ NPOU3-
BO/ILHOM (yHKUmed pacnpeneneHud. [logpobHee o ToM, Kak 310 Ie-
naercs, OyneT pacckaszaHo jaliee B 3TOi rnaee.

2.5. HopmanbsHoe pacnpeejieHue.

OauuM U3 BRKHEHIINX pacnpefeseHHH, BCTpevyalluxcs B CTa-
THCTHKE, sBifeTcs HOpMalkHOE pachpesieneHde (pacrpeneneHue
[aycea), oTHOCsIUEECs K KiIaccy SKCTOHEHHATbHBIX. Hnomocm
BBPOH[HOCTH 3TOTO pacrpefeieHus:

plx) = \/EO‘ expl — (xz_c:zf)

Pacnpenenenye HMeeT BH CHMMETPHYHOH KOJIOKON000pasHO# Kpu-
BOH, pacnpocTpaHstoiielics no Bceld ynucnopoi ocu. Pacnpenenenne
["aycca 3aBHCHT OT JIBYX MapaMeTpoB: (4, o).

—00< X < +00

Mamemamuneckoe oxcudanue, meouana u modd JAHHOTO pac-
NpeeNieHns PaBHbl 4L, a Oucnepcus. ¢ . Kpupas nioTHOCTH Bepo-
ATHOCTH CHMMETPHYHA OTHOCHTEILHO MATEMATHYECKOTO OMKUIaAHHUS.
Koaghpuyuenm acummempuu v sxcyecc pasisl ¥ =0,£=3.

YacTo nA0THOCTE HOPMAIBHOTO PacTipeIeneHus 3annuChIBAKT HE
Kak (QyHkmAro mepeMeHHOH X, a Kak (YHKUHI TiepeMeHHOH
z=(x— )/ 0, KOTOpas HMEEeT HYJIEBOE MATEMATHUECKOE OXKHAA-
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HUE U JUCIEPCHIO, paBHYIO 1. TINOTHOCTE BEPOATHOCTH MPH ITOM
paBHa:

O
e T
Takoe pacnpeneneHHe Ha3BIBAKOT CTaHJ_IapTHE,m HOPMAaJIbHBIM pac-
NPEAEIeHHEM.

I110THOCTE BEpOATHOCTH pacrpejenenus ['aycca Helb3s TPoHH-
TErpHpOBAaTh A TMOJYYeHHs MHTerpaibHOH (yHKUMH pacnpenene-
HHS BEPOSTHOCTEH Fi(X) B IBHOM BUAE. F(X) MOXHO HalTH C HCITONb-
30BaHHEM:

- YHCIEHHBIX METOJ0B HHTEI PUPOBAHKSA DYHKIHH p(x),
- TyTeMm paznoxeHus QYHKUHH p(X) B Pl C MOCTEIYIONHM aHa-

JMTHYECKHM HHTETPUPOBAHUEM 3TOTO psiza.

[llupokoe npumeHeHHe pacnpeneneHus 'aycca B craTUCTHKE
OCHOBAHO Ha AOKA3aHHOM B TEOPHH BEPOSITHOCTEH YTBEPIKAECHMH,
4TO clydaiiHas BeiMuMHA, ABNAROLIAICS CyMMO# Gomblioro wucia
HE3aBUCHMBIX Clly4aHHbIX BETHYHH C KOHEUHBIMH JUCIIEPCHAMU U C
MPAKTHYECKH NPOU3BOJBHBIMH 3aKOHAMH PACTIpeelieHUs, pacipe-
AeleHa HOPMaJbHO.

‘To ecrs ycioBueM HCIONB30BaHHA HOPMATBLHOTO pacrnpesiesie-
HHS JUISl OIHCaHHA CIy4aHOH BENUYHHBI SBIAIOTCH CUTYALHH, KO-
ra W3y4aeMyro CllydaifiHyio BEIHYHHY MOMKHO TPEICTABHTE B BHJIE
CYMMEI JIOCTATOYHO OO0JbLIOr0 KONMHHYECTBA HE3aBUCHMBIX cjlarae-
MBIX, KQXK/I0€ W3 KOTOPLIX MA0 BIAHAET HA CYMMY.

Pacnpenienenue ["aycca MOXKHO UCTIONB30BaTH B KAYECTBE MEp-
BOrO MPHONMMKEHUs /IS ONUCAHMS, HALDUMEP, 102apudmos ommo-
CUMENbHO20 uzMenenus yen axkmugog. OIHAKO, TONBKO B:KAYECTRE
IIEPBOro MPHUONWKEHNS, MOTOMY 4YTO Ha TPAKTHKE PACTpejesieHus
BTHX BENHYHH OTJIMYAOTCA OT HOPMANBHOTO, TO CTh MMEIOT Kak
MpaBuiIo GoJlee SPKO BHIPAKEHHbIH THK U Gonee "TsoKenbie” XBOCTbI.
Cienosare/ibHO 9TH PACnpeNeneHHst SBIAIOTCS OCTPOBEPLIMHHbLIMY
H MMEIOT BKCIECC, NPEBbIUAalOLHi TpH (MHOT[A OYeHb CYILECTBEH-
HO).

Botuucnenne nopmansHozo pacnpedenenus ¢ nomouisio Microsoft
Excel

IlpuBeaeM HECKONBKO TPHMEPOB BBIMHCICHHS XAPAKTEPHCTHK
HOPManbHOro pacnpefeneHus. Bee nenonsizyemeie QyHKUUE MOMKHO
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Halith B paszaene "Craructuyeckue QyHKUMH" 3M€KTPOHHBIX TAOMMLL
Microsoft Excel.

Mycth cnyvaiinas BenuuuHa X MOJUHHSETCS HOPMANbHOMY pac-

TIpesielIeHHIO © ¢ napaverpamu (u, o).

1) TlnoTHocTs pacnpesienenus B Touke X = x:

HOPMPACII(x, pu, 0, 1015)

2) BeposrHoeTs TOrO, 4To X < X!
HOPMPACII (x, pt, 0, ucmura)

3) BeposTHOCTE TOTO, yTo X > X!
| = HOPMPACI (x, i, 0, ucmuna)

4) Ecnu wu3BecTHa BEPOATHOCTb TOro, 4ro X <X, TO ecTb
P = P{X < x}, TO COOTBETCTBYIOLIEE 3HAYCHHE X MOMKHO Bbl-
YUCIHTh KaK: : :

x = HOPMOBKEP(P, u,0)

5) Mns mprsejeHus HOPMAIbHO PAaclpeleneHHol crnydaiHol pe-
TUYHHBI K CTAHAAPTHOMY BHOY, TO €CTh /Ui BBIUHCIICHHSA
z=(x— pu)/ o ucnonszyercs GyHKUHA:

z = HOPMAJIH3AIIHA (x, i, 07)

[TycTe cryuaiinasi BeauuuHa Z NOAMHHACTCS CTAHAADTHOMY HOD-

mMarsHOMY pacnpeaenenuio (1. =0, 0 =1).

1) BepostuocTb TOro, HTO Z < Z:

HOPMCTPACII(z)

2) BeposataocTs TOrO, 4T0 £ > Z
1 - HOPMCTPACII(z)

3) Ecim u3BecTHa BEPOATHOCTh Toro, uto Z <z, TO ecTh
P = P{Z < z}, TO COOTBETCTBYIOLIEE 3HAYECHHE Z MOXKHO BBI-
YUCIUTE Kak:

z = HOPMCTOBP(P)

4). BeposaTHOCTb TOr0, T0 — 2 X Z < 2 ;
HOPMCTPACII(z) - HOPMCTPACI (-z)

5) Ecnu u3pecTHa BepoOATHOCTE TOro, uto —z </ £z, TO €CTh
P = P{—z £ Z £z}, To COOTBETCTBYIOLIEE 3HAYCHHE Z MOXK-

HO BBIYMCIHTH KaK:
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z = HOPMCTOBP((1+ P)/2) wnn
z =—-HOPMCTOBP((1 - P)/2)

2.6. JlorHopMaibHOE pacnpeneenne.

[Tyers x - HOPMANEHO pacripefiefieHHas ciyvaiiHas BelH4HHa C
NI0THOCTBIO pacnpeﬂeneﬂm‘

p.(x)= J_ exp| — (xzam — 0 < X <40

Torpa cryuaiiHas BeMHYHHA ), CBA3AHHAS C BETMYUHOM X COOTHOIIE-
HieM y(x) =e" Oyzer pacnpeneneHa JOTHOPMaIbHO. 3aMETHM, 4TO

¥ MOXKeT NPUHUMATEL 3HaueHHs Toibko oT 0 g0 +eo. Halinem ocHoOB-
HbIE [1apaMeTPhbl JOTHOPMAILHOTO PacipeieneHHs.
O603Ha4uMM HEeu3BeCTHYIO [0Ka IUIOTHOCTE JIOTHOPMANIBHOIO

pacnipenienienus depes p, (), KOTOPYIO ONMpeiemiM HeXO/ U3 pa-
BeHCTBa AU hepeHIuaNoB:

p,(Wdy = p(x)dx= p,(¥) = p.[x(¥)]-dx/ dy

Tak kax x(y)=In(y), n dx/dy=1/y, nns NAOTHOCTH BEPOATHO-
CTH JIOTHOPMAJIBHOTO pacrpeieneHus noiyyaercs ciaeayomas ¢op-
MyJa:

1 In(y)— )’
b e

[TapameTpbl JIOTHOPMANLHOTO PAaclpeleienys BhIPAKAIOTCS uepe3
napameTphl COOTBETCTBYIOLIEro pacnpeaenenus ['aycca cienyommm
obpazom:

u, =exp(u+o’/2)

D, =expQu+c’)-(expc’)-1)

Me = exp() '

Mo = exp(u—c?) ‘
PacnpeneneHnue uMeeT KpyTOH J€BbIA M nosornii npaBbii coan, 10
€CTh UMEET MONOKUTENBbHYI ACUMMETPHIO. '

Kak u B cnyyae pacnpenenenus [‘aycca, MIOTHOCTh BEPOATHO-
CTH IIOTHOPMANBHOTO pacrpeneneHus Henb3s MPOUHTErPHPOBATh
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AJst NOy4eHns (QYHKIMH pachpeeneHus BEpOSTHOCTEH B SIBHOM
BUJIE.

OpHako, 3HaYeHWs MHTErpambHON (YHKUMH JOPHOPMATBHOTO
PAaCpeeNeHusl MOXKHO HAHTH, HCHOJIL3Ys 3HAYEHHS! WHTErpanbHOkH
dbyHkumn pacupenenenus aycca, Tak Kak OHH CBS3aHbl COOTHOIIE-

auem £ (y)=F [In(y)], uiu B ssHOM Buje:

In(y)

| J’pmdz = j Pty

JTorHopmaanoe pacrnpejie/ieHue MOXKHO HMCITO/IB30BaTh B Kaye-
CTBE IEPBOr0 MPHOIHKEHUs A1 OTNHCAHUS OMHOCUMENLHO20 U3ME-
HeHUs. YeH aKmugos, OJHAKo, C TEMH OTPaHMYEHHSAMH, O KOTOPBLIX
ObL10 ckazaHo npu 00cyKAeHHH pacnipeneenns [aycea.

2.7. Pacnpenenenne Jlamiaca.

EI.HG OJJHHUM THIIOM 3KCITOHEHIHAJILHOIO pacnpeacneHus, ‘Hapx—
AY C HOPMAJNBHBIM, SABISETCSH pacrpeieaeHie ﬂam‘laca, [MJIOTHOCTH
KOTOPOTo BBIpEL)KaETCH thopMynoii:
=4
plx) = exp| — —0 < X < 400
J_ 20 o/

Kak u pacnpenenenue INaycca, pacnpenenenve Jlannaca:
- 33BHCHT OT ABYX Mapamerpos (i, o),

- MAMEMAMUHECKOe ONCUOaHUe, MeOuana U Modd JAHHOTO pac-
2
IPENEIIEHHS PABHEL L, & OUCHepcus o

= KpHBaji TMIOTHOCTH BEPOATHOCTH CHMMETPHYHA OTHOCHTEIBHO
MaTeMaTHYCCKOr0 OKMAaHUS, Koadhduyuenm acummempui pa-
BEH HYJIHO.
Onnaxo oxcyecc pacnpenenenus € =6, TO eCTh BJBOE MPEBBILIACT
SKCLECC HOPMANBHOTO pacnpeaeneHus. CneioBaTteNbHO, pacpee-
Jedde Jlannaca oCTpOBEPIIMHHOE, TO €CTh MMEeT BRICOKHIL MHK |
"TspKensle” XBOCTEL.
Kpome T0ro, nioTHOCTE JAHHOTO pacrpesencHis HHTErpupye-
Ma, B QYHKIHS pacnpeaeeHHs MOxkeT ObiTh MOMyYeHa B BHOM BH-
e
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ey

m X< u

Fx)=1-05exp —M x> U
a/2

Pacnpenenenue Jlamnaca MOMXKHO HCIIONB30BATH A1 ONMCAHHA
J02APUDMOE OMHOCUMETEHOS0 USMEHCHUA YeH ARMUGO8, 3a4aCTYI0 ¢
DOMBUIMM YCTIEXOM, HeM HOpMalbHOe pacrpeneneHue. OmHako, ¢
ere GombIiell TOUHOCTRIO, PeATBHBIE pachpe/ielieHHs BeposTHOCTE!
OTTHCRIBACT 06OOWENHOE IKCROHEHYUIBHOE PACAPEeORIenUe, KOTO-
poe Oyer TakiKe paccMOTPEHO B JTOMH IJIaBe.

F(x)=0.5-exp| —

2.8. Pacupenencune Konium,

Pacnpenenenne Ko gengercd OZHUM M3 NPOCTEHIIHX 3aKO-
HOB pacnpenenenus, Ero nnotHocTs BolpakaeTcs GpopMynoi:

(x)= 1
o) BT

[TnoTHocTe pacnpencnenus Koilim nmeeT BHI CHMMETPHYHOH
OTHOCHTENEHO TOUKH X = d KPUBOMH, BH3YAIIEHO OUeHE TOX0Kei Ha
IUIOTHOCTE HOPMAJIBHOTO paclpene/ieHus.

Kpome toro p(x) unTerpHpyeMa, nostomMy OyHKUKIO pacnpens-
aenus Kol MoXHO 3anucaTth B SBHOM BHe U He npuberaTs npu ee
BBLIYMCIIEHUH K TOMOLIH YHCISHHBIX METOL0B:

F(x)= %+i—arctg[(x —a)/b]

Kazanock 651, pacnpenenenne Kolim BRITISIMT OYEHL TIPHBIS-
KaTeNILHO /NIl ONMHCAHHA U MOJSIHPOBAHMS CHyJaHHEIX BEJIUYWH.
Onnaxo B AeHCTBHTENBLHOCTH 3TO He Tax. CBolicTBa pacnpeesieHHs
Koty pesko oTnuyuHel OT cBolicTB pacupenenenus 'aycea, Jlannaca
A IPYTHX OKCTIOHEHMAJILHBIX PacTPeAeieHH .

Heno B tom, uto pacnpenenenne Kowm 6aM3k0 K OpenenbHo
noJjoromy., HanomMHum, 4To pacnpeneneHue Ha3blBACTCS NPESILHO
IOJIOTHM, €CAH TpH X —> +00 ero MIOTHOCTE BEPOSTHOCTH

1+8
p(x)=1/|x|™, rae 8 - ckonb YroHO Ma0e NOIOKHTEILHOE HHC-

143
no. [pu Gonee nonorux, yem 1/| x| cnamax; miowage mox Kpu-
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BOl OecKkOHe4Ha, TO eCTh He BBIIOJHAETCS YC/IOBHE HOPMHPOBAHNS,

U TaKHe KPUBLIC HE MOIYT OIMCHIBATH MJIOTHOCTh pacrpefeNeHus

BEPOSITHOCTEI.

Jns pacnpepenenus Kowm He cyliecTByeT Aake MEPBOro Ha-
YaJbHOINO MOMEHTa pacmpefelieHHs, TO €CTh MIMmeMAnUYeckoeo
OXHCUOAHUS, TAK KaK OMPEeNsIolnii ero nuTerpal pacxoaures. [pu
3TOM paclpefeleHue UMEET U Meduaiy U Mooy, KOTOPBIE PABHEI Ma-
pameTpy 4.

Pasymeercs, Oucnepcusi 3TOro pacnpeneneHus (BTOpOH -eH-
TpabHEI MOMEHT) Taloke paBHa OeckoHeunoctH. Ha mpaktuke 310
03HayaeT, YTO OLEHKA AMCIEPCHH MO BBIOOpPKE M3 pacmpeseeHus
Komu Oyner HeorpaHM4YeHHO BOZpaciaTh ¢ yBelwnueHHeM o0bema
JIAHHBIX. :

M3 BrblllecKazaHHOTO CHEAyeT, |TO ampOKCHMALKs pachpene-
jenreM Kowy ciydaiiHblX MpOLECCOB, KOTOPHIE XapakTepH3yIOTCs
KOHEYHBIM MaTEMaTHYECKHM OKHIAaHHEM H KOHEUHOH AMcIepcHei,
HelpaBOMEpHA.

2.9. Pacnpepenenue llapero.

Pacnipenenenue [lapero - 310 yceueHHOe ¢ieBa pacnpejleneHue,
TUIOTHOCTE BEPOATHOCTH M (PYHKIMA PACTIpeneseHus KOTOpOro BhIpa-
HKAKOTCH B BUJE:

x<aB: p(x)zF(‘x):O
x>B>0,a>0: p(x)zg(B/xj'+'* F(x)=1—(B/x)"

[lnoTHOCTE p(X) pacnpeseienus paBHa Hymo npu X < B, umeer mak-
CHMAJIEHOE 3HAYeHHe npu X = B 1 MOHOTOHHO y6biBaeT npu x > B,

Pacnpenenenue Ilapero MoHO MOAM(UINPOBATE TAKHM 06PA3OM,
4TOOBI €r0 MOYHO OBIIO MCMONB30BATH I OMHCAHUS CHMMETPHUYHEIX
pacrnpencieHuii BEposSTHOCTEH,

BBesi HOBYIO epeMeHHYI0 [ = X — B, nonyunm
(1) =%-[B/(B+z’)]'*” ﬁ%-[l/(l+t/3)]”“
0<t<+w, B>0, >0

B34B BeMUMHY / O MOIYJTIO, 3Ty GOPMYIY MOXKHO PACTIPOCTPAHHTE HA
BCIO UHCIIOBYIO OCh, BBES NPH 3TOM HOPMHPOBOWUHBIH KoddiuimeHt
172
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24 - l+c
P(t)—?é--[l/(lﬂf[/B)]

—0<t<+0, B>0, a>0

OnuceiBaemoe nocnenseii hopmynoil pacrpesesienne uMeeT LEHTD B
touke [ = (. Jlna pacnpeneneuus ¢ LEHTPOM B NPOM3BOIBHOH TOUKE
t = A nonyuum

a : I+
p() —ZE--[U(HII—AI/B)]

—w<i<+mw, B>0, o >0

Mtax, MBI HONy 4/l CHMMETPHYHOE paclpeNeeHue, SABHCAILISe OT
TPeX MapamerpoB, ¢ MOMOIIBIO KOTOPOTO MOXHO ONMCHIBATH BHIGOPKH
CIyHalHbIX BEJHYHH, B TOM uMcie ¢ monoruMu cragamu. OnHAKo, 310
pacnpe/enente obaaeT HeIOCTATKAMM, KOTOPhIe GBUTH PACCMOTpPEHbI
npH obcyxnennn pacupenenetus Koy, a HMEHHO, MAaTEMaTHYECKOE
OXKHIAHHE CYINECTBYET TONBKO npyu ¢ > |, mucriepens KOHEUHA TOJILKO
npu @ > 2, 1 BooGue, KOHEUHBIH MOMEHT PacmpenieieHns K-20 MOpsi/-
Ka CyIECTBYET Npu & > k .

2.10. OGobmenHOE YKCNOHEHNHATLHOE PACH PeAeIeHH e,

Beitie 8 9710# r1aBe GbUIM PACCMOTPEHBI 1BA BHAA IKCIIOHEHI{MATb-
HbIX pacnpenenenuii: [aycca u Jlanmaca. V Hux MHOro obuiero: oHn

CHMMETPHYHBI, 32BUCAT OT IBYX Napamerpos (44, 0), UMEIOT KOHeu-

HbIE MOMeHTEI JIroboro nopsaka. OTIHYHE %Ke COCTOUT B TOM, UTO H3-33
TOTO, YTO MNEepeMeHHAd X BO3BOAUTCA B PAsHyIO CTETeHb MO 3HAKOM
3KCMOHEHTEI (B KBafIpar y pactipejenenus [aycca U B NEPRYIO CTENEHb
Y pacnpezeneHus Jlamnaca), skcuece y HUX pazywiii. HamoMH#M, uTO
3KCHECC XapakTepu3yeT OCTPOTY MHKA paclupefeNeHus H KPYTH3HY
Claja XBOCTOB pacnpejenenus, BosHuKkaeT Bompoc: MOXKHO JIM 3anu-
cars (OPMYITY IUTA [IOTHOCTH BEPOSTHOCTH 3KCHOHEHIMATLHOTO pac-
Tpe/iesieHusa B oblieM BUIE, TO €CTh ¢ TPOU3BONLHON MOTMKUTEIBHOMN
CTENEeHBIO MEPEMEHHOH X MO 3HAKOM 3KcnoHeHTh? OKa3bIBaeTes, Ta-
Kad popmyJia CYLIECTBYET:
(4
X—H
Ao

p(x)= —m < x<+0

20 (/) Ao
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A=Jr(/a)/TGla)

rae [(t) - ato ramma-dyHkima. O TOM, KaK BBIMHCIAETCA raMma-

¢yukuus, pacckaszaro B [IPUJIOXKEHWH 2.1 k sToi rinase.
PacripefiefieHHe ¢ NPHBEIEHHOH BBIUIE MJIOTHOCTBIO BEPOATHOCTH

MBI OyIEeM Ha3biBATE 0O0OUEHHBIM IKCROHERYUATEHLIM pacnpeoenen-

em, KOTOPOe XapaKTepu3yeTcs TPeMA [apamMeTpaMi:

- MareMaTHyecKuM OxMIaHWeM (MeanaHoH, MOIOH) U,

- Cpe[HEKBAAPATHYHLIM OTKIOHEHHEM O (aucrepcuei o),

- [IOKasaTesieM CTEeNeHH pacnpeiefeHus o .

[lokaszaTenb CTENeHH (¢ XapakTepusyeT (opMy paclpeleieHus:

- upu @ < pacmpenenenue UMeeT OHekib OCTPHIL NHK U OYECHB MO-
JIOTUE CHajbl,

- npu @ =1 pacrnpeseneHue TOXKAECTBEHHO PacHpeieNicHHIo
Jannaca,

- nopn =72 pacnipeleNeHHe TOXIECTBCHHO PACHpPEENICHHIO
["aycca,

- npu @ >2 pacnpeiesieHHe CTAHOBUTCS MOXOXKUM Ha paBHOOe.-
PEHHYIO TPaNemunio, TO eCTh MMEET MJIOCKYI0 BEPUIMHY M PE3KO CTia-
JIAFOLLIE XBOCThI,

- OpH (@ —» o0 paclpejeieHne TOXISCTBEHHO PABHOMEPHOMY pac-
npeaeieHHIo. R

DKelece pacrpeIeneHns OAHO3HAUHO ONpeeNseTcs HoKasaTe/leM CTe-

nemn a : e= (1) (5/a) /[T 3]

CoOTBETCTEEHHO, W3 BBIYHCIEHHOTO 10 BhIOOPKE CyHaiHBIX BEIWIHH

3gadeHHUs OUEHKH AKcliecca, MOXKHO OMpPEeeNnTh OLEHKY MoKasarens

o . !

O6bIMHO B cnpaBoyHUKax pacnpenenenus Faycca, Jlanyiaca u pas-
HOMEpHOE paccMaTpHBAKTCA Kak pasHble PACTIpeIesIeH s, XOTs B U3/la-
raeMoii 31ech KOHLENIHH - 9TO OJHO H TOXe pacnpeneneHue., Enuner-
BEHHBIM NapamMeTPOM, XapakTepusylomuM GopMmy (a 3HAYHT H CBOHCT-
BA) 3THX pacrpelesieHnil ABIfAeTCA noKasareneb o . '

B manbHelimem, eciy NPUHATA THOOTE3d O TOM, YTO MJIOTHOCTh Be-
POATHOCTY CITy4aHHOH BEJHUNHBI HMEET JKCIIOHeHIHAIbHBIH XapaKTep,
IS OnMcaHus 3TOi BeW4HHEl 6yIeM UCTIONb30BaThL UMeHHO 0600LIeH-
HOE 3KCTIOHEHIHANLHOE pacnpeneneHue.

Ha pucyHKke mpuBeeHa MIOTHOCTH CTAHAAPTHOrO OOOOLIEHHOTO

IKCITOHSHIUATLHOTO PACIIPEINICHHA NPH PA3THHBIX 3HAYEHUAX a .

42

lnasa 2. AHanumuyeckue 3aKoHs! pacnpedeneHus cyyvyaliHeix seuMUH

0.80
alpha = 1 (flannac)

0.60 == alpha = 2 (laycc)
-------- alpha = 100

4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0

B obuileM cimyuae mIoTHOCTL BEPOATHOCTH O0GOGLICHHOrO JKCIIO-
HEHIUAILHOTO pacnpeeseHns Heflb3s TIPOMHTErPHPOBATH Ul TONyYe-
HUs QYHKIMW pacTIpeNeNenns BeposTHOCTeN F(x) B sBHOM Buze. F(x)
MOMHO HAlTH ¢ MCIIONB30BAHHEM: '

- HHCICHHBIX METOOB HHTEIPUPOBAHHA (YHKUHH p(X),
- NYTeM pasnoykeHHs QyHKUMH p(x) B pA/l C MOCAEAYIONIM aHATNTH-

HCCKMM HHTErPHPOBAHAEM 3TOrO psiad. ;

O Tom, Kak 910 femaercs, GyaeT pacekazaHo B ClleayIoLIMX naparpadax.

Botuucnenue unmezpanvnoi gyuxyun ODOOWEHHO20 IKCHOHEH~
Yuaaenoeo pacnpedenenun ¢ Microsoft Excel

He npHBOIs JOKA3aTENBCTRA CKAMKEM, YTO HHTErpaibHas (yHKIuUs
0000LLEHHOT0 3KCTOHEHIHANBHOTO pacripe/iesienns MOXeT ObITh Bhipa-
KEHA HEPE3 WHTErPATBHYIO QYHKLUMIO raMMa-pacripesienienus (BCTpoeH-
Has Qynkums Excel) cienyroumm o6pasom:

(24
x2p: F(x)=05+05 rammarac | =4 L1 yermma
Ao @&
o= o ]
x<pi F(x)=05-05-rammaracr | 24 L1 geruna
Ao (o4

2.11. IMomck wHTerpanbLuoli (ynxuum pacmpeneienus nyrem
'THCJIEHHOTO HHTEIPHPOBAHMA IIOTHOCTH pacnpeje/ieHns.

[lyets nana cmyualinas BenuunHa, Kotopas MOAUMHAETCS
0600ImEeHHOMY IKCMOHCHUMANBHOMY PACIPEAENEHHIO ¢ rapaMeTpa-
MH (4,0,@) , TO €CTh MIOTHOCTH BEPOSTHOCTH HMEET BLL:
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i T L 0
pir)= 2r(1/a);to- - ‘ M

Tpebyercs HalTh MHTErpaTbHYIO (GYHKIHIO PACTIPSACTEHHU:

Fx)= [p()dz

[pex/ie BCEro 3aMeTHM, YTO 3a/1aHy MOKHO YIPOCTHTb, Nepek-
28 K nepeMenHoit £ = (x — i)/ o . Ciy4aiinas Belu4uHa [ UMEET Ma-
TeMarTu4yeckoe KMAAHWE, PABHOE HYJIHO, W JAUCIEPCHIO, PaBHYO
enuHuLe, PopMyIibl WIS TITOTHOCTH BEPOATHOCTH W (DYHKLUHH pac-
npeneneHus npnmy’r BHL:

pt)= ( |t/ 2 ) R

2K (1/ )/‘L

F()y= [pl(z)dz

—
Jlna peLienus MoCTaRIeHHOH 33134 10CTaTOHHO:

- pa3buTh BCIO 00NACTE OMPEME/IEHUs NEPeMEHHOM ¢ Ha /V HHTep-
BAJIOB, NIPH 3TOM Y3/Ibl pazbueHus OyayT 00pasoBhIBATE MAcCHB
T} .k=0,...N '

- BBIYUCIIMTE B y3j1aX pa3OHeHHsa MacCHB 3HAYCHHH UHTETPabHOM
ynxunn {F,},k=0,.,N
Toraa Ais MPOU3BOJILHOIO 3HAYEHUSA EPEMEHHOM £, TAKOTO, 4TO

T, <¢<T. . 3nadenne WHTerpasibHol (yHkuuu F(i) MOXKeT OBITh

k k+1 p

nprOIHKeHHO ONPEASIIEHO B BUIE:
F(t)=F, +(f"71)(Fk+1 _Fk)"{(Tk-d =)

Tak Kak Mex1y y3iaMu paz0ueHus BeuvuHa F annpoKCuMupy-
eTCsi MHHEHHOH 3aBHCHMOCTBIO, TO WHTEpBAl pasOMEeHMs JI0JDKEH
ObITh JOCTATOYHO MaJjl, TO €CTh KOJIHYECTBO Y3/10B pasOHeHHs A0cTa-
TOYHO BEJTHKO.

OnHAaKo, MIOTHOCTh BEPOATHOCTH OMpezelieHa Ha BCEH 4YMCIo-
BOH OcH, & pa3OuTh OeCKOHEUHBIH MHTEPBal HA KOHEHUHOE KOJIHHEeCT-
BO MHTEPBAIOB KOHEYHOMW UTHHBI HEBO3MOXHO. [losromy npubiu-
JKEHHO OY/IeM CUMTaThb, YTO
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)= exp(—‘[r/ﬂpla) —~R<t<R

2I'(1/a)A
@) =0 [r]>R

{f
Ft)= [p(z)dz
=1
FJe BeHUHHY 2R Ha30BeM pa3sMaxoM pacrpeieieHus.

OueBuaHO, HHTEPBAN OT - R 0 R MOXHO TPaKTOBATH KaK HH-
TEPKBAHTUIIBHBIH TMTPOMEIKYTOK € HEKOTOPOH GIH3KOH K eluHuMIe 10-
BEPUTEABHOH BEPOATHOCTLIO. [N 06061eHHOr0 SKCTOHEHIIHA bHO-
FO pacrpenc/ieHts MoJOBHHY pa3Maxa MOXKHO 33/1aTh SMITHPHYECKH
noay4eHHoi hopmynoi:

R=+/3+4.788-(¢—1.8)*>

TTocne BBeneHus MOHATHS pa3Maxa pacnpe/le/ieHus, Bee rOTOBO AT
HaITHCAHUS AITOPUTMA PEILEHHUS 3a1auu:

1) 3anaem BxoaHble JaHHble: TOKA3ATENL CTENEH U pacnpeseneHns o

4 KONHYECTBO HHTEPBAIOB pasbuenns N (ienioe ueTHOE 4ucio).

2) BolMuCIseM 3KCIECC pacnpeneneH s
€~F(l/a)1"(5/a)./[lﬂ(3/a)]
3) Boluncnsem nonosuHy pasmaxa pacnpeaencHus

R=+[3+4.788- (¢ -1.8)*"

4) BeruucinsieM MHHHMANBHOE M MAKCHMANBHOE 3HAYCHUE nepe-

MEHHOII {
min i _'R
=R

max

3) BLHHCJIHCM MACCHR V3/10B Ha OCH f
T +( max mm)k/N k:O,...,N

I'Illll
6) Beuncisem Homep ueHTpa pacnpeneneHus
M=N/2
7) BbluucaseM MACCHB 3HAYEHHM TNOTHOCTH BEPOSTHOCTH and k
om 0 do M :

D= exp(—m/z[") k=1..,M

2I'(1/a)A
P =0
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8) BoluvcisieM BCTOMOrarTelbHbH MacCHB, B KOTOPOM BENMYHMHBI

P, CYMMHPYIOTCA HAPACTAIOWNM HTOTOM st k om () 0o M

k
S;=Y.p 1 k=0l.M
1=0 i
9) Tak kak 3HAYCHHE UHTErPanbHON (YHKUHM B LEHTPE pacnpene-
nenus (To ecTh B y3iie ¢ Homepom M) paBHo 0.5, TO MOKHO BbI-
YUCAUTL JIEBYIO HacTh MAacCHBa, B KOTOPOM CONEPXKHTCA (QyHK-
s pacnpeleneHus
Fo =0:5:8, /8, =iy, M
10) Tak kak pacrpefie/ieHde CHMMETPHYHO OTHOCHTENBHO LEHTPa,
BBIYMCTAEM OCTABLUYIOCS YMACTh MAacCHBa, B KOTOPOM COJIEPHT-
cst dYHKIMS pacnpeeneHus
F, =1=F,., k=M+1,.,N
WTak, Mbl TOTYYATH MaccUB 3HaueHWH crydaiinoil Benuwmnel {7, } ®
COOTBETCTBYIOLLMI €My MAcCHB HHTErpaibHO QyHKUWH pacrpe/eseHus
{F, }, 10 ecth 3a7an4 QyHKUMIO pacTipesieNieHHs B TabIu4HOM BHJE.
J{uisi IPOM3BOIBHOIO 3HAMCHHS MEPEMEHHOI ! 3HAYCHHE HHTE-

rpajibHON GyHKUMK F() MOXKeT ObITh ONpeAE/IeHo 1o hopmynam:
T TS Er—i()

T 2i<T . k=0 N=l;
Finy=F =L\ =Py =1,)

t2T,: F(@)=1

Hanomuum, 910 TepeMenHas [ HMeeT HyNeB0& MaTEMAaTHYECKOE
OWHIaHKe W SNMHIYHYIO AMcnepedio, [lepeMenHas X ¢ NPOU3BO/Ib-
HBIMH MaTeMATHUECKAM OXMIAHMEM W JHCnepcHel cBf3aHa ¢ nepe-
MEHHOI { COOTHOLIEHHEM X = U+ O,

2.12. IMouck muTErpaibHOi (GYRKHHH pacOpeJeleHHs IyTeM
Pa3jiokKeHHs INIOTHOCTH PACHpE/IE/eHHs B PS/ C HOCHENYIOMIHM
AHATUTHYECKMM HHTETPHPOBAHHEM 3TOTO psifa.

3amady, NOCTABICHHYIO B Npeibiayliem naparpade, MOXKHO pe-
[IWTh MyTEM PasliokeHHs CToALEH noA 3HaKOM uHTerpaia GyHKunu
B psaa Teiinopa ¢ MOCHEAYIOWMM HHTErPHPOBAHHEM 3TOr0 paid.
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WTak, Ham HYIKHO TPOMHTErPUPOBATH 0BOGLIECHHOE 3KCTIOHEHLH-
ansHoe pacnpefenenue (u =0,0 =1):

a o
p(tl=mexp(—|t/£[ ) — 0 < <40

F(t)= [p(z)dz

Tai kax MAOTHOCTh pacmpesie/eHUsA CHMMETPHYHA OTHOCHTE b=
HO LEHTPA, /Ul HaXOXK/ICHHUS UHTErpanbHON (yHKUMM pacripesene-
H{A JOCTATOYHO BBIYHCITHTE

q(1) = JP(Z)dZ = m LJﬁl’ip(“ (z/ ;L)a)d =

A

feXp(— (z/ Y )d(z/2) :—2},*(% Jexp(-y“)dy

0

2r(1/a)

DynKIMIO 0] 3HAKOM MHTErpana MOXKHO paznoxute B psan Teiuopa
CleyrouM 0dpasom:

0 otk
exp(-y*)= VA

[MoxcTaBus 210 paznoikenue Mo 3HaK HHTErpana u ﬂpoae,usf HHTEr-
pHpOBaHUE, MONYUUM
o i (_!)k (f/i)akﬂ

2I'/la) = ]g! ak +1
Hpaxmqecm, CYMMHPOBAHHE TIPOH3BOAKUTCA HE 110 o0, 4 10 HeKOTO-
poro k=N, Takoro, uto

1 (l/i)m’v‘u -
< §
N!' aN+1

Ile O - 3TO HEKOTOPOE HAMNEpe] 3aJaHHOE MANOE TONOKHUTENBHOS
YHCO (TOYHOCTH BBIYHCHEHHS). TO eCTh Mbl HOMKHBI BbIYUCIHTE
HAaCTHUHYIO CYMMY psijia. '

DyHKUAA pacipenenenus F(7) cBszanac g(f) cOOTHOLIEHUAMH:
t20: F()=05+q()
t<0: F@)=05—g(t)

q(t) =
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2.13. MoaenupoBanne ¢ MOMOIIBI) PAaBHOMEPHOTO pacipene/ienss
CJIy4YAHBIX YHCE ¢ IPOH3BOJILHOM IVIOTHOCTBIO PAacHpe/ieeHH s,

BCTpOeHHBIH B KOMITBIOTED FeHepaTop MCeBA0CTy aHHbIX YHCe)l
BBIAET YNC/A, PABHOMEPHO pacTipejeleHubie B uHTepBate oT 0 1o
1. Tak Kak jmobas HHTerpanbHas GYHKUUs-pactpeae/ieHis F(x) nMe-
et obnacts 3Hadenuit ot 0 10 1, TO ¢ MOMOLLBIO PABHOMEPHOTO pac-
MpeaeieHus MOJKHO TTONYYHTh CllydaiiHoe YHeIo ¢ MNPOU3BOJILHBIM
3aKOHOM pACHpe/e/ICHN!s TIyTeM pelueHns oOpaTHOH 3a1a4u, TO ecTh
BOCCTAHARIHEBAA O M3BECTHOMY 3HadeHuto F(x) 3HaueHue x. B Ka-
yecTBE MpuMepa OYIeM MOJETHPOBATH Clly4yaliHylo BETHYHHY, MOA-
YUHAIOHIYOCS 0000MEeHHOMY 3KCTIOHEHIMAILHOMY Pacpe/ie/ieH IO,
s pelienns 9TOH 3anaumn OylemM UCTONBL30BATh Pe3yIbTAThI, MOJY-
YEHHBIE B JIBYX PEebIAYLUKX laparpadax.

Ilocmanoexa 3adauu

JaHo ciyuaiinoe YHCO Z, PABHOMEPHO PACIpEASIeHHOe Ha HH-
repsase o1 0 1o 1.

Tpebyercs Nomy4HTh YHCIO X, TMOAUHHAROILEECH 060GIIeHHOMY
SKCTIOHEHLHATLHOMY pacnpe/elenulo, ¢ napameTpamu (4,0.4) .

Pewenue nymem RpedsapumenbH020 YUCIEHHO20 UHmMe2puposa-
HUA MAONHOCHU PACKPeOeneHUs, Mo ecmb 3a0anuA (YHKUUU
pachpedeneHus ¢ madaudHoM suoe.

Jlns nony4eHus MCKOMOTO 4iCia X, HaiJeM cHavana BernoMora-
TeJABpHOE YUCIO f, KOTOpOE TMOAYMHAETCS 000OIEHHOMY 3KCIOHEH-
LMAIBHOMY pacnpesenennio, ¢ napamerpamu (4 = 0,0 =1). [lnsa
STOTO [0 METoNKe, M3NoKeHHoi B naparpade 2.11, moayunm mac-
CUB 3HauYeHUi cnyuaiinoil BemunHb! {7}, } ¥ COOTBETCTBYIOIIMH eMy
MacCUB HHTErpanbHO# QyHKIWA pacnpenenenus {F), }, 10 ecTh 3a-

paauM QYHKUMIO pacnipesiesieHns B Tabmuunom sije. [ad mpous-
BOJILHOTO 3HAYEHMA NMEPSMEHHOH f 3Ha4eHHe MHTErpanbHOH cbyHK-
uuu F(t) Mmoxer OblTh ONPEAETEHO KaK:

fed 2o Firy =0
TS b o k= 0N L
F@t)=F, + @ -T0F, - F)(Tea =1
(=T Bl
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Ha unteppane 7, <¢ <7, BenuuuHbl { U F CBA3aHbI JIUHEHHO.

Ecnu npuHsTh, 4TO BeJHYHHA [ HE MOKET OBITE MeHbIle T H He Mo-
ket ObITh Gonbuie 7y, TO MOXKHO MONYYHTH 00PATHYH) 3aBHCUMOCTD
t(K) BBuae:

F=0: yF)=1,
F=1: «F)=T,
s Feh k=0 N=12 )
HUF )= (R =B =Ty a=F)

Ecay cunrars, 4TO NONy4YeHHAs ¢ MNOMOLIBID TE€HepaTopa Ciy-
qalHbIX YHCEN BEIMYHMHA Z SBAAETCH 3HAYEHHEM  QYHKIIHH pacripe-
Jeienus F' B HEKOTOPOH TouKe #, TO BelH4YMHA f MOXKeT OBITE Haline-
HA MO NPHBENEHHBIM BhIle (GOPMYJIaM, IZIe BMECTO TepeMEHHOH /7

nojcTabneHa BeauduHa z. Mckomoe wHCIO X BBIMMCASETCS Kak
X=p+aot.

Pewenie Memooom umepauui, ¢ UCNOab308AHHEM GbIYHCICHUA
dyuryuu pacnpeoenenun yepes pao Teinopa.

Kak 1 B npeapiaynieM ciygae, [isl NOAYy4eHHS HCKOMOTO YHCaa
X, HaliieM cHavana BCITOMOTATENILHOE YMCIIO f, KOTOPOE NOAMUHAET-
csi 0GODUICHHOMY HKCIIOHEHIHANLHOMY DPAClpelelieHnio, ¢ rnapa-
merpamu (1 =0,0=1).

B naparpade 2.12 Obulo noxazaHo, YTO MOXKHO BBIMHCIIHTE
thyHkuuio pacnpeneneuus F(t) B Touke f ¢ TpebyemMoil TOMHOCTHIO
KaK 4acTHYHYIO CyMMY COOTBETCTBYIOLLEro psna. Tenepb Ham HyX-
HO pemuTh OOPaTHYIO 3314y, TO €CTh [0 W3BECTHOMY 3HAUYEHHIO
F{(t) naiiTu Heu3BecTHOE 3HaueHHe 7. TouHee, B COOTBETCTBHH C yC-
JIOBUSMH NOCTABICHHOH 3aa4H, Mbl A0/IKHbI PELIHTh OTHOCHTENIBHO
t ypasuenue F(£)—z=0.

JInsi 9HCIEHHOrO pelieHHs 3TOr0 ypaBHEHHs MbI HCIIOIb3yeM
Memoo denerust nononam. Jnst Toro, 4Tobsl NPUCTYIUTH K PELISHUIO
3THM METOJ0M, HeoOXO0JMMO 3a/laTh KOHEUYHbIl MHTepBal, B KOTO-
POM JIOJDKEH Jie)KaTk KOpeHb ypaBHeHHs. B kauecrtse obsjactu Bo3-
MOKHBIX 3HaueHuil ( BoiOepem unTepsan or -R 1o R, rae 2R - 910
paccMOTpeHHbBIH Bblllle pa3Max pacnpepeieHus, Cuuraem, 4HTO

F(-R)=0,F(R)=1.
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UncnenHoe petierue ypasHenus F(f)—z =0 c 3ananHoi T04-
HOCTBIO 03HAYAET, HYTO JOCTATOYHO HAWTH TaKOe f, OpH KOTOPOM
|F (t)—z| < &, rae & - TO HEKOTOPOE Harepe]] 3aJaHHoe Maloe no-
JIOKHTEIBHOE HUEI0 (TOUHOCTE BEIYHCIEHHS).

PellicHHE COCTONT B TIOC/IENOBATENLHOM MOBTOPEHHH ILArOB (HTe-
paii), 0 TeX 11op, Moka He Gy/eT NOCTHIHYTa HeOOXOAUMAs TOHHOCTD!
1) 3amaeM HauabHBIC BEJMYMHBI FPAHHYHBIX 3HAYEHHH MepemMeH-

HbIX [ U F

Iluiu = _R Fmin i 0

Tmnx T R 'F:l'lax T l
2) BlYMCISIEM TEKyIee 3HaUCHHE { Kax CpelHee 3HAUEHHE MEIIY

Tmin H Tmax

t= (T + T2

min max

3) BeluHcIgeM 10 METOAMKE U3 naparpada 2.12 penvuuuny F(1)

4) TlpoeepseMm ycloBue |F —z-|£ & . Eciau HepaREeHCTBO CripaBe/-
JIHBO, TO HEOOXOMMAs TOYHOCTH PELIEHHsS NOCTHIHYTA W TeKy-
Hiee 3Ha4eHue { SBISETCH PELICHHEM.

5) B cay4ae IF —z| > & wusmensem snaveHds BeMHYUH T T
Fm.“n- Fmax-.

- ecm F<2z,T0
T =t 0. =F

min
T s Frow OCTAIOTCH GE3 H3MEHEHNS

- ceenud >z 1O

Fos It

s B ocTaoTes 6e3 H3aMeHeHUs

Ay A IR

max max

6) Bosspamaemcs Ha 1iar 2.

[Mocne TOro, Kak HeoOXomumas TOYHOCTE BBIYHCIEHHS BEJHYMHBL {
JIOCTHTHYTa, MCKOMOE YHMC/IO X Haxoautes kak x =g +of. Ha
NpaKTHKE Yalle BCEro HeoOXOAMMO MOY4HTh HE OT/ACNEHOE Cily-
yaiiHOe YHCIO X C 33laHHBIM 32KOHOM pPacTIpe/ieNeHus, a Nocneno-
patenbHocTh Takux unced {x,}, k=0....N . Dro Heobxonumo, KaK
npaBHIo, MPU MOENHPOBaHUH ClyHalHbIX npoueccos. B otom ciy-

yae ONMcaHHbIE B IAHHOM naparpade npouelypbl HYKHO MOBTOPHTH
COOTBETCTBYIOLIEE KONHYECTBO pas.
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NMPHIOXEHHE 2.1. 'amma-byuKkons 3ﬁ4!epa.

[Mamma-pynknns, oboblatomwas nousiTie Gakropuana, SBafeTes
OJIHOH W3 BKHEHIINX CreuHambHEIX GyHKIHHA. 18 TpoH3BOIEHOTO
MOJIOKUTETLHOrO X, 3HadeHue [ (X) 3amaetcd HopmyJioii:

Fo0 5 i
I'(x)= 'feﬁ't"‘"df x>0
0

B 3TOM NpUIOKEHHH MBI PACCMOTPMM AIFOPHTM BBIYMCIEHHUS FaM-
Ma-(GyHkiuy. JlaHHBIH aITOPUTM OCHOBAH Ha CIENYIOLIEM €€ CBOii-
cree: ['(x+1)=x-I'(x) ana moboro x >0. Dro cBoiicTBO Mo-

3BOJIsIET CcBecTH BhIMicraeHue [(X) or moboro X K BbILHCICHHIO

raMma-QyHKiuMn Ha uHTepBane | < x <2, Ha KOTOPOM €& MOKHO
anmpoOKCUMHPOBATE MOITHHOMOM NATOH CTETeHH:

IF(x)=a, +a,x+a,x* +a,x* +a,x* +a.x’
3.69764701987851
a, =-6.60156185480728

a,

a, =6.37763107208549

a, =-3.26329362313704
a, = 0.885309940132118
as =-0.0957403771932692

Obmnacts 3HaueHuit Bennuunel X > () MoxkHO pa3duTh Ha TPH UHTEPBa-
Jia, Ha KaKJIOM U3 KOTOPBIX [ '(X) BBIMMCASETCH CAAYIIIIM 00pa3zoM:
e dlsx<£2
B atom ciydae, ['(X) HENOCPEACTBEHHO BEIMHCIIACTCA C MOMO-
IEFO MPUBEIEHHOTO BhILIE MTOTHHOMA.
2 S0 3]
B orom cayuae, ['(x)=1"(x+1)/x, w tak kak l<x+1<2,
10 ['(x+1) BblYMCASETCS € MOMOULBIO NOAHHOMA.
BN,
B 3TOM cliydae BEJHYHHY X M@KHO TPEACTABHTE B BHIE
x=N+z, rae
N - 3ro nenas yacte X (N =2),
z - 970 ApobHas yacTe x (0<z <1).
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Torna
F(x)sF(N+z)::(N+z—])F(N+z—1):...:

N=]
=I'(l+2)[[N+z-k)
k=1

urak kKak | <z+1<2, 1o I'(z+1) BeiukcaseTCs C MOMOLIBIO
MOTHHOMA.
Boruucnenue camma-gynryuu ¢ nomowpro Microsoft Excel

B Microsoft Excel ramma-pyHKIIHIO MOKHO BBIYHCINTD, HCIIOIB3YS
CHNEAYIOLLYIO KOMOHHALNIO QYHKLMHA:
I'(x) = EXP(I'AMMAHIIOI (x))

Fnaea 3. CrieyuansHele pacnpedenernus aepoamHocmedll

3. CHIEIIMAJIGHBIE PACIIPEAEJIEHHS BEPOSITHOCTEN

3.1. t-pacupegenenne CThiogenTa.

[TnotHoCTE pacnpeneneHuss CTBIOACHTA OMMCHIBAETC (HOPMY-

Toii:

T(v+1)/2) 0 5 0%
p(x) =————(1 +Xx /2)

Y (v/2)
Pacripenenerne uMeeT BuJ| KOJIOKOJOOOpa3HOH KpUBOH, CHMMET-
pHU4HOH OTHOCHTENBHO TOYKH f = (), W 3aBHCHT OT €IWHCTBEHHOTO
napameTpa V, KOTOpbii MPHHATO Ha3kIBATH YHCIOM CTeneHeH CBo-
ooapl. [IpuBeieM 3HaueHUs OCHOBHBIX XapaKTEPHCTHK pacipenele-
Husl CThioslenTa:

(v+1)/2
—00 < X < 400

Mamemamuuecrkoe oxcuoanue, 0 npuv>1
Meduanda, Mooda
Hucnepcus
npuv>2

V by,
Koapuyuenm acummempuu 0
Orcyece 3(v-2)

———— npuv>4

(v—4)

Ipu umcye crenened ceobosbl V —> o0, pacnpenenenue CTpioeHTa
CTPEMHTCA K CTAHIAPTHOMY HOPMAalIBHOMY paciipe/e/iCHHIO, TO €CTh
K HOpMaNbHOMY pacrnpeaeneHiio ¢ ueHtpom 0 u aucnepcueii 1.

Tunuynasn UHmMEPRPEemMAlun

1) Tlycte cnyuaiinas BenudnHA X MMeeT HOpMalbHOE paclpesene-
HHE C MAaTEeMaTHUYECKUM OJKUJaHUeM f W JUcrepcHei o
Eciu  umeercs Bpilbopka 9Tol  cnyvalHOW — BeNMHYHHE
(X[, X550y Xy ), TO COCTOATENBHBIMA M HECMELUEHHBIMH OLIEH-

KaMH MaTeMaTHYecKOro OXH/AHWs W Juchepcru 1o Bhidopke
OyayT cheAyrolie BENTHYHHBI:

—_2 1

o’ 1 N N ; -
X=—>»x gil'= =X
N; k AT ;(‘xk )
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o e _ﬂ ?
Toraa cayvaiiHble BeNUUMHbL | = —="— OyayT
c - ‘J

Nom4uHATLECA pacnpenencHuto Cretogeta ¢ V=N —1 crene-
HIMH CBODOIBI.

2) Tlyere ciyualinble BeqM4HHBl X B 1 MMeEIOT HOpMmaabHOE pac-
IpeiefeHHe ¢ MaTeMaTHIECKUMH OKHAaHUAMH U JAUCTIEPCHIMH
(/ux,af) u (;zy,crj) COOTBETCTBEHHO.

Econ  umeroTcs  BRIOOPKM  OTHX  CAYYaHHBIX  BEJIMUHH
(X2 Xysees Xy ) H (M), V50m Yy ) s TO COCTOATEIBHOH H HECME-

meHHDﬁ OLEHKON KoohduumnenTa KOppéﬂﬂuun MEXIY 3THMH
BeTHYMHAMM I10 BeIOOpKe Oy aeT:

N i) L

Tle 2Ey - F)

k=l
o, T = T2
DX D> 1)

k=1

k=l

p =

Torpa ciydalinas BenuuuHa [ =+ N —2 —‘/—~p=_2 Gymer noj-
; : i

UHHATECA pacnpeneneHuo CreiogenTta ¢ v =N —2 cTenensMy CBO-
Goapl.

© Botuucnenue pacnpedenenun Cmorooenma ¢ nomowsio Microsoft
Excel '

anBeIEEM HECKOJIBKO HpﬂMepOB. BBIMHCIICHHA XapakKTCPHCTHK ;

pacnpenenenus CtelofeHTa. Bee ucnonb3yeMbie GYHKIH MOXKHO
HaliTi B pazpene "Crarncruyeckie GyHKImn" 3neKTp0Hme Tabmui
Microsoft Excel.

Ilycrs cayualinas pennuuHa X [OAUMHSAETCH pacnipe/ICHCHUIO
CTBIOJIEHTA C YHCITOM CTeTieHeH CBOGOE V.
1) BeposaTtHocTs TOTO, uTO X < X!
1 - CThHOOPACH (x,v,1)
2) BeposaTHOCTb TOTO, 4TO X > X!
CTHhIO/[PACTI (x,v,1)
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3) BepoatHocTh TOrO, 410 — X £ X < X, BRIYUCIACTCS KaK:
P =1-CTBIOAPACIH (x,v,2)
4) Beposrtaocts Toro, urto | X | > x, paBua:
.q = CTBIOJPACII (x,v,2)
BenuunHa g - 3TO BEPOATHOCTH TOTO, YTO Cy4aiiHas BelHYHHa

X nonmapaer B Kpuruueckyw o0nacts pacnpepenenus Crbio-
JIEHTA. 7 i
5) Eciu mM3BecTHa BEPOSTHOCTE ¢ Toro, uro | X |>Xx, To coor-

BETCTBYIOLIEE 3HAYEHUE X DPABHO:
x=CTRIOOPACIIOBEP(q,v)

6) Ecmm m3RecTHa BepdﬂTHOCTb ¢ Ttoro, yro X > X, T0 COOTBET-
CTBYFOIIEE 3HAUEHHE X DABHO! i

x = CTHIOJIPACIIOBP(2q,v)

3.2. y’-pacnpenencuue.

[IOTHOCT § -pacnpeneneHus 3aaaetes (hopMyIIoi:

i ple=0
X2 exp(-x/2)
r(vi2).2""
[TIOTHOCTE 3aBHCHT OT JUHCTREHHOIO MApaMeTPa ¥, KOTOPBIH

NPUHATO HA3BIBATE YMCIOM cTeneHei ceobopl. [TpHBeneM 3Ha4YCHUA
OCHOBHBIX XapaKTepHCTHK paclpeeleHns:

x =05 pl)=

Mamemamuneckoe odxcudanue v
Mooa Vi li(ia2i2)
Hucnepcus Dy
Kosgdnguenm acummempuu 5 m
Orcyecc 3412

v



lnaea 3. CneyuansHsie pacnpedeneHus eepoamHocmei

[pu umcne creneweii cpofoabi V —» w0, y-pacupenencHue
CTPEMHTCA K HOPMAIBHOMY PACIPENENEHHIO ¢ LEHTPOM V H JHC-
nepcueii 2y .

Tunuunan UHmepnRpemanun

[TycTe cnydaliHad BenuuuHa X MMEET HOpManbHOE pacnpesene-
HHE ¢ MaTEMaTHYECKHM OXHIAHHEM 4 W AUCTepcHei o

Eciu  umeercs Buibopka 9T0H  clydaiiHoii  BeNMUHHBI
(X{2X35.5 Xy ), TO COCTOATENBHBIMH 1 HECMEILICHHBIMH OLEHKAMH

MaTeMaTHYeCKOro OXKHAAHKHA M JHCIEepCcHH no Belbopke OyayT cie-
IYIOIMIHE E2THYHHBL -

XLk S el
— xk T — i —_
N'a N-T5
a4 Ll 2
Torna cnyuaiinasg BenuuHHA J~ = Z ((xk — )/ 0') OyneT moauu-
k=1
HATBCS ¥ -pacmpenenennio ¢ V=N creneHsmu cBOGOMILL a Cy-

=3 o
yaiiHas BelIuYHHA ,1'2 =(N-1)-(c" /o”) 6yner noguunsThcs ¥ -
pacnpenenetuto ¢ v =N —1 crenexsmu croGo/1bl.

Buiuucnenue y-pacnpedenenus ¢ nomowvio Microsoft Excel

IIpuBeneM HECKOTBKO TPHMEPOR BBIYHMCICHHS XapakTepPHCTHRK
¥ -pacnipenienienns. Bee mMcmomb3yeMbie (GYHKLHH MOXKHO HalTH B
pasgene "Crartuctuveckne QyHKUHH" 3NMEKTPOHHEIX Tabmui Micro-
soft Excel.

v

Mycts  chyyaiiHas — BenMuMHa X TOJYMHSETCH ) -

pacripeieNeHnIo ¢ YUCIIOM cTeneHell cBoboabl V.
1) BeposTHOCTh TOTO, 4T0 X = X, BRIYUCIAETCA KaK:
P=1-XH2PACII(x,v)
2) BeposTHOCTE TOTO, uTO X > X, paBHa:
q = XH2PACII(x,v)
Benuyuna g - 570 BeposATHOCTD TOI0, HTO CyHaiHas BelM4HHA
X ronanaer B KpUTHYECKYHO 061aCcTh y -pacipeencHys:.
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3) Ecnu ussectHa BepOATHOCTL P WM BEPOATHOCTB ¢/, TO COOT-

BETCTBYIOIIEE 3HAYEHHE X , ONMPECISIONIEE rPAHNLLY HHTEpBaa
X £ x paBHO:

. Xx=XH20bP(q,v) wa x = XH20BEP(1 - P,v)

3.3. F-pacnpenenenne (pacupenesenne v>),

[notHocTs F-pacnpenenenust 3anaercs GopMyJioii:

x=<0: px)=0
x>0;:
: s B (2)
| G G e e s
- (v, /2)r(v, /2)
[InoTHocrs F-pacmipenenenus 3aBUCHT OT JIBYX MapameTpoB
(V1,V,) . KOTOpbIe NPUHATO HA3BIBATHL UMCIOM CTENeHel CBOGOIbI.
IlpuBenem 3HaueHnst OCHOBHEIX XapakTepHCTHK F-paciipe/ie/ieHHs:

x(l»I 2342 (l + (V1 /Vz) ‘X)-[V' +3)/2

| Mamemamuveckoe v,
' oACUOGTIIHE S npu v, >2
e
Mooa v, (VI A 2)
e LG D
vi(v, +2)
Hucnepcus 2;/22 (v +v,=2)
npu v, >4

vi(v, —2)* (v, —4)

Tunuunan unmepnpemayun

i [Tycth cayuaiineie Beamuunbl X 0 ¥ uMeror HOpMaJIbHOE pac-
o ; 2 2
| NMPEACIICHUE € IMCNEPCHIMH O, U O, COOTBETCTBEHHO.

Ecim  umerotcs  BeIGOpKkH  3THX  CiyuaiiHBIX  BeTHYMH
(%13 %350es Xy ) B (V35500 Vy,), TO COCTOATENBHBIME U HECMe-

| WEHHLIMH OUEHKaMH aucnepcuil 1no spibopke 6ymyT cremyiomue
| BETHYMHbI:

i Lt §N (x, — X)* ) §N( Y
b= — O.v = e
Bt FarM-1e &
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ITycTs BeIGOpOUHAs AucHepcus Bejuunbl X Oosbiue BbiOOpOY-
Hoil n;Wcnepcun BenHuHHHBL Y Torga cnyvaikiHas BEIMYHHA

—2 —
=g Gyfer  TOAYHHSATECS  F-pacnpeneneHnio. ¢
v, =N-1,v, = M —1 crenensmu cBo60zbI.

Buiuucnenue F-pacnpedenenusn ¢ nomouivio Microsoft Excel

IIpuBesieM HECKONBKO MPHMEPOB BLIYHCICHHMA XAPAKTEPHCTUK
F-pacnpepenenus. Bee ucnonb3yemble QYHKUMH MOXKHO HAHTH B
pazzene "Crarucrnueckue GyHKHn" 37MeKTPOHHEX Tabmuy Micro-
soft Excel.

[lycrs cryvaiinas senuuuna X 0OA4MHACTCS F-pacnpe/ieneHHio ¢
YHCIIOM cTeneHeil codoasl Vo, V.
1) BeposTHOCTE TOTO, 4TO X < x, BbIUHCIASTCS KAK:
P =1— FPACTI(x,v,,V,)
2) BeposTHOCTbH TOro, 4T0 X > X, paBHa:
q = FPACII(x,v;v;}
Besnmunna g - 5T0 BEPOATHOCTB TOTO, 4TO ClydaiiHas BEMIHHA

X nonanaer B kputHuecKyto obnactb F-pacripeieneHus.
3) Ecau uspectHa BEpOSTHOCTH: P unu BEpOATHOCTE ¢, TO COOT-

BETCTBYIOLIEE 3HAYESHHE X , OMPEALIAIOLIEe rPaHKLly HHTEpBRAa
X £ x paBHo:

x = FPACIIObP(q.v,,V,) nu

x = FPACIIOBP(1- P,v,,v,)
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Inasa 4. OueHka napamempos pacrpedeneHus Mo axGopKe CriyYaiHol eent-
YUHbI

4. OUEHKA TTAPAMETPOB PACHPEJEJEHHS TIO BbI-
BOPKE CJYYAWHOM BEJIWYHAHBI

4.1: Brenenne.

I7Ta r/1aBa noceAUeHa METOAaM OLEHKH 10 IMITMPHYECKOH BbI-
Dopke napaMeTPOB paclpeieleHus ciyyalinoil BemuuHHBL ByayT
YKa3aHbl-(OPMYITEL JUIsl OUEHKH 1IeHTPa PaclpeaeneH s, JHCTIEpCHH
H mnokasartenel ()OpMbl pacrpefeieHHs, a Takke TPaAKTHYEeCKHE
IPHEMBI YAAEHUS aHOMAITBHBIX 3HaYSHUH (TIPOMAaXOB) H3 BHIGOPKH.

4.2, OneHKH HEHTPa pacnpeneaeHuy.

[lo Bo3smokHOCTH Hauboee TOYHAS OLEHKA LIEHTPA pachpese-
JieHus 1o BbIOOpKe ciryqalHEIX BEMYMH HCKITHOUUTENBHO BAKHA, TAK
KaK LIEHTP pacrpesiefienus HCTIONb3yeTes B hopMynax st BEIYHCAe-
HHS JINCIIEPCHH, CPeIHeKBAAPATHYHOTO OTK/IOHEeHH S, ko3 dunuenTa
acCHMMETPHH M dKcTiecca pactipenienenus. HekoppektHoe onpejese-
HHE LIEHTpa BJIeUeT 33 cOOOH oLIMOKM B ONpeAeneHti BCeX HTHX Be-
JTHYHH.

OueHKy 1leHTpa pacnpeaeneHus 10 BoIOOpKe MOXKHO MIPOBOJIHTE
pazmnuupIMH criocobamu. He 3Has anpHOpHO 3aKoHA pacipeieseHus
Cllyyaiioii BEeNHYMHbI, HEBOIMMKHO 3apaHee ykasarh Haubojiee
npueMiembii crocob. K ToMy ke, HEKOTOpbIe M3 3THX OLEHOK 4yB-
CTBHTE/bHBI K HATHYHIO GHOMAALHLIX SHAYEHUN 8 6bIO0PKEe (MPoMa-
X08). :

[TosToMy Ans KOPPEKTHOW OLEHKH HEHTpa paclpeneyieHus Mbl
OyZeM BLIMHMCIATE €0 NATHIO PA3MHYHBIME criocobamu. [Tocse aToro
ST NOJIYYEHHBIX OLGHOK YIOPAAOYMM IO BO3PACTAHMIO U BhiGEpeM
M3 HUX B Ka4eCTBE LEHTPa pacrpejiesieHus CepeiWHHOe, TO ecThb
TPETHE MO CHETY, 3HAUEHHE. ,

Buibopky ciywalinbix BenwuuH Oyaem obosHauaTe  Kak
1% 3. k=1..,N. YnomsHyTble BBIIIE NATH OLUEHOK HEHTPa MO Bbi-

O0opKe crenyrome:;

= MemuaHa X sumas . ‘

- ueHTp S0%-HOTO HHTEPKBAHTHIBHOTO MPOMEXYTKA (LEHTP Cru-
0OB) Xyeunp cousiis '

cpeanee apudmerueckoe no eeeit Buidopke X |

39



[nasa 4. OueHKa napamempos pacnpedencHus no exibopke cryJaiHodll eenu-
HYUHDbI

- cpemnee apubmernueckoe 1o S0%-HoMy MHTEPKBAHTHIBHOMY

IPOMEKYTKY X gy, »
- LeHTp pa3maxa X;;u.rmp_pasuum
CepeMHHOE 3HAYECHHE ITHX OLEHOK Oyaem O603Ha'-IaTb Kak Xrepre.
Meouana

[Tepejt BLMHCTEHUEM MeanaHbl BbIOOpKa {X,} MomkHa ObITH yrio-

pAnoYeHa 10 BO3PACTAHWIO, MOC/Ie HYero MefHaHy MOXKHO ompene-
JIMTH CERYIOLIHM 00pa3oM: ,
- ecnu obbeM Bbibopku N ABNAETCS HEHETHBIM, TO

X.uedmma = x(N+I )i2
- ecaw 0ObeM BeibopKu N siBiisiercst YeTHBIM, TO
X = (Xy /2 +x(N.'2)+|)/2

Menunana He4yBCTBHTR/ILHA K TPOMAxaM B BhIOOpKe.

steduana

Henmp 50%-#020 UHMEPKGAHMUTLHOZ0 NPOMeNCYmKa (Uermp
cenbos)

Ilepen BBIYMC/IECHHEM 3TOH OLEHKH BRIOOpKA {x,} TamoKke NOMKHA

OBITh yIOpsaOUeHa o BospacTanuio. OB03HaUMM Kak M HeTBepTyIO
4acTh OT 00bema BRIOOPKY, TO ecTs M=L[EJTOE(N/4).

Torzaa nenTp crubos onpeaensercs no GopmyJe:

X — I A S

yeump caubos
[lenTp cruGoR HEUYBCTBUTENEH K 1POMAXaM B Bblﬁopi(e
Cpeonee apudpmemuneckoe no ceil 8v1bopke

CpeziHee apudpmernyeckoe (BbIOOpoUHas CpeiHss) ABNSSTCA CaMEIM
pACIpOCTPAHEHHBIM METOJIOM OLIEHKH LIEHTPa PacTpeaencHus:

= Jal
- —Yx
%
NS
DTa BENUYUHA ABISETCH HECMELIEHHON M COCTOATENLHOH OIEHKOH

MaTEMaTHHECKOro OKHIAHUA (reHepallbHol cpelHel) y cityvaiiHoi
nepeMeHHol x. HecMelleHHOCTE 3aKIIOUaeTCsl B TOM, 4TO Marema-

THUeCKoe Okkpanue BemudiHbl X paBHO 4 COCTOATENbHOCTH 3a-
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'naea 4. Ouerxa napamempos pacnpedeneHus fo ebiGopke cryyaiHoll eenu-
HUHbI .

KIIOYaeTCs B TOM, 4YTO TIpu 00beme BriGOopkH N —» 00, 3HaueHue
BeHUHHBL X —> 4.

Cpennee apudmernyeckoe crydaiHpIX BeMUHH CAMO SBIAETCS ciy-
YaliHoii BesnurnoH. [JucnepcHs 0 cpeiHeKBapaTHYHOE OTKIOHEHHE
CPEIHEr0 apU(YMETHUECKOI0 3aBUCAT OT AMCTIEPCHH 1 CPEAHEKBAM-
PaTHYHOrO OTKJIOHEHHS caMoil cilydaiiHOH BETHYHHBEl U 00beMa BbI-
Dopku:

D(X)=D/N=0¢>/N

O‘(?)=O’/m

5T0 COUTHOLICHHE CIpPABENNHBO ‘IS He3a6uCUMbIX HAHHBIX ¢ KO-
HeyHol aucnepcueil U ¢ MODBIM 3aKOHOM pacripenencHust. Takum
00pazoM, C.K.0. CPEIHEro 3HAUCHHS MEHBILE, YeM C.K.0. CAMOIi clLy-

YallHOH BENUYHHBEI B ﬁ pa3. M3 srtoro cremyer, 4To TOYHOCTB
OUEHKH MOXHO MOBBICHTE MYyTEM YBeIHYeHHs ofbeMa BbIOOPKH.
Cpennee apupmerHyeckoe He 3allMIIEHO OT MpomMaxoB. OcobeHHO
00JIbIOE BIHAHHE HA HETO OKA3BIBAIOT IPOMAXH TIPH MAJOM 00BEME
Beibopku. [lpu yBenudenun ofbema 3ta oLEHKa CTAHOBHTCS BCE GO-
JIee YCTOHYHBOM,

Cpeonee apupmemuyeckoe no 50%-my UHMEPKEAIIMUTEHOMY
RPOMENCY K

llepes BerumMcienueM 2T0# OUEHKM BeIGOpKa {x,} AomxHa GbiTh

YNopsijlouena no Bo3pacratuio. JaHHas oleHKa SBIETCS aHATOrOM
MpeAbIYyILeH, HO yCpenHeHHe NPOBOAMTCA MO yceueHHOH Ha 25%
cnesa W cripasa eel00pke. Eciii 06o3HauuTe Kak M ueTBepryio yacTh

oT obbema BbiGOpKH, TO ects M=L[EJIOE(N/4), T0
1 =N

X, = Zx

N-2M k=M +1 ;

Cpennee apudmerudeckoe mo 50%-HoMy HHTEPKBAHTHILHOMY PO~
MEXYTKY HEUyBCTBUTENBHO K IPOMAxXam B BeIOOpKe.

Henmp pazmaxa

Llentp pasmaxa ompenensiercs Kak cpeHee MEeXIy MakCHMATBHBIM
H MHHMMAaJbHBIM 3HaUYeHHeM B BbIGOpKe:

‘erfeump passaxa == [ma‘x(’x.( ) el min(x;: )}/ 2
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Thaaa 4. QueHKa napamempos pacnpedeneHus no esibopke cnyaliHol senu-
YUHR!

LleHTp pazMaxa He 3alIHLIeH 0T NPoMaxos B BeidopKe. bonee Toro, B
OTAMYME OT CPEAHErD api(pMeTHUSCKoTo, 00bem BHIOOPKY OKasbiBa-
eT TOPA3/I0 MEHbLUEE BIMSHHE HA TOYHOCTB STOH OLCHKH.

4.3, OneHka JHCIEPCHH H CPeJHEKBAAPATHYHOIO OTKIOHEH Hsl.

OLeHKy UCIEPCHH W CPEIHEKBAAPATHYHOIO OTKIOHEHHS MO
BRIGOpKe ciywaiinoll semnuubl {X, }, k=1, N BBIMHCISOTCS 110

dopmynam:

4 (i T L
D=——> (x,- X)°
N_l k=1
o=D
B cnyuae HeGoMbLIKX BHIOOPOK H MPH HAIHYMH NPOMAXOB BME-
¢To cpefiHero apudMeTnyeckoro X creayer NpPUMEHATH Xugare.
ITH OUEHKH HAZBLIBAIOT elle BBRIOOPOUHOI aucnepcueii U BbIbO-
pOYHBIM €.K.0. OHH ONPENeNsIoT paccesHue CNy4alHON BEJMYMHLL,
OJIHAKO CAMH TaKoKe SBISIOTCS CIyYaifHBIMH BETHYHHAMU CO CBOUMU

TIOKA3ATENSME PACcCesHMs ., _

[TpubnuaxenHsle GOPMYyTb! A1 BEMHCISHHS JHCIEPCHU U C.K.0.
BRIOOPOUHOI TUCTIEPCHH, & TAKXKE HCTIEPCHH H C.K.0. BLIOOPOUHOIO
C.K.0. CIeAYIOLIKE:

DD~ o(D)={DD)
Do)y~ =2 o(0) =+ D(o)
T 4N

rae M, - 9T0 OLEHKA YeTBEPTOro UEHTPAEHOr0 MOMEHTA pacipeas-
JNieHusi, KOTOpas MPHBEJIEHA B ClIeAyIOlIeM naparpade.

4.4. Ouenxa kod(phHIHENTa ACHMMCTDHH H 3KCIECCa,

OLEHKH TPETHEro W YeTBEPTOro MOMEHTOB PACHPEARNCHHS MO
rrIbOpKe {xk} k=1,...N onpenensorcs Kak:

"y~ Z(k

(N= 1)(N 2) 4=

nasa 4. Ouerka Napamempos pacnpedeneHus o suibopke cryvaiinoll eenu-
YUHBI ‘

—-_ N?-2N+3 A

N )

of Wi BN =B)

CNOV-1)(N-2)(N = 3)2( (=X Z("* Xy’

CrenoBaTensHo, OLEHKH Koacbdmunema ACHMMETPHH 11 dKclecca
MOMHO HaHTH 10 cpopmynam

gl
B
22:]4_ N’ -2N+3 N(xk_}(-)‘*_g'(ZN'&)(N*D

o (N=-DIN-2)(N-3) 5 N(N-2)(N-3)
B cioyuae neGoneiriux Bmﬁopo}c H TIDH HAHYHU [POMAXOB BMECTO

CPE/IHEr0 apH(METHHIECKOr0 X CefyeT MPHMEHSTE Xy

Hucnepenn oueHok KosdPuIMEHTa acHMMETpPHE 1 9KCLECca MOMKHO
OLLEHHTD KaK:

- 6(N —1)
oy e ) I

@) (N+D(V +3)
D() = ANV -2)(N-3)

(N =1)* (N +3)(N +5)
Cumraercs, uT0 €CiIn Ij_f!/ o, D(j_/) >3, TO pacrpeneneHue HECHM-

mMeTpuuHo. Ecny ke |j_/|/ \ID(;) <3, TO acUMMETpHS HecyIlecT-

BEHHA H €€ HalIM4He MOXKET ObITh O0BACHEHO CIYYaliHOCTBIO BHIGOD-
KH. : ) i

4.5. Hckniouenne npoMaxos u3 BEIGOPKH.

[Ipomaxamut B BLIGOpKe citydailnbix BeTHuMH GyeMm HasbIBATH
AHOMATbHO OTKIOHAIOIHECS OT LEHTPa PACHpPEACNeHHs 3HAYCHUS
110 CPABHEHHIO ¢ OCHOBHOM Maccol JaHHbIX.

B npuMeHeHHH K LeHam aKTHBOB, 3TH aHOMAJIHMH MoryT ObITh
BbI3BAHbEI CMEHOH Npe3n/IeNTa MM NPaBHTENLCTBA, OANKPOTCTBOM
KPYIHBIX KOMIAHHHA, TEPPOPUCTHHECKMMH AKTAMHM H T.II.
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[nasa 4. QueHka napamempos pacnpedeneHus o abibopke cryvalrol eenu-
YtiHbI

Peuienue 0 TOM, (DHIBTPOBATH [POMAXH HIH HET, KaX/IBIH Npy-
HimaeT 1 cebs cam. OfHAKO ClEAYeT yHecTh, 9T0 POMaxH MOTYT
CYLIECTBEHHO MCKA3UTh OLIEHKY MapamMeTpos pacnpeaeneHns.

' B srom maparpade mznaraercs (opmajiu3oBaHHas npoLexypa
yJaneHus: aHOMANbHbIX BETHYMH 13 Beibopiku. llpesxae Bcero, BBe-
eM nonsTHE KO3(hdHLMeHTa NeH3ypUpOBaHHa. KoahduuHenT ueH-
3ypupoBaHus - 3T0 Oe3pasMepHas BenHuMHA (7, Takas, 4TO BCe 3Hd-

YeHHs W3 BEIOOPKM {X,}, Jexaume 3a Tpeienamu HHTepsajia

X e — G 0 €x< X pyp + G+ 0, CUNTAIOTCA  IPOMAXaMH.
HOAIEkKAT HCKIIOYEHHIO U3 BHIOOPKH.

WHTYMTUBHO TOHATHO, HTO K02 (PUIHEHT LICH3YPHPOBAHUA
JOMKEH 3aBHCETh OT 00beMa BBIOOPKH M pacCHHTAHHOIO MO BHIGOD-
Ke sHaueHus sxcuecca. elicTBHTENBHO, TAKOE OTKJIOHEHHE OT LEH-
Tpa, KOTOpOe sBJSETCA NPOMaxoM Ald CPeiHCBEPLIMHNOTO (a Tem
Gosee MIOCKOBEPIIMHHONO) PaclpesieeHus, Ui OCTPOBEPIIHHHOTO
pacrpeieNieHus ¢ ero AMHHbIMHA "raKebIME" CTafamMu MOkeT Oe3-
YCIOBHO MPHHA/UIEHKATE BolbOpKeE.

Omnupudeckas popmyna A K03 dUIHEHTA LEH3YPUPOBAHUA
kak QyHKUMM OT oOBeMa BLIOOPKH N u JKeHecca & MpUrofHas K
NpUMEHEHHIO T [IMPOKOro Kiiacca paclpe/ieeHiti crie/yromas:

G'=155+0.8-1g(N/10)-/e—1.

Teneps BCe FrOTOBO [l HAMMCAHUA ANFOPHTMA YIANCHHA npo-
MAaxOR H3 BEIOOPKH:
1) BBIMHCIHTL BEJIMUHHY Xugure,

2) BbIYHCTHTE OLEHKY CPEAHEKBA/PATHYHOTO OTKIOHEHHA o, IpH
YTOM B KAYECTRE IEHTPA PACTTPE/IENeHUs HCTONb30BATE X irrrrs

3) BouIMHCIHTL OLEHKY 2Kelecca &, TpH STOM B KayecTBe LIEHTpa

. pacTpejgleHHs UCIoIb30B8aTh Xipares 4

4) Bpluucautb KO3hOUUHEHT NEH3YPHPOBaHHA G, :

5) Mewmo4uTh U3 BRIOOPKH 3HAYCHHS, JEHKAILLE 32 npenenamMn WH-
tepana X e — G0 SXSX 0 +G-0o

[loce yhaneHus NPOMAaxOB HYXKHO MEPEeCHHTaTh Mapamerpbl pac-

npeneietnd. [lpy oToM B KauecTBE UCHTPA pacrpe/ienienus ke

MOKHO MCMONB30BATH CpenHee aph(MeTH4ecKoe X, KaK cocros-
TENBHYIO W HECMELIEHHYIO OLEHKY MaTeMATHYECKOr0 OKUIAAHHA.
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[nasa 5. Cmamucmuqeckue anigadbl

5. CTATUCTHYECKHE BBIBO/IbI

5.1. Beenenne.

- Kakue BbIBOABI O HEKOTOPOM Mapamerpe reHepaibHOil CoBO-
KY[HOCTH MBI MOKEM C[e/IaTh, UMesl BHIOOPOHHOE 3HA4YEeHHE ITOro
napametpa? (JTBET HA 3TOT BOMPOC 3aBHCHT OT TOTO, HMEEM JIH MEI
anpyuopHyK HHQOPMALUIO O BETHYHHE [€HepaNbHOTO lapaMeTpa.

Ecnu anpuopHas uH(GOpMaIHs 0 BEeIHYHHE TeHEpPalbHOrO Ma-
pamMeTpa OTCYTCTBYET, TO MbI MOMEM 1O BHIOODOUHOMY 3HAYEHHID
OYeHuNs IMOM napamemp, 3aaB ANA HETO dogepumensHulil UHmep-
8al, TO €CTb TPAHHIBI, B KOTOPbIX €r0 BEeNHYMHA JIEKUT ¢ Ofpese-
JIEHHOH JOBEPHTEIbHONH BEPOSITHOCTBIO.

Ecnu ects anpropHbie cO0OpakeHus 0 BEIHYHHE TeHEpalbHOro
napamerpa, TO Mbl MOXKEM RPOGepumy unome3sy o TOM, COOTBETCT-

BYET JIM BEIDOPOUHASA OLEHKA ampHOPHOMY 3HAUYEHWIO TeHepaibHOro
napamerpa.

5.2. Beibopounoe pacnpeneiienie BbI60opouHoif cpeaneii.

[Tycte ciyuaiiHas BeludMHaA X HMEET MaTeMaTHYecKoe OXKHia-
HHE [/ M TeHEepaNbHYIO JMCIIEPCHIO o’ . OueHKaMH MaTeMaTHe-
CKOTO OXHJaHHA H OHCMEPCHH MmO BhIOOpKE (X|,X,.....Xy) OyayrT
BBIOOPOYHAs CPE/IHsAA H BRIOOPOYHAS AUCTIEPCHS:

}——i—ﬁ:x o —Li(x =X)
N&:l : N— k=1 : ;

Pacemotpum  criyuaiinyio semmanny £ = (X — ) /(c/A[N).

Tak kak M(X)=u u o(X)=0/+N, 10 512 CnyyaiiHas Bejan-
UHHA MMEET HYIEBOE MATEMATHYECKOE OKMAAHWE W EIMHUYHYIO
JAUCIIEPCHIO.

Byzem cuuTath, 4TO BEMUYHWHA [ [NOAHUHSAETCS pacnpeleneHHio
Creionenta ¢ v = N —1 creneHamu cBoGOAbI, XOTS B 0OLIEM CIIYy-
4ae 3T0 YTBepKAeHHe HEeKOpPeKTHO, JIeflo B TOM, 4TO CTPOro roBops
BeNHYMHA [ TOAYMHSETCS pachpeaeneruto CThIOJEHTA TOJILKO B

cnyuae Korna BeiGopka (X, X,,..., X, ) B35Ta M3 HOPMANBHO pacnpe-
HelleHHOH COBOKYTTHOCTH.
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[riasa 5. Cmamucmu<eckue esie00s!

5.3. losepuTe/ibHBIH HHTEPBAJX M5 renepajbHOH cpeaHeii.

JloBepuTeibHBIH HHTEPBaA BO3MOKHBIX 3HAYEHHH BETHYHHBI [,
XapaKTepU3yIOIIHiics 10BepUTENBHON BEpOATHOCThIO P HIH ypoB-
HeM 3HauuMocTH ¢ = | — P, 910 TakoH WHTEPKBAHTHIIBHEINH TIpOMe-

HYTOK [ =S BHYTpH KoToporo jexar 1007 npouen-

ql2,v l—g/2,v?

TOB BCeX 3Hauenuii ciayuainoil Bemuunuer /. a 100g npoueuntos
nexar BHe sroro npomexytka. [1pu arom 100g/2 npouentos ne-

KAT cnea or° 1t u 100g/2 npoueHtoB nexuT cnpasa OT

ql2,v

li—qf’z.v'

Bemuuunbl [, U [, - 3TO KBAaHTHITH pacmnpeiC/ieHUs

CreionenTta c v = N — | crenmensMu croOOIBL, NPHYEM, TaK KAK 3TO
pacripezie/ienie CHMMETPHUHO W HMEET HYJIEBOE MaremMarH4eckoe

OXKHIAHME, TO [, 5 , = =1, , . FICTIONB3Ys HOC/E/IHES PABEHCTBO H

[O/ICTABHB 3HAHEHUE [ = (? — ) /(E /N ) momy4aem, 9To

Xy

A
e O’/ﬁ

Orciofa ciefyer, YTo AOBePHTeNbHbI UHTEepBan Ui Marema-
THYECKOIO OXKUAAHUs A uepe3 BhIOOPOYHYIO CPEAHION U BBIDOPOH-

<t

I=g/2,v

HOE C.K.0. 33712eTCA B BUJIE:
o o o
X_'rl—q/l.v \/ﬁ 1-g(2,v W

[llupuHa OOBEPUTENBHOrO HMHTEpBana Ul MaTeMaTHYecKoro
OKHJAHHS OYEeHB CYIIECTBEHHO 3aBHCHT OoT obObema Beibopku. [Ipo-

WITIOCTPHPYEM 3T0 Ha IpocToM npumepe. [1ycTh B IByX HCMbITaHH-
AX TOyd4eHbl OJMHAKOBBIE 3HAYCHHA BBHIOOPOYHOM CpeaHeil

Zu< Xty

X =12 » puibopousoro c.x.0. ¢ =2.5. Ho B riepsom ciywae 3T#
JlaHHBle GbLIM nonyuyeHsl mo Beibopke obvemom N =100, a Bo Bro-
poM ciyuae no Beibopke obpemom N =25. 3asaaumcs ypoBHEM
spaunmoctn g = 0.05.

Boiuncaum ¢ nomomisio GyHkimit Microsoft Excel noseputens-
HbI€ HHTEPBAJTBI JUIS MATEMAaTHYECKOTO OJKHAAH UL
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naea 5. Cmamucmuyeckue ebigods!

1) Boavuwas ewibopka

= kA Mt Sl VA
ty 4r2., = CTBIOAPACIIOBP(g, N 1) =
= CTBIOIPACIIOBP(0.05,99) = 1.984

1.2-1.984 £ SH Sl.2+1.984£

100 Y100

0.704 < £ £1.696
LllupyHa 10BepHTEILHOrO HHTepBana = 1.696 - 0.704 = 0.992

2) Manas swibopra

X =12 e 25, uN=25
B CTB}OﬂPACHOEP(q, N-1)=
= CTBIO/IPACIIOBP(0.05, 24) = 2.064

I —2.064£ Sp<l2+ 2.064—2i

V25 V25

0.168 < 4 <2232
[vpuna noBepuTensHoro waTepsana =2.232 - 0.168 = 2.064-

To ectb A nanHbIX 3HAYEHNH BLIGOPOYHON cpeHell U BHIGOPOYHO-
o C.K.0. yBenmuuetine o0bema BhIGopKH B 100/25=4 paza npuseno k
YMCHBIUCHUIO IWPHHbI JOBEPUTENLHOTO WHTEPBAIa IS MATeMaTH-
qeckoro oxuganus B 2.064/0.992=2.08 pasza.

5.4. BeiGopounoe pacnpeenenne BbI00POYHON ANCIEPCHH.

[lycTs cyualinas BenuunHa X HMEET MaTEMaTHUECKOE OXKHAA-
HHE [/ W TEHEpAlbHYIO JMCHepcHio o . OLEHKAMH MateMaTHde-
CKOr0 OXHIAHWs M AHMCTEPCHH 0 BBIOOPKE (X,,X,,...,X,) OyayT
BBIOOPOUHAs CPE/IHss U BEIOOPOUHAs AHCTIEPCHS: ’

St

20l ] X 1 N feat]
X =— X e —— _XZ
N R D
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[nasa 5. Cmamucmu4ecKue es1eodbl

2 = 2
PaccmoTpuM ciiyuaiinyro Bemuuny 7 =(N—1)o /o®. DOra
Be/IMUHHA TIOAMMHSAETCA ) -pacnpejeneHito ¢ vV = N —1 crenensvu
cBOGOIBL, €N BLIOOpOUHas cpeaHss X HOPMambHO pacipe/iesieHa.
TIAst MasbIX BLIGOPOK 3TO ¥'-paclipeie/eH e HMEeT MONOKHTENbHYIO

aCHMMETPHIO, HO ¢ YBellUeHHeM 00beMa BLIDOPKH €ro aCHMMETPHA
CTPEMHUTCS K HYIIHO.

v

5.5. loepuTeiLHEI HHTEPBAJ 119 reHepaibHOMN JHCICPCHH.

JloBepuTElbHbI HHTEPBAI BO3MOXKHBIX 3HAYEHWH BEIM4HHbI
Z"', XapaKTepu3yIomuics JOBEPUTENLHON BEPOATHOCTEIO P unu

ypoBHeM 3HauuMocTH ¢ =1— P, 5T0 TaKoi HHTEPKBAHTHIBHBIH
MPOMEKYTOK grffz_‘,s s le—qﬂ’l.v‘ BHYTPH KOTOPOTO JIeKar
100P npoueHTOB BceX 3HaueHuil CyuaiiHON BeaMuMHbI 7', a
100g  npoienToB nexat BHe dToro npomexyrka. llpn sTom
100g /2 npoueHTOB JISKHT ciesa OT ;{;fl , u 100g/2 npouentos

2
TIEXKHUT CMPaBa 0T ¥ /5 -

2

2 2
Bennuunst ¥ 0, M X gn. 3TO KBAaHTHIH ¥ -

pacnpenenenus ¢ v = N =1 creneusmu csobombl. [loacTtaBus 3Ha-

—k
2
uenne y° =(N-1)o /o momyuaem. 4to
=7

a
2 2
KXatzv <(N=1) s o AT
Ortciofa ClielyeT, 9TO TOBepPUTElbHbIH HHTEPBAI /Ul TeHepallb-
HOM JMCHEPCHH Yepe3 BRIOOPOUHYIO IUCIEPCHIO 3a1a8TCA B BUAE!
—2 s
(N-1o (N -Do
2 2
Zi—qf’?..v Zq.“?.v
[lycts B MCIBITAHHH MOJY4€HO 3HAYCHHE BLIOOPOYHOTO C.K.0.

Lt

o =2.5 no sbibopke obbemoM N =25. 3ajaqnMces ypOBHEM 3HA-
uyumoctn g =0.05.

BriuucauM ¢ nomolisio Gynxuuii Microsoft Excel nosepurens-
HbIi MHTEPBANIBI JUTs TeHepalbHOH AMCIePCHH:
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naea 5. Cmamucmuyeckue esia00bl

o=25 N=25

y=N-1=25-1=24

q12=0.025=> ¥; s 20 = XH20B5P(1-0.025,24) =12.40
1-¢/2=0.975= 13475 s = XH20BP(1-0.975,24) =39.36

2 2
LY

FOBG

3.81<0°<12.10
ITupura noseputensHoro uatepeana = 12.10 - 3.81 = 8.29

24

5.6. CraTueTHYecKas MPoBEPKA FHNOTE3.

Cmamucmuveckas 2unomesa - 3T0 NPelloJIOKUTENBHOE CYX-
JeHue O 3aKOHOMEPHOCTAX, KOTOPbIM NOAYHHAETCA CyvaiiHas Be-
uuna. Mpl 6yzmem paccMaTpHBaTh MMIIOTE3bI O BEJIHMHHE TapaMeT-
POB 3aKOHa pacTipefe/ieHHs BepOATHOCTEH H O ero BiJe.

Cmamucmuyeckas npogepra 2unomes - 310 CHCTeMa MPHEMOB,
NpeAHa3HauYeHHBIX [ TPOBEPKU COOTBETCTBHS SMITMPUYECKHX
JIAHHBIX HEKOTOPOH cTaTHCTHYeckoH rumotese. [lpouecc npoeepku
Dasupyercs Ha GOpPMYTHPOBAHKUYM 2-X THIOTE3 - HYJEBOH M alibTep-
HATHBHOM:

- Hynesas zunomesa H, - 5T0 PHIOTE3a, KOTOPAsk CYUTACTCS BEp-

HOH 10 Tex nmop, moka He OyxeT JloKazaHo 00paTHOe HCXOI H3
Pe3yJ1bTATOB CTATHCTHYECKOH MPOBEPKH,
- anemepuamusnas zunomesa H, - 310 runoresa, KoTopas mnpu-

HUMAETCs, ECIH B PE3YIBTATE CTATUCTHYSCKOM [IPOBEPKH OTBEP-
racrTes HyJIeBad rHNOTE3a.

Kpumepuii nposepxu

[paBuio, o KOTOPOMY MPHHUMAETCS WJM OTKIOHSETCs Hyrnepas
TUII0TE3a, HAa3bIBACTCHA CMAMUCTMUHECKUM KPUMEPUEM RPOGEPKU.
[locTpoeHue KkpuTepusi onpenensercs BbIOOPOM HeKOTOPOH (HyHK-
uan O OT pe3ynbTaToB HabMoAeHHH, KOTopas CAYXUT MepoM pac-
XOAICHHS] MEK/Y IMIUPHIECKHMH H TEOPETHYECKUMHU 3HAYSHUAMM.
Gyuxims O Ha3BIBACTCS CAMIAMUCIUKON Kpumepus W ABISETCs
ciyHaliHOM BETUYHHOM. :
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Inaea 5. Cmamucmuyveckue 8bi800b!

[lo pacnipeneneHHIo CTaTHCTHKA (0 HAXOJMTCH TAKOe 3HAYEHHE
Q,, uto ecan runoresa [, BepHa, TO BEPOATHOCTH TOIO, YTO
Q> 0, pasua ¢, rie ¢ - 3TO 3aJaHHBIl 3apaHee YPoBeHb 3HAYU-
mocmu. Ecmu Q< (), To rumotesa H npunumaercs, a eciu

Q> Q,. 1o runoresa H, orpepraercs.
Ouiuoku 1-20 u 2-20 pooa

TIpu pelieRny BOTIpoca O CHPABEVIMBOCTH TumoTessl H, Moryt

ObITb JOMYIUEHBI OLIHOKH ABYX BH/I0B:

- owubra hepéo2o pooda TPOUCXOMMT TOrJa, KOTAA OTBepraercs
BepHas runoresa 1,

- owubra emopozo podd NPOUCXOIHUT TOTAA, KOTAA MPHHUMAETCs
nokHas runoresa .

Ypoeens snauumocmu

OueBHIHO, YTO YPOBEHb 3HAYHMOCTH ¢ - OTO BEPOATHOCTH OMIHOKH
nepeoro pona. Ecau oH 4pe3sMepHO BeNHK, TO B OCHOBHOM yInepH
Oyjer cesizad ¢ OLIMOOYHBIM OTKIOHEHWEM BepHOMH runoresst ),
€CITH JKe OH Ype3MepHo mal, To ymepd Oyner BOZHHKATH OT OIIH-
GO4HOrO NpHHATHA J0XHO# runoTessr H ;. Ha npakruke B kayecTse

YPOBHS 3HAUMMOCTH BHIOMPAIOT BepoATHOCTE B npefenax ot 0.01 no
0.
5.7. IlpoBepka rENoTEs 0 BeIHYHHE reHepaiLHOMN cpeHeH,

Pacrionarast anpuopHLIMU CYKAEHHSIMH O BeJIHYHHE TreHepalib-
HOHW cpenHel (MaTeMaTHYECKOr0 OXKHIAHHS) MBI MOXEM TPOBEPHTH

FHIOTE3Y O TOM, COOTBETCTBYET JIH B!:IGO[DO‘IHE[F{ CpenHsis anpHop--

HOMY 3HAYEHHUIO MATEMATHHECKOr0 OKHIAHHS.

IlpoBepka runoTessbl 0 COOTBETCTBHM BEIDOPOUHON cpeaHeit ar-
PHOPHOMY 3HAYEHHIO MATEMATHYECKOTO OKHAAHHS MOMET OBbITh OJi-
HOCTOPOHHEH (MPaBOCTOPOHHEH WM JIEBOCTOPOHHEH) MM ABYCTO-
POHHEH:

- 08YCMOPONHAS NPOGEPKA UCTIONB3YETCs B TOM Cly4ae, Korga He-
00X01MMO NPOBEPUTE, PABHA JIH BLIOOPOUHES CPEaHsS anpHop-
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HOMY 3HA4YEHHIO MAaTeMaTHYECKOro OXKAanys, U runoresa (op-
MYJAHDPYETCS B BHJIE:

T 210 f=y

s 1 };ty

HPABOCMOPONHSIS RPOBEPKA UCTIONB3YeTCA B TOM cliydae, Korja
HeoOX0IHMO npoéepmb, 4YTO BEIDOpOUHAS cpefHAs Oonblle, Yem
anpuopHOe 3HA4YeHHe MaTeMaTHUecKOro OXWAAHHS, W THIoTe3a
dopmMynupyeTcs B BHIE:

Hy: X=pu
e
1 e
NHeBOCMOPOHNAA NPOBeEPKA HUCIIOJB3YETC B TOM cllydae, Koria
HeoOXOAUMO TIPOBEPUTHL, YTO BbLIOOpOUHAS CpeaHsAs MeHbLue,

4eM afnpHOPHOE 3HAYEHUE MATEMATHYECKOrO OXM/IaHUs, W [UI0-
Te3a QOPMYIHPYETCs B BUE!

H T:y
i X<u

IpounnrocTpupyeM NpoOBEPKY THIIOTE3 Ha MPHUMEpax.

JeycmopoHHAA HPOBEPKA 2unome3

1)
2)

3)

4)

J)

6)

Anpuopnas unghopmayua
Maremarudeckoe oxuuanne U = |
Peszyaomamer ucnvimanus
Ni= L00E 0 42
l'unomesa
i X=u
Hi= X = 7
Hpunsimas eeauyuna yposHa 3HauuMocmuy
g =0.05
Kpumepuii nposepxu
ke

o/N

IIpaswio npunamus peuterus

=25
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Fnasa 5. Cmamucmudyeckue ebieadsl

7)

8)

9)

[punste Hy, ecnn —1,_ 5, <

B nportHBHOM Cliydae npuHaTh H; , T0 ecth H; pHHHMAETCS,
KOT[a KpHTepUil IPOBEPKHU ! MONajaeT B KPUTHUECKYIO 001acTh
| l | > l l-g/2,v

Pacqem 2DAHUY KPUMUHECKOU 0Oaacmu

{y-y12,, = CTBIOHPACIIOBP(q; N - 1) =
= CTBIOJPACIIOBP(0.05,99) = 1.984

Pacuem xpumepus nposepru
e 2l s
"GN 254100
Ipogepxa cunomesel
—l g2y SESE ), s TO kpuTepHit niposepkn 7 = 0.8

Tak xax
He MoNajaeT B KPUTUYECKYIO 00JacTh W Mbl TPUHUMAaeM THIOTe-
3y Hp. DTO 03HAYaeT, 4TO NpH 33/JaHHOM YPOBHE 3HAYUMOCTH

leﬁopoql-léiﬂ cpemnas X =1.2 CTATHCTHYECKH HE3HAYMMO OT-
JIHYAETCs OT anpHOpHON BEJIMYHHEI MAaTEMaTH4ecKoro OXHiaa-
Hua o =1.

Hpaaocmopannﬂﬂ Rpo8epKd cUROMES

1)
2)

3)

4)

6)

Anpuopnas ungopmayus
Maremaruueckoe oxuaanue 4 = 0.7
Pesyibmamul ucnbimanus
N=100 X=12 =25
Tunomesa
5 i £% =
H: X M
TIpunsamas enuduHa YposHs 3HAUUMOCHU
g =0.05 '
Kpumepuﬁ nPOGEPKHU

_X-pn

o/ «/_

Ipasuio RPURAMUS PetteHust
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7)

8)

9)

[Ipunare Hy, ecin ¢ < ligov

B mpotusHOM ciy4ae npuHaTE [, , T0 ecTh H; NpHHUMAETCH,
KOT/la KpUTEePUi NPOBEPKH [ MONANACT B KPHTHYECKYIO 06/acTh

T

Pacuem 2PANNY, KpUMU4eCKol obugcmu
t\_y. = CTBIOIPACIIOEP(2q, N —1) =
= CTHIOJIPACIIOBP(2%0.05,99) = 1.66
Pacuem kpumepus nposepru
X 2=
o/\N  2.5//100
Iposepxa cunomesul
Tak kak > fi_y.,+ TO KPUTEPHIt NPOBEpPKH [ =2 HAXOAMTCH B

fi=

KPUTHYECKON 00JIacTH M MBI OTBEpraeM rumnoresy H, u npuHu-
MaeM runotresy f; DTO 03Hayaer, uTO MPH 3aJaHHOM YPOBHE

SHAYMMOCTH  BHIGOPOUHas CpeHsis X =12 crarucrnuecku
3HAYMMO OTIHMYAETCS OT arpHOPHON BeAWUMHBLI MATEMATHYECKO-
ro oxuganns u4 = 0.7 .

Jlesocmoponnan nposepka 2unomes

1)

2)

3)

9)

5)

6)

Anpuopnas ungopmayus
Maremarnueckoe oxunanne 4 =1.5
Pesynemamet uchwimanns
N=100: X=12 o&=25
Tunomeza
T2 X = H
/5 i X< H
IIpunamas seruduHa YPOsHs 3HaAUUMOCIU
g =0.05
Kpumepuﬁ RPOGEPKY

X Xl

ol \/_

Lpasuno npunsmus pewenus
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lnaea 5. Cmamucmuyeckue 8bie00bi

7

8)

9)

[puuate Hy, ecnu 2~

B mpotuBHOM ciyuae NpPHHATH f; , TO €cTh f; NpHHHMAETCH,

KOrJla KPMTEPUH NPOBEPKH { 10MaAET B KPUTHUYECKYO 001acTh
i T

Pacuem epanuy kpumuneckon ooracmu

T e —~CTBIOPACIIOBP(2q, N -1) =
=—-CTBIO/[PACIIOBP(2%0.05,99) = —-1.66

Pacuem xpumepus nposeprit

b 2 Gy VRO | Bl

o/\N  2.5/4100
IIpogepka eunomesst
Tak kak = —1, . o kputepuii nposepky / = —1.2 He nona-

JlaeT B KPUTHYECKYIO 00JacTh M Mbl MpUHUMaeM runoresy Hp.
3T0 03HA4aeT, 4TO NPH 3a0aHHOM YPOBHE 3HAUHMMOCTH BbIOO-

pouHasi cpenuss X = 1.2 cTaTHCTHYECKH HE3HAYWMO OTIHHAET-
Csi OT anpHOPHOH BeNUYMHBLI MATEMATHYECKOrO OIKMAAHHUA

u=15.

5.8. ITporepka runoTes o BelIHUHHE FreHePANLHOH JHCIEPCHMN.

Pacnonaras anpHOpHBIMH CYKIEHHAMH O BElIHYHHE TeHepaib-

HOM IHCIOEPCHH MBI MOXKEM MPOBEPHThL THIOTE3Y O TOM, COOTBETCT-
BYET JIM BeIOOpOYHAA JHUCMEPCUs ANPHOPHOMY 3HAYEHMK) TEHEepallb-
HOH OMCIEepCHH. .

[1poBepka runoTesb! Ai AUCIEPCHH MOJXKET ObITh OLHOCTOPOH-

Hel (MpaBOCTOPOHHEH UK JEBOCTOPOHHE!H ) K JABYCTOPOHHEH!

OBYCIMOPOHHAS NPOBEPKA UCILONB3YETCSA B TOM Clly4ae, KOraa He-
00X0IHMO MPOBEPHTL, PABHA MU BRIDOPOUHAS AMCTIEPCHS anpH-
OpHOMY 3HAYEHWIO MeHepanbHOH aucnepcuu, W runoresa dop-
MYJHPYETCS B BHIE:

H: o =o
Kol
H»: g #a
npPAasoCMOPOHHASL nposepKa UCITOJIL3YETCS B TOM ClIy4Hac, Korja
HEoOX0AMMO MPOBEPHTH, HTO BbIGOpOUHAs aucrnepcus Gonblue,
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: —2
H. swo oo

HeM alpuopHoe 3HaYeHue reHepalbHOH JAHCIICPCHH, H THIIOTE3a

dopMynHpyeTcs B BUIE:
—
Hs o =a"

NI€BOCMOPOHHAS NPOBEPKA UCTIONB3YETCS B TOM Ciydae, Koraa
HE0OXO/IMMO NPOBEPHTh, YTO BEIGOPOUHAS AMCIEPCHS MEHbIIE,
4eM anpHOPHOE 3HAYEHHE TeHepallbHOH AHCIEPCHH, W THITOTE3a
hopmyaupyercs B BHIE:

)

Hyi tov, =0t

T
Hi:o <o’

[IpounntocTpupyem MMpoBepKy rHIOTES HA IPUMEPAX.

Heycmoponusa nposepra 2unomes

1)
2)

3)

4)

)

6)

7)

Anpuopras unhopmayus
['eHepanbHas aucnepens o- = 4
Pezynvmambt ucnvimanus
N=25

T unomesa

i
Hylve —o

—2

c=25 g =625

3
Hil o ot ot
HpuHﬂma}l GEAUYUHA VPOBHA SHAYUMOCIMU

g =0.05

Kpumepuii nposepxu
—2

ol T
sl e
(o
[Ipasuno npunsmus peuteHus
2 z 2
[lpunare H;, eciu Xainv S A,
B nportrBHOM ciy4ae npuHATE M, , TO ecth H; NpHHEMaeTcs,
KOrga KpUTepuii NpoBepKH ;{2 MONandaeT B KPUTHYECKYIO 00-
2 2 : 2 2
macTe ¥ Yoo, W YT > X\,

Pacuem zpanuy kpumuueckoi obaacmu
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8)

9)

Tl = Yo = AHZOBP(1 0025, 24y =12.40
Tl iy = Xowrs. s = AH205P(1-0.975,24) =39.36

Pacuem xpumepus nposepxiL

—2
0D
7= (V-1 =242 3750
o 4
lposepra cunomesel
Tak Kax .«?f;/z,v = ZZ = Ziz—qll,vﬂ TO KpuTepuil NpoBEpKH

2
¥~ =37.50 ue nonanaer B KPUTHYECKYIO OBNACTL U MBI MpH-

HUMAaeM THII0TeSy H, DTO 03HAuaer, 9To NpH 3a[aHHEuM YPOBHE
—2
3HAYMMOCTH BBIOOpOYHas aucnepcust o = 6,25 cTaTHCTHYECKH
HE3HAYMMO OTJIHYAETCS OT AlPUOPHOH BEIMYMHBI [€HEpaNbHOMN
! :
auctepenn o =4,

Hpasocmoponnasn nposepKa 2unomes

1)

2

3)

4)

6)

Anpuopnas undopmayus
TeHepaneHas gucHepcHs o = 3.6
Pesynsmamer UcnbImManus

— —2
N'=25 g=125 o =625
Tunomeza

s
i =t

25
Heha > o
Tpunsmas eenuuna YposHs 3HAYUMOCH
q'=10.05

Kpumepuii nposepiu
i

o
e
’ a
IIpasuno npursmus peienus

[punare Hy, ecnu 7(2 < ;{f’_q’v
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s

8

7

B npotuBHOM cnydae NpwHATE ;. TO ecThb H; MpHHUMAETCH,
KOTOa KPHTEPHI MPOBEpPKH Zz MOMagaeT B KPHTHYECKYHD 06-
JIACTh gz > gf_q‘v

Pacuem epanuy kpumiueckoil obaacmu

Fid— Koo s —AHZ0LP(1-1095124) = 36.42

Pacuem kpumepus npogepri

—2

b5
A R e T S
x =( )o,2 e

Hposepra cunomest

2 2
Taw xak ¥~ > fi.»

XOOHTCH B KpHTHI{ECKOﬁ 001acTH H MBI OTBEPracM THIIOTE3Y Hg
H NPpHHHUMAEM THIOTE3Y H,'. D10 O3Ha44aeT, 4TO MNpH 3aJaHHOM

T0 KpHTepHii iposepki ¥ = 41.67 wa-

==
YPOBHE 3HAUMMOCTH BRIGOpOUHAg guctepcus ¢ =06.25 cratu-
CTHYECKH 3HAYMMO OTJIMYASTCH OT ANpHOPHOW BENHYMHBI FeHs-

pansHoit aucrepenn 0 = 3.6 .

ﬂeﬁocmoponnnﬂ APOBEPKA 2UNOMES

1)

2)

3)

4)

3)

6)

Anpuoprasn urnghopmarus
I"enepansHas gucnepcus 6°=9 ;
Pesynemamal UCRBIMANUS
N =25 =0

Tunomesa
et
Hy: o =0

o LED5
2

n =2
2
Hyi—o <o
HpuHﬂma}z BENUYUUHA YPOBHA SHAYUMOCHIHU

g =0.05

Kpumepuii nposepri
—
o

=)=
o

lpasuno npuramua peuienus

2
q.v

Ilpunsts Hyp, ecnu ;{2 Z2 7
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lnasa 5. Cmamucmu4eckue enigodsl

B npotusHOM crnyvae mpuHATE [, , To ecth ) npuHAMaeTcH, -

KOT/Ia KPHTEPHH TIPOBEpPKH x' Tomajaer B KpUTHUECKYIO 00-
HACTE S X

7) Pacuem zpanuy Kpumuyeckou oonacmu
X2, = Xoos.as = XH20BP(1-0.05,24) =13.85

8) Pacuem kpumepus nPOGEPKU

=2
Pre-hE R0 G
c 9

2

9) Iposepra 2unome3el |
Tak kak y° > ,‘giv, To kpuTepuii nposepkn ¥° =16.67 e

nonafaeT B KPUTHUECKYIO OOMACTh W MBI NPHHUMAEEM IHIIOTE3Y

Hj;. DT0 03HA4aeT, 4TO MPH 3aJaHHOM YPOBHE 3HAUMMOCTH Bbl-

—2
Gopounas aucriepcHs ¢ =06.25 CcTATHCTMYECKH HE3HAYMMO

OTJIMYAETCS OT ANPUOPHOH BEJMYHHBI TEHEPATBHON JIHCIIEPCHH
o =9
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nasa 6. Vidernmuchukarus 3akorna pacnpedeneHus ro esibopke ciydaliHol ee-
NUYUHbI

6. {AEHTHOUKAILMSI 3BAKOHA PACTIPEEJEHUSI 10
BLIBOPKE COYYAWHOW BEJIMYNHEI.

6.1. Beenenue.

B naunoii rnase Oyner paccMOTPEH BONPOC O TOM, KAK MO 3M-
nupuyeckoil BuIGOpKE HMASHTHOHIMPOBATE 3aKOH pacHpeieeHHs
ciyvaitHol BeHUMHBL. ' '

[Mospo6Ho paccmoTpeHa npobieMa TPYNIHUPOBKH JaHHBIX, TO
€CTh pacyueT OHTUMAILHOTO KOJIMHECTBA HHTEPBATIOB MPYNITHPOBKH 1
ONTHMAJIbHOH LIMPHHBI HHTEPBANA, 4 TaKkKe [TOCTPOeHHs MO Crpyr-
MUPOBAHYLIM JAHHBIM THCTOIPAMMBI pacTipeieeHus.

[ToayyeHHoe 3MIMpHYecKoe paclpeieneHHe OymeT anmnpoKCH-
MHPOBaHO HEMPEPLIBHON aHAMHTHYECKOH (yHKUHEH, TO ecTh Gyner
MIEHTUGULUMPORAH 3aKOH pacnpefeneHus Cly4yaifHOH BeJHYHHBI.
Tarke paccMOTPEHO MCHOMB30OBAHME KPHUTEPHEB COIJIACHS NPH
HACHTH(OHKALIHH 3aKOHA PacTpe/ieeHHs.

B kauectBe BBIOOpKM CilydalHHONH BeIHYHHBI HCTIONB30BaHA BbI-
Bopka, cocTodlas 3 JIOrapu(MOB OTHOCHTENBHOTO H3MEHEHUs Be-
nuauHLL nHaekca Poceuiickol Toprogodt cucremsl (mHaekea PTC) 3a
nepuon ¢ 1 ceHTa6ps 1995 roga mo 31 nexabpsa 2002 rona.

6.2. I'pynniposka agHHBIX. OnTnMalibHOe YHCJI0 HHTEPBAJIOR
rpyNNHPOBKH. ¢

JUisl pacueTa OLEHOK MATEMAaTHYECKOr0 OKMIAHHS, ANCTIEPCHH,
CPEIHEKBAAPATHYHOrO OTKIOHEHUS, Ko3(hduLMenTa aCHMMETPUKN H
JKciiecca (Ha OCHOBE MOMEHTOB paclipe/iefeHus) He Tpedyercd
MPe/IBAPHTEIBHOTO YIOPSAOHMBAHHA W TPYNNHPOBKH KAHHBIX. DTH
BEIHUYMHBl MOTYT OBITE HalAE€HBl HEMOCPEACTBEHHO IO HMCXOMHOH
BEIOOpKE.

Jiis onpefeneHus MeAMaHbl, KBAHTWJEH pacrpeieNeHus, O
yIaleHHs MPOMAXOB M3 BbIOOPKH JTaHHbIE HEODXOIMMO Ppacofo-
JKWTh B [IOPSAAKE BO3PACTAHMS, TO ECTE YIIOPAIOUYHTE BEIOOPKY.

['pynnupoBka JaHHbiX Heobxoauma Aag TOro, 4toObl HaliTH
(opmy pacnpeeneHus, TO ecTh, B KOHEUHOM HTOre HieHTH(GHUHpO-
BaTb 3aKOH pacrnpeme/eHus.

B pezynabrare rpynnupoBKH BeIOOpKA MPEACTABRIAETCS B BHAES
THCTOTPaMMBL, COCTOAIEH U3 L cTONOLOB (MHTEPBATOR IPYINHPOB-
KH), KaxIblii M3 KOTOPbLIX UMeeT umpuHy ¢. [locne HOPMHUPOBAHHA
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lhaea 6. MdeHmuchukayus sakoHa pacnpedenerus no asibopke cryvaliHol ee-
TIUYUHBI

rHCTOTpaMMa MpeAcTaBaseT coboi IMMHPHUECKYIO MIOTHOCTL pac-
npeje/ieHus clyuaiiHoit BeNHYHHEL

U3 kauecTBEHHBIX COOOpaKEHUH CIEAYeT, YTO AOJDKHO CYLLECT-
BOBATh ONTHMAAbHOE HUCIO UHTEPBAJIOB IPYNNUPOBKY,

TeicTBUTENBHO, [IPY DOMBLLOM KOJIHYECTBE CTOAOLOB H MO3TO-
My Manol IIHpHHe cTondua, W3-3a caydalfHocTH BRIOOPKH THCTO-
rpamma ByjieT 3armofHeHa 04eHb HEPaBHOMEPHO, HMETh CHITHHO H3-
pe3aHHBIH BHI, COCTOATH H3 OOJBLIOrO KOJHYECTBA BCIUIECKOE M
MPOBAOB,

[Tpu jipyroii kpalHOCTH, TO €CTh OYeHb MAJIOM HMCIIe CTONOLOB

0OMBIIOH WHPHUHBL, THCTOrpAMMa OYAET M3NMLIHE CrIaKHBaTh pac-
' MpeneneHHe, YHHUTOXATh €ro XapakrepHbie ocobennoctd. Hanpu-
Mep, €ClH BbIOpaTh TOJILKO OAMH MHTEPBAN I'PYNINHPOBKH C LIHPH-
HOIi, paBHO# pa3maxy BbIOOPKH, TO MH000E pacnpeneneHle CBeAeTes
K npaMoyrojisHoMy. [IBa cTonbua BeIOMpaTh Helb3s, TaK Kak aodoe
CHMMETPHYHOE pachpefie/ieHne, Kak i B MpenblaylleM cllydae, cBe-
neTcs k npsMoyrojibHoMy. Tpu cTondua Takke NaioT Mano uHop-
MallHi O QOopMe paclpeieneHus.

Ota cyry00 KayecTBEHHBIE pacCyXKISHHA IMMOKAa3biBAalOT, 4TO
OOJDKHO CYLIEeCTBOBATL HEKOTOPOE ONTHMAIbHOE KOJIMYECTBO MH-~
TEPBANIOB [PYNIUPOBKH,

_Ecan MexXoauTh W3 OPefnoIoKeHUs, YTO FreHepaibias COBOKYI-
HOCTb, W3 KOTOPOM fojydeHa JAaHHas KOHKpeTHas BbIOOpK4, MMeEeT
IafKyl0 KPUBYIO [UIOTHOCTH BEPOSTHOCTH (3TO CNPABEVIMBO B
GONBLIMHCTBE CIIyYaeB), TO HEPABHOMEPHOCTH THMCTOIpaMMBbl sIBIIsi-
J0TCA CayHdaliHbIM HymMoM, oDyCIoBIeHHEIM CllyHaifHOCTRIO BBIOOP-
Ky, YBenuueHue MMAPHHBEL CTONOUA M yMEHbIIEHHE KOJHYecTBa
¢cTonduoB GunsTpyioT 3101 WyM. Oanako, nanbsnelilnes yBenuyeHue
LM PHHB] cTONOLA HAUMHAST CIIKNUBATE YHKE CaMO PACIIPE/IeICHHE.

CrieoBarelibHO, ONpejieNeHHe ONTHMANBHOTO UHCId MHTepBa-
JOB IPYNITHPOBKH [P NOCTPOSHUM FUCTOFPaMMbl ABIAETCH 3aiayei
onTHManbHOH GuwisTpatuu. [Ipu sToM onmmumalsioe KOIUHECMmEo
CIONDYOE SUCNOZPAMMYL - MO MAKOE KOMUHECMEO, HPY KOMOPOM
MAKCUMATHHO BO3MONCHOE CZAANCUBAHUE CIVHAUHO20 WYMA coYema-
EeMECs € MUHUMATLHBIM UCKANCEHUEM O C2IAACUBAHUA CAMO20 pac-
npeodenequs. :

OnTUMAabHOE YMCI0 CTONIONOB AOMKHO 3aBHCETh HE TOALKO OT
00Bema BLIDOPKY, KAK 9T0 YKa3aHo B DObIIUHCTBE 0coOui 1o cTa-
tueTHKe., OUeBH/IHO, YTO 3TO YHCHO 3aBUCHT eule U oT (QopMsl pac-
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NUYUHB]

npeaeneHus. JeHCTBHTENLHO, €CH TJIOCKOBEPNINHHBIE pacipene-
JIEHHS MOMXKHO NPHOIH3HTL JOCTATOYHO MALIM KOJIHYECTBOM CTOJO-
LIOB, TO JUIl OCTPOBEPLUMHHBIX pacnpeJieneHnil ¢ uX ANHHHBIMH, MO-
JIOTEMH CHAJAMH 3TO KOJIHYECTBO ECTECTBEHHO AOIKHO OBITh GONTB-
me. .

KoIHYecTBO HHTEPBAIOB IPYNMHPOBKH JOMKHO OBITh HedeT-
HBIM 4HCIoM. [IpH deTHOM 4Hcne cTonbuor obnacTs BOIH3M 1leHTpa
pacnpefeneHus OyAeT ONHCHIBATHCS ABYMS CHMMETPHYHO PACIofo-
EHHBIMH OTHOCHTE/IBHO [EHTPa CTONONAMY I'HCTOIPAMMBI, TeM ca-
MBIM MK pacrnpeaeneHus OyaeT HeonpaBJaHio CriaauuBaTecs. ITo
0CODEHHO KPUTHYHO JUIS OCTPOBEPLIMHHBIX pacnpenencHui. Kak
YK€ NOBOPHIIOCH BhIIE, Tpu cTo0HA AAI0T O4EHb Mano mHhopMa-
uuy o dopme pacnpenenenus. [loaromy Oyaem CHHTATh, 4TO KOJH-
4ECTBO CTOJIOIOB THCTOIPAMMBI JOMKHO ObITh HEYETHBIM YHCIIOM HE
MEHEe NATH.

Omnupuyeckas GopmyJia i OLEHKH ONTHMATBHOTO KOTHYeCT-
Ba CTOJIOLOB TUCTOrPAMMBbI Kak hyHKIMH 0T o0bema BeIOOpkH N 1
JKCLecca £, MPUTOAHAS K TPUMEHEHHIO JUls LIHPOKOro Kiiacca pac-
npejieseHui caenyoLas:

s g+1.5 N0
6.

Bermucnennoe no aroil Gopmyne 3HaueHHe A0MKHO OBITH OK-

PYI7eHo BHH3 [0 Gnukaiiluero Gosibliero Wi paBHOro MiTH Hever-
HOr'O LIE/I0T0.

Hcnone3ys 3Havenue [, mupuHy cTonbUa rHCTOrPAMMBI MO~
2max(|x, — X))
L

HO HaiiTu no QopmyJe: d =

6.3. IlocTpoeHne rTHCTOrPAMMBEI pacipee/eH s,

M37105KMM  @/IrOPUTM MOCTPOSHHS THCTOIPAMMBI 10 BBIOOPKE
cnydaiiHeix BemuunH {x, }, k=1,...,V:

1) VYnopsanouuTts HCXOAHYHO BEIDOPKY 110 BO3PACTAHHID.
2) BbIYMCIHTE OLEHKH LEHTpa pacnpe/ie/eHus:

i o
}i.ue(}uaua: quunwﬁcﬁuﬁaﬂ: X s X 50% Xf&;fmp ' pasMaxd-
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VHOpsA04HTE 3TH OIEHKH 110 BO3PACTARHIO K BHIOPATH U3 HUX B
KAUeCTBE LEHTPA PACHPEISICHH CEPEIHHH0E, TO €CTh TPeThE
110 CUeTy, 3HaueHue, KOTopoe 0003HAYUTb Kak Xyyrirp

3) BoyHcIUTh OHEHKY CPEAHEKBAIPATHHHOIO OTKIOHEHHA

5
_Z (%, = X gpsare it
—]- Je=1
4) BBIYHCIHTE OLEHKY DKCLECCa
1 N?-2N+3
il Z(xk 3k X{Jf:‘ff?;i’)4 =3
PN =DV -2)N-3) S
l 3(2N 3N -1)
N(N -2)(N —-3)
5) Bbi4HCAUTb KOIQHULMEHT LEH3YPHPOBAHHMSL
G=155+0.8-1g(N/10)-Ve—1

6) HckmounTs U3 BEIOOPKH BCe 3HAUeHHMs (MPOMaxh), NekalllHe 3a
MpejienoM HHTEPBana '

X jgre — G- O'<x<Xu£HTP+G o

Fcnu B BhIOOpKE MPHCYTCTBOBAJIH TIpOMaxy, To ee 00BEM

&=

ymenbmmncs. O6osnaunM kak {x,}, k =l,.., M ounileHHYyr

or npomaxop Bhibopky (M < N). Bee panbHelinine onepauun

6y YT POBOJNTECA ¢ OUHIIEHHOH BRIOOPKOM.
7) 3aHOBO BBIUHC/HTL 1PAMETPbI PACIIPSACICHHA

fly 1 M
X
T2
= x, =X
g M*lz( k )

1
&M —1)(M 2)=

Z(k
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- 1 M?®-2M+3 =
L Z( X =
T M -DM-DM-3) %
3(2M—3)(M 1)
M(M -2)(M -3)
8) PaCC’-IHTaTB ONTHAMAaJIbHOE KOJTHYECTBO CTOHGLLDB TUCTOIPAMME!
[t +1.5 10
6

[TosryueHHOE YHCITIO OKPYIVIHTE BHH3 JI0 Omukaiiiero Gonbluero
WM PAaBHOTO MATH HEYETHOTO 1[EJI0T0.

9) PaccuuTath JIEBYIO W [IPABYIO IPAHULIBI THCTOTPAMMBI

X=X _-max(x X))

X =X+max(x, - X|)
10) Paccuntars 1iMpuHy cTOI0NIA MMCTOIPAMMEI

d e Xmax fiv Xmin = Zmax(l i X D
L L
11) PaccumtaTs MAacCHB y3/10B pa3OHEHHS HA OCH X
X =X, +@-1)-d
fi= e, Bl 6
HMuTepBansl MEKAY COCSIHUMH Y3/AaMH ABISAIOTCH MHTEPBATAMHI
pasdHeHus.
12) PaccunTarh KOAMYECTBO CIlIy4aiHbIX BENHYMH W3 BLIOOpKH

{x,}, k=1,.... M, xoropoe monajaer B Kaxablii U3 HHTEPBAJIOB

pazdueHus. B pe3ynbrare Mony4HTCS HEHOPMHPOBAHHAS THCTO-
rpaMMa paclipeieneH s Wi rucrorpamMma yactor. OHa 3a7ana B
BHUE MaccuBa, KOTopbi 0603nauum kak {s,},i=1...,L.

13) B ciyuae, écii ecTh OCHOBaHHS 110M1ararh, 40 MIOTHOCTh BEpO-
STHOCTH AOJKHA OLITL CHMMETPHUUHOH, U B IOATBEPIKIEHUES HTO-
ro, BEIMMCICHHEBI Ha ware 7 ko3 QUIMenT ACUMMeTPHH He3Ha-
YUTENBHO OTJIMYACTCSH OT HYJSA, TO MOXHO [IPOBECTH PACHETHOE
CHMMeTpupoBanue rucrorpammsl. [lenTpaneaslii cronen ocra-
ercad 0e3 W3MEHeHus, a B CHMMETPUUHLIX OTHOCHTEIBLHO HEro
napax cToABIMOR KOMHYECTBO OTCUETOB YCPeNHACTC.
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lnasa 6. Mdenmuchbuxayus 3aKkoHa pacrnpedeneHus no esibopke cryyaiHol se-
TUMUHBI

14) Beiunenuts mioais S HeHOPMUPOBAHHOI rucTorpammbl. OHa
JossHa OBITL PABHA MPOM3BEAEHUIO WHUPUHL] cToa0Ma d Ha 00b-
em BoiOopKH M.

15) HopmupoBaTs rucTorpamMMy MyTeM AeNeHUS KONHYECTBA OTCHE-
TOB B KaxKaoM cTo10ue Ha S. Takum odpazom Ha 3TOM Luare no-
TYHEHA 2UCMOSPAMMA RIOMHOCIU 8EPOSIMHOCI:
p.=818=s/d-M)
p= il e

16) PaccunTath 3HAYEHHA UHME2PAILHON (DVHKYUY PACNPEOeNeH B
y3max pazbuenns

£ =0
Fo=F,+p,-d
i=2,.,L+1

@aKTHYECKH, HA ITOM LAare Mbl MOAYUHIH QYHKLUHIO pacnpese-
JieHUs B Ta0JIUYHOM BHJIE, TO €CTh Mbl MMEEM MacCHB 3HAHEHUH

cayvaiinoi BesmduHbl { X} M COOTBETCTBYIONNI eMy MaccHB
snavennit {F},i=1...,L+1.

6.4, 'mcrorpamma norapudMoB OTHOCHTE/ILHBIX H3MeHeHHH HH-
mexca PTC.

PaccMOTpUM BpeMEHHOH psii, COCTOSILIMH W3 ToCcienoBaTe/b-
HBIX 3HA4YeHHA ueHbl Hekotoporo aktuea {P },f=0,..,7. Torna

LIeHY B MOMEHT BpeMeHH 7 MOXKHO TPEACTAaBHTh, KaK
Bocim . P

1

Die=il | |
HBH)KEHldﬂ LLEHLI AaKTHBA - 3TO CJTy‘I&ﬁHBIﬁ nporecc, BbI3BaHHbIH
JEHCTBH MM D0JIBIIOro KOJMYECTBA YUACTHHKOB PbIHKA. I‘[pemmno—
AHUM, 4TO OTHOHICHHS [ICH aKTHBOB B b0 MOMEHT BpEMEHH #AB-
JIAKOTCH C.le‘-{aﬁHb[MH BeJHYHHaMH € OJHMHAKOBBEIM 3aKOHOM paclipe-
JACJICHUA. :
Torna no Bb!60pl’(6 ATHX cnyqaﬁnmx BCIIHYHUH, KOTOpAsA MOXET

ObITh MOJIyYeHA M3 LEHOBOTO PAfd, MOXHO OTPEJETHTh HX 3aKOH
pacnpene/ieHus, '
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Ho uccneaopats HeNnoCpeACTBEHHO OTHOLUEHHE LEeH IpejcTaB-
JisieTcd He coBceM YH0OHBIM. [leno B ToM, HTO TaK KaK LieHa He MO-
JKET YNacTh HHKE HYMs, TO OTHOIIEHHE LEH TAKIKE He MOXKEeT ObITh
Menbuie nynis. C Apyroii CTOPOHEL, HeHa MOKET CKOJIb YTOIHO CHITb-
HO BBLIPACTH, TO €CTh OTHOLIEHHE [EH MOMKET OBITH HEOrPAHHYEHHO
OONBLWIKMM. DTHX KAYECTBEHHbIX PACCyMICHUH A0CTATOYHO, YTOOBI
MOHATh, HTO TNIOTHOCTh BEPOATHOCTH OTHOLUEHWS LeH Oyaer UMeTh
MONOKUTENBHYIO aCHMMeTpHI0. OAHAKO, eCiid Mbl nepeliaeM K jora-
puMaM OTHOLIEHHS LEH, CHTYAIUs H3MEHHUTCS.

In(Z)-In(F,) = ln(%) o In(%) st In(—P’—) +...+In( £ )
0 [ -1 T-1
Pacnpenenenue norapumMoB yke MOXKeT OBITH CHMMETPHYHO U
BO3MOKHA Er0 armpOKCHMAIMs OAHUM M3 AHATHTHYECKUX 3aKOHOB
pacripejeneHys, KOTopele OBUIM paccMOTPEHBI BO BTOPOH riiage.
B kavecTre npuMepa LEHOBOTO psijia paceMOTpuM HHAeke Poc-
cuiickoil Toprosoit cuctemsl (nuaexe PTC) 3a mepuon ¢ 1 centabps

1995 ropa no 31 nexabps 2002 ropa. I'paduik aToro psma nzodbpaxeH
Ha pUCYHKe:

Wupexc PTC

600-|

500

400 4

300 A

200 4

100 -

A ——— e e e
6 s B olls 8 § 8 eNg s 5 a8

Hcenemyemoil BRIOOPKOI clyuyaiiHbiX BeluuuH OYAyT Hamy-
pansiele o2apudhmsl omuowenusn yen saxpeimust nupaexca PTC.

IToapoGHBIT anTOPHTM BRIMMCIEHUS NapamMeTpoB pacrmpezene-
HMsl, MOCTPOEHHS TPaHUKOB MIOTHOCTH pacrpe/efeHus W (pyHKIHH

pacnpejie/ieHusl pacCMOTPeH B Mpe/biiylieM naparpade, noaromy
3/1€Ch IPHBE/IEM TOJIBKO PE3YJIbTAThI.
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NUYUHBS

Haumenosanue oyenxu Benuuuna

Llentp pacnpenenenna (maremarudeckoe 0.0007

OXKHIAHHE) {

CpenHeKBaapaTHUHOE OTKIOHEHHE 0.0324
Koaddnunenr acummeTpuu -0.3064
Oxcugce 7.4301

MAOTHOCTE BEPOATHOCTH
18 3

-0.20 -0.10 0.00 0.10 0.20

PYHKUMSA pacnpegeneHus
1.0 5

0.8

-0.20 -0.10 0.00 0.10 0.20

OTMETHM, 4TO C.K.0. MPEBBIIAST MATEMATHYECKOE OXKHIAHHE
Oonee yeM B 46 pa3, TO ecTh HCCeAyeEMas caydaiiHas BeIMYHHA SB-
JA€TCA BBICOKOBONATHIILHON. Pacnpenenenne uMeeT oueHb HeOONb-
LIYIO OTPULATENBHYIO ACHMMETPHIO, KOTOPas BEPOSTHO HOCHT Cly-
HaHHBIH XapakTep, No3TOMY FHCTOTPAMMA TUIOTHOCTH BEPOSTHOCTH
Obl1a LEHTPHPOBAHA.
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DKclece pacrnpefieieHyus CyLIECTBEHHO IIPEBLLLIAET 3KCLECC
HOPMALHOIO pachpeleNeHns, TO ecTh AaHHOe paclpeieneHue sB-
NISETCSA OCTPOREPIIHHHBIM.

Ticrorpamma pacnpesiesersst umeet 27 ctonduos. [l Gomb-
miei HarysHOCTH [UIOTHOCTH BEPOSTHOCTH MPHBEACHA HE B BHAE
[UCTOrpaMMbl, 4 KaK MJlaBHas JHHUSA, IPOX0AALIas YEpes CepeiHbI
MHTEPBATOB Pa3OHeHNs.

6.5. Ucnonib3oBanne KpUTEPHEB COTJIACHS NPH HIEHTHQHKANNH
3aK0Ha pacnpeae/ieHus c.ﬂyqai‘moﬁ BEJIHYHHBI.

[Tocae nocTpoeHus rucTorpaMmpl Paclpe/ieeHHs MOXHO BBI-
JBUHYTE THIIOTE3Y O TOM, YTO JaHHAS FHCTOrpaMMa MoKeT ObITh am-
NPOKCUMUPOBaHA OJHUM H3 M3YUeHHBIX paHee 3aKOHOB paclpejele- -
Hus. [Tpu 3TOM cTerneHb ONH30CTH THCTOIPAMMBIL H IIPHHATON aHam-
THUYECKOH MOZenH MoKeT ObITh POBEPEHA C MCIONIL30BAHNEM KPH-
TepHeB cornacks. 3aech Oyer paccMOTPeH OAUH U3 ITUX KPUTEPHEB
- kpuTepuii i Tupcoma.

[Tpu wcnonb3oBaniu KpuTepusa cornacus [Tupcona HeoOxoaUMO
BBIYHCIUTE BETUUUHY:!

1'2 £ IZ{TJ _‘5'.')2
i=l T;

e
L - KOJTHYECTBO CTOJTSL[OB FHCTOT‘paMMbI,
s, - (haxTHuecKas YacToTa nonanaHus B i-i cronbeul,

T - Teopernyeckas yacToTa nonagaHus B i-i cronbel.

!
Jlist upeanbHo noobpannoi Moaenu Bee pasHoctd (7, —s,) paBHBI
HYIO M, CEI0OBATeNBHO, BeNHUMHA ¥’ Taioke paBHa Hymo. Takum
06pasoM, HeHyJIeBOE 3HaUeHHe §’ ABNAETCS Mepoii CyMMapHOro pac-

XOXKJCHUS MEXKY (baxm'-{ecxum pacripeaeieHHeM U MOAENblO.
Hackonbko BEIHKO 3TO PacxoxaeHHe MOXKHO MPOBEPHTHL, CpaB-

o = 2
HHUB c[)alcmqecxoe 3Ha4YECHHe ,}; C TEOPETHYECCKOH BEJIHYHHOH Zl—q.l"’

KOTOpas ONpeAeasieT MaKCHMaTbHO BO3MOMKHOE PACXOXKICHHE MeK-
oy aKTHHeCKUMH JaHHBIMH H MOJEJIbIO, COOTBETCTBYIOLIEE TIPHHSA-
TOMY YPOBHIO 3HAHMMOCTH (] .

87



Tnaea 6. Mdenmucpukayus 3akoHa pacripedeneHus o enlbopke cny4aliHol se-
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YpoBeHb 3HAUHMOCTH ¢ ONpPeAenseT BepoSTHOCTE OLMOKH 1-T0
pola, TO eCTb BEPOATHOCThL TOTO, YTO OyAeT OTBEPTHYTA HE MpOTH-
BOpeYaLlas SMIHPHUECKUM JTaHHBIM MOJIEb.

Benwunea V¥ - 9TO HHCIO cTemeHell  cBoGodBl  y-
pacnpenenenus. Yucio crenedell cBo0ObI 3aBHCHT OT KOJIHYECTBA
CTONOIOB THCTOIPaMMbl OMIHPHYECKHX MAHHBIX L H KOJNIUMYECTBA
napamMerpoB ¥,  ONMHCBHIBAKOIIMX  TEOPETHYECKYH)  MOJIENb:
vV=1—l—r

BenuuuHa }(f_% , - 3TO TaKasi KBAHTW/Ib } -DaCTIPEaENeH s, 4To
100(1 —g) mporenToB Beex 3HaueHuil ciayHaiiHoN BenHYHHEL ¥ e~
KaT CIIeBa OT ;{lz_q ,» a 100g mpouenToR BCex 3HaueHu# ciydaiHOMN

BEJTHYMHbI 7 JIEXKAT CIIpaBa OT Z,_q b

Ecom y° < X‘-‘;«'-V’ TO CHHTAIOT, YTO MOJEIb HE MPOTHBOPEYHT
(hakTHUECKHM JaHHBIM IPH 3aJaHHOM YPOBHE 3HAYHMOCTH.
oy K
Eema y° > x| ... TO CHHTAIOT, YTO NpPH 3aAaHHOM YPOBHE

3HAYHMOCTH MOJCNL HE ONMCLIBAET YIOBJIETBOPUTENLHBIM 00pazoM
thakTHUECKHE JaHHBIE H IOMKHA OBITH OTBEPrHYTA.

Cnenyer ocob0 MOAYEPKHYTh, YTO [PH MPOBEPKE MOAENH IO
KDUTEPUIO COMJIACHS OMpPeAeNeHHBIM sBJIAETCA JIHIND oTpHuaTem,-
HBLI OTBET, TO €CTh OTKIOHEHIHE MOJEIH.

[TosioxUTENBHEIH OTBET 03HAYAET JIHLUb TO, HTO MOAETL HE Mpo-
THBOPEYHT IMIIMPUYECKHM JaHHBIM. DTO BOBCE HE O3HAYAET, UTO
MMEHHOQ 3T0i MOJENbI HaHHbLIE ONHCHIBAIOTCA HA CAMOM MENe, YTO
ATO HAWIYYLIas MOJENb, YTO HeJb3s 10100paTh APYTYH MOAEIE Uis
ONUCaHMs JaHHbIX U T.0. DaKTHYECKH, TTOJIOKUTENbHEIH OTBET TPH
[POBEPKE 110 KPHTEPHIO COTTacHs ClelyeT NOHHMATE Kak "BO3MOMK-
HO 3TH JI@HHBIE OIIHCBIBAKOTCS TaKOH-TO MOAensio", u He Donee Toro.

Bepuemes K nonayueHHOH B mpedblnyliem maparpade rHcTo-
rpaMMe HATYpalbHBIX JTOTapu(MOB OTHOCHTEIEHOTO HIMEHEHHS 18-
HbI 3aKpbiTHs nHaekea PTC.

['vctorpaMma MMEeT SIPKO BbIP@XKEHHBIH MHK W JA0CTATOUYHO T0-
Norue cnazibl. OCTPOBEPIIMHAOCTS MOATBEPIKIAETCA ellle W 3HaYeHH-
€M DKCLECCa, CYIIECTBEHHO MPEBBIMLAKLAM 3KCIECC HOPMATBLHOIO
pacnpenenenns. Kak nam y)xe W3BECTHO. pacnpefeneHus ¢ 1oaod-
HbIMH XapPaKTePUCTHKAMH MOLYT ObITh OMHCAHBI 0OODINEHHBIM JKC-
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MOHEHLMANBHBIM pacnpe/ieneHleM ¢ MoKa3are/ieM cTeleH: MeHbIie
[BYX.

Beigsunem rumorezy o ToM, 4To (aKTHHEecKoe paclpelelieHue
OMUCHIBACTCA MOAEIIBIO

p(x)—Lexp—ua —00 < X <+
2I'(l/a)Ac Ao

e

marematideckoe oxumanne 4 = 0.0007

cpeaHexBapatiuyHoe oTkioHenue o = 0.0324
mokasateib crenen o = 0.87

ITokazaTene cTerneny ObII HalieH M3 3Ha4YeHHs OLEHKH DKCUEec-
ca pacnpefiefieHus, Tak Kak Juis 0000LEeHHOro 2KCIOHEHUHATBHOTO
pacmpefeNeH s MoKa3arelb Crenesy 1 HKCUECC UMEKT B3aUMHO Of1-
HO3HAYHOE COOTRETCTRUE!
e=T(1/a)[(5/a)/[T3/a)]

Hceneryemoe smnupuyeckoe pacnpejenenne umeer 27 cronbd-
LOB. AHaTHTHYeCKas MOjAelb uMeeT 3 mapameTpa. CienoBaTenkHo,
4yydcao  cremeHell  cBoboael  ans  kputepusa [lmpcoHa  paBHO
v=L-1-r=27-1-3=23. ‘

daxTHHECKHEe H TEOPETHYECKUE YACTOThI MI0NaJaHus B CTONOLL]
rUCTOrpaMMBbl JAZHM JUTS HATJISIHOCTH B rpadyuueckoM BHje.

PacnpegeneHue cpaxrw-tecxux W TeopeTnuyecKkux 4acTtor

800 -

¢  Daktndeckas 500 -
vyactoTa I8

------- Teopetweckas 4007

YyacroTa 30’“ *:
01
¥ 100 b 4
® ‘0.9,
P L WP T & — 20009000

-020 -0.15 -010 -005 0.00 0.05 0.10 0.15 0.20
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2
dakTHueckoe 3Havenne y - = 35.635. TIposepum rumnoresy o
2 2 :
TOM, HTO ¥~ S ) oo
SR 2
HU ¥ Z SII*{]‘,I’

ity 2
H] iRl >X1--q.v

Tycrs yposens 3naunmoctd ¢ = 0.01. Toraa rpaHuua KpuTH-
yeckoil 06J1acTH BEMUCIASTCS KaK:

Xi4.w = XH20BP(0.01, 23) = 41.638

Tak xkak x> < . 4.v+ TO HCCIIClyeMO® pacnpe/enaHue npy 3a-

JAHHOM YPOBHE 3HAYHMOCTH MOYKHO aNMpOKCHMHPOBaTh 0000LeH-
HBIM KCTIOHEHIMANBHBIM pacipeeneHHeM.

B 3aK/IH0ueHHN CIIeYeT CKA3aTh, YTO IS JMKBHIAHBIX POCCHH-
ckux akuuii, Toprytomuxes B PTC, tawux kak PAO EDC, Jlykoiin,
CypryTtHedTeras, Pocrenexom, MocaHepro, pacrnpeaencHua jora-
pU(MOB OTHOCHTENBHOTO M3MEHEHHA LISHbI 3aKPbITHA TAKIKE MOKHO
onucaTh 000OIIEHHEIM IKCIOHEHUHAIBHBIM PACIPENgIeHHEM C CO-
OTBETCTBYIOLMM MATEMATHHECKHM OKMIAHHEM, CPEAHEKBaApaTH-
HBIM OTKITOHEHHEM M MOKA3aTeNeM CTEIEHU. ;
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7. KOPPEJISTIUS CAYYAWHBIX BEJIMYMH

7.1. BBenenne.

~ CywecTByer f[Ba THMA 3aBUCUMOCTeH MEXAY MNEepeMEHHBIMU:
yHKUHOHANLHAS (CTPOro JeTepMHHUPOBAHNAA) U CTATHCTHYECKAS
(cToXacTHYeCKH JeTepMUHHUPOBAHHAS). -

B cinyuae ghymxyuonansHoll 3aBHCHMOCTH KayKIOMY 3HAYEHUIO
OJIHOH MepeMeHHOi COOTBETCTRYET OAHO MJIHM HECKOJIBKO CTPOro 3a-
JaHHBIX 3HAYEeHWH APYrod nepeMeHHod. DyHKLUHOHANLHAA CBA3bL
ABYX MEPEMEHHBIX BO3MOXKHA, €C/IM BTOpad MepeMeHHas 3aBMCHT OT
nepBoi M HU 0T 4yero Gonee. Ha npakTHke TAakMX CRs3el He CyIlecT-
BYET, TO eCTh (DYHKUHOHANBHAS CBA3b SBNAETCH YIPOLIAIOLIEH pe-
aNBHOCThL abcTpakLHei.

B cnywae cmamucmuueckoy CBA3M KAXKAOMY 3HAYEHHIO OIHOH
BeJIMYMHbI COOTBETCTBYET ONPENENeHHOE paclpee/eHte BeposTHO-
CTH Apyroil BeMYMHEL DTO CBA3aHO C TeM, 4TO B 1060l MaTeMarTn-
YECKOH MOJIENH Ha ONUCHIBAEMbIH MOKa3aTelb BIMAIOT HE TONLKO
ABHBEIM 00pa3oM BXO/pIlME B MOIENb NMEepeMEHHbIe, HO U OomblIoe
KONUYeCTBO (PAKTOPOB, KOTOPHIE CYLISCTRBYIOT B ASHCTBUTENBHOCTH,
HO HE YYMTBIBAIOTCH MOICNBIO, IPUYEM HMACTE M3 ITHX DaKTOPOB -
STO CIYYaiHBi€ BENHYHHBL. DTUM MOXHO OOBACHUTEL CilydalHbIH Xa-
pakTep MHOI'MX (PHHAHCOBBIX [EPEMEHHEIX H B3auMOCBs3el MexIy
HUMH.

Baxnei s 4aCTHRIM CIYYAeM CTATHCTHUECKOH CBA3M SABIAET-
C KOPPeNsyuoHHas CBA3b, KOI/la KaKIOMY 3HAUEHUIO OJHOH mepe-
MEHHOH COOTBETCTBYET OMPEACNEHHOE MAMeMamuiecKoe oxcuda-
Hue JPYroH nepeMeHHoi, W Ipd U3MEHEHHMH 3HaveHus OJHOH Belu-
4MHBl MATEMATUYECKOE OXHAAHWE JPYroif BENHUYHHBI U3MEHAETCH
3aKOHOMEpPHbIM 00pa3oM. Ecnu ke npH H3MEeHEHWH 3Ha4YeHUs OJHOH
nepeMeHHoN 3aKOHOMEPHBIM 00pa3zoM H3MEHseTCs JApyras CTaTH-
CTHYECKAsl XapaKTepHCTHKA BTOPOi nepeMeHHO#i (aucnepeus, ackuMm-
METpPHsl, SKCLECC U T.[.), TO CBA3b ABISETCA CTATHCTHYECKOI, HO He
KOppensuoHHOH. JlaHHas rnaBa MOCBAIIEHA M3YUYEHHIO THHEHHOH
KOPPENALHOHHOH CBA3H MEX Iy ClydalHBIMH BEIHYHHAMH.

7.2, ®yHKIHSA perpeccHH.

PaccmoTpuM [iBe HenpepbiBHbLIC ciydaiiHble BenHyHHBl X U V.
Torga BepoATHOCTH TOTO, YTO B HEKOTOPOM HCHBITAHHH BelW4YHHA X
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OK&KeTCs B MHTEpBaTe OT X A0 X +dx, a Benuduna ¥ okaxercs B
WHTepBane OT y 10 y+dy pasna p (x,y)dxdy. Bemuuuna

p_(),(x,y) Ha3bIBACTCA IMIOTHOCTBIO ABYMEPHOrO pacrpenejicHusa

BeposATHOCTeH Benuuud X u V.
Jing [OBYMEPHOTO paclpelie/eHns BepOATHOCTeH TMIIOTHOCTE
pacnpeneneHus KOOPOHHAT X U ) BbIpakaeTcs GopmynaMu:

p,(x) = fpx,.,, (x, y)dy

P, = [p,(xy)dx

Cnyyaiinsie Benu4uHbl X U ¥ HaxXoad1ca B KOPPEIALHOHHOH 3a-

BHCHMOCTH, €CJIH:

- KayKIoMy 3Ha4eHHIO MepeMeHHOH X COOTBETCTBYET OMpe/eneH-
HOE MaTeMaTHYECKOE OXKMIaHUE NepeMeHHoH ¥, -

- KaXJOMY 3HAYEHHIO TEePeMeHHOH )} COOTBETCTBYET ONpEe/eNIeH-
HOE MaTeMaTH4YeCKOe OXKHUIAHHE epPEeMEeHHOI X,

PaccMoTpHM yClOBHOE pacrpenefneHHe BEPOATHOCTH TIepeMeH-
HO#i Y mpu QuKCHpoBaHHOM 3Ha4YeHHH nepeMeHHoH X. OHO onuckl-
BAETCS YCTIOBHON MIOTHOCTBIO pacnpeaeneHus:

Py (%, 0) = P (X, ) p. (%)

Henonpsys yesoBHYIO MIOTHOCTE PaclipeAeieHHs MOKHO HaliTH
MaTEMaTHYECKOe OXKMIaHNe CIIy4aliHOR BeJMYMHbl I, MPH YCIOBHH
TOrO, 4YTO cayvaifHas BenuuuHa X paBHa (UKCHPOBAHHOMY 3Haue-
HHIO X (YCITOBHOE MaTeMaTHYeCKoe 0XHIIaHNE):

My ()= [y p(x)dy

YcnosHoe matematnyeckoe oxkunanue M (X) HaswiBaior enle

(yuryueii pezpeccun Y na X. ®yukuusa perpeccuu obnafaer Bax-

HelIIiM CBOMCTBOM: CpPEeOHEKBAAPATHHHOE OTKIOHEHHE Cly4YalHOH
BENWYHHBI Y OT QyHKUHH perpeccud ! Ha X MeHble, 4eMm ee cpel-
HeKBaJpaTUYHOE OTKIOHEeHHe OT MK00# Apyroil (yHKIHH OT X.

Ecnu dyHKuuIo perpecciu MOMKHO yIOBIETBOPHTEAbHbLIM 00pa-
30M anmnpoKCHMUPOBATE THHEHHOH 3aBUCHMMOCTLIO, TO TaKas perpec-
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cusi HasbiBaeTca auHelinoi. Jluneiinas perpeccus obnagaer Tem
CBOIMCTBOM, 4TO ecni perpeccus ¥ Ha X nuueiina, To perpeccus X Ha
Y Takxke nuHelHa. ]

. 3ametum, uTo (yHkIHH perpeccH X Ha ¥ M ¥ Ha X He ABASIOT-
cs B3aUMHO OOpaTHBIMH M COOTBETCTBYIOIIHE JHHUH PErpeccHy
COBIAMAIOT TONLKO B Clydae, KOrha BenuvuHel Y u X cBa3aHbl
dyHKLUHOHANLHO. ECU 9TH BellMHYMHBI CBA3aHBl KOPPENALHOHHO, TO
JIMHMH perpeccHu X Ha ¥ u Y Ha X pasiuHbL ’

B panbHeiilleM Mbl OTpaHMYHMCS PACCMOTPEHHEM TOJBKO TeX
CnyvaeB, Koraa (QyHKIHA perpeccHy ABNAeTCs JHHEHHOM.

7.3. lunelinan KoppensHi.

KoppensuuonHas 3aBUCUMOCTL MEKAY CIydafHbIMH BENHUYH-

“Hamu X 1 ¥ naswiBaeTcs uHeHHoi koppensiuei, ecny obe PyHKUMH

perpeccun X va Y u ¥ Ha X ABAsOTCS NHHEHHBIMY.
[TycTh MaremaTuueckoe OKUIAHIE W JHCHEpCHs cayvaiHol Be-

2
JuuuHbl X paBHbl M, 0, @ MATEMATHYECKOE OXHU/IAHHE U AKCTIEep-
SRS , 2
CHsl CIyHaiHOl Beln4uHBl ¥ paBHBl L1, O, .

BriBesieM ypaBHeHHe perpeccuu Y Ha X, TO ecTb HaiijieM Koad-
buLHeHTsl THHelHONH QyHKIHH Vv =ax+b.

1) Beipazum koa(duurenT b yepes MaTeMaTHdecKe OKUAaAHHA X
uy

u,=M(y)=M(ax+b)=aM(x)+b=au, +b
b=y, ~au,

2) Torpa ypaBHEHHE PETPECCHH MOXKHO MepenucaTh B BHAE
y=ax+pu, ~ap,
y—H,=a(x—4)

3) Hailinem xosghpuyuenm pespeccuu a vepes MaTeMaTHHecKoe
03KHIaHKe POU3BE/ICHUS CITyHaiHBIX BeHUHH X1 ¥

M (xy) = M[x(ax+ ¢, —ap, )]
M(xy) = aM(x*)+M(x)p, —aM (x)u,

M(xp) = aM(x*) + e p1, — ap!
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M (xy) = a M (x*) = g5 ]+ pe 11, :
M(xy) = ao] + ppu,
AL M(xy) 0 lu.nu_u

2
a

X

4) Hasosem kospuyuenmon xoppensyuu mexny X u Y cnenyro-
1yt 6e3pasMepHyio i CHMMETPHYHYIO OTHOCHTENRHO X 1 Y Be-
THYUHY

(r=pt) O—p) | Mx-p)y-p)]

o, o c.0,

p=M

5) Torpa mareMaTHueckoe OXHAAHWE [POM3BENEHHS CIy4alHBIX
BEJHUUH X 1M } MOXKHO BRIPa3UTh Yepes Kod(QOUIHEHT KOppeJis-
188407)

M(xy)= M[(x— g, + p Ny = g, + )]
M(xy) = M[(x—p )y — p, )+ p M(y - p,) +
iy /u_vM(x = :ur) ) nu.n[{y
M(xy) = M[(x—p )y —p)]+up,
M(xy)= po.o, +up,

6) OxonuatensHo s ko3dunmenta perpeccun ¥ Ha X nonydaem
= p(o—‘ /O-x}

7) B utore ypasHenue perpeccuu Y Ha X npuoGperaet Bun
Y=y =Gl O ) (%= p.)
Tanrenc yrna HaknoHa, Moji KOTOPbIM 3Ta MpsiMasl epeceKkaeT
och x pasen p-(0,/0,).

8) AHanOrH¥HO MOXHO NOJNYYHTh YpaBHEHHE perpeccui X na ¥
x=p,=pAo/0,)(y-p)
Tanrenc yrna wakiona, oz KOTOPBIM 3Ta fpsamas nepecekaer
ock x paser (1/ p)-(o, /o).

3ametum, uTo npsMele perpeccun ¥ Ha X u X Ha ¥ nepecexaior ock x
NOJ pasHbIMU yIilaMH, DTH NPAMbIE COBHAAIOT TOMBKO TOT/la, KOTa
MOy KoshduipenTa koppensitun | o |=1. O6e npsambie perpec-
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CHH NPOXOAAT HEpPes UEHTP ABYMEPHOIro pacnpeae/ieHus BeposiTHO-
cTei BeuiuH X 1 ¥ - TouKy ¢ koopaunataMu (£, , /4, ) .

7.4: Kosdppunuenr xoppenssuun. Kopapuanus.

PaccmoTpum noapoOHee BBeJCHHBIN B npeabiaylieM maparpade
koapduyuenm xoppersyuy. BoUlo BBIAICHEHO, YTO OH paBeH
(x-p) O-p) | M) -pu,

(o3 o 0.0,

x y

p_ry T pyx =

CrnenoeartenbHo, K03(h(QULHEHT KOPPENIIHH XapaKTepU3yeT OT-
HOCHTENIbHOE OTKJIOHEHHE MaTeMaTHYECKOTO OXKHIGHUA NPOH3BEIE-
HHS JIBYX CIy4aiiHbIX BEJIMHMHH OT MPOH3BEISHHS MaTEeMaTHYECKHX
OKH/IaHMI 3THX BeNMuMH. Tak KaK OTKIOHEHHE HMEET MECTO TOIBKO
A5l 3aBUCHUMBIX BeJIMYHH, TO KOI(QOUIHEHT KOPPETALUE XapaKTepH-
3yeT CTeMeHb 3TOM 3aBUCHMOCTH.

Koaddunuent koppensuuu obnanaer cieayionuMy CBOHCTBa-
MH:

1) Jluneitnsie npeobpa3zoBaHus chay4aiinex BennudH X 1 Y He W3-

MEHSIOT K03} hULMeHTa KOPPENAIHE MEKLY HUMHU

plx,y) = pla, +ax,b, +b,y)
AJ18 1100BIX KOHCTAHT a,, a, >0, b,, b, > 0.

2) Kondduiuent Koppensuul ciydaiinbix Beanuud X U Y 3akmo-
YeH B TpefeNiax Mexay -1 u +1, mocturas 9TuX KpaliHMX 3Haue-

HHUH TOJILKO B ¢iiydHae NTHHEHHOH (YHKIMOHAILHON 3aBHCHMOCTH
Mesray X n Y.

- 3) Koapdruuent koppenilnn Mex1y He3aBHCHMBIMH CllyHalHbI-

MH BENHYHHAMU DABEH HYIFO.
O6patHoe yTBEpiKIEeHHE BOODIIE rOBOPS HEBEPHO, TO €CTh ECIH
K03 ULUEHT KOPPENAIHH PaBeH HyJ0, TO 3TO HE 03HAYaeT He-
3aBUCHMOCTH COOTBETCTBYIOLINX BeJHYHH. B 3TOM ciyyae roBo-
PAT, YTO BeJMYKHHbl HEKOPPETHPOBAHHL,
Kak yie roBopuioch Bbilie, KOI(DQHIHEHT KOPPEJIALMH ABISETCS
GespasmepHoi BeauunHoi. [TpouseeneHne kosdduuuenTa Koppens-
11K Ha CPE/IHEKBA/IDaTHYHBIE OTKIOHEHHS CilydalHbIX BeluYuH X u
Y ¥MMeeT pa3sMepHOCTb OUCTIEPCHU W HA3BIBAETCH Kosapuayuetl ciy-
yaliHpix Benu4ud X' u 1:

covix,y) =0, =0, = M[(x—pu)y-p)l=Mxp)-pup,
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7.5. MaremaTHUIecKkoe OKHAAHHE H AHCHepcHs JHBefHoOH wom-
OMHAUMH €ay9aHBbBIX BeJHIHH.

B aroM maparpage Mbl paccMOTPHUM IIPaBHa BbIUHCIEHUS Ma-
TEMATMYECKOTO OMKMJEHMS W JUCOEePCHM MHOrOMepHO# ciaydaliHoit
BeNIHYHHEI, ABJIgIONeiica nuHeliHOH koMmOuHaimell KOppemupoBaH-
HBIX CYyYaliHbIX BEJIHYUH!

N N
M| a, +Zakxk u D a, +Zakxk
k=1 k=1

Muamemamuueckoe 0)cHdaHUE

Mg reMaTHUeCKOe OXUIaHHE OOIAIAST CiH/IYIIIMMH CBOACTRAMHU:

1) TIocTOSIHHBIH MHOXKHTENS MOMHO BBIHOCHTEH 38 3HAK MaTeMaTH- |

YECKOro QKM JaHus
M(ax) =aM(x)=au,
2) MareMaTHUIeCKOe OKHJIAHHE CYMMBl CHYyYalHOW BEIMYMHBI U

KOHCTaHTh! PABHO CYMME MaTCMAaTHHCCKOIO OXKHUAdHHA 3TOH Be-
JIMYHUHBL U KOHCTaAHTBI

Mx+a)=MGz)+a=u +a
3) MaremaTuueckoe O¥MIaHHe CYMMBI ClyqalHbIX BEMHYHH PaBHO
CYMME WX MATeMATHYECKIX OKH IaHIH

M(x+y)=M(x)+M(y)=p, + 4,

CrenopaTellbHO, N7 NHHeHHOH KOMOWHALNH MPOU3BOJIIBHOID KOJIM-
YecTBa CYyYaMHBIX BETHYHH MOIYHacM

N N N :
M| a,+> ax |=a,+ D aM(x)=a,+> au
4 kél k=1

k=1
Hucnepcus

AHATOrHYHbIe CBOHCTRA JUIsI AUCIIEPCHH CeaYIOLIHE:

1) TIoCTOSHHBIA MHOXHTENE MOKHO BBIHOCHTE 3d 3HAK JUCIEPCHH,
BO3BE/A €0 B KBapaT
Diax)=a’D(x)=a’c.

2) JducmepcHs CyMMBI clyyaiHON BCIHYHHE M KOHCTaHTH paBHA
JHCTIEPCHH CTy4aiHOH BETHYHHBI

D(x+a)=D(x)=0’
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3) Jlucnepcus cyMMEI ClydaliHEIX BEIMYMH PaBHO CYMME MX JHC-
NEPCHH [UIFOC  YABOEHHOE TIPOM3BENleHHE HX . KoathdHIHeHTA
KOPPENAIHH Ha CPEAHEKBANIPATHYHEIE OTKAOHEHUS

D(x+y) = Mo+ 2) = (e, + )] =
= M(x )+ M(y—p,) +2M[(x— g, )(y - 11,)] =
=0, +0,+2p,0.0,

CrenoratensHo, g TMHEHHON KOMOHHAIAN NPOH3BONBHOTO KOJIU-
HEeCTBA CITyYalHbIX BETHUHH TI0/Iy4aeM

N N N N
Dot a0 =N uic: +2> > aa,p,00,
k=1 k=1 k=t i=f+1
Ecmi Bee ciyyalinple BeTHUMHBI HE3ABHCHMbIL, TO TaK Kak Kodd-
(PHLMEHTEL KOPPESIALEH IS PA3IMYHBIX CTYYAiHbIX BETHIHH PABHbL
0, a koadduimenT Koppensuy ciydaiiHONH BEIHYHHEI ¢ CAMOH CO-
Goi paseH 1, hopmyna ynporaercs

N N

Nl 20 19

D a0+Za,(x,€ —Zakaﬁ
¢ k=1 i k=1

[Tomyuenuble BBIpaKEHUS [/ MATEMATHYECKOTO OXHIAHHA K
JHCMEPCHH JIMHEHHOH KOMOMHAUMH MPOHM3BOJILHOTO KONHYECTBA
KOPPENHPOBAHHEIX CIYYaHHbIX BEMHYHH TIO3BOISHOT CJIENATL Clie-
AYIOUIHE BEIBObL:
= MAMEMAMURECKOE ONCUOAHUE AUHEHHON KOMOUHAYUN CRyYaii-

HBLX 8EUYUN - 3TO B3BEUICHHAS CYMMAa MATEMATHUYECKHX OKH 13-

HUH OTACNEHEIX CIyYAHHBIX BEIMYHH,

- Oucnepcus IuHeiHo KOMOUNAYUY CRVYAUNBIX SENUYUH - DTO
B3BEUICHHAs CYMMa KOBApHALMH BCEX Tap CIyHalHbIX BEIHIHLL,
IIPH DTOM BCC Ka)K0H KOBapHALlMM PaBeH MPOH3BEIEHHIO BECOR
COOTBETCTBYIOLIEH Maphl CiiydailHbIX BeTWYUH, a KOBapHaIusa
Cnyd4aifHOM BeNMYHHBI ¢ camoii cobol sBisercs JUcriepcreit
JaHHOH BeNHUMHEL

7.6. Onenxa KopapHanuu 1 KO3POHIEEHTA KOPPETSIHH [0 Bbi-
OopKe cyyualHHBIX BENHYHH,

Aist otienku KoBapHaliyu 1 Ko3(GGULHEHTa KOPPETSIHH MeXLy
CHy4alHBIMK BeJdH4MHAMA X 1 ¥ MBI TODKHLI pacnonarath AByMs
COOTBETCTRYIOLMMHE APYT IPYTy BRIGOPKAME HTHX BEITHUHH:
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{xk}v{yk}_ k:],...,N

Ouyenka Kosapuayuu

B kauecTRe OLEHKH MATeMATHYECKOTO OMKMAAHHA CIy4aiHBIX
genuuny X u ¥ ucrnons3syem cpeanne apugMerdyeckue sHa4CH1s o
COOTBETCTBYIOIIINM BEIDOPKAM:

Al T
Sl e
Nig =
Toraa BeIGOpOUHAs KOBapHALHS CIIy4aiiHBIX BEMUHHH X 1 Y 3a-

Jaercs hopMynoi:

1.- N ol e
¢ =il iy )
n,ngu f

Ouenica KoshpuyerHma Koppetayiu

Tlns oteHKy koo OHIHEHTA KOPPETALIME MEXY CIydaiHbIMHU
BesuuHamMi X 1 Y HaMm nonanofatcs BeOOpPOUHbIE CPeAHEKBAaAPA-
THYHBIE OTKIIOHEHMA JTUX BEJIHYHH:

T Zm e

N Lo

Torga Bm6op0qHLnTI KO3 PUIHENT KOPPEIALMH CITy4aiHbIX Be-
sanunH X B Y 3anaercs opmyToi:

>0 - D)3 ~D)

Poy =

—
T

N N T
B 2
R S )
k=1 k=1
JlHCriepeHio M C.K.0. BBIOOPOYHOrO KOO(GUIMEHTA KOpperiuuy
MOMHO OLEHHUTh KaK
22 - 2
2 (l iz )Oxy) i A 1 Sl pX_V
i s O-p = ——
£ N-1 N-1
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7.7. Ouenka ko3 dHIHENTOR NHHeliHOH perpeccHH N0 BhIfopKe
CAYYaHHbIX BEJTHYHH.

B ‘naparpade 7.3 65UI10 NOIYYEHO, YTO B CIyYae, KOrna BeJIHYH-

~ HEL X W' Y [pejcTaBieHbl CBOMMY TEHEPATBHBIMA COBOKYTHOCTAMH,

ypaBHeHHe perpeccHu ¥ Ha X uMeeT BUA:
y-#,=plo,/0)(x~4) :
CneposareneHo, Tak kak p-(0, /o, )=0,,/ o, 1o kosdbuimen-

bl (a,b) nuHeliHON perpeccuH y = ax+b MOJKHO TIPEACTABHTE B
BHJIC:

fa} 2 If e
a=o0,l0, 7 b=y, -au,
Ilepexons Kk BEIOOPOUHBIM OLEHKAM TTONyYaeM:

N (N QAT N - it
ey Z(xk“‘X)_(.y;c_Y) Zxkyk_N'X'Y
a= 2 | k=]

—2 N TR N B
g, ey X Sxi-N-X
k=] k=1
h=¥V-a X

AHaJIOTHYHBIM 00pPa30M MOMKHO [IONYYHTH OIEHKY Kod(h(hHIHeHTOB
nuHelHoH perpeccuu X Ha ¥

7.8. JInnefinas perpeccHsl KAk HAHJIYIIIAs OLEHKA N0 METOXY
HAHMEHBITAX KBAJPATOR.

Jokaxkem, UTO MONyYeHHBIE B MPeAblayIIeM Maparpade oLeHKH
k02 QUIMEHTOR JiMHeliHOH perpeccuu ¥ Ha X ONMpepensior Takyko
OpAMYIO THHHIO, YTO CyMM4 KBAAPaTOB OTKJIOHEHHH BelU4uHbl } ot
3TOH NpAMOH MMeeT MUHMMAaNbHOE 3HAUeHHE, 110 CPAaBHEHUIO C CYM-
MOIi KBAJIPATOB OTKIOHEHHH BEIUYHHE! ¥ OT 110601 Apyroii npaMoi.

IMycts Benuuubbl X ¥ ¥ OpeacTaBlieHbl CBOMMHA BEIOOPKaMH:

Ehind  k=L.N

T[TpeAnoNoMKIM, YTO 3aBUCHMOCTh BETHYMHLI ¥ OT BEnMYHHBl X
MOXHO anipoKCHMHUPOBATE MpsMoli nHiel y = ax + 3. Halinem

Ko GHIHEHTR ¢ H [3, KOTOPble MHHUMH3HPYHOT CYMMY KB&/|paTOB
OTKJIOHEHHH BeNHuuHE! I 0T 9710 npamoii:
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S =Z(J’k — 0%y - By

BozbMeM 4acTHbIe NpoU3BOAHble S 110 ¢ M 110 5, 1 npupaBUseM UX K

HYJLIO:
as -

—=—2,E —ax, —)=0
EY: k:l(yk =)

oS -

—=~2Ex =, =Fx=0
20 L. o (Vs v )

CrenoBareibHO:

N i
zyff _azxk T N=0

=) e

N N i N
Dl e B
k=1 k=1 k=l

M3 neproro yparHEHWS 3TOH CHCTEMEI CHEAYET, UTO
B=—>y -a—)>x=Y-a X
NS N

[ToacTaBuB 5TO BRIP&KEHHE BO BTOPOE YPAaBHEHHE CHCTEMBI MOCHe
HECIIOJKHBIX TPe0dpa3zoBaHHi NOMyYHM: i

N gty
iy, Ny
k=1

i —

2

Z NV

k=1
Hcrnonp30BadALI MeTOA MOHCKA KO3QQUIHMEHTOR ¢ U [ Ha3bi-
BaETCST METOIOM HAWMEHBINHX KBaaparoB. CpaBHuBas KOIPQHIHEH-
TBI ¢ W /7 C TIOJLYUEHHBIMM B Ipe/ibLyLIeM naparpade Bpl00pOtHbIMU
ko3 puirerHTaMy NUHeHHOH perpeccHy BHIMM, YTO OHH COBHana-
o7, Crienosatensio, YIBepKICHHE O TOM, 4T0 Ko3hhULIHEeHTL! -
HelHo perpeccun ¥ Ha X onpeseisior TAKYH IPIMYI0 THHHIO, YTO
CYMMa KBaJIpATOB OTKJIOHEHHH BeauuuHbl ¥ OT 2TolH npamMoH MMeer
MUHMMAILHOE 3HAYEHHE, N0 CPABHEHMIO C CYMMOHM KBaIpaToB OT-
KJIOHEHHH Bennunnbl ¥ ot mobo# Apyroii npsamMoit, 0Ka3zaHo.

o=
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8. PETPECCUOHHBIN AHAJINA3

8.1. Beenenmue.

Paznuuneie s3xOHOMHYECKHE U (DMHAHCOBRIE MIepeMeHHEIE CBs3a-
Hbl MeKIy coboif. EcnH He NMpHHUMATE BO BHUMAaHUE CJydaiHBIH
XapakTep THX NepPeMEeHHbBIX, TO JJIs OUMCaHus CBs3el Mexay HAMU
MOXKHO MPHMEHUTE (PYHKUIMOHANBHBIH [OJXO0M, TO eCTh IIPEIIIoIo-
AHTh, 9TO CBS3b OJHOH U3 [IepPeMEHHLIX Y ¢ HEeKOTOPBIM KOIHYECT-
BOM JApYrHx mepemeHHbiX (X ..., X, ) MOXHO BBIpasuTh HEKOTO-

poii QpyHKiuel (MATeMaTHHECKOH MOLEIBIO):

A Gl S G

- (X,.,...,X,,) - 310 HabOp HE3aBHCHMBIX [I@PEMEHHBIX, KOTOPhIE

OyJIeM Ha3bIBATE GAKMOPAMU,

- Y - 910 3aBucHMag nepeMeHHas, KOTOpyro OyneM HaseBaTh O-
IHUKOM, 3

- (a,,...,a,) - a10 HaboOp KOHCTAHT, KOTOphle OyieM Ha3BIBATH

RAPAMEMpPaMy MATEMATHIECKOH MOIEIH,
B cmyuae, korja OTKIMK Y 3aBHCUT TOALKO OT €AMHCTBEHHOIO (hak-
Topa X, MOeNs HaskIBaeTes odnogarmopnon. Ecnu otkank ¥ 3aBu-
CHT OT Heckonbkux (aktopo (X,.., X, ), mMonens HasbiBaeTcs

MHO20DAKMOPHO.

MatemaTuyeckas MOJACHE, CBs3bIBalOmAas (akTopsl W OTKIIHK,
MOXKET OBITh HAWJEHA TOTBKO HA OCHOBE PEANBHBIX BLIOOPOK DTHX
BenurH. OnpeneneHie MOJeTH BKIToYaeT B cebs jiaarana;

- BBIOOD BHIA MOJIENTH, TO €CTh BUJIA PYHKITAY f,

- pacuer riapame"rpoé BbIOpaHHOH Mozenn (a,....d; ).

TlepBeIif aTam, TO ecTh BRIDOP BHJIA MATEMATHYECKON MOJEIH, SBIIETCH
He QopmainsyeMoll 3amaded. OTo pelleHHe MPUHHUMAETCA C YHETOM
MPOCTOTHL ¥ YI0DCTRA HCIOIL30BAHHA MOAENH, COOSPKATETBHOCTY MO-
Jenu M apyrux coobpaxeHuil. Bropol atam, To ecTs pacueT mapamer-
pPOB BBEIOpaHHOW MaTeMaTHUecKOH MO/Ie/d, ABRISeTcd 3aaadel, Koropas
PELIACTCS C TMOMOUIBIO PECPECCUOHHOZ0 AHAMNU3E PEalbHBIX BHIOOPOK
(haKTOPOR M OTKIHKA.

8.2. BriGop Buga MaTeMaTHYECKOl MOJENH.

PaceMoTpuM OJHO(AKTOPHYIO 3aBHCHMOCTh, DTOT ciydall Hau-
Oonee mpocT W MoxkeT ObITh M3yueH rpaduuecku. [lpeanonoxum,
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YTO UMEETCA MACCHB 3HaueHuil dakropa X ¥ COOTBETCTRYIOILIMI eMy
MAacCHB 3HaueHHH oTkIHMka Y. Hanecem coOTBeTCTBYHOLIHE TOUKH

(X, ¥, ),k =L..., N na rpapuk. Eciu aktop u OTKIHK - 91O pe-

anbHble CTATUCTHYECKUE JIaHHBIE, TO YKA3aHHbIE TOYKH HHKOIAA He
JALYT HA IPOCTYIO JHHHIO (UpsMylo, napabony, rumnepboly, »KCHo-
HEHTY, CUHYCOMAY W T.A.). Beerma OyayT MpHCYTCTROBATEL OTKIIOHE-
HHsl, CBA3aHHBIE CO CIIydaliHbIM XapaKTepoM PacCMaTpHUBAEMEIX TTe-
PeMEeHHEBIX H/HITH ¢ BITHAHHEM HEeYYTEHHEIX (hakTopoB.

KpoMe Toro 4acto okasbiBaeTcs, YTO OJHH H TOT ke Habop To-
9eK MOXHO ¢ NPHMEPHO OAMHAKOBOH TOYHOCTBLIO OTHCATH PA3iHy-
HBEIMH aHATHTHYeCKHMH QyHKUHIMHA. ClenopaTensHo, BHIOOD BHIA
MaTeMaTHIeCKOH MOZenu - 3To He QopMann3yemas 3aaava. Paiyo-
HaNGLHB BLIOOpP TOH WMiM WHOW MOJAenu MOMXeT OpiTh 00OCHOBaH
JHINE C YUETOM OIpPele/ieHHBIX TpeOoBaHuil, a UMEHHO:

- IpPOCTOTHI MOJEIH,
- COAEPXATeNbHOCTH MOJICITH.

Ilpocmoma modenu

Haubonee pacnpocrpanennoil owubkoil npu onucanuy (GakTu-
YeCKOH 3ABUCHMOCTH ABASETCS MONBITKA 1ETEPMHHMPOBAHHOIO OMH-
caHusl 3TOM 3aBHCHMOCTH, TO €CThb BKJIIOHUEHHE B MATEeMATHUECKYHO
MOJENE Beex Habunojalomuxcs ocobeHHocTel KOHKpeTHOH BhIGOp-
KW, B TOM YHCJIe M TeX, KOTOpbIe B AeHCTBUTENLHOCTH HOCAT CIy-
qalifHEI Xapakrep. :

Hanpumep, mo6oii naGop touex (x,,y.).k=1L...,N moxHo
OMHCaTe abCONIOTHO TOYHO TOMHHOMOM (N-1)-H creneww, 3aBuci-
KM OT N apaMeTpoB (G, , ...,y ;)"

N-1
y= Z a,x"

k=0 . 3
Ho Ha mpakTuke moJjiyyaercs, 4TO MosBAAollascs Hosas (N+1)-a
TOYKa ykKe He OyAeT yJOBIETBOPATE NodydeHHOH topmyie. To xe
caMoe MOMKHO CKa3aTh 000 BCeX TOSRISIOLIMXCS [AJee HOBBIX TOY-
kax. I[Ipy 3TOM pacxoJeHHE MEXIY PeANbLHBIMU JIAHHBIME U MOJE-
TB10 OYIET HapacTarhk ¢ YBeJIMMEHHEM KOMHUECTBA HOBBIX JaHHBIX.

B To K¢ BpeMs MOKET 0Ka3aThesl, UTO MCXOAHBIH HABOD 3HAYe-
HHH (X,,¥,) MOXKHO NPHOIHKEHHO OMUCATH KAKOH-THO0 MpoCcToi

bynkuued (npaMoH, mapadoiioi, runepbonol, SKCIOHEHTOH, CHHY-
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COMIOH W T.JL.), ¥ 9Ta MOJIENE, 3aBHCSIIAS OT HEDOIBILOTO HUCHd [1a-
paMeTpoB, OyneT ycTolfuMBa K TOABJICHHWIO HOBBIX AaHHBIX. Creno-
BATENBHO, HEOOXOANMBIM TpeOORAHMEM K MATEMATHHECKOH MOAETH
SIBNSETCS €€ MPOCTOTA. i

CooeparcametsHoCb Modeal

[on coaepxaTekHOCTEKY MaTeMATHUSCKOH MoJeau OylaeM Ho-
HHMATh Pa3yMHYIO HHTePAPETHPYEMOCTE Pe3yJIbTaTOB, KOTOPHIE MO-
ryT OBITH MONTYHYEHBI TIPU BLIMMCISHHMY [0 3TOH MOJETH.

[MosicHnM 3To yTBepxkAeHue Ha npocrtoM npuMepe. [lycTe Hama
33ja49a COCTOMT B TOM, YTOOBI OIUCATEL KPUBYIO 3aRHCHMOCTH IEHEL
Geckynoqnoll obnuranuy 0T cpoka 40 norsueHus obnurauuu. B
JAHHOM ‘ciiydae (pakropoM X SBIAETCS CPOK HO IOrallleHns, OTKIH-
KoM Y snsercs neda. Ha 3Ty MaTeMaTUHecKylo MO/Ielik MOXHO Ha-
JIOXKHTH OYEBHIHDBIE OTPAHHYUEHUSA:

1) dynxuus y = f(x) nomxHa GbITH HEOTPHLUATEIBHOH,
2) dyukuus y = f(x) nomwxHa ObITh MOHOTOHHO YOBIBAIOILEH,
3) 3nauenue dyHkuuu y = f(x) npH x =0 nomkHo ObITH PaBHO

KOHCTaHTe (Homuuany obnuraguu),

4) sHavenue yHkund y = f(X) npu X — © AOIBKHO CTPEMHTECA

K HYIIO.

TpuBemem npuMepsl GYHKUMHA, KOTOpLIE HE YIOBIETBOPSIOT XOTH

OBl OMHOMY M3 OTPaHMYEHHH W M0O3ITOMY HE MOLYT OBITH HCIIOIB30-

BaHbI JUIs TIOCTPOSHHS PAaCcCMATPHBAEMON MOJIEIH U3 COOOPANCeH

CODEPHCANENBHOCHIU

- nuHelHas QYHKIUS y = b —ax He yIOBIETBOPSET NMEpBOMY H
YETBEPTOMY YCJIOBHIO, TAK KaK NPH X —» 00 BeIHUHHA ) —» —0,

- rumepbona Yy =b+alx He COOTBETCIRYET TPEThEMY YCIOBHIO,

TaK Kak npu x —> 0 BenmuuuHa y — 0.

~ Tlpu »TOM JaHHBle QYHKUMH MOTYT yAOBIETBOPHTENBHBIM 06pazom

OMHCHIBATE HAOOP MCXO/HBIX IaHHBIX (X, V, ) -

8.3. PacueT mapamMeTpoB MATEMATHYECKOH MOAEH.

Ecnu BoIOOp BHOZ MareMaTHIeCKOH MOJIENH - 3T0 He dopmanu-
3yemasl 3aja4a, TO PACYeT MapaMeTpoB YKe BBHIOPAHHOH MaTeMarH-
4eCKOH MOZeNny Bngercs YucTo GopMaibHBIM TMponeccoM. B obliem
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Clydae ol COCTOMT B pelleHMd CHCTEMEI BOODLUE roBops HemuHel-
HBIX YpPaBHEHHH.

PaceMOTpHUM DPOH3BOIbHYIO ONHODAKTOPHYIO 3aBHCHMOCTB, TO
€CTh MOJIENb, B KOTOPOH cBA3b (hakTopa X W oTkmuka Y BeIpakaeTcs
byrxuuenr Y = f(a,,....,a,,X). Bun dyskuun npeanosaraercs
u3BecTHeIM. Halna 3agava cocTout B TOM, UTOOBL MO HMEROIIEHCH
BbIOOPKE HAHHBIX, TO ecTh mo Habopy Todek (x,,¥, ).k =1... N

BBIYHCIIMTE HEM3BECTHRIC N1APAMETPbl MOTENH (d,...,a; ). s a10-
rO HaM HY)XKHO PENIHTh CHCTeMY YPaBHEeHUI:

L rta g )

.... slehssssssrrrrrrrraiessatan

v = flay,ena;,x,)

T PP R R R T

w = S (@enay, xy)
Drta cuctema cocToMT U3 N ypaBHeHUH ¢ L HEM3BECTHLIMH Ta-
paMeTpamMu MoielH (d,,...,d; ). BO3MOXKHBEI TpU BapUAHTA COOTHO-

MEHHA MEKIY KONWIECTBOM YPABHEHWH N M KONMYECTBOM HEH3-

BECTHBIX L:

1) N<L
B sroMm ciyuae o0beM BLIOOpPKH SBISETCHS HEOOCTATOUHBIM JJIs
oTpeeleHu s TapaMeTpoB MoaeH. HeobXoMMo YBeMHIHTE KO-
JTMYECTBO . (DAKTHHECKMX [AHHBIX W/HIH YIPOCTHTE MOJEh,
YMEHBIIUB KOJHHECTBO ee HapaMBTpOB

2) N=L

 Ecnu o6beM BBHIGOPKH COBMNANAET ¢ KONWYECTBOM HEH3BECTHBIX

MapaMeTpoB, TO PElieHHEe CHCTEMEl efuHCTBeHHO. Ho Tak kak

NPEeArnoaaraeTes, YTo HCXOMHBE JaHHble (X, ), ) MOTYT HMETh

cysaifHbIfl xapakTep, TO W peiienne (da,,...,d; ) TaKxe cmyydaii-

HO, TaK KaK 0HO B TOUHOCTU COOTBETCTBYET CIYHAWHBIM UCXOM-
HBIM JIAHHBIM. | ;

3) N>L
[Tpu obbeme BEIOOPKH, MPEBBIIAONIEM KOMUYECTBO HEH3BECT-
HBIX 11aPaMETPOR, CHCTeMa YPABHEHHH fABIAETCH M30LITOYHOM.
M3 ucxogHOH crcTeMbl YpaBHEHHIT B Pa3IHYHBIX KOMOHHAIHAX
MOJKHO COCTABHTE HECKONLKO CHCTEM M0 L ypaBHeHUH B Kaw-
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Jioft. Kasknas u3 cHeteM JacT ¢BOe pellieHHe, H BCE ITH PelIeHHs!
OynyTt BooOle roops pazubiMyA. Lo mx HanecTH Ha Tpaduk,
TO MOIYUHTCS UENblH Oy4oK anmpoKCHMHPYIOLMX KpuBbix. Ec-
JIY OTH KPHUBbLIE KAKUM-THOO 00OpasoM ycpeiHUTE, TO TOJYyUeH-
‘HOe yCepeaHeHHOe pelileHre DYNeT ropa3ae AOCTOBEPHEE ONUCH-
BATH MCTUHHYIO 3aBHCHMOCTE MeXny X u ¥, Tak Kak OHO B 3Ha-
YUTENBHON CTeneHd QyAeTr 3aliulieHo OT C.Hy'—[&ﬁHOCTH BEIDOD-
KH. 10T adhdekt yepeyHeHns TeM Gosipiie, yem Oomnblie 00beM
BeIOOpKY M.

Hautosee sddekraBHBIM METOIOM YCPeIHEeHUA pPelieHni H30RIToY-

HOM CUCTEMBI YPaBHEHUH SBASETCH Peapeccuontblil aHanus Wil me-

mod Haumenbwuy keadpamos (MHK).

8.4. CymHoCTh MeTOa HAMMEHLIIINX KBAAPATOB.

[TycTh nocie NpejBApUTENLHOTO aHAIN3a NIPHHITO PEeIleHHe O
TOM, 4To cBs3p Gakrtopa X u oTiiMka ) BeIpaxkaercs (yHKLMeit
Y = f(a,,..,a,,X). Hama 2amaua cOCTOAT B TOM, H4TOOLI MO
HMeroledics  Beifopke, 10  ecte  mo  Habopy  ToOHeK
(x,. ¥ ),k =1,... N BHIMHCITUTL HauiyuliHe OLEHKH HEH3BECTHBIX
napameTpos momenu (a,....,d,). 3amMeTHM, YTO Bce 3HAYEHHU:
(x,,V;) - 9TO He epeMeHHbIe, 3 KOHKPETHBIE YHCIIA,

Meskay pacCUHTAHHBIMM IO MOJICITH 3HAYCHUAMY OTKIHKA f, U

PCabHBIMH 3HAYEHUSMU U3 BBIOOpPKH ), OyAyT NPHCYTCTBORATH
PACXOKEHUS, KOTOPLIE 0G603HAYMM KaK
pEr =y gyl @ e )

Meron HaHMEHBIIHX KBAAPATOR MO3BOJsCT HAHTH Takoi Habop
MapaMeTpoB MOJIETH, [IPH KOTOPOM CYyMMa KBaAPaTOB BCEX PACXOIK-
JeHnH MeKay 3HA4eHUsIMU 110 BBIOOPKE W BBIYHCISHHBIMH 110 MOIe~
T 3HAYEHHAMH GyIeT MUHUMATTLHOH, TO eCTh

- 2
=Y ¢; — min
k=1

- f(a,...a,,x,)I’ — min

I
M=
! st |
=
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Benuuuna S apnsercs pyHKumeld oT L nepeMeHHbIX (4, ,...,d, ).

MuHuMyM 3TOH QYHKIHH MOXHO HalTH, IPUPABHAB K HYJIO BCE €
YACTHBIE MIPOU3ROIHAIE MO KAXKIOMY H3 HEH3BECTHBIX IIapaMeTpoB U
PEIINB TIONYHEHHYO TaKUM 00pa3oM CHCTeMY H3 L ypaBHEHHH:

-~

oS . O fae Lk
— =2 [y~ fla,..a,, LSl ek ol g
o H[yk Sfla, 1o %0)] 2

oS A Ofldicar %)
—=-42E - el x 0] bbbl il |
Lﬁa,g < [y — fla,ma,,x,)] 7

Pellierie TaKoil CHCTeMBI YpaBHEHUH B Cyuae HelMHEHHOI 3a-
BHCHMOCTH Me#Iy X H Y MOXKeT OBITh CONMPAKEHO CO 3HAYUTETHHEI-
MH TpyaHocTaMy. IlosToMy B mannHeiflieM Mbl OTPAHHYHMCS pac-
CMOTPEHHEM JIMHEHHOH 3aBHCHMOCTH Mexay X U Y, TO ecTh qunen-
Hotl pezpeccuy. K ToMy ke, BO MHOTHX CNy4asx HenuHeliHas 3aBH-
CHMOCTh MOJeT OBITH CBeNeHA K THHelHOH J0CTATOMHO IPOCThIME
npeobpa3zoBaluaMy AAHHBIX.

8.5. CpoiicTBa 0ITHOOK MeTONA HAMMEHLIHX KBAAPATOB.

Paccmorpum nogpoGuee omnbOKy, BOSHHKAIOIUE PH [IPHMEHEe-
Hud MHK, 10 ecTh pacxoxaeHus MexIy PACCYHTAHHBIMM 110 MOJIE-

JIM 3Ha4YSHUAMH OTKIITHKA f;k H pea/ibHBIMKA 3HAYCHHAMA U3 BBI60pKH

V) » KOTOpbIE MBI 0003HAYHIIH KaK

BT yk _fk =yk _f(alr“aai,:xk)
Jliist TOro, 4TOORI MBI MOIJIM CKA3aTh, 4TO MOJE/L AIeKRATHA SMITH-
PHYECKHM AAHHBIM, 3T OLUMOKM BOJDKHEI 00NajaTh omnpenereHHEI-
MH CBOHCTBaMH:
1) Cwubru 0ondCHBL A8AAMBCS peanusayuetl HOpMAaisHo pacnpede-
| IEHHOU CAYYAUHON HEPEMEHHO.
DTO 03Ha4yaeT, UTO XOTH CYLIECTBYET TONBKO OJIMH TJIABHAIH
(axrop X, onpeensolini moBefeHHe OTKIMKA ¥, HO MpUCyTCT-
ByeT Tarxke OoJbllIoe KOJHYECTBO MAalOCYLIECTBEHHBIX (hakTo-
POB, COBOKYNHOE BO3/EHCTRHE KOTOPHIX HA OTKIMK Y COMJIACHO
LEHTPANTBHOM IIpe/ienBHOl TeopeMe UMEET HOPMANBHOE pacipe-
JelieHHe. :

106 ,

nasa 8. PeepeccuoHHbil aHanu3s

2)  Mamemamuneckoe osxcudanue owutKy O0AJNCHO ObIMb PABHO
nymo: M(e,)=0.
3TO 03HAUAET, YTO OTCYTCTRYET CHCTEMaTHUYECKas OLHMOKa B Of1-
*peneneHHy JIMHHA PEerPeccri, Cle/lOBATENEHO OleHKM [apaMer-
POB perpeccHy ABIMAIOTCH HECMEUEeHHBIMU, TO SCTh MaTeMaTHye-
CKOEe MKHMIaHHE OIeHKH Ka)KIOoro mapaMerpa paBHO ero HCTHH-
HOMY 3HAYEHHO.

3 i 2

3) Hucnepcus owubru 0omicHa Guime nocmosuna: Die, ) =0 .
DTO 03HAYAET, YTO MPH YBEIMYEHHU 00heMa BBIOOPKH AHCHEp-
CH$l OLICHOK TTapamMeTPoB PerpeccHi CTPEMHTCS K HYJNIO, TO €CTh
OLIEHKY MapaMETPOB PPTPECCHH ABNAKTCS COCTHOSTNEABHBLM.

4) OQwubdku  Oonoxcnvl  Obimb  HE3ABUCUMBIMY, MO €CMb

0 k#j

covie,.e )=
(k J) 0_2 k:j

DTo 03Hauaer, 4To ownbKa B ONHOH W3 BENHYHH OTKIHKA Y He
MPHBOAUT ABTOMATHHYECKH K OIIHMOKAM B MOCHEAYIOLIMX BeAHYN-
HAX.

Kpowme toro, B8 MHK npeanonaraetcs uto gaxmopst (Hezasucinsie
NEPEeMEHHbLE) He AGAAIONCA CAVYAHBIMU GETUTUHAMY.

8.6. Onenxa napamMeTpoB ognohakTopHOH JuHelHHON perpeccHy.

JomycTHM, YTO OpUHSATA THIOTE3a 0 TOM, YTO CBi3b (hakropa X
¥ OTKIHKA Y BblpakaeTcs nuHeiiHoH gyukuueii f(x) = ax+b. Ha-

JMYMe OTKIOHEHHH, CBA3AHHEBIX CO CIy4alHbIM XapakTepoMm pac-
CMaTpHBAEMBIX TIEPEMEHHBIX H/WIIH ¢ BIHSHHEM HEYYTeHHBIX (ak-
TOPOB NIPHBEJET K TOMY, YTO CBA3b MEXIY PAacCUHTAHHBIMH 11O MO-

JeNH 3HaYEHHsIMH OTKIHKA [, W peabHBIMH 3HAUSHHSIMH H3 BBI-
Oopku y, GyAeT BhIpaKaThCs B BUAE:

V.= f.te =ax, +h+e,

TI€ €, - 9TO PACXOKAEHHS MEXY MOIENBIO H BEIOOPKOH.

Ouenka napamempos IUHEIHOI pezpeccuu

Boraucinm Taxoii Habop napamMeTpoB MOAeM, IPH KOTOPOM
CyMMa KBaJparoB BCEX PACXOACHMI MeXIy 3HAMEHHAMM [O BbI-
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fopKe W BBLIMACIEHHBIMU 110 MOJIENH 3HAYEHUIMH Oy /1€T MUHMMATE-
HOH, TO eCTh

N
S=> e —min

k=1

N
S=> [y, ~ax,—b] — min

=
Benuuuna S apagercs GyHkuuedt ot 2-x mepeMeHHBIX (@,b). Mu-
HHMYM 3TOH ()YHKIMH MOXKHO HAHTH, IPUPABHAB K HYJIO €€ 4acT-
HBIe IPOH3BOAHBIE N0 KOKJOMY M3 HEM3BECTHBIX MapaMeTpoR M pe-
IIMB HOJyYeHHYIO TAakHM 06pasoM CHCTeMy u3 2-x ypasHennit. Tax
KaK BBIYUC/ICHHE LapaMeTPOB Mbl OyIeM TPOBOIHTE MO KOHEUHON
BHIOOPKE, TO B PE3y/pbTaTe MBI MOJYYHM NHINb OLUEHKY 3THX Iapa-

MeTpoB (d, E} :

ﬁ=-2i[ —ax b] 0
BB e T

G0 e
P “22[.}@ —ax,—blx, =0

I/lz l-ro ypaBHeHHH CHCTEMBI TTONydaeM:

Zy,;azxk Er (T E X
=i k=]
I’Ia 2-ro ypaBHEHUS CUCTEMBI TTONYUASM:

= = N e el
iykxk —aixi —bﬁ:xk =0=> yx, —ay x -bNX =0
k=1 k=1 k=1 k=1 k=1 =

[ToncTaBHB B 5TO ypaBHEHHE BRIPAXKEHUE ISl OTICHKK [1apaMeTpa b
H&ﬁ;lEM OLIEHKY mapaMeTpa J :

i Zxky:c -N-X-Y¥ Z(‘xk X)(yk Y)
di= =

fo—N-F(“ Z(xk—E)Z
k=1 k=1

M3 nocnennero paBeHcTBa clelyeT, UTO OLEHKY NapaMerpa d MOXK-
HO BBIDA3UTH Yepes KOBAPMALUUK WIH KOA(QQUUUESHT KOppeasiuu
nepeMeHHbx X u T
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TlapameTp @, KOTOPEIH elle HA3BIBAIOT KOO(MOUIMEHTOM PErPECCHIL,.
YHCJIEHHO PaBeH TAHISHCY YIila HAK/IOHA NPAMO PErpeccruu K ocH X.

Hucnepcun ouenox napamempos AHHEAHOI pezpeccui

Tak Kak OUEHKH MapaMeTpOB THHEHHOW DPErpecCHH MONYUYEHBI
Mo ciydailHol BeIOOpKe, TO CaMH 3TH OLEHKH SBISIOTCS CITy4YalHbI-
MH BenuYHHaMH. OLEHKa IHCTepCUH [1apaMeTpa ¢ BhIpaKAeTCA

thopM IOk
e
N —
2
Z (x;c e )
k=1
. —2 ) <
rie BeIMYMHAa O, - OTO OLEHKa JWcHepcuu CcllyvalfHbIX OTKIOHE-
HHUH OTKIHKA Y OT MUHUH PErPecCHi:

"-"2

L 126*

rjige M - 4ucno GakTopoB (HE3aBHCHMBIX MEPeMEHHbIX).
B cnyttae Hapﬂoié ﬂﬂﬂeﬁﬂoﬁ pei‘peCCHH

N
2
O' Z Z(J’fr axk b)
Tak kax b=Y —q-X U TaK Kax dakrop X npeanonaraeTcs HeCTO-
XaCTHYECKHM, TO /IS OLEHKH NHCIIEPCHU NapaMmeTpa b cripaBesiTi-
BO:
—2 —1 =2 —
e T o ey
—
IA¢ BENMHHHA Oy - 9TO OUEHKA JIMCHEPCUM CPEHErC 3HAYEHHUS OT-
KiuKa ¥
—a2 ] =2
e L
ITocne HecnoXKHBIX NpeoOpa3oBaHUil s OUEHKH JIHCICPCUH apa-
MeTpa b nonaydaem GopMyy:
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N
S ol
Ll e k=1
N LA
S <o
k=1

Benuuuny O'az Ha3BIBAKT elle - HeOOBACHENNOW OUCHEPCUet.
Yem MeHEblle HeOOBICHEHHAS AUCHEPCHS (TO €CTh YeM MeHBIIe OT-
KIIOHEHHS BEJIMYHHEI 1 OT JIWHWH PETPeccHH), TeM MeHbIIe OUIUOKY
B ONIPE/ICNCHIN MapaMeTPOB PErPecchH, |, CIIE/IOBATEILHO, TEM TOH-
Hee MoJellb 00bsACHseT (pakTHYECKe JaHHbIe.

Kpome toro, uz dopmyi fis AMCHIEPCHH [IAPAaMETPOB Clen/eT,
4TO 4YeM Ha oJlee IHPOKOM JHana3oHe u3MeHeHus dakropa X onue-

HHBAETCSA PErpeccHs, TeM Oonblile BENHIHHA Z(xk Sy 4 sma-

YHT MEHBINE UCTIEPCHS MApAMETPOB.
Mz tex ke caMmbIx coobpakeHuH cneayer, uTo uem Gosislne ofb-
eM BRIOOpKH /V, TeM MeHbllIe THCTIepCHs MapaMeTpoR.

8.7. KoxddunuenT seTepMHEHA M,

H3 toro, uto cea3b dakTopa X v oTknuka Y BRIpaxkaercs B BUAES
= f, +e, =ax, +b+e,

creayer, 4To pazdpoc oTKMNKa Y MokeT OhITh OGLSICHE:H pasbpocom
(axtopa X u cnyvaiinoli ownbkoi e. HeobxomnMo onpesiennts MH-
JIMKATOP, KOTOpEIH OBl TIOKA3BIRAN, HACKOIBKO paszdpoc ¥ onpenens-
ercst pasbpocoM X M HacKONbKO CIy4aWHBIMH TPUYHHAMH, TO €CTh
HACKONEKO XOpoIIo (haKTUYeckHe NaHHBIE OMHCHIBAIOTCS (QyHKUHER
perpeccHH.

- B kauectre ofwyeii mepur pazbpoca nepeMeHHol ¥ ecTecTBEHHO
HCTIONB30BATE CYMMY KBaZpaTOR OTKIOHEHHI 3TOH BeNHUHHBI OT ee
cpefHero 3HadeHus. Torja B KawecTBe OOBACHAEMOU pespeccuel
Mepwl pasbpoca TiepeMeHHoH ¥ OyaeM HCTTOAR30BaThE CYMMY KBapa-
TOR OTKJIOHEHUH NMPOTHOZNPYEMBIX JIMHKUEH perpeccud 3HaueHui oT
CpeJIHEra 3HAYSHHS BETAUUHE ¥,

HMuankaropoM kauecTea JTHHHMH perpeccuy sipisiercs xosgiu-
yuenm demepMunauuu
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f:(fk_—?)2 'i(axk 1 h e
Rl — k=l kel

G Gl e A T

I

- —
Y n)
k=1 i

B ciydae oaHohakTopHOl AuHeAHOH perpeccun KoddduimeHt
JeTepMUHALIMH paBeH KBagpaTty KosdduiHeHTa Koppenﬂuﬁm BEJIH-
guH X1 V.

Wrorna npu pacueTe xko3QhHIHSHTA ASTEPMUHALMHY JUis [10J1Y-
YeHWUs HECMEILEHHBIX OLEHOK JUCIEPCHH B HHC/IMTENE M 3HAMeHaTe-
Jie JieraeTesl OTPaRKa Ha HHCIo creneHelf cBoBOABL TO €CTh CKOp-
PERMUPOGAHHBIE  KOFPGUEUEHI CemepMURAYUY  BbIYUCIHETes TO
dopmyme:

1

E:ek
Nimm=l=
1 N

-—'I-Z(yk 7
Sl irsT

rae m - 4ucio (haKTopoB (HE3aBUCHMbIX EPEMEHHBIX).
ITpu nobagnerWH B ypaBHEHHE PETPECCHH IOMOJHHTENbHBIX

R =1-

- 2
OOBACHAFOMIMX MepeMeHHbIX (aKTOPOB) HECKOPPEKTHPOBAHHBIH R

BCerna pacter. [IpH 9TOM CKOPpeKTHpOBAHHEH R° MOXeT yMmeHs-
IIMTHCA 34 CUET YBelMYEHHs HUCHa #1, ecad HOBLIH (axkrop IpHBO-
JIUT K HeOOoJbIIOMY YMEHbLIEHHIO HeoObICHEHHON NHCTIEPCHE.

B ciyuae mapHoii JHHEHHOH perpeccyM CKOPPeKTHPOBAHHBIHN

.Rz BBIUMCIACTCH KAk,
[y
T e
Nio ; ¢
. T2
Z(yk =7
el Lo
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Kospdumment nerepMuHaLuy MOXeT NPUHHMATL 3HAYCHUS OT
myJist (korza ¥ oue 3asucut ot X) A0 eaMHuUB! (kor/a X MOMHOCTHIO
onpeznensger Y, T0 ecTs MEXKIY HHMH CYLIECTBYET cTporas (ryHKUMO-
HalbHAS 33aBUCHMOCTR). Hem Bombire 3ToT ko3 QUHHEHT, TeM BEILIE
KAveCTBO THHHH PErPECCHH.

2 2
3anuiem GopMyny aa8 R B KOMIAKTHOM BHE

OtHolIeHHe HIHPHHEBI OJOCKL PAcCesiHA JaHHBIX OTHOCHTEIb-
HO HX CPEIHEro 3HaHeHUS K LUHPHHE IIOJOCBI PACCedHHA AaHHBIX
© OTHOCHTEIEHO JIFHUE- perpeccHt 1ia3bIBASTCA YUCAOM PASAUYUMBLY
3paaauuﬁ_ omriuxa. Ecnu B Ka‘IEQTBe MEPBI pacceaHHA NMPHHATE CO-
OTBETCTBYIOUIHWE CPEOHEKBAAPATHYHBIC OTKIIOHCHHMA, TO (’popMyﬂa
JJ1A HHCTIa pasidHauMbIX Fpaﬂauﬂﬁ OTKIHKA 6}"}!,61" MMETE BHA:

Nerap = Gy/o-e

Kax u koaduiMenT AeTepMuHaluy, YUCI0 pa3auuuMbIX Ipafauni
ABISICTCS TO3HTUBHON OIEHKOH KOPPensHHOHHOH CBA3M, TO €CTh
yem Gombie N, crap » TEM BBIIIE KAYECTBO YPABHEHMS PErPECCHH.

2
o=l 1/(N(}RAD)2
HeratueHoH OeHKOH KOPPENSUOHHON CBAZM 4RIACTCS OMIHO-
CUIMEbHAR NPPUBCOEHNAR HOZPEUHOCHIb, KOTOPas ABIETCA OTHOIIe-
HHEM TOIOBHHBL [IHPHHEL MONOCH PACCESHHA [aHHbIX OTHOCHTENb-
HO JTHHHH PErpecchy K IIHPHHE TIONOCH PACCeAHUS JAHHBIX OTHOCH-
TENBHO HX CPEOHETO 3HAUEHUS ¥ BRIYHCIAETCS 10 hopMmyJie

y:O.S-Ue ,To ecTh R’ =I;(2}/)2.
v
Cease Mexcny ¥ U N ..., 3a7aetcs GopMynaMu
1 ' 1
Vi Nerin— =
2'N(31mﬂ 2ey

IpuBeneM TabIuIy, NOKA3BIBAIOMLYIO CBA3EL MEMKLY KOI(QOUIHEHTOM
OeTePMUHALY, THCIOM PAa3AMYUMbIX IPajaliil OTKIHKA ¥ CTHOCH-
TENBHOM MPHBEISHHOH MOTPEIIHOCTRIO.
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NGRAI) ?/ R2 R
1 50.0% 0.00 0.00
1.41 35.4% 0.50 0.71
2 25.0% 0.75 0.87

3 16.7% 0.89 0.94

4 12.5% 094 0.97

5 10.0% 0.96 008

6 8.3% 0.972 © o 0.986

i 7.1% 0.980 0.990

8 6.3% 0.984 0.992

Y 5.6% 0988 ° 0.994
10 5.0% 0.990 0.995

OTMETHM ClIeAyIOMHe BAXKHEIC CIyYau:

- Koodguiment netepvumanuu R = 0.5 (R~ 0.71), o ects
TOJIbKO MOJOBHHA pa3dpoca oTKIHKA Y 00BICHISTCH YpaBHEHH-
eM perpeccut. B sToff cutyanun ropopsT, YTo BIHSHWE CHIHANA
(daxTopa X) paBHO BIHSHUIO TOMEXU (CAyuanHOW OLIHOKH e).
Tlostomy npu koahdunreHTe HeTepMHHAINE MeHbne 9em (.5,
NOMEXY HA4YHHAIOT BHOCHTH OCHOBHOH BKJIAJl B BAPHALIHIO Mepe-
MEHHOH Y, 1 Takas MOZeNb PerpecCHH JOMKHA ObITH OTBEPTHY-
Ta.

- Ecnu cx.0. oluHOKH € pOBHO B /Ba paza MEHBINE, YEM C.K.0. OT-
KnuKa Y, TO eCTh YHCNO PAIMYMMBIX Ipagaliil OTKIHKA PABHO

2,10 R* =0.75(R = 0.87). ViMenso 5To 3HadeHne pexomMer-
JyeTcs NPUHATE B KAYECTRE MUHUMAILHO MPHEMIEMOTO 3HAYe-
HHA Ko UOMenTa JeTepMUHALHH.

TIPUMEYAHME. Tlpn oueHke Benuunn ¥ H N, MBI npeamonara-

JIH, YTO MepOI“’E LIHPHHEBL IMMOJOCE] pacCcesHusa JaHHBIX OTHOCHTEILHO HX
CpEeaHero 3Ha49eHus H Mep()ﬁ HIMPHHBL MOXOCE] PACCEIHMs TaHHBIX OT-

 HOCHTCJIPHO JIHHHH PErpeCcUd ABMAKTCA COOTBETCTBYIOUIME CpPEHHE-

KBAIpATU4HBIE OTKNOHeHUsA, ECIM B KauecTBE MEephl NPHHATH AOBEPH-
TeNbHBIE HHTEPBAIEL TO GOPMYJIBL 18 ¥ ‘U N, H3MEHATCH, TAK KaK

OTKIUK Y M OwmlKa yparHEHMS PEIPECCHH € - 5T ClyyalHEIS Besu-
4HHbI ¢ BOOOLIE FOBOPA PA3TMYHLIMH 33AKOHAMHU DacmpeneneHuns, Pac-

npeAesicHHe BeuuuHbl 1, 0C00CHHO NPH SPKO BLIPAKEHHON THHEHNOH
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3aBHCHMOCTH, ONHM3K0 K paBHOMepHOMY. PacnipenesneHue BeJiMUMHBL € B |

DOJBLIMHCTEE ciTy4aes OI3Ko K HOPMaTbHOMY.

8.8. Heo6paTnmocte pemenuii MHK.

Ecnu oTBnevscd oT NPUYHHHO-CICACTBEHHOH CBA3M W paccMmart-
pPUBATE MMepeMeHHsle X' U Y Kak paBHONpPAaBHBIS, TO M0 METOLY Hau-
MEHBIITHIX KRAJAPATOR MOMKHO HAHTH NUHEHHYIO perpeccuio kKak ¥ mo
Xrak u X o ¥l

Ilycte nunelinas perpeccust ¥ mo X Belpaxaercs (yHriuest

Y=aX+b, a nuneiinas perpeccus X mo Y ¢yHkueit

X =a. Y +bh,. Ouenks mapaMeTpoR g, W 4, BRIPAKAIOTCI Hepes
KOt GUIHEHT KOPPEALINY MeX Iy nepeMerubiMa X 1 ¥ kak:

> (=X, -)
k=1 il

a = N T o= e
> (x, - X)’ i
T

N il il
Z(xk Ol )
aazk:} :p_x

2 N
== o

2 X)) 2

P

Tanrenc yria Hawiona ¢yekuun Y =g, X +b, x och x pasen

a, = p-(o,/0,),aTanrenc yrna HaioHa pyrkuun X = a,¥ +5,

K ocu x pasen 1/a, =(1/p)-(c,/0,). Bro pasubie BerwumHb,

CeN0BATENBHO MHMM perpeccld ¥ wa X m X na I - 310 pasubie
npsiMble. OHH COBMAAIOT TONBKO TOTA, KOIJA MOAYJb Koadhduim-
eHTa Koppensunn | p|=1, 1o ecth KOraa Mexay nepeMeHHbMH X H

¥ cymecrByer crporad QyHKIMOHANBHAS 3aBHCHMOCTE.

B Hecornanenuu nuHul perpeccuu Y wa X X na ¥ u cocrout

HeoOpaTumocTs perieduii MHK, To €cTh Hemb3s HCIOML30BATE Be-
nH4HHBL (&,,b,) 0as Bbluucnenus Beanund (a,,b,) H HaobopoT:

b 1 b
a, #— b #——*+ a, #— b, #-——+
a, a a a,

114

nasa 8. PeepeccuoHHbill aHanu3s

8.9. CraTncruyeckye BHIBOALI 0 BeTHYHHE napaMeTpoR OJHO-
axTopHo¥i HHelHON perpeccHu.

[omyucnnble B 5710# rnape Gopmyms as BHIGOPOUHBIX K03~
(QuifienToB OJHO(DAKTOPHOH NHHEHHOI PerpeccHu JaioT JHIIb
OLCHKH HCTHHHBIX 3HAYEHHH 3TUX KOS QULIHMEHTOR. '

Beenem 0603Ha4eHH:

- MCTHHHLIC 3HAYEHMs [1apaMeTPoB uHeHHOH perpeccun (a,b),
- BbIOOpOYHBIE 3HAYEHHA NapaMeTpOBR JHHEWHOH perpeccux
(a,b),
; —2 —2
- BHIOOpOUHBIC JMCnepeHE TapaMeTpos (0, ,0, ).

Beibopounoe pacnpedenenne napamempoe nuneiinoii pezpeccul

Ilpu ananuze kooQdHIHEHTOB perpeccHs CUMTAIOT, YTO Cy-

4 a—a b-5b
HaHHBIC BCJMYMHBI {, = —=—=— H [, = —=—— MNOJYUHAIOTCS pacipe-
a (o}
b

a

menenuto Crhioienta ¢ v = (N —2) crenensmu cpobozsl, rae N -
00BeM BeIOOPKH. B a1HX (opmynax:

N R ——
e Z(xk_X)(yk_Y) iy g |
a:":‘ b:—— y —E_ X
i(xk_})z Nkz::i ; N; k
=1 ¢ i
—_1 pRS

A e} —2 o
e et e il NV E L e
Oy g,

Z (x.ic thv')z

k=1

7
foc

1 N
= N T —_—
D LRyt
k=l

U et

j = =
o, =—— > (y,—ax,_—b)’
k i
- TNk
Hosepumensusiii unmepsan 0na napamempoe nuneiinoii pezpec-
cuy

HoBepHTENbHbIH HHTEPBAT BOIMOKHBIX 3HAYEHUH BEJIMYHHEI [,
XapaKkTePU3yIOUMHCS JOBEPUTENBHON BEPOSTHOCTEIO P MM ypOB-
HEM 3HAYUMOCTH ¢ =1— P, 3T0 Takoit HHTEPKBAHTHILHBIA IIPOMe-
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KYTOK [ <t<t_,,, BHYTpH KoToporo nexar 100 npoues-

gi2.v
TOR BCEX 3HadeHuil ciyvaiinoii senmmaunel £, a 100g npoueHToB
nexkatr BHe sroro npomexytka. [pu arom 100g/2 npouentos ne-

HUT cnesa or £, H 100g/2 nupoueHTOB NeKHT cnpasa OT

tl-—qﬂlz,l/:

Benuuunsr 7 H [ - 3TO KBaHTHJIH Daclpe/eneHHs

q/2,v l—g/2,v
CTbIO,E[GHTa cC V= N i 2 CTENIEHAMH CBO6OH,bl, MPpHYEM, TAK KaK 3T0
pacnpenenacHie CHMMETPHYHO H WMEET HYJIEBOE MaTeMaTHUEeCKOC

OKHABHUE, TO [ », =l /s .

[loacTaBuB 3HaveHWs [, = (E—af)/ Z)'j Hol,= (E—b)/ a'_b B

- JBOHHOE HepaBeHCTBO —1f ., <I<fF MONY4YHM JOBEpH-
1=q/2,+ 1=g/2 P

TENbHBIE HHTEPBAILI JUIS HCTHHHBIX 3HAYEHHH TapamMerpoB JIMHE-
HO#t perpeccun (a,b):

A= 200, <g=x a+tl_q,;,_,vo

a

b, = b b+riﬁq‘,2,,,a-b

Tunomesvl 0 genuuuie naApamMempos 1uei ol pezpeccuu

Koraa peup uper o nuHeHHOH perpeccun, HeoOXONHMO 3HATH,

HAaCKOJIBKO 3HAUYUMO OTIHYAKITCA OT HYNA BEJIHYHHBL apaMeTpoB

perpeccun. Jlisi TpoBEpKH 3TOTO BEIABHTAOTCS THIIOTE3bL:
H;: a=0 H,: b=0
ol HJIH s

H: a#0 H: b#0

IIpoBepka faHHBIX THIOTE3 OCYIUECTBAAETCA B OTACIBHOCTH JUIs
Ka#k10r0 U3 TapaMeTpoR Mo CIeAyLIEi cxeme:
1)  Anpucpreie npeOnoOnOHCEHUA

HerrHHbBIE 3HaYeHH NapaMeTPOB PErpeccut PABHBI HY IO

a=1

b=0
2)  Peszyivmamel UCHLIMAHUA

Beibopounkie ko3QOHLHEHTE PETPECCHH W HX BbIOOPOYHLIS
C.K.0.
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a0,
b,o,
npu obbeme BeIOOpKU V.
3) “lunomesa
E D R = O
1% HITH =
H.: a#0 Ho b2 )
4)  IIpunamas senuyuHd yPOSHs SHAYUMOCHY
g =0.05 nwu g = 0.01
3) Kpumepuii nposepiu

Sdnala
o .__ = =
a el
b=
tb: — e
Oy G

6) [Ipasuno npunsimus peuierus
[punsars Hy, ecni —4, 5, SESE ),
B npoTHBHOM cliydae NpMHATEL M, , TO ecTe H; npuHnMaercs,
KOrJa KpHTEpHH MPOBEPKH f [onajaeT B KPUTHHECKYIO 00nacTs
! f { > tl—ql2,|/ i

I'paHuLa KpuTUueckoH 00NacTH BRIYHCIASTCS KAK

t...,, = CTBIOJPACIIOBP(q, N —2)

B kauecTBe KpUTEPHS NMPOBEPKH ! HCIIOBL3YIOTEs [, U £y

-q/2,v

7} Ilposepra eunomesut
- Bemw =g p LSS

JIaeT B KPUTHYECKYIO 001acTh M Mbl TIPHHUMAEM THIIOTE3Y Hj .
D10 03HAYAET, YTO [PH 33/[aHHOM YPOBHE 3HAYMMOCTH COOTBET-
CIBYIOIIHIA ApaMeTp Perpeccy CTATHCTHYECKM HE3HAYHMO OT-
nUYASTCS OT HYTIA.

- B npoTHBHOM ciydae Mbl [IPUHUMAEM THTIOTE3Y ff; . DTO 03HA-
YaeT, YTO MPH 3aJaHHOM YPOBHE 3HAYMMOCTH COOTBETCTBYFOLINH
napaMerp perpeccHd CTATHCTHYECKM 3HAYMMO OTIHYAeTCs OT
HYJIS.

1-g/2, TO KpUTEPUH MPOBEPKH ¢ HE ToNa-

IL3b7;
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8.10. CTtaTHcTHYeCKHE BLIBOALI 0 BeJHYHHE xoahbumHenTa ge-
TEPMHHAHH,

Kospduument perepmunanmu sensercs HHIWKATOPOM TOTO,
HAaCKOJIBKO XOpowio u3MeHenks haktopa X 00BACHIIOT M3MeHeHHs
oTKIWKA Y . Uem oH Gnuke K eNUHHIE, TEM BbIIIE KAUECTBO ypag-
HEHUS PErpecCcuu.
~ Tax kak xosddunUenT TeTEPMUHALMH BLIYHCIAETCA O KOHEY-
HOH ciiydalHOH BBIOODKE, TO OH CaM ABMSETCA CIYIANHON BeHuy-
HOH. [IpoBepka snauumocTH KoadhuimeHTa ACTEPMHHALMKM - 9TO
NPOBEPKA IMIIOTE3L! O TOM, YTO OH 3HAYMMO OTIHYACTCS OT HYIIA.

£ s R =D

5 R
Kpurepuii nposepku paccuuteiaetes no hopmyse:
R Im

(1= RN -m-1)
rae N - 0bbem BRIGOPKY, 71 - KOMHYECTBO HE3ABUCHMBIX epeMeH-
HBIX  ((akropos). Kputepuii mnposepku
pacnpelie/leHHI0 € #1  CTeNEHAMH CBOOOABI Ui UYHCAHTENsS W
(N —m —1) crenensmu cBOGONBI TSt 3HAMEHATEIS.

B cry4ae opgHodakTopHol nunelinoit perpeccuu KPHTEPHH Tpo-

BEPKU NIPHHMMAET B
RZ
Hi— >
(1-RHNN-2)
Konydectso creneneit czoGoas! Ans uncnuTens pasHo 1, kommuecr-
BO CTereHel CBOOOABI /1A 3HaMeHaTens paHo (N — 2).

Ecnu B aefictsurenbHoCTH nepemennast ¥ He 3aBHCHT o nepe-
MeHHOH X, To kosdduuuent nerepmunanun K> u KPHUTEPHH IIpo-
Bepku [ paBHBI Hymo. [Ipy 3TOM HX OUeHKH 10 ciydalitHoi Beibop-
K€ MOIYT OTNHYaTECS OT HYJ]A, HO YeM GONBLIE 3TO OTNHYHE, Tem
MEHEE OHO BEpOATHO,

Ecnu e kputepuii npoepku [ GoNbIlle HEKOTOPOTO KPUTHYE-

CKOTO 3HAYCHMs NPH 3aNaHHOM YDOBHE JIOBEPHTENBHON BEPOATHO-
CTH, TO 3TO COOBITHE CYUTAETCS CIMIIKOM MAMOBEPOSTHBIM H Mbl OT-
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BEPraeém TrHITIOTE3Y HO H IIpHHHMaeM TI'UIIOTE3Y Hl' S 4\s) 3HAYHT,

YTO [epeMeHHas ¥ 3aBucuT OT nepeMeHHOM X .

[poBepka rHMOTE3b! NI ONHODAKTOPHOM THHEHHOH perpeccHu
TPOBOUTCS O CeAYIOLIel cxeme:
1) T'unomesa

H,: R*=0

H: R*>0
2) Hpunsmas eeniuuHda YPOsHA HAUUMOCIIH

g =0.05 wm ¢ =0.01
3) Kpumepuii npogepru

.R2
F=——(N-2)
Lo R

4)  pasuno npunsimust peuieHs

[Mpunsats Hy, ecnu F < I

B npoTHBHOM Ciydae TIPHHATL H; , TO ecThb H; IpuHumaerca,
KOT[a KpuTepuil mpoBepku F momagaeT B KpUTHUECKYID 00-

q. vyl "

nacte F > F ..
3nece Fi_, ., - 910 KBanTub [ -pacnpesienetus, COOTBETCT-
BYIOL[As. YPOBHIO 3HAYHMOCTH ¢ ¢ v, =1 creneHamu cBoOOIBI

I uuenutens 1 v, = N —2 crenenaMu cBo0OAbL 4Jis 3HAME-
HaTes.

BeJ’[HLIHHyV F;_ o MOXKHO BBIMHCIUTEH C IIOMOIIBIO BJICKTPOH-

g, vlv
HeIx Tabnun Microsoft Excel:

F, = FPACIIOBP(q.v,,v,)

5) Iposepra cunomesnvl
- Eomu F<F_

fcpmnqecrcyfo o0nacTe ¥ MBI IPHHEMAEM THIIOTE3Y Hj. DT0 03-
Ha4aeT, YTO NPH 3a/aHHOM YPOBHE 3HAYMMOCTH H3MEHEeHUS
daktopa X He OOBICHAT H3IMEHEHMs OTKIMKa Y u perpec-
CHOHHAS MOZENb JIOMKHA OBITE OTBEPrHYTA.

- B mpotuBHOM cilydae Mbl IPUHEMAaeM runoresy H; . OTo o3Ha-
YaeT, YTO OPM 3aJaHHOM YPOBHE 3HAUMMOCTH NMepeMeHHas )
3ABUCHT OT nepeMeruon X .
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8.11. Toaoca wmeonpeaeleHHOCTH OJHO(GAKTOPHON JHHEHHOM
perpeccum.

Tak kak < aPaMCTPhl IMHEHHOM PEerpeccii 3aBHCHMBI MEXLY
coboii (b FLgE ), TO ) YPaBHEHHE PErpeccHu MOXKHO Meperu-
caThb B BUIE f = ax+b=a- (x— X )+ 7 . Kaxcaad TouKa ma marmm

perpeccuy BbIpaxkaeTcd dYepe3 BbIOOPOUYHBIE 3HAYEHHS (a,Y ¥
—2 —

HMEIOIIHE BBIOOpOUHbIE AucIepcHu (T, .0 ). ¥ TIOTOMY ABJISET-

cA cydaiHoH BenuYnHOM,
Hucnepcun nunuu pezpeccuu

Tax kak B MHK npeamnonaraercs, 4To daxrop X HeCToXacTH-
YeH, TO JHCMIepPCHI0 TOYKH Ha JMHUH PETPECCHH MOXHO BBIPA3HThL
CIIEYIOUIMM oﬁpaaorvl

T
=y -cra +o-
Hs 31001 hopmynsl cnienyer, uto:

- JUICHepCHs BENUYHHE! ) BIHSET Ha JHCHEPCHIO TOYKH HA THHUM
perpeccur adoumueHs 00Pa3OM, TO €CTh 8¢ BKIAN MOCTOSHEH

M HE 3aBHCHT OT BenuykHk daxTopa X,

- lmcnepcm BETHYHHBI ¢ BIHACT Ha JUCIEPCHIO TOYKH Ha JIMHUHA
PETPECCHH MYIbMURIUKAMUEHBIM 06Pa30M, TO eCTh ee BKJTAJT
TeM GoJibllie, yem Gonblire aGCOMOTHOE OTKIOHEHHE (pakTopa X

or X.
C yyeToM Toro, 4ro

—2
S o, —2 1 —2
Ol O- =—0a

Z (x;‘( ¥ })2 ; 1 -
k=1

LU THCTIEPCHH TOYKH HA JIHHHH perECCI/IH NONY4YHM:

— '—_2_ iy N(x—ff
Z(xk_g)z
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osepumensnblil HHMEPBAT AUHUL Pezpecci

AHaNIOrHYHO TOMY, Kak Mbl HalllI JOBEPHTENBLHBIE HHTEPBAIBI
JJ1sl HCTHUHHBIX [1ADAMETPOB JIHHEAHON perpecciu, Mbl MOMKEM 3aTH-
caTb JOBSPUTE/bHBIH MHTEPBAIL JUIsl JIHHHU PETPECCUM B BULE:

Wi vO_fo i Y o

Hlupuna 008epumenbno20 UNMeEPsana Junuy pespeccuy paBHa
28 42,0 ;- OTY BEIMHYHHY HA3BLIBAIOT €LUE UUPUHOU HOTOCHL HEDN-

PEOCHEHHOCHIU AUHUL DESPecCiliL.

8.12. IlporHo3upoBanne Ha OCHOBe OJHOGAKTODHOH JNHHEHHOH
perpeccHH. '

[lpu npocrozuposanuy, TO ©CTb TPU BKCTPALOIANUN JTHHHH
PETPECCHH 3a Mpeelibl [0 TOHEeK, N0 KOTOPbIM Obl1a noiydeHa 3Ta
JAMHHA, Mbl JOJKHBI YYUTBIBAThH HE TOILKO HEONpeleNeHHOCTE Mo-
TOXKEHHS caMol JTMHHM perpeccui (0 4em TOBOPWIOCH B MPEIBIAY-
meM naparpade), HO B AHCIEPCHIO CoyHaiiHbIX OTKJIOHEHHH OT Hee
(omudox MHK).

Hucnepcus npozHosa

Jucrepento cinydaiiHoll Benu4uHel ¥ = f +¢e B [IPOU3BOILHOI

TOUKE X MOYKHO BBIPA3HTE CIEAYIOLIHM 06pasoMm:
2 —2 =
i

Hemonmesys TIONYUYEHHYIO B TpensiayineM maparpade dopmyiry
JUTS THCTIEPCHH JIMHUH PerpeccHH MoNydaem: '

el LA BT
e il

Uf—v—e zo'e N i

> (x, —X)

r=]
Hosepumensrotil UHMEPSAT RPOZHO3A

. Tak rax Matematnieckoe oxuganne oumnbky MHK e paBuo Hy-
JIf0, TO NOBEPUTENBHBIH HHTEPBAN NI MPOTHO3HOTO 3HAYEHHS OT-
kiauka ¥V e TOUKE X oTpelenseTcs HepaReHCTRAMH:

f ltl—q/2 Vdf+? “y<f+t] g2 Vo-ere i
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nasa 8. PeepeccuonHbil aHanua

Hazopem Benuuuny Ay = 21‘1_q 12v 0 fye WUDUHOU ROTOCHL He-

ORPEQENEHHOCIIY NPOCHO3A.
Topuzonm npoznozuposanus

[lxiprHa MOTOCH HEONpPEeeNeHHOCTH NPOrHo3a MHHHMAbHA
upu ¥ =X H BO3PACTAET NMPU yBEAUYEHUH aGCONIOTHON BEIHYHHEI

OTKIIOHEHHs MepeMenHol x oT X . TouHocTs Mpornosa onpegenser-
sl INMPHHOH T10J0ChI HEOTIPEIEICHHOCTH.
IIycTh Mb1 anpHOpPHO 3a71a8M MaKCHMAIBEHO BO3MOXKHYIO LIMPH-

HYy HEONpelC/IeHHOCTH MporHo3a Ay .. H CYHTaeM, 49TO TOUHOCTH
TNPOTHO3a SABIACTCSA YAOBIETBOPHTENBHOH, €CIIH B TOYKE IMPOTHO3a
Ay < Ay, ... Tlpn yranenun oT mosis ToUEK, Ho KOTOPBIM ObLIa TO-
Co-

OTBETCTBYIOLIEE YOATEHHE HA3LIBACTCA OPUSOHMOM NPOSHOZUPOBA-
Hus. JlanpHeiillee yfaneHue MpMBEAET K TOMy, uTo Ay IPEBbICHT

MydeHa JIMHUS perpeccud, Ay obszaTenbHo gocTurHer Ay

max *

AV, - FIHTEPBAT 3HaUCHMH X, B IPeAeaX KOTOPOro TOMHOCT [Po-
THO32 SIBJISIETCA YIOBNETBOPHTENLHOMN, BEIPAXKAETCS HEPABEHCTRBOM:
i<

2
N

Ay 1 —
20 x,.. = [||——2 | —]-—|) (x, - X)
2tld}f’l v N kz; ;

8.13. Mposepxa gonymennii MHK,

Msyyas ypaBHueHHe IHHEHHON perpeccuu Mbl TIPEANONAraiH,
4TO peasibHasd B3aMMOCBA3E (axTopa X u orkiuka ¥ nuneiiHa, a or-
KJIOHEHHS OT NPSIMOH PErPECCHH CIy4aiHbl, HE3aBUCHMEI MEKIY CO-
Boli, HMEIOT Hy/eBOe MAaTeMaTHYecKoe OKHUIAHHE U IOCTOSHHYIO

AUCTIEPCHIO, Eciu ato He TaK, TO CTATHCTHYECCKUH aHAMM3 napamer-

POB perpeccHH HEKOPPEKTEH M OUEHKH 3TUX [apaMeTpoB He oba-
JIRAIOT CBOHCTBAMH HECMEIIEHHOCTH H COCTOATENLHOCTH. Hanpumep,
- 3TO MOMET ObITh, €CITH B ICHCTBUTENLHOCTH CBSI3b MEXKIY MepeMeH-
HbIMH HenHHelHa. TlosTomy mocne mosnyuenus ypaBHEHHS perpec-
CUM HEOOXOAHMO HCCIEIOBATE €0 OLIMOKH, ;
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OwmnGKkM METOa HaMMEHBLIHX KBAAPATOB, TO €CTh BEJTHUHMHBI
e, =¥, — f, AOIKHBI 06/AATH CIIEAYIOUIHMHA CBOHCTBAMU:

1) OuwmbkH DOMKHEL ABIATHCA peann3aluell HOpMaIbHO pacipene-
JIeHHOH clyvaiiHol nepemMeHHOoH.
2) Marematuieckoe OXKUIaHHE OWIHOKH JOMKHO ObITh PaBHO HY-

mo: M(e,)=0.
3) [ucnepcus omubKH nomkHa 66Tk noctosiuya: Die, ) = e
4) Owubku  HOMKHBI  OBITH  HE3aBHCHMBIMH, TO  €CTh

0 k#j

covie,,e) =
et =g

[Tocie Toro, Kak MOAy4YEHO YpaBHEHHE perpeccHH y=ax-+b+e,
KK/I0€ M3 3THX JOMYLIEHHH JOMKHO OBITh NPOBEPEHO.

Tlpogepra zunomesst 0 MOM, YMOE OWIUGKH HODMAIBHO pacnpede-
neroi

Mnentuduraiys 3aKoHA pacHpedeneHHsa CIyualHOH BelHUYMHBI
H3y'UeHa B [JIABe 6, MOSTOMY 3HeCck MbI He OyleM floqpolHo paccMaTpH-
BaTb 3TOT Bompoc. KpaTKo MOKHO CKa3aTh, YTO MPOBEpPKa CHITOTE3Ll O
TOM, 4To omubkn MHK HopmannHo pacrnpeseneHsl, TPOBOAMTCA B ABA
aTana;

1) Tlo seibopre (€,,€,.....,€, ) CTPOUTCA rUCTOrpaMMa pacrpe/erne-

HHS CIY4YalHOH BEJTHYHHE! €.

2) TlomyueHHas rHcTOrpaMMa MNPOBEPsETCs HA COOTBETCTBUE HOP-

MATLHOMY PACHpPEAEIICHHIO ¢ HOMOIIBIO KpuTepus cornmacus [Tup-

COHa.

Ilpogepka 2unomesbl 0 MOM, U0 MAMEMAHUUECKOE ONCHOGHUE
OUIMOKH PACHO HYJTIO i

ITycte ommbka MHK e umeer MateMaryeckoe OKUJaHue 4, H

2
FeHEpanbHy0 JHCIEPCHID O, . CocTosTeNEHBIMH H HECMCTIIEHHBIMH

OLIEHKAMM MATEMATHYECKOTO OKMIAHHMA ¥ JUCIEPCHH OmHOKH Oy-
IyT BoIOOpOUHAsA CPEeOHAA U BEIOOPOYHAS JUCIEPCHS:

S ST
e=—" —ax, —b
N;,Z:;‘(yk D)
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naea 8. PeapeccuoHHbill aHamu3

¢ N 2 Z (yk T a‘xk b)
M1 JAOJDKHBL TPOBEPUTE THITOTE3Y
H,: e=0
H: e%0

[porepka 3T0H THIOTE3b] OCYLIECTRBISETCS TIO CISAYIOIEH cxeme:
1) Anpuopnwie npeononoxcenus
MartemaTy4eckoe 0XUIaHuE OIHOKT PABHO HYITIO
#, =0 ‘
2) Pesynemamor ucneimanus
I}b@pquaﬂ Cpe/Hss OLMOKK H BEIOOPOYHOE C.K.0. OIIHOKH
e, o,
npH obreMe BoIbOpKH V.
3) Tunomesa
H: e=0
H: e#0
4)  Hpunamas senuduna YpoeHs sHAUUMOCINY
q=0.05 mwm g =0.01
5) Kpu_mepuﬁ HpOGepKl
= L_._& = i
O-e Ue
6) Ilpasuno npunamus peutenus

Dpunsrs Hy, ecmt —t,_,, , S1SL ),

B npoTrgHOM cny4ae mpuHATE H, , TO ecTh F; NpHHHMAaeTcH,
KOT/1a KpUTepHH IIPOBEPKH [ TIOMAaeT B KPHTHYECKYH 06/1acTh
|t|>tl—q1’2 v

7) Ilposepra cunomeswl

- Eemu -t ., , SEZ1_,,,, TO KpUTEPHIl IPOBEPKH / He mona-

J@eT B KPUTHYECKYIO 001acTh W MBI MPHHHMAEM IUMoTesy H .
BTO 03HAYaeT, YTO IPH 33JaHHOM YPOBHE 3HAUHMOCTH BbIOO-

po4Has cpeaHaa OIIHOKH € CTATHCTHYECKU HEe3HAYWMO OTIHYa-
€TCA OT HYIs.
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- B DpoTHBHOM Cilydae MbI IPHHAMAaeM FHIOTE3y [ . 370 03Ha-

YAeT, YTO MPH 3aJaHHOM YPOBHE 3HAUYMMOCTH B YPABHEHHM per-
pECCHH' IPUCYTCTBYET CHCTeMAaTHYeCKas owubKa, W 370 ypaBHe-
_HHE JOIKHO ObITh YTOYHEHO.

TIposepra zunomesst 0 MOM, 4O OUCREPCUA OWIUOKU ROCHOAINA

Vropsigouum ucxoyEyro BeGopky (X,,1,), k=1...N 1o
BO3PACTAHMIO BeMHuuHbl X . OOo3Haumm xak N, MONOBHHY OT
oGBeMa BsiGopkH, To ecTb N, = LJEJIOE(N /2). Bribepem Huc-

no M <N, ,,. llocie 31oro Mo ynopagoueHHoH Mo BO3pacTaHiio

BeIUYUHBE X BHIOOPKE PAcCUMTaeM OTKIOHEHWs OT JMHUM perpec-
cu, mepnoe mna k =1,..., M (nns MeHplIMX 3HAueHuil X ), BTOPOe
s k=N-—M +1,...,N (aas Gonemux 3pauennii x ). s myd-
LWEro pasrpaHUyeHns MEexy ABYMS FpynnamMy HaOJOACHWH YHCIo
M MOKHO BBIOpaTh TAKHM 06pa3oM, YTOOHL HCKIFOUHTL 10 20% ce-
PENMHHBIX TOYEK.

B cnyuae nocrosieTsa aucnepcuu ommbox MHK HeoOBSICHEH-
Has AUCTICPCHA NS MEHBIINX 3HAUEHHH X JOMKHA ObiTh npubIH3H-
TeIBHO PaBHA HEOOBICHEHHOH aucnepcuy s GOABIINX 3HAMEHHH
X, TO €CTh HOOKHO GRITE CIPABEANMBLIM CIIEAYOLIEE PABEHCTRO!

M N
2 2 =
YD,
k=1 k=N—-M+1
2
O6GozraunyM GOJIBIIYIO W3 ITHX CyMM KaK S, a MEHBUIYIO Kak
2 2 2/

S3 . Yewm 6amke K eAuHuIe OTHOMIERHE S) /S, , TeM GopIie 0CHO-
BaHMil pPaccUUTHIBATE Ha TO, uTo mucnepcus oumbox MHK mocto-
o 2 2 '
guHa. Cnyuaiimas Benmuuuna F =87 /S, nopdunsercs F -

pacripenenenuio Oumepa ¢ vy =M ~2,v, =M -2 crenenamu \

coGofel. [Iposepka THIOTE3Bl O HOCTOSHCTBE AMCHEPCHH OIHO0K
OCYLIECTRIALTCS N0 CSAYIONIEH CXeMe:

1) Tunomesa
s e 8
LA
2)  Ipuusmasn genuUtMHA YPOGHS SHAYUMOCTIU
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Fnasa 8. PeepeccuoHrsiil aHanus

g =10.05 i g =0.01
3)  Kpumepuii nposepru
= S,j
4)  Ipasuno npuismus pewenus
[punsare H;, ecniu F < F

l-g. vl, v2
B nporurHom ciyuae npuate H; , 1o ects H; MIPHHUMAETCA,
KOrza kputepuil npoBepku F nomanmaer n KPUTHYECKYHO 06-

nacte F > K il

3) [Iposepxa zunomesvl
- Ecmu F < Fi_, 1,2 TO KpuTepHii npoRepku F He nonagaer s

KPUTHYECKYIO 00J1aCTh U MBI IPHMHMMaeM runoTesy . 910 03-
HA4aeT, 49TO TpPH 3aMaHHOM YPOBHE 3HAYUMOCTH JUCTIEPCHS
OLIHOOK ypaBHEHHS PErPECCHH OCTOSHHA.,

- B npotuBHOM ciiydae Mbl NpHHHMaeM runoresy ;. 310 o3Ha-
HageT, 4TO MpH 3a/lAHHOM YPOBHE 3HRYHMOCTH YDABHEHHWH per-
PECCHH HE SABNACTCA HAMNYYLIMM MPHONMKEHHEM HCXOIHBIX
JAHHBIX., :

Henocrosnerso aucnepenu ommGox MHK BosHukaeT kak NIPaBHIIO

B TOM Ciryqae, eC/IH HENMPaBH/ILHO BRIOPAaH BHI MaTeMAaTHUYECKOH MO-

Jic/ 3aBHCHMOCTH (akropa X u oTkiuka Y. Hampumep, ecnu Heu-

HCHHYIO 33BUCHMOCTE [IBITAIOTCA ANMnpOKCHMHPOBATE  JIMHEHHO

hyHKUNEH.

Hposepra aunomesnt 0 mom, umo owubku Hesqeucib

O,ILHHM M3 MPEANONAaraeMbIX CBOHCTE YpaBHEHHS perpeccHu
V=ax +b € SABISETCA TO, YTO OLINOKH @ HEe3aBHCHMBI MEXITY CO-

6oit. Ha PAKTHKE NPOBEPSCTCS HE HE3ABHCHMMOCTE, @ HEKOPPEIHPO-
BAHHOCTH OTHX BCJIM4HH, KOTOpas SBIAETCS HEODXOMHMBIM, HO He-
AOCTaTOHHBIM [PU3HAKOM HesaBucuMocTH, IIpu sToM mpomepsiercs
HEKOPPEJIMPOBAHHOCTE He NHOOLIX, 4 COCCNHHX BellUYHMH ouboK,
KOTOphIC  MOXHO  MOMyYWTb,  €C/M  HCXOAHAs  BhIGOpKa
(%, ¥ )k =L... N ynopsnouena no BO3PACTAHHIO BEJHYHHEI X,

PaccmoTpum Hanpumep Koppensiuio OLIHOOK, CABHHYTHIX IpyT
OTHOCHMTENIEHO JIpyra Ha OJIMH Luar.
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enesiles s R R e
e e SR S A T

Torya 3HaueHue BRIDOPOYHOTO KOIPUIMEHTA KOPPENALMU MEKIY

BBIGOPKOIA (ey,€5,...,€, ) H BRIOOpKOH (€,€,....,e, ) 3amuIIETCS

B BHIE:

E(ek ~e)e,, —e)

k=l

Z(ek_e) Z(efu—l e)

3fy BENHYUHY HA3BIBAIOT el Koag’)qu;ueﬁmom ABMOKOPPERAYU
nepsozo nopsdxa. Tak kak cornacHo gonyiieHusmM MHK maremati-
qecKoe OMHIaHHe OMHOKH PABHO HYMO, TO GOpMYyTy MOXKHO YIpO-
CTHTB!

Prja =

=

i1
€€
1

k=
N

N-1 5
2
Zek Ze,m
k=1 k=1
MEeT MOYKEM CHHUTATH, YTO aBTOKDppGﬂﬂL{HH OTC)/TCTByET, CCIIH 35160-

pO‘iHbIﬁ KOSCb(i)HIIHeHT ABTOKOPPENALHH HC3HAYUMO OTIMYAETCA OT
HYyJd, TO €CTh B IAHHOM CIIYHAE MBI JOJIKHBL IPOBEPHTE THIIOTE3Y!

Hyo o, 0=
e S o) ‘
. B cnygae ognodakropHoi nuHeHHOH perpeccuu ciyuaiinas se-

Bkt

nrynHa =+ N -3 e
g \lepk,k-v-l

o Creropenra ¢ v =(N —1)—2 crenensamu crobosel [ToaToMy

runoreza 6yaeT NpoBepsATHCS CeAyIOMHM 00pa3oM:
1) Tunomesa

Hyrpla, =40
H: P20

Prra ™

6y/IeT MOAUHHATLCA pacipesiesie-
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lnasa 8. PeepeccuonHbili aHamus

2)  Ipunamas geiusuna yposHs SHAUUMOCTI

3)

4)

5)

g =0.05 unu g = 0.01
Kpumepuii nposepru
ALl N = 3 : p.f} 1
2
I Pk

Hpasuno npunsmus peuienus
[MpunsaTes H,, ecnu U <i= 1‘17(!,2#.

B mpoTrsHOM ciiyyae npuHATE H; , TO ecTh H; NpHHMMAaeTcs,
KOTJ[a KPUTEPHH NPOBEPKH f TIONAAAET B KPUTHUECKYH) 061acTh
lt|>tlmq;‘2,v'

lIposepra 2unomesw

Ecmu — Ligine s fi_g/2, > TO KPHTEPHH NPOBEPKH { HE TONA-

JAeT B KPHTHYECKYHO 00NacTh H MBI MIPHHUMAEM THTOTE3y H, .
OTO 03HAYAET, YTO MPH 3aJAHHOM YPOBHE 3HAYHMOCTH BhHIGO-
POYHBIH  KO3(DOHIHERT aBTOKOPPENSIMM [EPBOTO  TIOPAAKA

pk,k+l CTATUCTHYCCKH HE3HAYHMO OTIHYAETCHA OT HYJIIs. Cneno-

BATE/ILHO, aBTOKOPPEISIHMS epBOro mopsiaka omudok MHK or-
CYTCTBYET.
B'npotusHOM Clydae MBI NpHHUMAEM THIOTE3y H, . DT0 MOKET

03HA4aTh, HTO HYKRO NPUHATE APYTYIO BHATMTHYECKYK) MOIENE
3aBMCHUMOCTH MEXTY nepeMentnimu X u ¥,

8.14. CpeneHue HeanHelnoli QyHKONORANBHON 3aBHCHMOCTH K
JHHEHHOH myTem Npeobpasosanusa IaHHbIX,

Ho cux mop Mel obcyknanu THHEHHYIO 3aBHCHMOCTH MEKIY

thaxropom X u otknuroM V. Koria HCTHHHas B3aHMOCBSI3b MEXIY
HUMM HOCHT HENTMHEHHBIH Xapakrep. B pAJe CIYYAEB €¢ MOIKHO CBe-
CTH K JMHEHHOH MyTeM COOTBETICTBYHOWIErO npeobpa3oBaHus gaH-
HbIX. [locie 5TOro k NpeoOpazoBaHHEIM JAHHBIM MOYXET GBITH MPH-
MEHEeHa JIMHeHHas perpeccus. [1peodpazorantslie NepeMeHHbIe | Ma-
PaMETPBI MBI ByzleM OTMeuaTh CHMBOJIOM  (Hampumep X ).

B stom maparpade Mbl paccMOTpHM HECKOIIBKO Hanboee ymoT-

peOuTe/bHBIX BHIOB HEHHENHOH 3aBHCHMOCTH.
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4) Jlozucmuveckas Qyuryua v =

y=Inl/y-1)  X=x

3) Tunepbonuueckas ynrxyus y =c+

1) Brcnonenyuansnasn gynkyus v = be™

DkcnoHeHUHanbHas GYHKUHS UCIOAb3YeTCs, KOraa MpH YBENH-
yenun daktopa X orkimuk ¥ pacret (¢ >0) wumm cHmkaetcs

»(a<0) c DOCTOAHHOH OTHOCHTELHOM ckopocThi). [IpuBene-

HHe K JIMHEeHHOW 3aBHCMMOCTH P =dX +b oCyllecTBIseTcs
OyTeM CIefyIonero npeodpasoranus JaHHBIX:

p= Tyl Rise = it = St B =tn(h)

2) Jlozapupmuyeckan gynxyun vy = b + aln(x)

Jorapudmuueckas GyHKUMSA HCMTONB3YETCS, KOT/IA NMPH YReJH-
gerun (axropa X otwiuk Y pacrer (@ >0) wiu cHmxaetcs
(a<0) c ymensmmamwiielics cKOPOCTEIO MPH OTCYTCTBHU Tpe-
IENIbHO BO3MOXKHOTO 3nauens. [1peobpasoBanue [aHHbIX:
Y=y % = In(x) a—a Bi=1h

3) Cmenennas dyuxyus y = bx*

CrenenHas GyHKUMS HCIIOJL3YETCs KOIAA IpU YBEIMHYEHHH
(axropa X oTKnMK Y pacTeT WM CHUXKAETCH C Pa3HOH MepoH
nponopuHoHansHocTy. [peobpasoBanue nanHbIx:

F=lnl e ve=tnteydiila S s B nlh)
1

Jlorucrrueckas KpuBas UMeeT BHJ TTOJIOKEHHOM Ha GOK naTHH-
ckoit 6ykeel S. OHa onuckIBaeT ciyyait KOraa npH yBeTHUCHHH
daxropa X otk ¥V wsmeHsetcs (cHmkaetcs mpu @ > 0 wim
pacter ipu @ < () B npegenax ot 0 o 1. [Ipu 3TOM H3IMEHEHHS
NPOHCXOIAT TPH X < b C YBEIHYHBAIOIIEHCS CKOPOCTBIO H MPH
x>b ¢ ymeHbmaowelics ckopocTio. [Ipeobpasopanue
JAHHBIX: j

a=1/a b=-bla

x+h
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Bo MHorux ciy4asx 1Jis annpoKCHMAIMKY HeJlHHeHRHON 3aBHCH-
MOCTH OYeHb YHOOHO MCIOB30BATH MHneploiy, OfHAKO 3aJac-
TYI0 00 9TOM TpyAHO goragartbes. [leno B TOM, HTO MBI JIerKO
Y3HAeM TOJILKO [MPOCTYH) THIEPOONY, ACHMIITOTAMH KOTOpOH
SBJISIIOTCS. OCU KOOPIWHAT, TO ecTh V=@ /x. Ecmyu 5Ta runep-
Oona cABHHYTA BIOTE ONHOH U3 ocell unn BIONL 0Deux ocell, To
©€ KaK [IPaBUJI0 He Y3HAIOT.

IlpoBepka Toro, sBnsercs JNH AaHHAS KpuBas ruanepboioil co
CIOBHIOM TONBKO BIOJL OCH X, TO ecTh ¥ =a/(x+b), nposo-

JHTCH IIyTEM CICAYIOIETO TPe0Opa3OBAHHNS TAHHBIX:

Py e G g Wb <ia .
[IpoRepka TOTO, SRIAETCA M JaHHAas KPHBas runepbomoil co
CIBUIOM TOJIBKO BJOJE OCH ¥, TO €CTh V' =C+da/ X, TPOBOAUT-
CH MyTEM MpeodpazoBaHus TaHHBIX:

P=iy =l a=a b=c
Oco6eHHO CITOKHBIM SIBISETCA Clydaif, Koraa rumnepbona casu-
HYTa4 OJHOBPEMEHHO MO 00EHM OCSM, TO €CTh HMEET BHJ

y=c+ . B atom CclyHae HYXHO ABHIaTbCA METONOM I[10-

x+b

[naea 8. PeepeccuonHslil aHanus

B ofiiem ciyuae cuuTaeM, 4TO 3aBHCHMOCTD MEXIY (hakTopoM
X u orkinukoM Y nenuHeliHa. Torma, ucnons3ys PE3YJIBTATHI U3
npeasllylero naparpaga, npeobpasyem HCXOMHYIO BBIGOPKY
(e, ¥ )k =1,..., N Takum o6pasom, uto6bl B TepBOM mpu-
OIHKEHIH MOKHO ObUIO CUMTATE, YTO CBA3b MEXKIY npeobpazo-
BAHHBIMH JaHHBIME (X, , ¥, ),k =1,...., N BocuT nupeiinbi xa-
pakrep.

BrlducnseM napaMeTphl IMHEHHOM perpecch.

Boraucnsiem onibkn MHK e, .k = 1,.., N .

ITposepsiem crokicTpa omutok MHK. Eciu ommbkm He ynoeme-
TeOpsOT Aonymennsym MHIC To nonyuenHas andpoxcHManus
SABISIETCS CIHIIKOM IPyOoi.

Hanpheliee yrouHeHHe MOIENTH MOKHO CHENATh, CIIH B Kade-
CTBE 3aBUCHMOH [EPEMEHHON HCIOJbL30BaTE NONYYEHHEIE
OLHoKH, TO eCTh BEIOOpKA npuobperaer BU/T

(%,,e,).k=1,..,N .31y Beibopky Heobxomamo oBpaborars mo
TOH ke cxeme. [Ipouece nponomkaerca 10 Tex Nop, MOKa Ha OT-

peZeNIeHHOM 1are OMHOKY HEe CTaHyT YAOBICTBOPATE HOMYILE-
nusimM MHK. [lpu oTOM Hago mMOMHUTE, YTO HENB3S U3THINHE Te-

PEYCIOMNHATE MOAENE, U YTO TOIYYSHHBIE TI0 MOIETH pe3yneTa-

CIIeNOBATENbHbBIX NPUOAHAEHHH, TO €CTh
, Thl JIOJDKHBL Pa3yMHBIM 00pa30M MHTEPNPETHPOBATECS.

- 3ajaBaTh P 3HAYEHWH mapamerpa b,

- BBIYMCHATH 3Hauenus 1/(x+b),

- CTpouTh Tpadukd, e N0 OcH abcuuce OTKIAAbIBATEH
1/(x+5b), no ocu opauuar y,

- BBIOpaTh TO 3HAYEHWE TapaMeTpa b, TIPH KOTOPOM rpaduk
HanOoiee OMH30K K MPAMOH THHHH.

8.15. dynknuA perpeccHn KaK KOMOUHALMS HeCKOAbLKHX dymK-
MHiA. .

Ha mpakTHKe MOXET OKA3aTLCH, UTO (YHKUHIO PErpeccHH He-
BO3MOXKHO OIHCATh YIOBJETBOPHTENBHEIM 00pa3oM HH JHHEHHON
3aBHCHMOCTBIO, HH JIFO00H 13 epeurc/IeHHEIX B NPENBIAYIIEM napa-
rpate HemuHeHHBIX GyHKuHA. Torna CTOMT MONBITATECS AIMIPOKCH-
MUpOBaTh ee KoMOuHauwel »tix GyHKuni. Jlenaetca 310 cuenyo-
LIHM 00pazoM:
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9. AHAJIN3 ©YPHE

9.1. Beeneuue.

B 3T0li rnaBe W3aracTcs MeTO[ alNnpOKCHMAalHK 3MIHpHYe-
ckol 32BMCHMOCTH  TpUroHoMmerpuuecikuMm pspoMm Dypee. JlaHbl
(hopMyJIBI, MO3BOMAIOIIME 110 PeanbHOl BLIOOPKE BBIYHCAUTL KOB(]-
tduimenTsr Oypre, aMIUTYAY H a3y rapmoHMk. Pacckazano, xak
CTPOUTCS AMIUTHTYIHO-4aCTOTHAs XapaKTepPHCTHKA PA3NOKEeHHs, H
KaK OHa HCIOAL3YETCS NS BRIAEICHHS TapMOHHMK ¢ MaKCHMAalbHOH
AMIITHTYLOH.

9.2, Uncnennsiil ananus @ypebe.
[TycTs BBIOOPKA 3HaueHuil daxropa X u oTkinuka ' 3aiana B BH-
ne wmaceusa (x,.y,),n=0,.,N, comepxamero N +1 Ttouky,

npHYeM Bee 3HaueHus dakropa X ymopanoyueHsl MO BO3PACTAHUIO H
PABHOOTCTOST APYT OT Apyra. byneM cuwtats, 4to BeauumHa X W3-

mensietes B untepeaie (0, X ), caenosarensHo BriGopka dakropa
X samaerca pagom x, = X . n/N.

Eciiu npuHATO pellleHHe O TOM, YTO CBA3b MepeMeHHBIX X u ¥
HOCHT IISPHOJIMYECKH XapakTep, TO anmpoKCHMHPOBATh 3aBHCH-
mocTh ¥ ot X Ha untepBate (0,.X | ) Heo6XoauMO TPUIOHOMETPH-

YeCKHM Ps0OM, TO eCTh (yHKIMEH BUaa:

M
: a 2mx !
j(x):—zo—+z a,, cos| m +b,,sin| m
m=1 B max max
Nanuas  dyHkuums  3aBHcHT  oT  (2M+])  napamerpa

(ay.a,... 05,05, 8, ) . Tak KaK KONMYECTBO HEU3BECTHBIX Mapa-
merpoB 20 +1 He momxHO npeBsmaTh 06beM BEIOOpKH N +1 , TO
M=N/2.

Haunyumnm npubnmxenyem OyneT TPUTOHOMETPHUECKHH PIJT ©
TakuM HabOpOM IapaMeTpoB, KOTOPLIH MUHUMH3UPYET CYMMY KBag-

paToB OTKJIOHEHHH DTOr0 psla OT BbIOOPOUHBIX 3HAYCHUWH OTKIHKA
Y, 1o ecTh

S =21y, - ()] = min
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bes mokasarenncTBa MpuBeAeM (GOpMYyJibl VIS ONpeleleHus HCKo-
MbIX [apaMeTpoB:

e 27n

a =— cos| m—- O0<m< M
m ;yn -
D e 2

b =— sin| m—— 1<ms< M
3 N;yn -

OmnpeneneHHsble N0 3TUM (GOpPMYIaM NapaMeTpPhl Ha3bIBAKT KO-
shhuyuenmamy Pypve, 2 TPUTOHOMETPHUYECKHH PAJ C TAKHUMU KO-
s puIeHTamMy ABnAeTces padoym Pypee. Toraa anmpokcHMalus Be-

nuuunel ¥ pagom ®ypee B touke x, = X n/ N Gyner papua:

M /
a, 2m - an)
=—24+% |la cos m— |+b_sin| m—
S 2 Z i N o N

TMpu yBETHUEHHH KOJIMYECTBA FAPMOHUK M 9Ta anmpoKcHManus
BCE TOYHEE ONMKCHIBAET BHIGOPOUHBIC 3HAUEHHS BENHYHHEL Y, U Ha-
xoner, npu M = N/2 pna moGoro n CTaHOBHTCS CIPABEMIMBLIM

paseHcTBO V, = f, .

m=|

OnHaKo, HAIlA 337aUa COCTOUT HE B TOM, UYT0OLI ¢ abCcomoTHOR
TOYHOCTRIO ANNPOKCHMUPORATE MCXOTHYHO BBIOOPKY, TO €CTh BKITIO-
YUThH B MaTEMaTHYECKYI0 MOJIEls Bee HabmogarouHecs ocobeHHo-
CTH KOHKPETHOH BhIDODKM, B TOM HHCIIE H TE., KOTODBIE B JEHCTBIH-
TeARHOCTH HOCAT ciydalublid xapaktep. Ham HyKHO HalTH BCEro
HECKONIBKO HaubO/ee 3HAYMMBIX TApMOHHK, TO €CTh TapMOHHK,
MMEIOIHX MAKCHMATbHYIO aMITATYAY. [ 5Toro HeoOXoAUMO I10-

CTPOWTE W TPOAHATH3UPOBATL AMIIUTYIHO-YAaCTOTHYH) XapakTepu-

CTHKY pa3lmoXKeHHs.

9.3. AMHJ!HTleHO-‘-]aCTOTHaH XapaKTCPpHCTHKA.

Beenem mapametpsl (R, 6, ), KOTOpbBIE Hazosemlmmumyaa 4
(haza COOTBETCTBEHHO. DTH BENHYMHBL CBA3aHbI C IAapaMeTpaMH
(a,.b,) cnepyromumu COOTHOLICHHMA:

b
Ri=xas+bs 6, =—arctg—=- O
am
a, =R, cosd, b, =-R siné,
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Torya, 3amenuB napameTpel (g

m?

b,). paznoxenne Pypre MOKHO
Mepenucarh B BH/Ie

M :
j;,=f°—+z R cosé, cos ng —- R, sin@, sin m%m

m=1

M
vt =EE+ZRM cos szm+9m

m=1
Hazosem uagcmomoti xonebanuii penuuuny @, =m/ N . TTonseri

Hafiop HacTOT Ha3bIBACTCH CHEKmPOM PAa3/I0KCHHA. Toma OKOHYa-
TEJIBHO MMOny4Yacm

a M
5= —21 + Z R, cos(2mw, n+6,)
m=1

CMblcT IPHUBEASHHBIX REIIIE MPeoOpa3oBaHii COCTOHT B TOM, YTOOE!
NEepeHTH OT pAia U3 CHHYCOB M KOCHHYCOB K PALY H3 OIHHX KOCHHY-
coB. Eciu Teneps mocTpoHTh rpaduk, roe mo ock abeiice oTIoxeHa
4acToTa, a o OCH OPAMHAT OTIOKEHA aMILTHTYAA, TO eCTh TPahHK B
xoopauHartax (@, , R ), To HarmsaHo Oyner BUAHO, IPU KAKHX 3Ha-
YEHMAX 4acTOThl HAOMIOAAIOTCS MaKCHMYMBI aMIUIMTYABL Takoit
rpaduk Ha3LBACTCH AMIAUMYOHG-YACTHOMHON XADAKMEPUCTIUKOU
(AYX). C nomombio AUX MbI OTyHaeM BOIMOKHOCTE BEIOpaTh U3
paznoxenus Oyphe TONLKO CaMble 3HAYHMBIE TAPMOHUKH M NpeHes-
peub OCTaNbHBIMU, 3aMeTHM, YTO MepHOM KomehaHms CBA3aH C Yac-
TOTOH cootHomnenuem 1, =1/@, .

Ilpyu HeOoOXOOUMOCTH AHAIOTHHYHAIM 00PAa30M MOXHO IIOCTPOHTh
Gasovacmomnuyio xapakmepucmuxy (©@YX), To ectb rpadux B koop-
muHatax (@,,,0,) .

9.4. llpumep BblIe/IeHHS OCHOBHOH TapMOHHKH € NOMOIIbLIO
anaanza Dypee.

PaccmoTpuM BbiZeneHHE OCHOBHOH TapMOHHKH € HOMOLUBIO
ananHsa Dypee Ha npuMepe BeIOOPKH, COCTOAILIEH M3 256-TH TOUEK
(x,,,),n=0,..,255. Tpadmk HCXOAHBIX NAHHEIX TPHBEJICH Ha
PHCYHKE.

134

nasa 9. AHanus @ypse
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3r1or rpaduk JaeT 0CHOBAHUS [PENIOIOMMTE, YTO CBA3b MEPEMEH-
HeiX X u Y HOCHT nmepHoamyeckuil xapaxtep. Ilo merommke, W3no-
JKEHHOH B Mpeaplmynux 2-x naparpadax, NpeieTaBuM annpoKCHMH-
pyromyro  byHKUMK psgoM @ypbe H IOCTDOMM aMINIHTYIHO-
YACTOTHYHO X4PaKTEPUCTHKY.

AYX

amMnnMTy A2

Ma_KCHMyM AMILIHTY OBl HAXOOUTCA B HayaabHOH JacTh CIICKTpA.
PaCCMOTpHM no;:poﬁﬁee OTOT yHaCTOK.
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ANX

e
-/-\

Y v
}\[/]\l\j/lh‘lj\ﬂ 2 5 i O o A s
0 001 002 003 004 005 006 007 NO8 009 0.1
uactora

amnnuTyaa

[Tpu GnuskaiilieM paccMOTPEHUM OKA3BIBAGTCH, UTO MAKCHMYM
aMIUIMTY B! DpuxouTes Ha yactoty @ =~ 0.01 (nepwon T =~ 100).
YuuteiBag, 410 @, = m/ N , paccuntaem Juis 31010 3HAYEHUS Yac-
TOTEI KO (DULIHEHTE! pasnoxeHus Pypoe:

a, =a(w,)=-0.1049
b =blw, )=-2.8918

Hcenons3ys 3TH fauuble, BEIYHCISEM aMIUTHTYY H (a3y OCHOBHON
TapMOHHKH:

R, =2.8934
0, =1.6070

Taxum o6pazom, Dypbe-anmpoKCHMALMS MCXOIHBIX NAHHBIX M
OLIMOKH MOAETH OYOYT BEMHCAATECA 110 (QOpMYyJiaM

f, =R, cos2rw,n+8,)=2.8934-cos(27 -0.01-n+1.607)
2, i

IlpuBeneM rpadMk HCXOAHBIX [JaHHEIX BMecTe ¢ Dypbe-
annpoKcuManueil u rpaduk ocTaTKoR (01HO0K MOAEH).
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McxoaHble jaHHble
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O4eBHIHO, YTO OWHOKN ANTPOKCHMAINN HOCAT HENEPHOIHTE-
ckuii xapakrep. B mpoTusHOM cliydae HY)XHO OBIIO OBl MOBTOPHTE
BCIO TIPOLIENYPY. HCHOJL3YS B KAYECTRE HMCXOIHOM BhIOOPKH 3TH
OIMHOKH, H MOBTOPATH €€ /IO TeX 1op, Moka He OYIYT BEIACICHBI BCE
3HAYHMEIE TAPMOHHKH.

IMa mpakTHKe, TIPH H3YYESHHH AMHAMHMKM UEH aKTHBOB HE PEKO-
MEHJIYETCS MCIMONB30BATE A/ allpOKCUMALMM 3THX psjoB Oojee
Tpex rapMonuk Dypre. -
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10. IIPUMEHEHUE MHK [PU M3YUEHWUH JUHAMH-
YECKHX PSIIOB

10.1. Beegenne,

AHamuTHYeCKAs ANTpPOKCUMAIL|s JUHAMHYECKOTO BpPEMEHHOTO
psfia, COEpIKALIEro [@Hbl HEKOTOPOro aKTHRA B MOCIE/I0RATENBHEIC
MOMEHTBI BpeMeHU, IpejcTaBiser coboH MaTeMaTHUeCcKylo MOJIENE
Pa3sBUTHA BO BPEMEHM 3TOr0 OMHAMHYECKOTO ps/id M OIHCHIBAET
NpUCYLUHE MY CTATHCTHHECKUE XAPAKTCPUCTHEH. |

AHaTHTHYECKasd anMpOKCHMALHS COACPXKUT B cebe HeKOTOpYHo
YCIIOBHOCTh, CBA3AHHYIO C TE€M, UTO [l€HA aKTHBa PaccMaTpHBAETCS
Kak QyHKUHsS BpeMenH. Ha caMoM Jielie 1ieHa 3aBHCHT HE OT TOTO,
CKOJILKO BpeMEHH IPOILIO ¢ HA4aIbHOIO MOMEHTa, a 0T TOI'Q, Kakue
(haxTOpHI HA Hee BIMANM, B KAKOM HAIPABNEHWH W ¢ KaKoH HHTEH-
CHBHOCTBIO OHHU JeHCTBOBANH. 3aBHCHMOCTE OT BPEMEHH MOKHO
paccMaTpHBATh Kak BHEIHEe BbIPAXKeHHE CyMMapHOro BO3/(eHCTRAS
9TUX (PaKTOPOB. Y A0OBIETBOPUTEILHBIM 00Pa30M ANPOKCUMHPOBATL
JIMHAMMYECKUH psAJl ¢ MOMOIUBIO METOIA HAMMEHBITHX KBaJIpaToB
BO3MOYKHO JIMILE TOI/A, KOTJa BO3AEHCTBHE BCEX BIMAOIEHX (Pakro-
POB OJHOPOHO HA BCEM PACCMATPHBAEMOM MPOMEKYTKE BPeMEHH,

B cnyuae, ecnu quHaMuueckull psaa LeHB! akTHBA yIOAETCs ari-
NPOKCHMUPOBATH aHaJMTHHecKOH dyHKIWeH BpemeHu ¢ cobmoje-
nueM ponymieHdi MHK, craHoBuTCA BOSMOXKHOH DKCTpamomsius
5TOH (pyHKLUMH, TO €CTh NPOrHO3 LeHbl B OYAYIIHe MOMEHTHI BpeMe-
HY. O[HAKO NPU 3TOM CTOMT NOMHHTE, YTO TIPH MIPOTHO3E HESBHBIM
00pa3oM [peiIoJaraercs, YTo Te Ke CaMble YCIOBHS, B KOTOPBIX
(bopmupoBamich LEHb! B NPOLULIOM, 6YAYT CyIIecTBOBaThL U B Oymy-
mweM. Menonp3oBaHue 3KCTPANONANNY B U3MEHHBILHXCS YCIOBUIX
OyleT NpUBOIUTE K OLIMOKAM, BHIXOMAIIHM 32 PAMKH OOBIYHBIX 1
MHK norpeusocte, cBA3aHHBIX ¢ LIMPHHOR I10JIOCHL HEONpee-
JIEHHOCTH JHHHH perpeccud. Jlonrocpounbie NPOrHO3bl CONPAKEHBI
¢ GonbiIMMH OIHOKAMM, YeM KpaTKOCpOUHbIe. Bo-NepBbIX, 9TO CBS-
3dHO ¢ PACIIHPEHHEM NTONOCHl HEOTPEENIEHHOCTh JIMHUN PEerpeccHH
0pH YAANEHHH OT LEHTPA TAMECTH SMIUPHUECKUX [AHHBIX, 10 KOTO-
PBIM 3Ta MTHHHA ObINA MoNyYeHa. Bo-BTOpLIX, 9TO CBA3aHO C BO3pAac-
TAHHEM BIIHAHHS HOBBIX (JaKTOPOR MpH YBEJIHYEHUH MEepHOOa Mpo-
THO3A.
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Jlast Toro, 4To0k! AMHAMUYECKHH PAL MOXHO ObLIO 3(eKTHR-
HBIM 00pa3oM aNpOKCHMHPOBATh ¢ puMeHennem MHK, stor psin
J0JKEH yIOBIETBOPATD CEAYIOINM YCIOBHAM:

- OBITH JOCTATOYHO AJTHHHEBIM,
- = OBITh KaK MOYKHO MEHEE BONATHIIBHBIM. . |

_Tpw sTOM caexyer ckaszath, 4ro npumenesne MHK npu usydenun

BPEMEHHBIX PANOB UMEET CIISAYIOIIHE 0CODEHHOCTH

& IJIA ananTUpOBaHHA pel"]B‘ECCHOHHOﬁ MOJEIH K H3MCHARIHMCA
YCIIOBHUAM HeO6XO,I[PIMO MEPHOMIHYCCKH TICPECUYUTRIBATE Tlapa-
METPBI MOAENH C YYETOM HOBBIX HaHHBIX, @ MHOI'Ja BO3MOMKHO
nepecMaTpuBaTe CaMy MOJENE,

= IpY pacydeTe HapaMeTpoB perpecCli BCC DMIUPHYICCKHE AaHHLIC
BXOJAT € OJMHAKOBLIM BCCOM, XOTA HHTYHTHBHO MOHATHO, HTO
Doutee MO3AHHE AAHHBIE UHMEIOT GOHBIHyi'O HOEHHOCTE.

10.2. Mogens JTHHAMMKH HeH AKTHBOB,

BupskeBkie LeHBl AKTHBOB (GOPMHPYIOTCS KaK Pe3yIbTaT COBME-
CTHBIX JeHCTBHH OOMBIIOr0 KOJMYECTB2 YUACTHHKOB PHIHKA M, KaK
ClIECTBHE 3TOTO, B HUX MPUCYTCTBYET ClydaiiHas COCTABIAIOLIAS.

PaccMOTpHM BpeMEHHOH psm, COCTOSIIHA H3 MOCHEI0BATEb-
HBIX 3HaYeHMH lienbl Hekoroporo aktua £, P, ..., P, . Lena ne mo-
KeT OBITh OTPULATENBHOM, HO MOXKET NPHHHMATE CKOJB YTOTHO
GoNENIHe MONOKNUTETRHEE 3HadeHNs. ClieloBaTenb-Ho, 1 OTHOIICHHE
LeH B IIOC/IEOBATENbHEIE MOMeHTHl BpeMenH F, /P, | Takke He

MOIKET OKA3aTLEs HIOKE HYHs, HO MOKET OBITh CKOJb YTOLHO 00Jib-
M. 3HAYHT TIOTHOCTH BEPOATHOCTH LIEH aKTHBOB W TIOTHOCTE

ABE‘,pO}ITHOCTld OTHOIUCHHA LEH AOMKHBI HMETE INOJOMHTENLHYIO

ACHMMETPHIO,
CuTyalus MEHSETCA [IPH NEPEX0de K JorapupMaM OTHOLISHHMS
1eH, To ecTh K Bemuunte Ay, =In(F, / P, ). Pacupenenenue nora-

pHMOB y)Ke MOXKET OBITH CHMMETPUYHO H BOIMOKHA ero armnpok-
CHMAIIHS OAHHM K3 aHATHTHYECKHX 3aKOHOB pacnpefeleHus, KOTo-
phle OBITTM pacCMOTPEHBI BO BTOPOH riase (kak mpaBHiIo 000OLIEH-
HBEIM 3KCIOHEHIHANEHEIM pactpeneneuuen). [Ipu stoM norapupm
I[eHBl B TIPOM3BONBHEIN MOMEHT BpeMeHH CKIaiblBaeTcs W3 Jiora-
pudMa TeHbl B HA4YaNbHEI MOMEHT BPeMEHH (5Ta BelWYMHA Mpei-
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nmojaracTca HeCTOXﬁCT[/l‘-leCKOﬁ) H CYMMBI I!DF&pHCbMOB OTHOLHSHH A
HeH: ;

i
In(R) =In(A)+ ) In(A/ F_)

k=l
Ecnu semuunnel Ay, = In(P, /P, ) He3aBUCHMEI H UMEIOT KOHEH-
HYO JMCTIEPCHIO, TO COMIACHO LEHTPAbHOH NpenenbHol Teopeme
senuunHa ¥, = [n(P) Oyser HopManbHO pacmpeneneHa npu 1obom
3akoHe pacripenenenus Ay, . Tak kak jorapuM 1eHb! pacnpesencH

HOPMaJIbHO, TO LEHA MNOAYHMHASTCH JIOTHOPMAaIBHOMY paclpeaciic-
HHHKD.

WTak, eciu Bee cliydaliHbie BETHIHHEL Ay, He3aBHCHUMbI H 10/

YUHAIOTCS OJHOMY M TOMY K€ 3aKOHY PaclpelelieHus ¢ MaTeMarTH-
u 2 ~

YECKHM OKHAAHUEM 44 W IuchepcHell o °, To ciyvaliHas BEMMYHHA

In(P,) Gymer MMeTb HOpMalpHOE PACIpPEJENEHHE C MaTeMaTH4e-

CKHM OKMA@HHEeM ALf W Aucriepcuei ot CnenopareiibHO, Jiora-
prithM IeHbl B TPOU3BOJIBHbIH MOMEHT BPEMEHH MOJKHO 3AMHCATh KaK
n(P)=In(P)+ st + ot z

rAe ciydaiHas BEIMUMHA Z MOJUHHSAETCS CTAHIAPTHOMY HOPMAlb-
HOMY paclpeienetuio.
PHCKOBBIE AKTHBLI MMEKYT [OJQXATENBHOE MaTeMaTHHECKOe

OKHIOaHHEe 10X0J4a, CASIOBATeibHO L > 0 . BenwuuHa A onpeneiis-

eT TPEHJl aKTHBA, TO €CTh BO3ASHCTBME HA LEHY NMOCTOAHHO JEHCT-
BYIOIMX CHCTEMATHYECKHK (PaKTOPOB.

Beauuuna ¢ onpeeaseT RONATUABHOCTD AKTHRA, TO €CTh BO3-
AelicTBHE Ha LEHY MHOMKECTBA CllyJaiHbIX (haKTOPOB.

OTHOLIIEHHE OKHIAEMOTO 0X0a K OXKIIaeMOMY PHCKY 32 elH-
HUILY BPEMEHH L/ XapaKTepH3yeT CTeNeHb YCTOMUYHBOCTH pocTa
LeHbl aKTupa. YeM Bbllie DTO OTHOLISHHE, TeM NPHBICKATENLHEE
OPH MPOYHX PABHBIX YCIOBUSIX MHBECTULIMH B JIAHHBIH aKTHB.

Hapany c BIHSHHEM [OCTOSHHO ACHCTBYIOUHX (aKTOpPoOB H
cly4YaiHbIX KonebaHui, eHa akTHBa MOKET UCHBITEIBATE BO3AEHCT-
BHE TIPUYHH, XAPAKTEPH3YIOIMXCS LMIIHICCKAMU KONeGaHMsIMH,
Bo3HHKHOBeHHE LHMICIOB CBA3AHO € HM3MEHEHWeM OLIEHKH WHBECTO-
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paMyu 0XKHIAACMOI'0 HO0X0Ja aKTHBA. C YUCTOM IIE€PHOJHYCCKHX KOM-
MOHEHT MOJAC/Ib JHHAMHKH IEHbl MOMKHO [IPEACTABUTL B BUIAE

M
In(Z) =In(B) + put + > R, cos(2mt /T, +6,) + ot z

m=1
rae 7, - nepuox koneGanus, R, - amiuTyaa konebaunus, 0, - Ha-

yanbHas Gaza. CymecTryer aMoupryeckoe NPaBuiio, KOTOPoe Ha3kbl-
BAIOT NPHHUHIOM [IPOHNOPUHOHANBHOCTH, COMNIACHO KOTOPOMY am-
MIUTYABL KonebaHuil npsMo TPONOPIHOHANBHEl KX nepuofam. s
BbIJENNEHHA OTACNIbHBIX FApMOHHK H3 BPEMEHHOIO pAna LICHbl aKTHBa
HCTTONB3YIOT aHanu3 @ypobe. -

@ ¥5€TOM BBILIECKA3aHHOI'0, HCCNENOB&IHE AHMHAMHKH [ICHbLI

‘aKTHBa JOJKHO BKJTKOHATH B ceba CIEeOYKOLIHE 3Tallbl:

- onpejeneHue TpeHaa,
- onpejieNeHne MHKTHYECKHX KOMIIOHEHT,
- COCTareHHe MPOTrHO3a [IeHbl AKTHRA.

10.3. Onpegeaenne Tpenaa.

B kavecTBe HCXOOHBIX HAHHBIX PACCMOTPHM LIEHBI 3aKPbITUS 10
uHaekcy Moy JhxoHca Ha nociaeddui TOpropblii NeHb Mecslla 3a Ie-
puoa ¢ 1932 mo 1999 roz.

Wnaoexe oy [xoHca

12000 1
10000 -
8000 -
6000 -
4000 -

2000 +

() opommm=z:

T
o
b
=

=

WioH. 31

anp.38 A
map.45
AHB.52
HORA.58
ceH.65
non.72 -
mMap.86 4
AHB.93 -
Sek.99 A

PaccmoTrpum ToT ske rpaduk B nonynorapudmiuieckoM Macirade.
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Wnpexe Doy Mxonca

100000 -

10000 -

1000 4

100 4

10 : ; ; T . T T . 1 T
R P T e i
r o o m ® e (= s fol o B
RIS 2 RS B e B

Honysnorapudmudeckuii rpaduk AaeT OCHOBAHHA INONATATH, YTO
TpeH | morapudma HeHsl 3aKPhITHS MOXKHO B TEPBOM NPHOIIIKEHHH
onucarh MUHEHHOH dyHKIHEH BpeMeHH.

JIns TOCTPOEHHs PerpecCHOHHOH MOJENH B KauecTse thakropa
(HezaBHCHMOH mNepeMeHHOH) OyneM HCToNB30BaTh HOMEp MecsaLa.
[pu 5ToM MepBBIi Mecsl B BhIGOpKe (aHBaps 1932 roga) nosydaer
Homep 0, nocnennuil Mecan B Beibopke (aexalbpe 1999 roma) momy-
gaer Homep 815, 10 ects £, =0,....815. ObbeM BeGOpKH N =816
Toyek. OTKIHKOM (3aBHCHMOI MepeMeHHOH) ABISETCs Jorapudm

eHs! 3akpeITHg ), = In(P, ). DMnupryeckas 3aBHCHMOCTS OTKITHKA
oT (hakTopa NpHBeeHa Ha PHCYHKE!

SMI‘IMDH YeCKan 3aBUCHUMOCTL
10.00 -

9.00 -

8.00 4
7.00 4
6.00 4

5.00 4

4.00

100 -
200 -
300 -
400 4
500 -
600 -

700 -

800 -

900 -
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Ouenxa napamempos TUHEHOI pespeccii

[TprMeM rHIOTE3Y O TOM, YTO CBA3L (DAKTOPA W OTKIIHMKA BBIPAIKAET-

csi nuHeHHON ¢yHkumedt f(f) = af +b. OueHku napamerpos Iu-
HelfHOl perpeccuu MpoBOIITCS N0 GopMyJiam:

N

Ztkyk Nl Pl U
a =+ b=Y-a-T

—2

YEENT

k=l
rae
= 1 = 1<
T=—>1t1 Y=—

N;k N &~ Yi

BrluucieHHbIe 3HAYEHHA napamMmeTpoB COCTaBIIAIOT!

a=0.005,b =4.402

aMﬂﬂqueCKaﬂ 3aBUCHMOCTE H NHHeHHas aANMPpOKCHMAITHA H306pa-
YKEHEI Ha PUCYHKE!

3MNMpUYEecKkas 3a8UCHMOCTb W NUHEHAA annpoKCUMaLUA

3-00 T T T 1 T T T T T L}
o o o o o =] o =] o o

=) S o S =] =] =] =1 o

- & ] < [rs] ) ~ D o)

Ilpu oToM rpaduk OUHOOK AMMPOKCHMALHH

e, =y, —at, —b=y, —0.0057, —4.402

HMEET BHA:
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Fnasa 10. Mpumererue MHK npu usydeHuu duHamuyeckux psoos

OwuBKK NUHEWHOW annpoKCUMaLMu

Juchepcus oyeHoOK napamempos JUHeiHol pespeccun

OueHka QUCTIepCHH CilydaiiHbiX OTKIOHEHHH OTKIMKA Y OT JHHHH
perpeccun (Heoﬁmweuﬁaa m{cnepcm) BRIYHCIIAETCS 10 (hopMyIie:

Z €y Z(yk_atk by’

Bbmucnenﬂme 3HAYEHHSA HGOG'BSICHGHHOH IHUCIEPCHU H COOTRETCT-
Byiomee C.K.0. paBHblI

o’'=0.098 o= 0313

OueHKa THCTIEPCHH MapaMerpoB d | b BBIpa)Ka}OTCH ‘(popmynamu:

2 Zxk
o;

4 o
N

== N i G—b = W £ =
2
b ATy ey )
k=l k=] :
PacyeTHbIe 3HAYEHHS STHX BEJIUYHH MO BEIOOPKE COCTABIAIOT:
G2 990107 & | o= 47107
24800 | o, =22407
Kosgpuzuenm oemepmunayuu

KavecTBO NHHWH perpeccun xapaktepusyercsi KoaphuUMEeHTOM Jie-
TepMHHALIHH:
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N
2
2.6
k=1
- 2
Z (7 —-Y)
k=1

B paccMaTpuBaeMOM CITydae 3Ta BENHYMHA paBHA R* =0.9348.
Tak KaKk CpelHeKBaJpaTHYHbIE OTKIOHEHHS OTKIHka Y n omubok

R

2

anmpoKCHMAI[MH € CBS3aHbl COOTHOLICHHEM O, =-\IIV—R2 $0,, TO

nojyyaeM, 9TO C.K.0. OHMIHOOK TpUOAM3MTENEHO B 4YeThipe pasa
MeHbLIe ¢.K.0. oTkmuka: o, = 0.2550 .

10.4. CraTucruyeckue BLIBOABLI O BEIMYHHE NAPAMETPOB per-
peccuu.

Heobxoaumo yOeIuThCs, YTO 3HaYEHUs MapaMeTPOB PErpeccHH 3Ha-
YUMO OTJHYAKOTCH OT HYJIA. ﬂ.ﬂﬁl ITPOBEPKH ITOT0 BLIABHTAKOTCS I'H-
TOTE3bI: -

HixiNa=0 H,: b=0
Hy: a0 H: b#0
1) Ilpumem 8enuquHy YPOBHS 3HAUUMOCIU
g=0.05
2) Paccuumaem Kpumepuu nPoeepku
) S SN
o, 4.7-10
.402
ik S o,
e, 22500

3) Ipasuio npunsmiisd pewenus
Tpunsits Hy, ecnu —4,_» , SESH_ 5,

B npoTvBHOM ciiydae TpuHATE H, , To ecTh H, mpHHHMaeTc,
KOTJIa KpUTEpHii NPOBEPKH f TIONA/AET B KPUTHYECKYIO 001acTh

‘t ‘ = tl—-q."l\v 2
4) Pacuem epanuy kpumuieckoi obaacmu

bt anmunis CTBIOJPACIIObP(q, N —2) =
= CTBIO/[PACITOBP(0.05,814) =1.96
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naea 10. [Mpumexerue MHK npu usyveHuu duHamuveckux padoe

5) Ilposepra eunomesol

Tak kak KpUTEpPHH MPOBEPKH UTs 000HX MapaMEeTPOB PErpeccHu

HAXOJATCH B KPUTHUECKOH 00JacTH, Mbl NPUHUMAEM THIOTE3Y
H;. DT0 03Ha4aeT, 4To [PH 3aJaHHOM YPOBHE 3HAYHMOCTH Ta-
pameTpbl perpeccHd CTAaTHCTHYECKH 3HAYHMO OTIMYAIOTCS OT
HY 151,

Cmamucmuuecxkue gsigo0bl 0 geiiuune KoIdduyuenma oemep-
MUHauUu

Voenumes B ToM, 4TC KOdhHLKHEHT feTepMHAHAIMHA 3HAYHMO OTJIH-
YaeTcs OT HyJd. 17 MpoBEepKH 3TOrO BEIABHTASTCS TUIIOTE3a:

Hiys R =0
Bz doRE=0
1) Hpumem genuuuny YpPOoGHS SHAYUMOCIU
q.=0.05
2) Paccuumaem Kpumepuil nposepril
il LR 0.9348
TU=RHAN=2) (1-09348)/814
3) Ipaswio npunsmus pemenus

Npunate Hy, ecu F<F ).

1671

B mpotueHOM ciyuae npuHsTE H; . TO ecTe H; MpHHHMaeTcs,
KOLJa KpUTepuii nmposepku [ mnonajaer B KpHTld'-IECKyIO 00-
naeTE:. Fis B

£

YPOBHIO 3HAYHUMOCTH ¢ C V| = I crenensmu CcBOOOMBI [T YHC-

-q,vly2

—g.viy2 - 3TO KBAHTHIIE F -pacnpe/ieienus, COOTBETCTBYHOLIAS

nutens u v, = N —2 creneHamu cBoOOIBI {1 3HAMEHATEA,
4} Pacuem epanuy kpumuieckou obaacmu

F_, w2 = FPACIIOBP(q,v,,v,) =
= FPACIIOBP(0.05, 1,814) = 3.85

5) Iposepra eunomesol
Tak xak KpuTepHii MpoBepKH A1 KOdthdHIHeHTa AeTePMHHAITHA
HaXOAUTCS B KPUTHYECKOH 001acTH, MBI NIPHHHMaeM THIIOTE3Y
H,. DTo 03Ha4aeT, 4To TpH 3a3/aHHOM YPOBHE 3HAYMMOCTH H3-
MEeHeHUsl OTK/IMKa V' OOBLACHAITCS H3MeHeHueM (akropa /.
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10.5. Tloaoca HeompeaeNeHHOCTH pacCesiHAs IMIHPHYCCKHX

- AAHHBIX OTHOCHTEJILHO JJUHHH pErpeccHn.

Hucnepeus cnydaitnoil BeuynHbl V= f +¢ B NPOU3BOIBHOH TOY-
Ke [ BBIYMCASETCS O hopmyJie:

2 1 (f y

Ol =0, - ]+——+
Z(q Ty
rae
6,=0313 N=816 T=4075
N

2
> (t,—T) =45278140
k=1
B nannom citydae Ha 60sIblIOM AHAana3oHe u3MeHenus ¢ 6e3 cyie-
CTBEHHOH MOTEPH TOYHOCTH BTOPBLIM U TPETBHM CIAraeMbIM B CKOB-

KaX MOMKHO NpeHedpetsb, TO eCTh O f} e 0'3.

Benuuuna Ay =21, 0, Ha3biBaeTCs MUPHHOI MOTOCHI HEOI-

PENICNeHHOCTH.  3ajiaiuMcs  JOBEPHTENBHOH  BEPOSTHOCTBIO
P =0.95 (g=0.05). Torna keauTrns pacnpeaenenns CTpioeHTa
paBHa

4., =CTBIOJPACIIObP(q,v) =
= CTBIO[PACIIOBP(0.05,814) =1.96

[TuprHa noIockl HEONPEAEAEHHOCTH COCTABUT

Ay=2:1.96-0.313=1.226

Crneposarenbho, ¢ BepostHocThio P =0.95 ciyuaiinas sennunna
y = [ +e byner nexars B NpeAenax:

f-Ap/22y<L f+Ay/2
(0.0057+4.402) - 06]3<y<(0005t+4402)+0 613

DMIMpHYecKas 3aBHCHMOCTb M €¢ 110JI0Ca HEeOTPEIe/IeHHOCTH H30-
Opa)keHbl Ha PUCYHKE:
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anupuuecxan 3aBMCUMOCTE U MONOCA HEONMPEOENEHHOCTH

3.00 + T T T T T T T T 1
o =3 =1 Q =) o (=] o Q o

=} el =] (=] S (=] Q (=

~ o « - wn (o] ~ @ [>2]

IMpusenem rtawke rpaguk owuboxk MHK u ero momocy Heompene-
JTEHHOCTH:

OwHWGKM NMHEWHONW aNNPOKCUMALWKA ¥ Nonoca
HeonpepgeneHHOCTH

1.00
0.80 :l

0.60

0.40
0.20
0.00 A - -'

-0.20
-0.40
-0.60
-0.80
-1.00

10!
300
400
-]
=
5
600
7
800 A
900

Konu4ecTBo TOYEK, HaXOMIIEecs BHYTPH MONOCHI HEONPEAETEHHO-
ctu, pasHo 774, uro cocrasnser (774/816)-100% =94.85% or
o0beMa BBIOOPKH. DTO COOTBETICTBYET [OBEPHTENBLHON BEPOATHOCTH

P =095

10.6. IIposepka aonymennii MHEK.

Jlnist Toro, 4TOOBI MBI MOTJIH CKa3aTh, YTO MOJENb aeKBATHA M-
anqucmm JIaHHBIM, OIIHOKKU € No/KHB 001aaTh CIEYIOIHMH
CROHCTBaMM:

1) Owmubku AOKHBI ABIATHCA peaiu3alyell HopMaTsHO pacrpese-

TEHHOH cryqaiiHoN nepeMeHHoi.

2) MaremMaTHuecKkoe OXHIaHHEe OLIMOKH J[I0/OKHO OBITH paaﬂo HY-

mo: M(e,)=0.
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3) MHucnepcus ommbku gomkHa 66Tk nocrosHua: D(e, ) = o
4) Oummbxu  JOWKHBI  OBITE  HE3ABHCHMEIMH, TO  €CTh

0 k#j

2

cov(e,.e, )=
e e

Iposepra eunomeszsl 0 MoOM, 4MO OUIUOKU HOPMATBHO PACHpede-
JICHDbI

OuerkH OCHOBHBIX [APaMETPOB pacHpPENeNeHHs BEIHYHHBI €
NpHBEIEHE! B TaOJMLLe:

Haumerveanue oyenxu " Beauwuna
LleHTp pacnipeseneHus e teld
CpeanekpalpaTHIHOE OTKIOHEHHE T, 0.313
Koapdpunment acummerpun ¥ 0.063
C.k.0. ko3 dhuuueHTa ACHMMETPUH o, 0.085

Jns OpoBepKH rMNOTe3bl O TOM, HTO OLIMOKH HOPMANBHO pac-
IPESIEHE, HaM HEOOX0AUMO IOCTPOUTE THCTOTPAMMY BHIGOPOYHO-
r0 pacrpeie/ieHus BeldYuHBI €.

OnTUManbHOE YMCIO CTONOOB THCTOrPaMMBI MOXHO HaHTH,
OKPYTIIUB BHH3 A0 Omikaiinero OONbIIEro MM paBHOIO MATH He-
YETHOTO LENOoro BEINYHHY, OTpeAeneHHyo no Gopmyne:

Fi 5+1.5N0_4
6

BrmaucienHoe sHauenne L = 9. Takum obpasom, o6nacTe HaMeHe-
HHUA BRIIMYHUHEI € pﬂ.36HBaC‘TCX Ha. 9 HHTCpBa.T[OB B KaXJ10M H3 KOTO-
PbIX HEOOXOJMMO PAacCUUTATh IMIMPHYECKHE UACTOThI nonajaHus B
COOTBQTCTBYI’OH.IHH HHTEPBAJ.

[Ipu ucnone3oBaHul KpuTepus cornacus ITupcona HeodxoaumMo
BBIMHC/IUTE BETHUHHY:

) 2
o (T; _SJ)
2T

rae
L - KONWYECTBO CTONOLOB FHCTOIPAMMEI,
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Imasa 10. Mpumererue MHK npu usyyeruu duHamuseckux psdoe

S, - OMIHPHYECKas 4acToTa Monajanus B i-i cronder,

T, - Teoperuyeckas 4acTOTA MONARAHMSA B i-if cTONGEL.

[TpuBeneM TabnUIY SMIUPUYECKUX YACTOT.

Homep un- Jlesan  Ipasas Imnupuveckan

mepsard  epaiuya  panud  yacmoma S,
[ -0.8732 -0.6791 5
2 -0.6791 -0.4851 46
3 -0.4851 -0.2911 87
4 -02911 -0.0970 166
5 -0.0970 0.0970 206
6 00970 0.2911 139
7  0.2911 0.4851 124
8 04851 06791 22
9 .0:6791 L 0.8732 21

Tax xak orHoumenue xo3pdHIMEHT2 ACUMMETPHH K €ro C]JE,L[HG-
KBaJ(paTHIHOMY OTKJIOHEHHIO MEHBIIE TPex

y/o,=0.063/0.085=0.738<3

TO HECHMMETPHUYHOCTE HOCHT CyvaHBIH Xapakrep H pacmpefene-
HUE YaCTOT MOJKHO pacueTHLIM 00pa3oM CHMMETPUPOBATh OTHOCH-
TEJBHO UEHTPATBHOTO MATOTO CTONOLA:

Homep un- Jlesas  IHpasas DSmnupuveckasn

HIEPEANG  EPANUYA  2PAHUYE  yaemoma s,
1 -0.8732 -0.6791 13.00
2 -0.6791 -0.4851 34.00
3 -0.4851 -0.2911 105.50
4 -0.2911 -0.0970 152.50
3 -0.0970 0.0970 _ 206.00
6 00970 02911 A 50 50
70 0291 04851 105.50
8§ 0.4851 0.6791 34.00
9 06791 " 08732 13.00

Berineinum TeopeTHyeckue 4acToThl [ONAJaHHS B COOTBETCTBYIO-
muit . MHTEpPBAN VIS HOPMAJILHOTO  pachpeneNieHus ¢

(1£=0.01, 0 =0.313) u paccunraem Benuunay ¥
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Howmep un-  Jlesan  [lpasas. Swmnupuvecxas Teopemuueckas (T.— .5',)2
mepeana apauya epanuya oo 5 Ao 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 -0.4851 -0.2911 105.50 94.29 1:33
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 0.2911 0.4851 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
HUTOro Zl — 700

3anamumes ypoaeM sHauumoctu ¢ = 0.05. Torma ¢ yderom Toro,
YTO KOJHYECTBO CTeneHel cBoOOab! paBHO

=L —l—-pr=9-—1-9 =6

IPAHULIA KPUTHYECKOH 00MaCcTH BEIUMCIIETCA KaK:

Xiq.v = XH20BP(0.05,6) =12.59

2 2 R 2
Tar xax y~ < X\ _q.v» TO pacupeieiieHie OTKJIOHEHHH OT JIMHHH
PErpeccHl MOKHO anmpOKCHMHPOBATE HOPMAIBHBIM PACTIPECIEHN -
€M MpH 33J]JaHHOM YPOBHE 3HAYHNMOCTH.

Hpoegepra 2unomessl 0 mom, 4o MAMEMANIHYLECKOE 0HCUOAHIE
OHLHOKU PAGHO HYTI0

[TpoBepKa THIOTE3BI OCYIIECTRIISETCS [0 CXEME:
1) Anpuopusie npeononodicenus
Marematnieckoe 0xuianie OlMOKH PABHO HYJIIO

=0
2)  Pezyismanivl UCHBIMAHUS
BbIGOpO'—IHﬁH CpenHAsA OLIMOKH U BblﬁopO'-lHOG C.K.0. OIIHOKH

e—O,.OI
a.=0.313

ipn o6beme BeiGopk N = 816 .
3} [lunomesa
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Inasa 10. Mpumererue MHK npu usyveHuu GuHamudeckux pados

H,: e=0
T e#0
4)  Ipunamas eenuyund Yposns 3HAYUMOCHY
g =0.05
3) Pacuem xpumepus nposepru
L SR
o 0.313

&
6) [lpaswio npunsimus pewenus

[Mpuuste Hy, ecnu —f <t<t

I-g/2,v 1=g/2; v
B mporusnoM criyvae npuusaTh H;.
7)  Pacyem epanuy kpumuyeckol obnacmu

higiaan™= CThIONPACIIOBP(gq, N -2) =
= CTBhIOIPACIIOBP(0.05, 814) =1.96

8} Ilposepra eunomesut
Tak kak —t,_,,,, St <t ,,, TO MBI IDHHHMaEM THTIOTE3Y Hj,
TO €CTh TIPH 3aJaHHOM YPOBHE 3HAYUMOCTH BBIOOpOYHASA Cpejl-

Hsisl OWIMOKH € CTaTMCTHYECKH He3HAYMMO OTIHYAETCS OT HYJIA.
Hlposepka cunomessl 0 MOM, YO CUCAEDCHA OWHOKU HOCIOAHEA

J1s npoBepkd 3TOH THMOTE3s! Pa3leidM SMIUPHYECKUE JAH-
Hble Ha JBe rpynnsl mo 350 Touek: ¢ 1-i mo 350-10 u ¢ 467-ii mo 816-
10 ToukH. CepeauHHble TOUKH ¢ 351-# no 466-10 (14.2% ot 06bema
BLIOOPKK) HCKITIOHAEM AJIA MYYIIEro pasrpaHuyueHds MEexITy Tpyii-
naMu. Paccuntaem cymMMBl KBaIpaToOB OMMOOK JUiA Ka@I0H H3 3THX

rpymnn:

816 350
Si= Die =507 8= ef =19:67
k=467 k=1
HpOBepKa FHIIOTE3b] O MOCTOAHCTRBE JTHCIICPCHH OCYILIECTBIACTCH
110 CXCME!
1) T'unomesa

d 2 2
M o8 =085
2
Hy L v8E 28,
2)  IIpunamas Geruyuna ypoeHs 3HAYUMOCHY
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g=0.01
3)  Pacuem kpumepus npogepril
2
= S—lz = —-50'37 — 2561
S219.67

4) Ipaguro npuHamua peteHus

Mpunstte Hy, ecu F < F

B nportusHOM ciydae npuHsaTe f; , TO ecTh f; NMpPHHHMAaeTcH,
KOIJla KpuTepuil mpoBepku F momanaer B KpHTHUECKYIO 00-

jacte > F1—q,v1,v2'

3} Pacuem epanuy kpumuueckoti cbnacmu

F = FPACIIOBP(g,v,,v,) =

I—q, v1¥2

= FPACITIOLP(0.01,350-2,350-2) =1.284
6) [Iposepra zunomesv
HMaxe npu yposre snauumoct ¢ = 0.01 kputepnit mpoeepkw

F' nonanaer B kputuueckyio obaacts F > F|_ TO £CTh

g, vl v2?
Mbl OTKJIOHACM THIIOTE3Y Ho H [DPUHUMACM THIIOTE3Y H,r. Cie-
HJOBATCIIEHO JHCTICDCHA omubox perpeccHy He IoCTosAHHA.

HPOBGPRH CUROMEIBL O MOM, UIMO OUILOKY He3a8UCUMb]

Ha npakTuke npoBepseTcs HE HE3aBHCHMOCTH, 8 HEKOPPEIUpPO-
BAHHOCTL OIMMOOK, KOTOpas ABIseTcs HeOOXOAUMBIM, HO HEmocTa-
TOYHBIM YCAOBUEM HE3AaBHCHMOCTH. JIs 5TOr0 HY)KHO paccuHTaTh
K02 QULHEHT ABTOKOPPEIALIME IEPBOTO NOPSAIKA

Nl
€1€%n
(=
e

N-1
Zef Zesﬂ
k=1 k=l
Jnst  paccMaTpHBaeMoro 3mechk Ciydas o5Ta BeAMYMHA PaBHA
Py =0.987. Ouesupno, uT0 KOIGOHUUMENT ABTOKOPPEIALHH

plc,k+l =

3Ha4YHUMO OTIHYaCTCAd OT HYJIA M (3 i11516) 951 YPaBHCHHA BLICOKOKOpDpEC-
JIMPOBAHBIL.
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Brigoown

CremyeT npu3Harh, YTO ANNPOKCHMAUNA JHHEHHOH QyHKLMeH
Jlorapml)ma LEHbI aKTHBa ABJIACTCA Hey,ELOBJTeTBOPHTEJH:HOH, TaK Kak
He coboaaoTes aBa u3 veThipex jpomymenunit MHK.

He puUBOaAA NOKAZATCALCTE CKAKEM, 4TO MNONLITKA YTOUHUTH
MOIEJIb MyTEM BBEICHHSA IHUKIHYECKHMX KOMIIOHEHT HE HpHBOﬂHT K
YIYUIISHHIO KaYeCTBa OLIHOOK PErPEccHH. \

Ha MPaKTHKe [pH H3YHYEHHH JHHAMHYECKHX PSAOB [IEH aKTUBOB
HCIIONB3YIOT Memoobl A0AnMUBHOZ0 MOOCIUPOBAHUS, O KOTOPBIX
Oy/eT paccka3aHo B ClIAYIOIIHX IiaBax.
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11. CTJIAJKUBAHME JUHAMHWYECKHX PSITOB

y

11.1. Beenenne.

Llenpro criuamyBaHus AMHAMHYECKOTO paja SBNSeTCS QUIbTpa-
M3 CIyqaifHbIX KOAEOAHUH ypOBHEI 3TOTO PAJIA U BLISBIECHHE Hav-
Bonee yeroliunBoit TeHneHuMd ABHxkeHns. Mpl OymeM paccmarpu-
BaTE METO/bI CTAAKHBANNA, Oa3HPYIOIIHecs Ha BEIYHCICHUH CKOJIb-
3mux cpegHux. Jliofoe ckomp3siuee cpeaHee - 3To METO onperne-
JIEHUS CPEIHEero ypOBHs JUMHAMHUYECKOro psala 3a HEeKOTODbIH mepH-
on BpemeHH. TepmHH "ckompasiiee" MoApazyMeBacT, 4YTO CpegHee
3HAYEHWEe KaK/Iblii pa3 3aHOBO BLIYHCIFETCS B TOCAEIOBATENILHbBIE
MOMEHTBI BpeMeHH. B 3Toil rnaBe mom AHHAMHYECKHM pPAIOM MBl,
Kak NpaBuiIo, OyaeM MOHUMAThL PAMA, COCTOSIMH U3 LieH aKTHBOB.

11.2. Tunbl CKONB3AIIHAX CPEIHAX,

B o6iuem Buze $opMya [Uisi BRIMHCICHHS TKOGOH CKOMb3sLEH
cpeateil (moving average) HMeeT BU/L

MA =Zwkyk
k

rae {y,} - Maccus IeH aKTupa,

{w,} - MaccuB BecoB, ¢ KOTOPEIMH LEHbI BXOAT B DOpMyITy.

[lpu sToM ans HaGopa BeCOB AQIDKHO COOJIOAATHCS IIPABHIIO HOP-
MHPOBaHMUS:

Zwk=l
k

Cronb3sillas cpefHss XapaKTepH3yeTes:

- O0OBEKMOM GbIYUCACHUSL, TO €CTh TeM JUHAMHYECKHM PSIOM, KO-
TOpBLH HEOOXOMMMO CrIaUTh,

- nepuooom CKONb3sLIEH cpeanel,

- munom CKONB3AIIEH cpenHeH, KOTOpklE ONpenendeT alropuTM

BBIYMC/IeHHs Habopa BecoB {W, }.

Pa3nuyaroT TpH OCHOBHBIX THIA CKOJMB3IIHY CPEIHIX:

- mpoctas ckolib3glas cpennss (SMA - simple moving average),

- B3BellleHHas ckojb3sfimas cpenuss (WMA - weighted moving
average),

- BKCTOHeHIUanLHas ckonbsfilas cpendss (EMA - exponential
moving average). '
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11.3. MpocTas croibL3sAMANn (:pe}maa.

[NpocTas ckob3sinas cpeaHss nopsaka /' - ato cpeaHss apud-
MeTHYecKas LeH 3a nepuojt Bpemenn [f — 71 +1, ], To ecTs
I
SMA, =— Vi
& k=t-T+1
BuyTpu untepBana [—71 +1<k <{ Bce Beca, ¢ KOTOPHIMH
BXOJAAT LIEHbI [IPU pacyueTe CKOML3ALIEH cpeqHel OIHHAKOBLEL H paB-

Hel w, =1/T. 3a mpegenamu 3TOro HHTEpPBANa, TO €CThb MPH

k <t—T +1 Beca paBasl HymHO.

ITepebivM HerocTaTkoM SMA sBNsSeTCS PABEHCTBO 3€COB B Mpe-
Jienax MHTepBana pacyeTa, TaK KaK MHTYUTHBHO MOHSATHO, YTO MO~
clleJiHie JaHHbIe TOMKHBl UMETh OOBILYIO IIeHHOCTh, TO eCTh BXO-
JOUTE B (hOPMYITY [UTs pacdera ¢ GONbIIHM BECOM.

Bropo# nenoctatok SMA ¢TaHOBUTCA NOHATHLIM [PH PACCMOT-
PeHUU peKyppeHTHOH OPMYIBI AMs €€ BbIHUC/ISHHS

I ]
SMA = SMA_ +—yp, ——
A T

OuesuaHO, 4T0 SMA Ha KaXK1yI0 LieHY peardpyeT JBak/bl: MepBbIii
pa3, Korjaa LieHa BXOJMT B MHTEpBall pacdera, ¥ BTOPOH pas, Korga
LeHa BhIObIBAeT U3 HEero. Bropas peakuus HHKaK He CBS3aHA C TEKy-
meif AHHAMHKOM M, ClleJ0BaTebHO, HeXenaTenbHa.

K

TpanHLUHOHHO, CKOIL3SIYIO CPEIHION COOTHOCAT C MOCIenHel

TOYKOI HHTEpBaJa pactHera, TO ecTh ¢ MOMEHTOM RPEMEHH [, XOTH,
CTPOrO TOBOPs, 5TO HEKOPPEeKTHO. BhluncineHHoe 3nauenue SMA
HY)KHO CTaBHTb B COOTBETCTBHE C TOUKOI HA OCH BpEeMEHH, HMEO-
el Koop,unHaTy

- T l
o Z s ( )
k =T+l | L
TO €CTh C TOYKOH, CJIBYIHyTOﬁ BJIEBO 0 OCH BPEMEHH OT MOMEHTA [
va Benuunny Af =(7T-1)/2.

11.4. B3peiennasi CKOL3SHIAS CpeTHAS.

B3BeneHHas CKOMBb3AMIAA CpefHss Npuuaer GonblMi Bec 1o-
CJIE/IHUM JaHHBIM. OHA PACCUHTRIBAETCS MyTEM YMHOKEHHS KaKA0H
HeHbl B npegeiax mepuona spemenw [f—T +1,f] Ha cootBeTct-
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ByowMil Bec. B npocTeiiluem ciydae npH JHHeHHO yORBAIOLMX Be-
cax oT MoMeHTa ! J10 MomeHTa | — 1 +1 dopmyna umeer BULL:

WMA, = [k-(=1)]-y
> T(T 1) 1-§+l )
Ilena B MOMEHT BpeMeHH k =1 BXOJUT B HOpMYITy A1s pacueTa

¢ MakcuManbHbIM BecoM w=2/(T +1), a neHa B MOMEHT BPEMEHH

k=t—T+1 xomur B hopmyily sl pacdyeTa ¢ MHHUMAIBHBIM Be-

com w=2/(T-(T +1)). )
[Ipu OTCYTCTBMH CHEIHATH3NPOBAHHBIX NPOrPAMM TEXHHYECKO-

ro aHanWsa, A4 pacdera JIMHEHHO B3BELUEHHON CKOJNL3fMWEH cpea-

Hell MoxkeT OBITh MMoJIe3Ha peKyppeHTHas Gopmyna

er = er—] +£yr = - T c Sml

/i T(T+1) (T'+1)

U3 sroit opmysisr creayet, uto peakiust WMA Ha BbiGbITHE TIEHBI

13 UHTEpBaia pacyera MeHee BhlpakeHa, yeM y SMA, 1 oTa peakiu

TEM MeHbIIE, YeM BOo/bIe IEPHOL CKONB3AUIEH CpeiHeH.

]

11.5. DKcHOHERTHANLHAS CKOIL3AIAN CPENHAA.

Kak W B ciyuae B3BENIEHHOH CpefHel, JKCHOHeHIHAaThbHAs
cKOB3sIas CcpelHss npuuaer Oonpuiuii BeC MOCTEIHUM [AHHBIM,
OJIHAKO TIPH PacyeTe HCIONb3yeTcs BCS HeTopus LeH. PekyppeHTHas

“hopMyJra JUTS €€ BbIYUCIIEHHA HMEET BUJL:

EMA =a -y, +(1-a)-EMA,
0<ax<l
IlokasaTenbHelii OPOLEHT @ ONpeleNnseT CTENeHb CrIIAKHBAHUA.
Yem Gonmblue o , TeM MeHbIIE cTeneHb craakusanus. [pn o =1
SKCTIOHEHLMANLHAA CKOb3sLIast CPEHAL paBHa LICHE,
EMA nuumena HeocraTka, npucyiiero SMA u WMA, ceazau-
HOTO ¢ (PHKCHPOBAHHBIM HHTEPBAIOM pacueTa CKOJIL3sIIEeH cpeaHei.
@opmyay ans Beraucaenus EMA MOXKHO 3aricars B SBHOM BH-
e, ecild MPeanoJoKHTh, YTO B HYJEBOH MOMEHT BPEMEHH CKOMb3si-
was cpemsis copnanaet ¢ uenoit ( EMA, = y, ):
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EMA4 =a-y,+(1-a)-EMA_ =
=a-y,+a-(I-a)-y,,+(1-a)’ - EMA4_, =
—a-yta-(-a)y., ra-(-a) y._,+(1-a) EMA_, =
=a-y+a-(l-a)y ta-(1-a) y,+.+(1-a) ¥
CrnenoBaTelbHO

EMA, = arz_l:(l—-a)" v, +(1-a) -y,

=0
WK (9KBHBaIeHTHAsA (hopMa 3alncH)

!
EMA =ay (1-a)™ -y, +(1-a) -y,
k=1

Beiuuciennoe 3HadedHie EMA HYXHO CTaBUThL B COOTBETCTBHE C
TOYKOH Ha OCH BPEMEHH, UMEIOIIEH KOOpAMHATY

= ai(] Qa)'(r—i) = tai(l—a’)’ —ai(ima)fi
CyMM:lOB nocieaHen cbopmy,.:; BblqucnﬂwT:; KaK
g(l oy =22 (: “

i(i e (l-a)-(1+at—a)l-a)

a2
Tocne HECHOXKHBIX TIpeobpa3oBaHuil MOMydaeM, 4To
1+]
. G-a) (-a)
a a : . .
TMpu jocrarouno Goaswom f, T.k. (1-a) <1, 10 (1-a)™ ~0,
3HAYUT MOXHO TpeHebpeub MOCIeAHUM ClaraeMbiM W HalWCcaTh

NPHONTHXEHHOE BhIpAKEHHE [~ — (lI-a)/a.
Hepuoo EMA

MOMEHT BpeMeHH ! CIABUHYT BAEBO MO OCH BPEMEHH OT MOMEH-
ta ¢ Ha Benuuuny Af=(l-a)/a. Ecin no aHalordu ¢ mpocToi

cKONB3gmel  cpemneli  0003HAYMTH  3TY  BENWYHHY  Kak
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At =(T—-1)/2, rne T sBasercs MepuoaOM, TO CBA3b MEPHONA H
MOKA3aTENBEHOIQ [POLEHTA 3a/1aCTCH BbIPAKECHUEM:

(1 —a) (’I' 1)
o 2 .
Orcrona cnemytoT (GopMyITbl [l KOHBEPTHPOBAHHKS [I0KA3ATENEHOTO
[POLEHTA B IEPHO/ M HA0DOPOT:
2 2 j
T=——1 o =—
o T +1
C y4eToM 3THX COOTHOLIEHHH MOMKHO NEpEeNucaTh PEKyPPEHTHYIO
hopMyny zl,.ﬂ;i EMA:
T—1
E = + .
i TRl e

EMA npoussonsiozo nopaoka

EMA,,

o cux nop Mbl paccMaTpHBAMM 3KCMOHEHIHAIBHYIO CKOJb3s-
LIYIO CPEeIHION MEPBOro MOpsijiKa, TO €CTh CrIaKMBAHUK) MOJABEP-
rasicsi HemoCPEACTBEHHO HCXOIHEIN JHHAMHYECKHHE PSL:

EMA® =a-y, +(1-a)  EMAY,

IIpu obo3nauenun EMA nepeoro mopsaka BepxHUH MHAEKC OOBIMHO
OIlyCKAETCs. '

DKCMOHEHUHANBHAs CKONB3AIIAs CpejiHss HPOU3BOIBLHOIO M -I'0
ropsijika 3ajaercs (popMyIo:

EMA™ =a-EMA"™™ +(1—-a)- EMA")
DEMA

Pacemorpum  owribky EMA, To  ecth  BENHYMHY
e, =y, — EMA,. Ecoiu npubaBHTb K 3HAYEHHIO SKCHIOHEHI[HAIBHOI

CKONB3A1IEH cpeqHel [eHbl 3HAYCHHE 3KCIMOHEHLMANbLHOH CKOMbB3s-
mell cpenHed OWHOKM, TO Takas BeNHYHMHA HA3bIBAETCH IBOHHOI
3KCHOHEHUMABHOH CKONB3sIIEH cpenHe: -

DEMA, = EMA, + EMA(e,) = EMA, + EMA(y, - EMA,) =
=2 EMA — EMA(EMA,) = 2- EMA® — EMA®
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TEMA

PéCCMOTpﬁM ownbky DEMA, 710 ecTb  BenMuuHY
e, =y, — DEMA, . Torja TpoiHas 3KCMOHEHUHANbHAS CKOMB3SIIAs
cpenHss BeruMcasercs no Gopmyne:
TEMA, = DEMA, + EMA(e,) = DEMA, + EMA(y, — DEMA,)
IMocne npeoOpazoBannii MOMYHHM, 4TO

TEMA, =3+EMA, —3- EMA(EMA,) + EMA(EMA(EMA,)) =
=3. EMA® —3- EMA® + EMA®

11.6. Toukn mepeceveHns IKCMOneHNHAILHO CIAAMEeHHbIX KPH-
BBIX.

Yacto B MomeHT BpemenH ! ("cerozHa") HeoOXOQMMO 3HATH,
KaKas LeHa Jo/DKHa ObITh B MOMeHT Bpemenu £ +1 ("saprpa"), uro-
Obl MPOM3OILIO MepPeceueHHe LeHbl ) ¢ Kakoii-11ubo SKCIOHEHIH-

ATLHO CrI2XEHHOH KPUBOH MM TiepeceueHHe IBYX pa3jiM4HbIX IKC-

MOHEHIIHATBHO CrlIaKeHHBIX KPUBBIX. anBC};[eM COOTBETCTBYIOLIHE -

OpMyIIBI 4715 HEKOTOPHIX HAHOONEe BAXKHBIX CIIy4aes.
1) - Ilepeceuenue uenst ¥y 1 EMA 1-ro nopska

yl+l = EMJ(I)
2) ..Hepecel{e}me ueHsl ¥y u EMA 2-ro nopsaka
EMA? +a- EMAY
V= 1 +a

3) Tlepecedenue uens y 1 DEMA

(1-2)-(2-a) EMA® - EMA?)
l—a-(2—a)

y1+| o

WU
_(-a)-(DEMA, — - EMAY)
e l-a-(2-a)
4) Tlepeceuenue aByx EMA 1-ro nopsiika pasnu4HblX [EPUOIOB

_(1-a,)- EMA2Y - (1-a,) - EMALY

T

o —
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EMALY" xapakrepuayercs MOKA3aTe/bHEIM MPOLEHTOM '
EMA2S" XapaKTepH3yeTCs M0KA3ATENEHBIM [IPOLEHTOM &, .

5) [Ilepeceuenne nByx EMA 2-ro nopsaka pasiHyuHbIX NEPUOI0B
Vi =l (1-ay)- EMA2 +(1-a,)- EMA2? -
—a,-(1-a,)- EMALY —(1-a)- EMAI? ][ e ~ 2]
EMAIY u EM*IIE” XapaKTepu3yloTcs MOKA3ATETBHEM npo-
LEHTOM &, ,
EMA2'Y u EMA2'® xapaxtepmsyiorcs nokasaTelbHbIM [IPo-
LIEHTOM .

6) Ilepeceuenue EMA 1-ro mopsnxa (oKka3aTe/bHbIH IPOLEHT &, )
1 EMA 2-ro nopsaxa (nokazaTenbHbii NPOLEHT &, )
Y =la,(1-a,)- EMA2Y" +(1-@,)- EMA2P -
~(1~a,) EMAL" /e, ~ 2]

11.7. BeiGop BeJIHYHHBI NOKA3ATEILHOTO NPOMEHTA AJISE KN~
HeHIHANBHOM CKOJB3siel cpennei.

Jns Toro, 4TobBI OLEHHTB, HACKOJILKO XOpoilo nonobpasa se-
JIMYMHA TTOKA3aTENLHOrO NMPOLEHTa ¢, HeoDXONHMO paccMOTPETH
OIMOKH, BO3HMKAOIIHE TP MPOTHO3HPOBAHUH YPOBHA LIEHLI B MO-
MeHT BpeMeHH [ +1 ("saBrpa") 3Hauennem EMA B MOMEHT BpeMeHH
t ("ceronusa"). Beenem o6o3HaueHus:

- Y, - leHa B MOMEHT BpeMEHH [,

- @ -10Ka3aTellbHblii NPOLIEHT CIUIXHBAHHS pada HEH,
- Y, -EMA mnsapagaues, e ¥, =a - y, +(l-a)- ¥ s

- f, - IpOrHO3 ueHbl, nputem f,,

- e, - omubKa NpOrHo3a, T.€. €, =, — f,, )
- [ - mokazarenbHbIA NPOLEHT CIVIAXMBAHMA psOa KBAApPaTOB
onbOK MPorHo3a,

- O, - EMA s psma kBaapatoB owmGOK NpoOrL€osa, T.e.

Qt =ﬂ‘e12 +(1-ﬁ)'Qr—l'
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OnTuMH3anAsS BETHYHHEL MOKa3aTeNbHOrO MPOLUEHTA (X - 3TO MOJl-
GOp TAKOro €ro 3HaYeHHs, YTOOL! MPH PUKCHPOBAHHOM [F OGUTHCS

toro, 4tobsl (0, — min . O6srHO BenMuuHy [ BBIOMpAIOT B Ipe-

genax ot 0.1 mo 0.2, yto npUONU3HTENBHO COOTBETCTBYET MEPUOLY
criaxkuBanus B npenenax ot 10 xo 20.

11.8. DxcnoHeHNHAIbHAS CKOJB3SIIAA CPEAHAN ¢ NEPEMEHHbIM
MOKA3aTeNLHLIM MPOHEHTOM.

Ha HecTaOHIBHBIX PBIHKAX WMEET CMBICHT Henois3oBare EMA ¢
MEPEMEHHBIM NOKa3aTCIbHBIM NPOLIEHTOM, KOTOpI:lﬁ no Mepe Iojiy-
YeHHsl HOBBIX [adHBIX TOCTOSHHO MOACTPAHBACTCHA K- IeKyLIeH pbl-
HOYHOH cuTyauuu. Beenem obo3naueHus:

- ¥, - IeHa B MOMEHT BPEMEHH [,

- @, - IepeMeHHBIH MOKa3aTe/lbHbIl NPOLEHT CrIMKUBAHUA Psiaa
1IeH,
- Y -EMA nnapapauen, e ¥, =a, -y, +(1-a,) ¥,

- f, - nporxos uensl, npudeM f,,, =Y,

1

- el’

- omnbKa nporuosa: e, =y, — f,,

- [ - nokasarenbHbIH NPOLEHT cryiakuBanis oGOk NporHosa
M MozyJieli oubOoK NporHo3a,

- E, -EMA omwubok nporHosa: £, = f-e, +(1-3)-F,,,

- A, - EMA monynei oubok : 4, = fB-|e, | +(1-B)-4,,.

3HaueHHMe MEepeMEeHHOTO MOKA3aTeNbHOrO MPOLEHTa B KaXIBIH MO-

MEHT BPEMEHH BBIMHCISIOT 10 hopmyne &, =| £,/ 4, |. Bennunny

[ BeiGuparot B npeenax ot 0.1 10 0.2.

11.9. incnepcus CKOAB3AMIHX CPeJHHX.

PaccMOTpHM Ha KA4eCTBEHHOM YPOBHE BOIPOC O TOM, KaK CO-
OTHOCHTCS JMCNEPCHs 3HAY€HMH MCXOIHOro AHHAMHYECKOTO pAja
IOHcniepcHeit ckonb3slleii cpeaueit atoro pana. s npoctoTsl dynem
MPeANOonaraTh, YT0 UCXOAHbIH JUHAMHYECKUH DAL COCTOMT U3 CIy-
yaifHBIX BENTHYHH, HMEIOLNX OIHHAKOBYIO JHCIEPCHI0 O , IPHYEM
B TIpe/ieNiax MHTepBRana CrIaXHBAHHA CPEIHAA BeNHUAHA KO3 (uim-
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€HTa KOpPE/silHY MEMCAY 3HAYCHUSIMH UCXOAHOIO psja B pas3/iMuHbIC
MOMEHTEI BDEMEHH paBHa £

B obuem Buge dopMyna ans BEIMHCITEHHS JTHOO0H CKOJb3sLLIEH
CpeIHEH UMEET BUA:

e ZWU’&
S k

Jucnepeusi cinyvaiiHoH BelMYMHBI, SBTsIOUISiicA TuHeNHHON kKoMmOH-
HallMeH KOppeaupOBaHHbIX CIy4aifHEIX BETHUHH paBHa;

= Zwkak +2ZZW W, 0400

>k
chonbayﬂ ,uonymeum 0 TIOCTOSCTBE JlUciiepcuil u ko3dduLen-
TOB KOPPETALMH, 3Ty GOpMYTY MOKHO YIIPOCTHTh:

—GZZwk +2po‘222w W,

i>k
CJ‘IC,[IOBB.TCJ‘II:HO

———Zwk +2pZwak

ixk

Comacno [PaBUITy HOPMHUPOBAHUS BECOR CNPaBEeUIMBO PABEHCTRO

Zwk +ZZwak =1

i=k

Orciojta MOXHO CHENaTh BEIBOJ, YTO Tak kKak o < 1, To 0'5 <o’

Hucnepcusa npocmoii cxkos3auiel cpeoneil

@opmyJia 1 IPOCTOH CKOMB3AIIEH cpefHel HMeeT BUA:
] I

HaiizieM cymMMbl BeCOB, BXOAAIME (POPMYIY TS BBIYHCIIEHHS OTHO-
INCHUS JIUCIIEPCHU CKOMB3SIUEH CpefHel K JUCIepCHH HCXOMHOTO
pana:

iwf = Z(mr')2

k=t—T+1 k=(-T+1
2y Yww, =2 Z =t
k=1=T+li=k+] k=t—T+1 1=k+] s
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B urore nonayvaem: ? ==t P —

Jucnepcus IKcnonenyuanbHol CKONbIAUCI CPeOHEll

Dopmyna 171 SKCIOHEHUHANLHOH CKOMB3AIIEeH cpeiHel HMEeeT BHIT:
= i ;

Y= ch(l —a) -y, +(l-a) -y,
i=0

anBeﬂeM BBIPpAKCHHUA AT CYMM BECOB, BXOAAIIHE B d)opmyny And
BLIUMCIICHHS OTHOIIEHHS JUCIEPCHH CKOMB3fALIEH cpegHed K JHC-
HEPCHU UCXOIHOTO psijia:

- : 2= '
2 et AN 2k=L+______ i)
kgwk (1-a)" +a ;( e e L

L, o 2-2a 2-2a j
2> > ww, = e (1-a)’

k=0 i=k-+F 2~ 2 |
[pu goctatouso Gonbiom £, Tak kak (1—a) <1,70 (1-a)* ~ 0.
g " Pl e

CnenoBaTteilbHO —z =
§ o

2—a p2—a T 8 T
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12. AJAITHBHOE MOJIEJIMPOBAHUE JAWHAMHYEC-
KHUX PAIOB

12.1. Beenenne.

AHanuTHYeCKas anmnpoKCHMAIMs AMHAMHYECKOrO psia Kakow-
6o Mozensio ¢ nomoukio MHK umeer pan ocobeHrocTel, KOTO-
pBIE HAKJIAAbIBAIOT OTPAHHYEHHS Ha €€ IPUMEHEHHE! _

- NMHAMUYECKHH psJi, K KOTOPOMY NPHMEHSETCS annpoKCHMalHs,
JOJKEH OBITh 10CTATOYHO ATHHHBIM,

- [PUMEHEHHE AaHAIUTHYECKOM annpokcuMauud 3(hexTHBHO
TOJIBKO B Cjly4ae, €C/IH YPOBHH JUHAMH4YECKOTO pAga MEHAKOTCA
JOCTATOYHO IUIABHO H MEJUIEHHO, TO €CTh PAL NOIKEH OBITh He-
BOJIATH/IBHBIM,

- aHAJIMTHYecKas anmpoKCHMALMS HE aNanTHPYETCS K MOABNEHHIO
HOBbIX HAHHBIX, TO €CTh [IPH MOABICHHH HOBBIX JaHHBIX Heol-
XO0AUMO TIEpeCHYHTaTh napaMeTpbl MOJEIH, 2 HHOTJa BO3MOXKHO
[epecMOTPETE CaMy MO/IEb,

- [pd pacyeTe MapaMeTpOB MOJENHM BCE SMIHPHYECKHE IaHHbe
BXOOAT ¢ OOHHAKOBBIM BECOM, XOTA MOHATHO, UYTO Oonee o3~
HHE IaHHbIE HMEIOT OONbIIYIO 1IEHHOCTb.

OnHaxo psAapl UeH aKTHBOB KaK NPABUIIO MOABEPXKEHBl 3HAYMTEN b~

HBIM KOJIEOaHHAM, KOTOPbIE ANMPOKCHMALHS HE MOXKET MPe/IBU/IETD.

IMosToMy. Ha MPaKTHKE IPUMEHHTENBHO K TAKHM PAaM HCIIOJB3YIOT

METOIbl aJanTHBHOTO MOJEJIMPOBAaHUS, KOTOphie 6Gazupylorcs Ha

9KCIOHEHLIHATBHOM CrIIaKMBaHHH JHHAMHYECKOTO psla (IKCIOHEH-

UHaNbHOH cronp3smeH cpenHeit).

OCHOBHBIM TIPEMMYIIECTBOM METOAOB, OCHOBAHHBIX Ha JKCIO-
HEHLHAIPHOM CTIIaXMBaHUM, ABJETCH Y4ET BPEMEHHOM LEHHOCTH
JaHHBIX H, CIENOBATENIbHO, MOCTOAHHOE ANANTHPOBAHHE K H3Me-
HSAIOLIUMCS YPOBHAM JMHAMHYECKOTO PSAfa, UTO MMEET pellaiomee
3HAYEHHE MPH MOJIENMPOBAHHH H NMPOTHO3MPOBAHUM BOJATHIIBHEIX
PSI0B.

12.2. ApanTHBHOE MOJEJIHPOBAHME JIMHEHHOro TPeHAA ¢ MOMO-
B0 S3KCNOHEHNHANBHBIX CKOIL3AMNHAX CPeIHIX.

Ilycts ecTe ocHOBaHWMS TIONArath, YTO HCXOAHBIH IHHAMHYE-
ckuii  pan  {y,} MOXHO OmMCATh JMHEHHOH  (yHKuMeH
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f(t)=a" +a" -1. Hanuuue cyuaiinpix oTkIOHEHHH NpHBEIET K
TOMY, YTO CBS3b MEK/Y PACCUUTAHHBIMHU I10 MOJENM 3HAYEHUAMH [,
W pearbHBIMA YPOBHAMH AHHAMHYECKOTO piga y, Oyaer Bbipakarhb-
sl B BHJIE:

v, =f +e,=a" +a" -t +e,

TAE e, - 9TO PaCXOXKAEHHA MEXKAY MOJENBIO H PealbHbIMH YPOBHS-

MH. HCI’!OJ’llﬁyﬂ OKCIMOHECHUHAJIBHBIE CKOJIL3AIHE CPEOHHE BLIMHC-

num senspectuble napamerpsi (a'”,a') .

Oboziauenun

BBeneM cieayoiie 0603HaueHNS:
SN @ " _EMA 1-ro MOPsKa HCXOIHOTO JMHAMITYECKOTO pasia,

- Ylm - EMA 2-ro nopsiaka HCXOZHOTO AHHAMHYECKOrO Psja,
- E" -EMA 1-ro nopsaxa oumGok Moeu,
- Efz) - EMA 2-ro nopsaka ommboK MoeH,

- @ - ToKa3aTenbHBIH npoueHT EMA.

1
Bbmucaerme b

“’-aZ(l a) Y .+(1—a) Vo =

=0

a3 d-ay (a“” +aV (=i +e,, )+ (1~a) (@ +e,) =

=0

—a(a‘°’+a<”r)2(1 a) a'a“)Z(l a)i+(l-a)d? +

i=0

+{ai(1 —-a)e, +(1 —a)’eo]

i=0
Cymmbl B nocienseil Gopmysie BoIUMCIAOTCS Kak

St lnls )
g(l o) SR
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1=l s = St
Z(] Loy (l=a)—(1 +o:2t a)l-a)
i=0 (04

ITpu poctarouno Gonbiom £, tak kak (1—-a) <1, 10 (1-a) =0

M MOIKHO HanucaTh NpubIHKEHHbIE BRIPAKEHUS:
=] 1

> (-a) e

=0

S (1-a)is (1 )

i=0

BblpaskeHue B KBaApaT'ibix ckobkax pasao £\

C y4eToM BCero BbILIECKA3aHHOIO hopmMyiia s Yrm [PUMET BHJL:
W _ 0, 0, w122z

V' =d”+a" -a"V ~—=+E!

(24
HIIH

Y.-“) L st (I-) + EO
Jo a '

Ouesuano, uto mexay EMA 1-ro nopsixa Y,‘” U Mozensio f, cy-

IECTBYET NOCTOSHHBI caur, paBubiii —a' - (1 —a)/« . Benuunna
DTOrO C/BHTA J10KA HEM3BECTHA, TAK KAK OHA BBIPAKACTCS Uepe3 He-
u3BecTHBI napamerp a'’ .

Bowuucnenue ¥

= -a'Z(l -a) Y +(1-a) 1" =

—aZ(I @) [0(0)+a(l)(t £y a“’( aa) -t,E,(lzJ+

i=0
+(1 —a)'[a‘m —a® —(! S + Ef,”]
a

JlanbHeline BBIKIAAKA TOJHOCTHIO AHAIOIHYHEL TeM, KOTOpbIe Gbi-
nm crienaysl npy eraucnenun Y. Tipusenem cpasy koneunsiii pe-

3YIBTAT:
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Mmasa 12. AdanmusHoe ModenupoeaHue duHamu4eckux psdoe

-
Y,m —a™y a"’t—Za‘”( ) + E,m

a
HIIH
l-a
Y,(Z) =f, _2a(l) ( )+E[(2)
a D
Botuucnenue napamempos 1uHeiin0z0 mpenoa
VimeeMm cHCTeMy ypaBHeHwii ¢ meyms Hemspectubivu (a'”,a'): 2)
l-a
YO = g® 4 gWf— g (=) E®
! o
' -
K(Z} =a'9 +a"r - 20“) L;—) =5 Er(z)
3)
Peiiast 3Ty cHCTEMy HaxoauM Heuspecthbie napamerpsi (a'”,a")
a
a® =y® +[(Ku) "Y,(z))“(Efm i E,(z’)]- 1o t|-E®
i - l—ax 4
)
m_ @ ) _ yi(2) (1) (2)
ge T ) e e ) !
TIpH MepeHoCe Ha4aNa OTCYETA B TOUKY / MONyYHM
a® = (ZY,“’ thz))_ (ZE,“’ B Ef”) 6)

o == [0 1) (0 - )

B pasHble MOMEHTHI BpeMeHH ! 3HaveHHs ko3(duuueHToB Oy-
oyt pasnuyHsl. [TostomMy B (opMmynax OHM OTMEYEHEI COOTBETCT-

pozro3 yposHeil OUHAMUYECKO20 PAOA _

[1poruo3Hoe 3Ha4eHHe JMHAMHUYECKOTO psjila B MOMEHT BPEMEHH
0 1
t+7 pasno f,,, =a +a’ -7
Jameuanue
B dopmynax ajs BhUUCIEHHS apaMeTPOB ITMHEHHOH perpec-

1 2
cun (a”,a") npucyrcrsyror semwmmner E\V u E”, xotopbie
apasrores EMA ot omu60K ypaBHeHus perpeccuu e, =y, — f,, 10
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ects mipu Bewcrernn (@', a'") BosHMKaeT nepeKpecTHas CCBLTKA.

[MTo3TOMY Ha TEPBOM 3Tame HYKHO HCIONB30BATh YIPOLIEHHBIE
(hOopMyIIBI, He YUUTHIBAIOLIME CKOJIB3AIMX CPeHHX OLIHOOK.

Anrzopumm @pIHIUCAEHUA RAPAMENIPOE TUHCHHO20 MPenoa

Paccuntats EMA 1-T0 # 2-10 nOpsiika MCXOAHOTO psijia:
1) (2)
¥ ¥
BBYHCIHTE B NEPBOM HPHOMMKEHUM NapaMeTpbl JHHEHHOro
TpeHaa:
(0) M) _ y(2)
=2¥ =Y

a
a® z__(y;m _Ylm)
l-a

JLnst Kayk0ro MOMEHTA BpEMEHH [ HaWTH NMPOrHO3HOE 3HAUEHHE
Ha 7 LIaroB Bnepeu (7 =2 1) cornacHo YPABHEHHIO PETPEeCCHH:

((eDEgrep e

Jos =8+ a;
Paccuurath omHSKn MpOrHo3a:
R Ay fr
Berucnute EMA 1-ro 1 2-ro nopsaka ook nporHosa:

() ()
Ey''m E; ‘
OnpenenuTs OKOHYATENLHBIE 3HAUYEHHs NapaMeTPoB MTHHEHHOTO
TpeHaa: :
o =7 1))

M _y@ M _ g
[0 -50)- (e - 5)
EMA owmunGox MOryT yXyALIHTL KA4ecTBO TporHoza. B sTom

ciiydae TpH pacHeTe NapaMeTpoB JHHEHHOTO TPEHIA HYMHO 0C-
TAHOBUTHLCS Ha IIAare 2 3TOro aaropHTMa.

a® =

12.3. AganTHBHOE MOJEIHPOBaHHE NAPAGOJIHYECKOro TpeHaa ¢
MOMOIBI0 IKCHOHEHIHAILHBIX CKOJIbL3AIIAX CPEIHHX.

ITycTh HCXOAHBIH AMHAMHYECKHH pan {y,} MOXHO omucarh na-

pabonoit f(1) =a” +aVt +aPt*. Hanuume cyuaitneix oTkio-
HeHHil MPHBEZET K TOMY, 9TO CBSi3b MEXKIY PACCYMTAHHBIMHU [0 MO-
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Jenu 3HaYeHHsIMA  f, 1 PeaNbHBIMA YPOBHAMH JHMHAMHYECKOrO psia
¥, Gyler Bblpaxarbes B BUJE:

y,=f +e,=a® +aVt+a? +e

rae €, - 3TO PACXOMICHHA MEXY MOJENbI0 H pealbHbIMH YPOBHA-
MH. HCHOI‘B3Y§[ 3KCMOHEHLHAIbHbIE CKOJIB3iLUHE Cpe,ElHHe BbIYHC~
num nenseectHbie mapamerpst (@, a",a?).

Odo3nauenun

Brenem obo3HavyeHus:
- Y,(” - EMA 1-ro nops/ixa HCXOHOr0 IHHAMHYECKOro psiza,

= Y,(z’ - EMA 2-ro nopsaaxa HCXOJHOIO JMHAMHYECKOT0 pAa,
- ¥ - EMA 3-ro nopsiika HCXO/IHOTO JIMHAMHYECKOTO P/,
- E," D _EMA l-ro MOPSAIKA OIIHOOK MOJENH,
- E® - EMA 2-ro nopsnxa omu60K MoJIe/H,
I E,m - EMA 3-ro nopsjka ook MOJenH,

- @ -TokazarensHbIH npoueHT EMA.

3
Buotuucnenue ¥, Y P u Y

11
YV =a) (1-a)y,  +1-a) y,=
=0
1—1

—a> (1-)'(@® +a® =iy +aP @ —i) +e,, )+
i=0

+(1-a) (@ +e,)

= = )
YO =a(@?® +at+a?)y (1-a) -a@” +2aP0)) (1-a)i+
i=0 i=0

+aa(2’i(l ~-a)'i? +(I—a)'a‘°5 +|:alzl:(1 ~ayel, +(I—0~’)leo:|

= i=0
Ipu nocrarouro Gosbiiom £, Tak kak (1—a) <1, 10 (1-a)' = 0.
CrieIoBATENBHO:
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= ) 1
Dl =
=0 @

-1

S (-a)int-2

7o
i=0 24

$'1-ay2  1-0)2-0)

Bripaxcenue B KBaApaTHHIX ckobkax paBHo E fl).

C yveToM Bcero BblllecKazaHHoro Gopmymna ams Y,m IIPHMET BHA:
M — 3O L gy 4 (D2 4 )
Y2 =0 05t Lait ok E,

rie
- 1-a)2 -«
BO = 4O _ 40 s A ( )(2 )
a a
|-
B = g _2,®
a

Pacuer ¥ Pu ¥ nporomstces mo Toi xe cxeme. Tlpusenem cpazy

KOHEUHBIH pe3ybTar.
2
¥? =W eVt aP> w EP

rae 1
yl—a I=a)Z-a
o0 = p® _ 0 4 g )(2 )
o o
' -
eV =p® 2™
a
@) 2 O 4 g0y (D2 p(3)
YW=d" +d"t+a""t" + E|
rjae §
; |-« l-a)2-a
49 =0 _ o122 o )(2 )
a a
dV =M _24® 1-a
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Boiuucnenue napamempos napaboiueckozo mpenoa

HCHOJ’U:B}/?{ OTH pPEe3yJibTaThbl HaiijleM HEHW3BEeCTHBIE napaMeTpbl

(0) (1)
,a

2
napabonuyeckoro tpenia (a )Y, Ilepenecs Hauano cuc-

TeMbI OTCYETa B TOYKY  TOC/]e HOBOJLHO MPOMO3IKHUX Ipeobpazo-
BaHHI MOXKHO MOTYUHTb:

a® = (3Y‘” 3Y‘2)+Y‘”) (BE‘” 3E,(2)+Ef3))

a®=—2 __(y®(6-52)-¥?(10-8a)+¥P(4-3a))-
O = ey E(6-50) - X 10-8a) + 1O(4-30)

a .
S (E9(6—52) - EX(10-8a) + E® (4-30))

S a’ (Y“) 2y +Y‘3))—
' 2(1 a) t t

aZ

——(E‘” _2E® 4 E(”)
2(1-a)? i i

Ilpozno3s ypoeneil ounamu4eckozo paoa

].—IPOFHOSHOG 3Ha4YCHHUE uuuamﬁqecxor 0 psaja B MOMEHT BPEMEHH

t+7 pasro f,,, =a® +a” -t +a? .77,

Sameuanue

B (opmynax ais BBIYHCIEHHs [apaMeTpPoOB Mapabonuyeckoi
perpeccun (a'”,a",a®) npucyrcrayior senuunnst £, E® u
E,”) , koTopeie apastorcs EMA oT omkboK ypaBHEHHS perpeccuy

(0) (1

e, =y, f,, To ects npu Beiuuciennu (a.,a'”,a”) Bosnukaer

nepekpecTHas cchinka. [To3ToMy Ha MepBOM 3Tarne HYKHO HCHONB30-

BATE YIIPOLIEHHBIE (HOPMYJIbI, HE YYHMTBHIBAIOIIHE CKONB3AIIMX CPEl-
HUX OIIHOOK.

Anzopumm eviuucienun naparmempos napaboIUMeCKo20 MpeHoa

1) Paccuurars EMA 1-ro, 2-ro u 3- -TO NOPSIKOB HCXOJHOTO pAza:
Y(l) Y(l) " Y(3)
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2) BelukcnuTh B nepBOM r‘lpHﬁnH)KeHHH napaMeTpsl mapabonnye-
CKOTr0 TpeH/a:

(0) 3y(l) 3Y,(2)+Y,(3)

+ o
a® =m(x“>(6—5a)—z(” (10—8a) + Y (4-3a))

2
2 (44 :
a® = . (Km —2F® +‘Yr(3))
2(l-a)
3) /g kaXJa0To MOMEHTA BpeMeHH ! HaliTH NpOrHO3HOE 3HAYEHHE
Ha 7 maroB Bnepes (7 = 1) cornacHo ypaBHEHHIO PETPECCHH:
a0V LACE) @), o2
L= a¥a srva -
4) Paccyurtarh OIIMOKH IPOTHO3a:
€ =Y __ff
5) Bbruucauts EMA 1-ro, 2-ro # 3-10 NOpAAKOB OMKO0K NPOrHO-
3a:
(VI 16 (3)
B B nE
6) OnpenenuTe OKOHYATENhHBIE 3HAYEHHs NAapaMeTpoB napabou-
| 4ECKOro TpeHja:

a® = (BY(” 3y +K(3))_(3El(l) ~3E® +E,‘3’)

(24
ey T (¥2(6-50) - P (10—8a) + YO (4-3ax))-

a
—— [ EMN6-5a)— EX[10= E®4 -
sy B (6=50)~ EX(10-82)+ EV (4 -30)

2
a
a® _ (K(l) ) a Km)

(E(l) 2E(21+E(3))
ST bodc I

2()

- EMA owmu6ok MOryT yxyAlIHTh Ka4eCTBO MporHo3a. B aToM ciiyuae

IpH pacyeTe NapaMeTpoB napaﬁonuqec:lcoro TpeHJa HYXKHO OCTaHO-
BHTBLCH Ha miare 2 3Toro aliropuTMa.

12.4. Brifop BeJHYHHLL NOKA3ATEILHOr0 NPOLEHTA NPH aaal-
THBHOM MO/ POBAHHH,

Jns Toro, 4ToOB! OLEHHUTH, HACKOJILKO XOPOINO 1oxobpaHa Be- -
JIH49HHa M0Ka3aTe/IbHOrO TMPOLeHTa ¢ , HeoOXOAMMO paccMOTpeTh
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OUIHOKH, BO3HUKAIOLIHE [IPH NPOTHO3UPOBAHUY YPOBHS LEHBI B MO=
MEHT BpEMEHH [ + T MOJEIbIO:

S L 00 ) @)z 2
fas=a s el ram f C=as Say e T

[
Beenem 0003HaYeHU:
- ' g -ouwmbka npornosa (&, =y, — f, )
(0)

1=k

s mapaboner £, = y, — (@' +a' -t +a” -1?).

=7 =T -7

juis mmeitrol mozemn &, = ¥, —(a) +a’ -7),

3ameTuM, 4TO OLKHOKH NPOrHO3a 3aBUCAT HE TOJBLKO OT & , HO U
OT HHTEPBAJA IPOrHO3MPOBAHKS T .

- [ - noxazarejbHBIH TIPOLUEHT CIJIaXHBAHHA Ps/a KBAJpaToB
0mHOOK NPOrHo3a,

- @, - EMA ans psana ksa/JpaToB oKOOK NPoruo3a:

2
Qr =ﬁ'81 +(1_ﬁ)'Qr—l‘
OnTuMHu3alys BeIHYHHbl N0KAa3aTe/IbHOro npoueHTa & = 3TO MOA-
6op Takoro ero 3Ha4yenus, yToObl P GUKCHPOBAHHOM (3 OGHTHCS
toro, 4tobel O, — min . OGsMHO BenuuHHy [ BBIGHPAIOT B TIpe-

npenax ot 0.1 mo 0.2, 4To MpHOMU3HUTENBLHO COOTBETCTBYET [EPUOLY
craaxuBanns B npefenax ot 10 o 20.

12.5. AjanTHBHOE MOJENHPOBAHNHE C MepPeMEHHBIM MOKA3ATENb-
HbIM NIPOLIEHTOM.

Ha HecTaOMIIBHBIX PBIHKAX MMEET CMBICA HCIIOIL30BaTh anall-
THBHOC MOJCITHPOBAHHWE C MEPEMEHHEBIM IMOKa3aTE/bHBIM NPOLEHTOM
&, , KOTOPBIH 110 MEpe NOJyUYEeHHs HOBBIX JAHHBIX MOCTOSHHO TOJ-
cTpauBaeTcs K TeKyLeH PRIHOYHOM CHTYaluH. :
Beeznem o6o3HaueHN:

- g -omubkanporuosa (g, =y, = f;):

s naneiinoi mogem £, = ¥, —(a'” +a'’ 7).

0 1
s napabonel €, =y, — (@) +a'. -
- 3 - nokazarenbHblit POLEHT CIUIKHBAaHHA OMHUOOK MPOTHO3a
u MozyJied olmuboK NporHosa,

- E, - EMA omu6oxk nporsosa:

t+all -77).

-7
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E; = B-& +(1—B)-E,,
- A, - EMA moayaeii own6ok nporso3a,

4,=p g |+(1-6)-4,,.
3HaueHUE NEPEMEHHOTO TOKA3aTENLHOrO NpPOLEHTA B KaiAbIA MO-
MEHT BPEeMEHH BbIYHCIAOT 1o dopmyne &, =|E,/ A4, |. Beauuuny
[ BeiGupator B npeaenax ot 0.1 g0 0.2,
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nasa 13. MexaHu4eckue mopaoesie cucmeMs!

13. MEXAHUWYECKHWE TOPT'OBBIE CHCTEMBI

13.1. Beegeune.

OmnpenenuM HWHBECTHPOBAHHE KaK BIMKeHHE CBODOTHBIX Je-
HEXHBIX CPEJCTE B PasiM4HbIe BUALI GHHAHCOBLIX AKTHBOB C LE/bI0
nonyyeHuss npuOemu. Ilpy  GopMHpOBaHMH HMHBECTHUHOHHOTO
noptdens BeIOMpaeTcs Takod HabOp aKkTWBOB M TaKoH crnocod
YIpaBieH#s HMH, KOTOpble Obl 0OecrneunBaiy 0xuiaeMbli 10X0 He
HIDKE 3apaHee 3aJaHHOr0 MUHMMAaJbHOIO 3HAYEHWs NP PHCKE MO-
Ny4eHHs 10X0/a He BBIIE 3apaHee 3aQaHHOr0 MakCHMAlIbHOTO 3Ha-
yenus. CyLiecTBYIOT [iBa OCHOBHBIX crioco0a YHpaBIeHus noproe-
MeM LEHHBIX OyMar: aKTHBHBIH M NACCHBHBIH.

CyTh MACCHBHOTO YTIPaBICHHA COCTOHT B CO3/IaHUH XOPOIIO JH-
BEPCHOULHPOBAHHOTO, COCTOSMIETO W3 OOJILIIOrO KOMHYECTBA AKTH-
BOB nopTdens, 1 NPoAO/KUTEIBHOTO YISpKUBAHHS €ro B HeH3MeH-
HOM cocTosHuu. [laccHBHEI noprdens xapakTepu3yercss HH3KHM
0060pOTOM H MaJIbIM YPOBHEM HAKIAAHBIX PACXOA0B.

MBI CKOHLIEHTPHPYEM BHMMaHHE Ha PacCMOTPEHWH aKTHBHOTO
ynpaBnenus noprdeneM, KOTOPOe HAlENSHO Ha MOJyYeHHe N0Xo.a
BBILIE CPEAHEPBIHOUHOTO YPOBHA. AKTHBHOE YMpaBleHHe MOApazy-
MEBAET! :

- BoiDop HeGONLIIOrO KONMHECTBA BBHICOKOJMKBHHBIX AKTHBOB

175 (pOpMUPOBAHUS NOPTdENs,

- Ompe/eneHHe OPaBHJ OTKPBITHA H 3aKPbITUA MO3MLMHA MO Kax-

IIOMY U3 aKTHBOB,

- ompeleneHie 00beMa OTKPLIBAEMBIX MO3HLIHH,
- ONTHMH3ALHIO NOPTHENH, TO €CTh METO/Ibl CHHIKEHHA PHCKOB.

Onpe/ieNiM HEKOTOpbIe MOHATHA, KOTOPEIE OyaAeM HCIOo/B30BaTh
B JaJIbHEHIIEM.

Mexanuuecrkan mopeosas cucmema (MTC) - Habop npaBui, ox-
HO3HAYHO ONpPENENAIOUHX MOMEHTHI OTKPBITHA H 3aKpBITHA [MO3H-
uuit, To ecte MTC 3anaer npasuiia BXOAA B MO3HIUIO, NIPABHJIA BbI-
X0/l@ W3 BBIMTPBIBAIOIIEH MO3ULIHM, MPABHIA BbIXOAA U3 IPOHIPbI-
BaIOILEH MO3HIIHH. .

Vnpasnenue xanumanom - Habop OpasBHi, ONpPeeNsolIuX 00b-
€M OTKPBIBAEMBIX TTO3HLHH B MOMEHT TOCTYIUIEHHA COOTBETCTBYIO-
mux curxanos ot MTC. |

Onmumusayus nopmgenst - METOJB!, TO3BONAKOILIME BbhIOpaTh
Takol cocTas TTOpPTHENs aKTHBOB U TOPTYIOIIHX 3TH AKTHBLI MeXa-
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HHYECKHX CHCTEM, KOTOpPLIE Ol B HaubOOBILIEH CTENEHH COOTBETCT-
BOBaJIM HHBECTHIIMOHHBIM [IPEANOYTEHHAM KOHKPETHOTO Tpeﬁnepa.

13.2. Mexannyecknii ¥ MHTYHTHBHBIN 0AX0/ K TOProBe,

JInHaMHUKy OHMPXKEBLIX LIEH aKTHMBOB MOXKHO NPEACTABHTbL KAk
CTOXACTHYECKHH ¥ HecTalMoHapHbli npouecc. OOHAKO, 3TO HE HC-
KJIOMAET BO3MOIKHOCTL HAXOMKASHHS TaKOTO Habopa sMOHPHYECKHX
NpPaBHJI, YTO NPOBEAEHHE B COOTBETCTBHH C HUMH TOPrOBLIX OMeEpa-
[HH T03BOJAET YBENHYHTH NOXOAHOCTE M/HIH YMEHBIINTE PHCK
BIIOJKEHUS B JTAHHEBIM aKTHB 10 CPABHEHHIO C MACCHBHOM cTpaTerueii
"kymun u gepiu’.

Cospmanue MeXaHHYECKOH TOPrOBOW CHCTEMbI - 3TO TONHAS
(opmanu3alyst TAKHX TPABHIL. [IpH 5TOM HY}KHO MOHAMATE, YTO TaK
KaK NMpaBUIa OTKPBITHS H 3aKPLITHS MO3MIHI pazpabaThiRarores Ha
OCHOBE TMPOULIOH HCTOPUH LIEH, TO HE CYLIECTBYET FAPaHTHH TOrO,
uto MTC na ux ocHose Gyznet ycnemrHo paborats u B Oyaymem. Ho
yem BGoslee KaueCTBEHHO MpoReeHo TectpoBanne MTC, TeM 6onp-
¢ OCHOBaHHIl HANEATBCA Ha TO, YTO €€ Pe3yJILTATHI TIPH peanbHOoil
TOProBie OYAyT HAXOAUTECS B MPHEMIIEMBIX s Tpehaepa mpeje-
nax.

VY MexaHM4ecKoro moAaxofa ecTh JBa MPEHMYIIECTBA MO CpaB-
HEHHIO C YacTO MPaKTHKYEMbIM HHTYMTHBHBIM TTOJX0/IOM K TOPTOB-
ne:

- IPH NPHUHATHH TOPIOBBIX DELUEHHH HCKIHOYAETCH OMOLHOHANb-
HBIH (hakTop,

- NPHUHATHIE TOPrOBbIE PELUCHMA HE ABIAIOTCS CYOBEKTHBHBIMH,
CNe0BaTe/IbHO OMPABIaHO HOPMATTEHOE CTATHCTHYECKOE HCCTe-
noBaHHe pesysbratoB paboret MTC, mo3Bofsiollee HaWTH H
CKOPPEKTUPOBATh e cnadble MecTa.

Cnenyer ele pa3 NOA4EPKHYTh, YTO AJIs IKOOOH MEXaHHYECKON CHC-

TEMBI CYLIECTBYET BEPOATHOCTL TOrO, HTO MO HCTEYEHHH JII0DOro

MHTEpEajla BPEMEHH B pe3y/ibTaTe NPOBEIEHHS TOPTOBBIX OMeparmii

no ee curuainam Oyzner nonydeH yowiTok. OnHako, s AOCTATONHO

XOpoLeH CHCTEMbI 9Ta BEPOSATHOCTb TEM MEHBLIE, YeM Gollblie Bpe-

Msi ToproBimd. [lostomy cuuTaercs, uto Ans Toro, urobel MTC

CMOIJIa PeaNu30BaTh CBOE CTATHCTHYECKOE TPEUMYIIECTRO, Heo6x0-

AMMO He MeHee 2-3 JieT.
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13.3. Cpoiicrea MTC.

Hokasamenu MEXaHUYECKOH TOProBOH CHCTEMBI XapaKTePH3YIOT
peyneTathl ee paborel. Bennuuna, pazdpoc H YCTOWYHBOCTE T10KA-
3aTelield onpesensioT KayecrBo cucreMbl. [logpobHo mnokaszatenu
MTC u Meroabl HX CTaTHCTHYECKOrO Hccae/noBaHusa OyayT pac-
CMOTPEHbBI HUIKE,

Hapavempamy Mexanudeckol TOProBoH CHCTeMbl HA3BIBAIOTCH
MEepEMEHHBIE, TPHCYTCTBYIOIIHUE B NPAaBUIaX OTKPBITHS W 3aKPHITHI
nosuimii. B pesynprare TectupoBaHus u ontumuzanun MTC onpe-
Aensercs Takoll Habop napaMerpoB, MPH KOTOPOM BEJAMYHHA, pa3-
Opoc 1 ycToiunBOCTL BayKHEHIIHX MOKA3ATENEH CHCTEMBI HAXOMATCS
B ONTHMAJLHBIX Ul KOHKPETHOTO Tpeiizepa npenenax. Xopoinas
MTC nomxna 0dnagate CleayOUIHMH CBOMCTBAMY:
= MMETb HeOOBLIOE KOMHYECTRO ONTHMHU3UPYEMBIX NIAPAMETPOB,

- MMETh YJIOBIETBOPHTENBHBIE TIOKA3ATEH PAGOTHI MPH PEaThHBIX

PbIHOYHBIX KOMHCCHAX,

- 00nazaTh yCTOHYHBOCTBIO MOKa3aTeseil paboTel B 06nacTi or-

TUMAILHOCTH 1aDAMETPOB,

- JIOJDKHO CYIIECTBOBATH MO KpaliHeH Mepe HEeCKOIBKO aKTHROE,

HA KOTOPbIX CMCTEMa MMEET MpHeMIIeMble pesyibTaThl 0e3 mo-

BTOPHOH ONTUMHU3ALNH.

Hucno onmuMU3uPpyeMvlx RApamMempos

UYem Goablue onTMMH3MpYeMbIx napamerpos umeer MTC, tem
MEHbIIE BEPOATHOCTH TOrO, YTO OHa OYAET yHOBIETBOPUTENBHO pa-
GoTaTk NpH peaibHOl Toproeie. DTo CBI3aHO ¢ TeM, YTO npH Goib-
HIOM YMCJE NapaMeTPOB CHCTEMA MOATOHSIETCS I10[ HCTOPUYECKHH

PSZ 1IeH, Ha KOTOPOM NPOHCXOAKIO0 TecTHpoBaHHue. Ho psaasl nen ak- |

THROB B 00/BIIOI CTeneHH HOCAT CyualiHbli Xapakrep. 3ajaqeii xe
XOpouiei cHCTeMb! SBJACSTCA HE YUET BCEX 0COOSHHOCTEH KOHKpeT-
HOM cityqalinoii BbIOOpKH, a BREISBIEHHE OONEE Wil MEHEE [OCTOSH-
HO AeMCTBYIOLIMX HA PHIHKE 3aKOHOMEpHOCTelH. 3/1ech YMeCTHA aHa-
JIOTHS ¢ PErPECCHOHHBIM aHATH30M, T/IE TAKKe HYIKHO C OCTOPOIKHO-
CTBIO OTHOCHTLCS K M3MUILIHEMY NepeyClomiHEHHIO MOIEIH.

Benuuuna KOMUCCHH

BaxubiM MomeHTOM NpH TecTHpoBanun MTC sBnseTcs Belu-
YMHA KOMHCCHH, KOTOpas JOMKHA COOTBETCTROBATL PEAILHBIM Ha-
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KJIaJHbIM pacXojaM IpPH COBEPLUEHHH CHOENKH, TO €CTh OHA AOJIKHA
YHHTBIBATh CAEOYIOLINE BETHYUHBIL:

- KOMHCCHIO ¢ obopoTa (Opokepckyro U DHpKeBYIO),

CTIP3/L (pazHUIly Mex 1y KOTHPORKAMH Ha MOKYNKY U MpOIaxy),
TIpockasib3blBaHKe (pasHully Mexy BeauuuHol curnaia MTC u
peanbHOMH HEeHONH UCIIOAHEHHS CIeJIKH ).

Ecnu Gupixeras u Opoxepckas KOMUCCHW HE 3aBUCST OT BUAA aKTH-
B4, TO HA BEJHYMHBI COIPAJOB M MPOCKANB3BIBAHHI CYILIECTBEHHOE
BIMSAHHE OKA3bIBAET NHKBHIHOCTE KOHKPETHOrO akTHBa. B ueiomM
MOYKHO CKa3aTk, 4TO npu TectHporannn MTC cymMmapHyro KOMHC-
CHIO crienyeT BeIOHpaTE He MeHee yeM 0.5% OT CyMMBI CAENKH JIakKe
ns Hanbollee MUKBHIHBIX AKTHBOR.

Yemoduusocmes noxkazameneil ¢ obracmu oRmMuMansHOCHIU

Veroitunpoets nokasareneii MTC B ofnacTi ONTUMANIBHOCTH
1apamMeTpoBR TPOIIE BCEro MPOMJUIIOCTPUPOBATh IPaMUECKH s
CHCTEeMb!, 3aBMCALICH OT eAMHCTBEHHOro napamertpa. Paccmorpum
rpaduk 3aBACHMOCTH QHOTO M3 Mokazartelel CUCTeMbl (JOXOIHO-
CTH B % TOJIOBBIX) OT BEJIMYHHE]I ONTHMH3UPYEMOT'0 IIAPaMETPA.

100% - A
90% |
80%
70% -
60% -
50% -
40% - B
30% -
20% -
10% -

0%

JoxXoaHOCTE

T T T T T T 1

0 2 4 6 (ISR o S bR CRS 2 ERS L5 s LS
MNapametp

B nanHOM ciyyae BhIOOp B KauecTBE ONTHMAILHOH BeJMYMHbL
napameTpa 3HayeHHe, COOTBETCTBYIOMEe Touke A (mapamerp=6, /1o0-
XOJHOCTb*95%r0/1.), He ABISETCA MPABUILHLIM, TAK KaK B paiione
HTOM TOYKH BETM4MHA JOXOAHOCTH SABIAETCA HEYCTOWHUMBOH M CTONBL
pe3kuil MUK BeposiTHEE BCero OOBACHAETCS OCOOCHHOCTAMH KOH-
KPETHOM ciyuaiiHol BbIOOpKH, HA KOTOPOH MPOMCXOAMIIO TECTHPO-
BaHHE.
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bonee pasyMHBIM TIpefcTaBIAeTCA BLIOOP B KAYeCTBE ONTH-
Ma/AbHOH BeJMUYUHEl MapaMeTpa 3HAYeHHe, COOTRETCTBYIOMICE TOUKE
B (mapamerp=13, noxomnocth=35%ron.), Tak kak B 061aCTH 3TOM
TOYKH JIOXOJHOCTHL YCTOHUMBA K M3MEHEHUWIO [apaMerpa B Lo¢Ta-
TOYHO IIHPOKUX Npeaenax.

Ha ycrofiunsocTs crenyeT MpoOBepsThH BCe BayKHbie A/14 Tpeiiae-
pa [okasarteiy paboThl CHCTeMBL Y pazHbIX MoKazareneil odnacth
ycToHuMBOCTH GyayT BOOGINE TOBOPS pasHeiMH. B kavecTse ONTH-
MaNbHOIO CHEIyeT BRIOparTh Takoe 3HAYCHHE MapaMerpa, KOoTopoe
HaxofauTes B obnacty yeroHuuBocTH DonblInHCTBA HanQoaee BaK-
HBIX [UIA Tpelilepa nokazaTeield CucTeMbl.

Ydawzemaopumeﬂmwe Pe3yanmambl Had PA3AHYHBIX AKINHEBAX

Mexasudeckas CHCTEMAa KAk NPABHIIO CO3MAETCs, TECTHPYETCHS U
ONTHMHU3UPYETCS HA UCTOPHYECKOM pAIe [eH 0JHOoro aktuea. OnHo# u3
IIABHBIX 3a/iay co3nanud xopouiei MTC aBndercs npenoTBpallgHue ee
HNOArOHKH MO/ KOHKPETHBIE HETOPHYECKHE JaHHBIe, KOTOPEIE HABEPHAKA
He MOBTOPATeA B Oyayuiem. SddextuBabv criocobom nposepiku MTC
Ha H3HIIHIO IOATOHKY SIBJASETCS MepPexojl Ha Apyrde akTuBsl 0e3 us-
MEHEHHS MAPAMETPOR CHCTEMBl, Ecay Npu mepexone Ha HCTOpHYecKue
psjiel LEeH ApYIdxX aKTHBOB 0e3 MOBTOPHOH ONTHMH3ALMH NapaMeTpoB
cHucTeMa MPOJIO/DKAET [1OKA3BIBATh YIOBIETBOPHTENIBHEIE PEe3Y/IBTATEL,
TO 3TO IOBBILIAST BEPOSTHOCTE TOFO, YTO OHA OKaXeTes MpHOBUIBHON B
peansHol Topropie. Ilpw 3TOM HAmO WMETh B BHAY, UTO €CIH AKTHBBI
BEICOKOKOPPENUPOBAHEL, TO 3TO CYIIECTREHHO CHHIKAST HEHHOCTE TAKOMH
nposepku. Ecnu ke npH nepexone ¢ psAaa LieH MCXOIHOTO aKTHBA (Ha
kotopoM MTC cozpasanack W ONTHMIRHPOBANACH) HA PAI LIEH BBICOKO-
KOpPPEIHPOBAHHOTO ¢ HUM AKTHBA CUCTEMA PA3BATIMBACTCA, TO ITO CIIy-
YUT BECKHMM OCHOBaHWEM JUIS 0TKAsa OT Hee.

13.4. MunamMansHoe YHCI0 CHEI0K,

JHusi focToBepHOl OLEHKH BeMUYMHLL U pazdpoca mokazarenei me-
XaHMYECKOH TOPrOBOH CUCTEMEI KOJUUYECTBO CASNIOK HA NIEPHOAS TECTH-
POBAHHUA He JO/DKHO ObITh MEHBINE HEKOTOPOT0 MHHHMATBHOTO 3HAYE-
Hust. Cumras, 9TO pe3yakTaT OTAENLHON cleliki (Hanpumep pasMep
NpROBUTH) SIBIASTCH CIyYailHON BeNHYMHON, OLEHHM MHHHMAJbHBIH
00beM BHIOOPKH st HACHTH(HKALIMH 3aKOHA paclipelelIcH s 3ToH Be-
JHYHHEL [T HASHTH(MKAIAY 32K0HA PACTIPEACIeHUA HeoOXONUMO M0~
CTPOMTE THCTOIPAaMMy 3MIHPUYECKHMX YACTOT M MPOBECTH CpaBHEeHue
SMIMPHYECKUX M TEOPETHHYECKUX HacTOT [0 KPUTEePUI0 XH-KBAAPAr.
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HanomunmM, 4T0 MUHHMAIBHOE KOIHYECTBO CTONOLOB CHCTOrPaMMBL
JO/HKHO PABHATHLCS MATH,

Tax kak NPUBOAUMEIC HHKE BBRIKNAIKE OYIYT HOCHTE OneHOYHMH
XapakTep, NPeAnoiokiM 3apanee, YTo HCCIeAyeMas CIyyaiinas pemp
YHHA IOAUYHHASTCA HOPMAIBHOMY 3aKOHY paclpeieneHus.

~ [lpuMem B KAUECTBE MHTEPBAIA BOSMOMKHBIX 3HAYCHHT T BEIH-

“HHHBI POMEXYTOK (4 — 207, fi +207). BepoatHocTs oxasarses mHyr-

pu sToro uuTepsasa 95.45%. llupuny cToNOUA MMCTOrPAMMEI MOKHO
HAHTH, pasAeivB IIHPHHY, HHTEPBAA BO3MOMKHBIX 3HAUCHHE, TO eCTh
40, Ha MHIIMATEHOE KOTMYECTBO CTONOLOB TMCTOTPAMMBIL, TO ecTh
yueno 5. B urore nonyunm, 4ro mmpuHa cronbua pasua (.80 . B ta6-
JIMIE TEABEISHBl 3HAUSHHA HOPMHPOBAHHEIX TEOPETHUECKUX YACTOT
NONAJAHKA B COOTBETCTBYIOIUME CTONOIUEI [HCTOTPAMMEL IS CTAHAAPT-
HOit HopmanbHoH Bennuuun (L =0, 0 =1).

Homep unmepsana Jlesua epanuya lpasaa epanuya  Hopymuposannas)
yacmomea

1 -2.0 -1.2 0.0923
2 -1.2 -0.4 0.2295
3 0.4 0.4 0.3108
4 04 152 0.2295
5 1.2 2.0 0.0923

HTOTIO 0.9545

JInst mpOBEPKM 3aKOHA PACTIPEENICHUS 0 KPUTCPUKO XH-KBAJIPAT B
TabNHIE OO/DKHBI TIPHCYTCTBOBATE HEHOPMHPOBAHHBIE YACTOTEL, MPH-
ueM MHHHMANBHOE 3HAUSHHE YACTOTH! HE JOMKHO OBITH MEHBIIE TSTH.
CreA0BATENLHO, IEPEXO] K HEHOPMHUPOBAHHOH TACTOTe MOKHO CIETATh
rytem ymuoxenus nz kosddunment 5/0.0623 = 54.16 u oxpyrius
PE3YNLTAT 10 1enoro, B wrore Tabiuua yacToT pUMeT BUL:

Homep unmepaana Jlesas epanuya  Hpasas epanuya  Yacmomad

1 2.0 -1.2 3
2 -1.2 -0.4 12
3 -0.4 : 0.4 L7
4 0.4 J 12
5 12 2.0 | S

HTOIO 31
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TakuM 0bpa3oM MBI MOTYHUIH, HTO IJIA OLEHKH NOKA3ATENCH MEXaHN-
YeCKOl TOProBoil cuctemMel 00beM BBIOOPKH (KOJHMYECTRO CAEN0K Ha Te-
pUOJE TECTUPOBAHMA) He JomKeH ObiTh MeHbIIe 51, 3aMeTHM, uTo MpH
BBIMUCIICHHH 3TOTO 3HAUSHMs Mbl HCIOIB30BAIH MUHHMAILHO BO3MOYK-
HOE YHCIO CTONOMOB rHCTOrpaMMB! (5 cToa0I0R) M HE QUEHb NIMPOKHI
JOBEpPHTENBHEI HHTepBan (95%). C yBenudyeHHEM KOIMUYECTBA CTONG-
OB (YMeHBLIEHHEeM [NHPHHEL CTO0LA) H YBEIMYSHHEM IOBEPUTEIIBHO-
ro MHTEpBAIA MHHHMAIEHO HeoOXOIUMEIH 0OBeM BEIGOPKH MOKET Cy-
IICCTBCHHO BRIPACTH.

13.5. Tecruposanne MTC.

L{eNBl0 TeCTHPOBAHNSA MEXAHHUECKON TOPIOBOH CHCTEMb! ABISETCS
POBEpPKa ee padoThl HA MCTOPUYECKOM psje LeH. TecTHPOBAHHE KaK
[IPaBUIIO IPOBOMST, UCIIONB3YA MAKETHl TEXHHYECKOro aHamusa. [lo pe-
3YIBTATAM TECTHPOBAHMA NporpamMma (GOpMHPYET OTYESTHI, HA OCHOBA-
HHH KOTOPBIX ASNAKTCA BRIBOIBL O KAYCCTBE MTC.

Ilpy ONTHMU3ALHN CHCTEMBI, B NPARHIAX, OMHCHIBAOIINX OTKPhI-
THE M 3aKpbITHE NO3HUMIH, NOCTOAHHbIE NapaMeTPhl 3aMEHSIOTCS Ha Ofl-
THMH3HpYeMBble nepeMennnie (OPT-nepeMenHnbie), AT KOTOPBIX 3ajia-
FOTCA JUAMA30H W LIAT M3MEHEHMs. 3areM NporpaMma NpOBOAMT Pal
TECTOB [T BCCX BOSMOKHBIX coueranuil OPT-nepemeHHbrx ¥ HOpMH-
PYET COOTBETCTBYIOMIME OTHeTHl. [lo pe3yneTaTaM aHaiii3a 3THX OTHe-
TOB BEIOMpaeTca TakoH Habop MapaMeTpoB, MPH KOTOPOM BElIMUHHA,
pasbpoc U YCTOMYUBOCTD MMOKA3ATENOH CHCTEMBI SIBIAIOTCA ONTHMANb-
HBIMH JUIsl TpeHaepa.

TecTUpoRaHKE M ONTUMH3ALMIO CHCTEMBI PEKOMEHIYETCS TPOBO-
JHUTH pa3aesbHO [T UIHHHBIX B KOPOTKUX CHEIIOK.

Mer 6ymeMm paccMaTpHBATh CICAYIOMIHE OTYCTHI O TECTHPOBAHMH
CHCTEMBI: OTYET O BEIWYHHE TOPrOBOro cuera (equity report), crpynim-
POBAHHKIM OTYET O BeJIMYMHE TOPTOBOTO CUETd, OTIST O caenkax (trades
report), cBOAHBIH oTUeT (results report).

[IPUMEYAHHWE: nmanee ‘B Tekcre COAep:KaHHe OTYETOR, a TAKKE
o6o3nadenus nokazatenelt MTC u GopMysisl TS HX BEIMHCIEHMS MO-
I'yT OTAMYATHCA OT OPUHATLIX B NAKETAX TEXHUUSCKOTO AHAIM3A.

13.6. OT4eT 0 BEIMYHHE TOPrOBOTO CUeTa.

OTyer 0 BenMUHHE TOPTOBOTO CYUETA MOKA3LIBAET H3MEHEHMe
CTOHMOCTH TOPTdens Ha KOXIOM HeHOBOM Dape. OTuer coaep uT
CIeIYIOIIHE MOJIS:
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bar number TTopaaKoBBIH HOMED TeKyLUEro BPpeMeHHoro

nepuona (Gapa).
date Hara/spems texyuero Gapa.

Toprosasi O3UOHs HA KOHEL TSKYLIEro Ga-
pa. BO3MOKHBI CleAyIOMe THITEL O3 HIIHH:
"OUT" - BHE pbIHKA,

"LONG" - niuHHAS MO3HITH,

"SHORT" - kopoTkas no3unms.

position

price Tekyluas UCHA aKTHBA.

net change price HiameHeHHe [eHBI aKTHBA 32 TEKYLUMH Nepu-

on.

% change price TIpoLieHTHOE H3MCHEHHE LICHEI AKTHBA 33

TEKYITHH NEPHONA.

equity Teryluas BEAMYHHA TOPrOBOI'O CUETA.

net change equity HM3MeHeHe BeNHIUHBI TOPTOBOTO CHETA 32

TEKYMHHA nepuos.

% change equity TIpoliedTHOS H3MEHEHHE BeTMYHHE] TOPTO-

BOTO CHETA 38 TEKYILUHH EPHOL.

13.7. CrpynnapoBaHHBIH 0TYeT 0 Be/IHTHHE TOPrOROro cIeTa.

CrpynnupoBaHHblit OTHET O BENHYHHE TOPTOBOTO cueTa GOpMH-
PYETCA Ha OCHOBE OTHETa O TOPTOBOM CHETE M MOKAILIBACT H3MEHe-
HHe CTOHMOCTH MopTdens Mo YKPYMHEHHBIM MEpHONaM BPeMEHHU.
OTyUeT CONepXHT ClEYIONIHE IO

[epHoa rpynMUPOBKH:
i S IIeHE,

"W" - yemens,

"M" - MecaL,

"Q" - kBapTa,

"Y" - ron.

period grp

TTopsiaKoBeli HOMEp TEKYILEro BpeMEHHOTO
nepuoa.

period number i

first date Tlepras nata/Bpemsa TEKYNIEro NEpUOAA.

[Mocnenuas fata/BpeMs TEKYIIEro Neproa.
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price

net change price
% change price
equity

net change equity

L]

% change equity

13.8. OTtuer o caeakax.

LLEHa dKTHBA Ha KOHEL TCKYLUCTO MEPHOAA.

Hamenenue LeHbl aKTHBA 32 TeKYLIMI meph--

Ol.

[NpoleHTHOE H3MEHEHHE 1IEHbI aKTHBA 3a
TEKYLHI nepHos.

BenmiurHa TOProBoro cueTa Ha KOHell TeKy-
LIEro MepHoza.

HM3meHeHe BeTHUMHBI TOPTOBOTO CUETA 34
TEKYLIHi1 NepHo.

ITpoLeHTHOE H3MEHEHHE BeTHYNHEL TOPro-
BOT'O CHETA 3a TEKYILHIt ePHOL.

Ortuer o cremkax (HOPMHPYETCS HA OCHOBE OTYETA O TOPrOBOM
CHETS W OIMCLIBAET KAXKIAYIO0 TOProBylo OIeEpanuio, CreHEpHpOBaH-
HY10 cucTeMoil. [TpuBeneM cnucok noseit orvera 0 caenkax i HeKo-
TOpbie (POPMYITBI 7S BEIMUCISH!S oKa3arenei cHeTeMbl:

Obwas unghopmayus o coeare

trade number

trade type

bars in trade
days in trade
max price in trade

min price in trade

TTopsaakoBbii HOMEpP CrEeHEPHPOBAHHOM NPH
TECTHPOBAHHH CHETKH.

Tun coenku:
"LONG" - njiMHHa4 crenxa,
"SHORT" - koporkas chenka.

Konuuectro 6apoR, B TeveHHE KOTOPbIX Gbla
OTKPBITA JaHHAS HO3ZULIMS.

Yucio kaneHIapHbIX AHEH, B TeHeHHe KOTO-
pBIX OBINA OTKPBITA TAHHAS IO3HLMA.

MaxkcumaneHas [leHa aKTHBa OT MOMEHTA OT-
KPBITHA MO3HLIKMH 10 MOMCHTA €€ 3aKPBITHA.

MuHuMANBHAs IeHA AKTHBA OT MOMEHTA OT-
KPBITHS TIO3HILIAM IO MOMEHTA €€ 3aKPbITHSI.

[loxazamen, XapaKmepusyiouue 6x00 6 ROFUYUIO

enter bar

Howmep Gapa, Ha KOTOPOM GBITa OTKPBITA [I03MLIAS,
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enter date

enter price
enter equity
enter comission

enter efficiency

Jlata Bxoaa B no3uumio.

LleHa akTHBa, 110 KOTOPOif ObIfIa OTKPLITA MO~
ULTHA.

Benuyuna TOProBOro-cYeTa A0 BXOAa B MO3H-
LU0,

CymMa yniia4yeHHOH KOMUCCHH 38 OTKPBITHE
TO3ULHHU.

I PeKTHRHOCTE BXOA B MO3HIMID.

IToxazamenu, xapaxmepusyiouue 6erxod w3 nOsuyul

exit bar

exit date

exit price
exit equity
exit comission

exit efficiency

Homep 6apa, Ha KoTOpOM Obi1a 3aKpEITA 110~
3HLHA.

Jlara BeIXOOa M3 NO3ULMM.

Llena akTHBa, No KOTOPOli Gb1Ta 3aKphITA 110~
3HUMA.

Benuuina TOProBOro cyeTa focje BpIXoia |3
TNO3HLHH.

CyMMa yrTaueHHON KOMUCCHH 3a 3aKPBITHE
TIO3UIIHH,

2(hEeKTHBHOCTH BHIXOMA M3 TIO3HLHH.

ITokazameny, XapaKmepusyiouue Coenxy

net profit

Y% profit

net drawdown

% drawdown

comission in trade

trade efficiency

Benuunna moxofa no AaHHO# ¢Ae/Ke (B AeHb-
rax).

Benuuuna oxozna o gaHHo# cuenke (s %).

. HanGonsiee cHmxenue Toprosoro cyera B

TeUeHUE JJAaHHOH ONepaluH OTHOCHTEIBHO
BXOJ1a B [T03MLUHIO (B IeHbrax).

HauGornsiiee CHIKEHHE TOPrOBOIO CUETA B
TeUeHHe AaHHOM ONepalii OTHOCHTENBHO
BXOZd B MO3MLHIO (B %0).

Cymma ynnaueHHOH KOMUCCHH 32 OTKPBITHE 1
3AKPBITHE NO3MLHH.

D heKTHBHOCTE CHETTKH.
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Behghexmusnocms 6x00a 6 NO3UYWIO TIOKA3BIBAET, HACKOALKO!
xopouio MTC B Xoae KOHKpeTHOH CHeNKH peaiuzyeT MOTeHLHAllb-
HYIO l'l]JH6bIJH> OTHOCHTENBHO LEHBI BXOAA B IMO3HITHIO H BEIYHCIAET-
cd o opmynam: ‘

- 115 JMHHHBIX TO3H LKA
max price in trade — enter price

enter efficiency = — S ——
max price in trade — min price in trade

- 1% KOPOTKMX MO3ULHH
enter price —min price in trade

enter efficiency = T T
max price in trade — min price in trade

DbdeKTHBHOCTE BX0/1a MOKET IPHHAMATH 3HaueHus ot 0 1o 1.
Dehghexmuenocme svixoda us no3uyuu NOKA3LIBACT, HACKOJIBKO

xopouio MTC B X0[¢ KOHKPETHOH CHEIKH peanusyeT HOTEHIHAab~

HYIO TIPHObLTb OTHOCHTEBHO HEHb! BHIXOAA U3 MO3UILMH U BBIUUCIS-

ercs 1o (opmynam:

- AU JUIMHHBIX TTO3ULIA#H

exit price—min price in trade

exil efficiency = — - ———
max price in trade — min price in trade

- 1714 KOPOTKMX TTO3HIHH
max price in trade —exit price

exit efficiency = _ —
max price in trade — min price in trade
D exTHBHOCTE BEIX0AA MOIKET IPMHUMATh 3HaueHHs oT 0 go 1.
Deppexmusrocms  cOenky TOKA3BIBAET, HACKOIBKO XOPOLLO
MTC B xoje KOHKPETHOH CHENKH peaiusyer o0yl MoTeHLHAb-
HYIO MPHOBITE ¥ BEMHCIASTCA N0 (HopMyaam: -
- s JUTHHHBIX TTO3HLIHH

exit price—enter price

trade efficiency = e e
max price in trade — min price in trade

- IS KOPOTKHX MO3HIUH
enter price —exil price

trade efficiency = e e
max price in irade —min price in trade

- ofbmas dopmyna
irade efficiency = enter efficiency + exit efficiency — |
DhheKTHBHOCTE CASIIKA MOKET MPHHUMATL 3Hadedus ot -1 jo 1.
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Cuurtaercs uro y MTC cpenusst a2(pdekTHBHOCTE BXOIOB H
cpeanas >PdeKTHBHOCTb BLIXOMOB JOMKHA ObiTh Gonsme 0.6, 1O
ecTb cpefHss S(GQeKTHBHOCTb CHENKH A0/KHA npesbimare 0.2,
Ananus 3¢hexTHRHOCTeH HATMSIIHO MOKa3bIBAET HAMPABJICHMS YCO-
BEPLICHCTBOBAHHS CHCTEMbI, TAK KaK MO3BOJIAET Pa3fefbHO OLEHHTD
Ka4eCTBO CMIHAJIOB HA BXOJ B MO3HIWIO W CHTHANOB HA BBIXOA M3
Hee.

13.9. Croanwiii oT4er.

Croaublii oT4er (OPMHPYETCS HA OCHOBE OTHYETA O TOPrOBOM
CUHETE M OTYETA O CAe/Kax M JaeT oburyro HHPOpMaLUIO O pe3ynbTa-
Tax TeCTHPOBaHUs cucTeMsbl. [IpHBeeM CITHCOK MOJeH CBOAHOrO OT-
yeta U HekoTopbie GHOPMYyJbl AT BBIMUCISHHS NoKazaTeneil chcre-
MBI

Hoxazament, XaApaxmepusyIOWue IURWo Mopz06020 CHema Ha Repuode
MECHUPOSAHUSL.

start date JaTa Hauana TeCTHPOBaHWS.

start equity BenuuuHa TOProBoro cHeTa Ha Ha4aqo TECTH-
poBaHHs (HAYaJIRHEIE HHBECTHIINH).

finish date Jara OKOHYaHUs TECTHPOBAHHMA.

finish equity Benuuinaa TOProBoro cyeTa nocne OKOH4anus
TECTUPOBAHMSL.

total bars KonuvecTtBo HapoB, B TeUeHHE KOTOPEIX PO-
HCXO/MIIO TECTHPOBAHHE.

total days Yucno xanewaapHeIX JHEH, B TeUeHHE KOTO-
PhIX NPOHCXOIMIO TECTHPOBAHEE.

net system drawdown HanGonpiee CHIKEHIE TOPTOBOTO CYeTa OT-
HOCHTEILHO HA4allbHBIX HHBECTHUMHA (B JCHB-
rax).

% system drawdown Haubonrinee cHUKEHHE TOProBOro c4yeTa OT-

HOCHTEBHO HavyadbHbEIX UHBeCTHIHH (%0).

Hoxasamenu, xapaxmepusyionjue 0oxooHocms cmpamezuu "Kynun u oep-
Jfeu'! na nepuode mecmuposanus.

Hoxon crpareruu "Kynuna u aepxn Ha me-
PHOJIE TECTHPOBAHM (B IEHBIAX).
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buy&hold % profit

buyd&hold % profit in year

Hoxon cTpareruy "Kynun v gepxu” Ha ne-
puoae rectupoBanms (%0).

JIOXOAHOCTE CTpaTeruy "Kymua U Gepxu” Ha
MepHOJIE TECTHPOBaHMS (B % rOMOBEIX MO
thopmyne CHOKHORO NPOUEHTA).

Hoxazamenu, xapaxmepusyiowue doxoonocmv MTC na nepuode mecmupo-

GAHUA.

total net profit

total % profit

total % profif in year

JloXon Ha NepHoe TECTHPOBAaHUS (B AEHLIAX).

Ioxox Ha meprone TecTupoanus (%o).

JToX0QHOCTE Ha NEPHOLNE TeCTHPOBaHus (B %
FOMOBHIX MO (POPMYJIE CIIOKHOIO TIPOLIEHTA).

Hokazameny, XapaKxmepusyrouue coenxi,

total trades
% in trade
% out trade

avg net profit

stdev net profit

avg % profit

stdev % profit

avg net drawdown
stdev net drawdown
avg % drawdown

stdev % drawdown

O0L1ee YHCTIO CALIIOK.

Hoiia BpeMeHH Ha MePHOLE TECTUPOBAHMS, B
TEUEHHE KOTOPOIO CHCTEMA HMENA OTKPBITHIE
MO3HLIHMH.

Hoiisi BpeMEeHH HA IEPHOJIE TECTHPOBAHNA, B
TEUeHHE KOTOPOTO crucTema OklTa BHE PhIHKA.

CpeaHuil T0X0/ CAENOK (B ASHbIAX).

CpenHexBaapaTHIHOE OTKIOHEHHE 0X0A3
CAEJOK (B AEHBrax).

Cpenunii noxox cnenok (%).

CpBﬂHGKBaﬂpa’I‘W—lHO@ OTKINOHEHHE HOX0a
cuenok (%).

Cpentee HaUOONbLUIMX CHIKEHHH TOProBOTO
cueta (B AeHbrax).

CpeanHeKBagpaTHIHOE OTKIOHEHHE HauOOoTb-

KX CHUMKEHHUE TOPTOBOTO cueTa (B AeHBTaX).

Cpeanee HaubGobILUX CHHKEHUI TOPrOBOro
cuera (%).

Cpeﬂnexaaupamqﬁoe OTKIIOHEHHE HauDOI1b-
LWIKX CHEKEHMH Toproporo cueta (%o).
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max net drawdown
max % drawdown

avg net win / |avg net loss|

total comission

Haubornbliree cHIKEHNE TOPTOBOTO CYeTy 35

OT/IeABLHYIO cliefIKY (B AeHBrax).

HauBonbinee CHIKEHHE TOPIOBOTO CYeTa 33
OTHAENBHYIO ¢nenky (%), ;

OTHOLIEHHE cpeHeli NpHOBLIH BBIMTPEBIITHBIY
CIHENOK K cpeanemy yObITKY MPOMIPHILTHbIX
CIIEJIOK.

Obmras cymMMa yIlageHHOH KOMUCCHH,

[oxasameny, xapakmepuayioujue curupsItibe COCTKH,

win trades
win trades %
win amount

avg net win
stdev net win
max net win

avg % win

stdev % win
max % win
avg bars win
stdev bars win
max bars win

max consecutive wins

KonnuecTBo BEIMTPEBIMIHBIX CASTOK.
TIpoueHT BEIMIPHIIHEIX CIEIOK.
O6was npudbUTE BCEX BEIMTPBIIHBIX CACI0K.

Cpennsas npuGbUTb BRIUTPHIIHBIX CAEIOK (B
HEeHBrax).

CpenHexkBapaTHYHOE OTKIOHEHHE NpUOLITH
BBIMTPBIHBIX CACJIOK (B AEHBIax).

MakcumaskHas IPHOBITL BLIMFPBILIHOI Caes-
KU (B I€HBIax).

Cpennas npuGbUThL BEIMIPHILHAIX caemok (%6).

CpeanexsapaTHYHOS OTKIOHEHHE IPUOLLUIH
BBIMIPBILIHAIX caenok (%).

MakcumanpHas DpuBbLIL BEIHTPBILIHON CAe-
kH (%).

Cpeﬂﬂﬂﬂ [POACJ/DKHTESILHOCTE BEIMTPBILIHBIX
crienok (B Hapax).

CpenHexBanpaTHIHOE OTKIOHEHHE [PONOITHKH-
TENBHOCTH BEIMIPBIIIHEIX C/e0K (B Oapax).

MaxkenManbHas MpOAOIKATEIBHOCTE BbIHT-
PBILIHOH cienkH (B Hapax).

Haun6Gonsinee KoIMYeCTBO BBIHIPBIIIHbIX CAE-
JIOK, CJIe[IOBABLIMX OHA 3a APYrOH.

Horxasamenu, xapakmepusyiouie npoUsPsIIBLE COLIKIL

loss trades

Kosn4ecTRO NPOUTPHILIHEIX CACIOK.
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loss trades %
loss amount

avg net loss
stdev net loss
max net loss

avg % loss

stdev % loss
max % loss
avg bars loss

stdev bars loss

max bars loss

max consecutive losses

[TpoLeHT MPOMIPBIIHBIX CAETOK.
O0LMHA yOBITOK BCEX NPOUTPLILLIHLIX CASTOK.

Cpennuii yORITOK MPOUIPEILIHBIX CASTOK (B
JIeHbrax).

CpeaneKBaapaTHYHOE OTKIOHEHHE yOBITKA
NPOMIPLIIHEIX CHEJ0K (B ACHBIaX).

MakcuMaTbHbIH YOBITOK IPOHTPEIIIHOMN clen-
KH (B €Hbrax).

CpenHuit yOBITOK NPOUIpLILIHEIX caesok (%).

CpefHer3apaTHYHOE OTKIOHEHHE yOBITKA
NPOUTPLILIHEIX caenok (%o).

MakcuManbHbli yOBITOK MPOMTPBILIHOR CIET-
Ku (%).

CpenHsas NpoRoIIKNTENBHOCTE TPOHTPBILIHBIX
cpenox (B Dapax).

CpenHekBaIpaTHIHOE OTKIOHEHHE MPOAOT-
JKMTEJILHOCTH IPOHIPBILIHEIX CAENOK (B Oa-
pax).

MakcumanbHas NPOAOIKHTENBHOCTE IPOHT-
PBITHOM cienkH (B Gapax).

HauGouneLiee KOJMUECTRBO NPOUTPHILIHBIX
CIENIOK, ce/IOBaBUIMX OZIHA 3a APYTO#.

Hoxazamenu, xapaxmepusyowue 3¢hghexmusnocme cOenok.

avg enter efficiency

stdev enter efficiency

avg exit efficiency

stdev exit efficiency

avg trade efficiency

stdev trade efficiency

Cpennss 3¢ QeKTHBHOCT OTKPBITHS TO3HIIMH.

CpenHexBaapaTHUHOS OTKIOHEHHE 3 dek-
THBHOCTH OTKPBITHS MO3HLIHH.

Cpennsst 3 QeKTHBHOCTS 3aKPBITHS O3ULIHH,

CpenHexBaapaTUYHOE OTKIOHEHHE 3(hhek-
THBHOCTH 3AKPbITHA [103HLHH.

Cpennss 2 heKTHRHOCTE CIETOK.

CpeaHexBalparnuHoe oTknoHenue ahdex-
THBHOCTH C/IEJIOK.
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T ——
Ipuseniem HekoTOpbie hOPMYITBI IS BLIMUCTEHHS TIOKA3ATE el Me-
XaHHYCCKOH TOProBOi CHCTEMBI:

- INoKa3aTejid J0X0AHOCTH CHCTBJ\;’U:IZ
total trades

total net profit=" net profit (i)

total trades

total % profit = l_[ (1+% profit (i) -1
i=1 .
total % profit in year = (1+total % profit)™"™" “* _

- CpeaHee 3HdAYEeHHEe U C.K.0. A0X00a CAelloK (B ,uehi:rax)
total trades

e net profit (i)
total trades ;

stdev net profit =

avg net profit =

1 total trades

= e— (net profit (i)—avg net profit )
total trades—1 ; )

- CpeJHee 3HaYEHME H C.K.0. J0X0/a cienok (B %)

iotal Trades 1/ toral trades
avg % profit = H(l +% profit (i)) ST
1 tofal trades
XD s In({l + % t -1
H oral trades ; (1% profit ()

stdev % profit = (1+avg % profir) x

1 total trades ln(] +% profir (I)) b1
total trades—1 = | —In(1+avg % profit)

E Cpe€iHee 3HAYCHHE U C.K.O. HAHOONBIIIX CHHKCHUMH 'I‘OpI‘OBOFO

cyeta (B AEHBrax)
tatal trades

Z net drawdown (i) ‘

avg net drawdown = ———
total trades 5
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stdevnet drawdown=

1 total trades

| Z (net drawdown(i) — avg net drawdown)”
tofal trades—1 5

- CpemHee 3HAUYCHHE W C.K.0. HaHOONBLIMX CHHXXEHHH TOProBOTO
cyera (B %)

roldlitrodss ! V/1atal trades
avg % drawdown= H (l +% drawdown (i)) ~1=
i=1
1 toral irades k
=expl ——— In{l + % drawdown(i)) -1
total trades ; ( i ( ))
stdev % drawdown = (1+ avg % drawdown) x
1 total trades 11’1(} 4= % drawdown([')) Al
total trades—1 <= | —In(l + avg % drawdown)

[loxazarenn MTC, XapakTepH3yIOILIHE TOIEKO MPHOBIMEHLIE U TOJb-
KO YOBITOUHBIE CIGIKH, BRIYMCISIOTCS AHAOTHYHBIM 0DpazoM.

13.10. MaTemaTHveckoe OXKHAAHHE 10X0Aa CAJIKH.

* Baxneiimum mokazaresiem, xapal{'repmy}o(mnm kauecrso MTC,
SABIAETCH MaTeMaTHYECKOe 0XKW/IaHie N0X0/1a OTASNBHOH cienku, Y
NPUOBUIEHON CHCTEMBI OTa BellidnHa 00blie Hyns. 3a1a4a COCTOUT
B TOM, 4TOOBI 10 BEIOOPKE CAEJIOK ONEHHTh MAaTEeMaTH4eCKOe O)Ku-
JlaHue T0XO0Aa M yOeaguThCH B TOM, UTO MONYYEHHas OLEHKa [1010MKH-
TeJIbHA M 3HAYHMMO OTIMYASTCA OT HY/s. BeibopkaMu ciy4alHbIX Be-
JHYKUH, HA OCHOBE KOTOPBIX MOXKHO PAcCHHTATh BBEIOOPOYHYIO Cpeji-
HIOI0 U BEIDOPOYHOE C.K.0. SBIIOTCS:

- B JICHEKHOM BBIPD&KEHUH el profit,

- B nponenrax % profit.

ByneM cuuTaTh, HTO BEIM4HMHA TOPTOBOTO CHETA HE MOMKET yHacThb
ke Hyms. CrnemoeaTenbHo YOLITOK MO CHENKe HE MOKeT OBITh
MeHblle TOPrOBOTO cvera Mepej NpoeefaeHHeM caenku. C apyroi
CTOPOHBL, NPHOBITE MO cleNKe MOXKeT OBITH HeorpaHuyeHo 6oiib-
1i0i. 3HAYUT MAOTHOCTh BEPOSTHOCTH JOXOJA M B ACHEIHOM H B
NPOLEHTHOM BEIPAYKEHHM UMEET MOJIOKHTENEHYK ACHMMETPHIO.
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JUist TPOBEPKK THIIOTE3b! O BEJMYMHE MATEMATHYUECKOTO OMKHIAAHMS
J0X0/1a OTZCNEHOMN CAENKH NpaBuilbHee OyeT NepeiTh k cayuaiinoii
senmunne x = In(l+ % profit) .

[Tycts crydaiiHas BeqMuMHA X MMEET MATEMATHUYECKOE OWHJia-
HHE £ W TeHepaibHYIO aucnepcio o~ . OUeHKAMH MaTeMarite-
CKOrO OXUJAHHS H AMCIEPCHH N0 BeIGOPKe (X;,X;,....X,) Gyxyr
BeIOOpOYHaAs cpe/iHaA U BRIOOPOYHAs JMCNIePCHS:
=5 [ ' —2 | X i)

X=—>x o =——> (- X)
N k *
k=1 N_ k=1
rae N = total trades .

[Tpu poctatouro GONBIIOM YHCTIE CACNOK JOBEPHTEILHEIN HHTEpPBA
VIS [4, XApaKTEpH3YIOWIHICA NOBEPHTENBHOH BEPOATHOCTHIO P,
3a/1aeTcs B BUIE!

—_— 0’ g A—
X—tl_q,z'vﬁs;z SX'F{I

raev.=N-1,g=1-P.

o

—qi2.% Jﬁ

I'unoresa o TOM, UTO OIEHKAa MaTeMaTHHECKOro OX<uJaHud aoxoaa
OTHENBHOMN Cllelikn GObILe HYIS GOPMYIHPYETCH B BUJIE:

Hy: X=0
H X>0
[IpoBepka noAOOHEIX rUMOTE3 IIOAPOOHO PaccMOTPeHa PAHEE B ITOMH
kHure. Jlng Oonee OKeCTKOM MPOBEPKH THIOTE3bl BBIOOPKY
(XX ,00.y Xy ) YCEKAIOT CTIPaBa, TO €CTh W3 HEE UCKITIOUAIOT 3HAYE-
HUSI, TIPEBOCXOAALLME IPABYIO TPAHHLY JOBEPUTENBHOIO HHTEPBATIA,

110C/Ie Yero MepecydTHIBAIOT BEHYHHLL X U O .

[1pu u3y4eHHH MATEMATHYECKOTO OXKHAAHHSA J0X02 OT/EJIbHOH
CHIENKH IMONEe3HO PacCMOTPETh BOMPOC O TOM, YTO ONpene/ser 3Ty
BeNW4MHY. BepHeMcs K GopMyne Juis BEIYHCTEHHS CpejHero 3Hade-
HUS JOXONA CHEIOK:

total trades

g '

avg net profit = —— net profit (i
& 4 total trades ; profit ()

Sty (opMyny MOMXKHO 3aMHCATL B APYTOM BUJE, pa3enuB CASIKY Ha

npUOBLILHEIE U YORITOUYHEIE:
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avg net profit =
win trades x avg net win—loss trades x| avg net loss |
W total trades

Tax kak

win trades :
= win trades %o

total trades

M = loss trades % =1 — win trades %

total trades
TO
avg net profit = win trades % x avg net win —

—(1—win trades %)x | avg net loss |

W13 mocnenreil GopMylibl clefyer, YTo CHCTEeMa MOMKET ObiTh MpH-
ObLIBLHON MHOO 3a CHET YRETHYEHH NPOLEHTa MPUOBUIBHBIX C/EIIOK,
adb0 3a cYeT yBeJMYEeHHS OTHOLIEHHS cpeaHell npuObuM BBIMI-
DBILIHBIX CHENOK K CpeAHeMy YOBITKY MPOHTPBILIHBIX CAEJTOK. VY
nprOBIIEHOM CHCTEMBI CpPEHEE 3HAYCHHE 0X0a OoNblle HYs, TO
eCTh OTHOLUEHHE cpejHel NpuOLUIH BBEIMIPBILIHBIX CAENOK K Cpejl-
HeMy YOBITKY NPOMIPHILIHBIX CAEAOK COOTHOCHTCA € MpPOLEHTOM
BBIMTPBIMHLIX CAETOK CIIEAYIOHM 06pa30M:

| avg net loss |

win trades % > :
avg net win + | avg net loss |

HJIH
avg net win _ | —win trades %

| avg net loss|  win trades %

AHATOTHYHOE COOTHOIIEHHE [UIs MPOLUEHTHBIX MOKa3aTesiell MOXKHO
MOJNYYHTDb, HCNONL3Ys QOPMYJY Ui BBIYHCIEHHA CPEIHEro 3Haue-
HHS TOX0[a caenok B %o:

)
(l +avg % proﬁ[)fﬂlﬂ rades =

win rfrades loss trades

= (1+avg % win) x(1+avg % loss)
U3 3TOr0 BBIP@IKEHHUS CIEYET, HTO
In(l+ avg % profit) = win trades % x In(1 + avg % win)—

—(1—win trades %)x | In(1 + avg % loss) |
Jis npubBITBHOI CHCTEMBI BBITIONMHAETCS YCIIOBNE
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In(l + avg % win) ” 1 - win trades %
| In(1+ avg % loss) | win trades %o

CBsi3b MEXKIY MPOLIEHTOM BBIHTPBIIHBIX CASIOK H OTHOLICHHEM
CpeliHeH NPHOBUTH BBIMTPBINIHBIX CAENOK K CpeaHeMy YOBITKY Mpo-
HTPBIIIHBIX C/IEJIOK MOKHO MPE/CTaBUTEL rpadiyecKy.

10.0 -
8.0 -
6.0 -
4.0 A

2.0 1

avg net win / [avg net loss|

0.0 =T T T
0 0.2 0.4 06 0.8 1
win trades %

- Jlunus Ha rpaduke COOTBETCTBYET CHCTEMAM C HYJIEBOH J0X0/-
HOCTEHO. [TpHOBIILHBIE CHCTEMBI HAXOAATCS BILIE 3TOH TMHHH, MPH-
4eM YeM BBIIe, TeM 0oblile y HUX 3anac NpOYHOCTH, TO ecTh Golb-
me BeposTHOCTh Toro, uro MTC Oyaer npomosmkars ocTaBaThCs
NPHOBIIBHOH B peanbHO TOProgJe.

CooTHoleHHe MeX /1y MPOLEHTOM BLIMIPBLILIHEIX CHETOK H OT-
HOLICHHEM cpefiHell MPHOBUIM BBIMIPBILIHBIX CAEJIOK K CPEIHEMY

yﬁBITKy MTPOHTPERIIITHBIX CACIOK MOXKHO YKECTOUUTE, HCNOJIb3YA 10~
Ka3aTenu pacCesaHus .

avgnet win . | sidevnet win avg net winx stdev net loss
| avg net loss | | avg net loss | | avg net loss |*

- 1 — win trades %
win trades %

rie & - HEOTPHUATEIIBHOE YHCIIO, XAPAKTEPH3YIONIEe 3a11ac IPOHO-
ctd MTC - 4yem Gonblue &, TeM BHIIIE 3amac MPOYHOCTH, Y XOpo-
IHHX CHCTEM [10CIEAHEE HEPABEHCTRO crpaBeamieo mpu & = (0.5.
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13.11. KymynsiTHBHAA KpHBasi JOX0Aa CIE/I0K.

KyMynaraBHas Kpupas AOXOMIA CHAGNOK MOKA3bIBACT W3MCHEHUE
TOProOBOro cyera OT CAenkH K cienke. [Ipu onenke KauecTsa TOpro-
BOH CHCTEMBI [1OJIE3HO W3Y4YHTH 3TY KPHBYIO B MOJyJorapudmude-
ckoM MaciuTabe. Jlis MCKTIOUEHHMA BIMSHUSA BENUYMHBI HauaJIbHBIX
WHBECTULIMH KPHBYIO MOYHO HOpMHpOBaTh. [loc/ie 9Toro momny4eH-
Had' 3aBHCHMOCTE HMCCIELyeTCs C NPHMEHEHHEM PErpecCHOHHOrO
aHanu3a. 3aBMCHMOCTh BEJIHYHHEBI TOPrOBOIO CUETa OT HOMEpA cael-
KH MOJKHO MONY4UTh HEMOCPEACTBEHHO H3 OTYETa O CJIeNIKaX.

Pacemotpum pesyneTatsl paborel MTC, tectipoBanke KOTOpOH
MPOBO/IMIIOCH HA BPEMEHHOM Ps/i¢ LIeH 3aKPBITHA 10 HHAEKCY BIC'B
mepuoy ¢ saeaps 1996 r. no centadps 2002 . 3a 910 Bpems cucTeMa
coBepInuIa 65 cHeloK, TO ecTh 00beM BbIOOPKH paBeH 66: pesyiibTa-
Thl NOCHE 65 CHeNOK + pesyibTaT A0 NEepBOH CAeNKH (HayalbHbie
wHBecTHIMHK). Ha pucyHKe W300pakeH jorapuM SMITHPHUECKOH
HOPMHPOBAHHOW KyMYJATHBHOH KPHBOH I0XOma CAEJIOK (y), nu-

HeHHas anmpokcumaius ( ) u 95%-Hblil 10BepHTEILHBIH HHTEpBAT
JIMHHH PErpeccHy.

6 -

5 4

y = In (exit equity / start equity

0 10 20 30 40 50 60 70
x = trade number

TMoka3zarenem, XapakrepusyroluMm aoxogHocts MTC, seasercs
YTOJT HAKJIOHA JINHUH perpeccry K ocu abeuuce. Yem Bbilie yroi Ha-
KkiIoHa, TeM Gonee goxoasa MTC. Puck MTC xapakrepusyer HeoOb-
SCHEHHAs QHCIEPCHS PACCESHHMS OMITHPUUECKUX JaHHBIX BOKPYT [TH-
HUH perpeccuu. YeM Bbillle HeOOBACHEHHAs JUCTIEPCHS, TeM GonbLue
pa3Bpoc SMIUPHUCCKIX TOUEK, TO eCTh Bhillie PUCK cuctemst. OT-
HOIIEHHE TaHreHca yrijia HakJjioHa JHHHU perpecCHH K BEIWYHHE HE-
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O0BACHEHHOT'O C.K.O. ABJIACTCH CBOJIHBIM IMOKa3aTeliem, xapaKTBpH-
3YHOIUIHUM W JOXOAHOCTh H PHCK CHCTEMBI.

KyMYI‘IS{THBHaﬁ KpHBasa A0X04a CLHCJIOK NOKa3bIBAET H3MEHeH1e
TOProBoro cUeTa OT CACIKH K CEIKE. ll.ﬂﬂ aHalli3a MMOBeJIeHLS cyeTa
80-8peMeERY MCITONIB3YIOT crpynnnpoaanﬂmﬁ OTHET O BEIHYMHe Top-
roBoro cyerta. H3yqeuue MOBE/IEHHS CHETA IO YKPYITHEHHBIM nepgo-
JlaM BpEMEHH MONHOCTBIO aHANOTHMYHO HM3YYECHHIO KYMYTATHBHOMN
KPHBOH 10x0/1a cjenok. JIns ToH jke MexaHHH4eCKOH cucTeme: ua pH-
CYHKe M300paXkeH Jorapudm 3MMUPHYECKOH HODMHPOBAHHOH Bejy-
YHHBI TOPIOBOrO CYeTa Ha KOHEI KaK/Oro KRapTala Ha mepuone
TecTHpoBaHuA ( ) ), iuneiinas annpokcumauust ( f ) u 95"{0-1{1,1;71 O~

BEPUTE/IbHLI HHTEPBas NHHMA perpeccuu. Kak mpaBuiio, jig apa-
JIA32 JIAHMK TOPrOBOTO CYeTa BBIOMPAKOTCS MECAYHbIE HIM KBap-
TaJIbHBIE JaHHbIE. :

o
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g 5

§ 4

2

B

=1

g o
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O L] T L] T T L] 1
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13.12. BepoATHOCTh NOJYYEHHS YOLITKA B CEPHH MOCJ€10Ba-
TeJLHBIX Ce/I0K.

B stom naparpade Oyner 1noka3ano, Kak Ha OCHOBaHHK 10Ka32-
Tenelt MTC OueHuThL BEPOSTHOCT NOJIyueHNS YOBITKA B cepHil 10-
CIIelOBaTeNBHLIX CAEIIOK.

JIns ympoIEeHHOro pacyera BepOsTHOCTH YOBITKA HCMOJL3YeM
TpH nokazartens MTC, kotopble IPUBEIEHEl B CROAHOM OTUETE:
win trades % - TPOUEHT NPHOBLILHBIX CAETIOK CHCTEMEI,

avg Y%win - cpenuss BejuurHa Beiurpeina (%),
avg %loss - cpemHaAs BenuuHHA pourpeima (%).
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Beenem obosnadeHus:

N - 3ajaHHas JIMHA CEPHH CIENOK,

71 - KOJIMYECTBO BBIUTPBILIHLIX CACOK B CEPHH,

(N —n) - KONTHYECTBO MPOUTPBILLIHBIX CACIOK B CEPHH,
P - BEPOATHOCTS BBIMIpsILIa ( p = win trades %),
total %o profit - HOXOJ 110 HTOraM CEpUM CAEIOK.

Bynem mpuONM)KEHHO CUMTATh, YTO BCE BBLIMIPHILIHEIE CAGTKH
OyayT NPUHOCHTH OAMHAKOBEIN HOXOx avg Yewin, a Bece MPOWT-
PBILIHBIE  CAEAKH OyoyT UPUHOCHTH OJMHAKOBHIH  YOBITOK
avg %loss . Torpa, ecnu 3aaHO KOMHYECTBO CACJIOK M BEpOST-

HOCTh BBIMIPBILIA, TO AOXOJ ABIAETCS (yHKIHell OT 4Hcna BBIMI-
PBILIHBIX CASIOK H PABEH J
total % profit (n) = (1 + avg Yewin)" x (1-| avg %loss )" -1
BepoﬁTHOCTb MOABJIEHUA B CEPUH Onpe,lleJIEHHOFO YHCIa BBIKI-
PBIIIHBIX CAETIOK OITHCBIBAETCA 6HHOMHaﬂbelM pacnpeaciIcHUEM:

Pr‘ob(n)szp”(l-p)N—" =T e s
n! (N —n)!

Komu4ecTBo BCeX BO3MOMNKHBIX KOMOMHAUMH YHCIa BBIMIPBILI-
HBIX M YHCIIA TIPOUTPHILHALIX CHENOK B cepuu mmHoit N Oyzer
pasHO N + 1. Jlnst Bcex aTux KOMOMHAINH HEOOXOIUMO PAaCCHHMTATh
BeNM4KHY Aoxona fotal % profit(n) M cooTBETCTBYIOLLYIO €ii Bepo-
sithocts Prob(n) . Torga BeposiTHOCTE YOBITKA MOXKHO HAHTH Kak:

N
Prob loss = ZProb(n)

n=0
[¢ COOTBETCTBYIOLIEE ClaraeMoe BXOJHUT B CYMMY MpH YCIQBHH,
yro total Yeprofit(n) <0.

ITpuBesieM IpHMEpP TAKOTO pacueTa JUls TOPTOBOH CHCTEMBI MpH
JUIMHE CEpUH MocnefoBaTeNbHbIX caenok paHoit N =20. IMycts
BEJTHYMHA M0Ka3aTesieil CHCTEMBI COCTABIAET
p = win trades % = 45%
avg %win = 8% avg %loss = —5%

OTa CHCTEMa HMMEET MNOJIOKHTENBRHOE MaTeMaTHYECKOe O)KHIAaHUE
JlOX0J1a B PACYETE HA OJHY CHENKY

avg Yo profit = (1+avg Y%win)” x (1- | avg Y%loss )" -1
198
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—
avg % profit = 0.64% ’

B npuBesentol Himke Tabiikue CONEPKATCS BCE BOIMOMKHpbE KOM-
OMHALMK “MCIa BHIMIPBHIUHBIX H YMCAA TIPOMIPBIHEX c.ue.rloKs”ﬁ
TAKKEe COOTBETCTBYIOLIHE STHM KOMOHHAIMAM BeTny i, :

Joxoaa mno
HTOraM CEpHH CHENOK U BEPOSITHOCTH. h
n (N-n) total % profit Prob Pronile
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 TSt -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%
HTOIo 100% 25%

B pesynbTaTe Nojy4aeM, YTO BEPOATHOCTh yOBITKA B CEPUH CASIOK
Prob loss = 25%.

B nanHoM cityuae cHcTeMa C MOJNIOKUTENLHEIM MaTeMaTHYECKAM
OKHIaHHEM ,noxona‘nocrie JOCTATOYHO AJMHHON cepHM CACNOK €
BeposTHOCTEIO 25% npuHeceT yObITOK. MokHO npuBectd Apyrue
MpUMepkl, TAe MTC.}Q OTPULATENIbHbIM MaTeMaTHYECKHM OyKHaH -
€M TIOCIIe CEpHH CHENOK C IOCTATOMHO BBICOKOH BEPOSTHOCTEIO MPH-
HOCHT TpHObITE. To ecTh mpu OGHpKEBOM TOproBie B cHily ecTeCT-
BEHHBIX 3aKOHOB CTATHCTMKU [PABUJILHBIE pelleHus He Bcerad €O~
NPOBOKAAIOTCSA NPUOLLILIO, 8 HEMPaBHIIBHBIE - YOLITKOM.
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CﬂenyeT [IOMHHTB, YTO MNPHUBEACHHAA BBIIIE OLEHKA BEPOATHO-

CTH yﬁblTKa MOCJIE CEPHH CACIIOK CTPOUIACE HA TOM, YTO BCE BbLIMI- ,

PLILIHBIE CHEJIKKM IPHHOCAT OJMHAKOBHIH fAoxon avg Yowin, a Bce
MPOUTPHILIHBIE CCIKH NPUHOCAT OMHAKOBEIN YObITOK ave Yoloss .

D10 4BIAETCA AOCTATOYHO IPYOBIM NpPHOTHXKEHHEM, KOTOpOe He
YYUTBIBAET pa3dpoc pe3ynbTaTtoB KOHKPETHOH cuenku, bBosee To4-
Hasg OLCHKa BePOATHOCTH yﬁbmca ocnoaéma Ha MHOTOKpPaTHOM 4YHC-
JIECHHOM MOJICIIHPOBaHHH PE3YJILTATOB CepHH CHOEIOK MO METOOY
Moure-Kapno. [Ipunnunuansias cxema TaKOTO alropuTMa HMeEeT
BHI:

1) 3ausaHue BXOAHBIX NaHHBIX

1.1) M3 oTueTa o caenkax MaccHB 3HAYCHUI MOXO/0B CIENTOK
{Yoprofit(k)}
k =1,...,total trades

1.2) Konuuecrso poseirpeiiieii M (uem Golibilie poO3LICPLIIE,
TE€M J0CTOBEPHEE Pe3yJIbTAT).

1.3) Jnuna cepun caesnox IV .

2) Beuncnenne senomorarensHoro maccusa {x(k)}

x(k) = In(1 + % profit(k))
k =1,....total trades

3) Bruncnenue B TabIMYHOM BUJE THCTONPAMMEI IUIOTHOCTH BEPOAT-
HOCTH 3HAYSHWi BenMuuibl X (METOAMKA 'MOAPOOHO M3JIIOKeHa B
riase 6).

4) BpluucneHue B TAOIMYHOM BHIE MHTErpansHON (QYHKUHH pacmpe-
NeNeHHs 3HAYEHWH BENMMMHBI X HA OCHOBAHHH TONYUEHHON B
NpPenbIAYLIEM MYHKTE FTHCTOIPAMMBIL.

5) 3BajaeM crTapToBOe 3HAYEHHE HOMepa TEKYIIEro pO3BITPHIIIA
m=0. ‘

6) 3amaeM cTapTOBbIE 3HAYEHMS KONMYECTBA PO3BITPBILEH, NPHBOIA-
umx K yéuitky N loss =0

]

7) Homep Texymiero possirpsia 71 = m + 1
8) IlpoBoauM OTAeNbHBIH PO3BITPHILT PE3Y/IBTATOB CIEIOK!
8.1) enepupyemM HaGop CaydalHBIX YHcen B konudecTse N , pas-
HOMEPHO pacnpeneneHHbIX B HHTepBane ot 0 fo 1.
8.2) W3 paBHOMEPHO pacrnpele/ieHHOro Habopa cTyHaiHbIX YHCeN ¢
MOMOIIBI0 TONYYEHHOH Ha 1mare 4 MHTerpaibHol (yHKuun
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ToyuaeM Habop cilydalHBIX YHCENl, PACTPEICTeHHbIX KaK Be-
swunna X . Obosnauum stor Habop kak {y(i)}, i=1...,N.

8.3) Haxonum cymMMy MaccHBa cliydaliHbix Qucen V

8= 0

8.4) Haxommum Tekyllee 3HAYEHHE KOJIMYECTBA PO3BIIPLILIEH, MpU-
BOOALUUX K YOBITKY:
ecim S £0,70 N loss = N loss +1
9) Ecmm HOMep TeKyIEeTo po3bIIphila A7 MeHBLIE, YeM obiiee uncio
poseirpeitieit M , To mepexomum Ha ar 7.
10) Ilociie TOro, KaK CHENAHEI BCe PO3BITPLULY (TO €CTh M = M ), BbI-
HHCISEeM BepOATHOCTE YOBITKA

Prob loss = Mi

13.13. BeposTHOCTH PpPa30peHHA B CEPHH MNOCHEIOBRATENLHBLIX
CIEIoK.

BepoATHOCTE pa3opeHus - 3TO BEPOSTHOCTh TOTO, HYTO B CEPHH
NOC/IEN0BATENBHBIX CAEN0K Mo curHaiam MTC penuyunHa yOBITKOB B
CHILY €CTECTBEHHBIX 3aKOHOB CTATHCTHMKH MPEBLICHT 3apaHee 3ajaH-
HOE KPUTHYECKOE 3HAYeHUe. DTO MOXKET NPUBECTH K OCTAHOBKE TOP-
rOBIH W OIKMOOYHOMY OTKa3y OT Ha caMoM aene npubsiisHol MTC.,

AHATMTHYECKHIT pacueT BEpOATHOCTH pPa3OpeHHs CBA3aH €O
3HAYUTENBHBIME TPYAHOCTSMH BBUAY TOTO, YTO MOMY4eHHE KPUTH-
HeCKOTO yOBITKA 3aBHCUT HE TOJIBKO OT I0Kasateneil cucrtemsl (1po-
HeHTa MPUOBILHBIX CAENOK, CpeJHeH BelIHUHHLI BBIMTPEIIA, Cpej-
Hell BeIMYMHBI [POUIPbIILA), HO H OT 049epeHOCTH NPHOBITBHBIX H
yOBITOUHBIX clenok. B pedynprate HebmarompusTHOH MOCIEI0Ba-
TEJIBHOCTH CAEIOK MpH paboTe ¢ NpUOBINEHOH CHCTEMOH pasopeHne
MOXKET HACTYIMTE PaHbllle, YeM CHCTEMA JIOKAKET CBOE CTATUCTHYE-
CKOE NPEeUMYILECTRO.

Tak Kak KPUTHYECCKHIH YOBITOK MOMET ObITh MOMYYEH A0 OKOH-
YaHHS CepHH CJeNIOK, TO aHAIIMTHYECKHI pacyeT BEPOATHOCTH Pa3o-
peHHsl TPHBOAMT K HEOOXOMUMOCTH yYeTa HE TOJBKO BCEX BO3MOMK-
HBIX COYETAHMI YMCIa NPUOLLIBHBIX M YHCIa YOBITOUHBIX CACIOK B
CepHUM, HO M aHalM3y AJIs KOKIOr0 TAKOTO COMETaHHs BCEX BO3MONK-
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HbBIX MOC/IEN0BATENLHOCTER CAeNOK. DTO BECEMA TPYIOeMKas 3a1aia,
OCOOEHHO 715 TUTMHHBIX CEePHIA.

B paHHOM ciydae BBIYHCTEHME BEpPOATHOCTH PA30pPEeHUs ropas-
JIO TPOLIe MOKHO TIPOBECTH YHCIIEHHO MYTEM MHOIOKPATHOTO MOJIe-
JIMpOBAaHUS pe3yJIbTATOB CepuH caesok mo merony. Monre-Kapno.
3103MM NPHHUMITHAILHYIO CXeMY AlNTOPHTMA!

1) 3aganue BXOOHBIX TaHHEBIX
1.1)H3 oTuera 0 caenkax MacCHB 3HAYMEHMI 10XO/I0B COEIOK

{%oprofi(k)}
k =1....,total trades
1.2)Konuuecrso poseirpsieit M (yem Goiblile po3sirphinei, rem
JIOCTOBEPHEE Pe3yIIBTaT).
1.3) Tnuna cepuu caesok N .
1.4)Kpuruueckoe 3uauenue yobirka %o max loss .

2) Boiukcenne BenoMoratensHoro maccusa {x(k)}
x(k) = In(1 + % profit(k))
k =1,...,total trades
3) Beuucnenue B TAGIMIHOM BHAE MMCTOIPAMMEBIl ILIOTHOCTH BEPOAT-

HOCTH 3HAYEHMI BelMYHHBI X (METOAHKA MOIPODHO H3NOKEHA B
.+ rnase 6).

4) BruucneHue B TAOMMYHOM BHIE MHTErpaibHO (DYHKUMH pacipe-
JCNEHWs] 3UAYCHHIN BEHYUHBI X HA OCHOBAHWM FOIYYEHHOH B
TpebIIyLieM MyHKTe THCTOrPAMMBI.

5) 3Bamacm CTaproOBOE 3HAUEHWE HOMEpa TEeKYLIEro po3sIrphillia
m=0.

6) 3agaeM CTAPTOBBIE 3HAYSHMA KOJMHECTBA PO3LICPBILEH, NpUBOIA-
wux K pazopenuro N max loss =0

7) Homep TeKywiero posirpsia m = m +1

&) TIlposonnm OTHENBLHBIN PO3LITPLILI PE3YJILTATOB CENOK:

8.1) l'enepupyeM Habop ciyvaliHbIx uucen B komuuectee N , pas-
HOMEPHO pacupeieneHHsix B untepsasie or 0 go 1.

8.2) M3 paBHOMEpHO pacnpejeneHHOro Habopa caydaliHbIX 9Hcen ¢
MOMOLIBIO NOTyHenHOH Ha ware 4 wATerpasbHOi dyHKIMK Mo-
JTyyaeM HAOOp CIOydalHBIX HHCEN, pAacpeieneHHbIX KaK BesM-
unHa X . OGosnaunm stor Habop kax {y(i)}, i=1,.,N.
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8.3)3anaem craproBoe 3HaueHue cyMMBl (Haﬂ)acm[ommv: HTOTOM)
Maccusa cirydaiiusiX gncen y: S =0 |
8.4)3anaeM craproBoe 3HaueHMe HOMepa CIy4alHOTO umcia u3
maceusa ¥ : i =0
8.5) Homep Tekyluero cayuailHoro unena us ML'CCHBa Vii=i+l
8.6) Haxomnm Tekyiuee 3nauenue CYMMBI MACCHBA CAYUAHHbBIX 4H-
cen y: 8 =S8+ y@)
8.7)I1poBepsem, HACTYIHIO M PasOpeHHe: \
ecmn S < In(1— | % max loss |) |
TO PA3OPEHHE NOCTHTHYTO, MOITOMY HaxcrﬂnM TEKYIIEe 3Hade-
HHUE KOJIHHCCTBA PU3BIIPHILLSH, NPHBOAYIMX K pasoperiio
N max loss = N max loss +1
, M Iepexonum Ha war 7. |
8.8)Eciu nomep rekymero cayuaiinoro umena [ MeHBIle, yem
amaHa cepur N, TO nepexoaum Ha mar 8.5. B MPOTUBHOM
Cayvae Nnepexonum Ha mmar 9. |
9) Ecim HOMep Texyluero possirpsima 7 MeHmlue, uem oblee qncﬁo
possirpeitneit M |, o nepexoaum na urar 7.

. 10) Tlocne Toro, kak caeranbl Bce PO3BIPBILIH (1}0 ects m=M ), BBI-

YHCJ/IAEM BEPOATHOCTH PasopeHus
N max loss |
M

Prob max loss =
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14. YIIPABJIEHHME KATIMTAJIOM

14.1. Beenenmne.

VYnpaBiaeHHe KamuTaloM - 9T0 Habop NpaBuil, OMpeAe/stoLuX
00BbeM OTKpbIBAEMbIX MO3HLIHH B MOMEHT [OCTYIJIEHHS COOTBETCT-
BYIOILIMX CHIHAJIOB OT MEXaHW4ecKoi ToproBoii cucrembl. Tak kak
METOJT YIPAB/eH sl KAaluTAIOM HEMOCPeACTEEHHO BIAMUAET HA JIMHA-
MUKY TOPrOBOTO CHeTa, TO [IPH €ro BhIDOpPE HYXKHO HYEeTKO orpele-
JINTh CBOW HHBECTHIIHOHHBIE LIEH.

Texuuveckn 3aaya CBOJUTCH K TOMY, 4T0ObI 33aTh TaKoif an-
TOPUTM BBIMMCIIEHUS A0 YYACTBYHOLIErO B KOHKPETHOH ClIeNKe Ka-
MATaNA, YTO0BI MAKCMMHW3UPOBATE OAHH U3 [I0KA3aTENeN JMHAMHKH
TOProBOroO cHeTa. ITUMHU 110Ka3aTeNsiMH MOTYT OBITh CpenHuil 10X0
Ha OFHY CHENKY, COOTHOLIEHHE J0XOAa M PHCKA CAENOK, CpelHHH
MPUPOCT TOPTOBOTO CYETA N0 (PUKCHPOBAHHBIM MPOMEKYTKAM Bpe-
MEHH (HanmpuMep Mo Mecsiiam) i ..

Kax u Topropas cucrema, METO/ YIPABISHUsS KanHTaIoM A0J-
JkeH OBITE TIIATENBHBIM 0OpasoM npotectupoBad. [Ipu sTom Tpebo-
BAHUS K HEMY CXOXKH C TpeDOBaHUAME K TOPTOBOi cHCTEME:

- HeQoJblIOe KONHYECTBO ONTUMH3HPYEMBIX TapaMeTpoB,

- YCTOHYMBOCTE B 00ACTH ONTHMANBEHOCTH MAPaMETPOB,

- JIOJKHO CYHIECTBOBATEL MO KpaifHell Mepe HEeCKONbKO aKTHBOB,
Ha KOTOPBIX COBOKYMHOCTb M3 TOPrOBOH CHCTEMbBI H METOId
YIIpaBNeHHs KamHTAIOM HMEET YIOBIETBOPHTENBHEIE Pe3yJIbTa-
Tb1 0€3 MOBTOPHOM ONTHMHU3ALMH.

14.2. Orpanuyenne cyMMb! yOBITKA B CIEIKE.

nyCTL TOProBas cucTeMa aaja CUrdall O NOKYINKe aKTHBA M0 Le-
HE enler price , NIpUHYEeM BelIHYMHA PUCKA MO CACJIKE COCTABJISIET

Yorisk , TO ecTb B Ciyyae ABHXKEHWs [POTHB OTKPBHITOH MO3MLKHH
clIeIKa JJOJKHA OBITh 3aKphITa 110 LeHE
exil price = enter price x (1 - %risk) .

PaccMOTpHM BOIPOC O TOM, Kak BRIOpPATE OO YHaCTBYIOLIETO
B CIIEeNKe KanuTana Takum oOpas3om, 4ToGsl B cnydae HeDnaronpusr-

HOTO Pa3BHUTHA CHUTyalMH YOBITOK He [PEeBBICHI 3apaHee 3a[aHHoro

3HadeHns. PasMep Kamurtana A0 M [OCIHE NPOUTPBIUIHON CHENKH K
BEJIMYHHA MaKCHManbHOTO YObITKA (B AeHbrax) CBS3aHBl COOTHOLIE-
HUEM
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max net loss = exit equity —enler equity

O603HaYUM KaK @ JAOMI0 YYacTBYIOUIEro B CJHEJKE KamuTana,
npuueM 0 <o <. Torna KonM4ecTBO MOKYNAaeMBIX HEHHBIX Oymar
(70TOB) paBHO

o X enterequi
volume = quiy

enter pricex (1 +%comission)
[locne 3aKPBITUA CHACJIKH BEJIHYMHA KalmuTala 6yﬂeT paBHa

-exit equity‘: (1—-a)xenterequity +

+ exit price x (1 — % comission) x volume

. INoxacTasnas B nociennion GOpMyIV HamcAHHBIE paHee COOTHOMIE-

HHS T10CJIe HECHOMHBIX HPEOGPaSOBaHHﬁ MoIy4aeM BBIPAXKCHHE JITd
JIOJTH YYacTRYIOLIErO B CACIKE KanuTajia . i
il | max net loss | ) 1+ % comission

enter equity  2x% comission + %risk x (1—% comission)
Ipn  onpeneseHHOM  COOTHOIIGHWM  MEeXLY  enler equity,

max netloss w %risk BeraucnenHas mo 3roif Gopmyre BeTHUMHA
& MOXeT okazathes bonwine |. B aToM ciyyae B gaHHo# cpenke

y4acTBYyeT Bech KanmuTan. BrlpakeHue O7is KONHYeCTBa MOKymaeMbIxX
Oymar (T0TOB) UMeeT BHJ

o x enterequity

volume = [JEJIOE
\ enter price x (1 + % comission)

JlanHelli MeTO YNpaBTEHHS KamMTAlOM MMEET OYeHE TPOCTOl
CMBICIT - OTPAHHYHTE NMPeAeNbHO AOMYCTUMbIH YOBITOK M0 KOHKPET-
HOH cJleflke He OrpaHMYHBAas MPH STOM BO3MOXKHYIO NpHObLUIL. On-
TUMH3AHA METO/a TIPOBOJMTCS 110 BEJIMYMHE NPEISIIbHO JTOMYCTH-
Moro yObiTka max net loss .

OCHOBHBIM HEJIOCTATKOM 3TOT0 METOJia ABIAETCS OTCYTCTBHE
ajanTalMy K TeKyllel BeTu4yuHe TOprosoro cuera. [Ipy cyinecTBeH-
HOM H3MCHCHMH KalMTAAa OTHOCHTENBHO HAYANBHBIX MHBECTHIMI
BEHYHHY NPEAEIBbHO NOMYCTUMOro YOBITKA HYKHO NepecMaTpuBaTh
W 3aHOBO OIITHMH3HPOBATH.

14.3. Orpanngenne npouenta yorITKa B CACIKe.

B 0oTIMYHME OT PacCMOTPEHHOTO B NpeablaylleM naparpade, Me-
TOJI pUCKa (PUKCHPOBAHHBIM MPOLEHTOM KANMTANA B KaXIOM clelke
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ABTOMAaTHYECKH alanTHPYETCd K Tekymeﬂ BEJIMYHUHE TOProBOro cye-
Ta.

Pasmep kanutana 10 U NOCHE NPOUTPHILLIHOA CACIKH W BEIHYH-
Ha MakCHManbHOTO YObiTKA (B %0) CBA3AHBI COOTHOLIEHUEM

exil equity :

max % loss = 1

enter equity

[MpoBens BeIKIANKH, aHATOTHYHbIE CAEJAHHEIM B MPEIBIAYIIEM I1a-
parpadie, MOXKHO NOJYUHTH BbIPDKEHHE AId HOJH YUACTBYHOIIETO B
cliesIKe Karlurana -

1 + % comission

- & =| max%loss | x — - —
2 x % comission + %risk x (1—% comission)

Ilpu ompefieneHHOM COOTHOUIEHHU Mexay maxY%loss n Yorisk
BLIYHCIIEHHAs 110 3TOH (OpMy/ie BeJHYHHA & MOMKET OKa3aThCs
Gonblie 1. B 3ToM cay4ae B IaHHOW CHENKE YHACTBYET BECh Kallu-

Tan. BeipaxeHue 118 KOIMYecTBa MoKymaeMblx Oymar (J10ToB) wMe-
€T BU]L

volume = I[[EJIO & x enterequity

enter price x (1+ % comission)

O10T METOJ NO3BOAET ABTOMATHYECKH PEMHBECTHPOBATH IMPH-
Ob11b BuIMrpeiHOi MTC. C npyroii ¢TOpoHsl, B Cilydae TOnajaHus
B 10s10Cy yOBITOUHOCTH, BeIMYNHA MPEeNbHO JONYCTHMBIX MOTEPD

B JICHEKHOM BBIPAKEHUH TOCTOSHHO YMEHBLUASTCS TOCHE Kawmaoi |

NPOUTPLIIHON CASKH.

14.4. Maxcumu3anusa cpeaned Beuuynuel foxona MTC.

PacemoTpum (opMmydy IS BBIMHCIEHHS CPEAHEro 3HaueHHs
noxoza caenok (B %) ans ciaydas, Korfa B KaxI0H clelke yqacTsy-
€T BECh KanmHTa:

total itrades Vitoral trades

avg Y profit = H(] + % profit (i)) -1

i=l
Ecnu B KaI0H CHeNKe y4acTBYET TOJNBKO [0/ Kanurtana & , IpH-
yem 0 <o <1, uoTa 10N OJMHAKOBA A7 BCEX CALTOK, TO

fo,ra‘f trades A/ total trades

avg % profit (a) = H(l +a x % profit (1)) il

i=]
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B OoTAeqBHBIX CNyHasx BbIGOPOM COOTBETCTBYIOIIENO 3HAYEHHS
MOXHO MakCHMH3HPOBaTh BETMUHHY avg Yo profit (¢r) tak, 4106wl

avg Yoprofit () > avg % profit .

B obuiem ciydae IS MPOM3BOIBHOM MOCIEA0BATEIBHOCTH COEIOK
3ajava pelaercs YHCIeHHO MyTeM mepebopa Beex 3HauMeHWM « ¢
Hebonblum warom usmenenus (Hanpumep 0.01). Opnako, Tak Kak
oTa OoIepals A0CTaTOYHO TPYAOeMKa, TO XoTenoch Obl HAlTH Ipo-
CThIE XapaKTEPHCTHKYM TOPTOBBIX CUCTEM, KOTOPBIE ObL ONpenesiu
BO3MOMKHOCTE TakoH ONTHUMHA3ZALHH.

Bepuemes x dopmynie cpeaHero 3HaueHus Aoxoja caenok. Ee
MOMKHO 3amucarth, HCMONL3Ys CPE/IHHE 3HAYECHHMS BBIMIPHIIHBIX H
TIPOUTPBILIHBIX CASIOK, 4 TAKKE TIPOLUEHT BBIMIPHIIIHAIX CHENOK UTA
cmy4as, KOraa B Kax/10H cIielKe yJacTBYeT BECh KarmuTal:
1+avg Y% profit =

win trades % x (1_ )l—wm trades %o

= (1+avg %win) | avg %loss
Byjiem npubnuKeHHO cUuTaTe, 4To
1+avg Y%profit (a) =

I=win trades%

~ (1 +axavg Yowin)"" "% x (1—a x| avg %loss|)
[Mocnenuee PaBEHCTRBO HE ABJSETC CTPOIUM, OJHAKO )11 OHO BI10OJI~

HE MMPUIoAHO AJd OLEHOYHbIX BhIYHCJIEHUH ONTHMANIbHONH BETHYUHEL
.

Beenem dyuxumio S(a) = In(l1+ avg %profit (@)). Tak kax
HATYPAILHBHE  Jlorapu¢m SBISETCHd MOHOTOHHO BO3pacTaloliei
(yHkimeii, To MakcuMyM (GyHKIHH S(&) COOTBETCTBYET MaKCHMY-
my Gyaxuun avg Y% profit (a).
3anuiem S() B ABHOM BHAE:

S (&) = win trades % x In(1 + a x avg Yowin) +

+ (1 —win trades %) x In(l —a x| avg %loss |)

Bo3smeM npoussopHyo S(a) no a :

dS(a) _wintrades%x avg %win (1 —win trades%)x | avg %loss |
da 1+ a x avg %win " 1—ax|avg %loss |

IMpupaBHsB NPOM3BOAHYIO K HYJIH, MONYy4UM (DOPMYITY JUIs BBIUHC-
JIeHHWsT ONTHMAIIEHOTO 3HAa4YEeHUs ¢ (B TOM CIy4ae, ECIH JKCTPEMyM
CYIIECTBYET):
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£ win trades % x avg Yowin — (L —win trades %)x | avg Yloss |
i avg Yewinx | avg %loss |

Tak xak @,, >0 1o win trades % > win trades % min
TIe
| avg %loss |
avg %win +| avg %loss |
Ecnu mocne/iHee HEPaBEHCTBO HE CODMIOAAETCS, TO HKCTPEMyMa He
cymectByer M &,, =0, To ectb no Taxoit MTC TOPrOBATH HEJIb3S.

win trades % min=

Tax kak &, <1, 710 win trades % < win trades % max
rae

y ave Yloss
win trades % max = |ave |

- -(1+avg Y%win)
avg Y%win + | avg %loss |

Ecnu mociesHee HepaBeHCTBO He cOOMIOTASTCsA, TO SKCTPEeMyMa He
CYLIECTBYET U &, = 1, To ects no Tako#i MTC HyXHO TOproBats
BCEM KanmMTaloM B Kaxa0ii caenke.

HPHBC,IICM HECKOJILKO HpHMCpOB pELICHUA 3aJa49Ad OINTHMH3aLUH
noxonHoctu MTC.

Heonmumusupyemas CUCHIEMA ¢ HOLONCUMENbHbIM Mamema-
MHYECKUM OMCUOAHUEM 00X004 :

PesyneTatel TectupoBanusgs MTC:

win trades % = 50% ;

avg Y%win =15% avg %loss = —10%

Heontumusuposanuas npuobib HA CENKY:

avg Y% profit =1.73%

["panniel 00IaCTH ONTHMH3ALHK:

win trades % min = 40% win trades % max = 46%

Tak xak win trades % > win trades % max, To ¢yHKkuns

avg %profit () He UMeeT 3KCTPEMyMa H MOHOTOHHO BO3DACTAET
IIPH YBEIHYEHHH ¢ . '
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2.00% -

{

1.50%

1.00% o

0.50% -

avg %profit (alpha

0.00% — , — '
00" 0, 02 03" 04 05HR0ENE0T 08 C0.00010
alpha

Io Takoli MTC Hy:<HO TOProBaTh BCEM KATHTANOM B KaxIOM Cuen-
Ke.

Heonmumusupyeman cucmema ¢ OmpunyamenbHbM Mamema-
MUYECKUM ONCHOANHEM 00X00a

Pe3ym;TaTbl TectupoBaHus MTC:

win trades % = 35%

avg Y%win =15% avg %loss = —10%
HeontumusupoBanHas npubeIs Ha CaenKy:

avg % profit = —1.94%

["panuisr 06nacTi onTUMH3ALHH:

win trades % min =40%  win trades % max = 46%

T T T

0.00%

03 04 05 06 07 08 09 1.0

0]
-0.50% -

-1.00% -

-1.50%

avg %profit (alpha

-2.00% -

-2.50% -

alpha

Tak xak  win trades % < win trades % min, 10  dyHKuys

avg Yoprofit (&) He MMEeT SKCTPeMyMa W MOHOTOHHO YGbIBaeT
npu yeenuyeHun & . [o taxoit MTC Toprosars Henk3s. '
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Onmumusupyemas cucmemMa ¢ RONONCUMEAbHbIM MIMeMami-
HeCKUM 0MNCUOAHUEM 00X00a

PesynbTarel TectTupoBaius MTC:
win trades % = 44%

avg Yowin=15%  avg %loss =—-10%
HeonraMusznpopadHad IPUOLLIE Ha CACTIKY:

avg Y% profit = 0.25%

['pannnpl 061aCTH ONTUMHA3ALIHH:

win trades % min = 40% win trades % max = 46%

B 1anHOM cllydae BO3MOXKHA OTITUMU3ALIHAS CHCTEMBI, TaK Kak
win trades % min < win trades % < win trades % max .

Oyukins  avg Yoprofit (@) UMeeT 3KCTPEMYM B TOUKE

a,, =0.67, npu stom avg %profit («,, ) =0.33%.

opt

0.35%1
0.30% -
0.25% A
0.20% -
0.15% -
" 0.10% -
0.05% -
0.00% il T T T T T T T .

00 002 03 S0 D51 0,68 0.0.7 108 0.9 10

alpha

avg %profit (alpha

Me! monmyunnu, 4T0 B pe3yJbTare ONTHMHM3ALUMM MOBBINIAETCH A0~
XOJHOCTE MPUORITEHOM CHCTEMBI.

OnmumMuzupyeman cucmema ¢ OMPUUAMETbHIM MAMEManmu-
YEeCKUM 0HCUOAHUEM 00X00a

PeaynbTatel TecTHpoBanus MTC:
win trades % = 42.5%

avg Yowin =15%  avg %loss = -10%
HeonrumusupoBansas npuGbilb Ha CAEIKY:
avg % profit = —0.12%

T panIIbl 0GNACTH ONTHMH3ALHM:

210

lnasa 14. Yapasneque kanumanom

win trades % min = 40% win trades % max = 46%
B HAaHHOM cnyqae BO3MOXKHAa OIITHMH3aIHA CPICTEMI:E, TaK KaK
win trades % min < win trades % < win trades % max .

Oyuxupss  avg % profit (@) wMeeT IKCTpeMyM B Touke
a,, =042 npu arom avg % profit (e, ) = 0.13%.

ot
0.16% ~
0.10%
0.05% A

0-00% T T T T L L L] T LE 3
005090 01 02 03 04 05 06 07 08 BY 10

avg %profit (alpha

-0.10%
-0.15% -

alpha

MBI MONYYHITH, 9TO B pe3yJIbTaTe ONTHMU3AHH YOBITOYHAS CHCTEMA
CTAHOBHTCH NPUOBITBHOH,

14.5. OnTHMH3ANHS COOTHOLIEHHAS 10X0a 1 prcKka MTC.

LTSt ONTUMU3AIMH COOTHOLICHHs 10X0fa i pucka MTC myskHo
HAUTH TaKkylo OJIO (X YYaCTBYIOIIETO B CHENKe Kanurana, koTopas
MaKCHMH3UPOBasia Obl C/IeAYIOMYIO DyHKIHEO:

Q (a) (l +ax QVg %wzn)wm ;mares % Y
x (1—ax| avg Yoloss [)!™" rades% o e axsrisiid |

B nannoit hopmyne Yorisk - sto oaun u3 nokasareneit pucka MTC,
KOTOPBIH B 3aBHCHMOCTH OT MpeanodYTeHHH KOHKPETHOIO Tperacpa

MOXET NPUHUMATh, HAIIPUMED, C/IE/IYIOIIHE 3HATSHHS:
% risk = stdev% profit

Yo risk =| avg % drawdown |
Yo risk =| max % drawdown |
Mepeiinem k Gyrkian S(a) = In(l + O(a)), sxcTpepyM KOTOPOH,
€ClIM OH CYLIECTBYET, COBNanaer ¢ skerpemymom (&) - o

"

-H rf,-}:.'

o !
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S (&) = win trades % xIn(1 + & x avg Y%win) +
+ (1 —win trades %) x In(1 —ax | avg %loss |) + (1 —a x Y%risk)
Base npouzroanyio S(¢) Mo @ M OPHPABHAB €€ K HYJTIO TOTYUHM:

o -—Ja,z —4a,a,

o =
2a,

opt
rae
a, = win trades% x avg Yowin — (1 — win trades%) x | avg %loss | -
— Yorisk

a, = avg Yowinx (Yorisk + | avg %oloss |) +

+ win trades% x %risk x (avg Yowin +| avg %oloss ) —

—2x%risk x| avg Yoloss |

a, =2 xavg Yowin x| avg %loss | x Yorisk

Tak kak &, >0 10 win trades % > win trades % min

rne
Y%risk +| avg %oloss |

avg Yowin + | avg %loss |

win trades Y% min =

Tak Kak &, <1, 10 win trades % < win trades % max

rie
Yorisk +| avg Yeloss | =2 x Yorisk x | avg Yoloss | v

win trades % max = -
avg Y%win +| avg %loss |
x 1+ avg Yowin
1-%risk
Ecia He cobniogaercs ABOHHOE HepaBeHCTBO
win trades Y% min < win trades % < win trades % max ,
TO YKCTPEMyMa He CYIIECTBYET, TO €CTh IO JaHHOH METOJHKE Hellb-
31 hopManbHeIM 00pa3oM BhIOpaTh HaHIIy4Illee COOTHOLIGHHE J0X0-
I1a U pucKa.

HpV[Be,D.EM npumep PelmeHrs 3a1a4d ONnTHMHU3alHKd COOTHOUICHHA
noxonHoctH H picka MTC.

Pesynbrars Tectuposanmsi MTC:

212

Inasa 14. Ynpaenerue kanumanom

win trades % = 64%

avg Yowin =15%

avg %loss = -5%

HeonTtumusuposaunas npubsus Ha CHENKY:
avg Yoprofit = 7.36%

[lpunstas BenmuuHa pucka:

Yorisk = 7% i

Haiinem mokazatenu, XApaKTEPU3YIOlIHE COOTHOLIEHHE J0XOHa u
PHCKA 110 ONTHMH3ALHH;

(1+avg % profit)x (1— Yrisk) —1-:

=(1+0.0736) x(1-0.07) - 1=—-0.0016

avg Yoprofit 736
Y%risk

=1.0509

I"panumiel 06nacTy onTHMU3AIMH:
win trades Y% min = 60%

win trades % max = 70%

B nannom cnyuae Bo3MoxkHa ONTUMH3ALKS CHCTEMbI, TaK Kak i
win trades % min < win trades % < win trades % max .

DyHkuys ) () ¥Meer SKCTpeMyM B Touke a,, =0.41, npn s1omM
avg %profit (&,, ) =3.12%,
Yorisk () = Yorisk x &, =71%x0.41=287%

0.0020 -
0.0015 A
0.0010
0.0005 A
0.0000 T —— T - - : : e
0.000540 01 02 03 04 05 06 07 08 W9 10
-0.0010
-0.0015
-0.0020 -

Q(alpha)

alpha
CooTHOLIEHHS [0X0AA H PHCKA 1OC/Ie ONTHMH3al[HH
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O(a,,) = (1+avg % profit (a,, ) x (1=%risk (&,,)) -1 =

= (1+0.0312)x(1-0.0287)—1=0.0016

avg %profit (a,,) 3.12
Yorisk (e TR

Opl)
Kak BHAHO M3 MONYYCHHBIX Pe3yJibTATOB, [10CNE ONTHMH3ALMH JIO-
BOJILHO CYILECTBEHHO CHH3WJICH JIOXOJ Ha OJHY CHENKY, ONHAKO
yAYHIIKIKCE COOTHOLLEHHS Aoxo4a u pucka. Kpome Toro, HeGOIb-
1S BEJMUMHA J0JIM KAMUTANA, YHACTBYIOIIEro B CAeNKax, 10380~
eT 4yBcTBOBaTH cels Oonee KOMGMOPTHO HA BOJATHIILHBIX PLIHKAX.

=1.0878

14.6. AHa/H3 COOTHOLIEHMS CKOJBL3SIIAX CPeHHX OT KyMYy.Is-
THBHOI# KPHBOIi I0X0a CAEJIOK.

B mpempiaymux naparpadax paccMaTpUBAIMCh METOIBI OMTH-
MH3aLMK JI0JM YYACTBYIOIIEro B CHelKax Kanuraiga B 3aBHCUMOCTH
ot nokasareseii MTC (nporeHTa npHOBITEHBIX CASNOK, CPENHEH Be-
JAMYMHBI BRIMIPbIIA, cpeaHelt BeaMunHbl npourpsima). Onnako, He
Oblaa y4TeHa BO3MOKHOCTE KOPPEISALHH MEeXKy pesy/bTataMu [o-
CIIEOBATENBHEIX COEN0K, TO €CTh BO3MOKHOCTh BOZHHKHOBEHHA Ce-
puii U3 MPHOBUIBHBIX WM YOBITOUHBIX CACJIOK.

MdopmManbHo, HAHYHE KOPPEISALHH B J0XOAAX CHEIOK MOMKHO
BBISABUTh, HAaiias Kod((UIMEHT aABTOKOPPEJSIHE AHHAMHYECKOro
psna Y% profit (trade number) , roe trade number - nomep cien-

ku, Yoprofit - BenMuMHA AoXoja no AaHHo# cpeske (%o). [Tocne

9TOr0 HYKHO TIPOBEPHTh TMIIOTE3Y O TOM, 3HAYMMO JIH OTJHYAETCH
BBIUMC/CHHAS 110 BBIDOPKE BETHYHHA KO3(dMIMEeHTa aBTOKOpPPENs-
LHH OT HYJIS. :

Bricokas MOJOXKHTENbHAS KOPPENSLHA CBUACTEIBCTBYET O TOM,
4TO 34 BBIMTPBILIEM Yalle CAeayeT OYepeqHOH BBIMIPHILL H pexe
creayer npourpeiil W Haobopot. [lpu BBICOKOH OTpHLIATENBHON
KOPPETALHA 3a BBIMIPBILIEM Yallle CAeIyeT MPOMIPBIL H pexe -
OYEPEIHOH BRIMIPhILI U HA0O0POT.

Hanuuue KOppEeaMi MEeXy pesylibTataMi CACIOK MOMKHO He-
MOJIB30BaTH B TOProsjie AByMs criocobamu. Bo-nepBeix, MoaudHKa-
el pellalonX NpaBuil TOProBOH CHCTEMBI, OJHAKO 3TO MOXKET
NPUBECTH K €€ U3HILHEMY IEPeYyCIOKHEHHIO. BO-BTOPBIX, HCTIO/Ib-
30BaAHHEM METOJOB YIPABICHHS KAMUTAIIOM, ‘iTOVHpe,'J,CTB.BJ'IﬂeTCH
Gosiee MPeAmOUTHTENLHBIM. Kak NpaBuiio, eciii KOppensius Mpu-
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—-—-_'_-'—n—_
CYTCTBYET, TO OHA MOMOKHTENBHA, CIEAOBATENLHO BOIMONHE! foc-
TATOUHO JTTHHHBIE CEPUH H3 MPHOBLTBHBIX MM YOBITOUHBIX ¢heok.
OuesuIHO, YTO B MONOCE NPUOLUIBHOCTH HYKHO YBENHUHRATY Homio
Y4acTBYIOLIEro B C/ENKE Kanurana, a B monoce yOurTounoery -
yMEHBIIATb.

Tpu Hami4un BBICOKOH MONOKUTENLHON KOPPENSLuY noxon0s ‘
C/GNOK OYEHb MPOCTBIM M AOCTATOYHO SDYEKTHBHBIM criocoGom
YNpaB/ieHHs BETMYMHOH Y4acTBYIOMIEr0 B CAE/IKE KAMUTANA JBisier-
€ METOZ, OCHOBAHHBIH Ha COOTHOLICHHH CKONB3SALINX CPEHUX pas-
JIMYHBEIX TMOPAAKOB OT pa3Mepa TOPrOBOTO CHETa TOCHe KawaoM
cnenku exit equity (trade number) .

Obosuauum kak short line w long line xopotkyio u mmmnHyko
NPOCTYIO CKOJIB3AIIYIO CPEAHIOK OT BEIMYMHBI eXil equily .

Ecu short line > long line , To B cpeem B Hacrosimee Bpe-
Msl TOProBasi CHCTEMA MOKA3bIBACT JYJIIHE PEe3YNBTATHI, YeM B Cpeji-
Hem B npoinom. CrefoBaresbHO, CHCTEMa HAXOAMTCS 4 MONOCE
npUOBLILHOCTH H HYKHO yBelM4MBaTh 00BeMbl caenok. Camoe npo- '
CTOE PELICHHE - Y4aCTBOBATH BCEM KalHTANOM B KaY/10H CHeNKe.

Ecnu short line < long line , To B cpeniHeM B HacTosliee Bpe-
Msl TOProBas CHCTEMa TOKA3bIBACT XY/LUME Pe3yIIbTaThl, 4EM B CPE-
Hem B npouutoM. ClieZloBaTeNBHO, CHCTEMa HAXOOUTCA a NOJIOCe
yOBITOUHOCTH H HYXKHO YMEHBUIATh 00BeMbl ¢aeoK. Camoe NpocToe
pelleHue - BOOOILE HE OTKPEIBATE MO3HLHH.

OnHako, BO3MOXKHBI CHTYALWH, KOIja €MHCTEEHHAS HE MpoBe-
AeHHas NPUObLTbHAA CAENKa TIO YNYLIEHHOH BBIFOAE NEepeKpPhIBAST
9KOHOMHIO OT HECKOJBLKHX HE TIPOBEASHHBLIX YOBITOUHBIX CAENOK.

lisi MCKIIOYEHHS TaKHX CJyHaeB MOXHO TIPEUIOKHTh CIEAYHOILYIO
METOHKY:

1) PaccuuraeM Habop CnydaiiHBIX BETHIHH {X, }
rie x = In(short line/ long line) .
2) Ilo noayueHHoit BEIOOpKe HAMIEM OLEHKH CpeHEero 3HaYeHHs 1

C.K.0. BeauuuHbl X . Tak Kak 3TH BeJUUMHBI AO/DKHBL NIEPECHUH-~
ThIBATLCS 110CTE KKIOH 3aKpBITON cienku, To 0O03HAYHM HX

Kak X, 0 0.
3) Ecnu npubmmkeHHO CYMTATh, YTO Cily4aiiHas BeJMYMHA X TOA-
YHHAETCS HOPMANBHOMY paclipeieleHnto, To B Ka4yecTBE J0JH
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Y4acTBYIOILEr0O B OUEPEHOM ClIejKe KanmuTana MOMKHO BLIOparsh

3HAYEHHE HHTErpaibHONH YHKUMH pacipee/eHns B noceaHel
nepesl mniaHupyeMoif caenxod Touxe Belbopku. Mcmonbsys

¢bynxun Microsoft Excel mMoxHo HaliTh poso kanurana mno
thopmye:

X — X,
Oy

a,., = HOPMCTPAC

Bo3MOXHBI cienyolHe BapuaHThl
p e < Sli— SR

X, <E = O<e, <05

X, =X = ey =05
S = VRl |

X, 22 Xy = Gy el

Taxum obpasom, npu short line = long line "nons yuactsyio-
mero B cAenke kanurtana Oyaer paHa  50%, npwm
short line > long line nons Gyaer Bo3pactark ot 50% BHIOTE 10O

100%, a npu short line < long line nons Gyner ymeHbIATECS OT

50% Brnots no 0%.

MeTton ynpaBieHHs KAMUTAIOM [0 COOTHOLIEHHIO CKOJIL3ALINX
CpeMHUX MOXKET MOXKeT OBITE ONTHMH3UPOBAH M0 ABYM NapamMeTpam:
NeprHoay KODOTKOH CKONB3ALUEH cpeiHed W MepHoay ATHHHOM
CKOJIB3SILIEH cpenHei.

14.7. Kpuarepnii cepuii.

OnuuM M3 BakHeHIIMX MokazaTeneil MexaHHUYecKoii TOprosoii
CHCTEMbI SBISETCS 104 BLIMIPBILIHEIX CAENOK win trades % . On-

HAKO, 3T4 BeJIMUMHA HAKAK HE XapaKTepu3yeT HallivdHe HIH OTCYTCT-
BHE KOppEnsALMH MKIY pesynbTaTamu cieiok. Bo3MoiHBI ciie-
,El)/K)IJ.lier BapHAHTLL: !

1) HMcxonsl MocnenoBaTebHEIX CABNOK He3aBUCHMBI APYT OT APYra,
TO €CTh BBIMTPBILIM U [TPOMTPHIIIH YEpeayoTes cliyyaiHbeM 00-
pasoM. B aToM cllydae Mbl HMeeM HYJIEBYIO KOPPENAIKIO MEXILY
pe3ybTaTaMH COENOK.
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2) 3a BBIMrpBILIEM Yalle CleJyeT BBIUIPHILI, 3a TIPOUMPhImey —
OPOMTPLILI, TO €CTh BO3HUKAIOT MOJI0CH! MPUOBLILHOCTY 3 YObI-
TOUHOCTH. B 5TOM Cilyyae Mbl HMEEM MOJIOKHTEbHY Koppejs-
LIHIO MEXKIY PE3YNBTATAMH CHENOK, ;

3) 3a BeIMTpBILIEM dHalle CeAyeT TIPOWTPBILI, 3a MTPOUIPhINIEM —
BBIMTDBIIL B 9TOM crydae Mbl HMeeM OTpHIaTENbHYio KOppes-
L0 MEXTY Pe3yJibTaraMu CAe0K

PaccMoTpuM pesynbTaTel MOCTEAOBATENBHBIX CHEN0K TOProOBOH
cucreMbl. Ha3oBem cepueii HECKONBKO CHEAYIOIMX NOZIPSA MpH-
OBUILHBIX CEIOK HITH HECKOJILKO CACAYIOMIX NOAPS YOLITOYHEIX
cAenok. B ciayyae nonoxkuTensHOH KOPPEslMy KOMUYecTRO cepuit
Ha NEpHO/E TECTUPOBaHHUS OYAET MEHbLUE, YeM KOJIMHECTBO Cepuil
pH HE3aBHCUMOM 4epefoBaHHH MpHObLIEH 1 YORITKOB. [Tpu OTpPU-
LATE/IBHOH KOppensiLun CHTyauus OyaeT obpaTHoii. 3amerum, uro
MPH pacyeTe Cepuil YUHTHIBAETCS TOJBKO 3HAK A0XO/A MO CAEHKE, 4
HE ero abCONIOTHAs BENHYHMHA, TIPH 3TOM CHENKH C HYJIEBBIM JA0XO0-
JIOM YHHTBIBAOTCS KAk yOBITOMHBIE.

Kputepuil cepuii Mmo3BosiseT ONpeennTh, HACKONLKO 3HAYHMO
OTIHYHE MOJYYEHHOTO N0 BRIOOPKE CAGNOK SMITHPHYECKOr0 3HadYe-
HUS YHCIIA CEPHH OT OXKMAAEMOTO YHCTA CepHil NMpH HEe3aBHCHMOM
pacnpeneneHiy Npuokieif U yosiTkoB. BBenem o6o3HaueHuA:

N - xomuuectso cuenok ( N = total trades ).

P - BEpOATHOCTL NpUOBIIBHOM caenku ( p = win frades %).

R - sMnupuyeckoe 3HAYEHHE YHCIa CEpHit TI0 BEIGOPKE C/IEIIOK.

[lpu nocrarouno Goabiom N (Gosbiue 50) W npu OTCYTCTBHM KOP=
pensuHH MEXIy pe3ylbTaTaMi CAENOK clydaiinas senndnHa R 6y-
JET MOAIHHATECA HOPMATBHOMY pactpe/ieieHuiO ¢ NapaMeTpamu:
2p(1 = p)N - oxujaemoe 3HAYEHHE YHCTA CEPUT.

2p(1- p)m - C.K.0. 4HCNa CepHuil.
Jlns ipuBecHUs CyvaiHO BenMunHbl R K CTAHTApTHOMY BHILY.
(TO ecTe K BENMUMHE C HYJNEBHIM MaTeMaTH4ecKHM OKMIZHHEM H
SAMHUYHOM Jucniepeueit) HY)KHO caenaTs npeodpasoBaHHe
R-2p(l-p)N
L= -
2p(1- pIN -
Tonyuentyio TakuM 06pasoM HOpMEPOBaHYIO CIYHaHHYIO Be-
NMYAHY Ha3BBAIOT Z -cueroM. [lonoxkuTenpuplil Z -CHET BOSHHIKA-
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lnasa 14. YnpasngHue kanumanom

€T, €CIH KO/IHYECTBO cepnﬁ 00JILIIE OKHIAEMOTO, TO €CTh IpH OT-

pHLATENBHOM Koppensimn. OTpuuaTensHelii Z -cueT BO3HUKAET, ec-
M KOTHYECTBO CEPUi MEHBILE OXKUIAEMOr0, TO €CTh MPH MOIOKH-
TENBHOH KOppensiuu.

BeposTHOCTL TOTO, YTO CTAHAAPTHAS HOPMAILHAS BENHYMHA
HaxomuTcs B MHTEpBane ot —|Z | no

BETHYMHE Z -CUeTa JOBEPHTENEHYIO BEPOSITHOCTh, MOKHO BBIYMC-
JIATH c [TOMOLLIBIO TabaHIL Microsoft Excel:

P(Z)=2- HOPMCTPACII(| Z |)-1.

Kak npaeuno cuutaior, yro npu | Z [£1.96 (P(Z)<95%),
OTK/JOHEHHE 3MIMPUUECKNTO YUC/Ia Cepuil 0T OXMUAAEMOro He3Ha-
uuMO M OOBSICHAETCS Cy4alHOCTRIO BbIGOpKH. B a1OM Ccriyuae He-
HENeco0bpasHo MO (PHLIHPOBATE TOPrOBYIO CTPATENHK) HA OCHOBA-
HUH Z -cveTa.

Ecnu ke Mbl uMeeM cucteMy, y kotopoid |Z[>1.96

(P(Z)>95%), TO MOXKHO HCMOJIB30BATE MOY4EHHYIO 3aKOHOMEP-

HOCTB Ce/lyIolnM 00pasoMm:

1) Ilpu GonblioM Mo MOAYJIO W MOJOKHTEIBHOM 110 3HaKy Z -
cuere 3a NpUOLUILHON Cclelikol cKOpee BCETo nocienyer yObl-
TOYHas, a 33 YObITOUHOH - npubbUIbHas. ClienoBarenbHo, oce
BLIMIPLITTElt HYMKHO yMeHbIUaTs 06beM cnenyiomeﬁ CHENKH, a
1oc/e MPOUTphILIEH - YBENUYHBATE.

2) [lpu Gomemom no MOZYIIO H OTPHLATENBHOM TIO 3HAKY Z -CUere
3a npuOBUIBHOH CHENKOH CKOpee BCEero MoCleAyeT OdepenHas
NpUOLLTEHAS CAeNKa, a 33 YOBITOUHOM - odepenHas yOBITOUHAS.
CnenoBaTtenbHO, 10OCTE BRIUIPLILIIeH HY)KHO YBETHUHUBATL 00bEM
CleyIOIIeH COeNKy, a Noclie IPONTPhIel - YMEeHbIIATE.

OTMeTHM, YTO KPHTEPHH CEpHIi MOXKET CIYKHTh QUIETPOM [NA pac-

CMOTPEHHOrO B NMpeablIylleM naparpade Merona CKONb3sILIEX Cpel-

HUX.

14.8. Yeanuenue o0beMa BLIHIPLIBaIOIell MO3MIHH.

B 3tom maparpade Oyier W3noxeH METol yBelawdeHHs ofbema
BBI!‘II‘prBaIOH.ISﬁ ,[lJH[HHOﬁ NO3ULHH OJsi TPEHAOBLIX CHCTEM. Kax
MPapuio TakHE TOProBbBIE CHCTCMBI HMCIOT CPABHUTEIIRHO HeDOJIh-
1I0# POLEHT BbIMIPBILIHBIX CAC/IOK H BLICOKOE OTHOLIEHHE CpeaHeit
NMpUOBLIY K cpeaHeMy YOBITKY.
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Inaea 14. Ynpasnerue xanumanom

[TycTs TOproBas crcTeMa jajia CHrHan O MOKYNKE aKTHBA B MO-
MEHT BpeMeHH f, no uene /). B sToM cryuae npoBoautes nepsas
MOKYTIKa, IIPHYEM CyMMa CACJIKH PaBHA ¢f; TIPOLEHTOB OT TeKyLlei
BENMYHHBI CBOOOAHBIX JEHEXHBIX cpeacTB. Eciu nena mpomomkaer
POCT, TO B MOMEHT BpEeMECHU f'z ACNAaeTCa BTOPaA MOKYNKA MO IEHE
P, Ha cymMMy @, UpOIEHTOB OT TekyiueH BeTHYMHBI CBOBGOIHBIX

AeHexHbIX cpeAcTB. HapamuBanue o6bhema GyMar npoaomkaercs 10
TEX [I0p, IOKA PACTET PBIHOYHAA LEHA. 3aMETUM, YTO Ha4yMHas CO
BTOPOH CACNKH CPE/IHsAA LIEHA MOKYNKH MEHbIe TeKyLUeH IEeHBI aK-
THBa. [Ipn passopoTe pelHka i JOCTHKEHHM LIEHON HEKOTOPOro KpH-
THYECKOTO YPOBHsI BCE MO3ULHH 3aKPBIBAOTCS.

Msnoxkum 3Ty Metoauky QopmansHbM 06pazom. Beexem 06o-
3HAYCHHA.

X, - HauambHas BEAHUUHA CBODOTHBIX AEHEIKHBIX CPELICTE,

N - obLiee 9MC/10 NPOBEIEHHBIX CASJIOK,

P, - nena, no xoropoii nposomutes k -1 ciiesika (pEIHOUHAS LEHa),
¢ - KOMHCCHS 32 poBeneHue cuenku (%),

X\ - BenH4HHA cso6ozLHb;x JEHEeKHBIX CpeACTB nocie NV cuenox,

(8)
Yy - oburme 3arpatel Ha MOKynKy mnocie N chenok (Ganancosas
CTOMMOCTE OyMar),

v

y - KonmauectBo bymar B noprdeiie nocie N caenoxk,
(B)
Py - cpeanss ueHa noxynku aktysa nocie N cuenok (Ganaxco-
Basl LjeHa).
[Tocne npoBenenus N cuenok, rae cymma & -if caenkn cocTtas-
JIAeT @&, NPOIECHTOB OT TeKylleH BeTHYHHBI CBOOOAHBLIX ASHEIKHBIX

CPE/ICTB, TEPEYUC/ICHHbIE BBIlIE TIEpeMEHHbie OYJAYT BBIpaKaTbCA
dhopmynami:

N
Xy =X, 'H(]_ak)
k=l

N
VP =X,-Xy=X,- I_H(l_ak)

k=1
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Inasa 14. ¥YnpasneHue Kkanumarnom

e s el
N
(8) I—H(l—ak
P‘:"b’)_ N 3(1+C‘) k=1

Jlast mocnefyiomux paccyaennii 3TH GopMyJibl HyKHO pasyMHBIM
obpazoM ynpoctutk. CaenaeM ABa JAOMYLEHUS:
1) Bee & 0QMHAKOBBI H PaBHBI X .

2) Bce nokymkH, HauHHas CO BTOPOH, NPOMCXOIAT MPH ONpeeseH-
HOM [POIEHTHOM NMPHPOCTE PRIHOYHOH LeHbI OTHOCHTENBHO Lig-
HBI APELIIYIIEH COSIKH, TO ECTh

B =P -(1+B)""
Iocne aTix ynpolexui GopMynbl IPUMYT BHA:
Xy=X, (1-a)"
Y® =x,-(-d-a)")
X g [ Fal)
N Pu(l+c) a+p 1+ 3
N
P;,B’:R-(l+c)-l-a+ﬁ»l (1 a)N
i 1+

PaccMOTpUM 3aBHCHMOCTb 3THX IEPEMEHHbIX OT KOJMUYECTRA CEN0K
N wna npumepe. [Ipumem crepyioliye 3HaUYeHHA BXOAAILHX B (op-
MYJIbl IAPaMETPOR!

a =30% B=5% c=0.2%

B=t

X, =100000

PesynbTarsl pacyeToB C 3THMH 3HAYEHUSAMH [1aPAMETPOB MPHBEAEHbI
B TA0IHIE:

1220

nasa 14. YnpasneHue kanumarnom

N 1 2 3 4 5
P, 1.000 1.050 1.103 1.158 1.216
L ] 70 000 49 000 34 300 24010 16 807
7 YA(;B) 30 000 51 000 65 700 75 990 83 193
Vy 29 940 49 900 63 207 72 078 77992
PA(;E} 1.002 1.022 1.039 1.054 1.067

ITpu paBoTe 1o Takoil METOAMKE 3AKPLITHE MO3HLMI MOKET OCYIECTB-

JIATBCA CIEAYIOUIMM 00pa3oM:

1) Ecnwm nocrie nepeoit caenkH peIHOK MOUIEI ITPOTHE OTKPBITOH MO3K-
MM, TO BEIXOJ OCYUIECTBISETCA Mo curnany sfop loss, npudem

TaK Kak o0heM ClesIKH CpPaBHHMTENILHO HeBeNHK, To yOwTox Gyner

HeGOBITHM.
2) [Tlocne BTOpo# CAEKYH LUEHY BBIXOJa MOXHO MOCTABHTE HA FPaHUILY
0e3y0bLITOUHOCTH (c YUETOM KOMUCCHH), TO ecTh

lpz(exu) o JDZ(B) /(l —C) 3
Jlns pansoro npumepa P =1.0022/(1-0.002) =1.024.

[Tocne BTOpO# CHENKH, €CITH HE NMPOM30HIYT HOpC-MaXKOPHBIE CO-
ObITHs, MOPTdens 3acTpaxoBaH OT YOLITKOB NPH HEOIPaHHYCHHOM
NoTeHUHANEe NPUOLLIH.

3) Hauunas ¢ TpeTbeil cHeNKM LleHA BBIXOJA MOMKET PaBHATLCA 1EHE
BXOJa AJIs Opelwlnyinei caenku. Hampumep, 1ieHa BhIXOAA MOCHE
IATOH C/eJKH paBHA LEHE BXOJa Mo HETBEPTOH CAC/KE, TO €CTh
1.158, npu 3TOM cpejiHaAsA LeHa MOKYIKH ¢ YHeTOM KOMHCCHH paBHA
1.067.

Ecnun oTkpeITHE MO3MLKHA OCYIHECTBISIETCS YaCTAMH, TO BBIXOM MPOMC-

XOONT BceM 00beMOM enHHOBpeMeHHO. BBIXON HacTAMU MOXeT ObITh

nenecooOpaseH TONBKO B CIIydae, KOrja pasHUlla Mexay Tekylneid pei-

HOUHOM LIEHON M cpefiHeil LeHOM MOKYIIKH IOCTATOMHO BElIHKA, TO eCTh

eciy BXOJBl OBbLIM CHeNaHbl HA CHIBHOM M HPO/OIKHTEIEHOM BOCXO-

IALIEM TPEHIE.
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lnasa 15. VrapaeneHue puckom nopmers Ha OCHO8e aHanu3a Kogapuauull ax-
musos

15. YIIPABJIEHUE PUCKOM IIOPT®E/SI HA OCHOBE
AHAJIN3A KOBAPUAITH AKTHBOB

15.1. Beenenne.

B 5T0ii riiaBe paccMaTpHBAIOTCS BOTPOCH], CBA3AHHBIE C ONTH-
muzanuel noprdens aktneos. M3yuaercs piugnue KOppeaduuu me-
My OTOSTBHBIMH TIapaMHi akTUBOB Ha ofwuil puck noptdens, npu
3TOM B Ka4eCTBE Mephbl pUCKa IPUHUMAETCs AucTepcHs (MM cpe-
HeKBaZpaTHUHOe OTKIOoHeHue). PacckazaHo o ToMm, 4To Takoe a¢-
(exTHRHas nuBepcudUKaLuA H Kak oOuii pUCK mopTders, cocTas-
JIGHHOTO W3 MPOM3BOIBHOIO KOJIMYECTBA AKTHBOB, MOXKHO DA3NEIUTE
Ha HecUcTeMaTH4YecKHH (IHBepCHMHUMPYEMBIH) PUCK W PBIHOYHBII
(nemBepcudmMpyeMblii) puck. [laHo moHATHe rpaHulbl d(hdek-
THBHOCTH Ha MpHMepe MopTdens M3 ABYX aKTHBOB M MPUBEASHBI
(opmMy.ibl, KOTOPBIE TO3BOAIOT BHIOpATE HA rpaHule (eKTHBHO-
cTH TopTdens ¢ MHHAMATBHBIM OXHIAEMBIM PHCKOM W MOPTHENs C
MAaKCHMaJlbHbIM OTHOLIEHHEM OXHAeMOro J0X0/a K 0XKHAaeMoMYy
pucky. ITocrapneHa 3agada Mo ONTUMH3ANMH NOPTQes U3 NpoH3-

BOJIBHOI'O KOJIMYECTBA AKTHBOB C YHETOM OrpaHl‘l‘leHHﬁ Ha COCTaB H

Beca aKTHBOB B NOpTdene (MTMMHUTOB), H NPHBEAEH alrOPUTM MOUCKA
peLIeHuit oTol 3aaa4u MeTonom Monte-Kapio,

15.2. Koppensnus aKTHBOB # PHEK noprdens.

PesynbraThl pelieHis 00 HHBECTHPOBAHHH B TOT MM MHOH (hH-
HAHCOBBIH WHCTPYMEHT (aKTHB) BCEra MMEHT HEKOTOPYI) Heorpe-
JENeHHOCTh. B O0JbIIMHCTEE CllydaeR peanbHO MONYHYSHHbIH JOX0T
OT BJIOXEHHS B HEeKHH (MHAHCOBBIH MHCTPYMEHT HE COBIAIAeT C
OKUJAEMBIM JIOXO0M N0 3TOMY MHCTPYMEHTY Ha MOMEHT IIPHHATHSA
pelienns 00 WHBECTHPOBAHHH, TO eCTh HHBECTHPOBAHHUE - ITO chepa
JIEATELHOCTH, CBA3aHHAS C PHCKOM.

Mepy pacceanusa peanbHO ROAVYEHHBIX 00X0008 OMHOCUMENBHO
02ICUDAEMO20 (OX0DA, MO eClb PUCK akmusd, byoem Xapaxmepuzo-
samy QUCHEPCUell (W CPEeOHEKBAOPAMUYHLIM OMKIOHEHUEM) doX0-
008 RO OAHHOM) AKIMUEY.

PacemoTtpumM ciiywaid, kor/1a HHBECTHPOBAHHE NTPOBOJUTCS B He-
CKONbKO akTHBOB (mopTdens). [Toprdens spnsercs nuneiiHOH KOM-
Ounauueii akTHBOB, KAM(IBIE W3 KOTOPbIX HMEET COOCTBEHHOE MaTe-
MaTHYECKOE OXKHAAHME JOX0AA W AMCIEPCHIO 10X0a.

222

|

e —— —

nhaea 15, Ynpaenenue puUCKOM nopmicherns Ha oCHO8e aHanusa kosapuauuil ak-
musoe

Benmomuum (opmybl sl BeITHCTCHHA MaTeMaTHHIECKOTO OXH-
AQHUS. W JIHCIIEPCHM MHOI'OMEpHO#i CJly4aliHOH BEIHYHHBL ), sB-

TSOIEHCS TuHeHH ol KOMOMHALHEH KOPPETHpPOBAHHEIX CHyHaHHbIX
BENMUYHH:

N
p=Sgi
P
N
My ; dp by

N N N
2 2 R
oy = aio; + 23 ¥ a,aPr0 0
k=1 k=1 i=k+1
ﬂo:a'mmy I8 MATeMaTHYECKOr0 OKUAAHHA W AHMCIIEPCHH J0X01a

ﬂOpTd)EJ‘[S{ 4KTHBOB MOJKHO HCITOJIBE30BaTh CIEAYIOMHE cbOpMyJ'IbI:

k=1
N S
ol =Y wio, +23 DWW, 0,0,0;
k=1 k=1 1=k+1
rjie W - Beca akTHBOB B NOpTdere.
B omiuuMe OT NpOH3BOIBHON nuHeiiHoll koMOuHanumu ciyyaii-
HBIX BEJIHMYHH, BeCa akfnaoa TMOAYHHAKTCA NMPaBuJlyY HOpMHUPOBaHHA!

N
Zwk =4 .
=

CrnenoBaTeNbHO!

- MaMEeMAmUYEcKoe odcudanue doxoda nopmdens - 310 B3BE-
iieHHas CyMMa MAaTeMarTuyeckuX OXHiaHult I0XOAOB MO OT-
JIENBHEIM aKTHBaM,

- puck 00X00a ROpM@ens - 510 B3BEUICHHAs CYyMMa KoBapHaLuii
BCex MMap aWTHBQB\B, Hoprdene, NPy 3TOM BeC KaXKAOH KoBapHa-
LiiH PaBeH NPOMBBENCHHIO BECOB COOTRETCTRYIOLIEH Mapbl akTH-

BOB, & KOBAPHALMA aKTHBA ¢ caMHM COBOi SBIACTCS AUCTEPCHEH
JIaHHOTO aKTHEA.

15.3. [loHHKEHHE PHCKA noprdens. Jupepcuduranus.

14K] d)OPMY-ﬂH AR ucnepeuy noprdesns akTHBOB OYEBHIHO, YTO
puck nOPTHENS MOKHO pasenuty, na jiBe FPYIIbI ClArAEMBIX.
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nasa 15. YnpasneHue puckom nopmopesia Ha OCHO8e aHanu3a Kosapuauyul ak-
musos

e ;
Cnaraemble BHJla W,0,, KOTOpble XapaKTepPHU3YIOT PUCK OT-

NIeNBHBIX aKTHBOB, BCETJa MONOKUTENbHLL, ClIe0BaTeIbHO OHN MO-
IyT TOIBKO YBENUUYHBATE PHCK MTOPTdEns.

Cnaraembie BHIA W, W, 0, 0,0, , KOTOPBIE XapaKTEPH3YIOT KO-

BApHAIHIO PA3THYHBIX Map akTHBOB B MopTderne, MOTYT ObiTh [0T0-
JKMTENBHBIMM, PABHBIMH HYIIO M OTpHLIATEILHBIMU. Bee 3aBucUT OT
BEeJIHUHHBI KO3 dUIHeHTa KOppemsiuuy Mexay aktieaMu. Crnenosa-
TEJILHO, 3TH CllaraeMble MOTYT YMEHBIIHTE PHCK MOPTHEns B HEI0M
[0 CPABHEHHUIO C PUCKOM OTAENBHBIX AKTHBOB.

[TpousutocTpupyem 31oT 3qdexT TuBepcubUKaliy Ha TTpUMepe
noptdens, COCTOSIEr0 U3 ABYX aKTHBOB. PacCMOTpuUM TpH ciy4ad,
B KQyKIOM U3 KOTOPLIX MaTeMaTHueCKHe KHAAHNS H AMCIEPCHH ak-
THUBOB OMHAKOBEI, & PA3NH4YHbIMU ABISIOTCH KOADDULHEHTHI KOppe-
JALMH MEXKIY HHMH:

1) Axmusbz RONHOCHIBIO KOPPEeNUPOSAHHbL
B 3roM cryuae KoahGuuueHT Koppensiin MeKI1y akTHBAMH pa-
BeH 1. CieiopaTensHO AN JUCIEPCHH W C.K.0. TOPTdeIs nomy-

yaem

2 2.0 2z 2
g, =W, 0, +W,0, +2ww,0,0, :(wlcrl +W,0,)

by

o,
CnenoBatenpHo, C.K.0. TOPT(heNns paBHO CpeIHeH B3BEIISHHOI
C.K.0. OT/eNbHBIX aKTHBOB, TO €CTh IIOHIKEHNE PUCKA MopThens
OT THBEpCH(UKAIMH OTCYTCTBYET.

2) Axmugel He KOppenuposanHl

Koadarbﬂuuem Koppens[unn MEKIY aKTHBAMH PaBer 0.
ol =wo! +w0;

M / 2002 2 2
G, =W 0, tW,0,

B atoM cnydae c.k.0. nmopTdens MeHblIe cpeiHell B3BELIEHHOMN
C.K.0. OTHAENBHBIX dKTUBOB, TO €CTh MPHCYTCTBYET MOHMKEHHE
pucka nmoprdens or AUBepcH(UKALMH, OJHAKO C.K.0. noprdens
Oounblle HyIS TPH JHOOBIX HEHYISBBIX IMCIEPCHIX OTJENIBHBIX
aKTHBOB.

3) Axmueer anmuxoppenuposanist
KoadduimenT koppenauuy Mex /1y akTiBamMy paseH -1.

w o, +W,0,
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mueos

y ¥ 2 2
e : = — B
o, = wig? +wlo] W W20\ (ma, w,0, )

IWC‘ w2¢3'2|
B ITOM Criyyae 3@1] KT ‘uggepchJHKaumi Hanbosee 3HauMTENeH,
C.K.0. 110pTchess MOKET OBITE CBEICHO K HYIIO COOTBETCTBYIO-

KM BbiGopom BecoB OTACHLHBIX AKTHBOB B noprdene, T0 ECTh

MOJKET ObiThH nosyHeH §e3pHCKOBEIi opThens.
3amerum, uro o Bees CIYdasX MaTeMaTHuecKoe OKMAaHHe

A0X0na I]Op"r(beﬂﬂ OJIHH-EEK H paBHO /J = WI;I +w ;[2 -
MoxHO cxazaTh, ¢

OaBrnenne Takux akm_ ] rlopul)eﬂb JOXOJBI O KOTOpblM HMEFOT -
HAMeHbIIMI KoI((HIKERT KOPPEIALUHH C aKTHBAMH, YIKE HMEHO-
IMHMHCH B nopTdee.

PacemoTpum Tenephb roprdeis, CoCTOALIHIT 13 GOLIIOro KOJTH-
YECTBA AKTHROB N, KaXCABIH H3 KOTOPBIX BXOJUT B MOPTQeTs ¢ O1H-
HAKOBEIM BecoMm [/N. B c,quae fomee 2-X aKTHBOR HERO3IMOMKHO HO-
OHTECS TOro, YT00b! KaMkAas Mapa akTHBOB MMena Obl KoM (hHLHEHT
Koppensuun, pasHbii -1. [lycTh Bce aKTHBLI HMEIOT BOODINE FOBOPS
pasTHYHBIE KOHEYHBIE AUCNEPCHH H Ka/k/as rmapa AKTHBOB HMEET
BoOOIIE roBopsi pasHbie KoadduimenTsl koppenauuu. Torma ¢op-
MyJia JJisl AMCIIEPCHH eJIsl IPHMET BHT:

Sk 1
2 2 i
o, = ) —Ouaie —— 5 aoy
y ;NZ k ] N2 k k
[Ipeobpa3zyem a1y Gop
N N
v =_1_23+1V__ O

‘sm AWCTIepCHs aKTHBOB, BTOpas (y/1BOEH-

[TosTomY, APH 21001?:1‘0*11-1@ BonBIIOM KONMUeCTBE AKTHBOB N 1epBbiM

cnaraeMbiM MOKHO TIpeHeOper:, i s )mcnepcuu noprdens MoxkHO

panucarh npGIHKeH > BbIpaskenue 0' X O, , TO €CTh NHCTIEPCHS
nopTdent pUBIHIKEHEC ]

ABHa CPCIIHCH KOoBapHaliu aKTHBOB.
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naea 15. Ynpaenerue puckom nopmepens Ha OCHOee aHanu3a kosapuayull ax-
musoe

Takum o6pazom, obwiuii puck mopTdels MOKHO PasaennTh Ha

JBE YaCTH:

- Hecucmemamuyeckuil puck, onpenenseMslii cpenHell aucnepcu-
eif aKTHBOB, KOTOPBIH MOXKET ObITh HCKITKOUEH MyTeM (hopMHPO-
BaHWs NopTdels U3 GONBIIOro KOTUIECTBA aKTHBOR (JIMBEpPCH-
dukanmeii),

- cucmemamudeckuil (PHIHOUHbBIN) PUcK, OUpeeNseMblil cpemtei
KOBapHaLMeil 1ap pa3iM4HbIX AKTHBOB, KOTOpbIH HE MOKeT
OBITE HCKIIHOHEH NyTeM (opMUpOBaHHS mopTdens u3 OoNbLUIoro
KOJIMYECTBA AKTHBOB (auBepcHduKarueii).

[Tpy 3TOM MaTeMaTHYeCKOe OXHIaHHEe A0X0aa MOopTdhens pPaBHO

CpelHeMY MaTeMaTH4YeCKOMY OXHIAHMIO JOX0JAa BXOASIIMX B MOPT-

(enb aKTHBOB!

N
Hy
M, = ===
5 RZ::'N .

15.4. I'panunua 3¢ dexTHrHOCTH.

B npensinyuem naparpae 0bu10 nokasamo, 4To B Cliydae, Ko-
raa koaqpUIHeHT KOppesiiuy MeicTy akTHBaMH MeHblle 1, musep-
cv(uKalus mopThens MOKET YIYUIIHTh COOTHOILIEHWE MEN1Y 0XKU-
JIAEMBIM JIOXOJI0M M 0KHIAEMbIM PUCKOM. DTO CBA3aHO C TEM, YTO
OXMJaeMBIH Joxon noprdens sBnserca THHEHHOH kKomOuHamel
OAHAAEMBIX J0XON0B 0 BXOAAUIUM B IIOPT(Qeis akTHBaM, a JHC-
mepeus TopTdens ABisercs KBaagpaTHUYHOH (YHKIHEH OT C.K.0. BXO-
JIAUIHX B TOPTdEnb aKTUBOB.

[Ipu 3a1aHHbIX MaTeMaTHUECKHX OAKMIAHUAX W JHUCIIEPCHAX aK-
THBOB, a Taloke KoddhUUHEeHTaX KOPPEeISLUM MEXIY Pas3iHYHBIMH
mapaMy aKTHBOB, MyTeM ONTHMU3ALMU BECOB aKTHBOB B MOpTQese
MOJKHO JTOOMTBCS YIYHIIEHHA COOTHOLLEHUS MENLY AOXO0M H pUc-
KOM TiopTdens. i

PaccmoTpum moptdens, COCTOALIME M3 ABYX akTHBOB, C KO(-
(bUIHEHTOM KOPPENSLUH MEKAY HHMU paBHbiM o = 0.5
- I-tiaxmue

oxugaemblit noxon 4, =10%

C.K.0. omaaemoro aoxoxaa (puck) o, = 15%
- 2-1 axmug
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oxuAaeMbli qoxon i, =13%
C.K.0. O%HaeMoro aoxoza (puck) o, =16%

OxugaeMblil 10XO4 M CPEAHEKBAAPATHYHOE OTKIOHEHUE r}op”rcbeﬂs
U3 ABYX AKTHBOB BBIYMCISIOTCS 110 hopMynam:

2 ) 22
H, =W +w, i, o, =w 0, +tw;a, +2pww,0,0,

PacueTHple 3HaYEHHI 3THX BEJIMYMH [pH pa3/ii4HOM COOTHOLUEHHH
BECOB aKTHBOB MIPECTABJIEHE] B TabIHLIE.

Bec 1-20 akmuea Bec 2-zo axmusa C.x.0. nopmeena [oxod nopmdhens
W, W, g, H,
0.0 1.0 16.00 13.00
0.1 0.9 15.21 12.70
0.2 0.8 14.54 12.40
13 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 i 0.1 14.37 10.30
1.0 0.0 15.00 10.00

3aBMCMMOCTE OKHAAeMOro goxoza moprderns or c.k.o. noprdes
(pucKa) npvBeeHa Ha PHCYHKE

I'pannua acpdpekTUBHOCTH

14.00 1
13.00
12.00
11.00
10.00

9.00

8.00 T T T T T T 1
1300 1350 1400 1450 1500 1550 16.00 16.50

C.K.0. noptdpens (pUCK)

aoxon noprdensa
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(nasa 15. Ynpaenerue puckom rnopmebens Ha 0CHO8e aHanusa Kosapuauul ax-
mueoe

Ha nuunn ABC nexat Bce BO3MOKHBIE KOMOMHALIMH OOXO0A4a H
pucka noprdens. Touka A cooTBETCTBYET MOPTHENio, COCTOAMEMY
TOJIBKO W3 1-ro akTuBa, Touka C COOTBETCTBYET MMOPTQRIID, COCTOA-
HEMY TOITbKO M3 2-To aKTHBa, Todka B coorserctByer noprdemo c
HAUMEHLIIHM PHCKOM.

AHanuTHYecKH KoopIMHaTE TOUKH B B cnyyae noprdens u3 2-x
aKTHBOB MOKHO HaiiTh M3 cieayroumx coobpaxenuii. Tak kak Beca
aKTHBOB CBS3aHbI COOTHOIIEHHEM W, = 1—w,, To MaTemaTH4Yeckoe

OKUAAHUE W JUCHEepPCHI0 NopTdens MOKHO NPe/ICTaBUTh Kak QyHk-
IHIO TOJIBKO OT W,

1, =w+(1-w)y,

4

@y

Touky ¢ MUHUMAJIbHBIM 3HAYEHHEM JMCNepcHH (C.K.0.) mopTdens

= wl?.o_iZ s w1)2 U; +2pw,(1-w))o,0,

. 2
MOMHO HAaWTH, B3AB NPOH3BOAHYH BE/IMUYMHBI O, 1O W, W NpHpaB-
HAB €€ K HYJIHO. Peurugp YPaBHEHHE OTHOCHTEIEHO W, TIOJYHHM!:

2
G, — OO,

W= 2 2 2
g, +O"3 —4p0\0,

[ToncTaBuB 3TO BRIpaXKEHHE B (JOPMYIIbI AN AL, U O, , MOXKHO Hali-

TH OXKHAaeMBIH J0X04 H puck noptdens (c.k.0.) B Touke B. [Ins pac-
CMOTPEHHOIO 3/1eCh PUMEPa MOy IHM:

w, =056 w,=044 p =1132% o, =13.39%

Jlunng ABC:

- BOrHyTa BiAeBO Ipu koa(duumente xoppensuun o <1, npu
3TOM BOTHYTOCTBL TEM CHJIbHEE, YeM MeHblile KoahULIMEHT KOp-
peTsINm,

- SIBISETCA OTPE3KOM TNPAMOMH, coequHAMmUM Toukd A u C, npu
koo dumrenTe Koppensaun o =1.

Bepxnss yactb aunuu ABC (nunus BC) sinsiercs epanuyent sgh-

hexmusnocmu, Jlunus BC spisiercst 3QPeKTHBHON B TOM CMBICIE,

4TO Ha Hel HeBO3MOIKHO NOBBLICUTL 10X0J 0e3 MOBLIIEHHS PUCKA

CHU3NTh PHCK 0e3 cHMWKeHus JoXoza (B oTauuue oT JuHHH AB).

Beie niuHuH BC HaxoasTes HENOCTHKUMO NPUBIEKATEILHbIE KOM-

6unanuu goxona v pucka. Hmowe nunun BC naxopsrcs xyanmme
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KOMOHHAILMM JIOXO/IA H PHCKA, KOTOPbIe MOTYT ObITh YJIyHqUIEHBI e~
pexoaom Ha muuuio BC. Hanpumep, nepexof U3 Touku T2 B TOUKY
Tl npuBogMT K YBEJMUEHHIO A0XOZA NOPTQENs NMPH HEM3MEHHOM
YPOBHE pHCKa,

Ha rpammme obdekTuBHOCTH He CYLIECTBYET HAWJIyHLIEero
noptdesis. Boibop TOUKH Ha 3TOH JIMHUK 3aBUCHT OT HHBECTHLIMOH-
HBIX MpeanoyTeHuH NopTHENpHOro MEHEDKEPA, TO ECTh KaKyIo ra-
Ty, BHIPAKAEMYIO B €IHHHIAX PHCKA, OH IOTOB HECTH 3a A00aBOY-
HYIO €MHHUILY J0X0Aa.

PacnpocTpaHeHHbIM METOZOM BbIDOpa TOUKM Ha Tpauuue 3d-
(eKTHBHOCTH sBIseTCs BBIOOP Takoro moptdens, 1is KOTOPOro oT-
HOLLEHHE 0KHIAEMOro JI0X0/a K 03KHAAEMOMY PHUCKY SBIAETCA MaK-
CHMANbHBIM, AHATHTHYECKH B cllydae noprdens H3 2-X aKTHBOB 9Ty

TOHUKY MOYXHO HAWTH, IIPMPABHSB K HYJIO [POU3BOJHYIO 1O W, OT
yHkuIn
H, wi +(1=w)u,

0, Jfwicl+(1-w) el +2pw(-w)o0,

PelnrnB nonyvYeHHoe YpaBHEHHE OTHOCHTENLHO W, Hail/ieM, 4To:

2
Al H P90, = K9
1 2 ] 2
(,p0,0, = 1,07) + (1, P00, = 105)
Jlns paccMOTPEHHOTO 3/€Ch NPUMEpPa TOHYKA ¢ MaKCHMAaIbHbLIM OT-
HOLIEHHEM J0XO0AA K PUCKY:

w, =037  w,=063 u,=11.89% o, =1372%

15.5. MMocTanoBKa 330241 MO ONTHMH3ALMHA MOPTHes.

[Mox onTuMmuzaiuedt noptdens, coOCTOAUEr0 U3 NPOH3BOIBHOTO
KONMWYECTBA AKTHBOB, MBI OYIEeM TMOHMMATH TTOUCK TakuX HabopoB
BECOB aKTHBOB, KOTOpbIe oOecreurBau Obl:

- oxujaeMbli JIoX0[ mopTdens OobLIMH WM paBHblil Hamepen
3a/]aHHOMY MHHMMAJILHOMY 3HAYEHHIO A0X0/1a,
- OkuJaeMblil pHCK MOpTQess MEeHBLIHH MM PaBHBIH Hallepes 3a-

JIAHHOMY MaKCHMaJlbHOMY 3HAYEHHIO PHCKA.

Ciie/IoBaTENbHO, €C/M [PEeANoNaralTcs HM3BECTHBIMH O/KHAAEMbIC
JIOXOZIBI IO KaXJOMY M3 AKTHBOB, OKHIAeMble JMCIEpPCHH (C.K.0.)
J0X0/1a TIO KaXIOMY M3 aKTHBOB, KoBapHauuu (KO3(QQUIHEHTBI KOp-
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Imasa 15, YnpaeneHue puckom nopmgens Ha 0CHoes aHanu3a kosapuauul ax-
musos

PENAINK) MEIKAY KaXKI0H Napoi pasnuuHeX AKTHBOB, TO 33a4a On-
THMH3ALUY NOPTdENs CBOANTCS K TOMY, 4T0Ob! HaliTu Taxue HabOphI
BECOB aKTHBOB, KOTOPBIE Obl Y10BNETBOPATH CHCTEME

] N
/u_v i Z wk#k = #min

k=1

N N N

g ! ; 2

gy = Zwkak i ZZ Z WW, P00, S0,
k=1 k=l i=k+1

M=

w, =1
&=l

Bynem npeanonarats, 4I0O B cocTase noprens B KauecTBe 0l
HOTO W3 aKTUBOB MOIYT HaXOAWTLCSA JACHEXKHBIE CPEACTBA, TO €CTh
Ge3prcKoBbIif aKTHB, HMEFOILHI HyJeBOe OJKMIAHKE T0XO0[a, HyJe-
BYIO JIUCIIEPCHIO JI0XO0Ja M HYIEBOH KOMPMULHEHT KOppeisiuu ¢
MOOBIM APYIruM aKTHBOM, TTO3TOMY PaBeHCTBO €AHHHLE CYMMbl Be-
COR BCEX AKTUBOB ABIIASTCH CTPOTUAM.
 OsxupaeMslit 10x04 noprdenis u oKUAaEMAas AuCHepens TopTdhes
ABIAIOTCE yenessimu ynrxyusimy. 1lenesrie GyHKUMH ONpeIeNsorT 3a-
Jlady KoTopast J0/pKHA OBITh pellieHa B MpoLecce onTHMu3auuu. B gau-

HOM cllyuae 3a/1auei sB/seTcd MAKCHMH3HPOBRATE JIMHEHHYHO (PYHKLMIO

) : 2
/L, TIpH OZIHOBPEMEHHOM MHHMMH3ANIN KEA/PATUIHON QyHKUMN O | ¢
YUETOM 33IaHHEIX OTPAHHYEHHUIT.

15.6. Bpenenne orpaHHYeHHii Ha COCTAB H Beca AKTHBOB B
noprdene (IHMHTOB).

B nocranoBke 3amauu MO ONTHMH3ALMM TOpThens akKTHBOB,
CIeNaHHOH B HpeAblayliem naparpade, HesBHBIM 06pasoM npesro-
JIaranock, YTo; ;

- moprdenbublii MEHeKep NMEET BO3MOKHOCT HHBECTHPOBATL B
mo0ble akTHBBI, OOpalIaloliecs Ha peIHKE, TO €CTh OTCYTCTBY-

FOT OIpaHUYEHHs HA COCTAB aKTHBOB B nopTderne,

- OTCYTCTBYIOT OTpaHHuYeHHs Ha BEC OTAEIBHOIO aKTHBA B MOPT-

(ele.

Kak npasuio nprcyTcTBYIOT 00a BUja orpaHHyeHui (1umuthl). Jlo-
HOJHAM 3a1a4y ONTUMU3ALMK BBEIEHHEM THMHTOB, TO €CTh OyaeM
PEANONAAraTh, UTo:
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- B dopmynax A ueleBbX (PYHKIHH MTPHCYTCTBYIOT TOJILKO pas-
PELICHHBIE aKTHBLI,

o] BBOJSITCA OrpaHHYEeHHA HA BEC KAKIOrOo KOHBKPETHOIO AKTHUBd B
noprdere.

Orpanuuenus Ha Bec J1:000r0 akTHBa OyleM BBOJMTE Kak CBEPXY.

‘TaK U CHH3Y. Ha MPaKTUKE HA3KOE OTpaHHYEeHHE CBEPXY BBOJSAT Ha

MOTEHIHATLHO OHEHb JOXOAHLIE, HO H OYE€Hb PHCKOBAHHBIC aKTHUBLL.
CaMBle HH3KHE OrpaHHYeHus CBEPXY BBOJAT Ha Beca akTHBOB, HHBE-
CTHIHH B KOTOPHIE C BHICOKOH BEPOSATHOCTBIO MOTYT OBITh TTOTEPSIHbI
[OJHOCTE. B Jydinem ciaydae 5TH aKTHBbI MOTYT IIPHHECTH JOXO/
3a npeaesamMyd TOpH30HTa MHBeCTHpoBaHHsA. - OrpaHu4eHue cBepXy
HE MOXKET IpeBpnuarh 1. Henynerrie orpannyenns Cuusy BBOAATCA
KaK MpaBWiIo JUlsl CO3aHMs B coctase mopTdens "nomyiiku Geso-
nacHocTH' M3 HM3KOAOXOJHBIX, HO M HU3KOPHCKOBAHHBIX aKTHBOB.
OrpanuueHHe causy He MoxkeT ObiTh MeHbine 0. Kpome Toro, u Ha-
Gop orpaHuYeHHH cBepxy, i Habop orpafmHucHIH CHH3Y UMEIOT CBOH
TIPABHIa HOPMUAPOBAHUA.

Wtak, orpaHuyenis Ha Beca akTHBOB B MopTdeie BBOAATCS clie-
JIYIOUTHM 00pazoM:

Weiinge S Wy S Wik

0< W <1 O W= |
N N

Zw(mm)k =1 wamnx)k 2 |
k=1 k=1

15.7. YUncaennoe penieHue 3aJadd ONTHMH3AaUHH noprdens
yuyeTom JuMHTOB MeTogoM MonTe-Kapio.

Wrak, 3agauy 0O onTHMM3auuud MOPTQENs akTHBOB C Y4eTOM
JHMHTOB MOXHO C(OPMYIHPOBATH B BUJIE:

N
tuy = Zwkluk = (umin
k=1
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mueoe

Wininpp = Wy S W,

0 = w(min)

max )k

el 0<w,

{max),

N N
S(min) F Zw(min)k <1 S{max) = Z “’J(max)k =
k=1

k=1
B oroii 3a1a4e MCKOMBIME BETHYHHAMHA SBJIAKOTCA HAOOpBI Be-
COB aKTHBOB {W, |, y[OBIETBOPSIOLIHE BCEM YPaBHEHUSM M Hepa-

]

BEHCTBAM. PelmTh TaKylo 3aja4y OINTHMHU3ALHH aHaAJTHTHYECKHMH
METOJaMH JI0CTATOYHO TPYIHO, 0cOOEHHO B ¢jiydae 0O/IbLIONO KO-
nuvecTBa akTHBOB. [lonTomy ecTh cMmbicn mompoboBarth HailTH ee
petieHre Yuciendo MeronoM MonTte-Kapno, renepupys caydaiiHsmM

00pa3oM Ha KOMIBIOTEPE YIOBIETBOPAIONNE OrpaHHHYeHHAM Habo- -

Phbl BECOB aKTMBOB H MPOBEpsAs 3TH HADOPBI HA COOTBETCTBHE Iiene-
BBIM (DYHKLIMAM,

Pasymeercs, B KOHeuHOH MOCTENOBATENLHOCTH PO3BITPBIIEH
(renepauuii HabOpOB BECOB) cKOpee BCEro He yIAcTCs HaliTH Bce
peluenus 3aga4u onTHMHu3zauMH. OnHaKko, Kaxa0e HalilenHoe pelie-
HHe OyaeT yJOBIETBOPATE BCEM YCIOBHAM 3alauH, TO €CTh MOpT-
(henb, 1OCTPOSHHBIH ¢ MOMOIIBIO 3TOTO HAGopa BecoB OyreT "nocra-
TOYHO onTuMaabHeM". Ecnu pemennii OyneT HECKONBKO, H3 HHX
MO’KHO BbIOpATH TO, NMPH KOTOPOM OTHOLIGHHE 0XKHAAEMOTO H0X0/1a
nopTdens K 03KHIAEMOMY PHCKY OYIET MAKCHMAILHBIM.

Anzopumm peuienua zadauu onmumMuzayuu

1) 3anaem BXomHbIE JaHHBIE
1.1)  Habop  oXHgaeMbIX  [0XOA0B MO  AKTHBAM:

w3 k=1,.,N
1.2)  Habop cpenHexkBaapaTHYHBIX OTKIOHEHWH AaKTHBOB:
{o, ) k=1,.,N

1.3)  HabGop koo PULHEHTOB KOPPensuuii Mex 1y pasindHbl-
MH aKTHBaMH

Py}
A Y
i=k+1,..,N

1.4)  MunumansHo oxkuaaeMblit 10Xo4 noptdens: M, .
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1.5)  MaxkcumanbHO OKHaeMablil puck noprdens: o,

1.6) Habop orpauudeHudi CHM3y Ha Beca aKTHBOB:
I Wi fo i byreeg iV,

'1.7) HaGop orpauuueHuii cBepxy Ha Beca aKTHBOB:
{w(“m)k Pk =1, N

1.8)  KonuuecTBo posbirpsliiedi (reHepauuii HabopoB BECOB):

M
1.9)  TouHocTb HOpMHpOBaHHS (Ma0e MOTOKHUTEITHHOE YHC-
no): &
2) 3amaeM CTapTOROE 3HAYAHWE HOMEpa TEKYILIEro PO3bIrPLIra

m=0

3) Howmep Texyiiero possirpsima m = m+ 1

4) PaseirpeiBaeM criy4aifHeiM 00pa3zoM Habop BECOB, COOTBETCT-
BYIOUIHHI Habopy orpaHHYeHHH HA Beca aKTHBOB

4.1) 3amaeM HauanbHBIE MHHMMAIBHO BO3MOKHBIE 3HAYE-
HHS BECOB
W, =Wk =L, N
4.2) BrryuciaseM TEKyLLYIO CYMMY BECOB
N
= Z W,
k=1
4.3) k=0
4.4) k=k+] ;
4.5) PasbIrpbiBaeM NpupainieHHe Beca K-T0 akTHRa

dW = CJIYYAHHOE YHCIIO(O,
MHHHMYM (1= S, Wi = Wi))

4.6) Brruaucnsiem Tekyimni Bec x-ro aKkTHRa
w, =w, +dW
4.7) BblunciseM TEKyLLYIO CyMMY BECOB
S=S+dW
4.8) Ecnu k<N, 10 nepexoaum ua war 4.4
4.9) Ecnu He cobmopaercs TOYHOCTh HOPMUPOBAHHS, TO

ects (1—8) > d, 1o mepexoaum Ha war 4.3
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5) Ilposepsem, coOTBETCTBYET JIH MOPTQESDh, COCTABASHHBIH W3 MO-
JY4eHHBIX Ha 1iare 4 BECOB, OTpaHUYEHHSAM HAa MHHHMAJIBHO
0KHIAEMBIH J0XOA H MAKCHMAJILHO O3KHMAaeMBbli pHCK mopTdesis

N
nu_\,' = Z W* lul( 2 Jumm

k=1

N N N

2 Sy an 2

o, =Y wio; +2). Y ww,p,0.0, <o

k=l k=1 1=k+1

Eciii pelienne cOOTBETCTBYET STHM HEPABEHCTBAM, TO (PHKCH-
pyeMm ero, TO €CThb 3allOMHHAeM TeKyIIHit HAabop BECOB H COOT-
BETCTBYIOIIF. €MY OXKMAAeMBIH JOXOJI, OXKMUAAEMLIH pPHCK, OT-
HOLIECHHE I0X0/a K pUCKY. Tekylni posbirphill 3a HOMEPOM
3aBeplIeH.

6) Ecnu HOMEp TeKylIero posbirphillia 72 MeHbllle, 4eM obliee uuc-
70 PO3BITpbiLiel M, To mepexoanM Ha wwar 3

7) Tlocne TOrO, KaK ¢/le/1aHbl BCe PO3BIFPLILH (TO ecTh m=M), cpe-
AH BCEX HaiJeHHbIX pelleHuH BbiOMpaeM To, MpH KOTOPOM OT-
HOLICHHE OKM/IAEMOro 10X0/1a MOpTdhess K 0KHIAEMOMY PUCKY
noptdens Oyier MakCHMATbHBIM,

Ecim He Ob110 HaliIeHO HI OJJHOTO peLUeHHs, TO HeoOX0AUMO:

- 760 YBENHYHTE KOTHYECTBO PO3BITPBILICH,

- 1ub0 0cnabuTh OrpaHHYeHHs N0 LENEBBIM (JYHKIMAM, TO €cTh
YMEHBIIHTL OMHAAEMBIH TOXO[ W/MIH YBENUUYHTL O:KHIASMBIit
pucK noprgens,

- b0 MepecMOTpeTh OrpaHHYeHHA Ha Beca akTHBOB B NopTdene
B CTOPOHY pacIiMpeHHs HHTEPBANOB pa3pelleHHbIX 3HauyeHwui
BECOB.

THpumep pewiernun 3a0a4u onmumusayuu

PaccmoTpum noprQens, COCTOALMA 13 TpeX aKTHBOB:
- I-it akmus
oxuaaeMslit noxon 10%
C.K.0. okuaaeMoro goxona (puck) 15%
OTHOIeHHe 1oxXoa/puck = 0.67
MHUHHMAJIBHEIH Bec B TiopTdene 0
MaKcHMabHbli Bec B moprdene 0.50
- 2-ut akmus
oKHaaeMbIi goxom 13%
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C.K.0. osknmaemMoro aoxona (puck) 20%
oTHoeHue noxon/puck = 0.65
MHUHHMAIBHEIH Bec B noprdene 0
MaKCHMalbHEI Bec B moprdene (.50
- " 3-i akmus
oxkuaaeMelii noxon 18%
C.K.0. OKHAaeMoro aoxona (puck) 30%
oTHOIICHKE oxoa/puck = (.60
MUHUMANLHBI Bec B noprdene 0
MaKcUManbHEIH Bec B noptdene 0.50
Koadduupnentsl kKoppensiuyu Mex 1y aKTHBaMH:

- 1-ttu 2+ akmussl: py, = 0.5

—).5

- 2-tiu 3-tt akmusel; P,; =0

- -t u 3-i acmuser: Py

3amaauM MHHHMATBHO OKHIaeMEHH moxox noprdens 15%, Makch-
MalibHBIA OKMAaeMblil pucK noptdens 8%, KOMMUECTBO PO3BIPhIILEH
BecoB akturor 10000,

Torma peuleHue 3agadd ONTHMM3AUMH MO MPHBEICHHOMY B 3TOM
naparpade anropuTMy ¢ BEIOOpPOM Cpedy MOMYUeHHbLIX PEINEHHH TOro,
KOTOpoe obecrevnBaeT MakcuManbHOe OTHOLIEHHE OXKHIAEMOro J0X0-
J1a K OOKMJIaeMOMY PHCKY CHeaylolee:

- Bec 1-roakrusa w, = 0.1141
- Bec 2-ro aktmea w, = (0.3859
- Bec 3-ro akTiea w, = 0.5000
- oxwumaemsri noxon moprdens w4, =15.16%

- oxumaeMbli puck noprdens o, =16.58%

- otHomenue noxom/puck = 0.91

Mgl monyunnu noxon noprdenst Gonblie cpeapero apudmerHueckoro
IOX010B akTHBOB (13.67%), pUcK NOPTQENs MeHblle cpefHero apud-
METHYECKOTO PHCKOB AKTHBOB (21.67%), U CYINECTBEHHO YIIyHLIMIIH
COOTHOIIEHHE A0X0[a M PHCKA N0 CPABHEHWIO ¢ 3TUM COOTHOLIEHHEM
st moboro oraensHoro akruea. Cnepyer eie pa3 NOAHEPKHYTh, UTO
9TO pellieHHe HaBepHAKA He SBISeTCs ONTHMATBHBIM. bojee JANMHHBIE
CePHH PO3BITPHIIIEH BEPOSTHO CITOCOOHEI €ro ymydumuTe. OIHAKO, JaH-
HOE pellleHHe SBIseTcs "J0CTAaTOYHO ONMTHMANbHbIM', TaK KaK YAOR/e-
TBOPAET BCEM MOCTABIEHHEIM YCIOBHAM. i
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16. YIIPABJJEHHE PHCKOM IIOPT®EJISI HA OCHOBE
AHAJIM3A KBAHTH/IbHBIX MEP PUCKA

16.1. Beenenne.

B mpezapinyeii rnase 6bi14 pacCMOTPEHBI BOIPOCH], CBS3AHHEIE
C YNpaBlIeHHEM PUCKOM NOPTQEs, NpH ATOM B KA4eCTBE MEphI pac-
CeAHHU OJKHIAEMOro JI0X0/a 10 KOHKPETHOMY aKTHBRY M 10 mopTde-
JIO, TO €CTh B KA4Y€CTBE MEpPhl PHCKA, Obla HCITONL30BAHA IUCTICPCHS
(1M cpeHeKBaAPATH4HOE OTKIOHEHHE).

[llupokoe HCMOMBb30BAHUE JIMCIIEPCHH B KAYECTBE OLEGHKH pac-
CesHHMs OXKUIAEMOTr0 A0X0Ma MOPTdeNs CBA3AHO C TEM, UTO €€ MOk~
HO BBIUMCIHTE AHATUTHYECKH, €CIM U3BECTHbI JMCIEPCHH Ka)aoro
aKTHBa U KOG (QHIUCHTE! KOPPENsLUUH MeX1y akTuBamu. JeicTBH-
TeNBHO, JUCTEPCHS OKHJIAEMOT0 A0X0/1a NOpTQeis - 3TO B3BElIEeH-
Has CyMMa KOBapHai(Mi BCEX I1ap aKTUBOB B NopTdene, NpuyeM Bec
KaXI0H KOBapHalMM paBeH NPOM3BEJECHHIO BECOB COOTBETCTBYHO-
el mapbl akTHBOR, a KOBAapUalllg aKTHBa ¢ caMuM co0oit sBasercs
Aucniepcyell aHHoro aktusa. [lpu 5ToM cyMMHPOBaHHE MPOBOANTES
O€30THOCHTENBHO K PazsHO06paswio 3aKOHOB pacnpeaeneHtit Kaxao-
ro M3 CliaraeMelx ¥ BO3MOMKHOH AedopManuy 3aKOHOB pacnpenene-
HM3$l [IPH CYMMHPOBaHHH.

Cutyanus cyiiecTBeHHLIM 00pa3oM YCIOKHAETCS, €CIH B Kade-
CTBE MEPBI pACcCesHHA OXHIAEeMOro A0Xona noptdens HeoOXOaUMO
yKa3aTh KBAaHTHJIBHOE OTKIOHEHWE C 33JaHHOH [OBEPUTEIBHON Be-
POATHOCTBIO, TAK KaK 3TO HEBOIMOKHO CHENaTh, €C/IH HEH3BECTEH
3aKOH pacnpeleneHns noxojos noprdens. Teoperuuecku, 3aKoH
pacnpeneneHis J0X0J0B MOPTQens MOKHO HAWTH, eC/IM H3BECTHBI
3aKOHBI pacrpeielneHHs N0X0M0B BXOISUMX B HEro akTBoB. OnHa-
KO Ha MPaKTHKE aHAIHTHYECKOE pellleHne TakoH 3amaqu COnpPKEHO
CO 3HAYHTENBHBIMH TPYAHOCTIMHU J@Ke AJ18 MAJOro YHMcia akKTHBOB
(3a MCKIIOYEHHEM HEKOTOPBIX HACTHBIX CIy4aes). DTO MPOMCXOIUT
NOTOMY, YTO, BO-TIEPBBIX, JOXO/bl 10 BXOJALIMM B MOPTHENb AKTH-
BaM MOTYT OBITE KOppEeIMpOoBaHHbl MeKay coDoi, BO-BTOPHIX, NMpH
CYMMHPOBaHHH JIOXO0/10B aKTHBOB 3aKOHBI X PacTIpeieNeHns MOryT
CyHIecTBeHHBIM 0bpasom JedopMHPOBATLCS, MOSTOMY pachpeserne-
HHE J0XOfia MopTdess MOKET CHIBHO OTIHYATBCA OT pachpeseie-
HHH JOXO/I0B COCTABAIOLMX €r0 aKTHBOB.
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B 570ii riase GyaAyT paCCMOTPEHEI PAKTHYECKHE METO/bI Bbi-
4MC/IeHUs KBaHTWIBHBIX MEp DHCKa JIoXoja noprdens U3 Nnpous-
BOJIHOTO KOJIMYECTBA AKTUBOB W YIIPABJICHUS PUCKOM noptdels Ha
OCHOBE WX aHaJIH3a.

16.2. Ilonarue Value-at-risk u Shortfall-at-risk.

Homyctum, 4T0 npeanonaraeres chopmuposars noprdens, co-
CTOSILLKH W3 HEKOTOPOro Habopa akTHBOB. Beenem 00o3Ha4YeHMs
N - KONHYeCTBO aKTHBOB B MOPTHETE,

T - mpoMeKyTOK BpeMeHH, B TeHeHHe KOTOPOro Hpeanoaraercs

‘MOAACPKHBATE F[OpTCbeﬂb B HEH3MENIOM COCTOAHHH,

{w,} - nabop BecoB, ¢ KOTOPbIMH AKTHBbLI BXOAAT B noprdhess Ha
MOMEHT ero dpopMHpOBaHusl,

{x,} - Habop ciy4alHpIX BEIMYHH, PABHBIX AOXOAAM [0 KaXKIOMY
U3 aKTHBOB, KOTOPbIE OYAYT PEabHO MOJYYEHB! 10 HCTEYCHHH MPOo-
MKy TKa Bpemenn 1,

¥ - clyyaliHas BelW4YHHA, PaBHAs PEajlbHO NONYYEHHOMY AOXOAY
nopTdens o HCTEHEHHH MPOMEXKYTKa BpemeHn 1,

{1, } - nabop oxmunaeMbIx 3Ha4YSHUIT JIOXONAO0B [0 KOKAOMY U3 aK-
THEOE,

M, - OXKUZAEMOE 3HAYEHHE 10X0a NopTdhens.

Peanbho nonydenubiit oxon noprdens 1 0KUAaEMOE 3HaYCHHE 10-
xo/a moprdens 3a Bpems I MOXKHO BBIYHCIHTE 110 HOPMyTam:

N N
M= Z WX ﬂy = Z W, H,

n=l1 n=1
B GonpluHHCTBRE CJIy4Yace OKa3bIBAETCH, HTO BEIHYHHLL V H /—Iy

He paBHBbl APYr APYry. B 4acTHOCTHM, MO MCTEYEHUU NPOMEKYTKa
BpeMeHH ' pe3ysibTaTOM HHBECTHPOBAHHS MOMKET OKa3arhes yObI-
TOK, TO ecTh ¥ < ().

B kauecTBe KRAHTHARHON MEpPEL pHCKa MOPTHEns HCIOAL3YETCs
senuuuna Value-at-risk (VAR), ro ects VAR - 310 Mepa pHcKa NOPT-
(henst ¢ 3a0aHHON JOBEPUTENIEHON BEPOATHOCTRIO.

YTBepHIEHHE O TOM, YTO HOPTdhENs HMeeT ONmpefeNeHHoe 3Ha-
uenne VAR daxTuveckn 03HauaeT cleyiollee: B TEHEHHE HpoMe-
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KyTKa BpeMeHH 7' ¢ IOBEpUTEIbHOH BeposATHOCTEI P abconroTHas
BeJIHYHHA YOBITKA Mo noprdenio He MoxeT OblTh Oonblie, weMm VAR
(toxon mo noprdeio He MOXeT OBITh MeHbLIe -VAR), npu 31OM ab-
COITOTHAs BeNWYMHA YOBITKA, Mperocxondwas AR, Taioke He HC-
KITIOYEHA, OJHAKO TaKol YOBITOK MOMET CHYYHTECH JHILE ¢ MaoH
BeposTHOCTRIO | — P .

[TycTe cnyuaiinas Benu4yuHa ) (D0XOJ NOpPTHhEN) HMeeT MIoT-

HocTb pacnpefeneHus p()) u GyHkuuio pacnpeneiexus F(y).
3amanuM JOBEPUTENBHYIO BepoATHOCTH [ . OGo3Ha4YMM Kak Y, .
TaKyro KBAHTHIIb PACIPEENEHHs NEPEMEHHOH V , 4TO
- BEpOSTHOCTb TOrO, YTO CllyvailHasd BEJIW4YHHA ) OKAKETCH
MEHBIIIe WM PaBHOH y, ., paBHa 1—- P, Te.
Probiy<y ,}=1-P
- BEPOATHOCTb TOrO, YTO cClly4aiiHas BeNUYHHA ) OKAXKETCA
Gonbiie y,_,,paBHa P, T.e.
Prob(y >y, ;} =P
JoBepureabHyl0 BepoATHOCTE [ Kak NpaBUIIO BLIOMPAIOT B Mpejie-
nax ot 0.95 1o 0.99. B a10M ciiydae KBaHTHIL J,_, ABJISETCS OTPH-

HaTenpHbIM uucnoMm. Torma semuumHa VAR paBHA MOJIYIK 3TOTO
qHCTa:

VAR =y, |
Jns Toro, utoObl HaliTu VAR cioydaiiHol BeMUYHMHEI }, HYXKHO pe-
IIHTh ypABHEHHE

1-P = F(~VAR)

Wik (9KBUBANEHTHAs opMa 3amHcH)
—VAR

1-P= [p(y)dy

VAR sBnseTcs 1OCTATOMHO pacmpocTpaHeHHOH MEpoH pHcka mopr-

thens, KOTOpasi HMEET OAHAKO P CYLIECTBEHHEBIX HEAOCTATKOB;

1) B otnuuue ot aucnepcuu, VAR He obnagaetr CBOHCTBOM ajjiH-
THBHOCTH. DTO O3HA4aeT, YTO JIaKe €C/IM H3BECTHH BEJHYHHBI
VAR cocTaBiisitoLuX nopTdent akTHBOB U KOA(PDULIMEH Tl KOp-
pensiiiiy MesK/ly aKTHBaMH, TO B OOLUEM cllydae Ha OCHOBaHWH
9THX JaHHBIX HEBO3MOKHO paccuauTath VAR moptdens. Iro cBs-
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3aHO ¢ TeM, 9To VAR siBisieTcsl KBAHTHIILHOMH OLEHKOH, IO3TOMY
€e Henb3s BEIMHCTNTD 03 3HAHUA 3aKOHA PacTpe/ieNieHus 10X0-
ma mopTdens. Ho npu cyMMHPOBaHUH JOXOZ0B AKTHBOB 3aKOHBI
WX paclpeleneHus MOryT neopMHPOBATLCSA, MO3TOMY pacnpe-
AeNeHHe A0X0Ja MOPTQeis MOKET CHABHO OTIHYATLCS OT pac-
NpejeeHnH T0X0I0B COCTABIAIOMIMX €r0 aKTHBOB.

2) VAR He y4YWTHIBAST BO3MOIKHBIX OONBIIMX YOBITKOB, KOTOPHIE
MOTYT POU30ITH € MajlbIMH BEPOSTHOCTIMH,

3) Tlpu ykazaHuH B Ka4ecTBe MepBI PHCKa TOJbKO BEMHYHHBI VAR,
MBI HEe MMeeM HMHMOPMauHH O BHIE pachpeleNeHHs] IOXOIOR
noprdens. [Ipu sToM, eciiu pacnpeneneHne I0X0M0B noprenst
ABJIAETCA OCTPOBEPIUMHHBLIM (dKcuece Oonbiie 3), TO pHCK
noprdens OyneT HeIOOIEHUBATLCS, @ €CllH PachpesieieHyue 10-
XOZOB ABIAETCA TNOCKOBEPIUHHHBIM (3KCLECC MEHbLie 3), TO
pUCK DyZeT nepeoleHUBaTLC.

Hexoma M3 nepeuncnenblx Bbillle HeaocTaTkoB VAR, xotenoch Obl

UMEeTh XapaKTepPHUCTHKY pHCKa nopTdens, KoTopas ONHCBIBAET pea-

JAM3YIOIIMECs € MajdbIMH BEPOATHOCTAMM aHOMalbHO Oonbine

y6biTKH. Takoit mepoil pucka sengercs Shorifall-at-risk (SAR). SAR -

10 OXKHAAEMOE 3HAYEeHHe yObITKa MopTdens, MpH yCloBMH, 4TO ad-

COJIIOTHAA BeTMUMHA yObITKA npeBocxoauT VAR, Mexons w3 jaHHOro

onpe/eneHus, 3HaYenue SAR moxer ObITh BEIYHCIEHO 110 Qopmyte:
VAR :
SAR = [y- p(y)dy

=00 .
CoBMECTHOE HCMOb30BaHHe B KauecTre mep pucka VAR n SAR no-
3BOJISET UMeTh Gosiee MONHYI0 WHPOPMALMIO O XBOCTaX pacrpese-
neHus poxonos noprdens. INpu sT7oM npeacrasngercs uelecoodpas-
HbIM PAaCCHMTLIBATE 3TH BEIHUMHbI OJHOBPEMEHHO JUli HECKOJIbKHX

pasiMUHbIX 3HAYEHUH JOBEPUTENBHON BeposTHocTH P (Hanpumep
0.950, 0.975, 0.990, 0.999).

16.3. Berancaenue Vaiue-at-risk u Shortfall-at-risk.

I[Tpesx/e BCero paccMOTPHM, KakuM 00pasoM MOJKHO HAMTH 3Ha-
uenua VAR n SAR nnst otpensHoro aktiea. Jlng pacueTa 3THX BEMH-
uuH HeoOXo/uMa MH(OpPMaLKA O MIOTHOCTH pacipeneneHus J10Xo-
J0B, KOTOpasg MOXKeT ObiTh HaHAeHa N0 3MIIMPUYECKOH BbIOOPKE phi-
HOYHBIX [leH JaHHOTO aKTHRa. Beenem obo3HaveHus:
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0....,¢,,,, - HHTEPBAN BPEMEHH, HA KOTOPOM [1POH3BOANTCS BEIGOPKA
LEH,

Price, - uena akruBa B MOMEHT Bpemenn ¢ (0 <7 <f ).

Torna BennunHOMN, Xapakrepusyouieil 0THOIHEBHEIH 10X0M OT BJO-
JKEHHS B JaHHBIH aKTHB OT MOMeHTa  —1 1o momeHTa £ Gymer

x, = In(Price, | Price, ) ,rne 1<t <t .

3naueHus VAR u SAR moryt GbiTh OnpeneneHsl Mo BhIGOpKe Cliy-
yaifHbIX BEJIMHMH {X,} CIEeAYIOLMUME criocoDamu:

1) Henocpedcmsenro ho 6uibopxe {Xx,} .

[Ipy wmcrmonb30BaHUK 3TOro crocodba BeIGOpKa {X,} HOMKHA
OBITE yropsiyioueHa 1o Bo3pacTaduio. Ilocne 3toro HyKHO HaHTH
HoMep M B ynopsmoveHHOM 10 BO3pacTaHHIO BeIOOpKE, COOT-
BEeTCTBYIOLINi JI0BEPHTENBLHOMH BepoaTHOCTH P :

M =1+ [EJIOE((1- P)-(t,,. —1))

Torna

1 M
VAR =|x,,| SAR=—>"x,
g max =1
JlaHHEBIE MeTO ABJISETCS CaMblM NPOCTHIM M CAMBIM TpPYObIM.
OH HCKITIOYUTENIBHO YYBCTBUTENEH K KOHKPETHOH ciy4aliHoH
peanmusauuu ueH Ha uxteppane 0,..f . . Kpome Toro, stor
crnocod CHITBHO 3aBUCUT OT 00beMa BbIOOpKU. JIeHCTBUTENLHO,
1pY MajloH BeJIMYMHE £ MBI MOKEM A/ PA3IH4YHBIX 3HAYCHHH
P nonydars oauH 4 TOT Ke HoMep M , u Kak clencTBHE 3TOTO,
OIHH H Te ke BenuuuHbl VAR u SAR.

2) Ilymem udenmugurayuu 3aKOHa pachpeoenenus CIyUaiHol ge-
JUYUHBL X,

Jlas storo o BeIbOpke {X, } , HCMIONB3YA HANTOKEHHYIO B riiase 6
METOAMKY, HeoOX0JUMO MOCTPONUTE IMIUPHUECKYIO MHCTOrpam-
My pacrpefeneHus Ciay4aiiHoH BEJIHYMHBI X, MOCIe Yero ar-
NPOKCUMUPOBATh 5TY FHCTOTPAMMY OJIHUM M3 AHAIHTHYECKHX
3aKOHOB pAaclpeneneHus, KOTopele onucadsl B rnage 2. Tem ca-
MbIM Oyzner naiiznena ¢opmyna Juis NIOTHOCTH pacrpeaeneHits
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p(x). Jins 3a1aHHOMN JI0BEPUTENLHOH BEPOATHOCTH P semuun-
Hel VAR u SAR mMoryt ObITh HaliieHsl H3 ypaBHEHHH

—VAR —-VAR
1-P= [p(x)dx SAR = j X p(x)dx

Peluenye 3THX YpaBHEHHI MPOBOAMTCA KAK IIPABHUJIO MUCIIEHHO,
METO/1Ka [IPUBEIEHA B TaBe 2.

3) IIymem MHOZOKpAMHO20 MOOeAuposanus memodom Monme-
Kapao
Kak 1 B IpepiIyliem clydae, o dMIMpHHeckoii BeiGopke {x, }

HE0oOX0AMMO HAlTH aHanuTH4YecKylo (GopMyny ads IMIOTHOCTH
pacrnipefienienus  p(x). Janee, MCronb3ys reHeparop MCeBo-
cTydaiHbIX YHCE, HYXKHO TIPOBECTH MHOrOKpaTHOE MOEeNHpo-
BaHHE CTyyaiiHOH Benuunubl X (METOJHKA MOAPOOHO M3/I0XKEeHA
B rnase 2). [locne sroro BemuuuHbl VAR u SAR onpenensiores
yIKe N0 CMOJICTMPORAHHOM BBIOOpKE.

[IPUMEYAHME. Taxum 06pa3oM MBI HallllH OfHO/AHEBHbBIE VAR W
SAR. Ecny HeoOXOAMMO BHIMHCIHTE HalpHMEp ISATHIHCBHBIE 3HaA-
YeHHs STHX BEITHYMH, TO BMECTO JHEBHBIX OApOB LIEH HCIIONB3YIOTCS
HenensHble 0apbl U T./1.

I[Tocie TOro Kak M3BECTHO, KAKHM 00pa3oM MOMKHO HaWTH 3Ha-
yenusa VAR u SAR s OTOENBHOTO aKTHBA, MOXKHO OIHCATH MpoLie-
Jypy MOKMCKA STHX BETHYHH NS NopTens.

IIpoue Beero VAR u SAR ans noptdens MOXKHO HANTH, €CA Ha

unteppane speMeHH 0,....f . PaccMOTpPETH TMOBEAEHHE BHPTYaib-

Horo noptdens, chopmupoBanHoro B MoMeHT /=0 W3 mHTepe-
CYIOIIHX HAC aKTHBOB, K&XKAblH U3 KOTOPBIX BXOIHMT B MOPTQEIb C
3aaHHbIM BecoM. Ecnu cuutats, uto Price, - 370 CTOUMOCTE BUP-

TyanbHOro noptgens B MOMEHT BPEMEHH [, TO BCS MpoUeaypa ro-

ucka VAR w SAR nns Hero yxe onucaHa seiue. Taxoli noaxon o6-

Jajaet clIeayromHuMH JOCTOHHCTBAMH:

- OTCYTCTBYET HEOOXOIHMMOCTD yYeTa KOPpeNsuui MEeXAY BXO/A-
IEMA B OPThENs aKTHRaMH (TO IPOMCXONT ABTOMATHYECKH),

- OTCYTCTBYET HeOOXOMHMMOCTb yYeTa 3aKOHOB paclpeie/IeHHs
BXOOALIHX B HOpTd)eJ'IB AKTHROB, TAK KaK HAC MHTEPECYET TOJILKO
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3aKOH pacnpeneNieHtsl pe3yibTUPYIOLIEro BHPTYAIBHOrO MOpT-
{esst, a ero moxHo onpenenuTs no Beibopke {Price, } .
CyuiecTBeHHBIM HELOCTATKOM TAKOTO TMOAX0AA ABAAETCA TO, YTO Te-
KyLIHE Beca aKTUBOB B MOpPTQeNne paBHbI 3aJaHHOMY HaGOpy BECOB
{w,} TonbKO B HauanbHbIl MOMEHT Bpemeny ¢ = (0. DTo mpomcxo-
AHT MOTOMY, YTO [MHAMUKA LEH BXOAANIMX B BUPTYAIbHBIH MOpT-
denp aKTMBOR pa3IM4HA [UIf PAasHBIX AKTHBOB, PE3yNBTATOM Yero
ABNAETCS OCTOSHHOE M3MEHEHHE COOTHOLIEHHS TEKYIIHX BECOB aK-
THBOB B BUPTY&ILHOM MOPT(EIe B pasiuuHble MOMEHTHI BPEMEHH
(KKIBIA AKTUB yYMTHIBAETCA TO €ro TeKyluel pBIHOUHON ILieHe).
JeHcTBUTENBHO, €CTi CunTath, 4T0 B MoMeHT ¢ =0 CcToHMOCTS
BUPTyanbHOTO nopthens Price, =1, To B nocnenyiomme MOMEHTEI

BPEMEHH €ro CTOMMOCTD BBIpaxaercs hopMynoii:

: S Erice
Price, :an+ t=lasty,,
SSTn A ICED

rae Price, , - 3T0 IieHa 71 -ro akTHBa B MOMEHT BPEMEHH { .

Wz aroit CHTYALlHH MOXET OBITH 1BA BbLIXOa. BO*I’IEI)BLIX, MOKHO
HpEHe6pE‘—1EJ H3MEHEHHEM COOTHOLIEHHMS BECOB. BO—BTOpBIX, nocjie
KaX1oro TOProBoro AHA NPUBOQJAMTH TEKYILHE BECA AKTHBOB B COOT-

BETCTBHE C 33JiaHHbIM Habopom {w, }. B arom ciaydae cromMocts

BHPTYaILHOrO NOpTdend B MPOU3BO/bHLL MOMEHT BpeMeHu GyaeT
paBHa:

Price, =1
y T Brice,
Price, =H an—_———- s W S
i=l \ n=l Prlcen, -1
Bosee yno6HO HCMOIB30BaTE PEKyPPEHTHYIO hopMyITy
2 Price
Price, = Price, -y w,—neont_
et e

B HeKkOTOpEIX YacTHBIX ciyuasx FAR noptdens MoKHO HaiiTH aHa-
THTHYECKH, eciiu u3BecTeH Habop {VAR, } exomsimux B noprdens

AKTHBOB H KO3DOHIHEHTE KOPPENALME MEXIY aKTHBAMH. JTO cie-
IYHOLIMEe CITyJan:
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1) Ecinm poxopsl Bcex akTHBOB paclpefeneHbl HOPMaIbHO, TO HX
cymma (Zoxox mopTdens), Takke pacnpeneneH HOPManbHo, TO
eCTh He MPOUCXOAMT Ae(hopMaliii 3aKOHa pacrpefeneHns mpH
CYMMUPORAHWH,

2) Ecnu npu He o0s3aTebHO HOPMAALHOM PAclpeleneHut J0X0-
JOB aKTHBOB BbIOpaH YDOBEHL [OOBEPHTENLHOH BEPOATHOCTH
P=095. leno B ToM, uTo st GonbLIOro 4HCIa Hauboiee
yNOTPeOUTEIIbHBIX 3aKOHOB pacnpedencHus 5%-Hasd KBaHTHIIb
pacnipefeneHHs BRIpa)KaeTcs yHepes MareMaTHUecKoe OXHIaHHe
H C.K.0. 110 eIMHOH dopmysie X, = i —1.60 .

B oboux ciyvasx VAR oprdens Beiuucigercs 1o GopMyiie, aHaino-
ruuHoH Gopmyne 1 qucnepedu noprdens:

N N N
VAR, = w; -VAR; +23 > ww,p, VAR, -VAR,
k=1

k=1 i=k+1

16.4. OnTumuazanng noprdens ¢ yderom Value-at-risk u Short-
fall-at-risk.

AJTOpPATM YHCIEHHOTO PEUIeHHs 3a4add ONTHMH3aUMH [OPT-
(enst M0 COOTHOLICHHIO MAaTEMATHUECKOIO OKHMIaHHUs NOXOHa H
CPETHEKBAIPATAYHOrO OTKJIOHEHHs JIOX0/la IpuBeleH B ruase 15
naparpade 15.7 aroli kxaury. Brejsenye B paccMOTpeHHe MEp pHCKa
noproenst VAR w SAR muume pononsHser 1ot anroput™. Beibop
KOHKPETHOI'O pELIeHHs U3 MHOMKECTBA PELUeHME 331a4d OlTHMH3a-

iy nopréens (TO eCTe ONTHMAIBHOE COOTHOIEHHE BENHHHH £,
o,, VAR, u SAR ), xaxnpiii nopTdhensHbili MEHSDKED OCYILECTB-

JHeT € YYETOM CBOHX HHBECTUIHOHHBIX HpeﬂHOL{TEHI/Iﬁ.
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Yeamaevble yuTaTean!

WAL,
TR Hapatenserso "Kovnanus Cuyruuk "' o pepakunst AKYPHAIOB
0:@:, «ACHUPATI U COUCKAMENY, «AKHYaIbHLIe RPOOIEMbI COBPEMEHHON HAY-

W kuyn, «Borpocel cyManumaprsix vayky, «Ecmecmeeniste u mexnuyeciue
naykuy, «Bonpocet axonomuueckux nayky, «Bonpocer unosozuueckix
nayin, «fOpuouueckue nayxun u «lledazouveckue nayruy
npeanarawT Bam onybumnkoBars:
MOHOTrpaduH, Hay4HbIe TPYALl MAJILIMH THpPaKaMH (oT S0 3%k3.);
HAY4YHEBIE CTATBEH A 3AIHMTHI AHCCEPTALIHH B HAIIHX KYyPHAIaX;
KHHIH, CTHXH MATBEIMHA THpaxKaMu (ot 50 9k3.);
asropedepars quccepranmii (100 nx3, 3a 1-3 au3).
Bcee m3panud pernerpupyiores B KinwkHol nanare P® u pacceuiatores no 6ub-
nuotexam Poceun u CHI'.

VEEEE

» OcymecTBisieM KOMIbIOTEPHBIH HaG0p H Beperky, a TAKKE (HOJUTPA-
hrueckne paboThl (BH3HTKH, 6IaHKH, THCTOBKH, Nepenier).
»  TlpuriamaeM K cOTPYAHHYECTBY aBTOPOB Y4eOHOM, CrIpapovHON. KpaeBea4eckoi

W JIPYTO# [OMYJISIPHOT THTEPATyPEL
»  OxassiBaem MOMOIIL B PEATH3ALMH KHIDKHOH IPOILYKITHHA.
Ten. (095) 730-47-74 (c 9 00 18) http://www.sputnikplus.ru
E-mail: sputnitplus2000@mail.ru

Hayunoe usoanue

Bynawer Cranucnas BaneHTUHOBUY
CTATHCTHUKA JIJIS TPEHJIEPOB

HanarensctBo «Komnanus CnyTHHKH)
109428, Mockga, Pazanckuii npocnext, 1. 8a
Ten.: (095) 730-47-74

JIP Ne 066478 ot 30.03.99
Hasorossie nerotel B coorserersin ¢ OK 005-93
Towm 2 95 3000 — Kuuru 1 Gpoiops

CaHHTapHO-21THAEMHOIOTHIEcKOe 3aKTHHEHHE
Ne 77.99.02.953.71.000182.01.03 ot 15.01.2003 r.

Ioanucano B nevars 17.09.2003. ®opmar 60x90/16.

bymara O(IJCS'I'Haﬁ.‘YC_U.. med. . 15,31, Tupax 1000 sx3. 3axaz 3225
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