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MOJIEJINPOBAHUE KOJIEBAHUI YPOBHS O3EPA BAJIKAIII
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Cpeonue 200o6bie 3HaueHus: ypoeHs 600bl 8 03epe bankaw (ban-
xaw) ¢ 1879 no 2010 2. paznoswcenvt Ha 3 cocmasnaoujue: NOTUHOMU-
ANBLHYIO pezpeccuro 7-20 NOpSOKA, NepuoouUdecKyio coCmasisiouyro Cu-
HYCOUOANbHO2O XAPAKMepa U OCMAMOYHYI0 NOCIe008aMENbHOCHb He3d-
sucuMbIx cayyanwvix eenuuur. C ux npumeHeHuem npogedeno Mooeaupo-
8aHue mpaexmopuu xKoaebanus yposHs ozepa. Cmoodenupogannas mpa-
exkmopusi Oaunou 200 3navenuti NPoOeMOHCMPUPOBALA HUSKYIO 8ePOsN-
HOCHb CHUMICEHUS. YPOBHSL 800bl 8 03epe Hudice 341 m Had ypoeHnem mops,
pasnyio 1,5 %.

Beenenue. OcoOEHHOCTBIO MPUPOAHBIX BOJHBIX PECYPCOB B COBPEMEH-
HBIX YCJIOBHSIX SIBJISIETCS TO, YTO BOJIA YYacTBYET HE TOJIBKO B €CTECTBEHHOM, HO
U B QHTPOIIOT€HHOM KPYT'OBOPOTE, a 3TO MOXKET OKa3aTh CYLIECTBEHHOE BIIMSHUE
Ha YCTaHOBHBIIIEECS B IPUPOTHON Cpejie SKOJIOTHYECKOe paBHOBECHE [§].

B nacrosimee Bpemsi KazaxcTan HauMHAET UCTIBITHIBATH HEXBATKY BO/-
HBIX pecypcoB U Mo nporHo3aMm K 2040 rogy Mo>KeT CTOJIKHYTbCA C CYILlECTBEH-
HBIM Ae()UIIMTOM BOAHBIX pecypcoB B 00beme 50 % ot norpedHOocTH. Kak 6bu10
orMeueHo B ['ocynapcTBeHHOH mporpamMme YHpaBiI€HHUs BOIHBIMH pecypcamu
Kazaxcrana na 2014...2020 rr., KpaiiHe Ba)XHO YKPEIJIATh MPUHIUIBI U Mpak-
TUKU HHTETPUPOBAHHOTO YIPaBICHHUS BOJHBIMH pecypcamu [5].

bankam-Anakonsckuii 6acceiin (puc. 1) sBIseTCS] OMHUM U3 KPYITHEH-
LIMX 03€PHBIX 3KOCHCTEM IUIAHETHl M MPEICTaBIsieT cO00M YHUKaIbHBIN NpH-
POJHBII KOMIUIEKC, MO MJIOMIAH MPEBBIIAIONINN pa3Mepbl MHOTHUX TOCYIapCTB
[13]. B Gacceline mpoXuBaeT msaTasi 4acTh HaceleHUs KaszaxcraHa, MOJIOBHHY

1 .
Kazaxckoe areHTCTBO NpUKIAAHOI SKoN0rHH, I. AnMatsl, Kazaxcran;
2 v o o
BpecTckuil rocynapcTBeHHBIN TeXHUYECKUI yHUBepcuTeT, benapycs;
3
Unctutyt reorpadun MOH PK, r. Anmartsl, Kazaxcran
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KOTOPOW COCTABIIAIOT CEIbCKHUE )KHUTEIH. bacceliH 3aHMMaeT OOLIMPHYIO TePPH-
toputo Ha lOro-octoke Kazaxcrana m Kuras, ero miomans COCTaBIsieT
450 TteIC. kM. B Ka3aXCTaHCKYI0 4acTh bankarickoro 0acceliHa momamaer Tep-
putopust AnMaTuHCKON oOmactu, MosiHKyMcKoro, Kopmatickoro u Illyckoro
patioHoB JXamOsIICKOH 0Omacth, AkToraiickoro, lllerckoro n KapkapamnHcko-
ro parionos, ropoaoB Ilpuosepck, bankam Kaparanaunckoit odmactu, Ypmkap-
cKkoro, Asrosckoro padioHoB Bocrouno-Kazaxcranckol 00J1acTH, a Takke ce-
Bepo-3anaaHas 9acte CHHBIDSH-YHTypCcKoro aBTOHOMHOTO paiiona Kutas. B
OacceliHe pacIioioKeH KPYMHBIA Meranonuc — r. Anmatel. O3epo bankamr siB-
JsieTCs TpeThUM 10 BenuunHe B Kazaxcrane 6eccrounsiM BogoeMoM. KoTinoBu-
Ha 03epa BBITAHYTa U pacwieHeHa. CyKEHUEM KOTJIOBUHBI M ITOABOIHBIM MTOPO-
TOM 03epOo AENUTCS Ha 3amaaHyi W BocTouHyr0 9acTH, COeMHEHHBIE Y3KHM
poauBOM Y3yHapadi (mupuHoi 10 1970 r. okono 12 kM, a B HacTosIee Bpemst
— okoino 3,5...4,0 xm). B 3anagnom bankame Boga ciabo conoHoBaras, a B BOC-
TOYHOM YaCTH — COJICHAs], C BRLICOKUM YPOBHEM MUHepanu3anuu [3].
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Puc. 1. barkaw-Anaxonvckuil bacceti.

OCHOBHBIM TIOTpeOHuTeNIeM BOJHBIX pecypcoB B KazaxcraHe, kKak U B
JIpyrux crpaHax l[eHTpanbHO-A3HATCKOTO PETrHOHA, SBISCTCS CENbCKOE XO35H-
CTBO (OpoIlleHne), Ha JOII0 KOTOporo mpuxoautcs ceeime 90 % Bcero moTeH-
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[Maa MOBEPXHOCTHOTO cTOKa. Ha oporraeMbIx 3eMiIsIX IMHUPOKO pacipocTpaHeH
PY4HOI crioco6 monuBa BOABI IO MOJ0caM B 00po3aaM, He BCera CoONoaarT-
sl CeBOOOOPOT, HOPMBI U PEXKHUM MOTUBOB. OCOOCHHO BEJHMK BOJ03a00p Ha BHI-
pammBanue puca. Hampumep, Ha AKTaIMHCKOM OpOIIa€MOM MaccuBe (pakTh-
geckuit Bogo3abop mocruran B cpegueM 70 Thic. M'/ra. IIpuMenenue mporpec-
CHBHBIX METOJIOB MOJIHBA (I0XAEBaHKE, KalelbHOE U MOYBEHHOE OPOLICHHUE)
3aTpyAHsIETCS HEeNpaBUWILHONH (OPMON M MEITKOKOHTYPHOCTBIO Y4acTKOB, IJIO-
XOW CINTAHHPOBAHHOCTHIO MIOBEPXHOCTH [9].

[Ipu 5TOM rTaBHBEIME (PaKTOpaMU HETATUBHOTO BO3JIEHCTBHS HA BOJIHBIC
pecypcHl SBISIIOTCS HEpAallMOHAJIBHOE MCIIOJIb30BAaHUE BOABI, a TAK)KE 3arps3He-
HUE U pa3pylIeHne dKocucTeM OacceiiHa. s pemenus mpodiemM HeoOXOaUMO
COBEpIIICHCTBOBATh CHUCTEMY YIIPABJICHUS BOJIHBIMH PECypcaMy M NPUHUMATH
COBMECTHBIE PEIIeHHs IO ONTHMHU3AINK BOJIOTIOIB30BaHMs B peruone. [lomumo
3TOr0, B MUPOBOH NPaKTHUKE OCOOEHHO OCTPO CTABATCS BOMPOCHI O TpaHCTpa-
HUYHOM IE€PEHOCE 3arps3HSIOMIMX BEIIECTB 10 PEYHBIM CHCTEMaM, KaK B CBETE
OIIEHKH POJH OTAETHHBIX PETHOHOB W BOJOTOJIB30BATENCH B 3arps3HEHHUH
TPAHCTPAaHUYHBIX PEK, TaK U B CMBICIIE OOIINX BOMIPOCOB YPETYITHPOBAHUS MEXK-
rOCYJapCTBEHHBIX MHTEPECOB M Mpo0IeM B 00IACTH MCIIONB30BAHUS U OXPaHBI
TIOBEPXHOCTHBIX BOJ [4].

B macTosiee BpeMsi OCHOBHBIMU IIPOOJIEMaMHU JIBYXCTOPOHHUX OTHO-
mennii Peciy6mmkn Kazaxcran n Kuraiickoit Hapogroit Pecrybnuku B mmane
COBMECTHOT'O HCIOJIb30BaHMs BOJAHBIX PECYPCOB SIBISETCS BOMPOC YBETUUEHUS
Bos103a00poB Ha Teppuropur KHP u3 tpancrpannunsix pex Wnm (Hne) u Up-
teima (Epteic) [12]. Pexa M sBnsieTcs kpymHEHIel BoJHOW apTeprueii ozepa
Bbankam u obecrieunBaet okoso 80 % MpUTOKa CBEXHUX PEUHBIX BOJ, Onarogapsi
YeMy ypOBEHb 03epa HaXOIWICS B JKOJIOTMUECKH YCTONYMBOM COCTOSIHUM U
MIpeloTBpallal TMPOLECChl OMYCTHIHUBAHUSA B 3TOM pervoHe LleHTpanbHOI
Azun. OHAKO JalbHEHIINH, TIOCTOSTHHO YBEIHUYUBAIOIINICS BOZ03a00p KUTaH-
CKOI CTOPOHOH M yXY/IIEHNE KauyeCcTBa BOJBI B PEKE MOXKET IPUBECTH K IKOJIO-
rudeckol karactpode B Bankanr-AnakonsckoM Oacceline. B cBsizu ¢ 3TuM Bo-
MIPOCHI, CBS3aHHBIE C PAIOHAIBHBIM HCIIOJB30BAaHHUEM 3€MEJIBHBIX U BOJHBIX
PECYPCOB, 3aIIUTHI MOI3EMHBIX U MOBEPXHOCTHBIX BOJ OT UCTOIIEHUS U 3arps3-
HEHHUS ABJISIOTCS BECbMa aKTyalbHbIMU [2].

Lenbio HacTosimel pabOTHI SIBJISETCS MOJCIIMPOBAHUE BO3MOXKHBIX KO-
nebaHuit CpeTHEro TOJJOBOTO YPOBHS BOJIBI 03epa bamkari.

Mertoauka pacuera. Eciau paccMaTpuBath KolieOaHUsT YPOBHS 03epa B
IDIOCKOCTH (TIpHpalieHie YPOBHS), TO UCKITIOYAeTCs sIBHAS 3aBUCHMOCTh KOJle-
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0aHWi ypOBHS OT BPEMEHH, TaK KaK WUCXOJHbBIC JaHHBIC Ha IUIOCKOCTH Ipe-
CTaBJISIFOTCSI MHOXKECTBOM TOYeK [6]. [l 3TOro MHOXKECTBa TOUEK MOXKHO I10-
CTPOUTH BHIOOPOUYHYIO PErpeccHro, MOKa3hIBAIOIIYI0 Mepy pa3zdpoca 3Kcrepu-

MEHTAIBHBIX TOYEK BOKPYT HEKOTOPOH (PyHKIINU g(x), Ha3BIBAEMON perpeccu-
eit. Yame Bcero Mepa pas0Opoca Jjisi HEpephIBHOM HA 3aIaHHOM OTpPEe3Ke (yHK-
11504 g(x) onpexaensercs popmyioit

n

0(g)=>(v, - ¢lx,)F . ()

j=1
re y; — OpAMHATA; X; — abCIIMCCa IKCIICPUMEHTAIBHBIX HA0IIO ICHHIL.

Teopema BeliepmTpacca riiacut, 4to Jr00ast HelpephlBHAS HA KOHEY-
HOM OTpe3Ke (YHKIIHSI MOXKET OBITh MPHOIIKEHA alIreOpanyecKuM OJTHHOMOM
¢ Mo0ol 33JaHHON TOYHOCTBIO, TIOATOMY €€ MOXKHO MPHMEHSATH JUIS aHaJIHM3a
KoJIe0aHUH ypOBHS BOJBI C IPUMEHEHHEM MTapaMeTpHIeCcKoil MoJIen Buaa [6]:

AH =®(H )+y(t), )
rne H — yposens Bogoema; AH — ero npuparueHus; 7(t) — cilydaifHast BO3-
MyLIAIOLIas CUIIa; <D(H ) — anreOpanyvecKuii MOJIMHOM, Ha3bIBAEMBIN aBTOHOM-

HOW (He 3aBHUCHINEH OT BPEMEHH) perpeccruen.

B aBTOHOMHOE YpaBHCHUC WM CUCTEMY aBTOHOMHBIX ypaBHeHI/II\/'I SIBHO HC
BXOJWUT HE3aBUCHMAs TIEpEeMEHHAs (BpeMsi), UYTO O3HAYAET, UYTO 3aKOH M3MEHEHUS
HEU3BCCTHBIX q)YHKHI/II\/'I, OIMMCBIBAEMbBIX aBTOHOMHBIM YPaBHCHHUEM WIIN CUCTEMOM
ABTOHOMHBIX YpaBHEHU, He MeHsieTcs ¢ TeueHueM Bpemenu [10]. [Toatomy, momy-
YEHHOE PELICHHE 3TOTO YPaBHEHU AAET BO3MOXKHOCTh IIPOBOANUTH MOJCTIMPOBAHNUE
YPOBHS BOJIBI 32 IIPEAEJIaMU PACCMaTPUBAEMOI0 OTPE3Ka BPEMEHH.

Jnst mpoBeieHrsT pacuyeToB U IMOCIEAYIOLIEr0 MOJEIUPOBAHUS HCXOI-
HbIE JTaHHbIE HAOJII0AEHNI HOPMUPYIOTCS C IIOMOIIBIO IPE0Opa30BaHU:

7()= 2H(2—Hm;I—Hm’ .
max min

rae Z(Z) — HOPMHpPOBaHHasi BeJIMYMHA YpOBHs Bojpoema; H (t) — HMCXOAHBIN

YPOBEHb B MOMEHT BPEMEHU t= 1, veey N; I‘Imax = max H(t) — MaKCHUMAaJIbLHBIA
I<t<N

yposens; H . =min H (t) — MUHUMAJILHBIN ypOBEHB BOJOEMA.
1<t<N

Metoa OCTpOSHUS MapaMeTPUIEeCKOM PEerpecCHi OCHOBAH Ha MCIIOJb-
30BaHWU CJEIyIONIeN JTMHEHHON OTHOCUTENHHO MapamMeTpoB audQepeHranb-
HO-pa3HOCTHOM mMoaenu [1]:
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Z(t+1)-Z(t)=D(Z(t))+ ' (¢), (4)
rac ]/(k) (f ) — OCTAaTOYHaA MOCJICAOBATCIbHOCTb MOACIIN PErPECCUH MMOPAAKA k .

a @(Z (t)) OTIpeJIeNAeTCs U3 COOTHOIICHHMS:

o(z(1)) = ga,zf(t).

By,I[CM mmpearojiaraTtb, 4To 3Ta MOCJICA0BATCIIBHOCTE NMECT IOCTOSIHHOC
MaT€MATUYCCKOE OXHIAAHUE U JUCIICPCUIO, a €€ 3HAYCHUSA HCKOPPCIUPOBAHBI.

OLeHKH MapaMeTpoB d; OMPEACISIIOTCS M3 YCIOBUs MUHHMyMa GyHKImH Q

MCTOAOM HANMMEHBIINX KBaJApPaTOB!:

N-1 2

Olay.ayona) =S| 2(+1)-2(1)-S 0,2 (0)] . )

=1 i=0

rae kK — crenens nomuaOMa; N — 9HCIIO CTATHCTHYECKUX TAHHBIX HAOIIIOICHUIA.
OyHKIUSA Q(ao,al,...,ak) JIOCTUTaeT MUHUMYMa B TOYKaX, IJI€ MPOU3-
BOJIHBIC 10 COOTBETCTBYIOIIMM IEPEMEHHBIM OOpaliarTcs B HOJb. [lomyueH-
HbIC YpaBHEHUS SIBISIOTCS JTUHEHHBIMH OTHOCHTEIBHO MapaMETPOB U PEIIAOT-

cst 0OBIYHBIM criocoboM. CTeneHb HOJIMHOMa kK BBIOMpAETCs NPH YCIOBHHU CTa-
OMIM3aIMy CyMMBI KBaJJpaTOB OCTAaTOYHO MOCIIEI0BATEIHHOCTH.

[Tpu pemieHnu ypaBHEHUsI (P(Z(t))ZO MOJIy4aroT PaBHOBECHBIC T10-

JIO)KEHUSI YPOBHS JJIsI HOPMUPOBAHHBIX JaHHBIX, & COOTBETCTBYIOIINE UM PaB-
HOBECHBIE a0COIIOTHBIC TIOJOXKEHHSI YPOBHS IPH PAaCCMOTPEHUN IPON3BOIHOM B
MOJTyY€HHBIX TOYKAX O3HAYAIOT YCTOHMYMBOE (3HAK «—») WIH HEYyCTOWYHUBOE
(3HaK «+») cocrosiaue [10]. s HArIAHOCTH ABUKEHUS UACATBHON TOUKH MO
JIEHCTBHUEM CIIy4alHOU BBIHYKIAIOIIEH CUJIBI PACCMATPUBAIOT IIOTEHLIUAT

U(H)= [@(H )dH ©6)
MI/IHI/IMyMI)I MOoTeHIHAaJIa COOTBETCTBYIOT YCTOI\/'IIII/IBBIM COCTOAHUAM

paBHOBECHA, a MAKCUMYMBI — HeyCTOI\/'I‘H/IBBIM.

ﬂﬂﬂ MOZACIIMPOBAHUSA TPACKTOPUU UCCICAYCTCA OCTATOYHAA MMOCICA0BA-

TeapHOCTh. Ecnu uccnenyemast GyHkuus Y (t) €CTb CyMMa IEpUOIUYECKON
¢byHKUNU fp (t) ¢ nepuogoMm P, u mryma g(t), TO TIPH HAIOXXEHUH OTPE3KOB
psina Y, mmuoit Py npyr Ha npyra BISBISETCS BUJI IEPUOANYECKOH QYHKINH

f p(t). J1st 5TOro HEOOXOIMMO CBEPHYTh BPEMEHHOW psij ¢ mepuogoM Py u

paccMmoTpeTh (ha3oByr0 auarpammy 3Toro nepuoja. da3osas Auarpamma mpe-
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craBisieT coboif 3aBucuMocts Y, ot X, , rae abemucca X, onpenensercs cie-
JIYIOIIUM BhIpaxkeHueM [11]:
t, —t.
X, = ralk k=1,....N, (7

0

rae fr — ApoGHas 4acTh 4KMCIa; f, — MOMEHTHI BPEMCHH HAONIOACHHIL; 1, —

IIPOM3BOJIBHO BEIOPAHHBIA MOMEHT BPEMEHHU.

HcxonHble TaHHBIE U Pe3yJbTAThl HCCAeN0BaHNid. B ocHOBY uccie-
JIOBaHMS TOJIOKEHBI MaTepuaibl HabmroaeHuit ¢ 1879 mo 2010 rr. 3a cpemHum
rOJIOBBIM 3HAYCHHUEM YPOBHS BOABI B 03. bankam. /Iy mpoBeneHus aHain3a
MMEIOIIETOCS psAfa AAHHBIX HAOIOIEHUH TIOCTPOeH rpaduK KoineOaHU YPOBHS
BOJIBI 03. bankann Ha ucciiegyeMoM MHTepBajie Ha BbicoTe 340 M Hajx ypoBHEM
MOps1, U300paKEHHBIN Ha pHC. 2.
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Puc. 2. Konebanus ypoeus ozepa barkaw, 1879...2010 ze.

s MmonmenupoBanus KoleOaHWU YPOBHSA BO M30e€KaHWE OMIHMOOK MPHU
OKpYTJICHUH B BBIYHMCIICHUSX, HCXO/HBIC JIAHHBIE OBUIM HOPMHUPOBAHBI C TIOMO-
mipio npeodpazoBanus (3). [lpu nucmonp30BaHUM HOPMUPOBAHHBIX JTAHHBIX JIJIS
Monen (4)...(5) ObUIH paccunuTaHbl CyMMEBI KBaJJpaTOB OCTATOYHOH MOCIEI0Ba-
tensuoctn y (t) JUTSL CTENICHH MOJNMHOMA K , paBHOIT unciam ot 3 10 9 BKIIfo-
ynTenbHO. [lomydeHHbIe pe3yabTaThl CBUACTEIBCTBYIOT O CTAOMIM3allMU OCTa-
TOYHOM CyMMBI KBaJIpaToB HOPMHPOBAHHBIX IaHHBIX NMpH Kk = 7, MO3TOMY
JANLHEHIIero YBEMYCHHUS MOPsIKa perpecchu He Tpedyercs (puc. 3).

Jlanee METOIOM HAaMMEHBINUX KBAJAPATOB ObLIa pacCuUTaHa (QYHKIMS

(D(Z(t)), OIMHKCHIBAIOIIAS KOJeOaHUsI HOPMUPOBAHHBIX JaHHBIX HAOIIOACHUN U

MNpeaACTaBJICHHAA B BU/IC IMOJIMHOMHUAJIbHOM perpeccnun 7-i cTeTICHH:
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CyMMa FEaUpaToE OCTATOYHH

@(Z(t))= 0675127 (r)-0,6185Z°(r)—1,5607Z° (¢ )+ 0,6909Z* (¢ )+

1,
1,
1,

1,

OoCHeqoBaTENEHOCTH

1,63
1,62
1,61

®)
+0,94122°(1)-0,1869Z7(1)—0,1588Z(t)+0,0147
&l
66
63
64
1,60 1 1 1 1 1 ]
3 4 5 6 7 2 9

CTENEHE DONMHHOMA

Puc. 3. 3asucumocmo CYMMbl Kea()pamoe oCmamo4HoU nocied08amenbHOCmu

ont cmeneHu nojauHomda.

PaBHOBeCcHBIC TIOJIOKEHUSI YPOBHS SIBISIFOTCSL KOPHSAMH — YPaBHEHUS

@(Z (t)) =0 u npuHUMAIOT U1 HOPMUPOBAHHBIX JaHHbIX 3Hadenus Z, = 0,088,

Z,=0,522, 4yro coorBercTBYeT ABYM 3HaueHmsiM ypoHs H, =225,461 cm,

H, =294,806 cM, SBISIONMXCS MOJIOKCHUSME PABHOBECHS (PHC. 4).

Ilpupouenne ypoBHA, M
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Puc. 4. Honunomuanvnas pecpeccus 7-20 nopsoxa 8 abcomomuom macumaoe.

Ucnons3yss  BolpakeHue (6), WCCIEOBAaH TMOTSHIMAT  yPOBHS

03. bankam (puc. 5). Todku 3KCTPEMyMOB MOTESHITHAIA COBIAIAIOT ¢ KOPHIMH

ypaBHEHUS @(Z (t))z 0. Ipu srom st 03. Bankam xapakTepHO HalUdue OJ-

Horo mMuHumyma H, =225461 cm (ycroiiunBoe COCTOSHHE PABHOBECHUS) U
Yy 1 y

onroro makcumyma H, =294,806 cm (HeycTONUYMBBIN yPOBEHB).
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Puc. 5. Homenyuan pecpeccuu 7-20 nopsaoxa.

,HHSI MOACIIUPOBAHUA TPACKTOPUHA KoJIeOaHust YPOBHHA OnlIa nucciacaoBna-

Ha OCTaTOYHAs MOCIeNoBaTeIbHOCTh. [lepuon F, octaToyHO# mocienoBaTemb-
HOCTH OTIPEJIENICH C IPUMEHEHHEM CIIEKTPaIbHO-BPEMEHHOTO aHalln3a, B OCHO-
BY KOTOPOTO TOJIOKEHO BBIYKCIEHHE CIIEKTPOB Bapualliy Ha CKOJIb3AIIMX Bpe-
MEHHBIX oTpe3kax [7]. s ypoBHs 03. bankamn BbIsSBIEH 2-T€THUN LMK, YTO
MIOJIO’KEHO B OCHOBY MOCTPOEHUS (pa30BOM JuarpaMMbl HA OCHOBaHHWH COOTHO-
menns (7), n300paxeHHOH Ha pHc. 6.

04 r

0,2

2

0,0

3

-0,2

CCcTaroyHad Mol ENOEATENEHOCTE

_04 1 1 1 1 1 1 1 1 1 ]

o0 01 02 03 04 05 06 07 08 09 10

2

Dasza, oTH.EI.

Puc. 6. Dazosas duazpamma ocmamouHol nOC1e008amerbHOCmU

HpeHHOHO)KHM, qTo (l)aSOBaH AuarpaMma OCTaTOYHOM TOCJIeI0BaTEb-

HOCTH WMEET XapaKTepHYIO IS CE30HHBIX KOJeOaHWid CHHYCOWAAIbHYIO0 (op-
My, TOT/Ia €€ MOXHO IPEJCTaBUTh CIICIYIONIUM 00pa3oM:

7/(7)(t)= Ay +Asndm+A, cos47zt+g(t), t=1,2,..N, &)

rac 5(t) — TOCJICA0BAaTCIIbHOCTh HE3aBUCUMBIX OJMHAKOBO PaCHpCaCIICHHBIX

CITy4aiHBIX BEJIMYMH.
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3HavYeHHS HEU3BECTHBIX IapaMeTPOB BBIpaKCHUS (9) TOTydEeHB METO-

JIOM HauWMEHBIINX KBaJpaToB M HUMEIOT cienyromue 3Hauenus: A, =0,

A =0,04010, A, =0,01327. Tlocne ymaneHusi U3 OCTaTOYHOH MOCIEHOBA-
TEJBHOCTU TIEPUOAUYECKON COCTABIISIOIIEH PACCYUTAHbI MAPAMETPhI MOCIEN0-

BaTCJIbHOCTH E(t), HUMCIOIHE CICAYIOIMNEC 3HAYCHUA: MAaTEMATUYCCKOC OXKUa-

aue M, =0 u cranmaprroe otkionenue /D, =0,1073 .

J1a MoenmmpoBaHUs TPAEKTOPUHN KOJIEOAHHS YPOBHS 03€pa BRIPAKEHHE
(9) npeobpazyeTcs K CIEAYIONIEMY BBIPAXKCHUIO:
Z(t+1)=0,6751Z"(r)-0,6185Z°(£)—1,5607Z°(t )+ 0,6909Z* (¢ )+ 0,9412Z° (¢ )— (10)

—0,1869Z%(r)—0,8412Z(r)+0,0147 + A, + A, sin 47t + A, cos 4t + &(t)
rae & (t ) — OCTaTO4YHas IOCICA0BATCIbHOCTh, UMCHOIAasd HOPMAJIBHOC pacIipe-
nenenue ¢ napamerpamu N (0; 0,1073).

Ha puc. 7 npencrasineHa TpaeKTOpHsi, CMOJAESIUPOBAHHAS C IOMOLIBIO
ABTOHOMHOTO U (epeHINATFHO-Pa3HOCTHOTO YPaBHEHUS! U MEPHOIUYECKON
cocTaBisitonieil. TpaeKTopusi IEMOHCTPUPYET NEPEXOABI OT BEPXHETO YPOBHS K
HWXKXHEMY, PE3KHE 00 HOCTEIECHHBIE IIOOABECMBI U MTAACHUS. Taxkas TpacKTOpUuA
I1IO3BOJIACT HOJ]y‘II/ITI) BCpOSITHOCTHLIﬁ HpOFHO3 MCETOAOM MAaTEMATHUYCCKOI'O MO-
JICIUPOBAHUS — TIOCTPOCHHS JIOCTATOYHO OOJIBIIIOrO YHCia TPASKTOPUI U pac-
geTa HAa UX OCHOBEC BGpOﬂTHOCTGﬁ JOCTHIXKCHUA TOI'O UJIK MHOI'O YPOBHA.
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Puc. 7. Cmooenuposannas mpaexmopus Konebanutl ypoers ozepa bankau.
Monenuposanue 1o dopmyne (10) Tpaexropun mmHoi 200 3HaUSHUI
nokasaino, 4ro Hwxke npegena 100 cM, 4To B aOCONMIOTHOM BBIPa’KEHHH COOTBET-
ctByeT 341 M Hajx ypoBHEM MOps, BEIXOAST 3 3HaueHus uin 1,5 %. D10 mo3Bo-
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JISIET TOBOPUTH O TOM, YTO BEPOSATHOCTH JOCTIDKEHUSI MUHUMAIBFHOTO TOIOBOTO
ypoBHs o3epa bankam ManoBeposiTHa.

3akmouenue. B pesynbpTare MpOBEIEHHBIX HCCIIEIOBAHUN HCXONHBIE
JAaHHBIE Pa3JIOXKEHBI Ha 3 COCTABISIONINE: MOJTMHOMHAIBHYIO PETPECCHIO, T0-
3BOJISIONIYIO OTPEAETUTh HE 3aBUCSIIMIA OT BPEMEHH 3aKOH TPAEKTOPHH; IIe-
PUOIMYECKYIO COCTaBIISIONIYI0 CHHYCOMJAIBHOTO XapakTepa M OCTATOYHYIO
MOCJIEJOBATEIFHOCTh HE3aBHCUMBIX CIIyYalHBIX BenWUuWMH. MojennpoBaHue
OCHOBaHO Ha JICTEPMUHHUPOBAHHOW YacTH, COCTOAIIEH W3 perpeccuu 7-ro mo-
pPSAOKa U MEPUOIUYECKON COCTABISIOLIECH, a TaKXKe CIy4yallHOM 4acTH, COCTOs-
niell 13 He3aBUCHMBIX OAMHAKOBO paclpeieIeHHBIX BEJINYHH.

C npuMeHeHHEM MPEJIOKEHHOW MOAETH MOKHO PAacCUUTHIBATH TPaeK-
Topuu KonebaHuit ypoBHS o3epa bamkam. CMonennpoBaHHas TPASKTOPHS TH-
Hoit 200 3HAYEeHWH NPONEMOHCTPHPOBATIA HHU3KYIO0 BEPOSTHOCTH CHIDKEHHS
YpOBHS BOJBI B 03epe HIbke 341 M Haj ypoBHEM Mops, paBHyto 1,5 %.
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BAJIKAII KOJII IEHT'EMTHIH, AYBITKYBIH MOJIEJIJIEY

Tyiiinodi co30ep: Cy pexumi,aybITKybI (TepOeiyi), MOJCIACY, TPACKTOPHS,
Cy JeHreui

bankaw keni cy Oeneeuiniy 1879 owcvinoan 2010 dcoln
apanvliZblHOAebl OPMAULA HCbLIObIK MIHOEPL 3 KYpamoacmuipblibiMoapoa
opHanackau: 7 Keszekmeel NOMUHOMUANOI pezpeccusioq, Ke3eHOIK
KANbINMACKAH CUHYCOUOMbL CUNAMMA JHCIHE KAILAH JICYUENIK Mayencis
Ke30eticox wamada. Onapovl KONOAHYMEH KON OeH2eUiHiy ayblmKy
mpaekmopscol  mooendey dwcypeizindi. ¥zvimowvizvl 200 wamadagvl
MoOendeHee mpaekmopusi Koa oOeneeliiniyy memenoeyi 341 m meniz
Oeneetiinen, 1,5 % xypaumoin eneyciz MyMKiHOIKmMi Kopcemmi.

Burlibayev M.Zh., Volchak A.A., Parfomuk S.I., Burlibayeva D.M.

MODELLING FLUCTUATIONS IN THE LEVEL OF LAKE BALKASH

Key words: water regime, fluctuations, modelling, trajectory, water level
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The average annual values of the water levels in the Balkhash
Lake for the period 1879...2010 are divided into 3 components: a poly-
nomial regression of 7-th order, the periodic component of sinusoidal
type and the residual sequence of independent random values. Their ap-
plication is used for modelling fluctuations of the Balkash Lake. Simu-
lated trajectory with a length of 200 values showed a low probability
(equal to 1,5 %) of lowering of the water level in the lake below 341 m
above sea level.



