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IT'NJIPOJIOTHYECKOE PAMOHUPOBAHUE PEYHBIX
BACCEHMHOB 11O CE30HHOM N3MEHYUBOCTU
XAPAKTEPUCTUK PEUHOI'O CTOKA'!

PaccmarpuBaercsi pailoHMpOBaHHE PEYHBIX OACCEHHOB MO XapaKTePHCTH-
KaM CEe30HHOHM M3MEHYMBOCTH pedyHoro croka. J{is meneil knaccupukanuy Ha
OCHOBE aHaJIM3a BPEMEHHBIX PSZ0B CPETHEMECSUYHBIX PACXO/I0B BOJIBI CIEHEPH-
POBaHBI HOBBIE PsIJIbI XapaKTEPUCTHK PEYHOTO CTOKA, YUUTHIBAIOLIMX CE30HHYIO
W3MEHYMBOCTh. B pe3ysibrare MHOTOBApHAHTHBIX HKCIIEPUMEHTOB B KauecTBE
Haunbonee NHPOPMATUBHBIX MMOKa3aTelell BHYTPUTOJOBBIX N3MEHEHHH PEYHOTO
CTOKa OBUTH BBIJICJICHBI TAKHE XapaKTEPUCTHUKH, KaK WHJIEKChI CE30HHOCTH, KOp-
pensiioHHble QYyHKIMH U QYHKIIUH CIIEKTPAIbHBIX TNIOTHOCTEH.

J1J1s1 BBISIBJIGHUSI TPYIIIT OTHOPOHBIX 0OBEKTOB HCIIOIb30BaAIACH TPOTPAMM-
Has cucrema «TeleStaty, mpeqHasHadeHHast A7l CTAaTUCTUYECKOTO aHaIN3a MHO-
TOMEPHBIX JIAHHBIX ¥ BPEMEHHBIX MPOIecCcOB. PalloHMpOBaHKe MPOU3BOIMIOCE C
TTOMOIIIBIO KJIACTEPHOTO aHaJIM3a C NCTIOIb30BAaHUEM PErPeCCHOHHON MOJEIN Ha
OCHOBE paJlMalibHbIX 0a3MCHBIX (QyHKIHMI. B kauecTBe nepeMeHHBIX HCIOJIB30-
BAJIMCH MOJyYSHHBIE HAOOPBI YMCICHHBIX ITOKa3aTes el JUIsl KaXk10To ITyHKTa Ha-
OiroieHuii. Beca nepeMeHHBIX MO0MPAIIKCh TaK, YTOOBI 00ECIIEYUTh COYEeTaHNE
Kak reorpauueckoi (KOOpIMHATHON), TaK U KPUTEPUAIBLHOW OJIM30CTH 00BEK-
TOB (THIIPOJIOTHYECKHX ITOCTOB HaOmoneHuit). [IpoBeneHHbIe IPOLeyphbl pert-
OHAJIN3AIIMH 110 XapaKTepy CE30HHBIX KOJIeOaHUI PeUHOro CTOKa ITO3BOJIMIIN BhI-
JICTIUTh OJHOPOJIHBIE THAPOJIOTHYECKHE PAHOHBI HAa TEPPUTOPHHU Psijia KPYITHBIX
OacceiiHoB pek Poccun, B yactHocTu Bonru u Bepxuero JloHa.

Knaccudukanms pex ana BO3SMOKHOCTB ITPOBECTH COBMECTHBIH aHAJIH3 10
IpyIIaM OIHOPOJIHBIX THJIPOJIOTMYECKUX OOBEKTOB. [l KasKa0To THAPOIIOTH-
YEeCKOro paiioHa pacCcuuTaHbl 00OOIIEHHBIE CTATHCTHYECKHE XapaKTEPHUCTHKU
Kosie0aHui pedHoro croka. Takue cCTaTHCTHYECKHE TapaMeTpbl PEYHOTO CTOKa
MOTYT CITY>KUTb JIUISI €0 JaTbHEHIIero MOJAETUPOBAHNSI.

[IpuMeneHnne pacyeTHBIX W MTPOTHO3HBIX METOJOB IO HAOIIOACHUSAM
Ha OTHENIbHBIX MIPOJIOIMYECKHUX MOCTAX 4acTO 3aTPYQHEHO MO Pa3HbIM
MIpUYMHAM: HEpaBHOMEPHOE pacIpeieIeHNe ITyHKTOB HaOMoIeH i, He 0~
CTaTOYHas MPOIOJIKUTEILHOCTh BPEMEHHBIX PSIOB JUIsl CTATUCTHYECKOIO
aHaJIM3a, HAJIMYMe TPYJHO BOCCTAHABIMBAEMBIX IPOILYCKOB, 3HAUUTEIb-
HBIX MOrPELIHOCTEN B U3MEpeHUsIX U T.A. [1o3ToMy, HECMOTpsI Ha BBICO-
KYI0 KOMIIBIOTEPU3ALUI0 U HAJIMUUE COBPEMEHHBIX IPOTrPAMMHBIX I1aKe-

! Pabota BeImonHeHa py GpruHaHCOBO# noaepskke PODU, rpant Ne08-05-00807-a.
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TOB, BO3HUKAIOT CIIOKHOCTH, CBSI3aHHBIC KaK C 00paOO0TKO OOJBIITIX Mac-
CUBOB THAPOJIOTUYECKHUX JJAHHBIX, TAK M C UX TOCIEAYIONINM HCII0Ih30Ba-
HHeM B Moneisix. HeoOxomumo oOpabarbiBaTh U aHAIM3UPOBATh KasKAbIH
psill, BOCCTAHABJIMBATh IPOIYCKH, UCKAaTh BEIOPOCHI, BO3MOYKHBIE OLIMOKH
u mp. C 1enpio yBenu4eHus: HHPOPMAIUN U JUIS BBISIBICHUS BO3MOKHBIX
CITy9aifHBIX OMMOOK CIeTyeT IPOBOIUTH COBMECTHBINA aHANIN3 TI0 TPYIIaM
OJTHOPOJTHBIX THIPOIOTHYECKHX 00beKTOB. OO0OIIEHHBIE CTATHCTHYECKUE
HapaMeTpbl PEYHOr0 CTOKA, IMOMYUYEHHbIC Ul TaKUX IPYII, MOTYT CIIy-
JKHUTB [UISl €T0 JalbHEHILEro MOJCIHPOBAHUSL.

B c¢Bs3u ¢ 3THM clienyeT IpOBOANTH aHAIN3 BPEMEHHBIX PAIOB Cpejl-
HEMECSIYHBIX PACXO0B BOIBI C IMOCIETYIONINM BBIICICHUEM OTHOPOIHBIX
THIPOJIOTHYECKUX PAOHOB 1 MOIYYESHUEM JIIs KayKI0T0 M3 HUX 00001IeH-
HBIX (PETMOHABHBIX) XapaKTepUCTHUK KojieOaHMii peyHoro cToka. Jpyru-
MH CJIOBAaMH, JIOJKHA OBITH pa3paboTaHa UX KiacCHU(UKaIus.

Bomnpocam knaccudukauy pex U THAPOJIOTHYECKOMY pailoHHpoBa-
HUIO yAeJseTcs MHOro BHMMaHMA. Kiaccudukamus pek mozppasymeBaeT
WX pacrpeneneHue mo TpynaM Ha OCHOBaHUH BRIABICHHBIX Hanboee Ccy-
IIECTBEHHBIX MPHU3HAKOB, a PAHOHUPOBAHNE — PE3yJbTaT 0000IIEHHS TT0-
Jy4EHHOH KJIacCU(UKALMU 1JIs1 KOHKPETHOH TEPPUTOPHUH, UTO MO3BOJISIECT
OIIPEACTATH AaHANN3UPYEMbIC XapaKTEPUCTUKH CIa00N3yYEHHBIX OOBEKTOB
10 QaHAJIOTUH C U3yYeHHBIMH. [IpH perieHnn 3a1a4, CBSI3aHHBIX C OLIEHKOH
MIPOCTPAHCTBEHHOTO pacIpe/iesieHHss PEYHOT0 CTOKA M €r0 Ce30HHOH M3-
MEHYHBOCTH B COBPEMEHHBIX YCIIOBHUSX, BO3ZHHUKAET HEOOXOMNMOCTh pa3-
pabOTKN HOBBIX BapHAaHTOB PAailOHMPOBAHMSL.

BrinonHeHHbIe HAMM Hay4YHbBIC UCCIICIOBAHUS IO3BOJIIOT IIPOBECTH
THAPOJIOTHYECKOE PalOHNPOBAaHKE Psiia KPYIHBIX PEUHbIX OacceiiHOB Ha
teppuropun P®. C momompio pa3zpabOTaHHBIX CTOXaCTUYECKHX MOJe-
Jei ¥ METO/IOB OIICHWBAHMA ObUTH M3ydeHBI OCOOCHHOCTH CE30HHBIX KO-
ne0aHui PeYHOTO CTOKA B PA3IWYHBIX (PU3UKO-Teorpa)nIeckux yCIOBH-
sx (bonros u ap., 2005).

OcHoBOIi 17151 BBIOOpa paiiOHOB MOCIY)KWJI AHAJHW3 BHYTPHUIOJOBOTO
pacnpeneNieHnsi peYHOro CToka myTeM (QopMaiu3aliy IoKa3aTeleld ero
CE30HHOW M3MEHYMBOCTH M 0ObeAMHEHHs (IPYIIHPOBAHUSA) BPEMEHHBIX
PSIOB CpeHEMECSTIHBIX PAcX0I0B BOJIBI TTO0 pa3paOOTaHHBIM JUTS KJIACCH-
(UKanyu anropuTMam.

[IpoBenena npexaBapuTesbHas 0Opab0OTKa MHOTOJIETHUX HaOmoxe-
HHUH 3a CTOKOM BOIbI Ha pekax Poccuu. MHbopMalimoHHOW OCHOBOM HC-
CJIEJOBAHMH MOCITYKUJIN JaHHbIE MHOTOJIETHUX HAOIIOEHUH 32 CTOKOM
pek Ha Tepputopun Poccun. U3 cyuiecTByromero apxmupa JaHHbIX Ha-
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omopernit PocrmmpoMera Ha THUAPOIOTHYECKUX IMOCTax, COIepKalie-
ro Oomee 5000 BpeMEHHBIX PAJOB CO CPETHEMECSYHBIMH PACcXOIaMHU
BOJIbI, ObLiIa MPOBEJeHa BHIOOpPKA PsIOB HAOIIONEHHH, KOTOPbIE MOTYT
OBITH MCTIONB30BAHBI JJISI THAPOIOTUYECKOTO PAiOHUPOBAHUS TEPPUTO-
pun. C 3Toi 1eNbI0 BCe NMEIOIINECs B HAJIMYNU BPEMEHHBIE PsI/ibl ObLTH
WICCIIEZIOBAHBI HA OHOPOIHOCTD, JUINTEIBHOCTD, HAJTHINE TPOITYCKOB U
BBIOpOCOB. CTOKOBBIE PSIZIBI, COAEpIKAIINE TPYIHO BOCCTaHABIMBAEMBIE
IPOIYCKH, PSIIbl JUIMTENBHOCTBIO MeHee 10 JIeT, a Takke MOJBEp>KEH-
HbIC 3HAUUTEILHOMY aHTPOIIOTC€HHOMY BO3IECHUCTBHIO (B YACTHOCTH, CO3-
JAHUIO BOIOXPAHWIHIN), OBLTH MCKIIOUCHBI M3 NaJbHEHIIET0 aHaIu3a.
B mpornecce nepBuuHOi 00paOOTKHM OBLIM BBISIBIEHBI M BOCCTAaHOBICHBI
aHOMaJIbHbIE BHIOPOCKI, 3aII0HEHBI IPOIYCKH B HAOTIONCHUX, paccyu-
TaHBI HEOOXOIMMBIE CTATUCTHYECKHE XapaKTePUCTUKH JISl KayKI0T0 Bpe-
MEHHOTO psifia. B pe3ynbrare ObUI OJTy4YeH MAcCHB JIAHHBIX Oojiee Yem
o 1700 ruapoIOrHYecKuM MOCTaM, COAEepIKAIIMKA (aiIbl CO CpeaHeMe-
CSTYHBIMH PAcX0/laMH BOJIbI U KOOPAMHATaAMHM IIEHTPOB TAKECTH BOJ0CO0-
pa I KaKIOTO ITyHKTa HAOMIOMEHUT.

s menelt knmaccnuKanMy Ha OCHOBE aHAN3a BPEMEHHBIX PSIOB
CPEIHEMECSIUHBIX PACXOJ0B BOJbl CTEHEPUPOBAHBI HOBBIC PSJIbl XapaAKTE-
PUCTHUK PEYHOTO CTOKA, YUUTHIBAIOIINE CE30HHYIO M3MEHUMBOCTh. B pe-
3yAbTaTe MHOTOBAPHAHTHBIX IKCIIEPUMEHTOB B KaueCTBE HanOojee HH-
(hopMaTHBHBIX ITOKa3aTesieil BHYTPUTOOBBIX M3MEHEHHH PEYHOTO CTOKa
ObUTH BBIJICJIEHBI TAaKHE XapaKTePUCTHKH, KaK WHAEKCHI CE30HHOCTH, KOp-
pensuoHHble PYHKINU U (YHKIIUH CHIEKTPAITBHBIX IUIOTHOCTEH.

BrnusiHne BHEITHUX (aKTOpPOB, ASUCTBYIOIINX ITUKIMYECKH C 3apaHee
M3BECTHON MEPUOAMYHOCTHIO, OTPE/ICISICT CE30HHbIC KOJIeOaH s PEUHOTO
cToka. Hanmnune ce30HHbBIX A((PEKTOB MPOSBIAETCS B BHJIE OCTPBIX Y3KHX
ITUKOB B TIEPHOJIOTPaMMe Ha COOTBETCTBYIOIICH YacTOTe (a MpH HECHMMe-
TpUYHOI (hopMe CE30HHOW BOIHBI — M HA KPAaTHBIX YacToTax). B BeIOOpou-
HOW aBTOKOPPEISIIMOHHON (QYHKIMH TaK)Ke MPUCYTCTBYIOT BEIOPOCHI JUIs
JaroB (3amna3/ibIBaHuil), KPATHBIX MEPUOAY CE30HHOCTH, HO 3TH BBIOPOCHI
MOTYT OBITh 3aByaJINPOBAaHBI MPUCYTCTBUEM TPEHIA WU OONBIION AMC-
rnepcuen ciry4ailHo KOMIIOHEHTBI.

Opnna n3 Hambolee MPOCTHIX MOJENEH yueTa Ce30HHOCTH — MOJIETh
CE30HHBIX d(PPEKTOB, OHA SABIAETCS OAHOM M3 TMPUHSITHIX (OpMaTU3AIIHA
CE30HHBIX KOJICOAHUH PEYHOTO CTOKA. B anmuTHBHON (opMe STON MOaeTH
DS IPEICTABIACTCS B BUC

Y() = T() + S + e,
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e 1(¢) — Tpenn, e, — ommbKa, a S(f) — Ce30HHas COCTABIAIOIIAs, KOTOpas
OMpeJIeNAeTCs CBOMMHU 3HAUYEHUSAMH Ha CE30HHOM Tieprojie JIuHbI L, S(7), ...
S(L). st omHO3HAYHOCTH MapaMeTPU3AIUH MOJECIN OOBIYHO MPEAToara-
10T, uto (/) + ... + S(L) = 0. 3nauenus S(7), ... S(L) Ha3pIBAIOT HHIECKCAMU
CE30HHOCTH. B Hacrodmel paboTe MCITOIp30BaTNCh HOPMUPOBAHHBIE WH-
JIEKCHI CE30HHOCTH, OTIpeJIeIIEHHbIE HA OCHOBE METO/IOB JIEKOMITO3UIIHH TT0
agauTuBHOM Mozenu Teiina-Baxa (Kennani, Ctroapt, 1976).

Takke Obla MCCIIEIOBaHA YaCTOTHAsI CTPYKTypa CE30HHBIX KolieOa-
HUHM peyHoro croka. TumudHas QyHKIUS CIEKTPaIbHOM IIIOTHOCTH JUIS
paccMaTpHBaeMBIX PSJIOB CPETHEMECSYHBIX PACXOIOB BOJBI COMEPIKUT
YEeTKO BBIZIEJICHHBIE MAaKCUMYMBI (IIMKH) Ha YaCTOTaX, COOTBETCTBYIOIINX
nepuonaM B 12, 6, 4 u 3 mecsma. [lostoMy T IpUOTHKEHHOTO OTTUCAHUS
(YHKIMH CHEKTPAJIbHOW TUIOTHOCTH PEKOMEHAYIOTCS € OTHOCHTEIbHBIC
3HAYCHUS HA ITUX YacTOTax. J[JIsl yueTa OCTaabHBIX COCTABIISIIOMINX CIICK-
TPANBHOHN IUIOTHOCTH HCIIONB3YETCs BEIMYMHA, PACCUMTAHHAS KaK pas-
HOCTb MEXJ1y €IMHUIIEH U CYMMOW OTHOCUTEIbHBIX 3HAYEHUM CIIEKTPalib-
HOM TJTOTHOCTH HA BBIIETICHHBIX YacTOTaX.

Habops! moka3zaresei, moiy4eHHbIE B pe3ylibTaTe 00paboTKH BpeMeH-
HBIX PSZI0B HAOMIOACHUI 32 CPEIHEMECIYHBIMU PACXOAAMHU BOABI Ha PEKax
Poccun, BeIABICHHBIC B PE3YJIETATE MHOTOBAPUAHTHBIX IKCIIEPUMEHTOB C
pa3HBIMH HAOOpaMH XapaKTEPUCTHUK I 00JIee TOYHOTO OMMCAHUS CE30H-
HBIX KOJIEOAHUI PEYHOTO CTOKA, TTOCTY KHIH JIIsl THAPOIOTHYECKOTO paio-
HUPOBAHUS Ha OCHOBE pa3pabOTaHHBIX CTOXaCTHYECKUX MOJIeNIeH U CTaTH-
CTUYECKHX METO/IOB OLICHUBAHMUS.

11 BBISIBIICHUS TPYIII OJHOPOAHBIX OOBEKTOB MCIIONB30BANTACH MPO-
rpamMHasi cucteMa «TeleStaty, mpegHasHadeHHAs I CTAaTUCTHYECKOTO
aHaTM3a MHOTOMEPHBIX JaHHBIX M BpeMeHHBIX mporeccoB (Enroxos, Pe-
tuHckasd, Ckyparos, 2004). B mporecce nccnenoBanuil 1aHHas cucTeMa
aJanTUpoBaiach IS aHaJIU3a TUAPOJIOTHYECKUX AAHHBIX, C YUETOM CIie-
MUPUKH UMEIOIIEHCSt NCXOTHOW HH(OPMAIIUH, TUITUYHOM [Tl TEPPUTOPUH
P® (nepaBHOMEpHOCTH paclpefeseHHs MyHKTOB HaOJIIONEeHUH 110 Teppu-
TOPHH, BPEMEHHOH HEOIHOPOAHOCTH PSIJIOB, PA3IMYHOM JUITMTEIEHOCTH
HAOJTIONCHNH, HAJTMYUS TIPOITYCKOB M aHOMAJIBHBIX BEIOPOCOB H JIp.).

PaiionupoBan#e pOU3BOANIOCH C TOMOIIBIO KJIIACTEPHOTO aHAJIHM3a
C UCHONb30BAHUEM PETPECCHOHHOI MOJEIN Ha OCHOBE pajuajbHBIX Oa-
3UCHBIX (YHKIMHA. B KauecTBe mepeMEeHHBIX UCIOIH30BANNUCH MONTYUCH-
HbIC HAOOPBI YHCICHHBIX IMMOKA3aTelel IS KaXIOro IMyHKTa HaOmrome-
HUHl. Beca mepeMeHHBIX MOAOMPANUCh TaK, 9TOOBI 00ECIEeUnTh codeTa-
HHUE Kak reorpaduaeckoil (KOOpANHATHOW), TaK U KPUTEPHAILHOH O1n30-
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CTH 00BEKTOB (THAPOIOTUICCKUX TTOCTOB HAOMOACHMIT). BrirroueHne ko-
Op/IMHAT [EHTPOB TSHKECTH BOAOCOOPOB KaK B 3aBUCHUMBIE (TIPEIUKTOP-
HBIC), TAaK U B KPUTEPUAIIbHBIC IEPEMEHHBIC MTO3BOIMIIO BBIIECIUTH OHO-
POIHBIC TPYHIIBI C YUETOM MPOCTPAHCTBEHHOTO Pa3MEIICHUS THAPOIOTH-
YECKHUX 0OBEKTOB.

OcTaHOBHMCS TOIpOOHEE Ha MPOIeTypax PernoHaIN3alud ¢ TTOMO-
IO KJIACTEPHOTO aHaJIM3a Ha OCHOBE Pa/INAIbHBIX 0a3UCHBIX (YHKIHH.

Pemenue mpoOnemMbl OHOBPEMEHHOW TPYIITMPOBKH (KJIACTEPU3ALINN)
PEK II0 MapameTpaM PEYHOTO CTOKa U B MPOCTPAHCTBE reorpa(uuecKux Ko-
opavHar (palloHUPOBaHKUE) OCHOBAHO Ha MPE/IIOJIOKEHUH, YTO reorpaduye-
CKast OJTM30CTh OOBEKTOB BJI€UET M OJIM30CTh COOTBETCTBYIOIINX UM XapaKTe-
PHCTHK PEYHOTO CTOKA (3aBUCHMBIX TIEpEMEHHBIX). B aTOM ciryuae momaxosst-
IIMM METOJIOM SIBJISIETCSI KJIACTEpH3aIHsl Ha OCHOBE paiiaIbHBIX 0a3MCHBIX
¢byukiwii (Pb®) B nmpocTpaHcTBe reorpa@uyeckux KOOPIHMHAT — IIAPOTHI S
u nonrotsl L. Jlanee 3TH nepeMeHHbIC TaKKe HMEHYIOTCS IPETUKTOPHBIMH.

Kpumepuii onmumansnocmu zpynnupoexu. 3anada popmaan3zoBana
crenyromuM oopazom. [Iycts nmeercss N 00beKTOB (peK), KOTOPBIEC JOTIK-
HBI OBITH pacnpeneneHs! Ha k rpymm. Unceno rpymin u uX cocTaB 3apaHee
HEW3BECTHBI U JIOJDKHBI OBITH OTIpEJIeNIeHbl B MPOIlecce PelIeHHs 3a/1a49u.
[Ipu pukcHpOBaHHOM YHCIIE KIACCOB KPUTEPHEM, TI0 KOTOPOMY OllEHHBa-
€TCs KAYeCTBO TPYMIUPOBKH OOBEKTOB, CIIYKUT OCTATOUHAS JUCIICPCHSL.

B xauectBe Pb® wucnonp3yercss HerarmBHas 3KCIOHEHLHAJbHas
(yHKIUA OT paccTosHus Mexay eHTpoM Pb® u o6vexToM, a B KauecTBe
paccTosHUS — B3BEILICHHOE €BKIIMIOBO PACCTOSIHUE.

Monundukanys THGOPMAITMOHHOTO KPUTEpHsT AKaiKe HCIIONb3yeTcs
KaK KpUTEpUi KauecTBa IPYNIHPOBKU C YUCTOM YHCIIa KIacCOB.

[Ipu Bo3pacTannu yucia KJIaccoB OCTATOUHAS AUCTIEPCUS U, CIE0Ba-
TEJIBHO, TIEPBOE claraeMoe B KpuTepun Akaiike yObIBaeT, TOT1a Kak BTOpOe
cirlaraeMoe Bo3pacTaerT. M3 IByX TpyHImupoBOK C pa3HbIM YHCIOM KIacCOB
OoJree TIPeAOYTUTENTFHON CUUTACTCS TPYNITHPOBKA C MEHBIITNM 3HAYECHH-
eM kputepus Axaiike (EntokoB, Petunckas, Cxyparos, 2004).

Anzopumm zpynnupoexu. AITOpuTM TPYNIUPOBKHA OCHOBAH Ha IMO-
CJIeIOBATEIHbHOM YAJIEHUH IUIOXUX» IIEHTPOB T'PYII U COCTOUT B CIIEAY-
fomeM. M3 N HCXOIHBIX 00BEKTOB CITyYailHBIM 00pa3oM BBIOMpAETCS J0-
CTaTOYHO OOIBIIOe KoMmdecTBo (M ~ 3VN ) 06bEKTOB, KOTOpbIE paccMma-
TPUBAIOTCS KaK HayaJIbHBIEC IIEHTPBI KJ1accoB. [l BCcex MMEIOIIMXCS 1IeH-
TPOB MEPECUNTHIBAIOTCS] OCTATOUHBIC 3HAYCHUS AJISl TPYTIHUPOBOK, MOTyda-
OIIUXCSI, €CITU U3 TeKYIIEro Habopa EHTPOB yAAISETCS 3TOT LeHTp. Omnpe-
JeTIsieTcs IIeHTp, 63 KOTOPOro OCTaTOYHas IUCTIepPCHsl HOBOW T'PYIIIHPOB-
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KM yBEJIMYMBAETCSl HAa MUHMMAIIbHYIO BelnuuHy. [IpoBepsieTcs 3HaueHue
Kputepus Akaiike. Eciu ero 3HadueHue YMEHBITHIIOCH, W3 Ha0Opa yaasi-
€TCsl HAWJICHHBINM LEHTP U OMSTh MEPECUUTHIBAIOTCS OCTATOYHBIC 3HAUCHUS
IUTS TPYIIHPOBOK. B mpoTrBHOM ciyyae mpoueaypa octaHaBnuBaercs. Ko-
JUYECTBO TPYIII PaBHO KOJMYECTBY OCTABIIUXCS LEHTPOB. OOBEKTHI pac-
MIPEIEISIOTCS 110 TPYTIaM TI0 CleayromeMy mpaBminy. OObEeKT OTHOCHUTCS
K TOU TPYTIIEe, 10 IIEHTPa KOTOPOH pacCTOSIHUE OT 00BEKTa MUHUMAIBHO (B
MIPOCTPAHCTBE MPEITUKTOPHBIX IIEPeMEHHBIX ). OKOHYATEIbHO TPYIIUPOBKA
BBIOMpAETCs 10 MUHUMYMY KPUTEpHs AKaiKe 10 BCEM ITOBTOPaM.

AHnanu3 pe3xo evloenAOuUXCcA (AHOMAIbHBIX) 3HAUEHUI HAOI0O0e-
Huil. Yemoituuevte oyenku. Jisg noiny4eHusl yCTOMUMUBBIX OLIEHOK Cpejl-
HUX, JUCIEPCUI U KOPPENSIUNA B UCCIETOBAHUU TPOU3BOASTCS MPOLIEAY-
PBI BU3YaJIFHOTO aHAJIN3a PE3KO BBIACISAIOINXCS (aHOMAaJIbHBIX ) HaOIroIe-
Huil. C 3TOM 1eNbI0 UCTONB3YeTCs OAXO0A Ha OCHOBE LIE€JCHAIIPABICHHO-
TO IPOCIUPOBAHMS. DTOT METOI OCHOBAH Ha LIEJICHANIPABICHHOM IPOCIIH-
POBaHUU C BHIOOPOM MPOEKIIUH, MOIXOMANINX ISl aHATN3a aHOMAIbHBIX
HabOmronennii. Kpurepuem, o KOTOPOMY HIIYTCSI TAaKAE TMPOCKITHH, SIBIIS-
©TCSl OTHOIIIEHUE JIBYX OIEHOK JHUCIIEPCHH — OOBIIHON U YCTOWIUBOM, TIO-
CKOJIbKY aHOMaJIbHBIC HAOOMCHUS CYIICCTBCHHO YBEIIMUUBAIOT BEITUYN-
HY OILIeHKH jaucnepcun. Takum o0pa3oM, BBIOMPAETCs HAIIPaBJICHUE Mpoe-
UPOBaHUS, HA KOTOPOM CTaHJApTHAs OICHKA AUCIICPCHU B HaWOOIbIICH
CTETICHH «HUCIIOPYCHA» MPUCYTCTBUEM aHOMAIBHBIX HaOmomeHuil. Xopo-
ee MPUOMIKEHIE TSI OTIPEIICIICHIUST HAPABJICHNS, MAaKCUMHU3UPYIOIIETO
OTHOIICHHUE JTUCTIEPCUH, MTOTYYaeTCs U3 perieHns: 0000IEeHHOM 3aja4n Ha
coOcTBeHHbIe 3HaueHM: (S-/C)U=0, tie S — 0ObIYHAs OlIEHKa KOBapHAIIU-
OHHOI MaTpullbl; C — ycTOWYHBasi OIEHKa MaTPHUIIbl paccenBaHus; / — co0-
CTBEHHOE uMclio; U - HallpaBleHUE IPOELUPOBAHUS.

OKCMOHEHIMAIbHO-B3BEILIEHHAs! OIIEHKa MCIOIb3yeTCsd B KauecTBe
YCTOWYMBOI OIEHKH. B KauecTBe MpHOIMKEHHOTO peIIeHHs /ISl HarpaB-
JICHWH MPOETMPOBAHUS HCIIONB3YIOTCSI COOCTBEHHBIE BEKTOpa 3ajadH, CO-
OTBETCTBYIOIINE [IEPBOMY, BTOPOMY U T. J. 10 BETMYMHE COOCTBEHHBIM UHC-
nmam. Bcero jke mony4aercs p BEKTOPOB, YHOPSIOUYCHHBIX MO YOBIBAHUIO
COOCTBEHHBIX UHCEIL.

Taxum 06pa3om, B pe3yabraTe MIPUMEHEHUS BBIIICOMMCAHHBIX MTPOIIe-
Jlyp ¥ METOJIOB BBIMOJIHSIETCS THPOJIOTHYECKOE PalOHUPOBAHUE, OTpaXKa-
Io11ee 0COOCHHOCTH (DOPMHUPOBAHHSI CE30HHBIX KOJIEOAHUH peYHOT0 CTOKA,
BBISIBIICHHBIC CTOXaCTUUYECKHUMH METOAAMHU.

Jnst mpuMepa paccCMOTPUM pe3yIbTaThl UCCIEAOBAHUN MO Oaccei-
HaM pek Bonru u BepxHero [loHa.
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Bacceitn pexn Bonru nmepecekaeT ¢ ceBepa Ha 10T HECKOJIBKO (PU3HKO-
reorpaduyecknx 30H. OCHOBHAs MUTAIOIIAs 4yacTh Bogocbopa Bomrm, oT
uctoka 10 Hwxknero Hosropona u Kaszanu, pacrnonosxkeHa B JIeCHOH 30He,
cpenHsst yacTh Oacceitna, 1o Camapsl 1 CapaToBa, — B JIECOCTEITHOM 30HE,
HIKHSIS 9acTh, 10 Boiarorpana, — B CTENHOM 30HE, 4 KKHEE — B MOIYITY-
CTBIHHOM 30H€E. BONTy MpUHATO 1€AUTh HA TPU YacTu: BepxHss Boira — ot
ucroka 10 ycrbst Oxu, cpeansisi Bonra — ot Bnajenus Oku 10 ycTba Kambl
1 HIDKHAA Bonra — ot Bnagenust Kamsel 10 ycThs.

Bacceiin Bepxnero [lona pacrnonoxen B LlenTpansHo-UYepHozeMHOM
perroHe Poccum B mpesenax jiecocTenHoi 30HbI. C MOMOIIBIO TIPEI0-
YKEHHBIX BBIIIIE METOJIOB U MIPOIIEAYP BHIITOJHEHO paiOHNpOBaHNE Oaccei-
HOB Bonru n Bepxuero Jlona (puc. 1 u 2). B pe3ynbrare moiydeHsl OTHO-
POJHBIE THAPOJIOTHUECKHE PAHOHBI 110 CE30HHON M3MEHYMBOCTU PEYHOIO
ctoka (Cenrnona, 2008; Ceniosa, 2009).

Kaxk BunHo u3 puc. 1, B 6acceitHe Boiru 4eTKo BBIACISIOTCS BEPXHE-
BOJDKCKAs 4acThb, Oacceiinsl pek Oxu u Kambl, a Taxoke cpemHss U HUX-
Hs1st Bonra. JJ1s vicciefoBaHUs U3 UCXOIHOM 0a3bl JaHHBIX OBLIO M3BJICUe-
HO 0KO0JI0 90 THIPOIOTHUYECKHUX MTOCTOB C PsAaMH HAONIOACHUHN, YIOBIET-
BOPSIOIINX BBIIIEONICaHHBIM yCIIOBUAM pernoHanu3ayi. K coxanenuto,
U3-32 OTCYTCTBUSI COBPEMEHHBIX TaHHBIX, Psiibl ObUIM OTpaHudeHbl 1985 1.

Bbacceiin Bepxnero [{ona no 1. JIucku paznenuics Ha ABE 4YaCTU — Jie-
BOOEpexXHYIO 1 MpaBodepexHyto (puc. 2). Ciemayer OTMETUTb, YTO JUI pe-
THOHAJTN3AIMY TEPPUTOPUH OBLTH UCTIONB30BAHBI JAHHBIE HAOIIOIEHHUH 110
neicTByromuM 1o Hacrosiiiee BpeMs 20 mocram (10 2007 r.), yuuThiBa-
OLLUE BIUSHUE COBPEMEHHBIX KJIMMATHYECKUX U3MEHEHUH.

Pe3syneraThl mpoBeIEHHBIX UCCIECIOBAHUIN COMOCTABIISUTUCEH C PE3yibTa-
TaMH CyILECTBYIOIIETO PalfOHNPOBAHNS 110 XapaKTepy MUTaHUS PEK C yUETOM
reorpaduaeckoi 30HATBHOCTH. /1151 3TOTO OBLTA TMpOM3BEEHA OLU(PPOBKA
paiioHoB, BeieneHHbIX B padorax I1.C. Kysuna u np. (Kysun, 1960; Kyzum,
babkun, 1979). C nomompio CrenyaibHO pa3paboTaHHBIX KOMITBIOTEPHBIX
MPOrPaMM JIJIst KaXKJI0r0 palioHa IPOM3BOHIICS OTOOP THAPOJIOTHYECKHX TI0-
CTOB HaOIIONEHMIA U3 00mIel 6a3bl JAHHBIX. DTO MO3BOJIMIIO MOJTYYUTh Kap-
Ty CYLIECTBYIOILETO PaiOHUPOBAHUSI B AIEKTPOHHOM BH/JIE. 3aT€M, Ha OCHO-
BE BU3YAJIHOTO aHAJIM3a ¥ TIOCTPOSHMS TaOIIUII CONPSKEHHOCTH, CPAaBHUBA-
JIMCh pa3HbIE Pe3yJIbTaThl PaHOHUPOBAHHSA. TaOIHIBI CONPSHKEHHOCTH MTPE/I-
CTaBIISIOT cO00H IByX(haKTOpHBIE (IBYXBXOIOBBIE) TaOMHUIIEL. PaifoHEI, BBITE-
JIEHHBIE B pe3yJibTare OJIHOTO BapHaHTa PallOHHPOBaHHMs, 00Pa3yIOT KOJOH-
KU TaOJMIBI, @ PaliOHbI, MOIyYEeHHBIE 110 JPYTOMY BapHaHTY — CTPOKHU. BbI-
00p «HAWITY4IIIeroy» BapraHTa KIacCHU()UKAIMK OCYILIECTBIISICTCS MO BEINYH-
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Puc. 1. PaiiornpoBanue Gacceitna Boaru mo xapakrepucTukaM ce30HHOM
HN3MEHYUBOCTH PEIHOTO CTOKA

He HECMEIIEHHBIX OIIEHOK KOPPEISAIIMOHHBIX OTHOIIEHUH (MEX/Ty TPYIITHPY-
TOIIeH 1 KpUTeprabHBIMU TTepeMEeHHBIMH). [IJ1s1 cpaBHEHUsI CXOJICTBA Kilac-
cudukanmii Beraucisiercs kodpduipeHt [Inpcona.

CpaBHUTENBHBIN aHAINU3 MOKA3aJl, YTO BBIICICHHBIC 110 XapaKTEpu-
CTHKaM CE30HHON M3MEHYHMBOCTH PEYHOTO CTOKA THAPOIOTHYECKUE paii-
OHBI Ha OCHOBE IMPEIOKEHHBIX METOJI0B KJIAaCTEPHOTO aHaJn3a He IMpo-
THBOpEYaT CYMIECTBYIOIIEMY pPalOHHPOBAHHUIO TEPPUTOPHH IO THIIAM
BOJHOTO PEKUMa PeK M YUHTHIBAIOT OCOOCHHOCTH (POPMHPOBAHUS CTO-
Ka peK B pasHbIX (usnko-reorpaduueckux 3oHax. [Ipu aTom crarucru-
YeCKHE KPUTEPUH OLICHKH KiIacCH(UKAIMU ATl MPOBEICHHOTO PaioOHU-
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Puc. 2. PaiionnpoBanue Gacceiina BepxHero J[oHa 1o XapakTepHCTHKaM
CE30HHOW M3MEHYMBOCTH PEYHOTO CTOKA
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POBaHU JIydIlle, TaK KaK YMEHBIIIAETCS KOMTMYECTBO TPYII, a TAaKXKe pa3-
Opoc (mucriepcust) XapaKTepPUCTUK CE30HHOTO PEYHOTO CTOKA M0 OOBEK-
TaM BHYTPH HUX.

Knaccudukanuss (rpynmnupoBKa) peK IMO3BOJIMIA IPOBECTH CO-
BMECTHBIM aHaJW3 MO TPYIIaM OJHOPOIHBIX THAPOIOTHYECKHX O0B-
€KTOB. DTO JJaJI0 BO3MOKHOCTh YBEIHYHUTH UCXOAHYIO0 MH(POPMAIIHIO 32
CYET €€ COOTBETCTBYIONIETO OOBENNHEHNUS W BBISIBUTH BOZMOYKHBIE CITY-
qaifaple omnOKu. OOOOIICHHBIE CTATUCTHYECKHE MapaMeTphbl PEUYHOTO
CTOKA, MOJIYYEHHBIE JIsl TAKUX TPYIII, MOTYT CIYXKUTh JIs €T0 JajdbHen-
IIETO MOJCITUPOBAHHUS.

B cBsi3u ¢ 3THM A7 KaXKAOTO THAPOJIOTHYECKOTO paiiOHa paccuuTa-
HBI 0000TIIEHHBIE (PETHOHANIBHBIE) XapaKTePHUCTUKH CE30HHBIX KOJIeOaHuUi
pedHoro croka. PernoHanbHbIe OIIEHKH MapaMeTPOB CTOXACTHYECKHX MO-
Jieneil KoneOaHusl peYHOTo CTOKA TOJTyYeHbl Ha OCHOBE aHajM3a BCEX pe-
MIPE3CHTATUBHBIX PSAJIOB HaOMoJAeHui Ha Tepputopun PD. B pesynprare
JUT KaKJJOTO OJTHOPOJIHOTO THAPOJIOTHYECKOTO paifoHa pacCcunTaHbl Cie-
Jytolre 0000IeHHbIe XapaKTePUCTUKHU: TTapaMeTPhI PacTIpeiesIeHIs ped-
HOTO CTOKa 10 Mecsanam (ko3(h(UIMEeHTH BapHalii U UX COOTHOIIEHHUE C
Kod(hPUIHEHTaMH aCHMMETPHUH, aBTOKOPPEISIMOHHbIE (YHKIIUHN), CIIEeK-
TpalibHble (PYHKIIMHU pacrpe/esieHHs.

B wactHocTH, B mpenenax OTHOPOAHBIX THAPOJIOTHUECKHX paiio-
HOB TIOMy4YeHbl OCPETHEHHBIE OIEHKH MapaMeTPOB ABTOKOPPEJISIIHOH-
HBIX (YHKIUH ¢ MECSYHBIM MHTEPBAJIOM JHCKPETHOCTH JUIsI HOPMaJIH30-
BaHHBIX TIOCIIEA0BaTeNbHOCTEH. BeencTeue cymecTBeHHBIX pa3iudnil B
reHesuce (OPMHUPOBAHMS CTOKA IS Pa3HBIX CE30HOB rojia KOPPESIUOH-
Hasi CTPYKTypa HOPMAaJIM30BaHHBIX MOCIEIOBATEIBHOCTEH MEHsEeTCs s
BCEX PalOHOB B 3aBUCUMOCTH OT Mecsla roaa. Ilepuoasl ycroiiunBoii Me-
JKEHN XapaKTEePHU3yIOTCs OONbIIMMHU KOA(PHUINEHTaAMU KOPPENSAIUH CTO-
Ka CME)KHBIX MECSIIEB U CJIa0bIM 3aTyXaHNEM aBTOKOPPEIAIIMOHHON (yHK-
WU B IICJIOM, YTO €CTECTBCHHBIM 00pa3oM OOBICHSICTCS MpeodIaTaHnueM
B IIUTAHUM 3TOTO NEpUoJa rpyHTOBOM (Ioa3eMHoi) coctapistoieil. CTok
BeCEHHUX (ITOJIOBOJIHBIX) MECAIIEB CJIa00 CBSI3aH C MPEIIECTBYONMMHI
pacxogamMH BOZbI. ABTOKOPPEIIAIIMOHHBIE (PYHKIIUU TIOJIOBOIHBIX MECAIEB
OBICTPO 3aTyXaroT.

BrinoiHeHHbIN COBMECTHBIN CIIEKTPAIbHBINA U KOPPEJSILIMOHHBIN aHa-
JIU3 BPEMEHHBIX PSAZIOB MOKA3aJl PA3IUYHYIO CIOKHOCTh CTOXACTUUYECKUX
MoJeNnel sl peK C Pa3iuyHbIM TUAPOJIOTUYECKUM PEXKUMOM. BblsBie-
HO, YTO KOJINYECTBO 3HAUNMBIX TAPMOHHUK OTIPENEISICTCS CIOKHOCTBIO TH-
JIPOJIOTHUYECKOTO peXMMa. PexuM cToka pek ¢ mpeoOiajaHHEeM J0kKAe-

220



Tuoponocuueckoe pationuposanue peunvix 6accetinog no ce30HHOU UIMEHUUBOCU
XapaKmepucmux peuno20 cmoxa

BBIX TTABOJIKOB MOXKET OBITH BOCHPOM3BECH C IOMOINBIO OoJiee MpoCcTOit
CTOXaCTHYECKOW MOJIENTH, YeM PEKHUM PEeK C BHIPAKEHHBIM BECEHHHM I10-
noBoxkeM. [lo-BuanMoOMYy, AJIsl TIOJTHOTO OMMCAHUSI ACUMMETPHYHOTO TI0-
noBonHOTO THAporpada Tpedyercss Oonblnee KOJIMUECTBO TApMOHHUK (B
Dypoe-aHanmse), 9TO ¥ OTpakaeTcst B popMe CIEeKTPaIbHOH MIOTHOCTH
MIEPUOMYECKH KOPPEITHPOBAHHOTO TIpoIiecca.

[Monyuennsle 0000IIEHHBIE (PETHOHANBHBIC) TOKA3aTEIH, OTpaka-
IOII[MEe MTPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH CE30HHBIX KoJeOaHuil peu-
HOTO CTOKa, Oy/IyT MCIOJB30BAHBI B KAYECTBE MapaMeTPOB CTOXacCTHYe-
CKHX MOJIEJIei peYHOTO CTOKA.

BriBoabI

Pa3paboTaHHbIe CTOXaCTHYECKUE MOACIH M CTaTUCTHYECKHE METO-
JIbI OIIEHUBAHUS TIO3BOJIMIIN MTPOBECTH TPYIIITUPOBAHUE THAPOIOTHIECKUX
00BEKTOB HAOIOCHUH 110 CE30HHON U3MEHYMBOCTHU PEYHOTO CTOKA.

[TpuMeHeHne OpUTHHATIBHBIX METOOB, CBSI3aHHBIX C aHAJIM30M MHO-
TOMEPHBIX THAPOJIIOTHYECKUX JaHHBIX, MO3BOJIHIIO MOJTYYUTh HOBBIC BapH-
AHTBI THPOJIOTHYECKOTO PAHOHMPOBAHMUS 110 XapaKTepy CE30HHBIX KOJie-
OaHUl peyHOTro CTOKA.

Ha ocHOBe MHOTOBapHaHTHBIX SKCIICPUMEHTOB C Pa3HBIMU HAOOpaMu
MoKasaTesell BHYTPUTOJOBBIX KOJICOaHHH PEYHOTO CTOKA, MOTYYCHHBIX B
mporecce nMpeodpa3oBaHNs BPEMEHHBIX PAJOB CPETHEMECSYHBIX PacXo-
JIOB BOJBI, IPOBENIEHO THAPOJOTHYECKOE PAaOHUpPOBAHWE Psa PEUHBIX
OacceiiHoB Ha TeppuTtopun Poccun. Permonanusanust npon3Boguiachk ¢
MOMOIIBI0 HOBOTO TMOAXO/A K MPOLEaypaM KIacTepHOTrO aHajlnu3a C HC-
MTOJIb30BAHNEM PETPECCHOHHON MO Ha OCHOBE paJHajbHBIX Oazmnc-
HBIX (YHKITHH.

Jlanbl oueHKH OOOOIICHHBIX (PErHOHANBHBIX) XapAKTEPUCTHK KOJe-
0aHMI PEYHOrO CTOKA VISl KKIOTO BBIICIICHHOTO OZHOPOIHOTO THIPO-
JOrUYecKoro paiona. IloigydeHHbIe pernoHaNbHBIE TTOKa3aTeNln, OTpaXka-
IOIIHE TIPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH CE30HHBIX KOJIeOaHWH pedHO-
ro CTOKa Ha TeppuTopuu P, OymyT McIonb30BaHBI B Ka4ecTBE Hapame-
TPOB CTOXaCTHYECKHUX MOJIENICH PEYHOr0 CTOKA.

BHresnpenne B ruaposorHueckue McCiaeoBaHUS (yHIaMEHTATbHBIX
PE3yIIBTaTOB, MOTYYEHHBIX B 00aCTH TEOPUH BEPOSTHOCTEN M CITyJaifHBIX
IPOLIECCOB B MOCIEAHNE ACCATHIETHS, CIIOCOOCTBYET JJOCTOBEPHOCTH T10-
JYYEHHBIX PE3YyJIbTaTOB.
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N.I. Sentsova

HYDROLOGICAL REGIONALIZATION OF THE RIVER
BASINS ACCORDING TO SEASONAL VARIABILITY OF
RIVER RUNOFF CHARACTERISTICS

Regionalization of the river basin according to characteristics of
seasonal variability of a river runoff is considered. New series of river
runoff characteristics are generated for classification on the basis of time
series of monthly water discharges. As a result of multiple experiments sets
of numerical parameters, which can be used for allocation of homogeneous
hydrological areas, were obtained as a result of transformation of initial
time series of monthly water discharges. These parameters include
autocorrelation functions, indexes of seasonal prevalence and function of
spectral density of monthly average water discharges.
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Software system «TeleStaty destined for statistical analysis of
multidimensional data and time processes was used for revealing of groups
of homogeneous objects. Division into districts was made with the help of
cluster analysis using regression model on the base of radial basic functions.
Obtained sets of numerical parameters for each observational point were
used as variables. Weights of variables were selected in order to provide
the combination both geographical (coordinate), and criterion closeness of
objects (hydrological gauges). Procedures of regionalization, which were
carried out according to the character of seasonal fluctuations of river
runoff, allowed to allocate homogeneous hydrological areas on the territory
of some large Russia rivers, in particular Volga and the Upper Don.

Classification of the rivers gave the opportunity to carry out combined
analysis on groups of homogeneous hydrological objects. Generalized
statistical characteristics of river runoff fluctuations were calculated for
each hydrological area. Such statistical parameters of river runoff can be
used in its further modeling.



