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BpemeHHbIe M0CIe0BATENBHOCTH 3EMIETPACEHHH C HCKIHYEHHBIME a(TepIIOKaMH HEPEIKO 00nagaoT
CBONCTBOM IPYIIIHPOBAHNS, KOTJA HA OCH BPEMEHH 00pa3yloTesa CrycTki coOniTuii (knacrepsl). B ornnune
OT NogOOHOTOo “00BLIMHOr0” rPYNIMPOBAHNA H3Y4YAETCH 0c000€e ABNEHNE “NOPANKOBOrO IPYNIUPOBAHNS .
DTO ABNEHIE MOXKET MPOSBIATECS B JIFOOOM YIIOPAZOUCHHOM BO BPEMEHH CITHCKE COOBITHIT Pa3INIHOMN Be-
JIMYHHBI M 3aKJIF0YAETCA B TEHACHLIHH KPYNMHEHIINX cOOBITHIT CiHcKa OBITH B 3TOM CIIHCKE OIM3KHMMH cOCe-
Asmu. BeHunHBI BpEMEHHBIX HHTEPBAJIOB MEKAY COOBITHAMH IPH 3TOM HECYIIECTBeHHBI. OObIYHOE U N0~
PSJIKOBOE rPYNIHPOBAHNIE — PA3HbIE SBIICHNS H, B IPUHIIHIE, MOTYT NPOABIATHCA HE3aBUCHMO. Tengenuuu
rpynnHpoeanus 060uX pogoB MOTYT HMETh MHOroMacuTabHbli xapaktep. B paboTe BLISBICHO 1 OXapak-
TEPH30BAHO MHOrOMAaciITabHOE MOPAJKOBOE CPYNNUPOBAHNE [V MHPOBBIX KaTaJOroB 3€MIETPICEHHI
1989-1990 rr. (AGe) u 1977-2000 rr. (l'apsapy CMT).

BBEJIEHUE

CraTtucTHyeckasi CTPYKTypa IMOCNEN0BATENBLHOC-
TeH COOBITHII BO BpEMEHH — pa3BuTast 00J1aCTh UCCIIe-
noeanuit. Yacto onpaBgaHo pacCMOTPEHHE COOLITHH
KaK OJHOTHIHBIX. B 3TOM ci1yyae UMEIOTCS TaKue MO-
Aenm, Kak ‘‘umcro cnyvaiHblii” IlyaccoHoBckmil npo-
1ecc U ero 0000LEHHS; IPOLECC BOCCTAHOBIICHUS | JIP.
B psne 3aja4, ofiHaKoO, Oosiee aieKBaTHBIMU MOJIENISIMU
SIBJISTIOTCS TIPOLIECCh] C HEOrPAaHWYEHHBIM MOCIE/IEHCT-
BHEM ¥, B YAaCTHOCTH, MHOTOMACLITaOHBIE, aBTOMO-
JeNbHBIE MPOLECcChl — (ppakTaibHbIe U MYIbTH(PAK-
TaJbHbIE UMIYJIbCHbIE WIyMbI. [Toaxon K mocnenosa-
TEJNBHOCTSM 3EMIIETPSICEHUH KaK K ABTOMOJIEIbHLIM
o6bekTam ycnewmHo passuBaercs [[Tpozopos, 1982;
PoikyHos u fip., 1987; Smalley a.o. 1987; Kagan, Jack-
son, 1991; Ogata, Abe, 1991; Hirabayashi a.o., 1992;
Craxosckuit, 2000]. B psige ciy4yaes BbIsSIBIEHO HAlIN-
Yie BapualUil IJIOTHOCTH NOTOKA COOBITHI HAa HA0O-
pe BpemeHHbIx MaciuTabos. Ha KauecTBEHHOM ypoOB-
HE aBTOMOJENIbLHOE T[OBEJECHUE MPOSBIAETCA Kak
TEHJCHLMS K 00Pa30BaHUIO TECHBIX BO BPEMEHHU Cry-
CTKOB (rpynin) coObITHI pa3HOOOpa3HbIX MACIITAOO0B
H K OTCYTCTBHIO BHIPAKEHHON nepuopuyHocTu. Hau-
0onee 3aMeTHBLIM SIB/ISIETCS. BO3HHKHOBEHHE adrep-
ILIOKOB U POEB 3E€MJIETPSICEHUI. DTOT POJ IPYyNIUPO-
BaHHS, KOTOPBIH NPOSIBISIETCSI HA OTPAHMYEHHBIX
BpPEMEHaX, XOPOLIO M3YUEH U HAXOJUTCA B CTOPOHE
OT HaIpaBJICHUs JAHHOrO HcciegoBanus. Hac unTe-
pecyroT TeHAEHUHH K “‘gonrocpounomy” [Ogata, Abe,
1991; Kagan. Jackson, 1991] rpynnupoBsanuio, KOTO-
poO€ MPOSIBJISIETCST HA JOCTATOYHO OONBIIMX BpEME-
Hax, 00bIyHO Gonee nonyropa. Ilostomy Mbl Oyaem
paboTaTh C MOCNENOBATENLHOCTAMHU (laice — KaTa-
J0ramiu), B KOTOPbIX HCKIIOYEHBI apTepuIokH. TeH-
JIEHIUSE K JONTOCPOYHOMY FPYNIUPOBAHUIO [JIsi MO-

MEHTOB BPEMEHH COOBITHIH (fanee Ha3bIBAEMOMY
“00BIYHBIM TPYNNAPOBAHHEM ) yKe Oblia OOHapy-
JKeHa 7151 psija HaOOpOB JIaHHBIX, U €€ OJIHO €€ HC-
CIIEJIOBAHME HE TIpE/ICTaBIseT OOJBLIOTO MHTEPECA.
Hai noaxop K 3y4eHHIO TPYIIMPOBAHMS 3aKJIK0Ya-
€TCsl B COBMECTHOM aHa/IU3€ BPEMEH H CEHCMHYECKHX
MOMEHTOB (“BecoB’) cOOBLITHI KaTaliora.

Kak xopomio ussecTHo co BpemeH I'yrenbepra u
Puxtepa, pacnpeaeneHue 3eMIETPSCEHHH 110 IHEPIHH
WM CEHCMHYECKOMY MOMEHTY ONM3KO K CTEIIEHHOMY
(runepbomiyeckomy) ¢ nokaszarenem b = 0.6-0.7.
B 3THX yCIOBHSIX TEKTOHHYECKUH BKJIAJl HECKOJIBKHX
KPYNHEHIHNX COOBITHH BHYTPH JTHO00r0 KOHKPETHO-
ro karajora sisiercsi npeobnagaromum. B To ke
BpeMsl CBOJICTBA TPYNIHMPOBAHMS, KaK €ro OObIMHO
HU3yYalu O CHX IOp, OTPaKaJM B NEPBYHO OYepeb
CBOICTBA TeX COOBITHII, YHCIO KOTOPBIX Npeodaaga-
€T, TO €CTh CAMBIX “‘MENKHNX’, 4EH BKJIAJ B TEKTOHH-
YECKHE MPOUECChl (M B CEHCMMYECKYIO OMACHOCTh)
OTHOCHTEJLHO HeBenuK. Hamr mojgxon sIBHO Yy4YMThI-
BaeT Bec coObITHi. IHTEpECHO TaKXKe H3Y4YUTh ABTO-
MOJIENTBHOCTb BO BPEMEHH JIIsi TAKUX OOBEKTOB, KaK
CyMMapHasi CeHCMHMYECKasi MOIUIHOCTb MJIH CKOPOCTb
ceficMoTekTOHIuecKkoi gecopmarm. [lanee gus obm-
HOCTH OyJIeM rOBOPHTD O (PYHKLIMH MPOJYKTUBHOCTH,
nojipasymMeBast OJl Hell pacxof MM CKOPOCTb [EHE-
pauMH CeHCMHYECKOro MOMEHTAa, 9HEpPruH (Wid B
APYTHX NPUJIOKEHHAX MacChl, 00 beMa | T.IL.).

[NockonsKy *“00bIMHOE™ rPYNIUPOBaHHE YaCTO HMeE-
€T MECTO, B OTHOLIEHH! KOHKPETHOIO KaTajora BO3HH-
KaloT jBa Bompoca: (1) nposiBasieT a1 PyHKIHS Npo-
JIYKTHUBHOCTH, OMHCHIBAIOLIAs MPOLECC, CBOMCTBA aB-
TOMOJIEJIBHOTO MOBEJICHNs; H (2) ecnu fa, ABJseTcs
JIH 3TO aBTOMOJIENILHOE MOBEJIEHUE NMPOCTHIM CJIEJCT-
BHEM “00BIMHOr0” rpynnupoBaHHs €HHUYHbIX TO-
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4eK-COOBLITHI, WK XK€ OHO uMeeT Oosee oOLui xa-
pakTep. KOHKpeTHO BTOpas anbTepHATUBA PEan3y-
eTCsl KaK BO3MOKHOCTBH BO3HHKHOBEHHsI OCOOOro
SIBIIEHHS “TIOPSIIKOBOT'O IPYNIHPOBAHHA". DTO sABJE-
HHE MOKET UMETbh MECTO B JIONOJIHEHHE K YK€ ONH-
CaHHOMY “OOBIYHOMY™ TpPYHIHUPOBAHHIO, HO MOXKET
UMETh U CAMOCTOSATEIbHBIN XxapakTep. [lopagkosoe
IPYNNHPOBAHNE MOKET NPOSBIIATHCA B TFOOOM yIopsi-
JOYCHHOM BO BPEMEHH CIHCKE COOBITHI Pa3NIMYHOM Be-
JIMYUHbB] ¥ 3aKJIFOYAETCS B TEHIECHIMHN KPYITHEHILHI CO-
ObITHII CITHCKA ObITh B 3TOM CITHCKE OJTM3KMMH COCE/sI-
Mu. OOBIYHOE H MNOPAAKOBOE TPYNNHPOBAHHE —
KA4yeCTBEHHO Pa3HbIC SABJICHHS, H HIDKE OylyT pa3By-
Thl CPEJICTBA MX MAPaMETPH3ALNH MO OTAEIbHOCTH.
Hapgo ormetuts, uro Craxosckui [2000] ycneniHo
OPUMEHUIT MYJIbTU(PAKTAILHBIN MOIXO0J K aHAIHU3Y
(YHKUMH TPOAYKTHBHOCTH JIJIs CEHCMHUECKOH 3HEp-
THH; OH, OIHAKO, Pa0OTAJ HE C KATaloroM, a ¢ IUCKPeT-
HBIM BPEMEHHbIM PSJIOM [JAHHbIX, IPOCYMMHPOBaHHbIX
10 MaJTbIM BPEMEHHBIM OKHAM, H HE pa3felsil BKIaJIbl
00OBIYHOTO U MOPSAKOBOrO IPYNTIUPOBAHHS.

Briepeble NOpPsKOBOE TPYIIHPOBAHHE 3EMIIE-
TpsiceHuit obHapyxunu Orara u AGe [Ogata, Abe,
1991] B ynopsiio4y€HHbIX IO BPEMEHH CITUCKAX Mar-
HHTYJ MAPOBOI'O H SITOHCKOTO KATAJIOTOB 3e€MIIETPSI-
CeHHUH. DTH CNHUCKUA oOpadaThbIBalu KaK BPEMEHHBIE
Psibl C TOCTOSTHHBIM 11AaroM (Kak eciu Obl HOMED B
CHIIMCKE ABJIAJICS BpEMEHEM COObITH:A). BbIO 06HApPY-
JKEHO, YTO NMONy4YeHHbIE “BpPEMEHHbIE Psfibl” 001aga-
0T aBTOMOJIETIbHOH CTpyKTypoil. Pesynbrat OraThl
u AGe B UX cTaThe TOaH KaK MoO0YHBII, OH HE BbI-
3BaJl HUKAKOI'O PE30HAHCA U NOKA OCTAETCs EJUHCT-
BEHHBIM B ceiicMonoruu. [TopsjgkoBoe rpynnuposa-
HHE B MOCJIEA0BATEILHOCTH H3BEPKEHUI BYJIKAHOB
6b1110 oOHapy:keHo ['ycerniM u aip. [2003].

B mnacrosiieit pabore sBIEHHE TNOPSAAKOBOrO
rpYNIUPOBAHUs UCCIEAYETCs 71 IBYX MHPOBBIX Ka-
Tanoros — AGe u I'apBapickoro, ¢ HCNONb30BAHUEM
(pU3MYECKON BETUUHHBI — CEHCMUYECKOr0 MOMEHTA
M, — xak Beca coobiTust. [Ins katanora Abe 3a 1900—
1989 rr. 3HaueHus1 M, OlLleHEHbI B OCHOBHOM KOCBEH-
ubiM nyteM. [apBappackuii katanor CMT 3a 1977-2001
H3HAYAIBHO BKIKOYAeT 3HaveHus M.

JInst BLITIOJTHEHUS JAHHOM 3aa4yu HeOOXOMHMMO Ha-
yuuThCs (1) MpoBepsATEL HamuuKe U (2) U3MEpATh Xapak-
TEPUCTHKH ABTOMOJICJILHOIO MOBECHHsT  (DYHKIMI
NPOAYKTUBHOCTH, Y€MY IIOCBsAIEHAa BBOJHAsl 4acTh
paboTsl. [1151 XapakTepH3aluu TaKoro nosegeHust o
HAOJO/ICHUSIM OrPAHUYEHHOrO 00beMa MbI Oyaem
HCNONB30BaTh KOPPENSIMOHHYIO pasMeprHocTa D..
[Mosichum, uto D, = D, — 0606uieHHas ppakTanbHast
pasmepHoCTb D, npu g = 2 JuIsi THIOTETHYECKOM
MYJIBTH(PPAKTAIBHOH MEpPbl, ONPEJENALIECH Bpe-
MEHHYIO CTPYKTYPY (DYHKLHHI POAYKTUBHOCTH.
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METOJIUKA AHAIIMU3A
ABTOMOJIEJIbHOI'O I'PYTIIIMPOBAHWA
B ITOCIIENOBATEJIIBHOCTAX COBbLITHUN

PA3HOUW BEIWYUHBI

ﬂcxo,unan MOJe]Ib TaHHBIX

Harre ucxoHOE NpenonoKeHue 3aKIYaeTcs B
TOM, YTO MJICANN3UPOBAaHHBIN KaTaJlor 3eMIeTpsice-
HHUI MOXKHO paccMaTpUBAThb Kak O0bEKT, NOPOK/ICH-
HBIH CJICIYIOLIEH LEMOYKOIl onepaluii:

(1) Ha orpeske (0, T) ocu BpeMeHU t 3a1at0TCs pe-
anmM3amii JBYX CHYYalHbIX MyJIbTH(PAKTATbHBIX
mep X(t) u Y(r). 3T mepsl, BOOOIIE FOBOPS, CTATHC-
THYECKH 3aBHCHMBI.

(2) Ha (0, T) nopoxpaeTcsi peanu3aiusi 000011IeH-
HOTO NMyacCOHOBCKOrO NMPOLEcca ¢ MIOTHOCTLIO X(1),
cocrosimjas u3 N rouek. Touku {75 1, 2, ... N} onpe-
JIEJISIIOT MOMEHTHI (J1aThl) COOBLITHI KaTanora.

(3) Orpe3sok (0, T) gpenurca Ha N ManbIx OTpes-
KOB, KaX[blil H3 KOTOPBIX COEPKAT OHY TOYKY-CO-
obiTie. ITycTsb, HanpuMep, A1t ONPEeIeHHOCTH, I-TO-
MY COOBITHIO MPHITHCHLIBAETCS NOJYHHTEPBAN (1, _ 1, 1;].

(4) Mepa Y(t) uaTerpupyeTcsi 1o KaxKaomy H3 Ma-
JIbIX OTPQSKOB, 5 pesynb'ra'r ]'[I.'JHT[HC]:.IBEIQ'TCH cooT-
BETCTBYIOIIEH TOYKE-COOLITHIO KAK €ro Bec.

CopiepkaTebHO B JJAHHOH CXeMe, Ha30BEM ee
“Cxema A”, X(t) 3aaeT MTHOBEHHYIO IJIOTHOCTD TO-
TOKa coObITHI, a Y(t) — MPOAYKTUBHOCTB, TO €CTh B
clyuae 3eMIETPSICEHUI CKOPOCTh MOPOXK/IEHHUs CeHc-
muueckoro momenTa. [1pu X(7) = const BpemeHa coOblI-
THIt 00pasyoT MyaccoHOBCKuUI npouecc. [Tpu atom me-
pa Y(t) uHTerpupyeTcs no MaJibiM OTPE3Kam, pachpesie-
JIEHHE JITHH KOTOPbIX UMEET KOHEUHYIO JUCIIEPCHIO, B
TO BpPEMS KaK pacnpefieieHHe CEHCMUYECKIX MOMEH-
TOB — THNEPOONHYECKOE, C MOKA3ATEIEM CTEIEHH N0-
psaka —0.65. Mbl He cMOrlIM CKOHCTPYMPOBAThH MPO-
cTyto Mopens Ais Y(1), B KOTOpOIl BOZHUKAIO ObI rHIep-
Oosyeckoe pacnpejeieHie BeCOB, HU i O0LIero
cnyqaﬂ, HU 1A cny4das HYJ'IEBOI:'I THITOTE3bI OTC}’TCT-
BUSI 3aBHCUMOCTH MEXJYy BECAMM COCEJHHUX TOYEK.
ITosTomy, xoTs faHHast cxema (PU3UUECKH JOBOJIBHO
npo3payHa, ee NpsMoe NMPUMEHEHHE I aHanu3a
AaHHBbIX BCTPEYaeT 3aTpyaHeHus. Tem He MeHee faH-
HYIO CXeMY MOZKHO MpPOBEPATH KOCBEHHBIM 00pa3oM —
u3y4asi €€ CIE[CTBHs.

PaccMOTpHM B 3THX YCIOBHSIX €LLE U APYIYIO CXe-
My cTpykTypbl faHHbix (Cxema B). Coxpanum X(r)
KaK Cly4yafHyl MyJbT(pPaKTaTbHYIO MIOTHOCTS,
MOPOKAIOILYI0 HAOOpP MOMEHTOB BpemeHu {1; i = 1,
2, ... N}, a Beca s kakoro u3 N cobbITHIT 3a1a{HM
0 CIEAYIOUIEH CXEME:

(1) nopoxpaeTtcst Habop ' u3 N He3aBHCHMBIX CITY-
YaHHBIX BECIHUYHH, pﬂCl’[peﬂeJ’[eHHbIX MO CTENEHHOMY
3akoHny (I'yrenbepra-Puxrepa);

(2) HaDOp NepeHYMEPOBBIBAETCS HEKOTOPbIM CHC-
TEMATHYECKUM 00pa3oM TaK, YTOObI MOPOAUTH MOJIO-
AKUTENBHYH KOPPESLHIO MEXKY BECAMH COCE/IHHX TO-
4yeK (C HoMepamH [ U [ + k); IpH 3TOM KOPPEeJsiust, KakK
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(bysxuus k, sBasieTcss MEIEHHO yObIBarOLEn (yHK-
uuen, Hanpumep, creneHHoil. (Texnuyecku Takyro
MEPETACOBKY HETPYAHO BbINOJHUTH, HAPUMEP, CO-
31aB peanusaunio © KoppeaupoBaHHOTO THCKPETHO-
ro rayccoBOro cjy4aifHoOro npouecca aauHoi N or-
CYETOB, a 3aTEM MOJCTAaBHB HA MECTO KaXXAoro us N
orcyetoB B ® “coorpercrByrommii” orcuer u3 I.
“CooTseTcTBHE” 3[€Ch O3HAYAET, YTO 3aMEHSIEMBbIi
orcueT (B ®) u 3amensiroluid orcyet (u3 I') umeror
HICHTHYHbIE HOMEPA B CBOMX BapHALIMOHHBIX PsfaXx,
TO €CTb B YIOPSIOUEHHBIX TI0 HAPACTAHUIO BEca rme-
pecranoskax Habopos @ u I'. Ecnu pyHkImio koppe-
asitmi ans @ BpIOpaTh runepOOIMUEcKON, ITOPOXK-
JIeHHBIH Mpouecc OyaeT MHOTOMACIITAGHBIM U OJIH3-
KHM K aBTOMOJEJIBHOMY; OfJHAKO OKHAATh OT HETO
COOCTBEHHO MyJIbTH(PPAKTANBLHOTO TOBEJEHUSI HET
OCHOBAaHMIA. )

Cxema b — BecbMa HCKYCCTBEHHAs!, U IOITOMY Me-
HEE NPHBJIEKATENBHA, 3aTO aHAIN3 IAHHbIX HA €€ OCHO-
BE MOKHO BECTH NPAMBIM ITyTEM; 3TO | BBINOJHANIOCH B
[Ogata, Abe, 1991]. Cpa3zy ormeTum, 4TO jJIsi OOEHX
cxeM A u b ocHOBa aHanmM3a — 3TO OLIEHKA IOKA3aTEes
CTEMNCHU B KOPPEISALHOHHON (DYHKIMK (UK B CHIEKT-
pe). Korja ncxoHblit 00BEKT TPAKTYeTCst KaK MyJib-
TH(PAKTAN, ITOT NOKA3ATENb SABISECTCI KOPPEIsLH-
OHHOH pasMepHOCTBIO. Mpbl Oygem ynoTpeGnsaTh
ITOT TEPMHH IIPH ONHCAHHK OOPabOTKH JaHHbIX, XO-
TS M HE JOKA3bIBAEM HAJTHYUS Y HUX HMEHHO MYJIbTH-
(bpakTanbHBIX CBOWCTB.

IIpsivoe onennBanne KOppesiHOHHON
Pa3sMepHOCTH

Hdnsa BHISIBNEHHS aBTOMOJEJIBLHOTO TPYNITHPOBA-
HUsI B TTOCIIEIOBATENbHOCTAX COOBITHIL pa3HON BEH-
YMHBI MBI HCIOJIb3YEM MapajieNlbHO [Ba MOAXOAa,
KaX/blil U3 KOTOPbIX B HACATLHOM CIIy4ae MYJIbTH-
(ppakTanbHOro 00BLEKTA JAET OIMH U TOT XK€ Mapa-
METP — KOPPENALHOHHYI pa3mepHocTb. s nogob-
HOTro 00bEKTa, COCTOALIErO M3 TOUYEK (EJUHUUHOrO
BECa), KOPPENsLUOHHAA Pa3MEPHOCTb, KAK H3BECT-
HO, MOKET ObIThL onpeaeneHa (cMm., Hanp. [BboxokuH,
[Mapumu, 2001], nanee BIT01) Ha ocHOBe mapHOro
KOPPEJSIIMOHHOTO HHTETrpaa:

C(d) = (1/N,)N(d; < d), (1)

rje N, — uicno nap TOYeK Ha OCH BPEMEH C HOMEpaMH
L2, ciily san i oo RN, = (0 ~ 1)/2), dj=1;—1;— uH-
TEPBAJl BDEMEHH MEXK/1Yy KOMIIOHEHTAMH Napbl ¢ HO-
mepamu i U j, u (N(d;; < d) — uncno nap co 3HaYeHHEM
d;j < d. ®opmyna (1) — crauapTHas B JaHHOI 0Oac-
TH, HO Mpu 00paboTKe JaHHBIX M3 OTPAHNYEHHOTO
HHTEPBaNa BpeMeHH (auTenbHOCTHIO Tj) OHAa maeT
CMELIEHHYIO OLIEHKY, KaK OOBIYHO NMPH OLEHKE KOp-
pensupoHHoi (yHKunn. HeTpyaHO moayunTh s

JAAHHOTO Cllyyasi KOPPEKTHPYIOLIYIO MONpPaBKy; He-
CMEIECHHAs OLEHKA UMEET BH/:

N(d;<d)

) = §a—anTy

(2)
Ouenku (1) 1 (2) no HaOIIOREHUSAM MOTYT OBITE Psi-
MO BBIBEJIEHBI U3 “HaOMIONEHHON (DYHKIHU MPOJTYK-
THBHOCTH’, KOTOpPasi B IJAaHHOM CJIyYyae HMEET BHJI:

n
p(t) = Y Vid(t-1), 3)
i=1

rae V; — Macca Touku HOMep i. BpeMeHHO momoxkimM
Bce V; =1 u 0603HaYMM TaKO# BapuaHT (pyHKIH p(1)
gyepes py(t). [Tosicnum, 4TO onepays CriuakMBaHMs C
OkHOM mmpuHbl T npeppautaer p(f) B aMmupuyec-
KYy10 OLIEHKY ITPOJYKTUBHOCTH “‘C pa3peiuenueM 17, B
TO BPEMsI KAK MTHOBEHHOE 3HAaYEHHE MPOIYKTHBHOC-
TH ONPENENUTE HeNb3st. [Togo6HbIM 3Ke 06pa3om npu
CryiakuBaHuu p (1) MoyyaeM 3MIHPUIECKYIO OlCH-
Ky IUIOTHOCTU NMOTOKa cOObITHH. OOBIYHAS OLUEHKA
BTOPOIrO CMEIIAHHOTO KOPPEJSIIHOHHOIO MOMEHTA
oT (pyHKIMHA p, (1) UMeeT BUJ

Bi(d) = 1[pd)p (1 +d)a, @

a UHTerpan J‘SBI(x)dx upentuden ¢ N(d; < d). Iro

IPE/ICTABJIEHNE MO3BOJISIET JIETKO MOHATH 000011e-
Hue (2) Ans cayyas TOYEeK ¢ pa3inuIHbIMU Maccamu V.
Bmecro Hakomiennoro uucna nap N(d < d;) Bosnu-
KaeT HaKoIlJIeHHasi cymMa Becor nap W(d < d,;,-}, npu-
uem BkJIazl B W(d < d;;) ot mapbl coObITHII C HOMEPAMH
(4, /) paBeH npoussefenuto ux macc V,V, = w(d;). Te-
nepb 0000LIEHHBI aHanor (opMynsl (2) — oleHka
KOPPEISIMOHHOrO HHTErpaia ¢ y4eToOM Macc — MpH-
obOpeTaeT OKOHYATELHBIA BU/I:

~ 1 W(d;<d)
Cw(d) - [] ~d!2T] W(Bce d:‘j) -
Y w(dy) &)

_ ( 1 )d”-cd
“\1-d2T
Z W(d;'j)

Bee d;

B cnydae aBTOMOAENBHOTO (MaclITaOHO-HHBApPHU-
AHTHOTO) MOBEACHHS (PYHKLMU MpoayKTHBHOCTH C(d)
n C,(d) ob6a3aHbl OBITH CTENEHHBIMU (DYHKI[HSIMH,
Okassiaercsa (BIT01), uro B paccMaTpHBaeMOM Of1-
HOMEPHOM cllyuae

cdy~d"™, (6)
rae D, — KOppessiiMOHHasE Pa3MEPHOCTb. 3HAUCHHE
D,., xapakrepusywuiee C, (d), O6yaem o6o3HauUaTH

PU3UKA SEMIIM N 10 2005



MHOTOMACHITABHOE ITOPSOKOBOE I'PYIIIIMPOBAHUE 33

D.,,. Onsa ouenku D, 1o HaOMIOAEHUSIM MOXKHO B3STh
norapudm ot odenx yacreit (6) U ISl MOTYYEHHOrO
JIHHEHHOTO COOTHOLIIEHMS

lgC(d) = const+ D_lg f (6a)

BBINIOJTHUTh, HAIPHUMEP, JIMHEHHYIO perpeccuro. Ilpu
aToM yioOHO npepcTaBnaTk C(d) He BCeMH CBOMMH
OTCuUeTaMH, a OTOMpaTh M3 HUX HEOOJBIIOH Habop
spauenuii (7-20), cooTBeTCTBYIOIIUX Habopy 3HaYe-
HUI d C TIOCTOSTHHBIM HJIH NPUMEPHO MOCTOSIHHBIM
marom no norapugmmyeckon mkane. Onpaspanust
caepyromye: (1) orOuparoTcst TOYKH, KOPPEJIsALHs
ME3KJTy KOTOPbIMHU HE CIIUIIKOM BEJINKa, 1 (2) pasHble
MaciuTabbl NPECTABIEHBI C OJJHHAKOBBLIM BECOM, XO-
Tsl 1 HEPABHOTOYHBIME OTcueTamu. Mbl Oyaem cre-
JIOBATHL 3TOI TPAAVLIMU W HCTIONBL30BATh LIAT HOPSI-
ka 1/2—1/3 okrassi (0.1-0.15 en. mecaruyHOroO JIOTa-

pugma).

Ouenka KoppeTsAlHoHHONH Pa3MepPHOCTH
yepes CINIEKTP MOLIHOCTH

Jpyroit nyTh onpejeneHust KOPPEsilIMOHHON pa3-
MEpPHOCTH — yepe3 npeodpasosanne Pypwe ot B(d), KO-
TOpOE MPECTABNAET COOOII OLIEHKY CIIEKTPa MOIIHOC-
i (hyHKImH npopyKTuBHocTH p(t) [Pisarenko, Pisaren-
ko, 1991]. Drot cnextp B(f), B cilydae aBTOMOAENIBLHOM
CTPYKTYpBl p(f), TakKe o0Os3aH OBIThH CTENEHHOM
(pynkueit, npuuem (BIT01)

B(f)y~f~". 7

Ins ouenkn D, Ha ocHoBe (7) no HaOMIOAECHUAM ITO-
JIE3HO TMPOUHTETPHPOBATH CHEKTP MOLIHOCTH (MO
ananoru# ¢ (4)); mpu 3TOM NpeogoJieBaeTcs npodie-
Ma HECOCTOATEJBLHOCTH TOUYEYHbIX OLICHOK CIEKTpa
[Pisarenko, Pisarenko, 1991]. Mb1 6ymem ganee ucxo-
OUTH U3 COOTHOLLIEHUS

f
U(f) = [BOAF~ £ ®)
0

O6paboTKa aHHBIX /I TOrO Cliy4yasi BIOJHE aHa-
goruuna cnyuaro C(d) (popmynsl 6 1 6a) U BHINOIHS-
€TCs Ha OCHOBE (POPMYJIbI:

lgU(f) =const+ D lgf. (8a)

OTrmMeTHM, YTO [1J151 TOrPAHUYHOrO HE ABTOMOJIENBHO-
ro ciayuasi lyacCOHOBCKOro mnpouecca, korga D, = 1,
mmeeM C(d) ~ d, B(d) n [B(f)| — 6enbie wymbl u U(f) ~ f.
Ecmn xe D, < 1, To (6) npeacrapaseT coboi CNEKTP
(pmukkep-tryma. Jlnst ynpoiennst 0003HaYCHUH OLECH-
ku D, u D, no cnextpy aanee odozHavatoresa Dyu D,

PeanbHble fJaHHBIE HEPEAKO BBIMIAAAT Oonee
CIIOKHO, YeM CIEAYeT W3 OMMCAHHBLIX TpeJAcCTaBie-
Huit. Jnsa pansHeiiuiero Haubosee BaKEH ciydaii,
KOrja Ha B OCHOBHOM aBTOMOJIE/IbHOE TPYNIHpOBa-
HHE HAKJIA[bIBACTCS TEHAECHUHMSA K TMEPUOJUYHOCTH
coOwiTHil. B cuy mHTErpanbHoil npupoabl pyHKuui

3 OU3HUKA 3EMIIM  Ne 10 2005

C(d) v U(f) sanuuue OJHOIO HIIU HECKOJBKHUX Bbl-
OpOCOB B CIIEKTPE H/WIM Ha KPUBOH aBTOKOPPEJIALHHA
NPHUBEJET K HCKAXKCHHIO HX THTIOTETHYECKOMN CTETICH-
HOU CTPYKTYpHI. B mpocreiitieM ciryyae eJUHCTBEH-
HOTO XapakTepHOro nepuojia T* MOXKHO HaleATHCA
Ha HE CJTMIIKOM HCKaXeHHyro oneHky D, no U(f) no
yactoram Hke 1/T* n no C(d) no 3anasgbiBaHusaM d
He Boiue (0.5-0.8)T*.

IIpoBepKa 3HaYMMOCTH ABTOMO/IEJILHOTO
rPYNIHPOBAHKSA H TOYHOCTH ONEHKH napamerpa D,

JlaHHbBIA BOTIPOC, HA MIEPBBIN B3I, HE [JOJIKEH
BbI3bIBATH 3aTPY/IHEHNI, TAK KaK OLEHKA apamMeTpa
D, na ocHose (6) u (8) — 31O NUHENHAsE perpeccusi, a
MpOBEepKa 3HAYUMOCTH JJisl TPYNIIIPOBAHUS CBOJIUT-
sl K TIPOBEPKE TOTO, HAKPBIBAET JIU JOBEPUTENbHbIN
HHTEPBAJI 111 IOy YeHHOI oeHKu D, 3nauenue D, = 1.
daxTuueckn curyauus obcrout cnoxkuee. OOCymuM
KOHKpeTHO ciy4ail hopmyinsl (6a). Kak ormevanocs,
JUISL TIOCTPOEHHS! PErPECCHOHHON NMPSIMOM 3a/1aeTCs Ha-
60p aprymeHTOB d, 1 oroupatorcs sHauenus C(dy) = Cy,
npuyeM 3HadeHs C, KOpPENIUPOBaHbl i HEPABHOTOY-
Hbl. K Tomy ke npH (DakTHUECKMX OrpaHMYCHHbBIX
o6 bemax aHHbIX naphbl (Cy, d;) IMEIOT HCKaXKEHNUS TH-
na 3(peKTOB MaJoil BbIOOPKH, YTO 3aTPYAHICT OLCH-
K, 0cobenno npu D, 6an3kom K epunule. B atnx
YCHAOBHUSIX MOJYYUTh yOEAUTEIbHbIEC OLIEHKH 3HAYH-
MOCTH TPYJHO.

[TosToMy MBI MPOBOANM MPOBEPKY 3HAYNMOCTH
nHaue — MetogoM Monre-Kapno. Mbl Oyzem cpas-
HHBATh PE3YNbTATHI aHAIH3a HAOJIOIEHHOTO KaTa-
JIOra CO MHOXKECTBOM PE3yJbTATOB aHAJIM3a IS Ce-
pHH €ro paHJIOMH30BaHHbIX aHaloros (‘cypporar-
HbIX IaHHBIX); 3TH AaHAJIOTH, INILIEHHBIE BDEMEHHOM
CTPYKTYPbI, Oy/ieM Ha3biBaTh “‘TICEBOKATANIOraMu’ .
Wucopmanms 0 BpeMEHHOI CTPYKTYPE JIEXHT Kak B
Habope 3HaYEHHIT BpEMEH COOBITH £, TAK U B yIIOPsi-
JNOYEHHOI MOCNEJ0BATENILHOCTH UX 3HAaueHun M,
HaGnrofeHnss MOTYT OTAHYATLCA OT OECCTPYKTYp-
HbIX CYpPpPOraTHBIX AaHHLIX B JIOOOM M3 3THX JABYX
NJ1aHOB. A MWMEHHO, BO-NIEPBLIX, HAOMIOJEHHbIE BPE-
MEHa MOTryT ObITh HE MyaCCOHOBCKUMH, a MMETh TEH-
JCHIHEO K (hOPMUPOBAHHIO IPYIII, KJIACTEPOB, YTO MbI
HasbiBaeM “00bIYHBIM rpynnupoBaHuem’™. Bo-sro-
PbIX, HAOIFOCHHAS MOCIE0BATENLHOCT 3HAUECHUI
M, MOXKeT OTIMYaThCs OT CIy4alHOW MEPETACOBKH
TaKMX 3HAYEHHI, 0Opa3sysl rpynmbl OONbIIUX COObI-
THIT; TAKOE MOBEIEHHUE MBI HA3bIBAEM ~TIOPAJKOBLIM
rpynnupoBanuem’”. [ToaToMy /1151 IOCTPOECHUS KaXkK-
JIOrO TICEBAOKATANOra HY>KHO IIPOBECTH [IBE PAHIOMI-
saupd. B nepBoit 3 paHgoMu3aliiii (110 BpEMEHH, 1ajiee
o6ozHauaercst nHaekcom RT) paspymaercs oObrvHOE
rpynnupoBaHue: HabMIOICHHBIH HAOOP BPEMEH /; 3a-
MEHSETCSI HA CMOJICIMPOBaHHLIN HAGOp BPEMEH, CO-
OTBETCTBYIOLLHI OIHON pEanu3alyu MyacCOHOBCKOM
MOCJIEI0BATENBHOCTH C TOH XK€ [TUTENBHOCTLIO Ty, B
TO BpeMsi Kak HabOp 3HAYEHHIl MAaCcC HE U3MCHSIETCS.
Bo BTopoil pangoMusanui (1o nopsiaky, nainee 06o-
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3nauaeTrcss RO) paspyiiaeTcsi NOpsiIKOBOE TPYIITHPO-
BaHUE: 3HAYECHHS MACC CIy4YailHO TIEPETACOBBIBAKOTCS
cpeau n CoOBITHIA, A 71 3HAYCHUI BPEMEH COXPaHIOTCSL.
Jnst nporepku npocreimeil runoressl “D,,, < 17 npn
MOCTPOEHUHU KaKJIOro ICEBJOKATAIOra HY>KHO Ipo-
BeCTH 0Oe paHpgoMu3auud (B m0doM nopsake). by-
JIeM IIOKA HCXOJIMTh U3 3TOU CXEMBI U OOCYIUM TOJb-
KO oueHky D, (paccyxxaenmst ans D, a Takxke ans
D.u D, upeHTU4HBbI).

CospagnmM gocraTounoe yrcio N = 500-5000 nces-
noxaranoros, paccanraem N ouenok D,, = B™
MOCTPOUM JIJIsl HEX 3SMITHPHYECKYIO (DYHKIMIO pacnpe-
neneHust. Ty (PYHKIMIO MOXKHO OTHECTH K CIIy4daro
HyJIeBO# runotessl “‘uctuHroe D, = (0" u Ha ee OcHO-

BE HEMOCPEACTBEHHO ONPEAC/IUTEL YPOBEHL 3HAUMMOC-
(H)

TH 711 KOHKPETHOTO 3Havenus D, = D, , monyyeH-

Horo no HaGmogeHusiM. I[lycts cpemn Ny nicepokara-

JI0roB, B N CITy4asix Oy iIn OUEHKY DI® . pit).
TOrja npsiMasi OLEHKA YPOBHS 3HAYNMOCTH paBHa
QO = Ny/Nyc. Tlpu aTom, npu Masbix O, OTHOCHTENLHAS
TOYHOCTH (KO3h(hULIMEHT Bapualyu) NpU OIpejeie-

Hun Q merogom Monre-Kapio 6muska K Q)= N bﬂ's

3uauenne Ny nMogGupaeTcsi JOCTATOUHO OOMBbIIUM
JUTST TOTO, YTOOBI TOUHOCTL onpefeaeHust 0 MeTOf[oM
MomnTe-Kapno 6sli1a npuemMneMoit, 06bIYHO HE XYKe
10%. nsi monHO# rapaHTUM BCErja HCIONb3YyeTcs

MO,E[HCDHIJ,HPOB&HHOE 3HAYUCHHUE YPOBHsA 3HAYUMOCTH

Ornod = Ouc(l — Na)‘j ), 6bmu3koe K BepxHeMy 84% mo-

BEPUTETBLHOMY YPOBHIO Juist Q. Ha nocneguem mare
MOJTyYEHHAsi OLEHKA YPOBHs 3HAYMMOCTH OKPYIJIsi-
eTcsi BBEPX.

2 )
SMmupryeckasi oneHka aucnepenn o, (D™ no

NCEeBAOKATAIIOraM ISl CITydasl HyJIEBOH THIIOTE3bI IaeT
NpUEMIIEMYIO (BO3MOXKHO, HECKONIBKO 3aBbIIIEHHYIO)

-.. H
OLEHKY TMOTrPEIIHOCTH i1 3HAYCHUH Diw}. Haxkownern,

MOJIE3HO YUMTHIBATE cpenHee 3nauenne D' 13 ome-

Hok D'Z" | B ugeanbHOM Cliyyae OHO JIOIKHO GbITb

paBHBIM euHMLE. B nocnenoBaTebHOCTSIX JOCTATOY-

HO OONBLIOro 00 bEMa 3HAYEHHS D:_.ffpp) JCHCTBUTE Th-

HO OKa3biBaeTca Omm3knM K eguHmne. Ho npu n < 1000
1 TeM 6onee npu n = 25-100 BO3HUKAIOT CYLIECTBEH-
HbIE CHCTEMATHYECKHE HMCKAKCHHS OLEHOK, MPHYMHA
KOTOPBIX B MAJIOM 00beme BbIOOpKH. OnpeeneHHyo
POJIb UTPAET TAKXKE M *‘TSKEIOXBOCTOCTL” pacnpefe-
nenust M. BnusiHie 3THX HCKAsKEHUI Ha OLIEHKY M0 Ha-
ONIOICHUSIM Y/IA€TCs B TIEPBOM MPHOMMDKEHUH CKOM-

)
NEHCHPOBATH, UCTIONB3Ysl OTKIOHEHHE D™ or emm-

HULBI KakK TONpaBKy K NpsMoil ouenke D, 1o
(1)

cw "

oW

HaAOMIOIEHHOMY KaTaJory, B¢ 0003HaUeHHON D

Takum obpazom, ganee B KauyecTBe HAOMIOIEHHBIX I1a-
PaMETPOR UCTIONEL3YHOTCS MOATIPABICHHBIE BETMUMHBI

DY) = D&+ (1~ DI, 9)

cw oW ow

Jlanee mbI HE OyjIeM UMETE IeNa ¢ pe3yJabTaTaMi Mo
MHIUBUyaJlbHbIM TICEBJOKATAIOraM, H ISl YMCHb-

(eypp)
HIEHHs] TPOMO3AKOCTH 3amucH D"

4JaThk CPEOHEC MO BCCBAOKATAIOTaM.

OyneT O3Ha-

BeisiBiIenne poJm ABYX BHAOB IPYNNHPOBAHNSA

YT00b! TOMYYHTH MHHUMAJILHOE TIPEJCTABICHUE O
NPUYUHAX HAOIIOIaeMOro aBTOMOJICILHOIO MOBEJe-
HUS (DYHKIMM NPOAYKTHBHOCTH, XKEJIATEJLHO HMETh
BO3MOZKHOCTE U3Y4YaThb BKJAJibl Ka*>K/10ro u3 AByX BH-
OB TPYNINHUPOBAHHA 11O OTAenbHOCTH. O U3 noj-
XOJIOB K 3TOM 3ajjaye ONMMPAETCs HA MPEJICTABIEHHUE O
JaHHBIX HAa OCHOBE ONHCAaHHOW Bbille Cxembl A.
OH 3aKJIF04aeTCs B TOM, UYTOOBI COMOCTABIISATh OLIEH-
K# D, nnsa (pyHKUHH NPOAYKTHBHOCTH, MOJYYEHHBIE
no H36J'IIOI[€HH$[M H MO YaCTHYIHO PaHIOMH30BaHHbIM
cly4aiiHbIM KaTanoram. Tak, 4ToOsI IPOBEPHUTE 3HA-
YHMOCTb OOBIYHOrO IPYNIHPOBAHUS, MOXKHO BbINOJ-
HHUTL TONABKO paHpoMusaumio RT, a 3arem neficrso-
BaTh KaK B NpEABIAYyIIEM pa3fene. A HMEHHO, Hajlo

H) .
cpaBHUTL ouenky D' 1o HAGIIONEHNMsIM ¢ OLIEHKOM

DR\, monyueHHoOlt KaK cpefHee n3 Habopa ore-

HOK MO MHOXKCCTBY PaHIOMH30BAHHBIX TOJBKO MO

cxeme RT-ncergokaTanoroe. Y poBeHb 3HAYMMOCTH

113 H " *"”
st rumoress “ DU < DIOPPL  nonyuaerest kak go-

JI1 B YIOMSIHYTOM HabOpe TaKHX OLIEHOK, KOTOphIE
(H)
MEHbIIE, yeM D, .

[ToMuUMO ypOBHS 3HAYHMOCTH, JIJIs1 OO1LEH OPHEH-
THPOBKH TOJIE3HO NMOJYYHTh OLEHKY BKJaja 0ObIY-
HOTO rpynnupoBaHus B “obumit pezynstat” D,,,, Kak

= (eypp) (H)
Dr:w(RT) =1- (Dcw(RT) ~B )

cw

(10)

Jlerko BueTh, YTO MHpeAnaraeMas OLeHKA KaueCTBEH-
HO npuemiema. [Ipu oTcyTeTBIH OGBIYHOIO FPYTIHPO-

/| H
aums DT ~ DU (pampommsaums RT, usmensis

ow
BPEMEHA, HO COXPaHsis MOPSAMIOK, B CPEAHEM HHUEro
He MeHsieT) U D, gt = 1, YTO CleayeT CYHTATh Kak
“BKJ1ajl 0OBITHOTO TPYNNHPOBAHUS B ABTOMOJIENILHOE
noBefcHHE (PYHKUUH NPOAYKTHBHOCTH OTCYTCTBY-
et”. I1pu OTCYyTCTBUH NOPSIKOBOrO IPyNNUpPOBaHUS

Diﬁ?&%} ~ | (pangomusauus RT mOTHOCTBIO paspy-

IIaeT BPEMEHHYIO H, CIEJOBATENLHO, BCAKYIO CTPYK-

TYpY) ¥ Dwmy = Di‘:’.) ), UTO CIEAYeT YUTATh Kak
“BKJIaj] OOBIYHOrO TPYIIIUPOBAHUS B ABTOMO/IEIbHOE
nogeficHue (PYHKUUH MPOJYKTHBHOCTH IOJHOCTBLIO
pomunupyet”. HakoHel, ygo6HO, 4TO NpoBepKa no-
HATHOM runotessl D, g < 17’ OKa3bIBAETCSA B TOYHOC-

DOU3HUKA 3EMIIM N 10 2005
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Puc. 1. MckyceTBennble npumepbi KopoTknx (N = 100) nocneosaTeibHOCTEll TOUEK Pa3HOTO BECa C Pa3IHYHBLIMH CBONCTBAMH
rPYNNHPOBAHNS; @ — MOPAJKOBOE IPYNIIHPOBAHIE ISl BECOB, MOCTOAHNBII mar (=1) no f; 6 — NOpsANKOBOE rPyNNUPOBAHNE TS
BECOB, MYACCOHOBCKAs MOCAEA0BATEIBHOCTh 110 [; 6 — NOPANKOBOE IPYIIHIPOBAHAE /1A BECOB, 00bIYHOE IPYINIHPOBAHNE MO I
2,0 1 e—KaK B a, 0 Ul 6, HO NIOPAJIKOBOE TPYIMIPOBAHNE Pa3PYIIEHO NepeTacoBKoii Homepos Tovek. Kypcneom HaOpanbl 3Ha-

YeHHA NapaMeTpoB, CTATHCTHYECKH HEOTIHYHMbBIC OT €HHALBL.

TH 3KBUBAJICHTHOM MPOBEPKE TPYHHEEC BOCIIPHHHMAC-

" w ylH) oy »
Moit TimoTesst “DY, < DRy, 7, KoTopast 06eysKia-

nace B mpeabigymiem a03aue. Bnonne ananmorumyso,
HCTIONB3Ysl OTAENBHO paHgomusanuio RO, oueHuBa-
€TCsl 3HAYHMOCTb MPUCYTCTBHUS MOPSAKOBOrO rpyi-
NUPOBaHNs U CTPOUTCs napameTp D, ko), OTPaxaio-
D).

ocw

[IJ,Hf! B U30JIHPOBaHHOM BHE €T0 BKNIajJ B

[ pyroii nogXxof K BhISIBIEHHIO 10 OTJEIbHOCTH PO-
JIeH OOBIYHOrO U NMOPSIAKOBOrO rPYIIMPOBAHUS OIH-
paeTcs Ha MPeCTaBIeHUE O JIaHHbIX Ha OCHOBE (Cxe-
Mbl B. B atom ciyuae, cnepya Orara u AGe, amst npo-
BEPKH HAJMYKS MOPSAAKOBOrO IPYNIHMPOBAHUS MOKHO
MCKYCCTBEHHO MONOXKHUThL PABHBIMH HHTEPBAJIbI BpeE-
MEHN MeK1y coObiTHsiMu. B 3TOM cyuae Kak s pe-
aNBHOTO KATAJIora, Tak M Jsl ICEBOKATAIOra OLUEH-
Ka D, BHINOIHSETCS MO IAHHBIM ¢ MOAH(ULIHPOBaH-
HOM BpeMeHHO# wmwikanoi. OHa dopMupyeTcs nyTem
3aMEHbI PEaNIbHBIX WIN MOJIENIbHBIX [JaT HA MOCIE0-
BATEILHOCT 1AT C NOCTOSHHBLIM LIATOM 110 BDEMEHH,
C coxpaHeHnem oouiei AnuTeabHOCTH 1. APryMeHT
MoJOoOHBIM 00Pa30M CKOHCTPYHPOBAHHOTO BPEMEH-
HOTO psija — MOAH(ULUPOBAHHOE Bpemsi — Oyaem
o003HauyaTh I*, 4 COOTBETCTBYIOLLYIO 4acTOTy — f*.

OU3MKA 3EMIIM Ne 10 2005

ITpu Takom nopxope oueHku D, u D, nanee 060-
3Havyaemble D, u D, NppOOpeTaOT HOBbIIi, HE-
CTaHAAPTHBIN CMBICI H, YTO IIIaBHOE, CTAHOBATCSI HE-
3aBUCHMbIMH OT (PaKTUYECKOrO HabOpa TOYHBIX JaT
coObITHil. B pe3ynbraTe BO3HMKAET ‘uncras’ Mepa
CTENCHH NOPSAKOBOro rpynnuposanus. [Ipu ouenke
D, 1O crnexkTpy HCHONb30BaIH JHCKPETHOE NMPeod-
pasoBanune ®ypre no n ToukaM. Ponb ke 0GbIYHOrO
rPYNMHPOBAHUSI TIPU TAKOM MOAXOfE OIpPeeNsaeTCs
TPaJUIHOHHO — 110 oueHKaM D, i D, Tony4eHHBbIM C
€IMHUYHBIMH BecaMy TO4YeK-coObIThil. [Toquepkuem,
yTO oueHku D, u D, He3aBUCHMbI, pABHO KaK H Nlapa
D, uDi.

w

Wrak, ans Kaaoro Karanora Mbl MOXKEM H3Y-
YaTh MNATH OLEHOK ABTOMOJEIBHOTO TOBEJICHUS:
“cymmaphyro” oueHky D, OTpaKalollylo aBTOMO-
nenbHOEe mnoBejeHne (PyHKUHH NPOAYKTUBHOCTH B
uesaom”, oueHKH D, roy ¥ D1, OTPaXKaroUe TOMb-
KO MOPSJKOBOE I'PYNMUPOBAHUE, U OUEHKH D, gt N
D,, orpaxkaroupe TOIbKO 0ObIMHOE IPYNINUPOBAHNE.
BHyTpH Kaxkjo#l U3 ABYX nap OLEHKH, Oe3yCIIOBHO,
HE SIBNISIIOTCS HE3aBUCHMBIMHU, HO HX NMapaleibHOE
paccMoTpeHne MOXKeT ObIThb nonesHo. M umeercs

3
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Puc. 2. BpeMeHHOI1 X0/l HAKOIUIEHHOTO YHC/IA 3eMIETPACEHNIT Mo KaTanory AGe B HCXOJHOM BapHaHTe (a), (6) 1 ¢ nonpaBkamu
no I1C92 (B), (r). Hap rpacpukamu (6) u (r) gaHel NOCHeNOBaTENILHOCTH TeX XKe cOOBITHIT BO BpeMeHH. HILKHuil nopor Maran-
Tyabl M n ancno coGbiThil # cnenyromne: (a) — 7.2 (n = 535); (6) — 8.0 (n =50); (B) - 7.2 (n = 402); (r) - 7.9 (n = 47). [Tonpaexn
BbLIPABHHBAIOT BPEMEHHOI X0 Ha yposHe M =7.2-7.5, onHako Ha yposHe M =7.9-8 rinaBHble 4epThl HECTALHOHAPHOCTH (MO-
BbILIEHHAA NIOTHOCTD B 1915-1924 rr. u B 1932-1969 rr.) coxpaHA10TC HEN3MEHHBIMH.

€lLIE MATh aHAJIOTUYHBIX CIEKTPANbHBIX OLeHOK: D,
Dyyr0ys D> Dy 1 D

Hns unaoCTpanyiy NOHATHSA NMOPSIIKOBOTO TPyI-
IIHPOBaHMs HA PHC. | NpHBEicHA CEpUsl UCKYCCTBEH-
HBIX MOCJAEJOBATENBHOCTEN C PA3HBIMH CBOHCTBAMU
rpynmupoBanus. Ha rpacukax lade mcnonnzorana
OfJHA U Ta XK€ TOCIE0BATEIBHOCTh C HCKYCCTBEHHO
CO3/IaHHBIM TOPSIKOBBIM TPYNNHUPOBAHHEM: OOIb-
e coObITHA ABNAIOTCA coceamu. UToOb! co3paTh
rpaduuecku SICHYI0 KOPPENSIHI0 COCETHUX 3HaJe-
HHI, Mbl HCIOJIb3YEM [PHU HOPOXKIEHHH BECOB IJ1aj-
KYI0 (pyHKIMIO U HE CTPEMHMCS CO3[1aBaTh aBTOMO-
JENbHYIO nocnepoBaTenbHocTb. [lapamerpsr D,
D, u D. makum o0pa3oMm, MPUBIEKAIOTCS 3[eCh
JHILG NSl HINFOCTPALAH UX CIOCOOHOCTH XapakTe-
pH30BaTh HalM4YUe TPYNNHPOBAHUS Pa3HbIX THIIOB,
OE30THOCHTENILHO K CBOHCTBY aBTOMOJICIBHOCTH.
Bpemennasi cTtpykrypa rpagukoB labe pazmuuHa:
MOCTOSIHHBIN 1A B 4, IMYAaCCOHOBCKas IOCIEJOBa-
TENLHOCTE B & M MOCIENOBATENLHOCTE C “OOLIYHBIM™
TPYNIHPOBAHUEM (B KOTOPOIL SICHO BU/IHbI NIJIOTHbIE
CrYCTKH-KJIACTepPHhI) B 6. Bo Bcex Tpex ciyvasix napa-
meTtp D, (ero Tounocts okono +0.5) cymiecTBeHHO
HIDKE €JUHHIIbI, YKA3bIBas Ha MOPSIKOBOE TPYIIIH-
posanue. Ha ananoruunsix rpacukax lz0e — e xxe
caMmbie TPHA HaOOpa BpPEeMEH H TOT K€ caMblii Habop
BECOB COOBITHII; HO 3TH BECa 3[I€Ch IEPETACOBAHLI B
cnyvaiinoMm nopsigke. Temeps cBOiCTBO ‘‘cocefcTBa
Oonblux coObITUl” paspyweHo, u D, OJIH30K K
equnune. Hns rpagukor le n le mapamerp D, (ero
TouHOCTHL 0KOono H).02) cylecTBeHHO MEHbIIE eJiu-
HUIbI, KAK U CIEAYET MPU HATUYUH OOBIYHOTO IPYII-
NHPOBAHMA; B TO K€ BpeMs A rpachukos lab20 kap-
THHA MPOTHBOIOJIOXKHAA: KiacTepos Her, D, = 1.
(Kaxympeca BapHaluny MIOTHOCTH COOLITHI BO Bpe-
MEHHM Ha puc. 160 cTaTHCTHYECKN HE3HAYHMBI, O YEM
NpsiMO rOBOPHT 3HaueHue D, = 1.) 3nauennsi napame-
Tpa D, (ero Tounocts okono +0.07) yeTko oTpaxka-

IOT OTCYTCTBHE MJIM HAJIMYME TPYIIIPOBAHES JTFOO0r0
13 BHJIOB, JOCTHUrasi 0COO0 HI3KOrO 3HAYCHHS B CITy4ae
le, koryna o6a Buja NMPUCYTCTBYIOT COBMECTHO.

NCXOJIHBIE JAHHBIE

MeI ncnonp30BaNH JBA MHPOBBIX KaTanora 3em-
netpsiceHuit: Karajgor Ade [Abe, 1981; Abe, 1984;
Abe&Noguchi, 1983a; b] gnst nepuona 1900-1989 rr.
(Tonbko MenkodokycHsie 3emnerpsicenns); u [ap-
Bappackuil karanor 3a 1977-2001 rr. Mcxopubiit Buj
karanora AGe Obin B3saT no kommuwisinun [Pacheco,
Sykes, 1992, nanee ITIC92]. Baxno, uro Ilaueko n
Caiikce, cnenys pabote [Perez, Scholz, 1984] “ucnpa-
BUJIM” 3HaYeHust M, no Abe, UCXO/Is U3 CIIOPHOI an-
PUOPHOM HJIEH, YTO T'OJOBOE YHCIO 3EMIIETPSICEHMUI
BBIIIIE ONPEJIENIEHHOTO MArHUTYIHOTO MOpora 0osi3a-
HO ObITbL cTabuUnbHBIM. ITo MHEHHIO aBTOPOB 3THX
ABYX paboT, BapHallMK FOJOBOr0 4HC/Ia COOBITHH B
Katanore AGe UMEIOT (PUKTHBHBIN XapakTep, OTpa-
J)Kasi HEKHME CHCTEMaTH4YeCKHe OIIMOKH, KOTOpbIe,
SIKOOBI, COrNIaCOBAHHBLIM O0PA30M MEHSLTHCH J11si 6OJIb-
LIMHCTBA CEHCMHYECKHX cTaHumii mupa. Ha puc. 2 npu-
BeJIeHbl rpad)MKNi HAKOIUIEHHOTO YHCJIa COOBITHH C
M, > 7.2 nns opuruHansHOro karaigora Ade (a) u no-
cne BHeceHust nonpaeok u3 [1C92 (B). BugHo, uTo,
cuusuB 3HaveHus M, na 0.1 8 1900-1915 rr. u na 0.2
B 1915-1948 rr., B [1C92 peiicTBHTENHHO BEIPOBHSIIN
XOJ] TOIOBOro 4ucna coObiTHil HA ypoBHe M, = 7.2—
7.5, “BbIIpaBUB” MpoBal B IUIOTHOCTH COOBLITHHA B
1949—1966 n ocobenHo B 1970-1989 rr., a Taxke MeHee
peskmit nposan B 1900-1915 rr. Ho ecnu noausTh mar-
HUTY[AHbIH nopor 1o M, =7.9-8.0, To u3 puc. 206, 2r Buj-
HO, YTO T€ K€ CaMble MPOBAJbI BOCTIPOU3BOJSATCS U 110-
cne “ucnpasnenuit’” no I[1C92. Iror akT ropoputr o
TOM, YTO BAPHAUUH [JIOTHOCTH MOTOKA COOBLITHH B
naHHbIX AOGe OTHIOAb HE SIBISIFOTCS apTehakTOM.
IIpu cocraBnenun pabouyero Karajuora mNONPaBKH
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(a)
Wcxoguei  n =535

lgC(d)

5

o .

CR = 06

(6) (B)
CR =1.2

n =504 n=482
/

,_' b . 1 1

—4 3 0 2 -4 2
lg(d, neT)

lg(d, ner)

1
0 2 -4 -2 0 2
lg(d, net)

Puc. 3. Bausasue nckimouenns adTepurokoB Ha KPHBYIO KOPPEIINOHHOTO HHTErpajia JJIa MIOTHOCTH NOTOKA COObITHII NO
NaHHBIM KaTanora AGe: (a) — aTepIIoKn He HCKIFOUAINCE; (0), (B) — adrepirokn mekmouamichk npu Cp = 0.6 n 1.2, [{ns ouen-

ki D, 31ech 1 panee u3 aMmupiieckoii 3apucumoctn lgC (lgd ) seiGpansb! ANCKpeTHBIE TOYKH ¢ warom 0.15 mo mxkarne | od .

Toukn, BKJIIOYEHHbIE B perpeccuio, 11306[)3}K8Hbl KPYNHBIMI, @ HE BEJIOYEHHEBIE — MEJIKHMH KBaJpaTHKAMIL. l'[psmax perpec-
CHH — JKHPHAA THHHUA, [TPHXOBAA THHHA C HAKJIOHOM €1HHHLA MaHA 111 OPHEHTHPOBKIL. Menkne 3HAYKH — KpHEBBIC KOppeA-
LHOHHOIO HHTErpana and nepeBbix 25 CYppoOraTHbIX NOCNENOBATENLHOCTEI, OHI NMOKA3bIBAKOT BHyTpEHHI'Iﬁ paaﬁpoc BapHaH-

TOB aMImHpIYeckux Kpiuebix IgC, (lgd ) m HArNATHO WLTIOCTPUPYIOT OTKIOHEHHS TAKOI KPHBOIl, IOCTPOEHHOI A HabIIo-

IEeHHI, OT MHOXKECTBA KPHBBIX 1711 BAPDHAHTOB CYPPOraTHBIX NaHHBIX.

I1C92 6binu nosTomy ordpouieHsl. Huxkumii nopor
MarHATY/IbI B3aT M = 7.2.

Karanor Abe cocTapyieH B eJUHHIIAX MATHHTY/bI
M, B TO BpeMmsi KaK /sl HAlINX UEJSH MPeAnoyYTH-
TEJIHLHO ObLIO MMETh KATAJOT B €IMHALIAX CElicCMUYe-
ckoro momenTa M. 11t OCHOBHOM Macchl COOBITHI
3HaueHust M, oueHeHbl nepecueToM u3 M, no xoppe-
nsiupoHHoM (popmyie [Ekstrom&Dziewonski, 1988]:

logM, [mun em] = 1.5 M, + 16.14. (1)

Ucnonb30BaHne Takoe MOAXO/la HEXKETATETbHO
npu M, > 8.2, KOrjia OH CTaHOBHUTCS HETOYHBIM. [To-
3TOMY MbI BOCNIONB30BaNMCh cBojkoil [Fujita, 2001],
[A€ [J MHOTHX M3 KPYNHBIX COOBITHH NPUBEICHbI
onyOJNKOBaHHbIC 3HAYEHUS] CEHCMUYECKOTO MOMEH-
Ta M. B oTenbHbIX cyvasx nogoOHbIe OLIEHKH 3a-
mMmcrBoBanbl w3 [1C92. [Ina onpegeneHus: MOMEHT-
HOIl MarHUTY/IbI Hcnob30Banu opmyy Kanamopu:
M, = (2/3) logM,— 10.7.

[Tonyuennblit KaTanor copepxan n = 536 coObi-
Tuit. Karanor 3aTemM ounmiani OT poes 1 aprepiuo-
kOB (anroputm cm. [Tpunoxkenne). Ha puc. 3 nocrpo-
eHbl amnupnueckne 3asucumoctn 1gC (1gd ) ans uc-
XO[HOTO H OYHILICHHOTO KAaTa/IOroB, /Uil MOCIEAHErO
B ABYX BapuaHTax: “msrkoro” (Cy = 0.5) u “kecTkoro”
(Cp = 1.2) uckmouenus arepUIOKOB. 3aBUCHMOCTD
(6a), nocrpoennas st gnanasona d = 0.5-90 ner, naet
B KaXK[IOM CIly4yae OLEHKY HakjoHa D, Omu3Kyio K
0.98. flcro, uTo npU TAaKOM BBIOOpPE AMANA30HA BJIHs-
HUE a)TEPLIOKOB OTHOCUTENLHO HeBenmHuKo. C ipyroii
CTOpPOHBI, oueHKH D, st puanasona d = 0.003-0.1 roga
CYLIECTBEHHO BAPLUPYIOT.

GHU3HUKA 3EMIIH
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be3 ucknroueHns apTepiioKoB MOy Uz [Jis JHa-
nazona d = 0.003-0.1 roga ouenky D, = 0.67. ITa mo-
OONbITHAS OLIEHKA, OJTHAKO, HE HMEET YETKOr0 CMbIC-
na, Tak Kak rpaduk 1gC (lgd ) uMeeT BbIPaXKEHHYIO
kpususny. B o6mactu 0.1-0.5 roja BeTBH 715 ManbIX
1 OONBLIMX 3aNMa3fbIBAHUA TUIABHO COYJICHSIOTCA.
Ha puc. 3a Harnsy1HO BUHO CYILIECTBOBAHHE JABYX Kaye-
CTBEHHO PA3JIMYHBIX SIBICHUH IPYNNUpoOBaHus — ““ad-
TepLIOKOBOro” M “‘gonroepemenHoro”. Ilpu atom Ha-
10 HOAYEPKHYTh, YTO XOTs 3Ha4YeHue D, B odnactu
d = 0.5-90 neT yncneHHo u 61M3KO K €IUHHAIE, OHO C
BbICOKOH 3HAYMMOCTBIO HIIKE EQUHHLLI (YPOBEHb
3HauYMMOCTH 3HauYuTenbHO Hizke 0.01%).

Jlns BApHAHTOB KaTalora ¢ MCKIIOUYEHHbIMH ad-
Tepuiokamu oueHku D, puanasona d = 0.003-0.1 ro-
na 6mrke K eguHue u gaxe (npu Cp = 1.2) npessl-
waoT ee. Paznuyune OLEHOK SIBHO CBSI3aHO CO CTEmne-
HBIO JKECTKOCTH YHMCTKH adrepokos. BooOiue,
CIeayeT UMETEL B BUAY, YUTO YHCTKA EleTele.IOKOB oT-
HIO/IL HE SIBIISIETCSI CTPOTOH onepauueii, 1 BeI6op cre-
MEHH YKECTKOCTH YHCTKH TIO3BOJSIET JIMIIL PETYIHPO-
BaTh COOTHOLIEHWE OIIMOOK YHCTKHU ABYX THUNOB (1)
“nponyck peansHOro arepmoka” u (2) “ommbdou-
HOoe MCcKIo4eHue He-aprepwoka” [[ycer, 1971].
Jnst peneit Hauer padboThbl BaXKHO TO, YTO OCTATOY-
HbI€ a(PTEPIIOKH MOPOXKAAKT HUCKAKEHUs THIA 3a-
BBIILIEHHS CTENEHU TPYNTHPOBAHHS, B TO BPEMS KaK
HCKITIOYEHHE HEKOTOPOro umciaa He-a(TepiioKoB
TIPHBEJET K HEQOOLEHKE MPyNNUPOBAHHS U TEM Ca-
MbIM B XY/ILLIEM Clyuyae K HYJIEBbIM pe3yJbTaTam pa-
60Tbl. [ToHATHO, YTO B 3THX yCnOBHsAX Oe3onacHee
“nepedyHcTHTL”, YeM “HEJOUYHCTUTH . PopmanbHas
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ouenka D, > 1 gng puanasona d = 0.003-0.1 roga npu
Cr = 1.2 rOBOPHT O TOM, YTO YMCTKA a(PTEPLIOKOB C
Cr = 1.2 gocTaTo4HO KecTKas: rpyNIMpoOBaHus B Ka-
Tajgore HeT, ¥ aTEPIIOKH NMOJABIEHBI “‘C 3a11aCOM .
[ToaToMy fanee uCnoab30BaIu UL KATAJIOTH C UC-
KIoUYeHHbIMY achrepirokamu npu Cp = 1.2, s cHE-
SKCHUSI MCKAYKEHWI HIXKHIOW TPAHUIy H3y4aeMoro
pabodero uarasoHa 3anasjgbIBaHHII MOKHO ITOJIOKATh
pagnoii 0.25 rofa, Tak Kax B pejie/iax OrpaHH4€HHOTO
puanasona 0.25-90 net, cyns no puc. 16, runoresa as-
TOMOJEJIBHOCTH (MaciuTabHO-He3aBHCHUMOro D) Bbl-
rasguT pasymMHOi. OJHAKO JanbHEHIINA aHAIU3 Bbi-
HYJHJI NOJIHSTh HUXKHIOK rpaHully pabodyero auamna-
30Ha d ele BhbILLE.

Kanubposka coObiTuil KaTanora AGe HE BIIOJIHE
HaJIC3KHA, TOTOMY OblT npuBIeyYeH Takke ['apBapp-
cknil katanor. HeGonbiioe nepekpbiTHE BPEMEH-
HbIX Auana3oHoB ['apBappckoro katanora u KaTano-
ra AGe co4JIM HeCcyllecTBeHHbIM. Bblin BbIOpaHbI
cobbiTas 3a 1977-2001 r. ¢ M,, > 6. Vicxopubiid KaTa-
nor Bkawouan 3001 coGbiTHe; mocie HCKIKOYEHMS
acprepmiokoB ¢ Cp = 1.2 ocranoce 2572 coObITHA.
Yncmo ocTaTouHbIX a(pTEPIIOKOB 3HAYUTEBLHO HIDKE,
YyeM i KaTajiora A6e, i HAKJIIOH KPUBOM 3aBUCIMOCTH
lgC (1gd ) npu ManbIx d 3aMETHO BBILIE EAMHULIBL, YTO
MOZKET YKa3bIBaTh Ha 3(pPeKT THIIA “MEPTBOIO BpEME-
Hu” s cueTynka [eiirepa. DTOT (pakT HABOJUT HA
MBICJTb O HAJIMYUH NMPONYCKOB coObITHH B I'apBapp-
CKOM KaTayiore 3a c4eT “OCNenieHus’ rapeapjcKoi
crcreMbl 00pabOTKH Ha CPOK [0 MOJYCYTOK MOCHe
cunbHOro 3emnetpscenus. [Tockoneky I'apBapackuit
KaTauor npuoopen 4epThl “UCTHUHHOrO” B MHEHHM
psijia CeCMOJIOTOB, aHHbBINH BOMPOC MMEET Ba’KHOE
3HAaYEHHUE, NO3BOJISS IOHAThL YPOBEHDL €TI0 pEabHOU
HAJIe)KHOCTH KaK MCXOJHBIX AAHHBIX NSl pa3sHOOO-
pasHbIX BHJIOB aHanu3a. Mel MO3TOMY NPOBEPUIIA
Hallle NPENOIOXKEeHHE Ha NPpHUMepe, ITPOaHaIu3upo-
BaB JIJaHHbIE 32 NepHof sHBapb—uioHb 1996 r. Beero
3a noayropue Oronnerenr MCLI (ISC, 2001) conep-
kUt 52 cobbrTusi ¢ M (ISC) = 6.0. I3 HuX HEe HMEIOT
M (HRVD)— 17, unn 33%. 310, KOHEYHO, 3aBbIIICH-
Hasl OLIEHKa, TaK Kak Hepeako 3HaueHust M (ISC) ne-
nocroeepHbl. OTOpocuB 13 coObITHI, A1 KOTOPBIX
ouenka M(ISC) ucnonws3yer manoe umncino (1-3)
CTaHLiA, OOHAPYKUM, YTO Cpefn ocTaBIuxcs 38 ue-
Teipe He umeroT M, (HRVD), umm okono 10%. Ito —
JIOBONLHO 3ameTHas fons. [lanee, U3 3TUX YEThIPEX
[1Ba HE SABISIOTCS SIBHBIMH aprepiokamu. Takum 06-
pa3oM, Hajgo ObITb FOTOBBIM K TOMY, YTO OLEHKH IO
T'apapyickoMy KaTanory mMoryT ObITh Cl€rka McKa-
JK€Hbl B CTOPOHY YBEIHYEHHUS OLEHKH D, 1 TeM ca-
MbIM B CTOPOHY 3aHHKEHHsI 3HAaUYUMOCTH 3(heKTOB
IpYyNIHPOBAHHA.

NCCIEJOBAHUE KATAIJIOT'A ABE

CTpykTypa BPEMEHHOro Xofa ans karanora Aobe
XOPOLIO pa3nuyiMa Ha rpaukax st COKpalleHHO-

ro karanora (cM. puc. 4). Ha rpajuxax nedpopmans-
HO YCMAaTPUBAETCH BbIPAXKECHHOE O0BIYHOE U MOPsijI-
KoBoe rpynnupoBanue. Ha puc. 5a npusopgures rpa-
¢uk 1gC,, (lgd ) nnst nonnoro karanora. Bugno, yro

rpauK pe3KO OTIHYAETCH OT NPSMOJUHEHHOrO, B
neaoM S-00pa3eH W UMEET HECKONBKO CTYNEHEH U
nmmomanok. C y4eToM norapuhMU4ecKoro xapakre-
pa rpacuka Hambonee CylIeCTBEHHAas CTYNEHb — B
obnactu d = 2-5 ner. B3rnsp Ha puc. 4 nosponser
YVBHJIETH OfIHY U3 BEPOSITHbIX IPUYHH AHOMAJIMH: T10-
JIaBJISIOIIAST YacTh cOpoca CelHCMHYECKOr0 MOMEHTA
cBsI3aHa cO BeiieckoM akTHBHOCTH 1950-1965 rr., a
cOOBITHSI B MpEAeNax 3TOro BCIUIECKAa HMMEKOT TEH-
ACHIUIO K NEPUOAAYHOCTH, TPHYEM KaK pa3 ¢ TaKH-
Mu niepuofamiu. [Ipyroii HHTEpecHOI 0COOEHHOCTBIO
JQHHBIX SIBJISIOTCS MPOBANbl B CEHCMHUYHOCTH MHUPa
1ocJie rpynn U OJHHOYHBIX 3emueTpsiceHnin 1906,
1923, 1952 u 1960 rr., Takxe ¢ JIHTEIbHOCTLIO TIO-
psnka 2-5 net. O6a oTMeueHHbIX (pakTOpa U MPUBO-
aaT K (popMHPOBAHUIO OONBLINX “CNyYalHbIX  CTY-
NeHel M IUIOIIAJOK Ha 3IMIHPHYECKOM Trpaduke
lgC,, (1gd). V3-3a Hanu4us BBIPAKEHHBIX CTYIEHEN

YBEPEHHBII aHAIH3 KOPPEISILIMOHHON Pa3MEPHOCTH
no ¢-ne (6a) sarpyauurencH. Ilpasga, B unTepsane
d = 4-90 neT uMeeTcs THMHEMHBIA Y4aCTOK rpadruka,
M ISl WITFOCTPATUBHBIX LENeil Mbl OLIEHHIN €rO Ha-
KioH, Onmu3kuil K 0.6. Ho 3TO 3HAaYeHHE HENb3sl UC-
MOJB30BaTh KaK OLEHKY KOPPEIAIMOHHON pa3smep-
HOCTH D,,, IO IPUYMUHAM, OOCYK/IEHHBIM Bbille. Tem
Oomnee, 4TO Ha rpaduKe €CTh APYrHe NPUMEPHO TPsi-
MOJIHHEITHbIEC YYAaCTKH, C HAKJIOHOM 00JI€€ eIUHUIIbI.
Takum 06pa3oM, KOPPEKTHO OLEeHuTh D, 10 rpadu-

Ky lgC,, (lgd ) HERO3MOXKHO.

HanpoTus, yyacTok cnekrpa puc. 50 st nepuo-
pos 6onee 4 ner, To ecthb B obsmactu yacroT f=0.011-
0.25 rox!, B npuHLMIIE, BIIOJIHE MPUrOAEH IS OLCH-
KU pa3sMepHOCTH 110 (-11e (8a); K TOMY K€ H 3MITHPH-
yeckuit rpaduk 3aeck 6MU30K K NpAMoil. Paciuupurs
pabouyro MoJoCcy B CTOPOHY BBICOKHX 4aCTOT HEJIb-
351, TaK Kak BOnM3M nepuopa 3—4 ropa Ha rpaduke
uHTerpana cnekrpa lgU (lg f) umeerca usnom (Be-
POSITHO, 3TO — NMPOSIBJIEHHE TOI K€ aHOMAJIH, YTO U
na rpacuke C,(d)). Das nonocei f=0.011-0.25 rog™!
OBbIJI NMPOBEJIEH JIETANBHbIH AHANH3, OTPAXKEHHBIH B
Tabn. 1. Cpa3y OTMETHM MEPBLIH PE3yNbTAT: OLEHKA
D,,, pasua 0.80; npu sTom nepasencTso Dy, < | 3Ha-
yuMO Ha ypoBHE Q = 2.5%. 3TO — CBUAETENLCTBO 00-
LEH CIPaBEVIMBOCTH UCXOAHOMN MJIEM O MHOromac-
IITAaGHOM TPYNNUPOBAHUU (PYHKIUMH MPOJAYKTHBHOC-
TH 7151 CEHCMIYECKOTO MOMEHTA.

BakHO BbBISICHUTb, CBSI3aHO NU oTauyue D, OT
€IMHULBI C TTOPSIKOBBIM IPYNIHPOBAHHEM JIHOO OHO
BIIOJIHE OOBSCHSAETCA OOBIYHBIM JOJTOBPEMEHHBIM
rpynnupoBaHueM. [11s 3Toit uenu Bbille ObLIO Npef-
JIOKEHO HCMONb30BaTh mapameTpbl D roy ¥ Dy,
Ouenka D,ro) cocrapuna 0.82, u ee ornmuue or

OHU3HUKA 3EMIIM Ne 10 2005
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Puc. 4. [TocnenosaTenbHOCTL CHIBHENIINX 3eMIeTPsACEHHIT Milpa no Katanory AGe B (pyHKIHN BpeMenH (a), (6) n nopsaako-
BOTO HOMepa (B), (I), AN 3HAYEHHH HHKHEro nopora Maruutyaer: M, = 7.8 (a), (8) 1 M, = 8.21 (6), (r). Pa3smep 3naka onpe-

AeneH 3HaueHIeM M’(I]Jr2 A rpachudeckoil ACHOCTH. 3aMeTHbl Knactepbl 1905-1906, 1918-1925, 1950-1952, 1957-1960 u

1963-1965 rr.; a Taxcke cynepkaacrep 1950-1965 rr. Beinenstorcs TakKe NpoBaikl B celicvaynocTn: B 1907-1910, 1954-1956
1 ocobenno B 1961-1962 rr. Ha (a) u (6) ueTko BHIHO 00bIYHOE FPYNNHPOBaHNe — (hOPMIPOBAHNE TECHBIX TPYIIT I NPOBAJIOB
mexny Humu. Ha (B) 11 (r) 4eTKo BHAHO NOPANKOBOE IPYNNHPOBAHNE: KPYIHELIe COOBITHSA TATOTEIOT APYT K APYTY H “IIOXO0
nepeMemuBaoTes’ ¢ bonee cnabbimir.

€IMHULbI 3HaYnMO Ha 5% yposHe. ITapamerp D, on-
penensinu B cnektpainbioM okue f = 0.011-0.7 rog™, B
npejesnax KOTOporo CnekTp BecbMa OJIM30K K Mpsi-
Mmoii. (B mkane d* ynomsinytast pe3kasi CTYNEHbKa

rpacuka C,(d) coxpansiercs, HO ‘‘crion3aeT” Ha TOY-
Ky d* = 1.3 rozia, Tak 4To BEIOOP BEpPXHEH 4acTOThI f*
=0.7 rox™ npuemsem). B aTom ciyuae nony4unu go-
BOJNILHO yOE[MTENbHBIN YPOBEHb 3HAYMMOCTH, I10-

Tadauna 1. OueHku napaMeTpoB rpynnHpOBaHKs U BAPHAHTOB aHanusa karanora Abe

nopor M, D, ,*o Dgyroy =0 Dy 1o Dyrmy T O D.to
(n) Q 0] 0 0
7.2 0.81 % 0.10 0.82£0.11 0.86 £ 0.06 0.90 £ 0.02 =03+04
(482) 2.5% 5% 0.25% <0.1% 1%
7.8 0.79 £ 0.09 0.82£0.11 0.85 = 0.05 0.91 = 0.05 =0.2%£0.5
(105) 0.5% 5% 0.25% 5% 1%
8.21 0.80 + 0.09 0.80 £ 0.09 0.80 £ 0.08 0.95+0.05 0.77+0.5
(29) 1% 0.5% 0.1% 15% >20%
7.8 0.73+£0.3 0.89+0.3 0.66 = 0.24 1.06 £ 0.08 =0.2£0.5
(104%) 20% >20% 5% - 1%

I'[(myyxupubm l.Llpllq)TOM BBIJIENIEHBI KJIETKII ¢ YPOBHEM 3HAYNMOCTH 5% n HiKe.

* KaTanor ¢ HCKMoueHHBIM CHJIbHe M codbiTiem 1960 r.
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Puc. 5. Koppenaunonneni uarerpan C,(d) (a) m C,(d*) (B) n nnTerpan ot cnekrpa momuocru U(f) (6) m U(f*) (r) pna
¢pyHKUHE DpoAyKTHBHOCTH (KaTanor AGe): (a) u (6) —npu M,, > 7.2 (n=482), (B) u (r)— npu M,, > 8.21 (n = 29). [Ina (a) n (6),
oueHkH D, 1 D, nonyyueHs! JUis 3anasibIBaHuii d n nepnofios 1/f Gonee 4 net; anHanorn4Ho, ans (B) u (r), ouenku D, q 1 Dy
nojyueHs! AT 3ana3jibiBannii d* u nepuopos 1/f* Gonee 1.3 ropa. Haknon rpacpuka 1gC,, (1gd ) nna (a) npu d = 0.01-1 rona
3aMEeTHO BbIIlIE eHHNIBI, ¥TO FTOBOPHT 00 OTCYTCTBHH (hPAKTANBHOTO MOBEEHNA B 3TOM [IHANA30HE; MOITOMY TOJNLKO OLIEHKY
D, no cnexTpy (6) cnefyeT CUNTATL KOPpeKTHOI s n = 482, [lna n = 29, ouenka D, no (r) Tak:ke KOpPpeKTHa, B TO BpeMs
Kak oueHka D, no (B) nMeeT OrpaHH4eHHYI0 HaJleKHOCTL. OO03HAUeHHA CM. NIPH pHC. 2.

3TOMY KPaTKO MPOULTIOCTPUPYEM XOI HAIIIMX pacye-
ToB. [IpsiMas oueHka HakmoHa no 12 cnexTpanbHbIM
H
toukam B unTepsaie 0.011-0.7 rog™! pana Diw) =
=0.865. Cpeagnee D, no 1000 mnceBgoKaTasoros

pagio DT = 1.010 + 0.056. Orciopa nomyumnmm

Difv), = (.855. OkpyrneHHas HHTEpBaJbHas OLEHKA
cocramna D, = 0.86 + 0.06. Hanee, uz 10000 unpmu-

o ¢y,
BUAVAJIbHBIX 3HAYCHHH D‘E.\;,?P) Mo ncepaoKaTaJoram,

20 umxe 0.865, 4TO gaeT MCXOAHYIO OLEHKY Q =
= 20/10000 = 0.0020. C y4yeToM CTaTHCTHYECKOH HEO-
npenenerHocty nomyuaeM Q,,, = 0.0020 x (1 +2070%) =
= (0.00247. Oxpyrnss BBEpX, MOTy4aeM OKOHYATEb-
HYIO OLIEHKY YPOBHS 3HAUMMOCTH /JII HEPaBEHCTBA
Dy, < 1, paBnyio O = 0.25%.

[TonyTHO MONYYHIN OLEHKH AN 0OBIYHOTO TPYTI-
MUPOBaHUs, NPHBE/IeHHBbIE B TaOiuue. OT™METHM He-
OKHMIAHHO Masioe 3HaueHue st D,. OHo oTpaxkaeTr

peanbHy0 TeHACHUHIO, HO €r0 TOYHOCThL HU3Ka, TaK
KaK COOTBETCTBYIOLUI YYACTOK CIIEKTPa OLLyTHMO
OTKJIOHSIeTCsl OT NPsiIMOM. (31eCh HET TPOTHBOPEYNS
couenkoit D, =0.98 no puc. 1: Teopus He rapaHTHPY-
€T COBNAJIEHNs OLIEHOK Pa3MEPHOCTEH BO BPEMEHHOM
¥ YACTOTHOM OOIACTH JIJIs CIIYYAEB, OTIUYHbIX OT YH-
CTOM, HE OrPAaHHYEHHOM MO 0J0CE, ABTOMOJIEIBHOC-
Ti). B 1es0M MoKHO nonaraTek, 4To 006a THMA rpyr-
NMHPOBAHUS JIENAIOT CBOH BKNaj B ornuune D, oT
equnnubl. CpaBHuBasi OuUEHKH D,,ro = 0.82 u
Dzt = 0.90 ¢ ocHoBHOI# ouenkon D, = 0.80, MoxK-
HO ClIeNaTh BbIBOJI, YTO BKJIAJ NOPSAKOBOrO rpyIiu-
poBaHus 6olee CyIeCTBEHHBI.

AHanu3 onucaHHoOro pojia ObLI HOBTOPEH IS ype-
3aHHBIX BapPHAHTOB ‘‘OYMIIEHHOro” Karanora Aobe,
BKirouaBumx cooeitust M, > 7.8 (105 coObiThit) u
M,, > 8.21 (29 coGbiTHil). [Ins kaTanora u3 105 coObl-
THIT YiCeHHble OLeHKH D, n D, 1 ypOBHH 3HAYUMO-
CTH TIPAKTHYECKH He m3MeHunuck. MHTepecHo, 4To
muist Karanora u3 29 codbITHI KaK YMCIIEHHbIE 3HaYe-

PHU3UKA 3EMIIM N 10 2005
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Puc. 6. TTocnenoaTenbHOCTL CHITbHETIINX 3eMueTpsceHnit Mupa 8 1977-2000 rr. B hyHKIHHE BpeMeHH (a) 1 MOPAIKOBOIO HO-

mepa (6) npu HiLKHEM nopore MarunTyast M, = 7.35. ITo ocu
(a) BHIHO YMEPEHHO BbIPa’KeHHOE 0OBIYHOE IPYNNHPOBaHHE

172
OpIHHAT — 3HauYeHus M =, rne My B etnHnIax 10%7 s - em. Ha
— (popmupoBanne crycTkoB Ha BpemeHHoi ocl. Ha (6) BugHo no-

PANKOBOE IpylipoBaHue: Golbiiie COObITHA TATOTEIOT APYT K IPYLY.

Hust Dy poy ¥ Dy,,), TAK U YPOBHA 3HAYMMOCTH CYIIIE-
CTBEHHO CHU3MJINCL. Takoe NmoBefieHue NpPOTHUBOIO-
JIO3KHO OOBIYHOMY, KOIJla NPH CHUZKEHHH OOBbema
JAaHHBIX 3HAYMMOCTL yXyAmaercs. MoxHO caenaTth
BLIBOJI, YTO NOPAAKOBOE T'PYNIIMPOBAHHUE CUIILHEE
BCETO BBIPAXKEHO JI711 HEOOBIIOTO YKCIa CHIILHEIH-
LIHUX COOBITHIL.

JIns unmocTpanuy Mbl IPUBOAUM HA PHC. 5 rpa-
uku ans ouenxu D, u Dy, jis atoro cnyyast. Bugao
HEIUIOXOE COrIACHE IAHHbIX CO CTENEHHbIMH 3aBUCHMO-
CTSIMH. DTO MOKAa3bIBAET, YTO HESI MHOrOMACIITAGHOTO
rPYTIMMPOBAHUS IOCTATOYHO NMPaBAONIOAOOHA, U IeIaeT
Oonee yoepurenbHOM oueHKy Dy . KapTuna Bo Bpe-
MeHHOI oOnactu euie Oonee 3¢pdeKTHasA: OLEHEH-
Hoe sHavenue D, nocruraer 0.37 + 0.25, a rpachuk

lgC,, (lgd*) 6nuszok k npsiMoit. OgHAKO 3aMeTHBIE

OTKJIOHEHUS OT MPSAMOMH NMPHU MaibiX d* enarT vuc-
JICHHbIE PE3yJIbTATh! HE BIOJTHE HaeKHbIMA. ([Tosic-
HHUM, 4TO 00JIaCTh AHOMAJBHOIO MOBEEHUS NpHU d =
=0.01-1 ropa, BugumMasi Ha puc. la, npu nepexope K
yPE3aHHOMY KaTalory MOYTH MOJTHOCTHIO BhINAJA.)
Mrak, Ha Ka4yecTBEHHOM ypOBHE KAapTHHA BO Bpe-
MEHHOM 00JIaCTH MOIEPKUBAET BBIBOABI, MOJYYCH-
HbIE TIO AHANM3Y CNEKTPOB. [N MIUTFOCTpauu 00-
e YCTOHYMBOCTH PE3yJbTaTa Mbl BbIYEPKHYIIH
cunbHeiee coosrtne 1960 r. n3 cnmcka 105 coGbi-
it ¢ M,, > 7.8. O6paboTka Karanora OCTaBIIHXCS
104 cobbiThii (Tabn. 1) gaeT Ka4eCTBEHHO TE K€ pe-
3yAbTAThI, YTO W BEPHBIN KaTaJoOr; B YaCTHOCTH, YPO-
BEHb 3HAUUMOCTH J17ist napameTtpa D, cocraBisieT 5%.

GU3HUKA 3EMIIM  Ne 10 2005

NCCIIEJOBAHUE I'APBAPICKOT'O
KATAIIOTA

s FapBapAcKOro KaTanaora Ha puc. 6 NpHBEAEHbI
rpacuku BpemenHoro xopa jiisi 100 cunpHemx Tony-
KoOB. Ha KauecTBEHHOM ypOBHE 3aMETHO KaK 0OBIYHOE,
Tax ¥ NOPANKOBOE IPYIITHPOBAHKE, XOTSA OHH HE CTOJb
OuYEBH/IHBI, KaK i Karanora AGe. Ha puc. 7 npuso-
psrest rpaduku 1gC, (lgd ) n 1gU (g f ) pnsa nomHo-
ro xaranora (2573 cobwitusa ¢ M,, 2 6.0), a Takxke
lgC, (lgd*)n IgU (1g f*) nna 100 cobeiTuii c M,, 2

27.35. BugHo, uto Ha rpadukax lgU (lg f) nposs-
JIEHUsI TPYNNUPOBaHMS XOPOIIO BHAHBI, HO Ha rpau-
kax lgC, (lgd) onm mano 3ametnsl. Ha rpacuke

puc. 760 BupeH uznom 3asucumoctu lgU (lg f) B 06-

nactu f = 2-3 rog'. YTo6bl nony4aTh KOPPEKTHbIE
OLICHKH, BCE NapaMeTphl HAKJIOHA ONPEJEIIsu 1715 3a-
nasgbisanuil d, d* v nepuopos l/f, 1/f* Gonee 0.5 ropa.
YucneHHbl€ OLIEHKM Pa3MEPHOCTH JIaHbl B Ta0m. 2;
TaM MPHBOASTCA COBMECTHO oueHku D, u D, nna
o6beMoB KaTtamora 2573, 406, 100 u 29 cobbiThii (¢
pasHbiMH noporamu no M,). Bugxo, uto aBTOMO-
AENbHBIE BapUalyy (hYHKIMA TPOIYKTHBHOCTH TIPOSIB-
JsroTest B oboux mapametpax D, u D, HO b Aast
D,,, OHI BHIHBI BIIOJIHE Y€TKO. 3Hauyenus D, 3HAYHMO
HIDKE eIMHULbI JIMIIb NS YPe3aHHBIX KaTaloros.
[TopsinkoBoe rpynmupoBaHUE HE MPOSBISETCS sl
Karanora o0 bemMom 28 coObITuit; HO [1J1si APYrux oobe-
MOB OHO Y€TKO NposBAsieTcs B napamerpe D, ro) 1
HECKOJNBKO MEHee 4eTKO B mapametpax D, roy H
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Puc. 7. Koppenaunonsstii narerpan C,(d) (a) n C,(d*) (B) n uuTerpan ot cnexrpa mownoctu U(f) (6) n U(f*) (r) nna Tap-
BapAckoro karanora: (a) u (6) — npn M, > 6.0 (n = 2573), (B) u (r) — npu M,, > 7.35 (n = 100).

D,,,. MeHee sicHasi KapTHHA C TTapaMeTpaMH OOBIY-
HOrO rpPyNIHPOBAHUA, HO U 3[€Ch JaHHbIEC YKa3bIBa-
10T Ha 3aMETHOE IPYNITMPOBAHKE 10 KPaNHEN Mepe
ANl CHNIBHENIINX 3eMIIETpsICEHHil. Bobime oTMeda-
J1ack BO3MOXKHOCTB OIpPEefie/IeHHbIX MCKAXKEHUN (3a-
BBILICHNS) ANst mapameTpa D, Tak 9TO €ro nosefie-
HHE HE SBJIIETCS HEOXHIaHHBIM. B 1eJiloM maHHBIE
no I'apap/ickOMy KaTalory Kauye€CTBEHHO BIIOJIHE
MOATBEPXKAAIOT BBIBOJbI, CHEJAHHbIE [0 KaTANOry
AbGe. OHAKO CTENEHb BIPAXKEHHOCTH O00UX THIIOB
rPyNIHPOBAHUS 3AMETHO HILDKE.

OBCYXITEHHWE

Hair ananm3 nmoka3bIBaeT, YTO KAK ABTOMOJIETBHOE
nopeicHue (PYHKIUN MPOYKTHBHOCTH, TaK M MOPSIIKO-
BOE TPYNIMUPOBAHUE SIBHO BbIPAXKEHBI B 000MX M3YUYEH-
HBIX KATaI0rax Ans GONbIIMX BPEMEHHBIX MAacIITaboB.
[MpucyrcrByeT Takske U “oObIUYHOE” rPYNIHUPOBAHHE,
4yTo He HOBO. I[Ipu 3TOM nosejeHue karanora AGe
HamHoro 6onee sipkoe. Mo3KHO nonaraTk, 4TO TEpPH-
o 1980-1995 rr., kotopslit B npefesax XX Beka xa-

pakTepH3yeTcs BecbMa HH3KHM TeMIIOM cOpoca
CEHCMUYECKOTO MOMEHTA, AHOMAJIEH U B NJIAHE TEH-
AEHIMI TPYNIHPOBAHUSL.

OGpaiuaer Ha ce0s1 BHUMAaHUE 3aMETHOE PACXOXK-
JEHHE B YHACJIEHHBIX OLEHKAX KOPPENSIMOHHON pa3-
mepHoctu tuna D, u Tuna D,. Tak, nna [apeapacko-
ro Karajora ouleHKH Tuna D, Bce ropasno 0nmxe K
€MHHLE, YEM OLEHKHM THna Dy, B TO BpeMs Kak Ans
KaTanora Abe cooTHOLIEHHE oOpaTHOE (CM. pHC. 5).
ITo-BumuMoMy, rnaBHbIN (pakTOp MOSIBIEHUS pac-
XOKJAECHUI — CYIECTBEHHOE OTINYHE PEATBHBIX JIaH-
HbIX OT HJICANbHOH ABTOMOJEILHON cxeMbl. Paznu-
yus MOJOGHOTO pofa 3aciyXuBaKT Ooliee JeTalb-
HOro u3ydeHust B OyayuieMm. IToka sicHo, uTo and
M3YYEHHUS JIOJTOBPEMEHHbIX BapHALUil CHEKTpalb-
HBIH TOAXO/, B KOTOPOM BCE KPAaTKOBPEMEHHBIE (-
thekThl THNA A)TEPIIOKOB U 3aTUILbS MOAABIAIOTCH
aBTOMATHYECKH, JAET DOJiee YETKHE PE3YIbTAThI.

I'M. Monuan oTMeTHJ (4acTHOE COOOIleHHE),
4TO, €CIH JaHHbIE nopoxaatoTes Cxemoit b, nomkHo

GHU3UKA 3EMIIM N 10 2005
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Ta6mmma 2. OueHkN nmapaMeTpoB IPyNIHPOBaHNA sl BApHAHTOB aHanmu3a [apeapackoro karanora 3a 1977-2001
Hapaserp nopor M,, D /Dy, 26 | Doy/Dyyroy 6| Dpyt/Diyy £6 | D/ Dgyry £ O D.D,*tc
(n) ; 0 0 0
Dy 6.0 0.985 +0.02 0.98 £0.16 0.99 +0.02 1.00 +£0.007 1.00 £0.001
(2572) 20% 10% >20% - ~
Dy, 6.0 0.58 £0.28 0.48 = 0.25 049 0.4 0.98 £ 0.03 1.02+0.2
(2572) 5% 5% 5% >20% -
B 6.8 0.97+0.024 | 0.97+0.020 0.98 £ 0.021 0.99 +£0.02 1.01 £0.05
(406) 20% 10% 20% >20% -
Dy, 6.8 0.53+0.27 0.57 £ 0.27 0.64+0.3 0.81 +0.10 0.74 +£0.27
(406) 2.5% 2.5% 10% 2.5% 20%
D 735 0.95+0.04 0.94 £ 0.03 0.98 £0.02 0.97 +0.03 1.01 £0.02
(100) 10% 5% 20% 20% -
D 7.35 0.52 +0.27 0.62 £ 0.25 0.74+0.3 0.64 +0.20 0.76 £0.26
(100) 2.5% 2.5% 25% 2.5% 20%
D, 7.75 0.82 £ 0.08 0.99 +£0.07 1.05 +£0.04 0.81 = 0.07 0.83 = 0.06
(28) 2.5% >20% - 0.5% 1%
Dy, 7.75 0.60 = 0.26 0.96 £0.10 1.95+04 0.51 £0.27 0.56 +0.27
(28) 5% >20% - 2.5% 5%

ITony>KHpPHBIM BbIfle/IeHbI KJIETKH C YPOBHEM 3HAYHMOCTH 5% W HILKe, KYPCHBOM — OTCYTCTBHE IPYIIHPOBAHMNA.

UMETH MECTO MYJIIbTHIINTHKATHBHOC COOTHOLUCHHE
Dcw = Dcwch‘ (12)

W3zyuenue Tadn. | u tabn. 2 noka3sIBaeT, 4YTO Ha-
I pe3ynbTaThl B OOLLEM HE MPOTHBOPEYAT 3TOMY
COOTHOLICHHIO (C YUYETOM IIUPOKUX HHTEPBAJIOB JAJIs1
oueHok). MHoraa xxe cootHorieHue (12) BbINOMHAET-
Csl JasKe€ C HeIJIOXOM TOYHOCTBLIO; TaK, B Tabm. 2 mis
N = 100 umeem: D, = 0.52; DD, = 0.74 x 0.76 =
=(0.56. To ke BepHO U [1JIst OLIEHOK puc. 18, HecMOTpst
HAa COMHHTEJILHYIO ABTOMOJENBHOCTh WCKYCCTBEH-
HbIX JJaHHBIX.

OOGHapy>KeHHEe BbIPAKEHHOTO OOBIYHOTO TPYIIIHN-
poBaHus Anis Karanora Abe cornacyeTcs ¢ pe3yibTaTa-
mu [Ogata, Abe, 1991; Kagan, Jackson, 1991]. Mbi He
BBISIBUJIM OOBIYHOTO rpynnupoBaHus B ['apeapackom
karanore gns cny4das M,, = 6.0. Oto B o0uiem corna-
cyetcst ¢ pesynbratamu [Kagan, Jackson, 1991] no
I"apappckomy kaTtanory 3a 1984-1988 rr. ¢ nogasne-
Huem adppexra aprepiokor: oHu nonyunm D, = 1.00
JIUIsl OCHOBHOM MAcCChI Tap COObITUI — C AMUIEHTPAb-
HbIMH paccTosaHuamu Oonee 3276 xm u D, = 0.95 pna
uHTEpBasa paccrosiHuii 8 19-3276 kM, npoOTHB HaLLIEH
ouenku D, = 1.00 pnst Becex paccrosiuuit. OgHako npu
6onee BHICOKHX MAarHUTYAHBIX MOPOraxX Halld OLEH-
KH 10 TlapameTpy D, g AAFOT JOCTATOYHO OTIPEICIIEH-
HbIA [NONOKUTENLHBIA BLIBOJ KACATENBEHO PEATLHOCTH
obbivHOro rpymmpoBanus. OOHapyKeHHe MOpsSIKOo-
BOrO rpyNmupoBaHusi B Katajore Afe coriacyeTcs ¢
pesyabraToM [Ogata, Abe, 1991]. Kak nroGonbITHEIII
(pakT YNOMSIHEM TapaMeTpbl TPYNIUPOBAHUS JIJIsI
Manbix 3anasabiBanui (0.1-30 cyr) B karanore 6e3

GU3HUKA 3EMIIM Ne 10 2005

UCKITFOUeHUs apTepiIokoB. Mbl MONYYHIH OPHEHTH-
poBouHyto onerky D = 0.67, cnpaBeuByO Kak ams
karanora Abe (cM. puc. 3a), Tak u ans apeapackoro
karanora (He mokKasaHo).

BaskHbIM METOIHYECKUM ACIIEKTOM PabOThI ABISI-
eTcsl MOATBEpPXKAEHHEe TOro paxkra, YTO AOJNTOBpE-
MEHHBIE BapHaIlMH CEHCMUYHOCTH XOPOLIO BHJIHBI B
CIEKTpaNbHOM TpeAcTaBieHnn. Orata u Abe yxe
HCMOJIBb30BATH JaHHbIH MTOXOJ /IJISI JIOTHOCTH MOTO-
Ka ¥ TOCJIEIOBATENLHOCTH MATHUTY/], CTIEKTPaTbHbIE
K€ CBOWCTBA J10JITOBPEMEHHbIE Bapuauuy (QyHKIHH
TIPOAYKTHBHOCTH WU3Yy4YeHbl Broepeble. Hamomumm,
YTO MPOLECC, KOTOPbIl XapaKTEPU3YETCs CIIEKTPOM
MOLIHOCTH TUna 1/f%, rae nokaszaTesb O HAXOUTCA B
muanaszose 0.5—-1.5 nnmu uyTe Gonee MIMPOKOM, OIU-
ceiBaeTcs Kak uukkep-wym. [Ipustom e =1-D,.
3nauenus napametrpos D, u D, B Taba. | u Tabu. 2
rOBOPST 0 TOM, uto npu n = 100400 u p,(1), u p(t) si-
JISIFOTCSE MMITYJIBCHBIMH (DTHKKEP-LIYMAMH CO CIEAYIO-
LLMH CIEKTPANTLHLIMU NTOKa3zaTessMu: (1) ana karano-
ra Abe: o.=0.75 gns p(t), 0. = 0.2 gast p(e); (2) puast Tap-
Bapyckoro karanora: ¢ = 0.25 g p(1); o = 0.45 poa
p(t). 3aBHCHMOCTH CEACMHYECKOr0 MOMEHTA OT HOME-
pa coOBITHS JI/1s TEX YK€ KaTaJlOrOB TAKXKE BBITIISISAT
Kak (pnukkep-ymbl, ¢ ¢ = 0.15-0.3 u o = 0.15-0.5,
COOTBETCTBEHHO.

Cnenyer cpenath 3aMeyaHHE KacaTeNbHO CMbICTA
ouenok D, u D,,. MoxeT nokazatecst, uro “Cxema 2”
C UCIOJIL30BAHUEM HOMEPAa COOBITHS B KAYECTBE ap-
ryMeHTa THNa ‘“‘(PpUKTUBHOE Bpemsi” SIBJISIETCS YHCTO
HCKYyCCTBEHHbIM npieMoM. Ho Mo3KHO, cnientyst paccy»k-
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penussM ManpiensOpora [2002, ron. 8, 31] B cBsizu ¢ *“uep-
TOBOM JIECTHHIIEH, CUNTATDb, YTO “‘BHYTPEHHHE HaChl”~
CEHCMOTEKTOHUYECKOrO TIPOIIEcca MAYT U OTCUATHIBA-
10T “MOAM(PUIMPOBAHHOE BpeMsi JHIlb TOrja, KOTrjaa
MPOHCXOUT CEHCMOTEKTOHUYECKas iepopManusi, TO
€CTb B MOMEHT 3€MJIETPSICEHHS; B OCTAIBHOE JKE Bpe-
Mst 3T “yacel” crosit. Hanuume aBToMofenLHOTo no-
PSAKOBOrO TpYNMHPOBAHUS O3HAYAET MPH TAKOM
B3IJISAIE, YTO MPOLECC CEIICMOTEKTOHHYECKOrO jiehop-
MUpOBaHust 00MafaeT (PpaKkTaIbHLIMA CBOMCTBAMH B
MoAnQHINPOBAHHOM BpeMmeHH. Hammune ke aBTO-
MOJENBLHOrO OOBIYHOIO TPYNIHPOBAHUA O3HAYAET,
YTO camo MOAU(ULIPOBAHHOE BpeMs TeYeT “‘(ppak-
TalbHLIM 00pa3oM”, TO €CTh JIUIIbL B TAKHE MOMEHThI
OOBIYHOrO BPEMEHH, KOTOPbIE 00pa3yloT (hpaKkTalb-
HOE TOYEYHOE MHOXKECTBO ((PPaKTaNbHYIO NbUIb).

BBIBO/IBI

(1) OTpaboranbl METOMMKH [Jisl BBISBICHHS W
U3YYEHUs: ABTOMOJENBHOTO MOPSAKOBOrO IpyIIy-
poBaHusl B KaTaxorax coObITHII pa3HOro Beca; aBTo-
MOJIENTLHOTO TOBE/IEHUs! (PYHKIUMH NPOYKTHBHOCTH;
BKJIQ/IOB OOBIYHOrO M MOPSIIKOBOTO IPYIITHPOBAHMUS
B nopobnoe nosepenue. ObHapyxkena sgdexTus-
HOCTb CNIEKTPANLHOTO MOAXO/A AN AAHHbIX LieIeH.

(2) OGHapyKeHbl AHOMATHH BPEMEHHOI CTPYKTY-
peI st KaTanora AGe Ha 3ana3jbIBaHusIX 10 4 J1eT u
ans [apeapickoro karajiora Ha 3amnasjbIBaHUSX J1O
nonyrofga. AHOMaJINM UMEIOT XapaKTep MepHoiny-
HOCTH H ““MEpTBOro BpeMeHn  (*‘3aTHIIbLS") U NPOTH-
BOpEYAT HEE aBTOMOJEILHOrO nopefgeHus. B cuny
HaIUYus NOJOOHBIX AHOMAJIMI AHAIN3 ABTOMOJETb-
HOTO MOBEJIEHUS YA€TCA NMPOBECTH JIUIIb B OrPaHy-
YEHHOM JIHana3oHe OOJIBIIMX BPEMEHHBIX MaclITa-
OOB (HM3KUX 4acToT).

(3) JeTanbHO H3yYeHBI M CYLIECTBEHHO YTOYHEHBI
CBOWCTBA paHee ycrtaHoBiaeHHoro OraToit u AGe siB-
JICHHSI aBTOMOJIEILHOTO MOPAAKOBOTIO TPyNmHpOBa-
HUs 3eMeTpsAceHnil. OHO BBISBIEHO AJIsl IBYX H3YUCH-
HBIX MHPOBBIX KaTaJOroB C UCKIIOYEHHbIMH adprep-
LIOKAMM, /IJIsl MATHHTYAHOro uHTepBana M,, =7-9.5, u
B OTPAaHHYEHHOM [IMana3oHe OOJIBbIIMX BPEMEHHBIX
MaciTabos.

(4) B Tex ke Auana3zoHax MArHUTYJ H BPEMEHHBIX
MacTaboB, H ¢ HCKIIOYEHHEM a(pTEPLIOKOB, OOHAPY-
’KEHbI aBTOMO/IEJIbHBIE BapHaLuy r100anLHON CKOPO-
CTH IeHepauni CeHCMIYECKOrO MOMEHTA, HITH (PYHK-
LHH IIPOYKTHBHOCTH. DTa (pyHKIMS BefeT ceds Kak
HMIYJIbCHbIHA (DTHKKEP-LIYM CO CIIEKTPOM MOIIHOC-
TH BUJA [U‘U.ES—U.-&S'

(5) Ipu Tex ke OrpaHUYEHHsAX MNIOTHOCTD MOTOKA
3€MJIETPSCEHHII € yJaTIEHHbIMU apTEPLIOKAMH BEJIET
celst Kak UMNYILCHBIA (DANMKKEP-IIYM CO CHEKTPOM
mowHocTH Bupa 1/f02048,

(6) Ipn Tex ke orpaHUYCHHSIX CEHCMUYECKIEI MO-
MEHT 3eMJIETPACEHNI KaK (DYHKLIS €ro HOMEpa B Ka-

Tajore BefeT ce0sl KaK MMITYJILCHBIN t;pnnKKep-myM
CO crnieKTpoM MouHocTH Buga 1/f%1303,

BIIATOIOAPHOCTH

PabGora Bbmonusnace npu GUHAHCOBON 10JI-
nepxke POOU, rpant 03-05-64459. Aprop Gnaro-
papedn I'M. MomuaHny 3a nonesHoe OOCy:KJEHHE |
KPHUTHKY.

[MPUITOXEHHUE
AJIrOpuT™M CKJIEHKH pPOeB B KaTajiore

Pemaercsa 3agava: u3GaBUTHLCS OT TECHBIX MPOCT-
PAHCTBEHHO-BPEMEHHBIX TPYIN COOBLITHIL, 3aMEHsis
KXY TAKyH Tpynmny “o0beIHHEHHBIM COObITHEM .
Jl71st 3TOro MHOTOKpaTHO [IENAKOTCS MOMNLITKHA OOHApY-
KUTh TecHbIE napbl (“‘cocefiein”) U CKIIEUTH KAXKAYIO
HaWIEHHYIO Tapy B €HHOE coObITHE (“‘cKieiika”).
3agavya cyMTaeTCs PELICHHOH, €C/IM TECHBIX Map He
octajnoce. Ilpu ckneiike cyMMapHbIi CECMUYECKHI
MOMEHT coxpaHsieTcsl. TeCHbIMH CUMTAIOTCS Taphl HA
yAaJIeHH! 1 He 00J1ee WU MOPSZIKa TUIMYHOTO pa3Mepa
oyara U ¢ MHTEPBAJIOM BpeMeHH d NOPSIKa JNTUTEILHO-
ctd a(prepuiokororo posi. [loporoesie 3HaueHus ans d
U r 3aBHCAT OT M,, (nanee o60o3HayeHo M).

BHeUHUN UK aqropuTMa: MHOrOKpaTHO obpa-
GaThIBaTE TEKYIEE COCTOSIHHE KaTajora 1o npote-
aype “BHyTpeHHHII IUKI |, €CITH IIPH 3TOM He ObIII0
“ckyeek”, 3aKOHYUTh padoTy.

(1) BuyTpeHHnil UMK anropuT™Ma: pacCMOTPETh
ouepeHoe MO BpeMEeHH cobwiTHe KaTtanora (“‘6a3o-
BOe”, c HOMEpPOM [ i BpeMeHeM 1;). [lanee nociegosa-
TEJLHO pPacCMaTPHUBATh BCEX “TIOTEHIHMANBHBIX COCE-
pen” 6a30BOro coObITHsI BIIEPE] IO BPEMEHH, TO €CTh
BO BPEMEHHOM OKHE [1}, Iy ey, ). [L1151 9TOrO U151 KaXK10-
ro U3 “‘nmoTeHUHanbHBIX cocenein’™

(2) ITporepuTh, ABASAETCA U OYEPENAHON “TOTEH-
LHAAIBHBIN cCOCEN”, C HOMEPOM j > i, (PAKTHIECKHUM CO-
CEeJIOM, UTO ONPEAENSIETCS OHOBPEMEHHBIM BBITON-
HEHHUEM HEPABEHCTB: ry <drut;—t;=d;<drtne r;—
paccTostHie MEXKAy 3MHUEHTpaMu cOOLITHH [ U J, a
dr=dr(M;, M;) n dt = dt(M;, M;) — noporu s r u d.
3aBucumocTH dr u dt ot M npuHuMarotcs 1o ¢Gopmy-
nam: dr = Cx max(L(M)), L(M.); dt = Ci(dr/L(8))";
npuuem L(M) = 10°M-18 gn; Cp = 0.5-1.5 (nactpau-
Baercsi); Cr = 0.25 ropa. [Janee, eciau cOObITHS [ U j —
COCENH, TO BBINOJHUTE [ HUX NPOLEAYPY ‘‘CKIei-
KH, a UMEHHO:

— onpejgenute M = M,, 06 beAUHEHHOTO COOBITHA
yepes cyMmy 3HaueHuit M, KOMITOHEHT [ U j;

— OIPEENNTh, KAKOE U3 COObITHI — [ WITH j — 00/Tb-
L€ 0 MarHuTyAe; u ecau M; 6onee M, To:

— B3ATb HOMBP 3ANHCH 1 BPEMH LA 06'be)I[HHEHHO-
ro coObITHA OT COOBITHS i, BIHCAThL B 3TY 3aIHCh
“CyMMapHyr0” MarHuTyjy, CTEPETh 3aMHCh i CO-
OblTHA j, EpedTH K n. 2; B NPOTHBHOM cCllyyae —
B34Th HOMEP 3aNHUCH U BpeMs [JIsi OO BEJUHEHHOTO
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COOBITHA OT COOBLITHS j, BIIUCATh B 3Ty 3aNUCh ‘CyM-
MapHYyI0~ MarHUTY/Y, CTEPETH 3aIUCH LI COOBITHS I,
neperTH K m. 1.
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