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MOJEJAPOBAHHE IIEPHOJ0B BOAHOCTH BACCEWHA BOJT'H
U KACTIMMCKOI'O MOPS C IIEJIBIO OIEHKHW COCTOSIHUS
BOJAHBIX PECYPCOB 23TOI'O PETUOHA

OnucaHbt HenvHeRHbIe MeXaHU3Mbl MHOTONEeTHUX koriebaHuit yposHs Kacnuiickoro mops. Mokasawo,
4TO y4eT 3aBUCUMOCTH CriOsi CNapeHna ¢ NasepxHocTH BacceitHa Bonru 0T BRArocoAepKaHus okl W
CIost UCNapeHns ¢ NOBEPXHOCTY MOPS OT B0 YpOBHS NPMBOLMT K NPUHLMMMANBHO HOBOMY (Xa0TUUECKOMY)
MEXaHM3My KONEebaHWA # BOSHUKHOBEHWIO HECKOMBKUX YPOBHEH TAroTeHMs. OTMEUEHD, YTO CTOXacTAMeckue
AnddepeHumanbHble ypasHenus ®okkepa — Mnaxka — Konmoropoea UMeIoT CTauuoHapHylo GuMoganbHyio
NMOTHOCTL BEPOATHOCTU YPOBHA. YCTAHOBMENO, YTC CRy4aitHbiil NPOLECC, XapakTepuaytolmit konebanms
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yPOBHS! MODS,, Y HEMHEIHOM 3aBUCMMOCTM CKOPOCTU UCTIapeHIA OT 3TUX KonebaHuit okasblBaeTcs Hera-
yccoBCKMM. OMiCaHb! MHAYLIMPOBAHHbIE «LIYMOM» NEpexo/ibl, 06YCROBNEHHbIE HENUHEMHBIMI NPOLECCaMM
ucnapeHus. lpeanoxeHa HoBas HeNMHENHan cToxacTuueckasn Mofent konebaxui ypoHa Kacnuiickoro Mo-
psi, 0CHOBAHHAs Ha Npe/cKasaHHbIX Prandeckux sdexTax.

The paper describes the nonlinear mechanism of long-term fluctuations of the level of the Caspian
Sea. It shows that taking into account the relationship between the fayer of the Volga river basin surface fost
by evaporation and the water content of soil, and the dependence of the evaporation layer of the sea surface
on the sea level results in developing a fundamentally new (chaotic) fluctuation mechanism and in originating
several gravity fevels. It is noted that stochastic differential equations have steady bimodal probability density.
it is defined that the random process describing the sea level fluctuations, under the non-linear dependence
of evaporation rate on the sea level appears to be non-Gaussian. The induced by noise nuisances transi-
tions, caused by non-linear evaporation processes, are described hereinafter. The new non-linear stochastic

model of the Caspian Sea level fluctuations based on the predicted physical effects is suggested.

CoBpeMeHHasa TeopHs KosiebaHMH ypOBHS
MOpsi OCHOBAHA Ha NPEJCTAaBJICHHUH O ENMHCT-
BEHHOCTH M YCTOHYMBOCTH €r0 PaBHOBECHOTO
COCTOSTHUSA M HECTIOCOOHA aJieKBaTHO OOBICHUTE
[I0BEEHHE €ro ypOBeHHOTro pexxuma. B 1978 r.
HEOXKHIAHHO HAYaJICs KaTacTpodUUECKUH noxb-
€M YPOBHS MO, KOTOPBIH HeNb3sl OOBACHUTE C
TOMOIIBIO CYILECTBYIOIIEH TEOPUH.

CuurtaeTcs, YTO EIMHCTBEHHBIH MeXa-
HHU3M, YIPaBIIOIMH 3BOMIOLMEN YPOBEHHOIO
pexuMa, — MEXaHM3M OTpHIATENsHON o6paT-
HOW CBA3M: MPY NMOBBILIEHWH YPOBHS MOpPS BHI-
e paBHOBECHOTO YBEJIWYHMBACTCS IUIOIAIb
3epKajia UCTIApEeHUs, YTO BO3BpAllaeT ypOBEHb
K HCXOHOMY MOJIOKEHHIO, DTO, MO CYIECTBY,
M3BCCTHBIM  TEpPMOIOWHAMPYECKHMHA  TPHUHLHI
Iatense — bpayHa: Bo3HHKaOLI¥E B CUCTEME
NPOLECCH CTPEMSTCS OCIAOUTh Ppe3yJIbTaThi
BHEImHero BozaelcTeus. ITocTpoeHHast Ha 3TOM
NpUHIMIE TUHEHHAas MoJens Konebanuil ypoB-
H Kacniniickoro Mops, yuuThIBaroLjas cToxac-
THYECKMI XapaKTep peyHOro NMpUTOKa ¥ BUAM-
MOr0 HChapeHus, He TI03BOJIET OOBSCHUTH
npouiece kosebanuit. Tak, cornacHo 3TOH MO-
Aeny, KaracTpouUecKoe MafieHHe ypOoBHA MO-
P4 B 1930-1939 rr. u He MeHee KaracTpoduye-
CKHi COBpeMEHHBIN IOJbEM CUMUTAIOTCA COOBI-
THAMHM, WMEIOMIMMM NPaKTHYECKH HYJEBYIO
(7 - 107 BeposiTHOCTS.

AHamu3 TemnoBAaroOOMEHHBIX IpOIEC-
COB, NPOMCXOAAMIMX B MENKOBOJHEIX (0 30 M)
BOnoeMax apuaHOW 30HBI, MOKa3aj, YTO CJIOH
buspyeckoro UCNapeHus AJis TaKuX BOJOEMOB
(CeBepuniii Kacnmii, Apanbckoe Mope, 3aiIHB
Kapa-Boraz-I‘on) — CHJTBHO yOBIBaromas QyHK-
W1 vx rmyGunbl. Jlas peuHslx GaccelHOB ¢
AOCTATOYHBIM ¥ U3GBHITOUHBIM YBJIAKHEHUEM

CJI0M MCMApEeHNs C UX MOBEPXHOCTU TaKXe AB-
NSeTCs CUIIBHO yORIBaloIel (pyHKUMEH uX Bia-
rozanacos. [Ipy ydere aTux 3aBucHUMOCTEl Iu-
HaMH4YeCKasg CHUCTEMA YpaBHEHHMH BOJHOTO H
TeryioBoro OanaHca Bojoema M ero GacceitHa
OKa3bpIBaeTCsl CYLIECTBEHHO HeJUHElHoH. Xa-
paKTep €€ pEeLICHUH KAuyeCTBEHHO MEHseTCS:
BO3HHUKAeT HEECIMHCTBEHHBIE M HEYCTOWYMBEHIE
pewieHust — HeoOxoxuMble aTpUOYTHI COXKHO-
CTH ec 3BoMIoLUH. FIMeHHO BO B3aMMomeicT-
BUM COOCTBEHHOHM BHyTpeHHEH HenuHeHHOH
quHamuke Kacrmiickoro Mops u ero GacceliHa
M «Iyma» BHEIIHEH cpens! (BBEACHUE S3TOro
¢axTopa HeoOXoouUMO AN MOAEIHPOBAHUA
KIMMATH4EeCKOH M3MEHUMBOCTH) POXKHAETCA
HOBBIA (pyHIaMEHTANbHEI (MMEoUUil 3Haue-
HUE H AJs JPYTHUX BOJOEMOB) MEXaHH3M KoJle-

‘Gaunit yporHs Kacnus.

Cuctema ypaBHeHMIT BoJHOrO Oananca
bacceitna Kacnuiickoro mMopsi, JUHaAMUKH pey-
HOTO CTOKa M BOJHOro GajnaHca camoro Mops
HMMEET BUJ,

%g/‘ =P-EW)y-Q+ 6, § —o, §2(t);
r%gwmo—g; )
T
aH _ S0  w=on_
= s~ EuD-qu + o15,0)

rae W, O u H — cOOTBETCTBEHHO BJIarosarnac
pabouero obbema GacceliHa, CTOK pek M ypo-
BEHb MOpS; S, — KONHMYECTBO OCaJKOB B Oac-
ceitHe mops; E n E - ucnapeHue ¢ bacceitna u
C aKBaTOPUM COOTBETCTBEHHO; ¢ — CTOK B 3aJIUB
Kapa-boras-I'on; G(W) — 3aBucuMocTh CcTOKA
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OT BJarosanacos; T — BpEeMA peCilakCcalliH
PE€YHOro CTOKa (BpeMﬂ YCTaHOBJCHHSI HOBOI'O
peKuMa KaK peakKiuH Ha BHEIIHEC BO3MYLIC-

Hue); &, &,, &; — AeapTa-KOppelupoBaHHbIC

HE3aBUCHMBIE ClTy4aliHBIE MPOLECCH; G;, O,,
G, — UHTEHCHBHOCTH COOTBETCTBYIOIIMX MPO-

1IECCOB.

W3BecTHO, YTO B Cilydyac HEMOHOTOHHOM
3aBHCHMOCTH HCNIApeHHs C MOBEPXHOCTH pey-
Horo OacceiiHa OT BNaro3amacoB 3Ta CHCTEMaA
MOXET HMETh [Ba YCTOHYUBBIX COCTOSHUS
paBHOBeCcHs M OAHO Heyctoiumsoe. [lpu ciy-
yaiiHpIX KoneOaHUAX 0CaJKOB BO3MOXEH Mepe-
X0 OT OJHOrO CTalMOHAapHOTO COCTOSHHS K
apyromy. EcnM mnpeanonoxurs, 4TO CIIOH
0CaJKoB — nepuoanyeckas QyHKLUUSA BPEMEHH,
TO MOJIyYMM YpaBHeHMe KojeOaHui HenuHeH-
HOTO OCLHJUIATOpA M0J, BO3ACHCTBUEM IEPUO-
AUMYECKOH CHIIBI ¢ M3BECTHOM aMIUIMTYAOH, Xa-
pakTepusyromeil pa3max KoneGaHuH OCagKoB.
AHaNnUTHYECKHE ¥ YMCIECHHBIE METOJBI pelle-
HHS Takoro HEJWHEWHOro ypaBHEHHS IOKa3a-
M, YTO NpPW ManbiX aMIUIMTyax KoneOanui
0caKoB HabMOMAlOTCAd TOJBKO PpETYISpHBIE
konebanus BiarozanacoB. C yBenIuYEeHHEM aM-
TUIMTYZAB! KONEeOaHUsl CTAaHOBSITCA XaOTU4ECKH-
MH U Ui HeJIMHeHHOH cucTeMsl (1) cTaHOBUT-
sl BO3MOXXHBIM BOZHHUKHOBEHHE CTPAHHOTO aT-
TpakTopa. BBuay 3aBucuMMOCTH CTOKa OT Bja-
rosanacoB M3Menenuss ypoHa Kacmuiickoro
MOp# TaKke 6yayT XaOTHUHBIMH.

Croxactrueckoe guddepeHLmanbHOe ypas-
HeHue BoaHoro Oananca Kacrmiickoro Mmops
JUI CPENHErOJOBHIX 3HAUCHHWH NPEICTaBUM B
BUJIE

dH,= (0 S(H)— E (H) — q(H)dt +

+ 5,8 (H)dW, — S dWr, )

rae H, u S(H,) — ypoBeHb U IuIomab NOBEPX-
HOCTH MOpsl COOTBETCTBEHHO; () — peyHOH
crok; E(H) u g(H,) — COOTBETCTBEHHO CJIOH
BHIVMOIO MCMApeHUs U CNOH CTOKa B 3a/UB
Kapa-boraz-T'on; W,, Wg — BUHEpPOBCKHE

npoLuecchl, yyuTeiBarouiye >p¢PeKTHBHOE BO3-
JeHCTBHE PEedHOro CTOKa, OCaJKOB M MCTape-
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HUS; O,, Op — WUHTEHCHBHOCTb NPUPAILECHHIH
BHHEPOBCKHX IPOLIECCOB.

B cOOTBETCTBUM ¢ HEIMHEHHBIM Temno-
BBIM MEXaHU3MOM OyneM CyuTaTh, HTO
dE/dH<0. B 3ToM ciyyae AeTEPMHUHHPO-
BaHHOE YpaBHEHHE, COOTBETCTBYIOIIEE CTa-
LMOHAPHOMY pEXHMy, OyleT MMEeTb TpH pe-

HICHUWS !

O ~SH)E (H)-qH)SH) =0.  (3)

PapnosecHble ypoBHU H) U H3 ycTOWYMBHI Mo
OTHOWICHHUIO K MaJIbIM BO3MYILIEHHSAM, HO HEYC-
TOWYHMBBI K KOHEYHBIM. YpoBens H, abcomor-
HO HeycToiumB. Takum oOpasom, umeercs He-
JVHEHas JMHaMUYeCKas CUCTEMA, Y KOTOpOi
HET r100abHBIX YCTOWYUBEIX COCTOSHHMA paB-
HOBECHSI.

ITpu 3TOM BO3HHMKAIOT CJEAYIOHME BOMPO-
CBI: KaK J0JITO YPOBEHb BOAOEMA, A1l KOTOPOTO
cnpaseauBhl ypaBuenust @okkepa — [1nanka —
Konmoroposa, 6yzer mosiro ocraBaTbecsi B 3a-
JAHHOM HMHTEPBAJIEC 3HauY€HUH YPOBHS; KaKOBO,
HanpuMep, cay4aifHoe BpeMs nepexojia ¢ HUX-
HEro ypoBHs Ha BepXHHUil U o6paTHO; Kak pac-
npeseNeHa 3Ta BeIMdrHa?

OTH HecTalMOHAPHEIE 33/1a4l PeIIaloTes ¢
noMoupo obpatHoro ypapHenuss Dokkepa —
[Tnanka. IloxkazaHo B 4acTHOCTH, YTO HMEET
MECTO SKCMOHEHIMANBHEIN 3aKOH pacrpesese-
HHUsSi BpEMEH IIepexoJja C OJHOTO YPOBHs Ha
IpYToi.

C noMompIO pa3BUTHIX HENMHEHHBIX CTa-
TUCTUYECKHMX MOJIENiell BBINIONIHEH BEPOATHOCT-
HBIH NpOrHO3 noBeneHus ypoBHs Kacnwmiickoro
Mops Ha OGmwkaiiipe 20-30 et (cM. Tabnuiy).
Hanpumep, ripu oTMeTKe YpoBHA Mops —26,99 M
(Takoil ypoBeHp Habmomaercsi B Hactosuiee
BpeMs) BEpPOSATHOCTH CTabWIM3aLMKM MOps Ha
orMeTke —28,3 M coctaenser 0,83, a BpeMs cra-
6umsaimu oxkono 20 ner. BeposTtHOCTh nepe-
Xoza Ha BBICOKMH yposeHb 0,17, Bpems ctabu-
nusauyy 27 ner. CpaBHUTENBHO HeOoMbIIas Be-
POSITHOCTH TEpeXoa Ha BEPXHHUIl ypoBeHb 00b-
ACHAETCS IIMPOKOHM 30HOM HeyCTOHUMBOCTH B
OKPECTHOCTH HIKHEro ypoBHs. [Ipu panbHeit-
IIEM YBEIWYEHUH YPOBHS MOpsl BEPOATHOCTH
Nepexosa Ha BEPXHHMIt YPOBEHb OSKCHOHEHLH-
aJIbHO YBEIMYMBAETCS.
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BeposiTHOCTE H BPEMSA Nepexo/ia ¢ 3aJaHHOT0 YPOBHS HA HUXKHHI Wiu BepxHuil yposHn Kacnuiickoro mops

AGComoTHAA BeposTHOCTS nepexoa K YPOBHIO Bpems 1epexojia kK ypoBHIO, IOkl
OTMETKA, M HU3KOMY (—28.3 M) BBICOKOMY {—25.6 M) HU3KOMY BLICOKOMY

-27.74 0.98 0.02 5 34
-27.55 0.96 0.04 10 33
-27.36 0.93 0.07 13 32
-27.17 0.89 0.11 17 29
-26.99 0.83 0.17 20 27
-26.81 0.75 0.25 22 24
-26.62 0.64 0.36 25 20
-26.44 0.50 0.50 28 17
-26.25 0.35 0.65 30 13
-26.07 0.22 0.78 32 10
-25.88 0.12 0.88 33

-25.69 0.05 0.95 34 3

JlanHas paboTa nopaep:aHa mmporpaMmoi
Muno6pazoBanusa P@ «Hayunsle uccnenopa-
HHS BBICIIEH IIKOJBI IO INPHOPUTETHBIM Ha-
npaBIeHISIM HAYKA W TEXHMKM» (KOJ MpOEKTa
02.01.088).

BuiBoabt

1. Paspa®oTaHBl CTOXaCTHMUYECKHE METOMBI
UCC/ICIOBAHMA HENWHEHHBIX YpaBHEHUN BOX-
Horo 6ananca 0ecCTOUHBIX BOLOEMOB.

2. Tloxa3aHo, YTO TpaHCIpeccHU U perpec-
crr Kacrubickoro Mopsi, a Takoke JApyrux MEJKoO-
BOJHBIX BOJIOEMOB, 32 HeDOJIbILME OTPE3KH Bpe-
menu (npumepHo 1000 net) moryt ObITh 00BAC-
HEHB! B PaMKaX TEOPHH CTALMOHAPHOTO KJIMMaTa.

3. Halineno 3KCHOHEHIMANbHOE pacmnpe-
JAENIEHHUE TUIOTHOCTH BEPOSTHOCTH U BPEMEHH
NEepexoioB BOAOEMOB C YPOBHS Ha YPOBEHb.

4. Ha ocHoBe HeIMHEHHBIX MoJeiled mo-
CTPOCH BEpPOSITHOCTHBIM CcLeHapHi konebaHWi
ypoBHst Kacnuiickoro Mmops Ha Omwxalimue
JICCATUNETHS.
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