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BPEMEHHBIE KOJIEBAHUSI BJIATO3AITACOB MUHEPAJIBHBIX ITOYB MTOJECHS

Kauo. zeon. nayk, ooy. A.A. BOJIYEK, H.H. IIIITEH/TUK
(ITonecckuii azpaprno-sxonozuneckuii uncmumym HAH Benapycu, 2. Bpecm)

Ilpeocmaenen anaius 8pemeHHvIX ps008 NPOOYKMUBHBIX 6]1a203aNdAc08 MuHepaivHvix nous Iloaecos.
Hccneoosanue enympenneli Cmpykmypul OYeHU8AI0C, C NOMOWbIO CHEKMPANIbHO20 AHANU3A, PESPEeCCUOHHO -
KOPPeNAYUOHHO20 aHau3sd, agmokopperayuonnuix ¢yukyui, CBAH-ananu3za.

IIpogedennviii anaiuz no36oaUN cOelams 6bl600 O HANUYUU CIMATHUCHMUYECKU SHAYUMBIX USMEHeHUU 6
ounamuke eraxchocmu nougwvl benopycckozo Ilonecvs, 00yciosnennvix ecmecmeeHHo-KiumMamuiecKumu usme-
HeHUAMUY 2UOpoao2udecko2o yukia. Ilonyuennsie pe3yibmamol MOSYm HAUMU NPAKmMuiecKoe npumerenue npu
NPOSHO3UPOBAHUYU NPOOYKMUBHBIX 6]14203ANACO8 MUHEPANbHbIX nous Benapycu.

BBegenne. BiaxxHOCTh MOYBBHI SIBJISETCS Ba)KHON MHTETPAJIBLHOM THAPOIIOIMYECKON XapaKTEPUCTUKOU U
HeoOXouMa JUIsl peleHns] MHOTUX TEOPETHUECKUX M NMPaKTHYEeCKUX 3aJad BOJHOTo Xo3siicTBa. K coxaneHuto,
U3 BCEX JIEMEHTOB BOJHOTO U BOJOXO3SICTBEHHOr0 OalaHCOB JJaHHAs COCTABIIAIOINAs HaUMEHee U3ydueHa, 0Co-
OGEHHO OCTaIOTCS OTKPHITBIMHU BOIIPOCH! IPOTHO3UPOBAHMS TUHAMHUKH BIIAr03aracos.

B nacTosimee BpeMs METOABI IPOTHO30B ITOYBEHHBIX BJIAr03anacoB 0a3upyrOTCs Ha TPHHATHH THITOTE3BI
CTaIMOHAPHOCTH €CTECTBEHHOTO IMPOIIECcCa MHOTOJIETHUX KOJIeOaHUIl BIaXKHOCTH MOYBBI, T.€. BO3MOXKHOCTH IIe-
peHOCa PEKUMHBIX XapaKTEePUCTHK MPOILIOro B Oyayliee B NX HEN3MEHHOM BHJE.

[TapannensHO ¢ KOHIENIMEH CIydaifHOCTH MHOTOJETHHX KOJEOaHWH HMCIONB3YEeTCs] MPOTHBOIIOIOKHAS
KOHLETLUS UKINYHOCTH, T.€. IOBTOPSAEMOE, WM 00paTHMOe, Yepe0BaHUe BEIMUUH BIAKHOCTH BO BPEMEHHU.
CII0’XHOCTD B MCIIOIb30BaHNH IUKJIOB JUIS IIPOTHO3a BJIAro3anacoB 3aKII0YaeTCs B MX allepUOIMIHOCTH, TaK KaK
(haza, aMIIIUTYa U JUINTEIBHOCTh IUKJIA MEHAIOTCS, HE OOHApYKMBasi BUIMMbIX 3aKOHOMEPHOCTEH, HaMIue
CYIIECTBEHHOI aHTPONOTCHHOW HArpy3KH elle 0oJiee YCIOXKHIET Mpoucxosiue npoueccsl. Kpome Toro, mo-
Ka HeT eIMHOT0 MHEHMS O NMPHUPOJAE 3TUX IUKIOB. CUNTAeTCs, YTO IIUKIBI 00YCIOBIEHbI JIM00 BIMSHUEM Bp €-
MEHHBIX (KOCMOU3NIECKUX (PaKTOPOB), THUOO aBTOKOJIEOATEIEHBIMH IMPOIECCAMH B CHUCTeMe aTMocdepa —
runpochepa 3emun, TM00 €CTECTBEHHBIMU CBOWCTBAMH JIIO0OW CiydaifHOW MoOcienoBaTelbHOCTH. BmecTe ¢
TEM HCIOJIb30BaHUE TPHHIMIA [UKINYHOCTH (KBA3UIIEPUOIUYHOCTH) MPH aHAIIM3€e M IPOTHO3€ MHOTOJIETHUX
KoJieOaHNi BIIAXXHOCTH IMOYBBI MMEET NPAaBO Ha XM3Hb, MTOCKOJIBbKY IHUKIMYHOCTh SBISETCS OCHOBHBIM CBOM-
CTBOM MpoteccoB [1].

MaTepuajabl 1 METOIHKA Hccaeq0BaHusA. VICXOMHRIMI TaHHBIMH JIJIS aHAIIN3a KOJIeOaHU MOYBCHHBIX
BJIar03aIacoB MMOCITY KA MaTepHabl HaOFOICHHH 32 MPOAYKTUBHEIME Bilaro3anacaMu ciios moussl (50 cM) Ha
METEOCTaHIUAX, PacloNOKeHHbIX Ha Tepputopun bemopycckoro Ilonecks, 3a mepwoj] WHCTPYMEHTAIBHBIX
HaOJFOICHUI B MECSYHOM pa3pese. 3a 0a30BBIH MPUHAT BPEMEHHOH psiI MPOAYKTHUBHBIX BJIAaro3amacoB Berera-
IUOHHOTO TIEpHo/Ia CJI0sl MUHEepaIbHBIX TI04B (50 cM) mereocTannuu Bacumenun. Meteoctanmust Bacunesuan
pacmnonoxeHa B ieHTpe benopycckoro [lonechs u sBIs€TCS TUIIMYHON CTaHLMEW 3TOro pervoHa. JnmHa uccie-
JlyeMOro BpeMeHHOTo psia coctasisieT 41 roa (¢ 1960 mo 2001 rr.).

HccrnenoBanmne BHyTpeHHEW CTPYKTYPHI BPEMEHHBIX PSIOB OIICHUBAIOCH C IOMOIIBIO CHEKTPAIEHOTO
aHaJM3a, OCHOBAHHOTO Ha Pa3JIOKECHUH (YHKIMH, rpaduuecky NpecTaBIsieMbIX Kak KoJiebaTe bHbIN Mpolecc,
B psig Pypee.

[IpakTryeckas peanm3anus CIEKTPATBFHOTO aHAIHM3a 3aKIF0YAaeTCs B aNIPOKCHMAIH C JIFOOOH TOYHO-
CTBIO 3a7aHHON (yHKIMK H Ha MHTEpBane BpeMeHH { ¢ TOMOIIbI0 KOHEYHOTO HA0Opa rapMOHUYECKHX COCTaB-
JSFOINNX, T.€.

H(t):%Jri(an-cosn-mlt+bn~sin n-ayt), M
ZR10%¢
H (t) = a—2°+ zl (A, -cos(Nt —@,)) . @

rue N — HoMep rapMOHUKH; ), = 27f, — yrJoBas 4acToTa MOBTOPEHHS; o, @n M bn — KOG durmenTs! psina ypeoe;

M — 9UCII0 TAPMOHUK; An B (nh — COOTBETCTBEHHO aMIUTHTY A M HadanbHas (as3a N-if TapMOHUKH.
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KoaddurmeHTs! an 1 by 17151 AUCKPETHBIX YHCIOBBIX PAIOB OMPEACISIOTCS 0 HOpMyIam:

an=%+i(yi~003mi'm); (3)
bn=%+_§](yi-sin o, -At), 4

rae N — gucio uineHoB psiga Ha uHTepBane Tp=1/fy; At — 0Tpe30Kk BpeMeHH MeXIy COCCIHUMH WICHAMH PSAa.
KoHeuHast menp CHEKTPaIbHOTO aHaln3a — HAXOXKICHHE CIeKTpanbHoi ¢yHkuuun D = f(w), omuceiBato-
IIei pacnpenenenue aucnepeu D HeX0MHOTOo psiaa 1Mo pa3yInyHbIM 4acTOTaM .
AmmuaTygHO- 1 (a30Bo-dacToTHBIE XapakTepucTuku (AUX n ®UX) criektpa onpenenstores mo [2]:

A (f) =ya () +bi(f), ®)

b, (f)
a,(f))

2 5 . 2
Kak m3BecTHO, BenmmuuHbl An 1 Dy B3anmocss3anst ( D, = AT /2 — mms kpaitaux; D, = A} — 1 mpome-

¢(f)=-arctg (6)

JKYTOYHBIX 3HaueHUi N). C IpaKkTHYECKON TOYKH 3pEHUs BayKHEE NpeCTaBIsieTcs NpoBecTH aHaiun3 AUX crek-
Tpa, ONPEJEAIOMINX KOHKPETHBIE 3HAUYEHHS aMILTUTYJ TOAOBBIX PAaCXOJOB BOJBI Ha PA3IMYHBIX 4acToTax. Tak
Kak BblensieMble Ha AUX rapMOHHKH B peallbHOM MPHPOITHOM IIPOIECCE MOTYT ObITh HECTAOWIBHBIMH, H C Te-
YeHUEM BpeMEeHH BO3MOXKHO u3MeHeHne AUX. OnTuMaibHbI BapuaHT — noctpoeHne AUX crextpa At oJHUX
1 TeX K€ TOUeK Ha MOoCcIe0BaTeIbHBIX BpEMEHHBIX HHTepBaax [3].

B nomnonHeHue K BBHINICONHMCAHHOMY aHAJIM3y UUKIMYHOCTH KOJICOAHWIl MPOJYKTUBHBIX BJAro3arnacon
HCIIOJIb30BAJIUCh PA3HOCTHBIE MHTEIPAJIbHBIE KPUBBIC IPOAYKTUBHBIX Bilaro3amnacoB. MHTerpaabHble KpUBbIE

W.
MNPOAYKTHUBHBIX BJIAro3amnacoB NOCTPOCHBI B OTHOCUTCIIbHBIX BCIMYUHAX K| = W:I . Op,I[I/IHaTBI Pa3HOCTHOU

MHTErpabHOW KPUBOM BJIaro3anacoB OIpeAessUTICh IOCIeI0BaTeIbHBIM CYMMUPOBAHUEM MOJYJIbHBIX KO3 (-
(UIMEHTOB XPOHOJOTHYECKOTO psifia MPOJYKTUBHBIX Biaro3amnacoB Kj oT UX cpeaHero MHOTOJIETHEro 3Haye-

mns K =1, T.e. ycranosnena sasucumocts y (K; —1)/C, = f(T).

Korzna tpenz sSiBHO He BBIpaKeH, HEOOXOIMMO paccMaTpUBaTh COBMECTHO BHIOOPOYHBIE aBTOKOPPEIALIH-
ouHyH0 (AK®) u gactHyr0 aBTOKOppemanuonHyo (YAK®) ¢pyHKIMN qaHHOTO TIporecca, ¢ TOMOIIBI0 KOTOPBIX
OIpEeNENAeTCs XapaKTep U3MEHEHHUS IPOTYKTHBHBIX BJIAr03aracoB CTOKA PEK.

[IpoBenenune Gosiee TOHKNX MCCIEOBAHMH aMIUIMTYTHO-4aCTOTHBIX XapaKTEPHUCTHK Mpoliecca TpedyeT
MPUMEHEHUS CIIEKTpalbHOTro aHanu3a. [yt oOHapyKeHHs XapaKTepHBIX PUTMOB, aHAJIN3a UX yCTOWYHBOCTH
WIN, HA000POT, N3MEHYMBOCTH BO BPEMEHH, HAMH HCIOJIB30BaHa MPOIeypa CHEKTPAIEHO -BPEMEHHOTO aHa-
mm3a (CBAH), KoTopblil npeacTaBiseT CHEKTPalIbHBIM aHAIW3 B CKONbB3SIIEM BPEMEHHOM OKHe. JITMHa OKHa
BBIOMpAETCs MCXO/s U3 TpeOOBaHUI MONYYUTh JaHHBIE O TAPMOHHMKaX B HanboJjiee MIMPOKOM YacTOTHOM Jipara-
30He, U3 TpeOyeMoii eTalbHOCTH (PAKTHUECKOT0 YaCTOTHOTO cOCcTaBa Ipouecca. [Ipy cluikoM MajaoM OKHE Te-
psiercs uHboOpMaIMa O HU3KHUX YacToTax, a npu 6onsmom okHe CBAH-anarpaMma cTaHOBHUTCS CIIMIIKOM 3ape-
T'yIHpOBaHHOH. B HamieM ciydae BelMUKMHA BPEMEHHOTO OKHa npuHsTa 11 ner. Beibop Takoi [MHBI BpeMeHHO-
rO OKHA JUKTYeTCS METOJUYECKUMH COOOpakKeHUSIMH, TOCKOJIBKY OHA COCTaBJIIET NMPHUMEPHO OAHY TPETh OT
JUIMHBI KIMEIOIIErocsi BpEMEHHOIO Psifia, 9YTO MO3BOJIAET NPOCIEANTh U3MEHUNBOCTh CTATUCTUYECKUX CBOMCTB H,
KpPOME TOT'0, JIOCTATOYHO BEJIHMKA, YTOOBI YCPEIHUTH BIMSHNAE U3BECTHBIX KIMMATHUECKUX (PAaKTOPOB, HAIIPUMED,
11-neTHel NEpUOAMIHOCTH COJTHEYHON aKTUBHOCTH.

Oobcyxnenue pe3yJbTaToB. B Tabnuiie npeacTaBieHbl BEIOOPOUYHBIE OIIEHKH OCHOBHBIX CTATHCTUYECKUX
MapaMeTPOB BPEMECHHBIX PSIOB MPOAYKTUBHBIX BJIAr03alacoB BEreTAIlHOHHOTO IIEpHOIa II0 MeTeocTaHIusIM be-
nopycckoro [Tonecps.

OCHOBHBIE CTATHCTHUYECKHE XapaKTEPUCTUKU NTPOAYKTHBHBIX BJIaro3anacoB BEr€TallMOHHOTIO IT€pruoaa

MereocTanmun Hepno;E CPeIlHie 3HAYCHHME, Koaddumment Koaddumment Kos¢durmenr as-
HaOJI0ICHNUi, IT. W, MM apuaru Cy acummetpuu CS | Tokoppemnsiuu r(1)
Bacuiesnun 1960 — 2001 53 0,32 -0,85 0,03
["aHeBUYN 1983 — 2001 61 0,44 0,50 0,55
WBanesnun 1983 — 2001 55 0,23 0,95 0,22
[Tonecckast 1968 — 2001 41 0,84 2,76 0,30
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Amnanus BPEMCHHBIX PSAJOB IIPOAYKTHUBHBIX Bjlaro3amnacoB MOKa3aj: OHM IIOAYUHAKTCS HOPMaJIbHOMY
3aKOHY pacnpeacjICHUuA BepOﬂTHOCTeﬁ, YTO HArjagaHO BUJAHO M3 pUCYHKa 2u TNOATBCPIKAACTCA CICHUAJ b-
HBIM aHAJIHU30M.
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Puc. 1. I'ncrorpamMma pacnpeziefieHus CpeIHNUX 3a BEreTallHOHHbIN MEPHO/] MPOAYKTHBHBIX BIIAr03anacoB
(ct. BacuneBuun)

Ha pucyHke 2 mpencTaBieH XpOHOJIOTHIESCKUH X0 MPOAYKTUBHBIX BJIAT03aMIACOB BEr€TAI[IOHHOTO TEPH-
ona. Ha ruaporpade mpociiexuBaercsi HEKOTOpash MUKIMIHOCTh KojieOanuit: B mepuon ¢ 1960 mo 1970 romsr
HaOJIro1aeTCsl yBequueHue Biaarosamnacos; ¢ 1970 mo 1980 — cman BiarosamacoB. Hago oTMETUTh YMEHBIIICHHE
pa3maxa xojeOaHMiA IPOTYKTHBHEIX BJIaro3amnacoB, HaduHas ¢ 1980 roga.
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Puc. 2. 'maporpad mpoayKTUBHEIX BIaro3anacoB MHHEPaIbHBIX IT0YB cT. Bacuiesmun
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Jnis BBISBIICHHSI BIUSHUS TpaHC(HOpPMAIMK KIMMaTa Ha NUKIMYHOCTh B KOJICOAHUAX 3HAYCHUU MPOIYK-
TUBHBIX BJIAr03aIacoB MUCCIICAYCSMbIil BpEeMEHHOM psijl pa3/elicH Ha [Ba MHTEPBalia, COOTBETCTBYIOIIKE 32 rojam
Haomonennii: 1960 — 1991 1 1970 — 2001 ronsl.

[Ipeobpa3zoBanubie B iepuogorpaMmmbl AUX MpoayKTUBHBIC BIaro3amnackl MHHEPAJIbHBIX ITOYB TOKA3aHbBI
Ha pUCYHKe 3.
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Puc. 3. [lepuororpamMMsel poyKTUBHBIX Bitaro3amnacoB 3a 1960 — 1991 u 1970 — 2001 roast

LukIMyHOCTD KOJIe0aHUil MPOIYKTUBHBIX BJIaro3anacoB Ha METEOCTaHIMM BacuiieBHYM HU3MEHUIIACh C
omHoro nepuoja B 3 roxa (1960 — 1991 rr.) a0 3 u 6 aer (1970 — 2001 rr.) npu 0JHOBPEMEHHOM YETKOM BbIIC-
JICHUH 3TUX ABYX IMKIOB. [Ipu aTom B unTepBaie jet (1970 — 2001) aMminTy bl KOPOTKONEPUOAUIHBIX IUKIOB
MMEIOT TeHICHIIUIO K YMEHBILICHUIO, a JUIMHHONIEPUOAUYHBIC — K YBEJIMUEHHIO.

Pa3HOCTHBIC MHTErpalbHbIe KPUBBIC OKA3BIBAIOT HEYCTOMYNBOCTh (YOPMHUPOBAHHUS BIAro3anacoB, HATMYHE
BETBEH MObEMA U ClIaJa, HAJIMYUE JUTHHHOMIEPHOANYECKIX U KOPOTKO NEPUOANYECKHX LIUKIIOB, MX H3MECHEHHS.
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Puc. 4. HOpMPIpOBaHHBIe Pa3HOCTHBIC UHTETPAJIbHBIC KPUBBIC ITPOAYKTHBHBIX BJIaro3amnacoB
110 HEKOTOPBIM METECOCTAaHIIUAM Benapycn

-6

ABTOKOPPEISIIIUOHHAS M YaCTHASI aBTOKOPPEISAIMOHHAS (QYHKIIMHM CPETHUX BEJIMYHMH 32 BEreTaI[MOHHBII
MepHO/I IPOYKTHBHBIX BJIaro3anacoB UMEIOT cBOIO criennduky (puc. 5). Obpaimaer Ha ceOst BHUMaHHE HaJMIHe
3HAYMMBbIX BEJIMYHH KOPPEISLIMOHHBIX GYHKIMH Tpu T =6 n 9 Jer.

Ha pucynke 6 npeacrasnensl CBAH-auarpaMmsl, NoATBEpKAAOLINE NOTYYEHHBIE PE3YJIBTaThl 0 APY-
TUM METOJIaM.
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Puc. 5. ABTokoppensaiuoHHas QyHKIus (a)
U 4acTHas aBTOKOppessiuonHast pyHKius (0) IPOAYKTUBHBIX BIIaro3amnacoB MUHEPaIbHBIX MOYB CT. BacuieBudn
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Puc. 6. CBAH-auarpamma npoyKTHBHBIX Bjaro3amnacoB cT. BacuneeBnuu
(nmHa ckomb3siniero okHa 11 yer)

BblBO).]bI. HpOBeZ[eHHLIfI aHaJIn3 BPEMCHHBIX PAAOB IMPOAYKTHBHBIX BJIAr03ariaCoOB MHUHEPAJIbHBIX IOYB
MGTeOCTaHHI/Iﬁ BCJ'IOPYCCKOFO Ilonecws mo3BosieT CACIaTh BbIBOJ O HAJIMYHUH CTATUCTUYCCKU 3HAYUMBIX U3MC-
HECHUI B JUHAMHUKE BJIAXXKHOCTHU IIOYBEI 06YCJ'IOBJ'I6HHLIX €CTCCTBCHHO-KIIMMAaTUYCCKUMU U3MCHCHUAMU I'HAPOJIO-
THYECKOro IMKIJIa. HOHy‘ICHHHe pe3yabTaThl MOT'YT HalTH MPAKTUYCCKOC MPUMEHCHUC MIPHU POTHO3UPOBAHUA
MPOAYKTHUBHBIX BJIaro3arnacoB MUHEPAJIbHBIX ITOYB Benapycn.
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