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A SEARCH FOR NON-HIDDEN BROAD-LINE REGION
SEYFERT 2 GALAXIES

GEORGI P. PETROV

Department of Astronomy

Teopeu IT. [Tempos. ThPCEHE HA CUM®BPT 2 TAJJAKTUKHU BE3 CKPUTA OBJIACT
HA IIMPOKUTE JIMHUN

ChIv1acHO 00CIMHEHUS MO HA aKTUBHU ralakTUYHU sapa CuAQBPT 2 raJakTHKUTE ca
¢usnyecku eqHakBu cbe Cuiidbpt 1 0OexTHTE M IpUTEXKABAT 00IaCT HA IUPOKUTE JIMHUH, HO
TS € CKpUTa OT HaOJroaTess opaj iy TAXHATa IPOCTPAHCTBeHA opueHTauus. [Ipe3 nocnennu-
T€ HSAKOJIKO TOAWHM Pa3IHYHH aBTOPH JOKIAABAT, ye He BCHUKH CUH(BPT 2 TajakTUKU MpU-
TexaBar TakaBa o6iact. CrOpanu cme u3Bajaka ot 38 CuiidbpT 2 rajakTHKH, 33 1a HAMEPUM
00ekTn 6e3 ckpuTa o0NacT Ha MWUPOKKUTE JIMHUM. M3mon3Baiiku TeopusaTa Ha Nicastro et al.,
KOSITO IpeAIosara ChIleCTBYBaHETO Ha KPUTUYHA CTOMHOCT Ha EQMHITOHOBOTO OTHOLIEHHE,
IOJl KOSITO CTOMHOCT 00/1aCT Ha IMUPOKHUTE JUMHUYU HE MOXE Ja ce 00pa3yBa, HUE HaMEpUXMe
26 ranaktuku 6e3 ckpuTa o0nacT Ha MHUpokuTe TUHUU. ChIIO Taka OTKpUXME, ue 5 oT 26-
Te obekra Moke aa ca aktuBHHU sapa oT tun LINER (low-ionization nuclear emission-line
region).

For contact: Georgi P. Petrov, St. Kliment Ohridski University of Sofia, Faculty of Physics
Department of Astronomy, 5 J. Bourchier Blvd., 1164 Sofia, Bulgaria, Phone: +359 2 81 61 201,
Fax: +359 2 962 52 76, E-mail: g_petrov@phys.uni-sofia.bg



Georgi P. Petrov. A SEARCH FOR NON-HIDDEN BROAD-LINE REGION SEYFERT
2 GALAXIES

According to the unified model of active galactic nuclei, Seyfert 2 galaxies are physically
the same as Seyfert 1 objects and they possess a broad-line region (BLR), but it is hidden from
the observer due to their orientation. In the past few years, various authors reported that not all
Seyfert 2 galaxies harbor a BLR. We compiled a sample of 38 Seyfert 2 galaxies to find non-
hidden broad-line region (non-HBLR) objects. Using the theory of Nicastro et al. which suggests
the existence of a critical value of the Eddington ratio below which BLR can’t be formed, we
found 26 non-HBLR Seyfert 2 candidates. We found also that 5 of these 26 non-HBLR objects
could be low-ionization nuclear emission-line regions (LINERs).

Keywords: galaxies: active; X-rays: galaxies; galaxies: Seyfert; polarization
PACS numbers: 98.54.-h; 98.54.Cm; 98.62.Js

1. INTRODUCTION

It has been widely accepted that every active galaxy possesses a central super-
massive black hole (BH) with an accretion disk around it. This engine produces the
observed hard X-ray continuum, which is strong enough to photoionize the broad-
line region (BLR) near the source and the narrow-line region (NLR) located farther
away from the nucleus.

Following the accepted Unified model for active galactic nuclei (AGNs) Sey-
fert 1 (Syl) and Seyfert 2 (Sy2) galaxies are intrinsically the same and they differ
only due to their orientation to the observer [1]. The main reason for this apparent
difference is the presence of a dust torus around the nucleus and the BLR. When we
observe Sy2 objects the dust torus is edge-on and hides the BLR from the observer,
while the emission from the NLR is still visible. In the case of Sy1 galaxies the mo-
lecular torus is face-on and we have a direct view of the nuclear region. In support
of the hypothesis of the Unified model Antonucci and Miller detected polarized
broad emission lines (PBLs) in some Sy2 galaxies [2].

In the past few years, spectropolarimetric surveys have shown that there is a
large fraction of Sy2 objects without PBLs, suggesting that not all Sy2 galaxies
harbor a BLR [3, 4]. There are various explanations of the observed absence of a
hidden broad-line region (HBLR) in some Sy2 galaxies. Lumsden and Alexander
suggested that the detectability of the HBLR depends on the AGN luminosity [5].
Other authors proposed that the visibility of the HBLR is significantly determined
by the nuclear obscuration [6].

Nicastro et al. found that the lack of BLR corresponds to low values of the
accretion rate [7]. Their results show that all HBLR Sy2 galaxies have Eddington
ratios above 1073, The existence of this Eddington limit was confirmed also by other
authors [8], although some of them found slightly different limit values [9].



In this paper we used the critical value of the Eddington ratio to find non-
HBLR Sy2 candidates with physical absence of BLR.

2. DATA AND RESULTS

Ho et al. made a catalog of central stellar velocity dispersions (o) of nearby
galaxies [10]. 38 objects of the catalog are classified as Sy2 type by NASA/IPAC
Extragalactic Database (NED)!. For these 38 Sy2s we used o values adopted in the
catalogue. The cosmological parameters assumed in this paper are H = 70 km s
Mpc', Q, =0.73,and Q_=0.27.

We estimated the central BH masses (M, [, ]) of the 38 Sy2s using the
empirical relation [11]:

log M, =8.13+4.02log(c /200 kms™) .

At the same time, for each object of the sample we evaluated the Eddington ra-
tlo (Ly./Ly,)> Where L, is the bolometric luminosity and the Eddington luminosity

418 glven by [9]:

L =12x10% My, /M,) [ergs'].
In order to estimate L for the objects from our sample, we took the observed
m] (A 5007) fluxes from References [4,12, 13, 14, 15] and corrected them for the
extinction by applying the relation [16]:

ch __ pobs |:(Ha/Hﬂ)0bs
(o = Lo e
(Hao/Hp),

94
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where we adopted an intrinsic Balmer decrement (Ha/Hp), = 3. The observed
Balmer decrement (Ho/Hp) , for each object was taken from the same references
as the F[om] fluxes.

The extinction corrected L[om] (A 5007) luminosities are given in Table 1. Fol-
lowing Lamastra et al. C[Om] -~ Loy where C[oul] is the bolometric correction.
The mean value of C[Om] in the luminosity ranges

log Lom = 38 —40,40 — 42 and 42 — 44 is 87, 142 and 454, respectively [17].

The values of L, and (L Ly estimated from Loy, are listed in Table 1. In
Fig.1 we have plotted (Lyo/Leye) V8 My, for all 38 sample galaxies. The objects
NGC 1068, NGC 2273 and NGC 4388 W1th observed HBLR in other surveys [4,
18] are shown as squares. The dashed line indicates the threshold of the Eddington
ratio below which there is no Sy2s with HBLR. Nicastro et al. found this critical
value (L /L,,) = 107 estimating L from hard X-ray (2-10 keV) luminosity L
[7]. Recently, we obtained the same value, but estimating L, , from Liom [8] which

is why we used this limit (the dashed line in Fig.1) to find non-HBLR Sy2 galaxies.

! http://ned.ipac.caltech.edu/



We found 26 non-HBLR objects, all of them classified by NED as Sy2s. On the oth-
er hand, 5 of them occupy the area typically dominated by low-ionization nuclear
emission-line regions (LINERs) — NGC 3607, NGC 4374, NGC 4378, NGC 4472
and NGC 4594. In Fig.1 this area is located in the lower right corner.

According to Gonzalez-Martin et al. LINERs tend to have larger M, than
Sy2s [19]. Their results show that 84% of LINERs have log M, > 7.5. At the same
time LINERs have lower values of (L, /L. ) than Sy2 galaxies. Gonzalez-Martin
et al. found for LINERs typical values of (L, /L_,) = 107, but they estimated L,
from absorption corrected luminosity L. Transforming this value, in our case it
should be (L, /L,,) = 10°and we assumed 10~ as the upper limit of the Eddington
ratio for the LINERs dominated area in Fig.1.

Table 1. Data for our sample of 38 Sy2 galaxies

From L . From L,
Name z MBH L[OIH] LBol LX LBol Ref.
[Mo] | e apy | Bl | ag ap, | Bl
® iy [Tg] Lgaa iy [Tg] Lgga
NGC660 0.0028 7.35 40.11 4226 -3.17 - - - [12]

NGC1058 0.0017 4.88 37.96 3990 -3.05 3737 38.55 -441 [12,14]
NGC1068 0.0038 7.77 42.89 4555 -0.29 4295 4442 -142 [4,14]
NGC1358 0.0134 831 41.18 4333 -3.06 43.05 44.53 -1.87 [12,9]
NGC1667 0.0152 7.83 4235 45.00 -091 4231 43.79 -2.13 [4,14]
NGC2273 0.0061 7.61 41.03 43.18 -2.51 4251 43.99 -1.70 [12, 14]
NGC2685 0.0029 6.81 38.92 40.86 -4.03 39.72 4090 -3.99 [12,14]
NGC3079 0.0037 7.97 4045 42.60 -3.45 4255 44.03 -2.02 [4,14]
NGC3147 0.0093 8.29 40.82 4297 -3.40 41.87 43.35 -3.03 [I5,14]
NGC3185 0.0041 6.51 39.89 41.83 -2.76 40.61 41.79 -2.80 [12,14]
NGC3227 0.0039 7.46 4045 42.60 -2.94 4155 43.03 -2.51 [12,14]
NGC3254 0.0045 7.21  39.38 4132 -3.97 - - - [12]
NGC3486 0.0023 6.17 38.29 40.22 -4.02 39.10 40.27 -3.97 [12,14]
NGC3607 0.0032 839 39.00 4094 -553 40.54 41.72 -475 [
NGC3735 0.0090 7.51 40.77 4292 -2.67 - - - [
NGC3941 0.0031 7.42 38.86 40.80 -4.70 3895 40.13 -537 [
NGC3976 0.0083 8.04 39.56 41.50 -4.61 - - - [
NGC4169 0.0126 7.97 41.81 4397 -2.09 - - - [12]
NGC4258 0.0015 7.60 39.06 41.00 -4.69 40.76 4193 -3.75 [
NGC4303 0.0052 6.62 39.81 41.75 -2.94 - - - [
NGC4374 0.0035 8.88 38.92 40.86 -6.10 4131 42.79 -4.18 [
NGC4378 0.0085 8.06 39.13 41.07 -5.06 - - - [
NGC4388 0.0084 6.77 41.65 43.80 -1.05 4239 4387 -0.98 [4,14]
NGC4472 0.0033 8.79 37.67 39.61 -7.25 39.18 4036 -6.51 [14]
NGC4477 0.0045 7.91 39.25 41.19 -480 39.77 4095 -5.04 [12,14]
NGC4501 0.0076 7.81 39.87 41.81 -4.08 40.17 41.34 -4.55 [12,14]



NGC4565 0.0041 7.46 3937 41.30 -4.23 3995 41.12 -4.41 [12,14]
NGC4579 0.0051 7.79  39.70 41.64 -4.23 4125 42.73 -3.14 [13,14]
NGC4594 0.0034 8.46 39.23 41.17 -537 3997 41.15 -539 [12,19]
NGC4698 0.0034 7.61 38.78 40.72 -497 39.03 4020 -549 [12,14]
NGC4725 0.0040 7.51 38.88 40.81 -4.77 39.12 4030 -529 [12,14]

NGC4845 0.0041 7.43  39.65 4159 -3.92 - - - [12]
NGC5194 0.0015 6.85 40.06 42.22 -2.71 40.70 41.88 -3.05 [4,14]
NGC5395 0.0117 7.57 3936 4130 -4.35 - - - [12]
NGC5631 0.0066 7.83  39.12 41.06 -4.84 - - - [12]
NGC5806 0.0045 7.31 38.45 4039 -4.99 - - - [12]
NGC6951 0.0048 7.35 40.35 42.50 -2.92 - - - [12]
NGC7743 0.0057 6.72 4042 4257 -223 4147 4295 -1.85 [12,14]

Note: Columns are: name of the galaxy, redshift z as reported in NED, logarithm of central
BH mass, logarithm of extinction corrected [OIII] (A 5007) luminosity, logarithm of bolometric
luminosity and logarithm of Eddington ratio — predicted from L, ;. logarithm of absorption corrected
hard X-ray (2—-10 keV) luminosity, logarithm of bolometric luminosity and logarithm of Eddington

ratio — predicted from L, references for L, and L,.
0
.
RS L] *
2+ N *
.
* * *
3 boee-- Mot eeeeeeeeeaaae Koo T
> . .
j * * x :
20 * x
2 s * x xX =
x
*
6 + x
Pyt
*
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45 5 55 6 6.5 7 75 8 8.5 9
log Mpy [Mo)]

Fig. 1. (L, /L.,) vs M, diagram for 38 Sy2 galaxies. The Sy2 objects with observed
HBLR are shown as squares and the rest Sy2s are shown as asterisks. The dashed line
represents the threshold of the Eddington ratio below which there is no Sy2 with HBLR. At
lower right corner is marked with solid lines the area dominated by LINERs (see the text)

We should mention that Marinucci et al. suggested a higher value of the
Eddington limit [9]. Following their results the threshold between HBLR and non-
HBLR Sy2s is log (L, /L.,) = —1.9, where L, is derived from the absorption
corrected hard X-ray (2-10 keV) luminosity L,. Also, they proposed log L, =
43.90 as an additional separation value between the two types Sy2s.

In order to estimate L, and (L, /L.,) from L  we took the absorption
corrected L, luminosities from surveys [9, 14, 19], available for 26 objects of our



sample (listed in Table 1). We used the relation L, = «, . Ly, where the hard
X-ray bolometric corrections k, ., are taken from Vasudevan and Fabian [20].

In Fig. 2 we have plotted L, vs (L, /L.,) for these 26 Sy2 galaxies. The
dashed lines represent the separation values between HBLR and non-HBLR
Sy2s given by Marinucci et al. [9]. As seen in the diagram, the Sy2 galaxies with
observed HBLR are placed in the upper right corner, above the limits. On the other
hand, the separation between objects which we previously suspected as HBLR and
non-HBLR Sy2s is still visible at log (L, /L.,,) = 3.

The values of log L, for the two non-HBLR Sy2s for which this quantity
exceeds 43.90 seem to be overestimated. We should note that L, depends on the
L, absorption correction. Also, there is a separation between the objects that could
be LINERs and the rest of the galaxies (see the upper left corner in Fig.2).

Generally, we prefer the value 107 of the Eddington ratio as a more reliable
limit in our search for true non-HBLR Sy2s, especially when deriving (L, /L

from L[om]'

Edd)

45

a3 | . ‘o

a2 | &

logLp,

a ° °

40

39

38

7 N = ” 3 2 E o
log (Lpo1/ Lgad)

Fig.2. L, vs (L, /L.,) diagram for 26 Sy2 galaxies. The Sy2 galaxies with observed
HBLR are shown as squares. The objects which we suspected as HBLR and non-HBLR
Sy2s are shown as filled and open circles, respectively. The objects that could be LINERs
are marked with triangles. The dashed lines represent the separation values between HBLR
and non-HBLR Sy2s given by Marinucci et al. [9] (see the text)

3. CONCLUSIONS

Using the critical value of the Eddington ratio we found 26 non-HBLR
candidates for true Sy2s with physical absence of BLR. We think that the limit
value (L, /L.,,) = 107 is reliable enough, when L,  is estimated from L . The
separation between these galaxies and the rest of the sample is still visible at (L, /
L..) =107, also when L, is derived from L,.

10



We found that 5 of these 26 non-HBLR objects could be LINERs. They occupy
the LINERs dominated area in (L, /L. ) vs M, diagram (Fig.1) and also they are
separated from the other Sy2sin L vs (L, /L) diagram (Fig.2).

Edd
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DEEP BLACK SEA CIRCULATION DESCRIBED
BY ARGO PROFILING FLOATS

MILENA MILANOVA, ELISAVETA PENEVA

Department of Meteorology and Geophysics

Munena Munanosa, Enucasema I[lenesa. JBJIBOUNHHA TTUPKVIIALIA HA YEPHO
MOPE, OIITMCAHA OT ITPOO®UJIMPAILIM COHAU APT'O

[Iporpamara Apro 3a Uepao mope craptupa mpe3 2002. OtroraBa ca mycHatu B aeiictsue 29
COHJIH, KOUTO ca renepupain ~3600 npoduia Ha TEPMOXATHHHATE XapaKTEPUCTHKH HA MOPETO B CIIOS
110 2000 m. Conamte 1aBat Ha GUKCHpaHa IHIOOYHHA M BUCOKATa BPEMEBa PE3OJIOIHS Ha TEXHUTE
JTaHHU (TIOBEYETO COHJM MPaBAT IBJICH LUKBJ 32 5 THH) MO3BOJISABA Ja CE M3MOJI3BAa ABIOOYNHHOTO
¥M IpeMecTBaHe KaTo MHIUKATOP Ha AbJIOOYMHHHUTE TEUCHUITA HA TSAXHATa MapKUpama AbI00unHA
(Bapupama mexay 200 u 1000 m). B ToBa n3cienBaHe € HampaBeHO MPOYYBaHE HA ABIOOYMHHA-
Ta OUPKYJanus, ONHCaHa OT TPAGKTOPHUHTE Ha CKOPOIIHHTE APro COHIM Ha YETUPH IBIOOYHHU
(200, 350, 750 n 1000 m). Pe3ynrarure ca aHalM3upaHH OTACITHO 3a PA3IMYHUTE BPEMEBH Mamaou:
CE30HHO W MEXIYTONUINHO pasmpeaeneHue. [1aBHUTe pe3ynraTd Morar Ja OpaaT o0oOIieHH Mo
ceaHus HayuH. J[BIOOYMHHATA IUPKYIAlus € Mof0o0Ha Ha Ta3d Ha MOBBPXHOCTTA, KaTO CKOPOCTTA
HamaisiBa ¢ qpia0ounHara. Karo msmo TedeHMsTa ca Mo-CWIHM B Oam3ocT 10 Opera u mo-ciadu B
OTKPHUTO MOpE, a Hal-roJIeMUTe CKOPOCTH ce HabIfoAaBar 1o 1kHus Opsir. Ce30HHUTE BapUalliy Ha
TEYEeHUsITA ca [0-M3pa3eHH B OJIM30CT 10 MOBBPXHOCTTA M HaMaJLsIBaT ¢ Abj0oounHaTa. Habmonasa ce
MEXKIYTOJIMIITHA I3MEHYNBOCT Ha BCHUKH 4 M3CIEBaHU HUBA.

For contact: Milena Milanova, Department of Meteorology and Geophysics, Faculty of
Physics, Sofia University “St. Kliment Ohridski”, 5 James Bourchier Str., Sofia 1164, Bulgaria,
Phone: +359 2 8161289, Mobile: +359 887 538 044, E-mail: mimilanova@phys.uni-sofia.bg
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Milena Milanova, Elisaveta Peneva. DEEP BLACK SEA CIRCULATION DESCRIBED BY
ARGO PROFILING FLOATS

The Black Sea Argo program has been initiated in 2002 and since then 29 Argo floats
have been deployed generating ~ 3600 profiles of the termohaline properties of the sea in the
2000 m water column. The floats drift at a fixed depth, so the high temporal resolution of the
data (float cycling period of ~5 days) allows to use the floats’ displacement as an indicator
of the deep sea currents at their parking depth (varying from 200 m to 1000 m). In this study
an investigation of the deep circulation derived from the recent Argo floats trajectories is
performed at 4 depths (200, 350, 750 and 1000 m) and the results are analysed separately for
the different time scales: seasonally and inter-annually. The main results could be summarized
as: The deep circulation is similar to the surface circulation and the speed decreases with the
depth; Overall the currents are stronger closer to the shore and weaker in the open sea and
the largest speeds are observed along the South coast; The seasonal variations of the currents
are more significant closer to the surface and decrease with depth; There is an inter-annual
variability observed at all 4 levels investigated.

Keywords: Black Sea circulation, Argo profilers
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1. INTRODUCTION

The Black Sea is one of the largest inland basins of the world with a surface
area of ~4.2x10° km? (zonal and meridional dimensions ~1000 km and ~400 km)
and a maximum depth of ~2200 m. It is almost completely isolated from the world
oceans; it is connected to the Sea of Azov via the Kerch Strait in the North and
to the Marmara Sea (which is connected to the Aegean Sea through Dardanelles
Strait) via the Bosphorus in the southwest.

The Black Sea is characterized by a basin-wide cyclonic boundary current
(Rim Current) which is formed by several factors: the curl of the wind stress field
and the fresh water discharges from rivers (buoyancy forces), bathymetry and
thermohaline fluxes [1]. The Rim current is quasi-geostrophic thus it engages the
surface and several hundred meters water column. In addition to the Rim Current,
the Black Sea circulation system contains many mesoscale eddies (see Figure
1), meanders and filaments spread over the basin. The Rim Current separates the
cyclonically dominated inner basin from the anticyclonically dominated coastal
zone [1].The Sinop and Kizilirmak [1], Batumi, Bosphorus, Sukhumi, Kerch,
Sevastopol, Danube, Caucasus, Constanta, Crimea and Sakarya eddies reside on
the coastal side of the Rim Current zone. In the inner basin, two cyclonic cells
(Western Gyre and Eastern Gyre) are formed [2].
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Fig. 1 Main features of the Black Sea circulation system [2]

The deep-layer circulation and thermohaline structure in the Black Sea have
been traditionally accepted to be sluggish and rather invariant at seasonal-to-inter-
annual scales.

The early studies [3] claim that the underwater circulation in the 150-500
m layer is similar to the surface one with higher speed currents around Bosporus,
Sukhumi and Cape Sarich, as well as the section Bafra—Sochi.

Various cruises of research vessels later have been conducted in the Black
Sea during the ends of the 80’s and the early 90’s making large data sets available
for studying the oceanography of the Black Sea. The thermohaline structure,
hydrographic properties and the circulation of the Black Sea has been studied [1,
4, 5]). The R/V Knorr 1988 expedition and the multi-ship hydrographic surveys
carried out within the framework of the HydroBlack and ComsBlack Programs
during the early 1990s constituted the first reliable data sets for exploring deep-
water physical characteristics of the Black Sea [4—7]. One of the most important
findings of these studies was an indication of horizontally as well as vertically
highly structured flow systems formed by a series of large mesoscale eddies (with
typical size of about 100 km) and sub-basin-scale gyres (with typical size of several
hundreds of km’s) within the intermediate layer between 300 and 1000 m. These
observations provided only the baroclinic component of the circulation, however,
they underestimated the intensity and additional contribution of the barotropic
structure of the flow field, particularly along the strong topographic slope zone
around the periphery of the basin. While valuable for describing in a qualitative
sense large-scale basinwide circulation of the intermediate and deep layers, the
geostrophic method applied to hydrographic observations was often unsatisfactory
because of the questionable ““level of no motion” assumption. The strength of

14



the intermediate layer flow was partly elucidated by the ADCP absolute current
velocity measurements carried out during April 1993 in the western Black Sea.
These measurements reported for the first time relatively strong sub-pycnocline
currents up to 10-20 cm s within the 200-350 m layer [8], the latter depth being
the approximate limit of the ADCP measurements [9].

However when cruises are conducted the data collected represents only a
snapshot of the conditions in space and time. In addition, cruises are expensive and
time intense and the countries surrounding the Black Sea cannot conduct cruises
on a regular basis.

In this paper another method to describe the deep circulation is used based on
the Argo autonomous profiling floats displacement.

2. CURRENTS MEASUREMENT

In oceanography and in fluid dynamics in general, our observations can be
made in two ways: Lagrangian measurements and Eulerian measurements.

One way to measure ocean currents is to determine the water’s velocity at
one fixed place in the ocean. This type of measurement is called Eulerian. This is
typically accomplished using an electro-mechanical current meter (which measures
the velocity at a single depth) or Acoustic Doppler Current Profiler (ADCP) (which
can provide a profile of velocity with depth).

Another direct way to measure ocean currents is by tagging a water material
with either floats or dyes. This viewpoint of following a tagged water parcel is
called Lagrangian. Near-surface ocean currents are measured by so-called drifters,
which is a buoy that rides at the ocean surface and is usually weighted at some
depth to negate the direct effects of wind on the buoy itself. Tracking this drifter
(by satellite, radar, radio, sound, etc.) will give a description of the ocean current.

Following the pioneering development by John Swallow in the 1950s,
neutrally buoyant floats have been a central element of global ocean circulation
observations with highly temporal and spatial resolution [10].

3. ARGO PROFILERS DATA

The origins of Argo come from the World Ocean Circulation Experiment
(WOCE) held in 1990-1997. This experiment was part of the World Climate
Research Programme (WCRP) and its mission was to collect an unprecedented
set of observations in the deep ocean. The main focus of WOCE was the necessity
to collect data on ocean currents at about 1000 m throughout the oceans. In order
to do this Russ Davis from Scripps Institution of Oceanography in California and
Doug Webb of Webb Research Corporation developed the Autonomous Lagrangian
Circulation Explorer (ALACE) [11,12]. The floats ALACE use the principle of
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neutral buoyancy developed by John Swallow in the mid-1950s to follow the
currents at a particular pressure level [13]. Each of the floats ALACE rose to the
surface in regular intervals and its position was detected by a satellite. The scientist
realized that, while rising to the surface, the floats could measure the salinity and
the temperature of the ocean’s water. Until the end of WOCE most of the floats
were provided with salinity/temperature sensors.

In the 1998 Dean Roemmich of Scripps Institution of Oceanography and
Ray Schmitt of Woods Hole Oceanographic Institution explored the potential of
using profiling floats for monitoring the ocean. The name ARGO comes from the
abbreviation Array for Real-time Geostrophic Oceanography (ARGO). For the first
time the physical state of the upper layer of the ocean is systematically measured
and the advantage of Argo is that it is not confined to major ship expeditions that
vary with seasons like other observing networks are.

In 2000 the deployment of floats has started and until 2007 the original goal
of 3000 floats is achieved [14]. The global array of 3000 floats was distributed
roughly every 3 degrees (300 km). The 3° by 3° array satisfies both the requirement
for sampling global anomalies in temperature and heat storage and also provides
reasonable signal-to-error characteristics for sampling large-scale oceanic
variability corresponding to the global altimetric data [15]. The latest picture of
the Argo array (Figure 2) shows that the coverage of the ocean is well distributed,
except for some parts of the southern seas.
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Fig. 2 Latest picture of Argo array

The profiling floats are powered by batteries and spend most of their lifetime at
depths where they are stabilized by being neutrally buoyant (parking depth). Currently
the most commonly used Argo profiling floats are 3 types. All work similarly, but
differ in the characteristics of the design. During a given interval, programmed in
advance, the floats pump fluid into an external bladder and rise to the surface for
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about 6 hours while measuring salinity, temperature and other characteristics, if
equipped with appropriate sensors. When they are on the surface, satellites determine
their position and receive the collected data. The bladder then deflates and the float
returns to its original density and sinks to drift until the cycle is repeated. Floats are
designed to make about 150 such cycles and after that the battery dies.

Generally, there are two standard operational missions (Figure 3): the first one
is simple operational mission and the other one is a park and profile mission. In
the simple operational mission the float descents to a certain depth (usually 2000
m) and then it starts the salinity and temperature profile. In the park and profile
mission the float descends to its parking depth, recommended 1000 m, drifts at this
depth for some time then descends to 2000 m and starts ascending while measuring
temperature and salinity [16].

The Argo data are widely used for reconstruction of termohaline 3D fields in
the ocean. But yet another very useful application is to derive the map of the deep
ocean currents. The simplest way to estimate the deep displacement is to use the
first Argos fix from the present cycle and the last Argos fix from the previous cycle.
The simplest method assumes a linear movement between the two points; other
more complex methods take into account the inertial movement. This was done
by [17] for their YoMaHa’07 displacement/velocity file. This dataset contains data
from 4284 floats which provided 296974 estimates of velocity at a float’s parking

depth in the period 1997 to 2007.
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Fig. 3. a) Simple operational mission; b) Park and profile mission

4. BLACK SEA RESULTS

The Argo autonomous profiling floats operate in the Black sea since 2002 but
in more consistent way they have been deployed after 2010. Since then 22 floats
were deployed, in the frames of different programs, from which 9 are still operating
(Table 1). Six years of continuous measurements with Argo accumulated sufficient
amount of data to make possible analysis of the Black sea deep circulation.
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For calculating the Lagrangian velocity of displacement, we assume that the move-
ment is linear and we use:

Xn—Xn-1

Vn = At

where At = 5 days is the time between the communicated measurements and x| |

are the two consecutive positions of the float.

Table 1. Argo floats in the Black sea 2010-2015

Float N Number of profiles Parklr[lrg;l]D epth Start Date End date
1901200 234 200 08/12/09 22/02/13
6900803 168 750 19/03/11 01/07/13
6900804 168 750 19/03/11 01/07/13
6900805 351 750 18/03/11 still working
6900807 76 200 28/11/14 still working
6901828 65 200 30/09/13 23/08/14
6901831 107 200 18/07/14 still working
6901832 96 350 12/09/14 still working
6901834 8 350 27/11/15 still working
6901895 176 750 02/08/13 still working
6901896 85 200 04/08/13 05/10/14
6901899 37 500 02/05/14 10/11/14
6901900 122 200 02/05/14 still working
6901959 210 200 08/06/12 21/04/15
6901960 26 350 09/06/12 14/10/12
6901961 210 200 06/11/12 19/09/15
6901962 214 200 17/08/12 20/07/15
7900590 135 750 29/08/13 02/07/15
7900591 112 200 16/12/13 still working
7900592 79 200 15/12/13 25/10/14
7900593 63 1000 29/06/14 15/04/15
7900594 39 1000 29/06/15 still working

The high temporal resolution of the data (float cycling period of 5 days
generally) allows to use their deep displacement as an indicator of the deep sea
currents at their parking depth (varying from 200 m to 1000 m). Fig. 4 shows the
positions of the available floats which are used in this study. It is seen that the whole
basin is covered by observations excluding the shallow northwestern shelf part.
Furthermore, in this figure a distinction between the seasons is made to prove that
each season is well represented (this is usually not the case in the oceanographic
ship measurements when the cold part of the year is much less monitored). The
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seasons are defined as follows: winter is the mean value for the months January,
February and March; spring — April, May and June, and so on.

Argo Positions by season 2010 — 2015
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Fig. 4 Argo positions coloured by season in the period 2010-2015

Most of the floats drift at parking depth 200 m (11 floats), those drifting at 750
m are much less (5 floats), 3 floats drift at 350 m and 2 — at 1000 m.
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Fig. 5. Lagrange speed [cm s'] at depth 200 m in: a) winter, b) spring, ¢) summer, d) autumn
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In Fig. 5, the speed of displacement of the floats, drifting at parking depth 200
m, is presented, and as in the previous figure the distinction between seasons is made
(ato d). This is done the same way for the floats with parking depth 750m (Fig. 6a—d).
For the floats drifting at 350 m and 1000 m all 4 seasons are shown in one figure, as
the figures are based by only 2-3 floats measurements (Fig. 7a and 7b).
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Fig. 7. Lagrange speed [cm/s] at depth: a) 350 m, b) 1000 m

The deep circulation as a rule follows the deep Rim current branch, as the
Argo floats are being captured by this current. The largest speeds are observed
along the South coast especially in the Sakarya and Sinop — Kizilirmak areas. At
200 m in winter (Fig. 5a) in those areas the currents’ speed exceeds 30 cm s
Another region with higher velocity is the Crimean region, where in winter speeds
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up to 15-20 cm s! can be observed. In general during the summer the currents are
weaker than in the other seasons. Even in the Sakarya — Sinop- Kiziliramak area,
the speeds are rarely higher than 10 cm s'. However, this is not so evident at depth
750 m and 1000 m, where the seasonal variability is less pronounced and during
whole year the speed is similar.

Overall the currents are stronger closer to the shore and weaker in the open
sea. In the inner parts of the Black sea the speed is no higher than 5 cm s'.

As arule, the speed decreases with the depth. We can notice this by comparing
Fig. 5, 6 and 7. At 750 meters (Fig. 6a—d) close to the shore, where the currents
typically are the strongest, the speed of displacement of the float is around 10 cm/s.
At 1000 m (Fig. 7b) the currents are between 1 and 5 cm s™'.

Another interesting question is if there is a significant inter-annual variability
of the deep currents. This is difficult to retrieve as the number and positions of the
floats vary in time so the years are not exactly comparable to each other. We show
the simple average Lagrange speed for the 6-years period 2010-2015 at the depths
200 and 750 m (Fig. 8) because at 350 and 1000 m we don’t have enough data.
From the plot it is seen that at 200 m the circulation was definitely stronger in 2010.
After a slowdown in 2011, a smooth acceleration of the currents until 2014 could
be noticed (Fig. 8, upper plot).
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Fig. 8. Annual mean currents speed in the period 2010-2015

At 750 m (Fig. 8, lower plot) the strongest currents were in 2011. After that
year, another noticeable increase, especially in the summer, is observed in 2015.
From this short period one could speculate that the deeper layer (750 m) variations
are delayed from the upper layer (200 m) by one year. Interesting fact is that summer
and winter circulation tend to be opposite: when the winter currents intensify, then
the summer currents weaken.

The explanation of what is observed is yet to be discussed. The currents in the
Black Sea are dependent on the atmospheric circulation, fresh water fluxes, deep
water formation processes and thermohaline structure so there is a complicated
chain of interconnected processes. In order to find the correlations many different
sources of data should be used and this could be subject to future work. Nevertheless,
the present paper is a valuable contribution to our knowledge on the deep Black Sea
circulation which at present is very limited.
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4. CONCLUSIONS

In this study the possibility to retrieve the deep circulation in the Black Sea
from the displacement of the autonomous Argo floats is investigated. The main
features of the Black Sea known from the literature are discussed in the introduction
section. The deep currents are one of the most difficult oceanographic element to
determine from observations as the measurements are limited both in space and
time. The Black Sea Argo program has been initiated in 2002 and since then 29
Argo autonomous profilers have been deployed generating ~3600 profiles of the
thermohaline properties of the sea in the 2000 m water column. Apart from the
valuable measurements of the water column properties, the floats’ movement
with the currents at their parking depth could give information about the deep sea
circulation. In fact what could be measured is the Lagrange speed of displacement
as we know only the starting and ending positions without information about the
movement in between. In this study the data from 21 Argo floats in the period
2010-2015 are used to calculate the Lagrange speed at 4 different depths: 200, 350,
750 and 1000 m. The results are analysed separately for seasonal and inter-annually
variations. The main results could be summarized as: 1) The deep circulation is
similar to the surface circulation and the main cyclonic Rim current engage the
whole 0-1000 m layer; 2) The largest speeds (~30 cm s at 200 m) are observed
along the South coast especially in the Sakarya and Sinop — Kizilirmak areas in
winter; another place of intense horizontal movement is around Crimean Peninsula;
3) Overall the currents are stronger closer to the shore and weaker in the open sea;
4) The speed generally decreases with the depth; 5) The seasonal variations of the
currents are more significant closer to the surface and decrease with depth; 6) There
is an inter-annual variability observed at all 4 levels investigated.

The explanation of what is observed is yet to be discussed. Nevertheless, the
present paper is a valuable contribution to our knowledge on the deep Black Sea
circulation which at present is very limited.
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Haz 130 cp0uTrst Ha BBIIHH I[yHAMH OITyCTOLIABAT BbB BpemeTo M3rounoto CpeauseMHo-
Mopue. Te3u 6eacTBUs ca 00001eHH B 29 00/1acTH ¢ OlicHKa Ha ChOUTHATA 32 HAOIIOIaBAHUTE
HABOJHCHUS U IETH. BBIPEKH Ye PUCKBT OT IfyHaMu B Cpeiu3eMHO MOPE HE € TOJIKOBA BHCOK,
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Lyuba Dimova, Reneta Raykova. OBSERVATION AND MODELING OF TSUNAMI IN
THE EASTERN MEDITERRANEAN (REVIEW)

The coast of Eastern Mediterranean has been devastated by more than 130 tsunami events,
which were generalized in 29 areas with evaluation of the flood damages. Despite the tsunami
risk in the Mediterranean is not as high, as it is in the Pacific Ocean, the tsunami highs in some
areas exceeded 30 m. Many of the observed tsunamis remain with unclear sources. Twenty-six
tsunamigenic zones were defined according to the geological characteristics, risk of earthquakes
and landslides. Most of the regions have been studied by tsunami modeling, however we
differentiated several areas, which have big discrepancies between observed and modeled data
or they are not modeled at all. A review of tsunami modeling techniques show that most of the
methods use numerical modeling of shallow-water equations, with different approximations,
boundary conditions, in spherical or Cartesian coordinates.

Keywords: tsunami, numerical methods, earthquakes, landslides, volcanoes
PACS numbers: 91.30.Nw, 92.10.hl, 02.60.-x, 91.30.Px, 92.40.Ha, 91.40.Zz

1. INTRODUCTION

Mediterranean Sea is divided into three major regions — Western Mediterranean
(WM), Central Mediterranean (CM) and Eastern Mediterranean (EM). The Eastern
Mediterranean includes several seas — the Ionian Sea between Italy, Greece, and
Albania, the Aegean Sea between Greece and Turkey, with the Thracian Sea in
its north, the Myrtoan Sea between the Cyclades and the Peloponnese, the Sea of
Crete north of Crete, the Libyan Sea south of Crete, between the island and Libya,
the Sea of Marmara between the Aegean and Black Seas, the Cilician Sea between
Turkey and Cyprus, the Levantine Sea between southeastern part of Cyprus and
Lebanon. Black Sea is the internal sea but it is connected with the Mediterranean
by the Bosphorus strait. EM is definitely the most tsunamigenic region of the
Mediterranean area, with a total of 127 tsunamis occurred along the coasts of
Albania, Greece, Levantine countries, Turkey and coasts of Black Sea [1].

The tsunami phenomenon is non-linear and it strongly depends from the
processes in the origin and the relief of the coastal region. The most of the observed
tsunami events were happened in the past and these events reach nowadays as a part
of different historical resources. The information for such events is contradictory,
for a number of the cases the origin is not clear. Another problem is the modeling
techniques - different modeling methods often are not able to estimate the observed
height of the tsunami waves. There are also several nowadays events, instrumentally
registered, well observed and described. Despite of this, the source of the tsunami
it not trivial to be identified.

The aims of this paper are several: to identify different coastal regions, affected
by tsunami, summarizing existing tsunami catalogues for EM and publications
about single events; to identify different offshore and inland tsunamigenic zones in
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EM; to review the existing techniques for tsunami modeling and their effectiveness
in the tsunami simulation.

2. OVERVIEW OF DOCUMENTED TSUNAMIS IN THE AREA
OF THE EASTERN MEDITERRANEAN

The historical tsunami record in the Mediterranean region goes back to the
Greek antiquity, in XIV century BC — Minoan eruption of Santorini [2, 3].This
event influenced the evolution of east Mediterranean civilization. Reviewing the
number of papers we define 29 areas in EM, affected by tsunamis (Fig. 1). The
tsunami intensity is given in recently defined new XlI-grade scale, proposed by
Papadopoulos and Imamura [4].

Region 1: Bulgarian Black Sea coast has been hit by tsunami several times. The
tsunamis as natural hazard for the Bulgarian Black Sea coast have been included for
the first time officially in the Map of Geological Hazards in Bulgaria in 1994 [5, 6].

Five different events were reported in several papers [7—11]. Bizone, today
Kavarna, was affected by earthquake that caused landslides and local tsunami
around I* century BC [12] and according to other sources in I century BC [13].
The city of Bizone slid into the sea without any tsunami record. The sediment
deposits found near Varna were radiocarbon dated at about 2000 years and probably
connected to this event [14]. The information is not enough to estimate tsunami
intensity [11].0ne of the well documented key event in the historical earthquake
and tsunami record of the Bulgarian Black Sea coast occurred in AD 544/545 [11,
12] in Odessus (modern Varna) and Dionysopolis (today Balchik) (NE Bulgarian
Black Sea), Aphrodisium (Saros Bay/NE Aegean Sea) [3, 10]. Ranguelov et al.
[15] proposed field evidence of local tsunami associated with earthquake (M >
7.6) in 543 AD that caused inundation in archaeological site of Cybele Temple in
Balchik, leaving there a layer of sea sand. The run-up heights exceeded 2—4 m [12]
and the estimated tsunami intensity was about VIII-IX degree [10]. Another large
earthquake (M = 7.2) near the region of Shabla—Kaliakra occurred on 31 March
1901. This is one of the biggest seismic events for the last centuries [16]. The
port of Balchik was inundated and the maximum height was 2.5-3 m (reported by
eyewitness) [13]. The non-seismic tsunami on 7 May 2007 was observed along
the Bulgarian Black Sea coast with the maximum wave amplitude of 3 m for the
northern parts of the shoreline [17]. There are two main hypothesis about the source
mechanism induced the tsunami: underwater landslide or an atmospheric high-
frequency disturbance traveled along the shelf and generated long waves through
the Proudman resonance mechanism [18, 19]. There were strong currents near the
shallow regions and atmospheric disturbance that travelled with amplitude of 2—3
hPa. The period of oscillations was 4-8 minutes at the most of observed points
[11]. Vilibi¢ et al. [18] classified this event as a meteotsunami. Both hypothesis
(underwater landslide and meteotsunami) were explored, but not a confirmed
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source was identified and both results matched relatively well the observed field
data and reported video records and pictures [20]. Nevertheless the source was not
identified distinctively.

Region 2: In North Turkey, the Bartin earthquake occurred on 3 September 1968
with magnitude M = 6.6 [10, 11, 21,]. Different authors concluded that the event
was caused by thrust faulting with an estimation of average depth of 4 km. This
earthquake generated tsunami in Amasra, where the coastline was uplifted by 35-40
cm [11]. The rise of the sea in the port of Amasra was about 3 m [22]. Wedding [23]
and later Altinok and Ersoy [21] indicated that the sea inundated 100 m in Amasra
and after 14 minutes a second wave inundated the shore about 50-60 m.

Region 3: The tsunami occurred after the earthquake in Amasya in May 1598
[10, 11, 21]. The wave height approximately 1 m was created between the gulf
of Sinop and Samsun [12]. The sea advanced for a mile inland on the coast of
Black Sea [21]. Another earthquake that generated tsunami was the Great Erzincan
earthquake in 1939 [10, 11, 21]. The surface magnitude was of M = 8.0 and focal
depth — 20 km. Firstly the sea receded for 50 m and then advanced with 20 m in
Fatsa and Giresun towns [21]. The tsunami probably was created directly from
the rupture or the secondary fault or even by a submarine landslide in Black Sea,
triggered by the earthquake [24]. The earthquake’s epicenter was about 60 km
inland, and this is one of the confirmed cases in the Black Sea of tsunami triggered
by inland earthquake.
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Fig. 1. Regions with observed tsunami in the Eastern Mediterranean
(historical documents or measurements)
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Region 4: The Eastern part of Black Sea, and especially Sukhumi Bay in West
Georgia, was affected by catastrophic earthquake (M > 6.5) in the first part of I*
century AD. Russian sources reported that the city of Dioskuriada (today Sukhumi)
was submerged beneath the sea[10, 11]. The run-up exceeded 2.5 m and the tsunami
intensity was estimated as [IV-VI [9, 10].

Region 5: This area is situated in the north-eastern part of Black Sea, the
Russian coast of the sea. For less than a century in this zone have occurred several
events (from north to south): Anapa (North Caucasus) on 4 October 1905, North
Caucasus (10 km south from Anapa) on 12 July 1966, Cape Idokopas (Western
Caucasus) on 8 April 1909, Sochi on 4 December 1970 [10, 11]. Ranguelov et al.
[25] applied spectral analysis to the mareograms for the event of 12 July 1966.
The source of the tsunami event from 1909 is aseismic, like underwater slides that
produced wave height (3—5 m) in the open sea above the continental slope [12].

Region 6: Azov Sea is situated to the north of Black Sea. It is shallow water
(14 m) sea and the seismicity of the region is very weak. However, three events of
tsunami have been reported in the area [11]. The west coast of Azov Sea as well the
lake Sivash were influenced by earthquake (M = 7.0+0.5) that caused tsunami in
1650 [12, 10]. This was the first report of such event. Papadopoulos et al. [11] and
Nikonov [12] made an estimation of a water level rise of 0.5-1.0 m and tsunami
intensity of degree III. Recent event in August 1990 caused a sea-level rise of 0.4
m near the southern shoreline of Azov Sea.

Region 7: The Southeastern part of the Crimean Peninsula had been affected
by tsunami several times [1]: 1427 in Yalta, on 5 June 1615 near Feodosiya, on
11 October 1869 near the town of Sudak and on 26 June 1927 near Yalta. The
earthquake from 1927 had a magnitude of 6.0 and a focal depth of 27 km. It
occurred near the submarine slope south of Yalta and caused a local tsunami on
the south coast of Crimea [11, 10]. The maximum wave heights were 24 c¢m in
Yalta according Dotsenko and Konovalov [26], while Pelinovsky [9] considered
the rise of the sea level in Yalta as 16 cm. This tsunami event was registered by the
mareograph network.

Region 8: Several events were reported in the west and the southwest part of
Crimea [10, 11]. An earthquake (M = 7.7/7.5) that induced tsunami waves occurred
in Yevpatoriya on 12/26 October 1802 [1, 10, 11]. Probably the source of that large
earthquake was the Vrancea seismic source because of its long radius and intermediate
hypocentral depth. Another hypothesis for the source is that it was due to a submarine
ground failure triggered by the earth shaking [11]. Other events in this region are: on
25 July 1875 and two events near Balaklava district on 11 and 16 September 1927
where the tide gauge records showed the maximum wave heights of 53 cm [10].

Region 9: Two events are related to the area of Odessa: one on 17 November
1821 and another on 23 January 1838 [10, 11, 1]. The second earthquake is
considered to be an event from Vrancea seismic source with M = 7.3 and tsunami
intensity was evaluated to be V-VI degree [11].
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More than 40 tsunamis have occurred in the area of Marmara Sea for the last
2000 years [27]. Three zones are defined here: west (region 10), north-east (region
11), and south (region 12).

Region 10: About 8 large earthquakes (M > 7.4) occurred at intervals of
150—420 years in the western Marmara [28]. The latest in this zone and one of the
biggest event in the Balkans was on 9 August 1912 — Sarkdy-Miirefte Earthquake.
It took place on the active Ganos fault zone and the length of the rupture on the
surface was about 50 km [29]. The wave height was 2.7 m near Yesilkoy [30].

Region 11: About 30 events have been occurred in this zone, most of them near
Istanbul and Izmit Bay [21]. Transform North Anatolian Fault crossed the zone. The
Kocaeli earthquake (M = 7.4) was on 17 August 1999 and caused tsunami waves
with period less than 1 minute in the Izmit Bay. The most prominent evidence of the
tsunami was the sea receding during the earthquake at both sides of the bay. Field
observations indicated a maximum run-up of 2.5 m [31]. In addition to tectonic
displacements, the sediment slumping within the bay possibly generated tsunami
waves [32].

Region 12: The south part of Marmara Sea has the lowest seismicity of whole
Marmara area. Four events were reported here: in 120/128 near Kapidag Peninsula,
Iznik and Izmit [8], in 368 in [znik, in 543 in Kapidag Peninsula, Erdek and Bandirma,
and in 1064 in Bandirma [21]. Probably the event from 543 is connected with the
tsunamigenic event that affected Bulgarian Black Sea coast in the same year.

Region 13: An earthquake (M = 7.0) occurred in Chalkidiki near lerissos on
26 September 1932. This event was followed by several strong aftershocks, one of
them with magnitude M = 6.3. The generated tsunami wave height was 1m [33].

Region 14: A few tsunamis were historically reported in the Maliakos Bay [3].
Papaioannou et al. [34] evaluated additional historical and archaeological reports
and suggested that the 426 BC seismic even was twice moderate arguing that the
large tsunami from that period may have occurred during the I1I" century BC.

Region 15: More than 17 events were included in the New Tsunami Catalogue
from IV® century BC to 1999 for this zone [35]. There were many reported
local tsunamis in the Corinth Gulf area. Most of them were triggered by strong
earthquakes or aseismic coastal and submarine landslides [35]. Some of the
documented tsunamis are: in 373 BC in the area of Helike (west Corinth Gulf), in
June 1402 in Central Corinth Gulf, on 25 May 1748 in Aeghion where run-ups of
10 m were observed, on 23 August 1817 in Aeghion with run-up of 5 m. A tsunami,
generated by sediment slump happened on 7 February 1963 [3] and the run-up
exceeded Sm.

Region 16: There were few small tsunami events in the Corinthiakos-Patras
Gulf [35, 36]. The area might be affected by big tsunamis created by origins in
Aegean Sea (Santorini eruptions, west Hellenic arc seismic events).

Region 17: Minoan eruption of Thera (Santorini) in 1613+13 BC created
tsunami wave with height, exceeding 20 m [2]. A recent large earthquake on 9 July
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1956 in Cyclades (M = 7.5) generated tsunami. Estimations of the near- source
wave height varied between 15 m and 30 m [3].

Region 18: This area had a great experience with earthquakes and tsunamis.
Some of the events that triggered tsunamis in the past are: on 20 March 1389 in
Chios Islands with tsunami intensity of VI degree, on 10 July 1688 in Smyrna, on
13 November 1856 in Chios Islands with tsunami intensity of VIII degree, on 7
March 1867 in Mitilim, and on 23 July 1949 in Chios Island [1, 3].

Region 19: Dodecanese Islands were affected many times by tsunamis. Several
big events caused inundations and destructions in Rhodes. The first one was in
11" century BC. The earthquake on 3 May 1481 with magnitude 7.2 [3] caused
a 3 m high tsunami that flooded the Rhodes coast. Recently, on 24 March 2002,
waves with heights of 3—4 m heated the town of Rhodes, most probably caused
by landslide [2]. A seismic event on 9 February 1948 caused a huge wave that
penetrated inland of Karpathos Island for 1 km and the sea disturbance continued
for several hours [37].

Region 20: The coasts of Crete have been often destroyed by earthquakes and
tsunamis. Two of the biggest tsunamigenic events happened near east and near
west coasts of Crete. The event from 365 AC in west offshore of Crete was one of
the key events in the history of the Eastern Mediterranean. The western segment
of the Hellenic Arc was ruptured by an earthquake (M = 8.3) and caused tsunami
propagated through the whole Mediterranean [38]. The tsunami intensity was
reported to be X degree [3]. There is a lot of contradictory information about the
event from 1303 AC in the eastern offshore of Crete. According to many historical
documents [39], there was a very large tsunamigenic earthquake that ruptured
the eastern segment of the Hellenic Arc, between Crete and Rhodes islands, with
observed inundation in many places in the Eastern Mediterranean — Crete, Dalaman
(Turkey), Israel, Palestine, Egypt [2, 36, 40, 41]. The north coast of Crete was
affected by tsunamis with intensity form V to X-XI degree, created by volcanic
eruptions (1600 BC, 1650 AC), strong shallow seismic events (1958), and several
offshore events near the coast [1].

Region 21: The event of May 1201+1 caused a severe tsunami on Levantine
coast with intensity of VII degree [42]. Papadopoulos et al. [3] consider the
possibility for inland earthquake with tsunami-generating mechanism. Shallow
seismic activity is in progress in the last years in the southwest offshore of the
island but without any tsunami generation.

Region 22: After a strong earthquake, a tsunami was observed on the Syrian
coast on 29 December 1408 [42]. The tsunami intensity was of [1I-V degrees.

Region 23: A great earthquake occurred in Beirut, Sur, Sidon, Tripoli and
Galilee [42]. Tsunami was reported on the Lebanese coast and the sea retreated for
a mile and many ships were destroyed [8].

Region 24: There were several earthquakes in Palestine and Syria that caused
tsunamis: in January 746/749 on the Levantine coast; from 30 October to 25
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November 1759 tsunamis with run-up heights up to 2.5 m in Tripoli [42, 1]. A
tsunami was noted as far as the Nile delta [43].

Region 25: The Mediterranean coast of Egypt, especially Alexandria was hit
by a number of tsunamis in the course of the history [37, 44], two of which have
flooded the city with a lot of damages: on 21 July 365 AD and on 8 August 1303
Crete tsunami events.

Region 26: Event from 365 AD, an M = 7.7 earthquake in Crete, produced a
unique tsunami, that propagated through whole Mediterranean, causing damages in
Libya, Egypt, Calabria and reached the coast of Spain [37].

Region 27: There were several moderate to strong earthquakes, generating
tsunamis in this area: on 5 November 1633 near Zante (Ionian Sea), on 18 February
1723, on 19 January 1825, and on 22 April 1948 near Leukas (Ionian Sea) [1].

Region 28: A series of local tsunamis was observed on the coast of Albania:
in the area of Valona in October 1851, on 2 and on 6 January 1866 in Himara and
Narta respectively [3, 45, 46], in March 1866 in Valona [45] and in Saseno Island
on 18 December 1920 [1].

Region 29: There was a tsunami triggered by earthquake on 15 April 1979 in
Montenegro. The thrust fault is almost parallel to the Adriatic coast [47]. The wave
height was 6 m [1].

Three tsunamigenic events at least affected whole eastern Mediterranean.
The observed tsunamis have various origins: earthquakes, volcano eruptions,
landslides, meteorological events or combination of them. A lot of the observed
tsunamis have unclear origin or the different authors gave ambiguous information
for the same event. Even relatively dense population of the Mediterranean coast
there are many areas that are not investigated for the tsunami impacts, they were not
mentioned in any historical document, even if these areas are close to tsunamigenic
zones. Moreover there are many seismic zones with very long return period that can
originate big landslides and tsunamis.

3. OVERVIEW OF TSUNAMIGENIC ZONES IN THE AREA
OF THE EASTERN MEDITERRANEAN

Different tsunamigenic zones in the Mediterranean area were identified and
classified by several studies [2, 3, 48]. Each area was classified according to
geographic distribution, tsunamigenic potential, generation mechanisms, tsunami
intensity and the frequency of the historical events. We define 27 zones by
geographic distribution (Fig. 2).

Zone 1: The area is characterized by active faults, but it is possible also aseismic
landslide and turbidities origin of observed tsunami. The numerical modeling of the
historical events is not in good agreement with observations [18].

Zone 2: In the area are possible landslides, triggered by the inland ruptures
along North Anatolian Fault.
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Zone 3: The big inland earthquakes with large ruptures along North Anatolian
fault most probably caused co-seismic landslides and turbidities, responsible for
the tsunamis observed in the region [11].

Zone 4: The inland and offshore earthquakes along the fault segments in the
area, together with landslides are most probable origin of the observed tsunamis.

Zone 5: The observed earthquakes with M ~ 6.0 together with landslide
processes might cause the locally observed tsunami.

Zone 6: Similarly to zone 5, the combination between earthquakes and
landslides can originate the observed and expected tsunamis.

Zone 7: The observed historical tsunamis were connected with activity of the
Vrancea seismic zone, but the mechanism of the tsunami is unclear.

Zone 8: Tsunamis in this area are caused mainly by landslides, following the
seismic activity along the branches of North Anatolian fault [49]. Numerical models
are applied by Hébert et al. [50]. The model TWO-LAYER was used for Yenikapi,
Tuzla and Armutlu Peninsula to obtain run-up estimates [32].

Zone 9: Similarly to zone 8, the observed tsunamis are connected with
landslides, caused by the seismic activity along the faults in the region [32, 49].
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Fig. 2. Tsunamigenic zones in the Eastern Mediterranean

Zone 10: The area is dominated by strike-slip faulting but there the tsunami
activity in the region is almost absent [51].

Zone 11: Earthquakes, triggering landslides, caused very high local tsunamis
in this zone. In the western part of the zone, extensive submergence of a coastal
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strip, caused by moderate earthquake (M = 6.6), was most probably the origin of
the observed tsunami [35].

Zone 12: The area is characterized by relatively frequent, locally high tsunamis.
The most of the observed tsunamis were generated by co-seismic or aseismic
landslides. Well documented aseismic landslide occurrence in 1963 permitted to
model the process. Numerical simulations tested two landslide models: rigid-body
model [52] and an initial external dynamic action to the layered sediment structure
[37]. Both models reproduced well-enough the observed run-up data.

Zone 13: There are not records of big tsunamis in the area, but this zone is
very close to the west Hellenic Arc, Santorini area and some significant active fault
systems.

Zone 14: Seismic and volcanic activities in the area often were accompanied
by landslides inducing tsunamis [53]. Two of the largest tsunamis in Mediterranean
were caused by Santorini and Columbo eruptions, although the mechanism
of tsunami generation is still uncertain: circular caldera collapse or by massive
pyroclastic flow.

Zone 15: Most probable mechanism for the observed tsunamis is related to
seismic origins.

Zone 16: The earthquake rupture of west Hellenic Arc generated the biggest
tsunami event in the whole Mediterranean. The impact on many coastal zones is
modeled by different authors [54] but some more areas most probably were affected
too, for example Argolic gulf or Libyan coast. There are some contradictory
hypotheses about the earthquake mechanism.

Zone 17: Similarly to zone 16, a co-seismic tectonic displacement in relation
with the rupture along the east Hellenic Arc caused big tsunami, with strong impact
on the coasts of Aegean Islands, southwest Turkey, Cyprus, Asia Minor coast and
Egypt. But tsunami mechanism is unidentified. There are several historical seismic
tsunamis in the easternmost side of the Hellenic Arc, around the Rhodes Island,
with unclear generation mechanisms [55].

Zone 18: The north coast of Cyprus is bounded by the trench zone that can
originate landslides and relevant tsunamis [42].

Zone 19: Similarly to zone 18, the southeastern coast of Cyprus is surrounded
by fault systems. The submarine landslides are not excluded as the reason for the
tsunami generation.

Zone 20: The number of the observed locally strong tsunamis by the inland
earthquakes along the strike-slip Levantine rift remains unexplained. The most
plausible explanation is the co-seismic submarine landslides [56]. Probably some
faults, connected with the Dead Sea Transform Fault, in the south part of the region
caused landslides generating the observed tsunamis [57, 58].

Zone 21: This area was affected by big tsunamis caused by west and east
Hellenic Arc and Cyprian Arc ruptures. UBO-TSUFD code [59] was used for
tsunami simulations for interaction with the irregular coast of Alexandria [60].
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Zone 22: The small disturbances from the Hellenic Arc earthquakes can
originate the submarine landslides with locally significant tsunamis.

Zone 23: Similarly to zone 22, this area can be affected by tsunami, caused by
submarine landslides.

Zone 24: The dominant strike-slip faulting of the fault system in this area is not
related to significant tsunami events in the region [51]. Massive avalanches from
Mt. Etna can be responsible for some of the tsunamis observed in the region [61].

Zone 25: Tsunami hazards scenarios were made for this area. Analytical
solutions were combined with bathymetric data and well known data for several
events for evaluation of maximum amplitude reached by a hypothetic tsunami
event [62]. The typical focal mechanisms are thrust and strike-slip.

Zone 26: The seismicity of the coastal region here is determined by the
subduction of the Adriatic plate under the Dinarides [62]. The typical fault
mechanisms are thrust or strike-slip. Analytical simulations for the tsunami models
were used and synthetic mareograms were made for realistic oceanic models [63].

The expected effects of a tsunamigenic event strongly depend of the cause of
the tsunami: tectonic, landslide or volcanic origin. The repeatability of tsunamis is
also determined by their origins. The distribution of high run-ups and the extent of
the inundated coast are very different in the case of the occurrence of a localized
landslide, a gigantic collapse, or a displacement of the sea bottom [64]. Moreover,
for most of the historical tsunamis in the Mediterranean area, the definition of the
actual source is still a matter of debate [3].

4. OVERVIEW OF TSUNAMI MODELING METHODS

Modeling of tsunami contributed to understanding the nature of such complex
process that might have significant impact on the coastal areas in the Mediterranean.
Numerical models are powerful tool for tsunami research since they can be used
to reconstruct modern and historical events. The simulations can help to produce
forecasts of tsunami impact and inundation in systems of early warning. Although
there is no case of devastating tsunami in Europe in the past 100 years, the potential
hazard in EM is high. There are several projects that estimated the tsunami hazard
for a number of densely-populated cities (for example ASTARTE: Assessment,
STrategy And Risk Reduction for Tsunamis in Europe). The evaluation of the
tsunami hazard depends strongly of the capability of tsunami modeling method: its
flexibilities, the simplifications assumed, required computing resources, successful
modeling of observed events.

There are a number of methods for tsunami modeling. Most of them are based
on the numerical modeling of shallow-water equations, but there are also analytical
methods with possibility to model the tsunami generation from inland, near coastal
earthquakes.
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One of the most successful numerical codes for tsunami propagation and
inundation modeling is UBO-TSUFD, developed by the Tsunami Research Team
of the University of Bologna, Italy. The code resolves the non-linear shallow water
(NSW) theory which is an estimation of the equations of Navier-Stokes. UBO-
TSUFD is developed in a Cartesian frame and by mean of an explicit leapfrog
(LF) finite-difference method on a staggered grid. The method considered moving
boundaries to calculate the ocean inundation and withdrawal at the coast. The
NSW equations hold under the assumptions of pressure hydrostaticity and of
fluid incompressibility, so the vertical component of fluid particles acceleration is
negligible compared to the gravity acceleration and the horizontal components of
the velocities are constant along the water column [59]. The problem is reduced
from three to two dimensions in space and one dimension in time. The Coriolis
force is neglected that is applicable for seas as Mediterranean. The bottom friction
is taken into account. The NSW equations in Cartesian frame are:

u, +uu, +vu, +gn, +f. =0, (1)
v,tuv, +w +gn, +f, =0, 2)
n,+@h+m), +(h+n), =0, (€)

where u and v are the depth-averaged velocity components, respectively, for the
horizontal coordinates x and y, g is the gravity acceleration, # is the water surface
elevation measured from the still sea surface, /4 is the undisturbed water depth, f.
and f} ~are the x and y components of the bottom friction (Fig. 3). The discharge
fluxes M and N are related to the velocities u and v by the formulas:

M =uth+n)=uD, 4)
N=v(h+n)=vD, 5)

where D = h + # is the total water column. Egs. (1)—(3) can be improved as
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The bottom friction components /. and fy are normally submitted by the fluxes
M, N and Manning's roughness coefficient 7:
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Elevation # is calculated in the centre of every cell of the grid, while fluxes
M and N are shifted by a half spatial step along their respective directions. The
boundary conditions are applied for the fluxes in the nodes that are placed (right
and upper sides of the boundary mesh) thus the geometric asymmetry of the
computational grid is obtained.
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Fig. 3. Schematic representation of tsunami

The code UBO-TSUFD was validated for different cases and reproduced quite
well the theoretical and experimental data [65-67].

MOST (The Method Of Splitting Tsunami) is numerical technique that was
created as part of the Early Detection and Forecast of Tsunami (EDFT) project [68].
This method modeled tsunami generation, its propagation and its run-up onto the
shoreline. The generation of tsunami is based on the elastic deformation theory. The
MOST propagation model uses a numerical dispersion scheme and the NSW wave
equations in spherical coordinates, with Coriolis terms [69]. The MOST inundation
calculations are sufficiently accurate where adequate bathymetric and topographic
data are available. The run-up distribution is useful to develop hazard mitigation
tools and guidance products such as inundation maps.

COMCOT (Cornell Multi-grid Coupled Tsunami Model) technique is another
numerical model that allows both simulation and visualization of the whole
process, from tsunami generation and propagation to run-up/run-down in coastal
regions [70]. COMCOT adopts the leap-frog time-differencing scheme to solve
NSW equations in spherical coordinates and Cartesian coordinates on staggered
grids [71]. The evaluation of free surface elevation and volume flux are staggered

36



in both time and space. The moving boundary scheme is applied to model the run-
up and run-down.

An advanced method for modeling of tsunami generation, propagation
and coastal inundation is 2-DH model [72]. This method is applied to simulate
representative earthquake-induced tsunami scenarios in the Eastern Mediterranean.
The non-linear wave transformation in the swash zone was calculated by non-
linear breaking wave model based on the higher-order Boussinesq equations for
breaking and non-breaking waves [73]. The numerical solution is based on the
accurate higher-order numerical scheme of Wei and Kirby [74], who proposed a
fourth order predictor-corrector scheme for time stepping, discretizing the first-
order spatial derivatives to fourth-order accuracy. The shoreline in the model can be
considered either as a solid boundary (fully or partially reflecting) or as a boundary
allowing sea mass inland penetration and inundation [72].

Analytical modeling is another useful tool to solve the problem with the
tsunami generation. The first approach is based on the modal theory that gives a
solution corresponding to the exact boundary conditions [75]. It can be extended
to models with slightly varying thickness of the water layer and it is valid only for
sources located under the ocean. The equations of motion are solved for a multi-
layered model structure, according to Haskell [76], so the set of equations is
converted into a matrix problem. The modal method allows to computes synthetic
signals for both laterally homogeneous (1D) and laterally heterogeneous (2D)
structures [62].

The Green's function technique approach is used for sources placed near the
coastline and even inland (proposed by Kajiura [77] and developed by Yanovskaya
et al. [78]. The solution for the Green’s function in the liquid layer is performed by
an integral form with the approximation adopted asymptotic representation of the
integral solution by Hankel’s functions, which allows the computation only for the
far-field case [62].

A technique, developed by Annunziato [79] is used in Joint Research Center
for global modeling and early warning announcements. It tests in real time all the
events occurring in the world, calculates the expected tsunami wave height and
identifies the locations where the wave height reaches dangerous level.

Numerical modeling represents relatively well the process of tsunami
generation, propagation and inundation. The main problems are connected with
realistic modeling of the rupture processes of big seismic events, the irregularity
of landslides and inland conditions — forests, buildings and other particularities
that modified ground relief. In some cases should be considered several near
contemporaneous sources as earthquake and landslide or volcano eruption and
landslide in order to obtain the observed inundation amplitudes. The problem of
combined action of earthquake rupturing, together with the underwater sediments
sliding (turbidities) is still not solved satisfactory. The high resolution bathymetry
is another problem influencing the solution, especially in case of the existence of
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strong refractors. The high sensitive refraction models are usually inadequate due
to the existing low bathymetry resolution maps.

5. CONCLUSIONS

Tsunami is complex, non-linear phenomenon and only prevention of
it is to understand well their impact on the populated coasts. The observed
tsunami events in eastern Mediterranean are summarized in 29 zones. The most
destructive events are observed around the island of Crete — the earthquakes
caused tsunamis affecting whole Mediterranean. Many of the moderate seismic
events (M < 7.0) in combination with landslides originated significant local
inundations. There are several documented cases when the coast inundation is
caused by meteorological processes. A number of observed tsunamis are with
unknown origin.

We define 26 tsunamigenic areas in eastern Mediterranean that are
identified with existing active or long-time non active faults, volcanic zones and
landslide areas. The most of these areas are studied more or less successfully by
different tsunami-modeling techniques. We identify several zones, potentially
tsunamigenic that are still not modeled or modeled by general initial parameters.

There are a number of tsunami modeling techniques, most of them numerical
and based on shallow-water theory. One of the most used methods in the
Mediterranean is UBO-TSUFD — well balanced between computing resources
needed and some simplifications that is able to model tsunami by earthquakes or
landslides. Analytical methods for tsunami modeling are able to model tsunami
using Green’s function of inland earthquakes.

Tsunamis in Eastern Mediterranecan are not that big and destructive as
transoceanic tsunamis and they are not so frequently as in the area of Pacific Ocean,
but the tsunami risk for some areas is rather high and should be studied in details.
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OCOBEHOCTU HA MUKPOCTPYKTYPATA
HA Cr-Ni CTOMAHA CJIE/]] UBOTEPMHUYHO 3AKAJISIBAHE

TATSAHA ABJKHUEBA

Kameopa ,, AA0pena mexnuka u siopena enepeemuxa’

Tamsana Aeoaxcuesa. OCOBEHOCTU HA MUKPOCTPYKTVYPATA HA Cr-Ni CTOMA-
HA CJIIEJJ U30TEPMUYHO 3AKAJIIBAHE

Tazu pa3paboTka € 4acT OT M3CJIEABAHETO Ha MUKPOCTPYKTypaTa U MEXaHHYHUTE CBOM-
crBa Ha Cr-Ni cTOMaHHM ciex pa3IHdHN TepMH4YHH 00paboTku [1—4]. HeobxoammocrTa a ce
HaMaJIBaT 0 MUHUMYM aBapUUTe U 3aryOuTe, IPUUMHABAHU OT Bb3HUKHAIM B paOOTHUTE KOH-
CTPYKLUM ITyKHAaTUHHU, ca IIPUYMHA Jla CE U3y4yaBaT SBJICHUATA, CBbP3aHU C Pa3pyllaBaHETO Ha
CJI0XKHU UHKEHEPHU ChOPBHIKEHUS], KaTO SAPEHH, TOILIO- U BOAHOEIEKTPUUECKH LIEHTpaIH, ra3o-
1 HeQToTpBOOIPOBOAU U Ap. 3a HOJIyyaBaHe Ha MAaTepHUald ¢ BUCOKA IyKHATUHOYCTOHUUBOCT
€ HeoOX0IUMO pa3pabOTBAHETO HA TEXHOJIOTUH 332 TEPMHUYHO 00pab0TBaHE HA CTOMAHH C HUCKO
BBIVIEPOJHO ChIbPKAHUE U HAJIUUIKE HA PA3IMYHU JIETUPAILU JIEMEHTH, KOUTO MaTepUay BIO-
CJIEICTBUE Jla Ca C BHCOKA SKOCT, IUIACTUYHOCT, BUCOKA TBBPAOCT U 3aBapseMocT. OOGeKT Ha
HACTOSIIOTO U3CNIE/IBAHE € BIUSHUETO HA MUKPOCTPYKTYpaTa Ha XpOM-MaHIaH-CUIMIIUEBA CTO-
MaHa BbpPXY IIyKHaTMHOYCTOMYMBOCTTAa Ha Marepuana. M3cienBaHu ca pa3iuuHU CTPYKTYpHH
MOp(OJIOTHH, TOIYYCHH B PE3yNTaT Ha OXJaXIaHe OT ayCTCHUTHA TEeMIIeparypa ¢ pas3lIiIHd
CKOPOCTH MU CIIe]] U30TEpMUYHO 3aKalsiBaHe. [IpoBeseHy ca u3NMTaHUSA HAa TPUTOUYKOBO yiap-
HO OT'bBaHE U € OIpeJelIeHa SIKOCTTa U TBbPAOCTTa HAa MaTrepuaa. YCTAaHOBEHO €, Y€ MHKPOC-
TPYKTypara, CbCTOAILA c€ OT OCHHUT M MaJIKO KOJIMYECTBO OCTaThUEH ayCTEHHT, € C Hali-BUCOKa
IIyKHaTUHOYCTOHMUMBOCT. 3a MPOOHUTE Tejla C MApTEH3UTHA CTPYKTypa He ce HaltogaBa ChoT-
BETCTBHE MEX]y IPOMSHATa Ha TBbPJOCTTA U IIyKHAaTHHOYCTOHYHUBOCTTA.

3a koumaxmu: TatsiHa ABmkueBa, Karenpa ,,lnpena rexanka u siapeHa enepretaxa‘, Ou-
suuecku Qakynret, Couiicku ynusepcurer ,,CB. Kinument Oxpupacku®, Oyi. ,,Jlx. bayuep™ 5,
1164 Codus, Ten.: +359 2 8161 725, E-mail: tavdjieva@phys.uni-sofia.bg
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Tatyana Avdjieva. CHARACTERISTICS OF THE MICROSTRUCTURE OF Cr-Ni
STEEL AFTER ISOTHERMAL HARDENING

This work is a part of research on the microstructure and mechanical properties of Cr-Ni
steels after various thermal treatments [1-4]. The need to minimize the damage and losses caused
by construction work occurred in cracks cause to study phenomena related to the demolition of
complex engineering facilities, such as nuclear, thermal and hydro power plants, gas and oil pipe
lines. To obtain materials with high Crack resistant it is necessary to develop technologies for
heat treatment of steels of different carbon contents and the presence of other alloying elements,
which subsequently are materials with high strength, ductility, weldability and high hardness.
Object of the present study is the impact of the microstructure of chromium-manganese-silicon
steel on Crack resistant material. Were investigated various structural morphologies resulting
from cooling from the austenitic temperature with different speeds or after isothermal annealing.
Tests have a three-point bending and shock is determined strength and hardness of the material.
It was found that the mixed microstructure consisting of bainite and retained austenite are with
highest Crack resistant. For the samples with martensitic structure, there was no correlation
between the change in hardness and Crack resistant.

Keywords: metallic alloys; bainitic steel; impact toughness; fractography, scanning electron
microscopy
PACS number: 61.72 Ff

1. BbBBEJAEHUE

Hepsiiko B TEKKO HATOBaPCHUTE KOHCTPYKIIUH M W3JICIUS TI0 BPEME Ha SKC-
IyioaTaius Bb3HUKBAT U ce pa3BuBar Jedektu. CToMaHuTe, U3IMOI3BaHU 3a U3pa-
0OTBaHE HAa OTTOBOPHHU JICTANIIM U ChOPBIKCHHUS, B YACTHOCT JIOPU U KOPITYCUTE Ha
SIIPEHUTE PEAKTOPH, TPHOOIIPOBOIU M TPHOOIIPOBOIHYU €JIEMEHTH, TPSIOBA Ja OTIrO-
BapsT Ha PeIUIla U3UCKBaHMsI, KATO BUCOKA SIKOCT, IUTACTUYHOCT, TyKHATUHOYCTOM-
YUBOCT ¥ CHIPOTUBJICHHE HA TUHAMUYHYI HATOBapBaHus. B mocieanure roquau 3a
n3pabOTBAHETO Ha TAKWBa M3ENUS BCE MOBEYE CE M3IOJ3BAT HUCKO BBIVIEPOAHU
Cr-Ni cToMaHH, KOUTO C€ EKCIUIOATUPAT B YCJIOBHUS Ha MOBHIICHH TEMIICPATypH,
IUKJIUYHU U yJIapHU HATOBapBaHUs, MOPaJy KOETO MO3HABAHETO HA IMyKHATHHO-
YCTOWYHMBOCTTa UM € OT CBHIICCTBEHO 3HaueHue. HanexxqHocTTa Ha Marepuaia u
HETOBOTO CHIIPOTHBIICHUE CPEIly Pa3BUTUEC HA MYKHATUHU M JIS()EKTH 3aBUCSAT OC-
HOBHO OT CTPYKTypara Ha MeTaa.

Jbaro BpeMe ce € cuuTasno, Ye HUCKOBBIVIEPOAHUTE CTOMAaHH BhOOIIE HE ce
3aKaJsIBaT U ChOTBETHO HE ce 00pa3yBaT CTPYKTYpH C BUCOKa SIKOCT. B mocnennure
TOIMHU BCE TMOBEUE CE YTBBPXKJIaBa MHEHHETO, Y€ WUMEHHO IMOPaJ HUCKOTO Bb-
[JIEPOZIHO ChIbpPKAHUE CTOMAHUTE ca C MHOTO A00pa 3aBapsieMOCT, IPU TEPMUYIHA
00paboTKa MoYTH He ce 00e3BBITIEPOASIBAT, MAJIKa € CIOCOOHOCTTa UM Jia ce Je-
(dhopmupar u 1a ce 00pa3yBaT MyKHATHHKY U JIe(h)EKTH B TSIX, KaTO MIPH CHICIU(pUY-
HU 00pabOTKH ca C BUCOKA SKOCT M TUIACTUYHOCT. Hsikou aBTOpM [5—7] cumrar, ue
MaKETHUSIT MAPTEH3UT (JICHTOOOPa3eH MapTEH3UT) B HUCKOBBITICPOJIHUTE CTOMAHH
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(Bpriepon 0,3-0,4 %) e cTpykTypara, KOSTO B Hail-roisiMa CTEIeH € OTTOBOpHA
3a MOJy4aBaHETO Ha BUCOKA MYKHATHUHOYCTOWYMBOCT Ha Marepuana. lpyru [8—11]
CMSITAT, Y€ HAJIMYUETO Ha OSMHHUT B CTPYKTypaTa Ha CTOMaHara € B OCHOBara Ha
BHCOKOTO CHIIPOTUBIICHNE CPEILy Pa3BUTHE HA CTAaTUYHA, TUHAMHYHA W [UKIUYHA
MyKHaTrHa. EAMHOMYITHO € MHEHUETOo, Ye HAIMYHeTO Ha UIecT (GepuT JoBexaa
710 HamalleHa ITyKHATHHOYCTOMYNBOCT, 0COOEHO B CTPYKTypara ropeH OeHHHUT ToBa
€ TIPUYHHA 32 TI0-MaJIKaTa SIKOCT Ha HUCKOBBITIEPOIHATA CTOMAHa.

Hskon ot TX cuuTar, 4e eqHa OT Bb3MOKHOCTHUTE 32 IOy4aBaHe Ha MaTepH-
aJI C BUCOKO CHIIPOTHBIICHHE CPEIy Pa3BUTHETO Ha MyKHATHHH € J]a ce MoydaBa
CTPYKTypa C JOCTaThYHO KOJIMYECTBO HA OCTAThUYEH ayCTEHUT B Hed [5, 8], KoiTO
MIpUTEXaBa ONpe/ieNieHa TIacTUIHOCT. ChIecTByBar o0ade pa3inmdusi 3a Heo0Xo-
JUMOTO KOJTMYECTBO Ha OCTAaTHhYHUS ayCTEHUT, KOETO Ja BIHsAE BbPXY IMyKHATHHO-
ycToiumnBOCTTa Ha Marepuana. 3a Hsikon 30-35% 00. B OeitauTHN MaTepuany [§]
ca ONTHMAJHH 32 BHCOKA ITyKHATHHOYCTOHYHUBOCT, APYTH CMSTAT, Y€ KOTMIECTBOTO
My TpsiOBa J1a € TI0-MaJIKo.

Hepsinko e oTkprBaHO HATMYHUETO HA OEHHUTHA CTPYKTYpa ChC CI0XKEH ChCTaB
— (pepuT, OCTaTHUYEH ayCTEHUT, KApOHIH, MTOHSIKOTa C MAPTEH3UTHU YYaCTHIH — B
CTOMaHH C BHCOKa SIKOCT. Ho KakBa e peayHara mpuYrHAa 32 BHCOKA SIKOCT U ITyKHa-
THHOYCTOMYMBOCT B CTOMaHUTE, BCE OIIE HE € HAIThJIHO U3SCHEHO, 0COOEHO B CTO-
MaHUTE C Pa3lIi4eH ChCTaB, KBAETO MOMydYaBAaHUTE EKCIIEPUMEHTAIHN Pe3yaATaTu
YeCTO ca HeeHO3HAUHH.

Benuko ToBa moka3Ba HEOOXOMMMOCTTa OT Ch3/IaBaHE HA CTPYKTYPH, KOUTO
TpsiOBa J1a ca €AHOBPEMEHHO C BUCOKH SIKOCTHH W TDTACTUYHH CBOMCTBA, OCHUTYpSI-
Ballll MAKCHMAJTHO CHIIPOTHBIIEHUE (MaKCHMAITHO TIOTIThIIAHE HA €HePTHs OT IMyK-
HaTWHATa NPYW HEWHOTO pa3BHTHE B Marepuaia). B TakpB ciydall BeposSTHOCTTa
3a KpPeXKO paspyliaBaHe Ou Omia mo-maika, a ClieIoBaTeTHO TEKKO HATOBaPEHHUTE
TIPH eKCIUTOATAIUS JeTalIN U n3aenus Onxa OWiIy ¢ MO-TOJIsIM pecype U ¢ MUHH-
MaJHa B3MOXHOCT 32 JepeKTupaHe U pa3pyliaBaHe.

Ilopagm m3bpoennTe (hakTH € W3BENEHA W IENTa Ha HACTOAIIOTO HM3CIIE/IBa-
HE — J]a C€ aHAIM3HpPAT U CPAaBHAT CTPYKTYpUTE M CBOWCTBaTa Ha MPOOHHU Teja OT
eIHa " chIma cromana (ctangaptHa ctomaHa 30XI'CA, kKoATO € ¢ U3KITIOUNTETHO
MIPIJIOKEHNE B IPAKTHUKATA) CIIE/ pa3IMIHN PEXKUMHU Ha TepMHYHA 00padoTKa: ayc-
TeHu3auus npu remmeparypu 880 °C, cnel KoeTo clieiBa N30TEPMHUYHO 3aKaIsIBAaHE
B TeMIiepaTypHus auanas3oH 325-394 °C. 3a cpaBHEHUE ca IPOBEACHU 3aKAJIIBAHE
Y 3aKaJIsiBaHe ¢ TOCIENBaII0 OTBPHIIaHE.

2. NU3CJIEAABAH MATEPHAJI

Ha w3cnensane ca mojuiaranu MpoOHH TeNa OT HUCKOBBINIEPOIHA CTOMaHa C
XHMHYEH CHhCTaB, IOCOYEH B TalI. 1.
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Taoauna 1. XuMudeH chCTaB Ha M3NO0I3BaHM Matepuan (wt. %)

Enement | Si | Mn | cr | Ni | Al | cu| P S

V)
% Mmac. 033 1,29 1,1 1,06 | 0,04 | 0,05 | 0,09 | 0,017 | 0,018

Oo6emen martepuan ot cromana 30XI'CA mbpBOHaYaIIHO € M3KOBAaBaH JI0 KBa-
IpateH npodui ¢ pamepu 12x12 mm no gocrturade Ha npubausurenHo 18% ne-
¢dopmaronHa Tekctypa. Cnen ToBa npoMIIbT € MOAJarad Ha PeKpUCTaIN3aLuOH-
HO OTTpsIBaHE 32 MpeMaxBaHEe Ha TEKCTypara. 3a U3BBPIIBaHE HAa MeTanorpadcku
aHaJIM3 1 MEXaHUYHH U3MIMTBAHUS OT KBajJpara ca OTps3aHu npoOHu Tena (¢ur. 1),
KOWTO BIIOCJIEACTBUE Ca MOIJIaraHy Ha Pa3IMuHU TEPMUYHN 00paOOTKH.

3a u3XomHa CTPYKTYpa € MpHeTa Ta3H, KOATO € MOIY4YeHa CJI PEeKPUCTaH-
3auoHHo otrpsiBade npu 1200 °C, 3agbppxane 30 MUHYTH U OXJIaKJaHE C MEenITa.
PexpucTann3aioHHOTO OTTpsiBaHE € M3BBPIIBAHO, 3a J1a C€ OTCTpaHu Aedop-
MallMOHHATa TEKCTypa, o0pa3yBaHa B pe3yiTaT HA MPWJIOKEHATa MpPeABapUTEIHA
acTuyHa aedopmanus.
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®@ur. 1. [IpoOHHU Tena 3a onpeesHe Ha SIKOCTTa Ha ONBH (&) 1 AKOCTTa Ha yaap (0)

MertanorpacKiST aHAIW3 € HapaBeH BBPXY MPEABAPUTEIIHO TIOATOTBE-
HU 1TQoBe ciie npoaBsBaHe ¢ 3% a30THA KHCEIMHA ChINIACHO cTaHmaptu E3-
95 Preparation of Metallographic Specimens, E407-93 Micro etching Metals
and Alloys. Araim3uTe ca U3BBPIICHH HA eleKTpoHeH Mukpockorn SEM (Czech
Focused ion beam equipped SEM Lyra, Tescan with Quantax EDS detector -
Bruker) mpu paznuunn yBenmdenus. OmpefensHa € TBbPAOCTTa Ha MarepHaia
gpe3 merona Ha Rockwell mo crammaptHa Meromuka. SkocTTa Ha ymap (II0-TOYHO
SHeprusTa 3a pa3pocTpaHsBaHe Ha MMyKHATUHATA, T.€. MIyKHATHUHOYCTOHYHMBOCTTA
Ha Marepualia) € U3MepBaHa MpU CTaifHa TeMIlepaTypa Ha BCUYKU MPOOHHU Tela
(10x10%55 ¢ V-obpasen Hampe3) ciiel] BCsika TepMudHa o0paboTka. B ocHoBara Ha
BCEKH KOHIICHTPATOP Ha HalpexeHue (HaJape3) ¢ MOMOIITa Ha CIElHalIeH ypel €
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HaHECeHa yMOpHa IMMyKHaTHHA ¢ | mm api0ounHa. ToBa € HeoOXOAMMO, 32 J1a MOXKe
TIPH U3MUTBAHETO HA TPUTOYKOBO OI'bBAHE JIa CE OMPEILIsl CHEPTHATA 33 Pas3Ipoc-
TpaHeHHe Ha IyKHATHHATa, a He 001ara eHeprus 3a pa3pylIaBaHe.

SIKocTHUTE XapaKTepUCTHKH Ca IMOyYeHH Ype3 CTAaHAapTHU MPOOHU Teina Ha
50-ToHHA MaITWHA 3a H3IHUTBAHE.

3. PEXXUMU HA TEPMHWYHA OGPABOTKA

Benuku TepmMuyHE 00paOOTKM Ha Marepualia 3alouBar ¢ ayCTeHU3alusl MPH
880 °C 3a 30 min. AycTeHu3auusiTa c€ U3BBPIIBA B €IEKTPOIIEI, OT KOSATO MPo0-
HHUTE TeNla Ce MPEXBLPIAT Obp30 B coHa BaHa o1 Hutparu (KNO,/NaNO,, 1:1) 3a
W30TEPMHUYHO 3aKajsiBaHE, KaTo clieBa OXJIaXJaHe B macio. M300pbT Ha TeM-
neparypara Ha ayCTEeHH3allks 3a JIETHPaHU CTOMaHH, ChIbpXKalld €THOBPEMEHHO
KapOumooOpa3yBaliy eneMeHTH (MaHraH, XpoM) M HekapOHuIoo0pasyBaliy KaTo
CIJIMLUI, Ce MpaBU C OTUMUTAHE HA BIMAHUETO Ha TEMIEpaTypara Ha HarpsBaHe
BBbpPXY CTPYKTYPHHUTE MPOMEHH, Thi KaTO JIETHPAILIUTE €JIEMEHTH — XPOM, BOJI(]-
pam, BaHaIUi (KaTo MUKPOJIETUPAIIl €JIEMEHT), BIUSAT 110 PAa3INUeH HAYUH BbPXY
HapacTBaHETO Ha ayCTEHUTHOTO 3bpHO. TOBa € Taka mopajan 0codeHocTuTe Ha Gop-
MHUpaHe Ha ayCTCHUTHHUTE KPUCTAJIM B JIETUpPaHa CTOMaHa C M3XOHa (epuTo-mep-
JUTHA CTPYKYypa, ChABpKallla eJIeMEHTH, pa3TBOPEHH BbB (heputa u oOpasyBarin
Kapouu.

Temneparypure Ha 00paboTka ca M30paHM C OTYMTAHE Ha TEMIIEpaTypaTa
Ha MapTEH3UTHO MPEBPBIIAHE, OTYETEHA OT JIMTEPATypeH u3To4ynuk [13], M =
320-340 °C. 3a yrouHsBaHe eKCiepuMEHTAIHO € onpenenena M, = 366 °C. Tlopa-
I TOBa ca M30paHM TEMIIepaTypH, KOUTO Aa 00XBaHAT TeMIIEpaTypHUTE HHTEPBa-
JIM, CbOTBETCTBALIM HA MAPTEH3UTHOTO M HAa OEMHUTHOTO MpeBpbLIane (Tadm. 2).

Tabauna 2. Pexxumn Ha TepMudHa 00paboTKa

. T
austeniz austemp
[°C] [°C] [min]
880, 15min | 325,335,345 30
355, 366, 384,
394 2

4. IIOJIYYEHU PE3VIITATU
4. 1. MUKPOCTPYKTYPA

B 1a6n. 3 ca mokazaHr MUKPOCTPYKTYPUTE Ha CTOMaHara cje]] pa3iInyHu pe-
KUMHU Ha TepMHuyHa 00pabdotka. CTpykTypara cien oTrpsiane (tadmn. 3a) e dbepu-
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TO(CBETIINTE TIETHA)-TIEPIINTHA(THMHHUTE TI€THA) C TIpeo0IIaaBamo KOIHMIeCTBO Ha
nepnura. HabmonaBar ce oT/ieieHl IEMEHTUTHH KPUCTAIH 110 OMBIINTE TPaHULIN
Ha ayCTEeHUTHUTE 3bpHA. [IepmuThT € che 3ppHECTa hopma.

CrpykTypara cnen 3akansBaHe (Tabn. 30) e MapTEeH3WTHA, CHCTOAMIA CE OT
UIJIM, PA3IOJIOKEHHU IOJ BI'BJI €IHa CHpsAMO japyra. Mmmre mpecudar H3LsIO0
OMBIIETO ayCTEHWTHO 3BPHO. MEXIy WIIMTE € pa3IoyiokKeHa ApeOHO3bpHECTa
CTPYKTYpa, 3a KOSITO MOXe Jia Ce MpeAroara, 4e e goien oerHurt (dur. 2a). Moxe
Jla ce BUIM JICIOBUIHA MAapTEH3UTHA HIVIA, PA3NIOIOKEHa B INIOCKOCT, OCOYCHA
ChC cTpeJKa Ha CHUMKara. [1o rpaHunmTe Ha HAKOM UIVIH ce 3a0eisI3BaT OTACICHN
KapOuam.

Taoauna 3. MUKpOCTPYKTYpPH CIIe/ pa3indHa TepPMHIHA 00padoTka

a) PexpucrannzanonHo 6) 3axammane B) OTBpBINAHE cleN
O6paborka otrpsisate, 1200 °C, 30 min, 880°C. 30 min. Macio 3akaisBane, 350 °C,
OXJIaXKJaHe ¢ MeITa ’ i ? i ] 60 min, Maciio

MuxkpocTpyk-
Typa

O6pabotxa T) H30TepPMUYHO 3aKaJIIBaHEe ) ©30TepPMUYHO 3aKaJSIBaHE | €) H30TEPMHUYHO 3aKaJIsIBaHe

335°C ] 345 °C 355 °C

MuxkpocTpyk-
Typa

Crpykrypara ciiel 3aKajsiBaHe U OTBpbInaHe (Tabi. 3B) € (epuTo-TPOOCTHT-
Ha. OTaenHuTe 00J1aCTH ce pa3nonaraT B paMKUTe Ha OMBIIETO ayCTEHUTHO 3bPHO.
HabmronaBa ce u3kirounteiHo 00ocobeHa cTpykrypa (pur. 20) — pe3ku rpaHunu
MEXIY OTIEeNHUTE (a3oBU €JIeMEHTH — (EPUTHU THMHH 30HU U peneHU Tpooc-
TUTHHU 3bpHA. 3a0es3Ba ce HaNM4YKe Ha OTJeTHI OeHHUTHY (POPMUPOBaHHUS (IIOCO-
YeHa TaKaBa 00J1acT ChC CTPENKA).
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SEMHV:30.00kV  WD:8.022 mm LYRA\ TESCAN
Vac: Hivac Det: SE 20 um -’

x 20 000 %35 000
a 0

@ur. 2. EneKTpOHHOMHUKPOCKOITICKa CHIMKA Ha CTPYKTypaTa:
a) cies 3aKasiBaHe; 0) clie 3aKaisiBaHe U OTBPBIIaHe

Crnen u3otepMuyHO 3akajisiBane npu 335 °C cTpyKTypara OTHOBO CE€ ChCTOU OT
MapTEeH3UT U OEHHUT, HO ce 3a0elsi3Ba U OcTaThyeH aycTeHuT (Tabi. 3r). Habmrona-
BaT ce OTHAEJHU OCHHUTHH, MaJIKu 110 pa3Mep KIbCTEPH, PA3IOI0KEHH MO pa3in-
YeH BI'bJ B paMKUTE Ha OMBIIETO ayCTEHUTHO 3bpHO. MEXKAy OTIACITHHUTE KII'bCTEPU
W MEXKIYy IUIACTUHHUTE OT OeHHUTEH (PEepHT M OCTarbueH ayCTCHUT UMa JPeOHH OT-
JeJIeHn KapOuan (IIEMEHTHT) C MaJIKu pa3MepH (¢ur. 3a).

x1 500 %30 0000
a 6

@ur. 3. EneKTpoHHO MUKPOCKOIICKa CHIMKA Ha CTPYKTypara:
a) cliesl I30TepMUYHO 3akaisiBane mpu 335 °C;
0) cnen n30TepMUYHO 3aKansaBaHe npu 345 °C

B Tabn. 3e Ha cHUMKaTa OTHOBO ce HabIoAaBaT KIIbCTEPH OT MAPTEH3UT, Oeli-
HUTHU (EPUTHH TUTACTHHH, PA3MOJIOKEHH B PAMKHTE Ha OHMBILETO ayCTEHUTHO
3BPHO — CTPYKTYpa, MOJyueHa ciie]] M30TepMUYHO 3akaisaBane mpu 345 °C. Kibe-
TEpHTE ca MoJ pa3iIndeH bI'bJ B PAMKHUTE Ha OMBIIETO ayCTEHUTHO 3bpHO. Ho ce
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3a0emsa3Bar U 000COOCHN 30HU C OCTaThueH ayCTeHUT. AYCTEHHTHUTE 00IacTu ca
yrcTH, O6e3 kKapouau B Tax. CTpykTypata e Tun caasud (¢ur. 30), chcrosdiia ce oT
pelyBaly ce JaMelKu (epUT U OCTaTh4YeH ayCTeHT, KaT0 MAapTeH3UTHT UMa 0CO-
OcHa ¥ psAIKO cpeliana nenepynooopasna gopma (dur. 30). Jlamenkure ca Kbcu, ¢
SICHO OUEpTaHU IPaHuIly U peied. 3adens3Bar ce OTAeIHU 000C00eH!, CPaBHUTEII-
HO TOJIEMH KapOuan MeXIy OTACTHUTE KITbCTEPH.

Crnen n3oTepMudHO 3akansiBane mpu 355 °C (Tabn. 3e) cTpykTypara npeacra-
BIISIBA OTJCITHU 3bPHEHU (POPMHUPOBAHUS (KIIBCTEPH), CHCTOSIIM CE OT MapTEH3HT,
OCTaTh4YCH ayCTCHUT M €AMHUYHU LEMEHTHTHH Kapouau (¢ur. 4) (MHOrO Malku
(dbopMHpOBaHHs, KOUTO MOTar Ja ce 3abenexar MpH roJisIMO YBEJIMYEHUE — 7 =
0,19—0,20 um). Cien u3oTepMU9HO 3aKajsiBane nmpu 366 °C (Tabi. 40) CTpyKTypa-
Ta € CMEC MEXIy MapTEH3UT, 10JIeH OCHHHUT M OCTAaThUCH ayCTCHUT.

Tabnnna 4. MukpocTpyKkTypa Ha MeTalla clie]l HU30TePMUYHO 3aKaJsIBaHe
B TemIeparypHus unrepsai 355-394°C

O6pa 0) M30TEpMHUYHO B) M30TEPMHYHO T') U30TEPMUYHO
60TpKa 3aKalsiBaHe 3aKalsBaHe 3aKassiBaHe
365 °C 384 °C 394 °C
b
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SEMHV 300KV WD 1204 mm TRV Vac: Hvae Det BSE opm
Vac: Hivac Det SE 10 ym SEMMAG:500kx  Date(mdy), 0529115 Vac: Hivac
SEM MAG:5.00kx  Date{m/d/y): 05/29/15 Performance in nanospace SEMMAG: 500 ke Date(m/dly) 05/29/15
| x1500 | %1500 <1500

SEMHV.30.00kV  WD: 12.95 mm FENENETE LYRA\ TESCAN
Vac: HVac Det: SE 4
SEMMAG: 20.00 kx  Date(m/d/y): 05/29/15

%35 000

®ur. 4. Hannure Ha kapOUAM HA TPaHUILIATA MEXK/TY JTaAMEIKUTE (epuT
M OCTaTh4€H ayCTEHHT

Performance i ranosacs [
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CrpykTypara Ha MeTalla Clle[l U30TEpPMHUYHO 3aKalsgBaHE NPU TeMIIeparypu
384 °C e momeH OSHHHT M OCTaThYeH aycTeHUT, a npHu 394 °C — chino OeHUTEH
(heput U ocTarb4YeH ayCTEHNT, HO MOP(OJIOTHYHO TOBA € TOPeH OeHHHUT. Pa3nnkara
B MHKPOCTPYKTypara ce ChCTOM M B pa3Mepa Ha OTACITHUTE JIJAMENIKH B KIIbCTEPH-
T€ — C yBeJIMYaBaHe Ha TEMIIeparypaTa Ha H30TepMUYHO 3aKasIBAHE Pa3MephT UM
Hapactsa. [Ipu temneparypa 355 °C (¢ur. 5a) cpennust pasmep e 0,22 um, a npu
394 °C — 1,54 pm, koeTo orpyOsiBa JaMeIKHUTE.

SEM HY: 30.00 kV' “WD: 12.94 mm T LYRA\ TESCAN
Vac: Hivac Det: SE 10 i
Performance in nanospace n SEM MAG: £.00 kx Date(m/dfy): 05/29/15

a 6
@ur. 5. Pazmepn Ha TaMeNKHATE B OTICIHUTE KIIBCTEPHU: @) CIIEA H30TEPMUTHO 3aKa-
nsBaHe mpu 355 °C; 0) criex nzorepMuvHo 3akaisiBaHe mpu 394 °C

SEM HV. 30. 0 kv WD: 8.893 mm LYRA\ TESCAN
Vac: Hivac Det: SE 7
SEM MAG: 15.00 kx  Date(m/d/y). 05/29/15

Performance in nanospace n

4.2. PEHTTEHOCTPYKTYPEH AHAJIN3

PCHTFCHOCTI)YKTypHI/ITC aHaJIN3U Ca IMPOBCKAAHU IO PA3JINYHO BPEMEC Ha pa3-
JIMYHU aliapaTtu, nopaand KOCTo €a € pa3jiniCH BUI.

[500
600

. QbpaseyNel [
0 25.3.2014

MEAHO b4eHue,
crenka 0,2 rpagyca

Intencity, imp/sec

2theta, deg i )L\_ A J& J\L A Ao

30 0 50 60 70 80 %0 100 110 120

a 0
@ur. 6. PeHTTeHOCTPYKTYpEH aHaM3 Ha IPOOHH Tea MPU pa3iIudHU PEXKUMHU
Ha 00paboTBaHe: a) M30TepMHUYHO 3akaisiBaHe rmpu 335 °C);
0) m3oTepMuyHO 3aKaisiBaHe mpu 345 °C
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Ot pertreHorpamure Ha (ur. 6 ce yCTaHOBSBA, e B 00pa3ITe, 3aKaIIBaHU
M30TEPMHUYHO B TeMIlepaTypHusi nHTepBan 325-345 °C, ce HaOmonaBa HaJIHIUETO
camo Ha ¢epuTHa KoMITIOHeHTa. OCTaHaIUTe CTPYKTYPHH ChCTAaBHU HE € 3a0emsi3-
BaT BEPOSATHO MOPAJH MO-MAIKOTO KM KOJIMYECTBO.

Crnen M30TEpMHUYHO 3aKalsgBaHE B CIEIBAINMS TEMIEpaTypeH WHTEPBAI — OT
355 mo 395 °C, cTpyKTypHHTE CHhCTaBISBAIIN OTHOBO OCHOBHO ca (DepHT, HO Beue
ce 3a0emns3Ba M M3BECTHO KOJIMYECTBO OCTAaThueH aycTeHUT: 16,3 % mpu 355 °C;
15,6 % mpu 365 °C; 10,4 % npu 384 °C u 21 % mpu 394 °C (Pur. 7). Hanmauero
Ha OCTaThUeH ayCTEHUT ITOKA3Ba, Y€ € MOCTUTHATa OEHHUTHA CTPYKTYypa, KOSITO 110
nmuTeparypHu naHau [10] ce ompenenst UMEHHO KaTo (OpMHUPOBAHHE, CHCTOSIIIO Ce
oT ()epHT M OCTATHYCH ayCTEHUT. 1031 BIJ CTPYKTYpa Ce HaOIFoaBa M Ha METaJo-
rpadckuTe N300paKeHUS.
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@ur. 7. PeHTreHOCTPYKTYpEH aHaJIM3 Ha IPOOHU TeJla IPU PA3IMHHU PEXUMHI
Ha oOpaboTBaHe:

a) U30TepMUYHO 3aKaysiBane 1pu 355 °C; 6) u3orepMu4HO 3akaysiBane npu 365 °C;
B) U30TEpPMHUYHO 3aKaisaBaHe npu 384 °C; ) n3oTepMUYHO 3aKaisBaHe npu 394 °C
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4.3. MEXAHWYHU CBOMCTBA

[TomyueHnTe MEXaHUYHN CBOWCTBA Ha MaTepHalIUTe ca MOKa3aHH B Ta0M. 5.

Tabauna 5. MexanndHU CBOMCTBA Ha MaTepraia B 3aBUCHMOCT OT BUIa
Ha TepMU9IHaTa 00paboTka

I'panuna
Pexumu Ha Teepaoct | Hampo- Axoct | OtHocuren- | Eneprus Ha
TepMu4yHa 00pa- | 1o PokBen | BiawaHe | Ha OMBH | HO yABJDKE- | paspylIaBaHe
0oTKa [HRC] RO,2 [MPa] Hue [%] [J]
[MPa]
1. 3akansBaHe OT
380°C 45 809 1321 5 11,5
2. 3akansBa-
e (830°C) n 45 821,3 987 1 13
OTBpPBILAHE
(350°C)
3. N30oTepMUdHO
3aKasBaHe Mpu 43 798,3 901 0 21
325°C
4. N3otepMu4HO
3aKajsiBaHe Mpu 43,5 972 1139 3 24
335°C
5. M3oTepMudHO
3aKasBaHe MpU 43 965,7 1119 12 22
345 °C
6. M30TepMuydHO
3aKajsiBaHe MpU 433 985,8 1129,7 12,6 33,02
355 °C
7. N30TepMUYHO
3aKajsiBaHe IPU 43 1065,4 1228,6 11,6 31,58
365 °C
8. M3oTepMuyHO
3aKajsiBaHe Mpu 43,5 1152,4 1282 10,3 36,25
384 °C
9. N30TepMudHO
3aKasBaHe Mpu 44 1204,96 1345,4 7,8 22,28
394 °C

W3meHeHneTo Ha TBBPAOCTTA B 3aBUCHMOCT OT peXHMMa Ha TepMUYHA 00pa-
00TKa MOXKe J1a ce BUaM Ha ¢ur. 8. Besika Touka oT rpadukara npeacTasisiBa cpel-
HaTa CTOMHOCT Ha TBBPAOCTTA OT TpU M3MepBaHuA. He ce ycTaHOBsBa 3HauMMa
IpoMsiHa Ha TBbpAocTTa — Bapupa oT HRC45 cnen 3akanasanero no HRC43 npu

HU30TCPMHUYHUTC 3aKaJIABAHUS.
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Tenpaoctnio Pokeern [HRC]
45 I—\

445 \

44 \

435

- \/.\/-\-_.\.7
125

1 2 3 4 5 6 7 8 9 10

@ur. 8. TBEpIOCT HAa MaTeprala B 3aBUCHMOCT OT IPHIIOXKEHaTa 00paboTKa

[lonmy4ynuTe cBOMCTBa Ha CTOMaHATa ca Pa3JIMiHU Cliell TEePMUIHKUTE 00paldoT-
k4 (ur. 9a). XapakrepbT Ha MPOMAHATA HAa TPAHULATA HA POBJIaYaHe U Ha SIKOCT-
Ta Ha OIIBH € €MH U ChII. YCTAaHOBSBA CE, Y€ MAKCHMAaJIHA SIKOCT UMa CTOMaHara
cJeq U30TEPMUYHO 3akaisBane npu 394 °C.

Omoarmeno e %] Enepraasaparpymasase (1]

®ur. 9. MexaHUYHHM CBOMCTBA Ha MaTepuasa B 3aBUCUMOCT
OT IPUJIOKCHATA TEPMUYHA 00pabOTKa: a) SKOCTHU CBOMCTBA; 0) TNIACTHYHOCT Ha
Marepuana; B) IyKHATHHOYCTOWYHBOCT

He TaxbB € ciaywasar ¢ miuacTuyHOCTTa Ha Matepuana (¢ur. 90). Haii-nHucka
€ TUIACTUYHOCTTa cJie] U30TepPMHUYHO 3akaisBane mpu 335 °C, KbIETO CTPYKTY-
para e mapren3utHa. C mosiBara Ha OEHHUTHA CTPYKTYpa, 000coOeHa B OTACIHU
KIIbCTEPH, B KOUTO M3BECTHA YAaCT € OCTaThbUHHAT ayCTEHHUT, CTOWHOCTTTa Ha OT-
HOCHTEITHOTO yIbJDKEHHE ce yBelanyaBa. MakcuMaiHa CTOHHOCT ce MpOosIBsiBa MpU
M30TEpMHUYHO 3akaisBaHe npu 365 °C.

Oco0eHo ChIIECTBEH MapaMeThp Ha Marepualia, Ch3HATEIIHO THPCEH, € MyK-
HaTUHOYCTOMUMBOCTTa MY. JIOKOJIKOTO €KCIIEPUMEHTHUTE ca M3BBPLICHU C MPOOHU
TeNa, B KOUTO JOIBJIHUTEIHO € HAHEeCeHa ITyKHAaTHHA B JFHOTO Ha KOHIEHTPATOpa
Ha HampexxeHusTa (Haapesa) [12], chIpOTUBIEHUETO Cpelly yuap ce HACHTH(H-
Upa C Heropara MyKHaTHHOYCTOMYMBOCT. HopmanHo e cien 3akansBaHe MyKHa-
TUHOYCTOMUYMBOCTTA /1a € MaJjKa, €HEepruaTa Ha pa3pyllaBaHe ce 3ama3Ba HHCKa U
CJIe IPUIIOKEHOTO OTBPBLIAHE, KOETO 03HAYaBa, Y€ HATMYMETO Ha TPOOCTUTHATA
CTPYKTypa HE JOIpHHAcS 3a 100pO CHIPOTUBICHUE CPEIly Pa3BUTHE HA MMyKHa-
TuHa (¢ur. 98). BeHHUTHUTE CTPYKTYypH HONPHHACSAT 3a yBelMYaBaHE Ha IyKHa-
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THHOYCTOMYMBOCTTA Ha MaTepuaia — CTPYKTypara, IMoydeHa clie]l U30TePMHIHO
3akamsBane rpu 384 °C, e ¢ MakcHMaHa MyKHaTHHOYCTOWYuBOCT. [lpn Ta3m 06-
paboTKa KOTMIeCcTBOTO Ha OeHUTHUSA deput e MakcumaiHo (89,5 %) B cpaBHeHHE
¢ ocraHanuTe OEHHUTHH CTPYKTYPH, @ KOJIMYECTBOTO HA OCTATHYHHS AYCTCHHT €
muHUMAIHO — 10 %. OcBeH ToBa pa3MephT Ha JIAaMENKUTE B OSHHUTHHUTE KITbCTEPU
Ha Ta3u CTPYKTypa € Hal-mainka (Tali. 4B).

4.4. DPAKTOI'PAOUA

Pa3pymennre ciieq M3NMMTBAaHETO HAa TPUTOYKOBO OT'hBaHE MPOOHM Tella BIIO-
CIIEZICTBHE ca TOAJIOKEH! Ha (ppakTorpadcko m3cnenpane. CHUIMKH Ha JIOMOBE ca
IToKa3aHu B Ta0J. 6. B moBeveTo TjoMoBe HAMa 000COOCH IEHTHD Ha 3apakaaHe Ha
mykHaTtrHara (Tabm. 6a, 1, 1, X, 3, €). Pa3pymaBanero 3amo4sa 1o msiata JbHKHHA
Ha Hajqpe3a. B 3akajeHnTe 00pasny HAIIpaBIEHUETO Ha MATUCTPaTHATA ITyKHATHHA
€ TI0 JINHUY, Pa3MoJI0KEeHN BETPUI000pa3HO OT JHHOTO HA HA/Ipe3a KbM CPEIIyIo-
JIOXHUSI Kpai Ha MPOOHOTO Tsu10. B mpoOuTe cien M30TepMUYHO 3aKalsiBaHe HAMA
BHIUM XOJ Ha BMKCHUETO Ha IMyKHaTtuHara (Talm. 61, e, K, 3). XapakTephT Ha
paspylaBaHe e e3ndecT. B HauanoTo Ha pasnpocTpaHeHHe Ha MyKHaTHHATa (HeTIo-
CPEICTBEHO Cliell IFHOTO Ha Hajpe3a) ce 3a0emsI3BaT y4acThIlH, Pas3IoIOKeHH Ha-
MPEeYHO Ha MOCOKaTa Ha y/iapa, C HATMYUETO Ha BTOPUYHH ITyKHATHHH B TAX, KOUTO
mpeanosarar 3a0aBsiHe Ha JBMKEHUETO HAa MaruCTpaHaTa MyKHaTHHA. ,,E3umnmre™
ca PasIoNIOKEHH Xa0THYHO IO IOBBPXHOCTTA Ha pa3pyIlaBaHe.

[Ipu mo-romsiMo yBenmuernne (Tadi. §) ce HaOMOmaBaT XapakTepHUTE Oene3n
3a KpeXbK U IuracTudeH oM. Ha ¢ur. 8a ce Bkmar e3uny ¢ HeroisiM pa3mep, Kou-
TO ca IIPECEUCHHU C 00IaCTH ¢ OTACTHHU chepuaHr oOpa3oBanus. Te3n oOpa3oBaHms
ca C mIaJika MOBBPXHOCT W C pa3nnyHu pazmepu. HabmromaBar ce HarpeyHH MH-
KpOITyKHATHHH, JIEKAIIH ITEPIICHIUKYISIPHO Ha ITOCOKATa Ha pa3pOCTpaHEHHEe Ha
MarucTpajiHaTa IMyKHAaTHHA U 110 TPAHUIIUTE Ha CPepUIHNTE yJacThlu. BeposTHO
TOBA Ca BTOPUYHH pa3pylIaBaHUS 110 KIIECTEPHUTE MAapTEH3UTHH (POPMUPOBAHUS C
OTIENICHN KapOHUIu Ha JIETHpAIIUTe eleMeHTH B TiaX. C To3u (akT OM MOTJIO 11a ce
00SICHY HaJMYMETO Ha HETOJIIMa TUIACTHYHOCT B JIOMA.

Ha ¢ur. 86 ce ycranoBsiBa momykpexko paspyiraBane. Habmonasa ce rpebe-
HOBHJIHA BBJIHHCTA CTPYKTypa C HAIWYNE HAa OTJEIHU MaJK{ U TUIOCKH SIMKA. B
OCHOBara Ha ,,rpeOeHUTe U SIMKUTE HE C€ YCTAaHOBSBA HaJMUYWE HA OTIEIISTHUS.
3abens3Bar ce OTACITHN BTOPUYHH ITyKHATHHH, PA3IIOIOKEHH XaOTHIHO B ITOBBPX-
HOCTTa Ha JIoMa. [ peGeHOBHIHATA CTPYKTYpA € C MalIKU pa3MepH.
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Tabauua 6. JlomoBe Ha IPOOHU Tea Ciel Pa3InIHA TEPMIUIHI 00pabOTKH

OGpa-
Gotka

B) U30T€PMUYHO
3aKaJiBaHe
325°C

T) U30TePMHYHO
3aKallsBaHe
345°C

a) 3akaJsiBaHe
880°C, 30 min, Maco

6) OtBpbIIaHe ciIel
3akaisBane, 350 °C, 60
min, Macjo

ITocoka Ha pa3BuTHC HA
MmyKHaTHHATa

x50
1) ©30TEPMHUYHO €) H30TepMUYHO 3) H30TEPMHUYHO
O6pa- ) M30TEPMHUYHO 3aKallsIBaHe
P 3aKallABaHe 3aKallBaHe 384 °C 3aKaJlsgBaHe
Gorka 355°C 365 °C . 394 °C
g
(=
s s
2z
&2
g g
T2
g
£ E
o<
3 =
=
%500

CTpyKTypara Ha HOBBPXHOCTTA Ha MPOOUTE ClIe] M30TCPMHYHO 3aKaJIsIBaHE
npu 325 °C (¢ur. 8B) e e3nyecTa, HepaBHOMEPHA, C OTACITHU [TO-PaBHH yYaCTbHLIH.
B Hauanoro ce HaOMIOIABaT U 30HU C HAIIPEYHO PA3MOJIOKCHU €3UYEeCTH UBUIIH,
KOUTO BIIOCJICICTBUE HPOMEHST Pa3MOI0KEHHETO CH — IO BI'bJ CHPSAMO I10CO-
KaTa Ha HatoBapBaHeTo. [0 MOBBPXHOCTTA Ha JIoMa ce HaOJIOIaBaT HANPEYHU
BTOPUYHU JBJIOOKH ITyKHATHHH, BEPOSITHO PA3IOJI0KEHH T10 TPAaHULIUTE HA Map-
TEH3UTHUTE Y4acThIIM, KbJICTO UMA OTACISHUS HA KapOuau. PaspymiaBanero uma
rpeOCHOBUICH XapaKTep, KaTo OTACIHHUTE IPeOCHH ca MaJKH, XaOTHYHO Pa3Io-
JIOKEHH 1O MOBBPXHOCTTA. ToBa OM TpsiOBaNO Na O3HAYaBa MO-TOJSMA SKOCT H
MO-MaJIKa IJIACTUYHOCT, KOETO € B ChOTBETCTBUE C PE3YJATATUTE OT MEXaHUYHHUTE
u3nutanus. [Ipu ronsMo yBennueHne ce yCTaHOBSBA, Y€ HA JBHOTO Ha IpeOeHHM-
TE HsAMA OTICISTHHS.
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Ta6auna 7. [ToBppXHOCT Ha pa3pylIaBaHe Ha MPOOHU Tea
cllel] pa3uIHa TepMIYHa 00paboTKa

O6pa- a) 3akaysBaHe 6) OTBpBILaHe ciexn B) HU30TEPMUIHO T) U30TepPMHYHO
GoTKa 880°C, 30 min, macito | 3akamsBame 350 °C, 60 | zakamsBame 325 °C | zakamsBame 345 °C

min, Maciio

BEMMEI0K  WD:2377 ) M B o Vo 9em
e e ool SE o o i Dot e 0el:$E

o Er

ITocoka Ha Ppa3BUTHE HA
MMyKHaTUHaTa

%1500
O6pa- 1) M30TEpPMHIHO €) U30TepMHYIHO K) H30TE€pPMHYIHO 3) H30TEPMUIHO
GoTKa 3akainsBane 355 °C 3aKkajsBaHe 365 °C 3akaysBane 384 °C 3akassaBane 394 °C

SENHI00OR  WDITZso

ITocoka Ha Ppa3BUTHE HA
MyKHaTUHaATa

Vac e W 5
SENMGI3ZT ke Dee 7RI Poformance nmarcspac

B Tabn. 71 ce BIKIAT HETOJIeMH HAIIPEYHU MyKHATHHH, BEPOSTHO Bh3HUKBA-
M 110 TpaHWIIUTE Ha ¢epuTHHUTE TIacTHHU. Ha MecTa mykHaTHHaATa ce IBHXKHU
10 TPaHULIMTE Ha OUBIIETO ayCTEHUTHO 3bPHO, KBAETO C€ HAOJIOaBa OTACIIAHE
Ha IEMEHTHTHH Kpuctamdeta. Ha ¢urypure ot tabm. 7e, X, 3, XapakTepbT Ha
paspyiiaBaHe € TUIaCTUYEH, 32 KOETO TOBOPH HAIWYHETO Ha IUINTKH SAMKH, pas-
MIOJIOXKEHHU Ha ,,rpeOeHn”, pa3BUBalIM ce€ I0J00HO HA TEUEHHE Ha BOJEH IOTOK.
SMKuTe ca OKpBIVIEHH, TBIOOKH U C pa3InyHu pa3Mepu. Ha 1pHOTO Ha HSIKOM OT
TAX UMa BKIIIOYEHUS, KOUTO ca KPBINIM U MHOTO IpeOHU. B moma Ha cromanara ¢
Hal-BHCOKa €HepTrus Ha pa3pymaBane (Tabi. 8X) ce BIKJAT BTOPUYHU ITyKHATH-
HU, MTO-ABJIOOKH OT IBI00YMHATA HA SIMKWTE, PA3IIOJIOKEHH! TTOYTH HANPEYHO Ha
MOCOKaTa Ha JBIDKEHUE Ha MarucTpainara nykHaruna (¢ur. 10). Ha Tsax Bepodr-
HO C€ JIBJIXKH I10-BUCOKOTO CHIIPOTHBIIEHHE HA MaTepuaa Cpelly pa3BUTUETO Ha
MMyKHaTHHATA.
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SEMHV: 30.00KV  WD: 1244 mm Lo 1 ] LYRAVTESCAN
Vac: Hivac Det: SE it
SEM MAG: 636 x Date(m/d#y): 07/21/10

Performance In nanospace I

®ur. 10. BropyyHu nykHaTUHU B JIOMa HAa CTOMaHara
clel U30TepMHUYHO 3aKansBaHe npu 384 °C

Jpyro obsicHeHue Ha TO-BHCOKaTa MyKHATMHOYCTOWYMBOCT Ha MaTrepHhaja B
TOBa CHCTOSIHAE OW MOIJIO Jia C& HAMEPH B HAJIMYUETO HA CTPYKTYPHH KIIBCTEPH C
sicHU TpaHuI. Koraro HanpaB/ieHHEeTO Ha MarucTpajiHara MyKHATHHA € TIePIICH TU-
KYJSIPHO WJIH ITOJ] BI'bJI CIIPSIMO OCHHUTHHUTE UIIM, IBH)KCHUETO Ha IIyKHATHHATA BE-
POSITHO CITHpa, Cpelaiiki IpaHuIaTa Ha KITbCTepa, pa3dupa ce, ako B CTPYKTypara
MMa KITBCTEpH ¢ ouepTanu rpanuiy. Ciiesl ToBa MyKHATHHATA TIPOMEHS TIOCOKaTa Ha
pa3npOCTPaHEHUETO CH, KaTo 3a00MKaIIsl KITbCTepa, MPH TOBA YacT OT SHEPrusiTa Ha
pasnpocTpaneHue ce abcopOupa, T.e. MyKHAaTHHATA CPEIla MO-TOJISIMO ChIIPOTHBIIC-
HUE Cpelry JABmKeHueTo cu. OT TyK U TO-ToJIsIMaTa TUIAaCTUYHOCT Ha MaTepralia npu
3ara3eHa BUCOKa SIKOCT, T.€. 1IeJITa Ha paboTara e u3nbiHeHa. [lomydyena e cTpykrypa,
KOSITO TIPUTEKABA €THOBPEMEHHO BHCOKA SKOCT U BHCOKA IIACTUYHOCT.

5. AHAJIN3

M3cnensanara auckoBbIieponna Cr-Ni (ctangaptaa 30XI'CA) cTtomana € ¢
BHCOKa MyKHAaTHHOYcTOW4YMBOCT (36,25 J), Korarto cTpykTypara ¥ € J0JeH OeHHUT
C HaJIMYUe Ha HErOJSIMO KOJMYECTBO OCTAaThUeH ayCTeHUT. MaKCUMaIHO CHIIPOTH-
BJICHUE CpEIly Pa3BUTHE HA JUHAMUYHA MyKHATHHA € MOJYYeHO Cliell TePMUYHA
00paboTKa, cherosima ce or aycrenusauus npu 7 = 880 °C, HM30TEpMHUYHO
3aKansBave npu I, = 384 °C u 3ambpxkane T = 15 min, KbIETO CTPYKTypaTa ce
CBHCTOU OT OEMHUT M OcTaTb4eH aycTeHUT. DEePUTHNUTE U ayCTCHUTHUTE IUIACTHHU
ca PasNoJOKEHH B OTIEJIHHU KITBCTEPH, YCIIOPEIHN €IHH Ha APYTH, & CTPYKTypara
B OTJEJICH KIIBCTEP € OT THUIIA CaH/IBHY.

[TykHaTHHOYCTOWYMBOCTTA Ha MaTepHaja € Mo-BHCOKa, KOraTro IpH pasmpoc-
TpaHEHHETO CH MyKHATHHATA, CPeIaiKyi IPaHUIN Ha KII'BCTEPH, TPOMEHS TOCOKa-
Ta Ha JIBIKCHHUE U €HEePTUsATa Ha Pa3npoCTPaHEHHUETO I HaMaJIABa.

Pa3smepuTe Ha MBPBUYHOTO ayCTEHUTHO 3bPHO HE OKa3BaT 3HAYMTEIHO BIIUS-
HHUE BbPXYy (POPMHUPAHETO HA CTPYKTypara.
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3a MOTBBpK/IaBaHe Ha TONYYEHUTE pe3yiTaru Osxa oOpaboTeHH KOpOHH Ha
I71aBU HA MPOOWBHU MAIlIMHK TIPH YCTAHOBEHHUS C OMTUTHHU TEJIa PEKUM Ha 00padboT-
ka. MexaHWYHUTE CBOWCTBA Ha Marepuana 0sxa WACHTUYHHU C T€3HM Ha MPOOHHUTE
Teja He3aBUCUMO OT MarabHus dakrop. [eraiinmuTe O0sixa TPOBEPEHU B €KCILIOA-
TAIlMOHHU YCJIOBU, KOUTO Ca U3KIIIOUUTECITHO CIIOKHU — ITUHAMUYHO-UUKIIUYHU.

6. SAKJIIOYEHHUE

ITonyvena € CTpyKTypa €IHOBPEMEHHO C BUCOKA SIKOCT HAa OMbH R = 1262
MPa u eneprus Ha pa3pylinaBaHe, paBHa Ha 36,25 J.

YcTaHOBEH € peXUM Ha TepMUYHA 00paboTKa, B pe3ysiTaT Ha KOWTO ce MOoy-
yaBa MaTepHal ¢ BUCOKO CBHIIPOTUBIIEHHE CpEIly pa3pyluaBaHe — 1 = 880 °C,

austeniz
M30TEPMUYHO 3aKajsBane npu I, = 384 °C, u 3anbpkane T = 15 min, oxmax-
JJaHE B MacCIIO.
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N3CIIEABAHE HA PAJIMALTMOHHUTE M'BIJIN
HA JIETUILE IUIOBAVIB
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Huxonaii Paues, Pymen Paiixos, Anzen Pyces. U3CJIEABAHE HA PAIUALIUOHHUTE
MBIJIN HA JIETUILE ITJIOBAVIB

B Hacrosimmara pabota ca U3CIeBaHN PEKUMBT H XapaKTEPHUCTHKUTE HA PaIUAIIMOHHHUTE
MbIM Ha netuuie [lnopaus. Onpenenenu ca: yecToTara Ha MOsBa HA MBIJIUTE; TAXHATA MPO-
JBIDKUTEIHOCT; BPEMETO Ha (GopMHpaHe M pasceiiBaHe; BIUSHUETO Ha BATHPA, 00JIauYHOCTTA,
IPU3EMHHUTE BIQKHOCT U TeMIlepaTypa Ipu oOpa3yBaHe U pa3celiBaHe Ha MbriauTe. [lomydenu
ca perpecHOHHY ypaBHEHMs, JaBallld 3aBUCHUMOCTTA Ha TeMIlepaTypaTa Ha IaJaHe Ha pajua-
LUOHHHUTE MBIJIM OT TeMIIEpaTypaTra M TOUKaTa Ha OpOCsSBaHE, M3MEPEHU HSAKOJIKO Yaca Mpeau
dopmupanero Ha MbIaTa. [loyueHa e U 3aBHCHMOCTTA Ha TeMIIeparypara Ha pa3ceiiBaHe Ha
MbIJIaTa OT TeMIleparypara npH naganeTo u. [lokazaHo e, ye perpecHOHHUTE ypaBHEHUS MOTaT
Jla Ob/IaT YCIEIIHO M3MOI3BaHH IIPY MPOTHO32 HA PaJHalliOHHUTE MBIIIH Ha jetuiie [1noBaus.

Nikolay Rachev, Rumen Raykov, Angel Rusev. STUDY OF RADIATION FOGS AT
PLOVDIV AIRPORT
Characteristics of radiation fogs at Plovdiv Airport are studied. The frequency of fog

occurrence; time of formation and dissipation; duration, the impact of wind, cloudiness, humidity
and temperature in the formation and dissipation of fog are determined. Regression equations

3a konmaxmu: Pymen PaiikoB, Codust 1616, kB. Bosina, yi. ,,bpe3osuna’, ten: 02/9228702,
¢axc: 02/9228705, E-mail: rumen_raykov(@abv.bg
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giving the dependence of temperature of the radiation fog from temperature and dew point,
measured a few hours before the fog formation were obtained. The equation for the dissipation
fog temperature is obtained, also. It is shown that the regression equations can be successfully
used to forecast radiation fogs at Plovdiv Airport.

Keywords: fog
PACS numbers: 92.60.-¢

1. YBOJ

VYCBBBPILICHCTBAHETO HA JIETATEIHUTE arapaTH, of100psABaHETO Ha HA3EMHOTO
TEXHUUYECKO 000pyABaHEe Ha JIETHIIATA, BCE MO-IIMPOKOTO U3MON3BAHE HA PaIHO-
JIOKalIMOHHA ¥ HH(pauepBeHa TEXHUKA YIECHSIBAT paboTara Ha MUIOTCKHS ChCTaB,
KaTo MpPaBsIT MO-CUTYPHO MIJIOTHPAHETO Ha caMoyeTuTe. Bernpeku Te3n moctmxke-
HUSI, CbBPEMEHHATA aBUAIUS BCE OILE € B 3HAYMTEJIHA CTEIICH 3aBUCHUMa OT HAKOU
XapaKTEpPUCTHKH Ha BPEMETO — JajeyvHa Ha BUAMMOCTTA, J0JIHA TPaHULa Ha 00-
JAYHOCTTA, MIOCOKaTa U CKOPOCTTa Ha BATHpa M Ap. JlonHaTta rpaHuua Ha obnay-
HOCTTa ¥ BUJUMOCTTA Ca Hali-Ba)KHUTE METEOEIEMEHTH, OIPEACIAIIN CI0KHOCTTA
Ha METEOPOJIOTHYHUTE YCJIOBHSI 10 BpEME Ha II0JIETa.

N3cnenBaneTo Ha peknMa W XapaKTEPUCTUKUTE HA MBIVIHTE 32 BCAKO €THO
KOHKPETHO JICTUIIE U HAAEKAHOTO UM IIPOTHO3MpPAHE € BaXKHA 3aJ]a4a, JOKOJIKOTO
[1aIaHETO Ha MBIVIATA MPENATCTBA KALlAHETO HA BEUe U3JICTEIM Bb3AyXOIUIaBaTeIHN
CpeACTBa U BOJM JI0 3aTBAapsiHE HA CHOTBETHOTO JICTHIIE — HEBB3MOXKHOCT J1a Objie
M3M0JI3BaHO KaTo 3aracHo.

B Merteoponornynus neHtsp Ha BoennoBw3nymnute cunu (ML Ha BBC) e
IIPEANpUeTo MalabHO U3CleBaHEe Ha pelulla ONIaCHU 3a aBHUAIMITa METEOpOJIO-
TMYHM SIBJICHUS C IIeJ1 Ch3JaBaHE Ha METOAMKHM 3a KJIMMATOJIOTMYHA IOAKpena U
[OBUIIABaHE HA Ka4€CTBOTO HAa IPOTHO3UTE NPH IOATOTOBKA M pealu3upaHe Ha
BOEHHHUTE onepaunu. HacTosimara pazpaboTka MMa 3a el 1a U3CJIeABa IPUIOKH-
MOCTTa Ha €JJHa HOBAa METO/IMKA 32 OLIEHKAa XapaKTePUCTUKUTE Ha PaTUallIOHHUTE
MBI Haj setuine [TnoBnuB, 6a3upaHa Ha KIMMAaTHYHO MpPOy4YBaHe, U Jia Objae
HallpaBeH OIUT 3a IIPOTHO3a Ha TeMIIepaTypuTe Ha IaJlaHe M Ha pa3celiBaHe Ha
pazuanMoHHA MbIVIa HA KOHKPETHOTO JICTHILE.

[IppBara yacT Ha U3CIEIBAHETO MMa 3a 3a/aya /1a NpoBeae KIMMaTH4HO Mpo-
y4BaHe, KOETO J]a aHaJIM3KMpa YeCTOTaTa Ha MosABa Ha PaJualliOHHU MBIVIM HA Te-
pUTOpHSATA Ha M30PAHOTO JIETHUILE U JIa C€ OTPENEIIAT CTORHOCTUTE Ha HAKOW MeTe-
OEJIEMEHTH, CBbP3aHH C IOSIBaTa U pa3CcelBaHETO HAa MBIVIUTE B pailoHa €AMH Yac
IIpey, B yaca Ha [10sBa U B 4Yaca Ha pasceilBaHe Ha MbIvaTa.

Bropara yact Ha U3cieqBaHETO UMa 3a 337a4a JAa IPOBele PEIPECUOHEH aHa-
JIU3 1 ]a C€ HaMepH 3aBHCHMOCT, /1aBalla Bb3MOXKHOCT /1a C€ HallPaBH MPOTHO3a
Ha TeMIleparypara Ha opMupaHe Ha pajualMOHHA MbIJIa U CbOTBETHO TEMIIe-
paTypara Ha pa3celBaHEeTO I, 110 JaHHM 3a TeMIlepaTypara Ha Bb3yXa U TOUKaTa
Ha OpOCSIBaHE, ONPE/CIICHH HAKOJIKO Yaca Mpeay MaJaHeTo Ha MbIiiara. M300pbT
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Ha CTaTHCTHYECKHN METOJI 32 IPOTHO3MPaHE HA MbBIIIaTa € 00yCIIOBEH Hail-Beue OT
HaJM4YMETO Ha PETYIApPEH MOTOK METEOpOJIOTHYHA WH(OPMAIHS OT JIETUIIHATA
Mereocinyx0a. TeHIeHIIUS MpU Pa3BUTHE HA CTATHCTUYECKUTE METOMAM 3a IMPO-
THO3UPAHE Ha MBIVIM € T Jla c€ pa3paboTBaT U Mpuiarar 3a OnpeneacH! MECTa,
a He Ja ce ThpcAT obmm (rmodarHu) MeToau 3a mporuosa [1]. [lo To3u HauwuH,
Makap ¥ HesIBHO, IIPY MIPOTHO3aTa Ce OTYUTAT U PEIUIIA JIOKATHH OCOOEHOCTH.

Tperara yact Ha M3CIIeABAHETO LIeNH Ja OBb/Ie HapaBeHa MPOBEPKa 3a MPHJIIO-
KUMOCTTA Ha MOYYEHUTE PETPECUOHHH ypaBHEHUS BbPXY HE3aBUCHUMA U3BaJKa OT
NaHHM (M3MOJI3BaHM ca JaHHM 3a rneproaa 2012—-2014 r.) u ga ce OllCHU Bb3MOXK-
HOCTTA 3a M3I0JI3BaHe B oneparuBHaTa npakruka Ha ML na BBC Ha pazpaboTena-
Ta METOJIMKA 3a MPOTHO3a HAa MBINIHTE Ha jetuie [1noBaus.

2. OBPA3BYBAHE U PABCEMBAHE HA PAJUALIMOHHU MBIJIN.
METOU 3A TTPOI'HO3A

B 3aBucMMOCT OT (pU3WYHHUTE MPOLECH, BOICIIH JO OOpa3yBaHETO HAa MBI-
7Y, T€ C€ Pa3feisIT HA MBIJIM HAa OXJIaXJaHe U MBI Ha u3napenue [2]. Ot cBos
CTpaHa MBIVIUTE Ha OXJIAXKIAHE CE pa3AeIsAT Ha PaJUallMOHHH, aIBEKTHBHH, a]IBEK-
THBHO-Pa/IMAIMOHHH, oporpadcku. [Ipu MbprmTe Ha OXJaXkKIaHe KOHACH3AaIHATa
HACTBIIBA BCIIE/ICTBHE HAa M3CTHBAHE HA TPU3EMHUS BB3YX, IPU KOETO ChIAbpIKa-
mara ce B HEro BOJAHA Iapa JOCTUTa ChCTOSHUE Ha HacuinaHe. Ha cymara Te ca
Hal-pa3npoCcTpaHeHUAT THI. B Hacrosmara paboTa ce pasriexaar OCHOBHO pa-
JUAITMOHHUTE MBIVIM, IJIaBHA PUYHHA 32 00pa3yBaHETO Ha KOUTO € OXJIAXKIAHETO
Ha Bb3yXa B PE3YJTAT OT HOUIHUTC 33Fy6I/I Ha TOIIMHA OT 3€MHATa IMOBbPXHOCT
BCIICAICTBUE Ha JBJITOBBIIHOBOTO M3IIBUBaHE (paguaIlioOHHO U3cTUBane). Hal-mox-
XOJIAIIH 332 00pa3yBaHETO Ha PagUaIlOHHI MBIIIM Ca HOIIM C SICHO HeOe, Mpru3eMHa
WHBEpCHs Ha TeMIeparypara, ciab BaThp (10 3 m s™') 1 BUCOKa OTHOCHUTEITHA BIIAXK-
HOCT Ha BBh3yxa. MakcuMallHaTa MOBTOPSIEMOCT Ha 00pa3yBaHe Ha paJiualliOHHU
MBIJIM € B Kpasi Ha HomITa 10 1—2 Jaca mpenu u3rpesa Ha CIIBHIIETO, 3 MAKCUMAJTHA
MTOBTOPSEMOCT Ha pa3ceiiBaHe ce JocTura 2—3 Jaca ciie usrpes [2].

3a HaIeXIHOTO MPOTHO3WpaHEe Ha (DOPMHUPAHETO W EBONIONHATA HA paaua-
IIMOHHWTE MBIJIN C€ M3MCKBA HAIMYHE Ha TOJISIM 00eM MUKPOMETEOPOIOTHIHA HH-
(hopmarnysi, BKIIOYBAIAa: BEPTHKAIHO pa3NpeelieHre Ha TeMIlepaTypara 1 BIax-
HOCTTa B MPHU3EMHHS CIIOW;, TeMIleparypa W BIAXKHOCT Ha 3€MHAaTa MOBBPXHOCT;
YCTOMUYMBOCT Ha aTMOC(epara B IPU3EMHUS CIIOH U CBBP3aHUTE C Hes TypOYJICHTHU
MOTOLM TOIUIMHA M BJIara; CbCTOSHUE Ha 00JlauHaTa MOKPUBKA; CKOPOCT Ha BATHPA;
HaJTu4re Ha KOHJCH3alMOHHU siapa B atMocdepara u ap. [lomoben Bux uapopma-
M1 € HAJIMYHA CaMo TPH MPOBEXKAaHEe Ha CIISUAIN3UPAHH HAYYHU €KCTISTUITIH U
3aTOBa CTPEMEXBT € J1a C€ M3MOI3BAT JAaHHUTE OT CTAHIAPTHUTE METEOPOJIOTHIHU
MIPU3EMHH U3MEPBaHUS U aepOJIOTHYHUTE cOHAaxH [2, 3]. Hait-uecto mpu nmporHo-
3a Ha paJMialliOHHA MBIJIA Ce M3IOJ3BAT MOAXOAH, Oa3upaHu Ha MHPOpPMANUs 3a
TeMIiepaTypara Ha Bb3IyXa M TOUKara Ha opocsBaHe [4, 5]. [Ipennoxenu ca u pe-

61



ITUIIa METOM 3a MMPOTHO3a Ha MBIIIUTE C U3IIOJI3BaHE HA CITTHUKOBA MH(OPMAIIUS
Y MOJICITHU pe3yJTaT! OT YNCIICHU MPOTHO3U Ha BpemeTo [1].

Pa3paboTeHr ca MHOTO M pa3iMYHA METOIM 32 MPOTHO3a Ha PaJUallMOHHHUTE
MBIJIH 110 JaHHH 3a MPU3ESMHUTE TeMIIeparypa ¥ TOYKa Ha OpocsBaHe. TakoBa MHO-
roo0pa3sue OT METOJH CE JBJDKM HE CaMO Ha Pa3IUuYHUTE BH3MOXKHOCTH 3a Bb3HUK-
BaHE Ha MbIJIA, HO ¥ HAa CHINECTBEHATa 3aBUCHMOCT OT MECTHHTE ycioBus. Hsxoun
METOJI! U3IOJI3BAT M3MEPEHNUTE MPE/IH 3a1e3a Ha CIIbHIETO Temrieparypa (7) u Touka
Ha opocssane (7)), MPOrHO3HaTa MUHMMAIIHA TEMIIEPATYpa, ONPE/ENEHa OT CHHOII-
TUYHATA [POTHO3a, W OINPEICIAT TeMIeparypara Ha Bh3HUKBAHE Ha pajMallMOHHA
MbIia [6]. 3a1adara 3a mporHo3a Ha 00pa3yBaHETO Ha MBIVIA CE CBEXK/IA JI0 IPOTHO3a
Ha HOIIHOTO MOHM)KCHUE Ha TeMIleparypara U Ha Toukara Ha opocsiBaHe. OOHUKHO-
BEHO TIPH T€3W METO/IX CE TOCTPOsIBAT HOMOTPAaMH, TI0 KOUTO CPAaBHUTEIHO JIECHO CE
OTIpesieNisi He caMo TeMIleparypara Ha MajaHe Ha MbIiiara (IUMKara), HO ¥ HeiHara
WHTEeH3UBHOCT. [IpobieM npu M3Non3BaHeTo HA HOMOTPAMHUTE €, Y€ T€ ca TIOCTPOCHU
Ype3 U3MOJI3BaHE HA JJAHHU OT METEOPOJIOTMYHY U3MEPBAHUS HAJl OTIPEIICIICHA TePH-
TOPHSI U TIPY TIPUJIATAHETO MM 32 JIPYTO MSCTO PE3yJITATUTE Ca HEeHACHKTHU TTOPaIH
HEOTYMTAHETO Ha MECTHUTE (hu3nKo-reorpadcku ocodeHoctu [4, 6]. [Iporunosara ce
moAo0psiBa CHIIIECTBEHO, aKO CE M3MOJI3BAT CTATHCTHYECKH JaHHU 332 00pa3yBaHETO
Ha paJMalliOHHN MBINIM HaJl KOHKPETHUS IyHKT Ha HaOMoneHue.

Pa3paboTenn ca u MeTou 3a MPOTHO3a HA PAJAMAIMOHHN MBIJIH, Ype3 KOUTO
MOXKE JIa C€ OMpe/ien He caMO TeMIIeparypara, a U 4achT Ha 00pasyBaHe U pas-
celiBaHe Ha paanaiiMOHHUTE MBITIN. Takupa MCTOAU CC U3IOJI3BAT B OIICPpATUBHATA
paboTa Ha cuHONTHLMTE. MaesTa UM € 1Mo JaHHHU 3a U3MEPEHHUTE TeMIleparypa u
TOYKa Ha OpPOCSBaHE Mpe3 MOCIETHUTE HIAKOIKO Yaca IMpean 3aj1e3a Ha CITBHIIETO /1a
ce OmpeAeN TEHACHIMATA 3a TIOHWKaBaHe Ha TeMIieparypuTe npe3 Homra. [Ipe-
CeyHara TOYKa Ha MPOTHO3HMTE JUHMK Ha T 1 T CbOTBETCTBA HA MOMEHTA Ha 00-
pa3yBaHe Ha JMMKa, a IPH IPOIBJKABAIIO PAIUAIIMOHHO OXJIAXKIAHE CE JIOCTHUTa H
MOMEHTBT Ha 00pa3yBaHe Ha MbIia [6].

Ilo aHayorvyeH Ha4YMH CE€ MPOTHO3MPA U BPEMETO Ha pa3ceiiBaHe Ha MbIIaTa.
PanyranoHHuTE MBIJIM IOYTH BUHATH CE pa3ceiBaT cien u3rpesa Ha cibHIEeTo. [Ipu
MIPEATONIoKEeHHe, Ye OOIOTO ChIbpKaHNWE Ha BONA B MPHU3EMHUS CIIOW Ha arMoc-
(hepara He ce e MPOMEHWIIO CIIeN MaJaHeTo Ha MBIVIaTa, BpEMETO 3a pa3ceiiBaHe Ha
MbIJIaTa IIe Ce OIPEees OT HHTEpBaIa BpeMe, B TCUCHUE Ha KOWTO TeMIleparypara
Ha NOATpsABaHUA OT 3€MHATa MOBBPXHOCT Bb3AYX JOCTHUI'a TOUKATAa HAa OPOCABAHE ITPU
3aje3 cpHIe. [IOBHIICHUETO Ha TeMIIepaTypara clie]] U3rpeBa Ha CITBHIIETO CE OTIpe-
JIeJIS TI0 JAHHU OT TPEKH M3MEPBaHMUsI Ha KOHKPETHOTO MSCTO 3a NafcHUS Ce30H [4].

3. KIMMATUYIHN XAPAKTEPUCTUKN HA MBITIUTE
B PANOHA HA JIETULIE IJIOBAKWB

YecroTrara Ha Bb3HMKBAHE HA MBIVIM U TIXHOTO pa3npeaciCcHue Ha TCpUToOpusAI-
Ta Ha B’BJ’IFapI/ISI 3aBUCAT OT MHOI'O (l)aKTOpH, HO Hai-Be4Ye OT (bHSI/IKO—FCOFpaq)CKI/ITC
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0COOEHOCTH Ha paliOHa W OT IUPKYIAIMOHHUTE yCIOBUS. bposT Ha THUTE ¢ MBI
Mpe3 roiHAaTa 3a TeputopusiTa Ha Tpakuiickara Hu3uHa € oT 30 10 50. 3a oTnaneye-
Hute oT YepHo Mope paiionu Ha bearapus B okono 50 % ot ciy4aurte ¢ MbIjia TS €
panmarmonHa [2]. braronpusitHa ciHONTHYHA 00CTaHOBKA 32 00pa3yBaHe Ha pajua-
IIMOHHH MBI B CTYACHOTO TIOyTONE €, KOTaTo TepUTOpusTa Ha bhirapus momana
B IIEHTpaJIHATa YacT Ha aHTUIIUKJIIOH, IPOCTHpAIll C€ HaJl TojisiMa vacT oT Eppona [2].
ToBa ocurypsiBa THXO ¥ TIOYTH 0e30071a4HO BpeMe U 3HAYNTEITHO U3CTHBAHE Ha MPH-
3eMHUs B3AyX. [IponbimkurennocTTa Ha MbInTe € 1-2 aH7 (M IOBeUe ), IUCHUTIHPAT,
KOTarTo Ce pa3pyliaT OapuaHUST TpeOeH 1 IpU3eMHaTa HHBEPCHS Ha TEMITepaTypara.

3.1. U3TIOJI3BAHN JAHHH

B HacrosAmoTo n3cnenBane ca U3IMOI3BaHU JaHHU OT HAOMOACHUS OT mUdpo-
BU3MpaHara MeTeoponornyna 6a3a manau (MB/l) na MLl na BBC. Ta cpabpxka
WHPOPMAIHA OT €KeUacHU HAOMIOAEHUS B IECETKH METEOPOJIOTHYHH cTaHuH. [la-
HHUTE CHIBPXKAT ITBJIHATA TaMa OT pealn3allii Ha MIPU3EMHHUTE METEOPOJIOTHYHU
nmapaMeTpu 3a IMyHKTa, B KOWTO ce u3BbpIIBaT Habmonernara. Chc CBOATA HEMpe-
KbCHaTa exxedacHa nHpopmanus 3a repuon Hag 35 ronunan, MBJ] na ML nHa BBC
¢ yHuKanHa 3a bearapus. 3a nenure Ha HacTosmoTo u3ciensane o MBI na ML
Ha BBC upe3 crenmanusupanu copTyepHH NpOAYKTH NPH 3aaA€HU KPUTEPUH 32
noabop € ceJIeKIMOHNpaHa METEOPOIOTHiHa HH(opManus, chOupaHa Ha JIeTUlIE,
HaMUpaIo ce B paiiona Ha rp. [1noBaus. M3nona3BaHuTe JaHHU NPH KITUMATHIHOTO
M3CIIe/IBaHE Ha MBIVINTE B paiioHa Ha JieTuieTo ca 3a nmepuoga ot 01.01.1980 r. mo
31.12.2011 r. Hamame cBeneHus B bbarapus aa e uzcieBad Mo-IbJIbl pell OT JaH-
HU (280512 exeyacHU TenmerpamMmu) 3a OMMCAaHNE U IPOTHO3a HA MBIJIUTE.

[pe3 pasmiexxnanus nepuoa ot 32 roauHu ca perucrpupanu oompo 1351 ciy-
yay Ha majaHe Ha Mbria. OOmara NpoAbIHKUTENHOCT Ha MbIIUTE € 9591 daca
(400 muum) mm oxodo 3,4 % OT MPOABIDKUTETHOCTTA Ha Pa3IIeKIaHus IepHoT. 3a
[[eINTe Ha HACTOALIOTO M3CJEIBaHE Ca MOTHhPCEHH KPUTEPUH, IO KOWUTO Ja Oble
HaIpaBeHO pa3/ielisTHe Ha CIyYauTe C PaTUalliOHHI MBIJIH OT OCTAHAINTE BUIOBE
MbIIH. Pe3ynraru ot npenuuiHy uscnensanus [2, 3, 6] mokaspar, 4e BEpOSITHOCTTA
3a o0pa3zyBaHe Ha paJWallMOHHU MBIJIM € MO-TOJIsIMa MPH OTCHCTBUETO HA CHIIHU
BETPOBE U Ha ILTbTHA 0OIauHa MOKPUBKA. B CHOTBETCTBHE C TE3W PE3yNTaTH 32 OT-
KposIBaHE Ha paJMallMOHHUTE MBINIY ca 33Ja/IeHu cieHuTe yciaoBus: 1. B mpoxbi-
KeHHE Ha 5 9aca Ipeu NaJlaHe Ha MbIJIaTa MaKCHMalTHaTa CKOPOCT Ha TIPU3EMHUS
BATHP Aa € mox 3 m s, 2. MaKkCHMaTHOTO KOJIMYeCTBO obmagHocT aa e moxn 5/10.
Ha te3u ycmoBus otroBapsat 296 ciaydas oT oOutust Opol perucTpupaHd MBIIH,
CBOTBETHO OKOJI0 22 % Karo 6poii 1 0koi10 25 % Karo MpOABIKUTEIHOCT B YaCOBE.
Tps6Ba na ce otyete (hakTa, Ue HATOKEHUTE KPUTEPHUH IIPH OT/ICIITHETO HA pajna-
[IMOHHWTE MBIV OT OCTAHAIUTE MBI Ca I0OCTa OTPAHUIUTETHH M N3KIIIOYBAT HA-
KO CITy9ad Ha paJialliOHHA MBINIH, 00pa3yBald ce IpU CTUXBaHE Ha BATHpA MIIN
HaMaJIgBaHEe Ha 00JaYHOCTTa B MHTEpBaia 1—4 "aca mpeau magaHeTo Ha MbIJIaTa.
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3.2.YECTOTA HA PAAMAIITMOHHUTE M'BIJIN

[Ipe3 u3cneaBanys MePHO CPSTHHUAT OPOit paaTralliOHHN MBIV HA ToMMHA € 9, a
CpeIHaTa FOIHIITHA TPOBIDKUTETHOCT € 74,5 yaca. Ha ¢wur. 1 ca mpencraBern oOIHST
Opoii MBIVIM B cCaMO Ha paialliOHHATE MBINK Ha JieTuie | [moBauB 3a pasriexaanus
niepuoa. O4eBuIHa € 3HAYNTETHATa MEXKTyTOIUIITHA H3MEHUYMBOCT Ha 001w Opoii Ha
MBINIUTE, KOWTO € MUHUMaJIeH 1ipe3 1992 1. (14) u makcumaseHr nipe3 1986 t. (69). Ot
¢urypara ce BIK/1a ChII0 HAMAIISIBAHE HA 00w Opoit Ha MbIHTE citex Tepsute 10
TOIMHY Ha Pa3mIeXkIaHus Meproa. Be3MokHO 0OsicCHeH e Ha Ta3u TEHACHIIHS € HaMa-
JISIBAHETO HA EMICHUTE Ha HHAYCTPHAIHN 3aMBbPCUTENHN B aTMOc(epara.
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®ur. 1. Pasnpeneneﬂne Ha CJIy4dauTe ¢ MbIJla 10 'OAWHH 34 JICTULIC HJ'IOB[[I/IB

ITo oTHOWIEHNE HA OpOs HA PaJUALMOHHUTE MBIJIM CHLIO ce HalionaBa 3Ha-
YUTEIHA MEKAYTOAMIIHA U3MEHUYMBOCT ¢ MUHUMYMH mipe3 1987 u 1994 1. 3) u
makcumyM npe3 1980 1. (19). He ce nHabmonaBa TeHAeHIUS 32 HaMaJIsiBaHe Oposi Ha
MBIJHUTE TIpe3 paszmiexnanus nepuoa. OOscHeHHe Ha TO3U GakT MOXe 1a ObJe mo-
TBPCEHO B e(heKTUTE OT IMI0OATHOTO NOBUIIEHHE HA TEMIIEpPaTypaTa, ChbOTBETHATA
MpoMsHA Ha aTMoc]epHaTa HUPKYIalus U PeKUMa Ha BAJICKHUTE.

[To nanuu or MBJ[ na M1 na BBC ¢ HampaBeHa olieHKa Ha IeKaJaHUA TPEH]
Ha TeMIlepaTypara 3a CTyACHOTO monyronue (okroMBpu—Mapt) B IlnoBaus 3a me-
puoaute 1980-1989 ., 1990-1999 r. u 2000-2009 r. JlokaTo TPEHABT MEKAY IIBP-
Bute nBe necermiierus ¢ —0,08 °C/neceTuneTre U ce ChIliacyBa C pe3ylITaTHTE Ha
Syrakova and Mateev [7], To MexIly BTOPOTO U TpeToTo Aecetmierue e +0,42 °C/
neceTusieTie. Peructpupato € NOBHUILIEHHE W Ha CPEAHOTOJUIIIHATA TEMIIepaTypa
3a [1noBuB, KOATO 3a TPUTE AECETUIIETUS Ha pa3mIeKIaHHs IEPUO € CbOTBETHO
12,41; 12,67 n 12,73 °C.
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TenaeHIMHUTE TPH CYMapHOTO KOJIHUYECTBO Bayiexu B [1JI0BAMB He ca TOIKOBA
J00pe M3pa3eHu MOPaau royiiMara MEXyroIUIlIHA U3MEHYUBOCT, HO MOXe Jia ce
TBBP/IH, Y€ BAJICIKUTE MPE3 TPETOTO JCCETUICTUE Ha PA3MIICKAAHUS TIEPUO HA-
BHIIIABAT TE3M MPe3 MbPBOTO JeceTwierue. [IpomsiHa ce HaOmMoaaBa u B cpeaHara
CKOpOCT Ha BATHpa B [IOBAMB, KaTO Npe3 3UMHUSI IEPHOJL, 32 TPUTE Pa3IIICKIaHN
JIECETHIIETHUSA TS € ChOTBETHO: 3,3; 2,3 1 2,8 m s

OnvcaHuTe M3MEHEHHS B PEXHMHUTE Ha TEMIlEpaTypara, BaJIeXKHUTE U BITh-
pa, OKa3BaT BIHUSHHE BbPXY MPOIECUTE Ha 0Opa3yBaHe Ha PaJMAIMOHHHUTE MBI-
mu. [loBuUIlIeHHETO Ha CPeTHUTE TeMIIepaTypu OU JTOBEIO 10 HaMmalsiBaHe Opost Ha
MBIJIUTE, HO HAMAJISIBAHETO Ha CPEJHATa CKOPOCT HA BATHPA M YBEIUYAaBAHETO HA
BaJIe)KUTE (PECIEKTUBHO BIAXXHOCTTA Ha Bh3/yXa) JICHCTBAT B 0OpaTHATa MOCOKa
M KaTo Pe3y/Tar ce IojlydaBa MpHOIU3UTEIHO 3ara3BaHe Opos Ha pagraliOHHUTE
MBIIM 1IPe3 pasmieKIaHus IEPUO/I.

Ha ¢wur. 2 e mpeacTaBeHO MECEUHOTO pasmnpeieiecHUue Ha MBIJIHTE, 00pa3yBasu
ce Ha neruine [1moBaus.
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®@ur. 2. MeceyHo pa3npe/esieHrne Ha paualliOHHUTe MbIVIH 3a Jietuiie [[noBaus

KaxTo Bcuuku BHIIOBE MBIIM, TaKa U PAIUALIMOHHUTE ce 00pa3yBaT Hal-uecTo
1pe3 eCeHHUTE U 3UMHHUTE MECELH, KOraTo I104YBaTa € BIaKHa M M3IapsiBa MHOIO, a
HOIIUTE ca IBJITH U TEMIIEpaTypara ycIisiBa J1a ce MOHWXKH 3HauuTenHo. Hail-MHoro
paauanuoHHu MbIH (80) ca ce 00pasyBali Ipe3 Mecell SHyapH, ClIejBaH OT AeKEeM-
BpH (71) u HoemBpu (67). He ca peructpupanu pagualiioOHHA MBIIH IIPe3 aBryCT.

3.3. BABUCHUMOCT OT CKOPOCTTA HA BATBHPA
3a 00pa3yBaHeTO Ha paAMALIIOHHH MBITIU € He0OX0AUMO THX0 BpeMe. EnHo ot

YCJIOBHATA, KOCTO CC€ MU3IOJI3BA 3a PA3ACIIAHEC HA paIUallTUOHHUTC MBIJTIA OT OCTa-
HaJIUTC, Oerre B IMPOABJIKCHUEC HA 5 gaca mpeau nmaJjaHe Ha MbIjlaTa MaKCUMaJIHaTa
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CKOPOCT Ha TPU3eMHUs BATHP 1a e moj 3 m s'. Ha ¢ur. 3 ce Buxkna, ye B 74 % ot
CIIy4anTe ¢ paAMalliOHHNA MBIJIM, CKOPOCTTa Ha BAThPa B MOMEHTA Ha MajJlaHe Ha
mbIiata e Ouna nox 1 m s, a camo B 3 % ot cityyauTe CKOPOCTTa Ha BATHpa € Omia
3 ms". CpaBHeHHeTo Ha (ur. 3 ¢ aHAJIOTMYHA, HO 32 CKOPOCTTA Ha BAThPA SIHH 4ac
MPean PETHCTPUPAHETO Ha MbIVIaTa ITOKa3Ba, Y€ caMo B 2 % OT clyJanTe Ha maja-
HE Ha paJuanvoOHHU MBINK Ha netumie 1L1oBnnB e HabmonaBaHO yBEeTHYEHHE HA
CKOpOCTTa Ha BATHpA 1O BpeMe Ha oOpa3yBaHe Ha Mbriara. OTYeTeH € equHIIeH
ciydait Ha oOpa3yBaHe Ha paJHalMOHHA MbIJIA IPU CKOPOCT Ha BATHhPa OT 4 m s,
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@ur. 3. [IporeHT naHATN/pa3Cesiii Ce MBIIIH CIIOPE] CKOPOCTTA Ha BIThpa
B yaca Ha 00pa3yBaHeTo/pa3ceiiBaHETO UM

OrieHeHa e U poJisiTa Ha CKOPOCTTa Ha BATHpA NP Pa3ceBaHeTO Ha paIHaluoH-
uHute MbrH (ur. 3). Haii-romsm nporent (67 %) oT paAnaliioHHATE MBIIN CE Pa3-
ceiiBar MpH THXO BpeMe — CKOpOCTTa Ha BiAThpa ¢ moja | m s'. Tora moTBBbpkIaBa
CXBAIlIaHETO, Y€ OCHOBEH (PAKTOp 3a paszceiiBaHe Ha PaJMAIIMOHHUTE MBIJIU € Paju-
AIMOHHOTO 3aTOILISIHE Clie] U3rpeBa Ha crbHIETo. Camo B okoio 8 % oT ciyyante €
OnIT HeOOXOIMM BATHP ChC CKOPOCT 3 m s 1 TToBeUe, 3a /1a ObJIe pa3cesHa MbIara.

[Morbpcena e 1 3aBHCUMOCT Ha (POPMUPAHETO HA PAAHAIIOHHH MBIIH OT I10-
coKara Ha BSITHpa eIWH Yac Ipeau NajaHe Ha MbInara. Po3ara Ha BIATHpa 3a ciy-
YaWuTe ChC CKOPOCT, paBHA WJIM MO-TONIsIMA OT 2 m ™', MoKa3Ba, 4e Mpu BETPOBE OT
M3TOYHATa YETBHPT UMa HA-MHOTO MaIHAHN paAnanuoHHu MbId. [lpuunnara 3a
TOBa MOXe J1a Obe MOThbpCeHa B MECTOIMOJIOKEHUETO Ha neTuiie [1noBaus, cese-
POM3TOYHO OT KOETO TekaT pekute Mapuia u Yenenapcka. brnaronpusitiu 3a 06-
pasyBaHETO Ha pagualliOHHA MBIVIAa ca U BETpoBe OT toro3amnan (SSW) — tosa ca
nazaniy ot Pomonure BeTpoBe ¢ Majika cKopocT (mox 3 m s™!), BUCOKa BIaKHOCT U
HHUCKa TeMneparypa. B To3u ciyuaii u cirabo pagraninoOHHO OXJIaXKTaHe Ha MTOJIOXK-
HaTa IMOBBPXHOCT BOJIU 0 (OpMHpaHE HA MbIJIA.
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3.4. BINAHUE HA OBJIAUHOCTTA

3a u3sICHIBaHE BIUSHUETO Ha 00IagHOCTTA BBPXY (POPMHUpPAHETO U pa3ceiiBa-
HETO Ha PaJIMallMOHHUTE MBIVIH Ca aHAJM3WPAHN: KOJHIECTBOTO 00112 00IavHOCT;
JIOJTHATA TPaHMIIA Ha HUCKATa 00JIaYHOCT; CIIy4anTe, B KOUTO HEOETO HE ce BUK/A;
CJIy4auTe C SICHO HeOe WU JIOJTHA TpaHmIla Ha obnavyHoctTa Haj 2500 m, peructpu-
paHu CbOTBETHO €AWH YacC MMPEau MaJaHCTO Ha MbIJIaTa, IIpU MMaJaHETO HAa MbIJlaTa
Y IIpY HEMHOTO pa3cerBaHe.

Haii-gecto paananimoHHy MBINIM TTAAat mpu sicHo Bpeme (72 % oT cirydaunTe),
T.6. B Yaca IMpeay MajlaHe Ha MbBIJIaTa METEOPOJIOTHYHUTE yCIOBHS HA JIETHUIETO
ca OT TWNa Ha T.Hap. ,,IPOCTH METEOPOJIOTHYHH ycioBusa ‘. ToBa e mokasaren 3a
OTIACHUTE TOCIICINIIY 32 aBUAIMSITA, KOUTO MOXE Jia MMa B Pe3yJITaT Ha M0sBa Ha
SBJICHUETO, aKOo TO He ObJle MPOTHO3UPAHO HAAEKIHO — MaJaHeTo Ha MbINaTa B
ClIe/IBAIlIMs Yac IIe IOBEJC 0 3aTBApsHE Ha JICTHILETO U TPYJHOCTH TPH MTPHU3EMsi-
BaHe Ha JieTaTeNHuTe armaparu. B 27 % oT cnyyanrte Ha pagalliOHHA MBI €IUH
Yac Mpey NafaHeTo UM € PETUCTPUPaHa CpeHa MM BUCOKa O0IaqHOCT Hal-Beue
¢ konmmdectBo 2+3/10 1 camo B 1 % oT cirydanTe ca HaOMIOaBaHU HUCKH OOMaIly.

B uaca Ha majgane Ha MbINIaTa Hal-4ecTO HEOETO MPOIBIDKABA Jla CE BIDKAA
(T.e. T € TBHKA) — 65 % oT ciyuaute. B 29 % ot cnyuyaute oOpasyBaniara ce paaua-
IIMOHHA MbIVIa € Ona ¢ JocTarbuHa JeOenHa U BUTUMOCT, HETIO3BOJISIBAIIH Ja Ce
BIKIa HeOeTo. B 6 oT ciayuanTe HEOETO ce € BIKIAI0 YaCTHIHO.

B 43 % ot cinyuaute ciien nagaHe Ha paAualiOHHa MbIJIa HEOETO OCTaBa SICHO,
B 22 % OT cily4auTe € perucTpupaHa CpefHa U BIHCOKa 00JIaYHOCT, Hali-Bede C KO-
suecTBo 10 5/10, u camo B 4 % 0T ciydanTe ca HaOOnaBaHW HUCKHU OOJIAIH C J10-
nHa rpanuna noj 1000 m. Benpeku mankustT um Opoit (13), UMEHHO MOCIIeIHUTE
cllyyad Ha HaJIM4Me Ha HUCKa 00JIaYHOCT B KOMOWHAIINS ¢ MBIVIa ca Hai-OMacHH 32
OCBIIECTBSIBAHE HA TIOJIETHUTE.

B 30 % ot cnyuante npu pasceiiBaHe Ha paJWAIlMOHHUTE MBI HEOETO €
owto sicHo, a B 20 % oT ciydauTe € HaOIroaBaHa CpefHa M BUCOKa OOJa9HOCT C
Koiu4yecTBO 110 5/10, koeTo e mpeanocTaBKa 3a MO-JECHOTO UM pa3pyllaBaHe OT
panuanroHHOTO HarpsBaHe CJeA U3rpeBa Ha ci'bHIETO. ChIIECTBEHO € J1a ce OT-
Oenexu, 4e B 25 % OT cilyyanTe Npu pa3celiBaHETO Ha MbBIJIaTa ca PEruCTPpUPaHU
HUCKH oOnanu ¢ nonHa rpanuia nox 1000 m u konmyectso Han 5/10. ToBa mokassa
BaXKHOCTTa Ha JApYr (hakTop, BOACHI J0 pa3pyllaBaHe Ha paglallMOHHUTE MBIJIH,
a UMCHHO, HAMAJIsIBAHC HAa HETHOTO M3JIbYBAHC Ha ABJITOBBJIHOBATA paguanud OT
BbpXa Ha MbIVIaTa IPH HAJIMYME Ha HUCKA OOJaYHOCT.

3.5. OTHOCHUTEJIHA BJIA’XKHOCT

3a nma ce oOpa3yBa MbIVIa, € HYKXHO TOJISIMO BJIarochIbpKaHHE Ha Bb3AyXa,
KOETO J1a OCUTYPH ToJisiMa OTHOCUTEITHA BIAYKHOCT (MaThK AS()UIUT HA BIAXKHOCT-
Ta) BbB BedepHUTE/HOMHKTE 9acose. [Ipu ronsam navanen nepuunr (7'—T) u yBe-
JTUYaBaHETO My C BUCOYMHATA MbIJIa OOMKHOBEHO He ce oOpasysa [2, 3, 6]. Mbra-
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Ta I0CTUTA JI0TaM, OKbJETO pasnukara 7 — T, 3a104Ba Jia c€ yBEIM4aBa PA3ko (T.€.
BB3AYXbT HArOpe € I0CTa MO-CyX). B HAKOM ciyyan TOBa MOXeE Jla CTaHE OIIIE IO
TOpHaTa IrpaHulla Ha UHBEPCUOHHUS CIIOM, T.€. MbIJIaTa MOXE Ja HEe Ce Pa3mpocTpa-
HHU B 1IEJIUS] UHBEPCUOHEH CIIOH.

AHaIM3bT HAa OTHOCUTEJIHATA BIAXKHOCT Ha Bh3/yXa B yaca Mpeau o0pa3yBaHe
Ha MbIVIaTa IIO0Ka3Ba, 9e camo B OKOJIO 5 % OT BCHYKH CIy4daH € Bb3MOXKHO IajjaHe-
TO Ha MBIJIA, aKO OTHOCUTEITHATA BIAKHOCT € 1of 85 %. 3a paanalnOHHNTE MBIITH
TO3U NMPOLEHT € 8%, HO aKo € U3MepeHa BIAXKHOCT Ha Bb3yxa Hax 90 %, BeposT-
HOCTTA 32 MaJIaHe Ha paJInalliOHHA MbIJIa B cienBanius 4ac ¢ okono 80 %.

Ot ¢ur. 4 ce BIXk/a, Y€ B Yaca HA MaJlaHe HA MbIVIaTa OTHOCUTEIHATA BIIAX-
HOCT € Haii-yecto B nHTepBajia 93-100 %, karo Hali-MHOTO ca CilydauTe C OTHOCH-
TenHara BIaxHocT 98 %. Camo B okoio 1 % e HabiaronaBaHo majaHe Ha MbIVIa IPH
OTHOCHTEITHA BIAYXHOCT Ha Bb3myxa nof 85 %. Tesn n3Boam ca BamuaHU KaKToO 3a
paAMalMOHHUTE, TaKa U 32 OCTAHAINUTE BUIOBE MBIJIH.
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®ur. 4. OTHOCHUTEIIHA BIAXKHOCT Ha Bb3lyXa B Haca Ha 06pa3yBaHe/pa3ceI‘/'1BaHe
Ha MbIJiara

OTHOCHUTENHATa BIaXXHOCT HA BB3IyXa OCTaBa BHCOKA M IPH pa3celiBaHe Ha
mbraute (pur. 4). CpaBHeHHETO Ha ABeTe rpaduKky Ha QUL 4 MoKa3Ba MO-ChIIECT-
BEHA pa3jIvKa MPY OTHOCUTEHA BIaXXHOCT 1o 90 %, KoeTo € MHIUKAIIUs, 9e B Hi-
KOU CIIy4yaH 3a pa3celiBaHe Ha MBIVIUTE € HEOOXOAMMO 3HAYUTEJIHO ITIOHNKEHUE Ha
BJIKHOCTTA Ha Bb3yxa. 1 % OT ciaydanTe Ha paJldaliOHHU MBI Ca CE pa3Cesin
IIpY OTHOCUTEIHA BIAXHOCT 72 %.

3.6. TEMIIEPATYPA HA BB3JIYXA

Ha ¢ur. 5 ca nokazanu ciaydyauTte Ha ajaHe Ha MbIvia [IPU Pa3lIuYHHU TEMIIe-
parypu Ha Bb3ayxa. Bikna ce, uye Haif-uecTo MbIIIUTE ce popMupar npu Temie-
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parypa mexay O u 1 °C. CpuiecTByBa U BTOpHUUEH MakcUMyM IpH 5 °C, KOWTO B
yaca npeau najaHe Ha paguanuonHute Mpriu e Ha 7 °C. ToBa mokassa, ue mpu
MOJIOKUTEITHU TEMIIEPATypy Ha BB3/yXa € HEoOXOJUMO TOHIKEHUE HA TEMIIe-
parypata c okono 2 °C, 3a ja ce HOCTHTHE 10 MbIiiooOpa3yBaHe. B moBedero
CIy4yau TIPH OTPHIATETHH TeMIEepaTypu € HeoOXOauMO OXJIaXJAaHe Ha Bb3IyXa
¢ okosio 1 °C. HaTepBanspT Mexay —3 u +3 °C ¢ MOTEHIIMATHO Hal-0MaceH 3a
najjaHe Ha MBIIIH.

BbnaronpusTHuTe yCIIOBUS 3a OXJIaXK/IaHe HA MPU3EMHUS CIOH U pa3BHTHE Ha
paJMalliOHHU MBIIIM TIPU TEMIEPATyPH HA PU3EMHUS Bb3ayX, omusku 10 0 °C (B
uHTepBaia ot —2 a0 +3 °C, ¢ur. 5), BOaAT 10 maaHe Ha HAH-T'BCTUTE U C HAK-TOJIS-
Ma JieOeInHa MBIITH U CIICIOBATEITHO HAW-TPYIHO € U TAXHOTO pa3ceiiBaHe.
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@ur. 5. Temnieparypa Ha Bb3/lyXa B yaca Ha oOpa3yBaHe/pasceiiBaHe Ha Mbrviata [°C]

C ornex Ha UEIUTE Ha HACTOAILIOTO M3CIEABAaHE € pasriie[aH U OposT ciy-
Yyal ¢ palualOHHN MBIJIM B 3aBHCUMOCT OT TEMIIepaTypara Ha Bb3jayxa 5 yaca
npeau nagane Ha mbriata. OTHOBO ce OTKpPOSBAT JBa TEMIIEpPATypHU UHTEP-
BaJia, B KOUTO CHUJIHO HAapacTBa BEPOATHOCTTA 3a 00pa3yBaHe HA pajualiOHHA
mbrina. Te ca ot —3 no +4 °C (3a mpriute okono 0 rpagyca) u ot +7 go +10
°C (3a ,roruure” MbIK). ChIIeCTBYBa U TPETH MAKCHUMYM, KOUTO € 1mo-cinabo
u3paszeH — ot —10 mo —8 °C, croTBeTCTBAI HA IIpeoxiaaeHuTe Mbpriau. [1o cb-
IIECTBO TOBA Ca TeMIEPaTypHU WHTEPBAJIM, KOTaTo B YCIOBUE Ha MaJika o0jad-
HOCT H cJ1ab BATHp TpsAOBa 1a ObJie 3aBUIICHO BHUMAHHUETO Ha OCUTYPSIBAIINATE
MOJIETUTE METEOPOIIO3H.

ITomo0eH e 1 BUIBT HA KPUBUTE, JTABAIM Pa3NpENeIEHNeTO Ha Opost MBIVIH B
3aBHCHUMOCT OT TEMIIepaTypaTa B MOMEHTAa Ha pa3ceiiBaHeTo uM (ur. 5), HO MakcH-
MYMHTE ca OTMeCTeHH ¢ 0koJio 1 °C HasICHO — paMallMOHHUTE MBIJIH C€ pa3ceiBar
Hai-uecto nmpu Temneparypa 1-2 °C. Toa o3Ha4aBa, 4e B MHOTO CITy4Yau ITOBHIIICHHUE
Ha TeMIIepaTypara caMo ¢ HIKOJIKO Tpajyca € IOCTaThYHO, 3a J1a 3aIll0YHe pa3ceiiBane
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Ha MbIIata. Pa3oupa ce, He Om TpsAOBaJo a ogakBame, ue TpaduKuTe Ha (ur. 5 m1e
CBHBIATHAT NPU TPAHCIMPaHe Ha aOCIMCHATA OC, T KaTo B MpoIieca Ha pa3ceiiBaHe
Ha PaJUallMOHHUTE MBI y4acTBaT M peaulia APYru (PakTopH, OMUCAHU MO-TOPE B
n3noKeHuero. Pasnukure Mexmy nBere rpaguky Ha QUL 5 TOKa3BaT M HEBB3MOXK-
HOCTTA 32 JIMPEKTHO MPUIIOKEHHE 3a JieTriie [ ITOBIMB Ha METOJMTE 32 MPOTHO32 Ha
paaralioOHHNUTE MBIIH, MPEIIOKESHN B IpyTH nU3ciensanus 1, 4, 6], ako He ce pas-
Troyara ¢ JIOMbJIHATENHA criennpuuHa HHHOPMAIIHS 32 KOHKPETHOTO JICTHIIIE.

3.7. YAC HA OBPA3YBAHE U1 PA3CEVBAHE
HA PAJJUALTTMOHHUTE MBITJIN. ITPOABJDKUTEIIHOCT

OO0pasyBaHeTo Ha MBIVIa IMa TOOpe M3pa3eH ACHOHOIeH Xo. Ha dwur. 6 e o1-
pa3eHo pa3mpeelleHHeTo Ha YeCToTaTa Ha MBIJIHTE CIIOpe]] Yyaca Ha 00pa3yBaHETo
nM. ['padukara mokassa CHITHOTO BIHMSHUE Ha PAJUAIIIOHHOTO OXJIAKAaHe BBPXY 00-
pa3yBaHeTo Ha MbIIa. Bmkna ce, 4e npe3 jeHs pagualioHHU MBINIK HE ce 00pasy-
Bar. OCHOBHUST MaKCHUMYM € B CYTPEIIHUTE YaCOBE, T.C. YaCOBETE HA ¢ MUHUMAJTHU
cToitHOCTH Ha TeMrieparypara (Mmexay 07:00 u 08:00 gaca nokaaHo Bpeme). Bropusr
MakcumyM e Mexky 21:00 m 02:00 yaca u e XxapakTepeH Hali-Beue 3a JeKEMBPH-SIHY-
apu. Toit Mmoke f1a ce 00sICHU C TOBa, Y€ B PE3yATaT Ha MO-CHIIHOTO M3IIapEeHUe Mpe3
JIeHS BJIaroChIbPKaHUETO Ha Bh3[lyXa CE YBelMUaBa M BeYepTa, KOTaro TeMIepary-
para 3aro4ea Jia maja, ce yBelnudaBa OTHOCUTEIIHATA BIAXKHOCT, B PE3YATAT Ha KOETO
MOXKe Jla ce o0pa3yBa MbINIa. AKO MbIIaTa He ce € 00pa3yBaia 1o ToBa Bpeme, Bepo-
SATHOCTTA JIa ce 00pa3yBa B CJIeABAIINTE YACOBE € CPABHUTEITHO MAJIKa U CE YBEJINYa-
Ba KbM YacOBETE MPEAN U3rPeBa Ha CIIFHIIETO, KOTaTo TEMIIEparypara € Hail-HICKa.

Ha ¢ur. 6 e mpencraBena n rpaduka Ha 4aca Ha pa3ceiBaHe Ha MBIJIHTE.
Haii-mMuoro mpru Ha netuiue [1noBauB ce pasceiiBar B untepBaia Mexay 09:00
n 11:00 gaca. IloBuiaBaneTo Ha TeMIlepaTypara Ha IPU3EMHHUS CIIOH MPOABbIKaBa
cpenno 1o okojo 15:00—-16:00 gaca, cien KoeTo TeMIieparypara 3arouBa yCTonqm-
BO Ja HaMansBa. OCHOBHATA MIPUYMHA 34 pa3ceiBaHe HA PATUAIMOHHUTE MBI €
HaMaJIIBAHETO HAa BOAHOCTTA UM BCJIE/ICTBUE U3IApSIBaHE HA KAITYUIINTE MbIVIa IPU
MTOBUINIABAaHE TeMIlepaTypara Ha Bb3[yXa CIIe] CI'bHUEBUS M3rpeB. Taka de moMm
€IHa paJvalMoOHHa MbIvIa He ce € pa3cesna 10 15:00-16:00 yaca, To TS MHOTO MaJ-
KO BEPOSITHO € JIa Ce pa3cee U NO-KhCHO 10 paJnalluoHHy npu4rHU. Hemo noseye,
CJIe]l TO3U MOMEHT TOPaJH OXJIaKIaHe Ha IPU3EMHUS CIIOHM BB3IyX MbIJIaTa 3a04-
Ba JIa Ce YIUTbTHsBA (MHTCH3U(UIIMPA) U JIa YBEIMUaBa BEPTUKAIHUTE CH Pa3MEpPH.
Tes3u mporiecu IpoabDKaBaT Mpe3 [sIaTa HOII M HaMaJIsiBa BEPOSTHOCTTA 33 pas-
ceiiBaHe Ha paJUallMOHHATA MBIJIa CIIe]l U3TPeBa Ha CITBHIIETO Ha CIIeIBAIIHS JeH.

[IpoasKHUTETHOCTTA HA palMallMOHHUTE MBIV Ha neTuile [ioBnuB 3a paz-
IJICKIaHUS TIEPUOJT Bapupa MEXKy €1H Yac U 3 JHU. PaiualuoHHUTEe MBIIIH NajI-
Haimu B uHTepBana 05:00-09:00 yaca Haili-uecTo ca ¢ MPOABIKUTENHOCT OT 1
1o 6 gaca. XapakTepHa 0COOCHOCT €, 4e 00pa3yBajJMTE Ce CKOpO CJe] 3ajie3a Ha
CITPHIETO paJralliOHH MBIV, MaKap U MO-MaJIKoO Ha OpoW, ca ¢ ToisiMa IpoIbI-
KUTEITHOCT, JOCTUTAINA JI0 3 TEHOHOIIHS.
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®@ur. 6. Yac Ha oOpa3yBaHe/pa3ceiiBaHe HAa MBITIATE

OO0pa3zyBaiuTe ce mpe3 IbpBara MOJOBWHA HAa JACHOHOIIUETO PagHalliOHHH
Mbom (ot 01:00 mo 12:00 yaca) ca 208 wnu okono 70 % ot oOuus Opoit TakuBa
MBIJIH, HO TSAXHATa MPOIBIDKATEITHOCT PSIKO HanBuimara 24 daca (6 cimydas). B
28 % oT Te3u ciaydau MbIVIaTa Ce € pa3cesiia B cleBallus eauH yac. loisma onac-
HOCT MPY MPOBEKAAHE Ha MOJETUTE ca MBbIIUTe, 00pasysanu ce cier 08:00 yaca,
KOUTO MaKap M He MHOTO Ha Opoii (26 cirydast), MOTaT Ja NMpensTCTBAT KallaHeTo Ha
Beue M3JeTeNuTe ekunaxu. ETo 3a1mo HaaeKJHOTO IPOTHO3UpaHe Ha MaJaHeTo U
pasceiiBaHEeTO Ha paJHAlIOHHUTE MBIJIH € OT MbPBOCTENICHHA BAYKHOCT TIPH TLIa-
HUPAHETO U MPOBEXKJAHETO HA TIOJIETHUTE.

4. ITIPOI'HO3A HA PAIMALITMOHHUTE M'BIJIN
HA JIETUIIE IJIOB/11IB

4.1. U3bOP HA METO/ 3A TTPOI'HO3A U ITPEJJUKTOPU

[IpobnemMbT 3a HajekIAHA MPOTHO3a HAa MBIVIMTE € BCE OIIEe HEJIOCTATHhYHO
nmoOpe pereH. Hapen ¢ KilacCHYeCKUTE CTaTUCTUYECKH METOM, Oa3upaHu Ha oOpa-
00TKa Ha EKCIIEPUMEHTAIHY JaHHU [2, 4, 6], Ipe3 MOCISIHUTE TOIUHH BCE TT0-4eC-
TO C€ M3MOJI3BaT YUCICHU MOEIH IIPH MPOrHO3a Ha MbIuTe. Bee mo-mmupoko cTa-
Ba W W3IOJI3BAHETO HA CITPTHUKOBH JaHHU. [Ipunmaranero Ha YHUCICHW METOIU 3a
MPOTHO3a HAa MBIVIUTE € CBBP3aHO C penuiia TPYAHOCTH — HEOOXOIUM € JIOKaJIeH
YHCIIeH MOJIENI C MPOCTPAHCTBEHA pasAeluTeNHa crocoObHocT okono 1 km, ocu-
TYPEH C MOAXOISIIN HAYAIHA M TPaHUYHH YCIOBHA. JlOMbIHUTETHO, H300pHT Ha
a/JIeKBaTHU MapaMEeTPU3aLMOHHN CXEMH ChLIO € TPyAHA 33]la4a, KaTo ce uMa Mpes-
BHJ] CUJTHATA 3aBUCUMOCT TP 00pa3yBaHe Ha MBIVIUTE OT JIOKATHUTE YCIIOBUS. M3-
TTOJI3BAHETO HA CITHTHUKOBH JIAHHM TP OTIPEICIISTHE HA HAYATHUTE YCIOBHS CHIIO
€ MpoOIeMaTHYHO, JOKOJIKOTO Ha3eMHHUTE N3MEPBAHMSI Ca €XKEeIacH!, a OpOUTAITHH-

71



SIT TIEPUOM Ha CIBTHHUIINTE C TOJIsIpHA opOuTa ¢ okojio 100 min u Te MUHABAT HaL
JlaJiecHa TOYKa OT 3eMHaTa IMOBBPXHOCT 2 IIBTH HA JIGH B MPUOIU3UTEIHO €THO U
ChIO BpeMe. [laHHHWTE OT reoCTallMOHAPHUTE CITBTHUIIM ca ¢ HeloOpa mpoCcTpaH-
CTBEHA pa3jieiuTenaHa crnocooHocr [1].

3a Hy)KIuTe Ha TUTAaHUPAHETO Ha TIOJIETUTE Ha Jeruiie [IToBIuB mporuo3ara Ha
paaralliOHHUTE MBINIA TPSOBa aa Obae OazupaHa Ha HaIEKIHA METEOPOIOTHMYHA
nH(OPMAIHS 1 1a He W3UCKBA TOJSIM OpOH JOBIHUTEIHHN IpecMsTanus. ToBa Moxe
na ObJ1e OCHIIECTBEHO Ype3 U3MOI3BAHE HA CTATHCTHUECKUTE METO/IU 3a ITPOTHO3a Ha
MbruTe. HEeBh3MOXKHO € TUPEKTHOTO MprIIarane 3a jeruiie [moBauB Ha MeTonuTe,
crioMeHaTH B pas3zen 2. Bece nmak naeute oT Te3u METOIH ca MOoJIe3HU pH n3dopa Ha
METCOPOJIOTMYHUTE CJIIEMEHTH, KOUTO Jia 6’bIIaT M3II0JI3BAaHU IIPH IpOoryo3ara. B ToBa
OTHOIIIEHUE € B3aMMCTBaH OIMUTHT OT MPEAUIITHHN H3CIeABaHus [2, 4, 6] 3a oTunTaHE
Ha 3aBHCHMOCTTA Ha TeMIlepaTypara Ha MajaHe Ha MbIarta OT TeMIeparypara Ha
TOYKaTa Ha OPOCSBaHE M HEHHOTO M3MEHEHUE BbB BPEMETO U 3aBUCUMOCTTA Ha TEM-
neparypara Ha pa3ceiiBaHe OT TeMIleparypara Ha MajiaHe Ha MbIJIaTa.

[Tpu mpoBexaaHeTo Ha PErpeCHOHEH aHaju3 € ChIECTBEHO 1a ObaaT u3dpa-
HU onTHMaseH Opoi npenukropu [8]. [Ipn MeTeopoIOrnIHNTE MPUIIOKEHHUSI, Yec-
TO Ce CIydYBa Ja CHIIECTBYBA CHJIHA KOPENAIHs MEXy OTACITHUTE MPEAUKTOPU H
BKJTFOYBAHETO HA TOJISIM OpOil MPEenInKTOPH HE BOIH IO MOBHIIABAHE KOE(PHUIIHECH-
Ta Ha MHOXXECTBEHA Kopenanus. B KOHKpeTHHs ciydail Ha paHalliOHHU MBIJIH
Ha sietuiie [1noBaMB oIIe NMpH CEICKTHPAHETO HA PaJUAIMOHHUTE MBIJIH Ca I0-
CTaBeHH YCIIOBHS 332 CKOPOCTTa Ha BATHpa M obmiata obnadyHoOCT. JJombIHUTENHO
panualMoOHHUTE MBINIK ce 00pa3yBar mpu GopMupaHe Ha MPU3EMHA WHBEPCHS Ha
TeMIlepaTypara 1 4ecTo IpH arMocepHO HaJsTaHe HaJ HOpMarTa — YCJIOBHUSA, MPH
KOWTO OOMKHOBEHO BATHPBT € ciad. O4eBHIHO € ChHII0, Y€ MPH IMOCTPOSIBAHETO HA
perpecuoHHaTa 3aBHCUMOCT Ha TeMIleparypa Ha pa3ceiiBane Ha Mbriata (7 P) HsMA
CMHCBHI Jla C€ B3eMa IMPEJBH]] TEMIIeparypa Ha TOYKara Ha OPOCSBAaHE B 4aca Ha
najane Ha mbriara (7d ), KoATO € CBbp3aHa C TEMIIEpaTypa B 4aca Ha IaJaHe Ha
merara (7). Ot ¢ur. 4 € BUIHO, Y€ Hali-MHOTO CJIydYau Ha MaJlaHe Ha paJnalyuoH-
Ha MBIJIa ©Ma MIPH OTHOCHTENHAaTa BIaxXHOCT 98 %. ToBa 3aemHO ¢ pe3ynrarure
OT MIPEANIITHA U3cieaBaHus [2] 1 HeoOXOMUMOCTTa OT M3/IaBaHe Ha CBOCBpEMEHHA
MPOTHO3a J1aBa OCHOBAHKUE J1a C€ OTpaHNYX H300pHT HA MPETUKTOPH, KAKTO CIIe/Ba!

— T u Td , xaro npeauxropu 3a T ;

—T, xato mpeaukrop 3a T,

kpeto T u Td ; ca ChOTBETHO TeMIlepaTypara Ha Bb3lyXa M TEMIIeparypara
Ha TOYKaTa Ha OpOCsBaHe 5 Haca IMpeau NajgaHe Ha MbIaTa.

[To To3m HaumH 3amauaTa 3a MPOTHO3a HA PaTUAlMOHHUTE MBITIN Ha JIETHINE
[InoBauB ce cBexaa 10 HAMUpPAHE HAa PETPECUOHHU yYpPaBHEHHsI, JaBallll 3aBUCH-
MOCTTa Ha TEMIIEPATyPHUTE Ha MajaHe U pa3celiBaHe Ha MbIVIaTa OT TeMIIepaTypara
W TOYKaTa Ha OpocsiBaHe 5 yaca Ipenu MBIII000pa3yBaHEeTo.

OO6pa3yBaHeTo Ha paguallMOHHN MBITH Ha Jetuiie [LnoBauB uma nobpe ms3-
pa3eHa Ce30HHOCT M MOXKE J1a C€ OCBIIECTBH B CPABHHUTEIHO IIUPOK MHTEPBAI OT
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TEMIIEpaTypH Ha Bb3IyXa. 3aBUCHMOCTTa OT TOYKaTa Ha OpPOCSIBAHE € MO-ciada.
ETo0 3amo, ocBeH perpecroHHN ypaBHEHUS, ITOMyYeHH 10 Isj1aTa ChbBKYITHOCT OT
naHHu (296 cirydas), ca U3BelleH! U pErPECHOHHN YPaBHEHHUS 33 BCEKH OT MeCeIH-
Te ChbC 3HAUUM Opoit MBI, OCHOBaHHATA 3a TOBA ca BUAHH OT Tabd. 1. B Hes ca
npenacrasenu cpennure croinoctuva 7, T, Td , Td ,, T , ¥ CbOTBETHHUTE PA3/THKH
T -T,Td —Td,uT —T,_. Tevmneparypure ca s °C.

Tadnuua 1. CpenHu CTOWHOCTH Ha TEMIIepaTypara M TOUYKaTa Ha OpOCsSBaHe
pu oOpa3yBaHe Ha MbIVIaTa 5 yaca Ipey TOBa U TeMIIepaTypa IIpu pa3ceiiBaHe

Ha MbIJaTa
Mecen T T T-T Td Td Td,- T T-T
n -5 oS n -5 Td . p p n
SAnyapu -0,9 1,1 -2 -1,6 -0,6 -1 2,2 3,1
DeBpyapu -2,4 0,25 -2,6 -3 -1,5 -1,5 2,6 5
Mapt 1,5 4.8 -3.3 0,8 2,8 -2 4,9 3,4
OKTOMBpH 0,3 33 -3 -0,7 1,1 -1,8 3,0 2,7
HoemBpu -0,9 2,1 -3 -1,5 0,4 -1,9 2,1 1,2
HexemBpun  -0,0 3,5 -3,5 -0,5 1,5 -2 2,8 2.8
CpenHo -0,4 2,5 -2,9 1,1 0,6 -1,7 2,9 3

Bmxna ce, 4e 3a 1a magHe MbIVIa, € HEOOXOAMMO CPEAHO MOHIKEHHE Ha TeMIIepa-
Typara ot okono —2,9 °C, a 3a T, — ceotBeTHO OKO1I0 —1,7 °C. Heobxonumo e cpenno
MOBHILIEHUE Ha TeMrieparypara ¢ okojio 3 °C, 3a fa ce pa3cee paadalioOHHATa MbIJIA.
[pe3 pa3nuyHUTE MECELH ce HAOMIOAABAT 3HAYUTETHN OTKIIOHEHHSI OT TE3H CPEIHHU.

4.2. PETPECMOHHU YPABHEHU A

3a HaMHpaHe Ha PETPECHOHHHUTE YPaBHEHHS 3a TEMIIEpaTypuTe Ha MajgaHe u
Ha pa3celiBaHe Ha paJualdOHHAaTa MbIVa € u3noisBana ¢ pynkuusata LINEST or
Excel (nuneitna perpecus). Llenta e HAKoMKO Yaca mpeau Aa NajaHe MbIa Ja ce
MIPOTHO3Kpa TeMIIepaTypaTa, Ipu KosTo T4 najna. CbOTBETHO cie]] HeWHOTO MajiaHe
— TEMIIepaTypara Ha pa3ceiiBaHeTo il. EcTecTBeHO, ako ce M3I0I3BaT KaTo MpeIrK-
topu He T u Td , a n3MepBaHus B CIIEABANIM MOMEHTH, KOE(UIIMEHTHUTE Ha KOpe-
narysi Ouxa OWIH 1MO-TOJIeMH, HO C OIvIe]] Ha He0OXOIMMOTO BpeMe 3a IMOATOTOBKa
Ha TIOJIETUTE, TOBA TYOH CMUCHIIA CH.

[TocTpoeHn ca MHOXECTBO JIMHEHHU PErPECHOHHU YPaBHEHHS C U3IMOJI3BaHE
Ha IIsU1aTa ChbBKYIMHOCT OT JaHHU (296 cirydas) u 32 BCEKH 0T MECELIUTE ChC 3HAUNM
Opoii mbr. TpsiOBa na ce oTOemneku, ye mopaan Maikusi Opoil majgHamm MBIITU
mpe3 ¢eBpyapu, MapT U OKTOMBPH, HH(pOPMATHBHOCTTA HA W3BaJKaTa € MalKa U
CHOTBETHO € HEeoOX0onnMO J00aBsiHe Ha OIIe AaHHU (OT OBACIN M3MEpBaHUs), 3a
Jla Ce YBEJNIWYM CTAOMITHOCTTA HA KOC(HUIIMEHTUTE B PEIrPECUOHHUTE YPaBHEHUS U
MOBHIIN HA/IS)KTHOCTTA Ha IPOTHO3aTa.
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[Tomyuenoro ypaBHenue 3a I’ Ha Gasara Ha BCUYKH CIydYau C PaMallMOHHU
MBIJIH €
T =-0,66-0,147 .+ 1,147d ..

[Tonyuenoro ypaBHeHue 3a T , Ha 0a3aTa Ha BCHYKH CIIy9ad C PaJHAIMOHHU
MBINIHA €
T =297+0,89T.
p n

3a olleHKa Ha KAUECTBOTO Ha JIMHEIHATA BPB3Ka U KAYECTBOTO HA IIPOTHO3aTa MO-
rar ja ObJIaT U3M0JI3BaHU: KOS(DUIIMCHTHT HA JIMHEWHA KOpeJalus, TPY BUJIa TPEIIKA
(cpemna rpeika, cpeiHa abCOMIOTHA TPEIIKa, cTanaapTHa rpemka) [9]. Koeduruen-
THT Ha Kopenarys (R) ompenens Ka4ecTBOTO Ha JIMHEWHATa BPh3Ka MEKIY 3aBHUCH-
MaTa (TIpeacKa3BaHa) 1 He3aBUCHMara (Tpenckaspaiia) MpoMEeHINBa (IIPOMEHIIUBH).
CrannapTHara rpenika Ha oleHKara (G, ) € MApKa 3a TOYHOCTTAa Ha IPOTrHO3ara 1
CITy’KH 32 OIICHKA 3 ,,pa3lPhCHATOCTTA" Ha M3XOIHUTE JIAHHH OKOJIO PErpeCUOHHATa
ninust. [To-KOpeKTHO € B CiTydas G, 1a Ce Hapede CPeiHa CyMa OT KBAJPATUTE Ha He-
croTBeTcTBHATA [8]. Cpennara rpemika (ME) City>ku 3a XapaKTepu3upaHe OTMECTBA-
HETO Ha IPOTHO3aTa M OJIM30CTTa Ha pa3NpeeIeHNeTO Ha TPEIIKUTE JO HOPMaTHOTO
(ME = 0). Cpennara abcomoTHa rpemka (MAE) ciryxu 3a OIleHKa Ha ToJIeMruHaTa
Ha a0CcoNMOTHUTE OTKJIOHeHUs. [Ipu crnydaiiHu rpemky (MOAYMHEHN Ha HOPMAaJTHUS
3akoH) e B cuita MAE = 0,8 RMSE, xbeto RMSE e cpeHO KBapaTnYHAaTa TPEIKa.

B Tabn. 2 ca mpencraBeHH OlEHKUTE Ha perpecHOHHHUTE ypaBHeHus. C Ha-
KIIOHEH MPUQT ca JaJieHH OIICHKUTE, TIOIYYSHH C IIOMOIITA Ha U3BEIIEHUTE perpe-
CHUOHHU ypaBHEHUS 3a BCEKU MeCeIl MOOTACITHO, a C TpaB mpH(T — Te3H C perpe-
CHUOHHUTE YpaBHEHUS, MOIyYEHH TI0 I[s1aTa ChBKYITHOCT OT JIaHHHU.

Cpennute otkionenus (MFE), mpecMeTHATH C U3MOI3BaHE HA PETPECUOHHHTE
YpaBHEHUS 32 BCEKH Mecell, He ca IaJieHH B Ta0nuIara, IoHeXe Te ca OT MopsabKa
Ha 107, TIpu u3non3BaHe Ha PEerpecUOHHOTO YpaBHEHUE, MaBalio TeMIeparypara
Ha TMajjaHe Ha MbIIaTa, Hali-TOJIeMH ca CTOWHOCTHTE Ha ME 3a MecenuTe siHyapu
U IEeKEMBpPH, KaTo Mpe3 sSHyapHu TeHJISHIMATA € J1a ce MPOrHO3Upa MajiaHe Ha pa-
JUAIMOHHA MBIVIA TIPY TIO-HUCKHU TEMIIEPaTypH OT PeasHo HaOIIoaBaHuTe, a Mmpe3
JIEKeMBpPH — TIO-BUCOKH. ToBa OW J0BEJO /IO Tpelika B MPOrHO3aTa Ha MaJaHe Ha
MBINIa ¢ OKOJIO | Yac, KOeTO € CPaBHHUTEIHO J00pa TOYHOCT OT IJIE[HA TOYKA Ha
IJTAHUPAHETO Ha TIOJIETUTE.

[Ipu onieHKkara Ha TeMmepaTypara Ha pa3ceiiBaHe Ha MBIVIHTE Hall-ChIIECTBE-
HOTO OTKIIOHEHHE € Tipe3 (peBpyapu — MporHo3aTa Mo PerpecHOHHOTO YpaBHEHHE
JaBa pa3celiBaHe Ha MbIJIaTa IPU JOCTUTAaHE Ha MTO-BHCOKU TEMIIEpaTypH OT peal-
HO peructpupanute. TakaBa TeHIeHIHNS ce HAOIOMaBa U 3a Mecel MapT. [Ipuan-
HaTa 3a TOBa MOXe Jia Objie 00scHeHa ¢ (hakTa, 4e MOBUIIIABAHETO HA MPU3eMHATa
TEeMIIEpaTypa He € SAUHCTBEHUAT (haKTop, BOJEII J0 Pa3CeiiBaHe Ha MBIJIHTE.
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Taoauna 2. OLeHKH Ha PerpeCHOHHUTE YPaBHEHUS

I'permxu Cp. rpemka Cp. abcomoTHa Koedwmment CranpmaptHa
Mecen (ME) [°C] rpemka (MAE) Ha KOpeaIus Tperka
[°C] (R) (o) [°C]
sal,—powukn o) 1,52 0,95 1,82
ciydau
[Tomeceuno 3a 7',
Suyapu -0,56 1,56 1,66 0,94 2,52 2.4
Deppyapu 0,03 1,54 1,26 0,96 2,04 1,87
Mapt 0,36 1,16 0,96 0,93 1,84 1,59
OKTOMBpHU -0,15 1,16 1,07 0,93 1,61 1,53
HoemBpu 0,36 1,79 1,81 0,95 2,54 2,49
JlexemBpu 0,6 1,43 1,32 0,97 1,87 1,74
3a T, ~BOHIKH ) 6503 2,4 0,89 3,09
ciydan
Ilomeceuno 3a T )
Suyapu -0,03 2,58 2,52 0,87 3,24 3,22
®deBpyapu -1,82 2,83 2,42 0,87 3,74 3,16
Maprt -0,61 1,84 1,85 0,82 2,5 238
OxTOMBpH 0,26 1,72 1,67 0,77 2,61 2,56
HoewmBpu 0,15 2,14 2,16 0,93 2,74 2,73
JlexkemBpu 0,19 2,34 2,31 0,89 3,01 2,99

Croiinoctute Ha cpennute abcomoTHu (MAE) n cranaapTHu rpemiku (o)
MOKa3BaT, Y€ JaHHUTE OT HAONIOAeHHATa ca Jo0pe TPYMUpPaHU OKOJIO PEerpecruoH-
HuTe TUHUA. TOBa € BaJIMIHO B TIO-TOJIsIMA CTETIEH 3a TeMIIepaTypaTa Ha maJlaHe Ha
MbIJIaTa, OTKOJKOTO 3a TeMIIeparypara Ha pa3celiBaHe Ha MbIiara. AHAJIM3bLT Ha
nanauTe (XY-scatter plot) mokasa, ye MO-TOJIEMUTE TPEHIKH CE IBJDKAT Ha OTKIIO-
HEHHUETO OT PErPECUOHHUTE ITPABH HA CAMHUYHHM CITydau, IPH KOUTO Hal-BEPOSTHO
ca ce HaMeCWJIH IpyTH (aKkTOpH, BOACHIH 10 00pa3yBaHETO WM pa3ceiiBaHETO Ha
MbIaTe. TO3W W3BOJ € TOJKPEINICH U MPH aHalln3a Ha TPEIIKUTE, IMOy9IeHU CIeN
MOCTPOSIBAHE HA PETPECUOHHH TPABH 32 OTJCIHUTE MeCeld (HAKIIOHSHUTE YMCIIa B
Tabu. 2). PasnukuTe MexXly TE3u IPEIIKU U TPEIIKUTE IPU U3II0JI3BaHE HA perpe-
CHOHHHUTE YPaBHECHUS 32 I15J1aTa ChbBKYITHOCT JAHHU Ca MAJIKH.

AHanu3bT Ha TPEIKUTE P NPOTHO3a Ha T, C U3MOJI3BAHE HA PETPECHOHHUTE
YpaBHEHUS 3a Isi1aTa ChBKYIMHOCT OT TJAHHU TIOKa3Ba, Ue T ca CIy4ailH, ¢ pasipe-
JIeJIeHne, MHOTO OJIM3KO 70 HOpMaHOTO. B moBedeto ot ciywyante ME ~ 0; MAE
~ 0,8RMSE; a R > 0,93. ToBa He € BAJIHIHO 32 MECEIIUTE C MO-MaTbK OpOi MBIIIN
(peBpyapu, MapT, OKTOMBpPH).

3aT ) TuHEeHHaTa Bpb3Ka € mo-ciaba — R e okono 0,90, 1 caMo B HIKOJIKO CITy-
yasgs MAE =~ 0,8RMSE.
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HanpaBenu ca oreHKM 32 3HAYMMOCTTa Ha KOPENAMOHHHUTE KOe(UIIUEHTH
ype3 AUCIEPCHOHEH aHanu3. M3non3saH e T.Hap. F-kputepuil [8]. Ilpu HUBO Ha
3HayumocT 0,05 u 3amaneHuTe mapaMeTpy Ha ChbBKYITHOCTTA OT BCUUKH JIaHHU, TI0
KOUTO Ca HAMEPEHU PETrPECHOHHUTE YPAaBHEHUS, KPUTUIHUTE CTOMHOCTH Ha F' ca
chOTBETHO 2,64 1 3,03, a M34KCIIEHUTEe CTOMHOCTH Ha F ca choTBeTHO 4,6 1 4,0 3a
ypaBuenusrasal u T o ToBa nMoTBBPKAaBa HATUYMETO HA CTATUCTUYECKH 3HAYM-
Ma 3aBUCUMOCT Mexkiy T u T ,» OT €JIHA CTpaHa, 1 T,T  uTd, orapyra.

[Ipu ananuzapaneTo Ha PE3yATATUTE OT PErPECUOHHUS aHAIHU3, IPOBEIECH MO
JAHHUTE 32 OTACIHUTE MECEIIU, CE 0Ka3a, Y€ U3UUCICHUTE CTOMHOCTH Ha F-KpuTe-
pHs ca IO-MaJIKi OT KPUTUYHUTE 32 MECEIIUTE MapT U OKTOMBPH, T.€. 3aBUCUMOCT-
Tanal u Tp OT NPEIUKTOPUTE € CTATUCTUUECKHU HE3HaUuMa. ToBa ABHO CE€ AbJIKU
Ha MaJKus Opod JaHHH 3a TE3U MECCIIH.

4.3. TECT HA PETPECUOHHUTE YPABHEHU A

[Tomyuenure pe3ynraTure ca OIeHEHH KaTro MHOTO 100pu. CrenBamara cThI-
Ka € OLICHKA Ha PErpeCHOHHUTE YPaBHEHMS 110 HE3aBUCHMa ChBKYIIHOCT. 3a LIeiTa
ca M3MOJI3BaHU JAaHHWUTE 32 PaAMAllMOHHWTE MBINHK 3a nepuoaa sHyapu 2012 r—
¢deBpyapu 2014 1., KOUTO HE ca BKIIOYBAHU NP NOCTPOSIBAHETO HA PETPECUOHHHUTE
ypaBHeHus. [Ipe3 2012 r. ot 06110 46 nagHanu Mbrn 16 citydast oTroBapsT Ha yc-
JIOBHSITA 32 pajualionHa Mmbria (7 npes siHyapw, 3 npe3 deBpyapu, 1 npe3 oKToM-
BpH, 4 nipe3 HoeMBpH 1 1 npe3 aexkemBpu). [Ipe3 2013 r. cimywyanre ¢ paaualmoHHN
mbrH ca 10, a mpe3 nmbpBute 2 Mecena Ha 2014 1. — 7. HezaBucrumara n3Bajka, 1mo
KOSITO Ca OI[EHEHHU PETPECHOHHITE YPaBHEHHS, € 0010 OT 33 cirydas ¢ paHaioH-
HU MBI Ha netutie [1noBaus.

B Ta0n. 3 ca npencTaBeHy rpelkuTe npy npecmstanero na 7. u 7' , 32 HE3aBH-
cumata cbBKymHOCT (20122014 1.). CroifHOCTUTE B TaONHIIaTa Ca U3YUCICHU TIPH
M3I0JI3BaHE Ha PErPeCHOHHUTE ypaBHEHUs, MOMYUYEHH IO IsAjaTa ChbBKYITHOCT OT
nmauHu 3a epuoga 1980-2011 r.

Ta0nuna 3. OueHKy Ha perpeCUOHHUTE ypaBHEHNUs 1o AaHHUTE 3a 2012-2014 1.

I'pemxu | Cp. rpemka Cp. abcomoTHa Koe¢unuenr na CranpaptHa
(ME) [°C] | rpemka (MAE) [°C] | xopemamms (R) | rpemka (o, ) [°C]
T 0,17 1,59 0,95 2,12
T -0,1 2,34 0,92 3,11

p

W3non3Banero Ha perpecCHOHHUTE YpaBHEHHUS, MTOIYUYEHH 110 JaHHU 3a OTAEN-
HUTE MECEIH, HE TPOMEHSAT ChIIECTBEHO CTOWHOCTHTE Ha OLICHKUTE, 1aJIeHH B Ta0-
auLara.

Ha ¢ur. 7 u 8 ca npencrasenn rpaduky Ha U3MEPEHUTE U IPOTHOHUPAHUTE IO
pErpecHOHHUTE YpaBHEHHS TEMIIEpaTypH Ha MaJaHe U Ha pa3celiBaHe Ha MBITIUTE
322012-2014 1. O4eBuAHO €, 4e Pa3INKUTE MEXAY IPOTHO3HUTE U IEHCTBUTEITHH-
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T€ TeMIepaTypH ca Mallki, KOETO € OCHOBAHHE JIa C€ TIPEUIOKH M3ITOJI3BAaHETO Ha
pPETPECHOHHUTE ypaBHEHHsI B MPAKTHKATa MPH OIIEHKa BEPOATHOCTTA 32 MaJaHe
pasceliBaHe Ha paJHallMOHHU MBIVIM Ha jJeTule [moBaus.
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@ur. 7. Temneparypa Ha najaHe Ha paguanvoHHa mbria — 20122014 r.

Ha rpadukure ca 0UeBUIHU U HIKOJIKO CHINECTBEHU PA3IUKU MEKIY POTHO-
3WpaHUTe U HaOIonaBaHuTe Temneparypu. Hampumep Ha dur. 7 npu 5™ cirydait
(29.01.2012 r.) mporHo3HaTa TeMIleparypa 3a MaJaHe Ha paJualliOHHA MbIJa €
—8,1 °C, namepenara I’ e —4,5 °C, mbriia ¢ naanana npu —12,9 °C. Tlonmxkenue Ha
temneparypara ¢ 8,4 °C 3a 5 yaca ¢ HeoOOUYalHO TOJIIMO U BEPOSITHO HE C€ JbJI-
KU €IMHCTBEHO HA PaJIMAIIMOHHO OXJIaX/IaHe. AHATU3bT HA CHHONITUYHATa 00CTa-
HOBKa B Kpast Ha sHyapu 2012 r. mokasa, ye TepuTopusita Ha bbarapus momaaa
B HOKHATa mepudepus Ha OOMIUPEH aHTHIMKIOH C HeHTHP Hall CKaHIWHABCKUS
nmoiryocTpoB. Bpemero e tTuxo. BeB Bucounna nag 800 hPa e pasnonoxen cyx u
OTHOCHUTEITHO TOI'BJI BB3IYX.

[Ipe3 HomHUTE YacoBe ce (GopMUpa MOIIHA MIPU3EMHA WUHBEPCHS Ha TEMIIC-
parypara. [Ipe3 geHs TemmnepaTypHaTa HHBEPCHUS Ce TpaHC(HOPMHPA B IPUIIOBJIUT -
Hata. CBIIECTBEHO € J]a ce OTOeNekH B TO3M CIydYail, 4e MbIiiaTa ce oOpa3yBa B
22:00 yaca, cien u3sicHsIBaHe Ha HeOeTO (OTUETEHA € caMO pa3KbCcaHa BHCOKa 00-
JIAYHOCT), HaJI CHe)KHA MTOKPUBKA ¢ JicOennHa Hajl 15 cm 1 € Xapakrepu3upaHa Kato
,,MbIIIa, oTnarama ckpex” (49 or FM-12 SYNOP).
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®@ur. 8. Temneparypa Ha pa3ceiiBaHe Ha paauanoHHa Mbra 3a 2012-2014 .

Ha ¢ur. 8, Haii-roisimMo pa3sMHHaBaHE MEXTY IECHCTBHTETHATa TEMIIEPATy-
pa Ha pasceiiBaHe Ha paJWAIlMOHHUTE MBINIA U MPOTHO3HWpAHATa € IMPH CIydai
6 (30.01.2012 r.). IIpu Hero mprara e nagHana B 23:00 yaca npu TeMieparypa
—14,4 °C, a ce e pascesua npu temmeparypa —18,9 °C. CHHONITHYHHUTE YCIOBHUSA ca
MOYTH CBHUIUTE, KAKTO MPH ciaydaid 5. MbIiiara OTHOBO € XapaKTepHu3upaHa KaTo
,»MbIJIa, OTJaraiia cKpex*.

Tesu nBa cirydas (5 u 6) Moka3BaT HEOOXOIUMOCTTA OT CITCIHAITHO Pa3TIICK-
JaHEe Ha MPEOXJIaJCHUTE MBIIIN C OTIaraHe Ha CKpeX, MPH KOUTO ca BaXXHU MH-
Kpo(U3UYHUTE MPOIIECH MPH o0Opa3yBaHe U pa3ceiiBaHe Ha Mbryara. [lpu Hamm-
YUETO HAa CHEXKHA MOKpWBKa (JieJ]) IbpraBUHATa HA HACUTECHUTE BOJHHUTE MMapu
€ To-MajKka OT Ta3M HaJl BOJHA MOBbPXHOCT. U B JBaTa ciiydas OTHOCHUTENIHATa
BJIAXKHOCT Ha Bb3/yXa B MOMEHTa Ha Gopmupane Ha mbriara e 6una 92 %. Ot-
JIaTaHeTo Ha CKPEeX BOAW 10 HaMaJIeHWE Ha BOJHOCTTA Ha BB3AyXa B MPU3EMHHUA
clioi u 1o oOpa3yBaHe W pa3ceiBaHe Ha MBIJIUTE NMPU O-HUCKH TEMIIEPaTypH OT
MIPOTHO3UPAHUTE.

Tonsima pasznuka MeXay MPOTHO3MpaHaTa M HAOJIONaBaHaTa TeMIleparypa Ha
najiaHe Ha Mbriara Ha Gur. 7 uma u npu 11°™ ciyqaii (27.10.2012 1.). Mbrnara e
naanana npu 7,8 °C (8 09:00 vaca), karo temneparypara I € 6una 6,1 °C. Ana-
TU3BT HA CHHONTHYHATa 0OCTaHOBKA TOKa3a, 4e HaJ TepuTopusaTa Ha beiarapus
€ TIpeMUHaII C1abom3paszeH TOMBJ (PPOHT Ha CPENN3EMHOMOPCKH IUKIIOH U CI1ad
noirbX (1-2 m s™') OT 0rou3TOK NpeHacs BIAXEH, OTHOCUTEIIHO TOIBJ Bb3yX HaJl
nerumie I1noBaus.

OT nocnenHoTO cTaBa SICHO, Y€ 3a MO-HaAEKAHO MPOTHO3UpaHe Ha MBIVINTE
Ha nerume [11oBaMB B ciydauTe ¢ MpoMsiHa Ha pekMMa Ha MaJaHe W pas3ceiiBa-
HE Ha MBIIHATE (OT paaWanuOHEH KBM PaIdalliOHHO-aIBEKTHBEH) € HE0OX0IUMO
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M3MO0JI3BAHETO M Ha CHHONTHYHATA MPOTHO3a. J[pyra Bb3MOXKHOCT € W3BEICHUTE
pErpecHOHHY YPaBHEHUS J1a C€ pHJIarar py BCSIKO HOBO MOJTyYaBaHe HA JAHHH OT
HaOmroIeHusATa (€XKEUaCHO), TIPU KOETO NpH akTyanusupanero Ha 7, T u Td  me
ce akTyanusupa i nporuosarasa I, u T

5. 3AKJIIOYEHHUE

B HacToAmoTO HM3cienBaHE € MPOBEACH KIMMAaTHYCH aHalu3 Ha (OpMU-
paHeTo U pa3celiBaHEeTO Ha paJuallMOHHHUTE MBINM Ha jgetuiue I[lnosaus. On-
pEelelIeHU ca Hall-BaXKHUTE 3a LIEJIMTE HAa aBUALMOHHOTO OCUTYPSBAHE Xapak-
TEPUCTUKU Ha MbIIUTe. IlonydyeHU ca perpecUMOHHU ypaBHEHHs, C IIOMOINTA
Ha KOMTO MOXE J1a C€ ONpENeIsT TeMIEPaTypUTE Ha MajaHe U pa3ceiiBaHe Ha
pazivanMOHHUTE MBIVIM HA JIETHUILETO 10 JAHHU OT €KEYaCHUTE METEOPOJIOrUY-
HU HaOmroneHus. [IpoBepkara Ha perpecHOHHUTE YpaBHEHUS MO HE3aBUCHMa
M3BAJIKA OT CIIy4ad ¢ MbIVIA [TI0Ka3Ba Bb3MOKHOCTTA 3a IPUJIaraHe Ha U3I0JI3Ba-
HHUS MIOJXOJ B HEIIOCPEACTBEHOTO METEOPOJOrUYHO OCUTYPSIBAHE IIPHU IIPOTrHO-
3aTa Ha pajualMOHHHM MbIIX Ha jeruue [lnosnus. IIpencTon BkiItouBaHE Ha
MOJIyYeHUTE YpaBHEHUS B CHCTEMaTa 3a BbTpelleH 0OMEH Ha METEOPOJIOTHYHU
JNaHHU U npoayktu Ha BBC.
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1. VBOJI

CurypHocTTa Ha aBHAIlMOHHHUTE TOJETHU CE ONpeAess OT JIeTaTelIHUTe ama-
pary, TeXHUYECKOTO 000pyJaBaHe Ha JIETHINATa, KBANH(HUKauaTa Ha JETaTeITHUS
1 o0e3rneyaBamys ChCTaB U METEOpOJIOTrHIHNTE yeioBus. [loracrosmem obmiara
TEH/ICHIUS 32 HaMaJlsiBaHe Ha aBUAIIIOHHUTE MHIHEHTH CE JBJKU ITIABHO HA YCh-
BBPILICHCTBAaHE Ha JIETATEIHNUTE anapary, Hogo0psiBaHe HA TEXHUUECKOTO OCUTYPsi-
BaHE Ha IOJIETHTE U MOBUIIABaHE Ha KBANU(UKAIMATA HA MIJIOTUTE. B 3HaUMTEIHO
Mo-MaJika cTeneH obade HaMalsBaT MHIWACHTUTE TOPaIH OMACHUTE METEOPOIIO-
rugau ycnosws [ 1]. Oxomo 30-35% ot camonernute karactpodu B CAILL ca Bcren-
CTBHE Ha OTIACHW METEOPOJIOTUYHHU YCIOBHS, KaTO MbIJIaTa U HUCKAaTa 00JadHOCT
ca ocHoBHara npuumnHa 3a 60—70% ot Tax. ETo 3amo HaaekqHUTE NPOrHO3H HA
MBIJUTE U HUCKaTa 00JIAYHOCT Ca OT CHILECTBEHO 3HAUEHHE 32 MUHUMHU3UPaHe Ha
HETaTUBHUTE €(EKTH OT HaMaJIeHaTa BUAUMOCT BbPXY CUTYPHOCTTA Ha MOJIETUTE.

DopMHpaHETO WK pa3ceiiBaHETO Ha MBIVIUTE € PE3yTaT OT CbBMECTHOTO BIIH-
STHIE Ha MHOTOOPOWHU U Pa3InIHH 10 ecTecTBO Gu3ndHu pakTopu. CHIECTBEHO
€ ¥ CHeNU(UIHOTO BIMSHUE HA JIOKATHHUTE yCIOBH. BuanMo ToBa ca OCHOBHHTE
MIPUYUHH, TIOPAJA KOUTO BBIIPEKH MHOTOTO pa3pabOTeHH CTaTUCTHYECKH, CHHOII-
THUYHH, YUCJICHH, C U3MI0JI3BaHE HA CITFTHUKOBA HHPOPMAIHA U Jp. METOIU 3a MPO-
THO3a Ha MBIIUTE 3acera 3a TasHu ILIeJ BCe OIlIe /1a He ce pasloJiara ¢ J0CTaTbyHO
HajeKaHa MeToauka [2]. Kato npaBuiio npejjiaraHuTe METOIU HE ca U BCeoOXBaT-
Hu. Te ca ycremHy caMo B paMKUTE Ha pallOHHTE, 32 KOUTO ca ch3nanenu [3]. Ha-
MIpUMeEp MPHUIOKUMOCTTA Ha CTATUCTUIECKUTE METO/IH, OLIEHIBAIIIN 110 EMITUPUIHH
JaHHM peulla MapaMeTpH, € OTpaHuYeHa caMo 32 KOHKpeTHH (pru3uKo-reorpadcku
ycnosus [3—5]. [lopaau TpygHOCTHTE MPU OTYUTAaHE HA MECTHUTE €PEKTH U MPO-
LIECUTE B TPAHUYHUS CJIOW YHCIEHHUTE MOJIEIM 3a MPOTrHO3a HA BPEMETO CHIIO HE
ca J0CTaTbyHO €()EeKTHBHU IPH MPOTHO3ZMPAHETO HA MbIVIa U HUCKa OOJAuHOCT.
JIOITBITHUTEITHO TIPETIATCTBHE MPH TAX € U U3UCKBAHETO 32 BHCOKA XOPH30HTAIHA
(oxomo 1 km) u BepTHKaIHa pa3AeIuTeIHa CTIOCOOHOCT, KOETO BOIH 0 IIPOOIIeMH
C KOPEKTHOTO 3aJ]aBaHe Ha HadaHWTe ycioBus [3]. MeToauTe 3a mMporHo3a ¢ us3-
MoJI3BaHe Ha CUHONTHYHA uH(popManus [3, 6, 7] cbllo UMAT CBOUTE 3aTPpyAHEHHS,
CBBP3aHH C TIOKPUTUETO HAa CHHONITUYHATA MpPEXka, YeCTOTara Ha HaONIOACHUITa U
CaMHUTE M3MEPBAHU XapaKTEPUCTHUKH.

Enwna Meton 3a mporHO3a Ha MBIVIH, pa3paboTeH W BEPUQPHUITUPAH 32 ONpee-
JIeH paiioH, He MOXe ChC CBIIHA yCIIeX JUPEKTHO Ja Ob/e MPUIIOKEH U 3a APYT pa-
vioH [3]. Ilopaau Ta3u npuyMHa 3a yCIEIIHA IPOTHO3a HA MBIVIM YECTO CE pazuuTa
Ha Npo(heCHOHANHUS ONUT HA MECTHUTE METEOPOJIO3H U U3MOI3BAHETO HA Peauna
eMIIMPUYHHU NpaBuiIa. Taka ouepTaHaTa akTyallHa CUTyallUsl Hajara M3Boja, 4e 3a
Ha/IC)KTHO MPOTHO3MpaHe Ha MBINIUTE € HEOOXOANMO J1a C€ U3IMO0I3BAT KOMOMHAIMN
OT pa3TUYHU METO/IH, C KOETO JIa C€ OCUTYPH BH3MOXKHO HaW-IIBITHO M3IOJI3BaHE Ha
nH(pOpMAIIATa OT METEOPOJIOTUIHUTE W3MEPBAHMS, YUCICHUTE MOAETH U aJIeK-
BaTHO OTYHTAaHE Ha CIelU(UKaTa Ha pasIJIeKJaHHs PAioH.
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IlenTa Ha HACTOSMIOTO M3CIIEABAHE € J]a Ce MPOBEpPHU Jaiu pa3padoTeHara oT
Saunders [6] TexHUKa 3a MPOTHO3a HA PaIUAMOHHU MBIJIA ¢ HEHHUTE MOAM(pUKa-
MU MOXKe Jia Ob/Ie YCIIeITHO U3ITOI3BaHa 3a IIPOTHO3a Ha MbIUIa Ha neTwie byprac.
To3u merton ce mpuiara onepatuBHO ¢ MHOTO oOpu pesynrati oT UKMetoffice
3a IMPOTHO3a Ha TeMIleparypara Ha ¢popmupaHe Ha Mbriara [8]. OcHOBeH mpodiieM
3a M3MOJI3BaHe HAa METO/a € JINIICATa Ha MPEICTABUTENIEH aePOJIOTUYECH COHIaX 32
MSCTOTO, B KOETO IIe c€ MPOTHO3upa opMHupaHeTo Ha Mbria. [Ipu pemaBaneTo Ha
TO3H Mpo0IIeM B HacTosAmaTra padboTa ca H3MOI3BaHN IIPOTHOCTHYHH aepOJIOTHIHU
COHJIQKU OT YKCIIEH MOJIEJ 3a IMIPOrHo3a Ha BpeMeTo [9] U TaHHM OT MPEKU U3Mep-
BaHus Ha netuiue byprac [10]. Ilepuoabst Ha uzcneasanero € 20102015 . ¢ 112
pEeTHCTpHUpaHH ciy4as ¢ MbIVIa, OCHOBHA MPHUYMHA 32 (OPMHUPAHETO HA KOATO Ca
paananmonHuTe pakropu. B mocneanara yact Ha paboTara ca MpUBEIEHN HAKOIKO
CIIy4as, 32 KOUTO METOIBT Ha Saunders He BOIU JI0 YIOBIETBOPUTEIECHH PE3yITaTH,
KaTo 4pe3 aHallu3 Ha KOHKPETHUTE CHHONTHYHN OOCTAaHOBKH Ca YCTaHOBEHH IPH-
YIHHTE 32 TOBA.

2. METOJI HA SAUNDERS 3A ITPOI'HO3A
HA PAIMAIIMOHHA MBIJIA

B nuteparypara ce npezjiarat peauiia METOU 3a ONpEIeisTHE Ha TeMIIepary-
para Ha (hpopMUpaHEe Ha MbIVIaTa, a OT TaM M MIPOrHO3aTa Ha MbIVIA B JIaJICHA METe-
OpOJIOTHYHA CTaHIMsA. J[oKaTo HIKOM OT TEXHUKHTE M3IOJI3BaT CaMoO MpPHU3EMHATa
TEeMIIepaTypa U BIaXXHOCTTA B cTanuusTa [11], To meronbT Ha Saunders [6] ce Oa-
3HMpa Ha AOIBJIHUTETHA 00pa0d0TKa Ha aepOJIOTUYHUTE AUarpaMu 1 HHPOpMaIusiTa
3a MPOMEHUTE Ha TeMIleparypara 1 TeMIIepaTrypara Ha TOYKara Ha OPOCSBaHE BbB
BHCOYHUHA.

CHJITHOTO paJiMalliOHHO OXJIXKIAaHE Ha 3eMHATa MOBBPXHOCT BOJAU JIO MOCTE-
MEHHO HACHINAaHE HA BOJ(HATA Mapa B CJIOS Ha HEMOCPEACTBEH KOHTAKT. C MOHMXKa-
BaHE Ha TEMIIEpATypaTa Ha MOBbPXHOCTTA JIO TOYKara Ha opocsBane (7)) 3amousa
OTJIaraHeTo Ha Poca, C KOSTO TOYKAaTa Ha OPOCSBAHE HA MPU3EMHUS Bh3IYyX MOCTE-
MEHHO ce moHWxkapa. Upes nudy3ust oT Mo-BUCOKUTE HUBA MOCTHIIBA BOJHA TApa,
BbH3CTAaHOBSBAIA YACTHYHO BJIAroChIbPKAHUETO HAa Bb3JyXa B MPU3EMHUS CIIOH,
HaMaJICHO TMPH OTJIAraHeTo Ha pocara. 3a (GopMUpaHETO HA MBIVIA € HEOOXOAUMO
TEeMIlepaTypara Ha Bb3yXa Jia MaJHe IMOJ TOYKAaTa Ha OPOCSBaHE Ha Bb3JyIIHA-
Ta Maca [8]. Temneparypara, npu KosiTo ce 00pa3yBa MbIJIa, C€ Hapuya TOYKa Ha
mbriata (T f). Paznukara mexny T G H T - 3aBUCH OT pa3npe/IeJCHUETO Ha BOTHATA
napa B Hail-Huckute 30-50 hPa ot armocdepara (oxono 240—400 m). MetoasT Ha
Saunders orynTa TOBa BaXKHO OOCTOSITEIICTBO, KaTO BKIIIOYBA JOM'BJIHUTEIIHO U UH-
(dopmarnusiTa 3a BepTUKaHaTa cTparu(UKalis B HICKUTE CIIOeBe Ha arMocdepara.
[To To3u HauWH, MaKap ¥ HESIBHO, TOM OTYUTA HAKOU BAXKHU (PM3UYHU MPOLIECH TIPU
o0Opa3yBaHe Ha MBIJIUTE.
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Meronukara Ha Saunders 3a ompezensHe Ha TeMmIleparypara Ha TOYKara Ha
mbriara (7;) ce CbCTOM OT CJIEIHWTE CTAHAAPTHH CTBIIKM, WIIOCTPMPAHU Ha
Tedurpamara Ha ¢wur. 1.

1. Hamupa ce toukata Ha HopManj, kaTo oT Touka 7 ce mpekapBa IpaBaTa
1, ycopenna Ha cyxara anuabara, a oT Touka I, ce mpekapsa mpasara 2, yc-
mopenHa Ha u3orpamure. Toukara, KbJIETO MPABHUTE C€ IMPEeCUYar, € ToUYKara Ha
Hopwmann, Hapuuana cwimo HuBO Ha koHAeH3anus (Lifting Condensation Level
(LCL)).

2. Ha ToBa HMBO Ce MpeKapBa u300apara 3 10 NPECHYAHETO U ¢ KpuBara Ha 7.

3. Or Toukara Ha mpecu4aHe Ha uzobapara 3 u KpuBara Ha I, yCIOPEHO Ha
M30TpaMHTe ce TpeKapBa IpaBara 4 0 MpeCcHYaHeTo Ha IMpu3eMHara u3obapa.
Temmeparypara B Ta3u peceyHa To4Ka € To4kara Ha Mbriara 7.

®ur. 1. [Tpouenypa na Saunders 3a onpe/ensHe Touka Ha Mbiata 7.
TobHKUTE HCIPEKBCHATU JIMHUU Ca CYXUTEC azuda6aT1/1, MPCKbCHATUTC JIMHUU
ca u3orpamure. Aeposlorn4HaTa uarpama € camo 3a HUCKHUTE CJIOeBe
Ha Tporocdepara (o okoso 800 hPa)

B nosedero ciyuau ommucaHara Ipolefypa JaBa MHOIO A00pU pe3ylTaru.
Saunders obaye ycraHOBsIBA, Ye MPH OINpPEICICHH NpOQHIN Ha TeMIeparypara u
TeMIieparypara Ha TOUYKaTa Ha OpOCSIBaHEe METOIUKATA U3UCKBA H3BECTHO MOIU(H-
mupane. To# npemtara Tpu MogudUKAIMK Ha CTaHIApTHATA Mpolenypa ot ¢ur. 1.
Te ca, KakTO clieBa.

I. ITpu cBpbxanuabareH TeMIepaTrypeH TpalueHT IpH 3eMsTa TOH He ce OTYH-
Ta, a 3a OIpeeIsiHe Ha Toukara Ha Hopmany ce u3nonssa camo 4acTTa OT KpuBara
Ha crpaTuduKanys HaJ CBpbXaauadaTHUs TpagueHT ((ur. 2).
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@ur. 2. Momndrmnrpana koHCTpykuus Ha Saunders [6] ot I u I Tum

II. TIpu HamuMyMe Ha MHOTO TMO-CYX BB3JyX BbB BHCOYMHA, KAKTO CE BIDKIA
oT ¢ur. 2, cTanmapTHaTa MPOIEAypa AaBa HEPEATHCTUIHO HUCKA TeMIieparypa Ha
TOYKaTra Ha MbINIaTa. B To3u cirydail momHaTa 4acT OT KprBaTa Ha TOYKaTa Ha Opo-
CsiBaHE Ce eKCTparoyiipa BbB BUCOUYMHA, KAKTO € TIOKa3aHO C MpeKbCHATaTa JINHUS
Ha ur. 2. Criext IpeKapBaHETO Ha yCIIOPEHATA HA N30TPAMUTE HOBA JIMHUSA 4, Ce
T0JTy4aBa Mo-pealuCTUYHa TEMIIEpaTypa 3a Toukara Ha Mbrara (7, ).

III. Koraro Toukara Ha OpOCsIBaHE MPU 3eMATa € HAISIBO OT MPOIBIKEHUETO
Ha TOPHMSI Y9acThK OT KPHBATa, T. €. BB3AYXBT B CII0s ¢ medennHa okono 30 hPa
(oxoio 240 m) e o-CyX OT TO3W HaJ HETO, B 3aBUCHMOCT OT CTaTHYHATA yCTONIH-
BOCT BB3MO)KHHTE BapWaHTH ca ABa. lIpm ycroiumBa cTpaTudukamnus ce cienBa
CTaHIapTHaTa MPOLEAYPa, a IPY HEYCTOHYMBaA CTpaTU(UKAI TeMIIepaTypara Ha
TOYKaTa Ha MBITIaTa ce TIpreMa paBHa Ha TeMIIeparypara Ha TOYKaTa Ha OpOCSIBaHEe
npu 3emsra (7,= T).

[Ipumaranero ma metoma Ha Saunders or UKMetoffice [8] BkitouBa n36op Ha
TIPEICTaBUTEIICH aepojIoTHUIeH CoHmax Ha atMocdepara or 12 UTC u moctposiBa-
HE Ha aepoJIOTMYHA JuarpaMa, KOATo MOXe /1a € MoAu(HIrpaHa mpeaBapuTeIHoO,
aKo COHI@XBT HE € B CTAHLIMATA Ha MTPOTHO3UpaHe. B To3u ciayyail Ha n300apHOTO
HUBO, CHOTBETCTBAIIIO Ha H3MEPEHOTO B CTAHIMATA aTMOC(HEPHO HAISTaHE, BEPXY
IUarpaMara ce HaHacsAT MaKCHMalTHaTa TeMIepaTypa U ChOTBETHAaTa TeMIeparypa
Ha TOYKaTa Ha OpPOCSBaHE B pa3miek/aHaTa CTaHIHA, IPEAIoNaraiki, 4e BepTH-
KaJTHUTE TPOQWIA HA TeMIleparypara MeXly CTAHIUATa, B KOATO € COHIAAXbBT, U
CTaHIHMATA HA TPOTHO3aTa CE pa3iiidaBaT caMO B HUCKHWS MPHU3EMEH CIOH, a Ha
MO-TOJIEMUTE BUCOYMHM T€ ChBMajar. KpuBuTe Ha Temmeparypara W TOYKara Ha
OpOCsIBaHE MEXIy MOBBPXHOCTTA M TOpHATa TPAHMIIA Ha TPAHUYHUS CION ce MO-
TUUIIPAT AOMBIHUTEHO CIIOpel KOHKPETHUTE METEOPOJIOTHYHHU ycinoBus. Ha-
MIpUMeEp TIPH SICEH CIIFHYEB JICH M cllad BATHp KpHBaTa Ha CTPATH(HUKAIHS B CIOS
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pu 3emsaTa ¢ nedemmnaa mo 20 hPa (oxomo 160 M) ce Momudummpa Taka, 4e aa
MpEeCTaBs CBpbXaauabaTHUs TeMIepaTypeH rpaaueHt. [1onooHn MoaupuKamoH-
HU MpaBWiIa 3a MPOoQIIUTE ca MPEAJI0KEHHU U 3a CllydanuTe Ha 100pe n3paseHa oOpu-
30Ba IUPKYyJIAIMs, o0jlaueH JeH ChC ci1abd BATHp u jap. TpsiOBa ma ce orOenexH,
4ye Te3W MpaBHJia ca Ha 0a3ara Ha METEOPOJIOTUYHUTE HAONIOACHUS B CTAHIIMUTE
Ha UKMetoffice [8]. JlupekTHOTO MM TIpriiaraHe 3a IpyTH CTAHIIUU, €CTECTBEHO,
W3UCKBA MPEABAPUTEITHO U3CIIEIBAHE 32 BIUSHUETO HA MECTHUTE METEOPOTIOTUIHU
YCIIOBHSI.

AKko ce Hanara, orpejielieHara 1o MeToaa Ha Saunders TOUKa Ha MbIJIaTa MOXKE
ce KOpUrupa B 3aBUCUMOCT OT O4aKBaHUTE IIPOMEHU Ha BpeMmeTo. Hanpumep npu
OYaKBaH MMPOJIMBEH BAJICXK WIIH YCUJIBAIA C€ OPU30Ba IIUPKYIIAIIMS TOUKATa Ha MbT-
nara TpsiOBa Jia € Mo-BUCOKa OT OlleHeHaTa. AKO TOYKa Ha MbIJIaTa € OTpUIlATelHa,
3a J]a ce OTYeTe HAMAJICHOTO B PE3yJITaT Ha OTIaraHeTO Ha CKPEX BIAroChIbpixa-
Hue, GOpMUPAHETO HA MbITIaTa TPsIOBa Jia € TpH Mo-HUCKa Temmeparypa [8].

3. U3IIOJI3BAHA METEOPOJIOTUYHA HTHOOPMAILIMA
N ITPEJABAPUTEJIEH AHAJIN3

3a ompenensgHe Oposi Ha CiIy4anTe ¢ MbINa Ha JeTuile byprac mpes pasmiex-
nanus nepuos ot 01.01.2010 . mo 01.05.2015 1. ca U3noy3BaHU PENOBHUTE aBUO-
MeteoponorudHu chobmenns Tuimt METAR nHa CBeToBHaTa OpraHu3aius 3a rpax-
nancka apuanus (ICAQO) [12]. CroTBETHUTE apXUBHU Ca CBOOOIHO TOCTHITHU B UH-
tepret [10]. Crobmienusra METAR ca Ha Bceku 30 MUHYTH U ChIBpIKAT TAaHHU 32
BATHPA, BUIUMOCTTA, METEOPOJIOTHYHUTE SIBIICHHUSI B MOMEHTa Ha HaOIIOIEHHUETO,
obagHOCTTa, TeMIleparypara, Toykara Ha OpocCsBaHE, aTMOC(EpHOTO HallAraHe,
SIBJICHUS B U3TEKIJIO BpeMe U Ip. Te3u NaHHU N03BOJABAT NPELUU3HO UACHTH()UIN-
paHe Ha MOMEHTHUTE Ha IaJlaHe U pa3ceiiBaHe Ha MbIviaTa. 3a MbIVIa C€ IIpHeMar
CIlyyauTe C XOpPU30HTaJIHA BUAUMOCT oA 1 km, He3aBHCHUMO 1any MbIvaTa € TOB-
CEMECTHA, YacTHYHAa WM Ha BbJMa. 3a Kpail Ha MbIJIaTa Cc€ CMITa MOMEHTBHT, B
KOWTO Ts mpemuHaBa B fumka. Ot crobuienusita METAR 3a 12 UTC ca usnon3ea-
HU JJAaHHHUTE 3a TeMIepaTypara 1 TeMIlepaTrypara Ha TO9YKaTa Ha OpOCsSBaHe, a ChII0
Taka 1 TeMIleparypara B MOMEHTa Ha (OopMUpaHe Ha MbIIaTa.

Cren M3KIII0YBaHETO HA PPOHTAIHUTE MBIJIM PETUCTPUPAHUTE IIPE3 PA3IIIEHK-
JIaHUs TIEpUOJ MBIV OT paAMallMOHEH U aJBEKTUBHO-PAIUAIIIOHEH THUII HA JIETH-
e byprac ca 112. B npeaumnu uzcnensanus [ 13, 14] e cturuato g0 3akitodeHue,
ye mpeoliagaBaluTe MBIJIM Ha JIETUIIETO ca OT aJABEKTHBHO-PAJMALMOHEH THII
(47-61 %) u camo MaJika 4acT ca OT YHCTO paauanuoHeH tun (4—5 %). Toea pa3s-
JeJISTHE 110 TUIIOBE MBIVIM € HAllPaBeHO 10 aHaJIW3 Ha CHHONTUYHHTE 0OCTaHOBKH,
Bozenm 110 popmupaHe Ha MbrmtTe [13, 14], a He 1O aHANW3 Ha MPUYMHUTE 32
obpazyBaneTo uM. Kakro e noOpe n3sectHo [11], dpakTopute 3a hopmMupaneTo Ha
MBIJIaTa JefcTBaT ChbBMECTHO U 3aTOBA B IIOBEYETO CIIyYau € TPYAHO Ja C€ UICHTH-
¢unmpa BoAemMAT OT TAX. B HacTosmaTta paboTa ce mpuema, 4e paJgualioOHHNATE
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(hakTopm ydactBat npu (HOpMUpaHETO HA MbBIVIa BbB Bcuukute 112 ciydas u Te ca
MOJUTO’KEHH Ha aHAIH3 1o MeToa Ha Saunders. ToBa mpenonokeHue € onpaBIaHo
B CBETJIMHATA Ha MO-HATATBIIHUTE PE3yITaTH, KOUTO MOKa3BarT, ue HaH-TOJIEMHUTE
pa3MUHaBaHMA MEXIy NMPOTHO3MpaHaTa M peajiHaTa TeMIlepaTypa Ha MajaHe Ha
MbIIaTa ca 0OMKHOBEHO TPU IOMUHAIUS Ha aJIBEKTHBHUS (aKTop.

MertonsT Ha Saunders U3KUCKBa TaHHU OT aEPOJIOTHYCH COHIAX B MSACTOTO Ha
MIPOTHO3aTa, KAKHBTO 3acera He ce IpaBu Ha setuine byprac. [1pu ToBa monoxenne
BB3MOXXHOCTHUTE Ca JIBE — JIa C€ M3MOJI3Ba COHIXHT Ha Half-OM3KaTa CHHOIITUYHA
CTaHIMS WU JaHHHUTE 33 CTAHLMATA HA [IPOTHO3aTa OT YHCIIEH MOAEN 3a MPOTHO-
3a Ha Bpemero. Markova and Mitzeva [15] nemoHCTpUpar, ue 3a TEPUTOPHATA HA
ceBepHa brarapus morar fja ce U3IM0A3BaT C €HAKBB YCIEeX KaKTO aepOJIOTHIHUTE
cormaxu ot bykypem (PymbpHus) [16], Taka 1 IPOrHOCTHYHUTE COHIAXKH OT MO-
nena GFS [9]. B macrosmiara paboTa ca M3MOI3BaHM aepOJOTHUIHUTE COHIAXH B
12 UTC ot UctanOyn (Typuus) [16] 1 apxuBHA IPOTHOCTUYHHU AaHHH OT MOJEIA
GFS [9].

[Tpu n300pa Ha peCTaBUTENEH aepOJIOTHUEH COHIAK Ha aTMocdepara 3a 12
UTC ca pa3mienanu clieTHUTE YeTHPH BapHUAHTA:

1. Cornmax Ha atMocdepara ot MicTanOyi.

2. Conpgax Ha arMocdepara ot McranOyn, HO MoAH(HUIIUPaH C MPU3EMHHATE
TeMIIepaTypa 1 Touka Ha opocsiBaHe oT ceefieHneTo METAR 3a 12 UTC Ha netuie
byprac.

3. I[Ipornoctuuen congax 3a nerutnie byprac or monena GFS.

4. TlporHoctuyeH conpax 3a yieruine byprac or monena GFS, Ho Mmomuduim-
paH ¢ MpU3EMHUTE TeMIIEpaTrypa 1 TouKka Ha opocsiBane oT cBejennero METAR 3a
12 UTC 3a netuiero.

Crnen npunarane Ha MeToa Ha Saunders 3a IPOTHO3a Ha TOYKaTa Ha MbIVIara
nocjegHara € CpaBHEeHa ¢ HaOoaBaHaTa TeMieparypa npu GopMupaHe Ha MbIJia
Ha neruiie byprac. [Ipu HEOOXOMUMOCT ca M3MOJI3BaHU ONMUCAHUTE B MPEIUIITHUS
naparpad moaudukanuu Ha Metona ot I u I Tum. Pesynrarure oT cpaBHEHHETO 32
MeT MPOM3BOJIHO U30paHu ciaydas ¢ paauallioOHHa WIHM aJIBEKTHUBHO-PAANAllMOHHA
MbIvIa Hap jdetumero ot 2014 1. ca mpencraBenn B Tabn. 1. B mbpBara xonoHa Ha
Tabn. 1 ca gameHu gatuTe W Yaca Ha popMHpaHe U AUCHIIMPaHe HAa MbIvara. BeB
BTOpaTa KoJioHa € u3MepeHnarta temneparypa (T fog) npu o0pa3yBaHETO Ha MbIJa-
Ta cnopen penoHoTo JetuiiHo ceegeHne METAR. B tpera u ueTBbpra KOJIOHA
ca JIaJICHU PE3YNTaTUTE, TOJy4EeHH 3a TEMIIEparypara Ha Toukara Ha Mbrara (7))
0T cOHIaka Ha atMocdepara 3a McranOyir, ChOTBETHO 03 B ¢ MOmU(UIIMpaHe Ha
MpU3EMHATa TEMIIepaTypa, U Touka Ha opocsiBaHe oT cBeaeHuero METAR 3a 12
UTC 3a netnme byprac. B nerara u mecrara kojloHa ca JaJIcHU TeMIepaTypara Ha
TOYKara Ha MbIyara 7, IPeCMETHATA YPe3 MPEACTABUTENHN COHNAKK OT IPOrHO-
ctuunus yuciieH monen GFS, chorBeTHO 0€3 U ¢ MoaudUIIMpaHe Ha MPU3EMHATA
TeMIepaTypa, ¥ Touka Ha opocsiBane ot csefieHneto METAR 3a 12 UTC B nerure

Byprac. B ckobure e npezncrasena pasmukara 7,— T, g

86



Tadnuua 1. TemmnepaTypa Ha TOUKaTa Ha MbIJIaTa 10 MeToxa Ha Saunders
IIPY M3MIOJI3BaHe HAa MOAU(UIMpaHy 1 HeMOAN(HUIIMPAHN aTMOC(EPHU COHIAKH
ot Mcranbyn u nporHoctrunns connax Ha GFS 3a nerume Byprac

Cnydau ¢ MbIya 3a fog Ty T d g
nermme Byprac byprac | Ucraubyn | Hcranbyn mod GFS GFS mod
[°C] [°C] [°C] [°C] [°C]
06.01.2014 . 3 -1,5 (-4,5) -1(-4) 6,5 (3,5) 6 (3)
21:30-09:00 UTC
08.01.2014 r. 5 2,5(-2,5) 3(-2) 4 (-1) 3,5(-1,5)
02:00-09:30 UTC
19.02.2014 . 6 4 (-2) 51 0 (-6) 6 (0)
02:00-06:00 UTC
07.03.2014 r. 4 -1 (-9 -1 (-5) 4,5(0,5)  4,5(0,5)
01:00-07:00 UTC
12.04.2014 . 4 6,5 (2,5) 5(1) 2 (-2) 2,5(-1,5)

01:30-04:00 UTC

IIpernensT Ha Tabn. 1 Bomu M0 ciaequuTe M3Boau. Haii-romemu pasnuku 7 =
T fog M IIPH U3TI0I3BAHETO HA AEPONIOTMYHUSA COHIAK OT HWcranOym, karo Te Hama-
JIABAT CJeJl 3aMsHaTa Ha IPU3EMHUTE TEMIIEpATypa U TOUKa HAa OPOCSABAHE C TE3U OT
Byprac. M3non3BaneTo Ha nporHocTuyHus arMocdepeH cornnax Ha GFS mogo0ps-
Ba ChOTBETCTBUETO MEXKIy U3MEPEHATa U IPOTHO3UPaHAaTa TeMIIeparypa mpu oopa-
3yBaHe Ha MbIJIaTa B TpU OT ciy4ante. Hai-manko € cpennoto orkinonenue 7T, fog
MpH M3MOJI3BaHE Ha MOAUDUIIMPAH MPH 3eMsATa NpOTHOCTHYEH coHpax Ha GFS.

Tes3u H3BOJAU Ca B CbOTBECTCTBUC U C PCIYITATUTEC OT IMPESAUIITHU U3CICABAHUSA [15]

4. PE3YIITATU

[Mpunaranero Ha Meroja Ha Saunders € JIeMOHCTpHpaHO HA (ur. 3 3a eaHa
KOHKpETHA CUTYyallis ¢ MbIVIa Ha jetuile byprac, gopmupana ce Ha 07.02.2014 1.
nmpe€au nu3resa Ha CIBHIETO. IIrpTHUTE TUHUHK HA Te(bnrpaMaTa ca NPpOrHOCTUYHU-
st corpax Ha uncnenus monen GFS 3a 12 UTC na 06.02.2014 1. M3non3Banara
Bepcust Ha Mojena GFS e ¢ xopu3oHTaHa pa3aeauTesiHa CrocoOHOCT oT 1°X1° u
€ HEBB3MOXKHO JIa omuIIe 100pe oporpadckuTe 0COOCHOCTH Ha pa3TiiekKIaHus pa-
HOH — CHOTBETHO J1a MPOTHO3MpA J0Ope MPU3EMHHUTE TEMIIEPaTypa U TOUKa Ha Opo-
csiBane. Ha ¢ur. 3 ce Bmwka, ue kpusute Ha 71 7, ca ¢ Ha4aJI0 Majko Hajl n3obapa
1000 hPa. ITepBoHauamHara MoaudUKalusa Ha TeurpaMara ce CbCTOH B ONpeJie-
JISTHE Ha I/I306apHOTO HUBO Ha CTaHIUATA IO JJaHHU OT M3MEPBaHUATA U HAHACAHC
BHpXy Hero Ha uaMepenute B 12 UTC na neruie byprac Temmneparypa 1 Todka Ha
opocsiane ot ceeienneto METAR. Toga ca Toukure 7'=7°Cu T,= 1 °C. Ot kpu-
Bara Ha cTpaTH(UKaIMATa BeJHara ce 3a0es3Ba, ue BEPTUKATHUAT TeMIIePaTypeH
TpaJIieHT TPU 3eMHaTa MOBLPXHOCT € MO-ToJisiM oT anuabarHus. OueBUaHO €, ue
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ce Hanmara MoaudUKaIys Ha quarpamara ot [ THr, T.e. 1a ce U3MOJ3Ba YYaCThKbT
OT KpHUBaTa Ha cTpaTuduKanus Haa cBpbxagunadaraus (¢ur. 3). B kpaitHa cmeTka
mMonupupanara npoueaypa Ha Saunders masa 7, = —1°C. Touno ToNKOBA € U U3-
MepeHara TemIieparypa Ha ¢popmupane Ha mbriara T, .

800 — N

-10

®ur. 3. [Iporuo3a Ha Toukara Ha MbIJIaTa 110 MeToAa Ha Saunders 0 COHIAaX
ot 06.02.2014 ., 12 UTC. HenpekbcHaTHTE XOPH30HTAIHHU JIMHUH ca u300apwu,
HEMpPeKbCHATUTE HAKIOHSHH JIMHUM Ca CYyXU afanabarH, MPEeKbCHATHTE JIMHUH C
a N30TpaMH, HAKIIOHEHUTE ITyHKTUPAHHU JIMHUU Ca H30TEPMH, XOPHU30HTAIHATA
IIyHKTHpaHa JHHHSA e n300apara 3a jgeruiie byprac. Aeponornynara guarpama
€ 3a HUCKHUTE ciioeBe Ha Tpornocdepara (10 oxono 800 hPa)

MetonbT Ha Saunders € mpuiIoKeH 3a Bcuukute 112 cuTyanuu ¢ pajanaliioOHHN
Y aIBEKTUBHO-PATUAITMOHHN MBITH Haf JeTuie byprac 3a mepuoga ot 01.01.2010
r. 10 01.05.2015 . B 54 ot cnyuyante MbIviaTa € majHaja B paHHUTE YTPUHHH Ya-
COBE U € M3MOJI3BaH NPOrHOCTHIHUAT coHfax oT 12 UTC Ha npenumaus aeH. B
ocTaHajauTe 58 cilydas MbInara ce ¢ popMupaia B ClIeH00CAHUTE WM BEUYSPHUTE
9acoBE M € M3IMOI3BaH MPOrHOCTHIHUAT coHnax oT 12 UTC Ha cpmus neH. B Hs-
KOHM OT cliyuauTe ca npuiarand moaudukanuu ot I u 11 tun. [pu mogudukarys ot
II Tum TemmepaTypara Ha TOYKaTa Ha OPOCSBAaHE € EKCTPaIoJupaHa JIMHCHHO BHB
BHCOYHHA J10 HHBO 0KkoJio 900 hPa.

[lomyyenara no metona Ha Saunders Temnieparypa Ha Toukara Ha Mbriara (77)
€ CpaBHEHa ¢ peaHaTa tremmeparypa (7 fog), IIPH KOATO ce € hopMHpajia MbIJIa CIIo-
pen ceenenusita METAR. [lonyuennute pe3ynaTartu ca IpeACTaBeHN Ype3 4eCTOTHA-
Ta 1abn. 2. CTeiI00BeTe Ha TAabIMIIATa CHOTBETCTBAT HA A0COIIOTHUTE CTOHHOCTH
Ha pasmukara 7, — T, . Hynara o3HauaBa ChbBIAJICHHE HA JIBETE TEMIICPATYPH, €/U-
Hunata pazMuHaBane ot 1 °C, aBoiikara ot 2 °C u T.H. B mepBus pex € OposT Ha City-
JauTe ChC CHOTBETHOTO Pa3MHUHABAHE HA TEMIIEPATYPUTE, BEB BTOPHUS — IIPOIICHTHT
OT BCUYKH CIIy9au ¢ MBIJIa, a B TPETHS — OPOAT Ha CITydalTe B IPOIICHTH OT 00N
Opoii ¢ pasMHUHABaHe, TI0-MaJIKO MJIM PABHO Ha ChOTBETHATA TEMIIEPATypHA pa3jiuKa
MEX/1y TPOrHO3UpaHara 1o Meroja Ha Saunders Temrieparypa u TeMieparypara ot
ceegenneto METAR.
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Tadnauua 2. Knacudukamus Ha ciryganuTe ¢ MbIJIa TI0 Pa3MHHABAHETO MEKIY IIPOTHO3H-
panara o metoxa Ha Saunders u m3MepeHata ot cBeneHrnero METAR Temmeparypa Ha
(opMupaHe Ha MbBITIa

7,- T, [)C] | 0 | ¢+ [ 2 [ 3 | 4 | 5 |>s
Bpotii 31 40 17 8 4 1 11
% 27,7 35,7 15,2 7,1 3,6 0,9 9,8
Kymynarusen % 27,7 63,4 78,6 85,7 89,3 90,2 100

Kakro ce Buxna, B 31 ot ciydaute, wnu 27,7 % oT oOm1wst Opoii, METOIBT MPO-
THO3Mpa TOYHO TeMIleparypara Ha opMUpaHe Ha MbIyIaTa. AOCOIIOTHATA CTOMHOCT
na paszmukara |7 —T, fog| e mo-maJjka win pasHa Ha 2 °C B 78,6 % ot ciyyaute. TpsoBa
na ce 0TOenexH, 4e JIoKato B 55 ot ciyyaute T, < T, fog> TO .>T fog CAMO B 26 cy-
yas. ToBa mokasBa, 4e MpUJIaraHeTo Ha MeToAa Ha Saunders BbPXY BCHUKH CIydan
¢ MbIIa HaJ JieTHIle byprac umMa TeHAEHIUs 1a MPOTHO3Mpa IMO-HUCKA TOYKa Ha
(dbopMupaHe Ha MbIJIa OT PEaTHO U3MepeHara. To3u pe3ynTar MoXKellle 1a Ce O4aKBa,
KaTo ce MMa MPEeABU, Y€ METOABT OTUYUTA MPEIUMHO paJuallMOHHUTE (pakTopH, a
KakTo € TMoka3aHo B [13, 14], anexTuBHUTE (HaKTOPH UMAT HE TIO-MAJIKO 3HaUYCHHE
npu ¢popMupaHe Ha MbIIIMTE Haf Jetuine byprac. B moakpena Ha ToBa € U QakThT,
Y€ BCHYKH CiTy4au ¢ [T, — Tf0g| >3°Ccampu I, <T, .

3a u3sACHsABaHE Ha MPUUMHUTE, TOpaan KouTo B 14,3 % oT ciyyante METOOBT
Ha Saunders He BOAM IO YHOBJICTBOPUTEIHU PE3YNTaTH, ca aHATU3UPAHU CHHOII-
TUYHUTE 00CTaHOBKH B 16 0T cirydaute ¢ T, g~ > 4°C. EnuH oT Te3u Ciiy4au € OT
09.11.2013 1., moka3an Ha ¢wur. 4. [lpunaranero Ha Metofa Ha Saunders ¢ H3MON3-
Bane Ha usmepenute 7 u T, naBa Touka Ha Mbriara 7,= 4 °C. Ilpu monuduupane
Ha Metoza oT II Tun (MHOTO CyX BB3AyX BbB BUCOUMHA) ONpeE/AeNeHara TOYKa Ha
mbrara € T, = 6 °C (¢ur. 4). Tasu Temneparypa € 1aned oT akTudecKara TeMIIE-
parypa Ha ¢opmupane Ha Mbriata 7| g 11 °C. 3a KOHKpETHUS CIy4ail ce OKa3Ba,
4e ¢ mo-700pe na ce mpunoxar npernopbkute Ha UKMetOffice [8], ciopen xouto
NpH HAJIMYKME HA TIPUTIOBIUIHATA HHBEPCHS € KETIATENHO 1a ce npeanonoku 7,.= T .

1
800 \/

|4

0

-10 10 20

®@ur. 4. OnpesiensiHe Ha TOYKATa Ha MbIJIaTa 1o MeTona Ha Saunders 1o CoHIax
or 09.11.2013 r, 12 UTC. Onucanuero Ha IMHUUTE €, KakTo Ha ¢ur. 3
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AHanmu3nupaHa e cuHonITHIHara ooctanoBka Ha 09.11.2013 1. [17, 18], ipu KosI-
TO U3TOYHUTE pailoHu OT bbarapus ca pa3nojaokeHH B I0ro3arnaaHara 4acT Ha aHTH-
LUKJIOH C LEHTHp Hax toro3amnanna Pycus. Ha nuo 500 hPa repurtopusita na brira-
pHsL ce HaMHpa B MPeJHaTa 4acT Ha AbIOOKa OapudHa JonuHa. Bp3aymiHara maca e
TOIIJIa, CyXa, yCTOWYMBO CTpaTU(HUIMPaHa, C TPUIIOBAUTHATA HHBEPCHUS OKOJIO HUBO
900 hPa. B cnemobemauTe 9acoBe HACTBITIBA OBP30 MPEYCTPOUCTBO HA OAPUIHOTO
rroire 1 ce popmmpa GapudeH rpedeH Hag YepHo Mope u 11-B Mana Asus. [Ipuzem-
HUSAT BATBP CE IPEOPHEHTUPA OT U3TOK U JJOCTUTA CKOPOCT oKoyto 10 m s™'. T'bit kato
TeMIIepaTypara Ha MOpCKara MOBbPXHOCT € MO-BHCOKA OT Ta3W Ha CyllaTa, MbIjlaTa
ce ¢opMupa OT aIBEKIHATA HA OTHOCUTEIHO TOITBJ U BIa)KEH MOPCKH BB3yX, KO-
TO CJIeJ] CTUXBaHE Ha BATHpA B KbCHUTE BEUCPHH YACOBE CE€ OXJIAXKAA PaAUALlMOHHO.

AepOoNIOTHYHUAT MPOTHOCTHYCH coHAaxX Ha 14.01.2015 1. e kauecTBEHO MMOMO-
oer Ha To3u oT 09.11.2013 1., HO ¢ o11e Mo-100pe M3pa3eHa MPUIIOBIUTHATA TEMIIC-
parypHa uaBepcus B ciost 950-850 hPa 1 MHOTO cyX BB31yX BHB BUCOYMHA (CIICITH-
(ryHaTa BIXXHOCT IIPH HacUIlaHe HaMassiBa ot 5 g kg nmpu 3emsra 1o 0,4 gkg' Ha
HuBo 750 hPa). [Ipunaranero Ha metoAa Ha Saunders aBa HEPEATUCTHYHO HHUCKA
TOYKa Ha Mbryiata. OYEBHIHO U B TO3U CIIydYail NpUUUHKTE 32 (POPMUpaHe Ha MbIJIa-
Ta HE ca caMo PaJHUaliOHHU, KOETO CJIE/IBA U OT JaHHWUTE OT HaOmoneHuara — B 12
UTC e onpenenena T, = -1 °C, a mbIyiara ce (popMHUpa IIpH MO-BUCOKA TEMIIEPATYPa
T g 1 °C. AHanu3bT Ha cuHONTHYHAaTa ooctaHoBKa Ha 14.01.2015 1. mokasBa, ue
TepuTopusATa Ha bbarapus ce HaMupa Mo BIMSHUETO Ha AHTULMKIOHAIHO OapHy-
HO TIOJIe, BbB BEUEPHUTE YacoBe ce (hopmupa 6apudeH rpedeH Haj rn-B Mana Aswus,
BATBPBT ce npeopreHTupa ot WSW cbe ckopoct 3—4 m s™'. U B TO3H ciTyuaii OCHOB-
HUTE IIPUYUHHU 32 00pa3yBaHe HAa MbIJIA CA aBEKTUBHHU.

Ha 30.09.2012 1. chiio uma rosismo pasmuHaBane Mmexuy 1. u T, . " B TO31
cllyyail HaJl BIaKHUS IPU3EMEH Bb3yX € PasloiioKeH Mo-CyX Bb3ayX. Cnennduy-
HaTta BJIXHOCT IpH HacuilaHe HamaisiBa ot 12 g kg! npu 3emsra go 4,5 g kg
Ha HUBO 900 hPa. Tepurtopusita Ha bbiarapus nonaga B pasMuTo OGapudHO TOJE C
(dhopmupane Ha bapudeH rpeden Hax UepHo Mope. B ciienobeqHuTe 4acoBe BAThPBHT
ce MPEOPUEeHTHPA OT M3TOK Che CKOpocT 10 10 m s'. XapakrepHOTO B Citydas €
(hopMHupaHeTO BbB BEUEPHUTE YaCOBE Ha HUCKA CTPATycoBa OOJAYHOCT C BUCOYMHA
Ha nonHara rpanuna okono 300 m. Hail-BeposiTHaTa npu4uHa 3a perucTpupaHara
Ha neruiie byprac MbIiia e cHU)KEHHME Ha HUCKara 00Ja4HOCT. B mOTBBpXKIEHHE
Ha TOBa ¢ U (aKThT, Ue B HaAMHpaliara ce Ha okojio 10 km oT neTuiero cuHom-
TryHa ctannusg Ha HUMX B byprac Hsima peructpupana mbria [17]. B npeauian
W3cIIeIBAaHMS € TTOKa3aHo, 4e okoio 12 % ot mermte B byprac ce dopmupar npu
CHIDKCHHE Ha HHUCKa o0magHocT [14].

AHanM3bT Ha OCTaHAIUTE CIy4au ¢ MbIa Ha jeruie byprac ¢ T, tog T.>4°C
MOKa3Ba, Y€ W IpH TAX NpeodiagaBaliuTe NPUUUHM 332 (opMHpaHe Ha MBIVA ca
azBeKTHBHU. Haif-uecTo Hann4IneTo Ha MHOTO MO-CYX Bb3yX BbB BUCOUMHA € MPU-
YHHAaTa 3a [M0-HUCKaTa TeMIepaTypa Ha ToYKaTa Ha MbIJIaTa, IIoJyyeHa 1o MeTosa
Ha Saunders. B Te3u ciiyuau MeTOOBT HE BOIH 10 YIOBJIETBOPUTENHHU PE3yJATaTu
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Y HaJeKTHOTO MPOTHO3WPAHE Ha MBIVIa M3UCKBA JIETAIEH aHAIN3 Ha CHHOIITUY-
Hara oOctaHOBKa. [IpoBexIaHeTO HA CHHONTHYCH aHAIN3 € HAJIOKUTEITHO U TpU
CIIy4auTe Ha HEOOXOAMMOCT OT 3HAYUTEIIHO IMPEIBAPUTEIIHO MOIUQUIIMpPAHE Ha
MMPOTrHOCTUYHUA COHAAXK MPH 3€MATA, IPU IOJIsIMa pas3jinka MEXIYy U3MCPCHUTE U
MIPOTHO3HUTE TEMIIEPATYPH.

TourocTtTa Ha TIOOATHUTE MOJENU 33 YMCIIEHA MPOTHO3a Ha BPEMETO CHIIO
HaJiarat orpaHI4YeHs BbpXy M3IIONI3BaHETO Ha MeToa Ha Saunders. M3nom3BanusT
B Hactosimara padora moaen GFS e ¢ pazgenurenna ciocoonocT 1°%1°. U3momnssa-
HETO Ha MPOTHOCTHYHHUTE COHIAXH OT JIOKAJICH MOJIEN C T0-100pa pa3/ieiuTenHa
CIOCOOHOCT €CTECTBEHO € 3a MpeAroYnTane. JJoKonKoTo TaHHUTE 3a TeMIeparypa-
Ta B cho0meHnssTa METAR ca 3akpbriieHH KbM 1510 YHCII0, TO TOBA ChILIO OKa3Ba
BIIMSTHHE BBPXY pe3yATaTUTe OT IPUIaraHeTo Ha MeToda Ha Saunders.

Hacrosimara pabota TpsioBa 1a Ob/e IpOoIbDKEHA ChC CPaBHABAHE HA MPOTHO-
3WpaHara 1mo Metojia Ha Saunders ToYka Ha MbIJIaTa ¥ MPOrHO3UPAHATA OT JIOKAJICH
YHCIICH MOJIe]l MUHMMAJTHA TIPU3eMHa Temrieparypa. HanoxuTenHo e chIio Taka ia
ce aHaJM3MpaT | ciydauTe 0e3 MbIiia Ha JeTulle byprac, 3a 1a ce OLeHH JOKOJIKO
MEeTOIbT Ha Saunders HEe BOIHU IO T. HAP. ,,pammmBy amapmMm’.

B mpaxrukara na UKMetOffice [8] e mpueTo nmpaBuioTo, 4e MbIiia HE MOXKE J1a
ce OYakBa, ako TeMIIepaTypara Ha TouKara Ha Mbrviara e ¢ 2 °C (Wi moBede) 1mo-By-
COKa OT MPOTHO3HAaTa MUHUMAITHA TeMITeparypa. AKo ce pueMe, e MPH HaCTOSIIO-
TO M3CJIEBaHE MPOTHO3aTa € YCIelIHa Py pasiuka Jo 2 °C Mexly TeMmieparypara
Ha TOYKaTa Ha MbIJIaTa U U3MEpEHaTa Temreparypa npu (GopMHpaHe Ha MbIJara
(T—-T, fOg| <2°C), To B oHe 78,6 % OT ciy4anTe MeToqbT Ha Saunders e ycrnenieH
(Tabm. 2). B To3u cMHCHI MOXKE J1a c€ KaXke, 1€ METOIBT € MIPIIIOKHAM IIPH IIPOTHO3a
Ha paJIMalliOHHUTE W aJIBEKTUBHO-PAINAallMOHHNTE MBINIK Ha Jetuie byprac.

5. 3AKJIIOYEHHUE

Pesynrarute ot aHanu3a Ha 1127 cimyyast Ha MbIVIa OT PaJUALMOHEH U a/IBEK-
TUBHO-paauaIrioneH tu npe3 nepuoaa ot 01.01.2010-01.05.2015 r., naBat ocHOBa-
HUE J]a C€ TBBPIN, Y€ METOABT Ha Saunders 3a mporHo3a Ha 00pa3yBaHETO HA MBIJIA €
NpWIOKKM 3a Jeruiie byprac. Pesynrarure ca HanexHu ciiell IpeaBapuTeIHO MO-
muduypane Ha MPOrHOCTHYHUTE COHIAXH C M3MEPEHUTE MPU3EMHU TeMIleparypa
U TeMIIepaTypa Ha TOUKara Ha opocsaBaHe, B3eTH oT cBefeHusaTa METAR 3a neruie
Byprac, u c eBenTyannn moaupukanuu Ha metona ot [ u 11 tum.

AHaIM3BT MMOKA3Ba, Y€ MpHJIaraHeTo Ha Meroja Ha Saunders He € yJa4HO B
cllydauTe Ha MbIVIa Ha JieTuiie byprac, BB (hopMUpaHETO HA KOATO JOMUHHUPA ajI-
BEeKTHBHUAT (hakTop. HepeanucTuyHo Hucka Temieparypa Ha MPOTHO3HATa TOUKA
Ha MbIJIaTa Ce [0y4aBa U NP HAJIMYUETO BbB BUCOYMHA HA MHOTO [I0-CYX BB3AYyX.

Pesynrarute ot npenuinnau nzcnensanus [13, 14] mokasBar, e npeoOiagaBa-
LIUTE MBIVIM Ha JeTuiie byprac ca oT agBeKTUBHO-paUaIlIOHEH U paJHalliOHEH
tun. OT4nTaKK TOBa, METOABT Ha Saunders TpsiOBa Aa Ob/ie B TOMOIL IPH M3TOT-
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BSHETO Ha IMPOTHO3UTE HA MBINIM B OK0JI0 60 % OT BCHUKH citydau ¢ MbIa. ToBa 6u
OmII0 TOJIE3HO 3a oTepaTuBHATa padoTa Ha aBHOMETEOPOIO3nTe Ha JieTulne byprac
U 1Ie TOBele A0 MoAo0psBaHe KaueCTBOTO Ha KPATKOCPOYHUTE 24 YaCOBH MPOTHO3H.

HacrosmmoTo n3ciensane e ot T. Hap. T hindcast. To 1me 0b1¢ TPOABIIKEHO
Yype3 mpujlaraHe Ha MeToaa Ha Saunders B onepaTuBHATa IEHHOCT Ha aBHOMETEOPO-
JI03WTE Ha JieTHile byprac ¢ u3noi3BaHe Ha JaHHU OT JIOKAIHUS YUCIIEH IPOTHOC-
true” moneir ALADIN va HUMX ksMm BAH.

BaaromapuocTn. HacrosimoTo m3cinenBane € OChIIECTBEHO C MOAKperaTa Ha
mpoekT BGO51 PO001-3.306-0057 ,,3rpaxmane Ha ChbBpeMeHHa oOpa3oBaTelIHa U
HayYHO-HM3CIIEI0BATEIICKa Cpe/ia 3a pa3BUTHETO Ha TIOKTOPAHTH, TOCTIOKTOPAHTH U
Mianu yuern BbB Om3nueckus dakynrer Ha CY ,,Cs. Knmument Oxpuacku’.
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Huxonau Paues, [ecucnasa Jumumposa. UISMEHEHWS HA CPEJHUTE TEMIIEPA-
TYPU U BAJIEXKU B BBJITAPUA 3A TIEPUOJA 19952012 1.

B paborara ca oleHeHN TEHACHIIMUTE B M3MEHEHUTA HA TEMIepaTypara U BaJeXkKUTe 3a
TeputopusTa Ha beiarapus 3a nepuona 1995-2012 . Pasrienanu ca TOQUIIHATE W CE30HHUTE
TPEHJI0BE 3a Iis1aTta TepuTopus Ha brirapus, a o Taka ¥ 3a OTAEITHU METEOPOJIOTUYHU CTaH-
nuu. M3noi3BaHu ca CHHONTHYHY, KJIMMAaTHYHU JaHHU M JJAHHU OT aTMOC(EpHH peaHallu3u Ha
ECMWEF. Iony4ueHuTe OLUEHKH 3a TEHACHIMUTE Ca CPABHEHH C aHAJIIOTHYHH OT JIOKJIQJAUTE Ha
IPCC u ot apyru usciienBanus. YCTAaHOBEHO € YBEIMYCHUE HA CPETHOTOUIIHUTE TEMIIepaTypHt
3a TepuropuiTa Ha beirapus npes pasmiexnaHus nepuon. BanexHure cymu ce Xapakrepu-
3UpaTr ChC CHIIECTBEHA MEXAYTOAMIIHA U3MEHUYMBOCT, HO 3a IEpHO/a Ha pa3nIexJaHe He ce
HaOmonasa 3Ha4MM TpeH. [Toka3aHo e, 4e B HAKOM CIydau AaHHUTE OT aTMOC(EpHUs peaHaIn3
ERA-Interim no0Ope onucBar TeHACHIMUTE B M3MEHEHUETO Ha TEMIIEPATYPHUTE U MOTar Jia ObaaT
W3MOJI3BaHU U 33 KIIMMAaTUIHU U3CIIEABAHNUS.
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Nikolay Rachev, Desislava Dimitrova. CHANGES IN AVERAGE TEMPERATURES
AND PRECIPITATION IN BULGARIA FOR THE PERIOD 1995-2012

The changes of temperature and precipitation for the territory of Bulgaria for the period 1995—
2012 are determined. The annual and seasonal trends for the whole territory of Bulgaria, as well
as for individual weather stations are estimated. Synoptic, climatic data and data from atmospheric
reanalysis of ECMWF are used. The estimated trends are compared with similar reports from the
IPCC and other studies. It was found an increase in annualmean temperatures for the territory of
Bulgaria during the period under consideration. Total precipitation is characterized by significant
interannual variability, but a significant trend is not observed for the duration of the examined
period. It is shown that in some cases, the atmospheric reanalysis data of ERA-Interim are able to
describe temperature trends well and can be used for climate research.

Keywords: climate variability, Bulgaria
PACS numbers: 92.70.Kb, 92.60.Ry

1. YBOJ

IIpe3 mocnenHuTe AeceTWIETHs €Ha OT Hal-AUCKYyTUPAaHUTE TeMU B oOIe-
CTBOTO Ca KJIMMAaTHYHHUTE M3MeHeHus. [loknanure Ha MexIy-npaBUTeICTBEHATa
eKcIrepTHa rpymna rno u3MeHenue Ha knumara (IPCC) umar 3a uexn ga pasmienar Ha-
MpaBeHUTE NMPOYUYBAHUS U Aa Aafar OanaHCHpaHa OLEHKA Ha HAIWYHATa HHPOpMa-
LU 32 IPOMEHHTE B KJIMMaTa ¥ Bb3MO)KHOCTHUTE 32 HaMaJlsiBaHE Ha Bb3JICHCTBHETO
M. 3a nepuona 1990-2014 . ca myomukysanu 5 noknana Ha [PCC [1], B kouto ce
JOKyMEHTHpAT BCE IIOBEUYE IOCIEAULN OT IOOATHOTO 3aTOIUISIHE M BCE IO-YBe-
PEHO ce TBBPAM, Y€ €AHA OT OCHOBHHMTE NMPUYMHHU 32 HAOIIOZaBaHUTE MPOMEHU €
YOBeIIKaTa JeHHOCT.

BakHa gacT oT mpolieca Ha onpeeNsHe Ha MPOMEHHUTE B KIIMMara Ha 3eMsTa
ca perroHaHUTE KJIMMaTHIHH u3cieaBanus. [lokazaHo e, ue n3MEeHeHUATa Ha Cpea-
HUTE TeMIIEpaTypy HE ca €AHOIOCOYHH II0 ISUIOTO 3éMHO KbJI00, a €THOBPEMEHHO
ce HaOIro#aBaT paiiOHM C MOBHINABALIM CE U HAMAJABAILY CPEJHU TeMIICpaTypH.
EcrectBeHO € ma Obae MOTHPCEH OTTOBOP HA BBIIPOCA KAKBU Ca M3MEHEHUSTA 32
teputopusaTra Ha benrapus. [Ipe3 nocneanure ronuay ca myOIMKYBaHH HAKOJIKO U3-
CIIe/IBaHUS, PA3MISKIAIN KIMMaTHYHATE U3MEHEHU 3a bbarapus, Ho JaHHUTE, U3-
MOJI3BaHM B TSIX, B TIOBEUETO CIy4au HE 00XBallaT IepHoja Cliell YeTBbPTHS TOKIA
Ha [PCC [2]. OcHoBHAaTa Hjiesi Ha HACTOAIIOTO U3CIIEABAHE € /1a ObaaT 00paboTeH! 1
aHAM3WpaHU HAJTMIHU JaHHU, TOCTHITHA B Internet, 3a mepuoga 1995-2012 r.

LlenTa e na ObJaT OLEHEHN TECHACHLMUTE B M3MEHEHUATA HA TEMIIepaTypaTa
U BaJeKUTe 3a TepuropusaTa Ha bearapus 3a nepuoga 1995-2012 r. Pasmenanu
ca TOAMIIHUTE U CE30HHUTE TPEHOBE 3a IisIaTta TepuTopus Ha brirapus, a cpuio
Taka ¥ 3a OTACIHU METEOPOJOTMYHM CTaHIWU. M3MoN3BaHu ca CHHONITHYHH, KITH-
MaTUYHU AaHHU U JaHHH OoT atMoc(epHu peaHanuszu Ha ECMWEF. [Nonydenure
OLICHKH 3a TEHJICHIIMUTE ca CPABHEHH C aHAJIOTWYHUTE OT gAokinagure Ha [PCC.
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2. KIIMMATNYHU ITPOMEHA
2.1. KIMMATUYHU ITPOMEHU CITOPEJ] JOKJIAAWTE HA IPCC

Herusar noxnan Ha IPCC [1] koHCTaTupa, 4e cpeaHarta moOaiHa MpU3eMHA
TeMIiepaTypa € HapacHana ot kpast Ha XIX Bek. Besiko eHO OT mocneiHuTe Tpu Je-
CETHJIETHS € TIO-TOIUIO OT BCHYKHU MPEANIITHH JECETIIIETHS OT BpEMETO Ha HHCTPY-
MEHTAJTHUTE 3allHCH, a ITBPBOTO AeceTmieTre Ha XXI Bek e OMIo Hal-TOILIOTO.
MHoro BeposITHO € Hal-TorusAT 30-roguieH nepuon 3a nociuegaute 1400 ronunu
Jla € TO3HU B CEBEPHOTO MOJIyKbJI00 3a nepuoaa 1983-2012 . [1].

OneHeHnTe TEHISHIINY Ha IOBUIICHUE HA cpeHaTa Io0aiHa TeMIeparypa 3a
nepuogute 1880-2012 1., 1901-2012 1. 1 1951-2012 r. ca cvotBeTHO 0,064; 0,08
u 0,118 °C 3a gecermnerne [1]. CpenHruTe TIOOATHH TEMIIEPATypH 33 TIEPHOIUTE
19862005 1. 1 2003-2012 1. ca cwrorBetHO ¢ 0,61 °C m ¢ 0,78 °C mo-BHCOKH OT
cpenHara TeMreparypa 3a neproaa 1850—-1900 r. [1, 2]. O4eBuIHO MOBUILIABAHETO
Ha CPEJHHTE IMI00ATHU TEMIIEPaTypy MPOABIKABA, M TO C BCE MO-ObP3U TEMIIOBE.

Haii-ronsimo yBenudyeHue Ha CpEAHUTE TEMIEpaTypy ce HaOMoaaBa Haj KOH-
THHEHTUTE, KBaeTo 3a nepuoaute 1880-2012 r. u 1979-2012 r. TpenmoBere ca
crotBeTHO 0,092 °C 1 0,262 °C Ha aecermnerne. 3a nepuona 1850-2012 1. cpen-
HaTa TeMIleparypa HaJl cyuiara ce € nopummnia ¢ okono 1,5 °C [1]. [ToBumasar ce
M MaKCUMAaIIHUTe ¥ MUHHMAJHHUTE TEMIIEpaTypH HaJl CyIlara, KOeTo € Mo-1o0pe
uzpaszeno cien 1950 r. BposT Ha eKcTpeMHO CTYIeHUTE AHU U HOLIM Mpe3 MbPBO-
TO AecetuneTne Ha XXI Bek € Hamamsu1 ¢ okoyio 20 THU, CPAaBHEHO C HOPMATHUA
nepuon 1961-1990 1., ekCTpeMHO TOIUTUTE AHU U HOIIY Ca C€ YBEIMYMIN CHIIO C
okojo 20 mau [1].

TenpeHIMMTE B N3MEHEHUETO HA CPEIHNTE TOAUIIHN BAIEKH CE XapaKTePH3H-
par ¢ ronsMa MpOCTPaHCTBEHA W BPEMEBa MPOMEHINBOCT. B TponmmyHHUTE M eKBa-
TOpUAIIHUTE paiioHu 3acymiaBaneTo cieq 1970 1. e mocneaBaHo OT yBelMYaBaHe Ha
CpE/IHUTE BaJISKH, 0COOCHO J00pe 3a0een MO Mpe3 MOCISTHOTO JeceTmieTne. B
YMEpEeHHTe MINPUHN Ha CEBEPHOTO MOIMyKBI00 (30N—60N) Tenaenmuute cien 1951
I. ca 3a yBelIMYaBaHe Ha BaJISKUTE, HO TPEH/IOBETE HE Ca CTATHCTUYECKU 3HAUYNMIL.
Crnabo yBenmuieHue Ha II00aTHATE Baiexu ce Habmonasa cien 2000 1., Ho 3a ymepe-
HHUTE LIMPUHH Ha IXKHOTO NOITyKbI00 (30S—60S) TeHneHuusTa € KbM 3acyllaBaHe.

2.2. CHEHAPHUN 3A ITPOMAHA HA KJIIMMATA ITPE3 XXI BEK

ITporno3ure 3a kaumMara npe3 XXI Bek ca Oa3upaHy Ha aHAJTU3M HA pe3yliTa-
TUTE OT YMCJICHH KIUMAaTHYHU MOJETH, HHULHAIN3UPAHU ¢ HATMYHUTE AaHHH U
C IpUIIOKEeHU (HOPCHpaHMs CHIVIACHO pa3pabOTEHHUTE CLEHAPHUHU 33 Pa3BUTHETO Ha
Hamrara nuBwiIn3anys. Cropes Hali-BEpOSTHUTE KIIMMAaTUYHH CLIEHApUU CpeJHara
Io0aiHa mpu3eMHa Temneparypa 3a neproaa 2016-2035 1. ce ouakBa ga Obje
noBeue ot 1 °C Han cpegnara 3a nepuoaa 1850-1900 . u ¢ ot 0,3 °C 10 0,7 °C nHan
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cpennara 3a nepuonaa 1986-2005 1. OuakBa ce MOBUIIIEHUETO Ha CPETHUTE CE30HHU
Y cpeJHara TOIUIIIHA TeMIeparypa aa Ob/ie O-TOJIIMO B TPOTHIIUTE, OTKOJIKOTO B
cpennute reorpadcku mWupuHH [1].

Ilo oTHOWIEHHE Ha MpenrnosaraeMuTe MPOMEHH Ha BaJIS)KUTE MOJETHHUTE CH-
MyJaluy OKa3Bart, 4e € MHOTO BEPOSATHO CPETHUTE 30HAIHU BaJIEXKH J1a Ce YBEIH-
YaT BbB BUCOKUTE M CPETHUTE Teorpad)CKy IMUPHHHU U € TTO-BEPOSATHO Ja HaMaJesT
B TPOITHUIIHTE.

W3MeHeHMsATa Ha TEMIIEpaTypuTe W BaJeXKUTE HAMA J]a Ca PETHOHAITHO €THO-
ponnu. Haif-rosisiMo noBuIlieHHE Ha TEMIIEPATypUTE CE OYAKBa Ja HACTHIIU HAJ Cy-
11aTa BbB BUCOKUTE Teorpad)CKy MIMPUHHU HA CEBEPHOTO MONyKbi00 [1]. Pasnukara
MEX/y BaJIe)KUTE BbB BIAKHUTE U CYXWUTE pailOHM M MEXJy BIXKHUTE U CyXHTE
ce30HHU 11e ce yBenuuu npe3 XXI Bek, HO MOXe Ja Ma PETMOHAIHU U3KJIFOUECHHUS.
3a TepuTopuaTa Ha balKaHCKHS MOIyOCTPOB IMPH ONArONMPHATHUTE KIMMATHYHU
CIICHapUH HE C€ OYaKBaT CHIIECTBEHU MPOMEHU B CPEAHOTO KOJIMYECTBO BaJICKH,
HO NpH HeOJIArONPHUATHUTE CLIEHAPHH TEHACHIMTA € 32 HaMaJICHUE Ha BAJICXKHUTE C
20-30% xbM kpas Ha XXI Bek [1].

2.3. KIMMATUYHU ITPOMEHU B BBJITAPUA

N3cnenBanusiTa Ha KiMMara Ha Bbarapus BKIIFOYBAT CTAaTUCTHYECKA 00paboT-
Ka Ha JJAHHWUTE, PEKOHCTPYKIIHS Ha KJIMMaTa ¢ IIOMOIITa Ha KIIMMAaTHIHA MOJIEITH, a
CBIIIO TaKa ¥ MPOBEXKIaHe Ha YHCIIEHN eKCTIEPUMEHTH, LIEJISIIIN YCTAHOBIBAHETO Ha
OBAeIN KIMMaTHIHU PpoMeHH criopen ciieHapunte Ha [PCC [3-9].

B uscnenBanero Ha Syrakova and Mateev [5] ca aHanu3upaHu KIMMaTUYHU
JaHHM 3a TeMIlepaTypara Ha Teputopusita Ha bearapus 3a nepuona 1900-2000 r.
Haii-unrepecuu ca pesynrarure ot nepuona 1951-1995 r., kouro ca nosydeHu 1mno
MaHHU OT 31 KIIMMaTHYHA CTaHIIUK. B HacTosmara pabora ce U3MoN3BaT TaHHA OT
33 cranmuu. M30paHusaT OT Hac eproA Ha pasniexaane e ot 1995 no 2012 r., kato
ujesTa € J1a ce CpaBHAT TPEHIOBETE Ha TeMIlepaTypara Mpe3 MOCIEIHUTE TOAUHN
¢ Te3u 3a nepuoga 1951-1995 r. Cnen xoMoreHusanusTa Ha JaHHUTE 32 MEpUoa
1951-1995 r. npecmeTHAaTUTE TEHACHIIMN B U3MEHEHHETO HA TEMIIEPATypUTE TIpe3
JIATOTO W €CEHTa ca OTPHIIATEIHH, a Ipe3 IposierTa ca momokurendu [5]. Ilomo-
KUTEITHUTE TPEHIOBE HAa TEMIIEPATypPHUTE B HAKOM CTAHIMU JAOCTUTAT MHTEpBasa
0,26-0,35 °C 3a gecetwiieTve mpe3 MpoJieTTa, a OTPUILIATETHUTE ca B MHTEpBala
ot —0,26 no —0,35 °C 3a geceruneTrue npe3 eceHra. llpu ronuumiHuTe TPEHAOBE
Ha TeMIieparypara npeooiagaBar OTPHUIIATEIHUTE, 0COOCHO B 0XKHA Bbirapus, HO
TpeHaoBeTe ca 3HauuTenHo no-manku (ot —0,06 mo —0,15 °C 3a mecermnerue) oT
ce3oHHuTe. [10TOXKUTETHN TOMUIITHU TPEHIOBE NMa CaMO B HIKOW CTAHIIUU HA Ce-
BepHa bwarapus, u To cbe croitHocTH 10 0,05 °C 3a mecermmetue [5].

Knumarndynoro uscienBaHe Ha AJeKCaHIPOB [7] pasmiexa KIMMaTHUYHUTE
TEHCHIINH 32 ChIINTE Iepruoau, kakto Syrakova and Mateev [5]. U pu nBete u3-
CIIeZIBAaHHS N3MEHEHHUATA Ha TONUIITHUTE TEMIIEPATyPH HE Ca CTaTUCTUYECKU 3HAYH-
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MU, HO C€ pa3linvyaBaT Half-Beue 10 pailOHUTE C TIOJIOKUTEIHN U OTPHUIIATEHN TeH-
nenuuu. TenaeHuATa 3a cpeHaTa roAMIlHA TeMneparypa 3a nepuoaa 1931-2000
I. pa3zess TepUTopusTa Ha bbiarapus no guaroHan Ha JBE 30HU C IPOTUBOTIONOXK-
HU TeHICHIUY Ha Temreparyparta [7]. CeBepon3TouHITE, U3TOUHUTE U IOKHUTE 00-
nacTtu B bearapus ca ¢ TeHIEHIINN KbM HaMallsgBaHE Ha cpe/iHaTa TeMIlepaTypa Ha
BB3/yXa, TOKATO HAJl 3alaJHUTe, CEBEPO-3alafHUTE U [EHTPATHUTE 00JacTh UMa
TEHCHIINS KbM NoBHIIaBane. CpegHaTa TeMIeparypa mpe3 MmpojeTTa He MoKa3Ba
3HAYUTETHA U3MeHeHus mpe3 XX Bek. JIAToTo € OWmiIo Mmo-TOIIo OT Ha4YalloTo Ha
ocemjieceTTe TOaUHN. B 001 IMHUY MTOJIOKUTEIIHUTE aHOMAITUK ca OWIIM B CTpa-
Hara B TEYEHUE Ha MOCIeAHNUTe ToauHN Ha XX Bek — cier 1980 1. ce HabmomaBa
TEHJICHITUS KbM 3aToruisHe, karo 1994 u 2000 1. ca Hail-TOTUIMTE B CTpaHATa Mpe3
XX Bek [7]. TenmeHmusATa 3a MOBHUIIIABAHE HA TEMIIEpaTypara MpoIbkibKaBa v Ipe3
nepBoTo Aecetmnerne Ha XXI Bek. CpenHoroaumHara temneparypa mnpes 2009 .
e ouna c 1,2 °C nag obuyaifHuTe 3a cTpaHara TeMneparypu u T ¢ 12" mopenna
rO/IMHA C TeMIIEpaTypH, IO-BUCOKH OT HOpMara 3a cTpaHara [10].

[To oTHOIIEHNE HA EKCTPEMATHUTE TEMIIEPATypy MOCISAHUTE TOMUHN Ha XX
BEK Ca C HAal-BHCOKM MHHHMAJIHA W MaKCHMaJHU TeMIlepaTypu Ha Bb3ayxa. Jlu-
HEWHWTE TCHICHIINA 32 BeKa ce M3MeHAT B mHTEepBana ot 0,6 g0 0,8 °C 3a MuHU-
ManHute Temmeparypu u ot 0,4 no 0,6 °C 3a makcumanuure. [loBumenueTo Ha
MUHUMAITHUTE TEMIIEpaTypH € o-100pe u3pa3eHo B ceBepHa brirapus, a Ha Mak-
CHMAaJHHUTE B CEBEpO3anaana u rorou3rouna bearapus [7].

MexayroauiHaTa U3MEHYUBOCT HA CPEIHOTOJUIIIHUTE CYMH Ha BaJICKUTE
3a TepuTopusaTa Ha bearapus 3a XX Bek € roisiMa, Karo mpeobiagaBaiiara TCH-
IIEHITHS B Kpas Ha MUHAJIOTO CTOJIETHE € KbM HamaisiBaHe [7]. Haii-3HaunTeaHuTe
cymu B crpaHara ca 6mmu ipe3 1945 u 2000 . Ternenmnumte npe3 XX BEK Ha cpef-
HOTOMIITHUTE CYMH Ha BaJISKUTE Ca OTPUIATEITHA B U3TOUYHUTE ¥ 3aNaIHATE YacTH
Ha bearapus, a ca MONOXKUTETHU B HSIKOM OT IICHTPAJIHUTE U CEBEPO3aIaJHUTE
obnactu. OT Kpas Ha cefilemMIeceTTe TOAMHN Ha X X BeK ce HaOoaBa OTpriareHa
TEHJCHIIMS Ha JITHUTE U €CEHHUTE BasiexkH. [ lonoxnTenHa TeHACHIINS Ha BAJICKH-
Te ce HaOJIoMaBa Impe3 MpoJieTTa U Haii-Bede mpe3 3umara [7]. [IpoMsHaa nma 1 B UH-
TEH3UTETa Ha BaJIe)KUTE, KOMTO ce yBeauyana npe3 nociaeanure aecerunerus [10].

W3meHeHmsITa Ha TeMIepaTypUTe U BAJICKHUTE 32 TEPUTOpUATA Ha bhirapus
HE ca M30JIMpaHu OT TE3H 3a OCTaHallaTa 4yacT Ha EBpomna u ru cieaBar B OCHOB-
Hu JuHuM. [lo-ronsimara yact ot EBpomna € ¢ TeHAEeHIUs KbM 3aTOIUIAHE Ipe3 XX
Bek. CpegHOroIuIIHATa TeMIleparypa Ha Bb3AyXa 3a KOHTHHEHTA C€ € MOBHUIIN-
na ¢ 0,8—1,0 °C. [Ipe3 XX Bek Balle)KUTEe HAIl ceBepHa EBpoma ca ce yBemmInin
¢ 10-40%, nokaro BaJieKUTE B HSKOM PETHMOHU OT I0xkHa EBpona ca Hamanenu c
1o 20% [1]. IIpe3 Broparta nonoBuHa Ha XX BEK CpeAHaTa TEMIEpaTypa Ha MpH-
3eMHUS Bb3AyX HaJl balkaHCKus MOIYyOCTPOB € ¢ TCHACHIUSI KbM HaMaJCHHUE JI0
Kpast Ha 70" roguHH, a cjeJ] TOBa TeHACHIMTA € KbM 3aroruisiHe. Konebanusra
Ha Cpe/IHMS TOIUIIIEH Basiexk npe3 XX BeK IMOKa3BaT, ye 3acyIllaBaHuATa ca 9acT OT
KJIMMaTUIHYS] [IUKBJT HAa TepUTOpHsITa Ha bankanckus momyoctpos [1].
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PesynraruTe oT MOIENHHM CHMYyJAalMd HA KIMMAaTHYHUTE TMPOMEHU B HAIIUS
PEruoH nokasear, 4ye 3a nepuoaa 20202050 r. cpegHoroauIHaTa TEMIEpaTypa Ha
BB31yXa Il ce NOBUILH ¢ okoio 2 °C [9]. MogenuTte noka3par ChILO, Y€ YECTOTaTa
Y MHTEH3UTETHT Ha €KCTPEMHHUTE METEOPOJIOTHYHH SIBIIEHUS — NHTCH3UBHH BaJe-
KU, EKCTPEMHHU TeMIIEPaTypH U JPYTU — CHINO I CE YBEINYAT.

3. U3IIOJI3BAHU JAHHU
3.1. TEMIIEPATYPA U BAJIEXKU B EBJITAPUA

OcHoBHaTa uaes Ha HACTOALIOTO M3CNeABaHE € Ja ObJaT aHanM3MpaHu Ha-
JIUYHU IaHHU, CBOOOTHO JOCTHITHM OT Internet, 3a mepuona 1995-2012 r. OcHoBeH
W3TOYHUK Ha KIMMAaTHYHU U CHHONITHYHH AaHHH € CalThT http://www.stringmeteo.
com [11-13]. Ot Hero Moke /1a ce U3TENId METEOPOJIOTHIHa HHPOPMALHS 32 U3-
Opanu craHiuM Ha TepuTopusiTa Ha bearapus. Cnen 2012 r. OposAT Ha JOCTBIIHHUTE
CHUHONTUYHHU CTAHIIMU € CHJIHO orpaHnydeH — ot 33 Ha 11 cranuuu. MUudopmanusra
OT KJIIMMaTUYHUTE CTAHLUU € A0 Kpas Ha 2011 r.

B cunonTHYHKTE CTAaHIMK HAOMIONECHHUATA CE U3BBPIIBAT Mpe3 3 yaca, § MbTH
B ICHOHOIIIMETO, €THOBPEMEHHO BbB BCHUKH CTaHIIMHM 110 cBeTa. JIaHHUTE yyacTBar
B MEXIyHapOIHHs METEOPOIOTHYEH 0OMEH U ITOKa3BaT MOMEHTHOTO ChCTOSIHHE Ha
MpU3eMHUS cJI0H Ha aTMocdepara. M3non3Banu ca CHHONTHYHH JaHHU OT apXyBa
Ha NOAA (xox SYNOP) [11]. Ha ¢ur. 1 e npeacraBena kapta Ha bearapus c Ha-
HECEHU 33 CHHONTHUYHU CTaHLWH, JAHHUTE B KOUTO ca u3MepeHu oT Hannonanuus
MHCTUTYT 10 Meteoponorus u xuaponorus (HUMX) u u3teriieHn oT apxuBa Ha
NOAA. [Ipu ananu3a Ha JaHHUTE ca U3IOJI3BAHN BCUUKUTE CTAHIMH, KaTo B HAKOH
CJIyday ca pa3fielieHH CIIope]l HaMOpCKaTa UM BUCOYMHA: TAKUBa, KOUTO ca C Hajll-
MOpCKa BUCOYMHA, NMo-Manka oT 600 m, 1 ¢ HaAMOpPCKa BUCOYHHA, MO-TOISIMA OT
2000 m. ITocaenqHOTO € HAPaBEHO C L€ CPAaBHEHHE HA PE3YNTATUTE C MPEIUIIHN
M3cIeBaHus Ha KIMMara Ha bearapus.

B penunure OT CHHONTHYHM JaHHU MMa JIUICBAIY JaHHM 32 OTJIEIHH CTaH-
uuu. Hanpumep nMa JuIcBaiiy JaHHU 32 2 U NOBEUYE TFOMHY 3a cTaHIuU PoxeH,
I'opra Opsxosuna, Yupnan u Ceunenrpaz. B crannus YepHu Bpbx uMa 4 Mecena
3a 1999 r. ¢ u31sUT0 TUINCBAIM JaHHH, KOETO BOAM J0 HEpEaIHa OLIEHKA 3a CPETHO-
TOIUIIHATA TEMIIepaTypa, KakTo 1e ObJie MOCOYCHO MO-HATAaThK B TEKCTA.

B knmumaTHyHUTE CTAaHUMHM HAOMIOACHUATA CE MPABST 3 MBTH B ACHOHOIIMETO
— 8 07:00, 14:00 u 21:00 yaca MectHO Bpeme. JlaHHUTE OT TE3W HAOIIONEHUS CE
nojJiarar Ha KINMMaTuiHa oOpaboTKa 3a MolydaBaHe Ha KIMMaTHYHU XapaKTepHc-
Tuku. B Tabn. 1 ca npeacrasenu 20 cTaHIKM, OT KOUTO Ca U3MOA3BAaHH KIMMAaTHY-
HU JaHHUW. JlaHHUTE ca JOCTBHIIHY Ha ajpec http://www.stringmeteo.com /synop/
semi_cent.php [12].
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®ur. 1. MecTononoxeHrue Ha CHHONTHYHUTE CTAHI[UHA

3a KIMMaTUYHHUTE CTAaHLMU B TaOi. 1, orOeis3aHu ChbC 3BE3/a, Ca HAJIMYHHU
IaHHHU U 3a KOJIMYECTBOTO BaJie’k. B mo-roisiMara cu 4acT CHHONTHYHUATE M KIUMa-
TUYHHUTE CTaHIMK chBragar. Crannunte XackoBo, JJoopuu u Kazanmsk, durypu-
paliy B CIHChKA HA KIMMATUYHUTE CTAHIIUU, OTCHCTBAT OT CHHONTHYHUTE CTaH-
1y, Te3u KIMMaTUYHU TaHHY 1ie ObJaT HapUUaHU ,,apXuB 1 1o-101y B TEKCTA.

Taonanuna 1. Knumarnunu cranimu (apxus 1)

KIIMMATWUYHU CTAHLIMU
Bupnn* Pyce Yepuu Bpbx* Bp. boten Byprac*
Jlom Bapna* Codus* [Mazapmxuk™® Cannancku*
[TneBen™ Hobpua* Bp. Mycana Kazanrpk* Kepmxammu
B. TeprOBO* Krocrenmmn* [TnoBous CiuBeH XackoBo*

W3non3panu ca kauMmatuanu qaHHu U ot npoekta ECA&D (European Climate
Assessment & Dataset project). [Ipoextsr ECA&D nosny4ara qanuu ot 62 cTpaHu
Y ChIbpKa cepuu OT HaOmroAeHus 3a 12 enemenTta ot 7855 crannuu B EBpona u
Cpemmzemuomopueto [13]. bearapust yaactBa B ECA&D ¢ mannu ot 14 xnmma-
TnuHu ctannmu. [Ipenn na 6pnat n3nparenu koM ECA&D, HanmoHaHUTE METe-
OpPOJIOTUYHHU CITY>KOM OCBHINECTBSIBAT MbPBUYEH KOHTPOI Ha nanuute [14]. Cnensa
JOIbITHUTENHA 00paboTka Ha panHuTe B ECA&D, rapantupamia 1o6poto um Ka-
yecTBO. JlanHuTE ca camo 3a 14 KIMMAaTUYHU CTAHIIUK U HE TIOKPUBAT XOMOTEHHO
TeputopusaTa Ha benrapus. 3arosa B HacTosmara paborta nannute Ha ECA&D ca
M3M0JI3BAHU MTPH HEOOXOAMMOCT OT YTOYHSIBAHE IOCTOBEPHOCTTA HAa KIIMMATHYHH-
T€ JaHHU OT apXuB 1.
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EBpomneiickusaT 1eHThp 3a cpenHocpounu nporuosn (ECMWF) e Bomer Ha-
YYHO-HM3CIIEOBATEIICKU IIEHTHP MPH MPOBEXKIAHETO Ha aTMOC(HEpPHH peaHaH3H.
Enun ot nocnenuure npoext Ha ECMWF npu peananuzute ¢ ERA-Interim [15],
4acT OT JaHHHUTE OT KOWTO ca CBOOOTHO TOCTHITHU B Mpe)KaTa C XOPH30HTaIIHA pa3-
nenutenHa criocooHoct 0,75°%0,75°. Tepuropusita Ha bbarapus ce mokpusa Mo4TH
m3IsUT0 OT 21 MpekoBH KieTku ¢ nanau Ha ERA-Interim. M3non3BanuTe B HacTO-
smara padoTa JaHHW 32 IPU3EMHATa TEMIIeparypa U Balle)kHuTe ca mpe3 6 gaca 3a
nepuona 1995-2013 r. OT 15X ca MoIy4eH! CPEAHOMECEUHUTE U CPEIHOTOIULITHU-
T€ TEMIIEPaTyPH U BaJieXKHu 3a Teputopusita Ha bearapus. EnHo ot Hali-ronemure
nocToiHCTBa Ha naHHuTe Ha ERA-Interim € oTcbCTBHETO HA JUIICBAINM JAHHU. B
penuiia u3ciaeBaHus € JoKa3aHa Bb3MOXKHOCTTa nanHuTe Ha ERA-Interim na 0b-
JIaT U3TOI3BaHM TP OIICHKH Ha KIMMATHIHUTE H3MeHEeHUs [16].

[Ipu ananmu3a Ha Temmeparypara u Banexure B Codus ca M3MOI3BaHU U JaHHA
OT aBTOMAaTWYHATa METEOPOJIOTHYHA CTAHIIMA Ha KaTepa ,,MeTeoponorus u reodu-
3MKa“, pa3lojoKeHa Ha TePUTOPHsITa HA AcTpoHOMU4YecKara oocepBaropus Ha CY
,»CB. Kilmment Oxpuncku‘ B bopucosara rpagusa. M3MepBaHusTa oT CTaHIUATA CE
ocpenHsBar 3a neprox or 10 min ¥ ca CBOOOIHO JAOCTHITHHU Ha aapec: meteo.phys.
uni-sofia.bg. Penuiiata ot HeNIpeKbCHATH U3MEPBaHISI 3a1to4dBa oT cpeaara Ha 2007 1.

3.2. IIPECMATAHE HA CPEJHUTE AHEBHU TEMIIEPATYPU

[IpuzemHara Temmeparypa Ha Bb3IyXa € OCHOBHA M3MepBaHa BEIWYWHA TPU
CHHONTHYHHTE U KIIMMaTHIHUTE HaOmoneHus. IHTepechT KbM HauMHA Ha 00paboT-
Ka Ha JJAaHHUTE 3a TeMIIeparypara IpHu ONpeAeissHe Ha CPSIHUTE THEBHU, MECEYHU
Y TOJIMIITHY TEMIIEPaTypy Ha MPU3ESMHUS Bb3[yX HapacHa 3HAYUTEIHO MPe3 MOCIIe/-
HUTE TOJMHHU B PE3YJITaT Ha IIMPOKO TUCKYTUPAHOTO II00aHO 3aroruisiHe. Jlokon-
KOTO CHHONTHYHUTE HAONIONCHHS c€ U3BLpIIBAT CHHXpOHHO B ocHoBHHTE (00:00,
06:00, 12:00 u 18:00 u. UTC) n mompmautenuu (03:00, 09:00, 15:00 u 21:00 .
UTC) cuHONTHYHH CPOKOBE, a KIMMAaTHYHHUTE W3MEPBaHUS CE€ M3BHPIIBAT B CPO-
KOBeE 10 JIOKasiHO BpeMe (3a bwarapus — 07:00, 14:00 u 21:00 u. EET), ne e penHo
Jla Ce MpaBH AUPEKTHO CPABHCHUE MEXK]Yy CPSIHUTE TEMIICPATypH, MOTyUSHH CIIS]
o0paboTka Ha nBara Tumna aaHHu [17]. Omie moBede KIMMATUIHUTE U3MEPBAHUS B
pa3UYHAUTE CTPaHU Ce M3BHPIIBAT B PA3IMYHU CPOKOBE W CE€ M3IOI3BAT Pa3ind-
HU (HOPMYITH 32 OTIpe/eNIsTHE Ha CPENHUTE THEBHH TeMIeparypu. MMaiiku npeasun
TOBa, B Aoknaaute Ha [PCC [1] ce mpaBsAT U3BOAM 32 TEMIEPATYPHUTE TEHACHLIUU U
OTKJIOHEHMSITa OT HOPMUTE, KaTo Ce MPEIoJiara, 4e¢ CpOKOBETE Ha HAOMIONEHUITA U
METOJIUTE 32 MPECMATaHE Ha CPEIHUTE TEMIIEPATypH HE CE MIPOMECHSIT.

B uscnenBanero Ha Bonacci et al. [17] ca ananu3upaHu IpecMETHATUTE CPEJI-
HU THEBHH, MECEYHH ¥ TOANIITHU TEMIIEpATypH 110 TPH pa3IudHu (popMynu 3a Tpu
cTaHUMU B XbpBaTus 3a nepuoga 1999-2011 r. Pesynratute ca cpaBHEHU ChC
CHOTBETHUTE TEMIIEPATypH, H3UUCIIEHH 110 €IHOYaCOBU U3MEpBaHUs. Makcumai-
HUTE OTKIIOHSHW Ha CPEJHUTE THEBHU TeMIIepaTypH ca B MHTepBaa ot —3,56 °C
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no 13,73 °C, 3a cpenomeceynure temneparypu — ot —0,79 °C oo +1,39 °C, u ot
—0,3 °C no +0,76 °C 3a cpegHutTe roauiiHu Temneparypu. CpeaqHOTOAMILIHUTE
TeMITepaTypH 3a MeNns pa3riiex/IaH IepUo B TPUTE CTAHIINH, U3YUCICHH T10 JIBE
oT ¢opMyIHTE, cCa TIO-BUCOKH OT peaiHuTe. M3cienBanero Ha Bonacci [17] omre
BEIHBX MMOTBBPK/IABA, Y€ OT U3KIIFOUUTENHA BAKHOCT € HAYMHBT Ha IIPECMsITaHe
Ha CpeJHHTE JHEBHH TemImepaTypu. V3mon3BaHeTo Ha HEMOAXOMAIIH (HopMymn
MOJXKE J1a JOBEJIe 10 CHIIECTBEHH OTKJIOHEHHUS OT PEATHUTE CPEIHU TeMIIepaTy-
pu U TOBa J1a ObJie MHTEPIPETUPAHO KaTO HACTHIBAIIN KIMMATHYHU U3MEHEHUS.
Scotto and Shulman [18] moka3Bar, 4e mpoMsiHa Ha CpOKa Ha KIMMATHYHHUTE Ha-
OmroIeHnst TIpY 3ara3BaHe HauMHA 32 OTpEeNsTHe Ha CpeHaTa JHeBHA TeMIlepa-
Typa € JOBEJO 10 MPOMSIHA Ha CPEAHOTOAUIIHUTE TEMIIEPATyPH B HIKOU pailoHH
Ha CAI] c 0,7 °C.

B uscnenBaneto Ha Besselaar et al. [19] ca HampaBeHH CpaBHEHUS MEXIY
KIIMMAaTHYHA W CHHONTHYHH JaHHU 3a TeMIepaTypure W Bajexute B EBpoma 3a
nepuona 1982-2004 r. CpaBHeHUsITa MOKA3BaT, Y€ TPEHIOBETE HA TeMIlepaTypara
Y BaJIEXKHTE, IPECMETHATH 32 J[BaTa THIA JaHHHU, ca B MHOTO TI0OpO chriacue (pas-
mukute ca 10 10%), Ho OlleHKHTE 32 MUHUMAITHUTE W MaKCHMATHUTE TEMIIEpaTypH
MOTaT Ja Ce pa3nyaBar 3HaYUTeTHO. MUHUMAITHUTE TEMIIEpaTypy ca OOMKHOBEHO
MO-HUCKHU TIPY KIIMMATUYHATE TaHHU (CPAaBHEHH ChC CHHONITUYHHTE), TOKATO MaK-
CHMAaJTHUTE TEMIIEPaTyPH ca Mo-BUCOKU. Pa3nmku ce HaOmMromaBar 1 Mpy BaJIe)KHU-
T€ CyMH, IBIDKAIIM CE TIIABHO HA PA3INYHUTE MHTEPBAIA Ha N3MEPBaHE MPH JBaTa
THTIA TaHHMU.

B uscnensanero Ha Cornes and Jones [16] e HampaBeHO CpaBHEHHE MEXIY
cpenHUTE NHEBHU TeMieparypu B EBpomna 3a nepuona 1980-2011 r., ouenenu no
naHHU OT atMochepHuTe peanann3d ERA-Interim u maram ot HaOmonenwus. [Toka-
3aHo e, 4e mananTe Ha ERA-Interim MHOTO HOOpE OMMCBAT CE30HHUTE N3MEHEHUS
Ha TeMmIepaTrypara W MEeXIyTOAUIITHUTE M TPEHIOBE, HO OTHOBO MMa PA3JIHKH B
MHUHUMAIIHUTE W MaKCHUMAaJHHUTE TeMIIEpaTypH, MoidydeHn oT naHHuTe Ha ERA-
Interim u ot HabmronEeHUATA.

Nmaiikn npenBuj W3II0KEHOTO, B HAcTOsIaTa padoTa € aKIeHTUPaHO BBbP-
Xy TEHJCHIMUTE B N3MEHEHHETO Ha TEMIIEpaTypuTe, a He BbPXY CpPaBHEHUETO Ha
TEXHHUTE CPEeIHU CTOWHOCTH, JOKOJIKOTO aHAIM3WUTE ca NMPOBEICHHW Ha 0a3ara Ha
Pa3IYHU BPEMEBU PETUIIH OT TAaHHW — CHHONTHYHH, KIIMMAaTHYHH U JJAHHH OT aT-
MochepHH peaHaH3H.

4. UISMEHEHUME HA ITPU3EMHATA TEMIIEPATYPA B bBJITAPUA
3A TIEPMOJA 1995-2012T.

[MpeacrapsHeTo Ha pe3yATaTUTE OT 0OpaboTKaTa HA JAHHUTE 3all04YBa C aHAJIN3
Ha CPpCAHOMECCYHUTEC TCMIICPATYpPH. W3uucnenure CpCAHOMECCYHU TCMIICpaTypu
1o JaHHu oT cuHonTuyHK HaOroneHus (SYNOP) 3a nepuoaa 1995-2012 r. ce xa-
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paKTepU3Hpar ¢ TOJIsIMa MEXKYTOAUIITHA N3MEHIHNBOCT. AMIUIATYIATa Ha TONUTITHHAS
xon (TIo MeceuHH JaHHW) Ha CpellHaTa 3a TepuTopusiTa Ha beiarapus Temmeparypa e
Ha#i-romsima mipe3 2012 . — 28,7 °C. Ilpe3 2012 1. e 6mn Hail-cTyneHusT deBpyapu
(cpenna tremmieparypa —4,2 °C) 1 Hali-TOIUIHAAT oI (cpeaHa Temreparypa 24,5 °C).
Haii-manka e 6una romumnraaTta amruutyaa mpes 1997 1. (20,6 °C), koraro cpeana-
Ta TeMIieparypa mnpe3 ronu e 6mna Haii-aucka (20,3 °C) 3a pasmiekgaHus Mepro.
[Ipe3 2010 r. cpeanara Temrieparypa mpe3 HoemspH (10,3 °C) e 6uia mo-BUCOKa OT
tazu npe3 okToMBpH (9 °C). OxtomBpu 2010 1. e Hall-cTyneHusT, a aBryct (23,1 °C)
n HoemBpH 2010 1. — Hali-TOTIMTE TIpe3 pasmieknanus nepuon. I1pe3 2007 1. e 6wt
Haii-torumuaT sHyapu (+4,8 °C), a cpenHara ojcKa TeMIlepaTypa € ChII0 BHCOKa
(24°C). Mapr e 6un Haii-ctyneH npe3 1996 r. (0 °C), a Haii-romrba — mpe3 2001 1.
(9,1 °C). Cpegnomeceunara Temreparypa mnpes anpui 1997 r. (5,4°C) e Ouna mo-
HUCKa OT Ta3u npe3 pespyapu 2002 r. (5,6°C).

Bewukn 0co0eHOCTH B TONWITHUS XOA HA CPEAHUTE MECEYHH TEMIIEPaTypH,
MIpeCMETHATH 110 CHHONITUYHY JTaHHHU, C€ HaOII0aBar U Mpy TeMIepaTypuTe, o-
Jy49eH! 1O JaHHU OT arMocdepHu peananus3u — ERA-Interim. [lo oTHomeHne
Ha CTOHHOCTHUTE Ha TeMIIepaTypuTe MMa U3BECTHH pasznuums. ToBa e moOpe BU-
ITHO Ha (HT. 2, KBACTO ca MPEACTaBeHU OCpEeIHEeHHUTE 3a mepuona 1995-2012 r.
CpPEeTHOMECEYHH TeMIIepaTypH 3a TPUTE THIIA IaHHH, a CHIIO0 Taka U HOPMHTE 32
nepuoaa 1961-1990 r. Temneparypute no nanHu Ha ERA ca cpenHo ¢ oxosno
1,1 °C mo-BHCOKH OT T€3H IO CHHOITHYHUTE AaHHU. ToBa Moxke na Obae o0sic-
HEHO c (¢aKTa, 4e 3a OCHIIECTBABaHE Ha peaHaJN3WUTE Ca M3MOJI3BAHHU U JTaHHU
OT CTaHJApTHUTE CHUHONTHYHU U3MEPBAaHUS B HAKOW OT CTAHIIMHTE, CHCTaBAIIH
apxuBa Ha NOAA. PaznenurenHara cioCOOHOCT Ha YUCIIEHHUS MOJEI, ¢ KOWTO €
M3BBpIICH peananmmn3a Ha ERA-Interim, e 0,75°x0,75°, koeTo 3a HamuTe reorpad-
CKM IITUPWHH JaBa KiaeTka okojo 60x80 km. C TakaBa Mpeka He € Bb3MOXKHO J1a
ce ONUIIIe aJIeKBaTHO pa3HooOpa3HUAT pened Ha bbparapus u 3aToBa MOIETHUAT
pened Ha ERA-Interim e M3rmageH W MO TO3W HAYMH Ca M3KIFOUCHHW BHUCOKHTE
4acTH Ha TuTaHWHHTE. Hali-romsaMa e pasnnkara Mexay JBaTa THUIA TaHHU TIpe3
TOIUIOTO TIOJYTOAME (almpui—CEeNTeMBpPH), KaTO Pa3IUKATE B CPEIHOMECCUHHTE
TeMmneparypu Moxe aa Haamuse 1,5 °C.

Ot ¢wur. 2 ce BmKIa, Y& HIMA CHIIECTBEHN PA3JIMKH B TOJUIITHUS XOJ] HA TEM-
TepaTypuTe, ONpeeNeH M0 KINMAaTHIHATE U CHHONTHYHUTE NaHHU. C M3KITtove-
HUEe Ha (eBpyapH, CpemHUTe TeMIepaTypd MO KIMMAaTHIHWUTE NaHHHU Ca IO-HH-
CKHM OT Te3H 0 CHHONTHYHUTE AaHHU. CpaBHEHHETO C rpadukaTa Ha HOPMHTE 32
1961-1990 r. moka3Ba, ye cpeaHaTa TEMIEPATYpa 3a PA3MIECKIAHUS NEPHUO MIPE3
JIETHUTE MECEIH C€ € TIOBUIIIIJIA.
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®@ur. 2. ['oguieH Xon Ha CPEIHUTE MECEYHH TeMItepaTypu 1o Janau Ha ERA-Interim,
CUHONTHUYHU U KJIIMMAaTUYHU JAaHHU 32 nepuoaa 1995-2011 r. u kmuMaTuyHu HOPMHU
1961-1990 r.

HezaBucumo 0T pazinuyHUTE HAYMHM HAa 00paboTKa Ha JaHHWUTE 3a TeMIlepa-
TypaTa Ipu TPUTE CEPUH JaHHU OCHOBHUTE 3aKOHOMEPHOCTH B TOJUILHUSA X0 Ha
Temreparypara ca 1o0pe orpasenu. Pazbupa ce, iMa 1 U3BECTHHU PA3IIUKH, KOUTO
ce IbJDKAT KaKTO Ha €CTECTBOTO Ha JAHHUTE, TaKa U Ha pa3iInyHus Opol CTaHIMH,
W3IOJI3BAHU IPH MOJIY4YaBaHETO HA CPEAHOMECEUHHUTE TEMIEPATYpH, PA3INIHHUTE
MIEPHUOJIN C JIMIICBAILM JaHHM U T.H. Pa3MIHaBaHUATa HA CAMUTE CTOWHOCTH HA TEM-
neparypara MeKy TPUTE THIA JaHHH HE € OT ChILECTBEHO 3HAYEHUE 32 OCBIIECT-
BABaHETO Ha OCHOBHATA 33/1a4a Ha HACTOALIOTO U3CJICABAHE, 3 IMEHHO — OLICHKA Ha
TEHJCHLIMNTE B U3MEHEHUATA HA TEMIIEpaTypara.

3a yCTaHOBSIBaHE Ha TEHACHLUUTE B U3MEHEHUATA Ha CPEIHUTE TEMIIEPATy-
pu npe3 nepuoaa 1995-2012 r. ca pasmiefaHu C€30HHUTE CPEIHU, MUHUMAJIHU H
MaKCHMaJIHU TEMIIEpaTypH MO0 CHHONTHYHHUTE NaHHU. Ce30HHUTE ca AehuHUpaHH,
KaKTO CJIe/[Ba: 3UMa = JeKeMBpHU—(eBpyapu; MPoJIeT = MapT—Maii; JIATO = FOHU—aB-
T'YCT; €CeH = CeNTeMBpH—HOeMBpH. Pesynrarure ca npeacrasenu Ha ¢ur. 3. [Ipe3
3uMara ce HaOmogaBa TEHIELMs KbM NOHMKaBaHe Ha cpenHara (—0,26 °C/nece-
Tuierne) u MuanMainata (—0,59 °C/necernierue) Temeparypa, a MaKCUMaJlHaTa
TeMIlepaTypara uMa TeHIeHIUs KbM Jieko nouineHue (+0,13°C/necerunerne). Ha
rpadukara ce OTKpOsiBa OTHOCHTEIHO CTyaeHara 3uMa Ha 2012 r. Ako ce oTderar
toruute 3uMu Ha 2013 u 2014 1., Hali-BEpOSATHO TEHACHLMITA 33 TOBUILIABAHE HA
MaKCHMaJIHUTE TEMIIEPaTypH Mpe3 3uMaTa Lie CTaHe Mo-100pe u3paseHa.
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®@ur. 3. Ce30HHU TeMIlepaTypu 3a TepUTOpHUsATa Ha brirapus npe3 nepuona 1995-2012 r.
[MpencraBeHn ca MUHUMAITHUTE, MAKCUMAHUTE M CPEJHUTE TEMIIEPATypU

I'padukuTe Ha cpeqHHUTE TEMIIEPATYpHU 3a MPOJIETTA, JIATOTO U €CEHTa TOKa3-
BaT SICHO M3pa3eH IOJIOKHUTENEH TpeH1. ECeHHUTe TeHISHIIMN Ha TIOBUINIABaHE Ha
temreparypara (+1,12 °C/necernuneTue 3a CpeIHUTE TEMIIEPATyPH) Ca HAW-TOJICMH
B CpaBHEHHE C OCTaHAIHUTE ce30HW. CpaBHECHUETO C MPETUIITHN H3CICIBaHUS [5]
MOKa3Ba 00OpBIaHE HA TSHJICHIIMUTE OT OTPUIIATEITHY MPE3 JISITOTO M €CEHTA 3a Tie-
puona 1951-1995 r. keM monokutenHy 3a nepuoaa 1995-2012 r. TenaermuuTe 3a
3UMara ¥ MpoJieTTa ca 6e3 MpoMsIHa.

TpsiOBa 1a ce oTOENICKH CHINO, Ye TPEHIOBETE HA MOBUIICHUE HA MaKCUMAJl-
HUTE TEMIIEPaTypu Tpe3 MPOJIEeTTa, JSATOTO U €CeHTa ca 2—3 IbTH MO-TOJEMH OT
TPEHJIOBETe Ha MUHUMAJHHUTE TeMIlepaTypu. ToBa ChOTBETCTBA Ha M3BOIUTE Ha
IPCC [1], HamipaBenu 3a npyru paiionu. [Ipe3 mocinemHnTe TOMUHN Ce PETHCTPUpPAT
MHOTO TTOBEYE PEKOP/H HA MAKCUMAITHUTE TEMIIEPATyPH, OTKOJIKOTO HA MUHHMAJI-
Hute. [lomydeHnTe Ce30HHU TPEHIOBE Ca 3HAYMTEIIHO MO-TOJIEMH OT TE3U B JIPYTHU
m3ciensanus [5, 7].

[ToBuIIeHNETO HA TEMIIEPATYPUTE MPE3 MPOJIETTA, JSATOTO M €CEHTA HE € TUIAB-
HO Tpe3 pasmiexaanus nepuon. Ha ¢ur. 3 ce Bmkaa NMoBHIIaBaHE HA TeMIIepa-
typara ot 1997 mo 2002 1. [Ipe3 3uMHUS, IPOJICTHUS U €CEHUS CE30H CIICABA 3a-
xJaxaane, kato mnpe3 2003 1. mMa mo-cepro3eH craja Ha TeMIepaTypuTe, 0COOSHO
Ipyu MUHUMaNHAUTE. [{pyra € cuTyammsTa mpe3 JIAToTo, KpaeTo mpe3 2003 . uma
MOBHIIIABaHE HA TeMIieparypara. SICHO ce BUXKJa, Y€ 3UMara, IpoJIeTTa H JIATOTO
Ha 2007 1. ca Hai-TormuTe 3a repuona 1995-2012 r. Cirex 2007 1. mMa JIeK cIia Ha
temrieparypara 10 2011 r., korato OTHOBO 3aIT04Ba MO-PS3KO ITOKAYBAHE, C U3KITIO-
YeHUE Ha 3UMHUS CE30H, Mpe3 KOUTO TeMIieparypara mpoJbJbkKaBa Jia 1ajia u cliel
2011 r. IIpe3 eceHTa M3MEHEHHATA HA TEMIIEPATypuTe ca mo-pazmmyau. [1pe32007
I. BIKJIaMe 3axJiaxJiaHe, MOCIe/[BAHO OT TIOBUIIICHHE HA TeMIlepaTypara U chaj
mpe3 2011 1. Crrey ToBa OTHOBO HMaMe€ TTO-PSI3KO 3aTOTUISTHE.
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B m3cnensaneTo Ha Peneva and Rachev [4] e mokazana 3HauMTeIHATA TeKaTHA
M3MEHYHMBOCT Ha TEMIIepaTypuTe 3a TeputopusaTa Ha beirapus. Ot ¢ur. 3 (u cnen-
Bariara mo-aoiy (ur. 4) MOXe Jia ce OIICHU MEPHUOJl HA U3MEHYMBOCT Ha TeMIIepa-
Typata oT 7—8 TOAMHH.

Ha ¢wur. 4 e npecTaBeHO U3MEHEHHETO HA CPETHOTOUIITHATE TEMITEPATYPH 32
riepuona 19952012 1. mo JaHHU OT CHHONITHYHUTE M3MepBaHus B 33 cTanmuu. Ha
¢urypara e uzdepTaH U INHEHHUSIT TPEeH] Ha Temrieparypute. OieHeHaTa TeHAeH-
IIMs 32 TIOBUIIIABaHE HA CPEIHOTOMUIIHATE TEMIIeparypu 3a beiarapus 3a mepuona
1995-2012 r. € 0,58 °C na necerunerue. Crnopen [letus noxnan na IPCC [1] Ten-
JEHIMSATA HAa HapacTBaHEe HAa TeMIlepaTypaTa HaJl cyiiaTa 3a nepuoaa 1979-2012 r.
e cpeano ¢ 0,262 °C Ha necerusnietne. TpeHIbT HA CpEAHNUTE TEMIIEpaTypH 3a bbi-
rapwsi, IOJIY9ICH B HacTosmIara paboTa, € HaJl ABa ITBTH MO-TojIsM OT To3u Ha IPCC
[1] 3a mepuona 1979-2012 r. ToBa He € yuyABaIlo, aKO Ce€ B3eMe NpeaBu, 4e 13 ot
18" pasrexjaHu TOAWHU Ca ChC CPEAHH KIIMMATUYHH TEMIEepaTypy HaJl HOpMall-
uute (1961-1990 r.) 3a bearapus. B uscnensanero na Syrakova and Mateev [5] ne
€ MOJYUYCH CTAaTUCTUYCCKH 3HAYMUM TPCHJ Ha CPECAHOTOAUIIHUTE TEMIICPATYypU 3a
nepuona 1951-1995 r. OueBHUIHO MOBUITABAHETO HA TEMIICPATyPHUTE, 3aOYHAIIO
mpe3 70™ ronuHn Ha XX BEK, IPOABIDKABA, M TO C TIO-ObP3H TEMIIOBE. AKO TPEH-
6T oT 0,58 °C Ha mecetnieTHe ce 3amasu 1o cpemara Ha XXI Bek, 1me ce coOpaHar
MIECHMUCTHYHHUTE CLIEHAPUH 3a MTOBHINIABAaHE HA CPETHOTO/IMIITHATA TeMIIeparypa B
Bbearapus ¢ 2 °C npes3 nepuoaa 2020-2050 r. [9].

WuTepecHo € na ObAaT OICHCHU JIMHEHHNUTE TPSHIOBE HA CPEHOTOUIITHUTE
TeMIIEpaTypHu U Mo Apyrute ase cepuu naHuu (Pur. 4). [lo manHUTE OT arMoc-
tdhepaus peanamm3 ERA-Interim e momyden tpeun 0,62 °C 3a mecetmiieTue, a 1o
KIuMaTtuIauTe qaHHu (apxuB 1) TpeHnsT e 0,72 °C 3a necetmnerne. MisMeHeHUATa
Ha CPEIHOTOAMIITHUTE TEMIIEpaTypH Ipe3 pasmIeKIaHHus Mepruo]] ca KadeCTBEHO
MHOTO TIOJIOOHH.

Haii-Bucoku ca cpetHuTe CTOMHOCTH Ha TeMIepaTypara 1o faHHute Ha ERA-
Interim, a Hai-HUCKM OOMKHOBEHO Ca TE3W IO KIMMaTHYHHUTE naHHd. OCHOBHATA
MIPUYMHA CpeaHuTe Temieparypu Ha ERA-Interim na ca Haii-BHCOKH O¢ crioMeHara
MO-Tope B TeKCTa. EqHA OT MpUYMHUTE CpETHNTE KIMMAaTHYHU TEMIIEpaTypH J1a ce
pasiuyaBar OT CPEAHHUTE CHHOITHYHU € B Pa3IMYHUTE CPOKOBE Ha HaOIIONEHHE
Y B Pa3IMYHHS HAUYWH HA M3YHUCIISIBaHE Ha CPEeIHOJHEBHATA Temrieparypa. [pyra
MPUYHHA €, Y€ BCSIKA CTaHIMS MMa XapaKTepeH JCHOHOIICH X0/ Ha TeMIlepaTypara,
KOWTO MOKE CBILIECTBEHO JIa CE pa3inyaBa OT CHHYCOUIATHHS, U TIOTYYECHUTE CPEeI-
HOTHEBHH KIIMMATUYHH TEMIIEPATypPH J1a CE€ Pa3IndaBar OT CPETHUTE TeMIIeparypu
OT CHHONITHYHHTE m3MepBaHusl. [[poBepkara mokasa, 4e B HAKOW OT Pa3IIIekKTaHNUTE
CTaHIIMH, CPETHOAHEBHATE KIMMATHYHU TEMIIEPATYPH Ca IMO-BUCOKU OT CPEITHUTE
CUHOIITUYHH, a B Ipyru € 00parHoTo. [IpuunHa 3a MO-HUCKUTE CPEIHOTOAMIIHU
KIIMMAaTUYHU TEMIICPATYypPU € U IO-TOJEMUAT OTHOCHUTCIICH [dJI Ha TUNIAHUHCKUTE
crautuu — 3 ot 20 (15%), mokaTo Mpu CHHONTHYHUTE CTAHIINYA UMa 4 TJIAHUHCKH
crauiuu ot 06mo 33 (12%).
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®@ur. 4. CpeJHOTOAMIIIHY TeMIepaTypu 3a bbiarapust o CHHONTUYHY JTaHHH,
ERA-Interim ¥ KIMMaTU4HU JAaHHU

Brieuatiienue mpaBu OOpBINAHETO HA Pa3jIMKaTa MEXKAY CPEIHOTOMUIIHHUTE
KIIMMaTHYHHA ¥ CHHONITUYHU Temrepatypu cien 2009 r. (dur. 4). 1o 2009 r. cuHoIm-
TUYHHUTE TEMIIEPATypU Ca MO-BUCOKHU OT KJIMMATHUYHHUTE, a CJIC] TOBa KIUMaThH4-
HUTE ca no-Bucoku. OOsICHEHUE Ha Ta3U MPOMsHA I1e ObJIc MOThPCEHO MO-I0Jy B
M3JI0KECHUETO, HO TS MOXKE Ja C€ IbJKU WM Ha ChIICCTBEHA IIPOMSIHA B JICHOHOIII-
HUS XOJ Ha TeMIIeparypara, Wi B MpoOJieMu Npu 00paboTKaTa Ha JaHHUTE, WIN
Ha HapylllaBaHe MMPEJICTAaBUTEIHOCTTAa Ha CTAHIIMUTE, BCJICACTBUE 3aCTPOSIBAHE Ha
OKOJIHOCTHTE UM.

Pasrnenanu ca U3MeHEHHATA HAa TEMIICPAaTypUTE B KOHKPETHU CTAHIIMU HA TeE-
putopusita Ha brirapus 3a neproga 1995-2012 . Ha ¢wur. 5 e npencraBeno m3me-
HEHHMETO Ha CPEAHOTOAUIIIHUTE TeMieparypH 3a ctanuus Codus. Ot rpadukara 3a
cpeanara Temmeparypa Ha Codus ce BKIa mo-ps3ko 3aromistae oT 1997 xo 2001
. 1 ot 2005 1o 2007 ., kato 2007 . € OTHOBO TOJMHATA C HAl-BUCOKH TeMIIEpaTypu
3a mepuona 1995-2012 r. Cnenpa moHmkeHHe Ha TeMiieparypara jgo 2011 ., a pe3
2012 r. uma psi3ko 3aroruisiHe. [lo-TormmTe u Mo-CTyeHUTE IEPHOAN ChOTBETCTBAT
Ha Te3u Ha ¢ur. 4. CpenHoromuinHara Temmneparypa 3a nepuoga 1995-2011 r. 3a Co-
¢us no kimmaruunute ganuu e 10,6 °C, koero e ¢ 0,7 °C Haj KIMMaTuyHaTa HopMa
3a cranmmara (9,9 °C 3a nepuoga 1961-1990 r.). Camo 3 ca romuHUTE TIpe3 pasriiexk-
JIaHUs TIEPUOJI, Korato cpeaHara remmeparypa B Cous e Ouna nox Hopmara (1996,
1997 u 2005). 1 Ha Ta3u rpaduka ce HaOMOMaBa HHTEpPECHATa CMsAHA Ha 3HAKa Ha
pas3nMkara MeXIy CpelHaTa KJIMMaTH4YHA W CpelHaTa CHHONTHYHA TeMIleparypa —
cien 2006 1. cpeqHUTE TEMIIEparypy IO CHHONTUYHU JaHHU MPEBUINABAT TE3H TI0
KIuMaTudan JaHan. CpemHusIT CKOK Ha Temmeparypute mexay 2006 u 2007 r. 3a
Codus e 1,1-1,2 °C mo KIMMaTUYHUTE JaHHH U TI0 faHHUTE oT Era-Interim. HeoGsic-
HUMO € 3aI110 CKOKBT Ha TeMIeparypara 1o CuHonTu4yHu aanuu e 1,7 °C.
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®ur. 5. Cpepnorogumay tremneparypy 3a Codust Mo CHHONTHYHY JaHHH,
10 KIIMMaTHYHH IaHHU ¥ TI0 IaHHU OT aBTOMaTH4Ha Meteoposiornyna cranius (MI)

OnuT 3a U3ACHSABaHE HA TO3W BBIPOC € HANPaBEH 4Ype3 CPaBHEHHUE CHC
CPEIHOTOIUIITHUTE TEMIICPaTypH, OJYyUCHH 10 JaHHU OT aBTOMAaTUYHATa METe-
OpOJIOTHYHA CTAHIMs Ha Kareapa ,,Mereopoisiorus u reodpusuka”. CpaBHeHUE-
TO TMOKa3Ba, Y€ CPEIHOTOAMIIHATA TEMIIepaTypa Mo JaHHH OT aBTOMAaTHYHATa
CTaHIIMS C€ OTKJIOHSIBA OT KJIMMAaTHYHATa TEeMIIeparypa Mo ChIUs HAYMH, KAKTO
e omro 10 2005 T. OTKIOHEHHETO HAa CHHOINTHYHUTE JaHHH OT KIMMATHUYHHTE
3a ctannus Cogus. Paznukara ot 0,1-0,2 °C Moxke 1a ce 00sICHU ¢ pa3loJIoKe-
HUETO Ha aBTOMATHYHATA CTAHIUS U HIKOJIKOTO KHJIOMETpPa PA3CTOSHUE MEKIY
cTaHuute. To3u pe3yiTaT MoKa3Ba KOJIKO € Ba)KHA XOMOTEHHU3AIUATa Ha METe-
OpOJIOTUYHUTE AaHHU [5, 6]. Hail-BeposATHO JaHHUTE IO CUHONTUYHUTE CPOKO-
BE€ ca MOBJIMSHY OT MIPOMSIHA Ha UHPpACTPYKTypaTa B pailoOHa Ha CUHONITUYHATA
crannus Codus.

Nmaliiky mpenBUl U3I0KEHOTO, MOXKE J1a C€ HAPaBH 3aKJIIOUEHUE, Ye OIICHEe-
HUSAT 110 CHHONITHYHY JaHHu TpeHa ot 1,15 °C Ha aecerunerue 3a cranmuus Codus
€ HepeaTHO BUCOK. JINHEWHUAT TpeH 1 Ha KiIuMaTuaHuTe Temmneparypu e 0,45 °C 3a
JIeCeTUIICTHE.

B cranmnus BuguH mMaMe MOYTH HBJIHO CHBIAJCHUE HA KIMMATHYHHTE U
CHHONTUYHUTE CPEIHOTOMUIIHY TemrepaTypu. OLleHEeHUTe TPEHA0BE Ha CPEIHO-
ropumiauTe Temneparypu ca 0,38 u 0,36 °C Ha necetunerue, CbOTBETHO 3a CH-
HONITUYHHUTE U 3a KIMMaTHYHUTE NaHHW. CpenHara KIMMaTuyHa TeMIleparypa 3a
Bunun 3a nepuona 1995-2011 r. e 11,64 °C, a Hopmara 3a iepuoga 1961-1990r. e
11,2 °C (0,44 °C 3aromnsine). U Tyk camo 3 oT 177™ rogunu ca ¢hC CpeAHOTOAMIIHA
TeMIiepaTypa moja HopMara.

[lpumepu 3a cTaHIMU, B KOUTO CPEAHHUTE KIMMATUYHH TEMIIEpaTypH ca
MO-BUCOKU OT CPEIHUTE TeMIIEpaTypH M0 CHHONTUYHU JaHHHU, ca BapHa u Byp-
rac. Paznukara mexay ABaTa TUMA AaHHU 3a JBeTe cTaHuuu € okono 0,6°C.
OO6sicHeHreTO Ha TO3H (haKT € BbB BUJIa Ha JCHOHOIIHMS XOJ Ha TeMIeparypara
B KpaliMOpcKuTe cTaHiuu. [lopaau BIUSHUETO HA MOPETO aMILUIUTY/IATa Ha Jie-
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HOHOIITHUS XOJ] Ha TeMIIeparypara e mo-maika. Hanmrmauero Ha Opu3oBa mupKyna-
WS BOAM 10 MO-HUCHK MAaKCUMYM Ha Temmeparypara B 14 daca, CpaBHEHO ChC
cTaHIus, ganed oT MopeTo. OT apyra cTpaHa, TOIEMUAT TOIIMHEH KalaluTeT Ha
BO/IaTa BOAM JI0 CPaBHHUTEIHO IO-MAJIKO MOHIDKABaHE HA TEMIIEPATypHUTE CIIeN
3aje3a Ha CabHIEeTo. MMaiiku mpeaBua U3JI0KEHOTO B T. 3.2, cTaBa SICHO 3alllo
CpeNHHTE KIMMATUYHU TEMIIEPATypH ca MO-BHCOKU OT CPEIHUTE CHHONTHYHH.
JIuneiiHuTEe TpEeHAOBE, MOJIYYEHH [0 CHUHONTUYHUTE AaHHU 3a BaphHa u Byprac,
ca ceotBeTHO 0,68 °C 1 0,51 °C Ha geceTmiieTHe, a MO KIMMATUYHATE JaHHU ca
0,9 °C u 0,62 °C Ha pecerunerve. CpeIHOTOAUIIHUTE TEMIIEpaTypu ca Hal-BU-
coku 1nipe3 2007 1. ¥ 3HAUUTETHO MPEBUIIaBaT KIMMaTUYHUTE HOpMU 3a BapHa u
Byprac — ceotBeTHO ¢ 1,8 °C 11 1,5 °C.

Ha ¢wur. 6 ca nmpencraBeHu cpeaHHTe, MAKCUMAaJTHUTE U MUHUMAIHUTE TE€M-
neparypu 3a craniuu Codust u Bunun 3a nmeprona 1995-2012 1. mo CHHONITHYHA
nanad. [lone3Ho e monydYeHnTe TPEHIOBE 1a Ce CPaBHAT C Te3H 3a IslaTa TepH-
TOpHsI HA cTpaHaTa, KouTo 3a aecetunerue ca 0,58 °C 3a cpenHUTE TeMIepaTypH;
0,24 °C 3a muaumananTe # 1,13 °C 3a MakcuMaIHATE.

3a cranmusa Codwus TeHACHIUATA 32 yBENWUYEHWE HA MUHUMAIHUTE TEM-
mepaTypy ChOTBETCTBA Ha CpelHAaTa 3a beiarapus, HO TEHICHIINUTE 33 YBEIH-
YeHHWEe Ha CPEIHHUTE M HAa MaKCUMAaJHUTE TeMIEpaTypu ca 3HAYUTEIHO I10-TO-
JIEMH OT CpeAHUTe 3a cTpaHaTa. [I[puunHa 3a TOBa Hali-BEPOSITHO € HATUIHETO
Ha cHCTeMaTHYHa T'pelllka B TaHHHUTe 3a Temieparypara B Codus cnen 2006 r.,
KakTo 0e KOMEHTUPaHO Mo-Tope B TekcTa. HezaBucuMo ot ToBa, sICHA € TeHIeH-
[MATa 32 MMO-TOJSIMO YBEIHMYECHHE Ha MAaKCHMATHUTE TeMIepaTypH, OTKOIKOTO
Ha MHHUMaJTHUTE. TakbB Oelle W M3BOABT IPH Pa3IIekKIaHETO HAa CE30HHUTE
temneparypu (¢wur. 3).

3a crannus BunnH e XxapakTepeH OTpUIlaTeNIeH TPeH T 32 MUHUMAaTHUTE TeM-
nepatypu oT —0,3 °C Ha geceTuneTue, AJ0Karo TPEHAbT Ha MAKCUMAJIHUTE TEM-
MepaTypu € TMOYTH CHIIUAT, KaKTO cpeanwus 3a boirapus. OTpunaTeTHUSIT TPEHT
Ha MUHAMAaITHUTE TEMIEpaTypyd B CTaHINS BHUIWH Hali-BepOATHO C€ IBJDKU Ha
MECTOTIOJIOKEHUETO HA Ta3W CTAHIMS — B CEeBepo3allagHaTa 4acT Ha CTpaHara,
KOSITO HE € 3allliTeHa OT HAaXJIYBaHWS Ha TO-XJIATHW BB3AYIIHH MAacH OT CEBEp.
Ot nmpyra ctpaHa, KakTo ce oTOens3Ba B Aoknagute Ha [PCC [1, 2], moBumasa-
HETO Ha IIIOOAITHNTE TeMIIEpaTypu HE € MOCTENeHHO, a Ce XapaKTepu3upa C Ha-
pacTBaIia MeXIyToIUIIHa U3MEHUYNBOCT, KOATO CE€ CHI'BTCTBA M C yBEIHYaBaHE
WHTEH3WBHOCTTA Ha €KCTpeMaHHUTe siBJeHus. TaknBa 3a Bunne ca HaxiryBaHUS
Ha CTYJ€HH BB3IyIIHN MAaCH, YCTAHOBSBAHETO Ha MIPOIBIDKUTEITHA MBI, HHBEP-
CUU Ha TemIiepaTrypara u T.H.
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Temneparypa

@ur. 6. CpeJHOTOIUIIHY, CPEAHN MUHUMAIIHU U CPEIHH MAaKCUMAIHU TeMIIEpaTypu

HanemaeH HWHAWKATOP 3a HAJIMYUETO Ha ITPOMCHH B TEMIIEpaTypara ca 1aHHU-
TE OT IJIAHUHCKUTE BbPXOBE, JOKOJIKOTO T€ Ca Hali-c1abo 3acerHaTu OT IMPOIECUTe
Ha ypOaHu3anus. Pasmienanu ca CpeTHOrOANIIHUTE TEMIIEPATypH 32 3 BUCOKOILIA-
HUHCKHM cTaHimu — Mycaia, boreB u Uepau Bpbx. XapakTepHa 0COOCHOCT 3a BH-
COKOINNTAHUHCKHUTE CTAHIMUHN € OTHOCHUTC/IIHO MaJjIKkaTa aMIUIMTYy/la Ha JCHOHOUIHUA
XOJI Ha TeMIlepaTypaTa U B pe3yJiTaT Ha TOBA CJIE[BA, Y€ CPEIHUTE KIMMATUYHU
TEMIIEPATYPH Ca MHOTO OJTM3KH 0 CPEIHUTE TeMIepaTypy 10 CHHONTHYHY JaHHH.
ToBa HaucTrHa € Taka. VI3MeHEHUsATa Ha CPEAHOTOAUIIHATE TEMIIEPATYPH 3a pas-
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3a Codust 1 BuanH 0 CHHONTHYHHU TaHHH

TIICKAaHW IEpuod ca CHHXPOHHHU 3a TPUTE CTaHIIUH.

Cpennute 3a nepuoga 1995-2011 r. Temmeparypu No KIUMAaTUYHUTE JAHHU
3a Mycana, boreB u Uepnu Bpwx ca: —2,4 °C; 0 °C u 0,54 °C. Te ca c oxoino 0,6 °C
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MO-BUCOKHU OT KJIMMaTHYHUTE HOpMHU 3a niepuoga 1961-1990 r., kouto ca cbOTBET-
HO —3 °C; —0,6 °C u 0,1 °C. JIuHeiiHUTE TEHACHIMY HA IOBULIABAHE HA TEMIIEPATy-
pHUTE Ha TPUTE BbPXa, KOUTO JIEKO CE pa3IndaBaT B 3aBUCHMOCT OT HaIMOpPCKaTa M
BUcounHa, ca choTBeTHO: 0,53 °C, 0,63 °C 1 0,77 °C Ha neceTHieTHe.

5. UIBMEHEHUE HA BAJIEJ)KUTE B BbJITAPUA
3A IIEPUOJIA 1995-2012 .

Enna oT XxapakTepHHTE 4epPTH B IPOCTPAHCTBEHOTO paslpeiesieHne Ha Bale-
JKUTE € TsIXHara T.Hap. ,,IeTHUCTOCT. IMEHHO 3aToBa AbXKIOMEPHUTE CTAaHLUU
ca Ha MOPSAABK TMOBeYe OT CHHONTHYHUTE. OT Apyra cTpaHa, MEeXAYTOAUIIHNTE
VM3MEHEHHHSI B KOJIMUECTBATa BAJIEKH 32 TEPUTOPHATA Ha bbirapus ca 3HaYUTEN-
HU [4]. UMaiiku nipeBUJ TOBA, C JaHHU OT 33 CUHONTUYHY CTAHIINU 32 BAJIC)KUTE
3a mepuos oT 18 roguHM B HacTosAmaTa paboTa HE € B3MOXKHO JIa CE€ HallpaBu
JIOCTOBEPHO TIPECTaBsiHE Ha TEHICHINNTE B U3MEHEHHETO Ha BalleXKHUTe 3a Te-
putopusita Ha bearapus. Omie moBedye 4e B NOCTHITHUTE JaHHU 32 BAJICKUTE B
CHHONTHYHHTE CTAHIIMH UMa PEINIa HETOYHOCTH W JIMIICH. 3aTOBa C MO-TOJIsIMa
CHUTYPHOCT MOTarT Jia C€ OIEHAT TPEHIOBETE B KOJMYECTBATA BAJIEXK 3a OTACITHU
CTaHIUH.

Ha ¢ur. 7 ca mpencraBeHn CpeIHOTOMUIIHUTE BaJe)KHH CyMH TIO JIBETe 0a3u
kimMatiaan JaHau (apxuB 1 1 ECA&D), cuHONTHYHY TaHHH W JaHHU oT ERA-
Interim. Ha ¢urypara ce Bmxaa ChIecTBEHO pa3MUHABaHE MEXITy CHHONTHYHH-
T€ W KIIMMaTHYHUTE JaHHH, 0cobeHo 3a meprona 1998-2001 r. Paznukute Mexmy
nBeTe TpaduK, MPEACTABSIIN KINMAaTHIHUTE NaHHHU, ca CPABHUTEIHO MAaJKH U
Hal-BepOATHO Ce IBJDKAT Ha Pa3IMYHUsI OpOil CTAaHINH, U3MOI3BAaHH IIPH OCPEIHE-
HUETO Ha JAaHHWUTE 32 BAJICKUTE.

OueHeHUSAT JWHEEH TPEHJ MO0 KIWMaTHYHWUTE JaHHH 3a T[epuoja
1995-2011 r. e O1M3BK A0 HyJA, JOKOJIKOTO CTaBa KOMIIEHCHpPAaHE Ha IO-BIIaXK-
HUTE W TO-cyxuTe roguHu. Hali-cyxa e 6mma 2000 r., a 2005 1. — roguHaTa ¢
Hali-mHOTO Bajex, nociensana ot 2010 r. CpenHuTte Bajexu 3a Mepuojaa Ha
pasmiexaaHe ca okojio 607 mm u ca moJ HopMaTa 3a TepUTopHusTa Ha bbirapus
3a mepuoga 1961-1990 r. (672 mm). Tyk TpsiOBa Aa ce 0ObpHE BHUMaHUE Ha
CJIEIHOTO: M3IMOJ3BAHUTE KIMMATUYHU NaHHU OT apxuB 1 ca or 20 cTaHiuwu,
OT KOUTO caMo B 13 uMa naHHHU 3a Banexute. M3UUCIEHUAT CPEAEeH BajexX B
Te3u cTaHuuy 3a nepuoga 1961-1990 r. e 610 mm. Cnen ToBa yTOUHEHHE CTaBa
SICHO, Y€ CPEIHOTOAMIIIHATA CyMa Ha Bajiexkute 3a nepuoga 1995-2011 . He ce
OTKJIOHSIBA CHIIIECTBEHO OT HOpMaTa.
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@ur. 7. CpeHOTOIUIITHY BaJISKH 110 CHHONITHYHH JaHHH, KIMMAaTHYHU TaHHU
(apxuB 1 1 ECA&D) u mo ERA-Interim

Ha ¢ur. 7 ca npencraBeHr U CpeTHOTOAUIITHUTE BaIekKH 10 naHHuTe Ha ERA-
Interim. KauecTBeHO Te ciemBaT MEXIYTOAMIITHUS XOJ| HA BaJXKUTE MO KIMMa-
TUYHUTE JAHHU, HO CTOMHOCTHUTE Cca MO-BUCOKU. CPEeTHOTOJUIIHUTE BaJeKU Ha
ERA-Interim 3a nepuona 1995-2011 . ca 731 mm u ca Haj HOpMaTa 3a Ieproaa
1961-1990 . Haii-BeposiTHO TOBa Ce ABJKHM Ha JIOIIATa pa3AeIuTeNIHa CIIOCOOHOCT
Ha MOZela, IPU KOETO CE 3aBUILAaBa BIMSHUETO Ha BAJIECKUTE BbB BUCOKOILJIAHUH-
CKHUTE CTAHIIMH.

AHanu3bT Ha BaJIEKHUTE CyMH 3a nepuoaa 1995-2011 r. mo cuHONTHYHUTE
JAaHHH JIEMOHCTPHUPA J00pe N3pa3eH MHHUMYM Ha TOIUIITHUTE BaJIC)KHHU CYMHU Ipe3
2000 r. CpaBHEHHETO ¢ KIMMaTHYHUTE NaHHH U Te3u oT ERA-Interim moka3ssa, ue
TO3U MUHUMYM HE € PEalieH U Hali-BepOATHO C€ IBJKU HAa HEI'BJIHUTE U HETOY-
HU JJaHHU 32 BAJIEKUTE MO CUHONITUYHUTE cpokoBe. HanmnumeTo Ha To3u HepeasieH
MUHUMYM Ha BaJEeKUTE U Ha JiBaTa MakcUMyMa Ha Banexure mpe3 2005 n 2010 .
BOJIM U JJO HEPEATHU OLEHKH Ha TPEH/Ia HA CPEIHOTOJUIITHUTE BAJICKU 32 IEPUOAA
1995-2011 r., xo#iTo goctura 1o okoio 15 mm Ha roguna. ToBa € mpuuuHara, mo-
paau KoATO ca pasriiejaHu CE30HHUTE TPeHI0Be Ha Baexute ciien 2004 1. (dur. 8),
KOTaTo € BUIHO MO-A00p0 CHBIAJICHHE HAa KIMMATUYHUTE U CHHOIITUYHUTE JaHHU
3a BaJICKHUTE.

Ha ¢ur. 8 ce 3abensa3Ba sicHO M3pa3eH TPeHJ KbM HaMalssBaHE Ha BaJIC)KH-
T€ Mpe3 JATOTO U €CEeHTa, JAOKATO Ipe3 3UMara U MpoJeTTa Ce BIXKIA MO-CKOpO
yBEJIMYaBaHE Ha BajiexuTe. ToBa € B chINIacue ¢ U3BOAUTE Ha AlleKcaHapos [7].
Onenenure TpeHI0BE ca +5,9 mm/roanHa 3a 3umara, +1,5 mm/roguna 3a mpose-
TTa, —17,5 mm/roauHa 3a ASTOTO U —6,7 mm/roauHa 3a eceHTta. OLEHECHUTE ce-
30HHM TpeHjoBe 1o panHuTe Ha ERA-Interim ca crorBetHO: +8,6; +4,6; —16,7 n
—7,3 mm/roguHa, ¥ ca MHOTO OJM3KH [0 T€3U [0 CUHONTUYHUTE JAHHH.
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@ur. 8. Cezonnn Basexu 3a nepuoga 20042012 r. mo CHHONTHYHI JaHHA

C Haii-Maika MeXIyTOoJUIIHA U3MEHYHBOCT Ca BAJEKHUTE MpPe3 MPOJIEeTTa H
TSXHOTO KOJIMYECTBO cpeaHo 3a nepuona 2004—2012 1. e Hail-OMu3Ko 10 KITMMaTH-
Hata HOopMa (149 mm/ronuHa). Haii-romnsiMa € M3MEHYNBOCTTa Ha BaJIS)KHUTE TPE3
JATOTO, Korato npe3 2005 1. BaJie:KuTe HaJBUIIABAT OKOJIO 2 ObTHU KIMMaTHuyHaTa
HopMa (176 mm/roguna). C netHH Basexu Hag HopMmara ca u 2009, 2010 u 2011 1.
[Ipe3 2012 u 2013 r. IETHUTE U €CEHHUTE BaJICKH Ca 3HAYUTEIHO MO KIUMaTHY-
HUTE HOPMHU.

[TomyueHuTe pe3ynTarTi 3a TPEHIOBETE U KOJIMUECTBATA Ha BaJIS)KUTE B HAH-00-
LY JIUHUM CHBIIAJAT C U3BOAUTE HA AJIEKCAHIPOB [7], cnopea KOUTO 3acyliaBaHus-
Ta M IEPUOUTE C IIPEBUINABAIIA HOPMATa BaJIeXKH Ca YacT OT KIIMMATHYHUS [TUKBJIT
3a TepuTopusTa Ha brirapus.

Ha ¢wur. 9 ca npencraBenu cpennorogumHuTe Bajexu 3a Codust Mo CHHOM-
TUYHU, KIUMaTU9HA JaHHd 1 ERA-Interim. Haii-cyxa e 6mma 2000 r., crieaBana
ot 2011 r, a Hali-roAMO KonuuyecTBO Basiexk uma npe3 2005 r. TenneHuusra npu
BaJIEXKUTE € KbM JIEKO HAMaJISIBaHE, KOETO HE € CTaTUCTHYECKH 3HAYMMO.

CpenHuTe Baliexu 3a pa3niexaanus nepuof 3a Codust ca Mexy 628 mm/ro-
JIMHA 0 KIMMAaTHYHUTE JaHHU 1 669 mm/roauHa 1o CHHOITHYHUTE AaHHu. U 1Be-
T€ CTOMHOCTHU MPEBULIABAT KIMMATUYHATa HOpMa 3a nepuoaa 1961-1990 r., kosto
e 571 mm/roguna. [lanaute o ERA-Interim naBar 3HauMTEeNTHO TO-TONIsIMA CyMa
Ha cpefgHoronumranTe Banexu (916 mm). Ha ¢urypara e npencrasena u rpaduka
Ha BaJIGKUTE, N3MEPEHHN B aBTOMAaTHYHATA CTAHIIMS Ha KaTenpa ,,MeTeoponorus u
reopusuka“ Ha CY ,,C. Kimmment Oxpuacku’ 3a nepuoga 2007-2013 r. Jlanaute
OT aBTOMaTU4HATa CTAHIUS J0Ope Ce ChIIacyBaT ChC CHHONTHYHHUTE U KIMMAaTH4-
gute naHHu Ha HUMX.
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®@ur. 9. CpegroroguinHy Bajexu 3a Cous 0 CHHONITHYHY, KIIMMAaTUYHU TaHHH,
ERA-Interim 1 aBTOMaTHIHA METEOPOJIOTHYHA CTAHIIHS

Pasrnenanu ca v CpeIHOTOAUITHUTE BAJICKH 10 CHHONTHYHH, KIMMaTHYHU U
nanan oT ERA-Interim 3a omie Hsikonko rpana B bearapus. 3a Bunnx nMa cwiiect-
BEHO pa3MHHABaHE MEXAY CHHONTHYHHUTE M KIMMATHYHHUTE JIAHHU Tpe3 Ieproa
1995-1998 r. ToBa o111e BeAHBXK MMOTBBPIKIaBa H3BoAUTE HA Syrakova [6], e e He0O-
XOIIUM ITBPBHYEH KOHTPOJ Ha METEOPOJIOTUIHATA HH(POPMAIIHS i BHUMATEITHO TPe-
THpaHe Ha eKCTpeMAITHUTE cTOMHOCTH. CpeqHuTe Banexu 3a nepuoga 1995-2012
I. 32 Buawe ca mexay 572 mm/ronuHa u 595 mm/ronrHa, ChOTBETHO CIIOPE]] KITH-
MaTUYHUTE U CUHONTUYHUTE AaHHU. CToHOCTUTE ca Haa HopMara 3a 1961-1990
I., KoATO € 556 mm/ronuHa. OTleHeHNTe TMHEWHU TPSHIOBE Ha BaJIeKuTe 3a Bunux
MTOKa3BaT JIEKO yBeJIMYaBaHe ¢ OKoIo 3 mm/ronuHa. [lomoOHa e u cutyanuara BbB
Bapha, kpaeTo BasiexuTe N0 CUHONTUYHU JaHHU 3a nepuoga 2002-2007 r. 3Hauu-
TEJIHO MpeBHIIaBaT HopMara (474 mm/ronuna 3a nepuoga 1961-1990 ). Criopen
cuHOoNTUYHUTE JaHHU npe3 2004 r. e maaHan Banex 4,5 IbTH HAJ KIMMaTUYHA-
Ta HOpMa. VIHTeH3MBHU KpaTKOTPaiiHU BaJlieXXH BB BapHa ca perucTpupanu mpes
CIIOMEHATHS TIEPUOJ, HO TAXHOTO MPABIITHO KOAMPAHE B CHHONTHYHUTE CHOOIIIE-
HUS € TIO/I BBIIPOC U HE € PEAHO TE JIa C€ OTYUTAT IIPH OIIPE/IeNITHE Ha TCHICHIINHUTE
B U3MEHEHUETO Ha BaJCKHUTE CyMU. OLEHEHUST JJUHEEH TPEH Ha BaJC)KUTE BbB
Bapna no kIMMaTHYHUTE JaHHU € C MAJIKH OTPUIIATETHA CTOMHOCTH (—3 mm/roau-
Ha). CpeHOTO KOJTMYECTBO Basiexw 3a nepuona 1995-2011 r. e 542 mm/roguHa u
e ¢ okono 15% Hax HopMmara.

B Tabn. 2 ca mpenctaBeHM CPETHOTONWIITHHUTE BAJICKH W TEMIIEpaTypud B
7 CTaHIWW 1O CHHOIITUYHU, KIUMAaTn4Hu U JaHHU OoT ERA-Interim 3a mepuona
1995-2011 r., a cp10 Taka U HOpMuTe 3a nepuoga 1961-1990 r. Hannute ot ERA-
Interim ca B3eMaHu OT Hal-OIM3KHS 10 CHOTBETHATA CTAHLIMA Bb3€JI HA MOJIEIHATA
Mpexa.
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Taoauuna 2. CpeTHOTOAWIIHY BaJIC)KH U TEMIIEPATypH 110 CHHOTITUYHH, KIIMMATHYIHU
ERA-Interim manaun 3a nepuoaa 1995-2011 r. u Hopmu 3a epuoaa 1961-1990 r.

Banexu [mm] Temmnepatypa [°C]
Cranus Hopwa Knmuma- | Cunon- ERA | Hopwa Knuma- | Cunon- ERA
THYHW | THYHH THYHU | THYHH
Codus 571 628 669 916 9,9 10,59 10,49 9,75
Bunun 556 572 595 742 11,2 11,64 11,75 11,42
B.TspHOBO 694 688 611 660 11,3 12,08 12,14 12,17
Krocremmun 582 573 619 882 10,7 11,04 10,92 9,77
Byprac 529 566 688 562 12,5 13,15 12,55 12,81
Bapna 474 542 880 561 12,0 12,76 12,19 1241
ITneBen 581 601 516 684 11,7 12,28 11,91 12,12

Ot Tabm. 2 ce BWX/a, 4e Haill-moOpo ChBIAZCHUE MEXKIY CTOMHOCTHUTE O TPH-
Te 6a3u manHu uMa 3a cradnus B. TepHOBO. CpaBHUTETHO OJIU3KH Ca CTORHOCTHUTE
10 KJTMMATHYHU JaHHU U Te3u oT ERA-Interim 3a cranmuu Bapna, Byprac u [1ne-
BeH. Te3n cTannmyu ca B paBHWHHATA YacT Ha bearapus u Mmoxe na 6bae HanpaBeH
U3BOABT, ue AaHHuTe oT ERA-Interim moraT ma ObJaT M3MO0J3BAHU 3a OLIEHKH Ha
BaJISKUTE U TEMIIEPATypPUTE B CTAHIINHU, HAMHUPAIIH CE CPAaBHUTEIHO JIajiey OT Iuia-
HUHCKH MACHBH.

Braumarenno TpsioBa ga ce n3monssar qanaute ot ER A-Interim 3a kpaitopesk-
HUTE pailoHH, KBJETO Ce MPOCTHPa BIUSHUETO Ha YepHO MOpe U CpelHNUTEe TEM-
neparypu Ha ERA-Interim ca mMaiko mo-HHCKH OT KuMaTudHUTE. ChIIEeCTBEHN
ca pas3UKUTE MEXIYy KIUMAaTHIHUTE TaHHU U Te3u Ha ERA-Interim B cTtaHmmw,
omm3o o manwan — Krocrennun, Codust, Bugun. [IpaBumo e B Te3u CTaHINH J1a
VMa 3aBHUIIIaBaHE Ha CPETHOTOAUITHUTE BAJICKU W 3aHIKAaBaHE HA TEMIEpaTypHu-
Te 1o nanuu ot ERA-Interim, cpaBHeHM ¢ KIIMMaTHYHHUTE JaHHU. [IpnunHara e B
rpybara paszaenurenHa CliocoOOHOCT Ha MOZella U HEBb3MOXHOCTTa My 100pe na
omrcBa oporpadckute ocodenoctu [16]. Maiiku mpeaBua ToBa, HE € KOPEKTHO
na Opmar cpaBHsBaHU JaHHUTEe Ha ERA-Interim ¢ Te3u OT BUCOKOIUIAHMHCKHTE
CTaHIIUH.

Pasriemann ca BanexuTe W B JBE IUIAHWHCKMA CTaHIMU — UepHH BPBX H
Bp. Mycana. OTHOBO ce HaOroaBar ChIIECTBEHH PA3TIUKH MEKy CHHONITUYHHUTE
Y KJIIMMaTUYHUTE TaHHU, 0co0eHOo 3a cTaHims YepHu BpbX. SIBHO CTaBa BRIIPOC 32
JIUTICBAIIM M HEKOPEKTHH JaHHU 32 BaJIEKUTE B CHHONTHYHUTE CHOOIICHNS — HE €
BB3MOXHO BasexuTe Ha YepHu Bpbx 3a nepuoaa 1998-2000 r. xa ca mox 100 mm.
3aroBa TpEeHIOBETE Ca OIEHEHH CaMo IO KJIIMMAaTHYHH JTaHHM.

Tennennuara Ha BasiexxuTe Ha YepHU BPHX MO KIIMMaTHYHU TaHHU € OI[CHEeHa
Ha 2,3 mm/roarHa, KOETO HE € CTAaTUCTUYCCKH 3HAYMMO W MOXKE Ja ce Kaxe, ue
BaJISKUTE OCTaBaT Mmo4TH 0e3 mpoMsHa. CpeIHOTOANIIIHATA CyMa Ha BaJIe)KUTE Ha
Uepnu Bpbx 3a neprona 1995-2011 . e 789 mm, koeTo € 3HaYUTENHO O] HOpMaTa
32 1961-1990 r. ot 1030 mm.
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JlanauTe 32 Banexxnte Ha Bp. Mycaja o CHHONITHYHU U KITUMATHYHA U3MEp-
BaHUs TIOKa3BaT MO-I00pO CHBIIAJCHWE, HO OTHOBO € KOPEKTHO Ja C€ OIeHH JIH-
HEHHUAT TPEH/ N0 KIMMAaTHYHUTE JaHHU. Hannuuero Ha MUHUMYM Ha BaJIe)KHUTE
[0 CUHONTHYHM AaHHU Tpe3 1996 r. u Ha makcumyM mpe3 2009 1. oka3Ba cui-
HO BIUSHUC HAa HaIlpaBEHHUTE OIICHKU 3a TPEHJa U IMpOMEHs 3Haka my. M 3a ctan-
uust Mycana BaxaT U3BOIMTE, HallpaBeHH 3a UepHu BpbX. Moxe 1a ce cMmsTa, ue
HsIMa CTaTHCTUYECKH 3HaUMMO M3MEHEHHE Ha BaJie)kuTe B craHnus Mycana (—4,2
mm/roauHa). CpeqHoroauntHuTe 3a nepuona 1995-2012 1. cymu Ha Banexure ca
847 mm. Tyk ca uznon3sanu kiuMarnyHute 1aHnau Ha ECA&D, Twii kaTo B Apyrust
KJIMMaTH4eH MacuB JaHHM (apxuB 1) HIMa JaHHU 3a BaJIe)XUTE B cTaHIMs Mycana.
CpaBuenuneTto ¢ HopMara 3a 1961-1990 r. moka3Ba, 4e cpeTHUTE BaJICKH MPe3 pas-
IS IaHus ITepuoy Ha Bp. Mycana ca nox HopMmaaute (1176 mm).

5. BAKJIIOYEHUE

AHann3nTe Ha TOAUIIHUS X0/ Ha CPEJHUTE MECEYHH TEMIIEpaTypH, OpeiesieH
MO KJIMMaTHYHH U IO CHHONTUYHU JaHHU, [TOKa3BaT, Y€ Hali-MHOTO 32 pa3miexia-
HUS TIEpUOJ Ce € MOBUILINIA CpeHaTa TeMIlepaTypa Mpe3 JISTHUTE Mecelu. TeM-
mepaTypuTe Ipe3 MpoNieTTa, JATOTO U €CeHTa MOKa3BaT SICHO MU3pa3eH IMOJOXKHUTE-
neH Tpesn. lloBuiaBaHeTo Ha MaKCUMAJIHUTE TEMIIEPATYPH € MO-TOJIIMO OT TOBa
Ha MUHUMAaJIHUTE U choTBeTCTBa Ha u3Bonute Ha IPCC [1], nanpaBenu 3a apyru
reorpadycku paifonn. TpeHABT HA cpeqHHUTE TeMIeparypu 3a bbarapus, momydex
B Hacrosiiiara pabora, e mexnay 0,58 u 0,72 °C na necerunerue. Toli e Haj /Ba
msTH To-rosisiM oT To3u Ha [PCC 3a mepuoga 1979-2012 r. TenaenuusTa 3a Ha-
pacTBaHe Ha TeMIIepaTypuTe, OIICHeHH 3a nepuoaa 1995-2012 r., ca mo-roemu u
OT TEHJCHIIMNTE, TIOJIy4YeHH OT IIPEIUIIHN H3ciaenBanns 3a beirapus — 3a nepuona
1971-2010 r. e ouenen Tpenp ot 0,38 °C 3a necerunerue [7].

CpenHuTe BalexXH 3a TEPUTOPHTA HA bhirapust mpe3 pasmiexaaHus Nepruox
ca okojio 615 mm u ca mox Hopmara 3a nepuoga 1961-1990 r. (672 mm). Ouene-
HUAT JUHECH TPEHJI 110 KIMMATHYHHUTE JaHHU 3a nepuona 1995-2011 r. e 6imu3bk
1o Hyna. ChlIecTByBa TPEH/I KbM HaMaJIIBaHEe Ha BAJIEXKHUTE TPe3 JIATOTO U €CeHTa,
JIOKaTo Mpe3 3UMaTa U MPoJIeTTa € PErHCTPUPAHO I0-CKOPO yBEIMYaBaHE Ha Baje-
xwure. Hali-ronsMa e 13MEHYMBOCTTa Ha BaJISKUTE MPE3 JIATOTO. TeHACHIMUTE Ha
BAJIEKHTE B IJIAHWHCKUTE CTAHLIMHU HE Ca CTATHCTUYECKU 3HAUMMH 1 BaJIS)KUTE TaM
ocTaBar o4t 0e3 mpomsiHa 3a nepuona 1995-2011 r.

CpenHuTte TemmepaTypu 3a TepuTopuiara Ha bearapus mnpe3 mnepuona
1995-2012 r. ca ce moBuimIHu ¢ oko0j10 0,6°C. AKO ce 3a1ma3y TOBa IIOBUIIICHHE H 3a
B Obaele, roisMa € BEpoSITHOCTTa OT COb/ABaHE HA IECUMUCTUYHUTE KIMMaTUIHN
cueHapuu Ha IPCC. He e ycTaHOBeHa 3HauMMa MpPOMsiHA B CPEIHUTE BaJlexkKH 3a
nepuona 1995-2012 r. Hamanenue Ha BanexxuTe 3a Tepuropusita Ha bearapus e
“Mano B roquHuTe npeau 1995 . u 3a pasmiexnaHus nepuos] Te ocTaBar o HOp-
Mata 3a nepuoza 1961-1990 .
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Hacrosmoro u3ciaenBane e 9acT oT AUIUIOMHara pabota Ha [lecucnasa J{umu-
TpoBa ,,JI3MeHeHus1 Ha cpeHuTe TeMIlepaTypy 1 Balieku B beiarapus 3a mepuona
19952012 ., 3amurena npe3 2014 r., OKC ,,Maructwp®, ,,Mereoposiorus’, ka-
Tempa ,,MeTeoposiorus u reousnka’.
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CTOXACTUYHO MOAEJIMPAHE HA BPEMEBUS PEJ]
OT I[IOBHLPXHOCTHUTE TEMIIEPATYPU
HA TJIOBAJIHMA OKEAH 3A ITEPUOJA 1850-2014 r.

EBI'EHU BJIIAAMMUPOB!, CTUINSH EBTUMOB?

! Hayuonanen uncmumym no memeoponozust u xuoponoaus, Cogus
2 Kameopa ,, Memeoponozus u 2eogpuszuxa”

Eseenu Braoumupos, Cmunuan Eemumos. CTOXACTUYHO MOJIEJIMPAHE HA BPE-
MEBUSA PEJ] OT ITIOBBbPXHOCTHUTE TEMIIEPATYPU HA TJIOBAJIHUA OKEAH 3A
MNEPUOJA 1850-2014 r.

MopaenupaH € CTOXaCTUYHO CKaJIAPHUAT BPEMEBHU peJl OT CPEAHNUTE TOAUIIHE IOBBPXHOCT-
HU TeMIlepaTypu Ha mioOanHus okeaH 3a nepuoga 1850-2014 r. CTpUKTHO € apryMeHTHpaH
u300pbT Ha croxacTuanus mMoxen ARIMA(0,1,2)x(0,0,1) .. Ce30HHOCTTa OT OCEMHAECET IO~
JVHY € UHTEpIpeTHpaHa KaTo MpOsBJICHME Ha [NIaBHUS NpUIMBeH NUKbI. Ha 6a3ara Ha Moaena
ce IUCKyTUpa JEKOMIIO3ULUATA Ha pela OT OKEaHCKUTE TeMIIEpPaTypd Ha CTOXACTHYEH TPEH]
U cTalloHapHa KOMIIOHEHTA U ca OLCHEHU OTHOCHTEJIHOTO 3HAYE€HUE Ha IBJITOCPOYHUS U He-
MOCpeACTBEHHs €(DeKT OT eMH IIOK M IUCIIEPCHsATa Ha CTOXaCTHYHUS TpeHa. [Ipemnoxkenu ca
XHUIIOTE3UTE, Ye JIOKATHUTE IMKOBE B aBTOKOpETalMoHHATa (DYHKIMS Ha AU(epeHIIUPaHUTE OKe-
aHCKH TemIeparypu npu 2, 36 u 11 ronuHu ca CbOTBETHO yABOsIBAHE HA TOAUIIHUS LIUKBJI, IPO-
sIBJIEHHE Ha KJIMMaTHYHUS LUKBI Ha Brikner u cnpHueBus nukba Ha Schwabe. [Ibarocpounara
IIPOTHO3a CBIIO € 00ChICHA.

3a konmaxmu: Ctunusa EBrumos, Karenpa ,,Mereopornorust u reodusuka.”, Gusndecku
¢axynret, Coduiicku ynusepcuret ,,CB. Kimument Oxpuncku®, Oyn. xeiime bayusp 5, 1164
Codus, Ten.: +359 2 8161 413, E-mail: evtimov@phys.uni-sofia.bg
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Evgeni Viadimirov, Stilian Evtimov. STOCHASTIC MODELING OF THE TIME SERIES
OF GLOBAL OCEAN SEA SUDFACE TEMPERATURE FOR 1860-2014 PERIOD

A stochastic modeling of the scalar time series of the annual sea surface temperatures of the
global ocean for the period 1850-2014 is carried out. The stochastic model ARIMA(0,1,2)%(0,0,1),
is strictly argued. The seasonality of eighteen years is interpreted as a manifestation of the main tidal
cycle. Based on the model, the decomposition of ocean temperature time series into a stochastic
trend and a stationary component is discussed, as well as the importance of long-run and immediate
effect of a shock together with variance of the stochastic trend are estimated. The hypothesizes
that local peaks of the autocorrelation function of the differenced time series at lags 2, 36 and 11
years are a period doubling of the annual cycle, a manifestation of the Blikner’s climate cycle and
Schwabe’s solar cycle respectively are hypnotized. The long term forecast are also debated.

Keywords: See surface temperature, global ocean, stochastic modeling, trends and cycles
PACS numbers.: 92.70.Jn, 05.40.-a.

1. YBOA

I'moGanHUAT OKeaH € eJHa OT OCHOBHUTE KOMIIOHEHTH Ha 3€MHAaTa KIIMMaTH4-
Ha cuctema. [loBppxHOCTHUTE TeMreparypu Ha okeaHa (SST) ca BaxeHn mapame-
THpP B KIIMMaTUIHUTE Mozenu. JlanuuTe 3a SST ce u3mon3Bar 3a NeTeKTUpaHEeTo Ha
KIIMMAaTaTUIHUTE U3MEMCHUS, TAXHOTO IMPEACKA3BaHC W KaTO I'PaHUYHU YCIIOBUA
— 3a aTMOC(EpHH PEaHAIN3H WM Pa3InNYHN MOJIENH Ha TI00aTHaTa UPKYITaIusl.

YBennueHoTo IOKPUTHUEC HA UHCTPYMCHTAJIHUTE Ha6JHOI[eHI/I$1 IIpe3 MocJICaAHUA
BEK U TIOJIOBHHA J1a/Ie B3MOKHOCT 32 OIICHKA Ha MeCedHara MOBbPXHOCTHA TeMIIe-
parypa Ha 00aJHUsL OKeH U HeWHUS X0/ pe3 To3u nepuo. [lox Temneparypa Ha
100aJHUSI OKeaH ce pa30upa Ha MPaKTHUKa CpelHara Mo IO OT H3MEPBaHUATA B
pasnuuHu Touku. Llenrta Ha mpeanaraHara padoTa € MOCTPOSIBAHETO HA CTOXACTH-
YCH MOJECJI Ha CKaJlapHUA BPpEMEBHU P/ HAa roAuIIIHATa IOBbPXHOCTHA TEMIIEparypa
Ha m100anHus okeaH. JlaHHUTE ca OT bpuTaHckus oTAeNn Mo u3clienBaHe Ha KITU-
Mmarta 3a nepuoga 1850-2014 r. MoaenupaHeTo € MpOBEIEHO ChC CHbBPEMEHHHTE
MOCTHYKEHHSI M TEXHUKH 32 aHAJIN3 Ha BPEMEBU PElOBe.

TpsabBa na ce oTOENEkKH, Y€ CTOXACTHYHOTO MOZAEIHpaHe Ha MOBBPXHOCTHU
MOPCKH TeMIIepaTypH € ¢ Tpagunuu. O0mara KOHIE K 32 KJIMMaTa KaTo MacHB-
Ha OpayHOBa YacTulla € pa3BuTa B [1] u Ha Ta3u 0a3a ce mpemiara €IHO MPOCTO
CTOXacTHYHO ypaBHeHHE. KOHKpeTHO 3a OKeaHa Te3W ujeu ce mpuiarar B [2]. B
Ta3W CBETJIMHA HACTOSIOTO U3CIIE/IBAaHE € POJBIDKEHHE Ha TE3U TPAJAUINH 32 Ha-
TPYIIaHHUTE HOBU CKCIICPUMEHTAJIHU JaHHU U C IOMOIITAa HAa CbBPEMEHHUTE ITOCTU-
JKeHUS] Ha CTaTHCTHKATa B W3CJICABHETO HAa HECTAIMOHAPHU BpeMeBU penose. He
MO-MaJIKO BHUMaHKE € OTJeJICHO W Ha (PU3WYHATA CTpaHa Ha MMOMy4YeHuTe hopmal-
HU CTATUCTHYECKH PE3YJITaTH.

ChabpkaHueTo Ha HacTosIara padoTa e, Kakto ciensa. Pazaen 2 pasmiexia
npousxona u GOpMUPAHETO HA NaHHUTE. Pa3nen 3 e mocBeTeH Ha MPOBEKIAHETO
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Ha penuIa CTaTUCTHYECKH TECTOBE 3a YCTAHOBSABAaHE Ha MPHUPOAATa HA HECTAIHO-
HapHOCTTa Ha BPEMEBUS el OT TOAUIIHUTE TOBBPXHOCTHU TEMIIEpaTypHH aHO-
MaJiii Ha TIo0aHHUs okeaH 3a mepwona 1850-2014 1. B pasgen 4 ce mpemnara
€IWH CTOXaCTHYEH MOJEN, alleKBaTHO OTYHUTAI OCOOCHOCTHTE B €BONIONHATA Ha
OKeaHCKaTa TeMIleparypHa penuia. MofensbT ce JUCKYTHpa B pa3len 5, KbIETO ce
pasmiekaar IBITOCPOYHATA MPOTHO3a, GU3NIHHUTE ACTIEKTH HA TOIydeHuTe Qop-
MAaJTHH PE3YJITaTH, a ChII0 C€ 0OOCHOBABAT €€ U HIKOU XHUITOTE3H.

2. JAHHUTE

[ToBbpXHOCTHATA TeMIIEpaTypa Ha OKeaHa B JajicHa TOuKa ce AeuHHpa KaTo
WHTErpalHaTa TeMIeparypa Ha MOBBPXHOCTHHUS cJiod ¢ abyidounHa 1-10 m. Ilox
MOBBPXHOCTHA TEMIIEpPaTypa Ha II00aJHMS OKeaH ce pa3dupa cpenHara o mojo-
Ta Ha okeaHuTe. CpeiHaTa roIuIlIHa TEMIIEpaTypa ce MoJy4aBa, KaTo Ce OCPEIHU
cpeqHOMeceuHaTa Ha 12-Te KaleHJapHu Mecela.

@wur. 1. mpeacTaBst BpeMEBHsI pell Ha CPEAHOTOJUIIHUTE MOBBPXHOCTHU TEM-
neparypHu aHoMmannu 67 Ha ro0anHus okea 3a nepuoaa 1850-2014 r. Anomanu-
UTE ca OTHOCHO KJIMMaTW4HaTa HopMa 3a nepuoga 1961-1990 .
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®@ur. 1. BpeMeBu pen Ha CPETHOTOTUITHUTE TOBBPXHOCTHH TEMITEPATYPHH aHOMAITUH
Ha riro0OaHus OkeaH 3a epuona 1850-2014 .

Camusr Bpemesu pen e ot 6azara ganar HadSST3T na Climatic  Research Unit
of the University of East Anglia (http://www.cru.uea.ac.uk/cru/data/temperature)
Ille xoMeHTHpaMe HaKpaTKO MPOU3X0Aa M IMbPBUYHATA 00paboTKaTa Ha HaOMoIe-
HUSTA, BEPXY KOUTO ce Oazupar U3cieBaHuTe JaHHU, clienBaiku [3, 4].

[ToBEPXHOCTHHTE MOPCKH TEMIEpPATypH CE€ M3MEPBAT IO Pa3IUYHUA METOMIH-
KH OT HauanoTo Ha XX BeK, HO 3a Hayajo Ha T. HAP “MHCTPYMEHTAJCH Mepuon’
ce cmata 1850 r. [To-paHHUTE 3amUCH HE ca MPEACTABUTEIHM B Iio0aieH Mamiao.
B mMomenTa Hait-Oorarara Ha nHGOpMaIIKS 3a MOBbPXHOCTHUTE MOPCKH TEMIIEpa-
Typu e 6aszara gaHHu International Comprehensive Ocean-Atmosphere Data Set,
ICOADS. Ts obenunsiBa B cede cu United Kingdom Meteorological Office Marine
Data Bank, US Merchant Marine Collection, World Ocean Database, Russian
Marine Meteorological Data, Kobe Collection u np. Tasu 0aza maHHM BKITIOYBa
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M3MEpBaHUA OT KOpabH, OKeaHOTpaCKU CTAHINH, 3aKOTBEHH U IUTaBaIy OyHoBe
M3CTIeIOBATENICKY TIJIaBATEHN CHIIOBE.

CeplecTByBar TpU OCHOBHH METOZA 32 U3MEpPBaHE HA MOBHPXHOCTHUTE MOP-
CKU TEMIIEPATypH in situ: OT KOpaOu, OT IUIaBaIlld U OT 3aKoTBeHH OyiioBe. IloBe-
4eTo JJaHHM ca OT IuaBam kopadu, T.Hap. Voluntary Observing Ships, kouto ca
cHa0JIeHN ChC CTaHJAPTU3MPAHA anaparypa U ChOTBETHUTE MHCTPYKIHHU. [[BrKe-
HUETO Ha TutaBammuTe OyHoBe W BBIHHTE OCHUTYPSBAT MPEACTABUTEHA OIleHKa Ha
TEeMIIepaTypuTe 3a AbI00YNHA 10 €HH METhp. 3aKOTBEeHHTE OyioBe ca B Pa3HOO-
Opa3Hu BapuaHTH, KOETO BOJIH JI0 TOJIEMH PA3JIMKH B TPelIKara Ha H3MEepPBaHUITA.

Kato mppBa cThiika HaOMIONEHHSTa HA TOBEPXHOCTHUTE TEMITEPATYPH CE TTO/I-
JlaraT Ha KadeCTBEH KOHTpOII. M3MepeHnTe CTOMHOCTH MpeMIHABaT Ha0Oop OT Mpo-
Bepku. M3nckBa ce HaOMOACHNATA [1a Ca BaJUIHA OTHOCHO MOMEHTA Ha TPOBEX-
TTAHETO W MECTOIOJIOKEHHUETO, OTXBHPIIAT C€, aKo ca BhH OT uHTepBaia £8 °C oko-
JI0 KIMMAaTHYIHOTO CPEIHO, aKo ca TMoJ| TOYKaTa Ha 3aMpbh3BaHE Ha MOpCKara Boja
—1,8 °C, unu ca HepeaJUCTUYHU B CpaBHEHUE C U3MEPBAHUSATA B ChCEHUTE TOUKH.

Crnenpama crbrka e T.Hap. gridding. 1o ceiecTBo ToBa € TpaHCpOpMupaHe Ha
M3MEpPEHHTE TEMIIEPATYPH JI0 AHOMAJIMK OTHOCHO KIIMMaTa Ha M30paH Oa3nceH 1e-
pHOI BBEB BB3IUTE Ha peryisipHa mpeka. Creq ToBa 3a BCsAKa KIIETKa Ce MpecMsTa
MPETETIICHOTO CPEIHO OT MHIMUBUIyaTHUTE HAOIIONEHNS M TIO PeIulla XapaKTeprc-
TUKH 32 JIa/IeHaTa KJIeTKa Ce OmpeAess Hall-IpeACTaBUTEIHOTO 3a Hesl N3MepBaHe.
Tonemunara Ha kieTkuTe € 5° x 5°. KileTkure ¢ HeloCTarbyHO U3MEPBAHUsI OCTaBaT
,,0emn etHa“. [1o-HaTaThK Moy4eHnTe CTORHOCTH ce TpaHc(hopMupar B aHOMaTHN
M Ce OCpEemHSBAT 32 BCEKH Mecell. AHOMAJIMHUTE MPEICTABIABAT PA3IUKUTE MEKIY
M3MEpPEHNTE CTOMHOCTH M CpeHaTa TeMIIeparypa 3a AaJeH KIMMaTH4IeH eproa. 3a
0azara qanan HadSST3 xkmmMatwaausT epruon € 1961-1990 1. Hakpas nzgucieHu-
T€ aHOMAJTNH CE€ OICHSBAT 32 PA3IMYHNATE BUIOBE TPEIIKH, ChCTABAT CE MPEITOIOMKE-
HUS 32 TSXHOTO BE3HUKBAHE U C€ pa3padO0TBaT MOJIEINH 3a TSXHOTO OIFCaHUe.

3. [IPEABAPUTEJIEHU TECTOBU ITPOLEAYPU
3.1. MOTUBALIA

Ot ¢ur. 1 Bu3yanHo MOXe J1a ce HalpaBU W3BOIBT, Ue BPEMEBUSAT PeA OT Cpel-
HUTE TOAMIIHYA MOBBPXHOCTHU TEMIIEPATYPHU aHOMAJIMU Ha TJIOOAIHUS OKEeaH 3a
nepuona 1850-2014 r. e HecTrannoHapeH. dur. 2 mpecTaBs aBTOKOpeNIaloHHaTa
W YaCTUYHATa aBTOKOpENAllMOHHA QYHKIHA Ha To3u pen. [lo xopusoHTamHara oc
ca HaHECEHH 3aKbCHEHUSTa Ha aBTOKopenanronHara gynkuus ot 0 1o 50 u Ha yac-
TUYHATa aBTOKOpenanuoHHa GyHKuus ot 1 1o 50. MHTepBanbT Ha TUCKpETH3ALUS
¢ enHa roauHa. [lo BepTHKamaHaTa oc Ha TOpHUS NaHEN ca Pa3MoJOXKEHU CTOW-
HOCTUTE Ha aBTOKOpENAlMOHHAaTa (PyHKUMS, a Ha JOJIHUS ITaHeJl — Ha YacTHYHAaTa
aBTOKOpesaliioHHa (yHKUUs. JIBeTe, CHMETpPHYHH OTHOCHO HYyJara, MPeKbCHATH
XOPU30HTAJIHU JIMHUHM MapKUpaT JOBEPUTETHUTE TPAaHULIY IPU MPEATIOI0KEHHUETO,
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4ye BXOTHUAT curHai € Osur myM. OT ¢ur. 2 ce BMKAa, Y€ aBTOKOpETalMoHHaTa
¢byHKIMA 3aTHXBa 0ABHO C yBelWYaBaHe Ha 3aKkbcHEeHHETO. [lone mo 40 romwHU
aBTOKOpENaIMUTe ca Haj JoBepuTenHaTta rpanuna. l1lo ce otHacs mo wactuyHa-
Ta aBTOKOpETalMOHHA (PYHKIHNS, TO TS IMa BUCOK M30JIMPAH MUK MPHU 3aKbCHEHHE
€IWHUIA, CJIE] KOETO TMPAKTUIECKH 3aTHXBa O] TOBEpUTEIHUTE TpaHun. Kakto
€ U3BECTHO, MOI00HO MOBEIeHNe Ha U3BAIKUTE C KpaifHa IbJDKIHA HHAWKHAPA HeC-
TalmoHapHoCT [5].

U rtaka, Hanwile ca OCHOBAaHMA 3a MO-33BJIOOYEH aHAIM3 Ha HECTAIOHAp-
HOCTTAa Ha W3clenBaHus BpemeBu pea. OT Apyra cTpaHa, aleKBaTHOTO CTOXaCTHY-
HO MOJIENMPaHEe CHIIO W3MCKBA JUATHOCTHIIMPAHE Ha MPHPOJaTa Ha €BEeHTYyaHa-
Ta HecranuoHapHOCT. ChbBpEMEHHHAT aHAJN3 Ha BPEMEBHUTE pefoBe pa3paboTBa
YeTHPH BB3MOXKHOCTHU: TPEHA-CTAI[MOHAPHOCT, CTAIMOHAPHOCT cien audepeHn-
paHe (unit root), CTpyKTypHH POMEHH W IbJTa mameT. Jlokaro mpu TpeHa-cTa-
[IMOHAPHOCT OPUTHHAIIHATA PEANIIA CTaBa CTAIMOHAPHA CIIE/T TIOAXOIAMIO IMHEHHO
NeTpeHABaHe, TO TIPHU CTAIMOHAPHOCT cliea AudepeHIrpaHe TOBa cTaBa Clie/ JAH-
¢epennupanero Ha penunara. [lon cTpykTypHH IPOMEHHU ce pa3dmpa CTalroHap-
HOCT OKOJIO JIMHEEH TPEH]I, HO C €HA WJIH HAKOJIKO TOUYKH Ha CTYKTYPHH IPOMEHH,
B KOWTO MapaMeTpUTe Ha TPEH/Ia IpeThpIsiBaT ckok. [IporecuTe ¢ apnra mamer ce
MTO3UIIMOHUPAT MEXKy CTAIIMOHAPHOCT M CTAIIMOHAPHOCT cliea AudepeHIrnpaHe.
ToBa ca BpemMeBHTE pefoBe, KOUTO CTAIlMOHUPAT CIIE IPHIAaraHeTo Ha T.Hap. G-
THp Ha ApoOHOTO mudepeHiupane. Koraro mokaszarensaT Ha TUGEpPEHITMPAHETO €
yucno mexnay 0,5 u 1, opuruHanHata penuua € HeCTalMOHAapHA, 3al10TO HeilHaTa
TUCTIEPCHS PacTe C BPEMETO.
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@ur. 2. ABroKopenanoHHa GyHKOUS (Tope) U YaCTHYHA aBTOKOPEJIAIIMOHHA (DyHKITHS
(oiy) Ha BpeMeBHS PeJl OT TEMITEpaTypHHUTE aHOMAJIHN

122



3.2. TECT 3A CTAHUOHAPHOCT HA DICKEY-FULLER

Ille momToXUM BpeMeBUS pell 38 OKeaHCKUTE TEMIepaTypy Ha T.Hap. TeCT Ha
Dickey-Fuller [6]. MeToaukara Ha TecTBane cieipa [7]. B mbiHUS ¢ 00eM TeCThT
MPOTHYA HAa TPH CTHIIKH.

[Ipouienypara crapTupa ¢ perpecupaHe Ha JU(PEPEHIUPAHUS HU3XOICH Pell
BBPXY JIMHECH TEH/I, BbPXY OPUTHHAIHUS PN MpU 3aKbCHEHHUE €TUHUIA U BBPXY
KpaeH Opoii eHJOTeHHH NMPOMEHJIMBUA. EHIOTEHHUTE MPOMEHINBH BCHITHOCT ca
TuQepeHITUpaHusIT U3XOACH pell TP 3aKbCcHeHHd oT 1, 2 u T.H. Te ce BriIrouBar, 3a
Jla C€ OCUTYPH HEKOPEIHMPAHOCT Ha PErPECHOHHUTE OCTAaThIU. B Hamms ciydai
Ce OKa3Ba, 4Ye 3a Ta3M eIl ca JOCTaThYHH JBE €HAOICHHU mpoMeHauBu. Kato Ha-
4aJio Ce TeCTBa HyJIeBaTa XMIIOTE3a, Y€ PEaUIaTa OT aHOMAJIHKUTE € CTal[MOHApHA
cnen nudepeHipane. AJITepHaTHBATa € TPSHI-CTaoHapHOCT. ChritacHo [8] mpu
CTOMHOCT Ha HEeCTaHAapTHA f{-cTaTucTHKa oT 2,9177 cboTBETHaTa p-CTOMHOCT €
0,1597 u HyneBarta XUIOHe3a 3a CTAIIMOHAPHOCT clie/ AudepeHnupane He MOXKe Ja
Ce OTXBBPIIU JOPHU IIpH HUBO Ha 3HauuMocT 10%. [Tpu ToBa mosoxkeHune ce TecTra
XHIIOTE3aTa 3a CTAIIMOHAPHOCT ciel AudepeHupane 6e3 HakJIOH Ha TPeHa, HO C
npudT. ChIIacHO EMIIUPUYHO M3YUCICHUTE KPUTHYHU CTOWHOCTH B [9] mpu cb-
OTBETHA CTaTHCTHKA OT 4,8435 Tazm XUIoTe3a He MOXKE JIa CE€ OTXBBLPIIHU IIPH HUBO
Ha 3HaunMOCT 10%. B Ta3m cuTyamus ce TecTBa XHIIOTE3aTa 3a CTAlMOHAPHOCT
cien nudepeHnmpane, Ho 6e3 TpeH. CTOWHOCTTa Ha ChOTBETHATA CTATUCTHKA OT
3,4967 nokasBa, 4e M Ta3u XUIOTe3a HE MOXKE Ja CE OTXBHPIIU 32 HUBO HA 3HAYH-
moct none 10%.

Ha To3u eram u3nu3a, 4e aHAJIM3PAHUAT BPEMEBH Pell € CAyJYaiHO OyKIacHe.
Cropen ciieiBaHaTa TECTOBA METOAMKaTa 06ade, TpsiOBa 1a ce MpEeMUHE KbM TECTO-
Ba perpecusi 0e3 HaKIOH Ha TpeHaa. OTHOBO caMo JIBE OT €HJOTEHHHUTE IIPOMEHIIH-
BH, 32 KOUTO CTaHa BBIIPOC MO-TOPE, Ca JOCTATHYHH 32 HEKOPEIMPAHOCT Ha perpe-
cuoHHUTe octarbiii. Cera mbpBOHAYAIHATA HYJICBA XUIIOTE3a € CTAI[MOHAPHOCT
cien nudepenmnupane ¢ ApU@T. AJTepHATHBATA € CTALIMOHAPHOCT OKOJIO KOHCTaH-
ta. CtoliHOCTTa Ha cratuctuka € —0,735 u crrmacHo [8] chOTBETHATA P-CTONHOCT
e 0,8338. HyzneBara xumnore3a He MOXKe /1a ObJIe OTXBBPJICHA U TPsIOBa 1a Ce TECTBA
XHUIIOTe3aTa 3a CTAllMOHAPHOCT clie/l nudepeHnnpane Mpu OTCHCTBUETO HAa TPEHI.
[Ipu ctoiiHoCT Ha choTBeTHaTa craTucTUKa OT 0,6521 U Ta3u XUIOTe3a ChILO HE
MOXKE JIa C& OTXBBPIIH.

Ha T03u eTam 3aKkJIF04eHHUETO €, Y€ BPEMEBHAT PEJl OT OKCAHCKUTE TeMIIEPaTy-
pU € cranmoHapeH cie aAudepeHiupane 6e3 TpeH 1 U ApUQT B TeHepupaius aa-
HHUTeE Tporiec. ToBa ce MOTBBPKAABA M OT TpeTara CTHIIKA Ha CJIeBaHATa TECTOBA
METOJMKA, TP KOSITO B TeCTOBara perpecus HsaMma TpeHa. OTHOBO /1B €HIOT€HHU
MIPOMEHIIMBU OCUTYPSIBAT HEKOPEIHPAHOCT Ha ocTaTbluTe. HymeBara xumopesa e
CTAIlMOHAPHOCT ClieN JUQepeHIUpaHe Cpelly alTepHATUBATa 32 CTAIMOHAPHOCT.
CroitHocTTa Ha craructuka € —1,065 u cbracHo [8] chOTBETHATa p-CTOMHOCT €
0,2585. HyneBara xumoTe3a HE MOXe JIa C€ OTXBBPJIH.
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U Taka, OKOHYATETHOTO 3aKIIOYSHHE €, 9€ BPEMEBHUSAT Pell OT OKEAHCKHUTE TEM-
TepaTypHU aHOMAJIK € CTallMoHapeH ciiex audepeHupane 06e3 TpeHa U Ipudr.
OcTaBa 06a4e BIPOCHT JAIH CaMO €IHOKPATHOTO Mu(epeHIINpaHe € T0CTAThIHO
3a CTAIMOHUPAHETO Ha TO3H peil.

3a ;ma m3cienBaMe TO3W BBIIPOC, HUE MOBTapsiMe MPOBEeHaTa Be4e TECTOBa
Mpolieaypa, HO HE C OPWUTHHAIHUA, a ¢ AudepeHpanus BpemeBu pen. Okaspa
ce, 4e OCTAaTBIUTE Ha perpecusTa ca HEKOpEIHpaHH OIle MPHU eIHa EHJOTeHHa
mpomeHnuBa. CTOWHOCTTa Ha TECTOBaTa CTAaTHCTHKA OIEe HA IIbpBaTa CTHIIKA OT
mporeaypara e —14,1094 u HyneBara XUNoTe3a 3a CTAIMOHAPHOCT ciiel nudepeH-
LHpaHE ce OTXBBPJISA IPHU HUBA Ha 3HauuMOCT nof 1%. CroTBeTHATa p-CTOMHOCT
cbriacHo [8] e 1,093x101%. Cniopen cieziBaHara METOJIMKA TO3W PE3YNITAT € IOCTa-
TBHYEH, 32 []a C€ HAlPaBU U3BOABT, U€ €THOKPATHO TU(EPEHIINPAHUAT BPEMEBH pejl
OT OKEaHCKHTE TeMIIepaTypHH aHOMAaJINH € CTallHOHApEH.

3.3. TECT 3A CTAIIUOHAPHOCT
HA KWIATKOWSKI-PHILLIPS-SCHMIDT-SHIN

Cnopen mposenenus tect Ha Dickey-Fuller BpemeBuAT pen oT okeaHCKHTE
TEMIIEPaTyPHH aHOMAJIMH € CTaIMOHApeH ciien nudepennupane. Kakro obaue e u3-
BECTHO, IIPH KPaitHU U3BAJIKU TO3H TECT B PEAMIIA CITyYan € ChbC CPABHUTEITHO MaJIKa
MomsHocT [7]. B [10] ce npemiara apyr Tyl TecToBa MPOLEAYpa, IIPU KOSATO HyJIe-
BaTa XMIIOTE3a € CTAI[OHAPHOCT CPEelly ajTepHaTHBaTa CTAIlHOHAPHOCT CIIEH JH-
¢epennupane. [lonoGen monxon € B ChOTBETCTBHE C KOHCEpBAaTHBHATA CTPATETHSA,
Ye M0-eCTECTBEHO € XUII0Te3aTa, MPEICTABISIBAIA HHTEPEC, B CITydasi CTallioHap-
HOCT cieql nudepeHnrpane, 1a ¢ alTepHaTHBaTa. TeCTOBUAT MOJEN Mpearoara,
4ye U3XOJHUAT BPEMEBU Pell € CYNMEPHO3MIUs OT TPEH, CIy4yailHO OnyKaacHe u
raycoB mryMm. HyneBara xumoresa e, 4e AUCIEPCUATA Ha IMOKOBETE B CIIy4aifHOTO
Oy /TacHe € HyJia U CIIeJ0BAaTEITHO PEIBT € TPEHA-CTAI[HOHAPEH. AJITepHATHBaTa €
HEHYJIeBa TUCIIEPCHUs WM CTAIlMOHAPHOCT ciell AudepeHimpane. Pasmexnananre
BapHaHTH Ca JIBa: CTAIHOHAPHOCT OKOJIO TMHECH TPEH| U CTAIIMOHAPHOCT CITPSIMO
KOHCTaHTHO CPEIHO HHBO. ACUMITOTHYHUTE pa3npeciieHUs] Ha ChOTBETHUTE CTa-
TUCTHKH Ca HETPUBUAIHH U TEXHUTE MPOLICHTIIIN ca Tadynupanu B [10].

TecToBara mporeaypa U3UCKBa Ja ce (PUKcHpa JBHKUHATA HA TPO30pera Ha
Bartlett, n3mon3Bar ce 3a mpecMsTaHe Ha AUCIIEPCHATA HA TPEIIKATa 3a €Ha CTHII-
ka. OkasBa ce, ue AbJDKUHATA Ha To3U Ipo3opel € 13 3akbcHeHus. Pesynararure ot
caMmus TECT ca, KaKkTo cie/Ba. B cydast Ha HyneBa XumoTe3a 3a CTallMOHAPHOCT OKO-
JI0 KOHCTaHTa CTOMHOCTTA Ha ChOTBETHATa cratuctuka € 1,0133 u ta3u xumnoresa
MOJKE J]a C€ OTXBBPJIM NIPH HUBA Ha 3HAYUMOCT OT 1%. B cityuas Ha HyseBa XHIIoTe-
3a 3a CTAIMOHAPHOCT OKOJI0 TpeH  ctaructukara ¢ 0,1885. U tasu xumnoreza Moxe
Jla ce OTXBBPIIM TIPU HUBO Ha 3HAYUMOCT 2,5%.

W Ttaka, mpoBeNeHHUAT TECT 3a CTAI[MOHAPHOCT OTXBBPIIA HYJIEBUTE XHIIOTE-
37 32 CTaIMOHAPHOCT OTHOCHO TPEHJ C HAKJIOH WM OKOJIO KOHCTaHTa. OTHOBO
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o0ade Bb3HUKBA BBIIPOCHT TOCTATHYHO JI € CaMO €IHOKPATHO nud)epeHInpane 3a
CTAIlMOHUPAHETO HAa BPEMEBHA pell. 3a Ja M3cieaBaMe To3H npobiem, Hue aude-
peHIpaMe OpPUTHHAIHUS Pel U OTHOBO TNpHIIaraMe HM3IIOJI3BaHATa Bede TECTOBA
MpoIeaypa 3a CTAlMOHAPHOCT C IBJDKMHA Ha mpo3opena Ha Bartlett 13 3axncHe-
HUs. 3a HylleBa XUIOTe3a — CTAI[MOHAPHOCT OKOJIO KOHCTaHTa — CTOMHOCTTa Ha
choTBeTHaTa craructukara € 0,1799 u xumorezara He MOXE J]a C€ OTXBBHPIIU TOPU
py HUBO Ha 3HauuMocT 10%. 3a HyJeBa XMIIOTE3a — CTALIMOHAPHOCT OKOJIO TPEH]
— craructukara e 0,0509 u T chIlo HE MOXKe J]a ce OTXBBPJIHU MPU HUBO HA 3HAYM-
MocT 10%. VI3BOIBT €, ue BpeMEBUSAT pell OT OKEAHCKUTE TEMIIEPAaTyPHU aHOMAJIUU
CTaIMOHUpA CJIe €AHOKPATHO MudepeHInpane.

3.4. TECT 3A CTAHUOHAPHOCT CJIIEQ JUDEPEHITMPAHE
HA ZIVOT-ANDREWS

B 1. 3.1 Ge cmomeHaTO, Y€ MO MPUHIHII CHIIECTBYBA Bb3MOXXHOCT €IUH
BPEMEBHU pel Aa € CTAMOHAPEH OKOJIO TPEH[ C TOYKH Ha PEe3KH CTPYKTYypHU
npoMeHu. Tyk HHe Ie TeCTBaMe BPEMEBUS pell OT OKEAHCKHUTE TeMIepaTypHU
aHOMAaJIMH 32 Ta3W Bb3MOXKHOCT. 3a IIeJITa ce U3MOJI3Ba T.HAp. TECT 3a CTalHOo-
HapHOCT cien audepennupane Ha Zivot-Andrews [11]. Toit e u3noxen mon-
pob6no B [7, 11]. HyneBara xumnore3a € CTallHOHAPHOCT cien AudepeHInpaHe.
AnTepHaTHBaTa € CTAIMOHAPHOCT OKOJO TPEeHJ C €IHa TOYKAa Ha CTPYKTypHa
npomsina. Bapuantute ca Tpu. [lpu nbpBUs BapuaHT CKOKBT € CaMO B KOHCTaH-
Tara Ha TPEHJa, BbB BTOPUS CIIy4ail — caMO B HAKJIOHA, a B TPETHUS — CKOK KaKTO
B KOHCTaHTara, Taka U B HakJioHa. Camara TOYKa Ha CTPYKTypHa MPOMSHA HE
ce 3a/JaBa MpeABapUTEIHO, a Ce OMpeaess B Mpoleca Ha TECTBAHETO, Taka 4ye
MHHHMAJTHO /1a ce (paBOpHUTH3Hpa HylIeBaTa XUIOTe3a 3a CIydalHO OnyXaacHe
¢ npudt. TecToBUTE perpecuu BKIOYBAT U SHIOTCHHUTE MPOMEHINBU, KOMEH-
THpPaHU B T. 3.2.

Pesynrarure OT TO3M TECT 3a pea OT OKCAaHCKUTE TeMIIepaTypH ca, KaKTo
cneasa. Oka3Ba ce, 4e B ciy4as Ha ajTepHaATHBaTa 3a CTPYKTypHa NpOMsSHA
caMO B KOHCTaHTara Ha TPeHAa JBE CHIOTCHHH MPOMEHJIMBHU Ca JOCTATHYHHU
3a HEKOPEJIHMPAHOCT Ha OocTaThIUTe. | 0OfMHAaTa Ha eBeHTyallHaTa CTPYKTypHaTa
npomsHa € 1889. CroliHOCTTa Ha CHOTBETHATa CTaTUCTUKA € —4,2797 u Hyne-
BaTa XUIIOTE3a 3a CTAIlMOHAPHOCT cjel AudepeHurpaHe He Moxe 1a Obae oT-
XBBpJICHA JOPU MPHU HUBO Ha 3HAUUMOCT OT 10%. B ciyuas Ha cTpyKTypHAa IIpo-
MsIHa caMO B HaKJIOHA Ha TPEHJa €HJOTeHHUTE MPOMEHIMBU OTHOBO Ca JIBE, a
rogrHara Ha CTpyKTypHaTta nmpomsaa ¢ 1908. CtoitHocTTa Ha TeCTOBaTa CTATHC-
Tukata ¢ —4,0678. HyneBara xumnore3a 3a cTaliuOHAPHOCT clie]] qudepeHpa-
HE OTHOBO HE MOXe J1a ObJie OTXBBpJICHA IOPH NMPU HUBO Ha 3HAYUMOCT OT 10%.
Hakpas, 3a antepHaruBara CTPYKTYpHa IPOMSIHA B HAKJIOHA M KOHCTAaHTaTa Ha
TpeHJa MpH JBE €HJOTEHHU NMPOMCEHJWBH M TOAMHA Ha CTPYKTypHa MPOMsHA
1900 croifHocTTa Ha craructukarta € —4,3983. 1 B To3u ciydail HyneBara Xu-

125



MoTe3a 32 CTAIMOHAPHOCT cilel qudepeHnpane OTHOBO HE MOXe 1a ObJie OT-
XBBbpIeHa. MI3BOABT €, ue XHurmoTe3aTa 3a CTallMOHAPHOCT ciel AudepeHupane
Ha BpeMEBUS pell OT OKEaHCKUTE TEMIIEPaTypH HE MOXKeE J1a CE OTXBBPIHU CPENLY
aJTEepHATHUBUTE 33 CTAIIMOHAPHOCT C PAa3IWYeH THI HAa CTPYKTypHA MPOMSIHA B
JIMHEWHUS TPEH].

OcraHa na KOMEHTHpaMe clioMeHarata B T. 3.1 4eTBbpTa BB3MOXKHOCT 3a
HECTAI[MOHAPHOCT, & IMEHHO, BPEMEBHAT pei Aa CTAIlMOHUpa clel UITpanuara
¢ ¢unrepa Ha npobHO Audepenmupane. Crnopen [12] ykasanne 3a momoOHO TO-
BeJICHHE € OTXBBPIITHETO HAa HYJeBaTa XWIIOTE3a B TECTOBETE 3a CTAIMOHAPHOCT
cen mudepennupane, Hanpmep Ha Dickey-Fuller, n enHoBpemMenHo ¢ ToBa 0OT-
XBBPIISIHE Ha HyJlleBaTa XUIIOTe3a B TECTOBETE 32 CTAIIMOHAPHOCT, HAIIpUMeEp TecTa
Ha Kwiatkowski-Phillips-Schmidt-Shin. B mamms ciy4aii ToBa obade He e Taka.
Kakro Bunmsxme, TecTsT Ha Dickey-Fuller He oTxBBpis HyneBara xumoTesa 3a cTa-
IMOHAPHOCT cief AudepeHIpane. MoxkeM /1a 3aKIF0YNM, 9€ B CPaBHEHHE C Bb3-
MOYKHOCTTa 3a CTallMOHAPHOCT clien AudepeHnupane Ta3u 3a IpoOHO HHTErpyeM
MIPOIIEC € MAJIKO BEPOSITHA.

a pestomupanme. [IpoBenenuTe B TO31 pas3ien TECTOBU NPOIETypH daBaT OC-
HOBaHHSA 32 3aKIIOYEHHETO, Y€ HECTAIIMOHAPHOCTTA BEB BPEMEBHSI PEJ OT OKEaH-
CKUTE TEMIIEPTYPHH aHOMAJMH € OT THIIA CTAIIMOHAPHOCT ciel MudepeHIupane.
JudepeHmnupaneTo Ha Ta3u peArIla BOAM 0 CTAIIMOHAPHOCT, KaToO IO BCUYKO W3-
IeXIa — He caMo 0e3 Tpell ¢ HaKJIOH, HO U 0e3 ApudT.

4. CTOXACTUYHO MOIEJIMPAHE
4.1. MAEHTUOUKALNA HA MOAEJIA 1 OLIEHKA HA [TAPAMETPUTE

B pasnen 3 6e ycTaHOBEHO, Ue il €AHOKPATHO AU(EepeHIINPaHe BPEeMEBUST
pel 3a MOBBPXHOCTHUTE TEMIIEPATYPHU aHOMAJIMH Ha II00AaTHMSI OKeaH cTaBa CTa-
nuoHapes. To3u pe3ynrar npearnoiara MoJeJpaHe 1o Meroarkara Ha Box-Jenkins
c moaxonsi Integrated autoregressive moving average (ARIMA) [13]. [Ipoueny-
para crapTupa c IpeJBapUTesIcH aHalu3 Ha AudepeHpaHns BpeMEBH pell, Hero-
BaTa aBTOKOpEIalMOHHA (PyHKIHMS U YaCTHYHA aBTOKOpenauuoHHa GyHkuus. dur.
3 npeacrass audepeHuupanus BpemeBU pea AST OT CpelHOTOOUIIHUTE TOBbPX-
HOCTHH TEMIIEpaTyPHU aHOMAJIMH Ha I00amHus okeaH 3a nepuoaa 1850-2014 . u
CHOTBETHATa ABTOKOpPEIAMOHHA (QYHKIHS U YaCTUYHA aBTOKOpETalMOHHa (yHK-
uus. Ha ropaus nanen e npeactaBeH JUQepeHUUPAHUST pell, B CpeaaTa — aBTOKO-
penanroHHaTa GYHKIM, 1 Ha JOIHUS € YaCTUYHATa aBTOKOpENalluOHHa (QYHKIHSL.
Maxkcumannoro 3akbcHeHue € 50.
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®@ur. 3. Bpemesu pen (rope), aBTokopenaironta GyHkmus (cpeaara)

Y YacTHYHA aBTOKOpeJauuoHHa (yHKIus (10iy) Ha qudepeHIupanus BpeMeBH pell
OT TeMIIepaTypHUTE aHOMAJIUU

Busyanuusat nperies Ha AudepeHIMpaHis pea BOIU 10 U3BOA, Y€ TOU € CTa-
OWJICH 10 OTHOIICHHWE Ha M3MEHEHHATA Ha aucrepcusTa ¢ Bpemero. Ot dur. 3 ce
BIDK/IA CHIO, Y€ aBTOKOPENAIMOHHATa (DYHKIIHS M 9aCTUYHATA aBTOKOPEIallnOHHA
(YHKIMS ¥MaT OYEBUIHU MTMKOBE HAJl TOJHATA JOBEPUTEIHA TPaHUIIA IPU 3aKbC-
HEHUeE 2 TOIUHHU, ClIe]] KOETO 3aTUXBAT B pAMKUTE Ha JOBepUTEIHATAa JieHTa. EBeH-
TyaJIHU U3KIIOYCHUS Ca CIUHUYHHUTE JIOKAJTHU MUKOBE MpH 3aKkbcHEeHME 18 u 37
TOIMHU 32 aBTOKOpeJTallMOHHaTa (yHKIUS U MpH 3aKbcHeHue 18 u 36 rogunu 3a
JacTUYHATa aBTOKOpPETaMOHHA (YHKIHUSA, KOUTO Ca HA TPAHUINTE HA 3HAYUMOCT.
Te3u HaOMFONEHNUS BOAST JIO M3BOJA, Y€ MOAXOISMIIUAT CTOXaCTHYEH MOJIEI € Cpell
MHOXecTBOTO 0T ARIMA Mozenu ¢ egHOKpaTtHO OudepeHIpaHe, MaKCUMAalIeH
pea Ha aBTOPErPECUOHHUS MOJIUHOM — JABE, MAKCUMAJICH Pell Ha OJTMHOMA Ha ITbJI-
3SIIOTO CPEHO — CHINO JIBE, U €BEHTyalHA CE30HHOCT C mepuof 18 romuHu, Karo
CTAIMOHAPHOCT CJIE/ CE30HHO AudepeHIpaHe ChIlo He € u3KItoueHa [13].
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Ha To3m eTan Bb3HHKBA BRIIPOCHT KaK HA MPAKTHKA J1a CE OMPEIEINH ,,Hai-0-
OpuAT* cpel OuepTaHOTO BeYe MHOXKECTBO OT MOZIEITH. 3a IIelITa B JIUTeparypara ce
MpernopbhYBa TOBA JIa € MOACIBT, KOWTO MHHUMATH3UPA HIKOW OT T.Hap. HHPOpMa-
unoHHU Kputepud [13]. Te3u kpuTepuu, 0OCBEH TOUHOCTTA Ha allPpOKCUMHPAHETO
Ha OPTUHAJIHUTE JaHHU, OTUYUTAT U OpOsi Ha MOJICITHUATE [TapaMETPH, a B HIKOHU CITy-
Yau U AbJDKAHATA HA BPEMEBHSA Pell.

3a onTUMH3MpaHe Ha TPECMATAHUATA HHUE TprJiaraMe CTHITaJIOBHIHUS all-
ropuTseM ot [14]. MHoxecTBOTO Ha pasmiexaanure ce3oHHM ARIMA moznenu c
npudt HEe onpenensimMe, GUKCUpaNKU: pes Ha Tu(epeHIIMPAHETO — SANHUIA, MAK-
CHMaJICH Pell Ha aBTOPETPECUOHHHUSI TOJIMHOM — TIET, MAaKCUMaJIeH Pel Ha TOJIMHO-
Ma Ha IIBJI3ANIOTO — JIBE, MAKCUMAJICH pe/i Ha CE30HHUSI TIOJIMHOM Ha ITBJI3SIIIOTO
CpeIHO — /IBE€, MaKCHMaJeH Opoil Ha MonIelTHHuTe mapameTpu — mecT. OCBeH ToBa
HUE OCTaBSIME OTKpHTA U OIIUATA 33 CE30HHO Au(pepeHnrnpaHe, KaTo Jald TOBa
ce HaJyara, WM He, Ce OIpeieNs OT PEe3YJITATHTE OT TECTa 33 CTAIMOHAPHOCT CIIe]
ce3oHHO audepennupane Ha Osborn et al. [15].

Pesynrarute OT ChOTBETHHUTE MPECMATAHUS TOKA3BaT, ue U TPUTE U3IONI3BA-
uu uadopmanmonnu kputepus — Akaike’s Information Criterion [16], Schwarz’s
Information Criterion [ 17] u T.Hap. AIC, Bias Corrected [ 7], HenBycMucieHo ¢haBopu-
tusupar mozena ARIMA(0,1,2)x(0,0,1) ., T.e. pen aBe Ha MOJTMHOMA Ha MBI3AIIOTO
CpPe/THO ¥ pejl €JHO Ha TIOJIMHOMAa Ha Ce30HHOTO B30 cpenHo. [IpecMsTanusra
MOKAa3BaT OIIIe, Y€ U B TPUTE CIIydasi OTYMTAHETO HA CE30HHOCTTA MOI00psiBa Mojie-
mare. Monenst ARIMA(0,1,2)%(0,0,1) , € ¢ mo-HUCKK CTOWHOCTH Ha MH(DOMALIMOH-
HUTe Kputepuu B cpaBHeHHe ¢ monena ARIMA(0,1,2). EnuncTBenara pa3nuka e, ue
nokaro Akaike’s Information Criterion nrasa npeaumctso nHa ARIMA(0,1,2)%(0,0,1)
¢ npudt, To Schwarz’s Information Criterion u AIC, Bias Corrected mocTaBsaT T031
MOJIETT Ha BTOPO MICTO, KaTo (haBOPUTU3UPAT CHIHA MoJiel, Ho Oe3 npudT. B Tazu
Bpb3Ka wmie orbenexuMm cienHoro. Jokato Akaike’s Information Criterion He oT-
ynTa AbDKUHATA Ha peamiara, T0 B Schwarz’s Information Criterion u AIC, Bias
Corrected BKJIIOUBAT TO3U TAPAMETHP U € TOBA €A MO-€(PEKTUBHH 32 MO-MaJIKH U3Ba/I-
KW, KaKTo ¢ B Harmms cirydaii [ 13]. OcBen ToBa pa3nmkara B croitHoctuTe Ha Akaike’s
Information Criterion B Toi3a Ha Moxaeia ¢ ApudT € TMOYTH TPEeHeOpeKIMa — TION
0,07. U Hakpasi, MpoBeNeHHAT B pasziel 3 TeCT 3a CTAllMOHAPHOCT cliell Au(epeHITH-
pasne Ha Dickey-Fuller noBene 1o u3Boza 3a ciay4aiiHo OnmyxacHe 0e3 qpudT. 3aroBa
nue e npeanovereM ARIMA(0,1,2)%(0,0,1),, 6e3 npudr.

OrneHkara Ha KoepUITUEHTUTE Ha M30paHUs MOJIEIT TI0 METO/Ia HA MAaKCUMAITHO-
TO TIPaBIOTIOA00ME BOIH JIO:

(A=L)p, =(1+0.27 4,05 L*)(1-0.23 ;) L-0.39 ;o )€, ¢ 57 =0.007, (1)
KBJETO f ca FOI[I/IHI/ITG y € peauuara OT OKCaHCKUTE TeMIepaTypHH aHOMaJIUH, 6

— OenusT 1IyMm, (7 — Heroara Jucmepens, Ly, =y, —y, | € OeparopbT Ha OTMEC-
TBaHE C €HO 3aKbCHEHHE, a B II0-MaJKATE c1<061/1 -ca CTaH,IIapTHI/ITe TPEIIKH.
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4.2. JTMATHOCTHUKA HA MOJIEJTA

Croxactuuaute mojenu ARIMA mnpeanonaraT HOpMajaHO pa3lpenesieHue U
HEKOpEeIMPaH! OCTATBIIM C MOCTOSTHHA 110 BpeMeTo aucnepcus. Tyk 1me mpoBepuM
JOKOJTKO M3ITBJIHEHH Ca TE3W MPEITIONOKEHUS OT HAIIIHS MOJIEN.

@ur. 4 npeacTaBsa IMarHOCTUKATA HA OCTAThUUTE Ha npeaiaranud moaen. Ha
TOPHUS TIAHET € MTOKa3aH BPEMEBUSAT Pell Ha CTaHAAPTH3UPAHUTE OCTATHIM. ToBa e
pas3iuKara MeXAy PUTHHATHHAS Pel M pela OT IMPOTHO3UTE C €IHA CTHIIKA HaIpes
Ype3 aHAITN3UPAHHUS MO, HOPMHUPAHHU C JUCIIEPCHUSITA Ha TPeIIKaTa Ha eTHOCTHII-
koBuTe nporuHosu [13]. Kakro ce Buxkaa, B MOBEJEHUETO HAa CTaHAAPTU3UPAHUTE
OCTaThIM He ce 3a0elsI3BaT MO-ChIIeCTBEHN 0cO0eHOCTH. Te ca cpaBHUTENHO CcH-
METPUYHO DPa3MpeAeNieHn CIpSIMO HyllaTa, a IUCHEepCHsATa M3IIIekAa TOCTOSTHHA
BbB BpemeTo. M3kitoueHue e ronuHara 1877, 3a KOSITO ChOTBETHUAT OCTATHKBT €
JI0CTa TI0-BUCOK. OPUTHHAIIHUS PEXl M pefa OT MPOTHO3MUTE C €Ha CTHIIKA HAIIpe.
Ype3 aHAITN3UPAHHUS MOJIET, HOPMHUPAHHU C JUCIIEPCHSTA Ha TPeIIKaTa Ha eTHOCTHII-
koButTe nporuHosu [13]. Kakro ce Buxaa, B MOBEJEHUETO HAa CTaHAAPTU3UPAHUTE
OCTaThIM He ce 3a0elsI3BaT Mo-ChIeCTBEHN 0cO0eHOCTH. Te ca cpaBHUTENTHO cH-
METPUYHO Pa3MpeAeNieHH CIpSIMO HyllaTa, a IUCHEepCHsATa M3IIIeKAa TOCTOSTHHA
BbB BpemeTo. M3kitoueHue e ronuHara 1877, 3a KOSITO ChOTBETHUAT OCTATHKBT €
JI0CTa TI0-BUCOK.

Ha nanena B cpenara e mpeicTaBeHa aBTOKOpENAIMOHHATa (PYHKITUS Ha OC-
tarputTe. Kakro ce BMkIa, Te ca B paMKHUTE Ha JOBEPUTEITHUTE TPAHUIIH, KOETO
MOKa3Ba HeKopenupaHocT. Ha momHus maHen ca MafeHu p-CTOHHOCTUTE Ha T.Hap.
Ljung-Box-Pierce cratuctuka. To3u TecT OTYHMTa TOIEMHUHHUTE HA aBTOKOPETIAIHH-
T€ HE MOOTIEIHO 3a BCAKO 3aKbCHEHUE, a Kato rpyna [13]. HyneBara xumnoresa e
HEKOpeTupaHu ocTarThild. KakTo ce BWkma oT ¢ur. 4, IpH TE3W BHUCOKH p-CTOM-
HOCTH HyJIeBaTa XUIOTe3a He MOXe /a ObJe oTxBbpieHa. OcTaTbluTe ca HeKope-
JIMpaHHU MOHE 710 3aKbcHeHus 50.

Nmar nu octarpuiutTe HOpMaIHO pasnpeneneHue? Our. 5 npeacrass XUCTorpa-
MaTa ¥ KBaHTWJI-KBaHTHWJI Iarpamara Ha pasIpe/enenne Ha octarsiuTte. [1o xopu-
30HTAJIHATa OC Ha KBAaHTHI-KBAaHTHII Jarpamara ca pa3nojoXeHW TEOPETUIHHUTE
KBaHTWJIM Ha HOPMAITHOTO pa3MpesiefieHre, a 10 BepTUKAIHATa 0C — KBaHTHIINTE Ha
octarsiure. [IpaBara TuHMS CBBP3Ba ITBPBUS U TPeTHA KBApTWIL. [LIMBTHOTO TpymH-
paHe Ha TOYKHUTE OKOJIO IIpaBara JIMHUS € IMoKa3aTell 32 HOPMaTHO pasmpeielieH e.

Kakro ce BmkIa, KapTHHUTE Ha XWUCTOTpamMara M KBAaHTHJI-KBAaHTHJI AHarpa-
Marta oOpe ce ChIIacyBaT C MPEANOIOKEHHETO 32 HOPMAITHO pa3npeneneHue. Mz-
KJIFOUEHHE € CTIoMeHaTaTa Bede rojguHa 1877, KosiTo € u3oiaupaHa B IeCHUS Kpaid Ha
XHCTOTpaMara M IECHUS TOPEH BbI'bJI Ha KBaHTWI-KBaHTWI quarpamara. OueBUIHO
Ta3y roJMHA € ,,0c00eHO " HaOIIIoIEHNE.
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XucrorpaMara W KBaHTHIJI-KBAaHTWJI TUarpamara JaBaT BH3yajHa OIEeHKa JI0-
KOJIKO €[THa M3BaJlka € HOPMAJIHO pa3mnpezenieHa. J(a moamoXuM OCTaThINTe U Ha
MO-CTPOT CTAaTUCTUYECKHU TECT. 3a IIeJITa HUE U3Moji3BaMe TecTa Ha Jarque-Bera u
tecta Ha Shapiro-Wilk. U B nBara cimydast HyneBaTa XWIOTe3a € HOPMATHO pa3-
npezaencHue. Peynratute ot TecToBeTe ca, kKakto cieapa. CTOWHOCTTA Ha y*-CTa-
TUCTHKaTa B TecTa Ha Jarque-Bera e 0,7991, a choTBeTHaTa p-croriHocT € 0,6706.
Hynesara xunoresa He Moxe 1a ce oTxBbpiau. CToiiHOCTTa HA W-cTaTucTukara B
tecta Ha Shapiro-Wilk e 0,9903 u croTBeTHaTa p-cToitHOCT 0,3212. XHroTe3ara 3a
HOPMAJTHO pa3mnpeaeNieHre He ce OTXBBpisl. OKOHYATEHUAT U3BOJ €, Y€ OCTATHIIH-
T€ ca HOPMaJHO pa3MpeeeHH.

Ha pestomupame. Ipemnarannar ARIMA(0,1,2)%(0,0,1) , 6e3 npudT MuHn-
Manu3upa WHPOPMAIIMOHHUTE KPUTEPHUN, HETOBUTE OCTAThHIN Ca HEKOPEIUPaH! U
HOpMaITHO pasnperneneHu. C ToBa popMaTHUTE U3UCKBAHUSA 32 €IHO YIOBIETBOPH-
TEJTHO CTOXaCTHYHO MOJEIHNpaHe ca M3MbiIHeHH. [IpemmaranuaT Moen e HalrbITHO
MIPUEMJITNB OT CTaTUCTHYECKa IIeTHA TOYKA.

4.3. EAHOCTBIIKOBA ITPOI'HO3A

®wur. 6 mpeacTassi BpeMeBUS Pell OT CPEAHOTOTUIIIHNUTE TTOBBPXHOCTHU TE€M-
MepaTypHu aHOMaJIMH Ha II00aHus okeaH 3a mepuoaa 1850-2014 1. u HeroBara
ampOKCHMAIIUsl ¢ MIPOTHO3aTa C elHA CTHIIKA HaIlpel, HallpaBeHa C IMpeiaraHus
ARIMA wmopen. C magamure THHUM € IMOKa3aHa OpUTHHATHaTa pemuria 07, a ¢
HeNpeKbCHATa JIMHUS — anpokcuManusiTa. Kakro ce Bikaa, MOJIEbT CPABHUTEITHO
nmo0pe armpoKCUMIpa 0COOCHOCTHTE B X0la Ha OKEaHCKUTE aHoMand. ToBa e mpo-
THO3a BHTPE B U3BAAKATA.
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[a pestomupame. B To31 paszgen mocTpouxme NpocT CTOXaCTHYEH MOZEN Ha
OKEaHCKHUTE TeMIIEpaTypHH aHoManuu 3a nepuona 1850-2014 r. Okaza ce, ye Mo-
nensT € ot T ARIMA(0,1,2 )%(0,0,1) .. IIpaBu Breyatienue, 4e MOAEIBT € C CTa-
IUOHApHOCT ciel AudepeHpane, Ce30HHOCT 18 ToauHu U camo 4 mapameTspa.
JlmarHocTHKaTa TI0Ka3a, 4e MOJEIbT € HAIIBIIHO MPHEMIIUB OT (POPMATHO CTaTHC-
THUYECKa IJIe{HA TOYKA.

5. AMCKYCHUA U 3AKJIITFOYEHUE
5.1. ABJITOCPOYHA ITPOI'HO3A

[To npuHIMI ABITOCPOYHATA IPOTHO3a HA CTAI[MOHAPHUTE el audepeHim-
paHe MpoIecH ¢ 00peueHa Ha HeYCIIeX, 3al[0TO TPeIlKaTa Ha MPOrHo3ara pacTe He-
OTPaHUYCHO C BpeMeTo. TyK Ie TeMOHCTpHpaMe eIHa CPABHUTEITHO IBJITOCPOUHA
TIPOTHO3a C HAIIIAS MOJIEN, HO C OTPaHWYCH XOPH30HT BHH OT U3BaIKaTa.

Hue npeouensBame koeuiuenture Ha monena ARIMA(0,1,2)%(0,0,1),,, n3-
noJyi3Baiiku JaHHuTe camo 3a nepuona 1850-2000 r. HoBusat monen e

(1-L)p, =(1+0.29 540 L") (1-0.24 5 L-0.39 ,, L*)E,, 67 =0.007 . (2)
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®ur. 7. Bpemeu pent u npornosa 3a 20 ronunu Hanpen ¢ moaena ARIMA(0,1,2)%(0,0,1)

CpasusBaiiku ¢ monena (1), BwxaaMe, 4e ypaBHEHHETO € MPAKTHUYECKH Cb-
moTto. Pasnukure ca B cezonHus KoeduuneHT ¢ 0,02 1 B mbpBUS KOSPHUIMESHT HA
mba3s110To cpenHo ¢ 0,01, koeTo € 3HaUUTENIHO MTO-MaJIKO OT CTaHIaPTHUTE I'Pelll-
ku. C ToBa ypaBHeHUEe HUe nporHo3upame 20 roguHu Hampen, T.e. or 2001 mo
2020 r. ITomyuenure pe3yaTary ca npeacraBeHu Ha gur. 7. [Ipornosara e mokasana
C YepHaTa HeNpeKbCHaTa JUHUS. B NO-TbMHUS OTEHBK Ha CUBOTO ca 80-IpOIeHT-
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HUTE JOBEPUTEITHN HUBA HA MPOTHOCTUYHHUTE WHTEPBAIIM, B TIO-CBETIIUS HIOAHC —
90-nmpoueHTHUTE HUBA. [IpaBu BleUaTieHHE, Y€ NEUCTBUTEIHUTE TEMIIEPATypHU
aHOMAaJIMY TIOTIaaT B TpaHuiaTa Ha 80-poleHTHATa JOBEPUTETHA JICHTA.

MoxeM aa crieKynupaMe U 4e B CIeABAIIUTE 2—3 FOAVMHU HU O4aKBa MOBUIIIA-
BaHe Ha I100allHaTa OKeaHCKa TeMIeparypa.

5.2. CTOXACTHUYEH TPEH/ U IUKJIIMYHOCT

be ycraHoBeHO, e BpeMeBUSAT pefl OT CPETHOTOAUIITHATE TOBBPXHOCTHHU TEM-
MepaTypHH aHOMaJINH Ha TIIo0amHusI okeaH 3a neproaa 1850-2014 r. ce mopenmpa
craructuiecku ¢ enun npoct ARIMA(0,1,2)%(0,0,1),, monen. [IBe Hema mpasst
BeJlHAra BIIEYATIICHHE: MaMe CTAI[MOHAPHOCT CJe]l €THOKPATHO TudepeHIupane
u ce3oHHOCT 0T 18 ronunu. KakBo o3HayaBa ToBa?

CobrinacHo [ 18] TpeHI-CTallMOHAPHUTE MOJENH CE XapaKTepu3upar chbC Cle-
HHTE 001N CBOMCTBA. BpeMeBHAT pel ce 3aBphIlla TpallHO KbM TPEHa, B 4aCTHOCT,
MIPH CTAIMOHAPHOCT — KbM CPENHOTO HUBO. /IBITOCpOYHATAa MPOTHO3a € CXOIa
KbM TpeHja. Ciy4aiiHUTe CMYIIEHHs, HApEeYeH! IIOKOBE, 3aTUXBaT C BPEMETO U
e(EeKTBT OT TAX € KpaTKoTpaeH. AKO peIbT o0aue € CTallmoHapeH clien AudepeHITH-
paHe, HelaTa ca NpoTUBOMNONIIOKHHU [ 18]. PeabT He ce 3aBpbllia TpailHO KbM TPEeHIa
WM CPETHOTO HUBO. JucnepcusiTa Ha MPOTHOCTUYHATA TPEIIKa € Pa3sXosia, 3a-
IIOTO HapacTBa ¢ BpemMeTo. E(QekThT 0T MOKOBETE € IBJITOTpacH.

Hamusat Momen e crarmoHapeH cien audepeHnupane u ¢ 6e3 npudt. Tosa
03HauYaBa, 4e JOKOJIKOTO aHOMAIIMUTe HAMAaT TpaifHa TeHIEHIHS Ja Ce 3aBphIIar
KbM HyJaTa, TO TeMIleparypara Ha TIIOOaTHUs OKeaH He OM TpsOBaslo TpaiHo na
ce 3aBpbllla KbM KJIMMaTU4HaTa HopMa oT nepuoga 1960—1990 r. Isnarocpounara
MPOTHO3a Ha TeMIepaTypaTa Ha TII00aTHIs OKeaH € Hail-MaJIKOTO MpodiieMaTnyHa,
3aI[0TO JUCTIEPCHATAa Ha MPOTHO3aTa pacTe ¢ BpemeTo. EdekTsT Ha ciaydaitHuTe
IIOKOBE BHPXY TIIOOATHISI OKeaH € ApiaroTpacH. OYeBUIHO TE€3H U3BOAM Ca TPOTH-
BOIIOJIOKHU Ha KOHLETIUATA, pa3BUTa B [2], KbIAETO MpejiaraHusiT CTOXaCTUYeH
MOJIEJN € CTallMOHAPEH.

Ja o0chanM mo-monpoOHO BRIPOCHT 3a MIOKOBeTe. MI3BECTHO €, Ye aKko efuH

ARIMA wmopen ce npexncrasu BbB Buaa (1—L) p, =y (L) &,, To uucnoro y(1) nma
CMHCHJ Ha 3HAYCHHUETO Ha JBJITOCPOYHHS e(DEKT OT eIUH IIOK CIPSIMO HEeOCpe/-
crBeHns edexT ot Hero [19]. B To3m cmucwa y(1) e ectecTBeHa MsIpKa 3a 3Hade-
HHETO Ha ABATOCPOTHHS e(eKT OT enuH mokK. Ako y(1)=1, TbarocpodHusT edheKT
¢ paBeH Ha HerocpencTtBeHms. [Ipu y(1)>1aparocpouHusAT eheKT e Mo-rojsIM OT
HenocpencTBeHus, ako (1)<l — mo-manrpk. B Hamus cimydait momuHOMBT Y(L) e
JISICHATA YacT Ha ypaBHeHHeTO (1), 3aI10TO B MOJIeNa HsIMa aBTOPETrPECHOHHA YacT.
Karo monoxum ¢opmanno L — 1, momyaaBame y(1)=0,48. JIpnrocpounusr edexr
Ha eJTUH 10K BEPXY BPEMEBUS PeJl Ha TEMIIEpaTypaTa Ha II00aIHUs OKeaH ¢ Mo-Ma-
J'BK OT HEMOCPE/ICTBEHUSI.
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N3BectHO € cp11o, ue Bceku ARIMA mMonen Moxe Jja ce mpeAcTaBy KaTo cCyMa
OT ciy4aifHO OmykmaeHe m cranuroHapeH mporec [19]. CnydaiiHoTo OmyXnaeHe
ce Hapuya CToXacTUueH TpeHA. To3u TpeH aKkyMyaupa IIOKOBETE C IbIr0CPOueH
edext. CranuoHapHaTa 4acT Ha CyMmaTra akyMyjHpa LIOKOBETE C KpPaTKOCPOYeH
e(eKT BbpXy HUBOTO Ha BpeMeBus pea. Camara IEKOMIIO3ULINS HE € €AHO3HAYHA,
HO P JOCTa OOLIM NPEATIOTI0KEHNS, HE3aBUCUMO KaKBa KOHKPETHO € Ts, JUCTIEp-
CUATa Ha CTOXAaCTUYHMS TPEHJ € €4Ha U Chlla, paBHA Ha \V(])z& 82 [19]. 3amecT-
BallK¥ ChC CTOMHOCTHTE OT HAILMsI MOZET, OLIEHKATa 32 CTAHAAPTHOTO OTKJIOHEHHE
Ha ctoxactuunus Tpeua e 0,04 K.

Hue npennarame crnennara Gu3n4yHa WHTEPIPETALUs HA IPUBEACHUTE MO-TO-
pe dpopmanHo-cTaTUCTHUECKH pe3ynTary. [llokoBeTe B MOBEPXHOCTHATA TeMIIepa-
Typa Ha OKeaHa ce IbJDKar Ha (QIyKTyauuuTe B arMocdepara, TepMOXaJlHHATA
nupKysnanus U kpuocgepara. [lopaan BUCOKHS TOIJIMHEH KalalUTeT HA BoJara
€CTECTBEHHUTE KaHIUAaTH 332 IPOMEHUTE B CTOXaCTUYHUS TPEH ca QIyKTyallMuTe
B TEPMOXaJIMHHATA IUPKyJIalus u Kprocdepara. Te3u QiaykTyauuu ca ¢ IbIrocpo-
4yeH edekT. AtMmocdepuute QurykTyauun 6u TpsAOBano Aa ce HHTEpIpETHpaT KaTo
LIOKOBE ¢ KpaTrkocpoueH edekT. C oren Ha HalpaBeHaTa Io-rope oleHKa, ePeKThT
OT TAIX MpeolaaaBa, HO € KPaTKOCPOYEH.

Haxpas na ce cnpem u Ha ce30HHOCTTA. [10-HOBUTE CITHTHUKOBH HAOIIONEHUS
MOKAa3BaT, Y€ JbDKaIlaTa ce Ha MPWIMBHUS HUKBI oT 18,61 roguHu aucumanus B
IBI00KHUTE CIIOEBE Ha OKeaHa upe3 MPOU3THYAIIOTO CMECBaHe BOJM 10 M3MEHEHHUS
B o0Iara okeaHcka IUpKynanus. JBara mepuona ot 18 u 18,61 romunm npakTu-
YeCcKH ChBMajar. MoxeM Ja HallpaBUM HM3BOAA, Y€ CE30HHOCTTA B HAILUS MOJIEI
NpY 3aKbCHEHUE OT 18 roAnHM € OTpakeHHe Ha BIUSHUETO Ha TVIaBHHS NPUIMBEH
LUKBI. JJOKOJIKOTO TIIAaBHUST MPHUIIMBEH LUKBI C€ ABIDKH Ha BIUAHUETO Ha JlyHa-
Ta, TO MOXKEM JIa KaKeM, Y€ CE30HHOCTTa B HAILIM MOJIENI OTpa3siBa BIUSHUETO Ha
Jlynara BppXy 100aTHHSI OKEaH.

[a ce BbpHeM kbM ¢ur. 3. Tam ca 1ageHu aBTOKOpEIallMOHHATA U YaCTUYHATA
aBTOKOpeJIAlIMOHHA (PyHKLHMS HA €IHOKpaTHO IudepeHurupaHus BpeMeBd pea. B
Ta3u Bpb3Ka O€ KOMEHTHUPAHO, Y€ HaJl TPaHUIUTE Ha 3HAYMMOCT Ca aBTOKOpesa-
LUUHUTE NIPU 3aKbCHEHUE 2 TONUHH. ENMHIYHY TOKaJTHU MMKOBE HaJ TPaHUIUTE Ha
3HAUUMOCT MMaMe M B aBTOKOpeNallMOHHATa (pyHKUus mpu 3akbcHeHue 18 u 37
TOOWHM, a CBILO M B YaCTUYHATa aBTOKOpeJIalMoHHAa (YHKIHM NpHU 3aKbCcHEeHue 18
u 36 roquHU.

Kopenauusita npu 3aKbcHEHHE 2 TOAWHU MOXKEM Jla HHTEPIPETUPaMe KaTo Y-
BOEH ronuineH kb1 [20]. YIBosBaHETO Ha MepHola € OCHOBHA Oudypkauus B
TEOpHsTa Ha HEJIMHEHHNUTE TMHAMUYHU CUCTEMH. JIOKOJIKOTO TII00ANHUAT OKeaH €
HEJINHEEH, TO MOYKEM J1a UHTEPIPETHPaMe BUCOKHUTE KOpeNalluu IIPH 3aKbCHEHHE 2
KaTo yABOSIBAHE Ha TOAUILIHUS IUKBJ OT HEJIMHEHHUS IT100aleH OKeaH.

HHTepecHo e, ue MUKBT npH 36 TOAMHU MOXKE J1a c€ CBBPIKE € Karo 4e Ju 3a0-
paBenus 35 (34,8+7)-roauieH KIMMaTHYeH NUKBI Ha Brikner, enuH oT mbpBuUTe
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M3CIICIOBATEIN Ha TEPUOINIHUTE KojieOaHUs Ha KiauMmara oT kpas Ha XIX Bek.
OcraBa jia 3aBBpIIMM ¢ TTMKA Ha 11 roIUHM, KOMTO € TOYHO Ha TpaHUIlaTa Ha 3Ha-
gyuMocT. EnHa oueBHIHA € HeroBaTa MHTEPIPETAINS € KaTo OTKJIMK Ha CIIbHUEBUS
IUKBI Ha Schwabe.

6. SAKJIIOYEHHUE

CTOXacCTHYHOTO MOJIENIMPAHE Ha BPEMEBUS PeJl OT CPEIHUTE TOUIIIHU TOBbPX-
HOCTHH TeMIIEpaTypHH aHOMaJIMM Ha Io0aiHus okeaH 3a nepuoga 1850-2014 .
nosezie no eaun ARIMA(0,1,2)%(0,0,1) , mozen. B pamkuTe Ha mpeaioxkeHus Mo-
JIeJI MOTaT Ja C€ HalpaBsT peanula U3BOIU.

Temneparypara Ha II00aIHUS OKeaH HAMA Jia Ce 3aBpbllia TPaHO KbM KIHMa-
TUYHATa HopMa 3a nepuoga 1960-1990 r. JIsnrocpodnara mporuo3a Ha TeMIepa-
Typara Ha I00aJHHs OKeaH € Hai-MaJKoTo MpoOIeMaTnyiHa, 3al10T0 AUCIePCHsITa
Ha rpelkaTa Ha IporHo3aTa pacTe ¢ BpeMeTo.

EdexrpT Ha ciiyyailHWTE IIOKOBE BBPXY MNIOOATHHsS OKEaH € IBITOTPacH.
JAbArocpouHusT eeKT Ha eOUH MIOK BEPXY TeMIleparypara Ha II00aTHus OKeaH €
MO-MaJbK OT HenocpeacTBeHus. OIeHKaTa Ha CTaHAApTHOTO OTKJIOHEHHE Ha CTO-
XaCTHUYHHS TPEH/ Ha TeMIiepaTrypara Ha miobannus okeat e 0,04 K IIpasnonomo6-
Ha € XUII0Te3aTa, ye MPOMEHNTE B CTOXaCTUYHMSI TPEH Ha TIOBbPXHOCTHATA TEM-
neparypa Ha OKeaHa ce JbJDKAT Ha IIOKOBETE, CBbP3aHu C (IIyKTyalluUTe B TEPMO-
XaJMHHATa MUpKynanus u kpuocdepara. EQexTsT oT armocdepaute Gpaykryanun
npeo0iagaBa, HO € KPaTKOTPaeH.

[IpaBgonono6OHa e u xumore3ara, 4Ye Ce30HHOCTTa OT 18 roguHu B Moaena ce
o0ycnaBsi OT INIaBHUSI IPUJIMBEH LUK, T.€. OT BIUsAHUETo Ha JlyHara. Xumnores3u-
Te, Ye JIOKAIHUTE MUKOBE B aBTOKOpEIalMOHHaTa QYHKIU Ha TU(epeHINPaHUTE
OKEaHCKH TeMIepaTypHu 1pu 2, 36 u 11 ronnHu ca oTpaxxeHHe CbOTBETHO Ha YIBO-
SHMS TOOUILICH HUKBJI, KIIMMAaTHYHUS UUKBI Ha Brikner n Ha crbHYUEBHMS IUKBI HA
Schwabe cb1110 ©IMaT CBOETO OCHOBAHUE.
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JEJI WRF HA OBCTAHOBKU C M'bIJIA HA JIETUIIE CO®UA

B Ttazu pabora e mpencTaBeH pe3yATaTbT OT YHUCICHU €CKIEPUMEHTH C acUMMJIAIMS Ha
npuseMHH 1aHHU B Mozen WRF mo Bpeme Ha MbIia B paiiona Ha jerume Copus. AcuMuia-
UsITa Ha HAOJMIOJCHUATA MMOJO0psABa MoJleNiHaTa pu3eMHa Temreparypa cpeano ¢ 0,7 °C. 3a
OTHOCHTEJIHATA BIAXKHOCT TOBa nopoOpenue Bapupa Mexay 1 u 9 %. [Monydenure pesyararu
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OTHOCHTEJIHA BIQKHOCT, HO HEAOCTATHUHO 3a HY)KINUTE Ha ollepaTUBHATa paboTa.

llian Manafov, Gergana Guerova. ASSIMILATION EXPERIMENTS WITH WRF
MODEL OF FOG CASES AT SOFIA AIRPORT

Assimilation of surface and upper air observations in the Numercal Weather Prediction
WRF model during fog at Sofia Airport are presented in this study. The assimilation has positive
impact on surface air temperature which is improved by 0.7°C. For the relative humidity the
improvement is in the range 1 to 9 %. It can be concluded that the assimilation of observations
improrves both the model surface temperature and spesific humidity but this is not sufficient for
the operational forecast.
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1. VBOJI

C pa3BUTHETO HAa YUCIICHUTE MOJIEJIN 33 IPOTHO3a Ha BPEMETO CE MOABSIBA U HE-
00X0AMMOCT OT €()eKTHBHO M3MOJI3BaHEe Ha HAONIOACHHUATA 32 ITO-TOYHO OTFCAaHNE
Ha Ha49aJIHOTO ChTOsSHUE Ha aTMocdepara. [Ipe3 1958 1. 3a mpbB BT € MpemIoKeH
BapHAIIMOHHUAT aHAJIN3, KOUTO 00eInHsIBAa OOCKTHBHISI aHATN3 Ha HAONFOICHHUATA
U CBhIVIACYBAHETO Ha MOJIETaTa B YHCICHUTE MOJIEIH 3a MPOrHO3a Ha BpemeTo [1].
BapuanoHHUAT METOIl c€ OCHOBaBa Ha BapUAI[MOHHUS MPHUHIMII U MPEaroara
BPB3KH MEXY €JIEMEHTHTE, KOUTO OIHCBAT ChCTOSIHUETO Ha aTMocdepara. Bapu-
AIMOHHUSAT aHAIN3 € IIUPOKO M3MOI3BaH METO B ChBPEMEHHUTE YNCIEHN MOJIENN
3a MPOTHO3a Ha BpeMeTo. Toil ce mpuiara B peauia JOKaJTHH YUCIEHU MOJEIH,
kato ALADIN, HIRLAM, AROME u npyru.

Cnopen ¢unannus poknan Ha npoekra COST722 ,,Short range forecasting
of fog, visibility and low clouds” [6] nokaaHHTE YUCIICHN MOJIEIIH, U3TIOJI3BAHH B
EBpomna 3a mporHo3a Ha MbIva, paboTAT ¢ BapUAIIMOHHN aCUMIJIAIIMOHHU CXEMH.
Monersr DMI-HIRLAM wusnomssa 3DVAR. Bapuaronna, Ho 4DVAR, e cxemara
3a acumuanus Ha Mmonena APERGE, karo pesonronusata Ha H3MOI3BaHUTE HAOIO-
neHust oT 45 km e oryereHara Karo HefmocTtaTbuHO n00pa. Mogensr FOG-NMM-
BERLIN wu3non3a ununuanuzanus oT mogena GFS. VYcranoseHo e, ue 3a ciayya-
WTE Ha MbIVIa Ta3U MHHUIIUATIU3AIMS € HEJJOCTaThYHO TOYHA, KATO OTKJIOHCHUETO Ha
TeMIepaTypara CIpsMo pealHuTe ycioBus goctura 5 °C. BaxxHocTTa Ha HHIIMAIH-
3anMATa 3a MPOrHO3aTa Ha MBIVIAa € OTYETEHA BbB BCHUKH YUCIIEHH EKCIIEPUMEHTH
ot mpoekta. ChOTBETHO € OIIEHEHO 1 3HAYCHUETO Ha U3IMOI3BAHETO HA aCHMUIIAIIUS
KaTO Ha4yMH 3a Mofo0peHrne Ha MHUITUAIN3AIHAATa Ha MOJICIHTE.

Hoceramnara Hu paboTa BKIIOYBaLIe CTapTHpaHe M HacTpoiika Ha WRF
(Weather Research and Forecasting) Mozena 3a ymcieHa IporHo3a Ha BPEMETO ¢
LeJT MoZIeTIpaHe ycloBusTa 3a oOpa3dyBaHe Ha Mbria Ha seruie Codust. C nomy-
YeHUTE HACTPOiku 18 cirydas Ha MbIyIa O6sXa MOACIUPAHH | ITOJIYICHHUTE PE3yITa-
TN 0sXa KITAaCHPHUITUPAHA B YCTHPH TPYIIH, ChOOPA3HO MPEICTABIHETO Ha Moesa
10 OTHOIICHWE IPUYHMHATA 32 TPelIkara Ha mporHo3ara [2].

Ilen Ha ToBa M3CIeBaHE € Ja CE MPOBEPH AU YpE3 aCUMUIIAIUS Ha HAOFO-
JCHUS € BB3MOXKHO J1a c€ MoA0OpH MPOrHO3MpaHaTa OT MoJiesia IPU3eMHa TeMIle-
parypa 3a u30paHHTe CHHONTHYHM OOCTAaHOBKM C MbBIVIa B palilOHa Ha JIETHUILETO.
3a menrta e W3MONI3BaH aCHMHJIAIIMOHHUAT MOIYN Ha Ha YUCIEHUAT Monen WREF—
WRFDA, omnucan B paznen 2. Pesynrarute oT aCUMUJIAIMOHHUTE €KCIIEPUMEHTU
ca MpencTaBeHH B pazjien 3, a 0000IIeHne 1 Hacoka 3a Objeima padboTa B pazuen 4.

2. BAPMAIIMOHHEH METO/] 3A ACUMMJIALIA
HA HABJIYOAEHUA B MO/IEJI WRF

3a acuMuianysi Ha HaOMIONEHUSITA B YMCIICHUSI MOJIEI € M3MOJI3BaH MOIYIIBT
WRF Data Assimilation System (WRFDA, [3]). WRFDA naBa Bb3MOXKHOCT 3a
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TPUMEPEH M YETHPUMEPEH BapHallMOHHEH aHalu3 Ha HaOmroneHus. B Hacrosmo-
TO W3CJEABAHE € M3MON3BaH TPUMEPEH BapUallMOHHEH METOJ 332 aCHMMWJIALUS Ha
HaOmonenus. TpumepHusat Bapuauuoned meton (3DVar, [4, 5]) Tepcu pewenne
X , KOETO MUHUMHU3UPA KOCT-QyHKIMA J, NePUHUPAHA KaTO Pa3CTOAHUETO MEXKTY
TIOJIETO U IbPBOTO NPUOIMKEHUE X, (B HAIIMSA CITy4aii BXOIHH JaHHU OT IIOOATHUS
mozen GFS) n pasnukara ¢ HaOMOnEHUATA Y .

AN = — X% ) B ix —x.0 + [y, — Hix)) Ry, — Hix)|

Ha ¢ur. 1 e moka3ana cxema Ha OCHOBHUTE MOJYJIM U BPB3KUTE MEXKAY TAX Ha
WRFDA. M3non3panu ca HazemHu HaoOmoneHus ot jetuma (METAR), nazemnaa
cunontryHa mpexka (SYNOP) u aeponoruuen conpax (TEMP), mpeobGpasyBanu
BbB (popmar BUFR u npenocrassau or NCEP.

BAaHHW OT GFS[----rrmrrmmmmm oo x/

Habmogenus Ob6HOoBEHN
METAR,SYNOF| , ADVAR rpanwynn | —» MPOrHO3A
TEMP ycnosus
Background
Error B
Calculation

®ur. 1. 3DVar cxema 3a acumuiianys Ha HaOmroneHus B ynciieH moues1 WRF

Havamuure ¥ TpaHWYHUTE AaHHU Ca M3MOJI3BAaHW OT IIOOANCH YHCIEH MO-
nen GFS (Global Forecast System) ¢ xopu3oHTtainna pesononus 0,5°. M30panu ca
IIBe 00JIacTH 3a YHCIICHW eKCTICPUMEHTH: 1) ¢ XOpH30HTaIHA pe3omonus 12 km u
oOxBalaia TepUTOpHUATa Ha bankaHCKUS MOIyocTpoB; 2) ¢ pezomonust 4 km 3a
Teputopusta Ha brirapus. UucneHuTe eKCIIEPUMEHTH ca HAlpaBeHu ¢ 44 BEpTH-
KaJHU HUBA.

PesyntaruTe OT YMCIEHUTE EKCIIEPUMEHTH Ca CPAaBHEHM C THOYACOBH HAOJIIO-
ACHUA Ha TEMEpaTrypara u CHCHI/Iq)I/I‘-IHaTa BJIAX)KHOCT, UIBMEPCHU C aBTOMAaTHU3paHa
METEeOpOJIOrHYHa HaOIoareHa cucteMa Ha ¢upma Baiicana, pasmonoxeHna Ha
netwiie Codust.

3. ACUMUIIAIIMOHHN EKCIIEPUMEHTU HA CO C MBIJIA
HA JIETUIIE COOUA

B mpenummHo m3cnenane [3] YMCIEHM EKCIEPUMEHTH Ha 18 CHHONTUYHU
obcranoBkH (CO) ¢ mpriia Ha neruiie Codus Osixa MpoBeneH: U KilacupUIMpaHn
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B 4 THMa chOOpAa3HO TpemntkaTa B Moaenaara mporao3a. CO ot mepsu tutl (1) e so-
KalTHa 3a paifoHa Ha JIETUIIETO U Ce XapaKTepru3nupa ChC CyTPEITHA HHBEPCHS, KOSTO
OBp30 ce paspymasa ciefl m3rpeB cirbHIE. [[peobnamaBamara npuyrHa 3a rpenka
B YHCIIEHAaTa MTPOTHO3a € XOPU3OHTATHATA PE3OIIOIHS, 3apan KOATO HE C€ OTUHTA
TOITBITHUTEITHOTO oXJIakaaHe 1mo oporpadcku nmpuanan. CO ot Bropu T (1) e
TIPY aHTHUIMKJIOHAIHO, CTAOWITHO BpeMe ¢ TpallHU HHBEPCHH, KOUTO HE CE BB3IPO-
M3BEXKIAT B HAYaJHHUTE yCIOBH OT TobamHus moxen GFS u BomsaT mo rpemika.
KoM CO ot tperu tum (II) cmamar cmygaute, B KOUTO TPEUIKUTE ca IOPAAX MPO-
OJleMd B IWHAMHKaTa — IPH IpeMUuHaBaHe Ha atMochepeH (POHT HAIpUMEDP HITH
oT mapamerpuzanunre Ha Moxena. Yerspptuar tum (IV) CO ca Te3n, 3a KOUTO
YHCclieHaTa MPOTHO3a € yCIIeNIHa. Pe3ynraTuTte OT Te3u YUCIeH! EKCIIEpUMEHTH I11e
Hapuiame pedepeHTHH unciieHn ekcriepuMmerTn (PUE).

UwncneHn eKCIepUMEHTH C aCUMIIIAINS Ha HaOIOICHNS 1€ HaprudaMe acuMHU-
JaroHHN yrciienn eckcnepuMmenTn (AYE). B Tab6m. 1 ca nmpexcraBenu momodpe-
HUTA HA TEMIIEpaTypara ¥ OTHOCHUTETHATa BIAXHOCT 3a Bcuuku CO B pesyirar Ha
AUE. 3a Bcumuku CO ce HabOmomgaBa monoOpeHne Ha Temiieparypara mexay 0,3 u
2,4 °C (xonmona 3 Ha Tabmn. 1), KakTO M MOMOOpPEHHE HA OTHOCHTETHATA BIAYKHOCT
mexnay 1 19 % (xomona 4 Ha Tabm.1).

Tadnuua 1. [TonoOpenust Ha TeMIepaTypaTa 1 OTHOCHTEIHATA BIAKHOCT 32 BCHUKH

CO B pesynrar Ha AUE
JATA Tun CO Temnepatypa T [°C] OHOCHT;JZI?(ZTKHOCT

01.12.2011 I 1,7 6,6
03.12.2011 I 2 1,2
11.12.2011 v 0,6 9

12.12.2011 11 1,6 2

12.01.2012 111 4 1,2
23.01.2012 111 0,3 2,1
31.01.2012 111 0,7 4,1
19.02.2012 v 2,4 5

20.02.2012 v 1,4 3,1
06.11.2013 111 0,5 52
16.11.2013 I 1,4 3.8
21.11.2013 I 0,8 3,3
14.12.2013 I 0,7 4,7
19.12.2013 111 1,2 3,9
21.12.2013 I 1,4 4,2
01.01.2014 1 0,3 3,7
04.01.2014 11 1,1 3,6
16.01.2014 1 1,5 6,2
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3.1. AYE HA TUII I CUHOIITUYHU ObCTAHOBKH C MBITJIA

IIpu ob6cranoBku OT THII | — TOKATHN WHBEPCHHU M HEOCTATHYHO J00pa pe3o-
oIS, MonoOpeHreTo B MPOrHO3aTa Ha mpu3emMHara Temreparypa e 0,6 °C. Topa
e Haif-uecTo cpemranara oocraHoBka. Ha ¢ur. 2 e mokazan cimyudaii ot 3.12.2011 .
XonbT Ha MozeHaTa TIporHo3a B AUE (mpexscHaTa JIMHAS) € TO-0IM3bK 10 peal-
Hus (depHO), cpaBHEH ¢ porro3ara ot PUE (HempekbscHaTa IMHUSA).
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®@ur. 2. HabmonaBaHa npu3eMHa temreparypa (depHa aunus), PUE
(uenpexbcHara nuHus) U1 AUE (npexbcHara nuHus) Ha 3.12.2011

3.2. AYE HA TUII II CMHOIITUYHU ObCTAHOBKHU C MBIJIA

[Ipu o6cTanoBku ot Tl Il — rpeniHy HaYaTHH YCIIOBHS, HOAOOPEHUETO B CIIE -
CTBHE Ha IpUJIaraHe Ha aCHMIJIAIMA € Hail-ronsMo. Te3un 00CTaHOBKH ca Hal-psia-
KO CpelllaHuTe, HO IPH TAX ce HAOII0AaBaT Hal-rojleMH CTOMHOCTH Ha TpeliKara
B nporHosara. [Ipornosara Ha TeMmmeparypara B MOMEHTA Ha MaJaHe Ha MbIvara
ce nopobpsBa ¢ 1,4 °C. IIporHo3zara Ha OTHOCHUTEJIHATA BIAXXHOCT CHOTBETHO €
no-touHa ¢ 4 %. ToBa 3HauKMTENHO MOAOOpEHHE 0baue B ciaydas € HeAOCTaTbuHO,
3aI10TO M3IMOJI3BaHUTE JaHHU ca ¢ rpyba xopuzoHTanaHa pesomouus (40—60 km) u
aCUMMJIMPAHETO UM He YCIIsBa Jia IIONPaBM rojisiMara rpemka B fanHute ot GFS.
Ha ¢ur. 3 e mokazan ciyyaii ot 4.01.2014 r. [IporHo3aTta Ha OTHOCHTEIIHATA BIIAXK-
HocT B AYUE e no-TouHa, HO 0cTaBa Jajied OT peaaHo U3MepeHara.
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®@ur. 3. HaOmonaBaHa npu3eMHa TEMITEpaTypa U OTHOCUTEIHA BIKHOCT (YepHA JTHHMUSA),
PYE (menpexscuara nuaus) 1 AUE (npexbcHara nuHusA) Ha 4.01.2014 1.
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3.3 AYE HA TUII 1II CHUHOIITUYHU OBCTAHOBKHU C MBITIA

[Ipu obcranoBkute ot rpyna 1l cemio ce HabmonaBa momoOpenne. Temmepa-
Typara Ha oOpa3yBaHe Ha MbIJIa ce MporHoszupa cpenHo ¢ 1,3 °C mo-TouHo, ako
ce m3noi3Ba acuMmianua. Ha ¢ur. 4 e mokazan cimyuwait ot 12.01.2012 . Ilomo-
OpeHHneTo B MPOrHO3aTa Ha TeMIleparypara € o4eBuaHO. CpaBHIBANKH peaHus U
MPOTHO3HHUTE BEPTHKAIHU NMPOQHIN Ha TEeMIeparypara 3a TOYKaTa Ha JICTHIIETO

(¢ur. 5), Bmxmame, ue B AUE e nporrHosupaHa moBIUTHATATA WHBEPCHS, KOSITO €
HaOmonaBaHa.
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®@ur. 4. HabmonaBaHa npu3eMHa TeMIieparypa (4epHa JIMHUS),
PYE (nenpexncuara simnnst) u AYE (mpexbcHara imaus) Ha 12.01.2012 1.

20 o a0
niversity of Wyoming

B
@ur. 5. [Tpodun Ha Temneparypara B 12 UTC na 12.01.2012 1:
a, 0) MOJICITHH MTPOTHO3M 0e3/C acMWIIAIN; B) OT aepoorndeH cougax B Copus

3.4. AUE HA TUII 1V CUHOIITUYHU OBCTAHOBKHU C M'BITIA

IIpu yerBBpTaTa Ipyna ciydamre, B KOUTO MOAEIBT CE€ € CIpaBHi Z0Ope H
0e3 acumuianus, 100aBsSHETO 1 HOCH NOAOOpEeHHe Ha MPOrHO3aTa Ha IpU3eMHara
temneparypa camo ¢ 0,4 °C. Caoyqasr or 20.02.2012 r. (¢ur. 6) memoHcTpuUpa
nogoOpeHneTo Ha MPorHo3ara 3a Ta3u rpyna. Bmxna ce, ye B AUE nporHozara Ha
HOIIIHOTO MTOHMKEHNE Ha TeMrparypara Ha 21.02.2012 r. e mo-touna ¢ oxoino 1°C.
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@ur. 6. HabnmronaBana mpu3eMHa TeMIIEpaTypa U OTHOCUTETHA BIXKHOCT (YepHA JTUHMS),
PYE (uenpexbcHara nuaust) 1 AYE (npexbcHata quHuA) Ha 20.02.2012 .

4. 3BAKJIITOYEHUE

IlenTa Ha HACTOSIOTO U3CIIEABAHE € OLICHKA HA BIMSHUETO HA U3IOI3BaHE Ha
acUMWJIALMsl B YMCJICHATa MPOrHO3a Ha MbIVIa 3a pailoHa Ha nerume Codus. 3a
LeJITa ca MPOBEACHH YUCIEHU ekcriepuMeHTH ¢ moaesl WRF Ha 18 ciydas ¢ mbrina
B nepuoga 2011-2014 r. Pezynrarure oT YUCIEHUTE EKCIIEPUMEHTHU Ca CPABHEHU C
W3MEpBaHMUATA HA TEMIIEPaTypa, OTHOCUTENHA BIAYKHOCT M CKOPOCT Ha BATHPA OT
METEOPOJIOrMYHAaTa CTaHLMS Ha jJeTuineTo. OT NOIydeHUTE Pe3ysiTaTu ce BIXKAA,
4e 700aBsSHETO Ha aCUMMJIals Io100psBa MPOrHO3aTa Ha TEMIIEpaTypara i OTHO-
CHUTEJIHATA BIAXHOCT BbB BCUUKH CIIy4aH, HE3aBUCUMO OT OOCTaHOBKATa.

Hacrosmure u3ciienBaHus MOKa3BaT YyBCTBUTEIHOCTTA HAa YHCIIEHUTE MPO-
THO3M Ha BUIMMOCT KbM HauajgHuTe yciosus [1]. Heobxoaumoctra oT mpunara-
HE Ha aCUMWJIALMs Ha AOIBJIHUTEIHHU JaHHHU ce O0yciaBs OT HETOYHOCTHTE Ha
,»3aXpaHBalIuTe  JaHHU, KOUTO OOMKHOBEHO WUABAT OT miobaneH moneln. Ilo tasu
IPUYMHA BKIIOUYBAHETO HA aCHMIJIALMA € 3aIbJDKUTENICH eTal oT npoueca [2]. B
o0mus ciay4ail ce acUMWIMpaT CTaHJAPTHU AHHU, HO CE€ €KCIEPUMEHTHpa U C
JOI'BJIHUTEIIHU U3TOYHMIM, KaTO HAlpUMep JaHHU OT u3MepBanus ¢ GPS nnmn mu-
KpOBBJIHOBU paguomMeTpu [3].

Baarogapuoctu. Hacrosimero m3cnenBaHe € OCBIIECTBEHO C IOAKpENa Ha
mpoekt BGO51 PO001-3.306-0057 ,,Usrpaxknane Ha chBpeMeHHa 00pa3oBaTeiHa
1 Hay4YHO-U3CJIEA0BATEIICKA Cpeia 3a pa3BUTHE HA JOKTOPAHTH, IOCTIOKTOPAHTH U
mianu yueHu BbB ®Omsnueckus ¢akynrer Ha CY ,,CB. Kinmument Oxpuncku®. Hsz-
Ka3BaMme OnarogapHoOCT Ha . ac. A-p CrosH [Tucos, karenpa ,,AToMHa Qu3nka“ Ha
Ousnuaeckus dakynrer Ha CY, kakTo 1 Ha VIBaH beHKOB, cICTeMEeH aJMIUHHUCTPATOP
B JIIT PBJI, 3a oka3aHoTO ChIeHCTBHE Mpu WHCTamamusaTa u padorara ¢ WRF u
WREFDA.
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TOIUIIHUK HA COOUIMCKNS YHUBEPCHUTET ,,CB. KIIMMEHT OXPUICKHU*
OUBNYECKU GAKVYIITET

O0xBaT HA CNUCAHMETO. [0OUWHUKDM BKIIOYBA BCUUKH HAYYHOW3CIIEIOBATEICKU
HarpasieHust BbB @usndeckus dakynrer. Toi ce u3naBa BenIHbX rogunHo. [1y0Omukysa-
HETO B HEro € Oe3IuIaTHO.

M3nckBanusa xbpM cratuurte. CTraTuute ce M3MpaliaT Mo €ICKTPOHHATa MOIla Ha
m1aBHUS pepakTop (elfa@phys.uni-sofia.bg). [IpencraBsHeTo BKiIIOYBa TEKCTa, HANMCAH HA
Word 8 DOC ¢opwmar, ¢ Bkitouenu urypu (Bx. Template BoB web-cTpanuiiara va I'ofui-
HUKa), purypure B OTHENHU (DaiioBe, KaKTO M MPHUAPYNKABAIIO IHCMO C CICKTPOHHUTE
aJipecy Ha TpPUMa MOTEHIUAIHH PELEH3EHTH.

W3uckBa ce ppKOMUCHT J1a HE € OWI U Jia He Oblie MyOIMKyBaH B HUKOE JAPYTo M3/a-
Hue. Benukn ppronucu 1me 0bAaT pereH3npaHi. ABTOpUTE e ObAaT yBEAOMEHH IIPH O0-
OpsiBaHe Ha cTaTuUHTE 3a MyOIMKyBaHe. PenakropuTe cu 3ama3BaT IpaBoOTO J1a PEAAKTHpAT
PBKOIICHTE, KOTaTo € HYXKHO, U 1a BPBILIAT Te3H, KOUTO HE OTTOBApSAT HA M3HCKBAHUATA U
oOxBara Ha CIHCaHHETO.

ABTOpUTE OTCTBIIBAT aBTOPCKUTE MpaBa BbPXY pbkonuca Ha Pusnueckus dakynrer
Ha Codwuiickus yausepcurer ,,CB. Kimmment Oxpuncku. ToBa BKITIOUBa 1 IpaBaTa 3a agar-
TUpaHe ¥ 0(hOpMsIHE Ha CTATHATA C eI U3IOJI3BaHE Ha KOMITIOTEPHU MIPOTrPaMH M CHCTEMH,
HEOOXOANMH MPH OTIIEYATBAHETO.

IHoaroroBka Ha pbkonuca. XXenarenHo € pbKONUCUTE Aa HE ca mo-rojeMu ot 20
ctp. Te TpsaOBa na ca HameyaTaHW €IHOCTPAHHO Ha JIUCTOBE A4 M C JOCTATHYHO IIUPOKH
mosieta. PrkonmuchT TpsOBa Ja MMa CliefHaTa CTPYKTypa: 3ariaBue, aBTop(¥), MecTopadoTa,
a0CTpakT Ha aHIIMHCKY, abcTpakT Ha Obarapcku, PACS HoMep, Kit04oBH TyMH (Ha aHIL.),
OCHOBEH TEKCT, OJ1aroJapHoOCTH, AONBJIHEeHNUs, uTeparypa (Bx. Template). mero, nbien
MIOIIEHCKH aapec, Tene(oHeH u (akc-HOMEp U eEKTPOHEH alpec Ha aBTOpa 32 KOPECHOH-
JIeHLIUS TPpIOBa a ca U3NMHMCAHM Ha IIbpBaTa CTPaHUIIA KaTto OeNexKa I1o]] 4yepTa.

@uzeypume TpsiOBa N1a ca MOCTABEHHU B TEKCTa, O30 10 MBPBOTO UM crioMeHaBaHe. Te
TpsiOBa /1a ca ¢ BHCOKO KadecTBO (pe3omonus He mo-manko oT 300 dpi) u ce mpencraBsr
B oraeinHu ¢aiinose B EPS ¢opmar (3a BekTopHUTE N300pakeHNsT — YepHO-0eIi YepTexH
u rpaduxn) u JPG wm TIF dopmar (3a pactepHnTe N300paKCHUS — CHUMKH, PUCYHKH).
Bcewnukn nBetHn Gurypu TpsiOBa ja ca KOHBEPTHPAHHU B YEPHO-OEIH.

Tabnuyume na ca ¢ MUHUMaJIeH OpOW pa3rpaHUYUTENHU JMHHUH, ]a ca IOMECTCHHU B
TEKCTa, OJIM30 10 TEXHUS KOMEHTAp M OTACIECHH C H3BECTHO Pa3CTOSHHUE OTTOPE M OTHOY.

3abenesxckume noo wepma na ca MUHUMaJeH OpOH, KpaTKU U TIOCIIEIOBATEIIHO HOME-
pHpaHu.

Jlumepamypama na ce muTHpa B KBagpaTHU ckodu, Hanpumep [3], [1, 3], [5, c./p. 98],
[12, tn./Ch. 2.11], kaTo HOMEPUPAHETO € MOCICIOBATEIIHO, IO Pea Ha IUTHPAHETO.

Ipumepu 3a oghopmane chucvka Ha 1umepamypama:

[1] Haake, F. Quantum Signatures of Chaos. Berlin, 1991.

[2] Berlad, G. I, A. P. Dar, G. M. Eilam. Phys. Rev. D, 1980, 22, 7, 1547.

[3] DeWitt-Morette, C. In: NATO ASI Series B: Physics, 1997, 361, 51.

3a nmo-noapobHa nHGOpMAILUs OTHOCHO MOATOTOBKATA HA PBKOMKCA, MOJISI, KOHTAK-
TyBalTe ¢ pedakTopuTe Ha aapec annual@phys.uni-sofia.bg wau cvet@phys.uni-sofia.bg.
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