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Résumé

Pertinence du sujet.Actuellement, le changement climatique est cordirpar de nombreux
faits. La hausse de la température globale moyaniaesurface de la terre au cours du®RX
siecle, selon I'estimation de divers auteurs (Brogial., 2006 ; Hansen et al., 2005), est de 0,6 a
0,7°C. De paire avec les changements de régimenitpee, 'humidification générale des sols
change ainsi que le régime hydrologique (crues,dabon, sécheresse, etc). L'impact des
facteurs naturels et anthropiques, se superpassninls aux autres, provoquent des changements
sur les ressources en eau a I'échelle régionale.

Pour prédire les futurs changements climatiques, dlennées a long terme sur les
conditions climatiques et hydrologiques sont reggii®t peuvent étre obtenues non seulement a
I'aide des observations obtenues dans les statip®météorologiques, mais aussi a l'aide des
données de ré-analyse météorologique et d’altiméaiellitaires.

Le caractere fortement marécageux du territoirtad&@bérie occidentale et la rareté des
stations d’observations hydrométéorologiques camplnt le suivi du régime hydrologique des
bassins versants. Dans une telle situation, laepeis compte des données de ré-analyse
météorologique et d’altimétrie satellitaires, aastirune couverture réguliere de I'ensemble du
territoire étudié de la plaine de Sibérie occidentpermet de compléter les observations in situ
et d'élargir considérablement la portée des reblesycce qui détermine la pertinence de ce
travail.

Le but du présent travail est d’évaluer la variabilité des disponibilitésabraleur et en humidité
de diverses zones climatiques et hydrologiqueslesuerritoire de la Sibérie occidentale en
utilisant conjointement les données des stationgonéogiques, de ré-analyse météorologique
et d’altimétrie satellitaire dans un contexte dargement climatique.

Objectif de la recherche :

» analyser les tendances annuelles et saisonniérestetepératures de lair et des
précipitations atmosphériques sur une période ukbaquirs années en utilisant les données
des stations météorologiques et selon la ré-an&iRee40;

» définir la valeur seuil du coefficient de rétrodsgfon d’énergie pour chaque bassin
versant étudié. Cette valeur seuil, couplée aux @éemd'altimétrie satellitaire, permet de
distinguer les surfaces inondées des surfacesséavec pour but I'évaluation objective
de la quantité d’eau;

« évaluer la variabilité dans le temps (saisonniéranauelle) du régime d’humidification
des bassins versants de zones aux caractéristigdesmétéorologiques contrastées par

la méthode de l'altimétrie satellitaire (annéed. €883 a 2008).



Objets d’étude. Des bassins fluviaux de superficie intermédiairdreavant dans 4 types de

zones hydrologiques, climatiques et marécageusksibérie occidentale :

Zone d’humidification excessive et d'insuffisance a@haleur, zones de marécages
mamelonnés : déversoirs des rivieres Poloui, Naéour, Taz.

Zone d’humidification excessive et de tourbieresnbées oligotrophes : déversoirs des
rivieres Sosva du Nord, Konda, Tavda, Kazym, Nazyiaamine, Tromégan, Vakh, grande

lougan, Vassiougan, Tym et Ket.

Zone d’humidification principalement excédentaiteseffisante dans son extréme sud et
de chaleur suffisante, correspondant a la zonetrdfgusation plate et de tourbieres

mésotrophes : déversoirs des rivieres Toura et O l@ars cours supérieurs.

Zone d’humidification insuffisante et de chaleurffisante, zone d'eutrophisations

concaves et de marais salins : s’y trouvent laigdrasse du bassin de 'Om et la zone
d’écoulement interne (ou la région endoréique)aledne située entre les fleuves Ob et

Irtych.

La nouveauté scientifique de ce travail sdécline en plusieurs points :

Pour les bassins fluviaux (21 déversoirs), selsrdiennées de ré-analyse, I'évolution de
la température de lair et des précipitations afphésiques est analysée sur de
nombreuses années.

Emploi d’'une nouvelle approche d'évaluation du aive’eau de la zone étudiée a l'aide
de données d'altimétrie satellitaire en analysansignal réfléchi ou le coefficient de
rétrodiffusion exprimé en décibels.

Mise en évidence d’une relation entre le degréatidation selon les données d'altimétrie
satellitaire et les précipitations de la périodétél’'selon les données de ré-analyse pour la
série de bassins versants étudiés.

Les données d'altimétrie satellitaire soapprésentativesle I'évolution dans le temps du
niveau d'eau.

Sur les bassins versants étudiés, une zonatiorrag@ugue est proposé en fonction du

caractére saisonnier du coefficient d’'inondation.

Portée pratique du présent travail et mise en valeudes résultats.La théseest réalisée dans

le cadre du projet international franco-rusSAR-WET-SIB « Cycle Biogéochimique du

carbone dans les paysage marécageux de Sibériptaie » avec le soutien de 'ambassade de

France (bourse d’études du gouvernement francais wo@ double gestion scientifique 2008-

2011), ainsi qu'avec le soutien de la bourse dédembhe du fond russe de la recherche

fondamentale.



Le présent travail montre comment la méthode tteriétrie satellitaire peut étre utilisée
non seulement pour mesurer la hauteur des nappas,dhais aussi pour évaluer la variabilité
saisonniére d’une année sur I'autre du niveau di¥ses les bassins fluviaux.

Les principales conclusions et les résultats dastix sont utilisés lors de la préparation
et l'enseignement des cours du programme de neai&is « hydrométéorologie », en
« hydrologie-sol » ainsi qu’en « hydrologie et gé&miogie des zones marécageuses pétrolieres
et gazieres » a I'Université d'Etat de Tomsk.

Approbation des résultats de I'étude.Les principales conclusions de cette these ont été
présentées et discutées lors de conférences ititgralas et en Russie : Union européenne des
géosciences (European Geosciences Union, VienngiciAe, 2009, 2010); Agence spatiale
européenne (ASE) «Observation de la Terre parlisatet cycle de I'eau : vers une approche
complexe du cycle de I'eau » («Earth observation twedwater cycle: towards a water cycle
multi-mission strategy ») (Frascati, Italie, 2009)jion européenne des géosciences «Leonardo»
sur les enjeux actuels des ressources en eau (E@hbatdo Topical Conference Series on the
hydrological cycle — 2010) (Luxembourg, 2010); Eowmis-2010 (Tomsk, 2010); «Les
problemes fondamentaux de l'eau et des ressourceaw» (Barnaoul, 2010); au séminaire
tripartite Russo-Franco-Allemand « Le role de ratgdr climatique des écosystémes forestiers
et marécageux : aspects paysagers, écologiquesciels » (The climate regulating role of
forest-bog ecosystems: landscape-ecological andlsspects) (Hambourg, Allemagne, 2010).

Sur les données de cette thése ont été publigsickes dont deux dans les revues
« Journal of Hydrology and Meteorology » (2011§labs le « Messager de l'université d'Etat de
Tomsk », toutes deux incluses dans la liste deBgatilons et des revues scientifiques.

Le premier chapitre décrit les principaux facteurs physiques et géulyjcpes et les lois
qui ont déterminé le développement de la zonedkétt les caractéristiques de son climat.

Le deuxieme chapitre est consacré aux méthodes d'étude qui sont edisns la
présente thése. Au début une bréve descriptiomljess d'étude est fournie, puis les méthodes
mémes de l'étude. Le chapitre expose en détairiteipe de fonctionnement de la méthode
d'altimétrie satellitaire, résume les méthodesétiletection, et également expose la méthode de
ré-analyse a l'aide de laquelle sont étudiéesdesctéristiques climatiques.

Le troisieme chapitre présente les résultats des travaux accomplis lnalyae des
disponibilités en chaleur et en humidité de diveramnes climatiques et hydrologiques
marécageuses, 2) L'analyse de la variabilité dgukntité d’eau dans les bassins fluviaux selon

les données d'altimétrie satellitaire.



Les principales conclusions et les résultats desatraux sont les suivants :

1. Selon les données météorologigues des stationglles e ré-analyse sont analysés les
changements de température de l'air et la sommemespitations atmosphériques dans les
bassins de rivieres situées dans diverses zomaatjues et hydrologiques marécageuses.
L’analyse des données sur les températures moyatendsir sur de nombreuses annees
(1926-2005) montre notamment que le réchauffengeptus élevé est observé dans la partie
septentrionale de la plaine dans les déversoirsidiéses Nadym et Taz (0,37°C sur 10 ans),
et une augmentation significative de la somme dexiptations atmosphériques est
observée dans les régions proches de I'Oural (Sds\ord, Konda, Tavda, Toura) et dans
les déversoirs des rivieres Pour, Taz, Nazym et Vekie tendance a I'augmentation de la
somme des précipitations atmosphériques est olesenwe toutes les zones de plaine, a
I'exception des déversoirs des rivieres Chtchoatctiassiougan et Om, qui se caractérisent
par des indices négatifs de leur tendance générale.

2. L'analyse des changements de température de ltadeela somme des précipitations
atmosphériques selon les particularités saisorm@remis en évidence ce qui sulit :

* On observe une augmentation significative de lgptaature de l'air dans la période
de printemps (de mars a mai) avec le réchauffeteepius élevé dans le nord de la
plaine, et également a la station Barabinsk (4@ sur 10 ans)

* On observe une augmentation significative de la )semdes précipitations
atmosphériques dans les périodes d’hiver, de pnipgeet d’été. Cependant, au
printemps, on observe une augmentation significatles précipitations dans la
plupart des déversoirs des rivieres de plaine estuians chaque zone climatique et
hydrologique marécageuse.

Le changement de température de l'air et de lans®rdes précipitations atmosphériques
amene a un changement dans le régime d’inondatidgerdtoire, qui a été évalué a l'aide de
la méthode d’altimétrie satellitaire.

3. La méthode d'altimétrie satellitaire a permis di&ea la quantité et la variabilité
interannuelle et saisonniére du degré d’inondaties déversoirs des rivieres du bassin
fluvial de I'Ob.

4. Pour I'évaluation des changements sur de nombreuseses du coefficient d'inondation des
déversoirs étudiés dans la période d’'été et sasgehzents a l'intérieur de chaque saison
dans I'année, une valeur seuil du coefficient deod#fusion a été déterminée pour chaque
déversoir a l'aide des données satellites TOPEXidor et ENVISAT.

5. D'aprés les données du satellite TOPEX/Poseidoétéaproposée une classification des

bassins fluviaux selon le critere de progressiorcaokfficient d’'inondation minimal en été
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d’'une année sur l'autre, et ont également été misckef quatre zones géographiques. La
classification en question concorde bien avecdasgification de V.A. Zemtsov (2003), basée
sur la similitude de la variabilit¢é sur de nombesuisannées de I'écoulement annuel et
mensuel des riviéres.

6. Des groupes de déversoirs sont mis en évidence,lesguels la variabilité de la quantité
d’eau d’'une année sur l'autre d'aprés les donnéesatellite TOPEX/Poseidon concorde
bien avec la somme des précipitations atmosphérigae la méthode de ré-analyse sur la
période de 1993 a 2001.

7. 1l est établi qu’avec le temps on observe une bamgnificative de la quantité d'eau
(TOPEX/Poseidon) dans la zone d’écoulement intemie les fleuves Ob et Irtych ainsi que
dans le déversoir de la riviere Om.

8. En utilisant les données du satellite ENVISAT, @réalisée une classification des déversoirs
sur le critere de progression du coefficient d’inateh d’'une année sur l'autre. Quatre zones
géographiques ont également été mises en évidena®igcident dans I'ensemble avec les
zones définies par les données du satellite TOP&S¢iRoON. L'augmentation de la quantité
d’eau a été détectée dans les déversoirs desesviler la région proche de I'Oural, dans les
régions boisées de Sourgout, dans la zone situgeles fleuves Ob et lenissel, et également
dans le déversoir de la riviere Vassiougan.

Dans I'ensemble, les études réalisées ont montr& leprésentativité des données
d’altimétrie satellitaire en matiére d’évaluation du degré d’inondation des déversoirs
fluviaux et de sa variabilité spatio-temporelle.

Perspectives pour les études ultérieureses études ultérieures seront orientées vers
I'ajout de précisions concernant les valeurs selil coefficient de rétrodiffusion afin de
subdiviser les paysages se différenciant par legrédé'inondation et de réchauffement, et vers
I'étude des dynamiques de leur inondation selorsésons et sur une période de nombreuses

années.



Abstract

GENERAL DESCRIPTION OF THE STUDY
Relevance of the studyFor the climate change prediction in the future¢hie a necessity in
reliable and long-term data of climate and hydrialy parameters that are available from
meteorological and hydrological stations as welfras reanalysis and satellite radar altimetry
data.

A meteorological reanalysis is the analysis of pdstervational data using a fixed, tried-
and-tested, data assimilation system. Model reaisalg widely used among various scientific
groups both in Russia and abroad (Serreze et &5; 20ansen et al., 2005; Brohan et al., 2006;
Kabanov, 2008; Ippolitov et al., 2008; Gordov, 2DOZRA-40 is one of the most reliable
reanalysis today.

Satellite radar altimetry is one of the active réensensing methods. Although satellite
radar altimetry was initially designed for ocearaqgric applications such as sea level change,
ocean circulation, and ocean tides (Fu, Cazena®8]l)2 it has been demonstrated to be
applicable to non-ocean surfaces for monitoring ioental surfaces over ice sheets (Zwally et
al., 1983) and surface topography in Antarctic &@rdenland (Legresy, Remy, 1997; Remy et
al., 1999), for water level measurements (Birke@5,%azenave et al. 1997, Alsdorf et al. 2001)
as well as for the detection of flooded zones (Zed¥em 2009). The latter aspect is very
important in studying the hydrology and geoecolagly the West Siberian Plain that is
characterized by high level of swamping. Floodedezisrunderstood to be a relative area of the
territory permanently or temporarily covered witlisture (lakes, rivers, bogs of different types,
flood plains, swamps). It changes with space am tand reflects a moisture pattern of the
territory. In this study we use the flooding coent as an equivalent of moisture coefficient
proposed by V.S. Mezentsev and I.V. Karnatsevi€&69).

Because of high level of swamping in West Siberiad aa sparse network of
hydrometeorological stations, monitoring of hydgtal regime is hindered. In such a situation,
it is necessary to involve model reanalysis anell#at altimetry data that ensure the regular
coverage of the whole West Siberian Plain, makimpssible to supplement field studies and to
considerably expand the area of research. Thisrdetes the relevance of the thesis.

The main goal of the studyis to estimate the dynamic of air temperature amtipitation in
different hydrological and climatic zones of WegbeSia in the context of climate change from

meteorological stations data, reanalysis and gataltimetry.



Objectives:

 to analyze annual and seasonal trends of air textyser and precipitation from
meteorological stations data and ERA-40 reanalysis;

» to apply satellite altimetry data for estimationfloioded zones using the threshold value
of the backscatter coefficient for each watershearider to differentiate flooded and
water-free surfaces;

e to estimate the temporal (seasonal and interannaaibility of moisture regime of
watersheds in different landscape zones from gatedidar altimetry (1993-2008).

Objects of the studyare watersheds (fig. 1) situated in different lmjaigical and climatic zones
as well as wetland zones:

I. Zone of excessive moistening and insufficiendth@nd moisture, zone of palsa bogs include
watersheds of Poluy, Nadym, Pur and Taz rivers.

Il. Zone of excessive moistening and oligotrophag$ include watersheds of Severnaya Sosva,
Konda, Tavda, Kazym, Nazym, Lyamifromyegan Vakh, Bolshoi Yugan, Vasuygan, Tym and
Ket rivers.

[ll. Zone of mostly excessive and sufficient helad anoisture in the southern border of Western
Siberia, zone of flat eutrophic and mezothrophigsmclude watersheds of Tura and upper Om
rivers.

IV. Zone of insufficient moistening and sufficieméat and moisture, zone of eutrophic salt fens
include watershed of lower Om river and Inner watted of Ob and Irtysh interfluve area.
Subject of the studyis various indicators oheat and moisture of watersheds in different
hydrological and climatic zones of West Siberianfroneteorological stations, reanalysis and
satellite altimetry.

Satellite radar altimetry, cartographical and stetal methodsare used in the study.

Data used in the studyMeteorological data for the years 1926-2005 weraiobtl from the
daily temperature and precipitation data for Barabiand Berezovo stations dataset, available
online at the All-Russian Research Institute of kdydeteorological Information-World Data
Center (RIHMI-WDC) (www.meteo.ru). Daily six-houerhperature and precipitation data
ERA-40 for the years 1958-2001 were retrieved ftb European Center for Medium-Range
Weather Forecasts (ECMWF) website (www.ecmwif.int).

Satellite radar altimetry data of TOPEX/Poseidonl &NVISAT were used to estimate the
variability and extent of flooded zones of the 24tevsheds in West Siberia. Altimetry data were
obtained from the Centre of Topography of the Oseamd the Hydrosphere (CTOH) website
(http://ctoh.legos.obs-mip.fr/). The following masds were used in the analysis: 1) vegetation

map of West Siberia (1:1500000 map scale) (197p)hy&Irographical characteristics data

9



(percentage of lakes + percentage of swamps) frenWater Surface Resources of West Siberia
(1971-1975 and 2009).

Scientific originality of the study is 1)to use ERA-40 model reanalysis data for evaluabion
air temperature and precipitation variability far @atersheds?) to use satellite altimetry data
for estimation of spatial and temporal variabildy flooded zones based on the analysis of a
reflected signal or backscatter coefficient (BS&pressed in decibels, a threshold value of this
coefficient is selected for each watershed and cosdpaith historical data3) in establishing
the correlation between the extent of inundatiod aommer precipitation data from model
reanalysis for a number of watershedlsin validation the representativity of satelliteiraletry
data for estimating time dynamics of flooded wdteds;5) the classification of the Ob’s basin
rivers based on the seasonal dynamics of the battkscoefficient.

Implementation of results. Satellite radar altimetry is applicable not justn@asure height
above the surface but also to estimate the vaithalmf various flooded zones (seasonal and
interannual). The temporal variability of floodeeas is given in this study.

The main results and conclusions of this work asedufor lecture courses within the
master programs in «hydrometeorology», «land hydypb, «hydrology and environmental
studies of swamped oil-and-gas territories» in Tlo®tate University as well as for hydrological
monitoring of the West Siberian river basins.

Principle defended statements:
1. ERA-40 reanalysis is reliable data for estimationaof temperature and precipitation
variability in the watersheds of the West Sibeirdain.
2. Satellite altimetry is reliable data for estimatitre extent and temporal variability of
flooded zones.
3. Satellite altimetry is applicable for geographiwisiion of the study area basing on the
seasonal and interannual variability of the extdritooded zones.
Individual contribution. The author of the study has been taken part iers&tt of objectives
and results interpretation. The main results ofstuely have been obtained by the author of the
thesis. Altimetry data processing has been impleéetenogether with A. Kouraev and E.
Zakharova colleagues from LEGOS in Toulouse.
Conferences and seminarsThe main results of the study have been discussedhe
international and regional conferenc&GU (European Geosciences Union, Vienna, Austria,
2009, 2010); ESA (European Space Agency) «Eartergh8on and the water cycle: towards a
water cycle multi-mission strategy» (Frascati,yit&d009); EGU Leonardo Topical Conference
Series on the hydrological cycle (Luxemburg, 20E)yiromis-2010 (Tomsk, Russia, 2010);
«Fundamental problems of water and water resour¢Bswnaul, Russia, 2010); trilateral
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seminar (Russia, France and Germany) «The clinegjelating role of forest-bog ecosystems:
landscape-ecological and social aspects» (HambGgmany, 2010); «Climatology and
hydrology of West Siberia» (Tomsk, Russia, 2012).

It has been published 6 articles in co-authorshiguding two articles in the peer-
reviewed journals.
Thesis organization and its volumeThe manuscript is composed of 2 extended abstnacts
French and English, introduction, three chaptevachusions (in Russian) and bibliography. All
tables, figures and pictures in the text, if itat explained other, are done by the author of this

dissertation.

DESCRIPTION OF THE STUDY

Chapter 1. General description of the territory

This chapter describes the physic and geograpliorfa as well as mechanisms that
determined the evolution of the West Siberian Pl@iimmate change of various regions has its
particular characteristics and differs from the glostate. Ippolitov et al. (2008) and Kabanov
(2008) have stated that climate warming in Sib#&rathe last 30 years is characterized by the
heterogeneous sub-regional structure with «hotsspatsome regions up to 0,5°C/decade. There
is a significant change in the general moisturehef territory as well as in the hydrological
regime. Moreover the wetland hydrographic net amdharacteristics describe in details because
the wetland formation on the territory of West Sieplays a very important role providing
special hydrological conditions (Zemtsov, 1976) amdst be considered in its monitoring.

Chapter 2. Methods

This chapteiis devoted tanethods used in the study. The following sourcesewsed
as initial data for estimation of the climate changattern based on air temperature and
atmospheric precipitation: 1) archives of the AilldRian Research Institute of
Hydrometeorological Information — World Data CeitéRIHMI-WDC) (www.meteo.ru) —
daily records from meteorological stations of W8sgteria, 2) ERA-40 model reanalysis data
from the European Center for Medium-Range Weatleedasts (ECMWF) (www.ecmwf.int).
The monitoring results from meteorological statievere used for control of model reanalysis
data. These data are summarized below.

The analysis of the air temperature and atmospbpeeicipitation data was carried out for
the Berezovo station from 1936 to 2005 (69 yearslservations) and the Barabinsk station

from 1926 to 2005 (79 years). The first statiohoisated nearly at the mouth of the Severnaya
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Sosva river, the second one is positioned neandnihern boundary of the inner watershed of
Ob'-Irtysh interfluve area. The archive data inaten to temperature and precipitation are
regularly adjusted. The sequences of precipitatdaia are corrected for exclusion of
discontinuity. They are adjusted for wetting andnsition from rain gauges to precipitation
gages. However, the precipitation data contain gnifitant element of instrumental
discontinuity, which is partly associated with urestimation of solid precipitation, especially
those that accompanied with snowstorms and strondswEstimation Report..., 2008).

The ERA-40 reanalysis archive contains the data f&eptember 1957 to August 2002,
with the spatial resolution of 2.5° along the ladié and longitude at regular grid points and the
time resolution of 6 hours. We analyzed the airgerature and precipitation data from 1958 to
2001 by arithmetic averaging of the data at alutaggrid points that fell into the area of each
specific watershed (fig. 1).

Average annual air temperatures and total atmogphegcipitation were analyzed for a
calendar year. Seasonal temperature and preaypititne series were conventionally taken with
fixed boundaries: winter (December of the previgesr — February, DJF), spring (March —
May, MAM), summer (June — August, JJA), autumn (8eyber — November, SON). For
estimating statistical significance of trends uding Student’s test, a confidence level was set at
5% (@ = 0,05).

We used the satellite altimetry method to estinthéemoistening mode of the territory
(or more exactly its inundation extent). This methh@$ some great advantages as compared
with field observations. The classification of remgensing methods based on different criteria,
such as equipment installed on the system, radidtamds and an operating principle (fig, 2) is
presented. The short description of passive andea@mote sensing systems is given.

This thesis uses the satellite altimetry method ctvié one of the active remote sensing
methods. The operating principle is as follows: iddar altimeters permanently transmit signals
to Earth (towards the nadir (upright), and receh& echo from the surface. Altimetry satellites
basically determine the distance from the satetitita target surface by measuring the satellite-

to-surface round trip time of a radar pulse (fig. 2)
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Hydrologic and climatic zones [by Mezentsev,
Karnatsevich, 1969]:

A. Excessive moistening in moderate and wet yearsaticthal
moistening in dry year at a frequency of once eteygars;

B. Zone of excessive moistening and insufficient eeguply in
wet year at a frequency of once every 5 years gutimal
moistening in moderate and wet years at a frequefignce
every 5 years;

C. Zone of optimal moistening and heat supply in matker
year and in wet year, at a frequency of once eSeygars and
insufficient moistening in dry year at a frequeméyonce every
5 years;

D. Zone of insufficient moistening and excessive tsegiply in
dry year at a frequency of once every 5 years gotimal
moistening in moderate year and in wet year aequiency of
once every 5 years;

E. Zone of highly insufficient moistening and excessiveat
supply in moderate and dry years at a frequenonoé every 5
years, as well as insufficient moistening in wetaryat a
frequency of once every 5 years;

Al. Zone of highly excessive moistening and insufficireat

supply;
E1. Zone of highly insufficient moistening and exdessheat
supply.
Natural zones [by Bulatov, 1996]:
r— 1. tundra; 2. forest tundra; 3. northern and midiliga; 4.
D1 Dz I:l € 4 Els southern taiga; 5. sub-taiga (mixed forests); 6alkteaved

forests; 7. northern forest steppe; 8. centralstosteppe; 9.
southern forest steppe; 10. steppe.

- [ [

Figure 1— Map of coverage of study watersheds with the doatd grid of ERA-40 model
reanalysis (watersheds: 1Shchuchya2 —Poluy, 3 — Nadym, 4 — Pur, 5 — Taz, 6 — Nazym, 7 —
Lyamin, 8 —Tromyegan 9 — Vakh, 10 — Severnaya Sosva, 11 — Tavda, K@nda, 13 — Tura,
14 — Bolshoy Yugan, 15 — Tym, 16 — Vasyugan, 17s; @8 — Inner watershed of Ob and Irtysh
interfluve area) — marked with circles. Red triangl Berezovo meteostation, green triangle —
Barabinsk meteostation.

Figure 2— Altimetric measurement scheme (www.aviso.ocearobs, Aviso User handbook,
1996); A — general view; B — in details
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Therefore, the satellite altimetry method can bedufor measurement of the distance
between the satellite and the reflective surfasewall as the waveform, which carries the
information on nature and properties of the surfé@¢egnudelli et al., 2011). Waveform
represents a time change in value and shape oh@ming signal. One of the waveform
elements is energy of an altimetry signal, whiclexpressed abackscatter coefficienBSQ
(0%). It is measured in dB and used in this thesis faly@ing inundation extent of study
watersheds. Open water surface gives a higher B what less moistened surface. Its value
also depends on type of underlying surface — defredoil, and vegetation. For example, in the
case of open water surface the signal is stron@ B35 dB. The reflected signal is weaker, e.g.
in mountain areas with a high diversity of elementsurfaces, from which a signal is reflected
at different angles with high energy losses, ad a®lin dry meadows densely covered with
grass, and, in a greater degree, in forests.

The thesis uses the data obtained from satellitenegters TOPEX/Poseidon and
ENVISAT. A time repetition interval (cycle) of maagments along the satellite tracks is equal
to 10 and 35 years, respectively. The zone of ameewith satellite tracks is secured within 66°
of north latitude up to 66° of south latitude foDFPEX/Poseidon and 82.4° of north latitude up
to 82.4° of south latitude for ENVISAT (fig. 3).

- \N parh - i
:)()M’X; 4}(: x> :x- J\}( I(Xv U
Ymva‘pmgw“m,\‘j\ym\‘ﬁ’yv ““ \"‘Wy\’g’,w
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Figure 3— TOPEX/Poseidon and ENVISAT tracks’ coverage of wsiteds (TOPEX/Poseidon —
black; ENVISAT — orange)

Altimetry data processing

1. The initial satellite altimetry data were obtaineasing CTOH software
(http://ctoh.legos.obs-mip.fr/ French Observati@n&e dedicated to satellite altimetry studies),

taking into account instrumental errors and adjesti: for environment effect. The data
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represented an averaged signal with a 0,1 sec nadges from radar echoes corresponding to
along-track ground spacing of 580 m for TOPEX/Pdseiand 380 m for ENVISAT. The
distance between satellite tracks is 315 km for ER#Poseidon and 85 km for ENVISAT (fig.
4). The points along the track correspond to k&eignals. Points of intersection of tracks with
watershed boundaries were taken using MapIinfo soéw

2. We determined a total number of altimetry measergsiin each cycle, as well as a
number of measurements from among them that fe&dl water surface, or more exactly the
surface classified by us as "water" one, but inrtadity only flooded with water to a certain
extent. Water is present permanently (in the formivars or lakes) or temporarily (in the form
of swamps of different types, bogs, plain floodSlooding of the area is proposed to be
measured by flooding coefficient (£). It is calculated as a ratio of a number of measients
above water surface Nopgg)to a total number of measurementgdih each satellite cycle:

fat = NODbS (ngs)/Nobs*100% (1)

KX
r?«"'),.“%" X
AAF

R/
A/

%

Figure 4— TOPEX/Poseidon and ENVISAT coverage of Vakh wdttedsby altimetric signals
(TOPEX/Poseidon — red dots; ENVISAT — blue dots)

A number of measurements,dyfor 10-day TOPEX/Poseidon (49-753 points) and 35-
day for ENVISAT (1261-18,509 points) of satellitgctes for study watersheds depend on
watershed area. It is obvious that#value changes in time depending upon seasonselagasv
in the multi-year section for each season, refhgctthe space-time moistening (flooding)
dynamics of the study area. A threshold value akbeatter coefficient (BSC) should be preset
for differentiation of flooded and water-free suwda. Therefore, in the general case an individual
value of this criterion should be selected expenitaky for each watershed.

We used some cartographic data for more objectstenation of the BSC threshold

value: different BSC values were set, and thenespwnding minimum flooding coefficients
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were calculated for the driest summer season (flaly to September). The latter values were
compared with available data on hydrographic charestics of watersheds (percentage of lakes
+ percentage of swamps) taken from the monografiwsrfdce Water Resources in USSR”,
1971-1975, and “The Hydrology of Water-Logged Areds2009), as well as the vegetation
map of the West Siberian Plain (1976), which reflecelative area of permanently moistened
lands on a watershed. As a result of comparisonB®@ threshold value is selected (within a
range from 15 to 27 dB) in such a way to best m#telcartographic data (fig. 5).
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—s— historical data
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Figure 5 — Flooding coefficient (%) and its threshealues (dB) for the Vakh river

Chapter 3. Analysis of spatial and temporal variabity of climate and flooding of the
West Siberian watersheds

Numerous studies devoted to investigation of clenatanges in Siberia have shown that
these changes are unevenly distributed acrossetiigoty and form specific regions ("hot
points”), where rapid climate warming is observéaidov, 2007).

Liner trend analysis of air temperature and preciptation data

This section is devoted to investigation of theetiidynamics of air temperature and total
atmospheric precipitation (average annual and sefisin the area of study river basins (21
watersheds) of the Western Siberia according tal#ta of meteorological stations and ERA-40
model reanalysis. Quality of the reanalysis datgs discussed. Reanalysis makes it possible to
transform observation data that are irregular nmetiand space into grid global fields covering
several decades. Reliability of reanalysis datakimown to be unequal for different
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meteorological values. Systematic errors are afteerent to them (Kalnay, 2003). Quality of
reanalysis data also depend on density of an olsmrvaetwork. Despite a number of
limitations (Cullather et al., 2000), reanalysigadare valuable information sources, even for
analysis of precipitation and evaporation thatsameulated less precisely than air temperature.
We compared the reanalysis data with the observatgsults from Berezovo and
Barabinsk stations in order to assess quality oAER reanalysis data for analysis of main
climatic variables (air temperature and precipota}i The analysis of air temperature and
precipitation trends for 1958-2001 in the study ewsiteds has shown the good matching of

meteorological station data and reanalysis datbl€TH).

Table 1 — Liner trends coefficients and its cotielss between ERA-40 and meteorological
stations data of air temperature and precipitati®@58-2001)

Liner trend coefficient Fxy Fxy
(°Cldecade)/(mm/decade) (temperature) | (precipitation)
ERA-40 (S. Sosva) 0/25
Berezovo 0,2/10 0,99 0.77
ERA-40 (Inner watershed of 0,3/9
Ob and Irtysh interfluve area) 0,97 0,73
Barabinsk 0,4/13

The analysis of the air temperature and atmosplpeecipitation data of meteostations
data for Berezovo (1936-2005) and Barabinsk (192@52 as well as ERA-40 data (1958-2001)
showed the following results: The greatest warméngbserved in the northern part of the West
Siberian Plain, which is suggested by linear treswkfficients (0,35-0,37°C/decade). A
significant increase in precipitation is observedthe Trans-Ural Region (Severnaya Sosva,
Konda, Tavda, Tura), in the Surgut Polesie (Nazym ¥akh) and in the northern part of the
plain (Taz river basin) (Table 2).

We analyzed seasons of the year (winter. Decemélerdry; spring: March-May;
summer: June-August; autumn: September-November)caledlated their trends to determine
the contribution of each month in the annual tiraees. The analysis has shown that the highest
increase in air temperature in watersheds is obdenvehe spring season with significant linear

trend coefficients from 0,40 to 0,84°C/decade, al as in the Barabinsk station. The greatest
warming is observed in the north of the plaim watersheds of Shchuchya, Poluy, Nadym and

Tromyegan rivers with linear trend coefficients frahi72 to 0,84°C/10 years (Table 3). In
general, a significant increase in spring tempeeatwas confirmed for 16 watersheds, including
the Barabinsk station. The obtained data on aimpé&ature are confirmed by the studies of

several authors (Frey and Smith, 2003; Gordov, R0@ho estimated air temperature and
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precipitation in the West Siberia according to dadan meteorological stations (1958-1999) and
ERA-40 model reanalysis (1958-2000). An increaseimter temperatures is significant only for
the Barabinsk station with the linear trend coéffit of 0,53°C/decade. A change in air
temperature in summer and autumn seasons turreditsignificant except Taz river basin with
the increase liner trend of 0,32°C/decade.

The analysis of precipitation trends has shownoavtir of precipitation at a rate of 4,0—
6,4 mm/decade in the winter season in watershe#®onfla, Nazym, Lyamin rivers, as well as
in Berezovo and Barabinsk stations. In the sprie@sen a significant increase is observed in
watersheds of Nadym, Pur, Taz, Konda, Nazym, Lyarura, Vakh, Tromyegan, Bolshoy
Yugan rivers and in the Berezovo station (5,1-9.8/decade). In the summer season the
significance of the trends was confirmed only irnersheds of Taz, Severnaya Sosva and Nazym
(8,6-14,8 mm/decade). The autumn seasons make$owest contribution in the seasonal
distribution of precipitation, with a significamdrease in the watershed of the Tura river (8,8
mm/decade).

A significant increase in spring temperatures tssul earlier snow melting and the long
vegetation period, while a significant increaseatmospheric precipitation leads to higher
flooding of territories in different natural zonédespite an increase in air temperatures and
evaporation rates). Flooding of the territory deggeon the relationship between water balance
elements (precipitation, evaporation, drainage)e frechanism of flowing excessive moisture
into the river network, being a natural drainagehaf area (lvanov, 1957), should be also taken
into account. Therefore, the effect on change @tipitation on change in the flooded zones is
difficult to be traced only with ground-based olws#ions. Moreover, the most areas are
inaccessible due to high swamping, and this evere mamplicates the solution of this task. That

is why we used the satellite altimetry method todg watersheds.
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Table 1 — Annual and seasonal estimated decadalstia surface air temperature and Student’s tasstcs (significance level = 0,05, statistically
significant values are marked with the bold type)

E ] ) § Q %) ] %) ,g, ] ") % Q )
Watershed and % -cgs f%’ "’-('3 % ,_:'cg % "]3 % @/-c?i) f%’
meteostation’s name 3 § -E % g E §<§t g E g g E % g -E

<9 2 E9 |2 E29 | 8 E9 |2 9 |2
Shchuchya 0,24 1,43 -0,10 -0,26 0,84 2,69 0,27 1,61 -0,11 -0,36
Poluy 0,34 2,12 0,12 0,29 0,78 2,72 0,29 1,83 0,12 0,49
Nadym 0,37 2,29 0,23 0,55 0,76 2,71 0,29 1,97 0,12 0,46
Pur 0,35 2,20 0,22 0,47 0,68 2,52 0,32 2,25 0,23 0,87
Taz 0,36 2,32 0,34 0,71 0,62 2,47 0,25 1,78 0,12 0,42
Severnaya Sosva 0,15 0,97 -0,05 -0,14 0,53 2,23 0,15 0,89 -0,07 -0,32
Konda 0,22 1,65 0,19 0,53 0,45 2,07 0,17 1,06 0,02 0,10
Tavda 0,17 1,31 0,01 0,17/ 0,44 2,14 0,18 1,15 -0,04 -0,19
Tura 0,20 1,73 0,22 0,72 0,33 1,66 0,18 1,20 0,05 ,300
Nazym 0,22 1,53 0,09 0,24/ 0,56 2,26 0,17 1,11 0,03 0,11
Lyamin 0,24 1,89 0,15 0,40 0,63 2,42 0,19 1,29 0,09 0,39
Tromyegan 0,34 2,24 0,26 0,63 0,72 2,50 0,19 1,36 0,12 0,47
Vakh 0,33 2,14 0,32 0,70 0,61 2,52 0,24 1,73 -0,03 -0,10
Bolshoy Yugan 0,33 2,41 0,36 0,94 0,59 2,49 0,22 1,60 0,11 0,52
Tym 0,26 1,84 0,29 0,70 0,53 2,40 0,12 1,08 0,07 0,29
Vasyugan 0,29 2,21 0,30 0,83 0,49 2,34 0,19 1,62 0,09 0,46
Om 0,28 2,02 0,34 0,98 0,38 1,71 0,17 1,32 0,11 0,5
Inner watershed of O
and Irtysh interfluve area 0,27 2,14 0,43 1,26 0,37 1,79 0,11 1,0 0,1% 0,7
Berezovo, met. station 0,05 0,73 0,02 0,1 0,20 212 0,03 0,45 -0,04 -0,28
Barabinsk, met. station 0,26 5,98 0,53 4,00 0,40 4,73 0,06 1,29 0,10 1,33
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Table 2 — Annual and seasonal estimated decadalstia precipitation and Student’s test statigsagnificance levelo = 0,05, statistically
significant values are marked with the bold type)

g n < < z
Lo ) ) S o O o
. = T 0 = T n © n ~ T 0 N o n

Watershed and meteostation’s & 8 S 8 = S 8 S 8 ~ 3 8

< O n (] n [} 0 Q [%2) Q 2]

< E 2 g |2 EE |2 EE |2 EE |2
Shchuchya -1,5 -0,20 2,5 1,2 1,7 0,59 -1,8 -0,31 ,0 -4/ -1,09
Poluy 5,1 0,55 4,0 1,74 5,4 1,76 -1,2 -0,19 -2,9 770
Nadym 7,1 0,86 3,4 143 5,1 2,05 2,8 0,52 -4.5 -1,15
Pur 14,0 1,83 3,6 1,38 6,2 2,55 7,9 1,51 -4,0 -0,95
Taz 20,1 2,80 4,9 1,69 7,6 3,20 8,6 2,31 -0,9 -0,21
Severnaya Sosva 16,8 2,43 0,8 0,43 5,6 1,824 9,7 2,32 0,3 0,08
Konda 22,8 2,52 5,8 2,54 6,1 2,21 6,9 1,11 3,5 1,05
Tavda 19,9 2,19 0,3 0,11 1,5 0,44 9,5 1,50 8,0 1,96
Tura 24,1 2,80 4,1 1,57 5,8 2,06 5,3 0,93 8,8 2,48
Nazym 23,9 2,56 4,0 2,20 9,5 2,61 14,8 2,73 -5,0 -1,24
Lyamin 16,2 1,63 4,7 2,31 9,9 2,80 7,3 1,23 -6,3 -1,51
Tromyegan 12,9 1,40 3,8 1,72 6,4 2,02 6,8 1,24 -4,7 -1,20
Vakh 20,8 2,26 3,8 1,56 8,4 2,93 9,7 1,63 -1,7 -0,42
Bolshoy Yugan 12,1 1,00 2,1 0,19 6,7 2,21 2,3 0,36 0,5 0,15
Tym 11,7 1,45 3,2 1,39 3,3 1,02 4,7 0,88 0,1 0,03
Vasyugan -1,6 -0,21 3,1 1,27 -0,7 -0,26 -3, -0,7 0,6- | -0,19
Om -6,9 -0,91 2,6 1,14 -0,7 -0,31 -10,] -1,776 0,7 ,200
Inner watershed of Ob and Irtysh j
interfluve area 9,5 1,34 3,0 1,28 1,0 0,4( 5,2 1,22 -0,2 -0/06
Berezovo, met. station 19,8 3,91 6,4 5,25 5,4 2,92 2,1 0,58 4,5 1,81
Barabinsk, met. station 4,3 1,27 4,3 4,54 0,9 0,71 -1,8 -0,66 1,1 0,87




Temporal variability of flooded zones from satellie altimetry

Time variability in flooding of river basins was ayzed using the data from satellite
altimeters TOPEX/Poseidon and ENVISAT.

The river basins were classified by interannual dyica of minimum flooding
coefficients for the summer period, which reflettie natural modes of river watersheds. For
example, the river classification proposed by VZ&mtsov (2003) is based on the similarity of
annual and monthly discharge pattern. It is noteithis study that there are wide "neutral” bands
with the transient mode of fluctuations betweenitiemtified clusters or cores. As a result of the
performed analysis using the satellite altimetrsutes, the author of this thesis identified four
geographical regions on the basis of the visualyaisa The first of them includes the central
part of the Ob-Irtysh interfluve area (basins of @na Vasyugan rivers) and its inner watershed
area. The second region includes the Trans-Urabmegnd the northern part of the Ob-Irtysh
interfluve area (basins of Severnaya Sosva, Kodde/da, Tura and Bolshoy Yugan). 2
subgroups are identified in this group of rivesSevernaya Sosva, Konda, Tavda; b) Tura and
Bolshoy Yugan. The third region includes the rivefshe Ob-Yenisei interfluve area (basins of
Vakh, Tym and Ket rivers). The fourth region corsps the rivers of the Surgut Polesie, as well
as the rivers flowing to the north of the SiberiRidges (basins of Nazym, Lyamin, Pim,
Tromyegan, Kazym, Taz, Pur, Nadym, Poluy rivers)subgroups of river watersheds were
identified: a) Pur, Nadym, Kazym; b) Poluy, Taz;Tepmyegan, Pim; d) Lyamin, Nazym. Our
classification of study watersheds by similarity inferannual dynamics of seasonal flooding
coefficient matches well with the V.A. Zemtsov'asdification (2003). The comparison of both
classifications has shown that the data for thérakpart of the Ob-Irtysh interfluve area (except
for the watershed of the Vasyugan river), the Tfdra Region and the northern part of the Ob-
Irtysh interfluve area, the Surgut Polesie andribers flowing to the north of Siberian Ridges
coincide with each other. For the last group wes@néed the more detailed division of river
watersheds into subgroups. An example of waterghmaping is presented in Figure 7.

The thesis considers the consistency between jmp data from ERA-40 model
reanalysis with the data from TOPEX/Poseidon alimePair linear correlation indexes and
their standard errors were calculated for all stwhtersheds in order to reveal a statistical
relationship between minimum flooding extent in twenmer period and total precipitation for
the same period. Several watersheds with significarrelation indexes were identified, at a
given significant leved = 0,05: Severnaya Sosvay(r 0,79), Tym (g = 0,90), Om (% = 0,93),
Vasyugan @ = 0,73), Poluy ¢ = 0,77). Therefore, we can suppose that floodinthe area
highly depends on total precipitation of the sumseason.
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Figure 7— Groups of watersheds for interannual dynamicsooiding coefficient

The identified relationship between flooding andgipitation of the summer period for a
number of watersheds shows a good representatifvitye altimetry data. The data from satellite
altimeter TOPEX/Poseidon cover only the 8-yearqeeand do not allow identifying significant
trends due to a small length of series. The onbeption is the watershed of the Om river and
inner watershed of the Ob-Irtysh interfluve arealyQone reliable prediction can be reasonably
made: both fluctuations and directional changedlanding will continue. Based on such
assumptions, the satellite altimetry method camdexl for estimation of flooding dynamics for
complex areas (swamps, water-logged areas etc.).

We estimated the variability in water flooding (262308) of all study river basins with
ENVISAT satellite. At the first stage we dealt witie river basins located in the north of West
Siberia: Poluy, Nadym, Pur, and Taz (PNPT). A B&€2ghold value was set at 20 dB. The
obtained results were graphically presented in Big-They reflect the variability in water
flooding of PNPT area, which is characterized by tamnual peaks: spring and autumn, with a
minimum between them. In winter, when the areaoigered with snow, the coefficient is equal
to zero. The first maximum related to spring flabeht usually occurs in June, with flooding
coefficient value up to 85% for all rivers, excépt Taz (66%). Low flooding percentage of the
Taz river basin is likely to be associated with arendissected relief within the Taz Upland,
where flooding conditions are less favorable.

The second minimum is related to the autumn flooliserved in September, also with
high flooding coefficients: up to 81% for Nadym, 7986 Pur, 56% for Poluy and 52% for Taz.
It should be noted that spring and summer-autumioge are characterized by almost equal
high values, although water content of rivers gngicantly lower in the period of summer-

spring floods as compared with high-water levelisltexplained by the fact that even an
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insignificant increase in difference in precipitatiresults in significant flooding of the surface
and higher soil moisture. Therefore, highly floodrulface is registered by the satellite altimeter
almost as water surface at a selected BSC threshbld.

The summer minimum for all rivers is observed in Asig the coefficient value is equal
to 35% for Poluy, 68% for Nadym, 70% for Pur and 4% Taz. Thus, the satellite altimetry
enables to estimate a value and variability of fewbdand water-logged areas in PNPT
watersheds. Water is partly used as surface anthdveater flow and partly evaporates. Climate

warming may intensify these processes.
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Figure 8 — Temporal variability of (a) flooded ar@a of ENVISAT altimetric observations
classed as open water) and (b) daily river disahdog Pur at Samburg and Nadym at Nadym
(m®s). Timing of spring and autumnal maximas of flow@eea is shown as grey dashed lines
(Zakharova et al., 2009)

Further, we proposed the classification of 21 vsteds based on the seasonal dynamics

of flooding coefficient at a threshold value of @B (Zakharova et al., 2009). As a result of this
analysis, we identified 3 watershed groups of ameuval and seasonal (January-December)
variability (Table 4).

Table 4 — Watershed types of seasonal and interanadability from ENVISAT (Zakharova et
al., 2009)

Groups and description of watersheds

I. Small permanent flooding with one peak cycle alehr drying: Inner watershed of Ob and Irtysh
interfluve area, Om, Tavda, Severnaya Sosva, Masyugan.
la. Small permanent flooding with two peaks cyahel @lear drying: Ket, Tym, Bolshoy Yugan and
Konda.

Il. High permanent flooding with insignificant drémng: Tromyegan Pim, Lyamin, Nazym
Shchuchya.

I1l. Medium permanent flooding with two peaks cyaed well pronounced draining: Vakh, Kazym,
Taz,Poluy, Pur, Nadym.
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Since the threshold value depends on type of lap#sonve selected an individual value
of this criterion for each watershed. In generhk threshold value for northern watersheds
remained unchanged (20 dB), except for the watdsshecated in the Trans-Ural Region, the
central part of the Ob-Irtysh interfluve area arsdimner watershed area, as well as in the Surgut
Polesie. As a result of the performed analysis,alg® identified four geographical regions,
which generally coincide with the regions identifien the basis of T/P satellite. A gradual
increase in flooding is observed in each geograbphegion: 1. in watersheds of Vasyugan and
Ket rivers, 2. Tura and Tavda, 3. Tym, 4. Pim agdrin (fig. 7).
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Figure 7 — Interannual inuntitan variability of basins of Vasyugan, Ket, Tavdaya, Tym, Pim
Lyamin rivers (only watersheds with visible increasinundation are shown)

Despite an increase in flooding in each geographegion for the 5-year period, it is
rather difficult to predict a direction, in whickbbding of the area will be changing. Therefore,
this problem can be further solved by using a nundienew satellite altimetry missions that

enable to increase length of time series.
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Conclusions and perspectives:

1. Changes in air temperature and total precipitailonriver basins located in different
hydrologic-climatic and swamp zones were analyzed tbe basis of data from
meteorological stations and model reanalysis. Itiqudar, the analysis of average annual
precipitation data (1926-2005) shows that the gmatarming is observed in the northern
part of the plain in watersheds of Nadym and Taers (0,37C/decade). A significant
increase in total precipitation is observed in thans-Ural Region (Severnaya Sosva,
Konda, Tavda, Tura rivers) and in watersheds of, Nezym and Vakh rivers. A trend to
increase in total precipitation is observed throughthe area of the plain, except for
watersheds of Vasyugan and Om rivers that are cteaized by negative trends.

2. The analysis of data on seasonal fluctuations rofeanperature and total precipitation has
revealed the following:

* A significant increase in air temperatures is obseérin the spring period (March-
May) with the greatest warming in the north of ghains, as well as in the Barabinsk
station (0,40 to 0,84°C/decade).

* A significant increase in total atmospheric preeipon is observed in winter, spring
and summer seasons. However, in the spring seaseignificant increase in
precipitation is observed in most watersheds lacateesach hydrologic-climatic and
swamp zone.

Changes in air temperature and total precipitatesult in a change of flooded areas. It will
be estimated using the satellite altimetry method.

3. The satellite altimetry method enabled to estimatevalue and interannual/seasonal
variability of flooding extent for watersheds of @& basin rivers.

4. A threshold backscatter coefficient (BSC) was dueieed for each watershed using
TOPEX/Poseidon and ENVISAT satellites in order tstirrate changes in flooding
coefficient of study watersheds in the summer seasul within-year variability of this
parameter by season.

5. Based on the data from TOPEX/Poseidon satellite, dlassification of river basins
interannual dynamics of the minimum summer floodowefficient was proposed, with
identification of four geographical areas. This seification matches well with V.A.
Zemtsov's classification (2003) based on similabgween the interannual variability and

monthly river discharge.
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6. Several groups of watersheds, for which interanmaghbility in flooding level based on the
data from TOPEX/Poseidon satellite matches welhwotal precipitation data based on the
model reanalysis from 1993 to 2001.

8. It has been found that a significant decrease dndihg (TOPEX/Poseidon) with time is
observed in the inner watershed of the Ob-Irtysbriluve area and in the watershed of the
Om river.

8 Using the data from ENVISAT satellite, the watedhevere classified by interannual
dynamics of the flooding coefficient and 4 geogiaphareas were identified too. In general,
they coincided with the areas identified on theidad the data from TOPEX/Poseidon
satellite. An increase in flooding was identified watersheds of rivers in the Trans-Ural
Region, the Surgut Polesie, the Ob-Yenisei intedlarea, as well as in the watershed of the
Vasyugan river.

In general, the performed studies show the represéstivity of the satellite altimetry
data as related to flooding level of river watershés and its space-time variability.

Prospects of the further researchThe further research will be aimed at adjusting BSC
threshold values for differentiation of landscapeth different flooding and underflooding

levels, as well as at studying flooding dynamicsbegson and for a long-term period.
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BBenenue

AKTyaJIbHOCTh TeMbl HcciaenoBaHusi. [lnsg mnporHo3a Oyaymux H3MEHEHHH Kiumara
TpeOYIOTCS. MHOTOJICTHHE JTaHHBIC IO KIMMATHYECKUM M THIPOJOTHYECKUM XapaKTePUCTHKAM,
KOTOpBIE MOXXHO TOJIy4aTh HE TOJIBKO C TMOMOIIBIO THIPOMETEOPOIIOTUYECKUX HAOMIOACHUI Ha
CTaHIIMX, HO U C IIOMOILBIO MOJAEIFHOTO peaHaINn3a U CIyTHUKOBON aIbTUMETPHH.

MopenbHbIl peaHaiu3 MPEACTABISIET COOOW Pe3yJbTaT YUCICHHOTO MOJEIUPOBAHUS C
ACCUMIIALIMCH JAaHHBIX Ha3eMHBIX U CITyTHUKOBBIX Ha0MI0AeHU MoIebHBIN peaHann3 MHUPOKO
UCIIOJIB3YETCS] Pa3HBIMUA HAyYHBIMH IPYIIIAMH B HCCIIEIOBAHUAX 110 U3MEHEHUIO KJIMMaTa, KaK B
Poccuun, Tak u 3a pybexom (Serreze et al.,, 2005 opmos, 2007). Peananmuz ERA-40 na
CETOAHSIIHUNA JI€Hb CYUTAeTCd OJHUM W3 JYYIIMX HCTOYHUKOB HMH(OpPMALMM AJIs aHAIU3a
KJIIMMAaTUYECKUX U3MEHEHUN.

CnyTHUKOBAsI aJbTUMETPHUS SABISIETCS OJHUM M3 AKTUBHBIX METOJOB JUCTAHIIMOHHOIO
souaupoBanus 3emun (J133). Meroa nmpuMeHseTcst I HCCIIEAOBaHuUi MOBepXHOCTH okeaHa (Fu,
Cazenave, 2001)usmepeHuss TOYHOHW TOmMOrpaduu TMOBEPXHOCTEH, IMOKPBITHIX JIHIOM B
noJsipHbIx obnactsax (Legresy, Remy, 1997; Remy et al., 1998) usmepeHus ypoBHS BOJAHBIX
oobektoB cymmm (Birkett 1995, Cazenave et al. 1997)s nociennee Bpemst — I MOTY4ICHUS
uHbopManuu 0 pexume obBoaHeHHOCTH Teppuropuii (Zakharova et al., 2009)Iocnennee
ABIIIETCS OYEHb BaXXHBIM NPU HM3YUYEHUU THUAPOJIOTUHM M Teodkosnoruu 3amagHo-Culupckoii
PaBHUHBI, OTJIMYAIOMICHCS CUIBLHOW 3a0071049eHHOCTRIO. [lo cTeneHbl0 0OBOJHEHHOCTH HaMH
MOHUMAETCSl OTHOCUTEIIbHAS TUIOLIAb OKPBITUS TEPPUTOPUHU MTOCTOSIHHO UM BPEMEHHO BIIarou
(o3epa, peku, pa3HOTO BHJA TOMH, PEUHBIC MOMBI, 60510Ta). OHa MEHSIETCSI B TPOCTPAHCTBE U BO
BPEMEHM M OTpa)kaeT XapakTep yBIaXHEHHUs Tepputopuu. B nuccepranmonHoit pabote B
pacumpenue mnoxaxoaa B.C. MesenueBa u U.B. Kapnanesuuya (1969) o0BomHEeHHOCTH
paccMaTpuBaeTCs HaMU Kak IOKa3aTellb CTENEeHU YBJIAKHEHHUS TEPPUTOPHUH, ONpPEIEsieMOl 1Mo
JAHHBIM CIIYTHUKOBOI allbTUMETPUH.

3abonouenHocTs 3anagHoi CHOUpPH M penKas CeTh MYHKTOB THIPOMETEOPOTOTUUECKHIX
HAOIO/IEHUI 3aTPYAHSIOT MOHUTOPHHT THIPOJIOTHYECKOro pexuma. [IpuBrieueHue IaHHBIX
MOJICJILHOTO peaHalin3a U CIyTHUKOBOH allbTUMETPUHU, 00ECIICUUBAIOIINUX PETYIISIPHOE MTOKPBITHE
BCel M3ydaeMoi Tepputopuu 3amaaHo-CHOUpCKON paBHUHBI, MTO3BOJISIET JOTIOJHUTh HATYPHBIC
HAOMIO/IEHUsT W 3HAYUTEIBHO pACIIUPUTh OO0JIACTh HCCIENOBaHMM, YTO U ONperdesnser
AKTyaJIbHOCTh HACTOSIIEH PaOOTHI.

Henbo paGoThBl SBISETCS OIEHKA W3MEHYMBOCTH TEIUIOBIAr0O00ECTICUEHHOCTH —Pa3HbIX
THUAPOJIOTO-KIMMATHYECKUX 30H Ha Tepputopun 3amaaHod Cubupu 10  JaHHBIM
METEOPOJIOTUYECKUX CTaHIUIl, MOAEIBFHOTO peaHalin3a U CIyTHUKOBON albTUMETPUU B CBA3ZH C

HN3MEHCHHUEM KJIMMarta.
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3agauyun uccae10BaHusd.

* TPOBECTH aHAIU3 TPEHJOB T'OJOBBIX M CE30HHBIX TEMIIEPATYpP BO3AyXa U aTMOC(EPHBIX
OCaJKOB 3a MHOTOJICTHMW TEpUOJ IO JaHHBIM MoOjelbHOTO peaHanuza ERA-40,
OTHECEHHBIM K PEYHBIM OacceliHaM CpEeIHEro pa3Mmepa, U JaHHBIM METEOPOJIOTHUECKUX
CTaHIINH,

* TPUMEHUTH JAHHBIC CITYTHUKOBOW albTUMETPUU IS OIICHKHA 0OBOJHEHHOCTH M3y4aeMO
TEPPUTOPUH, TPEABAPUTENHHO OMNpENeiInB IOPOroBoe 3HaueHue Koddduimenrta
obparnoro paccestaust (KOP) mist kaxkmoro OacceliHa peKH, MO3BOJISAIONIEE OTIACIUTH
00BOJHEHHYIO TTIOBEPXHOCTh OT CYXOH;

*  OLCHHUTh BPEMEHHYIO (MEXKIOJIOBYIO M CE30HHYI0) M3MEHYHMBOCTh PEXKHUMA YBIAKHECHHUS
pPEYHBIX BOJOCOOPOB, HAXOMAAIIUXCS B pa3HbIX JaHAMAPTHBIX 30HAX, METOJOM
cnyTHHKOBOH anbTuMeTpun (1993-2008T.).

O0bexThI HcceqoBaHus. B kauecTBe 00bEKTOB HCCIeI0BaHUS BRIOpaHbI CpEeTHUE MO TUIOHIAIN
peuHble OaccelHbl, HAXOISIIMECS B Pa3HbIX THAPOJIOTO-KIMMATUYECKUX U OOJOTHBIX 30HAX
3anaanoit Cubupu:

|. 30Ha M30BITOYHOTO YBIAXHEHHS M HEIOCTATOYHON TEIIO00ECTICUeHHOCTH, 30HBI OYTPHCTHIX
601s0T —Bom0cOOpPHI pek [Tomyit, Hageim, ITyp, Tas.

[I. 30Ha HM30BITOYHOTO YBIAKHEHUS M BBITYKJIBIX OJUTOTPOMHBIX OOJOT — BOJOCOOPHI peK
Cesepnas CocbBa, Konna, TaBna, Kaseim, Hazeim, Jlssmun, Tpomberan, Bax, bonbmoit FOran,
Bacroran, TeiM, KeTb.

[ll. 3oHa mpenumMymecTBEeHHO M30BITOYHOTO W JOCTAaTOYHOTO Ha KpaHEM IOT€ YBIIAXXHEHUS H
JIOCTaTOYHOM  TEMI000ECIeUeHHOCTH, COOTBETCTBYIOIIAsE 30HE IUIOCKUX €BTPO(HBIX U
Me30Tpo(dHBIX 060510T —BogocOOpsI pek Typa 1 OMb B €€ BEpXOBbSIX.

IV. 30Ha HEAOCTATOYHOTO YBIAKHEHHS U JOCTATOUYHOW TETIOOOECTICUEHHOCTH, 30Ha BOTHYTHIX
eBTPOHBIX M 3aCOJICHHBIX OOJOT — 3/IeCh pacmoJiaraloTcsi HU30Bbs OacceitHa peku OMb U
obracTi BHyTpeHHEro cToka (viu 6eccrounas 00actb) O0b-PTHIIICKOTO MEKIYPEUbSI.
IIpenmer wuccjieq0BaHUS — W3MEHYMBOCTh IOKA3aTele TEIUIOBIArooOeCeYeHHOCTH U
O0OBOJHEHHOCTH PEYHBIX 0AacCeHOB B Pa3HBIX T'HAPOJIOTO-KIMMATUYECKUX 30HAX 3armajiHo-
Cubupckoii paBHUHBI.

Metoabl ucciaegoBanus. B 1uccepranuy HCIONB30BaH KOMIUIEKC METO/AOB, TaKHX Kak
CNYMHUKOBASL AIbMUMEMPUL, KAPMOSPADUYECKULl, CMAMUCTUYecKUll.

Hcxoanblii maTepuaj, ucmoJb3yeMblii B padote. VcXoAHBIMM JaHHBIMH [JIS  OLIEHKH
KJIMMaTH4eCKON M3MEHYUBOCTH 10 TEMIIEPAType BO3/1yXa U aTMOC(EPHBIM 0CaKaM MOCITYKHIN
apxuBsl 1) Beepoccuiickoro HUM rumpomereopoiorndeckoit uaHdopmaruu — MEpOBOTo IieHTpa

nauabix  (BHUUTMU-MILJ]) no cranmmsm 3anagnoit Cubupu (Www.meteo.ru) u 2)
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MozaenbHoro peanannsza ERA-40 Eppormelickoro meHTpa CpeaHECPOYHBIX MPOTHO30B ITOTOIBI
(Www.ecmwit.int).

JIns OLeHKH XapaKTepa ¥ M3MEHYMBOCTH OOBOJHEHHOCTH TEPPUTOPHI BOJOCOOPOB peK
UCIOB30BAIMCh JaHHbIE CIHYTHHKOBBIX anbTuMeTpoB TOPEX/Poseidon u  ENVISAT,
nojy4eHHslie Bo (ppanmysckom nentpe Habmoaenuit CTOH (http://ctoh.legos.obs-mip.fr/ French
Observation Service dedicated to satellite altijnstudies,r. Tymysa, ®panuus). B padore
TaKXe UCIOJIb30BATHCH KapTa «PactutensHocTh 3anagHo-Cubupckoii paBauHb, M 1:1500000
(1976); u ruaporpaduueCKUe XapaKTEPUCTHKH BOA0CcOOpOoB u3 Mouorpaduii (Pecypchb
MOBEPXHOCTHBIX BOJ..., 1978)u (I'uapoorus 3a007109€HHBIX TEPPUTOPHIA..., 2009).

Hayuynasi HOBH3Ha npeCTaBJIeHHON PadoThI 3aKJII0YAETCs !

1. B mpUMEHEHWU JNaHHBIX MojeibHOro peaHanusa ERA-40 o peunvim dacceiinam (21
BOJI0COOP) [UTs OLICHKH W3MEHYMBOCTHU TEILIOBJIAr000ECIIEYeHHOCTH TEPPUTOPHH;

2. WCHOJB30BAHUU  OAHHBIX  CHYMHUKOGOU  anbmumempuu Ui OICHKH
MPOCTPaHCTBEHHO-BPEMEHHON M3MEHYMBOCTH OOBOJHEHHOCTH PEYHBIX 0ACCEHOB Ha
ocHOBe aHanmu3a Ko3dduuumenta odparHoro paccesaus (KOP), moporoBbie 3Ha4YCHUS
KOTOPOTO YTOYHEHBI 10 THIPOTPAPHUUECKUM XapaKTEPUCTHKAM  HCCIEAYEMbBIX
BOZI0COOPOB;

3. BBIABJICHUH CBSI3M MEXIy CTEIICHBIO OOBOJTHEHHOCTH M OCAJIKaMH JICTHEr0 NeproAa 1o
JaHHBIM MOJICJIFHOTO peaHan3a sl psiia BOJI0COOPOB,;

4. TOATBEPKICHUU PENpPE3CHTATHBHOCTU JAaHHBIX CHYTHUKOBOW albTUMETPHUU IS
OLIEHKY BPEMEHHOHN TWMHAMHUKHN OOBOJHEHHOCTH PEYHBIX 0ACCEHHOB,

5. kiaccuukanuu peyHbIx BogocoopoB OOckoro OacceiiHa 1Mo XapakTepy MEKI0J0BOTO
U CE30HHOT0 X012 K03 uirenTa 00BOAHEHHOCTH.

IIpakTnyeckoe 3HaueHHe padOTHI U peajm3aums pe3yJabTaroB. /uccepraius BHIIIOJTHEHA B
paMKax MEXIYyHApOHOTO poccuiicko-(hpaHITy3CKOTO MPOCKTa CAR-WET-SIB

«broreoxuMu4eckuil UK yriaeponaa B 3abosioueHHBIX JaHamadrax 3anaanoit Cubupu» npu
nognepxke [loconberBa @pannyu, a Takke npu noaiaepxke rpantoB POOU Ne 08-05-92496,
Ne 11-05-93109.

[TokazaHo, KaKk METOJ] CITyTHUKOBOW allbTUMETPHU MOXHO HCIIOJIb30BaTh HE TOJBKO IS
M3MEPEHUI BBICOTHI MOBEPXHOCTEM, HO U JUISl OLEHKU CE30HHOM M MEKIOJA0BOM U3MEHUYMBOCTH
CTETIeHU OOBOJJHEHHOCTH PEUYHBIX OACCEITHOB.

OCHOBHBIC BBIBOJBI U PE3YJIbTAaThl PAOOTHI HCIIOJIB3YIOTCS TMPU TOJATOTOBKE W MPEOIaBaHUH
KYPCOB JIByX MarucCTepPCKUX MPOTrpamMM IO HAMPABICHUIO <THUAPOMETEOPOJIOTHSI». THIPOIIOTHS
CYWIN», W <THIPOJIOTUS M TEOIKOJOTHS 3a00JIOUCHHBIX HE(PTEra30HOCHBIX TEPPUTOPHUII» B

TOMCKOM roCcyAapCTBEHHOM YHUBEPCUTETE.
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OcHOBHBIE 110J10’KeHN s, BBIHOCHMbIE HA 3aLIUTY:

4. Jlanuble MojenbHOTO peanann3a ERA-40gBst0TCS HaIeKHBIM UCTOYHUKOM JIJISI OLICHKH
M3MEHYMBOCTH TEMIIepaTypbl BO3/yXa M aTMOC(EpPHBIX OCAAKOB B OaAcceiiHax peK
3anagHoit Cubupu.

5. Metog  CHOYTHUKOBOM — anbTHUMETPUU  SIBJISETCS  JONOJHUTEIbHBIM  HCTOYHMKOM
uH(pOpMaIUY, KOTOPBI MO3BOJSAET OLIEHUBATh OTHOCUTEIBHYIO IUIOIIAAb U BPEMEHHYIO
M3MEHYMBOCTH 00BOIHEHHBIX TEPPUTOPUIl B OacceiHaxX pekK.

6. MeTo1 CITyTHUKOBOM aIbTUMETPHUH MO3BOJISIET MPOBOJINTH PAHOHUPOBAHUE TEPPUTOPHH.

JInunblii BkJIax aBTOpa. Bce OCHOBHBIE pPe3yibTaThl BBITOJHEHHBIX HMCCIEIOBAHUN OBLIH
MOJIyYeHbl JIMYHO aBTOPOM MJIM TPU €ro aKTHUBHOM YydacTuu. BbpiOop HampaBieHus
UCCIIEIOBaHMM, 00CYKIeHUE Pe3yabTaToB U (OPMYIUPOBKA 3a/1ad MPOBOJUINCH COBMECTHO C
HayuyHbIMH pykoBogutensMu B.A.3emuoBeiM u  A.B.KypaeBelM, a Takke C Hay4YHbIM
COTPYAHHUKOM Ja0OpaTOpHM MO M3YYCHHUIO TE€O(PHU3UKM M OKeaHorpaduu CIyTHUKOBBIMU
meromamu B 1. Tymy3a E.A.3axapoBoii. OcHOBHas 00paOOTKa JaHHBIX IO CITYyTHUKOBOM
aTbTUMETPHUH ObLTH TIpoBesieHbI coBMecTHO ¢ A.B.Kypaesim n E.A.3axapoBoii.
Anpodauusi pe3yabTaToB HcciaenoBaHusi. OCHOBHBIE pe3yJibTaThl OOCYXIAIHCh Ha
MEXIYHApOAHBIX M Bcepoccuiickux KoHpepenuusx: EBpomeiickoro I'eodusuueckoro Coroza
(European Geosciences UnioRgna, Asctpus, 2009, 2010);Espomneiickoro KocMmudeckoro
ArentctBa (ESA) <«CnyTHHKOBBIE METOIbI B THAPOJOTHU. KOMIUIEKCHBIH TOAXOJ B
rugposiornyeckux uccinenopanusx» («Earth observation and the water cycle: towadsater
cycle multi-mission strategy»)®packaru, Uramus, 2009); EBpomneiickoro I'eodusnyeckoro
Coro3a «JleoHapao» Mo akTyalbHBIM MpoOseMam BoaHbIX pecypcoB (EGU Leonardo Topical
Conference Series on the hydrological cycle — 2QIyxcemoypr, 2010); Enviromis-2010
(Tomck, 2010); @yHmamMeHTaIbHbBIC TPOOJIEMBI BOJIBI U BOJIHBIX pecypcoB» (bapuayi, 2010);Ha
TPEXCTOPOHHEM POCCHICKO-(PPaHIly3cKO-HEMELKOM ceMHuHape «KIMMaTo-peryanpyoomas pob
JIECHBIX M OOJIOTHBIX 3KOCHCTEM: JIaHIIIA(THO-IKOJOTHYECKAE U colalibHble acrekTe» (The
climate regulating role of forest-bog ecosystenmendbcape-ecological and social aspects)
(CamOypr, T'epmanmsi, 2010), MexayHapoAHOH HAy4HO-TIPAKTHYECCKOH KOH(epeHIH
«Knumaronorus u risiuosiorust Cudbupu» (Tomck, 2012).

[To maTepwanam amccepTalMiKl OIMYOJIMKOBAHO S cTaTeil, BKIIOYas 2 — B KypHajiax,
KOTOpBIE BXOJIAT B IEPEUEHb PELEH3UPYEMbIX HAyUHBIX KYPHAJIOB U U3/IaHUH.
Ctpykrypa n 00beM padoThl. [luccepranusi COCTOUT U3 BBEICHUS, TPEX TJIaB, 3aKIIOUYEHUS U

CIIUCKa JUTepaTypsl, coctosmiero u3 160 HanmeHnoBanuii, B Tom uyucie 60 Ha MHOCTpaHHOM
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a3bike. Bee Tabmuubl u ¢oTorpaduu, ecinv B MOANUCH K HUM HE yKa3aHO JIPYroe, BHIIOJHEHBI
aBTOPOM.

BbaarogapHocTu. ABTOp BBIpaXaeT MCKPEHHIO OJIarOAapHOCTh CBOMM  PYKOBOAMTEISIM
B.A3emioBy u A.B.KypaeBy, a Takxe coaBropam myonukanuii E.A.3axapoBoii,
C.H.Kupnoruny, H.M.Mosbsip 3a uaeu, KOHCYJIbTAIMX U TTOMOIIb ITPU HATUCAHUU PaOOTHI.

Oco0yi0 0arofapHoCTb aBTOpP BBIPAKACT JOLEHTY Kadeapsl METEOpOJIOTHH H
kaumaronorun TI'Y W.B.KyxeBckoif, COTpYAHUKY JIaOOpaTOpuu MO U3YYCHHIO Teo(PU3UKH U
oKkeaHorpaduu CmyTHUKOBBIMU MeTojiamMu B T. Tyny3a C.bpsgHkamapus 3a MoMolIbs B OJTOTOBKE
Y aHaJIM3€ JaHHBIX MO KJIUMaTy, a Takxke acnupanty TI'Y P.M.ManacceinoBy 3a moMouis B
IIPOBEJICHUH TTOJIEBBIX MCCIIEI0BAHUM.

OtnenbHOEe cmacub0 aBTOpP BBIPAKAET BCEM OPraHU3aLUSAM, KOTOpBIE MPEIOCTABUIH
(dbuHaHCHUpOBaHWE JUIA BBHINOJHEHHsS JaHHOW paboTel: [loconscTBY ®panniuum B Mockse,
TomckoMy rocymapcTBeHHOMY yHUBEpcUTETY, YHuBepcutery uM. [loms Cabatee — Tymysza lll,
PODU, naGopaTopuu 1Mo U3y4CHHIO T€OPHU3UKM U OKEaHOrpapuH CIYTHUKOBBIMH METOJaMH
(LEGOS, r. Tyny3a, ®panmusi). ABTOp HUCKpPEHHE OJaroJapuT COTPYIHHKOB M acCIHPAHTOB
nabopatopun LEGOS, a Ttaxke permoHambHOe 0o0pa3oBaTeabHOE YUpexkiaeHue r. Tymmy3sl
(CROUS)3a MopanbHyIO TOIEPKKY M TOMOIIb BO BpeMst TpeObIBaHus BO DpaHIuH.

B mepBoii riaBe oxapaKTepH30BaHBI OCHOBHbIE (pH3HKO-Teorpaduueckue (GaxTopsl U
3aKOHOMEPHOCTH, KOTOPBIE ONpPEICIWIN Pa3BUTHE HCCIECAYEMON TEPPUTOPUU M OCOOECHHOCTH
KJIUMaTa.

Bropas riaBa mocssieHa METOJaM UCCIIEOBaHMs, KOTOPbIE MUCIOIb3YIOTCS B JaHHOM
nuccepranui. B Hayanme maercst KpaTkoe OmMUcaHue OOBEKTOB MCCIEHIOBAHMS, a 3aTEM CaMUX
METO/IOB HCCleoBaHus. B riaBe moapoOHO HM3II0KEH MPUHUUI PabOThl METOJA CITyTHUKOBOU
aNbTUMETPHUH, JaHA KpaTKas XapaKTepUCTHKA METO/IaM TUCTAaHIIMOHHOTO 30HIUPOBAHUS 3EMIIH,
a TaKXe U3JI0KEH METOJl MOJEIBHOTO peaHanHu3a, C IMOMOIIbI0 KOTOPOrOo HCCIEAYIOTCS
KJIMMAaTUYECKUE XapaKTEPUCTUKH.

B Tperneii riaaBe mpeacTaBiIeHBI pe3yJbTaThl BBIIOJHEHHOH paboThl 1) aHamu3 mo
TETJIOBIAr000CeCIIEUeHHOCTH PA3HBIX T'HIPOJIOrO-KIMMATHYECKUX U OOJIOTHBIX 30H, 2) aHAIIU3
M3MEHYUBOCTH OOBOJJHEHHOCTH PEYHBIX 0ACCEITHOB 0 TaHHBIM CITYTHUKOBOW albTUMETPHUH.

B 3aki04eHNu TpUBEACHBI BBIBOABI U PE3YJIbTAThl BBHIIOJHEHHOW pPabOTHI, a TaKxke

MEPCIEKTUBBI TATBHENIIUX UCCIIEA0BAHUM.
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I'maBa 1. O0mas xapakTepUCTHKA TePPUTOPHHI

3amagno-Cubupckast paBauHa (prc. 1) 3aHMMAaET MIomamab OKoJa0 3 MIIH. KM U SIBISICTCS
YHUKaJbHBIM pailOHOM 3E€MHOro IIapa BCJEJICTBHE €€ BBICOKOM 3a00JI0UEHHOCTH, KOTOpas
o0ycJOBJIeHa KIMMAaTHYeCKUMU M oporpadudeckumu ¢akrtopamu. TeppuTopHusi paBHHUHBI
OrpaHWYCHHA C 3amajga YpajabCKUMH TOpaMH, ¢ ceBepa — KapckuMm Mopem, ¢ BOCTOKa — P.

Enuceit, c tora —npearopesamu Antag u Kazaxckum MEIKOCOIMOYHUKOM.

2

Kaperoe

Hope

"L!J ’ Kasaxcran
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5 VA ! et e
Pucynox 1 —I'eorpadudeckoe nonoxenue 3amaano-CuOUpCcKkoil paBHUHBI 1 OCHOBHBIE
UCCIIeTyeMbIe peUHbIe OaCCEeHHBI

1.1. dusuko-reorpaduyeckue HaKToOpsl, ONMpeaeIstonie pa3BuTHe 3anaaHo-Cudupckoi
PaBHUHBI

1.1.1.0porpaduyeckast XxapaKTepUCTHUKA paBHUHbI

O6pasoBanue 3amagHo-CuOMPCKOW TIUTHI HA4aJoCch B BepxHel tope. IloBepxHOCTH ee
¢ynaameHnTa oOpazoBaia BETMUYANIIYI0 KOTJIOBHHY C OTHOCHUTEIBHO BBIPOBHEHHBIM IHHIIEM,
HAKJIOHEHHBIM B CEBEPHOM HalpaBJICHUH, C KPYThIMU CEBEPHBIM, BOCTOYHBIM OOpTamu U Oosee
MOJIOTMMH 3amnaHbIM U 103kHBIM (UmkenepHast reostorus CCCP..., 1976).

PaBuuna mo penbedy moapasnensercss Ha OBe oporpaduueckue 30HBI. BHEIIHIOW U
BHYTPEHHIOI. BHEIIHsAS 30Ha COCTOMT M3 IMOJOTO HAKJIOHEHHBIX K BHYTPEHHEW YacCTH IUIMTHI
IUTACTOBBIX PABHUH, NMPEATOPHBIX IUIATO W BO3BBILIEHHOCTEH. AOCOIIOTHBIE OTMETKH B HX
npeaenax Boimie 100 M. BHyTpeHHssT 30Ha 3aHMMaeT HauOoJIee MOHIKECHHYIO IIEHTPAIBHYIO U
ceBepHyl0 dacTH 3amaaHo-Cubupckoit paBHuHBL. Ee BbicOTHI m3MeHsitorcsi or 0-5 M Ha
nobepexkbe Kapckoro mops mo 150-200 M, OTUeT/IMBO MPOCIEKHBACTCS YepEIOBaHUE
OOIIMPHBIX HU3MEHHBIX paBHUH BbICOTOM 10 50-100M (Ha rore 100-120M) u OGosee y3KuX

BO3BBIIICHHOCTEH (3emiioB, 1976).
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OpHoit u3 Hanbosiee KPyMHBIX Oporpaguieckux eauHuI] 3amnaano-CuOupckoi paBHUHBI
spisiroTcst Cubupckue YBanbl (160—210mM abc. BBICOTHI), BHITSHYTHIC IIMPOTHO C 3amajna Ha
BocTOK 0T O6m 10 Enuces, oOpa3oBaBiiuecss B KOHIIE OJMIOlCHA M Hadyasie HeoreHa (3eMIloB,
2001).

CoBpeMeHHBIN penbed CBsA3aH ¢ KIMMAaTHUYECKHUMH YCIOBHSAMHU. B paHHeMm Mme3030€ U
KaifHo30¢e B 3amagHoit CHOMpPHU rOCHOACTBOBAN BIAXKHBIM M TEIJIBIN KIMMAT, @ caMa TePPUTOPUS
MpEeJICTaBsIa CO00M OOIIMPHYIO aUTIOBHAIEHO-03EpHYI0 PAaBHUHY C OTACIBHBIMH YYaCTKaMU
9PO3UOHHOTO peiibeda B BUE Moorux Bo3seimieHHocTel (I'oap0ept u ap., 1968).

B Havane onuroneHoBoro mnepuoAa, BIAXKHBIA W TEMJIbIA KIMMAaT CMEHWICS Ha
KOHTUHEHTAJbHBIN, a TPOMaJHBId MOPCKOHM OacceiiH, CyIIeCTBOBABIIMK Ha €€ TEPPUTOPHH,
UCUe3 BCIICACTBHC AKTHBH3AIMU TIOJOXHUTEIbHBIX TEKTOHHUYECKUX aBwkeHuil (MHxeHepHas
reosoruss CCCP..., 1976).

TexkToHMUYECKHE TPOIECCHI SIPKO BBIPAKEHBI B CTPOCHHUH penbeda 3ananHo-Cubupckoit
IVINTBl — KpynHeWmed rtumtel LlentpansHo-EBpa3zunatckoir monomoi minardopmbl. Ee
€CTECTBEHHBIMU T'€OJIOTUYECKHUMHU TPaHULIAMU SIBJIIOTCS JIMHUM BBIKIMHUBAHUSA CIUIOIIHOTO
pacnpoCTpaHEHUsI OCAJAOYHBIX ME3030MCKMX M KaWHO30MCKHUX OTJIOKEHHH. TeKkToHWYecKue
JIBUKCHHS] TAJIe030s1 M ME3030s1 CO3JIalM «KapKac» COBPEMEHHOro Oporpaduueckoro IiaHa
paBHuHbl. HeorekTonunky 3amagHo-Cubupckod mmutel u3ydanun H.M.Hukxonaes (1962),
C.b.Epmiosa (1976),H.C.EBceesa (2011).

[Io MHOTOYHMCIIEHHBIM JIaHHBIM IOATBEPXKAAETCS pPa3NUYHAs AKTUBHOCTH JIBHYKEHUII,
KOTOPBIC OTYETIIMBO MPOSIBIAIOTCS B COBPEMEHHOM Xoje pa3BuTHs mnpupoiasl (Opios, 1968).
Hanpumep, mnoHmwkeHue oOmmMpHOro ydvactka paBHuHBI (FOraHckas BmaguHa) BBI3BIBACT
MPOTPECCUBHOE OOBOJIHEHUE, aKKYMYIIAIIUIO U 3a00JIaulBaHKE, 3HAUUTEIHHO MPEBBILIAIOIIHE TI0
TEMIAM W MOIIHOCTH pa3BUTHsI THUIMYHBIE JUIsI JaHHOM NpupoIHOM 30HBI. Bcernencrsue
OTyCKaHUsl TPOMCXOIMIO IOBCEMECTHOe 3abonaunBaHue paiioHa. B BepxoBbsx OacceiiHa
JIsMUHA TakKe MPOUCXOJAT COBPEMEHHBIE TEKTOHHYECKHUE OTPULATEIbHBIC ABUKEHUSA. ITO
MPOSIBIISICTCS B CILTOIIHOM 3a00JI0YEHHOCTH IPEBHUX PEUYHBIX JOJIUH M MEXKIYPECUUH.

BepxoBes 6acceitna p. bonbmoro FOrana ucnbITBIBalOT MEIJICHHOE BEKOBOE IOHATHE.
YMeHbl1aeTcs MOATOIJIEHHE, TMOHMKAIOTCS 0a3uChl 3PO3HH, YBEIMUYMBAIOTCS BO3MOKHOCTH
CTOKa TIOBEPXHOCTHBIX W TPYHTOBBIX BOJA. [lpunoaHumaronmecs y4acTKU —IUIOCKHX
3a00JIOYEHHBIX BOJOPA3ACIOB MOJABEPralOTCs pacwieHEHHWI0. MHOTOUNCIICHHBIE PyYbH U PEKH
CPaBHHUTEIBHO OBICTPO M JIETKO MPOpe3aloT TOPMSIHUKU U PHIXJIbIE TOJIIM MHUHEPaIbHbIX
TPYHTOB, KOTOPBIMH CJIOXKEHBI BOAOPa3aeibl, u ocymaioT ux (Opios, 1968).

ITo coBpemenubiM manHbiM [I[I'D (OAO IlenTpanbHas reodusnueckas 3KCICIUINS) B

ocaoyHoM uexsie 3amaaHoil CuOupu BbIBIEH OCOOBI THUI pPas3iOMOB, CBS3aHHBIA ¢
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MPOSIBIIEHUEM FOPU30HTAIBHBIX CABUTOB (DyHIaMeHTa. Y CTaHOBJIEHO, UTO TEPPUTOPHS Ha CeBepe
3ananHo-Cubupckoir twmuthl (Hageim-ITypckas, Ilyp-TazoBckas CHHEKIHM3BI) MOJBEp)KEHA
WHTCHCUBHBIM CIBHUTOBBIM JaedopmanmsiM 3eMHON Kopel. [lo pesymbraram ceiicMopa3Beaku
J0Ka3aHO, YTO MpPOSBICHHE CTPYKTyp ropu3oHTanbHoro casura (CI'C, HOBBIA THII
TEKTOHUYECKMX  CTPYKTyp) s ceBepa 3amagHoit CuOMpH — SBJACHHE  IIHPOKO
pacnpoctpaneHroe (['oronenkos u jp., 2008).

Takum 00pa3oM, TEKTOHMYECKHE MPOIECChl, HAyaBIIMECs €me B OTIAJCHHBIC
reOJIOTMYECKUE 3MOXHU, MPOJOJHKAITCA U B HACTOAILEE BPEMsl, ONPEAEIIsisi COBPEMEHHBIN X0

Pa3BUTHUSI IPUPOABI JAHHON TEPPUTOPHUH.

1.1.2.CoBpemenHslii nepuoa GopMUpoBaHUS penbeda paBHUHBI

CoObITHS 4YETBEPTUYHOTO IMEPHOJA OKa3adu OoJblloe BIMSHHE Ha (OPMHUPOBAHUE
nangmadroB 3anmagnoit Cubupu (['Bo3menkuii, Muxaitno, 1978). OgauM u3 HHUX OBUIH
MOPCKHE TPAHCTPECCHH, Ha CEBEPE PAaBHUHBI, KOTOPBIE CHITPAIIM BAXKHYIO POJIb B (DOPMUPOBAHUA
ee penbeda. OO STOM CBUACTENHCTBYET HATMYME MOIIHBIX TOJII MOPCKUX OCAIKOB ME3030HCKO-
KaifHO30MCKOT0 BO3pacTa B FEOJOTHIECKOM pa3pe3e 0Ca0UHOT0 YeXJia paBHUHBL. TpaHcrpeccun
COMPOBOXKAAIUCE perpeccusiMu Mopsi. [IporunbaHue MIUTBHI MOJHOCTHIO KOMIIEHCHPOBAIOCH
ocagKoHaKoIUIeHHeM. JlpyruM (akTopoM SIBIISTTUCH HEOJHOKPATHBIE OJICICHEHUS, KOTOpHIC
NpUBEIH K OOpa30BaHUIO MHOTOJIETHEH MEp3JI0THI, U CBS3aHHOTO C HEH HIMPOKOTO CIEKTpa
KPHOTCHHBIX T€OJIOTHUECKUX MPOIECCOB | siBJIeHHN. CI0/]a OTHOCSTCS KaK MPOIECCHI, CBA3aHHBIC
C OTTaWBAaHHEM TIOPOJl — TEPMOKAPCT, COMUQIIOKINS, TEPMOIPO3US U Ip., TaK U MPOIECCHI,
CBSI3aHHBIE C MPOMEP3aHHUEM IOPOJ — KPUOTEHHOE IMyYeHHEe, KPUOTEHHOE PACTPECKUBAHUE U
pPOCT  TMOJWUTOHAIBHO-XKHJIBHBIX  JIBJIOB,  HalenaeoOpa3oBaHWE, a  TaKKe  IPOIECCHI,
COITPOBO’KIaEMbIC ITPOMEP3aHUEM — 3a00TauNBaHHE, AKKYMYJISAIINS D0JIOBBIX OTI0XKEeHUH. Kpome
MEPEYUCIICHHBIX, HAa TEPPUTOPUU TMPOTEKAIOT M APyrue TPOIECCHl: OCHIMH, OOBAJBI,
AKKYMYJISIIHS aJUTFOBUAIBHBIX U 03€PHBIX OTIIOKEHUH.

Crnemyer Takke OTMETHTh THUIIMYHBIE DSJEMEHTHI Teorpaduueckoro JaHmmadra
KPHOJIUTO30HBI — TEPMOKAPCTOBBIC MPOCAJKH TPYHTA, THAPOIAKKOIUTHI (prc. 2) U Oyrpsl
ny4yenus (puc. 3) Bemios, 1976).

Kapra, mnpencraBmsironas pa3BUTHE COBPEMEHHBIX TEPMOKAPCTOBBIX MPOIECCOB
npezcTaBicHa Ha pucyHke 4. Tak, mMpH BBHITAMBAHWW KPYIHBIX CKOIUICHWH IJIACTOBOTO JIbJIa
dbopmupytoTcs mpoBanbHbIe 03epa rayouHor a0 10-15m u nuamerpom 50-100M. Dtu o3epa

Ha3bIBAIOTCA  TEpMOKAapcTOBbIMH. OHM MOTYT MHIPUPOBaTh, IOJABEpras mepepadoTke
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3HAYUTEIILHBIC TPOCTPAHCTBA. BBICOXIIINE TEPMOKAPCTOBBIC KOTJIOBHHBI (XachIpeH) JOCTUTAIOT B
JMaMETPe HECKOIBKHUX KHJIOMETPOB. BOJbIIOEe KOJUYECTBO XAaChIPEEB SBISICTCS MPU3HAKOM
AKTUBHOT'O HEOTEKTOHHYECKOTO MOAHATUs Tepputopuu (3emioB, 1976). Dto cormacyercs ¢
TAHHBIMH JIPYTUX HCCIEI0BaTeNel, OTMEYaBIINX, YTO TEPPUTOPHS Mexaypeubs Haapima u
Ilypa ucHBITBIBAET B HOBEHINWI 3Tall YCTONYMBBIE MOJOXKHTEIbHBIC ABMKeHUs (MHXkeHepHas
reosioruss CCCP, 1976). [IposiBnenue TepMokapcTa B mpenenax 3anaaHo-CHOUPCKON TUIUTHI
MOTYMHSCTCS YCIOBUSAM MIUPOTHOH 30HaIbHOCTH (['eoxpuonoruyeckue ycioBus..., 1967). B
HamnpaBJICHUM Ha CEBEp OT IOKHON TpaHMIBI MHOTOJICTHEMEP3JbIX TOPOJA HaOII0IaeTCs
3aKOHOMEPHOE  YBEJIMYCHHWE WHTCHCHUBHOCTH M MOP(OTCHETHYECKOTO  pa3HOOOpas3us
COBPEMEHHBIX TEPMOKAPCTOBBIX (HOPM, JOCTUTAIOIIMX MAKCHMyMa B FO)KHOM IMOJIOBUHE 30HBI.
DTO yBeNWYEHUE MPOMCXOAUT 3a CYET TOTO, YTO C IOra Ha CEBEp YJIYYIIAOTCS YCIOBHS IS
pa3BUTHS TEPMOKApPCTa B CBSI3W C BO3pACTaHUEM IUIOMIAJM MHOTOJICTHEMEP3IBIX TOJII U HX

JbAUCTOCTH.

Pucynok 2 —I'maponakkonut (IeAssHOE Sapo)
B panione HansiM-Ilypckoro mexaypeuns

Ilpumeuanue — obpazyemcs 6 pesyibmame
yeenudenuss 00vema NOO3eMHbIX 800 Npu

3amep3anuu 6  00AACMAX  PA3GUMUSL
MHO20NIemHe-Mep3ablX  nopod.  Ilokpuim
oehopmuposannvimu  omaodxcenusimu (mopa,
enuna, cyenunku). luoporaxkxkonumvl moeym
oocmuzams evicomvl 25-40m u wupunsr 200
M

3

Pucynox Mepaneiit - Oyrop my4deHus
Ipumeyanue obpazoeancia Ha  mecme
CNYCMuUBULe20cst mepmokapcmogozo ozepa (00un
U3 JEMEHMO8 Mep3blX OYepucmuvlx 00LI0MHbIX
KOMNJIEKCO8, XAPaAKmepusylowuxcs Cmaousmu
9HO02EHHOU CYKYeccuu; mep3iviil 6y2op — 0OHA
U3 MUX cmaouil) 8 pavoHe MeCmopONCOeHUs.
Meosexcve Haovim-Ilypckoeo medcoypeuns
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XanTui-MAHCHACK

Pucynok 4 — Cxematudeckas KapTa pa3BUTHS COBPEMEHHBIX TEPMOKApPCTOBBIX IMPOIIECCOB B
npezenax 3anaano-Cubupckoit miuthl (I'eokproornyeckue yciosus..., 1967)

Ilpumeuanue — 1 —30Ha 3amedNeHHO20 pA3BUMUL MEPMOKAPCIMOBLIX NPOYECcos, 2 — 30HA
UHMEHCUBHO20 PA36UMUS TMEePMOKAPCMOBbIX NPOYecco8; 3 — 30HA AKMUBHO20 PA36UMUsL
MepMOKapcmosvix npoyeccos;, 4 — 30HA pas3sumus mepmoKapcmo8o20 Npoyeccd moabKo Hd
mopganuxax, S5 — 0dcHan epanuya pazsumusl Co8PeMeHHbIX MePMOKAPCMOBbIX NPOYECccos No
CUHCEHEeMUYEeCKUM Ce2Pe2ayUuoOHHbIM U NOBMOPHO-IHCUNLHBIM TbOAM U NO Je0SHbIM naacmam; 6 —
MO Jice NO INUSEHEMUUECKUM NOBMOPHO-IHCUNLHLIM T60aM; | — MO Jice N0 INUSEHEeMUYECKUM
cezpe2ayuoHHbIM 160aM; 8 —epaHuybl Mexcoy 30Hamu

Oco0blli MHTEPEC TMPEACTABIAIOT TEPMOKAPCTOBBIC MPOIIECCHl MOCACAHUX JCCITHUICTHH.
Nmenno  cybapkruueckue JaHAma@Thl — SBIASIOTCS  Hambonee  YyBCTBUTEIBHBIMH K
TEeMIIEpaTYpHBIM H3MEHEHHUSM BCIICACTBHE TasHUS MHorosietHeil mepsinorel (Callaghan &
Jonasson, 1995).

HccnenoBanusiM OOJOTHBIX JKOCHCTeM CyOapkTuku 3amagHoit Cubupu ynemsercs
ocoboe BHHMaHHE. byrpucteie 0070Ta CyOApKTHUKU SIBISIFOTCS XOPOILIUM  MPUPOIHBIM
WHAUKATOPOM KIMMAaTU4YeCKHX u3MeHeHui. ClenyeT OTMETHUTh, YTO 0 HEJaBHETO BpPEMEHU
JaHAIaGT MEp3NbIX OYyrpuCTBIX OO0JIOT HAXOAWJICS B JIOCTATOYHO CTAaOMIIBHOM COCTOSIHHH,
KOTOPOE BBIPAKAETCS B IEPUOIUYHOCTH UX PA3BUTHS, CBSI3aHHOM C CYKIIECCHUEH: MEeP3JIbI Oyrop
— MOYaXHHA — TEPMOKAPCTOBOE 03€PO — CHYLIEHHOE 03€pO XacChIped — MOJIOJOW XachbIpenh —
cTapbiii xacwipeir — mepainbiit 6yrop (Kupnorun u np., 1995; 2003)OnHako B MOCIEAHUE TOIBI
MPOM30LUIO HapylleHHWEe CYIIEeCTBOBABIIEro OajaHCa MEXIy MpolleccaMu TepMoKapcTa u
MEP3JIOTHOTO IMYYEHHUs, YTO MPUBEJIO K COOI0 LUKINYECKOTro mpoiiecca. MOKHO TOBOPUTH O TOM,
YTO CYKIIECCHOHHBIM TIpoliecc MpuoOpen JMHEHHBIM XapaKTep, HAMpaBJIEHHBIH B CTOPOHY
ycuienust tepmokapera (Kupnorus u ap., 2004).

OpHako TEepMOKApCTOBBIM IpOllecCaM TIOJABEPIKEHBI HE TOJBKO CyOapKTUYECKUE
naammadgTel  3amagHoi CubupHM, HO W YHUKaNbHas O03€pHO-OOJOTHAs CHCTEMa YpOUHIIa
Emteikens ['opHoro Ausras, B HCCIEAOBAaHUSIX KOTOPOM aBTOp JUCCEpPTALMM IPUHHUMAA

HCIMOCPCACTBCHHOC YYaCTHUC. ILJIH TOPHBIX MCP3JIOTHBIX Oosor AnTtas HCCIICAOBAaHUA TaKXKEC
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MOKa3ajy YCUJICHHUE MPOLECCOB JIerpafallii Mep3JbIX TOPPSHUCTHIX U MUHEPAIbHBIX TPYHTOB,
¢opmupoBanue crneuupuveckux (GopM  MuKpopenbeda, O0OYCIOBIEHHBIX IPOLIECCAMU
TEpPMOKapcTa, — OOpa3oBaHHE TEPMOKAPCTOBBIX 3alaJiH — OOpa30BaHHE HOBBIX O03EPKOBBIX
KOMIUIEKCOB,  yBEJIMYEHHE  IUIOMaZel  BHYTpUOONOTHBIX  BojoeMoB.  CoBpeMeHHas
KJIUMaTH4ecKkass OOCTaHOBKa, HECOMHEHHO, CIIOCOOCTBYET YCHUJICHHIO TEPMOKAapCTOBOM
aKTUBHOCTH B TpeAenax OyrpucTo-3amaJMHHOTO KOMILJIEKCAa B  OKPECTHOCTAX —03epa
JxkaHrbIcKOdb. OIHAKO TO CpaBHEHHIO C OOMIMPHBIMH PAaBHUHHBIMH 3a00J0YCHHBIMH
tepputopusiMu  3anagHod CuOupu WX AMHAMUKA CYIIECTBEHHBIM O0pPa30oM  OCIIOKHSACTCS
oporpau4ecKUMH OCOOCHHOCTSIMU U TOBBIIIEHHOM KOHTPACTHOCTHIO MHKPOKJIMMATHYECKHX

yCJIOBHI B TIpefiesiax ropHoii ctpanbl (Boikosa u np., 2009).

1.1.3.bonoroob6pa3zoBarenbHbBIN MPOIIECC KaK OAMH U3 OCHOBHBIX (haKTOPOB (hOPMHUPOBAHMS
COBpEMEHHOTr0 00mmKa 3anaaHo-CuOupcKoil paBHUHBI

[ToMrMO KpHOTEHHBIX TpoleccoB B cybapkTuke 3amagHoi CuOupH, CyIecTBEHHOE
BIUsSHUE Ha (OPMHUPOBAHHME M MPEoOpa3OBaHHE COBPEMEHHOTO peiibepa paBHUHBI OKa3bIBACT
00J10TOOOpa30BaTENBHBIA TIPOIIECC, B pe3yibTaTe€ KOTOPOro CHOPMUPOBAIUCH MOIIHBIC
TopQsiHbIE 3a5IekKH. ITH 00pa30BaHUs OCOOCHHO LIMPOKO PA3BUTHI B EHTPAIBHBIX U CEBEPHBIX
paitonax 3anagHo-CuOMPCKON IITUTHI, © 3aHUMAIOT OTPOMHBIC TUIOIIAIU, KAK Ha MEXKTYPEUHBIX
paBHMHAX, TaK W Ha HAJINMOWMEHHBIX Teppacax. OCOOCHHO MIMPOKO OHMU PA3BUTHI B TaCKHOM
30He, rae 3anuMaroT 10 50%wu Gosee Tuiomaan MeXIypeunid. B necotyHpe miomak, 3aHaTas
OOJIOTHBIMH OTJIOXKeHUsIMH, cocTaBisieT 14% (nxenepuas reonoruss CCCP, 1976),a B TyHape
OHa CYIIIECTBEHHO COKPAILAeTCH.

AHanu3 NTaHHBIX O F€0JOTMYECKOM CTPOEHUU ME3030MCKO-KaitHO30MCKOTO OCaJOYHOTO
yexyia 3anagHoi Cubupu mokaszaj, uTo TopdsHble 00J0Ta COCTaBISIN HEOTHEMJIEMYIO 4YacTh
npupoaHbix nanamadToB 3anagHo-CHOUpPCKOW paBHUHBI HA MPOTSHKECHUHM BCEH HCTOpPUH €¢
KOHTHHEHTAJIBHOTO CYIIeCTBOBaHMA. Ha KakJIoM HOBOM JTale 4YEeTBEPTUYHOW HCTOPUHU
3anagHo-CubupcKoil paBHUHBI, B (Pa3bl OTHOCUTEIHHO CIIOKOMHOTO TEKTOHHMYECKOTO Pa3BUTHSA,
HEOJIHOKPATHO CO3JaBAJIUCh YCIIOBUS, HEOOXOJUMBIE Ui Pa3BUTHS 00JI0TO0Opa30BaTEIHHOIO
npouecca 1 HakoruieHus Topda (Muxenepnas reonorus CCCP, 1976).

Taxum o6pazom, B GopMUpOBaHUU pelibeda PaBHUHBI IPUHUMAIH YYaCTHE Pa3IUUHbIC
npouecchl. [IpakTudecku Bce (QOpPMBI COBPEMEHHOIrO penibeda CI0KEHbl YEeTBEPTUYHBIMU
OTJIO)KEHUSMU. 3HAUMUTEIbHAs POJb TNPUHAMICHKHUT JIETHUKOBHIM IOKPOBaM KaK MOIIHOMY
daxTopy penbedoolOpasoBanusi. TeKTOHHUECKHE MPOLECCH], aKTUBU3AIMS KOTOPBIX Hayajlach B
MO3JHEM KaiHO030€, SBJSUIMCh OJHUM W3 OCHOBOMOJArarommx (akTopoB B OKOHYATEIHHOM

dbopMupoBaHUr MOPQPOCTPYKTYpbl paBHUHBL. VckimounTenbHas 3a00J0UYEHHOCTH 3arajHo-
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Cubupckoil paBHMHBI W HAJIMYME MOIIHBIX TOP(QSHUKOB TaKKe€ OKa3bIBACT 3HAYUTEIHLHOE
BO3/elicTBHE Ha penbed paBHUHBI. COBPEMEHHbIE TEKTOHHMUYECKHE JBMKCHHS JIUIIb BHOCST
KOPPEKTHBBI B OOILIYI0 CXEMy TIeorpauuecKoro pacnpoCTpaHEHUs OOJIOT, ONpeensieMylo

KJIMMaTHYeCKOM 30HANBHOCTHIO (3emIioB, 1976).

1.2.0cobennocTu kaumara 3amaiHo-CuOupckoi paBHUHBI

Bonpmas npotspkeHHOCTH 3amaHo-CubupCcKoil paBHUHEI C FOTa HA CEBEp 00yCIaBIMBACT
KIIUMATHYECKHE DPA3JIM4YMs pPa3HbIX €€ PalilOHOB M OCOOEHHO €€ CEeBEepPHOW M KOKHOM dYacTew,
CBS3aHHBIE C H3MEHEHHEM KOJMYECTBAa COJIHEYHOM paguallid M XapakTepoM LUPKYIALUU
BO3JYIIHBIX Macc, OCOOEHHO TOTOKOB 3amagHoro mnepeHoca. ATMmochepHoe YBIaKHEHUE
TEPPUTOPUH TIOUYTH IETUKOM 3aBHCUT OT BIIArH, IPUHOCUMOM € 3amana, ¢ ATIAHTUKH, a BIUSHUAC
KOHTHHEHTAa BBIpAXKAECTCS B OOJBIION TOBTOPSIEMOCTH AHTUIMKIOHANBLHOW TOTOMABI, B
WHTEHCUBHOW TpaHc(opMmanuu BO3AYIIHBIX Macc JeToM © 3uMod. B  dopmupoBanumn
TEMIEPATYPHOTO peXUMa PAaBHUHBI Ba)KHOE 3HAUYEHHWE HMEET OTKPBITOCTh €€ TEPPUTOPHH C
CeBepa M C IOra, 4To CIOCOOCTBYEeT CBOOOJHOMY MPOHHUKHOBEHUIO B TEUYEHHME BCETO Toja
XOJIOIHOTO apKTUYECKOTO BO3JyXa B ITOM HampaBlieHWU. bonee TOro, cBOOOIHBIM BBIHOC
IPOrPETOr0 KOHTHHEHTAIILHOTO BO3/AyXa C IOra Ha cCeBep MPHUBOJAUT K PE3KUM H3MEHEHUSIM
JIABIICHHUS M TEMIIEPATyphl B TeUeHHE roja u aaxe cyrok (Opiosa, 1962).

Tepputopust 3amagHo-CHOUPCKOW TIUTHL Onarojgapsi CBOEMY KOHTHHEHTAILHOMY
MOJIO)KEHUI0O U OCOOCHHOCTSIM  ITUPKYJISIIIUM  BO3AYIIHBIX MAacC OTIMYAeTCs CypOBOU
MPOAOJKATEIIBHOM 3MMOM C CHJIBHBIMU BeTpaMu M Metensmu. Ha ceBepe paBHUHBI 3UMOM
BbimagaeT 45% rooBOro KOMMYeCcTBa OCAIKOB, B IeHTpabHBIX — Bbie 30%, Ha rOT€ OKOJIO
20%. ITosiBiIeHHE CHEXKHOTO MOKPOBA HA CEBEpe OTMEYAETCsl B KOHIIE CEHTSOpS, a K cepeanHe
OKTSIOpS. CHEXHBIM TOKPOB OXBAaThIBACT JIECHYIO 30HY. [IpOJOMIKUTENBHOCTh 3ajeraHus
CHEXXHOTO TTOKpPOBa B CEBEPHBIX paiioHax mocturaer 240-270xnei, a Ha tore — 160-170xnei.
B 6e31ecHbIX — TYHAPOBBIX U CTEMHBIX — MPOBUHIIMAX, II€ 3UMOI OBIBAlOT CHJIbHBIE BETPHI U
METeNId, CHET paclpeAeseTcss O4YeHb HEPaBHOMEPHO, TaK Kak BETPhl CAYBAaIOT €ro ¢
TIOBBILICHHBIX AJIEMEHTOB peiibepa B MOHWKEHHS, I/ie 00pa3yroTcs MolHbie cyrpoOsl (Opiosa,
1962).

Becna sBnsiercs Hambonee cyxuM, SICHBIM M BETpeHbIM BpeMeHeM rona. Ha rore
3amagHoit Cubupu oHa yacTo ObIBaeT 3acynuinBoi. HemocTaTok ocaJkoB BECHON HHOTA
COBMAJIaeT C MallbIMHM 3alacaMyd BJIaTM B TIOYBE BCIICJCTBUE HEJOCTATOYHOCTH OCEHHETO
YBIIQKHEHUS U MaJIbIMH 3allacaMy CHEra 3UMOH.

Jlero B 3amagnoit CuOuMpH TIOBCEMECTHO OTIMYACTCS OONBIIMMH 3HAYCHUSMHU

CyMMapHOM paananuu. XapakKTepHbIM U OCHOBHBIM IPOIECCOM JIETHETO BPEMEHU T'ojla B FOKHOMI
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MOJIOBUHE TEPPUTOPUU sBIsETCS (OPMUPOBAHME KOHTHHEHTAJIBHOTO BO3/AyXa YMEpPEHHBIX
[IUPOT, @ B CTEIMHOW YacTU TEPPUTOPHH HEPENKO HAOIIONAeTCs MPUTOK KOHTHHEHTATHHOTO
Tponuueckoro Bo3ayxa u3z Cpenneit Asuu (Opnosa, 1962).

Ocennuii nmepuop B 3anaaHoi CuOupu HEMHOTO MPOJIOJDKUTENbHEE, YeM BeceHHH. Ha
CeBEpe OCeHb HaCTymaeT paHo. B TyHIpe mepexol K OTpULATEIbHBIM TeMIepaTypam
INPOMCXOIUT B TPEThel JieKajze CeHTAOps. B cremHoil e mojoce Havano CEHTsAOps ObIBaeT
HEpEeIIKO TEIUIbIM U HOCHT JieTHnH xapakTep ([IBapesa, 1976).

bonbmias mpoTsKEHHOCTh IUIMTHI C ceBepa Ha oI — OT mnobepexbs CeBepHOro
JlemoBuroro okeana mo 504 mapamnenu (okxoigo 2500 kM) — o0yciaaBiIMBaeT 3HAYMTEIbHBIC
paznuuus B PAAMAIIMOHHOM pPEXHME OTACTBHBIX pPalOHOB. DTO CBSA3aHO C Pa3TUYHON
MPOJOKUTETFHOCTBIO COTHEYHOTO CHSHUS B OTUX pallOHAX, C PAa3IMYHBIM COOTHOIICHHUEM
NpUXOIAIICH U yxoJsimei paauanuu (pagualliOHHBIM 0aTaHCOM), a TaKKe C OCOOCHHOCTAMHU
CTPYKTYpPHI TeIJIOBOTO OanaHca. M3BeCTHO, UTO paMallMOHHBIN OajlaHC 36MHOW TTOBEPXHOCTH —
1oKa3aresb, XapaKTepPU3YIOIIUKA OJHOBPEMEHHO HHEPIreTHYECKUE pPEecypchl BCEro (U3MKO-
reorpaMuecKkoro TMpoIecca, HHEPropecypchl KiIMMaTa M TEIUIOBBIE PECypChl Ipolecca
ucmapenus (['puropwses, Byasiko, 1965). OHu pacxXxoayrOTCs pa3iMyHO B pa3HbIX INMHPOTaxX B
COOTBETCTBUU C CYIIECTBYIOIIMMH YCJIOBUSMHU MCHAPEHUs: YyeM OOJIbIle pacXo] Ha UCIapeHHe,
TEM MEHBIIIE TEIIa OCTACTCsl HAa HATPEBAHKUE TPYHTOB U BO3yXa.

B caMoM TECHOM COOTBETCTBUM C MPOCTPAHCTBEHHBIM pACIPEACICHUEM BEIHMYUHBI
paauanMoHHOro 0OanaHca, pEXUMOM BO3pAacTaHHWs U YObIBaHUSA IMOJIOKUTEIBHOM U
OTPULIATENILHON €ro COCTAaBIISIIOIIMX B TEUYEHHE Tofla U XapaKTepOM LMPKYISALHUHA BO3IYIIHBIX
MacC HaXOATCS ¥ JUIUTEIHHOCTh CE30HOB TOJIa, M BPEMsI 3aJleTaHusi CHE)KHOTO TIOKPOBa, U JaThl
nepexoAa TEeMIIepaTypbl BO3/yXa 4Yepe3 OIpelelIeHHbIe TMpeNeibl, U €€ CPeIHEro/0BbIe
BEJIMYMHBI, M JIaThl 3aMOPO3KOB. MHOTHE M3 3THX (HaKTOpOB (CpPEAHEroJ0BBIC TEMIIEPATYPHI,
CHEXHBI TOKPOB) OKa3bIBAIOT peIlarolee BIUsAHHE Ha (HOPMHUPOBAHHE COBPEMEHHOTO
COCTOSHUSI M TEMIIEPAaTYpHOTO pEXHMMa TOPHBIX TIOPOJ B BEpXHEH YacTH paspesa,
OTIpEICIISAIONINE XapaKTep Pa3BUTHUS U JIETPAJalliid MHOTOJETHEMEP3bIX mopoa. Kpome Toro,
IIPOCTPAHCTBEHHOE pacIpe/iesieHe PaJuallMOHHOIO OanaHca M €ro COCTABIISIOIIUX OKa3bIBAaeT
OTPOMHOE BIIMSHME Ha XapakTep YyBiaxkHeHus. [lon yBraxxHeHHMEM MOHUMAETCsl CTENEHb
00eCNeYeHHOCTH TEPPUTOPUM BIIArod, HEOOXOIUMOW JUIsl Pa3BUTHSI MPUPOIHBIX TPOIECCOB.
VYBIaKHCHHE 3aBUCUT B OCHOBHOM OT KOJIMYECTBA U pexuma (ro0BOr0 X0J1a, HHTCHCUBHOCTH)
OCaJKOB M HCHApSIEMOCTH, PETyIUpYeMOW TEIUIOBBIMU pecypcaMu U ASPUIMTOM BIIAXXHOCTU
BO3JyXa. JTO OJHA W3 BaXXHEUIIMX XapaKTEPUCTHK KJIMMAaTa, T.K. BMECTE C TeMIlepaTypHbIMU
YCIIOBUSIMU OHA ONPENENsIeT THUII PACTUTEIBHOCTH W Bcero reorpadudeckoro iaHamadra

(Byabiko, 1974;Me3sennes, Kapnanesuy, 1969).
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Crenenp oOmielt yBnaxxHeHHOCTH 3anaaHo-CHOMPCKONW paBHUHBI Pa3jMvHA B Pa3HBIX €€
yacTsax. OHa u3MeHseTcs OT U30BITOYHOI Ha ceBepe 10 HEYCTONUMBOM B JIECOCTEIH M CEBEPHBIX
palioHax CTENM M HEJNOCTATOYHA B 30HE CYXMX CTEIEH ora IUIMTH B COOTBETCTBUU C Pa3IN4HbIM
COOTHOIICHHUEM COCTABJISIOIIUX BOJAHOro OanmaHca (ocaakoB, cToka W ucmapenus). Ha camom
CeBEpe paBHMHBI, B TYHJpPE U JIECOTYHJpE, [€ HUCHApEHHE Majo M3—3a HU3KHUX TEMIEpaTyp U
BBICOKOW BJIa)KHOCTH, CO3/AI0TCS YCIOBUS KpaifHE U30BITOUHOTO YBIIAXKHEHUS.

B.C.Me3senneB u M.B.Kapnanesuu (1969) Ha ocHOBe 0ajlaHCOBBIX PacdeTOB IMOKAa3aJu
OCHOBHBIE PETHOHAIbHBIE 3aKOHOMEPHOCTH MPOCTPAHCTBEHHON M3MEHUYMBOCTH COCTABIISIOIIMX
BoHOrO Oananca. CoriacHo UX aHHBIM, OOlee YBIa)KHEHHUE YBEIMYUBAETCS C IOra Ha CEBep OT
350 no 750-800mmMm Ha ceBepe u ceBepo-BocToke. Ha Gompmieit yactu tepputopuu 3amaaHo-
Cubupckoii paBHUHBI 3HAYUTEIbHAs YaCTh IMOCTYMHBILEH 13 aTMOC]epsl Biaru crekaer. Peunoi
CTOK 3aKOHOMEPHO YBEJIMYMBAETCS C I0ra Ha CEBEp, a UCHAPEHHE K CEBEPY OT TACKHOM 30HBI
YMEHBIIAETCS BCIEACTBUE HEOCTATKA TEIUIA, a K FOTY — M3-33 HEJJOCTaTKa BJIary.

Takum o00pa3zom, XapakTep TEIUIOOOECTIEYEeHHOCTH U YBIOKHEHHOCTH B Tpeaeax
3anaaHo-CuOupcKoi paBHUHBI CYIIECTBEHHO M3MEHsIETCs C ceBepa Ha 1or. Ha ocHoBe aHanmm3za
3aKOHOMEPHOCTEH IPOCTPAHCTBEHHOM W3MEHUYMBOCTH M COOTHOUIEHUS COCTaBISAIOIIMX
TEIUIOBOTO W BOAHOrO OallaHCOB, B IMpeleiax paccMaTpUBAaEMOM TEPPUTOPUM BBIICISETCS
BOCEMb  THApOJIOTO-KauMaTtudeckux 30H (Mesennes, KapnameBuy, 1969). OcHoBHbIe
KOJINYECTBEHHBIE XapAaKTEPUCTUKU JJIEMEHTOB BOJHOrO OajiaHca, BOAHBIX PECYpCOB H
MoKaszaTeJiel  TerioBiaroo0ecreueHHOCTH  3amagHo-CHuOUpCKOW  paBHUHBI 1O 30HaM

MpeACTaBICHBI B TaOnuIle 1 1 Ha pUCyHKe 5.

; )

gy

Pucynok 5 —I'mapomoro-kimumarndeckue 30061 3anaano-CuOupckoit paBHuHbI (Me3eHIIEB,
Kapnaresuy, 1969)
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. 30Ha MOCTOSIHHOT0 BeCbMa HM30bLITOYHOIO YBJAKHEHHUSI M BeCbMa HeA0CTATOYHOI
TEeIJI000eCIeYeHHOCTH,

[I. 3ona BecbMa M30BITOYHOI0 YBJIAKHEHHUS U HEIOCTATOYHOI TeN1000eCe4eHHOCTH,

[Ill. 3oHa WM30BLITOYHOrO YBJIA’)KHEHHS] B CPeIHHIl M BJIAXKHBII roAbl U ONTHUMAJIBLHOIO
YBJIQ)KHEHHS] M J0CTATOYHOM TeI1000eCne4YeHHOCTH B CYXOil roJ MOBTOPSiEeMOCTbIO
OJIMH pa3 B 5 JIeT,

V. 30Ha onTHMAJIBLHOIO COYETAHHWSl TeIJia W BJATM B CPeAHHMH M CyXOH roabl M
H30BITOYHOTI0 YBJIAKHEHHUS BO BJIAKHBIN o/l IOBTOPSIEMOCTHIO OJIMH pa3 B 5 JieT,

V. 30Ha oNTUMAJIBLHOIO YBJIA’)KHEHHSI BO BJIAJKHBIN IO/, 1O0CTATOYHOr0 YBJIA)KHEHUS] B
CPeAHMI o U HEJOCTATOYHOI0 YBJIAKHEHUS B CYXOii ro/l MOBTOPSAEMOCTbIO OJJUH pa3
B D.JIeT, TeI1000ecne4YeHHOCTh 30HbI JOCTATOYHAS,

VI. 30Ha oNTHMAJBHOIO YBJIA’KHEHHSI BO BJIQJKHBIN Ioj MOBTOPSIEMOCTHIO OJMH pa3 B 5
JIET ¥ HeIOCTATOYHOI'0 YBJIAKHEHHsI B CPETHUH U CyXHe roJbl; Terni000ecrne4eHHOCTh
30HBI I0CTATOYHAY,

VIl. 3o0Ha HeZOCTATOYHOIO YBJIAKHEHUS BO BJIAXKHBIH 0/l MOBTOPSAEMOCTHIO OIMH pa3 B 5
JeT W BecbMa HeI0CTATOYHOr0 YBJIAKHEHUSI B CpPeIHM MW CyXHe TOIbI;
TENJI000eCIeYeHHOCTh 30HbI J0CTATOYHA,

VIlIl. 30Ha mNOCTOAHHOrO0 BecbMa HEJOCTATOYHOrO YBJIAKHEHHS, TeIJIO00eCne4eHHOCTh

30HBI J0CTAaTOYHAaA.

Takum oOpazom, B mpenenax 3amagHo-CHOMPCKOW pPaBHUHBI JOCTATOYHO HYETKO
000COOISAIOTCS TPH MPUHLIMITUAIBHO Pa3IMYHBIX IIUPOTHBIX MOSACA MO XapaKTepy YBIAKHEHUS U
TEIIO00ECTIEYUEHHOCTH: TI0AC BechbMa  HM30BITOYHOTO  YBIOKHEHMS M HEJOCTaTOYHOM
tertoodecreuenHoctd (30ubI | 1 Il), mosic mpenmyIecTBEHHO H30BITOYHOTO U JOCTATOYHOTO Ha
KpaifHeM ore yBIQ)KHEHHUS M JOCTaTOYHOM TerutoodecrneuenHoctd (30ubI |l u IV u Gombrias
9acTh 30HBI V) U MOSIC HEOCTATOYHOTO YBIAXXHEHUS M JOCTATOYHOH Ter1oo0ecedeHHOCTH (For
30861 V ¥ 30HBEI VI-VIII). Crnegyer oTMETHTb, YTO TpaHHIIBI MEXIY €CTECTBEHHBIMU (DU3UKO-
reorpauueckuMu  30HaMU  c(POPMHPOBAHBI HCTOPUYECKU  CIOKUBIIUMUCS  THAPOJIOTO-
KIIMMaTHYECKUMH YCIOBUSIMU B CPETHUHM, CyXOW U BIAXKHBIM IO/ OBTOPSIEMOCTHIO OJIUH Pa3 B
5 ner. IMeHHO Takas MOBTOPSIEMOCTb CYyXHX M BJIQXKHBIX JIET SBJISIETCS TEM IOPOTOM, MHUHYS
KOTOPBII TEMJIOBIAaroOOMEH MEXAY 3€MHOH MOBEPXHOCTBIO M aTMOC(HEpHOW NPUBOIUT K
OJIHO3HAYHO HAMpaBJICHHBIM HEOOPAaTUMBIM MOCIEACTBUSIM B IOYBEHHO-OOTAaHMYECKOM
npouecce, (QOPMHUPYIOLIEM KayeCTBEHHbIE W KOJIMYECTBEHHBIE pa3IuuMsi M  CXOJCTBa

JaHAMA(THRIX TPU3HAKOB PA3JIMYHBIX 30H.
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COOTBETCTBEHHO Ha pPaBHUHHON TEPPUTOPHUH, B CBSI3U C XOpPOUIO BBIPAXKEHHOU
30HAJIBHOCTBIO KJIMMATa C IOra Ha CCBCP CMCHAIOTCA HaH,Z[I_Ha(bTHBIe 30HbI CTCIIN, JECOCTCIINU,
JIECOB, TYHJPEIL.

['panunel rUAPOIOrO-KIMMAaTHYECKUX 30H, KaK M TPAHULBI MOYBEHHBIX, PACTUTEIbHBIX
30H, 0003HAYAIOTCS JIMIIb YCIOBHO. OTHU TPaHUIBl Pa3MbIThl BCJIEACTBUE MHOTOJETHUX
KoeOaHUi THIPOMETEOPOIOTUYECKOTO pexuma. llepexon KomuyecTBa BJIard W TEIUIa B

KaUCCTBCHHBIC pa3IMdvd IIOYB U PACTUTCIIBHOCTU IMPOUCXOAUT B MNPOCTPAHCTBC IJIABHO U BO

BPEMCHH MCJICHHO.

Tabmuma 1 — KomuyecTBEeHHBIE XapaKTEPUCTHUKH DIIEMEHTOB BOJHOTO OajaHca, BOIHBIX
pEeCypcoB M TIOKa3aTelei TeIUIoBIaroo0ecnedeHHoCcTH 3amaaHo-Cubupckoil paBHUHBI 110
THIPOJIOro-KinMaTiHueckuM 30HaM (Meseries, Kaprariesuu, 1969)

Tl'unponoro- MakcumanbHo | PagmanroHHbIN Oomee Ocazxu 3a Cymmapnoe | Crok
KJIMMaTHYeCKast | BO3MOXKHOE Oananc, YBJIQKHCHUE TEIUIBIH UCIIapeHUE | peK 3a
30Ha HCrapeHue 3a R (kxan/cm?2 3aron (MM) | mepuos(anpes- 3aron, Z ro,
roa Zm (Mm) rox) OKTS0pB) (MM) (Mm) (Mm)
1 <450 <17 - <350 <440 -
2 445-555 17-22 740-800 350-480 440-500 250-
325
3 520-630 22-25 630-770 420-490 475-500 140-
275
4 600-725 24-30 500-650 400-450 450-500 60-
150
5 650-750 26-32 400-550 320-400 400-450 | 25-75
6 690-750 29-35 390-450 280-330 350-420 | 15-30
7 715-800 30-37 320-400 230-280 300-370 8-25
8 770-820 > 35 290-320 200-230 < 300 5-8
1.3.T'uaporpadus
Ycnosuss  popmupoBanus ruaporpadun  3anagHo-CHMOMpPCKOW  paBHUHBI  BeChMa

pa3HooOpa3Hbl, YTO CBSA3aHO C OONBLIONW MPOTSHKEHHOCTHIO TEPPUTOPUU U PA3IUUYUSIMH B €€
penbede U yBIaKHEHHOCTH.

Peunas cetp mpezacrasiiena pexoit OOb ¢ € MHOTOYHCIEHHBIMU MPUTOKAMH, TIABHBIM U3
KOTOPBIX siBJIsieTcst MpThIi, HeOOIBIIUMHE JICBBIMU IPUTOKaMu EHucest, a Taxoke pekamu Hambim,
[Typ n Ta3. Ilnomanp Oacceiina p. O0b Oonee 3 MIIH. KMZ. OOmrast nuHA peKH, OT MecTa
ciussaust bun u Karynu no Bmagenust B O6ckyro ry0y, paBHa 3 680 kM. OOp mpezacraBisier

TUNMYHYIO PaBHUHHYIO PEKY C MajlbIMH YKJIIOHaMHu pycia. B OacceiiHe peku HacUMTHIBACTCS
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ceeiie 161 teic. BomoTokoB U okosio 580 Teic. o3ep (I'maporpadus 3amagnoit Cubupu, 1961).
Bopnbiii pexxum pexku OOb HOCUT CIOXKHBIM XapakTep, OH MEHSETCS B PAa3JIMYHBIX YaCTIX €e
TEUYCHHSI B 3aBUCUMOCTH OT YCIIOBHUI MMUTAHUS PEKU.

Jlnst Gaccerina OO XapaKTEepHO HaJM4YME OOJacTel BHYTPEHHEro CTOKAa, KOTOphIC HE
OTJAIOT CBOW BOJBI B peuHyI0 cucteMy OOH, MOTHOCTBIO pacXoiysh uX Ha ucnapeHue. OOmas
TUTOMIA/Ib 3TUX «OECCTOYHBIX o0yacTei» paBHa 525 Thic. kM2 unm 18% wromaau Oacceitna Oou
(Ky3un, babkun, 1979).

B cpennem TeueHMH peka MpOTEKaeT B mpesesiaX TauTH ¥ MPUHUMACT Psii MHOTOBOIHBIX
NPUTOKOB, TIO9TOMY BOJOHOCHOCTh €€ pe3Ko yBenuuuBaercs. HikHee tedenne OOu
XapakTepu3yeTcss HE3HAYMTEIbHBIM HapacTaHueM Iutomanau Oacceifna. Ilupokas moiima
(Mectamu Oonee 5S0km) 0Opa3yeT OTAeTbHBIC MACCUBBI M OCTPOBA.

MakcumanbHBIA pacxo] BOABI U CIOM CTOKAa 3a MOJIOBOJBE 32 MHOTOJICTHUH MEPUON Y
pekn O6b B paiione Canexapna cocrasuser 28 600m>/c u 105 mm (Tmaporpadust 3amagHoit
Cubupu, 1961).

Pexu paBHUHBI MMEIOT BeCEHHE-JIeTHee WiH (PeKe) BECEHHEE MOJIOBOJbE U MABOAKH B
TETUIOC BpeMs TOfa, 3UMHSS MEXEHb TIIyOOKas M NPOJODKUTENbHAs. HanbGonbpmmii BKIaa B
hopMHpOBaHHEe MECTHOrO croka 3amaxHoil Cubupn (232 kmfron, winu 58% Bcero oGbema)
BHOCHT JIeCHasi 30Ha, 3aHuMaromas 49% momanu, Ha ropHble pailoHbl NpH Twiomanu 7,4%
MPUXOAUTCS 66,8xm>/ron, wiu 16,7%MecTHOTO CTOKa (CaBkun, 1996).MecCTHBII CTOK B CTEIH

U jecocrenu coctaiseT 48,3,B TyHApe 51,3KM3/1"0I[.

1.3.1.bonoTtHas ruaporpaduveckas ceTh U €€ XapaKTEePUCTHKA

Kak oTmeueHo B mpenplaymux paszaenax, 0010T000pa3oBaTelbHBIA Ipolecc Ha
tepputopun 3anagHo-CHOMPCKOW paBHUHBI UTPAET OYCHb BAKHYIO POJb, GOpMUPYS OCOOBIE
THJIPOJIOTUYECKHE yClIoBUsA. Pa3BuThioO 00JOT B mpezenax paBHUHBI CIIOCOOCTBYIOT (hH3HMKO-
reorpauueckre yciaoBHsl, TAKHE KaK BBICOKAs CTEMEHb YBIAXHCHHOCTH, KpaifHEe 3aMeINICHHBII
MOBEPXHOCTHBIM CTOK B CBSI3U C HCKIIOYUTENbHON PaBHUHHOCTBIO TEPPUTOPHUH, C OOMIHEM U
BBICOKMM CTOSSHUEM TPYHTOBBIX BOJ, @ B CEBEPHOM YacTU — MOYTH CIUIOIIHBIM Pa3BUTHEM
MHOToJIeTHE# Mep3oThl (3emiioB, 1976).

Crnenyer OTMETHTB, YTO y OOJIOT TaKXke €CTh CBOSI ruaporpaduyeckas ceTh, y KOTOPOi
€CTh CBOM OCOOCHHOCTH. bonoTHOH THAporpaduecKol CeThI0 HA3BIBAIOTCS PACTIOJIararonIuecs
Ha TEPPUTOPUHU OOJOTHBIX JAaHAMA(TOB PYUbH, PEUKH, 03€pa, 03€PKU U TOMHU. XapaKTep ITUX

BOAHBIX 00BEKTOB B YCIIOBUAX 0O0JIOT OTJIMYEH OT AHAJIOTMYHBIX BOAHBIX 00BEKTOB Cymun
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BCJICJICTBHE CBOCOOPA3Us X MPOUCXOXKICHUS, 00YCIOBICHHOTO MPOIIECCOM PAa3BUTHS OOJIOTHBIX
MacCCHBOB.

Bonpocam wu3ydenuss OonoTHOW ruAporpaduyeckoil CeTH TOCBAIMICHB PadOTHI
W.J].bornanosckoii-I'nemad (1953), E.A.Tankunoit (1949), E.A.Pomanosoii (1949; 1953),
K.E.MBanoBa (1976), C.M.HoBukoBa (I'maposorusi 3a00J0YCHHBIX TEPPUTOpHii...., 2009).
PazButas ruaporpaduueckas OOJOTHAas ceTh HAOMIOJAeTCs, KaK MpaBHIIO, HA CHUCTEMax
00JI0THBIX MacCHBOB. Ha pocCThIX OOJIOTHBIX MacCUBaxX BOAHBIC OOBEKTHI BCTPEUAIOTCS PEXKeE.

OO6pa3oBaHne COBPEMEHHOW TOBEPXHOCTHOM THIporpaduyeckod ceTH Ha 0o0yoTax
TECHBIM 00pa3oM CBs3aHO ¢ GopMoH pestbeda OOTOTHBIX MACCUBOB U UX CUCTEM M C PA3IMUUSIMHU
B BOJIONIPOITYCKHON CIIOCOOHOCTH JESTEIbHOIO TOPU30HTA B Pa3IMUHBIX MHUKpoJaHadrax
(UBanos, 1953).

N3 ocobennocreit ruaposoruu Gomor orMetum caenymomee (bomora 3amamHoit
Cubwupu...., 1976).Ctok ¢ 00JIOT OCYIIECTBISETCS MO TUAPOrpadUIECKOil CETH, COCTOSIICH U3
OOJIOTHBIX BOJIOTOKOB, 03€p U Tomel, Jubo GuiabTpanueil B AeITEIbHOM FOPHU30HTE TOPDAHOM
3anexu. JlpeHupyromas cnocoOHOCTh BHYTPUOOIOTHBIX BOJJOTOKOB HEBEIIMKA M3-3a UX CcIaboro
Bpe3a 1 OOJIBIINX PACCTOSTHUA MEXITY IPCHAMH, a TAK)KE PE3KOT0 YMEHBIICHUS KO PHUIIMESHTOB
GWIBTpalluK B JEATEIILHOM TOPWU30HTE TPU CHIDKEHUHM YpPOBHEH OONOTHBIX Boa. [loaTomy
BHYTPHUOOJIOTHBIC BOJIOTOKM TMEPECHIXAIOT JIETOM, 3MMOM CTOK B HHMX TaKKe MPAKTHYCCKU
peKpaIaeTcs.

YacTh MOBEPXHOCTHBIX BOJI, HE TOMAJaomas B OOJOTHBIE BOJOTOKH, QHIBTPYyeTCsS K
nepudepun BEpXOBBIX OOJIOT B NEATEIHHOM TOpPH30HTE TOP(SIHUKOB. OH CIIOKEH M3 KHUBBIX
pacTeHuil U uX CIabOPa3IOKUBIIMXCS OCTATKOB, IO3TOMY B HEM HaOJIFOaeTCsl camasi BhICOKas
HOPHUCTOCTh ¥ BOJONPOHUIAEMOCTh. DUIBTPAIMOHHBI CTOK C BOJOpa3ACIbHBIX 0O0JIOT,
0COOEHHO WMMEIONINX BBIMYKIYI0 TOBEPXHOCTh CO 3HAYMUTENBHBIMH YKJIOHAMH, TOCTYIAaeT Ha
nepuepuiiHbie YYacCTKH, MEPEYBIAXKHSIS UX W IMOANUTHIBAS BEPXHUE TOPU3OHTHI TOJI3EMHBIX
BO/I, YPOBHU KOTOPBIX IOBBIIIAIOTCS, H IPOUCXOAUT MOATOIICHUE OKPYKAIOIIEH MECTHOCTH.

CToK ¢ 00JIOT HAYMHAETCSI, KOTJ]a YPOBHH BOJIBI ITOTAAI0OT U MIPOJI0JDKAIOT MOBBIIIATHCS B
nmpeaenax JIeSITENIbHOrO Topu3oHTa TopdsiHuka. B 3a0omodueHHOM pedyHOM OacceiiHe
JI.A.Bypakos (1978) Beiaenun Tpu 30HBI (OPMHUPOBAHHS CTOKA: 1) 30HY MPEUMYIICCTBEHHO
(UIBTPAIMOHHOTO CTOKAa — BEPXOBOW OOJOTHBIM MacCHB, TJE€ CTOK OCYLIECTBIISICTCS B
NESITEIBHOM CJIOC; 2) 30HY BPEMEHHOW aKKyMYJISAIIUU TaJbIX BOJI U (hOPMHUPOBAHHS PYCIOBOTO
CTOKa — TMoJioca 3a00JIOYEHHBIX JIECOB W TOIEH, MOATOIUIsIeMas BECHOW B pe3yibTare
MOCTYIUICHUS TaJbIX BOJ C TIPUMBIKAIOIINX BEPXOBBIX 0OJIOT, a TAKXKE 3a CUET TasHUS MECTHBIX

CHEroB; B 3TOH OOBOJHEHHOW Mojioce O(OPMIIIETCS PYCIOBBIM CTOK B NMOHMXKEHHUSX, Aajiee
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NpEeBpaIaoIIuXcs B pycia; 3) 30HY pa3BUTOrO pYCIOBOTO CTOKAa — IMOJOca TaWrH,
JIPEHUPOBAHHAS CETHIO PYYhEB U PEK.

M30BITOK TajbIX BOJA C OTKPBITHIX IEHTPAJIbHBIX YacTeil 00J0THOro maccuBa (30Ha 1)
IOCTyIaeT B nepudepuitHpie 3a00I0UeHHBIE Jleca M JICCHbIe Oojota (30HA 2), Te CHEr TaeT
MensieHHee. B pe3ynprare Ha nepudeprn BEpXOBbIX 0OJIOT CKAIJIMBAETCS OOJIBIIOE KOITUIECTBO
TalbIX BOJl, CTOK KOTOPBIX 3aTpPyIHEH, TMOCKOJbKY B KpaeBBIX 3a00JIOUEHHBIX Jecax eIle
COXpaHSIIOTCS CyrpoObI cHera. JlanpHeiiiee 6ojee Mmo3qHee TasTHUE STUX CHEXHBIX MacC U CHETa,
HAKOIJICHHOTO B IPUPEYHBIX JIPCHUPOBAHHBIX JIECAaX, IIPUBOJUT K CIOKEHUIO BOJIH MOJIOBOJBS C
OTKPBITOM M 3aJIECEHHOM dYacTeil OacceiiHa, YTO NMPHUBOJUT K OOpa30BAaHUIO HA MaJbIX peKax
BBICOKOT'O OJHOBEPIIMHHOTO MOJIOBO/Ibs. Takasi AMHAMHKA HAOII01aeTCsl, B OCHOBHOM, B TOJIBI C
BBICOKMM OCEHHUM YBJIOKHEHHEM. B TOABl ¢ HU3KUM MPEANISCTBYIOMIEM YBIQKHEHHUEM
BOJIOOT/Ia4ya OacceliHa HAYMHACTCS] B KOHIIE CHETOTAasHHSI M3-32 OOJBIIUX 3aTPaT TalbIX BOJ Ha
3aIoJIHeHKE OoJlee 3HAUNTEIILHOM BOIOYAepKUBarolieH emkoctu Oacceitna (bypakos, 1978).

BaxHbIM BOIIPOCOM SIBIISIETCS PETYIUPYIONIAs €eMKOCTh OOJIOT U BCEro 3a00JI0UEHHOTO
peuHoro OacceiiHa. Perymmpyromiasi eMKOCTh OOJIOT JO0O0ro THIa OBIBAET JOCTATOYHOM IS
YMEHBIICHUST MaKCUMAIIbHBIX PAaCXOJ0B M YPOBHEHW BOJIBI BO BPEMs ITOJIOBOJbS W TMABOJKOB.
HauOomnpiiee CHIKEHHE MaKCHMyMOB CTOKAa IIPH OJMHAKOBOW CTENICHW 3a00JI0YCHHOCTH
HAOI0TaeTCs TaM, TJe paCIpOCTpaHEHBbI 0OJI0Ta C 03ePHO-OOJOTHEIMU KOMITJIEKCAMHU M CHUIIBHO
OOBOJHEHHBIMH MHKpONAaHAIIAPTaMu, a TaKKe HU3MHHBIE 00J0Ta. MEHBIIEe CHUXKAIOTCA
MaKCUMYMBI ~ CTOKa C  BBINYKJIBIX  BEPXOBBIX  OOJNIOT €O  CPEeIHEOOBOTHCHHBIMH
MUKpoJaHAmapTaMu U pa3BUTON PydEHKOBOM CETHIO, JAIONICH OJaronmpusaTHYIO BO3MOXKHOCTH
st ObicTporo copoca Tanbix BoJ ¢ 6onora (baBuna, L{BetanoBa 1983).

Pa3Hbie THITBI OOJIOT MMEIOT Pa3HYI PEryIHpYIONIY0 eMKOCTh. 1) BepxoBbie 0oyioTa
00Jaar0T BeCchbMa HEOOJBIION PETYIHUPYIONIEH EMKOCThIO, KOTOpas OrpaHH4YeHa O0BbeMOM
JICATEIbHOTO TOPHU30HTA TOJINMHON B TIEPBBIC ACCATKH CAHTUMETPOB; 2) HHU3HHHBIC U
nepexoaHbie 0oy0Ta 00s1aAaT 0oJbIIeH perynupyronei cnocoOHOCTRIO, OHU HAKaITUBAIOT U
MPOIYCKAIOT Yepe3 TOPpDSHYIO 3aie’Kb 3HAUUTEIbHBIE MACChI BOJBL. bosiee Toro, cyliecTBoBaHue
HU3UHHBIX OOJIOT CBUAETEIBCTBYET O TOM, YTO Hapsly C MOBEPXHOCTHBIM UMEETCSI JIOCTATOYHO
OOMJIBHOE TPYHTOBOE IMUTAHHE W OJArONpPHUATHBIC YCIOBUS IUIsI (OPMUPOBAHHS MOI3EMHOTO
NPUTOKA B peKH; 3) BOJOpa3/IeiibHbIC 00J0Ta OTHOCATCS K 00JIaCTH MOBEPXHOCTHOI'O CTOKA, B UX
mpelenax ycIOBHs MHUTAHUS MOA3EMHBIX BOJ M (OPMHUPOBAHUS IMOJ3EMHOTO MPHUTOKA B PEKU
HeOaaronpustHbl (MunuH u ap., 1968;bonora 3anaanoit Cubupwu... ... , 2000).

Takum 00pa3zom, 0010Ta YMEHBIIAIOT (32 CYCT MOBBIMICHHOIO B OOJBIIMHCTBE CIy4Yacs
UCTapeHus) o0Iee KOJMYECTBO TMOCTYIAMIIeH B peuHble OacCeHbl W3BHE BJard u

nepepacnpeesitoT €€ BO BpEMEHH, BIUsisA Ha CTOK PEK.
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I'maponorndeckast GyHKIHS OOJIOT MPOSBISETCS B aKKyMYJISIIMH aTMOC(EpHO Biaru B
ToppssHUKAX U ruaporpapuueckoil cetw, GopmupoBaHuH crenuduyeckoi  OOIOTHOM
rApOrpaUuecKol CEeTH, UCIIAPEHUH ¢ OOJIOT U CTOKE MOBEPXHOCTHBIX BOJ (COCPEAOTOYEHHOM
B ruaporpaduueckoil cetn U aupdy3HOM — B ACATENHHOM CJIO€), IIMTAHUH MOJ3EMHBIX BOJ H
00pa30BaHUM TIOJ3EMHOI COCTaBIIIONIEH CTOKA, CE30HHOM IIepepactpeneieHUN CTOKa |
(opMHpOBaHNHN KadecTBA IOBEPXHOCTHBIX BOJ. [ uponoruyeckas pyHKIUS TaKKe MPOSBIISIETCS
B JIByX B3aMMOCBS3aHHBIX AaCIEKTaX: KOJIMYECTBEHHOM M KauecTBeHHOM. IlepBbIil Kkacaercs
KOJIMYECTBEHHBIX XapaKTEPUCTUK CTOKa BOJABI M BOAHBIX pecypcoB. Bropoil orHocuTcs K
IOKa3aresisiM ~ KadecTBa BOJ  (CojepkaHME B3BEUICHHBIX W PACTBOPEHHBIX  BEILECTB,

rupooroornyeckue nokasarenu u 1.1.) (bonora 3amagHoi Cubupu..., 2000).

1.3.2.03epHOCTH paBHUHBI

Ha teppuropun 3amanHo-CuOUpPCKON paBHUHBI HAXOMUTCS OOJIBIIOE KOJIMYECTBO O3€EP.
OO6mas o3epHOCTh paBHHHBI cocTaBisier 5-10%. Pacnipenenensr o3epa kpaitHe HepaBHOMEPHO.
A.A. 3emmoB (1976) BeimensieT Ha ceBepe IIECTh KPYIMHBIX O3€pHBIX paiionoB: 1) SImaio-
I'vinanckuit, 2) Typyxan-Xerckuii, 3) [lyp-Tazosckuii, 4) HagsimM-Kasbimckuii, 5) Cypryrckuii,
6) KonauHCKHiA.

[Tpeobanaroriee KOJIUUIESCTBO 03€p paBHUHBI — BHYTPUOOJIOTHBIE. B ceBepHOi yacTu Ha
JIOJII0 BHYTPUOOJIOTHBIX BOJOEMOB TMpUXOAUTCs okono 85% o3ep 3TOW TEppUTOpPHH, B
neHrpansHoii — 89%wu B rokHOM — 66% Bomora 3anaanoit Cubupu..., 1976).OHn 3aHUMAIOT
3HAYUTEJIbHBIC TUIOIIAAN 3a00J0YCHHBIX TEPPUTOPUN M SBJISIFOTCS HEOTHEMJIEMBIM 3JIEMEHTOM
nanamagdTos 3amagHo-CuOUPCKO paBHUHBI.

Ozepa kpuosmTo30HBI 3amagHo Cubupu 1O TEHE3ucy U MOPPOMETPUUECKUM
XapaKTepPUCTHKAM DPAa3leNIA0T Ha TpHU Trpymmbl: 1) pequKTOBbIE 03epa, 00pa30oBaBIIMECS JI0
Hayaia 00J0T000pa30BaTEIHLHOIO MPOIlecca U UMEIOIIUE, KaK MPaBUIIO, 3HAUUTEIILHBIC Pa3Mephl
U TDIyOuHBI, 2) BOJHO-3PO3UOHHBIC (CTApUYHBIC) O3epa, HUMEIOIIHE Ooyiee IUPOKOES
pacrpocTpaHeHHe, PACIOJIOKEHHBIE B MOMMAax PEK W SBISIFOIIUECS MPOAYKTOM IESTEIHbHOCTH
peuHBIX BOJ; 3) BHYTPHOOJIOTHBIE 03€pa, KOTOPBIC BXOAAT B COCTaB 03€PHO-0OJOTHBIX
MUKPOJTaHIIA(TOB, WIH IMPH 3HAYUTEIBHBIX pa3Mepax, HUMCIOIIUE BOJOCOOpHI, 3aHSTHIC B
ocHOBHOM Oonotamu (I'maponorus 3abosiodeHHBIX Tepputopuid..., 2009). XapaxrepHoii
0COOEHHOCTBIO BHYTPHOOJIOTHBIX 03€p CEBEPHON YaCTH PaBHHUHBI SIBISTIOTCS WX HEOOJbIIHE

pasmepsl (100-600m) u maibie Tayouss (10 3 M).
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O3epa neHTpaIbHON YaCTH PAaBHUHBI 110 IPOUCXOKICHUIO MOAPA3ACIAIOT HAa IIEPBUYHBIC
(oOpazoBaBmrecs: 10 Hayayia 3a00JayMBaHUsI TEPPUTOPUH) M BTOPHYHBIC (0Opa3oBaBIIMECS B
npolecce pa3BUTUSL 00JIOT). 34ecCh MNPOCICKHBACTCS ONpEACICHHAas 3aKOHOMEPHOCTh B
pacrpesielleHuu 03ep: LEHTPAIbHbIE YaCTH PEUHBIX BOAOPA3/IEJIOB 3aHATHl HAUOOJIEe KPYIHBIMU
03€paMH; 110 Mepe MPOJBIKEHHUS OT BOJOPA3JeNia K PEYHBIM PYCJIaM pa3Mep 03€p YMEHBIIACTCH,
OHM TIPUOOPETAIOT BBITAHYTYIO (OpPMY, HAUMHACT MPOCIEKHUBATHCS  ONpEACICHHAs
YIOPSAIOYCHHOCTh B TIOJOXKEHUU JUIMHHBIX OCEH 03ep OTHOCHUTENBHO OOIIero HarpaBlICHHS
PEUHBIX JOJMH; BOJIM3M PEK BBITSHYTOCTb O3€p YBEIMYMBAETCS, UX JIMHHBIE OCH NMPUHUMAIOT
XOpOULIO BBIPAKEHHYIO NEPHEHIUKYIAPHYIO (OPMY OTHOCUTEIBHO HAMpaBIECHUS JBHKCHUS
¢GWIbTpalMOHHBIX BOA ¢ ©Oosor. Hawmbonpliee KOMMYECTBO 03€p COCPENOTOYECHO B
npaBoOepexxkHort uactu OOu (Oaccerinbl pex Jlsamun, ITum, Tpomberan, Aran, Bax).
3HauMTENIbHO MEHbIE o03ep B OacceiiHax pek TwiM, bonwmoi FOran, bompmoi CanbiM,
Jewmbsiaka, Bacroras.

BayTprOonoTHBIE 03€pa 10KHOIM YaCTH PaBHUHBI BCTPEUAIOTCS PeXke, YeM B IICHTPAIbHON
U ceBepHOi. BHyTpuOonoTHBIE 03epa bapaOMHCKON HU3MEHHOCTH PAaCIpPOCTPAHEHHI MO BCEMY
peuHOMYy OacceilHy pPaBHOMEPHO C HEKOTOPbIM YBEIMUYEHHMEM HX YHCIa BOJNM3M IJIOCKHX
BojlopazaenoB. Crenyer OTMETUTb, YTO HaWOOJbIIEe KOJIUYECTBO O3€p COCPENOTOYEHO B

Oacceitnax pex Omb u Taprac (bonora 3anannoit Cubupm...... , 1976).

1.4. JTanamad e

OcobenHoctu penbeda, KIUMara, THIPOJIOTHYECKUX YCIOBHUM, a Takke Oojbluas
IPOTSDKEHHOCTh 3anagHo-CHOMpPCKON paBHUHBI SBUIUCH MPUUYMHOM OOJBIIOTO pa3HOOOpa3us
TaHAmadToB JAaHHOW TEPPUTOPHUH.

Jlangmadt sABISETCS OCHOBHOW E€IMHHUICH B MEPAPXUHM HMPUPOIHBIX TEPPUTOPHUATBHBIX
xomiutiekcoB ([1TK), nnm reocucrem. IlepBbie HaydHbIe onpeencHus Janamadra npuHauIeKaT
pycckum reorpadpam Hauyama XX Beka, B ocobenHoctu JI.C.bepry (1947), kotopsrit
copMynHpoBan MpeACTaBIeHHS O JaHgmadTre Kak OCHOBHOW CTYNIEHM B CHCTEME
reorpaUUecKuXx KOMIUIEKCOB M IEJIOCTHOH TEPPUTOPHAIBHOW eIWHHIE CO CTPOTO
OTpaHUYEHHBIM 00BEMOM M cojepkaHueM. CoriacHO JaHHOMY MpPEACTaBICHUIO, Pa3BUTOMY B
30-40x rr. XX B. JL.I'.PamenckuMm, A.A.I'puropseBsiM, C.B.Kanecuukom u B panbHeiiniem
noapoono obocuoBanHomy H.A.Comunessim (1948), B.b.Couasoii (1978), ranomagpm ecto
KOHKPETHAsl TEPPHUTOPHS, OJHOPOJIHAS MO CBOEMY IPOMCXOXICHHIO M HCTOPHU Pa3BUTHA,

oOnajaromas €IUHBIM TI'eOJOrMYecCKMM (YHIAMEHTOM, OIHOTHIHBIM peibedoM, oOmmm
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KJIMMAaTOM, €IWHOOOpa3HBIM COYETAaHHEM THUAPOTEPMHUYECKHX YCIOBHUH, MOYB, OMOIEHO30B H
3aKOHOMEPHBIM HaOOpOM MOP(OIOTHYECKHX YacTel — (haruii 1 ypouuI.

Kak enununa pazmepHocTy JaHamadT 3aHUMaeT 0co00e MECTO, TaK KakK pacloyiokeH Ha
CTBIKE PETHOHAIBHBIX W JIOKAJIBHBIX T'€OCHUCTEM W MPEICTABISET COOOH MpeAenbHYIo, camylo
HU3KYIO CTYICHb B CHCTEME perHoHanbHoW auddepentmanuu smureocheps (3KocucTeMa
BeIcIIero panra) (puc. 6). OObenuHeHHe NaHAMA(PTOB B COOTBETCTBUH C PETHOHAIBHBIMU
3aKOHOMEPHOCTSIMU 00pa3yeT pernoHanbHbIe €IUHCTBA 00JIee BHICOKMX PAHTOB: JAHAMIADTHBIHA
OKpyT, JaHamadTHYIO MPOBUHINIO, JaHMMAPTHYIO 007acTh, JaHAMAPTHYIO CTpaHy u

JaHAIIaQTHYIO 30HY.

Snureccdepa

I nobaneHER
ypoBEHs

NaraadmHes
30HLI, CTRAHLL,
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TunonorMueckra pagsl reacHucTem

Pucynok 6 —Cxema uepapxuu reocucreM (A.I'.Mcauenko, 1991)

30HanbHAS OJHOPOTHOCTH JaHAmAdTa MPOSBIAETCS B EIMHCTBE TI'EOJOTHYECKOTO
¢ynnamenTa, Tune penbeda u kmumara. B cooTBeTCTBUU € 3TUMHU (haKTOpaMH Ha TEPPUTOPUU
3anaaHo-CuOUpCcKOi pPaBHUHBI BBIICISIOT HECKOJIIBKO JaHAMA(THBIX 30H: TYHIPOBYIO,
JECOTYHAPOBYIO, 1€COOOIOTHYIO, JIECOCTEIHYIO U CTeMHY0. Kax1as u3 3TUX 30H Ha JIOKAJIbHOM
YPOBHE TOfIpa3zesieTcs Ha 0ojiee MENIKHE TeOCHCTEMbl: MECTHOCTH, YPOUHINA, MTOIypOUnIa U
¢ammuu. Takum oOpa3oMm, C OJHOW CTOPOHBI, JIOOOW JaHAmadT B pe3yabTare pa3BUTHS U
muddepeHanuy  reorpaguueckoil 000J0YKH OJHOBPEMEHHO SIBIISIETCS 3JIEMEHTOM OoJee
CIIOKHBIX PETHOHAJBHBIX €IUHCTB BBICIINX CTPYKTYPHBIX MOJpPA3/eNICHUH, a C IPYTOil CTOPOHHI,
HpEeACTaBIsAeT cCrenuduyeckoe TEeppUTOPHATBFHOE COYETAHHE JIOKAJIBHBIX OCOOEHHOCTEH
npuposl (["onosanoB u np., 2005).
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3a00J10YCHHBIE TEPPUTOPUH, OOIOTO B LIEIOM U OTAEIbHBIC €ro YacTh (0OJ0THBIC 30HBI,
TUMBI  OOJIOT, MUKpOJAHIMAPTH) PAcCCMAaTPUBAIOTCS KaK dJIEMEHTHI TeorpauuecKoro
nangmadra (bomora 3amagnoit Cubwupw...... , 1976). Kaxnplii W3 O3TUX DIEMEHTOB
XapaKTepU3yeTcs 10 MPUYPOYCHHOCTH K Pa3IUMYHBIM 30HaM YBIIQ)KHEHUS, HANpUMep OOJIOTHBIC
30HBI (Tabi. 2), a TakKe M0 re000TaHMYECKONW XapaKTEPUCTHKE — OONOTHBIM MHUKpOJaHaadT
(HauMeHbIIIasi TAaKCOHOMHUYECKasl €IMHHUIA OOJOTHOTrO JaHamadra, MPeaCcTaBisIoNas CoO0M
y4acTOK O0JI0Ta, OJHOPOIHBIN IO PACTUTEIBHOMY IOKPOBY, MHKpOpeiIbedy MOBEPXHOCTH,

(Gu3rYECKUM CBOICTBAM BEPXHETO TOPU30HTA TOP(SHOM 3aJIe)KU i BOTHOMY PEKUMY).

Tabnmuma 2 — [puypodeHHOCTs OOJOTHBIX 30H K pa3indHbIM 30HaM yBiaxkHeHus (bomora

3amaguoit Cubupm...... , 1976;'umposnorus 3a00104€HHBIX TEPPUTOPHI. .. .., 2009)
I'mpponorunyeckas 30Ha bonornas 30Ha Ocob6eHHOCTH MUHEPAJIbHBIX
TPYHTOB OOJIOTHOM 30HBI
M36bITOYHOTO YBIAKHEHHS [TomuronanbHBIX 0OJOT
Mep3inbie
Bbyrpucteix 600t
BhBIMyKIBIX  OMUTOTPOQHBIX
(charnoBsIx) 60T0T
HeycroitunBoro yBnaknenust | Ilmockux  eBTpoHBIX U Tansle
ME30TPO(HBIX (ocoxoBo-
THITHOBBIX M JIECHBIX) OOJIOT
Henocrarounoro Bornytsix eBTPOQHBIX
JIaKHEHUS TPOCTHUKOBBIX u
g gaEOJIGHHBIX : (TpaBsIHBIX) 3aconenmpie
60110T

BosioTHbIE 30HBI MO TUMAM YBIAXXHEHHUS MMEIOT cienyiouie ocobeHHoctu. 1. B 3one
M30BITOYHOTO YBIQKHCHHS HOPMa OCAJKOB 3HAYMTEIBHO IPEBHINIACT HOPMY HCIApEHHS C
MOBEPXHOCTH CYIIM M TI03TOMY BEpPXHHE TOPH30HTHl MOYBO-TPYHTOB Oojiee HIM MEHee
MIOCTOSIHHO YBJIQ)KHEHBI, MPOLECCH 00J0T000pa30oBaHNs MMEIOT HauOoJbllee pa3BUTHE. 3/1€Ch
pacnpocTpaHeHbl TOJIMTOHANbHbIE, OYrpHCTble, ONUTOTpodHbIe charHoBele OonoTta. OHH
3aHMMAIOT OOJBIIYI0 YacTh OOIIMPHBIX MEXKIYPEUHBIX IMPOCTPAHCTB W PACIIONIATAIOTCS HE
TOJIBKO B TIOHMKCHHSIX MECTHOCTH, HO U MOKPBIBAIOT CIUIOMIHBIM TOPQSHBIM IJIAIIOM
HOBBIIICHHBIE YYaCTKH, 00pa3ysi COBpPEMEHHbBIE PEUHBIC BOJIOPA3/eibl (puc. 7).

2. B 30He HEYCTOWYHMBOIO YBJIAXXHEHHS HOpPMa OCAJKOB OJM3KAa K HOPME HMCIApEHUs C CYIIU.
Bonora B 1aHHO# 30HE UMEIOT MeHblIee pacnpocTpaHeHne. CyIeCTBEHHYIO pOJIb 3/1€Ch UTPAeT
IPUTOK TOBEPXHOCTHBIX BOJ M TIO3TOMY O0OJOTa TPEUMYIIECTBEHHO TPHYPOUYECHBI K
OTPULIATEIBHBIM JJIEMEHTaM peibedpa — KOTIOBHHOOOPA3HBIM OECCTOYHBIM IOHMKEHHSIM,

O3CPpHBIM KOTJIOBUHAM U PCUHBIM JOJIMHAM.
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3. B 30He HEIOCTATOYHOTO YBIAKHEHHUS HCIAPSIEMOCTh 3HAUYNUTEIHHO MPEBOCXOANUT BEIHUHHY
aTMOC(EpPHBIX 0CAJIKOB, IO3TOMY 00JI0Ta 3aHUMAIOT 3/1€Ch HEOOJIBIINE IJIOIA TH.

Criemyer OTMETUTh, YTO NpH paioHHpoBanuu Oosor B paborax (Kam, 1948; Bonora
3anagaoir Cubwupd..... , 1976; IlpsBuenko, 1955; Tomoceituyk, 1973) Oyrpucteie 0osoTa
KJIacCH(PUIMPOBATIHN Ha IUIOCKOOYTPHUCTBIE U KPYIHOOYTPUCTHIE, OCHOBHBIM KPUTEPHEM IPH HX
BBIJICJICHUY TIPHHUMAITUCH BBICOTa U (popma TopdsiHbIX OyrpoB (puc. 7). OmHaKo, KaKk OTMEYECHO
B paborax (Kam, 1948;1llymunoBa, 1969),nmpoBectr 10cTaT04HO 0OOCHOBAHHO TPAHUILY MEXKILY
30HaMH BECbMa TpPYIHO, O €€ OTCYTCTBUM CBHJCTEIbCTBYIOT JaHHBIE MHOTOJIETHHX
WCCJICIOBaHMH, BBIMOJHEHHBIE 3amanno-Cubupckoi skcnenunuei ['THU. Dto moarBepkmaroT
TaKke NaHHbIe a3podorocheMok. [TosTomy aBropamu (HoBukos, Ycosa, 1979;Ycosa, 1983)atu
JIBE€ 30HBI OBUTM OOBEIMHEHBI B OAHY 30HY OYIpUCTBIX OOJOT. AHAJIOTUYHON MO3UIMH
npuaepxuanuch M.C. bou u B.B.Mazunr (1979).

E.A.PomanoBa (1974) BeimonHuIa AETalbHOC PAOHHMPOBAHHWE 30HBI OJUTOTPOQHBIX
6onor 3amagHoit Cubupm, BbmenuB 9 paifoHoB u 6 moxpaiioHOB. B kadecTBe Kputepus
BBIJICJICHUS] PAalOHOB €10 OBUIM MPHHATHI CTENEHb 3a00JI0UEHHOCTH M COOTHOIICHHE IUIOIMIAJeH
60st0THBIX MHKponaHamadToB. OMHAKO paiioHHpOBaHKWE OOJOT 30HBI MHOTOJICTHEH MeEp3I0THI
Bamagnoit Cubupu He mpoBoawioch (['mapomorust 3a00704YeHHBIX TeppuTopHii..., 2009),
MIO3TOMY, aBTOpaMH YKa3aHHOW MOHOrpaduu Obliia clieiaHa MOMBITKA IPOBECTH pailOHUpOBaHHE
OYTPUCTBIX U OJNUTOTPOPHBIX OOJOT, UCTIONB3YSl OCHOBHBIC NMPUHIUIIBI PAOHUPOBAHUS OOJIOT,
npeioxkennslie E.A. PomaHOBOM.

1. 30Ha TONHUTOHANBHBIX OoOJNOT, 2*. 30HA
IJIOCKOOYTPUCTHIX 00J10T; 3*. 30Ha
KPYMHOOYTPUCTHIX; 4. 30HA  BBIMTYKIBIX
omurotpodusix (charroseix) 6omor; 5. 30Ha
IUIOCKUX  €BTPO(PHBIX W  Me30TpO(dHBIX
(OCOKOBO—THITHOBBIX U JIECHBIX) 00OT; 6.30Ha
BOTHYTBIX €BTPOGHBIX (TPOCTHUKOBBIX) U
3aCOJICHHBIX (TpaBSHBIX) OOJIOT; 7. cyxomoi; 8.
0onoro; 9. rpanuna 3amagHO—CHOUPCKOI
paBHuHBl u OonoTHeIX 30H; 10. ceBepHas
TpaHWlla  PacHpOCTpPaHCHHUS OTJICNBHBIX
AR N fpyHHOGprI/ICTBIX 00JIOT.

SR T - 30HBI TUTOCKOOYTPHCTHIX u
KPYIMHOOYIPUCTBIX 00JIOT B 0o0Jiee MO3THUX
pabotax OOBEIMHEHBI B 30HY OYrpHCTBHIX
00I10T.
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Pucynox 7 —Kapra-cxema pacnpenenenus 6010T Ha Tepputopun 3anagHo-CuOupckoil paBHUHBI
(Bonora 3amaguoi Cubupu, 1976)
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I'uaporpaduueckne XapakTepUCTHKH (3a00JI04CHHOCTh, 03€PHOCTh, JIECUCTOCTD, I'YCTOTA
pEYHOl ceTH, CTENeHb pa3BUTHS peibeda, BHICOTA MECTHOCTH M Jp.) OBUTM OIpEIeICHBI
aBropamu MoHorpadpuu (['maponorust 3abosoueHHBIX Tepputopuid..., 2009) mo Tpaneuusm
tonorpaduuecknx kapt macmrada 1:100000.B pesynapTaTe BBIMOJHEHHOTO HCCIICIOBAHMS,
aBTOpaMH JaHHOW MOHOTpaduu, Ha TEPPUTOPUU 30HBI OYTPUCTHIX OOJIOT BBIIEIEHBI 6 00JIOTHBIX
paiioHOB, 30HBI OMUTOTPO(HBIX charHoBbIX 000T — 14 paiionoB (puc. 8). ['maporpaduueckue
XapaKTEPUCTUKHU TPEACTaBICHbl B Tabmuie 3 — TOJBKO T€, KOTOpble OyIyT MCIOJIb30BAHBI B

aHaJIM3€ B TPETHEH TJIaBe JaHHOU JUCCEPTALIUH.

Pucynox 8 — Kapra-cxema 6onotHbix paiioHoB (['umposiorusi 3a00JI04€HHBIX TEPPUTOPHH. .. ..,
2009)

Ilpumeuanue — 3ona noaueonanbHuix 6010mM, pationsl He gvloeneHbl. 3ona byepucmulx borom: 1.
Obv-Ilonyiickuii, 2. Cesepo-Haovimckuii, 3. IOoxcno-Haovimckuii, 4. Cesepo-Ilypckuii, 5.
FOoicno-Ilyperuii, 6. Tazosocko-Enucetickuii. 3oma evinykiavix onueompoguvix 6borom:. 1.
Cesepo-Cocveunckuil, 8. Kazvim-Hazvimcxuil, 9. Hazvim-JIamunckuii, 10. /lamun-Aeancrui, 11.
Baxckuu, 12. Ilpuenuceickuii, 13. Teim-Kemcxuii, 14. Yynvimckuil, 15. O6b-Konounckuu, 16.
Konoo-Tasounckuii, 17. Canvim-Hnsaxckuii, 18. Jemvsano-Bacioeanckuii, 19. Bacioeano-Obckuil,
20. Typmac-HUpmulwckuii
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Ta6muma 3 —I'maporpadudeckas XxapakTepUCTHKa OOJIOTHBIX pailoHOB 3anagHoi Cubupu

BonotHsIii paiion 3a00J109€HHOCTh Jlecuctocts, % OzepHocTh, % CrereHb pa3BUTHUS BricoTa oTMeTKH Hopwma romosoro
paiiona, % pernbeda (B yCIOBHBIX MECTHOCTH, M alc. CTOKa, MM
e TMHHIIAX)
3oHa OYTpUCTHIX 6OIOT
1.00b-Ilonyiickuii 21* 64* 2,1* 853* 71* 275
2.CeBepo-HanpiMckuii 42* 53* 4,0* 654* 44* 280
3.10xuH0-Hagsimckuii 52 40 7,8 910* 96 275
4.Cesepo-Ilypckuii 44* 47* 2,6* 652* 62* 285
5. Oxno-ITypckuii 15* 77* 0,6* 946* 73* 280
6.TazoBocko- 46 47 6,8 560* 101 300
Enucelickmii
30Ha BBINYKIIBIX OJIMTOTPO(HEIX 00JIOT

7.CeBepo-CoChbBUHCKUIT 23 73 0,6 1157 102 230
8. KaseiM-HaseiMckuii 20 65 1.4 1613 80 240
9. Hazpim-JIsMuHCKHUI 50 40 2,4 685 84 220
10. JIamuu-Ara"ckuii 55 29 11,3 347 81 240
11.Baxckuii 43 49 4,3 571 96 260
12. [Tpuenucenckuit 15 84 0,4 1342 132 240
13. Teim-Kerckuit 40 56 1,2 591 115 240
14. YynpimMckuit 22 77 0,4 642 126 160
15. O6b-Konauackuii 47 39 6,2 563 59 150
16 Konno-TasauHckuii 47 49 2,1 430 74 100
17. Canpim-Unaxckuii 26 56 0,9 851 61 215
18 JlembsHO- 45 53 0,9 540 87 165
Bacroranckuii
19 Bacrorano-O0ckuit 33 60 0,4 561 98 150
20.Typrac-UpThImckuii 50 49 0,4 470 113 95

Ipumeuanue* - onpedenenue nposederno no ocparuyenHomy yucty mpaneyuti (I'uoponocus 3abonrouennvix meppumopui. ...., 2009)




Astopel  MmoHorpadpum  ([maposorusi  3a00IOUEHHBIX  TEPPUTOPHid....., 2009),
BBIJICJIUBIINE OOJIOTHBIE PaiiOHBI B 30HE OYIPUCTHIX M BBINYKIBIX OJUTOTPO(HBIX OONOT, HE
NPOBOIWIN TOAOOHBIX HCCIENOBAaHMKH B 30HE TOJMIOHAIBHBIX OOJIOT, TaK Kak Ha
TororpapMuecKux KapTax HET YEeTKOro pasielieHus O0NOT W TyHAPHI (3Ha4KH, 0003HAYAIOIINE
TYHJIPY, CTOST Ha 3Ha4YKax, 0003HaYaromux 007010). OHU OOBSICHSAIOT 3TO TEM, YTO B YCIOBHSIX
TYHIpPHl HAJEKHBIX JCHIM(PPOBOYHBIX TNPU3HAKOB BBbIIEIECHUS OOJOT, 3a HCKIIOUYECHHEM
NOJUTOHATBHBIX, HeT. KOHTyp OOJOTHOro MaccuBa 37€Chb MOXKHO ONpPEICTUTh JHUIIb MpU
Ha3eMHBIX HCCIICIOBAHUSAX TEPPUTOPUH. AHAIM3 AAHHBIX THAPOTpadUUECKUX XapaKTEPHUCTHUK
OOJIOTHBIX pailOHOB JaHHOW PabOTHI, MOKa3al CBI3b MEXKIY IMMOKA3aTelIeM CTEIICHU Pa3BUTHS
penbeda u 3a00JT0YCHHOCTHIO TEPPUTOPUU: YeM OOJIbIlEe TIOKA3aTeNh CTEIIEHU PAa3BUTHUS, TEM
MEHbIIIE 3a00JI0YEHHOCTh TEPPUTOPHH paiioHa. B OonoTHBIX paiioHax ¢ 3a00JI0YEHHOCTHIO
okosio 50% o3epHOCTH B 6 pa3 Oosbire, 4eM B OOJIOTHBIX pailoHaX C 3a00JI0OYCHHOCTHIO OKOJIO

20% (Cuapostorus 3a00I0UEHHBIX TEPPUTOPHIA. .., 2009).

Takum oOpa3oM, mnpupogHble (GAKTOPHI TEPPUTOPUHM — €€ PABHUHHOCTH, OOJbILIAS
HPOTSKEHHOCTh, TEKTOHMYECKHE IBIKCHHUS, UCKIIOUNTENbHAs 3a00J09€HHOCTh, COOTHOIIICHUE
Pa3IMYHBIX KIMMATHYECKUX 3JIEMEHTOB BOAHOTO OajlaHCa ONPEEIIIIIN YCIOBH (POPMUPOBAHUS
€€ COBPEMEHHOT0 00JTHKA.

[Ipoucxonsmue W3MEHEHUs KJIMMaTa B TMOCIEIHUE JECATUIIETUS, HECOMHEHHO,
CKa3bIBAIOTCA HAa OCHOBHBIX €r0 JIEMEHTaX — COOTHOIICHHM TEIUIa W BJark, 4TO PaHO MM
HIO3JTHO BJICUET 33 COOOM CMEIIeHUE MPUPOAHBIX 30H.

V3MeHeHne COCTOSIHUS pa3iIMYHBIX MPUPOIHBIX OOBEKTOB BO BPEMEHH Ha TEPPUTOPHUHU
3amagHoit CubupyM MOXKHO HU3ydaTh HE TOJBKO C IIOMOIIBIO HAOMIONEHWH Ha
THPOMETEOPOJIOTHYECKHX TI0CTaX, HO M METOJaM{ AHMCTAaHIIMOHHOTO 30HAMPOBAHMSA 3eMIIN U
MozeIbHOro peaHanu3a. OCHOBHBIE METO/BI, HCIIOJIB30BaHHBIE B Pa0dOTE IPEICTABICHBI BO

BTOPOM TJIaBE JUCCEPTALIUU.
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I'maBa 2. MeToa0J10rusl HCCJIEI0BAHUA

Jlroboe Hay4YHOE HCCIENOBAaHUE OCYIISCTBISETCS OMNPEICICHHBIMH TpPUEMaMUd H
croco0aMu, IO OMpEeNeIeHHBIM TpaBWiIaM. YUYEHHE O CHCTEME 3THX IMPHUEMOB, CIIOCOOOB W
MpaBUJI HAa3BIBAIOT MeTojosioruei. [lom MeTomosiorueit HaydHOTO HMCCIIENOBAaHMS MOHUMAIOT
yu4eHHE O METOoJaX TO3HaHWs, T.e. O CHUCTEME MPUHIUIIOB, MPaBUJ, CIIOCOOOB W TMPHUEMOB,
NpeAHa3HAYEHHBIX JUIsl YCIEUIHOTO pEIICHUs MO3HaBaTeNbHBIX 3anay. Kaxjas Hayka uMeer
CBOIO MeTO10JI0THIO. COOTBETCTBEHHO METOAOJIOTHS HAYK O 3eMJIe MOYKET OBITh OIpee/IeHa KaK
y4eHHE O METOAax HMCCIEAOBaHHs TUaHEThl 3emits (iurocdeps!, ruapocdepsl, aTMOChephl u
np.). B 000 Hayke BBIACHAIOT Kak OOIICHAYYHBIC METOMABI, C MOMOIIBI0 KOTOPBIX
AHATM3UPYIOT MOJIYYCHHbIC HAOMIOIEHUS, TaK U CHEIHATLHBIE METObI, KOTOPHIE UCTIONB3YIOTCS
TOJIBKO B OJTHOM OTPACIy HAyYHOTO 3HAHUSI.

B cnenyromem nonpasnene OyayT pacCMOTPEHBI METOABI MCCIICA0OBAHUS, IPUMEHSIEMBIC B

JTaHHOU paboTe.

2.1.Mertoabl ucciaen0BaHus

Hayku o 3emiie mpereprieBaloT KaueCTBEHHOE MPeo0pa3oBaHKe, CBSI3aHHOE C MEPEX00M
OT ONHCATEIbHBIX METOJOB OTOOpPaXEHUS TPUPOAHON Cpelabl K  KOJIMYSCTBEHHOU
XapaKTepPUCTHKE CBOMCTB €€ KOMIIOHEHTOB M TPOTCKAMONIMX B HEH IPOLECCOB C MOMOIIBIO
sKcIpecc-MeTo10B uccienoBanus (TomuenpHukoB, 1974).

Jucmanyuonnoe 3onouposanue (/[3) — HaOMOACHUEC U U3MEPEHUE SHEPIETHUCCKHUX H
MOJISIPU3AIMOHHBIX ~ XaPAaKTEPUCTUK  M3JIyUeHHS OOBEKTOB B  PAa3MYHBIX JHAra30HaxX
AJIEKTPOMArHUTHOTO criektpa (OM) ¢ 1enbio OmpeaeICHUs] MECTOIMOJIOKEHUS, BHJIA, CBOMCTB U
BPEMEHHOW M3MEHUYMBOCTH OOBEKTOB OKPYKAIOIIEH Cpebl 0e3 HeIMoCpeACTBEHHOTO KOHTAKTa C
HUMH H3MepuTeabHoro npubopa (Tokapesa, 2010).3To ObICTPO Pa3BHUBAIOIIASNCS TEXHOJOTHS,
KOTOpasi COOTBETCTBYET TPeOOBAaHUAM MYJIbTHIUCIUIUTMHAPHBIX uccinenoBanuii (Aber, Melillo,
2001). /IucTaHIMOHHBIE METOJbl M3YYCHHs PACTUTEIBHOCTH, MOYB, YKOCHUCTEM U TEOCHCTEM
WHTEHCUBHO pa3pabareiBatoTcsi ¢ 50x romoB XX B. M3HawambHO 3TO ObUH (DOTOCHUMKH,
C/ICJIaHHBIE C CaMOJICTOB, a 3aTeM JaHHbBIC Pa3IMYHBIX MPHOOPOB, PACIIOIIOKEHHBIX Ha OOpTax
CIIyTHHKOB.

[TpuMeHeHHe CIYyTHUKOBBIX JaHHBIX UMEET OOJIBIINE MPEUMYIIECTBA 0 CPABHCHHIO C
KOHTAKTHBIMH METOJIaMH HWCCIICJIOBAaHUA WJIM TIOJIEBBIMA HAONIOJEHUSIMH. Bo-TiepBBIX, B
OTJIMYUE OT KOHTAKTHBIX METO/IOB UCCIIEOBAHMSI 3¢MHON TTOBEPXHOCTH, CITyTHUKOBBIEC TTPHOOPHI
3a OJIUH pa3 00pabaThIBAIOT TEPPUTOPHUIO 3EMHON MOBEPXHOCTH B HECKOJIBKO JICCATKOB THICSIY

KBaApPATHBIX KUJIOMCTPOB, UYTO IMO3BOJICT B TCUHCHUC OAHOTI'O OHA Ha6JIIO,Z[aTb U aHAJIM3UPOBATH
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OIPOMHYIO TLIOIIA[b 3€MHOIM MOBEPXHOCTH, KOTOpas HEJOCTYIHA Ui KOHTaKTHBIX METOJIOB
ucclieioBaHust. BO-BTOPBIX, BBICOKAas MEPHOAMYHOCTH OOpalleHHs] CIYTHHKOB BOKPYT 3emin
MO3BOJISICT BECTU OTICPATUBHBI MOHUTOPHUHT COCTOSIHUSI MTPUPOTHBIX 3KOCUCTEM MPAKTHUECKHU B
pSKUME peaJbHOTO BpPEMEHH. B-TpeThbHX, B OTIMYHE OT a’3podOTOCHEMKH, CITYTHUKH
OXBAThIBAIOT OOJIBIIOE KOJMYESCTBO TMPHPOJHBIX KOMIUICKCOB Ha OJHOM H300pakKeHHH,
HampuMmep, Bce Bacroranckoe 00J0TO, YTO TO3BOJIIET HCCICIOBATEII0 BBISBISATH HOBBIC
3aKOHOMEPHOCTH HW3MEHEHHs MPUPOAHBIX cped. biarogaps STUM W MHOTHM JPYTUM
NPEUMYIIECTBAM JTUCTAHIIMOHHBIC METO/IbI CCIICIOBAHUS 3aBOCBAU OOJIBINYIO MOMYJISPHOCTH B
HayqHoMm mupe (Mkprusia, [llyrko, 2002).

B cocraBe MeTOIOB TOJCBBIX M JAMCTAHIIMOHHBIX HAOIOJCHUN, OCOOYIO POJib HrpaeT
METOJl WHIAMKAIMOHHBIX HCCIICIOBAHUM, WCIOAB3YEMBIH IS XapaKTEPUCTHKH M  OLECHKH
COCTOSIHHS, CTaJfii pa3BUTHS U M3MEHCHHS BO BPEMEHHU HCCICIYEMBIX MPUPOIHBIX OOBEKTOB.
NHaukaTopoM MOXET OBITH JTH000# MpuOOp, YCTPOUCTBO, MHGOPMAIIMOHHASI CHCTEMa, O0BEKT,
OTOOpaKaroIMi W3MEHEHUs KaKOro-iubo mapaMerpa KOHTPOJHUPYEMOTO IMpolecca WU
COCTOSIHUSL OOBEKTAa. YCIIOBHS, ONpEACIsCMbIE C TOMOIIbI0 HWHIUKATOPOB, HA3bIBAIOTCS
00bEeKTaMHM WHAWKAIMK, WX HHIMKATaMH, a OpOIecC ompenesieHus — uHmukamumeil. CBsi3b
MEX/1y HHAUKATOPOM U MHIMKATOM Ha3bIBACTCS WHIUKAIIMOHHOM.

WMuaukaTopbl MOTYT HCIIOJIB30BaThCs s Heckoibkux mener (Cairns et al., 1993):
OTCJIC)KUBAHHUS W3MCHCHUS B IOKA3aTENIAX OKPYKAIOMICH Cpebl, YKa3aHUs Ha KaKOW-TH00
NPU3HAK, HAXOISIIMICA BHE MPSIMOTO PacCMOTpEHHs. 3ajava pa3paOoTKH M HCIOJIb30BAHUSI
pa3IMYHBIX ~ MHAMKATOPOB  OMpEAEIsieTCsl TeM, KaKoil M3  [oKa3areiedl  CHCTEeMBl,
XapaKTEepU3YIOIUNA e¢ B IIeJIOM, SIBISCTCS JOCTaTOYHO MPOCTBIM U 3(D(HEKTUBHBIM IS
OCYIIECTBIICHHST KOHTPOJIS M MOJAETUPOBaHMS. MHANKATOPHI JODKHBI OBITh KOMIJIEKCHBIMHU U B
TOXE BPEMSI IOCTATOYHO MPOCTHIMH U TOCTYITHBIMH JJI1 MOHUTOPHHTA.

[Mpuszemnass Temmepatypa BO31AyXa, aTMOC(EpHBIC OCAIKH, CTEMECHb YBIAKHCHHS
TEPPUTOPUH, CTOK, OTHOCHTEIbHAs IUIOMAAb TEPCYBIAXKHCHHBIX TEPPUTOPUN  MOXKHO
paccMaTpuBaTh KaK IOKa3aTelId COCTOSIHUS OKpY)Karomien cpenbl (MHIMKATOPBI), KOTOPBIC
OTPaXKaloT YCIOBUS HAa U3y4aeMOi HAMHU TEPPUTOPHU M UX U3MECHEHHSI BO BPEMCHH.

PaccmaTtpriBaemble  MHIAMKATOPHl ~ ObLIM  pa3felieHbl HaMH Ha 2  TPYIIbBL
METEOPOJIOTHUCCKAE MHIUKATOPBI (IpU3eMHas TeMmIlepaTypa BO3Jayxa, aTMOC(HEpHBbIC OCAIKH,
CHOXKHBIH  TOKPOB) H  THAPOJOTHYECKUE (CTOK, CTCMECHb YBIAKHCHHS TCPPUTOPHH,

OTHOCHTEJIbHAS TUIOMIAIb IIEpEyBIaKHEHHBIX TeppuTOpHii) (prc. 9).
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| MHavkaTopbl |

MpliseMHana TeMnepaTypa Bosayxa,
ﬂﬂ:> aTMocdepHble 0caanl, Ko ILIIEHT YBNIKHEHNS,
NPOCTPAHCTBEHHO-BpeMeHHbIe
XApAKTePHCTIKII CHEXHOTO NOKPoBa

um:> CTok, cTeneHb YBNAKHEHIIA TeppUTOPHIL,
OTHOCIITeNbHAA NNOLWAAL NepeyBNIKHEHHbIX
TeppUTOpPINI

Pucynok 9 —Cxema uccneayeMbIX HHINKATOPOB

TemmepaTypa Bo3myxa sBIsieTCs HauOoJiee CYIIECTBEHHON XapaKTEPHCTHKOW KIMMaTta,
OTIpeNIeTISIOmEeN TeIuIoBOM pekuM aTtmocdepsl. Komebanus temmeparypbl BO3ayXa B TEUEHUE
roJla OKa3bIBAIOT OIPOMHOE BIMSHUE HA TEIUI000ECTIEYeHHOCTh Tepputopuu. [lone Temmeparypsl
BBIPQXXCHO YHCIEHHBIMH IapaMeTpaMd W TpH JI000W KiacCu(UKAUKA JaeT BO3MOXKHOCTH
yCTaHABJIMBATH KOJUYECTBCHHBIE IPAHUIIBI pa3anuHbIX TUIOB Kiaumara (Ilsep, 1976).

[Ipn wuccnegoBaHMM TEMIEPATypHOTO pEXUMa BBIUMCISIOT TakWe MOKa3aTelH
TEMIEPaTyphbl KaK CpeHHe roOJI0BbIe, CPEAHUE MECSUYHbIE, CPEIHUE CYTOUHbIE, MUHUMAJIbHbBIE U
MaKCUMaJbHBIE TEMIEPATyphl, NaThl Mepexofa CPEeAHHX CYTOYHBIX TEeMIlepaTyp depes
oTmpesieieHHbIC 3HAYCHUS U Ap. [[1s1 BRIYMCICHUSI CPEAHUX TeMIIepaTyp BO3AyXa UCIOIb3YIOTCS
JaHHbIe HAOJIIOIEHUH B OCHOBHBIE CPOKHU. PsApl KJIMMaTHYeCcKUX IOKa3aTeiaeil MOoryT ObITh
HEOJIHOPOJHBIMU B IIPOCTPAHCTBE U BO BPEMEHH.

ATMOCQEepHbIE OCalIKH, SIBISSCH OCHOBHBIM HCTOYHHKOM VYBIIQXXHEHHS CYIIH, TaKXKe
OTHOCSITCS. K OJHOW W3 HamOoliee BaKHBIX XapaKTEPUCTUK KiuMara. K xapakTepucTuKam
pPEeKHMa 0CaIKOB OTHOCSATCSI BHYTPUTO0BOE pacipeaeicHue (rogoBoit xo), pa3oBoe COCTOSIHUE
(kuaKue W TBEp/bIC), HHTCHCUBHOCTH, MPOJOIKUTEIBHOCTh W YaCTOTA BBIMAJCHUS, a TaKXKe
MEKT0JI0Basi K3MEHYHMBOCTh 3TUX Xapakrepuctuk (XKakos, 1982).

AHanu3 BHYTPUTOJOBOTO paclpeAesieHUs 0CaIKOB IMIMPOKO HCIOIB3YETCS B PA3TUYHBIX
TUAPOJIOTUYECKUX HCCIEA0BAHUAX U OOBIYHO COCPEOTOUYEH HA OTHOIICHUH OCAIKOB XOJIOAHOTO
nepuoga (HOAOps-MapT) K ocamakam Temioro mnepuoaa (ampeiab-oktsops) (bmotren, 1972),a
XapaKkTep WX pacHpeleNieHUs B TEUEHHE ToJa MOXET CIYXUTh KIUMATHUYECKHUM WHICKCOM
(LIsep, 1973; 1975).

Ha Ttepputropun 3amamno-CuOupckoi paBHUHBI 30HATBHBIA XapakTep pacrpeicsICHHs
OCaJKOB BBIpAKEH OCOOEHHO 4YeTKO. 30HAIbHBIN XapakTep paclpeneseHUs] TOJOBbIX CYMM
0CaJKOB OOYCJIOBIIEH MPEUMYIIECTBEHHO YCIOBHSMH OOpa30BaHHS OCAIKOB B TEIUTYIO YacTh

rojia, 0cOOEHHO B JIETHHE MECSIIBI, U B TIEPBYIO OU€pelb — IUPKYIALNOHHBIMU YCIOBUSMHU.
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CoOTHOILIICHHE KUAKUX W TBEPIbIX ocaakoB paznuuHo. Hampumep, na Kpaitnem Ceepe
TBEP/IbIE OCATKN COCTABIISAIOT IMOJIOBUHY HJIU OOJIBIIIE TIOJOBUHBI OOIIETO KOJIMYECTBA OCAIKOB 32
TOJl, U OHM XapakTepHbI i Jroboro Bpemenu roxa. Ha cesepe Taiimbipa no 70% romoBoii
CyMMBI 0cakoB (popmupyetcs 3a cuet cHera ([lIsep, 1976).

3a cueT TBEPIBIX OCAJAKOB 00pa3yeTcsi CHEXKHBIA MTOKPOB, UTPAIOIITUI OTPOMHYIO POJIb B
(GbOpMUPOBAHUN THIPOTEPMHUECKUX XAPAKTEPUCTUK TEPPUTOPUU: PATUAIIIOHHOTO W TEIIOBOTO
0amaHCOB TOBEPXHOCTH, TEMIIEPATyphl BO37yXa, TEIUIOBOIO W BOJHOTO pEXHMa MOYBHI,
rUAposiornyeckoro pexuma. K BakHEHIINM XapakTEepUCTUKAM CHEXHOTO MOKPOBAa OTHOCATCS
MPOJOKUTEILHOCTh U YCTOMYMBOCTh, BBICOTA U IUIOTHOCTh, OT KOTOPBIX 3aBUCHUT KOJIUYECTBO
BOJBI, 3aKIIOYEHHOE B HeM. Bce 93THM XapaKTepUCTUKH TOMYMHEHBI  30HATHHBIM
3aKOHOMEPHOCTSIM, M CYILECTBEHHO 3aBUCAT OT MECTHBIX YCJIOBHH, TJIaBHBIM 00pa3oM OT
penbeda W pacTUTENBHOTO IMOKpoBa. Hampumep, BbICOTa CHEXHOro mokpoBa Ha KpaitHem
CeBepe Haxoautcs B mpeaenax 40-50 cm, HecMOTps Ha OOJBIIYIO MPOJOHKHUTEIBHOCTH
XOJOAHOTO TmepuoAa. llpuuMHaMU S3TOro SBJISIOTCS MOHMKEHHOE KOJMYECTBO OCAIKOB H
IUIOTHOCTh CHETa, KOTOpasi K KOHIY MPOJIOJKUTEIBHON 3UMBI 3/1€Ch OKa3bIBAETCS MOBBIIIEHHON
BCJIE/ICTBUE CHUJIBHBIX BETPOB. B HM3MEHEHHUSX BBICOTHI CHEKHOTO MOKPOBAa B HANPABIECHUU C
3araja Ha BOCTOK Ba)KHEHIIIYIO pOJIb UTPAIOT OOIIMe 3aKOHOMEPHOCTH pacIipe/ieieHHs] 0CaIKOB,
00yCITOBJICHHBIE IUPKYISIITHIOHHBIME YCIIOBUSIMU U Oporpadueii.

BaxxHOI XapaKTEpUCTHKOM CHEXHOIO IIOKpPOBAa TaKKe SBIISETCA 3amac  BOJBI,
3aKJIFOYEHHOM B HEM Iepe]l HayaJoM WHTEHCHUBHOTO TasHHS U CBA3aHHBIA C €ro BBICOTOH U
IUIOTHOCTBIO. 3amachl BOJbI MPEACTaBISAIOT COOON MOTEHIMAIbHBIE PECypchl BOABI IS
VBIQKHEHUS TOYBBI BECHOW, (OPMHUPOBAHUS TPYHTOBBIX BOJ U IOBEPXHOCTHOTO CTOKa
(Komanes, 1978), koTopble SIPKO OTpPa)KarOT COBOKYITHOCTHh 30HAJIBHBIX MPUPOIHBIX YCIOBH,
PaBHOMEPHO YBEJIMYMBAETCS C Iora Ha ceBep M B JiecHOW 30He coctamistor 120-130mwm, a B
tyuape —6onee 300mm (LBep, 1976).

PeuHoil ctoxk Qopmupyercs B pe3ynbTaTe IOCTYIUIGHHS B PEKHM BOJA aTMoc(epHOro
IPOMCXOXACHHUS, YaCTh OCAJKOB CTEKAeT C peKaMU B OKeaH WM OecCTOYHBIE 03€pa, a 4acTb
ucnapsercs. CymmapHoe ucnaperue (Z) — CKiIaabIBaeTCs U3 UCTIAPEHHsI C TIOBEPXHOCTH MOYBHI,
TpaHCTIMpAIMU U UCHApEHUsl C KPOH JIEpeBhEB, UTpaeT Harbosiee BaXXHYIO POJIb B ONpPEAEICHUN
MOTEPh CTOKA B IpefiesiaX peuHbiX OacceitHoB (Muxaiinos, JloOpoBosbckuii, 1991).

Baxueiimmmu ¢dakropamu GOpMUPOBAHUS CTOKA SIBISIOTCS KIMMATHUYECKUE, a TaKKe
(akTOphl MOICTUIAIONICH MOBEPXHOCTH (FEOJIOTHYECKOE CTPOCHHE BOIOCOOPA, MOYBEHHBIN |
PaCTUTENBHBIN MMOKPOB, PaCWIEHEHHOCTh pelibeda, CTeNeHb pa3BUTHUS TUApOrpaduyecKoil ceTH,
o3epa u 0OonoTa, miom@aas U ¢GopmMa BogocOOpa, JUIMHA U YKIOH PEKU) M XO3SHCTBEHHOU

nestenbHOCTH. Cpenu Beex (hakTopoB ocobast posib MpUHAAISKUT Oonotam 3amagHoir Cubupw,
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KOTOPBIE OTJIMYAIOTCSI BBICOKOW 00BOHEHHOCTHIO, TOITOMY HCIIAPEHUE C CYITH MPHOIIKACTCS K
UCIapSIeMOCTH, YTO CHUXKAET CTOK. J[pyrum (haktropoM GopMUpPOBaHUS CTOKA PEK SBISIETCS Jiec,
TUAPOJIOTUYECKAsT POJIb KOTOPOro, B OCHOBHOM, IMPOSIBISCTCS B PETYJIUPOBAHUH BOIHOTO
OaylaHca U B CTJIQKMBAHUU CE30HHBIX KOJICOAHUN PEYHOTO CTOKA.

AHanmm3 TUAPOJIOTHYECKUX U KIIMMATHYECKUX WHANKATOPOB, XapaKTEPHU3YIOIIHE PEKUMBI
NPUPOJHBIX 00BEKTOB (peuHbIX OacceitHOB) 3amagHoit CuOMpU OyAeT MPEICTaBJICH B TPEThel
TJIaBe.

2.2.MeTo/1bl HAOMIOACHUN U U3MEPECHUIA

2.2.1.MopenbHbBIN peaHann3

B Hacrosimee BpeMsi CyHIECTBYET HECKOJIBKO apXHMBOB, COACPKAIIUX KIMMAaTHYECKYIO
uH(pOpPMalLIMIO, KOTOPhIE YCIIOBHO MOXHO Pa3feliuTh Ha «CTAaHIMOHHBIE» U «ceTouHble». [lon
CETOYHOM CTPYKTYpPOH IOHUMAIOT TaKyl CTPYKTYpy, KOrJa KakJ0e 3HauyeHUEe MOJEIUPYEeMOH
METEOPOJIOTUYECKON BEIMYMHBI «IPUBSI3aHO» K 3JIEMEHTY IUIOLIAIU 3€MHOM MOBEPXHOCTH —
sueiike (kak mpaBuiIo, miomiaaso ot 10 000mo0 40 OOOKMZ). [IpuHUMaeTcs, YTO OHO SIBISETCS
CpPEIHUM 3HAYEHHUEM 3TOW BEJIMYMHBI B Mpelesiax AaHHOHW TEPPUTOpUH. Y Pa3HBIX MOENEH
peaHanu3a KoopArUHaTHas CeTKa MHIWBHIyaJIbHA.

CerouHble apXWBbl, Kak MPaBWIO, SIBISIFOTCS PE3YyIbTaTOM OOBEKTUBHOTO aHAIU3a
CTaHIIMOHHBIX JaHHBIX, JUOO OJHHUM U3 BHAOB HUX HHTEPHOJSLIUU B Y3JIbl DPEryIsspHOU
KOOPIMHATHOW  CeTKU. IloMMMO CTaHIMOHHBIX [aHHBIX TIpPU CO3JAHUM  CETOYHBIX
KJIIMMAaTUYECKUX apXUBOB HCHOJB3YIOTCS JOMOJHUTEIbHbIE HCTOUYHHUKU METEOPOJOTHYECKON
uHpopmanuu. ['MaBHBIM 00pa3oM, 3TO CHYTHUKOBBLIC JAaHHBIC, HEOOXOIMMBIC ISl YTOUYHEHUS
MOJICH METEOPOJOTUYECKNX BEJIUYMH B PETHMOHAaX C PEAKON ceThio HabmoaeHuii. B mepByto
odepelb ATO KacaeTcs apXMBOB OCAJKOB, IOCKOJIBKY 3TOT METE€OPOJOTMYECKHM SJIEMEHT
OTJINYAETCS 3HAUUTEIBHOM CTAaTHUCTHUYECKOM HEOJHOPOAHOCTBbIO, M ISl  aJIeKBaTHOTO
00BEKTHBHOTO aHAJIM3a OCAIKOB PACCTOSHUS MEXKIY CTaHIMSAMHU HE JOJDKHO MpeBbImath 50 kM
(F'angun, Karan, 1976; caes, 2002). Takoii TrycToii METEOPOJIOTHUYSCKON CETH HE CYIIECTBYET
NpaKTHYECKH HHUI/IC B MHUpE (32 HMCKIIOUCHHEM OTIeNbHBIX pernoHoB Eporsl, CeBepHOit
Awmepukn, Snonnun u Kopeu). [losTomy B OOJNbIICH YacTH «CETOYHBIX» apXHMBOB OCAJKOB
CTAHIMOHHBIE JIaHHbIE AOMOIHSIOTCS pe3yIbTaTaMU AUCTAHIIMOHHBIX U3MEPEHUM.

«CeTouHbIE» KIMMAaTHYECKUE apXMBbl MMEIOT Psij MPEUMYIIECTB 10 CPABHEHHUIO CO
CTaHI[MOHHBIMHU: 1) HaTMYKEe METEOPOIOTHYECKON MH(OPMAIIUK BO BCEX PETHOHAX CYIIH U Haj
okeanamu; 2) dopMa apxXxuBOB yao0HA s MPAKTHYECKOTO HCIOJIb30BAHUS [AHHBIX, B
YaCTHOCTH, JUISI TECTUPOBAHUS PE3YJIbTaTOB MOJCIMPOBAHUS U 3) B CETOUHBIX KJIMMATHYCCKUX

apXuBax, KaK IpaBUJIO, OTQPHIBTPOBAHBI OUTMOKH, HET IPOIYCKOB B JAHHBIX.
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Peanamu3  mpeacraBisier  coOOM  pe3ynabTaT  YHMCICHHOTO  MOJICIIMPOBAaHUS  C
ACCMUJIMPOBAHMEM HA3EMHBIX W CIOYTHUKOBBIX JaHHBIX. [loJ acCUMMIISIMEN TaHHBIX
MOHUMAETCST COBMECTHOE MCITOJIb30BAaHHE MAaTEMATHYCCKHX MOJCICH M JAHHBIX HAOJIOICHHI
JUTS YIYYIICHUST W TIPOTHO3UPOBAHMS MPHPOTHBIX TPOIECCOB. J[aHHBIE peaHann3a MOMOTaroT
npeo0pa3oBaTh HEPETYISPHBIE BO BPEMEHH M IPOCTPAHCTBE HAOIIOACHUS B CETOYHBIC
rJI00aNbHBIC TOJIs, OXBATHIBAIOIIUE TEPHOIBI HECKOIBKUX JeCATUICTHI. Jl0CTOBEPHOCTH
JAHHBIX peaHalu3a Uil Pa3HbIX METEOPOJIOTHYCCKUX BEJIHYUH (HAmpuUMep, OCaaKd |
00JIaYHOCTh) HEOJMHAKOBA. YKa3aHHbIC IMEPEMCHHBIC PACCUUTHIBAIOTCS C CYIIECTBEHHBIMH
norperraoctamu (Kalnay, 2003).Creayer oTMETHTB, YTO CYIIECTBYIOIIUE TaHHBIE peaHaln3a
OXBaTBIBAIOT TEPHUOJ], HAYMHAS CO BTOPOM MOJOBUHBI XX B. VM mpuCyIIM CHCTEMaTHYECKUE
MOTPEIIHOCTH, KOTOPbIE 0COOCHHO BEJIHMKH JJIi HEACCHMUJIMPYEMbBIX MEPEMEHHBIX aTMOC(EpHI.
KauecTBO AaHHBIX i ACCUMHIMPYEMbIX (YCBaMBAEMbIX MAHHBIX HAOIIOJACHUI MOJIEIBIO)
MIEPEMEHHBIX 3aBUCHUT OT IUIOTHOCTH HAOIIOJaTEeIIHbHOM CETH.

B pab6ote (Serreze et al., 2005)onydueHbl OICHKH Ka4yeCcTBa OCAIKOB MO JaHHBIM
peanannza ERA-40 1is1 ceBepHbix OacceitHoB pek O0b, Enuceii, Jlena u MakkeH3u U mokas3aHo,
YTO B IIEJIOM OHHM YJOBJIETBOPHTEIBHO COTIACYIOTCS C OTKOPPEKTHPOBAHHBIMU JTAHHBIMH
HaOmoZieHu Ha MeteocTaHnmsXx. OgHAKO B 3TOM ke pabdoTe MOAYECPKHBAETCS, YTO JIaHHBIC
ERA-40 HeoOX0IuMO HCIIONIB30BAaTh C OCTOPOKHOCTHIO, B OCOOCHHOCTH B CEBEPHBIX 00JIACTSX,
BCJICJICTBHE BBICOKHUX TEMIIEPATypHBIX MHBEPCHU B 3MMHEE BPEMs M BBICOKOH OO0JIAYHOCTU B
nernee Bpems. Hecmorpst ma psin orpanmucumii (Cullather et al., 2000)gannbie peananusa
(tabn. 4) SBASIOTCS MOJE3HBIMA HMCTOYHHUKAMHM HMHGOPMAIUH, JaXKe TMPH aHAIM3e OCAIKOB U
ucnapenus. B stom otHomenmu kadectBO ERA-40 okaspiBaeTcsi ydiie, 4eM peaHaIn3a
NCEP/NCAR (Serreze et al., 2005).

Tabmuua 4 —OcHOBHBIE 0a3bl JaHHBIX MOJICTBHBIX PEAHAIN30B U UX KPATKUE XapaKTePUCTUKU

Peananmus Opranuzanus ITepuon IIpoctpanctBennoe | Mcrounnk nHopmanmu
MOKPBITUS (pasmep
KOOpJIMHATHON

CETKH); BPEMEHHOE
paspeleHue
(xom4yecTBO
HU3MEpEHUN B

CYTKH I10 Yacam)

NCEP/NCAR NCEP/NCAR 1950-2001 2.5°x2.5° 00, 12 www.esrl.ngaa

(HammoHabHBIH LEHTD
MpeAcKa3aHui 1o
OKpYy Karomiein
cpene/HannonansHbli
LEHTP aTMOCPEPHBIX
HCClIeIOBaHui)
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Peananmu3 Opranuzanus ITepuon IIpoctpanctBennoe | Mcrounnk nHopmanmu
MOKPBITUS (pasmep
KOOPAMHATHOU
CETKH); BPEMEHHOE
pasperieHune
(koyMuecTBO
HU3MEpEHUN B
CYTKH II0 4acam)
ECMWF ERA-40 ECMWF 1957-2002 2.5°x2.5°%
(EBpormeiickuii neHTp 00,06,12,18
CpEeIHECPOYHBIX
NPOTHO30B TIOTOIbI)
ECMWF ERA ECMWF 1989-2010 0.25°x0.25°; www.ecmwf.int
INTERIM 00,06,12,18
(EBpormeiickuii LieHTp
CPEIMHECPOTHBIX
TPOTHO30B TIOTO/IBI,
MIPOMEXXYTOYHBIH)
JRA-25 JMA/CRIEPI 1979-2009 2.5°%2.5°% www.jra.kishou.go.jp
(Amonckoe 00,06,12,18
METEOPOIOTHIECKOE
AreHTCTBO)

B kauecTBe mokazarenbcTBa HaAeKHOCTH HaHHBIX apxuBa ERA-40 mo temmeparype,
MOYHO TipuBecTH padoty Bromwich & Fogt (2004 )ins AutapkTuasl. OHU CpaBHUBAIU JTaHHBIC
peaHanv3a ¢ JAHHBIMH METEOPOJOTHYECKHX CTAaHIUHM, PACIONIOKEHHBIX Ha I0KHOM moumtoce. 1
€CJIM TI0 pe3yJIbTaTaM aHaiu3a ObUIO BBISABIICHO, YTO JaHHBIC, MOTy4deHHbIe 70 1970% rT., MOTYT
ObITh HeHaJexkHBIMHU, TO mocie 1970roma mx KauecTBO HAMHOTO Jydyie. ABTOpaMHU padOThI
Zakharova et al. (2009jo cesepy 3anannoii Cubupu nannsie peanannza ERA-40u NCEPmo
TEMIEPATYpPEe XOPOIIO KOPPETUPYIOT C JAHHBIMU METEOPOJIOTUYECKUX CTAHIUH.

Peanamuz ERA-40, paspaboTaHHBIi pa3HBIMH HAy4YHBIMH  HWHCTUTYTamMH, Ha
CETOAHSIIIHUNA JI€Hb SBISETCS OJHUM U3 JY4YIIUX MOJEIBHBIX TMOIXOJ0B M IIHPOKO

UCTIOJIB3YETCSI B MCCIICAOBaHUsIX KIIMMAaTHYeCKUX u3MeHenuit (Serreze et al., 2005).

2.2.2 Kparkuii 0030p METOIOB TUCTAHIIMOHHOTO 30HAupoBanus 3emuu (/133)

Meroasl  ITUCTAaHIIMOHHOTO 30HIAMPOBAHHMA 3€MJIM UIPalOT BAKHYI0 pOib B
UCCIIEIOBAaHUSIX MTPUPOJBI U TTO3BOJISIOT MOJYYUTHh OJHOPOJHYIO [0 Ka4eCTBY HH(POPMALIUIO IS
BCero 3eMHOro Imapa. IIpomecc mosyueHHsl NaHHBIX O IOBEPXHOCTH BKJIIOYAaeT B cels
30HAMPOBAHUE U 3aMKCh HH(OPMAIMK 00 OTPAXKEHHON MM UCITyCKaeMOW 0ObEeKTaMH SHEPTUH C
IeIIbIO TTOCTIeayIOMIei 00paboTKH, aHAN3a U IPAKTHYECKOTO MUCTIONIB30BAHUS.

M3HavanpHO JUCTAaHIMOHHOE 30HJMPOBAaHHE IPHUMEHSIIOCH B OONAacTH BOCHHOW

pa3BedKH, a B JAJBHEWIIEM €ro CTald MPUMEHATH IS MCCIECJOBAaHUS OKPYXKAIOLIEH CpPEIbI.

63



JlucTaHIMOHHBIE METOJbl MOTYT MPUMEHATHCS B PA3IUYHBIX AUCHUIUIMHAX: CEJIbCKOM
XO3SUCTBE M MOHHTOPHHTE YPOXKAWHOCTH, apXeoyJorud, KapTrorpaduu, KIMMATOJIOTHH,
IPaXJAHCKOM CTPOUTENbCTBE, MOHHMTOPUHIE U TMPOTHO3E KaTacTpO(PHUUECKUX SBICHUH,
JIECOBOJICTBE, T'€0JIOTHH, TIIAINOJIOTHH, okeaHorpaduu u ap. (Puc, 2006).

JIMCTaHLIMOHHBIE CHCTEMbI 30HIUPOBAHUS MOXKHO KJacCH(UUUPOBATH MO pPa3HbIM
MpHU3HAKAM:

1. anmaparype, yCTaHOBJICHHOH Ha CHCTEME — CHCTEMBl (DOPMHUPOBAHHS H300pa’KEHHUS:
dororpaduyeckue, MyIbTUCHEKTPAJIbHBIC, paJapHBIC; PATUOMETPHI; CIEKTPOMETPHI;
CUCTEeMbI TPOGUINPOBAHUS: IUIAPbI, padaphl;

2. J1uanazoHy U3IY4YeHHUs — BHIUMBIC, OMKHHUE UH(PPAKpPaACHbIE; TEIUIOBbIE HH(PPAKPACHEIE;
MHUKPOBOJIHOBEIE;

3. TPUHIUITY pabOThl — AKTUBHBIC U TTACCHBHBIC.

Kak MbI BuauMm, CyIIecTBYeT HECKOJbKO KilacCH(UKAlMi METOIO0B, OCHOBaHHbIE Ha
pa3HBIX TMpPHU3HAKaX, OJHAKO OJHHUM U3 TJAaBHBIX NPHU3HAKOB KIACCH(PHUKAIMU CUCTEM
JTUCTAHIIMOHHOTO 30HAUpoBaHus (Tadi. 1 mpui. 1) sBiseTcs WX MmojapaszeicHUe Ha MacCHUBHbIC
CUCTEMBI, PETHUCTPUPYIOIIME ECTECTBEHHOE H3Iy4YeHHE, U aKTHBHbIC, CAMH TE€HEpUPYIOIINE
U3ITy4eHHUE U 3aTeM aHaJU3UPYIOIIUE €ro OTPaKeHHYIO YacTh. Cpey MacCUBHBIX CUCTEM MOXKHO
BBIJICTIUTh T€, KOTOPhIE PETUCTPHPYIOT COJHEYHYIO paJualuio (OHA COCTOUT, B OCHOBHOM, W3
yABTPaQHOIECTOBOrO M3JIy4CHHUs, BUAMMOTO CBETa M W3IY4YCHHs WHPPAKPACHOTO IUana3oHa), u
T€ CUCTEMBbI, KOTOpPBIE PETUCTPUPYIOT TEIUIOBOE U3IyYEHHE OT 0OBEKTOB, TEMIIEpaTypa KOTOPHIX
HE paBHA a0COJTIOTHOMY HYJIIO.

[TaccuBHBIE WM AKTUBHBIE CEHCOPHI BOCIPUHHMMAIOT 3JEKTPOMAarHUTHOE H3ITy4CHHE,
coJieprkalee MmoJie3Hyr0 HHPOpMAaIio 00 00BEKTE MUCCIEeTOBaHUS, KOTOPOE UCIOIb3YeTCs s
JaTbHEUIIEH NHTEPIIPETALINU JaHHbIX.

Cpenu naccusnvix cucmem HaOIIOCHUS MOKHO BBIIETUTH (POTOrpapuuecKyro ChbeMKY,
K KOTOPOW OTHOCSTCA KaK KJIACCHYECKHE TPaJUIIMOHHBIE BUIBI a9pOPOTOCHEMOK, TaK U ChEMKH,
OCYILECTBIISIEMbIE C TOMOIIbI0 HOBOM MHOTO30HAIBHOM MM MYJBTHUCIEKTpaIbHOW (HOTO- U
Teneanmnaparypbl. PoTOCheMKa MOXKET BBIMOJIHATHCS B BUIWMOW M OJMMDKHEH HMH(pPaKpacHOM
o0nacTsiX  SJEKTPOMarHUTHOTO  CHekTpa.  V3mydenwe — ompenensieTcss — MOCPEACTBOM
¢doroxummuueckux mnpoueccoB. C 07HON CTOPOHBI, (POTOCHEMKA IMPEACTaBIsIET COOO0H MacCHBHOE
TEXHHYECKOE CPEICTBO, KOTOpoe (DUKCHUpYeT CYIIECTBYIOIIEE H3Iy4eHUEe (OTpaKeHUs
COJIHEYHBIX JIy4eil WJIM pacCesHHOTO /JHEBHOTO CBETa), a C JPYrod CTOPOHBI — CPEICTBO
oTOOpakeHus, KoTopoe (opMHUPYeT JABYMEPHOE TpEICTaBleHHe BUIa OOBeKTa. [JaBHOE
IpEeuMylIecTBO (POTOCHEMKH COCTOMT B TOM, YTO 3TO JAWUCTAHLIMOHHAS TEXHOJIOTHS, KOTOpas

JICTKO KOHTPOJIMPYCTCA U YHPABJIACTCA, a4 TAKKC ABJIACTCA OTHOCHUTCIBHO HCAOPOTUM MCTOAOM.
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CoBpeMeHHBIIl ypOBEHb pa3BUTUS ONTHKUA JaeT XOPOIIYHD TOYHOCTh M HE3HAYUTENbHBIC
uckaxxenus. OCHOBHBIM NpUMEHEHHEeM adpodotorpaduii sBisiercs kaprorpadus (Kpoubepr,
1988;Puc, 2006).

B ormmume ot Qororpaduueckux cucTeM TONYYCHHS HM300paKEHUU, KOTOPHIE
OrpaHWYCHBI BOJIHAMHM BHIAMMOTO W OnmkHero uHppakpacHoro (MK) auama3zoHoB, ONTHKO-
DJIEKTPOHHBIE CKAHEPhl MOTYT PErHCTPUPOBATH HIYyIIEe OT OOBEKTOB H3JIydeHHE B Oolee
HIMPOKOM JIMANa30He JJIUH BOJH — OT CaMbIX KOPOTKHUX, YAbTPA(pHUOICTOBBIX IO BOJIH TEIIOBOTO
U3JTydeHHs. DICKTPOONTHUECKHE OOPTOBBIE CUCTEMBI MPEOOPa3yIOT U3IYyUCHUE B SJICKTPOHHBIH
curHai. CylecTByeT OOJBIIOE KOJIMYECTBO CIYTHHKOBBIX MPOrPaMM, MpeIHa3HAYCHHBIC IS
pemieHust pasHoro pozia 3amad (tadun. 1 mpui. 1). [lpuBespeM TOJNIBKO HEKOTOPHIC W3 HHUX:
cnytHuku NOAA (National Oceanic and Atmospheric Adminisiva) ocHamieHs npubopamu
AVHRR (Advanced Very High Resolution RadiometesfiecnieunBaroimumMu HEMPEPhIBHBIC
paabl HaOmroaenuit B BuaumoM u MK amnanazonax DM cnektpa (Tokapesa, 2010; Birkett, 2000;
Moulin et al., 1997);cnyrHukoBsie nmporpammbl Landsat —mpoekrt 'eonorudeckoid ciyxObt
CIOA (USGS), nanmonansHoro aspokocmudeckoro areHTctBa (NASA) M HaIMOHAJIBHOTO
areHTcTBa 1o m3yuenuio okeana u armochepsl (NOAA). TIporpamma Landsatasisiercs omHou
3 Hambojee YCHENIHbIX Ha MHUPOBOM phIHKE maHHBIX J[33. B pamkax mporpamMmmsl ObLIO
3amymeHo cemb crmyTHukoB (http://www.scanex.ru) CriyTHHUKOBasi CUCTeMa HAOJIOJCHUS 3a
nosepxHocteio 3emimn SPOT (Satellite Pour I'Observation de la Terk@jpoextipoBana
HamunonansubeiM Kocmuueckum areHtctBoM @Dpaniuu coBMmectHO ¢ benbrueit u IlBenmeil.
CymecTByeT HECKOJIBKO cepuit qanHoro crytauka (http://sirius.spotimage.fr).

PaccMoTpuM maccMBHBIE MHKPOBOJHOBBIC CHUCTEMBI, U3JyYCHHE KOTOPBIX JICKUT BHE
BUIMMOTO W TEIUIOBOTO HH(PAKPACHBIX TUAMa30HOB. [IpUHIMIT JEHCTBHS MHKPOBOJHOBBIX
pamMoOMETpOB OCHOBAaH Ha SBJICHHHM MOJSIPU3AIMU. BEPTHKAJIBHOW W TOPHU3OHTAIBHOI.
Hcnonp30BaHue OBYX MOJSAPU3AIMA U IMUPOKOr0 HabOpa MPUHUMACMBIX YacTOT IMO3BOJISIET
U3MEPATh M3 KOCMOCa CKOPOCTh BETpa HajJ OKCaHOM, OICHHBATHh XapaKTEPUCTUKU JICJTOBOTO
MOKPOBA U OCAJIKOB.

PaccmorpuMm mpuHIMIT pabOThl TACCUBHOM MHKPOBOJIHOBOM pamuomeTpun. Cremyer
OTMETUTh, YTO PATUOMETPBI M Pagapbl MPEACTABISAIOT COOOW pa3Hble MHCTPYMEHTHI U UX HE
ClieflyeT myTarTh. Pamgapbl — 3TO HMHCTPYMEHTBI, KOTOPBIC CaMHU H3JIy4alOT PaTUOBOJIHBI U
PETUCTPUPYIOT HMX OTpPaKEHUs OT OOBEKTOB. B OCHOBE W3MEpPEHHI MHUKPOBOIHOBBIX
pamTMoOMETPOB JISKUT TMOHATHE pagrosipkocTHON Temmeparypbl (Tg), KoTOpas XapaKkTepusyer
MOIITHOCTh TEIUIOBOTO U3Iy4eHus, a He pusuueckyro Temmeparypy (Amlien, 2008).

TUnUYHBIM MTaCCHBHBIM MHKPOBOJIHOBBIM pagromerpoM sBisiercss SSM/I (Special Sensor

Microwave/lImager), pa3paboTanHblii UII METEOPOJIOTUYECKUX HAONIOACHUI CO CIYTHHKOB

65



DMSP (Defense meteorological Satellite Prograf@)IA. /laHHbIi# HHCTPYMEHT COAEPKUT 7
MHKPOBOJIHOBBIX KaHaJOB ¢ TOpu3oHTambHO# (Ha wactore 19.35u 85.51T1) u BepTHKaTBHOI
(na wactote 22,235I'T1) monspu3anueit 1 MoJIocoil paspemieHus 25 km? (Grippa et al., 2005).
Jlnist monmydeHusI HaJIe)KHBIX XapaKTEPUCTHK CHEXKHOTO MOKPOBA OBUIO Pa3paboTaHO HECKOIBKO
airoput™oB (Chang et al., 1987, 1976; Foster et al., 199paret al., 2004; Kelly & Chang,
2003; Mognard & Josberger, 2002). Grippa et al0O@Q@oxa3zanu, 4to 11t MPaBUILHON OLICHKU
0COOEHHOCTEH XapaKTepUCTUK TITyOMHBI CHEXKHOT'O MOKpoBa Ha ceBepe CuOUpU HEOOXOIUMO
NpUMEHEHHE JMHAMUYECKUX aJlrOPUTMOB, OCHOBAHHBIX Ha IPOCTPAaHCTBEHHO-BPEMEHHOU
WU3MEHYHUBOCTH pa3MepoB 3epHuCTOCTH cHera. Grippa et al. (20059uanu3upoBanu cBI3b MEKIY
CTOKOM W 3aracaMH CHEXHOro MokpoBa B Oacceiine O6m 3a mepuoas! ¢ 1989 mo 2001 rr.
Zakharova et al. (20119 cBoeii pabote (npu yuyacTHU aBTOpa IUCCEPTAIMU) OLCHUBAIU POJIb
TAJIOTO CHETa B BECEHHEM IIOJIOBOJBE M €ro IepepacrpeleiieHHe B PEYHOM CTOKE JUIs
Botoc6opoB pek Ilomyit, Hageim, ITyp u Ta3 (ITHIIT) ua ceBepe 3amaguoit CHOUpH 1O JaHHBIM
MeTeoposiorudeckor cranuuu Tapko-Cane u paguomerpa SSM/I Ha ocHOBE paaMOSIPKOCTHOM
TEMIEPATYPHI.

AKmuenvle cucmemspl TICTAHITMOHHOTO 30HIMPOBAHUS OTIIMYAIOTCS OT MACCUBHBIX TEM,
YTO CaMH T€HEPUPYIOT U3ITyYCHHE, a 3aTeM aHATM3HPYIOT €0 OTPAKECHHYIO 9acTh. K aKTHBHBIM
CIIyTHUKOBBIM CHUCTEMaM OTHOCSTCS Jia3epHOe (IMaapel) 30HAMPOBAHHUE, pPeIIEKTOMETPUS
(cxkaTTepoMeTphl) U pajapHast aTbTUMETpUs. KpaTko 0CTaHOBUMCS Ha HEKOTOPBIX U3 HUX.

Jlunmapsl SBISIFOTCS JalbHOMEpPAMH ONTHYECKOTO yibTpaduoieToBoro, Buaumoro u UK
nuana3oHoB OM  cnektpa. IlpuHmmMn naeicTBUs Jnuaapa 3aKiIl04yaeTcsi B CIEIYIOIIEM:
HaNpaBJICHHBIN JTy4 HCTOYHHUKA M3JTyYEHHSI OTPaXKaeTCsl OT 00BEKTOB U 00OpaTHO BO3BpAIaeTCs K
UCTOYHUKY. B oTinume oT paanoBOJH, CBETOBBIE BOJHBI MOJBEPKEHBI PACCEUBAHUIO B JHOOBIX
cpenax, B TOM 4YHWCIIe U B Bo3ayxe. [103TOMy MOXXHO ONpeIeNsiTh HE TOJIbKO PACCTOSHHE 0
HETPO3pavyHbIX IIeJiei, HO M (PUKCHPOBATh MHTEHCHBHOCTh PACCEHBAHUS CBETa B MPO3PAYHBIX
cpenax. K Hacrosmemy BpeMeHH pa3pabOTaHO OOJIBIIOE YHCIO JA3€pHBIX CHCTEM, B OCHOBE
NeMCTBUSL KOTOPBIX JIEXKAT pa3IMYHbIE MEXaHU3Mbl B3aUMOACUCTBHUS JIa3€pHOTO M3IIYYCHHS C
razoBoii cpemoit (Fujii T., Fukuchi T., 2005)IIpumepom ma3epHbIx cucTeM sBisiioTcs Doppler
LIDAR wu ICESat LIDAR, npegHazHaueHHBIE IJIsi U3MEPECHHsSI CKOPOCTH BETpa, BIIAKHOCTH,
TEMIIepaTypbl U CHEKHOTO MTOKPOBA.

CkaTtTepoMeTpbl (M3MEPUTENTH XapaKTEPUCTHK PACCESIHUS) — IPHHIUIT JICUCTBHS OCHOBAaH
Ha 3aBUCUMOCTH 3(PPEKTHBHON TIIOMIAN paccessHUsI MOPCKOM MOBEPXHOCTH U €€ aHH30TPOIHHU
OT CKOpOCTH W HampabiieHuss BeTpa. OCHOBHBIM WX Ha3HAYCHUEM SIBIISICTCS ONpEACIICHHE

CHHONTHYECKOTO MOJIS BETPa, YTO HE TPEOYeT BHICOKOTO MPOCTPAHCTBEHHOTO Pa3pelIeHHU.
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Ha wmetone cmymnukoeoii ansmumempuu ™Mbl OCTaHOBUMCS Ooyiee MOJIPOOHO,
MOCKOJIBKY ATOT METOJ MPHMEHSETCS B JIaHHOW paboTe As aHalu3a NPUPOAHBIX OOBEKTOB Ha
TeppuTopuu 3anagHoit Cubupu.

CrnyTHHKOBasl aJlbTUMETPHUSI SIBJIIETCS OJHUM U3 COBPEMEHHBIX METOJ0B KOCMHYECKHX
uccnenosanwmii (Fu, Cazenave, 200I)lctopust pa3BUTHS CIIyTHUKOBOH aJbTUMETPHH OIKCAHA B
(Vignudelli et al., 2010)OcHoBHBIE TPOrpaMMbl CITYTHUKOBOW QJIbTHUMETPUH M CPOK UX pabOThI
npezcTaBieHbl Ha pucynke 10u B Tabmuie 5.

CrnyTHUKOBasi albTUMETPUS — OJWH W3 aKTUBHBIX MeToqoB J[33. IlpuHIun paboTb
3aKJIIOYaeTCsl B TOM, YTO pajap ajJbTUMETpa MCIYCKAaeT KOPOTKHM CHTHal B HaIlpaBJICHUU
Hagupa (BEpTHKAJIbHO), CUTHAJ OTPAKACTCS OT IOBEPXHOCTH W HPUHHMAETCS OOPTOBBHIM

IIPUEMHUKOM. Bpems OT Hadayia OTpakKeHUs CHUTHaja J0 €ro Ipuema I03BOJSET YCTaHOBUTH

BBICOTY CITyTHHMKA HaJl 36MHON TTOBEPXHOCTBIO.

042014 Jason-3

2013 2014 Sertinal-3

16082011- Hyo

2011, 2012- SARAL

042010- Cryosat-2

052002

Jdason-2

032002 ENWISAT

122001- dasan-1:

02M293- 11,2008 GFO | |

O 5 ERS-2

05 Mea2-012006

07 M 291-032000

03M 8550141220 Geosat

O5MET8-10M878 Seazal

O erS-12Mers Gens3

19T5|19?8 4985 | 1990 | 1991 | 1952 | 1925 | 1993 | 2000 | 2001 | 2002 | 2005 | 2002 | 2040 [ 20411 2019 2043 | 2044

Pucynok 10 —IIporpamMmbl aTbTUMETPUUYECKUX U3MEPEHHUI B CPOK UX pabOTHI

Tabmuua 5 — OcHOBHBIE HpPOrpaMMBbl CIYTHUKOBBIX aJTbTHMETPHYCCKUX HM3MEPEHUH U HX
xapakrepuctrku (JIeoenes, Kocrsanoii, 2005; Fu, Cazenave, 2001)

IIporpamma Bpems JHata BsricoTa Haknonenue | Ilepuon Yacrora
AKTHBHOU OKOHYaHMS (xm) (rpamycer) nosropsieMoct | Kanan
paboTs (cyTkn)

(nauaio)

GEOS-3 04/1975 12/1978 824 115 102 muH.

Seasat 06/1978 10/1978 800 72 3,17 Ky

Geosat 03/1985 01/1990 800 72 17 Ky

ERS-1 07/1991 03/2000 785 98.52 3, 35, 168 Ky

TOPEX/Poseidor] 08/1992 01/2006 1336 66 9.9156 Ky, C

ERS-2 04/1995 785 81.5 35 Ky

GFO 02/1998 11/2008 800 108 17 u K

Jason-1 12/2001 1336 66 9.9156 w &

ENVISAT 03/2002 800 98.55 35 JKS

67




IIporpamma Bpems JHata BsricoTa Haknonenue | Ilepuon Yacrora
AKTHBHOMU OKOHYAHMS (xkm) (rpamycer) noBropsiemocty | Kamar
paboTs (cyTkn)

(nauaio)

Jason-2 06/2008 1336 66 9.9156 w &

Cryosat-2 04/2010 717 92 369 u K

SARAL (Satellite| 2012 800 98.28 35 K

with ARgos and

ALtika)

Sentinel-3 2013-2014 814.5 98.65 27 a K

HY-2 15/08/ 2011 971 99.3 @a3br: 2roga- | Ky, C

14 , 1ron-168
Jason-3 04/2014 1336 66 10 a K
Ilpumeuanue* — Xapaxmepucmuka uacmom, HA KOMOPHLIX pabomaiwm npocpammol

CHNYMHUKOBOU ANbMUMEMPULL.

v Ky (13,6 ITu) sBasercs Hambojee pacIpOCTPAHEHHONW YACTOTOM HW3JIyYCHHS,
ucnonp3yronieiics B padore cnyrHukoB TOPEX/Poseidon, Jason-1, ENVISAT, ERS
Ip. DTO HAWIy4YIlee COYCTAaHHE BO3MOXKHOCTEH TEXHOJIOTUH (CBSI3aHHBIX C XapaKTEpOM
U3JTy4aeMOW  JHEpPruu),  JOCTYIMHOCTH  JHMAla30HOB  4YacTOT  (OMpeeTCHHBIX
MEXTYHAPOIHBIMHU MPABUIAMH), YyBCTBUTEIBHOCTH K aTMOC(EPHBIM SBICHHSIM.

v' C (5,3I'Tu) — GoJiee 4yBCTBUTENBHBIN K HOHOC(EPHBIM SBJIEHUSAM qHana3oH, 4yem K, u
MEHEE UYBCTBUTEIBHBIN K SBICHHSIM, CBS3aHHBIM C JKUIKOH BOJOW B aTtmocdepe.
OcHOBHO¥ ero (pyHKITHEH SIBISETCS YCTaHOBJICHUE MOMPABKU Ha HOHOC(EPY COBMECTHO
¢ Ky mnanaszonom (TOPEX/Poseidon, Jason-1/2).

v' S (3,2[Tn) naer takue e xapakTepuctuku, kak u C-nuanason (ENVISAT, ERS-1/2).

v' Ka(35T1T) no3Boser TouHee UCCIeN0BaTh JIE, I0KIb, OEPEroBbIE 30HbI, JAHMA(THL
(meca) m UX BBICOTHBIE OTMETKH. EJIMHCTBEHHBIM HEIOCTATKOM SIBJISICTCS 3ara3/bIBaHUC
CHUTHaJIa B pe3yJabTare BBICOKOTO YPOBHS WCIAPCHHUS W3-32 CUJIBHBIX JOXKIEH,
IpeBBIIIAIONINE YPOBEHBb 1,5MM/4.

v JIByxuacrorubiii jguanaszon (Ka, C; Ku, S; Ku, C), npuHumum paGoTsl KOTOPOro
3aKITI0YAeTCsl B KOPPEKIIUU MOHOC(HEpHOH OMMOKK M BBICOTHI CITyTHUKA, HCIIOJIB3YIOTCS

nporpammamu ENVISAT, TOPEX/Poseidon, HY-2.

Crnenyer OTMETHUTH, YTO BBIOOp paboueld 4acTOThI 3aBUCHT OT HACTPOWKH mpubopa, ero
TEXHUYECKUX BO3MOKHOCTEH, a TAKXKe 1IeJIel TPOTrpaMMBbl.

PaccmorpuMm cxemy m3MepeHHid, IpoBOAMMBIX anbTuMmerpoMm (puc. 11-12).OnpHoli u3
noBepxHocted (puc. 11), OTHOCHTEIBHO KOTOPOH MPOBOJISAT BCE HW3MEPCHHUS, HA3bIBAIOT
pedepeni-aunconsom (tabda. 1, mpuia. 2). D10 npubamkeHre (GOpMbI MOBEPXHOCTH 3eMIIH

JUTHIICOUIOM BpallieHus. [ €OnI0M Ha3bIBAIOT SKBUIIOTCHIIUATBHYIO (YPOBEHHYIO) MIOBEPXHOCTh
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IPaBUTALMIOHHOTO ITOJIST 3€MITH, COBIIQJAIOIIYI0 CO CPEJIHHM YPOBHEM BoJ MHpOBOrO okeaHa
(IMemumuen, 1985). YTouHeHHnEe BBHICOT reOMIa B OTKPHITOM OKeaHe (MM ero OpMbI) SIBISETCS
OJTHOM M3 OCHOBHBIX 3ajiad, [Vl PEIICHUs KOTOPOH NMPUMEHSETCS CITyTHHUKOBAas albTUMETpPHSI.
BricoTa MOpCKOW TOBEPXHOCTH OTHOCHUTEIBHO pe(epeHI-dIUIUIICONAa PACCUUTHIBACTCS II0
BBICOTE CIIyTHHKA HajJ MOpEM, IOJIydeHHOH B pe3yibrare OOpaOOTKH JAHHBIX CITyTHUKOBOH
ATBTUMETPUH, W IO BBICOTE OpPOUTHI camMoro cmyTHuKa. J[is Oojiee KOPPEKTHOrO pacuera
BBICOTHl 3€MHOH TIOBEPXHOCTH HEOOXOJMMO YYHMTHIBATH pSJI TONPABOK, CBS3aHHBIX C
IPOXOXKACHHEM paIHOCUTHaia uepe3 armocdepy, HHCTPYMEHTAIBHBIMU OINMOKAMH H
COCTOSIHHEM ITOJICTUJIAIOIICH TOBEPXHOCTH.

AnpruMerpudeckas BbicOTa H BOmHOW moOBepXHOCTH (OKeaHa, oO3epa, PEeKH) Io

OTHOIIEHHIO K pedepeHII-IITUIICONTY BEIUUCISIETCS 110 popMyIie:

H = Alt — c*t/2 — Ronr 1)

Alt — BbICOTa CITyTHHKA 110 OTHOILEHHIO K pe(epeHII-3IUTUIICOHTY;

C — CKOpOCTh CBeTa B BakyyMme; t — BpeMs MpPOXOXKACHHs CHTHaja OT CIYTHHKA JIO
OTpakarouiell MOBEPXHOCTH U 00PaTHO;

Rcorr— BBICOTa CIIyTHHKA HaJl TIOBEPXHOCTBIO C YYETOM HOIPABOK: CYyXOH TporochepHOit
NIONIPaBKH, TMOIMPAaBKA Ha BIAXKHOCTh, MOHOC(HEPHON MOINpPaBKH, MPHIMBOB TBEPAOH 3eMIIH,
3JIEKTPOMArHUTHOTO IyMa M MHCTPYMEHTa bHbIX mompaBok (Birket, 1995; Crétaux & Birket,
2006).

dusnueckre OCHOBBI METOJa CITyTHUKOBOW aJbTUMETPHH 3aKITIOYAIOTCS B CICAYIOLICM:
UMITYJIbC (OCBUTAEMBIN aTbTUMETPOM, UMeET (OPMY, MOXOXKYIO Ha KPYT) BHICOKOH YacCTOTHI
(oxomo 1700 ummMmynbCcOoB B CEKyHIy), IOCBUIaETCS BEpPTHKAIbHO BHHU3 (Haaup), 3areMm
OTpa)kaeTcst OT MOJCTUIIAIONICH MOBEpXHOCTH (BOJA, CyIIa WM JIeA) M BO3BpAIACTCs Ha3al K

anrenne anpTuMerpa (Fu, Cazenave, 2001).
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opbwuTa;

BBICOTA CITyTHHKA,
BBICOTA CITyTHHUKA HaJ
MMOBEPXHOCTHIO;
BBICOTA 3€MHOI
MTOBEPXHOCTH;
MOpCKasi TOBEPXHOCTH;
TE€OHUI;

penbed nHa,
Pedepenn-smnumncons.

wh e

E

NGO

Pucynok 11 —Cxema anpbTHMETPHUYCCKHX H3MepeHui (WWW.aviso.oceanobs.com; Aviso User
handbook, 1996)A — oOmwuii Bua; b — neraiapHO

OTpakeHue UMITYJIbCa OT HEBO3MYILICHHON MOBEPXHOCTH B ClIydac CIIOKOMHOMN BOMbI (A)
NPOMCXOIUT Cpa3y *Ke, a B3BOJHOBaHHOM moBepxHocTH (B) — He ogHoBpemenHo (puc. 12). Uem
CHJIbHEE BOJHEHHE OKeaHa, TeM CUJIbHEE PACIIMPSACTCS 30HIUPYIOUIMNA UMITYJIbC. Pacimpenue
HAYMHACTCS ¢ 00pa30BaHKEM KOJIbIIa U TMOCIESIYIONIET0 HAIOXKEHUS CUTHAIOB IpyT Ha apyra (Fu
and Cazenave, 2001).

Bce usmepenusi, mpoBoAMMbBIC aTbTUMETPOM, OCHOBAHBI HA MUKPOBOJIHOBOM HMITYJIbCE,
UCITyCKaIOIIeM KOPOTKKE CUTHANBI B 3 HaHocekyH IbI (pulse-limited) coorBercTBytoriue yacrore
0,3 I'Tm. Takum oOpa3om, curHai B 3 HAaHOCEKYHIBI (OPMHUPYET paauyc umiynbca B 1,2 kM,
KOTOPBIA COOTBETCTBYeT <«pymnpunmy» (footprint — teppuropust B Buae KoOJbLA, pamuyc
KOTOPOW YBEJIWYMBACTCS KaK KBaJpaTHBIH KOPEHb BPEMEHM ITOCIIE OOpa3oBaHUs IMEPEIHEro
¢poHTa wWMOynbca B Haaupe). Paguyc «@pymnpunma» yBETMUUBACTCS C YBEIMYCHHEM

MOIITHOCTH BOJIHBI pajapa.
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A. CnoxoiiHast Boga b. Bo3myuieHHasi MOBEPXHOCTh

Pucynox 12 — 3aBucumocth Mexay (opMoil M IUIOMIA[bI0 CErMEHTa MOACTUIIAIONICH
MOBEPXHOCTH, C KOTOPOTO OTPAKACTCS 30HAUPYIOIIUI UMITYIIBC

Ipumeyanue — no ocu abcyucc obosnauaemcs epems (t), 3a xomopoe umnyivc docmueaem
nogepxHocmu u 6o3epawaemcs: oopamuo k aremumempy. Ilo ocu opounam o0603nauaemcs
MOWHOCIb  CUCHAAA. 3eleHbIM Y8emoM NOKA3AH 2papuKk OBUNCEHUSI UMNYIbCA K 00beKmy,
KpACHbIM yeemom —papux kacanus umnyavcea. (WWWw.aviso.oceanobs.com)

IToMHUMO pacCTOSHUS MEKIY CITYTHUKOM M OTPa)KaloIIel MOBEPXHOCTHIO (€T0 BBICOTO),
aHAU3UPYIOT (OpMy BOJIHBI, KOTOpasi HECET UuHopmauyuio o0 npupooe u CceolUcmeax
nosepxnocmu (Vignudelli et al., 2011)®opma BoiHBI MpeACTaBiIsAeT COOOH HU3MEHEHHE BO
BPEMCHU BEIUYMHBI U (OPMBI MPUXOJAIIETO CUTHANA. Hidke maHa KpaTkas XapaKTepHCTHKA
OCHOBHBIX 3JIEMEHTOB (POPMBI BOJIHBI M DHEPTHH OTPAKEHHOT'O AIbTHMETPUYECKOTO CUTHANA OT
3eMHO# noBepxHocTH (puc. 13):

1) sHeprusi adbTUMETPUYCCKOTO CHUTHAJA BBIPAKACTCS Kak Kodpguyuenm obpammnozo
paccesnus (KOP) (0°), usmepstromuiics B 1B — 5T0 IUIOMAb MEKLY KPUBOI MOIIHOCTH
¥ OCBIO BPEMEHH;

2) wupuna nepedHneco ¢pponma umnyivca, NMPEACTABISIOMNN COOOH OTPayKCHHBIH CHUTHAI
OT TIOBEPXHOCTH B paalyce 30HIUPYIOIIEro HMITyabca. COMCPKUT OYCHb BaXKHYIO
uHpOpMAIIMIO O TapaMeTpax MOBEPXHOCTH OKeaHa W BBICOTE albTHMETpa HaJ ee
noBepxHocThio (Barrick and Lipa, 1985)I3mepsiercst B MmeTpax (M);

3) yeon Haxnoma 3adnezo Gponma umnyrvca (&) TpencTaBiseT coOOW 3aTyXaroIluii
OTPaXXEHHBIN CUTHAJI OT MOBEPXHOCTH MOCJIE JOCTHKCHUS MaKCUMAIIbHON BETMUYMHBI 9Xa
OTPaXEHHOT'0 CUTHAJIA, U3MEPSAIOLIUICS B 1P ¢

4) «remnoBoit mrym ot pamapa» (Pg), BeIpabaThiBaeMbIii caMHM aJIbTUMETPOM 0 Hadaja

COIPUKOCHOBEHUS C IOBEPXHOCTHIO OKeaHa. M3mepsiercs B 1b.
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Pucynox 13 —Kitaccudeckasi cxeMa OCHOBHBIX 3JICMEHTOB aJbTHMETPUYCCKON (DOPMBI BOJIHBI,
OTpaKEHHOM OT MOBEPXHOCTH OKeaHa (WWW.aviso.oceanobs.com)

Ipumeuanue — 1 — kosghghuyuenm obpamnozo paccesnus, 2 — wupurna nepeone2o (GpoHma
umnynvea, 3 —yeon HaKIoHa 3a0He20 pponma umnynvca, 4 —uwym paoapa

XOoTs CIyTHHKOBas ajJbTHUMETPHUs IEPBOHAYAIBHO ObUIA CO37aHa JUIsl MCCICIOBaHUMN
noBepxuoctu okeana (Fu, Cazenave, 20019¢kope JaHHBIN METOJ CTalHM MCIOJIB30BATh M IS
MOHHUTOpHHTa 3eMHOM moBepxHocTr (Zwally et al., 1983)pcobenHo it yCTaHOBIEHUS TOYHOU
Tororpadguu MOBEPXHOCTEH, MOKPBITHIX JIbJOM B AHTapktuzae u [ pernanauu (Legresy, Remy,
1997; Remy et al., 1999), takxe B THIPOJIOTHU JUIS U3MEPECHHUS YPOBHS KOHTHHEHTAIbHBIX
BoHBIX 00bekTOB (Birkett 1995, Cazenave et al. 1997, Alsdorf e@D1).

MOHUTOPHHT pPa3IMYHBIX JaHAMA(PTOB Ha TIOOATHEHOM W PETHOHAIBHOM YPOBHE
HEOOXOAUM JUIsl JIYYINIEero MOHUMaHUS JIaHAmadTHBIX MpoieccoB. M3yueHne pacTUTEILHOTO U
CHE)KHOTO TIOKPOBOB, BJIQAYKHOCTU TIOYB, & TAK)KE KOHTHHCHTAJILHBIX BOJ B TCUCHHE MHOTHX JICT
NPOBOJWIIOCH C WCIIOJIB30BAHHEM HMHCTPYMEHTOB, paOOTAOIIUX B PA3JMYHBIX TUAla30HaxX
9JIEKTPOMArHUTHOTO CIieKTpa: B BuaumoM, uHbpakpacaom (AVHRR (1981)) (Birkett, 2000;
Moulin et al., 1997)a takxe B MUKPOBOJHOBOM — maccuBHbIe paauomeTpsl (SSMR (1978),
SSM/I (1987)) (Justice et al., 1989; Njoku & Li, 99 Sippel et al., 1998Hab6monenue 3a
KOHTUHEHTAJIbHBIMU TOBEPXHOCTSIMH C TIOMOIIBIO aKTHBHBIX MHKPOBOJHOBBIX CEHCOPOB
HAaYaJINCh C 3aIlyCKa BETPOBOTO CKaTeppoMmeTpa OOpTOBOM ammapaTypbl cnyTHHKOB ERS-1
(1991)u ERS-2 (1995)paboTaromiero 8 C guamazone Ha yactote 5 I'T. IlepBoHauanbHO OH
ObUT CO37aH JIJIS UCCIIEIOBaHUN BETPOBBIX siBiieHH Haj okeanoMm (Johnson, 1980ko0 Bckope
MPOJIEMOHCTPUPOBAT BO3MOXKHOCTH JIJIsl M3y4YeHUs pactuTenbHocTd u oy (Frison & Mougin,
1996a). DTO OTKPBUIO HOBBIC BO3MOXKHOCTH JUIS HCCIICAOBAHHS KOHTHHEHTAIBHBIX
MIOBEPXHOCTEH C MOMOIIBIO HHCTPYMEHTOB aKTHBHOMN PaJIMOMETPHH.

CryTHUKOBasl aJbTUMETPHUS TaKXKE IO3BOJISIET C BBICOKOW TOUYHOCTBIO HCCIICAOBAThH
MOBEPXHOCTH JICIHUKOBBIX IIUTOB, PACCYMTHIBATH HMX BOJHBIA OalaHC, a TaKKe ITUHAMHKY

cHexxHoro mokposa (Legresy & Remy, 1997).
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[lepBasi mOMBITKA WCIONB30BATh CIHYTHUKOBYIO aJbTHMETPHUIO JUISl HCCIICIOBAHUS
JIeTHUKOBBIX IIMTOB OblIa mpeanpuHsaTa B Havane 1980x rogoB ¢ momomipio criyTHUKa Seasat,
3anmymenHoro B 1978 roxy (Brenner et al.,, 1983)K Tomy BpemeHM OBbUTM TPOBEICHBI
UCCIICIOBaHMS I0)KHON 00acTu ['peHTaHaCKOro JISTHUKOBOTO IIUTA U YaCTH AHTAPKTHYECKOTO
negaukoBoro mura. B 1991 r. O6pu1 3anymen cmytHUK ERS-1, KoTOopbiii SBISUICS TEPBBIM
HOJISIPHO-OPOHUTAILHBIM CITYTHHKOM C QJIbTHUMETPOM Ha 00pTy. B nanpHeiineM cranu npuMeHsTh
neyxuactotHbiil anbTumerp ENVISAT (Partington et al., 1989; Remy et al., @9Begresy et al,
1997).

ANBTUMETPUS TAK)KE MO3BOJISIET UCCIICA0BATh U3MEHEHHS YPOBHSI KOHTHHEHTAIBHBIX BOJI
(Birkett, 1995; Cazenave et al., 199MpckoiabKy METOJ CIIyTHUKOBOM albTUMETPUU OCHOBaH
Ha MOJIyYCHUH BBICOT, @ HE Ha M300paKEHUU MMOBEPXHOCTH, €TI0 UCIONB3YIOT JUIS HCCIICTOBAHUI
KOJIeOaHUsI YPOBHS BOJIBI B peKax M o3epax. JlaHHBIH MeTO] MPUMEHSUICS TSI MOHUTOPHUHTA PEK
u o3ep B Appuke u FOxuoit Amepuke (Birkett, 2000; Mercier et al., 2002).

Kouraev et al. (2004)ouenuBanu ypoBHH Boabl B peke OOb B pasHble (asbl
THIPOJIOTHYECKOTO pekuma ¢ nomouibio cnytHuka | OPEX/Poseidona 3arem cpaBHuBan
JAHHBIC CITyTHUKA C JAaHHBIMH THIposiorndeckoro mocra B Canexapae. Jlns MUHMMH3AIUH
NOTEHIMAIbHOrO 3amymienus curHaga [OPEX/Poseidon, a Taxke st MOJIy4YeHHsS
JOCTaTOYHOTO KOJIMYECTBa HM3MEPEHUH, caenaHa reorpaduyeckas BbHIOOpKA IAHHBIX TaKUM
o0pa3oM, 4TO OBUIM B3ATHl U3MEpPEHHs, KOTOpbIe MOKPBIBAIM TOJBKO TiaBHOEe pycio O6u. Ha
pucyHke 14 mpejacraBieHbl BpeMEHHBIE Psabl YpOBHEH Boabl o maHHbIM TOPEX/Poseidom
rugposiornyeckoro mnocra B Canexapae. JlaHHbIe TOKa3bIBAIOT, YTO MPU OTKPHITOH BOJAE
pacrpezeseHue BO BpEMEHU M U3MEHYMBOCTH YPOBHEH BOJIBI OJIM3KH IO 3HAYEHHSIM U OIIHMOKa
coctaBmiia oT 40 cM BO BpeMs BECEHHEro IMOJIOBOJIbS 10 23 cM B jeTHui mepuofn. OmmOka

OTIpeIeTICHUSI CYTOYHOTO M TOJ0OBOTO pacx010B BojbI cocTaBuiia 8% u 1-3%co0TBETCTBEHHO.

12000 — i —
=1 T/P track 187—I x L
10000 | T ? ﬁ -
e b" r“l"‘ & o }}1' ﬁ \1@\ 1‘6 ‘? f TE: [
8000 £ : L 2 4 |1 RN 2 |- 4000
1% 1 Wﬁ@‘;’? Q@M% \'@ | H 1=
& " \ ! : i 5
sz 4p 7 | H‘?L Yool B “IW l Sl \ | £ - 2000
AF ’*‘ \ li ,.@S@;\ 1 B ? *‘51‘*| g%)i ‘; y %j \ |
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2000 - x T/P track 112 3 ]
Time, days
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12/7193 12/7/94 12/7/95 12/6/96 12/6/97 12/6/98 12/6/99 12/5/00 12/5/01 12/5/02

Pucynok 14 — Bpemennsie psabl ypoBHeH Boasl 1o manHeiM T OPEX/Poseidontpexku 187 u
112)u runpomereoposorunueckoii cranuun B Canexapae (Kouraev et al., 2004)
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Ilepex00 cnymnuukoeou anomumempuu om monozpaguu K 1anowiapmam

C noMoIpi0 COYTHUKOBOM aJbTUMETPUU MOXKHO M3MEPATh HE TOJBKO BBICOTHI U
Tonorpaduio, HO TakXKe MOIy4aTh HHPOPMALMIO O XapakTepe JaHamadToB, T.e. O CTENEHHU UX
0OBOJIHEHHOCTH, YTO SIBISICTCSI OYEHBb BXXHBIM MPU U3YYCHHUH TUAPOIOTHH 3anaaHo-CuOupekux
pPaBHUHBL.

DHeprusi OTPaXEHHOTO CHUTHaIa Wiau KodddumueHT obparHoro paccesHus - KOP
(backscatter coefficientysisiercst omHIM U3 OCHOBHBIX H3MEPSEMBIX ITAPaMETPOB B METOJAX
JTUCTAaHIIMOHHOTO 30HAMpOBaHUs 3emun. McciaenoBanusM B obnactu anbTuMerpudeckoro KOP
JUISL PasHBIX THUIIOB MOBEPXHOCTEH TMOCBALIEHO MHOrO paboT, OCHOBHBIE M3 KOTOPBIX
creayromue: Birkett (1998), Papa et al. (2002; 2003; 20063giesy et al. (2005)y Taxxke
Zhakharova et al. (2009)ne aBTOp AUCCEPTALIMU PUHUMAJIA HETTOCPEICTBEHHOE yUacTHE.

3nauenne KOP He 0IMHAKOBO 11 OKEAHWYECKOM MOBEPXHOCTH, KOTOPOE U3MEPSETCS B
cpeareM 10 b, u 115 KOHTHHEHTAIBHBIX BOJ (PEKH, 03epa, BOAHO-000THBIE yrobs) — ot O 10
> 25 1b, a B HekoTopeix ciayuasx moxker pocrurate 40 nb (Rapley et al., 1987)Otkpsitas
BOJIHAas TIOBEPXHOCTh MOXKET JaBaTh Ooinbinee 3HadeHne KOP, uemM He yBiIakHEeHHas
MOBepXHOCTh. Ero BemuuMHA 3aBUCUT TaKXKe OT XapakTepa MOACTUIIAIONICH MOBEPXHOCTH — OT
penbeda, TOYBOIPYHTOB, pPACTUTEIbHOCTH. Hampumep, B ciydae OTKPBITOH BOJHOM
noBepxHocTtu curHan cuibHb: KOP > 15 nb. OTtpakeHHblli curHan ciabee, Hampumep, B
TOPHBIX 00JIACTSIX € OOJBIIUM Pa3zHOOOpa3HeM YKIOHOB 3JIEMEHTAPHBIX IMOBEPXHOCTEH, OT
KOTOPBIX OTPAXCHHE MPOUCXOMUT MOJ Pa3HbIMH YriaMd C OONBIIMMH MOTEPSIMH DHEPTUH, a
Tak)Ke Ha MOPOCHINX TYCTOU TPABOW CYyXOJIOJIbHBIX JTyraX WM B JIECY.

B paborax Papa et al. (2003; 2006)o manusiM cnytHuka TOPEX/Poseidonosur
npoBeaeH aHanu3 KOP u mpemnmoxkensl rpaduku BpemeHHoro xoza KOP pasHbIX THITOB
MOBEPXHOCTEH: TPONMUYECKUE Jieca, MYCThIHHA, OOopeaiabHble U TOJSPHBIE 00JIACTH, a TaKXKe €ro
noarotHeiii mpodpmis or 50° no 100° B.n. 3nauenus KOP u3MeHsIOTCS B 3aBUCUMOCTH OT
BPEMEHH rojia; 3UMOM, MPH HAJIMYUKM CHEKHOTO MOKpoBa (curHain criadbiii: 5-10 1b) u netom B
OeccHexHBIN mepro (curHai cuibHbIA: 10 25 ab). Jlanamad e npoduis, TpeacTaBIeHHbIH
Ha pucyHke 15, mokaspiBaeT u3MmeHeHue 3HaueHuii KOP ¢ m3meHenueMm reorpaduueckoi
noarotel. Haubosee oO6BogHeHHbIM JaHamadgTam 3amagHoi Cubupu (68° no 78° B.1.) Mexay
pekamu 0056 1 [Typ coorBeTcTBYIOT BBicOKHE 3HaueHUss KOP (1o 40 1b).

Takum o6pazoMm, KOP mo3BossieT 4YeTKO BBIACIATH HE TOJBKO CE30HHBIC ITUKIIBI
OPUPOJHBIX PEXUMOB, HO W pa3leisaTh JTaHIMAPTHl, OTIWYAIOIIMECS pPa3HOW CTENEHBIO

0OBOIHEHHOCTH.
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T=P Backscatter Ku band {dB

Longitude (°)

Pucynok — 15 Jlonrotasiit nmpoduias KOP (1b) 3a utoas mecsiy (1993r.) mo gaHHBIM CITyTHHKA
TOPEX/Poseidon (Papa et al., 2006)

IIpumeuanue — no ocu abcyucc ykazvieaemcs — 00120ma, no ocu opounam — snauvenue KOP 6
Ku ouanazone

2.3.MeTtoabl 06paboTKH U aHaTK3a HHPOPMALTHH

[lepBuyHbIC TaHHBIE METEOPOJOTHYECKUX, TUAPOJIOTHUECKUX M TeO(PU3NUYECKUX U Jp.
HaOJIIOCHUI HE MOTYT OBITh HENOCPEICTBEHHO HCIOJIb30BAHBI Ul BBIABICHHUS HPUPOIHBIX
3aKOHOMEPHOCTEH. DTO CTAHOBUTCSI BO3MOYKHBIM JIMILb I1OCIIE MPEIBAPUTEIBHOIO 0000ICHHS
UCXO/IHOM MH(pOpMALIUY.

AHanu3 OAHHBIX MHO2071IEMHUX HAONI00CHUIl 3G KAUMAMUYECKUMU NOKA3AMEIAMU.
BaXHBIM MOHATHEM B CTaTUCTUYECKMX METOAAX OOpabdOTKM M aHain3a MHGOpPMALMU ABISETCA
BPEMEHHOM psiA. Ero MOXXKHO onpenenuTs KaK IOCIENOBAaTEIBHOCTh YIMOPAIOYEHHBIX BO
BPEMEHM 4YMCIJIOBBIX IIOKa3aTesed, XapaKTEpU3YIOIIMX YPOBEHb COCTOSHUS M W3MEHEHUs
U3y4aeMoro siBJeHus. Beskuil BpeMeHHO! psiji BKIIIOYAET J1Ba 0053aTENbHBIX 3JIEMEHTA. BpeMs U
KOHKPETHOE 3HAUYEHHUE IMOKA3aTells, Wik ypoBeHb psaaa (Adanacees, KO36amies, 2010).

Kmumarnaeckass ~ oOpaboTka  pe3yinbTaTOB  METEOPOJIOTHYECKUX  HAOJIOJCHUH,
OpoBOAMMAsT C LENbI0O HM3y4eHHs YCIOBUH (OpPMUpOBaHMS KIMMaTa WIA JJIsl PEUICHUs
NPUKIAIHBIX 3a7ad, SIBISIETCS IOJHOLICHHOM JIMIIb B TOM CIy4yae, KOIJa HCIHOJB3YIOTCS
OTHOPOAHBIE METCOPOJIOTUYECKUE PSAIbI MIIN YUYUTHIBACTCA UX HEOIXHOPOAHOCTh. CTaTUCTHYECKU
OIHOPOAHBIN psZ — OTO TaK HA3bIBACMBI «CTAlMOHAPHBIN» Psifl, BCE YICHBI KOTOPOrO IpU
JJAHHOM YPOBHE 3HAYMMOCTU IMPHUHAJIEKAT K OJHOM U TOU K€ T'€HEPAIbHOM COBOKYIIHOCTH.
CratucTudecku OJHOPOIOHBIM ps7 BCErga SBISETCS  KIMMATOJOIMUYECKH OJHOPOIHBIM.
Knumaronornyeckn OAHOPOIHBIA psii OOBEKTUBHO OTpa)kaeT XapakTep KJIMMaTa JIaHHOIO
paiioHa, ero kosjebGaHMs U U3MEHEHUS B TeueHUe BpeMeHu. Kimmarosnorndeckas oJHOPOAHOCTb
JAHHOTO METEOPOJIOTMUYECKOTO pPsiia TOBOPUT O TOM, YTO KIMMAaTHYECKHE XapaKTEPUCTUKH,

NOJIydeHHBIE B pe3yibTare 00paOOTKM ITHX MAHHBIX, OyayT CPaBHUMBI C XapaKTEPUCTHKAMHU
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COCEIHMX CTaHIMU, €CTM OHU UMEIOT KJIMMATHYECKU OJTHOPOJHBIC PSJIBI 32 TOT e MEePUOoJ JIeT
(KooOsreBa, Haposmsiackuit, 1978).

JlnviHa pspa  BiIMsSeT HAa TOYHOCTh BBIYUCICHUS KaK KIMMATHYEeCKHX, TaK W
TUAPOJOTHYECKUX XaAPAKTEPUCTHUK, €CIU PsI CTaTUCTUYECKH OAHOpojaeH. Jlisi momydeHus
ONTUMAIFHOM XapaKTEPUCTHKU HYXKHA OMpEIeSIeHHas JJIMHA psiia. BeIOOp JIHHBI psijia oueHb
BaKeH. Hampumep, Il OLCHKM KIMMAaTHYECKHUX XapAaKTEPUCTHUK OCHOBHOW JUIMHOM psaa
spisietcs 25-50ner ([lIBep, 1976). /[ OlEHKH THAPOJIOTHYCCKUX XApAaKTEPUCTUK JJTHHA Psiia

MOJKET OBITh MCHBIIC, YEM KIIMMATHYCCKHX.

2.4.O0BEKTHI MCCIIE0OBAHUS

B kadectBe 00BEKTOB HCCIEAOBaHUS BHIOpAaHBI peUYHbIC OacCEWHBI, HAXOIAIIUECST B
Pa3HBIX THAPOJIOTO-KIMMAaTHUECKUX U OOJIOTHBIX 30Hax 3amaanoi Cubupwu:
|. 30Ha M30BITOYHOTO YBIAXHEHHS M HEIOCTATOYHON TEIIO00ECTICUEHHOCTH, 30HBI OYTPUCTHIX
60101 —BOogOCcOOPHI pek Ilomyit, Haxeim, [Typ, Tas.
[I. 30Ha HM30BITOYHOTO YBIAXKHEHUS M BBIMYKJIBIX OJUTOTPOMHBIX OOJOT — BOJOCOOPHI peK
CesepHas CocbBa, Konpga, TaBaa, Ka3eim, HazeiM, JIssmun, Tpomberan, Bax, bonsmoit FOran,
Bacroran, TreiM, KeTb.
[ll. 3oHa MpeuMyIIECTBEHHO HM30BITOYHOTO M JOCTATOYHOTO HA KpailHEM Iore YBIAQKHEHUS U
JIOCTaTOYHOM  TEMI000ECeYeHHOCTH, COOTBETCTBYIOIIAs 30HE IUIOCKUX €BTPOMHBIX U
Me30TpodHBIX 00JI0T —BO0COOPHI peK Typa u OMb B €€ BEPXOBbSIX.
IVV. 30Ha HEAOCTATOYHOTO YBIAKHEHUS M IOCTATOYHOHN TEIJI000EeCTIeYeHHOCTH, 30Ha BOTHYTHIX
eBTPO(HBIX U 3aCOJCHHBIX OOJIOT — 3/1eCh pacroyaraloTcs HU30Bbs OacceliHa peku Omb U

006:1acTh 3aMKHYTOTO CTOKa (Mik OeccTounas 001acTh) OOb-MIPTHIIICKOr0 MEXIypeUbs.

2.5.Ucxoaubie MaTepuanbl, UCTIOIb3yeMbIe B pa0oTe

2.5.1.JlanHbIC METEOPOJOTHYECKUX CTAHIIMA U MOJICIIPHOTO peaHaan3a

B kadectBe wucxomHOW wWHpOpManMH TSI OICHKA XapakKTepa KIUMaTHYECKON
U3MCHYMBOCTH IO TEMIIepaType BO3IyXa M aTMOC(EPHBIM OCaIKaM TMOCITYXHIH: 1) apXHBbI
Bceepoccuiickoro HUUW runpomereoposiorndeckoii nHGopManuu—MupoBOro IEHTpa JaHHBIX
(BHUUT'MU-MII/]) — naHHBIE CYTOYHOIO pPAa3pEIICHHs MO METCOPOJOTHYECKUM CTAHIHSIM
Bamagnoit Cubupu (Www.meteo.ru) u 2) gaHHble MojenbHOro peananusza ERA-40
EBpomeiickoro IieHTpa CpeIHECPOYHBIX MPOrHO30B moroasl (Www.ecmwf.int). PesynbraTs
HAOMIO/ICHUI Ha METEOCTAHIHMSIX WCIOJIh30BaHBl HAMH MJII KOHTPOJIS JaHHBIX MOJIEIHHOTO

pcaHaIn3a. Huxe IMPUBOAUTCA KPATKOC OMUCAHUC 3TUX NJAHHBIX.
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Knumamuueckan 6aza oannvix cymounozo paspewenus BHUHT MH-MI]/]. Ananu3
JaHHBIX [0 TEMIIepaType BO3IyXa M aTMOC(EPHBIM OCaJKaM IPOBOJIWICS IO CTAHIUSIM
BepezoBo ¢ 193610 2005rr. (69 ner Habmronenuit) u bapaduuck ¢ 1926mo 2005rr. (79 ner).
OTH CTaHUUU PACMOJIOKEHBl B Pa3HBIX YacTAX HCCIEIyeMOM TEpPpUTOPUU U BBIOpAHBI Jis
CpaBHEHHMsI C JaHHBIMU peaHanusa. [lepBas u3 HUX pacrnoyiokeHa MoyTH B ycThe p. CeBepHas
CoceBa, BTOpas — TPUMEPHO HA CEBEpHOUW TpaHUIEe oOnacTu 3aMKHYTOro ctoka OOb-
Upteiickoro  mexaypedbs. JlaHHbIE apxuBa 1O TEMIIepaType H OCaJKaM pPerylspHO
KOPPEKTUPYIOTCA. PsAlbl maHHBIX MO ocaakaM oTkoppektupoBanbl B BHUUITMU-MILJ nns
UCKJTIOYEHHS] HEOAHOPOJHOCTEH — OHHM COJepXaT IOMpaBKM Ha CMadyuMBaHUE U TOIpPaBKH,
CBSI3aHHBIE C TIEPEXO0JIOM Ha CETU OT JOXKIEMEpPOB K ocaakoMepaMm. TeM He MeHee, JaHHBIE 10
OocagKaM COJIepKaT CYIIECTBEHHYI0O HWHCTPYMEHTAIBHYIO HEOJHOPOIHOCTh, CBS3aHHYIO, B
YaCTHOCTH, C HEIOYYETOM TBEPIBIX OCAJKOB, OCOOEHHO NpPH METENIX M CHJIbHBIX BeTpax
(Onenounsnit qoknan..., 2008).

Mooenvuuiii peananuz ERA-40npeacrasiser coboil pe3ynbTaT YMCICHHOTO MOJCIUPOBAHHUS C
ACCMHJIMPOBAHMEM HA3eMHBIX M CIYTHUKOBBIX JaHHBIX. Y pa3HBIX MOJENel peaHann3a
KOOpJMHATHAsI CeTKa MHANBUAYyanbHa. B peanann3e ERA-40mmoMuMo cTaimOHApHBIX Ha3€MHBIX
HAOJIO/IEHUI MCMOJIb30BAJICA OTPOMHBI OO0OBEM JAHHBIX TUCTAHIIMOHHOTO 30HIUPOBAHUA.
ApPXUB COIEPKUT JTaHHBIE 32 TIepuo] ¢ ceHTA0pss 195710 aBryct 2002rr. ¢ NIpOCTpaHCTBEHHBIM
paspemieHueM 2,5° Mo MMPOTE U JOITOTE B Y3JIaX PETYISIPHOW CETKH U pa3pelieHHueM BO
BpeMeHH 6 yacoB. AHalu3 JaHHBIX [0 TeMIepaType BO3ayxXa U aTMOC(EpHBIM OcCaIKaM
npoBoauics Hamu 3a nepuon ¢ 1958 mo 2001 rr. apudMeTHIeCKUM OCpeTHEHUEM JTaHHBIX BO
BCEX Yy3J1aX PEryJsIpHOW CETKH, KOTOPHIE TMOMAJAI0T HA TEPPUTOPHUIO KAXKIAOTO KOHKPETHOTO

BOI0COOpa
2.5.2.JlanHBIe KOCMUYECKOTO 30HIUPOBAHUS

B pabore wucnone3yrorcs pganHble anbTMeTpoB T OPEX/Poseidonu ENVISAT.
TOPEX/Poseidon (TOPOgraphy EXperiment) 3anymen 10 aBrycra 1992 roma. D10
coBmecTHasg nporpamma CIIIA n ®paniuu, OCHOBHOM IEIBIO KOTOPOM ABIISUIOCH UCCIETOBAHUE
U3MEHYMBOCTH TOMNOrpapuu MOPCKOW MOBEPXHOCTH M AMHAMUKU okeaHa. Ha OopTy chyTHuka
yCTaHOBIIEHBI JBa paauoBbicoromepa: TOPEX amepukanckoro mpousBoiactBa u Poseidon
(paHILy3CKOTO MPOM3BOJICTBA C MOHIKCHHBIM MOTpedieHneM aektposnepruu (Raizonville et
al., 1988).TounocTh M3MEPECHHMIA BEICOTHI CITYTHHKA HaJl 3eMHOM MOBEPXHOCTBIO cocTaBisier 1,7
cm (Fu, Pihos, 1994).

BpemenHoif macmTad MOBTOpEHHUS] M3MEPEHUI BIONb Tpeka chmyTHHKa cocramisger 10

nHed (mpm dactore perucrpamuu jgaHHbix 10 ['m oOecreumBaeTcss MPOCTPaHCTBEHHOE
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paspemieare 580 M) u obecreunBaeT HAOIIOAECHHUS 3a TOBEPXHOCTHIO 3eMiin (OKeaH W TBEpast
HIOBEPXHOCTh) B Mpeaenax oT 66° c. m. 1o 66° 10. 1. ¢ pacCTOsSHHEM MEXKAY CIYTHUKOBBIMH
tpaccamu Ha skBarope okosno 300 km (Fu, Cazenave, 2001KapTta MOKpBITHS TEPPUTOPHU
cnytHrKOBBIME Tpaccamu (Tpekamu) TOPEX/Poseidom ENVISAT npejacraBieHa Ha pucyHke
16.
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Pucynok 16 —Kapra nmokpeitust peunsix 6acceitnoB Tpekamu TOPEX/Poseidom ENVISAT
Ipumeuanue — TOPEX/Poseidon wepuvim yeemom; ENVISAT -opanoicesvim ysemom

ENVISAT (Environmental Satellite) 6pu1 BoiBeneH Ha opbuty B maptre 2002 rona.
[TapameTpsl opOHUTHI MOAOUpaIKCh Tak, 4ToO0bl ciyTHUK ENVISAT cran npogomkeHrneM padoThl
NpEeIBIAYIINX CITYTHUKOB €Bporelckoil mporpammel Mmouutopunra (ESA, 2002) B otnuune ot
npeapAyInuX cnyTHHKOB, Ha 6opty ENVISAT 6bin ycraHoBiaeH HOBbIA anbTMeTp (RA-2),
KOTOphIiA paboran Ha aByx dacrorax 13,5751Tnm m 3,2 IThn. Ommbka m3MepeHUil BHICOT
HIOBEPXHOCTH MHpPOBOTO OKeaHa, KaK U y MpeaslAyIuX npuoopoB, He npeBbicwia 5 cm (Francis
et al., 1993; ESA, 2002LneayeT OTMETHTb, YTO BBICOKAS TOYHOCTH pabOTHI aTbTUMETPA — 3TO
pe3yabTar paboThl cuctembl mosuimonupoBanuss DORIS (momnepoBckas paaroHaBUrallHOHHAST
opourorpaduss KOCMHYECKHX almapaToB), paspaboranHoii B HalmoHandbHOM —IIEHTpE
xocmuueckux uccnenoBanuii (CNES)coBMecTHO ¢ areHTCTBOM KapTorpaduu M HCCIIETOBaHUI
@pannun (IGN), a Takke HCCIIeI0BaTEIBCKUM HHCTUTYTOM KocMudeckoit reosezun (GRGS).

CrocoOHOCTh TOYHO ONPEICISATh MECTONOJOKEHUE CIIyTHHKa Ha OpOWTe SBISETCS
OCHOBOITOJIATAIONIMM  (paKTOPOM KadecTBa aJbTHMETPUYECKHX HaHHBIX. i1 TOro dTOOBI
NPaBUIBHO ONPEICTUTh MECTONOJIOXKEHNUE CIIyTHHKA, HEOOXOIMMO 3HAaTh KOOPAMHATHI B TpeX
u3MepeHusix. OIHAKO 3TO HENpocTas 3ajaya, TaKk KakK CIYTHUK ITOCTOSIHHO HAaxXOIHUTCS B

JIBUKEHUH TI0 CBOEW TPaeKTOpPHUH, OIpENeJeHHONM MapaMeTpaMH IpPHU €ro 3alycke, a Takke
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IPaBUTALMOHHBIMU CHUJaMHM 3€MJIM, JaBJIEHHEM COJIHEYHOM paJAualud H aTMoc(hepHbIM
cmemernreM (WwWw.aviso.oceanobs.com).

Cucrema DORIS @acroter 2036,25MI'n u 401,25MI'1) paboTaer Ha AOIIIEPOBCKOM
a¢ddexTe, cyTb KOTOPOro 3akilo4yaeTcs B W3MEHEHUH YacTOThl CUTHANA, OTPaKEHHOTO OT
nBwkytmierocs oorekra. Cuctema DORIS sBiisieTcst yacTbio O0PTOBOM amnmapaTypbl CITyTHUKA H
BKJIIOYAET B ce0si aHTEHHY, IPUEMHUK U TeHepaTop KoJjeOaHWi, HEHTp KOHTPOJISI U 00paboTKu
UH(pOpMAIIMHU, CETh MEXKITyHAPOIHBIX aBTOHOMHBIX CTaHIMI 10 BceMy Mupy (puc. 17), koropast
o0OecrieunBaeT paBHOMEpHOE MOKpbITHE. HazemMHble CTaHIMU MEpelaloT CHUTHANbI, B CBOIO
ouepenn npueMHuk DORIS, naxoasiimuiicst Ha OOpTY CITyTHUKA, BBITIOTHSET PACUEThl, YUUTHIBAS
apdext [omnepa, a 3areM coxpaHseT X B CBOCH HamsTH. 3amMCaHHBIC JaHHBIC CITYTHUKA
NepealoTCsl Ha 3eMHbIE CTAHLIMU KaKIBIH pa3, KOTrJa OH MPOJIETaeT HajJ HUMH, TIOCIIE Yero OHU
MOCBUTAIOTCSI B LIEHTP KOHTPOJIsI, HaxojsAmuiics B r. Tyny3a Bo @panuuu. B rmaBHOM 1eHTpe
KOHTPOJISI TIPOBEPSIIOTCSL BCE JaHHbIe MO paboTe Ha3eMHBIX CTaHIUI, U3MEPEHMi, a Takxke
BEJyTCsl pacueThl OPOUTHI CIYTHUKA. 3aT€M ATH JJaHHBIC APXUBUPYIOT U PACTIPOCTPAHSIOT.
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Pucynok 17 —Cetp nazemubix crannuii cucremsl DORIS (IDS — International Doris service,
http://www.aviso.oceanobs.com)

OcHoBHo#t 1ienbto mporpammbl ENVISAT sBisieTcss HakoIieHWe BpPEMEHHBIX PsIOB
HaOJIIOCHUI 711 pa3HBIX TEPPUTOPHI Ha TIIOOAIBHOM YPOBHE JUISI MOHHTOPHUHTA JUHAMUKU
pa3BUTHUA NIPUPOJHBIX SIBICHUH, a TaKXKe YJy4IICHHE [1apaMeTpOB pajapa Ul MOBBILICHUS €T0
CIOCOOHOCTH KOHTPOJIMPOBATH 3EMITIO U €€ XapaKTCPUCTHKH.

Bpemennoii macmTa®b TMOBTOpEHUS] M3MEPEHHM BIOJIb TPEKa CIYTHHUKA COCTaBisieT 35
nHed (mpm dactote perucrpamuu jgaHHbIX 18 ' oOecreumBaeTcs MPOCTPAHCTBEHHOE
paspemiecare 380 M B0 Tpacchl), oOecrieurBas HAOJIOJCHUS 332 MOBEPXHOCTHIO 3eMJIH B
npeaenax ot 82,4° ceBepHOoW MHPOTHI 10 82,4° F0)KHOW MIUPOTHI C PACCTOSTHUEM MEXIY

CITYTHUKOBBIMHU TpaccamMu Ha 3KBaTOPE OKOJIO 85 KM.
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s mporpammbl ENVISAT wucmons3yroTcst ueTsipe pempikkepa (airoput™m 0OpPTOBOM
00paboTKK CHUTHANA), KKAbI M3 KOTOPBIX ObLT pa3paboTaH uisi 0COOOro THUIA MOBEPXHOCTH:
okeaHa (OCean) — KJIACCHUYCCKWH, IS JIGAHUKOBBIX IIMTOB M KOHTUHCHTAJIBHBIX THUIIOB
noBepxuocreii (Ice-1, Ice-2)u uccrnemoBanuii Mopckoro jpaa (Sealce).B mannoii pabote
UCTIONIB3YETCS PETPIKKEp ICE-2,anropuT™, KOTOPOTO OCHOBAH Ha OTYYCHUU (YOPMBI BOJHBI JUIS
KOHTHHEHTAJIbHBIX THUIIOB IOBEPXHOCTH. JIaHHBIH 101X0 OBLIT BIIEPBBIC YCIICIITHO TPUMEHEH IS
anpTuMeTpuueckux cnytHukoB ERS (Legresy & Remy, 1997; Remy et al., 1998)nacrosimii

MOMEHT UcToyib3yercst miist criyTHuka ENVISAT.

Memoouka ob6padbomku 0aHHBIX CHYMHUKOBOU AllbMUMEmpPUu

Hcxonuple naHHbIE CIYTHUKOBOM aNbTHMETPUH OBLIM TOJYYEHBI BO (HpaHITy3CKOM
nearpe nabmoaeunii — CTOH (Centre de Topographie des Océans et dgriddphere,
http://ctoh.legos.obs-mip.fr/ French Observatiomvige dedicated to satellite altimetry studies)
C YYETOM MHCTPYMEHTAIBHBIX OMIMOOK U MOMPABOK HA BIMSIHHE OKPYXKAIOICH CPE/IbI.

1) JlanHble TpEACTaBISUIA COOOM OCPEJHEHHBI CUTHAJ C WHTEPBAJIOM BJIOJb
CITyTHUKOBOM Tpacchl Kaxabie 0,1 ¢, 4TO COOTBETCTBYET MPOCTPAHCTBEHHOMY paspemieHuo 580
m s ciytauka TOPEX/Poseidom 380m mast ENVISAT. Paccrosinie MeKay CITyTHUKOBBIMU
tpaccamu s TOPEX/Poseidorocrasisier 315 kv u 85 km s ENVISAT. Ha pucynke 18
NpE/CTaBICHa CXeMa TOKPBITHUS BOogocOOpa peku Bax CIOyTHUKOBBIMH — TpaccaMu
TOPEX/Poseidom ENVISAT. Touku BI0Jb TPacChl COOTBETCTBYIOT CUTHAJIAM CITyTHHKA. [IJis
MOJIyYEHUSI BBIXOAHBIX JTAHHBIX C IEJNbIO JajbHeHIIero aHanu3a oOBOAHEHHOCTH TEPPUTOPUU
KaXoro BojocOopa ¢ momoimisio mporpamMmbel [MIC Mapinfo mMbr onpenensiu KOOpAHMHATHI

nepeceyeHus rpaHul] BOA0COOpa CO CITyTHUKOBBIMH TPACCaMH.

Pucynox 18 — Kapra-cxema mOKpBITHS BOJocOOopa pekd Bax cHrHagamMd CIYTHHKOB
TOPEX/Poseidom ENVISAT
Ipumeuanue - TOPEX/Poseidon xpacnvim ysemom; ENVISAT —cunum ysemom
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2) Onpenensnoch obliee KOIMYECTBO ATbTHMETPUUECKHX H3MEPEHHI B KAKIOM LUKIIE 1
KOJIMYECTBO M3MEPECHHM U3 HUX, MPUXOAAIIMNXCS HA MOBEPXHOCTh, KIACCHPUIIUPYEMYIO HaMU
KaK BOJIHAs, ¥ HA CaMOM JIeJie SIBJISFOIIYIOCS B TOW WJIM WHOM cTereHu oOBogHeHHOW. Ha Helt
MOCTOSIHHO (B BHUE PEK, 03ep) WU BpeMeHHO (B BHJE pa3HOro TUMA OOJIOT, TOMEH, PEYHBIX
nowiM) mpucyTcTByeT Boaa. (OOBOAHEHHOCTh TEPPUTOPUHM  TPEIJIAracTCs  U3MEPATh
koa(urmeHToM 00BOTHEHHOCTH K5, BEIYHCIIEMBIM KaK OTHOIICHHWE KOJUYECTBA M3MEPEHUIN
HaJ BOJHOW TMOBepXHOCTBIO NODSngs) kK oOmemy kommuectBy m3mepeHuir NODS B kaxmom

COYTHUKOBOM ILIMKIIC:

Koss=N0bsndsyNobs*100% ) (2

[Tpu 3TOM moporoBbie 3HaYeHUS KOAPPUIIMEHTa 0OpaTHOTO paccesiHUS, TTO3BOJISIONIUE OTICIUTh
OOBOJIHEHHYIO TIOBEPXHOCTh OT HEOOBOJHEHHOM, 3aJaBajuch IS KaXIOro BoAocOOpa
nocienoBarenbHo ot 15 no 27 nb (puc. 4). ITo dopmyne (2) mist netHero Hambosiee Cyxoro
Ce30Ha y KaXIoro OacceiiHa BBIYHMCISIICS HaUMEHbIINNA KodhdumueHT oO0BogHEHHOCTH Koz,
KOTOPBIA MJI1 yTOUYHEHHS moporoBoro 3HadeHuss KOP cpaBHuBancs ¢ ruaporpadudeckumu
XapaKTEepPUCTHUKAaMH 3TOTO BOJOCOOpa, @ MMEHHO, C OTHOCHTEIbHOH IUIOIAAbIO MOCTOSIHHO
YBIIQ)KHEHHBIX 3€MeJIb Ha BOJIOCOOpE, MM CyMMOI ero o3epHocTH M 3abonodeHHOCTH (fo;+fs),
B3ATBIX M3 MoOHorpaduii «Pecypchl MOBEPXHOCTHBIX BOA..., 1978) um «l‘maponorus
3a0os104eHHbIXx Tepputopuii» (2009), m mo kapre «PactureapbHOCTH 3amagHo-CHOMpCKoOM
paBHHHBI» (1976).

Ha pucynke 19 npexacrasieH xoj HauMeHbIIuX JeTHUX Koz (%) B 3aBUCHMOCTH OT
npuHsaToro noporosoro 3Hayenus KOP s G6acceitna p. Bax mo naHHbIM 1BYyX cyTHHKOB. 13
Hero cinenyer, uyro s TOPEX/PoseidonmoporoBoe 3HaueHue (COOTBETCTBYIONIEE CYMMeE
3a00JI0YEHHOCTH M O3€PHOCTH 10 THUApOrpaduIecKuM XapakTepucTukam) paBHo 25 nb, a mis
ENVISAT — 17 nb. [lonydeHHble 3HAY€HUS HCIOJB30BAIUCH Jlajee s OLEHKH THHAMUKH
00BOJIHEHHOCTH UCCIIEAYEMON TEPPUTOPHH.

KomuyectBo m3mepenuit Nobssza 10-tuesusiii qms TOPEX/Poseidon (49-7580uek) u
35-muesnbiii gt ENVISAT (1261-18509rouek) CHyTHHKOBBIC UKLl 3aBHCHUT OT ILTOIIAIN
Kaxoro Bonocoopa. OueBuaHo, 4to BennuuHa Koss U3MEHSETCS BO BpEMEHH 0 CE30HaM roja,
a JuIs KaXJI0ro Ce30Ha — U B MHOTOJIETHEM pa3pese, U OTpaXkaeT MPOCTPAHCTBEHHO-BPEMEHHYIO

JTUHAMHUKY OOBOJJHEHHOCTH UCCIIETyEMOIl TEPPUTOPUH.

81



- —e— TOPEX/Poseidon

—s— CMpaBOYHUK Mo PeCprﬂM NMOBEPXHOCTHLIX BO,

80 | —— ENVISAT
ES
= 70 -
3
= 60 A
% [
= -
S 50 4 Tl 0
9 w\ =3
k= 40 A \\.\\
g M
=) e
8 30 '\“‘\
i) .
e T,
e 20 A . ™

10 4§

0 T T : : . . )
14 16 18 20 22 24 26 28

3HaveHue KOP, BbipaxeHHoe B b

Pucynok 19 —I'paduk xoma kosdduimenta oo6BogHeHHOCTH (%0) B 3aBUCMOCTH OT IIOPOTOBOTO
snauenus KOP (nb) mist p. Bax co cxemoit onpeaenenus nmoporosoro 3HaueHre KOP

Takum 00pa3oM, METOAOJIOTHS MCCISIOBaHUS, IPIMEHsIEMasl B JHCCEPTAllii, OCHOBaHA
Ha 00pabOTKe Pe3y/IbTaTOB ABYX OCHOBHBIX METOJOB MOJy4deHuss wHpopMarmu: 1) MoaensHOro

peaHanm3a KIimMara i 2) CllyTHUKOBOH aJIbTHMETPHUH.
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I'naBa 3. AHaJIHM3 MPOCTPAHCTBEHHO-BPEMEHHOH H3MEHYMBOCTH KJINMATAa U
00BOJTHEHHOCTH pPeYHbIX 0acceiiHoB 3anagHoii Cudoupu

CymiecTBeHHBIMA ~ OCOOEHHOCTSIMH ~ MPOCTPAHCTBEHHO-BPEMEHHONH  M3MEHYMBOCTH
MPUPOIHBIX MPOIECCOB SBISIOTCS PUTMHUYHOCTD U ITUKIMYHOCTH, KOTOPBIC MPHUCYIIH IIUPOKOMY
Kpyry TpUPOJHBIX sBIEHUM B arMmochepe, ruapochepe, nutochepe, Owmochepe u Aap.
IIpocTpaHcTBEHHO-BpEMEHHAs U3MEHYHUBOCTH XapakTepusyercs pa3zHOMacIITaOHBIMU
(GIIyKTyanusiMu pa3indHbIX TapameTpoB (KIMMAaTHYECKUX, THAPOJIOTUIECKUX, SKOJOTHYSCKUX H
Ip.), OT KOpPOTKHMX (CE€30HHBIX) 0 MHOTOJCTHUX. JIpyrHMH CIIOBaMH, MPOCTPAHCTBEHHO-
BpEMEHHasi H3MEHUYMBOCTh TIPUPOIHBIX MPOIECCOB — ATO MPUPOIHBIA PEKUM, KOTOPBIA MOKHO
OTCJIKHUBATh C TIOMOIIBI0 METEOPOJIOTHIECKUX (TeMIepaTyphl BO31yxa, aTMOC(HEPHBIX 0CAIKOB)
U TUAPOJIOTHYECKUX (CTOKA, CTENCHHU YBIAKHCHHS TEPPUTOPUU, OTHOCUTEIBHOW ILIOIIAIN
OOBOJIHEHHBIX TEPPUTOPHI) HHMKATOPOB C UCIOIB30BAHUEM LIMPOKOTO CIIEKTPA COBPEMEHHBIX
TEXHOJIOTUH (HaHHBIX peaHa K3a, MeTO/a CITyTHUKOBOH aJbTUMETPHN).

Buauane paccMaTpuBarOTCAd COBPCMCHHBIC TCHACHLIUWW HN3MCHCHHUSA KJIMMAT4, a 3aTCM
JaeTCsl aHAJIN3 IPUPOIHBIX PEKUMOB TI0 OacceiiHaM PeK Ha OCHOBE JJAHHBIX METEOPOJIOTHIESCKHIX

CTaHIIMN, MOACIIBHOTO peaHaIn3a U CIYTHUKOBON aJIbTUMETPHH.

3.1.CoBpeMeHHbIE TEHACHIIMN U3MEHEHUS KJIMMaTa

Kmumar XX—-XXI| BB. xapakTepusyeTcss TOBBIIICHHEM TEMIEPaTyphl BO3AyXa ¥y
MOBEPXHOCTH 3€MJIM KaK B CpPEeIHEM JUIsi 3€MHOTO Iapa M OOOWX MONYIIApHi, TaKk W s
OOJIBIIMHCTBA KPYITHBIX PErMOHOB CYIIW M MOBepXHOCTH okeana (M3pasnb u np., 2002; IPCC,
2007).C konma XX B. M3 aHajaM3a JAHHBIX HHCTPYMEHTAIbHBIX HAOIIOJCHHNA CTAIO SICHO, YTO
U3MEHCHHE TJI00abHOrO KIMMara MPOMCXOIUT BechMa uHTeHCHBHO (M3pasias um ap., 2002;
Yorcon, 2001; IPCC, 1996, 2007).

Hayuno#t koHIenueil, 00bACHAIONICH MPOUCXOASIIEee MOTEIIICHHE, ABISETCS TUIOTEe3a
AQHTPONOTEHHOTO BIMSIHUS, CBSI3bIBAIOIIAS TIOBBIIICHUE TEMIIEPATYPhl C POCTOM KOHIIEHTpAIlUU B
atMocdepe MapHUKOBBIX Ta30B. TeM He MeHee, HeCMOTpsl Ha Habo1aeMble (PakThl U pa3BUTYIO
TEOPHIO, KOHLEMIMS aHTPONOTeHHO-00YCIOBIEHHOTO moTerieHuss XX| B. NpHHUMaeTcs
MHOTMMH YYEHBIMHU C HEKOTOPBIMUA OTOBOPKaMH, CYTh KOTOPBIX COCTOUT B cieaytomiem (Kucios
u zip., 2008):

1) B mpoInIoM MPOMCXOAMIN OOJbINKE KOJCOAHHS KIUMATHYECKOTO PEKHMa, B TOM
Yyciae W 3HAUYMUTENbHBIC TIOTEIUICHUS, TE€HE3UC KOTOPHIX COBEPLUICHHO HE CBS3aH C

AHTPOIIOICHHBIM BIIMAHUCM,
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2) coBpeMEHHbIE KIIMMATHYECKUE MOJICITH, XOTSI U 00JaIal0T MHOTMMH JTOCTOMHCTBAMH,
HE BO BCEM aJICKBAaTHO OTPAXKAIOT MPOLECCHI, MPOUCXOASIINE B peatbHOCTU. OcTaeTcsl HeICHBIM
BOIIPOC O CTENCHH BOCIPOHM3BOAMMOCTH B MOJECISX OOpAaTHBIX CBS3CH, MX 3aBHCUMOCTH OT
COCTOSIHUS TII00ATFHOTO KIIMMATa,

3) cylllecTBeHHBIC 3aTPYAHCHHS BHOCUT KPATKOBPEMEHHOCTh JaHHBIX HaOmoaeHuid. s
TOTO 4YTOOBI YBEPEHHO JMarHOCTUPOBATH JUTUTEIBHO CYIIECTBYIOIEE, pa3BHBAIOLICECS
riobansHOE moTeruieHue, psa Hadmoaenuii B 100-150net HegocraToueH.

MopaenmupoBaHue KiIMMaTa JJaeT BO3MOXKHOCTh OIIGHHUTh pPEaTbHOCTh MEXaHH3MOB
KIMMaTHYeCKuX u3MeHeHuii. B pabore (Manabe, Stouffer, 1996)snepssie Obutn
NPOAHAJIM3UPOBAHBl PE3yNbTaThl KIMMaTHUYeCKOW Monenu, Kotopas B TeueHue 1000 ner
HETPEPHIBHO BOCIPOM3BOJMIIA BapualMi KiuMmara. B pe3ynbTare THIHYHBIMH OKa3ajKCh
GIIyKTyaIuu, IopoXxaaeMble B3aMOACHCTBHEM aTMOC(EPHI U OKeaHa, C MPOAODKUTEILHOCTHIO
npumepHo oT 10 g0 301eT. bonee mpomomKkUTETbHBIE aHOMAIUMHA MOJIETh HE T€HEPUPOBaJIa.

Bo3moxxHo, u4ro Oojiee  ANMTENBHBIE ~AHOMAIWU  OOYCIIOBJICHBI ~ BHEIIHUMH
BO3JICHCTBUSIMH, W JJIsl UX YUCICHHOTO BOCIPOM3BEICHHUSI TpeOyeTcs 3aJaBaTh B MOJEIH,
U3MEHSIONIMECST BHEIIHUE Bo3aeHCTBHs. CHHTE3 TPUPOIHBIX M aHTPOIOTEHHBIX (PaKTOPOB
MO3BOJISIET BOCIPOM3BECTH BCE MPHHIUMHAIBHBIE OCOOCHHOCTH XOAa TeMIepaTypbl C
JOCTaTOYHOM  JIeTadbHOCThIO. TakuMm o0pa3oM, THUIOTE3a MPHPOAHO-aHTPOIIOTCHHOTO
NOTEIJICHUS. B HACTOSILNEE BpEMs JIydlle BCEro OOBSICHSAET TMPOUCXOISIINE MPOLECCHI
rinobansHoro noremienus (Kucmos u ap., 2008).

['moGankHOE W3MEHEHHE KIMMara OTpa)kaeTcsi W B W3MEHEHHWsX Kiumara B Poccum
(AnoxuH u ap., 1993;Pyouniureiin, [Tonozosa, 1966;bynsiko, Bunaukos, 1976;'py3a u ap.,
1977; I'py3a, PanbkoBa, 1980). MuTeHcuBnocts moreruienus 3a 100 ner (1901-2000rr.)
coctaBmwia B cpeaneM s tepputopun Poccun 0,90C. Makcumym moterieHust B XX Beke
orMeuen 31ech B 1995roay (otkinonenue ot HopMbl 1,9°C). Bo Bropoii momosuae XX B. (1951-
2000) oOmast TeHIACHIUS MU3MEHEHHs CPEIHEr0JJ0BOM TEMIIepaTyphl BO3AyXa Ha TEPPUTOPUH
Poccun Takke XapakTepH3yeTcsl MOJOXHUTEIbHBIM TpeHa0M. Hanbosiee MHTEHCUBHBIN TPEH]T B
[Mpenobaiikanpe-3adaiikanbe (3,5C/100 ner), B IIpuamypse-Ilpumopbe u Cpenneii Cubupu
(I'pys3a, Panbkosa, 2004).

W3BecTHO, 4TO TI100aNBbHOE MOTEIUICHUE IPOUCXOIUIIO HEPAaBHOMEPHO 33 YKa3aHHOE
cronerue. [locne unrepsana notemwnenus B 1910-1945rr. 6bu10 cnaboe nmoxononanue B 1946-
1975rr., ¢ 1976r01a Havanoch HOBoe Hanbosee nHTeHCcHBHOE ToteruieHue (I'py3a, PanbkoBa,
2004). 3a mocmeaune 30 ner, Bkmovarome 6 ger XXI| B. Hambojce HWHTCHCHBHOE U
CTaTUCTHYECKU 3HAYUMOE TIOBBINICHUE CPEIHETOOBON TEeMIIEpaTyphl MPOHM30ILUIO TJIABHBIM

obpaszom Ha EBpomneiickoii Tepputopun Poccun (ETP), a taxke B Bocrounoit Cubupu u Ha
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MansHem Bocroke. B atux paiionax moremnenne cocraBwio 0,4-0,6C/10 ner. B 3amamnoii
Cubupu Takke HaOJIIOJAIOTCS TOJOXHUTEIbHBIC TpeHabl, HoO oHu Menbiie (0,4C/10 ner), a
CTAaTHCTUYECKU 3HAYMMbIE TPEHIBI CPEIHEroJ0BOM TeMIepaTypbl OTMEUEHBI TOJLKO Ha OTe
3anagnoir Cubupu.

[To mabmonenusim 3a 1976-2006rT. Ha BCelt ceTH METEOPOJOTUUECKUX CTaHIUi Poccumn
nokazano (LllepcriokoB, 2009), uro HambOoJiee MHTEHCHMBHOE W CTATHCTUYECKUA 3HAUYUMOC
yBEIIMYCHUE TeMIieparypsl Bo3ayxa mpowmsonuto Ha ETP (kpome CeBepa), Ha tore 3amajHoOi
Cubupu, Ha Bcex mmpotax B Boctounoit Cubupwu, B Ilpumamypre, Ha KamuaTke u Ha ceBepe
Hansuero Bocroka. [1o monHO#M ceTu cTaHMid Ha TeppUTOprun Poccuu BBISIBIEHO, UTO 32 MEPUO]]
¢ 1976-2006 mpeoOmamaeT yBENIWYCHHE TOJOBBIX CyMM oOcagkoB. OrTMmedaercs, 4YTO
CYIIIECTBEHHOE YBEIIMYEHUE OCAJKOB MPOM30NLIO Ha rore 3amanHoil u Boctounoii Cubupw, a
takke B [Ipuypanbe. ATMocdepHble OCaIKd OKa3blBalOT CYIIECTBEHHOE BIMSIHHE Ha
YBJIQKHEHUE TIOYBBI. YBEIUUYCHUE yBIaxXHeHUs 3ananHo-Cubupckoro cexkropa B 1961-1990rr.
IPOMCXOJIMIIO B OCHOBHOM 32 CYET POCTa KOJIMYECTBA 0CAAKOB X0J0qHOTo ce3oHa (['py3a, 2000).

E.A. UYepenkoBoii (2008) Obu1 crenan mNOAPOOHBIM aHATM3 JUHAMHKH YBIIAXXKHCHUS
30HAIBHBIX JaHAmAapTOB (B OCHOBHOM, cydOOopeansHbiX). 1o ee mporunosam, k cepeaune XXI
Beka Ha 0oJbIeit yacTu TeppuTopun 3anagHo-CHOMPCKOTro CEKTOpa Ha CMEHY UMEBIIIEMY MECTO
B XX B. MOBBIIIEHHOMY YBIQXXHEHHUIO MPHUJAET cliaboe uccyiieHne. HecMoTpsi Ha oxxugaembie
W3MCHCHUS B YBIIAXHEHUW TEPPUTOPHUI, OHU OyIyT e€Ille HEIOCTATOYHBIMHU IS CMEIIECHUS
TPaHULl 30H YBIAQ)KHEHHUS.

3HaYMMBbIC TIOJIOKUTEIIbHBIE aHOMAJIMU BBICOTHI CHEXHOTO MOKpoBa 3a mepuon ¢ 1991—
2005rr. ot HOpM 1961-1990rr. Habmoga0TCa Ha OoJbiuel yactu Teppuropun Poccuu. Ilpu
3TOM HauboJiee CyIIECTBEHHBIE IMOJIOKUTENbHbIE aHOMaINK 3aduKcupoBanbl Ha Boctoke ETP,
Ha OOMMPHBIX TeppuTopusix 3amamHoit U Bocrounoit Cubupu, B Ilpumopbe m Ha Kamuyarke
(LIepctiokos, 2009).

CrnemyeT OTMETUTH, YTO B CBSI3U C MOTEIUICHHEM KJIMMAaTa aKTyallbHa yrpo3a Jerpajaiun
MHorosietHel Mep3notel st Poccun (Epmios, 1997; Xpycranes u ap., 2008).B Poccuu 30Ha
MHOTOJIETHEH MEep3JI0Thl 3aHUMAET OKOJI0 65% TeppUTOpUN U OXBATHIBAECT 3HAUUTEIHHYIO YaCTh
Cubupu u Jlaneuero Bocroka (ITaBnos, I'paBuc, 2000).9TH pernoHbl UMEIOT CTPATErHYECKOE
3HaYeHue I CcTpaHbl. B mpenemax kpuonuto3oHsl Poccum cocpenoroueHo Oosee 30%
pa3BeaHHBIX 3amacoB Bced HeTH cTpanbl, okoio 60% mpuponHOro rasza, 3ajie)ku KaMeHHOTO
yrias v Topda, Oonblas 4acTh THIPOIHEPrOPEeCcypCcoB, 3aacoB I[BETHBIX METAJUIOB, 30JI0Ta U
aJIMa30B, OTPOMHBIE 3aachl APEBECUHBI U TPECHOI BOJIBI.

Tak, Ha ceBepe 3anaanoit Cubupu Temmneparypa noyBorpyHToB Ha riryonnax (80-320cm)

3a mocneaHue Tpu aecsaruiaerus (tadn. 6) moseicuinack Ha 0,3-0,4C, cpenHeronoBbiec 3HAUCHHUS
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OJM3KM K HYJIIO, HO OCTAlOTCS OTpullaTelbHbIMU. JleTHee mporamBanue B 1977-1981rT.
noxoauio npumepHo 10 340cm, a B ocieHee MATHIIETHE YBEIMYHIIOCH ele mpuMepHo Ha 20
CM. YCTOMYMBOE COCTOSIHUE MHOTOJETHEW MEp3JIOTBl € OTPULATENBHOM CpPEIHETrOA0BOM
temriepatypoii Ha Tiiyomne 320 cm nHabmomamock B 1977-1981rr. M coxpaHWIOCH TOCHE
MOTeTUICHHs Ha ceBepe 3anagHoit Cubupu u ceBepo-3amnane Bocrounoit Cubupu, B SIKyTuu u Ha
cesepe /JlanbHero Bocroka. B pesynbTare aHanmuza ObUIO BBISBIEHO, YTO OJaronpHsTHBIC
YCIIOBUS JUISl COXPAaHEHHsI MHOTOJIETHEMEP3JIbIX OYBOIPYHTOB B cioe A0 320 cM B HacTosIee
BpeMs COXPaHWINCh B YEThIpEX pallOHaX Ha TEPPUTOPHH 30HBI MHOTOJIETHEH Mep310Thl Poccun
(LIepctiokos, 2009).

Tabmuma 6 — MuHUMaTbHOE W MaKCUMaJbHOE 3HAYEHHUs CPETHEro rOJI0BOTO XOJa CYTOYHOU
TEMIIepaTypbl MOYBOIPYHTOB Ha TIyOMHAaX W cpenHerogoBoe ee 3HaueHue (°C) mo aBym
BeIOOpKam JieT (ceBep 3amaanoit Cubupnu) (Ilepcriokos, 2009)

Taybuna. 1977 — 1981 1T. T ny6muna. 2001 — 2005 rT.
cM Min | Max |Cpenmee M Min | Max |Cpenmee
80 -4.5 4.8 -1.4 80 -4.0 6.3 -1.1
160 -3.0 27 -1.3 160 -2.2 3.3 -0.9
240 -1.8 1.0 -1.1 240 -1.4 1.8 -0.8
320 -0.8 -0.2 -0.7 320 -0.7 0.4 -0.6

3.2. AHanu3 TPEHI0B MHOTOJICTHUX U CE30HHBIX U3MEHEHUN TEMIIEpaTyphl BO3IyXa U
atMocdepHubix ocankoB (1926-2005T.) Mo JaHHBIM METEOPOJIOTHYSCKUX CTAHIIUN U
MoienpHoro peananusza ERA-40

N3meHeHus kiMMara B pa3HBIX PETMOHAX OoJiee MHIWBUIYaTbHBI U OTJIMYAIOTCS OT
00mux TI00ANBHBIX TOKa3aTenel. Y CcTaHOBICHO, 4yTo Ha Tepputopun Cubupu B 1955-1990rr.
NPOMCXOIWIO 3HAYUTEIBHO OoJiee CYIMIECTBEHHOE, 4YeM B CpEJHEM 110 3eMHOMY IMIapy,
noreruieHue ¢ Hapacratomeid k Hayany 1990X rr. HHTEHCHBHOCTBIO, MPHYEM C TOBBIIICHHEM
CPEIHETrOZI0BOM TeMIepaTyphl BO3JyXa CHIDKACTCS aMIUTUTyJa €€ CE30HHBIX KoJeOaHui
(PerroHanbHbI MOHUTOPHHT ..., 2000).

[To mamueiM (MomomuroB u ap., 2008; Kabawos, 2008) morerienne B Cubupu 3a
nociennuit  knumatnueckuid  (30-1eTHUMIT)  mepHOA  XapaKTepu3yeTcsi  HEOAHOPOIHOM
CyOperuoHalbHOW CTPYKTYpPOW ¢ o4yaraMH yCKOPEHHBIX TemnoB mnotemienus a0 0,5°C/10mner.
Asropamu (Kabanos, NUnmonuros, 2004)0bu1 MPOBEACH aHAIN3 JaHHBIX 10 CPEAHEMECTIHBIM
TeMIlepaTypaM BO31yxa 0oJiee CTa CTaHIMi, KOTOPBIM IMOKaszal, 4To Ha Tepputopun Cubupu
MpoIecc TJIOOAIBHOTO TOTEIUICHHS, CBS3bIBAEMBIi OOBIYHO C HAKOIUICHHEM B armocdepe
YIIEKUCIIOTO Ta3a, WaeT KpaliHe HepaBHOMepHO. Ovar Hambosee MHTEHCHBHOTO MOTEIICHHUS,
UHTCHCUBHOCTh KoTOoporo oreHuBaercs 0,6°C/10 ner, B 3anamuoit CuOupu pacroyiokeH B
paiione Cypryra. Teppurtopuu ¢ muauManbHbiME (0,2°C/10 jeT) CKOPOCTAMH MOTEIUICHHS

oTMeueHbl Ha mobepexbsax CeBepHoro JlemoButoro okeana. M3meHenus kinumarta B Cubupu
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TaK)Ke XapaKTepU3yeTcsl yBeIMueHneM aTMoc(epHBIX 0CaJIKOB B 3UMHHH iepuoy (Serreze et al.,
2000), tommuHbl cHexHOoro mokposa (ByaeirmHa u ap., 2007), TemmepaTyp MOYBOIPYHTOB
(BacunbeB u ap., 2008), tasuuem mHorosetHeil mep3noThl (AnHucumoB, Hemwscon, 1997),
cokpaimenuem mromaaeii o3ep (Kupmotun u ap., 2004; Smith, 2005KpasiioBa, beictposa,
2009)u usmenenuneM peunoro croka (3emmos u ap., 2000;3emioB u ap., 2003; Peterson et al.,
2002).

B naHHOM pasmene paccmarpuBaeTcs OONIMK XapaKTep H3MEHEHUS TeMIIeparyphbl
BO3JlyXa M aTMOC(EPHBIX OCAIKOB, a 3aTE€M JIENAeTCs MOIBITKA OLEHKH JHMHEHHBIX TPEHIIOB 3a
pa3IuYHBIC IPOMEKYTKH BPEMEHH 10 CE30HAM.

AHanmM3 CpeIHEroIoBOM TeMIlepaTyphl BO3AyXa M CYyMMbBI aTMOC(EPHBIX OCAJKOB B
peunbix Oacceitnax (puc. 20) mpoBoamics 3a KaneHaapHbld roa. Ce30HHBIE 3HAYCHUS
AQHAJTM3UPOBAINCH IO CE30HAM Toja, KOTOphIe OBUIM TPHHATHI YCIOBHO C JKECTKUMH
rpaHuIaMu. 3uma (1ekabpb IpeablayInero rojga — gespanis), BecHa (MapT-maii), JeTo (MIOHB-
aBrycT), OCeHb (CEHTAOpPh-HOSIOPH). YPOBEHb 3HAYMMOCTH MPU OICHKE CTAaTHCTHYECKOM
3HaYMMOCTH TPEHIO0B 1o Kputepuio CTbo/ieHTa 3aaBaics paBHbIM 5% :a = 0,05.

Jlnst  omeHkW KadecTBa JaHHbIX peaHanmm3a ERA-40 npu aHanmsze OCHOBHBIX
KIMMaTHYECKUX IapaMeTpoB (TemIepaTypsl BO3AyXa M OCAJKOB) HaMH OBUIM COIIOCTAaBIICHBI
JaHHBIC peaHaln3a C HaONIOJCHUSMH Ha craHuusx bepesoBo u bapabunck (puc. 21).
KoaddummenTs! mHeHOTO TpeHIa, MapHOW JHHEHHOW Koppensiuu (IpH 3aJaHHOM YpPOBHE
sHaunmoctu o = 0,05)mo Temmeparype Bo3ayxa M aTMOC(EpPHBIM OCaJKaM MEKIY JTaHHBIMU

peaHanm3a U CTaHIUHA MPEACTaBICHBI B TAOIHIIE 7.
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T'uaposioro — kiiMMaTudeckue 30Hb1 (Me3eHueB,
Kapuaunesuy, 1969):

A.30Ha N30BITOYHOTO YBIAKHEHUS B CPEAHUH U BIAKHBIA TOMBI
U ONITUMAJBbHOTO YBIAXKHEHHUS B CyXOH rof MOBTOPsIEMOCThIO 1
pa3 B 5ner;

B.3oma W30BITOYHOTO  yBIAXHEHWS W HEJOCTATOYHOI
TEIIO00ECTICUCHHOCTH BO BIIAXKHBIH TOJ] MOBTOpSEeMOCThIO 1
pa3 B 5 yer M oNTHMagbHOTO YBIQKHEHHS B CPEOHUH TOX H
CyXoii roj mopropsieMoctsio 1 pa3 B 5 ner;

C.30Ha ONTHMAIBHOTO YBJIQXKHEHUS M TEIUIO0OECTICYEHHOCTH B
CpeIHUil roj ¥ BO BIAXHBINA roj MoBTOpsieMocThio 1 pa3 B 5yet
U HEJOCTATOYHOTO YBJIAXKHEHHS B CYXOH rojl MOBTOPSEMOCTHIO
1 pa3 B Suer;

D.3ona HEZOCTATOYHOrO  YBIXHEHUS UM M30BITOUHOM
TEIIO00ECTICUCHHOCTH B CYXOH T0J] IOBTOPsIeMOCTEIO 1 pa3 B 5
JeT ¥ ONTHMAJBHOTO YBI&XHEHHS B CPEAHHH TOX U BO
BJIQXHBIN roj noBTopsieMocthio 1 pa3 B 5 jer;

E.30Ha BecbMa HEIOCTATOYHOTO YBIQKHEHUS M H30BITOUHOU
TEIJIO00ECICYeHHOCTH B CPeAHMH TOJ W CyXOH TIof
nosTopsieMocTeio 1 pa3 B 5 jer, a TakKe HEJOCTaTOYHOTO
YBJI@)XXHEHHUS BO BIAXKHBIH roj1 IOBTOpsieMOocThi0 1 pa3 B 5 rier;
Al30Ha BechbMa M30BITOYHOTO YBJIQKHEHHS M HEIOCTATOYHOM
TEII000ECIICYEHHOCTH,

E1.30Ha BecbMa HEAOCTATOYHOTO YBIQKHCHUS H H30BITOYHOI
TEIUI000ECIICYEHHOCTH.

Ipupoausie 30ub1 (Bynaros, 1996):

1. Tynapa; 2. necoTyHzapa; 3. ceBepHas W CpeiHss Taira; 4.
I0KHas  Tadra; 5. mopraiira (cMmemadHele Jieca); 6.
MEIIKOJIMCTBEHHBIE ~ JIeca; /. CEBepHas  JecocTemb;, 8.
LEeHTpaJIbHAS JIecocTenb; 9. roxHast jgecocrens, 10. cremns.

Pucynox 20 — Kapra-cxema NOKpBITHS HCCIEAYeMbIX BOJOCOOPOB KOOPIMHATHOM CETKOM
mojaenbHoro peananuza ERA-40 (Cpanutist 300 marsl mo O.B.MesenrieBoii, 2009)

Ipumeuanue — b6acceuinsl pex: 1 —I]yuvsa, 2 —Ilonyii, 3 —Haowvim, 4 —Ilyp, 5 —Tasz, 6 —Ha3zvlm,
1 —Jlamun, 8 — Tpomveecan, 9 —Bax, 10 —Cesepnas Cocvsa, 11 —Tasoa, 12 —Konoa, 13 —
Typa, 14 —bonvwoii FOz2an, 15 —Teim, 16 —Bacwean, 17 —Oms, 18 —obracmes enympenuezo
cmoka Obb-Upmuvluickozo mexcoypeuvsi, Kpyeivle CUMBObL; KPACHBIU MPeyeoibHUK — CIAHYUs
bepezoso, 3enenviii mpeyeonvnux —cmanyusa bapabunck
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O6nacTb 3aMKHYTOro cToKa
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Tabmuna 7 — 3HaueHus K03()PUIMEHTOB TUHEHHOTO TpeHAa, K0d()PHUIIMEHTOB KOPPEISAIUH IO
CPEIHEr0JIOBOI TeMIlepaType BO3IyXa M TOJOBBIM OCaJKaM MEXAY JaHHBIMH peaHalu3a U
METEOPOJIOTUYECKUX CTAHLINI

Tpenn (°C/10 net)/( Mm/10 Fxy Fxy
ner) (Temnepatypa) (ocamkn)

Peananus (C. CochBa) 0,2/15
BepesoBo 0,2 /10 0,99 0.77
Peananus (o6macte 0,3/9

3aMKHYTOTO CTOKa O0b-

WpTHINICKOTO MEXITYPETbs) 0,97 0,73
Bapabunck 0,4/13

B umenom paHHBIE peaHalu3a MO CPEIHETOJOBOM TeMIleparype BO3/AyXa TOYHEE
OIMKMCHIBAIOT U3MECHCHHUS KIIMMaTa Ha MCCIICTYEeMOUW TEPPUTOPHH, YeM IO aTMOC(HEPHBIM OCaIKaM.
CrneyeT OTMETHUTh, YTO Pa3JInIMs MOJICIIBHBIX PE3YJIbTATOB M JJAHHBIX HAOJIOICHUN MOTYT OBITh
TaKXe CBSA3aHbI C TEM, YTO MOJICIbHBIC OIIEHKH OCPEIHCHBI MO IUIOMIAJd COOTBETCTBYIOIIECTO
peuHoro OacceiiHa, a JaHHbIC HAOJIOICHUI HA METEOCTAHIIMSX JIOKAJIbHBI.

[IpoBeneHHBI HAMU aHAIU3 JAHHBIX MO CPEIHEr0J0BOM TeMIepaType Bo3ayxa moKas3al,
YTO HaumOojee CHIBHOE IOTCIUICHUE HAOII0IaeTCs B CEBEPHOM 4YacTH PaBHHUHBI, O YeM
CBUJICTEJILCTBYIOT KOA()(UIMCHTHI JIMHEHHBIX TPCHIIOB, MPEJACTaBICHHBIC TI'padUUecKd Ha
pucyHkax 22 (a, 6) u kapre-cxeme Ha pucyHnke 23 @, 6). DTO MOATBEPKAACTCS TAKKE TaHHBIMH
npyrux aBropoB (Kabawnos, 2008; Frey, Smith, 2003)poBoauBIInX KCCIeI0BaHUS Ha CEBEPE
paBHUHBI. BomocOOpbl, Ha KOTOPBIX HAOJIOMAIOTCS 3HAYMMBIC TPEHABI 110 CPEIHETOJIOBOM
TEMIepaType BO3AyXa, MOXHO pa3leiuTh Ha 2 TeorpapuuecKd pas3uvHbIe TPYIIIbI,
OTJIMYAIOIINECS IPYT OT JApyra Mo YCIOBHIM Terioo0ecneueHHOCTH: 1) BogocOopsl pek [loiyit,
Haneim, ITyp u Ta3, ¢ HanboJee CHIBLHBIM 0YaroM MoTerieHus Ha BojgocOopax pexk Hanpim, [yp
u Ta3 (O,35-3'?C/10 aer); 2) Bogocoopsl pek Tpomberan, Bax, bonbmioii FOran, Bacioran, Omb,
obsacth 3aMKHyTOro croka OOb-HpThIickoro Mexaypeubs M Ha craHimu bapabunck (0,26-
0,34C/10 ner). 3uaunmoe yBenuueHHe aTMOCHEPHBIX OCAIKOB HAGMIONACTCS HA BOAOCOOPAX:
Cesepnas CocsBa, Konma, TaBma, Typa, Ta3, HaseiM, Bax u Ha cranuuu bepezoso (16,8-24,1

mm/10 ier).
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Pucynox 23 — Kapra-cxema pacmpeneneHuss Kod(pQUIMEHTOB JIHHEHHBIX TPeHIOB 1O (a)
CpEeIHEro/I0BOM TeMIepaType Bo3ayxa u (0) rogoBoii cymme aTMOCchepHBIX 0CaIKOB

Jliss  BBISBICHHST POJU KAXIOTO CE€30Ha B (OPMUPOBAHHH TIONS CPEIHETOJOBBIX
TEMIIepaTyp BO3JyXa U CYMM aTMOC(EpPHBIX OCAIKOB PAacCUMTaHBl MX TpeHAbI. [lon ce30HHOM
CTPYKTYpPO#l TOJOBOTO IIMKJIa TIOHUMAETCSl KOJUYECTBO CE30HOB, M3 KOTOPBIX COCTOWMT Toia. B
pEeruoHax, pacIoJIOKCHHBIX B YMEPEHHBIX IIMPOTaX, B TIIYOMHE MaTepUKa, CTPYKTYypPHBIMH
eMHHIIAMU TIEPBOTO TOPSAKA SBISIOTCSA: XOJIOMIHO-CHEXHAs M BEreTallMOHHAasl 9acTH TOJ0BOTO
mukia. K CTpyKTYypHBIM €IWHUIIAM BTOPOTO TOPSIKAa OTHOCSTCS CE30HBI TONbI: 3MMa, BECHA,
aero u ocenb (Pumanapimesa, Okumera, 2002).

CraTUCTHYECKH 3HAYMMOE WHTEHCHUBHOE TIOTCIUICHHE TEMIIepaTypbl BO3JyXa Ha
BOJI0COOpax MPOMCXOIUT B BeceHHUiT ce30H (Mmapt-Mmaii) or 0,40 mo 0,84°C/10ner (radiu. 8).
Haubonee cunpHOE moTeryieHne HAOIIOAACTCsl Ha CeBepe paBHUHBI Ha BogocOopax pek [yubs,
[Monyit, Hageim u Tpomberan ¢ ko3dduinenramu nmuneiinoro tpeaaa 0,76-0,84°C/10ier (Tabda.
8). B 1iesiom 3HaUMMOE YBEIMYCHHUE BECEHHHUX TEMIIEpPaTyp MOATBEpAMIIOCh Ha 15 BogocOopax u
meteoctaniun bapabunck.

VYBenn4yeHne 3MMHUX TEMIIeparyp 3HA4YMMO TOJBKO JIsl CTaHIMK bapaOuHCK ¢
kodpdunuentom nuHeinoro tpenga 0,53°C/10 mer. M3meHeHust Temmeparyp JIETHETO H
OCEHHET0 CE30HOB HE TOKa3aj0 3HAYUMOT0 H3MEHEeHHs, KpoMe BojaocOopa peku Ilyp co

3HaunMbIM TpeHaoM 0,32°C/1QueT B eTHHI CE30H.
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3HaYMMOe YBEIWYCHHUE KOJIMYECTBA 3UMHHX OCAJIKOB IPOHMCXOIUT HA BOAOCOOpax peK
Konpa, Hasev, JIsmun, a Taxke Ha craHiusx bepezoBo u bapabuHck ¢ kosdduimentamu
muneriHoro Tpernaa 4,0-6,4mm/10 net. B BeceHHMIA TIEpHO/] 3HAYMMOE YBEITHUCHUE TIPOUCXOIUT
Ha BojocOopax pexk Hameim, Ilyp, Ta3, Konma, Typa, Haszemvm, Jlsmun, Tpomberan, Bax,
Bonboit FOran u Ha craniuu bepezoso ot 5,110 9,9 Mm/10 jer. B neTHHit ce30H 3HAYMMOCTD
TPEHI0B MOJTBEPAMIACH TOJNBKO Ha BopocOopax Ta3, Ces. CocsBa u Haseim ot 8,6 no 14,8
MMm/10 ser. 3HaUYMMOE YBEIMYCHHUE OCCHHUX OCAJKOB OTMEUACTCS TOJIBKO Ha BOJOCOOPE peKu
Typa (8,8 Mmm/10 nteT).

B menom MOXHO OTMETUTBH, 4TO I TeppuTopuu 3amamHoit Cubupu HaOMrOacTCs
CYIIECTBEHHBI POCT CPEAHETOIOBOM TeMIepaTyphl BO3IyXa M aTMOC(HEPHBIX OCAIKOB.
Haubonee BbICOKass MHTEHCUBHOCThH TOTEIUICHUS HAOIIOIAETCS B CEBEPHOI YaCTH paBHUHBI B
30HE MHOTOJICTHEW Mep3T0Thl. FI3MEeHeHHs BECEHHHUX TEMITEPaTyp OKa3bIBAIOT OOJIbIICE BIIHMSTHHUE
Ha CPEIHEroJIOBYI0 TEMIIEpATypy, YeM 3UMHHH, JIETHUH W OCEHHUU ce30HbI. [lomydeHHbIe
pe3yabTaThl aHaiM3a MOATBEPXKIAIOTCS TaHHBIMH HccienoBanuii aBropoB (Frey and Smith,
2003),1poBOAMBIIMX OIIEHKY TEMIIEPATYpPhl BO3/IyXa U OCAJIKOB U MX CBsI3H ¢ HHICKcoM CeBepo-
AtnanTuyeckoro  kosneOanusi Ha  TeppuTopuu  3amagHod  CuOupwm 1O JAHHBIM
METEOPOJIOTHYECKUX CcTaHIui 3a nepuo ¢ 1958mno 1999rr.

[TomydeHHbIE pe3yNbTAaThl TAaKKE MOATBEPKAAOTCS JAHHBIMH JPYTHX aBTOPOB O
HanOosiee cuibHOM moTemicHnn B Becennuid nepuona (Krijov, 2002; Frey and Smith, 2003;
OreHOYHBIH q0KIa.. .., 2008).

VYBenn4YeHne BECCHHUX TEMIIepaTyp MPUBOJUT K 0oJice paHHEMY CHETOTAsTHHIO M POCTY
MPOJOKUTEIFHOCTA BETETAIIMOHHOTO TEPHOJa, a aTMOC(EPHBIX OCAIKOB — K YBEIMUYCHUIO
OOBOHEHHOCTH TEPPUTOPHI B pa3HBIX MNPUPOAHBIX 30HAX. (OOBOIHEHHOCTH TEPPUTOPHUU
3aBUCHT OT COOTHOIICHHsSI COCTABISIOIIMX BOAHOrO OanaHca (OCaaKOB, MCIAPEHHUs, CTOKA),
TETUIO00ECIIEYCHHOCTH W MEXaHW3MOB CTCKaHHWs M30bITKA BJardk B PEYHYIO CETh

NPEJICTABIISIONIEr0 COO0M €CTECTBeHHBIN ApeHax Tepputopun (MBaHos, 1975).
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S6

(1958-2001m0 ERA-40; 1926-200510 METEOpOIOrHIECKUM CTAHIIUSIM)

Tabnuna 8 —CpenHue MHOTOJIETHHE U CE30HHBIE 3HAUeHUS KO3 (UIIMEHTOB JUHEIHOr0 TPEeH 1a Mo TeMIepaType Bo3ayXa U pacueT t-cTaTUCTUKU

= : |2 g [§ |z |T |z |F |
HasBanme BomocGopa u ‘E["O é G é 25 é = é o é
MCTCOPOJIOTUYECCKHUX L . = =
crarmai = 39 | 3 35 | | g | S 39 | S

2 25 3) S 5 a0 5 a0 5 D) 3)

O R - i) - = o - = o - i) -
Hlyubs 0,24 1,43 -0,10 -0,26| 0,84 2,69 0,27 1,61 -0,11 -0,36
[Monyii 0,34 2,12 0,12 0,29 0,78 2,72 0,29 1,83 0,12 0,49
Hanpim 0,37 2,29 0,23 0,55 0,76 2,71 0,29 1,97 0,12 0,46
Iyp 0,35 2,20 0,22 0,47 0,68 2,52 0,32 2,25 0,23 0,87
Tas3 0,36 2,32 0,34 0,71 0,62 2,47 0,25 1,78 0,12 0,42
Cesepnas CocbBa 0,15 0,97 -0,05 -0,14| 0,53 2,23 0,15 0,89 -0,07 -0,32
Konna 0,22 1,65 0,19 0,53 0,45 2,07 0,17 1,06 0,02 0,10
TaBna 0,17 1,31 0,01 0,17 0,44 2,14 0,18 1,15 -0,04 -0,19
Typa 0,20 1,73 0,22 0,72 0,33 1,66 0,18 1,2 0,05 0,30
Haspim 0,22 1,53 0,09 0,24 0,56 2,26 0,17 1,11 0,03 0,11
JlsimuH 0,24 1,89 0,15 0,40 0,63 2,42 0,19 1,29 0,09 0,39
Tpomberan 0,34 2,24 0,26 0,63 0,72 2,50 0,19 1,36 0,12 0,47
Bax 0,33 2,14 0,32 0,70 0,61 2,52 0,24 1,73 -0,03 -0,10
Bosnbimoii FOran 0,33 2,41 0,36 0,94 0,59 2,49 0,22 1,60 0,11 0,52
Teim 0,26 1,84 0,29 0,70 0,53 2,40 0,12 1,08 0,07 0,29
Bacroran 0,29 2,21 0,30 0,83 0,49 2,34 0,19 1,62 0,09 0,46
Owmb 0,28 2,02 0,34 0,98 0,38 1,71 0,17 1,32 0,11 0,58
o0JacTh 3aMKHYTOTO
croka O0b-UpThImIcKOTO 0,27 2,14 0,43 1,26 0,37 1,79 0,11 1,0 0,15 0,75
MEKIypeubs
bepesoBo 0,05 0,73 0,02 0,10 0,20 1,22 0,03 0,4 -0,04 8-0,R
bapaburck 0,26 5,98 0,53 4,00 0,40 4,73 0,06 1,29 0,10 1,33

Ipumeuanue — sxcuprovim wpugpmom oboznavenst 3uavumsie npu o = 0,05ko0s¢pduyuenmor mpenoa
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(1958-2001m0 ERA-40; 1926-200510 METEOpOIOTHIECKUM CTAHIIUSIM)

Ta6muma 9 —CpenHrie MHOTOJICTHHE U CE30HHBIC 3HaUYEHUS KO3(PPHUITMEHTOB JTMHEHHOTO TPEH 1a 10 aTMOC(EpHBIM OcaJKaM U pacueT {-CTaTUCTUKH

: = 5 3 5
5 |z 5 s | Z s | X s | & s

Haspanwue BOsI0c60pa u CED[ = E 5 é 5 E 5 é 5 é
METEOpPOJIOIHYECKUX CTAHIMI T = - o = - o = - o = - =

S5 | & 59 |E |8 |& |3 |& &Y |¢&

oE2 |2 = 2 = 2 = 2 = 2
Hyuns -1,5 -0,20 2,5 1,2 1,7 0,59 -1,8 -0,31 -4.( -1,09
[Tonyit 51 0,55 4,0 1,74 54 1,76 -1,2 -0,19 -2,9 -0[77
Hanemm 7,1 0,86 3,4 1,43 51 2,05 2,8 0,52 -4.5 -1,1%
ITyp 14,0 1,83 3,6 1,38 6,2 2,55 7,9 1,51 -4,0 -0,95
Ta3 20,1 2,80 49 1,69 7,6 3,20 8,6 2,31 -0,9 -0,21
Cesepnas CocbBa 16,8 2,43 0,8 0,43 5,6 1,82 9,7 2,32 0,3 0,08
Konna 22,8 2,52 5,8 2,54 6,1 2,21 6,9 1,11 3,5 1,05
Tasma 19,9 2,19 0,3 0,11 15 0,44 9,5 1,50 8,0 1,96
Typa 24,1 2,80 41 1,57 5,8 2,06 5,3 0,93 8,8 2,48
Hazeim 23,9 2,56 4.0 2,20 9,5 2,61 14,8 2,73 -5,0 -1,24
JIamun 16,2 1,63 47 2,31 9,9 2,80 7,3 1,23 -6,3 -1,51
Tpomberan 12,9 1,40 3,8 1,72 6,4 2,02 6,8 1,24 -4,7 -1,20
Bax 20,8 2,26 3,8 1,56 8,4 2,93 9,7 1,63 -1,7 -0,42
Bonbmoii IOrau 12,1 1,00 2,1 0,19 6,7 2,21 2,3 0,36 0,5 0,15
Teim 11,7 1,45 3,2 1,39 3,3 1,02 4.7 0,88 0,1 0,03
Bacroran -1,6 -0,21 3,1 1,27 -0,7 -0,26 -3,9 -0,[7 -0,6 0,1
OmMb -6,9 -0,91 2,6 1,14 -0,7 -0,31 -10,1 -1,76 0,7 00,2
obacts 3aMK. ctoka OBe-Hpretit. | g g 1,34 30 | 1,28 10| 040 52| 122 -02 -006
MEXKTypeubs
bepesoBo 19,8 3,91 6,4 5,25 54 2,92 2,1 0,58 45 1,81
bapabunck 4,3 1,27 4.3 4,54 0,9 0,71 -1,8 -0,66 1,1 0,8y

Ipumeuanue — sxcuprovim wpugpmom obozuavenvt 3uavumsie npu o = 0,05ko0s¢duyuenmor mpenoa



3.3.BpeMeHHas 3BMEHYUBOCTh OOBOTHEHHOCTH peUHBIX OacceitHoB 3anaaHo-Cubupckoi
PaBHHHBI 110 TaHHBIM cITyTHHKOBOM anbtumeTpun (TOPEX/Poseidon, ENVISAT)

B npenpinyniem pasaene Obl1 pacCMOTpPEH XapakTep U3MEHEHHUsI TeMIIepaTypbl BO3IyXa 1
aTMOC(EpPHBIX OCAIKOB, KOTOpPHIC MPHUBOJAT K M3MEHEHHUSIM B peKuMe 0O0BomHEHHOCTH. [lon
OOBOIHEHHOCTHIO MBI TIOHUMAaeM XapaKTePUCTUKY CTEICHU YBIAKHEHHUS KaKOW-THOO
TEPPUTOPHH, KOTOPYIO MOXKHO PAcCUUTATh KOJMYECTBEHHO IO METEOPOJIOTMYECKUM JTaHHBIM
(Mesennes, Kapnanenu, 1969) i, kak OyneT MOKa3aHO HIDKE, MPUMEHHTH CIYTHUKOBYIO
ATBTUMETPHIO. B MaHHOM pa3jiene paccMaTpuBaeTcsi BpeMEHHAs H3MEHYHBOCTh OOBOTHEHHOCTH
BOJI0COOPOB PEK IO TaHHBIM CITYTHUKOBBIX anbTMeTpoB TOPEX/Poseidom ENVISAT.

JInst XxapaKTepHCTHKH BPEMEHHOW M3MEHYHBOCTH OOBOJHEHHOCTH PEYHBIX BOZOCOOPOB
(m kak ee KpailHEro NPOSBICHUS — W3MEHYMBOCTH IUIOMIAZCH 3aTOIUICHUS BOJOW) Oyaem
paccMaTpuBaTh CMEHY CTENCHH MX OOBOJAHEHHOCTH 1) B KOHKPETHBIH CE30H OT Toja K TOmy
(MekrooBass M3MEHUHMBOCTB) WM 2) 1O Ce30HAM BHYTPH Troaa (Ce30HHAas W3MEHYHUBOCTD).
[Mocnennsss B menmoM coBmazaer ¢ ¢a3zaMu BOJHOTO pEXHMMa PEKH (IOJOBOIbE, MEKCHB,

MABOJIKH).

3.3.1.Pexxum 00BOJHEHHOCTH BOJ0COOPOB 1o HabmoaeHusM ciiytHuka TOPEX/Poseidon

Ha mepBom sTamne ObIIO ONpeneneHo MoporoBoe 3HadeHue KoddduuueHta oOpaTHOTO
paccesaust (KOP), ¢ moMompi0 KOTOPOTO YCTaHABIMBACTCS I'PAaHHIA MEXIy OOBOIHEHHOW U
HCOOBOJHCHHOM YacCThIO IUIOIIAAM Kaxaoro BogocOopa (tabm. 10). [lamee Oblia BBIMOJHCHA
Kinaccuukanms peyHbIX OacCCEHOB MO XapaKTepy MEXIoJoBOoro xoia Kod(duinuenrta
00BOJIHEHHOCTH U BBISIBIICHA CBSI3b MEX1Yy OOBOJHEHHOCTBIO U OCAJIKaMHU TEIUIOTO MEepruoa Jyis
psaa BOJocOOpOB.

3areM ompeaensulach BEIMYMHA W BPEMEHHAs M3MEHYHBOCTH ILUIONIA/ICHi OOBOIHEHHBIX
(3aTomusieMbIX W TEpeyBIAKHEHHBIX) TEPpUTOpHI 1O maHHBIM crnytHuka TOPEX/Poseidon
(1993-2001rr.). /15151 otieHKH 00BOTHEHHOCTH JTaHAIIA(TOB (BKJIIOYAIOLIMX PEKH, 03epa, 0010Ta)
AHAJTM3UPOBAIOCH 3HAYCHHUE OTPAXKEHHOTO CUTHANA, MM KOAI()(UIMEHT 00paTHOTO pacCesHus
(KOP), BeipaxkeHHOE B Aenubenax, METOAMKA MTPEACTaBICHA BO BTOPO#i IJIaBe AUCCEPTAIIHH.

OueBuaHO, uTo BenmnunHa Kop; M3MEHSETCSI BO BPEMEHH 10 CE30HaM T'ojia, a ISl Ka)XI0ro
Ce30Ha — W B MHOTOJIETHEM pa3pe3e, M OTPakaeT MPOCTPAHCTBEHHO-BPEMEHHYIO JWHAMHKY
YBIIQKHEHHOCTH  HCCIeAyeMON  Tepputopuu. Jlnsg  pasrpaHuueHuss OOBOJHEHHOH W
HEOOBOJHCHHOW TIOBEPXHOCTEH CIIEAyeT TMpeABAPUTEIBHO 3a1aTh IOPOTOBOE 3HAYCHHE

koa(durmenta obparHoro paccesius. [loporosoe 3Hauenne KOP 3apucut ot Tuna nanamadra,
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MO3TOMY B 0OIIEM ciy4yae JUisi KaJIOoro BoJocOopa cienyeT BbIOMpAaTh WHIUBUIAYaTbHOE
3HAUEHUE 3TOT0 KPUTEPUSL.

Janee mbl knaccuduuupoBain peku OacceitHa OOu 1Mo XapakTepy MEXI0J0BOrO X0Ja
MUHUMANIbHBIX KO3(PQHUIMEHTOB OOBOJHEHHOCTH B JIETHMH TEpUOJ, KOTOpas OTpakaeT
0COOEHHOCTH PEKHMMa YBIQXKHEHHOCTH PEYHBIX BOAOCOOPOB. ClielyeT OTMETUTh, YTO Mpodieme
paiioHHpOBaHUsI TeppUTOpUH 3amagHo-CuOUpCKOi paBHUHBI TOCBsIEHO MHOTO padoT (Ky3wuH,
baokun, 1979;3emioB, 2003).Hanpumep, knaccudukanus pex B.A. 3emiioa (2003)ocHoBana
Ha CXOJCTBE MHOTOJICTHEH W3MEHUYMBOCTH T'OJOBOTO M IMOMECSYHOIO CTOKa peK. B maHHOM
paboTre ObLIO OTMEYEHO, YTO MEXKIY BBIIEICHHBIMU KJIaCTEPaMU, WIU SJIpaMH, CYIIECTBYIOT
MIMPOKHE «HEHTPAIBHBIE» MOJIOCH C IEPEXOIHBIM PEKUMOM KOJIEOaHUH.

PajlionupoBanue TEppUTOPUM MOXKHO NPOU3BOAMTH HE TOJBKO HAa OCHOBE JIAHHBIX
HAOMIO/IEHUI Ha TUIPOJOTHMYECKHX IOCTaX, HO W C HCIOJb30BAHHEM METOJla CIYyTHUKOBOM
aNbTUMETPUHU. ABTOPOM JIMCCEPTALMOHHON pabOThl HA OCHOBE BU3YaJIbHOTO aHalu3a rpaduKoB
KoJieOaHWT MUHMMAJIBHOTO 32 JIeTOo K03 uireHTa 0OBOIHEHHOCTH BO BpeMeHH 3a 8 jer (puc.
24) BbIzIeNIeHbI YeThIpe Teorpaduueckux paiiona. [IepBoiii U3 HUX BKIIOYAET IICHTPAIBHYIO YacTh
OO6b-UpTeimickoro Mexaypeubs (Oacceitnbl pek Omb, Bactoran) u ero 0eccrounyio 00JacTh.
Bropoii paiion o0benuHsIeT peku 3aypaibsi u ceBepHOU dyacTu OOb-MPTHIIICKOTO MEXAypedbst
(6acceiinbl pex CeBepnas CockBa, Konna, TaBna, Typa u bonbimoii FOran). B aToii rpynme pek
BoieIsitoTest 2 moarpymmbl: a) CeBepras CocbBa, Konna, Tasna; 6) Typa u bosbmioit FOran. B
TpeTheM paiione okazamuch peku OOb-Enmceiickoro mexmypeubs (Oacceiinsl pek Bax, Tbim,
Kets). UerBepthiii paiion o0beaunser peku Cypryrckoro Ilomecss, a Takke peKd TEKyIIHE K
ceBepy ot Cubupckux YBanoB (bacceiinnl pek Hasbim, JIsmun, [Tum, Tpomberan, Kaseim, Tas,
[yp, HaneiM, Ilonyii). B nanHoit rpymmne Boyiensercs 4 moarpymnmsl BogocoopoB pek: a) Ilyp,
Hanpim, Kaseim; 6) Tlonyit, Tas; B) Tpomberan, ITum; r) JIasmun, Haseim. Tlpennoxennas HaMmu
KJIacCU(pUKaLUsg HCCIEAYEMBbIX BOJOCOOPOB IO CXOJCTBY MEXIOJOBOIO XOJa CE30HHOIO
ko3 dunreHTa 0OBOJHEHHOCTH JOCTATOYHO XOPOLIO coriacyercs ¢ kiaccupukanueil B.A.
3emioBa (2003). Ux cpaBHEeHUE MOKa3aJio, YTO COBMANAIOT PailOHBI HEHTPaIbHOW YacTu OOb-
Wpreimckoro Mexaypedbs (kpome BogocOopa pexku Bactoran), 3aypajibs U CEBEpHOW YacTh
O6w-Upthimickoro mexaypeubs, Cypryrckoro Ilomechss u pek, TEKymMX K Ce€BEpy OT
Cubupckux VYBasnoB. B mocnenneil rpymme HaMu mpejacTaBieHO Oojee MOApoOHOE AeTeHHe

BOJIOCOOPOB peK Ha MOArpyHmsl. [Ipumep rpynnmupoBKH BoJOCOOPOB MPEICTaBIEH Ha PUCYHKE
24.
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Ta6mmna 10 —Ce3oHHbIe 3HaUeHMsI KO3 duIeHTa 00BOAHEHHOCTH /sl BOocOopoB 1o nanHbM ciiytHHKa TOPEX/Poseidom ENVISAT

No Bonoc6opst ITnomanp Cpennee Cpennee yucno | Haumensmnit uz | IloporoBoe | Hanmenbmuii u3 | Iloporosoe OtHocuTeNbHAs MJIOIAAb MOCTOSIHHO
n/m pex BOJIOCOOpA, YHUCIIO HaOIIOICHU I netaux K, Mo 3HayeHue | JeTHUX K,g, M0 3nayenne KOP | yBiaHEHHBIX 3eMelb Ha
kM2 HabroaeHnii | 35-qHEBHOrO JIAHHBIM KOP (ub) | manubM (nB) BojocOopuoi miomanu (f,,+f;), %
10-mreBHOrO | mHKIa Ngpg T/P, % (T/P) ENVISAT, % (ENVISAT) CrpaBoYHUK Kapra
mukia Nops (ENVISAT) «Pecypcel...» PacTUTENBHOCTH
(TIP)
1 2 3 4 5 6 7 8 9 10 11
1 | Myuss 11 830 - 1261 - - 11 27 10 -
2 | Hagpim 64 000 407 7 288 65 25 56 20 49 55
3 | Oyp 112 000 628 13 906 74 25 50 21 - 52
4 | Ta3 150 000 753 18 509 44 25 31 21 - 31
5 | Honyit 21 000 173 2476 40 25 31 20 - 32
6 | [um 12 700 49 1469 97 25 83 19 82 -
7 | Hasemm 15 200 47 1125 29 25 30 17 31 -
8 | Jlsamun 15 900 56 1 966 88 25 71 20 73 -
9 | Bax 76 700 261 8 750 46 25 47 17 47 -
10 | Tpomberan 55 600 209 6 198 90 25 63 22 62 -
11 | Kazemm 35 600 156 3595 39 25 29 21 30 -
12 | Teim 32 300 101 3268 29 25 21 19 22 -
13 | CeBepnas 91 150 299 7161 24 21 25 15 24 -
CochBa
14 | Konna 72 800 218 7 248 54 21 34 15 53 -
15 | Bacroran 61 800 161 5963 34 20 30 15 33 -
16 | Bospioit 34 700 91 3408 32 20 31 15 35 -
Oraun
17 | Ketn 94 200 248 8 515 39 21 31 15 - -
18 | O6nactp 115 500 229 9824 22 21 20 15 - -
BHYTPCHHETO
CTOKa O0b-
HpTslickoro
MEXIIypeubs
19 | Oms 52 600 124 5 892 50 15 17 15 55 -
20 | TaBna 88 100 194 6 457 35 15 18 15 49
21 | Typa 80 400 185 5853 35 15 16 15 - -

Ipumeuanue: f,, — o3epHOCTD, f; —3a0010UEHHOCTD
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B nmccepranmoHHO# paboTe paccMaTpuBaeTCS TaKKe HM3MEHYHMBOCTh aTMOC(EpHBIX
OCaJIKOB MO JaHHBIM MojieiabHOTO peaHanm3a ERA-40 m uX cornacoBaHHOCTh C JIAHHBIMH
anmpTMeTpa TOPEX/Poseidon.Jlpu paccMOTpeHMM CyMM OCaIKOB 3a XOJIOAHBIA (IexkaOpb-
¢deBpasp) mepuox OBUIO BBISBICHO HMX 3HAYMMOE YMEHBIICGHHWE Ha BojaocOope peku Taz u
yBenudeHHue Ha BojocOope peku Typa. 3HAUMMBIH TIOJOKHTEIBHBIA TPEHII OCAIKOB TEIJIOTO
(uroHB-CEHTAOPH) Meproaa HabIr0IasIC TOJIBKO Ha BogocOope peku Bax.

BbIsiBIIEHBI TPYIIITBI BOAOCOOPOB, ISl KOTOPBIX MEXKI0I0Basi K3MECHUYMBOCTh MHHUMAJIBHOM
O0OBOJTHEHHOCTH 3@ JIETO XOPOIIO COTJIaCyeTCs ¢ CyMMO# JIETHHX aTMOC(EpHBIX ocaakoB (puc. 1.
npuit. 3). B kaxmoii rpyrme BogocOOpOB MOKHO OTMETHUTh MaJIOBOJHBIC U MHOTOBOJIHBIC TPYIIITBI
net. Hampumep, B mepBoil rpymnme MakCUMyM 3HaueHuWid Habmomancs B 1996 romy mist Bcex
BOJ0COOpPOB, a B Tpethelt rpymme —B 2001r. ¢ Mmuaumymom B 1994r. Ha BogocOope pexku Bax. B
4yeTBepToil rpynme Obuio oTMeueHo 3 BojpocOopa pek: Ilomyit ¢ makcumymom B 1996 r. mn
MuHEMYMOM B 1994r., JIsmun ¢ makcumymom B 2000r. u Tpomberan ¢ makcumymoMm B 2001T.
HecMoTpst Ha GOJIBIIIYIO MEKTOJOBYIO M3MEHUMBOCTh KOd(huimeHTa 0OBOAHEHHOCTH U KOPOTKHI
nepuos HaOmoaeHuid (8 jer) ymanoch yCTaHOBUTH, YTO CO BPEMEHEM HAOJIOACTCS 3HAUYMMOE
YMEHbIIIEHHE 0OBOIHEHHOCTH B 00JIaCTH BHYTpeHHEro croka OO0b-MpTHIICKOTO MEXIypeubsi U Ha
BogocOope pekr OMb. OHAKO 3HAYMMOTO YMEHBIIICHHUS OCAKOB HA JaHHBIX BOJOCOOpax HaMU HE
OBLJIO YCTAHOBJICHO.

JInst BBISBJICHHUST CTATUCTHYECKOW 3aBHCUMOCTH MEXKIY MHUHUMAIBHOW OOBOTHEHHOCTHIO
BHYTpU JIETHETO IMEpPHOJIa M CYMMOH OCAaJKOB JIETHETO IEPHOJa BBIYMCICHBI KOA((UIIUEHTHI
MapHOW IJMHEHHOW KOppeNlslUd M WX CTaHJapTHBIE TOTPEIIHOCTH Ha BCEX MCCIEAYEMbIX
BojocOOpax. bBIIO BBISIBICHO HECKONIBKO BOAOCOOPOB €O 3HAYMMBIMH KO3 (UIIMEHTAMHU
KOppeysuy 1pH 3agaHHoM ypoBHe 3HaumMmoctH o = 0,05:Ces. CocwBa (fyy = 0,79) Teim (Iyy=
0,90), Omb (rvy = 0,93), Bactoran (ryy = 0,73), ITonyit (frxy = 0,77). Takum o0pa3om, MOXKHO
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MPEINOI0KHUTh, YTO OOBOAHEHHOCTh TEPPUTOPUM B CYHIECTBEHHOW MEpe 3aBUCUT OT CYMMBI
0CaJIKOB JIETHEr0 NEPUOAA.

BesiBieHHast CBsI3b MEXJy OOBOAHEHHOCTBIO M OCAaJKaMHU TEIJIOro INepuojaa i psjaa
BOJI0COOPOB CBHJCTEILCTBYET 0 PENpe3eHMAMuGHOCIU OAHHBIX albmumempuu i1 OLEHKU
OOBOJTHEHHOCTH M €€ MEXI0/J0BOW M3MEHUYMBOCTU. JlaHHBIE CIYTHHUKOBOTO aJbTHMETpPa
TOPEX/Poseidorsa 8-netHuii nepuos HaONIOJCHUI HE TO3BOJIMIIM BBISIBUTH 3HAYMMBIC TPEH/IbI
BCJIEJICTBHE MaJlol IMHBI psAfga. MckimoueHue cocTaBisfoT BojpocOop peku OMb U 06iacTh
BHyTpeHHEro cTtoka O0b-HpThimickoro mexaypeuss. Onnako B padore O.C. JlurBunosoii (2011)
Ha Tepputopun OOb-MPTHILICKOTO MeXAypeubss HE OBbLJIO BBISBIEHO 3HAYMMOIO TpPEHAA B
KoJIe0aHMAX TOJOBOM CyMMbI ocaakoB 3a nocieanue 70 jer. BeposTHO, 3TO CBsSI3aHO C JUIMHOU
BPEMEHHOTO PAJa, a TAKXKE C Pa3HbIM MOJIXOJ0M B U3MEPEHUHU PEeKUMa YBIAXHEHUS TEPPUTOPHH.
Ho MOXHO mpennosokuTh, 4TO U B JajdbHeHmeM OyAeT MPOMCXOJUTh MHOIOJIETHEE M3MEHEHHE
00BOJTHEHHOCTH TEPPUTOPHIA.

B cnenyromem pasnene nuccepranuu OyayT MPeaCTaBICHBI MAaTepHalIbl 10 00BOIHEHHOCTH

TEPPUTOPHUH C HCTIOTH30BaHUEM JaHHBIX ciyTHHKAa ENVISAT.

3.3.2.Knaccudukanus BogocO0pOB IO XapakTepy MEXI0oJOBOT0 xo1a Ko dunmenra
00BoTHEHHOCTH 110 aHHbIM ciiyTHHKAa ENVISAT

Asropsr Zakharova et al. (2009 cBoeii pabore, B KOTOpOW aBTOp JUCCEpPTALAU
NpUHUMAJIa HEMOCPEJACTBEHHOE Yy4acThe, OICHWIM BEIUYMHY W HM3MEHUMBOCTH IUIOINAIH
3aTOIUISIEMBIX M TEPEYBIAXHEHHBIX TeppuTOopuii B OacceiiHax pek [lomyit, Haneim, Ilyp u Ta3
(TTHIIT) (puc. 25).B nannoit paboTe ObLTO UCIOIB30BAHO HEM3MEHHOE MOoporoBoe 3HaueHue KOP,

paBnoe 20 nb.

Pucynok 25 —Cnytaukooe nokpsitue Tpaccamu ENVISAT Bogoc6opos ITHIIT
(Zhakharova et al., 2009)
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[lonmyyeHHble pe3ynbTaThl MPEACTABICHBI TpadUuecKu Ha pUCYHKE 26, oTpakaroliem
BPEMEHHYI0O U3MEHUMBOCTh 00BogHeHHOCTH BogocOopoB ITHIIT mo ce3onam, koTopas eXerogHo
XapaKkTepu3yercs ABYyMsl MaKCUMyMaMHU: BECEHHHUM U OCEHHHUM, C MUHUMYMOM MEXAY HHUMH.
3UMOI TEpPUTOPUS TOKPHITA CHEXHBIM IOKPOBOM, M Ko3(pduiMeHT paBeH Hymi0. IlepBbrit
MaKCHUMYM CBSI3aH C BECEHHHUM IOJIOBOJIbEM, KOTOPOE HACTYMAeT OOBIYHO B MIOHE, CO 3HAYCHHEM
koddunrenta ooBogHeHHOCTH 10 85% mist Bcex pek, kpome Taza (1o 66%). bonee Huskwmii
IPOIEHT OOBOJHEHHOCTH, BEPOSTHO, OOBSACHSACTCA OOJiee pacuieHEHHbIM penbedoM B Ipeaenax
Ta30BCKOI BO3BBIILIEHHOCTH, TJI€ YCIOBUS JPEHUPOBaHUS OoJiee OJIaronpHsITHHI.

Bropoii MakcuMyM NpUypoYeH K OCEHHHUM IaBOJIKaM, HaOII0JaeMbIM B CEHTSIOpE, TakkKe C
BBICOKMMH 3HaueHUsIMH Kod(dduimenta o6BogHeHHOCTH — 10 81% mns Hapeima, 79% nns I[lypa,
56% nns Ilomys u 52% g Taza. CrnenyeT OTMETUTh, YTO BECEHHHMH U JIETHE-OCEHHUH MepHOIbI
XapaKTepU3YIOTCsl MOYTH OJMHAKOBO BBICOKMMHU 3HAYEHUSAMHU Ko3(]duimreHnta oOBOAHEHHOCTH,
XOT BOJHOCTb PEK CYIIECTBEHHO HHUXE B MEpPUOJ JIETHE-OCEHHUX IaBOJAKOB IO CPABHEHHIO C
MOJIOBOABEM. DTO CBSI3aHO C TE€M, YTO AK€ HE3HAUMTEIbHOE IMOBBIIICHHWE PA3HOCTU OCAAKOB U
UCTHapeHHusi Ha BOJOCOOPHOH IJIOMIAaM BEAET K CYHIECTBEHHOMY OOBOJHEHHIO TOBEPXHOCTH U
YBEJIMUYEHUIO BIQXKHOCTH MOYBBHI.

JleTHuit MUHUMYM 711 BCEX peK HaOIIOAaeTcs B aBryCTE€ CO 3HAYCHUSIMH KO3 uiueHTa
ob6BogaenHoctn 35% mns [omys, 68% ans Haneima, 70% must [lypa u 42% nns Taza. Takum
o0pa3oM, CIyTHUKOBas aJbTHUMETPHUs Jajla BO3MOXKHOCTH OLIEHUTHh BEIMYMHY M HM3MEHUYHBOCTh
IJIOMIAN 3aTOIUIIEMBIX W TEpeyBIaXHEHHBIX Tepputopuii Ha BomocOopax ITHIIT. Cezonnas
M3MEHYMBOCTh O0BOJHEHHOCTH BapbupyeT B npenenax 20% mns [lypa, Haneima, Taza u 40% niis
[Tonmys. YacTh BOABI pacxomyeTcs B BHUJIEC IOBEPXHOCTHOIO M IOA3EMHOTO CTOKa, a 4YacThb
ucnapsiercs. IloTenenue kIumMara MOXeT YCHINTh HHTEHCUBHOCTh 3TUX IPOIIECCOB.

Jlanee Hamu BBIMOJHEHA Kiaaccuukaius 21 BogocOopa Ha OCHOBE CE30HHOTO (BHYTPH
roaa) xojaa kodddunrenta o6BoJHEHHOCTH 10 moporoBomy 3HaueHuio 20 nb (Zakharova et al.,
2009). B pesynbraTe aHanm3a BBIICICHO 3 TPYIIBI BOJOCOOPOB MO MEKIOJOBOH M CE30HHOU
u3MeHunBOCTH. [lepBas rpymmna npeacraBieHa Bo1ocOOpamMy CeBEPHOM U LieHTpanbHOM yactu O0b-
HpThimickoro Mexaypedbs U ee 0€CCTOYHON 00J1acThIO, a TaK)Ke peKaMu 3aypaiibsi. Bropas rpymma
BKTIO4aeT B cebst pexu Cypryrckoro [lonecks u Bogocbop pexu l{yubs. B TpeTbio rpymimy Bounuim
yacth pek Cyrpyrckoro Ilonechst U peku ceBepHOil yactu 3amagHo-CuOMPCKON paBHUHBI (Ta0I.

11).'paduuecku kinaccupukaims BOJOCOOPOB PeK MpeACTaBlieHa Ha pUCyHKe 1 nmpuioxenus 4.
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Ta6muma 11 —['pynmer BomocOOpOB 110 CE30HHOM U3MEHYMBOCTH 10 JaHHbIM ciiyTHHKAa ENVISAT
(Zakharova et al., 2009)

['pynmbl ¥ XapakTepHCTUKA BOJOCOOPOB IO CE30HHOM M3MEHYMBOCTH

|. Huzkoe NpomomKUTENIBHOE IOJIOBOARE C 1 MUKOM M XOPOUIO BBIPAKECHHBIM
JETHUM MUHUMYMOM: 00JIacTh BHYTpeHHETO cToKa OO0b-MPTHINICKOTO MEXTypedbs,
Owmpb, TaBna, CeBepnas CocbBa, Typa, Bacroras.

la. Huzkoe npomonKUTENbHOE TOJIOBOABE ¢ 2-MsI MUKAMH M XOPOIIO BBIPAKEHHBIM
setHuM MuHUMYMOM: KeTb, ThiM, bonbmioi FOran n Konpa.

[I.  BpicOkO€ MPOAOIKUTEIHLHOE TIOJOBOABE C HE3HAYUTEIBHBIM  JICTHUM
MuHUMYMOM: Tpomsberan, [Ium, JIsmun, Hazeiv, [lyubs

[ll. Cpennee mpoAOIKUTEIBHOE ITOJOBOIBE C 2-MsI MUKAMHU U XOPOIIIO BBIPAKECHHBIM
netHuM MuHumyMmoM:, Bax, Kazeim, Ta3z, [onyii, [lyp, Haasim

a) g
z ~ 100 Hagbim (Y4epHbii)
ga'g | Myp (cepbim)
2o
= g - 80 Monyw (4epHblit
s o | C KpecTukamm)
%) ’g
Q
E E ~ 60 | Ta3 (4epHbIi C ToUKaMu)
aga
EE
25
s x
Bw [ 40
=
ey
38 20
=
Exel
SE
80
54 o
o
b)

5000 —

4000 —
3000 :
2000 :
1000 A’\ J\/"\ Myp (cepbiv)
] Hapbim (YepHbilit)
T T T T T T

[ I 1
2002 2003 2004 2005 2006 2007 2008 2009

(m3/c)

CYTOYHbIIN pacxoq,

Myp (cepbiit) n HagbiM (4epHbIit)

Pucynok 26 — Bpemennas u3MeHYMBOCTH (a) KoddduuueHTa 0OBOTHECHHOCTH (KOJHYECTBO
u3MepeHuit anpTuMerpudeckoro cnyriuka ENVISAT, knaccuduumupoBanHbeix Kak Boaa, B % or
obirero KojuuecTBa m3MepeHuit B Oacceitne) (6) rumporpadsr croka pex Ilyp B CamOypre u
Hazxsiv B Hameive (M%/c) (Zhakharova et al., 2009)

IToporoBoe 3nauenne KOP 3aBucur or tuma nanamadra v, Kak OTMEYEHO BBIIIE, IS
Kax10ro BojocOopa mno naHHbiM cnyTHuka ENVISAT Mbl BeIOMpanu MHIMBUAYAIbHOE 3HAYCHUE
aToro Kkputepusa. llomydeHHble pe3yabTaThl KiIacCHPUKAIMK  BOAOCOOPOB  Tpaduuecku
IIPEJCTABICHBI HA pUCYHKe 27.B pe3ynbTare NpoBEACHHOI0 HAMU aHAJIN3a OBLIO TaKXkKe BBIIACICHO
YyeThlpe Treorpauueckux paiioHa, KOTOpble B IEJIOM COBIANAIOT C pailoHaMH, BBIAEICHHBIE I10

nanHbiM cnytHuka TOPEX/PoseidonllepBeiii 3 HuX BKIOYAaeT LEHTpalbHYI uacth OOb-
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Hpreiickoro mexaypeubsi (0accelinsl pek Omb, Bactoran, Bonbmoit HOran) u ero 6eccrounyro
obnactb, Oacceiin pexku Kerp m HaseimM. B nmaHHO# rpymme BbIACHSIOTCS 2 MOATPYIIBI PEK: a)
Haszeim, bombmioii lOran, Bacioran, Omb u Keth, 0) ob6macte BHyTpeHHero croka OOb-
HpTteimickoro mexaypeubsi U OacceitH peku Omb. BTopoit pailoH oO0benMHSET pEeKu 3aypaybs
(6acceiinbl pex CeBepHas CocbBa, Konna, Tasna, Typa). B 3T0ii rpymme pek BBIISISIOTCS TaKKe 2
noarpymmsl: a) Cesepnast CocbBa, Konma; 0) Typa u TaBma. B Tperbem palioHe OKa3aluch peKH
O6p—EHnuceiickoro mexaypeuss (bacceitabl pex Bax u TeiM). UeTBepThlil pailoH 00bEANHICT PEKH
Cypryrckoro ITomechs, a Takke peku Tekyiiue K ceBepy oT Cubupckux YBajaoB (0acceiHbI pek
Haszpim, Jlsmun, Ilum, Tpomsberan, Kasemm, Tas, Ilyp, Hageim, Ilomyit). B mannoi# rpymme
BbIJIENIICTCS. 3 MOATPYIIbI BogocOopoB pek: a) HamsiM, KaswiMm, ITomnyii; 6) Ta3, [Typ, Tpomsberas,
[Tum, JIssmun; 1) Taz u Hlydsbs.

Jlanee Hamu ObLT IPOBEACH aHAU3 MEKIOJ0BOM M3MEHYMBOCTH ILIOMIACH 3aTOMISIEMBIX U
MePEYBIAXHEHHBIX TEPPUTOPUI IO MEKTOTIOBBIM (II0 MHUHUMAIILHBIM 3a JICTO) 3HAYCHHSIM CTCIICHH
ooBoguenHoctu 3a nepuox ¢ 2003mo 2008rr. (puc. 28). B kaxmoii rpymnme BogocOOpPOB MOKHO
OTMETHTh MAaJIOBOAHBIE W MHOTOBOJHBIC T'PYMIbBI JeT. B mepBoi rpymnme MakcUMyM 3HadYeHUH
Habmonancs B 2007 rony Ha BomocOopax pexk Haszeim, Omb, Bonsmoi FOran, B8 2008 rogy nHa
BogocOopax pek Kerw, Bactoran m o6mactu BHyTpeHHET0 cToka OOb-MPTHIICKOTO MEXTypeubs.
MuHUMyM 3HAa4YCHW B JAHHOW TPYIIE MOXHO OTMETUThH sl BogocOopoB pexk HazeiMm, Kets,
Bbonpmoit FOran, Bactoran B 2003 rony u B 2006 roxy Ha BomocObope pexku Omb u obnactu
BHyTpeHHero croka OOb-HpThinickoro Mexaypeubs. Bo BTOpo# Tpyrie MakCUMyM 3Ha4eHHI
Habmonancs B 2006r. Ha BogocOopax pexk CeepHast CocbBa, Konma u B 2008r. Ha BogmocOopax
pex Tasna, Typa u munumymom B 2004 rony Ha Bcex BomocOopax NaHHOM Tpymmbl pek. TpeTbs
rpynmna pex Teim u Bax xapakrepuzoBanuch makcumymoM B 2008 rony m munumymom B 2003
rony. B gerBeproit rpynmne pex makcumyMm 3HaueHui B 2006romy Obut oTMeueH misa pexk Hampivm,
Kazbim, [Tonyit u lyusst u B8 2008roxy mis pek [Tum, JIamun, Tpomberan, [Typ u Taz. Muaumym
3nayeHuit B 2003rony ormeuancs ans pek Hagpim, Kaseim, Tpomberan u llyuss, B 2004roxy ans
pex IIum, JIsmun, B 2005rony mist pek [lyp u Taz u B 2006roay tonbko aist pexu [lomyid.

HecMoTpst Ha OOJIBIIYI0O MEXIOJIOBYI0 H3MEHYHMBOCTh KOI(P(HUIIMEHTa OOBOIHEHHOCTH
(MHHUMAILHOTO JIETHETO) M KOPOTKUM Tepuoj HabmoaeHui (5 J1eT) yaanoch yCTaHOBUTH, YTO CO
BpEMEHEM HaOJII0J1acTCsl yBEIUYCHUE OOBOJHEHHOCTH B KaXJOM Teorpaduueckom paiione: 1) Ha

BojiocOopax pek Bactoran u Kets, 2) Typa u TaBna, 3) Teim, 4) [Tum u JIssmun (puc. 28).
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[Iponomxenue pucynka 27
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Jannbie pucyHka 28 TpeACTaBISAIOT 3HAYCHHUS KOA(DQPUIIMEHTOB JIMHEHHOTO TpEeHAA H
0OBOJTHEHHOCTH C HaAWOOJBIIUMHU 3HAaYeHUsSIMH B OacceliHax pek JlsmuH, Bacioran um TeiM.
bacceitnpl pex Jlamuu u IluM pacrnomararorcss B 30HE Pa3BUTHSL TEPMOKAPCTOBBIX IPOLIECCOB
TOJIbKO Ha TopdsiHukax (3oHa 4) (cM. puc. 5,ri. 1). B padote Grippa et al. (2007)bu1a BbIsiBICHA
B3aUMOCBSI3b MEXY CTOKOM M OCaJIKaMH U MPOIICHTHBIM COJIEpKaHUEeM OTKpPbITOH BojbI (Fraction
Water Surfacejio nanabim paguomerpa SSM/I Ha pa3sHbIX TECTOBBIX ydacTKax: pailOH OCTPOBHOM
mHorousieTHelt mep3notel (Cypryrckoe [loneche), ocraTounoii MHOTONIETHEH Mep3noTsl (Cubupckue
VBaibl) U paiioH CBOOOIHBIA OT MHOTOJIETHEH Mep3noThl (paiion XanTe-Mancuiicka) (1988-2002
IT.). AHaJIM3 JaHHBIX 10 MPOIEHTHOMY COAEPIKaHUIO OTKPBITONH BOABI B paiioHe Cypryrckoro
[Toneckss He BBISBWII 3HAUUMOTO yBENWYEeHHs OOBOAHEHHOCTH. OJHAKO 3HAUYMMBIN TpeHn ObLI
oOHapy>KeH B paiioHe XaHThI-MaHCHiicKa.

[Ipu cpaBHEHMHM CIYTHUKOBBIX JAaHHBIX C TUAPOrpadUYecKUMU HaMu OBLIO YCTaHOBJICHO,
YTO pa3HMIA MO OOBOJHEHHOCTH B MPOIIEHTAaX B CpeIHEM BapbupyeT B mpenenax 1-28% mis
cnytaukoB TOPEX/Poseidom 1-9% mns ENVISAT (uckimtoucHreM SBISIOTCS TOJBKO BOI0COOPHI
pek Omp u TaBma) (cm. Tabmn. 10). Camas Oosbinas pasHUIlA B OOBOJHCHHOCTH MEXKIY
TOPEX/Poseidori runporpaduuecKiMy JaHHBIMH BBISBJICHA B OCHOBHOM Ha BOJOCOOpax pek
Cypryrckoro Ilonechs u pek, Tekymmx K ceBepy or Cubupckux YBanos. B pabore Papa et. al
(2006) orMeuanock, 9TO BBICOKAs CTEMEHb OOBOJHEHHOCTH CEBEPHBIX BOJOCOOPOB IO CITyTHUKY
TOPEX/PoseidonmoskeT ObITh BbI3BaHA OCOOCHHOCTSIMH PabOYMX XapaKTEPUCTUK CITyTHHUKA.
ABTOpBI JTaHHOH paboTHI MCCIEI0BAIM OOBOHEHHOCTh BOAHO-OOJOTHBIX YTOAMN HA MEXKIYypedbe
O6u u Ilypa no cnyrauky TOPEX/Poseidonbsiio BBISBICHO, YTO CTENMEHb OOBOAHEHHOCTH Ha
JAHHOM TEPPUTOPUM HA KaXKIBIH MUKCEI, pa3Mep KOTOPOTO cocTaBisieT 773 KM%, Guska k 100%.
Jlpyroi MpUYMHON BBHICOKOH CTETIEHW 0OBOJAHEHHOCTH, PUKCHUPYEMON TaHHBIM CITyTHUKOM, MOXET
OBITh WCIOJI30BAaHUE OKEAaHCKOTO PeTpIKKepa (0Cean),KoTOopklid, BEPOSITHO, 3aBhIIIACT 3HAUCHHS

CHUT'HaJ1a.

107



B otnmume ot ciiyriuka TOPEX/Poseidons nporpamme ENVISAT ucnonb3yercs apyroi
perpakkep (Ice-2), anroputM, KOTOpPOTO OCHOBaH Ha MOJyYeHHH (HOPMBI BOJHBI IS
KOHTUHEHTAJbHBIX THUIIOB IOBEPXHOCTH, YTO TO3BOJIAET TOJy4yaTh Oojee JOCTOBEPHYIO
nHpopManuio o JaHamadTax, HampuMep, 0 CTEIIEHU 00BOTHEHHOCTH TEPPUTOPHIA.

HecmoTpst Ha KOPOTKYIO JUIMHY psifa 1Mo AaHHbIM oOoux cnytHHKOB (5 u 8 ner), ynanocs
YCTAaHOBUTH, YTO TMPOUCXOJUT YMEHBIICHHE OOBOJAHEHHOCTH IO JAHHBIM CIyTHUKA
TOPEX/Poseidoma BogocOopax peku OMb u B 00aacTi BHyTpeHHEero croka O0b-HpThIiickoro
MEXIypeubs. YBenuueHue ke ooBogHeHHOCTH 3a mepuon ¢ 2003 mo 2008 rr. mpoucxoaut Ha
BogocOopax pek Jlsmun, ITum, Bactoran, Kers, Teim, Typa u TaBna. [IpuHumas Bo BHUMaHHE
[UKIUYHOCTh THJIPOMETEOPOJIOTUYECKUX TPOIECCOB, Jaliee MOXKHO OXHUIATh CTONb JKE
KpaTKOBPEMEHHOE TOHIDKEHHUE OOBOAHEHHOCTH. [IpM 3TOM MOXHO MPEANONIOKHUTH, YTO Oyaer
MPOUCXOJUTh U JIOJTOBPEMEHHOE HaIpaBlIEHHOE W3MEHEHHE OOBOJHEHHOCTH TEPPUTOPHIl.
bynymue uccnenoBanusi JaHHON MPOOIEMBbI MOTYT OBITH MPOJOJIKEHBI C HCIOIb30BAaHUEM HOBBIX

[IpOrpaMM CIIyTHUKOBOH aJIbTUMETPHH.
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Pucynox 28 — MexrogoBasi M3MEHYMBOCTh OOBOJHEHHOCTH OacceitHOB pek Bacroran, Kets,

Tasna, Typa, Teim, [Tum, JIssmun (oKa3aHbl TOJIBKO T€ BOJAOCOOPHI PEK, HA KOTOPBIX HAOIIOAACTCS
BUIMMOC YBEIIMYEHNE OOBOJHCHHOCTH)
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3akaroueHue
OcCHOBHBIE BBIBOJIBI M PE3YJIbTATHI pa0OTHI CIACAYIOIIHE:

1. Tlo naHHBIM METEOCTAHLIMM U peaHaIn3a UCCieq0BaHa TUHAMUKA U3MEHEHUN TeMIepaTypbl
BO3[lyXa M CyMM aTMOC(EpHBIX OCAJKOB B OacceiiHax peK, MPOTEKAIONIUX B Pa3HBIX
TUIPOJIOTO-KJIMMAaTUYECKUX M OOJIOTHBIX 30HaX. AHAJIN3 JaHHBIX 110 FOJI0BOM TemImepaType
Bo3ayxa (1958-2001rr.) mokasain, 4ro HambOoJlee CHIIBHOE MOTEIUIEHHWE HaAOJI0IaeTcs B
CEeBEPHOI YacTH paBHMHBI HAa BoxocGopax pex Hamsiv u Ta3 (0,37C/10 ner), a 3Haunmoe
YBEIIMYEHUE CYMM aTMOC(EPHBIX OCaJIKOB HaOmogaeTcs B 3aypaibe U Ha BOJ0OcOOpax pek
ITyp, Ta3, Haseim u Bax. TeHaeHuMs K YyBEIMUEHHIO CYMM aTMOC(EpPHBIX OCaIKOB
HaOII0JAeTCsl TI0 BCEM TEPPUTOPHH PaBHUHBI, KpoMe BOa0cOOpoB pek Bacroran m Owp,
KOTOpBIE XapaKTepU3YIOTCS OTPULIATEIbHBIMU 3HAKaMHU TPEHOB.

2. AHanu3 CE30HHBIX M3MEHEHHH TeMIlepaTypbl BO3/yXa U aTMOC(EPHBIX OCAIKOB BBHISBUII
cleayroniee:

* 3HAYMMOE YBEIIMYCHHE TEMIIepaTyp BO3JyXa HaOIIOJAaeTCs B BECHOW c Hamboiee
CHJIbHBIM TIOTEIUIEHHEM Ha CEBEpE paBHUHBI, a Tak)Ke Ha cTaniuu bapadbunck (0,40—
0,84C/10 ner);

* 3HAUMMOE YBEJIMYEHHE CYMM aTMOC(EpHBIX OCaJKOB HaOI0JaeTcs B 3UMHUH,
BECEHHUI M JIETHUM ce30Hbl. OJHAaKO B BECEHHHUI CE30H 3HAYMMOE YBEIUYCHHUE
ocaikoB  HaOmomaercs Ha  OONBIIMHCTBE  BOJOCOOPOB  pEK  paBHUHBI,
PAacIIONIOKEHHBIX B KaXKI0H TUAPOIOro-KIMMAaTHUECKON U O0JIOTHOM 30HE.

3. V3meHeHus TemmepaTypbl Bo3Ayxa M aTMOC(HEpPHBIX OCAJIKOB NMPUBOAAT K U3MEHEHUIO B
pexxuMe OOBOJHEHHOCTH TEPPUTOPHH, KOTOpPOE OBLJIO OIIEHEHO C IOMOIIBI0 METOoja
CIIyTHUKOBOHN albTHUMETPUHU. DTOT METOJ MO3BOJIMJ OIICHUTh BEIMYMHY U MEKTOJIOBYIO U
CE30HHYIO0 U3MEHYMBOCTH 0OBOJHEHHOCTH BOA0COOPOB pek O6ckoro Oacceiina.

4. Jlns OIEHKHM MHOTOJICTHUX W3MEHEHMH Kod(dduimeHTa OOBOIHEHHOCTH HCCIEAYEMbBIX
BOJOCOOPOB B JIETHUI CE30H M €€ M3MEHEHHs MO Ce30HaM BHYTPU IoJla OIpPEIEICHO
noporoBoe 3HaueHue KOP s kaxmoro BomocOopa mo crnyrHukam | OPEX/Poseidom
ENVISAT.

5. Ilo manubiM cnytauka TOPEX/Poseidompenioxena kiaccupuKaus peuHbix 0acCelHOB
0 XapakTepy MEXT0JI0BOT0 X0Ja MUHUMAJIBLHOTO JIETHETO KOA(duIneHTa 00BOIHEHHOCTH,
a TaKKe BBIIENIEHO 4YeThipe reorpadguueckux paiioHa. [lanHas knaccudukanuss Xopoiio
coryiacyercs ¢ Kiaccupukanuen mo CXoICTBY TUHAMHUKHU KOoleOaHul CTOKa PeK.

6. BolssBneHBI BOAOCOOPHI, I KOTOPHIX MEXKIOJ0Bas M3MEHYHMBOCTH OOBOJHEHHOCTH TIO
nanHbiM  criytHuka TOPEX/Poseidon xopomio  cormacyercss ¢ CyMMOW — JICTHHX

aTMocdepHBIX 0cankoB o peaHanu3y 3a 1993-2001rr.
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7. YcraHoBleHO, 4YTO 3a 8-IeTHWM TmepuoJ HaOIIOJaeTcs 3HAYMMOE YMEHBIICHHE
ooBoguenHoctu (TOPEX/Poseidon)s ob6nactu BHyTpeHHero croka OOb-MpThImckoro
MeXaypeubs U Ha BogocOope pekr OMb.

8. C wucnonb3oBanueM naHHbiXx cnyrHuka ENVISAT Owima mpoBeneHa kiaccudukamus
BOJOCOOPOB TIO XapakTepy MEXKIOJOBOIO M BHYTPUTOAOBOTO xonaa kodddummenra
O00BOJTHEHHOCTH. Bplienensl Taxxke 4 paiioHa, KOTOpble B IIEJIOM COBIAIM C pailoHamH,
ompeieNieHHbIMU 110 JaHHbIM crnyTHuka TOPEX/PoseidonyYsenuueHne 0OBOJHEHHOCTH
Obl10  OOHapykeHO Ha BojgocOopax pek 3aypanbs, Cypryrckoro Ilomeces, OO0b-
Enucetickoro Mmexxaypeubs, a Takke Ha Bojjocoope peku Bacroras.

B wesoM npoBegeHHbIe HCCIAEIOBAHMS TMOKA3AJIU PENPEe3eHTATUHBHOCTb JTAHHBIX
CIIYyTHUKOBOW AaJbTHMETPUM B OTHOLIEHHUM OLEHKH CTeNeHW OOBOJHEHHOCTH PEYHBIX
BO10COOPOB H ee MPOCTPAHCTBEHHO-BPEMEHHOIl H3MEHYMBOCTH.

IlepcniekTUBBI AajbHEeHINMX HccaedoBaHuil. JlanpHelmue wuccienoBaHus OyayT
HampaBlIeHBl Ha YyTOYHEHHE TMOporoBbix 3HaueHuid KOP mns  paspenenuss nanamadTos,
OTIUYAIOIINXCS Pa3HON CTETICHbI0 0OBOAHEHHOCTH W MOATOIUICHHUS, U UCCIICIOBAHUS JUHAMUKH HX

00BOJTHEHHOCTH TI0 CE30HAM M 32 MHOTOJICTHUH TIEPHO/I.
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IIpunoxenne 1

Ta6muma 1. Kpatkas kinaccudukaius METo0B TUCTAaHIIMOHHOTO 30HIUPOBAHUS 3eMIIH

OnruyeckKkue CUHCTEMBI

AKTHBHBIE CUCTEMBI

ITaccuBHEIE cCTEMBI

Y®; Buaumelii; UK

Bunumoe; Bauxuee /
TemoBoe UK

Buaumoe, bian:xunee UK

JlazepHoe 30HAUpOBaHME!

Jlunaper — Doppler LIDAR, ICESat LIDAR
e MonuTopuHTr aTMoc(ephl: U3MEPEHNE CKOPOCTH BETPA, BIAKHOCTH,
TEMIIEpaTypbl, KOHIIEHTPALIUH Ta30B
* Tonorpadus 3€MHOIH MOBEPXHOCTH,
* (popMHpOBaHUE TPEXMEPHBIX U300pAKECHUI
* OaTUMETPHUYECKUE U3MEPEHHUS,

CkaHepHasi CbeMKa!

Cnyranku NOAA: pubop
AVHRR

CnyrHuku nporpammel Landsat:

npudop ETM+
Cnyrauku SPOT

* Kkaprorpadus,

*  U3MEHEHHUE
XapaKTEPUCTHUK
pacTUTENILHOTO MOKPOBA,

*  uAeHTU(UKALNS TUTIOB
MTOBEPXHOCTEU

dortorpapuyeckas
ChbEeMKA:
* AspodorocheMka,
* MynbTHCHIEKTpaAJIbHAS
¢doro —u
Teneanmaparypa

e (OcHoBHag 001aCTh
MIPUMCHCHHUS -
KapTorpadus




Vet

AKTHBHBIE CUCTEMBI

ITaccuBHEIE cHCTEMBI

MuKpOBOJHOBbIE CHCTEMbI

Pedaexromerpus:
Panapwb1 6oxoBoro od3zopa:

Cucremsl ¢ GOpMHUPOBAHUEM
nzobpaxenus: SAR, ASAR

Cucrembl 6e3 popMHpPOBaHUS
n3o0paxenus - Ckammepomempeol.
Quick SCAT

*  AtmMoc(hepHbIif MOHUTOPHHT,
*  MOHUTOPHUHT BETJICHIOB,
* BruaxHOCTb I0YB

Papapuas aabTHMeTpHA,;

Panapbl BepTUKaJIBHOIO 0030pa:

ENVISAT (RA-2)*,
TOPEX/Poseidon*,
ERS,

Jason,

Cryosat,

Altika

Wzydenue Tonorpaduu
OKeaHa,

U3MEpPEHHE YPOBHS
KOHTUHEHTAJIBHBIX BOIHBIX
00BEKTOB,

MOHHUTOPHHT BETJICH/IOB

Pagnomerpus

Paguomerpsr — SSM/I*, SMMR, MIMR:

HccnenoBanue mapaMeTpoB CHEXXHOTO ITOKPOBA,
aTMoc(epHOe 30HINPOBAaHUE: N3MEHEHHE CKOPOCTH
BETPa, BIAXKHOCTh BO3/1yXa,

I'paBumerpuyeckue

CHUCTEMBbI

CnyTHMKOBasi TpaBUMeTPHUS

I'paBumerpsl — GRACE, CHAMP, GOCE
* V3ydenue rio0aapHOTO TPABUTAIIMOHHOTO TTOJI,
» KapTbl aHOMaJIU1 3€MHOM MOBEPXHOCTH,
o [{upkynsuus OKEaHMYECKUX TCUCHUH,
* [ToBEpXHOCTHBIN U MOJ3EMHBIN CTOK.
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Ipunoxenue 2

Ta6muma 2. OcHoBHBIE TepMUHBI TTO MeToaM J1J13, ucrosnp3yemsie B paboTte

Ha3Banue TepmMuna

AHrJIHiicKoe COOTBETCTBHE

3HayeHue

AKTHBHBIE CHCTEMbI
JUCTAHIIMOHHOTO 30HTUPOBAHUS

Active remote sensing systems

CucreMsl, caMu T€eHEpUPYIOIINE U3JIYyYEHUE U 3aTEM
AHAIN3UPYIOIINE OTPAKCHHYIO 4aCTh

BbicoTa opOUTHI Altitude paccTosiHHE OT IIEHTpa MacChl CIIYTHUKA 0 OTCYETHOTO
AJUTUIICOMIA UJIU JPYroil TOUKW Ha 3€MHOW MOBEPXHOCTH. BricoTa
OpOUTHI BEIYUCIISETCS IO OPOUTOTpaPHUECKUM TAaHHBIM
BbicoTa 3eMHOM MOBEPXHOCTH Height paccuuThIBaeTCS KaK pa3HOCTh MEX]Yy BHICOTON OpOUTHI U
pacCTOSTHHEM CITyTHUKA JI0 TIOACTHIIAIOIIEH MOBEPXHOCTH
Teonn Geoid CrnoxHas purypa IiaHeThl, OTpaHHYCHHAST YPOBEHHOM

MMOBCPXHOCTHIO OKCaHa

I'eopusnyeckne monpaBku

Geophysical corrections

VICTIOJIB3YIOTCSI JJIsl KOPPEKTHPOBKYU MPUPOIHBIX SBICHUN
(manpumep, TponocdepHas, HOHOC(EpHasi IOIPABKH).

HMeuuoden (n1b)

Decibel

9TO OTHOCHUTCJIbHaA HOFapH(bMH‘IeCKaH C¢aAnHHUIA, UCIIOJIb3yEMas
AJId UBMCPCHUS PA3JIMIHBIX (bl/IBI/I‘IeCKI/IX BCJIIMYHH, U3MCHAIOINXCS
B OYCHb HNIMPOKUX MPECACIIax.

JIMCTAHIIHOHHOE 30HAMPOBAHME
3emau (J133)

Remote sensing

OTIPENIeNIAIOT KaK MPOLECC WM METOJ MOTy4eHHs nH(popMauu 00
00BEeKTe, yJacTKe MMOBEPXHOCTH WU SIBIICHUS IIyTEM aHaIN3a
JAHHBIX, COOpaHHBIX 0€3 KOHTAKTa C H3y4aeMbIM 00bEKTOM

BbicoTa cnyTHMKA HaJl NOBEPXHOCTHIO

Range

PaccTosiHue OT crmyTHHKA 10 TOACTUJIAIONIECH MOBEPXHOCTH

HNHTepBag noBTOpEeHU

Repeat cycle

BpEMs, 4CPE3 KOTOPOC CIYTHUK BHOBL OKA3bIBACTCA HAZl TCM KC
MECTOM
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Ha3Banue TepMuHa

AHIINHACKOE COOTBETCTBHE

3HaueHue

Koappuument obpaTHoro paccessHust Backscatter OTHoOIIEHNE MEXTy CUIION, OTPaKEHHOM OT MMOBEPXHOCTH U
(KOP) = orpaxxennslii curaaj (¢°) MOIITHOCTBIO M3JIy4€HHON SHEPTUH pajapa, BEIPaKEHHOU B
nenubenax (ab).
Opoura Orbit Tpaekropus 1BUKEHHS HUINUECKOTO TEJa - CITYTHUKA IPHTSKCHUSI

Jpyroro, 00J1ee MaCCUBHOTO IIEHTPAILHOTO Tejla

ITaccuBHBIE CHCTEMBI
JMCTAHIMOHHOTO 30HAUPOBAHMS

Passive systems

CUCTEMBI, KOTOPBIE PETHCTPUPYIOT TETIOBOE U3IIYYCHUE OT
00BEKTOB, TEMIIEpaTypa KOTOPBIX HE pPaBHA aOCOTIOTHOMY HYJIIO
(T.e. oT BceX 0OBEKTOB)

Mukcenn Pixel Haumenbmmii 1orudeckuii 3JeMeHT JByMEPHOT0 HU(PPOBOTO
n300paxeHus. Uem Oobliie MUKCeNed Ha eMUHUILY TUTOIIAIN
COJICPKUT U300pKEHHE, TEM 00JIee OHO JETAIHHO.
PanapHoe 3xo0 Radar echo OTpakeHHBIN CHTHAJI pajapa
Panap 6oxoBoro 063o0pa Side-looking radar W3mydaemblii paioCHTHAJ, HAIPABJICHHBIA B CTOPOHY
Panap BepTukajabHOro 063opa Nadir W3ny4yaemsblil paguoCUTHAJ, HAIIPABJICHHBIA B BEPTUKAIBHOM

(Hazup)

NOJ0KEHHH (MCHOJIB3YEeTCsl B CHYTHUKOBOW aJIbTHMETPHH)

Pedepenu-siuncons

Reference ellipsoid

['eomeTpuuecku npaBuibHas pUrypa, KOTopas HauJIy4IluM
00pa3oM npubIMKeHa K HePaBUIbLHOMY T€OHTy U, OTHOCUTEIHHO
KOTOPOTO BBIIIOJIHAIOTCS BCE T€OAC3NYCCKUE BBIYUCICHUS U
pacCUUTHIBAIOTCA BCE KapTorpaduyeckre mpoeKIuu
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Ha3BaHue TepMHHa

AHIINHACKOE COOTBETCTBHE

3HaueHue

Perpakkep Retracker AnroputM 60pTOBOI 00pPaOOTKHU CUTHAIA
Tpek (Tpacca) Track MapuipyT ABMKEHHSI KOCMHYECKOTO anmnapaTa OTHOCHTEIBHO
3emiu
@dopma BOJHBI Waveform dopma BOJTHBI HJTH PaJapHOE 9X0, U3MCHEHHE BO BPEMEHH

BCJIIMYUHBI NPUXOAAIICTO CUTHAJIa

@YTHPUHT PAIapHOIo AJbLTUMETPA

Footprint radar altimeter

Tepputopus B Bue KOJblia, paAlyCc KOTOPOH yBEINYMBACTCS KaK
KBaJpaTHBII KOPEHb BPEMEHH T0CIIe 00pa30BaHUs IEPEIHETO
¢dbpoHTa uMnysIbca B Hagupe. Pagnyc ¢pyrnpunTa yBeInunBaeTcs ¢
YBEJTMUCHUEM aMILTUTY bl BOJTHBI
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Pucynok 1. Tunsl Bogoc60poB 1o ganHbM ciytHHka TOPEX/Poseidom momensHOro peananusa
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N0 NOaHHBIM CITYTHHKaA

TOPEX/Poseidom cymmam aTMOCc(hEpHBIX 0CAJKOB 3a TEIUIBIN Tepro/] (MIOHB-CEHTSAOPH) IO JaHHBIM MOJIEIBHOTO peanann3a ERA-40
Ipumeuanue - po3oswvill yeem — x00 Ko3phuyuenma 06600HEHHOCMU, CUHULL Y8em — X0O CYMM amMoc@epHvix ocadkos (no nesoi ocu —
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