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CUHYCONJAJTBHOE MOJIEJINPOBAHUE U 1OJITOCPOYHOE
IMPOTHO3NPOBAHUE YPOBHA BO/J1bl PEKU AMYJIAPbA
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SINE MODELING AND LONG RANGE PREDICTION OF WATER LEVEL
OF AMU DARYA RIVER NEAR SAMANBAY VILLAGE

BpemeHHovi psif ypoBHSI BOAbI AMyaapbu y HacesneHHoro nyHkta CamaHbari nos-
pasnenseTcs Ha MHTepPBasl ero BbICOKMX 3Had4eHui 1934—1970 rr. n HU3KuxX 3Ha4YEH,
HayuHasi ¢ 1978 r. OH b6b11 NpoaHanu3npoBaH c ero Hayana no 2002 r. metogom “lepuo-
ANYHOCTEN”, a nocaeaHne ero AecsTh 1IET Obl/IV UCM0/1b30BaHbI [J151 PACHETA NMOBEPOYHbIX
rpPorHo308 ¢ 3a6/1aroBPEMEHHOCTBLIO 9T U AECSITh JIET, Y OLEHKU X pe3ysbTaTos. Camasi
BbICOKasi KOppessums arnrnpoKCUMUPYIOLLNX CUHYCOUZ U BPEMEHHOIO psAaa yPOBHS BOAb!
peku noayydeHa y nepvoga, aiHov 104 roga. Y octatodHOro psaa, cpopmMmpoBaHHOro
M3 Pa3HOCTY psa yPOBHS BOAbI AMYyAapbu v 3TOM CUHYCOuAbI, HAMOOJIbLLAS KOPPENSILINS
annpoKCUMUPYIOLLIEN CUHYCOUAbI C HUM OTMe4YaeTcs y nepvoaa, anvHon 31 rog. Pacye-
Tbl MOBEPOYHBIX MPOrHO30B NPOBOANINCHL MO CuHycouae ¢ nepuogom 104 roga, rno ee
KombuHaumm ¢ 31 neTHer CUHycouaoM, a Takxke rno CPeaHUM 3Ha4YEHUSIM YPOBHSI BObI
AMyLnapbu 3a BECb Nepuos N3MepeHuri v 3a BDeMEHHOV MHTepBaJsl HU3KOIro YPOBHS BOAb!
1978-2002 rr. Cambie ny4Lume rnporHo3bl YPpOBHS BOAb! C 3a6/1aroBpeMEHHOCTbLIO ST
VM AEecsiTb JIeT oka3asimchb rno KoMouHaumm cuHycous c nepuogamu 104 rona n 31 roa,
HECKOJIbKO XyXe — 10 CpeaHeMy 3Ha4yeHuI0 ypoBHs BoAbl 3a 1978-2002 rr. Xyxe, yem
o cpegHeMy 3Ha4eHuIO Ha MHTepBaJsle HU3KOIro YPOBHS BOAbl OKa3aJIMCh MPOrHO3bl 10
cuHycouae c nepuogom 104 roga, a caMbiMy MAOXUMU — M0 CPEAHEMY 3HAYEHUIO 3@ BECb
rnepuos MHCTRYMEHTasIbHbIX HAOI0AEHNIA.

KnroveBsbie c/ioBa: AMynapbs, ypOBEHb BOAbI, anrpoKCcUMaLms, nepuoanyHoCcTu, 4oJ1-
rOCPOYHbIV MPOrHO3

Time series of water level of Amu Darya River near the Samanbai Village is subdivided
for the interval of its high values of 1934-1970 and low values starting from 1978. It was
analyzed by the method of “Periodicities” from its beginning up to 2002. The last ten points
of the time series were applied for computation of the training forecasts with the lead time
of five and ten years and estimation of its results. The highest correlation of approximation
sinusoids and time series of river water level is near the period of 104 years. The highest
correlation with approximation sine of secondary time series, formed as difference between
the time series of water level of Amu Darya and the approximation sine with the period of
104 years, is near the period of 31 years. The training forecasts were computed by the sine
with the period of 104 years, by its combination with 31 year period sine and by the mean
values of time series for all measurement period and for the interval of low water level of
1978-2002. The best forecasts of water level of Amu Darya with the lead time of five and
ten years are by the combination of sinusoids with the periods of 104 and 31 years, some
worse are the forecasts results by the mean value of water level for 1978-2002. The results
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of forecast by the sine with the period of 104 years are worse than by the mean value of
water level for 1978 — 2002. The worse results of prediction of water level of Amu Darya
are by the mean value of its time series for all measurement period.

Key words: Amu Darya, water level, approximation, periodicities, long range forecast.

Beeoenue

Pexa Amynapbst 0epeT cBoe Hauasio Iipu caustHuu pek [sHmk u Baxin y rpanuiisl Ag-
raHncTaHa u TaKMKUCTaHA U IIPOTEKAaeT BIOJb CEBEPHOU TpaHMIIBI AdraHncTaHa ¢ Tam-
KMKUCTAaHOM, Y30eKHMCTaHOM 1 TypKMeHUCTaHOM. 3aTeM OHa ITOBOpAYMBacT Ha CeBEpP U
rpoTekaet 1mo Bocrounomy TypkKMeHHCTaHY U Jajiee 1o eTo TpaHulle ¢ Y30eKNCTaHOM M BITa-
JaeT B I0XKHYIO 9acTh ApaJIbcKoro Mops. JITmHA peKy COCTaBIIsIeT OT MecTa ciausHus [IsTHmKa
n Baxmra 1415 xm u 2540 xm ot uctoka ITgHmka, Oepyiiero cBoe Hayajo B ropax ITammupa.
Bacceitn pexu mompasmessieTcsl Ha IBe YacTH: 00J1acTh (DOPMUPOBAHUS CTOKA, OTPAHUYM -
BaeMyl0 TOPHBIMHU paiioHaMu AdraHncTaHa u TamknKucTaHa, 1 00JIacTh €r0 UCTOIIECHUS.
IMocne cimstams [IstHmKxa 1 Baxira B AMynmapbio BITagaloT TPU KPYITHBIX ITPAaBBIX TIPUTOKA!
Kadupnauran, Cypxannapbs u [llepadan, u 1eBsIit mputoK — KyHmy3.

B cpemHeM 1 HIDKHEM TeYeHUU BOIBI AMyIapby TePSIFOTCS Ha MCIIapeHue U pa30ou-
paroTcs Ha opoiieHre. O0beM CTOKA, UCITOJIb3YeMOTO Ha CEIbCKOX03SICTBEHHBIC HY KB,
ITOCTETIEHHO yBeanumnBacs B XX B., 00yCIIOBIMBAs CHIDKEHHE BOTHOCTH AMYIapbu B €¢
HIDKHEM TeuyeHUM. Pe3Kkoe, MpakTuyecKn cKauykooOpa3HoOe IMaJeHNe CTOKA ITPOU3OIILIO
3a mecatmiaetre 1970—1980 rr. Mcrmonb3oBaHMe cToKa p. AMyIapbs Ha HYXIBI CEJIbCKOTO
XO3SMCTBa O0YCIOBIMBACT aKTYaJIbHOCTD IIPOOJIEMBI €eT0 ITPOTHO3MPOBAHMS Ha OJIMKaii-
IITyIO TIEPCIICKTUBY.

Llenpro HacTOSIIEH PAOOTHI SIBIISICTCST aHAJIM3 METOIOM TTePUOINIHOCTE BpeMEHHOTO
psima CpeaHUX FOIOBBIX 3HAUCHUI YPOBHS BOIBI AMyIapbU Y HaceIeHHOTOo ImMyHKTa CamaH0ai,
pacmnonoxeHHoro B Hykycckowm paiione Kapakanmnakcrana Y3oekucraHa. Psg aHaau3zupo-
Basics 3a mepuof 1934—2002 IT., BRIIOJHSUIUCH pacYeThl ITOBEPOYHOTO IMIPOTHO3a €ro 3HAUe-
Huit Ha 2003—2007 1 2003—2012 IT. ¥ TPOBOAMIIACH OLIEHKA PEe3yIbTaTOB IIPOTHO3MPOBAHNS.

Kpumepuu ouenxu doazocpounozo npozno3a épemenHo20 ps0a ypoeHs 600t Amydapovu

JoNrocpOYHBIii IIPOTHO3 YPOBHS BOABI B peKe CICAYeT CINTACTh OTIPABIABIINMCS, €CIII
Pa3HOCTh MEXXIY €ro HaOIIOIeHHBIM M PACCUNTAHHBIM 3HAYCHUSIMU HE OOJIBIIIE TOITYCTUMOM
OIIMOKY IIPOrHO3MpoBaHust A, paBHoii 0,674 ero cpeHero KBaaparuyeckKoro OTKJIIOHEHUsT o [1]:

A=0,674c. (D

CpenHee KBaIpaTUIECKOE OTKJIIOHEHME BPEMEHHOTO PsIia PACCIMTHIBACTCS CIICAYIOIITNM
o0paszom:

()
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rae Q; — ypoBeHb BOJbI PEKU B TOJ1 i; O, — cpeiHee 3HAYeHUE YPOBHSI 32 PACUETHBII TEPUOL;
1 — TIPOIODKUTEIFHOCTD BPEMEHHOTO psifia.

Pe3ynbTaThl MpOrHO3upoBaHus Ha 5- 1 Ha 10-J1eTHUIT MHTEPBAJl OLEHUBAIOTCS 110 CYMMe
OIPAaBAABLIMXCS IPOTHO30B 3a OT/AE/IbHbIE TOAbl. MIX KauecTBO TakKe OIpeaesIsieTCs 110 CyMMe
KBaJpaToB OLIMOOK TOJ0BBIX IIPOrHO30B HA 3TUX MHTEPBajaX U MO CpeAHell KBaapaTuie-
CKOl1 omnbKe MporHo3upoBaHust. CpeaHss KBaIpaTuiecKas OIIMOKa MPOTHO3UPOBAHMYS O,
paBHAa KBaJApaTHOMY KOPHIO 13 OTHOILIEHHSI CYMMbI KBaApaTOB OIIMOOK U IJIMHBI MHTEPBaJIa
[IOBEPOYHOIO IIPOrHO3a.

YcneuHbli J0JArOCPOYHbIN IIPOrHO3 YPOBHS BOMAbI B peKe JOKEH ObITh HE XYXe ero
Oyayliieii OLIEHKH 10 cpeaHeMy 3HaueHn0. CpeaHee 3HaYeHUE Psifia YPOBHS BOAbI AMyIapbu
3a 1934—2002 rr. coctaBmio 1,171 M, cpenHee KBagpaTuiaeckoe oTkioHeHne — 0,794 M, a
JonyctuMas oirbka rnporosuponanus — 0,535 M. OnmHaKO IMOCKOJIBKY YPOBEHDb BOIbI B
peke B pe3ysbTaTe pa3dopa ee CTOKa Ha HYXKIbl CEJIbCKOIO X03511CTBA YIIall U CUCTEMATUYEeCKHU
HaxXOOUTCSI HA HU3KKMX OTMETKAX, TO Pe3yJIbTaThl IIPOrHO30B 1IeJ1€CO00Pa3HO COITOCTABUTD HE
TOJIBKO C €r0 CPeTHUM 3HAUEHUEM 32 BECh ITePUO/ HAOMIOACHU I, HO M CPEIHUM 3HAYCHUEM
3a TIoCJIeIHIE NeCITUIIETUSI — BpeMEHHOI MHTEpBaJl HU3KOTro ypoBHS Boabl 1978—2002 rr.
[1pu sTOM, HOMyCcTUMAs OLIMOKA IIPOrHO3a 32 BpEMEHHOM MHTEPBa HU3KOTO YPOBHSI BObI
AMynapbu T0JDKHA OBITh HIDKE, YeM 3a Bech Ieprona HabmoneHuit 1934—2002 rT., Tak Kak
cpeaHee KBaJpaTU4eCKOe OTKIIOHEHHME PACCUMThIBAETCS O3 ydeTa aaeHUs YPOBHS BOAbL OT
BBICOKMX 3HAUCHUI TIEPBBIX NECATUICTUI TTeproaa HAOIIOMCHUIN K HU3KHM.

CpenHee 3HaueHue ypoBHs Bonbl AMynapbu 3a 1978—2002 rr. paBHo 0,262 M. Cpentee
KBaJIpaTU4eCcKoe OTKJIOHEHME U JOMYCTUMAsl OLIMOKa MPOrHO3MPOBAHUS COCTABUIM COOT-
BercTBeHHO 0,229 11 0,155 M.

Memoo nepuoduunocmeii npu anaausze peMeHH020 psda ypoeHs 600vt Amyoapou

Merton neproAMYHOCTE OCHOBAH Ha alllpPOKCUMALIMUA THAPOMETEOPOIOIMUECKOrO
BPEMEHHOTO Psiia CHHYCOMAAIbHBIMU (DYHKLMSIMU ITOC/IEA0BATEIbLHO C ITOLIATOBBIM U3Me-
HeHUeM Iepuoaa. AMILIMTYAA, ¢ha3a 1 MOCTOSTHHOE 3HaUEHKE, OKOJIO KOTOPOIo KOJIeOIeTCst
HaWIy4lliasi aripoKCUMUPYIOLIAs CUHYCOMIA, PACCYMTHIBAIOTCS METOAOM HAMMEHbIIIMX
KBaapartoB. JIJis Kaxa0ro repruoaa pacCYMThIBAIOTCS CYMMbl KBaapaTUUYECKUX Pa3HOCTEN
BPEMEHHOTO Psiia U HAWIYYIlIeil alllmpOKCUMMUPYIOLIei cCuHycouan! [2]. Y onpeneaeHHbIX
MEepPUOJOB OTMEYAIOTCI MUHUMYMBI CYyMM KBaApaTUUYECKUX PA3HOCTEN MEXAY HAWIydllei
aInpOKCUMUPYIOLIEH CUHYCOMION U 3HAYEHUSIMU BPEMEHHOTO psiia. MUHUMYM CYMMbI
KBaIpaTOB Pa3HOCTU MEXKIY aIlllPOKCUMUPYIOLIEH CUHYCOUA0N U BpEMEHHBIM PSIIOM B
3aBUCUMOCTH OT TIePUOa alIIPOKCUMAIINN MOXET OBITh MPU3HAKOM IIPUCYTCTBUS 3IeCh
MepUOANYHOCTH [3, 4].

Ha puc. 1a npencraBineHbl KoeOaHus YPOBHSI BOABL p. AMYIAphsl Y HACEJIEHHOIO IIYHKTa
Camanbaii. [lepron cmHYyCOMIBI, allIPOKCUMUPYIOIIEH PsI ypOBHS BOIBI C HAMMEHBIIICH
CYMMOI1 KBaJpaToB Pa3HOCTEl ¢ HUM, oKa3aiics paBHbIM 104 roma. KoppessiunoHHOe OT-
HOIIIEHNE 3TOU CUHYCOUIBI U Psifia ypOoBHs Bozbl paBHO 0,911.

Bbuin ycTaHOBIIEHBI U IPYrye NePUOIbl, Y KOTOPBIX alllIPOKCUMMPYIOLIKE CHHYCO-
UIbl XapaKTePU3YyIOTCs JTOKAJbHBIM MUHUMYMOM CYMM KBaJApaTHUYECKUX Pa3HOCTEM C
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BpeMeHHbIM psiaoM. Mx miauHa coctaBuia 18, 36, 25 net u ap. KoppensiuroHHbIE OTHO-
IIEHUSI CHHYCOMJI C OCTAJIbHBIMU TIEPUOIaMH 1 BPDEMEHHOTO psina YPOBHS BOIBI AMyIapbu
He TipeBbImaloT 0,241.

Ha puc. 16 noka3zaH ocTaTOUHbBII psil — Pa3HOCTb psifia YPOBHS BOAbBI p. AMyIapbsi U
aMmpOKCUMHUPYIOIIEH ero cuHycouabl ¢ nepuonoM 104 romga. K xaxxmomy 3HaUYeHUIO 3TOM
pa3HOCTH IIpHOaBIeHA ¢IUHUIIA, YTOOBI OHU OBLIM He MeHbIe (. DTOT OCTaTOUHBIN PSIT
TaKXe IIPOoaHaIM3MPOBAaH METOIOM MEPUOAMIHOCTEH, B pe3yJIbTaTe Yero HAMMEHBIIAs CyMMa
ero KBaIpaTUIECKUX PAa3HOCTEH ¢ alllpOKCUMUPYIOIIMMI CUHYCOUIAMU YCTaHOBJICHA ¥
reproaa mruHoi 31 rom. KoppeasimoHHOe OTHOIIIEHNE OCTATOYHOTO Psifia U CUHYCOMIBI C
nieprogoM 31 rox pasro 0,516. Y nepronos ¢ jmuHamu 19, 5 u 12 1eT oTMevaroTcst J0Kab-
HbIE MUHUMYMBI CYMMBI KBaIpaTOB Pa3HOCTE# OCTATOYHOTO Psla U allIPOKCUMUPYIOIINX
ero cuaycoun. KoppeasimoHHOe OTHOIIEHNE 3TUX CUHYCOMI M OCTAaTOYHOTO psima CyIe-
CcTBeHHO HMXe, yeM 0,516.
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Puc. 1. Kone6anust ypoBHs Bobl AMynapbu y H. 1. CamaHOGaii:
1 — BpeMeHHOI psi ypOBHsI (MyHKTHPOM MOKa3aH MHTEPBaI MOBEpOYHOTo rmporHo3a 2003—2012 rr.); 2 — annpoKcuMupyoIias
cuHyconza ¢ nepuonom 104 roxa (n, = 0,911); 3 — komGuHamst cuxycous ¢ neprofamu 104 rona u 31 rox (n; = 0,936);
4 — OCTAaTOYHBIIA PsIT, PACCYMTAHHBII IO PA3HOCTH Psiia YPOBHST BOIBI M CHHYCOUIBI € TiepuoaoM 104 roxa;
5 — anmnpokcuMupyollas cuHycouna ¢ neprogom 31 rog (n; = 0,516)

[ToBepouHEbIe MMPOrHO3HI YPOBHSI BOABI AMyIapbH OYIeM pacCUUTHIBATh IO CUHYCOUIIE C
reproaoM 104 roma u ee KOMOMHAIINN C CHHYCOUIOM ¢ TeproaoM 31 rofl, MOCKOIbKY Y 3THX
CHHYCOWI HaOOJIbIIIAsT KOPPEJISIINS COOTBETCTBEHHO C BPEMEHHBIM PSIIOM YPOBHS BOJIBI
Awmynapbeu 1 ero octatkoM. CuHyconanl ¢ nepuogamu 104 roma 1 31 rom o0beqUHEHBI IO
METOHO0JOTMU MHOXECTBEHHOI Koppesiiuu [5].

Ilosepounvie npoeno3svt yposHs 600bt Amyoapou

Ha puc. la, 6 myHKTHpOM MOKa3aH MHTepBaj MoBepouyHoro rporHo3a 2003—2012 rr.
3HaueHUsT KOPPEJSILUOHHBIX OTHOLIEHUI ¢ BpEMEHHBIM PSIIOM YPOBHSI BOAbI AMyIapbu
cuHycousl ¢ nepuonoM 104 roma, a Takke ee KOMOMHALIMM C CUHYCOUIOM ¢ mepuomoM 31
rof B MOJIUCH TIO, PUCYHKaMK 0003HaYeHBI COOTBETCTBEHHO 1), 1 1),. KoppemsinonHoe
OTHOLLIEHKE OCTATOYHOIO Psiaa U alpOKCUMUPYIOLIEH ero CUHYCOUIbI ¢ nepuonoM 31 ron
0003HaYeHO 4epe3 1. [IPOrHO3BI pacCUNTHIBATNCH KaK OCTATOYHOTO psifia IO CHHYCOHUJIE C
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rmepronoM 31 rom, Tak 1 oCHOBHOTO psiga. CpenmHee 3HAYCHUE OCTATOYHOTO PsIia COCTABUIIO
1 M, cpemHee KBampaTuaecKoe oTkiaoHeHne — 0,328 M, a moImycTUMast oIrmoKa IMpOTrHO3MUPO-
Banust — 0,221 m.

B Ta6. 1 B cTonb11ax COOTBETCTBEHHO 1, 2, 3 1 4 yKa3bIBaIOTCS TOABI TOBEPOYHOTO UH-
TepBaJia, OTOANYHbIC 3HAYEHUS OCTATOYHOTO psifia O, STUX JIET, UX PA3HOCTH CO CPEIHUM
3HaueHueM otoro psina Q,, — O, U KBAIPaThl 3TUX pasHocrelt, (Q,, — Qq)o)z. B cronbiax
5, 6 u 7 npeacTaBieHbl 3HAUEHUsI CUHYCOMIBI C MeproaoM 31 roa, anmnpoKCUMUPYIOLIEi
OCTaTOYHBIN PSII YPOBHS BOABI AMyIapbH, €€ pa3HOCTEH CO 3HAUCHUSIMH STOTO psima 3a
COOTBETCTBYIOLIME TOABI M KBAAPATHI TUX PA3HOCTEH.

Tabauya 1
Pe3synbTaThl NPOrHO3MPOBAHNS OCTATOYHOTO PSIAA YPOBHS BOAbI AMyIapbi
1, Ojos 0= Qo | (O = 0p0)s Os105 Oi1o= Qpor | (03— Qy0)%
roJbl M M M M M M
1 2 3 4 5 6 7
2003 1,0671 0,0671 0,004502 1,0166 —0,0505 0,00255
2004 0,9021 —0,0979 0,009584 0,9685 0,0664 0,004409
2005 1,1675 0,1675 0,028056 0,9209 —0,2466 0,060812
2006 0,8027 —0,1973 0,038927 0,8758 0,0731 0,005344
2007 0,7038 —0,2962 0,087734 0,8350 0,1312 0,017213
2008 0,6629 —0,3371 0,113636 0,8003 0,1374 0,018879
2009 0,6995 —0,3005 0,0903 0,7730 0,0735 0,005402
2010 1,1022 0,1022 0,010445 0,7542 —0,348 0,121104
2011 0,5555 —0,4445 0,19758 0,7448 0,1893 0,035834
2012 0,7172 —0,2828 0,079976 0,7450 0,0278 0,000773
YKCJIO BEPHBIX S/o, YUCJIO BEPHBIX S/o,
MPOrHO30B MPOrHO30B
2003—-2007 4 0,169/0,184 4 0,090/0,134
2003—-2012 5 0,661/0,257 8 0,272/0,165

B aBYX HUXXHHUX CTpOKAax CTOJIOLIOB 3, 4 1 6, 7 TPOU3BOAUTCS OLIEHKA PE3YJILTATOB IIPO-
FHO3MPOBAaHMUsI OCTATOYHOIO Psifia YPOBHS BOAbI AMYyIapby IO €ro CpeaHeMY 3HAYCHUIO
U TI0 cuHycoune ¢ repuonom 31 rox. IlporHos nmo cpenHemy 3HadeHuto Ha 2003—2007 rr.
onpasnaiicsa 4 paza. OH He onpaBaancs Toabko B 2007 r. CyMma KBaJIpaToB €T0o OIINO0K
coctaBuna 0,169 Mm%, a cpeHsIsl KBaipaTUUecKasl olNOKa MporHosuposanust — 0,184 M.
I1pu IpOrHO3UpPOBAHUYM OCTATOYHOTO psiia YpoBHS Boabl AMyndapbn Ha 2003—2012 rr. o
cpeaHeMy 3HAYE€HUIO OIIPaBAaIoCh 5 MpOrHo308. Ha BTOpOM MATHUIETUM [TPOTHO3 OIPaBaAJICs
B 2010 r. CymMMa KBaapaToB oMIMOOK MporHo3uposanus coctasuia 0,661 m2. Ero cpenHsis
KBajgpaTudeckas onroka pasHa 0,257 m.

ITo cunycoune ¢ nepuonom 31 rox Ha mHTepBaye 2003—2007 rr. onpasBnanoch 4 TPpOTHO-
3a, a Ha BceMm nHTepBasie 2003—2012 rr. — 8 mporHo3oB. [TIporHo3sl He onpaBaanuch Ha 2005
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n 2010 r. CymMma KBagpaToB OIIMOOK IIPOTHO3a ¢ 3a0JIarOBPEMEHHOCTHIO 5 JIET COCTaBUIa
0,090 M?, a ero cpeHsisli OTHOCUTeEbHAs ondka — 0,134, TIpy NporHo3upoBaHUU OCTa-
TOYHOTO psima AMymapbH ¢ 3a01aroBpeMeHHOCThIO 10 JleT cyMMa KBaapaToB OIIMOOK paBHA
0,272. CpenHsist OTHOCHUTEJIbHAS OLIMOKa ITPOTHO3MpoBaHus coctaBuna 0,165.

[Tpu mporHo3MpoOBaHUM OCTATOYHOTO Psia YPOBHS BOIBI C 3a0J1aTOBPEMEHHOCTBIO 5
JIET OIIPaBIaJIOCh CTOJBKO e IPOrHO30B, YTO U MO cpemHeMy 3HadeHUro. CymMMa KBampa-
TOB OIMMOOK M CPemHSIST KBaapaTUIecKasi OIIMOKa IMPOTHO3MPOBAHNUS 0Ka3aJUCh HIDKE TT0
cuHycouze ¢ nepuoaom 31 rox. I[Ipu mporHo3upoBaHWN Ha BECh ITOBEPOYHBII MHTEPBAI
0 CUHYCOUIE ¢ TTleproaoM 31 Tom IIpOorHO30B OIpaBIajach OOJIBIIE, a CyMMa KBaapaTOB
OIIMOOK M CPeIHSS KBaapaTUIecKasl OIIMOKA IPOrHO3MPOBAHMST OKA3aIMCh MEHBIIIE, YeM
10 CpeIHEMY 3HAYEHUIO 3TOTO psiga. TakuM 00pa3oM, IPOTHO3BI PSIIa OCTATOYHOTO WieHa
ypoBHs Boabl AMynapby Ha 2003—2007 rr. m Ha 2003—20012 1T. 110 CMHYCOUIE C TIEPUOIOM
31 rom oka3aauch JIydIlle, YeM I10 CpeaTHeMY 3HAaUeHUIO.

B 1ab7. 2 mipeacTaBiieHbI pe3yIbTaThl IIPOTHO3MPOBAHUS YPOBHS BOIBI p. AMyIaphs,
COITOCTaBJICHHBIE C IIPOTHO3HBIMY OIICHKAMM I10 CPeITHEMY 3HAUeHUIO €TO BPEMEHHOTO pPsiza.
Bo 2, 3 1 4 cTonb11ax 3T0i1 TaOIMIIEI YKa3aHBI COOTBETCTBEHHO (PaKTUICCKUI YPOBEHBD BOIBI
32 COOTBETCTBYIOIIME TOIBI, €0 PA3HOCTH CO CPEIHUM 3HAUCHUEM YPOBHSI BOIBI BCETO psima
M KBampaThl 3TUX pa3sHOCTeil. ['ompl IprUBEeIeHBI B IIEPBOM CTOJIOIIE.

B 5 cronbie mpuBeneHbl pe3yabTaThl PAacUeTOB YPOBHS BOIBI AMyIapby MO CUHY-
couzie ¢ riepuonoM 104 roma, a B 8§ — mo KoMOMHAIUM cUHycoun ¢ nepuogamu 104 roma
u 31 rox. B 7 u 9 cronbuax ykazaHbl pa3HOCTH YPOBHSI BOIBI AMyIapbH, paCCIUTAHHOTO
COOTBETCTBEHHO IT0 CUHycome ¢ mepruonoM 104 roma 1 1mo ee KOMOMHAIIMN ¢ CUHYCOUIOM
¢ nepuogoM 31 rox u pakTueckoro yposHs. B 8 u 10 cronbiax rmpeacTaBieHbl KBaapaTh
3TUX Pa3HOCTEMN.

B 1ByX HIDKHUX CTPOKAaX IIPOBOIUTCS aHAJIN3 M 0000IIEHNE Pe3yIbTaTOB IMPOTHO3M -
poBanus. B 3, 6 u 9 cronbLax npeacTaBieHbl YKCIa OMPABAABIIMXCS [IPOTHO30B 110 3TUM
METOAMKAM C 3a01aroBpeMeHHOCThIO cooTBeTCTBeHHO 5 1 10 neT. B 4, 7 1 10 cTonbiax
paccuMTaHbl CYMMBI KBaIpaTOB OIITMOOK IIPOrHO30B M MX CPEIHME KBAAPATUICCKIE OIITMOKH.

ITo cpemHeMy 3HAUEHMIO BCETO BPEMEHHOTO psifia Ha BCEM ITOBEPOYHOM MHTEpBasie
2003—2012 rr. He ompaBAAJIOCh HM OAHOTO MporHo3a. [Ipu nmporHo3upoBaHuM ¢ 3a0a-
TOBPEMEHHOCTBIO 5 JIET CyMMa KBaJIpaTOB OIMMOOK M CPEIHSIS KBaapaTUdecKasl OImoKa
0Ka3aJluCh PABHBIMU COOTBETCTBEHHO 4,936 M? 11 0,994 M. Ha BceM MHTepBajie TOBEPOUYHOTO
IMPOTHO3a CyMMa KBaapaTOB €ro OIIMOOK M CPemHSISI KBampaTUdecKasl OIIMOKa COCTaBIIIN
cootBerctBeHHo 10,111 M? 1 1,006 M.

TakuMm 00pa3oM, YIUTHIBAS TOITYCTUMYIO OIITMOKY IIPOTHO3MPOBAHUS BCETO Psia YPOBHS
BOIBI AMyIapby, BUIHO, YTO MPHU pacdyeTax OymyIIero ypoBHSI IO CUHYCOMIE C TIEPUOIOM
104 roga 1 1o ee KOMOMHAIIMK C CHHYCOUIOM ¢ TTeproaoM 31 rof ¢ 3a06,1aroBpeMeHHOCTHIO
5 u 10 JeT onmpaBmaioch paBHOE YHCIIO TIPOrHO30B. Ho cymMa KBampaToB ommboK 1mpo-
rHo3upoBaHus Ha 2003—2007 n 2003—2012 rT. 1 ero cpeaHssT KBaapaThudecKast OlInoKa
10 KOMOMHAIIMKU cuHycoun ¢ mepuomnamu 104 roga 1 31 rom MeHbIIIe, YeM 10 CTHYCOMIE C
repronoM 104 roga. 3HaYUT pe3yabTaThl TPOTrHO3a Ha 5 11 Ha 10 j1eT Briepe 1o KOMOMHAIIUHN
cunycoun ¢ nepuogamu 104 roma u 31 rox aydiie, 4eM 1o CMHycouze ¢ repronom 104 rona.
[TporHO3BI IO CpemHEMY 3HAUSHHUIO BCETO Psila XyxKe, YeM 1o CMHycouae ¢ epronom 104
rojia M 1o ee KOMOMHAIINK ¢ CUHYCOUIOM ¢ mepuomoM 31 rox.
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rugpoJsioruns

B Ta6u. 3 aHanM3UPYIOTCS pe3ybTaThl IIPOTHO3MPOBAHMUSI YPOBHSI BOAbI AMyIapbu €
Y4eTOM CpeIHEero 3HaYeHUsI Ha MHTepBaJie ero Hu3Kux 3HaueHuii 1978—2002 rr. Paznoctu
(hakTHUECKOTO YPOBHSI BOIBI M CPEIHEr0 3HAYCHMSI HA HU3KOM MHTEpPBaJie ero BpeMeHHOI0
psiIa pacCUMTAHEI B 3 CTOJIOLIE, a B 4 — KBaIpaThl 3TUX pa3HocTeit. B 5 1 8 cTonbiiax ykassi-
BAIOTCSI 3HAYCHUS YPOBHSI BOIBI AMYIapbH, paCCUNTaHHBIC COOTBETCTBEHHO IT0 CUHYCOUIIC
¢ nepuogaom 104 roga 1 no ee KOMOMHALIMKU C CUHYCOMIOM ¢ mepuonom 31 rom, aB 6 1 9
cTOJIOLIaX — MX Pa3HOCTU C (paKTUYECKMMU 3HAYeHUSIMU YpoBHs. KBaapartel pasHocTei
COOTBETCTBEHHO psiia YPOBHS BOIBI I CUHYCOUMIHI ¢ TIeproaoM 104 roma 1 ee KOMOMHAIINT
C CMHYCOUIOM ¢ meprogoM 31 rof, ¥ UX CYMMBbI, IIPUBEAEHbBI B Ta0I. 2.

Tabauua 3
Pe3y/ibTaThl IPOTHO3MPOBAHMUS PSA YPOBHS BOIAbI AMY/IapbH,
COTOCTABJIEHHbIE C OLEHKAMH 110 CPeHeMY 3HAYEHHUIO ero BpeMeHHoro narepsana 1978—2002 rr.

Z, Qq,, QCpK - qus (Qcp - Qq,)z, 0, 0.~ Q(I,, Qs Qi — Qqn
robl M M M M M M M
1 2 3 4 5 6 8 9
2003 0,278 0,016 0,000 0,211 —0,067 0,192 0,086
2004 0,134 —0,128 0,016 0,232 0,098 0,164 —0,030
2005 0,424 0,162 0,026 0,257 —0,168 0,141 0,283
2006 0,087 —0,175 0,031 0,284 0,197 0,123 —0,036
2007 0,018 —0,244 0,059 0,314 0,296 0,113 —0,095
2008 0,010 —0,251 0,063 0,348 0,337 0,112 —0,101
2009 0,083 -0,179 0,032 0,383 0,300 0,121 —0,038
2010 0,524 0,262 0,069 0,422 —0,102 0,142 0,383
2011 0,018 —0,243 0,059 0,463 0,445 0,175 —0,156
2012 0,223 —0,038 0,001 0,506 0,283 0,220 0,004
4UCIIO S/o, 41cIo 4UCIIO
BEPHbIX BEPHbIX BEPHbIX
MPOTHO30B MPOrHO30B NIPOTHO30B
2003—-2007 2 0,133/0,163 2 4
2003-2012 3 0,358/0,189 3 7

B HUKHUX IBYX CTpOKaX Ta0J1. 3 MPUBOISITCS YKC/Ia ONPaBIABLIMXCS IIPOrHO30B, a TAKXKE
CyMMa KBaZpaTOB OIITMOOK 1 CpeIHSIST KBaapaTHUdecKasl OIIMOKa YPOBHS BOIbI AMYIapbH ITO
cpemHeMy 3HaYeHUIO ee psaa 3a 1978—2002 rr. [Tpu mporaHo3upoBaHUM 110 TOMY CpETHEMY
3HAYEHMIO C 3a0JIarOBPEMEHHOCTBIO 5 1 10 JIeT omnpaBaaaoch COOTBETCTBEHHO 2 U 3 Mpo-
rHo3a. CymMma KBaJpaToB MX OLUMOOK U CPEdHsIS KBaapaTUuecKasl OII1MOKa 1Py IPOrHo3ax
Ha 2003—2007 rr. coctaBuiu cootBetcTBeHHO 0,133 M? 11 0,163 M. [Ipu pacuerax 6ymyiero
YPOBHSI BOIbl AMyZapbu ¢ 3a0J1aroBpeMeHHOCThIO 10 JIeT cymMMa KBaJpaTOB OLIKOOK U Cpeli-
HsIsl KBagpaTrieckast olrmbka okasanuch pasHbiMu 0,358 m? 11 0,189 m.

[To cunycoune ¢ mepuogom 104 rona Ha moBepouHoMm nmHTepBajie 2003—2007 1r., ¢ yJe-
TOM JOITyCTUMOI OLIMOKM IPOTHO3MPOBAHMSI, CBI3aHHOMI CO CPEIHUM 3HAYeHUEM psida
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ypoBHS Boabl Amynapsu 1978—2002 1T., onmpaBaaioch 2 IIPOrHo3a, a Ipy IPOTHO3UPOBa-
HuUU ¢ 3abj1aroBpeMeHHOCThIO 10 jieT — 3 mporHo3a. [1o KoMOuHALUKY 3TOM CUHYCOMIbI
u cuHycouasl ¢ mepuonoM 31 rox 3a 2003—2007 rT. oKa3aanch BEpHBIMU 4 TIPOTHO3a, a 3a
2003—2012 rr. — 7 mIpOTrHO30B.

[1pu nporHo3upoBaHuM YpOBHS BOJbl AMYAapbM 1o cuHycouze ¢ nepuonom 104 rona
U TI0 CpemHeMY 3HaueHUIo ero psiga 3a 1978—2002 rr. ¢ 3abmaroBpeMeHHOCTEIO 5 11 10 jeT
OIIPaBIAIOCH OAMHAKOBOE YMCIIO ITPOrHo308. CyMMa KBaApaTOB OLUMOOK IIPOTHO3UPOBAHUS
U €r0 CPpeIHssl KBaJpaTuieckas OLIMOKa 1o cpeIHeMy 3HaUeHUIO MEHBIIIE, YeM 110 CUHYCO-
uae ¢ nepuoaom 104 roga. 3HaYUT, IPOrHO3 0 CPeIHEMY 3HAYEHUIO ITO3IHEr0 MHTEPBAIa
psina ypoBHs Boabl AMymapbu Ha 2003—2007 rr. m 2003—2012 rr. nyy4iire, 4eM 110 CUHYCOUJIe
¢ niepuoaom 104 rona.

[To komOuHaMu cuHycoun ¢ mepronamu 104 roma u 31 rox mporuo3os Ha 2003—2007 rr.
1 2003—2012 rr. onrpaBHasock 6oJbIIe, YeM 10 CpeaHeMy 3HaueHu1o 3a 1978—2002 T. (¢ yue-
TOM IOIYCTUMOI OLIMOKM IPOTHO3UPOBAHMSI, PACCYUTAHHOI Ha 9TOM MHTEPBAJIe), a CyMMa
KBaJIpaTOB UX OLIMOOK U CpedHsIsl KBaapaTUdyecKasl OLIMOKA MPOrHO3UPOBAHUS MEHBIIIE.
CieoBaTe/ibHO, MMPOrHO3bl 10 KOMOMHALMU cuHycoua ¢ nepuogamu 104 roma u 31 rog ¢
3a0J1aroBpeMeHHOCTBIO 5 1 10 J1eT OKa3alucCh JIydllle, YeM 10 CpeIHEMY 3HAY€HUIO BpeMeH-
HOTO psiia YpoBHsI Boabl AMynapbu 3a 1978—2002 rr.

3axarouenue

ITpu ananu3e BpeMeHHOTO psina ypoBHS Boabl AmMynapbu 1934—2002 rr. METOIOM TTepU-
OIMYHOCTEN MOJYYEHO, YTO HAMMEHDbIIAsI CyMMa KBaJpaTOB pa3HOCTEM ¢ HUM OTMEYaeTCsI
y almpoKCUMUPYIOIIE CMHYCOUHI ¢ iepronoM 104 roma. Y octaTodHOTO psima (pa3HOCTH
3HAYEHUI psiia YPOBHSI BOAbL M CUHYCOUIBI ¢ meproaoM 104 roma) HauMeHbIIasi CyMMa
KBaJpaTOB Pa3HOCTEN C HUM aMpOKCUMUPYIOLLIEH CUHYCOUIbI TTOTYYEeHA y IEpUoaa IIn-
Hoit 31 ron. Bpemennoit uaTepsan 2003—2012 IT. UCITOIB30BaH IS pacdeTa MTOBEPOIHBIX
IIPOTHO30B € 3a0JIArOBPEMEHHOCTDHIO 5 1 10 JIET M OLIEHKU MX PE3YJIbTAaTOB.

PaccuunTbiBaiich IOBEPOYHbIE IPOTHO3bI OCTATOYHOTO Psia YPOBHSI BOAbI AMYIapbu C
nepronoM 31 roa. MIX pe3yibTaThl OKa3aJKuCh Jyullle IPOrHOCTUYECKUX OLIEHOK I10 CPeIHEMY
3HAYEHUIO DTOTrO Psija.

Psin ypoBHST Boabl AMydapby MOXHO ITOAPA3Ae/IUTh Ha BpEMEHHbIE MHTEPBAJIbI €r0
BBICOKMX 3HaYeHuit o 1970 r., u HU3KKUX 3HaYeHuit, HaurHast ¢ 1978 r. [ToBepouHble Ipo-
FHO3bI PACCUUTAHbI 110 CPEIHEMY 3HAUEHUIO 34 BECh IIEPUO/ HAOIIOAEHUII 1 32 BpEMEHHOMI
MHTEpBaJl HU3KUX 3HAYEHU I YPOBHSI BOAbI peKu. Takske OHU PacCYMTHIBAIMCH 110 CUHYCOUIE
¢ neproaom 104 roga u 1o ee KOMOMHALMU C CUHYCOUIOM ¢ meproaoM 31 rog.

Pe3ynbTaThl IOBEpOUYHBIX ITIPOTHO30B COIMOCTABIISLIMCH MEXY cO00ii. JIyuline pe3yibTa-
TbI [IPOTHO3MPOBAHUS YPOBHSI BOIbI AMYyIapby € 3a0J1ar0BPEMEHHOCTHIO 5 11 10 JIeT IOJIyYeHbI
1o KoMOuHaLuu cuHycoun ¢ nepuogamu 104 roga u 31 rog. Heckonbko Xyxe oKa3aluch
pe3ynbTaThl TPOTHO3MPOBAHMS TT0 CpeaHeMy 3HaueHuIo 3a iepuon 1978—2002 rr. Xyxe, yem
I10 CpeaHEMY 3HAYEHUIO 32 TOT BpEMEHHOI MHTEPBaJj, 0Ka3aJIUCh PE3YJIbTaThl IPOTHO3UPO-
BaHUS 110 cUHYycoune ¢ repronomM 104 roma. Pe3yabraThl MporHosa 1mo cpeqHeMy 3HaYeHUIO
BCETO BPEMEHHOTO psilia 0Ka3aJlCh CAMBIMU TTIOXUMM.
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