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BepOﬂTHOCTHO-CTaTI/ICTI/I‘IeCKHe MOA€E/JIN JINKBUIHOCTH
PBIHKA HEABUKUMOCTH

B nannom IlpunokeHun mpeiokeHa HOBas KOHIEMIMS aHANINW3a JTUKBUIHOCTH OOBEKTOB
HE/IBUJKUMOCTH, OCHOBAaHHas Ha BEPOSTHOCTHO-CTATHCTUYECKHUX MOJENAX CPOKOB 3Kcro3uuuu. B
[Ipuiio>keHUH paccMaTpUBAIOTCS IPOLECCHl MPOJAXXKH C IOMOIIBI0 MOJENEH, pa3BUBAacMbIX B
CMEXHBIX O00NacTAX U, MpeXaAe BCEro, B TEOpUM HaaexHOocTH. Iloka3aHo, 4ro B THEepBOM
NpUONMIKEHUN TIPU aHAIM3€ JTUKBUIAHOCTH PHIHKA HEABMXKUMOCTH B OOJBIIMHCTBE CIy4aeB MOXKHO
OINUPATHCS HA HKCIIOHEHIMAIBHBIN 3aKOH JIMKBUIHOCTH. [IpOoIeMOHCTPUPOBAHO, YTO MCIIOJIB30BaHUE
BEPOATHOCTHO-CTATUCTUYECKUX MOJEJIEH I03BOJSIET paccuuTaTh pa3jIMYHbIE XapaKTEPUCTUKU
PBIHKA, KOTOPBIE TIO3BOJISIFOT € PAa3HBIX CTOPOH B3IJISIHYTh HA JINKBUIHOCTh PhIHKA HEJABUKUMOCTH.

BBenenue

3anauy, CBA3aHHBIE C ONPEIEICHHEM JIMKBUIALMOHHON CTOMMOCTHM, aHAJU30M KadecTBa
3aJIOTOBOM MaccChl OaHKOB, OMpENEJICHHUEM CTapTOBOM IIEHBI Ha TOprax, pa3pabOTKH CTpaTeruid
MHBECTUPOBAHUS U IpyTHE 33a7auu TPeOYIOT 0OBEKTUBHOTO aHAIN3a YPOBHS (CTEINEHN ) IMKBUIHOCTH
akTUBOB. JIMKBHIHOCTh MMYILECTBA XapaKTEPU3YeTCsl TE€M, HACKOJIBKO OBICTPO OOBEKT MOXKHO
[IpoJaTh IO LE€HE, aJEeKBAaTHOM PBIHOYHOM CTOMMOCTH Ha OTKPBITOM pbIHKE. [loaTOMYy OCHOBHOMU
XApaKTEePUCTUKON JMKBUAHOCTH OOBEKTa SABISETCA CPOK, B TEYEHHE KOTOPOro OOBEKT
HE/IBYKUMOCTH, BBICTABJICHHBIN Ha MPOJIaXy IO LIEHE, PABHOIM PIHOYHOW CTOMMOCTH, OyJIeT MPOAaH.
OTOT CpPOK, Ha3bIBAEMbII CPOKOM (BPEMEHEM) HKCIO3MIIMHU, 3aBUCUT OT CTEUYEHHUS MHOTHX 3apaHee
HEM3BECTHBIX MPOJABIly ()aKTOPOB: OT TOT0, KOT/A MOSIBUTCSA 3aMHTEPECOBAHHBIM MOKYyMaTelb, Kak
OH OLIEHUT NPEUMYIIECTBA U HEJOCTAaTKHM OOBEKTa, YCTPOUT JIM ILI€HA MPOJABLA U CMOXKET JIU OH
JIOTOBOPUTHCSI C HUM O IIEHE, KoTopasi ero ycTpout. C apyroil CTOpOHBI, CPOK HKCHO3HMINMU 00BEKTa
3aBUCUT OT IMO3UIMM NPOJAaBLA, OT TOr0, Kak IPOAABEI[ OLEHHBAET INAHCHI OOBEKTAa OBITH
IIPOJAHHBIM 10 BBHICTABJICHHON UM II€HE, HACKOJIBKO MPOJIABEl] 3aMHTEPECOBaH B OBICTPON MpoOJakKe,
TOTOB JIM OH CHIKaThb IIEPBOHAYAIBHYIO IeHYy M T.I. [lo3TOMy CpOK SKCIO3MIMHU SABIIAETCS
CITy4ailHOM BEIMYMHOM, a YPOBEHb JIMKBUIHOCTH 00BEKTa OOBIYHO XapaKTEPHU3YIOT THIIOBBIM CPOKOM
sKcno3unuu. [Ipu 3TOM 0AHO3HAUYHOrO ONpPENENeHUsI TUIIOBOIO CPOKa B O(UIMAIBHBIX TOKYMEHTAX
HET, OJJHAKO, HA MPAKTHUKE Yallle BCEr0 FOBOPST O CPEAHEM CPOKE dKCIo3uuuH [1].

Cnengyer OTMETHTH, YTO Takass XapaKTEPUCTHKAa BO MHOTUX CHUTYyalUsX HE SBISAETCS
JIOCTaTOYHO HMH(OPMAaTUBHOW W HE TMO3BOJIAET peIIaTh MHOTHE MpakTHYecKue 3amayu. Tak,
HalpuMep, HE BBOJAA JOIOJHUTCIBHBIE NPEANOJOKEHNAA OTHOCUTEIBHO BEPOSTHOCTHOIO
pacripesielieHus BPEeMEHU SKCIO3MLIMK, WHPOPMALMU O CpPEJAHEM CPOKE HEAOCTaTOYHO, YTOOBI
pEIINTh 3anady IMPOTHO3MPOBAHUSA IOTOKA JOXOIOB, KOTOPBIE MOKHO OXHAATh IIPU IPOAAKE
KBAapTHP BO BHOBb IIOCTPOCHHOM MHOTOKBAPTUPHOM foMme. OTcyTcTBrE Oojiee MOoNMHOM HHpOpMauu
O PpaclnpeneieHUud CPOKOB JKCIIO3MLIMM IIPEIMETOB 3aj0ra HE IO3BOJIAET IIPOrHO3HPOBATH
MOCTYIIJICHUS JOXOA0B OT MPOJAXH OaHKaMU 3aJI0rOBOW HEIBMXKMMOCTH U TOJHOIICHHO OIICHHBAThH
PHUCKH, CBA3aHHbBIE C IpoOJeMaMM IpH MpoJaxe. DTOW XapaKTEPUCTHKH HEJOCTATOYHO, YTOOBI
KOHTPOJMPOBATh KaK MEHSAETCS JTUKBUAHOCTb BO BPEMEHH, TIOCKOJIBKY, YTOOBI ONPENEIUTh CPEIHUI
CPOK DJKCIO3MLUH, B o00meM ciayuyae TpeOyeTcs JOCTaTOYHO MHOTO BPEMEHH, CYIIECTBEHHO
MPEBBIMIAIOIIEE 3TOT CPOK. DTH U JPYTUE 3a]]a4d MOTYT OBITh YCIEIIHO PELICHbI, €CIH OLICHIIHUK He
orpaHuYeH MH(pOpMalMell O TUIOBOM CPOKE SKCIO3MIMH, a pacloyiaraeT MOJAEIsIMH M HaOopoMm
TpeOyeMBIX CTaTHCTUYECKUX XapaKTEPUCTHK, OTPAXKAIOIIUX BEPOSTHOCTHBIC CBOWMCTBA IPOIECCOB
IIPOJAXKH HA PBIHKE HEABMXKMUMOCTH. IIOCKOIBKY PBIHOK HEABM)KMMOCTH HOCHT BEPOSTHOCTHBIN
XapakTep, a CpPOK HKCIO3ULUU SIBISETCA CIyd4allHOM BEIMYMHON, MOJEIM JMKBUIHOCTU PpBHIHKA
HEIBW)KMMOCTH JIOJDKHBI OCHOBBIBAaTbCSI HA TEOPUU BEPOSATHOCTEH, a MPOLELYPHl ONPEICIICHUS
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XapaKTEPUCTUK JTUKBUIHOCTH — HA METOJOJIOTMH CTATUCTUYECKOTO BBIBOJIA.

BoNbIIMHCTBO OTEYECTBEHHBIX IMyOIMKAIMKA M METOAMYECKUX pa3pabOTOK, CBSI3aHHBIX C
JIMKBUJHOCTBIO aKTHBOB, ITOCBAILLIEHO METOJAaM ONPEAEICHUS JIMKBUIALMOHHON cTonMOCTH. OIHAKO
C TOYKM 3pEHHUsI Pa3BHBAEMOI0 B JIaHHOW paboTe mojaxoaa Oousbliee 3HAYEHUE MMEIOT paboThHlI 10
JECKPUNITUBHOMY aHAJIM3y PHIHOYHBIX JAaHHBIX, MO3BOJISIIOIIEMY OOHApPYXUTh U MHTEPIPETUPOBATH
3aBHCUMOCTH CpOKa 3KCIO3UIMHM OT pa3iuyHbIX (pakTopoB. IloaTOMYy OCTaHOBMMCS Ha aHajIH3e
myOauKalui, MOCBSIIEHHBIX CTATUCTHUYECKOMY MCCIEIOBAaHUIO PBHIHKOB HEIBHKUMOCTH Ooiee
OJIpOOHO.

W3 pabot 3TOro HampaBieHHs, IPEXKIEe BCEro, CleAyeT BBIACIUTh HCCIEAOBAHUS PHIHKOB
HE/IBYKUMOCTH C UCIIOJIb30BaHUEM OOJBIINX MAaCCUBOB PHIHOYHOM MH(OPMAIUH, HAlIpaBIEHHbIC HA
BBISIBJICHHE 3aKOHOMEPHOCTEH M 3aBHCHUMOCTEH JUKBHIHOCTH OT pa3iMuHbIX (akTopoB. B pabore
CIIOBEHCKHX CIIELIMATIUCTOB [4], HA OCHOBAHWM AHAJIN3a PHIHOYHBIX JTAHHBIX BBIJEJIECHBI TPU TPYIIIIbI
(bakTOpoB: XapaKTEPUCTHUKU COOCTBEHHOCTH, PBIHOYHBIE YCJIOBUS M MAaKpPOIKOHOMHYECKHE
IapaMeTpsbl, KOTOPBIE SABJISIOTCS CTATUCTUYECKH 3HAUUMbBIMU JI€TEPMUHAHTAMHU JTUKBUIHOCTU. Bpems
HaXO0XJICHUS Ha pPBIHKE OOBEKTa HEIBMKMUMOCTH 3aBUCUT OT €ro XapaKTePUCTHK, 3asBICHHON
HAYabHOW TIIeHBI, ()UHAHCOBBIX M OOIIUX DJKOHOMHUYECKHX YyCioBUi. OcoOyio poib HUTparoT
pBIHOYHBIE yclioBUs. B paboTe Ha OCHOBE aHa/IM3a CTATHUCTUKH MOKAa3aHO, Kak 0ojiee BHICOKHE I[EHBI
Ha )KWIbE U CPENIHAA NPOLIEHTHAs CTaBKa 110 KPEAUTAM YJIMHSAIOT CPOK HAaXO0XKIEHUSI HEBUKUMOCTU
Ha pbIHKE, B TO BpeMsi Kak OoJyiee BBICOKAsl TOCTYMHOCTb KMJIMIIHBIX KPEIWTOB, COKpAIIAET ATOT
Cpok. Bpems Ha pbIHKE ONpENECIEHHON HEIBUKUMOCTU TaKXE BapbUPYETCA MAJIs PA3IUUYHBIX
CEerMEHTOB MUKPOpBIHKA. [Ipy 3TOM OoTHOCHTENBHAS BaXKHOCTh KaXKJOM IPpyIIibl (aKTOPOB pa3ivyHa.
Haubonee BaxxHBIMU (haKTOpamH, OINPENENSIONIMMHE BPEMs SKCIIO3UIMKM B HAOIIOAaeMbId MEPUOL,
SBIIAIOTCSI CTOMMOCTb OOBEKTa M JOCTYIMHOCTh (PMHAHCUPOBAHMS >KUIUIIHOIO CTPOUTENBCTBA, a
TaKXKe MHJCKC LIeH Ha XWibe. B 1memoM pabora MHTEpecHa METOJaMH aHAINW3a PHIHOYHBIX JaHHBIX,
KOTOPbIE MOTYT HAWTH NPUMEHEHUE ITPU UCCIENOBAHUM 3aBUCUMOCTH JIMKBUJIHOCTH OT PA3JIMYHBIX
(baxTopoB.

B paborte [5] Ha ocHOBe aHanm3a BBHIOOpKH U3 1,3 MWIIMOHOB HabmoneHuil B ['epmaHum,
IPEJCTAaBICHBI JI0KA3aTeNbCTBA TOTO, YTO 3HEProd(P(eKTHBHOCTH W HKOJOTHs cTaja Hauboiee
3HAYUMBIM (PAKTOPOM MPUHATHUS PEIICHUN apeH/IaToOpaMu U MOKYNaTeIsIMU Ha €BPONEHCKUX PhIHKAX
KHJIBS 3 TIOCJICAHUE TO/IbI, YTO OKA3bIBAET 3aMETHOE BIUSHUE HA JIMKBUJHOCTH OOBEKTOB.
bonbiioe BiaMsSHUE Ha JMKBUIHOCTb JKUJIbS OKa3blBa€T OOIIMN YypOBEHb 3KOHOMHUKH. AHaIHU3
PBIHOYHBIX JaHHBIX [6] MO3BOJIMII YCTAHOBUTH 3aBUCUMOCTb YPOBHS JIMKBUIHOCTH HA PBIHKE JKUJION
HEJBM)KMMOCTH, HM3MEPSIEMOI0 CpPEIHUM BPEMEHEM IMpOJaxH, OT OOIIeld aKTHMBHOCTH pbIHKA,
KOTOpBIi, B CBOIO, OYEPE/Ib, 3aBUCUT OT COCTOSIHHSI SKOHOMUKHU.

B cratee [7] mpuBeneHBI pe3yNbTAaThl HCCIAEAOBaHUS (PAKTOPOB, BIHUSIIONIMX Ha BPEMS
HaXOXXJCHUA OOBEKTa Ha PHIHKE Ha PBIHKAX JKWJIOM HEIBWXKUMOCTH B cTpaHax LleHTpanbHOi U
Bocrounoit EBpombl. CTeneHb 3aBBINICHHS II€H OKa3ajiach HawbOojee 3HAYUMOHN JeTEepMHHAHTOU
BpEeMEHU Ha pbIHKE. boiiee BhICOKME IIEHBI Ha XHJIbe (Ha HALMOHAJIBHOM YPOBHE) U CPEIHSSA
MIPOLIEHTHAS CTAaBKa MO KWIUIIHBIM KpEAUTAaM MTPOJUIEBAIOT BpEMsl HAX0XICHUSI 00bEKTa Ha PHIHKE, B
TO BpeMsl Kak OoJiee BBICOKAs JAOCTYMHOCTh JKWJIMIIHBIX KPEIUTOB, HANPOTUB, COKPALIAET OOBEM.
AHanu3 JMKBUOHOCTH [UIsl ApEHIHOIO KWiIbs B CEMH KpynHeHmmx ropoaax ['epmanum c
WCIOJIb30BAHUEM TEXHOJOTMM OOJBIIMX JAHHBIX M MOJENU MPONOPIMOHAIBHBIX pucKoB Kokca
npuBeneH B [9]. Ha Gonbmux oObeMax AAaHHBIX aBTOP HMCCIEIOBAT 3aBUCUMOCTH JIUKBUIHOCTH OT
BO3pacTa XKWJbsl, KOJUYECTBA KOMHAT U PACCTOSIHUSA /10 LIEHTPOB I'OPOOB.

Cnenyer oTMETUTH psii pabOT, aBTOPBI KOTOPHIX, OCHOBBIBASICH HA PHIHOYHOM CTaTUCTHKE U
UCTOJNB3ysd AITOPUTMbl  MAUIMHHOTO  OOYyYeHHUs, mpemnaraioT A(PQEeKTHBHbIE TEXHOJOTUH
ONpeIEIeHUs 0KUAAEMBIX CPOKOB IKCIO3ULMU. MeToIbl MPOTHO3UPOBAHUS CPOKOB SKCITO3ULIMH JIJIS
KOHKPETHBIX OOBEKTOB HEIBM)XKMMOCTH, OCHOBAHHBIE HA AaHAJHM3€ XapaKTEPUCTUK JOMOB H
reoconuaabHOl MHGOPMAIMM O MECTe €€ HaxOXIeHHus, paccmorpeHbl B [12, 14]. B paGotax
NPUBEJCHBI PE3YJIbTAaThl aHAM3a PEaJbHBIX JAaHHBIX O MPOAaXe HEIBH)KMMOCTH, COOpaHHBIX B
[lekune, KOTOpbIE MOATBEPKIAIOT, 1O MHEHHIO aBTOPOB, 3((EKTHUBHOCTh MPEIaraeMoro HUMU
MOAX0Ja Il H3MEpPEHUs JMKBUJHOCTU HA PBIHKE HEIBMKMMOCTU. TEXHOJOrMHM MAaIIMHHOIO
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oOydYeHUs JUIsl MCCIIeNOBAHM JIMKBUIHOCTH Pa3BUBAIOTCS M B JIpyrux pabdorax. Tak, B padorte [13]
MPEITI0KEHBI METOJbI TPOTHO3UPOBAHMSI CPOKOB AIKCIO3UIMU OOBEKTOB HEABIKUMOCTH. OCHOBY
METOJIOB MpPEJICTaBIsIeT MHOroleNeBoe o0yueHue Ha OCHOBe perpeccuu. IlpuBeneHbl pe3yiabTaThl
CTaTUCTUYECKUX  HCCIECNOBAaHUWA JKWIOW HEABWKMMOCTH B IleknHe, JneMOHCTpUpYrOLIUE
3G (HEeKTUBHOCT MPEITIOKEHHBIX TPOLEAYDP. 3aBUCUMOCTh BPEMEHU HKCIO3UIIUU HEABHKUMOCTH OT
JNETEPMUHAHTOB, TAKUX, KaK MPOLIEHTHAsI CTaBKa, BO3MOKHOCTb TPYAOYCTPOUCTBA U T. M., KOTOPHIE
XapaKTEPHU3YIOT 00111ee COCTOSTHIE YKOHOMHKH, HCCIIeyeTcs B pabote [8].

B oredecTBeHHOUN JmTEpaType A0 TMOCIEAHETO BPEMEHHM OTCYTCTBOBAIH PadOTHI TIO
CTaTHUCTUYECKOMY aHaJu3y JHKBUIHOCTU Ha pPbhIHKaX HeIBWKMMOCTHU. Haubosnee mosHbIM aHanu3
JUKBHUJIHOCTH HEJBUKHUMOCTH, HaXOJSIIEHCsT B ropojax Poccuu ¢ 4ncIeHHOCTRIO Oojiee MUJLTHOHA
yenoBek, Bkimovas MockBy u C-IlerepOypr, ocHOBaHHBIH Ha 00paOOTKE PHIHOYHBIX JIaHHBIX,
COJIEpKAINX HECKOJIbKO MUJUIMOHOB HWCTOPUM OOBSBICHUN O MpoJgakax HEIBHKUMOCTH U3
pPa3IMYHBIX CETMEHTOB, MPUBENIEH Ha pecypce oTKphiToro aoctyna [10]. IlpencraBinenubie Ha caiite
TUCTOTPaMMbl U KYMYJISITUBHBIE paclpe/leIeHUs CPOKOB SKCIO3ULIUU MO3BOJISIIOT YBUJIETh XapaKTep
BEPOSITHOCTHBIX PACIPEIEICHUN U COMIOCTABUTH BEPOSITHOCTHBIE CBOMCTBA JIMKBUHOCTH JIJIs1 Pa3HBIX
TOpPOJIOB U Pa3HBIX CETMEHTOB pPbIHKA HEABMKUMOCTH. [IpuBeneHHbIE pe3ynbTaThl MCCIEI0BAHUN
MOKAa3bIBAIOT, KaK JIMKBUAHOCTh 3aBUCUT OT CErMEHTa (IOJCETMEHTa) PbIHKAa HEIBH)KUMOCTH, OT
MeCTa TIOJIOKEHHUsI 0OBEKTOB U OT UX pa3MepoB. CieayeT OTMETUTh Takke padoTy [2], copepkairyro
CTaTUCTUYECKWN AaHAJIW3 COpPOCa HAa PBIHKE HEABHKUMOCTH, B 3HAUYUTEIBHOM CTEIECHH
OTIPE/ICTISIONIETO TUKBUIHOCTh. B 00aBneHne K yKazaHHBIM paboTaM clieAyeT yka3arh J[oKyMeHT
ABP [11], B xoTOpoM cojaepaTcs PEKOMEHIAIUU IO COOpy M aHaJIW3y PHIHOYHBIX JIaHHBIX,
HEOOXOIUMBIX JIJIsl OLICHKH JTUKBUIHOCTH OOBEKTOB HEIBHKUMOCTH.

OtaenpHO clieyeT BBIACIUTH PabOThI, MUCIONB3YIOIIME MOJETH, Pa3BUBAaEMble B APYroi
chepe — B TEOpUH BBDKMBAaeMOCTH. Tak B [8] MO aHANOTHUU C TEOPHEH BBIKMBAEMOCTH BBOIHUTCS
GyHKIUS, UMEIONIAsi CMBICI BEPOATHOCTH TOTO, YTO COOBITHE NMPOM30MIET B HEKOTOPBIM Malblil
MepuoJi BPEMEHU MpHU YCIOBUM, YTO OHO HE MPOU3OILIO JO Hauyaja 3Toro nepuona. B kauectse
TaKoro COOBITHSI pacCMaTPUBAETCSl COBEPIICHHE CAENKH, a (GYHKIUIO Ha3bIBalOT (YHKIUEH pucka
(TepMHH B3SIT U3 TEOPUHM BBIKMBAEMOCTH). Jlasiee BBOJAUTCS 3KCIIOHEHIMAIbHAsL 3aBUCUMOCTb ATOU
byHKIIMU OT mapaMeTpoB pbiHKa. [Ipu 3TOM mpenmnonaraercs, yTo GyHKIUS PUCKA OT BPEMEHH HE
3aBUCUT. TakuM 00pazoM, aBTOp MPUXOAUT K M3BEeCTHOM mozenu Kokca, Ha OCHOBE KOTOpOil OH
MIPOBOAUT CTATUCTUUYECKYI0 00paOOTKY PHIHOYHBIX JaHHBIX. Takol MOIX0[ MO3BOJISIET €My H3BJIECYb
W3 JaHHBIX MHOTO TOJIE3HOW MH(POPMAIIUH, B TOM YHUCIIE, 3aBUCUMOCTH MOKA3aTeNsl TUKBUIHOCTH OT
pa3nuuHbIX  (pakTopoB. Tema MOAETUPOBAHUS JIMKBUAHOCTH OOBEKTOB HEIBMKHUMOCTU C
WCIIO0Ib30BAaHUEM TEOPUU BBIKMBAEMOCTH, MOJIYUUBIIEH pa3BUTHE B MOCIEIHUE TOJbl B Pa3JIMYHbIX
MPUKJIAJHBIX paboTax MO CTAaTUCTHKE, OOCYKIaeTcsl B ApYyrod upe3BblUaifHO MHTEpECHOU padore
[15]. B pabote moka3aHO, YTO, €CIIM TMPH OIPEICICHHH CTATUCTUYECKHX XapaKTePUCTHK CpPOKa
AKCTO3UITUH (CPETHETO CpOKa M JAP.) UCIOJIB30BATh TOIBKO JaHHBIC IO 00BEKTaM, 110 KOTOPHIM ObLIH
3aUKCUPOBAHBI CIENKH, TO IMOJYYaeTCs 3aHWKEHHas OIeHKAa. ABTOPBI MpEIaraioT MPOIEAyphI
OLICHKH, OCHOBAaHHBIE Ha METOJOJIOTMH, DPA3BUBAEMOM B paMKaxX TEOPUHM BBDKMBAEMOCTH. IJTa
METO/IOJIOTHS ITO3BOJIHJIIA TIOBBICUTH TOYHOCTh MPOTHO30B 00ECTICUNUTh JUHAMHUYHOE pearnpoBaHue Ha
W3MEHSIOIINECS PHIHOYHBIE YCIOBUSI.

TakuM o00pazoMm, TpHUBENCHHbIC MYOIMKAIIMM TIOKA3bIBAIOT BBIPAXKEHHBIM TpPEHA B
HaIlpaBJI€HUN HOBBIX IIOAXOJO0B, HAMNPABICHHBIX HAa CO3/IaHHE BEPOATHOCTHO-CTATUCTHUYECKHUX
MoOJeJIe M METOJI0OB aHajiu3a M OLIEHKM JMKBUIAHOCTHA PBIHKA HEIBMKUMOCTH U TEXHOJIOTHIA,
peanu3yIoluX UX IPUMEHEHNE Ha MTPAKTHKE.

[TogBoast wWTOor »TOMY KpaTKOMYy aHajiu3y, OTMETHUM, UYTO Ha CETOAHSIIHUN JIeHb
BEPOATHOCTHAsI TEOpUs JIMKBUIHOCTU eme He pa3pabortana. OrtnenbHble MyOJUKALUU
CBUJIETEIBCTBYIOT O TOM, YTO Mbl HaXOJMMCS B Hadajie MyTH MO CO3JaHUI0 Takoi Teopuu. OHAKO,
KaK 3TO 4acTo ObIBa€T B MEPHOJ] CTAHOBJIEHUS MPUKIAJAHBIX HAyK, HET HEOOXOIMMOCTH CO3[1aBaTh
3Ty Teoputo ¢ HyJsl. [logo0HbIe 3a1a4M JIETKO MOTYT OBITh PEIICHBI, €CIIH BOCTIOIB30BATHCS Pa3BUTON
BO BTOPOHM MOJIOBMHE MPOILIOrO CTOJETHUS METOJOJOTHEN aHaliu3a CIy4alHOro BPEMEHHU IO TOro,
KOTJIa TPOU30HAET HeKoTopoe coObiTre. [IOCKONBKY CBOMM pa3BHTHEM JTa Teopus o0Osi3aHa
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npoOiieMaM, CBA3aHHBIM C aHAJIM30M M OLEHKONW BEPOSTHOCTHBIX XapaKTEPUCTUK BpPEMEHU
0€30TKa3HOM PabOThl TEXHUYECKUX CHCTEM, 3Ta TEOpHs MOJYy4HJia Ha3BaHWE TEOPHUS HAICKHOCTH.
Jlpyroe HampaBjieHHE, KOTOpOE TakKe OKa3ajio 3HAYUTENIbHOE BIIMSHHE Ha Pa3BUTHE METOJIOB
aHaIM3a W TPOTHO3UPOBAHUS CIYYalHBIX MPOIECCOB TAKOTO THUMA, M3BECTHO KakK TEOPHS
BBDKMBAEMOCTH OMOJIOTHYECKUX OOBEKTOB. Takye MOJAETU TAKOro THUIA aKTUBHO HCIOJB3YIOTCSA B
TEOPUH MAaCCOBOT0 00CTYXHBaHUA (TEOpUU odepeseil).

B nannom IlpunoskeHuu pa3BuBaercs OOIIMH MMOAXOM K TEOPUH JIMKBUAHOCTH pPBIHKA
HE/IBYKUMOCTH, OCHOBAHHBIM Ha BEPOATHOCTHO-CTATUCTHUYECKUX MOJeNsAX. OCHOBY MpeIOKEHHBIX
MOJIeTIel COCTaBIISIIOT pe3yJbTaThl aHaiM3a OONBIIOrO O00bEMa PBIHOYHBIX JAHHBIX O IMpoJa)xax
HEBIKUMOCTH B roponax Poccuu. IlpemioskeHHOe onmucaHue MO3BOJIIET CUCTEMHO B3IJISIHYTh Ha
JUKBHUJIHOCTH PbIHKA HEJBMKMMOCTH U 00ECTIEUUTh PELIeHUE psijia 3a/1a4, KOTOPbIe MOTYT MOBBICUTH
3pGEKTUBHOCTh YNPABICHUS HEABWKUMOCTBIO. [IpM 3TOM MBI TOCTapaeMcsi OTrpaHHYHUThH
UCIOJIb30BaHUE CIEeUU(UUYECKON JIi TEOpUHM BEPOSTHOCTEH M CTAaTUCTUYECKOrOo BBIBOJA
TEPMUHOJIOTUH M TOHATHHA M M3JI0KUTh OCHOBHBIC TOJIOKEHUSI Pa3BUBAEMOI TEOPUU JTMKBUAHOCTU
HaIJBSITHO U «IIPOCTO, HACKOJIBKO 3TO BO3MOXHO, HO He 60s1ee Toro» (A. DUHINTEHH).

1. BeposiTHOCTHOE pacnpeneeHHe CPOKOB IKCIIO3MIMHU

ConepxkarebHOE ONMCAaHUE PBIHKA HEIBMIKUMOCTH KaK BEPOSTHOCTHOM (CTOXACTHYECKOM )
cucTeMbl, ipuBeAeHO B [1, 2]. )Ku3zub 00bekTa Ha phIHKE HAUMHAETCS MOCIIE TOT0, KOT/1a 00BsIBICHUE
0 ero mnpoAake TMOSBISAETCS, 4Yallle BCEro, Ha OJHOW WM HECKOJBKUX ODJIEKTPOHHBIX JIOCKaX
oObsiBrieHnil. Kaxkmoe oObsiBIeHHE OOBIYHO COACPKUT KPATKYI0 XapaKTEpUCTHKY OOBEeKTa
HEJBM)XKMMOCTH U LIEHY, 10 KOTOPOI MmpojaBel] XoTesn Obl MpoJaTh IpUHAJUIekKAIIEe EMy UMYIIECTBO
(ueny mnpeanoxkeHuil). Jlamee B ciy4aiiHble MOMEHTbI BPEMEHM B TEUEHHE IIepHOJa, IIOKa
OOBSIBJICHHE HAaXOAUTCA HA JOCKE OOBSIBICHUN, C 3TUM OOBABICHHUEM 3HAKOMATCS MOTEHIMAIbHbIE
nokynatenu. IIpocMoTpel TpeOyembIX OOBEKTOB HEIBMKMMOCTH TIOKyHaTelb HAUYWHACT C
dbopmupoBanus GUIBTPA, C MOMOIIBI0 KOTOPOTO OH OTOMPAET TOJIBKO T€ OOBEKTHI, KOTOPHIE MOTYT
JUIE HEro MpeACTaBUTh HWHTepec. 3aTeM IMociie 0Oojee TIyOOKOro 3HAKOMCTBA C OOBEKTOM,
MOKyNaTeab MPUHUMAET pPEHIeHHE O ILIeJIECO0O0pPa3HOCTH €ero MOKYNKU. B ciydae mokynku oOBEKT
CHMMAeTCsl C MpOAaXH. B NPOTUBHOM ciy4yae OH OCTaeTCsl Ha JOCKEe OOBABICHMM, OXHIas
clenyromux nokynareneil. EctectBeHHO, ueM Oouiblile MOKYyMaTeleld B TeUeHHE 3aJaHHOTO BPEMEHHU
MOCMOTPSAT OOBABICHHS, TEM BBIIIE BEPOATHOCTh TOTO, YTO OOBEKT OYyZeT MpOAaH U TEM KOpodye B
CpEIHEM MEePUOJ A0 CACTKHU.

C TOuYKHM 3peHUs] BEPOSATHOCTHOTO MOIX0Aa O0BEKT HEBMKUMOCTH MOYKHO CUMTAThH JTMKBUIHBIM,
ecnu 00BEeKT OyAeT mpojaH 3a Tpedyemoe (IOCTaTOYHO KOPOTKOE) BPEMSI C BBICOKOH CTETECHBIO
BEPOSTHOCTH. EciM jxe BEepOATHOCTH MPOJaKu B TpeOyeMble CPOKH MaJIeHbKasl, CIeIyeT TOBOPUTH O
HU3KOW JUKBUIHOCTU. JIJis pacuera TakuxX BEPOSITHOCTEH ClEIyeT MOCTPOUTh MaTeMaTUYEeCKYIO
MOJIENb MPOIiECcCa MTOKYNKH, a/IEKBATHO YUYUTHIBAIOILYIO BEPOSTHOCTHYIO IPUPOLY PHIHKA.

OO6ee mpencTaBICHUE O CPOKE IKCIO3UIINU T, KaK CITyYaliHOW BEJIMYMHE, MOKHO COCTABHTh,
UCTONB3Ys (PYHKIMIO pacripeniesnieHus: BepostHoctel F(t) , koTopas moka3bpIBaeT, KakoBa BEPOSTHOCTD
TOTO, YTO CPOK ASKCIO3UIUU OOBEKTa HEABMKUMOCTH OyJeT MEHbIe, YeM HEKOTOpOe 3aJaHHOe
Bpems t.

F(t) =P(t <t), (1)
IJie T — CPOK (BpeMmsi) IKCIO3UINHN 00BheKTa (OT BPEMEHH TOSIBICHUS 00BEKTa HA PBIHKE JO MOMEHTA
3aKIIIOYCHHUS C/ICITKH ), BRIPAKEHHOE B KOJTMYECTBE JTHEH;
P(...) — BeposTHOCTH COOBITHSI, 0003HAYCHHOTO B CKOOKAX.

Hpyrumu cinoBamu, (yHKIus pacnpeneneHus F(t) umeeT CMBICI BEpOATHOCTH TOTO, YTO
00BEKT, BBICTABJIEHHBIN Ha IPOAAXKy, OyA€T NpoJiaH B TEYEHUE CPOKA, PABHOTO t.
Torna BeposITHOCTB TOTO, UTO O0OBEKT HE OyAET MPOoJIaH B TEUEHUE ITOTO CPOKA, paBHA
Q) =P(r>t) =1-F(t) (2).

Oyuknuio Q(t), oTpakarollyl0 TUHAMUKY IPOJAX BO BPEMEHM M ITOKA3bIBAIOLIYIO CPEIHEE
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KOJIMYECTBO OOBEKTOB B OTHOCHTEIBHBIX €IUHHUIIAX ([0 OTHOIICHHIO K TepBOHAYaJIHLHOMY
KOJINYECTBY), KOTOpBIE OCTAaHYTCS HEMpOJAHHBIMHM 32 3aJaHHOE BpeMs t, Ha30BeM (QyHKUUEH
JUKBUIHOCTU. DTa PpyHKUIMs npu t = 0 paBHA €AMHUIIE © MOHOTOHHO YMEHbIIIAETCsl co BpeMeHeM. To
CCTb, C€CJIN MMPHUHATH 3a CAMHUIY KOJIMYCCTBO BBLICTABJICHHLIX HaA MPOJaKy TOMOI'CHHBIX 06’b€KTOB, TO
CO BpPEMEHEM 4YacTb OOBEKTOB OKAa3bIBACTCSI IMPOJAHHOM, a KOJUYECTBO OCTABIIMXCS OOBEKTOB
MOHOTOHHO yOBIBaeT, CTPEMSCH K HYIIIO.

Taxxke /Ui onMcaHus CIyd4ailHOM BETMYMHBI MCHOJIB3YETCS MIOTHOCTH pacrpeaeneHus f(t),
KOTOpast SBISETCS IPOU3BOAHOM OT (YHKUMHM pacrnpeneieHus. MaremaTudeckoe OXKUJAaHue
CIIy4ailHOTO CpOKa JKCIO3UIMU T, KOTOpOE MOKET HWHTEPIPETUPOBATHCA KaK THUIOBOM CPOK

T =E{6} = [tf(t)dt
SKCIIO3UIIMH, 3alIMChIBACTCA B BUJIC 0

B psane myOnukamuii (cm., Hampumep, [18]), mokazano, uto ¢opmyra, CBS3BIBAIOIIASL
(bYHKLII/IIO JIMKBUJAHOCTH C THIIOBBIM CPOKOM OXHUJAHUSA, MOKCT 6I>ITI> npeacraBjicHa B BUIC

T =[Q(t)dt
0 (4)

B kauecTBe XapaKTEpUCTUKU JMKBUIHOCTH OOBEKTA TAKKE MOXET MCIOIB30BATHCS JPYTOM
nmapameTp — BpeMsi (CpPOK), B TEUCHHE KOTOPOro 0OBEKT OyAET MpOoJIaH ¢ 3aAaHHOW BEPOSTHOCTHIO Y,
paBHBII raMMa-MPOIIEHTHOMY KBAaHTHIIIO PACIIPEICTICHUS CPOKA IKCTIO3UIIHH.

Eme omHa BpeMeHHash XapaKTEpUCTHKA 3aciIy’)KHBaeT 0COOOTO BHUMAHHS ISl ONMCAHHS
JUKBHJIHOCTH — UHTCHCHBHOCThH MPOJAXK, pPaBHAs OTHOIICHUIO IUIOTHOCTH PACHpPEEICHUS BPEMEHHU
AKCTIO3HUIIMU O0BEKTa B HEKOTOPBHIH MOMEHT BPEMEHH K BEPOSITHOCTH TOTO, YTO OOBEKT JO 3TOTO
BpEMEHU He OyJeT mpoiaH:

A1) =1(t) / Q(Y), (%)
re f(t) — MIOTHOCTH pacrpeieieH st BEPOSITHOCTEH CIIyYaiHOW BETUYHHBI (BPEMEHH SKCITO3HIINH);
Q(t) — byHKIMS TUKBHIHOCTH.

VHTEeHCUBHOCTh MPOJAX SABISAETCA AMHAMUYECKON XapaKTepUCTUKOM, OHA IOKa3bIBaeT, Kak
MEHSIEeTCs JINKBUIHOCTh 00BEKTa, u3MepsiemMast mapameTpom A(t), BO BpEMEHH.

ITpuBenenHsle Bblle (HOPMYJIBI COCTABIIAIOT OCHOBY BEPOATHOCTHOI'O ONHCAHMS JIMKBHJIHOCTH.
OcCHOBBIBasiCb Ha TaKOM OIMCAaHUHU, MOYKHO MOJEIUPOBATh pAa3IMUYHBIE CTPATErMU TNPOAAK,
IIPEJCKa3bIBATh MOTOKH J0XOA0B OT MPOAAXKH OOBEKTOB HEIBUKHMMOCTH C yKa3aHHEM BEPOSITHOCTH,
YTO TaKHE J0XOAbl JEHCTBUTENBHO IOCTYHSAT B YKa3aHHOE BpEMs, OINPEAEIATh BO3MOXKHOCThb
IPOAAXH 3a KOPOTKOE BpeMsi OOJIBIIOro KOJWYECTBA Pa3IMUHBIX OOBEKTOB HEIBMKMMOCTU M
paccuuThIBaTh PUCKHU, CBSI3AHHBIE C HEAOCTATOUYHOW JTMKBUHOCTHIO AKTHUBOB

2. DKCIOHEHIIHAJBLHBIN 3aK0H JUKBUIHOCTH

AHanu3 ToBeIEeHUsT MHTEHCHUBHOCTH MpPOJak B Ipoliecce >XKM3HEHHOTO LHKJIAa OOBSBICHUS O
MpOJake TIO3BOJIAET TMOHATh, KaKUM OyAeT paclpeneieHre CpoKa dKCIO3UIUU OOBEKTa.
JleficTBUTENbHO, W3 ypaBHEHUs (5) clemayeT, 4TO MHTCHCHBHOCTH MPOMAX CBs3aHA C (PyHKIIHUH

Q(t)=expi—[ A(t)dt
aukBuAHOCTH Q(t) cremyrorei hopmyoi 0 (6).

BripaskeHue aisi oka3aTessl CTENICHN DKCIIOHEHTHI B ypaBHEHHH (6) Ha3bIBAIOT KyMYJISITUBHOMN
¢bynkimen pucka. M3 npuBeneHHON (HOPMYITBI BUIHO, YTO (YHKIHUS JITUKBUAHOCTH 3aBUCHT OT TOTO,
KaK BeJeT ce0st MHTEHCHUBHOCTB Mpozax A(t) Bo Bpemenu. HanbombIiee pacnpocTpaHeHue B 3a1a4ax,
CBSI3aHHBIX C AHAIN30M BPEMEHHU /0 HACTYIUICHHS HEKOTOPOrO COOBITHA (B IJaHHOM Cllydae B
Ka4eCTBE TaKOTO COOBITHSI BBICTYIIAET MPOJAaka 00bEKTa MM Cadya ero B apeH.y), MOJYYHII 3aKOH
Beiibymna ¢ ”HTEHCUBHOCTBIO BU/IA!

M) =Axmxtm-—1, (7)
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rre m U A — YHUCIOBBIE MapaMeTpbl, KOTOpPble MOTYT OBbITh ONpeAeNieHbl U3 aHalu3a
CTAaTHUCTUYCCKUX JAHHBIX.

OcCHOBBIBasICh Ha NIPEIINOJOKEHUN OTHOCHUTEIBHO MHTEHCUBHOCTH NPOJAAX, 33JaHHOM B BHJE
cooTHoweHus (7), MOKHO 3alyCcaTh BbIPAXKEHHs INIOTHOCTH PACHpeIeieHUs] CPOKOB 3KCIO3UIINH, a
TaKXKe JUIg 3aKOHa pacrpeneneHus 1 (pyHKIUH JTUKBUIHOCTH.

f(t) = A x m xtm -1 x exp(-Atm), (8)
F(t) = 1 — exp(-Atm), €)]
Q(t) = exp(-Atm) (10).

KoHnkpeTHbie 3HAUCHUS TTApaMETPOB paclpeieleHusl m U A XapaKTepu3yIoT BH]I paclpeIeICHUS
Beitbymma m cooTBeTcTBeHHO (yHKIMHM JUKBUAHOCTH. I[lapamerp A ompegenser MacmrTad
pacmpesielieHus, B 3aBUCUMOCTH OT €ro 3HAUeHUs KpHWBas paCHpeeNIeHUs CHKUMACTCS WU
pactsruBaercs o nepeMeHHoNH. COOTBETCTBEHHO TakKe BeAET ce0sl PYHKIIHS JTUKBUIHOCTH.

[Tapametp m xapakrepusyet Gpopmy pacrpeaencHusl.

[Ipy 3HaueHMH M, pPaBHOM EIMHHUIIbI, UHTEHCUBHOCTH IPOJAX HE MEHSAETCS BO BPEMEHH, a
(GYHKIUS TUKBUTHOCTH BhIpa)KaeTcs SKCIIOHEHTOM ¢ Mmokasaresem crernenu — A. Takoe umeeT mecro,
€ClIi B T€YEHHME BCETO LIMKJIA XKU3HU OOBSABICHHUS COXPAHSETCS MOCTOSHHBIA M ypaBHOBEIICHHBII
CIpOC Ha OOBEKTHl HEIBMKUMOCTH JTAHHOTO CETMEHTa (IOACETMEHTAa) W MOTOK MOTECHIMAThHBIX
MOKyTaTeseil COXpaHsAeTCs MOCTOSIHHBIM (CTallMOHAPHBIH), a YCIOBUS MPOJAKHU HE MEHSIOTCS.

[Ipy 3HaYeHWW M, MEHBIIUM EIWHHIIBI, WHTCHCHUBHOCTh MPOJAX CHIDKAETCS BO BPEMEHH.
OOBIYHO 3TO UMEET MECTO, €CJIM B HaYaJIbHbBIN MEPUO/JI MOCIIE MOSIBICHUS O0BSIBICHUS HAOII01aeTCs
MOBBIIIEHHBIH MHTEpEC K OOBEKTY, KOTOPBIA 3aTeM MEUIEHHO CIaJaeT CO BPEMEHEM. JTOMY, B
YaCTHOCTH, MOKET CIIOCOOCTBOBaTh TOT (DaKT, YTO B TEUEHHUE BPEMEHU OOBSBICHHE O MPOAAKE
OITyCKAaeTCsl Ha 3JIEKTPOHHON JIOCKE OOBSIBICHUH, ycTynas MecTo 0ojiee HOBBIM 0ObsiBiIeHUsAM. [Ipn
STOM HIAHCHI OOPATUTH HA HETO BHUMAHUE MOKYNATEIIMHU OCTENIEHHO CHUYKAIOTCSL.

W, nakoHen, mpw 3HAYCHWH M, OOJIBIIIEM EAWHHIIBI, WHTEHCHBHOCTH IMPOJIaX CO BPEMEHEM
Bo3pactaer. [Ipy ATOM MJIOTHOCTH pacmpeneneHuss U npuoOpeTaeT BHJ, ONM3KUNA K IUIOTHOCTH
JIOTHOPMATBHOTO PACIIPENICTICHHS C BBIPAKCHHBIM MAKCUMYMOM, a TIPH OMPEICIICHHBIX 3HAYCHHSIX
MapaMeTpoB MEPEeXOIUT B HopMaiabHOe. DYHKIUS JTUKBUIHOCTU XapaKTEPU3YeTCs MEIJICHHBIM
CHIDKCHHEM B HAYalIbHBIA MEPUO/T )KU3HU 00bsIBICHU. TaKkas JUHAMHUKA XapaKTepHa, HalpuMep, IS
CUTyallMu, KOTJa MpOAArOTCsl TOMEUICHHUS B CTpOsIIeMcs OOBEKTe MO MOCTOSHHOH 1eHe. B atom
clly4ae aKTMBHOCTH MOKYIATEJIeH BO3pACTaET M0 Mepe MPUOIMIKEHUS K 3aBEPIICHHIO CTPOUTEIHLCTBA,
KOT'/Ia PUCK 3aMOpaXHBaHUS CTPOMKHU CHUYKACTCSL.

He cnenyer gymats, 4To peasibHbIN PHIHOK CTPOTO COOTBETCTBYET OJHOM U3 3THX Mojenel. Kak u
BCAKHE MOJIENIN, OHH JIUIIb TPUOIMKEHHO OMUCHIBAIOT MPOIECCH MPOJaXh U MOTYT UCIOJIb30BaTHCS
TOJIBKO KaK HEKOTOpO€ MPUONIKEHUE MPU aHaIM3€ JTUKBUIHOCTH PBIHKA HEIBIKUMOCTU. Kaxknmas
MOJIeJIb UMEET CBOIO 00JIaCTh MPUMEHEHUS! U CBOM orpaHudenus. [loaromy ans 6osee KOPpEeKTHOTO
OMMCAaHUS TPOIECCOB MPOJAKUA B HEKOTOPHIX CIIy4asX Ha Pa3HBIX dTanax XU3HEHHOTO IUKIA
00BEKTa Ha PhIHKE, MOKHO HCIIOJIb30BaTh pa3Hble Mojeau. OO0CHOBaHMEM MCIOJIB30BaHUS TON WU
WHOW MOJENW JUisi aHalIu3a JHMKBUTHOCTA MOXET CIYXHUTh TOJIBKO HEPOPMAIbHBIN aHaIn3
PBIHOYHBIX [TPOLIECCOB, COEAMHEHHBIN CO CTATUCTUYECKUM aHAJU30M PHIHOYHBIX JTAHHBIX.

OcoOblifi WHTEpEC TMpU OMHCAHUM XAPAKTEPUCTUK JUKBUIHOCTH PBIHKA HEIBHKUMOCTH
MIPEACTABISIET Cily4yal, koraa mapamerp ¢opmbel m = 1. B 3ToM ciydae MHTEHCUBHOCTH MPOJaX HE
3aBucHUT OT Bpemenu A(t) = A (11).

B cnydae moCTOSSHHOM MHTEHCHUBHOCTH TMPOJAX BBIPAKEHHE ISl (YHKIMH JIMKBUIHOCTH
npunumaet Bug Q(t) = exp(-At) (12).

N3 dopmynsr (12) cremyeT, YTO TUIOTHOCTh paclpeAesieHUuss CPOKOB OSKCIO3HUIIMH TaKXKe
MOTYMHSIETCS SKCIIOHEHIIMAIBHOMY 3aKOHY, KOTOpas MOKeT ObITh 3amucana B Buze f(t) = A exp(-At)
(13).

Taxkum O6p330M, CCJIM NPHUHATH AONYIICHHUE, YTO HMHTCHCHUBHOCTH IPOJAX HE MCHACTCA BO
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BpeMeHH, PYHKINS TUKBUIHOCTH, XapaKTEePHU3YIOIas BEPOATHOCTh TOT0O, UTO OOBEKT HEIBUKUMOCTHU
He OyJIeT MmpoJaH B TEUYCHHE 3a/JIaHHOTO BPEMEHH, OMHCHIBAETCS HSKCIIOHEHTOW C TOKa3aTelieM,
paBHBIM HHTEHCUBHOCTH mpofax. OTciofa Jerko MNoay4dyuTh (GopMyny JUisi MaTeMaTH4YeCKOro

T=[Q(t)dt=1/4
OKUJIAHHS CPOKA IKCTIO3HUIIHH 0 (14).

Mopenb SKCIIOHEHIMAIBLHOTO 3aKOHA YCHEIIHO HCIHOJB3YIOT B PAa3IMUHBIX MPHIOKEHUSX, B
YaCTHOCTH, B TEOPHH HAJCKHOCTH JUIsI BEPOSITHOCTHOTO OIHCAHUS CIYYallHOTO BpPEMEHHU JI0
BO3HHUKHOBEHHS OTKAa30B B TEXHMUYECKUX CHUCTEMax, M JIpYyrux mnpuioxeHusx. [lpu stom B Teopum
HAJEKHOCTH /A HA3bIBAIOT MHTEHCUBHOCTHIO OTKA30B, a B MyOIHMKAIMSAX MO TCOPUH BBIKHBAHUS —
GbyHKIMEN pUCcKa, MOCKOIbKY OHA MOKAa3bIBAET BEPOSITHOCTh HACTYIUICHHUS COOBITHS B ONKalIInit
MEPHOJ], TIPH YCIIOBUU TOTO, YTO TAKOE COOBITHE HE HACTYMHIIO 0 Hayaja 3TOTO MEepHoja, a TOJ
COOBITUSIMU TTOHUMAIOT HACTYIIJIEHHUE KaTacTpod.

Tor (akt, 4TO MHTEHCUBHOCTH MPOJAXK HE MEHSETCS CO BPEMEHEM, MHTYUTHBHO TIOHATHO W3
aHaJIM3a MPOIECCOB MPOJAXH O0BEKTOB HEIBMKUMOCTU. [IeHCTBUTENbHO, IAHCHI MPOJIAaTh OOBEKT,
KOTOPBIN YK€ HEKOTOPOE BPEeMsI HAXOAMIICS HA JIOCKE OOBSBICHUH, TaKUe ke, KaK y APYroro TaKOro
&Ke 00beKTa, KOTOPbII TOJIBKO YTO BBICTABJIEH HA MpoJaxy. Jpyrumu cioBaMu, BEPOATHOCTH TOTO,
9TO O0BEKT HEJBMKUMOCTH OyAeT mpoAaH B ONMMKaWIlieM Mepuojie, He YBEIUIMBACTCS OT TOTO, YTO
OOBEKT JOJITO€ BpeMsi yXKe HaXOAWJICS Ha PBhIHKE, T. €. TUNIOTHOCTh PacHpeleNeHUs OCTaBIIErocs
CpOKa SKCIIO3UIIUU MPH YCIOBHH, YTO JI0 ATOTO BPEMEHH COOBITHE (CIETKa) HE COCTOSIACh, OCTACTCS
TakoW, KakoW Opuia B Hauvajge HaOmogeHus. M 3TO CBOWCTBO XapakTEpHO TOJBKO IS
AKCIIOHEHIIMALHOTO pachpeneneHuss (B OTIMYUU OT OOJBIIMHCTBA JIPYTHX pacmpeesieHuH,
HampuMep, HOPMAJIbHOTO WM JIOTHOPMAJbHOIO, JJIsi KOTOPBIX XapaKTepHO YBEIMUYEHUE
WHTEHCUBHOCTH CO BPEMEHEM).

Ectb emie onHO 0OBsICHEHHE, MOYEMY CPOK SKCIO3ULMK HAa YCTAaHOBHUBIIEMCS KOHKYPEHTHOM
PBIHKE BO MHOTHX CITydasx MOYKHO OIMCHIBATh SKCIIOHEHIIMATBLHBIM 3aKOHOM. PaccMoTpuM mporiece
MOKYNKH 00BEKTa Tocje MOsBICHUS OOBSABICHHUS O ero mnpojaxe. [loTeHuuanbHble MOKyNaTelu,
MPUXOMASIIME Ha PBHIHOK, 00pa3ylOT CTAIlMOHAPHBIN ITYyaCCOHOBCKHM MOTOK (€CIH HCKIIOUUTh
CE30HHYIO0 cocTaBisitonlyio). KomnuecTBo mnokynaTenei, MOSBIAIOMIMXCS B 3aJaHHBIA MEPHOL
BPEMEHH, SBIISICTCS CIy4YallHOM BEJIIMYMHOM, NOMUUHsAOIIENcs 3akoHy Ilyaccona ¢ mapamerpow,
KOTOPBIH 3aBUCUT OT MEPHOJIa BPEMEHH M HE 3aBUCUT OT BPEMEHH, KOTla ATOT nepuo Hadazics. [Ipu
TaKHUX MPEIMOJIOKECHUSIX BPeMsI MEXTy TIPUX0IaMU TTOKYTATeIeH MOJIUHSCTCS YKCIIOHCHIIHATEHOMY
3akony. OTcCroia cieayeT, 4To U BpeMs [0 MOSBICHHUS MEPBOro W3 MOKyHaTened, TOTOBOro KyIMUTh
O0BEKT HEBUKIUMOCTH TIPH 3aJJaHHBIX YCIOBHIX, TAKXKE MOTUYMNHSACTCS IKCIIOHCHIINATFHOMY 3aKOHY.
Tax Mbl ONMATH MPUXOIUM K SKCIOHEHIMAIBHOMY paclpeesieHuI0 BpeMEHHU (CpoKa) HKCIIO3ULIUU.
371ech, OJIHAKO, CIEIYET CAENaTh OJHY OroBOPKY. [leno B TOM, YTO O MOCTOSIHHOM MHTEHCUBHOCTHU
MPOJaX MOXHO TOBOPUTH TOJBKO IO HCTEYEHMHM HEKOTOPOr0 BPEMEHHM TOCje TOSBICHUSI
o0BsiBNIeHHS Ha pbiHKe. KOpoTkuii meprnoa B Hadajae MPOJAKU TH YCIOBUS OOBIYHO HAPYIIAIOTCS.
[TosiBUBLIEECS] HA TOCKE HOBOE OOBSABIEHHE OOBIYHO XapaKTEPU3YETCs MOBBIIIEHHBIM BHUMAaHHUEM
nokynareneii. OmHAaKo TepBbIE HeMenu OOBIYHO Tpelyercs, 4YTOOBl MpPOAaBel] M MOKyHaTelb
COTJIaCOBAJIM CBOE PEIICHHE U OQOPMIUIA CIENKY. B 3TO Bpems 0OBIYHO OOBSBICHUS OCTAIOTCS Ha
nocke u (akT coBepiieHHs caelku He ¢ukcupyerca. Creayromuye HeAeTd HWHTEHCHBHOCTS,
Hao00pOT, BO3pacTaeT, MOCKOJIbKY HauaThle paHee CAENKH 3aBepiiatoTcs. M Toibko Mo mpoliecTBUr
HECKOJIBKUX HEJeNlb CUTyalldss OOBIYHO BBIPABHUBAETCS, IMPOIIECC TOSIBICHUS 3aWHTEPECOBAHHBIX
MOKyTaTeseil ¥ COOTBETCTBEHHO MHTEHCUBHOCTD MPOAaXK CTAHOBUTCS MOCTOsIHHON. bonee moapobHo
BOIIPOC O MOBEJCHUN MHTEHCUBHOCTH MPOJAXK B MEPBBI MEPHO/] )KU3HEHHOTO IUKJIA OOBSIBICHHS O
poJaxe OyJeT 00CYKAaThCs HUXKE B CBSI3U C aHAJIM30M PHIHOYHBIX JIaHHBIX.

[IpakTHueckoe UCIMONB30BAHUE TEOPUM BO3MOXKHO TOJBKO TOTJA, KOTJA MCIHOJIb3yEMbIe
BEPOATHOCTHBIE MOJAENU OynyT aJeKBaTHbl pEAJbHBIM PBIHOYHBIM JaHHBIM, a TPUBEICHHbBIE
XapaKTePUCTHKU MOTYT OBITh OIpENelIeHbl Ha OCHOBE PBIHOYHOW cTaTUCTHKU. [loaToMy B
cienyomeM maparpade paccMaTpUBaIOTCS METOIbl aHANW3a PHIHOYHBIX JAHHBIX M UX CBS3b C
MIPUBEJICHHBIMU BBIIIE BEPOSTHOCTHBIMH XapaKTEPUCTHKAMHU.
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3. CrarucTnyeckne (AMNUPUYECKHE) XAPAKTEPUCTUKHU JUKBUIHOCTH

OT BEpOSTHOCTHBIX XapaKTEPUCTUK CIy4YalHOW BEIMYMHBI — CpPOKa HKCIO3UIUH, CIEAYyeT
OTIMYaTh WX CTAaTUCTHYECKHWE (SMIIMpPUYECKHE) aHalord. VIMEeHHO cTaTHcTUYecKue aHaJorw,
paccurTaHHbIE HA OCHOBE PHIHOYHBIX JAHHBIX, MO3BOJSIOT B MOJHON MEpe MOHSTh SKOHOMHYECKUI
CMBICJI COOTBETCTBYIOLIUX XapaKTEPUCTHK.

B sr1oii rmaBe paccmaTpuBalOTCS CTaTUCTUYECKHE aHAJIOTU MPUBEJICHHBIX BBIIIE BEPOSATHOCTHBIX
MapaMeTpoB U TMPUBOAATCS pacueTHble (OpPMYIbI JUIsl WX ONpPENENCHHUS Ha OCHOBE PBIHOYHBIX
TaHHBIX. YTOOBI 00JIErYnTh BOCIPUSTHE MPHUBEACHHBIX (DOPMYII, CTATUCTUYECKUE XapaKTEPUCTUKU
Oyzem 0003HauaTh TaK k€, Kak COOTBETCTBYIOIUINE BEPOSITHOCTHBIE XapaKTEPUCTHKH.

Ilepen TeMm, Kak 00CyKIaTh METOJIbI OIICHKH ITapaMeTPOB JIMKBUIHOCTH, PACCMOTPUM HEKOTOPHIE
OCOOCHHOCTH CTaTUCTHYECKUX TaHHBIX, KOTOpBIE CIEAYeT YUYMTHIBATh NpPU 00pabOTKe AAHHBIX U
WHTEpIpETANH pe3yiabTaToB. [Ipexae Bcero, oTMeTHM, 4To WHGpOpMaIUs O (PaKTHUECKHX aaTax
Hayajla MpOJAXM U 3aBepUICHHUs] €€ CHEIKOW OOBIYHO CKpbITa OT UCCIENOBAaTEeNsl phIHKA
HEIBWKUMOCTU. OJHAKO HMEETCS BO3MOXXHOCTbh MOHHUTOPUTH JaThl TOSBICHUS M CHSATHUSA
OOBSABIICHHH O Tpojaxku. B MaHHOW cTaThbe NPUHUMAETCS JOMYIIEHHE O TOM, YTO OOBEKT
HEJBM)KMMOCTH CHHMMAETCS C MyONWKAMM TO TPHYMHE ero mnpojaaxu. JlpyruMu cloBamu,
MpenrnoiaraeTcs, 4ro MEepHoj, SKCHO3MIMH OOBEKTa HEIBMKHUMOCTU PaBEH CPOKY KHU3HU Ha
AJIEKTPOHHOW JIOCKE COOTBETCTBYIOIIETO OOBABICHHS O Mpoaaxe oObekTa. Takod MOAXON K
UCCIIEIOBAaHUSAM JIMKBUJHOCTH Ha pBIHKE HEABWKMMOCTH PEKOMEHIOBaH MeToAnYeCcKUMU
PEKOMEHIALUAMU 10 aHAIHM3y JIMKBUJIHOCTH OOBEKTOB HEABMXKUMOCTH sl 1ernei 3amora [11],
paspabotanHbiMH paboueir rpynmoi Komurera APB, m pekomMeHIOBaHHBIMH I NPUMEHECHHS
Pemennem Komurera mo 3amoraM M oueHke. Tam e OTMEUEHO, YTO TAKOE JOMYLICHHE BIIOJIHE
OTIpaBJaHO, MOCKOJIbKY B OOJBIIMHCTBE CIy4yaeB OOBSBICHUE ACHCTBUTEIHLHO CHUMAETCS TOJIBKO B
ciydae mpojaxu o0bekTa. K TakuM ke BhIBOJAM MPHBOJAT HAIIM HCCIEAOBAaHUS HA OTIEIHHBIX
TUIAaX HEJIBMKUMOCTH, KPAaTKHE PE3yNIbTaThl KOTOPBIX M3J10XKeHbI HUKe. K aToMy crnenyer 100aBUTb,
910 WHGPOpPMAIUS O CPOKAX JKU3HH OOBSBICHUU SBISIETCS IOCTYMHOW B OTJIMYMU OT MPSIMOMN
uHpopmanuu, oTHocAlecs k caenkaM. C yd4eToM H3JI0KEHHOTO MPHUBEACHHbBIE HUXKE PE3YJIbTaThl
CTaTUCTHYECKOTO aHaIM3a CPOKOB >KU3HM OOBSBICHHNA aCCOLMUPYIOTCS CO CPOKAMM 3KCIIO3UIHH
O0OBEKTOB, M BEPOATHOCTHBIE CBOMCTBa, XapakTEpU3YIOIIME BpeMS KHU3HU OObBSBICHUS,
pacrpoCTPaHSIOTCS Ha CPOKU IKCIO3ULUHU 00bekTa. [loaToMy najnee B cTaThe TEPMUHBI «CPOK JKU3HU
OOBSABICHUS» U «BPEMS IKCIO3UIIUN 00BEKTa» UCIIOIB3YIOTCS KaK CHHOHUMBI.

Bropas ocobenHocTh cBs3aHa co cnocoOom cbopa TpeOyeMoil phIHOYHOM uHpopmauuu. B
OTJIMYMU OT CUTyalluH, KOTJa JaHHbIE MOJIYYarOTCs U3 aKTUBHOTO IJIAHUPYEMOIO SKCIIEPUMEHTA, B
JAHHOM CIlyyae Mbl UMEEM JIeJ0 C HaOJIOJCHUSIMHU, KOTOPbIE HAUMHAIOTCA C HEKOTOPOIO MOMEHTA
BpPEMEHH, MOCJE TOro, KOrjna oObsSBICHUS YK€ MPOKUIM YacTh CBOeH »ku3HU. Ipu 3TOM HM3BECTHBI
MOMEHTHI MX TOSIBIICHUS, KOTOPhIE MOTYT 3HAUUTEIBHO OTIMYAThCS Yy pasHbIX 00bekTOB. [lanee B
nporecce HabJI0IeHUs TOSBIISIOTCS HOBbIE OOBSABICHUS U CTydallHBIM 00pa3oM CHUMAIOTCS CTapble
Y TIOSIBUBIIMECS B MIEPHO] HAOIIOIeHHUS HOBBIE 00BsBIECHUS. B HEKOTOPBI (PUKCHPOBAHHBII MOMEHT
dbopMupyercsi BEIOOpPKA U3 JTAHHBIX, BKIIOYAIOMIMX CBEIACHHS O CPOKaX KU3HU OOBEKTOB, CHATHIX C
MPOJIAXKH, U OOBSIBICHUIN, KOTOPHIE HA ATOT MOMEHT OKa3bIBAIOTCSI HEMPOJAHHBIMU. TakuM 0Opazom,
B BBIOOPKY BKJIIOUAIOTCS HE TOJIBKO JAHHBIE 10 00BEKTaM, KOTOpPbIe K MOMEHTY UCCIIEZIOBaHUN ObLIN
NPOAaHbl M, 3HAYUT, OTHOCUTEIFHO HUX M3BECTHO TOYHOE BpEMs 3KCIO3UIMH, HO U OOBEKTHI,
KOTOpbIE Ha O3TOT MOMEHT He Obutn mnpomanbl. CdopMHpOBaHHAsE TakUM O0pa3oM BBIOOpKaA
Ha3bIBACTCS IEH3ypUPOBaHHOH. B maHHOW craTthe OyaeM paccMaTpuBaTh CTaTHUCTHYECKUE
XapaKTePUCTUKU M METOJbl X IOJyYEHHs, COOTBETCTBYIOLINE YCIOBUAM, KOTJla BCe HAOII0AaeMble
OOBEKTHI TMPOAAHBI, M BBIOOPKA C(HOPMHUPOBAHA TOJBKO M3 JAHHBIX IO MPOJAHHBIM OOBEKTaM.
AHanu3 TakuxX JaHHBIX I03BOJSIET OoJjiee TMOHSATHO WHTEPHPETUPOBATH CMBICH CTATUCTHYECKHUX
XapaKTEPUCTHUK U UX CBSI3b C COOTBETCTBYIOIIMMHU BEPOSTHOCTHBIMH MMapaMeTpaMu JTUKBUIHOCTH.

B cooTBeTcTBHM C M30KEHHBIM BBIIIE PACCMOTPUM CIEAYIONIUHN TIaH HaOmoaeHui. ['pymma
OOBEKTOB HEABIKMMOCTH B KoJW4yecTBe N €IWHUIl, OTHOCSIIUXCS TO (YHKIIMOHAIBHBIM
XapaKTepUCTHKaM K OJIHOMY CETMEHTY pBhIHKa M PACIOJIOXKEHHBIX HAa OTPaHHUYEHHOH TeppUTOpHH,
BBICTABJICHA Ha MPOJAXy B OJUHAKOBOE BpeMms. OTMETHM, YTO JOMYIIEHHE O TOM, YTO OOBEKTHI
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BBICTABIIEHBI Ha MPOAAXY B OJMH MOMEHT BpPEMEHH, HE MMEET CYIIECTBEHHOIO 3HaueHUs. 3/1eCh
B2)KHO, YTO 3HAYEHUS] BPEMEHHU SKCTO3UINH KAKIOTO 00HEKTa U3MEPSIOTCS OT MOMEHTA TOSBIICHUS
COOTBETCTBYIOILIETO MPEJIOKEHUS O TpoAake OO0BEKTa HEIBHKUMOCTH Ha JIOCKE OOBSIBICHUH,
KOTOPBIH Ha BTOPHYHOM PBIHKE OOBIYHO Pa3HBIH.

[Ipenmnonaraercs, 4To Bce OOBEKTHI BHICTABIEHBI HA MPOJAXy MO KOPPEKTHO YCTAHOBIIEHHBIM
PBIHOYHBIM IIeHaM. [103TOMy MOXHO CYMTATh, YTO CPOKH IKCIIO3HMIIMU KAKIOTO 00BEKTa 00paszyroT
OJTHOPOJIHYIO BBIOOPKY U3 OJHOTO BEpPOSITHOCTHOTO pacmpeneieHus. HaOnrogenue 3a STHUMH
00BEKTaMU TIPOAOJIKAETCS IO TEX TOp, MOKa He OyAyT NpoAaHbl Bce OOBEKTHL. B mporecce
MOHHUTOPHHTA IOCIIE0BATEIbHO (PUKCHUPYIOTCS JaThl MPOAAKU KaKIOro OOBEKTa U OMPENESIIOTCS
CPOKH IKCITO3UIIUU 00BEKTa (OT BpEMEHH TOSIBIICHUS HA PBIHKE 10 MOMEHTA IIPOAaKH ), BRIPAKECHHBIC
B KosimdectBe aueit tl, 12,... 11, ...,TN. (15)

[Tycth Mo ucTeyeHuu BpeMeHU t ObLTM Tpomanbl Nt 00beKTOB. B 3TOM ciydae craTucTuueckas
(amMmupHYecKas) BEpOITHOCTh TOTO, YTO JI000H 00BEKT, MPUHAJICKAIINNA TaHHOMY CETMEHTY, OyIeT
MpoJaH 3a BpeMmsl t, OIEHUBACTCS KaK 9acTOTa MPOJaX COMOCTABHUMBIX OOBEKTa B TEUEHHUE ITOTO
Bpemenu F(t) = Nt/ NO (16).

@OuKcUpys JaHHBIE O COCTOSBIIKXCS MPOJIaKaX BCEX BBICTABJICHHBIX HA MPOAAXKY OOBEKTOB IS
pa3IMYHBIX 3HAuYEHUM t, MOXKHO BOCCTAaHOBUTH cTaTHcTHuecKylo (yHkuuio F(t) Ha Bcem mepuone
HaOIIOICHUH.

COOTBETCTBEHHO CTAaTUCTHYECKash BEPOATHOCTh TOTO, YTO OOBEKT HE OyJeT MpojaH B TEUEHHE
BPEMEHH t, pacCUUTHIBACTCA 1O PopMyIIe:

Q(t) =1 - Nt/NO = (NO-Nt)/NO =Kt/NO, (17)
rae Kt = NO — Nt — konmmuecTBO ocTtaBmmxcs (HEMPOIaHHBIX) 3a BpeMsi t 00BEKTOB.

[TocTtpoennyto Takum oOpazom ¢GyHkmus Q(t) mis pa3nMYHBIX BPEMEHHBIX WHTEPBAJIOB B
COOTBETCTBUH C BBEJCHHBIMH BHIIIE ONPEISICHUSIMHA MOKHO HHTEPIPETUPOBATH KaK IMITUPUIECCKYIO
(GYHKIUIO TUKBUHOCTH.

CraTUCTHUYECKH aHAJIOT MAaTEeMAaTUYECKOTO OXKHIaHUs (CpeaHee BpeMsl SKCIIO3UIIMHN) MTPU TaKOM

N
T= iz T
TUTaHE HAOJIOICHHI OTIPENIENSIeTCs] KaK BBIOOPOYHOE CpPElIHES N (18).

OtmeruM, dYTO BBIOOpOYHOE cpemnee (18) sBasercs Hawmydmed (B CMBICIIE MUHUMYyMa
CPEIHEKBAAPATUYECKON OIIMOKHM) OIICHKOM MaTeMaTHYeCKOro OKHUIAaHUS B KJAcce JHHEHHBIX
onleHOK. TakuM 00pa3oMm, HCIONIB3Ysl BHIOOPKY JAHHBIX IO BCEM COCTOSIBIIMMCS mpopaxam (15),
MOXHO BOCCTAHOBUTH (YHKIHMIO JUKBUIHOCTH Q(t), MOCTPOUTH THCTOrpamMmy (CTATUCTUUYCCKUN
aHAJIOT IUIOTHOCTH pAacHpeiesieHHus) M pacCUMTaTh BBIOOPOYHOE cpeliHee, SBIIOIIEeCcs OLEHKOM
MaTEeMaTHYeCKOro 0XKMJIaHusl CpoKa sKcno3uiuu. Kpome Toro, OCHOBbIBasiCh Ha MPUHATON MOJENU U
OTpENCNICHHBIX TakuM O00pa3oM XapakTEPUCTHUKAX, MOXHO OMPEISIUTh TraMMa-MPOICHTHBII
KBaHTWJIb pACIpe/ieJIeHHs] CPOKOB JKCIIO3ULIMH, KOTOPBIM XapakTepuszyeT IepuoJl BPEMEHHU, B

TEYEHHUE KOTOPOro OOBEKT HEIBMKMUMOCTH OyAeT MpOAaH C 3aJlaHHOW BEPOSTHOCTHIO, HAIpUMep
95%.

4. IMnupuyecKass HHTEHCHBHOCTb MPOAaK U KO3 PUIHMEHT eMKOCTH PbIHKA

Ocoboro BHUMAHHS 3aCIy)XHBAE€T CTATUCTHYECKUH aHAJIOr HMHTEHCHBHOCTH  IPOJAX
(sMIuprYecKas HHTEHCUBHOCTD), KOTOPBIN TaKk)Ke MOXKET OBITh OIpe/iesieH HA OCHOBAaHHM PHIHOYHBIX
JaHHBIX. OMIHPUYECKas HHTCHCUBHOCTB MPOJAX OIMPEILIISETCS KaK KOJIMYECTBO MPOJIaXK B CIUHUILY
BpCMCHH, U3 O6H_IGI‘O KOJINYeCTBa OGBGKTOB, OCTAaBHIUXCA HCMPOAAHHBIMU K HJAHHOMY MOMCHTY, U
paccuuThIBaeTCs Mo popmyiie:

A(t) =n(t, t + At) / (Kt x At), (19)

rae Kt — xonn4ecTBO OOBEKTOB, OCTABIIMXCS HEMPOJAHHBIMU KO BpeMEHHU t W3 dYHcla BCeX
00BEKTOB, IEPBOHAYATILHO BHICTABICHHBIX HA MPOJIAXKY;

[t, t + At] — uaTEpBaN BpeMEHH, B TEUYCHHE KOTOPOI'O OMPEACIIAETCS KOJHUECTBO c1ea0K. OOBIYHO
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IIPUHUMAETCS PaBHBIM HEJIeNe WM MECSILY;
n(t, t + At) — konn4yecTBO 0OBEKTOB, MPOJAAHHBIX B TEUCHUE HHTEpBaia [t, t + At].

OMnupuyueckass UHTEHCUBHOCTh MPOJAaX HMMEET MOHATHBIM SKOHOMUYECKUM cMmbica. Eciam B
KadyecTBe MHTepBaia [t, t + At] npUHATH €MMHUYHBIA IEPUOJ BPEMEHHU, HAIIPUMEP OJHY HENEII0 WU
OIMH MeECSI, TO JaHHBIA MapaMeTp COBMATaeT C KOIPPHUIMEHTOM EMKOCTH PBIHKA, KOTOPBII
oTpesieNsieTcsl, Kak KOJMYEeCTBO OOBEKTOB, MPOJAHHBIX 3a 3TOT MEPHOJ, JAEJIECHHOEe Ha oOmiee
KOJIMYECTBO €JIMHMUII, HAXOAIIMXCS HA PHIHKE B OXKUJAHUU MOKYNKU B Hayayie 3Toro nepuoja [16].
Kosddunment emxoctu sBisiercs OJHOW M3 Hauboyiee 3HAUMMBIX XapaKTePUCTHK pbIHKA. OH
OTHOCHUTCSI K OIPEJICIIEHHOMY TEepUOy >KU3HU OOBEKTa HA PHIHKE M TO3BOJIAET OTCICKUBATH, KaK
MEHSIETCS aKTHUBHOCTb MPOIECCOB MPOAaKU OOBEKTOB HEIBMKHUMOCTH BO BpemeHH. [losTomy
OTpe/ieNiecHue EeMKOCTH pPBIHKA B MPOIECCEe aHaldn3a pHIHKA SIBISETCS BAXXHBIM TpeOOBaHHEM
®enepansHoro crangapra oneHku (OCO Ne 7). [lonme3Ho OTMETHUTH, YTO TPH IMOCTOSHHON BO
BPEMEHU MHTEHCUBHOCTU MpoAax cooTHomieHue (14) coxpansercss Juisi SMIUPUYECKUX AHAJIOTOB
MHTEHCUBHOCTU NPOAAXK M CPEAHEr0 CpoKa OSKCIO3ULIHUU U MOXKET OBbITh HCIOJIb30BAHO IS
NPUOIMKEHHOTO ONPEICTICHUS CPEAHETO CPOKa uepe3 KOAPPUIIMEHT eMKOCTH PBIHKA.

OTMmeTHM, YTO MHTEHCHBHOCTh MPOAAXK, KaK XapaKTepUCTUKA TOMOTEHHBIX aKTHBOB, MO3BOJIIET
kputepuii K1, seenennsiii Koszeipem FO.B. [17], chopmynrpoBats B BEpOSTHOCTHOH TpakToBke. B
COOTBETCTBUU C TAKOW BEPCHEH ATOT KPUTEPHA MOKET ObITh CHOPMYIUPOBAH CIACAYIOIIMM 00pa3oOM:
TOMOTeHHbIE OOBEKTHI, XapaKTepu3ylommecss OONbIIMM 3HAUCHHMEM WHTEHCHUBHOCTH IMpoaax Oolee
JIUKBUJIHBI, Y€M 0OBEKTHI C MEHbIIIEH HHTEHCUBHOCTHIO IIPOJAK.

Ecnu BepHyTBhCS K BEpPOATHOCTHO-CTATUCTUYECKOW TeOpuH, KOIPPUIMEHT E€MKOCTH PBIHKA,
OJIM3KUI 110 CMBICTTY K MHTEHCHUBHOCTH MPOJIaXk, MOKET pacCMaTpUBAThCA, KaK CpeHee KOIMYECTBO
MPOAAX B €IUHUILY BPEMEHH, OTHECEHHOE K O0IIEMy KOJIMYECTBY OOBEKTOB, UMEIOIINXCS Ha PHIHKE
B HCCIEIyEeMOM CETMEHTE K JaHHOMY MOMEHTY. JTO, OJHAaKO, CIPABEUIMBO TOJBKO MPU MAaJbIX
MHTepBasax BpeMeHu (0osiee cTporo npu At, CTpemsmemMcst K HyJIio).

S5.CtaTucTyeckuii aHaJIM3 PbIHOYHBIX AaHHBbIX. [loaATBep:KIeHNE IKCTOHEHIIUATBHOIO 3aKOHA

JIMKBUAHOCTH

Kak moka3zaHo BbIlIEe, CPOK DKCIO3ULUM SIBIISIETCS CIIyYalHOW BEIWYMHOW, MOMYUHSIONICHCS
HKCIOHEHIMAIBHOMY 3aKOHY pachpeeNeHust. DTO 3aKI0YeHne ObUIO C/IETaHO Ha OCHOBE MPHHATHIX
JOTYIIEHUH U Ka4eCTBEHHOI'O aHalln3a MPOLECCOB MOKYIKHW Ha KOHKYPEHTHOM pbIHKe. OHAKO Ams
TOr0, YTOOBI 3Ty MOJEIb PEKOMEHAOBaTh IS MPAKTHUYECKOIO HCIONb30BaHMs, TpeOyercs
MOATBEPAUTh aJEKBATHOCTh MOJEIM HA OCHOBE PBHIHOYHBIX JAaHHBIX U MPEIJIOKHUTH METOJbI
OTIpeJIeJIeHUs] TapaMeTPOB ATUX MOJEJeH Ha OCHOBE PHIHOYHBIX JaHHBIX. C 3TOH LeNbi0 KOMaHI0M
cnernuanuctoB n3 OO0 «Mudopm-onieHka» ObutH 00pab0TaHbl CTATUCTUYECKHUE JTAHHBIE TI0O CPOKaM
HKCHO3ULUHU A1 OOBEKTOB HEIBMKMMOCTH DPA3IMYHBIX CETMEHTOB B Topojaax ropojax Poccum.
[IpencraBieHHbIE HUXKE PE3YJIbTAThl 00PaOOTKH PHIHOYHBIX JAaHHBIX MO3BOJISAIOT ClIeJaTh HEKOTOPbIE
BBIBOJIBl OTHOCHTEJILHO pacIipesieieHusi CpoKoB skcno3unuu. Ha rpadpuke (puc. 1) mokazana moist
00BEKTOB*, KOTOPBIE OCTAIOTCS HENPOJAHHBIMHU B TEUCHHE OTMEUYEHHOIO IO OCH a0CIMCC BPEMEHH.
3aBUCUMOCTh JIOJIU HEMPOJAaHHBIX OOBEKTOB BO BpPEMEHH, KaK OBLJIO yKa3aHO BBIIIE, SBISETCS
HMIIMPUYECKON (PYHKLMEH JIMKBUIHOCTH. 3A€Ch U Ha JAPYrux rpadukax KoopauHaTa 1o ocu abcuuce
U3MepseTCs B THAX.

* Ha rpadukax Ha puc. 1—4 1o BepTHKIBHONW OCH OTJIOKEHA JI0JIs1 00BEKTOB, KOTOPBIE OCTAIOTCS
HENpOJIaHHBIMHU B TE€YEHUE OTMEUCHHOT'O 110 OCH a0CIIMCC BPEMEHH.
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Puc. 1. ®ynkuus muksuaHocTd. OducHblie nomemenus. Huwkuauit Hosropo.

W3 mnpuBenenHoro rpaduka BHAHO, YTO B IEJIOM SMIHpHYECKas (QYHKIUS JMKBUIHOCTH
JOCTaTOYHO XOPOIIO MPUOJIMKAETCS SKCIOHEHIMATbHOMY pacupeneneHuto. OnHako mpu Ooree
TOHKOM aHaJIn3e KPUBOW MOYKHO YBHUAETH JiBa d(Ppdekra:

HauanbHblil iepuos, mepBele TPU HEJENN MPAKTUYECKU BCE OOBEKThI OCTAIOTCS HENPOJAaHHBIMU
(oSt HEMPOJAHHBIX 0OBEKTOB OCTAETCS OJIU3KOM K 1).

[To mpomiecTBUU 3TOrO NEpUOJA, JOJIsi OCTABUIMXCS HENPOJAHHBIMH OOBEKTOB Ooisiee OBICTPO
CHIKAETCS, OOTOHSS 3aBHCUMOCTb, KOTOPas CIIEAYET U3 SKCIOHCHINATLHON MOJIEIH.

VkazanHele 3QQEKThl JErKO OOBSICHUTH U3 aHalu3a MPOIECCOB TOKYINKHM Ha PpbIHKE
HeJBIKUMOCTH. llepBble TpM — dYeThIpe HEOeNd YXOIAT Ha COIJIAaCOBAHUE YCIOBUIl CIETKH, ee
oopmieHre M JOMOJHHUTEIBHO BKIIOYAIOT BpPEMsI, KOTOpPOE OOBSBICHHE MOXXET HAaXOIUTHCS Ha
TOCKe OOBSBICHUI MOCIIE 3aBEPUICHUS CIENKH. POCT HHTEHCHBHOCTH MPO/IX B MOCIEAYIOIINE JIBA-
TPHU Mecslla CBsI3aH C OKOHYATEJbHBIM 3aBEpIIEHUEM CJIEJIOK, HayaThbIX B MEPBbIA Mecdll, u Oonee
BBICOKOI aKTHBHOCTBIO ITOKyIaTelel, KOTOpble MPUCYTCTBOBAJM HA pBIHKE B OXHIAHUU
MOJIXOASAIINX TpeuiokeHni. Jlanee cuTyarusi cTaOMIM3UPYeTCs, U OOBEKT OXKHJIACT IMOSBICHUS
HOBBIX TIOKyTIaTeJIel, 3aMHTEPECOBAHHBIX B MPHOOPETEHHH TOTO OOBEKTAa. JTOT MEPHOJ, KOTOPHII
MOJKET JUIUTHCS MHOTO MECSIIEB, XapaKTEPU3yEeTCsl MOCTOSTHHON MHTEHCUBHOCTBIO Mpofax. [loaTomy,
€CIM TIEPBBIM MeCSI] UCKIIOYUTh M3 PACCMOTPEHHS, a IMOCIEAYIOIINI MEepHol pa3lesiuTh Ha JBa
3Tana, KX/l U3 KOTOPBIX MOJEITUPOBATh CBOMM pacIpeAeIeHUEM, TO MOJICIN CPOKOB IKCIIO3ULIUU
OyyT O0jiee TOYHBIMH.

0,8
074"
\
<O
0,6 4 v y = e-0.015x
\ R2=0,9799
0,5 A
' aQ
A
0,4
' %
s
0,3 s
0,2 E’.\“ y = 0,5843-0005x
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0,1 00
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Puc. 2. ®ynkuus mukBugHocTd. OducHbie nomemenus. Huwkuuit Hosropo.
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Comnocrasnsis n1Ba rpaduka (puc. 1 u puc. 2), MOKHO BHJIETh, YTO TIPH OTJEIHHOM PAaCCMOTPEHUH
KQKJOU U3 IBYX YacTel Ka4eCcTBO KOMOMHHPOBAHHOW MOJICTH 3aMETHO TTOBBICHIIOCH.

WuTepecHo mpocieuTs 3a MOBEIEHHEM BO BpeMeHH Ko3(h(pulleHTa eMKOCTH PhIHKA, UMEIOIIErO
CMBICJI CTAaTUCTUYECKOTO aHAJIOTa MHTEHCUBHOCTH MpoAax (puc. 3)
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Puc. 3. UntencuBHOCTh niponax. Oducusie nomenienus. Hwkuauit HoBropon

Ha mnpuBenenHoMm rpaguke BHAHO, YTO IO MCTEUYEHUH JBYX-TPEX MECSIEB IMOCTe
BBICTaBIIEHUsI OOBEKTAa Ha MPOJAXy (KpyrJjible MapKepbl) WHTEHCUBHOCTb MPOJAX, H3MepsiemMas
KOA((OUIIMEHTOM EMKOCTH pPBIHKA CXOJIHBIX OOBEKTOB, CTAOMIU3UPYETCS M, €CIH HCKIIOYUTH
CE30HHBIH TPEeHJ Ipyrue BHEIIHHE (DAKTOPHI, BIUSIONIME HA PHIHOYHYIO CHUTYalLMIO, COXpaHSIETCS
IIPAaKTUYECKU IIOCTOSHHOM B TEUYEHHE JaJbHEUIIEro IIepuoAa JKU3HU. TakoM e Xapakrep
3aBUCUMOCTH ()YHKIIMH JJUKBUIHOCTH HAOIIOIAETCS U B IPYTUX CETMEHTAxX PbIHKaA (puc. 4).

1,2

0,8

0,8617e0:005 R2 = 0,9976

T ~—

0,2 ——_

O 1=

0 50 100 150 200 250 300 350

<
1l

0,4

Puc. 4. ®yHKIMA TUKBUIHOCTH. 3€MEJIbHBIE Y4acTKHU. MOCKBa

[IpuBeneHHblil rpaduk MOKa3bIBACT, YTO B HAYAIBHBIA mHepuo] (pOMOOBHIHBIE MapKepbl)
MHTEHCUBHOCTh 0ojiee BBICOKAs, a Iocie JABYX MecAleB (QyHKIUS JHMKBUIHOCTH XOPOILIO
anmpoOKCUMHUPYETCs SKCIIOHEHTOU (Kpyribie Mapkepsl). Oco0o cienyer cKa3aTh O MEpBBIX HEHEsIX
nocje BbICTaBIECHUs 00bekTa Ha mpoaaxy. Kak ormeuanoch Bblle, nepsble 2—4 Heaenw mocie
MOSIBIICHUSI OOBSBICHUS MPAKTUYECKH HE CHUMAIOTCS C JIOCKM OOBSBICHUH, a ciexyromme 4-8
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HeZleNlb CHUMAIOTCSl 00Jiee aKTUBHO, YTO CBUJETENILCTBYET O 00JIee BBICOKON MHTEHCUBHOCTH MPOAAK
B TIEPBBIC JBa MECSIla, MOCIE BBICTABICHUS OOBEKTAa HEIBMKUMOCTH Ha OTKPBHITBHIA pBIHOK. [lo
MCTEUYEHUU 3TOTO IMEpHOoJa WHTEHCHUBHOCTb MPOAAXK CTAOMIM3UPYETCS U OCTaeTcs MOCTOSHHOW B
TEUCHHE TOCIeAyIomero BpeMeHn. DYyHKIHS JIMKBUAHOCTH B 3TOT NEPUOJA >KU3HEHHOTO IIMKIIA
00BEKTa, BBICTABJICHHOI'O Ha MPOJaXy, MOXKET ObITh ONMUCaHa SKCIOHEHTOW C HWHTEHCHUBHOCTBHIO
npoxax (A), pauoii 0,005 neHb-1, 9T0 MOXKeT ObITh MHTEPIPETUPOBAHO CIEIYIOIIUM 00pa3oM: B
cpenaem 0,5% o0OBEKTOB M3 OOIIEro KOJWYECTBA OOBEKTOB JAHHOW TPYMIbI, HAXOMAIIUXCS B
npojaxe, OyIyT MpoJaHbl B TEYCHHUE OJHOTO JHsI. HamoMHMM, 94TO 3Ta BEIMYMHA SIBISIETCS 00paTHON
cpenHeMy 3HadeHHIo SKcrno3unuu. Otciola, 3Hasi WHTEHCHUBHOCTh MPOJIaX JIETKO OIpPeNeIuTh
cpenHuil cpok skcrosuiuu. B manHom ciaydae T =1/0,005 =200 gueit. OTMETHM, YTO TPSIMOW
pacueT CpelHEero cpoka AKCHO3UIMHU MO JaHHBIM BBIOOPKU MPUBOAUT MPUMEPHO K TAaKOMY K€
pE3yNbTaTy, YTO SBISETCS €Ie OJJHUM MOATBEPKICHHEM aJIeKBATHOCTH MOJICIIH.

[IpuBeneHHbIe MPUMEPHI MOKHO paccMaTpUBAaTh KaK WJUIIOCTPAIUS OCHOBHBIX MOJIOXKEHUMN
TEOpUH, U3TI0KEHHOW B MpeAplaynuX maparpadax. OO0CHOBaHHWEM CIPABEATUBOCTH MPEATOKEHHBIX
MojieJieil 1 BO3MOKHOCTH MPAKTHYECKOI0 MPUMEHEHUS! SKCIIOHEHIIMAIFHOTO 3aKOHA JUISl OMHUCAHUS
CPOKOB 3KCIO3UIINH 00BEKTOB HEIBIKUMOCTH MOTYT CIY>KHUTh KOMILUIEKCHBIE UCCIICIOBAHUS PHIHKA
HeBIWKUMOCTH, npoBefieHHBIX OO0 «Mudopm-onerka» B 2019-2021 rogax McxoaHpIMU TaHHBIMA
JUTSL UCCTICIOBAHUH SIBUJMCH CBEJICHUS O CPOKAX SKCIO3UIIMH PA3TUYHBIX 00BEKTOB HEABUKUMOCTH B
ropoaax MockBa u Cankt-IletepOypr u Bcex ropogax P® c¢ uncimeHHOCThIO Oosiee 1 MITH. YeOBeK.
Bbbutn 06paboTaHbl HECKOIBPKO MUJUTHOHOB OOBSBICHUH O MPOJake KOMMEPUYECKON HEIBUKMMOCTH,
KWIbsI U 3eMEJbHBIX y4acTKoB. Bce maHHble ObUIM pa3efieHbl MO CErMEHTaM U IOJCerMEHTaM
pBIHKA, MO KJIacCaM M TUIAM OOBEKTOB, a TAaKXKe IO I[EHOBBIM 30HaM B Ipeleiax KaXAoro u3
uccienyemMoro ropoga. B pesynbrare Takoil crparuduxanuu  00pa3oBaioch COTHH  CTparT,
MPEJICTABIISIONINX OAHOPOJHBIE BBHIOOPKH. OO0bEeM KakI0i BBIOOPKH KOJEOANCs B JIOCTATOYHO
HIMPOKUX TpefesiaX: OT HECKOJbKUX COTEH JI0 HECKOJBKUX ThICSY 0O0beKTOB. JJig KakIoi Takoi
BBIOOPKHU OBLIIM TIOCTPOCHBI CTATUCTUYECKUE (YHKITUH JIMKBUIHOCTH, SIBJSIFOIIMECS TOTIOTHEHUEM J10
enuHuLbl (17) KyMyJSTHUBHBIX THUCTOTPAMM YacTOTHOI'O DACIpPENETICHHUs] CPOKOB SKCIO3ULUU U
IMIUpHUUYECKUe PYHKIUU JTUKBUIHOCTH. TaKKe OnpeneseHbl CPeIHUE 3HAYCHUS CPOKOB SKCIIO3UIINU
JUIST KaXJ0W W3 OOpa30BaHHOW yKa3aHHBIM CIIOCOOOM BBIOOpPKH. Pe3ymbrarsl MacmTaOHOTO
HCCIICIOBAHMS PEAThbHBIX CPOKOB JKCIO3UIIMH OOBEKTOB PA3IMYHBIX CEIMEHTOB HEABIKHMMOCTH B
ropogax Poccum mnpuBeAeHbl Ha HMHTEpHET-pecypce OTKpbiToro paocryma [10]. Yacte 3THX
WCCIICIOBAaHUI TMpejcTaBlieHa HAa pHUCYHKax HIbke. llpuBeneHHble TpaduKU MOKA3BIBAIOT, YTO
OTMEUYEHHBIE BBIIIE CBONCTBA KPUBOW JINKBUIHOCTH MPOSBIISIOTCS B TOM MM UHOM CTENEHU JJIs BCEX
CETMEHTOB HEJIBIYKUMOCTH B PA3IMUHBIX TOPOJaX U TEPPUTOPHATBHBIX 30HaX Poccuu.

r. Mocksa

a) TOProBasi HEBUKUMOCTD (CTaTuCTUYeCKask (PYHKIUS JIMKBUIHOCTH )

WcTopuyeckuid LeHTp ropoaa LUeHTp panoHa CnaneHbli MUKpOpaloH

KonvnyecTso KonuuecTeo KonuyecTso
OaHHbIx: 736 OaHHbIX: 396 OaHHbIX: 3744

e
]

obbekToB
e o
S o

[lons He NpoaaHHbIX

e
Y]

0.0

0) TOoproBasi HEIBISKUMOCTD (TUCTOTpaMMa 4aCTOTHOT'O PacipeieNIeHNsI CPOKOB AKCIIO3HITHH )
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WcTopuyeckunid LeHTp ropoda

UeHTp panoHa

CnansHbIA MUKpOpanoH
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B) o(ricHAs HEABMKUMOCTH (TUCTOTPaMMa YaCTOTHOTO paclpeAesICHUs] CPOKOB IKCIIO3UIIHH )
WcTopuHeckunii LeHTp ropoada LeHTp paioHa CnafbHbIA MUKpopaioH
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r. Cankr-IletepOypr
a) oucHas HEBIKUMOCTD (CTaTUCTHUYECKAst (DYHKIIMS TUKBUTHOCTH )
WcTopuyeckunii LeHTp ropoaa LeHTp pailoHa CnanbHbIA MUKpopaioH
10 Konwnvectso Konwnuyectso Konwnuyectso
= OaHHbIX: 676 NaHHbIX: 429 NaHHbIX: 726
F 038
T o
206
o X
=3
2904
=
S
g 02
0.0
>0 =54 >108 >162 >216 >270 OHK =0 =54 =108 =162 =216 =270 OHK =0 =54 =108 =162 =216 =270 OHK
0) oducHass HEABMHKMUMOCTH (THCTOTPAaMMa YaCTOTHOTO PaCIpeIesIeHUsI CPOKOB AKCITO3HITHH )
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r. Huxuniit Hosropop
OCH (cratucruueckast GyHKIMS JTUKBUIHOCTH)

WcTopuyeckui LeHTp ropoaa CnancHbIW MUKpOpaloH OKpaWHbl U NPOM30HBI

KonuuecTBo
OaHHbBIX: 178

Konwnyectso KonuuecTso
OaHHBIX: 659

OaHHbIX: 297

obbekToB
e o
S o

[lons He NpoaaHHbIX

e
Y]

e
o

OCH (rucrorpaMmMa 4aCTOTHOTO PacIpeesIeHUsi CPOKOB YKCITO3HITIH )

WcTopuyeckui LeHTp ropoaa CnansHbIA MUKpopanoH OKpawHbl U NMPOM30HbI
1.0
Konwyectso Konn4yecTBo Konu4yecTBo
OaHHbIxX: 293 baHHbIX: 657 haHHbIX: 178

obbekTOB
e o
S o

e
]
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e
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oducHas HeBIKUMOCTD (THCTOTpaMMa 9aCTOTHOTO PACTIPEIEICHUSI CPOKOB SKCITO3UIINHN )

NcTopuyeckuin LeHTp ropona CnaneHbIA MUKpopanoH OKpauHbl 1 NPOM30OHbI
1.0
Konnyectso KonwyecTtso KonwyectBo
OaHHbBIX: 506 OaHHBIX: 471 OaHHbBIX: 109
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>0 >54 >108 >162 >216 >270 OHK

6. AHaJIu3 U MpoBepKa BUIA0B pacnpe/aeseHust

Cornacuo cranmapty [28] B mepBom mosmyroguu 2021 roma mpoBEepUiIHM pacrpeieiCHUs
CPOKOB SKCIIO3UIIMM Ha COOTBETCTBHE K pacmperencHuio BeiiOynna Ha AaHHBIX KOMMEPUYECKOM
HEJBM)KMMOCTH B TOpOJiaX MUJUITMOHHHUKAX. /17 KaXKJ10T0 cerMeHTa M Kjlacca BHIYMCIUIM TUIIOTE3Y U
KBaHTWJIb pacnpenencHus Oumepa yposHs 0.999. Ecnu 3HaueHne runoTe3bl O0JIbIIE WM PaBHO YeM
KBaHTHIb pacrpeaeneHust Ouimiepa, TO THIIOTe3a OTKIOHsAETCS. B Tabmuiax ObUIM MpencTaBICHBI
cTerneHu cBoOoAb! V1 1 V2 aiis omydeHusl KBaHTWIH pactpeseneHus Duimepa. Tabmuisl 3HaUYSHUI
KBaHTWJIEH pacnpenenenus Ouiepa uisi pa3IMuHbIX CTeNeHeld cBOOObI U YPOBHS MPEACTaBICHBI B

crangapte [27] B npunoxenuu I

B OonpmmHCTBE CJIydacB THUIIOTE3a IPHUHUMAJICA. B cjiyda€ OTKJIOHCHHUA THIIOTE3bI, B

cranzapre [28] pekoMeHAYIOT UCTIONIB30BaTh TPaUIECKOE OTOOPAKEHHUE TaHHBIX.

B cBasm ¢ TEM, UYTO NICpUOS Ha6J'IIO,I[eHI/I5[ HC BHCEC CYHIECCTBCHHOI'O BJIMAHHUA, TO

JIOTIOJTHUTEIIbHOM IMPOBCPKHU HA BUJ paCIIPCACIICHUS HC ITPOBOANUIIOCH B TCKYIICM ITOJIYTOJUH.
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3akao4yeHue

Cratucrtuyeckas o0paOOTKa pBIHOYHBIX JAHHBIX M pacyeT IoKa3aTeled JMKBUIHOCTH
(cpenHero M rapaHTHPOBAHHOTO CpPOKa SKCIIO3UIMM, BEPOSTHOCTH NMPOJAXKH 3a Tpedyemoe BpeMms
BBITNIOJHEHBI B JAaHHOM MCCIIEJOBAHUH HA OCHOBE TEOPHH, M3JI0KEHHOM B 3TOM Ilpmnoxenun. Ora
TEOpPUsI W BBHITEKAIOIIAs W3 HEEe METOMOJIOTUS OIICHKH IapaMeTpoOB JIMKBUIHOCTH OOBEKTOB
HEIBW)KMMOCTH OCHOBaHa Ha BEPOSATHOCTHO-CTAaTUCTUYECKMX MOJENSAX pbIHKA. JlanpHeimee
pa3BUTHE TEOPUU BUIUTCS B HANPABICHUU Iepexoja K Ooyiee CI0XKHBIM MOJEINSAM paclpe/leleHus
CPOKOB 9KCITO3UIIMH, YUYUTHIBAIOIINX OoJiee TOHKUE 3(P(EKTHI MPOLeCcCOB MPOJAKH, U, IPEXKAE BCETO,
K TpexmapaMeTpuyeckoMy 3akoHy BeiiOymna ¢ mepeMeHHOW HWHTEHCHUBHOCTBIO —IPOJAK.
OnHOBPEMEHHO cleqyeT pa3padaTbiBaTh aJleKBaTHBI MHCTPYMEHTApUIl aHAJIN3a IaHHBIX IO CPOKaM
HKCHO3MIIMM, OCHOBAHHBIM Ha IIUPOKOM HCIOJIb30BAaHUH MAIIMHHOTO OOYy4YeHHs C Y4YeToM
0COOEHHOCTEH MOHUTOPUHTA PhIHKA HEABMKUMOCTH U IUIAHOB ¢OOPA MCXOIHBIX 1aHHBIX.
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